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Abstract—Promoting energy efficiency and decarbonization
in urban settings, hence also in the variety of buildings within
them, is amongst modern society major challenges. Urban
settings are, in fact, responsible for almost 40% of energy
consumption and energy-related pollutant emissions
worldwide. In this framework, particular emphasis has been
given by the EU and its member States on improving the
energy performance of built environments by reducing
buildings’ energy consumption (retrofit interventions), by
fostering the integration of renewable energy sources (RES),
and by encouraging the establishment of pro-con-sumer
groups/units (e.g., Energy Communities — ECs, consortia, etc.).
These latter include users that share and collaborate in the
energy management. Consequently, the need has arisen for
more efficient energy management within individual ECs and
between different ECs and public administrations and other
potential stakeholders. Considering that ECs are a relatively
recent reality, this paper discusses possible approaches to
overcome some of the critical issues that have emerged from
the Energy Community initiatives that are beginning to emerge
recently.
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1. INTRODUCTION

Optimizing energy management in urban contexts has
been one of the biggest challenges of the last decades for
both the scientific community and international governments
that seek to pursue carbon neutrality to enhance energy
security and promote energy equity and accessibility. This is
even more evident considering the recent events that have led
to the intensification of the energy crisis, in terms of resource
availability and of economic and environmental aspects.

According to the latest available reports, in fact, urban
environments are responsible for 25%-40% of the overall
energy use, corresponding to 17.5%-39% of the total energy-
use-related carbon emissions, at global, European and Italian
levels [1; 2; 3]. Adding to this, urban transport accounts for a
share comprised between 20% and 30% of the energy
consumption (which result in 10-20% of human activity-
related CO; emissions) [4, 5, 6]. It should also be considered
that urban areas are subjected to a continuous urbanization
process (due to both demographic variations and migratory
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flows) that requires a constant supply of energy (hence
causing significant pollutant emissions) [3, 7]. Such
conditions call for a frequent reorganization of services and
strategies to provide users with adequate levels of integration
in terms of energy equity and accessibility. Moreover, the
on-going energy-economic crisis (increased by the Ukraine-
Russia conflict) has highlighted even more the need for a
more efficient urban energy metabolism aimed at enhancing
energy security, as also encouraged by the EU [8, 9].

To address these needs, the issues concerning urban
energy efficiency and carbon neutrality, are increasingly
integrated in global, European and national policies and
regulations that aim at supporting climate change mitigation
and adaptation strategies for a clean and sustainable energy
transition. Some of the most relevant policies/initiatives
concerning this subject include the UN Sustainable
Development Goals — SDGs (particularly, “Goal 11 — Make
cities and human settlements inclusive, safe, resilient and
sustainable” and “Goal 12 — Responsible consumption and
production”) [10], the EU climate-energy frameworks long-
term strategies [8, 11], Green Deal [12] and recovery plan
Next Generation EU [9] (transposed nationally by almost all
developed countries, such as the recently issued Italian
Recovery Plan — PNRR [13]).

In particular, among the EU measures targeting the built
environment, the well-known concept of nearly zero-energy
(NZE) buildings [14, 15] (introduced by the EPBD Directive
[16]), according to which buildings need to be (and/or aspire
to be) self-energy-sufficient, has recently expanded to that of
Positive Energy Building (PEB) [17, 18]. This measure
foresees that buildings can use renewable energy sources
(RES) to generate more energy than their needs and then
exchange the surplus, thus, leading to Positive Energy
District (PED) [19, 20, 21], in analogy with what was
proposed by a recent Directive introducing the concept of
renewable Energy Communities (EC) [11] and their
interaction/integration with the local/national electricity
systems.

Within this context, although historically particular
attention has been paid on improving the energy-
environmental performance of mostly single buildings by
means of sustainable technical solutions [22, 23, 24] (and
suitable ways of produce [25], implement [26, 27] and
dispose [28, 29, 30] of them), more recently some studies



have shown how moving to a broader vision (i.e., small
clustered group of buildings) [31, 32] by integrating the use
of renewable resources [33, 34, 35] and by also considering
economic benefits [36, 37, 38] and most importantly users’
needs [39, 40, 41] can have a significant energy-
environmental impact on urban areas [42, 43]. As a matter of
fact, as claimed by the Urban Climate Change Research
Network (UCCRN) [44], human activities/behaviors are
changing urban metabolism in a way that increase energy,
environmental and economic related risks. On this last
aspect, in fact, according to EU Horizon Built4People project
[45] it is crucial to accelerate users-centric innovation in
urban contexts to drive the transition towards a more just,
sustainable and decarbonized society and economy (i.e.,
induce lasting behavioral changes towards sustainable
living). In this regard, the use of innovative strategies such as
those based on the blockchain technology [46, 47], have
been increasingly gaining popularity due to their attitude in
ensuring trust and transparency for the users.

Consequently, the need has arisen for more efficient
energy management not only within individual ECs, but also
between different ECs and public administrations and/or
other potential stakeholders, to increase local territories’
sustainability and resilience to stress/shock conditions, such
as indeed those related to energy crises and climate change.
Therefore, starting from the above reported observations, and
considering that ECs are a relatively recent reality, this
article proposes possible approaches to overcome some of
the critical issues that have arisen from the EC initiatives that
have appeared so far.

II. CURRENT CRITICAL ISSUES AND POSSIBLE ALTERNATIVES
FOR IMPROVEMENT

A. State of the Art and Critical Issues

Although there is yet no unified approach for their
development [48] a number of insights can be extracted
when looking at ECs’ realization in Europe.

In fact, case studies with information on smaller or bigger
Energy Districts (EDs)/Energy Communities (ECs)’
initiatives can be found at the ‘Europe wide inventory’,
created for the EU funded project “COMETS” [49]. The
inventory includes over 10,000 initiatives and 16,000
production units in 29 countries and is available at
dataverse.no. The aim of the project was to capture the
nature and scope of the actions, thus including all activities
that are “led by citizens, strive for economic, social and
environmental benefit, and participate in energy transition
activities”. Information such as administrative data of energy
related activities, profiling data, tangible assets, singular
activities undertaken by the initiatives and time-tagged
information, with yearly resolution. Other similar exercises
have allowed for a collection of information on ECs in
Scotland [50], in Germany [51], in Canada and New Zealand
[52], among others.

The success factors of these cases sometimes refer to the
governance model they follow [53, 54], to the community’s
cultural, territorial, and social profiles [56], the ability for
connections and networking among stakeholders, the
proximity [57], people engagement and participation and
funding schemes [58]. From the several case studies, it has
also emerged that Energy Districts (EDs)/Energy
Communities (ECs) are typically established by
geographic/territorial extent.

This circumstance can bring some critical issues mainly
due to the following aspects: (i) spatial boundaries
(neighborhoods, districts, wards) usually do not coincide
with the electricity and/or road network layers/grids (and/or
those covering other types of services); (ii) users/consumers
within neighborhoods/districts/circumscriptions are diverse
(residential, commercial, service, industrial, etc.) so different
energy use profiles result; (iii) contextual factors that affect
urban energy performance, such as state of built environment
(age and state of conservation), environmental and
technological elements, may vary widely within the same
neighborhoods/districts/circumscriptions;  (iiii) lack of
awareness and knowledge development at the local level (v).
Last but not least, management strategies that do not
empower local actors, or that not seek to establish
collaborative models of co governance might be an obstacle
in their realization [59].

B. EC-based Approaches for Energy and Environmental
Enhancement of Urban Settings

Based on the above-depicted scenario, it is evident how
ECs represent a relatively recent reality on which significant
improvements can and should be made, especially
concerning their management aimed at enhancing urban
energy and environmental performances. This section
attempts to provide an initial contribution to this matter by
proposing some ideas for discussions on possible alternative
approaches to overcome some of the critical issues that have
emerged from the Energy Community initiatives that are
beginning to appear recently.

Fig. 1 shows a schematization of possible urban energy
interconnections among ECs, public administrations and
stakeholders. As can be seen there can be interconnections
on various levels and of different kinds, both in terms of the
types of ECs involved and with respect to the nature of
information exchanged. Starting from these hypotheses, in
the following a few ideas will be presented.
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Fig. 1. Schematization of the urban energy interconnection among ECs,
public administrations and stakeholders.

A first consideration concerns the physical constitution of
the ECs. In this regard, to optimize energy resources at the
urban level (and contribute to their decarbonization), it might
be more convenient to establish ECs in a spatially dispersed
manner rather than according to geographic proximity. This
could be done according to different alternatives depending
on the specific purpose to be pursued. As a first possibility,
ECs could be identified by affinity of energy use sector
(residential, commercial, service, industrial, etc.), to
determine energy efficiency strategies more appropriately. In



fact, in this case, once the types of urban energy users have
been identified, ECs could be classified for each type of user
to identify the optimal combination of interventions that
allows for improved urban energy management and
environmental performance. As an alternative, ECs could be
individuated by complementarity of energy resource use by
sector (residential, commercial, service, industrial, etc.) to
normalize (flatten) energy use profiles at urban level (i.e.,
improve the Peaks to Average Ratios — PAR of power loads).
In this case, energy flows could be managed based on the
exchange of energy usage information within and among
ECs.

A second concern regards the choice of appropriate
efficiency measures to be implemented. To this purpose and
prior to the deployment of pilot case studies, the use of a
modeling/simulation-based ~ approach  involving  the
evaluation of diverse scenarios and/or combinations of
energy efficiency measures (e.g., different proportions of
retrofit interventions and RES integration) aimed at
identifying which are the most effective strategies to
implement within different types ECs, could be a convenient
way to proceed, in order to rationalize the economic
resources at hand.

Another not negligible aspect to consider is represented
by the development of a smart system for a flexible
management of the energy interconnections between
different ECs and amongst such ECs, public administrations
(e.g., municipalities) and other potential stakeholders (e.g.,
energy manager/suppliers) based on ECs energy profiles. To
enable ECs users/participants to produce, store, convert and
redistribute/transport (not just consume) energy, while at the
same time have privacy guaranteed, a smart blockchain
system could be used for the exchange of information/data
on the energy use habits.

Last but not least, efforts for raising awareness in the
energy transition sector might engage, empower and assist
people in building trust, participation and allowing thus a
more smooth transition to ECs.

III. DISCUSSIONS

The ongoing energy transition path, urged by global
European and local ambitious targets, call for smart,
sustainable and innovative ways to enhance urban energy
and environmental management to improve cities resilience
to the challenges posed by growing urbanization, climate
change and energy crisis. In this aim ECs undoubtedly
represent a key instrument due to their significant influence
on urban energy patterns, being involved in a variety of
different services (e.g., private mobility, public
transportation, infrastructures functioning, water and waste
management, RES, etc.).

Obviously, given the complexity of the topic, a
multidisciplinary approach would be desirable. Assessment
methodologies, good practices, planning strategies and
pioneering approaches in smart ECs (and overall urban
settings) should, in fact, be able to enhance not only the
energy and environmental related aspects, but also the
economy and social wellbeing of the involved parties.
However, as mentioned in the previous section, the EC-based
approaches here discussed are intended as a contribution to
the fostering of innovative ways to re-think EC operation,
mainly related to the energy and environmental enhancement
of urban settings.

The proposed concept of flexibility in the identification
of ECs, that is energy use complementarity (geographically
concentrated communities) and/or energy use affinity
(geographically dispersed communities), coupled with that of
using ad hoc dynamic simulation tools to compare such
different scenarios and single out suitable energy efficiency
strategies, can be crucial to promote decision-making
processes on urban resilience and sustainable development
that are based on actual contexts (in terms of specific energy
needs) and not just on general guidelines provided by the
current regulations.

In both cases, energy use complementarity and/or
affinity, the financial resources saved/earned through
electricity savings and/or generation from RES could be used
to finance further energy improvements to achieve a PED
status or (at least) an energy self-sufficient condition of the
EC, thus strengthening even more urban energy optimization
and decarbonization (i.e., initiating a virtuous cycle).

With regard to an easier management/control/supervision
of ECs, these could be assimilated to condominiums (or
nonprofit organizations), whose energy
operation/interconnection could be managed through a smart
communication system between ECs, public administrations
and other stakeholders (such as, energy managers and
suppliers), based on a reward system (e.g., provision of
services and/or economic incentives) that encourages them to
implement strategies and maintain (over time) better habits
in terms of energy sustainability.

EC participants, which represent a predominant
component of the energy-environmental performance of
urban settings, could be indeed prompted to exchange
information and follow suggestions on best practices not
only thanks to the achievable energy bill savings but also
through earning tokens that they can spend on municipal
environmentally  sustainable services (e.g., electric
transportation) aimed at decarbonizing urban contexts,
similar to what some municipalities are already doing to
increase recycling collection rates for waste.

Concerning ECs  users/participants  energy-related
behavioral data the proposition of using a blockchain-based
system is based on the assumption of wanting to ensure
privacy and transparency for the users (information would be
encrypted and then exchanged), so as to more easily facilitate
their participation. Such involvement is, in fact, a key aspect
to assess ECs energy profiles and attempt to plan and
redistribute energy loads within and among them over time
based on users/participants actual needs, in order to regulate
and optimize ECs energy operations.

Last but not least, the discussed EC-based approaches
also have as their objective that of supporting local
administrations, decision-makers and any other interested
stakeholder in enacting a better distribution of the available
energy and economic resources. In particular, inequalities
between more or less virtuous ECs should and could be
avoided by assigning such resources proportionally and/or
differentially according to actual needs.

IV. CONCLUSIONS

According to the ambitious goals on urban energy
efficiency and decarbonization set out by the current
legislation, in this brief paper some considerations were set
out about possible alternative EC strategies to try apport a



contribution in overcoming some critical aspects emerged so
far. Certainly, the presented subject is certainly very broad
and complex, so the purpose here was that to simply give an
initial discussion point, which will be then deepened and
integrated appropriately as future research development by
the authors.

From a broader perspective, ideas for debate such as the
one here discussed could help to develop strategies aimed at
promoting urban energy management and decarbonization
with an EC-type approach based not necessarily on
geographic extent, but possibly also on the energy needs that
characterize the territories involved, and at the same time
encouraging the active participation of users, in line with the
latest global and European indications. This would indeed
represent a great opportunity for local administrators and
stakeholders, enabling them to more effectively distribute
their economic resources to foster energy equity and
accessibility.

REFERENCES

[11 S. Tsemekidi-Tzeiranaki, P. Bertoldi, D. Paci, L. Castellazzi, T.
Serrenho, M. Economidou, P. Zangheri, Energy Consumption and
Energy Efficiency Trends in the EU-28 for the Period 2000-2018,;
JRC Science for Policy Report; Joint Research Centre (JRC):
European Commission, Brussels, Belgium, 2020.

[2] Agenzia Nazionale per le Nuove Tecnologie, I’Energia e lo Sviluppo
Economico Sostenibile (ENEA). Rapporto Annuale Efficienza
Energetica (RAEE) 2020, Agenzia Nazionale per le Nuove
Tecnologie, I’Energia e lo Sviluppo Economico Sostenibile (ENEA):
Rome, Italy, October 2020; Available on line at:
www.efficienzaenergetica.enea.it.

[3] International Energy Agency (IEA). 2019 Global Status Report for
Buildings and Construction—Towards a Zero-Emission, Efficient and
Resilient Buildings and Construction Sector—UN Environment
Programme; International Energy Agency (IEA), 2019. ISBN No:
978-92-807-3768-4.

[4] https://www.iea.org/reports/energy-efficiency-indicators

[5] L. Cirrincione, S. Di Dio, G. Peri, G. Scaccianoce, D. Schillaci, G.
Rizzo, A Win-Win Scheme for Improving the Environmental
Sustainability of University Commuters’ Mobility and Getting
Environmental Credits, Energies, 15 (2), 2022, art. no. 396, DOI:
10.3390/en15020396.

[6] L. Cirrincione, M. La Gennusa, G. Peri, G. Rizzo, G. Scaccianoce,
The Landfilling of Municipal Solid Waste and the Sustainability of the
Related Transportation Activities, Sustainability, 14 (9), art. no. 5272,
2022. DOLI: 10.3390/su14095272.

[71 www.massacritica.eu/the-trend-2014-of-urbanization-in-the-
world/8892/

[81 A Clean Planet for All a European Strategic Long-Term Vision for a
Prosperous, Modern, Competitive and Climate Neutral Economy; 28
November 2018 COM (2018) 773 final; European Commission:
Brussels, Belgium, 2018.

[9] https://ec.europa.eu/info/strategy/recovery-plan-
europe_en#nextgenerationeu

[10] https://www.un.org/sustainabledevelopment/sustainable-

development-goals/.

[11] A4 Policy Framework for Climate and Energy in the Period from 2020
to 2030; 22 January 2014 COM(2014) 15 final; European
Commission: Brussels, Belgium, 2014.

[12] https://ec.europa.eu/info/strategy/priorities-2019-2024/european-
green-deal_en.

[13] www.mise.gov.it/index.php/it/68-incentivi/2042324-piano-nazionale-
di-ripresa-e-resilienza-i-progetti-del-mise.

[14] L. Cirrincione, M. La Gennusa, G. Peri, G. Rizzo, G. Scaccianoce,

Towards nearly zero energy and environmentally sustainable

agritourisms: The effectiveness of the application of the European

ecolabel brand, Appl Sci, 10 (17), art. no. 5741, 2020. DOIL:

10.3390/APP10175741.

J. F. W. Costa, C. N. D. Amorim, J.C. R. Silva, Retrofit guidelines
towards the achievement of net zero energy buildings for office

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

buildings in Brasilia, Journal of Building Engineering, Volume 32,
2020, 101680.

Directive 2010/31/EU of the European Parliament and of the Council
of 19 May 2010 on the energy performance of buildings (recast) 18.6.
Off. J. Eur. Union 2010, L 153/13.

United Nations. Transforming our World: The 2030 Agenda for
Sustainable Development; A/RES/70/1; General Assembly. Distr.:
General 21 October 2015; United Nations: New York, NY, USA,
2015.

Decision No 1386/2013/EU of the European Parliament and of the
Council of 20 November 2013 on a general Union environment action
programme to 2020 ‘living well, within the limits of our planet’. Off.
J. Eur. Union 2013, L 354/171.

E. Derkenbaeva, S. Halleck Vega, G. Jan Hofstede, and E. van
Leeuwen, Positive energy districts: Mainstreaming energy transition
in urban areas, Renewable and Sustainable Energy Reviews, vol. 153,
no. 111782, 2022. https://doi.org/10.1016/j.rser.2021.111782.

S. Shnapp, D. Paci, and P. Bertoldi, Enabling positive energy districts
across europe: energy efficiency couples renewable energy, 2020.
https://publications.jrc.ec.europa.eu/repository/handle/JRC121405.

Neumann et al. Analysis and Evaluation of the Feasibility of Positive
Energy Districts in Selected Urban Typologies in Vienna Using a
Bottom-Up District Energy Modelling Approach, Energies 2021,
14(15), 4449. DOLI: 10.3390/en14154449.

L. Cirrincione, A. Marvuglia, G. Peri, G. Rizzo, G. Scaccianoce, The
European standards for energy efficiency in buildings: An analysis of
the evolution with reference to a case study, AIP Conference
Proceedings, 2191, 2019, art. no. 020049, DOL: 10.1063/1.5138782.

U. Berardi, P. Jafarpur, Assessing the impact of climate change on
building heating and cooling energy demand in Canada, Renew. Sust
Energ Rev, Volume 121, 109681, 2020.
https://doi.org/10.1016/j.rser.2019.109681.

M. La Gennusa, P. Llorach-Massana, J.I. Montero, F.J. Pefia, J.
Rieradevall, P. Ferrante, G. Scaccianoce, G. Sorrentino, “Composite
building materials: Thermal and mechanical performances of
samples realized with hay and natural resins”, Sustainability
(Switzerland), 9 (3), art. no. 373, 2017. DOI: 10.3390/su9030373.

C. Capitano, L. Cirrincione, G. Peri, G. Rizzo, G. Scaccianoce, “A
simplified method for the indirect evaluation of the “embodied
pollution” of natural stones (marble) working chain to be applied for
achieving the Ecolabel brand of the product”, J. Clean. Prod., 362,
art. no. 132576, 2022. DOL: 10.1016/j.jclepro.2022.132576.

O. Duran, K. J. Lomas, “Retrofitting post-war office buildings:
Interventions for energy efficiency, improved comfort, productivity
and cost reduction”, Journal of Building Engineering, Volume 42,
2021, 102746.

Y. Lou, Y. Yang, Y. Ye, W. Zuo, J. Wang, “The effect of building
retrofit measures on CO2 emission reduction — A case study with U.S.
medium office buildings”, Energy and Buildings, Volume 253, 2021,
111514.

Y. Hong, C. I. Ezeh, W. Deng, S-H. Hong, Y. Ma, Y. Tang, Y. Jin,
“Coordinated  energy-environmental-economic  optimisation — of
building retrofits for optimal energy performance on a macro-scale:
A life-cycle cost-based evaluation”, Energy Conversion and
Management, Volume 243, 2021, 114327, ISSN 0196-8904.

G. Rizzo, L. Cirrincione, M. La Gennusa, G. Peri, G. Scaccianoce,
“Green Roofs’ End of Life: A Literature Review”. Energies, 16 (2),
art. no. 596, 2023. DOI: 10.3390/en16020596.

G. Peri, G.R. Licciardi, N. Matera, D. Mazzeo, L. Cirrincione, G.
Scaccianoce, “Disposal of green roofs: A contribution to identifying
an “Allowed by legislation” end—of-life scenario and facilitating
their environmental analysis”, Build Environ, 226, art. no. 109739,
2022. DOL: 10.1016/j.buildenv.2022.109739.

F. Bisegna, L. Cirrincione, B.M. Lo Casto, G. Peri, G. Rizzo, G.
Scaccianoce, G. Sorrentino, Fostering the energy efficiency through
the energy savings: The case of the University of Palermo.
Proceedings of the EEEIC/I and CPS Europe 2019, Palermo, Italy.
https://doi.org/10.1109/EEEIC.2019.8783774.

L. Cirrincione, A. Marvuglia, G. Scaccianoce, Assessing the
effectiveness of green roofs in enhancing the energy and indoor
comfort resilience of urban buildings to climate change: Methodology
proposal and application, Build Environ, 205, 2021, art. no. 108198.
https://doi.org/10.1016/j.buildenv.2021.108198.



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

L. Cirrincione, G. Peri, G. Rizzo, G. Scaccianoce, S. Palermo, “The
Role of Local Administrations in the Energy Retrofit of Public
Buildings: a Case Study”, 2022 IEEE International Conference on
Environment and Electrical Engineering and 2022 IEEE Industrial
and Commercial Power Systems Europe, EEEIC / I and CPS Europe
2022. DOL: 10.1109/EEEIC/ICPSEurope54979.2022.9854710.

B. Nastasi, N. Markovska, T. Puksec, N. Dui¢, A. Foley, Renewable
and sustainable energy challenges to face for the achievement of
Sustainable Development Goals. Renew Sust Energ Rev, Volume
157,2022, 112071. https://doi.org/10.1016/j.rser.2022.112071.

L. Cirrincione, C. Malara, C. Marino, A. Nucara, G. Peri, M.
Pietrafesa, “Effect of the thermal storage dimensions on the
performances of solar photovoltaic-thermal systems” Renewable
Energy, 162, pp- 2004 - 2018, 2020. DOI:
10.1016/j.renene.2020.09.140.

Y. Lu, P. Li, Y. P. Lee, X. Song, “An integrated decision-making
framework for existing building retrofits based on energy simulation
and cost-benefit analysis”, Journal of Building Engineering, Volume
43,2021, 103200.

G. Napoli, R. Corrao, G. Scaccianoce, S. Barbaro, L. Cirrincione,
“Public and Private Economic Feasibility of Green Areas as a
Passive Energy Measure: A Case Study in the Mediterranean City of
Trapani in Southern Italy”, Sustainability, 14 (4), art. no. 2407, 2022.
DOI: 10.3390/5u14042407.

N. Komendantova, M. Vocciante M, A. Battaglini, “Can the
BESTGRID process improve stakeholder involvement in electricity
transmission projects?”, Energies, 8 (9), pp. 9407 — 9433, 2015. DOI:
10.3390/en8099407.

L. Cirrincione, M. La Gennusa, G. Peri, G. Rizzo, G. Scaccianoce, G.
Sorrentino, S. Aprile, “Green Roofs as Effective Tools for Improving
the Indoor Comfort Levels of Buildings—An Application to a Case
Study in Sicily”, Applied Sciences. 2020; 10(3):893.

Q. Li, L. Zhang, L. Zhang, X. Wu, “Optimizing energy efficiency and
thermal comfort in building green retrofit’, Energy, Volume 237,
2021, 121509.

L. Cirrincione, M. L. Gennusa, G. Peri, G. Scaccianoce and A.
Alfano, "Energy Performance and Indoor Comfort of a 1930s Italian
School Building: a Case Study," EEEIC / 1&CPS Europe 2021, Bari,
Italy.

A. Nutkiewicz, B. Choi, R. K. Jain, “Exploring the influence of urban
context on building energy retrofit performance: A hybrid simulation
and data-driven approach,” Advances in Applied Energy, Volume 3,
2021, 100038.

B. Huang, K. Xing, D. Ness, L. Liao, K. Huang, P. Xie, J. Huang,
Rethinking carbon—neutral built environment: Urban dynamics and

scenario analysis, Energy and Buildings, Volume 255, 2022, 111672,
https://doi.org/10.1016/j.enbuild.2021.111672.

UNFCCC (2021) Race To Zero, United Nations Framework
Convention on Climate Change. Avaliable at:
https://unfcec.int/climate-action/race-to-zero-campaign#teq-3.

https://www.era-learn.eu/network-information/networks/built4people.

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

L. Cirrincione, M. La Gennusa, G. Peri, G. Rizzo, G. Scaccianoce,
“Foster Carbon-Neutrality in the Built Environment: A Blockchain-
Based Approach for the Energy Interaction Among Buildings”, 2022
Workshop on Blockchain for Renewables Integration, BLORIN 2022,
pp. 167 —171. DOL: 10.1109/BLORIN54731.2022.10027899.

Z. Liu, Y. Li, Q. Min, Mengting Chang, User incentive mechanism in
blockchain-based online community: An empirical study of steemit,
Information & Management, 2022, Volume 59, Issue 7, 103596

Available online: https://energy-communities-
repository.ec.europa.eu/support/toolbox_en (accessed on 27 March
2023).

Wierling, A., Schwanitz, V.J., Zeiss, J.P. et al. A Europe-wide
inventory of citizen-led energy action with data from 29 countries and
over 10000  initiatives.  Sci  Data 10, 9 (2023).
https://doi.org/10.1038/s41597-022-01902-5.

Haggett, C., Creamer, E., Harnmeijer, J. P., Parsons, M. & Bomberg,
E. Community energy in Scotland: the social factors for success
(Edinburgh Centre for Carbon Innovation, 2013).

Kahla, F., Holstenkamp, L., Miiler, J. R. & Degenhart, H.
Entwicklung und Stand von Biirgerenergiegesellschaften und
Energiegenossenschaften in Deutschland (Leuphana Universitét
Liineburg, 2017).

Hoicka, C. & MacArthur, J. From tip to toes: Mapping community
energy models in Canada and New Zealand. Energy Policy 121,
162-174 (2018).

Trevisan, R.; Ghiani, E.; Pilo, F. Renewable Energy Communities in
Positive Energy Districts: A Governance and Realisation Framework
in Compliance with the Italian Regulation. Smart Cities 2023, 6, 563—
585. https://doi.org/10.3390/ smartcities6010026.

Martiskainen, M. The role of community leadership in the
development of grassroots innovations. Environ. Innov. Soc. Transit.
2017, 22, 78-89.

Siisser, D.; Doring, M.; Ratter, B.M. Harvesting energy: Place and
local entrepreneurship in community-based renewable energy
transition. Energy Policy 2017, 101, 332-341.

Avelino, F.; Bosman, R.; Paradies, G.; Frantzeskaki, N.; Pel, B.;
Akerboom, S.; Scholten, D.; Boontje, P.; Wittmayer, J.
The (Self-)Governance of Community Energy: Challenges &
Prospects; Dutch Research Institute for Transitions: Rotterdam,
The Netherlands, 2014.

Howells, J.; Bessant, J. Introduction: Innovation and economic
geography: A review and analysis. J. Econ. Geogr. 2012, 12, 929-942

Simcock, N. Procedural justice and the implementation of community
wind energy projects: A case study from South Yorkshire,
UK. Land Use Policy 2016, 59, 467-477).

Trevisan, R.; Ghiani, E.; Pilo, F. Renewable Energy Communities in
Positive Energy Districts: A Governance and Realisation Framework
in Compliance with the Italian Regulation. Smart Cities 2023, 6, 563—
585. https://doi.org/10.3390/ smartcities6010026.



