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Abstract: Italy’s first renewable energy community, located in the municipality of Magliano Alpi, 
was established under Italian Law 8/2020 on Energy Communities in December 2020. The commu-
nity is composed of eight stakeholders and involves, in addition to public buildings in the munici-
pality of Magliano Alpi, some residential users and small and medium-sized enterprises, realizing 
public–private cooperation aimed at reducing energy dependence on the public grid and, at the 
same time, contributing to the decarbonization of the energy sector. This article provides an analysis 
of the economic and energy performance during the first year of renewable community piloting. 
The study analyzes data collected with the community energy management system and introduces 
a number of key performance indices useful for evaluating further development and optimization 
options. 
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1. Introduction 
Energy communities play a key role in the energy transition program outlined by the 

European community as they can attract private sector investment and contribute to the 
process of public acceptance of energy projects aimed at harnessing renewable resources. 
In addition, the benefits to community members cover multiple areas and are not only 
limited to alleviating electricity bills, but also to reducing pollution and revitalizing local 
economies through the creation of new jobs. Before the European directives, energy com-
munities were already included in one form or another in the regulatory framework of 
some European countries. Some energy cooperatives were already actively involving cit-
izens, and examples useful to understand and facilitate their development are dislocated 
all around Europe [1–3]. In the United Kingdom (UK), the term “energy community” has 
been used since the 1990s [4]. For a proper realization of such projects, the skills of pro-
fessionals from different fields of investigation are required [5]. A crucial part of renewa-
ble energy projects concerns the acceptance by local community members [6,7], and social 
acknowledgement is to be considered a key driver to properly and fully realize renewable 
energy projects. These are going to require proper financing mechanisms [8,9] since the 
desired benefits of the energy transition come at a cost [10] given that the new installation 
of assets implies upfront costs that some users need to pay. Renewable energy communi-
ties (RECs) are a recent socio-technical paradigm with the ability to involve heterogeneous 
disciplines that bring together the digitization and development of the electricity system 
with the possibility to create and develop new business models that can actively engage 
users generating economic and environmental benefits [11,12]. 
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RECs are entities capable of widespread penetration of solar renewable energy pro-
duction, contributing significantly to the increase in installed capacity and the goals of the 
energy and ecological transition. At the moment of writing, in Italy, the photovoltaic (PV) 
installed power is approximately 22 GW [13], and in 2020, approximately 11% of the elec-
tricity generation was attributable to such technology [14]. By 2050, the installed photo-
voltaic capacity in Italy is expected to be more than 200 GW [15]. A relevant part of this 
future renewable generation is likely to be achieved by the creation of novel energy com-
munities. This expected development could lead to a condition similar to that of Germany, 
where there are approximately 800 energy cooperatives (similar to RECs in Italy) with 
more than 200,000 members. In 2020, these renewable plants produced 8.8 TWh of renew-
able energy, or 31.7% of the country’s total photovoltaic production.  

This paper is specifically focused on the Magliano Alpi (Cuneo, CN, Italy) renewable 
energy community, established in December 2020, which partnered with eight stakehold-
ers, and its strategic objective is to use local electricity production as a catalyst for sustain-
able development of the municipality [16]. According to the goals of the Renewable En-
ergy Directive (RED II) [17] and the Electricity Market Directive (IEM) [18], stakeholders, 
particularly citizens, are expected to play an increasingly active role in the development 
of energy projects. It has been assessed that through their cooperation they can foster the 
inclusiveness and acceptance of the project [19–23], with the aim to exploit locally pro-
duced renewable energy. With the new regulations, it will also be possible to leverage 
public–private partnerships to achieve goals related to the decarbonization of the electric-
ity system, as well as boosting the digitization of the energy system and encouraging peer-
to-peer energy exchange [24,25]. It is believed that the process of democratizing energy 
dictated by the energy transition can act as a driver for social transformations and techno-
logical innovations [19,26]. To reach such objectives, thorough planning, design, and gov-
ernance of the RECs are required [27,28].  

The REC in Magliano Alpi was built in compliance with Law 8/2020 [29], which spec-
ified precise requirements for the establishment of experimental energy communities and 
included limits on the location of consumers and producers, which had to be connected 
to the same medium/low-voltage (MV/LV) electrical substation. The maximum produc-
tion power of 200 kW of the facilities serving the community was also put as a constraint. 
During the past year, some legal requirements have been revised; in fact, the maximum 
power of the individual plant eligible for incentives serving energy communities has been 
increased up to 1 MW. The geographical perimeter of the REC has been extended as well 
to include the entire range of the primary high/medium-voltage (HV/MV) cabin feeding 
the energy community users [30]. With the removal of the limitations of the initial regula-
tory barriers, RECs can now also take part to achieve more extensive objectives regarding 
energy efficiency [31] and can also provide flexible services to the grid [32] and other ben-
efits to its members [33]. Magliano Alpi’s experience is particularly interesting as it pro-
vides insight into the avoided energy costs that its members benefit from and demon-
strates the role that RECs could play in a scenario where energy prices are soaring, in part 
due to the rising costs of gas and fossil fuel. This increase started well before the conflict 
in Ukraine, but a critical threshold for end users has been reached and EU member states 
are now required to take additional measures for energy supply and security. If produced 
locally, electricity may not be conceived as a commodity, but as an added value to the 
local territory, and as such, it is important to produce and use as much of it as possible.  

In the paper, the authors provide a detailed analysis of the electrical energy produc-
tion and consumption of the energy community. The energy and economic analyses pre-
sented are carried out based on data collected during the year 2021, also for the purpose 
of verifying the soundness of the preliminary studies and forecasts made during the REC 
design phase and the number of users involved in the original community core. The com-
parison between the “as-is” situation and the expectations anticipated during the plan-
ning phase is also of relevance for identifying improvement actions to define the future 
“to-be” scenario. The analysis presented has been conducted considering the community’s 
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point of view, although point of delivery (POD) data from each utility were retrieved and 
used to calculate the statistics that characterize the community. The authors decided not 
to conduct analyses related to individual loads to respect users’ privacy. However, per-
sonal load profiles and user statistics are necessary to calculate the metrics that could gen-
erate useful insights and be helpful during the process of redistributing economic reve-
nues among the members of the REC. Of undoubted importance for community perfor-
mance is the behavior of active users who, by adapting their consumption attitudes, can 
significantly contribute to the improvement of the community’s energy statistics, which, 
consequently, leads to an increase in perceived economic benefits. Other solutions to re-
tain the locally generated value, i.e., the renewable energy produced by the production 
facilities, have been provided in the discussion section. To achieve such objectives, the 
locally produced energy should be consumed within the perimeter of the REC. A series 
of new key performance indicators (KPIs) have been expressly designed to evaluate the 
REC performance, and a comparison between the “as-is” scenario and a “could-be” sce-
nario, generated by applying a load shifting function to the members’ loads, has been re-
alized. The assessment of the performance of the first Italian REC is of utmost importance 
to validate the feasibility of such innovative forms of local production and consumption 
in the Italian context.  

The next sections of the manuscript will summarize the general characteristics of the 
REC of Magliano Alpi. Then, the dataset obtained from the REC’s energy management 
platform is presented and analyzed. Finally, the results are discussed, and important in-
sights related to the results of the study are presented. 

2. Materials and Methods 
In this section, an overview of the main features of the Magliano Alpi energy com-

munity is presented. Then, the quantities of interest and the metrics employed in the fol-
lowing sections of the article to assess the community’s performance will be presented 
and analyzed. 

2.1. Magliano Alpi REC General Characteristics 
Figure 1 presents an aerial view of the REC of Magliano Alpi where the distribution 

network, the MV/LV substation, and the location of the participants are highlighted. Fig-
ure 2 shows a simplified scheme of the distribution network and the users of the REC. 

 
Figure 1. Aerial view of the REC. 
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Figure 2. Simplified scheme of the participants of the REC. 

The energy community manages a photovoltaic system whose energy is shared with 
some municipal buildings, a small manufacturing company, and three families that joined 
the REC under the call of the municipality. The PV system is installed on the rooftop of 
the town hall. The energy production is used to power the load of the building, as well as 
an electric vehicle (EV) charging plug, which can be used by the citizens free of charge. 
The PV plant is composed of 60 modules of 330 kWp each for a nominal power of 19.80 
kWp. The total annual energy output was estimated at 24,198 kWh/year. Table 1 summa-
rizes the annual energy consumption and the bill paid by the members of the community.  

Table 1. Users of the Magliano Alpi REC—annual consumption and energy bill details. 

User Type Annual Consumption (kWh) Energy Bill (€) 
Public Building 16,825 3386 
Public Building 15,423 3317 
Public Building 2026 538 
Small Business 7871 3058 

Residential 776 533 
Residential 3532 702 
Residential 4735 849 

The data on which this analysis is based were recorded with smart meters (SM) in-
stalled at end users’ premises. SMs are crucial in the implementation of a REC as they 
allow one to increase the knowledge of energy usage and production for the purpose of 
energy and market management [34]. Smart metering systems allow the implementation 
of effective demand response and flexibility, enabling an interaction among the user, third 
parties (e.g., aggregators), and network and market operators [35–37]. The SMs are used 
to continuously save bidirectional information on active and reactive power and phase 
angle measurements, both in single and three-phase modes. The measurements were per-
formed according to the European MID directive [38]. Data are accessible via a software 
platform that allows the exchange of information with internet of things (IoT) appliances 
and the energy management system.  

Data were provided in an excel file and analyzed using Python programming lan-
guage using the Pandas and Scipy libraries. The SMs registered the initial raw data, which 
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consist of measurements of active energy fed to and withdrawn from the grid detailed per 
POD code, but also in an aggregated form already summarized for the community. A 
dedicated meter was installed to measure the PV production. Data registered from the 
individual SMs went through a control and cleaning procedure. Then, data relative to the 
measurements of the single SM were aggregated to obtain information at a community 
level. Said information was then compared to those registered to verify for any discrep-
ancies. The consistency between measured and stored information was the object of as-
sessment. Power consumption and production data were stored hourly as a cumulative 
quantity. To perform evaluations on different periods. it was necessary to proceed to the 
calculation of differential quantities. It was then possible thanks to the fact that an SM was 
installed in correspondence with the PV plant to compute the self-consumption of the REC 
members. In the case under analysis, only the municipality building can self-consume the 
energy produced since the only production plant is located on its roof.  

2.2. Performance Metrics Used to Evaluate the Energy Community 
One of the objectives of the present paper was to provide a focus on a broader per-

spective, suitable for an evaluation of the Magliano Alpi REC, that can be generalized for 
other energy communities with similar characteristics that have been implemented ac-
cording to Italian regulations. For this reason, the authors defined and used some key 
performance indexes in this study that can be generalized and used to analyze and com-
pare the energetic and economic performance of any energy community. To analyze the 
energetic performance of the REC, the parameters are defined and calculated in Table 2 
for the REC. 

Table 2. Parameters of interest for the REC performance analysis. 

Parameter Acronym Definition 
Energy consumed (kWh) TC The total energy consumed by the users of the REC. 
Energy produced (kWh) TP The total energy produced by the production plants feeding the REC. 

Energy self-consumed (kWh) SC 
The energy simultaneously produced and consumed by each user of 

the REC on his/her premises. 

Energy shared (kWh) SE 
The energy simultaneously produced and consumed by all the users 

of the REC (collective self-consumption). 
Energy exported (kWh) EFG The total energy exported from the REC to the grid. 
Energy imported (kWh) ETG The energy imported from the grid.  

Energy exported (kWh) by the 
“y-th” connection point 

EFGCPy,h 
The energy exported to the grid by the “y-th” connection point during 

the “h-th” hour. 
Energy withdrawn (kWh) by the 

“y-th” connection point 
ETGCPy,h 

The energy withdrawn from the grid by the “y-th” connection point 
during the “h-th” hour. 

In the case under analysis, the connection points were the REC’s users and the met-
rics were calculated according to the technical rules [39] provided by the GSE (“Gestore 
dei Servizi Energetici”—Energy Services Manager). Figure 3 presents an explanatory 
graph of the REC’s energy flows in which the parameters of interest presented in Table 2 
are reported. The graph also displays the constituents of the REC itself in terms of facilities 
and members in proximity to the quantities to which they contribute. 
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Figure 3. Energy flows, relevant parameters, facilities, and members of the community. 

Let CP b the number of connection points in the REC (i.e., the number of members). 
It is possible to define TCh, the total consumed energy for the h-th hour, as the sum of the 
energy withdrawn from the grid and the self-consumed energy over the same period:  

𝑇𝑇𝐶𝐶ℎ = ∑ 𝐸𝐸𝑇𝑇𝐺𝐺𝑦𝑦,ℎ + 𝑆𝑆𝐶𝐶𝑦𝑦,ℎ
𝐶𝐶𝐶𝐶
𝑦𝑦=1 , (1) 

The total energy consumed by a single user, TCy,h, can then be calculated by fixing 
the y-th index. The energy self-consumed by the y-th connection point (i.e., a user in the 
community) on the h-th hour can be expressed as the difference between the energy pro-
duced and the energy it injects into the grid.  

𝑆𝑆𝐶𝐶𝑦𝑦,ℎ = 𝑇𝑇𝑃𝑃𝑦𝑦,ℎ − 𝐸𝐸𝐸𝐸𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ (2) 

The total energy self-consumed by the community, over the h-th hour, can then be 
calculated as:  

𝑆𝑆𝐶𝐶ℎ = �𝑇𝑇𝑃𝑃𝑦𝑦,ℎ − 𝐸𝐸𝐸𝐸𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ

𝐶𝐶𝐶𝐶

𝑦𝑦=1

, (3) 

The energy exported to the grid by the community, relevant to our studies, during 
the hour h can be expressed as the sum of the energy exported by every y-th connection 
point:  

𝐸𝐸𝐸𝐸𝐺𝐺ℎ =  � 𝐸𝐸𝐸𝐸𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ

𝐶𝐶𝐶𝐶

𝑦𝑦=1
, (4) 

The energy withdrawn from the grid during the hour h is the sum of the energy with-
drawn from each connection point in the configuration: 

𝐸𝐸𝑇𝑇𝐺𝐺ℎ = � 𝐸𝐸𝑇𝑇𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ

𝐶𝐶𝐶𝐶

𝑦𝑦=1
, (5) 

Thus, the shared energy at the h-th hour is calculated as:  

𝑆𝑆𝐸𝐸𝐻𝐻ℎ = min(�𝐸𝐸𝐸𝐸𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ

𝐶𝐶𝐶𝐶

𝑦𝑦=1

;�𝐸𝐸𝑇𝑇𝐺𝐺𝐶𝐶𝑃𝑃𝑦𝑦,ℎ

𝐶𝐶𝐶𝐶

𝑦𝑦=1

), (6) 

The first argument of the min function in Equation (6) is the total energy injected into 
the grid by the REC, whilst the second term is the energy withdrawn from the grid. Hence, 
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for example, the shared energy for month “M” can be calculated by computing the shared 
energy of every single hour for every single day of the month as in (5):  

𝑆𝑆𝐸𝐸𝑀𝑀 = ∑ ∑ (𝑆𝑆𝐸𝐸𝐻𝐻ℎ)𝑑𝑑23
ℎ=0

𝐷𝐷𝑀𝑀
𝑑𝑑=0 , (7) 

where DM is the number of days in the M-th month. 
It is essential to understand that the designed metrics can be obtained for different 

time frames and, within this scope, have been computed mostly over a monthly interval. 
In the following, SEj will be used to indicate the shared energy for the general period, 
depending on the granularity of the conducted analysis. It is important to point out that 
in the above equations, the value for the shared energy (SEj) at the j-th period is computed 
by aggregating the values calculated with definition (6). 

In general, the locally produced energy is self-consumed by the city hall, and the 
production excess is fed into the grid. The community meets its electrical demand by with-
drawing electricity from the grid. This can either be produced locally or produced and fed 
into the grid by third parties. The law for determining the amount of shared energy is 
formulated in Equation (6). The total energy consumption of the community is calculated 
as the sum of the self-consumption and the withdrawals from the grid. The energy that is 
withdrawn from the grid can be referred to as either shared energy or non-shared energy, 
depending on the governing law. The energy injected into the grid that is not counted in 
the shared energy is effectively an excess of production and can be considered a loss of 
local value since it is not consumed locally. To maximize the local retention of value, i.e., 
the energy produced by the REC’s facility, it is necessary to maximize the shared energy. 
This goal, as is well known, can be achieved by synchronizing production and consump-
tion, but also by introducing storage systems that allow the consumption of locally pro-
duced green energy to be deferred. However, in the case under consideration during the 
financial planning and design phase and of the community, storage systems were not con-
sidered. Such systems would undoubtedly allow for a substantial increase in the commu-
nity’s energy performance, but not necessarily in the economic performance given the 
high investment costs. 

Table 3 briefly summarizes the KPIs that have been developed and employed to con-
duct the analysis of the REC. 

Table 3. Performance indicators used to analyze the REC performance. 

Performance Indicator Description 

SCP (%) 
Calculated as the ratio of self-consumed over the total energy 

produced over a set period 

STC (%) 
Calculated as the ratio of shared energy over total energy con-

sumption of the community over a set period. 

EFET (%) 
Calculated as the ratio between energy fed to the grid and en-

ergy withdrawn from the grid over a set period. 

SCSTC (%) 
Calculated as the ratio between the sum of self-consumed and 

shared energy over the total energy consumption of the commu-
nity over a set period.  

A more thorough description of the equations employed to compute the parameters 
used in the study is reported in the following:  
• SCP is defined as the total energy self-consumed over the total energy produced by 

the PV plant for the general j-th period in analysis. This metric is informative about 
the ability of instant physical self-consumption of the energy produced by the PV 
plant.  

𝑆𝑆𝐶𝐶𝑃𝑃 =
∑ 𝑆𝑆𝐶𝐶𝑗𝑗
𝑁𝑁
𝑗𝑗  

∑ 𝑇𝑇𝐶𝐶𝑗𝑗𝑁𝑁
𝑗𝑗

∙ 100, (8) 
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where N is the number of periods over which the parameter is computed, SCj (kWh) is the 
self-consumed energy over the j-th period, and TPj (kWh) is the total energy produced 
over the j-th period. 
• STC is defined as the shared energy over the total energy consumed by the commu-

nity. The parameter thus defined provides information about the ability of the com-
munity to meet its energy needs through locally produced energy. 

𝑆𝑆𝑇𝑇𝐶𝐶 =
∑ 𝑆𝑆𝐸𝐸𝑗𝑗
𝑁𝑁
𝑗𝑗  

∑ 𝑇𝑇𝐶𝐶𝑗𝑗𝑁𝑁
𝑗𝑗

∙ 100, (9) 

where SEj is the total energy shared over the j-th period and TCj is the total energy con-
sumed over the same period. 
• EFET is defined as the energy fed to the grid over the energy withdrawn from the 

grid. If greater than 100, the energy fed to the grid exceeds that withdrawn. This pa-
rameter provides a general idea of whether the PV plant for the community is bal-
anced.  

𝐸𝐸𝐸𝐸𝐸𝐸𝑇𝑇 =
∑ 𝐸𝐸𝐸𝐸𝐺𝐺𝑗𝑗
𝑁𝑁
𝑗𝑗  

∑ 𝐸𝐸𝑇𝑇𝐺𝐺𝑗𝑗𝑁𝑁
𝑗𝑗

∙ 100, (10) 

where EFGj (kWh) and ETGj (kWh) are, respectively, the energy fed and withdrawn to and 
from the grid over the j-th period.  
• SCSTC is defined as the ratio of the sum of the total self-consumed energy and the 

shared energy over the total energy needs.  

𝑆𝑆𝐶𝐶𝑆𝑆𝑇𝑇𝐶𝐶 =
∑ 𝑆𝑆𝐶𝐶𝑗𝑗+𝑆𝑆𝐸𝐸𝑗𝑗
𝑁𝑁
𝑗𝑗  

∑ 𝑇𝑇𝐶𝐶𝑗𝑗𝑁𝑁
𝑗𝑗

∙ 100, (11) 

SCSTC has been designed with the aim to evaluate the ability of the community to 
satisfy its energy demand with valorized and incentivized energy. Self-consumption can 
be considered an avoided expense whilst the shared energy is incentivized by the State. 
Hence, the KPI relates quantities that can provide economic benefits to the community in 
relation to its total consumption. On the other hand, if the interest is to evaluate the sus-
tainability of the REC, it is possible to achieve such a result by jointly considering the EFET 
and SCSTC KPIs to understand whether the community is taking advantage of the eco-
nomic incentives in relation to the energy locally produced. Ideally, the maximum incen-
tive for shared energy is received when the energy (on an hourly basis) supplied by the 
grid equals the energy injected. The EFET determines the maximum theoretical achievable 
percentage for the period. If EFET is equivalent to 100 for each month, the REC would 
(theoretically) be able to balance its grid withdrawals with its inputs while maximizing 
the perceived sharing incentive. The SCSTC parameter, on the other hand, considers both 
physically self-consumed energy and energy valid for the sharing incentive to relate them 
to the energy needs. Moreover, in this case, a value as high as possible is preferred as it 
means a greater saving for the community and, at the same time, the ability to maximize 
the shared energy. 

The following analysis was performed considering data aggregated over a year and 
over a month: These time frames have been preferred to others (weekly, hourly, and daily) 
for the impact capabilities of providing significant information to interpret the REC per-
formance. Hourly data have been used to compute the shared energy by the community 
as specified in the technical regulations provided by the GSE and to realize a load shifting 
simulation. which will be presented in the following sections of the manuscript. The re-
sults obtained from the performed analysis are presented in the following section.  

3. Results  
This section will present the results of the analysis conducted on annual and monthly 

bases. Energetic and economic statistics and related KPIs are then presented. 
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3.1. Magliano Alpi REC Performance Analysis 
The renewable energy community entered full operativity in March 2021 as the work 

needed to realize the PV plant and the metering infrastructure ended in late February. The 
period between March 2021 and February 2022 was analyzed. The next subsection pro-
vides a complete overview of the community performance over the year under consider-
ation. 

3.1.1. Annual Statistics 
In Table 4, we provide the actual figures relative to energy consumption and energy 

production registered by the measurement infrastructure installed for the REC. The pre-
viously introduced parameters are reported as well.  

Table 4. Energy statistics and key performance indexes calculated for the period from March 2021 
and February 2022. 

 Value 
Energy consumed (kWh) 49,288 
Energy produced (kWh) 27,137 
Energy exported (kWh) 17,495 

Self-consumed energy (kWh) 9642 
Energy shared (kWh) 7797 

SCP (%) 35 
STC (%) 15 

EFET (%) 44 
SCSTC (%) 35 

During the 12 months that have been considered, the energy consumed by the com-
munity is approximately 50 MWh. The photovoltaic system installed would be able to 
meet more than 50% of the total energy needs, but it is clear that it is also necessary to 
change the habits of members to achieve this result or introduce new members who con-
sume during times when the energy produced is not adequately exploited. The energy 
self-consumed by the community corresponds to 35% of the production, while the STC, 
i.e., the ratio between shared energy and consumed energy. is limited to 15%. This value 
shows margins for improvement as the energy exported to the grid is much more than the 
shared energy. This indicates that the withdrawals of energy set the majority of the lower 
boundary of formula (6). Other interesting information is provided by the EFET index. In 
fact, this value can be interpreted as a performance indicator of the burden of the energy 
community on the external network. If it were worth 100%, the energy fed into the net-
work would be equal to that withdrawn by the community. The SSTC parameter for the 
period considered is 35% and it represents, among the others, the community’s ability to 
reduce energy costs. In this case, 35% of total needs are met through self-consumed and 
shared energy, which, as previously reported, are an avoided expense and an incentive.  

Figure 4 shows the duration curves obtained by averaging the hourly production and 
load. As can be seen, the average power demand of the community over the period con-
sidered was always greater than approximately 2.8 kW, while 50% of the time it was 
greater than 5.5 kW. Only approximately 30% of the time did power demand exceed 6.5 
kW. The power produced by the photovoltaic system exceeded the load developed by the 
community 25% of the time. Thanks to the characteristic trend of the production curve, it 
is also possible to assert that the plant worked regularly as it recorded energy production 
for more than 50% of the time under consideration.  
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Figure 4. Duration curves for the period in consideration—computed on average yearly data. 

In Italy, energy that is fed into the grid can access a valorization mechanism called 
“Ritiro Dedicato” (RID). This consists of the sale to the GSE of the electricity fed into the 
grid by plants that can access it. The GSE pays a certain tariff for each kWh fed into the 
grid. The tariff that is paid amounts to the hourly zonal price, which is formed on markets. 
In this instance, it was decided to use the single national price (PUN—“Prezzo Unico Na-
zionale”), i.e., the average nationwide zonal price. 

Thanks to the available data and the realized calculations, it was possible to calculate 
the incentive paid to the shared energy and the amount paid for the valorization of the 
energy injected into the grid by the community. For the calculation of the latter, the his-
torical average prices paid by the GSE in the time slots of each month for energy fed into 
the grid have been obtained. Table 5 reports the economic values associated with the cor-
responding revenue stream. 

Table 5. Economic inflows derived from the RID and the incentive for the shared energy. 

 Value 
RID (€) 2326 

Sharing incentive (€) 927 

The sharing incentive has been calculated as the shared energy multiplied by 0.119 
€/kWh, which is the economic value per kWh shared paid by the GSE and incorporates 
the incentive for the energy shared (110 €/MWh) and the compensation for the energy grid 
tariffs (9 €/MWh).  

As highlighted above, the performance of the community in the use of energy fed 
into the network for the purpose of receiving the incentive is quite poor and has consid-
erable room for improvement. In this case, the weak performance is reflected in a partic-
ularly low perceived incentive. 

3.1.2. Monthly Statistics 
The following section provides statistics calculated on a monthly basis to understand 

and explore the energy community in a deeper level of detail. 
Figure 5 shows a bar graph in which the estimated production and the actual regis-

tered production are compared. The measured production exceeds expectations since the 
monthly average relative error (calculated as the mean of the absolute value of the meas-
ured monthly production minus the expected monthly production, over the measured 
monthly production) is 15.71%. The total kWh produced between March 2021 and Febru-
ary 2022 is 27,137 kWh. This monthly output was estimated during a preliminary study 
by using PVGIS with the PVGIS-ERA5 database. 
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. 

Figure 5. Forecasted and measured production in the period under analysis. 

As shown in Figure 5, the most productive month was June 2021, with 3205 kWh 
produced. In the same graph, it is possible to notice a decrease in production in corre-
spondence with the winter months, as also predicted in the simulation phase. Figure 6 
shows a graph that provides more details about the energy imported, exported, produced, 
and self-consumed within the community. It is noted that, in general, in the months of 
greater production, the community imports less energy from the net and exports a greater 
quantity, favoring therefore the sharing. During the month of November 2021, the lowest 
production (991 kWh) was recorded, and consequently, the minimum amount of energy 
was exported. It should also be noted that the instantaneous self-consumed energy is rel-
atively low compared to the production because in the configuration under analysis, the 
only user that is able to self-consume is the town hall. 

 
Figure 6. Monthly details about energy imported, exported, produced, and self-consumed, and total 
energy consumption. 

The energetic insights shown in Figure 6 are also reported in tabular format in Table 
6, whilst the economic quantities relative to the RID and shared incentive generated in-
comes are reported in Table 7. 
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Table 6. Energetic quantities for each month under consideration. 

Period 
Total Consumed 

(kWh) 
Imported 

(kWh) 
PV Production 

(kWh) 
Self-Consumed 

(kWh) 
Exported 

(kWh) 
Shared 
(kWh) 

31 March 2021 5255 4042 2674 1213 1461 716 
30 April 2021 4380 3419 2563 961 1601 586 
31 May 2021 3549 3055 2536 493 2042 1,073 
30 June 2021 3721 2676 3205 1044 2160 982 
31 July 2021 4086 2979 2985 1106 1878 857 

31 August 2021 3996 2980 3044 1016 2027 857 
30 September 2021 3585 2776 2371 809 1562 597 

31 October 2021 3718 3073 1763 645 1118 510 
30 November 2021 4346 3890 991 455 536 251 
31 December 2021 4300 3701 1322 599 723 378 

31 January 2022 4623 3969 1789 653 1136 555 
28 February 2022 3724 3080 1890 643 1247 430 

Table 7. Economic quantities for each month under consideration. 

Period RID (€) Shared Incentive (€) 
31 March 2021 87.02 85.20 
30 April 2021 109.38 69.81 
31 May 2021 145.81 127.76 
30 June 2021 183.25 116.87 
31 July 2021 193.94 102.01 

31 August 2021 217.45 102.00 
30 September 2021 247.19 71.12 

31 October 2021 250.55 60.77 
30 November 2021 129.67 29.87 
31 December 2021 225.07 45.04 

31 January 2022 272.29 66.06 
28 February 2022 264.88 51.27 

Figure 7 shows the trend of the previously defined parameters computed for each 
month. The EFET, SCSTC, and STC parameters show similar trends, albeit with com-
pletely different magnitudes. The great excursion of the EFET parameter is immediately 
noticeable, which is the ratio between energy exported and energy fed into the grid. In the 
month of June, which is also the month in which production was at its highest, this pa-
rameter reaches 80%, almost double the corresponding value calculated on an annual ba-
sis. 

The SCP parameter reaches its maximum in November, the same month in which the 
lowest production is recorded. It is worth noting that November’s SCP is the same as in 
March, although, in March, there is not a drop in production. This drop in productivity 
recorded in November is also the cause of the drastic drop in EFET and SCSTC parame-
ters.  

The duration curves realized for each month are proposed in Figure 8. In general, 
there is a certain regularity over the months, but it is worth noting that January and Feb-
ruary 2022 are the only months where there is no intersection between the load and the 
production line. This signifies a production that largely exceeds the energy required by 
the community. In this case, also considering the information about energy production 
previously provided, it can be concluded that this is not an issue related to the decrease 
in energy demand, but rather a decrease in energy production during the winter months. 
The phenomenon of the seasonality of production is well represented in this graph, as 
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during the winter months, the production plant develops power for approximately 40% 
of the time; this percentage increases during the summer months up to 60%. Furthermore, 
the generated energy is remarkably higher during summer, as can be seen from the dif-
ference between the production line in February and June.  

 
Figure 7. SCP, STC, EFET, and SCSTC parameters—monthly details. 

 
Figure 8. Monthly average duration curves for the period in consideration—computed on average 
data. 

Figure 9 shows a graph in which the bars represent the total revenue generated by 
RID during each month with the average PUN value for the same month. As can be seen, 
since October 2021, the PUN has undergone an exponential increase and, consequently, 
the RID increased in value month by month. 
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Figure 9. RID and PUN—monthly statistics. 

4. Discussion 
The main objective of the energy community is to provide environmental, economic, 

or social benefits at the community level to its shareholders or members, which is why it 
is necessary to analyze, in detail, how energy exchanges within the REC work and make 
sure that the benefits to users are maximized. An increase in REC performance can be 
achieved, in general, using three approaches. The first involves inclusion in the commu-
nity of users whose electricity demand peaks during times of maximum production of the 
photovoltaic system. As shown in the previous section, in the Magliano Alpi REC, there 
is a net surplus of production compared to the total energy demand of the users. The ad-
dition of further consumers allows for improving both the energy performance and the 
economic performance of the community since the amount of shared energy would be 
higher, though the trade-off between the increase in the number of users and the variation 
of the economic benefit per capita must be considered. In the case that an excessive num-
ber of consumer users is included, the economic benefit resulting from the participation 
in the community saturates and eventually decreases, risking reaching lower levels than 
the initial state. The maximization of the shared energy incentive is reached when the 
energy withdrawal from the grid exceeds the input in the instance of photovoltaic pro-
duction. The energy exported in this situation acts as an upper limit to the perception of 
the shared energy incentive. The introduction of users into the community body who con-
sume during the phases of maximum production must be evaluated after the analysis of 
their characteristic load curves. Another option to increase the local self-consumption per-
formance could involve the use of car batteries as potential storage (e.g., PV may be pro-
duced during the day and the extra production is stored to be released at nighttime), and 
the possibility of pushing for more electricity usage during the daytime (laundry machine, 
fridge, TV, etc.) by means additional devices and building automation systems able to re-
shape the load curve. A third option is the introduction of a centralized community stor-
age system to defer self-consumption and the sharing of locally produced energy from the 
community’s PV system. Such a solution can undoubtedly bring benefits with respect to 
all energy statistics; however, a higher investment for the implementation of such a sys-
tem must be considered and is therefore not necessarily economically viable. Further-
more, the current legislation at the time of writing is not clear on the possibility of 
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accessing the incentive for shared energy from energy storage plants, particularly regard-
ing energy withdrawn and then fed back for self-consumption. At this juncture, there are 
difficulties regarding the calculation of the energy that would be incentivized and not 
subject to grid charges; this indecision does not allow for certain planning of investment 
in a storage system that considers both the benefits of self-consumption and energy shar-
ing. Battery storage systems can be used to provide flexibilities services [40–42], which are 
remunerated in a competitive market, hence a more thorough analysis of such possibilities 
should be conducted when considering the introduction of BESS, whether it be a central-
ized community ESS or provided by batteries equipped in electric vehicles. However, the 
introduction of a storage system is not necessary if synchronization of electricity demand 
and production is technically feasible [43]; this is another reason why a careful study 
phase is necessary before the implementation of a REC [44]. 

These options can help to improve the performance of the renewable energy commu-
nity, but investments are required for the installation of the required equipment. The 
cheapest solution, i.e., to leverage the users’ consumption habits, is illustrated in the fol-
lowing. 

Load Shifting for Performance Improvement 
As previously stated, conceptually, to maximize the perception of the shared energy 

incentive, it is better to consume at times of maximum production. This objective can be 
achieved not only by introducing new users, but also by varying the habits of existing 
members and, therefore, shifting their demand at times of maximum production. For this 
purpose, a function has been realized to simulate the shift of the demand of the users at 
instants of greater production and will be analyzed in depth in this section. The amount 
of energy that does not count toward the energy sharing incentive in the initial state, i.e., 
before the load shifting, is 9697 kWh/year. This value represents the upper limit of the 
increment in shared energy. Ideally, considering the first option of adding consumers to 
the configuration, the energy requirements of those consumers could not exceed this value 
during production hours. Alternatively, leveraging the habits of the REC participants to 
maximize the incentive received requires increasing the consumption of 9697 kWh/year 
during peak PV production hours and, at the same time, reducing the consumption of the 
same quantity at times when the production facility is not generating power.  

The defined logic foresees the identification of the periods in which there is a high 
energy input in the network by the community plants and the instances in which the com-
munity load is maximum. The displacement of the community demand is operated in 
instances in which the energy input in the grid is maximum. The load that is shifted cor-
responds to the minimum between the energy exported to the grid and demand. With 
such considerations, the total energy demand of the community does not vary. The opti-
mization is conducted on an hourly basis: For each time interval, the difference between 
energy fed into the network and energy withdrawn from the network has been calculated. 
In the case that this difference is positive, then in that time frame, the community can 
increase its consumption, while in the case that this difference is negative, in that time 
frame, the community withdraws more energy than it is injecting into the grid. The algo-
rithm proceeds to the iterative reallocation of the energy deficit peaks in correspondence 
with the instances in which the input of the productive surplus in the grid is maximum. 

The simulation’s goal is to illustrate that by simply varying the periods of withdrawal 
from the network, economic and energetic performances can be improved. It has been 
decided not to vary the instantaneous auto-consumption. Thus, the energy injected into 
the grid will be the same as before during every period. Consequently, the parameters 
that depend solely on the total energy consumed, the total energy produced, and the en-
ergy that is fed to the grid do not vary. 

By applying this algorithm to the entire available dataset, the energy statistics and 
parameters were obtained and are shown in Table 8.  
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Table 8. Energy statistics and parameters after applying the load-shifting function. 

 Value 
Energy consumed (kWh) 49,288 
Energy produced (kWh) 27,137 

Energy fed to the grid (kWh) 17,495 
Self-consumed energy (kWh) 9642 

Energy shared (kWh) 17,000 
SCP (%) 35 
STC (%) 34 (+18.68%) 

EFET (%) 44 
SCSTC (%) 54 (+18.67%) 

The effects of load shifting can be appreciated on the amount of energy shared, which 
sees a 118% increase (+9203 kWh). By virtue of this increase, the STC and SCSTC parame-
ters improve by approximately 18%.  

In Figure 10, we propose a bar graph with a comparison of the energy shared before 
and after the load shifting.  

 
Figure 10. Shared energy comparison before and after the load shifting simulation. 

Because of this operation, the economic benefit for the community is enhanced. Other 
benefits are referrable to the power grid at the local level as the community can balance 
its energy withdrawals and inputs more efficiently. 

Thanks to the data on quarterly final energy prices available on the website of the 
Regulatory Authority for Energy Networks and Environment (ARERA) [45], it was pos-
sible to calculate the community’s energy expenditure for each quarter of the period under 
consideration (Table 9). The total expenditure for energy over the 12 months amounts to 
11,130 €. Thanks to the information previously presented in Table 8, it was possible to 
realize a synthetic comparison of the community’s economic performance (Table 10) be-
fore and after having performed the load shifting operation. In view of a 118% increase in 
the incentive received, the overall community’s economic performance increases by 
13.9%, a significant increase in the avoided cost . 
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Table 9. Revenue and expenditure. 

Period Energy Price (€/kWh) Withdrawals from Grid (kWh) Expenditure (€) 
Q1—2021 0.20 4042 810 
Q2—2021 0.21 9151 1906 
Q3—2021 0.23 8736 1999 
Q4—2021 0.30 10,665 3167 
Q1—2022 0.46 7050 3245 

Table 10. Energy expenditure for the community. 

 Before LS After LS 
Total energy expenditure (€) 11,130 11,130 

RID income (€) 2326 2326 
Sharing incentive income (€) 927 2023 

Balance (€) −7875 −6780 

5. Conclusions 
This paper performs a detailed analysis of the first year of operation of the energy 

community implemented in Italy in the municipality of Magliano Alpi (CN) and provides 
an overview of the economic and energy performance of the REC based on the definition 
of innovative KPIs proposed by the authors and designed for energy communities built 
according to the Italian model. In light of the results presented and taking into account 
the latest developments and state of the art in the technological and regulatory fields, the 
paths to be followed to improve the energy and economic efficiency of the REC are iden-
tified. The results presented can provide useful support indications in the decision-mak-
ing process aimed at increasing the future benefits associated with the operation and man-
agement of the energy community. 

The KPIs implemented in the paper were used to assess the performance of the en-
ergy community in the management of the energy locally produced and evaluate the eco-
nomic impact of self-consumed and shared energy among REC users. Specifically, the en-
ergy produced by the PV system of the Magliano Alpi CER allows us to meet 35% of the 
energy demand, of which 19% can be referred to as self-consumed energy in the municipal 
house and 15.82% to energy shared with other energy community users. The possibility 
of introducing energy storage systems was also considered in the study. Such systems 
were not envisaged during the design phase of the REC due to ongoing regulatory uncer-
tainties and high installation costs. Additional storage systems may provide relevant ben-
efits to the energy performance of the REC, but not necessarily economic performance.  

The analysis of the consumption and production curves shows that the average 
power produced is 25% higher than the power demand of the community. This suggests 
that it is possible to increase the number of members in the community without particu-
larly affecting the pro-capita economic benefit if proper analysis is performed. Demand 
flexibility should also be considered, and community users could shift their load con-
sumption to the peak hours of PV generation. Assuming the demand management ap-
proach proposed by the authors would result in a significant improvement in the perfor-
mance of the energy community, which would be able to meet up to approximately 54% 
of its annual energy consumption with renewable energy. 
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