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Abstract – In the recent years, photovoltaic (PV) power 

generation has been receiving considerable attention as one 

of the more promising renewable energy for the generation of 

electrical power. The reason in this rising lies in PV direct 

conversion of sunlight to electricity, the non-polluting nature 

of the conversion process, and PV’s independence of fossil 

and nuclear fuels. To date, the widespread of PV generation 

has been hampered by economic factors. Therefore, the low 

of conventional energy sources has obviated the development 

of a broad based PV technology at the present time. This 

paper discusses the modelling of 40KW PV standalone grid 

system useable for off grid application. It highlights the 

introduction of PV system, computation of number of panel, 

battery rating, charge controller, inverters and DC-AC 

converters. PV generation could be justified only for special 

situations, mostly for remote sites where utility lines or other 

conventional means of furnishing energy may be 

prohibitively expensive and almost impossible to deliver 

power from the grid.  
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I. INTRODUCTION 
 

The absorption of sun light by semiconductors P.V cell 

create electron hole pair which if separated built up a 

voltage potential. A current I flows through the junction as 

long as the light is on the surface. 

The p – side get positive (+ve) while the N side get (-ve) 

the cell becomes forward bias, causing a forward bias 

current to flow. 

As long as the radiation stays on the forward bias 

Voltage Vo can be measuring as the open circuit voltage. If 

the terminals are short circuited, current Is appears with its 

current density js. On application of load, voltage V 

developed across the load and the cell short circuit current 

still generated by the ray of light but is now opposed by a 

forward current If , current density jf 

 
Fig.1. Equivalent circuit of solar cell 

 

If j is the current density, and js is short circuit current 

density, jo is an open circuit  current density and jf is 

forward current density then, 
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The short-circuit current is due to the generation and 

collection of light-generated carriers. For an ideal solar 

cell at most moderate resistive loss mechanisms, the short-

circuit current and the light-generated current are identical. 

Therefore, the short-circuit current is the largest current 

which may be drawn from the solar cell. 

The short-circuit current depends on a number of factors 

which are described below: 
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 The area of the solar cell. To remove the dependence of 

the solar cell area, it is more common to list the short-

circuit current density (jsc in ma/cm
2
) rather than the 

short-circuit current; 

 The number of photons (i.e., the power of the incident 

light source). Isc from a solar cell is directly dependant 

on the light intensity. 

 The spectrum of the incident light. 

 The optical properties (absorption and reflection) of the 

solar cell 

 The collection probability of the solar cell, which 

depends chiefly on the surface passivation and the 

minority carrier lifetime in the base. 

In this modelling, Table 1 shows the pyrometer 

measurement of solar radiation from the sun on a 

horizontal surface at Owo, Ondo State and Sobe in Edo 

State had to be generated. The unit of measurement is 

watt/m
2
. (Amount of solar available per unit area is known 

as the irradiance symbol I and unit kw/m
2
 or watt/m

2
 ) 

 

Table 1: Solar Radiation Daily Data – Owo, Ondo state and Sobe, Edo state 

 

(Owo) (Sobe) 

Day/ Year 2010 2011 2012 2013 2011 2012 2013 

1 176.3 184.2 162 162 172.8 174.5 171.9 

2 151.9 160 174.4 169 158.1 159.9 162.1 

3 151.9 176.1 194.4 186.3 180.9 188.1 196.3 

4 143.8 168.1 164.3 161.6 161.6 168.8 171.4 

5 168.2 176.1 164.7 148.4 153.8 155.6 147.5 

6 151.9 152 172.8 159.3 148.4 147.6 147.5 

7 168.2 143.9 189.8 164.7 175.5 166.5 180 

8 144 168.1 140.7 129.9 130 137.1 123.8 

9 160.2 160 186.3 186.3 180.9 180 192.2 

10 171.6 143.9 164.7 178.2 168.5 158.4 167.8 

11 207.6 127.8 189 194.4 196.8 169.3 192.2 

12 151.9 135.9 146.1 138 132.6 126.3 123.8 

13 176.3 127.8 162 153.8 167.4 150.3 163.8 

14 168.2 143.9 157.3 153.8 143 134.1 131.3 

15 151.9 168.1 156.6 167.4 159.3 163.8 163.8 

16 160 184.2 164.7 172.8 167.4 174.5 171.9 

17 130.1 135.9 194.4 183.6 179.1 180.1 204.4 

18 151.9 160 191.7 173.6 180.9 182.7 196.3 

19 135.7 143.9 208 172.8 180.9 182.8 204.4 

20 168.2 135.9 194.4 180.9 191.7 180.1 204.4 

 

II. THE MODELLING DESIGN 
  

A photovoltaic energy conversion system consist of 

solar array, an electrolyte battery storage. A significant 

portion of the work centred on the development of a load 

matching device between PV array and battery. The unit 

include charge controller, inverters and DC-AC converter. 

Circuit breaker of ratted values. Duplication of unit may 

be necessary to feed a bus bar for Bulk energy production 

 

III. BATTERY BANK 
 

The battery storage bank consists of deep cycle cells, 

arranged in series for desire bus voltage. The batteries are 

an advanced lead-acid design with electrolytes 

confinement within glass mats  

surrounded with plates. This allows horizontal mounting 

of the batteries they are rated 80 per cent depth of 

discharge (DOD). This is significantly greater than 

standard lead acid batteries which suffers capacity 

degradation if discharge below 80 per cent. The AH rating 

of the battery selected should be equal to or greater than 

AH calculated. 

IV. AC INVERSION HARDWARE 
  

AC output inverters handle the main DC-AC inversion. 

This converts DC voltage to AC voltage output. They can 

work in series or in parallel. 

The inverter require DC source voltage of rated range 

and disable circuit if DC input fall below a prescribed 

value, thus protecting battery source from excessive 

discharge. Supply factor application to inverter is 90 per 

cent of rated value.  

 

V. MODEL OF 40KW PV GRID SYSTEM 
  

The equipment consist of four photovoltaic arrays  

360m
2
 with combine  output of 50kw model  and de-rating 

factor of 0.8 gives 40kw plant, each array has 100 number 

of 125watt solar cell totalling  400 PV cells. The 

prescribed arrangement are 100 arrays SW 40
0
, 100 Arrays 

SW 90
0
, 100 Arrays S-E 90

0
 and 100 Arrays SE 40

0
 to 

enable maximum tracking of the sun.  
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Twenty cell of 12V ratings are connected in series and 

the five series circuit are connected separately to feed a 

DC-DC matching converters of 250-400 inputs. 

A lead acid battery storage and two set of 25KW 

inverter feeding local grids. The system is built around a 

voltage bus (200 – 240) V in an effort to reduce system 

ohm losses. 

 
 

Computation of Battery Bank  

40kw power in the mini grid is required for 24hrs.    

Watt hour = 40,000W at 24hrs 

The system voltage is 200V implies that: 

System Amps HR = 
System Watt

System Voltage
 

 
40,000

200
 = 200Amps  

The system needs 200A for 24 hours. 

Twenty No (20) series connected 12V DC Battery will 

produce the required voltage. This is considered to be a set 

of Battery Bank. 

A set of 200AH with C10 ratting (C rating = Ability to 

deliver stored energy. At 60% depth of discharge (DOD) 

200Amps is delivered for 1hr. at 60% DOD 

recommended. 

120Amps is delivered in 24 hours.  

Dividing by 24 implies that it will supply 5Amps in 1 

hour.  

To meet 200Amps demand per hour will need 

200

5
= 40 pairs  

Note that each pair has 20 batteries  

Total no of batteries needed = 20 x 40 = 800 

800 number of 12V deep circle batteries. 

With a supply factor to compensate for temperature 

changes and battery ageing are taken care by the flexibility 

of grid voltage change 

Charge Controller sizing 
System power = 40,000W 

No of system pair = 40 

Watt per pair =
40000

40

W
 

         = 1000W  

Battery bank voltage = 200V 

Controller I = 
1000

200
 

         = 5 amps 

Safety factor of 1.25 

 5 x 1.25 = 6.25 per set 

 

Table 2: Bill of engineering materials and measurement for 40KW stand-alone PV system 

Item No Type of Item No: Req’d Unit price N Amount N 

1 PV module – Model XYZ – 90 400 120,000.00 48,000.000.00 

2 Solar mounting Structure 400 10,000.00 4,000,000.00 

3 Hardware for connecting module to frame Lot 50,000.00 50,000.00 

4 Hardware for connecting frame to ground Lot 500,000.00 500,000.00 

5 Cable between module and DC-DC converter 10 mm
2
 20 coils 16,000.00 320,000.00 

6 Cable between converter and DC bus 25mm 
2
 10 coils 25,000.00 250,000.00 

7 hardware for cable trunking Lot 120,000.00 120,000.00 

8 Solar regulator  125amps 2 150,000.00 300,000.00 

9 Hardware for fastening controller to wall  10,000.00 10,000.00 

10 Fuse/circuit breaker between solar module/controller Lot 60,000 60,000.00 

11 Batteries 200 amps/h 800 80,000.00 64,000,000.00 

12 battery terminal 1600 50 80,000.00 

13 Battery racks/stands (if required) Lot 120,000.00 120,000.00 

14 Battery charger 1 35,000.00 35,000.00 

15 Covering for terminals 1600 50.00 8,000.00 

16 Cable between controller and battery 25mm 
2
 5coil 35,000.00 105,000.00 

17 Lighting arrester 1set 165,000.00 165,000 

18 Inverter 125 amps 2 800,000 1,600,000.00 

19 Cable between  inverter and charge controller 5 coils 35,000.00 175,000.00 

20 Cable between inverter and AC bus bar 25mm 
2
 3coils 35,000.00 105,000.00 

21 Cable between charger and batteries  16mm 
2
 3 coils 30,000.00 90,000.00 

22 Generator 5KVA 1 220,000.00 220,000.00 
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23 Cables between generator and charger 25mm 
2
 3 coil 35,000.00 105,000.00 

24 16mm 2 cable for battery terminal 20 30,000.00 600,.000.00 

25 System fuses or switch fuse 6 1,000 6,000.00 

26 Lights for shed/battery room Lot 10,000.00 10,000.00 

27 100AMPS switch gear 2 60,000.00 120,000.00 

28 Earth cable 10 mm 
2
 5 coils 10,000 00 50,000.00 

29 hardware for lights/switches Lot 5,000.00 5,000.00 

30 lighting cable 10 coils 1,500 15,000.00 

31 Installation tools (recommend tech prepares a list)  50,000.00 50,000.00 

 

Compulsory Safety Equipment 

32 Safety goggles  10,000.00 10,000.00 

33 Leather gloves  3,000.00 3,000.00 

34 Water washing bottle  1,000.00 1,000.00 

35 Bicarbonate Soda  4,000.00 4,000.00 

36 Water Bucket  5,000.00 5,000.00 

 TOTAL   121,297,000 

 

VII. CONCLUSION 
 

This system can be used as distributed generating 

system for off grid applications in small communities or 

group of communities. And this will reduce the cost of 

transmission line in bad terrains and coastal communities 

or communities that can be regarded as too far from the 

grid line. 
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