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Abstract— In this paper, sizing of off-grid
photovoltaic power system for internet café and
portable device charging station is presented.
First, the load demand profile of the internet café
and portable device charging station was
determined. Next, the geo-coordinates of the
internet café was used to download the solar
radiation data for the sizing computation. The
actual sizing operation was performed using
PVSyst software. The PVSyst was used to model
the hourly distribution of the load, as well as the
configuration of the PV array and the battery bank.
The simulation results showed that there are 24
pieces of 250 Wp photovoltaic (PV) modules in
the PV array which occupied a total area of 39 m?
and gave a total output power of 5.31 kWp. The
battery bank consisted of 112 batteries (with 4
batteries in series and 28 battery strings in
parallel) and the battery has a total capacity of
2800 Ah at nominal battery voltage of 48V. The
average yearly energy output available from the
PV array is 6.97 MWhlyear, the energy used by the
load is 5.74 MWhl/year, missing energy (energy
demanded but not supplied) is 0.15 MWh/year, the
annual user load demand is 5.884 MWh/year) and
a solar fraction of 97.52% . Furthermore, the
system has a performance ratio of 63.0%. In
essence, about 37 % of the energy generated from
the PV array are lost.

Keywords: PVSyst Software, Sizing Of Solar
Power System, Optimal Tilt Angle, Off-Grid
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1. INTRODUCTION

In recent years, there is increasing adoption of
information and communication technologies (ICT) in the
remote parts of developing countries and this has
necessitated the provision of access to internet for people
in such areas [1,2,3,4,5,6,7,8]. Also, the use of portable
smart phones and smart devices to perform most of the
ICT operations and also access the internet has also
prompted the provision of both internet access hotspots

and wireless network base stations in remote areas
[9,10,11].

Particularly, in Nigeria, people living in most of the rural
communities across the nation suffer both lack of access
to electric power supply and lack of internet service
[12,13,14,15,16,17,18,19]. In some cases, the cellular
network services are available but with weak signals that
frustrate the users. In such cases, some organizations and
business experts setup solar-powered internet café¢’ and
mobile device charging stations to serve the rural
communities that are cutoff from the national grid and
mainstream internet services.

Notably, the solar power has been adjudged to be the best
alternative energy supply because it is environmentally
friendly and also it is increasingly becoming affordable in
view of the steady decrease in the setup and running costs
of the photovoltaic solar power supply components
[20,21,22,23,24,25,26,27,28]. Importantly, in order to
meet the desired energy demand, the solar power
components must be properly selected in terms of their
capacities to accommodate the variations in the solar
radiation and the need to meet the power demand
irrespective  of such variations [29,30,31,32,33].
Accordingly, in this paper, the sizing of the solar power
supply system for a case study internet café and portable
device charging station is presented. The sizing operation is
carried out using PVSyst software.

2 METHODOLOGY
2.1 The Load Demand and Meteorological Data

The approached used in the sizing of the off-grid
photovoltaic power system includes determination of the
daily load demand profile, acquisition of meteorological
data of the installation site, sizing of the PV array, the
battery band as well as sizing of the inverter and charger
controller. The daily load demand profile is obtained and
presented in Table 1. The Google map showing the
location of the case study PV power installation site near
Swali Market in Yenagoa Bayelsa State at coordinates (of
4918729, 6.267808) with latitude of 4.918729 and
longitude of 6.267808, as shown in Figure 1. The load
profile of the case study as modelled in the PVSyst
software is shown in Figure 2 while Figure 3 shows the
hourly distribution of the case study load as modelled in the
PVSyst software.
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Table 1: The Internet café and portable device charging station daily load demand profile

Rated Total Hours per | Energy Per Da
S/N Appliance Power Quantity Power day (ll:) (ka}’,h /day) y
W (kW)
Laptop
1 Computer 65 20 1.3 10 13
TranzeoWiFi
2 radio 6 2 0.012 10 0.12
Cell phone
3 charger S 20 0.1 10 1
4 Digital Camera 6 10
battery charger 0.06 10 0.6
Photo Printer
5 for Digital 10 10
Camera 0.1 10 1
DC Fan for the
6 WiFi radio 25 2 0.05 10 0.5
Total 64 1.622 16.12

Figure 1 The Google map showing the location of the PV power installation site near Swali Market in Yenagoa Bayelsa State
at coordinates of latitude of 4.918729 and longitude of 6.267808
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| Daily use of Energy, Variant “New simulation variant" - m] X

Definition of Daily Household consumptions, year

Consumptions ]leydiwibmion!

Daily consumptions
| Number Appliance Power Daily use Hourly distrib Daily energy
20 -+ [Laptop Computer [65  Wiamp [100 hidey 0K 13000 Wh
2 = [TranzeowiFiradio 6 Wiapp. [100 hiday OK 120 Wh
20" =] [Cell phone charger [ Wrepp. [100 hidey OK 1000 Wh
o ] [007 kwhidey [100° hiday 0 Wi
Iﬁ-j Io Printer for Digital Camera |1ClO W aver. IS.D h/day  OK 900 wh
2 = [oCFanfortheWiFitado [25  Wiapp.  [100 hday 0K 500 Wh
10 - [jtal Camerabattery charger [6 W/app.  [100 hday 0K 600 Wh
Stand-by consumers |IJ W tot 24 h/day 0 Wh
. Total daily energy 16120 Wh/day
7 Appliances info
! Total monthly energy 483.6 kwh/month
Consumption definition by |  Week-end or Weekly use
@ Year 2 I ‘ [T Use only during
A EREen IF_j days in a week
" Months
~Model ]
B Load | B Save |
= Other profile | X Cancel OK i

Figure 2 The load profile of the case study as modelled in the PVSyst software
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Figure 3 The hourly distribution of the case study load as modelled in the PVSyst software

2.2 Sizing of the PV System Components

The PV array power output denoted as Ppy is computed
from the daily energy demand (Epy) to be supplied by the
PV array, as;

The output power, Py, of the PV array is determined as

_ Epv

Bv = o esm M
Where npy is the PV module efficiency, 1, is the
efficiency of the charge controller, f;; are total dirating
factors (fy; is about 0.88), PSH is the daily peak sunshine
hours. Also, Ppy is related to A;,, (that is the required total
area of the PV array) as follows;

Poy = Mpy (Sp)(Am) 2

where S, denotes the solar radiation on the plane of the
PV module and npy is the PV module efficiency which is
given as;

Npy = T]PVSTC[1 + K(Top - 25 OC)] 3

Where: npysrc denotes the standard test condition module
efficiency under, K denotes the cell temperature coefficient
for the PV module, T,, denotes the operating cell
temperature the PV module. Let the area for one PV
module be denoted as A, and Npy, denote the number of
PV modules in the PV array, then;

_ _ _Prv
A =(An)Npy = =2 (4)
Hence,
Npy = — BV (%)
Npv(Sr)(Am)

Let Ngpy denote the number of PV modules that are
connected in series, Npyp denote the number of PV modules
strings that are connected in parallel, the PV module
nominal voltage be denoted as Vpy, and the system line
voltage be denoted as Vsy s , then;

v
Ngpy = — (6)

Vpy
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= Jev = Eop.
Nevp = Nspy @) Npar = Cpat (10)
Let Np, denote the number of days of autonomy, Nypor = Npbat (10)
DoD denote the depth of discharge, the individual battery P Nsbat
nominal voltage be denoted as Vyq¢ , fpae is @ parameter to The inverter is used to convert the DC power into AC

account for battery self-discharge and other safety operating
considerations (fpq; is about 0.85) and the total watt-hour
per day which is daily load demand is denoted as Epy, then
required Ampere-hour (Ah) battery capacity denoted Ey, as
is given as;

_ __ Epv(Npa) 8)

E =
bb fbat XxDoD xVsys

Let the number of batteries in series be denoted as Ngpq; »
the number of batteries in parallel be denoted as Nppq,
denote the Ampere-hour (Ah) capacity of each battery be
denoted Cy,; and the total number of batteries be denoted as
Npat, then;

power output and it operates at the same terminal voltage of
the battery bank (which in this case is Vgyg). Usually, a
safety factor, fiyysqr i recommended to oversize the
inverter above the load demand it will support, Hence,
inverter capacity denoted as Cjyy is given as;

Cinv = Pov(1 + fivvsas)
Where fiyysqr is about 0.2 to 0.3.

(11

The selection of the PV module , battery, charger controller
and inverter for the solar power system is implemented
using PVSyst , and the screenshot of the configuration of
the system PV array, and battery bank is shown in Figure 4.

N _ Vsys ©) The system configuration in Figure 4 was used in PVSyst
Sbat =y, software to simulate the solar power system operation
Design of a Standalone system, Variant “New simulation variant” - O X
Specilied User's needs Pre-sizing suggestions | System st y |
Av. dailyneeds:  Enter accepted LOL ﬁj % 2|  Battery (user) vohage [48 j v 2|
16.1 kWh/day  Enter requested autonomy [7.0 = dayfs) 2| Suggested capacity 2766 Ah
EE Detailed pre-sizing | Suggested PV power 6.11 Kwp [nom.)
Storage PV Anray | Back-u:ul Schernai
Sub-anay name and Ornentation Presizing help
Name |PVAnay " Mo Sizing Enter planned power |3.2 KWwp,
TR -
Orient.  Fixed Tilted Plane Asid ;. f . | ... of available area C |0 e
Select the PY module
|Ave.ihble Now ll Sort modules by (' power " technology
| |SNAsnlal LI | 250Wp25¢  Simono  SNA-PVSTD-LUXE MON Since 2010 Manufacturer 201 _~ | B Open |
Sizing voltages:  Vmpp (B0°C) 25.3 V

Voc (10C) 425V

Select the control mode and the controller

MPPT power converter

ﬂra Universal controller [AI Manufacturers ;l

Mazx. Charging - Discharging curent

Operating mode
" Direct coupling

&+ MPPT converte:

" DC-DC converter

[MPPT 360w 48V 1314 144

Universal controller with MPPT conw I::I B Dpen

The operating parameters of the generic default contioller will be adjusted
according to the properties of then system.

PV Anay design
Nimaher of modiler and st Opetating conditions :
~ should be : Vmpp (B0C) 51V
Mod. in sene |-? j ¥ No constraint Vmpp (20°C) B2V
. Voc [-10°C] Y
Nb.stings [12 = ¥ Between 10and 15 Ll
Plane inadiance 1000 ‘W/m?
il Impp [STC) 92A Max. operating power 5.3kwW
Isc [STC) 107 & at 1000w/t and 50°C)
A 39 m
Wb moskdes o lsc (atSTC) 108 A Anrag's nom. power (STC)  6.0kwp
X Cancel 0K

Figure 4 The screenshot of the PV Syst configuration of the PV array, battery bank, and charger controller for the solar power

system
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3. RESULTS AND DISCUSSION

The simulation parameters setting used in the PVSyst
software , as shown in Figure 5 shows that there are 24 PV
modules (each rates 250 Wp at STC) in the PV array which
occupies a total area of 39 m? and a total operating power
of 5.31 kWp at 50°C. The battery bank consists of 112
batteries ( with 4 batteries in series and 28 battery strings in
parallel) and the battery has a total capacity of 2800 Ah at
nominal battery voltage of 48V. Also, the daily user needs
or electric load demand (as captured in the PVSyst
simulation parameters in Figure 6) shows that the daily
energy demand is 16120 Wh/day.

The average yearly energy output available from the PV
array is 6.97 MWh/year, the energy used by the load is 5.74

MWh/year, missing energy (energy demanded but not
supplied) is 0.15 MWh/year . The annual user load demand
(in Figure 6) is 5.884 MWh/year) and for with the 5.74
MWh/year energy delivered to the load per year, the solar
fraction is computed as (5.74*100%)/5.884) which amounts
to a solar fraction of 97.52% (as shown in Figure 7).
Furthermore, the system has a performance ratio of 63.0%.
In essence, about 37 % of the energy generated from the
PV array are lost, as shown in the loss diagram of Figure 8.

The simulation parameters setting used in the PVSyst
software z
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PVSYST V6.70 18/03/22 Page 1/4
Stand Alone System: Simulation parameters
Project : Internet Cafe Sizing
Geographical Site BAYELSA STATE Country Nigeria
Situation Latitude 4.79° N Longitude 6.32° E
Time defined as Legal Time Time zone UT Altitude 62 m
Albedo 0.20
Meteo data: BAYELSA STATE NASA-SSE satellite data, 1983-2005 - Synthetic

Simulation variant : New simulation variant

Simulation date

18/03/22 04h45

Simulation parameters
Collector Plane Orientation

Models used

System type
Tilt

Transposition

PV Array Characteristics
PV module Si-mono Model
Original PVsyst database Manufacturer
Number of PV modules In series
Total number of PV modules Nb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) U mpp
Total area Modiule area
PV Array loss factors
Thermal Loss factor Uc (const)
Wiring Ohmic Loss Global array res.
Serie Diode Loss Voltage Drop
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization 1AM =
System Parameter System type
Battery Model
Manufacturer
Battery Pack Characteristics Voltage
Nb. of units
Temperature
Controller Model
Technology
Converter Maxi and EURO efficiencies
Battery Management control Threshold commands as
Charging
Discharging

User's needs : Daily household consumers

average

Stand-alone system
11°
Hay

SNA-PVSTD-LUXE MONO 250

SNAsolar

2 modules In parallel 12 strings

24 Unit Nom. Power 250 Wp

6.00 kWp At operating cond. 5.31 kWp (50°C)

54V Impp 99 A

38.0m° Cellarea 347w

20.0 Wim?K Uv (wind) 0.0 W/im?K / m/s

9.2 mOhm Loss Fraction 1.5% at STC

0.7V Loss Fraction 1.2 % at STC
Loss Fraction 1.5 %
Loss Fraction 1.0 % at MPP
Loss Fraction 0.10 %

1-bo(1/cosi-1) bo Param. 0.05

Stand Alone System

Volta 6SB100

Volta

48V Nominal Capacity 2800 Ah

4 in series x 28 in parallel

Fixed (20°C)

Universal controller with MPPT converter

MPPT converter Temp coeff. -5.0 mV/*Clelem.

97.0/95.0 %

SOC calculation

SOC=0.90/0.75 i.e. approx. 52.6/50.1V

SOC=0.20/0.45 i.e. approx. 47.3/489V

Constant over the year

16.1 kWh/Day

0°

Perez, Meteonorm

Azimuth
Diffuse

Figure 5 The simulation parameters setting used in the PV Syst software
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PVSYST V6.70 18/03/22 Page 2/4
Stand Alone System: Detailed User's needs

Project : Internet Cafe Sizing

Simulation variant:  New simulation variant

Main system parameters System type Stand alone

PV Field Orientation tilt 11° azimuth 0°

PV modules Model SNA-PVSTD-LUXE MONO 250 250 Wp

PV Array Nb. of modules 24 Pnom total 6.00 kWp

Battery Model Volta 6SB100 Technology Lead-acid, sealed, tubular

Battery Pack Nb. of units 112 Voltage / Capacity 48 V /2800 Ah

User's needs Daily household consumers Constant over the year Global 5884 kWhi/year

Daily household consumers, Constant over the year, average = 16.1 kWh/day

Annual values

Number Power Use Energy
Laptop Computer 20 65 W/lamp 10 h/day 13000 Whiday
TranzeoWiFi radio 2 6 W/app 10 h/iday 120 Wh/day
Cell phone charger 20 5 W/app 10 h/iday 1000 Wh/day
Photo Printer for Digital Camera 10 9 Wh/day 900 Wh/day
DC Fan for the WiFi radio 2 25 W tot 10 h/day 500 Wh/day
Digital Camera battery charger 10 6 W tot 10 h/iday 600 Whiday
Total daily energy 16120 Wh/day

Figure 6 The daily user needs or electric load demand
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PVSYST V6.70 l 18/03/22 | Page 3/4

Stand Alone System: Main results

Project :
Simulation variant :

Internet Cafe Sizing
New simulation variant

Main system parameters System type Stand alone

PV Field Orientation tilt  11° azimuth 0°

PV modules Model SNA-PVSTD-LUXE MONO 250 250 Wp

PV Array Nb. of modules 24 Pnom total 6.00 kWp

Battery Model Volta 6SB100 Technology Lead-acid, sealed, tubular
Battery Pack Nb. of units 112 Voltage / Capacity 48V /2800 Ah

User's needs Daily household consumers Constant over the year Global 5884 kWh/year

Main simulation results

System Production Available Energy 6.97 MWh/year Specific prod. 1162 kKWh/kWp/year

Used Energy
Performance Ratio PR
Time Fraction

5.74 MWh/year
63.00 %
25 %

Excess (unused)
Solar Fraction SF
Missing Energy

0.99 MWh/year
97.52 %

Loss of Load 0.15 MWh/year

Performance Ratio PR and Solar Fraction SF

p (per KWp): power 6.00 kWp

T T T T T T T T T T T 14 T T T T T T T T T T T

Lu : Urssed energy (full battery)
Callection Loss (PV-array losses)
System losses and battery charging
Energy supped io ihe user

0.45 KWhKWp/day L
0.78 KWhKWpiday
0.31 KWNKWp/day i
2.62 KWhEWRIday

PR : Performance Ratio (Y11 Yr) 0630
SF : Solar Fraction (ESol / ELoad) 0975

[l

Eneegy

Parlmance Fato PR

Normalged

New simulation variant
Balances and main results

GlobHor GlobEff E Avail EUnused E Miss E User E Load SolFrac
kWhim?* KWh/m* MWh MWh MWh MwWh MWh
January 162.4 169.7 0.799 0.226 0.000 0.500 0.500 1.000
February 143.6 144.9 0.682 0.199 0.000 0.451 0.451 1.000
March 146.6 142.0 0.668 0.147 0.000 0.500 0.500 1.000
April 135.0 1266 0.600 0.106 0.000 0.484 0.484 1.000
May 126.8 1153 0.550 0.029 0.000 0.500 0.500 1.000
June 103.5 936 0.449 0.027 0.000 0.484 0.484 1.000
July 96.4 879 0.428 0.000 0.066 0.433 0.500 0.867
August 106.0 98.7 0473 0.000 0.032 0467 0.500 0.935
September 96.6 921 0.446 0.000 0.047 0.436 0.484 0.902
October 11186 1095 0.518 0.000 0.000 0.500 0.500 1.000
November 1254 1276 0.601 0.026 0.000 0.484 0.484 1.000
December 151.3 159.1 0.757 0.228 0.000 0.500 0.500 1.000
Year 1505.3 1467.0 6.972 0.989 0.146 5.738 5.884 0.975
Legends: GlobHor Horizontal global irradiation E Miss Missing energy
GlobEff Effective Global, corr. for 1AM and shadings E User Energy supplied to the user
E Avail Available Solar Energy E Load Energy need of the user (Load)
EUnused Unused energy (full battery) loss SolFrac Solar fraction (EUsed / ELoad)
Figure 7 The main simulation results for the solar power system
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PVSYST V6.70

| 18/03/22 l Page 4/4

Project : Internet Cafe Sizing
Simulation variant : New simulation variant

Stand Alone System: Loss diagram

Main system parameters System type Stand alone

PV Field Orientation tilt  11° azimuth 0°

PV modules Model SNA-PVSTD-LUXE MONO 250 250 Wp

PV Array Nb. of modules 24 Prnom total 6.00 kWp

Battery Model Volta 6SB100 Technology Lead-acid, sealed, tubular
Battery Pack Nb. of units 112 Voltage / Capacity 48 V /2800 Ah

User's needs Daily household consumers Constant over the year Global 5884 kWh/year

5.74 MWh

Loss diagram over the whole year

Horizontal global irradiation
Global incident in coll. plane

IAM factor on global

1467 kWh/m? * 39 m? coll, Effective irradiance on collectors
efficiency at STC = 15.41% PV conversion
8.83 MWh Array nominal energy (at STC effic.)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss
Mismatch loss, modules and strings
Ohmic wiring loss

Unused energy (full battery) loss

6.41 MWh Effective energy at the output of the array
-6.7% Converter Loss during operation (efficiency)
0.0% Converter Loss due to power threshold
0.0% Converter Loss over nominal conv. voltage
Missing energy 0.0% Converter Loss due to voltage threshold
2.5% L\\ 5.98 MWh Converter losses (effic, overload)
0.1 MWh Direct use Stored Battery Storage
60.6% 39.4%

+0.8% Battery Stored Energy balance

-1.5% Battery efficiency loss

-1.1% Charge/Disch. Current Efficiency Loss
-1.3% Gassing Current (electrolyte dissociation)
-0.4% Battery Self-discharge Current

Energy supplied to the user

5.88 MWh Energy need of the user (Load)

Figure 8 The loss diagram for the solar power system

4 CONCLUSION

The sizing of PV solar power using the load demand and 1.
solar radiation data of the case study for internet café and
portable device charging station is presented. The
component sizing operation was implemented using PVSyst
simulation software which has features for modelling the
load demand, the battery bank, the PV array and other 2.
components that make up the PV solar power system. The
results show that on annual basis, the solar power system
can satisfy the load demand of the case study internet café
and portable device charging station in about 97.5 % of the
time. 3.
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