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Abstract. The transition toward a low-carbon built environment increasingly relies on the 
development of Positive Energy Districts (PEDs), which integrate renewable energy solutions at 
the urban scale. Given their inherent complexity and multidisciplinary nature, PEDs require a 
holistic and integrated approach to infrastructure planning and development. This study develops 
and applies a Multi-Attribute Decision-Making (MADM) model to identify the most suitable 
renovation strategies for transforming existing urban areas into PEDs. Based on Multi-Attribute 
Value Theory, the model implements the Analytical Hierarchy Process (AHP) to assign weights 
to various evaluation criteria and engages a panel of thirteen PED experts through a structured 
questionnaire. The methodology was applied to the University of Palermo campus, enabling 
group decision-making while minimizing subjectivity. The campus's current energy performance 
was simulated using the EnergyPlus dynamic building energy simulation tool and multiple 
renovation scenarios were evaluated and compared. Each scenario was assessed using a set of 
Key Performance Indicators (KPIs), grouped into two main domains: (i) Energy and 
Environmental and (ii) Socio-Economic and Urban Planning. A composite Positive Energy 
District Sustainability Index was developed to facilitate scenarios’ comparison and ranking. The 
model demonstrated its potential in supporting decision-making processes for PED planning by 
integrating experts’ knowledge, performance simulation and multi-criteria evaluation. The case 
study confirmed its capability to guide renovation strategies toward sustainable and replicable 
PED configurations. 

Keywords. Positive Energy Districts, Multi-Attribute Decision-Making (MADM), 
Decarbonization, Renovation, Neighbourhoods 

1. Introduction 
As part of their continued efforts to decarbonize the built environment and achieve the neutrality targets 
outlined by the European Green Deal, alongside the goals of the Paris Agreement on Sustainable 
Development (SDGs), many cities are increasingly adopting strategies focused on net-zero emissions 
and climate neutrality. This shift has led to the emergence of Positive Energy Districts (PEDs) as a key 
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strategy. By scaling net-zero energy building concepts, PEDs present considerable potential for energy 
sharing, reducing greenhouse gas emissions and accelerating the decarbonization of urban areas at the 
district level. The development of the PED concept is influenced by key frameworks such as the SET-
Plan Action 3.2 and the Joint Programme Initiative (JPI) Urban Europe. These initiatives prioritize the 
integration of renewable energy, energy efficiency, and a multidisciplinary approach, aiming to address 
the environmental, social, and economic dimensions of urban sustainability.  

The European Commission's SET-Plan Action 3.2 (2018) defines PEDs as “districts that achieve 
annual net-zero energy imports and CO2 emissions, with a goal of generating a local renewable energy 
surplus. [1]”.In 2020 JPI Urban Europe broadens the PED concept by highlighting energy flexibility, 
sustainability, inclusivity and human-centered design. It promotes interaction between buildings, users 
and regional systems to strengthen urban integration [2]. Shifting from building-level strategies like 
Nearly/Net Zero Energy Buildings (ZEB) to district-level approaches, such as PEDs, enables more 
efficient energy management and enhanced energy sharing.Shifting from building-level strategies like 
Nearly/Net Zero Energy Buildings (ZEB) to district-level approaches, such as PEDs, enables more 
efficient energy management and enhanced energy sharing. Given their multidisciplinary scope, PEDs 
require an integrated approach that combines urban planning, energy system integration, and active 
stakeholder involvement to ensure sustainable outcomes.Despite the definitions presented in the 
literature, the International Energy Agency’s (IEA) Energy in Buildings and Communities (EBC) Annex 
83 highlights several challenges in defining and implementing PEDs, including ambiguous boundaries, 
difficulties in technological integration, and methodological constraints. Research indicates that PED 
definitions vary widely, with key considerations such as energy efficiency, adaptability, environmental 
and social sustainability, and economic viability [3,4]. This emphasizes the need to refine PED 
definitions, establish clear boundaries and develop standardized evaluation frameworks to enable 
scalable and adaptable PED models [5].The lack of a cohesive definition for PEDs, coupled with the 
complexity of conducting research and implementation, as well as the absence of a standardized 
European assessment methodology, presents a significant challenge for practical evaluation. This gap 
in the literature highlights the need for a comprehensive and adaptable definition and assessment 
framework—one that can accommodate various district types across Europe under different boundary 
conditions.  

Strengthening urban planning is essential for scaling and integrating PEDs into broader urban and 
regional contexts, ensuring their political, financial, and practical feasibility.  

To address gaps in the existing literature, this study employs MADM analysis to evaluate and rank 
renovation and design solutions across various PED dimensions, providing a comprehensive and 
multidisciplinary definition of PEDs that incorporates energy efficiency, flexibility, environmental and 
social sustainability and economic viability. 
To address gaps in the existing literature, this study employs MADM analysis to evaluate and rank 
renovation and design solutions across various PED dimensions, providing a more comprehensive and 
actionable definition of Positive Energy Districts while also ensuring a multidisciplinary approach that 
effectively integrates key factors such as energy efficiency, flexibility, environmental and social 
sustainability and economic feasibility. 

2. Methodology 
The research methodology detail  applied in this study can be detailed as follows: 

1. Development of a KPI Framework: a set of KPIs emphasizing key metrics considered 
fundamental for defining Positive Energy Districts (PEDs).  

2. Testing & Application of the KPI Framework in the Case Study: selection of the case study 
for validating KPIs framework and selecting renovation actions. 

3. Development of the Renovation Scenarios: investigating and implementing renovation 
solutions as an improvement to several aspects of the district’s performance. 

4. MADM methodology and ranking of the solutions: selection of MADM model to facilitate the 
process of ranking solutions based on the calculated values. 

To provide a more detailed explanation of the steps, a set of Key Performance Indicators (KPIs) was 
created to define Positive Energy Districts (PEDs) effectively. These KPIs encompass a wide range of 
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dimensions consistent with the PED concept, addressing energy, social, economic, environmental, and 
urban planning factors. In terms of energy, the KPIs include Primary Energy and Load Cover Factor. 
Environmental KPIs focus on Embodied Carbon and Resource Depletion. The social dimension is 
represented by nodes of social interaction, while the economic aspect is evaluated based on the Cost of 
Investment. Urban planning and the quality of the built environment are assessed through Cycle Lane 
Implementation and Green Enhancement. The summary table presented below consolidates the listed 
KPIs, assessment formulas, measurement units and general descriptions of each KPI, thereby offering a 
comprehensive overview of the section's content. For clarity, the KPIs shown in Table 1 correspond to 
the attributes of the MADM model. 

 
Table 1. List of the selected attributes for the MADM model 

Domain KPI Formula Unit Description 

Energy 

Primary Energy ��𝐾𝐾𝐾𝐾ℎ𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖

𝑛𝑛

1

×
𝐾𝐾𝐾𝐾ℎ𝑃𝑃𝑃𝑃

𝐾𝐾𝐾𝐾ℎ𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
�

+ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 

MJ 
Energy consumed in the 
supply chain of the used 

energy carriers. 

Load Cover Factor 
(Self-Sufficiency) �

 𝑚𝑚𝑚𝑚𝑚𝑚(𝑔𝑔(𝑡𝑡) − 𝑆𝑆(𝑡𝑡) − 𝜉𝜉(𝑡𝑡), 𝑙𝑙(𝑡𝑡))
𝑙𝑙(𝑡𝑡)

𝑡𝑡=8769

𝑡𝑡=1

 % 
Percentage of the electrical 
demand covered by on-site 

electricity generation. 

Environmental 

Embodied Carbon 
�
𝐺𝐺𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 +
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

�

𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
 

𝑘𝑘𝑔𝑔𝐶𝐶𝐶𝐶2𝑒𝑒𝑒𝑒
𝑚𝑚2  

Input data for 𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃 and 
collection of renovation 

measures; Ecoinvent/Simapro 
as proxy values. 

Resource 
Depletion 

∑ 𝑚𝑚𝑖𝑖 ⋅ 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖

𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃
 

𝑘𝑘𝑔𝑔𝑆𝑆𝑆𝑆𝑒𝑒𝑒𝑒
𝑚𝑚2  

Abiotic depletion potential of 
the resources extracted for the 

PED renovation measures1.  

Social 
Social Interaction 

and Nodes of 
Social Gathering 

∑ �𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎_ 1 + 𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎_ 2 + ⋯+ 𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎_ 𝑛𝑛�𝑛𝑛
𝑖𝑖

𝐴𝐴𝑇𝑇_𝑈𝑈𝑈𝑈
× 100 % 

Total areas for the whole 
activity nodes of social 

gathering. 

Economic Cost of Investment 𝐶𝐶𝑖𝑖𝑛𝑛𝑛𝑛 =  𝑄𝑄.𝐶𝐶𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 + 𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 € 

The total investment 
cost(𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖) is the quantity of 

material required (𝑄𝑄) 
multiplied by the unit cost 

(𝐶𝐶𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢), plus additional costs 
(𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒). 

Urban Planning 
& Quality of the 

Built 
Environment 

Cycling Lane 
Implementation 

𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 

𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 
× 100 % 

The m2 of the area within the 
University Campus for bike 

lanes. 

Green 
Enhancement 

𝐴𝐴 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺

𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 
× 100 % 

Increasing the m2 of green 
areas. 

To assess the validity of the proposed KPI framework, a case study was carried out on the University 
of Palermo (UNIPA) campus in Italy, concentrating on retrofitting strategies and energy efficiency. The 
study involved the analysis of four buildings, evaluating their energy profiles, occupancy, and 
performance metrics: Building 6 (Chemical and Nuclear Engineering Section),  Building 7 (Library and 
Engineering Department Director’s offices), Building 8 (Civil Engineering Section), and Building 9 
(Energy and Electrical Engineering Section). Their energy models were developed in SketchUp using 
the Euclid plugin and basing on architectural blueprints and satellite imagery. All buildings were 
simulated under non-steady-state conditions within the EnergyPlus environment, incorporating actual 
energy consumption data recorded over a four-year period (utility bills from 2019 to 2023), as well as 
site-specific climate data (EnergyPlus Weather Data for Palermo), occupancy schedules, infiltration 
rates and simplified HVAC systems. This energy analysis tool was used to simulate hourly energy 
performance through detailed multi-zone thermal models. The energy models were then calibrated by 
iteratively adjusting all variables and uncertain parameters within a ±30% range, aiming for a maximum 
                                                      
1 Abiotic resource depletion in LCA is calculated using [6]; The resource antimony is used as reference within this study.  
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deviation of ±10% from the actual utility bills. Based on the calibrated models, various renovation 
solutions and renewable energy systems — aimed at achieving the PED status — were assessed, leading 
to the definition and evaluation of thirteen scenarios, as summarized in Table 2. In particular, the 
selected energy renovation strategies involved the thermal enhancement of both the opaque and 
transparent building envelope, improvements in thermal comfort (also through the installation of more 
efficient HVAC systems), the creation of a more liveable built environment surrounding the buildings 
(in terms of greenery and circulation improvements), as well as the adoption of new lighting systems 
and the implementation of multiple renewable energy solutions. 

Table 2. Summary of the Selected Scenarios 
ID Renovation Scenario Description 

1 Rockwool insulation Retrofit solution to enhance energy efficiency and thermal comfort. 

2 Cork insulation Retrofit solution for the opaque building envelope. 

3 Windows Substitution The building envelope retrofit involves the replacement of exterior windows with 
double-pane low-emissivity (low-E) glass.. 

4 LED lightings indoor The existing indoor lighting replacement with high-efficiency LED fixtures. 

5 Thermostats Temperatures 
Optimization 

The thermostat settings for the simulation are typically configured to range from 
20°C to 26°C. 

6 HVAC systems upgrade The HVAC upgrade includes high-efficiency hydronic heat pumps systems 
achieving COPs of 3.28–3.89 and EERs of 3.27–3.44 

7 Bike lane A bike lane with a protected buffer zone, covering 1,948.5 m². 

8 Transformation to green Increasing campus greenery to meet per capita green space requirements. 

9 Roof-mounted Photovoltaics Integration of photovoltaic systems installed on the roofs. 

10 Car Parking & Photovoltaic Roofs Maximizing energy production from outdoor spaces exposed to solar radiation 
during peak hours. 

11 Battery systems (1.2 MWh) 
Sustainability potential of the district, incorporating photovoltaic panels and 
battery systems with three storage capacities to improve energy self-sufficiency. 12 Battery systems (0.6 MWh) 

13 Battery systems (0.4 MWh) 

Given the need to evaluate multiple options based on selected criteria, a Multi-Attribute Decision-
Making (MADM) model was adopted. In this approach, each KPI is quantitatively assessed using 
specific formulas and organized into an evaluation matrix, where renovation scenarios represent the 
alternatives and KPIs serve as the attributes. This structure enables the model to rank the scenarios 
according to overall performance and support informed decision-making. Unlike multi-objective 
optimization models, the MADM approach offers the advantage of seamlessly incorporating additional 
attributes and alternatives and it allows for the integration of qualitative criteria with minimal complexity 
[7]. Specifically, the MADM model uses the Multi-Attribute Value Theory (MAVT) to rank 
alternatives. The weights assignment has been carried out applying the Analytic Hierarchy Process 
(AHP) as a weighting procedure. The MAVT method was selected for its excellent scalability, allowing 
for the computation of partial scores across the domains presented in Table 1. The MADM model has 
been implemented in a MATLAB®-based tool developed in previous work, in which the MAVT was 
implemented alongside different weighting procedures [7]. Although the tool was initially developed 
for evaluating different energy storage technologies, it can easily be deployed for different case studies, 
as in the current case, due to the tool's flexibility.The collection of the raw input data has been 
represented in the evaluation matrix 𝐗𝐗ϵℝ𝑀𝑀,𝑁𝑁, where 𝑀𝑀 represents number of alternatives and 𝑁𝑁 the 
number of attributes. Each element of matrix 𝐗𝐗, denoted as 𝑥𝑥𝑖𝑖𝑖𝑖, corresponds to the i-th alternative 𝑎𝑎𝑖𝑖 and 
j-th attribute 𝑏𝑏𝑗𝑗 of the model. Additionally, 𝑥𝑥𝑖𝑖𝑖𝑖 serves as the input value which is then assigned to a 
marginal value function 𝑣𝑣𝑗𝑗 (𝑥𝑥𝑖𝑖𝑖𝑖j). Choosing the appropriate marginal value function is crucial for 
effectively comparing the 𝑀𝑀 alternatives across the 𝑁𝑁 attributes considered in the analysis.Linear and 
quadratic forms are frequently employed in the scientific literature [8]. Ultimately, all marginal value 
functions can be aggregated into an additive value function for each alternative, as expressed in Eq. (1): 
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𝑉𝑉(𝑎𝑎𝑖𝑖) = �𝑤𝑤𝑗𝑗 ∙ 𝑣𝑣𝑗𝑗(𝑥𝑥𝑖𝑖𝑖𝑖)

𝑁𝑁

𝑗𝑗=1

               (1) 

Where 𝑤𝑤𝑗𝑗 is the weight assigned to the j-th attribute 𝑏𝑏𝑗𝑗, and V (𝑎𝑎𝑖𝑖) ddenotes the additive value function 
for the i-th alternative 𝑎𝑎𝑖𝑖.The performance of each alternative is determined by applying the value function  
𝑉𝑉(∙) to the attributes within the investigated domains. In this study, two distinct domains are identified, 
with their respective scores summarized by the Energy and Environmental sub-Index (𝐸𝐸𝐸𝐸𝐸𝐸) and the Socio-
Economic and Urban Planning sub-Index (𝑆𝑆𝑆𝑆𝑆𝑆) as presented in the Eq. (2) and Eq. (3): 

 
𝐸𝐸𝐸𝐸𝐸𝐸(𝑎𝑎𝑖𝑖) = � 𝑤𝑤𝑒𝑒 ∙ 𝑣𝑣𝑒𝑒(𝑥𝑥𝑖𝑖𝑖𝑖)

𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸

𝑒𝑒=1

                (2) 

 
𝑆𝑆𝑆𝑆𝑆𝑆(𝑎𝑎𝑖𝑖) = � 𝑤𝑤𝑠𝑠 ∙ 𝑣𝑣𝑠𝑠(𝑥𝑥𝑖𝑖𝑖𝑖)

𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆

𝑠𝑠=1

                (3) 

Where 𝑁𝑁𝐸𝐸𝐸𝐸𝐼𝐼 ,𝑁𝑁𝑆𝑆𝐸𝐸𝐼𝐼  are the number of attributes for the 𝐸𝐸𝐸𝐸𝐸𝐸 and SEI attributes, respectively  𝑤𝑤𝑒𝑒 , 𝑤𝑤𝑠𝑠 
are the weights for the EEI and SEI attributes. 𝑣𝑣𝑒𝑒(𝑥𝑥𝑖𝑖𝑖𝑖),𝑣𝑣𝑠𝑠(𝑥𝑥𝑖𝑖𝑖𝑖) are the marginal value functions for the 
EEI and SEI attributes, where 𝑥𝑥𝑖𝑖𝑖𝑖 is the input value for the i-th alternative and the e-th attribute, and 𝑥𝑥𝑖𝑖𝑖𝑖 
the input value for the i-th alternative and the s-th attribute. Furthermore, the 𝐸𝐸𝐸𝐸𝐸𝐸 and 𝑆𝑆𝑆𝑆𝑆𝑆 sub-indexes 
can be further aggregated into an overall index, termed the Positive Energy Districts Sustainability Index 
(𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐼𝐼), as defined as in Eq. (4): 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐼𝐼(𝑎𝑎𝑖𝑖) = 𝑤𝑤𝐸𝐸𝐸𝐸𝐸𝐸 ⋅ 𝐸𝐸𝐸𝐸𝐸𝐸(𝑎𝑎𝑖𝑖) + 𝑤𝑤𝑆𝑆𝐸𝐸𝐸𝐸 ⋅ 𝑆𝑆𝑆𝑆𝑆𝑆(𝑎𝑎𝑖𝑖) (4) 

Where 𝑤𝑤𝐸𝐸𝐸𝐸𝐸𝐸 ,𝑤𝑤𝑆𝑆𝑆𝑆𝑆𝑆 are the weights associated to the Energy and Environmental sub-Index (𝐸𝐸𝐸𝐸𝐸𝐸) and 
to the Socio-Economic and Urban Planning sub-Index (𝑆𝑆𝑆𝑆𝑆𝑆). The AHP weighting procedure has been 
carried out through a group-decision making approach for addressing the subjectivity of the method 
itself. Specifically, a group of thirteen experts in Positive Energy Districts have been involved for the 
pairwise comparisons of the attributes.  

The exploitation of the group-decision making approach for the AHP has been driven to counteract 
the potential subjectivity associated with this weighting method, especially in case of single decision-
makers.  Finally, for each domain a weighting sensitivity analysis for the two sub-indexes (i.e. EEI and 
SEI) has been performed, obtaining five different situations assessed. The choice of analysing different 
situations, varying the weights allowed to identify their role in final results. Furthermore, no sensitivity 
analyses have been conducted on the attributes, as these were chosen for their completeness, 
independence and avoidance of redundancy. An overview of the hypotheses for each situation of the 
MADM Simulation has been reported in Table 3. 

Table 3. Overview of the hypotheses made for each situation 

Situation 𝒘𝒘𝑬𝑬𝑬𝑬𝑬𝑬 𝒘𝒘𝑺𝑺𝑺𝑺𝑺𝑺 𝒘𝒘𝒆𝒆,𝒘𝒘𝒔𝒔 
Marginal value 

function shape 

A 0.5 0.5 

AHP Linear 

B 0.6 0.4 

C 0.8 0.2 

D 0.4 0.6 

E 0.2 0.8 
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3. Results 
The results for the MADM Simulation are shown in Figure 1. In detail, Alternative 10 (Car Parking & 
Photovoltaic Roofs) and Alternative 9 (Roof-mounted Photovoltaics) obtained highest 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐼𝐼 values in 
four out of five situations. This is due to the low Primary Energy, high Load Cover Factor and relatively 
low Investment Cost. Alternative 8 (Transformation to green) is preferred in the socio-economic and 
urban planning oriented-situation (i.e. Situation E), due to higher performances in such domain.  

The worst scores are related to Envelope Insulation scenarios (i.e., Alternative 1 and Alternative 2), 
and the Windows Substitution (Alternative 3) due to high Investment Cost, high Primary Energy and 
low Load Cover Factor. 

The third alternative for the Energy and Environmental oriented-situations, namely Situation B and 
Situation C, is represented by Alternative 11.3 (Battery systems with a storage capacity of 0.4 MWh), due 
to the high Load Cover Factor and Low Primary Energy. Finally, it has to be outlined how 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐼𝐼 scores 
for Alternative 10 and Alternative 9 are really close, with a maximum relative variation equal to 2.5%. 

 
Figure 1. 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐼𝐼 results for the MADM Simulation 

4. Conclusion 
Renovation strategies are essential to achieve decarbonization targets in buildings. The analysis of such 
strategies must consider multiple aspects, including energy, environmental, socio-economic and urban 
planning dimensions. This issue has been addressed through the application of a Multi-Attribute 
Decision Making (MADM) model, able to capture the multi-dimensional nature of the buildings’ 
renovation. 

Specifically, a Multi-Attribute Value Theory has been deployed for obtaining the scores of 
alternatives, represented by the renovation scenarios. As a weighing procedure, a group decision-making 
AHP approach has been applied, involving thirteen experts in Positive Energy Districts. Finally, the 
alternative performances have been synthetized in the Positive Energy Districts Sustainability Index.  

As a case study, the Campus in the University of Palermo has been analysed, with several renovation 
scenarios involving the retrofit of the envelope, the adoption of renewable generation systems, as well 
as the greenery enhancement, amongst others. Results showed that Renovation Scenarios based on the 
adoption of photovoltaic are preferred in almost all the situations analysed, except for the socio-
economic and urban planning-oriented situation. This approach could be exploited by decision-makers 
at the early stages of renovation strategies for their multi-dimensional evaluation.  

 
 
 
 
 



CISBAT 2025
Journal of Physics: Conference Series 3140 (2025) 062018

IOP Publishing
doi:10.1088/1742-6596/3140/6/062018

7

 
 
 
 
 
 

Acknowledgments 
This study has received funding from the Project “Positive Energy Districts: verso applicazioni di 
Sostenibilità Energetico Ambientale” (PED-SEA) – CUP: F73C24000480006 - Bando a Cascata for the 
"Project ECS 0000024 Rome Technopole - CUP F83B22000040006, NRP Mission 4 Component 2 
Investment 1.5, Funded by the European Union – NextGenerationEU. The paper was also partly 
developed within the workgroup of the International Energy Agency (IEA) Energy in Buildings and 
Communities (EBC) Annex 83 " Positive Energy Districts" 
 
References 
[1]  European Commission. SET-Plan ACTION n°3.2 Implementation Plan Europe to Become a Global 

Role Model in Integrated, Innovative Solutions for the Planning, Deployment, and Replication 
of Positive Energy Districts. 2018; https://jpi-urbaneurope.eu/wp-
content/uploads/2021/10/setplan_smartcities_implementationplan-2.pdf 

[2]  JPI Urban Europe / SET Plan Action 3.2. White Paper on PED Reference Framework for Positive 
Energy Districts and Neighbourhoods. 2020. https://jpi-urbaneurope.eu/ped/ 

[3]  IEA EBC || Annex 83 || Positive Energy Districts || IEA EBC || Annex 83 [Internet]. [cited 2025 Jan 
14. https://annex83.iea-ebc.org/ 

[4]  M  Métral, A Tuttolomondo, L Laloui (2025). Impact of microencapsulated phase change materials 
on the thermal and mechanical behavior of silty soil: Application for energy geostructures. 
International Journal of Geomechanics (article in press).[5]  Å Hedman, H U Rehman, 
A Gabaldón, A Bisello, V A Seifried, X Zhang, et al. IEA EBC Annex83 positive energy 
districts. Buildings. 2021; 11(3). https://doi.org/10.3390/buildings11030130 

[6]  M A Cusenza, F Guarino, S Longo, M Mistretta, M Cellura. Reuse of electric vehicle batteries in 
buildings: An integrated load match analysis and life cycle assessment approach. Energy Build. 
2019; 186:339–54. https://doi.org/10.1016/j.enbuild.2019.01.032 

[7]  S Cellura, A Mazza, E Bompard, S Corgnati. A flexible tool for the multi-attribute evaluation of 
Lithium-ion batteries. Energy Convers Manag. 2025; 324:119312. 
https://doi.org/10.1016/j.enconman.2024.119312 

[8] F Ardente, G Beccali, M Cellura. Eco-sustainable energy and environmental strategies in design 
for recycling: The software "ENDLESS". Ecological Modelling, 2003; 163 (1-2): 101–118. 
DOI: 10.1016/S0304-3800(02)00418-0. 

 
 
 
 
 

https://jpi-urbaneurope.eu/wp-content/uploads/2021/10/setplan_smartcities_implementationplan-2.pdf
https://jpi-urbaneurope.eu/wp-content/uploads/2021/10/setplan_smartcities_implementationplan-2.pdf
https://jpi-urbaneurope.eu/ped/
https://annex83.iea-ebc.org/
https://doi.org/10.3390/buildings11030130
https://doi.org/10.1016/j.enbuild.2019.01.032
https://doi.org/10.1016/j.enconman.2024.119312

