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-
ing Energy Technologies in Supporting Sus-

-
ergy Communities

Abstract: The energy transition based on renewable sources and emerging energy technologies be-

came an important element of contemporary sustainable development strategies in the context of increasing 

environmental pressures and the need to limit the link between economic growth and resource-intensive 

consumption. The paper examines how renewable sources and emerging energy technologies can support 

sustainable economic growth through the contribution of a pilot energy community project in relation to 

SDG indicator 7.1, SDG indicator 8.1.1  and SDG indicator 9.4.1. The topic is motivated by the difference 

between the macro level of defining the SDGs and the need to understand the micro mechanisms through 

which local initiatives can contribute directly or indirectly to their achievement. The research methodology 

combines qualitative analysis of the specialized literature with the case study method. The results show that 

the project contributes to the improvement of the access quality  to energy through local renewable produc-

tion; it partially reduces energy costs and also reduces emissions associated with electricity consumption 

from the grid. The analysis also highlights the limits of using SDG indicators at a micro scale, especially 

in the case of macroeconomic indicators. The contribution of the paper is to propose a cautious approach in 

appliance of SDG indicators at the local level and uses them as interpretative tools and not as direct causal 

measures. The recommendations aim to strengthen the legislative and economic framework for energy com-

munities, stimulate self-consumption and energy sharing, and integrate these initiatives into national en-

ergy transition and sustainable development strategies. 
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Introduction

In recent decades, at a global level, progress was recorded in all economic areas, which led 

it became evident that development approaches focused predominantly on economic growth do 

not consistently integrate the ecological and social spheres. In this situation, sustainable devel-

opment highlighted that public policies and long-term development strategies need to be reori-

the capacity of ecosystems to support human activity and the impact on social well-being. Given 

the global context marked by climate change, economic volatility and structural inequalities, this 

perspective is important because the implementation of resilient solutions is required (Hopwood 

et al., 2005). Institutional quality and macroeconomic conditions shape poverty dynamics across 

European countries and highlight the structural role of governance in socio-economic resilience 

(Jula et al., 2025). In the aforementioned transition, the energy sector has a direct influence on the 

-

gy systems is main in sustainable development strategies as the modality energy is produced and 

consumed has effects on all dimensions of development (International Energy Agency, 2021). In 

this way, renewable sources and emerging energy technologies are associated with environmen-

tal benefits and opportunities for economic modernization and strengthening socio-economic 

resilience.

-

ment model. In 2015, the United Nations adopted the 2030 Agenda for Sustainable Development. 

It is a commitment that guides states towards transformation and towards a more environmen-

tally friendly, equitable and prosperous place and targets developed and developing countries 

alike.

-

environmental protection.

-

ments in industrialization, infrastructure and economic growth can support poverty reduction 

-

gies are not used and appropriate regulatory frameworks are not applied. Similarly, environ-

mental protection policies may entail short-term economic costs, but can contribute to increasing 

economic resilience and reduce vulnerabilities in the long term (Nilsson et al., 2016).

Agenda for Sustainable Development. Our country committed to implementing the Sustainable 

Development Goals at the national level and revised the National Sustainable Development 

Strategy to integrate the Sustainable Development Goals.

development of renewable sources, energy storage solutions, smart grids and the digitalization 
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of energy systems contribute to increased efficiency, flexibility, and resilience of energy infra-

and the emergence of new business models. Emerging energy technologies reduce environ-

mental impact and can transform potential constraints into long-term competitive advantages 

-

cies, technologies, and economic structure of the member states (Apostu et al., 2022).

community based on photovoltaic production on indicator 7.1 of SDG 7, indicator 8.1.1 of SDG 8, 

implemented in a local community in the Alps, but without generalizing the results at the macro-

economic or national level.

according to SDG indicator 7.1?

economic performance reflected by SDG indicator 8.1.1 in the context of a micro-level case study?

-

4) Under which legislative, economic and sustainability conditions can the analysed model 

be replicated in Romania?

1. Literature review

the transition to renewable sources, energy efficiency and socio-institutional transformations of 

energy systems. Simply substitute of fossil fuels with renewable energy sources is not enough 

to achieve sustainability. A reorganization of the way energy is produced, distributed, and gov-

erned is needed (Bridge et al., 2013; Jenkins et al., 2016). Oprea and Nicula (2026) highlight the 

rapid expansion of research on digitalization in emerging economies, indicating a structural shift 

toward technology-driven intermediation. Decentralized energy systems and green energy pro-

duction result in reduced greenhouse gas emissions and increased energy resilience at local and 

-

mental benefits and economic and social impacts, such as cost stabilization and reduced consum-

sustainability is becoming increasingly important because social acceptance, participation of lo-

cal actors and equitable distribution of benefits determine the long-term success of the energy 

transition (Dall’Orsoletta et al., 2022).

Regarding sustainable development, the literature moved from general formulations 

to operational frameworks focused on the integration of economic, social, and environmental 



72 Resilience and Institutional Adaptation in a Context of Systemic Transformations

No. 43 ~ 2026

dimensions, since 2000. A useful contribution to positioning is the typology of sustainable de-

reforms, and transformation, including in the way public policy manages the link between eco-

nomic growth, equity, and ecological limits (Hopwood et al., 2005). Due to this evolution, the 

2030 Agenda for Sustainable Development introduced an analytical, normative framework and a 

common language structured around the 17 SDGs, which reflect the connection between econo-

my, society, and environment (United Nations, 2015).

Independent analysis of the Sustainable Development Goals is rarely done in practice. 

Nilsson et al. (2016) propose the mapping of the interactions between these goals to avoid poli-

-

discuss whether policies manage to transform trade-offs into synergies and which institutional 

role of structural variables of the local economy in differentiating territorial performance in peri-

in these works because it influences competitiveness, production costs, employment structure 

and emissions. From the perspective of SDG 7, recent research argues that the transition to re-

newables and energy efficiency is a necessity to reduce energy intensity and decarbonization, but, 

at the same time, performance depends on investments in networks, flexibility and governance 

transformation of energy systems with limiting global warming, which makes SDG 7 an anchor 

-

yses show that investments in low-carbon technologies and modern infrastructure can generate 

long-term productivity and competitiveness, but, of course, provided that coherent innovation 

and human capital policies are implemented (OECD et al., 2015). At the same time, the green tran-

and sectoral losses occur (ILO, 2018).

capacity of infrastructures to integrate distributed generation, digitalization, and new market 

models. In their paper, Bridge et al. (2013) analyse the energy transition and observe that the 

shift from centralized systems to more decentralized architectures requires investments in net-

works, metering, flexibility, and governance (Bridge et al., 2013). Oprea and Draghici (2024) show 

that digitalization strengthening access and effective participation in modern financial services. 

Regarding energy communities, the literature places them at the intersection of energy transi-

motivated by the need for energy autonomy, civic participation, and reduced dependence on 



73
Resilience and Institutional Adaptation in a Context of Systemic Transformations

No.43  ~ 2026

-

Centre of the European Commission shows that these new structures contribute to the democra-

tisation of access to renewable energy and the distribution of economic benefits at the local level, 

independent of individual income levels (Caramizaru & Uihlein, 2020). Although energy com-

munities are studied in specific local contexts, their emergence and development were supported 

by a set of common factors, independent of location, such as the existence of appropriate policy 

schemes (Lode et al., 2022).

formally introduced the concepts of citizens’ energy communities and renewable energy commu-

literature after 2010 as a mechanism for accelerating renewable energy systems, civic engage-

-

strengthening the energy sector (Seyfang et al., 2013). Other empirical and comparative studies 

show that the good development of community energy systems is influenced by support frame-

works, ownership models and institutional conditions (Bauwens et al., 2016).

the analysis of energy communities as a social innovation and the effects on civic empowerment, 

-

rection focuses on energy and economic performance and the technical conditions of collective 

-

formances after one year of piloting are analysed and empirical arguments are provided about 

the role of the overlap between PV production curves and consumption profiles (De Santi et al., 

2022; Ghiani et al., 2022).

In the same vein, recent review papers support the positioning of the architecture and 

2023).

2. Methodology

the case study method and aims to investigate the role of renewable sources and emerging en-

ergy technologies in supporting sustainable economic growth in relation to indicator 7.1 of SDG 

was selected because it favours the recognition and understanding of what is currently known 
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-

-

International Energy Agency, the International Renewable Energy Agency, the Organization for 

Economic Cooperation and Development, the International Labor Organization, the European 

the conceptual framework of the research and to demonstrate the selection of indicators of SDG 

Both standard academic literature and grey literature were analysed with the aim of ex-

posing the relationships between renewable energy, energy security, economic growth, and in-

frastructure innovation. In addition to the theoretical analysis, the research uses the case study 

-

ses this community since it was one of the first initiatives of its kind in Europe and the first pilot 

-

official institutional sources and from academic articles analysing the energy and economic per-

the case study level, where data allow.

-

level through indirect indicators for the functioning of an energy community. Indicator 7.1 al-

lows the analysis of the functional aspect of access to energy, by assessing the quality of the en-

ergy service and the use of renewable sources. Indicator 8.1.1 is used as a framework indicator of 

SDG 8, with a contextual role, to anchor the study in a macroeconomic framework of sustainable 

modernization of energy infrastructure and the reduction of climate impact, being supported by 
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3. Case study

-

ment models. European legislation focuses on the consumer and producer, who must be guar-

anteed fairer and more sustainable access to the electricity market. At the heart of this evolution 

with its own history and different legislative and regulatory references, in a regulatory frame-

citizens to create innovative forms of aggregation and governance in the field of energy, in order 

to generate benefits for individuals and the community, both economic and in terms of quality 

of life and to provide services in the local area (CER Magliano Alpi, 2021). In November 2016, 

the European Commission presented a package of proposals, called the “Clean Energy for All 

by the Member States.

-

ergy transition processes at European level and how these have been felt in small communities. 

In Magliano Alpi, from a socio-economic point of view, public administration, house-

holds, and small businesses coexist in an economic ecosystem vulnerable to the volatility of ener-

in energy expenses and the retention of economic value at the local level, important aspects for 

-

text was influenced by the introduction of the Italian experimental legislative framework in 2020, 

which allowed the development of the first energy communities based on distributed generation. 

-

tion through utilization of  local renewable resources and by distributing the benefits among the 

participants.

-

-

Magliacani et al. (2025) highlight that the emergence of the first energy community in Italy was 

the result of the aspiration of local authorities to promote new forms of energy governance, based 

on cooperation, transparency, and collective responsibility. Energy was treated as an asset for lo-

cal development and for strengthening relations between public institutions and citizens.



76 Resilience and Institutional Adaptation in a Context of Systemic Transformations

No. 43 ~ 2026

3.1. Description of the energy community in Magliano Alpi (Italy)

was developed in 2020, as a direct response to the changes introduced by Italian legislation that 

-

nomic, and organizational feasibility of this type of initiative under real operating conditions (De 

and is in the Piedmont region of northern Italy, close to the French border. In the pilot phase, the 

Magliano Alpi energy community included three public institutions, three households and one 

small economic consumer, all connected to the same branch of the low-voltage network (Ghiani 

et al., 2022).

3.2. Actors involved in the energy community in Magliano Alpi

local government participates as a prosumer and institutional coordinator and facilitates the 

relationship with the distribution operator and regulatory authorities (Comunità Energetica 

small economic consumer. Participation was voluntary and did not involve the modification of 

-

-

but it did not have an operational role in the implementation of the Magliano Alpi energy com-

-

tice and facilitate the exchange of knowledge between the actors involved in the development of 

energy communities in Italy.

3.3. Technologies used and their emerging character used in the energy community of 

Magliano Alpi

From a technological point of view, the Magliano Alpi energy community is based on a 

into an energy community model. Virtual energy sharing is an emerging element of the function-

ing of energy communities, consisting in the accounting allocation of locally produced energy 

to several members of the community, without direct physical transfer of energy. In the case of 
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the Magliano Alpi energy community, this mechanism is implemented by calculating the shared 

energy based on production and consumption data, which is used to determine the economic 

benefits of the members (Ghiani et al., 2022; De Santi et al., 2022).

According to Barai et al. (2015), smart meters record energy consumption and production and 

power in both single-phase and three-phase mode (Ghiani et al., 2022).

system through digital energy management platform to collect, process and analyse the produc-

system, mentioned in the community’s technical and economic analysis, was developed as part of 

for energy communities (ERIGrid 2.0, 2022), supporting the planning, optimisation and estima-

tion of the economic impact of energy operations.

-

sumption is achieved exclusively by correlating photovoltaic production with the consumption 

profiles of the users. Jula et al. (2023) show that electricity consumption patterns exhibit signifi-

cant structural changes under systemic shocks, emphasizing the sensitivity of demand profiles 

-

tions of the first generation of energy communities and the importance of digital energy manage-

lations serving the community was also 

set as a constraint.

3.4. Energy and economic performance of the Magliano Alpi energy community

energy performance analysis of the Magliano Alpi energy community was carried out based on 

data obtained by Ghiani et al. (2022). Raw data was collected between March 2021 and February 

have the capability to cover over half of the community’s annual energy needs, under conditions 

of better synchronization between production and consumption.

-

-

sumption) were identified as shared energy between community members, according to the rules 

limited use of renewable energy within the community.
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From an economic point of view, the analysis shows that the operation of the energy 

community generated financial benefits, although these are still below the maximum potential. 

During the period analysed, the community obtained 2,326 euros from the mechanism for capi-

-

However, the authors demonstrate that, through behavioral optimization measures, in particular 

-

Category Indicator Value U.M. Description

E n e r g y 
Performance consumption

Aggregate consumption of all 
community members in the 
first year of operation

-
ergy production

27,137 Energy produced by the com-
munity photovoltaic system

Physical self-consumed 
energy

Energy instantaneously con-
sumed by the public building

Energy shared within 
the community

Energy recognized as shared 
according to GSE rules

grid
Surplus energy delivered to 
the public grid

S e l f - C o n s u m p t i o n 
Ratio (SCP)

35 Share of self-consumption in 
total production

S h a r e d - t o -
Consumption Ratio 

15 Share of shared energy in to-
tal consumption

Energy from Energy 44 Share of renewable energy 
used locally

S h a r e d - t o - S e l f -
Consumption Ratio 

35 Degree of local utilization of 
produced energy

Table 1. Energy and economic performance of the Magliano Alpi energy community
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E c o n o m i c 
Performance

Revenues from Ritiro 
Dedicato (RID)

2,326 -
ed into the grid

Incentives for shared 
energy

Revenues obtained from the 
GSE support scheme

cost
11,130

Annual economic 
balance

–7,875 Difference between costs and 
revenues

Potential increase in 
shared energy (opti-
mized scenario)

~17,000 Estimated value through load 
shifting

Estimated increase in 
economic incentives

+118 Increase in revenues from 
shared energy

Estimated improve-
ment in economic 
performance

Impact of optimization with-
out additional investments

-

nomic and institutional dimensions at the same time. Local production of renewable energy 

reduces emissions associated with electricity consumption, and sharing mechanisms allow the 

economic value generated by energy to be retained at local level (Ghiani et al., 2022). In institu-

citizens and promotes a participatory governance model. Magliacani et al. (2025) underline that 

this multi-component organizational and accounting dimension transforms the energy commu-

-

munity can be interpreted as a d

energy technologies to support the transition to more sustainable energy systems by integrating 

distributed generation, digitalization, and local governance.

services

SDG 7 indicator 7.1 (proportion of population with access to electricity) aims to ensure 

universal access to modern energy services (United Nations, 2015). In developed economies, of 

which Italy is a part, formal access to electricity is almost universal. In this case, an adapted ana-

lytical approach is required, since the relevance of indicator 7.1 no longer lies in the existence of 

a connection to the grid, but in the quality of access to it, the stability of energy supply and the 

economic affordability of energy.

Source: author’s processing based on data from Ghiani et al. (2022).
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can strengthen the qualitative dimension of energy access. In the first full year of operation, the 

which constitutes over a third of the annual energy needs, were covered by locally produced re-

7.1. Local renewable energy production reduces dependence on the centralized grid and limits 

-

rity at the community level. For public institutions, households and small businesses, access to 

electricity becomes more predictable and economically affordable (International Energy Agency, 

2021).

In this respect, the Magliano Alpi energy community functions as a mechanism to deepen 

SDG 7.1 in countries with universal access to electricity, by improving the quality of access and 

effects that impact national statistics but provides empirical evidence regarding the role of energy 

communities to achieve the goals of the 2030 Agenda.

SDG 8 indicator 8.1 aims to promote sustained economic growth and is operationalized 

ate per capita (United Nations, 2015). By its nature, 

this indicator is strictly macroeconomic in nature and cannot be directly influenced by small-

from a conceptual perspective, as it allows the assessment of the structural compatibility between 

energy community does not generate measurable effects on GDP at national or regional level, but 

it indirectly contributes to the mechanisms that support the premises of stable economic growth. 

community members and retained economic value at the local level, through self-consumption 

and shared energy (Ghiani et al., 2022). In the first year of operation, locally used renewable en-

energy purchased from the market.

From the perspective of SDG 8.1.1, the results are important because energy costs are the 

most important for local economic activities, especially for small businesses and for public bud-

gets. Reducing exposure to energy price volatility contributes to increasing economic predictabil-

in renewable energy and local infrastructure can have multiplier effects on local economies, even 

if their impact on macroeconomic indicators is diffuse and long-lasting (International Energy 

Agency, 2021). Oprea et al. (2025) argue that digital banking and capital market development 

contribute to economic growth when supported by coherent public–private partnerships and fi-

nancial education policies.

Energy communities contribute to reduce energy costs, stabilize local economic activi-

ties and increase economic resilience. Jula et al. (2026) provide evidence that investment–output 
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transformation processes require sustained capital allocation and institutional support. At the ag-

gregate level, these mechanisms are consistent with the assumptions of a favourable evolution of 

-

sizes the role of local initiatives as complementary elements to macroeconomic policies aimed at 

sustainable development.

In this sense, the Magliano Alpi energy community can be interpreted as a complemen-

energy transition initiatives can support the micro-level conditions necessary for sustainable eco-

per capita.

technological modernisation and the adoption of low-emission solutions. Emissions indicators 

are representative to assess the relationship between economic activity and climate impact (Vasile 

& Balan, 2008). Although the indicator has a macroeconomic dimension, its analysis at the case 

-

ergy community of Magliano Alpi is an example of modernising local energy infrastructure by 

integrating photovoltaic production, smart metering, and digital energy management.

of operation, the comm

average emission factor of the national electricity mix.

was applied, frequently used in the European literature for the period 2021–2022 (IEA, 2021; 

carbon intensity associated with the electricity consumption. From the perspective of SDG indica-

the use of green technologies can reduce emissions without affecting the functioning of local eco-

-

is limited, the observed mechanisms are aligned with the decarbonization and modernization 

strategies promoted at European and global level.
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4. Discussions

-

that cannot be empirically supported.

Indicator 7.1 is directly influenced by increasing the quality of access to energy, in terms of 

-

munity does not expand physical access to electricity because it is already connected to a low-

voltage grid. It strengthens the level of permissiveness of access through decrease of exposure to 

price volatility and increase the predictability of energy consumption.

emissions per unit of value added, is important by integrating distributed renewable energy pro-

duction into the existing infrastructure. Although the energy community is not an industrial facil-

ity in the strict sense, the mechanisms of local production, self-consumption and virtual sharing 

lead to the reduction of emissions associated with electricity consumption and to the increase of 

the efficiency of the use of energy infrastructure.

-

crease in energy costs and increase in local energy resilience can support existing economic activi-

ties and improve the capacity of public administration and small consumers to allocate resources 

is part of the logic of more resource-efficient economic growth.

4.2. Limitations and constraints in relation to the analysed indicators

the case of indicator 7.1, the limitation is that it does not explicitly capture dimensions such as lo-

cal energy autonomy or participatory governance, which are central to the functioning of energy 

analysis in a broader macroeconomic context and to discuss indirect and cumulative contribu-

tions. It is used exclusively as a reference for economic compatibility.

-

tification of causal effects on the dynamics of real GDP per capita.

be assessed with caution because its implementation and proper functioning were conditioned 

by a specific legislative and institutional context, in an experimental phase and supported by 
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but the degree of replicability is determined by the application of the rules at national level. From 

a legislative perspective, Romania took an important step and introduced energy communities 

into national legislation (Government of Romania, 2025), in the context of the transposition of the 

from the accounting recognition of shared energy and a specific financial incentive for collective 

self-consumption. On the other hand, the Romanian framework remains incomplete from an 

operational point of view. In Romania, secondary regulations have not yet been implemented 

regarding registration procedures, energy allocation between members, settlement, or access to 

the longevity of small-scale energy communities depends on a favourable price for locally shared 

Romania, there is no similar mechanism to stimulate shared energy, and replication would have 

to rely almost exclusively on individual savings of prosumers, which reduces the accessibility 

for lower-income households and local economic actors (Caramizaru & Uihlein, 2020). Also, the 

non-technical costs associated with community administration and governance can become dis-

proportionately high on a small scale, which affects economic sustainability in the medium term.

An additional risk is the possibility that the energy community model could be taken over 

by large players with superior financial and legal capacity, which could transform these initia-

-

and illustrated by the case study analysed, where the role of the local authority was central to the 

-

nical process. From a technical point of view, the Alpine energy community operates without 

increase the pressures on the distribution networks, especially in areas with undersized electric-

existence of transparent governance and the capacity of the communities to include vulnerable 

it must be assessed in relation to the emission factors specific to the national energy mix and the 

effective degree of substitution of conventional production to avoid overestimating the climate 

maximum in communities where local authorities are involved in the implementation of such 

an integrated approach to sustainability, energy communities risk remaining one-off initiatives, 

with limited impact on the energy transition and social inclusion.
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Conclusions

-

-

ed both the potential and the limits of using SDG indicators at the micro-scale.

In the analysis, for SDG 7, indicator 7.1 was interpreted qualitatively and the fact that the 

-

-

supports the relevance of indicator 7.1 as a proxy indicator for the security and quality of energy 

access at the community level. Regarding SDG 8, the analysis used indicator 8.1.1 in a cautious 

terms of local GDP, but creates favourable conditions by reducing energy costs, stabilizing ex-

directly quantifiable, which confirms the complementary nature of indicator 8.1.1 in relation to 

-

energy produced and used locally.

Public policies on energy communities should go beyond the strictly installed capaci-

ty-oriented approach and also focus on maximization of the local use of the energy produced 

through incentives for self-consumption, sharing and demand flexibility. Explicit integration of 

energy communities into national energy transition strategies can strengthen the link between 

especially in transition economies such as Romania.

where they should be used with caution (SDG 8.1.1, strictly contextual).

 in scale between the SDG in-

dicators (designed macro) and the case study (micro), which restricts the causal interpretation, 

especially for SDG 8.1.1. Also, the lack of storage may limit the generalization of performance. 

framework and secondary regulations for registration, allocation, settlement, data access, eco-

nomic mechanisms dedicated to shared energy and the capacity of the distribution networks. 

Future research can comparatively test models with storage, dynamic tariffs, digital platforms, 

and scenarios for the inclusion of vulnerable consumers, as well as cost-benefit assessments for 

-

ing the mechanisms of operation and evaluation of energy communities.
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