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ABSTRACT

Since the adoption of the Renewable Energy Directive (RED Il) and the IEM (Internal Market
for Electricity), the European Union has introduced the concept and the legal entity of
Renewable Energy Community (REC) to incentive and accelerate the transition to a zero-
carbon emission energy system. To comply with the EU directives, the Italian government
has drafted a series of regulations and economic incentives to encourage and enlarge the
citizens and small-medium enterprises to participate in these initiatives. This thesis work first
summarises the major emergent aspects of the Italian legislative scenario. Successively, it
provides a practical example of the implementation of a REC in quite unusual context: the
island of Vignole, in the lagoon of Venice. The proposed methodology and the approaches
evaluate the size of a PV plant based on a hypothetical greenhouse roof and its possible
configurations, taking into consideration the annual collective consumption and the
energetic habits of residents collected through a survey. Two main orientations and different
slopes for the roof are considered to select the optimal solution in terms of production and
self-consumption share, after generating an energy load profile for the entire REC. In
addition, different shares of roof coverage are analysed to allow for better plant survival in
the structure. Various economic factors such as the initial investment on the plant (i.e.,
components, labour, and taxes), electricity cost, savings produced by the plant, and
incentives’ scheme are considered. The outcomes show good performance of the PV plant
and the effectiveness of the Italian incentives scheme, where the payback period of the plant
is less than 3 years. This case study solution provides relevant benefits both as economic
advantages for the residents and COz emission reduction for the environment, making well

attractive the implementation of the REC in the Italian scenario.



1. INTRODUCTION

In this first section, a brief introduction on photovoltaic technology and the Italian diffusion
of it will be provided. Successively, the Renewable Energy Communities’ (REC) legislative
and practical scenarios will be presented. Lastly, in sections 1.4 and 1.5, the practical case

study and the goals of the work of thesis are introduced.

1.1. Photovoltaic panel technology and Italian scenario

Photovoltaic systems are based on the physical property of the semiconductor materials,
such as silicon, gallium, arsenide, and other elements of the third, fourth, and fifth group on
the chemical periodic table, of being able to self-conduct the electrons through their bounds.
The semiconductors are made up of atoms bounded together to form a uniform structure in
which the electrons can move. In particular, in the case of the silicon, these atoms are doped
with elements that have a valence value of +1 with respect to the silicon itself, in order to
obtain an extrinsic conduction of energy. These doper atoms provide the necessary
electrons to ease the energy conversion (from solar to electric) inside of the PV cell. The
solar light can provide the required energy to free the electrons in the lattice, allowing them
to move inside the P-N junction. A P-N junction is formed by joining n-type and p-type
semiconductors materials; the n-type region has a high concentration of electrons while the
p-type is characterised by a relevant presence of vacations. Both the electrons and holes
diffuse from a side to the other leaving behind exposed charges on the dopant atom sites.
In this way, on n-type side positive ion cores are exposed, similarly the negative ones on
the other side, forming an electric field in the space charge zone between the two regions,
as Figure 1 shows. There are many types of PV technologies on the market, the most
common and used typology is the one formed by crystalline silicon cells that covers about
85/90% of the total market, which are subdivided in mono or poly-crystalline panels. The last
decades showed an impressive worldwide development of the renewable energy sources’
technology and their installation for electricity generation. In particular solar PV signed a
strong increment in worldwide installed total capacity, not only for the industrial sector, but
also for private and domestic ones. Taking into account the European market and

development, this trend has been strongly supported by the European Union, especially



after the sign of the Paris Agreement in 2015, setting the target for each signatory country
to at least 32% of electric energy coming from renewable sources by the 2030 (Lazzeroni et
al.,; Veum & Bauknecht, 2019).
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Figure 1. a) Semiconductors P-N junction area. b) Structure and
function of a crystalline solar cell (Haselhuhn et al., 2012).

Considering the lItalian situation, the diffusion of solar photovoltaic system has been
promoted through a massive national incentives scheme in the form of feed-in tariff, which
took the name of “Conto Energia”. As result of these policies, Italy became the second
European country for installed cumulative capacity of PV panels and plants on the national
territory. However, the progressive reduction of PV capital costs has forced the Italian
government to reduce the incentives schemes to decrease the economic impacts of
renewables subsidies on the electricity bills, driving down the trend of diffusion of them over
the next years until the 2013. Nevertheless, over the following years, the tax deduction for
residential small size installations has been still available in the Italian PV market. In fact,
households, but also small companies could have recovered the 50% of the capital cost of
installation in a time span of ten years. Considering more in details the Italian PV systems’
situation, the total installed capacity in 2021 values for 22,594 MW distributed among



1,016,083 plants, for a total production over the year of 25,039 GWh. Over the total, about
93% of the plants is categorised as “small size plant” which means that the capacity of the
plant does not exceed 20 kW, and they cover about 23% of the total production in Italy.
Consistently with the national situation, during the 2021a total of 80,491 new photovoltaic
systems have been installed for an increase of 938 MW on the total installed capacity. The
distribution of the PV plants is not homogeneous all over the Italian territory. As matter of
fact, only the two regions of Lombardy and Veneto gather the 30.4% of the total amount of
installed plants, even though the major installed capacity is in Puglia for a total amount of 3
GW (13% of total national installed capacity). The difference between these two data is only
apparently in contrast, indeed there is a relevant difference in terms of solar radiation
between the northern and southern regions of Italy. Another important aspect in the Italian
scenario is the self-consumption of electricity, indeed the total share registered in 2021 is of
20.6% of the total photovoltaic production, for an overall consumption of 5,179 GWh (GSE,
2022).

1.2. Energy community: legislative scenario

The concept of energy community has been formally introduced in the European scenario
in 2018 when European Parliament, and consequently all the member states, adopted the
draft law which has been formally approved and published in December 2018 (Veum &
Bauknecht, 2019). Specifically, the definition and the operating principles of these
communities are defined in two specific directives: the EU 2018/2001 (European Parliament,
2018) and the EU 2019/944 (European Parliament, 2019), also commonly known as RED Il
and IEM (Internal Electricity Market) directives, respectively. The formal definition of the
energy community as a legal subject and entity has been introduced through the Article 2 of
the RED Il (Renewable Energy Directive Il). The definition states that:

“‘Renewable Energy Community” (REC) is a legal entity:

a) which, in accordance with the applicable national law, is based on open and voluntary
participation, is autonomous, and is effectively controlled by shareholders or
members that are located in the proximity of the renewable energy projects that are
owned and developed by that legal entity;

b) the shareholders or members of which are natural persons, SMEs or local authorities,

including municipalities;



c) the primary purpose of which is to provide environmental, economic, or social
community benefits for its shareholders or members or for the local areas where it

operates, rather than financial profits.

The RED Il further states that RECs shall be entitled to produce, consume, store, and sell
renewable energy, including through renewables power purchase agreements (Fen et al.,
2020). Generally speaking, from the European perspective, these directives aim to define
and introduce into the energy market a new kind of end-users, the prosumers, as the groups
of individuals act both as producers and consumers of energy. The sharing approach on the
renewable sources directly involves the RECs into the energy transition of the EU, spreading
the knowledge and effectiveness about their benefits on the ecological transition of the
states (Ceglia et al., 2022). Even though the general definition of REC is provided by the
European Union, the features of a Renewable Energy Community are defined by each
member state through specific laws. Since 2019, the juridical Italian scenario and the
specific laws have been modified many times in order to cope with the technological
development and economic criticality in the energy sector. The first introductory draft law
has been signed in Italy on 30 December 2019 (Governo Italiano, 2019), successively
ratified into the so-called “Decreto Milleproroghe” law on 28 February 2020 (Governo
Italiano, 2020). As prescribed by this law and conforming to the RED Il directive, in 2021,
ARERA (Autorita di Regolazione per Energia Reti e Ambiente) and GSE (Gestore Servizi
Energetici) defined the technical steps and the operating rules for realising RECs as end
users (ARERA, 2020; GSE, 2020). Firstly, a REC should be formed at least by two members
such as private citizens, small-medium enterprises (SMEs), local authorities and/or
municipalities, all together officially recognised as a single legal subject as a consortium, an
association, or a cooperative. In addition, the regulations establish that the electrical energy
production cannot be the primary commercial activities of the legal entity (the energy can be
produced by a collective plant or by the single plants of the members, but the energy
production cannot be the commercial activity for an enterprise involved in the REC), and
that all the members must be connected through low voltage to the same grid spot, hence,
all the members are located in the same area nearby the PV plant or in the neighbourhood
of each other. Another important point highlighted by the law is that the maximum capacity
of the single plant, or the sum of all of them, that cannot overcome the 200kWp. During the
following months, the Italian government had worked with the aim of incentivising and
promoting the RECs and their diffusion. More precisely, two incentives schemes, in
accordance with the above-mentioned regulations, respectively in September 2020 and in
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August 2022, have been ratified by Italy. The first one, approved by the Ministry of Economic
Development (MISE in Italian) establishes an incentive of 110 € MWh on the electricity
produced and self-consumed by the plant(s) of the RECs, over a period of 20 years after
the launch of the plant (Ministero dello Sviluppo Economico, 2020). The second one, drafted
by ARERA, establishes an implicit incentive for an amount of 9 €/ MWh over 20 years as the
previous one, due to the benefits of using a renewable source for a total amount of about
119 €/ MWh self-consumed; more precisely, the second incentive on the self-consumption
derived by a REC configuration is due to the advantages’ generation in terms of reducing
the losses and waste of the grid (ARERA, 2020, 2022).

1.3. Italian Energy Communities’ practical scenario

Since 2007, as mentioned by Bianco et al., Italy, as all the other signatory European
countries, has been pushed by the EU to improve and enlarge their efforts on the Renewable
Energy Sources (RES) sector and development (2021). Nevertheless, in Italy, as in other
European countries, since the early 2000s installations similar to REC have been attempted,
in particular in the northern regions of the country (Candelise & Ruggieri, 2020. In fact,
already in 2017, the Piemonte regional government approved a draft law on the RECs even
the very small scale of the promoted and implemented projects at the time in the region.
Consequently, to the regional approach, through the Strategia Energetica Nazionale
(Ministero dello Sviluppo Economico & Ministero dellAmbiente e della Tutela del Territorio
e del Mare, 2017)and Piano Nazionale Integrato per I'Energia e il Clima (Ministero dello
Sviluppo Economico et al., 2018), respectively in 2017 and 2018, Italy anticipated the
European directives and brought forward the concept into the national legislative scenario
of including the SMEs (Small-Medium Enterprises) and the private citizens into the energy
transition process through a clear legislation and a technological and efficiency development
of the electric sector. Considering the present situation, in Italy there are 20 active energy
communities; some of these ones are perfectly in accordance with the national and
European directives, other communities are included into different projects about renewable
sources in a wider perspective. In addition to these projects, many municipalities are
involved into achieving complete, or at least partial, independence by fossil fuels through
the RES even if these ones have not applied to the RECs’ implementation process or are

not officially recognised as RECs. Despite this. It is important to underline that in Italy, many



of the projected and/or realised Renewable Energy Communities have been implemented
as pilot projects as first steps of a not fully mature concept. Moreover, the present scenario
highlights how the installed capacity varies over the national territory 20kWp and 50kWp,
which is extremely lower with respect to the limit set by the legislative scenario (1000 kWp),
due essentially to the non-homogeneity of the involved individuals (SMEs, private citizens,
municipalities, etc.) into the different RECs. It is also interesting to underline the discrepancy
between Italy and the other European countries, especially the northern-western ones. In
fact, Italy presents a huge deficit in terms of REC compare with other EU members,
especially Germany and Denmark. In these countries people are generally more involved in

communitarian processes and initiatives, as shown in Figure 3.

1750
700
500 431
200
- 70 34 34 33
[ ]
> x ) £ c [ E T c
T g 2 88 B £ 3 g T
E E K x o 9 E o 2 n
5 g 5 5E 3 w v o
(U] o 5 X
/]
4

Figure 2. Number of energy communities’ initiatives and projects in main European member states
(Caramizaru & Uihlein, 2020).
As matter of fact, the Italian scheme is mainly based on a top-down approach for projecting
and developing the energy communities, often promoted by local authorities, while the other
countries present a wider bottom-up approach enlarging the consciousness and the

participation of single citizens (Candelise & Ruggieri, 2020).
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1.4. Thesis project framework and general overview

This work aims to contribute to the knowledge development for what concern renewable
energy communities in Italy through a realistic preliminary analysis for creating a REC. In
particular, the present thesis takes as case study the plan to establish an energy community
in the area of the Vignole, one of the main islands in the lagoon of Venice. In fact, the energy
community project perfectly reflects the green transition purposes of the municipality of
Venice and Veneto region through the generation of electricity with renewables. Moreover,
the installation of the photovoltaic power plant has been designed in synergy with the
realisation of an agri-environmental park that includes a greenhouse for farming vegetables
and other products directly on the island. A no-profit association called VERAS (Vignole
Energia Rinnovabile Agricoltura Sana in Italia) formed by the residents of the island has
been created in order to manage and maintain the park from each point of view. This work
supports the project with analyses and forecasts, both in terms of economic evaluation and
production, of the photovoltaic plant. Different configurations of the photovoltaic panels, thus
different profiles of electricity generation, were analysed and discussed to design the better
solution over the years for the VERAS association and from an environmental point of view.
As a preparatory statistical data base, the electrical consumption of each family unit over
the last year have been collected by the members of the association. Moreover, the electrical
consumption habits and some information regarding the structural features of the houses
have been collected through a specific survey distributed among the families of the

community and combined with literature data on the RECs.

1.5. Objectives

This thesis has several objectives:

e to describe and summarise the current legal scenario for the energy community both
in Europe and in Italy in order to provide a practical example and a framework for the
future RECs’ projects in the country.

e To collect all the necessary information and data such as the electrical consumptions

and habits of the residents.
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e Starting from the previous point, to create an average electrical load profile that
covers the entire year period for the REC.

e To hypothesize different possible configurations for the PV plant and to select the
best solution both in terms of photovoltaic production and economic feasibility of the
project.

e To evaluate the carbon intensity emissions’ benefits due to the electricity production

through a renewable source
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2. MATERIALS AND METHODS

The base data to perform the analyses have been collected in different steps; first of all, the
residents’ bills have been collected summarising the annual consumption of the whole
community. Successively, through an individual survey for each family unit, the electricity
consumption habits have been sampled with the aim of creating an energy load profile for
the entire REC. After that, considering different configurations of the roof in terms of
orientation, covering percentage, and grade the optimal solution both as PV production and

economic revenues has been selected.

2.1. Case study area

Since 2014, many projects and initiatives have been promoted by Veneto’s governance in
order to increase in value and recover abandoned rural areas or buildings all over the
territory. Actually, the lagoon of Venice, and in particular the islands have been progressively
abandoned by their residents over the last decades. In light of this phenomenon, and in
accordance with the political initiatives of the region and the municipality of Venice, an
innovative project for the rural abandoned areas have been promoted by the Vignole island’s
community. The island of Vignole covers an area of about 69 hectares, it is located at North-
East with respect to the city of Venice, as Fig.3 shows, and presents a total amount of 21
family units, for a total of 50 people, in combination with some economic activities that
operate on the island (Isola Delle Vignole (VE) — Turismo e Ormeggi — NAUTICA REPORT,

n.d.; L'isola Delle Vignole, Venezia. — Venezia e Il Veneto, n.d.).
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Figure 3. Geographical position of the island of Vignole (Google Earth, n.d.).

The VERAS association has been created by the residents of the island with the aim of
realising and maintaining an agri-environmental park. The project foresees a park that
extends for about 4 hectares in the southern part of the island, and establishes the
realisation of a small teaching farm, some buildings and laboratories for growing the
agricultural products, a greenhouse integrating a PV system on the roof, and the
construction of other recreational buildings like a coffee shop (VERAS, 2021a, 2021b). The
zonation of the area is reported in Fig.4b.
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Figure 4. a) agri-environmental park’s aerial view in the southern part of the island
(Google Maps, n.d.). b) agri-environmental park zones’ subdivision (VERAS, 2021b).

As the island of Vignole is located within the Venice lagoon, it is within an area of climatic
transition from the continental, on the land, and the Mediterranean climate in the lagoon.
Consequently, the climate presents cold winters and hot summers usually characterized by
relevant storm phenomena (Pesce et al., 2019; Sperotto et al., 2019). In practice, the
temperature ranges between 2°C during the cold season and 33°C on warmer months, with
an average temperature value of 14.5°C considering the whole year. The precipitations are
more concentrated during the last months of the year (November and December in
particular) and in May, with 61 rainy days during 2021 for a total precipitations’ amount of
470.6 mm. The solar radiation value varies within 4 MJ/m? per day during the winter season
and 26.5 MJ/m? per day in summer (ARPAYV, 2022).
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2.2. Data collection and approach

2.2.1.Energy community electric consumption

The electricity consumption of the energy community has been calculated using the electric
energy bills for the different houses in the island. We collected all the bimonthly bills per
each family unit, and adding them all together, the annual electric consumption of the entire
energy community was calculated. Nevertheless, this estimation could be affected by some
possible imprecisions due to common discrepancy between the real electricity consumption
of each family unit and the one estimated in the bills by the electric companies affecting
slightly this estimation with respect to the real consumption. The electric consumption over
a year amounts to 67.1 MWh, considering 21 family units and excluding the consumptions

due to the commercial activities present on the island.
2.2.2. Electricity consumption habits

The electrical energy consumption habits of the residents provide a fundamental information
for sizing and designing the PV system of the energy community. To get the needed
information, a survey was distributed to the family units, collecting a total amount of 14
answers out of the 21 family units. The survey contains a total amount of 34 questions

subdivided in 5 different sections:

Family unit composition
Electric appliances
Household characteristics

Renovation of the household

a r w0 e

Future renovations

Most of the questions has been submitted as multiple-choice questions obtaining a single
answer outcome. This approach aims to avoid all the possible misunderstandings and to
reach the largest intelligibility for each question. Even though some questions do not receive
a statistically significant number of answers or a single answer for being perfectly considered
in the outcomes. The first section of the survey includes simple questions about the family
units such as the members’ numerosity and their composition in terms of age distribution,

the mean number of hours spent at home during the day, and in which time frame has the
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largest electrical consumption. The second section collects information about the household
electrical appliances present in the different houses and their classification in terms of
energy efficiency according to the European classes from G to A (EU, n.d.). This section
considers only the main possible appliances such as fridge, oven, and other large and small
appliances, such as TVs, hair dryer, or portable air conditioner. The third section concerns
about the specific features and characteristics of the houses, and in particular the square
footage, the typology of heating system (boiler, solar thermal systems, or heat pump) and
heat diffusion systems (radiator, floor system, or others), window fixtures (wooden, PVC, or
aluminium), and the presence or not of insulation on walls or roof. Other questions about
renovation activities, both during the last decade or in the future, are administrated in the
last two sections of the survey. The whole survey is available in the Appendix (in Italian as

submitted to the residents).

2.2.3. Energy load profile of the energy community

The load profiles, both of a single member and of the whole energy community, represent a
fundamental information for properly sizing the PV plant. This kind of data can be collected
using smart electric meters for each connection point. In common practice, these meters,
and consequently the data, are often not available during the design and development
phases of a REC, as in this thesis work. To bypass this problem, the approach and the
Python routine (Aggregated Household Load Profiler) proposed and developed for a similar
case study by Cielo et al., (2021) was used. This AHLP (Aggregated Household Load
Profiler) approach evaluates the electrical energy consumption profiles according to a
statistical distribution for each possible appliance present in a household (oven, fridge, etc.)
over a certain period (minute, hour, day, etc.). Moreover, the open-source reference
datasets of MICENE (Misure dei Consumi di Energia Elettrica) and REMODECE
(Residential Monitoring to Decrease Energy Use) and Carbon Emissions in Europe have
beenwere used by the developers to build this approach. In particular, the MICENE (eERG,
2003) dataset refers to a measurement campaign conducted in the early 2000s by eERG
(end-use Efficiency Research Group). This campaign monitored and collected the
consumption data of 110 households placed in different zones of the Italian territory, for a
period of at least three weeks, with the aim of evaluating the electricity consumption of the
main electric appliances (i.e., washing machine, dishwater, etc.) and the lighting. More

specifically, the electrical energy consumption measurements were collected with a time
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scale of ten minutes and then averaged among the different households and among the
different days of data collection process. As aforementioned, various appliances such as the
vacuum cleaner, the washing machine, the dishwasher, the lighting and other small
appliances were considered for this study. In order to adapt properly to the practical situation
present in the Vignole’s community, this thesis work takes into account partially all the
appliances considered in the MICENE projects excluding those that were not or only partially
present in the community. AHLP also considers air conditioner, microwave, and electric
ovens starting from the electrical energy consumption data collected by ENEA (Energia
Nucleare Energie Alternative) and adjusted using the data given by EURECO (EURECO,
2002) and REMODECE projects. In addition, the data for each appliance such as the
geographical distribution on the territory (meaning that a given appliance could be present
or not in a single or all household, depending on the geographical position, i.e., North,
Centre, or South of Italy), the average switched on time period during a day, the different
yearly electricity consumption according to the energy class, or the “end-user’s behaviour”
coefficient, were taken from the report from the International Conference Eedal 2006 (JRC,
2006). In this specific case study, the energy efficiency coefficients for the considered
appliances were modified according to the mean energy class for each single appliance
obtained by the survey. These coefficients, which were successively implemented into AHLP
for generating the load profiles of the energy community, are reported below in the Table 1
(the default values are due to lack of data collected through the survey submitted to the
residents) (CADEMA, 2020).

18



Table 1. Energy coefficients of the considered appliances.

APPLAINCE ELECTRIC CONSUMPTION [kWh/year] ENERGY CLASS

Air conditioner 700 B

Lighting 0 B (default)
Fridge 300 C
Freezer 180 B
Electric oven 120 B

Microwave oven 75 B (default)

Electric boiler 900 B (default)
Iron 160 C

Vacuum cleaner 19 B (default)
Washing machine 173 B
Dish washer 280 C
TV 70 C

AHLP works on different levels, specifically through a bottom-up approach. Firstly, this
method develops a load profile for all the single appliances, then it combines all of these in
order to create a household load profile, and finally, aggregating all the single households’
profiles it generates the aggregated profile for the REC. It is important to mention that the
single appliances are evaluated differently according to their modality of work. In fact, the
various appliances work on “continuous” or “not continuous” modalities depending on the
duration of the use, thus a whole daily usage, or a limited period during the day. The latter
typology is further subdivided into “duty-cycle” (i.e., washing machine, dishwasher, etc.) or
“no duty-cycle” depending on the way of working. The “duty-cycle” power demands depend
on the energy class, the duration of the cycle, and the seasonality, and it is directly added
to the load profile, while the “no duty-cycle” are considered as a constant power demand
over the duration. The duration is also modified according to the users’ behaviour coefficient,
and is extracted trough a normal distribution (centred in the original duration, with a given
standard deviation) that must fit in a specified range. The household profile is built summing
the instantaneous power demand of each appliance over a whole day. The aggregated
profile is computed starting from the total number of households, the random distribution
and assignment of the appliances to the single household, and finally summing the single
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load profiles. The aggregated load profiles are computed for each season, considering the
number of days for each of them, and differently for a day during the week or the weekend.
The further step of AHLP requires some input data by terminal, such as the geographical
position (i.e., North, Centre, South), the number of households, the average people present
and the average square footage per each household inserted by the terminal interface. The

used input data based on the survey’s outcomes are reported below in Table 2.

Table 2. AHLP terminal interface input data.

INPUT VARIABLE VALUE UNIT OF MEASURE
Number of households 21 Household
Average people per household 2.57 People/Household
Average ;j:‘:‘;:‘l’;tage Per 120 m?/Household
Location North /
Energy class Set according to Table 1 /

As last step, the obtained load profiles for the REC were adapted in terms of consumption
to match as best as possible to the annual electrical energy consumption obtained by the

bills’ collection process.

2.2.4. Greenhouse structure configurations

The evaluation process, and consequently the design of the greenhouse, considers different
configurations and settings for the structure of the buildings. Firstly, the dimension of the
available square footage for the realization of the greenhouse has been considered. As
mentioned in the previous paragraphs, the projected initial area for the structure is about
400 m?. Possible diagrams of square or rectangular shapes, with a preference for the latter
one, have been considered as suggested by VERAS association (VERAS, 2021b). In fact,
a hypothetical rectangular shape of 25 x 16 meters has been considered. For evaluating an
ample variety of possible scenarios, different configurations of the roof, both in terms of
grade and in terms of orientation with respect to the North have been considered. In fact, for
the grade of the roof, all the possible angles between 20° and 35° with respect to the
horizontal have been considered. In addition, as orientation of the structure, thus of the roof,

two main cases have been analysed. The first one considers a roof composed of single or
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multiple pitches whole orientated towards South; the second one considers double or
multiple pitches roofs with an orientation respectively towards East and West. These
practical solutions have been considered after an initial series of considerations on the
possible orientation of the greenhouse. In fact, these ones provide the largest benefits for
the energy community both in terms of production of the photovoltaic plant and share of self-
consumption during the day. All the possible solutions were also evaluated from the
structural point of view, excluding those that had a high of the only roof part exceeding 2.50
meters. The orientation towards South has the largest production of electricity over the year,
while the East-West orientation has a lower production, but it covers a larger time frame
over the days facilitating and enlarging the self-consumption of the users. Similarly, the
different declivity of the roof produces a variation both in terms of maximum production and
time frame covering over the day. The second constraint considered for the configuration of
the roof is the percentage of coverage by the photovoltaic modules. During the evaluation
process, a percentage of coverage of the roof due to the photovoltaic plant between 40%
and 55% was considered. To allow the necessary amount of solar light for the plants and
vegetables inside the greenhouse, it has been necessary to limit the number of installed
panels on the roof of the greenhouse, and thus the power of the whole PV plant. The
maximum coverage percentage considered for the two orientations varies from 50 to 55%
respectively for the South (S) and East-West (E-W). This difference is since the E-W
configuration presents a wide sunlit face of the structure towards South allowing a larger
amount of direct solar radiation to reach the ground and a consequent larger possibility of

covering the roof.

2.2.5. PV plant production

The production of the photovoltaic plant depends obviously on the different configurations
of the roof. Various productions of electricity, according to the different configurations
mentioned in the previous paragraph, have been evaluated and compared. For the
calculation of the hypothetical production of the plant, the software Global Solar Atlas,
available online and provided by the World Bank in collaboration with Solaris, has been
used. This software provides long-term daily dataset on the solar irradiation values
depending on the geographical position on the globe, which are therefore used to estimate
the production of a possible PV plant. The Atlas’ datasets are powered by the information
collected by three different satellite providers, namely the EUMETSAT (European
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Organisation for the Exploitation of Meteorological Satellites) & Japanese Meteorological
Agency, National Oceanic and Atmospheric Administration (Ayamolowo et al., 2020).
Moreover, the Global Solar Atlas project has been developed under the ESMAP (Energy
Sector Management Assistance Program) initiative on the mapping process of the energy
resources provided by the renewables, furnishing data by verified and validated high quality
ground measurements all over the planet (Dupont et al., 2020). In addition, the evaluation
on the photovoltaic sector conducted by Lazzeroni et al., (2020), in which the Global Solar
Atlas software and its outcomes on the solar radiation data have been considered and used,
supports the use of this software for the evaluations conducted in this thesis work. The map
of the power potential level on the considered site, and an example of the photovoltaic plant

configuration interface and outputs are reported in Fig. 5 and 6.
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Figure 5. Photovoltaic potential map created using Global Solar Atlas software.
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Figure 6. PV plant configuration interface example on Global Solar Atlas.

The use of this software fits properly with the purposes of the analyses, as it provides the
average daily photovoltaic productions per each month. In order to fit with the load profiles’
generator outcomes (i.e., seasonal average load profile), the average daily productions have
been combined and aggregated to generate an average profile for all the four seasons. For
practical reasons and considering the typical climatic condition of the study site, the seasons’
profiles have been generated starting from winter to autumn, following the year time frame.

In particular, each season corresponds to the aggregation of three consecutive months:

e Winter = December to February,
e Spring = March to May,
e Summer = June to August,

e Autumn = September to November.

2.2.6.Economic evaluation

The economic evaluation on the photovoltaic plant takes into account different aspects. First
of all, it evaluates the cost of the PV panels and their installation, selecting the best solution
both in economic terms and in configuration advantages. In fact, the photovoltaic models
differ not only for their market prices, but also in terms of shape and dimension which act as
fundamental parameter for the percentage of coverage of the roof, thus of the PV plant. All

the costs that concern the PV plant such as the installation costs, the inverters, the meters
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for each connection point, and the materials have been surveyed with local companies
active in the photovoltaic sector. The second step considers all the incentives’ schemes
presented in section 1.2, the mean cost of the electricity over the seasons of 2022 (ARERA,
n.d.-a), and evaluates, for each possible configuration, the revenues gained through the
incentives’ schemes and the saves from the self-consumed produced energy. In particular,
this approach aims to consider the percentage of self-consumption over the year, thus the
revenues through the RECs’ scheme, and the cost of the energy taken directly from the grid.
In other terms, the approach evaluates the best solution depending on the crossover point
between the self-consumption’s economic advantage, the revenues gained for the over-
produced electricity (i.e., electricity produced, but not consumed by the users, and
consequently sold to the GSE), the initial investments of the PV plant, and the effective cost

of the electricity taken from the grid during the non-production periods of the plant.
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3. RESULTS AND DISCUSSION

This section reports and discusses the outcomes of the different methods and approaches
presented in the previous paragraphs. More in details, paragraph 3.1 shows the most
relevant results obtained from the submitted survey such as the distribution of the people
into the family units, the energy efficiency of some appliances, and the characteristics of the
houses. The energy load profiles’ generator paragraph reports the outcomes of the Python
routine, and in particular the different loads for the days of the week and the different
seasons over the year. Sub-section 3.3 presents the selected possible photovoltaic
production depending on the greenhouse roof’s configuration. The last one briefly highlights

the total amount of CO2 emissions saves thanks to the installation of the photovoltaic plant.

3.1. Energy Community survey’s outcomes

The outcomes obtained by the survey act as information base for the development of the
load profiles of the energy community. In particular, the information on the members of the
family units (i.e., number of people, age distribution), their habits, like the average number
of hours spent at home during a day, which appliances are present and their energy classes,
the average square footage, and the structural characteristic of the buildings have been

used for generating the electrical profiles (see section 3.2).

I 1 Member
14.3% I 2 Members

[ |3 Members
[ 4 Members

Figure 7. Distribution of the number of members in the
family units.
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Figure 8. Age distribution among the users.

Figures 8 and 9 report the outcomes on the composition and the age distribution of the
member of the family units. Specifically, from the answers, the family units are mainly formed
by two members, both classified as adults, or formed by four members, two adults and two
sons, as kids or young. It is also important to underline the presence of the elderly as
relevant age class into the community.

Closely related to the composition of the families, the number of hours spent at home by the
residents varies mainly from 3 to 5 for 57.1% and from 5 to 7 for 28.6%. These results are
in accordance with the families’ composition data. Moreover, the number of hours spent at
home mainly not overcome this threshold, even the relevant presence of elderly (i.e., people

that do not move from home to the job site) in the community, highlighting an inclination of

B 3-5 Hours
I 5-7 Hours
[ 17-9Hours
110 or more

71%

28.6% 57.2%

Figure 9. Average hours spent at home during the
daytime.
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this category of residents to spent relevant time frames outside of their home in contact with
the nature (see Fig. 9).

In relation with the hours spent at home, the electrical energy consumptions are mainly
concentrated into the time bands F2 and F3, respectively 57.1% and 50% (this question has
been answered with multiple answers by the residents) underlining the tendency of using

more intensely the appliances during the weekend or at the return from the working day in

the evening (Fig.10).

F3 (mon-sat 00:00-7:00 50%
and 23:00-24:00;

sun whole day)
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Figure 10. Electrical use time bands distribution.
Concerning the appliances, Figure 11 reports the distribution in terms of numerosity of these

ones in the community.
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Figure 11. Appliances' numerosity distribution over the households.
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All the reported appliances are present at least one per household, with the exceptions of
TVs, fridges with or without freezers, ovens, air conditioners, and electrical heaters which
are present in larger quantity. This fact underlines a common tendency of substituting the
old appliances in case of malfunction or problems with new ones rather than maintaining or
repairing them, thus of possessing more equal appliances. Although the households are not
overloaded by appliances of the same kind, the mean energy efficiency of these ones varies
from class B to C with few exceptions highlighting a sort of obsolescence of the electrical
appliances among the community (the energy classes of the main appliances are reported
in Fig.12).

a) Fridge (with or without freezer spot) b) Washing machine
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| 35.7%
| 28.6%

| 42.9%

14.3%

O mMmmoOO o>
O M mooO w >

Unknown | 35.7% Unknown | 28.6%

c) Oven d) TV
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0 1 2 3 4 5 6 0 1 2 3 4 5 6

Figure 12. Energy classes' distribution of some questioned appliances.

This results in a low efficiency, not only of the single households, but of the whole community
of the island, requiring a larger amount of electricity in order to power all the devices over
the time, consequently a larger economic cost and a larger environmental impact.
Considering the characteristics of the buildings, the answers collected through the survey
highlight a mean square footage of the houses that varies from 50 m? to 150 m? (42.9% from
50 to 100 m?, 50% from 100 to 150 m?, see Fig.13), thus the tendency to small house units
on the island.
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Figure 13. Square footage distribution of the

community’s houses.
This fact is attributable partially to the narrow buildable spaces present on the island that
force the small scale of the residential buildings which is strictly linked also to the agricultural
activities present at the study site. The fixtures of the windows and the isolating systems
assume a remarkable role in the energy and thermal efficiency of the houses. As matter of

fact, the totality of the fixtures is made of wood in combination with a double windowpane in

0%

a)
I Wooden fixtures
I Alluminium fixtures
[ ]PVC fixtures

100%

2 143%  14.3%
I single widowpain
I Double widowpain

[ ] High performance widowpain

71.4%

Figure 14. a) materials used for the window fixtures. b) typology of
windowpanes.



1.4% of the cases, and only 5 cases present an isolating system of the roof or the walls
(Fig.14, and Fig.15).

Walls' isolation 14.3%
Roof's isolation 21.4%
No isolation 78.6%
0 2 4 6 8 10 12

Figure 15. Isolating systems' solutions for the households.

This highlights a crucial point for the development and the efficiency of the whole community,
also considering the fact that only half of the buildings have been renovated over the last
decade. The thermal efficiency for now is mainly correlated with the electricity consumptions
of the buildings cooling down the environment. While, in the future, the possible installation
of heating pumps may rise some concerns for electricity consumption within the REC.
Hopefully, the update of the heating generation systems will be in the context of a general
renovations of the buildings, with consequent increment of the thermal performances of the
envelopes, and installation of more PVs on the different buildings. In correlation with the
previous outcome, Fig. 16 and 17 show the tendency to the renovation activities of the

residents over the last 10 years.

50% 50%

Figure 16. Renovation or modernisation of the
households.
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Walls' isolation 85.7%

Roof's isolation 42 9%

Fixtures' substitution 42.9%

Heating systems 28.6%

Heating pump 14.3%

Solar Plant

PV plant 14.3%
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Figure 17. Household renovations' typologies since 2012.

Figure 16 underlines a perfect balance between the inclination of the residents to renovate
or not their households. Exactly 50% of them did some renovation actions (7 cases out of
14), especially for the thermal efficiency aspects. As reported in Fig.17 the main renovations
concern the isolation of the walls and the roofs, and the replacement of windows,
respectively 6 cases (85.7%) and 3 cases (42.9%). Always concerning the modernisation
activities, only 4 family units out of 14 (28.6%) are interested in moving in this direction
substituting the windows, installing a heating pump or a private photovoltaic plant, as

reported in Fig. 18 and 19.

B Yes
I No

28.6%

71.4%

Figure 18. Percentage of household renovation's
intents.
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Figure 19. Future modernisation activities on the households.

These answers emphasise a sort of limit in the development process of the community due
mainly to a limited interest in investing on energy retrofit by the residents. Nevertheless, this
stability in the features of the households, thus of the entire REC, makes more trustworthy

the feasibility analyses of this thesis.

3.2. Energy load profiles’ generator outcomes

The data presented in the previous section combined with those of the datasets used by the
Python routine provide the base for the load profiles’ generation. The different average load
profiles both for the days of the week or the weekend, and the different seasons are
presented as follows. For all seasons, weekdays and weekend days differ both in terms of
maximum magnitude of the electrical energy consumption and in time frame of the

consumption peak.

32



a) Average winter weekday energy load
14
12
5210-
g8
S 6
B
3 4
L
2
0
12 3 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Time [h]
b) Average winter weekend day energy load
14+
124
§i1°f
3 o
8 6-
..3 ]
3 4
w "]
2
0

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]

Figure 20. a) winter weekday load profile. b) winter weekend day load profile.

Considering Fig.20, a first similarity between weekdays and weekends that must be
highlighted is the peaks of electricity consumption around midday and the 7pm, and the
larger consume during the evenings until midnight. These facts are due to the more intense
presence at home of the residents, and the consequent more intense use of large appliances
such as washing machines, hair dryer, electric heater, or TVs and other small appliances.
Nevertheless, it is also notable a slight shift of the peaks in the weekend, and a wider and
larger bell-shaped distribution in conjunction of the meals. This difference could be
attributable to the tendency of the residents of spending more time together during these
situations with respect to quicker lunches and dinners during the week. A more constant
consumption characterised the weekend.
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a) Average spring weekday energy load
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Figure 21. a) spring weekday load profile. b) spring weekend day load profile.

In line with the winter profiles, spring ones (Fig. 21) present a shift of the peaks and a larger
magnitude for the maximum consumption in the weekend days. Although, during the
weekdays the first peak does not coincide perfectly with the lunch time frame such as for
the weekend, while the second peak is quite similar for the two periods. Another aspect is
the variation in the weather conditions that ease outdoor activities during the daylight hours.
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b) Average spring weekend day energy load
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Figure 22. a) summer weekday load profile. b) summer weekend day load profile.

Summer’s profiles are characterised by a larger consume during the evening and night
frames for cooling down the indoor temperatures when people are at home. Strictly
correlated to this, a relevant difference is the larger consume of electricity during the central
hours with a peak of 11.4 kW at 1pm, in the weekend days, also due to the higher presence
of users at home (see Fig.22).
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Figure 23. a) autumn weekday load profile. b) autumn weekend day load profile.
Autumn’s profiles shown in Fig. 23, present a quite similar trend during the day, a part for a
wider peak around midday and a larger electrical energy consumption in the evening time
frame during the week. These two trends could suggest a quite similar behaviour of the

residents among the whole week without particular differences in their habits.
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Figure 24. a) weekdays load profiles comparison. b) weekends load profiles comparison.

Considering the different seasons’ profiles (see Fig.24), the largest electricity consumption
during the year is concentrated in summer with an average daily consumption of 211 kWh,
while the other daily seasons’ consumption present similar values around 160 kWh per day.
The largest consumption during the summer is mainly ascribed to the cooling systems (i.e.,
air conditioner, etc.) Although, it is possible to notice a quite constant trend in the
consumption due to the contribution of “continuous” appliances that work for the whole day
such as fridges and freezer, which are almost constant during the year (similar pathway in

the charts, especially in the first hours of the day in which the continuous appliances are the
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only ones active). Similarly, it is possible to notice a trend for the “duty cycle” ones like
washing machines, irons, or vacuum cleaners which use can be assumed almost equal over

the year and not dependent on the seasons.

3.3. PV plant configurations, production, and economic

analyses

Different PV plants’ configurations and electric productions have been evaluated in order to
select the best solution for the VERAS case study. As first step, all the possible PV
configurations were evaluated in terms of production using the Global Solar Atlas software.

The main technical features of the selected photovoltaic modules are presented in Table 3.

Table 3. PV modules' technical features (QCELLS, n.d.).

Format 2054mm x 1134mm x 32mm (including frames)

Weight 26.0 Kg
Frame Silver anodized aluminium
Cell 6 x 22 monocrystalline

Power 490 W
Short Circuit Current 13.57 A
Open Circuit Voltage 45.65 V
Current 12.89 A
Voltage 38.02V
Efficiency 2 21%

All those configurations that present a vertical section of the roof larger than 2.50 meters
were discarded. In particular, for all the configurations oriented to South, the single pitch
solution resulted too high for fitting with this structural constraint. To solve this issue, a roof
configuration made by multiple pitches has been considered, in particular the one with the
roof divided in 4 pitches, all sloped at the same angle, with a vertical section at the end of
the sloped pitch. In practise, this solution allows to consider all the angles assumed and
discarded previously, due to the structural constraint, for the South orientation, preserving

the total available area on the roof, and minimising the shading effect between the different

38



pitches. The same solution is applicable to the East-West orientation, even if these
configurations are characterised at least by a double pitches roof which prevent to overpass
the structural constraint of the roof. The two main considered orientations were South (S)
and East-West (E-W), as these ones provide the maximum output in terms of production
and self-consumption. In addition, another series of configurations starting from the E-W
model and adding a line of panels along the two sides of the greenhouse was simulated.
For all these orientations the considered angles were of 20°, 25°, 30°, and 35° with respect
to the horizontal, a part for the E-W with the side-line panels in which the roof-based panels
were supposed to 20° and 25° and the ones on the side at 35°. As last parameter, the
coverage percentages (i.e., the number of panels installed on the roof) assumed for the S
orientation were of 40% and 50%, while for the E-W from 40% to 55% in steps of 5%.
Hereafter can be seen the results of the simulations of PV production over a year for the
different configurations in the considered climate using the Global Solar Atlas software (see
Table 4).
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Table 4. PV plant's main configurations and relative features.

INSTALLED
ORIENTATION COVERAGE N CAPACITY PRODUCTION
PANELS [MWh/year]
[kWp]

SLOPE 20°
South 40% 73 35 45.044
South 50% 91 44 56.626
East-West 40% 73 35 37.882
East-West 50% 91 44 47.538
East-West 55% 100 49 52.948

SLOPE 25°
South 40% 75 35 48.69
South 50% 94 44 60.168
East-West 40% 75 35 38.163
East-West 50% 94 44 48.764
East-West 55% 104 51 53.004

SLOPE 30°
South 40% 79 38 50.18
South 50% 99 48 63.385
East-West 40% 79 38 39.385
East-West 50% 99 48 49.75
East-West 55% 109 53 53.896

SLOPE 35°
South 40% 83 41 54.31
South 50% 104 51 67.557
East-West 40% 83 41 42.412
East-West 50% 104 51 50.49
East-West 55% 115 56 55.551

SLOPE 20° - SIDELINE 35°
East- West 45% 106 52 53.315
East- West 50% 115 56 57.636
East- West 55% 124 61 63.046
SLOPE 25° - SIDELINE 35°

East- West 45% 109 53 53.57
East- West 50% 119 58 58.862
East- West 55% 128 63 63.102
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The best solution in terms of maximum production over the year is the one oriented to South
with a grade of 35° with respect to the horizontal, and a coverage percentage equals to 50%.
The total amount of panels for this configuration is of 104, with an installed capacity of 51
kWp and a total production of 67.55 MWh per year. The configurations oriented to East-
West, which have been considered in the attempt of maximising the self-consumption,
shown lower production even with the larger coverage percentage allowed. In practise, the
achievable PV productions for this orientation vary in a range from 38 MWh to 55.55 MWh
per year depending on the angle of the roof and the percentage of coverage. Also
considering the side-line panels, the configurations oriented to East-West reach as
maximum 63.102 MWh per year. As example of the evaluations on the different
configurations, the comparisons between the South and East-West configurations’

productions at 35° and 40% of coverage, thus with the same installed capacity, are reported

below.
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Figure 25. Winter's productions comparison.
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Figure 26. Spring's productions comparison.
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Figure 27. Summer's productions comparison.

42



Autumn
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Figure 28. Autumn's productions comparison.

The E-W configurations, even the lower production, generate a wider self-consumption for
the REC, as these PV plant’s configurations start to produce electricity before in the morning
and later in the afternoon or evening. This fact is more evident during the spring and the
summer, with a real advantage in the self-consumption level. In fact, over the whole year
the E-W configuration covers a share of self-consumption of the daily energy load of 38.4%
with respect to 38.0% of the South orientation. In terms of share of the PV produced energy,
the E-W configuration sells 43.5% of the total with respect to 56.3% of the South orientation.
The economic evaluation was performed for all the configurations mentioned before. Firstly,
the initial costs for the PV plant investment of each configuration were calculated. These
costs include constant price for photovoltaic modules, inverters, materials, energy meters
(REGALGRID, n.d.), labour (i.e., installation cost, Rincaro sui lavori pubblici in Italian), and
VAT (see Table 5). The installation cost and Rincaro sui lavori pubblici are calculated as the
respective share of the total costs of all the single components (i.e., modules, meters, etc.)
for the PV plant. The second voice is an estimate of costs that the installing company pays
for the doing the work and that is consequently transferred to the client (the REC in this
case). As last voice, the VAT is calculated on the sum of all the costs mentioned before.
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Table 5. Cost of the different components and taxes for the PV plant realisation.

COMPONENT COST
Photovoltaic module 0.38 €/W
Inverter 1,440 €/10kWp
Meter 420 €
Modules’ structure 110 €/kW
Materials (cables, switches, etc.) 110 €/kW
LABOUR COST
Installation 40%
Rincaro sui lavori pubblici 10% + 15%
VAT 10%

The second step of the economic evaluation considers the incentives scheme for the REC
presented in section 1.2 and the tax refund for the new renewable plant of 50% of the cost

in 10 years (see Table 6). To evaluate these factors, we estimated:

i) the share of self-consumption;

i) the excess electricity produced and sold to the GSE;

iii) the cost to buy energy during the off periods of the plant.

iv) the savings gained though the installation of the PV plant as difference between the
cost of the electricity without the plant and the amount calculated at point iii).

As sell price of the excess of electricity, a mean value of 0.05 €/kW over the year was
considered. The real cost of the electricity for the evaluation has been calculated and applied
to the respective season and electricity use time frame starting from the data collected by
ARERA during the trimesters of 2022 (ARERA, n.d.-b). The costs in €/kWh per each season
are reported in Table 7.

Table 6. Incentives scheme for REC configuration.

INCENTIVE REVENUE

REC self-consumption incentive 0.110 €/kWh
ARERA self-consumption incentive 0.087 €/kWh
Excess of electricity sell-market price 0.05 €/kWh
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Table 7. Seasonal differentiation of electricity's prices in 2022.

Winter Spring Summer Autumn
F1 0.48860 0.42691 0.43251 0.67991
F2 0.44568 0.40713 0.40601 0.65039
F3 0.44568 0.40713 0.40601 0.65039

The final step of the economic evaluation summarises the previous ones in order to evaluate
the payback period of the PV plant and the economic benefits in the short-medium temporal
scale of 10 years. Figure 29 shows a summary of the economic evaluation for the more
convenient and efficient configurations of the PV plant. In light of this last outcome, the
solution oriented to South with a slope of 35° and 40% of coverage has been selected. In
fact, this configuration presents one of the more convenient solutions as initial investment
for the PV plant with a total amount of 70,904.82 €. For this solution the annual saves due
to the installation of the photovoltaic plant are calculated as the difference between the
actual cost for the purchased electricity from the grid by the community and the one after
the installation of the PV plant. These saves amount to 15,573.16 €. The annual revenues
gained through the incentive scheme on the self-consumption and the sale of the
overproduced electricity amount to 6,304.40 €. Summing these two factors, the annual
revenues obtained by the PV plant amount to 21,877.55 €. In total, including also the annual
tax deduction, the payback period of the plant is less than 3 years. This configuration is the
most favourable until the 8" years since the installation of the plant. Other solutions like
those oriented to South with 50% of coverage provide larger revenues after the 7t - 8t
years, although these configurations estimate an initial investment of 18.8-29.8% more than
the selected solution, which make them less convenient for the community. From the
greenhouse structural point of view, a particular solution formed by 88 photovoltaic modules
has also been considered. This particular solution allows to install a line of 22 panels per
each pitch of the roof (i.e., 88 modules in total), occupying all the horizontal section of the
pitch, and covering 42% of the roof’s area. Nevertheless, the 40% coverage solution is more
convenient in terms of initial investment and allows to install the photovoltaic modules more
detached from each other, enlarging the available solar irradiation inside the greenhouse for

the plants and vegetable survival.
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PV plant revenues [€]
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Figure 29. Revenues pathways of the different PV configuration during the first 10 years of

activity.
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The productions per each season of the selected solution in comparison with the presented

average load profiles for the energy community are presented in the next figures.

Winter
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Figure 30. Winter comparison between the PV production and the load profiles.
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Figure 31. Spring comparison between PV production and load profiles.

47



Summer

Electrical load [kW]

012 3 456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]
— — Averge weekday load profile Average weekend day load profile

PV South 35°

Figure 33. Summer comparison between PV production and load profiles.
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Figure 32. Autumn comparison between PV production and load profiles.

All the seasons are characterised by a central peak of production during the day in which

the photovoltaic production covers the energy load required by the energy community. As
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Fig. 30 shows, the largest production during the day in winter is of 15.76 kWh at 1am. The
PV production and the consequent self-consumption during winter covers partially the needs
of the community reaching 34.4% and 33.4% of self-consumption respectively during the
week and in the weekend. The maximum production is during summer with a peak of 26.48
kWh at lam. During this season we have also the maximum level of self-consumption
achieving 46.6% and 48.2% respectively during the week and in the weekend. Taking into
account the whole year, the production of the PV plant covers on average 40.7% of the daily
electrical energy demand of the energy community. Despite the large amount of electricity
injected into the grid during the year (more than 50%), the self-consumed energy and the
consequent revenues due to the incentives’ scheme, allows to significantly limit the payback
period for the initial investment on the plant (for a more detailed view of the numerical
analyses on this and the other main PV configurations, please see Appendix B). The main
outcomes of this configuration are reported in Table 8, where the share of self-consumption
and sold electricity are calculated respectively with respect to the energy load of the

community and the PV production of the plant.
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Table 8. South 35° (40%) configuration main outcomes.

Daily PV production [kWh]

Self-consumption [kKWh]
Self-consumption [%)]
Sold electricity [kKW]
Sold electricity [%]

Self-consumption [KWh]
Self-consumption [%)]
Sold electricity [kW]

Sold electricity [%0]

Self-consumption [KWh]
Self-consumption [%)]
Sold electricity [kW]
Sold electricity [%0]

Self-consumption [MWh, %]

Sold electricity [MW, %]

Winter Spring
93.58 144.10
Weekday

55.94 71.13
34.4 46.2
37.64 69.00
40.2 59.3

Weekend day

54.45 71.60
33.4 46.7
39.13 67.98
41.8 59.1
Seasonal
4,884.08 6,699.00
34.1 43.9
3,351.33 9,748.88
40.7 59.3
Yearly total
24.24
30.59

3.4. CO2emissions’ saves

The installation of the photovoltaic plant provides not only economic benefits for the REC,
but also a sort of ecosystem service from the environmental point of view. The direct use of
the renewable source in situ prevents the CO2 emissions produced by the generation of
electricity in power plants fuelled by fossil fuels, as coal, oil, or natural gasses, generating a
direct positive impact on the environment. In 2022, the northern part of Italy had a value of

carbon intensity to produce electric energy equal to 410 g CO2eq/kWh. This was mainly due
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203.45

75.63
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127.81
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78.44
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Autumn

122.47

60.83
37.5
61.63
50.3

60.41
37.1

62.05
50.7

5,464.31
37.4
5,558.22
50.4



to the energy generation using natural gas. The data about the carbon intensity of the study
area are available online with daily and/or real time updates on the Electricity Maps website
(https://app.electricitymaps.com/map). As the annual photovoltaic production of the
projected plant amounts to 54.31 MWh, the total quote of saves of CO2 emission is equal to
22.26 Tons. More in detail, the share of emissions’ saves due to the self-consumption, thus

directly related to the VERAS energy community amounts to 9.94 Tons of COa.

3.5. Incentives’ scheme effectiveness

The Italian incentives’ scheme provides benefits both in terms of fiscal incentives and
financial support for energy sharing. These two aspects differ a lot with respect to other
countries in the EU. This difference is particularly evident in comparison with the German
situation, but also with respect to other countries like the Netherlands. The German
government does not provide specific provisions from the fiscal point of view neither a sort
of financial support for the implementation of the energy communities. The only subsidies
provided by the government concern low interest grants and loans supplied by the
Landwirtschaftliche Rentenbank (Krug et al., 2021). The Dutch scheme is quite similar to
the German one. In fact, the central government does not supply particular fiscal or financial
incentives to the RECs. The only provision concerns a tax incentive provided in the form of
tax reduction for all the energy communities regardless of the used renewable. The provision
provides a reduction of 7.5 c€/MWh from the energy taxes and the VAT (Doci & Gotchev,
2016). As matter of fact, the Italian incentives’ scheme for provisioning and implementing
the renewable energy communities supports largely these associations with respect to other
countries in the European Union. To evaluate the direct impact of these incentives in the
Italian scenario, and in particular of the fiscal one provided as feed-in incentive, a
comparison on the projected PV plant with and without this provision has been performed.
For this evaluation the 50% tax refund in 10 years is still considered as it does not depend
on the fiscal incentives provided to the RECs in the Italian scenario. Fig. 34 shows the
differences from the economic point of view of the same plant under the aforementioned

condition.
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Figure 34. Economic comparison between the feed-in incentives scheme and not provisioned
plants.

The incentive scheme provides a relevant boost in terms of economic revenues and payback
period of the PV plant. In particular, the feed-in provisioned plant earns 35.2% more in 10
years with respect to the no-incentive situation. This calculation clearly states the efficiency
of the Italian incentives’ scheme on the short-medium period for the RECs. Moreover, as the
sell price and the fiscal provision (50% in 10 years) have been considered equal for the two
situations, the comparison highlights the relevance of the self-consumption and its

maximisation on the economic benefits for the energy communities.

3.6. Limits of the work

This work provides an exhaustive analysis for the implementation of an energy community
in Italy. Even though it is necessary to underline a series of limits of this research due to
some assumptions on the PV plant ad its production over the years of activity. An initial
source of limits is represented by the annual consumption of the Vignole’s residents. As
mentioned before, the electrical energy consumption of the REC acts as starting point for all

the dimensioning and feasibility analyses on the PV plant. The absence of specific grid
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meters for the calculation of the power absorbed and used electricity per each connection
point limits the hourly estimation of the load profiles of the whole energy community.
Consequently, even if the generation of the energy load profiles through the presented
software well supports the proposed analyses, especially thanks to the adaptation and
integration with the information collected through the survey, the obtained profiles result
precise but not as a perfect estimation of the real consumption of the residents. In correlation
with this aspect, also the dimension evaluation of the plant is affected by this uncertainty as
it is based on the annual consumption of the residents. Moreover, even some suggestions
on the dimension of the greenhouse proposed by VERAS, the absence of a real structure
on which dimensioning the photovoltaic plant limits partly the analyses. Besides, the
photovoltaic production is assumed constant for the whole considered operative period of
the plant (i.e., 10 years), even if the efficiency of the modules is projected to decrease and
the climatic conditions are significantly variable over the time, also considering the
unavoidable process of climate change in the future. Lastly, the unpredictability of the energy
price and the costs inflation were not considered in the economic analysis, supposing
constant these cost over the considered period of activity neglecting all the unstable

fluctuations in economic terms of these factors.
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4. CONCLUSIONS

The Italian legislative frame adopted the EU directives for the energy transition introduced
with the RED Il and the IEM, implementing a series of provisions and incentives schemes
for the realisation of the Renewable Energy Community. Even though, as suggested by Krug
et al., (2021) the actual legislative scenario must be integrated and pushed forward toward
a more coherent coordination between regional and national scales, especially in terms of
investment grants and loans’ regulation. This represents a crucial point for facilitating the
application procedures and enlarging the knowledge and the participation of the citizens in
the RECs, thus in the energy transition process aimed by the EU and national government
with the PNRR (Piano Nazionale Ripresa e Resilienza). This work focused on the feasibility
analysis of a PV plant placed on top of a greenhouse to serve a small REC. The structural
analyses on the greenhouse result in a multi-pitches solution for maximising the available
surface on which installing the PV modules, and for reducing the shading effects among the
different pitches. The installation of a limited number of panels,83 for a coverage of 40% on
the roof, provides a good balance between the productivity of the plant and the solar
irradiation inside the greenhouse allowing the survival of the plants. The PV plant with an
installed capacity of 41 kWp was estimated to produce about 54.31 MWh per year, achieving
a yearly share of self-consumption of 40.7%, in line with the purpose of installing the PV
plant and guaranteeing a significant economic return of the investment. As matter of fact,
considering an initial investment of 70,904.82 €, the payback period of the plant is about 3
years, generating revenues of 183,323.16 € in 10 years of activity. The installation of the
photovoltaic plant would generate not only economic benefits for the residents but also a
reduction in term of CO2 emissions equal to 22.26. Even considering the limits due the
production or costs variations during the years, this work acts as a solid base for a feasibility
evaluations on a Renewable Energy Community implementation. As last point, even in the
mentioned contest of a lacks in the legislative scenario, the Italian government provides a
well effective incentives’ scheme for the REC, increasing the economical appeal of these
projects, both for citizens and SMEs, promoting and accelerating the unavoidable and
necessary process of transition to a renewables-based power production and greener

economy.
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APPENDIX A

Questionario abitudini energetiche Isola delle Vignole

Corso di Laurea Magistrale in Scienze Ambientali
Global Change and Sustainability
Alberto Saugo (886869)

Il presente questionario € utilizzato per raccogliere informazioni riguardanti le abitudini
energetiche dei nuclei famigliari presenti sull'lsola delle Vignole. Lo studio fa parte di un
lavoro di tesi che valuta la fattibilita di una comunita energetica nell'isola al fine di renderla
parzialmente o totalmente autosufficiente.

Le risposte in merito alle abitudini energetiche dei residenti, gli elettrodomestici presenti
nelle case, ed alcune caratteristiche delle abitazioni, forniranno la base dati necessaria per
effettuare una valutazione piu approfondita sulla fattibilita della realizzazione della CER
(Comunita Energetiche Rinnovabili) e sulle prospettive a breve-medio termine dell'isola.

| dati raccolti saranno elaborati nel rispetto della privacy e con le sole finalita sopra descritte
ai sensi del GDPR (Regolamento UE 2016/679).

* Campo obbligatorio

Sezione 1: Composizione famiglia e abitudini giornaliere

1. Da quanti membri € composto il suo nucleo famigliare? *

o O O O

50 piu
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2. Indichi la composizione della sua famiglia selezionando le fasce d'eta e il humero di

membri appartenenti a quella fascia: *

1 membro 2 membri 3 membri 4 membri
Bambini/e (0-6 ) O o O
anni)
Ragazzile  (7-14 O O ) O
anni)
G|0\_/an| (15-25 O O o O
anni)
Adulti (25-65 anni) O O O O
Anziani (66 o piu) O O O O

3. Indicare l'indirizzo di residenza (via/piazza, numero civico, interno).

4. In una giornata tipo, quante ore trascorre mediamente in casa, escluse le ore di sonno?

*

3-5

5-7
7-9

O O O O

10 o piu

5. Pensando alle sue abitudini, in che fascia oraria utilizza maggiormente, I'energia elettrica?

O Fascia F1 (lun-ven dalle 8:00 alle 19:00)

O Fascia F2 (lun-ven dalle 7:00 alle 8:00 e dalle 19:00 alle 23:00; sabato dalle 7:00 alle

23:00)

O Fascia F3 (lun-sab dalle 00:00 alle 7:00 e dalle 23:00 alle 24:00; domenica tutto il

giorno)
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Sezione 2: Elettrodomestici

In questa sezione le verranno poste alcune domande riguardanti gli elettrodomestici presenti

nella sua abitazione.

6. Indichi quali elettrodomestici sono presenti nella sua abitazione, selezionando quanti ne

possiede: *

1 2 30 piu
Frigorifero (con o senza cella freezer) O O O
Congelatore O O O
Lavatrice O O O
Asciugatrice O O O
Forno O O O
Lavastoviglie O O O
Ferro da stiro O O O
Condizionatore O O O
Condizionatore portatile O O O
Stufa/stufetta elettrica O O O
Asciugacapelli O O O
Televisore O O O
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Per ognuno dei precedenti elettrodomestici, solo se presenti, indicare la classe energetica
alla quale appartengono. Si effettui una stima della classe in caso non si riesca a risalire
alla categoria di appartenenza. (Per gli elettrodomestici acquistati prima del 2021, indicare
la classe energetica equivalente per le nuove normative di legge utilizzando I'immagine qui

riportata).

VECCHIE CLASSI NUOVE CLASSI
ENERGETICHE ENERGETICHE 2021

A+t
A+

7. Frigorifero (con o senza 8. Congelatore 9. Lavatrice
cella freezer)
O A O A O A
@) B O B @) B
O cC O cC o cC
O D O D O D
@) E O E ©) E
O F O F O F
O G O G O G
O Non so O Non so O Non so
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10. Asciugatrice 11. Forno 12. Lavastoviglie
O A o A O A
O B O B O B
O C O C O C
O D O D O D
O E O E O E
O F @) F @) =
O G O G O G
O Non so O Non so O Non so

13. Ferro da stiro 14. Condizionatore 15 Condizipnatore

portatile
O A O A O A
O B O B O B
O C O C O C
O D O D o) D
© E O E o E
O F O F O F
O G O G O G

O Non so O Non so O Non so
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16. Stufa/Stufetta elettrica 17. Asciugacapelli 18. Televisore
O A O A O A
O B O B O B
O cC O cC O cC
O D O D O D
O E O E O E
O F O F O F
O G O G O G
O Non so O Non so O Non so

Sezione 3: Abitazione

In questa sezione le verranno fatte delle brevi domande sulla sua abitazione e la sua attuale

condizione strutturale.

19. Indichi a quale categoria appartiene la sua abitazione. *

O Condominio
Abitazione singola
Villetta a schiera

Villetta singola

O O O O

Altro

20. A quale metratura corrisponde la sua abitazione? (metri quadri utili dell'abitazione) *

O < 50m?

O 50-100m?
O 100-150m?
O 150-200m?
O  >200m?2
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21. Se in possesso di una certificazione APE, indicare a quale class energetica appartiene

la sua abitazione

o A
O B
O cC
O D
o E
O F
O G
O Non so

22. Quale sistema di riscaldamento & presente nella sua abitazione? (indicare tutti quelli
presenti se piu di uno) *

Stufa a legna/pellet

Caldaia tradizionale a gas

Caldaia a condensazione

Impianto solare termico

Pompa di calore

O 0O O O O O

Altro

23. Quale tipo di impianto € presente per la diffusione del calore? (indicare tutti quelli
presenti se piu di uno) *

O Radiatori a parete

Termoconvettori

Termocamini

Pannelli radianti o impianti a serpentina

O O O O

Riscaldamento a pavimento
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24. Che tipologia di infissi presenta la sua abitazione? *
O Infissi in legno
O Infissi in alluminio/acciaio

©) Infissi in PVC

25. Che tipo di vetri presentano gli infissi? *
O Vetro singolo

O Vetro doppio

O Vetro doppio o triplo ad alte prestazioni

26. Quali sistemi di isolamento termico sono presenti nella sua abitazione?
O Cappotto termico

O Isolamento termico del tetto

O Nessuno di questi
O

Altro

27. In caso sia presente un impianto di condizionamento, di quale tipologia €?

O Sistema mono-split

O Sistema multi-split

28. La sua abitazione presenta un sistema di ventilazione meccanica? *
O Si

O No
29. Nella sua abitazione e installato un impianto fotovoltaico? *
O Si

O No

30. Se si, qual é la sua potenza di picco (kWh)?
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31. La sua abitazione e stata ristrutturata o ammodernata recentemente (dal 2012 in poi)?

*

) Si

O No

Sezione 4: Ristrutturazione ed interventi sull'abitazione (rispondere a questa sezione

solo se risposto affermativamente alla domanda 31).

32. Considerando le ristrutturazioni della sua abitazione o complesso residenziale, selezioni

se e quali interventi sono stati apportati:

O Cappotto termico

O Isolamento termico del tetto
O Sostituzione degli infissi
O

Impianti di riscaldamento (Caldaia a condensazione, termocamini, riscaldamento a
pavimento, ecc.)

O Pompa di calore
O Impianto solare termico
O Impianto fotovoltaico

Sezione 5: Ristrutturazioni ed interventi futuri

33. Prevede di fare delle ristrutturazioni o altri interventi per incrementare l'efficienza

energetica della sua abitazione nei prossimi anni? *
O Si

O No
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34. In merito alla precedente domanda, quali interventi pensa di fare?

O

O O O

O O O O

@)

Cappotto termico
Isolamento termico del tetto
Sostituzione degli infissi

Impianti di riscaldamento (Caldaia a condensazione, termocamini, riscaldamento a
pavimento, ecc.)

Pompa di calore
Impianto solare termico
Impianto fotovoltaico

Ampliamento impianto fotovoltaico (maggiore potenza, installazione sistemi di
accumulo)

Altro

Il questionario e finito. La ringrazio per la disponibilita nel rispondere a questo questionario.

In caso di dubbi o necessita non esiti a contattarmi ai recapiti sopracitati.
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APPENDIX B

Hereafter, the analysis of the energy production of weekdays and weekend days during
each season of the selected PV plant, and the economic analysis of this one and the main

configurations presented before are reported.

Table B1. South 35° (40%) winter weekday analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] @ Sell [€] consumption consumption

[kWh] [kKWh] revenues

0 6.12335 2.72909 0 0 0

0 3.93411 1.75337 0 0 0

0 3.21696 1.43375 0 0 0

0 2.76801 1.23366 0 0 0

0 2.42121 1.07910 0 0 0

0 1.63824 0.73014 0 0 0

0 2.68663 1.19739 0 0 0
0.16867 2.69361 1.12533 0 0.16866 0.03322
4.08433 3.94901 0.13531 0 0.00676 3.94901 0.77795
9.40133 6.78733 2.61399 0 0.13069 6.78733 1.33710
12.71533 9.60530 3.11002 0 0.15550 9.60530 1.89224
15 7.86886 7.13113 0 0.35655 7.86886 1.55016
15.76266 5.49783 10.26483 0 0.51324 5.49783 1.08307
14.85167 5.40277 9.44889 0 0.47244 5.40277 1.06434
12.08567 7.50475 4.58091 0 0.22904 7.50475 1.47843
7.44933 7.09160 0.35772 0 0.01788 7.09160 1.39704
1.99467 8.92501 3.38620 0 1.99466 0.39294
0.070667 | 10.27467 4.98573 0 0.07066 0.01392

0 9.84641 4.81101 0 0 0

0 10.21058 4.55070 0 0 0

0 13.21681 5.89054 0 0 0

0 11.23683 5.00809 0 0 0

0 10.61879 4.73264 0 0 0

0 8.87432 3.95515 0 0 0
93.58433 | 162.39313 48.60196 | 1.88214 55.94149 11.02047
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Table B2. South 35° (40%) winter weekend day analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] @ Sell [€] | consumption | consumption
[KWh] [KWh] revenues
0 4.05801 1.80859 0 0 0
0 3.96204 | -3.96204 | 1.76582 0 0 0
0 3.35271 | -3.35271 | 1.49425 0 0 0
0 2.98172 1.32891 0 0 0
0 2.40911 1.07370 0 0 0
0 2.33946 1.04266 0 0 0
0 3.27936 | -3.27936 | 1.46156 0 0 0
0.16867 413839 | -8.96972 | 1.76925 0 0.16866 0.03322
4.08433 4.53776 -0.45342 0.20208 0 4.08433 0.80461
9.40133 6.99728 2.40405 0 0.12020 6.99728 1.37846
12.71533 | 7.11885 5.59647 0 0.27982 7.11885 1.40241
15 5.77849 9.22150 0 0.46107 5.77849 1.13836
15.76266 | 8.76238 7.00028 0 0.35001 8.76238 1.72619
14.85167 | 7.08457 7.76708 0 0.38835 7.08457 1.39566
12.08567 | 5.33732 6.74834 0 0.33741 5.33732 1.05145
7.44933 7.05324 0.39608 0 0.01980 7.05324 1.38949
1.99467 | 10.91013 3.97349 0 1.99466 0.39294
0.070667 = 10.84121 4.80027 0 0.070666 0.01392
0 11.54062 5.14348 0 0 0
0 13.52474 6.02778 0 0 0
0 12.42928 5.53955 0 0 0
0 9.93135 4.42626 0 0 0
0 9.34488 4.16487 0 0 0
0 5.11589 2.28008 0 0 0
93.58433 | 162.82890 48.30268 | 1.95669 = 54.45050 10.72674
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Table B3. South 35° (40%) spring weekday analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] | Sell [€] consumption | consumption
[KWh] [KWh] revenues
0 6.12336 2.49302 0 0 0
0 3.93412 1.60171 0 0 0
0 3.21696 1.30973 0 0 0
0 2.76801 1.12695 0 0 0
0 2.42122 0.98576 0 0 0
0.25500 1.63825 0.56317 0 0 0
1.75567 2.68664 0.37903 0 0 0
6.09767 2.69362 3.40405 0 0 0.17020 0.05024
11.73867 3.94902 7.78965 0 0 0.38948 0.34587
16.93200 6.78734 10.14466 0 0.12020 0.50723 0.53064
20.91533 9.60531 11.31002 0 0.27982 0.56550 0.77796
23.34500 7.86887 15.47613 0 0.46107 0.77381 1.33711
24.03267 5.49783 18.53484 0 0.35001 0.92674 1.89225
22.90500 5.40277 17.50223 0 0.38835 0.87511 1.55017
19.59167 7.50476 12.08691 0 0.33741 0.60435 1.08307
14.66733 7.09160 7.57573 0 0.01980 0.37879 1.06435
8.98967 8.92502 0.06465 0 0 0.00323 0
3.34167 10.27468 2.95979 0 0 0
0.45700 9.84642 4.00846 0 0 0
0 10.21058 4.15706 0 0 0
0 13.21682 5.38099 0 0 0
0 11.23684 4.57488 0 0 0
0 10.61880 4.32326 0 0 0
0 8.87432 3.61302 0 0 0
175.02433 | 162.39313 37.47680 @ 5.19444 71.13546 175.02433
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Table B4. South 35° (40%) spring weekend day analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] @ Sell [€]  consumption | consumption
[KWh] [KWh] revenues
0 4.05801 1.65215 0 0 0
0 3.96204 1.61307 0 0 0
0 3.35271 1.36500 0 0 0
0 2.98173 1.21396 0 0 0
0 2.40912 0.98083 0 0 0
0.25500 2.33947 0.84865 0 0.25500 0.05024
1.75567 3.27936 0.62034 0 1.75567 0.34587
6.09767 4.13839 1.95927 0 0.09796 4.13839 0.81526
11.73867 4.53776 7.20091 0 0.36005 4.53776 0.89394
16.93200 6.99728 9.93472 0 0.49674 6.99728 1.37846
20.91533 7.11886 13.79648 0 0.68982 7.11886 1.40242
23.34500 5.77849 17.56651 0 0.87833 5.77849 1.13836
24.03267 8.76239 15.27028 0 0.76351 8.76239 1.72619
22.90500 7.08458 15.82042 0 0.79102 7.08458 1.39566
19.59167 5.33732 14.25434 0 0.71272 5.33732 1.05145
14.66733 7.05325 7.61408 0 0.38070 7.05325 1.38949
8.98967 10.91014 0.78189 0 8.98967 1.77096
3.34167 10.84122 3.05331 0 3.34167 0.65831
0.45700 11.54062 4.51250 0 0.45700 0.09003
0 13.52475 5.50636 0 0 0
0 12.42928 5.06036 0 0 0
0 9.93136 4.04337 0 0 0
0 9.34488 3.80460 0 0 0
0 5.11590 2.08285 0 0 0
175.02433 | 162.82890 37.13924 | 5.17085 71.60733 14.10664
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Table B5. South 35° (40%) summer weekday analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] @ Sell [€] | consumption | consumption
[KWh] [KWh] revenues
0 6.12336 | 2.48616 0 0 0
0 3.93412 | 393412 @ 1.59730 0 0 0
0 3.21696 | -3.21696 @ 1.30613 0 0 0
0 2.76801 1.12385 0 0 0
0 2.42122 0.98304 0 0 0
0.69333 1.63825 0.38365 0 0.69333 0.13659
3.09967 2.68664 0.41303 0 0.02065 2.68664 0.52927
8.27733 2.69362 5.58372 0 0.27919 2.69362 0.53064
14.21033 | 3.94902 10.26131 0 0.51307 3.94902 0.77796
19.58733 | 6.78734 12.80000 0 0.64000 6.78734 1.33711
23.54967 | 9.60531 13.94436 0 0.69722 9.60531 1.89225
25.87367 | 7.86887 18.00480 0 0.90024 7.86887 1.55017
26.47933 | 5.49783 20.98150 0 1.04908 5.49783 1.08307
24.98233 | 5.40277 19.57956 0 0.97898 5.40277 1.06435
21.67533 | 7.50476 14.17058 0 0.70853 7.50476 1.47844
16.94400 | 7.09160 9.85240 0 0.49262 7.09160 1.39705
11.15333 | 8.92502 2.22832 0 0.11142 8.92502 1.75823
5.31033 | 10.27468 | -4.96434 = 2.14714 0 5.31033 1.04614
1.47067 0.84642 | -8.37575 | 3.62261 0 1.47067 0.28972
0.14833 | 10.21058 | -10.06225 @ 4.08540 0 0.14833 0.02922
0 13.21682 | -13.21682 @ 5.36619 0 0 0
0 11.23684 | -11.23684 | 4.56229 0 0 0
0 10.61880 | -10.61880 @ 4.31136 0 0 0
0 8.87432 | -8.87432 | 3.60308 0 0 0
203.455 | 162.39313 35.57820 | 6.39098 @ 75.63543 14.90018
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Table B6. South 35° (40%) summer weekend day analysis.

South 35° Energy Deficit- Self- Self-
production load [kV\/] Surplus Cost [€] @ Sell [€]  consumption | consumption
[KWh] [KWh] revenues
0 6.12336 2.48616 0 0 0
0 3.93412 1.59730 0 0 0
0 3.21696 _ 1.30613 0 0 0
0 2.76801 1.12385 0 0 0
0 2.42122 0.98304 0 0 0
0.69333 1.63825 0.38365 0 0.69333 0.13659
3.09967 268664 | 041303 @ O 0.02065 2.68664 0.52927
8.27733 2.69362 5.58372 0 0.27919 2.69362 0.53064
14.21033 | 3.94902 10.26131 0 0.51307 3.94902 0.77796
19.58733 | 6.78734 12.80000 0 0.64000 6.78734 1.33711
23.54967 | 9.60531 13.94436 0 0.69722 9.60531 1.89225
25.87367 | 7.86887 18.00480 0 0.90024 7.86887 1.55017
26.47933 | 5.49783 20.98150 0 1.04908 5.49783 1.08307
24.98233 | 5.40277 19.57956 0 0.97898 5.40277 1.06435
21.67533 | 7.50476 14.17058 0 0.70853 7.50476 1.47844
16.94400 | 7.09160 9.85240 0 0.49262 7.09160 1.39705
11.15333 | 8.92502 2.22832 0 0.11142 8.92502 1.75823
5.31033 | 10.27468 | -4.96434 = 2.14714 0 5.31033 1.04614
1.47067 0.84642 | -8.37575 | 3.62261 0 1.47067 0.28972
0.14833 | 10.21058 | -10.06225 @ 4.08540 0 0.14833 0.02922
0 13.21682 | -13.21682 @ 5.36619 0 0 0
0 11.23684 | -11.23684 | 4.56229 0 0 0
0 10.61880 | -10.61880 @ 4.31136 0 0 0
0 8.87432 | -8.87432 | 3.60308 0 0 0
203.455 | 162.39313 35.57820 | 6.39098 @ 75.63543 14.90018
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Table B7. South 35° (40%) autumn weekday analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] Sell [€] | consumption | consumption
[KWh] [KWh] revenues

0 6.12336 3.98258 0 0 0

0 3.93412 2.55872 0 0 0

0 3.21696 | -3.21696 @ 2.09229 0 0 0

0 2.76801 1.80029 0 0 0

0 2.42122 1.57474 0 0 0

0 1.63825 1.06550 0 0 0
0.41000 2.68664 | -2.27664 @ 1.48071 0 0.41000 0.08077
3.31533 2.69362 0.62172 0 0.03109 2.69362 0.53064
8.62633 3.94902 4.67731 0 0.23387 3.94902 0.77796
13.21367 = 6.78734 6.42633 0 0.32132 6.78734 1.33711
16.30800 & 9.60531 6.70269 0 0.33513 9.60531 1.89225
18.30100 @ 7.86887 10.43213 0 0.52161 7.86887 1.55017
18.73067 @ 5.49783 13.23284 0 0.66164 5.49783 1.08307
17.08100 @ 5.40277 11.67823 0 0.58391 5.40277 1.06435
13.62567 = 7.50476 6.12091 0 0.30605 7.50476 1.47844
8.83733 7.09160 1.74573 0 0.08729 7.09160 1.39705
3.44667 8.92502 3.72480 0 3.44667 0.67899
0.57700 | 10.27468 6.59357 0 0.57700 0.11367

0 9.84642 6.69470 0 0 0

0 10.21058 6.64088 0 0 0

0 13.21682 8.59612 0 0 0

0 11.23684 7.30835 0 0 0

0 10.61880 6.90638 0 0 0

0 8.87432  5.77179 0 0 0
122.47267 | 162.39313 66.79143 = 3.08189 60.83478 11.98445
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Table B8. South 35° (40%) autumn weekend day analysis.

South 35° Energy Deficit- Self- Self-
production load [KW] Surplus Cost [€] Sell [€] | consumption | consumption
[KWh] [KWh] revenues
0 4.05801 -4.05801 2.63930 0 0 0
0 3.96204 -3.96204 2.57688 0 0 0
0 3.35271 -3.35271 2.18058 0 0 0
0 2.98173 -2.98173 1.93929 0 0 0
0 2.40912 -2.40912 1.56687 0 0 0
0 2.33947 -2.33947 1.52157 0 0 0
0.41000 3.27936 -2.86936 1.86621 0 0.41000 0.08077
3.31533 4.13839 -0.82306 0.53531 0 3.31533 0.65312
8.62633 4.53776 4.08857 0 0.20443 4.53776 0.89394
13.21367 6.99728 6.21638 0 0.31082 6.99728 1.37846
16.30800 7.11886 9.18914 0 0.45946 7.11886 1.40242
18.30100 5.77849 12.52251 0 0.62613 5.77849 1.13836
18.73067 8.76239 9.96828 0 0.49841 8.76239 1.72619
17.08100 7.08458 9.99642 0 0.49982 7.08458 1.39566
13.62567 5.33732 8.28834 0 0.41442 5.33732 1.05145
8.83733 7.05325 1.78408 0 0.08920 7.05325 1.38949
3.44667 10.91014 -7.46347 5.07451 0 3.44667 0.67899
0.57700 10.84122 | -10.26422 6.97877 0 0.57700 0.11367
0 11.54062 | -11.54062  7.84661 0 0 0
0 13.52475 | -13.52475 @ 8.79639 0 0 0
0 12.42928 | -12.42928 @ 8.08391 0 0 0
0 9.93136 -9.93136 6.45928 0 0 0
0 9.34488 -0.34488 6.07784 0 0 0
0 5.11590 -5.11590 3.32734 0 0 0
122.47267 | 162.8289 67.47065 3.10269 60.41893 11.90253

Table B9 shows the actual cost of the VERAS community. This annual cost for the electricity
is assumed equal for all the configurations. Costs and revenues are calculated for each
season, while the plant cost varies depending on the installed components. The avoided
costs are calculated as the difference between the actual annual cost for the electricity, and
the sum of the costs per each season. The yearly PV profits are the sum of the avoided

costs and total revenues.

Table B9. VERAS annual costs for the electrical energy.

Average electricity cost [€/kW] 0.487225
VERAS annual consumption [MW)] 67.10
Annual electricity cost [€] 32.692.79
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Table B10. South 35° (40%) economic analysis details.

Cost [€] Revenues [€] Plant cost [€] 70.904.82
Winter 4.269.19 1.129.73 Fiscal deduction [€] 3.545.24
Spring 3.514.04 1.807.37 Costs avoided [€] 15.573.16
Summer 3.307.51 2.012.92 Yearly PV profits [€] 21.877.55
Autumn 6.028.89 1.354.38
Total 17.119.64 6.304.40
Table B11. South 35° (50%) economic analysis details.
Cost [€] Revenues [€] Plant cost [€] 84.628.95
Winter 4.241.21 1.238.96 Fiscal deduction [€] 4.231.44
Spring 3.438.25 2.034.93 Costs avoided [€] 15.832.36
Summer 3.231.63 2.272.57 Yearly PV profits [€] 22.884.99
Autumn 5.949.35 1.506.19
Total 16.860.44 7.052.64
Table B12. South 35° (42%) economic analysis details.
Cost [€] Revenues [€] Plant cost [€] 75.670.98
Winter 4.262.32 1.151.99 Fiscal deduction [€] 3.545.24
Spring 3.498.30 1.853.08 Costs avoided [€] 15.650.44
Summer 3.291.03 2.065.31 Yearly PV profits [€] 22.105.57
Autumn 5.990.69 1.384.73
Total 17.042.35 6.455.13
Table B13. East-West 20° (40%) economic analysis details.
Cost [€] Revenues [€] Plant cost [€] 65166.69
Winter 4.892.91 718.73 Fiscal deduction [€] 3258.33
Spring 3.518.37 1.590.32 Costs avoided [€] 14874.35
Summer 3.198.41 1.879.89 Yearly PV profits [€] 20159.08
Autumn 6.208.75 1.095.78
Total 17.818.45 5.284.73
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Table B14. East-West 20° (50%) economic analysis details.

Cost [€] Revenues [€] Plant cost [€] 7.745.29

Winter 4.892.91 718.73 Fiscal deduction [€] 3.872.81

Spring 3.518.37 1.590.32 Costs avoided [€] 15.534.76

Summer 3.198.41 1.879.89 Yearly PV profits [€] 21.511.39
Autumn 6.208.75 1.095.78
Total 17.158.04 5.976.64

Table B15. East-West 20° (55%) economic analysis details.

Cost [€] Revenues [€] Plant cost [€] 82.330.59

Winter 4.527.52 908.01 Fiscal deduction [€]  4.116.52

Spring 3.338.31 1.896.25 Costs avoided [€] 15.819.89

Summer  3.024.01 2.254.80 Yearly PV profits [€] = 22.156.54
Autumn 5.983.06 1.277.59
Total 17.158.04 5.976.64

Table B16. East-West 25° + SL 35° (45%) economic analysis details.

Cost [€] Revenues [€] Plant cost [€] 89.728.47

Winter 4.361.78 994.10 Fiscal deduction [€] 4.486.42

Spring 3.266.14 1.380.02 Costs avoided [€] 16.250.34

Summer 2.917.11 2.408.81 Yearly PV profits [€] 22.383.96
Autumn 5.897.43 1.350.71
Total 16.442.46 6.133.63
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