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Abstract: The optimization sizing model of hybrid renewable energy systems is a model that applies to micro-energy and
makes it possible to simplify the design and implementation of electrical energy projects in isolated areas of large distribution
networks and can be interconnected. The objective of this work is the optimal sizing and simulation on HOMER (Hybrid
Optimization Model for Electrical Renewable) software of a hybrid photovoltaic system and generator for the electricity
supply of the residence of the governor of Mamou. The methodology followed to estimate the electrical loads of the residence,
categorizing them in two ways (low consumers and high energy consumers). The field survey made it possible to know the
average temperatures and average irradiations of the site. The dimensioning of the photovoltaic field was initially carried out
using analytical formulas. The characteristics of the field elements were also determined. The choice of group was made on the
basis of the total load of the residence. Finally, the HOMER software made it possible to carry out optimal sizing and
simulation of certain parameters. The main results obtained relate to: the meteorological characteristics of the site (temperature
and irradiation). The temperature varies from 23.10°C to 30.30°C with an average of 25.86°C. Irradiation varies from 4.68
kWh/m?d to 6.76 kWh/m?d from August to April with an average of 5.54 kWh/m2d. The elements of the hybrid system are: 20
panels of 260 Wp, for an installed power of 5200 Wp; 8220 Ah batteries, for an installed capacity of 1760 Ah; two (2)
converters (Sunny boy and Sunny island) with a power of 84 kW each and a 10 kVA generator. The annual production of
electrical energy of the entire hybrid system is thus 39.393 kWh. Including 18.113 kWh for the generator, i.e. 46%, and 21.28
kWh for the photovoltaic system, 54%. The investment cost of the system is estimated at 192420600 FG. The results obtained
show that the use of renewable energy sources such as solar coupled with thermal remains the best optimal solution for
providing electrical energy to isolated areas.
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of energy by combining two or more energy sources has
become the appropriate solution today; This energy
production system is essential due to its flexibility, its
simplicity and the multiplicity of areas of activity where it
plays an important role [4].

However, the study of sizing the coupling of a hybrid
system (photovoltaic and generator) is always focused on the
essential criteria which are: the solar deposit, the thermal
deposit and the energy demand [5, 6]. Hybrid energy systems

1. Introduction

In Africa, access to electricity is a major problem which
considerably slows down its development. It undoubted lyre
mains the least electrified continent with 3% of global
electricity consumption despite its population (15% of the
world population) [1, 2]. In Guinea, the administrative regions
in general, particularly that of Mamou, still have a low rate of
access to electricity [3]. To solve this problem, the production
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combine at least two complementary technologies. There are
three types of configuration of Photovoltaic / Diesel hybrid
systems which are: photovoltaic - diesel series; photovoltaic -
switched diesel and photovoltaic - parallel diesel [7].

Guinea has enormous energy potential with an average
annual sunshine estimated at 4.8 kWh/m? per day and the
annual duration of sunshine varies from 2000 hours to 2700
hours, which favors the development of the solar energy
system in these regions. With this significant potential, the
rate of access to energy service in Guinea stiller mains below
20%, including less than 50% in urban areas and less than 5%
in rural areas. Added to this are the very frequent problems of
load shedding and power outages [8].

To solve this problem, the production of energy by
combining two or more energy sources has become the
appropriate solution today. This energy production system is
very effective due to its flexibility, its simplicity and the
multiplicity of areas of activity where it plays an important
role [9].

This study is part of this perspective. Its main objective is to
present a method of optimal sizing and simulation of the
coupling of a photovoltaic system and a generator to supply
electrical energy to the residence of the governor of Mamou.

2. Materials and Methods
2.1. Presentation of the Study Area

The prefecture of Mamou, capital of the Administrative
Region of Mamou, is between 9°54” and 11010’ north latitude
and 11°25” and 12°26” west longitude with an average altitude
of 700m. It covers an area of 8400 km” with a population of
732117 inhabitants, i.e. an average density of 92 inhabitants
per km® (according to the general population and housing
census in 2014). The Governor's residence is located in the
Almamya district, on an area of approximately 2000 m* [10].
The photo in Figure 1 shows the residence of the Governor of
Mamou.

Figure 1.Governor ’sResidence.

2.2. Materials

During this study, we used the following equipment:
Multiple pliers, millimeter, insulating gloves, insulating mat,
various screwdrivers, spirit level, drill, helmet, centimeter,
saw, hammer, chisel.

2.3. Methodology

In general, there are two methods of sizing
photovoltaic-hybrid systems, the manual method and the
computer method. The manual method is based on the
different powers of the receivers and their operating times.
The differences of the photovoltaic system are carried out by
empirical formulas [11].

2.3.1. Residence Charges

The summary of the various aspects of the residence are
divided in to two groups: loads of low energy consumers
(lamps, computers, printers, photocopiers, televisions, fan)
and loads of large energy consumers (air conditioners and
freezers) of the residence are given in table 1.

Table 1. Charge of the residence of the Governor of Mamou.

Designation Quantity P(W) Ej(Wh)
Lamps 128 566 4260
Computers 8 520 3120
Print 1 110 330
Photocopiers 1 100 500
Televisions 8 480 3840
Fan 5 250 3000
Total 1 2026 15050
Air Conditioners 9000 10800
Freezers 3 2500 36000
Total 2 11500 46800
Totaux 13526 61850

2.3.2. Sizing of the PV Field
The sizing of the PV field is based on the supply of loads

with low energy consumers. The daily energy is determined

by relation 1 [12].

Ej _ 15050

Ep= ¢ 0,65

= 23153,84 Wh (1)

Ej: Daily energy in Wh/d and K = 0.65: Efficiency
coefficient;

The peak power of the photovoltaic plant is determined by
relation 2.

Pc="F = 49474 Wc ©)

Ir = 4.68 kWh/m>.d: is the most favorable solar irradiation
in the area, it is recorded in August.

The number of panels in the power station is determined by
relation 3.

_ EjxAut _ 15050%3
DxU 48%0,7

Cs

= 343,75Ah 3)

Pcu = 260 Wpis the unit peak power of the chosen panels.
The photovoltaic field is thus composed of 20 panels, we thus
have a total peak of 5200 Wp.
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The capacity of the accumulators is determined by relation
4.

_Cs _ 134375
b7, T 220

= 6,10 @)

Cs: Capacity of accumulators or batteries in (Ah); Aut = 3:
Battery life; D = 0.5: Allowable discharge rate of lead-acid
batteries; U = 48A: System voltage.

The number of bacteria is determined by relation 5.

[ = _Pc _ 5200
T8 Uxnr  48x0,9

= 12037 A (5)

Thus, the number of batteries in the system is 8. They will
be connected as follows: series connection (Bs = Us/Up =
48/24 = 2), Us: System voltage and Up: Unit voltage of the
panels.; parallel connection (Bp = Np/Bs = 8/2 = 4), NP:
Number of panels and BS: Series connection.

The regulator provides interface between the module, the
batteries and the loads, its sizing depends on the intensity and
efficiency that it can support. This current is determined by
relation 6 [13].

Py =—S=20_57777W (©6)

TNond 0,9

N = 90% is the efficiency of the regulator.

The number of panels connected in series and in parallel are
calculated as follows: series connection (Bs = Us/Up = 2);
parallel connection (Bp = Np/Bs = 10). We thus have 2 panels
in series and 10 in parallel, for a total of 20 panels.

The choice of cables depends on their sections, their lengths
and their physical properties. The cable section is calculated
by formula 7 [14].

_ 2XpxLxI

S (7

exU

S: cable section in m% p = 1.6.10°Qm: resistivity in, € =
0.02: voltage drop, U =24 V: panel voltage.

The distance between the panels to the Sunny boy
(regulator) being 2 m, the cable section calculated for a total
current of 220 A is 25 mm®. The distance between the Sunny
island (regulator) and the batteries being 3m, the cable section
calculated for a total current of 24 A is 50 mm?”. The surface
area of a panel being 1.6m?, the installation surface of the
photovoltaic field is 32 m*.

2.3.3. Choice of Diesel Generator

The generator will beused to power all the loads in the
residence (lamps, computers, printers, photocopiers,
televisions, air conditioners and freezers).

This total daily load of the group having been calculated, its
power is that apparent (S) in Volt Ampere (VA) or in kilovolt
Ampere (kVA). It miscalculated by relation 8 [15].

P 13526
V3xcosp  0.8xV3

S = 9,762 kVA )

P =13526 W: Total power of the receivers in (W); Cosp =
80%: Power factor which has the value (0.8). For a margin of
safety taking in to account the additional loads of the residence

we suggest the choice of a 10 kVA generator.

2.3.4. Optimal Sizing and Simulation with HOMER

As part of this work, the Hybrid Optimization Model For
Electric Renewable (HOMER) software allowed us to
perform optimal sizing and simulate certain parameters. It is a
tool for the design and analysis of hybrid -electricity
production systems, generally composed of a generator,
cogeneration system, wind turbine, photovoltaic system,
hydraulic system, battery, fuel cell, biomass and many others
[16-18].

The configuration of the hybrid PV and generator system
through HOMER is shown in Figure 2.

Primary Load 1
71 Kwh/d
6.9 kW peak

=

Generator 1

Converter 6FM 200D

AC DC

Figure 2. Configuration of the hybrid PV and generator system through
HOMER.

3. Results and Discussions
3.1. Weather Characteristics

The results of the meteorological characteristics of the site
relate to temperature and irradiation. They are shown in
Figures 3 and 4.
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Figure 3. Temperature variation.

These curves show that variations in irradiation are a
function of temperature. The temperature varies from 23.10°C
to 30.30°C with an average of 25.86°C. The smallest values
are recorded respectively, the least August (23.10°C), July
(23.20°C) September (23.70°C) and October (23.90°C). The
maximums are recorded respectively in the months of May
(27.50°C), February (27.90°C), March (29.60°C) and April
(30.30°C).
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. Global Horizontal Radiation - 3.2. Analytical Sizing Results
58 u M The sizing results for powering low consumer loads (lamps,
.MM _ e A computers, printers, photocopiers and televisions) are shown
<5 — —1— X .
g ] m S in table 2.
= 0 LT N 06 &
5 T~ sl
%, e Table 2. Sizing results for powering low consumer loads.
5° 04 &
@ 2 N° Designation Value Unit
2° " 1 Daily energy 23153.84 Whij
o, - 2 Peak power 5200 We
3 Number of panels 20 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec — 3 Number of batteries 8 -
Dasily Radistion === Clearness Index 6 Inverter power 6000 W
7 Power of the generator group 10 kVA

Figure 4. Variation of irradiation.

3.3. Results of Optimal Sizing
Irradiation also varies, from 4.68 kWh/m2d in August to 6.76

kWh/m?d in April with an average of 5.54 kWh/m’d. The most The results of optimal sizing with HOMER of the Hybrid
unfavorable value recorded in August was used for this study. system are given in tables 3 and 4.

Table 3. Possible results of system optimization.

f &3 @ PV Label 6FM  Conv. Initi.al Operating Total NPC COE Ren. Diesel  Label
(kW) (kW) 2000 (kW) Capital Cost ($/yr) ($/kWh)  Frac. (L) (hrs)

f ) @ 15 10 25 10 $7.093 371.252 $4.752.934  14.267 0.54 5.981 1.81
f (n @ 10 25 10 $3.879 710.458 $9..085.913  27.273 0.00 11.535 3.496
) @ 15 10 7 $5.414 1.296.289 $16.576.338 49.757 0.49 10.694  6.426
(&) 10 $ 1.200 1.764.125 $22.552.640 67.696 0.00 14.576  8.759

After the simulation with the HOMER software on the basis of the specifications we obtain four (4) configurations, the first of
which is the most suitable configuration. Table 4 gives the optimization results.

Table 4. Optimal sizing result.

Designation Quantity Unit power Installed power Output energy (kWh/year)
Champ PV 20 360 We 15 kW 21.280
Groupe diesel 1 10 kW 10 kW 18.113
Batteries 13 200 Ah 22.8 Ah 13.063
Convertisseur 1 10 kW 22.7kW 19.898

These results give: 20 panels of 260 Wp, for an installed . .
power of 5200 Wp; 8 220 Ah batteries, for an installed 3.4. Profile of Energy Production by Photovoltaic and the

capacity of 1760 Ah; 2 converters (Sunny boy and Sunny Generator

island) with a power of 84 kW each and a 10 kVA

The energy production profiles by photovoltaic and the
generator.

generator are given in Figures 5 and 6.
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Figure 5. Photovoltaic energy production profile.
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Figure 6. Energy production profile by the generator.

Figure 5 shows that the photovoltaic system produces
energy every day between 6 a.m. and 6 p.m., with optimal
production at 12 p.m. The black color shows the lack of
electrical energy from 0 a.m. to 6 a.m. and from 6 p.m. to 24
p.m. During this period, the energy supply is ensured by the
generator. From blue to red, the production of electrical
energy increases. Optimal production (red color) is observed
in the months of January to April and September to
December. Figure 6 shows that optimal production of

Hour of Day

electrical energy is ensured by the generator from 0 a.m. to 6
a.m. and with low production from 6 a.m. to 12 p.m. and
from 6 p.m. to 24 p.m.

3.5. Profile of Energy Accumulation by Batteries and
Operation of Converters

The profiles of energy accumulation by the batteries and
operation of the converters are given in Figures 7 and 8.

Figure 7. Energy accumulation profile by batteries.

Figure 7 shows thatbatterychargingis optimal between 12 and 6 p.m. This accumulated by the batteries ispotentiallyusedfrom

0 a.m. to 6 a.m. and from 7 p.m. to 24 p.m.

Inverter Output

Hour of Day

Figure 8. Converter operating profile.

Figure 8 shows that the potential converters operate from 11
a.m. to 7 p.m., characterized by colors from green to red. This
period corresponds to the maximum energy production by the
photovoltaic field

3.6. Annual Energy Production by the Hybrid System and
Hourly Loads

The annualenergy production profile by the hybrid system

and the hourlyloads of the Governor'sresidence are given in
Figures 9 and 10.

Figure 9 shows the share of electrical energy production
from each source, the black color for the generator, with an
annual production of 18.113kWh or 46%. The yellow color
for the photovoltaic system with an annual production of
21.280kWh or 54%.The annual production of the entire
system is thus 39.393 kWh.
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Figure 9. Annualenergy production profile by the hybrid system.
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Figure 10. Distribution of hourly charges for the Governor’s residence.

The diagrams in Figure 10 show the distribution of the hourly
loads of the Governor's residence, from 24 p.m. to 7 a.m. the
hourly loads remain relatively constant, i.e. (3.1807 kW) which
corresponds to 25% of the daily loads; then from 7 a.m. to 10
a.m. and from 7 p.m. to midnight, the hourly loads are 3.8169
kW or 30% of the total daily loads, and finally from 11 a.m. to 6
p-m., the hourly loads are 1.9084 kW or 15% of daily loads.

3.7. Hybrid System Installation Diagram

The installation diagram of the hybrid system isgiven in
Figure 11.

Solar panel
24V DX Receivers
230V AC Home appliance
- - Energy Savings
Charger inverter
Battery Ay
O
24V DC N
\ .
Household appliances
\ Standard economy
g =
Generator
f 2000 ¢
1 Large tools
Direct current +
Alternating current +

Figure 11. Hybrid system installation diagram.

4. Conclusion

As part of this work, the Hybrid Optimization Model For
Electric Renewable (HOMER) software was used for the
optimal sizing and simulation of a hybrid photovoltaic and
generator system as part of the electrical energy supply of the
residence of the governor of Mamou. This study made it
possible to know the annual variation of the temperature and
solar irradiation of the site.

The optimal sizing resulted in: 20 panels of 260 Wp, for an
installed power of 5200 Wp; 8 220 Ah batteries, for an installed
capacity of 1760 Ah; 2 power converters 84 kW each and a 15
kVA generator. The energy production profiles by photovoltaic
system and generator are known. The different hourly loads are
distributed between the two systems over time. The installation
diagram of the hybrid system is produced. The results obtained
show that the production of electrical energy by combining two
or more energy sources remains today the adequate and effective
solution to resolve the problems of very frequent load shed ding
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and power outages.

Conflicts of Interest

The Authors declare no competing interest.

References

(1]

(2]

[4]

[5]

[6]

(]

Ayobami S. O., Sebastian S., Siavash K., and Christian B.,
2023. “Highly renewable energy systems in Africa: Rationale,
research, and recommendations”. Joule 7, 1437-1470.

Kenu E. S., Uhunmwangho R., Okafor E. N. C. 2022. “Optimal
Sizing and Simulation of a Sustainable Off-grid Hybrid Energy
System: A Case Study of the Coastal Areas of Delta State”.
Nigerian Journal of Technology (NIJOTECH). Vol. 41, No. 2.
pp. 291-301. doi.org/10.4314/njt.v41i2.11.

Ansoumane S., Amadou D., Faya O., Elhadj O. C., Saidou B.,
Mamby K. 2021. “Modeling of a hybridenergy system,
Photovoltaic and Generator (PV/GE) at the Higher Institute of
Technology of Mamou, Guinea”, Int. Res. J. Multidiscip.
Technovation, 3(4) (2021) 10-16. doi.org/10.34256/irjmt2142.

Mhamed R., Ali B., Mabrouk S., Boufeldja k. “Sizing and
Optimization of PV-Diesel Hybrid Power System in Remote
Villages”. 11°"°Sémaire International sur la Physique
Energétique, 2011, 9p.

Rezzouk H., Mellit A. 2015. “Feasibility study and sensitivity
analysis of a stand-alone photovoltaic-diesel-battery hybrid
energy system in the north of Algeria”. Renewable Sustainable
Energy Rev 43: 1134-1150.
doi.org/10.1016/j.rser.2014.11.103.

Tushar K. D., Diponkar K., 2023. Feasibility and sensitivity
analys is of a self-sustainable hybrids ystem: A case study of a
mountain ousregion in Bangladesh. Energy Conversion and
Management: X 20 (2023) 100411
https://doi.org/10.1016/j.ecmx.2023.100411.

Fadli D. 2019. “Optimal Sizing of PV/Diesel/Battery Hybrid
Micro-Grid System Using Multi Objective Bat Algorithm”.
The International Journal of Engineering and Science (IJES),
8.7.06-14. DOI: 10.9790/1813-0807010614.

Toupouvogui, J. O., Camara, M.A., Sakouvogui, A. and Keita,
M. 2023. “Optimal Sizing of Capacitor Bank for Increasing
Substation Capacity of Mamou”. World Journal of
Engineering and Technology, 11, 217-233.
doi.org/10.4236/wjet.2023.112015.

Ansoumane S., Thierno Amadou B., Adama Moussa S.,

[10]

[12]

[13]

[14]

[15]

[17]

[18]

Mamby K. 2023. “’Experimentation of a Forced Convection
Solar Dryer for Drying Sweet Potatoes at the Higher Institute of
Technology of Mamou - Guinea.,, World Journal of
Engineering and Technology, N°11, pp. 536 -548, (2023).

Thirunavukkarasu M. and Yashwant S. 2020. “Design, analysis
and optimal sizing of standalone PV/diesel/battery hybrid
energy system using HOMER”. IOP Conf. Series: Materials
Science and Engineering 937, 012034. doi:
10.1088/1757899X/937/1/012034.

Oswaldo A. A. C. 2019. “Methodology for sizing hybrid power
generation  systems  (solar-diesel),  batterybacked in
non-interconnected zones using PSO”. Facultad de Ingenieria,
Departamento de Ingenieria Eléctrica Medellin, Colombia,
121p.

Niang S. A. A., Talla K., Diop D., Drame M. S., Sarr A. 2022.
“Centrale hydroélectricité. Dimensionnement et ¢tude
financiére d’une petite installation photovoltaique pour
plusieurs stations au Sahel’’. Revue RAMReS — Sciences
Appliquées et de I’Ingénieur RAMReS, Vol. 4(1), pp. 17-26.

Ounnou A.H.J. 2019. “Dimensionnement optimal d’un
systéme hybride hydroélectrique photovoltaique-stockage pour
une alimentation rurale isolée’’. Theése de doctorat des
établissements Universit¢é Bourgogne Franche-Comté et
Université d’ Abomey-Calavi, 192p.

Abshir A., Taib I. M., Kamaruzzaman S., Norasikin A. L.,
Khaled A., and Adnan I. 2021. “’Performance optimization of a
photovoltaic-diesel hybrid power system for Yanbu, Saudi
Arabia’® AIMS Energy, 9(6): 1260—1273.

Ramesh S., Seetha J., Ramkumar G., Satyajeet Sahoo T.,
Amirthalakshmi M., Ranjith A., Asiful H. Seikh, Sohail M. A.
Khan Mohammed, and Ram Subbiah, 2022. “’Optimization of
Solar Hybrid Power Generation Using Conductance-Fuzzy
Dual-Mode Control Method Application of Hybrid
Nanostructure for Photo’” Bioenergy Applications, Article ID
7756261.

Edrees Y. A., Hanan M. D. H., Mansour H. and Mohamed A. Z.
2023. “Optimal Design and Operation of HybridRenewable
Energy Systems for Oakland University . Energies 2023, 16,
5830. doi.org/10.3390/en16155830.

Jamiu O. O., Makbul A. M. R. and Yusuf A., AI-T. 2020.
“Optimal Design of a Hybrid PV
Solar/Micro-Hydro/Diesel/Battery Energy System for a
Remote Rural Village under Tropical Climate Conditions .
Electronics 9, 1491; doi: 10.3390/electronics9091491.

Abid A., Maité V., and Maxime D., 2023. ’Optimal Sizing and
Assessment of Standalone Photovoltaic Systems for
Community Health Centers in Mali. Solar 2023, 3, 522-543.



