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Abstract  

The main objective of the research work presented 

within this paper is the creation of an evaluation tool that 

supports decision making for energy efficient retrofitting 

projects at district scale. This evaluation tool utilises as 

inputs the calculation of District Performance Indicators 

in 6 domains (energy, comfort, environment, economic, 

social and urban) through the appropiate coupling of 

simulation tools; and the boundaries, barriers and 

preferences of the stakeholders of the retrofitting project 

through pairwise comparison of indicators. Then the 

evaluator provides as outcome the calculation of 

composite performance indexes (cost and benefit), as 

well as information on compliance with the targets and 

boundaries established by the user. This evaluator is part 

of an Energy Efficient Retrofitting Design Platform for 

Districts, under development within an EU-H2020 

funded project titled OptEEmAL. 

Three main components have been developed for this 

evaluator, which include the inputs processing (values of 

indicators, pairwise comparison matrix, and targets and 

boundaries associated to indicators), the generation of 

the weighting scheme and its implementation, and the 

outcomes processing to provide the compliance with 

targets and boundaries. It has been designed to be 

coupled with an automatic generator of scenarios that 

provides a set of 50 candidate scenarios in each iteration. 

Thus, the indicators for the fields mentioned above are 

calculated for these scenarios and inserted as input to the 

evaluator. As outcome, the evaluator provides the order 

of preferred scenarios against the priorities established 

by the project stakeholders, as well as their compliance 

with the boundary conditions that characterise each 

specific simulation and optimisation problem defined by 

the user. 

Introduction 

The Energy 2020 strategy highlighted increasing energy 

efficiency as one way to tackle the challenge to lower 

the EU GHG emissions. One of the main approaches 

proposed to obtain this objective is tapping into the 

biggest energy-saving potential sectors, one of them 

being the built environment (in particular the residential 

sector). 

In this context, the objective of the OptEEmAL project 

is to develop a platform to support the design of energy 

efficient retrofitting projects at district level. The 

platform will deliver an optimised, integrated and 

systematic design based on an Integrated Project 

Delivery (IPD) approach and offering processes to 

automatically find the optimal solution to the retrofitting 

project according to the criteria inserted into the 

platform by performing a holistic assessment of the 

district. 

 
 

Figure 1: Overall OptEEmAL approach 
 

To achieve this, the platform will integrate and process 

input data from various sources (process marked as 1 in 

the previous Figure), being some uploaded by the users 

and others automatically retrieved from existing data 

sources (as, for example, to obtain climate or economic 

data). Once input data is integrated and processed, the 

baseline is calculated in the six fields of energy, comfort, 

environment, economic, social and urban performance of 

the district, launching a set of simulation tools and 

algorithms for which input files will be automatically 

generated from the data inserted and processed at the 

beginning (2). After the calculation of these baseline 

DPIs, the platform generates sets of candidate 

retrofitting scenarios (3) based on the information 

provided through an Energy Conservation Measures 

(ECMs) catalogue that is connected to the OptEEmAL 

system. These candidate scenarios (combination of 

ECMs – passive, active and renewable measures at 

building and district level) are simulated (2) and 

optimised (4) using the simulation package mentioned 

before. This process is repeated in a loop (generate 

scenarios – simulate – evaluate – optimise – propose 

new scenarios, etc) until some stopping criteria is met 

and finally  the set of best scenarios are obtained. These 

are exported to the stakeholders of the retrofititng 

project. Therefore, the core of the tool is a simulation 
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and optimisation loop that allows obtaining this rank of 

best candidate scenarios (5), where two main modules 

are involved: the Simulation Module and the 

Optimisation Module (where the Evaluator component is 

included). 

The Simulation Module is the responsible of creating 

simulation models of the candidate retrofitting scenarios, 

which then are sent to their corresponding simulation 

tools to calculate the set of DPIs.  

The process is completed with the development of an 

Optimisation Module that considers barriers from the 

district and buildings under study and targets defined by 

the end user to generate the best ranking of candidate 

retrofitting scenarios. The Optimization Module relies on 

a multi-objective Harmony Search algorithm (Geem, 

2009) that optimizes the possible candidate retrofitting 

scenarios based on two (possibly conflicting) criteria: 

cost and benefit, which are indexes based on the 

aggregation of different types of indicators, so as to 

consider a holistic analysis, and which are calculated 

through the Evaluator component. The outcome of this 

module is a set of non-dominated scenarios that 

generates the final Pareto front, allowing the user of the 

platform the possibility to select the scenario to be 

implemented through the set of presented solutions in 

the Pareto front. 

The following sections depict how the Evaluator 

component has been developed to integrate and process 

the inputs required to evaluate the candidate retrofitting 

scenarios and to provide as outcome the cost-benefit 

function that allows the optimisation of these scenarios. 

Evaluation of district retrofitting scenarios  

Multi-Criteria Analysis Methods can be deployed to 

build a comprehensive judgement of the performance of 

buildings when certain evaluation criteria (key 

performance indicators defined at district level, in our 

case) are analysed (Ebert, 2004). A weighting method 

can be deployed in these cases, but even though the 

procedure can be supported by ISO standards, there is no 

guidance on the aggregation method to be used. 

Moreover, the implementation of this decision-making 

tool that supports analysts does not come without its 

issues to be solved (Valderrama-Ulloa, 2014). Without 

delving into the complete set of challenges and decisions 

these issues offer the analyst of the problem, some of 

them can be accentuated: 

 Decision-maker definition. This is one of the first 

aspects to be defined in a project: both the members 

and how their opinions are considered in decision-

making process can have a huge impact on the 

outcomes of a project. 

 Definition of the evaluation criteria. The means 

deployed to measure the performance of a retrofitting 

action (indicators) should be holistic enough to cover 

a wide range of fields and should be calculated 

through tools or procedures where the least amount of 

assumptions are to be made, and thus offer reliable 

and unbiased outcomes. 

 Normalisation and scaling. Once indicators are 

calculated, attention should be paid to their 

normalisation and scaling, that is, translating the 

results of the indicators expressed in different units 

and scales to values ranging from 0 to 1, in order to 

make them comparable among each other. This 

transformation is non-trivial and introduces 

subjectivity into the process, since a value considered 

the worst (for example in “energy consumption”) 

should be assigned to 0 and the best to be obtained 

assigned to 1. 

 Definition of the objectives and weighting scheme. 

Finding a relationship between the objectives 

established by stakeholders and relating them to the 

evaluation criteria (indicators) is a highly relevant 

decision, where a great deal of subjectivity can be 

introduced to the process. This issue is linked with a 

possible solution to the MCDA (Multi-Criteria 

decision analysis) problem as well: the definition of a 

weighting scheme, namely applying some values that 

represent the importance a certain indicator has over 

others. 

The solution proposed by OptEEmAL to this regard 

considers the involvement of all stakeholders following 

an IPD approach and follows these steps: (1) Evaluation 

criteria is normalised, then (2) weighted according to 

some objectives set by the user and afterwards (3) 

aggregated to provide as an outcome a value of cost and 

one of benefit which are represented as a function, where 

the best scenarios (Pareto front) can be derived. 

Calculation of district performance indicators  

The retrofitting actions contribute to the development of 

low energy and low carbon cities reducing the energy 

demand and favouring the deployment of energy 

efficient technologies and the use of renewable energy 

sources. However, not only energy and environmental 

aspects should be taken into account, but also urban and 

economic targets and boundaries must be considered 

when selecting the optimal retrofitting scenario. 

Furthermore, the quality of life of citizens identifies the 

well-being of the districts. 

One of the OptEEmAL objectives is to provide building 

and district decision-makers with the information and 

tools needed to cost effectively assure the desired 

performance. A key element required in achieving this 

goal is the establishment of performance metrics for 

explicit evaluation of the building performance 

objectives that are of importance to stakeholders. Such 

metrics should clearly define each objective in each field 

of study (energy, environment, economic, etc)  and its 

desired level of performance. This information is 

intended to be used for comparative performance 

analysis useful in evaluating alternative design solutions. 

OptEEmAL refers to these performance metrics as 

District Performance Indicators (DPIs), and they are a 

principal element of information that captures the 

ranking of a retrofit strategy or a design as a whole. 
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A total of 42 DPIs in six fields (ENE – energy, COM –

comfort, ENV – environment, ECO – economic, SOC – 

social and URB – urban) have been selected to capture 

the performance of the district in the stages that the 

OptEEmAL platform covers, namely the diagnosis and 

baseline generation for the current conditions and 

prediction of future performance under the candidate 

retrofitting scenarios that the platform generates. 

Cost-benefit function to evaluate retrofitting 

alternatives  

As defined above, the evaluation criteria in the 

OptEEmAL platform is defined in the form of 42 DPIs 

which cover six very relevant fields. However, for 

facilitating the comprehensive judgement of the 

performance of a district the list was narrowed down to 

18 DPIs after having analysed if they were natural or 

easily measured attributes, constructed attributes, which 

coalesce several natural attributes, or proxy attributes 

(evaluation criteria), as suggested in (Rowley, 2012). 

Furthermore, they have been classified into two main 

groups: those which imply a cost and those which 

represent a benefit. Additionally, a third category has 

been created within the benefit group in order to ease the 

establishment of the prioritisation criteria, as explained 

in the following section. Thus, the evaluation criteria is 

divided into: 

1. Cost group: this group contains the DPIs that 

indicate the cost for the scenario (environmental or 

economic cost). 

2. Benefit 1 group: this group involves the DPIs that 

could show a benefit for the scenario (reduction of 

energy demand or consumption, increase of the 

energy demand covered by renewable sources, 

increase of the comfort…). The use of the District 

heating has been included here in order to give more 

importance to the district approach when evaluating 

scenarios’ results. 

3. Benefit 2 group: This group takes into consideration 

the benefits obtained when increasing the 

contribution of renewable energies: photovoltaics, 

solar thermal, hydraulic, mini-eolic, geothermal and 

biomass. It is a sub-group of the benefit 1 group, 

since it represents a disaggregation of ENE09, where 

the energy demand covered by renewable sources 

can be further analysed. 

The following table shows the DPIs included in each of 

these groups: 
 

Table 1: List of DPIs per evaluation group 
 

Group 1 – cost Group 2 – 

benefit 1 

Group 3 – 

benefit 2 (type 

of energy) 

ENV01.Global 

Warming Potential - 

GWP (kg CO2) 

ENE 01.Energy 

demand 

ENE 14.Energy 

use from 

Biomass 

ENV04.Primary 

energy consumption 

ENE 02.0 Final 

energy 

consumption 

ENE 15.Energy 

use from PV 

ENV06.Energy 

payback time 

ENE 06.Net 

fossil energy 

consumed 

ENE 16.Energy 

use from Solar 

Thermal 

ECO02.2 

Investments (in €) 

ENE 09.Energy 

demand covered 

by renewable 

sources 

ENE 17.Energy 

use from 

Hydraulic 

ECO03.Life cycle 

cost 

ENE 13.Energy 

use from District 

Heating 

ENE 18.Energy 

use from Mini-

Eolic 

ECO05.Payback 

Period 

COM01 Local 

thermal comfort 

ENE 19.Energy 

use from 

Geothermal 
 

The normalisation and scaling method in OptEEmAL 

intends to reduce the amount of subjectivity in the 

process by making use of the results derived from the 

calculation of the baseline scenario. Thus, instead of 

fixing the minimum and maximum values to implement 

a min-max normalisation, relative values compared to 

the baseline situation are used, since it is not possible to 

know a priori all possible DPI results. Then, since most 

DPIs measure the savings obtained in each category (for 

example “savings in energy consumption” measured 

from 0% to 100%) this can be easily related to the best 

possible obtainable value, which is a 100% of savings = 

“1”, while the worst value (“0”) would be a 0% of 

savings.  However, not all DPIs can be calculated as 

savings against the baseline situation (as, por example, 

the investment), using in these cases the values given by 

the stakeholders as boundary condition. 

After calculating and normalising the DPIs, these are 

aggregated following a dynamic weighting scheme that 

varies according to the user priorities, as depicted in the 

following section. 

Considering user priorities 

Once indicators are selected and normalised, the 

definition of objectives and weighting schemes are 

introduced into the OptEEmAL platform with the 

prioritization criteria through two different mechanisms. 

(1) Objectives can be inferred from the pairwise 

comparison of the 18 indicators, performed by the user. 

This is a relatively unbiased method which allows 

setting the focus on two indicators at a time and applying 

one value of importance (from 1 to 9) of one indicator 

over the other. For example: CO2 emissions reduction 

has an importance of 9 with respect to the payback 

period of the refurbishment. This way, the user will not 

be conditioned by their interpretation of the bigger 

picture, which would otherwise happen when analysing 

all indicators at the same time. (2) If the user does not 

want to perform the abovementioned pairwise 

comparison, the platform will offer some pre-defined 

schemes as an alternative, which are based on possible 

objectives to be pursued according to directives, such as 

having a “nearly Zero Energy District”. The logic behind 

the creation of these schemes is the same as in the user-

defined schemes, but in this case it has been the 

OptEEmAL partners who have gone through the process 

of establishing the weights of the DPIs, taking into 
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account different sources as (CTE, 2013) and (IPHA, 

2018). The complete list of pre-defined schemes can be 

seen below: 
 

Table 2: List of pre-defined weighting schemes 
 

Code Name 

1 Priority to achieve a nearly zero energy district 

1A 
Priority to achieve a nearly zero energy district + 

economic aspects 

2 Priority to achieve a carbon neutral district 

2A 
Priority to achieve a carbon neutral district + 

economic aspects 

3 Priority to energy generation through renewables 

3A 
Priority to energy generation through renewables 

+ economic aspects 

4 
Priority to energy generation through renewables 

(panels – solar thermal and photovoltaic) 

4A 

Priority to energy generation through renewables 

(panels – solar thermal and photovoltaic) + 

economic aspects 

5 
Priority to energy generation through the district 

heating network 

5A 
Priority to energy generation through the district 

heating network + economic aspects 

6 Priority to environmental issues 

6A 
Priority to environmental issues + economic 

aspects 

7 Priority to reduce operational energy costs 

7A 
Priority to reduce operational energy costs + 

economic aspects 
 

In order to build the weighting schemes (for the two 

approaches above: user defined schemes and pre-defined 

schemes), a pair-wise comparison strategy has been 

implemented, comparing DPIs in pairs inside the same 

group. The values related to the intensity of importance, 

have to be set by consensus of the decision making 

panel, in which each participant is individually asked to 

compare the criterion in a pairwise method setting 

whether a criterion is more important than the pair, and 

by how much. Then individual comparisons have to be 

discussed among the panel representatives to reach 

consensus on their values. For each group of DPIs a 

pairwise comparison matrix is built using the feedback 

of the participants. 

After generating the matrices of comparison, the weight 

of each indicator can be calculated through these steps: 

1. Raise the pairwise matrix to powers that are 

successively squared each time  

2. Row sums are then calculated and normalised 

3. Computing is stopped when the difference between 

these sums in two consecutive calculations is smaller 

than a prescribed value (in our case the matrix is 

raised to the 8
th

 power since with this value enough 

accuracy is obtained) 

4. The values of the weight are the sum of the rows for 

this matrix 

Using the three pairwise comparison matrices the three 

groups of weights needed are calculated. 

Coupling the evaluator with simulation tools 

The optimisation module is the responsible element for 

the creation of the candidate retrofitting scenarios in 

each iteration. For the creation of these scenarios, a 

multi-objective Harmony Search algorithm is used. This 

algorithm evolves through the iterations with the aim of 

optimizing the trade-off between the defined objective 

functions: the cost and benefit values provided by the 

evaluator. The scenarios are pseudo-randomly created 

according to the algorithm by selecting a combination of 

ECMs from the possible ECMs pre-selected by the user 

among those available in the ECM catalogue and also 

taking into account the constrains of the case study. 

Once the ECMs have been selected for each scenario, 

the data models that feed the simulation tools are edited 

to insert these measures (for example implementing 

passive ECMs in the envelope of the building or 

replacing the existing energy systems with others more 

efficient).  

The edited data models are used for the different tools 

for the DPIs calculation. These tools vary according to 

the category of indicator to be calculated: energy DPIs 

are computed with the results offered by the external 

simulation tools Energy Plus (Energy Plus, 2004, 2018) 

and a specific HVAC and controls simulation algorithm 

that has been created within the platform, while 

environmental DPIs are determined with the help of 

NEST tool. Other DPIs are calculated by deploying 

simpler calculations based on the results of other 

previously calculated DPIs through algorithms that allow 

determining the economic, urban or social performance 

of each candidate scenario. 

To decrease the computation time some of the 

simulations are executed at building or at zone level, 

always taking into consideration the possible interactions 

and energy flows among spaces, aggregating then the 

results to provide as outcome the values at district level 

to perform the optimisation at this scale. 

The calculated DPIs are used by the evaluator in order to 

calculate the benefit and cost values and, using these 

values, to categorize the scenario in terms of the users’ 

prioritisation criteria. 

Deployment of the evaluator  

The OptEEmAL evaluator has been developed to 

process the results obtained in the simulation module 

(DPIs), apply the weighting schemes established by the 

user in the problem definition phase (through one of the 

two methods explained above for the prioritisation 

criteria introduction) and obtain as a result the cost and 

benefit values that will be sent to the optimisation 

algorithm in order for it to propose new combinations of 

scenarios. Additionally the evaluator provides as a result 

whether the targets set by the user in the problem 

definition phase have (or not) been reached and also if 

the result is (or not) inside the boundaries established. 

The evaluator can be seen as a black box processing the 

inputs in order to obtain the required outputs as shown in 

the figure below. 
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Figure 2: Inputs and outputs of the evaluator 
 

The inputs of the evaluator component are: 

1. Diagnosis DPIs’ results: the results of the DPIs for 

the baseline (current status of the district) 

2. Evaluation DPIs’ results: This is the only input that 

changes for each iteration inside the same project, the 

indicators associated to the performance of each 

newly generated scenario. 

3. Project targets’: targets related to the DPIs defined 

by the user 

4. Project boundaries’: boundaries related to the DPIs 

defined by the user 

5. Weights for evaluation: weights that determine the 

importance of each DPI in the evaluation process, 

which are the result of the prioritisation criteria 

introduction by the user. 

On the other hand the outputs of the evaluator 

component for each scenario are: 

1. Cost: this value indicates the result of the cost 

function 

2. Benefit: this value indicates the result of the benefit 

function 

3. Boundaries compliance (is_inside_boundaries?): 
Boolean indicating if all the DPIs are inside the 

boundaries defined by the user 

4. List of the DPIs that are outside the boundaries: 
in the case that all the DPIs are inside the boundaries 

this list is empty 

5. Targets compliance (targets_reached?): Boolean 

indicating if at least one of the targets has been 

reached 

6. List of the targets reached in the project: in the 

case that no targets have been achieved this list is 

empty. 

It is important to note that the targets and boundaries 

compliance is not limited to the 18 DPIs of the evaluator 

group, but to a wider group. 

The evaluator component is called by the optimisation 

module for evaluating each scenario separately. Due to 

in each iteration a set of 50 candidates scenarios are 

generated, the evaluator is called 50 times in each 

iteration. As long as the stop criterion is not met the 

optimizer will generate new sets of scenarios for its 

evaluation. 

Case study: validation of the evaluator in a 

controlled environment 

The initial description of the case study deployed in the 

evaluator validation is highly important to understand its 

results. Since it is an isolated validation, this section sets 

the basic input data that would otherwise be provided by 

other components of the platform, for instance: 

 ECMs considered in the scenario should be selected 

from those included in the ECMs catalogue 

 The scenarios considered should be provided 

following the intelligence implemented in the 

scenario generator, considering the constraints 

introduced by the user. 

 Calculation of baseline and scenarios DPIs should be 

retrieved in the normal process from the project 

repository, after having been calculated in the 

simulation module. 

 Weighting schemes, targets and barriers should be 

retrieved from the project repository, after having 

been defined by the user. In this validation, they have 

been fixed to the pre-defined schemes of the platform. 

Description of the case study  

The validation has been performed based on the results 

obtained in a simple case which has been created for this 

aim as shown in the table below. 
 

Table 3: Description of case study 
 

Property Value Picture 

Surface 
Wall surface: 75.60 m2  

Roof surface: 48.00 m2 

Spaces 1 

Elements 

4 walls 

1 roof 

0 windows 
 

A total of 14 ECMs have been combined to create 178 

scenarios that combine the measures. The measures 

selected are the following: 

 4 types of external wall insulation with different 

thicknesses of insulation (50-100-150-200 mm) 

 4 types of internal wall insulation with different 

thicknesses of insulation (40-60-80-100 mm) 

 4 types of roof insulation with different thicknesses of 

insulation (40-60-80-100 mm) 

 Replacement of the existing energy system with the 

installation of a natural gas boiler 

 Installation of PV panels on roof 

The logic followed to generate the 178 candidate 

retrofitting scenarios considered different combinations 

of the measures listed above. First each passive measure 

has been considered separately, and then to each separate 

passive measure an active or renewable measure has 

been added. Next, the combination of passive measures 

has been explored (external/internal insulation + roof), 

without considering the implementation at the same time 

072



of internal and external insulation to façades. To it also 

active and renewable measures have been added. 

Calculation of the baseline and scenario DPIs 

The baseline and scenarios DPIs that are used in the 

evaluator and that would otherwise be provided by the 

simulation module, were calculated manually in this case 

using specific tools. These tools are shown in the table 

below. For each DPI its type is defined: C (cost), B (1) 

(benefit 1) and B (2) (benefit 2). 
 

Table 4: List tools used to calculate the indicators 
 

Type Name Tool 

C ENV01: Global Warming Potential 

NEST C ENV04: Primary energy consumption 

C ENV06: Energy payback time 

C ECO02.2: Investments Economic 

developed 

tool 

C ECO03: Life cycle cost 

C ECOO05: Payback period 

B (1) ENE01: Energy demand 

Energy 

Plus 

B (1) ENE02.0: Final energy consumption 

B (1) ENE06: Net fossil energy consumed 

B (1) 
ENE09: Energy demand covered by 

renewable sources 

  B (1) 
ENE13: Energy use from District 

Heating 

  B (2) ENE14: Energy use from biomass 

  B (2) ENE15: Energy use from PV 

  B (2) 
ENE16: Energy use from Solar 

Thermal 

  B (2) ENE17: Energy use from hydraulic 

  B (2) ENE18: Energy use from mini-eolic 

  B (2) ENE19: Energy use from geothermal 
 

The results of the calculations of these DPIs for the 

scenarios mentioned above where used to test the 

evaluator. 

Definition of weighting schemes, targets, boundaries 

and calculation of cost and benefit values  

The evaluator makes use of the information introduced 

by the user in the problem definition phase. In it targets, 

boundaries and prioritisation criteria are set. In this case, 

the definition of targets and boundaries has been the 

following: 

 Boundaries 

o ENV06 (maximum): 50 

o ECO02.2 (maximum): 15.000€ 

o ECO05 (maximum): 30 

o ENV01 (maximum): 50 

 Targets 

o ENV06 (minimise): 25 

o ECO05 (minimise): 20 

o ENE09 (maximise): 50 

For the prioritisation criteria, the pre-defined weighting 

schemes have been deployed. In them weights are 

assigned to each DPI according to the final goal the user 

has. The following have been considered in this process. 

A deep understanding of the weights applied to each DPI 

in each scheme is recommended in order to understand 

the results of the evaluator provided in this section. In 

this validation only a selection of schemes have been 

tested, namely: schemes 1, 1A, 2, 2A, 3, 3A, 4, 4A and 

6A. These represent a wide enough representation of the 

spectrum of possibilities included as objectives in the 

platform. The first pair of them (1, 1A and 2 and 2A) 

have a similar focus, with slight differences among 

them, as it is the case of schemes 3, 3A, 4 and 4A. 

Additionally, 6A has been tested in order to evaluate 

how a different focus (more directly related with 

environmental issues) is reflected in the results. 

Discussion and result analysis  

Cost and benefit graphs observation  

The cost and benefit results of the abovementioned 

scenarios according to the pre-defined schemes have 

been analysed by firstly looking at the graphs formed by 

the scenarios. They have been compared among similar 

pre-defined schemes. As an example, in the present 

document the analysis performed on two pairs of pre-

defined schemes is displayed, for the user to observe the 

different point distribution that can exist and the effect 

that these schemes can have on the results. Thus, the 

results obtained when applying pre-defined schemes 1 

and 1A is showcased in the graphs below: 

 
Figure 3: Pre-defined scheme 1 (achieve a nearly zero 

energy district) 

 

Figure 4: Pre-defined scheme 1A (achieve a nearly zero 

energy district + economic aspects) 
 

When comparing the graphs obtained with pre-defined 

scheme 1 and with pre-defined scheme 1A, the following 

can be observed: 
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 There is a set of scenarios that has much higher 

benefit values than the rest in both cases, which 

corresponds with the scenarios where all measures are 

applied at the same time, which leads to the 

achievement of the highest benefits. 

 The majority of the scenarios have lower benefit 

values than 0,3: notable it is to know that among this 

group the highest benefit values are obtained by those 

where a renewable measure is applied. Additionally, 

in this group the highest costs are obtained with 

scenarios where passive external façades, passive 

roofs and renewables are applied together  

 The sets of scenarios can be easily identified, 

especially in the second case (1A). The reason for this 

may lie in the higher weight assigned to economic 

DPIs, which makes cost and benefit results more 

dependent on them and thus more dependent on the 

cost of each measure. 

 The distribution of the scenarios in the two schemes 

is very similar, but in the case of the scheme 1A the 

scenarios are more spread in the x-axis (cost) due to 

the fact that this scheme puts more emphasis in the 

economic cost. 

For comparison purposes, the results obtained with the 

application of pre-defined weighting schemes 3 and 3A 

are presented: 

 

 

 

 

 

 

 

 

 

Figure 5: Pre-defined scheme 3 (energy generation 

through renewables) 

 

 

 

 

 

 

 

 

 

Figure 6: Pre-defined scheme 3A (energy generation 

through renewables + economic aspects) 

As it can be observed in the graphs above: 

 One scenario’s results becomes invariable, with 

the lowest cost and benefit values, which 

corresponds to the application of the active measure 

separately. The same occurs in the previous set of 

pre-defined schemes. 

 The set of scenarios are divided into two main 

groups (with the highest or lowest benefit costs). 

This difference is accentuated in this comparison 

since the pre-defined scheme favours the 

implementation of energy renewable measures. 

 Sets of scenarios are more clearly identifiable than in 

the previous sets of graphs: this implies that small 

differences in the types of ECMs cannot be fully 

appreciated, especially in terms of cost. 

Pareto front observation  

After the first analysis of the graphs, the scenarios 

belonging to the Pareto front have been identified. An 

analysis of the Pareto fronts obtained is performed based 

on numerical values and is reflected in (OptEEmAL 

partners, 2016). In it, each pair of schemes is compared 

among each other to detect the major differences: 4 

comparison tables are presented (please refer to the 

document for more information). 

To serve as a summary of the results obtained the 

following table is presented. The different schemes 

considered are shown, as well as the number of scenarios 

in their respective Pareto fronts, the targets and 

boundaries they have reached, together with their 

maximum and minimum cost and benefit values. 
 

Table 5: Summary of Pareto front and cost and benefit 

value observation 
 

Scheme Number 

of 

scenarios 

Min. 

benefit 

value 

Max. 

benefit 

value 

Min. 

cost 

value 

Max. 

cost 

value 

1 11 0,047 0,486 0,774 1,597 

1A 20 0,047 0,486 0,549 2,545 

2 9 0,043 0,460 0,788 1,558 

2A 19 0,043 0,460 0,586 2,035 

3 20 0,057 0,451 0,314 1,669 

3A 24 0,057 0,451 0,265 2,259 

4 20 0,057 0,533 0,314 1,669 

4A 24 0,057 0,533 0,265 2,259 

6A 20 0,057 0,451 0,604 3,323 
 

From the table above it can be deduced that the pairs of 

prioritisation weighting schemes 1 and its 

complementary economic one (1A) experience an 

expected variation in the cost values, which sometimes 

can be highly influential in the cost values obtained and 

in the number of scenarios in the Pareto front. To this 

latter respect it is also noticeable that a higher number of 

scenarios appear in the Pareto front for the more 

economically-driven prioritisation schemes (1A, 2A, 3A 

and 4A). 

When comparing the minimum benefit values among 

each other and the maximum benefit values it can be 

observed that the deviation among these is not great. 

However, when doing the same exercise with minimum 

cost values and maximum cost values, it can be seen that 

there are major differences. These can stem from the 
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DPIs considered in each cost and benefit group: whereas 

in the cost list (ENV01, ENV04, ECO02.2, ECO03 and 

ECO05) the DPIs are highly different from each other, in 

the benefits (ENE01, ENE02, ENE06, ENE09, ENE13 

and COM01) DPIs evolve in the same direction. This 

implies that greater changes will be experienced in the 

costs whenever a parameter changes in the definition of 

the scenarios or in the DPI results, whereas in the 

benefits side it will remain quite stagnant. 

Conclusion 

The validations performed have tested the functioning of 

the evaluator with the results of a series of indicators in 

scenarios where a determined set of Energy 

Conservation Measures have been applied. As input for 

the evaluator prioritisation criteria are needed and this 

has been taken as an opportunity to test as well some of 

the pre-defined weighting schemes introduced into the 

platform, defined in more depth in (OptEEmAL partners, 

2018). As a conclusion of this analysis the following has 

been extracted: 

 Having analysed the inputs introduced to the 

evaluator and also how the scenarios have been 

configured, it has been observed that the cost and 

benefit values obtained are reasonable. 

 Crucial in order to verify the accuracy of the 

evaluator is the analysis of the pre-defined weighting 

schemes, where from the visual observation of the 

graphs some expected differences have been 

experienced. 

 While some pre-defined schemes presented graphs 

where the point distribution was more spread it is to 

be highlighted that in schemes such as 3 or 3A (those 

schemes related to energy generation through 

renewables) points corresponding to sets of scenarios 

where the same type of ECM was implemented were 

more concentrated, indicating that these schemes left 

little space to appreciate the differences among the 

same type of ECM. 

 Also noticeable was the great difference between the 

schemes where renewables were favoured (schemes 

3, 3A, 4 and 4A) and the rest. In these first schemes it 

can be observed that the scenarios where renewables 

have been applied have greater benefits. This was the 

main intention of the configuration of the scheme. 

However, it might be advisable to make the user 

aware of these facts when applying the pre-defined 

schemes. 

 For the economically-driven prioritisation schemes 

(1A, 2A, 3A and 4A) a higher number of scenarios 

appear in the Pareto front. It can be deduced that the 

use of these schemes makes possible to better 

discriminate scenarios with similar measures by 

intensifying their main differences. 

The analysis of the numerical values of the Pareto front 

did not provide highly relevant insights to the analysis, 

since the point distributions and related observations had 

already been carried out. However, it is to be highlighted 

that regardless of the scheme, the extreme benefit values 

do not vary significantly, whereas major differences can 

be seen in the cost values. 
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