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Abstract- The photovoltaic (PV) energy is rising to be the next generation energy. It provides solution to the gap between 
energy demand and energy availability. At the same time PV technology is the strongest growing electricity generation 
technology, which also provides a solution to the global warming. Almost every portion of the tropical India is favorable for 
adopting this technology. PV energy is being used across the world with different conversion technologies as autonomous 
power packs and as grid-integrated systems. Type of converter and load depends on the application to which it is intended. 
This paper presents the analysis of solar powered home lighting system practically and verifies the design of the system for 
reliable and optimal performance. Also, the solar home lighting system is simulated using MATLAB. The system taken for 
study consists of a Solar panel of 37Wp, a 25 AH battery, a Solar charge controller and DC loads of one 9W CFL and a DC fan 
of 20W. Energy balance study is carried out by using energy available with the existing system under different loading 
conditions. Depending upon the analysis from energy balance study, suggestions have been made to improve and recalculate 
the capacity requirements of the system based on the solar radiation conditions of the location considered. 
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I. INTRODUCTION 
 
A solar photovoltaic system generates electrical 
energy when incident to solar radiation. This power 
can be applied to different loads with appropriate 
conversion processes. Solar photovoltaic technology is 
the only technology that converts sun energy to 
electricity directly. Solar PV systems can be in the 
form of stand alone, grid connected and hybrid 
systems. Small stand-alone systems became popular 
because clean, cheap, noiseless and safe renewable 
electrical energy can be produced at the location of 
utilization. Once installed, there is little or no 
maintenance cost involved with the system. Another 
feature, which attracts the people towards PV systems, 
is long standing panel output reliability. Tarak Salmi 
et. al. Gave detailed modelling of photovoltaic cell 
based on modelling equations. They validated the 
model, designed and simulated with an experimental 
test bench.  
 
Solar irradiation details for different Indian cities are 
given in. Barca et al. Presented a novel maximum 
power point tracking (MPPT) charge regulator for a 
photovoltaic stand-alone telecommunication system. 
A high efficiency stand-alone photovoltaic lighting 
system with high brightness LEDs was proposed by 
Hua. An equivalent model of PV cell was given by 
Tarak Salmi et. Al. in [5] based on mathematical 
equations. 
 

This model allows the prediction of PV cell 
performance under various environmental and 
physical conditions. PV system modelling is covered 
in detail with PSPICE in [6] for both stand alone and 
grid connected systems. Hristiyan et. al. proposed a 

new energy management tool for micro grid including 
Photo Voltaic generators provided energy study of a 
solar home lighting system. In the existing solar 
power pack, it is observed that, battery gets discharged 
completely during the night and it is unable to supply 
the energy required to run the load continuously in the 
night. The energy generated and consumed is 
monitored and four types of loading conditions are 
considered on the power pack viz. No load, 
Night-time load, Day-time load, Continuous load in 
order to evaluate the energy balance (Surplus / 
Necessary) under different loading patterns using 
existing capacity of the system. This study is also 
simulated on MATLAB/ SIMULINK software for the 
PV panel and loads of various results. For analysis, the 
solar radiation data of Guntur for the month of March 
are used. Depending upon this study, the suggestions 
have been made to improve and recalculate the 
capacity requirements of the system based on the 
loading patterns.  
 
II. STAND-ALONE SOLAR HOME 

LIGHTING SYSTEMS (SHS) 
 
The following Fig. 1 shows the representation of a 
stand-alone solar home lighting system. 

 
Fig. 1 Stand-alone solar home lighting system 
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Stand-alone PV systems are usually installed in 
remote areas, where there is no utility grid or it is 
difficult or even impossible to use any other source of 
power supply. No other power system can match the 
reliability of an expertly designed and installed solar 
PV system.  
 
III. BLOCK DIAGRAM AND 

COMPONENTS 
 
A general block diagram of photovoltaic system is 
shown in 
Fig. 2. 

 

 
Fig. 2 Block diagram of photovoltaic system 

 
The major components of solar home lighting system 
are 
1. Solar panel – 12V, 37Wp 
2. Solar charge controller – 12V, 5A 
3. Battery – 12V, 25Ah 
4. DC loads: 

i. CFL – 12V, 9W 
ii. DC Fan – 12V, 20W 

 
IV. CONCEPT OF THE EQUIVALENT 

PEAK SOLAR HOURS (PSH) 
 
It is useful to present the concept of the equivalent 
peak solar hours (PSH) defined as the length of an 
equivalent day in which the irradiance is 1000 W/m2, 
Tcell=250C, in such a way that the radiation (time 
integral of the irradiance over the day) is the same in 
one sun-equivalent day as in a real day. 
 
If the real irradiance profile in a given day is G(t) and 
that the irradiance of the equivalent day is 1 KW/m2 by 
definition during a time of length PSH hours, then the 
total daily radiation in the real day has the same value 
as in the equivalent day, then 
 

∫dayG(t).dt = 1.PSH                              (1) 

The energy balance in a PV system is established by a 
general equation stating that the energy consumed in a 
given period of time equals the energy generated by 
the PV system in the same period of time. This energy 
balance method uses the peak solar hours (PSH) 
concept to write the energy balance equation in a given 
day, as:     

PmaxGrPSH = L                                  (2) 
 
Where, PmaxGr is the nominal output power of the PV 
generator at standard conditions. PSH is the value of 
the peak solar hours (which is numerically equal to the 
global in-plane radiation in KWh/m2day). L is the 
energy consumed by the load over this average (or 
worst) day. 
 
Equation (2) can now be written for two design 
scenarios: 

(a) Worst-case design: 
PmaxGr(PSH)min = L                           (3) 

(b) Average-case design: 
PmaxGr(PSH)avg = L                           (4) 

 
Where, (PSH)min is the value of PSH in the worst 
month and (PSH)avg is the average value of the 12 
monthly PSH values. Replacing the nominal 
maximum power of the PV generator by its value: 

        VmGrImGr(PSH)avg = L                          (5) 
 
Considering that a PV generator is composed of NsG 
series string of NpG parallel PV modules, it obviously 
follows that: 

NsGVmMrNpG ImMr(PSH)avg = L                  (6) 
Where, VmMr and ImMr are voltage and current 
coordinates of maximum power point of one PV 
module under standard conditions. Hence, the basic 
design equation is:   

NsGNpG = L / (VmMrImMr(PSH)avg)               (7) 
Usually, the loads in a standalone PV system are 
connected to a DC voltage, namely Vcc. The load L can 
now be written as: 

L =  24Vcc Ieq                                                 (8) 
Where, Ieq is the equivalent DC current drawn by the 
load over the whole day.  

NsGVmMr NpG ImMrPSH = 24Vcc Ieq                   (9) 
Equation (9) can be split into two equations to obtain 
the NsG series strings of NpG parallel PV modules.  

NsG = Vcc/VmMr                                             (9a) 
NpG = 24Ieq / (ImMr(PSH)avg)                    (9b) 

The Solar irradiance profile of Guntur city in W/m2 
for the month of March [10] is as shown in Table. I. 
 
Table. I Solar Irradiance profile of Guntur city in 
W/m2 for the month of March for a particular day 

Time in 
hrs 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Irradiance 
In W/m2 

0 3 174 380 612 685 830 907 861 620 511 346 112 0 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-7, July-2014 

Energy Balance Study of Solar Home Lighting System 
 
8 

The graphical plot of solar irradiance of Guntur city 
for the month of March for a particular day is as shown 
in Fig. 3. 
 
Solar irradiance profile, shown in Fig. 3, is integrated 
with respect to time for the complete day to get PSH 
value of that day and is shown in Fig. 4. 
 

 
Fig. 3 Plot of  Solar Irradiance (W/m2) of Guntur city for the 

month of March on a particular day 
 

Fig. 4 Integration of Solar Irradiance of Guntur city for the 
month of March on a particular day From the graph, it is clear 

that 6.00hrs is the value of PSH. 
 
Using this information, the value of equivalent day 
total energy delivered b the module during the day 
length of PSH is given by, 37W x PSH = 37 x 6 = 
222Wh/day. 
 
V. DAILY ENERGY BALANCE IN A PV 

SYSTEM 
 
The procedure described in above section to size the 
PV array for a given application can be extended to 
calculate the size of the battery required [6]. For this, 
in a standalone PV system, the following cases are 
considered: 
 
1. No load 
2. Night-time load 
3. Day-time load 
4. Continuous load 

A. CASE 1: No Load 
Due to the incident solar radiation, there is a current 
induced in the battery. The magnitude of this current 
is proportional to the Irradiance level. The following 
figure, Fig. 5, shows the graphical plot of battery 
current of solar home lighting system for the month of 
March on 12th March assuming solar home lighting 
load is zero. 
 
After integrating the battery current-voltage product 
with respect to time the graphical plot, shown in Fig. 
6, which is the energy gained by the battery in one day, 
12th March, when the load is zero, is obtained.  
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Fig. 5 Plot of battery current of the solar home lighting system 

without any load on 12th March 
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Fig. 6 Plot of battery energy gained in one day (12th March) 

without any load 
 
From Fig. 6, it is clear that, the battery energy gained 
in one day without any load comes to be equal to 
142Wh/day. This means that out of 222Wh/day 
energy delivered by the module, the battery gains 
energy of 142Wh/day. 
 

B. CASE 2: Night-time Load 
Now for the solar home lighting system, the load is 
switched on between 18:00hrs and 21:00hrs i.e. for 3 
hours on 13th March. 
 
The following figure, Fig. 7, shows the battery current 
when the load is switched on between 21:00hrs and 
23:00hrs. 
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Fig. 7 Plot of the battery current when the load is switched on 

between 18:00hrs and 21:00hrs on 13th March. 
 
The following figure, Fig. 8, shows the plot of load 
current when the load is switched on between 
21:00hrs and 21:00hrs on 13th March. 
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Fig. 8 Plot of load current when the load is switched on between 

18:00hrs and 21:00hrs on 13th March 
 
Using the MATLAB software, the current-voltage 
product of battery is integrated with respect to time to 
obtain the battery energy. The following figure, Fig. 9, 
shows the plot of the battery energy on 13th March 
when the load is switched on between 18:00hrs and 
21:00hrs. 
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Fig. 9 Plot of the battery energy when the load is switched on 

between 18:00hrs and 21:00hrs on 13th March. 
It is clear from the above graph that, the battery energy 
gained during the day i.e. when the solar energy is 
available is 142 Wh. 
During the night, when solar energy is not available, 
the battery supplies energy to the load. From the above 
graph, this energy supplied to load is given by, 142 – 
70 = 72Wh. 
 

Therefore, at the end of the day, energy balance is 
70Wh/day. Since, the total energy supplied by the 
battery is 72Wh, the capacity of the battery needed in 
this case is given by, 72Wh / 12V = 6Ah. It can be seen 
that, our present battery capacity i.e. 25Ah is sufficient 
to supply the load of one CFL and one DC fan for 3hrs. 
 

C. CASE 3: Day-time Load 
Now for the solar home lighting system, the load is 
switched on between 13:45hrs and 16:15hrs i.e. for 
2.5 hours. The following figure, Fig. 10, shows the 
battery current when the load is switched on between 
13:45hrs and 16:15hrs on 14th March. 
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Fig. 10 Plot of the battery current when the load is switched on 

between 13:45hrs and 16:15hrs on 14th  March. 
 
It is clear from Fig. 10 that, the battery current while 
supplying the load between 13:45hrs and 16:15hrs 
(i.e. for 2.5hrs) goes negative if the load is switched on 
for more time. Because, as the energy gained by the 
battery decreases (since the incident solar radiation 
decreases by the end of the day), most part of the 
energy gained by the battery has to be supplied to the 
load.  
 
The following figure, Fig. 11, shows the plot of load 
current when the load is switched on between 
13:45hrs and 16:15hrs on 14th March. 

0 5 10 15 20
0

0.5

1

1.5

2

Time in hours ---->

B
at

te
ry

 c
ur

re
nt

 in
 A

 --
-->

 
Fig. 11 Plot of load current when the load is switched on between 

13:45hrs and 16:15hrs on 14th March 
Using the MATLAB software, the current-voltage 
product of battery is integrated with respect to time to 
obtain the battery energy. The following figure, Fig. 
12, shows the plot of the battery energy when the load 
is switched on between 13:45hrs and 16:15hrs on 
14thMarch.  
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Fig. 12 Plot of the battery energy when the load is switched on 

between 13:45hrs and 16:15hrs on 14th March. 
 
It can be seen that, the battery gains energy up to 
13:45hrs. During the period, when the load is 
switched on from 13:45hrs to 16:15hrs (2.5hrs), the 
battery supplies energy to the load. When the load is 
not available from 16:15hrs, the battery again charges. 
Battery energy gained until 13:45hrs = 88Wh Energy 
supplied by the battery to the load = 94.5 – 88 = 6.5Wh 
From Fig. 12, it is clear that, the energy balance at the 
end of the day when the loads of one CFL and one DC 
fan are switched on between 13:45hrs and 16:15hrs is 
107Wh/day (approx). 
 

D. CASE 4: Continuous load 
Now the load of one CFL and one DC fan is switched 
on continuously for 24 hours. The following figure, 
Fig. 13, shows the plot of battery current when the 
load of 1CFL and 1DC fan is switched on continuously 
for 24 hours on 16th March. 
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Fig. 13 Plot of battery current with complete load in one day 

(16th March) 
 
Using the MATLAB software, the current-voltage 
product of battery is integrated with respect to time to 
obtain the battery energy. The following figure, Fig. 
14, shows the plot of the battery energy when the load 
is switched on continuously on 16th March. 
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Fig. 14 Plot of battery energy with complete load in one day (16th 

March) 
 
Hence, from Fig. 14, to supply the load of 1 CFL  and 
1 DC fan, battery capacity should be at least 460Wh 
i.e. 460/12 = 38.33Ah. Therefore, the present battery 
capacity of 25Ah must be improved to 40Ah (approx). 
 
VI. OPTIMUM DESIGN OF SOLAR HOME 

LIGHTING SYSTEM 
 
For Solar home lighting system, VmMr = 16.4V, ImMr = 
2.2A. 
Where, VmMr and ImMr are the voltage and current 
coordinates of the maximum power point of one PV 
module under standard conditions and Vcc = 12V. 
Since, NsG = Vcc/VmMr 
                  = 12/16.4 
                  ≈ 1 (approx)   and  
NpG = 24Ieq / (ImMr(PSH)avg) 
       = 24x2/(2.2x5.457) 
       ≈ 4 (approx) 
 
Hence, to run the load of one CFL and one DC fan 
continuously for 24 Hours with solar power, four 
modules of 37W solar panels should be connected in 
parallel. 
 
Therefore, if four 37W panels were used, energy 
gained by battery in one day would be 142 x 4 = 
568Wh. 
 
However, energy lost in one day, with full load, with 
one panel, is 460Wh. 
 
So, with 4 panels, supplying battery and load, energy 
balance at the end of day would be 568-460 = 
108Wh/day 
 
VII. SIMULINK MODEL OF SOLAR HOME 

LIGHTING SYSTEM 
 
The following figure, Fig. 15, shows the simulink 
model of Solar home lighting system with one solar 
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panel of 12V, 37Wp; a solar charge controller; a 
battery of 12V, 25Ah; DC loads of 1 CFL of 12V, 9W 
and 1 DC fan of 12V, 20W, done using MATLAB 
software.  

 

 
Fig. 15 Simulink model of Solar home lighting system 

 
The following figures Fig. 16 to Fig. 19 show the 
graphs representing the voltage and current of the 
solar panel, battery and the DC loads: CFL and DC fan 
respectively. With the help of this simulink model, not 
only the present loads but also the loads of any 
required capacities can be simulated. 

0 1 2 3 4 5
0

5

10

15

Time --->

P
an

el
 v

ol
ta

ge
 a

nd
 c

ur
re

nt
 --

-->

Panel voltage 

Panel current

 
Fig. 16 Graph of voltage and current of the solar panel 
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Fig. 17 Graph of voltage and current of the battery 
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Fig 18: Graph of voltage and current of the DC load: CFL 

(resistive load) 
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Fig. 19 Graph of voltage and current of the DC fan 

 
CONCLUSION 
 
A solar photovoltaic power system is analyzed 
practically and energy balance study is done and its 
performance is simulated with MATLAB/Simulink. 
For the loads considered, following changes should be 
incorporated in the system: 
1)    Three more panels of 37Wp should be added in 

parallel with the existing single panel of solar 
home lighting system. 

2)     Present battery of 25Ah must be replaced with a 
40Ah   battery. 

 
Also, the simulink model of solar home lighting 
system, using one panel, can be extended to using four 
panels connected in parallel and its performance can 
be observed. 
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