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ARTICLE INFO ABSTRACT

Keywords: The transition to sustainable business models in the catering sector requires the integration of environmental
Economic analysis innovation with economic feasibility. Restaurants, as energy-intensive businesses, represent a strategic context
Photovoltaic for assessing the financial viability of renewable energy technologies. This study evaluates the economic viability
z:g::;er of photovoltaic (PV) and battery energy storage (BES) systems in Italy. The analysis evaluates the project under

different policy conditions, with and without public incentives (40 % capital deduction on investment costs), and
identifies the key factors that influence their profitability. A comprehensive methodology combining financial
and sensitivity analysis, scenario analysis, LASSO regression, break-even point and Monte Carlo simulations was
applied to assess economic performance and risk. The results show that the PV system is profitable in both
contexts, although incentives significantly improve returns: from 425 to 1590 €/kW. Profitability depends mainly
on specific production, the cost of purchasing electricity and the percentage of self-consumption. For the BES,
profitability only occurs when self-consumption increases by at least 22-25 % with incentives and 30-35 %
without them. Overall, the results emphasise that policy support and management strategies to optimise self-
consumption are key to ensuring financial profitability. This work enables restaurant owners to identify the
variables that most strongly influence the final outcome, helping them mitigate risks and maximise returns, while

Sustainable development

supporting more informed decisions that contribute to long-term sustainable development.

1. Introduction

The transition from fossil fuels to renewable sources is a cornerstone
of the energy transition outlined in the Clean Energy for All Europeans
legislative package and the RED II directive. The adoption of sustainable
practices is essential to achieving energy independence, a strategic
objective of the European Union, by encouraging the active participa-
tion of prosumers [1,2]. In this context, Renewable Energy Communities
emerge as tools capable of generating economic value for prosumers
while promoting collective well-being, for example through investments
in public infrastructure or support for vulnerable families, reinforcing
the principles of sustainable development [3]. These aspects are part of
the growing attention that energy infrastructure is receiving in the Eu-
ropean context [4].

The spread of photovoltaic (PV) systems goes beyond purely tech-
nical or regulatory considerations: it represents an overall strategy to
align decarbonisation objectives with social well-being and community
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resilience [5-7]. The theme is highlighted in its environmental [8], so-
cial [9] and technological [10] dimensions and in its optimisation
analysis techniques [11,12].

Economic analyses of PV systems are widely covered in the litera-
ture, aimed at understanding the dynamics of adoption and the factors
influencing their diffusion [13,14]. Several studies also propose a
technical-economic approach [15,16]. However, the intermittency of PV
systems represents a critical limitation. The issue of storage plays a
crucial role [17]. In fact, battery energy storage (BES) systems, partic-
ularly lithium-ion batteries, offer viable solutions, as evidenced by
numerous technical-economic analyses [18,19]. Some studies highlight
the relevance of environmental aspects [20,21]. Similarly, the recycling
of PV modules is also carefully evaluated [22].

The installation of PV systems alone may discourage the subsequent
adoption of BES [23], but integration does not always result in economic
benefits [24]. From an economic point of view, the integration of BES
systems increases the percentage of self-consumed energy [25], but
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investment costs remain high [26-28]. Therefore, the economic viability
of PV+BES systems depends on multiple factors. The economic savings
do not always offset the investment costs of batteries, even in contexts
with favourable tariffs [29]. Other scenarios with net metering show
favourable economic conditions [30]. Strategic decisions should be
informed by the identification of effective approaches for the optimal
sizing of PV+BES systems [31], taking into account the diverse energy
profiles and consumption patterns of different building types [32].

The payback periods for integrated PV+BES systems can be similar
to or longer than those for photovoltaic systems alone, making public
subsidies necessary to encourage their adoption [33]. Temporary sub-
sidies for energy storage systems are crucial to promote the adoption of
clean technologies [34], while self-consumption legislation can incen-
tivize the use of BES to maximise on-site PV electricity use [35].
Nonetheless, challenges persist - such as investment returns, regulatory
uncertainty, safety, and limited public awareness [36] - with tariff
structures remaining key to the economic viability of both standalone
and storage-integrated PV systems [33].

It is crucial to quantify the required increase in self-consumption for
BES integration to become more advantageous than a stand-alone PV
system. This parameter, along with the associated savings on electricity
bills, is fundamental when evaluating applications in public [37], resi-
dential [38], and industrial [39] buildings. The findings highlight that
prosumers play a key role in advancing sustainable urban development
and achieving SDG 7 [38], with integrated PV+BES systems represent-
ing a form of green innovation [39]. Moreover, assessing different policy
scenarios is essential to determine their economic feasibility [37].

Recent research in the catering sector shows that sustainable values
and corporate social responsibility perceptions strongly influence con-
sumer attitudes and intentions [40]. When customers view operators’
actions as genuinely altruistic, this enhances the perceived sustainable
value and increases their willingness to pay a premium price [41].
Although some analyses propose specific analyses for restaurants [42],
in general these investments fall within the category of commercial
buildings, which are closely monitored in relation to economic and
political factors [31,37].

This work has two main objectives. First, an in-depth literature re-
view will be conducted to establish the state of the art regarding the
economic feasibility of PV/BES in the commercial sector, highlighting
critical research gaps and policy implications. Second, the objective of
this research is to assess the economic viability of a sustainable restau-
rant project through an economic analysis of PV and PV+BES systems.
The study aims to determine the financial viability of PV and PV+BES
configurations in different policy scenarios (with or without capital
deduction), identifying the key variables that most influence profit-
ability through LASSO modelling and sensitivity analysis. The ultimate
goal is to define the condition (such as incentive schemes, investment
costs, and self-consumption levels) under which the integration of
storage technologies becomes economically advantageous, supporting
informed decision-making and the development of effective energy
transition policies.

2. Literature review

Recent literature emphasises the central role of energy storage in
enabling flexible and reliable renewable energy systems. Several studies
examine current storage technologies and their relevance to modern
energy systems [43]. Research also focuses on decarbonisation strategies
and optimisation methods for industrial applications, including
energy-conscious production planning [44] and hybrid models for
renewable resource integration [45].

Advances in forecasting and optimisation further support system
performance, as demonstrated by artificial intelligence-based modelling
[46]. Technical-economic analyses highlight the feasibility of photo-
voltaic systems combined with batteries in various contexts, from
grid-connected configurations [47] to residential scenarios with
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peer-to-peer sharing [48] and university campuses [49]. Broader sus-
tainability perspectives, including circular economy principles [50] and
global environmental strategies [51], reinforce the need for integrated
energy solutions.

The economic analysis of photovoltaic systems combined with bat-
tery energy storage has increasingly gained attention in the literature
last years. A Systematic Literature Review (SLR) was conducted
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [52] to have a full picture of this
topic. This procedure was complemented by a bibliometric thematic
analysis, as suggested by [53], to integrate quantitative mapping with a
qualitative interpretation of research trends.

The literature search was carried out in the Scopus database on 16
October 2025. The initial query, applied to all searchable fields, was
formulated as follows:

“photovoltaic” OR “solar” OR “PV” AND “economic analysis” OR
“profitability” AND “battery energy storage” OR “BES” AND “model”
AND “NPV” OR “net present value”

This preliminary search yielded a total of 430 documents. Two
exclusion criteria were then applied:

e E1: The publication was not an article or review.
e E2: The publication was not written in English.

After applying these criteria, the number of articles and reviews was
reduced to 362. Given the high number of retrieved documents, a the-
matic mapping analysis [54] was conducted to have an overview of the
main research directions and conceptual clusters in the field, following
the approach proposed by [53]. The results of the thematic mapping,
based on the 362 articles identified in the initial query, are presented in
Fig. 1. In Fig. 1, the four quadrants are based on the research themes
centrality (relevance, on the x axis) and density (development on the y
axis). There are the motor theme quadrants (high density, high cen-
trality) on the upper right corner, Basic theme quadrant (low density,
high centrality) on the lower right corner, Niche theme quadrant (high
density, low centrality) on the high left corner and emerging/declining
theme quadrant (low density, low centrality) on the bottom left corner.

It should be noted that the most central and mature topics, i.e. those
driving scientific development in the field, are renewable energy and
techno-economic analysis. These topics combine technical and eco-
nomic aspects, demonstrating the growing importance of assessing not
only technological efficiency but also the economic sustainability of
energy solutions. However, smart grids and sensitivity analyses emerge
on the borderline with niche topics and basic themes, as does photo-
voltaics with economic analysis, showing the combination linked to the
topic and the methodological step used. One niche topic is optimisation,
such as NPV itself; finally, it can be observed that more classic terms
such as battery and energy storage are considered, while battery storage
is proposed as a niche. Therefore, research tends to integrate techno-
logical, economic and sustainability aspects, with a gradual shift to-
wards more integrated and intelligent energy solutions.

Based on the initial thematic mapping, the search strategy was
refined to focus more precisely on the core research objective. The
previously presented query was limited to the article title, abstract, and
keywords fields, resulting in a final set of 23 articles retrieved. Following
full-text screening, a total of 19 articles were ultimately selected for
inclusion. All stages of the SLR process are presented in the PRISMA flow
diagram shown in Fig. S1. The next parts of this section present the main
findings from the 19 selected articles, focusing on the three key factors
that can affect PV4+BES economic sustainability: policy and economic
drivers, investment costs and contextual factors, and technical factors.

2.1. Policy and economic drivers of PV-BES profitability

The literature sustain that the economic viability of PV+BES solution
is highly dependent on economic, technical, and regulatory variables.
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Fig. 1. Thematic Map: colors represent the different thematic clusters and bubble size represents theme importance.

Fundamentally, the integration of these systems significantly increases
sustainability, particularly through the growth of self-consumption and
the application of incentive policies such as tax breaks [38]. Studies
consistently identify self-consumption as the most decisive factor for
enhancing the profitability of PV-BES systems [38,55]. Furthermore, the
economic advantage is often contingent on regulatory frameworks,
where the absence of remuneration for surplus energy can make the
combined system unprofitable [56-59]. Smart energy management,
such as the implementation of Home Energy Management Systems and
flexible State-of-Charge management, also demonstrates a clear path to
improved profitability and system lifespan [60-62].

2.2. Investment costs and contextual feasibility

A significant factor emerged from the literature is the necessity of
balancing technology choices between cost and performance [63].
Specifically, the cost of storage is recognized as a critically variable
factor [64,65]. The economic feasibility of PV+BES systems varies
considerably based on geographical and regulatory contexts [59]. Many
studies conclude that a sharp reduction in battery prices is required for
widespread profitability, although rising electricity prices or a reduction
in battery costs can rapidly accelerate the competitiveness of these
systems [66,67]. The need to validate models using real-world data and
considering the specific context of the installation is also stressed [68].

2.3. Technical factors: sizing, degradation, and management

Technical considerations are fundamental in model accuracy. The
correct sizing of both PV and BES systems is central for maximizing both
economic returns and technical efficiency [64]. A rigorous economic
models must include the effects of component degradation and

replacement to prevent the overestimation of NPV and ensure realistic
long-term projections [69,70]. This requires the use of realistic aging
models for both PV and BES components, relying on realistic hypotheses
if possible. Furthermore, literature suggest that innovative solutions,
such as the use of second-life batteries, and the benefits of combining
different energy sources can provide economic advantages respect to
classical BES [71,72].

3. Methodology

Investment strategies can be analysed using a variety of approaches.
Markov decision-making identifies strategies that optimise the use of an
action policy [73], while other analyses follow a more traditional
approach based on comparing revenues and costs [74]. Among invest-
ment evaluation tools, the discounted cash flow method plays a central
role in the evaluation of long-term projects, as it assumes that the value
of a project corresponds to the sum of its future cash flows, discounted to
take into account the cost of capital and investment risk [3,75].

The methodological approach adopted in this study integrates
deterministic and stochastic analyses to assess the economic feasibility
and robustness of photovoltaic and photovoltaic + BES systems in the
restaurant case study. The workflow includes an economic model
(Section 3.1) and input data (Section 3.2). Subsequently, a LASSO (Least
Absolute Shrinkage and Selection Operator) regression model was used
to identify the most influential variables explaining the changes in NPV
(ANPV) compared to the baseline configuration. NPV is a key indicator
for assessing the economic sustainability of PV + BES projects [37,76].

3.1. Model

The indicators typically used are Net Present Value (NPV), which
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measures the profits achieved by the project; Internal Rate of Return
(IRR), which measures the percentage return on the project; Discounted
Payback Time (DPBT), which quantifies the time period in which the
project pays for itself; Profitability Index (PI), which quantifies the
profits per unit of investment cost; and NPV/SIZE, which relates profits
to the size of the project.

The technical data was simulated using PVsyst 8.0.15 software for a
24 kW system located on the roof of a restaurant in Rome. The system
covers approximately 135 m?, with a 30° tilt and 0° (south) orientation.
The simulation yielded a net annual production of 32,773 kWh, corre-
sponding to a specific production of 1366 kWh/kW. Instead, the last
year will be equal to 28,678 kWh due to the degradation of PV plant.

The economic model of reference is that proposed in the literature
[37] and is modified according to two political scenarios:

e one with a non-repayable capital deduction of 40 % (PI scenario);
e one without any grant (NPI scenario).

The political variable in this model has a direct impact on costs,
reducing their amount. The cash flow analysis encompasses several
components. In particular, the annual cash flows generated by the PV
system (for each year t, where t € {0,1,...,20}) can be attributed to the
following categories. On the revenue side, the main inflows derive from
avoided energy costs, representing the savings from self-consumption,
and from the sale of surplus energy fed into the grid. However, the
latter is expected to decrease when a storage system is implemented, as
it allows for more efficient energy management and higher self-
consumption. On the cost side, investment costs financed by third-
party capital stand out, while maintenance and insurance costs are
notable among operating costs. Following the literature [77,78], BES
capacity is sized proportionally to the PV system. This work adopts a
BES-to-PV ratio of 1.5, as this configuration is widely used in similar
techno-economic studies and typically maximises the increase in
self-consumption while keeping costs manageable [38]. Analytically,
Eq. (1) proposes the NPV and Eqs. (2)-(4) describe the revenue com-
ponents, separating the savings from self-consumption and the revenues
from electricity sold to the grid. Egs. (5)-(6) proposes the energy pro-
duction and Egs. (7)-(8) summarise the structure of investment, O&M,
and financial costs, which together determine the discounted outflows.
Finally, Eq. (9) describes the policy tool applied to the investment cost.

NPV(PV) = DCI(PV) — DCO(PV) @
DCI(PV) g f‘CA‘ o+ g SPets 2
ECA; = Weeite* Eoutt® Pey With pey = P,y (1 + infy)"" 3
SPes = (1= Waate) Bourer Py With Py, = pg,y-(1 + infa)™" “
Eoutt = PpvxS (5)
Eouter1 = Eourer (1 — dEy) (6)

DCO(PV) = Cye
+ (SPeLt'chax)

. i Pun-Ciny-(1 4 inf) ™ + p,-Ciny-(1 + inf)"
=1 (140

AG,
Naebepy—1 (—‘“VPV> + (ACinvpv — Cies) - Ta

Naebt.pv Cinvi1
* S 1+no°
=0
@)
Cinvpv = Cinvpvu-S-(1+ Vat) ®
Acinv,PV = Cinv.PV * (1 — AP (PV)) (9)
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Focusing on the storage system, its size is typically defined in pro-
portion to the PV system, with B and S representing the BES and PV
capacities, respectively. This relationship is fundamental because it
determines the associated increase in self-consumption [55,79]. To
enhance self-consumption, a BES capacity of 36 kWh was selected,
corresponding to a BES-to-PV ratio of 1.5. Given a battery lifespan of ten
years, replacement is required after the first decade of operation. The
economic assessment of the BES mainly depends on the increase in
self-consumption it provides, which must justify the investment. As for
the PV system, discounted cash inflows related to the BES are computed
through analogous relationships. Eqs. (10)-(13) details the extension of
the economic model considering BES, where costs and revenues are
dependent on the increase in self-consumption. Also in this case, Eq. (14)
shows the role of policy tool applied to the investment cost.

AVvselfc EouLt 'pc‘t)

NPV(BES) = gross NPV(BES) + Z : (10)
=1 (1+r)
gross NPV(BES) = — DCO(BES) an
DCO(BES) Zj: Prmpis*Cinv' (1 + lnf)(1 ++r§)ta,BES'CinV'(l + inf)Fl
Naebers—1 (%) + (ACinypEs — Cicst)- Ta

+ 2 T 12)
Cinvpes = Cinvpesu® B - (1 + Vat) 13
ACinyges = Cinves * (1 — AP (BES)) ()

Finally, the overall NPV initially allows the profitability of the first
technology (PV) to be measured and then assesses whether the inte-
grated system (PV+BES) is more cost-effective than the PV system alone
(Eq. (15)). The other indicators used in this work are presented in Eqs.
(16)-(19).

NPV(PV + BES) = NPV(PV) + NPV(BES) 15)
N
16
tz 1- IRR a6
DPET 1
Y ———=0 a7
= (1+71)
NPV
PI= 18
Cinv ( )
NPV/SIZE = % 19

3.2. Input data

This section outlines the rationale behind the selection of several
variables used in the economic model. It begins with the two main pa-
rameters for discounting cash flows: a useful life of 20 years and an
opportunity cost of capital of 5 %. These values were defined based on
the relevant literature and subsequently validated through consultation
with two experts.

A restaurant’s electricity consumption depends on both its opera-
tional scale and the number of customers served, as larger sizes and
higher customer numbers correspond to higher energy loads. For this
scope, the restaurant’s annual electricity consumption was set at 30,000
kWh based on data from a sample of restaurants in Rome. Consumption
data must be compared with production data, which in turn depends on
the location and size of the plant, so it is also essential to understand the
space available for installation. According to production data, it is
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possible to estimate a self-consumption percentage of 40 %; in fact, this
estimate was calculated taking into account energy consumption with
production peaks that are higher in the summer months. It should also
be noted that in a city with a strong tourist vocation, both in terms of
religious and cultural sites, there is also high demand at lunchtime. The
large number of tourists also makes restaurant opening hours very
flexible. Based on data from the restaurants examined and evaluating
the data reported on Eurostat, the purchase price of energy was esti-
mated at 0.26 €/kWh, while the sale price was estimated at 0.11 €/kWh
according to GSE data. The unit cost of PV investment is 1450 €/kW and
that of BES is 650-750 €/kWh. In addition, inverter cost is assumed
equal to 15 % of the investment cost. Table 1 reports all input data of this
work [3,37-39,80-84].

3.3. LASSO regression

To identify the variables that most significantly influence ANPV, this
study employed the LASSO regression method originally introduced by
[85]. The LASSO regression was applied various simulated scenarios,
generated by varying the case study parameters within the ranges re-
ported in Table S2. Each observation corresponds to an alternative PV or
PV+BES configuration defined by different productivity levels, cost

Table 1
Input data.
Variable Acronym  Value Unit
BES size B 36 kWh
Adminstrative/Electrical Cae 1300 €
connection cost
Investment cost (BES) Cinv,BES f (B, Cinv,BES,u) €
Investment cost (PV) Cinv,pv f (S, Cinv,pv,u) €
BES unit investment cost Cinv,BES,u 650-750 €/kWh
Investment cost (inverters) Cinv,1 f (Cinv,pv) €
Unitary investment cost (PV) Cinv,pv,u 1450 €/kW
Discounted cash inflows DCI f(, r, N) €
Discounted cash outflows DCO f (O, 1, N) €
Decreased efficiency of the system  dEs 0.7 %
Energy output Eout 28,678-32,773 kWh/y
Avoided energy cost ECA - €
Cash inflows In - €
Rate of inflation Inf 2.5 %
Rate of energy inflation infy 2 %
Useful life of the plant N 20 Y
Lifetime of a BES system Ng 10 Y
Period of loan (BES) Ngebt,BES 5 Y
Period of loan (PV) Nebt,pv 10 Y
Inverter useful life N 10 Y
Cash outflows O, - €
Percentage of assurance (PV) Pa 1 %
Percentage of assurance (BES) Pa,BES 1 %
Electricity purchase price Pe f (Per1;infe) €/kWh
Electricity purchase price (t = 1) Pes1 0.26 €/kWh
Percentage of taxes cost PcTax 40 %
Productivity (PV) Ppy 1366 kWh/
kw
Percentage of maintenance (PV) Pm 2 %
Percentage of maintenance (BES) Pm,BES 1 %
Electricity selling price Ps f (ps,—1;infe) €/kWh
Electricity selling price (t = 1) Psi1 0.11 €/kWh
Opportunity cost of capital R 5 %
Interest rate on the loan rq 3 %
Plant size S 24 kw
Sale of produced energy SP¢ - €
Value-added tax Vat 10 %
Percentage of self-consumption Waelf,c 40 %
Investment cost net of capital ACiny BES f €

deduction (BES) (AP (BES); Cinv.pes)

Investment cost net of capital ACiny pv f (AP (PV); Cinvpv) €
deduction (PV)

Capital deduction (BES) AP (BES) 40 %

Capital deduction (PV) AP (PV) 40 %

Delta percentage of self- AWgelf,c 10-30 %

consumption
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assumptions, policy conditions and self-consumption values. This en-
sures that variable selection reflects the behaviour of the case study.
LASSO performs simultaneous coefficient estimation and variable se-
lection by imposing an L1-penalty on the regression coefficients, leading
to sparse solutions where many coefficients are exactly zero. Its opti-
mization problem is defined as:

n

2
N 1 p )4
ﬂLASSO _ argmin{zn Z (yi — By — quﬂj> + 2 Z |ﬂ}|} (20)
= T

i=1

where (y;) is the response variable, x; are the predictors, f; are the
regression coefficients, n is the number of observations, and 1 is the
regularization parameter controlling the strength of penalization. When
4 =0, the method is equal to the standard OLS regression; as 4 increases,
coefficients are shrunk toward zero, and less influential variables are
eliminated from the model [86]. LASSO was selected over standard OLS
regression for various reasons. First, it enables automatic variable se-
lection and model regularization, providing interpretable results even
when the number of predictors is relatively large compared to the
number of scenarios analyzed [85]. Second, by penalizing large co-
efficients, LASSO reduces overfitting and improves generalization per-
formance on unseen data [87]. Third, it effectively handles
multicollinearity, since the L1 penalty tends to retain only one variable
among a group of correlated predictors while setting the others to zero.
Lastly, the method aligns with the managerial objective of identifying
the most critical decision levers that predominantly drive the economic
outcome. The LASSO model was implemented using the glmnet package
(Friedman et al., 2010), which applies coordinate descent optimization
for efficient computation. The regularization parameter A was selected
via 10-fold cross-validation, following the standard procedure of mini-
mizing the mean squared prediction error.

4. Results

The sustainable restaurant project is not limited to introducing
innovative environmental solutions, but also requires verification that
these choices are supported by solid economic sustainability. This work
analyses the baseline scenario for a PV system (Section 4.1) and then
describes the LASSO analysis (Section 4.2) and evaluation of alternative
scenarios for this technology (Section 4.3). The next step consists of
evaluating the BES (Section 4.4) and the related LASSO analysis (Section
4.5).

4.1. PV base scenario analysis

The installation of a 24 kW PV system was subjected to an in-depth
financial analysis in order to assess whether the investment is capable
of generating adequate returns and reducing exposure to energy cost
risks. The economic viability of a PV system does not depend solely on
technical and financial parameters, but also on the political and insti-
tutional context in which the investment is made. It should be noted that
self-consumption is set at 40 %. In this regard, a comparative analysis of
two scenarios was developed in order to appropriately assess the eco-
nomic viability of this investment (Table 2):

Table 2
Financial indicators in the PI and NPI scenarios.

PI scenario NPI scenario

NPV 38,175 € 10,212 €

DPBT 5 years 2 months 15 years 5 months
IRR 40 % 9 %

PI 0.90 0.20

NPV/SIZE 1590 €/kW 425 €/kW
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the scenario with capital contribution - political with incentives (PI),
which provides for a capital contribution equal to 40 % of the initial
investment

the alternative scenario without contribution - political no incentives
(NPI), which represents the case in which the company must bear the
entire investment cost.

The results show that in both cases the investment is profitable, but
with very different levels of profitability. In the PI scenario, the NPV
reaches 38,175 €, while in the NPI scenario it drops to 10,212 €, with a
loss of profitability of over 28,000 €. There are therefore significant
differences in profitability. An analysis of the entire 20-year useful life of
the system shows that without the public incentive, the DPBT moves
beyond 15 years: this means that most of the period would be absorbed
only by the recovery of initial costs, leaving little margin for producing
actual economic benefits. On the contrary, with the non-repayable
grant, the return on investment occurs in about 5 years, i.e. in just
over a quarter of the total duration. This means that, for a restaurant, the
system would start to generate net benefits very early on, making the
operation much safer and more cost-effective. In terms of relative
profitability, the PI scenario achieves an IRR of 40 %, well above the
opportunity cost of capital, while in the NPI scenario, the IRR stands at 9
%, which, although positive, reduces the attractiveness of the project.
Similarly, the PI drops from 0.90 to 0.20, signalling a drastic reduction
in the return per euro invested. The return per unit of power (NPV/SIZE)
in the incentivised scenario reaches 1590 €/kW, while without the
subsidy the value drops to only 425 €/kW: a difference that confirms the
decisive impact of public support policy. Therefore, although the plant is
profitable even without subsidies, state support allows for a substantial
improvement in all financial indicators. This not only increases eco-
nomic convenience, but also reduces the risk perceived by the company,
shortening payback times and guaranteeing returns significantly higher
than the market benchmark. It is therefore clear that the current policy
scenario is an effective tool for accelerating the energy transition and
encouraging private investment in the renewable energy sector.

The distribution of cash flows allows for the breakdown of inflows
and outflows (Table S1) over the useful life. In the case with a subsidy,
the total discounted revenues amount to approximately 72,633 €, of
which the majority, 65 %, derives from savings on bills thanks to self-
consumption of energy, while the remaining 35 % comes from the sale
of energy fed into the grid. This data confirms that the economic
advantage of the system is mainly linked to its ability to replace the
purchase of electricity from the grid, given that the unit purchase price
(0.26 €/kWh) is significantly higher than the sale price (0.11 €/kWh).
On the other hand, the total discounted costs amount to approximately
34,458 €. The breakdown shows that the most significant item is capital
costs, which account for approximately 40 % of the total, followed by
maintenance, taxes and insurance costs, which account for 26.5 %, 16.6
% and 10.2 % respectively. Interest costs (2.5 %) and electricity
connection costs (3.8 %) are more marginal. Without the subsidy, rev-
enues side remains unchanged; in fact, the economic model used in this
study assumes that the capital grant has a direct impact on reducing
investment costs. Instead, the cost situation changes significantly. The
total discounted costs amount to approximately 62,421 €, with capital
costs accounting for more than half of the total (55.8 %), followed by
maintenance costs (24.4 %). Therefore, with the non-repayable grant,
the weight of the initial capital is significantly reduced and the cost
structure is more balanced.

4.2. LASSO PV analysis

In order to assess the soundness of the results obtained in greater
depth, it is not sufficient to analyse only the distribution between costs
and revenues, which provides a static snapshot of economic conve-
nience. Instead, it is necessary to understand how the NPV can vary as
the main technical and economic variables change, in order to highlight
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which parameters, have the greatest impact on overall profitability.
With this in mind, a quantitative analysis based on the LASSO method
was applied, with the aim of identifying the most relevant variables that
influence the change in the net present value of the investment (ANPV).
Starting from the fourteen independent variables relating to technical
and economic parameters (e.g. production per kW, electricity purchase
cost, unit investment, self-consumption, maintenance, etc.) and their
ranges of variation — Table S2, Fig. 2 shows the results of this analysis
(with the optimal A = 0.00514).

The LASSO analysis highlighted a clear distinction between relevant
and negligible variables relating to the PI scenario. Specific production
per kW was found to be the most relevant parameter: even small vari-
ations have a marked effect on ANPV. An increase in production, linked
to above-average levels of insolation, translates into improved profit-
ability, while a reduction has the opposite effect. A second determining
factor is the cost of purchasing electricity. When the price of energy
rises, self-production becomes relatively more advantageous, resulting
in an increase in ANPV. Conversely, lower prices reduce the economic
benefit associated with the system. An equally important role is played
by the self-consumption share, which reflects the restaurant’s ability to
directly use the energy produced. The higher the self-consumption, the
lower the dependence on the grid and the higher the profitability.
Alongside these three main variables, the unit investment is also highly
relevant, ranking among the top four variables influencing ANPV. In-
creases in the initial cost significantly reduce the economic viability of
the system. Further impacts derive from the variables of energy sales and
opportunity cost of capital.

In the NPI scenario, the LASSO analysis shows (Fig. S2) that pro-
duction per kW remains the most decisive variable, followed most
significantly by the unit investment cost, indicating that in the absence
of public incentives, the initial outlay becomes a critical lever for the
economic sustainability of the plant. The cost of purchased electricity
and the share of self-consumption are also confirmed as relevant, but the
opportunity cost of capital and the energy sales tariff are also critical.
Finally, the variables emerging as dominant in the LASSO model (spe-
cific production, energy purchase cost, and self-consumption) are pre-
cisely those generating the largest variations in the sensitivity analysis,
confirming the internal coherence of the results.

Table 3.

4.3. Alternative PV scenarios

4.3.1. Sensitivity analysis

The degree of stability of the results is examined in greater detail
below through a sensitivity analysis, modifying the most critical pa-
rameters individually:

o the opportunity cost of capital (+2 %, +4 %), which reflects mac-
roeconomic conditions and directly influences the discounting of
cash flows;

the energy sales tariff (+0.01 €/kWh, +0.02 €/kWh) and the pur-
chase cost (+0.02 €/kWh, +0.04 €/kWh), which represent the main
items of revenue and savings and are subject to significant market
fluctuations;

specific production per kW (£5 %, +10 %), a technical parameter
that depends on climatic conditions and the geographical location of
the plant.

The results show that an increase in opportunity cost leads to a sig-
nificant reduction in profitability. The NPV falls from 1590 €/kW to
1267 €/kW and 1018 €/kW, highlighting that an increase in opportunity
cost from 5 % to 7 % leads to a reduction of 323 €/kW and a further 249
€/kW when it reaches 9 %. Consequently, in these contexts, future cash
flows weigh less heavily and the profitability of the project decreases.

As regards the reduction in the energy sales tariff of 0.01 €/kWh, this
leads to a decrease in profitability of 59 €/kW and 114 €/kW when it is
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Fig. 2. Results of the LASSO analysis for the PI scenario — PV system.

Table 3
Sensitivity analysis — NPV in the PI scenario.

Case study Value NPV (£) NPV/SIZE (€/kW)
Base scenario 38,175 1590
Opportunity cost 7 % 30,410 1267
9% 24,422 1018
Energy sales tariff 0.10 €/kWh 36,790 1531
0.09 €/kWh 35,300 1417
Energy purchase cost 0.22 €/kWh 30,927 1289
0.24 €/kWh 34,551 1440
0.28 €/kWh 41,799 1742
0.30 €/kWh 45,423 1893
Production per Kw 1229 kWh/kW 31,883 1328
1297 kWh/kW 35,029 1460
1433 kWh/kW 41,321 1722
1502 kWh/kW 44,467 1853

reduced by 0.02 €/kWh. This confirms that, although energy sales
contribute positively to the economic result, their weight is lower than
the savings obtained from self-consumption. The variation in this vari-
able is affected by market mechanisms and public policies. It should be
noted that a reduction in this variable could encourage greater self-
consumption but could penalise those who are not in a position to
implement virtuous behaviour.

The cost of purchasing electricity has also been varied in optimistic
scenarios, as this value tends to fluctuate greatly and can vary over time
depending on the market. The results show that the impact of the pur-
chase cost is very significant: for every variation of +0.02 €/kWh, the
NPV undergoes a deviation of 3624 €, equal to approximately 150 €/kW.
This confirms that the cost-effectiveness of the project is strongly linked

to the price on the bill and that favourable market scenarios (reduction
in purchase cost) reduce profitability, while unfavourable scenarios
(increase in cost) increase it. This effect is due to the logic of self-
consumption: the higher the cost of avoided energy, the greater the
benefit for the company.

The variable production per kW depends on the level of insolation, a
parameter that varies naturally depending on climatic conditions, and
given the criticality that emerged from LASSO, it is varied in optimistic
and pessimistic scenarios. Each 5 % increase in production results in an
increase in NPV of 3146 €, equal to approximately 131 €/kW. Similarly,
a reduction in production generates a negative impact of a similar
magnitude. This result highlights the advantages of those territories
favoured by their location, but underlines the strategic role of technol-
ogy in design choices. However, some phenomena will not depend on
the designers but on phenomena linked to climate change, which can
accentuate variability: periods with greater solar radiation increase
profitability, while adverse weather conditions reduce it.

The same sensitivity analysis was replicated for the alternative po-
litical scenario without incentives. In this case, the absolute NPV values
are significantly lower than in the base scenario, highlighting lower
economic robustness. Despite this, the dynamics of variation follow a
consistent trend: the same variables have a greater impact on profit-
ability, albeit with different intensities. A negative NPV emerges when
the opportunity cost of capital is set at 9 % - Table S3.

4.3.2. The percentage of self-consumption

The percentage of self-consumption is a crucial variable for the
profitability of the investment, since the direct use of the energy pro-
duced allows for the maximisation of economic benefits. It varies from
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0 % (sale-only scenario) to 100 % (self-consumption-only scenario) with
a range of 10 % in both policy scenarios — Tables 4 and S4.

The results show that every 10 % increase in self-consumption cor-
responds to a systematic increase in NPV/SIZE. In the scenario with
subsidies, the indicator rises from around 67 €/kW in the case of sales
only to 3605 €/kW with total self-consumption, with an average in-
crease of around 355 €/kW for every 10 % of self-consumption. In the
scenario without subsidies, the values for NPV/SIZE are negative up to
20 % self-consumption and only become positive from 30 % onwards,
reaching 2329 €/kW at 100 %. In this case, the average increase is
approximately 350 €/kW for every 10 % of self-consumption. A com-
parison of the two scenarios shows that, for the same self-consumption,
the PI scenario guarantees on average around 1000-1200 €/kW more
than the NPI scenario. The comparison between the two scenarios shows
that the contribution significantly improves profitability, bringing for-
ward the break-even point (which becomes immediate) and raising the
overall NPV values. However, the trend in marginal variations remains
similar: in both cases, self-consumption guarantees maximum incre-
mental benefits up to 50-60 %. These results have important manage-
ment implications. Self-consumption should not be interpreted solely as
a technical parameter, but as a genuine management behaviour. The
restaurant’s ability to synchronise its consumption with solar produc-
tion is in fact the key to maximising economic benefits. With this in
mind, targeted business strategies, such as scheduling energy-intensive
consumption during peak sunlight hours, can significantly increase
economic returns. Furthermore, it should be noted that actual self-
consumption also depends on external factors, such as seasonality of
demand and weather conditions, which influence solar production and
consumption profiles. Looking ahead, the introduction of storage sys-
tems or demand side management techniques could make it possible to
go beyond the identified threshold of convenience, reducing the loss of
value associated with diminishing marginal returns.

4.3.3. Scenario analysis

After performing sensitivity analyses on individual variables, a sce-
nario analysis was developed with the aim of assessing the impact of a
change in several critical parameters (Table S5). This approach allows
for the simulation of a pessimistic-realistic situation, in which the
project is confronted with less favourable conditions in terms of both
costs and revenues, making it possible to verify the overall soundness of
the investment (Table 5).

When only the variables related to revenues are modified, it becomes
clear that these play a crucial role in determining overall profitability.
With a 40 % public contribution, the project remains very solid: the NPV
remains above 33 k€ and the IRR falls slightly but remains high (34 %).
In other words, even assuming less favourable conditions on the revenue
side, the investment continues to guarantee attractive returns. The sit-
uation changes significantly in the absence of a contribution. In this
case, the NPV falls to 5 k€ and the IRR to 7 %. These values indicate that
the project is still profitable, but with extremely limited margins.

To construct a more comprehensive pessimistic cost scenario, the

Table 4
Sensitivity analysis of the impact of self-consumption on NPV/SIZE (PI vs NPI).

PI scenario (€/kW) NPI scenario (€/kW)

0 67 —1098
10 448 -717
20 829 —336
30 1210 45
40 1591 425
50 1972 801
60 2353 1161
70 2731 1493
80 3082 1806
90 3396 2120
100 3605 2329
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analysis incorporates variations not only in the investment cost but also
in maintenance and insurance. Although the LASSO results did not
identify the last as critical, their cumulative impact on the overall cost
structure justifies their inclusion for the risk assessment. The results
show that the NPV is reduced to around 35 k€ and the IRR remains high
(36 %). Without the subsidy, however, profitability is significantly
lower: the NPV is around 4 k€ and the IRR is 7 %. The scenario without
public funding appears much more critical. It should be noted that this
does not indicate that costs have a greater impact than revenues, but
depends on the input values assumed for revenues, which show a smaller
reduction between the two pessimistic scenarios assumed in the sensi-
tivity analysis, and on the greater weight that investment costs have in
the NPI scenario. Finally, when there is a simultaneous change in both
revenues and costs, the NPV is reduced to 30 k€ in the PI context, but the
same changes lead to a sharp deterioration in economic indicators in an
NPI context, resulting in a non-profitable situation.

4.3.4. Break-even point PV analysis

The break-even point (BEP) analysis was carried out with the aim of
identifying the minimum conditions that guarantee the economic sus-
tainability of the project, i.e. those that bring the NPV to zero (Table 6).

The first variable considered was the percentage of self-consumption.
The analysis only concerned the alternative policy scenario, since in the
baseline policy scenario (PI) the plant is profitable even with zero self-
consumption and therefore no critical threshold is recorded. The re-
sults show that, in the scenario without public subsidies, the NPV is zero
when self-consumption is around 29 %. The analysis was then applied to
the purchase price of electricity, which shows a value of 0.049 €/kWh
and 0.204 €/kWh in the two respective policy scenarios. Therefore, in
the base policy scenario, unprofitability occurs with exceptionally low
prices, which are unlikely to be observed in practice. Conversely, in the
alternative policy scenario (NPI), the break-even threshold proposes a
value that is much more sensitive to potential real conditions. The last
variable considered is production per kW. Here too, the results
confirmed the different robustness of the two scenarios: in the PI, the
critical threshold is around 545 kWh/kW, a level well below the average
reference production (1365 kWh/kW), indicating that the investment
maintains ample safety margins. In the NPI, on the other hand, the
critical value is approximately 1146 kWh/kW: this means that economic
viability is only maintained if the plant achieves production levels close
to the expected average, making the investment more exposed to the risk
of possible reductions in insolation or efficiency.

4.3.5. PV risk analysis

The Monte Carlo analysis was carried out with a thousand iterations
to estimate the variability of the overall economic results (Fig. S3-4).
Starting from each base scenario (PI and NPI), variations were intro-
duced on the main critical variables: r productivity (-5 % and +5 %),
energy price (from 0.26 €/kWh to 0.24 €/kWh), self-consumption level
(30 % and 50 % compared to the base value of 40 %) and opportunity
cost of capital (from 5 % base to 7 % and 9 %). For each configuration,
three probabilities were calculated: i) the probability that the NPV is
greater than zero; ii) the probability that the NPV exceeds the base NPV
value of the reference scenario; and iii) the probability that the NPV
exceeds the minimum NPV value, corresponding to the most unfav-
ourable but positive condition emerging from the sensitivity analysis -
Table 7.

In the PI Scenario, all the scenarios examined show a consistently
positive NPV, confirming the soundness of the investment. In the base
case, the probability of exceeding the reference NPV (38,175 €) is 50.9
%, with results distributed in a balanced manner. Compared to the
minimum value identified in the sensitivity analysis (24,422 €), the
probability of exceeding it remains 100 %, indicating safety margins
even in the worst-case scenarios. Productivity has a decisive impact:
with —5 %, the probability of exceeding the base NPV drops to 3.9 % and
that of exceeding the minimum to 96.2 %; with +5 %, the values reach
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Table 5
Pessimistic scenario analysis on financial indicators (PI vs NPI).
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PI revenues PI costs PI revenues + costs NPI revenues NPI costs NPI revenues + costs
NPV 33,113 € 35,113 € 30,052 € 5123 € 4133 € —1286 €
DPBT 5 years 8 months 5 years and 7 months 6 years and 1 month 17 years 8 months 18 years 2 months >20 years
IRR 34 % 36 % 31% 7 % 7 % 4.5 %
PI 0.80 0.82 0.72 0.15 0.14
NPV/SIZE 1379 €/kW 1463 €/kW 1252 €/kW 213 €/kW 172 €/kW
4.4. Base scenario analysis BES
Table 6
BEP analysis in the two policy scenarios. A . .
¥ poicy The NPV indicator was used for the economic evaluation of the
Variable FI NPI storage system (BES) of 36 kWh, calculated as the difference between
Percentage of self-consumption - 28.8 the discounted revenues generated by the increase in self-consumption
Energy purchase price 0.049 €/kWh 0.204 €/kWh and the discounted costs of the investment. The costs considered
Specific production per kW 545 kWh/kW 1146 kWh/kW

99.9 % and 100 % respectively. Self-consumption is also decisive: by
reducing it to 30 %, the probability of exceeding the base NPV drops to
0.6 % and that of exceeding the minimum to 88.1 %; with 50 %, on the
other hand, it rises to 96.9 % and 100 %. The price of energy, on the
contrary, has a marginal impact. Far more significant is the opportunity
cost of capital: at 7 %, the probability of exceeding the base value falls to
2.2 % (93.4 % on the minimum), and at 9 % — a highly unlikely scenario,
almost double the reference value - the probability of exceeding the base
NPV falls to 0 % and that on the minimum to 52.6 %. Therefore, all case
studies are profitable: even in the worst-case scenario, the project re-
mains viable, albeit with reduced margins.

In the base case of the NPI scenario, the probability of a positive NPV
is not total but remains high (94.6 %). Compared to the reference value
(10,212 €), the probability of exceeding it is 49.5 %, while compared to
the minimum NPV (2964 €), it stands at 88.9 %. Already here, a greater
fragility emerges compared to the PI scenario. Productivity confirms its
central role: with —5 %, the probability of a positive NPV falls to 84.8 %
(27.4 % >base; 74.2 % >minimum), while with +5 %, the values reach
99.9 % (93.1 % >base; ~100 % >minimum). The price of energy has
limited effects, while self-consumption is decisive: at 30 %, the proba-
bility of positive NPV falls to 56.3 % (6.1 % >base; 38.7 % >minimum),
indicating a high risk. This scenario is particularly critical because it
may not result from management decisions, but from restaurant usage
patterns (e.g., more evening than daytime traffic). Conversely, with 50
% self-consumption, the probabilities return to very high levels (99.8 %
>0; 91.5 % >base; 98.9 % >minimum). The opportunity cost has a
similar impact to the PI Scenario: at 7 %, the NPV remains positive in
95.9 % of cases (39.6 % > base; 86.3 % > minimum), but at 9 %, the
scenario becomes less interesting (48 % > 0; 2.9 % > base; 25.5 % >
minimum). Unlike the PI Scenario, here the values do not fall to zero, but
remain very low. Therefore, the NPI Scenario is profitable but more
vulnerable.

Table 7

include initial capital costs, financial charges, maintenance costs and
insurance costs. Revenues, on the other hand, were estimated as the
product of the increase in self-consumption (Awself), the annual pro-
duction of the PV system and the price of electricity, updated annually to
take inflation into account. Initially, the Gross NPV (BES) is calculated,
which does not included revenues linked to the increase in self-
consumption, in order to assess the criticality of this variable. This in-
dicator is calculated for both policy scenarios based on two distinct BES
investment costs (650 €/kWh and 750 €/kWh) - Table 8.

As expected, in both cases the Gross NPV is negative, highlighting the
poor cost-effectiveness of the investment if the increase in self-
consumption is not taken into account. In fact, the capital contribution
alone results in a NPV of approximately 10 k€ and 11.5 k€ higher in the
two investment contexts, but the indicator remains negative. At this
point, it becomes essential to consider the increase in terms of potential
self-consumption values. There can be multiple combinations that
identify the different case studies, so to generalise, three different levels
of increase in self-consumption (Awself = 10 %, 20 %, 30 %) are
considered, which also depend heavily on the relationship between the
size of the BES-PV system.

For example, Table 8 shows that in the PI scenario with a unit in-
vestment of 650 €/kWh, the Gross NPV (BES) is —25,367 €. Considering
a 20 % increase in self-consumption, the NPV (BES) becomes —1811 €
(Table 9). Consequently, this amount of energy produced by the PV
system and used through BES technology is valued at a purchase price of
0.26 €/kWh over its entire useful life, but cannot cover the entire share
of additional costs.

The results show that with a 10 % increase, the NPV remains nega-
tive in all scenarios, and the same is true with a 20 % increase. Finally,
when analysing the 30 % increase, the NPV is positive in the PI scenario,

Table 8

Gross NPV (BES).
BES unitary investment PI (€) NPI (€)
650 €/kWh —25,367 —35,317
750 €/kWh —29,270 —40,751

Probability of exceeding the NPV thresholds in the two policy scenarios. All data in percentage.

PI scenario

NPI scenario

>0 >NPVbase (38,175 €) >NPVmin (24,422 €) >0 >NPVbase (10,212 €) >NPVmin (2964 €)
Base 100 50.9 100 94.6 49.5 88.9
Productivity —5 % 100 3.9 96.2 84.8 27.4 74.2
Productivity +5 % 100 99.9 100 99.9 93.1 99.9
Energy price 0.24 100 50.0 100 85.2 27.9 73.1
Self-consumption 30 % 100 0.6 88.1 56.3 6.1 38.7
Self-consumption 50 % 100 96.9 100 99.8 91.5 98.9
Opportunity cost 7 % 100 2.2 93.4 95.9 39.6 86.3

Opportunity cost 9 % 100 0.0 52.6

48.0 2.9 25.5
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Table 9

NPV (BES) for different scenarios of increase in self-consumption.
BES unitary investment PI (€) NPI (€)
AWself =10 %
650 €/kWh —13,589 —23,539
750 €/kWh —17,492 —28,973
AWself =20 %
650 €/kWh —1811 -11,761
750 €/kWh —5714 -17,194
AWself =30 %
650 €/kWh 9967 17
750 €/kWh 6065 —5416

both with a unit cost of 650 €/kWh (9967 €) and with a unit cost of 750
€/kWh (6065 €) and marginally also in the NPI context with a unit cost
of 650 €/kWh (17 €). This result therefore highlights the fundamental
role played by the actual increase in self-consumption following the
adoption of BES.

Although the previous case studies indicate where profitability is
verified, it is considered useful to compare the integrated PV+BES sys-
tem with the PV system alone. Where NPV (PV+BES) > NPV (PV), the
integrated system is also more cost-effective from an economic
perspective (Table 10).

Analysis of these results shows that the political context affects the
final result and also the cost of BES technology, but the factor that seems
to have the greatest impact is the increase in self-consumption.

The BEP analysis allows us to identify the minimum increase in self-
consumption (Awself) necessary for the investment in the storage sys-
tem to become economically profitable (NPV = 0) — Table 11.

The previous analysis showed that the increase in self-consumption
was <30 % in the PI scenario, while it was higher than this percent-
age in the NPI scenario. The BEP results confirm these aspects: 22-25 %
emerges in the PI scenario and 30-35 % in the NPI scenario. The two
policy contexts show very different values, highlighting how the pres-
ence or absence of a capital grant affects the final result. On the other
hand, the cost of the BES appears to be less significant, varying from 3 %
in the two PI scenarios to 5 % in the two NPI scenarios.

4.5. LASSO BES analysis

To strength the results obtained, the LASSO model was applied,
which made it possible to highlight which variables have the greatest
impact on ANPV, evaluating the context in four different scenarios: the
two extreme increases in self-consumption (10 % and 30 %) and the two
political scenarios. The analyses were conducted using a penalization
parameter A= 0.00948 for the 10 % self-consumption increase case and
A= 0.00522 for the 30 % self-consumption increase case. The analyses
were conducted on ten critical variables (Table S6) varying by +5 % and
+10 %. For the investment cost of BES, the most pessimistic value of 750
€/kWh was chosen. This choice highlights the variable’s importance, as
the LASSO results identifies the BES unit cost as a highly significant
factor influencing ANPV (Figs. 3, 4, S5, S6). This confirms that the
economic viability of this technology depends on this variable. This

Table 10
NPV (PV-+BES). Data in €.
Investment 10 % Increase 20 % increase 30 % increase PI
cost BES of self- in self- in self- scenario
consumption consumption consumption
650 €/kWh 24,586 36,364 48,142 38,175
750 €/kWh 20,683 32,461 44,240
Investment 10 % Increase 20 % increase 30 % increase NPI
cost BES in self- in self- in self- scenario
consumption consumption consumption
650 €/kWh -13,327 —1549 10,229 10,212
750 €/kWh —18,761 —6982 4796

10
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Table 11
— BEP analysis results BES in terms of increase in self-consumption. Data in
percentage.

BES unitary investment PI NPI
650 €/kWh 22 30
750 €/kWh 25 35

variable has a more significant impact on both the cost of purchasing
energy and PV production. The only exception is the scenario of a sig-
nificant increase in self-consumption with capital grants, highlighting
how the multiplicity of analyses in these projects is fundamental. In fact,
there are individual case studies where significant variations occur: if
self-consumption increases significantly and there is a political scenario
that makes the investment cost less relevant, even when this parameter
has a higher value, it is not the most decisive variable. Similarly, its
technological development, economies of scale and experience can lead
to clear competitive advantages. Among the other variables, the main-
tenance cost of the BES deserves particular attention.

5. Discussion

The environmental perspective shows that replacing one kWh pro-
duced by a PV plant with one obtained from a fossil fuel plant allows for
a reduction of 451.5 gCO2eq/kWh [37]; however, when the inclusion of
a BES is considered, its benefit is reduced. Some analyses have identified
an emissions value of 110 kgCO2eq/kWh [88]. The economic analysis of
a PV system is considered useful only for investors. However, the liter-
ature presented in the first two sections has highlighted how
decision-making processes tend to be multidisciplinary. In this context,
the economic aspect is not only one of the three dimensions of sus-
tainability but also provides guidance for optimising the
decision-making process. The analyses are conducted at an international
level, where NPV tends to be widely used: 10.35 million yuan [89];
(—26,477)-289,328 R$ [90]; 10,000-510,000 USD/m? [91]; 9100-22,
000 $ [92]; 2.37 US$/m? [93]; 81,996 € [94] and 31,019-232,644 €
[84]. Other analyses suggest a payback period of 13.6 years [95], and
some are specific to restaurants with utility savings of 7381,929 RM
[42]. Analyses applied to the Italian context suggest 457-4013 €/kW in
a commercial building applying a 50 % tax deduction [37], 318-2583
€/kW in an industrial context [39], 1535-6703 €/kW in a residential
context with a 70 % tax deduction [38] and 2706-6309 €/kW in a
context of incentives characterised by renewable energy communities
[3]. These analyses highlight how it is possible to observe multiple
values, which depend on variations in critical variables, and this is why a
decision-making process necessarily requires the presence of baseline
and alternative scenarios. The application of storage is also given a lot of
attention in the literature. Several studies have focused on analyzing the
cost structure and economic performance of BES systems in order to
evaluate the financial feasibility and long-term viability of this tech-
nology: 400 €/kWh [65]; 150 €/kWh [96]; 200 CNY/kWh [57];
150-200 €/kWh [82] and 250-500 €/kWh [97]. Large PV-BES systems
may represent impractical investments in Greece and Italy, while
Cyprus, thanks to its higher solar potential and electricity prices, makes
hybrid PV-BES a more viable option for public buildings: 124-175 k€ for
Greece, 217-286 k€ for Italy and 258-338 k€ for Cyprus [31]. However,
other analyses show that the economic benefits have not been verified
[98], while it is verified in other studies with a payback period of 6-7
years [30] and 3 years [99].

A key variable is the percentage of self-consumption, where the
following values emerge: 17-23 % and 9-12 % with a 70 % tax
deduction and 22-27 % and 11-15 % with a 50 % tax deduction
depending on the purchase price of energy [38]; 13-17 % with a pur-
chase price of 0.35 €/kWh and 26-35 % with a price of 0.20 €/kWh with
a 50 % tax deduction [37]; 15-20 % and 27-36 % again depending on
the purchase price of energy in a context without a favourable tax
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Fig. 3. Results of the LASSO analysis PI scenario — BES plant (PI case + 10 % increase in self-consumption).

deduction [39]. Other analyses have shown that self-consumption
values are concentrated in the 20-30 % and 23-35 % range, depend-
ing on whether the ratio between BES and PV size is 1 and 1.5 respec-
tively [55].

Increasing self-consumption is a key objective for improving the
energy efficiency and economic sustainability of PV+BES systems. In
restaurants, however, achieving high levels of self-consumption depends
not only on the demand profile of the individual business, but also on
external factors and shared energy management models. In this context,
the creation of energy communities or demand aggregation systems can
enable a better match between production and consumption, max-
imising the local use of the energy produced and reducing the impact on
the grid.

From a policy and regulatory perspective, measures need to be
introduced to encourage the adoption of these technologies. Incentives
are an effective tool, but a distinction must be made between two types
of economic support with different effects. Tax relief allows part of the
investment to be recovered through tax reductions over several years,
offering a gradual benefit over time. Capital allowances, on the other
hand, directly reduce the initial cost of the investment, making it more
accessible and immediately affordable, especially for small and medium-
sized enterprises. An energy policy that combines capital deduction with
collective energy management models could effectively promote the
spread of PV-BES systems in the catering sector, contributing both to the
economic sustainability of businesses and to energy transition
objectives.
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6. Conclusions

The analysis carried out enabled an in-depth evaluation of the eco-
nomic and financial sustainability of investing in a PV system - either
stand-alone or integrated with a BES - within the context of restaurant
operations. The methodological approach adopted provided a detailed
analysis of the profitability and main risk factors affecting the in-
vestment’s cost-effectiveness, distinguishing between two different po-
litical contexts.

The results of the first research objective highlight the following
predominant themes emerging from the SLR: (i) policy and economic
drivers of PV-BES profitability; (ii) investment costs and contextual
feasibility; and (iii) technical factors related to system sizing, degrada-
tion, and management.

The results of the second research objective show that the presence of
a capital grant is a determining factor for the economic sustainability of
the project. In the case with incentives, all financial indicators are highly
positive and exceed the thresholds commonly adopted in the sector
confirming that the investment is not only profitable but also offers
considerable safety margins. Conversely, in the scenario without sub-
sidies, profitability is drastically reduced; while remaining profitable,
the profit is near the limits of economic sustainability for an SME in the
catering sector.

The sensitivity analysis highlighted the project’s strong dependence
on productivity per kW, energy purchase cost and self-consumption
share. These parameters confirm the dual nature of the risk: technical,
linked to irradiation conditions and plant efficiency, and economic,
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Fig. 4. Results of the LASSO analysis for the PI scenario — BES plant (PI case + 30 % increase in self-consumption).

related to energy price trends. Among these, productivity per kW
emerges as the most sensitive variable, affecting the overall stability of
the project. Similarly, the share of self-consumption is confirmed as a
fundamental management lever: increasing it through targeted opera-
tional strategies (e.g. scheduling consumption during daylight hours)
maximises economic benefits.

A comparison of policy scenarios shows that the presence of an
incentive not only increases profitability but also reduces risk exposure.
This means that the public incentive acts not only as an economic factor,
but also as a financial risk mitigation tool, promoting the bankability of
the investment and reducing the uncertainty perceived by operators.

Integration with a storage system (BES) has made it possible to
explore technologically advanced but economically more complex sce-
narios. The results showed that, in the absence of a significant increase
in the share of self-consumption, investment in BES is not sustainable:
the NPV remains negative in almost all cases. However, when the in-
crease in self-consumption is between 22 % and 25 %, the project be-
comes profitable in the PI context. This shows that the profitability of
BES depends heavily on its ability to valorise the energy produced, while
the unit cost of the technology, although significant, is not the main
variable in the presence of incentives.

Overall, the study highlights that the economic viability of PV sys-
tems for small restaurants depends primarily on self-consumption levels
and on the availability of incentives. For restaurants without incentives,
self-consumption becomes economically meaningful only above 30 %,
informing operational planning and investment timing. Restaurants can
improve profitability by shifting energy-intensive activities to high-
production hours. When incentives are available, PV systems deliver
strong economic returns even with moderate self-consumption, enabling
investment even for businesses with limited operational flexibility. The
adoption of storage systems is an interesting prospect in terms of energy
sustainability and grid independence but still requires cost optimisation
and more sophisticated management models to ensure adequate returns.
Finally, the robustness of the results in the different scenarios confirms
that, despite technical and financial variability, investment in
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photovoltaics is an effective strategy for reducing energy dependence
and contributing to ecological transition objectives, with both economic
and environmental benefits.

In this context, the decision analytics approach adopted, integrating
quantitative tools such as LASSO regression, break-even analysis and
Monte Carlo simulation, has proven particularly effective in supporting
investment decisions under conditions of uncertainty. This methodology
makes it possible to identify critical variables, quantify risk and provide
a rational basis for defining more targeted investment strategies and
incentive policies. The application of advanced decision analysis tools
thus contributes to transforming energy sustainability from a qualitative
objective into a measurable and optimisable process, strengthening the
ability of companies to adapt to evolving energy scenarios. This study
has several limitations. The analysis relies on a fixed consumption pro-
file, does not model dynamic tariff changes, and focuses on a single
restaurant case study. PV and BES degradation are included in simplified
form, and the regulatory framework is assumed to remain stable over the
plant’s lifetime. Future research may extend the model to dynamic load
profiles, alternative tariff structures, different business types, and more
realistic degradation models. Further future research could be con-
ducted by combining the proposed economic model with optimization
or machine learning approaches to support operational decision-
making, identifying cost-optimal sizing configurations and adaptive
energy management strategies under uncertainty.

In conclusion, the work demonstrates that the political and regula-
tory framework plays a decisive role in activating investments in
renewable energy, reducing payback times and increasing operator
confidence. The integration of economic and financial analysis with risk
assessment provides a robust approach to support informed investment
decisions, laying the foundations for further developments towards
more resilient, digitised and self-consumption-oriented energy systems
in pursuit of SDG7.
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