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ABSTRACT 

Global warming, climate change, and both the prices and the depletion of fossil fuel, increasingly 

place the development of more sustainable energy systems at the top of political agendas around 

the world. Municipal energy planning is very important since it plays a key role in the achievement 

of the national and transnational energy and climate objectives. As sustainability is inherently a 

multi-criteria concept, it is appropriate to use multi-criteria decision analysis (MCDA) to facilitate 

the intricate decision process by which decision makers must go through in order to agree on 

robust long-term alternatives for the sustainable development of existing municipal energy 

systems, taking economic/financial, technical, social and environmental criteria, and different 

perspectives, into account.  

This Master Dissertation proposes a methodology to help local authorities through municipal 

energy planning, by using MCDA. According to the literature review conducted, MCDA is also 

suggested by most widely implemented methodologies. However, none of them thoroughly 

describes how to implement MCDA contrarily to the methodology here proposed. 

The methodology has been applied (although only partially) to the Portuguese municipality of 

Odemira in order to prove that it can be operationalized. 

Odemira has 25,770 inhabitants and a total final energy consumption of 319 GWh (2013). Even 

though 16% of the final energy annual consumption is endogenous and renewable (2013), most 

part is assigned to firewood which is utilized in the residential sector. However, Odemira is 

endowed with renewable energy sources which comprise a great energetic potential which could 

be exploited. It is also endowed with a great potential for improvement in energy efficiency. 

Keywords: sustainable development of energy systems; multi-criteria decision analysis; 

municipal energy planning; ELECTRE III. 
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RESUMO 

O aquecimento global, as alterações climáticas e tanto os preços como a exaustão dos 

combustíveis fósseis contribuem para que o desenvolvimento de sistemas energéticos mais 

sustentáveis esteja no topo das agendas políticas em todo o Mundo. O planeamento energético 

municipal é bastante importante pois assume um papel chave no cumprimento dos objectivos 

energéticos e climáticos, tanto nacionais como internacionais. 

Dado que a sustentabilidade é inerentemente um conceito multicritério, é apropriado utilizar a 

análise de decisão multicritério (MCDA) para suportar o complexo processo de decisão que os 

decisores fazem com o intuito de encontrar alternativas robustas a longo prazo para o 

desenvolvimento sustentável dos sistemas energéticos municipais existentes, tomando em 

consideração critérios económico-financeiros, técnicos, sociais e ambientais, assim como 

diferentes perspectivas. 

Esta Dissertação de Mestrado propõe uma metodologia para apoiar o planeamento energético 

sustentável a nível municipal, utilizando a MCDA. De acordo com a revisão bibliográfica 

elaborada, as metodologias mais implementadas sugerem o uso da MCDA. No entanto, 

nenhuma delas descreve detalhadamente como implementá-la, ao contrário da metodologia 

proposta nesta Dissertação. 

Esta metodologia foi aplicada ao município de Odemira (ainda que apenas parcialmente), de 

modo a provar que pode ser operacionalizada. 

Odemira tem 25.770 habitantes e um consumo anual de energia final de 319 GWh (2013). Apesar 

de 16% do consumo anual de energia em Odemira ser endógeno e renovável (2013), a maior 

parte (15%) provém de lenha. No entanto, o município de Odemira é dotado de fontes de energia 

renovável cujo elevado potencial energético poderá ser explorado. Tem também um grande 

potencial para melhorar a eficiência energética. 

 

Palavras-chave: desenvolvimento sustentável de sistemas energéticos; análise de decisão 

multicritério; planeamento energético municipal; ELECTRE III 
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Chapter 1      INTRODUCTION 

This chapter presents the problem being regarded and the context in which it arises, and also the 

research methodology to be followed and the Master Dissertation objectives. Moreover, it 

presents the structure and an outline of the document. 

 Problem contextualization 

Global warming, climate change, and both the prices and the depletion of fossil fuel, increasingly 

place the development of more sustainable energy systems at the top of political agendas around 

the world. 

The energy systems’ development is ultimately driven by the climate and energy goals which are 

set in international agreements. Each economic region and/or country sets its own objectives 

(aligned with the international goals) and creates plans and programs to be implemented by the 

municipalities, which operationalize them (Ferrão & Silva, 2012). 

The European Union (EU) Climate and Energy Package was signed in 2008, setting a series of 

demanding climate and energy targets to be met by 2020, known as the EU’s 20-20-20 targets: 

- A reduction in EU greenhouse gas emissions (GHG) of at least 20% below 1990 levels; 

- 20% of EU energy consumption to come from renewable energy sources (RES); 

- A 20% reduction in primary energy use compared with projected levels, to be achieved 

by improving energy efficiency (EE). 

In Portugal, in order to enforce the pursuit of these objectives, the Government has approved the 

elaboration of the ‘National Strategy for Energy’ – ENE 2020 (Resolução do Conselho de 

Ministros nº 29/2010, de 15 de Abril) and the subsequent legislation. 

In 2008, after the adoption of the EU Climate and Energy Package, the European Commission 

launched the Covenant of Mayors program, by having recognized the potential impact and 

responsibility of municipalities in the achievement of the energy and climate objectives. This 

program consists on a voluntary agreement by which more than 6,000 European municipalities, 

of which more than 100 are Portuguese, have already committed to reducing their CO2 emissions 

beyond the 20% European target (Covenant of Mayors Office, 2015). 

 Problem definition 

Developing existing energy systems towards more sustainable ones is accomplished by                 

(i) introducing or increasing the use of renewable energies (such as hydroelectricity, solar energy, 

wind energy, wave power, geothermal energy, and biomass energy), (ii) implementing energy 

efficiency measures, and/or (iii) implementing intelligent energy networks that integrate 

information and communication technologies (Lund & Mathiesen, 2009). This energy systems’ 
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development increases environmental protection, security of energy supply and economic growth 

(Ferrão & Silva, 2012). 

The decision process by which local authorities must go through in order to agree on robust long-

term alternatives for the sustainable development of existing municipal energy systems, taking 

economic/financial, technical, social and environmental criteria, and different perspectives, into 

account, is a really intricate one.  

As sustainability is inherently a multi-criteria concept, it is appropriate to use multi-criteria decision 

analysis (MCDA) to support the planning of the development of more sustainable energy systems. 

As a matter of fact, this methodology has been used to deal with a large variety of energy 

problems throughout the world, in order to balance the environmental, social and 

economic/financial impacts of energy related decisions. ‘MCDA methods have become 

increasingly popular in this field due to their capability to deal with complex decision processes, 

in face of multiple and conflicting evaluation criteria, different stakeholders with different visions 

and preferences, several sources of uncertainty and distinct time frames’ (Antunes & Henriques, 

2014).  

Despite this fact, the methodologies which are more widely implemented to help developing 

municipal energy plans do not suggest using MCDA in a systematic way. Plus, there is still a very 

limited number of case studies where MCDA methodology has been applied to address energy 

planning problems at municipal level specifically. 

My Master Dissertation aims at developing a methodology to help local authorities plan the 

development towards more sustainable municipal energy systems, and simultaneously, facilitate 

the related decision process, by using multi-criteria decision analysis. 

The methodology to be developed will be applied to the energy system of the Portuguese 

municipality of Odemira. Lately, this municipality has launched the ‘Efficient Odemira’ program 

(‘Odemira Eficiente’ in Portuguese) which promotes the mitigation of climate change. The 

program includes a project for the development of a sustainable energy system, named ‘S-

Odemira’, which will be implemented by the Instituto Superior Técnico (IST) which has signed a 

protocol with the city council on January 26th, 2015. 

 Master Dissertation objectives 

The main goals of this Master Dissertation are: 

- The development of a versatile and easily implementable methodology to support local 

authorities through the processes involved in sustainable municipal energy planning, from 

the structuring of the problem to the definition of an energy action plan; and  

- The application of such methodology to the Portuguese municipality of Odemira. 
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 Research methodology 

The 5 step methodology to be followed throughout this Master Thesis is presented below: 

1. Problem characterization 

2. Literature review 

3. Model development 

4. Model validation 

5. Final conclusions and future research 

The first step consists of defining the problem (which was already carried out in the previous 

section). 

The second step consists of conducting a thorough survey on what has been done in order to 

solve this type of problem worldwide, with particular focus on case studies involving multi-criteria 

decision analysis application. 

The third step consists of the development of the methodology. It implies reviewing the existent 

methodologies and conducting a survey on the topics related with MCDA, namely, on fundamental 

points of view, on significant criteria and necessary metrics, which allow evaluating the 

alternatives created. 

The fourth step consists of validating the methodology developed on the previous step. It 

consists on applying the methodology to the municipality of Odemira and on evaluating the results 

of such application. 

The fifth step concludes the Master Thesis. It consists of drawing the main findings and 

conclusions of the Master Thesis and on defining the topics for future research. 

 Master Dissertation structure 

The Master Dissertation is structured as follows: 

Chapter 2 – Firstly, the existing methodologies for municipal energy planning are briefly analyzed. 

Secondly, the need for the application of MCDA methodology to help solving this type of problem 

is demonstrated and the MCDA methodology is presented. Also, the application of the MCDA 

methodology to several energy planning problems is reviewed and analyzed. 

Chapter 3 – The methodology to support the sustainable municipal energy planning is presented. 

Chapter 4 – The implementation of the methodology to the municipality of Odemira is described 

and analyzed. 

Chapter 5 – The most important results and conclusions of this Master Dissertation are presented, 

followed by the guidelines for future research in the area. 
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Chapter 2      LITERATURE REVIEW 

The first initiatives of energy and climate action at the local level can be tracked back into the 

1990s. However, it was only in the last decade that pioneer cities started to prepare their local 

energy and climate action plans in an integrated manner. Particularly at European Union level, 

the Covenant of Mayors initiative, launched in 2008, was a turning point in the development of 

those action plans (A. R. F. Neves, 2012). So far, more than 4,500 Sustainable Energy Action 

Plans have been prepared by local authorities (of which 101 are Portuguese) and the number is 

expected to continuously rise (Covenant of Mayors Office, 2015).  

This chapter intends to clarify what has been done concerning municipal energy planning by 

presenting the different methodologies that have been applied and specific case studies 

concerning several geographies. This review is intended to guide the development of the new 

methodology for planning the development of municipal energy systems. 

On the following section, some existing methodologies for municipal energy planning are 

presented and the need for MCDA to support municipal energy planning is clarified. Secondly, 

the MCDA methodology and methods are presented. Subsequently, energy problems concerned 

with selecting  the best option from a set of alternative scenarios, energy policies or strategies for 

the future, are presented, along with the MCDA models and methods applied to solve them.  

2.1. Municipal energy planning methodologies and MCDA 

In order to guide municipalities facing energy planning problems, some methodologies have been 

developed and implemented. At European level, the more widely implemented methodologies 

are: 

- The How to develop a Sustainable Energy Action Plan – Guidebook (European Commission, 

2010), developed to help the European municipalities that sign up for the Covenant of 

Mayors, presenting a methodology for the development of sustainable energy action plans. 

More than 4,668 action plans have been submitted within this movement by European 

municipalities, of which 2,828 have been approved. 

- The Municipal Energy Planning: Guide for municipal decision makers and experts – Common 

Framework Methodology (Genchev et al. 2010) presents a Common Framework 

Methodology (CFM) for Municipal Energy Planning, which allows creative application in 

different municipalities. The CFM was developed by EnEffect, the Bulgarian Centre for 

Energy Efficiency, in the framework of the MODEL Project (2007-2010). It has been 

implemented and validated in at least 43 municipalities. However, a web search conducted 

using the Google search engine has indicated that there are no thorough descriptions in 

English of the implementation of the CFM by the MODEL signatory municipalities. 
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These methodologies generally consist of 4 broad phases, namely, (i) preparation, (ii) 

development, (iii) implementation and (iv) monitoring of the energy plan. Please note that the 

relevant phases for this Master Thesis are the first two. 

The preparation generally consists of the assessment of the current status of the concerned 

municipality and of building the infrastructure needed to proceed with the planning and successful 

implementation of actions.  

The development of the plan consists of elaborating the energy plan itself. Specifically, it consists 

of (i) defining a vision and objectives, (ii) setting targets, (iii) generating alternative actions which 

can potentially lead to the defined objectives if implemented, (iv) prioritizing or selecting of the 

actions, (v) estimating the impact of the actions selected; (vi) carrying out a risk analysis; (vii) 

determining indicators for monitoring and (viii) drafting the action plan. 

In her PhD Thesis, A. R. F. Neves (2012) reviews 5 energy and climate action plans developed 

by European municipalities, within the framework of the Covenant of Mayors program. Regarding 

the preparation and planning phases described above, she highlights an issue concerning the 

task ‘prioritization and selection of the actions’: she discovers that the process of selecting the 

actions included in the action plans is barely documented in the action plans reviewed. In fact, 

two action plans do not mention the basis for the selection of the actions at all. The three that do, 

do not present the procedure followed until the actual selection of actions. A. R. F. Neves (2012) 

states that the fact that most of the action plans do not provide any background information about 

the methods adopted for selecting or prioritizing actions seems to indicate that the corresponding 

municipalities have not developed or followed a structured methodology for this particular task.  

The problem is that the methodologies presented above suggest, in fact, one way (or more) of 

selecting/prioritizing actions. They suggest selecting the actions based on the alternatives 

included in other municipalities’ action plans (best practices), which must be analyzed regarding 

the specific situation of each municipality and regarding multiple criteria. Particularly, the 

methodologies suggest using economic/financial, social and environmental criteria and the 

implementation of a simple compensatory method to prioritize the alternatives (namely as an 

alternative to ‘political considerations’, ‘least cost planning’ or ‘integrated resource planning’).  

There seems to be a gap between what methodologies suggest doing regarding this task and 

what municipalities actually do. The present work intends to contribute to reduce this gap, by 

proving the adequacy of the methodologies and by facilitating the implementation by the 

municipalities. 

MCDA for the prioritization or selection of actions 

In the past, decision-making approaches to energy planning problems have used a single 

measurement criterion (e.g. economic benefit or reduction of GHG emission). However, the sub-

optimal, single criterion solutions do not always support long-term sustainable development 

(Greening & Bernow, 2004). Multi-criteria decision analysis is important for these planning 

problems, since it is able to support the evaluation of alternative energy actions or plans, 
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regarding several and conflicting criteria (specifically, economic/financial, social and techno-

environmental). 

According to Mirakyan and Guio (2013), MCDA methodologies are not just appropriate to define 

the ‘right’ energy plan – they also support the understanding of the multi-criteria complex situation, 

supporting interactive planning and learning, helping participants to systematically consider, 

articulate and apply value judgments. By allowing the inclusion of the preferences and interests 

of multiple stakeholders in a transparent and fair way, it increases the solution acceptance. 

Furthermore, by taking into consideration the several sources of uncertainty at stake, it allows 

drawing up more robust recommendations (Antunes & Henriques, 2014). 

For these reasons, in addition to the previously mentioned methodologies, methodologies 

specifically suggesting the application of MCDA for energy planning at the local level (concerning 

towns, cities or municipalities) have been developed recently. Nonetheless, they have only been 

implemented by one municipality each: 

- Dall’O' et al. (2013) propose a ‘Multi-Criteria Methodology to Support Public 

Administration Decision Making Concerning Sustainable Energy Action Plans’. They mention that 

the Covenant of Mayors’ signatories normally decide which alternatives should be implemented 

based on of an economic (cost/performance) analysis and they find that this analysis does not 

take into account all the important aspects it should (e.g. social and environmental). The 

ELECTRE III method is applied to evaluate and compare strategies in order to rank them in terms 

of priority and to identify the best strategy among them. Each strategy consists of a combination 

of individual energy retrofit actions, which concern either EE of buildings or plants, or the use of 

renewable energy technologies. They implemented their methodology in the Italian municipality 

of Melzo (see section 2.3.4.).  

- Neves et al. (2015) present a ‘Methodology for sustainable and inclusive local energy 

planning’, which assists the local sustainable energy planning processes from the structuring to 

the choice of the action plan. The actions up for evaluation are technical, so they do not include 

policy actions/promotion mechanisms to implement each of the technical actions. Moreover, the 

areas where the local authority usually has no control of intervention are also not taken into 

consideration, particularly the industry and large-scale renewable energy supply. The catalogue 

of local energy management actions is the ground upon which the alternatives are generated. 

From the energy model point of view, the methodology provides an energy services-oriented 

modelling approach and a technically solid and comprehensive basis for evaluating alternative 

energy action plans. From the process point of view, since energy planning involves decisions 

regarding the future of the community, the values and preferences of the local actors are included 

through a MCDA process and the implementation of the MACBETH method.  The methodology 

was implemented in the municipality of Barreiro, Portugal (see section 2.3.4.).  

The number of methodologies suggesting MCDA indicates that this methodology is adequate for 

municipal energy planning.  



   8 

2.2. Multi-criteria decision analysis 

MCDA methodology 

According to Bouyssou et al. (2006), the MCDA methodology shall consist of four procedural 

steps: (i) representation of the problem situation; (ii) a problem formulation; (iii) an evaluation 

model; (iv) a final recommendation. 

The first step consists of the representation of the problem situation. This step includes the 

definition of the actors (stakeholders) involved, their roles as well as their concerns and values, 

and the resources available.  

The second step is the problem formulation which translates the decision makers’ concerns into 

a formal problem. This problem formulation should include a set of potential alternatives, a set of 

fundamental points of view and a problem statement, which anticipates what is expected to be 

done with the potential alternatives (see ‘Types of MCDA problems’ section). 

The third step consists in developing the evaluation model. In this step the information available 

will be organized in order for it to be possible to formulate an answer for the problem. The 

evaluation model is composed by the alternatives up for comparison and evaluation, the 

consequences regarding each alternative, the criteria under which the alternatives are evaluated, 

the uncertainty in the model (either endogenous or exogenous) and the aggregation operator. It 

is in this phase that different MCDA methods are distinguished, namely in the nature of the model, 

in the information required and in how the model is used (see ‘MCDA methods’ section). 

The fourth, and final step, is the presentation of a final recommendation to the client. In this stage 

the conclusions of the decision process are written in a language which can be easily understood 

by the client. The recommendation shall be revised with the client, in order to ensure that it is 

technically sound, operationally complete, and legitimate with respect to the decision process. 

Types of MCDA problems 

Roy (1996) identified four types of problem or problematics where MCDA may be useful: 

- the choice problematic, if the goal is to find the best alternative from a given set of alternatives;  

- the ranking problematic, if the goal is to rank the alternatives in order of decreasing preference;  

- the sorting problematic, if the goal is to assign the alternatives to different predefined 

homogeneous classes which are given in a preference order; and 

- the description problematic, if the goal is to describe alternatives and their consequences in a 

formalized and systematic manner or to develop a cognitive procedure so that decision makers 

can evaluate them. 

MCDA methods 

Several MCDA methods can be found in the literature, as well as many different ways of 

classifying them. 
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They may be divided into Multi-Objective Decision Making (MODM) and Multi-Attribute Decision 

Making (MADM). The main distinction between the two groups of methods is based on the 

determination of alternatives. In MODM, also known as multi objective programming or a vector 

optimization/maximization/minimization problem, the alternatives are not predetermined but 

instead a set of objective functions is optimized subject to a set of constraints. In MADM, where 

alternatives are predetermined, a small number of alternatives are to be evaluated against a set 

of attributes or criteria. The best alternative is usually selected by making comparisons between 

alternatives with respect to each attribute (Pohekar & Ramachandran, 2004). 

MODM methods have been mostly used in power systems planning problems, namely, 

generation expansion planning, transmission facility expansion, siting of new power plants, 

energy-environment-economy models, market design generation scheduling, transmission 

scheduling, reactive power planning, unit commitment, power flow and demand-side 

management (Antunes & Henriques, 2014). 

MADM has been applied for comparison of power generation technologies, evaluation of energy 

plans and policies, selection of energy projects, siting decisions, evaluation of energy efficiency 

measures either in technology replacement or in building refurbishment, etc. (Antunes & 

Henriques, 2014). 

Since the particular interest of this Master Thesis is the application of MCDA for planning 

problems concerning the identification of the most desired option among a set of alternative 

scenarios, energy policies or strategies for the future, the MADM methods will be further detailed 

next. 

MADM methods may be split into the following categories: (Please note that Figueira et al. (2005) 

present a collection of state of the art surveys on multi-criteria decision analysis, in which they 

describe the different methods presented in this section in more detail.) 

- Multi-attribute Utility and Value Theories 

These methods compute a value for each alternative that synthesizes how good the alternative 

is. They are usually based on the idea that any decision-maker attempts unconsciously to 

maximize some function that aggregates the utility or value of each different alternative. Another 

characteristic of this family of methods is that they allow complete compensation between criteria, 

i.e. the gain on one criterion may compensate the loss on another.  

Examples of this type of methods is the MAUT (Multi-Attribute Utility Theory), MAVT (Multi-

Attribute Value Theory), AHP (Analytic Hierarchy Process) and MACBETH (Measuring 

Attractiveness by a Categorical Based Evaluation Technique), among others methods. 

- Outranking methods 

Unlike the value function approaches presented above, the outcome of an outranking analysis is 

not a value for each alternative, but an outranking relation on the set of alternatives. These 

methods are generally applied to discrete choice problems and they perform a pairwise 
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comparison of alternatives to determine the preferability of each alternative over the other ones 

for each particular criterion. An alternative a is said to outrank an alternative b if there is enough 

evidence to conclude that a is at least as good as b, whereas there is no strong argument to prove 

the contrary – this is true if on the significant majority of the criteria a performs at least as good 

as b (concordance condition), while the differences on the criteria in which a is worse are still 

acceptable (non-discordance condition). After having determined, for each pair of alternatives, 

whether one alternative outranks another, these pairwise outranking assessments can be 

combined into a partial or complete ranking. While in the first family of methods the alternative 

with the best value of the aggregated function can be obtained and considered as being the best 

one, the outranking methods provide a subset of alternatives within a good alternative 

compromise and may not lead to a single best alternative.  

In outranking methods, it is assumed that the DM is not able to or willing to define trade-offs 

between criteria. The weights are coefficients of importance (Belton & Stewart, 2002). 

Accordingly, in these methods it cannot be assumed that a poor performance value in one 

criterion can be compensated by a sufficiently good performance value in another criterion, as in 

the value-measurement methods. This facilitates the realization of a strong sustainability notion.  

Outranking methods are appealing in the sense that they are based on less restrictive 

assumptions than MAVT and require less information from decision-makers (preference 

intensities, substitution rates). Furthermore, these methods allow working with quantitative and 

qualitative scales and dealing with imperfect knowledge regarding the data considered. However, 

the major drawbacks arise from the non-intuitive inputs that are required, such as: indifference, 

preference and veto thresholds; and the preference functions of PROMETHEE (Belton & Stewart, 

2002). 

There are two families of outranking methods: ELECTRE (Elimination Et Choix Traduisant la 

REalité) and PROMETHEE (Preference Ranking Organization METhod for Enrichment 

Evaluations). 

2.3. Application of MCDA to energy planning problems 

In the following sections, papers reporting on specific energy planning case studies are presented. 

The case studies have been divided into four categories depending if they concern: (i) models for 

the dissemination of renewable energies for the production of electricity; (ii) models for the 

dissemination of renewable energies considering several energy carriers; (iii) models for the 

implementation of renewable and non-renewable energies for the production of electricity; or (iv) 

models for the implementation of renewable and non-renewable energies, considering several 

energy carriers. 

Ideally, only problems at local level would have been taken into consideration, but transnational 

and national energy planning problems were also analyzed, in order to broaden the variety of 

approaches. 
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It is important to acknowledge that the papers and case studies reported below were developed 

outside the framework of the Covenant of Mayors or MODEL programs, presented in the 

beginning of section 2.1. 

2.3.1. Renewable energy sources for electricity generation 

Papadopoulos & Karagiannidis (2008) implement a multi-criteria analysis for the optimization 

of decentralized energy systems which aim to cover the electricity demand of remote regions by 

utilizing renewable energy sources. The paper discusses the results of a study on determining 

the achievable penetration of renewable energy sources into a Greek insular system for the 

purpose of electricity generation. The MCDA method ELECTRE III was implemented for this 

purpose. 

2.3.2. Renewable energy sources for multiple energy carriers 

Beccali et al. (2003) show an application of the MCDA methodology to assess action plans for 

the diffusion of technologies of energy production (from RES) and saving, at regional scale. In 

this paper, a case study is carried out for the island of Sardinia. The ELECTRE III method is 

applied and three decision scenarios are considered: in the first scenario, high priority is assigned 

to the environmental effects of the examined actions. In the second scenario, economic and social 

aspects are emphasized, while in the third one attention is focused on the saving strategies and 

on the rationalization of the energy production system. Consequently, three different coherent set 

of actions are generated to be diffused. This approach allows testing the ‘robustness’ of the 

actions, according to the priorities scenarios. 

Kowalski et al. (2009) and Madlener et al. (2007) combine scenario building and MCDA for the 

integrated development and appraisal of future national energy scenarios which increase the 

contribution of RES in heat and electricity production. An outranking approach is implemented by 

the PROMETHEE method.  

This methodology has been applied in Austria for 2020, both on national and local levels. The first 

article reports on the results for both case studies while the second only reports on the results 

obtained from the national case study. 

Both papers conclude that assessing energy futures with participatory MCDA (involving several 

stakeholders) is resource intensive, but also that this methodology successfully captures the 

context of technology deployment and allows decision-making based on a robust and democratic 

process. This methodology addresses uncertainties, takes multiple legitimate perspectives into 

account, and encourages social learning. It enables stakeholders to explore future energy options 

and supports the national policy discourse. 

Terrados et al. (2009) propose a methodology for the establishment of strategies which, in the 

long term, lead to energy systems which are more sustainable and mainly based upon 

autochthonous resources. The methodology combines three methods traditionally used for 
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renewable energy planning at regional level, namely, SWOT analysis, MCDA techniques and 

expert opinion ‘Delphi’ methods. MCDA is specifically performed by PROMETHEE method. 

The proposed methodology has been applied to the Spanish Jaén Province in order to design a 

renewable energy plan for the region. From an initial set of technologies, an operational action 

plan considering the implementation of more than one unit of each technology, was set. 

Consequently, operational goals (regarding electricity production from renewable resources) to 

be met on year 2010 by the provincial energy system, were determined. 

Tsoutsos et al. (2009) exploit the MCDA methodology implementation for the sustainable energy 

planning on the island of Crete in Greece. The study constitutes an exploratory analysis which 

can assist DMs responsible for regional energy planning, providing them with the possibility of 

assessing alternative sustainable energy policies. The PROMETHEE method is utilized and it is 

proved to be a valuable tool not only to assess and evaluate policy alternatives but also to easily 

and efficiently communicate the outcomes to the actors involved. The PROMETHEE model 

provides the decision-making platform, without, however, giving the final answer to the energy 

planning issue on the island – for every actor there are different outcomes of the assessment of 

all the energy alternatives (based on the assignment of different weights for the criteria by each 

actor). It offers a platform for further negotiations over the strategic plan for sustainable energy 

without undermining or underestimating the presence of the different actors 

Oikonomou et al. (2011) aim to combine techno-economic modeling and MCDA to define 

policies that meet RES policy targets, to minimize costs and to achieve high level of socio-political 

acceptance. These approaches have been used independently for energy policy decision making 

facilitation; however, by combining them, least-cost energy system costs models are linked with 

MCDA, allowing the integration of qualitative factors such as socio-political aspects and 

stakeholders’ preferences in the decision making process. Specifically, the Pan European TIMES 

model (PET) is used to perform the techno-economic analysis and the Energy and Climate Policy 

Interactions (ECPI) Decision Support Tool is used to perform the MCDA. 

2.3.3. Renewable and conventional resources for electricity generation 

Talinli et al. (2010) utilize MCDA to compare energy production processes and, in turn, assess 

various energy policies for power alternatives. The paper presents a case study which regards 

sustainable energy futures for Turkey. The Chang’s Fuzzy-AHP method is applied.  

Santos et al. (2015) describe the application of a simple MCDA tool based on tradeoff analysis 

for the comparison of five different scenarios for the Portuguese electricity system to meet 

demand until 2030. They propose a set of criteria which aims to include social, economic, 

environmental and technical aspects. Criteria weighting is manually tackled, considering five 

approaches: equitable weights, financial, technological, social and environmental perspectives. 

The paper demonstrates how MCDA may be used to structure long term electricity decision 

making, using a simple and user-friendly tool, which helps policy makers on going beyond the 

evident cost and environmental criteria. However, they state that MCDA usually implies collecting 
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a large set of data from literature and from participative processes which can be highly resource 

consuming. 

2.3.4. Renewable and conventional resources for multiple energy carriers 

Jovanović et al. (2009, 2010) present a model for assessing the sustainability of urban energy 

systems in order to forecast their sustainable development. Alternative energy system 

development scenarios are created taking into account the utilization of different energy sources, 

the exploitation of existing energy plants and infrastructure, and also the building of new plants. 

They are then validated by a MCDA method, namely, additive synthesizing function, which 

generates a General Index of Sustainability (GIS) for each scenario, based on indicators and sub-

indicators of sustainable development. The model was used to forecast the sustainable 

development of the energy system in Belgrade, Serbia. Jovanović et al., 2009, suggest that further 

development of this method should be focused on better defining and determining the 

sustainability indices which are variable in time and space. 

Browne et al. (2010) use MCDA to assess policy measures or scenarios relating to residential 

heating energy and domestic electricity consumption. The analysis is undertaken for an Irish city-

region, using NAIADE method. MCDA is compared with ecological footprint (EF) analysis for the 

same set of scenarios and it is found that both metrics show the same preferable scenario. 

However, the ranking of the remaining scenarios is not equal for both analyses. The authors find 

that this suggest that a mix of assessment tools/indicators should be used when attempting to 

identify the most justifiable policy options as different indicators reflect different policy aspects. 

Also, the authors state that the implemented approach could be improved by developing weights 

for different criteria (if a different MCDA technique was used) and by taking stakeholder input into 

consideration, so that consensus can be reached before decisions are made, even though this 

may add to the complexity of the analysis. NAIADE could be used to either complement or to 

substitute simpler techniques such as cost-benefit analysis or EF analysis; NAIADE allows for a 

more holistic approach to policy evaluation and facilitates fuzzy evaluation through the use of 

linguistic qualitative expression in addition to discrete quantitative data. 

Kahraman & Kaya (2010) present a fuzzy MCDA methodology for the selection among energy 

policies. The fuzzy set theory is a powerful tool which allows the utilization of incomplete or vague 

information. The methodology is based on the analytic hierarchy process (AHP) under fuzziness. 

The proposed fuzzy MCDA methodology allows experts to be flexible and use linguistic terms, 

fuzzy numbers, precise numerical values, and ranges of numerical values, as evaluation scores. 

The paper presents a case study concerning the energy policy determination for Turkey. 

Phdungsilp (2010) presents a study on the options for energy and carbon development for the 

city of Bangkok in order to define the steps to promote a sustainable low-carbon city. By using a 

MCDA approach, sustainability of policies and scenarios is assessed. The policy interventions 

are generated by the Long-range Energy Alternatives Planning System (LEAP) model which also 
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predicts how the policies would change energy and carbon development from 2000 to 2025. The 

MAVT and AHP techniques are utilized. 

In this paper, an integrated approach to study energy utilization and development in Bangkok is 

analyzed. The MCDM process has proven to be a useful tool to help both energy planners and 

city administrators develop their energy plans towards sustainability.  

Trutnevyte et al. (2011, 2012) propose a model to define future energy systems for small rural 

and peri-urban communities within a methodology that couples visions with analytical expertise 

by linking them with energy scenarios and multi-criteria assessment. In other words, after 

stakeholders and DMs develop visions of the ideal-type future energy systems, quantitative 

resource allocation scenarios which show different options in implementing the visions are 

created, and their consequences are then appraised by multi-criteria assessment. This 

information is given to the actors involved in the process and integrated by them in a discourse 

or decision-making. With this additional information, the involved actors may then revise their 

visions, and the methodology can be applied iteratively until the optimal and acceptable way of 

implementation is found.  

The first paper presents a case study in the small Swiss community of Urnäsch, where the AHP 

technique is implemented. The case study shows that visions of the future energy system, mostly 

judged by the intuitive mode of thought, play an important role in taking energy-related action. 

However, it also demonstrates that added value emerges when a number of alternative visions 

about a future energy system are created and addressed simultaneously through both intuitive 

and analytical perspectives (for instance, at the end of this specific case study, most of the 

involved actors adjusted their initial vision preferences). The authors believe this approach could 

lead to capacity building and formation of stable, informed preferences, thus laying a better basis 

for the subsequent local discourses and decision-making processes.  

The authors warn that the methodology can only be applied if the visions can be translated into 

quantitative resource allocation scenarios which can sufficiently represent the complexity of the 

case by linear inequalities. Also, the application of such a methodology is time intensive and 

requires specialists with comprehensive knowledge of both hard and soft OR. 

Erol & Kılkış (2012) apply an Analytical Hierarchy Process (AHP) method in order to facilitate 

energy resource planning activities at district level. The method is implemented to the district of 

Aydin in Turkey. It is important to mention that no impact matrix for the different alternatives is 

developed – the comparison between them is purely based on the perspective of the different 

DMs. In this paper, a different importance is attributed to different actors.  

Dall’O' et al. (2013) present the implementation of their methodology in the Italian municipality of 

Melzo. Five strategies with different combinations of individual energy retrofit actions were 

evaluated and compared in order to rank them in terms of priority and to identify which is the best 

among them. The ELECTRE III method was applied four times (each time for a different weighting 
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scenario). The multi-criteria analysis was confirmed to be an effective tool by the policy makers 

involved in this application. 

Neves et al. (2015)’s methodology was applied to the municipality of Barreiro, in Portugal, 

demonstrating how it can be made operational. The application of the alternative generation table 

procedure to the municipality of Barreiro suggested that it is a simple and user-friendly procedure 

that can be used by the local actors themselves to generate alternatives to be evaluated. 

Moreover, the local actors acknowledged the feature utilized for real-time visualization of the 

degree of fulfilment of the target by each alternative as useful. The involvement of local actors in 

the phase of creating alternatives also contributes to ensure the legitimacy of the process, since 

contrarily to the concept of ‘black-box’ they have a more ‘transparent’ perception of how the model 

works. The application of the proposed methodology to Barreiro also led to the identification of a 

major bottleneck. The level of disaggregation of the energy model by end-use has shown that 

intensive data collection is required and that most of the necessary data is still lacking at the 

municipal scale. Data availability is thus considered a bottleneck on the application of the 

proposed methodology, and currently this can only be overcome by making assumptions and 

scaling-down data (i.e. from national or regional levels to local level), or through bottom-up 

processes of data collection promoted by local authorities. It is desirable that practices will move 

towards the latter, but for the present case practical conditions only enabled the former. 

2.3.5. Synthesis 

From the sample of selected articles, it can be seen that energy planning problems have emerged 

worldwide, at transnational, national and local levels. Regarding the MCDA methodology, it was 

verified that (cf. in Appendix 3  –Synthesis of the papers reviewed): 

Alternatives considered 

The alternatives considered and evaluated on the presented problems are either (i) energy 

sources, (ii) technologies, (iii) actions associated with a single technology each, (iv) scenarios1 

regarding several energy sources and/or energy technologies, or (iv) visions (illustrated/translated 

by more than one scenario).  

Technologies should only be considered as alternatives when it is possible to independently 

evaluate each technology on each criteria chosen. This means that, if, for instance, the 

performance of a specific technology, regarding one specific criterion, varies with the installed 

capacity or with the amount of energy produced by that technology, actions or scenarios must be 

created in order to determine specific values for that technology’s production, which in turn allows 

for the correct assessment of the action/scenario’s performance on that specific criterion. 

Moreover, if DMs consider a criterion that depends on the coexistence of technologies, scenarios 

must be created, in order to assess the performance of each scenario on that criterion based on 

the coexistent technologies. For instance, energy security criterion, based on the energy 

                                                      
1 In the present document, a scenario is a ‘story’ illustrating a vision of possible future or aspects of possible 

future. Scenarios are not predictions about the future but rather similar to simulation of some possible futures 
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production mix, can only be assessed when technologies are combined in scenarios. What was 

just stated regarding technologies applies to energy sources. 

Regarding the articles where MCDA is applied to evaluate scenarios, several visions are 

considered and each one is usually translated into a single scenario (a single resource allocation 

option). This implies that the different potential scenarios that might be linked to each specific 

vision are completely disregarded. This limitation is solved when the methodology proposed by 

Trutnevyte et al. (2012) is implemented, meaning that more than one scenario is linked to a 

specific vision.  

Madlener et al. (2007) conclude, concerning the case study analyzed in their paper, that the effort 

required for participatory scenario building and modelling of impacts was substantial, and that the 

gathering of a sufficient number of relevant stakeholders for the workshops remained a difficult 

issue. They also stress that, despite this weaknesses, the approach can help policy-makers to 

scrutinize scenarios and stakeholder preferences in a robust, transparent and democratic 

process, also enabling to explicitly address complexity and uncertainty and to foster social 

learning. 

MCDA methods 

From the sample of articles, one can verify that there is no well-defined approach to energy 

planning problems: both value and utility theory and outranking methods have been implemented. 

In some cases, the MCDA methods were also combined. 

2.4. Summary 

The previously presented literature review was conducted in order to understand how 

municipalities throughout the world have been developing energy action plans.  

It was possible to identify a gap between what the existing methodologies suggest and what local 

authorities have been implementing, regarding the selection and prioritization of actions. For 

instance, the most widely followed methodology at European level (developed to guide the 

signatories of the Covenant of Mayors program) suggests using MCDA for the above mentioned 

purpose of selecting and prioritizing actions, and yet, most of the municipalities fail to do so.  

Moreover, the few municipalities that mention the MCDA in their action plans, do not explain how 

they get from the selection of a set of criteria to the selection/prioritization of actions. Lately, 

methodologies specifically suggesting the application of MCDA for energy planning at the local 

level have been developed (Dall’O' et al., 2013; Neves, 2012). Nonetheless, they have only been 

implemented by one municipality each. 

A sample of sixteen case studies where MCDA was applied (outside the framework of the 

Covenant of Mayors and MODEL project) have been reviewed, showing how this methodology is 

adequate to support energy planning at municipal level.  
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Regarding the potential alternatives to be considered, actions/measures associated with a single 

technology are preferred to energy sources, technologies, scenarios regarding several energy 

sources and/or energy technologies, and visions (illustrated/translated by more than one 

scenario). This procedure can significantly reduce the great effort required for the scenario 

building. When scenarios are chosen, actions are bundled in one scenario, and they are never 

compared between each other. If actions are chosen, the ranking between the actions is 

assessed, and from that ranking of actions, several scenarios may be built, in order to guarantee 

that the set of actions implemented leads, for instance, to a 20% reduction on CO2 emissions. 

Therefore, selecting actions generates more information over the decision process. 

Regarding MCDA methods, the outranking approaches seem appropriate for the problem being 

considered. This type of methods are based on weaker assumptions than utility-based multi-

criteria algorithms (e.g., no additive utility function necessary) and require less information from 

decision-makers (preference intensities, substitution rates). These methods allow working with 

quantitative and qualitative scales and dealing with imperfect knowledge regarding the data 

considered. Moreover, these methods do not allow for compensation between criteria. 
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Chapter 3      METHODOLOGY TO SUPPORT SUSTAINABLE 

MUNICIPAL ENERGY PLANNING 

The methodology to support local authorities in sustainable municipal energy planning is 

presented in this chapter.  

The methodologies presented in section 2.1. and the steps proposed by Bouyssou et al. (2006) 

(section 2.2.) served as the basis for the elaboration of this methodology. As previously stated, 

although these methodologies suggest the implementation of MCDA, none of them thoroughly 

describes how to do it. Therefore, the methodologies have been modified, inasmuch as the 

‘development of an energy action plan’ phase further explains the ‘selection/prioritization of 

actions’ topic. 

The outline of the two-phase methodology is presented in Figure 1. 

 

Figure 1 - Outline of the methodology 
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The preparation phase is very similar in the existing methodologies and comprehensively 

described by them (European Commission, 2010; Genchev et al., 2010). Furthermore, 

municipalities seem to apply this phase in a systematic and structured way (A. R. F. Neves, 2012). 

For this reason, the upcoming description of this phase consists of a summary of the information 

presented in the guidebooks of these methodologies. The respective steps are only briefly 

described and, when applicable, adapted for the Portuguese context. 

Contrarily, since the focus and innovative contributions of this Master Thesis concern the 

‘development of an energy action plan’ phase, and more specifically, the ‘selection/prioritization 

of actions’, this phase is described with much detail. 

Preparation 
 

Step 1 – Political commitment 

The Mayor shall commit to the elaboration of a plan for the development of the municipal energy 

system into a more sustainable one. The political commitment throughout all phases – planning, 

monitoring and reporting – is essential. 

 

Step 2 – Adaptation of administrative structures 

After committing to the development and implementation of a plan, the local authority shall create 

the necessary organizational structure to carry out the task. A clear organizational structure and 

assignment of responsibilities are prerequisites for the successful planning and subsequent 

implementation of the action plan. 

A lack of coordination between the various policies, local authority departments and external 

organizations has been a considerable shortcoming in the energy or transport planning of many 

local authorities (European Commission, 2010). 

 

Step 3 – Development of municipality’s current framework 

This step consists on defining the municipality’s current situation in terms of energy and climate 

change. 

The assessment of the current situation allows elaborating a plan that is suited to the emerging 

issues and specific needs of the local authority’s current situation. The baseline review not only 

allows prioritizing actions but also to monitor the effects after their implementation. 

Some aspects about the municipality that should be covered concern the following fields (see 

European Commission, 2010): 

- Energy consumption by sector of economic activity and by energy carrier 

- CO2 emissions by sector of economic activity and by energy carrier 

- Renewable energy current and potential production 
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- Energy consumption and energy management in the local administration 

- Characteristics of the existent energy infrastructures 

- Typology of the existent building stock 

- Existence of public and private initiatives address to promote energy saving and efficiency 

in industry 

- Characteristics of the transport and mobility system 

- Existence of a specific policy commitment on green public procurement 

- Level of awareness of the population and stakeholders with reference to energy efficiency 

and potential savings 

- Existence of adequate skills and expertise among the municipal staff 

A very important task is the identification of potentialities for improvement in energy efficiency. 

The methodology and the data sources used to assess the baseline should be consistent through 

the years. For this reason, the data collection process, data sources and methodology should be 

well documented. 

 

CO2 emissions inventory 

The emissions inventory for the base year and the subsequent inventories are useful instruments 

that allow the local authority to have a clear vision of the priorities for action, to evaluate the impact 

of the measures and determine the progress regarding the GHG emissions reduction goal. It also 

motivates all parties involved, as they can see the results of their efforts. 

The emission factors for CO2 equivalent suggested for the Portuguese context are presented on 

Table 1.  

Table 1 - Standard emission factors (IPCC, 2006) 

Energy carrier 
Standard emiss. factor 

[ton CO2 eq./GWh] 

Oil products 

LPG* 227 

Gasoline 250 

Diesel 268 

Natural gas 202 

Biomass 0 

Solar thermal 0 

Biodiesel 
s 0** 

ns  256**  

*Liquefied Petroleum Gases; ** IPCC emission factor should be reported zero if the biofuels meet 

sustainability criteria (s); if biofuels do not meet sustainability criteria (ns) fossil fuel emission factors shall 

be used instead 
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The emission factors presented on Table 1 for fuel combustion are provided by IPCC 

(Intergovernmental Panel on Climate Change) and are based on the carbon content of each fuel 

(IPCC, 2006). The emission factor for electricity is available on a monthly basis (EDP - Energias 

de Portugal, 2015). The IPCC approach should be used since it is compatible with the monitoring 

of progress towards EU’s 20-20-20 target. Plus, all emission factors are easily available. 

Using the standard emission factors in line with the IPCC principles is recommended by this 

methodology, not because it is the best approach, but in order to guarantee the comparability 

between the municipalities’ progress towards EU’s 20-20-20 target, since they generally follow 

the IPCC approach. Alternatively, the life cycle assessment (LCA) emission factors could be used. 

The LCA factors take into consideration the overall life cycle of each energy carrier, i.e. include 

not only the GHG emissions due to fuel combustion but also emissions of the entire energy supply 

chain – exploitation, transport, processing (JRC, 2009).  

 

Step 4 – Identification of the local stakeholders 

This step starts by the identification of the main local stakeholders in the context of definition of 

the energy action plan. Namely, those: 

- whose interests are affected by the issue;  

- whose activities affect the issue;  

- who possess/control information, resources and expertise needed for strategy 

formulation and implementation;  

- whose participation/involvement is needed for successful implementation of the action 

plan. 

Their roles and level of influence must be assessed, as well as their concerns and values. 

Regarding energy planning problems at the municipal level, examples of main stakeholders are 

the mayor, the inhabitants, the local energy agencies, consultants, the transportation companies, 

the business and industries, the local technicians (responsible for installation and maintenance 

of equipment), and representatives of national/regional administrations and/or neighboring 

municipalities, to ensure coordination and consistency with plans and actions that take place at 

other levels of decision. These stakeholders might be generally divided into four key groups 

(Salvia et al., 2015), with different roles and level of influence, as presented below: 

- Public local authorities have legislative and purchasing power that they can use to 

implement change in their own operations and in the wider community. With such 

capacity, local governments can become role models for change in their region or 

country, demonstrating the effectiveness of policies and local action; 

- Public companies provide and maintain the infrastructure for a public service and 

therefore can be used as an instrument to promote and conduct energy policies which 

have been imposed by the local authority; 
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- Private companies play a key role in both local and national economies by employing a 

large percentage of work force but also as a research and development initiators. The 

private companies can find a number of direct and indirect benefits for themselves by 

implementing EE or renewable energy production measures, primarily to lower operating 

costs but also to improve their ‘green image’; 

- Citizens are considered the key target group for implementing energy measures. In the 

residential sector much energy can be saved not only with technical measures, but also 

with behavioral changes. Citizens are an especially sensitive target group for which a mix 

of EE and renewable energy production measures have to be applied. 

The involvement of some of the identified stakeholders throughout the planning phase is very 

important. The involvement represents a greater load of work but it is fruitful. When possible, it 

should be done from the very beginning of the decision process in order for all stakeholders to 

actively engage and contribute to the decision process. 

 

Development of an energy action plan 
Based on the preparation phase, it is possible to decide how the energy system may evolve. 

 

Step 5 – Definition of the objectives of the plan 

This step consists on determining the goals of the action plan, which may be, for instance, 

decreasing the GHG emissions, contributing to the local welfare, maximizing energy savings, etc.  

The implementation of this step starts with the definition of the set of fundamental points of view 

(FPV), as suggested by Bouyssou et al. (2006). These FPV represent the different perspectives 

from which the alternatives are observed, analyzed and evaluated, and they consist of the 

preoccupations of the DMs. 

Sustainable development involves three main preoccupations, namely the economic/financial, the 

social, and techno-environmental aspects. These are the three FPV from which the alternatives 

should be observed, analyzed, compared. 

The second part of this step consists of determining the criteria which operationalize the 

previously defined FPV and are used for characterizing and comparing the potential actions, as 

recommended by Bouyssou et al. (2006). The maximization or minimization of the different 

evaluation criteria represent the objectives of the DMs regarding the implementation of the energy 

plan. 

The three FPV presented may be operationalized by 10 criteria, as presented in Figure 2. 
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Figure 2 - Criteria tree for sustainable municipal energy planning 

The preliminary structure of this criteria tree was constructed based on the analysis of the papers 

concerning applications at local level (presented in Chapter 2). The papers were reviewed in what 

concerns the criteria taken into consideration and the correspondent criteria trees were analyzed. 

The preliminary structure of this criteria tree suffered some minor alterations which were proposed 

by the DMs of the city council of Odemira (Step 5 of Implementation). 

This tree may be utilized by city councils as a starting point in order to ease the implementation 

of this step when facing sustainable municipal energy planning problems. Its validation by the 

DMs involved in every specific decision process is crucial; depending on the specific objectives 

of each municipal energy program some criteria might be added and/or dropped. 

 

Step 6 – Generation of actions 

At this stage, a set of actions2 that may contribute to the achievement of the objectives is selected 

to be further analyzed and evaluated. 

The realization of workshops, brainstorming and/or roundtables is an option for the generation of 

potential actions. It is also useful to use the experience and the best practices of other 

municipalities and territories as an inspiration and/or example. However, the specific conditions 

                                                      

2 Actions are chosen instead of scenarios, technologies, energy sources and visions, for the reasons 

explained in section 2.3.5. 
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of cities and territories can vary significantly, and the experiences of other studies are not always 

applicable (European Commission, 2010; Mirakyan & De Guio, 2013). This is why, in order for 

the actions selected to be suited to the specific context being considered, all the participants must 

be aware of the ‘municipality’s current framework’ developed in step 3. 

The actions may concern both public and/or private investment. Furthermore, they may regard 

either private sites or public sites (being either municipal or state property).  

Great attention shall be paid to the public sector, since the local authority is expected to play an 

exemplary role and therefore to take outstanding measures related to the local authority’s own 

buildings and facilities, vehicle fleet, etc. (European Commission, 2010). 

 

Step 7 – Selection/prioritization of the actions 

The ‘selection/prioritization of the actions’ step consists of prioritizing the previously generated 

actions because undertaking the entire list of possible actions will often surpass the capabilities 

of the local authority, in terms of costs, project management capacities, etc. 

This step requires the previous determination by the DMs of the problem statement (section 2.2.) 

referred by Bouyssou et al. (2006). A reasonable expected result for a set of actions is their 

ranking from best to worse.3  

For this reason, the MCDA method chosen is ELECTRE III. Some of the following steps of the 

methodology are constrained by the selection of this specific method and might be carried out 

somehow differently if another method is chosen. Please refer to ‘Appendix 4 – ELECTRE III – 

Theoretical background’ for further details about this method. 

The variety of activities in this step requires especial qualification that could not be available in 

every municipal administration. That is why the involvement of external technical support could 

be decisive for the successful development of the plan. External help is especially needed during 

the development of the set of criteria (already done by this time), the selection and implementation 

of the MCDA method, and for the definition of the risks that the program implementation can be 

faced with (Genchev et al., 2010). 

 

Step 7.1 – Construction of the selection criteria 

Each of the criteria defined by the DMs in step 5 shall be built from at least one dimension, which 

is a ‘sub-objective’. Each dimension is defined by an elementary consequence and a primary 

scale or metric. 

                                                      
3 Alternatively, the DM might want the best alternative to be identified or the alternatives to be sorted into a 

predefined set of groups (‘Types of MCDA problems’ in section 2.2.) 
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The criteria built from more than one dimension must be associated with a descriptor each (an 

ordered set of plausible impact levels associated with that specific criterion; Bana e Costa & 

Beinat, 2005). 

Step 7.2 – Weighting of the criteria 

The ‘weighting of the criteria’ step consists of determining the weights of the criteria selected on 

step 5.  

Once the different criteria have been identified, the DMs shall express the subjective importance 

they assign to each criterion, when compared to the remaining. Ultimately, this is done by defining 

weights for all criteria. In a decision aiding context, this process is very hard (Figueira & Roy, 

2002). 

Among the existing weighting methods, the one selected is the revised Simos’ procedure, also 

called ‘the playing cards’ approach, developed by Figueira & Roy (2002) specifically for the 

ELECTRE methods. This option is particularly useful because it allows DMs which are not familiar 

with MCDA to easily express their opinion and state in what way they want to rank the criteria. It 

has been used in two of the case studies presented in section 2.3., specifically by Beccali et al. 

(2003) and Madlener et al. (2007). 

The SRF software (coded with Borland Delphi 3) shall be used to determine the weights of criteria. 

It is able to cope with multiple DMs evaluating the same set of criteria. 

Revised Simos’ procedure 

The procedure can be divided into two phases: the first one consists of the collection of the 

information, and is performed with the DMs, and the second phase encompasses the 

computations that result in the attribution of the score to each criterion.  

The application of the procedure requires that the DMs actually use a set or deck of playing cards. 

The number of cards required varies with the problem at hands; the DMs must have n cards, n 

being the number of criteria, each with the name of a criterion, plus complementary information, 

if needed. The DMs are also given a set of white cards that are used to address the intensity of 

the differences between the different criteria. 

The DMs are asked to rank the criteria, by ranking the cards, from the least important to the most 

important. If they judge two criteria to have the same importance, they shall tie them and place 

them together. When this process is completed, a pre-order of the n criteria will have been 

defined. Within this pre-order, there are r ranks, each composed by one card or one subset of 

cards. 

The DMs are then asked to assess the difference in the importance between each two ranks 

(between two criteria or between two successive subsets of ex aequo criteria). They are asked to 

introduce white cards between each two ranks, in such a way that:  

- No white card means that the two ranks have different weights. The difference between 

the weights is defined as a unit; 
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- One white card means a difference of two units; 

- Two white cards mean a difference of three units; and so on. 

The DMs can use as many cards as they wish to. 

Then, the DMs are asked to state how many times the last criterion is more important than the 

first one in the ranking. Let z be the value of this ratio. This ratio is not usually very well defined 

from the DMs point of view. So, it is very important to analyze the effect on the output of the 

changes in z – this can be easily done with the help of the SRF software. 

The results of this interaction with the DM may be processed to calculate the non-normalized 

weights and the normalized weights of the criteria. A thorough description of this algorithm is 

presented in the paper of Figueira & Roy (2002). 

 

Step 7.3 – Evaluation of the performance of each action 

The step 7.3. – ‘Evaluation of the performance of each action’ consists on building the impact 

matrix, i.e., in assessing the performance of each action in each and every criteria. It requires 

performing a forecast about the impact of every action considered, regarding the chosen criteria. 

The performance of each action shall be measured as if the action was to be implemented alone, 

on the existent energy system described in step 3. It is important to remember that this consists 

on one of the limitations of selecting actions as alternatives: the impact of an action is considered 

constant, regardless of being implemented alone, simultaneously, before or after other action(s), 

which is not necessarily true.  

 

Step 7.4 – Definition of the thresholds 

The step 7.4. – ‘Definition of the thresholds’ consists in the definition of the discriminating 

(indifference and preference) thresholds for every criteria. The veto thresholds are also defined 

for the desired subset of criteria. 

The thresholds are used by ELECTRE methods to take into account the imperfect character of 

data from the computation of the performances (in step 7.3) as well as the arbitrariness that 

affects the definition of the criteria. 

The thresholds shall be defined by experts. 

 

Step 7.5 – Results and sensitivity analysis 

The step 7.5 – ‘Results and sensitivity analysis’ consists on implementing the ELECTRE III 

method in a software, in order to obtain the ranking of the actions.  

As ascertained in the literature review presented in section 2.3., in order to test the robustness of 

the conclusions when using outranking methods, sensitivity analysis can be performed by (i) 
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simply varying the weights of the criteria or by (ii) forecasting different possible futures which will 

be translated on different weightings of the criteria. 

Since the revised Simos’ procedure is utilized, the impact on the results obtained by varying the 

values of z and the number of white cards shall also be assessed. 

From the ranking of the actions obtained, scenarios (sets of actions) shall be created, in order to 

guarantee that the set of actions selected to be included in the plan meets the minimum reduction 

of CO2 emissions’ target (and any other additional targets that may be defined depending on the 

context). 

 

Step 8 – Elaboration of the energy action plan 

Based on the recommendation arising from step 7.5, an action plan for the municipality must be 

created.  

Once the actions have been selected, it is necessary to plan them carefully so that they can 

become a reality. An action plan with well-defined actions shall be developed, and the necessary 

human and monetary resources allocated. For each action, the following aspects must be defined 

(European Commission, 2010): 

- The timing (both begin and end dates); 

- The person/department responsible for implementation; 

- The modality of financing; 

- The modality of monitoring (the kind of data that need to be collected in order to monitor 

the progress and results of the action; how and by whom the data will be collected, and 

who will compile it). 

Regarding the kind of data to monitor the progress and results of each action (referred above), it 

is suggested that the evaluation criteria are used as indicators. Furthermore, the performance of 

the actions in each criterion assessed in step 7.3 may be used for comparison with the actual 

performance of the actions. 
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Chapter 4      IMPLEMENTATION OF THE METHODOLOGY TO 

THE MUNICIPALITY OF ODEMIRA 

 Introduction 

The methodology presented in the previous chapter has been implemented in the municipality of 

Odemira in order to be validated. 

Up to the date of elaboration of this document, the steps 1 to 6 and 7.2 had been implemented. 

The steps 7.1 and 7.3 to 7.5 have been performed, but only partially, in order to exemplify the 

practical implementation of the methodology for the purpose of this thesis. 

The implementation has been carried out by a team from Instituto Superior Técnico (IST), in 

collaboration with the deputy mayor of the Odemira’s city council and representatives from several 

departments within the city council, namely (i) human resources, (ii) civil protection, (iii) 

environment, (iv) sports, (v) education, (vi) planning and public works, and (vii) IT, which have 

participated in the planning process through two workshops (held in April and June, 2015) and 

also via email. In what follows, the team from IST will be called analyst and the participants from 

the city council as decision makers. 

The main aspects of the practical implementation of the methodology in Odemira are described 

below. 

 Implementation 

Preparation 
 

Step 1 – Political commitment 

The first occurrence concerning this step was the signature of the protocol for the implementation 

of the project ‘S-Odemira’ on January 26th, 2015. The participation of the aforementioned 

representatives of the city council, namely the deputy mayor, on the two workshops has further 

reinforced this political commitment. 

 

Step 2 – Adapting administrative structures 

The adaptation of the administrative structures performed by the city council is not known (no 

information on this topic has been shared with the team from IST so far). 
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Step 3 – Odemira’s current framework 

Introduction 

The energy system of Odemira is presented and its endogenous energy resources are assessed 

allowing an initial understanding of the potential related with the energy system development and 

the acknowledgement of the complexity of the decision process required to do so. 

Initially, the main characteristics of Odemira are presented. Later, the energy consumption of 

Odemira and the respective GHG emissions are presented with respect to different energy 

carriers and sectors of economic activity. Finally, the municipality’s current energy production is 

assessed. The remaining potential for energy production and for the implementation of EE 

measures is investigated.  

The definition of Odemira’s current framework was initiated from information publicly available on 

the internet and further detailed during the first workshop held in Odemira. The participants of the 

workshop unveiled the main problems concerning energy which were being faced by Odemira. 

As it works as a baseline, all information presented within the ‘current framework’ topic has been 

thoroughly described. This information should be systematically stored so that the process may 

be more easily recreated for means of comparison and monitoring, after the implementation of 

the action plan. 

Brief description 

Geography 

The Portuguese municipality of Odemira is part of the district of Beja and is located in the region 

of Alentejo, more specifically, in the sub-region of Alentejo Litoral. It is the largest Portuguese 

municipality regarding the area; it spreads over a total area of 1,720.6 km² (FFMS - PORDATA, 

2015) and covers 55 km of the Portuguese Atlantic coastline. It is subdivided in 13 civil 

parishes. As might be confirmed in Appendix 1  –Rede Natura 2000 and protected areas, 18% of 

its territory is part of the Sudoeste Alentejano e Costa Vicentina Natural Park and 43% belongs 

to Rede Natura 2000. The latter integrates both the Sítio ‘Costa Sudoeste’ and the Zona de 

Proteção Especial ‘Costa Sudoeste’. 

Population 

The municipality has 25,568 inhabitants (2014, FFMS - PORDATA, 2015). The corresponding 

population density of 14.9 inhabitants/km² is significantly lower than the national average 

population density of 112.8 inhabitants/km2. The sub-region of Alentejo Litoral has 18.2 

inhabitants per km2, and there is only one municipality of this region with an inferior population 

density than Odemira which is Alcácer do Sal (8.3 inhabitants per km2). Also, Odemira has a 

similar population density to Baixo Alentejo (inland) region which has 14.4 inhabitants per km2 

(FFMS - PORDATA, 2015). 
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In Odemira, 75% of the people live in villages with less than 2000 inhabitants. The population is 

especially dispersed on the interior.  

Odemira has an ageing population. In 2011, 26.2% of the people were over 65 years old (19% in 

Portugal) in comparison to 24.9% in 2001 (16.4% in Portugal). Also, 13.46% of the families in 

Odemira are composed by a single elderly person (10.06% in Portugal) in comparison to 12.52% 

in 2001 (8.79% in Portugal). 

Between 2001 and 2014 the population has 

decreased in 524 inhabitants, from 26,110 to 

25,568, which corresponds to a negative 

population growth rate of 2%. However, this 

indicator does not translate the fact that the 

coastal parishes have, mostly, high positive 

population growth rates and the inland ones 

have, mostly, high negative population growth 

rates (see Figure 3). 

The foreign population occupation in Odemira 

has been increasing over the last years. It is 

currently 12%, the largest of the district of Beja 

(José Guerra, personal communication, April 

29, 2015). Most immigrants work in agriculture, 

mainly for the intensive agriculture companies 

operating in the parish of São Teotónio. 

It is also important to state that during the summer, the population on the coast triplicates. 

Economy4 

Odemira’s economy is based on the primary sector, namely on agriculture, forestry, and cattle 

breeding. Intensive agriculture is practiced on the coastal side, especially on the parish of São 

Teotónio, given the mild climate and the irrigation from the dam of Santa Clara. On the inland 

areas, extensive agriculture is practiced. 

The manufacturing industry is basically inexistent and practically confined to the agri-food 

industry.  

Regarding tertiary sector, retail trading and services stand out. The tourism sector has been 

growing significantly and has become fundamental for Odemira’s development. The tourism is 

significant on the coastal zone, in its main urban areas, especially in Vila Nova de Milfontes, 

Almograve and Zambujeira do Mar, where accommodation, restaurants and tourist animation 

services are offered. 

                                                      
4 The information presented in this subsection is available at the webpage of the city council of Odemira:  

http://www.cm-odemira.pt/PageGen.aspx?WMCM_PaginaId=30020 (in Portuguese) 

Figure 3 - Variation in percentage points of the 
resident population between 2001 and 2011. Please 
mind that some of the presented parishes no longer 
exist as they have been merged with others. 
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Housing 

According to the population and housing census (INE - National Statistics Institute, 2011a), 

Odemira has 20,924 ‘familiar’ dwellings. There are more than 2,929 dwellings (14%) which are 

not occupied, and more than 5,440 (26%) dwellings which are secondary. Only 10,878 out of all 

‘familiar’ dwellings are inhabited as main residence, of which 10,805 are classic. 

Odemira’s buildings are much degraded and in need of reparation, especially on the interior of 

the municipality. On the coast, the buildings which have been renovated between the 70s and the 

90s (in order to cope with the tourism demand), have high heating, ventilation, and air conditioning 

invoices since no importance was given to EE at the time.  

The dwellings are mostly single family houses; in São Teotónio and Vila Nova de Milfontes, 

collective dwellings are more usual. 

Transportation and mobility 

The most part of the inhabitants’ journeys are made individually. The public transportation network 

is provided by the company ‘Rodoviária Nacional’.  

The mobility in the municipality constitutes a great problem because the routes more often taken 

by the inhabitants cover great distances and because the inhabitants living on the interior usually 

travel by taxi (José Guerra, personal communication, April 29, 2015).  

The access to services (health, social security, etc.) is hampered by the lack of transportation 

structure and because of the restricted mobility of the senior population.  

The parish councils secure part of the school transport, making use, besides of their own fleet, of 

the ‘Rodoviária Nacional’ services (Manuel Rafael, personal communication, 2015). 

Odemira’s final energy consumption 

Methodological note 

In order to present the annual final energy consumption of Odemira, the construction of its energy 

matrix was carried out for each year between 1995 and 2013.  

Contrarily to the national energy matrix, the municipal energy matrices of Portuguese 

municipalities are not made available by the Directorate-General for Energy and Geology 

(Direcção Geral de Energia e Geologia – DGEG, http://www.dgeg.pt). Therefore, energy matrices 

of Odemira had to be developed by compiling data collected from DGEG and information from 

the national survey on the consumption of energy by the residential sector (INE & DGEG, 2011).  

The basis for the matrices is the yearly consumption of petroleum products, electricity and natural 

gas, which is provided by DGEG, for each year, in 3 different excel sheets. 

The energy matrices from 1995 to 2008 are detailed by energy carriers only. Contrarily, the energy 

matrices from 2008 to 2012 are detailed by energy carriers and by sectors of economic activities, 

given the disaggregation of the data provided by DGEG by economic activities.  
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The energy matrices corroborate most part of the conclusions presented in this section. To better 

understand how the matrices were created and, consequently, the figures presented in this 

section, it is important to bear in mind that: 

 The consumption of coal, heat produced by cogeneration, solar thermal energy and energy 

from waste incineration in Odemira is not presented because it could not be assessed due to 

the lack of sufficient data; 

 Regarding the fossil fuels, only the consumption of oil products typically used for energetic 

ends was taken into account. Therefore, the energy matrix does not present the consumption 

of lubricants, solvents, paraffin and asphalts; 

 According to the national survey on the consumption of energy by the residential sector (INE 

& DGEG, 2011), the consumption of propane and butane in this sector has been ascribed to 

the ‘wholesale and retail trade’ activity from 2009 on. For simplicity reasons, the attribution of 

butane and propane to the residential sector was done by ascribing all the consumption from 

this activity to the residential sector. This is an acceptable assumption since,  

- In 2007 and 2008 the commercial sector in Odemira was not ascribed any butane and 

propane consumption; 

- At a national level, 75% of the total butane and propane consumption is associated to the 

residential sector, and only 7% is associated to the commercial sector.  

The error on the residential total consumption resulting from this assumption is not significant. 

Contrarily, given its small value, the error on the final consumption of the commercial sector 

may be greater. Nonetheless, it does not influence the conclusions of this section; 

 The data regarding the consumption of firewood on the municipality of Odemira is not made 

available by DGEG. Due to the importance of this energy carrier on the residential sector, the 

values of firewood consumption were estimated for the year of 2011 based on the energy 

consumption of the residential sector at a national level and on the number of dwellings with 

an open fireplace in Odemira (Rui Ximenes, personal communication, 2015). The consumption 

of firewood for the remaining years between 1995 and 2013 were estimated based on the 

inhabitants of the municipality in each year, provided by FFMS - PORDATA (2015). 

The firewood consumption by the remaining sectors was not assessed, but it is expected that 

the related values are negligible compared to the total final energy consumption in Odemira: 

on a national level the residential sector consumes more than 80% of the total firewood, and 

besides, the existent industries in Odemira are not very likely to consume firewood; 

 The ‘Services’ sector include the ‘public street lighting and traffic lights’ activity. The ‘Others’ 

sector includes the following economic activities: ‘Electricity, gas, steam and air conditioning 

supply’; ‘Water supply, sewerage, waste management and remediation activities’; 

‘Construction’; ‘Activities of extraterritorial organizations and bodies’; and ‘Own consumption’; 

 All data is presented in GWh for the purpose of comparison. The conversion table used is also 

made available by DGEG. 
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Please note that the data obtained from DGEG regarding the year of 2013 was provisional up to 

the date of elaboration of this document. 

The matrix regarding the year of 2013 is presented later in this section. The matrices regarding 

the years between 2008 and 2012 might be consulted in Appendix 2  –Odemira’s energy matrices 

(2008 - 2012). 

Historical data – from 1995 to 2013 

The evolution of the total final energy consumption between 1995 and 2013 is represented in 

Figure 4. It continuously decreased between 2010 and 2013, from 355.4 GWh (the greatest 

consumption since 1995) to 319.1 GWh. 

 

Figure 4 - Final energy consumption between 1995 and 2013 (GWh). Data sources: DGEG, INE 

The final energy used in the municipality is mainly conveyed by oil products, electricity, natural 

gas and firewood, whose yearly consumption for this period of time is also presented. 

From the graph (Figure 4), one can identify the clear growing trend of the electricity yearly 

consumption from 1995 until 2007. On 2008, the electricity consumption slightly dropped from 77 

to 76.9 GWh and on 2009, increased to 83.4 GWh. From that year on, electricity consumption 

has oscillated between 83.4 and 80.2 GWh, the latter being recorded on 2012. On 2013 the 

electricity consumption was the highest since 1995 (92.6 GWh).  

It is also possible to verify the decreasing trend on the oil products yearly consumption from 2008 

on. 

The firewood consumption estimative is fairly constant for this period of time – about 50 GWh – 

because, as already mentioned, the total population has varied little across the years. 

Regarding the natural gas, it is important to note that, since 2005, when it was first introduced in 

Odemira, natural gas has only been used in the agricultural sector. In 2010, natural gas 

consumption tripled due to the installation of a cogeneration system, fed with natural gas, in the 
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beginning of the year5. This system heats the 6 hectares of Atlantic Growers existing greenhouses 

– this company is a vegetables producer and has been installed in Odemira since 2000.  

From 2015 on, the demand of natural gas is expected to increase since the same company is 

planning on installing another 6.4 hectares of greenhouses in 2014 and 6.4 hectares more, in 

2016. It is estimated that the greenhouses will utilize 500,000 m3 (about 5.3 GWh) of natural gas 

per hectare per year (DOPO, 2014). It is important to state that these greenhouses are eco-

greenhouses – they are as efficient as possible and emit no carbon dioxide.  

The evolution of energy consumption by sector of economic activity from 2008 to 2013 may be 

observed in Figure 5. 

 

Figure 5 - Final energy consumption by sector of economic activity between 2008 and 2013 (GWh). Data 
sources: DGEG, INE 

Between 2008 and 2013, the transportation sector has continuously been the largest consumer 

of final energy in Odemira, being immediately followed by the residential and the agriculture 

sectors. Tertiary and industrial sectors come last regarding the consumption. 

It is worth pointing out that the consumption of the transportation sector decreased by almost 30% 

during this period (from 157 to 110.5 GWh) – the share of this sector on total yearly final energy 

consumption dropped from 46% to 35%. Also, for reasons already explained, the consumption of 

the agriculture sector increased significantly in 2010. 

The yearly energy consumption related to the ‘Industrial’ and the ‘Others’ sectors has continuously 

been under 3.2 GWh, being therefore irrelevant when compared to the remaining sectors.  

                                                      
5 http://pt.calameo.com/read/000754302aa5d179755ce  
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2013 Odemira’s energy matrix  

The final energy consumption by sector of economic activity and by energy carrier is presented 

for the year of 2013 in the energy matrix below (Table 2).  

Table 2 - Odemira's energy matrix in 2013 – final energy consumption by sector of economic activity and 
energy carrier (GWh). Data sources: DGEG, INE 

 Electricity Butane Propane Gasoline Diesel 
Natural 

Gas 
Firewood Total 

AFCBF 28.47  1.59  17.39 32.16  79.60 

Industrial 1.73  0.70     2.43 

Others 0.64    0.02   0.66 

Transportation 0.31   27.15 83.03   110.49 

Services 32.05  3.32  1.98   37.34 

Residential 29.41 4.96 5.51    48.74 88.62 

Total 92.60 4.96 11.12 27.15 102.41 32.16 48.74 319.15 

 

From the energy matrix, it is possible to verify that the consumption of electricity is transversal to 

every sector but it is negligible on the transportation one; this sector mainly consumes petroleum 

products. Besides diesel and some propane, the ‘agriculture, forestry, cattle breeding and fishery’ 

(AFCBF) sector, as explained before, is the solo consumer of natural gas. Residential is the main 

consumer of butane and propane and is responsible for almost 40% of the use of electricity. As 

explained before, the residential sector was assumed to be the only consumer of firewood; this 

energy carrier represents more than half of the sector’s consumption.  

It is important to mention biodiesel as it was consumed for the first time in Odemira in 2012 by 

the transportation sector (cf. Appendix 2  –Odemira’s energy matrices (2008 - 2012)). In 2012 it 

had a minimum representation and in 2013 it was not consumed at all. 

The utilization of the different energy carriers on 2013 and the energy consumption by the sectors 

of economic activity is further detailed in Figure 6. 
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Figure 6 - Final energy consumption by sector of economic activity and by energy carrier in 2013 (GWh). 
Data sources: DGEG, INE 

From the graph (Figure 6), it is possible to conclude that, in 2013, both the electricity and the 

diesel conveyed a great part of the final energy consumed – each being responsible for about 

30%. The third and fourth greatest contributors were the firewood and the natural gas, which 

accounted for 15% and 10% of the total final energy, respectively.  

Regarding the sectors of economic activity, the residential sector accounted for 28% of the total 

consumption while the agriculture sector accounted for 25%. The services sector accounted for 

12% and the industrial one for less than 1%. This analysis matches what was previously stated 

regarding Odemira’s economy: it relies on agriculture and on the tertiary sector, and not on 

energy-sucking industries like manufacturing. 

Final energy consumption of the local administration 

Part of Odemira’s total annual energy consumption presented above is assigned to the city 

council. Annually, the city council is responsible for an energy consumption of more than 8 GWh, 

as detailed in Table 3: 
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Table 3 - Annual final energy consumption by municipal building on an average year (MWh; Green Value, 
2012) 

  Electricity Propane Diesel Total 

B
u

il
d

in
g

s
 

City Hall 208.0   208.0 

Sports Hall 35.1 79.5  114.6 

Swimming Pool 534.4 978.8  1,513.2 

Library 92.2   92.2 

Movie Theatre 31.4   31.4 

Exhibition Centre6 32.0   32.0 

Sewage Treatment Plant7 14.2   14.2 

Transportation   1,800.4 1,800.4 

Public street lighting 4,449.7   4,449.7 

 8,255.7 

 

On an average year, the city council’s buildings’ final energy consumption totals about 2 GWh. 

The energy consumption relative to public street lighting is approximately 4 GWh/year (data 

source: DGEG). The municipal fleet consumes about 1.8 GWh per year7. 

The city council was therefore responsible for around 2.5% of the municipality’s total final energy 

consumption in 2013. 

Odemira’s GHG emissions 

Methodological note 

The standard emission factors previously presented on Table 1 have been used. The electricity 

emission factors considered for the CO2 emissions assessment are presented in Table 4: 

Table 4 - Electricity emission factor (EDP - Energias de Portugal, 2015) 

 2008 2009 2010 2011 2012 2013 

Emission Factor for Electricity 
[ton CO2  eq./GWh] 

387.64 317.77 221.98 237.13 228.61 141.58 

                                                      
6 Please note that the values presented for the Exhibition Centre and for the Sewage Treatment Plant were 

derived from the electricity invoices from 2009 to 2012 available in ‘Auditoria Energética para o Município 
de Odemira’ (Green Value, 2012) 
7 The municipal fleet here mentioned does not include the motorcycles and the machines owned by the city 
council. It consumes 181,780.8 liters of diesel per year (2011; Green Value, 2012). A density of 0.837 ton/m3 
and a LHV of 42.6 GJ/ton have been assumed 
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The emission factor for biodiesel has been considered 256 ton CO2/GWh because it has not been 

investigated if the biofuels in Odemira meet sustainability criteria. 

Historical evolution of GHG emissions – from 2008 to 2013 

The GHG emissions related to the consumption of the different energy carriers in every sector of 

economic activity on 2008 and on 2013 is presented on Table 5. 

Table 5 – Final energy consumption (GWh) and CO2 equivalent emissions (ton) evolution between 2008 
and 2013 

 

Between 2008 and 2013, the energy consumption in Odemira decreased 6% and the GHG 

emissions decreased 32%. 

It is noteworthy that the GHG emissions in the residential sector have decreased by 57%. This 

reduction is mainly justified by the reduction of the emission factor of electricity across years. In 

the transportation sector the emissions have decreased by 30%, together with the energy 

consumption. 

GHG emissions in 2013 

In 2013, the GHG emissions totaled 57,493 ton of CO2 equivalent. In Figure 7, it is possible to 

observe the percentage of total GHG emission by sector of economic activity.  

 

2008 2013 
Variation 
on energy 
consump-

tion 

Variation 
on CO2 

eq. 
emissions 

Energy 
consump-

tion 

CO2 eq. 
emissions 

Energy 
consump-

tion 

CO2 eq. 
emissions 

AFCBF 51.62 14,901.92 79.60 15,546.76 54% 4% 

Industrial 1.15 379.84 2.43 404.11 111% 6% 

Others 1.18 440.05 0.66 95.62 -44% -78% 

Transportation 157.18 41,735.73 110.49 29,083.70 -30% -30% 

Services 34.80 12,013.99 37.34 58,20.52 7% -52% 

Residential 93.82 15,048.84 88.62 6,542.25 -6% -57% 

Total 339.75 84,520.37 319.15 57,492.97 -6% -32% 
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Figure 7 - CO2 equivalent emissions per sector of economic activity in 2013 

From the graph, it is possible to conclude that the transportation sector is responsible for more 

than 50% of the total emissions and that the agriculture one is responsible for about 27%. The 

residential and services sectors are responsible for about 10% of the emissions each. 

Odemira’s energy production 

Odemira has a small hydro power plant located near the village of Bugalheira, in the parish of S. 

Teotónio, which has been operating since 1991. It is a central reservoir that powers the water 

flow from the dam of Santa Clara to the dam of Corte Brique through two Francis turbines 

(horizontal). It belongs to the ‘Associação de Beneficiários do Mira’ (E2P – Energias Endógenas 

de Portugal, 2015). 

It has an installed capacity of 1.4 MW and its annual average electricity production capacity is 1.9 

GWh (Source: INEGI, 2015). Considering the electricity consumption in 2013, hydroelectricity 

covers 2% of Odemira’s electricity final demand, on an average year. 

Over the past years, units of both micro and mini generation from solar energy have been installed 

in Odemira, totaling, on 02.10.2014, 335 kW and 156 kW, respectively8. The micro generation 

was first implemented in 2008 and the mini generation in 2012. The yearly energy production from 

these installations cannot be assessed as there is no information if they are either solar thermal 

or PV systems. 

Yet, if all installed capacity corresponded to PV systems, the energy production would total around 

0.69 GWh. This estimation is based on Figure 11, in which can be verified that in Odemira, from 

each kW of installed capacity, more than 1400 kWh of electricity are generated. 

If all installed capacity corresponded to solar thermal systems, and considering that all systems 

are solar domestic water heating (DWH) systems, the energy production would total around 0.57 

GWh. This estimation is based on the calculation method proposed by ESTIF and International 

                                                      
8 The information regarding the micro and mini generation from solar energy in Portugal is available at 

http://www.renovaveisnahora.pt/web/srm/informacoes (in Portuguese)  

27%

1%

0%11%

10%

51%

CO2 emissions in 2013

Agriculture, forestry, cattle
breeding and fishery
Industrial

Others

Residential

Services

Transportation



   41 

Energy Agency – Solar Heating and Cooling, for DWH systems – Energy (kWh) = 0,44 x yearly 

sum of global irradiation (kWh/m2) x area of the system (m2) – and considering that on average, 

each kW of installed capacity occupies 1.43 m2 9. The capacity in Odemira occupies around 702 

m2 and the yearly sum of global irradiation is 1850 kWh/m2 (see Figure 11). 

The firewood used in the residential sector is estimated to have totaled more than 48 GWh yearly 

since 1995. In 2013 it is estimated above 48.5 GWh. 

In 2013, the renewable energy accounted for 16% of the total final energy consumption of 

Odemira. More than 15% are assigned to firewood.  

Odemira’s renewable energy production potential 

Odemira is endowed with a noteworthy potential of RES namely: wind, water resources, sun 

radiation, and biomass. Within the framing restrictions and legislation, this potential is highly 

exploitable, as it shall be described in the next sections.  

Please note that only mature renewable energy technologies have been considered. 

Furthermore, the substitution of fuels by biofuels on the transportation sector has not been 

considered. 

 

Wind power 

As it can be seen in Figure 8, the average wind speed at an 80 m height is greater than 4 m/s in 

the majority of the municipality of Odemira. There is only a small portion of terrain on the north-

east corner of the municipality, where the same is not true and where the mean wind speed is 

only greater than 3 m/s. Outside from the Natural Park, the average wind speed is never higher 

than 6.5 m/s. 

                                                      
9 This data is based on the reports of ‘Observatório Solar Térmico’ developed by APISOLAR 

(http://www.apisolar.pt) 
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Figure 8 - Spatial distribution of the estimated mean wind speed, at an 80 m height. Source: INETI 

Therefore, there is a great potential interest in the installation of small isolated wind turbines: 

- According to Intelsol (http://novo.intelsol.pt/conteudo/pt/cont_eolica.php), the installation 

of this type of system is economically viable from a minimum average wind speed 

between 3.5 m/s to 4.5 m/s on; 

- On Europe's onshore and offshore wind energy potential. An assessment of 

environmental and economic constraints (European Environment Agency, 2009) it is 

suggested that the electricity generation is only economically exploitable from an average 

wind speed of 4 m/s on. 

Regarding the installation of wind turbines of large dimension, the area with the greater average 

speed outside from the Natural Park has been investigated. This area presents an average wind 

speed between 6 to 6.5 m/s, and it has been verified that the respective terrain is not only plain, 

but also, not inhabited. This area is represented in Figure 9, within the orange line, and has around 

7 km2. These conditions are appropriate for the installation of wind turbines, however there are 

potential economic and environmental constraints regarding the wind turbines installation in this 

area: 

- According to Intelsol, the installation of wind turbines of large dimension will only be 

economically viable if the wind average speed is superior to 6.5 m/s. The average wind 

speed will then have to be assessed in greater detail, in order to determine the viability 

of such project. 

http://novo.intelsol.pt/conteudo/pt/cont_eolica.php
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- The area belongs to Rede Natura 2000 and to a Corine biotope (source: ARC GIS). The 

implications related to this topic need to be further investigated. 

 

Figure 9 - Wind power potential installation area. Developed by Nuno Soares 

The conditions verified for the previously described area, further extend in the municipality of 

Santiago do Cacém, and therefore an intermunicipal project could be considered. 

 

Hydro power 

As it can be interpreted from Figure 10, the 

available potential for small hydro power plants in 

Odemira is between 2500 and 5000 kW. As it is 

partially explored by the existent small hydro power 

plant with an installed capacity of 1400 kW, the 

current available potential ranges between 1100 

kW and 3600 kW.  

Considering the productivity of the small hydro 

power plant already existent in Odemira (1.36 

GWh/MW), the production potential could 

correspond to a maximum of 4.9 GWh yearly (if the 

remaining potential of 3.6 MW were exploited). 
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Solar energy (photovoltaic and solar thermal) 

The municipality enjoys a great global irradiation and solar electricity potential. There is a great 

area with a considerable yearly sum of global irradiation outside the limits of the Natural Park as 

shown in Figure 11. 

 

Figure 11 - Global irradiation and solar electricity potential for horizontally mounted photovoltaic modules. 
Source: Joint Research Centre 

The available potential of electricity production in Odemira from photovoltaic (PV) modules is 

promising since no less than 1400 kWh/kW could be produced from such installations annually. 

The yearly sum of global irradiation on the municipality of Odemira ranges between 1850 and 

1950 kWh/m2 for horizontally mounted PV modules, depending on the specific location. 

Furthermore, if the photovoltaic modules are mounted with an optimal inclination, the yearly sum 

of global irradiation might rise to values over 2100 kWh/m2.  

Besides the PV modules, the installation of solar thermal systems for the production of heat shall 

also be considered for Odemira’s energy system. 

 

Biomass energy 

The quantity of biomass available for collection in Odemira is presented below, on Table 6. 
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Table 6 - Biomass available for collection in Odemira. Data source: Xavier Azcue, 2015 

Type of Wood 
Maritime 

Pine 

Euca- 

lyptus 
Cork 

Holm 

Oak 
Pine 

Bush 

wood 
Total 

Biomass 

available for 

collection (ton/y) 

16,739.6 27,754.5 7,291.2 1,127.2 1,427.1 5,247.4 59,587.0 

All types of trees total 59.6 kton yearly. This information was made available by Xavier Azcue 

himself. The methodology he followed to get to these results, based on the national forestry 

inventory – Inventário Florestal Nacional – and on the atlas of the Portuguese forest residues – 

Atlas dos Resíduos da Floresta, is thoroughly explained in his Master Thesis (Azcue, 2013). 

It is verifiable that the municipality is endowed with a significant amount of biomass resource: it 

has the third greatest amount of biomass available to be collected, within the Portuguese 

municipalities. The first municipality regarding this resource availability is Alcobaça from the NUT 

III region Oeste, which generates 113.8 kton yearly, followed by the municipality of Alcácer do 

Sal, which belongs to Alentejo Litoral as Odemira and generates 79.8 kton annually (about 20 

kton more than Odemira) (data source: Xavier Azcue, 2015). 

The two most preponderant tree types in Odemira are the Eucalyptus and the Maritime Pine; 

together they represent about 75% of the energy production potential from biomass on Odemira 

– the Eucalyptus alone accounts for 47%. 

Part of this biomass is consumed by the residential sector – 16,942 tons if a LHV of 2.91 MWh/ton 

is considered (DGEG, 2015). It has not been assessed which part of the remaining 42,645 tons 

available for collection are currently collected – in case none of it is being collected, it represents 

a potential of 124.1 GWh. 

Potential savings from the implementation of EE measures 

The National Action Plan for Energy Efficiency (PNAEE), Resolução do Concelho de Ministros 

20/2013, Diário da República, 1.ª série — N.º 70 — 10 de abril de 2013, suggests the 

implementation of a great variety of EE measures and programs in all sectors of economic activity 

(transportation, residential, services, industrial, and agriculture), in the public sector, and also 

concerning consumers behavior.  

Regarding the agriculture sector, it is important to remember that it is the only sector which 

consumes natural gas, and also, that the greatest consumers of natural gas are Atlantic Growers’ 

eco-greenhouses, which are, as matter of principle, as efficient as possible. 

The PNAEE suggests measures for the public sector which have a direct impact on the 

management at municipal level (namely the renovation of municipal fleets, public illumination, 

public procurement, energy certification of the existing buildings and the determination of 

standards for the new ones) and on the municipal policies (such as, the energetic and 
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environmental, awareness of the citizens, urban planning and management, and transportation 

and mobility policies). 

An energy audit has been performed for the city council of Odemira in 2012 (Green Value, 2012). 

The municipal buildings are not optimized in terms of EE and have high energy bills, as the energy 

consumed is not endogenous. The fuel consumption by the old municipal fleet also represents a 

great expense.  

Unfortunately, energy audits have only been performed regarding the municipal sector. The 

identification of EE potentialities in the transportation, residential and services sector is very 

important and should be carried out in the future. 

 

Step 4 – Identifying the local stakeholders 

On the first workshop, the participants were asked to determine which stakeholders are more 

important regarding the energy plan. They also explained why, and clarified on the roles, levels 

of influence and concerns of each stakeholder. The information provided by them is synthesized 

in Table 7. 

Table 7 – Local stakeholders and respective roles, levels of influence and concerns 

Local 

stakeholders 
Roles, levels of influence and concerns 

City council 

and Parish 

councils 

The local authorities shall be the leading example for the municipality in 

terms of change in their own buildings, operation, and so on. Also, they 

possess information, resources and expertise to evaluate possible actions 

and to implement them afterwards 

IST 

IST works as a consultant and decision analyst on this project and will 

support the city council and the parish councils on the development of the 

action plan 

Private Social 

Welfare 

Institutions 

These institutions employ a great number of people and are open 24 hours 

a day. They would benefit from the implementation of renewable energy 

production and EE measures, in terms of costs reduction 

Local/rural 

tourism 

entrepreneurs 

These entrepreneurs will see their annual spending reduced if they 

implement renewable energy production and EE actions. The city council is 

interested on providing these entrepreneurs with an incentive, in exchange 

of their declaration of activity 

Inhabitants 

The inhabitants are crucial for the energy saving in the municipality 

because the residential sector has a great potential for energy reduction, 

which can be achieved through technical and behavioral measures. 
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Transportation 

companies & 

private taxi 

owners 

The transportation companies will most likely be involved in the 

implementation of mobility solutions in the municipality 

 

Development of an energy action plan 
 

Step 5 – Definition of the objectives of the plan 

When directly asked about their preoccupations, the DMs explained that the city council is 

committed to developing a green municipality, and simultaneously, concerned about contributing 

to social welfare. It intends to invest on both these areas in the more cost-effective way and to 

implement solutions which are as technologically mature as possible. The FPVs proposed in 

chapter 3 to rank actions in a sustainable development context – financial, social, and techno-

environmental – have therefore been validated by the DMs. 

The criteria tree presented on Figure 2 was validated by the DMs. Actually, as already mentioned, 

it has been built with the help of the DMs during the second workshop – as the initial structure 

was being presented, the participants expressed their suggestions. For instance, the criterion 

‘Land use’ was substituted by ‘Impact on the utilized land’ and the ‘Energy independence’ one by 

‘Energy savings’. 

 

Step 6 – Generation of actions 

The DMs have agreed on using the suggested type of alternatives – actions.  

On the first workshop, the participants not only shared the municipality’s problems but also 

mentioned potential solutions. They also clarified on which solutions were already being studied 

or about to be implemented at the time (April 2015), so that those solutions were not considered 

for this project. For instance, the public lighting of the municipality is already being replaced by 

LEDs (light-emitting diode). 

Based on the information collected, the team from IST chose the actions concerning renewable 

energy production or EE measures that represent the greatest potential in terms of energy savings 

and reduction of GHG emissions. 

The actions selected for the analysis concern the residential, the services and the transportation 

sectors and regard private, municipal and public sites, as presented below in Table 8. Actions 

concerning behavioral change are also considered: 
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Table 8 - Actions 

RESIDENTIAL 

Installation of PV modules for self-consumption in the single-family houses inhabited as 
main residence 

Installation of solar panels for water heating in the single-family houses inhabited as main 
residence 

Installation of heat recovery units in open fireplaces 

SERVICES 

Local authority’s buildings 

Installation of PV modules for self-consumption on the local authority’s buildings 

Acropolis (pool, sports hall, school) 

Conversion of gas boilers for biomass ones 

Installation solar panels for water heating 

Installation of PV modules  

Consumption monitoring 

Schools, health centers and other public buildings with DHW consumption 

Installation of solar panels for water heating 

Installation of PV modules for self-consumption during the week or for the peak during the 
weekends 

Conversion of gas boilers for biomass ones 

Private Social Welfare Institutions (Instituições Privadas de Solidariedade Social – 
IPSS, in Portuguese) 

Installation of solar panels for water heating 

Installation of PV modules 

Guest-houses and rural tourism buildings 

Installation of solar panels for water heating 

Installation of PV modules 

TRANSPORTATION 

Decentralization of services (namely, social security, healthcare, post and finance) to 5 
urban poles and implementation of a mobility solution using school buses 

Municipal fleet replacement (namely the refuse collection lorries and the vehicles used for 
school transport services) 

Utilize the vehicles used for school transport services as a means of transportation for the 
beach during the summer months 

EDUCATION & TRAINING 

Education and training in schools and to the local authorities regarding behavioral change 
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The installation of PV modules for self-consumption and of solar panels for water heating in the 

single-family houses inhabited as secondary residence have been considered. However, since 

the NPV of the investment concerning both equipment made by each house was negative (for 

both equipment), the actions would never be implemented, and therefore they will not be further 

considered. 

The agriculture sector encompasses some problems and is responsible for a great part of the 

energy consumption and CO2 equivalent emissions of the municipality. However, there have not 

been suggested nor considered any solutions for this sector in what concerns energy. 

Due to the lack of data up to the date of elaboration of this document, only 5 actions have been 

analyzed. The technical details of these five actions are presented below (Figure 12 to Figure 16). 

 

 

Figure 12 - Details about Action 1 

 

ACTION 1 (A1) – Installation of PV modules for self-consumption in the single-

family houses inhabited as main residence 

This action consists on installing PV modules in single-family houses inhabited as main 

residence for the production of electricity to satisfy the self-consumption of each house. 

It has been assumed that 85% of the 10,805 classic familiar dwellings in Odemira are 

single-family houses (9,184). It is considered that 50% of these 9,184 (4,592) will be 

possibly installing a single 250 W panel. 

The technical details of the PV equipment from EDP which will possibly be installed in 

each of these 4,592 houses are presented below: 

Equipment PV panel 

Nominal power* [W] 250 

Average annual production* [kWh] 392 

Area [m2] 2 

Price (panel & installation)* [€] 720 

Lifespan [years] 25 

* data derived from https://energia.edp.pt/particulares/servicos/energia-solar/#simule 
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Figure 13 - Details about Action 2 

ACTION 2 (A2) – Installation of solar panels for water heating in the single-family 

houses inhabited as main residence 

This action consists of installing a solar panel in single-family houses inhabited as main 

residence to satisfy part of their water heating needs. 

In Odemira, only 10,477 out of the 10,805 classic familiar dwellings have water heating 

needs. 586 of these 10,477 already have solar panels. From the remaining 9,891, 85% of 

the dwellings are assumed to be single-family houses (8,407) and 50% are expected to 

implement the DWH systems. The solar panels will then possibly be installed in 4,203 

houses. 

The technical details of the solar panels are presented below: 

Equipment Solar panel 

Satisfaction of the water heating needs of each house [%] 70 

Price (panel & installation) [€] 2500 

Lifespan [years] 20 

The solar panels to be installed will satisfy 70% of the heating water needs of each house. 

The remaining 30% of the needs will be satisfied by the same equipment and energy 

vectors as in the current situation. 
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Figure 14 - Details about Action 3 

 

Figure 15 - Details about Action 4 

 

ACTION 3 (A3) – Installation of heat recovery units in open fireplaces 

This action consists on closing the existent open fireplaces and installing heat recovery 

systems. This allows saving firewood. 

In Odemira 4,475 out of the 10,805 classic familiar dwellings have open fireplaces. 50% 

of these houses (2,237) are expected to install a heat recovery unit (HRU). 

The technical details of the heat recovery system which will possibly be installed are 

presented below: 

Equipment 
Heat Recovery 

Unit 

Average annual savings* [kWh] 4,764 

Price (HRU & installation) [€] 1,500 

Lifespan [years] 20 

* Rui Ximenes, personal communication, 2015 

 

ACTION 4 (A4) – Substitution of the gas fired boilers of the pool by biomass 

boilers 

This action consists of substituting the existent propane gas fired boilers of the municipal 

pool by biomass boilers, fed with pellets resulting from the transformation of biomass 

collected in the municipality.  

The heat distribution installation and radiators are the ones used with the previous 

installation. A biomass storage room must be foreseen for the accumulation of pellets. 

The technical details of the biomass boilers are presented below: 

Equipment Biomass boilers 

Price (boiler, burner and pellets storage room) [€] 195,840 

Lifespan [years] 20 
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Figure 16 - Details about Action 5 

It is important to note that, in the future, the city council will provide the team from IST with more 

data, which will allow to further analyze the potential impact of the presented actions and also the 

analysis of the remaining actions proposed. 

 

Step 7 – Selection/prioritization of the actions 

The DMs agreed that these actions should be analyzed and ranked from best to worse (as 

proposed in Chapter 3 (Step 7). 

The method ELECTRE III was selected by the team from IST. The method was implemented on 

the MCDA-ULaval software10 by entering the data relative to steps 7.2 to 7.4. 

 

                                                      
10 http://cersvr1.fsa.ulaval.ca/mcda/?q=en 

ACTION 5 (A5) – Substitution of the gas fired boilers of the pool by heat pumps 

This action consists of substituting the existent propane gas fired boilers of the municipal 

pool by heat pumps.  

The heat distribution installation and radiators are the ones used with the previous 

installation. 

The technical details of the heat pumps are presented below: 

Equipment Heat pumps 

Price (heat pumps & installation) [€] 250,000 

Lifespan [years] 20 
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Step 7.1 – Construction of the selection criteria 

 

Figure 17 - Criteria tree and respective dimensions 

 

Below, each criterion is further described. The dimensions respective to each criterion are 

presented. For each of the thirteen dimensions, the elementary consequence and scale is 

explained. When the criterion is multi-dimensional, the respective descriptor is also presented. 

Please note that the elementary consequences always concern the consequences of the actions 

on the ‘municipality’s current situation’ which is described in step 3 (hereinafter also called 

reference situation). 
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production increment [GWh]

g8 - Technical 
maturity (max)

c10 Maturity of technology 
[qualitative scale]

g9 - Energy savings 
(max)

c11 Final fossil energy 
consumption avoided per year 
[GWh]

g10 - Local 
environmental 
effects (min)

c12 Visual impact [qualitative 
scale]

c13 Impact on the natural 
environment [qualitative scale]
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Financial impact (g1) 

The first criterion is financial impact which must be maximized. It is built from a single dimension: 

Dimension 1 – this dimension concerns the elementary consequence ‘Equivalent Annual Annuity 

(EAA)’ (c1), in €.  

The net present value (NPV) is usually utilized to compare investments. However, when the 

investments do not have the same duration, the EAA is more appropriate to compare them. EAA 

may be seen as the constant annual cash flow generated by an action over its lifespan if it was 

an annuity. It may be calculated as follows on equation [1]: 

𝐸𝐴𝐴 =
𝑁𝑃𝑉 ∗ 𝑟

1 − (1 + 𝑟)−𝑛
 [1] 

based on the calculation of the NPV of the action, as follows on equation [2]: 

𝑁𝑃𝑉 = − ∑
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖

(1 + 𝑟)𝑖

𝑛

𝑖=0

 + ∑
𝐹𝑆𝑖

(1 + 𝑟)𝑖

𝑛

𝑖=1

 [2] 

where:  

investmenti is the investment made in year i [€] 

FSi are the financial savings due to the action’s implementation, in year i [€] 

r is the interest rate [%] 

n is the lifespan of the action [years] 

The investment made for the implementation of a certain action is either public, private, or a 

combination of both. 

The financial savings arising from the implementation of a certain action are calculated with regard 

to the reference situation (i.e. the situation where any action is implemented). The financial 

savings for each specific action shall account, for instance, for: 

- financial savings concerning the consumption of the different energy carriers for energy 

services except transportation (which may be assessed using the data presented in Table 

9); 

- financial savings concerning the energy related operational costs (which are action-

specific); 

- financial savings concerning the means of transportation used. 

The financial savings shall be calculated for every year; the financial savings will often assume a 

positive value but may also assume negative ones. 

The interest rate to be used shall be the largest between the inflation and the treasury bills rates. 
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Table 9 - Energy carriers' prices in Portugal (DGEG, 2014) 

Energy carrier Price [€/kWh] 

O
il 

p
ro

d
u
c
ts

 

 LPG 

Piped gas 0.150 

Butane gas canisters 0.135 

Propane gas canisters 0.160 

Heating oil 0.130 

Natural gas  0.090 

Wood  0.038 

Pellets  0.050 

Solar radiation  0 

Electricity  0.220 

 

The evolution of prices throughout the years of implementation should be forecasted in order for 

the financial analysis to be more accurate. 

 

Payback period (g2) 

The second criterion is the payback period which shall be minimized. This criterion is built from a 

single dimension: 

Dimension 2 – this dimension is associated with the elementary consequence ‘estimated period 

of time to recover the investment’ (c2) which is assessed in years. The payback period is an 

effective measure of investment risk.  

Generally the payback period is calculated by dividing the initial investment by the yearly financial 

gaining. 

 

Job creation (g3) 

The third criterion is the employment creation, which shall be maximized. It is operationalized by 

the following dimension: 

Dimension 3 – this dimension is associated with the elementary consequence ‘number of jobs 

gained’ (c3) compared to the reference situation. 

The calculation of the number of jobs gained will be based on the employment multipliers 

proposed by Wei et al. (2010), which are presented in Table 10. 
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Table 10 - Employment multipliers for different energy technologies. Source: Wei, Patadia, & Kammen 

(2010) 

Technology Job-years/GWh 

Solar thermal 0.23 

Solar PV 0.87 

Biomass 0.21 

Landfill gas 0.72 

Geothermal 0.25 

Small hydro 0.32 

Wind 0.17 

Energy efficiency 0.38 

 

Wei et al. (2010) have employed a consistent methodology of normalizing job data to average 

employment per unit of energy produced/saved. The employment multipliers take both direct and 

indirect jobs created into consideration and also the job losses in the coal and natural gas industry 

to estimate the net employment impacts. 

Therefore, the number of jobs gained shall be assessed as follows on equation [3]: 

𝑛𝑜.  𝑗𝑜𝑏𝑠 𝑔𝑎𝑖𝑛𝑒𝑑 = 𝐸𝑀 ∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 [3] 

where EM is the employment multiplier for the technology concerned in the action. 

The average energy produced per year is calculated by dividing the total energy produced 

throughout the lifespan of the action by the lifespan of the action. 

Please note that the equation [3] shall account for either energy produced or energy saved if the 

technology regarded is meant for energy production or energy efficiency purposes, respectively.  

Ideally, the number of net jobs gained calculated for a certain case study would only take into 

account the jobs created in the municipality concerned. However, by using the multipliers from 

Table 10, the number of created jobs calculated may also comprise jobs created outside the 

municipality concerned because the multipliers include the construction, manufacturing, 

installation, operations, maintenance and fuel processing of the several technologies, which are 

not all necessarily carried out in the municipality concerned. 

It is therefore important to substitute these employment multipliers by context specific ones, when 

possible. 

Contribution to local welfare (g4) 

The fourth criterion is the contribution to local welfare, which shall be maximized. This criterion is 

built from three different dimensions: 
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Dimension 4 – This dimension is related to the elementary consequence ‘social acceptance’ (c4) 

which may be described by the following qualitative scale: 

Level 1 – Strong objection 

Level 2 – Slight dissatisfaction by the population 

Level 3 – Indifference/Acceptance 

Level 4 – Great acceptance by the population  

Dimension 5 – This dimension is associated to the elementary consequence ‘access to services’ 

(c5), i.e. the degree to which the population has access to essential services such as the social 

security, health care, etc. The following qualitative scale may be used for the evaluation of the 

actions: 

Level 1 – Negative impact on access to services 

Level 2 – No impact on access to services 

Level 3 – Improvements in access to services  

Dimension 6 – This dimension is related to the elementary consequence ‘euros saved per 

household per year’ (c6) during each action’s lifespan. This consequence is assessed in euros 

(€) (see equation [4]), being therefore associated to a continuous numerical scale.  

𝑒𝑢𝑟𝑜𝑠 𝑠𝑎𝑣𝑒𝑑 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =
−𝑖𝑛𝑣𝑒𝑠𝑡𝑅𝑒𝑠 + 𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑅𝑒𝑠

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 ∗ 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑐𝑡𝑖𝑜𝑛
 [4] 

where: 

investRes is the investment of the residential sector throughout the whole lifespan of the 

action [€] 

savingsRes are the financial savings of the residential sector throughout the whole 

lifespan of the action [€] 

households is the total number of households inhabited as main residence in the 

municipality, even if the action does not concern the entirety of this type of households 

The financial savings of the residential sector for each specific action shall account, for instance, 

for: 

- financial savings concerning the consumption of the different energy carriers for energy 

services except transportation (which may be assessed using the data presented in Table 

9); 

- financial savings concerning the energy related operational costs (which are action-

specific); 

- financial savings concerning the means of transportation used. 
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The descriptor for the fourth criterion has been created by combining a multi-dimensional scale 

(which results from dimensions 4 and 5), with a continuous scale (respective to dimension 6). 

To build a multidimensional scale from dimensions 5 and 6, which are associated with discrete 

scales: (i) all the possible combinations of the levels of the several dimensions must be created 

(hereinafter called profiles); (ii) the unfeasible profiles must be eliminated; (iii) the desirability of 

the feasible profiles must be compared: the profiles judged indifferent must be grouped together 

and then, the groups created, which shall be called impact-levels, must be ranked by relative 

attractiveness (see Table 11); (iv) a detailed and objective textual description of each plausible 

impact-level shall be made (Bana e Costa & Beinat, 2005). 

Table 11 – Profiles and respective impact-levels resulting from the combination of dimensions 4 and 5 

 Social acceptance (c5) Access to services (c6) 
Impact-levels 

 L1 L2 L3 L4 L1 L2 L3 

Profile 1        Level 1 

Profile 2        Level 1 

Profile 3        Level 1 

Profile 4        Unfeasible 

Profile 5        Level 2 

Profile 6        Level 2 

Profile 7        Unfeasible 

Profile 8        Level 3 

Profile 9        Level 3 

Profile 10        Unfeasible 

Profile 11        Level 4 

Profile 12        Level 5 

 

Let us assume that the profiles where the access to services is either positively or negatively 

impacted only concern mobility solutions or measures regarding the transportation sector. When 

one of this type of actions is implemented, and it has a negative impact on the services, the 

population shall feel nothing but a strong objection against the action, and that is why profiles 4, 

7 and 10 are not feasible. 
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The 5 impact-levels are described in Table 12: 

Table 12 - Impact-levels resulting from the combination of dimensions 4 and 5 

Level Description 

Level 1 The population has a great objection towards the action  

Level 2 
The action has no impact on the accessibility to services and the population is 
slightly dissatisfied with its implementation OR the action has a positive impact on 
the access to services but the population is not satisfied with the action 

Level 3 The population accepts the action but is indifferent to it  

Level 4 
The action has no impact on access to services and the population accepts it 
greatly  

Level 5 
The action has a positive impact on the access to services and the population 
accepts it greatly 

 

The 5-level discrete scale presented in Table 12 and the continuous scale which regards 

dimension 611 will operationalize criterion 4, through the indifference curves presented in Figure 

18 (Keeney, 1992). 

 

  Figure 18 - Indifference curves for criterion 4 

                                                      

11 The continuous scale associated to dimension 6 could be discretized. However, if a continuous scale is 

divided into levels, it is impossible to guarantee that the fair level is always attributed to the alternatives. For 

example, assuming that level one is assigned to alternatives that have performances between 0€ and 30€ 

and that level two is assigned to alternatives that have performances between 30€ and 60€. If all alternatives 

have performances between 29€ and 31€, there is no fair and realistic assignment of levels. To avoid this 

kind of situation, the scale is kept continuous. 
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The DMs were asked to identify points with the same impact in the graph. The information 

collected explains the reasoning behind the drawing of these curves: 

- The worst possible situation occurs when Level 1 is verified and each household has no 

savings per year (0€/year); 

- The situation where Level 5 is verified and households save 0€/year, can only be 

equivalent to the situation where Level 1 is verified if the households see their annual 

energy bills cut in half, i.e. if they save 400€/year; 

- The previously mentioned situations are better than the situations where Level 4 is 

verified and households have no yearly savings (0€/year); and this situation is better than 

the one where Level 3 is verified and households have no yearly savings (0€/year); and 

this situation is, in turn, better than the one where Level 2 is verified and households have 

no yearly savings (0€/year); 

- Some of the best possible situations occur when Level 5 is verified and each household 

has a gaining of 40 €/year or when Level 4 is verified and each household has a gaining 

of 65 €/year. 

The worst possible situation has been assigned a value of 0, and the best possible ones, a value 

of 100. This means that the performance concerning criterion 4 of the best possible situations 

previously described is 100. 

The 7 curves between the worst and best curves have been assigned values of 12.5, 25, 37.5, 

50, 62.5, 75, and 87.5, as they move away from the worst curve and get closer to the best one 

(Figure 19). 

 

Figure 19 - Performance curves for criterion 4 
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In order to assess the impact/performance of a specific action regarding criterion 4: 

- If the action has a performance represented by one of the curves, it is assigned the value 

of that curve; 

- If the action has a performance which is not represented by one of the curves, a linear 

vertical interpolation using the two closest curves (one with better performance and one 

with worse performance) shall be carried out, in order to assess the value of the 

performance of the action (V), as presented in Figure 20. Although this interpolation has 

an inherent error, it is not significant and shall be accepted for the sake of simplification. 

 

Figure 20 - Illustrative example of the assessment of the performance value (V) of an action regarding 
criterion 4 

Impact on the utilized land (g5) 

The fifth criterion is the impact on the utilized land, which shall be mitigated as possible. This 

criterion is associated with dimension 7: 

Dimension 7 – This dimension is related with the elementary consequence ‘impact on the land’ 

(c7) which, among other aspects, accounts for the increase/decrease on the utilization of forest 

residues. It may be described by the following qualitative scale: 

Level 1 – Positive impact on the utilized land (e.g. actions where the forest residues are utilized 

have a positive impact on the utilized land as they help prevent fires)   

Level 2 – No impact on the utilized land (e.g. solar and PV panels have no impact on the land) 

Level 3 – Negative impact on the utilized land (e.g. actions where the soil is negatively impacted) 
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Reduction of GHG emissions (g6) 

The sixth criterion is the reduction of GHG emissions which must be maximized. This criterion 

may be operationalized by the following dimension: 

Dimension 8 – this dimension is related with the elementary consequence ‘annual reduction of 

CO2 equivalent emissions’ (c8) which will be assessed in tons of CO2 equivalent. 

The reduction of CO2 equivalent emissions are calculated by taking into consideration: 

- The savings on specific energy carriers consumption, multiplied by the respective 

emission factors (previously presented in Table 1); 

- The additional consumption of specific energy carriers, multiplied by the respective 

emission factors (previously presented in Table 1). 

The ‘annual reduction of CO2 equivalent emissions’ is associated with a continuous numerical 

scale. 

 

Increase of renewable energy production (g7) 

The seventh criterion has to do with the increment of the renewable energy production, which 

shall be maximized. It may be operationalized by the following dimensions: 

Dimension 9 – this dimension is associated with the elementary consequence ‘annual renewable 

energy production increase’ (c9) which concerns the solar thermal energy, the solar electricity, 

the wind and biomass energy, the hydro power, and the energy from biofuels. It is measured in 

GWh. 

 

Technical maturity (g8) 

The eight criterion is the maturity of the technology which shall be maximized. It may be described 

by the following dimension: 

Dimension 10 – this dimension is associated with the elementary consequence ‘maturity of 

technology’ (c10) which may be described by the following qualitative scale: 

Level 1 – Not mature 

Level 2 – Mature technology 
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Energy savings (g9) 

The ninth criterion is the energy savings which shall be maximized. This criterion is related with 

the following dimension: 

Dimension 11 – this dimension concerns the elementary consequence ‘final fossil energy 

consumption avoided per year’ (c11), in GWh. It regards the consumption of fossil fuels, e.g. 

natural gas and the fossil fraction of electricity which is made available on an annual basis (EDP 

- Energias de Portugal, 2015). 

It is calculated by subtracting the additional fossil fuels consumption to the savings on fossil fuel 

consumption, resulting from the implementation of an action. 

It is associated with a continuous numerical scale. 

 

Local environmental effects (g10) 

The tenth criterion is the local environment effects which shall be minimized.  

This criterion may be built from the three dimensions presented below: 

Dimension 12 – it concerns the elementary consequence ‘visual impact’ (c12) which may be 

described by a qualitative scale: 

L1 – positive visual impact  

L2 – indifferent visual impact 

L3 – negative visual impact 

Dimension 13 – it concerns the elementary consequence ‘impact on the natural environment’ 

(c13). The natural environment comprises the air, water and soil quality, as well as the fauna and 

flora. The elementary consequence may be described by the following scale: 

L1 – the impact on the natural environment is positive 

L2 – the impact on the natural environment is neutral 

L3 – the impact on the natural environment is negative 

The impact-levels created to build a multidimensional scale from dimensions 12 and 13 is 

presented on Table 13. 
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Table 13 - Profiles and respective impact-levels resulting from the combination of dimensions 12 and 13 

 Impact on the natural 
environment 

Visual impact Impact-
levels 

 L1 L2 L3 L1 L2 L3 

Profile 1       Level 1 

Profile 2       Level 2 

Profile 3       Level 3 

Profile 4       Level 3 

Profile 5       Level 4 

Profile 6       Level 5 

Profile 7       Level 6 

Profile 8       Level 7 

Profile 9       Level 8 

 

The impact on the natural environment is more important to the DMs than the visual impact.  

For the DMs, the transition from negative to positive visual impact makes up for the transition from 

positive to neutral impact on the natural environment (impact-level 3). However, the same is not 

true when the impact on the natural environment shifts from neutral to negative (impact-levels 5 

and 6). 

The eight plausible impact-levels are presented on Table 14. 

Table 14 - Impact-levels resulting from the combination of dimensions 12 and 13 

Level 1 The visual impact and the impact on the natural environment are positive 

Level 2 The visual impact is neutral and the impact on the natural environment is positive 

Level 3 
The visual impact is positive and the impact on the natural environment is neutral 
OR the visual impact is negative and the impact on the natural environment is 
positive 

Level 4 Both the visual impact and the impact on the natural environment are neutral 

Level 5 
The visual impact is negative and the impact on the natural environment is 
neutral 

Level 6 
The visual impact is positive and the impact on the natural environment is 
negative 

Level 7 
The visual impact is neutral and the impact on the natural environment is 
negative 

Level 8 Both the visual impact and the impact on the natural environment are negative 
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Step 7.2 – Weighting of the criteria 

As proposed in Chapter 3 (Step 7.3), the revised Simos’ procedure was implemented in SRF 

software (coded with Borland Delphi 3) to determine the weights of criteria. 

The participants of the second workshop were divided into 3 groups according to their 

departments, in such a way that people with similar major preoccupations were grouped together. 

The first group (Group I) was constituted by 3 people, including the deputy mayor of the city 

council, which are more concerned about the financial aspects concerning the implementation of 

the energy plan. The second group (Group II) was constituted by 4 people, including the 

representatives from the departments of human resources, sports and education, which are more 

concerned about the social impact of the plan. And lastly, the third group (Group III) was 

constituted by 4 people, including, for instance, the representative of the department of 

environment, which are particularly concerned about the environment and energy related aspects. 

The weighting of the criteria process was divided into two phases:  

- the first phase consisted on collecting information from these 3 groups; 

- the second phase encompassed the computations on the SRF software. It resulted in 3 

different sets of scores for each criterion which were in turn validated by the respective 

groups. 

In the first phase each group was asked to rank the 10 criteria, by ranking the 10 cards with the 

name of a criterion each, from the least important to the most important.  

For Group I, for instance, the ranking was executed as presented in Figure 21. The group placed 

some cards together – for instance, the cards respective to g1 and g2 – because the DMs judged 

the respective criteria to have the same importance. Group I thus created 5 ranks – each 

composed by one, two or three cards. 

Afterwards, the groups were asked to assess the difference in the importance between each two 

ranks by introducing white cards between them. As shown in Figure 21, Group I utilized a total of 

12 white cards. 
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Figure 21 - Application of the ‘the playing cards’ approach by Group I 

Lastly, each group was asked to state how many times the last criterion was more important than 

the first one on that group’s ranking. Let z be the value of this ratio, Group I assigned z a value of 

10. 

In the second phase, the data resulting from this interaction was processed on the SRF software 

to calculate the non-normalized weights and the normalized weights of the criteria, for Groups I, 

II, and III, as presented in Figure 22, Figure 23 and Figure 24, respectively. 
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Figure 22 - Weights of the criteria according to Group I 
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Figure 23 - Weights of the criteria according to Group II 
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Figure 24 - Weights of the criteria according to Group III 

 

In the future, the three groups of DMs will be asked to develop a consensual set of weights for 

the criteria. 
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Step 7.3 – Evaluation of the performance of each action 

The assumptions made regarding some specific data are described below: 

The discount rate used is the inflation rate (‘rate of change of the harmonized index of consumer 

prices and consumer price index’) in September, 2015 which is 0.3% (INE & EUROSTAT). 

The price per kWh of propane utilized in the pool and in the sports hall was assumed to be 

0.10€/kWh based on the data provided in Relatório de Auditoria Energética para o Município de 

Odemira (Green Value, 2012).  

As already explained, the investment considered for the assessment of the financial impact of a 

certain action is the total investment made by the stakeholders concerned. The local authority will 

need to identify and apply the financing mechanisms better suitable to foster the implementation 

of the defined actions. 

The ‘euros saved per inhabitant per year’ for the actions regarding the residential sector have 

been calculated for the worst-case scenario, where the local authority does not offer any incentive 

to the inhabitants. However, according to the participants of the workshops, the investment by the 

inhabitants is not likely easy so the city council will probably need to provide an incentive to the 

implementation. 

The performance of all actions correspond to the impact-level 3 on the qualitative scale associated 

to criterion 4, as the population is assumed to accept the actions. The savings per household per 

year caused by Actions 1, 2 and 3 are 24.41, 18.89 and 21.47, respectively. The assessment of 

the impact of all actions in criterion 4 is performed by means of a linear interpolation, based on 

this data, as shown in Figure 25.  

 

Figure 25 - Performance of actions regarding criterion 4 
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The impact matrix, which presents the performance of each action in each and every criteria, is 

presented below: 

Table 15 – Impact matrix 

 A1 A2 A3 A4 A5 

Financial impact (g1) 258,545 187,385 226,620 38,838 39,927 

Payback period (g2) 8.35 14.40 8.39 4.00 4.73 

Job creation (g3) 1.57 0.89 4.05 0.21 0.29 

Contribution to local welfare (g4) 41.63 37.86 39.63 25 25 

Impact on the utilized land (g5) L2 L2 L3 L1 L2 

Reduction of GHG emissions (g6) 342.35 1053.40 0.00 222.18 183.24 

Increase of RE production (g7) 1.80 3.45 -10.66 0.98 0 

Technical maturity (g8) L2 L2 L2 L2 L2 

Energy savings (g9) 0.50 4.75 0.00 0.98 0.92 

Local environmental effects (g10) L4 L4 L3 L4 L4 

 

Please note that the performances of these 5 actions have not yet been adjusted concerning the 

initial investment since this comparison is only illustrative. Considering the same initial investment 

for all actions to be compared, and adjusting their performances accordingly, is a way of 

guaranteeing that the performances are in fact comparable. 

Step 7.4 – Definition of the thresholds 

The indifference (qj) and preference (pj) thresholds of each criterion are presented on Table 16. 

The veto (vj) thresholds of some criteria are also presented. 

The thresholds for each specific criterion have been defined based on the range between the best 

and worst possible performances of the actions regarding that criterion. Namely, the indifference 

and preference thresholds have been defined by experts. The veto thresholds, which would likely 

have been defined together with the DMs, have been defined based on what was portrayed by 

the DMs in the workshops held so far. 
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Table 16 – Best and worst performances and thresholds of the criteria 

Criteria 

Possible 
performance 

Thresholds 

Worst Best qj pj Vj 

Financial Impact (g1) 0 300,000 15,000 25,000 150,000 

Payback period (g2) 15 0 2 4 10 

Job creation (g3) 0 5 0.5 1 n.a. 

Contribution to local welfare (g4) 0 100 5 8 20 

Impact on the utilized land (g5) L3 L1 0 0 n.a. 

Reduction of GHG emissions (g6) 0 1,100 10 20 500 

Increase of RE production (g7) -11 5 2 5 10 

Technical maturity (g8) L1 L2 0 0 n.a. 

Energy savings (g9) 0 5 0.5 1 n.a. 

Local environmental effects (g10) L8 L1 1 2 6 

 

Step 7.5 – Results and sensitivity analysis 

The MCDA-ULaval software ran three times, using three different sub-configurations, each 

concerning one of the groups of DMs and, consequently, different sets of weights for the criteria.  

The alpha and beta coefficients of the discrimination or distillation threshold function s(λ) = α + 

β*λ have been assigned the commonly used values of α = 0.3 and β = -0.15 (“MCDA-ULaval - 

User guide”, 2015). 

From the data inserted, the MCDA-ULaval software ranked the actions as presented in Figure 26, 

Figure 27 and Figure 28.  
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Figure 26 - Ranking concerning the weights 
defined by Group I 

 

Figure 27 - Ranking concerning the weights 
defined by Group II 

 

Figure 28 - Ranking concerning the weights defined by Group III 

Figure 26 shows the ranking according to the weights assigned to the criteria by Group I. Actions 

1 and 2 are placed first but are incomparable between each other. Action 4 is ranked second and 

Actions 3 and 5 are indifferent and ranked last.  

Actions which are very disparate are called incomparable actions. In practice, this type of actions 

need to be carefully compared and prioritized by the DMs. 

Figure 27 shows the ranking of actions according to the weights assigned to the criteria by Group 

II. Actions 1 and 2 are placed first but are incomparable between each other. Actions 3 and 4 are 

indifferent and ranked second. Action 5 is ranked last. 

Figure 28 shows the ranking of actions according to the weights assigned to the criteria by Group 

III. Actions 1 and 2 are placed first but are incomparable between each other. Action 4 is placed 

second, Action 3 is placed third and Action 5 is ranked last. 

This simple variation of the weights of the criteria, allows performing a sensitivity analysis, and 

testing the robustness of the results. It is noteworthy that, regardless of the weighting set, Actions 

1 and 2 are placed first and Action 5 is placed last. 
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Besides that, the value of z (which had been defined by the DMs when asked to state how many 

times the last criterion was more important than the first one in the ranking, in step 7.2) was also 

varied. As already mentioned, this ratio is not usually very well defined from the DMs point of 

view, and therefore, it is very important to analyze the effect of the changes in z on the results. 

The value of z assigned by each of the three groups was changed twice, assuming two values 

besides the one actually assigned by the group. Regarding Group I, for instance, which had 

assigned z a value of 10, the ratio was altered to 9 and 11, creating two new sets of weights for 

the 10 criteria (Figure 29).  

 

Figure 29 - Weights resulting from the variation of the value of z (Group I) 

The same was done for the other two groups – the value of z for Group II was assumed 11 and 

13, and for Group III, it was assumed 7 and 9. 

By introducing the new sets of weights into the MCDA-ULaval software, it was confirmed that the 

alteration of the value of z, between the actual value minus one and the actual value plus one, 

has no impact on the final ranking of alternatives for each group. 

 

Step 8 – Elaboration of the energy action plan 

Please note that this step had not been performed up to the date of elaboration of this document.  

 

 Summary 

Up to the date of elaboration of this document, the steps 1 to 6 and 7.2 had been implemented in 

Odemira. Within this framework, two workshops were held in Odemira with the deputy mayor and 
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ten representatives of several departments of Odemira’s city council. The workshops have been 

very successful and the attendees participated actively. 

On the first workshop, the DMs have participated on the definition of ‘Odemira’s current 

framework’ and have identified the main local stakeholders. On the second workshop, the DMs 

have defined the major objectives to be met by the energy action plan, which are translated by a 

set of criteria. The DMs were then divided into three groups, and then each group, separately, 

assigned a set of weights to the criteria, according to their relative importance. In the future, the 

three groups of DMs will be asked to develop a consensual set of weights for the criteria. 

The construction of the criteria (step 7.1) has been carried out by the team from IST, and still 

needs validation from the DMs. This step is one of the most intricate; the construction of criteria 

from multiple dimensions is particularly complex.  

The evaluation of the performance of each action on each criteria (step 7.3) was also performed 

by the team from IST. The data available so far has allowed the evaluation of five actions. 

However, the city council will provide the team from IST with more data, which will allow to further 

analyze the potential impact of the presented actions and also the analysis of the remaining 

actions proposed. 
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Chapter 5      CONCLUSIONS AND FUTURE WORK 

Local authorities play a key role in the achievement of the national and transnational energy and 

climate objectives. Municipal energy planning is therefore very important.  

In order to understand how municipalities throughout the world have been developing energy 

plans, a literature review was conducted. It was possible to identify a gap between what the 

existing methodologies suggest and what local authorities have been implementing, regarding 

the selection and prioritization of actions. For instance, the most widely followed methodology at 

a European level (developed to guide the signatories of the Covenant of Mayors program) 

suggests using MCDA for the above mentioned purpose of selecting and prioritizing actions, 

nonetheless, most municipalities fail to do so. Moreover, the few municipalities that mention the 

MCDA in their action plans, do not explain how they get from the selection of a set of criteria to 

the selection/prioritization of actions. The few case studies where MCDA was applied (outside the 

framework of the Covenant of Mayors program) show how this methodology is adequate to 

support energy planning at municipal level. It helps local authorities through the complex decision 

process involved in the creation of energy action plans: it allows the evaluation and comparison 

of several actions, taking economic/financial, social and techno-environmental criteria into 

account, in a participative, transparent and democratic manner that allows including the 

preferences of the several DMs involved. Furthermore, by taking into consideration the several 

sources of uncertainty at stake, it allows drawing up more robust recommendations. 

The purpose of this Master Thesis was to develop a methodology that thoroughly detailed, in a 

simple and practical manner, the steps for the development of energy action plans which include 

the implementation of the MCDA methodology, and specifically, the implementation of the 

ELECTRE III outranking method.  

Up to the date of elaboration of this document, the methodology proposed had been partially 

implemented to the municipality of Odemira. Odemira has signed a protocol with IST for the 

implementation of the ‘S-project’. A team from IST has been working as a consultant and decision 

analyst on this project. 

So far, the steps 1 to 6 and 7.2 have been implemented. Two workshops were held in Odemira 

with the deputy mayor and ten representatives of several departments of Odemira’s city council. 

The workshops have been very successful and the attendees participated actively. 

The DMs have participated on the definition of ‘Odemira’s current framework’, they have identified 

the main local stakeholders, defined the major objectives to be met by the energy action plan 

(which are translated by a set of criteria), and assigned weights to the criteria.  

The construction of the criteria (step 7.1) has been carried out by the team from IST. This step is 

one of the most intricate; the construction of criteria from multiple dimensions is particularly 

complex. 
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The evaluation of the performance of each action on each criteria (step 7.3) was also performed 

by the team from IST. The data available so far has allowed the evaluation of five actions.  

From the evaluation of actions performed, it is already possible to understand that using multi-

criteria evaluation has proven to be very useful for city councils. 

FUTURE WORK 

Regarding Odemira’s case study, it is necessary that the DMs validate the construction of the 

criteria performed by the team of IST and that they agree on a consensual set of weights for the 

criteria defined. 

A collection of more data from the city council needs to be done in order to evaluate the impact 

of more actions. After running the software for the final set of actions and final set of criteria, a 

workshop shall be held to show the results (and how the results were obtained, in order to 

enhance the transparency of the process). The sensitivity analysis to be performed shall include 

not only the variation of the weights of the criteria and the variation of the value assigned to z, but 

it shall also test the variation of the number of white cards assigned during the revised Simos’ 

procedure which shall be carried out regarding the future set of weights. 

After the presentation of a recommendation by the team of IST regarding the sequence of actions’ 

implementation, the DMs shall prioritize the actions (namely the incomparable and the indifferent 

ones) and elaborate an action plan.  

Regarding the methodology itself, it would be important that other municipalities implement it to 

further validate it. 
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APPENDIXES 

Appendix 1  – Rede Natura 2000 and protected areas 
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Appendix 2  – Odemira’s energy matrices (2008 - 2012) 
Y

e
ar

 

Area Electricity Butane Propane Gasoline Diesel 
Bio-

diesel 
Natural 

Gas 
Fire-

wood 
Total 

2
0

0
8

 

AFCBF 15.64 0.00 3.78 0.00 22.39 0.00 9.82 0.00 51.62 

Industrial 0.73 0.00 0.42 0.00 0.00 0.00 0.00 0.00 1.15 

Others 1.07 0.00 0.12 0.00 0.00 0.00 0.00 0.00 1.18 

Transportation 3.78 0.00 0.00 46.70 106.70 0.00 0.00 0.00 157.18 

Services 24.67 1.74 4.68 0.00 3.71 0.00 0.00 0.00 34.80 

Residential 31.02 7.44 5.88 0.00 0.00 0.00 0.00 49.47 93.82 

Total 76.91 9.18 14.87 46.70 132.80 0.00 9.82 49.47 339.75 

2
0

0
9

 

AFCBF 17.29 0.00 1.94 0.25 22.46 0.00 11.36 0.00 53.30 

Industrial 0.73 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.83 

Others 1.12 0.00 0.06 0.00 0.28 0.00 0.00 0.00 1.46 

Transportation 4.19 0.00 0.00 44.15 105.19 0.00 0.00 0.00 153.53 

Services 27.25 1.25 4.57 0.00 3.67 0.00 0.00 0.00 36.74 

Residential 32.84 7.03 6.21 0.00 0.00 0.00 0.00 49.49 95.57 

Total 83.42 8.28 12.88 44.40 131.59 0.00 11.36 49.49 341.42 

2
0

1
0

 

AFCBF 16.54 0.00 1.92 0.00 20.63 0.00 34.73 0.00 73.82 

Industrial 0.76 0.00 0.30 0.00 0.00 0.00 0.00 0.00 1.06 

Others 0.87 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.97 

Transportation 4.73 0.00 0.00 41.04 103.79 0.00 0.00 0.00 149.56 

Services 27.29 0.18 4.26 0.00 3.78 0.00 0.00 0.00 35.51 

Residential 32.44 6.73 5.89 0.00 0.00 0.00 0.00 49.43 94.50 

Total 82.63 6.91 12.47 41.04 128.19 0.00 34.73 49.43 355.41 

2
0

1
1

 

AFCBF 15.57 0.00 2.00 0.00 18.81 0.00 39.43 0.00 75.82 

Industrial 1.21 0.00 0.08 0.00 0.00 0.00 0.00 0.00 1.29 

Others 0.77 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.85 

Transportation 2.43 0.00 0.00 36.61 97.82 0.00 0.00 0.00 136.86 

Services 30.08 0.75 4.53 0.00 3.05 0.00 0.00 0.00 38.41 

Residential 33.43 6.24 5.68 0.00 0.00 0.00 0.00 49.30 94.64 

Total 83.48 6.99 12.37 36.61 119.68 0.00 39.43 49.30 347.86 

2
0

1
2

 

AFCBF 14.18 0.00 2.14 0.00 19.25 0.00 37.70 0.00 73.27 

Industrial 1.60 0.00 0.62 0.00 0.00 0.00 0.00 0.00 2.21 

Others 0.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.76 

Transportation 0.47 0.00 0.00 32.89 90.88 0.01 0.00 0.00 124.25 

Services 32.11 0.40 3.19 0.00 2.45 0.00 0.00 0.00 38.15 

Residential 31.09 6.05 5.70 0.00 0.00 0.00 0.00 49.03 91.87 

Total 80.21 6.46 11.65 32.89 112.57 0.01 37.70 49.03 330.52 

Note: AFCBF – Agriculture, Forestry, Cattle Breeding and Fishery Sector 
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Appendix 3  – Synthesis of the papers reviewed 

 Scope of the proposed model 
Alternatives 
(type; impact 
assessment) 

MCDA 
techniques 

Uncertainty Application 

Energy 
carriers; 

EE 
measures 

RES for electricity generation 

Papadopoulos & 
Karagiannidis 

(2008) 

Optimization of decentralized energy systems 
which aim at covering the electricity demand of 
remote regions by utilizing RES 

Scenarios ELECTRE III 
Sensitivity analysis 

(on weights) 

I – Karpathos 
and Kassos, 

Greece 
No EE 

RES for multiple energy carriers 

Beccali et al. 
(2003) 

Assessment of an action plan for the diffusion of 
technologies of energy conversion (from RES) and 
saving, at regional scale 

Actions ELECTRE III Scenario related 
I – Sardinia, 

Italy 
EH; EE 

Kowalski et al., 
(2009); Madlener 

et al. (2007) 

Integrated development and appraisal of future 
national energy scenarios which increase the 
contribution of RES in heat and electricity 
production. 

Scenarios; 
GEMIS 

PROMETHEE 
and PMCA 

Scenario based N/ R– Austria EH; EE 

Terrados et al. 
(2009) 

Establishment of strategies which, in the long 
term, lead to energy systems which are more 
sustainable and mainly based upon 
autochthonous resources 

Technologies PROMETHEE Not specified 
R – Jaén 
Province, 

Spain 
EH; no EE 

Tsoutsos et al. 
(2009) 

Sustainable energy planning at regional level Scenarios PROMETHEE Not specified 
I – Crete, 
Greece 

EH; no EE 

Oikonomou et al. 
(2011) 

Definition of policies that meet RES policy targets, 
minimize costs and achieve high level of socio-
political acceptance 

Scenarios 
ECPI decision 
support tool 

Not specified 
T – European 

Union 
EHF; EE 

Renewable and conventional resources for electricity generation 

Talinli et al. 
(2010) 

Assessment of various energy policies for power 
alternatives 

Energy 
sources 

Chang’s Fuzzy-
AHP 

Fuzzy techniques N - Turkey No EE 

Santos et al. 
(2015) 

Analysis of different scenarios for the Portuguese 
electricity system 

Scenarios 
Simple MCDA 
tool based on 

tradeoff analysis 

Sensitivity analysis (5 
approaches to define 

the weights of the 
criteria) 

N - Portugal No EE 
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Renewable and conventional resources for multiple energy carriers 

Jovanovic et al. 
(2010); Jovanović 

et al. (2009) 

Assessment of the sustainability of urban energy 
systems 

Scenarios 

Method based 
on fuzzy sets 

synthesis 
technique 

Fuzzy sets synthesis 
technique 

L – Belgrade, 
Serbia 

EHF; EE 

Browne et al. 
(2010) 

Assessment of policy measures relating to 
residential heating energy and domestic electricity 
consumption 

Scenarios 
(policies) 

NAIADE 
Sensitivity analysis 

and scenarios 

L – Limerick 
city-region, 

Ireland 
EH; EE 

Kahraman & Kaya 
(2010) 

Selection among energy policies 
Energy 
sources 

Fuzzy AHP Fuzzy techniques N – Turkey EH; no EE 

Phdungsilp (2010) 
Assessment of options for energy and carbon 
development for the city of Bangkok 

Scenarios 
(policies) 

MAVT and AHP Not specified 
L – Bangkok, 

Thailand 
EF; EE 

Trutnevyte et al. 
(2011, 2012) 

Definition of future energy systems for small rural 
and peri-urban communities 

Visions 
(including 
scenarios) 

AHP, 
Stakeholder-
based MCA 

Scenario based 
L – Urnäsch, 
Switzerland 

EH; EE 

Erol & Kılkış 
(2012) 

Definition of an energy resource allocation plan at 
district level 

Energy 
sources 

AHP Not specified 
L – Aydin, 

Turkey 

No energy 
carrier is 

mentioned; 
no EE 

Dall’O' et al. 
(2013) 

Definition of sustainable energy action plans Scenarios ELECTRE III 
Sensitivity analysis (5 

scenarios to define 
the weights of criteria) 

L – Melzo, 
Italy 

EH; EE 

A. R. Neves et al. 
(2015) 

Development of action plans Scenarios MACBETH Robustness analysis 
L – Barreiro, 

Portugal 
EHF; EE 

 

Note: L: Local; R: Regional; I: Island; N: National; T: Transnational; EH: Electricity and heat; EF: Electricity and fuels; EHF: Electricity, heat and fuels; No EE: EE measures are 

not taken into consideration; EE: EE measures are taken into consideratio
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Appendix 4  – ELECTRE III – Theoretical background 

The family of ELECTRE methods was designed into two main phases. The first consists of the 

construction of one or more outranking relations, while the second is related to the exploitation of 

these relations. 

In what follows A denotes the finite set of alternatives and can be defined as follows, A = {a1, a2, 

…, am}; g denotes a given criterion; F = {g1, g2, …, gn} denotes a coherent family of criteria; and 

gj(a) denotes the performance of alternative a according to the criterion j. 

According to Roy & Bouyssou (1993), a coherent set of criteria has to fulfil the following 

requirements: 

- Exhaustiveness: criteria must not be insufficient or in excess 

∀ F, 𝑔𝑗(𝑎) = 𝑔𝑗(𝑏) ⇒ a and b are indifferent 

If the DM does not consider the previous statement to be true, then it means that some important 

evaluation criteria have not been taken into consideration.  

- Coherence: the set of preferences of the DM on each criterion has to be consistent with 

the global preferences 

If 𝑔𝑗(𝑎) = 𝑔𝑗(𝑏) ∀ 𝑗 ≠ 𝑘 and 𝑔𝑘(𝑎) > 𝑔𝑘(𝑏) ⇒ a is preferred to b 

- Non-redundancy: criteria must not be in excess and must not be duplicated. Deleting 

some criteria can make invalid one of the previous condition for at least a pair of actions. 

Pseudo-criterion model 

While a criterion is defined as a rigid tool according to the classic conception, the ELECTRE 

methodology introduces the flexible concept of pseudo-criterion (Dias, Figueira, & Roy, 2006). It 

defines an indifference condition zone where the difference between a and b is inexistent. It also 

defines a zone of weak preference between the zones of indifference and of strict preference. 

This procedure allows net judgments to be avoided, when data are not completely available 

and/or are uncertain.  

A criterion gj is called a pseudo-criterion when two thresholds are associated with gj: the 

indifference threshold, qj, and the preference threshold, pj, such that 𝑝𝑗 ≥ 𝑞𝑗 ≥ 0. 

An indifference threshold between two performances of criterion j, denoted by qj, is the largest 

performance difference within which two actions with different performances are judged 

indifferent.  

A preference threshold between two performances of criterion j, denoted by pj, is the smallest 

performance difference that when exceeded is judged significant of a strict preference in favor of 

the action having the best performance. 

These definitions allow making the following conclusions: 
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- a and b are indifferent, aIjb, if: |𝑔𝑗(𝑎) − 𝑔𝑗(𝑏)| ≤ 𝑞𝑗; 

- a is strictly preferred to b, aPjb, if: 𝑔𝑗(𝑎) − 𝑔𝑗(𝑏) > 𝑝𝑗; 

- a is weakly preferred to b, aQjb, if: 𝑞𝑗 < 𝑔𝑗(𝑎) − 𝑔𝑗(𝑏) ≤ 𝑝𝑗 – the advantage of a over b is 

a little too large to conclude about an indifference between a and b but this advantage is 

not enough to conclude about a strict preference in favor of a. This means that there is a 

hesitation between indifference and strict preference; 

- A pseudo-criterion becomes a real criterion if: 𝑞𝑗 = 𝑝𝑗. 

Concordance index 

In order to use ELECTRE III, every criterion of the family of criteria must be assigned an intrinsic 

weight, in such a way that wj > 0, for j = 1, …, n and ∑ 𝑤𝑗 = 1𝑛
𝑗=1 . 

The overall concordance with the assertion of ‘a outranks b’ is modeled through a comprehensive 

concordance index (or concordance relation), denoted C(a,b), defined as follows: 

𝐶(𝑎, 𝑏) = ∑ 𝑤𝑗𝑗𝜖𝐶(𝑎𝑃𝑏) + ∑ 𝑤𝑗 +𝑗𝜖𝐶(𝑎𝑄𝑏) ∑ 𝑤𝑗𝑗𝜖𝐶(𝑎𝐼𝑏) + ∑ 𝑤𝑗𝑗𝜖𝐶(𝑏𝑄𝑎) 𝜑𝑗  

where  

𝜑𝑗 =
𝑝𝑗 − (𝑔𝑗(𝑏) − 𝑔𝑗(𝑎))

𝑝𝑗 − 𝑞𝑗

 𝜖[0, 1[; 

wj is the weight of criterion j; 

C(aIb) denotes the subset of criteria such that aIjb; 

C(aQb) denotes the subset of criteria such that aQjb; 

C(aPb) denotes the subset of criteria such that aPjb; 

C(bPa) denotes the complements of C(aPb). 

This index represents the degree of outranking of a over b. It takes into account the weights of 

criteria which contribute to validate the assertion, ‘a is at least as good as b’, denoted by aSb, as 

follows:  

- Every criterion leading to aPb, aQb, and aIb is taken into account with its overall weight; 

- Every criterion leading to bPa must not be taken into account for validating the assertion;  

- A criterion leading to bQa must not be completely disregarded. The weak preference 

situation represents a hesitation between bIa and bPa. The criterion is thus taken into 

account by a fraction, φj, of its weight, which can be interpreted as the proportion of voters 

in favor of assertion aSb. This proportion should be as close as possible to 1 when the 

hesitation is more in favor of the indifference. It should be zero when there is a strict 

preference situation in favor of b. 

Depending on whether the scales are continuous or discrete, φj is calculated in different ways: 
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For continuous scales, 𝜑𝑗 =
𝑝𝑗−(𝑔𝑗(𝑏)−𝑔𝑗(𝑎))

𝑝𝑗−𝑞𝑗
 with 𝑞𝑗 < 𝑔𝑗(𝑏) − 𝑔𝑗(𝑎) ≤ 𝑝𝑗, for 𝑝𝑗 ≠ 𝑞𝑗. 𝜑𝑗 = 1 if, and 

only if, 𝑔𝑗(𝑏) = 𝑔𝑗(𝑎) + 𝑞𝑗 (this is the only situation that validates bIja without hesitation); 𝜑𝑗 = 0 

if, and only if, 𝑔𝑗(𝑏) = 𝑔𝑗(𝑎) + 𝑝𝑗 (in this situation the hesitation between bIa and bPa is inexistent: 

bPa imposes its power over bIa). 

For discrete scales, 𝜑𝑗 =
(𝑝𝑗+1)−(𝑔𝑗(𝑏)−𝑔𝑗(𝑎))

(𝑝𝑗+1)−𝑞𝑗
, with 𝑞𝑗 ≤ 𝑔𝑗(𝑏) − 𝑔𝑗(𝑎) ≤ 𝑝𝑗, for 𝑝𝑗 ≠ 𝑞𝑗. 

Discordance index 

For the jth criterion the veto threshold vj, can also be defined, such that 𝑣𝑗 ≥ 𝑝𝑗. The veto threshold 

is the smallest difference of the performances between two actions from which the decision-maker 

considers that it is not possible to support the idea that the worst of the two actions under 

consideration on that criterion may be comprehensively considered as good as the better one, 

even if its performances on all the other criteria are better.  

The discordance index is used to take into account the veto power. The veto power of each 

criterion is modeled through a partial discordance index, denoted by Dj (a, b), j = 1, …, n, and 

defined as follows: 

 

Credibility index 

The fuzzy outranking relation, defined for each pair of actions (a, b) as a credibility index, σ(a, b), 

reflects the way the assertion ‘a outranks b’ is more or less well justified or founded when taking 

into account all the criteria from F, using both the comprehensive concordance index and the 

discordance indices for each criterion gj.  

It is defined as: 

𝜎(𝑎, 𝑏) = 𝐶(𝑎, 𝑏) ∏ 𝑇𝑗(𝑎, 𝑏)𝑛
𝑗=1 , 

where 

𝑇𝑗(𝑎, 𝑏) = {

1 − 𝐷𝑗(𝑎, 𝑏)

1 − 𝐶(𝑎, 𝑏)
1                   

      𝑖𝑓 𝐷𝑗(𝑎, 𝑏) > 𝐶(𝑎, 𝑏),

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.             

 

Outranking algorithm 

The ranking algorithm is used in the exploitation procedure of the fuzzy outranking relation. It 

starts by deriving two complete pre-orders, Ƥδ and Ƥα, based on the degrees of credibility of each 

alternative. Then, from the intersection of these two complete pre-orders, a final partial pre-order 

Ƥ is built. 
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The complete pre-order Ƥδ is defined as a partition of the set A into r ordered classes, �̅�1, …, �̅�𝑟, 

where �̅�1 is the head-class in Ƥδ. Each class �̅�𝑙 is composed of tied alternatives according to Ƥδ. 

The alternatives in class �̅�𝑙+1 are preferred to those in class �̅�𝑙. For this reason, Ƥδ is called a 

descending complete pre-order. 

The complete pre-order Ƥα is defined as a partition of the set A into s ordered classes, B1, …, Bs, 

where Bs is the head-class in Ƥα. The actions in class Bl+1 are preferred to those in class Bl. For 

this reason, Ƥα is called an ascending or bottom-up complete pre-order. 

The overall algorithm composed by the procedures (called distillations) for determining Ƥδ, Ƥα and 

Ƥ is described hereinafter: 

- Determine Ƥδ, starting the first distillation by defining an initial set D0 := A. It leads to the 

first distilled �̅�1. After getting �̅�𝑙, at the distillation l+1, set D0 := A \ {�̅�1U…U�̅�𝑟}. Continue 

until all the actions in A are processed. 

- Determine Ƥα by using a similar algorithm utilized to determine Ƥδ, having in consideration 

that the actions in Bl+1 are preferred to those in class Bl. 

- Intersect Ƥδ and Ƥα in order to compute the partial pre-order P. There is incomparability 

if Ƥδ and Ƥα provide contradictory results, and comparability, if Ƥδ and Ƥα are two 

compatible pre-orders. 

 

 


