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EXCUTI VE SUMMARY  

 
India is running one of the largest SPV programme among the developing countries. 

Storage batteries are being the most critical component of any SPV system in view of 

cyclic availability of the sun in 24h domain and the intermittent nature of available 

radiation. Since there is no systematic study on various aspects of selection and 

performance of lead-acid and other storage batteries for PV applications in the literature 

CSIR-Central Electrochemical Research Institute and MNRE- Solar Energy Centre 

submitted an Research and Development Technology  project namely ñDesign and 

Development of Batteries for SPV Applicationsò to Ministry of New and Renewable 

Energy[MNRE].The broad objective of the project is to optimize the battery performance 

in various PV applications by way of developing suitable lead-acid batteries and their 

charging mechanism. 

The specific objectives are: 

1. Failure analysis of the used batteries in the existing solar PV applications 

2. Design and Development of suitable lead-acid batteries for SPV applications 

3. Development of test protocols for batteries SPV application 

4. Exploring battery chemistries other than lead-acid battery 

5. Studying of existing circuit designs for charge controllers and optimizing their 

performance 

6. Dissemination of information thus generated through workshop and conferences. 

 

The duration of the project is four years from April 2008 onwards. The cost of the project 

is Rs.  236.90 lakhs and CSIR-CECRI share is Rs.133/- lakhs. CSIR-CECRI has 

undertaken the following works and completed: 

4

Studies conducted at CSIR-CECRI
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The following are the conclusions: 

 

1. Performance of Valve Regulated Lead-acid battery [VRLAB] and flooded tubular 

lead-acid battery are better than the low maintenance flat plate lead-acid battery 

on account of low operational window, minimal water loss and good state of 

health. 

2. Sulphation is the major failure mode in lead-acid battery operated under partial 

state of charge [PoSC] operation. The crystallization mode of lead-sulphate 

changes from three dimensional to two modes as the specific gravity moves down 

from 1.280 to 1.220.  

3. The performance of PIC based Pulse Width Modulation charge controllers are 

better than the conventional series type charge controller. 

 

The coordinators for the project are: 

 

     1. Dr.P.C.Pant                        ---     MNRE- Solar Energy Centre 

     2. Er.S.Ambalavanan             ---     CSIR--- Central Electrochemical Research Institute 
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1.0 Storage batteries for SPV application: 

 

India is running one of the largest SPV programme among the developing countries. 

Storage batteries are being the most critical component of any SPV system in view of 

cyclic availability of the sun in 24h domain and the intermittent nature of available 

radiation. Since there is no systematic study on various aspects of selection and 

performance of lead-acid and other storage batteries for PV applications in the literature 

CSIR-Central Electrochemical Research Institute and MNRE- Solar Energy Centre 

submitted an Research and Development Technology  project namely ñDesign and 

Development of Batteries for SPV Applicationsò to Ministry of New and Renewable 

Energy[MNRE].The broad objective of the project is to optimize the battery performance 

in various PV applications by way of developing suitable lead-acid batteries and their 

charging mechanism. 

 

The specific objectives are: 

7. Failure analysis of the used batteries in the existing solar PV applications 

8. Design and Development of suitable lead-acid batteries for SPV applications 

9. Development of test protocols for batteries SPV application 

10. Exploring battery chemistries other than lead-acid battery 

11. Studying of existing circuit designs for charge controllers and optimizing their 

performance 

12. Dissemination of information thus generated through workshop and conferences. 

The following studies were undertaken and completed 

4

Studies conducted at CSIR-CECRI

Batteries Panel characteristics Charge controller specification

Commercial PWM-1 PWM-2Pasted Tubular

Flooded VRLAB

[AGM/GEL/HYBRID]

Flooded

Watt-hour

1. 12V/24Ah

2. 12V/50Ah

3. 12V/100Ah
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12V/60Ah

Designed and fabricated

[Modified]

Solar 
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Solar station-II

[Solar station-II]

Performance

prediction

Draft Spec

Submitted to 
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1.1 Lead-acid battery for SPV application 

 

1.1 Solar station - I  

 

Lead-acid battery is often the weakest link in photovoltaic [PV] installations. At CSIR-

CECRI a study was conducted on the various versions of lead-acid batteries namely 

gelled-electrolyte Valve Regulated Lead-Acid Battery [VRLAB], Absorbent-Glass-Mat 

[AGM] VRLAB and hybrid VRLAB and flooded- electrolyte versions of lead-acid 

batteries. These batteries were fabricated with the help of a battery industry and their 

performances were tested in stand-alone solar-lighting application during the period 

2006- 2008. The details of the study were reported in ref [1].  The results of the studies 

are given below: 

 

Schematic dig.[1] for data logging system employed to monitor battery performance for 

solar-lighting application in solar station-I. 

 

 

 
                                               Fig.1. Schematic dig. of solar station -I  
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1.1.1 Results 

 

 For  solar lighting application conducted on hybrid VRLAB, AGM-VRLAB , gelled 

electrolyte VRLAB and flooded electrolyte  lead-acid batteries suggests that  VRLA 

batteries exhibit both low operational window,  minimal  water loss and good state of 

health compared with flooded lead-acid batteries. This is shown in fig.2. 

 

 
 

  Fig.2. Histogram showing a. operational window b. water loss c. state- of- health 

for hybrid VRLA, AGM VRLA. Gelled VRLA and flooded lead -acid batteries 

 

The charging characteristics of the said batteries on a clear and cloudy days were shown 

in fig.3.It is clear that the charge input to the battery through SPV panel depends on solar 

insolation which is low during cloudy days as shown in fig.4. . This affects the discharge 

characteristics of the storage system as the end of discharge voltage reaches quickly as 

shown in fig.5. 
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Fig.3 Typical charge data on (a) a clear day and (b) a cloudy day for various types of 

lead-acid batteries employed during the solar-lighting application. 

 

 
 

Fig.4 Typical lux data on (a) a clear day and (b) a cloudy day for various type of 

lead-acid batteries employed during the present solar-lighting   application study 
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Fig.5 Typical discharge data on (a) a clear day and (b) a cloudy day for various type 

of Lead-acid batteries employed during the present solar-lighting application study 

 

 

1.1.2Conclusions 
The field study for PV stand-alone solar-lighting application conducted on hybrid VRLA, 

AGM VRLA, gelled-electrolyte VRLA and flooded-electrolyte lead acid 

batteries suggest that VRLA batteries exhibit both lower internal resistances with high 

thermal stability, which are desirous of a battery for any PV stand-alone application 

 

1.2. Solar station II 
Based on the results obtained from the preliminary studies, a new solar battery testing 

station [station II] with 36 nos. of PV lighting systems were installed and testing of 

batteries started in 2006. The photographs of the testing station II is given in fig 6 and 

data logging in fig.7 
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SOLAR STATION II

CSIR-CECRI

 
Fig.6. Photograph of solar station II 

     

                        
 

Fig.7. Photograph of data logging in solar station II 

 

 

In solar station II studies were under taken for battery sizing in solar stand alone street 

light application. As per MNRE guidelines, the total sunless days for the battery to be 

performed are five sunless days. In this study we used VRLAbatteries of AGM, GEL and 

Hybrid. The capacities of these batteries were 12V/ 25Ah, 50Ah, 100Ah. These batteries 

were assembled in battery industry. The said batteries were fitted to the to street-lighting 

solar photovoltaic (SPV) panels having two sub-panels each of which comprised 36 

silicon cells. The impedance of each sub-panel was 2.35 X with Vmp (voltage at 

maximum power) = 17 V, Isc (short-circuit current) = 2.5 A, and Pmax (maximum 

power) = 40 W ± 10%. The energy in each of the battery was used to light an 11 W CF 

lamp during night (18:00ï6:00 h). These batteries were charged during the daytime.. 

Provision was made to collect battery temperature (both ambient and cabinet), current,  

voltage, energy input and intensity of solar radiation using data logger. All  the studies 

were conducted on three sets of batteries. The discharge capacity through 11W CFL from 

dusk to dawn is 15Ah.The daily depth of discharge for the batteries with capacity of 
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12V/25, 50, 100Ah were 60%, 30%, 15% respectively. Fig.8 depicts the capacity vs 

depth of discharge. 

 

 

 

 
Fig.8 Depicts histogram Capacity vs.  DOD 

 

1.2.1 Conclusion: 
It is seen that 12V/24Ah VRLA battery will not satisfy three sunless days. However it 

attains the rated capacity during sunny days.The 12V/50Ah VRLA battery will work for 

two sunless days and 12V/100 Ah will work for five sunless days.  

 

1.3. Nomograms 
Based on the above studies nomogram was drawn as shown in fig.9, which shows the 

relation ship between capacities, state of charge and for five sunless days. 
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Fig.9 Relationship between capacity, sunless days and state of charge [SOC] 

 It is clear that the use of higher capacity battery will meet the demand for energy during 

sunless days. However higher capacity battery will  take long time to attain the rated 

capacity during sunny days, thereby the chances for irreversible lead sulphate formation 

are more. This is shown in the fig.10. 
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Fig.10. Relationship between capacity, state of charge [SOC] and after five sunny days 
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Based on the nomogram for 11W CFL solar stand alone lighting application the daily discharge 

output from the battery is 150-180Wh. The table 1. gives Wh generated by 80W panel under 

different insolation.   

                                    Table: 1 Panel power output at different insolation 

63

688.5612535.5459382.5306229.515376.5900

61254447640834027220413668800

535.5476416.5357297.5238178.511959.5700

45940835730625520415310251600

382.5340297.5255212.5170127.58542.5500

3062722382041701361026834400

229.5204178.5153127.510276.55125.5300

1531361191028568513417200

76.56859.55142.53425.5178.5

Insolat

ion

W/sq.

m

100

Panel power output at different hours range from 1 to 9

1         2         3            4           5          6       7           8           9

For the said application the daily discharge output from the battery is 

150-180Wh. The table below gives Wh generated by 80W panel under 

different insolation  to achieve said Wh.

 
For the same load and wattage of the panel, charge acceptance for the low capacity 

battery is higher than the higher capacity battery on account of high depth of discharge. 

The table-2 gives how the performances of the batteries vary with different capacity.  

 

Table-2. For the same load, how the performance vary with different capacity 

batteries 

16

Battery  capacity different 

Assume two solar panels  of 40Wpconnected in parallel to each battery

for a load of 11W CFL,12hrs.with discharge current 1.3A

each, discharge output  =  15.6Ah

12V/25Ah lead - acid battery

Daily depth of discharge15.6/25 = 62.4%

State of charge = 37.6%

1.Charge efficiency is high

2.Lighting during cloudy days not 
possible

3.Battery reaches full soc during 
sunshine

4.No sulphation

12V/75Ah lead- acid  battery

Daily depth of discharge 15.6/75 = 36%

State of charge = 64%

1. Charge efficiency is low

2. Lighting during cloudy days possible 
due to oversize battery

3. Battery never reaches full SOC

during next sunshineïunder goes 
sulphation
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In the case of same capacity of the battery, when wattage of the panel is increased, it 

affects the storage system with grid corrosion and shedding which is shown in the table-3. 

               

 

Table-3.Module sizing for the same load and battery capacity 

13

Module sizing

for same load

Problems:

Battery overcharging 

Water loss

Grid corrosion, 

shedding of active mass 

avg.current 3.75A for 6hrs=   

22.5Ah[charge]

Disch.output thro.CFL

12h* 1.25A =15Ah

I scc7.5A

Three panels  are connected 

in parallel

120Wp panel

Problems:

Daily input and output 

equal.

Battery undercharging 

after sunless days.

avg.current 2.5A for 6hrs=   

15Ah[charge]

Disch.output thro.CFL

12h* 1.25A =15Ah

I scc5.0A

Two panels  are connected 

in parallel

80Wp panel

Problems:

Battery undercharging 

Negative plate sulphation

Bulging of container

avg.current 1.25A for 6hrs 

=7.5Ah [charge]

Disch.output thro.CFL

12h* 1.25A =15Ah

I scc 2.5A

One panel

40Wp panel

[12V/50Ah]

 
 

 

1.4 Tubular lead-acid batteries 
In the one day workshop held at Chennai on 1.10.2010, the participants from the battery 

industries requested CECRI to collect data for tubular lead-acid battery for solar street 

light application.  CECRI fabricated 12V/60Ah flooded tubular lead-acid battery for the 

said application with the help of battery industry at Bangalore. These batteries were fitted 

to the existing solar stand alone street light application and data were collected. Its 

performance in the field is being studied. Fig.11 shows the performance characteristics of 

flooded tubular lead-acid battery 
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24

Battery 3 Battery 5 Battery 6

Battery 8 Battery 11 Battery 12

12V/60Ah  EOC and EOD  battery voltage from July to December 2011

(Flooded Tubular)

11.4

11.6

11.8

12

12.2

12.4

12.6

12.8

13

EOC EOD 

 

Fig.11. End of charge [EOD] and End of discharge of flooded tubular lead-acid 

battery 

 

 

 

 

 

 

The data collected for the flooded tubular lead-acid battery for the said application was 

compared with VRLA batteries. Their figs.12  were given below. It was seen that the end 

of charge and end of discharge voltages were higher for the VRLA battery. It indicates 

the charge acceptance for the VRLA battery was higher. 
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25

12V/50Ah VRLA 12V/60Ah Flooded Tubular

COMPARISON BETWEEN  VRLA AND TUBULAR

 

Fig.12 comparison between VRLA and Tubular lead-acid battery 

 

 

1.6 Other storage systems 
 

CSIR-CECRI also studied the use of Lithium-iron- phosphate batteries for the solar 

photovoltaic stand alone lighting application. An agency at Chennai supplied 12V/7Ah of 

the said battery. It was fitted to the solar stand alone lighting system and its performance 

data were collected.  Fig.13. shows the charge cure of the lithium-iron- phosphate batter 

fitted to the solar stand alone lighting system. Fig.14 shows plot between charging 

current vs time. Further studies are needed with the use of these batteries for SPV 

application 
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Fig.13 charging Voltage-time graph for charging of LFP battery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14 charging current -time graph for charging of LFP battery 
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2.0 FAILURE ANALYSIS  
 

2.1 Failure analysis of the 12V/50Ah lead-acid batteries in used in solar stand alone 

street light applications for more than two years were investigated.  Batteries were 

cut and samples were taken for photomicrographs. The photomicrograph in fig.14 depicts 

the photographs of the elements. Shedding of positive active mass occurred in flooded 

positive plate, where as it did not occur in other plates. 

 

 

 
 

 
 

 

              Fig.14 Photomicrographs of positive and negative plates 

 

 

Samples were taken from the grid and active mass, examined under Scanning Electron 

Microscope [JEOL]. Figs. 15 & 16 depict photomicrographs of positive and negative grid. 

Figs.17 & 18 depict photomicrographs of Positive and negative active mass. 
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POSITIVE GRID

Flooded GEL

AGM HBD

 

FLOODED NEGATIVE GRID GEL

AGM
HBD

 

The figure shows the porous nature of the positive 

grid for VRLAB compare to the flooded 

The figure shows the structure of the negative 

grid .The Hybrid structure indicate the presence 

of lead sulphate in small quantity and porous in 

nature 

 

Figs. 15 & 16 depict photomicrographs of positive [left] and negative grid [right]  

 

PAMFlooded GEL

AGM
HBD

 

NAM
Flooded GEL

AGM
HBD  

The figure shows the distribution of lead 

sulphate in the positive active material. Due to 

high compression of the AGM separator the lead 

sulphate is small in size in AGM VRLAB 

followed by the Hybrid VRLAB, flooded and 

GEL VRLAB 

The figure shows the distribution of lead 

sulphate in the negative active material. The size 

of the lead sulphate crystals in the Hybrid 

VRLAB is lower, compare to the other types.  

Smaller the size of the crystal better for easy 

charging. 

 

Figs.17 & 18 depict photomicrographs of Positive and negative active mass. 

 

2.1.1. Conclusion: 
 

From the photomicrographs it is seen that the suphation is the major failure mode in lead-

acid battery for the solar stand alone lighting application 
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2.2. Studies on lead sulphate  
 

A detailed study was undertaken to find how the lead sulphate crystal size varies in 

different specific gravity, discharge rates and duration.. For this study, Pb-Ca alloy grid 

having size: 11 cm x 11.5cmx 1mm were used.  16 cells were fabricated with each cell 

capacity was 2V/8Ah. The following unit operations shown in table-4 were carried out to 

fabricate the cells. The table-5 gives the parameters we used in this study. 

                                 

Table-4 Unit operations in lead-acid battery 

 

Unit Operation Process 

1.Mixing Preparation of Paste by mixing  Grey Oxide , 1.30 Sp.Gr Sulphuric 

Acid, Dist.H2O, Dynel fibre and  Carbon Black for positive plate  

and Grey Oxide , 1.30 Sp.Gr Sulphuric Acid, Dist.H2O, 

Lignin ,BaSO4 and  Carbon Block for negative  plate  

2. Pasting  Active mass is applied to the positive and negative grids 

3.Curing  Bonding between inactive mass and grid,  at RT,100%RH 

4.Drying  After curing the plates are allowed to dry under natural condition. 

5. Formation It is the electrochemical conversion of  the inactive mass  into active 

mass at  positive and negative plate with lead dioxide and sponge 

lead respectively  

 

The table-5 Parameters 

 

Specific gravity of sulphuric acid  1.280,1.260,1.240,1.220 

Discharge rate  20h, 10h and 5 h 

Idle period for sampling in the 

discharge state 

1, 7, 14, 21, 28  and 35days 

 

The cells were discharged at different rates and kept in the discharged state at room 

temperature. Periodically samples were taken from the negative plates, after the 

completion of idling period. These samples were washed with distilled water and its 

microstructure was observed in Scanning Electron Microscope. 

 

The photomicrographs of figs.19-30 shows that the lead-sulphate crystals will undergo 

the dissolution and precipitation phenomenon when you keep the battery in the 

discharged state for longer duration. 

 

 

 

 



 21 

 

PbSO4-1280-20-1-X5K PbSO4-1280-20-7-X5K PbSO4-1280-20-14-X5K

PbSO4-1280-20-21-X 5K PbSO4-1280-20-28-X 5K PbSO4-1280-20-35-X 5K  
  Fig.19 shows the leadsulphate crystals in 1.280, 20h rate and durations 

 

PbSO4-1280-10-1-X5K PbSO4-1280-10-7-X5K PbSO4-1280-10-14-X5K

PbSO4-1280-10-21-X 5K PbSO4-1280-10-28-X 5K PbSO4-1280-10-35-X 5K
  

Fig.20 shows the lead sulphate crystals in 1.280, 10h rate and durations 
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PbSO4-1280-5-1-X5K PbSO4-1280-5-7-X5K PbSO4-1280-5-14-X5K

PbSO4-1280-5-21-X 5K PbSO4-1280-5-28-X 5K PbSO4-1280-5-35-X 5K  
Fig.21hows the lead sulphate crystals in 1.280, 5h rate and durations 

 
PbSO4-1260-20-1-X5K PbSO4-1260-20-7-X5K PbSO4-1260-20-14-X5K

PbSO4-1260-20-21-X 5K PbSO4-1260-20-28-X 5K PbSO4-1260-20-35-X 5K  
Fig.22Shows the lead sulphate crystals in 1.260, 20h rate and durations 
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PbSO4-1260-10-1-X5K PbSO4-1260-10-7-X5K PbSO4-1260-10-14-X5K

PbSO4-1260-10-21-X 5K PbSO4-1260-10-28-X 5K PbSO4-1260-10-35-X 5K  
Fig.23Shows the lead sulphate crystals in 1.260, 10h rate and durations 

 
PbSO4-1260-5-1-X5K PbSO4-1260-5-7-X5K PbSO4-1260-5-14-X5K

PbSO4-1260-5-21-X 5K PbSO4-1260-5-28-X 5K PbSO4-1260-5-35-X 5K  
Fig.24Shows the lead sulphate crystals in 1.260, 5h rate and durations 

 

 



 24 

 

 
PbSO4-1240-20-1-X5K PbSO4-1240-20-7-X5K PbSO4-1240-20-14-X5K

PbSO4-1240-20-21-X 5K PbSO4-1240-20-28-X 5K PbSO4-1240-20-35-X 5K  
Fig.25Shows the lead sulphate crystals in 1.240, 20h rate and durations 

 
PbSO4-1240-10-1-X5K PbSO4-1240-10-7-X5K PbSO4-1240-10-14-X5K

PbSO4-1240-10-21-X 5K PbSO4-1240-10-28-X 5K PbSO4-1240-10-35-X 5K  
Fig.26Shows the lead sulphate crystals in 1.240, 10h rate and durations 
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PbSO4-1240-5-1-X5K PbSO4-1240-5-7-X5K PbSO4-1240-5-14-X5K

PbSO4-1240-5-21-X 5K PbSO4-1240-5-28-X 5K PbSO4-1240-5-35-X 5K  
Fig.27Shows the lead sulphate crystals in 1.240, 5h rate and durations 

 
PbSO4-1220-20-1-X5K PbSO4-1220-20-7-X5K PbSO4-1220-20-14-X5K

PbSO4-1220-20-21-X 5K PbSO4-1220-20-28-X 5K PbSO4-1220-20-35-X 5K  
Fig.28Shows the lead sulphate crystals in 1.220, 20h rate and durations 
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PbSO4-1220-10-1-X5K PbSO4-1220-10-7-X5K PbSO4-1220-10-14-X5K

PbSO4-1220-10-21-X 5K PbSO4-1220-10-28-X 5K PbSO4-1220-10-35-X 5K  
Fig.29Shows the lead sulphate crystals in 1.220, 10h rate and durations 

 
PbSO4-1220-5-1-X5K PbSO4-1220-5-7-X5K PbSO4-1220-5-14-X5K

PbSO4-1220-5-21-X 5K PbSO4-1220-5-28-X 5K PbSO4-1220-5-35-X 5K  
Fig.30Shows the lead sulphate crystals in 1.220, 5h rate and durations 
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The relationship between number days, sp.gr. and lead- sulphate crystal size [micron] is 

shown  in fig 31 
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                      Fig.31 Relationship between days, sp.gr and crystal size 

 

2.3 Conclusions:                                                                                                                      

1. The crystallization mode of lead-sulphate changes from three dimensional to two 

modes as the specific gravity moves down from 1.280 to 1.220.  

2. Sulphation is the major failure in LAB operated under PoSC operation such as 

SPV application  
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3.0 CHARGE CONTROLLER  

 
In stand-alone photovoltaic [PV] systems, charge controllers regulate the current from the 

PV array in order to protect the battery from being overcharged and deep discharges. The 

charge controller is therefore the energy manager in a stand-alone PV system. Most 

controllers will initially allow all the current output from the PV array to pass to the 

battery, then, as the charging nears completion, will taper or interrupt the current 

according to the batteryôs ability to accept charge. It is an electronic circuit which 

monitors the charge in and out of the battery and, based on a set of voltage thresholds, 

regulates current flow in order to limit overcharge and over discharge. Although the 

controller is one of the least costly components in a stand-alone PV system, it strongly 

influences the long-term reliability and maintenance costs of PV system. Choosing the 

best controller for a particular system and application, and configuring it correctly are 

paramount. Controllers are generally built in either shunt or series type configuration. 

To avoid accelerated ageing, VRLA batteries in PV systems should not be discharged 

below 40% state of charge {SOC} referring to the nominal capacity at I20 [2].  

 

3.1. Studies on the effect of charge controllers on the performance of 12V/50Ah 

AGM VRLAB  

A study was conducted with respect to failure of lead - acid batteries due to the charge controller 

component in solar photovoltaic stand-alone lighting systems. In this study 12V/50 Ah VRLA (AGM 

design) battery was used. Three types of charge controller shown in fig.32 were procured from three 

different manufactures. 

  

 

 

Fig: 32 Photographs of charge controllers from different  manufacturers  

 

 

 

 

 

 
                        [A]  

 
                     [B]  

 
                         [C]  
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Their manufacturing details are given in the table-6: 

 

                         Table-6. Manufacturing details of the charge controllers 

 
 

These series type of controllers were fitted to solar stand alone lighting application. The 

performance of these controllers on cloudy and non cloudy days were shown in figs 33 

and 34 
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3.1.1 Conclusion: 
It is seen that the charging current varies with different manufacturers. This affects the 

life of the battery. For any charge controllers  it should be sized to regulate upto 130% of 

a moduleôs nominal short circuit current. The size of the controller can be calculated by 

multiplying the Isc current of a module by the number of modules in parallel and the 1.3 

safety factor [3]. The standby current which is consumed b the controller varies usually 
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ranging from 1 to 20mA. In order to over come the aforesaid problem studies were 

conducted with pulse width modulation charge controller. 

 

3.2 Pulse width modulation charge controller: 
 

Pulse width modulation charge controllers with following specifications were fabricated 

in association by outsourcing with an agency at Coimbatore.. The circuit details of the 

controller are given below. The fig.35 depicts photograph of the controller 

CIRCUIT DETAILS  

        Circuit board working in battery voltage. 

ü PCB board working current , 

ü  

× With LCD display=140mA. 

× Without LCD display=70mA. 

 

Á MOSFET maximum operating current=15A.  

Á Three LEDôs are used for indicator 

¶ Yellow=load ON/OFF. 

¶ Green= low battery. 

¶ Red =intensity. 

Á PWM frequency = 300HZ. 

Á LED drive           =THOSIBA   IC ULN2803A. 

Á PC interface        = IC ILX232N. 

Á MOSFET             =IRFP250. 

Á Lamp current       =1.3A. 

Á Battery voltage is below 7V that time the circuit is switched off 

Á At night time lamp only glow in battery voltage minimum 12.8V   

Fig.35 photograph of the PWM charge controller 

                                 

TESTING OF PIC CONTROL PWM CHARGE CONTROLLER

 
 

The figure 36 shows the pulses at different on & off time with respect to on charge 

voltage of the battery. 
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BATTERY VOLTAGE IS BELOW 13V 

PWM CHARGING IS100 % ON TIME 0% 

OFF TIME

BATTERY VOLTAGE IS 

13.1V THEN PWM 

CHARGING 90% ON TIME 

10% OFF TIME

BATTERY VOLTAGE IS 13.2V THEN 

PWM CHARGING  80% ON TIME 

20% OFF TIME

BATTERY VOLTAGE IS 13.3V 

THEN PWM CHARGING 70% ON 

TIME 30% OFF TIME

BATTERY VOLTAGE IS 13.3V 

THEN PWM CHARGING 70% ON 

TIME 30% OFF TIME

BATTERY VOLTAGE IS ABOVE 

13.5V THEN PWM CHARGING 

50% ON TIME 50% OFF TIME

                        Fig.36 depicts pulses at different on and off time 

 

 

Such kind of pulses keeps the battery in fully charged state. It also breaks irreversible 

lead sulphate and also passivation layer if any formed. l 

 

The fig. 37 below shows the block diagram of PIC based PWM Charge controller 

designed and used in the solar stand alone lighting application 

 

 

 

 

 

 

 

 

 



 33 

 

 

 

 
                     Fig 37 Block diagram of PIC based PWM charge controller 

 

 

The table-7 gives the difference between designed PWM charge controller and the series 

type of charge controller. 

 

              Table-7 difference between PWM and Series charge controller 

Operating 

Condition

Designed PWM 

charge controller

Series type  Charge 

Controller

Controlling System PIC 16F876A Switched Mode operation

Charge Mode Pulse Charging Normal charging

Operating 

Frequency
300Hz -

Discharge Mode
EOC Bv Ó12.5 , Lamp 

On
No  Limit

 
 

The figs 38 &39 shows the charge characteristics behavior of batteries using the designed 

PWM and series type controllers  
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30

Above(EOC) 12.5Voltage ,charge controller properties

CSIR-CECRI

                          Series controller                                    PWM controller 

   Fig. 38 Above 12.5V EOC voltage characteristics of charger controller 

 

 

 

                             Series controller                                    PWM controller 

       Fig. 38 Below 12.5V EOC voltage characteristics of charger controller 
 

 

 

In the PWM charge controller, the discharge starts when the battery voltage is greater 

than or equal to 12.5V.This will avoid deep discharge of the battery and extends the 

battery life. However the discharge will proceed till its end of voltage is reached.. 

 

The difference in the manufacturing details of PWM and series type charge controller 

was given fig.39 
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Below(EOC) 12.5Voltage ,charge controller properties

In our design PWM Charge Controller, the discharge starts when the battery voltage is greater than are 

equal to 12.5V. This will avoid deep discharge of the  battery and extends the battery life. However the 

discharge will proceed till its end of voltage is arrived.

CSIR-CECRI
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32

Designed PWM Charged controller
Series Type charge controller ( Commercially  Available)

Four wires from inverter to lampTwo wires from inverter to lamp 

Morning time Panel voltage 4V then lamp  offMorning time Panel voltage 6.5V then lamp off

Battery voltage 10.5V below light offBattery voltage 11.5V below light off

Rewireable fuse is used Kitkat Fuse is used

Charge controller working in panel  voltage Charge controller working in battery voltage 

Relay control discharging ON/OFF PIC Program control discharging ON/OFF

Normal Charging Pulse charging (Square wave pulse depended SPV & BATTERY VOLTAGE)

Battery Voltage 11.5V ïlamp glow  (evening time)Battery Voltage 12.5V ïlamp glow  (evening time)

Relay control charging ON/OFF PIC Program control charging ON/OFF

(PIC -16F876A)

PIC 16F876A

Regulator IC7805

Load MOSFET

INZ44N

Charging MOSFET

INZ44N

Inverter Board
Load MOSFET IRFZ44N

Charging

MOSFET

IRF9540

ON-OFF Relay
Regulator IC7805

Inverter board

 

                 Fig.39 Manufacturing details of PWM and Series type charge controller 

 

In order to tune the designed PWM charge controller, further modification was made and 

the details of the same were given in the table-8 
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       Table-8 Difference between designed PWM-1 and its modified version PWM-2 

 

DESIGNED PWM  CHARGE 

CONTROLLER  

[PWM -1] 

DESIGNED PWM CHARGE 

CONTROLLER  

[PWM -2modified] 

Cut-off voltage    12.50 V Cut-off voltage    12.50 V 

Lower  Cut-off voltage    11.50 V Lower  Cut-off voltage    11.00 V 

Charging current pulse frequency   300 HZ Charging current pulse frequency   1 KHZ 

If battery voltage is less than or equal to 

12.50V charging current pulse 100%  going 

to the battery 

If battery voltage is less than or equal to 

12.50V charging current pulse 100%  going 

to the battery 

If battery voltage greater than or equal to 

13.00 V 

Then the charging current pulse status is               

50% on-time & 50% off -time. 

If battery voltage greater than or equal to 

13.00 V 

Then the charging current pulse status is               

80% on-time & 20% off -time. 

Discharge side protection fuse is not in 

there. 

2A fuse is protection in the discharge side. 

 

The fig 40 &41 gives the performance characteristics of designed PWM 1 and modified 

PWM2 with respect to charging current input to the battery and current generated by the 

panel using PWM-2 for fully charged and discharged battery 

 

34

COMPARISON 

PWM 1 & PWM 2

CSIR-CECRI
 

         Fig.40 Charging current generated by PWM-1 and PWM-2 
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35

Current generated by panel 

CSIR-CECRI

 
Fig.41 Charging current generated by the panel using PWM-2 for fully  

              Fully discharged and charged battery     

 

The conductance of the battery with PWM and Series controllers were measured using 

Medtronicôs conductance meter.  It was found that the difference in the conductance 

value between EOC and EOD values were small in the case of PWM charge controller as 

compared with series type controller. This shown in fig.42. 

 

C onductance Validation 

0

10

20

30

40

50

60

70

80

90

1

2
3

4

5

6

7

8

9

10

11

12

13

14

15

16
17

18

19
20

21

22

23

24

25

26

27

28

29

30

31

32

33
34

EOD ( C)

EOC ( C) 

July/August 2010

Conductance Reading Normal Charge controller conductance 

0

10

20

30

40

50

60

70

80

90

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

EOC

EOD

PWM C ontroller us ed battery S eries   C ontroller us ed battery

 
                               Fig.42 conductance validation 

3.3 Conclusion: 
The performance of PIC based PWM charge controller is better than the conventional 

series type controller 
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4.0 PV panel characteristics  

 
In order to determine the characteristics of the PV module, the power vs. Voltage (PV) 

and current vs. Voltage (IV) curves must be constructed. The current and power outputs 

of photovoltaic modules are approximately proportional to sunlight intensity. At a given 

intensity, a moduleôs output current and operating voltage is determined by the 

characteristics of the load and it is necessary to operate the PV at its Maximum Power 

Point. Three remarkable parameters namely Open Circuit voltage (Voc), Short circuit 

current (Isc), Maximum Power Point tracking (Vmp,Imp) given by the manufacturer of the 

PV module are used for the prediction of PV characteristics of solar panel and panel 

power output for different level of radiation ranges from 100W/m2
 to 1000W/m2

 . 

 

The proposed PV system simulation is composed of photovoltaic panel of 40W, storage 

battery of 12V/40Ah lead-acid battery and output resistive power of 11W. During night 

time and sunless days the battery will provide power to the load. The use of equivalent 

electric circuits makes it possible to model characteristics of a PV module [5]. Fig.43 

depicts the electrical characteristics of PV module. The method used here is implemented 

in Matab/simulink. (MATLAB (R2008a) software). 

                                                

 
  

          Fig.43 Electrical characteristics of PV module 

 

4.1 Simulation of PV Module 

Computer simulation program of PV module was developed for calculating the IV and 

PV characteristics at different level of radiation .Fig 44 shows the Screenshot of 

simulation of PV module. The Simulation part of PV Module consists of three parts 

namely 

4.1.1 User friendly block - having basic information of the panel. 

4.1.2 Input block ï input parameters given by the manufactures data sheets. 

4.1.3 Internal model block - designed model details. 
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           Fig.44. Computer screen shot of simulation PV module 

 

4.1.1 In user Friendly block 

This block is designed in such way that it holds only basic information about the 

simulation of the particular PV module, such as model, manufacturer, nominal power and 

technology of the panel. 

 

4.1.2 Input Block 

This block provides parameters available in manufacturerôs data sheets. These parameters 

therefore include: the reference irradiation (GRref) and module temperature conditions 

(TRef) during measurements, short circuit current (Isc) and open circuit voltage (Voc) at 

the given conditions. Imp and Vmpp are the operating point in the region of the maximum 

power point and ask: current temperature coefficient, by default it can be taken as about 

0.05%/°C. After defining the basic parameters, the program still needs some additional 

parameters such as shunt and series resistance, to establish the internal model parameters 

of the PV panel. Finally, it calculates unknown Model parameters such as Iavg for 

different level of radiation ranging from 100 to 1000 W/m² [6]  

 

4.1.3 Internal Model Block 

The main aim of this block is to develop simple and more realistic models for the 

photovoltaic Peak power and at the same time to use the information provided by the 

manufacturer's data sheet. This block design the PV model with the information given in 

the input block and shows the results for any specified operating conditions .This model 

is very useful for real-time applications where the power needs to be monitored and it is 

referred to obtain the maximum power at different level of radiation. 

 

4.2 Estimation of Panel Power output 

Calculation of unknown model parameters such as Iavg for different levels of radiation 

ranging from 100 to 1000 W/m² is performed. On knowing the panel generated current 
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Iavg for a particular level of radiation, panel power output can be calculated. There are 

some factors which affect panel power output .They are Output rating of the solar panel, 

intensity of solar radiation and hours of available light. The average current Iavg generated 

by the solar panel is proportional to the ratio of the actual solar radiation to 1000 W/m2 

multiplied by Isc [7]. Therefore, the average current would be 

I avg = (G /1000) W/m² * I sc (1) ----[1] 

G = Level of radiation (100 to 1000 W/m²). Fig 45 shows the relationship between panel 

short circuit current at different level of radiation  

 
                        Fig.45 Average current and insolation 

From this unknown parameter Iavg of the PV module is predicted. In this 

proposed model, the radiance level is considered to vary from 100 to 1000 W/m².The 

curves of powerïvoltage[PV] and current-voltage [IV] of the photovoltaic panel are also 

carried out for varying levels of radiance. 

 

4.2.1 Radiation Model in 3D Nomogram 

Using this proposed model, we have created a database regarding the panel power output 

for various rated panels. This type of database is more suitable in making initial 

determination of Panel power output of the particular rated panel. The database is 

represented in 3D nomogram. These types of nomograms are very useful to the quality 

control engineer for analyzing the power output of group of panels. Fig. 46 shows the 3D 

Nomogram of PV Module with the Panel Power output of 40, 80,120 and 160 

watts,[clockwise] by considering its short circuit current at different level of radiation. 

The simulated Panel Power output is compared with the field data. 
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53

    
Figs.46 3-D nomograms of PV Module with the Panel Power output of 40, 80,120 

and 160 watts, [clockwise] 

 

4.3. Validation 

 

Based on the simulation study, a database device for solar radiation model is being 

designed to monitor parameters of PV stand alone system and to calculate the power 

generated by the total solar radiation falling on a panel during insolation per day. This 

database device is designed using microcontroller. Fig 47 shows block diagram of 

database device. 
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37

Solar panel 

Data Logger cum analyzer 

Block diagram 

 
 

Fig. Fig 47 shows block diagram of database device. 

 

 

.The database device contains two ledôs, red and green to display the status of the watt- 

hour generated per day. Watt-hour is the product of volts multiplied by amperes. Every 

solar panel is rated by their peak power or Watt-hour .By calculating the peak power of 

the panel, the watt ïhour value for the whole day will be compared with the Wh 

generated /day.  If  it is lower than the required Wh, red led will glow otherwise green led 

will  glow. On the next consequent days, when the Wh lost is achieved in addition to the 

present day Wh, and then green led will glow. The table -9 depicts the solar radiation 

model implemented for 11W CFL for solar street light application. 

 

                       Table-9 solar radiation model for 11W CFL  
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Solar Radiation Model

Å The parameters to be measured are 

ÅPanel voltage 

ÅPanel current 

ÅPanel Temperature 

ÅWatt ïHour Generated

Å Device contains two LEDôs 

ÅRED 

ÅGREEN 

Watt ïHour Generated Ó210 Wh/ day ; Green LED will glow.

Watt ïHour Generated < 210 Wh/ day ; Red  LED will glow.

On the next consequent days, when the Watt-hour lost is achieved in addition to 
the present day watt-hour, the green LED will glow

CSIR-CECRI SUNS
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The fig. 48 depicts the panel power output for 11W CFL of PV stand alone system using 

database device during the period Mar2011 to May 2011 
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            Fig.48 Data base reading for 80W panel power output 

 

The Watt-hour generated by the data logger was compared with the designed PWM 

charge controller. This is shown in fig49.  

 

1

Panel generated Watt-hour comparison

       
Fig.49 Panel generated Watt-hour was compared with PWM charge controller 

 

Figs.50,51,52 depicts the  how the voltage of the panel, temperature and panel current  

varies with time during insolation, 

 


