Available online at www.pelagiaresearchlibrary.com

4
< = ) )
o~ -R- T Pelagia Research Library
—t ¥
IE Advances in Applied Science Research, 2015, 6(29-28
Library

Library
ISSN: 0976-8610
CODEN (USA): AASRFC

Sizing a stand-alone solar photovoltaic system faemote homes at
Bakassi Peninsula

1JohnF. Wansah*,*AliceE. Udounwa?Aondoever U. Mee andAbubakar D.Ahmed
'Department of Physics, University of Uyo, Uyo

“Department of Physics and Astronomy, University of Nigeria, Nsukka
®Department of Physics, MadibboAdama University of Technology, Yola

ABSTRACT

This study analyzes solar photovoltaic (SPV) module performance for sizing a stand-al one photovoltai c(PV) system
for remote homes in Bakassi Peninsula, a tropical evergreen rain forest region along the African Atlantic Gulf of
Guinea. The cost of a stand-alone SPV system and installation is calculated to be about N404,800.00. The total
average ampere hour per day required is 1386Ah/d, the number of batteries required is 2 batteries of 12VV- 200Ah
each and the number of solar modules required is 8modules of 80W each. A stand-alone solar PV power supply
system is established as a reliable and economical source of eectricity in rural remote areas; especially in
developing countries where the population is dispersed, with low income and lack power supply. The photovoltaic
system is environmentally friendly as opposed to conventional sources of energy that cause depletion of vegetation
and emit pollutantsinto the environment impacting it negatively.
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INTRODUCTION

TheSPV system converts the energy from the suttiireto direct current electricity. For remotecldions, stand-
alone or off-grid SPV system is used for home ligitvith a bank of battery back-up for use in tight In remote
localities and water logged areas, stand-alone §R¥ems are often cost-effective when comparedi¢onatives
such as petrol generators and utility line extem$id. The final cost of the SPV system ultimatdipends on the
SPV array size, the battery bank size and on theraomponents required for the specific applicesioA stand-
alone SPV power supply system is established adiable and economical source of electricity inatutremote
areas; especially in developing countries whereptimulation is dispersed, with low income and lpokver supply
due to viability and financial contrariness. Staildre SPV power supply systems have been studiBfiff other
regions. Since the solar energy yield often dodscomcide in time with the energy demand from to@nected
loads, additional storage systems (batteries) anemglly used [6]. The amount of time critical Isachn operate
depends on the amount of power they consume anehttrgly stored in the battery system. A typicakbadoattery
system may provide about 8kWh of energy storagena8hour discharge rate, which means that the rigattiéi
operate a 1kW load for 8 hours. A 1kW load is therage usage for a home when not running an aiitoner
[7]. TheSPV system typically consists of a SPV wreabattery bank, an inverter and loads. Thepawéput of a
solar array deviates with weather conditions; #hearding activity of the SPV system is therefordinal out the
optimal size of a solar array and battery to mead Idemand [8,9]. With rising fuel cost, concemdiéimate change
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and need to find alternative energyutions, solar PV technology is seen asotution tcenergy supply in remote
water-logged areas [10] likkakassi Peninsu [11], Fig. 1.
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Fig. 1: Areal View of Bakassi Peninsula, Gulf of Ginea

BakassiPeninsula is along the African Atlantic Gulf of @at. It liesbetween the Cross River estuary, near the
of Calabar on the west and the Rio de estuary on the east and@ighly between latitudes 4°25' and 5°10'N

longitudes 8°20' and 9°08[&1]. It consists of a number of I¢lying, largely mangrove covered islands covering
area of about 66km?2 [11]. The population of Bakassi Peninsula iaegally put at between 150,000 and 300,
people. A typical home has two rooms and a panlgtlr an average household of about seven persons. Sgc
Bakassi Peninsula is situated at the extreme @astet of the Gulf of Guinea, where the warm -flowing Guinea
Current (calledAyaEfiat in Efik) meets the cold nor-flowing Benguela Current (calleAyaUbenekang in Efik).

These two great ocean currents interact creatimgg fioamy breakers which cstantly advance towards the sh
and building submarine shoals very rich in fishjreps and wonderfully amazing variety of other marlife forms.
This makes the Bakassi area a very fertile fislgimaynd, comparable only to Newfoundland in Naktherica and
Scandinavia in Western Europe [11]. Most of the ypation makes their living through fishing. The missec
residents of this remote area use petrol gener&torslectricity but there is no petrol stationthre Peninsula,
they transport petl using boats from Oron and Ikang in Nigeria &hhcost and risk; there is therefore
compelling need for cheaper, available and enviemtad friendly source of alternative energy soltio The
objective of this stugl is to size a star-alone SPV sstem for the dispersed remote residential homeloaa

fishermen at Bakassi Peninsula.this study, the first objective was to calcultte total wattage of all the electric
appliances to be used, the total average amperepleoway required, thnumber of batteries of 12-200Ah each,
the number of solar photovoltamodule: (SPVMs) of 80W each, the cost of SPV system and instaliatthe
optical tilt angle, the incident solar radiationtheSPVMs and finally results obtained were diseds

MATERIALS AND METHODS
This study was carried out focagi on sizing SPV system so that the number of PV modules, capag€istorage
battery, capacity of invest and PV array tilt angle we optimally selecteds already stated by other scho[12-
15]. The following materials were used for this stu80W photovoltaic modules, 12¥9Acharge controller, 12V-
200Ah solar batteries, 1000\XC/AC inverter,solarimetermultimeter, 2.5mm connecting copgwires and other
accessories [8, 16], theset up vaashown in Fig. 2.

For the practical purpose of designing a solar &tesn, the solar irradiation at tioptimal tilt angl¢in July was
estimated using a linear approximation to calcullageoptimal tilt angle [1-20]:

Bopt = 3.7 + 0.69|9| (1)
wherefy,is the optimal tilt angle (deg) ai is the latitude of the site (deg);
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® = 23.45sin (300 Z224n) )

365

A polynomial approximation for the solar irradiatiat the optimal tilt angle is given as:
G(0)
G(ﬁopt) =

1-4.46 X10~*X Bopr— 1.19 ><10—4><B§pt

3

where5(fqy) is the solar irradiation on a surface at therogtitilt angle Whm), G(0)is the solar irradiation on the
horizontal plane\Whm?) and

popt is the optimal tilt angle (deg).

After calculating the optical tilt angle and thdasarradiation at the optimal tilt angle, five gaal accepted steps
were taking into consideration in sizing the statmhe SPV system for remote homes in Bakassi P@ainshe
five steps (a-e) are viz: Determination of powensanption demands, Optimization of power system aiwls,
Sizing the battery bank, Determination of the saark available per day and Sizing the PV array.[21]
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Fig. 2: Stand-alone SPV Power Supply System

a. Determination of Power Consumption Demands

In determining the power consumption demands [@1ist of the appliances/loads to be run from tR&/ System
was made for a typical house of about three rodrhe. power each device consumes while operatinglout
6hours (from 4:00pm to 10:00pm) was found out bingishe labels at the back and specification shehtsh list
the wattage, as shown in Table 1.

Table 1: Estimated Ratings of Appliances and Costs

Appliance Quantity | Power (W) per W';ZE r(shr/wk) pervv\\llztetkh(ovl\J/ﬁ/wk) Cost{N)
21"Colour Flat screen TV 1 75 6 x 7=42 75 x 42=3150) ,08Q.00
CD Playe 1 35 42 147(C 6,000.0(
Satellite Dish 1 30 42 1260 15,000.00
Table Fan 2 12.5 42 1050 12,000.00
Lights— 20W Fluorescel 3 22 x 3=6t 42 2772 3 x 1000.00 = 3,000.(
Total 231 9702 78,000.00

The following calculations were carried out:
-Direct current (DC) watt hours per week: Wh/wk arection for inverter Iosses—%’fx 1.2
-Inverter DC input voltage: 12 or 24 volts.

-Total amp hours per week used by alternating cti{®&C) loads
— Correctionofinverterlosses (in Ah/Wk)
- Total average amp hours per da‘;ﬁi/w—k) (in Ah/d)

7days

InverterDCinputvoltage
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b. Optimization of Power System Demands

The optimization of power system demands [21] waasied out as follows:

-Examination of power consumption and reduction @iver needs as much as possible, (the cost savargbe
substantial).

- Identification of large loads such as outdoortégh

- Replacement of incandescent fixtures with fluoeesdights wherever possible. (Fluorescent lammwige the
same level of illumination at lower wattage levels)

-Being creative and innovative in solar PV systenmngi.

- Revising the Load Sizing Worksheet with optimizedults for amendments.

c. Sizing the Battery Bank

The battery bank was sized by determining how natictage the battery bank should provide [21] dsi:

-Choose days of autonomy (DOA) i.e. the number ofsddne system is expected to provide power without
receiving an input charge from the solar array.

- Daily amp-hour requirement: 1386Ah/d

-Number of days of autonomy: 1day of consecutiveidjoweather expected in the area.

- Amount of amp-hours needed for storageailyamp/hourrequirement

xnumberofdays (in Ah)

- Depth of discharge (DOD) for the battery: Dischaiget is 20%
- Amp-hours of storage needed /depth of dischargi ﬁrf% (in Ah)
- Ambient Temperature Multiplier for wintertime: 8§ 26.7C is 1.00

- Capacity to overcome cold weather effecf(—js’zl;mmbienttemperaturemultiplier.

. . Tqtal batt it
-Number of batteries connected in parallel-s———2 <2PaY
Battery amp—hour

. . . N inal t It 12Vor 24V
-Number of batteries connected in serigyZnalsystemvoltage (12Vor 24V)

Batteryvoltage

. . N’ b batteriesi llel
-Number of batteries requiredharberofbatteriesinparatle

Numberofbatteriesinseries

d. Determination of the Sun Hours Available per Day

The sun hours available per day show how much swepthe modules are exposed to [21], this dependthe
following:

-Location and angle of SPV array: Solar arrays pogegteration capacity is dependent on the anglaeofays as
they hit the modules and insolation.

- Peak power occurs when the rays are at right arglperpendicular to the modules.

- Depending on the application, sun tracking mouwmts be used to enhance the power output by autcetigti
positioning the array.

- The average daily hours of sunshine for an artdgtidude tilt is about 5hours for the tropicalrrdorest region of
Bakassi, Cameroon and Nigeria.

e. Sizing the Array
The PV array was sized by considering the follow:
- Compensation for losses from battery charge/disgzh

=Totalaverageamp /hoursperdayx 1.2
_ (Compensationforlossesfrombatterycharge/discharge)

- Total solar array amps required

Averagesunhoursperdayinthearea
Totalsolararrayampsrequired

- Total number of solar modules in parallel reqdiire

Optimumorpeakampsofsolarmoduleused

(.e.)

Module's wattage

Peakpowerpointvoltage,usually 17.5V

- Number of modules needed to provide DC batteftage:

Totalnumberofsolarmodulesinparallelrequired

Total number of solar modules required
Mismatch Power Loss:

Numberofmodulesineachseriesstring

Pmax (mismatch loses) = (Pmax (module 1) + Pmax (module 2)) - Pmax (array)
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Pmax (array)

Utilization Factor: UF array) =

Pmax (module 1) +Pmax (module 2)

i.e. loss of power due to series and parallel cotors
RESULTS AND DISCUSSION

The prices of the components of ISPV system were obtained frdime local markets close Bakassi Peninsula.
The cost omaterials and transporti by boat to the mangroves wealculated as shown in Table

Table 2: Cost of SPV System and Installatn at Bakassi

Material Quantity Cost£N)

Solar Battery (200A-12V) 2 2x45,000.00 = 90,000.
SPV Module (80W) (Polycrystallin 8 8x25,000.00 = 200,000.
Charge Controller (20-12V) 1 15,000.00

DC/AC Inverter (1000VA 1 35,000.00
Accessoriegmeter, cables, .. 10,000.00
Transportatio 18,000.00
Installation Cost (10% of Total Co 10% of 368,000.00 = 36,800.
Total 404,800.00

Table 2 showshe basic materials required for a st-alone SPV system, the quantitiemnsportation and the total
cost of about04,800.00 which is affordable for an average fistan in the creel per yea but realizable over
months.However, the drawback SPV system is thénitial high capital cost compared conventional energy
sources [12] government assistance is therefore required fsebthe initial high capital cost for the low inme
dwellers of the Peninsula.this study, th¢<SPV modules used, SOL MODEL: SPA80 had the followiragameter
based on Standard Test Coratis (STC): an irradiance of 1,0Wm?, the standard reference spectral irradic
with Air Mass 1.5 and a cell temperature of 25%€ parameters are given in Table 3.

Table 3: SPV Module Parameters

Parameter Quantity/Unit
Peak Power, R, 80.08W
Voltage, Vg 17.96V
current, hyp 4.46A
Open Circuit Voltage, M 22.915V
Short Circuit Current,l 5.01A
Maximum Series Fuse 8A
Tolerance +5%

H|(A)
BV (V)
u Power (W)

V(V), I(A) and P(W)

123 456 7 8 9101

Time (hr)
Fig. 3: Power Output from 80W SPVM per day
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The values of the parameters in Table 3 are basestamdard laboratory test conditions which areappiicable in
field locations such as Bakassi Peninsula espgciiliring the raining season months of July, Augast
September. Thus, the power output from an 80W 8R®dule is below the maximum quoted due to the warath
conditions of the tropical rain forest region ire tmonth of July. The results V(V), I1(A) and P(W)tput are shown

in Fig. 3.

From Fig. 3, the power output from the 80W SPVM gay increased from about 37W at 8:00am to a maxirafi
about 66W at 2:00pm and then decreased to aboutat8/0pm; it was a sunny day.For this experimatay, the
averageinstantaneous power output per module aftatldV is a fair approximation for the month ofyJblut not
an accurate representation of the month.In thidysttwo solar PV modules (SPVM) of 80W each wergtde
outdoor in series and parallel connections undmsi¢al evergreen rain forest environment in Juhe tesult is
shown inTable 4. The readings were taken on hdaasys from 8:00am (1hr) to 6:00pm (11hrs) locaktim

Table 4: Power Output from two 80W SPVM Connectedn Series and Parallel

Time (hrs) Power Output in . Power Output Solar Radiation Ambient Weather
Series Connection (W)| in Parallel Connection (W) (Wm3 Temperature (°C) | Conditions
1 39.94 56.55 98.08 26 Clear
2 49.88 75.17 228.24 27 Sunny
3 87.31 100.48 344.96 28 Sunny
4 92.12 108.03 397.48 28.5 Sunny
5 93.96 121.3 465.74 29 Sunny
6 115.6 129.3 476.89 30 Sunny
7 122.52 150 564.09 30.5 Sunny
8 96.74 123.03 429.98 29 Sunny
9 69.94 108.45 385.76 28 Sunny
10 62.72 82.86 187.85 27 Sunny
11 48.39 60.01 68.09 26 Dull
Total 879.12 1,115.18

From Table 4, the solar radiation for the day \@rieom about 98.08Wih at 8:00am in the morning to about
564.09Wnt at 2:00pm in the afternoon and then to about 88183 at 6:00pm in the evening. The ambient
temperature increased from 26.0°C at 8:00am to ximuem of 30.5°C at 2:00pm and then decreased tatabo
26.0°C at 6:00pm. Table 4 also shows the result&y@fSPV modules power output connected in sernesparallel

for the experimental day in the month of July. Thenth of July was chosen because in the mangrovéseo
Bakassi Peninsula, the months of July, August apte8nber more often experience the heaviest clouerdn the
year due to heavy and continuous rainfall. Theltbtaurly SPV power output for the parallel conneunti(i.e.
N1,115.18W) was higher than for the series connediie.MN879.12W) for the experimental day in July because
there is more voltage gain in parallel connectind more current gain in series connection [22].80egally, SPV
modules connected in parallel give greater powetpwduthan those connected in series, although ad goo
combination of parallel and series connection uined for the best and desired output.The sumnoéryital
results for the sizing of a stand-alone solar P&teay for remote homes at Bakassi Peninsula is siroWwable 5.

Table 5 gives a quick review of the major calcwlias and measurements carried out in the study.stimsnary of
SPV system results for remote homes gives a quak of what it takes to install SPVM and the exgelcpower
output at Bakassi Peninsula. Generally, 1kW loatthésaverage usage of 8hrs for a home when notngram air
conditioner [6], therefore a typical backup battsygtem should provide about 8kWh of energy stoedge 8hour
discharge rate, which means that the battery wiirate a 1kW load for 8 hours. The power outpunhftevo 80W

SPVM in series and parallel connections is showrign 4.
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Table 5: Summary of SPV System Results for Remotedthes at Bakassi

S/IN Item Quantity/Unit
1 Costs of Appliance N 78,000.0
2 | Watt-hours per wee 9702 (Whiwk
3 Cost of SPV System and Installation — 404,800.00
4 Hourly Power Output in Series Connectio 879.12 W
5 Hourly Power Output in Parallel Conneci 1,115.18 V
6 Totalaverage amp hours per 1386 Ah/c
7 Number of 200Ah-12V batteries required 2 batterie
8 Average daily hour of sunshine 5 hours
9 Number of 80W SPV modules requi 8 module
10 | Mismatch power loss 183.26W
11 | Utilization factor 0.436
12 | Pras(module 81.07\
13 | Latitude of the sitep 14.11
14 | Optical tilt anglefop 13.43°
15 | Solar irradiation at horizontal plar@&(0) 331.56kWrit
16 | Solar irradiation at optical tilt anglG(Bop) 340.88kWn?
160
’;“ 140
= 120 = Power Output in
5_ 100 Series Connection
S 80 W
s o (W)
o .
% 40 u Pow?lr IOutput in
g 20 Parallel Connection
0 (W)
1 2 3 4 5 6 7 8 9 10 11
Time (hrs)
Fig. 4: Power Output from two 80W SPVM Connected irSeries and Parallel
70
60
g 50 - H |[luminated
< 40 - PV Power (W
]
2 30 - ® Shaded PV
(@]
o 20 - Power (W)
10 -
0 -
1 2 3 4 5 6 7 8 9 10 11
Time (hr)
Fig. 5: Power Output from llluminated and 70%Shaded80W SPVM

From Fig. 4, the maximum power output for seried parallel connections for two SPVMs occurred &0pm
which were about 122W and 150W respectively. Tha&imam power output of the total SPV array is alwéss
than the sum of the maximum power output of théviddal modules [22]. This difference is as a résiislight
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inconsistencies in performance from one modulé¢ortext and is called module mismatch and amoords least
2% loss in system power [7]. In the tropical raomefst region, there are always tall evergreen tifegtsoften cast
shadows of their leaves on the SPVMs causing partitotal shading [22-24]. The result of 70% smdof one
SPVM was compared with that of one SPVM fully illurated as presented in Fig. 5.

Fig. 5 shows a significant difference in power aitfrom the illuminated and the 70% shaded SPVMictviat
maximum power output were about 65W and 18W regpmdygt The power output decreases with increasing
shading of the solar cells andsolar panels coulddreaged by shading due to heat buildup [22]. Smaels in
parallel are less affected by shading as compai@$elar panels in series connection. Shading oI5 never a
good idea and couldlead to damaged panels befeie thtural lifetime which could bein decades. Minum
SPVMs away from natural obstacles like trees or-made obstacleslike chimneys and taller buildingsutd be a
must for proper and efficient operation.Generalging a stand-alone SPV system as discussed (2% 2ssential

in order to optimize SPV, the battery bank, therghaontroller, the inverter and the optical tifittlee PV modules
especially at the remote water-logged tropical faiast region of Bakassi Peninsula in the GuiGoinea.

CONCLUSION

The sizing of a stand-alone SPV power supply sysiera reliable and economical source of electriaityropical
rural remote rain forest region of Bakassi Penimsukather conditionshas been studied.A stand-aofex PV
power supply system is established as suitabledgeloping countries where the population is dispeémwith low
income and lack power supply especially water-laggamote forest region of Bakassi Peninsula. Thequoltaic
system is environmentally friendly as opposed toveational sources of energy such as petrol gesreused by
fishermen at Bakassithat causes global warmingletiep of vegetation and emit pollutants into thevzieonment
impacting it negatively.

REFERENCES

[1] GroumposPP, Papageorgiou$a|. Energy, 1987, 38, 314-351.

[2] AghaKR, SbitaMN Applied Energy, 200Q 65(1-4), 73-84.

[3] Shrestha GB,Goel LEEE Trans. on Energy Conversion, 1999,13(4), 373-378.

[4] Gordon JM Sol. Cells, 1987, 20, 295.

[5] Mellit A, J. of Electrical and Electronics Eng., 2007, 7(2), 459-4609.

[6] Apoorv V,Pandi T)nt J of Research in Eng and Applied Sciences, 2012 2(6), 419-50.

[7]1 Endecon EngineeringA Guide to Photovoltaic (PV) System Design and Installation, California Energy
Commission, California001, 95814.

[8] Lalwani M, Kothari DP, Singh Mint. J. of Applied Eng. Research,2011, 1(4), 951-961.

[9] Bhuiyan MMH, AliAM, Ren. Energy, 2003 28, 929-938.

[10] Kumra A, Gaur MK,Malvi CJnt. J. of Emerg. Tech. and Adv. Eng., 2012 8(20), 65-69.

[11]Gill TD, Dotinga H,Rosenne S, Molenaar EJ, Etik AGO, United Nations Publications, 2003 p. 212.

[12] Shen WX Ren. Energy, 2009,34(1), 348-352.

[13]Elsheikh IOE Applied Energy, 1995 52(2-3), 133-140.

[14] Hadj AA, Ait DB, Amimeur R, Lorenzo Esol. Energy, 1995 54(2), 99-104.

[15] Khatib T,J. of Applied Sciences, 201Q 10(13), 1212-1228.

[16] Koutroulis E, Kolokotsa D, Potirakis A,Kalaékis K, Sol. Energy, 2006 80, 1072—-1088.

[17] Elhab BR, Sopian K, Mat S, Lim C, Sulaiman MRuslan MH,Saadatian Ggientific Research and Essays,
2012 7(42), 3758-3765.

[18] Chandrakar A, Tiwari Yint. J. of Emerg. Tech. and Advanced Eng., 2013 3(4), 145-150.

[19] Yadav P,Chandel S8it. J. of Sust. Dev. and Green Economics, 2013 2(2), 85-89.

[20] Waziri NH, UsmanAM, Enaburekhan JS,Babakan®&ARes. J.,2014 2(2), 34-40.

[21] McCray M, Photovoltaic System Sizing Wor ksheet, Truckee 2001, 96160, pp 1-3.

[22] Alonso-Garcia MC, Ruiz JM, Herrmann YRén. Energy, 2006 31, 1986-1993.

[23] Woyte A, Nijs J,Belmans Fol. Energy, 2003 74, 217-233.

[24] Kawamura H, Naka K, Yonekura N, Yamanaka SwHmura H, Ohno H, Naito KSol. Energy Mater. Sol.
Cells,2003 75, 613-621.

[25] Sidrach-de-Cardona M,Lopez LIgol. Energy Mater. Sol. Cells, 1998 55, 119-214.

27
Pelagia Research Library



John F. Wansalet al Adv. Appl. Sci. Res., 2015, 6(2):20-28

[26] Shaema LM, Jeyaprabha SB,Anagha Git,J. of Eng. and Adv. Tech., 2014 3(4), 223-229.

28
Pelagia Research Library



