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The issue of energy independence and sustainability are two major challenges in energy decision-making models.
Prosumer development and sustainable community models are identified as drivers to achieve the ecological
transition. This work proposes an economic analysis based on Net Present Value (NPV) also supported by the
assessment of alternative scenarios (sensitivity, scenario and risk analysis). This study concerns a photovoltaic
(PV) plant located in a mature market (Italy) under a collective self-consumption (CSC) scheme.

The first aim is to assess the profitability of a PV plant by considering different political (tax deduction,
subsidies) and market (purchase price, selling price) contexts. The results show significant economic returns with
very modest levels of risk. The NPV varies in the range 2136-8084 €/kW in the baseline policy scenario and
1919-7868 €/kW in the alternative policy scenario, and thus the variations in NPV are more significant in the
market scenarios than in the policy scenarios.

The second aim seeks to propose how benefits among renewable self-consumers can be divided, and three
scenarios are proposed for a CSC scheme: i) revenues split equally; ii) revenues shared entirely according to
energy consumption profile and iii) revenues shared according to a partial energy consumption profile. The share
of self-consumption plays a key role, but soaring energy costs also push prosumers to make a choice for the future
and make their contribution to the development of a sustainable community.

1. Introduction and society [3]. Some authors believe that through reducing material

flows and utilizing renewable energy sources, CE helps an economy

The European Environment Agency has well identified the differ-
ence/contact points between the concepts of green economy (GE) and
circular economy (CE) [1]. CE is seen as a part of the green economy
focused on waste management, waste prevention, and resource effi-
ciency. GE extends these aspects to human well-being and ecosystem
resilience. The core element of CE is to bring back into production any
end-of-life (EoL) products that up until now were destined for landfills
[2]. Another important aspect of the CE concept is that it has two parts:
"circular", which emphasizes the technical cycle of materials and
"economy", which offers new opportunities and trends for the economy
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transition from linear to circular thinking [4,5]. Within this framework,
the development of renewables is helpful in decarbonizing the energy
system [6], but the EoL of these products must also be designed [7].
The REPowerEU plan aims to reduce dependence on Russian fossil
fuels and accelerate the green transition (economy). It concerns energy
efficiency, diversification of energy supply and faster deployment of
renewable energy to replace fossil fuels in homes and industry. It pro-
poses to increase the 2030 headline target for renewables from 40% to
45% as part of the "Fit for 55 package". The goal is to reduce net
greenhouse gas emissions by at least 55% by 2030 from 1990 levels, and
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energy production and use are responsible for 75% of EU emissions. This
push for renewables does not conflict with the classification of gas and
nuclear as transitional activities contributing to climate change miti-
gation since renewables are clearly not currently able to meet energy
demand. The development of renewables promotes ecological transition
[8-10] and diagnosis of PV systems is verified with machine learning
and deep leaning methods [11]. Regulation and energy community are
thought to be the most significant categories in this ecological trans-
formation [12].

To support the energy transition, new concepts are included in the
2019 European Clean Energy Package, such as individual self-
consumption, collective self-consumption (CSC), renewable energy
communities (RECs) and citizen energy communities (CECs) [13]. Col-
lective self-consumption schemes have the key property of constituting a
distinct activity without expressly focusing on the organizational
format. Energy communities, on the other hand, place a lot more
emphasis on organizational and market issues [14]. The term CSC refers
to "jointly acting renewables self-consumers (RSC)" which are defined as
having at least two RSCs "who are located in the same building or
multi-apartment block". On the other side, energy communities group a
variety of actors who are capable of self-producing energy through PV
systems nearby, though not always put on the same building [14].

The topic of energy communities is gaining an increasing role in the
literature. There has been a shift in particular away from a concept of
community understood as a process that emphasizes participatory as-
pects and toward a concept of community that primarily refers to a
place. Furthermore, there is a growing emphasis on economic objectives
rather than social or political goals in communities [15]. However,
while financial incentives are the main elements in encouraging
participation, they are also not the decisive objectives. Indeed, a mix of
social, economic, technical and environmental motivations are triggered
[16]. However, savings are shown on the overall community bill
compared to the scenario in which members are not organized as a
community [17]. Community planning and capacity, environmental
protection, grid access and payment-based are the four main categories
of governmental measures created to assist community energy [18].

The main energy change is the transformation from central to
decentralized systems. The role of energy storage systems is critical to
the development of decentralized models [19,20]. The energy transition
and decentralized energy system has focused attention on two concepts:
i) "energy democracy" and ii) "energy citizenship." The latter tends to
focus on individuals as agents of change, while the former on institu-
tionalizing new forms of participatory governance in which collectives
are the agents of change [21]. In this scenario, the role of the prosumer
becomes strategic [22,23]. When prosumers can sell energy, as opposed
to when they can only try to maximize their own consumption,
communal autarky is slightly higher [24]. Three types of prosumers,
defined as active market participants, are identified: i) single prosumer;
ii) aggregated multiple prosumers; and iii) energy community with
possibility of peer-to-peer trading [25]. The development of prosumers
can be severely constrained by regulation [26]. Different policy pro-
grams and funding policies highlight how the development of sustain-
able communities is closely related to the choices of policy makers. In
some scenarios, households do not invest in solar because they consider
political risks more critical than market risks [27]. Some works point out
that no additional tools are needed for residential prosumers [28], while
others point out that they are important for the implementation of
photovoltaic (PV) systems [29]. The benefits of these systems increase at
high electricity prices [30]. This perspective is complemented by social
analyses according to which the main enabling factor for being a pro-
sumer is monetary [31], while in others it is pointed out that awareness
and personal and social norms have equal weight [32]. In addition, PV
systems stimulate green electrical and thermal energy [33]. Subsidies
for energy produced and self-consumed could be useful in this
perspective [31], and in mature markets the use of the subsidized tax
deduction is considered [34,35]. Economic analyses are critical in
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providing judgment to stakeholders, and Net Present Value (NPV) is
critical in assessing global ecosystem services [36]. Similarly,
break-even point (BEP) analyses allow monitoring the key role to the
share of self-consumed energy [37], which affects the profitability of a
PV plant.

A record-breaking 175 GW of newly installed PV capacity was added
in 2021, bringing the total historical value to 942 GW. With 54.9 GW,
China dominated the world in newly installed PV capacity in 2021,
followed by the United States (26.9 GW) and the European Union (26.8
GW) [38]. In Europe, Germany is the leading country (5th globally),
followed by Italy placed 7th globally analysing the cumulative value.
Italy is a mature market favored by attractive solar conditions in which
installed capacity in recent stalls. The literature pays attention to this
country as a case study [39,40].

The comparison of residents’ motivations to participate in RECs is
not the same in different innovation segments. In fact, attitudes toward
behavior and altruism characterize the willingness of "early adopters,"
the perceived behavior control the willingness of "mid-term adopters,"
and the subjective norms and community identity the willingness of
"later adopters" [41]. CSC is an approach for better energy management
in which human activity is the focus of electricity consumption [42].

The literature has shown that economic models for evaluating CSCs
tend to be deficient, and this aspect is critical [37]. Indeed, if the prof-
itability of PV systems is tested, the goal is to assess how the profits will
be distributed. In this context, an approach based on the concept of
sustainable communities that sees citizens involved in the green tran-
sition is also essential [37,43,44]. This study continues in this research
direction and proposes an economic analysis related to a sustainable
community, and specifically an analysis related to the SCC scenario in
Italy. This work is conducted with NPV and BEP, and the baseline
analysis will be complemented by a sensitivity, scenario and risk anal-
ysis in which the main critical variables of a PV system will be varied
(investment costs, energy selling price, avoided cost in the bill, insola-
tion levels, value of the tax deduction, CSC incentive). The analysis will
evaluate different policy scenarios and then considerations will be
proposed that can be extended to other geographic contexts. In addition,
it will be highlighted that sustainable communities can support the
development of both GE and CE concepts.

2. Materials and methods
2.1. Italian framework

In accordance with Article 42-bis, Paragraph 9 of Decree-Law No.
162/2019 (referred to as Milleproroghe), transformed by Law No. 8/
2020, the Ministerial Decree of September 16, 2020, specifies the sub-
sidy for the compensation of renewable plants included in the experi-
mental configurations of CSC and RECs. This Decree puts the RED II into
practice. Self-consumed energy is priced at 100 € per MWh for CSCs and
110 € per MWh for RECs. The 20-year-long incentive can be paired with
the Revival Decree’s 110% tax reduction. The restriction applies to
plants with an output of little more than 200 kW.

The Revival Decree also stipulates that the deduction is divided over
5 years, instead of 10 years, and the energy produced and not self-
consumed is sold to the state at a zero price. Subsequent modifications
also led to analyzing values other than the null value. This measure
covers a maximum size of 20 KW. Prior to this decree, a 50% tax
deduction was used compared to the basic one set at 36%. Decree FER1,
also known as D.M. July 04, 2019, is another instrument in use in Italy
that offers subsidies for electricity generated and fed into the grid. The
value of the subsidies varies depending on the size of the plant, with 105
€/MWh paid for installations between 20 and 100 kW for a 20-year term.
It provides also a bonus of 10 €/MWh for energy produced and self-
consumed, if it exceeds 40%.
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2.2. The identification of scenarios

This work provides a mix of scenarios in order to provide economic
assessments and policy implications. The literature on energy gives
attention to this aspect [45,46]. With regard to the PV system, three
distinct scenarios are considered:

e Scenario “Tax D 50% + S(CSC) 100 €/MWh”, in which there is 50%
subsidized tax deduction with subsidy associated to CSC equal to 100
€/MWh.

e Scenario “Tax D 50% + S(CSC) 100 €/MWh for 5y”, in which there is
50% subsidized tax deduction with subsidy associated to CSC equal
to 100 €/MWh with a repeated reduction of 20 €/MWh after 5 years.

e Scenario “Tax D 36% + S(CSC) 100 €/MWh”, in which there is 36%
tax deduction with subsidy associated to CSC equal to 100 €/MWh.

The first scenario is the baseline scenario in effect at present, if the
Revival Decree that will expire at the end of 2022 is not used. Two
alternative scenarios are then proposed, in which either the value of the
tax deduction or the value of the subsidy is affected. Both are not pro-
vided for in the current rules, but they may be feasible scenarios and
thus to be evaluated for future choices. Then present and future sce-
narios are considered based on policy directions that could be imple-
mented by intervening on specific components of policy instruments in
order to measure how prosumer profitability changes.

Once the gain obtained from a PV system has been defined, it is
necessary to define how it is divided among the RSCs and any third
parties. Two business models can be configured in a CSC scheme. The
first concerns that the energy produced by a PV system can be owned by
a third party (independent of prosumers), who sells the energy produced
on-site to self-consumers and the remainder to the grid. Self-
consumption economic gains are divided up between partners in
accordance with contracts. The second regards that the prosumer owns
all the energy produced by the plant, and several ways can be adopted
for sharing the economic benefits among the participants. Important in
this model is the presence of a third party called upon to manage both
the operation of the plant and its cash flows. Where it is not necessary to
use this figure, because carried out by one of the RSCs or in turn,
obviously part of the profit should not be allocated to a possible external
party or the condominium administrator.

This work considers that all RSCs contribute equally to the initial
investment and we do not consider the assumption that the energy is
sold to the grid, since the goal of a CSC should be to foster the devel-
opment of decentralized systems and sustainable communities. We then
consider a scenario in which a portion of the energy produced is self-
consumed collectively, while the remainder is sold to the grid. Three
possible scenarios are identified according to literature [37]:

e Scenario “revenues split equally”, in which benefits are divided
equally among RSCs independently of their energy consumption

N

DCI=Y " (@urre X Bous X pf + (1 = @ueirc) X Eous X P} + e X Eoug x Sk,

t=1

profile.
e Scenario “revenues shared entirely according to energy consumption
profile”, in which benefits are divided among RSCs according to their
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energy consumption. This scenario thus tends to reward users who
make greater use of energy self-consumption.

Scenario “revenues shared according to a partial energy consump-
tion profile”, in which benefits consider only a part of the self-
consumed energy. In fact, an intermediate mechanism between the
two highlighted above is triggered by means of an exchange price.
This price stipulates that those who self-consume more than the
average will pay that price to another RSC and it should be lower
than what they pay to the grid. On the other hand, as for those who
self-consume less, they will have to buy energy from another RSC and
pay them an exchange price, which obviously should be lower than
what they pay to the grid. A "win-win" situation can be created in
such an equilibrium context.

Regarding the last scenario, trading algorithms could also be pro-
posed to define the wholesale market of energy communities [47]. The
presence of a battery requires considering multi-level models that can
consider the different agents present but also the related systems [42].

2.3. Economic model

The discounted cash flow (DCF) methodology evaluates a project’s
viability purely on its cash inflows and outflows, which are calculated
incrementally and combined using a discount rate [48]. The BEP de-
termines the value of the important variable at which profitability oc-
curs, and NPV is a frequently used indication of the profitability of PV
systems [35,49].

The economic model used in this work consists of two parts. The
profitability of a PV plant is as proposed in a mathematical model pro-
posed in the literature [37], while a new model is developed to also
calculate the distribution of benefits among RSCs. Relative to the prof-
itability of a PV plant, the following revenue items must be considered:

tax deductions, taken into account in their subsidized forms;

e subsidies associated with collective self-consumption;

avoided energy costs, shown by the electricity purchase price (i.e., a
negative cost, read as income);

sale of energy that was not used for self-consumption.

Operating costs were typically low among the things that accounted
for cash outflows, while investment costs were the main item. It was
thought that the inverter would need to be replaced after ten years. The
model used in this work is presented below and can be replicable in
other contexts. Equations (1)—(7) are used to evaluate the profitability of
a PV plant.

N
NPV =) *(CI-CO) /(1 +r)' =DCI — DCO €))
t=0
Nraxp
)/ (@41 + ) ((Cinv / Nrwxp) x TaxD,) / (1 +1)' &)
t=1
EOuLl =t X Kf X Ny X Npos X Acell xS (3)
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Eouter1 = Eoute (1 - dEf) ()] E
Ej=—2 (18)
B B . Nksc
P =P X (1 + mfel) (5)
Epscj = Ep; x min [aselfj; wselfﬂ 19)
Naebi —1 N
DCO = Z (Cinv /Ndebl + (Cinv - C]cs,l) X rd) / (1 + r)l + Z(PCm X Cinv X (1 JrlIlf) +PCass X Cinv X (1 Jrll’lf) +SPe],l X PC(ax) / (1 + I‘)[
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+(Pe x Ciny) / (1 + )"+ Cpe (6)
Epnscj = Epj X min[@gerrj; 1 — serr] (20)
Cinv = Cinv,unit X (14 Vat) x Py x 7, @
Sscj =Epscj X p° 21
in which CI = cash inflow, CO = cash outflow, DCI = discounted cash
inflow, DCO = discounted cash outlow, t = period time, Cjs = loan Snetj = Epnscj X P° (22)
capital share cost, Ci,y = investment cost, and Eg,¢ = energy produced
by the PV system. Sexj = (Epj — Epscj — EPNSCj) x p™ (23)
The equations 8-27 are used to evaluate the distribution of profits
among RSCs. The model is distinct according to the RSC scenario. We OB; = Sscj + Sneij + Sex; @4
consider for scenario “revenues split equally”:
Ngsc
NPV = B
NPVRSCi e — Wlth_] = 1 .. ~NRSC (8) OB[O[ Z OBJ (25)
" Ngsc =1
in which NPVgscj = NPV associated with j RSC; Nrsc = number of RSC. PDoy; = OB (26)
We consider for scenario “revenues shared entirely according to energy ' OBy
consumption profile”:
NPVgscj = NPV x PDoy; with j = 1. Ngsc @27

Eout

" = Npsc (€)]
Escj =E,j X O (10)
Enscj =Eyj — Esq (1Da
Spinj = Escj x p° (11)b
Searj =Enscj X p° (12)
OB;j = Spij + Searj 13)

Ngsc
OBror= »  OB; 14
=
PDovj = OOTE:; (15)
NPVgsc; = NPV x PDoy; with j = 1....Ngsc 16)

in which E, = energy produced by each RSC; Egc = energy self-
consumed by each RSC; Ensc = energy not self-consumed by each
RSC; Spinp = savings bill of each RSC; Seor = earnings from sale of each
RSC; OB; = overall benefits of each RSC; OB, = overall benefits; PDoy
= percentage benefits of each RSC NPVgscj = NPV associated with j RSC;
Ngrsc = number of RSC. We consider for scenario “revenues shared ac-
cording to a partial energy consumption profile”:

Nrsc

Z Wgelfj
=1

a7
Nrsc

Wgeifj =
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in which @,;; = average self-consumption value; Ej, = energy produced
by each RSC; Epgc = partial energy self-consumed by each RSC; Epnsc =
partial energy not self-consumed by each RSC; Ssc = savings from self-
consumed energy by each RSC; Sy = sale of energy produced and not
self-consumed to the grid of each RSC; Sgx = economic savings associ-
ated with the exchange between RSCs; p*™* = price exchange; OB;
overall benefits of each RSC; OB, = overall benefits; PDoy = percentage
benefits of each RSC; NPVgrscj = NPV associated with j RSC; Nrsc =
number of RSC.

2.4. Input data

From the political-economic scenarios proposed in section 2.2, the
next goal is to populate the equations given in section 2.3. The plant size
considered in this work is 20 kW that might be suitable to meet the needs
of a multi-apartment block consisting of four households. The space it
would occupy is that of the roof of such a dwelling and if necessary other
spaces used for car parking. Thus, no additional land occupation is
made. Each household will represent one RSC and thus the total number
of RSCs considered in this work is four. The plant is located in central
Italy with an intermediate level of insolation. The energy production
level is 38,996 kWh in the first year and decreases to 33,477 kWh in the
20th year. Third parties cover the investment. Within the DCF model,
there is a plant time horizon set at 20 years [50] and an opportunity cost
of capital of 5% [35].

Section 1 showed that the percentage of self-consumption plays a key
role in assessing the profitability of a PV system, and therefore scenarios
ranging from 0% to 100% are considered. Scenarios with low percent-
ages, particularly 0%, tend to be unrealistic in a residential context.
However, it is calculated since it is mathematically useful. In addition, it
is worth pointing out that energy changes are leading to large variations
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Table 1
Economic inputs [35,37,50-54].
Acronym  Variable Value
Acell Active surface 7 m%/kWp
Cae Administrative/electrical 1000 €
connection cost
Cinv, unit Unitary investment cost 2000 €/kW
dE¢ Decreased system efficiency 0.8%
inf Rate of inflation 3%
infy Rate of energy inflation 3%
ke Optimum tilt angle 1.13
N PV system lifetime 20 years
Ndebt Loan period 10 years
NtaxD Deduction period 10 years
Nbos Balance of system efficiency 85%
Nm Module efficiency 20%
p¢ Electricity purchase price 250-400 €/MWh
Pcass Percentage of assurance cost 1%
Pci Percentage of inverter cost 15%
Pcm Percentage of maintenance cost 2%
Pcrax Percentage of taxes cost 27.5%
p Exchange price 180-320 €/MWh
p’ Electricity selling price 120-240 €/MWh
r Opportunity cost of capital 5%
Tq Loan interest rate 3%
S Plant size 20 kw
Stee Unitary subsidy CSS 100 €/MWh
te Average annual insolation 1450 kWh/m? x y
TaxD, Unitary tax deduction 36-50%
Vat Value added tax 10%
Weelf ¢ Percentage of self-consumed energy 0-10-20-30-40-50-60-70-80-

90-100%

in electricity prices. It was thus decided to consider two distinct market
scenarios:

e Scenario “pc 250 €/MWh and ps 120 €/MWh*, in which avoided
energy costs are equal to 250 €/MWh and electricity selling price are
equal to 120 €/MWh.

e Scenario “pc 400 €/MWh and ps 240 €/MWh*, in which avoided
energy costs are equal to 400 €/MWh and electricity selling price are
equal to 240 €/MWh.

It should be noted that averages of data collected from consumers
and the energy service provider’s website were considered for the
choices of the values of these two variables. It was assumed that they are
related to each other, in a scenario where sustainable communities are
favored by energy purchase prices that are more advantageous than
sales prices. As for the exchange price, an average value between elec-
tricity purchase price and electricity selling price was considered. Thus,
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the two values chosen are 180 €/MWh e 320 €/MWh for the scenario “pc
250 €/MWh and ps 120 €/MWh” and “pc 400 €/MWh and ps 240
€/MWh*, respectively. The choice of prices attempts to capture a wide
price variability that has come with the energy shock that has affected
Europe following the conflict in Ukraine. There have been even higher
values than those examined in this paper, but the values considered
seem to be the most appropriate to describe reliable future scenarios. All
input data are reported in Table 1 and the assumed materials were
monocrystalline for PV plants.

3. Results

This section presents the profitability of a PV plant in the baseline
case (section 3.1) and alternative (section 3.2) scenarios. From these
values, some application examples on the distribution of benefits among
RSCs are then proposed (section 3.3). Finally, section 3.4 proposes the
role of energy communities towards green and circular principles.

3.1. Profitability analysis of PV plants — baseline scenarios

Starting from the economic model given in Equations (1)-(7) and the
input data provided in Table 1, it is possible to calculate how NPV varies
under multiple scenarios considering the percentage of self-
consumption as a critical variable. The number of case studies
analyzed is sixty-six related to the eleven possible values of self-
consumption, the two market scenarios, and the three policy sce-
narios. Fig. 1a-c shows the NPV values in the base model (specific values
are shown in Tables A1-A3).

The results show great variation confirming how the percentage of
self-consumption significantly influences the indicator. Profitability is
verified in all scenarios except for scenarios where all energy is sold to
the grid and purchase and selling prices are low.

The BEP analyses confirm this result. Thus they turn out to be 0% for
all "pc 400 €/MWh and ps 240 €/MWh" scenarios, while for "pc 250
€/MWh and ps 120 €/MWh" scenarios they have a value of 4-6%
(Table A4). There are reductions compared to the same 20 kW plant
analyzed in a previous work [37], since a higher selling price is
considered and this inevitably brings more convenience to sell the en-
ergy to the grid. However, this concept should not be read in such a way
that it does not favor self-consumption since in both market scenarios
analyzed the purchase price always turns out to be significantly larger
than the sale price. Thus, we are in a market condition in which the kWh
produced if self-consumed produces greater economic wealth. This
condition is essential to foster decentralized models and push plants to
be self-sufficient. We can also calculate the Levelized Cost of Electricity
(LCOE) of 94 €/MWh which is in line with the values of utility-scale

Scenario “Tax D 50% + S(CSC) 100 €MWh”

NPV (k€)

0% 10% 20% 30% 40%

—O—pc 250 €/MWh and ps 120 €MWh

50%

247

60% 70% 80% 90% 100%

=—O—pc 400 €/MWh and ps 240 € MWh

Fig. 1a. NPV (thousand €). Baseline scenario — scenario tax D 50% -+ S(CSC) 100 €/MWh.
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Scenario “Tax D 50% + S(CSC) 100 € MWh for Sy”

NPV (k€)

0% 10% 20% 30% 40%

=O=pc 250 €MWh and ps 120 €MWh

50%

60% 70% 80% 90% 100%

=—O=—pc 400 €/MWh and ps 240 € MWh

Fig. 1b. NPV (thousand €). Baseline scenario — scenario tax D 50% + S(CSC) 100 €/MWh for 5y.

Scenario “Tax D 36% + S(CSC) 100 €MWh”

NPV (k€)

40%

0% 10% 20% 30%

=O=pc 250 €MWh and ps 120 € MWh

50%

243

60% 70% 80% 90% 100%

=—O=pc 400 €/MWh and ps 240 € MWh

Fig. 1c. NPV (thousand €). Baseline scenario - scenario tax D 36% + S(CSC) 100 €/MWh.

plants [55]. Thus, it is confirmed that the competitiveness of PV systems
has significantly increased over time. LCOE is strongly influenced on
investment costs and therefore on this the Revival Decree policies have
evidently influenced a non-reduction of these costs.

The literature has highlighted the most likely self-consumption
values in residential settings: 30%, 40%, 50% [35,53,56,57] or 60%
[31]. The NPV value ranges from 2136 to 8084 €/kW in the "TaxD 50%
+ S(CSS) 100 €/MWh" scenario, which is much more significant than
892-2439 €/kW [37]. This result is also explained by soaring energy
costs. Owners of PV systems stand to gain more profit as they save a
much higher cost in their bills and if they sell the non-self-consumed
energy to the grid they could get a higher price. At this point it is
necessary to start comparing the different scenarios.

The first consideration concerns the comparison where the value of
the tax deduction is changed and a value of 36% is used resulting in a
reduction of the NPV of 216 €/kW. Because the deduction is linked to the
investment cost, the reduction in NPV does not vary under different
market scenarios or as the percentage of self-consumption changes. The
second consideration concerns the scenario in which the 50% tax
deduction is kept fixed, but a reduction in the subsidy is applied every 5
years. Since the subsidy is linked to the percentage of self-consumption,
there is a variation of 175 €/kW and 350 €/kW for 30% and 60% self-
consumption, respectively. Instead, they do not vary according to mar-
ket conditions since only the incentive variable is changed. Both of these
results were expected given the assumed policy structure, but they allow
the legislature to have future scenarios. In fact, the approach through
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which the value of public support for renewables tends to decline over
time is considered. However, there is a thought-provoking fact: as long
as the percentage of self-consumption is 30%, the "Tax D 36% + S(CSC)
100 €/MWh" scenario has a higher NPV than the "Tax D 50% + S(CSC)
100 €/MWh for 5y" scenario, while at 40% we have the opposite situ-
ation. Thus the subsidy that reduces by 20 €/MWh every 5 years on self-
consumed energy results in a greater reduction in profitability than the
tax deduction at 36% compared to 50% as the percentage of energy-self-
consumed increases.

Shifting the focus from policy scenarios to market scenarios, we can
point out that an energy scenario in which prices rise favors those who
have built a renewable plant or who will build one if such an increase
continues. However, this should be monitored in terms of social eco-
nomics, as it should not penalize the less affluent who cannot afford to
install a renewable system. This comparison clearly motivates why the
results of this work based on very recent data are different from those
found in the literature: the "pc 250 €/MWh and ps 120 €/MWh'" scenario
presents a reduction in NPV of 2753-3519 €/kW compared to the "pc
400 €/MWh and ps 240 €/MWh" scenario. Evidently as the percentage of
self-consumption increases, the change becomes more significant.

The final consideration concerning the evaluation of the baseline
scenario is that of the key variable. Indeed, we can measure how NPV
varies as the percentage of self-consumption changes. A 10% increase
results in a NPV that increases by 810 and 1065 €/kW in the two market
scenarios. The tax deduction has no influence on the changes associated
with the percentage of self-consumption, so there are different NPVs
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only in the policy scenario in which the subsidy associated with the CSC
is expected to be reduced over time. These increases are 751 and 1007
€/kW in the two market scenarios. Clearly, the incremental delta in-
creases at the cost saved in the bill.

The results that emerged from this work can be compared with the
20 kW size analyzed in literature in the basic scenarios: 2802 €/kW [58],
2123 €/kW [59] and 424 €/kW [60]. The need to also consider alter-
native scenarios is highlighted: 3022 €/kW [59] and 2284 €/kW [60].
Values that are more significant are also recorded up to 3000-5500
€/kW [61]. These scenarios show low values in the absence of subsidies
and with low self-consumption rates. In the presence of the Feed in Tariff
scheme, values as high as 3300 €/kW were also recorded [62] and recent
analyses propose values 98-1967 €/kW with a 110% tax deduction [35].
However, the subsidies provided for residential PV because of funds
provided with the pandemic recovery did not only affect Italy [63]. The
issue of self-consumption and policy intervention with the effects on
consumers are considered key [31,64]. Economic analyses on energy
communities are not yet much in the literature as highlighted in section
1. Other works point to profits that can be as high as 700-1400 k€ [65]
and 50-1174 k€ [66]. Italian residential users using a CSC can achieve
financial savings of up to 32% [44].

3.2. Profitability analysis of PV plants — alternative scenarios

The economic study of the baseline scenario in the previous sub-
section focused mainly on variations in the percentage of self-
consumption. Here, we go over the analysis based on changes to the
key variables. The objective of the alternative scenarios is to evaluate
how profitability changes as a function of their variation. It is intended
to emphasize that in sensitivity analysis there is change in only one
variable, in scenario analysis there is change in several variables, and in
risk analysis, there is change in several variables with the assignment of
a probability of occurrence. The value of the tax deduction and the value
of the CSC subsidy is already made to vary in the policy scenarios, the
same could be said for the market scenarios. However, these two vari-
ables tend to vary very easily over time, while typically policy directions
have stability over time. For this reason, both are considered. In both
cases an increase in them results in an optimistic scenario. Both a
pessimistic and an optimistic scenario are considered for all variables
(Table A5). Relative to the change in the purchase price a value of 100
€/MWh is considered, and for the selling price a value of 50 €/MWh. The
third variable involved in the analysis is investment costs, which are the
main cost component. A variation of 200 €/kW is considered whereas
this component increases, there is a pessimistic scenario. Finally, the
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fourth variable is technical in nature and is represented by the different
level of insolation that characterizes Italy. Values are therefore chosen
that also represent the northern and southern zones and the variation is
150 kWh/m? x y. Clearly, the higher insolation conditions result in an
optimistic scenario. The choice of variables and their variations is also
taken in accordance with the literature [37,67,68]. Additionally, the
analysis was limited to a share of self-consumption between 30 and 60%.
Fig. 2a-c shows the NPV values in the sensitivity analysis (specific values
are shown in Tables A6-A8).

The results confirm the profitability of the PV plant, which is found
to have a positive value in all scenarios considered in the sensitivity
analysis. The variations are very significant: 1202-9952 €/kW for "Tax D
50% + S(CSC) 100 €/MWh'" scenario, 1027-8884 €/kW for "Tax D 50%
+ S(CSC) 100 €/MWh for 5y" scenario and 954-9736 €/kW for "Tax D
36% + S(CSC) 100 €/MWHh" scenario. It is worth noting that these ex-
tremes are always associated with the change in purchase price
considering the scenario of self-consumption at 60% with purchase price
at 500 €/MWh in the optimistic version, while in the pessimistic version
self-consumption at 30% and purchase price at 150 €/MWh. The com-
parison with the variables cannot be done in a complete way since
different ranges of variation are considered, as we chose to consider the
real-life applicability that these values might have. The purchase price is
greater than the selling price so its variation has a greater effect that is
amplified as the percentage of self-consumption increases. The same is
manifested by the level of solar insolation, which results in a greater
amount of energy produced and thus greater opportunities for economic
gain. Investment costs have experienced a peculiar market phenomenon
during this period, but probably explainable by the Revival Decree. In
fact, in scenarios where the focus is on a higher tax deduction, provided
there is fiscal capacity, investment costs may not follow a reduction.

The results proposed so far are affected by the variation of only one
of these variables. In order to get a more complete view, a scenario
analysis was conducted in which all four variables are made to vary
simultaneously. Fig. 3 show the NPV values in the sensitivity analysis
(specific values are shown in Tables A9).

The scenario analysis highlights the possibility that the profitability
condition may not be verified. However, it is restricted to only two
scenarios, in which the percentage of self-consumption is at 30%, the
simultaneous change in the four critical variables is negative, the market
scenario is the reduced-value scenario (MS2 with pc 250 €/MWh and ps
120 €/MWh), but it occurs in only two of the three policy scenarios
analyzed. In fact, in the "Tax D 50% + S(CSC) 100 €/MWh" scenario, the
NPV is 114 €/kW. In contrast, the maximum NPV is 11,770 €/kW, and
yet in all six optimistic scenarios related to the higher-value market

Scenario “Tax D 50% + S(CSC) 100 € MWh”

200
180 °
160 e
140 °
g 120
g 100 8 8
; 80 8
60
40 ° . e
20
OPTIr PEStr OPTci
030%MS1 113 83 102
©60%MS1 183 140 166
030%MS2 52 34 47
060%MS2 105 77 9%

°
°
° °
o °
° 3
8 o o
® o .
°
s °
PESci OPTpc PESpc OPTps PESps
93 116 79 109 86
157 199 124 168 156
38 61 24 54 31
87 129 54 97 85

Fig. 2a. NPV (thousand €). Sensitivity Analysis - Scenario Tax D 50% + S(CSC) 100 €/MWh. The following acronyms are used: OPT = optimistic; PES = pessimistic;
tr = level of insolation; ci = investment cost; pc = purchase price; ps = selling price; MS1 = market scenario 1 (pc 400 €/MWh and ps 240 €/MWh); MS2 = market

scenario 2 (pc 250 €/MWh and ps 120 €/MWh).
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Scenario “Tax D 50% + S(CSC) 100 € MWh for Sy”
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Fig. 2b. NPV (thousand €). Sensitivity Analysis - Scenario Tax D 50% + S(CSC) 100 €/MWh for 5y. The following acronyms are used: OPT = optimistic; PES =
pessimistic; tr = level of insolation; ci = investment cost; pc = purchase price; ps = selling price; MS1 = market scenario 1 (pc 400 €/MWh and ps 240 €/MWh); MS2
= market scenario 2 (pc 250 €/MWh and ps 120 €/MWh).
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Fig. 2c. NPV (thousand €). Sensitivity Analysis - Scenario Tax D 36% + S(CSC) 100 €/MWh. The following acronyms are used: OPT = optimistic; PES = pessimistic;
tr = level of insolation; ci = investment cost; pc = purchase price; ps = selling price; MS1 = market scenario 1 (pc 400 €/MWh and ps 240 €/MWh); MS2 = market
scenario 2 (pc 250 €/MWh and ps 120 €/MWh).
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Fig. 3. NPV (thousand €). Scenario Analysis. The following acronyms are used: OPT = optimistic; PES = pessimistic; MS1 = market scenario 1 (pc 400 €/MWh and ps
240 €/MWh); MS2 = market scenario 2 (pc 250 €/MWh and ps 120 €/MWh); P1=Scenario “Tax D 50% + S(CSC) 100 €/MWh”; P2=Scenario “Tax D 50% + S(CSC)
100 €/MWh for 5y”; P3=Scenario “Tax D 36% + S(CSC) 100 €/MWh”.
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Scenario “Tax D 36% + S(CSC) 100 € MWh” +
Scenario “pc 400 €/MWh and ps 240 € MWh”

Scenario “Tax D 36% + S(CSC) 100 €MWh” +
Scenario “pc 250 €/MWh and ps 120 €MWh”

Scenario “Tax D 50% + S(CSC) 100 €/ MWh for 5y” +
Scenario “pc 400 €/MWh and ps 240 €/MWh”

Scenario “Tax D 50% + S(CSC) 100 €/ MWh for 5y” +
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Scenario “pc 250 €/MWh and ps 120 €MWh”

Scenario “Tax D 50% + S(CSC) 100 €/MWh” +
Scenario “pc 400 €/MWh and ps 240 €/MWh”

Scenario “Tax D 50% + S(CSC) 100 €/MWh” +
Scenario “pc 250 €/ MWh and ps 120 €/MWh”

95%
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Fig. 4. Probability of having positive NPV. Risk Analysis.

scenario (MS1 with pc 400 €/MWh and ps 240 €/MWh) there is a value
above 10,000 €/kW. Thus, this analysis also confirmed how investment
in PV can have a large fluctuation in value. The decision maker could be
supported in her/his choice by the opportunity to have probabilistic
values.

A risk analysis is conducted for this purpose. The cumulative distri-
bution function connected to stochastic variables is utilized in the Monte
Carlo approach to assess the risk analysis of a project. The technique is
used on 1000 runs of NPV values under different economic circum-
stances. We have used the following Excel function: =NORM.INV(RAND
(mean, standard_dev) and for this analysis we have considered the same
critical variables proposed in the previous analysis. The mean is estab-
lished using the input data, whereas the standard deviation is computed
using the range (Table A10). Fig. 4 shows the probability of having a
positive NPV under the mix of political and market scenarios. A value at
50% was assumed as the percentage of self-consumption. Figures A1-A6
show the map for each scenario.

The results of this analysis confirm the judgment that had emerged in
previous analyses. Profitability is significantly high, and market sce-
narios leading to higher prices inevitably lead to higher profitability.
However, it is significant to show that at the 50% self-consumption rate
there is an investment that certainly shows a positive NPV. All three
scenarios have a probability equal to 100%. Instead, in the scenario
where prices are more moderate, however, values ranges between 98.0
and 98.5%.

Table 2
Distribution of benefits - scenario "revenues shared entirely according to energy
consumption profile".

RSC1 RSC2 RSC3 RSC4 Total
Energy produced 9749 9749 9749 9749 38,996
Energy self-consumed 6824.3 5849.4  3899.6 2924.7 19,498
Energy not self-consumed 2924.7  3899.6 5849.4 6824.3 19,498

Scenario “pc 250 €/MWh and ps 120 €¢/MWh”
Savings bill 1706 1462 975 731 4874
Earnings from sale 351 468 702 819 2340
Overall benefits 2057 1930 1677 1555 7214
Percentage distribution of 28.5% 26.8% 23.2% 21.6% 100%

benefits

Scenario “pc 400 €/MWh and ps 240 €/MWh”
Savings bill 2730 2340 1560 1170 7799
Earnings from sale 702 936 1404 1633 4680
Overall benefits 3432 3276 2964 2808 12,479
Percentage distribution of 27.5% 26.2% 23.7% 22.5% 100%

benefits

3.3. Profitability of renewables self-consumers in a collective self-
consumption scheme

The second part of the work is aimed at showing how the benefits
obtained from a PV system can be distributed. Clearly, not all the sce-
narios proposed earlier can be replicated, so some assumptions must be
made. The assumption is that the prosumer consists of four RSCs and
they are entitled to distribute among themselves all the benefits they are
going to get because of the installation of the PV system. It is assumed
that the value of the self-consumption percentage is always set at 50%
and that the four RSCs have different consumption profiles (Table A11):
rates of 70%, 60%, 40% and 30% are recorded for RSC1, RSC2, RSC3
and RSC4, respectively.

Starting from the results obtained in section 3.1 and considering
equations 8-27, we can calculate the benefit split among the different
RSCs. The "revenues split equally" scenario is simple since it involves all
RSCs having 25%. As for the other two scenarios, which are more
realistic than the previous one, some calculations need to be made. In
order to allow replicability we proceed to propose step by step the
procedure that leads us to obtain the distribution of benefits. Relative to
the "revenues shared entirely according to energy consumption profile"
scenario, we start from the total energy produced equal to 38,996 kWh
and are divided according to its wire. For example, RSC1 which has a

Table 3
Distribution of benefits - scenario "revenues shared entirely according to energy
consumption profile".

RSC1 RSC2 RSC3 RSC4 Total
Energy produced 9749 9749 9749 9749 38,996
Energy self-consumed 6824.3 5849.4  3899.6  2924.7 19,498
Energy not self-consumed 2924.7 3899.6 5849.4 6824.3 19,498
Partial energy self- 48745 48745 3899.6 29247 16,573.3
consumed
Partial energy not self- 2924.7 3899.6 4874.5 48745 16,573.3
consumed
Exchange energy 1949.8  974.9 974.9 1949.8  5849.4
Scenario “pc 250 €/MWh and ps 120 €/MWh”
Savings bill 1219 1219 975 731 4143
Earnings from sale 351 468 585 585 1989
Economics exchange 351 175 175 351 1053
Overall benefits 1921 1862 1735 1667 7185
Percentage distribution of 26.7% 25.9% 24.1% 23.2% 100%
benefits
Scenario “pc 400 €/MWh and ps 240 €/MWh”
Savings bill 1950 1950 1560 1170 6629
Earnings from sale 702 936 1170 1170 3978
Economics exchange 624 312 312 624 1872
Overall benefits 3276 3198 3042 2964 12,479
Percentage distribution of 26.3% 25.6% 24.4% 23.8% 100%

benefits
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Scenario "pc=250 €/MWh ps=120 €/ MWh pe=180 € MWh"
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Fig. 5a. NPV distribution among RSCs with 50% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh” — Scenario “pc = 250 €/MWh ps = 120 €/MWh pe =

180 €/MWh”.
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Fig. 5b. NPV distribution among RSCs with 50% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh” — Scenario “pc = 400 €/MWh ps = 240 €/MWh pe =

320 €/MWh”.
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Fig. 6a. NPV distribution among RSCs with 50% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh for 5y” — Scenario “pc = 250 €/MWh ps = 120

€/MWh pe = 180 €/MWh”.
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Fig. 6b. NPV distribution among RSCs with 50% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh for 5y” — Scenario “pc = 400 €/MWh ps = 240

€/MWh pe = 320 €/MWh”.
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Scenario "pc=250 €/MWh ps=120 €/ MWh pe=180 € MWh"
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Fig. 7a. NPV distribution among RSCs with 36% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh” — Scenario “pc = 250 €/MWh ps = 120 €/MWh pe =

180 €/MWh”.
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Fig. 7b. NPV distribution among RSCs with 36% self-consumption. Scenario “Tax D 50% + S(CSC) 100 €/MWh” — Scenario “pc = 400 €/MWh ps = 240 €/MWh pe =

320 €/MWh”.

self-consumption of 70%, proceeds to self-consume 6824.3 kWh, which
leads to a savings of 1706 € or 2730 € depending on whether the pur-
chase price is 250 €/MWh or 400 €/MWh respectively. Similarly, the
energy that is not self-consumed is sold to the grid and revenues of 351 €
or 702 € are recorded depending on whether the selling price is 120
€/MWh or 240 €/MWh respectively. By summing these two contribu-
tions, the specific benefit associated with the individual RSC can be
obtained, which can be related to the overall benefit. In the lower price
market scenario it is 28.5% while in the higher price market scenario it is
27.5%. Mirroring this, RSC4 which is characterized by 30% self-
consumption has a benefit distribution of 21.6% and 22.5% depending
on whether the market scenarios involve lower or higher prices,
respectively — Table 2.

We now proceed to consider the scenario "revenues shared according
to a partial energy consumption profile," in which we expect to have a
distribution of benefits that is intermediate between the two values
found compared to the other two scenarios. Again, we describe the
method with a practical calculation. The difference from the previous
scenario is that RSC1 while self-consuming 70% is only entitled to access
the purchase price up to 50%. Thus, the avoided bill savings amount to
1219 € and 1950 € in the two market scenarios, respectively. The
remaining 30%, on the other hand, is regularly sold to the grid from
which revenues of 351 € and 702 € arise. It happens that the remaining
20% of energy RSC1 pays a value quantified by the exchange price. In
the setup of our model, an approximately intermediate value between
the buy and sell value was identified in a win-win perspective with the
other RSCs. For example, RSC4 is entitled for the 30% that it self-
consumes to savings of 731 € and 1170 €, respectively; while the en-
ergy it sells is divided into two blocks. The maximum value that can
equal 50% allows for benefits from sale of 585 € and 1170 €, respec-
tively. The remaining 20% is sold to another RSC by exchange price.
Thus, the total value is composed not only of the avoided cost in partial
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bill and partial energy sale, but also considers the economic contribu-
tions related to the exchange. Thus, it can be found that the distribution
of benefits sees RSC1 and RSC4 with 26.7% and 23.2% in the low market
price scenario respectively; while they are 26.3% and 23.8% in the
higher market price scenario — Table 3.

At this point in the work, now that it is known how the percentage of
benefits are assigned among the RSCs and the NPV to be divided among
them, we can proceed to quantify NPV that is gained by each RSC.
Clearly, the assumption is made that the percentage of the self-
consumption assigned to each RSC is the average over the lifetime of
the plant. Figures 5a-5b-6a-6b-7a-7b show NPV distribution among
RSCs.

These results from an economic point of view do not deviate from
what was presented in section 3.1, but they do allow us to show how
differences between individual RSCs clearly tend to be implicated in
market conditions where prices are high. However, it is also worth
noting that the variations are not so significant among individual RSCs.
This result from a mathematical point of view is motivated by the dif-
ference that exists among purchase price, selling price and exchange
price. Such values might prompt the observation that the economic
component is not so significant for a 20 kW plant, a reason that might
reduce potential discussions among RSCs about economic allocation.
However, this is an impression; to assert such an analysis, a social
analysis should be conducted on the topic. In conclusion, this work
compared to the previous research project differs for several reasons.
From a methodological point of view, a detailed model for the distri-
bution of benefits is proposed, and from a managerial point of view, new
scenarios considering changes in market prices are analyzed. In addi-
tion, different policies are evaluated through a profitability analysis for
RSCs.
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3.4. The contribution of energy communities towards green and circular
principles

Energy recovery from waste in CE models is critical to close material
and energy cycles [5,69]. The transition to a low carbon economy is
mostly driven by increased PV panel capacity. EoL. management for PV
panels can increase resource usage and recovery effectiveness [70],
providing a support to the development of CE models [71]. In addition,
incorrect EoL of PV modules can reduce the net environmental benefit
associated with solar energy [72].

The combination of CE models and renewables supports the miti-
gation of carbon emissions [73]. However, the salient aspect that
emerges and is overlooked in the literature is the role that sustainable
communities can play within CE approaches [74]. Combining energy
and waste management analysis allows a deeper understanding of
household systems and can more effectively address national resource
efficiency, fuel poverty, and environmental challenges [75]. In fact, the
application of the CE concept needs the involvement of the local com-
munity [76] with a close cooperation of various actors [77] through
stakeholders’ engagement [78] based on a circular management [79].
This aspect aims to include the human dimension that tends to be
lacking in CE research [80], and other authors confirm the social gap in
circular models [81]. Thus, communities foster a sharing of both ma-
terials and energy sources [82]. This change, supported by the devel-
opment of renewable energy, can have a major impact on household
behavior and foster sharing economy models [83]. In this way,
decision-making processes turn out to be as accountable as they are
transparent [84].

The existence or non-existence of a green-circular premium links
directly to the concepts of GE and CE, with values that might even
coincide [31]. Energy communities can be realized when the links be-
tween means-objectives and end-objectives are clear [74]. Within the PV
sector, the goal is maximization of harvested energy and minimization of
costs [19]. With this in mind, the use of storage can be decisive in
achieving a decentralized model, but attention should be paid to envi-
ronmental concerns [85]. This work from a waste management
perspective has the limitation of not considering the EoL impact of PV
modules and from an economic as well as environmental perspective,
the impact of storage in sustainable communities.

However, this work can provide insights from an operational as well
as a conceptual perspective. In fact, the operational aspect that char-
acterizes a sustainable energy community is to foster a decentralized
model where energy is produced at a site to meet consumer needs. Thus,
the mean-objective of an environmental benefit translates into the end-
objective of economic opportunity. In addition, the maximization of
energy produced and self-consumed prompts the development of the
concept of resource efficiency, proper to the principles of CE. In fact, this
reduces the steps in which unconsumed energy is sold to the grid.
However, an opposite energy flow from the grid to the residential user
occurs when there is a demand for energy that cannot be met by the
absence of solar generation. This shift is made possible by more
responsible approaches in energy uses by citizens.

This transition related to residential users is connected to a new
business model, where prosumers are the key players in the change.
However within a sustainable community, there is the cooperation of
multiple prosumers who can foster the sharing economy. This aspect is
evidently combined with a human sphere, which is determined in three
stages: i) an initial one in which an energy community is chosen; ii) an
intermediate one in which we outline how the revenues will be shared;
and iii) a final one in which we frame the practical actions that can
maximize these benefits.

Thus from a conceptual point of view, PV-based energy communities
are new social forms of aggregation that can achieve GE principles. As
far as those of CE are concerned, they are only partially met unless
business models that include the EoL of these materials are also
included. Those countries that are lacking in raw materials to realize
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green technologies could gain a competitive advantage. In fact, the
presence of recycling processes would make it possible to close the
conceptual cycle of a sustainable community and make raw materials
available for integrations of more sustainable communities. In this way,
sustainable communities use green and circular resources, reducing
geopolitical risks because the challenge of global competitiveness must
be met by valuing local resources.

4. Conclusions and policy implications

The energy shock that is enveloping Europe stems from an incorrect
choice of the past in which excessive energy dependence on foreign
sources was used, and geopolitical risks, too often overlooked in
decision-making processes, are causing high bills for multiple businesses
and citizens. Europe has an ambitious program for the development of
renewable energy, which in time replacing fossil sources in fact will
cause an economic shock in the interests of some investors. There have
already been multiple instances of grid parity circumstances. The sub-
sidies given in recent years were intended to increase competitiveness
and in particular, the growth of PV systems globally has been very sig-
nificant. Thus, the goal has been partially achieved, but more is needed.
In fact, the production of energy sources must be able to meet energy
demand. Along with energy efficiency actions, transitional forms of less
polluting fossil sources should be used to maintain a balance.

In a market scenario in which the holders of fossil fuels are aware
that they have a product whose demand will decrease in the future and
may instead have a position of commercial dominance today, they feel
free to raise prices in order to derive revenue that will no longer be
available in the future. Considering, moreover the effect of discounting
money, profits are even more maximized if they materialize in a present
time. In this context, the issue of energy communities, which represent a
social energy revolution, is emerging. A country’s energy strength is to
increase domestic production by exploiting its own resources. This
approach allows one to be sheltered from geopolitical risks and specu-
lative phenomena. Italy has very favorable levels of insolation and has
an incentive tool that can encourage both collective self-consumption
and energy communities.

The results of our work focusing on collective self-consumption show
significant economic benefits, which clearly increase as virtuous be-
haviors geared toward maximizing the percentage of self-consumption
increase. However, sustainable communities are a more complex chal-
lenge than a single residential PV system because shared resources need
to be managed. They can pursue the principles of both GE and CE.
Participatory models if applied make it easy for energy communities to
develop, while greater difficulties can be seen in communities that are
not well amalgamated. On this aspect, it was observed how the role of
local governments and the low sense of trust they give to their citizens
can also weigh. Thus, the first result of this work is that collective self-
consumption models with the current incentive decree that provides a
50% tax deduction and a subsidy of 100 €/MWh are profitable, char-
acterized by a low level of economic risk, and the profits that are made
are significant. In particular, this will be increasingly true in a market
scenario where energy prices will rise.

This thinking opens up a problematic issue: governments need to
provide plans for the development of PV systems for less affluent
households, who will otherwise risk having to pay a very significant cost
of energy. The issue of social equity by which sustainability cannot be
only for the benefit of those with higher incomes. On this issue and on
social analyses in general regarding consumer behavior toward sus-
tainable communities new analyses are needed. The second important
outcome of this work is to provide a snapshot for the future. Two
different policy scenarios are proposed that may require less public
outlay and may still make the installations of these plants cost-effective.
The two proposed scenarios are different from each other because one
involves a reduction in the tax deduction, while the other involves a
reduction in the subsidy over time. Even for such policy approaches, PV
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installation remains characterized by a low level of risk. An important
goal for the market is to design incentive policies for the long term,
characterized also by their gradual reduction.

Future directions of work can be aimed at measuring the economic
viability associated with energy communities, assessing the relative
desirability of larger installations, and as mentioned earlier, conducting
social analysis on this issue. Where the intermittent nature of solar may
be a problem, integration with energy storage system should also be
studied, also from a circular perspective. The model used in this work
can be replicated in other territorial contexts, as the deployment of PV
systems on rooftops or otherwise on structures that do not take away
land turn out to be decisive for sustainable development. A subsidy for
self-consumption could make consumers more aware of their behaviors,
since it is not enough to install a PV system but also approaches in
different consumption are needed. Sustainable energy management
therefore is a goal that can be achieved, and sustainable communities
can be an enabling factor toward that goal.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.renene.2022.11.127.

References
[1] European Environment Agency, Circular Economy in Europe—Developing the
Knowledge Base, 2016, https://doi.org/10.2800/51444.
L.E. Nikolaou, K.P. Tsagarakis, An introduction to circular economy and
sustainability: some existing lessons and future directions, Sustain. Prod. Consum.
28 (2021) 600-609, https://doi.org/10.1016/j.spc.2021.06.017.
LE. Nikolaou, N. Jones, A. Stefanakis, Circular economy and sustainability: the
past, the present and the future directions, Circ. Econ. Sustain. 1 (2021) 1-20,
https://doi.org/10.1007/s43615-021-00030-3.
J. Korhonen, A. Honkasalo, J. Seppald, Circular economy: the concept and its
limitations, Ecol. Econ. 143 (2018) 37-46, https://doi.org/10.1016/j.
ecolecon.2017.06.041.
I. D’Adamo, M. Ribichini, K.P. Tsagarakis, Biomethane as an energy resource for
achieving sustainable production: economic assessments and policy implications,
Sustain. Prod. Consum. 35 (2022) 13-27, https://doi.org/10.1016/j.
spc.2022.10.014.
P.A. @stergaard, N. Duic, Y. Noorollahi, S. Kalogirou, Renewable energy for
sustainable development, Renew. Energy 199 (2022) 1145-1152, https://doi.org/
10.1016/j.renene.2022.09.065.
1. Papamichael, A.A. Zorpas, End-of-waste criteria in the framework of end-of-life
PV panels concerning circular economy strategy, Waste Manag. Res. 40 (2022)
1677-1679, https://doi.org/10.1177/0734242X221132886.
S. Afshan, I. Ozturk, T. Yaqoob, Facilitating renewable energy transition, ecological
innovations and stringent environmental policies to improve ecological
sustainability: evidence from MM-QR method, Renew. Energy 196 (2022)
151-160, https://doi.org/10.1016/j.renene.2022.06.125.
K.M. Keramitsoglou, R.C. Mellon, M.I. Tsagkaraki, K.P. Tsagarakis, Designing a
logo for renewable energy sources with public participation: empirical evidence
from Greece, Renew. Energy 153 (2020) 1205-1218, https://doi.org/10.1016/j.
renene.2020.02.078.
A.A. Zorpas, M. Tsangas, M. Jeguirim, L. Limousy, J.N. Pedreno, Evaluation of
renewable energy sources (solar, wind, and biogas) established in Cyprus in the
framework of sustainable development, Fresenius Environ. Bull. 26 (2017)
5529-5536.
A. Mellit, S. Kalogirou, Assessment of machine learning and ensemble methods for
fault diagnosis of photovoltaic systems, Renew. Energy 184 (2022) 1074-1090,
https://doi.org/10.1016/j.renene.2021.11.125.
K.P. Tsagarakis, L. Efthymiou, A. Michopoulos, A. Mavragani, A.S. Andelkovi¢,
F. Antolini, M. Bacic, D. Bajare, M. Baralis, W. Bogusz, S. Burlon, J. Figueira, M.
S. Geng, S. Javed, A. Jurelionis, K. Koca, G. Ryzynski, J.F. Urchueguia, B. Zlender,
A review of the legal framework in shallow geothermal energy in selected
European countries: need for guidelines, Renew. Energy 147 (2020) 2556-2571,
https://doi.org/10.1016/j.renene.2018.10.007.
J. Lowitzsch, C.E. Hoicka, F.J. van Tulder, Renewable energy communities under
the 2019 European Clean Energy Package — governance model for the energy
clusters of the future? Renew. Sustain. Energy Rev. 122 (2020), 109489 https://
doi.org/10.1016/j.rser.2019.109489.

[2]

[3]

[4]

[5]

(6]

71

[8

—

[91

[10]

[11]

[12]

[13]

1303

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Renewable Energy 202 (2023) 1291-1304

D. Frieden, A. Tuerk, C. Neumann, JoanneumResearch, S. D’Herbemont,

J. Roberts, REScoop.eu, Collective self-consumption and energy communities:
Trends and challenges in the transposition of the EU framework, https://Www.Res
coop.Eu/Toolbox/Collective-Self-Consumption-and-Energy-Communities-Trends-
and-Challenges-in-the-Transposition-of-the-Eu-Framework, 2020. (Accessed 12
February 2021). he-transposition-of-the-eu-framework.

T. Bauwens, D. Schraven, E. Drewing, J. Radtke, L. Holstenkamp, B. Gotchev,

0. Yildiz, Conceptualizing community in energy systems: a systematic review of
183 definitions, Renew. Sustain. Energy Rev. 156 (2022), 111999, https://doi.org/
10.1016/j.rser.2021.111999.

S. Heuninckx, G. te Boveldt, C. Macharis, T. Coosemans, Stakeholder objectives for
joining an energy community: flemish case studies, Energy Pol. 162 (2022),
112808, https://doi.org/10.1016/j.enpol.2022.112808.

A.D. Mustika, R. Rigo-Mariani, V. Debusschere, A. Pachurka, A two-stage
management strategy for the optimal operation and billing in an energy
community with collective self-consumption, Appl. Energy 310 (2022), 118484,
https://doi.org/10.1016/j.apenergy.2021.118484.

R. Leonhardt, B. Noble, G. Poelzer, P. Fitzpatrick, K. Belcher, G. Holdmann,
Advancing local energy transitions: a global review of government instruments
supporting community energy, Energy Res. Social Sci. 83 (2022), 102350, https://
doi.org/10.1016/j.erss.2021.102350.

L.E. Kosmadakis, C. Elmasides, G. Koulinas, K.P. Tsagarakis, Energy unit cost
assessment of six photovoltaic-battery configurations, Renew. Energy 173 (2021)
24-41, https://doi.org/10.1016/j.renene.2021.03.010.

L.E. Kosmadakis, C. Elmasides, D. Eleftheriou, K.P. Tsagarakis, A techno-economic
analysis of a PV-battery system in Greece, Energies 12 (2019) 1357, https://doi.
org/10.3390/en12071357.

M. Wahlund, J. Palm, The role of energy democracy and energy citizenship for
participatory energy transitions: a comprehensive review, Energy Res. Social Sci.
87 (2022), 102482, https://doi.org/10.1016/j.erss.2021.102482.

S. Kilkis, G. Krajaci¢, N. Dui¢, M.A. Rosen, M.A. Al-Nimr, Advances in integration
of energy, water and environment systems towards climate neutrality for
sustainable development, Energy Convers. Manag. 225 (2020), 113410, https://
doi.org/10.1016/j.enconman.2020.113410.

T. Gémez-Navarro, T. Brazzini, D. Alfonso-Solar, C. Vargas-Salgado, Analysis of the
potential for PV rooftop prosumer production: technical, economic and
environmental assessment for the city of Valencia (Spain), Renew. Energy 174
(2021) 372-381, https://doi.org/10.1016/j.renene.2021.04.049.

A. Pena-Bello, D. Parra, M. Herberz, V. Tiefenbeck, M.K. Patel, U.J.J. Hahnel,
Integration of prosumer peer-to-peer trading decisions into energy community
modelling, Nat. Energy 7 (2022) 74-82, https://doi.org/10.1038/541560-021-
00950-2.

M. Grzani¢, T. Capuder, N. Zhang, W. Huang, Prosumers as active market
participants: a systematic review of evolution of opportunities, models and
challenges, Renew. Sustain. Energy Rev. 154 (2022), 111859, https://doi.org/
10.1016/j.rser.2021.111859.

C. Inés, P.L. Guilherme, M.-G. Esther, G. Swantje, H. Stephen, H. Lars, Regulatory
challenges and opportunities for collective renewable energy prosumers in the EU,
Energy Pol. 138 (2020), 111212, https://doi.org/10.1016/j.enpol.2019.111212.
B. Petrovich, S. Carattini, R. Wiistenhagen, The price of risk in residential solar
investments, Ecol. Econ. 180 (2021), 106856, https://doi.org/10.1016/j.
ecolecon.2020.106856.

C.A. Oberst, H. Schmitz, R. Madlener, Are prosumer households that much
different? Evidence from stated residential energy consumption in Germany, Ecol.
Econ. 158 (2019) 101-115, https://doi.org/10.1016/j.ecolecon.2018.12.014.

1. D’Adamo, M. Gastaldi, P. Morone, I. Ozturk, Economics and policy implications
of residential photovoltaic systems in Italy’s developed market, Util. Pol. 79
(2022), 101437, https://doi.org/10.1016/].jup.2022.101437.

Y. Kurdi, B.J. Alkhatatbeh, S. Asadi, H. Jebelli, A decision-making design
framework for the integration of PV systems in the urban energy planning process,
Renew. Energy 197 (2022) 288-304, https://doi.org/10.1016/j.
renene.2022.07.001.

A. Colasante, 1. D’Adamo, P. Morone, What drives the solar energy transition? The
effect of policies, incentives and behavior in a cross-country comparison, Energy
Res. Social Sci. 85 (2022), 102405, https://doi.org/10.1016/j.erss.2021.102405.
L. Niamir, O. Ivanova, T. Filatova, A. Voinov, H. Bressers, Demand-side solutions
for climate mitigation: bottom-up drivers of household energy behavior change in
The Netherlands and Spain, Energy Res. Social Sci. 62 (2020), 101356, https://doi.
org/10.1016/j.erss.2019.101356.

M. Milousi, M. Souliotis, G. Arampatzis, S. Papaefthimiou, Evaluating the
environmental performance of solar energy systems through a combined life cycle
assessment and cost analysis, Sustainability 11 (2019) 2539, https://doi.org/
10.3390/5u11092539.

P. Lazzeroni, F. Moretti, F. Stirano, Economic potential of PV for Italian residential
end-users, Energy 200 (2020), 117508, https://doi.org/10.1016/j.
energy.2020.117508.

1. D’Adamo, M. Gastaldi, P. Morone, The impact of a subsidized tax deduction on
residential solar photovoltaic-battery energy storage systems, Util. Pol. 75 (2022),
101358, https://doi.org/10.1016/j.jup.2022.101358.

R. Costanza, I. Kubiszewski, N. Stoeckl, T. Kompas, Pluralistic discounting
recognizing different capital contributions: an example estimating the net present
value of global ecosystem services, Ecol. Econ. 183 (2021), 106961, https://doi.
org/10.1016/j.ecolecon.2021.106961.

1. D’Adamo, M. Gastaldi, P. Morone, Solar collective self-consumption: economic
analysis of a policy mix, Ecol. Econ. 199 (2022), 107480, https://doi.org/10.1016/
j-ecolecon.2022.107480.


https://doi.org/10.1016/j.renene.2022.11.127
https://doi.org/10.1016/j.renene.2022.11.127
https://doi.org/10.2800/51444
https://doi.org/10.1016/j.spc.2021.06.017
https://doi.org/10.1007/s43615-021-00030-3
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.spc.2022.10.014
https://doi.org/10.1016/j.spc.2022.10.014
https://doi.org/10.1016/j.renene.2022.09.065
https://doi.org/10.1016/j.renene.2022.09.065
https://doi.org/10.1177/0734242X221132886
https://doi.org/10.1016/j.renene.2022.06.125
https://doi.org/10.1016/j.renene.2020.02.078
https://doi.org/10.1016/j.renene.2020.02.078
http://refhub.elsevier.com/S0960-1481(22)01785-2/sref10
http://refhub.elsevier.com/S0960-1481(22)01785-2/sref10
http://refhub.elsevier.com/S0960-1481(22)01785-2/sref10
http://refhub.elsevier.com/S0960-1481(22)01785-2/sref10
https://doi.org/10.1016/j.renene.2021.11.125
https://doi.org/10.1016/j.renene.2018.10.007
https://doi.org/10.1016/j.rser.2019.109489
https://doi.org/10.1016/j.rser.2019.109489
https://Www.Rescoop.Eu/Toolbox/Collective-Self-Consumption-and-Energy-Communities-Trends-and-Challenges-in-the-Transposition-of-the-Eu-Framework
https://Www.Rescoop.Eu/Toolbox/Collective-Self-Consumption-and-Energy-Communities-Trends-and-Challenges-in-the-Transposition-of-the-Eu-Framework
https://Www.Rescoop.Eu/Toolbox/Collective-Self-Consumption-and-Energy-Communities-Trends-and-Challenges-in-the-Transposition-of-the-Eu-Framework
https://doi.org/10.1016/j.rser.2021.111999
https://doi.org/10.1016/j.rser.2021.111999
https://doi.org/10.1016/j.enpol.2022.112808
https://doi.org/10.1016/j.apenergy.2021.118484
https://doi.org/10.1016/j.erss.2021.102350
https://doi.org/10.1016/j.erss.2021.102350
https://doi.org/10.1016/j.renene.2021.03.010
https://doi.org/10.3390/en12071357
https://doi.org/10.3390/en12071357
https://doi.org/10.1016/j.erss.2021.102482
https://doi.org/10.1016/j.enconman.2020.113410
https://doi.org/10.1016/j.enconman.2020.113410
https://doi.org/10.1016/j.renene.2021.04.049
https://doi.org/10.1038/s41560-021-00950-2
https://doi.org/10.1038/s41560-021-00950-2
https://doi.org/10.1016/j.rser.2021.111859
https://doi.org/10.1016/j.rser.2021.111859
https://doi.org/10.1016/j.enpol.2019.111212
https://doi.org/10.1016/j.ecolecon.2020.106856
https://doi.org/10.1016/j.ecolecon.2020.106856
https://doi.org/10.1016/j.ecolecon.2018.12.014
https://doi.org/10.1016/j.jup.2022.101437
https://doi.org/10.1016/j.renene.2022.07.001
https://doi.org/10.1016/j.renene.2022.07.001
https://doi.org/10.1016/j.erss.2021.102405
https://doi.org/10.1016/j.erss.2019.101356
https://doi.org/10.1016/j.erss.2019.101356
https://doi.org/10.3390/su11092539
https://doi.org/10.3390/su11092539
https://doi.org/10.1016/j.energy.2020.117508
https://doi.org/10.1016/j.energy.2020.117508
https://doi.org/10.1016/j.jup.2022.101358
https://doi.org/10.1016/j.ecolecon.2021.106961
https://doi.org/10.1016/j.ecolecon.2021.106961
https://doi.org/10.1016/j.ecolecon.2022.107480
https://doi.org/10.1016/j.ecolecon.2022.107480

1. D’Adamo et al.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

International Energy Agency, Snapshot of Global PV Markets 2021, 2022. https
://iea-pvps.org/snapshot-reports/snapshot-2022/. (Accessed 2 August 2022).
accessed.

F. Ceglia, P. Esposito, A. Faraudello, E. Marrasso, P. Rossi, M. Sasso, An energy,
environmental, management and economic analysis of energy efficient system
towards renewable energy community: the case study of multi-purpose energy
community, J. Clean. Prod. 369 (2022), 133269, https://doi.org/10.1016/j.
jclepro.2022.133269.

A. Mellit, A.M. Pavan, V. Lughi, Deep learning neural networks for short-term
photovoltaic power forecasting, Renew. Energy 172 (2021) 276-288, https://doi.
org/10.1016/j.renene.2021.02.166.

J. Wang, F. Liu, L. Li, J. Zhang, More than innovativeness: comparing residents’
motivations for participating renewable energy communities in different
innovation segments, Renew. Energy 197 (2022) 552-563, https://doi.org/
10.1016/j.renene.2022.07.141.

J. Albouys-Perrois, N. Sabouret, Y. Haradji, M. Schumann, B. Charrier, Q. Reynaud,
F. Sempé, C. Inard, Multi-agent simulation of collective self-consumption: impacts
of storage systems and large-scale energy exchanges, Energy Build. 254 (2022),
111543, https://doi.org/10.1016/j.enbuild.2021.111543.

N. Mukisa, R. Zamora, T.T. Lie, Multi criteria analysis of alternative energy
technologies based on their predicted impact on community sustainable livelihoods
capitals: a case of Uganda, Renew. Energy 182 (2022) 1103-1125, https://doi.org/
10.1016/j.renene.2021.10.103.

A. Canova, P. Lazzeroni, G. Lorenti, F. Moraglio, A. Porcelli, M. Repetto,
Decarbonizing residential energy consumption under the Italian collective self-
consumption regulation, Sustain. Cities Soc. 87 (2022), 104196, https://doi.org/
10.1016/j.5¢5.2022.104196.

A.A. Alola, I. Ozturk, F.V. Bekun, Is clean energy prosperity and technological
innovation rapidly mitigating sustainable energy-development deficit in selected
sub-Saharan Africa? A myth or reality, Energy Pol. 158 (2021), 112520, https://
doi.org/10.1016/j.enpol.2021.112520.

F.F. Adedoyin, I. Ozturk, F.V. Bekun, P.O. Agboola, M.O. Agboola, Renewable and
non-renewable energy policy simulations for abating emissions in a complex
economy: evidence from the novel dynamic ARDL, Renew. Energy 177 (2021)
1408-1420, https://doi.org/10.1016/j.renene.2021.06.018.

J. Heilmann, M. Wensaas, P. Crespo del Granado, N. Hashemipour, Trading
algorithms to represent the wholesale market of energy communities in Norway
and England, Renew. Energy 200 (2022) 1426-1437, https://doi.org/10.1016/j.
renene.2022.10.028.

S. José de Castro Vieira, L.G. Tapia Carpio, The economic impact on residential fees
associated with the expansion of grid-connected solar photovoltaic generators in
Brazil, Renew. Energy 159 (2020) 1084-1098, https://doi.org/10.1016/j.
renene.2020.06.016.

P.E. Campana, L. Cioccolanti, B. Francois, J. Jurasz, Y. Zhang, M. Varini, B. Stridh,
J. Yan, Li-ion batteries for peak shaving, price arbitrage, and photovoltaic self-
consumption in commercial buildings: a Monte Carlo Analysis, Energy Convers.
Manag. 234 (2021), 113889, https://doi.org/10.1016/j.enconman.2021.113889.
M.A.M. Ramli, A. Hiendro, K. Sedraoui, S. Twaha, Optimal sizing of grid-connected
photovoltaic energy system in Saudi Arabia, Renew. Energy 75 (2015) 489-495,
https://doi.org/10.1016/J.RENENE.2014.10.028.

F. Chiacchio, F. Famoso, D. D’Urso, L. Cedola, Performance and economic
assessment of a grid-connected photovoltaic power plant with a storage system: a
comparison between the north and the south of Italy, Energies 12 (2019) 2356,
https://doi.org/10.3390/en12122356.

G. Cerino Abdin, M. Noussan, Electricity storage compared to net metering in
residential PV applications, J. Clean. Prod. 176 (2018) 175-186, https://doi.org/
10.1016/J.JCLEPRO.2017.12.132.

R. Luthander, J. Widén, J. Munkhammar, D. Lingfors, Self-consumption
enhancement and peak shaving of residential photovoltaics using storage and
curtailment, Energy 112 (2016) 221-231, https://doi.org/10.1016/J.
ENERGY.2016.06.039.

D.L. Talavera, E. Munoz-Cerdn, J.P. Ferrer-Rodriguez, P.J. Pérez-Higueras,
Assessment of cost-competitiveness and profitability of fixed and tracking
photovoltaic systems: the case of five specific sites, Renew. Energy 134 (2019)
902-913, https://doi.org/10.1016/J.RENENE.2018.11.091.

IRENA, Renewable Power Generation Costs in 2018, 2019. Abu Dhabi.

D. Fett, D. Keles, T. Kaschub, W. Fichtner, Impacts of self-generation and self-
consumption on German household electricity prices, J. Bus. Econ. (2019) 1-25,
https://doi.org/10.1007/511573-019-00936-3.

T. Lang, D. Ammann, B. Girod, Profitability in absence of subsidies: a techno-
economic analysis of rooftop photovoltaic self-consumption in residential and
commercial buildings, Renew. Energy 87 (2016) 77-87, https://doi.org/10.1016/
J.RENENE.2015.09.059.

A. Campoccia, L. Dusonchet, E. Telaretti, G. Zizzo, An analysis of feed’in tariffs for
solar PV in six representative countries of the European Union, Sol. Energy 107
(2014) 530-542, https://doi.org/10.1016/j.solener.2014.05.047.

R. Squatrito, F. Sgroi, S. Tudisca, A.M. Trapani, R. Testa, Post feed-in scheme
photovoltaic system feasibility evaluation in Italy: Sicilian case studies, Energies 7
(2014) 7147-7165, https://doi.org/10.3390/en7117147.

F. Cucchiella, I. D’Adamo, M. Gastaldi, A profitability assessment of small-scale
photovoltaic systems in an electricity market without subsidies, Energy Convers.
Manag. 129 (2016), https://doi.org/10.1016/j.enconman.2016.09.075.

1304

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Renewable Energy 202 (2023) 1291-1304

S. Tudisca, A.M. Di Trapani, F. Sgroi, R. Testa, R. Squatrito, Economic analysis of
PV systems on buildings in Sicilian farms, Renew. Sustain. Energy Rev. 28 (2013)
691-701, https://doi.org/10.1016/j.rser.2013.08.035.

M. Bortolini, M. Gamberi, A. Graziani, C. Mora, A. Regattieri, Multi-parameter
analysis for the technical and economic assessment of photovoltaic systems in the
main European Union countries, Energy Convers. Manag. 74 (2013) 117-128,
https://doi.org/10.1016/j.enconman.2013.04.035.

A. Ordéniez, E. Sanchez, L. Rozas, R. Garcia, J. Parra-Dominguez, Net-metering and
net-billing in photovoltaic self-consumption: the cases of Ecuador and Spain,
Sustain. Energy Technol. Assessments 53 (2022), 102434, https://doi.org/
10.1016/j.seta.2022.102434.

J.M. Roldan Fernandez, M. Burgos Payan, J.M. Riquelme Santos, Profitability of
household photovoltaic self-consumption in Spain, J. Clean. Prod. 279 (2021),
123439, https://doi.org/10.1016/j.jclepro.2020.123439.

S. Viti, A. Lanzini, F.D. Minuto, M. Caldera, R. Borchiellini, Techno-economic
comparison of buildings acting as Single-Self Consumers or as energy community
through multiple economic scenarios, Sustain. Cities Soc. 61 (2020), 102342,
https://doi.org/10.1016/j.s¢cs.2020.102342.

G. Iazzolino, N. Sorrentino, D. Menniti, A. Pinnarelli, M. De Carolis, L. Mendicino,
Energy communities and key features emerged from business models review,
Energy Pol. 165 (2022), 112929, https://doi.org/10.1016/j.enpol.2022.112929.
J. Lépez Prol, K.W. Steininger, Photovoltaic self-consumption regulation in Spain:
profitability analysis and alternative regulation schemes, Energy Pol. 108 (2017)
742-754, https://doi.org/10.1016/J.ENPOL.2017.06.019.

G. Jiménez-Castillo, F.J. Munoz-Rodriguez, C. Rus-Casas, D.L. Talavera, A new
approach based on economic profitability to sizing the photovoltaic generator in
self-consumption systems without storage, Renew. Energy 148 (2020) 1017-1033,
https://doi.org/10.1016/j.renene.2019.10.086.

T. Tomi¢, D.R. Schneider, The role of energy from waste in circular economy and
closing the loop concept — energy analysis approach, Renew. Sustain. Energy Rev.
98 (2018) 268-287, https://doi.org/10.1016/j.rser.2018.09.029.

D. Sica, O. Malandrino, S. Supino, M. Testa, M.C. Lucchetti, Management of end-of-
life photovoltaic panels as a step towards a circular economy, Renew. Sustain.
Energy Rev. 82 (2018) 2934-2945, https://doi.org/10.1016/j.rser.2017.10.039.
C. Farrell, A.I. Osman, X. Zhang, A. Murphy, R. Doherty, K. Morgan, D.W. Rooney,
J. Harrison, R. Coulter, D. Shen, Assessment of the energy recovery potential of
waste Photovoltaic (PV) modules, Sci. Rep. 9 (2019) 5267, https://doi.org/
10.1038/541598-019-41762-5.

J. Tan, S. Jia, S. Ramakrishna, End-of-Life photovoltaic modules, Energies 15
(2022) 5113, https://doi.org/10.3390/en15145113.

D. Ipsakis, G. Varvoutis, A. Lampropoulos, S. Papaefthimiou, G.E. Marnellos,

M. Konsolakis, Techno-economic assessment of industrially-captured CO2 upgrade
to synthetic natural gas by means of renewable hydrogen, Renew. Energy 179
(2021) 1884-1896, https://doi.org/10.1016/j.renene.2021.07.109.

R. Mishra, B.K.R. Naik, R.D. Raut, S.K. Paul, Circular economy principles in
community energy initiatives through stakeholder perspectives, Sustain. Prod.
Consum. 33 (2022) 256-270, https://doi.org/10.1016/j.spc.2022.07.001.

K.S. Ng, L.S. To, A systems thinking approach to stimulating and enhancing
resource efficiency and circularity in households, J. Clean. Prod. 275 (2020),
123038, https://doi.org/10.1016/j.jclepro.2020.123038.

K. Winans, A. Kendall, H. Deng, The history and current applications of the circular
economy concept, Renew. Sustain. Energy Rev. 68 (2017) 825-833, https://doi.
org/10.1016/j.rser.2016.09.123.

L. Dagiliené, V. Varaniuté, J. Bruneckiené, Local governments’ perspective on
implementing the circular economy: a framework for future solutions, J. Clean.
Prod. 310 (2021), 127340, https://doi.org/10.1016/j.jclepro.2021.127340.

1. Hristov, A. Appolloni, Stakeholders’ engagement in the business strategy as a key
driver to increase companies’ performance: evidence from managerial and
stakeholders’ practices, Bus. Strat. Environ. 31 (2022) 1488-1503, https://doi.org/
10.1002/bse.2965.

A.A. Qazi, A. Appolloni, A systematic review on barriers and enablers toward
circular procurement management, Sustain. Prod. Consum. 33 (2022) 343-359,
https://doi.org/10.1016/j.spc.2022.07.013.

P. Schroder, A. Lemille, P. Desmond, Making the circular economy work for human
development, Resour. Conserv. Recycl. 156 (2020), 104686, https://doi.org/
10.1016/j.resconrec.2020.104686.

A. Mies, S. Gold, Mapping the social dimension of the circular economy, J. Clean.
Prod. 321 (2021), 128960, https://doi.org/10.1016/j.jclepro.2021.128960.

D. Coy, S. Malekpour, A.K. Saeri, From little things, big things grow: facilitating
community empowerment in the energy transformation, Energy Res. Social Sci. 84
(2022), 102353, https://doi.org/10.1016/j.erss.2021.102353.

G.M. Gomes, N. Moreira, A.R. Ometto, Role of consumer mindsets, behaviour, and
influencing factors in circular consumption systems: a systematic review, Sustain.
Prod. Consum. 32 (2022) 1-14, https://doi.org/10.1016/J.SPC.2022.04.005.

K. Soma, M.W.C. Dijkshoorn-Dekker, N.B.P. Polman, Stakeholder contributions
through transitions towards urban sustainability, Sustain. Cities Soc. 37 (2018)
438-450, https://doi.org/10.1016/j.5¢s.2017.10.003.

H.K. Salim, R.A. Stewart, O. Sahin, M. Dudley, Drivers, barriers and enablers to
end-of-life management of solar photovoltaic and battery energy storage systems: a
systematic literature review, J. Clean. Prod. 211 (2019) 537-554, https://doi.org/
10.1016/j.jclepro.2018.11.229.


https://iea-pvps.org/snapshot-reports/snapshot-2022/
https://iea-pvps.org/snapshot-reports/snapshot-2022/
https://doi.org/10.1016/j.jclepro.2022.133269
https://doi.org/10.1016/j.jclepro.2022.133269
https://doi.org/10.1016/j.renene.2021.02.166
https://doi.org/10.1016/j.renene.2021.02.166
https://doi.org/10.1016/j.renene.2022.07.141
https://doi.org/10.1016/j.renene.2022.07.141
https://doi.org/10.1016/j.enbuild.2021.111543
https://doi.org/10.1016/j.renene.2021.10.103
https://doi.org/10.1016/j.renene.2021.10.103
https://doi.org/10.1016/j.scs.2022.104196
https://doi.org/10.1016/j.scs.2022.104196
https://doi.org/10.1016/j.enpol.2021.112520
https://doi.org/10.1016/j.enpol.2021.112520
https://doi.org/10.1016/j.renene.2021.06.018
https://doi.org/10.1016/j.renene.2022.10.028
https://doi.org/10.1016/j.renene.2022.10.028
https://doi.org/10.1016/j.renene.2020.06.016
https://doi.org/10.1016/j.renene.2020.06.016
https://doi.org/10.1016/j.enconman.2021.113889
https://doi.org/10.1016/J.RENENE.2014.10.028
https://doi.org/10.3390/en12122356
https://doi.org/10.1016/J.JCLEPRO.2017.12.132
https://doi.org/10.1016/J.JCLEPRO.2017.12.132
https://doi.org/10.1016/J.ENERGY.2016.06.039
https://doi.org/10.1016/J.ENERGY.2016.06.039
https://doi.org/10.1016/J.RENENE.2018.11.091
http://refhub.elsevier.com/S0960-1481(22)01785-2/sref55
https://doi.org/10.1007/s11573-019-00936-3
https://doi.org/10.1016/J.RENENE.2015.09.059
https://doi.org/10.1016/J.RENENE.2015.09.059
https://doi.org/10.1016/j.solener.2014.05.047
https://doi.org/10.3390/en7117147
https://doi.org/10.1016/j.enconman.2016.09.075
https://doi.org/10.1016/j.rser.2013.08.035
https://doi.org/10.1016/j.enconman.2013.04.035
https://doi.org/10.1016/j.seta.2022.102434
https://doi.org/10.1016/j.seta.2022.102434
https://doi.org/10.1016/j.jclepro.2020.123439
https://doi.org/10.1016/j.scs.2020.102342
https://doi.org/10.1016/j.enpol.2022.112929
https://doi.org/10.1016/J.ENPOL.2017.06.019
https://doi.org/10.1016/j.renene.2019.10.086
https://doi.org/10.1016/j.rser.2018.09.029
https://doi.org/10.1016/j.rser.2017.10.039
https://doi.org/10.1038/s41598-019-41762-5
https://doi.org/10.1038/s41598-019-41762-5
https://doi.org/10.3390/en15145113
https://doi.org/10.1016/j.renene.2021.07.109
https://doi.org/10.1016/j.spc.2022.07.001
https://doi.org/10.1016/j.jclepro.2020.123038
https://doi.org/10.1016/j.rser.2016.09.123
https://doi.org/10.1016/j.rser.2016.09.123
https://doi.org/10.1016/j.jclepro.2021.127340
https://doi.org/10.1002/bse.2965
https://doi.org/10.1002/bse.2965
https://doi.org/10.1016/j.spc.2022.07.013
https://doi.org/10.1016/j.resconrec.2020.104686
https://doi.org/10.1016/j.resconrec.2020.104686
https://doi.org/10.1016/j.jclepro.2021.128960
https://doi.org/10.1016/j.erss.2021.102353
https://doi.org/10.1016/J.SPC.2022.04.005
https://doi.org/10.1016/j.scs.2017.10.003
https://doi.org/10.1016/j.jclepro.2018.11.229
https://doi.org/10.1016/j.jclepro.2018.11.229

	Photovoltaic systems and sustainable communities: New social models for ecological transition. The impact of incentive poli ...
	1 Introduction
	2 Materials and methods
	2.1 Italian framework
	2.2 The identification of scenarios
	2.3 Economic model
	2.4 Input data

	3 Results
	3.1 Profitability analysis of PV plants – baseline scenarios
	3.2 Profitability analysis of PV plants – alternative scenarios
	3.3 Profitability of renewables self-consumers in a collective self-consumption scheme
	3.4 The contribution of energy communities towards green and circular principles

	4 Conclusions and policy implications
	Declaration of competing interest
	Appendix A Supplementary data
	References


