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D2.2: TAXONOMY OF ENERGY EFFICIENCY MODELS 

Summary 

The main purpose of this report is to gather and systematise existing knowledge about consumer 

behaviour on the energy market in the context of increasing energy efficiency. At this stage, as a part of the 

Task 2.2. the authors described and compared taxonomies of existing energy models based on literature 

review. For the purpose of this report, for further analysis, the authors chose analytical approach dividing 

the models into three main groups: top-down models; bottom-up models and hybrid models, taking into 

account two levels of analysis (macro, mezo) in relation to energy end-users. The analysis was 

complemented with selected consumer behavior models at the micro level. Theise characteristics will be 

the starting point for further analysis of the factors and criteria necessary to attempt to construct an 

individual model of energy consumer behaviour. 
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  Executive summary 

 

A creation of an energy efficiency model review is critical for maximizing energy reduction 

through user engagement. This is mainly due to the fact that it allowes the design of 

targeted and highly personalized measures regarding user engagement towards 

sustainable energy. The creation of a new multi-component taxonomy of energy recipients 

for creating a behavioural model for ECO - BOT is based on taking into consideration and 

analysing the results of the empirical research. In economics, scientific taxonomy is 

associated with a statistical approach, hence the authors of this report decided to describe 

and compare the already available energy models per various factors, targeting different 

types of users and covering multi-pillar stakeholders. Initially the authors have chosen an 

analytical approach dividing the models into three main groups: top-down models; bottom-

up models and hybrid models. In addition, when analyzing the energy models, the authors 

divided selected models taking into account two levels of analysis (macro, meso) in relation 

to end users of energy. The analysis was supplemented with selected models of consumer 

behavior at the micro level. Moreover authors in this report have gathered and have 

systematised existing knowledge about consumer behaviour on the energy market in the 

context of increasing energy efficiency.  

This report is based on a desk study that involved a comprehensive review of scientific and 

policy literature regarding energy efficiency; behavioural economics; energy consumer 

behaviour; the political, economic, psychological and behavioural determinants influencing 

the behaviour of energy consumers and modelling dimensions. An analysis was performed 

of more than 500 different sources including academic papers, books and technical reports 

involving online databases of scientific research (such as WoS and ScienceDirect).  

After studying both top-down, bottom-up, hybrid and behavioural models, analyzing 

potential disadvantages as well as the advantages of each approach, the authors have 

decided to choose the Triandis’ Theory of Interpersonal Behaviour decision model as the 

framework for further analysis in the next stage of research. The energy consumers' 

behavior model will define the information needed to create an appropriate communication 

strategy with the energy consumer, provided it is simple but considers a comprehensive 

approach to the behavior of energy consumers on the market, taking into account both 

aggregate factors and socio-psychological factors. The Triandis' model analyzes social 

factors and emotions that play a key role in shaping intentions. In addition, it also analises 

the role of habits and situational conditions. It is also analyses habits that contribute to 

sustainable or unbalanced energy consumption, hence omitting these elements could 

cause a distorted picture of consumption factors. 
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1. Introduction    

 

Current production and consumption patterns are based on an unbalanced use of materials 

and energy, affecting the depletion of renewable and non-renewable resources on our 

Earth. Future development should focus on such ways of delivering products and services 

that will cause less use of raw materials and will limit the amount of generated waste. To 

achieve this goal, it is necessary to undertake commitments – by the industrial and 

commercial sectors, as well as by individual consumers. The potential for economically 

justified savings in EU Member States is high.  

The impact of consumption on the environment can be reducing by decreasing the impact 

of universal consumer goods and services within the production stages, through the use 

and disposal of waste and through bringing about fundamental changes in the consumption 

model by way of shifting demand to categories which use less materials and energy. 

Achieving this state of affairs requires the determined efforts of all actors, including public 

authorities, businesses and consumers. Public administration should, therefore, stimulate 

market demand for environmentally friendly products and encourage sustainable 

consumption and production. This is why it is so important to promote energy-saving 

technologies within the market and to raise consumer awareness of the consequences of 

unnecessary energy consumption. These goals can be achieved by (EAŚ, 2007): 

• Legal and regulatory tools (e.g. emission control, product standards, list of banned 

substances); 

• Market instruments (e.g consumption-based fees, tradable permits, differentiated 

taxes, liquidation of subsidies); 

• Support for technological innovations; 

• Environmental certification in business (e.g EMAS, ISO 14001) and environmental 

information standards for consumers (e.g. environmental labelling, labelling of 

organic food). 

 

Sustainable development as a model solution has been adopted as a priority in many 

countries of the world, including the European Union. An important part of such a model is 

the improvement and promotion of energy efficiency through the implementation of modern 

IT solutions such as ECO - BOT. These solutions should be presented as an element of the 

entire system, without which they could not function. The idea of implementing the ECO-

BOT application is consistent with the priorities of sustainable development such as:  

• in economic dimension: it enables improvement of energy efficiency and more 
optimal use of available energy resources 
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• In the social dimension - it is based and directed at changing the behaviour of 
consumers and assumes their active participation in this process 

• In the environmental dimension, it allows reducing the pressure on the 
environment by reducing energy consumption. A very important aspect in this 
area is shaping proecological attitudes of consumers and raising the level of 
ecological awareness 

 

An important element in introducing sustainable patterns of production and consumption 

are actions aimed at improving the state of ecological awareness. Promoting voluntary 

reporting among entrepreneurs in the field of Corporate Social Responsibility (CSR), as well 

as popularizing eco-labelling and enabling consumers to make an informed choice of 

environmentally friendly products and services, is at the forefront of the proposed good 

practices. In addition, the introduction of a system of cash prizes and other gratuities for 

organizations selected in contests or as part of the cleaner production program can be 

treated as an additional result of the conducted innovative activity.  

An important problem, in the aspect of actions aimed at increasing the efficiency of energy 

use, seems to be the emphasis on increasing social awareness aimed at saving energy. 

Unfortunately, energy consumers, due to the pace and scale of changes taking place in the 

energy market and being the result of progress, do not have adequate knowledge, both 

economic and specialist. Hence, ecological education of households is a very important 

element in the process of greening the society. It is the functioning of households that has 

an impact on the environment, especially in terms of such key factors as: water and energy 

consumption, transport and waste management. The key elements in the decision-making 

process and shaping the relevant behaviors of household members are increasing income, 

the household's life cycle, consumption patterns prevailing in the society. The latter, 

especially in recent years, has influenced the general increase in the consumption of goods 

and services and, consequently, the increase in total energy consumption by households. 

Therefore, undertaking activities in the field of environmental education and the influence of 

the state on producers in order to encourage them to conduct environmentally friendly 

policies, including the use of incentives and instruments supporting especially small and 

medium enterprises seem to be important enabling instruments shaping sustainable 

consumption. In addition, in order to include households in the process of sustainable 

consumption, stricter standards and regulations on the composition and production of 

products and services should be introduced and campaigns aimed at promoting change in 

consumption habits should be pursued. In this respect, local governments can engage in 

activities that ensure a high level of public awareness, as well as understanding and 

support for energy saving – and that are a good example. In addition, local authorities can 

do a lot for the promotion of energy efficiency by applying high-performance technical 

solutions and low-cost installations in the transport sector, in buildings and in lighting 

systems (Słupik, 2015a; Nycz-Wróbel, 2012).  
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Researchers have already recognized human behavior as a key and extremely complicated 

element of energy consumption in households. Conducted experiments aimed at 

recognizing potential savings in this sector and showing tools that should be used to 

promote ecological sources of energy and obtain their savings, revealed that the impact of 

all these instruments is minimal (if there is already a positive, short-lived effect), not at all 

occurs or brings the opposite effect than expected.  

1.1 Aims of the report 

 

This study aims at describing and comparing the taxonomies of already available energy 

models per various factors, targeting different types of users and covering multi-pillar 

stakeholders. Initially the authors have chosen an analytical approach to the main groups: 

top-down models; bottom-up models and hybrid models (which are described more 

comprehensively) but finally for further analysis authors divided selected models, taking into 

account two levels of analysis (macro, meso) for end users of energy. The analysis was 

supplemented with selected consumer behavior models at the micro level 

Classification and assessment of energy efficiency models sets a critical framework for 

maximizing energy reduction through user engagement. This is mainly due to the fact that 

we are able to design targeted and highly personalized measures regarding user 

engagement towards sustainable energy. The main problem in energy efficiency is that 

users often do not follow the suggested advice. Generic recommendations are usually not 

effective since the degree of adherence is quite low (users do not follow the instructions). 

On the other hand, by way of utilising the given models, we can now offer targeted and 

personalized recommendations, thereby potentially increasing the degree of acceptance by 

the users.  

Thus, the main objective in this part of the project was to review and analyze existing 

literature, statistical data and assumptions of energy policy of EU countries (for comparison, 

countries from outside the EU were included in some cases). This review will allow the 

identification of potential fields of promotion and implementation of the ECO-BOT 

application. Analysis of existing energy efficiency models will allow selection of the most 

promising model for use in the ECO-BOT application. 

 
1.2 Methodology 

 

This report is based on a desk study that involved a comprehensive review of scientific and 

policy literature regarding energy efficiency; behavioural economics; energy consumer 
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behaviour; the political, economic, psychological and behavioural determinants influencing 

the behaviour of energy consumers and modelling dimensions.  

As a part of the desk research, we analyzed proven baseline models of energy efficiency 

that have been delivered within (a) European research activities, (b) international 

initiatives/projects, (c) international recommendations/guidelines in the field of energy, and 

(d) outcomes of state of the art papers and research activities carried out worldwide. During 

the study, over 500 different sources of materials were analyzed – including academic 

papers, books and technical reports involving online databases of scientific research (such 

as WoS and ScienceDirect). Moreover, the report is based on statistical data received from 

following databases: MURE, OECD, IRENA, EIA, Eurostat, and GUS.  

The study was carried out in three stages. First, a list of keywords was prepared, based on 

which the articles were searched for further verification. The following keywords are 

included: energy models, energy modelling, energy efficiency models, top-down approach, 

bottom-up approach, hybrid models, top-down models, bottom-up models and hybrid 

models. Due to the large number of hits with use of mentioned search phrases, the second 

stage is limited to the verification of keywords and abstracts of papers published in selected 

magazines about energy. Thus, papers from following scientific journals were considered 

for verification during the second stage of the desk research: Advanced Energy Conversion, 

Applied Energy, Biomass and Bioenergy, Building and Energy, Current Opinion in 

Environmental Sustainability, Energy Conversion and Management, Energy Conversion, 

Energy Economics, Energy Policy, Energy Procedia, Energy Reports, Energy Research & 

Social Science, Energy Strategy Reviews, Energy, Environmental Innovation and Societal 

Transitions, Environmental Modelling & Software, Green Energy & Environment, 

International Journal of Electrical Power & Energy Systems, Journal of Cleaner Production, 

Journal of Environmental Psychology, Renewable and Sustainable Energy Reviews, 

Renewable Energy, Resource and Energy Economics, Sustainable Energy Technologies 

and Assessments, Sustainable Energy, Grids and Networks and others. Verification during 

the second stage showed that even if the given keywords returned results, they did not 

always refer to the topic under consideration (e.g., search using “hybrid model” & ”energy 

efficiency” may return results with one search phrase in the title and the other in the related 

abstract – for example, Rusinowski & Stanek (2010): “Hybrid model of steam boiler” – this 

does not fall within the research theme). After key words and abstract verification, it 

became apparent that some of the scientific journals do not in reality, carry papers 

concerning energy modelling (e.g., Green Energy & Environment or Advanced Energy 

Conversion), even if they focus on the generally understood energy issues. A total amount 

of 381 papers were qualified for the final stage – the full text verification. 

Throughout the years, according to the results of the literature review, issues related to 

energy modelling theory have been pursued consistently. The considered issues vary 

greatly, and include some rather general and more mostly theoretical themes. Among these 

are: proposals of completely new models and solutions; changes and refinements of 
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existing and used models (by way of adding new notions or by changing the existing 

assumptions); comparison of the assumptions and the results obtained using different types 

of models. Issues in the field of energy-use modelling may also be considerably more 

specific and be focused only on certain parts of the energy system (e.g. particular sectors 

or energy services) or certain subjects and their particular needs (e.g. developing countries 

or older people). In hindsight, it is difficult to say whether any type of energy model (bottom-

up, top-down, hybrid, behavioural/agent) enjoys a greater interest in the course of 

theoretical consideration than do others. Still, in some of the presented theoretical papers, 

more attention is given to certain types of models (e.g. bottom-up) or even to a particular 

model (e.g. TIMES), but other studies take up on more general topics relevant to all types 

of situations and models (e.g., considerations about the validity of Business-As-Usual 

assumptions). 

In the case of the literature review results for the use of energy models, it is also necessary 

to emphasize the constant interest of researchers in this subject. As in the case of scientific 

papers dealing with theoretical considerations, there is a noticeable differentiation of issues 

covered in particular articles. Various energy models are used to verify different types of 

assumptions regarding the impact that particular decisions (about policies, technology, 

sources of energy and others) may have on the environment, economy, society, energy 

security and others. The considerations are conducted at various levels of detail, starting 

from the local (city level, county) through national (given sector or issue) to international 

(given region or group of countries) or global. It should be stressed, however, that research 

is conducted both for developed and for developing countries at various levels of detail. 

When it comes to the types of models used most frequently, the most of the papers deals 

with bottom-up or hybrid methodology/approach. MARKAL, TIMES and LEAP models are 

used the most. Of course in case of some counties, institutions and companies, 

national/local versions of particular model were developed (e.g. UK MARKAL, SATIM or 

MEDEE). 

 

The paper is structured as follows. In Section 2, basic political determinants of renewable 

energy and energy efficiency in the EU are provided. Section 3 presents a short description 

of basic approaches to behavioural changes in energy consumption, whereas Section 4 

reflects the classification of barriers to energy efficiency in relation to the ECO-BOT 

assumptions. Section 5 then provides a classification of existing energy models and 

discusses the most important top-down, bottom-up and hybrid models based on a literature 

review divided into two levels of analysis (macro, meso) for end users of energy. The 

analysis was supplemented with selected models/theories of consumer behavior at the 

micro level. Next section, number 6 contains preliminary taxonomy development relevant 

for ECO-BOT. Finally, Section 7 of this report contains the conclusions.  
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2. Energy efficiency policies in EU countries. Key findings for 
ECO-BOT 

 

The EU energy policy concentrates on three main assumptions related to the development 

of competition, energy security and the protection of the natural environment, which should 

be implemented, in accordance with the idea of sustainable development. Actual, the most 

important goals of the European energy and climate policy to be implemented in the 2030 

perspective include 

1. Security of energy supply. Energy security in technical terms is related to the 

existence of an appropriate transmission infrastructure and all the activities aimed at 

maintaining it in a good technical condition (Mielczarski, 2012). The EU is increasingly 

exposed to fluctuations and price increases on the international energy markets, and to 

the consequences of the increasing concentration of energy resources among a certain 

few countries in the world. As part of the enhanced security of energy supply, the Union 

is taking measures to limit vulnerability to external factors resulting from the dependence 

on imports. Therefore, it promotes the use of its own available energy resources and 

investments in renewable energy, while on the international market, it takes actions to 

diversify the directions of energy supply.  

2. Competitiveness and the internal energy market of the EU - According to the 

assumptions of European energy policy, a competitive electric energy market will result 

in a decrease in costs incurred by customers (wholesale and retail), as well as ensuring 

an adequate level of investment in the sources of production and the facilities of energy 

transmission (Szczygieł, 2012). In this context, providing economic competitiveness 

should result in better energy security by ensuring greater security of transmission and 

distribution networks. An important component in the functioning of the competitive 

market is also reducing the energy consumption by market processes. Investments for 

reducing the level of energy consumption are another activity aimed at achieving energy 

security. These investments can be made by individual recipients (better insulation of 

buildings, energyefficient household appliances) and wholesale recipients (more modern 

and more efficient production technologies). 

3. Diversification of energy sources - is related to the concept of the energy mix, 

which is a mix of different types of energy.  

4. Increase in energy efficiency – this means less energy consumption while 

maintaining the unchanged level of economic activity. Energy 'saving' is a broader 

concept than 'efficiency', because it also includes reducing consumption by changing 

behaviour or by limiting business. The main goal of energy efficiency improvement is to 

achieve zero energy economic growth, for example, the development of the economy 
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without increase in primary energy demand. Increasing the efficiency of energy use has 

a large potential for immediate application in the production and distribution of energy. 

The European Commission underlines the strong link between energy efficiency and 

environmental protection.  

5. Sustainable development - The most mysterious, but probably the most 

important goal, is the postulate of sustainable development. The energy UE  efficiency 

strategy  refers to the postulate of sustainable development (Prandecki, 2011). UE 

involve sustainable development postulates with the aspect centred upon resource 

availability (Malko, 2007). Such aspects include:  

• the rate of consumption of renewable resources cannot be higher than their 

regeneration rate,  

• the emission of pollutants associated with the use of resources must be 

smaller than the potential for neutralization,  

• non-renewable resources cannot be used at a faster rate than the ability to 

create their substitutes.  

  

Among the presented elements, special attention should be placed upon the elements 

that are synergistic components with activities occurring in the sphere of improvement of 

economic competitiveness and energy security. These elements include, first of all, the 

issue of reducing energy demand. The reduction of energy consumption, and thus the 

consumption of energy resources, is an important aspect within the overall concept of 

sustainable development.  

6. Research and development of innovative technologies of energy production 

and transmission - it is necessary to invest in technological innovations in power 

engineering that will lower costs and increase energy production efficiency.  

7. Solidarity in external policy - the aim is to establish mechanisms supporting 

solidarity among EU countries. However, the establishment of specific instruments is still 

at the stage of consultations between Member States. In addition, there is no agreement 

between EU Member States on how strong and deep a common external energy policy 

should be. Solidarity in external policy, on the other hand, is the foundation for the 

implementation of the other objectives of the Union.  

8. Energy infrastructure - this is a kind of base, without which it is impossible to 

achieve the other goals. Integrated and reliable energy networks are the foundation 

condition for achieving the goals of EU energy and economic policy  

To pursue these goals, the EU has formulated targets for 2020, 2030 (presented in the 

table 1) and 2050.  
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Table 1: EU targets for 2020 and 2030  

Source: own development based on: https://ec.europa.eu/energy/en/topics/energy-
strategy-and-energy-union/2020energystrategy (access: 08.01.2018)  

  

  Energy 2020. A strategy 
competitive, sustainable 

secure energy 
 

for 
and 

A policy framework for climate 
and energy in the period from 

2020 to 2030 
 

  Targets for 2020  Targets for 2030 

Reduction in EU 
greenhouse gas 
emissions from 1990 
levels (minimum  
level)  
  

20%   40%  

Share of renewable 
energy consumption  
(minimum level)  
  

20%  
  

 27%  
  

Improvement in the  
EU's  energy  
efficiency. (minimum 
level)  

20% 27%  

  Policies for 2020 Policies for 2030 
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•    • Making Europe more energy 
efficient by accelerating 
investment into efficient buildings, 
products, and transport. This 
includes measures such as 
energy labelling schemes, 
renovation of public buildings, and 
ecodesign requirements for 
energy intensive products  

• Building a pan-European energy 
market by constructing the 
necessary transmission lines, 
pipelines, LNG terminals, and 
other infrastructure. Financial 
schemes may be provided to 
projects which have trouble 
obtaining public funding. By 2015, 
no EU country should be isolated 
from the internal market  

• Protecting consumer rights and 
achieving high safety standards in 
the energy sector.  

This includes allowing consumers to 
easily switch energy suppliers, monitor 
energy usage, and speedily resolve 
complaints  
• Implementing the Strategic Energy 

Technology Plan – the EU's 
strategy to accelerate the 
development and deployment of 
low carbon technologies such as 
solar power, smart grids, and 
carbon capture and storage  

• Pursuing good relations with the 

EU's external suppliers of energy 

and energy transit countries. 

Through the Energy Community, 

the EU also works to integrate 

neighbouring countries into its 

internal energy market.  

A reformed EU emissions trading 
scheme (ETS)  
  
New indicators for the 
competitiveness and security of the 
energy system, such as price 
differences with major trading 
partners, diversification of supply, 
and interconnection capacity  
between EU countries  
  
First ideas for a new governance 
system based on national plans for 
competitive, secure, and 
sustainable energy. These plans 
will follow a common EU approach. 
They will ensure stronger investor 
certainty, greater transparency, 
enhanced policy coherence and 
improved coordination across the 
EU.  

 

The Energy Efficiency Directive of 2012 established a set of instruments that will help the 

EU to achieve energy efficiency target by 2020. The general division of energy policy 

instruments aimed at supporting energy efficiency improvement and energy saving can be 

seen in Error! Reference source not found. 
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Figure 1 Energy efficiency policy instruments Source: own development 

 

Assessing the strategies of individual countries in terms of potential for ECO-BOT 

implementation is not easy and unambiguous, considering: 

• Methodological problems related to lack of available data for all Member States and 

the ambiguity of classification of instruments used in individual countries, which 

makes comparison difficult, 

• Information delays and changes in the policy priorities of individual countries, which 

have their reflection in international statistics and reports with a significant time shift. 

 

INSTRUMENTS OF ENERGY EFFICIENCY 

POLICIES 

 

CODES AND 

STANDARDS 

usually regulatory 

instruments 

ENERGY UTILITY 

OBLIGATIONS 

Obligations on 
Energy suppliers 
requiring them to 
deliver efficiency 

outcomes, usually 
energy savings 

 

SOFT 

INSTRUMENTS 

instruments aimed at 

changing the 

behaviour of energy 

consumers 

BUILDING ENERGY CODES AND 

STANDARDS – policies setting thresholds 

for residential and non-residential building 

energy use 

PRODUCTS AND STANDARDS 

 

VEHICLE STARDANDS 

INDUSTRY STANDARDS OR TARGETS 
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Despite the mentioned limitations, the following groups of factors have been chosen as the 

most favourable for the implementation of ECO-BOT: 

I. GROUP - Existence of legal framework and implementation of programs supporting 

improvement of energy efficiency in buildings. 

II. GROUP - Existence of Energy Efficiency Obligation (EEO) schemes; 

III. GROUP. High level of use of soft instruments supporting behavioural changes of 

energy consumers; 

IV GROUP. Implementation or planned implementation of smart metering. 

As the most important criteria from the point of view of the implementation possibilities of 
ECO-BOT solutions have been considered instruments aimed at improving energy 
efficiency and behavioural changes. 

 

I GROUP – EXISTENCE OF LEGAL FRAMEWORK AND IMPLEMENTATION OF 

PROGRAMS SUPPORTING IMPROVEMENT OF ENERGY EFFICIENCY IN BUILDINGS. 

In connection with the full transposition of the Energy Efficiency Directive in the Member 

States ( see: REPORT FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT 

AND THE COUNCIL 2017 assessment of the progress made by Member States towards 

the national energy efficiency targets for 2020 and towards the implementation of the 

Energy Efficiency Directive as required by Article 24(3) of the Energy Efficiency Directive 

2012/27/EU COM/2017/0687 final), actions to improve energy efficiency in buildings are 

taken in all Member States. The most frequently used instruments relate to implementation: 

buildings renovations programs, establishing standards for new buildings and voluntary 

agreements (see: ODYSSEE – MURE: Energy Efficiency Country Profiles at: 

http://www.odyssee-mure.eu/publications/profiles/, access: 01.03.2018; and Energy 

Policies of IEA Countries series available at: http://www.oecd-

ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03, access: 01.03.2018). Despite 

the actions taken, the potential for improving energy efficiency remains high in the EU, 

mainly in the construction, housing, transportation and the energy sector. According to 

some rough estimates, 75% of housing stock in the EU still has low energy efficiency 

(issues related to heating) (Communication COM (2014) 520). Therefore, it can be 

concluded that there is still a great demand in this area for the development and 

implementation of new instruments to stimulate energy savings and improve energy 

efficiency. 

 

 

 

http://www.odyssee-mure.eu/publications/profiles/
http://www.oecd-ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03
http://www.oecd-ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03
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II GROUP. - EXISTENCE OF ENERGY EFFICIENCY OBLIGATION  SCHEMES 

One of the most important policy instruments in the area of energy efficiency are Energy 

Efficiency Obligation schemes (EEOs). The basic concept of the EEO is that the 

government puts the target of energy saving to energy companies, which must be achieved 

by the final customer. According to Christian Deconnin, the current ATEE Chairman, EEO 

have a lot of advantages (ATEE 2017, Snapshot of Energy Efficiency Obligations schemes 

in Europe: 2017 update, Fourth European Workshop of the White Certificates Club, 30 June 

2017, http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf, 

access: 02.01.2018,  p.3):  

1. “they are a hybrid system which combines the benefits of energy tax and subsidies,   

2. they give the actors of the scheme freedom to choose how they will reach the targets, 

thereby optimising the costs/benefits of energy efficiency operations implied,   

3. they are a quite flexible tool for authorities, which may pursue specific goals through the 

specification of EEOs parameters,   

4. they mobilise the whole Energy Efficiency Supply Chain, from Energy 

suppliers/distributors, to energy consumers, going through installers, energy service 

providers, material and equipment manufacturers and distributors,   

5. they provide standards and targets for energy efficiency operations”.  

Currently active EEOs are in Austria, Bulgaria, Croatia, Denmark, France, Ireland, Italy, 

Latvia, Luxembourg, Slovenia, Spain, Poland, UK, and Greece (see table 2) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf
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Table 2: Current status of EEOs in EU member states  

Source: Fawcett T., Rosenow J., Bertoldi P. (2017), The future of energy efficiency obligation 
schemes in the EU, ECEEE 2017 SUMMER STUDY – CONSUMPTION,  
 EFFICIENCY & LIMITS, http://www.raponline.org/wp-
content/uploads/2017/06/eceee_fawcett_rosenow_bertoldi_future_energy_efficien 
cy_obligation_schemes_eu_2017.pdf (access: 12.12.2017) and ATEE (2017), 
Snapshot of Energy Efficiency Obligations schemes in Europe: 2017 update, 
Fourth European Workshop of the White Certificates Club, 30 June 2017, 
http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf 
(access: 02.01.2018) 

  

EEOS status Member States 

Active  Austria, Bulgaria, Croatia, Denmark, France, Ireland, Italy, Latvia, 

Luxembourg, Slovenia, Spain, Poland, UK, Greece 

Major revision Malta 

Under consideration  The Netherlands  

None planned  Belgium, Cyprus, Czech Republic, Estonia*, Finland, Germany, Hungary*, 

Lithuania*, Portugal, Romania, Slovakia, Sweden  

* EEOs were planned, but these plans have been withdrawn  

According to the findings of the authors of the report in the United Kingdom and Denmark, 

which are successful countries in the implementation of the EEO schemes, there have been 

concerns about the rising costs of EEO. This has resulted in the reduction of energy saving 

goals in both systems (Fawcett, Rosenow and Bertoldi, 2017). Other countries like 

Germany haven’t implemented an Energy Efficiency Obligation scheme but intend to meet 

the energy savings requirement by alternative measures (regulatory, financial, soft). 

Table 3 contains results of a survey concerning use of EEO in 14 EU countries prepared by 

ATEE (2017,  Snapshot of Energy Efficiency Obligations schemes in Europe: 2017 update, 

Fourth European Workshop of the White Certificates Club, 30 June 2017, 

http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf, access: 

02.01.2018)) together with an assessment of the impact on the implementation of ECO-

BOT type application. 

 

 

 

 

  

http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf
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Table 3: Energy Efficiency Obligations (EEO) schemes in the sample countries of the European Union  

Source: ATEE (2017), Snapshot of Energy Efficiency Obligations schemes in Europe: 2017 update, Fourth European Workshop of the 
White Certificates Club,  30  June  2017,  http://atee.fr/sites/default/files/part_6-
_2017_snapshot_of_eeos_in_europe.pdf (02.01.2018) and own development of possibilities of eco-bot implementation 

  

Responsible and managing 
authorities 

Energy savings actions important in context of ECO-BOT 
implementation 

Possibilities of ECO-
BOT implementation 

moderate high 

A
U

S
T

R
IA

 

Responsible authority: Federal  
Ministry of Science, Research and 
Economy  
 
Managing authority: Austrian  
Energy Agency  

The scheme has the largest scope possible (all energy types for the 
targets, all end-use sectors for the actions).  
 
The obligated parties (OPs) are almost all energy suppliers (selling more 
than 25 GWh/a) (about 600 companies, covering about 85% of Austrian 
final energy consumption). 
 
42 categories and more than 250 standard methods (formula + deemed 
savings) are available. An official methodology set guidelines for other 
types of actions.  
 
52% of energy savings achieved in 2016 came from actions with 
households, 19% with companies.  
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B
U

L
G

A
R

IA
 

Responsible authority: Ministry of 
Energy  
 
Managing authority: SEDA 
(Sustainable Energy 
Development Agency)  

All types of actions (including behavioural actions) in all sectors, (including 
energy transformation, distribution and transmission) which can achieve 
demonstrable energy savings. 
 
Obligated parties (OP) are all companies selling energy to final 
customers.   
 
Most of energy savings reported so far have been achieved in the industry 
therefore; activities in other areas should be intensified. 

 

 

C
R

O
A

T
IA

 

Responsible authority: Ministry of 
Environmental protection and 
Energy  

 

Managing authority: CEI (NKT) 
(National Energy Efficiency 
Authority) 

This scheme is currently running. 
 
The rules aim at ensuring that the scheme is neutral (regarding the type of 
actions).  
 
Actions will be eligible in all end-use sectors. 
 
Obligated Parties are the energy suppliers, and not the energy distributors. 
 
The smallest suppliers will not be included in the scheme. Overall, there 
should be around 40 Obligated Parties. 
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D
E

N
M

A
R

K
 

Responsible authority: Ministry of 
Climate, Energy and Building  

 

Managing authority DEA (Danish 
Energy Agency) 

Obligated Parties are all the energy distributors (65 for electricity, 405 for 
district heating), covering all end - use sectors (except transports).  
 
OPs may establish agreements with affiliated companies or other 
contractors (consultants, energy traders, installers, craftsmen, retailers, 
banks, etc.) that will implement programmes towards end -users. 
 
 All actions saving final energy beyond minimum energy performance 
criteria (excluding behavioural actions, CFL and appliances after 2009) are 
eligible.  
 
Around 30% of the energy savings are achieved in households. 

 

 

F
R

A
N

C
E

 

Responsible authority: Ministry of 
Ecology, Sustainable 
Development and Energy  

 
Managing authority: National Pole 
for White Certificates (also part of 
the Ministry) 

Actions are eligible in all end-use sectors (except consumption covered by 
the EU ETS), under performance and/or quality requirements. 
 
The obligated parties (OP) are the energy suppliers. They can achieve 
their targets by directly gaining energy savings certificates (CEE) or by 
buying CEE on the market.  
 
Local authorities, national agency for housing and social housing 
authorities are also eligible to get CEE.  
 
183 standardised operations are currently eligible (90% of CEE issued 
from Jan. 2015 to March 2017).  
 
From Jan. 2015 to March 2017, 49.3% of the CEE was issued for actions 
in residential buildings.  
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G
R

E
E

C
E

 

Responsible authority: Ministry of 
Environment and Energy  
 
Managing authority: CRES  
(Centre for Renewable Energy  
Sources and Energy Savings) 

This scheme is currently running. The first period (2017-2020) is designed 
as a learning phase. 
 
Actions are eligible in all end-use sectors, considering the guidelines of 
EED article 7.  
 
The obligated parties (OP) for the reference year 2017 consist of 
electricity, gas and oil products, suppliers or retailers that represent 
cumulatively at least 95% of the distributed or sold energy for each type of 
fuel separately.  
 
They may implement programmes themselves, as well as through 
subcontracting or partnerships. They may also use a “buy out” option.  
 
The scheme is focused on behavioural or soft measures for its pilot phase 
e.g. public campaign for energy efficiency. 
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IR
E

L
A

N
D

 

Responsible authority: DCCAE 
(Department of Communications,  
Climate Action & Environment)  
 
Managing authority: SEAI  
(Sustainable  Energy  Authority  
of Ireland) 

The obligated parties are all energy suppliers (all energy types and 
sectors) selling more than 600 GWh/a.  
 
Suppliers selling between 240 and 600 GWh/a are included on a voluntary 
basis.  
 
They can use partnerships with third parties (e.g. service providers).  
 
An online energy savings crediting system has been set for actions in the 
residential sector. 
 
Currently there are about 50 standardised actions for the residential 
sector (catalogue updated frequently). These actions shall be 
implemented by qualified contractors. Actions in other sectors are 
considered on a project-by-project basis, using SEAI assessment tools or 
other methods. 
 
In the period 2014-2016, 1,398 GWh/a (75%) energy savings were 
achieved in the non-residential sectors, 287 GWh/a (15%) in the 
residential sector. 

 

 

IT
A

L
Y

 

Responsible authority: Ministry of 
Economic Development and 
Ministry of Environment  

 

Managing authority: GSE 
(Gestore dei servizi energetici) 

 

 

 

The obligated parties are the distributors of electricity and natural gas with 
more than 50 000 customers.  

 

They can directly implement projects, have bilateral contracts with 
operators or buy energy savings via the trading platform. 

 

With the new guidelines, published in 2017, actions continue to be eligible 
in all end-use sectors, under strict additionality criteria.  
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L
A

T
V

IA
 

Responsible authority: Ministry of 
Economics  
 
Managing authority: Ministry of 
Economics 

Obligated parties will be the electricity suppliers or retailers selling more 
than 10 GWh/year in the previous year.  
 
Obligated parties can fulfil their obligation by implementing programmes 
or through the payment to an energy efficiency fund.  
 
All actions that can demonstrate energy savings for the final customers 
are eligible (all end-use sectors), including information and consultation.  

 

 

L
U

X
E

M
B

O
U

R
G

 

Responsible and managing 
authority:  
Ministry of the Economy 

The obligated parties are all the electricity and gas suppliers, based on 
their sales in the residential, service and industry sectors.  
 
Actions are eligible in all end-use sectors to save all types of energy. 
Behavioural actions may be eligible under conditions.  
 
In 2015, in number of measures, most of them were realised in buildings. 
But in terms of energy savings, half were achieved in the 
residential/commercial sector and half in the industry sector. 

 

 

P
O

L
A

N
D

 

Responsible authority: Ministry of 
Energy  

 

Managing authority: URE  

(Energy  
Regulatory Office) 

The obligated parties are the energy suppliers and traders selling 
electricity, heat, or natural gas to end-users.  
 
They can achieve their target through obtaining energy efficiency 
certificates for actions on their own asset, buying certificates or paying 
substitution fees to the National Fund of Environment Protection and  
Water Management.  
 
There is no catalogue with deemed savings but an official list of eligible 
general types of action (covering residential).  
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S
L

O
V

E
N

IA
 

Responsible authority: Ministry  
of Infrastructure  
 
Managing authority: Slovenian 
Energy Agency 

The about 183 obligated parties are the suppliers of electricity, natural 
gas, heat (district heating), and liquid and solid fuels to final customers in 
all end-use sectors (with a lower target for transports: 0.25%/a for the 
whole period). 
 
About 30 standardised actions cover all end-use sectors.  
 
About 73% of the savings achieved in 2015 came from 3 action types: fuel 
additives, introduction of energy management systems, and renovation of 
heating sub-stations. 

 

 

S
P

A
IN

 

Responsible authority: Ministry of 
Energy, Tourism and Digital 
Agenda  
 

Managing authority: IDAE  

(Institute for Diversification and  
Saving of Energy) 

The energy efficiency obligation scheme has started in July 2014.  

 

In Spain, the obliged companies can either implement energy efficiency 
projects themselves or pay to the National Energy Efficiency Fund which 
will finance energy efficiency projects. 

 

The obligated parties are the suppliers of electricity and natural gas, and 
wholesale retailers of oil products and LPG. 

 

 

U
N

IT
E

D
 

K
IN

G
D

O
M

 

Responsible authority: BEIS 
(Department for Business, 
Energy and Industrial Strategy)  
 
Managing authority: Ofgem 
(Office of Gas and Electricity 
Markets) 

 The obligated parties (OP) are the 15 electricity and/or gas suppliers 
above given thresholds of customers and energy sales, based on energy 
sales in the residential sector. 
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All countries implementing the Energy Efficiency Obligations (EEO) schemes listed in the 

table above are potential markets for ECO-BOT, which is why only moderate and high 

implementation potential was included in the analysis. Countries assessed at moderate 

level  are in the early stages of implementation of EEOs - Greece, Croatia and receive one 

“+” in summary table 6. In addition, EEOs in Croatia is not addressed to energy distributors 

who are obvious recipients for the ECO-BOT application. One “+” receive also Malta where 

EEOs is currently  under major revision. 

III. GROUP - HIGH LEVEL OF USE OF SOFT INSTRUMENTS SUPPORTING 

BEHAVIOURAL CHANGES OF ENERGY CONSUMERS 

When discussing the issue of the friendliness of the types of energy policy instruments to 

be used for ECO-BOT applications, special attention should be paid to those aspects that 

assume an impact on energy consumers to change their habits. Since one of the project 

goals of ECO- BOT is a persuasive impact on the user, it should be stated in this case the 

most far-reaching degree of coherence between the assumptions of the policy instrument 

and the assumptions of the application's philosophy. 

Soft policy instruments is a group of instruments requiring coordinated educational activities 

aimed at shaping pro-ecological attitudes among consumers and business entities through 

providing information, education, promotional campaigns. The use of soft instruments also 

requires an active attitude from public authorities through confidence building and 

procedural changes. Public authorities should enable citizens and other stakeholders to 

access information about plans, engage in the decision-making process and not only inform 

about decisions already taken. 

Examples of soft instruments are the provision of information about energy consumption, 

political recommendations to switch to more efficient solutions and promotion campaigns. 

The instruments most frequently mentioned by Member States are:  

• campaigns raising the level of social awareness, 

• offices, centres, campaigns, portals, etc. providing information on energy efficiency 

and renewable energy sources;  

• trainings and courses;  

• advice services;  

• exhibitions and demonstration projects;  

• good practice guidance. 

Countries that in their energy policy assume wide use of such instruments are the most 

promising markets for ECO-BOT applications. The potential for dissemination of information 

about the application could be public campaigns on the economical use of energy. During 

these campaigns, it would be possible to use social media mechanisms to build a positive 

image of the ECO- BOT application. However, it should be noted that the promising shape 
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of energy policy instruments can be distorted by sociological and economic factors, such as 

the high level of digital exclusion. 

The following analysis includes two groups of soft instruments used in the energy policy of 

member countries: 

1. Soft instruments strictly aimed at meeting the requirements of Article 7 of the Energy 

Efficiency Directive. Article 7 of Energy Efficiency Directive requires Member States 

to establish Energy Efficiency Obligations (EEOs) or use other instruments to 

achieve new savings each year in the period 2014-2020 amounting to 1.5% of the 

baseline energy sales to final customers. These countries receive three pluses in 

the summary table 6. 

2. Soft instruments used in the promotion of renewable energy sources. These 

instruments have been included in the analysis because their impact is very often 

also aimed at achieving energy savings and improving energy efficiency (e.g. using 

energy-saving equipment, bulbs, etc.). Countries that declare frequent use of soft 

instruments in this group have two pluses in the summary table 6. 

Ad. 1  Soft instruments strictly aimed at meeting the requirements of Article 7 of the Energy 

Efficiency Directive.  

The assessment considered the existence of such instruments. Based on the analysis 

carried out by Ricardo Energy & Environment (2016), countries using soft instruments for 

this purpose are: Germany, Portugal, Greece, Spain, Romania, the Netherlands and 

Ireland. 

Ad.2. Soft instruments used in the promotion of renewable energy sources 

When assessing this group of instruments, the ratio between three groups of instruments: 

regulatory, economic and soft has been taken into account. The analysis has been carried 

out based on progress reports in the promotion and use of energy from renewable 

resources from member countries to European Commission for 2015. On this basis, the EU 

countries have been divided into two main groups. These are (see Table 4):  

• Countries preferring indirect (economic and financial) instruments;  

• Countries that prefer regulatory instruments.  

 

A separate case is Malta, which in the report indicated the largest share and dominance of 

soft instruments.  

By specifying the above classification according the use of soft instruments, two groups can 

be further distinguished: 
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• countries preferring regulatory instruments in combination with soft instruments - 

Spain and Luxembourg 

• countries preferring financial and economic instruments in combination with soft 

instruments The Netherlands, Sweden, Ireland, Denmark, Austria, Belgium, 

France, Finland and Estonia.  

 

One important consideration should be made here: a comparison of instruments based on 

reports prepared in individual countries is very difficult due to the lack of a consistent 

methodological approach. The instruments as used in various member states, are classified 

differently. Moreover, member states have diverse approaches to the issue of detail of data: 

in one group, only very general data are citable (only a few general regulations are 

provided), for example, the Czech Republic; in the second group, detailed regulations and 

information about their operation are readily available, for example, in Estonia and Greece. 

This review, however, gives an idea of the types of instruments used by different countries 

and their proportions.  

Table 4: List of EU countries in terms of their preferred energy policy measures and 
instruments.   

Source: own development based on reports on progress in the promotion and use of energy 
from renewable resources from member countries to European Commission for 
2015, https://ec.europa.eu/energy/en/topics/renewableenergy/progress-reports 
(08.01.2108)  

 Countries  expressing 
preferences for regulatory 

instruments 

Countries expressing preferences 
 for Financial/Economic 

instruments 

Countries expressing 
preferences for soft/ 

behavioural instruments 

Italy  

Bulgaria  

Poland  

Czech Republic  

Romania  

Spain֍  

Luxemburg ֍  

Cyprus  

Greece  

Portugal  

Germany  

Slovak Republic  

  

The Netherlands ֍  

Slovenia  

Sweden ֍  

Ireland ֍  

Denmark ֍  

Hungary  

Latvia  

Lithuania  

Austria ֍  

Belgium ֍  

France ֍  

Croatia  

Finland ֍  

UK  

Estonia ֍  

Malta  

 ֍ - countries that declare frequent use of soft instruments. This countries and Malta receive two 
pluses in summary table 5 if they haven’t already received three pluses in the category of soft 
instruments strictly aimed at meeting the requirements of Article 7 of the Energy Efficiency Directive. 
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IV GROUP. IMPLEMENTATION OR PLANNED IMPLEMENTATION OF SMART 

METERING 

Regulations in the framework of EU energy policy require Member States to ensure the 

implementation of smart metering systems for long-term benefits for consumers. In practice, 

the state and prospects for implementing these solutions in individual Member States are 

different. Based on data collected by the European Commission (European Commission: 

Smart Metering deployment in the European Union, http://ses.jrc.ec.europa.eu/smart-

metering-deployment-european-union, access: 01.03.2018), we can evaluate the 

implementation of smart metering in the 2020 perspective in individual countries States. 

The assessment uses a three-stage division: 

1. countries with wide scale of current and planned implementation of smart metering 

by 2020 (≥ 80%) – Denmark, Estonia, Ireland, Greece, Spain, France, Italy, 

Luxembourg, Malta, the Netherlands, Austria, Poland, Romania, Finland, 

Sweden and Great Britain. 

2. countries with < 80% of smart metering by 2020 – Portugal, Belgium, Czech 

Republic, Lithuania. 

3. countries where:  

• no data is available regarding nation -wide roll out (Slovenia, Hungary, 

Bulgaria, Cyprus), 

• there is selective roll-out till 2020 (Germany, Latvia, Slovakia), 

• they are new EU members (Croatia). 

Based on the above data and considering the presented criteria, the assessment and 

ranking of energy policies of the member countries has been prepared. The table 5 

contains a description of the areas, criteria and scale of the evaluation, table 6 evaluation of 

Member States' policies in terms of the possibilities / effectiveness of the implementation of 

the ECO-BOT application. 

Table 5: Areas, criteria and scale of evaluation.  

Source: own development 

Area 
Criteria and scale of evaluation 

 

Implementation of programs supporting 
improvement of energy efficiency in 
buildings 

“+”- each country receives one "+" due to the 
full transposition of the Energy Efficiency 
Directive in the Member States. All Member 
States have instruments for improving energy 
efficiency. 

EEO schemes  “0” -Countries that do not have an EEO 
scheme, 
 
“+” - Countries with an EEO schemes, which 
possibilities of the ECO-BOT implementation 
have been evaluated at moderate level 
 

http://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union
http://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union
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“++” - Countries with EEO schemes, which 
possibilities of ECO-BOT implementation have 
been rated at high level 

Soft instruments “++” – high representation of  soft instruments 
in used in the promotion of renewable energy 
sources 
 
“+++” - Exsisting of soft instruments strictly 
aimed at meeting the requirements of Article 7 of 
the Energy Efficiency Directive. 

Roll out of smart metering by 2020  status “0” – countries where:  
• No data is available regarding 

nation -wide roll out  
• There are selective roll-out by 2020  
• They are new EU  

 
“+” - countries with < 80% of smart metering by 
2020  
 
“++” - countries with wide scale of 
implementation of smart metering by 2020 (≥ 
80%) 

 

Table 6: Evaluation of Member States' policies in terms of the possibilities / effectiveness of 
the implementation of the ECO-BOT application.  

Source: own development 

Country Legal 
framework and 
implementation 

of programs 
supporting 

improvement 
of energy 

efficiency in 
buildings 

EEO 
schemes 

Soft 
instruments 

Roll out of 
smart 

metering 
by 2020  
status 

The sum 
of 

points 

Belgium + 0 ++ + 4 

Bulgaria + ++ 0 0 3 

Czech 
Republic 

+ 0 0 + 2 

Denmark + ++ ++ ++ 7 

Germany + 0 +++ 0 4 

Estonia + 0 ++ ++ 5 

Ireland + ++ +++ ++ 8 

Greece + + +++ ++ 7 

Spain + ++ +++ ++ 8 

France + ++ ++ ++ 7 

Croatia + ++ 0 0 3 

Italy + ++ 0 ++ 5 
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Cyprus + 0 0 0 1 

Latvia + ++ 0 0 3 

Lithuania + 0 0 + 2 

Luxembourg + ++ ++ ++ 7 

Hungary + 0 0 0 1 

Malta + + ++ ++ 6 

the 
Netherlands 

+ 0 +++ ++ 6 

Austria + ++ ++ ++ 7 

Poland + ++ 0 ++ 5 

Portugal + 0 +++ + 5 

Romania + 0 +++ ++ 6 

Slovenia + ++ 0 0 3 

Slovakia + 0 0 0 1 

Finland + 0 ++ ++ 5 

Sweden + 0 ++ ++ 5 

Great Britain + ++ 0 ++ 5 

 

Rating scale: 

 

1-2 points – low level of support 

3-4 – moderate support 

4-5 points – average level of support 

6- 7 points –high level of support 

Based on the obtained data, EU countries in terms of political and institutional support for 

the implementation of the ECO - BOT application can be divided into: 

• I. Group. - countries with low level of support: 

o  Countries with only legal framework – Hungary, Cyprus,  Slovakia.  

o Countries with legal framework and< 80% of smart metering by 2020 - 

Czech Republic, Lithuania.  

• II. Group. - countries with moderate level of support:  

o Countries with legal framework and  implementation of EEO schemes - 

Bulgaria, Croatia,  Latvia, Slovenia; 

o Belgium – has support for soft instruments and there are plans of roll out of 

smart metering by 2020;  

o Germany – this country has legal framework and strongly support the 

implementation of soft instruments. Germany doesn’t implement EEO 

schemes and there are plans of selective roll out of smart metering by 2020. 
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• III. Group - countries with medium level of support (all countries in this group 

have legal framework and they implement or have plans for wide implementation of 

smart metering): 

o Countries that don’t implement EEO schemes but have strong support for 

soft instruments - Estonia, The Netherlands, Portugal, Romania, Finland, 

Sweden,  

o Countries in which soft instruments are less used but have active EEO 

schemes– Italy, Great Britain, Poland; 

o Malta – in this country, a fundamental reconstruction of the EEO scheme 

takes place. 

• IV. Group - countries with a high level of support - in this group of countries 

have been identified support in implementation of ECO-BOT in all analysed areas - 

Denmark, Ireland, Greece, Spain, France, Luxemburg, Austria. 

 

ECO-BOT will test its product in a country belonging to three groups with moderate, 

medium, and high level of support, namely: Germany, Great Britain, and Spain. This will 

allow ECO-BOT and its models to be tested in all the three contexts and compare the 

effectiveness of ECO-BOT operations under different institutional conditions. 
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3. Development of behavioural economics – comments for  
ECO-BOT 

 

A category of social sciences, economics is an on-going study, which, from its inception, 

was based on the paradigm of the rationality of people's behaviour. According to this 

paradigm, people are rational, they are driven by self-interest and strive to maximize their 

benefits while minimizing costs (Amadae, 2007). In other words, this theory assumes that 

people are largely selfish, and in encountering incentives or prohibitions, they will react in a 

rational, thoughtful way, calculating their profits and losses, and considering all “pros and 

cons”. The discussed theory proceeds from the assumption that man is guided in his 

actions, exclusively by economic motives, has perfect knowledge and knows how to and 

wants to maximize his satisfaction by choosing the right goods (the homo oeconomicus 

concept).  

The neoclassical economic model explains the behaviour of economic entities as built upon 

several assumptions about the individual's characteristics (Solek 2010): 

• He or she operates on the basis of full and excellent information, and also have 

unlimited possibilities for information processing, 

• The goal of the decision maker is to maximize the expected utility (in the case of 

consumers) or maximize profit (in the case of companies), 

• He or she operates in a narrowly defined self-interest, i.e. without taking into 

account the usability of other entities, Consistent preferences are held, including 

that time-based, in line with the model of exponentially discounted usability, 

• He or she makes decisions, taking into account the rules of Bayesian inference1, 

• Income and resources are treated interchangeably, i.e. as indeterminate as to the 

source of origin or destination. 

 

The criteria formulated in such a way make the above theory impossible for use in reality. 

Research and observations also confirm that the full economic rationality of consumer 

behaviour cannot be assumed, because people often do things that do not benefit them, do 

not know all the goods or prices available on the market or are not be able to calculate the 

benefits for them connected with the selection of individual products. Moreover, in making 

their everyday decisions, people have limited time for calm reflection or the possibility of a 

longer focus on individual actions or choices. The relationship between the degree of 

affluence of society and calculation is also crucial because with the increase in the rate of 

                                                

1 Bayesian inference is a method of statistical inference in which Bayes' theorem is used to update 
the probability for a hypothesis as more evidence or information becomes available. 
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affluence of the society, psychological factors which influence the consumption behaviour 

become more and more important - instead of purely economic factors. In fact, as Jones et 

al. (2013) and Beggs (2014) note, the models of decision-making by people are much 

closer to Homer Simpson than homo economicus. The behavioural approach thus attempts 

to realign the assumptions of the theory of choice and bring them closer to the actual 

decision-making processes and people's behaviour. 

Theoretical foundations of behavioural public interventions can be found in the 1950s, in the 

work of Herbert Simon (1956, 1997) that is devoted to decision-making processes in 

organizations. In 1956, Herbert Simon proposed a concept of bounded rationality to 

describe the way people make decisions, recognizing that individuals make decisions with 

incomplete information and limited processing capabilities. For this reason, they are not 

able to maximize their purpose function and are sated by minimally satisfying usability 

levels. A similar concept, according to which companies basically do not reach their full 

efficiency level, was put forth by Harvey Leibenstein (X inefficiency theory, 1966). 

Although Herbert Simon's works have found global recognition (the Nobel Prize in 

Economics), they have not embraced the mainstream economy dominated by the Chicago 

School. The combination of psychology and economics begun by Simon, however, was 

built upon by a team focused in the Carnegie School (Carnegie Institute, Pittsburgh, USA, 

1950's-60's). The breakthrough was brought about by the empirical studies of psychologists 

devoted to the mechanisms of human decision-making in situations of uncertainty. The year 

1979 saw the appearance in print of the work of Daniel Kahneman and Amos Tversky: 

“Prospect Theory: An Analysis of Decisions under Risk”, and a year later, that of Richard 

Thaler: “Toward and Positive Theory of Consumer Choice”. The aforementioned initiated 

the rapid development of a new trend called behavioural economics. The aim of these 

authors was to extend the explanatory power of economic theories, by providing them with 

the psychological basis of human behaviour. To this end, the behaviourists relaxed the 

restrictive assumptions of the standard economic model to explain the anomalies that 

remained inexplicable in the neoclassical trend. It should be noted that behavioural 

economics is not a homogeneous school. Rather, it is a collection of different theories 

which include the Michigan school (George Katona), psychological economics (Colin 

Camerer, Richard Thaler, Ernst Fehr), behavioral macroeconomics (George Akerlof), 

evolutionary economics (Richard Nelson, Sidney Winter), behavioural finance (Robert 

Schiller) and experimental economics (Vernon Smith) (see Tomer 2007). 

A brief description of the most important theories explaining the behaviour of people within 

the market (consumers), along with their evolution, is summarized by M. Martiskainen 

(2007) in the report: “Affecting consumer behavioural energy demand” (see table 7). 
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Table 7: Overview of Behavioural Theories  

  Source: Martiskainen M. (2007): Affecting consumer behaviour on energy 
demand, Final report to EdF Energy, Sussex Energy Group 

 

Behavioural 

theory/model 

 

Key authors (for full 
references see 

Jackson 

2005) 

Main concept Limitations 

Rational Choice 
Theory  

Elster 1986, Homans 
1961  

Consumers weigh the 
expected costs and benefits 
of different actions and 
choose those actions that 
are the most beneficial or 
the least costly.  

The Rational Choice Theory 
does not take into account 
habit, emotion, social norms, 
moral behaviours and 
cognitive limitations.  

Theory  of Reasoned  

Action (TRA)   

Ajzen and Fishbein 
1980  

People expect certain values 
from the outcomes of their 
behaviour.  

The Theory of Reasoned 
Action does not address 
issues such as cognitive 
deliberation, habits and the 
influence of affective or moral 
factors.  

Theory  of  Planned  

Behaviour  

Ajzen 1991  Builds on the TRA model 
and includes a new 
dimension of perceived 
behavioural control (PBC) - 
person’s belief on how 
difficult or easy a behaviour 
will be influences his/her 
decision to conduct that 
behaviour.  

The Theory of Planned 
Behaviour model has been 
used more so for measuring 
the relationships between 
attitude, intention and 
perceived behavioural control, 
rather than the measurement 
of actual behaviour  

Ecological Value 
Theory  

  Those who mainly hold 
egoistic and self-interested 
values are less likely to 
perform pro-environmental 
behaviour than those who 
have pro-social values.  

Pro-environmental behaviours 
can be motivated by self- 
interest, altruism, and 
biospheric values. The 
influence of attitude-behaviour 
gap.  

Value Belief Norm 
Theory  

Stern et al. 1999, Stern 
2000  

Pro-social attitudes and 
personal moral norms are 
predictors of 
proenvironmental behaviour.  

All variables have to be 
analysed to identify the most 
influential factors.  

Symbolic 
Interactionism and 
Symbolic Self- 
Completion Theories  

Blumer 1969, Mead 
1934,  

Wicklund and 
Gollwitzer 1982  

People purchase certain 
goods or symbols not only 
for their practical value but 
also to construct their 
identity, and use those 
goods for the image they 

Evidence suggests that 
people’s responses to goods 
and symbolic also occur at a 
sub- or semiconscious level.  
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portray of them to the outer 
world.  

Attitude-
BehaviourContext 
Model  

Stern and Oskamp 
1987, Stern 2000  

Behaviour (B) is an 
interactive outcome of 
personal attitudinal variables 
(A) and contextual (C) 
factors.  

Does not take into account 
the influence of habits.  

Theory of 
Interpersonal 
Behaviour  

Triandis 1977  Intentions, and habits, 
influence behaviour, which 
are also affected by 
facilitating conditions 
(external factors).    

Has not been as widely used 
in empirical research as could 
have been.  

Persuasion Theory  

Hovland et al. 1953, 
Petty et al. 2002  

Persuasion Theory is based 
on three principles, the 
credibility of the speaker, 
persuasiveness of the 
message and the 
responsiveness of the 
audience.  The recipients of 
persuasive enough 
messages will alter their 
attitudes and ultimately 
behaviour accordingly.  

A straightforward persuasion 
theory has its limitations, but 
versions of it, such as the 
cognitive dissonance theory 
which places greater weight 
on individuals as active 
recipients of the persuasion 
process has been shown to 
provide positive results in 
experimental research  

Social Learning 
Theory  

Bandura 1977  People learn from our 
experiences (trials, errors) 
as well as from other social 
models and observing others 
around us (family, friends, 
colleagues and people in the 
public eye).  

  

 

3.1. Heuristics and biases 
 

Based on Simon’s (1955) ideas, bounded rationality implies that people do not have 

unlimited abilities to process all the information needed to make rational choices. Rather, 

they have inherent behavioural biases and use rules of thumb and shortcuts to make 

decisions (Mazzotta and Opaluch 1995). Research on decision-making processes has 

enabled during the last several years to identify dozens of simplifying strategies and rules 

for inference (heuristics) and resulting cognitive biases. In their works, Kahneman and 

Tversky, for example, found out that most people are loss averse. Thus, their negative 

perception of, say, a fine of CHF 1000.00 will be more intense than their positive 

assessment of an equivalent gain. They also recognized that people make probability 
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assessments on the basis of particular indicators (known as anchors), which are often 

arbitrary. In his book “Thinking, Fast and Slow” (2011), Kahneman differentiates between 

two systems of human thinking: 

• System 1 This system is based on simplifying mental shortcuts - heuristics. They 
allow to save time, energy and attention. However, they are inaccurate and can lead 
to errors. 
 

• System 2 slow, reflective thinking, higher-level thinking allows making more 

conscious decisions. It is based on critical reasoning, but it requires effort and 

attention. 

Each way of thinking has its own advantages and disadvantages: the rational approach of 

System 2 is accurate and enables making informed decisions. However, this requires time 

and effort. System 1 has the advantage that it does not require much time and does not 

require any effort. This system is based on heuristics that are generally useful (if not even 

necessary) to solve complex daily problems without spending a lot of time. However, in 

some cases, their use leads to significant systematic deviations. The use of heuristics may 

cause an incorrect assessment of reality, which leads to incorrect assessments (Mathis and 

Steffen, 2015). These decision mechanisms that distinguish real people from the idealized 

homo economics model can be summarized as three main groups of constraints (Jolls et 

al., 2000): 

• bounded rationality - these are simplifying heuristics and errors in estimating 

probabilities and evaluating values; 

• bounded willpower - means that people often take actions that are unfavourable to 

themselves in the long term; 

• bounded self-interest - means that in some situations, people will make decisions 

not guided by the maximization of their own optimum, but by a sense of justice or cultural 

norm. 

These three limitations have practical implications for the law-making process and the 

design of public interventions. The first limitation will be important when making decisions in 

situations of uncertainty (probability assessment) or when estimating the expected effects. 

The second limitation is important when making decisions that have shifted consequences. 

The third limitation works in situations where the behaviour of one party deviates from the 

typically acceptable behaviour for a given situation. Herein, other participants of the 

interaction are willing to pay the costs to punish dishonest behaviour (Olejniczak and 

Śliwowski, 2014). 

According to Kahneman, heuristics refer to commonly used cognitive abbreviations or rules 

that simplify and facilitate decision making and represent the process of replacing a difficult 
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question with easier one (Kahneman, 2003). Heuristics can also lead to cognitive biases. 

There are analyses regarding the relationship between heuristics and prejudices and 

rationality. In a synthetic approach, the use of heuristics can be called the "ecologically 

rational" strategy, which makes the best use of limited information available to people 

(Goldstein and Gigerenzer, 2002). In addition, it can also be stated that there are 

"universal" heuristics, eg affection, availability and representativeness, while others can be 

considered more specific to a given field, eg brand heuristics, price and scarcity (Shah and 

Oppenheimer, 2008). 

The following list in table 8 present the basic heuristics that result in our limitations in 

making decisions and in making judgments. In the table are also presented implications for 

ECO-BOT. 

Table 8: Overview of heuristic and implications for ECO-BOT  

  Source: own development 

Name of heuristic Mechanism of action Key authors 
Suggestion for ECO-

BOT 

Affect The general tendency 
to make decisions in 
terms of emotions. 
Performed activities 
depend on feelings 
related to the subject of 
the decision. 

Fischhof et al., 1978; 
Slovic, Finucane, 
Peters, MacGregor 
2002 

ECO-BOT should 
establish positive 
associations and 
emphasize positive 
aspects of changes in 
consumer behavior. In 
this context the visual 
design of the 
application is important. 
It should refer to 
images and symbols 
which are well-known 
to consumers (eg. the 
respondents of focus 
group suggested a 
human form of ECO-
BOT) 

Availability Compliance for using 
easily recalled events 
in decision-making 
process. 

Tversky, Kahneman, 
1974 

ECO-BOT may refer to 
the opinions and 
experiences of well-
known people or public 
and well-known events, 
promoting in this way 
energy saving and 
protection of the 
environment. 

Scarcity This is behavioural 
abbreviation that is 
commonly used to 
assess the value of a 
thing in relation to how 
easy it is to get it and 
how easy it can be to 

Whitehead et al. 2017; 
Cialdini 2008; Lee, 
Seidle, 2012 

ECO-BOT should 
emphasize costs 
(especially 
environmental) related 
to energy production. 
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lose it. When an object 
or resource is less 
available, we perceive 
it as more valuable.  
The simplest 
manifestation of the 
scarcity heuristic is the 
fear of losing access to 
some resource. 

Representativeness A tendency based on 
associative 
classification of objects 
based on several 
characteristic features. 

Kahneman, Tversky 
1972; Tversky, 
Kahneman 1974; 
Payne, Crowley, 2008; 
Kardes, Posavac, 
Cronley, 2004; Chen et 
al., 2007 

ECO-BOT should be 
adopted to national and 
local conditions. It 
should use the national 
language or local 
dialect and use specific 
expressions. It should 
also refer to known 
symbols and 
associations. 

Anchoring A tendency based on 
unreflective acceptance 
of the suggested 
values. 

Tversky, Kahneman, 
1974 

ECO-BOT should refer 
to specific values. An 
example would be to 
suggest a specific level 
of energy savings that 
can be achieved. 

 

Behavioural economists work to categorize and catalogue the ever-expanding list of 

deviations from rational choice theory. Examples of anomalous behaviour are numerous 

and are included in the table 9. In the table are also presented possible interactions with 

ECO-BOT.  

Table 9: Overview of chosen cognitive errors heuristic and their interaction with ECO -BOT  

  Source: own development 

Cognitive 
errors 

category 

Mechanism of 
action 

Key authors 
Interaction with ECO -BOT 

weak moderate Strong 

Hyperbolic 
discounting 

Difficulty in 
deferring the 
moment of 
gaining 
benefits. Focus 
on the earliest 
consumption of 
profits. 

1 O’Donoghue, 
Rabin, 1999; 
Chen et al., 
2007 

   

Useful in 
preparing the 
ECO - BOT 
model. ECO-
BOT can 
emphasize 
the speed of 
achieving 
savings under 
the condition 
of taking 
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energy-saving 
measures or 
purchasing 
new, energy-
saving 
equipment. 

Status quo 
bias 

No acceptance 
for changes. 
The preference 
for the present 
steady state. 

Kahneman, 
Tversky, 1982; 
Samuelson, 
Zeckhauser, 1988 

  
 

One of the 
main barriers 
to the 
effectiveness 
of ECO-BOT. 
Energy 
consumers 
may be 
reluctant to 
change and 
may delay 
their adoption. 

Sunk cost 
effect 

The tendency 
to maximize 
the usage of 
goods which 
were gained 
with costs. 

Arkes, Blumer, 
1985; Thaler, 
1999 

 
 

Potential 
barrier. Sunk 

cost effect 
may limit 

consumers' 
desire to 
change 
existing 

devices to 
other more 

energy-
efficient ones 

 

Procrastination Delaying the 
necessary 
decisions. 

Johnson et al. 
2012 

  
 

One of the 
main barriers 
to the 
effectiveness 
of ECO - 
BOT. Energy 
consumers 
may be 
reluctant to 
change and 
may delay 
their adoption. 

Loss aversion 
bias 

The tendency 
associated 
with risk 
aversion and 
possibility of 
loss related to 

Kahneman, 
Tversky, 1979; 
Gächter, Orzen, 
Renner, Starmer, 
2009 

 
Using the 

ECO- 
BOT 

application 
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it. is not 
associated 

with the 
risk of 
loss. 

Myopia The tendency 
to mitigate the 
potential 
negative 
effects of 
future 
decisions. 

Olejniczak K., 
Śliwowski P., 
2012 

  
 

Energy 
consumers 
may not 
appreciate 
their future 
energy and 
environmental 
costs related 
to energy 
consumption. 

Over optimism Attaching too 
much 
importance to 
optimistic 
assessments 
of future 
developments. 

Shepperd, 
Carroll, Grace, 
Terry, 2002 

  
 

See above 

Crowd effect The tendency 
to behave 
according to 
the pattern 
represented by 
the social 
group with the 
strongest 
influence on 
the individual. 

Nickerson, 1998  
 

ECO - BOT 
aims to 
change 
individual 
behavior. 
However, 
information 
from the eco- 
bot 
application on 
other people's 
pro-energy 
behaviors can 
stimulate 
change. 
ECO- BOT 
can signal 
current trends 
based on 
respect for 
the 
environment. 

 

Reciprocity The tendency 
to take action 
towards others 
combined with 
the expectation 
of becoming a 

Cialdini, Vincent, 
Lewis, Catalan, 
Wheeler, Darby, 
1975; Cialdini, 
1984; Fehr, 
Gächter, 2000 

 
ECO - 
BOT is 
aimed at 
individual 
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beneficiary of 
similar 
activities now 
or in the future. 

impact, 
directed to 
a specific 
person. 

Confirmation 
bias 

The tendency 
to select facts 
and opinions 
by accepting 
information 
that confirms 
the individual’s 
beliefs and 
rejecting 
information 
that contradicts 
these beliefs. 

Nickerson, 1998   
 

Consumer 
beliefs that do 
not consider 
the need to 
save energy 
may not 
consider ECO 
-BOT'S 
advice. In this 
way, the goal 
of energy 
saving will not 
be achieved. 
On the other 
hand, 
consumer 
decisions on 
pro-efficiency 
attitudes will 
be 
strengthened. 

Framing 
Effects 

The tendency 
to differently 
evaluate the 
same 
information on 
the basis on 
their 
formulation. 

Levin, I. P., 
Schneider, S. L., 
and  Gaeth, G. J. 
(1998) 

  
 

The 
effectiveness 

of  ECO-
BOT’s 

operation may 
depend on the 

manner of 
providing 

consumers 
with 

information 
necessary to 

make 
decisions 

Commitments Willingness to 
sustain actions 
that require 
commitment, if 
their cessation 
would involve 
a loss. 

Festinger, 1957; 

Strecher et al., 

1995; Cialdini, 

2008; Dolan et 

al., 2010 

 
 

ECO -BOT 
can use 
incentives to 
create a 
positive 
image of the 
user by 
setting 
savings goals 
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and 
environmental 
goals. 

Projection bias Willingness to 
accept the 
assumption of 
invariability 
attitudes and 
preferences 
despite the 
time flow and 
conditions 
change. 

Loewenstein, G., 
O’Donoghue, 
Rabin, 2003 

 
 

It can lead to 
prejudices in 
planning for 
the future. 

 

Endowment 
effect 

The tendency 
to 
overestimate 
the value of 
owned goods. 

Kahneman, 
Knetsch, Thaler, 
1991 

 
 

Potential 
barrier 
manifested in 
the 
unwillingness 
to change the 
equipment. 

 

 

The growing popularity of the behavioural approach has resulted in the emergence of 

different strategies for influencing the most common cognitive errors. Such approaches can 

also include solutions based on modern information technologies such as ECO-BOT. 

Undoubtedly the most widely used and commented set of rules is NUDGE developed by 

Sunstein and Thaler. The word NUDGES is an abbreviation whose development contains 

the main rules of action (see: Thaler R.H., Sunstein C.R., Balz J.P. 2010): 

• Incentives - creating an incentive system; 

• Understand choice mapping - understanding the course of the selection process; 

• Defaults matter - improving the importance of negligences and unwillingness to act 

(people tend to minimize the effort, choose the path that is the least onerous, the 

easiest available, so the "default settings" are crucial; 

• Give feedback - it is necessary to help people understand the problem / challenge, it 

is also necessary to provide feedback - information, warning when failure is 

approaching, praises for success; 

• Expect error - the awareness that people make mistakes - a good system takes this 

into account and minimizes penalties for these errors; 

• Structure complex choices - reducing the complexity of the system - the more 

choices you can make causes the system become more complicated, and its 

operation will cause many problems. Opportunities should be simplified rather than 

multiplying alternatives. 

 

The above general rules / tips can be useful in the ECO -BOT planning process. 
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4. A classification of barriers to energy efficiency 

 

This section of the report is a systematic classification of barriers to energy efficiency based 

on a comprehensive review of the literature. The study of energy efficiency barriers is a 

multi-disciplinary field with contributions from diverse theoretical backgrounds such as neo-

classical economics, organizational economics, behavioural theory and organizational 

theory (Science and Technology Policy Research, 2000).  

Despite the fact that the prospects for increasing energy efficiency are huge, they are often 

ignored. The reason is the existence of inhibitory factors - barriers to the implementation of 

cost-effective energy efficiency solutions. These factors can be defined as “man-made 

factors or attributes that operate in between actual and potential development or use” 

(Verbruggen, et al., 2010, p. 852). Furthermore, they may be intentional or accidental, may 

prevent or inhibit action or inhibit progress in realizing potential (Verbruggen, et al., 2010, p. 

852). 

The presence of barriers is related to the creation of the so-called "energy efficiency gap", 

ie a phenomenon where there is a discrepancy between potentially cost-effective measures 

to increase energy efficiency and the actions actually implemented in reality. Literature also 

points to institutional or structural barriers that do not directly affect the "gap", even if it 

affects the overall level of energy efficiency (Thollander, et al. 2010). 

The literature contains a great variety of taxonomies. These range from simple lists, to 

useful and logical categorisations of barriers. The basic division of barriers classifies them 

into three general groups: economic, behavioural and organisational (Sorrell, et al., 2000; 

Thollander, et al., 2010; Science and Technology Policy Research, 2000). Sorrell et al. 

(2000) have prepared a taxonomy that allows an understanding of each group via forming 

perspectives that highlight particular aspects of a complex situation. Still, in practice, this 

typology is not exclusive (see Table. 10).  

The biggest advantages of the study conducted by Sorrell et al. is the inclusion of other 

non-economical perspectives in the taxonomy, i.e. behavioural and organizational theory 

(Sorrell, et al., 2000) (Katzev & Johnson, 1987). The authors note that as a result of 

bounded rationality, people and companies will rather make satisfactory decisions than look 

for optimal decisions. Therefore, the behaviour of individuals and organizations is probably 

significantly different from the expected economic models. Secondly, the restriction on time, 

attention, resources and information processing capabilities lead to replacement of 

optimization analyses with imprecise procedures and rules. In the expression of bounded 

rationality, it seems more obvious that decisions are not made in accordance with economic 

arrangements, and decision-makers are limited by many attention and resource barriers, 

being able to peruse and develop only a limited set of information. This phenomenon has 
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not been included in traditional economic models: however, it may be important for the 

energy services market as these are characterized by complex and significant information 

costs. This causes attention to be placed almost exclusively to energy production as the 

basic activity, while ignoring activities considered peripheral, such as energy management 

(Cagno, et al., 2013). 

Table 10: General classification of barriers to energy efficiency  

Source: Sorrell, et al., 2000 

Perspective Theory Examples Actors 

Economic Neo-classical 
economics 

imperfect information, 
asymmetric 
information, hidden 
costs, risk 

Individuals and 
organisations 
conceived of as 
rational and utility 
maximising 

Behavioural Transaction cost 
economics, 
psychology, decision 
theory 

inability to process 
information, form of 
information, trust, 
inertia 

Individuals conceived 
of as boundedly 
rational with non-
financial motives and a 
variety of social 
influences 

Organisational Organisational theory energy manager lacks 
power and influence; 
organisational culture 
lead to neglect of 
energy/environmental 
issues 

Organisations 
conceived of as social 
systems influenced by 
goals, routines, culture, 
power structures etc. 

 

In the report "Promoting the Transition to Green Growth", the OECD (2012) provided a list 

and discussion of the typical barriers to energy efficiency. Examples drawn from this are 

listed in Table 11., but there are other approaches to categorizing barriers. Cagno et al. 

(2013), for example, provide a broader framework in which barriers are broken down by 

origin, as this is useful in determining the appropriate policy responses. External barriers, 

as they argue, are the market, government and politics, technology and service suppliers; 

as well as the designers and manufacturers, energy suppliers and capital providers. Internal 

barriers are economic, behavioural and organisational, in addition to those related to 

competences and awareness (Cagno et al. 2013, p. 296). 

Table 11: Examples of a typical classification of energy efficiency barriers. 

Source: OECD, 2012. 

Barriers Examples 

Market  Market organization and price distortions prevent customers from appraising 

the true value of energy efficiency 

Split incentive problem created when investors cannot capture the benefits of 

improved efficiency 
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Transaction costs – project development costs are high relative to energy 

savings 

Financial factors Up-front costs and dispersed benefits discourage investors 

Perception of efficiency investments as complicated and risky, with high 

transaction costs 

Lack of awareness of financial benefits on the part of financial institutions 

Information and 

awareness 

Lack of sufficient information and understanding, on the part of consumers, to 

make rational consumption and investment decisions 

Incomplete information when technology lacks a track record 

Institutional 

regulations 

Incentive structure encourages energy providers to sell energy rather than 

invest in cost effective energy efficiency 

Energy tariffs that discourage efficiency investment, such as declining block 

rates. 

Institutional bias towards supply side investments 

Technical factors Lack of affordable energy efficiency technologies suitable to local condition 

Insufficient capacities to identify, develop, implement and maintain energy 

efficiency investments 

 

Extensive insight into existing literature on barriers to greenhouse gas emissions and 

another classification of energy efficiency barriers is in the “Third Assessment report by the 

Intergovernmental Panel for Climate Change (IPCC)”. The report provides a useful tool to 

solve the problem from the point of view of policy-makers (Intergovernmental Panel for 

Climate Change, 2001). In this study, the IPCC presented the sector and technology-

specific barriers and opportunities, and categorized barriers according to eight sources. 

These are as follows: (i) Technological Innovation, (ii) Prices, (iii) Financing, (iv) Trade and 

Environment, (v) Market Structure and Functioning, (vi) Institutional Frameworks, (vii) 

Information Provision, and (viii) Social, Cultural, and Behavioural Norms and Aspirations.  

Analyzing the available literature of the subject, for the purposes of implementing this 

project, the energy efficiency barriers have been classified due to three main groups of end 

users affected by these barriers (see table 12): residential consumers; enterprises and 

industry, and buildings/facility managers. The table indicates which of the mentioned 

barriers, according to the authors of the report, have the greatest impact on the design of 

the ECO-BOT tool (main barriers, strong impact) moreover barriers with weaker impact 

were also identified.  

The division of barriers used in the report results directly from the functional assumptions of 

the project. In addition, as can be deduced from the literature, the energy end-use sector  is 

next to the energy generation, transmission and distribution the key area that has an impact 

on achieving energy efficiency improvement in EU countries. The improvement of energy 

efficiency in this area depends primarily on the awareness of the importance of the problem 

and the behavior of household representatives, housing communities, public sector entities 

and small and medium enterprises dictated by this awareness.  
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Table12. Classification of barriers to energy efficiency – literature review 

Source: Sorell et al. (2000), Thollander et al. (2010), IEA (2012), Fraunhofer ISE et al. (2012); ITRE (2016); Cagno, et al., 
2013; Vogel et al. (2015); ESMAP, 2014; Fleiter, Schleich and Ravivanpong (2012), BMG Research (2009) 

 End-
users that 

refer to  
Categories Barriers References 

Meaning for ECO-BOT 

Key 
Barriers 

Weak 
influence 

R
e
s
id

e
n

ti
a

l 
C

o
n

s
u

m
e

rs
 

Behavioural 

Priorities 

Lack or low awareness of the benefits 
associated with the use of measures to 
improve energy efficiency 

(Sorrell, et al., 
2000; 
Thollander, et 
al., 2010; 
Science and 
Technology 
Policy 
Research, 
2000); 
Directorate 
General for 
Internal 
Policies. 
Policy 
Department 
A: Economic 
and Scientific 
Policy, ITRE, 
2016 
IEA (2012), 
Fraunhofer 
ISE et al. 
(2012); 
Perman et al. 

 
 

X 
 

 

Consumers choose other visible 
improvements in the household 

X  

Comfort 

Behavioural inertia and bounded rationality X  

Loss of comfort and dissatisfaction during 
the renovation phase (noise, dirt, etc.) 

 X 

Concerns regarding a dispute with a tenant 
/ property owner (behavioral dimension of 
split incentive) 

X  

Informational 

Dwelling information 

Lack of knowledge about energy 
consumption in the apartment 

X  

Misperception about known consumption 
/lack of knowledge about saving potentials 

X  

Lack of understanding the difference 
between overall maintenance costs (eg of 
boiler) and energetic improvements 
resulting from new investments 

X  

External information 

No general information on energy 
consumption, energy saving options, 
economic and environmental benefits, etc. 

X  

Lack of reliable information X  
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 End-
users that 

refer to  
Categories Barriers References 

Meaning for ECO-BOT 

Key 
Barriers 

Weak 
influence 

Lack of comprehensible information 
(complexity of information, form of 
information) 

(2003), 
X  

Lack of personal data due to the 
heterogeneity of individual services 

X  

No specific information on loan/ grant 
support programs 

 X 

Lack of information about consultancy and 
advisory services 

X  

Economic 

Financial 

No access to internal capital (due to low 
savings or prioritization of other 
investments) 

X  

No access to external capital  X 

Incentives 
Split incentives X  

Subsidies on energy prices  X 

Risk aversion 

Due to hidden costs (costs related to 
making decisions, costs related to 
information, new costs of technology 
adaptation, etc.) 

X  

Due to long amortisation time  X 

Due to the uncertainty regarding their own 
future economic situation 

X  

Due to overall economic situation  X 

Due to the uncertainty about energy prices  X 

Due to general preference for equity over 
debt 

X  

Due to technological risk X  

Regulatory/Administrative Regultions regarding the transfer of costs X  
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 End-
users that 

refer to  
Categories Barriers References 

Meaning for ECO-BOT 

Key 
Barriers 

Weak 
influence 

of modernization to tenants 

Complex ownership structures in multi-
family housing 

X  

E
n

te
rp

ri
s
e

s
 a

n
d

 i
n

d
u

s
tr

y
 

External 

Market 

Distortion of energy prices OECD (2012); 
Thollander 
and Ottosson 
(2008); 
(Cagno, et al., 
2013). BMG 
Research 
(2009) and 
Fleiter, 
Schleich and 
Ravivanpong 
(2012),  
 

 X 

Low diffusion of technology  X 

Low diffusion of information  X 

Market risk  X 

Difficulties in collecting external skills  X 

Government/Politics 
Lack of proper regulation  X 

Distortion in fiscal policies  X 

Technology/Services 
Suppliers 

Lack of interest in energy efficiency X X 

Little communication skills X  

Designers and 
Manufacturers 

Technical Characteristics not adequate  X 

High initial costs X  

Energy Suppliers 

Little communication skills X  

Distortion in energy policy  X 

Lack of interest in energy efficiency X  

Capital Suppliers 

The cost of investing the availability of 
capital 

X  

Difficulties in determining the quality of 
investments 

 X 

Internal 

Economic 

Low availability of capital X  

Hidden costs X  

Risks related to intervention  X 

Behavioral 

No interest in interventions in the field of 
energy efficiency 

X  

Other priorities X  

Inertia X  
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 End-
users that 

refer to  
Categories Barriers References 

Meaning for ECO-BOT 

Key 
Barriers 

Weak 
influence 

Imperfect assessment criteria  X 

No sharing of goals X  

Organisational 

Low status of energy efficiency X  

Divergent interests  X 

Complex decision chain  X 

Lack of time X  

Lack of internal control X  

Barriers related to 
competences 

Identification of inefficiencies  X 

Implementation of interventions  X 

Awareness Lack of awareness or ignorance X  

B
u

il
d

in
g

s
 (

fa
c
il
it

y
 m

a
n

a
g

e
rs

) 

Lack of knowledge and know-how 

Lack of reliable and credible information 
about energy performance and the costs 
and benefits of efficiency improvements 

(ESMAP, 
2014); 
(Schipper, et 
al. 1992); 
Vogel et al. 
(2015) 
 

 
X 

 

Lack of implementation capacity: shortage 
of relevant technical skills in local markets 
to ensure compliance of building EE codes 

 X 

Risk aversion to unfamiliar materials, 
methods and equipment, or uncertain 
outcomes 

 X 

Lacking knowledge about investment 
horizons, risks, and life spans 

X  

Resistance to change X  

Lacking knowledge of and interest in 
energy related topics 

X  

Institutional and regulatory 
deficiencies 

Lack of national and/or local commitment 
to energy efficiency (EE) in general, and to 
EE in buildings in particular 

X  

Government internal procedures and lines X  
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 End-
users that 

refer to  
Categories Barriers References 

Meaning for ECO-BOT 

Key 
Barriers 

Weak 
influence 

of responsibility that discourage EE in 
public buildings (e.g., budgetary and 
procurement policies not conducive to 
contracting EE services) 

Poorly designed social protection policies 
that undermine price signals for efficient 
use of energy (e.g., generally subsidized 
energy prices) 

 
X 

 

Financing challenges 

Local government budget constraints  X 

Lack of long-term financing at a moderate 
cost 

X  

High transaction costs due to small 
individual investments 

X  

Unattractive financial returns X  

Unreliable repayments X  

Weak or non-existing incentives for using 
latest technology 

X  

Low transparency of energy pricing models X  

Market failures and 
inefficiencies 

Split incentives: EE investment decisions 
are made by actors that do not receive 
direct financial benefit 

X  

Suboptimal decisions or choices due to 
insufficient information 

X  

Fragmented building trades: multiple 
professions involved in different stages or 
decision processes 

 X 

Unclear incentives for the market to reach 
energy targets 

X  
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4.1 Barriers to energy efficiency in small and medium-sized enterprises  

 

Taking into consideration the analyzed literature (Goldberg et al., (2012); Reinaud and 

Goldberg, (2011); OECD (2012); Thollander and Ottosson (2008); Cagno, et al., (2013). 

BMG Research (2009) and Fleiter, Schleich and Ravivanpong (2012); Węglarz, et al., (; 

2016); Leszczyńska & Ki-Hoon, (2016); Rogosz, et al. (2016) in the sector of small and 

medium-sized enterprises the following barriers have been identified and classified: 

 

1. Financial: 

- In some sectors the high cost of capital when making investments in new and effective 

equipment and facilities is a serious limitation of the rate of improvement of energy 

efficiency, companies indicate that it is a relatively small advantage for them with a long 

payback period 

- Companies do not have sufficient access to capital (lack of support from state authorities 

through the creation of access to financial instruments, incentives, grants and loans to 

support projects related to energy efficiency, development of financial support instruments); 

- Investing in energy saving generates too high a threat due to the lack of knowledge of the 

principles of preparation and implementation of such projects in contrast to typical business 

projects and the difficulty in predicting future energy prices; 

- Entrepreneurs willingly use capital and other resources to develop their business; when it 

comes to reducing costs, it is usually done with the least possible expenses; companies 

often undertake projects whose payback period is limited to only 18, maximum 24 months, 

unless there is a clear increase in productivity or results; 

- Improvement of energy efficiency is perceived in terms of reduction of operating costs, 

and for such measures the budgets of companies are limited. 

2. Market, information and organizational as well as behavior related: 

- Energy prices and taxes are subsidized in some countries in the industrial sector; 

therefore, companies do not bear the full costs of energy consumption, and therefore have 

less incentive to reduce this consumption; 

- Some effort and expenses have to be paid to recognize issues related to costs, benefits 

and energy saving opportunities; these costs may discourage changes and investments in 

this area; 
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- Companies have limited knowledge and access to information about existing and new 

energy-saving technologies as well as their impact on the company's economic results in 

the long-term perspective, 

- Companies can exaggerate the technical and operational risks of projects that improve 

energy efficiency due to ignorance of technologies that reduce energy consumption and 

lack of practice compared to typical business projects; 

- Improving energy efficiency is not the main driving force for most companies; instead, 

companies focus on their core business, such as production development or modernization; 

- Professional and functional boundaries in the organization limit the cooperation needed to 

recognize and support energy efficiency (Paton, 2001, p. 169). For example, employees 

who make energy payments do not take part in the ordering of energy consuming devices, 

and these in turn are not related to the team that is responsible for maintaining the 

equipment, 

- Personnel barriers (for example, lack of experienced and qualified staff, lack of adequate 

managerial skills and technical knowledge, reluctance to change, inability to manage tasks 

related to improving energy efficiency). Most companies, regardless of size and industry, 

consider the use of energy as an important problem, but it is not possible to entrust it to a 

dedicated person - generally no one is responsible for it. Few companies conduct an 

energy audit and even less consider the introduction of an energy management system. In 

addition, management boards focus on core business activities and ignore secondary 

energy management issues. There is a lack of information and education - lack of 

awareness that relatively simple measures can provide significant savings.  

3. External:  

- Uncertainty caused by the development of future technologies and legal regulations as 

well as other political events (uncertainty as to the optimal moment of launching new 

technologies); 

- Lack of knowledge and skills of external energy auditors and other energy service 

providers, which may prevent enterprises from maximizing energy efficiency. There is an 

insufficient number of consultants and experts in terms of efficiency energy. 

 

4.2 Barriers to energy efficiency of individual consumers 

 

The individual energy consumer is very important user for the ECO-BOT application. An 

increasing role of the consumer in the energy market is observed, and the increasing 

access to smart metering increases the pressure on improving the transparency of 
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information on the functioning of the market and current energy consumption. As results 

from the analysis of the literature (Sorrell, et al., (2000); Thollander, et al., (2010); Science 

and Technology Policy Research, (2000); Directorate General for Internal Policies. Policy 

Department A: Economic and Scientific Policy, ITRE, (2016); IEA (2012), Fraunhofer ISE et 

al. (2012); Perman et al. (2003); Węglarz, et al., (2016); Rączka & Bayer, (2016); 

Throne‐Holst, et al. (2008); Rogosz, et al. (2016); Słupik, ( 2015); IEA, (2007); the basic 

barriers to saving energy by individual consumers are: 

- information issues: low awareness of people in the field of energy saving activities. 

Decisions of households regarding investments in energy saving and energy 

production must be based on detailed hourly data showing the individual profile of 

energy consumption. Without this knowledge, there is a high risk of missed 

decisions and loss of funds. There is still a lack of access to information in many 

countries, consumers are not informed about individual consumption and possible 

savings. The quality of information consumers receive about electricity consumption 

can also be considered to be insufficient. Reliable knowledge about when and how 

much energy the consumers consumes is a key information for them. The barrier is 

the lack of the availability of measurement data from smart meters and the lack of 

use of dynamic retail tariffs that allow the price signal to be transferred from the 

wholesale market to end consumers. The lack of energy consumption control by 

consumers simply leads to a lack of proper energy management at home. 

- economic issues. One of the most important reasons why energy users do not 

invest in energy efficiency is the lack of awareness of the problem of high energy 

waste and related financial losses. In addition, prices for households in some 

countries are regulated or remain low, so it is difficult to construct a competitive 

price offer, and for many households the share of electricity costs in expenses is low 

and the benefits of changing the way of energy management are also low so 

consumers simply do not want to devote time to this matter. Moreover, some 

measures to reduce the energy consumption of households require investment. 

Over time, these investments give payback, but it must still be assumed that 

households will have additional funds for their implementation, which may be difficult 

or impossible for low-income households. For a family that tries to overcome 

financial difficulties, upgrades that require large financial outlays are eliminated in 

advance, even if it would mean saving money in the long run. This lack of short-term 

cash flow is the first major obstacle to adopting energy-efficient improvements in 

low-income communities. Lack of financial support for measures to improve energy 

efficiency reduces the incentive to save energy. Energy efficiency is not appreciated 

then. 

- behavioral issues: energy consumers’ habits based on their own experience, 

upbringing or culture are very important for ECO-BOT applications. Also the way 

how consumers understand the information they receive (whether the information is 
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well understood or misunderstood) is significant. Ecological behavior requires 

additional effort for consumers, especially if it is decided to use energy more 

efficiently. Some consumers believe that changing their behavior can be a complex 

task and require a lot of time and effort. Such a belief blocks the pro-energetic 

attitude and is most often the result of a lack of knowledge and information about 

energy saving. The reason may also be the lack of previous experience in the 

purchase of energy-saving technologies or negative experiences in the past. 

Another problem is routine behavior where old patterns prevent the adoption of new 

habits in the field of energy saving. Consumers are getting used to previous 

activities, although the change would be quick and easy. 

- educational issues: lack of consumer education towards the possibility of rational 

energy management in households. Many consumers indicate lack of knowledge as 

a key barrier to achieving energy efficiency. Very often, consumers point out as a 

barrier the lack of sufficient promotion of national initiatives or programs to improve 

energy efficiency or a small scope of promoting and raising awareness of the 

importance of even small measures that bring tangible results.  

 

Other barriers that affect individual decisions regarding energy consumption are, for 

example: administrative barriers, difficulties in terminating a contract with one supplier and 

entering into another, which causes unwillingness to change suppliers; no impact on the 

individualization of the energy-related product that consumers purchase as opposed to 

consumers purchasing other consumer goods and services, as well as regulatory and legal 

barriers to making pro-ecological decisions. According to the analysis of the literature on 

consumer research, it can be noticed that energy consumers do not constitute a 

homogeneous group in terms of their level of awareness. They can be divided into three 

basic groups (see: Pluskwa-Dąbrowski, 2016, p. 3 

https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-

w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf.):  

1. Prosumers are a group that is interested in an active, participatory model in the electricity 

market. If they have space and technical options, they are considering to run their own 

micro-installation. They are more likely than others to use energy-saving household 

appliances, and they would be willing switch tariff to more effective. They could engage in a 

demand side response system if the energy consumption shifted out of rush hour it would 

also give them economic benefits. 

2. Conscious consumers are a group that is not active and involved but has (at least the 

general) awareness of its rights and is ready to seek knowledge when needed. The 

conscious consumer is usually guided by a pragmatic approach - he knows that there are 

specific options for action, but he joins them if he sees certain benefits - mainly, but not 

only, financial. 

https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf
https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf
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3. Passive consumer is a recipient who is not interested in their rights, possibilities of action 

(eg energy saving, choice of supplier, change of tariff). However, such consumers have 

certain expectations. The basic one is a fair price for energy. The passive consumer also 

has its "tolerance threshold" for the harmful behavior of energy companies. Long power 

outages, prolonged connection procedures and hastily charged penalties for interfering with 

the measuring system (eg a slightly outlined meter housing) - these are matters that can 

mobilize even the most passive consumer. The group also does not like the system of 

forecasts in settlements and complains about illegible and incomprehensible invoices for 

energy. 

To raise consumer awareness, it is necessary to implement a number of instruments 

addressed to the household sector, such as (Kott, 2015; Popczyk, 2014): 

− frequent information campaigns, whose main objective should be to increase 

awareness of the rational use of electricity, 

− placing information on websites describing lighting equipment, household 

appliances and electronics on the energy efficiency side and characterizing 

available energy-saving technologies used in households. This information will 

help consumers in the conscious and rational selection and purchase of energy-

efficient electricity receivers, 

− widespread and widely available information on the labeling of home appliances 

and consumer electronics, as well as the development and implementation of a 

system for enforcing the labeling of equipment and devices at the points of sale, 

− inclusion of a labeling system for information and education of energy users, 

− a universal education system consisting of trainings that increase awareness 

and rational use of energy in the household sector 

− a system of vocational training raising the qualifications and skills of applying 

standards as well as consulting in the use of energy-saving technologies for 

individual recipients, 

− introduction of a number of legal regulations aimed at promoting the effective 

use of energy by end users, including households. 

− creation of a comprehensive system of co-financing of projects regarding the 

potential of effective energy use and the use of renewable energy sources in 

multi-family and single-family buildings with public funds. 

The ECO-BOT application can become an effective tool for raising energy 

consumers' awareness. It should focus on both passive and conscious consumers. 

Through its action it can educate and cause changes in the behavior of energy 

consumers. It should also help in the process of transitioning consumers from 

passive to conscious to possibly prosumers. 
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4.3 Barriers to energy efficiency of buildings/facility managers 

 

The last group of end users separated due to the scope of the project are buildings/ facility 

managers. The barriers to energy efficiency identified for this group also include those 

barriers characteristic for individual and some of SMEs consumers as well as followed 

(Szczepaniak, 2014; ESMAP, (2014); Schipper, et al. (1992); Vogel et al. (2015); Węglarz, 

et al., (2016); Paiho & Ahvenniemi, (2017); Rogosz, et al. (2016); Palm & Reindl, (2018); 

Marquez, McGregor, & Syme, 2012); Koshman & Ulyanova, (2014): 

− historical maintenance of old buildings may be a limitation for energy-saving 

renovation because using thermal insulation measures can be difficult, 

− low quality of buildings, age and technical condition of the building, as well as 

the type and efficiency of the heating system - no renewal possible without 

stronger incentive systems, active promotion and technological innovations, 

− no common application of the integrated design practice, involving close 

cooperation of specialists from various industries, from the conceptual phase of 

the building (investment) to its implementation, 

− inconsistent, split and fragmented legal regulations concerning various aspects 

of sustainable construction, 

− lack of an effective system of financial support for investments using energy-

saving solutions in enterprises and housing construction, 

− lack of knowledge, awareness or motivation leading to the use of modern 

technologies, allowing for the acquisition of renewable energy, reduction of heat 

losses, automation of energy processes in buildings (related to the production 

and use of energy); 

− lack of support from state authorities for cheap energy audits, access to 

qualifications systems for energy service providers and energy audits, for energy 

managers and for entities installing building elements related to the use of 

energy, information and training development, support of the energy services 

market, contracts for energy services, 

− split incentives for families who rent their homes. In particular, building owners 

do not invest in efficiency because tenants pay energy bills. And vice versa, 

tenants probably do not invest in real estate that they do not have. In addition, 

even if tenants wanted to incur costs themselves, they are at a disadvantage 

when it comes to obtaining financing for large capital projects. Reason: they 

usually do not have equity, such as having a home,  

− division of expenditures and benefits in the construction of new buildings - there 

is no incentive to improve energy efficiency of building constructors who first of 
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all want to reduce costs. Deciding on the basic characteristics of the building, its 

external coating and the equipment of heating devices, the builder very often 

chooses the cheapest available solutions, not paying attention to the impact of 

these solutions on the amount of energy bills. Very often chosen solutions lower 

the void costs at the price of suboptimal solutions for households. In the long 

run, it is not profitable. 
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5. Energy system models – in search of a unified scheme  

 

5.1 Introduction to energy system models – general 
classification 

 

There are several common approaches to categorizing models. The predominant strategy 

adopted in the literature on model classification is to determine the analytical approach of a 

model (e.g. "Top-down" or "Bottom-up"), the methodology (e.g. simulation or optimisation) 

and the mathematical approach (type of programming techniques used). Hourcade et al. 

(1996, pp. 283-286), differentiated energy models according to three main categories: the 

purpose of models, their structure and with reference to their external or input assumptions. 

The general purpose of an energy model may be to explore interactions in the energy 

system or to discern possible paths towards decarbonisation or to predict or attribute costs 

associated with certain energy scenarios. Moreover, the general purpose may be one of (a) 

forecasting, (b) exploring and (c) backcasting. The specific purpose field is to be descriptive 

and consider the aspects on which the model itself focuses, such as energy demand, 

energy supply, impact or appraisal (van Beeck, 1999). Hourcade et al. (1996) lists some 

external assumptions that may be made such as population growth, economic growth, 

energy demand, energy supply, price and income elasticities of energy demand, existing 

tax system and tax recycling. Grubb et al. (1993, pp. 432-446) used six dimensions to 

classify energy models. These are: top-down/bottom-up; time horizon; sectoral coverage; 

optimization/simulation techniques; aggregation level, and geographic coverage, trade and 

leakage. Hall and Buckley (2016) proposed an interesting, unified and complex 

classification scheme for energy modelling. It is comprised of 14 categories that take into 

account purpose, structure, approach, mathematical and technological detail (see Table 

13). Such a scheme is based on a review of both the academic literature and UK-origin 

policy papers since 2008 that cover the topic of energy systems modelling. In building upon 

this background, they aimed at making the landscape of models more transparent while still 

covering the wide range of factors relevant to energy modelling.  
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Table 13: Classification of energy system models by purpose, structure, technical and 
mathematical details. 

Source: Hall & Buckley, 2016. 

 

Model 
Category 

Type of model 

1. Purpose of the 
model 

General Forecasting 
Exploring 
Backcasting 

Specific Energy demand 
Energy supply 
Impacts 
Environmental 
Appraisal 
Integrated approach 
Modular 

2. Structure of the model: internal assumptions 
& external assumptions 

Degree of endogenization 
Description of non energy sectors 
Description of end-uses 
Description of supply Technologies  
Supply or Demand analysis tool 

3. Geographical coverage Global 
Regional 
National 
Local/community 
Single-project 

4. Sectoral coverage Energy sectors 
Other specific sectors 
Overall economy 

5. The time horizon Short 
Medium 
Long Term 

6. The time step Minutely 
Hourly 
Monthly 
Yearly 
Five-yearly 
User-defined 

7. Renewable Technology Inclusion Hydro 
Solar (PV and thermal) 
Geothermal 
Wind 
Wave 
Biomass 
Tidal 

8. Storage Technology Inclusion Pumped-hydro energy storage 
Battery energy storage 
Compressed-air energy storage 
Hydrogen production/storage/consumption 
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9. Demand 
Characteristic 
Inclusion 

Transport 
Demand 

Internal-combustion vehicles 
Battery-electric vehicles 
Vehicle-to-grid electric vehicles 
Hydrogen vehicles 
Hybrid vehicles 
Rail 
Aviation 

Residential 
Demand 

Heating 
Lighting 
Cooking 
Appliance usage 
Smart Appliances & Smart metres 

Commercial 
Demand 

Offices 
Warehousing 
Retail 

10. Cost Inclusion Fuel prices 
Fuel handling 
Investment 
Fixed Operation & Maintenance (O&M) 
Variable Operation & Maintenance (O&M) 
CO2 costs 

11. The Analytical Approach Top-Down 
Bottom-Up 
Hybrid 
Other 

12. The Underlying Methodology Econometric 
Macro-Economic 
Micro-Economic 
Economic Equilibrium 
Optimization 
Simulation 
Stochastic/Monte-Carlo 
Spatial (GIS) 
Spreadsheet/Toolbox 
Backcasting 
Multi-Criteria 
Accounting 

13. The Mathematical Approach Linear programming 
Mixed-integer programming 
Dynamic programming 
Fuzzy logic 
Agent based programming 

14. Data Requirements Qualitative 
Quantitative 
Monetary 
Aggregated 
Disaggregated 
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For the purpose of this report, for further analysis, the authors chose analytical approach 

dividing the models into three main groups: top-down models; bottom-up models and hybrid 

models, taking into account two levels of analysis (macro, mezo) in relation to energy end-

users. The analysis was complemented with selected consumer behavior models at the 

micro level. The authors believe that such a classification will be a clear starting point for an 

attempt to analyze and structure the model that takes into account behavioral factors. 

The bottom-up models usually focus exclusively on the energy sector and use highly 

disaggregated data to describe in detail end uses of energy and technology options. They 

consider both the supply side, that is, the acquisition of energy carriers and conversion 

technologies, as well as the demand side, which is characterized by the demand for 

particular types of final energy. These models are able to capture competition among 

technologies, and to monitor or allow technological progress. They create a good mapping 

of the energy system, but the tight sectoral scope of these models makes them blind to 

macro-economic feedbacks. For example, depending on the construction of the model, a 

macro-economic carbon cap will change the technology mix, induce fuel switching, perhaps 

influence vehicle choice or energy consumption; but a bottom-up model will not provide 

information about how the carbon cap affects economic growth, or how the cost of the cap 

is distributed across parties. The feature of these models is the lack of system connections 

with the rest of the economy, while the decision criterion is the minimization of direct costs 

(Mai, et al., 2013).  

The alternative top-down approach focuses on building a model of the entire economy. 

Herein, the energy sector is only one of the elements affecting the environment and 

experiencing feedback effects. The top-down approach allows wide coverage of 

interactions across sectors and regions, and it models economic interactions, including 

aspects of market distortions, through calibration to historical behaviour in real economies. 

Top-down models, or general equilibrium models, cover the supply and demand side. They 

are based on the assumptions of the ideal market and the balance between production and 

demand. These models assume the necessity of taking into account external costs in 

decisions of energy producers, e.g. emission costs. The shortcoming of such models is the 

need to simplify the model of the energy sector itself and omit technical details that may be 

significant, especially in a shorter period. The historical approach gives top-down models 

the possibility of implying certain uneconomical decision-making processes (e.g. the limits 

of social acceptance for a given location). However, it also implies that the technologies, 

preferences, and behavioural patterns wrapped up in the model coefficients are fixed, or at 

least exogenously defined, so technological advancement, public policy changes, and shifts 

in attitudes or behaviour have limited ability to change the discerned market dynamics (Mai, 

et al., 2013). 
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5.2 Macro level models 

5.2.1.Bottom-up models 

 

In the first stage, following models from a group of macro scale models of bottom-up 

were examined for suitability to the ECO-BOT: 

• RESGEN 

• MARKAL 

• EFOM  

• EFOM-ENV 

• TIMES  

• ETSAP-TIAM 

• BUENAS 

• RAINS-EU 

• RAINS-ASIA 

• PRIMES 

• PRIMES-TREMOVE 

• PRIMES Biomass Supply 

• MESSAGE 

• MEDEE 

• MAED  

In a significant majority of these models do not find application in the ECO-BOT due to 

their specificity. These are the models covering the entire energy chains, from extraction to 

end -use at the level of the economy or the country. They often cover the entire regions of 

the world (like the MESSAGE and others). It seems that only model PRIMES Biomass 

Supply, in fact their modules, could be taking into consideration for ECO-BOT purposes.  

 

PRIMES Biomass Supply  

 

The PRIMES Biomass Supply is one of the PRIMES family models, and was 

developed within E3Mlab at the National Technical University of Athens (NTUA) (Capros, 

2012). It usually works together with the PRIMES Energy System Model as closed loop 

system, but it can work as a standalone model provided that the demand for bio-energy 

commodities is given exogenously.  

From the year 2000, to the year 2050, all EU27 Member States are covered 

individually by the model in terms of five year time increments. PRIMES Biomass Supply is 
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calibrated to Eurostat statistics for the years 2000 to 2010. If necessary, missing Data can 

be fulfilled through other statistical sources (Capros, 2012).  

The aim of the PRIMES Biomass Supply is to model and project energy system data 

for the EU Member States, and to assess the impact of policies that promote renewable 

sources of energy. The model can work separately or interact with PRIMES. 

This is an economic supply model and it calculates the best use of biomass and the 

waste resources and investment, on each level of transformation, to meet the demand of 

the final biomass and energy waste products.  

The biomass supply model calculates the consumer prices of the final products of 

biomass used for energy purposes. It also calculates the consumption of other energy 

forms in the processing of biomass products (including production and transport). The 

structure of PRIMES BIOMASS is seen in Figure 2. 

 

 

Figure 2. PRIMES BIOMASS MODEL STRUCTURE (Capros, 2012) 

Primes Biomass can be used in education of ECO-BOT’s user. After specifying how much 

the user generates sewage sludge (based for example on bills from local water supplier), 

under condition of proper utilization, program may calculate their transformation into energy 

(like Waste gas). 
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Table 14 Short synthetic description of the PRIMES BIOMASS model 

Lp Synthetic description of the model 

1 Purpose of the model 
Energy  
demand 

X 
Energy 
Supply 

 
Environmental 

impact 
X 

2 Geographical Coverage EU27 Member States 

3 Sectoral coverage Residential X Commercial X Other  

4 Time step five year. 

5 
Renewable Technology 

inclusion 
YES 

6 
Storage Technology 

inclusion 
NOT 

7 Cost inclusion YES 

8 Findings to ECO-BOT 
Education of ECO-BOT’s user how much energy can be 
gained from sewage sludge, under condition of proper 

utilization 

 

 

5.2.2. Top-down models  

 

In the first stage, following models from a group of macro scale models of top-down 

were examined for suitability to the ECOBOT: 

• Micro-MELODIE, 

• DTI, 

• ERASME, 

• MRN, 

• MEFM, 

• Kuwait model, 

• ENERPLAN. 

These models are of macroeconomic nature, so most of them are not directly applicable to 

creating Eco-Bot. Below, only two of them are presented to draw attention to technical 

aspects and variables used in those models that can be adapted to Eco-Bot. 

DTI 
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The DTI model, which was created by the Department of Business, Entrepreneurship 

and Reforms of the United Kingdom (formerly the Department of Trade and Industry - 

DTI), is an example of a top-down approach. It is used to forecast energy consumption 

and future estimates of carbon dioxide emissions (Bhattacharyya, 2011). 

The DTI energy model is a partial equilibrium model. It covers both supply and demand 

for electricity. The demand side consists of over 150 econometric equations of fuel 

demand for the real estate, transport, industry, service and agriculture sectors. The 

model has 13 end users who are divided into four main sectors: industry, transport, 

services and the country. Each sector of these end users is addit ionally disaggregated 

by fuels (Bhattacharyya i Timilsina, 2009). 

This model requires a number of assumptions, mainly concerning fossil fuel prices, 

economic growth and demographics. 

The structure of the model is presented in Figure 3, while the main variables of demand 

are presented in Table 15. 

 

 

Figure 3: DTI energy model overview Source: (Bhattacharyya, 2011) 

Table 15 Demand drivers of DTI model 

Sectors 
Activity 
variable 

Price 
variable 

Appliance 
stock 

Weather Other 

Domestic 

Real 
personal 
disposable 
income 

Domestic 
energy 
prices 

Major 
appliance 
take up 

External 
temperatures 

Number of 
households 

Transport 
GDP, 
OECD GDP 

Petrol price, 
other fuel 
prices 

Car  
ownership 
level, goods 
lifted, track 

 

Population 
and number  
of  
households 
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length 

Service GDP 

Service 
sector 
energy 
prices 

 
External 
temperatures 

Public sector 
share, 
employment 

Industry GDP 

Industrial 
sector 
prices,  
fossil  fuel 
prices, 
electricity  
prices 

  
Physical 
output 

Source: (Bhattacharyya and Timilsina, 2009) 

 

As a national model, DTI is not easy to use in Eco-Bot. However, it is worth analyzing 

the use of variables related to the number of households, employment and fuel prices in 

the model. 

 

Table 16: Synthetic description of the DTI model 

No Synthetic description of the model 

1 Purpose of the model 
Energy   
demand 

X 
Energy 
supply 

X 
Environmental 

impact 
X 

2 Geographical Coverage National 

3 Sectoral coverage Residential  Commercial  Other 

industry, 
transport, 
services, 
country 

4 Time step Long term 

5 
Renewable Technology 

inclusion 
YES 

6 
Storage Technology  

inclusion 
NOT 

7 Cost inclusion YES 

8 Findings to ECOBOT 
Only some aspects related to the number of households,  

employment and fuel prices are important 
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GEM-E3 

 

The GEM-E3 is the General Equilibrium Model for Energy-Economy-Environment 

interactions, which represents both 37 regions of the world and 24 European countries. It 

provides detailed information on macroeconomics and its interaction with the environment 

and energy system. The model has been developed as a multinational collaboration project, 

partly funded by e.g. the Commission of the European Communities and by national 

authorities. 

The model is characterized by (Capros at al. 2013): 

• It covers all simultaneously related markets and represents the system at the 

appropriate geographical level, the subsystem -  economy, energy, environment and 

the mechanisms of agent’s behavior. 

• It covers all production sectors and institutional entities of the economy. 

• Energy production technology is represented by this model. 

• It takes into account the prices of goods, services, labor and capital and calculates 

the equilibrium prices for these factors. 

• It also determines the optimal balance between energy demand and supply and 

between emissions and pollution reduction. 

The model put emphasis on [Capros at al. 2013]: 

• The analysis of market instruments related to energy environmental policy, such as 

regulations, subsidies, taxes and emission permits. This analysis is used to assess 

world, national and sectorial policies 

• The evaluation of the impact of programs and policies, including social equity, 

employment and cohesion for less developed regions. 

The authors of report (EC4MACS 2012) write: “The model intends, in particular, to analyses 

the global climate change issue a theme that embraces several aspects and interactions 

within the economy, energy and environment systems. To reduce greenhouse gas 

emissions it is necessary to achieve substantial gains in energy conservation and in 

efficiency in electricity generation, as well as to perform important fuel substitutions 

throughout the energy system, in favor of less carbon intensive energy forms.”  

Figure 4 gives the basic micro-economic scheme of the model 



  

 
D2.2 Taxonomy of energy efficiency models            

                  65 

 

 

 

Figure 4: GEM-E3 model design Source: (EC4MACS, 2012) 

 

As a global and national model, GEM-E3 is not easy to use in Eco-Bot. However, it is worth 

analysing solutions related to efficiency in electricity generation, use of fuel substitutes and 

emission of pollutants. It is also worth paying attention to the technical aspects of the model 

construction, including the appropriate preparation and input of data to the model. 
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Table 17: Synthetic description of the GEM-E3 model 

No Synthetic description of the model 

1 Purpose of the model 
Energy   
demand 

X 
Energy 
supply 

X 
Environmental 

impact 
X 

2 Geographical Coverage Global, national, sectoral 

3 Sectoral coverage Residential  Commercial X Other X 

4 Time step Long term 

5 
Renewable Technology 

inclusion 
YES 

6 
Storage Technology  

inclusion 
NOT 

7 Cost inclusion YES 

8 Findings to ECOBOT 

Only in some aspects, e.g. solutions related to efficiency 
in electricity generation, use of fuel substitutes and emission  

of pollutants. Also some technical aspects of the model  
construction and preparation of data are important. 

 

5.2.3 Hybrid energy models/modelling tools 

 

This part of the report will be devoted to the hybrid energy modelling tools distinguished by 

analytical approach they apply. Hybrid models are the result of long-lasting discussions on 

the pros and cons of both conventional (bottom-up and top-down) approaches to modelling 

their origins that can be tracked to the beginning of the 1990s. It was then when, in addition 

to conventional models, the first attempts to combine both approaches began to appear in 

order to better model the actual state of affairs and to compensate for the limitation of each 

of the conventional approaches. The hybrid approach to modelling introduces moderate 

technological detail (characteristic for bottom-up models) into macro-economic approach 

(characteristic for the top-down models). It started simple: certain models started to include 

some aspects previously linked with the opposite one, i.e. BU models started to incorporate 

the macro-economic feedback into their calculations or TD become more detailed in the 

technological aspects of their structure (Hourcade et al., 2006).  

Due to the approach used to create a given model, the hybrid models can be divided into 

models as follows (Böhringer & Rutherford, 2008): 

1. models that link two independently developed, full-featured models, 
2. models that put more emphasis on one of the approaches in a combined system, 
3. models that integrate both approaches into a single framework. 
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At times in the literature from the field, the first approach (a coupling of existing bottom-up 

and top-down models) is described as a ‘‘soft-linked” hybrid models and the third approach 

(a single integrated model) is described as a “hard-linked” hybrid models (Helgesen, 2013). 

A large part of currently used models (especially those developed after 2010) are hybrid 

models. Due to their quantity of developed models and uncertainties as to the classification 

of some of them, this study is not an exhaustive list of all existing hybrid models. After 

through consideration of different hybrid models: 

• CIMS, 

• E3MG,  

• ENPEP, 

• LEAP,  

• MARCAL-MACRO, 

• MESAP,  

• NEMS,  

• OSeMOSYS,  

• POLES,  

• SAGE, 

• WEM, 

• WEPS+  

• WITCH. 

on the basis of desk research of publicly available resources such as model descriptions, 

model documentations, model websites, scientific papers, report and deliverables from 

considered models it was decided to present those, that despite being the tools mostly used 

for analysis of the energy demand on the broad (global, regional or national scale) included 

elements that could be related for the purpose of the ECO-BOT. Those examples are one 

global (POLES) scale and one national scale (NEMS) energy demand models. 

Prospective Outlook on Long-term Energy Systems – the 
POLES model 

The POLES was initially developed in the early 1990s by Institute of Energy Policy and 

Economics (IEPE) in Grenoble, France and since then it is constantly being developed in 

cooperation with Enerdata and the European Joint Research Centre (IPTS). There are 

different versions of this model, the described version named POLES-JRC (simulation 

software) is used for the JRC Global Energy and Climate Outlook series (GECO) 

(Keramidas et al., 2017). POLES is a recursive, disaggregated global energy model, that 

allows for analysis and simulation of the entire energy system. Model allows to prepare 

long-term energy supply and demand scenarios, including related emissions, both for 

different countries and regions and on the global level. It also includes different renewable 

energy sources and technologies, and allows for simulating their role in future, using 
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concepts of learning curves and niche markets (Keramidas et al., 2017). Figure 5 presents 

the schematic representation of the POLES-JRC model architecture. 

 

Figure 5: Schematic representation of the POLES-JRC model architecture: Keramidas et 
al., 2017 

 
The demand side in the POLES-JRC model is analysed using a disaggregated end-use 

approach. The demand is segregated into homogeneous groups that are represented 

explicitly by four sectors: industry, buildings (residential and services), transport and 

agriculture. Uniform approach across the sectors concerning the equipment (new and in-

use) in form of standard demand equation is used (combining activity effect, price effect, 

autonomous technological trend). The residential sector in this model is considered jointly 

with the service sector on the basis that they share certain common characteristics – they 

both are related mainly to buildings and activities taking place indoors. In modelling the 

energy demand for residential sector following factors are taken into consideration: 

1. surfaces in residential building derived from the total number of dwellings and 
surface per dwelling (with three types of surface, associated to a specific 
consumption pattern: standard, medium and low consumption), 

2. energy needs for space heating, water heating and cooking (with consideration of 
different installations, technologies and fuels used), 

3. energy needs for space cooling, appliances and lighting (depending among the 
others on the income and autonomous technological trend). 
 

The model is well-equipped to use as a tool for forecasting the effects of both different 

energy-related issues such as energy policies, impact and promotion of renewables and 

energy efficiency, energy security and climate-related issues at the same time. The POLES 

model may be used to provide detailed (quantitative, scenario-based) analyses.  
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Table 18: Synthetic description of the POLES model 

  Source: based on Keramidas et al., 2017. 

Synthetic description of the model 

1 Purpose of the model Energy 
demand 

X 
Energy 
Supply 

X 
Environmental 

impact 
X 

2 Geographical Coverage Global (but split in regions) 

3 Sectoral coverage Residential X Commercial X Other X 

4 Time step Yearly 

5 Renewable Technology 
inclusion 

YES 

6 Storage Technology 
inclusion 

Only CCS 

7 Cost inclusion YES 

8 Findings to ECO-BOT As a global energy demand model it is not readily 
applicable for the ECO-BOT. The level of detail is not 
specific enough. Still the assumption about certain 

common characteristics for both residential and service 
sectors (and buildings) may be applied for the modelling 

purposes of ECO-BOT. 

 

Socioeconomic and economic model inputs about economic activity are very general and 

do not include behavioral factors. Different geographic locations are included but no factors 

concerning weather or specific needs resulting from climate are considered. As for the 

description of the energy demand side the conclusion is twofold. On the one hand the 

building sector is represented in too homogenous way – the division between residential 

and service sectors is not well pronounced. On the other hand different consumption 

patterns, installations, technologies and fuels are considered. Assumptions about common 

characteristic for both residential and service sectors (and buildings) may be considered as 

applicable for the ECO-BOT modeling purpose.  

National Energy Modelling System - NEMS 

NEMS is a large, regional, energy-economy-environmental model designed and mostly 

used by US Department of Energy, Energy Information Administration (EIA) to prepare the 

Annual Energy Outlook (Gabriel et al., 2001). NEMS is an integrated economic-energy 

model presenting the behaviour of energy markets and their interactions with the U.S. 

economy. The model aims at achieving supply/demand balance taking regional differences 



  

 
D2.2 Taxonomy of energy efficiency models            

                  70 

 

 

into consideration and reflecting factors such as existing energy policies and industry 

structure that may influence market behaviour (EIA, 2009).  

NEMS was designed as a modular tool in order to better fulfil the needs of different 

components of the U.S. energy system. NEMS consist of following 13 modules: two 

conversion modules (electricity market and petroleum market), four end-use demand 

modules (residential demand, commercial demand, industrial demand, and transportation 

demand), one module to simulate energy/economy interactions (macroeconomic activity), 

one module to simulate international energy markets (international energy), one module 

that provides the mechanism to achieve a general market equilibrium among all the other 

modules (integrating module).The overall structure for the NEMS is presented by the 

Figure 6. 

 

Figure 6: National Energy Modelling System: EIA, 2009.  

Residential Demand Module (RDM) projects energy consumption by regions for different 

energy sources available to the end-users. RDM is a structural model that projects the 

energy demand based on projections from the residential housing stock and energy-

consuming equipment. It interacts with the other modules and consist of six submodules: 

housing stock submodule, appliance stock submodule, technology choice submodule, shell 

integrity submodule, distributed generation submodule and fuel consumption submodule. 

Four categories of factors influencing energy consumption are taken into consideration in 

the RDM model. Those are: economic and demographic effects, structural effects, 
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technology turnover and advancement effects, energy market effects. Only three types of 

housing is considered: single-family, multifamily and mobile homes but geographical 

distribution of the households is taken into consideration as it influences the needs for fuel 

and certain types of end services (e.g. heating or cooling) (EIA, 2017b). 

Commercial Demand Module (CDM) fulfils similar role to the RDM but for the commercial 

sector. And similar to RDM interacts with other NEMS modules both for obtaining inputs 

needed for calculations and providing outputs needed for overall modelling results. It 

consist of 3 submodules: floorspace submodule, service demand submodule and 

technology choice submodule. Key variables taken into consideration include: census 

division, building type (11 types), end-use services and fuel. Adjustments for consumer risk 

are also included as a discount rates used while making purchasing decisions (EIA, 2017a). 

Table 19. Synthetic description of the National Energy Modelling System (NEMS)  model 

  Source: based on EIA, 2009.  

Synthetic description of the model 

1 Purpose of the 
model 

Energy 
demand 

X 
Energy 
Supply 

X Environmental impact X 

2 Geographical 
Coverage 

National (but split in divisions) 

3 Sectoral coverage Residential X Commercial X Other X 

4 Time step Yearly 

5 Renewable 
Technology 

inclusion 

Yes (but with some exceptions, e.g. tidal is not included) 

6 Storage 
Technology 

inclusion 

Not 

7 Cost inclusion Yes 

8 Findings to ECO-
BOT 

As a national energy demand model it is not readily applicable 
for the ECO-BOT. The level of detail is not specific enough. 

Still there are some assumptions in Residential Demand 
Module and Commercial Demand Module that may be 

applicable for the modelling purposes of ECO-BOT, e.g. 
geographical division and climate zones influencing demand 
for certain types of end-services (cooling, heating) and fuel 

consumption. 
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The level of detail of information’s used as inputs for the modelling purpose of the NEMS is 

far greater than those of the global level models. It allows for more detailed scenarios but it 

also requires more data specifically for those purposes. Different geographic locations are 

included and factors concerning weather or specific needs resulting from climate are 

considered. As for the description of the energy demand side the conclusion is twofold. 

Firstly, the residential sector is represented in too homogenous a way, only three types of 

housing are considered, but the end services and equipment needs are more pronounced 

(including consumers approach to risk while making decisions about technology choices, 

equipment performance, costs, efficiency). Complaints about the insufficient level of detail 

concern also the commercial sector - the number of building types is higher (11) but as it is 

also a more diversified sector that is not enough. Still some assumptions about building 

characteristic, technology choices, climatic factors and factors affecting consumer choice 

may be considered as applicable for the ECO-BOT modeling purpose.  

 

5.3 Mezo level models - Household/buildings energy 
consumption models 

 

In contrast to their “big” brothers, macro -models covering the whole of the economy, 

member states or entire regions of the world, mezo-energy models describe individual 

sectors like housing, residential and others. Can be a component of macro models. The 

following models are bottom-up models.  

The BREHOMES 

Model BREHOMES (Building Research Establishment Housing Model for Energy 

Studies) developed by Shorrock and Dunster is considered to be one of the first estimates 

of the household energy consumption and carbon emissions (HECCE). It based on the 

bottom-up modelling approach. Model needs a large amount of data because it works on 

very disaggregated level. Structure of the BREHOMES is shown on the figure 7. For 

calculations the energy consumption for individual dwellings BREDEM model is used, 

especially the annual version “BREDEM-12 annual”. (Gupta, 2009). Methodology of 

BREDEM was described in previous chapter.  

Information in BREHOMES is supplied by various data sources, some of which are 

indicated at the top left of figure 7.: 

• HCS- Housing and Construction Statistics; 

• FES -Family Expenditure Survey; 

• EHCS- English House Condition Survey; 

• GfK – information from market research company GfK; 
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• DECADE-Domestic Equipment and Carbon Dioxide Emissions (team at the 

University of Oxford). 

 

 

Figure 7: BREHOMES model architecture (Adapted from Shorrock and Dunster, 1997). 

 

The model calculates the annual volume of energy consumption and CO2 emissions at the 

national level. The model uses two scenarios (Oladokun et al. 2015):  

• Baseline business-as-usual (BaU) called „reference”; 

• Efficiency scenario. 

The first versions of model was based on year 1990 and provided for the trends for 2010. In 

later versions, based on the year 1993, trends can be generated to 2050. The model is 

used as a tool to evaluate policies and programs by Department for Environment, Food and 

Rural Affairs (DEFRA) UK. 
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Table 20. Short synthetic description of the  BREHOMES model 

Lp Synthetic description of the model 

1 Purpose of the model 
Energy  
demand 

X 
Energy 
Supply 

 
Environmental 

impact 
X 

2 Geographical Coverage UK 

3 Sectoral coverage Residential X Commercial  Other  

4 Time step Year 

5 
Renewable Technology 

inclusion 
YES 

6 
Storage Technology 

inclusion 
NOT 

7 Cost inclusion NOT 

8 Findings to ECOBOT 
To realise the user what is the demand for energy and CO2 

emissions of entire housing stock on UK or UE level 

 

 

Diao’s model – energy consumption model used behaviour 
pattern clustering 

 

The presented model was proposed in the paper [Diao et al., 2017]. It is an attempt to 

combine bottom-up modelling (model of the American Society of Heating, Refrigerating, 

and Air-Conditioning Engineers (ASHRAE)), k-mode clustering, neural networks and 

stochastic simulations. The purpose of this model is to predict energy consumption in 

residential buildings.  

The model is based on the assumption that the physical properties of the building, the 

behavior of residents, the external environment and the interaction between these factors 

have the greatest impact on energy consumption. In order to determine the total energy 

demand in the building, the bottom-up technique was used, however, its innovation is the 

way of modelling the behavior patterns of residents. This model “integrates clustered 

behavior patterns with physics-based building energy estimation, which aggregates various 

energy-consuming components and assesses the sum of whole building consumption” 

(Diao et al., 2017). 
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To create behavioral patterns, k-mode clustering method, neural network modelling and 

occupant features from the Residential Energy Consumption Survey (RECS) were used. 

Whereas the Markov chain process was adopted to estimate the annual behavior profiles. 

The diagram of the model's operation is shown in the figure 8. 

 

Figure 8: Overview of the proposed behavior simulation model Source: [Diao et al., 2017] 

 

In addition to the variables responsible for the behavioral profiles of residents, the model 

introduced a number of other factors that characterize the physical properties of buildings 

(e.g. area, number of stories, material and equipment) and the weather data (e.g. typical 

hourly dry bulb temperature, global horizontal solar radiation, ground temperature). 
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Moreover, the model considered energy consumption in the case of heating, cooling, 

ventilation, lighting and other home appliances. 

This model is based on data from the American Time Use Survey (ATUS), but it is worth 

analyzing because both variables and statistical methods used in this model can be 

treated universally and adapt in the Eco-Bot. 

 

Table 21: Synthetic description of the Diao’s model 

No Synthetic description of the model 

1 Purpose of the model 
Energy   
demand 

X 
Energy 
supply 

 
Environmental 

impact 
 

2 Geographical Coverage local community, single-project 

3 Sectoral coverage Residential X Commercial  Other  

4 Time step Short, medium and long term 

5 
Renewable Technology 

inclusion 
NOT 

6 
Storage Technology  

inclusion 
NOT 

7 Cost inclusion NOT 

8 Findings to ECOBOT 

Methodology – k-mode clustering for to segmentation of 
building occupants’ behavior, nonparametric methods like 
neural network and Markov chain process for estimate the 

behavioral profiles of residents. 
Variables - the physical properties of the building, the behavior 

of residents, the external environment characteristics 

 

The Cambridge Housing Model (CHM) model 

 

The CHM is building physics-based bottom-up model for estimation of energy use and 

carbon emission of households in United Kingdom. It was developed as a Microsoft Excel 

model and uses for input’s data from various official sources like English Housing Survey 

(EHS) and Scottish House Condition Survey (SHCS) or available climate data. It uses 

calculations formulated and established by SAP 2009 (BRE, 2011) and BREDEM engine. It 

was used in preparation of energy use estimates by the Department of Energy and Climate 

Change (DECC) – it replaced the Building Research Establishment Housing Model for 
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Energy Studies (BREHOMES) – and it now feeds into the National Household Model 

(NHM). 

Housing data, climate data and B Physics Parameters are used to calculated the energy 

performance of dwellings (Fig. 9). Certain assumptions about the prevalent use of end-

technologies and most popular types of fuels used in calculations are based on the overall 

characteristics of British building stocks. The model was not conceived for the calculations 

on the national or subnational level and certain adjustments were made original calculations 

(Hughs et al., 2013).  

 

Figure 9: Schematic representation of the CHM  model architecture: Oladokun & Odesola, 
2015. 

 

The amount of data, both relating to the characteristics of the building, end-use services 

and external (climate and weather) allowed for detailed information about energy 

consumption (and carbon emission) according to fuel and end-use, that were representative 

for given dwelling types. As all calculations were performed in the excel the results and 

whole process was transparent and possible to replicate. The model documentation and 

model spreadsheet is available to the general public for use (DECC, 2015).  

Table 22: Synthetic description of the CHM model 

  Source: based on Hughs et al., 2013. 

Synthetic description of the model 

1 Purpose of the model Energy 
demand 

X 
Energy 
Supply 

 
Environmental 

impact 
X 

2 Geographical Coverage Building stock on regional and national level 
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3 Sectoral coverage Residential X Commercial  Other  

4 Time step Yearly 

5 Renewable Technology 
inclusion 

Yes (but not all types) 

6 Storage Technology 
inclusion 

Yes (but not all types) 

7 Cost inclusion Yes (but not all types) 

8 Findings to ECO-BOT As a domestic energy use model it is not readily 
applicable for the ECO-BOT. The model depends heavily 

on the available data from the official sources like 
household surveys. Another significant problem is the 

fact that the household appliances are not very well 
represented. The same goes for behavioural factors. On 
the other hand the detailed description of housing stock 
and climate factors may be applicable for the modelling 

purposes of ECO-BOT  

 

Although this model cannot be readily transferred for the ECO-BOT purposes as it does not 

include behavioral factors and takes only general assumption about household appliances 

and their uses there are some factors worth considering for the elaboration of the ECO-

BOT modelling – primely the building physical characteristic that are affecting the energy 

performance of the given building and weather and climate factors that will influence the 

behaviors of people living in a given building and making decisions concerning 

implementation of different technological solutions and later on about their usage.  

 

National Household Model - NHM 

 

National Household Model is a currently used analytical and modelling tool for estimating 

domestic energy use and various factors influencing it in the UK. It is used by Department 

for Business, Energy & Industrial Strategy (BEIS) of which Department of Energy and 

Climate Change (DECC) become part in 2016. It uses similar assumptions, inputs and 

calculating engines as CHM (e.g. BREDEM, SAP, EHS, SHCS). It is an open source tool 

(documentation, data resources and most up-to-date version with source code) are 

available for the general public (BEIS, 2017).  

It is far more sophisticated and flexible then the CHM as it is possible for users to set 

different scenarios, but doing so requires the knowledge of  specialist scenario language 
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(the proper user manual is also publicly available and adjusted for changes in particular 

program version (BEIS, 2017). It also includes more factors both describing the households 

(physical factors, geographical factors and socio-demographic factors) and external factors 

that may influence the energy demand (e.g. weather, taxation, fuel prices and even some 

behavioural aspects) (CSE, 2018).  

 

Table 23. Synthetic description of the NHM model 

  Source: CSE, 2016.  

Synthetic description of the model 

1 Purpose of the 
model 

Energy 
demand 

X 
Energy 
Supply 

 Environmental impact  

2 Geographical 
Coverage 

Flexible: from single building to national level 

3 Sectoral coverage Residential X Commercial  Other  

4 Time step Yearly 

5 Renewable 
Technology 

inclusion 

Yes (but not all types) 

6 Storage 
Technology 

inclusion 

Yes (but not all types) 

7 Cost inclusion Yes (but not all types) 

8 Findings to ECO-
BOT 

As a domestic energy use model (as the CHM) it is not readily 
applicable for the ECO-BOT. Similar to the CHM it depends 

heavily on the available data from the official sources and the 
household appliances are not very well represented. But a lot 

more factors are included in the NHM than in the CHM, the 
major difference is the inclusion of socio-demographic that 

may provide better representation of the end-users 
behaviours concerning the energy use. Also taxation, fuel 

prices and capital costs of technology are factors indirectly 
influencing the energy use of households.   

 

Although this model cannot be readily applicable for the modelling purposes of the ECO-

BOT it includes far more factors that may be potentially important than other described 

models. Inputs used for the purpose of scenario preparations by the NHM consider both 

factors directly and indirectly influencing the household energy consumptions. The list of 

factors may be used while preparing the inputs requirements for the ECO-BOT modelling 
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purpose. But it should be remembered that it is necessary to take fuller consideration of 

home appliances and their usage and different behavioral factors influencing the energy 

consumption. 

 

synPRO 

 

synPRO is a stochastic bottom-up model that is used “for generating synthetic electric load 

profiles for German households” (Fischer et al., 2015). Ultimately, the described model is to 

assess the household demand for electricity of all possible devices (used for cooking, 

cooling, heating, electric vehicles), the initial version applies only to domestic electrical 

appliances used for non-thermal purposes. Electric load profiles generated by the model 

take into account the following factors: consumption habits of residents, characteristics of 

buildings, available home appliances and potential seasonal fluctuations. 

The model was developed using the experience derived from older stochastic and bottom-

up models and includes many factors affecting the energy demand of the household that 

previously were not accounted for. Socio-economic factors (such as family status and 

situation, working patterns, age) are considered in addition to the building characteristic, 

available household appliances and habits related to their use. Also the time distinction is 

far more accurate than in previously described models both in case of profiling days (e.g. 

weekdays, Saturdays and Sundays) or the time step used for measuring household 

appliances energy consumption. In case for assessing energy consumption for household 

appliances equipment profile, frequency od use, time of use and duration of each 

occurrence was accounted for. 

 

Table 24. Synthetic description of the synPRO model 

  Source: Fischer et al., 2015. 

Synthetic description of the model 

1 Purpose of the 
model 

Energy 
demand 

X 
Energy 
Supply 

 Environmental impact  

2 Geographical 
Coverage 

Generalizations based on individual households 

3 Sectoral coverage Residential X Commercial  Other  

4 Time step Very detailed: sub-minute level (10s intervals) but in the 
model verification 1 hour intervals were used  
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5 Renewable 
Technology 

inclusion 

Not included 

6 Storage 
Technology 

inclusion 

Not included 

7 Cost inclusion Not included 

8 Findings to ECO-
BOT 

This model is highly relevant for the ECO-BOT modelling 
purpose – the amount of highly detailed data allows for 

profiling the households energy use with focus on short time 
periods and accounting for different (and relevant) socio-

economic, technical and behavioural factors. The main 
drawback of this model from the ECO-BOT perspective is the 

fact that data obtained from smart meters were not used. 

 

The great amount of various data (socio-economic, technical, behavioural, seasonal) used 

as inputs for generation of the electric load profiles allows for generation of very detailed 

profiles that can be used for different reasons, among others as a basis for advising on 

more energy efficient behaviours of the household residents – that said this model is highly 

relevant for the ECO-BOT modelling purposes, even though it does not use data obtained 

from smart meters. The validation of the model against data from German households 

covers yearly and daily electric consumption with great level of accuracy, but it should be 

remembered that the described model does not account for thermal-electric heat generating 

technologies, and even taking into account seasonal fluctuations, extreme events (like state 

holidays) are not so well represented.  

Integrated energy-saving behaviour model of casual relations 

 

The model was developed as a support tool for local government actions and interventions 

oriented on promoting more energy efficient behaviours among Netherlands household 

residents. Latent class model (LCS) was used for segmentation based on observed factors 

and individual characteristic of the residents. Data for modelling purposes were obtained 

form residents through the online questionnaire. Respondents were asked set of questions 

concerning preferred type of intervention, energy-use behaviours, knowledge, motivation, 

previous experience, undertaken investments and others. The developed model takes into 

consideration contextual factors (possible outcomes of energy-saving aimed interventions 

and their results) and individual factors (socio-demographic, financial and behavioural) (Han 

et al., 2013). The structure of the model is presented by Figure 10. 
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Figure 10: Schematic representation of the energy-saving behaviour model: Han et al., 2013. 

Respondents were divided into four segments based on their individual characteristics and 

preferences. All groups differ significantly from each other basic on their average profile and 

are more prone to react to different types of energy-efficiency promoting interventions (Han 

et al., 2013). Nonetheless the model requires further research and adjustments as it is 

strongly sample and situation dependent – the respondents are only from one municipality 

in Netherlands so different factors should be taken into consideration when applying it for 

modelling of other groups of residents. Also detailed household characteristics were not 

taken into account, as the lifestyle choices of the residents.  

Table 25. Synthetic description of the energy-saving behaviour model 

  Source: Han et al., 2013. 

Synthetic description of the model 

1 Purpose of the 
model 

Energy 
demand 

X 
Energy 
Supply 

 Environmental impact  

2 Geographical 
Coverage 

Generalizations based on individual households 
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3 Sectoral coverage Residential X Commercial  Other  

4 Time step Does not apply to this model 

5 Renewable 
Technology 

inclusion 

Not included 

6 Storage 
Technology 

inclusion 

Not included 

7 Cost inclusion Yes (but not all types) 

8 Findings to ECO-
BOT 

Some aspects of this model may be relevant for the ECO-BOT 
modelling purpose – the inclusion of contextual factors 

accounting for the motivation, knowledge and experience of 
household residents. Also the assumption about importance 
of socio-demographic factors like age and financial factors 

like income levels as important for reactions toward energy-
efficient interventions may be useful for ECO-BOT purposes. 

 

The factors used for segmentation of the household residents in the case of this model may 

be useful for the ECO-BOT purposes, as this example shows that different factors (socio-

demographic, economic, behavioural and others) may be better suited for different groups 

of residents even not taking into account characteristics of the buildings. It would stand to 

reason that if one group of possible future ECO-BOT users would differ (in this case 

household residents) such differences would be also observed in the case of commercial 

buildings’ user group. Important drawback of this model is the fact that certain important 

modelling factors from the perspective of ECO-BOT were not included (technical 

characteristic of the buildings) in the inputs during development.  

 

5.4 Micro level - consumer behaviour models/theories 

 

Micro models are usually an integral part of the mezo models. They are responsible 

for the calculation of the ecological effect on the level of a single entity/building. They are 

necessary for the operation of models with a smaller level of accuracy that describe the 

entire sectors of the economy. 
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BREDEM  

 

Building Research Establishment Domestic Energy Model (BREDEM) is a physical 

model used to estimate the amount of energy consumed in dwellings based on their 

characteristics. It also allows to use some behavioral factors. Methodology BREDEM is a 

kind of industry standard and is used in many models such as BREHOMES, EEP and SEP 

(Gupta 2009). The detailed methodology of the latest version, marked “BREDEM-2012” is 

available on the https://www.bre.co.uk/page.jsp?id=3176.  

The output of a BREDEM-2012 is fuel requirements which can be converted to fuel 

cost  or CO2 emission. The program calculates various energy requirements and gains for 

end-users in dwellings like (among others) (Henderson 2015): 

• Energy consumption for lights, appliances and cooking, requirements for water 

heating; 

• Dwelling’s specific heat loss, thermal mass; 

• Renewable energy sources like the solar heat gain and the amount of electricity 

generated by photovoltaics and wind turbines; 

• Space heating and  the cooling energy consumption; 

• The internal heat gain and  the mean internal temperature. 

Some data are behavioral and input by user : 

• Proportion of light provided by low energy lamps 

• Number of showers per day 

• Hot water use per shower  

• Number of baths per day 

• Internal temperature for cooling 

BREDEM 2012 is a monthly calculation methodology. For this reason, it is important to 

understand the parameters that change during the year and those that remain constant. 

BREDEM is a model used in the UK so most of the parameters are given for the above 

region. It seems, however, that its adaptation to the ECOBOT would be relatively easy. 

Example ot the specific (geographically) parameters it uses are (APPEDIX A of 

methodology): 

• External temperature and solar radiation; 

• Mean external temperature (°C) at typical height above sea level for region; 

• Mean monthly wind-speed (m/s). 

These parameters are generally available to most EU countries. Parameters like 

efficiencies for common heating system types, responsiveness of boilers and heat pumps 

https://www.bre.co.uk/page.jsp?id=3176
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seems to be similar in EU countries. Local guidelines for calculating the energy efficiency 

characteristics can be useful to estimate of certain parameters.  

Table 26 Short synthetic description of the BREDEM model 

Lp Synthetic description of the model 

1 Purpose of the model 
Energy  
demand 

X 
Energy 
Supply 

 
Environmental 

impact 
X 

2 Geographical Coverage  

3 Sectoral coverage Residential X Commercial  Other  

4 Time step Month 

5 
Renewable Technology 

inclusion 
YES 

6 
Storage Technology 

inclusion 
YES 

7 Cost inclusion NOT 

8 Findings to ECOBOT 
To realise the user what is the demand for energy and CO2 

emissions of his building. The ability to optimize energy 
consumption and reduce CO2 emissions for a single building 

 

Commercial sector energy modelling 

 

Analysis of energy models at the meso and micro level often overlaps, the boundary 

between models is therefore fluid. Generalizing the assumptions of micro modeling, we 

create assumptions of meso models. 

The commercial sector is not as well described as the residential sector in terms of energy 

efficiency. This is partly due to the large diversity of this sector, which includes various 

types of buildings used in service and retail sectors. We are talking here about SMEs (such 

as small cafes or florists) as well as large facilities such as hypermarkets or hotels serving 

up to several hundred guests at the same time. Each of the commercial use of buildings will 

have different requirements for the equipment needed to provide a given type of service as 

well as different energy needs. The requirements for the ice-cream parlour will differ from 

the requirements of a restaurant specializing in grilled dishes. Differences between the 

various types of use will be even greater, e.g. a hotel in a historic tenement house in the old 

town will differ significantly from a large-scale grocery store. Mostly because of those 

mentioned diversity, the attempts to develop the energy efficiency models for commercial 

sector are not very advanced, and usually are overly simplified and require a lot of 

adjustments to the particular building (Vujošević and Krstić-Furundžić, 2017) or are overly 
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generalized and made with the use of one of the macro-models, e.g. modelling of Italian 

hotel sector with the use of LEAP model (Bianco et al., 2017). 

Nevertheless, interest in more energy-efficient solutions in the commercial sector is high, as 

evidenced by projects at the EU and national level striving to identify the potential for 

energy savings in this sector. 

The ComeONEnergy (European Commission, 2017) project focusing on shopping malls in 

the EU is an example of actions taken to increase energy efficiency. The ComeONEnergy 

project allowed to identify typical features of shopping centers as well as technical and 

social inefficiencies affecting the overall energy-efficiency of this type of buildings. Four 

types of technical inefficiencies (lighting, HVAC, building envelope and architecture & 

design) similar to those that can be observed for different type of buildings use (both 

commercial and residential) were identified. But more important was the identification of the 

different groups of stakeholders that were the cause of the observed social inefficiencies. 

Three identified groups of stakeholders (owners & managers, tenants, customers) have 

different goals when it comes to using given building and their approach towards increasing 

its energy-efficiency varies greatly (owners & managers being those most aware and most 

interested). Basing on the findings the economic assessment tool (available on the project 

website) was developed. This tool can be used to generate (using provided information 

about building characteristic, types of activities, opening hours, technical solutions) 

recommendations about areas in which actions toward increasing energy-efficiency may be 

undertaken. Other developed tool shows aggregated data and forecasts for the retail sector 

in EU and Norway for year 2030 (with the focus mainly on shopping malls) 

(ComeONEnergy, 2018). Unfortunately none of those tools is particularly relevant for the 

ECO-BOT modelling purpose as it is adjusted to only one type of commercial buildings 

(shopping malls), level of detail is low and social factors are not accounted for (even if the 

stakeholders behaviours were identified as a potential source of energy-inefficiencies).  

Similar situations can be observed in the case of supermarkets, with majority of works 

focusing on identification of the common characteristic influencing the energy-use (Tassou 

et al., 2011, Ochieng et, al., 2014; Ríos Fernández and Roqueñí, 2018) or focusing on 

particular aspect or technical solutions affecting energy performance of a given building 

(Zlatanović et al., 2011). Even when a modelling attempt is undertaken it either provides 

very general conclusions (Arias, 2005; Spyrou et al., 2014; Braun et al., 2016) or describes 

a specific case (Mylona et al., 2017). Benchmarking or simulation tools are available for 

restaurants and hotels as well, e.g. EnergyPlus model or tools developed by NREL with 

funding from EU projects. Still modelling is usually done on a case to case basis for a given 

building and generalization of a given model for the given type of commercial buildings, like 

hotels, is difficult (Hotel Energy Solutions, 2011). It is reasonable to assume, that 

generalization for the whole commercial sector, taking into account its diversity will be even 

harder to achieve (Buso, Corgnati, 2017).   
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In case of the commercial sector, promoting more energy-efficient behaviours and habits 

will be substantially more difficult than in case of the residential sectors. Social and 

behavioural factors should be taken into consideration as in commercial areas of any type 

(hotels, shops, restaurants) a lot of different people interact with each other and with their 

environment (both staff working in a given place and their customers) and all of them 

influence the energy demand and performance of any given building. This diversity of the 

users should be stressed and accounted for during the ECO-BOT modelling process, as all 

potential stakeholders have different goals and most probably will react to different stimuli. 

Another issue for further consideration is the fact, that in the case of the residential sector, 

building stock is well described in the EU due to EPISCOPE and TABULA projects 

(EPISCOPE, 2018), while no such database exists for the commercial building stock. That 

fact together with the diversity of commercially used buildings is also an important 

factor/barrier to consider during the ECO-BOT modelling process.  

 
Selected theories of consumer behaviour in relation to energy 

 

The real challenge is to try to develop a holistic approach that takes into account the most 

complete set of factors affecting consumer behaviour that will combine aspects of individual 

energy consumption, economic aggregates and social factors. An approach like this will, 

therefore, combine the assumptions of traditional models (bottom-up, top-down, hybrid), 

with consumer behaviour models. 

Van Vliet (2002) argues that: [Social-psychological models] “lack a proper scheme for 

analysing the interplay between ‘action’ and ‘structure’ or between ‘micro’ and ‘macro’ 

levels. Economic models […] do not pay attention to the ‘motives’ or ‘reasons’ of citizen-

consumers behind a certain pattern of behaviour. Within the economic theory of ‘revealed 

preferences’, everything judged an ‘irrational’ factor is excluded from conceptual schemes” 

(Van Vliet, 2002, page 11). 

Behavioural models are necessary to understand what consumers are doing and why. Such 

models vary considerably depending on the theory, concepts and applications (Axsen and 

Kurani, 2012). They consist of various factors that influence the behaviour and practices of 

consumption, and more importantly, the relationship between the various factors and the 

human element is dynamic, not static. It must be underlined here, that the aforementioned 

change over time, causing consumer behaviour and the consumption practices process to 

be somewhat irrational and to some extent unpredictable (EEA Technical report No 

5/2013). 

At this point, the report should list selected, existing consumer behavior models / theories 

that influence consumers' decision to save energy and change existing habits. 
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I. The RATIONAL CHOICE THEORY  

It has been used in energy-saving research in the 1970s, with scientists using measures 

such as information campaigns and workshops as tools to highlight the benefits of energy 

savings at home (see, for example, Becker, 1978; Bittle et al., 1979). However, the theory 

of rational choice is tightly bound because it does not take into account the influence of 

factors such as habits, emotions, social norms, moral behaviour and cognitive limitations 

(Jackson, 2005).  

II. The DIFFUSION MODEL OF INNOVATION (DoI)  

DoI describes the process of social communication through both person-to-person and the 

media channels that influence individual decisions regarding the adoption of technology. 

The model assumes that decisions are a process with identifiable stages of transition from 

change of knowledge to behaviour change. Moreover, the decision-making process is 

initiated by previous conditions like perceived needs or social norms. In this model, both the 

adopter characteristics and an innovation’s attributes influence how knowledge is formed 

into object-specific attitudes. These attributes are described in Table 27 as a relevant for 

residential energy use. Feedback from the later stages of the decision process to the initial 

stages here is both internal and psychological, external or communicative. To save energy, 

people at home need to know how energy behaviour and consumption are related and must 

be motivated to save. In this simplified model, the information is provided first, the 

incentives provide the latter, but only the feedback provides both (Wilson & Dowlatabadi, 

2007). The Diffusion of Innovation theory leads to the segmentation of society. It divides 

people into five "adopter categories" based on their willingness to adopt innovations. These 

include 'innovators', 'early users', 'early majority', 'late majority' and 'marauders'. The sixth 

segment is outside the model: "change agents" who encourage innovation (Wilson & 

Dowlatabadi, 2007). 

 

Table 27: Attributes of innovations that support adoption decisions, with examples from 
studies of residential energy use 

Source: Wilson & Dowlatabadi, 2007 

Attribute (from DoI) and its description 
Example of attribute in a residential 

energy context 

Relative advantage over the incumbent 
technology or practice (e.g., more convenient, 
flexible, cheap) 

Cost savings, personal comfort, and family 
health from weatherization measures 

Compatibility with existing needs or problems, 
prevailing social norms, and behaviour 

Energy efficiency is unattractive if framed as a 
major deviation from behavioral norms 

Complexity, i.e., the skills, capacity, and effort 
required to adopt an innovation 

A perceived barrier to solar photovoltaic 
adoption 

Trialability, e.g., whether innovations can be 
tested prior to adoption 

Peer experience or social feedback is important 
to reduce uncertainty about irreversible 
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weatherization measures; conversely, clock 
thermostats can be tested in situ 

Observability, e.g., whether innovations are 
highly visible (to potential adopters) 

Solar technologies have greater normative 
appeal than less visible measures such as home 
insulation 

 

The main weakness of the DoI model is the linear representation of knowledge, awareness, 

intention and behaviour. It has the weakest explanatory power when the adoption is limited 

by situational factors such as lack of resources or access to technology. DoI also suggests 

that adoption barriers are the inverse of adoption drivers, but this cannot be assumed. The 

energy efficiency gap is a good example of these points. A homeowner can have a well-

informed and positive attitude towards the low cost of weatherization measures and 

necessary resources, but may not translate it into action, even if the results are clearly 

beneficial and meet the perceived need (Wilson & Dowlatabadi, 2007). 

 

III. The THEORY OF PLANNED BEHAVIOR (TPB) and The THEORY 
OF REASONED ACTION 

 

TPB is an extension of an earlier the Theory of Reasoned Action in which attitudes and 

perceived social norms explain behaviour (compare Figures 11 and 12). This theory adopts 

a cognitive approach to explaining behaviour which centres on individuals’ attitudes and 

beliefs. This theory is used in pro-environmental studies, including research on recycling, 

selection of travel types and choices related to energy consumption (Jackson, 2005). It has 

also been applied in other areas such as the breaking of smoking habits, in blood donation 

and in internet use (Kalafatis et al., 1999). However, this model was used more to measure 

the relationship between attitude, intention and perceived behavioural control, not to 

measure real behaviour or changes in behaviour (Jackson, 2005; Kalafatis et al., 1999). 
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Figure 11: The Theory of Reasoned Action – model: Jackson, 2005 

 

Figure 12: The Theory of Planned Behaviour – model: Jackson, 2005 
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The TPB model has added a perceived behavioural control as a third set of factors. They 

affect intention and behaviour and it is the perceived ease or difficulty with which a person 

will be able to perform a behaviour and is very similar to the concept of self-efficacy 

(Bandura, 1986, 1997; Terry et al., 2000).  

Perceived behavioural control in TPB is a subjective assessment of the impact of contextual 

factors on behaviour. This issue is further explored in social cognitive theories about self-

efficacy, and about the views of individuals on how well they can work towards coping with 

a prospective situation. Self-efficacy can determine whether a person will persist with 

regard to a given task, and is influenced by past experience, the example of others and 

self-perceived coping skills. Strengthening self-efficacy by setting achievable goals and 

providing feedback clearly promotes energy conservation, for example, by changing the 

way devices are used (Wilson & Dowlatabadi, 2007). 

IV. Stern's VALUE BELIEF NORM THEORY (VBN)  

 

VBN (2000) is based on the principle that pro-social attitudes and personal moral norms are 

predictors of pro-ecological behaviours (Jackson, 2005). The VBN theory is based on the 

causal chain of five variables that define human behaviour (personal values, ecological 

worldview, adverse consequences for valued objects, perceived ability to reduce threat and 

pro-environmental personal norms (Stern, 2000, p. 412) (see Figure 13). 

 

Figure 13: Stern’s Value-Belief-Norm Model: Jackson, 2005 
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Beliefs are three variable causes. They lead from values to personal standards and activate 

environmental behavior. Herein, information can play an important role in influencing 

beliefs, which in turn can change the pro-ecological norms that ultimately lead to 

environmentally-relevant behaviours. The following causal factors influence the above 

determinants: attitudinal factors, contextual forces, personal capabilities and habit or 

routine, see Table 27 (Martiskainen, 2007).  

Table 28: Causal variables influencing environmentally significant behaviour. 

Source: Martiskainen, 2007 

Causal variable Indicators Examples 

Attitudinal factors ✓ Norms 
✓ Beliefs 
✓ Values 

✓ General pro-environmental 
predisposition 

✓ Personal commitment 
✓ Product attributes 

Contextual forces ✓ Interpersonal influence 
✓ Advertising 
✓ Monetary costs/benefits 
✓  Regulation 
✓  Support policies 
✓ Status 

✓ Persuasion within 
communities 

✓ EEC 
✓ High energy prices 
✓ Grant programme 
✓ Owned/rented house 

Personal capabilities ✓ Knowledge and skills 
✓ Availability of time 
✓ General capabilities and 

resources / socio-
economic data 

✓ Understanding of the 
function of a micro-
generation technology 

✓ Information gathering 
✓ Literacy, money and social 

status 

Habit or routine ✓ Energy consuming 
behaviour 

✓ Switching lights off 
✓ Leaving appliances on 

standby 

 

The models discussed earlier focus mainly on internal (attitudes, values, habits and 

personal standards) or external (fiscal and regulatory incentives, institutional constraints 

and social practices) affecting behaviours. However, in order to fully understand behavior, 

we also need to look at models that combine both internationalist and external perspectives 

(Jackson, 2005). 

V. MODEL OF PRO-ENVIRONMENTAL BEHAVIOUR 

 

On the Value Belief Norm Theory basis, Wilson & Dowlatabadi (2007) took up the issue of 

energy-related behaviours and decision-making, and had developed a MODEL OF PRO-

ENVIRONMENTAL BEHAVIOUR. In this, they described the relationship between a) personal 
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and b) contextual spheres, also c) between attitudes, habits, capabilities and external 

conditions (Figure 14).  

This approach is an attempt to create a model of consumer behaviour common to socio-

economic research. Wilson & Dowlatabadi (2007) introduce the possibilities of combining 

both socio-economic factors and psychological aspects as norms, beliefs and values. This 

reflects the necessary step to analyze consumer behaviour in a more holistic way by 

identifying economic, as well as behavioural factors. This leads to the integration of public 

economics, marketing and social sciences (Schmidt & Weigt, 2013). 

 

Figure 14: Model of pro-environmental behaviour: Wilson & Dowlatabadi, 2007; after Schmidt 
& Weigt, 2013 

 

VI. The ATTITUDE-BEHAVIOUR-CONTEXT model (ABC). 

This trend is also part of the ATTITUDE-BEHAVIOUR-CONTEXT model (ABC). It is based on 

the understanding that "behaviour is a function of the organism and its environment" 

(Jackson, 2005, page 92). In other words, behaviour (B) is an interactive result of personal 

attitude variables (A) and contextual factors (C). Attitude variables include beliefs, norms, 

values and tendencies to act in a specific way, while contextual factors include monetary 

incentives and costs, physical capabilities and constrains, social norms, institutional and 
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legal factors. The main dimension of the model is the interaction between attitudes 

(internal) and contexts (external) (Jackson, 2005). 

VII. TRIANDIS' THEORY OF INTERPERSONAL BEHAVIOUR (TIB) 

 

However, the ABC model does not take into account the impact of the habits that are 

recognized by some other models, such as TRIANDIS' THEORY OF INTERPERSONAL 

BEHAVIOUR (TIB) (see Figure 15). This theory also highlighted the importance of past 

behavior on the present. In the Triandis' model, intentions, and habits affect behaviour that 

is also affected by facilitating conditions (external factors). According to TIB, behaviour in a 

given situation is a function of what a person intends, and what his/her habits are, as well 

as the situational factors and conditions in which a given person operates within (Jackson, 

2005). This model has been used in pro-environmental studies, for example, in determining 

whether morality and habit influence the use by students of private automobiles (Bamberg 

& Schmidt, 2003). In addition, according to the Triandis’ model, the intentions of a person 

are influenced by rational thought, as well as by social, normative and emotional factors. In 

more recent writings, the attempt to incorporate emotional antecedents into a model of 

action has received a lot of support (Bagozzi et al., 2002, Steg et al., 2001). However, in 

general, the more complex the model, the less it has been used in experimental research, 

hence, the Triandis’ model, for example, has not been used as widely as some of the 

previously discussed models. Still, after an in-depth analysis of the assumptions of the 

model, the authors of the report chose this model as the basis for creating an individualized 

multi-factor model of consumer behaviour for the needs of the ECO-BOT project. This 

theory can be used as a framework for empirical analysis of the strengths and weaknesses 

of component factors in different situations.  
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Figure 15: Triandis’ Theory of Interpersonal Behaviour: Jackson, 2005 

 

VIII. The HIERARCHY OF EFFECTS MODEL and THE STAGES OF 
CHANGE MODEL 

 

Other behavioural models shift attention from psychological processes to social 

communication and feedback. The HIERARCHY OF EFFECTS MODEL, for example, 

examines how different communication channels (e.g., mass media or person to person) 

influence decision-making at each layer of the hierarchy, from information, knowledge, 

attitude and intention, to behaviour. In this model, media channels are presumed to have an 

impact on overall energy awareness, but have little impact on specific residential 

conservation behaviours. THE STAGES OF CHANGE MODEL, developed from study to 

addiction, emphasize the gradual and repeated strengthening of the individual's readiness 

for action. Herein, when individual people go through the subsequent stages of the 

decision-making process, their performance is improved, as is their ability to act. 

Accordingly, the intervention project should, thus, be focused on individual processes that 

affect change at every stage. An example is the behaviour of setting the thermostat. Hence, 

raising awareness is more important for decision-makers at an early stage, and 
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strengthening the choices through feedback is more appropriate at later stages (Wilson & 

Dowlatabadi, 2007). The model was originally developed based on a meta-analysis of data 

on cessation of smoking. With time, it began to be used for other behaviours, usually in the 

sphere of health. However, the main value of the model lies in its segmentation of people, 

and this strategic approach is important in broader policy areas. 

Lifestyles are another, but rarely used approach to explain behaviours related to energy 

consumption. The classical analysis of economic panels combined with a wider social 

analysis of the social environment gives an idea of the fragmentation in society, and thus 

the possibility of cooperation between economic and social sciences. Lifestyle is 

characterized by similar socio-demographic and socio-economic factors, as well as values, 

preferences and competences that cause specific patterns of behaviour (Schmidt & Weigt, 

2013). Therefore, life styles have great potential to a) reveal energy-related decision-

making processes and b) create the basis for joint socio-economic research. It describes 

social structures and supports the explanation of the aggregation of individual behaviours in 

common patterns of energy consumption. Reusswig et al. (2003) show a high share of 

lifestyle-related emissions, especially in western countries, while another fragment of 

literature shows the differences between groups of lifestyle in relation to individual energy 

consumption (Birch et al., 2004; Wei et al., 2007; Weber & Perrels, 2000, Lutzenhiser & 

Hackett, 1993: Fong et al., 2007: Schmidt & Weigt, 2013). 

Stephenson et al. (2010) develop a framework for energy culture to better understand 

energy consumer behaviour. This framework refers to the interaction between cognitive 

norms, material culture and energy practices. These three concepts are themselves 

interactive systems and are also influenced by broader systematic aspects. Sweeny et al. 

(2013) extend this framework to an internal level that includes the individual's motivation, 

which is related to the surrounding cultural level through barriers and supporting aspects. 

Stephenson et al. (2010) use this framework to identify areas of intervention in the 

household heating sector, while Lawson& Williams (2012) apply it for grouping energy 

consumers (Schmidt & Weigt, 2013). 
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6. Development of ECO-BOT Taxonomy  

 

6.1 Findings concerning consumer analysis 

 

The most important trends in consumer analysis include (Sagan, 2011); : 

- Consumer theories related to the assumptions of economic rationality of behaviour, 

classical assumptions of homo oeconomicus, praxeological principles of human activity, 

theories of usability and calculational and ecological rationality (works by such authors, 

among others: B. de Mandeville; A. Smith, J. S. Mill, H. Gossen, S. Jevons, F. Y. 

Edgeworth, L. Robbins, J. Hicks, R. D. G. Allen, J. von Neumann, O. Morgenstern) 

- Cognitive, psychological theories of information processing, creating beliefs and consumer 

attitudes (works by such authors, among others: R. Lutz, J. R. Bettman, M. Fishbein, I. 

Ajzen, S. S. B. Mackenzie, J. T. Cacioppo; R. E. Petty, J. Rossiter),  

- Behavioural theories of consumer choice and preferences, sensory consumer models, 

analysis of symbolic consumption and consumer rituals (works by such authors, among 

others: G. R. Foxall, V. K. James, J. M. Oliveira-Castro, T. C. Schrezenmaier, G. 

McCracken, J. Sherry, M. Dingeny, J. O’Shaughnessy, E. Hirschmann, M. Hoolbrook).  

These approaches do not cover a whole range of research in the analysis of consumer 

behaviour, they are related to the theoretical orientations that most strongly exploit 

quantitative analysis, and in particular structural modelling. These theories are the 

background for the construction of various measurement models, on the basis of which 

empirical analyzes of real consumer behaviour are carried out.  

For ECO-BOT purposes, the biggest challenge is to create a model of energy consumer 

behaviour that will combine these approaches. A correctly constructed model of ECO-

BOT consumer behaviour should include: goals (maximization of usability), 

restrictions (consumer budget), incentives (internal, external), characteristics and 

predispositions of the consumer, the environment and the ability to predict the 

behaviour of individuals or groups. 
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6.2 Modelling approaches used for explaining consumer’s 
behaviour 

 

In order to comprehensively explain the consumer’s behaviour, the following model 

approaches are used (Wawrzyniak, 2015; see also table 29): 

1. Structural - they reflect mental processes that lead to specific consumer behaviours and 

show the most important features and the relationships between them – this approach can 

be used in creating the ECO-BOT model, taking into account the preferences and 

individual/personality factors affecting the acceptance of new energy solutions by 

consumers.  

2. Sequential - they emphasize the decision-making process, while explaining the 

determinants of these decisions. Consumption models of households are shaped by a 

number of economic, social, cultural and political factors. In Europe, the most important of 

these include: increased income and improved household wealth; globalization of the global 

economy with the opening of markets; increasing individualization of society; new 

technologies; marketing and advertising activities; dwindling households and, in some 

regions, aging population. These factors affect the consumer's behavior and are 

characterized by a high dynamics of change. Therefore, ECO-BOT should consider them 

and analyze them in detail, as changing external conditions often contributes to changing 

internal stimuli, which play an extremely important role in the acquisition and consumption 

process. 

3. Stochastic - they are used to predict consumer behaviour using the probability theory, 

and also capture the dependencies between inputs - stimuli and outputs – reactions. As 

noted in the presented theories of behavioural economics, the behaviour of consumers is 

not accidental, so it is difficult to adequately present them using stochastic models. 

Therefore, methods based on the probability theory for ECO-BOT are not recommended. 

4. Simulation- using them you can simulate consumer behaviour in changing conditions 

with the assumption of a numerically defined starting point. These models are based on 

computer simulation techniques, are computationally complex, require a multiagent 

modeling approach - not recommended under ECO-BOT conditions due to the overly 

complex analysis structure. 
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Table 29: Methods of research consumer behaviour - comments for ECO-BOT  

Source: adopting after: W. Rand, R. T. Rust: Agent-Based Modelling in Marketing: Guidelines 
for Rigor. International Journal of Research in Marketing 28(3)/2011, s. 183. 

Method Advantages Disadvantages Notes for ECO-BOT 

Analytical modeling Generalizing, giving 
insight into strategic 
decisions made in 
companies or 
households 

The results are difficult 
to compare with actual 
data, sometimes far-
reaching simplifications 
are needed 

Due to the purpose of 
the ECO-BOT project, 
this approach has to 
be supplemented with 
the study of individual 
behaviours and 
attitudes 

Econometric and 
statistical modeling 

Useful to find 
behavioural patterns 
based on real data and 
to make predictions 
about future 
consumers behaviour. 

Rarely associated with 
behavioural theories at 
the level of individual 
consumers or 
companies. They 
require having the right 
kind of data for 
showing relations. 

Economic rationality is 
not always taken into 
account by consumers 
when making 
decisions. Consumer 
behavior is 
conditioned, among 
others innate and 
acquired needs, 
conscious and 
unconscious 
processes as well as 
rational and emotional 
factors, hence this 
approach must be 
supplemented with 
behavioural models 

Consumer behaviour 
experiments  

They give a theoretical 
insight into consumer 
decisions and 
reactions to marketing 
actions 

They rarely refer to 
large groups and / or 
examine complex 
consumer-consumer 
interactions. 

Strongly recommended 
approach. The model 
can be created on the 
basis of the concept of 
consumer behaviour 
theory and take into 
account the 
assumptions of the 
ECO-BOT project. An 
advantage of the 
approach is the current 
use of experiments in 
the field of energy by 
researchers 

System dynamic 
modeling 

It allows a systematic 
examination of the 
whole complex 
interaction system 

Behaviour rules must 
be described at the 
level of the entire 
system and studying 
the heterogeneity is 
difficult on an individual 
level. 

Not recommended due 
to the complexity of the 
interaction and the 
overly complex shape 
of the model is not 
adequate to the needs 
of ECO-BOT 

Multi-agent modeling It allows you to analyze 
the theory of individual 

Computational 
complex, results 

Not recommended due 
to the complexity of 
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consumers behaviour, 
and the results can be 
transferred on a larger 
scale. 

cannot be generalized 
beyond the analyzed 
cases 

calculations and the 
inability to generalize 
the results 

 

6.3 Analyzed models factors useful for ECO-BOT purposes 

 

The review of energy efficiency models allowed to distinguish models that are relevant for 

the modelling process for the needs of ECO-BOT. However, even for models that have not 

been recommended as the most suitable, attention should be paid to the factors contained 

in them that can be used when developing further tools and, finally, the ECO-BOT model 

itself. Factors that were found to be useful in further work on ECO-BOT modelling purpose 

are presented in table 30 divided into following categories: demographic; economic; 

behavioural; climate & seasonal; building characteristics; appliance characteristics; 

calculated.  

Some of these factors describe the existing state, which at the given moment is not subject 

to change (e.g. demographic, economic categories), but which must be taken into 

consideration for the modelling purpose and preparation of recommendation for the ECO-

BOT end users. Other factors, although they describe the existing state (for example, 

climate & seasonal; building characteristics) and either they are not subject to many or any 

changes (climate & seasonal) or their change requires time and expenditure on the part of 

the end user (building characteristics) should be taken into account because they are 

relevant for changing end users behaviour to more energy efficient one. Users can, for 

example, be encouraged to change the habits related to thermal comfort (change of heating 

behaviour in winter and less use of air conditioning in the summer season) or to undertake 

investments related to, for example, building insulation to reduce energy demand for 

heating purposes. The same goes for appliance characteristics category - even if it is also a 

description of the existing state - it can be changed more easily than previous ones. 

Possible change may occur both by making an investment and replacing the used 

equipment with a more energy-efficient one and by changing the users behaviours 

concerning the use of their devices - for example, creating a conscious habit of turning off 

the device when it is not used in any way. The category of behavioural factors is at the 

same hand the hardest to properly define in a way that will be useful for the ECO-BOT 

modelling purposes and the most important one as it allows for potentially the fastest way of 

improving energy efficiency in all kind of buildings (both residential and commercial). The 

last category – calculated, describes the set of assumption made for the modelling purpose 

in order to simplify the model – it will also be important for the ECO-BOT purposes as some 

presumptions are required in order to made the process of interaction between the ECO-

BOT and end user more convenient and user friendly. 
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In creating the model of energy consumer behavior for ECO-BOT, modern non-parametric 

modeling will be used, ie classification trees, random forests, support vector machines. 

Classic parametric modeling has many limitations and assumptions that are unlikely to be 

met in the case of Eco-Bot. In addition, non-parametric methods are more flexible, more 

accurate and allow taking into account the quality variables in the model. However, classic 

models are still interesting in the context of preparation for Eco-Bot design, because they 

show what variables should be used for modeling. In general, the methodology used in 

classical models is not very important in the case of ECO-BOT, but the model approach 

presented in the previous chapters will be used as an inspiration to choose a variable and a 

reference point. Table 30 shows the variables that were used in the models described in the 

previous chapters. These variables should be analyzed due to possible use in ECO-BOT. 

The described models can not be directly applied to the creation of ECO-BOT, but it is 

worth using elements of the presented methodology in this modeling and it is worth taking 

into account a part of these variables that have been presented in tabular form.    
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Table 30. Factors relevant for creating the ECO-BOT model 

Source own development based on ( Cheetah, 2017) 

Type of Factors: Demographic (D); Economic (E); Behavioural (B); Climate, Seasonal (C); Building characteristics (BC); Appliance 

characteristics (AC); Calculated (CA)  

Focus: T = Technology adoption, B = Behaviour adoption, Type of data: QL = Qualitative, QN = Quantitative 

NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

1.   
Miscellaneous 
Inputs 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

2.   

Historical Data and 
Short-Term 
Energy Outlook 
Benchmarking 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

3.   Region CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

4.   Country 
ComeONE 

nergy 

energy 
consumption 
of a building 

T  table/ user input  X 

5.  AC 
Cooker type 
coefficients 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

6.  AC Cylinder heat loss BREDEM energy T(B) QN table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

factor consumption 
of a dwelling 

7.  AC 
Effective solar 
volume 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

8.  AC 
Efficiency of water 
heating system 1, 
2 etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

9.  AC 
Energy for pumps 
and fans 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
model's data/ user 

input 
X  

10.  AC 
Final annual 
lighting energy 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

11.  AC 
Fraction of primary 
pipework insulated 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

12.  AC 
Peak power of the 
installation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

13.  AC 

Primary circuit 
adjustment factor 
for solar water 
heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

14.  AC 
Proportion of light 
provided by low 

BREDEM 
energy 

consumption 
T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

energy lamps of a dwelling 

15.  AC Rotor diameter BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

16.  AC 
Specific ventilation 
fan power 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

17.  AC 
Storage 
temperature factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

18.  AC 
Thickness of hot 
water cylinder 
insulation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

19.  AC 

Values of U for 
different types of 
junctions for 
calculating heat 
losses from 
thermal bridging 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Different national 

data e. g. statistics 
X  

20.  AC Volume factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

21.  AC 

Water heating 
efficiency, space 
heating efficiency 
and heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Different national 

data e. g. statistics 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

system 
responsiveness 

22.  AC 
Wind speed 
correction factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CLIMAT DATA X  

23.  AC 
Stock Equipment 
Efficiencies 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Dedicated 

vintaging models 
 X 

24.  AC 
Stock Equipment 
Retired Fraction 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Dedicated 

vintaging models 
 X 

25.  AC 
Stock Equipment 
Retired 
Efficiencies 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Dedicated 

vintaging models 
 X 

26.  AC 
Lighting 
technology menu 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

27.  AC 
Distributed 
Generation 
Technologies 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

28.  AC 
Solar Photovoltaic 
Penetration Hurdle 
Model 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

29.  AC Equipment profile synPRO 
energy 

consumption 
of a dwelling 

T QN Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

30.  AC,B 
Need for new 
energy installation 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data  X 

31.  AC,B 

Additional (non-
cooking related) 
energy 
consumption for 
ranges 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

32.  AC,B 
Equipment 
Switching 

NEMS 
energy 

consumption 
of a dwelling 

T  
Data used from a 

number of sources 
 X 

33.  AC;BC 
Heating Shares in 
New Construction 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

34.  AC;BC 
Major end-use 
technology menu 
(except lighting) 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

35.  AC; BC 

Characteristics of 
insulation, heating 
systems on 
national level 

BREHOMES 

energy 
consumption 
of housing 

stock 

T  
Different national 

data e. g. statistics 
X  

36.  AC; BC 
Aperture area of 
the collector 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

37.  AC; BC 
Collector 
performance factor 

BREDEM 
energy 

consumption 
T(B) QN table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a dwelling 

38.  AC; BC 
First order heat 
loss coefficient 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

39.  AC; BC 
Manufacturer's 
declared storage 
loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

40.  AC; BC 
Measured air-
permeability rate 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

41.  AC; BC 
Mechanical 
ventilation heat 
recovery efficiency 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

42.  AC; BC 
Range efficiency, 
fuel into heat 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

43.  AC; BC 
Responsiveness of 
the main heating 
system 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

44.  AC; BC 
Second order heat 
loss coefficient 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

45.  AC; BC 
Zero loss 
efficiency of the 
collector 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

46.  AC; CA Heat gain from BREDEM energy T(B) QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

pumps and fans consumption 
of a dwelling 

data, user input 

47.  AC;CA 
Heat gain from 
pumps and fans 
(cooling) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 
data, user input 

X  

48.  AC;CA 

Volume of hot 
water storage 
cylinder or storage 
combi 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

49.  AC; E 
Range power 
consumption 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

50.  B 
Annual additional 
consumption for 
ranges 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

51.  B 
Cooking gain 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

52.  B 
Daily hot water 
requirement for 
showers 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

53.  B 

Demand 
temperature for an 
uncontrolled zone 
2 (rest of dwelling) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

54.  B Floor area of zone BREDEM energy T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

1 or zone 2 consumption 
of a dwelling 

55.  B 
Hot water use per 
shower 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

56.  B 
Hours per day 
primary hot 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

57.  B 
Intermittency 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

58.  B 
Internal 
temperature for 
cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

59.  B In-use factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

60.  B 
Length of heating-
off period i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

61.  B 
Monthly hot water 
use factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
CONSTANS/TABL

E 
X  

62.  B 
Nominal 
temperature 
difference between 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

zones 

63.  B 
Number of baths 
per day 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

64.  B 
Number of 
occupants 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

65.  B 
Number of 
showers per day 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

66.  B 
Proportion of water 
heating by system 
1,2 etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

67.  B 
Quantity sewage 
sludge 

PRIMES 
Biomass 
Supply 

Quantity fo 
bio- energy 
from wastes 

T QN   X 

68.  B 
Zone 1 (living 
room) demand 
temperature 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

69.  B 

Energy needs for 
space heating, 
water heating and 
cooking 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data  X 

70.  B 
Electricity demand 
(for lighting, space 
cooling and 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

appliances) 

71.  B 
Service demand 
and baseload by 
new housing type 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

72.  B Working pattern synPRO 
energy 

consumption 
of a dwelling 

B QL Survey X  

73.  B Family status synPRO 
energy 

consumption 
of a dwelling 

B QL Survey X  

74.  B 
Frequency of 
appliance usage 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

75.  B 
Duration of 
appliance usage 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

76.  B 
Time of appliance 
usage 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

77.  B 
Household 
member's 
characteristic: age 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

78.  B 

Household 
member's 
characteristic: 
education 

Diao’s model 
energy 

consumption 
of a dwelling 

B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

79.  B 

Household 
member's 
characteristic: 
full/part-time 
job/unemployed 

Diao’s model 
energy 

consumption 
of a dwelling 

B QL Survey X  

80.  B 

Household 
member's 
characteristic: 
metropolitan 

Diao’s model 
energy 

consumption 
of a dwelling 

B QL Survey X  

81.  B 
Household 
member's 
characteristic: sex 

Diao’s model 
energy 

consumption 
of a dwelling 

B QL Survey X  

82.  B 
Price of total time 
resource 

GEM-E3 
total energy 
consumption 

B QN Survey X  

83.  B 
Subsistence 
quantity of leisure 

GEM-E3 
total energy 
consumption 

B QN Survey X  

84.  B 

Time per day 
spent on: caring 
for and helping 
household 
members 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

85.  B 

Time per day 
spent on: caring 
for and helping 
nonhousehold 
members 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

86.  B 

Time per day 
spent on: 
consumer 
purchases 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

87.  B 
Time per day 
spent on: eating 
and drinking 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

88.  B 
Time per day 
spent on: 
education 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

89.  B 

Time per day 
spent on: 
government 
services and civic 
obligations 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

90.  B 

Time per day 
spent on: 
household 
activities 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

91.  B 

Time per day 
spent on: 
household 
services 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

92.  B 
Time per day 
spent on: personal 
care 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

93.  B 

Time per day 
spent on: 
professional and 
personal care 
services 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

94.  B 

Time per day 
spent on: religious 
and spiritual 
activities 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

95.  B 
Time per day 
spent on: 
socializing 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

96.  B 
Time per day 
spent on: sports 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

97.  B 
Time per day 
spent on: 
telephone calls 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

98.  B 
Time per day 
spent on: traveling 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

99.  B 
Time per day 
spent on: 
volunteer activities 

Diao’s model 
energy 

consumption 
of a dwelling 

B QN Survey X  

100.  B 
Time per day 
spent on: work and 

Diao’s model 
energy 

consumption 
B QN Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

work-related 
activities 

of a dwelling 

101.  B 
Consummers 
choices 

The Rational 
Choice Theory 

energy 
consumption 
of a dwelling 

B QL Survey X  

102.  B Beliefs TRA 
energy 

consumption 
of a dwelling 

B QL Survey X  

103.  B Attitudes TRA 
energy 

consumption 
of a dwelling 

B QL Survey X  

104.  B Intentions TRA 
energy 

consumption 
of a dwelling 

B QL Survey X  

105.  B 
Subjective/Person
al norms  

TRA 
energy 

consumption 
of a dwelling 

B QL Survey X  

106.  B Beliefs TPB 
energy 

consumption 
of a dwelling 

B QL Survey X  

107.  B Attitudes TPB 
energy 

consumption 
of a dwelling 

B QL Survey X  

108.  B Intentions TPB 
energy 

consumption 
of a dwelling 

B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

109.  B 
Subjective/Person
al norms  

TPB 
energy 

consumption 
of a dwelling 

B QL Survey X  

110.  B Personal Values VBN 
energy 

consumption 
of a dwelling 

B QL Survey X  

111.  B Beliefs VBN 
energy 

consumption 
of a dwelling 

B QL Survey X  

112.  B 
Pro-environmental 
personal norms 

VBN 
energy 

consumption 
of a dwelling 

B QL Survey X  

113.  B 
Ecological 
Worldview 

VBN 
energy 

consumption 
of a dwelling 

B QL Survey X  

114.  B 
Adverse 
consequences for 
valued objects 

VBN 
energy 

consumption 
of a dwelling 

B QL Survey  X 

115.  B 
Perceived ability to 
reduce threat 

VBN 
energy 

consumption 
of a dwelling 

B QL Survey  X 

116.  B Beliefs 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

117.  B Attitudes 
Model Of Pro-
Environmental 

energy 
consumption 

B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

Behaviour of a dwelling 

118.  B Norms 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

119.  B Habits 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

120.  B Experiences 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

121.  B Capabilities 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

122.  B Lifestyle 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

123.  B Activism 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

124.  B 
Socioeconomical 
status 

Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

125.  B Technical skills 
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey  X 

126.  B Values  Model Of Pro- energy B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

Environmental 
Behaviour 

consumption 
of a dwelling 

127.  B Predispositions  
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

128.  B Social interactions  
Model Of Pro-
Environmental 

Behaviour 

energy 
consumption 
of a dwelling 

B QL Survey X  

129.  B Beliefs ABC 
energy 

consumption 
of a dwelling 

B QL Survey X  

130.  B Values  ABC 
energy 

consumption 
of a dwelling 

B QL Survey X  

131.  B Norms ABC 
energy 

consumption 
of a dwelling 

B QL Survey X  

132.  B Tendencies  ABC 
energy 

consumption 
of a dwelling 

B QL Survey X  

133.  B 
Physical 
capabilities and 
constrains 

ABC 
energy 

consumption 
of a dwelling 

B QL Survey  X 

134.  B Social norms  ABC 
energy 

consumption 
of a dwelling 

B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

135.  B Intentions TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

136.  B Habits TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

137.  B Beliefs TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

138.  B Roles TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

139.  B Norms TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

140.  B Attitiudes TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

141.  B Emotions TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

142.  B Past behaviour TIB 
energy 

consumption 
of a dwelling 

B QL Survey X  

143.  B Social factors TIB 
energy 

consumption 
B QL Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a dwelling 

144.  B Knowledge 

The 
HIERARCHY 
OF EFFECTS 

MODEL 

energy 
consumption 
of a dwelling 

B QL Survey X  

145.  B Attitiudes 

The 
HIERARCHY 
OF EFFECTS 

MODEL 

energy 
consumption 
of a dwelling 

B QL Survey X  

146.  B Intention  

The 
HIERARCHY 
OF EFFECTS 

MODEL 

energy 
consumption 
of a dwelling 

B QL Survey X  

147.  B Needs DoI 
energy 

consumption 
of a dwelling 

B QL Survey X  

148.  B Social norms DoI 
energy 

consumption 
of a dwelling 

B QL Survey X  

149.  B Motives DoI 
energy 

consumption 
of a dwelling 

B QL Survey X  

150.  B Knowledge DoI 
energy 

consumption 
of a dwelling 

B QL Survey X  

151.  B, C, BC, Smart Metering - energy T(B) QN Data from X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

AC Data (eletricicty) 
consumption 

electricicty 
suppliers 

152.  B/BC 

Rate of deliberate 
ventilation via to 
chimneys, flues 
and fans 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

153.  B/CA 
Electricity 
consumption per 
shower 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

154.  BC 
Area of building 
element, i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

155.  BC 
Area of building 
fabric element i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

156.  BC 
Area of glazed 
element i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

157.  BC 
Daylight 
availability 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

158.  BC 
Dwelling exposure 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

159.  BC 
Floor area of the 
dwelling's smaller 

BREDEM 
energy 

consumption 
T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

zone of a dwelling 

160.  BC 
Fraction of zone 2 
heated 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

161.  BC Frame factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

162.  BC 
Heat capacity of 
building elements 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Different national 

data e. g. statistics 
X  

163.  BC 
Heat capacity of 
building fabric 
element i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

164.  BC 
Internal volume of 
dwelling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

165.  BC 
Length of the 
linear bridge, i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

166.  BC Light access factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

167.  BC 
Light transmission 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

168.  BC Linear thermal BREDEM energy T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

transmittance of 
thermal bridge, i 

consumption 
of a dwelling 

169.  BC 
Pitch (tilt) of the 
surface 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

170.  BC 
Site exposure 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

171.  BC 
Thermal bridge 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

172.  BC 
Total area of 
external building 
elements 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

173.  BC 
Total floor area of 
dwelling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

174.  BC Total window area BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

175.  BC 
Transmission 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

176.  BC 
U-value of building 
element, i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

177.  BC 
Zone 2 control 
fraction 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

178.  BC 
Surface per 
dwelling 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data X  

179.  BC 
Base-year 
Equipment Stock 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

180.  BC Square Footage NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

181.  BC 
Building shell 
technology menu 

NEMS 
energy 

consumption 
of a dwelling 

T QN Dedicated models  X 

182.  BC 
Historical 
ENERGY STAR 
Home Shares 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

183.  BC Housing Code CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

184.  BC 
Number of 
Dwelling 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 



  

 
D2.2 Taxonomy of energy efficiency models                             

 124 

 

 

NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

185.  BC SAP Age band CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

186.  BC Tenure Type CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input X  

187.  BC Dwelling Type CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

188.  BC Basement Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

189.  BC 
Basement Storey 
Height 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

190.  BC GF Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

191.  BC GF Storey Height CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

192.  BC 1F Floor Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

193.  BC 1F Storey Height CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

194.  BC 2F Floor Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

195.  BC 2F Storey Height CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

196.  BC 3F Floor Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

197.  BC 3F Storey Height CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

198.  BC Room in roof Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

199.  BC 
Room in roof 
Storey Height 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

200.  BC 
Chimneys - Main 
heating 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

201.  BC 
Chimneys - 
Secondary heating 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

202.  BC Chimneys - Other CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

203.  BC 
Open flues - Main 
heating 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

204.  BC 
Open flues - 
Secondary heating 

CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

205.  BC Open flues - Other CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

206.  BC Intermittent fans CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

207.  BC Passive vents CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

208.  BC Flueless gas fire CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

209.  BC 
Structural 
Infiltration 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

210.  BC Floor Infiltration CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

211.  BC Draught Lobby CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

212.  BC 
Windows and 
doors draught 
stripped 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

213.  BC Sides sheltered CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

214.  BC Ventilation System CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

215.  BC Door Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

216.  BC Door U-value CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

217.  BC Windows 1 Type CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

218.  BC Windows 1 Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

219.  BC Windows 1 Frame CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

220.  BC 
Windows 1 
Overshading 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

221.  BC 
Windows 1 
Orientation 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

222.  BC Windows 2 Type CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

223.  BC Windows 2 Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

224.  BC Windows 2 Frame CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

225.  BC 
Windows 2 
Overshading 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

226.  BC 
Windows 2 
Orientation 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

227.  BC Roof Window Type CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

228.  BC Roof Window Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

229.  BC 
Roof Window 
Frame 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

230.  BC 
Roof Window 
Orientation 

CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

231.  BC 
Basement Floor 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

232.  BC 
Basement Floor 
Heat Loss Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

233.  BC 
Basement Floor 
Exposed 
Perimeter 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

234.  BC GF Construction CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

235.  BC 
GF Heat Loss 
Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

236.  BC 
GF Exposed 
Perimeter 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

237.  BC 
Exposed Floor 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

238.  BC 
Exposed Floor 
Heat Loss Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

239.  BC Living area fraction CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

240.  BC 
Basement Wall 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

241.  BC 
Basement Wall 
Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

242.  BC 
External Wall 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

243.  BC External Wall Area CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

244.  BC 
Semi-exposed 
Wall Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

245.  BC 
Semi-exposed 
Wall Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

246.  BC Roof Construction CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

247.  BC Loft Insulation CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

248.  BC Roof Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

249.  BC 
Room in roof 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

250.  BC 
Room in roof Heat 
Loss Envelope 
Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

251.  BC 
Party Wall 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

252.  BC Party Wall Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

253.  BC 
Party Floor 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

254.  BC Party Floor Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

255.  BC 
Party Ceiling 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

256.  BC Party Ceiling Area CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

257.  BC 
Internal Wall 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

258.  BC Internal Wall Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

259.  BC 
Internal Floor 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

260.  BC Internal Floor Area CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

261.  BC 
Internal Ceiling 
Construction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

262.  BC 
Internal Ceiling 
Area 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

263.  BC DHW System CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

264.  BC 
DHW Boiler with 
Central Heating 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

265.  BC 
DHW Electric 
System Type 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

266.  BC 
DHW Electric 
System Tariff 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

267.  BC 
DHW - Community 
Heating Tariff 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

268.  BC 
DHW - Community 
Heating Fuel Type 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

269.  BC 
DHW - Community 
Heating CHP 

CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

Fraction emission of a 
dwelling 

270.  BC 
DHW - Community 
Heating CHP Fuel 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

271.  BC 
DHW System 
Efficiency 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

272.  BC 
DHW Cylinder 
Volume 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

273.  BC 
Cylinder Insulation 
Type 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

274.  BC 
Cylinder insulation 
Thickness 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

275.  BC 
Primary Pipework 
Insulation 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

276.  BC Cylinderstat CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

277.  BC Solar DHW CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

278.  BC 
Solar DHW in 
Cylinder 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

279.  BC 
Solar DHW 
Storage 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

280.  BC 
Main Heating 
System 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

281.  BC 
Main Heating - 
Electric Tariff 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

282.  BC 
Main Heating - 
Community 

CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

Heating Tariff emission of a 
dwelling 

283.  BC 
Main Heating - 
Community 
Heating Fuel Type 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

284.  BC 

Main Heating - 
Community 
Heating CHP 
Fraction 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

285.  BC 
Main Heating - 
Community 
Heating CHP Fuel 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

286.  BC 
Main Heating - 
Heater Flue 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

287.  BC 
Main Heating - Oil 
Pump Location 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

288.  BC 
Main Heating - 
Heat Emitter 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

289.  BC 
Main Heating 
Efficiency 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

290.  BC 
Main Heating 
Control - 
Programmer 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

291.  BC 
Main Heating 
Control - Room 
Thermostat 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

292.  BC 
Main Heating 
Control - TRVs 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

293.  BC 
Secondary 
Heating System 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

294.  BC 
Low Energy 
Lighting 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

295.  BC EHS Age band CHM 
energy use 
and CO2 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

emission of a 
dwelling 

296.  BC Wall Thickness CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

297.  BC 
Window U-value 
(W/m2K) 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

298.  BC 
Wall U-value 
(W/m2K) 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

299.  BC 
Hot Water Usage 
Calculation 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

300.  BC 
Hot Water Storage 
Loss 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

301.  BC 
Internal Heat Gain 
Type 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

302.  BC 

Fuel Costs: 
Domestic Hot 
Water (DHW) 
System Electricity 
Price 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

303.  BC 

Fuel Costs: 
Secondary 
Heating System 
Electricity Price 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

304.  BC 

Fuel Costs: 
Mechanical 
Ventilation System 
Electricity Price 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

305.  BC 
Fuel Costs: Other 
Electricity Uses 
Electricity Price 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

306.  BC 

Effective Air 
Change Rate 
Calculation 
Parameters 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN table/ user input  X 

307.  BC Housing-type synPRO 
energy 

consumption 
of a dwelling 

T QN Survey X  

308.  BC Total floor area 
ComeONEnerg

y 
energy 

consumption 
T QN table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a building 

309.  BC 
Gross leasable 
area 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 

310.  BC Floor number 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

311.  BC Floor height 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

312.  BC 
Window area, 
North 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 

313.  BC Window area, East 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

314.  BC 
Window area, 
South 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 

315.  BC 
Window area, 
West 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 

316.  BC 
Construction 
period 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 

317.  BC Building ComeONEnerg energy T QN table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

renovation period y consumption 
of a building 

318.  BC U-Value Facade 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

319.  BC U-Value Roof 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

320.  BC U-Value Ground 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

321.  BC U-Value Windows 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

322.  BC Lighting 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input X  

323.  BC Heating System 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input X  

324.  BC PV System 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input  X 

325.  BC 
Solarthermal 
System 

ComeONEnerg
y 

energy 
consumption 
of a building 

T QN table/ user input  X 



  

 
D2.2 Taxonomy of energy efficiency models                             

 145 

 

 

NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

326.  BC Heated area Diao’s model 
energy 

consumption 
of a building 

T QN user input X  

327.  BC 
Number of 
occupants 

Diao’s model 
energy 

consumption 
of a building 

T QN user input X  

328.  BC Number of rooms Diao’s model 
energy 

consumption 
of a building 

T QN user input X  

329.  BC 
Number of 
windows in heated 
area 

Diao’s model 
energy 

consumption 
of a building 

T QN user input X  

330.  BC 
Surface area of 
exterior doors 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

331.  BC 
Surface area of 
exterior walls 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

332.  BC 
Surface area of 
floor 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

333.  BC 
Surface area of 
ground floor 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

334.  BC 
Surface area of 
interior doors 

Diao’s model 
energy 

consumption 
T QN Table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a building 

335.  BC 
Surface area of 
interior walls 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

336.  BC 
Surface area of 
roof 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

337.  BC 
Surface area of 
windows 

Diao’s model 
energy 

consumption 
of a building 

T QN Table/ user input X  

338.  BC,B 
Specific energy 
consumption 
pattern 

POLES-JRC 
energy 

consumption 
of a building 

B  Historical data  X 

339.  BC,B 
Fraction of the 
TFA cooled 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

340.  
BC; 
AC 

Fraction of heat 
provided by 
system 1, system 
2, etc... 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

341.  
BC; 
AC 

Heating efficiency 
of system 1, 
system 2, etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  

342.  BC/B 
Fraction of the 
TFA cooled 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN User input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

343.  
BC/C 

 

Collector 
orientation 
constants for 
selected 
orientation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

344.  BC/C Latitude of the site BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

345.  BC/C Overshading factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

346.  BC/C 
Solar declination 
for month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CONSTANS X  

347.  BC/CA 
Thermal mass 
parameter 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 
data, user input 

X  

348.  BC/S 
Horizontal solar 
flux for month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

349.  BC/S 
Solar access 
(overshading) 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN table/ user input X  

350.  

C 
Average external 
temperature 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CLIMAT DATA X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

351.  C 
External 
temperature and 
solar radiation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CLIMAT DATA X  

352.  C 
Monthly average 
wind speed for 
region 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CLIMAT DATA X  

353.  C 
Weather (Degree 
Days) 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
X  

354.  C 
Monthly External 
Temperature (oC) 
by region 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data X  

355.  C 
Monthly Average 
Wind Speed (m/s) 
by region 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data X  

356.  C 

Monthly Average 
Horizontal Solar 
Radiation (W/m2) 
by region 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data  X 

357.  C 
Latitudes (o North) 
for each region 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data  X 

358.  C Monthly Solar CHM energy use T QN Climat data  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

Declination (o) and CO2 
emission of a 

dwelling 

359.  C 
Solar Hot Water 
Collector Setting 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data  X 

360.  C 

Ratio of Monthly 
Solar Radiation to 
Annual Average 
Solar Radiation 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

T QN Climat data  X 

361.  C 
Seasonal Effects - 
light use 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

362.  C 

Seasonal Effects - 
operation of the 
heating pump in 
the hydronic 
system 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

363.  C 
Seasonal Effects - 
use of appliance 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

364.  C 
External 
temperatures 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

365.  C Global horizontal Diao’s model energy T QN Data used from X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

solar radiation 
forthe whole year 

consumption 
of a building 

a number of 
sources 

366.  C 
Ground 
temperature forthe 
whole year 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Data used from 

a number of 
sources 

X  

367.  C 
Hourly dry bulb 
temperature forthe 
whole year 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Data used from 

a number of 
sources 

X  

368.  C Month number BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CONSTANS X  

369.  C 
Monthly rise in 
temperature 
required 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
CONSTANS/TABL

E 
X  

370.  C 
Number of days in 
month,  

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN CONSTANS X  

371.  C/CA 
Daylight correction 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

372.  CA 
Air change rate 
due to chimneys, 
flues and fans 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

373.  CA 
Amount of 
electricity 
generated by a PV 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

system 

374.  CA 

Amount of 
electricity 
generated by wind 
turbine 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

375.  CA 
Annual cooking 
energy (fuel 1, 2) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

376.  CA 
Annual electric 
shower energy 
requirement 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

377.  CA 
Annual energy 
content of heated 
water 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

378.  CA 
Annual fuel 
consumption for 
cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

379.  CA 
Annual fuel 
consumption of 
system 1, 2, etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

380.  CA 

Annual fuel 
requirements for 
water heating 
system 1, 2 etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

381.  CA Annual incident BREDEM energy T(B) QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

solar energy per 
m2 of collector 

consumption 
of a dwelling 

data 

382.  CA 
Annual output of 
solar water heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

383.  CA 
Annual solar 
radiation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

384.  CA 
Appliance energy 
used each month 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

385.  CA 
Average daily hot 
water requirement 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

386.  CA 
Average 
temperature for 
the whole dwelling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

387.  CA 
Average 
temperature for 
the whole house 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

388.  CA 
Average 
temperature for 
zone 1 or zone 2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

389.  CA 
Average weekday 
temperature in 
zone 1 or zone 2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

(weekdays and 
weekends) 

390.  CA 
Background 
(unheated) 
temperature 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

391.  CA 
Background 
temperature in 
zone 1 or zone 2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

392.  CA 
Collector heat loss 
coefficient 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

393.  CA 

Collector 
orientation 
parameters for 
selected 
orientation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

394.  CA 
Combi loss sizing 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

395.  CA 
Cooling 
requirement 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

396.  CA Cooling time BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

397.  CA Daily hot water BREDEM energy T(B) QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

requirement for 
baths 

consumption 
of a dwelling 

data 

398.  CA 
Daily hot water 
requirement for 
other uses 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

399.  CA 
Daily hot water 
requirement in 
month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

400.  CA Daily storage loss BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

401.  CA 
Degree days at 
threshold temp 
+0.5 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

402.  CA 
Degree days at 
threshold temp -
0.5 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

403.  CA 
Demand 
temperature for a 
controlled zone 2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

404.  CA 

Demand 
temperature in 
zone 2 for the 
selected level of 
control 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

405.  CA Distribution loss of BREDEM energy T(B) QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

centrally heated 
water 

consumption 
of a dwelling 

data 

406.  CA 
Dwelling's overall 
rate of heat loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

407.  CA 

Dwelling's total 
rate of heat loss 
(at zone 1 or zone 
2 temperature) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

408.  CA 
Energy for cooking 
each month 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

409.  CA 
Energy for electric 
shower 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

410.  CA 
Energy required 
for heating in 
month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

411.  CA Fabric heat loss BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

412.  CA 
Final annual 
appliance energy 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

413.  CA 
Fraction of month 
requiring cooling 

BREDEM 
energy 

consumption 
T(B) QN 

Internal model’s 
data 

X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a dwelling 

414.  CA 
Fraction of month 
that is heated 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

415.  CA 
Fuel consumed by 
system 1, system 
2, etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

416.  CA 
Fuel consumption 
for cooling in 
month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

417.  CA 
Gain to loss ratio 
for cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

418.  CA 

Gains utilisation 
factor (at zone 1 or 
zone 2 
temperature) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

419.  CA 
Gains utilisation 
factor for whole 
dwelling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

420.  CA 
Heat gain from 
electrical 
appliances 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

421.  CA 
Heat gain from 
lights 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

422.  CA 
Heat gains from 
water heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

423.  CA 
Heat loss from 
internal 
evaporation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

424.  CA 
Heat loss 
parameter 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

425.  CA 
Heat loss rate for 
cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

426.  CA 
Heat supplied by 
water heating 
system 1,2 etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

427.  CA 
Heat transfer 
coefficient 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

428.  CA 
Heat transfer 
coefficient (i.e. 
total heat loss) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

429.  CA 
Heating energy 
from system 1, 
system 2, etc.. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

430.  CA 
Incident solar 
energy for month 

BREDEM 
energy 

consumption 
T(B) QN 

Internal model’s 
data 

X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

m per m2 of 
collector 

of a dwelling 

431.  CA 

Incident solar flux 
for selected 
orientation, pitch 
and month 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

432.  CA 
Infiltration rate of 
the building fabric 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

433.  CA 
Initial annual 
appliance energy 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

434.  CA 
Initial annual 
lighting energy 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

435.  CA 
Internal monthly 
storage loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

436.  CA 
Internal 
temperature 
without cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

437.  CA 
Interzone heat 
transfer coefficient 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

438.  CA 
Lighting energy 
basic requirement 

BREDEM 
energy 

consumption 
T(B) QN 

Internal model’s 
data 

X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a dwelling 

439.  CA 
Lighting energy 
used each month 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

440.  CA Load ratio BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

441.  CA 
Low energy 
lighting correction 
factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

442.  CA 
Metabolic gain 
(from body heat) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

443.  CA 
Monthly average 
solar gain 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

444.  CA 
Monthly cooking 
consumption 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

445.  CA 
Monthly cooking 
energy (fuel 1, 2) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

446.  CA 

Monthly 
distribution loss for 
centrally heated 
water 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

447.  CA 
Monthly electric 
shower energy 
requirement 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

448.  CA 
Monthly energy 
content of heated 
water 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

449.  CA 

Monthly fuel 
requirement for 
water heating 
system 1, 2 etc. 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

450.  CA 
Monthly loss for a 
combination boiler 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

451.  CA 
Monthly output of 
solar water heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

452.  CA 
Monthly output of 
solar water heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

453.  CA 
Monthly primary 
pipework loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

454.  CA 
Monthly storage 
loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

455.  CA Monthly total hot BREDEM energy T(B) QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

water related 
energy 
requirement 

consumption 
of a dwelling 

data 

456.  CA 
Monthly ventilation 
rate 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

457.  CA 

Non-cooking 
related energy 
consumption of 
always-on ranges 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

458.  CA 

Non-cooking 
related heat gain 
from always-on 
ranges 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

459.  CA Pitch factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

460.  CA 
Primary pipework 
loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

461.  CA 
Ratio of heat gains 
to losses 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

462.  CA 
Ratio of heat gains 
to losses (at zone 
1 or zone 2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

temperature) 

463.  CA 

Ratio to convert 
horizontal solar 
flux to that for the 
selected 
orientation, pitch 
and month 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

464.  CA Solar height factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

465.  CA 
Solar storage 
volume factor 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

466.  CA 
Subtotal; fabric & 
deliberate 
ventilation 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

467.  CA 
Swept area of the 
turbine 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

468.  CA 
Temperature for 
an unheated zone 
2 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

469.  CA 

Temperature 
reduction in zone 
1, zone 2, for 
unheated period i 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

(weekdays and 
weekends) 

470.  CA The time constant BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

471.  CA 
Thermal bridging 
loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

472.  CA 
Thermal mass 
parameter 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

473.  CA 
Threshold 
temperature for 
heating 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

474.  CA 
Total heat gain in 
month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

475.  CA 
Total heat gain in 
month m (cooling) 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

476.  CA 
Total internal heat 
gain in month m 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

477.  CA 
Useful heat gain 
from cooking 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

478.  CA 
Utilisation 
exponent 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

479.  CA Utilisation factor BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

480.  CA 
Utilisation factor 
exponent 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

481.  CA 
Utilisation factor 
for cooling 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

482.  CA 
Ventilation heat 
loss 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

483.  CA 
Zone 2 demand 
temperature 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 

data 
X  

484.  CA 
Activity-related 
direct consumption 
of energy 

Diao’s model 
energy 

consumption 
of a building 

B QN 
Internal model’s 

data 
X  

485.  CA 

Activity-related 
indirect 
consumption of 
energy 

Diao’s model 
energy 

consumption 
of a building 

B QN 
Internal model’s 

data 
X  

486.  CA Balance Diao’s model energy T QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

temperature of the 
heating system 

consumption 
of a building 

data 

487.  CA 
Constant 
consumption of 
energy 

Diao’s model 
energy 

consumption 
of a building 

B QN 
Internal model’s 

data 
X  

488.  CA 
Consumption of 
leisure 

GEM-E3 
total energy 
consumption 

B QL 
Internal model’s 

data 
X  

489.  CA 

Energy 
consumption of 
appliances (e.g. 
TV, computer, 
washing machine, 
wacume cleaner) 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

490.  CA 

Energy to 
compensate for 
heat gain (in a 
cooling season) 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

491.  CA 

Energy to 
compensate for 
heat loss (in a 
heating season) 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

492.  CA 
Heat gain through 
human activities 

Diao’s model 
energy 

consumption 
of a building 

B QN 
Internal model’s 

data 
X  

493.  CA 
Heat gain through 
solar radiation 

Diao’s model 
energy 

consumption 
T QN 

Internal model’s 
data 

X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

of a building 

494.  CA 
Heat loss through 
the building 
envelope 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

495.  CA 
Heat loss through 
ventilation and 
infiltration 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

496.  CA 
Heat loss to the 
ground 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

497.  CA Heating duration Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

498.  CA 
Indoor daylight 
lumiance 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

499.  CA Luminance Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

500.  CA 
Occupancy-related 
consumption of 
energy 

Diao’s model 
energy 

consumption 
of a building 

B QN 
Internal model’s 

data 
X  

501.  CA 
Outdoor daylight 
lumiance 

Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

502.  CA Present-related Diao’s model energy B QN Internal model’s X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

consumption of 
energy 

consumption 
of a building 

data 

503.  CA Thermal efficiency Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

504.  CA Ventilation Diao’s model 
energy 

consumption 
of a building 

T QN 
Internal model’s 

data 
X  

505.  CA 
System Energy 
Efficiency Ratio 

BREDEM 
energy 

consumption 
of a dwelling 

T(B) QN 
Internal model’s 
data, user input 

X  

506.  D 
Total number of 
dwellings 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data  X 

507.  D 
Number of people 
per household 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data X  

508.  D Occupant - Adult CHM 

energy use 
and CO2 

emission of a 
dwelling 

B QN table/ user input X  

509.  D 
Occupant - 
Children 

CHM 

energy use 
and CO2 

emission of a 
dwelling 

B QN table/ user input X  

510.  D Household size synPRO energy B QN Survey X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

consumption 
of a dwelling 

511.  D 
Age of the 
occupants 

synPRO 
energy 

consumption 
of a dwelling 

B QN Survey X  

512.  E 
Total costs of fuel 
use 

POLES-JRC 
energy 

consumption 
of a building 

T QN Historical data  X 

513.  E 
Base-year Unit 
Energy 
Consumption 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

514.  E 
Miscellaneous 
Electric Loads 
(MELs) 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

515.  E 

Baseline Electricity 
Consumption for 
Energy Efficiency 
Calculations 

NEMS 
energy 

consumption 
of a dwelling 

T QN 
Data used from a 

number of sources 
 X 

516.  E Shop types 
ComeONEnerg

y 

energy 
consumption 
of a building 

T QN table/ user input X  

517.  E 
Opening Days per 
week 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input X  

518.  E 
Average open 
hours per day of 

ComeONEnerg
y 

energy 
consumption 

 QN table/ user input X  
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

common areas 
and restaurants 

of a building 

519.  E 

Average open 
hours per day of 
stores, shops and 
offices 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input X  

520.  E 

Non-business 
days except 
Sundays (e.g. 
public holidays) 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input  X 

521.  E Owner Utilisation 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

522.  E Cost of equity 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

523.  E Cost of debt 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

524.  E Tax rate 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

525.  E 
After-tax Cost of 
Debt 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input  X 

526.  E Equity adjusted ComeONEnerg energy  QN table/ user input  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

y consumption 
of a building 

527.  E Debt adjusted 
ComeONEnerg

y 

energy 
consumption 
of a building 

 QN table/ user input  X 

528.  E 
Weighted Average 
Cost of Capital 
(WACC) 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input  X 

529.  E 
Energy price 
increase/decrease 

ComeONEnerg
y 

energy 
consumption 
of a building 

 QN table/ user input  X 

530.  E 
Car ownership 
level 

DTI 
energy use 
and CO2 
emission 

T QL 
Data used from 

a number of 
sources 

 X 

531.  E Disposable income GEM-E3 
total energy 
consumption 

B QN Survey X  

532.  E 
Domestic energy 
prices 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

533.  E Electricity prices DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

534.  E Employment DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

535.  E Fossil  fuel prices DTI energy use T QN Data used from  X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

and CO2 
emission 

a number of 
sources 

536.  E GDP DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

537.  E 
Industrial sector 
prices 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

538.  E 
Major appliance 
take up 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

539.  E 
Number of 
households 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

540.  E Other fuel prices DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

541.  E Petrol price DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

542.  E Physical output DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

543.  E Population DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 
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NO 
Type of 
Factors 

Relevant factors 
Name of 
model 

Measured 

impacts 
Focu
s T/B 

Type 

of data 

QL/QN

* 

Method used for 
collecting data 

Use in the ECO-BOT 
Taxonomy 

Recom
mended 

No use 

544.  E 
Public sector 
share 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

545.  E 
Real personal 
disposable income 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

X  

546.  E 
Service sector 
energy prices 

DTI 
energy use 
and CO2 
emission 

T QN 
Data used from 

a number of 
sources 

 X 

547.  E 
Technology 
adoption  

MODEL OF 
PRO-

ENVIRONMEN
TAL 

BEHAVIOUR 

energy 
consumption 
of a dwelling 

T QN 
Data used from 

a number of 
sources 

 X 

548.  E Regulations 

MODEL OF 
PRO-

ENVIRONMEN
TAL 

BEHAVIOUR 

energy 
consumption 
of a dwelling 

B QL 
Data used from 

a number of 
sources 

 X 
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The presented factors selected from individual models in some cases have been classified 

into several categories due to their characteristics, e.g. at the same time appliance 

characteristic and behaviours. The usefulness of this type of factors for the needs of ECO-

BOT modelling should be considered in great detail, especially if the data/values of these 

variables may be difficult to obtain. 

In the case of some models, some similarities can be noticed for specific factors, but it 

should be emphasized that the similarities are in many cases illusory, because despite 

similar names, these factors differ from each other, for example by: unit, calculation 

method, source of data used in calculations. 

It should be emphasized that the direct transfer of elements from the reviewed models will 

be most difficult (both factors and modelling methodology) due to the number of barriers 

and restrictions associated with modelling for the needs of ECO-BOT. The presented 

factors should be treated as an initial list, which in the subsequent stages will undergo 

redundancy and transformations in accordance with the requirements of ECO-BOT 

modelling purpose. 

Table 30 contains a very extensive set of variables. Naturally, in the Eco-Bot project, it will 

be impossible to collect a dataset characterized by such a large number of variables. After 

the initial analysis, it seems that the most important factors for Eco-Bot will be related to the 

behaviour of customers (behavioural factors), building and appliance characteristics (data 

from smart metering), as well as climatic factors. However, appropriate representation of 

each type of factor, from table 30, should be ensured so that the constructed model could 

cover clients from different environments and different countries. 

As already mentioned, for the modelling we will use nonparametric methods, which do not 

require a number of restrictive assumptions to be met. These methods also allow 

simultaneous use of both qualitative and quantitative variables in the model. An 

unquestionable advantage of these methods is their adaptive nature, which means that 

during the execution of the algorithm, only the variables that have a significant impact on 

the outcome are introduced to the model. This means that it is not necessary to check and 

test the significance of the factors beforehand. The algorithm itself will identify these 

variables. However, it is worth taking care of delivering a dataset with a slightly larger set of 

variables so that the algorithms have the opportunity to choose the relevant factors. 
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6.4 Recommendation for ECO-BOT from Bottom –up and Top-
down models 

 

The vast majority of bottom-up models are not used in ECO-BOT due to their specificity. 

These are models covering the entire energy chains, from extraction to final use at the level 

of the economy or the country. They often cover entire regions of the world (eg MESSAGE 

and others). 

Top-down models, as global and national models, are not directly applicable in Eco-Bot 

either. However, these models should be considered mainly due to the variables used in 

the research. Demographic features (e.g. population density, number of households), 

climate and weather data, as well as economic data (e.g. fuel prices or economic 

indicators) can be adopted in simulations during the designing stage of the Eco-Bot 

model. Perhaps not all of these variables will turn out to be relevant to energy saving 

aspects, but it is better to prepare a wider set of factors to be able to select some of them to 

the modelling process. 

6.5 Recommendation for ECO-BOT from Diao’s model 

 

The presented Diao’s model is interesting in the context of preparations for designing Eco-

Bot because of statistical tools and also variables used for modeling. First of all, it uses the 

behavioral profiles of buildings’ occupants assigned by k-mode clustering method. This 

approach can be easily replicated for other countries. Moreover, the behavioral model 

can be applied to other non-residential buildings such as hotels, offices and so on. 

Similarly these behavioral profiles can be obtained by using a clustering method, based on 

features describing occupants or companies. The k-mode clustering is a modification of the 

commonly known k-means method, but it deal with categorical data, which is its clear 

advantage. 

Diao’s model uses technical information about the building, such as surface area of the 

floor, the roof, exterior and interior walls, doors and windows. Moreover, the power of some 

typical home appliances is also recorded. In addition, the model estimates the total 

energy consumption for heating, cooling, ventilation and lighting, which can also be 

used to designe the Eco-Bot, because the Eco-Bot model should combine various 

aspects of energy consumption. 

6.6 Recommendation for ECO-BOT from Smart Metering 

When working on the ECO-BOT program, consistency of the data obtained will be 

extremely important. Data obtained from Smart Meetering (SM) will probably be in the basic 
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version (energy consumption per household). The unquestionable advantage of data from 

SM is their precision, in particular short time steps. The disadvantage is the lack of division 

into the energy consumption of individual devices. It will be necessary to supplement them 

with questionnaire data. When constructing surveys, it is necessary to take into account the 

necessity to refine the data from the SM, as well as the data necessary to use the BREDEM 

model. Data on behavioral factors that will significantly affect energy consumption and GHG 

emissions will be extremely important.  

The construction of the model will depend on: 

• structure and level of detail of available data from SM, 

• available local data, eg climate conditions for individual climate zones (especially for 

the BREDEM and BREHOMES models), 

• structure and detail of available statistical data 

6.7 Recommendation for ECO-BOT from synPRO model 

 

For the ECO-BOT modelling purpose the mezzo models dealing with household energy 

demand are more relevant than the macro models. They provide far better picture of the 

energy demand of households and due to history of continuous development (that is 

especially true for the UK residential energy models) they provide far better overlook of the 

residential sector energy needs. A lot of factors considered in these models (e.g. climate, 

weather, socio-economic, demographic) are relevant for the ECO-BOT purpose. Projection 

of the energy use profiles presented by the synPRO model on the example of the German 

households due to the innovative approach to including social factors and habits concerning 

use of household appliances should be considered while preparing inputs requirements for 

the ECO-BOT model. Nonetheless more technical factors (and data obtained from smart 

meters) and physical characteristic of the buildings should also be considered for the ECO-

BOT modelling purpose.  

6.8 Recommendation for ECO-BOT from TRIANDIS’ model 

 

A correctly applied consumer behaviour model can help ECO-BOT in carrying out the 

appropriate consumer segmentation and also determine the scope of information 

needed to create an appropriate communication strategy with the customer/energy 

consumer. 

Consideration of consumer behaviour enables a better understanding of their needs and 

forecasting future decisions. Development of a model to describe consumer behaviour 

allows simultaneous analysis of many factors and understanding their mutual interactions. 
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The identification of factors that have the strongest impact on consumer behaviour can 

facilitate and accelerate making the right decisions. Such identification of key factors in 

terms of achieving ECO-BOT objectives will take place in the next phase of the project. 

To implement the goals of the ECO-BOT project, it is recommended to use the 

structural model (initially chosen TRIANDIS' THEORY OF INTERPERSONAL 

BEHAVIOUR) taking into account the external conditions of the analytical and 

sequential methods.  

Triandis model is described by the formula, according to which the probability of occurrence 

of a given behaviour is a function of variables such as: customary and emotional behaviour 

patterns; intentions, stimuli that activate a person to act at a given moment, the degree of 

activation and weight differentiating the impact of these factors on a given probability.  

Triandis developed an integrated model of interpersonal behaviour and recognized the key 

role that social factors and emotions play in shaping intentions. Very important in his model 

are past behaviours - because of them, intentions arise at the moment of making decisions. 

In addition, he emphasized the role of habits that mediate behaviour. According to the 

assumptions of the model, consumer behaviour is partly due to intentions, habits and 

situational constraints and conditions. Social factors and rational considerations influence 

intentions. Behaviour is also influenced by moral beliefs, but their influence is moderated 

both by emotions and cognitive limitations. Social factors include norms, roles and self-

discovery (Triandis, 1977). Emotional reactions to a decision or decision situation are 

different from rational-instrumental impact assessments and may include both positive and 

negative emotional responses with different powers. 

Triandis offers a clear role of affective factors in behavioural intentions. In newer writings, 

the attempt to include emotional predecessors in the model of action has received a lot of 

support (Bagozzi et al., 2002, Steg et al., 2001). This theory can be used as a framework 

for empirical analysis of the strengths and weaknesses of component factors in different 

situations.  

For the purposes of the ECO-BOT project, the assumptions of the Triandis model can 

become extremely useful, due to the emphasis on the importance of habits in individual 

energy consumption. Individual behaviours are very important, including those resulting 

from habits that contribute to sustainable or unbalanced energy consumption. How users 

use home appliances is extremely important in shaping future consumer attitudes and in 

striving to influence the consumers behaviour. Consumers are characterized by a lack of 

knowledge, awareness and commitment to energy saving. There is also the problem of 

discrepancies between opinions and behaviour of consumers who declare their willingness 

to reduce energy consumption, but at the same time do not want to take the effort involved 

in changing their behaviour and habits. 
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7. Conclusion remarks 

 

The possibilities of implementing the ECO-BOT application should be evaluated in a 

multidimensional way. And so, on the basis of theoretical materials (statistical data, 

literature, reports and EU documents), we can state: 

A. In the geographical/demographic dimension, based on statistical data, EU Member 

States show a slow downward trend in energy consumption. This gives opportunities for 

applications that enhance these trends such as ECO-BOT. China can be considered the 

most prospective and absorptive non-European market. 

B. Ecological aspects: the ECO-BOT application complies with the principles of 

sustainable development and can be promoted as such. Sustainable development in its 

assumptions recognizes environmental protection and respect for resources as a key 

element. Improving energy efficiency and saving energy are the best way to reduce the 

environmental pressures associated with energy consumption. 

C. The policies existing in EU countries generally strengthen and support the 

implementation of measures aimed at energy savings, such as ECO-BOT. Both kind of 

measures: aimed at improving energy efficiency, as well as activities concerning the 

promotion of renewable energy sources are important here, because in practice they are 

most often coordinated and combined. The implementation of activities based on 

behavioural change is visible in many EU countries, although it can be assessed that it is 

still at the initial stage (the dominant regulatory and economic instruments). In recent years, 

there has been a wider interest in instruments aimed at changing consumer behaviour. The 

countries that indicated in progress reports in the promotion and use of energy from 

renewable resources from member countries to European Commission the importance of 

soft instruments (aimed at changing behaviour and consumer education) were: Malta, 

Spain, Luxemburg, the Netherlands, Sweden, Ireland, Denmark, Austria, Belgium, France, 

Finland and Estonia. Soft instruments strictly aimed at improving energy efficiency relate to 

countries such as: Germany, Portugal, Greece, Spain, Romania, the Netherlands and 

Ireland. Important markets for ECO-BOT applications may also be countries implementing 

Energy Efficiency Obligations (EEO), in particular: Austria, Bulgaria, Denmark, France, 

Ireland, Italy, Latvia, Luxembourg, Slovenia, Spain, Poland, UK. EEO schemes also have: 

• Greece, Croatia - but in this case the EEO is on early stage of development, 

• Malta - where the future of EEO is difficult to assess due to changes in 

political priorities, 

Another factor conducive to the implementation of the ECO-BOT application could be  

planning and implementation of smart metering. Large scale of current and planned 
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implementation of smart metering by 2020 takes place in  Denmark, Estonia, Ireland, 

Greece, Spain, France, Italy, Luxembourg, Malta, the Netherlands, Austria, Poland, 

Romania, Finland, Sweden and Great Britain, medium scale in: Portugal, Belgium, Czech 

Republic, Lithuania and low level in: Germany, Latvia, Slovakia. 

The report also formulates conclusions regarding the support for the implementation of 

ECO-BOT in terms of political and institutional support in individual Member States. In this 

respect, member countries have been divided into four groups: 

• I. Group. - countries with low level of support: Hungary, Cyprus,  Slovakia, Czech 

Republic, Lithuania; 

• II. Group - countries with moderate level of support: Bulgaria, Croatia,  Latvia, 

Slovenia, Belgium, Germany; 

• III. Group - countries with medium level of support: Estonia, The Netherlands, 

Portugal, Romania, Finland, Sweden, Italy, Great Britain, Poland, Malta; 

• IV. Group - countries with a high level of support: Denmark, Ireland, Greece, Spain, 

France, Luxemburg, Austria. 

 

D. Behavioural aspects can be considered as key elements, the inclusion of which is 

necessary to achieve the target of energy savings set by the ECO-BOT and to improve 

energy efficiency. They can both: 

1. Strengthen / support the operation of the ECO-BOT application, e.g. 

• affect heuristic - using the tendency of clients to follow positive associations; 

• availability heuristic - by referring to known people / events / phenomena 

which builds an atmosphere of trust, 

• scarcity heuristic - stressing the costs associated with energy consumption. 

Depending on consumer preferences, economic costs related to household 

energy expenditure, environmental costs related to environmental pressure 

and/or social costs can be emphasized, which can be combined with the 

perspective: long-term eg the need to preserve resources for future 

generations, or perspective medium / short-term, for example, creation of 

new jobs. 

• representativeness heuristic – ECO-BOT should use the language 

appropriate for the given location. 

• anchoring heuristic - ECO-BOT should use/invoke specific values speaking 

about energy savings 
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• crowd effect - referring to the behaviour of other people and socially 

recognized norms. ECO-BOT can, for example, refer to data (not indicating 

specific people) about energy consumption by other people in the 

neighbourhood / city / region and citing the lowest energy consumption in a 

similar household. 

We can also use some cognitive errors in a positive way: 

• hyperbolic discounting, accentuating in the application the quick and direct benefits 

of energy savings. 

• confirmation bias (in the case of people who are convinced of the need to save 

energy) ECO - BOT can appeal to these beliefs and strengthen them, 

• framing effects -  the decisions and assessments of a given situation will vary 

depending on how the alternative actions will be presented. Generating the 

appropriate form of ECO-BOT communication may use this tendency, for example, 

by saying that there is a high probability of success (energy / money savings) when 

taking specific actions. 

2. A few of the analysed cognitive errors characteristic of people's behaviour may constitute 

a barrier to effective operation for ECO-BOT applications. The most important obstacles 

include: status quo bias, procrastination, myopia, optimism bias, confirmation bias (in the 

case of people unconvinced to save energy), projection bias, endowment effect, sunk cost 

effect. The mechanisms of action of these errors boil down to the reluctance of people to 

change, to make an effort related to energy savings, underestimating the costs associated 

with energy consumption, the reluctance to change already existing devices / solutions for 

more energy-effective. 

3. The challenges to create an individual model of consumer behaviour - ECO-BOT: 

 A. Human behaviour and the decision-making process taking place in mind are quite 

abstract categories, and therefore difficult to identify. These issues are not fully understood, 

too multifaceted and varied from the point of view of various scientific disciplines, so that a 

comprehensive, complex model of consumer behaviour can be created. Therefore, the 

creators of various models analyse, systematise and describe the behaviour of the 

consumer from different perspectives and in various aspects. These models, along with the 

passage of time, take on more and more multidimensional and complex forms, but each of 

them is subject to certain assumptions and limitations. These restrictions, apart from gaps 

in understanding of certain behaviours, also result from the fact that consumers constitute a 

strongly diverse group. It also creates the need for certain generalizations and 

simplifications. Thus ECO-BOT model should be simple, to make it comprehensible 

and workable for future studies.  

B. Most models describing consumer behaviour show a simplified version of its 

dependence on various factors. These models usually differ in nature, complexity, the 
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number of variables and relationships explaining the processes. Consumer behaviour can 

be called a proceeding consisting of many consecutive stages in a specific order. They are 

often presented in the literature on the subject as model approaches to consumer 

behaviour. Many of them have not been verified empirically, especially in the field of 

energy, which can be attributed to the complexity of consumer behaviour and the specificity 

of the factors that shape it. Therefore, the ECO-BOT model should take into account a 

comprehensive approach to the problem of energy consumers' behaviour on the 

market, taking into account both aggregate and socio-psychological factors. 

C. Investigating barriers to energy efficiency will help to create and evaluate a 

proper ECO-BOT behavioural model. The experience of many countries shows that the 

majority of consumers of electricity are not interested in modern solutions available on the 

energy market. In addition, consumers are characterized by a lack of knowledge, 

awareness and commitment to energy saving. Creating an individual model of 

consumer behaviour for ECO-BOT purposes will enable designing an application for 

fully accomplishing the intended goal of the project, which is to change the habits 

and behaviours of energy consumers towards sustainable consumption. 

 D. Building ECO-BOT model of consumer behavior that would reflect real trends in 

the patterns of energy consumption should be based on the consideration of how 

consumers perceive the relationship between their own individual goals, preferences, 

motives and ways to act and the protection of the environment and the use of its resources.  

 

 

 

 

 



  

 
D2.2 Taxonomy of energy efficiency models            

                  178 

 

 

8. References 

 

3rd Progress Report under Article 22 of Directive 2009/28/EC. Two-year period: 2013-2014, 

Republic of Cyprus, Ministry of Energy, Commerce, Industry and Tourism 

4Interim Report on progress in the promotion and use of energy from renewable sources in 

Poland in 2013-2014 (drawn up pursuant to Article 127(2) of the Act on renewable energy 

sources), Ministry of Energy, Warsaw 2016 

Ajzen, I. (1991). The theory of planned behaviour. In: Organizational Behaviour and Human 

Decision Processes, vol 50, 2, 179-211 

Amadae S. (2007), Rational Choice Theory, in: Bevir M. (red.) Encyclopedia of 

Governance, Thousands Oaks: Sage Publications, 785–791 

Arias, J. (2005) Energy Usage in Supermarkets - Modelling and Field Measurements. 

Doctoral thesis. Available from http://www.diva-

portal.org/smash/get/diva2:7929/FULLTEXT01.pdf [Accessed 9th March 2018]. 

Arkes H.R., Blumer C. (1985), The psychology of sunk cost, Organizational Behavior and 

Human Decision Processes, Volume 35, Issue 1, February 1985, pp.124-140; Thaler, R. H. 

(1999). Mental accounting matters. Journal of Behavioral Decision Making. 12, 183-206. 

ATEE (2017), Snapshot of Energy Efficiency Obligations schemes in Europe: 2017 update, 

Fourth European Workshop of the White Certificates Club, 30 June 2017, 

http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf, access: 

02.01.2018 

Axsen J.; Kurani K.S. (2012) Social Influence, Consumer Behavior, and Low-Carbon 

Energy Transitions Annual Review of Environment and Resources 37:1, 311-340  

Bager S, Mundaca L., (2017) Making ‘Smart Meters’ smarter? Insights from a behavioural 

economics pilot field experiment in Copenhagen, Denmark Energy Research & Social 

Science 28 (2017) Available from: http://dx.doi.org/10.1016/j.erss.2017.04.008 

Bagozzi, R, Z Gürnao-Canli and J Priester 2002. The Social Psychology of Consumer 

Bamberg S. & Schmidt P. (2003) Incentives, Morality, Or Habit? Predicting Students’ Car 

Use for University Routes With the Models of Ajzen, Schwartz, and Triandis. Environment 

and Behavior Vol. 35: 264-285. 

Bandura, A. (1986). Social foundations of thought and action, Englewood Cliffs, NJ, 

Prentice-Hall 

http://atee.fr/sites/default/files/part_6-_2017_snapshot_of_eeos_in_europe.pdf
https://www.annualreviews.org/doi/abs/10.1146/annurev-environ-062111-145049
https://www.annualreviews.org/doi/abs/10.1146/annurev-environ-062111-145049
http://dx.doi.org/10.1016/j.erss.2017.04.008


  

 
D2.2 Taxonomy of energy efficiency models            

                  179 

 

 

Bandura, A. (1997). Self-efficacy: The exercise of control, New York, W.H. Freeman & Co. 

Becker L. J. (1978) Joint effect of feedback and goal setting on performance: A field study 

of residential energy conservation. Journal of Applied Psychology 63(4): 428-433. 

Beggs J. (2014), Homer Economicus or Homer Sapiens? Behavioral Economics in The 

Simpsons,  Stanford, California. Stanford University Press (c)2014 

Behaviour. Buckingham: Open University Press. 

BEIS (2017) National Household Model. Available from: 

https://data.gov.uk/dataset/national-household-model [Accessed 3rd March 2018].  

Bhattacharyya, S. C. (2011). Energy economics: concepts, issues, markets and 

governance. Springer Science & Business Media. 

Bhattacharyya, S. C. and Timilsina, G. R. (2009). Energy demand models for policy 

formulation: a comparative study of energy demand models (English). Policy Research 

working paper; no. WPS 4866; Paper is funded by the Knowledge for Change Program 

(KCP). Washington, DC: World Bank. 

Bianco, V., Righi, D., Scarpa, F., Tagliafico, L. (2017) Modeling energy consumption and 

efficiency measures in the Italian hotel sector. Energy and Buildings, 149, 329-338. 

Available from: https://doi.org/10.1016/j.enbuild.2017.05.077. 

Birch, R., J. Barrett, et al. (2004). Exploring the consumption and related environmental 

impacts of socio-economic groups within the UK. International Workshop on driving forces 

of and barriers to sustainable consumption., University of Leeds, UK. 

Bittle, R. G., Valesano, R., & Thaler, G. (1979). The effects of daily cost feedback on 

residential electricity consumption. Behavior Modification, 3(2), 187–202 

BMG Research , 2009. Resource Efficiency Survey 2009: North West Businesses, 

Birmingham, UK: ENWORKS/NWDA 

Böhringer, C., Rutherford, T.F. (2008) Combining bottom-up and top-down. Energy 

Economics. 30 (2); 574-596. Available from: doi.org/10.1016/j.eneco.2007.03.004. 

Braun, M., Beck, S., Walton, P., Mayfield, M. (2016) Estimating the impact of climate 

change and local operational procedures on the energy use in several supermarkets 

throughout Great Britain. Energy and Buildings, 111, 109-119. Available from: 

http://dx.doi.org/10.1016/j.enbuild.2015.11.038. 

BRE (2011) The Government’s Standard Assessment Procedure for Energy Rating of 

Dwellings. Available from: https://www.bre.co.uk/filelibrary/SAP/2009/SAP-2009_9-90.pdf 

[Accessed 3rd March 2018]. 



  

 
D2.2 Taxonomy of energy efficiency models            

                  180 

 

 

Buso, T., Corgnati, S. (2017) A customized modelling approach for multi-functional 

buildings – Application to an Italian Reference Hotel. Applied Energy, 190, 1302-1315. 

Available from: http://dx.doi.org/10.1016/j.apenergy.2017.01.042. 

Cagno, E., Worrell, E., Trianni, A. & Pugliese, G., 2013. A novel approach for barriers to 

industrial energy efficiency. Renewable and Sustainable Energy Reviews, Issue 19, pp. 

290-308. 

Capros, P., Van Regemorter, D., Paroussos, L., Karkatsoulis, P., Fragkiadakis, C., Tsani, 

S., & Abrell, J. (2013). GEM-E3 model documentation. JRC Scientific and Policy 

Reports, 26034.  

Chen, G., Kim, K. A., Nofsinger, J. R., & Rui, O. M. (2007). Trading performance, 

disposition effect, overconfidence, representativeness bias, and experience of emerging 

market investors. Journal of Behavioral Decision Making, 20, 425-451. 

Cheetah, Changing energy efficiency technology adoption in households. (2017), D 3.2 

Working paper on  modeling and survey, TU Delft, TU Wien, Horizon 2020 Project number 

723716 

Cialdini R.B. (1984), Influence: The Psychology of Persuasion, HarperBusiness 2006 

Cialdini, R. B., Vincent, J. E., Lewis, S. K., Catalan, J., Wheeler, D., & Darby, B. L. (1975). 

Reciprocal concessions procedure for inducing compliance: The door-in-the-face technique, 

Journal of Personality and Social Psychology, 31, 206-215. 

Cialdini, R.B. (2008). Influence: Science and Practice, 5th ed. Boston: Pearson. 

ComeONEnergy (2018) Converting Eu Shopping Centres Into Beacons Of Energy 

Efficiency. Available from commonenergyproject.eu/ [Accessed 9th March 2018]. 

Communication COM (2014) 520 – Communication: Energy Efficiency and its contribution 

to energy security and the 2030 Framework for climate and Energy policy, COM(2014) 520 

CSE (2016) Learning the National Household Model. Available from: 

http://deccnhm.org.uk/learn-nhm/ [Accessed 3rd March 2018]. 

CSE (2018) National Household Model. Available from: 

https://www.cse.org.uk/projects/view/1233 [Accessed 3rd March 2018]. 

DECC (2015) Cambridge Housing Model and user guide. Available from: 

https://www.gov.uk/government/publications/cambridge-housing-model-and-user-guide 

[Accessed 3rd March 2018]. 



  

 
D2.2 Taxonomy of energy efficiency models            

                  181 

 

 

Depuru S.S.S.R., Wang L, Devabhaktuni V., (2011) Smart meters for power grid: 

Challenges, issues, advantages and status Renewable and Sustainable Energy Reviews 

15 Available from:  doi:10.1016/j.rser.2011.02.039 

Diao, L., Sun, Y., Chen, Z. and Chen J. (2017), Modeling energy consumption in residential 

buildings: A bottom-up analysis based on occupant behavior pattern clustering and 

stochastic simulation. Energy and Buildings 147, 47-66. 

Directive 2006/32/Ec Of The European Parliament And Of The Council of 5 April 2006 on 

energy end-use efficiency and energy services and repealing Council Directive 93/76/EEC 

(Text with EEA relevance) Available from: http://eur-lex.europa.eu/legal-

content/PL/TXT/?uri=CELEX%3A32006L0032 01.12.2017  

Directive 2012/27/Eu Of The European Parliament And Of The Council of 25 October 2012 

on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing 

Directives 2004/8/EC and 2006/32/EC (Text with EEA relevance), Available from: http://eur-

lex.europa.eu/legal-content/pl/ALL/?uri=celex%3A32012L0027 01.12.2017 

Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on 

energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing 

Directives 2004/8/EC and 2006/32/EC Text with EEA relevance 

Directorate General for Internal Policies. Policy Department A: Economic and Scientific 

Policy, 2016. Energy Efficiency for Low-Income Households. Study for ITRE Committee, 

Brussels: http://www.europarl.europa.eu/studies 

Dolan, P., Hallsworth, M., Halpern, D., King, D., & Vlaev, I. (2010), MINDSPACE: 

Influencing behaviour through public policy, London, UK: Cabinet Office. 

EAŚ Europejska Agencja Środowiska (2007) Zrównoważona konsumpcja i produkcja. 

Środowisko Europy. Czwarty raport oceny, 

https://www.eea.europa.eu/www/pl/publications/srodowisko-europy-2014-czwarty-raport-

oceny.  

EC4MACS (2012). The GEM-E3 Macro-economic Model, European Consortium for 

Modelling of Air Pollution and Climate Strategies - EC4MACS.  

EEA Technical report No 5/2013. (2013). Achieving energy efficiency through behaviour 

change: what does it take? EEA. 

EIA (2009) The National Energy Modeling System: An Overview 2009. Washington, 

Available from: www.eia.doe.gov/oiaf/aeo/overview/ [Accessed 15th January 2015]. 

EIA (2017) Availability of the National Energy Modeling System (NEMS) Archive. Available 

from: https://www.eia.gov/outlooks/aeo/info_nems_archive.php [Accessed 15th January 

2015]. 

https://www.eea.europa.eu/www/pl/publications/srodowisko-europy-2014-czwarty-raport-oceny
https://www.eea.europa.eu/www/pl/publications/srodowisko-europy-2014-czwarty-raport-oceny


  

 
D2.2 Taxonomy of energy efficiency models            

                  182 

 

 

EIA (2017a) Commercial Demand Module of the National Energy Modeling System: Model 

Documentation. Washington, Available from: 

https://www.eia.gov/outlooks/aeo/nems/documentation/commercial/pdf/m066(2017).pdf 

[Accessed 3rd March 2018]. 

EIA (2017b) Residential Demand Module of the National Energy Modeling System: Model 

Documentation. Washington, Available from: 

https://www.eia.gov/outlooks/aeo/nems/documentation/residential/pdf/m067(2017).pdf 

[Accessed 3rd March 2018]. 

Energy Policies of IEA Countries series available at: http://www.oecd-

ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03, access: 01.03.2018 

EPISCOPE (2018) Welcome. Available from http://episcope.eu/index.php?id=97 [Accessed 

9th March 2018]. 

ESMAP. (2014). Improving Energy Efficiency in Buildings. Energy Efficient Cities. Mayoral 

Guidance Note #3. Washington: Energy Sector Management Assistance Program. The 

World Bank. 

European Commission (2018) ComeONEnergy Final Raport. Available from 

https://cordis.europa.eu/docs/results/608/608678/final1-commonenergy-final-report.pdf 

[Accessed 9th March 2018]. 

European Commission: Smart Metering deployment in the European Union, 

http://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union, access: 01.03.2018 

Fawcett T., Rosenow J., Bertoldi P., (2017)The future of energy efficiency obligation  

schemes in the EU, ECEEE 2017 SUMMER STUDY – CONSUMPTION, EFFICIENCY & 

LIMITS, http://www.raponline.org/wp-

content/uploads/2017/06/eceee_fawcett_rosenow_bertoldi_future_energy_efficiency_obliga

tion_schemes_eu_2017.pdf,  access 12.12.2017 

Federal Republic of Germany Progress report under Article 22 of Directive 2009/28/EC on 

the promotion of the use of energy from renewable sources 

Fehr, E., & Gächter, S. (2000), Fairness and retaliation: The economics of reciprocity, 

Journal of Economic Perspectives, 14, 159-181. 

Festinger, L. (1957), A theory of cognitive dissonance, Stanford: Stanford University Press. 

Finland’s third progress report under article 22 of directive 2009/28/EC, 5 February 2016, 

TEM/280/08.10.02/2016, Ref. Ares(2016)766889 - 12 February 2016 

http://www.oecd-ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03
http://www.oecd-ilibrary.org/energy;jsessionid=wawdouqjbo2o.x-oecd-live-03
http://ses.jrc.ec.europa.eu/smart-metering-deployment-european-union
http://www.raponline.org/wp-content/uploads/2017/06/eceee_fawcett_rosenow_bertoldi_future_energy_efficiency_obligation_schemes_eu_2017.pdf
http://www.raponline.org/wp-content/uploads/2017/06/eceee_fawcett_rosenow_bertoldi_future_energy_efficiency_obligation_schemes_eu_2017.pdf
http://www.raponline.org/wp-content/uploads/2017/06/eceee_fawcett_rosenow_bertoldi_future_energy_efficiency_obligation_schemes_eu_2017.pdf


  

 
D2.2 Taxonomy of energy efficiency models            

                  183 

 

 

Fischer, D., Härtl, A., Wille-Haussmann, B. (2015) Model for electric load profiles with high 

time resolution for German households. Energy and Buildings, 9, 170-179. Available from: 

https://doi.org/10.1016/j.enbuild.2015.01.058. 

Fischhoff, B., Slovic, P., Lichtenstein, S., Read, S., & Combs, B. (1978). How Safe Is Safe 

Enough? A Psychometric Study of Attitudes towards Technological Risks and Benefits. 

Policy Sciences, 9, 127-152.  

Fleiter, T., Schleich, J. & Ravivanpong, P., 2012. Adoption of energy-efficiency measures in 

SMEs – An empirical analysis based on energy audit data from Germany,. Energy Policy, 

pp. 863-75. 

Fong, W. K., H. Matsumoto, et al. (2007). "Influences of indirect lifestyle aspects and 

climate on household energy consumption." Journal of Asian Architecture and Building 

Engineering 6(2): 395- 402 

Fraunhofer ISE et al., Erarbeitung einer Integrierten Wärme- und Kältestrategie, available 

upon request at the Federal Ministry for the Environment, Nature Conservation, Building 

and Nuclear Safety, Referat KI III 2, 2012 

Gabriel, S., Kydes, A., Whitman, P. (2001) The National Energy Modeling System: A Large-

Scale EnergyEconomic Equilibrium Model. Operations Research. 49(1), 14-25. Available 

from: https://doi.org/10.1287/opre.49.1.14.11195. 

Gächter, S., Orzen, H., Renner, E., & Starmer, C. (2009), Are experimental economists 

prone to framing effects? A natural field experiment, Journal of Economic Behavior & 

Organization, 70, 443-446;  

Goldberg A., Reinaud J., Taylor R. P. (2012), Promotion Systems and Incentives for 

Adoption of Energy Management Systems in Industry, Institute for Industrial Productivity, 

Washington 

Goldstein, D. G., & Gigerenzer, G. (2002), Models of ecological rationality: the recognition 

heuristic, Psychological Review, 109(1), 75-90. 

Grubb, M., Edmonds, J., Ten Brink, P., & Morrison, M. (1993). The Cost of Limiting Fossil-

Fuel CO2 Emissions: A Survey and Analysis. Annual Review of Energy and the 

Environment, 18, pp. 397-478. 

Gupta R “A NEW GEOGRAHICAL INFORMATION SYSTEM-BASED APPROACH TO 

MAP AND REDUCE ENERGY-RELATED CO2 EMISSIONS FROM UK DWELLINGS 

Available from: www.ibpsa.org/proceedings/BS2009/BS09_2114_2121.pdf 

Hall, L., & Buckley, A. (2016). A review of energy systems models in the UK: Prevalent 

usage and categorisation. Applied Energy , 169, pp. 607-628. 

http://www.ibpsa.org/proceedings/BS2009/BS09_2114_2121.pdf


  

 
D2.2 Taxonomy of energy efficiency models            

                  184 

 

 

Han, Q., Nieuwenhijsen, I., de Vries, B., Blokhuis, E., Schaefer, W. (2013) Intervention 

strategy to stimulate energy-saving behavior of local residents. Energy Policy, 52, 706–715. 

Available from: http://dx.doi.org/10.1016/j.enpol.2012.10.031. 

Harald Throne‐Holst, Pål Strandbakken, Eivind Stø, (2008) "Identification of households' 

barriers to energy saving solutions", Management of Environmental Quality: An 

International Journal, Vol. 19 Issue: 1, pp.54-66, 

https://doi.org/10.1108/14777830810840363 

Helgesen, P. I. (2013) Top-down and Bottom-up: Combining energy system models and 

macroeconomic general equilibrium models. CenSES working paper 1/2013, Available 

from: https://www.ntnu.no/documents/7414984/202064323/2013-12-

11+Linking+models_444.pdf/4252b320-d68d-43df-81b8-e8c72ea1bfe1 [Accessed 15th 

January 2018]. 

Henderson J., Hart J., (2015) BREDEM 2012 – A technical description of the BRE 

Domestic Energy Model Available from: https://www.bre.co.uk/page.jsp?id=3176 

Hotel Energy Solutions (2011), Analysis on Energy Use by European Hotels: Online Survey 

and Desk Research, Hotel Energy Solutions project publications. 

Hourcade J. Ch., Jaccard, M., Bataille, Ch., Ghersi, F. (2006) Hybrid Modeling: New 

Answers to Old Challenges. The Energy Journal. 2 (Special issue), 1-12. <halshs-

00471234>. 

Hourcade, J. C., Richaels, R., & Robinson, J. (1996). Estimating the Cost of Mitigating 

Greenhouse Gases. In J. P. Bruce, H. Lee, & E. F. Haites (Eds.), Climate Change 1995: 

Economic and Social Dimensions of Climate Change. Contribution of Working Group III to 

the Second Assessment Report of the IPCC (pp. 236-296). Cambridge: University Press,. 

http://documents.worldbank.org/curated/en/800131468337793239/Energy-demand-models-

for-policy-formulation-a-comparative-study-of-energy-demand-models 

http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile 

&rep=file&fil=EC4MACS_GEM3_Methodologies_Final.pdf 

https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-

union/2020energystrategy (access: 08.01.2018) 

Hughes, M., Palmer, J., Pope, P. (2013) A Guide to The Cambridge Housing Model. 

Available from: https://www.gov.uk/government/publications/cambridge-housing-model-and-

user-guide [Accessed 3rd March 2018]. 

IEA (International Energy Agency). Spreading the Net – the Multiple Benefits of Energy 

Efficiency Improvements. OECD/IEA, Paris. 2012 

https://doi.org/10.1108/14777830810840363
https://www.bre.co.uk/page.jsp?id=3176
http://documents.worldbank.org/curated/en/800131468337793239/Energy-demand-models-for-policy-formulation-a-comparative-study-of-energy-demand-models
http://documents.worldbank.org/curated/en/800131468337793239/Energy-demand-models-for-policy-formulation-a-comparative-study-of-energy-demand-models
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile%20&rep=file&fil=EC4MACS_GEM3_Methodologies_Final.pdf
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseaction=home.showFile%20&rep=file&fil=EC4MACS_GEM3_Methodologies_Final.pdf
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/2020energystrategy
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/2020energystrategy


  

 
D2.2 Taxonomy of energy efficiency models            

                  185 

 

 

IEA. (2007). FINANCING ENERGY EFFICIENT HOMES Existing policy responses to 

financial barriers. IEA INFORMATION PAPER. OECD/IEA. 

Information Report “The Third Regular Report of the Republic of Latvia pursuant to Article 

22 of Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 

on the promotion of the use of energy from renewable sources and amending and 

subsequently repealing Directives 2001/77/EC and 2003/30/EC” 

Intergovernmental Panel for Climate Change, 2001. "Barriers, Opportunities, and Market 

Potential of Technologies and Practices (Chapter 5) in "Climate Change 2001, Mitigation". 

Cambridge, UK: Contribution of Working Group III to the Third Assessment Report of the 

Intergovernmental Panel on Climate Change 

Italy’s Third Progress Report under Directive 2009/28/EC, December 2015,  Ref. 

Ares(2016)164883 – 12/01/2016 

Jackson T. (2005) Motivating Sustainable Consumption, a review of evidence on consumer 

behaviour and behavioural change. Sustainable Development Research Network. 

Jackson, T. (2005). Motivating Sustainable Consumption, a review of evidence on 

consumer behaviour and behavioural change. Sustainable Development Research 

Network. 

Johnson, E. J., Shu, S. B., Dellaert, B. G.C., Fox, C. R., Goldstein, D. G.,  Häubl, G., 

Larrick, R. P., Payne, J. W., Peters, E., Schkade, D., Wansink, B., & Weber, E. U. (2012), 

Beyond nudges: Tools of a choice architecture, Marketing Letters, 23, 487-504. 

Jolls C., Sunstein C.R. & Thaler R.H. (2000), A behavioral Approach to Law and 

Economics, in: Sunstein, C.R. (red.) Behavioral Law and Economics, Cambridge: 

Cambridge University Press, pp. 13–58. 

Jones R., Pykett J. & Whitehead M. (2013),  Changing Behaviours. On the Rise of the 

Psychological State, Cheltenham: Edward Elgar. 

Kahneman D.  (2011), Thinking, fast and slow, New York: Farrar, Straus and Giroux. 

Kahneman D., Tversky A. (1972), Subjective probability: A judgment of representativeness, 

Cognitive Psychology, Volume 3, Issue 3, July 1972, Pages 430-454 

Kahneman D., Tversky A. (1979),  Prospect Theory: An Analysis of Decision under Risk, 

Econometrica, Vol. 47, No. 2 (Mar., 1979), pp. 263-291 

Kahneman, D. (2003), Maps of bounded rationality: Psychology for behavioral economics, 

The American Economic Review, 93, 1449-1475. 



  

 
D2.2 Taxonomy of energy efficiency models            

                  186 

 

 

Kahneman, D., Knetsch, J., & Thaler, R. (1991), Anomalies: The endowment effect, loss 

aversion, and status quo bias, Journal of Economic Perspectives, 5(1), 193-206. 

Kahneman, D., Tversky, A. (1982). The psychology of preference. Scientific American, 246, 

160-173. 

Kalafatis S. P., Pollard M., East R. & Tsogas M. H. (1999) Green marketing and Ajzen's 

theory of planned behaviour: a cross-market examination. Journal of Consumer Marketing 

16: 441 - 460. 

Kardes, F. R., Posavac, S. S., & Cronley, M. L. (2004). Consumer inference: a review of 

processes, bases, and judgment contexts. Journal of Consumer Psychology, 14(3), 230-

256. 

Katzev, R. D. & Johnson, T. R., 1987. Promoting energy conservation: An analysis of 

behavioral approaches. s.l.:Boulder, CO: Westview Press Inc. 

Kavousian A., Rajagopal R,, Fischer M., (2013) Determinants of residential electricity 

consumption: Using smart meter data to examine the effect of climate, building 

characteristics, appliance stock, and occupants’ behavior, Energy 55 (2013) Available from: 

http://dx.doi.org/10.1016/j.energy.2013.03.086  

Keramidas, K., Kitous, A., Després, J., Schmitz, A. (2017) POLES-JRC model 

documentation. EUR 28728 EN, Publications Office of the European Union, Luxembourg, 

ISBN 978-92-79-71801-4, doi:10.2760/225347, JRC107387. 

Koshman, O., & Ulyanova, O. (2014). Attitudes towards domestic energy efficiency among 

Russian consumers: factors influencing behaviour . University of Nordland. Bodo Graduate 

School of Business. 

Kott, M. (2015). Zużycie energii elektrycznej w gospodarstwach domowych dla wybranych 

krajów UE. Zeszyty Naukowe Wydziału Elektrotechniki i Automatyki Politechniki Gdańskiej 

(42). 

Lawson, R., & Williams, J. (2012). Understanding energy cultures. In conference of the 

Australian and New Zealand Marketing Academy (pp. 3-5). 

Lee, S. Y., & Seidle, R. (2012), Narcissists as consumers: The effects of perceived scarcity 

on processing of product information, Social Behavior and Personality, 40(9), 1485-1500. 

Leibenstein H. (1966), Allocative Efficiency vs. “X-Efficienct”, The American Economic 

Review, Volume 56, Issue 3, pp.392-415 

Leszczyńska, A., & Ki-Hoon, L. (2016). Źródła i bariery efektywności energetycznej polskich 

przedsiębiorstw. Annales Universitatis Mariae Curie-Skłodowska , L (3). 



  

 
D2.2 Taxonomy of energy efficiency models            

                  187 

 

 

Levin, I. P., Schneider, S. L., and  Gaeth, G. J. (1998). All frames are not created equal: A 

typology and critical analysis of framing effects. Organizational Behavior and Human 

Decision Processes, 76, 149-188. 

Loewenstein, G., O’Donoghue, T., & Rabin, M. (2003), Projection bias in predicting future 

utility, Quarterly Journal of Economics, 118(4), 1209-1248. 

Lutzenhiser, L. and B. Hackett (1993). "Social-stratification and environmental degradation 

– understanding household CO2 production" Social Problems 40(1): 50-73. 

Mai, T. et al., 2013. RE-ASSUME A Decision Maker’s Guide to Evaluating Energy 

Scenarios, Modeling, and Assumptions., s.l.: IEA-RETD RE-ASSUME 

Malko J. (2007), Zrównoważony rozwój – cele i wyzwania elektroenergetyki, [in:] A. 

Graczyk (eds.), Teoria i praktyka zrównoważonego rozwoju, EkoPress, Białystok. 

Marquez, L., McGregor, J., & Syme, M. (2012). Barriers to the Adoption of Energy 

Efficiency Measures for Existing Commercial Buildings. CSIRO. 

Martiskainen M. (2007): Affecting consumer behaviour on energy demand, Final report to 

EdF Energy, Sussex Energy Group 

Martiskainen M. (2007): Affecting consumer behaviour on energy demand, Final report to 

EdF Energy, Sussex Energy Group 

Mathis K., Steffen A. (2015), From Rational Choice to Behavioural Economies, in: 

Perspectives on Behavioural Law and  Economics, Springer International Publishing, 

Switzerland 

Mazzotta, M., and J. Opaluch. (1995),. Decision making when choices are complex: A test 

of Heiner’s hypothesis, Land Economics Vol. 71, No. 4, pp.500–15. 

Mielczarski W. (2012), Jak osiągnąć bezpieczeństwo energetyczne UE racjonalizując 

wysokość nakładów inwestycyjnych, kosztów społecznych i 

środowiskowych?, www.cire.pl (access: 9.03.2012) 

Mylona, Z., Kolokotroni, M., Tasso, S. (2017) Frozen food retail: Measuring and modelling 

energy use and space environmental systems in an operational supermarket. Energy and 

Buildings, 144, 129-143. Available from: http://dx.doi.org/10.1016/j.enbuild.2017.03.049 

National Renewable Energy Action Plan (NREAP) Ireland Third Progress Report Submitted 

under Article 22 of Directive 2009/28/EC December 2015, Ref. Ares(2016)1702602 - 

11/04/2016 

National Renewable Energy Action Plan. Austrian Progress Report 2015 within the scope of 

Directive 2009/28/EC, Federal Ministry of Science, Research and the Economy, Federal 

http://www.cire.pl/


  

 
D2.2 Taxonomy of energy efficiency models            

                  188 

 

 

Ministry of Agriculture, Forestry, the Environment and Water Management, Ref. 

Ares(2016)141325 - 11/01/2016 

Nickerson, R. S. (1998), Confirmation bias: A ubiquitous phenomenon in many guises, 

Review of General Psychology, 2, 175-220. 

Nycz-Wróbel J. (2012), Zachowania ekologiczne w gospodarstwach domowych (na 

przykładzie opinii mieszkańców woj. podkarpackiego), Zeszyty Naukowe Politechniki 

Rzeszowskiej, Zarządzanie i Marketing, nr 285. 

O’Donoghue, T., & Rabin, M. (1999), Doing it now or later. American Economic Review, 

89(1), 103-124. 

ODYSSEE – MURE: Energy Efficiency Country Profiles at: http://www.odyssee-

mure.eu/publications/profiles/, access: 01.03.2018;  

OECD, 2012. Promoting the Transition to Green Growth" in Energy, OECD Green Growth 

Studies, Paris: OECD Publishing. 

Oladokun M G., Odesola, I A., (2015) Household energy consumption and carbon 

emissions for sustainable cities – A critical review of modelling approaches,  International 

Journal of Sustainable Built Environment 4, Available from: 

http://dx.doi.org/10.1016/j.ijsbe.2015.07.005 

Oladokun, M., Odesola, I. (2015) Household energy consumption and carbon emissions for 

sustainable cities – A critical review of modelling approaches. International Journal of 

Sustainable Built Environment, 4(2), 231-247. Available from: 

https://doi.org/10.1016/j.ijsbe.2015.07.005. 

Olejniczak K., Śliwowski P. (2014) Nadchodzi rewolucja? Analizy behawioralne w 

interwencjach publicznych in: Haber Agnieszka, Olejniczak Karol (ed.) (2014) (R)ewaluacja 

2. Wiedza w działaniu, Warszawa: Polska Agencja Rozwoju Przedsiębiorczości, ss. 13-45. 

Paiho, S., & Ahvenniemi, H. (2017). Non-Technical Barriers to Energy Efficient Renovation 

of Residential Buildings and Potential Policy Instruments to overcome Them—Evidence 

from Young Russian Adults. Buildings , 7 (101). 

Palm, J., & Reindl, K. (2018). Understanding barriers to energy-efficiency renovations of 

multifamily dwellings. Energy Efficiency (11). 

Paton B. (2001), Efficiency Gains within Firms under Voluntary Environmental Initiatives, 

„Journal of Cleaner Production”, Vol. 9 

Payne V. L.,Crowley R. S. (2008), Assessing Use of Cognitive Heuristic 

Representativeness in Clinical Reasoning, AMIA Annu Symp Proc. 2008; pp. 571–575. 

http://www.odyssee-mure.eu/publications/profiles/
http://www.odyssee-mure.eu/publications/profiles/
http://dx.doi.org/10.1016/j.ijsbe.2015.07.005


  

 
D2.2 Taxonomy of energy efficiency models            

                  189 

 

 

Published online 2008. at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2656076/, 

(07.01.2018) 

Perman et al, Natural Resource and Environmental Economics, 2003 

Pluskwa-Dąbrowski, Konsument w energetyce- rzut oka w przyszłość, 2016, 

https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-

w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf.): 

Popczyk, J. (2014). Prosumenstwo- innowacja przełomowa. Energetyka cieplna i 

zawodowa (2). 

Prandecki K. (2011), Założenia zrównoważonej polityki energetycznej Unii Europejskiej, 

[in:] D. Kiełczewski (eds.), Implementacyjne aspekty wdrażania zrównoważonego rozwoju, 

Wyższa Szkoła Ekonomiczna, Białystok. 

Progress report Belgium 2013-2014, National compilation 17/12/2015 Report drawn up 

pursuant to Article 22 of Directive 2009/28/EC of the European Parliament and of the 

Council of 23 April 2009 on the promotion of the use of energy from renewable sources and 

amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC and Article 

3(3) of Directive 2001/77 of the European Parliament and of the Council of 27 September 

2001 on the promotion of electricity produced from renewable energy sources in the internal 

electricity market, Drawn up by the National/Regional Energy Consultation Group (Energie-

overleggroep Staat-Gewesten – CONCERE-ENOVER), 

Progress report Energy from renewable sources in the Netherlands 2013–2014 Directive 

2009/28/EC commissioned by the Dutch Ministry of Economic Affairs, Dutch Ministry of 

Economic Affairs, Ref. Ares(2016)360901 - 22/01/2016 

Progress Report for Slovenia under Directive 2009/28/EC, Republic of Slovenia, Ministry of 

Infrastructure, Energy Directorate  Ljubljana, 29 December 2015  Ref. Ares(2016)58157 - 

06/01/2016 

Progress Report from the Republic of Estonia to the European Commission on the 

Promotion and Use of Energy from Renewable Sources, Ministry of Economic Affairs and 

Communications, 2016 

Progress report of the Republic of Lithuania on the Promotion and Use of Renewable 

Energy Sources, 2015 

Progress report on the promotion and use of energy from renewable sources. Third report 

Pursuant to Article 22 of Directive 2009/28/EC, Ministry of Ecology, Sustainable 

Development and Energy, December 2015 

https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf
https://www.documents.clientearth.org/wp-content/uploads/library/2016-12-07-konsument-w-energetyce-rzut-oka-w-przyszlosc-ext-pl.pdf


  

 
D2.2 Taxonomy of energy efficiency models            

                  190 

 

 

Progress report under article 22 of directive 2009/28/EC on the promotion of the use of 

energy from renewable sources, Ministry for Energy and Health, December 2015, Ref. 

Ares(2015)6000024 - 22/12/2015 

Rączka, J., & Bayer, E. (2016). Jak sprawić, aby konsument poprawiał bezpieczeństwo 

systemu energetycznego i jednocześnie na tym skorzystał? Transparentność i efektywność 

ekonomcizna detalicznego rynku energii. Forum Energii. 

Rand W., R. T. Rust: Agent-Based Modelling in Marketing: Guidelines for Rigor. 

International Journal of Research in Marketing 28(3)/2011 

Reinaud J., Goldberg A. (2011), The Boardroom Perspective: How Does Energy Efficiency 

Policy Influence Decision Making in Industry?, OECD/IEA, Paris. 

Report From The Commission To The European Parliament And The Council 2017 

assessment of the progress made by Member States towards the national energy efficiency 

targets for 2020 and towards the implementation of the Energy Efficiency Directive as 

required by Article 24(3) of the Energy Efficiency Directive 2012/27/EU COM/2017/0687 

final 

Report on progress in the promotion and use of energy from renewable sources in the 

Czech Republic under Art 22 of the European Parliament and Council Directive 

2009/28/EC, on support for the use of energy from renewable sources (2013 and 2014) 

Report on progress in the promotion and use of energy from renewable sources as 

established in article 22 of the directive. 2009/28/EC Spain (2013 and 2014) 

Report on progress in the promotion and use of energy from renewable sources (in 

accordance with Article 22 of Directive 2009/28/EC), Ministry of the Economy Slovak 

Republic, Bratislava, 2015  

Report on progress in the promotion and use of renewable energy pursuant to article 22 of 

directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the 

promotion of the use of energy from renewable sources and amending and subsequently 

repealing directives. 2001/77/EC and 2003/30/EC (text with EEA relevance), republic of 

Croatia Ministry of the Economy, Zagreb, April 2016, Ref. Ares(2016)2203269 - 11/05/2016 

Report on the use of renewable energy sources in Hungary in 2013 and 2014 (Reporting by 

the Member States pursuant to Articles 18 and 22 of Directive 2009/28/EC), Ministry of 

National Development,   Budapest May 2016 

Ricardo Energy & Environment (2016) Study evaluating progress in the implementation of 

Article 7 of the Energy Efficiency Directive, Final Report, Report for DG Energy 

ENER.C3.dir(2014)3156530 



  

 
D2.2 Taxonomy of energy efficiency models            

                  191 

 

 

Ríos Fernández, J.C., Roqueñí, N. (2018) Analysis of the potential of Spanish 

supermarkets to contribute to the mitigation of climate change. Sustainable Production and 

Consumption, 12, 122-128. Available from: https://doi.org/10.1016/j.spc.2018.02.003. 

Rogosz, M., Nowacka, A., & Resek, M. (2016). Możliwości poprawy efektywności 

energetycznej w gminie Prusice. Central Europe Programme, ERDF. 

Sagan A. (2011); Modele strukturalne w analizie zachowań konsumenta – ewolucja 

podejść; Konsumpcja i Rozwój 1/2011 

Samuelson, W., & Zeckhauser, R. J. (1988). Status quo bias in decision making. Journal of 

Risk and Uncertainty, 1, 7-59.;  

Schipper L., Meyers S., Howard R.B., Steiner R. (1992).  Energy Efficiency and Human 

Activity: Past Trend, Future Prospects.  Cambridge, GB: Cambridge University Press. 

Schleich J.,, Faurea C., Klobasa M., (2017) Persistence of the effects of providing feedback 

alongside smart metering devices on household electricity demand  Energy Policy 107 

(2017) Available from: http://dx.doi.org/10.1016/j.enpol.2017.05.002 

Schmidt, S., & Weigt, H. (2013). A Review on Energy Consumption from a Socio-Economic 

Perspective: Reduction through Energy Efficiency and Beyond. FoNEW Discussion Paper 

2013/02. 

Science and Technology Policy Research, 2000. Reducing barriers to energy efficiency in 

public and private organizations, Brighton, UK 

Shah, A. K., & Oppenheimer, D. M. (2008), Heuristics made easy: An effort-reduction 

framework, Psychological Bulletin, 134(2), 207-222. 

Shepperd, J. A., Carroll, P., Grace, J., & Terry, M. (2002), Exploring the causes of 

comparative optimism, Psychologica Belgica, 42, 65-98. 

Shorrock, L. D., Dunster, J.E., (1997). The physically-based Model BREHOMES and its use 

in deriving scenarios for the energy use and carbon dioxide emissions of the UK housing 

stock. Energy Policy 25 (12), 1027–1037. Available from: https://doi.org/10.1016/S0301-

4215(97)00130-4 

Simon H.A. (1956), Rational Choice and the Structure of the Environment, Psychological 

Review, 63(2), 129–138 

Simon H.A. (1997), Administrative Behavior, 4th Edition. New York: The Free Press. 

Simon, H. (1955), A Behavioral Model of Rational Choice, The Quarterly Journal of 

Economics, Vol. 69, No. 1. (Feb., 1955), pp. 99-118. 

https://doi.org/10.1016/S0301-4215(97)00130-4
https://doi.org/10.1016/S0301-4215(97)00130-4


  

 
D2.2 Taxonomy of energy efficiency models            

                  192 

 

 

Slovic, P., Finucane, M. L., Peters, E., & MacGregor, D. G. (2002). The affect heuristic. In 

T. Gilovich, D. Griffin, & D. Kahneman (Eds.), Heuristics and biases: The psychology of 

intuitive judgment (pp. 397-420). New York: Cambridge University Press. 

Słupik, S. (2015). Challenges and barriers to sustainable energy consumption in the 

Silesian Voivodeship. Economic and Environmental Studies , 15 (3). 

Słupik, S. (2015a). Świadomy konsument energii w województwie śląskim w świetle badań 

ankietowych, Studia ekonomiczne Zeszyty Naukowe UE w Katowicach, nr 232 

Solek A. (2010), Ekonomia behawioralna a ekonomia neoklasyczna, Zeszyty Naukowe nr 

8, Polskie Towarzystwo Ekonomiczne, Kraków 

Sorrell, S. et al., 2000. Reducing Barriers to Energy Efficiency in Public and Private 

Organizations, Brighton: Energy Research Centre - Science and Technology Policy 

Research (SPRU), University of Sussex. 

Spyrou, S., Shanks, K., Cook, M., Pitcher, J., Lee, R. (2014) An empirical study of electricity 

and gas demand drivers in large food retail buildings of a national organisation. Energy and 

Buildings, 68, 172-182. Available from: http://dx.doi.org/10.1016/j.enbuild.2013.09.015. 

Stephenson, J., Barton, B., Carrington, G., Gnoth, D., Lawson, R., & Thorsnes, P. (2010). 

Energy cultures: A framework for understanding energy behaviours. Energy Policy, 38(10), 

6120-6129. 

Stern, P.C. (2000) Toward a coherent theory of environmentally significant behaviour. 

Journal of Social Issues, 56/3: 407-424 

Strecher, V. J., Seijts, G. H., Kok, G. J., Latham, G. P., Glasgow, R., DeVellis, B., 

Meertens, R. M., & Bulger, D. W. (1995), Goal setting as a strategy for health behavior 

change, Health Education Quarterly, 22, 190-200. 

Sweden’s third progress report on the development of renewable energy pursuant to Article 

22 of Directive 2009/28/EC, Ref. Ares(2015)6005648 – 22 December 2015 

Sweeney, J. C., Kresling, J., Webb, D., Soutar, G. N., & Mazzarol, T. (2013). Energy saving 

behaviours: Development of a practice-based model. Energy Policy 

Szczepaniak, K. (2014). System zarządzania energią w warunkach zrównoważonego 

rozwoju. Journal of Management and Finance , 12 (4). 

Szczygieł L. (2012), Model rynku energii elektrycznej, www.cire.pl (access:11.03.2012) 

Terry, D, M Hogg and B McKimmie 2000. Attitude-behaviour relations: The role of in-group 

norms and mode of behavioural decision-making. British Journal of Social Psychology 39, 

337-361 

http://www.cire.pl/


  

 
D2.2 Taxonomy of energy efficiency models            

                  193 

 

 

Thaler R.H., Sunstein C.R., Balz J.P. (2010).: Choice Architecture, 

https://www.sas.upenn.edu/~baron/475/choice.architecture.pdf, access 01.02.2018 

Thaler, R. H. (1999). Mental accounting matters. Journal of Behavioral Decision Making. 

12, 183-206. 

THE PRIMES BIOMASS 2012 SUPPLY MODEL E3MLAB – NTUA (2012) Coordinator: 

Prof. Pantelis CAPROS Available from: 

https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved

=0ahUKEwjEvcb7y_DYAhUHfiwKHbmxBXwQFggoMAA&url=https%3A%2F%2Fec.europa.

eu%2Fclima%2Fsites%2Fclima%2Ffiles%2Fstrategies%2Fanalysis%2Fmodels%2Fdocs%

2Fprimes_biomass_supply_en.pdf&usg=AOvVaw0CS1ihC_U_NomV4odTAq6a 

The progress report of Romania with regard to promoting and using energy from renewable 

sources, in accordance with article 22 of directive 2009/28/EC, Ref. Ares(2016)33227 - 

05/01/2016 

Third national report on Bulgaria's progress in the promotion and use of energy from 

renewable sources. Drafted in accordance with Article 22(1) of Directive 2009/28/EC on the 

promotion of the use of energy from renewable sources and in accordance with the 

Template for Member State progress reports under Directive 2009/28/EC, Republic of 

Bulgaria Ministry of Energy December 2015, Ref. Ares(2016)32682 - 05/01/2016 

Third progress report (2013-2014) Submitted pursuant to Article 22 of Directive 2009/28/EC 

National Renewable Energy Action Plan (NREAP), Directorate-General for Energy and 

Geology, Portugal 

Third Progress Report on the Promotion and Use of Energy from Renewable Sources for 

the United Kingdom, Article 22 of the Renewable Energy Directive 

Third Progress Report on the Promotion and Use of Energy from Renewable Sources in 

Greece. Submitted under Article 22 of Directive 2009/28/EC, Ministry of Environment and 

Energy, 2016 

Third Progress Report under Article 22 of Directive 2009/28/EC on the promotion of the use 

of energy from renewable sources, Grand Duchy of Luxembourg 

Thollander, P. & Ottosson, M., 2008. An energy efficient Swedish pulp and paper industry – 

exploring barriers to and driving forces for cost-effective energy efficiency investments. 

Energy Efficiency, Volume I (1), pp. 21-34. 

Thollander, P., Palm, J. & Rohdin, P., 2010. Categorizing barriers to energy efficiency – an 

interdisciplinary perspective. In: J. Palm, Hrsg. Energy Efficiency. s.l.:Sciyo, pp. 143-156. 

Tomer J.F. (2007), What Is Behavioral Economics?, The Journal of Socio-Economics, nr 

36, s. 463–479. 

https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjEvcb7y_DYAhUHfiwKHbmxBXwQFggoMAA&url=https%3A%2F%2Fec.europa.eu%2Fclima%2Fsites%2Fclima%2Ffiles%2Fstrategies%2Fanalysis%2Fmodels%2Fdocs%2Fprimes_biomass_supply_en.pdf&usg=AOvVaw0CS1ihC_U_NomV4odTAq6a
https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjEvcb7y_DYAhUHfiwKHbmxBXwQFggoMAA&url=https%3A%2F%2Fec.europa.eu%2Fclima%2Fsites%2Fclima%2Ffiles%2Fstrategies%2Fanalysis%2Fmodels%2Fdocs%2Fprimes_biomass_supply_en.pdf&usg=AOvVaw0CS1ihC_U_NomV4odTAq6a
https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjEvcb7y_DYAhUHfiwKHbmxBXwQFggoMAA&url=https%3A%2F%2Fec.europa.eu%2Fclima%2Fsites%2Fclima%2Ffiles%2Fstrategies%2Fanalysis%2Fmodels%2Fdocs%2Fprimes_biomass_supply_en.pdf&usg=AOvVaw0CS1ihC_U_NomV4odTAq6a
https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjEvcb7y_DYAhUHfiwKHbmxBXwQFggoMAA&url=https%3A%2F%2Fec.europa.eu%2Fclima%2Fsites%2Fclima%2Ffiles%2Fstrategies%2Fanalysis%2Fmodels%2Fdocs%2Fprimes_biomass_supply_en.pdf&usg=AOvVaw0CS1ihC_U_NomV4odTAq6a


  

 
D2.2 Taxonomy of energy efficiency models            

                  194 

 

 

Triandis, H., 1977. Interpersonal behaviour. Monterey, CA: Brookds/Cole   

Trianni, A., Cagno, E., Worrell, E. & Pugliese, G., 2013. Empirical investigation of energy 

efficiency barriers in Italian manufacturing SMEs. Energy, Volume 49, pp. 444-458. 

Tversky A, Kahneman D. (1974), Judgment under Uncertainty: Heuristics and Biases, 

Science  27, Vol. 185, Issue 4157, pp. 1124-1131 

van Beeck, N. (1999). Classification of Energy Models. (FEW Research Memorandum , 

777. 

Van Vliet, B. (2002), Greening the grid – The ecological modernisation of network-bound 

systems, PhD-Thesis Wageningen University 

Verbruggen, A. et al., 2010. Renewable energy costs, potentials, barriers: Conceptual 

issues. Energy Policy, Issue 38, p. 850–61. 

Vogel, J., Lundqvist, P., & Arias, J. (2015). Categorizing barriers to energy efficiency in 

buildings. Energy Procedia (75). 

Vujošević, M., Krstić-Furundžić, A. (2017) The influence of atrium on energy performance of 

hotel building. Energy and Buildings, 156, 140-150. Available from: 

https://doi.org/10.1016/j.enbuild.2017.09.068. 

Wawrzyniak A. (2015); Modelowanie wieloagentowe jako narzędzie do badania 

zachowania konsumentów; Polityki Eruopejskie. Finanse i Marketing 14(63) 

Weber, C. and Perrels, A. (2000) Modelling lifestyle effects on energy demand and related 

emissions. Energy Policy (2000) Nr. 28, S. 549-566. 

Węglarz, A., Gilewski, P., & Wierzchołowska, A. (2016). Ekspertyza dotycząca analizy 

usług energetycznych w Polsce. Krajowa Agencja Poszanowania Eneergii (KAPE SA). 

Wei, Y. M., L. C. Liu, et al. (2007). The impact of lifestyle on energy use and CO2 emission: 

An empirical analysis of China's residents. Energy Policy 35(1): 247-257 

Whitehead M., Jones R., Lilley R., Pykett J., Howell R. (2017), Neuroliberalism. Behavioural 

Govement in the Twenty – First Century, Routledge 

Wilson, C., & Dowlatabadi, H. (2007). Models of Decision Making and Residential Energy 

Use. Annual Review of Environment and Resources , 32, strony 169-203. 

Worrell, E. (2011). Barriers to energy efficiency: International case studies on successful 

barrier removal. Working paper 14/2011. Vienna: United Nations Industrial Development 

Organization. 



  

 
D2.2 Taxonomy of energy efficiency models            

                  195 

 

 

Zlatanović, I., Gligorević, K., Ivanović, S., Rudonja, N. (2011) Energy-saving estimation 

model for hypermarket HVAC systems applications. Energy and Buildings, 43, 3353-3359. 

Available from: doi:10.1016/j.enbuild.2011.08.035. 


