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Executive summary 

The overall quantification and monetisation concept lays the foundation for 
the actual quantification and monetisation of multiple impacts (MI) in 
MICAT and the online quantification tool (MICATool). The document is 
structured in three main sections: 

1. Overarching conceptual quantification framework  
2. Overview of impact indicators quantified and monetised in MICAT 
3. Methodological challenges 

 

Overarching conceptual quantification framework  

The conceptual quantification framework can be characterised as follows: It 
will allow for (I) an ex-ante quantification of future MI for various scenarios 
at three governance levels (EU, national and local); (II) an ex-post 
evaluation of already achieved MI; and (III) the assessment of MI for input 
data entered by tool users (open data entry into the tool). Moreover, a 
differentiation between top-down and bottom-up analyses is made. Due to 
the high flexibility required in MICAT, MI will be quantified based on 
impacts factors/functions that are directly linked to specific input 
parameters of the scenarios, policy evaluations or Energy Efficiency 
Improvement (EEI) actions. The quantification chain for MI in MICAT – 
from the input data to impact quantification, monetisation, aggregation and 
Cost-Benefit Analysis is illustrated in this section of the report. 

The quantification of MI relies on a range of input data from scenario 
studies and policy impact evaluations such as energy savings, investment 
costs and energy prices. The specific data requirements of the individual 
indicators are thus specified. Furthermore, the report suggests time 
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horizons for the impact quantification with regard to the scenarios at the 
different governance levels assessed. It also discusses aspects related to 
baseline definition since MICAT aims at quantifying the additional MI of 
energy efficiency compared to a situation without or with less ambitious 
policy intervention. The chapter closes with a discussion of the 
requirements the impacts factors or functions need to fulfil in order to allow 
a flexible calculation of the indicators for the various use cases.  

Overview of impact indicators quantified and monetised in 
MICAT 

The chapter presents the different indicators that will be analysed within 
MICAT in the three overarching categories of social, economic and 
environmental impacts and briefly introduces the indicator-specific 
quantification and monetisation methods used. Due to the different types of 
impacts quantified in MICAT, also different quantification and 
monetisation methodologies are applied. The impact factors are either 
rooted in an empirical basis derived from literature and previous research 
or based on specialised modelling. Monetisation of impacts can either be 
implemented by applying post-quantification monetisation factors, e.g., 
monetising disability-adjusted life years (DALY) by value of a life-year 
(VOLY) or as an integrated monetisation calculation in the models used. 

Methodological challenges 

The high flexibility requirement of the MICAT online tool results in various 
methodological challenges that are common for several impacts. Selected 
challenges in terms of data availability and data gaps, context dependency 
and non-linearities of impacts are discussed in the last section of the report. 
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Summary of MICAT 

The Horizon 2020 Research and Innovation project, "MICAT – Multiple 
Impacts Calculation Tool", aims to develop a comprehensive approach and 
user-friendly online tool to estimate the Multiple Impacts of energy 
efficiency measures. There is still significant potential to improve energy 
efficiency in all sectors and levels where efficiency measures can be applied. 
Facing the often cited “energy efficiency gap”, even the economic potentials 
are not fully exploited. Highlighting and quantifying the additional values 
of energy efficiency measures and linked investments considering the 
multiple non-energy impacts (economic, social and environmental impacts) 
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could help to close this gap and facilitate energy-relevant decisions and 
policy-making. 

MICAT will enable analyses at three different governance levels (local, 
national and EU) to address a broad target group of decision makers and 
other interested actors. This allows simplified analyses to be carried out on 
the basis of different data and policy scenarios in order to compare and 
assess the relevance of the Multiple Impacts for different measures / policy 
options. The project will establish a sound scientific empirical basis for 
monitoring Multiple Impacts and provide a publicly available and user-
friendly online tool (MICATool), which shall be developed in a co-creational 
manner with stakeholders from the different governance levels. The 
national and local cases for monitoring Multiple Impacts of Energy 
Efficiency will be developed further in a broad stakeholder and 
dissemination approach to set a standard for future reporting on Multiple 
Impacts of Energy Efficiency. 

Summary of MICAT’s objectives 

The main objective of the MICAT project is to link science, policy and 
stakeholders in the field of Multiple Impacts of energy efficiency. MICAT 
shall: 

• improve scientific knowledge and provide a set of methods to 
analyse Multiple Impacts of energy efficiency measures; 

• develop a comprehensive approach and online tool for estimating 
Multiple Impacts of Energy Efficiency; 

• allow facilitated assessments of core policy scenarios and specific 
policies at EU, national and local levels estimating the outcomes 
of Multiple Impacts; 
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• establish a culture of underlining the importance and assessment 
of Multiple Impacts in connection with scenario approaches and 
policy evaluations on EU, national and local level. 

MICAT Consortium Partners 

Organisation Type Country 

Fraunhofer ISI Research institute Germany 

IEECP Research institute The Netherlands 

Wuppertal Institute for 
Climate, Environment and 
Energy 

Research institute Germany 

WiseEuropa Think-tank Poland 

E3M Private consulting company Greece 

IIASA Research institute Austria 

ICLEI European Secretariat Association of local governments in Europe Germany 
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1. Introduction and overview 

1.1 General overview of activities in MICAT 

The MICAT project aims to develop a comprehensive approach to estimate 
Multiple Impacts of Energy Efficiency (MI) by providing a publicly 
available, easy to use and scientifically sound online tool (MICATool), to 
enable holistic analyses of MI at the European, national and local level. The 
main target groups of the tool are policy makers, regulators and evaluators 
on the different governance levels seeking to make informed decisions on 
future activities or evaluate ongoing or terminated policies or programmes. 
It builds on the work of previous projects with a comparable scope of MI: 
COMBI and ODYSSEE-MURE's MB:EE.  

• COMBI (Calculating and Operationalising the Multiple Benefits 
of Energy Efficiency) quantified five key types of multiple benefits 
(health, resource, social welfare, macroeconomic impacts, and 
energy security) of energy efficiency in Europe. This project has 
comprehensive data on direct costs and direct and indirect 
benefits of energy efficiency improvement actions in the 
residential, commercial, industry and transport sectors.  

• The ODYSSEE-MURE (MB:EE) - Tool was developed as part of 
the ODYSSEE-MURE project and represents a quantitative 
indicator approach to measure multiple benefits of energy 
efficiency (MB-EE). These are classified into three groups: 
environmental, economic, and social-related MBs. 
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TABLE 1: MAIN FEATURES OF THE COMBI AND ODYSSEE-MURE (MB:EE) PROJECTS 

Term COMBI MB:EE 
Country coverage 28 EU member states 28 EU member states (some 

indicators only partially covered) 
Level of analysis National National 
Evaluation horizon Ex-ante (2030 impacts) Ex-post 
Input data Bottom-up model Bottom-up/top-down 
Quantification approach and 
reliability 

Specialised model runs on input 
data > reliable results, but only for 
defined scenarios 

Impact factor approach (for some 
impacts backed by modelling) > 
less reliable results but scalability 
and replicability. Rapidly 
adaptable to progress in data 
availability 

Monetisation For majority of impacts For selected impacts 
Aggregation & CBA Inclusion of majority of impacts in 

CBA 
– 

Online tool Complex 
Physical, monetary, aggregated 
impacts 
Country & impact selection 
Sensitivities 

User-friendly, transparent 
Only quantified impacts 

 

The results to be obtained within the MICAT project rely on efficient data 
collection from several sources, which allows to assess the relevance of the 
MI in order to:  

• compare and assess the relevance of the MI 

• set a sound scientific empirical basis for monitoring MI; 

• provide a publicly available and easy to use online tool 
(MICATool); 

• set a standard for future reporting on MI of energy efficiency. 

The online tool developed in MICAT will go beyond the approaches of 
the COMBI and MB:EE projects by combining their findings into one 
tool that covers an even wider range of MI and also both ex-ante and ex-
post calculations. It will also take advantage of other related specialised 
modelling, like GAINS (IIASA) and PRIMES and GEM-E3 (E3M). 
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Furthermore, MICAT will carry out robust analyses based on different 
policy scenarios in order to compare and assess the relevance of the MI 
at the three governance levels (EU, national, local). A meaningful, 
repeated involvement of stakeholders at different stages of the tool’s 
development and on each of the three levels shall ensure the quality as 
well as the transferability and applicability of the tool across the EU. The 
aim is to establish the MICATool as a semi-standard tool for evaluating 
energy efficiency policies with respect to their non-energy impacts. 
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1.2 Important terms used in MICAT 

TABLE 2: IMPORTANT TERMS USED IN MICAT 

Term Abbreviation Definition/Description Source 
Energy 
efficiency 

EE "a ratio between an output of performance, 
service, goods or energy, and an input of energy" 

EED 

Energy 
efficiency 
improvement 

EEI "an increase in energy end-use efficiency as a 
result of technological, behavioural and/or 
economic changes" 

EED 

Policy measure PM "a regulatory, financial, fiscal, voluntary or 
information provision instrument formally 
established and implemented in a Member State 
to create a supportive framework, requirement or 
incentive for market actors to provide and 
purchase energy services and to undertake other 
energy efficiency improvement measures." 

EED 

Multiple Impacts MI All energy efficiency impacts (benefits and costs) 
except direct energy savings and energy cost 
savings 

MICAT 

Ex-post EP Evaluation of an already achieved impact in the 
past 

MICAT 

Ex-ante EA Evaluation of an expected impact in the future MICAT 
Top-down TD • Focus on the overall picture of an 

impact on the macro level 
• Takes into account overarching 

influences (fuel prices, CO2 price, 
economic growth) 

• Based on savings derived from 
statistics/modelling 

• Includes autonomous savings 

MICAT 

Bottom-up BU • Focus on the impacts of individual 
policy measures 

• Direct impact relationship between 
policy measure and impact 

• Only limited consideration of policy 
interactions possible 

• Based on energy savings (and 
investments) derived from e.g., policy 
evaluations 

MICAT 

Impact 
factor/function 

IF • Impact factors or functions will be 
developed for each MI indicator and 
applied to input data from scenarios and 
PM as well as external data sources in 
order to quantify the MI  

MICAT 

Source: Most definitions of terms are taken from the EU Energy Efficiency Directive (EED, 2012/27/EU), others specified by MICAT 
project partners. 
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1.3 Overall conceptual approach of the MICAT project 

The conceptual framework is the starting point of the MICAT project 
(Figure 1), where the main impacts are categorised and approaches for their 
calculation and data requirements are developed. In order to provide a 
sound scientific foundation for the analysis, the conceptual framework will 
be rooted in a strong empirical basis, verified as far as possible by detailed 
modelling.  

 

FIGURE 1: CONCEPTUAL APPROACH OF THE MICAT PROJECT 

Data from scenario modelling and quantified impacts of policies, from the 
local, national and EU levels are fed into the concept in order to quantify 
(and monetise and/or aggregate) the impacts of interest in an iterative 
process within the conceptualisation of the framework. The experience and 
requirements of stakeholders are taken into account to improve this process 
and to guarantee the practical relevance of outcomes. The results of 
quantification and monetisation of MI are generated in the back end (i.e., 
the data access and functionality layer), where the Application 
Programming Interface (API)) is also located. Stakeholders can access the 
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quantified MI of energy efficiency via the front end (i.e., the presentation 
layer), where the Cost-Benefit Analysis (CBA) is also implemented. 
Researchers can make directly make use of the raw results and include them 
in models by tapping the API. 

1.4 Purpose and scope of this document 

This document shows the conceptual framework of MICAT for the 
assessment of Multiple Impacts of EE. It builds closely on previous 
conceptual work done in the two preceding H2020 projects COMBI and 
ODYSSEE-MURE (MB:EE), synthesising knowledge and drawing on 
methodological approaches. The document is structured as follows: 
Section 2 outlines the overarching conceptual quantification concept 
laying the foundation for the actual quantification and monetisation of 
MI and the online quantification tool (MICATool). It also shows the 
various dimensions according to which the indicators can in principle 
be quantified, explains the input data requirements from scenario 
studies and policy impact evaluations and suggests time horizons for the 
impact quantification. It also discusses aspects related to baseline 
definition and additionality of impacts and introduces the topic of 
impact monetisation. Section 2 closes with a discussion of impact 
factors and functions that will have to be derived in order to quantify 
the different impact indicators. Section 3 introduces the different 
indicators that will be analysed within MICAT in the three overarching 
categories of social, economic and environmental impacts and briefly 
discusses the indicator-specific quantification and monetisation 
methods used. Finally, Section 4 discusses selected evaluation 
challenges in terms of data availability and data gaps, context 
dependency and non-linearities of impacts. 
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2. Overarching conceptual quantification framework  

2.1 Methodological concept for the quantification of multiple 
impacts in MICAT 

Background 

The overarching conceptual quantification concept lays the foundation for 
the actual quantification and monetisation of Multiple Impacts (MI) in WP3 
and for the online tool to be developed in WP4. More specifically, it defines 
the quantification chain from input data to outputs in the form of quantified 
and monetised MI. The aggregation of MI and cost-benefit analysis (CBA) 
will be discussed separately in Task 2.2. The respective quantification 
methodologies and empirical basis, i.e., impact factors/functions for the 
various indicators, will be developed in Tasks 2.3-2.5. 

Overarching conceptual quantification and monetisation concept 

The concept is illustrated in Figure 2. It will allow for (I) an ex-ante 
quantification of future MI for various scenarios at the three governance 
levels (e.g., EU-level with the PRIMES model, national projections used in 
the framework of National Energy and Climate Plans (NECPs), local level 
scenarios); (II) an ex-post evaluation of already achieved MI; and (III) the 
assessment of MI for input data entered by tool users (open data entry into 
the tool).  

Due to the high flexibility required in MICAT, MI will be quantified based 
on impacts factors/functions that are directly linked to specific input 
parameters (such as energy savings) of the respective scenarios or policy 
evaluations. MICAT will thus bring together the mutual strengths from the 
COMBI and ODYSSEE-MURE (MB:EE) projects while aiming to avoid 
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weaknesses of each. The calculation of results is implemented in the 
MICATool’s back end (i.e., the data access and functionality layer), also 
hosting the Application Programming Interface (API). Meanwhile, the front 
end (i.e., the presentation layer) represents the exterior of the online tool 
that can be used by actors and stakeholders to easily and accessibly quantify 
and monetise MI of energy efficiency. 

 

FIGURE 2: METHODOLOGICAL CONCEPT FOR A QUANTIFICATION CHAIN FOR MI FROM THE INPUT DATA TO IMPACT 
QUANTIFICATION, MONETISATION AND THE AGGREGATION AND/OR COST-BENEFIT ANALYSIS 

Figure 3 shows the complete quantification chain for MI in MICAT – from 
the input data to impact quantification, monetisation, aggregation and CBA. 
First, input data such as energy savings, investments, or stock data of 
technologies will be obtained from scenarios and policy measures (WP3) at 
different levels of disaggregation (e.g., by country, energy carrier, sector 
and/or end-use). In parallel, impact factors/functions will be developed 
based on own modelling and/or literature in Tasks 2.3-2.5 for all MI 
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indicators. In a first step, the MI will be derived in physical units (e.g., tons 
of GHG emissions reduced or number of additional job years). In order to 
aggregate impacts with different units, compare their magnitude, and 
integrate them into CBA, physical units have to be converted afterwards into 
a monetary value.1 The specific monetisation method for each indicator will 
be separately developed in Tasks 2.3-2.5 by the responsible partners. The 
objective is to monetise as many MI as possible in MICAT. The final step is 
aggregation of monetised impacts and performing a CBA in the MICATool 
by including the MI in monetary values. This step is challenging since 
interactions/overlaps of different impacts will have to be accounted for and 
a double-counting of impacts avoided. Otherwise, the aggregate outcome 
and cost-effectiveness will be over- or underestimated. It is envisaged that 
different indicators will be available in the MICATool for aggregating the MI 
including total monetised value of MI, various CBA indicators (e.g., net 
present value, levelised costs of saved energy, cost-benefit ratio) and 
marginal abatement cost curves. 

 

 
1 For some impacts such as health-related benefits monetisation is controversial 
(e.g., valuation of life-years) or methods have flaws, why monetisation is be 
challenging for some impacts. 
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FIGURE 3: QUANTIFICATION CHAIN FOR MI IN MICAT 

 

FIGURE 4: EXEMPLARY QUANTIFICATION CHAIN FOR GHG EMISSION REDUCTION 
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MICAT will develop a comprehensive and flexible approach to evaluate the 
MI of energy efficiency to address the needs of a broad target group on 
different governance levels. For this reason, MI will be quantified for 
different dimensions, i.e., (I) ex-ante and ex-post, (II) top-down and 
bottom-up and (III) for the different governance levels (see Figure 5). For 
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which dimension a specific indicator will be quantified depends on the 
specific stakeholder needs, data availability and the method/model applied. 

 

FIGURE 5: DIMENSIONS OF INDICATORS IN MICAT 

Governance levels 

The conceptual design of MICAT will enable analyses at three different 
governance levels (local, national and EU).  

At the EU level, the focus will be on scenarios provided by the PRIMES 
model built and operated by the project partner E3M. The model is run for 
each Member State (with the whole EU as an aggregate) and provides details 
on sectors, fuels, and end-uses as required for a full analysis of MI. In 
addition, the model is already well linked with the models GEM-E3 and 
GAINS, which will be used for the evaluation of a number of indicators. 
PRIMES is also capable of providing details on a number of important 
policies at the European level, in order to allow for a bottom-up analysis of 
MI. The objective in MICAT is to carry out the MI analysis on the most 
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recent scenarios for PRIMES published in 2021. Particularly relevant for 
MICAT is the EU Reference Scenario 2020, which represents [“…an 
informed, internally consistent, and policy relevant projection on the 
future developments of the EU energy system, transport system and 
greenhouse gas GHG emissions that acts as a benchmark for new policy 
initiatives. It reflects policies and market trends used by policymakers as 
baseline for the design of policies that can bridge the gap between where 
EU energy and climate policy stands today and where it aims to be in the 
medium- and long-term, notably in 2030 and 2050.”] (Capros et al. 2022). 
The aim is to make the outcomes as useful as possible for current EU policy 
making and feed them e.g., into Impact Assessments of revised EU 
Directives (such as the EED or EPBD) or other EU policy analyses.  

At the national level, the focus is on scenarios and policy impact 
evaluations in relation to the National Energy and Climate Plans (NECPs) 
in three countries (Germany, Poland, Italy). Although PRIMES provides 
input data at national level, for the MICAT country case studies, the focus 
will be on the models used by national stakeholders at the policy level in 
order to interact as closely as possible with them on their national 
approaches and national models, and how MI can be evaluated in this 
context. Detailed data in relation to the NECPs and relevant policy measures 
at the national level will be provided by the following institutions: 

• Germany: PROGNOS AG 

• Poland: WiseEuropa 

• Italy: Ricerca Sistema Energetico (RSE) 
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At the local level, MICAT project partners have selected through an Open 
Call for Services the following three municipalities in Spain and Estonia as 
“MICATool Pilot Cities”.  

• Tartu City, Estonia 

• Municipality of Calvià, Mallorca, Spain 

• Vitoria-Gasteiz, Spain 

The three cities expressed interest in the MICAT approach and its use at 
local level, and will provide a reasonable amount of data on local 
scenarios/policies. The indicators to be quantified for each of the cities will 
be selected based on their particular interest (e.g., reporting obligations, 
relevance in their SECAP, usefulness for communication purposes, etc.) and 
data availability on local level. 

Top-down and bottom-up analysis 

In MICAT impacts will be quantified both top-down and bottom-up. Top-
down analysis focuses on the overall picture of impacts achieved and refers 
to the scenarios analysed. It takes into account structural effects, 
overarching influences (fuel prices, CO2 price, economic growth), 
autonomous energy savings and considers policy interactions. The 
quantifications are based on input data such as energy savings, investments, 
energy prices, technology stocks etc. derived from statistics and/or 
modelling. Bottom-up analysis focuses on the characteristics and impacts of 
individual policy measures or the induced EEI actions respectively. For a 
provisional overview of the evaluated EEI actions in MICAT, see Table 3. 
The aim is to assess the direct impact relationship between policy measure 
and impacts achieved. Only a limited consideration of external influences 
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and policy interactions is possible in bottom-up analysis (e.g., ex-post 
correction applying adjustment factors). 

TABLE 3: PROVISIONAL LIST OF EEI ACTIONS EVALUATED IN MICAT 

EEI actions defined for MICAT 
Households 

Construction of new EE dwellings and building retrofitting (windows, insulation, etc) 
Heating fuel switch (DH) 
Energy-efficient heating (Boilers, pipe insulation, heaters) 
Electric appliances (wet & cold appliances, electric AC, lighting, consumer electronics) 
Lighting 
Behavioural changes (temperature changes) 

Commercial / Public / Industrial buildings 
Construction of new EE buildings and building retrofitting (windows, insulation, etc) 
Heating fuel switch (DH) 
Energy-efficient heating (Boilers, DH, pipe insulation, heaters) 
Electric appliances (wet & cold appliances, electric AC, lighting, consumer electronics) 
Lighting 
Organisational / behavioural changes (temperature changes) 

Agriculture 
Process-specific savings (incl. waste-heat recovery) 
Fuel switch in existing processes (change in machinery, not in process) 

Transport 
Consumption reduction of vehicles (low-resistance tyres, side-boards on trucks, etc) 
Modal shift (Freight/passenger) 
Behavioural / driving changes (e.g., due to speed limits) 
Efficient vehicles 
Fuel additives 

Industry 
Energy-efficient electric cross-cutting technologies 
Process-specific savings (incl. waste-heat recovery) 

• Iron & steel 
• Chemical & petrochemical 
• Non-ferrous metals 
• Non-metallic minerals 
• Transport equipment 
• Machinery 
• Mining & quarrying 
• Food, beverages & tobacco 
• Paper, pulp & printing 
• Wood & wood products 
• Construction 
• Textile & leather 
• Not elsewhere specified (industry) 

Process change (fundamental changes to 
processes, e.g., blast furnaces, gas to hydrogen) 

Fuel switch in existing processes (change in 
machinery, not in process) 

Process-specific savings (incl. waste-heat recovery) 
 

Source: own elaboration 

Ex-post and ex-ante evaluation 

In MICAT, impacts will furthermore be quantified both ex-post and ex-ante. 
Ex-post refers to the evaluation (both top-down or bottom up) of already 
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achieved impacts of policies or programmes in the past. Ex-ante refers to 
the assessment (top-down or bottom up) of impacts that will likely be 
achieved in the future (scenarios or future policies). Reasonable 
assumptions thus have to be taken and some kind of modelling of future 
impacts is required. 

2.3 Input data requirements 

The quantification of MI relies on input data from scenario studies and 
policy impact evaluations such as energy savings, investment costs, energy 
prices, renovation rates, stock data of technologies, etc. Input data is 
required at different levels of disaggregation, e.g., by country, sector, EEI 
action, or energy carrier. The specific data requirements and levels of 
disaggregation vary for the different indicators. 

In order to assess, which input data will exactly be needed for the impact 
quantifications, project partners have indicated data needs and the required 
level of disaggregation for each indicator at the three governance levels in a 
spreadsheet. This overview will be the basis for data provision from 
PRIMES on EU-level and indicator selection and check for data availability 
on national and local level. It will also be the basis to identify missing data 
that may be gathered from external sources or replaced by reasonable 
assumptions/expert estimates and for streamlining assumptions across 
different quantification approaches. Table 4 summarises the provisional 
input data requirements for quantification of the MI indicators. 
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TABLE 4: PROVISIONAL INPUT DATA REQUIREMENTS FOR MI QUANTIFICATION IN MICAT 

Data series Disaggregation [total, sectoral, 
end-use, EEI action, energy 
carrier, ...] 

Indicator category 
[Environmental, 
Economic, Social] 

Final energy savings by sector; end-use; EEI 
action/technology; energy carrier 

Environmental, 
Economic, Social 

Investments by sector; end-use; EEI action Economic 

Employment (per GVA) by sector Economic 
GDP by country Economic 

GVA per sector by sector  Economic 
GVA per sub-sector by sector Economic 

Production statistics by goods 
classification 

by technology Economic 

Patent statistics by patent class by technology Economic 

Share of end-uses in final energy 
consumption 

by end-use; energy carrier  Economic 

Demand response potentials by country; (sector) Economic 

Energy imports (net and gross) by country; energy carrier Economic 
Energy suppliers (countries EU/non-
EU) 

by country; energy carrier Economic 

Foreign trade statistics (energy 
efficiency products) 

by country Economic 

Share of savings from building 
insulation and efficient heating systems 

by sector Economic 

Investments in building insulation / 
installation of insulation  

by country; sector Economic 

Investments in efficient heating 
technology 

by country; sector  Economic 

Share of different types of renovations 
(compared to the building stock) 

by country; residential building 
sector 

Social  

Final energy savings from additional 
EEI actions 

by country Social  

Number of additional EEI actions by country Social 
Number of additional EEI actions by country; type (incl. technical 

specifications); size 
Environmental 

Source: Own elaboration  

2.4 Time horizon in MICAT 

For an ex-ante assessment of the MI, a time horizon/target year has to be 
defined, i.e. the methodology, concepts and impact factors developed have 
to be applied to concrete scenarios (top-down) and policies (bottom-up) 
with a view to a specific time horizon or target year in the future.  
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Target years of scenarios 

At EU level a strong focus will be on 2030 as the major target year for the 
present EU energy and climate policy framework (2030 is the target year of 
the present National energy and climate plans (NECPs)). Moreover, 2030 is 
also the target year for specific EU-related policy packages: in particular, the 
Energy Efficiency Directive EED, the Energy Performance of Buildings 
Directive EPBD, the Ecodesign and Labelling Directive, the CO2 Standards 
for cars etc. Another target year at EU level will be 2050, since the European 
Commission has submitted within the framework of the Paris Agreement in 
November 2018, a strategy for a climate neutral economy by 20502. This EU 
long-term strategy provides a cost-efficient trajectory towards the 
attainment of the target of net-zero emissions adopted in the Paris 
Agreement. The objective of MICAT is therefore also to assess the MI of 
energy efficiency from the decarbonization scenarios in the EU for the 
period 2020-2050, notably the scenarios based on PRIMES with the 
involvement of E3M who runs the corresponding scenarios for DG ENER 
(with an intermittent period of 2020-2030 and 2030-2050 for the longer 
timeframe). 

 
2 https://ec.europa.eu/clima/policies/strategies/2050_en 
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On national level (Germany, Poland, Italy), MICAT will focus on 2030 as 
target year since scenarios and policy impact evaluations in relation to the 
National Energy and Climate Plans (NECPs) will be assessed. EU countries 
have to develop a 10-year NECP for the period 2021 to 2030.3  

 
3 https://ec.europa.eu/energy/topics/energy-strategy/national-energy-climate-
plans_en 

Key features of PRIMES (Price-Induced Market Equilibrium System) 

The PRIMES model is an EU energy system model which simulates energy 
consumption and the energy supply system. It is a partial equilibrium modelling 
system that simulates an energy market equilibrium in the European Union and each 
of its Member States. This includes consistent EU carbon price trajectories.1 PRIMES 
combines micro-economic foundations of the behavioural modelling with an 
engineering and energy system approach covering all energy sectors and markets. 
PRIMES is particularly suitable for policy impact assessments related to energy 
markets and climate. It handles multiple policy objectives, such as GHG emissions 
reductions, energy efficiency and renewable energy targets and provides pan-
European simulation of internal markets for electricity and gas. For the assessment 
of non-CO2 gases and air quality, IIASA’s GAINS model is directly linked to PRIMES, 
for the projection of macroeconomic developments the GEM-E3 model. Together 
these allow to perform an energy-economy-environment policy analysis in a closed 
loop.2 PRIMES is used to model the energy, transport and GHG emission projections 
in the EU Reference Scenario 20203 and in the three core scenarios REG, MIX and 
MIX-CP for delivering the European Green Deal4. 

Sources: 

1 https://ec.europa.eu/clima/eu-action/climate-strategies-targets/economic-analysis/modelling-tools-eu-analysis_en 
2 https://e3modelling.com/modelling-tools/primes/ 

3 https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en 
4 https://energy.ec.europa.eu/data-and-analysis/energy-modelling/policy-scenarios-delivering-european-green-deal_en 
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On local level, the target year/time horizon will depend on the specific 
climate neutrality strategies, energy efficiency scenarios or policy measures 
analysed for the three pilot cities. They will be discussed and selected in 
local level workshops involving a wide range of stakeholders, such as policy 
makers, citizen groups, market players, and technical experts on all 
governance levels. Ideally, a focus on the local level would be on the analysis 
of MI of long-term strategies or policy measures developed in the 
framework of Sustainable Energy and Climate Action Plans (SECAPs) by the 
cities. SECAPs contain a Baseline CO2 Emission Inventory referring to a 
specific base year, an emissions reduction target of at least 40% of CO2 
emissions by the year 2030, a clear description of the mitigation actions 
planned to achieve the target, and commitments by local authorities for the 
year 2030 (cf. Bertoldi et al. 2018). Thus, when strategies or measures are 
analysed for the cities within the framework of SECAPs in MICAT, 2030 
would also be set as the target year.  

National Energy and Climate Plans (NECPs) 

NECPs are integrated mid-term (10-year) planning tools that Member States have to 
develop to achieve the EU 2030 energy and climate targets. They describe how each 
EU Member State intends to contribute to the achievement of the common objectives 
of the Energy Union in terms of energy efficiency, renewables, greenhouse gas 
emissions reductions, interconnections, and research and innovation. For each 
dimension, Member States must specify targets, objectives and/or contributions as 
well as policies and measures to achieve the national targets. 

Sources: 
https://ec.europa.eu/commission/presscorner/detail/en/MEMO_19_2997 

https://ec.europa.eu/info/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-
governance-and-reporting/national-energy-and-climate-plans_en 
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Annual vs. cumulative values – quantification options and tool outputs  

In principle, there are different options for displaying outcomes in the 
MICATool:  

• Target years vs. trajectories 

o Outcomes only available for set target years (e.g., 2022, 
2030 and 2050)  

o Outcomes available for each year within the time horizon 
(complete trajectories) à tool user can freely select output 
year 

• Cumulative in target year (e.g., 2022, 2030 and 2050) or annual 
value 

Sustainable Energy and Climate Action Plan (SECAPs) 

Local authorities who sign the Covenant of Mayors for Climate & Energy commit to 
developing a SECAP. The SECAP must be based on a Baseline Emission Inventory (BEI) 
referring to a base year and a Climate Risk & Vulnerability Assessment(s) (RVAs) 
analysing the current situation. The two elements are the basis for the definition of a 
set of mitigation and adaptation actions that local authorities plan to implement to 
reach their climate mitigation and adaptation targets. The mitigation actions defined 
in the SECAP must be in line with a GHG reduction target of at least 40% by 2030. Key 
mitigation sectors are the residential, tertiary, municipal and transport sectors. Local 
authorities must report on their progress every two years. The Joint Research Centre 
(JRC) of the European Commission carries out an analysis of the submitted SECAPs to 
ensure that the Plans are in line with the Covenant principles (Neves et al. 2016). 

Mitigation actions in the energy efficiency field included in the SECAP are well suited 
for an analysis in MICAT since they are either clearly described EEI actions such as 
thermal insulation of walls, windows, roofs or replacing light bulbs and luminaries by 
efficient ones or policy measures promoting the installation of EEI actions, e.g., tax 
deduction for the replacement of old boilers with condensing boilers (cf. Neves et al. 
2016). 
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o Outcomes as cumulative value: quantification of integral 
between efficiency and reference scenario from year X to 
target year X+n 

o Outcomes as annual value: quantification of difference 
between efficiency and reference scenario in a specific 
(target) year 

2.5 Baseline definition and additionality 

MICAT aims at quantifying the MI of energy efficiency relative to a 
reference/baseline situation, i.e. compared to a situation that would occur 
without or with less ambitious policy intervention. For this reason, suitable 
baseline/reference and energy efficiency scenarios will have to be defined. 
The difference between the baseline/reference and energy efficiency 
scenario is used as input data (e.g., additional energy savings and additional 
investment costs) for quantifying additional multiple impacts. This means, 
MICAT quantifies the additional multiple impacts of more ambitious policy 
action compared to the reference situation. On the EU level, MICAT will use 
the latest edition of the EU Reference Scenario 2020 developed by E3M, 
which “provides a benchmark against which new policy proposals can be 
assessed”4. At the national level, the baselines established by PL, IT and DE 
for their NECPs will be used.5 At the local level, the assessment of MI will 
be based on the scenarios established for SECAPs.  

 
4 https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-
reference-scenario-2020_en 
5 EU Member States establish the baseline of their indicative national energy 
efficiency targets (EED Art. 3) based on own methodologies. More details: 
https://help.leonardo-energy.org/hc/en-us/articles/360009360219-How-is-the-
baseline-for-the-savings-calculated- 
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2.6 Impact monetisation 

In order to aggregate outcomes of impacts with different physical units, 
compare their magnitude, and integrate them into CBA, a conversion into 
one common metric is necessary. For this reason, physical impacts will be 
converted into a monetary value applying an appropriate monetisation 
methodology if feasible.6 The step of monetisation typically follows after the 
assessment of physical impacts with a method such as Life Cycle 
Assessment, Environmental Impact Assessment or Health Impact 
Assessment. Monetisation is then implemented by applying post-
quantification monetisation factors, e.g., monetising disability-adjusted life 
years (DALY) by value of a life-year (VOLY). Alternatively, monetisation can 
be implemented directly as an integrated monetisation calculation in the 
models used.  

Monetisation can in principle be based on a market price of a good when 
available. Since markets are often inexistent for public goods such as health, 
well-being or ecosystems, an alternative is to value a good by a proxy to 
market prices (e.g., avoided costs or damages), by willingness-to-pay (WTP) 
or willingness-to-accept (WTA) (Ürge-Vorsatz et al. 2015). There is a large 
number and variety of methods that can be used in CBA to estimate the 
monetary value if market prices are not available. A comprehensive 
summary of these valuation techniques for monetisation of impacts is 
provided in Ürge-Vorsatz et al. (2015). 

 
 
6 For some impacts such as health-related benefits monetisation is controversial 
(e.g., valuation of life-years) or methods have flaws, why monetisation might be 
challenging for some impacts. 
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Due to the different types of MI quantified in MICAT, also different 
monetisation methodologies are developed and applied. The specific 
methods used to monetise the (physical) indicators in the categories social, 
economic and environmental impacts are described in detail in the 
respective indicator factsheets (Tasks 2.3-2.5). 

2.7 Development of impact factors/functions for quantification of 
multiple impacts 

The quantification of MI in MICAT is based on impacts factors or functions 
(IF) instead of single model runs due to the high flexibility required. The use 
of IF will allow to calculate the indicators for various dimensions, at 
different levels of disaggregation and an assessment of MI based on input 
data entered by tool users (open data entry in MICAtool). For some impacts, 
IF may be extracted from literature. Other IF need dedicated modelling to 
derive them.  

A key challenge in deriving appropriate IF is the non-linearity of impacts 
since IF are not necessarily constant, depend on impact levels and often 
involve complex (e.g., spatial) distributions. Therefore, MICAT expert 
partners Fraunhofer ISI, WI, E3M, IIASA, and IEECP are tasked with 
developing simplified IF (Tasks 2.3-2.5) that can be implemented within the 
MICATool in order to calculate the indicators at the three governance levels 
(EU-level, national level and local level). The methodology and actual factor 
or function for each indicator is described in the methodological factsheets 
(Tasks 2.3-2.5).  

The IF should include (not values, but in algebraic terms) 

• a dependent variable, i.e. the specific MI 
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• main impact elasticity/coefficient and independent variable(s) 
(e.g., energy savings, investments) 

• other relevant influencing (independent) variables including 
impact elasticities/coefficients 

• indices clarifying, which variables and elasticities/coefficients 
will be analysed and provided by country, sector, end-use, EEI 
action, etc. 

In addition, the proposed indices of most relevant variation dimensions 
should be used (to be complemented, if relevant): 

• c = country 

• s = sector 

• u = end-use 

• a = EEI action 

• e = energy carrier 

The complexity of the final results, mathematical complexity of the 
aggregation and computational requirements to the final MICAtool will 
arise from a review of all approaches defined in the different methodological 
factsheets. 

The following issues/requirements should be taken into account when 
developing the IF: 

• Flexibility of IF: The derived IF should be applicable as 
broadly as possible, i.e. suited to quantify the impact in more 
general terms (for multiple policy measures and different 
scenarios). IF thus need to be sufficiently simple so that they can 
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easily be adapted to new data inputs, but also rooted in an 
empirical basis derived from literature/previous research or own 
modelling à the broader applicable the better 

• Simplified quantification method: Consideration should be 
given to whether a more simplified quantification method with 
less data requirements should be developed for the most relevant 
indicators in addition to a more sophisticated method. Due to the 
reduced data requirements, this would enable decision-makers 
to use the MICATool for different cases with little resources, time 
and effort. For the analysis at the local level, but also for different 
policy measures and customized input data entered by tool users 
a more simplified approach might be appropriate.  

• Data requirements: Responsible quantification partners must 
clarify for each indicator what data is absolutely required to 
quantify the impact, and what data might be approximated 
through default values, data from alternative cases, assumptions, 
or expert estimates if other policy cases are evaluated using the 
IF. 
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3. Overview of impact indicators quantified and monetised 
in MICAT 

3.1 Classification of multiple impacts 

Overarching categories 

MI analysed in MICAT have been grouped into three overarching categories 
in line with the three pillars of sustainability shown in Figure 6 (Purvis et al. 
2019):  

• Social impacts  

• Economic impacts 

• Environmental impacts 

 

FIGURE 6: THE THREE PILLARS OF SUSTAINABILITY 

Source: Purvis et al. (2019) 

Indicator code 

In MICAT a large number of different indicators is quantified, which 
additionally differ in terms of the various quantification approaches and 
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dimensions (ex-ante and ex-post, top-down and bottom-up, three 
governance levels). Therefore, a coding system with abbreviations for 
indicator specifications has been developed that enables to clearly identify 
a specific indicator. The indicator code is composed of the abbreviations 
shown in Table 5. In addition, the indicator code contains numbers within 
the three impact categories; indicators with non-zero decimal places are 
sub-indicators. For example, the indicator SoI4.0_EP_BU_LL “Human 
health due to improved indoor climate” stands for the fourth indicator in 
category “Social Impacts” quantified ex-post and bottom-up at the local 
level, whereas SoI4.1_EP_BU_LL is the sub-indicator “Reduced or avoided 
excess cold weather mortality” quantified with the same approach and at the 
same governance level.  

TABLE 5: ABBREVIATIONS USED IN INDICATOR CODES 

Term Abbreviation 
Social Impacts  SoI 
Economic Impacts EcI 
Environmental Impacts  EnI 
Ex-ante EA 
Ex-post EP 
Top-Down TD 
Bottom-Up BU 
EU EU level quantification 
NL National level quantification 
LL Local level quantification 

3.2 Social Impacts SoI 

Social Impacts (SoI) covered in Task 2.3 involve three main impact 
categories:  
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Energy Poverty  

Energy poverty in more general terms has been studied and worked on 
quantifications by the task leader WI (and E3M) in several projects with the 
EU-Commission as a client. A number of suitable indicators are quantified 
in MICAT (e.g., linked to the work done in the EU Energy Poverty 
Observatory) and linked to input data for quantifying impacts of energy 
efficiency. The energy poverty alleviation indicator quantifies the impact of 
policy induced energy savings in the residential building sector in terms of 
the number of households and persons financially enabled to access a 
sufficient level of basic energy services and thus escape the state of energy 
poverty and its negative consequences. Within MICAT, energy poverty and 
its alleviation respectively are measured using different indicators related 
to self-reported (in)ability of households to adequately heat their home, 
arrears on utility bills and conditions of their home in terms of the presence 
of leak, damp or rot as well as the difference of absolute energy expenditures 
to a defined national threshold (M/2 indicator).  

In terms of monetisation, the financial benefits of energy refurbishments 
for energy poor households are captured in the energy cost savings 
indicator. While the reduction of household spending on energy may also 
lead to an unburdening of public finances (e.g., via reduced energy subsidies 
or other public transfers), the extent of this effect is difficult to quantify as 
both the distribution of cost savings between landlords and tenants as well 
as state support frameworks are highly context specific. 

Quality of life 

Impacts on disposable income, household consumption and inequality will 
be quantified by E3M who is currently enabling its models to quantify 
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various distribution indicators like Gini coefficients or quintile ratios. In 
particular, the PRIMES and GEM-E3 models represent multiple income 
classes in EU Member States and can thus derive consistent projections on 
distributional impacts of policies.  

Health 

Health impacts associated to poor building conditions are calculated by WI 
in collaboration with the expert partner from the COMBI project, since a 
similar modelling approach will be applied. Reduced or avoided excess cold 
weather mortality due to energy efficiency improvements in residential 
building sector is calculated by comparing the mortality cases during the 
cold weather period prior to and projected excess cold weather mortality 
after the implementation energy efficiency measures. The indicator avoided 
asthma cases due to the reduced exposure to indoor dampness due to 
energy efficiency improvements in the residential building sector is 
calculated as the difference between the population suffering from asthma 
due to indoor dampness prior to and after the implementation of energy 
efficiency measures. To monetise these health co-benefits value of a life year 
(VOLY) estimates per (avoided) death are used (non-market values 
approach). 

Impacts on human health due to reduced air pollution (mortality and 
morbidity) and work loss days (side-impact) will be quantified by IIASA 
with the GAINS model (cf. task 2.5). The assessment of these impacts 
resulting from air quality improvement will be performed using the impact 
pathway approach. The concept of the value of statistical life (VSL) may be 
used for the monetisation of the mortality (and morbidity) effects. 
Alternatively, the indicators could be recorded without monetisation and 
fed into a CGE analysis as reduced labour or foregone consumption.  
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Working days lost (impact related to health) are quantified using country-
specific concentration response functions and are then monetised by taking 
a cost-of-illness approach and estimating the reduced productivity due to 
reduced working time. 

TABLE 6: MICAT INDICATORS IN CATEGORY SOCIAL IMPACTS 

SoI Social impact indicators Lead Quantification methodology / unit Monetisation 
possible 

Energy Poverty 

SoI-1  Alleviation of energy 
poverty  WI/E3M 

Based on indicators related to self-
reported (in)ability of households to 
adequately heat their home, arrears on 
utility bills and conditions of their home in 
terms of the presence of leak, damp or rot 
as well as the difference of absolute 
energy expenditures to a defined national 
threshold (M/2 indicator) 
Unit: Number of households / persons 
lifted from energy poverty 

Yes (monetised 
as energy cost 
savings) 

Quality of Life 

SoI-2 Alleviation of inequality E3M 

Impact of incomes / expenses by income 
decile, indices  
Unit: S80/S20, Income/Consumption by 
income decile  

Yes (monetised 
as income 
loss/gain) 

SoI-3 Workforce performance in 
tertiary buildings7 (WI) 

Quantification based on productivity 
increase and workforce performance in 
different types of tertiary retrofitted 
buildings (hours worked before and after 
implementing tertiary sector-specific EEI 
actions) 
Unit: working days gained 

Yes 

Health 

SoI-4 Human health due to 
improved indoor climate WI - - 

SoI-4.1 
Reduced or avoided 
excess cold weather 
mortality  

WI 

Premature mortality due to inadequate 
heating and cooling 
Quantification based on COMBI model – 
comparison of the mortality cases during 
the cold weather period prior to and 
projected excess cold weather mortality 
after the implementation of EEI actions 
Unit: Number of deaths 
avoided 

Yes 

SoI-4.2 

Avoided asthma cases 
due to the reduced 
exposure to indoor 
dampness 

WI 

Asthma morbidity 
Quantification based on COMBI model – 
comparison of the population suffering 
from asthma due to indoor dampness 

Yes 

 
7 Whether this indicator (SoI-3) will be quantified in MICAT is not yet decided and 
depends on stakeholder interest, data availability and available resources. 
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prior to and after the implementation of 
EEI actions 
Unit: DALY 

SoI-5 Human health due to 
reduced air pollution IIASA - - 

SoI-5.1 Air pollution-related 
mortality IIASA 

GAINS model and impact pathway 
approach 
Unit: Number of deaths 
avoided 

Yes 

SoI-5.2 Air pollution-related 
morbidity IIASA 

GAINS model and impact pathway 
approach 
Unit: DALY or restricted activity days 
(RAD) 

Yes 

SoI-5.3 Working days lost (impact 
related to health) IIASA 

Lost working days due to ill health caused 
by outdoor air pollution 
Quantification based on country-specific 
concentration response functions; 
monetisation by taking a cost-of-illness 
approach and estimating the reduced 
productivity due to reduced working time 
Unit: Number of days gained 

Yes 

 

3.3 Economic Impacts EcI 

Economic impacts linked to investments, employment as well as to changes in 

prices and overall consumption patterns play a major role in the evaluation of 

energy efficiency policies, because these are usually designed and developed 
with cost-effectiveness in mind to keep their impact on public budgets and 
the burden for businesses as well as private households low. Considering 
economic effects other than costs makes investments in energy efficiency 
more attractive. Including these effects into the calculations of profitability 
can reduce payback times significantly. Economic Impacts (EcI) covered in 
Task 2.4 involve four main impact categories.  

Economy (Macro) 

These cover different aspects on the macro-economy, such as effects on 
GDP, employment, investment, trade, price effects, and public budgets as 
direct economic impacts. To assess the impact of energy efficiency 
investments on the macroeconomic indicators, a range of methods and 
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models are used depending on the type of analysis (ex-post or ex-ante; top-
down or bottom-up; scenario, policy or EEI action; local, national or EU 
level indicators) including the GEM-E3 and PRIMES models and 
Input/output analysis as well as fiscal multiplier analysis. For example, 
Input-Output-Analyses are used when assessing the impact of energy 
efficiency on GDP and employment ex-post, while Computable General 
Equilibrium models, such as GEM-E3, are used for ex-ante assessments. 
The impact on public budgets indicator monetises the fiscal benefits arising 
from additional economic turnover as represented by the GDP and from 
employment effects. Therefore, relevant tax rates (mainly sales and income 
taxes) within member states are researched and applied. 

Economy (Micro) 

At the micro-economic level impacts on household consumption choices, 
income inequality across income deciles, and sectoral-level competitiveness 
gains or losses are assessed with the GEM-E3 model. In addition, impacts 
of energy efficiency on productivity due to reduced energy cost are assessed   
for different branches and on asset value of commercial buildings (with a 
possible extension to private households).  

Innovation & Competitiveness 

This category includes impacts on EU and national industry 
competitiveness (fully quantified with GEM-E3) for key EU industrial 
sectors. Two key issues are covered: 1) risk of industrial leakage and how 
this can be avoided (i.e. border carbon adjustments) and 2) growth induced 
by clean energy innovation (i.e. EU industries get high market shares and 
increased exports in the global market for clean energy technologies) – e.g., 
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first mover advantage. Furthermore, the increased turnover of energy 
efficiency goods is quantified. 

Energy Security & Energy Delivery 

This category includes import dependency and energy security (supplier 
diversity). For the assessment of these effects, methods directly based on 
the energy savings are used. The monetisation of energy security indicators, 
namely import dependency and supplier diversity, is still under research. As 
both aspects are paramount for it, a combined approach is used, multiplying 
both indicators. The calculation is based on three price-defining 
components: the difference between domestic and foreign resource 
exploitation costs, infrastructure expenses to transport and store the 
resource, and the revenue and security premium collected by companies 
along the supply chain to insure themselves against the risk of price and 
supply volatilities. 

Moreover, the impact of energy efficiency on the integration of renewables 
(demand-response potentials) and the avoided investments in grid and 
capacity expansion due to lower energy demand are quantified. For the 
impact on demand-response potentials, the value is assessed by considering 
the pricing of companies’ voluntary flexibility at peak load times and the 
alternative costs to ensure the flexibility centrally with additional short-
term generation capacity or large-scale batteries. 
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TABLE 7: MICAT INDICATORS IN CATEGORY ECONOMIC IMPACTS 

EcI Economic impact indicators Lead Quantification methodology / 
unit 

Monetisation 
possible 

Economy (Macro) 

EcI-1 
Impact on GDP, and other 
macro-economic indicators 
(investment, consumption) 

E3M/Fraun
hofer 

GEM-E3, PRIMES, Input/output 
analysis and fiscal multiplier 
analysis (advanced Computable 
General Equilibrium modelling) 
Unit: € (or % change from a 
baseline) 

Yes 

EcI-2 
Employment effects (by sector, 
country) and also capturing skill 
requirements 

E3M/Fraun
hofer 

GEM-E3, PRIMES, Input/output 
analysis and fiscal multiplier 
analysis (advanced Computable 
General Equilibrium modelling) 
Unit:  thousand persons (or % 
change from a baseline) 

 Yes 
(equivalent 
salary) 

EcI-3 Impact on public budget E3M/Fraun
hofer 

GEM-E3, PRIMES, Input/output 
analysis, fiscal multiplier analysis 
and budgetary semi-elasticities 
Unit: € 

Yes 

EcI-4 Energy price effects  E3M 
GEM-E3, PRIMES, General 
equilibrium modelling 
Unit:% change (range) 

depending on 
perspective 

EcI-5 ETS effect  E3M 

GEM-E3, PRIMES, Energy 
system and General equilibrium 
modelling 
 

Yes  
(at what level 
will be defined 
at later stage) 

EcI-6 Terms of Trade effect by sector E3M 

GEM-E3, PRIMES, General 
equilibrium modelling 
Unit: change from a 
baseline/baseyear 

Not explicitly, 
implicitly only 
by assessing 
the impacts on 
net trade 

EcI-7 Energy intensity  Fraunhofer 
PRIMES, Final demand reduced 
by EEI actions divided by GDP 
Unit: ktoe/1000€ 

No, rather an 
indicator than a 
direct benefit 

Economy (Micro) 

EcI-8 Industrial productivity  Fraunhofer 

GEM-E3, Increase in productivity 
due to reduced energy cost in 
different branches. Extension to 
improvement in factor costs from 
EEI actions 
Unit: % change 

No (indicator) 

EcI-9 
Asset value of commercial 
buildings (with poss. extension 
to private households) 

IEECP 

Valuation of buildings and 
companies for different end-uses 
according to energy efficiency 
benefits 
Unit: €, % change 

Yes 

Innovation & Competitiveness 

EcI-10 Investments E3M 
GEM-E3, PRIMES 
Investment in EEI actions 
Unit: € 

Yes 

EcI-11 Turnover of energy efficiency 
goods  IEECP Production statistics 

Unit: € Yes 

EcI-12 Competitiveness Fraunhofer/
E3M 

GEM-E3 
Foreign trade statistics 
Unit: RCA 

No 

EcI-13 Innovation impacts Fraunhofer Patent statistics 
Unit: RPA No 
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Energy Security & Energy Delivery 

EcI-14 Import dependency  Fraunhofer, 
E3M  

Main input is final demand 
reduced by EEI actions. Relevant 
output is net imports of fuels 
multiplied by their respective 
energy prices (based on 
PRIMES) 
Unit: % 

Currently 
researching 
monetisation 
approach 

EcI-15 Aggregated energy security 
(supplier diversity) 

Fraunhofer, 
E3M 

Relevant output is net imports. 
Allocation model to determine 
country of origin of imports. Use 
of risk indicators to assess 
political risks (based on PRIMES 
and GEM-E3) 
Unit. Herfindahl-Hirschman-Index 
(HHI) 

Together with 
EcI-15, 
currently 
researching 
monetisation 
approach 

EcI-16 
Impact on integration of 
renewables (demand-response 
potentials) 

Fraunhofer 
Demand-response potentials by 
country 
Unit. MW / % 

Yes 

EcI-17 
Avoided investments in grid and 
capacity expansion due to 
lower energy demand 

Fraunhofer 

Avoided electric power output & 
investment costs incl. cost for grid 
infrastructure 
Unit: € 

Yes 

 

3.4 Environmental Impacts EnI 

Environmental Impacts (EnI) covered in Task 2.5 involve two main impact 
categories. 

Energy and Resource management  

This category includes energy savings which, will be quantified by energy 
carrier and monetised as energy cost savings under the responsibility of 
Fraunhofer ISI. Energy savings are derived from scenario analysis or 
bottom-up evaluation of policies and are partly based on PRIMES. 

Furthermore, this impact category contains material resource savings 
which are quantified by WI. This involves material flow accounting for 
abiotic and biotic materials that can be directly linked to the investments in 
energy efficiency technologies (production phase) as well as their usage 
(e.g., reduction of burned fossil fuels). Impacts (sum of all materials 
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required to provide a service) are disaggregated along abiotic and biotic 
materials and include the consideration of primary materials (e.g., ores) and 
materials that were not put to an economic use (e.g., overburden from 
mining). The method material input per unit of service (MIPS) is used for 
this purpose which in turn is closely aligned with life-cycle assessment 
methods (in particular in terms of life-cycle inventories and the definition 
of functional units). Two types of monetisation approaches can be applied: 
Embodied costs can be based on market prices for processed raw materials 
and linked to the raw material demand (metals and fossil fuels), indirect 
material costs, which are externalised costs to society, monetised via future 
cost estimates provided by the eco-cost model. 

Finally, the impacts of energy efficiency on (partial) achievement of 
renewables targets due to the reduction of gross final energy consumption, 
replacement of RES capacity and reduced need for interconnectors are 
assessed by Fraunhofer ISI. This impact is relevant since energy savings 
allow to reach RES targets more easily. 

Global & Local Pollutants 

This category involves on the one hand impacts directly linked to the input 
data as direct GHG/CO2 emission reductions. The calculation of direct 
greenhouse gas emission reductions is based on emission factors for 
different fuel types listed in CO2 equivalents per unit of energy. 

It further groups impacts related to various outdoor air pollutants emissions 
from fuel combustion, transportation and other economic activities and 
their impacts on ecosystems. The impacts are quantified by applying the 
Greenhouse gas – Air pollution INteractions and Synergies (GAINS) model 
by IIASA. Monetisation of the benefit of reduced air pollution is performed 
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via the human health indicators air pollution-related mortality and 
morbidity. 

 

  

Key features of GAINS-Europe (Greenhouse Gas – Air Pollution INteractions and 
Synergies) 

A bottom-up approach to identify policy interventions options with multiple benefits, 
considering 

• statistics and projections of economic activities,  
• emission inventories,  
• more than 2000 emission control options, taking into account the  
• co-control of a measure on emissions of air pollutants (PM2.5, PM10, BC, 

OC, SO2, NOx, NH3, VOC), Hg, and greenhouse gases (CO2, CH4, N2O, F-
gases),  

• emission control costs,  
• the atmospheric dispersion of pollutants and resulting population 

exposure,  
• health impacts from PM2.5 exposure (due to PPM, SO2, NOx, NH3, VOC 

emissions), 
• vegetation impacts (biodiversity, eutrophication, acidification, ozone, 

crops, forests, etc.),  
• monetised health and vegetation benefits. 

GAINS is currently implemented for all European countries; databases have been 
validated with national experts from all Member States. The GAINS model is regularly 
used for policy analyses by the EU Commission as well as the European Parliament, the 
European Council and a number of Member States. Interactive access over the Internet: 
https://gains.iiasa.ac.at/models/ 
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TABLE 8: MICAT INDICATORS IN CATEGORY ENVIRONMENTAL IMPACTS 

EnI Environmental impact 
indicators Lead Quantification methodology 

/ unit 
Monetisation 
possible 

Energy & Resource Management 

EnI-1 Energy (cost) savings Fraunhofer, 
E3M 

Energy savings derived from 
scenario analysis or bottom-
up evaluation of policies 
Partly based on  
PRIMES 
Unit: MWh, ktoe 

Yes 

EnI-2 Savings on material resources WI 

Material Flow Accounting: 
Bottom-up modelling (cradle-
to-gate) of material and 
energy flows; characterisation 
by intensity of primary 
materials 
Unit: tons, tons/GDP 

- 

EnI-2.1 Reduction in overall material 
footprint  WI 

Sum of extracted abiotic 
(fossil fuels, metal ores, 
minerals) and biotic raw 
materials from nature, 
including the extraction of 
economic unused materials. 
Unit: tons, tons/GDP 

Only partially 
monetised 

EnI-2.2 Life-Cycle wide fossil fuel 
consumption  WI 

Accounting of all raw 
materials from nature, that 
can be classified as fossil 
fuels and are put to an 
economic use. 
Unit: tons 

Yes 

EnI-2.3 Metal ores WI 

Accounting of all raw 
materials from nature that can 
be classified as metal ores 
and are put to an economic 
use. 
Unit: tons 

No 

EnI-2.4 Minerals  WI 

Accounting of all raw 
materials from nature that can 
be classified as minerals and 
are put to an economic use. 
Unit: tons 

No 

EnI-2.5 Biotic raw materials  WI 

Accounting of all raw 
materials from nature that can 
be classified as biotic raw 
materials and are put to an 
economic use. 
Unit: tons 

No 

EnI-2.6 Unused extraction  WI 

Accounting of materials that 
are extracted from nature that 
are not translocated from site 
or put to an economic use. 
This includes overburden and 
by-catch as well as waste on 
site. 
Unit: tons 

No 

EnI-3 Impacts on RES targets  Fraunhofer 

Partial achievement of RES 
targets due to the reduction of 
gross final energy 
consumption; replacement of 

No, merely an 
indicator 
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RES capacity; reduced need 
for interconnectors 
Unit: % 

Global & Local Pollutants 

EnI-4 GHG savings (savings of direct 
carbon emissions) Fraunhofer 

Direct carbon emissions are 
based on emission factors for 
different fuel types. Values 
are listed in CO2 equivalents 
per unit of energy. 
Unit: Mt CO2eq 

Yes 

EnI-5 Reduction in air pollution 
emissions IIASA 

GAINS model 
Outdoor air pollutants 
emissions from fuel 
combustion, transportation 
and other economic activities 
(SO2, PM2.5, NOx, NH3, 
NMVOC) 
Unit: tons 

No, however via 
health impacts 
resulting from 
reduced outdoor 
air pollution 
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4. Methodological challenges 

An important requirement of the MICAT online tool is that it is designed to 
be as flexible as possible, i.e. suitable for the assessment of different 
scenarios (top-down), policy measures (bottom-up), sectors, EEI actions, 
perspectives (ex-post/ex-ante), and different time periods and target years. 
The consequence is that the impact factors or functions need to be simple 
enough to be easily adapted to data inputs of various use cases, but at the 
same time rooted in an empirical foundation or own modelling to produce 
reliable results. This results in various methodological challenges that are 
common for several impacts.  

4.1 Data availability and data gaps 

Due to the variety of possible use cases, it is likely that not all fundamentally 
required input data can be gathered for the quantification of all indicators.  
Data availability is usually poorest at the local level due to a lack of focus 
and/or resources. However, there are a number of ways to deal with a lack 
of data in order to still quantify the indicators of interest: 

• Use of default values: For various data (e.g., lifetimes of EEI 
actions, monetisation factors, emission factors) default values 
are provided in the tool that can be applied by the user or 
adjusted up or down as needed (not all default values are 
necessarily flexible). Expert judgements can also be sought by the 
user for this purpose.  

• Use of alternative data: Instead of using data from the 
intervention/use-case to be evaluated, data from other sources 
may also be taken into account. However, these should reflect the 
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specific evaluation case as well as possible. For example, for 
evaluations at local level, national values could be used if they 
reflect local circumstances. Or for evaluations on the national 
level, data from neighbouring countries or EU averages, as long 
as it can be assumed that these do not differ significantly. 
However, it should be communicated transparently if and how 
data is approximated. 

• Use of assumptions: In certain cases, where no data is available, 
this may also be replaced by plausible assumptions. These should 
be verified by experts if possible and communicated 
transparently. 

However, certain key input data (e.g., energy savings) will have to be 
provided specifically for the respective use case, otherwise no reliable 
quantification can be made. It will therefore be clarified for each indicator 
which data is absolutely necessary to quantify the impact and which data 
can be approximated. The concrete data requirements of the indicators are 
described in the respective factsheets (Tasks 2.3-2.5). 

For the quantification of indicators with particularly high data 
requirements, it may also be useful to develop and provide an alternative, 
more simplified quantification method in the online tool that requires less 
data but generally also produces less accurate results. Due to the reduced 
data requirements, this would allow the users of the MICATool to still 
quantify the relevant indicators and/or to save resources, time and effort for 
data collection (at the cost of less accurate results though). 

Some indicators may also only be partially quantified by the tool user due 
to high data requirements. This applies in particular to savings on material 
resources. The use phase can always be quantified (at least if energy savings 
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per energy carrier are available, which is to be assumed), but the production 
phase can only be calculated if precise information on the technology stock 
and its change can be provided. 

4.2 Context dependency 

The specific context in which EEI actions are implemented can have a strong 
influence on the level of the resulting MI. This context-dependency can 
therefore mean that the impacts at different geographical locations are not 
necessarily comparable as they may differ, for example, in terms of socio-
economic (e.g., income distribution, population density, demography), 
technical (e.g., age, efficiency and structure of building stock, industry 
structure, transport system) and regulatory/policy framework conditions 
(e.g., type, ambition, revenue use of energy and climate policy instruments, 
welfare state arrangements), and the surrounding environment and its 
condition (e.g., air pollution concentration levels).  

For example, in the short-term macro-economic impacts will only be 
realised in a situation of free economic capacities that can absorb the 
additional demand stimulus and turn it into additional turnover (Thema et 
al. n.d.). Employments effects would thus be significantly larger in a 
situation of economic downturn with many job vacancies than in a labour 
market with full employment (Ürge-Vorsatz et al. 2015). Moreover, the 
impact of energy efficiency policy on the level of employment depends also 
on the mode of financing provided as this influences the disposable income 
of programme beneficiaries and in turn affects consumption and 
investment patterns (Chaterjee et al. 2018).  

Another example related to context dependencies are impacts of improved 
energy efficiency on human health and ecosystems due to reduced outdoor 
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air pollution emissions. The level of impacts achieved depend on a wide 
range of context-dependent factors such as technological and fuel mix, 
geographic and climatic conditions, atmospheric transport, distribution of 
receptors and pollution sources, baseline air pollution concentrations, 
atmospheric chemistry, variation in receptor sensitivity, height of emission 
stack, air pollution control technologies, energy prices and industrial 
structure (Chaterjee et al. 2018). 

These context-specific conditions can be taken into account more easily and 
more precisely at the local level, which in principle should increase the 
accuracy of results. In practice, however, data availability at the local level 
is generally lower than at the national or EU level. In turn, poor data or 
inaccurate assumptions at the local level can negatively affect the accuracy 
of the results (if an indicator can be quantified at all with the available data). 

In any case, it is important to take these contextual dependencies into 
account as much as possible – in the selection and development of the 
specific methods for quantifying the indicators, the assumptions taken and 
the data used. 

4.3 Non-linearities of impacts 

In general, it is known that most relationships between multiple impacts of 
energy efficiency and (changes in) input parameters are non-linear (Thema 
et al. n.d.). Nevertheless, for the sake of simplicity, a linear relationship is 
often assumed in which the multiple impacts are estimated by means of 
simplified impact factors. This means that the cause-effect relationships are 
formulated as linear functions, so that the multiple impacts can be 
calculated using a simple impact factor. Whether a linear relationship can 
be justified since it produces fairly accurate results for the range of scenarios 
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and policies potentially evaluated in MICAT or whether it would be more 
appropriate to represent the impact quantification as a function of multiple 
factors depends on the specific indicator analysed in MICAT. The 
development of impact factors or functions and the challenges associated 
with it are described in the respective indicator factsheets (Tasks 2.3-2.5). 
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