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Renewable Energy Penetration Strengthened Using a
Reversible Solid Oxide Cell Installed in a Building

Mario Lamagna and Davide Astiaso Garcia

Abstract—The renewable energy source (RES) penetration in
end use must be strengthened to reach the prefixed decar-
bonization targets. A penetration obstacle is represented by the
Power Grid, designed with an architecture disinclined to RES
unpredictability. Nowadays, different solutions are available to in-
tegrate these latter issues without affecting the Grid, among these,
the reversible Solid Oxide Cell (rSOC) promises high efficiencies
and the possibility to control energy fluxes in both production and
storage. In this study, a series of hourly simulations based on real
data were designed to evaluate the rSOC capacity to integrate a
large number of RESs in the end use of three different buildings,
through analyzing the possible congestion on the Power Grid. As
a rSOC model we chose the Smart Energy Hub proposed by
Sylfen while for the buildings we selected a school, a hotel, and
an office located in Procida, Italy. The results show the rSOC
capacity to integrate RES increased from 40% to 62% according
to the storage capacity and the building’s hourly load curve and
seasonal consumptions.

Index Terms—Green hydrogen, RES integration, rSOC,
power-to-power.

I. INTRODUCTION

FACILITATING a Renewable Energy Source (RES) pen-
etration in today’s energy system is key to attaining

decarbonization’s target [1] as set by the different International
Institutions [2]. Nonetheless, a high presence of connected
non predictable RESs can represent a challenge to the actual
energy systems [3].The integration of technologies able to
ensure flexibility [4] and demand side management [5], i.e.
able to cope with the misalliance between the production
and the demand [6], can be a first attempt to sustain the
RES penetration [7]. Nowadays, many different solutions are
available [8], and a holistic approach is needed to understand
how to integrate each one of them within the Power Grid to
reach an optimized arrangement [9] while maintaining comfort
targets for the final user [10].In order to achieve this future
scenario with reliability, it is necessary to install technologies,
such as storage systems [11] or solutions based on hydrogen,
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the so called Power-to-Gas (PtG) [12] or Power-to-X [13]
hence able to work synergically with RES such as wind [14]
and solar [15] energy, or with sustainable mobility [16], just
to name a few. Currently, green hydrogen, which is produced
starting from RES, is gaining momentum in multiple optimal
solution [17], since it can be exploited in different end-uses
with a positive decarbonization effect [18], especially in the
hard to abate sectors [19]. Similarly, the building sector can
benefit from PtG strategies [20], in this context, hydrogen can
be used as an energy vector for storage purposes [21] or as a
source for electricity and heating requirements [22].

Among the several different hydrogen technologies, the
reversible Solid Oxide Cell (rSOC) is seen as a gamechanger,
since it is unitized in one device which only requires a fuel
cell (FC) and an electrolyzer (EC), thereby guaranteeing a
storage and production capability in a compact space [23].
Additionally, its strong scalability and modularity, merged
with its high efficiency, Combined Heat and Power (CHP),
and fuel flexibility between hydrogen and natural gas (NG),
make the rSOC an easy to adapt solution [24]. Sylfen [25],
is manufacturing a compact rSOC solution designed for the
building sector, converting the overproduction coming from
the local RES into hydrogen that it will later be able to
use by the same rSOC to produce electricity and heat when
most needed, thus reducing the congestion on the Power
Grid [26], and enhancing the building’s sustainability and
self-sufficiency [27]. These characteristics make the rSOC
an interesting solution to be investigated to allow for RES
penetration.

For this purpose, Specific Key Performance Indicators
(KPIs) will be studied to evaluate the rSOC impact considering
the varying RES availability, building end-use, and available
storage capacity. From analyzing the obtained results in these
different series of settings, an outlook on rSOC ability to
integrate more RESs will emerge. The results obtained will
represent an aggregated value to existing literature since most
of the studies concerning this technology are focused on
specific case studies or materials for manufacturing. In fact,
the rSOC technology can be considered an innovative solution
since until now few functioning systems were installed in
a real environment as described in [28]–[30], while other
manufacturers are getting close to the commercial phase. In
this regard, Sylfen already tested its technology in a lab
facility [31]. Other research was conducted to explore this
field, in [32] a non-unitized FC and EC were studied in a
dwelling house, although no comparisons were made with
different end use buildings. A non-unitized solution was also
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studied in [33] and in [34] focusing on different RES coupling
and building utilizations respectively. The rSOC use can be
found in [35], nonetheless the authors used two different data
references for the EC and FC models, combining them in
a unitized system for the simulations, although they are not
related, while in this study, a real rSOC will be simulated.
Finally, the authors of this paper conducted a similar study
in [36] but without exploring the effect of varying RES
availability, end-use buildings and storage availability which
represents a new contribution to this topic.

In this study, the primary objective is to understand how
much of the local RES production can be integrated by means
of a real rSOC, installed in real buildings. Simulations will
be performed by means of ConfigDym, an inhouse software
developed by Sylfen, and case studies will be used to analyze
the energy needs of a school, an office, and a hotel located
in Procida, Italy. These three buildings were selected because
they are characterized by different hourly load curves through-
out the day and different utilization factors throughout the year
(seasonality) but have a similar annual consumption.

Since hydrogen use is determinable, especially for seasonal
storage [37], the secondary objective of this research is to
understand how the RES integration, by means of a rSOC
system, is affected by the seasonality and load curves asso-
ciated with different buildings, as well as their end-use and
storage availability.

II. MATERIALS AND METHOD

In this section, information related to the investigated
buildings and the used rSOC is provided. Additionally, the
inputs and constraints imposed during the simulations and the
adopted strategies to evaluate the research objectives will be
described.

A. The Case Studies
Procida is a small island located in the south of Italy in the

Naples’s gulf and it is characterized by typical Mediterranean
climate, with hot summers and mild winters. The three chosen
buildings have an annual consumption of roughly 145 MWh
each, although being differently distributed throughout the
year. Moreover, the three building consumptions are totally
electrified, with no gas usage. The data consumptions for the
study cases were obtained through the local municipality and
the local distribution system operator’s cooperation.
1) Hotel

This facility is characterized by a strong seasonality, divided
into three periods: i) Closing in December, ii) Opening for
special events and maintenance in January, February, and
November, iii) Normal functioning from March until October,
with the peak attendance between June and August as can be
seen in Figure 1.

Figure 2 shows the maximum and minimum values by
month, and it can be determined how during summer vacation
in Italy, i.e., from June to August, the hotel reaches its peak
consumption, which is in line with the expected monthly
producibility coming from a local photovoltaic (PV) system.

Nevertheless, going deeper into the details by analyzing the
information reported in Figure 3, it can be determined that the
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Fig. 1. Hotel annual electric consumption load shape.
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Fig. 2. Hotel monthly electric consumption.
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Fig. 3. Hotel’s typical daily electric load shape.

peaks are recorded during the breakfast and dinner times, both
periods characterized by a low PV production, which usually
has its maximum during the lunch period between 12:00 and
13:00.

This daily pattern, with different peak values, is noted
throughout the year, since during the day the guests are
spending their time outside the facility.
2) Office

The office is being used by the Municipality for different
purposes, but outside some few special events hosted during
the evening, the building is primarily used from 9:00 to 14:00,
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while during the weekends, it is primarily closed. During
the cold seasons, the consumption is higher primarily due to
the heating system, which is based on electric stoves, while
in summer a lower energy demand is recorded as shown in
Figure 4.
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Fig. 4. Office annual electric consumption load shape.

Accordingly, in Figure 5, the peak values are recorded
during February and December, while in January there was
a problem with the datalogger controlled by the distributor
system operator, which was unable to provide a result, only
the mean consumption during the month.
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Fig. 5. Office monthly electric consumption.

Concerning the daily load shape, the curve has only one
peak, as reported in Figure 6. Additionally, the consumption
peak coincides with the production peak from a PV, but during
the weekend and the evening hours, it could be recorded as a
relevant overproduction, coming from the balance with lower
consumptions.
3) School

In Italy, the school is interrupted during three different
periods: i) from the 21st of December until the 7th of January,
ii) one week during the Easter holidays, and iii) from June
to September for the summer break. During this latter period,
the school is closed, and the consumption is at a minimum as
can be seen in Figure 7.
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Fig. 6. Office typical daily electric load shape.
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Fig. 7. School’s annual electric consumption load shape.
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Fig. 8. School monthly electric consumption.

Also, in September, October, and November, due to the mild
external temperatures, the consumption is also low.

The highest consumptions are recorded during the winter
months, due to the heating system being based on heat pumps
(HP).

Being different from the other case, the school’s typical
daily load shape reported in Figure 9 shows an on-and-off
trend, due to the presence of autonomous heat pumps.

Along with a high load base, the school’s load curve is
characterized by several daily peaks, which follow the external
temperature. Nevertheless, the bulk of demand is concentrated
during the day’s central hours.
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Fig. 9. School’s typical daily electric load shape.

B. The rSOC

In this section, the information regarding the chosen energy
system, its simulation software, and the boundary conditions
imposed for this study are reported.

1) The Module

The module is based on the solution proposed by Sylfen,
called the Smart Energy Hub (SEH).

The information reported in Table I refers to one SEH
only, while it could be converted into a system of up to 6
working modules plus an additional lithium battery pack to
cope with quick variations in the demand and production side.
Additionally, this rSOC can work both with Natural Gas and
hydrogen and in a CHP or connected with an HP or a domestic
hot water (DHW) boiler. The SEH technical details and lab
tests are available in [31].

TABLE I
RSOC FEATURES

Quantity Unit Value
EC power and compression kW 9.9 – 40.8
EC efficiency % 65–80
H2production Kg/h 0.25–0.9
Storage Pressure Bar 200
FC Power kW 6.7
FC consumption Kg/h 0.4
FC efficiency % 40–50

2) The Simulation Software

The simulation is performed by means of ConfigDym, based
on MATLAB, whose functioning was already described by the
authors in [36]. The rSOC can change its settings from EC to
FC and vice versa in one hour steps in agreement with the new
improved Switch Operation Restriction (SOR). The software
will decide the working setting according to the energy balance
between the building electric needs (BN) and PV production,
i.e., a positive balance with PV overproduction and empty
tank will activate the EC mode, otherwise the FC mode will
operate. In the case of an empty or full tank, the system will
interact with the Power Grid as usual, the software decision
making strategy is summarized in Figure 10. Even if this is
possible, no recurse to the NG or batteries will be allowed
during the simulations to stress the PV production integration
made exclusively by hydrogen and the rSOC.

3) Simulation Assumptions and KPIs
The simulations will last for one year with an hourly

resolution, considering the installation of 1 module without
any supplementary battery pack.

The primary research objective is to evaluate how the rSOC
can integrate RES in a real building, and to do so as a starting
point it will be simulated through the presence of a PV system
able to cover 70% of the total energy demand, which is equal
to 101, 5 MWh.

By means of PVWatts software [38], such a system is
represented by a plant of 80 kWp in Procida. To determine
the possible congestion on the grid or the RES integrable
energy by the rSOC, a sensibility analysis is done in terms of
PV and storage size. At first, simulations will be performed
without the rSOC to define the reference scenario. Regarding
the sensitivity analysis, the PV size will be increased starting
from 80 kWp up to 160 kWp, with a 20% increase per step,
thereby a total of five simulations.

Then the simulations will be performed with the rSOC
to measure its effectiveness. Similarly, the storage will be
increased to understand how much of its size affects the RES
integration, and at the same time how the different end uses
affect its importance. The initial tank is fixed at 100 kg of
hydrogen with a 25% increase until 225 kg, for a total of
6 scenarios.

A simulation summary is reported in Figure 11, which
shows 35 scenarios made for each building.

The initial tank size is chosen to cover five working day
needs, which are assumed equal to 2000 kWh considering the
145 MWh annual consumption, the rSOC efficiency working
in FC, and the hydrogen properties stored at 200 bars.

Additionally, from the simulations, it was necessary to
exclude the possibility to use as fuel the NG when the tank is
empty and the energy balance is negative, since in this paper
the focus is to evaluate the RES penetration. Moreover, the
possible heat recovery coming from the CHP mode will not
be used in air preheating, as a more restrictive condition to
evaluate the rSOC impact on the building energy balance. Fi-
nally, to understand how much the rSOC technology can help
the RES penetration while reducing the possible congestion
on the grid based on its flexibility, the following parameters
will be extrapolated from the simulations and defined as KPIs:

• System Overproduction to Grid in kWh
• Hydrogen total production in Kg
• rSOC electric production in kWh
• Tank state of charge (SOC) greater than 70% of the total

capacity in hours

III. RESULTS

The results obtained for each building in the 35 simulated
scenarios will be presented in this section, divided into the
three study cases. The values coming from the investigated
KPIs will be discussed at the end of each paragraph, and
they represent the cumulative value recorded during the annual
simulation.

The tables have also a color indicator, starting from red for
the worst performance up to dark green for the best result.
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Fig. 11. (a) PV sizes studied and their combination with the storages. (b)
Storage sizes studied.

The simulations with PV only, used as a reference scenario,
are mentioned as PV only in Tables II, VI, and X.

A. Hotel

As identified in the previous section, the peak demand and
the PV peak production are misaligned in this case, there-
fore the values concerning the overproduction are consistent
throughout the year, and they are reported in Table II.

In this case a storage solution is indicated to save the PV
surplus, in fact when considering the rSOC installation with
a 100 kg tank, an overproduction reduction between 45% and
62% is recorded. When the rSOC is coupled with a 160 kWp
PV it is roughly producing the same overproduction, i.e.,
congestion on the grid, of a 100 kWp PV plant.

Considering the first scenario (80 kWp, PV only), the

TABLE II
OVERPRODUCTION RECORDED (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
PV only 44,630 67,690 91,630 116,090 140,890
100 kg 27,855 33,211 41,715 53,844 69,886
125 kg 27,855 33,211 41,715 53,844 69,886
150 kg 27,855 33,211 41,715 53,844 69,886
175 kg 27,855 33,211 41,715 53,844 69,886
200 kg 27,855 33,211 41,715 53,844 69,886
225 kg 27,855 33,211 41,715 53,844 69,886

annual overproduction exceeds 44% of the total PV production
(101.5 MWh) but it is reduced to 27% with the rSOC.

Considering Table III, which displays the annual hydrogen
produced in EC mode, the PV size influence can be recog-
nized, while storage capacity does not affect the result. This
means that the EC mode could be activated each time when
needed, with the only exception being the case of the 100 kg
storage and 160 kWp PV when the tank was full.

TABLE III
HYDROGEN PRODUCED (KG)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 640 1,015 1,342 1,617 1,804
125 kg 640 1,015 1,342 1,617 1,817
150 kg 640 1,015 1,342 1,617 1,817
175 kg 640 1,015 1,342 1,617 1,817
200 kg 640 1,015 1,342 1,617 1,817
225 kg 640 1,015 1,342 1,617 1,817

Therefore, it is not a surprise that the electricity produced
by the rSOC, reported in Table IV, is just varying according
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TABLE IV
RSOC ELECTRICITY PRODUCTION (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 5,052 10,883 16,048 19,745 21,799
125 kg 5,052 10,883 16,048 19,745 21,817
150 kg 5,052 10,883 16,048 19,745 21,817
175 kg 5,052 10,883 16,048 19,745 21,817
200 kg 5,052 10,883 16,048 19,745 21,817
225 kg 5,052 10,883 16,048 19,745 21,817

to the PV variation which leads to a 54% increase for the first
simulation step and 32%, 19% and 9% increases in accordance
with the subsequent increments. The resulting flattened values
are attributable to the fewer hours with a negative balance,
namely the balance between RES production and building
needs, which trigger the FC mode.

If the focus is shifted on the tank SOC, it is possible to
notice in Table V that the storage of SOC is greater than its
70% capacity, which is reached for less than 3000 h, i.e., 32%
of the time in the worst-case scenario.

TABLE V
TANK SOC GREATER THAN 70% OF TOTAL CAPACITY (H)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg – – – 130 2,832
125 kg – – – – 2,452
150 kg – – – – 307
175 kg – – – – –
200 kg – – – – –
225 kg – – – – –

Figure 12 shows the SOC annual trend for the 100 kg tank,
and it is possible to determine for the 160 kWp PV plant that
the storage reaches its maximum capacity in the summertime
with the maximum PV production, and again at the end of the
year, when the hotel is closed.
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Fig. 12. Hotel tank SOC trend varying the PV size maintaining its capacity
at 100 kg.

Otherwise, the SOC never reaches its maximum capacity in
the other remaining case with lower PV power.

B. Office

The office load curve, different from the previous case, has
a good coincidence between building peak demand and PV
production. In fact, in Table VI it shows a 34% overproduction
in the scenario with only PV, while it decreases to 20% with

the rSOC. Therefore, this situation reflects a higher direct
consumption of PV production.

TABLE VI
OVERPRODUCTION RECORDED (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
PV only 34,920 55,740 77,860 101,110 125,020
100 kg 20,963 27,727 33,856 50,345 70,121
125 kg 20,963 27,727 33,856 49,231 68,989
150 kg 20,963 27,727 33,856 48,163 67,839
175 kg 20,963 27,727 33,856 47,013 66,740
200 kg 20,963 27,727 33,856 45,879 65,551
225 kg 20,963 27,727 33,856 45,879 64,353

Since the available surplus to produce hydrogen decreases,
consequently the produced hydrogen quantity is reduced as
reported in Table VII. For the two cases with greater PV,
the production changes also according to the storage size,
implying that the maximum SOC was reached.

TABLE VII
HYDROGEN PRODUCED (KG)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 498 793 1,148 1,289 1,369
125 kg 498 793 1,148 1,318 1,397
150 kg 498 793 1,148 1,345 1,425
175 kg 498 793 1,148 1,375 1,452
200 kg 498 793 1,148 1,405 1,480
225 kg 498 793 1,148 1,405 1,509

Less available hydrogen means also less rSOC production.
Table VIII shows the reported electricity production for each
scenario, in which the 160 kWp and 140 kWp cases recorded
a 2% increase every time the tank increased by 25%. As noted,
increasing the PV size greatly affects the rSOC outputs. The
change from 80 kWP to 100 kWP indicates a 47% electricity
increase, while the subsequent 20% increases lead to a 38%,
15% and 8% rise respectively.

TABLE VIII
RSOC ELECTRICITY PRODUCTION (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 4,601 8,743 14,100 16,625 18,198
125 kg 4,601 8,743 14,100 16,988 18,564
150 kg 4,601 8,743 14,100 17,328 18,965
175 kg 4,601 8,743 14,100 17,689 19,311
200 kg 4,601 8,743 14,100 18,074 19,721
225 kg 4,601 8,743 14,100 18,074 20,123

Table IX shows the hours spent by the tank in a SOC greater
than 70% of its total capacity.

TABLE IX
TANK SOC GREATER THAN 70% OF TOTAL CAPACITY (H)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg – – 1,197 2,519 3,132
125 kg – – 14 2,419 3,226
150 kg – – – 2,325 3,289
175 kg – – – 2,193 3,197
200 kg – – – 2,092 3,098
225 kg – – – 1,723 2,989

The tank reaches its full capacity in both 160 kWp and
140 kWp cases, as can be seen in Figure 13. The trends show
how the system stores energy during the summer and uses it
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until the end of November. During the other months the PV
overproduction is not sufficient to trigger the EC mode.
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Fig. 13. Office tank SOC trend varying the PV size maintaining its capacity
at 100 kg.

Indeed, installing larger tanks will guarantee longer storage
periods during summer, with subsequent longer production
during autumn and winter when the heating system is on and
the PV production is at its minimum.

C. School

The school is the building among the three analyzed with
the longest inactive period. Table X shows the overproduction
recorded at different PV and tank sizes. The 80 kWp PV
overproduction reaches 63% without storage and decreases to
18% when the rSOC system is installed. The school is the
building where the rSOC contribution is more evident in terms
of RES integration among the analyzed cases.

TABLE X
OVERPRODUCTION RECORDED (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
PV only 64,180 86,140 108,920 132,360 156,360
100 kg 18,600 36,817 56,389 76,939 98,321
125 kg 17,490 35,682 55,237 75,793 97,207
150 kg 16,461 34,460 54,112 74,627 96,050
175 kg 15,313 33,273 53,001 73,587 94,943
200 kg 14,143 32,133 51,838 72,383 93,709
225 kg 13,361 30,986 50,705 71,329 92,534

Thanks to the rSOC, the overproduction of a 160 kWp PV
plant is similar to a 110 kWp plant, therefore allowing for
integration less impact with a system 45% bigger.

Table XI shows the hydrogen produced, which increases for
the increasing PV and storage size, underlying the fact that in
all cases the maximum SOC is reached, therefore five days of
storage is underestimated for the building necessities, and a
larger one should be considered for the installation.

TABLE XI
HYDROGEN PRODUCED (KG)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 1,109 1,192 1,262 1,332 1,393
125 kg 1,137 1,220 1,290 1,359 1,419
150 kg 1,162 1,249 1,314 1,388 1,447
175 kg 1,190 1,276 1,343 1,413 1,472
200 kg 1,220 1,302 1,370 1,442 1,502
225 kg 1,240 1,329 1,397 1,466 1,531

Due to the high hydrogen availability, especially at the end
of the summer after the closing period, the rSOC can produce
high amounts of electricity covering from 8% up to 15% of the
total electric demand as can been identified from Table XII.
Similar to the office case, a 25% storage size increase leads
to a 2% increase of electric production, while a 20% PV
increment leads to a smaller increase of between 4% and 8%
when compared with the previous buildings.

TABLE XII
RSOC ELECTRICITY PRODUCTION (KWH)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 16,329 17,452 18,706 19,788 20,772
125 kg 16,685 17,910 19,107 20,210 21,138
150 kg 17,037 18,320 19,535 20,574 21,543
175 kg 17,436 18,744 19,912 20,990 21,942
200 kg 17,485 19,128 20,339 21,380 22,369
225 kg 18,102 19,540 20,728 21,787 22,756

Nevertheless, the periods elapsed when the SOC exceeds
70% of total capacity, shown in Table XIII, are the higher
among all the simulated scenarios. These conditions are at-
tributable to the three months summer break, when the PV
productions is at its maximum and the energy balance can
trigger the EC mode.

TABLE XIII
TANK SOC GREATER THAN 70% OF TOTAL CAPACITY (H)

PV Storage 80 kWp 100 kWp 120 kWp 140 kWp 160 kWp
100 kg 2,724 3,528 3,994 4,260 4,493
125 kg 2,567 3,516 3,870 4,130 4,397
150 kg 2,459 3,469 3,858 4,126 4,324
175 kg 2,310 3,353 3,782 4,086 4,288
200 kg 2,197 3,234 3,769 4,029 4,254
225 kg 1,999 3,177 3,678 3,967 4,216

Figure 14 shows the tank SOC curve maintaining its size
fixed at 100 kg while increasing the PV installed power.
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Fig. 14. School tank SOC trend varying the PV size maintaining its capacity
at 100 kg.

The figure shows a charging trend during the spring and
summer months and a discharging behavior starting from
September when schools start up again. The larger the PV
installed, the earlier the tank will be filled.

Since in each scenario the maximum SOC was reached,
it is interesting to analyze the SOC curve at the fixed PV
power with varying tank capacity. Figure 15 shows this latter
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Fig. 15. School tank SOC trend varying the storage size maintaining the PV
at 80 kWp.

information. Also in this case, five distinctive trends can be
deduced: i) quick SOC fluctuations when the school is open
at the curve extremes, ii) a charging profile during spring, iii)
a flat profile during summer when the tank is full and the
school is closed, iv) a discharging profile at the beginning
of the academic year with mild temperatures, and v) a more
intense discharging slope while the school is open and the PV
production begins to decrease during the winter.

IV. CONCLUSION

We can identify from the presented tables and figures how
much each scenario can differ from one to another while
still using the same technology. Although starting from a
comparable annual consumption, the different hourly load
curves, related to the building’s end uses, greatly influenced
the results, which were analogous but nonetheless dissimilar,
confirming the importance of the secondary objective of this
paper.

As matter of fact, for the school, being different from the
office and hotel, the PV increasing is less effective since this
is the case with an already large surplus and rSOC production.
This condition is attributable to the overproduction primarily
recorded when the school is closed for three consecutive
months, therefore the lower consumption has a greater effect
than a greater overproduction, showing how the load curve
interacts with the outputs. A similar behavior is recorded for
the hotel at the end of the year when it is closed, compared
with the office during the summer.

Considering the specific climate conditions, the three cases
reach the tank maximum capacity during August, while the
hotel is the only one to have a second peak in December,
when it is closed and can store the available overproduction.

However, all the obtained results converge on rSOC ef-
fectiveness, reducing the local RES excess and the relative
pressure on the Power Grid. Similarly, the rSOC was able
to integrate in all the cases a greater quantity of RES and
at the same time to produce electricity on its own, thereby
reducing the demand from the Power Grid and its congestion.
The RES penetration is fostered by this technology being able
to give flexibility to the demand and production sides in a
building as identified as the primary objective of this study.

While considering a PV installation, the rSOC presents the
pathway to the present system at least 40% larger without
affecting the grid, thereby assuring better performances and
autonomy.
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nicipalità” funded by Sapienza University of Rome.

REFERENCES

[1] A. Bhuvanesh, S. T. Jaya Christa, S. Kannan, and M. Karup-
pasamy Pandiyan, “Aiming towards pollution free future by high
penetration of renewable energy sources in electricity generation ex-
pansion planning,” Futures, vol. 104, pp. 25–36, Dec. 2018, doi:
10.1016/j.futures.2018.07.002.

[2] The European Green Deal (2019), European Commission, Communica-
tion from the Commission.

[3] S. Impram, S. V. Nese, and B. Oral, “Challenges of renewable energy
penetration on power system flexibility: A survey,” Energy Strategy
Reviews, vol. 31, pp. 100539, Sep. 2020, doi: 10.1016/j.esr.2020.100539.

[4] F. Mancini, J. Cimaglia, G. Lo Basso, and S. Romano, “Implementation
and simulation of real load shifting scenarios based on a flexibility price
market strategy–the Italian residential sector as a case study,” Energies,
vol. 14, no. 11, pp. 3080, May 2021, doi: 10.3390/en14113080.

[5] D. Groppi, A. Pfeifer, D. Astiaso Garcia, G. Krajačić, and N. Duić,
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