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Abstract: The current research investigated the utilization
of fuel cells as an energy storage unit in microgrid energy
system applications in an effort to enhance self-consumption
of renewable energy. The prototype evaluation is constructed
of solar photovoltaic and fuel cell energy storage units. The
study utilizes experimental weather and electrical load
data for household obtained at 1-min temporal resolu-
tion. The daily average energy consumption for the
evaluated household was 10.3 kWh, with a peak power
output of 5.4 kW and an annual energy consumption of
3757 kWh. The Solar System under investigation has a
capacity of 3.6 kWp, while the fuel cell system has a
capacity of 0-3 kW, allowing for effective integration
with the photovoltaic system and a maximum renewable
energy fraction. The research indicates that by installing
fuel cells powered by hydrogen generated from renew-
able energy sources, self-consumption and self-
sufficiency significantly increase. The annual energy
flow demonstrated that the implementation of 2.5 kW
fuel cells improved renewable fraction utilization from
0.622 to0 0.918, while increasing energy self-consumption
by 98.4% to 3338.2 kWh/year and self-sufficiency by
94.41% to 3218.8 kWh/year.

Keywords: Electrolyzer; fuel cell; hydrogen; photovoltaic;
renewable energy systems.

Introduction

The renewable energy sources are gaining relevance in
sustainable energy and environment economics owing to
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their falling particular prices and reduced emissions. The
growing popularity of photovoltaic (PV) correlates with the
emergence of a large number of decentralized prosumers
who can also generate energy. Energy markets enable
prosumers of all types to exchange their excess energy with
one another and with the grid, especially with the devel-
opment of intelligent technology. The outcomes of the
research focusing on the formation of an energy commu-
nity indicate that overall costs may be greatly lowered
compared to producers and consumers acting alone
(Kiithnbach, Bekk, and Weidlich 2022; Mustika et al. 2022).
Due to the unpredictable and stochastic nature of renew-
able energy production, however, energy exchanges be-
tween producers and consumers and distribution networks
cause severe power quality issues. PV cannot provide power
on demand; rather, the quantity and timing of production are
dependent on weather conditions. Perhaps short-term cloud
movements might result in a rapid and large power change.
Consequently, unexpected voltage spike, which may occur as
the penetration rate of renewable energy sources rises, and
power quality, which occurs when PV generation exceeds
demand, are examples of such issues. When the production is
less than peak loading or the loading is less than the output,
the voltage issue often arises. Specifically, maintaining the
voltage under a certain limit at the peak irradiance or load is
crucial for grid safety. Frequently, reverse power flow hap-
pens when demand is less than production, notably during
the summer in the northern hemisphere. Due to the in-
compatibility of reverse power flow with current grid infra-
structure, reverse power flow generates security and
operating issues that degrade energy quality, such as over/
under voltage and overcapacity. Increasing the frequency of
transformer is desirable but costly in networks planned
expansion (Tercan et al. 2022; Zarrilli et al. 2017). Table 1
shows the technical specifications of the proposed system
components.

Within the framework, self-consumption provides a
new challenge based on a revised definition of the utility.
Using a PV system in combination with a Fuel Cell (FC) as a
storage energy unit might be a viable option.

Using modeling software, D’Adamo et al. (2022)
examined self-consumption PV systems and investigated
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the environmental and energy outcomes. The average
yearly demand curves for hospitals in Europe favored op-
timum use of solar systems, resulting in very high rates of
self-consumption. Furthermore, by utilizing 30-50% of the
roof surface, an average of 25-30% of the yearly power
demand could be met, and CO, emissions could be
reduced. So, putting solar systems in hospitals in the
Mediterranean region so they can use their own energy is a
very interesting idea. In Turkey, Ceylan and Devrim (2021)
constructed and optimized an integration of renewable
systems comprised of PV/Electrolyzer (EL)/FC to generate
power and heat for greenhouses. The combination of a PV
system with FC was selected for year-round, uninterrupted
generation of electricity. In addition, a micro-combined
cycle application was employed to heat the greenhouse
using heat provided by FC. The authors used MATLAB/
Simulink for the design and optimization of the hybrid
proposed system under consideration. Solar energy was
used to create the hydrogen (H,) needed to power the
electrolyzer in the planned system. In instances when solar
energy was insufficient and unable to fulfill the electrical
needs of the electrolyzer, the H, needs for the functioning
of the FC were provided by the H, storage tanks, and energy
continuity was maintained. The electrolyzer was built to
meet the 3 kW FC H, needs, which satisfied the greenhouse
energy requirement. The electrical and thermal efficiency
of an FC-based hybrid system are 48 and 45%, respectively.
According to optimization findings for the proposed hybrid
system, the levelized cost of energy was determined to be
$0.117/kWh. The results show that the proposed PV/EL/FC
hybrid power system could be used to power stand-alone
applications in an independent way. Babatunde, Munda,
and Hamam (2022) examined the capabilities of HOMER to
assess the possibility of choosing a renewable energy
system. The Nigerian home load will be powered by an
energy system comprised of wind turbines (WTs), solar PV,
FC, EL, H, storage, and battery (BT) energy storage. In

Table 1: Technical specifications of the proposed system.

Component Model Efficiency Rated Ref.

(%) power

(kw)

PV module LONGI 19.7  0.45 LONGI PV Modules
EL Geemblue 90 3 Electrolyzer Type

Greemblue 1 kW
FC Aerostak 40 0.5 Fuel Cell Type

Aerostak A
Hydrogen  Doosan 98 20 Hydrogen Tank
tank Doosan 1kW
Converter  Absopulse >95 7 Solar Inverter Type

REVO
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accordance with the economic measure, the ideal scenario
is a PV-BT with a net present cost (NPC) of $9070 and an
initial investment cost of $3820. However, if the energy
systems are rated based on several criteria (economic,
technological, and situational influences), a hybrid PV/FC/
WT/BA (initial cost: $7680; NPC: $10,325) is the most
desired of the viable energy systems. The research out-
comes show that for the implementation of hydrogen
energy storage as part of a hybrid power system to be
viable, the decision metrics should be based on many
criteria. Salameh et al. (2021) provided a study and effec-
tiveness of a combined hybrid solar PV/FC/diesel gener-
ator (DG)/BA/supercapacitor (SU) in Sharjah, UAE. On the
basis of daily energy use, the HOMER Pro program was
utilized to develop and simulate the hybrid energy system
(HES). According to the simulation results, using an energy
storage system would improve the performance of HES in
terms of levelized Cost of Energy (COE) and greenhouse gas
(GHG) emissions. The proposed HES with energy storage
system has a renewable percentage of 68.1% and a COE of
$0.346/kWh. The proposed system meets the city annual
AC primary demand (13.6 GWh) with minor extra power
and a 1.38% electrical load shortfall. With energy storage,
GHG emissions went down by 83.2%, which saved
814,428 gallons of fuel. Budak and Devrim (2019) con-
ducted a comparative investigation of a PV/FC hybrid
system based on the electrolysis of water and methanol.
The proposed system consists of PV, EL, and FC. The pro-
posed hybrid system is intended to provide the hydrogen
required by the FC system as well as satisfy the H, needs of
other applications. Actual Izmir, Turkey solar irradiation
statistics are used in the simulation. The methanol and
water electrolyzers were developed to meet the 1.2 kW FC
H, consumption, which satisfied a typical household’s
energy needs. Analyses indicate that the methanol elec-
trolyzer produces 27% more hydrogen than the water
electrolyzer. The results of the study showed that the
hybrid system based on methanol was a possible way to be
self-sufficient at home. Choukai et al. (2022) are investi-
gating the technical and economic features of PV systems
for university building self-consumption enhancement, as
well as the deployment of solar street lights to enhance the
performance of nighttime illumination. Additionally, an
introduction to the intelligent smart building idea that
permits centralized technical control of the installed
equipment and, more specifically, the lighting protocol,
was expanded. Also, this technology lets them manage the
use of resources electronically and in real time. This will
give us a higher level of comfort while reducing the amount
of energy used. Castillo-Cagigal et al. (2011) investigate the
impact of active demand-side management and storage
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devices on the regional electrical energy consumption. It is
based on a concept of a solar home with power grid, PV
production, lead-acid batteries, programmable appli-
ances, and smart metering. They conducted simulations for
long-term experiments and actual measurements for short
and medium-term ones. The results reveal a nonlinear
connection between electrical fluxes and storage capabil-
ities, which becomes an essential design requirement.
Utilizing an innovative performance assessment, Villar,
Neves, and Silva (2017) assess the suitability and potential
effect of PV systems for self-consumption. Regarding
various panel positions and tilts, the genuine demand
profiles from home, commercial, hospitality, and industry
clients, as well as the simulated solar PV supply profiles
for various places. To evaluate the optimal consumer
and enterprise profile, the discounted payback time
and investment interest rate are employed as benchmarks.
Self-consumption is driven by tariff and demand pattern,
as well as the compensation for solar energy excess. The
residential and retail sectors show the greatest energy and
economic outcomes, with varied panel orientations and
tilts ranging from 3 to 6 years and an internal rate of return
between 17 and 27% for ideal orientation and placement.
Given the variety of domestic consumers, the finest
prosumers are found in profiles or flats with diurnal
occupation, 17% self-consumption, and various panel
orientations and tilts of seven years. McKenna, Pless, and
Darby (2018) deal with the self-consumption issue by
analyzing 1-min power measurements for 302 UK microgrid
participant houses. The research found that the average
home uses 855 kWh per year, which is 45% of the PV pro-
duction. The researchers perform a simple regression
analysis to evaluate self-consumption and use the out-
comes to illustrate that self-consumption for an average UK
household with an energy consumption of 4000 kWh/year
and a 2.9 kWp PV system is equivalent to a 24% decrease in
average annual energy consumption from the grid. The
methodology could be successfully adapted to assess and
anticipate self-consumption in different solar markets,
which has progressively significant consequences for
valuing solar investments, establishing feed-in tariffs, and
analyzing the effects of PV on networks and retail sales.
Mateo et al. (2018) provide a power stream quantitative
evaluation of this effect using European typical network
infrastructure and by analyzing possible downsides that
could be encountered under different PV adoption sce-
narios and when various policies are implemented. The
results indicate that the size of the systems has a significant
effect on voltage and heat limit breaches, which is often
even greater than the effect of PV penetration. The current
solutions to prevent or delay network expenditures are
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recommended, such as the use of curtailment; the adjust-
ment of current voltage limitations. Tongsopit et al. (2019)
investigate the economics of distributed solar PV power self-
consumption in Thailand. On the basis of the research, re-
searchers evaluate the viability of distributed solar PV self-
consumption systems for four client categories. Among
the three evaluated systems, all customer groups are suc-
cessful, and net metering provides the greatest consumer
advantages. However, researchers suggest the imple-
mentation of net invoicing not only due to its adequate
degree of economic feasibility but also due to its adapt-
ability in resolving the concerns of a wide range of stake-
holders. The analytical method captures in detail how
these compensating methods potentially affect the
distributed solar PV size relative to the load. During an
energy transition, nations that want to build or change
their national-level distributed solar PV self-consumption
policies might imitate our methods. Martin-Chivelet and
Montero-Gémez (2017) present an approach to assist
building integrated PV designers in attaining these goals.
Its application to a real-world scenario demonstrates that
the various facades of the building envelope may
contribute to the local PV generation provided their ori-
entations get adequate insolation during peak demand
hours. Particularly in the northern hemisphere, all exterior
surfaces of the building that are not oriented to the north
should be considered as a first step, followed by an analysis
and comparison of the options that provide the highest
production match in order to determine the optimal
solution. Nyholm et al. (2016) effort optimizes family
self-sufficiency by reducing the quantity of grid-purchased
power and increasing the degree of PV electricity self-
consumption. The study was done for various combina-
tions of PV configuration size and battery capacity for
different types of single-family houses, which covers
around 2000 Swedish families. The results indicate that the
use of batteries with capacities within the tested range of
0.15-100 kW h could boost self-consumption by a
maximum of 20-50 percentage points. Based on the load
profiles of a home that uses 20 MWh of electricity a year and
has a 7 kWp PV installation, this range of enhanced self-
consumption of PV-generated energy needs 15-24 kWh of
battery capacity. Yu (2018) has shown that domestic PV
systems paired with Li-ion batteries in France might
become economical for private investors prior to 2030.
Therefore, the demand for energy in the domestic sector in
France will be natural in the near future. However, sub-
stantial PV integration presents new difficulties for par-
ticipants in the power system. The research demonstrates
that PV self-consumption with storage batteries has less of
an effect on the electricity system than complete grid
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infusion. Moreover, it is demonstrated that quick integration
is more expensive than the alternative of gradual PV sys-
tem adoption. In order to enable participants to adjust to
the new market scenario, we advocate a regular and
gradual approach for the switch to PV self-consumption.
By analyzing four distinct scenarios, Keiner et al. (2019)
they determine the cost-optimal combination of comple-
mentary technologies such as batteries, electric cars,
heating systems, and thermal preservation for PV pro-
ducers and consumers worldwide. In addition, the study
gives the criteria for economically optimal maximum battery
capacity per installed PV capacity, as well as self-
consumption rates, demand coverage ratios, and heat
cover proportions for 145 distinct global areas. The research
of its type is to do a worldwide analysis of PV producers and
consumers with a variety of alternatives for meeting their
total energy consumption in 2050. In the future, the most
cost-effective choice for families in most parts of the world
will be to use as much of their own solar PV energy as
possible to meet all of their energy needs.

This study proposes an effective PV/FC size approach
that takes into account the balance between self-
consumption and self-sufficiency to supplement existing
research. The methodology is evaluated on Iraqgi environ-
ments for housing system and sun irradiation to investigate
the influence of simulating climatic areas on the outcomes.
The following subjects are examined:

—  Self-consumption and self-sufficiency metrics to quan-
tify the enhanced cooperation potential between PV
production and FC for residential power generation.

— The best PV/FC configuration for residential power
utilizing a novel framework and metric that takes into
account the balance between self-consumption and
self-sufficiency.

— The effect of the installation of FC capacity on the best
PV/FC size for residential power production.

This study is structured offers the simulation data, as-
sumptions, scenarios, FC capacity, and demand matching
metrics utilized. The outcomes for generation-load profiles
and optimum PV/FC size in residential power production.
Highlights of the conclusions and potential future work are
described further.

System description and governing
equations

Figure 1 depicts the strategy for the chosen renewable en-
ergy sources, PV/FC/EL/hydrogen tank (HT). The PV
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Figure 1: Proposed system schematic diagram.

system produced energy throughout the day, which is
utilized to power the necessary load, while surplus energy
is sent to the electrolyzer in order to manufacture
hydrogen. The stored hydrogen is used to feed the fuel cell
in order to give energy to the required load when the
intended load exceeds the amount of energy generated by
the PV system, as well as during nighttime and overcast
times.

Experimental data

Electrical load: The analyses were performed on the
distinct load profiles. The actual load profiles derived from
experimental power demand measurements with a reso-
lution of 1 min, for a home in Baqubah, Diyala, Iraq. The
average daily electrical energy consumption and produc-
tion are 10.1 kWh and 0.429 kW, respectively, with a
highest peak output of 6.225 kW and an annual energy
usage of 3759.5 kWh. Figure 2(a) and (b) depicts the daily
for two days and monthly electrical energy consumption.

Solar radiation: Total solar irradiation was measured
horizontally at the same location and during the same time
period. The annual average horizontal plane daily irradi-
ance was 4.6 kWh/m?/d, with the greatest monthly average
in July at 6.29 kWh/m?/d and the lowest in December at
2.69 kWh/m?/d. Figure 3(a) and (b) illustrates the average
daily and monthly irradiance for selected days.

Governing equations

To achieve continuous power supply dependability, the
system was outfitted with a source of extra hydrogen that is
utilized by the fuel cell when the hydrogen generated by
the electrolyzer is inadequate. The energy analysis was
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Figure 2: The experimental electrical load (a) for two selected days; (b) monthly energy consumption.
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Figure 3: Solar irradiance for (a) selected days; (b) monthly daily averaged irradiance.

conducted on the basis of the following equations (Abdu-
lateef et al. 2021; Hassan et al. 2021; Jaszczur et al. 2018¢):

PL +ELL :PPV +Ppc +PG (1)

where Py, EL;, Ppy, Prc, and P are the power of load
demand, electrolyzer, generated by the PV array, FC
load demand and taken from the grid (in kW),
respectively.

The power production from a PV system is dependent
on the number of PV modules, solar irradiance, module
working temperature, and instantaneous PV module

efficiency value. On the basis of the interdependence
written as follows, it could be evaluated (Hassan et al. 2019;
Jaszczur et al. 2020):

H
PV, = (H T > X PVcPVyx [1+ap(Tc—Tesre)] ()
T,5TC

where Hr, Hrsrc, PV, PVy, ap T¢, Tcsrc is the irradiance,
irradiance at standard conditions (STC) is the array ca-
pacity, array derating factor, moduel cell temperature
power coefficient, module cell temperature, and module
cell temperature at STC, respectively.
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This research examines the influence of photovoltaic
cell temperatures on the array’s rated power in order to
account for an effect that reduces modeling inaccuracy.
The temperatures of a photovoltaic module can be
computed as follows (Jaszczur et al. 2021; Jaszczur, Hassan,
and Palej 2019a):

Prc =

where V¢ is the cell voltage,

the cells number.
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(4)

Ircis the cell current, and 7 is

Ipc VeeT

The distribution of electricity flow for the grid-
connected PV/FC system can be defined as:

PPV for PpV > PL
Tee=kTqeHr 3 Py for Prc2Pr; Ppy =0
. . X PPV+PFC for va<PL
where .Ta,t is the environmental temzperature, and kisthe p, .. — 1 P, +Pp+Pg for Ppy + Ppe <P,
coefficient of Ross taken (0.0312 km“/W). Pg for Ppy + Prc =0
The FC power output can be expressed as (Jaszczur, P¢ + Pgc for Ppy =0; Ppc <Py
Hassan, and Palej 2019b; Hassan, Jaszczur, and Abdulateef Pg + Ppy for Ppc<0; Ppy <Py
2016): 5)
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Figure 4: Daily power flow for May 02, 2020 at several fuel cell capacity: (0, 1, 2 and 2.5) kW in (a, b, ¢, and d) respectively.
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Energy metric

The self-consumption (SC) and self-sufficiency (SS) of en-
ergy are defined for a PV/FC equipped with the grid as the
system electricity being consumed locally to meet the
anticipated electrical demand. The set of equations were
used to calculate energy metric values (in kWh) (Ceran
et al. 2021; Luthander et al. 2015):

SC = (X Epy + Y Erc) = Yot Ered to gria (6)
@)

where Epy, Erc, E;, and n are the PV array energy, FC en-
ergy, electrical energy consumption, and the number of
simulation iterations, respectively.

SS= ZijEL - ZZTEFrom grid
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The percentages of self-consumption and self-sufficiency
in the present study are summarized as below (Jaszczur,
Hassan, and Teneta 2018a):

SC = (ZZTEPV + Zi;lEFC) - Z;Z;’EFed to grid
YiaEpv + X0 Erc

Z:ZIEL - zngFrom grid
YOE:

where Ereq ¢o gria IS the energy delivered to the grid (kWh)

and Epyom griq iS the energy taken from the grid (kWh).
The renewable energy fraction Ry is computed total

energy output from renewable sources divided by total

yearly energy usage as follows (Jaszczur, Hassan, and

Teneta 2018b; Rodrigo et al. 2020):

x100%  (8)
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Figure 5: Self-consumption and self-sufficiency for May 02, 2020 at several fuel cell capacity: SC energy (a), SC percentage (b), SS energy (c),

SS percentage (d).
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_ Eren
Etot

Ry (10)
where E,., and E;,; represents the overall yearly renewable
energy output and the total home energy consumption.

Results and discussion

The paper analyzed a PV array with a capacity of 3.6 kWp
connected to the grid in combination with various fuel cell
capacities to determine the optimal fuel cell capacity for
achieving maximum self-sufficiency. The PV array is posi-
tioned at the optimal tilt angle for the specified location (tilt
angle B = 30°, azimuth angle y = 0°, facing south). A big fuel
cell capacity has no direct influence on the load utilization of
renewable energy. The electrolyzer was designed to solely
receive energy from the Solar System for H, production, and
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the fuel cell was designed to fulfill the needed demand
without exporting power to the grid. However, by storing
renewable energy for later use, such as after sunset, it re-
duces the amount of energy supplied to the grid. The
outcomes were thoroughly described and divided into two
sub-sections (daily and annual) as shown below:

Daily energy flow

Figure 4(a)—(d) shows the daily energy values for different
fuel cell capacities for the selected day (May 02, 2020)
(0, 1, 2, and 2.5 kW, respectively). The PV system has a
capacity of 3.6 kWp when paired with fuel cell units
ranging from 1 to 6 (0.5 kW/unit). The total power usage for
the day is 12.84 kWh, while the Solar System produces
roughly 14.22 kWh of renewable energy. During the day,
the PV system provides roughly 54% of the peak electricity
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Figure 6: Daily power flow for July 30, 2020 at several fuel cell capacity: (0, 1, 2 and 2.5) kW in (a, b, ¢, and d) respectively.
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demand, with the rest coming from the grid and fuel cell
(depending on the fuel cell capacity).

Self-consumption and self-sufficiency on the specified
day of May 02, 2020, at different fuel cell capacities are
shown in Figure 5(a)-(d). As a consequence, the energy
self-consumption grew from 7.29 kWh without fuel cell to
13.6 kWh with 2.5 kW fuel cell capacity, corresponding to a
51.3% increase from the case without fuel cell to 98.6%
for 2.5 kW fuel cell (see Figure 6(a) and (b)). Figure 5(c) and
(d) shows that the self-sufficiency grew from 7.15 kWh in
the absence of fuel cell to 12.64 kWh in the presence of
2.5 kKW fuel cell, and that the recount increased from
55.86% in the absence of fuel cell to 98.31% in the presence
of 2.5 kW fuel cell (d).

The daily energy distribution for the day of 30 July
2020, is shown in Figure 6(a)-(d) for varied fuel cell

(a)
10
July 30, 2020
9 -
8 -
6.75 6.75 6.76 6.76
6.42
7 4
S - 5.29
4
> 5
35
S
2
w4
o 2.67
»n 34
2 4
14
0 T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0
FC capacity, kW
(c)
10
July 30, 2020
9 4
8 -
7 6.33 6.34 6.34 6.34
6.01
s, o 0—0—0
= 4.91 /
5 @
S
2
w4
» 2.62
e
2 -
14
0 T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

FC capacity, kW

Q. Hassan et al.:

Optimizing hybrid power system at highest sustainability =—— 79

capacities of 0, 1, 2, and 2.5 kW. The PV system has a ca-
pacity of 3.6 kWp when paired with fuel cell units ranging
from O to 6 (0.5 kW/unit). On the indicated day, electrical
energy consumption was 6.64 kWh, while renewable en-
ergy generated by the PV system was around 16.98 kWh.
The Solar System provides around 68% of the daytime load
high peaks, with the remaining energy coming from the
grid and fuel cell (depending on the fuel cell/HT state of
charge).

Figure 7(a)-(d) shows the self-consumption and self-
sufficiency for the chosen day of July 30, 2020, at different
fuel cell capacities. The self-consumption grew from
2.67 KWh without fuel cell to 6.76 kWh with 2.5 kW fuel cell,
and the self-consumption percentage grew from 15.76 to
99.55%. Figure 7(c) and (d) shows that the self-sufficiency
grew from 2.62 kWh without fuel cell to 6.34 kWh at 2.5 kW
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Figure 7: Self-consumption and self-sufficiency for July 30, 2020 at several fuel cell capacity: SC energy (a), SC percentage (b), SS energy (c),

SS percentage (d).
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Figure 8: Annual fuel cell energy, percentage, consumption of hydrogen, hours of fuel cell operation (a, b, ¢, and d), respectively.

fuel cell capacity, while the self-sufficiency percentage
increased from 39.48% without fuel cell to 95.45% at 2.5 KW
fuel cell.

Yearly energy flow

The PV system generates 4026.93 kWh of electricity per
year. This energy is utilized to power the necessary de-
mand, then sent to the electrolyzer to make hydrogen, and
finally delivered to the grid as a surplus. Figure 8(a) and (b)
illustrates the overall energy consumption and the energy
produced by fuel cell, respectively. The largest yearly
energy provided by fuel cell for feeding the electrical

demand is about 1982 kWh, which is around 30% of the
required load. Figure 8(c) depicts yearly hydrogen pro-
duction by electrolyzer from a Solar System. With an
operational reserve of 6% from the hydrogen necessary to
feed the fuel cell, the maximum reported output is 70 kg/
year. The yearly fuel cell operating hours are shown in
Figure 8(d). With increasing fuel cell capacity, this
parameter declined, with the greatest value of about
4228 h at 0.5 kW fuel cell and the lowest value of roughly
2007 h at 3 kW.

Energy self-consumption improved from 2581.6 kWh at
0.5 kW fuel cell to 3338.2 kWh at 2.5 kW fuel cell capacity,
resulting in an increase in self-sufficiency from 33.03% for
the system without fuel cell to 98.4% for the system with
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2.5 kW fuel cell. Figure 9(c) and (d) shows that energy self-
sufficiency grew from 2494.7 kWh at 0.5 kW fuel cell to
3218.8 kWh at 2.5 kW fuel cell, equal to a 34.7% rise in self-
sufficiency for the situation without fuel cell to 58.7% for
2.5 kW fuel cell capacity.

The yearly renewable fraction is shown in Figure 10.
This result indicates that the maximum yearly renewable
energy proportion for 2.5 kW fuel cell is about 0.918. The
best observed fuel cell capacity is 2.5 kW, which may be
paired with 3.6 kWp PV to meet the greatest annual self-
consumption and self-sufficiency as well as sustainable
fraction to feed 3755 kWh of yearly energy demand.

Conclusions

This work proposes a model for the optimum dispatch of
fuel cell capacity in combination with PV arrays to operate
in a self-consumption regime, which has been highlighted
as a viable strategy to minimize grid-sourced energy con-
sumption. In particular, the method can be used to accu-
rately calculate facility dispatch and use it as an input in
prefeasibility processes, to best estimate the size of the
facility for a given site, or to effectively organize the pro-
cesses of hydrogen facilities in operation in order to
maximize profits. The model takes into account the pre-
dictability of fuel cell production and home energy in time
periods ranging from a few hours to many days, which is
plausible given the capabilities of existing forecasting
instruments. In addition, the proposed model takes into
account the dynamics of electrolysis systems and the po-
tential of including environmental limitations to guarantee
that solar irradiance and hydrogen are utilized to create
renewable energy. The outputs of the performance of the
dispatched model include optimum parameters of opera-
tional states of the fuel cell and electrolyzer, the load factor
in production, and the energy imported and exported to the
electrical grid for each hour in the given time.

The research indicates that the usage of a fuel cell
supplied by H, produced with an electrolyzer driven only
by sustainable energy produced by a PV array could greatly
boost both self-consumption and self-sufficiency. The
yearly data demonstrates that using a fuel cell with a ca-
pacity of 2.5 kW could create 1985 kWh per year and raise
the renewable fraction from 0.622 for the system without
FC/HT to 0.918 for the system with a fuel cell of 2.5 kW. Self-
consumption of energy went from 33.03 to 98.7% at the
same time that self-sufficiency of energy went from 34.7 to
85.7%.

Winter days need, on average, more imported energy
than spring/autumn days, which require more imports

DE GRUYTER

than summer days. This outcome may be tainted, however,
if ecological limitations are not followed and prices justify
the importation of additional energy during months with
greater solar radiation. Depending on the season, the need
for energy imports often decreases substantially. If energy
imports are to be avoided, the designer of such a system
must take into consideration seasonal fluctuations in
addition to the average radiation profiles when designing
the hydrogen storage after the electrolyzer. Also, it has
been found that the demand for H, by fuel cell is the main
reason the electrolysis system needs to be powered by
imported energy. However, the higher the demand, the
more money the plant makes.

In conclusion, the optimum model developed under
this research is used for the running of PV/FC facilities
operating in a self-consumption regime. This model, when
coupled with weather forecasting for predicting renewable
energy production, can provide a useful decision support
tool for operating H, production facilities.
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