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ABSTRACT: Objective: Since solar energy allows decentralized production of electricity, it can help solve the problem of 

electrifying isolated sites where a large number of individuals do not have access to energy. This work aims to size a multi-
source system for optimal management of the energy produced. 
Method: We used an energy management strategy that is an algorithm, which determines at each moment the sharing of 
power between the different components of the system. 
Findings: The sizing tools allowed us to establish relationships between the powers of the components by simple rules, to 
define the solar power and the storage volume necessary to meet the demand of a load on a given site. 
Novelty: This study allowed us to set up an electrical architecture and a control strategy capable of limiting conversion losses 
and optimizing energy management within the system. 
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1 INTRODUCTION 

The rapid depletion of fossil fuels worldwide has led to the search for new energy sources including renewable energies. 
Among the many alternatives, photovoltaics has been considered promising to meet the growing demand for energy [1]. 
Photovoltaic energy sources are inexhaustible, the conversion processes are less polluting and their availability is free [1; 2]. 
For remote systems such as telecommunication relays in desert areas, satellite ground stations or isolated sites that are far 
from a conventional energy system, hybrid systems have been considered attractive and preferred alternative sources [2; 3]. 
The new technological solutions proposed by hybrid generators, even if they are very complex compared to current single-
source solutions, present on the other hand an obvious interest, considerable by their incomparable flexibility, their operating 
flexibility and their really attractive cost price [4 – 9]. However, these solutions require a laborious sizing based on a thorough 
knowledge of the renewable energy deposit of the installation site upstream, a rigorous management of the electrical energy 
produced downstream and a know-how that only experience in energy systems engineering can provide. Thus, several authors 
have studied hybrid energy production systems in order to find the optimal design. They have introduced different forms of 
optimization to find the right size and reduce the costs of hybrid systems [3; 4; 10 – 16]. However, there is not enough 
information on the hybrid photovoltaic – hydrogen energy storage – battery (PV-SEH-Batteries) energy production system. The 
objective of our study is therefore to size a hybrid photovoltaic – hydrogen energy storage – battery (PV-SEH-Batteries) system 
and to propose an optimal management method for the energy it produces. The aim is to propose a technological solution that 
will make it possible to exploit renewable energy resources for the production of electrical energy. 
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2 MATERIALS AND METHOD 

2.1 MATERIALS 

2.1.1 ARCHITECTURES OF HYBRID POWER GENERATION SYSTEMS 

The electric generators of a hybrid power generation system can be connected in different configurations. Two 
configurations are essential among these hybrid power generation systems: 

• DC bus architectures [16; 17]; 

• Mixed DC-AC bus architectures [4; 10 – 18]. 

The two-bus configuration (DC and AC) has higher performance compared to the single-bus configuration (DC) [19]. The 
implementation of the two-bus configuration is more complicated because of the parallel operation [19]. The inverter must be 
able to operate autonomously and non-autonomously by synchronizing the output voltages. 

The hybrid system that is the subject of our study therefore has a DC bus configuration. Figure 2.1 shows the architecture 
of the system studied. It is a hybrid Photovoltaic system – Energy storage via Hydrogen – Batteries. This system includes a 
photovoltaic generator, an inverter, converters, a DC bus and an energy storage unit. The energy storage unit consists of: 

• A lead-acid battery pack (A); 

• An electrochemical generation and storage system (Fuel cell, Electrolyser) (B); 

• A Hydrogen Energy Storage (SEH) Battery system (C). 

 

Fig. 1. Architecture of the system studied and the different types of storage 
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2.1.2 DESCRIPTION OF THE DIFFERENT ELEMENTS OF THE SYSTEM STUDIED 

2.1.2.1 PHOTOVOLTAIC GENERATOR 

Mainly composed of a photovoltaic (PV) field coupled to a DC/DC converter, the photovoltaic generator is the main source 
of energy production. It results from the association of PV modules mounted in series and in parallel. The energy generated by 
the PV system is affected by solar irradiation, temperature and cell type [10; 20]. 

2.1.2.2 CONVERTERS 

The role of converters is to balance the energy flow between DC and AC elements. 

For this purpose, three types of converters are often encountered in hybrid energy production systems, namely [21]: 

- AC/DC rectifiers: These are simple devices with good efficiency and low cost, which are often used to charge batteries from 
an AC source; 

- DC/AC inverters: They can operate autonomously to power AC loads or in parallel with AC sources. Inverters are 
autonomous when they impose their own frequency on the load. The non-autonomous inverter requires the presence of 
an AC source to operate; 

- DC/DC choppers are used to adapt the voltage between two different sources. 

2.1.2.3 ENERGY STORAGE UNIT 

Energy storage is often used in hybrid energy production systems in order to be able to power the load for a relatively long 
period (hours or even months). The storage system also makes it possible to store energy in the event of excess production 
and to compensate for any temporary energy or power deficits during consumption peaks [22]. 

2.1.2.4 BATTERIES 

Most of the batteries used in hybrid power generation systems are lead-acid [17]. Choosing the appropriate size of the 
battery pack requires an inclusive analysis of the battery charge and discharge requirements [17]. 

In our case, this pack is directly connected to the DC bus and imposes its voltage on it. Four 12-volt batteries are connected 
in series to have an open-circuit voltage of 48 volts. In operation, this voltage varies between 44 and 56 volts. 

2.1.2.5 FUEL CELLS 

A promising technology for efficient and clean electricity production [23], the fuel cell directly converts chemical energy 
into electrical energy. Its operating principle is quite simple and based on the reverse process of electrolysis [24]. 

The Proton Exchange Membrane (PEM) technology fuel cell with a lifespan of more than 30,000 hours in operation was 
used in this study [23], due to its simple peripheral and easy evacuation of the water produced. 

In the case of using the SEH as sole storage, the presence of a very low capacity battery pack ensures the maintenance of 
the DC bus voltage. 

2.1.2.6 ELECTROLYZER 

An alkaline electrolyzer was used for our study because it has very good performance at the cell level (potential efficiency: 
80%, faradaic efficiency: 99%) but has a complex peripheral that induces high intrinsic consumption. However, optimizing its 
peripheral will allow us to obtain the best overall efficiencies. We will use a high-pressure electrolyzer to avoid the use of an 
energy-consuming compressor in order to reduce the size of the gas storage unit [25]. 

2.2 SYSTEM SIZING METHOD 

The hybridization of a power generation system allows to smooth the power delivered by the energy source and the bearing 
for a limited period, a partial or total unavailability of the energy source. The design of a hybrid power generation system 
requires the selection and sizing of the most appropriate combination of energy sources, converters and the storage system, 
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as well as the implementation of an effective management strategy [26]. Sizing software is therefore an essential tool for the 
analysis and comparison of the different possible combinations of sources used in hybrid power generation systems. The main 
factors of the sizing are [26]: 

• The environmental conditions of the site such as irradiance, temperature, humidity and wind speed; 

• The load profile. 

For the sizing of the system components, the following parameters are defined: 

• The peak power of the solar field; 

• The nominal power of the electrolyser and fuel cell components; 

• The nominal capacity of the battery storage; 

• The gas storage volume. 

Part of the system parameters is set by analyzing its operation and its components. The other part is determined by 
optimization routines (these are.m files written in Matlab language that are called by the simulator.mdl file) to complete the 
definition of the system in terms of sizing. 

2.2.1 SIZING ASSUMPTIONS FOR STORAGE COMPONENTS 

2.2.1.1 ELECTROLYZER SYSTEM 

The nominal power (Pnomel) of the electrolyzer system is set proportionally to the peak power of the solar field (PPV peak), 
translated by the following relationship [27]: 

𝑃𝑛𝑜𝑚𝑒𝑙 = 𝐾𝑒𝑙 × 𝑃𝑃𝑉 𝑝𝑒𝑎𝑘            (1) 

Kel: dimensional coefficient of the electrolyser. This coefficient depends on the type of storage used. 

2.2.1.2 HYDROGEN ENERGY STORAGE (HES) ALONE 

If HES is the only means of storage, then the nominal power (Pnomel) must be equal to the maximum power that can be 
produced by the solar field for maximum production of dihydrogen [27 – 29]. 

2.2.1.3 HYBRID HES-BATTERIES STORAGE 

In this case, the expressed needs in dihydrogen are lower due to the presence of batteries that provide part of the energy 
demand. There is therefore an interaction between the dimensional parameters Kel and Cnom (nominal capacity of the batteries) 
whose adequate values were determined following a sensitivity study [27; 29 – 32]. 

2.2.2 SENSITIVITY STUDY 

This part studies the impact of the dimensional parameters Kel for the electrolyser and Cnom for the batteries on the 
performance and the results of the sizing of the PV-HES-Batteries system. The aim is to determine the values of the couple (Kel, 

Cnom) which allows to obtain better simulation results [4; 29]. 

The case studied here concerns the INP-HB Center of Yamoussoukro (Ivory Coast). A load profile corresponding to an 
unfavorable case was used. The daily variation amplitudes (60% of the daily average power) and seasonal variation (30% of the 
annual average power) are significant [29]. The daily phase shift is 8 hours compared to noon (higher consumption in the 
evening) and the seasonal phase shift is 30 days compared to January 1st. 

According to the work of BOYA BI et al., (2020) and J. LABBE., (2006), the recommended values of these dimensional 
parameters are: Kel = 0.8 and Cnom = 1. 

It is on these values that we will rely to size our system. 
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2.2.3 FUEL CELL SYSTEM 

Regardless of the type of storage used, the nominal power of the fuel cell system is set so that it can ensure the supply of 
energy to the load. This nominal power of the fuel cell system is given by the following equation [27 – 29]: 

𝑃𝑛𝑜𝑚𝑓𝑐  = 𝐾𝑓𝑐  × 𝑃max 𝑙𝑜𝑎𝑑            (2) 

The coefficient 𝐾𝑓𝑐 is introduced to take into account the losses in the DC/DC and DC/AC converters. The observation of the 
converter efficiencies over a year of simulation made it possible to evaluate the value of 𝐾𝑓𝑐. Thus, the value of Kfc obtained is 
Kfc = 1.1 [27 – 29]. 

2.2.4 BATTERY SYSTEM 

The available capacity of the battery pack must be able to allow the hybrid system to be autonomous for a few days during 
the most unfavorable period. For a PV-Batteries system, this autonomy is set at four days [27 – 32]. For a PV-HES Batteries 
system, the number of days of autonomy is set at 1 [27 – 32]. 

2.2.5 CONVERTERS 

Their nominal powers correspond to the nominal powers of the components to which they are connected. 

2.2.6 PHOTOVOLTAIC (PV) FIELD SIZING 

2.2.6.1 CASE OF PV-HES AND PV-HES-BATTERIES SYSTEMS 

An optimization algorithm (dichotomy) determines the peak power of the PV field so that the energy initially present in the 
storage at the beginning of the simulation year is equal to that present at the end of the simulation, which reflects the energy 
autonomy of the system over the year of operation [29]. 

For PV-HES and PV-HES-Batteries systems, the observed energy variable is the quantity of dihydrogen in terms of the 
number of moles in the gas storage. This variable (quantity of dihydrogen) is first set at a high threshold and its variation in the 
storage must be globally zero over the year [27 – 29; 33]. This assumes that the peak power of the PV field must be determined 
so that the production of dihydrogen by the electrolyser over the year is equal to the consumption of the fuel cell  [29]. The 
energy management algorithm ensures that the state of charge SOC of the batteries is between the minimum SOCmin and 
maximum SOCmax limits allowed for the PV-HES-Batteries system [3; 29; 34]. 

2.2.6.2 PV-BATTERIES SYSTEM 

Here, the peak power of the installed PV field is calculated by optimization so that the state of charge of the battery system 
(SOC) does not exceed the minimum authorized limit (SOCmin). 

The energy management algorithm ensures that the battery storage usage condition is respected (SOC < SOCmax) [3; 19; 29; 
34]. This approach is explained by the fact that the batteries are used daily for storage. 

2.2.7 SIZING THE GAS STORAGE VOLUME 

This consists of calculating the total quantity of dihydrogen produced by the electrolyser and the total quantity of 
dihydrogen consumed by the fuel cell. The difference between these two quantities every month corresponds to the storage 
volume [29]. 

3 RESULTS AND DISCUSSION 

3.1 PARAMETERS OF THE DIFFERENT COMPONENTS OF THE SYSTEM 

The following tables present the different input parameters of the simulator for each component of the systems studied. 
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Tableau 1. Simulation time parameters 

Parameter name Value Unit Description 

tmax 24×365 Hour Duration of the simulation 

Tableau 2. PV field parameters (PW1650 produced by PHOTOWATT)  

Parameter Value Unit Description 

𝑁𝑃𝑉  32 No unit Number of solar modules 

𝑃𝑚𝑎𝑥  165 W Maximum power of a module 

𝜇𝑃𝑚𝑎𝑥
 -0.0043 W. °C-1 Coefficient of variation of module power with temperature 

NOCT 47.1 °C 
Operating temperature of solar modules under standard 
conditions 

𝑃𝑃𝑉−𝑝𝑒𝑎𝑘  𝑁𝑃𝑉 × 𝑃𝑚𝑎𝑥  W Installed peak power of the PV field 

Tableau 3. Lead acid battery pack parameters (Battery type: PowerSafe, 12XP160 manufactured by ENERSYS, sealed 
lead acid battery)  

Parameter Value Unit Description 

𝑈𝐵𝑎𝑡_𝑛𝑜𝑚 12 V Nominal voltage of a unit block 

𝐶𝑛𝑜𝑚 140 Ah Nominal capacity of a unit block 

𝐼𝑛𝑜𝑚  14 A Nominal discharge current 

ns 4 No unit Number of branches in series 

np A calculer  No unit 
Number of branches in parallel (in the case of SEH-battery 
hybrid storage: 1 day of autonomy without sun). 

Tableau 4. The different states of charge (SOC) of the battery pack [27; 29]  

Parameter Value Unit Description 

𝑺𝑶𝑪𝒎𝒊𝒏 30 %𝑪𝒏𝒐𝒎 SOC Minimum allowed 

𝑺𝑶𝑪𝒎𝒂𝒙 95 %𝑪𝒏𝒐𝒎 SOC Maximum allowed 

𝑺𝑶𝑪𝒎𝒊𝒏𝟏 50 %𝑪𝒏𝒐𝒎 SOC Minimum intermediate 

𝑺𝑶𝑪𝒎𝒂𝒙𝟏 90 %𝑪𝒏𝒐𝒎 SOC Maximum intermediate 

Tableau 5. Electrolyzer parameters 

Parameter Value Unit Description 

𝑃𝑛𝑜𝑚_𝑒𝑙° 3600 W Initial nominal power 

𝑁𝑐𝑒𝑙_𝑒𝑙  16 No unit Number of cells in series 

𝐴𝑒𝑙 300 cm2 Cell surface area 

VEL 1,84 V Voltage of an elementary cell of the electrolyser 

JEL 0,57 A.cm-2 Current density of an elementary cell of the electrolyser 

𝜋𝑒𝑙  10 𝑏𝑎𝑟𝑎𝑏𝑠  Operating pressure of the electrolyser 

𝜏 0,45 m3/h Maximum rate of production of dihydrogen (H2) 
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Tableau 6. Dimensional coefficient of the electrolyser 

Parameter Value Unit Description 

𝑃𝑛𝑜𝑚_𝑒𝑙  𝐾𝑒𝑙 × 𝑃𝑐𝑟ê𝑡𝑒𝑃𝑉
 W Nominal power after dimensioning 

With HES as the only storage 

𝐾𝑒𝑙  1 No unit Electrolyzer scaling factor 

With HES-battery hybrid storage 

𝐾𝑒𝑙  0.8 No unit Electrolyzer scaling factor 

Tableau 7. Operating power of the electrolyser 

Parameter Value Unit Description 

𝑃min _𝑒𝑙 0.1 × 𝑃𝑛𝑜𝑚_𝑒𝑙  W Minimum authorized power 

𝑃max _𝑒𝑙  𝑃𝑛𝑜𝑚_𝑒𝑙  W Maximum authorized power 

Tableau 8. Fuel cell parameters (NEXATM module manufactured by Ballard)  

Parameter Value Unit Description 

𝑃𝑛𝑜𝑚_𝑓𝑐° 1200 W Initial nominal power 

𝑁𝑐𝑒𝑙_𝑓𝑐  50 No unit Number of cells in series 

𝐴𝑓𝑐  100 cm2 Cell surface area 

𝑉𝑃𝑎𝑐   0,83 V Voltage of an elementary cell of the PAC 

𝐽𝑃𝑎𝑐   0,29 A.cm-2 Current density of an elementary cell of the PAC 

𝑆𝐻2
 1,01 No unit Stoichiometry of dihydrogen 

𝑆𝑂2
 1,01 No unit Stoichiometry of dioxygen 

𝜋𝑓𝑐_𝐻2
 3 𝑏𝑎𝑟𝑎𝑏𝑠  Operating pressure on the hydrogen side of the fuel cell 

𝜋𝑓𝑐_𝑂2
 3 𝑏𝑎𝑟𝑎𝑏𝑠  Operating pressure on the oxygen side of the fuel cell 

𝑁𝑏𝑓𝑐  3 No unit 
Number of fuel cells started up according to the load to be 
supplied 

Tableau 9. Fuel cell operating power 

Parameter Value Unit Description 

𝑷𝐦𝐢𝐧 _𝒇𝒄 0 W Minimum power 

Tableau 10. HES-battery hybrid storage 

Parameter Value Unit Description 

𝑃min _𝑒𝑙 0.1 × 𝑃𝑛𝑜𝑚_𝑒𝑙  W Minimum authorized power 

𝑃max _𝑒𝑙  𝑃𝑛𝑜𝑚_𝑒𝑙  W Maximum authorized power 

Tableau 11. Gas storage tank parameters 

Parameter Value Unit Description 

V 5 m3 Tank volume (value we have fixed) 

𝑃0 101320 Pa Atmospheric pressure under standard conditions 

𝑃min 𝑠𝑡𝑜𝑐𝑘  3 𝑏𝑎𝑟𝑎𝑏𝑠  Minimum pressure in the tank 

𝑃max 𝑠𝑡𝑜𝑐𝑘  10 𝑏𝑎𝑟𝑎𝑏𝑠  Maximum pressure in the tank 

R 8.314 SI Ideal gas constant 
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Tableau 12. Converter parameters 

Parameter Value Unit Description 

𝜼𝟏𝟎_𝑫𝑪 𝑫𝑪⁄  93 % 
Efficiency at 10% of the nominal power of the DC/DC 
converter 

𝜼𝟏𝟎𝟎_𝑫𝑪 𝑫𝑪⁄  98 % 
Efficiency at 100% of the nominal power of the DC/DC 
converter 

𝑷𝐧𝐨𝐦_𝑫𝑪 𝑫𝑪⁄ _𝑷𝑽 𝑷𝒎𝒂𝒙_𝒍𝒐𝒂𝒅 W Nominal power of the DC/DC converter of the PV field 

𝑷𝐧𝐨𝐦_𝑫𝑪 𝑫𝑪⁄ _𝑬𝑳 𝑷𝒏𝒐𝒎_𝒆𝒍 W Nominal power of the DC/DC converter of the electrolyser 

𝑷𝐧𝐨𝐦_𝑫𝑪 𝑫𝑪⁄ _𝑭𝑪 𝟏. 𝟏 × 𝑷𝒎𝒂𝒙_𝒍𝒐𝒂𝒅 W Nominal power of the DC/DC converter of the fuel cell 

Tableau 13. Inverter parameters 

Parameter name Value Unit Description 

𝜼𝟏𝟎_𝒐𝒏𝒅 86 % Efficiency at 10% of the inverter's nominal power 

𝜼𝟏𝟎𝟎_𝒐𝒏𝒅 97 % Efficiency at 100% of the inverter's nominal power 

𝑷𝒏𝒐𝒎_𝒐𝒏𝒅 𝑷𝒎𝒂𝒙_𝒍𝒐𝒂𝒅 W Inverter nominal power 

3.2 ENERGY MANAGEMENT ALGORITHMS 

Various energy management scenarios can be proposed depending on the available energy sources, energy consumption 
and the state of charge of the batteries for 24 hours to ensure the proper execution of the algorithm [28; 29; 35; 36]. For our 
study, we used computer simulation software, namely Matlab®-Simulink version R2012a, which allows us to determine, at any 
time, the operation of the different elements constituting the energy production system. 

3.2.1 DIFFERENT OPERATING MODES OF THE SYSTEM 

The hybrid energy production system studied is composed of a 5 kW PV field, a fuel cell with a power of 3.6 kW and a 
battery pack with a nominal capacity of 140 Ah per battery. The hybrid energy production system is designed to supply a load 
(DC or AC) and an electrolyser. It is considered that: 

• The PV field is the main source; 

• The battery pack is used as a source or a load depending on whether there is a production deficit or an overproduction of 
the PV field; 

• The fuel cell is a backup source; 

• The load is always connected; 

• The electrolyser is an auxiliary load to dissipate the surplus production. 

To simplify the study, we assume that each component has two states (active and inactive) depending on the periods of 
the day. Indeed, depending on the available energy sources, the energy consumption and the state of charge of the batteries, 
different operating scenarios of the system are observed. Tables 14 and 15 give the state of each component of the hybrid 
system. 
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Tableau 14. Status of each component constituting the hybrid system [27 – 29]  

State Active Inactive 

Main source Photovoltaic field On a sunny day • During the night 

• During a cloudy day 

• In case of breakdown 

 
 
 
 
Auxiliary 
sources 

 
 
 
Batteries 

• During the incapacity of the primary 
source, for example when : 

1. The weather conditions are 
poor ; 

2. Load demand exceeds 
production ; 

3. In case of failure of the main 
source 

• When the state of charge is between 
50 and 90% 

• During normal operation of the main 
source (PV) 

• Load demand equal to or less than 
production (Pload ≤ PPV) 

 
Fuel cell 

• During main sources incapacity, 

• Battery SOC below low threshold 
(SOCmin< 0,5) 

Main load DC & AC The load is always connected.  

Auxiliary loads Battery In case of excess energy and SOC is 
lower than low threshold 

When SOC is above high threshold (SOCmax= 
0,90). 

Electrolyser In case of excess energy and SOC is 
higher than high threshold. 

In case of energy shortage or demand is 
satisfied (Pload = PSP) 

Tableau 15. Different operating scenarios of the hybrid system [27 – 29]  

Case Period PV Batteries PDiff FC SOC EL Description 

1 

On a sunny 
or cloudy day 

Ok Rest PDiff= 0 

OFF 0,5< SOC< 0,9 

OFF 
 

Pload = PPV 

2 Ok Dump 
(source) 

PDiff< 0 

Pload = PPV + PBat 
Pload = PBat 3 × 

4 Ok  
Rest 

 
ON 

SOC< 0,5 

Pload = PPV + PFC 
Pload = PFC 5 × 

 
6 

 
Ok 

Loaded (load) 
PDiff> 0 OFF 

 
PPV- Pload = PBat 

7 Ok Rest SOC> 0,9 ON PPV- Pload = PEL 

8 During the 
night 

× 
 

Dump PDiff< 0 

OFF 
0,5 < SOC< 0,9 OFF 

Pload = PBat 

ON Pload = PBat + PFC 

9 × Rest ON SOC< 0,5 OFF Pload = PFC 

Ok Normal operation (active) 

× Inactive 

3.3 SUPERVISION SYSTEM OF THE HYBRID ENERGY PRODUCTION SYSTEM 

The energy management between the different components of the hybrid energy production system is ensured by a 
management technique based on deterministic rules. It is designed taking into account all the operating scenarios of this hybrid 
system studied. The flowchart in figure 2 gives the operating principle of the energy management strategy of the hybrid system. 
First, the parameters of the different subsystems and the climatic data (temperature, illumination) were initialized. Then, the 
total power PMS produced by the main source (PV) and the demand of the load Pload evaluated at each moment were estimated, 
in order to calculate the power difference PDiff. 
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𝑃𝐷𝑖𝑓𝑓 =  𝑃𝑀𝑆  −  𝑃𝑙𝑜𝑎𝑑            (3) 

If PDiff = 0, all the power produced by the main PV source is equal to the power required by the main load (PMS = Pload). 
Therefore, the state of charge of the batteries remains constant (batteries at rest) neglecting their self-discharge. The switches 
S (between the electrolyser and the DC bus) and Sf (between the fuel cell and the DC bus) are in OFF state. 

If PDiff > 0, the power generated by the main source (PV) is greater than the load demand. Therefore, there is enough energy 
to power the load and store the excess. 

If PDiff < 0, the energy produced by the PV source is not enough to power the load. In this case, the batteries and the fuel 
cell intervene to provide the energy needed to cover the load demand. 

 

Fig. 2. Energy management flowchart of the hybrid power generation system 

3.4 SIMULATOR INPUTS AND OUTPUTS 

The input data required to simulate a year of operation are: 
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• The three annual profiles (Load profile, Sunshine profile, Ambient temperature profile); 

• The component parameters. 

The input profile for the load is an active power vector (in Watt peak) sampled in ten-minute time steps. An annual profile 
of global solar irradiation (in Wh.m-2 and in the same ten-minute time step) is provided for sunshine. Many parameters must 
be entered before starting the simulation [29]. 

We can classify these parameters into characteristic parameters of the components (fixed) on the one hand, and on the 
other hand into component dimension parameters (adjusted during the dimensioning phases). 

3.4.1 LOAD PROFILES 

Here, the load is of the individual housing type on an isolated site (autonomous over a year of operation). 

Our approach is purely deterministic. The probable hazards at the load level (occasional consumption peaks) are not taken 
into account, the objective being the study of the proposed system according to the climatic conditions. 

These synthesized annual load profiles start on January 1 of the year 2023 in Côte d’Ivoire (Yamoussoukro, INP-HB-Centre) 
and have a time step of ten minutes. Their construction is based on a sinusoidal function of time, whose phase shift and 
amplitude have a daily and seasonal variation. 

All load profiles are defined by five parameters: 

1. The annual average power (set at 1.72 kW); 
2. The seasonal amplitude (10, 20, 30, 40 and 50% of the annual average power); 
3. The seasonal phase shift (30 or 210 days, corresponding to higher consumption depending on the seasons of the year); 
4. The daily amplitude (20, 40, 60 and 80% of the daily average power); 
5. The daily phase shift (0, 4, 8 and 12 hours). 

By combining these different amplitudes and phase shifts, we obtain one hundred and sixty (160 = 5× 2× 4× 4) load profiles 
that are generated, corresponding to one hundred and sixty different users. Figures 3 and 4 allow us to visualize the different 
amplitudes and phase shifts on the profiles. 

 

Fig. 3. Daily load profile (Daily variation in consumption) 
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Fig. 4. Annual load profile (Annual variation of average daily power) 

3.4.2 SUNSHINE PROFILES 

3.4.2.1 SUNSHINE PARAMETERS 

Installing a photovoltaic field involves defining several parameters beforehand, namely the inclination of the panels relative 
to the horizontal plane and the orientation of the panels relative to the cardinal points (azimuth). 

The choice of the inclination and azimuth of the photovoltaic panels depends on the needs of the end user. 

3.4.2.1.1 THE INCLINATION OF THE PANELS 

It allows, depending on the season, the adjustment of the captured solar energy. Thus, low inclinations maximize the 
production of the solar field over certain periods and high inclinations maximize production during other periods of the year 
in the northern hemisphere. For a given location and annual solar irradiation profile, an inclination can be determined that 
maximizes the capture of solar energy over the year. Figure 5 shows an example of variations in solar insolation as a function 
of the inclination of the solar field for January 1 of a typical year in Yamoussoukro (azimuth: due south). These data are 
theoretical and were taken from the PVGIS (Photovoltaic Geographical Information System) database. 
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Fig. 5. variation of illumination according to the inclination of the photovoltaic solar panels, for the first day of January for a typical 
year at INP-HB-CENTRE [37; 38] 

Tableau 16. Available sunshine as a function of inclination; the month of January for a typical year at INP-HB-CENTRE [37; 28] 

Tilt 4° 7° 10° 

Daily sunshine (Wh/m2/j) 4243,67 4361,5 4464 

The daily solar energy available for the same day, at the same location but for different inclinations, is presented in Table 
16. It is clear that the available solar energy increases with the inclination of the panels. 

3.4.2.1.2 CHOICE OF PANEL INCLINATION 

The inclination of the panels depends on the consumption profile of the end user and the storage system considered. 

Regardless of the type of use, the panels are inclined so as to capture the maximum amount of energy during the year. 

3.4.2.1.3 AZIMUTH 

It allows the adjustment of the daily capture of solar energy. Maximum solar irradiation generally occurs at noon (sun at its 
zenith), therefore, a due south orientation (in the northern hemisphere) therefore allows the maximum collection of solar 
energy at the time when irradiation is at its maximum. By directly using the energy captured by the field, if the user’s needs 
are greater in the morning, a south-east orientation of the panels will be preferred in order to capture as much as possible at 
this time of day [27; 29]. 

3.4.2.1.4 CHOICE OF AZIMUTH 

The load profiles that we tested have different daily phase shifts. We could have adjusted the azimuth of the solar panels 
according to the value of the daily phase shift of the tested profile. The number of cases to be considered would have increased 
considerably. 

In order to focus on the most relevant parameters and given that our study is located in the northern hemisphere, the 
azimuth was therefore deliberately set due south. 
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3.4.2.1.5 SUNSHINE PROFILES 

The sunshine profiles used come from the PVGIS database [39]. These are "typical" year profiles, synthesized from real 
measurements taken over several years. 

The data collected with an hourly step are the overall sunshine (W/m2) and the ambient temperature (°C). The data are 
then interpolated to generate profiles with a ten-minute time step. 

The chosen geographical location is Yamoussoukro (INP-HB-CENTRE, Energy Engineering) whose coordinates are: 6°52’52” 
North Latitude, 5°13’47” West Longitude and the azimuth (due south). 

There will therefore be two sunshine profiles in reality which correspond to the inclinations maximizing energy capture: 

• Over the year (inclination 1), 

• Over the most unfavorable period (inclination 2). 

The following table 17 presents the information relating to the chosen location [37; 38]. 

Tableau 17. Coordinates of the chosen location and associated inclinations 

Tilt INP-HB-CENTRE 

Coordinates 6°52'52" North Latitude, 5°13'47" West Longitude 

Tilt 1 4° 

Tilt 2 10° 

4 CONCLUSION 

The dimensioning allows to obtain a good overall operation and limits the cost of the installation. It allowed us to establish 
relationships between the powers of the components by simple rules, to define the solar power and the storage volume 
necessary to meet the demand of a load on a given site. The choice of electrochemical components is difficult because it is 
necessary to find the best compromise between efficiency, reliability and durability. Thus, the alkaline electrolyser seemed 
preferable to us for its efficiency and its lifespan. On the other hand, its peripheral must be optimized in terms of reliability and 
intrinsic consumption. The PEM technology fuel cell was chosen for its fast start-up time, its solid structure, its insensitivity to 
CO2 and its compactness. A sensitivity study was carried out in order to determine the values of the torque (Kel, Cnom) allowing 
to obtain better simulation results. This study also made it possible to set up an electrical architecture and a control strategy 
capable of limiting conversion losses and optimizing energy management within the system. 
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