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ABSTRACT  

Three solar PV cell technologies; monocrystalline, polycrystalline and amorphous silicon have been 

considered in the design of isolated grid solar PV system for Yabiw rural community in the Western 

region of Ghana. In the design, ambient temperature of 28.3℃ and irradiance of 4.2kWh/m
2
/day were 

considered. Results show that, the least rating of charge controller of 161.55A was required in the 

case of monocrystalline while there was a marginal difference of 163.2A and 163.5A in the case of 

polycrystalline and amorphous-silicon respectively. A standard cable size of 25mm was however 

required for all the three solar PV cell technologies. The highest impact of choice of solar PV cell 

technology was realized in the cost of solar panels and area required for installation. The least cost of 

solar panels was in the case of polycrystalline while there was 18.3% and 30.54% increment in the 

cost of monocrystalline and amorphous silicon respectively as compared to polycrystalline. Also, 

amorphous silicon technology required the highest area of 195.3m
2
 for installation while there was a 

marginal difference of 156m
2
 and 157.2m

2
 of area required for monocrystalline and polycrystalline 

respectively. Considering the climatic conditions of Yabiw and its impact on the various solar PV cell 

technologies, using  polycrystalline solar PV cell technologies  for isolated grid rural electrification 

projects can therefore significantly reduce project cost since solar panels contribute about 44% of 

components cost of solar PV rural electrification projects.  

Key words: Solar PV Cell, monocrystalline, polycrystalline, amorphous silicon, islolated grid, solar 

PV system 
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INTRODUCTION 

At rural electrification rate of about 52% as compared to urban electrification rate of  90% Ghana 

aims at achieving 30% rural electrification through decentralized renewable energy projects for 

the residential by the year 2020 [1,2]. However whereas there is the need to provide electricity to 

rural communities, there are equally good arguments for assuring that cost is reasonable in 

comparison to the benefits; that supply options are adapted to the need, environmental 

considerations and project preparation is based on adequate information.[3] 

Designing photovoltaic systems for electrification must be based on understanding, relevant 

informationand necessary economic analysis. It involves detailed inspection of the location of 

the photovoltaic system installation, getting detailed information, including geographical 

location, weather data, on-site situation, load conditions, the user requirements and 

performance.[4] This is because environmental factors such as wind speed and direction, dust 

accumulation, humidity, and ambient temperature affect the performance of solar PV modules 

[5, 6]. The performance testing of PV modules at outdoor conditions is therefore required to have 

an accurate estimation of output of PV modules under specific climate.[7] 
 

Researchers and scientists have worked on the performance evaluation of photovoltaic systems 

under different climates. Amin et al. (2009) conducted an experimental study to evaluate the 

performance of four solar PV modules (monocrystalline, polycrystalline, amorphous silicon, and 

Copper Indium Diselenide (CIS)) in Malaysia. The results showed that amorphous silicon and 

Copper Indium Diselenide (CIS) solar cell had better performance ratio than monocrystalline and 

polycrystalline silicon solar cells in Malaysia climate condition[8]. Ghazali andRahman (2012) 

in a related research also measured and determined the efficiency of poly-crystalline, mono-

crystalline and amorphous silicon solar module under hot-humid climate of Malaysia using 

single axis solar tracker as a strategy to improve the performance of the modules. It was realized 

that poly-crystalline solar module had better performance ratio and average module efficiency as 

compared to the other tested PV modules. [9] .Carr and Pryor (2004)evaluated and compared the 

performance of five different PV modules using an outdoor facility in the climate of Perth and 

found that amorphous silicon module has highest performance ratio with maximum energy 

produced at that site[10].Akhmad et al. (1997)in a related research alsoinvestigated the outdoor 

performance of polycrystalline and amorphous silicon module and found that amorphous silicon 

module has better efficiency and output power in summer [11]. Midtgard et al (2010) conducted 

a similar study at the site of Norway to investigate the performance of three PV modules 

(monocrystalline, polycrystalline, and triple junction amorphous silicon). It was concluded that 

monocrystalline module was better in terms of moduleefficiency and overall power production. 

[12, 7] 

 

There is therefore evidence that modules of differing technologies could be more suited to 

certain specific climates [9,10].Mieke (1998) reported that in the tropical climate of Malaysia, 

with high ambient temperatures and high humidity during the wet season, the a-Si array produces 

up to 20% more energy than the p-Si array[13]. Akhmad et al. (1997) have also indicated that a-

Si modules may be more suited to tropical climates[11]. 
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The general characteristics of monocrystalline, polycrystalline and  various thin film (amorphous 

silicon, Cadmium Telluride (CdTe) and Copper Indium Gallium Selenide (CIS/CIGS)) solar PV 

cell technologies is summarized in Table 1 below 

 

Table 1:Solar PV Cell ComparisonChart;Monocrystalline, Polycrystalline and thin-film 

 

 Monocrystalline Polycrystalline Amorphous 

Silicon 

CdTe CIS/CIGS 

Typical module 

efficiency 

15-20 13-16 6-8 9-11% 10-12 

Best research 

cell efficiency 

25.0 20.4% 13.4% 18.7% 20.4 

Area required 

for 1kWp 

6-9 8-9 13-20 11-13 9-11 

Typical length 

of warranty 

25 25 10-25   

Lowest price 0.75$/W 0.62$/W 0.69$W   

Temperature 

resistance 

Drops 10-15% at 

high 

temperatures 

Less 

temperature 

resistant than 

monocrystalline 

Tolerates 

extreme heat 

Relatively low impact 

on performance 

Additional 

details 

Oldest cell 

technology and 

most widely 

used 

Less silicon 

waste in the 

production 

process 

Tend to degrade faster than crystalline-

based solar panel 

 

Low availability on the market 

 

Source: Energy Informative (http://www.energyinformative.org/solar-cell-comparison-chart-

mono-polycrystalline-thin-film/) 

 

 

MATERIALS AND METHODS 

Three solar panels of different cell technologies consisting of monocrystalline, polycrystalline 

and amorphous silicon were considered in the design of community-level isolated grid solar PV 

system for Yabiw rural community in the Western Region of Ghana as a case study. Design 

factors of 1.7 and 0.3 for diversity factor and demand factors respectively, as considered in rural 

electrification projects of Ghana were factored in sizing the solar PV system. 

All the three solar panels considered were consciously selected from the same manufacturer, 

have the same guaranteed output power ratings performance for a 20 year period and are all 

suitable for off-grid electrification. Ambient temperature of 28.3℃ and solar irradiance of 

4.2kWh/m
2
/day considered in analyses were obtained from the database of RETScreen to ensure 

long term accurately measured project site climatic conditions. The load assessment of the 

Yabiw rural community was carried out using load assessment form. The impact of project site 

temperature on the performance of various solar panel technologies at the project site has been 

considered and finally, the impact of the various solar panel technologies on other solar PV 

system components of the designed isolated grid system has been analyzed.  

http://www.energyinformative.org/solar-cell-comparison-chart-mono-polycrystalline-thin-film/
http://www.energyinformative.org/solar-cell-comparison-chart-mono-polycrystalline-thin-film/
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I. LOAD ASSESSMENT AND DESIGN CONSIDERATIONS 

Load assessment and design considerations for Yabiw has been summarized in Table 2 and 

Table 3respectively 

Table 2: Electricity consumption characteristics of Yabiw rural community 

 

Appliance Average Power 

Consumption/unit (W) 

Quantity Average Duration of 

use/day (h) 

Power 

Factor 

Lights 20 708 8 0.8 

TV 100 57 5 0.7 

Fan 60 46 5 0.7 

Sound System 75 45 5 0.7 

Iron 1800 31 0.22 1.0 

Heater 1000 12 0.2 1.0 

Refrigerator 150 21 9 0.7 

Electric Kettle 2200 2 0.17 1.0 

Mobile phones 5 108 2 0.7 

DVD 40 32 5 0.7 

Other (P.A. system) 100 1 6 0.7 

 

Table 3: Load diversity considered for typical rural electrification projects of Ghana 

 

Design parameter Design Factor 

Demand Factor 0.3 

Diversity Factor 1.7 

 

Source: JICA 2006 [14] 

 

Specification of solar PV system components 

 

 Storage Battery specifications 

Opz Solar 280 battery has been considered in design, its specifications is given in Table 4. 

 

Table 4: OPz Solar 280 battery specifications  

 

Battery Capacity(𝐶𝑎𝑐𝑐 ) 296 Ah 

Discharge time   (𝐷𝑡) 48 h 

Battery voltage(𝑉𝑎𝑐𝑐 ) 6 V 

Battery efficiency(𝐵𝑒𝑓𝑓 ) 80% 

(Source: www.battery.co.za) 

http://www.battery.co.za/
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 Solar panel specifications 

 

Specifications ofmonocrystalline, polycrystalline and amorphous silicon SHARP solar PV 

modules considered in design are shown in Table 5 

 

Table 5: Specifications of SHARP solar PV modules  

 

Parameter NT series  

170Wp 

ND Series 

170Wp 

NA-851Wp Unit 

Cell technology Mono-

crystalline 

Poly-

crystalline 

Amorphous 

silicon 

 

Rated power (𝑃𝑚𝑎𝑥 ) 170 170 100 𝑊𝑝  

Open circuit voltage (𝑉𝑜𝑐 ) 44.2 29.3 65 V 

Short circuit current (𝐼𝑠𝑐) 5.30 8.04 2.20 A 

Voltage at maximum power  (𝑉𝑝𝑚 ) 35.0 23.2 52.0 V 

Current at maximum power (𝐼𝑝𝑚 ) 4.86 7.33 1.94 A 

Module efficiency (ή𝑚 ) 13.1 13 8.1 % 

Temperature coefficient –open 

circuit (𝛼𝑉𝑜𝑐 ) 

-156mV/°𝐶 -104 mV/°𝐶 -0.3%/℃  

Temperature coefficient-short 

circuit current  (𝛼𝐼𝑠𝑐) 

+0.053 +0.053 +0.070 %/

°𝐶 

Temperature coefficient-power 

(𝛼𝑃𝑚 ) 

-0.485 -0.485 -0.24 %/

°𝐶 

Dimensions 1.30 1.31 1.05 𝑚2 

 

(Source: www.comel.gr/en/solar_sharp.html) 

 

Solar Irradiation 

 

The solar irradiation considered for the design is shown in Table 6 

 

Table 6: Minimum daily solar irradiation  

  

Location Takoradi 

Minimum daily solar irradiation ( Hi) 4.2 kWh/m
2
/day 

Source: (www.retscreen.net) 

 

Ambient temperature 

 

The solar irradiations considered for the design is shown in Table 7 
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Table 7: Maximum ambient temperature for location 

  

Location Takoradi 

Maximum air temperature (°𝐶) 28.3 

Average annual temperature (°𝐶 ) 26.6 

Source: (www. retscreen.net) 

 

Cable  

Copper cable is considered for design; its specification is shown in Table 8 

Table 8: Cable specifications 

Type of conductor Copper 

Resistivity (ρ) 0.0183 

Cable length (L) 15m 

 

Assumed Design considerations 

 

Other assumed design considerations have been shown in Table 9 

 

Table 9: Other design considerations 

 

Parameter Factor considered 

Inverter efficiency( 𝐼𝑛𝑣%) 94% 

Derated output factor of solar PV( 𝐸𝑔𝑒𝑛) 80% 

Depth of Discharge (DOD) of battery 50% 

Days of Autonomy (𝑇𝑎𝑢𝑡 )  2 days 

Allowable percentage  voltage drop(𝛥𝑉% ) 3% 

 

 

II. ESTIMATEDSOLAR PV MODULE  PARAMETERS AT PROJECT SITE 

 

 

The performances of solar PV modules are affected by ambient temperature in which they 

operate.  Equations to determine solar panels parameters at project site are given by the equations 

1, 2 and 3 below. 

 

𝑉𝑥°𝑐  =  𝑉𝑆𝑇𝐶-  𝛾𝑣 × (𝑇𝑥°𝑐 −  𝑇𝑆𝑇𝐶)        (1) 

 

𝑃𝑥°𝑐  =  𝑃𝑆𝑇𝐶  -  𝛾𝑝 × (𝑇𝑥°𝑐 −  𝑇𝑆𝑇𝐶)          (2) 

 

𝐼𝑥°𝑐  =  𝐼𝑆𝑇𝐶  - 𝛾𝑖 × (𝑇𝑥°𝑐 −  𝑇𝑆𝑇𝐶)          

 (3) 

 

Where 
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𝑉𝑥°𝑐 , 𝑃𝑥°𝑐 ,𝐼𝑥°𝑐   are voltage, power and current at the specified temperature respectively  

𝑉𝑆𝑇𝐶 ,𝑃𝑆𝑇𝐶 ,𝐼𝑆𝑇𝐶   are voltage, power and current at STC respectively 

𝛾𝑣, 𝛾𝑝 ,𝛾𝑖   are voltage,  power and current temperature coefficient respectively 

𝑇𝑥°𝑐is Cell temperature, in ℃ 

𝑇𝑆𝑇𝐶 is temperature at standard test condition (25℃ )  

 

 

The cell temperature (𝑇𝑥°𝑐) at project site is given by the equation 

 

𝑇𝑥°𝑐  =  𝑇𝑎𝑚𝑏  + 25°𝐶         (4) 

 

where(𝑇𝑎𝑚𝑏 )  is the ambient temperature. 

 

Considering maximum ambient temperature of 28.3 °𝐶 and from equation (4), 

𝑇𝑥°𝑐=     28.3 °𝐶    + 25 °𝐶 

= 53.3°𝐶 

 

 

The solar PV moduleparameters estimated at project site using equations 1,2 and 3 are shown in 

Table 10 below 

 

 

 

 

Table 10:  Solar PV module parametersestimated at Yabiw to be considered for design 

 

Solar PV module NT series  

170Wp 

ND Series 

170Wp 

NA-851Wp Unit 

Cell technology Mono-

crystalline 

Poly-

crystalline 

Amorphous 

silicon 

 

Rated power(𝑃𝑚𝑎𝑥 )  146.67 146.67 93.21     Wp 

Open circuit 

voltage(𝑉𝑜𝑐 ) 

39.79 26.36 59.48 V 

Short circuit current 

(𝐼𝑠𝑐) 

5.38 8.16 2.24 A 

Voltage at maximum 

power (𝑉𝑝𝑚 ) 

30.59 20.26 47.58 V 
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III. SOLAR PV SYSTEM DESIGN 

Estimation of system voltage 

The equation to determine input power (𝑃𝑖𝑛 ) of the connected loads from the inverter is given as; 

𝑃𝑖𝑛   =  
𝑃𝑜

𝐼𝑛𝑣%
                  (5) 

Where (𝑃𝑜) the output ispower of the connected loads and (𝐼𝑛𝑣%  ) is the efficiency of the 

inverter. 

Considering inverter efficiency of 94%, the input power of the various electrical loads to be 

considered for all the three types of solar PV cell technologies is given in Table 11 

Table 11: Input power estimated for Yabiw rural community 

Electrical Appliance Total Power 

 

Applying demand and 

diversity factors  (0.3) 

and  (1.7) respectively  

Design 2 

Input Power 

 

Light 14160 2498.82 2658.32 

TV 5700 1005.88 1070.09 

Fan 2760 487.06 518.15 

Sound System 3375 595.59 633.60 

Iron 55800 9847.06 10475.59 

Heater 12000 2117.65 2252.82 

Refrigerator 3150 555.88 591.36 

Electric Kettle 4400 776.47 826.06 

Mobile phones 540 95.29 101.38 

DVD 1280 225.88 240.30 

Other( P.A. System) 100 17.65 18.77 

Total   19386.42 

Since the input power is above 10 kW, a system voltage of 120 V is to be considered for the 

design of the isolated grid system.           

Inverter sizing 

 

The size of the inverter required, rated in volt amperes (VA) depends on the total power (𝑃𝑇) and 

the power factor (p.f) of the connected load. The equation to determine the apparent power rating 

(𝑃𝑉𝐴) of the inverter is given as 

 

𝑃𝑉𝐴  =  
𝑝𝑇

𝑝 .𝑓 .
                 (6) 

From equation (6), the apparent power rating of the various electrical appliances for design of 

solar PV system has been estimated in Table 12a 
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Table 12a: Apparent power estimated for Yabiw rural community 

 

 

 

 

 

 

 

 

 

 

Surge power(𝑃𝑠) and nominal (𝑃𝑛) ratings of Inverter 

The equation to estimate the surge power rating (𝑃𝑠) of inverter for solar PV system is given by 

equation (7) below 

𝑃𝑠(VA)  =   k × Power          (7) 

Where (k) is a factor that takes into account surges during the start of loads.  In order to estimate 

surge power rating of the inverter, the loads have been grouped into loads that incorporate 

motors and loads that do not incorporate motors in Table 12b and the surge power rating (Ps) 

and nominal power ratings (Pn) of the inverter estimated in Table 13. Design factor of 3 has been 

considered for loads that incorporate motors and 2 for loads that do not incorporate motors[15].  

Also design factor of 1.1 is considered for estimating nominal power ratings of the inverter. 

 

Table 12b: Total apparent power of loads with motors and loads without motors for Yabiw rural 

community 

 

Load Description Components Total  Apparent 

power rating 

(VA) 

Design 2 

Load without 

motor 

Light, TV, Sound system, Iron, 

Heater, Electric Kettle, Mobile 

phones, DVD, P.A. System 

18636.55 

Load with motor Refrigerator, Fan 1489.92 

 

Electrical 

Appliance 

Total Power 

Design  

Power 

factor 

Apparent Power (VA) 

Design  

Light 2498.82 0.8 3123.53 

TV 1005.88 0.7 1436.97 

Sound System 595.59 0.7 850.84 

Iron 9847.06 1.0 9847.06 

Heater 2117.65 1.0 2117.65 

Electric Kettle 776.47 1.0 776.47 

Mobile phones 95.29 0.7 136.13 

DVD 225.88 0.7 322.69 

Other 17.65 0.7 25.21 

Fan 487.06 0.7 695.80 

Refrigerator 555.88 0.7 794.12 

Total   20126.47 
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Table 13: Nominal power and surge power ratings of inverter required for all solar PV cell 

technologies (monocrystalline, polycrystalline and amorphous silicon) 

 

 Load 

Description 

Total Power Nominal 

Power 

(VA) 

Surge power  (VA) 

 

 

Loads without 

motor 

18636.55 20500.21 37273.10 

Loads with 

motor 

1489.92 1638.91 4469.75 

Total  22139.12 41742.85 

Daily energy demand 

The equation used to determine the daily energy demand (Wh/j) per unit household is given as 

Wh/j =𝑃𝑖𝑛 × t                (8) 

Where (𝑃𝑖𝑛 ) is the input power of electrical appliances and (t) is the duration of use of the load in 

a day.  From equation 8, the daily energy demand to be considered for all the three solar PV cell 

technologies are estimated in Table 14 

Table 14: Daily energy estimated for Yabiw rural community 

Electrical 

Appliance 

Input Power 

(W)   

 

Average 

duration of 

use/day (h) 

Daily energy 

demand (Wh) 

 

Light 2658.32 8 21266.58 

TV 1070.09 5 5350.44 

Fan 518.15 5 2590.74 

Sound System 633.60 5 3168.02 

Iron 10475.59 0.22 2304.63 

Heater 2252.82 0.2 450.56 

Refrigerator 591.36 9 5322.28 

Electric Kettle 826.06 0.17 140.43 

Mobile phones 101.38 2 202.75 

DVD 240.30 5 1201.50 

Other 18.77 6 112.64 

Total   42110.58 

Considering 

10% Security 

coefficient 

(Etot) 

  46321.63 
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Battery Bank Capacity sizing 

The size of battery bank capacity required depends on total daily energy demand(𝐸𝑡𝑜𝑡 ), Days of 

autonomy(𝑇𝑎𝑢𝑡 ), Battery efficiency(𝐵𝑒𝑓𝑓 ), System voltage(𝑉𝐵𝐵) and Depth of Discharge (DOD) 

of the battery. The equation to determine the capacity of battery bank (𝐶𝐵𝐵) is given as 

 

𝐶𝐵𝐵   = 
𝐸𝑡𝑜𝑡  ×𝑇𝑎𝑢𝑡

𝑉𝐵𝐵 ×𝐵𝑒𝑓𝑓 × 𝐷𝑂𝐷
              (9) 

 

 

From equation (9) and considering specifications of OPz Solar 420 given in Table 4, capacity of 

battery bank (𝐶𝐵𝐵)   for all the solar PV cell technologies is estimated as 

 

𝐶𝐵𝐵  = 
46321 .63  ×  2

120  ×  0.8 × 0.5
  

=  1930.07 

The equation to determine the number of batteries in a string (Nbs)  is given as ; 

 

Nbs  = 
𝑉𝐵𝐵

𝑉𝑎𝑐𝑐
               

(10) 

From equation (10),number of batteries in string (𝑁𝑏𝑠 ) for solar PV system is estimated as           

(𝑁𝑏𝑠 )  = 
120

6
 

=             20 

The equation to determine the number of parallel strings of batteries is also given as 

 

Nbp  = 
𝐶𝐵𝐵

𝐶𝑎𝑐𝑐
                

(11) 

where(𝐶𝐵𝐵) is the battery bank capacity  and (𝐶𝑎𝑐𝑐 ) is the  individual battery capacity 

 

 

From equation (11), number of parallel strings of batteries (𝑁𝑏𝑝 ) required is estimated as  

  

(𝑁𝑏𝑝 )  = 
1930.07

296
  

= 6.52 (Approximately 7 strings are required) 
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Having estimated the number of batteries in string (Nbs) and the number of parallel strings of 

batteries (Nbp) required, the equation to determine the total number of batteries installed (NB ) is 

given as 

 

𝑁𝐵  = Nbs×Nbp               

(12)  

 

 

From equation (12), Number of batteries to be installed (𝑁𝐵) is estimated as 

 

𝑁𝐵  = 20× 7 

=  140 

Capacity of battery bank to be installed (𝐶𝐵𝐵 𝑖𝑛𝑠𝑡𝑎𝑙𝑙 ) for all solar PV cell technologies 

(monocrystalline, polycrystalline and amorphous silicon) is estimated as 

𝐶𝐵𝐵 𝑖𝑛𝑠𝑡𝑎𝑙𝑙  = 296 × 140  

=  41440 Ah 

Solar panel sizing 

The minimum output power of solar PV panel (𝑃𝑐𝑚𝑖𝑛  ) required in solar PV system depends on 

the total daily energy demand (𝐸𝑡𝑜𝑡 ), battery efficiency (𝐸𝑏𝑎𝑡 ), Daily Solar Irradiation of the 

location (Hi) and the Derated output factor of Solar PV (𝐸𝑔𝑒𝑛 ). The equation to determine the 

minimum output power of solar PV panel required is given as 

𝑃𝑐𝑚𝑖𝑛    = 
𝐸𝑡𝑜𝑡

𝐻𝑖×𝐸𝑏𝑎𝑡 ×𝐸𝑔𝑒𝑛
              (13) 

From equation (13) and considering total daily energy demand (𝐸𝑡𝑜𝑡 )  of 46321.63Wh in Table 

14, battery efficiency (𝐸𝑏𝑎𝑡 ) of 80% in Table 4, Daily Solar Irradiation of the location (Hi)  of 

4.2 kWh/m
2
/day in Table 6 and the Derated output factor of Solar PV (𝐸𝑔𝑒𝑛 ) of 80% in Table 9. 

The minimum output power of solar PV panel (Pcmin) required for all the three solar PV cell 

technologies is estimated as 

 

 

 𝑃𝑐𝑚𝑖𝑛  = 
46321 .63

4.2 × 0.8 × 0.8
   

=  17232.75Wp 

Monocrystalline 

 

The number of solar PV modules in series(𝑁𝑀𝑆) is given by the equation  

 

𝑁𝑀𝑆    = 
𝑉𝐵𝐵

𝑉𝑀
              (14) 
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Where 𝑉𝑀 is the nominal voltage of the panel calculated to be 30.59 at the project site.From 

equation (14), number of solar PV modules in series(𝑁𝑀𝑆) for monocrystallinesolar PVcell 

technology is estimated as         

𝑁𝑀𝑆   =           
120

30.59
  

=  3.92 (approximately 4 strings required) 

The equation to determine the number of parallel strings of solar PV modules (𝑁𝑠𝑝 ) is given as 

 

𝑁𝑠𝑝   = 
𝑃𝐶𝑚𝑖𝑛

𝑃𝑚𝑎𝑥 ×𝑁𝑀
        

 (15) 

 

From equation (15), the number of parallel strings of solar PV modules (Nsp) is estimated as  

 

 

𝑁𝑠𝑝   = 
17232 .75

146.67×4
 

= 29.37 (Approximately 30 strings are required) 

 

Having estimated the number of solar PV modules in a string (NMS) and the number of parallel 

strings of  PV modules (Nsp), the equation to determine the total number of solar PV modules to 

be installed (𝑁𝑇𝑀  ) is given as; 

 

𝑁𝑇𝑀   = 𝑁𝑀𝑆 × 𝑁𝑆𝑃            (16) 

 

 

From equation (16), the total number of solar PV modules to be installed ( 𝑁𝑇𝑀) is estimated as; 

 

𝑁𝑇𝑀   =           4× 30   

 = 120 modules 

The power rating of the PV array installed (𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠 ) is given by the equation 

 

𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠  = 𝑃𝑚𝑎𝑥 × 𝑁𝑇𝑀          (17)  

From equation (14), the power rating of the PV array installed (𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠 ) is estimated as; 

 

𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠  =  146.67× 120 

= 17600.4Wp 
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Polycrystalline 

 

From equation (14), number of solar PV modules in series(𝑁𝑀𝑆) for polycrystalline solar PV cell 

technology is estimated as         

𝑁𝑀𝑆   =           
120

20.26
  

=  5.92 (approximately 6 strings required) 

From equation (15), the number of parallel strings of solar PV modules (Nsp) is estimated as  

 

 

𝑁𝑠𝑝   = 
17232 .75

146.67×6
 

= 19.58(approximately 20 strings are required) 

From equation (16), the total number of solar PV modules to be installed ( 𝑁𝑇𝑀) is estimated as; 

 

𝑁𝑇𝑀   =           6× 20   

 = 120 modules 

From equation (17), the power rating of the PV array installed (𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠 ) is estimated as; 

 

𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠  =  146.67 × 120 

= 17600.4Wp 

 

Amorphous silicon 

 

From equation (14), number of solar PV modules in series(𝑁𝑀𝑆) for amorphous silicon solar PV 

cell technology is estimated as         

𝑁𝑀𝑆   =           
120

47.58
  

=  2.52 (approximately 3 strings required) 

From equation (15), the number of parallel strings of solar PV modules (Nsp) for is estimated as  

 

 

𝑁𝑠𝑝   = 
17232 .75

93.21×3
 

= 61.63(approximately 62 strings are required) 
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From equation (16), the total number of solar PV modules to be installed ( 𝑁𝑇𝑀) is estimated as; 

 

𝑁𝑇𝑀   =           3× 62   

 = 186 modules 

From equation (17), the power rating of the PV array installed (𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠 ) is estimated as; 

 

𝑃𝑉𝑎𝑟𝑟𝑎𝑦𝑖𝑛𝑠  =  93.21× 186 

= 17337.06Wp 

 

Charge controller sizing 

 

 

The charge controller nominal current (𝐼𝑐𝑐 ) must be greater than the maximum output current of 

the solar PV installed (𝐼𝑃𝑉𝐺 )  and the maximum connected load current (𝐼𝑙𝑜𝑎𝑑 ). The equation to 

determine the charge controller nominal current is therefore given as 

𝐼𝑐𝑐   ≥  Max ( 𝐼𝑃𝑉𝐺  ; 𝐼𝑙𝑜𝑎𝑑 )           (18) 

The maximum output current of the solar PV installed (𝐼𝑃𝑉𝐺 )   is given as 

𝐼𝑃𝑉𝐺   = 𝑁𝑆𝑃 × 𝐼𝑠𝑐          (19) 

Where (𝑁𝑆𝑃) is the total number of strings of solar PV array installed and (𝐼𝑠𝑐  ) is the short 

circuit current of each solar PV module. 

The maximum connected load current (𝐼𝑙𝑜𝑎𝑑 )  is given as 

𝐼𝑙𝑜𝑎𝑑  = 
𝑃𝑖𝑛

𝑉𝐵𝐵
          (20) 

Where (𝑃𝑖𝑛 ) the input is power and  (𝑉𝐵𝐵) is the system voltage 

 

Monocrystalline 

From equation (19) and considering total number of strings of solar PV array installed (𝑁𝑆𝑃  ) of 

30 and short circuit current of each solar PV module(𝐼𝑠𝑐) of 5.38 A,maximum output current of 

the solar PV installed (𝐼𝑃𝑉𝐺 ) for monocrystalline solar PV cell technology is estimated as 

 

𝐼𝑃𝑉𝐺    = 30× 5.38  

  =  161.4 A 

From equation (20) maximum connected load current (𝐼𝑙𝑜𝑎𝑑 ) is calculated as 
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𝐼𝑙𝑜𝑎𝑑   =    
19386.42

120
  

=       161.55 A 

Since the current of the charge controller to be considered should be the highest of (𝐼𝑃𝑉𝐺 )and 

(𝐼𝑙𝑜𝑎𝑑 ), the charge controller should have minimum rating of 161.55 A 

 

Polycrystalline 

From equation (19) and considering total number of strings of solar PV array installed (𝑁𝑆𝑃  ) of 

20 and short circuit current of each solar PV module (𝐼𝑠𝑐) of 8.16 A,maximum output current of 

the solar PV installed (𝐼𝑃𝑉𝐺 ) for  is estimated as 

 

𝐼𝑃𝑉𝐺    = 20× 8.16  

  =  163.2 A 

From equation (20) maximum connected load current (𝐼𝑙𝑜𝑎𝑑 ) is calculated as 

𝐼𝑙𝑜𝑎𝑑   =    
19386.42

120
  

=       161.55 A 

Since the current of the charge controller to be considered should be the highest of (𝐼𝑃𝑉𝐺 )and 

(𝐼𝑙𝑜𝑎𝑑 ), the charge controller should have minimum rating of 163.2 A 

 

Amorphous Silicon 

From equation (19) and considering total number of strings of solar PV array installed (𝑁𝑆𝑃  ) of 

73 and short circuit current of each solar PV module (𝐼𝑠𝑐) of 2.24 A,maximum output current of 

the solar PV installed (𝐼𝑃𝑉𝐺 )  is estimated as 

 

𝐼𝑃𝑉𝐺    = 73× 2.24  

  =  163.52 A 

From equation (20) maximum connected load current (𝐼𝑙𝑜𝑎𝑑 ) is calculated as 

𝐼𝑙𝑜𝑎𝑑   =    
19386.42

120
  

=       161.55 A 

Since the current of the charge controller to be considered should be the highest of (𝐼𝑃𝑉𝐺 )and 

(𝐼𝑙𝑜𝑎𝑑 ), the charge controller should have minimum rating of 163.52 A 
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 Size of cable  

The size of cable(A)  to be used between the solar PV array and the inverter depends on the 

resistivity of the cable (ρ), the length of the cable (L) , the total current of the installed solar PV 

array installed (𝐼𝑛𝑠𝑝), the expected percentage voltage drop (𝛥𝑉%)  and the voltage rating of the 

solar PV array (U).  This is given by the equation; 

 

𝐴 >
2×𝜌×𝐿×𝐼𝑛𝑠𝑝

𝛥𝑉%×𝑈
         (21) 

Monocrystalline 

Considering voltage drop (𝛥𝑉%)  of 3%, copper conductor of resistivity (𝜌) of 0.0183, cable 

length (𝐿 ) of 15 m, current of 30 parallel strings  (𝐼𝑛𝑠𝑝 )  of 161.4A and voltage rating of solar 

PV array (U ) of 159.16 V , the thermal size of cable required (A)  for  monocrystalline solar PV 

cell technology from equation (21) is given as 

 A>
2 × 0.0183 × 15 ×30× 5.38 

3% × 4×39.79
 

>         18mm 

The size of the cable should be greater than 18 mm. The available standard cable size to be 

considered is 25mm   

Polycrystalline 

Considering voltage drop (𝛥𝑉%)  of 3%, copper conductor of resistivity (𝜌) of 0.0183, cable 

length (𝐿 ) of 15 m, current of 30 parallel strings  (𝐼𝑛𝑠𝑝 )  of 163.2 A and voltage rating of solar 

PV array (U ) of 121.56 V , the thermal size of cable required (A) for  polycrystalline solar PV 

cell technology from equation (21)  is given as 

 A>
2 × 0.0183 × 15 ×20× 8.16 

3% × 6×20.26
 

>         24.56mm 

The size of the cable should be greater than 24.57 mm. The available standard cable size to be 

considered is 25mm   

Amorphous silicon 

Considering voltage drop (𝛥𝑉%)  of 3%, copper conductor of resistivity (𝜌) of 0.0183, cable 

length (𝐿 ) of 15 m, current of 73 parallel strings  (𝐼𝑛𝑠𝑝 )  of 163.52 A and voltage rating of solar 

PV array (U ) of 142.74 V , the thermal size of cable required (A) for  amorphous silicon solar 

PV cell technology from equation (21) is given as 

 A>
2 × 0.0183 × 15 ×73× 2.24 

3% × 3×47.58
 

>         20.96mm 
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The size of the cable should be greater than 20.96 mm. The available standard cable size to be 

considered is 25mm   

RESULTS AND DISCUSSION 

The estimated size of solar PV system components required for the isolated grid considering 

monocrystalline, polycrystalline and amorphous silicon solar PV cell technologies has been 

summarized in Table 15 

Table 15: Solar PV system components required for isolated grid solar PV system for Yabiw 

rural community for various solar PV cell technologies. 

System component Monocrystalline Polycrystalline Amorphous silicon 

Number of Solar Panels 120 120 186 

Total capacity (W) 17600.4 17600.4 17337.06 

Charge controller (A) 161.55 163.2 163.55 

Cable (mm) 25 25 25 

Battery Bank Capacity(Ah) 41440 41440 41440 

Inverter size: Nominal 

rating(VA) 

Surge rating     (VA) 

22139.12 

41742.85 

22139.12 

41742.85 

22139.12 

41742.85 

From Table 1 considering minimum cost of $0.75/W, $0.62/W and $0.69/W for monocrystalline, 

polycrystalline and amorphous silicon respectively, the total cost of various solar panel 

technologies is shown in Fig 1  

 

 

Fig 1: Cost of solar panels required for different solar PV technologies 
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From Table 5, considering area size of 1.3𝑚2, 1.31𝑚2 and 1.05𝑚2 for monocrystalline, 

polycrystalline and amorphous silicon respectivelythe total area required for various solar panel 

technologies is shown Fig 2  

 

Fig 2: Total area required for the installation of different solar PV cell technologies 
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size and battery bank capacity since their sizing did not depend on parameter of solar panels. The 

highest impact of solar panel technology on the designed isolated grid system for Yabiw was 

realized in the cost and the required solar panels considered for design. The solar panel cost 

estimated was $11962.6, $10112.3 and $13,200.3 for monocrystalline, polycrystalline and 

amorphous silicon respectively as shown in fig 2. The least cost of solar panels was in the case of 

polycrystalline while there was 18.3% and 30.54% increment in the cost of monocrystalline and 

amorphous crystalline solar PV technologies as compared to polycrystalline. Amorphous silicon 

technology required the highest area of 195.3 for installation while there was a marginal 

difference of 156 and 157.2 of area requirement for monocrystalline and polycrystalline solar PV 

cell technologies. 
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CONCLUSION 

Cost has beenidentified as a major challenge against the use of solar as an off-grid technology for 

rural electrification in Ghana with cost of solar panels contributing about 44% of the total cost of 

solar PV systems components required for rural electrification projects [16, 17].Considering the 

climatic conditions of Yabiw and its impact on the various solar PV cell technologies, using 

polycrystalline solar PV cell technologies for isolated grid rural electrification projects can 

therefore significantly reduce project cost. 
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