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Abstract

In this paper, performance analysis of stand-alone photovoltaic (SAPV) system
for Primary Health Centre in Orlu, Imo state was conducted. The USAID
categorisation of health clinics is used to identify the Primary Health Centre as
Category | Health Clinic with corresponding daily and yearly energy demand of
approximately 11500 Wh/day and 4197.5 KWh/year respectively. PVsyst software
solution was used to modd and simulate the entire PV system. 22-year air
temperature and monthly and annual averaged insolation incident on a horizontal
surface obtained from National Aeronautics and Space Administration (NASA)
online meteorological portal was used. The results showed that the SAPV system has
yearly energy output of 5269Kwh/year with performance ratio of 58.4%, effective
operating or nominal efficiency of 8.83%, loss of load probability of 7.1% and unit
cost of energy of 81.5 Naira per KWh. The SAPV is designed to be affordable for the
Primary Health Centrein Orlu, Imo Sate, Nigeria.

Keywords: Photovoltaic, Standalone power system, lossad lorobability, load
demand, insolation, performance ratio, air tempeeatnominal
efficiency

1 Introduction

Quality healthcare delivering requires availabilby both personnel and
requisite facilities and enabling environment [1,32 4, 5]. In this wise, regular
electric power supply is essential to power thelthetacilities and provide
conducive environment for the health care persoanélthe patients as well [6, 7,
8]. Such adequate power supply is usually lackimgthie various healthcare
centers, especially in the remote areas in theloewvg countries. In most cases,
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the national grid is either completely absent irchsdocations or the grid
connections are not functional due to poor maimeed9, 10, 11]. More so, the
high cost of extending or maintaining grid connectto the distant remote areas
with meager population density discourages suctl gxitension to the remote
areas. In such case, alternative energy source asicstandalone solar power
systems are the suitable options for providingtat@ty to the remote healthcare
facilities [12, 13, 14].

Consequently, in this paper, standalone photow(&APV) solar power
system is proposed for Primary Health Centre lat&tea remote area in Orlu,
Imo state. In order to design such SAPV poweresysithe daily load demand
profile is first determined and the meteorologidata are obtained after which the
design and analysis can be conducted [15, 16, 8], 14 this paper, PVSyst
simulation software is used for the design andgeerdnce analysis of the SAPV
power system for the Primary Health Centre [19, 2D, 22, 23]. The system
parameters are selected so that the standalon@w&f gystem will be affordable
to such small health facility in the remote comntyim Orlu.

2 Methodology

2.1 The Daily Load Demand Profile for the Category | Health
Clinicin Orlu LGA

In most literature, the daily load demand profdeusually the first step in the
design of SAPV power system. In this paper, theteteload demand data are
compiled from site survey, along with health climidoad demand profiles
provided by USAID. According to USAID [24], rurakhlth clinics generally fall
into one of three categories (Categories I, Il &g based on the type and
number of medical devices used in the facility #melfrequency with which they
are used on a daily basis. Primary Health Centresttee smallest, most basic
health facility. Accordingly, the energy demandsgdrimary health centre will be
satisfied through Category | Health Clinic eleatation option [24]. Category |
Health Clinic contains approximately 0 — 60 bedd aas low energy demands
between 5 - 10 kWh/day [24]. Table 1 shows thedisthe types of equipment
usually found in a typical Category | Health Clmiand their energy demands.
Table 1 is used for the load demand at the Cateddueglth clinic in Orlu LGA.

2.2  The Site Coordinates and Meteorological Data

When designing any SAPV power system it is esdemtiaobtain the
geographic coordinates of the PV module instalhatgte. Afterwards, the
meteorological data of the site can be obtainededasn the geographic
coordinates of the site. In this paper, Google nwmpused to obtain the
coordinates of the Primary Health Centre in OrluAL& shown in, Figure 1:
Latitude = 5.792345, Longitude =7.023718.

In the study, the meteorological data used inclDESA SSE 22-year
monthly and annual averaged insolation incident anhorizontal surface
(kwh/m2/day) and 22-year monthly averaged air tawatpee as shown in Table 2.
According to the data in Table 2, monthly averagiues of daily global solar
radiation incident on horizontal plane at Orlu iery high especially during
months of January, February , March and April, adl vas the months of
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October , November and December. Also, Table 2 shihat Orlu has annual
average global solar radiation of 4.72 KWh/m2/daygl annual average daily
ambient temperature of 24.91 °C.

Table 1 List of the Types of Equipment Usually Found in€ggry | Health
Clinics and Their Energy Demands (Applies to théeGary | Health Clinic in

Orlu LGA)
A B C=A(B) D E=C(D) F=E/1000
On-Time
Device Description | Quantity (S\j)gte;) TWO;?tls (watt (x\gzﬁrtfsi/gja ) kwWh/day
hour gday) y
Vaccine
Refrigerator/Freezgr 1 60 60 6.0 360 3.6
Small Refrigerator
(non-medical use) 1 300 300 5.0 1,500 1.5
Centrifuge 1 575 575 1.5 862.5 0.8625
Hematology Mixer 1 28 28 15 42 0.042
Microscope 2 15 30 3.0 90 0.09
Lighting 5 60 300 8.0 2400 2.4
Incubator 1 400 400 10 4,000 4.0
Water Bath 1 1,000 1,000 1.0 1,000 1.0
Communication vig 1
VHF Radio
Stand-by 2 2 15 30 0.003
Transmitting 30 30 3 900 0.9
Total 2500 11500 11.50
- \\\\
= N g
Vo &
© SR,
g"u‘bx‘l Roag - / -
: Orlu ¢

Figure 1 The Google Map Coordinates for the Primary Heakint€ in Orlu
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Table 2 The monthly and annual average values of dailpajlsolar
radiation (Kwh/m/day) on Horizontal plane and ambigmperature (°C) in Orlu

Imo State
Month Monthly Average yalues Of Daily Global Solar Radiat Ambient
On Horizontal Plane (kWh/m2.day) Temperature (°C)

January 5.53 254
February 5.59 25.8
March 5.32 25.7
April 5.09 25.8
May 4.88 25.6
June 431 24.8
July 3.85 24
August 3.77 23.9
September 3.94 24.1
October 4.27 24.5
November 4.84 24.7
December 5.29 24.7
Year 4.72 24.91

2.3 Power Output of PV Array

The power outputR,,) of PV array can be determined as follows [29; 26

EL
P,, = 1
pv (PSI *npo*Kipss*Ga) ( )
NBo = (rl-inverterlosses) (rlwiringlosses) (2)

where

E. is the average daily load energy consumption K\&y/d

Gq Is the average solar radiation incident over @rlK\WWh/m2/day,

PSl is the peak solar intensity at the earth'saser{1000 W/m2),

ngo Is the efficiency of balance of system and camdétermined by Eq (2)
[26].

KLoss is a factor determined by the different lesseich as: module
temperature losses, circuit losses, dust, etc.c@ypralues fornipverteriosses:
Nwiringlosses aNd KLoss are 15%, 10% and 90% respectively 228,

3 ThePVSyst Smulation

The standalone PV (SAPV) system for the Categomgehlth Clinic is
simulated using PVSyst 5.21. The eight major stesesl in the simulation process
are stated as follows:

Step 1. Define the daily load demand profile fbe tCategory | Health
Clinic

Step 2. Define the coordinates (latitude and hutg) of the project site
where the Category | Health Clinic is located auQGA.

Step 3: PVSyst Simulation Part I: Use PVSyst Th@dnu to download
the solar irradiation and ambient temperature dmaed on the coordinates
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(latitude and longitude) of project the site.

Step 4: PVSyst Simulation Part Il : Use PVSyst jeBtoMenu to define the
Project which includes the name, the address tlae meteorological file that
contains the solar irradiation and ambient tempeeatiata for the project.

Step 5: PVSyst Simulation Part Il : Use PVSystrieBtation Menu to
define the Tilt Angle and Azimuth Angle for the Mlbdule.

Step 6: PVSyst Simulation Part IV : Use PVSyst st8&yn Menu to define
the following

6.1 Daily Load Demand: The Daily Power Demand iritsvand the average
number of hours the load will be supplied power gbeey.

6.2 Loss Of Load Probability: The percentage ofrean a year when the
power supply will not be able to supply the neegeder to the load.

6.3 Days of Autonomy: The number of days the systathsupply power
from the battery without any solar energy input.

6.4 System DC \oltage : The DC voltage at which slistem will operate
(the Dc voltage at which the system will charge blagtery and supply power to
the inverter).

6.5 Select Battery from the PVSyst battery directoPVSyst has a list of
batteries the designer can select from. When eetyait selected , PVSyst
provides it terminal dc voltage, Ah rating, manaé@er name , among others.
PVSyst also determines the Number of batteriegiiies and in parallel.

6.6 Select PV module from the PVSyst PV modulesatiory: PVSyst has a
list of PV modules the designer can select fromewh PV module is selected ,
PVSyst provides it terminal dc voltage, Wp ratinganufacturer name , among
others. PVSyst also determines the Number of PMuies in series and in
parallel.

6.7 Select Inverter/Regulator/Charger ControlleNSlst has a list of
Inverter/Regulator/Charger Controller the desigman select from. It also
provides default regulator.

Step 7: PVSyst Simulation and Result Menu Part V :

7.1 Use PVSyst Simulation Menu to run the simaotatafter the
parameters have been set.

7.2 Use PVSyst Result Menu to view the simuratiesults and to export
the results in Excel file format for further proses).

Step 8: PVSyst Simulation Part VI : Use PVSyst oritonic Analysis
Menu to capture the prices of the system componeinistallation cost,
maintenance cost, VAT and tax rates and then genéna investment cost and
unit cost of energy.

4 Resultsand Discussion

Figure 2 shows the Category | Health Clinic’'s dalbad demand, as
presented in the simulation results. The CatedoHealth Clinic has daily
power demand of 2500watts which runs for an averaig® hours per day
resulting in daily energy demand of 11500Wh/day.

Figure 3 shows the simulation parameters for thi@wua system components
such as battery, PV, regulator etc. According guFe 3, a total of 43 PV modules,
each with 100 Wp are used in the system.
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Figure 2 The User’s Daily Load Demand of the Category | He&linic at Orlu LGA
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The 43 PV modules occupy a space of 385Also, according to the main
result, Figure 4, the yearly energy output of theteam is 5269Kwh/year while the
performance ratio is 58.4%. This means that abdué% of the total energy
produce by the PV modules are either lost or thé%1 is not supplied to the
load and battery bank. The losses are shown itofisediagram of Figure 5.
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Figure 4 Main Result of the SAPV for Category | Health @iat Orlu LGA

4 System Loss Flow Chart
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Figure5 Loss Diagram of The SAPV for Category | Healthn@iat Orlu LGA

The efficiency of the PV module when they operat&®C is different than
when they operate at other condition. Figure 6 shtive daily energy output
diagram of the system. The effective efficienayf.sr) of the PV under its
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operating conditions is computer from Figure 6akows:

(Effective Energy At The Output Of The Array in%)(loo)%

n.pv(eff) - {(Global Incidence on collector plane in Kwh/m?2/day)(Total Area of the PV module in mz)} ( )

The values of the Eq (3) are obtained from Figur@n@ hencengyrr IS

computed as:
(9.4 Kwh/day)

Npv(erf) = {(3Kwh/m2/day)(35.5m2)

} x100% = 8.836% (4)
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Figure 6 Daily Output Diagram of the SAPV for Category lafth Clinic at Orlu LGA

From Figure 6, the effective efficiency of the PWder its operating
conditions at is computed to be 8.83%, which isdothan 12.6% specified by
the manufacturer at Standard Test Condition (ST&8),shown in Figure 7.
According to Figure 8, the PV system supplies al®9% of the load demand.
The remaining 7.1 % of the load demand cannot ke me

The distribution and duration of the loss of loatipds within the year are
given in Figure 9. The total Loss of Load (Pr LGh)a year is 7.1% which is
equivalent to yearly T LOL of 623 hours; that istodal of 623 power outage
hours per year, as shown in Figure 9.
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Figure 8 The Solar Fraction Table

Figure 10 gives the economic analysis result. Thé gost of energy
produced from the SAPV is 81.5 Naira per KWh. Tkarly cost of the project is
317,763 Naira and the Gross investment cost foptbgect is 2,747,000 Naira.
The project lifetime is 25 years.
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Figure 10 The Economic Analysis Result
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5 Conclusion

In this paper, PVSyst simulated technical and escoa@erformance analysis
of stand-alone photovoltaic (SAPV) system for Catgd Health Clinic in Orlu
LGA in Imo State, Nigeria, is presented. The USAi@iegorisation of the health
clinics is used in the paper and accordingly, tla¢e@ory | Health Clinic in Orlu
LGA has daily electric energy demand of 11500 Wi/dde SAPV system at
Orlu has yearly energy output of 5269Kwh/year. B#d”V is designed to provide
electric power for the essential electric facibtiat the health clinic which is
located in the remote location of Orlu LGA where trid power is lacking. The
focus in the design is not to provide constant poswpoply with zero load
rejection. Rather, the SAPV is designed with re&yi high loss of load
probability in order to realize a SAPV system tataffordable to such small
health facility in the rural community.
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