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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 natureaslfadle

radiation. Since there is no systematic study on various aspects of selection and
performance of leadcid and other storage batteries for PV applications in the literature
CSIR-Central Electrochemical Research Institute and MN&&ar Energy Cere

tted
op me

s ubmi
Devel

and
es

Research
of Batterdi

an
nt

Devel
for

opment Techno
SPV Applicati on

Energy[MNRE].The broad objective of the project is to optimize the battery performance
in various PV applications by way of developing suitable {eaidl batteries and their
charging mechanism.

The specific objectives are:

agrwbdPE

performance
6.

Failure analysis of the used batteries in the existing solar PV applications
Design and Development of suitable lesxdd batteies for SPV applications
Development of test protocols for batteries SPV application

Exploring battery chemistries other than leauid battery
Studying of existing circuit designs for charge controllers and optimizing their

Dissemination of iformation 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 CS{EECRI share is Rs.133Akhs. CSIRCECRI has
undertaken the following woskand completed:

Studies conducted at CSIR-CECRI

Batteries Panel characteristics Charge controller speci‘fication
‘ Draft Spec
Watt-hour Submitted to
‘ ‘ MNRE
Performance
Pasted Tubular prediction Commercial M-1  PWM-2 [Modified]
Designed a/fabrlcated
Flooded '9

12V/60Ah [Solar station-Il]

Flooded

VRLAB

| [AGM/GEL/HYBRID]

12V/50Ah
Solar
station-I

‘ Solar station-lII
1. 12V/24Ah
2. 12V/50Ah

3. 12V/100Ah



The following are the conclusions:

1. Performance of Valve Regulated Leacid battery [VRLAB] and flooded tubular
leadacid battery are better than the low maintenance flat plateal@ddbattery
on accountof low operational window, minimal water loss and good state of
health.

2. Sulphation is the major failure mode in leacid battery operated under partial
state of charge [PoSC] operatiomhe crystallization mode of leallphate
changes from three dimenpsil 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 coordinator$or the project are:

1. Dr.P.C.Pant ---  MNRE- Solar Energy Centre
2. Er.S.Ambalavanan ---  CSIR--- Central Electrochemical Research Institute



1.0 Storage batteries for SPV application:

India is runningone 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 the is no systematic study on various aspects of selection and
performance of leadcid and other storage batteries for PV applications in the literature
CSIR-Central Electrochemical Research Institute and MNRelar Energy Centre

submitted an Research ame vel op ment Technol ogy project
Devel opment of Batteries for SPV Applicatio

Energy[MNRE].The broad objective of the project is to optimize the battery performance
in various PV applications by way afeveloping suitable leadcid 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 lesdd batteries for SPV applications

9. Dewelopment of test protocols for batteries SPV application

10. Exploring battery chemistries other than lesd battery

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

performance

12. Dissemination of information thus generatedtigh workshop and conferences.

The following studies were undertaken and completed

Studies conducted at CSIR-CECRI

Batteries Panel characteristics Charge controller specification
Draft Spec
Watt_hour Submitted to
‘ ‘ MNRE
Performance .
Pasted Tu‘bular prediction Commercial p\%l PWM-2 [Modified]
Designed aréfabr'cated
Flooded '9 I
12V/I60Ah [Solar station-Il]

Flooded VRLAB
[AGM/GEL/HYBRID]

12V/50Ah ‘ Solar station-II
StO't?f L 12Vi24An
station- 2. 12V/50Ah 4

3. 12V/100Ah



1.1 Lead-acid battery for SPV application
1.1 Solar station- |

Leadacid battery is often the weakest link in photovoltaic [PV] installatién € SIR
CECRI a study was conducted on the various versions chlgddatteries namely
gelledelectrolyte Valve Regulated Ledktid Battery VRLAB], AbsorbentGlassMat
[AGM] VRLAB and hybrid VRLAB and floodedelectrolyte versionsf leadacid
batteres. These batteries were fabricated with the help of a battery industityesnd
performances were testedstandalone solattighting application during the period
2006 2008. Thedetails of the study wemeported irref [1]. The results of the stuel
are given below:

Schematialig.[1] for data logging system employed to monitor battery performance for
solarlighting applicationin solar statiofl.
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Fig.1. Schematic dig. of solar stationl



1.11 Results

For solar lighting application conducted on hybrid VRLAB, AGNRLAB , gelled
electrolyte VRLAB and flooded electrolyte leadid batteries suggests th&¥RLA
batteries exhibiboth low operational window, minimakate loss and good staté
health compared with flooded leadid batteries. This is shown in fig.2.
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Fig.2. Histogram showing a. operational window b. water loss c. statef- health
for hybrid VRLA, AGM VRLA. Gelled VRLA and flooded lead -acid batteries

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

in fig.3.1t is clear that the charge input to the battery through SPV panel depends on solar
insolation which is low during cloudy dags shown in fig.4. This affects the discharge
characteristics of the storage system as the endsolhdige voltage reaches quickly as
shown in fig.5.
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Fig.3 Typical charge data on &) a clear day and b) a cloudy day for various types of
lead-acid batteries employed during tle solarlighting application.
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Fig.4 Typical lux data on @) a clear day and b) a cloudy day for various type of
lead-acid batteries employed during the present solalighting application study
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Fig.5 Typical discharge data ond) a clear day and(b) a cloudy day for various type
of Lead-acid batteries employed during the present solalighting application study

1.1.Zonclusions

Thefield study fao PV standalone solatighting application conducted on hybrid VRLA,
AGM VRLA, gelledelectrolyte \RLA and floodeeelectrolyte lead acid

batteries sugest thatVRLA batteriesexhibit both lower internatesistancesvith high
thermalstability, which are desirous of a battery for any $t&hdaloneapplication

1.2. Solar station Il

Based on the resultsbtained fromthe preliminarystudies,a new solabattery testing
station [station II] with 36 nos.of PV lighting systemswere installedand testing of
batteriesstarted in 2006The photographs of the tewy station Il isgiven infig 6 and
data loggig in fig.7



SOLAR STATION I

Fig.7. Photographof data logging in solar station Il

In sdar station Il studie wereunder takerfor battery sizing insolar stand alonestreet
light application.As per MNRE guidelinesthe total sunlesglaysfor the batteryto be
performed ardive sunlesglays In this study weused VRLAbatteries of AGMGEL and
Hybrid. Thecapadties of these batteries weit2V/ 25Ah, 50Ah 100Ah These batteries
were assembled in battery industife said batteries were fitted to the to stiegting
solar photovoltaic (SPV) panels having two f#mels each of which comprised 36
silicon cels. The impedance of each spénel was 2.35X with Vmp (voltage at
maximum powex = 17 V, Isc (shorcircuit current) = 2.5 A, andPmax (maximum
power) = 40 W + 10%. Thenergy in each of the battery was usetight an 11 W CF
lamp during night (18:006:00 h). These batterieswere chargedluring the daytime
Provision wasnadeto collect battery temperature (both ambient and cabinet), current,
voltage,energy input ad intensity of solar radiation using data logg®lt. the studies
wereconducted on tiee set®f batteriesThe discharge capacity through 1X0¥L from
dusk to dawn is 15Ah.The daily depth of discharge for the batteries with capacity of

1C



12V/25, 50, 100Ah were 60%, 30%, 15% respectively. Fig.8 depicts the capacity vs
depth of discharge.
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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 ol for

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

1.3. Nomograms
Based on the above studies nhomogram was drawn as shown in fig.9, svbvehithe
relation ship betweecapacitiesstate 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 capadigttery will meet the demand fenergyduring
sunless days. However higher capadigtterywill take long time to attain the rad
capacity during sunny days, thereby tieancs for irreversiblelead sulphate formation

aremore This is shown in the fig.10.
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Fig.10. Relationship between capacity, state of charge [SOQ}c after five sunny days
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Based on theomogram foll1W CFL solar stand alone lighting application the daily discharge
output from the battery is 181B0Wh. The table 1. gives Wh generated by 80W panel under
different insolation.

Table: 1 Panel power output at different insolation

Insolat

ion

Wisq. 1 2 3 4 5 6 7 8 9

m
100 8.5 17 25.5 34 425 51 59.5 68 76.5
200 17 34 51 68 85 102 119 136 153
300 255 51 76.5 102 127.5 153 178.5 204 2295
400 34 68 102 136 170 204 238 272 306
500 425 85 1275 170 2125 255 297.5 340 3825
600 51 102 153 204 255 306 357 408 459
700 59.5 119 178.5 238 297.5 357 416.5 476 5355
800 68 136 204 272 340 408 476 544 612
900 76.5 153 229.5 306 3825 459 535.5 612 6885

For the same load and wattage of the panel, charge acceptance for the low capacity
battery is higher than the higherpeaity battery on account of higtepthof discharge.
The table2 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

Battery capacity different
Assume two solar panels of 40Wpconnected in parallel to each battery
for aload of 11W CFL,12hrs.with discharge current 1.3A
each, discharge output = 15.6Ah

12V/25Ah lead - acid battery 12VI75Ah lead- acid battery

Daily depth of discharge15.6/25 =62.4%  Daily depth of discharge 15.6/75 = 36%

State of charge = 37.6% State of charge = 64%

1.Charge efficiency is high 1.  Charge efficiency is low

2.Lighting during cloudy days not 2. Lighting during cloudy days possible
possible due to oversize battery

3.Battery reaches full soc during 3. Battery never reaches full SOC
sunshine during next sunshinei under goes

sulphation

4.No sulphation

13



In the case of sameapaciy of the battery, when wattage of tpanel isincreasedit
affectsthe storageystemwith grid corrosion anghedding whichs shown in the tabi8.

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

40Wp panel 80Wp panel 120Wp panel
One panel Two panels are connected| Three panels are connectegl
in parallel in parallel
lee 2.5A e 5.0A looe7-5A
Disch.output thro.CFL Disch.output thro.CFL Disch.output thro.CFL
12h* 1.25A =15Ah 12h* 1.25A =15Ah 12h* 1.25A =15Ah
avg.current 1.25A for 6hrs | avg.current 2.5A for 6hrs= | avg.current 3.75A for 6hrs=
=7.5Ah [charge] 15Ah[charge] 22.5Ah[charge]
Problems: Problems: Problems:
Battery undercharging Daily input and output Battery overcharging
Negative plate sulphation equal. Water loss
Bulging of container Battery undercharging Grid corrosion,
after sunless days. shedding of active mass
1B

1.4 Tubular lead-acid batteries

In the one dayvorkshop held at Chennai on 1.10.20t® participard from the battery
industries requested CECRI to collect data for tubular-séeadl battery for solartseet
light application. CECRI fabricatet?V/60Ah flooded tubulaleadacid battery for the
said applicatiowith the help of battery industry at Bangalore. These batteriesfittece

to the existing solar stand alone street ligpplication anddata were collected. Its
performance in the fielcsibeing studiedrig.11 shows the performance characteristics of

flooded tubular lea@cid battery

14
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Fig.11. End of charge [EOD] and End of discharge of flooded tubular leadcid
battery

The data collected fahe flooded tubulateadacid batery for the said application was
comparedvith VRLA batteries. Their figs.12 weggven belav. It wasseen that the end

of charge ad end of discharge voltages wdrigher for the VRLA batterylt indicates
the charge amptance for the VRLA battery was higher.
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12V/50Ah VRLA 12V/60Ah Flooded Tubular
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Fig.12 comparison between VRLA and Tubular leaehcid battery

1.6 Other storage systems

CSIRCECRI also studied these of Lithiumiron- phosphate batteries for the gola
photovoltaic stand alone lighty application. An agency at Chennai suppli@y/7Ah of

the said battery. It wafitted to the solar stand alone lighting system an@etsormance

data were collected. ig=13. shows the charge cure of the lithiiran- phosphate batter
fitted to the solar stand alone lighting system. Fig.14 shows plot between charging
current vs time. Further studies ameeded withthe use of these batteries for SPV

application

16
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2.0FAILURE ANALYSIS

2.1 Failure analysis of the 12V/50Ah leaehcid batteries in used in solar stand alone
street light applications for more than two years were investigated.Batteries were
cutand samplewere taken for photomicrographs. Tpleotomicrograph in fig.14 depicts

the photogaphs of the elements. Shedding of positive active mass occurred in flooded
positive plate, wheras it did not occur in other plates.

Hybrid

Fig.14 Photomicrographs of positive and negaplates

Sampleswere take from the grid and activenass,examined undeBcanning Electron
Microscope [JEOL]. Figs. 15 & 16 depict photomicrographs of positive and negative grid.
Figs.17 & 18 depict photomicrographs of Positive and negative active mass.

18



The figure shows the porous nature of the posi The figure shows the structure of the nega

grid for VRLAB compare to the flooded grid .The Hybrid structure indicate the presel
of lead sulphate in small gatity and porous ir
nature

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

The figure shows the distribution of lei The figure shows the distribution of le:
sulphate in the positive active reatil. Due to sulphate in the negative active material. The !
high compression of the AGM separator the I¢ of the lead sulphate crystals in the Hybri
sulphate is small in size in AGM VRLAI VRLAB is lower, compare to the other type
followed by the Hybrid VRLAB, flooded ani Smaller the size of the crystal better for e
GEL VRLAB charging.

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

2.1.1. Conclusion

From the photomicrogphs it is seen that the suphation is the major failure mode in lead
acid battery for the solar stand alone lighting application

19



2.2. Studies on lead sulphate

A detailed study ws undertaken to find how the leadlphate crystal size variés
different specific gravity, discharge rateand duration.For this studyPb-Caalloy grid
havingsize: 11cm x 11.5cmx 1mm were used.6 cells were fabricatedith each cell
capacitywas 2V/8Ah The following unit operationshown in tablet were carried out to
fabricate the cells. The tabtegives the parameters we used in this study.

Table-4 Unit operations in leadacid battery

[Unit Operation  |Process

1.Mixing Preparation of Paste by mixing Grey Oxide , 1.30 Sp.Gr Sulph
Acid, Dist.H20, Dynel fibre and Carbon Black for positive plat
and Grey Oxide , 1.30 Sp.Gr Sulphuric Acid, Dist.H20,

Lignin ,BaS0O4 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 undatural condition
5. Formation It is the electrochemical conversion of the inactive mass into

mass at positive and negative platevigad dioxide and sponge
lead respectively

The table-5 Parameters

Specific gravityof sulphuric acid [1.280,1.260,1.240,1.220

Discharge rate 20h, 10h and 5 h
Idle period for samplingn the 1, 7,14, 2128 and 3%lays
discharge state

The cells vere discharged at different rates and kept in the discharged state at room
temperature. Periodically samples were taken from the negative ,pédtes the
completion of idling periodThese samples were washed with distilled water and its
microstructure \&@s observed in Scanning Electron Microscope.

The photomicrographef figs.19-30 showsthat the leagulphate crystals will undergo

the dissolution and precipitation phenomenon when you keep the battery in the
discharged state for longer duration

20



PbS0O,-1280-20-1-X5K PbS0O,-1280-20-7-X5K PbS0O,-1280-20-14-X5K

[ &

PbS0,-1280-20-21-X 5K PbSO,-1280- PbSO,-1280-20-35-X 5K
Fig.19 shows the leadsulphate crystals in 1.280, 20h rate and durations

PbSO,-1280-10-1-X5K PbS0O,-1280-10-7-X5K

PbS0,-1280-10-14-X5K

S0O,-1280-10-21-X 5K PbS0O,-1280-10-28-X 5K S0,-1280-10-35-X 5K
Fig.20 shows the lead sulphate crystals in 1.2800)h rate and durations
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Fig.21howsthe lead sulphate crystals in 1.280, 5h rate and durations

PbS0O,-1260-20-1-X5K

PbS0O,-1260-20-14-X5K

PbS0O,-1260-20-7-X5K

Fig.22Sows the lad sulphate crystals in 1.260, 20rate and durations
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PbS0O,-1260-10-1-X5K PbS0O,-1260-10-7-X5K PbS

A V ‘.

0,-1260-10-14-X5K

4

el

SE 11-Mar-09

Fig.24Shows the lad sulphate crystals in 1.260, ibrate and durations
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PbS0O,-1240-20-1-X5K PbSO,-1240 5K  PbS0O,-1240-20-14-X5K

PbS0,-1240-20-21-X 5K PbS0,-1240-20-28-X 5K PbS0,-1240-20-35-X 5K
Fig.25%ows the led sulphate crystals in 1.240, 20rate and durations

PbS0O ,-1240-10-1-X5K

F

PbS0,-1240-10-7-X5K 7PbOO-lO-14-X

PbS0,-1240-10-21-X 5K PbS0,-1240-10-28-X 5K PbS0,-1240-10-35-X 5K
Fig.26Shows the lad sulphate crystals in 1.240, 10rate and durations
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240-5
."' a’:\‘

Fig.27Sows the led sulphate crystals in 1.240, brate and durations

PbSO,-1220-20-1-X5K PbSO,-1220-20-7-X5K PbS0O,-1220-20-14-X5K

Fig.28%ows the lad sulphate crystalsin 1.220, 20 rate and durations
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SE 09-Feb-09

PbS0,-1220-10-21-X 5K PbS0,-1220-10-28-X 5K PbS0,-1220-10-35-X 5K
Fig.29%ows the led sulphate crystals in 1.220, ¥0rate and durations

PbS0,-1220-5-7-X5K
Borg T "

PbS0,-1220-5-21-X 5K PbS0,-1220-5-28-X 56K PbS0,-1220-5-35-X 5K
Fig.30Shows the led sulphate crystals in 1.220, kbrate and durations
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The rehtionshipbetween numbetays, sp.grand lead sulphate crystal siZenicron] is
shown in fig 31

Crystal size at 20 hr rate

Relation between days,
sp.gravity and crystal size

Crystal Size

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

2.3Conclusiors:
1. The crystallizatio mode of leagulphate changesom three dimensionadb two
modesas the specific gravity movel®wn from1.280 to 1.220.
2. Sulphation is the majdiailure in LAB operated under PoSC operation such as
SPV application

27



3.0CHARGE CONTROLLER

In standalone photovoltaic [PV] systems, charge controllers regulate the current from the
PV array in order to protect the battery from being overchamgddieep discharges. The
charge controller is therefore the energy manager in a-stand 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 rtageinterrupt the current
according to the batteryds ability to acce
monitors the charge in and out of the battery and, based on a set of voltage thresholds,
regulates current flow in order to limit overchargedaover discharge. Although the
controller is one of the least costly components in a sédonte PV system, it strongly
influences the longerm reliability and maintenance costs of PV system. Choosing the
best controller for a particular system and aggilon, 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} referrirgthe nominal capacity atol[2].

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

AGM VRLAB

A study was conductedith respect to failure of lead acid batteries due to theharge controller
componenin solar photovohlic stanealone lighting systems. Ithis study 12V/50 Ah VRLA (AGM
design) batterwas used. Three types aharge controlleshown in fig.32 wergrocured from three
different manufactures.

2006 Madurai

[A]

Fig: 32 Photographs of chargecontrollers from different manufacturers
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Their manufacturingletails are given in the tabé

Table-6. Manufacturing details of the charg_]e controllers

It has five wire connector
(Four wires to Bulb and
One wireto GND)

Evening time:
When panel voltage is less
than 2.4V light will glow.

Morning time:

When panel voltage
reaches 2.5V light does not
glow. (End of Discharge
Voltage)

Lower Cut off Voltage:
10.83V

Components:

M =IC 339 — Comparator,
U2 =IC 333 = Comparator,
U3 —1C 3530 IRF

U4 —IC 2045 (3 legs, oneis
open)

Us and U7 = IC 3055
TransBrors:

@1 =1C 558 (Timer IC)

G2 = 1C 558 (Timer IC)

Q3 —1C 431.

It has five wire connector
{Four wires to Bulb and
One wire to GND)

Evening time:
When Panel voltage is
2.8V light will glow.

Morning time:

When panel voltage
reaches 4.3V light will be
switched Off.

{End of Discharge
Vaoltage)

Lower Cut off Voltage:
105V

Components:;

U1 = IC 339 = Comparator,
U2 - IC 393 — Comparator,
U3 - IC 3530 IRF

U6 and UT - IC 3055
Transistors:

Q1 - IC 558 (Timer IC)
Q2 - IC 558 (Timer IC)
Q3 -1C 431.

A B C
Four wires system Six wires system Four wires system
{P+, P-, B+, B {P+, P-, B+, B-, 5+, 5-} {P+, P~ B+, B+
Internal loop connections | Internal loop connections | Internal loop
between (P-and B-) between (P- B- andS), | cohnectiohs betwean
{B+ and S+) {P- and B-}

It has four wire
connector (Four wires to
Bulb and no GND wireg}

Evening time:

When panel voltageis
less than 2.9V light will
glow.

Morning time;

When panel voltage
reaches 3.0V light does
not glow.(End -of
Discharge Voltage)
Lower Cut off Voltage:
1054V

CDH‘IFIOI'IEI'ITE:

Q4 —1¢ 744N IRF

Q6 —IC 9540 IRF

D2 — MUR 1560 — Diode
Transistors:

Q2 —2N 2222A

Q3 —32N 2905

Q5-BC 1076

D12 —IC 552 — Timer
REG1 - IC 7805
Constant Vol. Regulator
IC (+05v).

Small Size Board:

Q1 and 02 - IC 3055T

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

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

and 34
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Fig 33 charging curves on clear day
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Fig 34 charging curves on a cloudy day
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3.1.1 Conclusion: el
It is seen that the charging current earwith different manufacturer$his affects the
life of the battery.For anychargecontrollers it should be sized to regulate udi80% of
a modul ebs nominal short <circuit current
multiplying the L. current of a module by the number of modules in Iggrand the 1.3
safety factor [3].The standby current which is consumed b the otietrvaries usually
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ranging from 1 to 20mAln 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 withldwing specifications weréabricated
in associatiorby outsourcingwith an agencyat Coimbatore.The circuitdetails of the
controller aregiven below The fig.35 depicts photograph of the controller
CIRCUIT DETAILS

Circuit board working in bagty voltage.
U PCB board working current ,

With LCD display=140mA.
Without LCD display=70mA.

X X < C

MOSFET maximum operating current=15A.
Three LEDG6s are used for indicator
1 Yellow=load ON/OFF.
1 Green= low battery.
1 Red =intensity.
PWM frequency = 300HZ.
LED drive =THOSIBA IC ULN2803A.
PC interface = IC ILX232N.
MOSFET =IRFP250.
Lamp current =1.3A.
Battery voltage is below 7V that time the circuit is switched off
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

> >

I I > I > D

The figure 36 showsthe pulses at different on & off time with respect to on charge
voltage of the battery
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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. |

The fig 37 below shows the block agram of PIC based PWM Charge controller
designed and used in the solar stand alone lighting application

32



FPC IJNTERFACE

LCD DIZFLAY

CIRCUIT
ILE Z353&8M

LED DRIWE
CIRCLIT

LIL M 2030

AOMFAMOOATT

[y

MO=SFET MOSF ET

GDs

1IMNvYERTER

p+
) P
EBr

B

LO~AD

Fig 37 Block diagram of PIC based PWMcharge controller

Thetable7 gives the diffeencebetween designddWM charge controlleand theseries
typeof chargecontroller.

Table-7 difference between PWM and Series charge controller

Operating Designed PWM Series type Charge
Condition charge controller Controller
Controlling Systenmn PIC 16F876A Switched Mode operation

Charge Mode

Pulse Charging

Normal charging

Operating
Frequency

300Hz

Discharge Mode

Oon

EOC BvO12.5, Lamp

No Limit

Thefigs 38 &39 showdhe chargeharacteristics behavioff batteriesusing thedesigned
PWM and series type controllers
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Fig. 38 Below12.5V EOC voltage characteristics of charger controller

PIC Based Charge controller performance in the sunny dm

In the PWM charge controller, the discharge starts whenbattery 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 procedbits end of voltage is reached.

The difference in the manufacturing details of PWMI aeries type charge controller
was given fig.39
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Designed PWM Charged controller Series Type charge controller (Commercially Available)

PIC 16F876A Inverter board

T eam®

Inverter Board Load MOSFET IRFZ44N

Charging
MOSFET
IRF9540

Charging MOSFET Load MOSFET

e INZ4aN Regulator IC7805
ON-OFF Relay
PIC Program control charging ON/OFF Relay control charging ON/OFF
(PIC -16F876A)
Battery Voltage 12.5Vi lamp glow (evening time) Battery Voltage 11.5Vi lamp glow (evening time)
Two wires from inverter to lamp Four wires from inverter to lamp
Pulse charging (Square wave pulse depended SPV & BATTERY VOLTAGE Normal Charging
PIC Program control discharging ON/OFF Relay control discharging ON/OFF
Charge controller working in battery voltage Charge controller working in panel voltage
Kitkat Fuse is used Rewireablefuse is used
Battery voltage 11.5V below light off Battery voltage 10.5V below light off 32
Morning time Panel voltage 6.5V then lamp off Morning time Panel voltage 4V then lamp off

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

In order to tune the designed PWM charge controller, further modification wasamade
thedetails of the same were given in the table
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Table8 Difference between designed

PWM. and its modified version PWM2

DESIGNED PWM CHARGE
CONTROLLER
[PWM -1]

[DESIGNED PWM CHARGE
CONTROLLER
[PWM -2madified]

Cut-off voltage 12.50 V

Cut-off voltage 12.50 V

Lower Cut-off voltage 11.50V

[Lower Cut-off voltage 11.00V

Charging current pulse frequency 300 Hz

Charging current pulse frequency 1 KHZ

If battery voltage is less than or equal to

If battery voltage is less than or equal to

12.50V charging arrent pulse 100% goind12.50V charging current pulse 100% going

to the battery

o the battery

If battery voltage greater than or equal to
13.00V

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.

Thefig 40 &41 givesthe performance characteristics of designed PWandmodified

PWM2 with respect to charging current input to the battery and current generated by the
panel using PWM for fully charged and dis

<.V

charged battery

3.5 1
3.0
2.5 -

2.0 -

1.5

CHARGING CURRENT(A)

1.0 -
0.5 -

0.0 -

—m— PRESENT USE PWM
—e— PREVIOUS USE PWM

=

[ ! I . I Y I ! I ’ [ I
07:46:208:36:289:26:2610:16:2611:06:261 1:56:261 2:46:2

TIME (MIN

S [ e e e
713:36:2714:26:2715:16:2716:06:2716:56:27

S)

Fig.40 Charging current generated by PWM1 and PWM-2
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Current generated by panel

4.0

'—l—charging current to the full dis'charged battery '
—@—charging current to the full charged battery

current(A) from panel

T T T T T T T T T T T T T T T T T T T T T T T T T T T
07:39:158:29:199:19:1510:09:1510:59:1511:49:1512:39:1513:29:1514:19:1515:09:1515:59:1516:49:1517:39:15

TIME (Mins)

Fig.41 Charging current generated by the panealising PWM-2 for fully
Fully discharged and charged battery

The conductare of the battery with PWM and Series totlers were measured using
Medtroni cds c o it dasdoura nhatehe diffeterce in the conductance
value between EOC and EQ/lues weresmall in the case of PWM charge controller as
compared with segs type controllerThis shown in fig.42.

PWM Controller used battery Series Controller used battery

—-EOD(Q
—=—EOC(Q

Fig.42 conductance validation
3.3Conclusion:

The performance of PIC based PWM charge controller is better than the conventional
series type controlie
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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 prdgjmmal to sunlight intensity. At a given
intensity, a modul eds out put current and
characteristics of the load and it is necessary to operate the PV at its Maximum Power
Point. Three remarkable parameters namely Ofémuit voltage (Mc), Short circuit

current (&), Maximum Power Point tracking (,Imp) given by the marfacturer of the

PV module areused for the prediction of PV characteristics of solar panel and panel
power output for different level of radiatioarrges from 100Vw’to 2000W/m.

The proposed PV system simulation is composed of photovoltaic panel of 40W, storage
battery of 12V/40Ah lea@cid battery and output resistive power of 11W. During night
time and sunless days the battery will provide potedhe load. The use of equivalent
electric circuits makes it possible to model characteristics of a PV m{&jul€ig.43
depicts the electrical characteristics of PV module method used here is implemented

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

PV Cell I
' AAVAY

(DL 4 r, Load

O

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 dédrent level of radiation .Fig 44shows the Screenshot of
simulation of PV moduleThe 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 input parameters given by theanufactures data sheets.

4.1.3 Internal model blockdesigned model details.
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Model oo Manufacturer |xsrson 2

File name: I:-c:-:x:-::-c:-cxmnu{ Data source |Manufacturew

Nom Power  [40.0 Wp Tol [00 %  Technology [Sipoly =l
[atSTC)

“Manufacturer specifications or other Measurements- | Model

i _..,_] odel summary

Reference conditions: GRef I'JIIIJ Wl TRef |25 ‘-2 Main parameter i]
Shost-circuit curment lse |3.30 A Open circut Voc [1580 W ::Hhﬁu-nutl 1333 :::
Max Power Painit: Irpp |3.05 A Vmpp 1300 W R serie model  0.08 ohm
Temperature coefficient mulse |23 md T R sefie max, 0.39 ohm

ot mase [0.07 % Hb cells 27 in senes A sene apparert 0,36 ohm

Model parameters

Internal model result tool s ez

ﬂ loRef 105 nA
Operaling conditions GOper [500 j Wit TOper [25 jc H muvoe 57 m¥/°C
Max Power Paint: Prmpp  18.8 W Temper. coeffl. -0.45 %/°C
Currert Irpp 1.50 & Volkage Vrmpp 125 W
Short-circuit current |5 1.65 & Open circuit Yoe  15.2 W
Efiiciency /Cell; area 13.96 % I Module area 11.54 %

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 abeut t
simulatian of the particular PV moduleush as model, manufacturer, nominal power and
technology of the panel.

4.1.2 Input Block

This block provides parameters available in manufadiudata sheets. These parameters
therefore include: the referenaeadiation (GRref) and module temperature conditions
(TRef) during measurementshort circuit current ¢t and open circuit voltage ¢ at

the given conditions. Imp andnpare the operating point in the region of the maximum
power point and askcurent 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 pael. Finally, it calculates unknown Model parameters suchaador

different level of radiation ranging from 100 to 1000 W]6}2

4.1.3 Internal Model Block

The main aim of this block is to develop simple and more realistic models for the
photovoltaicPeak power and at theame time to use theformation provided by the
manufacturer's datsheet. This block design tR¥ model with the information given in

the input block and shows the results for any specified operating conditions .This model
is veryuseful for reattime 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 suchaaddr different levels of radiation
rangingfrom 100 to 1000 W/m?2 is performed. On knowing the panel generated current
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lavgfor a particularlevel of radiation, panel power output can be calculated. There are
some factors which affegtanel power output .They are Outpating of the solar panel,
intensity of solar radiation arftburs of available light. The average curremigenerated

by the solar panel is proportional ttee ratio of the actual solar radiation to 1000 \&/m
multiplied by kc[7]. Therefore, the avega current would be

| avg= (G /1000) W/mz * |sc(1) ----[1]

G = Levelof radiation (100 to 1000 W/m3rig 45 shows theelationship betweengmel
short circuit currenat differentlevel of radiation

. ]
. 1
. .
~ -

current|A)

1 l:lll:ll:l i IIIIIJI:I i El!!ll:l i 4l:lll:l i 260 i [+]
insolation wim®
Fig.45 Average current andinsolation
From this unknown parametexdof the PV module is predicted. In this
proposed model, the radiance level is considered to vary f@nto 1000 W/m2.The

curves ofpoweii voltaggPV] and currenwoltage[IV] of the photovoltaic panel are also
carried out forvarying levels of radiance.

4.2.1 Radiation Model in 3D Nomogram

Using this proposed model, wave created database regding the panel power output
for various rated panels. This type of database is more suitable in making initial
detemination of Panel power output of the particular rated panel. The database is
represented in 3D nomogramhese types of nomograms are very useful to the quality
control engineer for analyzing tipewer output of gropi of panels. Fig. 46hows the 3D
Nomogam of PV Modulewith the Panel Power output of 40, 80,120 and 160
watts[clockwise] by considering its short circuit curreat different level of radiatian

The simulated Panel Power output is compared with the field data
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3D NOMOGRAM FOR SOLAR PHOTOVOLTAIC APPLICATION

|

3D NOMOGRAM FOR SOLAR PHOTOVOLTAIC APPLICATION
(SOW panel)
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Figs46 3D nomogramsof 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 solatioadiaodel is being
designed tamonitor parameters of PMand alone system and to calculate the power
generated by the totablar radiation falling on a panel during insolation per day. This
database device is designeding microcontroller. Fig 47 shows block diagram of
database device.
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Solar panel
Data Logger cum analyzer

Block diagram

Voltage
Measurement

Amplifier Micro | RS485
ADC controller

Panel

"~ . Cable
,|  Current Amplifier o
Measurement

RS485 10
RS232 | PC
converter

Fig. Fig 47 shows block diagram of database device.

.The database deviceont ai ns t wo | te display the status ofdhe dattg r e e n
hour generated per dawatt-hour is the product of volts multiplied by amperes. Every

solar paneld rated by their peagower or Watthour .Bycalculating the peak power of

the panel, the wattihour value for thewhole day will be compared with the Wh
generated /daylf 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 achie\adtlition to the

present dayVh, and then green led witilow. The table-9 depicts the solar radiation

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

Table9 solar radiation model for 11W CFL

Solar Radiation Model

A The parameters to be measured are
APanel voltage
Aanel current
APanel Temperature
Awnatt i Hour Generated
A Device contains two LEDOGS
ARED
AGREEN
Watt i Hour Generated O210 Wh/ day ; Green LED will glow.
Watt ' Hour Generated< 210 Wh/ day ; Red LED will glow.

On the next consequent days, when the Walttour lost is achieved in addition to
the present day watthour, the green LED will glow
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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

Panel power output(Wh)
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Fig.48 Data base reading for 80W panel power output
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The Watthour generated by the data logger was compared with the designed PWM
charge controller. This is shown in fig49.

Panel generated Watt-hour comparison

Fig.49 Panelgenerated Watthour was wmpared 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,
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