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Background (1/2)

The building sector 
accounts for 40% of 
energy consumption 
and 36% of GHG 
emissions (European 
Commission, 2020)

The untapped 
potential of energy 
efficiency in the 
building sector is high 
(EIB, 2020)

EU firms give a low 
priority in investments 
in energy efficiency 
(EIB, 2020)

The renovation rates 
of buildings in the EU 
remain too low. The 
current rate of energy-
renovation in the EU 
is 1% annually (BPIE, 
2022) 
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Source: Eurostat, 2022 



Background (2/2)

Needs

• Access to finance

• Technical expertise

• Simplified processes

Interests

• Energy and cost savings

• Property value enhancement

• Enhanced Comfort and Indoor 
Environment Quality

Barriers

• High upfront costs

• Complexity of procedures

• Lack of awareness and information

Needs

• Reliable data on EE projects 

• Large financeable packages 

• Project evaluation and risk 
assessment 

Interests

• Investment Security

• Sustainable Investment Opportunities

• Portfolio Diversification

Barriers

• Perceived Risks

• Lack of Standardised Procedures

• Uncertain or weak economic 
environment 

Financial side Building side VS

Νeed for decision-making process, methodologies and tools for EE 

projects financing, with good quality and standardised data
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The ENERGATE project  

January 2023 – December 2025

The ENERGATE vision

Enable easy, predictable and 

risk-weighted renovation 

investments

Project development of 

retrofitting actions

Access to sustainable 

finance for renovation 

projects

Business matchmaking 

in a user-friendly ICT-

enabled platform

Project Partners: 
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The ENERGATE project – 
Scope of the study 

ENERGATE Platform Stages

FETCH STAGE
PROCESS STAGE DELIVER STAGE

Collection of 

project-related 

information 

Matchmaking and 

aggregation of EE 

products with 

appropriate financing 

Follow-up on 

realised projects: 

feedback & 

validation

The scope of the study is to propose a decision support tool that allows investors to select, bundle and 

prioritise EE projects to enable aggregation of smaller projects and matchmaking among key actors.



Step 4: 
Development of 

the decision-
making tool 

Step 3: 
Specification of 

information 
entries

Step 2: 
Identification of 
research gap

Step 1: Problem 
definition

Lack of EE 
investments 
in buildings

DSS Tool for aggregating and 
prioritising EE investments

Definition of 
initial 

workflow 

Verification 
by market 

actors

Layer 1: 
Project 

selection

Filtering 
mechanism

Layer 2: 
Aggregation

Clustering 
algorithm 

Layer 3: 
Prioritisation

MCDM 
method

Proposed approach



Input: desired project 

characteristics 

Dataset of 

individual projects 

(buildings)

Filters: sub-set of 

individual projects

BPP: clusters of 

similar projects

TOPSIS: ranking 

of clusters

Selection 

criteria

Weights 

Layer 1: 

Project 

Selection

Layer 2: 

Aggregation

Layer 3: 

Prioritisation 

Aggregation 

criteria

Evaluation 

criteria

Output: aggregated and 

prioritised EE investment 

suggestions 

Aggregation and 
Prioritisation decision 

support tool (1/9)

✓ The decision support tool consists of 

three layers 

✓ Suitable algorithms and methods have 

been leveraged 

✓ Different KPIs are considered at each 

stage 

✓ The KPIs have been decided based on 

literature and stakeholder consultation 



Layer 1: Project selection   

✓ Screening a dataset of EE projects looking for financing 

✓ Minimum and maximum values for specific indicators are defined

✓ The exclusion of irrelevant projects enables speed and efficiency 

Selection 
criteria 

Non-
financial

Geography 
Technology/ 

type of 
measures

Pipeline size 

Financial

Internal Rate 
of Return 

Payback 
time 

Project size
Contribution 
by end client 

Type of 
finance 
offered

Investment 
along 

subsidies 

Aggregation and Prioritisation decision support tool (2/9)



✓ Identifying similarities between projects

✓ Clustering projects to increase their attractiveness for financing 

✓ The similarities are defined based on the aggregation criteria 

Aggregation 
criteria

Non-financial

Implementor Location
Type of EE 
measures

Building 
typology 

Financial

Type of 
finance 

Type of 
contract 

Maximum 
amount of 
total costs

Upper limit

Layer 2: Aggregation (1/4)    

Aggregation and Prioritisation decision support tool (3/9)



✓ The clusters are likely to exceed the upper limit

✓ The total CAPEX should closely align with the upper limit

✓ Τhe formation of numerous smaller clusters in terms of CAPEX should be prevented

✓ The Bin Packing Problem is used 

෍

𝑖=1

𝑛

𝐶𝐴𝑃𝐸𝑋𝑖 ∙ 𝑥𝑖𝑗 ≤ 𝐿, 𝑗 = 1, 2, 3…𝑚

➢ n total buildings, m total clusters

➢ If the i building is included in the j cluster, then xij= 1. If it is not, then xij= 0

➢ L represents the upper limit

➢  Minimisation of m (number of clusters) 

Layer 2: Aggregation (2/4)

Aggregation and Prioritisation decision support tool (4/9)



Bin 

Packing 

Algorithm

✓ The input of the algorithm is items (=buildings) with assigned weights (=CAPEX). 

✓ The output is clusters, with total CAPEX lower than the upper limit L. 

INPUT OUTPUT

Cluster 

1

…Cluster 

2

Cluster 

m

Layer 2: Aggregation (3/4)

Aggregation and Prioritisation decision support tool (5/9)



INPUT OUTPUT

Bin 

Packing 

Algorithm

L =

Layer 2: Aggregation (4/4)

Aggregation and Prioritisation decision support tool (6/9)



Selection of evaluation criteria 

Energy related and 
financial KPIs, divided in 
beneficial and non-
beneficial criteria 

Selection of weighting method

The direct weighting 
method is selected, since 
it ensures simple and 
user-friendly acquisition 
of the weighting factors

Selection of MCDM method

The TOPSIS method is 
selected, because it is an 
easily programmable 
computational procedure 
with the capacity to deal 
with numerous 
alternatives 

Layer 3: Prioritisation (1/3)

Aggregation and Prioritisation decision support tool (7/9)



Evaluation 
criteria

Energy – 
related 

Energy savings 
(%)

CO2 abatement 
(tnCO2)

Total from all 
projects

Financial 

CAPEX (€) IRR (%)

Calculated for 
each type of 
measure and 

averaged

Payback time 
(years)

Layer 3: Prioritisation (2/3)

Aggregation and Prioritisation decision support tool (8/9)

✓ Energy savings, CO2 

abatement, CAPEX and IRR 

are beneficial criteria

✓ Payback time is a non-

beneficial criterion 

✓ The weights allow the user to 

specify the importance of 

each criterion 

✓ Each user will get a different 

list based on their specific 

preferences



𝒘𝒊 =
𝒂𝒊

σ𝒊=𝟎
𝟓 𝒂𝒊𝑴 =
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Step 1: Decision matrix

𝑷+ = 𝒑𝟏
+ 𝒑𝟐

+ 𝒑𝟑
+ 𝒑𝟒

+ 𝒑𝟓
+

Step 2: Weights & 

normalisation
Step 3: Normalised 

decision matrix 

Step 4: Ideal and ani-ideal 

solution vectors

𝑷− = 𝒑𝟏
− 𝒑𝟐

− 𝒑𝟑
− 𝒑𝟒

− 𝒑𝟓
−

Step 5: Euclidean 

distances from ideal and 

ani-ideal solution

𝑺𝒊
− = ෍

𝒋=𝟏

𝟓

𝒑𝒊𝒋 − 𝒑𝒋
− 𝟐

𝑺𝒊
+ = ෍

𝒋=𝟏

𝟓

𝒑𝒊𝒋 − 𝒑𝒋
+ 𝟐

Step 6: Final 

score of each 

alternative 

𝑫𝒊 =
𝑺𝒊
−

𝑺𝒊
+ + 𝑺𝒊

−

Layer 2: Prioritisation (3/3)

Aggregation and Prioritisation decision support tool (9/9)



Application (1/2)

DSS tool user interface
Layer 1: Project selection Layer 2: Aggregation Layer 3: Prioritisation



The DSS tool is useful for:

• Investors, financing bodies, and institutions: Financiers that want to invest in 
retrofitting projects. 

Potential users:

• ESCOs, project developers, and project promoters. 

• Better understanding of important financial investment criteria.

Other market actors:

• Robust methodological approach for decision support tool creation.

• Reference point for modeling decision-making problems in ICT environments.

Researchers:

Application (2/2)

✓ The tool has been tested with data from implemented projects in Greece 

✓ The testing showed that the tool functions correctly and efficiently  



Conclusions & future 
research (1/2) 

The proposed methodology and tool:

Helps users navigate large datasets of potential EE projects.

Detects projects that meet user requirements.

Combines EE projects into investment packages.

Evaluates and prioritises projects based on financial and energy-related criteria.

Is tailored to user needs and emphasises user-friendliness.

Requires short list of user inputs.

Deployes efficient and speedy data processing methodologies.

Implements an easy-to-follow, time-efficient and standardised procedure for reliable outputs.



Conclusions & future 
research (2/2) 

Further research may focus on:

• Social impact

• Investment risks

Expansion of evaluation and selection criteria 

• Other MCDM methods 

• Combinations of methods

• Sensitivity analysis 

Integration of different approaches

• Enable calculations to verify the expected impact of the projects 

• Benchmarking based on previously implemented projects

Verification mechanisms  

• Pilot countries: Greece, Italy, Spain, France, Latvia, Austria

• Various building typologies: residential, healthcare, retail, office etc. 

Testing through ENERGATE project
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THANK YOU

ENERGATE Project

Ioanna Andreoulaki

iandreoulaki@epu.ntua.gr

Decision Support Systems Laboratory, School 
of Electrical & Computer Engineering, National 
Technical University of Athens, Greece
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