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Executive summary 

This report presents the optimal ranking of future energy scenario alternatives considered 

for the City of Nottingham in the framework of task 5.3. The various impacts (criteria values) 

of different energy scenarios (results generated by TIMES models) are assessed using the 

MultiCriteria Decision Aid (MCDA) software Visual PROMETHEE v.1.4.0.0 combined with a 

systematic methodology (Hinkle’s method) to determine the weights of the objective 

function. The MCDA problem is solved using the PROMETHEE software by means of a 

hierarchical optimization set-up for processing the databases of available pairs of actions 

and criteria towards the ranking of actions which satisfy and/or compromise preferences 

and constraints extracted by multiple stakeholders.   

Keywords MultiCriteria Decision Aid (MCDA); PROMETHEE; Ranking of urban energy 

upgrading actions; Stakeholders’ preferences; Decision-making; Hinkle’s 

method; Deliberative MultiCriteria Evaluation (DMCE) methodology 

  



InSMART Project      

  4 

 

Table of Contents  
Table of Contents .......................................................................................................................................... 4 

List of Tables ..............................................................................................Error! Bookmark not defined. 

List of Figures .............................................................................................Error! Bookmark not defined. 

Acronyms and Definitions ......................................................................................................................... 5 

1. Introduction ........................................................................................................................................... 6 

2. Problem structuring - Scenarios identification ......................................................................... 7 

2.1. Problem structuring ........................................................................................................................... 7 

2.2. Presentation of the alternatives ..................................................................................................... 8 

3. Criteria Identification and Evaluation ....................................................................................... 11 

3.1. Criteria .................................................................................................................................................. 11 

3.2. Weights ................................................................................................................................................. 13 

4. MCDA Model Implementation ....................................................................................................... 14 

4.1. Evaluation matrix ............................................................................Error! Bookmark not defined. 

4.2. Preference functions ........................................................................................................................ 18 

5 Results ................................................................................................................................................... 19 

5.1 MCDA results – Group 1 ..............................................................Error! Bookmark not defined. 

5.2 MCDA results – Group 2 ..............................................................Error! Bookmark not defined. 

5.3 MCDA results – Group 3 ..............................................................Error! Bookmark not defined. 

5.4 MCDA results – Group 4 ..............................................................Error! Bookmark not defined. 

5.5 MCDA results – Consensus solution......................................................................................... 20 

6 Sensitivity analysis ...........................................................................Error! Bookmark not defined. 

References.................................................................................................................................................... 28 

Acknowledgements .................................................................................................................................. 29 

Appendix I – Visual Promethee ............................................................................................................ 30 

 

     



InSMART Project      

  5 

 

 

 

Acronyms and Definitions  
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ESM – Energy City Model  

MCDA – Multi Criteria Decision Analysis  

NCC – Nottingham City Council 

PROMEΤHEE – Preference Ranking Organization METHod for Enrichment of 

Evaluations  

PV – Photovoltaic  

RES – Renewable energy sources  

SG – Stakeholder Group  

TIMES – The Integrated MARKAL-EFOM System     
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1. Introduction  
 

An application of the innovative city planning method, developed within the EU 

FP7 project InSMART, was applied to the municipality of Nottingham in the UK. 

A multi-model approach was used to explore and rank alternative scenarios 

(combinations of actions and measures) for the sustainable development of the 

municipality, with a particular focus on the residential and transport sectors.  

A technology-explicit model of the city referred to as the Nottingham ESM was 

designed to be used as a test bed for exploring the evolution of energy-

environmental variables in the urban area. A mid-term projection, to 2030, of 

the reference scenario for the city was calculated and then compared against 

seven future energy scenarios representing alternative sustainable-oriented 

planning hypotheses. Using the dynamic responses of the urban system model 

results for each scenario, a multi-criteria method was used to determine the 

ranking of the alternative scenarios, evaluated against a set of elements 

(technological, social, environmental, economic), and on the basis of local 

stakeholders’ preferences.  

Key city stakeholders participated in the design of the city’s future energy 

scenarios, in the definition and evaluation of the criteria, and of the responses 

of the tool (results of multi-criteria analysis). Two formal workshops were held 

during the process described in this report. An initial scenario design workshop 

was held in March 2016 and a MCDA workshop was held in September 2016. 

Appendix I provides details of the MCDA workshop agenda and list of delegates 

who attended. This report describes the main components of the multi criteria 

decision analysis – MCDA - (alternatives, criteria, weights) and the results of 

the process.   

The goal of this activity is to evaluate the potential future energy scenarios 

against key criteria in conjunction with local stakeholders. The primary aim is 

to shortlist one (or few) options which can be deeper explored and analysed in 

the framework of the preparation of the sustainable energy action plan for the 

city in work package 6. 
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2. Problem structuring – Future energy scenarios 
 

2.1. Problem structuring  

Due to the complexities of urban decision making processes, the diversity of 

impact of the large scale energy projects, and the multiple stakeholders 

involved, a participatory multi-criteria approach was required. Local 

stakeholders have been engaged and involved in the key stages of the MCDA 

process; from the design of the future energy scenarios, the definition of the 

criteria against which those scenarios are evaluated, and in the selection of the 

preferences (weights) on those criteria.  

The first step to involve stakeholders in the scenario definitions was undertaken 

through two workshops. An initial brainstorming session was held in December 

2015 with representatives of the relevant municipal directorates (e.g. energy 

services, transport, housing, capital projects, etc.). The results of this session 

were used to develop an initial draft set of scenarios which were then reviewed 

and updated by the stakeholder group. A formal workshop to review and 

finalise the scenario design was held in March 2016 with an extended group 

including representatives from other key city stakeholders including community 

groups, large employers and service providers. The outcome of this workshop 

was the identification of five future energy scenarios to 2030 for Nottingham. 

These were: 

• Reference – Projection to 2030 of the original 2014 energy model. Acts 

as the baseline against which to compare the other scenarios 

• No investment – Assumes lower than expected income and spending on 

energy improvements compared to the reference scenario 

• Local leadership (LL) – Local authority and city stakeholders are 

engaged with the need to reduce energy consumption and carbon 

emissions.  
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• Green Governance (GG) – National focus on the green agenda with the 

introduction of a carbon tax and increased subsidies for energy efficiency 

schemes and low carbon energy generation options.  

• Green Growth – Ultra high investment scenario that goes beyond the 

GG scenario and includes higher subsidies for low carbon energy project 

and energy efficiency schemes. Also includes more ambitious targets for 

energy and CO2 emissions reductions.  

Subsequent discussions with E4SMA, the project partner developing the TIMES-

based Nottingham ESM, excluded the two extreme scenarios (No investment 

and Green Growth) and led to the development of a number of sub-scenarios 

based on the LL and GG scenarios. 

 

2.2. Presentation of the alternatives  

The final set of seven scenarios, in addition to the reference scenario, were: 

• LL-Low cost – Low municipal engagement. No subsidies for energy 

retrofits. Limited expansion of transport infrastructure (cycle network). 

• LL-Engaged – Public sector focused with district heating expansion and 

public transport upgrades. Subsidies for residential retrofits. 

• LL-Full – Includes all planned transport and energy projects (e.g. Go 

Ultra Low, District heating expansion, Community scale biomass CHP, 

etc.). 

• LL-Growth – Highest level of local engagement with ‘forced’ inclusion of 

biomass fuelled CHP generation, plant scale PV and low carbon housing. 

All GG scenarios were based on the LL-Full scenario with the addition of a 

national Carbon Tax and increased subsidies for low carbon energy generation 

systems. Different routes for an expanded tram network (NET phase 3) are the 

main difference between the GG scenarios. 

• GG-West – Includes proposed extension of NET line 1 to Kimberley. 

• GG-East – Includes proposed addition of NET Line 4 to Gedling. 
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• GG-All – Includes all proposed NET extensions (Kimberley, Gedling and 

link to HS2 at Long Eaton) and the inclusion of an Anaerobic Digestion 

plant to increase low carbon energy generation potential. 

Table 1 provides details of the energy measures associate with each scenario.



10 

 

Table 1: Energy measures associated with each future energy scenario for Nottingham 
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LL – Low cost X X X               

LL - Engaged X X X X X X            

LL2 X X X X X X X X          

LL - Growth X X X X X X X X
2
      X

3
 X X  

GG - West X X X X X X X X X X       X 

GG - East X X X X X X X X  X X      X 

GG  X X X X X X X X  X  X X    X 

 
 

                                                      
1
 Agreed in discussions with E4SMA to use an additional 10% penetration of electric vehicles for this measure   

2
 In this scenario the penetration of Community biomass CHP is to be ‘forced’ rather than left to the system  

3
 In this scenario the plant scale PV sites at the two park and ride sites are to be included in the model irrespective of the economic case for their implementation 
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A more detailed description of the scenarios and the corresponding results from 

the Nottingham ESM are reported in the InSMART Report on optimum 

sustainability pathways for Nottingham [2].   

 

3. Criteria Identification and Evaluation  

 

3.1. Criteria   
The expectation of any decision-maker is to identify a strategy that is optimal 

across all criteria at the same time. This is usually impossible as many criteria, 

are in conflict each with other. For example, low cost energy measures may not 

typically be able to produce as a large an energy reduction as a higher cost 

option. Options that maximise overall energy reduction or reduce carbon 

emissions may not be socially acceptable or may be technically or legally 

difficult to achieve. The objective of MCDA is thus to identify the best 

“compromise” decisions for the integrated urban-energy planning of 

Nottingham.  

In order to explore sustainable energy planning for the city, ten criteria have 

been selected which aim to fully evaluate the pros and cons of each alternative 

configuration of the future urban-energy system. Half of the criteria are 

“quantitative” and can be directly derived by the outputs of the ESM model 

(and from the transport analysis), whilst the remaining five are “qualitative” 

(measured with a 5 point Likert scale). The inclusion of qualitative criteria gives 

additional space for a more holistic evaluation of the alternatives including both 

hard and soft measures.  

Table 2 summarizes the criteria, the unit of measure chosen and the desirable 

and non-desirable states for each criteria. These states are integral to the 

Hinkle method of weighting the criteria described in section 3.2. C1-C5 are the 

quantitative criteria, C6-C10 are the qualitative criteria. 

The criteria are formulated as to follow some basic characteristics:  
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• Understandability - decision makers well-know the actual meaning of the 

indicators 

• Measurability - both quantitative and qualitative criteria are determined 

making use of analytic approach  

• Non-redundancy - criteria should not be virtually over-weighted by 

presenting the same issue with more than one item  

• Independence - there must be at least one variable of the alternative for 

which two criteria compete 

• Completeness - number and types of criteria should be evaluated and 

selected in order to cover all the key aspects and complexities of the 

specific decision problem). If (or when) the above mentioned set of 

criteria is modified (by adding or removing criteria of the problem), the 

final ranking of alternatives may differ.  

Table 2: List of criteria used in the MCDA process 

Criteria Code Brief Description of the Criteria Desirable state 
Non-desirable 
state 

Energy reduction 
potential (%) 

C1 Energy reduction potential relating to the scenario. 
Very high energy 
savings 

Very low energy 
savings 

Overall cost (£) C2 
Total cost associated with a scenario over the 
projected time horizon 

Very low cost Very high cost 

Low carbon energy 
generation (TJ)  

C3 
Represents low carbon  energy generated by the 
scenario 

Very high energy 
generation 

Very low energy 
generation 

Cost efficiency 
(£/tonnes CO2) 

C4 
The cost efficiency of a scenario in terms of its 
decarbonisation potential. 

Very cost effective 
decarbonisation 

Very high cost 
decarbonisation 

Reduction in CO2 
emissions (tonnes 
CO2) 

C5 
Reduction in carbon (CO2) emissions associated with 
the scenario. 

Very high CO2 
reduction  

Very low CO2 
reduction  

Technical 
constraints 

C6 
Scale of the technical issues associated with the 
scenario.  

No technical 
difficulties 

Major technical 
obstacles 

Social acceptability C7 Social acceptability of a scenario to local citizens   
Very high societal 
acceptance 

Very low societal 
acceptance 

Legal  issues C8 
Legal and regulatory concerns relating to the 
implementation of a scenario.  

No legal issues  
Major legal 
concerns 

Economic impact C9 
Overall effect of the scenario on local economy 
including employment activity, business development 
and inward investment 

Major 
improvement to 
economic 
development 

Reduced economic 
development 
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Quality of Life 
Issues 

C10 

Represents the effect on the scenario on citizen's 
quality of life. For example, reduced traffic 
congestion, increased indoor thermal comfort, 
improved local environment 

Major quality of life 
improvements  

Decreased quality 
of life  

3.2. Weights  

The Hinkle method [1] using a “resistance to change grid” was employed for 

estimating criterion importance ranking or weighting. The rationale of the 

method is in the definition of two terms per each criterion, one expressing its 

most desirable outcome and the other expressing the least desirable outcome 

(“bipolar form”). The bipolar form for the criteria used for Nottingham were 

provided in Table 2. Figure 1 shows an example grid for evaluating the choice 

of buying a car based on five criteria; Price, Power, Fuel consumption, Space 

and comfort. The first three criteria are quantitative and the latter two are 

qualitative (rated on a 5 point Likert scale from Very Low – Very High) 

 

Price Power  Consumption Space Comfort 

Price   - X X - 

Power  
  

 
X X - 

Consumption   
  

X - 

Space   
   

- 

Comfort           

Figure 1: Resistance to change grid example 

The decision makers are then asked to explore the “bipolar” expression in a 

pairwise manner by filling a resistance to change grid like the one shown in 

Figure 1. Stakeholders compare each pair of criteria and identify which one is 

they are most reluctant to change from their desirable to the undesirable state. 

Using the example, a comparison price between and fuel consumption. Which 

of the pair would you rather change from their desirable to undesirable state? 

Would you trade a very high price for very high fuel consumption? 

The resistance to change grid is completed by comparing each pair of criteria in 

this way: 
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–  In the grid, an ‘X’ indicates that the criteria in the column resists 

change. 

–  A blank indicates that the criteria in the row resists change.  

–  In order to derive the scores of each criterion, all the blanks along 

the rows above the diagonal are added to all the corresponding ‘X’s 

in the columns to give the final score.  

For the price vs consumption example an ‘X’ is shown in Figure 1 indicating 

that low fuel consumption was preferred over low price. Where the comparison 

between two criteria cannot be resolved using the approach described: 

–  If stakeholders cannot express a preference between the criteria, a 

‘I’ is recorded in the grid to represent indifference to change 

– If stakeholders conclude that a change in one of the criteria is 

reflected in a similar change to the compared criteria then an ‘e’ is 

recorded in the grid 

The method was presented during at the MCDA workshop in Nottingham held in 

September 2016 to all the participants, the ‘cars’ example was shared with 

them to illustrate the weighting process and facilitate their work.  

The results of applying the Hinkle method for weighting the InSMART criteria 

for Nottingham are given at the start of chapter 5. 

 

4. MCDA Model Implementation  

 

4.1. Quantitative criteria 

 

The outputs of the Nottingham ESM and of the Nottingham InSMART transport 

model (set of results per scenario) are used to populate the values of the 

quantitative criteria using the multi-criteria software chosen, Visual 

PROMETHEE (VP). This is then used to determine the stakeholder’s ranking of 

the scenarios. Table 3 shows the “quantitative outputs” of the two models 

which are used as “quantitative inputs” for the multi-criteria analysis exercise. 
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Table 3: Values for quantitative criteria generated by Nottingham ESM & Transport model 

Scenario % Energy 

reduction 

Overall cost 

(£) 

Low Carbon 

Energy (TJ) 

Cost 

efficiency 

(£/tCO2) 

Reduction in O2 

emissions (tCO24) 

LL-Low Cost 7.24 £319,875,681 375 £5,371.62 79,067 

LL-Engaged 8.28 £517,546,084 564 £5,442.36 95,096 

LL - Full 8.81 £767,110,984 564 £7,375.82 104,003 

LL-Growth 9.34 £779,525,456 718 £6,649.88 117,224 

GG - West 9.1 £1,024,860,522 1,260 £8,693.10 117,896 

GG - East 9.3 £1,135,860,522 1,260 £9,636.10 117,876 

GG - All 9.34 £1,403,928,483 1,227 £11,574.79 121,292 

 
 

4.2. Qualitative criteria 

 

Table 4: Nottingham qualitative criteria – final agreed values from MCDA workshop 

                                                      
4
 tCO2 = Tonnes CO2 
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The values assigned to the five qualitative criteria were initially defined by the 
UoN LUCAS research group during the dry run exercise of the MCDA process.  

These values were reviewed during the MCDA workshop by each of the four 
working groups as an additional exercise. The results from each of the four 

groups were discussed and a consensus set of final values for these criteria 
were developed, as shown in  

Table 4. The cells highlighted in red show those that were changed from the 

initial default values. Note that altered criterion were only changed by one 

value on their respective scales.  

 

4.3. Evaluation matrix  

The full evaluation table taken from Visual Promethee is shown in Figure 2. 

It allows a visual comparison of the scenarios (rows) by criterion (column) 

and to immediately see the best performing (green) and the worst 

performing options (red) for each column. Although this is a mono-

dimensional and simplified comparison (no weights are used), it makes clear 

the complex nature of the decision problem, as some alternatives perform 

very well on few criteria but are weak on other criteria. It also makes 

Evaluations 
Technical 
constraints 

Social 
acceptability 

Legal  issues 
Economic 
impact 

Quality of Life 
Issues 

LL-Low Cost 
No technical 

difficulties (5) 

Very high 

societal 
acceptance (5) 

No legal issues 
(5) 

No economic 
impact (2) 

No effect on 

quality of life 
(2) 

LL-Engaged 
No technical 

difficulties (5) 
High societal 

acceptance (4) 
Minimal legal 
concerns (4) 

Minor 

improvement 
to city economy 

(3) 

Minor 

improvements 
to quality of life 

(3) 

LL - Full 
Minimal 

technical 
concerns (4) 

Average 

societal 
acceptance (3) 

Minor legal 
issues (3) 

Minor 

improvement 
to city economy 

(3) 

Significant 

improvements 
to quality of life 

(4) 

LL-Growth 
Minor technical 
concerns (3) 

Average 

societal 
acceptance (3) 

Minor legal 
issues (3) 

Minor 

improvement 
to city economy 

(3) 

Significant 

improvements 
to quality of life 

(4) 

GG - West 
Minor technical 
concerns (3) 

Average 
societal 

acceptance (3) 

Significant legal 
issues (2) 

Minor 

improvement 
to city economy 

(3) 

Significant 

improvements 
to quality of life 

(4) 

GG - East 
Significant 

technical issues 
(2) 

Average 

societal 
acceptance  (3) 

Significant legal 
issues (2) 

Significant 
improvement 

to city economy 
(4) 

Significant 
improvements 
to quality of life 

(4) 

GG - All 
Significant 

technical issue 
(2) 

Low societal 
acceptance (2) 

Major legal or 
regulatory 
issues (1) 

Significant 

improvement 
to city economy 

(4) 

Significant 

improvements 
to quality of life 

(4) 
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evident that there is no alternative which dominates the others5, as well as 

there is no alternative which is fully dominated, so that none of the options 

can be discharged “a priori”. For instance, scenario 1 (LL-Low Cost) is the 

best option in five out of the ten criteria but it is also the worst for the other 

five criteria. In comparison, scenario 5 (GG-West) is the best option for only 

two out of the ten criteria but is not the worst for any of the remaining 

criteria. Solving the complexity of this problem for the municipality of 

Nottingham is the goal the MCDA process. 

 

 

Figure 2: Visual Promethee evaluation table for Nottingham 

Figure 2 also shows the groupings for the criteria as defined in VP under the 

Cluster/Group row near the top of the evaluation table (represented by a 

coloured shape). The definitions of the criteria groups for the Nottingham 

MCDA model are: 

 Energy = Energy Reduction Potential (C1) 

 Economic = Overall Cost (C2), Cost Efficiency (C4), Economic 

Impacts (C9) 

 Decarbonisation= Low carbon energy (C3), Reduction in CO2 

emissions (C5) 

 Logistical = Technical Constraints (C6), Legal Issues (C8) 

 Social = Social Acceptability (C7), Quality of Life Issues (C10) 

                                                      
5
 When an option dominates the others (is better of the other alternatives against all the criteria), the decision problem 

does not exist or is probably not well structured.  
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4.4. Preference functions  

In addition to the weighting of the criteria, Promethee uses preference 

functions and two threshold values; indifference (Q) and preference (P) in 

order to fully rank the alternatives (scenarios) against the criteria. It is beyond 

the scope of this report to provide a full technical explanation of the inner 

workings of the Promethee method as implemented in VP but details can be 

found in the VP Handbook [3] available online.  

Preference functions and threshold values are designated in VP using a ‘wizard’ 

which asks the user a number of questions in order to assign the correct 

function and value for each criteria based on the value range for each criteria. 

The questions were presented to stakeholders as the final exercise at the 

Nottingham MCDA workshop held in September 2016. Appendix II lists the 

questions asked for each of the criteria to define their preference functions and 

threshold values.  

Although not all groups were able to complete the exercise in the time 

available, there was enough overall results to reach a consensus for each of the 

criteria which was then input to the VP model and used to rank the scenarios. 

The results of this exercise are shown in Table 5. 

Table 5: Results of the preference function and threshold definition exercise 

 Question Criterion  Group 1 Group 2 Group 3 Group 4 Consensus 

Q1 C1 Y Y Y Y Y 

Q1 C2 N N N N N 

Q1 C3 N N Y N N 

Q1 C4 Y Y N Y Y 

Q1 C5 Y Y N Y Y 

Q1 C6 N N N N N 

Q1 C7 Y N Y Y Y 

Q1 C8 N N Y N N 

Q1 C9 Y Y Y Y Y 

Q1 C10 Y Y N Y Y 

Q2 C1 X X X   X 

Q2 C2 1 1 X   1 

Q2 C3 2 1 X   X 
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Q2 C4 X X X   X 

Q2 C5 X X X   X 

Q2 C6 1 X 2   X 

Q2 C7 X X 2   X 

Q2 C8 1 X     X 

Q2 C9 1 2     2 

Q2 C10 1 2     2 

Q3 C1 1 1.5 0.89 1 1.1 

Q3 C2 30000000 15000000 50000000   31.67 

Q3 C3 50 80 306   145.33 

Q3 C4 750 350 1807   969 

Q3 C5 5000 6000 20312   10437.33 

Q3 C6   1.5 1.5   1.5 

Q3 C7   1.5 1.5   1.5 

Q3 C8   1.5 1.5   1.5 

Q3 C9   0.5 0.5   0.5 

Q3 C10   0.5 0.5   0.5 

 

5 MCDA Results  
 

Twenty stakeholders attended the MCDA workshop. This led to the formation of 

four groups. The groups were predefined by colleagues from the city council in 

order to ensure a diverse representation in each working group. A UoN 

researcher was also present in each group to support the discussion process. 

The researcher role was only to facilitate discussion and explain the MCDA 

exercises if necessary. The researchers did not take an active role in the 

decision making processes. An external facilitator (from the group Climate UK6) 

was present to run the workshop.  

 

MCDA results are presented by means of the total cost-function value (Phi 

value) obtained for each action and are further assessed using a PROMETHEE 

Rainbow chart. The considerations adopted to assess this type of chart are 

presented in Figure 3. The Rainbow diagram prioritizes the 

actions/interventions from the highest to the lowest Phi value in its scaled form 

in the range from -1 (worst solutions) to +1 (best solutions), meaning that 

                                                      
6
 CUK are a UK based non-profit Community Interest Company (CIC). They are a network of organisations and 

individuals supporting local action on climate change. CUK have a long standing relationship with NCC. 
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actions with positive Phi could be considered acceptable. Criteria with positive 

and negative contributions/flows (Phi+ and Phi-) for each action are illustrated 

in the rainbow’s bars by means of their colour pre-set for criteria’ categories; 

therefore, providing a clear view of the level of achievement of optimal values 

of criteria in relation to the preferences (weight, P and Q) defined for 

stakeholders.  

 
Figure 3: Considerations for assessing MCDA results using PROMETHEE Rainbow chart 

 

5.1 Consensus solution 

This section describes and discusses the results of the MCDA process based on 

the final consensus values for the criteria weighting, qualitative criteria values 

and preference functions and thresholds described in chapters 3 and 4.  

The resistance to change grid for the consensus weighting result is shown in 

Table 6. The grids for each of the working groups are included in appendix IV. 

 
Table 6: Completed resistance to change matrix for Nottingham (consensus) 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 SCORE Weight 

C1   - - X X - - - - X 6 13.3 

C2     - X X - - - X X 4 8.9 
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C3        X X - - - - X 4 8.9 

C4         - - - - - X 8 17.8 

C5           - - - - X 7 15.6 

C6             X - X X 1 2.2 

C7               - X X 2 4.4 

C8                 X X 0 0.0 

C9                   X 4 8.9 

C10                     9 20.0 

 
 

 

The consensus solution among all stakeholders is presented in the following 

figures and tables generated by Visual PROMETHEE (Figure 4, Figure 5, Figure 

6 and Table 7).  

It should be noted that the consensus values used are not simply an average of 

the values provided by the four working groups. The consensus values were 

reached through a formal process with all stakeholders where the results from 

each group were compared and any differences were debated until a final value 

agreeable to the majority was reached. In almost all instances the consensus 

reached was unanimous. Only in a one or two cases was a majority only 

consensus value required. 

Table 7: Table of Phi values for scenarios for the consensus solution 

Scenario Phi Phi+ Phi- 

LL-Growth 0.1624 0.2949 0.1325 

GG - East 0.1198 0.297 0.1772 

GG - West 0.1002 0.2564 0.1562 

LL - Full 0.0535 0.2238 0.1703 

GG - All -0.0143 0.2729 0.2873 

LL-Engaged -0.0678 0.2757 0.3436 

LL-Low Cost -0.3538 0.2301 0.5839 
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Figure 4: PROMETHEE Rainbow diagram for the consensus solution among Stakeholders. 
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Figure 5: PROMETHEE II Complete ranking diagram [Left]Full, [Right]Zoomed version 

 

Figure 6: PROMETHEE Diamond chart for the consensus solution 
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Based on the data shown in the charts and tables shown, a number of 

conclusions can be made: 

• LL-Growth is the highest ranked scenario and has the lowest scoring for 

negative impacts (Phi-). Positives (Phi+) are distributed across a number 

of criteria groups fairly evenly (illustrated by the blue, green and yellow 

coloured bars in the rainbow chart). LL-Growth’s only negative impacts 

are logistical and of very small magnitude. 

• GG-East has the highest positive scoring for any scenario but its 

negatives, particularly cost (shown in blue in the rainbow chart), 

significantly reduce its overall ranking (Phi).  

• The solutions are clustered into three distinct groupings; the top four 

ranked scenarios, the mid ranked two scenarios (GG-All, LL-Engaged) 

and the bottom ranked scenario, LL-Low Cost, on its own. This is clearly 

evident in figures 6 and 7. 

• The rankings of GG-East and GG-West are very similar. GG-East’s slightly 

higher overall ranking is accounted for by it scoring one rank higher on 

the Economic Impact criterion C9 and having a slightly higher Energy 

Reduction Potential than GG-West. 

• The significantly increased cost of the GG-All scenario in comparison to 

the other GG based scenarios does not offset the additional small 

reduction in energy use and CO2 emissions. This option therefore 

performs poorly compared to the other GG scenarios in the MCDA.  

• LL-Engaged and LL-Low Cost are the worst performing scenarios mainly 

due to their low scoring in terms of social and decarbonisation criteria.  

The multi-criteria decision analysis identified a combination of measures 

(planning hypothesis) that are ranked high in the preferences of the 

stakeholders in the city. These specific interventions will form the basis of a 

deeper explorations under the framework of WP6, and will feed the technical 

part of Sustainable Energy Action Plan for the city of Nottingham.  

However, taking “final and definitive” decisions on the basis of the MCDA 

findings reported has the risk of being too simplistic. All can be suggested at 
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this stage, is that some combinations of measures deserve to be further 

examined and considered for the final preparation of the strategic energy 

action plan, while others look (much) less interesting and can be excluded from 

deeper investigations. Table 8 summarizes the findings of this analysis.  

Table 8: Scenario ranking and options for future work 

Rank Scenario Option 

1  LL-Growth Shortlisted  

2  GG-East Shortlisted  

3  GG-West  Shortlisted 

4  LL-Full Right below the threshold 

5  GG-All Likely not of interest  

6  LL-Engaged / LL-Low Cost Discarded  

 

 
Since LL-Full is wholly contained within LL-Growth (see Table 1), there will be 

no need to separately consider LL-Full in the next work package (WP6). Instead 

the focus on the techno-economic analyses in WP6 will concentrate on LL-

Growth with some consideration of the promising elements of the GG-East/GG-

West scenarios.  

 

5.2 Sensitivity Analysis 

In order to assess the sensitivity of the MCDA process to changes in criteria 

weighting, preference functions and threshold values the results for each 

working group are discussed in this section. PROMETHEE Rainbow charts for 

each of the working groups are provided in Appendix IV. Each group’s MCDA 

results are based on the weights, preference functions and threshold values 

defined by that group rather than the final consensus values.  

The results of the initial exercise of criteria weighting for all groups are shown 

in Figure 7. The normalised weighting for each criteria is shown for each 

working group along with the final consensus weighting values. It is clear that 

there are some significant differences between the weightings for some of the 

criteria. 
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Figure 7: Chart showing results of the Hinkle method for each of the four working groups and 

the overall consensus weights for the criteria 

The acceptable (Phi>0) and unacceptable alternatives for each working group  

together with the final solutions for the agreed consensus result are presented 

in Table 9 in descending order of Phi.  

 
Table 9: Stakeholders’ decision matrix. 
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LL-Growth and GG-East are the top ranked scenarios across all the working 

groups and in the final consensus. GG-West and LL-Full are also deemed to be 

acceptable solutions across all groups with GG-All only being deemed 

acceptable to working group 1, due to that group’s lower weighting of the Total 

Cost criterion.  

In terms of the worst performing solutions, LL-Low Cost is the bottom ranked 

scenario across all groups with LL-Engaged and GG-All (excluding group 1) 

ranked slightly above it.  

The group results show that although there are some differences to the overall 

order of ranking due to the differences in weights, preferences and thresholds, 

the scenarios suitable for shortlisting (Table 8) would remain the same.  

In order to fully explore the sensitivity of the results, PROMETHEE results based 

on just applying the quantitative criteria was also investigated. The results of 

this are shown in Figure 8 and Table 10.  

 

Figure 8: PROMETHEE Rainbow chart based on application of quantitative criteria only 
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Table 10: PROMETHEE Ranking table based on application of quantitative criteria only 

Rank action Phi Phi+ Phi- 

1 LL-Growth 0.1886 0.3196 0.1310 

2 GG - West 0.0920 0.2598 0.1677 

3 LL-Engaged 0.0622 0.2789 0.2167 

4 LL - Full 0.0082 0.2035 0.1953 

5 GG - East -0.0073 0.2306 0.2378 

6 GG - All -0.1583 0.2047 0.3630 

7 LL-Low Cost -0.1854 0.2715 0.4570 

 

It is not meant to suggest that qualitative criteria should be excluded from the 

decision problem, rather it aims to test and show the sensitivity of the default 

ranking (robustness of the shortlist) when only the outputs of the modelling 

exercises undertaken in the previous WPs are used.  

The changes generated by such assumption are now more significant, but some 

elements of robustness are still evident. LL-Growth is still the highest ranked 

scenario based on the quantitative criteria alone. However, GG-East (Due to 

the infrastructure cost related to the construction of the new tram line) is no 

longer an acceptable solution. However, GG-West remains an acceptable 

solution as that tram extension has a much reduced construction cost whilst 

still including the other decarbonisation benefits associated with the GG 

scenarios. Based solely on the quantitative criteria, LL-Engaged and LL-Full 

become acceptable solutions due to their low economic cost.  

Even based on this more limited MCDA assessment, the two highest ranked 

alternatives match the shortlisting generated by the full MCDA approach.  
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Appendix I – Nottingham MCDA workshop 
 

WORKSHOP AGENDA 
 

Time Item Lead 

9.30 Arrival and refreshments  

9.45 Welcome and introductions Mike Peverill, facilitator 

9.55 Setting the scene – the wider context for 

this workshop 

Jane Lumb, Nottingham City Council 

10.05 Recap of the InSmart project Andy Whitley, Nottingham City Council 

10.10 Introduction to the first exercise 

(weighting the scenario criteria) 

Gavin Long, University of Nottingham 

10.35 Weighting exercise In small groups 

11.35 Break  

11.50 Comparing and consolidating results Mike Peverill 

12.30 Lunch  

1.15 Introduction to second exercise (scoring 

the scenarios) and multi-criteria decision 

making analysis 

Gavin Long 

1.40 Scoring exercise In small groups 

2.40 Comparing and consolidating results Mike Peverill 

3.00 Break (whilst scenarios are updated)  

3.15 Presentation of results Gavin Long 

3.35 Questions and discussion of results Plenary 

4.05 Reflections, conclusions, thanks and next 

steps 

Jane Lumb 

4.15 End  
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WORKSHOP PARTICIPANTS 

 
Name Organisation 

1. Anton Ianakiev Nottingham Trent University 

2. Alison Thomas  Nottingham City Council 

3. Andy Allen University of Nottingham 

4. Andy Whitley Nottingham City Council 

5. Ben Purvis University of Nottingham 

6. Chris Keane Nottingham City Council 

7. Chris Pryke-Hendy Nottingham Trent University 

8. Darren Robinson University of Nottingham 

9. Elin Hultgren Nottingham Energy Partnership 

10. Gavin Long University of Nottingham 

11. Jane Lumb Nottingham City Council 

12. John Beardmore T4S 

13. Luke Jackson  Nottingham City Council 

14. Mark Thomas  Nottingham City Council 

15. Martin Oakes University of Nottingham 

16. Mike Peverill Climate UK 

17. Paul Chandler T4S 

18. Paul Flowers  Nottingham City Council 

19. Rasita Chudasama Nottingham City Council 

20. Ricky Wright Nottingham City Transport 

21. Ruth Stallwood Nottingham City Council 

22. Sara Ball Nottingham City Council 

23. Siobhan Metcalfe  Nottingham City Council 

24. Steve Tough  Nottingham City Council 
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Appendix II – MCDA Workshop Exercise 2B – defining 

preference functions and threshold values 
 
2b. Q1  

When comparing two actions on this criterion, do you feel that this difference is negligible? 

 

C1. Energy reduction potential (%)  – 0.12% 

C2. Overall cost (£)    - £90,000,000 

C3. Low carbon energy generation (TJ) - 32.6 TJ 

C4. Cost efficiency (£/tonnes CO2) - £70.74 

C5. Reduction in CO2 emissions (tCO2) - 18 Tonnes CO2 

 

C6 – C10.  For these criteria, do you feel that a one level difference is very important? 

C6. Technical constraints:   Yes/No 

C7. Social acceptability:   Yes/No 

C8. Legal issues:    Yes/No 

C9. Economic impact:   Yes/No 

C10. Quality of life issues:   Yes/No 

 

2b. Q2  

Let us compare two actions A and B on this criterion. In each case indicate if case 1 or case 2 is 

much more important with a tick or add an ‘X’ if the cases are not so different. 

 

C1. Case 1: A = 6.84% - B = 6.25%  

 Case 2: A = 9.21% - B = 8.62% 

C2. Case 1: A = £319,875,681 - B = £536,686,241 

 Case 2: A = £1,187,117,922 - B = 

£1,403,928,483 

C3. Case 1: A = 552 TJ - B = 375 TJ 

 Case 2: A = 1260 TJ - B = 1083 TJ 

C4. Case 1: A = £5,371 - B = £6,612 

 Case 2: A = £10,334 - B = £11,575 

C5. Case 1: A = 87,512 tCO2- B = 79,067 tCO2 

 Case 2: A = 121,292 tCO2 - B = 112,847 tCO2 

 

For the qualitative criteria C6-C10 note that 1.00 is the negative extreme and 5.00 is the 

positive extreme for that qualitative criterion 

 

C6. Case 1: A = 1.80 - B = 1.00 

 Case 2: A = 5.00 - B = 4.20 

C7. Case 1: A = 1.80 - B = 1.00 

 Case 2: A = 5.00 - B = 4.20 

C8. Case 1: A = 1.80 - B = 1.00 

 Case 2: A = 5.00 - B = 4.20 

C9. Case 1: A = 1.80 - B = 1.00 

 Case 2: A = 5.00 - B = 4.20 

C10. Case 1: A = 1.80 - B = 1.00 

 Case 2: A = 5.00 - B = 4.20 

 

2b. Q3 

For each criterion, please indicate what is the maximum value of that criterion you would be 

indifferent to? Suggested values, automatically generated by the Promethee software, are 

included to assist your decisions. 
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If you are happy with the automated values, add a tick. Otherwise write in an appropriate value 

for each criteria 

 

C1. Energy reduction potential (%)  – 0.89% 

C2. Overall cost (£)    - £264,000,000 

C3. Low carbon energy generation (TJ) - 306 TJ 

C4. Cost efficiency (£/tonnes CO2) - £1,807 

C5. CO2 emissions (tonnes)  - 20,312 Tonnes CO2 

C6.  Technical constraints:  - 1.14 

C7.  Social acceptability:  - 1.14 

C8.  Legal issues:   - 1.14 

C9.  Economic impact:   - 1.14 

C10.  Quality of life issues:  - 1.14 

 

  



InSMART Project      

  34 

Appendix III – Visual Promethee  
 
Visual Promethee7 is a multi-criteria decision aid (MCDA) software, designed to 

help the analyst to:  

• evaluate several possible decisions or items according to multiple often 

conflicting criteria,  

• identify the best possible decision,  

• rank possible decisions from the best to the worst one,  

• visualize decision or evaluation problems to better understand the 

difficulties in making good decisions,  

• achieve consensus decisions when several decision-makers have 

conflicting points of view,  

• justify or invalidate decisions based on “objective” elements.  

The Promethee methods are designed to analyze data within a multi-criteria 

“table” including:  

• a number of actions,  

• several criteria  

In mathematical terms the problem is the following:  

{�1(�), �2(�), … , ��(�)|� ∈ �}  

where A is a finite set of n actions (or alternatives) and F1 to Fk are k criteria. 

Fj(a) is the evaluation of action a on criterion Fj. If we suppose that all criteria 

have to be maximized, the multi-criteria table (or evaluation matrix) would look 

like as follows:  

∙ 

�1 

�2 

| … 

… 

�� 

 �1 �2 

�1(�1)�2(�1) 

�1(�2)�2(�2) 

 …… …… 

�1(��)�2(��) 

…… 
…… 

…… 

…………

…… 

�� 

��(�1) 

��(�2) 

 …… |

��(��) 

The objective of MCDA is thus to identify the best compromise decisions.   

One very common way to try to solve multi-criteria decision problem is to 

aggregate all the criteria into a single summary score. This can be done in 

several ways. A good way to obtain solutions with a more balanced compromise 

is to use outranking methods.   

                                                      
7
 It is developed by Professor Bertrand Mareschal from the Solvay Brussels School of Economics and Management of 

the Université Libre de Bruxelles (ULB). The first implementation of the Promethee method dates back in the 1980’s. In 

the following decades several software implementing the methodologies were developed: PromCalc, Decision Lab, and 

finally D-Sight (2010) and Visual Promethee (2012).  
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The basis of outranking methods is very simple: instead of trying to define 

what is good and what is bad, which can be very difficult especially when facing 

a new problem for which very few reference points are known, it is usually 

much easier to compare one solution to another. The first outranking method 

developed was Electre, back in the 1970s; other outranking methods were 

implemented: Promethee elaborates and improves Electre, introducing also a 

new graphical descriptive tool (Gaia).  

To perform the pairwise comparison which is at the basis of the outranking 

methodology, implementation of preference functions, which take into 

account the differences existing between the two actions/alternatives being 

compared, is needed. For each criterion Fj, we have a preference function Pj 

(a,b) and a normalized weight wj > 0.  

A multicriteria preference index is computed as:  

� 

�(�, �) = ∑ 	
�
(�, �)  


=1 

In the Promethee software there are a series of predefined preference 

functions, which can be used to shape the relative distance among the 

alternatives. With normalized weights, π(a,b) is a number between 0 and 1. It 

expresses how much a is preferred to b taking into account all the criteria and 

their weights. For instance:  

• if π(a,b) = 0, all the Pj (a,b) values are equal to 0, which means that a is 

never even slightly preferred to b on any criterion.  

• if π(a,b) = 1, all the Pj (a,b) values are equal to 1, which means that a is 

strongly preferred to b on all the criteria.  

The result of this procedure is a table hosting the preference flows. Three 

different types of preference flows are computed:  

• Positive or leaving flow: it measures how much an action a is preferred 

to the other n-1, alternatives (in other words, how alternative a is 

outranking the others). It is a global measurement of the “strengths” of 

action a.  

�   
�∈� 

• Negative or entering flow: it measures how much the other n-1 

alternatives are preferred to the action a. It is a global measurement of 

the “weakness” of action a.  

�   
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�∈� 

• Net flow, which is the algebraic sum of the previous:  it is a balance 

between the positive and negative preference flows, thus it takes onto 

account and aggregates both strengths and weaknesses of the alternative 

into a single figure.  

�(�) = �+(�) − �−(�)  

The larger Φ(a) is, the better the alternative performs.  

Pairwise comparison is based on the concept of deviation, or distance between 

alternatives: the larger the deviation, the larger the preference degree is.  

The preference flows can be computed for each criterion separately (uni-

criterion flows) and the multi-criteria flow is the sum of the uni-criterion 

flows weighted over the wj given to each criterion:  

� 

�(�) = ∑ 	
�
(�)  


=1 

With the uni-criterion net flow for the criterion j:  

�
   
�∈� 

By calculating this type of flows, preferences can be ranked from best to worse 

based on the partial rankings (considering Phi+ and Phi-), and on the complete 

ranking taking into account the net Phi.  
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Appendix IV – MCDA results by group  
 

Completed resistance to change grids for each of the four working groups 

 

Group 1 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 SCORE Weight 

C1   X - X X - - - - I 5 11.6 

C2     X X X X - - X X 3 7.0 

C3       I X - - - I - 5 11.6 

C4         - X X - X X 4 9.3 

C5           - - - - - 8 18.6 

C6             - - - X 5 11.6 

C7               - X X 2 4.7 

C8                 X X 0 0.0 

C9                   X 5 11.6 

C10                     6 14.0 

 

 
Group 2 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 SCORE Weight 

C1   X - X X - - - X X 4 8.9 

C2     - X - - - - X X 6 13.3 

C3       X X - - - X X 3 6.7 

C4         - - - - - X 8 17.8 

C5           - - - X X 5 11.1 

C6             X - X X 1 2.2 

C7               - X X 2 4.4 

C8                 X X 0 0.0 

C9                   X 7 15.6 

C10                     9 20.0 
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Group 3 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 SCORE normalize 

C1   - - I X - - - - X 6 14.0 

C2     - I X - - - - X 5 11.6 

C3       X X - X - - X 3 7.0 

C4         X - - - - X 5 11.6 

C5           - - - - X 8 18.6 

C6             X - X X 1 2.3 

C7               - X X 3 7.0 

C8                 X X 0 0.0 

C9                   X 3 7.0 

C10                     9 20.9 

 
 
Group 4 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 SCORE normalize 

C1   - - I X X I I - X 3 10.0 

C2     X X X I X I X X 0 0.0 

C3       X E - I I I X 2 6.7 

C4         - - I - E/I X 5 16.7 

C5           - I - - I 5 16.7 

C6             X I X X 1 3.3 

C7               - - I 4 13.3 

C8                 X X 0 0.0 

C9                   X 3 10.0 

C10                     7 23.3 
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Rainbow diagram of MCDA results for working group 1. 
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Rainbow diagram of MCDA results for working group 2. 
 

 
 

 
 

 



InSMART Project      

  41 

 

 
 

Rainbow diagram of MCDA results for working group 3. 
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Rainbow diagram of MCDA results for working group 4. 
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Executive summary 

This report presents the optimal ranking of available urban energy upgrading alternative 

actions considered for the City of Trikala in the framework of task 5.3. The various impacts 

(criteria values) of different renovation actions (resulted by TIMES models) are assessed 

using the MultiCriteria Decision Aid (MCDA) software Visual PROMETHEE v.1.4.0.0 

combined with a systematic methodology (Hinkel’s method) to determine the weights of the 

objective function. The MCDA problem is solved using the PROMETHEE software by 

means of a hierarchical optimization set-up for processing the databases of available pairs of 

actions and criteria towards the ranking of actions which satisfy and/or compromise 

preferences and constraints extracted by multiple stakeholders.   

Keywords MultiCriteria Decision Aid (MCDA); PROMETHEE; Ranking of urban energy 

upgrading actions; Stakeholders’ preferences; Decision-making; Hinkle’s 

method; Deliberative MultiCriteria Evaluation (DMCE) methodology 
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1 Introduction 

This report presents the optimal ranking of alternative urban energy upgrading scenarios for 

the city of Trikala in the framework of task 5.3 of the InSMART project. The methodology 

applied is based on a Deliberative MultiCriteria Evaluation (DMCE) approach comprising the 

following main steps: 

• Manipulation of stakeholders’ feedbacks: The main stakeholders/decision-makers 

related to the urban planning problem are: (a) Municipality, (b) Commercial 

Association, (c) Trikala Chamber, and (d) Trikala Technical Chamber. To extract 

stakeholders’ preferences, targeted questionnaires were developed including the 

specific criteria requesting from stakeholders to point out the importance of each 

criterion over the others. Feedbacks were then manipulated based on the Hinkle’s 

“resistance to change” method
1
 towards the conclusion of representative preferences 

that were used as weights in the decision-making scheme afterwards. 

• Decision-making scheme definition: Based on the aforementioned result the full 

decision-making problem is defined regarding the objective function, criteria, sub-

criteria, weights’ assignment, and possible constraints for each criterion.  

• MultiCriteria Decision Aid (MCDA) approach: The available databases of pairs of 

“action-vector of criteria”, meaning the impacts (values of criteria) as provided by the 

TIMES model for each urban planning scenario for the City of Trikala, were further 

processed so as to solve the decision-making scheme for each stakeholder stated in 

the above step. For that purpose, the specialized MCDA software Visual 

PROMETHEE v.1.4.0.0 (Academic edition)
2
 was used. As a result, a ranking of 

alternative planning scenarios is produced which prioritizes the actions from the one 

with the best to the one with the worst compromise among the evaluation criteria. 

Having considering feedbacks from most important stakeholders involved in the 

decision making problem, the 1
st
 in ranking options provides the most appropriate and 

applicable solution for the City of Trikala.      

    

2 Background of the adopted MCDA method 

As mentioned above the following methods were used to systematise the decision-making 

approach: 

• Resistance to change grid method 

• PROMETHEE method 
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2.1 “Resistance to change” grid method 

In multi-criteria assessment weights of criteria are used to specify the relative importance of 

each specific criterion. The “resistance to change” method
1
 is based on the principle that 

when comparing a criterion A to a criterion B, the decision maker is most reluctant to change 

the most important criterion from the desirable state to the undesirable one.  

For example, we have a waste management problem to evaluate competing solid waste 

management systems. We have 8 criteria as follows: 

g(1) cost of waste treated; 

g(2) technical reliability; 

g(3) global warming effects; 

g(4) releases with health effects; 

g(5) acidificative releases; 

g(6) surface water dispersed releases; 

g(7) number of employees; 

g(8) waste recovery rate. 

The weighting method is based on the pairwise comparison of the criteria. For example, we 

compare criterion g(1) with criterion g(2) and we ask the decision maker if it was to change 

one of the two criteria from the desirable state to the undesirable state, then which would be 

the criterion that the decision maker would be reluctant to change. Let’s assume that in this 

case the decision maker is most reluctant to change criterion g(2) from the desirable state, 

which is “technically reliable”, to the undesirable state, which is “technically unreliable”. 

Then criterion g(2) should be considered more important than criterion g(1), because it is 

more resistant to change. 

When we say the desirable state and the undesirable state, the decision maker can build and 

have in mind the desirable and the undesirable states of the criteria in order to facilitate the 

comparison. For example, in the 8 criteria above, the pairs of the desirable and undesirable 

states can be specified as follows: 

(C1) economical waste treatment/costly waste treatment; 

(C2) technically reliable/technically unreliable; 

(C3) negligible global effects/significant global effects; 

(C4) negligible releases with health effects/significant releases with health effects; 

(C5) negligible acidificative releases/ significant acidificative releases; 

(C6) negligible surface water dispersed releases/significant S.W. dispersed releases; 
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(C7) high employment levels/low employment levels; 

(C8) high waste recovery rate/low waste recovery rate. 

The pairwise comparison between the criteria states above can be organized in the form of the 

grid in Table 1. 

Table 1: Pairwise criteria-comparison grid 

Criteria C1 C2 C3 C4 C5 C6 C7 C8 Score 

C1         7 

C2         6 

C3    x  x x x 1 

C4      I  x 3 

C5      x  x 1 

C6        x 3 

C7         2 

C8         4 

 

In the grid, an ‘x’ indicates that the criterion in the column is resistant to the change of the 

one in the row it is compared to. A blank indicates that the criterion in the row resists to the 

change of the one in the column it is compared to. There are two other cases, where it may 

prove impossible for the decision maker to make a choice. Firstly, where the two changes 

appear equally undesirable to the decision maker (denoted in the grid as ‘I’), and, secondly, 

where the change in one criterion implies the change in the other (denoted in the grid as ‘e’). 

In order to derive the scores of each criterion, all the blanks along the rows above the 

diagonal are added to all the corresponding ‘x’s in the columns to give the final score. Thus, 

for example see in grid that for criterion 1, there are 7 blank rows, so the score for resistance 

is 7; for criterion 2, there are 6 blank rows and no ‘x’s, so the score is 6; criterion 4 has 2 

blanks and 1 ‘x’, so the score is 3 and so on. Finally the resistance scores for each criterion 

can be normalised to give the final weights for each criterion, i.e. by dividing the score of 

each criterion with the sum of scores of all criteria. 

 

2.2 PROMETHEE method 

The PROMETHEE method is a multicriteria decision-making method developed by Brans
3
. 

It is a ranking method quite simple in conception and application compared to other methods 

for multi-criteria analysis. It is well adapted to problems where a finite number of alternative 
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actions are to be ranked considering several, sometimes conflicting, criteria. Specifically, the 

PROMETHEE method is appropriate to treat the multicriteria problem of the following type: 

1max{ ( ),..., ( ) | \ }
n

f a f a a A   (1) 

Where A is a finite set of possible alternatives, and fj are n criteria to be maximized. For each 

alternative, ( )
j

f a  is an evaluation of this alternative. When two alternatives a, b\A are 

compared, the result of the comparison has to be expressed in terms of preference. 

Therefore, a preference function is considered: 

( , ) ( ) [ ( ) ( )], 0 ( , ) 1P a b F d F f a f b P a b= = − ≤ ≤  (2) 

Where ( )F d  is a monotonically increasing function of the observed deviation (d) between 

f(a) and f(b). In order to facilitate the selection of specific preference function, six basic types 

of this preference function are proposed to the decision maker, in each case no more than 

two parameters (thresholds q, p or s) have to be fixed
4, 5

. 

Indifference threshold q is the largest deviation to consider as negligible on that criterion. It is 

small value with respect to the scale of measurement. Preference threshold p is the smallest 

deviation to consider as decisive in the preference of one alternative over another. It is a large 

value with respect to the scale of measurement. Gaussian threshold s is only used with the 

Gaussian preference function. It is usually fixed as an intermediate value between the 

indifference and the preference threshold.  

PROMETHEE permits the computation of the following quantities for alternatives a and b: 

a and b are alternatives from the first set of alternatives A. Then is: 

1

( , ) ( , )
k

j j

j

a b P a b wπ

=

=∑   (3) 

1

( , ) ( , )
k

j j

j

b a P b a wπ

=

=∑   (4) 

Positive course of preferential (output course): 

1
( ) ( , )

1 x A

a a x
n

π
+

∈

Φ =
−
∑   (5) 

Negative course of preferential (input course): 

1
( ) ( , )

1 x A

a x a
n

π
−

∈

Φ =
−
∑   (6) 
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Where 
j

w  are the weights associated with criteria.  

For each alternative a belonging to the set A of alternatives, ( , )a bπ  is an overall preference 

index of a over b. The leaving flow ( )a+
Φ  is the measure of the outranking character of a 

(how a dominates all the other alternatives of A). Symmetrically, the entering flow ( )a−
Φ  

gives the outranked character of a (how a is dominated by all the other alternatives of A). 

( )aΦ  represents a value function, whereby a higher value reflects a higher attractiveness of 

alternative a. ( )aΦ  is called net flow of alternative a
6
. The concept of preferential flow 

functions is presented in Figure 1. All the alternatives can be completely ranked by net flow. 

The geometrical analysis for interactive aid (Gaia) plane displays graphically the relative 

position of the alternatives in terms of contributions to the various criteria
7
.  

 

Figure 1: Concept of preferential course function. 

 

2.3 MCDA applications for urban energy planning (short overview) 

Energy planning can be defined as a roadmap for meeting the energy needs of a specific area 

(local, regional, national) and is accomplished by considering multiple factors such as 

technology, economy, environment, and the society that impact the energy issues. Long-term 

energy planning is a strategic approach to study how structural changes of a nation would 

affect the energy demand and supply. This is normally done through scenario analysis which 

would also cater for uncertainty in planning. Good energy plan would ensure sustainable 

development which acts as a guiding factor for an energy scheme. Energy planning processes 

must appreciate the energy demand situation in the area of interest and aim for the 

satisfaction of future needs, according to many constraints and factors. A MultiCriteria 

decision-making process is usually adopted in order to face complex economic, 

environmental and development problems
8
.  
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Mourmouris and Potolias (2013)
9
 adopted the MCDA REGIME method, which is a 

concordance method similar to ELECTRE and PROMETHEE, for the analysis and 

development of a multilevel decision-making structure, utilizing multiple criteria for energy 

planning and specifically for the exploitation of Renewable Energy Sources (RES) at regional 

level. The proposed evaluation framework focused on the use of multi-criteria approach as a 

tool for supporting energy planning for the area of concern (Thassos island, Greece) based on 

a pool of qualitative and quantitative evaluation criteria. The latter included economic, 

environmental, social and technological criteria and the method revealed that the combination 

of wind-biomass is the most efficient RES followed by the biomass-wind-PV and wind-PV 

alternatives. Terrados et al. (2009)
10

 introduced a hybrid approach for MCDA combining 

PROMETHEE with the participatory “Delphi” method (experts’ feedbacks) to determine the 

weights and preferential thresholds of the decision-making problem. The application of the 

proposed methodology for the case study of Jaen Province revealed that the objective 

regarding electricity production from renewable resources, on year 2010, is fixed above 1630 

GWh,which represents a 43% of the total foreseeable electricity consumption.  

Regional or local energy planning refers to energy planning for a city or town or an energy 

system of a city or town. Examples of local energy planning include urban transportation, 

district heating, regional development, or plans dealing with environmental problems such as 

deforestation (fuel wood), urban air quality and waste management
11

. Advanced local energy 

planning (ALEP) is based on a sustainable approach and it is much more than traditional 

local energy planning. According to International Energy Agency
12

 ALEP makes the use of 

comprehensive models of systems analysis that are capable of simulating and optimizing the 

whole system, rather than considering its components. ALEP provides a long-term strategic 

energy plan that satisfies different sustainability goals (such as reduction of GHG, responsible 

use of natural resources, social equity, and ecological and economic development). In 

addition, it involves all affected groups and decision makers to maximize the chance of 

realization, employs principles of modern project management and is a continuous process 

rather than a project with a defined end. One review presents 14 state indicators and 4 policy 

indicators for local energy planning
13

. The authors stipulate that indicators need to be 

comprehensive, limited and open-ended so that future changes can be made to these energy 

sustainability indicators. Another review interrogates on the application of different models 

for decentralized energy planning or local energy planning
14

. After reviewing 6 energy 

models for integrated community energy systems (ICES) planning (HOMER, DERCAM, 

EAM, MARKAL/TIMES, RETScreen, H2RES) Mendes et al. (2011)
15

 conclude that the 

Distributed Energy Resources Customer Adoption Model (DERCAM) and the Economic 

Evaluation of Microgrid (EAM)–which have several successful applications – can be 

considered preferable tools for the purpose of ICES design modeling. They further concluded 

that system thinking is a highly valuable approach for designing energy futures. The central 

theme of decentralized energy planning, suggest preparing an area-based plan to meet the 

needs and development of alternative energy sources at least cost to the economy and the 



InSMART Project   

 

10 

 

 

environment
12

. Deshmukh and Deshmukh (2009)
16

 reported that centralized (national) energy 

planning does not cater for the needs of rural areas due to urban areas given priority for 

energy supply, social and environmental benefits. Regional or local energy planning would 

encourage development of economically productive activities.  

The present report addresses previous findings regarding territorial energy planning through 

the use of a hybrid Hinkle-PROMETHEE method taking into account the most important 

evaluation criteria in accordance to other similar studies. Specifically, the decision-making 

problem includes energy, environmental, economic, societal and technological considerations 

in the mix of evaluation criteria, while preference thresholds and weights are taken by a 

systematic application of the Hinkle’s method involving the key stakeholders/decision-

makers. The method is applied for the city of Trikala and provided a ranking of smart-city 

planning actions from the best to the worst (in the context of compromising the mix of 

evaluation criteria) possible intervention suggestions.   

 

3 MCDA for Smart-City planning of Trikala  

The MCDA approach described above is adapted for decision making concerning the 

identification of the optimum alternative actions (mix of urban planning interventions) that 

ensure urban sustainability (energy, environment, quality of life) in the context of a future 

Smart City in Trikala. The decision making problem comprises the following aspects: 

• Evaluation criteria for holistic smart-city planning 

• Alternative upgrading actions in terms of mixes of planning interventions 

• Stakeholders’ preferences over the recognized criteria 

The evaluation criteria adopted in InSMART are the following (aggregated implications from 

all urban features, i.e. buildings, transport and mobility, waste and utilities): 

• Implementation/investment cost (€) 

• Implementation cost efficiency (saved kWh/€ investment spent) 

• Energy savings (MWh) 

• Operation and maintenance cost (€) 

• Revenue production (€) 

• Ease of implementation 

• City’s quality of life improvement (thermal comfort, lighting comfort, traffic 

conditions, etc.) 

• City’s economic development improvement 
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• Level of societal acceptance   

 

Table 2: Alternative smart-city planning actions for Trikala 

Action Short description 

Scen1: Buildings 

all 

Refurbishment of all municipal buildings. The refurbishments focus on 

the reduction of thermal and cooling loads and the improvement of 

lighting installations. 

Scen2: Buildings 

80 

80% of the buildings within the geographical limits of the 

municipality, are connected to the natural gas network by 2030. This 

includes both residential and non-residential buildings. 

Scen3: Buildings 

1950 

Complete renovation of residential buildings that were built before 

1950. The complete renovation includes all four options identified in 

WP2 as appropriate for the building stock in Trikala, namely 

replacement of windows, insulation of roofs and walls. 

Scen4: Buildings 

exikonomo 

Partial renovation of all the residential building typologies following a 

“Saving at Home” Programme of the Ministry of Energy and 

Environment, the so-called “Exikonomisi katoikon”. This means that 

the option of windows replacement, roof insulation, walls insulation, 

all related combination are available, and the preferred mix is 

calculated by the model using the relative cost and benefits of each 

intervention in order to minimise the total system cost.  

Scen5: Street 

lighting 6000 

Replacement of the 6000 existing sodium street light bulbs with high 

efficiency LED lamps is implemented. 

Scen6: RES 10% 10% of the electricity demand in the municipality will be covered by 

renewable energy projects, funded by the municipality by 2030 (the 

share in 2020 will reach 5%). 

Scen7: Green 

spaces 

“Green Spaces” options are implemented in all the city squares and 

open spaces, in order to reduce the cooling demand of buildings in the 

city. 

Scen8R: Mobility 

ring road 

Construction of the ring road around the city which leads to a 

reduction of the transport load through the city centre.  

Scen8C: Cycling 

routes 

Construction of cycling routes with a length of 2.8km in the next 2-3 

years and an extra 10km in the next 10 years. 

Scen9: Vehicles Replacement of ten existing municipal small vehicles by electric cars. 
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Action Short description 

replacement Furthermore, all the municipal heavy duty vehicles (trucks, refuse 

collection trucks etc.) will be replaced by Euro 6 vehicles in the next 

15 years. 

Scen10: 

Hybrid/electric 

cars incentives 

Incentives for the promotion of hybrid or electric cars in the city 

center. 

Scen11: Landfill 

950kW 

Installation of 950kWe of a biogas fired power plant in the landfill by 

2020, assuming that the generated electricity covers directly the 

demand in the city. 

Scen12: Sewage 

treatment 20% 

Decreased consumption in the sewage treatment plant by 25% with the 

use of special bacteria. 

Scen13: Dam 

construction 

The energy consumption is planned to be reduced through the 

construction of the small dam which will provide water to the 

municipality (without the need of pumping due to the geography) and 

the installation of the small hydro power plant (200kW) at this site, by 

2022.  

 

The aforementioned evaluation criteria/indicators were calculated using the TIMES model 

which elaborated results from suitable impact assessment models, e.g. the Designbuilder 

software for the building sector
17

. Criteria calculations took place for various alternative 

feasible actions which are described in Table 2. 

 

3.1 Weighing the evaluation criteria  

As mentioned earlier the Hinkle’s method is applied to weigh as realistically as possible the 

net flow function of the decision-making problem in the framework of the PROMETHEE 

method. Initially, the evaluation criteria were organized into a stakeholder-oriented matrix to 

better engage and facilitate decision-makers to provide reliable preferences. The matrix is 

presented in Table 3 and it essentially describes the evaluation criteria considered and their 

respective desirable and non-desirable states. Thereinafter, the evaluation criteria were 

oriented in the grid-form of Table 1 requesting from the identified stakeholders to score the 

criteria according to the instructions provided in section  2.1. The results obtained from each 

stakeholder scoring and corresponding normalized values (used as weights for each criterion 

in the PROMETHEE method afterwards) are presented in 
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Table 4, Table 5,  

 

 

 

Table 6 and Table 7.  

Table 3: Stakeholder-oriented matrix 

Criteria Code Brief Description of the Criteria 
Desirable 

state 

Non-

desirable 

state 

1. 

Implementation 

Cost   

C1 

What is the implementation cost in 

€ of the Investment over the period 

2013-2030 in comparison to the 

implementation cost of the Business 

as Usual (BAU) case?  

Low Cost High Cost 

2. 

Implementation 

Cost  Efficiency 

C2 

How efficient in terms of energy is 

the Investment? How much energy 

in kWh is saved for every Euro € of 

Investment spent over the period 

2013-2030?    

High 

efficiency  

Low 

Efficiency  

3.  Energy 

savings  
C3 

What is the total Energy that is 

being saved over the whole period 

until 2030 from the implementation 

of the measure in MWh?    

High Energy 

Savings 

Low Energy 

Savings 

4. Operation 

and 

Maintenance 

Cost  

C4 

What is the total Operation and 

Maintenance cost of the measure 

over the whole period until 2030 in 

€?  

Low Cost High Cost 

5. Revenue 

Production  
C5 

What is the annual Revenue 

Production of the measure for the 

period 2015-2030 in €?  

High 

Revenue 

Low 

Revenue 

6. Ease of 

Implementation  
C6 

Are there technological risks on 

implementation? Does the scenario 

comply with, or fail to comply with, 

existing laws, environmental 

regulations, etc? Is administrative 

approval for numerous authorities 

required? Is the licensing procedure 

complex and of long time duration?   

The 

implement-

tation is 

simple and 

easy to 

complete 

The 

implement-

tation is 

complex and 

difficult  to 

complete  
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7. City’s 

Quality of Life 

Improvement   

C7 

Does the measure improves the:  

Thermal Comfort, Lighting 

Comfort, Traffic Conditions, 

Improvement of Living Conditions, 

etc.?   

Improvemen

t of  City’s 

Quality of 

Life 

No 

Improvement 

of  City’s 

Quality of 

Life 

8. City’s 

Economic 

Development 

Improvement  

C8 

Does the measure improves the: 

Labour increase, economic sector 

increase (construction, tertiary – 

services , agricultural), etc.?  

Improvemen

t of  City’s 

Economic 

Developmen

t 

No 

Improvement 

of  City’s 

Economic 

Development 

9. Societal 

Acceptance   
C9 

Is the measure accepted by the local 

society?  

High 

Societal 

Acceptance 

Low Societal 

Acceptance 

 

 

Table 4: Evaluation criteria scores and corresponding weights-Municipality 

C1 C2 C3 C4 C5 C6 C7 C8 C9 SCORE normalize 

C1       I         X 6 19.4 

C2     e   I         5 16.1 

C3         I         5 16.1 

C4         I         4 12.9 

C5           X X   X 1 3.2 

C6             X X X 1 3.2 

C7                 X 3 9.7 

C8                 X 1 3.2 

C9                   5 16.1 

 

 

Table 5: Evaluation criteria scores and corresponding weights - Technical Chamber 

C1 C2 C3 C4 C5 C6 C7 C8 C9 SCORE normalize 

C1   X X I I X X X X 0 0.0 

C2     X I   X X X X 2 7.1 

C3         I   I   I 5 17.9 

C4         I X X X X 0 0.0 

C5             X X   2 7.1 

C6             X X X 3 10.7 

C7               X e 5 17.9 

C8                   7 25.0 
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C9                   4 14.3 

 

 

 

 

 

Table 6: Evaluation criteria scores and corresponding weights – Commercial 

Association 

C1 C2 C3 C4 C5 C6 C7 C8 C9 SCORE normalize 

C1                   8 23.5 

C2     e X X     X   3 8.8 

C3       X X         4 11.8 

C4         X         6 17.6 

C5                   7 20.6 

C6               X   2 5.9 

C7               X   1 2.9 

C8                   3 8.8 

C9                   0 0.0 

 

Table 7: Evaluation criteria scores and corresponding weights – Trikala Chamber 

C1 C2 C3 C4 C5 C6 C7 C8 C9 SCORE normalize 

C1       I X         6 18.8 

C2     e X X         4 12.5 

C3       e X         4 12.5 

C4         I         5 15.6 

C5                   7 21.9 

C6             X X X 0 0.0 

C7               X   2 6.3 

C8                   3 9.4 

C9                   1 3.1 

 

 

3.2 MCDA problem implementation in PROMETHEE  

The multi-criteria decision problem is implemented in the PROMETHEE tool as follows: 
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• Set-up a ‘problem’ sheet for each Stakeholder-Decision maker; in this case, 4 different 

sheets for the Municipality, the Technical Chamber, the Commercial Association and 

the Trikala Chamber.  

• Specification and grouping of the criteria, i.e.: Economical criteria (Cost/Investment, 

Cost efficiency, OM cost and Revenues); Savings (Energy savings); Bureaucracy as 

an implementation barrier (Ease of implementation); and, Social criteria (Quality of 

life, Economic development and general societal acceptance).  

• Specification of scenarios/actions (refer to Table 2), classification and inputs. For each 

action, each indicator’ value is imposed in the INPUTS matrix. The inputs are 

produced by the TIMES-MARKAL model analysis (found in ref. 18). Similarly to the 

criteria considered, the interventions are also classified into: Buildings (Scen1-4), 

Street lighting (Scen5), RES (Scen6), Green spaces (Scen7), Mobility (Scen8-11), 

Waste (Scen12-13), and Water (Scen14).  

• For each Stakeholder (problem sheet), the weights tabulated in Tables 4-7 are 

imposed, which essentially weigh each criteria according to the preference of the 

Stakeholder.  

• The problem is further constrained using the so-called Preference function 

accompanied with P and Q thresholds, which strengthen the preference of each 

Stakeholder and, therefore, leading to a solution/decision more biased to the 

Stakeholder preference. 

Stakeholder

Decision maker Criteria

Criteria classification

Weights

Non constrained case

INPUTS (TIMES model)

Actions classification

Economical

Savings

Bureaucracy

Society

Buildings

Street lighting

RES

Green spaces

Mobility

Waste

Water

Preference function
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Figure 2: MCDA implementation for Trikala- Indicative sheet for the Municipality. 

 

The above steps of the problem set-up process are illustrated in Figure 2, indicatively for the 

Municipality. Similar sheets are developed for the other Stakeholders as well, utilizing the 

corresponding weights.  

 

Preference functions 

The preference functions are defined following a special Wizard of the software, which 

according to the criteria-values domain and to a series of rational questions it defines the 

preference function, the preference P and indifference Q (essentially Q declares the maximum 

acceptable difference from the ideal (max or min) value for the criterion). For example, in 

case of the Municipality and regarding the investment (Cost criterion) of the adopted action 

the following questions appear in the Wizard: 

 

Indeed, an amount of 15,660.00€ is a reasonable divergence from an optimal (minimum) cost 

value in energy renovation projects at city scale, so the answer to the question is that such a 

difference is negligible. However, it is very important to retain high investments as low as 

possible as specified in the answer of the next Wizard’s question below: 
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The above could not be true for a different Stakeholder/Decision-maker. For example, the 

Technical Chamber does not give priority to minimum costs (the respective weight is Zero), 

which in the same question means an answer of “Not so different”, which allows much more 

flexibility in selecting an action/scenario. The main result of answering the questions includes 

a linear preference function with the following P and Q thresholds: 

 

The Wizard exercising took place for all criteria and for each Stakeholder and the P and Q 

values obtained are shown in Table 8.  

Table 8: Prefence functions and thresholds for Preference (P) and Indifference (Q).  

Stakeholder Preference 

parameter 

Criteria 

Cost (k€)  Cost Energy OM Cost Revenues 
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efficiency 

(kWh/€) 

Savings 

(MWh) 

(until 

2030) (k€) 

(2015-30) 

(k€) 

M
u

n
ic

ip
al

it
y
 

Pref. 

Function 

Linear Linear Linear Linear Linear 

P value 1,035,393.48 0.25 100027.55 9,514.89 12,079.74 

Q value 702,113.49 0.03 59,208.49 6,653.69 6,705.69 

T
ec

h
n
ic

al
 

C
h

am
b

er
 

Pref. 

Function 

Linear V-shape V-shape Linear Linear 

P value 1,035,393.48 0.25 100027.55 9,514.89 12,079.74 

Q value 702,113.49 - 0 6,653.69 6,705.69 

C
o

m
m

er
ci

al
 

A
ss

o
ci

at
io

n
 

Pref. 

Function 

V-shape Linear Linear V-shape Linear 

P value 1,035,393.48 0.25 100027.55 9,514.89 12,079.74 

Q value - 0.03 59,208.49 - 6,705.69 

T
ri

k
al

a 
C

h
am

b
er

 

Pref. 

Function 

Linear Linear Linear Linear Linear 

P value 1,035,393.48 0.25 100027.55 9,514.89 12,079.74 

Q value 702,113.49 0.03 59,208.49 6,653.69 6,705.69 

 

5-point (Level) criteria 

The last 4 criteria, i.e. Ease of implementation, Quality of life, Economic development and 

Societal acceptance, are handled as 5-point scale criteria being assigned with a “level” pref. 

function and graded as follows: 

2-very bad or very low 

1-bad or low 

0-average or moderate 

1-good or high 

2-very good or very high 

According to previous experience on large-scale energy-upgrading projects as well as to the 

feedbacks obtained by the continuous discussions, consultations and 1-1 meetings with 

stakeholders’ representatives in Trikala Workshops, the grades presented in Table 9 are 

concluded.  
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Table 9: 5-point scaled criteria and corresponding grades for each intervention.  

Intervention/ 

Action 

Ease of 

implementation 

Quality of life Economic 

development 

Societal 

acceptance 

Scen1: 

Buildings all 

Good Average Good High 

Scen2: 

Buildings 80 

Good  Average Good High 

Scen3: 

Buildings 1950 

Average Good Good Moderate 

Scen4: 

Buildings 

exikonomo 

Good Good Very good High 

Scen5: Street 

lighting 6000 

Average Very Good Average High 

Scen6: RES 

10% 

Bad   Average Average Moderate 

Scen7: Green 

spaces 

Good Very good Good Very high 

Scen8: Mobility 

ring road 

Average Good Very good High 

Scen9: Cycling 

routes 

Good Very good Good Very high 

Scen10: 

Vehicles 

replacement 

Very good Good Average High 

Scen11: 

Hybrid/electric 

cars incentives 

Good Good Average High 

Scen12: 

Landfill 950kW 

Very bad Average Good Very low 

Scen13: Sewage Good Average Average Moderate 
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treatment 20% 

Scen14: Dam 

construction 

Bad Average Very good Moderate 

 

 

 

 

 

 

 

4 Results  

MCDA results are presented separately for each Stakeholder by means of the total cost-

function value (Phi value) obtained for each action and are further assessed in the so-called 

“rainbow” fashion. The considerations adopted to assess “rainbow” results are presented in 

Figure 3. Rainbow diagram prioritizes the actions/interventions from the highest to the lowest 

Phi value in its scaled form in the range from -1 (worst solutions) to +1 (best solutions), 

meaning that actions with positive Phi could be considered acceptable. Criteria with positive 

and negative contributions/flows (Phi+ and Phi-) for each action are illustrated in the 

rainbow’s bars by means of their colour pre-set for criteria’ categories; therefore, providing a 

clear view of the level of achievement of optimal values of criteria in relation to the 

preference (weight, P and Q) defined for each stakeholder. Results for the specific problem of 

the city of Trikala are presented in the following subsections. 
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Best solutions Worst solutions

Average 

solutions

Each bar shows which criteria are 

more dominant than the others in 

terms of its prevailing colour in the 

bar. In this bar, economic criteria are 

dominant.   

Above zero level, criteria with 

positive evaluation (Phi+) are 

shown. In this case, energy savings 

are considered close to the desired 

state, i.e. high enough.    

Below zero level, criteria with 

negative evaluation (Phi-) are 

shown. In this case, cost is 

considered far from the desired 

state, i.e. expensive.    

 

Figure 3: Considerations for assessing MCDA results in a “rainbow fashion”. 

 

4.1 MCDA results-Municipality  

The hierarchy of actions for the Municipality is presented in Figure 4. It is observed that the 

best solutions include actions with the best economic criteria, i.e. red-colour contributions 

appeared in the positive side of the diagram. On the contrary, the worst solutions have the 

red-coloured in the negative side meaning a “disagreement” with the preferred trend, e.g. the 

“Buildings-Exikonomo” action is a very high investment, which despite its high energy-

savings and high grading of 5-point criteria is not considered acceptable by the Municipality.  
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Figure 4: “Rainbow” and Phi results for the Municipality. 

 

Based on the obtained Phi values, the acceptable solutions are (Phi>0): 

- Cycling routes 

- Green spaces 

- Buildings 80 

- Mobility ring road 

- Buildings All  

- Street lighting 

- Vehicles replacement 

- Sewage treatment 

- Hybrid/electric cars 

The rest part of actions is considered not acceptable (Phi<0) by the Municipality, the worst 

ones being: Buildings Exikonomo; RES 10%; and, Landfill 950kW.  

 

4.2 MCDA results-Technical Chamber  

The hierarchy of actions for the Technical Chamber is presented in Figure 5.  
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Figure 5: “Rainbow” and Phi results for the Technical Chamber. 

 

Contrary to the Municipality Stakeholder, the Technical Chamber is much more interested in 

tangible benefits from the energy-upgrading other than the initial investment cost, i.e. energy 

savings, quality of life (environmental benefits) and economic development (refer to the 

weights). This is clearly reflected in the results above, promoting the Buildings-Exikonomo 

solutions as the best one fulfilling high savings and high social acceptability. More 

specifically, the acceptable solutions (Phi>0) are: 

- Buildings-Exikonomo 

- Cycling routes 

- Green spaces 

- Mobility ring road 

- Buildings All 

- Buildings 80 

- Street lighting 
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The rest part of actions is considered not acceptable by the Technical Chamber (Phi<0), the 

worst ones being: Buildings 1950; RES 10%; and, Landfill 950kW. 

 

4.3 MCDA results-Commercial Association  

The hierarchy of actions for the Commercial Association is presented in Figure 6.  

 

 

Figure 6: “Rainbow” and Phi results for the Commercial Association. 

 

Based on the obtained Phi values, the acceptable solutions are (Phi>0): 

- Mobility ring road 

- Cycling routes 

- Buildings 80 

- Buildings All 

- Green spaces 

- Sewage treatment 
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- Vehicles replacement 

The rest part of actions is considered not acceptable by the Commercial Association (Phi<0), 

the worst ones (Phi<0) being (similarly to the Municipality): Buildings Exikonomo; RES 

10%; and, Landfill 950kW. 

 

4.4 MCDA results-Trikala Chamber  

The hierarchy of actions for the Trikala Chamber are presented in Figure 7.  

 

 

Figure 7: “Rainbow” and Phi results for the Trikala Chamber. 

 

Based on the obtained Phi values, the acceptable solutions are (Phi>0): 

- Cycling routes 

- Mobility ring road 

- Buildings 80 

- Green spaces 

- Buildings All 
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- Sewage treatment 

- Street lighting 

The rest part of actions is considered not acceptable by the Trikala Chamber, the worst ones 

(Phi<0) being: Buildings 1950; Buildings Exikonomo; and, Landfill 950kW. 

 

4.5 MCDA results-Compromised solution  

This section summarizes all acceptable solutions for the different stakeholders and presents a 

compromised solution based on a special PROMETHEE algorithm which balances the results 

of each separate scenario/stakeholder and provides a total solution. The compromised 

solution among all stakeholders is presented in Figure 8. 

 

 

Figure 8: “Rainbow” and Phi results for the compromised solution among Stakeholders. 

Table 10: Stakeholders’ decision matrix.  

Stakeholders’  

Decisions 

Matrix 

Municipality Technical 

Chamber 

Commercial 

Association 

Trikala 

Chamber 

Compromised 
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A
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 s
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ce
n
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 o
f 

P
h

i 
(P

h
i>

0
) 

Cycling routes Cycling 

routes 

 

Mobility ring 

road 

Cycling 

routes 

Cycling 

routes 

Green spaces Green 

spaces 

Cycling 

routes 

Mobility 

ring road 

Mobility ring 

road 

Buildings 80 Mobility 

ring road 

Buildings 80 Buildings 80 Green spaces 

Mobility ring 

road 

Buildings 

All 

Buildings All Green spaces Buildings All 

Buildings All  Buildings 80 Green spaces Buildings 

All 

Buildings 80 

Street lighting Street 

lighting 

Sewage 

treatment 

Sewage 

treatment 

Street 

lighting 

Vehicles 

replacement 

 Vehicles 

replacement 

Street 

lighting 

Vehicles 

replacement 

Sewage 

treatment 

   Sewage 

treatment 

Hybrid/electric 

cars 

    

W
o

rs
t 

so
lu

ti
o

n
s 

(l
o

w
es

t 

n
eg

at
iv

e 
P

h
i’

s)
 

Buildings 

Exikonomo  

Buildings 

1950  

Buildings 

Exikonomo  

Buildings 

1950  

Buildings 

1950  

RES 10%  RES 10%  RES 10% Buildings 

Exikonomo 

RES 10% 

Landfill  

950kW 

Landfill 

950kW 

Landfill 

950kW 

Landfill 

950kW 

Landfill 

950kW 

 

The acceptable (Phi>0) and the three worst (lowest negative Phi) actions for each Stakeholder 

together with the ones obtained by the compromised problem are presented in Table 10 in 

Phi’s descending order. InTable 10: Green coloured actions represent solutions acceptable by 

all stakeholders, also appearing in the compromised solution; Blue coloured actions represent 

solutions acceptable by at least 2 stakeholders also appearing in the compromised solution; 

Red coloured actions represent actions among the three worst ones for all stakeholders and 
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for the compromised solution; Orange coloured actions represent actions reflecting at least 

two stakeholders, also appearing in the compromised solution.  

In conclusion, the MCDA analysis provided the following results (compromised among all 

stakeholders): 

Acceptable actions: 

- Cycling routes: construction of cycling routes with a length of 2.8km in the next 2-3 years 

and an extra 10km in the next 10 years. 

- Mobility ring road: construction of the ring road around the city which leads to a reduction 

of the transport load through the city centre. The primary ring-road has been completed and 

the secondary has been completed by 50% and the remainder is estimated to be completed by 

2025.  

- Green spaces: implemented in all the city squares and open spaces, in order to reduce the 

cooling demand of buildings in the city. According to relevant studies
19

 it is expected that the 

cooling energy demand in buildings will be reduced by 5% by 2030 once Green open spaces 

techniques are applied in the whole of the city. 

- Buildings All: refurbishment of all the Municipal Buildings following the example of the 

upgrades of the 16 buildings included in the Baseline scenario. The refurbishments focus on 

the reduction of thermal and cooling loads and the improvement of lighting installations. 

- Buildings 80: 80% of the buildings within the geographical limits of the municipality, are 

connected to the natural gas network by 2030. This includes both residential and non-

residential buildings. 

- Street lighting: replacement of existing sodium street light bulbs with high efficiency LED 

lamps is implemented. 

- Vehicles replacement: replacement of ten existing municipal small vehicles by electric cars. 

Furthermore, all the municipal heavy duty vehicles (trucks, refuse collection trucks etc.) will 

be replaced by Euro 6 vehicles in the next 15 years. 

- Sewage treatment: The sewage treatment plant is a considerable consumer in the energy 

system of the city (WP4 data). Based on studies that were already done the energy 

consumption can be reduced by at least 25% with the use of special bacteria with limited 

extra cost. This action can be implanted by 2019. 

Worst actions: 

- Buildings 1950: Complete renovation of residential buildings that were built before 1950. 

The complete renovation includes all four options identified in WP2 as appropriate for the 

building stock in Trikala, namely replacement of windows, insulation of roofs and walls. 
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- RES 10%: 10% of the electricity demand in the municipality will be covered by renewable 

energy projects, funded by the municipality by 2030 (the share in 2020 will reach 5%). 

- Landfill 950 kW: The landfill of Trikala can be used as an energy source according to recent 

studies. In this scenario the installation by 2020 of a 950kWe biogas fired power plant in the 

landfill is included. It is assumed that the generated electricity covers directly the demand in 

the city.   
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Executive Summary 

This report presents the optimal ranking of available urban energy upgrading alternative actions 
considered for the municipality of Évora in the framework of task 5.3. The various impacts (criteria 
values) of different renovation actions (resulted by TIMES models) are assessed using the MultiCriteria 
Decision Analysis (MCDA) software Visual PROMETHEE v.1.4.0.0. The MCDA problem is solved 
using the PROMETHEE software by means of a hierarchical optimization set-up for processing the 
databases of available pairs of actions and criteria towards the ranking of actions which satisfy and/or 
compromise preferences and constraints extracted by multiple stakeholders.   
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preferences; Decision-making; Hinkle’s method; Deliberative 
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1 Introduction 

1.1 Overview of InSMART 

The InSMART concept brings together cities, scientific and industrial organizations 
in order to establish and implement a comprehensive methodology for enhancing 
sustainable planning addressing the current and future city energy needs through an 
integrative and multidisciplinary planning approach.  

InSMART project intends to identify the optimum mix of short, medium and long 
term measures for a sustainable energy future, addressing the efficiency of energy 
flows across various city districts, namely buildings, transport and mobility. Urban 
spaces, water/sewage system, waste chain and decentralized energy supply.  

Each city’s energy system is analysed, covering all relevant sectors and a 
comprehensive GIS platform including energy database was developed. Apart from 
being a valuable planning tool, the GIS database informs and is linked to the TIMES 
energy planning model. This model was used to analyse the cost-optimal mix of 
measures required to meet sustainable energy targets taking into account exogenous 
parameters (e.g., environmental targets, city expansion). These measures were further 
assessed with respect to non-technical criteria using a multi-criteria decision making 
software aid (PROMEΤHEE) that addressed economic, environmental, as well as 
social issues. 

A detailed economic analysis of the mid-term measures identified through this two 
stage optimisation procedure will be undertaken, identifying all relevant investment 
indicators in WP6. Finally, a detailed, realistic and applicable mid-term 
implementation plan will be developed to describe the necessary steps, required 
resources and monitoring procedures for each city. 

1.2 Objectives of this Report 

This report refers to WP5 (Task 5.3) and it focuses the analysis of the TIMES model 
results for the city of Évora (TIMES_Evora) within this same WP5 in tasks 5.1 and 
5.2. 

The goal of WP5 was to: 1) Develop city specific energy system models, 2) Define 
and analyse sustainability scenarios in order to identify the economical optimum mix 
of measures and 3) Implement multi-criteria decision analysis (MCDA) support 
process in order to identify the city optimum sustainability path. The first two goals 
are covered in a different report whereas this report focus on the third goal regarding 
the MCDA. 
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1.3 Outline of the Report 

The report is organized in three chapters. Chapter 2 presents a brief description of the 
MCDA approach model for Évora and Chapter 3 presents the results of the MCDA 
for Évora. 
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2 The MCDA approach used for Évora 

2.1 Background on MCDA applications for energy planning 

Multi-Criteria Decision Analysis (MCDA) is a generic approach or framework used 
to inform and support complex decision-making situations with multiple and often 
conflicting objectives “that stakeholders groups and/or decision-makers value 
differently” (Saarikoski et al, 2016).  

MCDA is an “umbrella term to describe a collection of formal approaches which seek 
to take explicit account of multiple criteria in helping individuals or groups explore 
decisions that matter” (Belton and Stewart, 2002). MCDA has its origins in 
operational research and is suitable for addressing complex problems, as sustainable 
energy planning, “featuring high uncertainty, conflicting objectives, different forms of 
data and information, multi interests and perspectives, and the accounting for complex 
and evolving biophysical and socio-economic systems” (Wang et al, 2009)  

Both energy and environment policies involve large numbers of stakeholders with 
differing views and preferences. Because many of the attributes of these policy 
alternatives are non-market valued (e.g. preservation of biodiversity), the multiple 
views of the stakeholders cannot always be determined in advance or with certainty 
(Greening and Bernow, 2007). Therefore, the use of MCDA allows a better 
alternative to cost/benefit or cost-effectiveness based methods (Wang et al, 2009, 
Greening and Bernow, 2007). 

An example of a decision-making situation assisted by MCDA methods is the 
selection of the optimal energy supply scenario for a certain energy system, for 
example introduction of natural gas (as done by Dinca et al.(2007)), which has a 
variety of economic, environment and social consequences regarded as desirable by 
some stakeholders (e.g. regulators concerned with energy diversification) and 
undesirable by others (e.g. environmental organizations). 

MCDA methods have been widely employed to sustainable energy decision-making 
considering multi-criteria. In a typical MCDA process applied to energy planning, as 
depicted in Figure 1, there are usually includes four main stages (Wang et al., 2009):  

1. alternatives’ formulation and criteria selection,  
2. criteria weighting,  
3. evaluation,  
4. final treatment and aggregation.  

The first stage in MCDA is to formulate the alternatives for the sustainable energy 
problem from a set of selected criteria and, if needed, to normalize the original data of 
criteria. In the second stage the weights of each criterion are determined to show the 
relative importance of criteria in MCDA. In the third stage the acceptable alternatives 
are ranked using one or varied MCDA methods considering the previously selected 
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criteria weights. Finally, the alternatives’ ranking is ordered in the fourth stage (Wang 
et al, 2009). 

 

Source: (Wang et al., 2009) 

Figure 1 - . MCDA process in sustainable energy decision-making 

There are several possible methods to select criteria (e.g. Delphi, Least Mean Square, 
Minmax deviation), to weigh them (e.g. equal methods, rank-order weights) and to 
evaluate them (i.e. to determine the preference orders of alternative to get the ranking 
order). Some of the MCDA evaluation methods are a simple weighted sum or a 
weighted product methods, or the more elaborate methods of “unique synthesizing 
criteria” as AHP or TOPSIS. Yet another group of MCDA evaluation methods is the 
“outranking method” that includes “Elimination et choice translating reality” 
(ELECTRE) method and “Preference ranking organization method for enrichment 
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evaluation” (PROMETHEE). The latter was used in the INSMART project and is thus 
more detailed here. 

The PROMETHEE method was developed by Brans (Brans, 1984) and has been used 
in energy planning and applications. The method uses the outranking principle to rank 
the alternatives, combined with the ease of use and decreased complexity. It is well 
adapted to problems where a finite number of alternatives require ranking considering 
several, sometimes-conflicting criteria (Wang et al, 2009, Terrados, 2009). 

This method is applied for the city of Évora and provided a ranking of smart-city 
energy planning actions from the best to the worst (in the context of compromising 
the mix of evaluation criteria) possible intervention suggestions.   

2.2 The MCDA approach used in Évora 

The approach was commonly used across the INSMART partner cities and is based 
on a Deliberative MultiCriteria Evaluation (DMCE) approach with the following 
main steps: 

STEP 1: Defining criteria together with stakeholders’: The main 
stakeholders/decision-makers related to the sustainable energy urban planning 
problem were grouped in four categories: (a) Local authorities, which includes the 
Municipality, (b) Regional authorities, (c) Private sector, and (d) Civil society. These 
groups are described in more detail in Table 2. A set of six criteria was defined (see 
the next section) and discussed in detail with stakeholders during one initial dedicated 
workshop to better refine these and to allocate weights on the different criteria 
following the different stakeholder groups’ preferences. The criteria weights were 
used in the decision-making in the following steps. 

STEP 2: Decision-making scheme definition: Based on the aforementioned result the 
full decision-making problem was defined regarding the objective function, criteria, 
sub-criteria and weights’ assignment.  

STEP 3: MultiCriteria Decision Analysis (MCDA) approach: The available databases 
of pairs of “action-vector of criteria”, meaning the impacts (values of criteria) as 
provided by the TIMES_Evora model for each modelled scenario for the municipality 
of Évora, were further processed so as to solve the decision-making scheme for each 
stakeholder grouped as mentioned in STEP 1, using the specialized MCDA software 
Visual PROMETHEE v.1.4.0.0 (Academic edition). As a result, a ranking of 
alternative scenarios was produced which prioritizes the actions from the one with the 
best to the one with the worst compromise among the evaluation criteria. This ranking 
was discussed with the stakeholders during a second workshop looking in particular 
for necessity in changing the criteria weights. Having considering feedbacks from 
most important stakeholders involved in the decision making problem, the 1st in 
ranking options provides the most appropriate and applicable solution for the 
municipality of Évora. 
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Each of these steps is explained in more detail in the following sections and were used 
to apply the MCDA to the measures in Table 1. 

Table 1 – Sustainable Energy measures tested for Évora for the two visions REF and Smart 

Name Description Code Current status 

Public lighting    

Changing 
luminaires with 
more efficient 
lamps 

Change 80% public lighting to LEDs by 2020 PL1 
0.4% of public lighting has 

LED in 2014 Change all public lighting to LEDs by 2030 PL2 

Residential 
Buildings 

   

Solar Thermal 

Install solar thermal hot water panels in 10% of 
dwellings by 2020 

RSD1 

0.2% of dwellings in 2014 
Install solar thermal hot water panels in 40% of 

dwellings in 2030 
RSD2 

Solar PV 

Solar PV installed corresponding to 10% of 
maximum feasible potential  by 2020 

RSD3 
4% of maximum feasible in 

2014 Solar PV installed corresponding to 30% of 
maximum feasible by 2030 

RSD4 

Insulation windows Double glazing in 80% of dwellings by 2030 RSD6 39% of dwellings in 2014 

Insulation 
infiltration 

Small scale insulation solutions in 50% of 
dwellings by 2030 

RSD7 10% of dwellings in 2014 

Insulation walls 
and roofs 

Wall & Roof insulation combined in 60% of 
dwellings by 2030 

RSD8 20% of dwellings in 2014 

Waste, water and 
waste water 

   

Increase recycling 
Increase by 35% the share of recycled MSW 

after 2020 
R1 

7% MSW were recycled in 
2014, planned 8% by 2020 

(i.e. increase of 24%) 

Decrease MSW 
production 

Decrease MSW production per capita in 20% 
from 2013 values 

R2 
502 kg MSW per capita in 

2013 and 6% reduction from  
2009 till 2014 

Energy efficiency 
in water system 

Improve energy efficiency in water treatment 
plants in 50% by 2030 compared to 2009 

R3 
from 2009 till 2014 energy 

consumption in water 
treatment decreased 12% 
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Name Description Code Current status 

Energy efficiency 
in waste water 
treatment 

Improve energy efficiency in waste water 
treatment plant in 30% compared to 2009 by 

2030 
R4 

from 2009 till 2014 energy 
consumption in wastewater 
treatment decreased 12% 

Transport    

Promotion of cycling 
Extension of the existent 7 km cycling lanes 

combined with making city bikes available from 
2020 onwards 

TRA1 
8.3 km of cycling lanes in 

2014 and no city bikes 

City Centre Traffic 
Restrictions 

Duplicate parking fees in historic center from 
2020 onwards 

TRA2 
0.7eur/hr. up to 11eur/day in 

2014 

Interdiction for all type of vehicles and 
concerning all purposes to the Évora Acropolis 

from 2020 onwards 
TRA3 n.a. 

Speed Reductions 
Speed limitation to 30km/h, for all vehicles in 

diverse zones from 2020 onwards 
TRA4 n.a. 

Electric vehicles 15% of passenger cars are electric by 2030 TRAelc 3 electric cars in 2014 

Biofuel buses All busses use biofuels by 2030 TRAbus No biofuel buses in 2014 

Increase historic 
center parking  – 
concentrated 

Construction of 3 parking lots with a total of 500 
parking spaces for non-residents in the historic 

center from 2020 onwards 
TRA7 

215 parking spaces for non-
residents in historic center in 

2014 

Increase historic 
center parking  – 
disperse 

300 new disperse parking spaces for residents in 
the historic center from 2020 onwards 

TRA8 

2019 total disperse parking 
spaces in historic center in 

2014 of which 748 were for 
residents 

Increase public 
transportation 

Shift of 15% from private cars mobility to public 
transportation from 2020 onwards 

TRA9 
1029 pkm travelled by 
passenger car in 2014 

 

Note that the CAP scenario modelled in TIMES_Evora was not used in the MCDA 
since its purpose was to inform the assessment of the other measures. The CAP in 
itself is not an action that will lead to more sustainable energy as a stand-alone.  

2.2.1 The criteria defined for Évora 

With the involvement of the stakeholders listed in Table 2, it was agreed upon the 
following set of criteria to evaluate the measures:  

A. Reduction of energy consumption 
B. GHG emission reduction 
C. Financial effort associated with implementation (represents the total 

investment costs associated with implementation, as well as the annual 
operation & maintenance costs if applicable) 
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D. Contribution for local development (translates the job creation for both public 
and private institutions within the municipality, including the activation of 
new businesses and reduction of energy consumption costs) 

E. Contribution for improving comfort and quality of life of residents (reflects 
improvements of the indoor thermal comfort in buildings, improved lighting, 
ease of access to parking places or lower traffic congestion) 

F. Feasibility of implementation (refers to the time needed for implementation, 
complexity of the required permitting process (if applicable), as well as the 
number of persons or institutions promoting the implementation of the 
measure) 

The first three are qualitative objective criteria, whereas the other three are qualitative 
and subjective. 

Table 2 - List of stakeholders involved in developing the scenarios analysed and defining the criteria and 
respective weights used in the MCDA 

# Organisation Sector 
1 ADRAL - Agência de Desenvolvimento Regional do Alentejo Regional Public Authorities 
2 ACDE - ASSOCIAÇÃO COMERCIAL DO DISTRITO DE 

ÉVORA 
Business 

3 GESAMB - Gestão Ambiental e de Resíduos, EIM Regional Public Authorities 
4 DianaGas Business 
5 GARE Associação para a Promoção de uma Cultura de 

Segurança Rodoviária 
Civil Society 

6 EDP Business 
7 Cycloid  – Produção de Energias Renováveis Lda Business 
8 Cycloid  – Produção de Energias Renováveis Lda Business 
9 ArenaTejo Regional Public Authorities 
10 NERE - Núcleo Empresarial da Região de Évora Business 
11 CIMAC - Comunidade Intermunicipal do Alentejo Central Regional Public Authorities 
12 CCDRA - Comissão de Coordenação e Desenvolvimento 

Regional do Alentejo 
Regional Public Authorities 

13 Instituto da Conservação da Natureza e das Florestas / 
Departamento de Conservação da Natureza e Florestas do 
Alentejo 

Regional Public Authorities 

14 EDIA, S.A. - Empresa de Desevolvimento e Infraestruturas do 
Alqueva 

Business 

15 DECO - Associação Portuguesa para a Defesa do Consumidor / 
Delegação Regional de Évora 

Civil Society 

16 Fundação Alentejo / EPRAL - Escola Profissional da Região 
Alentejo 

Civil Society 

17 Colégio Fundação Alentejo Civil Society 
18 Universidade de Évora - Centro de Geofísica de Évora Escola 

de Ciências e Tecnologia  
Civil Society 

19 Universidade de Évora - Departamento de Paisagem, Ambiente 
e Ordenamento 

Civil Society 

20 União de Freguesias do Bacelo e da Senhora da Saúde Local authorities 
21 União de Freguesias de Malagueira e de Horta de Figueiras Local authorities 
22 Câmara Municipal de Évora / Divisão de Ordenamento e 

Reabilitação Urbana 
Local authorities 
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# Organisation Sector 
23 Câmara Municipal de Évora / Gabinete de Apoio à Presidência 

e Vereação - Grupo de Avaliação Permanente do Espaço 
Público 

Local authorities 

24 Câmara Municipal de Évora / Gabinete de Apoio à Presidência 
e Vereação - Grupo de Avaliação Permanente do Espaço 
Público 

Local authorities 

25 Câmara Municipal de Évora / Divisão de Obras Municipais Local authorities 

 

The performance of each measure against the selected criteria was defined as in Table 
3. 

Table 3 – Performance of each criterion 

Criterion Indicator(s) to assess performance 
Source of the indicator 

value 

A. Reduction of 
energy consumption 

PJ of saved final and primary energy From TIMES compared 
with Baseline scenario 

B. Reduction of 
GHG emission 

t CO2 of avoided emissions From TIMES compared 
with Baseline scenario 

C. Financial effort € of total investment cost + € of annual operation and 
maintenance cost 

From TIMES and 
municipality experts and 
compared with Baseline  

D. Contribution for 
local development 

High - new jobs creation, foreseen involvement of local 
companies providing services/products in the 
implementation, no potential for the creation of new 
businesses 
Medium - no jobs are created, foreseen involvement of 
local companies providing services/products in the 
implementation, no potential for the creation of new 
businesses 
Low – no jobs are created, no foreseen involvement of 
local companies providing services/products in the 
implementation, no potential for the creation of new 
businesses 

Expert guess of the 
InSmart Portugal team 
based on literature data 
and bilateral consultation 
with Évora stakeholders 

E. Contribution for 
improving comfort 
and quality of life 

High - significant improvements in indoor thermal 
comfort, mobility services (including congestion and 
parking), public lighting 
Medium - moderate improvements in indoor thermal 
comfort, mobility services (including congestion and 
parking), public lighting 
Low – no foreseen improvements in indoor thermal 
comfort, mobility services (including congestion and 
parking), public lighting 

Expert guess of the 
InSmart Portugal team 
based on literature data 
and bilateral consultation 
with Évora stakeholders 

F. Feasibility of 
implementation 

High – Directly involves less than 100 end-targets as 
implementers, permitting process entails approval of a 
maximum of 2 different institutions, estimated 
implementation time is lower than 1 year, will not create 
social opposition 
Medium – Directly involves more than 1000 end-targets as 
implementers, permitting process entails approval of a 

Expert guess of the 
InSmart Portugal team 
based on literature data 
and bilateral consultation 
with Évora stakeholders 
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Criterion Indicator(s) to assess performance 
Source of the indicator 

value 

maximum of 4 different institutions, estimated 
implementation time is longer than 1 year, most probably 
will not create social opposition 
Low – Directly involves more than 5000 end-targets as 
implementers, permitting process entails approval of at 
least 4 different institutions, estimated implementation time 
is longer than 2 years, potentially will create social 
opposition 

 

2.2.2 Weighting the criteria 

Each criterion was weighted with the stakeholders in a workshop in Évora. A value 
from 1 to 5 was allocated for each criterion, where 1 stands for “Very Low Relevance 

Criterion” and 5 for “Highly Relevant Criterion”.  

During the workshop in Évora the stakeholders were divided in 4 groups: i) Local 
Authorities; ii) Civil society representatives; iii) Public services and regional 
authorities and iv) Private sector.  

Each group discussed and made the allocation of weights to each criterion. The 
stakeholders were firstly asked to discuss the criteria in order to achieve a fist 
common basis of understanding on their meaning and then to allocate the weights in 
an individual basis. This was then followed by another discussion period in order to 
try to achieve consensus on the weights, which was only possible for two of the 
stakeholder groups. The results in the weighing are presented in Error! Reference 
source not found.. 

Table 4 - Results of the criteria weight allocation made during the stakeholder workshop 

Group 

Allocated weight (1 to 5) 

A. Reduction 
of energy 
consumption 

B. 
Reduction 
of CO2 
emission 

C. 
Financial 
effort 

D. 
Contribution 
for local 
development 

E. 
Contribution 
for improving 
comfort and 
quality of life 

F. 
Feasibility 
of 
implementa
tion 

Average             
Local 
Authorities 5 3 4 4 4 3 

Civil society 5 4 3 4 4 3 

Public 
services and 
regional 
authorities 5 5 3 5 3 2 

Private 
sector 3 4 4 3 4 3 

Median             
Local 
Authorities 5 3 3 3 4 4 
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Group 

Allocated weight (1 to 5) 

A. Reduction 
of energy 
consumption 

B. 
Reduction 
of CO2 
emission 

C. 
Financial 
effort 

D. 
Contribution 
for local 
development 

E. 
Contribution 
for improving 
comfort and 
quality of life 

F. 
Feasibility 
of 
implementa
tion 

Civil society 5 4 3 4 4 3 

Public 
services and 
regional 
authorities 5 5 3 5 4 2 

Private 
sector 3 4 3 4 4 3 

Consensus             
Local 
Authorities No consensus was obtained, median was used 

Civil society No consensus was obtained, median was used 

Public 
services and 
regional 
authorities 5 5 3 5 3 2 

Private 
sector 3 5 4 1 4 2 

 

2.2.3 Performance of the measures according to the criteria 

The sustainable energy measures studied using the TIMES_Evora model were 
classified according to their performance in each of the six selected criteria as 
summarised in Table 5 and Table 6 for the REF and Smart visions. 

Table 5 – Performance of the measures in each criterion. Indicated as difference to the Baseline for the 
quantitative criteria for 2030 - REF 

Code 

Reduction of 
energy 

consumption 
(GJ) 

Reduction of 
CO2 emission 

(t) 

Financial effort (1000 
euros 2015) Local 

development 
Quality of 

life 
Feasibility 

Investment O&M 

PL1 525.08  56,163.31  624.51 920.33 low medium high 

PL2 525.08  56,163.31  624.51 920.33 medium medium high 

RSD1 -58.01  -5,621.20  16.68 1.44 medium medium low 

RSD2 11,128.42  1,981,304.08 41.23 3.42 high high low 

RSD3 -112.53  2,984,843.21 3,869.48 357.70 high high low 

RSD4 -148.95  8,962,242.45 12,696.72 1,173.71 high high low 

RSD6 46,646.43  1,108,710.65 480.38 -0.37 high high low 

RSD7 50,111.90  1,112,240.23 2,625.65 -0.41 high high low 

RSD8 50,111.90  1,112,240.23 4,590.43 -0.38 high high low 
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Code 

Reduction of 
energy 

consumption 
(GJ) 

Reduction of 
CO2 emission 

(t) 

Financial effort (1000 
euros 2015) Local 

development 
Quality of 

life 
Feasibility 

Investment O&M 

R1 692.29  64,615.98  200.00 n.a. medium low low 

R2 950.87  89,661.35  300.00 n.a. low low low 

R3 -54.52  -    1,000.00 n.a. low low medium 

R4 0.00  -    3,000.00 n.a. low low medium 

TRA1 2,958.89  197,633.11  1,190.00 n.a. medium medium high 

TRA2 3,695.38  261,206.75  0.00 n.a. low medium low 

TRA3 1,617.27  109,703.48  15.00 n.a. low medium low 

TRA4 18,340.87  1,303,332.86 20.00 n.a. low medium medium 

TRAelc 14,346.84  1,299,388.09 2,309.89  213.53  medium low low 

TRAbus -37,399.19  2,272,947.66 4,122,984.85 762,276.98 low low medium 

TRA7 901.77  58,467.00  7,000.00 n.a. high high medium 

TRA8 952.66  62,173.32  13.50 n.a. medium high medium 

TRA9 9,217.64  657,772.23  10.00 n.a. low low medium 

n.a. – not available 

 

Table 6 - Performance of the measures in each criterion. Indicated as difference to the Baseline for the 
quantitative criteria - Smart 

Code 

Reduction of 
energy 

consumption 
(GJ) 

Reduction of 
CO2 emission 

(t) 

Financial effort (1000 
euros 2015) Local 

development 
Quality of 

life 
Feasibility 

Investment O&M 

PL1 641.80  62,190.38  624.51 920.33 low medium high 

PL2 675.67  65,472.02  624.51 920.33 medium medium high 

RSD1 20.62  405.86  16.68 1.44 medium medium low 

RSD2 12,513.62  4,050,561.55 83.50 5.89 high high low 

RSD3 4.30  2,990,880.66 3,869.48 357.70 high high low 

RSD4 -80.32  9,014,011.76 12,696.72 1,173.71 high high low 

RSD6 70,290.88  3,868,833.71 667.65 -1.95 high high low 

RSD7 108,039.21  4,906,616.30 3,439.34 -2.14 high high low 

RSD8 115,720.18  115,720.18  5,510.43 -2.16 high high low 

R1 485.64  92,902.40  200.00 n.a. medium low low 
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Code 

Reduction of 
energy 

consumption 
(GJ) 

Reduction of 
CO2 emission 

(t) 

Financial effort (1000 
euros 2015) Local 

development 
Quality of 

life 
Feasibility 

Investment O&M 

R2 -134.47  35,779.49  300.00 n.a. low low low 

R3 -0.00  - 1,000.00 n.a. low low medium 

R4 -0.11  -10.37  3,000.00 n.a. low low medium 

TRA1 2,897.02   243,003.72  1,190.00 n.a. medium medium high 

TRA2 3,946.62  327,340.65  0.00 n.a. low medium low 

TRA3 1,602.37  157,687.73  15.00 n.a. low medium low 

TRA4 19,959.54  1,462,605.45 20.00 n.a. low medium medium 

TRAelc 16,252.21  1,448,668.11 2,546.49 235.40 medium low low 

TRAbus -37,399.29  2,272,937.29 4,122,984.85 762,276.98 low low medium 

TRA7 720.54  94,260.25  7,000.00 n.a. high high medium 

TRA8 791.89  99,470.21  13.50 n.a. medium high medium 

TRA9 9,950.55  757,052.36  10.00 n.a. low low medium 

 

2.2.4 Implementation of the MCDA using the PROMETHEE method 

The multi-criteria decision problem was implemented in the PROMETHEE tool as 
follows: 

1) Set-up a ‘problem’ sheet for each stakeholder group; in this case, 4 different 
sheets for the Local Authorities, Regional authorities, Private Sector and Civil 
Society.  

2) Specification and grouping of the criteria, i.e.: Economical criteria (Investment 
costs, O&M costs); Savings (Energy savings); Bureaucracy as an implementation 
barrier (Feasibility of implementation); and, Social criteria (Quality of life, and 
Feasibility).  

3) Specification of scenarios (as in Table 1), classification and inputs. For each 
scenario, each indicator’ value is imposed in the INPUTS matrix. The inputs 
were produced by the TIMES_Evora model analysis (described in deliverable 
D5.3), by literature analysis for the case of waste and waste water, and by the 
municipality for the case of transport measures.  

4) For each Stakeholder group (problem sheet), the weights agreed upon and 
presented in Table 4 are inserted, which weighs each criterion according to the 
preference of the Stakeholder.  

For the case of Évora the problem was not further constrained using the Preference 
function accompanied with P and Q thresholds and the preference function was the 
Usual default one.  
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The above steps of the problem set-up process are illustrated in Figure 2, using the 
Local Authorities stakeholder group as an example. Similar sheets were developed for 
the other Stakeholders as well, utilizing the corresponding weights.  

 
Figure 2 – MCDA implementation for Évora – Indicative sheet for the Local Authorities 
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3 Results 
The MCDA results are presented separately for each stakeholder group through total 
cost-function value (Phi value) obtained for each action and are further assessed in the 
so-called “rainbow” fashion. The considerations adopted to assess “rainbow” results 
are presented in Figure 3. A rainbow diagram prioritizes the actions/interventions 
from the highest to the lowest Phi value in its scaled form in the range from -1 (worst 
solutions) to +1 (best solutions), meaning that actions with positive Phi could be 
considered acceptable. Criteria with positive and negative contributions/flows (Phi+ 
and Phi-) for each action are illustrated in the rainbow’s bars by means of their colour 
pre-set for criteria’ categories; therefore, providing a clear view of the level of 
achievement of optimal values of criteria in relation to the preference (weight, P and 
Q) defined for each stakeholder. Results for the specific problem of Évora 
municipality are presented in the following subsections. 

 
Figure 3 – Assessing MCDA results using a rainbow chart 

 

3.1 MCDA result for the Local Authorities  

The hierarchy of actions for the Local Authorities stakeholder group is presented in 
Figure 4. It is observed that the best solutions include actions with the best impacts on 
energy savings and on society, i.e. red-colour (energy savings) and blue-coloured 
(society) contributions appeared in the positive side of the diagram. On the contrary, 
the worst solutions have the red-coloured in the negative side meaning a 
“disagreement” with the preferred trend, e.g. the action have little energy savings, 
which is not considered acceptable by the Local Authorities, despite having other 
positive aspects.  
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 Figure 4 – “Rainbow” and Phi result for the Local Authorities- REF 

Based on the obtained Phi values, the acceptable solutions are (Phi>0): TRAelc - 
deployment of electric cars to satisfy 5% of the mobility demand; R2 - decrease MSW 
per capita production; implement city centre traffic restrictions; RSD7- implement 
light insulation measures (reducing cold air infiltrations); RSD8 - refurbishing 
residential buildings with insulation options (wall and roof); TRAbus – have all buses 
circulation with biodiesel; TRA2 - increase parking fees; TRA3 – promote city centre 
traffic restrictions; R2 – increase share of recycled MSW; RSD6 – install double-
glazed windows, and RSD2 - install solar thermal water panels. 
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The remaining actions are considered not acceptable (Phi<0) by the Local Authorities, 
the worst one being TRA8- increase disperse parking in the historic centre; PL1 – 
install LED in public lighting and TRA7 – build parking lots in the centre.  

3.2 MCDA results-Regional authorities 

The hierarchy of actions for the Regional authorities’ stakeholder group is presented 
in Figure 5.  

 

 
Figure 5- “Rainbow” and Phi results for the Regional authorities  

Contrary to the Local Authorities stakeholder, the Regional Authorities are more 
interested in environmental performance than the initial investment cost or than the 
societal aspects, i.e. CO2 emission reduction is more important than quality of life and 
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local development (as in the allocated weights). In any case the deployment of electric 
vehicles is still the most desirable solution fulfilling emission reductions. More 
specifically, the acceptable solutions (Phi>0) are: TRAelc; TRA4; TRAbus; R2; 
TRA2; RSD7; TRA3; RSD8; RSD6 and RSD2. 

The remaining actions are considered not acceptable (Phi<0) by the Regional 
Authorities, the worst ones being: RSD1 and TRA8. 

3.3 MCDA results-Private Sector  

The ranking of actions for the Private Sector is presented in Figure 6.  

 

 
Figure 6 – “Rainbow” and Phi results for the Private Sector - REF 

 

Based on the obtained Phi values, the acceptable solutions are (Phi>0): TRAelc; 
RSD7; RSD8; RSD4; TRA4; RSD3; R2; RSD6; RSD2 and R1. 
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The remaining actions are considered not acceptable (Phi<0) by the Private Sector, 
the worst ones being: RSD1 (solar thermal in 2020), TRA1 (cycling lane) and TRA8 
(disperse parking in the centre). The most evident difference from the other two 
stakeholders is the poor performance of the TRA1 measure which is seen as an 
average measure by local and regional authorities’ stakeholders. 

3.4 MCDA results for the Civil Society  

The raking of actions for the Civil Society stakeholder group are presented in Figure 
7.  
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Figure 7 – “Rainbow” and Phi results for the Civil Society stakeholders  

Based on the obtained Phi values, the acceptable solutions are (Phi>0): TRAelc; 
TRAbus; R2; TRA2; RSD7; RSD8; TRA3; R1; RSD6, and RSD2. It is clear that the 
civil society stakeholders are less concerned with feasibility and the financial effort 
criteria and this is way an expensive measures as the biodiesels buses is so high in the 
ranking. 

The remaining actions are considered not acceptable by the Civil Society 
stakeholders, the worst ones (Phi<0) being: RSD1, TRA8 and TRA7, similarly to the 
regional authorities. 

3.5 MCDA results-Compromise solution  

This section summarizes all acceptable solutions for the different stakeholders and 
presents a compromise solution based on a special PROMETHEE algorithm which 
balances the results of each separate scenario/stakeholder and provides a total solution 
in Figure 8 
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 Figure 8 – “Rainbow” and Phi results for the compromise solution among the four groups of stakeholders 

 

3.6  Summary of the MCDA for the municipality of Évora 

In conclusion, Table 7 presents the classification the acceptable (Phi>0) and the three 
worst (lowest negative Phi) actions for each stakeholder group together with the ones 
obtained by the compromise problem. 

Table 7 – Summary of the alternatives per stakeholder group ranked per Phi value and only listing the 
three worst performing solutions 

 Local authorities Regional Authorities Private Civil society 

# Best-performing solutions 

1 Electric cars (TRAelc) Electric cars (TRAelc) Electric cars (TRAelc) Electric cars (TRAelc) 

2 Decrease MSW 
production (R2) 

Speed reductions (TRA4) Biofuel buses (TRAbus) 
Speed reductions 

(TRA4) 

3 Speed reductions 
(TRA4) 

Biofuel buses (TRAbus) Light insulation (RSD7) Biofuel buses (TRAbus) 

4 
Light insulation (RSD7) 

Decrease MSW 
production (R2) 

Wall & Roof insulation 
(RSD8) 

Decrease MSW 
production (R2) 

5 Wall & Roof insulation 
(RSD8) 

Increase parking fees 
(TRA2) 

Solar PV roof up to 30% 
potential (RSD4) 

Increase parking fees 
(TRA2) 

6 Biofuel buses (TRAbus) Light insulation (RSD7) Speed reductions (TRA4) Light insulation (RSD7) 

7 Increase parking fees 
(TRA2) 

City centre traffic 
restrictions (TRA3) 

Solar PV up to 10% 
maximum feasible (RSD2) 

Wall & Roof insulation 
(RSD8) 

8 City centre traffic Wall & Roof insulation Decrease MSW production City centre traffic 
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restrictions (TRA3) (RSD8) (R2) restrictions (TRA3) 

9 
Increase recycling (R1) 

Double glazing windows 
(RSD6) 

Double glazing windows 
(RSD6) 

Increase recycling (R1) 

10 Double glazing 
windows (RSD6) 

Solar thermal (RSD2) Solar thermal (RSD2) 
Double glazing 

windows (RSD6) 

11 Solar thermal (RSD2) Increase recycling (R1) Increase recycling (R1) Solar thermal (RSD2) 

 Three worst solutions 

 PL2 TRA7 TRA1 TRA7 

 RSD1 TRA8 TRA8 TRA8 

 TRA8 RSD1 RSD1 RSD1 

 

Green coloured actions represent solutions acceptable by all stakeholder groups, also 
appearing in the compromise solution; Blue coloured actions represent solutions 
acceptable by at least 2 stakeholder groups also appearing in the compromise 
solution; Red coloured actions represent actions among the three worst ones for all 
stakeholder groups and for the compromise solution; Orange coloured actions 
represent actions reflecting at least two stakeholder groups’ preferences but also 
appearing in the compromised solution.  

With this analysis it is concluded that the MCDA analysis provided the following 
results (reflecting a compromise among all stakeholder groups’ preferences): 

A) Acceptable measures: 

TRAelc – Shift of 15% from private cars mobility to public transportation from 2020 
onwards; 

TRAbus – All buses use biofuels in 2030; 

R2 – Decrease MSW production per capita in 20% from 2013 values; 

TRA4 – Speed limitation to 30km/h, for all vehicles in diverse zones from 2020 
onwards; 

RSD7 – Small scale insulation solutions in 50% of dwellings by 2030; 

RSD8 – Wall & Roof insulation combined in 60% of dwellings by 2030; 

RSD6 – Double glazing in 80% of dwellings by 2030; 

RSD2 – Install solar thermal hot water panels in 40% of dwellings in 2030; 

TRA2 – Duplicate parking fees in historic centre from 2020 onwards; 

TRA3 – Interdiction for all type of vehicles and concerning all purposes to the Évora 
Acropolis from 2020 onwards. 

 

B) Worst measures: 
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TRA8 – Increase historic centre parking disperse with 300 new disperse parking 
spaces for residents in the historic centre from 2020 onwards; 

RSD1 – Install solar thermal hot water panels in 10% of dwellings by 2020; 

PL2 – Change all public lighting to LEDs by 2030. 

These measures here analysed for the REF visions are not substantially different from 
the ones in the Smart vision as can be seen in Figure 9. 

 
Figure 9 – Overview of ranked measures in the Smart vision 
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1. Introduction 

An application of the innovative city planning method, developed within the EU FP7 

project InSMART, is applied to the municipality of Cesena (Italy). A multi-model 

approach is used to explore and rank alternative plans (combinations of actions and 

measures) towards the sustainable development of the municipality, with a particular 

focus on the residential and transport sectors. 

A technology-explicit model of the city is designed to be used as a test bed for 

exploring the evolution of energy-environmental variables in the urban area. A 

reference projection of the local system is calculated and then modified through six 

combinations of actions and measures aiming at representing six alternative 

sustainable-oriented planning hypotheses. Making use of the dynamic responses of 

the urban system model (results per each alternative), a multi-criteria method is used 

to determine the ranking of the alternative options, evaluated against a set of elements 

(technological, social, environmental, economic), and on the basis of local 

stakeholders’ preferences. 

Key stakeholders of the municipality of Cesena have been engaged to participate in 

the design of alternative planning hypotheses, in the definition and evaluation of the 

criteria, and of the responses of the tool (results of multi-criteria analysis). This report 

presents the main components of the multi criteria decision analysis – MCDA - 

(alternatives, criteria, weights) and the results. 

The main goal of this activity is to get insights from the modelling exercises about the 

planning hypotheses, and to shortlist one (or few) options which can be deeper 

explored and analysed in the framework of the preparation of the strategic energy 

action plan (WP6). 

 

2. Problem structuring - Scenarios identification 

2.1. Problem structuring 

Due to the complexity of the decision planning process for the city, the wide diversity 

of impacts of the projects, and the multiple stakeholders involved or impacted by the 

projects, a participatory multi-criteria approach is used. Local stakeholders have been 

engaged in all the key stages of the development of the analysis: in the design of the 

planning options (stakeholders have been asked to imagine and suggest actions and 

measures to simulate in a time horizon of around 20 years), in the definition of the 

criteria against which the alternative are evaluated, and in the selection of the 

preferences (weights) on those criteria. 

The first step to involve stakeholders in the scenario definitions and in the MCDA 

method, was the formal establishment of an interdisciplinary working municipal 

group of Cesena composed of technicians from the following departments: 



InSMART Project   

 9 

Environmental, Mobility, Urban planning, Public and private buildings and GIS, and 

a representative of “Energie per la città Ltd”. The group has actively participated in 

the data collection and in the definition of the first draft of scenarios. 

The second step was the enlargement of the stakeholder group to involve in process 

others local actors directly related to the theme of the project, in particular: 

• University (Architecture, Engineering) 

• CEAS (Municipal environmental sustainability education center composed 

by different associations involved in urban sustainability projects) 

• Professional orders (Order of architects, Order of engineers) 

• Professional associations (CNA Confesercenti, Confartigianato, 

Confcommercio) 

• Consumers associations (Federconsumatori, Adoc Adiconsum) 

This group was involved in the evaluation of the first list of the scenarios and in the 

evaluation of the KPI indicators through the following steps, organized within the 

Municipality of Cesena with the collaboration of E4SMA: 

• March, 14 2016  - I workshop 

Presentation of the MCDA method and first draft of the scenarios 

• June 2016 - On-line survey for the evaluation of the KPI indicators 

• July, 5 2016 - II workshop  

Presentation of the second draft of the scenarios 

The III workshop to present the final elaboration of the scenarios and the results of the 

ranking analysis, is scheduled for November 29, 2016. 

 

In parallel three meetings with the political parties of the municipality of Cesena were 

organized: 

• January, 28 2016 - Presentation of the first draft of the scenarios to the 

Councillor of Urban Planning, Councillor of Sustainable Development and 

Europe, Councillor of Mobility; 

• 13 March, 13 2016 – Special workshop dedicated to the City Council to 

present the presentation of the MCDA method and a first draft of the 

scenarios; 

• 10 May, 10 2016 - Presentation of the scenarios Council Committee 

Environment and Energy. 

 

2.2. Presentation of the alternatives 

On the basis of the possible space of decisions of the municipality of Cesena, 

“alternative” planning hypotheses have been prepared and tested making use of the 

city model and scenario analysis. These are built around different themes (urban 

regeneration, urban development - new constructions, transport measures, behaviour 

and organisation, renewables) with the aim of exploring the potential benefits (or 

drawbacks) of the combination of specific “competitive” projects, actions, standards, 
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targets. A short description of the different alternatives is reported in the figure and 

table below. 

 

Fig. 1. Six competitive strategies - Tab. 1. Description of the alternatives 

A pure “what-if” analysis is at the basis of six alternative planning hypotheses 

(combination of actions of different areas) for the decision makers. The key outcome 

of such an explorative analysis of alternative planning hypotheses (which makes use 

of a city energy system model) is the identification of an optimum mix of applicable 

measures and technologies that will pave the way towards the achievement of the 

sustainable targets of the municipality of Cesena. 

Alternatives are all built by combining actions and measures of different sectors in 

“comprehensive” plans, some are more focused on the existing building stock, some 

on the analysis of the impact of new districts, some more oriented to the transport, and 

others to the renewables. A more detailed description of the storylines and the 

corresponding results are reported in the Report on optimum sustainability pathways – 

Cesena. Deliverable D5.4.  

Reference

Alternative 
A

Alternative 
B

Alternative 
C

Alternative 
D

Alternative 
E

Alternative 
F

Alternative A - More oriented on urban 

regeneration 

Existing building stock: 10% from class E to class 

A and 30% from class E to class C; Simple 

measures on transport; Strong info campaigns. 

Alternative B - More oriented on urban 

regeneration 

Buildings: 40% from E to B; Important measures 

on transport. Moderate info campaigns. 

Alternative C - More oriented on “new” 

constructions 

Standard building efficiency for new construction; 

Simple measures on transport; Strong info 

campaigns. 

Alternative D - More oriented on “new” 

constructions 

High building efficiency for new construction; 

Different organization of transport; Low info 

campaigns. 

Alternative E - More oriented on transport 

New transport infrastructures; Moderate 

regeneration of existing building stock; Moderate 

info campaigns. 

Alternative F - More oriented on renewables 

New renewables; Moderate regeneration of existing 

building stock; Strong info campaigns. 

? 
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3. Criteria Identification and Evaluation 

3.1. Criteria  
The expectation of any decision-maker is to identify a strategy that is the best 

(optimal) on all the criteria at the same time. This is usually impossible as the relevant 

criteria, against which decisions are taken, are sometimes conflicting each with other. 

The objective of MCDA is thus to identify the best “compromise” decisions for the 

integrated urban-energy planning of the municipality of Cesena. 

In order to explore the planning problem of the city, nine criteria have been selected 

in agreement with the local stakeholders, aiming at “measuring” the pros and cons of 

each alternative configuration of the future urban-energy system. Some of the criteria 

are “quantitative” and can be directly derived by the outputs of the ESM model (and 

from the transport analysis), while some others are “qualitative” (measured with a 5-

points Likert scale on the basis of the impact assessments of past experiences at the 

municipality level, and on the opinion of “third-party” local experts). The inclusion of 

qualitative criteria gives additional space for a more “comprehensive” evaluation of 

the alternatives. 

The criteria against which the alternative planning hypotheses are evaluated (emerged 

during the problem structuring and discussion with the stakeholders) are: the energy 

consumption in the building sector in 2030 (C1), the total CO2 emissions in 2030 

(C2), the total particulate emissions in 2030 (C3), the investments costs (C4) over the 

period of analysis, the onsite renewable production of energy in 2030 (C5), the private 

vehicles dependency in 2030 (C6), and some qualitative criteria like the aesthetic 

integration of technologies and infrastructures (C7), the easiness of implementation of 

the strategy (C8), and the local development (C9).  

Table below summarizes the criteria, the unit of measure chosen, the direction of the 

preference of each criterion, and the cluster. 

 

Quantitative 

C1: Energy consumption in the building sector in 2030. (TJ). MIN. Energy. 

C2: Total CO2 emissions in 2030. (t). MIN. Environment. 

C3: Total particulate emissions in 2030 (kg). MIN. Environment. 

C4: Investments (and maintenance) costs (until 2030). (kEuro). MIN. Economy. 

C5: Onsite renewable production of energy in 2030. (TJ). MAX. Energy. 

C6: Indicator of private vehicles (cars, moto) dependency in 2030. (Mpass-km). MIN. Social. 

Qualitative 

C7: Aesthetics/architectonic integration of technologies and infrastructures. (5-points scale). MAX. 

Environment. 

C8: Easiness of implementation of the strategy. (5-points scale). MAX. Social. 

C9: Local development. (5-points scale). MAX. Social. 

Tab. 2. List of criteria 
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The criteria are formulated as to follow some basic characteristics: 

“understandability” (decision makers well-know the actual meaning of the indicators); 

“measurability” (both quantitative and qualitative criteria are determined making use 

of analytic approach); “non-redundancy” (criteria should not be virtually over-

weighted by presenting the same issue with more than one item); “independence” 

(there must be at least one variable of the alternative for which two criteria compete); 

and “completeness” (number and types of criteria should be evaluated and selected in 

order to cover all the key aspects and complexities of the specific decision problem). 

If (or when) the above mentioned set of criteria is modified (by adding or removing 

criteria of the problem), the final ranking of alternatives may differ. 

 

3.2. Weights 

According to the selected “outranking” method1, local stakeholders have been called 

to specify priorities and perceptions between criteria, and deviation of alternatives 

within each criterion. This is actually their space of freedom, where the subjective 

views can be captured and included in the decision making process.  

Weights have been collected in two stages, following two meetings with the 

stakeholders held in Cesena. After the first round, 19 participants have expressed their 

preferences among criteria, while after the second round a smaller group of 

stakeholders (4) has participated. 

The Hinkle’s method (“resistance to change grid”) for estimating criterion importance 

ranking has been employed. The rationale of the method is in the definition of two 

terms per each criterion, one expressing its most desirable outcome and the other 

expressing the least desirable outcome (“bipolar form”). The decision makers are then 

asked to explore the “bipolar” expression in a pairwise manner by filling a resistance-

to-change grid like to one shown below (see Tab.3, and Tab.4).  

Method was presented during the first meeting in Cesena to all the participants, and a 

short guideline (with an example) was shared with them to facilitate their work. 

 

Cx Cy C*  Cx Cy C* 

C1 C2 C2  C4 C5 C4 

C1 C3 C3  C4 C6 C6 

C1 C4 C4  C4 C7 C7 

C1 C5 C1  C4 C8 C8 

C1 C6 C1  C4 C9 C9 

C1 C7 C1     

C1 C8 C8  C5 C6 = 

C1 C9 =  C5 C7 C7 

    C5 C8 C8 

C2 C3 =  C5 C9 = 

                                                 

1 A short description of the method is reported in Appendix I. 
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C2 C4 C4     

C2 C5 C2  C6 C7 C7 

C2 C6 C2  C6 C8 C8 

C2 C7 C2  C6 C9 C9 

C2 C8 C8     

C2 C9 =  C7 C8 C7 

    C7 C9 C7 

C3 C4 C4     

C3 C5 C3  C8 C9 = 

C3 C6 C3     

C3 C7 C3     

C3 C8 C8     

C3 C9 =     

Tab. 3. Example of pairwise comparison (in bold the options which resist to change) 

 

 c1 c2 c3 c4 c5 c6 c7 c8 c9 

c1 - 0.0 0.0 0.0 1.0 1.0 1.0 0.0 0.5 

c2 1.0 - 0.5 0.0 1.0 1.0 1.0 0.0 0.5 

c3 1.0 0.5 - 0.0 1.0 1.0 1.0 0.0 0.5 

c4 1.0 1.0 1.0 - 1.0 0.0 0.0 0.0 0.0 

c5 0.0 0.0 0.0 0.0 - 0.5 0.0 0.0 0.5 

c6 0.0 0.0 0.0 1.0 0.5 - 0.0 0.0 0.0 

c7 0.0 0.0 0.0 1.0 1.0 1.0 - 1.0 1.0 

c8 1.0 1.0 1.0 1.0 1.0 1.0 0.0 - 0.5 

c9 0.5 0.5 0.5 1.0 0.5 1.0 0.0 0.5 - 
Tab. 4. Hinkle’s grid: preferences (1) and indifferences (0.5) among criteria 

 

Figures below show the final results of the elaboration of the two different 

stakeholders groups. Individual preferences are compared to the “average” (nineteen 

stakeholders in the left case and four stakeholders in the right case). Both the charts 

show the different shapes of the preferences across the criteria. For example, on the 

left chart, stakeholder “P2” assigns a high weight to criterion 3 and a much minor 

relevance to criterion 8, which is very important for stakeholder P1 though. 

  

Fig. 2. Individual preferences, and working groups (average) preferences, across the nine criteria  

There is another powerful way to analyse the results of the weights elaborations 

(Hinkle’s method), as reported in the four following charts. As the method is based on 
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a pairwise comparison, two example are presented to illustrate some interesting 

findings obtained from the stakeholder group 1 and the stakeholder group 2. 

On the left side, the “strength” of criterion 1 (C1) against all the remaining criteria is 

shown. The blue section of the bar is (almost) always shorter than the red section, so 

that the C1 (Energy consumption in the building sector) is almost dominated by the 

other criteria in a “1 to 1” competition. On the right side, C9 (qualitative criterion) 

dominates all the remaining criteria (the blue section is longer), so that local 

development is considered the dominant one in the decision process, according to the 

stakeholder-group-1 based dataset. 

  

Fig. 3. Examples of pair-wise comparison - SG1 

The following figures report the same examples with the stakeholder-group-2 based 

dataset, and show a more balanced distribution of strengths and weaknesses in the 

pairwise comparisons of C1 and C9. 

  

Fig. 4. Examples of pair-wise comparison - SG2 

The final weights calculated making use to the two stakeholders groups average 

preferences (data can be also read from the radar charts) are then inputted to MCDA 

tool, as shown below, to create two different variants of the same multi-criteria 

problem. 
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Fig. 5. Weights from the first and second stakeholder WGs 

Preferences of the second working group (weights) have been selected as “default” 

values for the analysis. Although the number of participants was much lower, 

respondents proved to be well-aware of the method and more familiar with the actual 

meanings assigned to the criteria. Based on these data, the overall weight of the 

qualitative components is 1/4 of the total (3/4 for quantitative). 

Data coming from the first SG have been used for sensitivity analysis. 

4. MCDA Model Implementation 

4.1. Evaluation matrix 

Making use of the dynamic responses of the city ESM (set of results per each 

alternative) and of the transport model, the multi-criteria tool is used to determine the 

ranking of the alternative options. Table below shows the “quantitative outputs” of the 

two models which are used as “quantitative inputs” for the multi-criteria analysis ran 

in cascade. 

C1 C2 C3 C4 C5 C6 

Unit: TJ Unit: t Unit: kg Unit: kEuro Unit: TJ Unit: Mpass-km 

1,965 310,639 11,296 2,353,204 1,358 1.168 

1,809 289,242 10,924 2,471,972 1,358 1.123 

1,828 307,194 12,324 2,787,580 1,358 1.165 

1,877 289,895 9,542 2,228,977 1,361 1.151 

1,874 349,334 13,055 2,846,468 1,358 1.198 

1,886 263,509 6,901 2,118,472 1,358 1.076 

1,838 282,351 9,624 2,381,794 1,673 1.168 
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Fig. 6. Evaluation table 

The evaluation table of the tool is reported above. It allows to visually compare the 

alternative (rows) by criterion (column) and to immediately see the best performing 

(green) and the worst performing options (red) per each column. Although this is a 

mono-dimensional and simplified comparison (no weights are used), it makes clear 

the complex nature of the decision problem, as some alternatives perform very well 

on few criteria but are weak on other criteria. It also makes evident that there is no 

alternative which dominates the others2, as well as there is no alternative which is 

fully dominated, so that none of the options can be discharged “a priori”. For instance, 

Alternative E (more renewable oriented) is the best options in four (over nine) criteria 

but it is also the worst in two cases. Solving the complexity of this problem for the 

municipality of Cesena is the goal of such a multi-criteria modelling task.   

The performances of qualitative criteria have been determined via a different 

approach instead. Each alternative has been evaluated on a 5-points Likert scale basis 

by a restricted group of technical partners and municipality technicians. The results of 

these estimations are shown in the table above (red box). The quantification of these 

performances have been evaluated and discusses in group, as result of a general 

agreement among the group. 

A summary of the element which underpinned the scores is presented below: 

 C7: Alternatives A and B have similar (positive) impacts to the aesthetic of 

the city, as a number of houses will be refurbished. However, Alt. B provides 

slightly better performance as more houses will be retrofitted and measures 

on transport organization will impact positively on the landscape. Urban 

development scenarios (Alt. C and D) will perform badly according to this 

criteria, as new houses will translate in higher land consumption and will the 

construction of new roads, services, etc. Alt. E will perform very badly, given 

the impacts on the construction of the tramway. Alt. F has a neutral 

                                                 

2 When an option dominates the others (is better of the other alternatives against all the criteria), the 

decision problem does not exist or is probably not well structured. 
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performance on this criteria, as is assumed that new renewables will be fully 

integrated to building roofs and structures. 

 C8: Alternatives C, D have a good performance on this criteria, as the 

decision of developing new construction areas is determined and regulated at 

central level (municipality council). Between these D has been slightly 

penalized (score: average) given the higher complexity on developing houses 

with Passive House energy standards. Alternatives A, B and F require the 

deep involvement of citizens, which are the key actors on the decision on new 

investments, even some subsidies or supporting mechanism may be added 

(not applied here). Alternative E performs very badly as will involve the 

construction of completely new infrastructures and new financing options. 

 C9: Alternative D performs very good as it provides the realization of high 

efficiency houses (Passive Houses) using and creating skill within the 

municipality. Alternative F also performs well as as skilled expertise on 

designing and installing renewables will be required. Alt. E performs badly as 

to build new tram lines will involve expertise and support from companies 

which are external to the municipal territory, hence no real impact is foresee 

on the local development. Alternatives A and B perform good as local skills 

will be employed and specialized in refurbishment activities. Alternatives C 

will have an average performance on this criterion as, even if it will impact 

positively on the local development (i.e. jobs in building sector), these will 

not imply the formation of high skilled professional people. 

 

4.2. Preference functions 

The shape of the preference functions have been selected following the wizard of the 

software: “Linear” and “V-shape” options have been used for the quantitative criteria 

in order to account even for small deviations of performances over the space of the 

variables, while the “Usual” (step-wise) shape option has been chosen for the 

qualitative criteria3. 

5. Results 

It is expected that the multi-criteria decision analysis will identify a combination of 

measures (planning hypothesis) that are ranked high in the preferences of the 

stakeholders in the city. These specific interventions will form the basis of a deeper 

explorations under the framework of WP6, and will feed the technical part of 

Sustainable Energy Action Plan for the city of Cesena. 

                                                 

3 As suggested by the software/methodology: “the Usual preference function, is a good choice for 

qualitative criteria including a small number of evaluation levels (like the often used 5-point scale 

ranging from very bad to very good)”. 
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The following charts show a graphical representation of the “uni-criterion4” net flow 

scores for the selected alternatives. Figures provide a disaggregated view of the 

“strengths and weaknesses” of each competitive option across the single criteria, and 

easy-to-read information for the analysis. 

  

  

  

Fig. 7. Alternative profile windows (Top: A, B), (Center: C, D), (Bottom: D, E) 

It’s easy to see, for example, that Alternative D has only one important element of 

“strength” (C9), while is generally very weak on the other criteria. Alternative E is 

generally preferred on the basis of quantitative criteria (see vertical bars C2, C3, C4, 

C6) but shows weaknesses on the qualitative side, while Alternative F reports almost 

all positive elements (elements of strengths). 

Table below shows the final ranking of the alternatives based on the “net preference 

flows” (Phi) and its positive and negative components (Phi+, Phi-); the key findings 

can be summarised as follows: 

- alternative F is the best one according to the net preference flows (complete 

ranking); 

- alternatives F and A have positive net preference flows (for all the others a 

negative Phi is calculated); 

- alternative F is reported to be “stronger” (with respect to the positive 

outranking power) than alternative A, but also “weaker” than alternative A 

(with respect to the negative outranking power). 

- alternative D is the last option in terms of net Phi, but also in terms of positive 

component (Phi+) as well as in terms of negative components (Phi-). That 

                                                 

4 See Appendix I for the mathematical description and more details. 
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means, this is the option with the lowest “strength” and the highest 

“weakness” (low outranking power) at the same time. 

- Alternative C has a slightly negative net preference flow value, although its 

positive outranking power (Phi+) is very close to the one of Alternative A. 

 

Rank Alternative Phi Phi+ Phi- 

1 Alternative F 0.2863 0.4769 0.1906 

2 Alternative A 0.2039 0.3844 0.1806 

3 Alternative C -0.0038 0.3627 0.3665 

4 Alternative B -0.0246 0.2805 0.3051 

5 Alternative E -0.1066 0.3351 0.4417 

6 Alternative D -0.3553 0.1986 0.5539 
Tab. 5. Ranking of the alternatives 

A network-like representation of the relative strengths and weaknesses is shown 

below. Alternatives are represented by nodes, and arrows are drawn to indicate 

preferences. Chart should be read from the top to the bottom (Alternative F is better 

than B and C, and all perform better than E and D).  

Non-dominance of the alternatives or “incomparabilities” are very easy to detect (for 

example there is no arrow linking Alternative F and A, or C and B), and proximity 

between alternatives (distance of the nodes) gives the degrees of comparability in the 

partial ranking. 

 

Fig. 8. Promethee network 

Taking “final and definitive” decisions on the basis of the findings reported above 

might be risky and too simplistic. All can be suggested at this stage, is that some 

combinations of measures (alternative planning hypotheses) deserve to be further 

examined and considered for the final preparation of the strategic energy action plan, 

while others look (much) less interesting and can be excluded from deeper 

investigations. Table below summarizes the findings of this analysis. 
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Rank Alternative Findings 

1 Alternative F Shortlisted 

2 Alternative A Shortlisted 

3 Alternative C Right below the threshold 

4 Alternative B Likely not of interest 

5 Alternative E Likely not of interest 

6 Alternative D Discarded 
Tab. 6. Findings about the alternatives in the default model 

6. Sensitivity analysis 

Once the complete ranking of the model (ran in default mode) is generated, 

robustness of results can be tested through sensitivity analysis in order to check the 

responsiveness of the solutions (and of the corresponding first findings) to some 

elements of uncertainty and subjectivity. Some extra scenarios are explored making 

use of the MCDA tool of Cesena, and the corresponding rankings are shown. 

- A different working group (weights based on the preferences of 19 

participants) 

Rank Alternative Phi Phi+ Phi- Diff. with the default case 

1 Alternative F 0.2188 0.4121 0.1933 = 

2 Alternative A 0.1746 0.3598 0.1852 = 

3 Alternative C 0.0513 0.3849 0.3336 = 

4 Alternative B -0.0734 0.2451 0.3185 = 

5 Alternative E -0.0742 0.3635 0.4377 = 

6 Alternative D -0.2971 0.2257 0.5229 = 
Tab. 7. Ranking of the alternatives – sensitivity analysis 1 

Although the relative distances (∆Phi) among the alternatives are different from the 

default case, very similar findings can be reported as the ranking is the same in both 

the variants. Alternatives F, A and C are the only planning hypotheses with a positive 

net preference flow value. At the same time, alternative D reports the worst 

performance. 

- Only quantitative criteria 

Rank Action Phi Phi+ Phi- Diff. with the default case 

1 Alternative F 0.333 0.4883 0.1553 = 

2 Alternative E 0.237 0.464 0.2269 +3 

3 Alternative A 0.1236 0.3285 0.2048 -1 

4 Alternative C 0.0861 0.3714 0.2853 -1 

5 Alternative B -0.1927 0.1846 0.3773 -1 

6 Alternative D -0.5871 0.0712 0.6583 = 
Tab. 8. Ranking of the alternatives – sensitivity analysis 2 

This sensitivity case aims to show the response of the multi-criteria analysis of the 

decision planning problem for Cesena when only “quantitative” criteria are taken into 

consideration (when the level of “subjectivity” in the assessment of the alternatives is 
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minimised/null). It is not meant to suggest that qualitative criteria should be excluded 

from the decision problem, rather it aims to test and show the sensitivity of the default 

ranking (robustness of the shortlist) when only the outputs of the modelling exercises 

undertaken in the previous WPs are used. 

The changes generated by such assumption are now more significant, but some 

elements of robustness are still evident. Alternative F and A keep a positive value of 

the net preference flow, and alternative D and B are, as before, at the bottom of the 

ranking. Without considering the qualitative criteria, alternative E (which includes 

new transport infrastructures, and a significant switch in transportation modes from 

road to rail) also performs very well (2nd position of the complete ranking), suggesting 

that the energy-emissions related benefits of such a strategy would be very high. 

Hence, in order to make this strategy competitive against the “complete” set of 

criteria, a big work of simplification of the procedure and minimisation of the visual 

impact of the new infrastructure seems to be necessary. 

- Exclusion of the onsite renewable production criterion 

Rank Action Phi Phi+ Phi- Diff. with the default case 

1 Alternative A 0.3128 0.4538 0.141 +1 

2 Alternative F 0.1576 0.3826 0.225 -1 

3 Alternative B 0.0431 0.3311 0.288 +1 

4 Alternative E -0.0537 0.3955 0.4492 +1 

5 Alternative C -0.1127 0.2838 0.3965 -2 

6 Alternative D -0.3472 0.2344 0.5816 = 
Tab. 9. Ranking of the alternatives – sensitivity analysis 3 

In Cesena the possibility to use land for the installation of utility-scale PV is regulated 

(not allowed), so that the only available “surface” for PV and solar thermal 

installations is on the roofs and facades of the buildings. Among the “actions” which 

have been simulated (modelled) to compose the alternative planning hypotheses, the 

one that imposes an increase of a percentage of the onsite renewable production (solar 

energy from buildings) looks slightly less controllable from the municipality. 

Based on this consideration, a further sensitivity analysis has been ran to check the 

final/complete ranking when the criterion about onsite generation is removed. 

Alternatives F and A are still the two best options, but A is ranked in the top position 

in this case. The alternatives C and D (so designed) are, one more time, not enough 

valid. 

According to the outcome of the modelling analysis, and in agreement with the local 

stakeholders, the two planning hypotheses “F” and “A” will be further assessed and 

explored in their key components in order to formulate the most robust and 

“comprehensive” strategic energy action plan (WP6) for the municipality of Cesena. 
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Appendix I – Visual Promethee 

Visual Promethee5 is a multicriteria decision aid (MCDA) software, designed to help 

the analyst to: 

 evaluate several possible decisions or items according to multiple often 

conflicting criteria, 

 identify the best possible decision, 

 rank possible decisions from the best to the worst one, 

 visualize decision or evaluation problems to better understand the difficulties 

in making good decisions, 

 achieve consensus decisions when several decision-makers have conflicting 

points of view, 

 justify or invalidate decisions based on “objective” elements. 

The Promethee methods are designed to analyze data within a multi-criteria “table” 

including: 

 a number of actions, 

 several criteria 

In mathematical terms the problem is the following: 

𝑚𝑎𝑥{𝐹1(𝑎), 𝐹2(𝑎),… , 𝐹𝑘(𝑎)|𝑎 ∈ 𝐴} 

where A is a finite set of n actions (or alternatives) and F1 to Fk are k criteria. Fj(a) is 

the evaluation of action a on criterion Fj. If we suppose that all criteria have to be 

maximized, the multicriteria table (or evaluation matrix) would look like as follows: 

|

|

∙ 𝐹1
𝑎1 𝐹1(𝑎1)

𝐹2 …
𝐹2(𝑎1) …

… 𝐹𝑘
… 𝐹𝑘(𝑎1)

𝑎2 𝐹1(𝑎2)
… …

𝐹2(𝑎2) …
… …

… 𝐹𝑘(𝑎2)
… …… …

𝑎𝑛 𝐹1(𝑎𝑛)
… …

𝐹2(𝑎𝑛) …
… …
… 𝐹𝑘(𝑎𝑛)

|

|
 

The objective of MCDA is thus to identify the best compromise decisions.  

One very common way to try to solve multicriteria decision problem is to aggregate 

all the criteria into a single summary score. This can be done in several ways. A good 

way to obtain solutions with a more balanced compromise is to use outranking 

methods.  

                                                 

5 It is developed by Professor Bertrand Mareschal from the Solvay Brussels School of Economics and 

Management of the Université Libre de Bruxelles (ULB). The first implementation of the Promethee 

method dates back in the 1980’s. In the following decades several software implementing the 

methodologies were developed: PromCalc, Decision Lab, and finally D-Sight (2010) and Visual 

Promethee (2012). 
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The basis of outranking methods is very simple: instead of trying to define what is 

good and what is bad, which can be very difficult especially when facing a new 

problem for which very few reference points are known, it is usually much easier to 

compare one solution to another. The first outranking method developed was Electre, 

back in the 1970s; other outranking methods were implemented: Promethee 

elaborates and improves Electre, introducing also a new graphical descriptive tool 

(Gaia). 

To perform the pairwise comparison which is at the basis of the outranking 

methodology, implementation of preference functions, which take into account the 

differences existing between the two actions/alternatives being compared, is needed. 

For each criterion Fj, we have a preference function Pj (a,b) and a normalized weight 

wj > 0. 

A multicriteria preference index is computed as: 

𝜋(𝑎, 𝑏) =∑𝑤𝑗𝑃𝑗(𝑎, 𝑏)

𝑘

𝑗=1

 

In the Promethee software there are a series of predefined preference functions, which 

can be used to shape the relative distance among the alternatives. With normalized 

weights, π(a,b) is a number between 0 and 1. It expresses how much a is preferred to 

b taking into account all the criteria and their weights. For instance: 

 if π(a,b) = 0, all the Pj (a,b) values are equal to 0, which means that a is never 

even slightly preferred to b on any criterion. 

 if π(a,b) = 1, all the Pj (a,b) values are equal to 1, which means that a is 

strongly preferred to b on all the criteria. 

The result of this procedure is a table hosting the preference flows. Three different 

types of preference flows are computed: 

 Positive or leaving flow: it measures how much an action a is preferred to the 

other n-1, alternatives (in other words, how alternative a is outranking the 

others). It is a global measurement of the “strengths” of action a. 

𝛷+(𝑎) =
1

𝑛 − 1
∑𝜋(𝑎, 𝑏)

𝑏∈𝐴

 

 Negative or entering flow: it measures how much the other n-1 alternatives 

are preferred to the action a. It is a global measurement of the “weakness” of 

action a. 

𝛷−(𝑎) =
1

𝑛 − 1
∑𝜋(𝑏, 𝑎)

𝑏∈𝐴

 

 Net flow, which is the algebraic sum of the previous:  it is a balance between 

the positive and negative preference flows, thus it takes onto account and 
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aggregates both strengths and weaknesses of the alternative into a single 

figure. 

𝛷(𝑎) = 𝛷+(𝑎) − 𝛷−(𝑎) 

The larger Φ(a) is, the better the alternative performs. 

Pairwise comparison is based on the concept of deviation, or distance between 

alternatives: the larger the deviation, the larger the preference degree is. 

The preference flows can be computed for each criterion separately (unicriterion 

flows) and the multicriteria flow is the sum of the unicriterion flows weighted over 

the wj given to each criterion: 

𝛷(𝑎) =∑𝑤𝑗𝛷𝑗(𝑎)

𝑘

𝑗=1

 

With the unicriterion net flow for the criterion j: 

𝛷𝑗(𝑎) =
1

1 − 𝑛
∑[𝑃𝑗(𝑎, 𝑏) − 𝑃𝑗(𝑏, 𝑎)]

𝑏∈𝐴

 

By calculating this type of flows, preferences can be ranked from best to worse based 

on the partial rankings (considering Phi+ and Phi-), and on the complete ranking 

taking into account the net Phi. 


