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Abstract— In this paper, the sizing and
performance analysis of grid-connected solar
power for electronic and communication
laboratories using PVSYST Software is presented.
The work is focused on presenting the steps used
in PVsyst software to size the solar power system
for powering a set of laboratories used for
electronics and communication in the faculty of
Engineering located at the main campus of
University of Uyo with geo-coordinate of 5.041294,
7.974573, annual mean solar radiation of 1717.2
kW/m”2 and mean temperature which has annual
mean value of 24.9 °C. The results showed that
with the 12 V 200 Wp PV panel, total of 213 PV
module are required for the PV array while 147
battery units are required in the system. The
result shows zero loss of load probability and zero
duration of loss of load duration. As such, the
system is sized to avoid any power outage which
resulted in excess energy yield that led to as
much unused energy loss of 16427 kWh per year.
Also, the PV array operated with efficiency of 7.01
% annual average and thermal loss of about 12,57
% of the total energy yield.

Keywords— Grid-Connected, PVSYST
Software, Solar Power, Loss of Load, Alternative
Power

1. Introduction

Over the years, the power sector in Nigeria has
witnessed chronic power challenges including grossly
inadequate generation and losses on the system, as well as
epileptic power supply due to load shading and scheduling
[1,2,3]. This has affected the university community which
rely on electric energy for most of their research works.
Particularly, the department of electrical and
communication engineering requires energy supply for a
given number of hours every working day to attend to the
laboratory works as required in the curriculum. Such
practical works cannot be adequate conducted without the
availability of electric power in the laboratories.

In view of the energy challenges, the university
community has resulted in using diesel generators as the
alternative energy source [4,5,6]. Such approach, though
highly welcomed has suffered enormous setback due to

recent increase in the prices of fossil fuel and their
associated energy system [7,8]. The central diesel generator
can no longer be powered as regular as required to meet up
with the demands in the school. As such, alternative energy
solutions are need. Accordingly, in this work, the solar
power system for the laboratory is recommended and a
simulated sizing and performance analysis of the standalone
solar power for the electronic and communication
laboratories are presented. The simulation is conducted
using the PVSyst simulation software [9,10].

2. Methodology

The work is focused on presenting the steps used
in PVsyst software to size the solar power system for
powering a set of laboratories used for electronics and
communication in the faculty of Engineering located at the
main campus of University of Uyo. The first step in the
study is the determination of the site geo-coordinates using
Google Map. The case study laboratory is in the faculty of
engineering located in university of Uyo main campus with
geo-coordinate of 5.041294, 7.974573 and shown in
Google map visualization of Figure 1.

The second step is that the geo-coordinate of
5.041294, 7.974573 was used in PVSyst to acquire the
daily mean global solar radiation and temperature of the site
[11]. The plot of the daily mean global solar radiation on
the horizontal plane for the site is shown in Figure 2 with
annual mean of 1717.2 kW/m”2 while Figure 3 shows the
plot for the daily mean temperature which has annual mean
value of 24.9 °C.

The third step is that the optimal tilt angle for the
solar panel is determined using the PVSyst. The optimal tilt
for the PV panel as captured using PVSyst software is
shown in Figure 4. It shows that for annually fixed tilt, the
site required tilt angle of about 13° to gain transposition
factor of 1.02. This means that 2 % of solar radiation is
captured by the optimally tilted PV panel when compared
with that of the PV on a horizontal plane.

The fourth step is the determination of the daily
energy demand of the case study laboratory which is shown
in the load profile in Table 1. The schematic layout of the
standalone solar power in PV Syst is captured and presented
in Figure 5. The system configuration for the battery bank
is presented in Figure 6 while the configuration for the PV
array is shown in Figure 7.
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Figure 1 The visualization of faculty of engineering which is the location of the case study laboratory
-l
0 T T T T T T T T | |

- Horizontal global irradiation, Sum =1717.2 [kKWh/m?]
Horizontal global irradiation Clear Sky

Iradiation fk'Whim?® day|

0 1 1 1 1 | | 1 | 1 | 1

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec

Figure 2 The plot for the daily mean global solar radiation on the horizontal plane for the site
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Figure 3 The plot for the daily mean temperature which has annual mean value of 24.9 °C.
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Figure 4 The optimal tilt for the PV panel as captured using PVSyst software
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Table 1 The load profile for the three laboratories that make up the electronic and communication laboratory [12]

Power Total Energy
Laboratory Apphance QTY. Rating Power Hours/Day per day
i W) (W) (Wh)
oscri’l‘lg(:s‘zf)s‘“a“ 10 50 500 6 3000
Electrical and -ope -
Electronic Function generator 10 50 500 6 3000
Circuits DC power supply
Laboratory (dual) 10 120 1200 s 7200
PC desktop 2 500 1000 6 6000
PC desktop 10 500 5000 6 30000
Digital storage
Digital oscilloscope 10 50 500 6 3000
Electronics Microcontroller
Laboratory training kit 10 50 500 6 3000
Digital analog
training system 10 40 400 © 2400
Digital storage
oscilloscope 8 50 400 6 2400
PC desktop 10 500 5000 6 30000
. ‘,3‘?‘““::“;\"__.“"“5 8 36 288 6 1728
Function generator - -
2 250 500 6 3000
Communications (ZOGHZ?
Laboratory @ g\‘mn;“)"n generator 2 120 240 6 1440
(232’;‘[’;‘)”1‘ analyzer 1 350 350 6 2100
(205(:‘;;;2")“”‘ analyzer 1 450 450 6 2700
Total power
rating 104 3116 16828 100968
Typical ayout of a stand-alone system
PV array System ! User (load)
: Regulator é
E Array U Array | Asvay .
- .
A b —> B J—
: E Back-up :
: Fus 1 Batt. :
| Back-up T " - I‘N' Comioen. | Liuser
: Batterics : User
PV . — :
arvay : :
: Back-up . Fix<ed
E gener ator .l_ Tarrg-ar E E needs
Figure S The layout of the standalone solar power in PVSyst
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Figure 6 The configuration for the battery bank of the solar power system
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e I
Storage PV Array | Back-Up | Smplified Schema | I
Sub-array name and Orientation Presizing Help
Name [pv Array " No sizing Enter planned power ( [35.8 kwp
Orient.  Fixed Tilted Plane hm:;: 130, Resiz | .. or available area ]300 m2
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| All modules v| Sortmodues & Power " Technology
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X cancel ' OK

Figure 7 The configuration for the PV array of the solar power system

3. Results and Discussion
The simulation was conducted based on the system (PV
array and battery bank) configuration of Figure 6 and
Figure 7 and the summary of PVSyst simulation result for
the load profile, the PV array configuration and the battery
bank of the system is shown in Figure 8 while Figure 9

included the input and output energy diagram of the system
generated by the PVSyst software. The results showed that
with the 12 V 200 Wp PV panel, total of 213 PV module
are required for the PV array while 147 battery units are
required in the system.
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PVSYST vé 88 140825 Page 16
Smulation  parameters System type  Stand done system with bafteres
Collector Plane Orientation ™ 1 Anmun O
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User's neods : aady profie  Corstant over T yoor
wverage 07 WhDay
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Fourty ad m joso jomm joso jooo joso jom Joco jooo joso Jiasy sy lew
rul;lllrﬂl.rud‘ ulru onr uaru:rtq nal & o uw
PV Array Characteristics
PV module S-poly Model SW 200 Poly
Onginal Pvsyst databace Manufacthrer  Solwr'World
Number of PV modues In sories 3 moddes Inporaid 71 rings
Total number of PV modules ND. mocules 213 Unk Nom. Power 200 Wp
A3y GODI power Nominal (STC) 426 kWp At cperating cond.  37.6 kWp (S0°C)
Amay cperting chanactenistics (50°0) Umpp 74V Impp S06A
Total area Modue aea 357 m*
System Parameter Systemn type  Stand alone system
Battery Model MPG 12V 200
Manfacthurer  Narada
Battery Pack Crancerstics Nb. of unitz 1 in series x 49 In paraled
Volkage 36V Nominal Capacity 9800 Ah
Decharging min. SOC 200 % Stored energy 2909 kWh
Temperature Faed (20°C)
Controlier Model Universal controller with MPPT conwerter
Technology MPPT converter Temp coeff.  -5.0 mV/™Clelem.
Comverter Maxi and BURD efficencies 970/950 %
Battery Management cortrol Threshold commands 25 SOC caloulation
Chargng SOC=090/075 Leapprox 40.3/380V
Dechargng SOC = 0.20/0.45 Le approw. 354 /368 YV
PV Array loss factors
Thermal Loss factor Uc (const)  20.0 W/mK Uv (wind) 0.0 WK / m/s
Wining Ohmic Loss Gotal aray res. 2.5 mOhm Loss Fraction 1.5 % & STC
Serie Diode Loss Voitage Drop 0.7V Loss Fraction 0.8 % a2 STC
Module Quality Loss Loss Fraction 15%
Modue Mmatch Logses Logs Fraction 1.0 % at MPP
Stings Memach ioes Loss Fraction 010 %

Figure 8 The summary of PVSyst simulation result for the load profile, the PV array configuration and the battery
bank of the system
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PVSYST v6.88 14/06/25 Page 5%
Main system parameters System lype Stand alone system with batteries
PV Field Onentation it 13 azimuth 0°
PV modules Model SW 200 Poly Pnom 200 Wp
PV Asray Nb. of modules 213 Pnom totsl  42.6 kWp
Battery Model MPG 12V 200 Technology Lead-acid. sealed. Gel
Battery Pack Nb. of units 147 Voitage / Capacity 36 V /9800 Ah
User's needs daily profie Constant over the year Giobal 36.9 MWh/year
Daily Input/Output diagram
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Figure 9 The summary of the system configuration with the input /output energy diagram generated from the PVSyst
simulation

The summery of the energy balance results from the
PVSyst is shown in Table 2. It shows that the solar fraction
(SolFrac in Table 2) is 1 in all the months meaning there is
no power outage in all the months. However, there are used
energy (EUnused in Table 2) in each of the months with
annual total of 16427 kWh per annum. That is the toal of
energy produced but not used and hence lost.

The result on the loss of load is shown in Table 3. It shows
zero loss of load probability (Pr LOL in Figure 3) and zero
duration of loss of load duration (T _LOL in Figure 3). As
such, the system is sized to avoid any power outage which

resulted in excess energy yield that led to as much unused
energy loss of 16427 kWh per year, as witnessed in Table
2.

The summary of the PV array operating efficiency is shown
in Table 4 while the loss diagram of the system is shown in
Figure 10. The results show that the PV array operated with
efficiency of 7.01 % annual average. The loss diagram
showed thermal loss of about 12,57 % of the total energy
yield.

Table 2 The summery of the energy balance results

GlobHor | GlobEff E_Avail | EUnused | E_Miss E_User E_Load SolfFrac
kwhim2 | kwh/m2 | Kkwh kwh kwh kwh kWh
January 171.4 185.3 6230 2610 0.000 3130 3130 1000 ||
February 156.5 162.4 5436 2218 0.000 2827 2827 1000 ||
March 164.9 161.6 5445 1915 0.000 3130 3130 1.000
| April 152.7 142.6 4833 1557 0.000 3029 3029 1.000
May 146.3 130.7 4458 1052 0.000 3130 3130 1.000
June 129.3 113.4 3917 444 0.000 3029 3029 1.000
July 119.4 106.0 3695 487 0.000 3130 3130 1.000
August 116.9 107.3 3748 198 0.000 3130 3130 1.000
| september 118.2 112.4 3889 782 0.000 3029 3029 1.000
October 132.4 132.6 4495 930 0.000 3130 3130 1.000
| November 145.2 153.3 5166 1722 0.000 3029 3029 1.000
I December 164.0 179.3 6089 2513 0.000 3130 3130 1.000
Year 17172 | 1869 | s7401 | 16427 | o.000 36853 | 36853 1.000
| ' it
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Table 3 The summary of the loss of load

EArray E_Load E_User SolfFrac T_LOL Pr_LOL

kWh kWh kwh Hour %

January 3852 3130 3130 1.000 0 0.00
February 3427 2827 2827 1.000 0 0.00
[March 3757 3130 3130 1.000 0 0.00
April 3485 3029 3029 1.000 0 0.00
| may 3625 3130 3130 1.000 0 0.00
June 3698 3029 3029 1.000 0 0.00
July 3413 3130 3130 1.000 0 0.00
| August 3777 3130 3130 1.000 0 0.00
| September 3304 3029 3029 1.000 0 0.00
| October 3797 3130 3130 1.000 0 0.00
' |November 3669 3029 3029 1,000 0 0.00
| December 3806 3130 3130 1.000 0 0.00
Year 43610 36853 36853 1.000 0 0.00

Table 4 The summary of the PV array operating efficiency

EffArrR
%

January 5.67

February 5.76

[March 6.32
April 6.62

| May 7.48
June 8.78

July 8.67

' |August 9,50
| September 7.95
' |October 7.76
' | November 6.51
| ecember 5.78
Year 7.01
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Figure 10 The system loss diagram

4. Conclusion
A standalone solar power system was simulated
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using PVSysts software. The solar power was modeled for 5.
powering a set of laboratories used in the electronic and
communication courses in the faculty of engineering
located at the main campus of University of Uyo. The
simulation steps are presented along with the set of input
parameters and the results. The results showed that the
sizing configuration of the PV array and battery banks gave
solar fraction of 100 % without loss of load but with excess
energy loss in the system. In all, the power need of the 6.
laboratory is fully met without any power outage.
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