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Abstract -In this prpcr, rcport consist the l€sultr of the
erperiment thet conducted to d€s[! photovoltelc end LBI)
combination syiten This combination 3y3tem lools lile e cmall
gtandelone photovoltric syttem3 with LED rs load. The rystem
urcs bettery that hes two frrnctions as mein source to light LBD
and as ctonge for photovoltaic system. The energr sounees

dnin by photovoltdc efiect on two conditions. First condition
the energr gein from sun during daylight thrt crpfire by
photovoltaic module. Second condition the energl gein by
extract wastc of light enetgr to electricd energf ftom LED
light i{Duroe. Ihe designation involve of chooring the
photovoltaic module type, photovoltaic merimum power,
photovoltaic aysten paramcter, brttery caprcity' clarging end

dischrrging rate of battery end controller end LED prsmeter.

Krywre fitotot*tic; LED; urtbufion qxr,rln

I.INTRODUCTION

The most interested to discover is the oombination
effects of the photovoltaic and light srxroe which means

electrical and sun light sources. This is iryortant when we
uxant to make the comparation between differential tlpes of
fight sources.

The second part that mnoexn in this reseach is
chargng and discharging efrect to the battery and PV
module. The limit overcharge and wer dischargp must be
considered to protect the battery frrom damage ctotal lost

Comparation between two conditiom of light
soure must clearty before dsign the system- There are
several components in radiation of sunlight's emission that
come to earth atmosphere. The differentiation between those

components comes in term of elecromagnetic frequency.

It is important to lnow what component of
radiation that extracts by different type of PV module. The
different type of radiation gives a difrerential on output
parameter.

The experiment in this research based on two types

of PV module and differential between different ligltt
sour@s. Those trro module type are monocrystalline and
polycrystalline.

TI. SYSTEMDESCRIPTION

In this combination qystem consisted of a
photovoltaic array, abattery, a charge controller and a LED
as a load. A simplified schematic of a typical sysem is
shown inFigure 4.01.

A. Light burce

1) Sun

'cM?3ru.rr.ng UFFBEa.€
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Figrre f.0f . sunesaminliglr source[ll

Basically, the Ear& is a huge solr energr collector
because il collecrs the eneq$ from tb sm. Those

consequeil affect of formingthe natural energ/ such as wind
enerry. tll

2) Load

In this researctU there are two main experiments
was conducted based on two main load and two different
type of PVmodule.

a) LED

LEDs have proven to be extremely effective due to
their long lifespan and increased efficiency. [2]
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o b) Incandescmt Bulb

Some advantages of incandescent bulbs are: they
are relatively easy to produce, they are cheap to produce, of
all artificial light sources, they most closely resemble natural
suntight, and they cmtain no toxic materials.

The majcr disadvantages of incandescent bulbs are
directly related to their inefficiency. These disadvantages are:

Wo of tle energy they consume is lost to heat, and they
contain filaments which bum out, reducing their life span. [3]

3) PVmdule

Solar cells, also called photovoltaic @V) cells by
scientists, cmvert sunlight direcfly into eleckicity

Figrre 2.01. Spccification of polycrystallinc PV module.[0]
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Figure 2.02. Specification of Msrocryrstalline PV module. [9]

A. Expeiment I

Characteristics ad factors of energy transfer by
u.sing tf,d tight

l) Expeimmt Outcanre

Upon completion of this experiment, the rcsult
should have done the followings:

EOl-Effective gap's length benveen light and PV
with change of the PV crrrent and voltage

EO2-Effect of different B"e LED

Electrical Chracl€ristics
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a) Mutocystalline

Highest efficiency, approx. l7%. The most
expensive. Lower temperature coefficient compare to
Pol ycrystalline (4. 4 5o/of C).

Cheaper and lower efficiency (approx l5%) than
monocrystalline. Higher temp€rature coefficient than
monocrystalline (4.5Yof q. Vl

b) Polycrysalline

4) Battery

a) Baoery capacity

The number of amphours tlat can be withdrawn
from a battery at a specffied discharge rate, before the
battery drops to a specified low voltage after the battery has
been charged by a power supply that provides both hllk and
finishing drarge cycles.

b) Battery sate -of-charge

Battery state-of-charge is ttr nuurber of amSours
that can be withdrawn from a battery at the time of a
particular test when the battery is discharged at a specified
rate to a specified low voltage. [5]

III. TESTPROCEDTIRE

To develop the best system using effective light
source, must know the differerrt effect and factor of each
light source. Then compare the differential and select the
good light source that have more advantages. In ttris poject
there are two selected light sorrce normally used. It is LED
and Incandescent lamp.
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a TABLE 2.01. EQI.IPMENT FOR EXPERIMENT A

No Equipment Ouadirv(uit)
I Pyranomet€r I
) Phdovoltaic modrle 2 differenttype
3 dieiral multim€ter 2

4 TaDe meter I
5 LED I

2) Procedure

a) I.ay down the PV module at the bottom of light
source. Set one multimeter for measure PV currclt
and other one for mqrure voltage. Pu reference
resistor with beter resistance value to nr€asure

voltage. Switch ON the light sorce. lvlake slre the
light and PV mo&ile in symmetry position. For first
experimefi, use first selectd PV mo&rle of small

size.

Figure 2.03. Measuring currents and voltages of a PV modrle.

b) Take Pyranometer on PV mofule. Record
irradiation value. Remove Sranometer and rmrd
curent and voltage multimeter value. Repeat

experiment by using LED with different power.

Result all measurement in table 2.02 below.

c) Repeat experiment but change PV size to larger
size. Result all measurement in table.

d) Repeat experiment but change PV module type
to second selected PV module and snall size.

Result all measurement in table.

e) Repea.t experiment of second selected PV mofule
but change PV size to larger si?e. ltesult all
measuremeot in table.

B. bperiment 2

Photovoltaic's parameters effea by dtfferent light
source.

l) Experiment Outcome

Upon completion of this experiment, the result
should hve done thelbllowings:

EOI- Amlyse the futovoltaic's parameters effect
by different tight source emission

F,O2-Anatyro the different light irradiation by
different light source.

TABLE 2.03. EQUIPMENT FOR EXPERIMENT B

No. Eqripment Quadity (unit)
I PvraoomAa I
2 Phdovoltaic rnodrle 2

3 disital multimeer 2

5 Incan&sced lamo I (I2fimfi)

2) Procedure

a) Take sams pafl as procedue a b and c in
experim€d I above- FinteryerimentusingLED as

light source.

b) Repeat experimcnt by changhg LED with
difrerent liglrt source. Result all measurement in
table 2.04 below.

No. Ligh surcetype C\rrent
(A)

Voltage
rv)

Irradiation
(wall/m2)

rV. RESI]LT

A. Reslt Al, LED light-Photovoltaic type used is
polyrystalline type

TABLE 3.0I. RESIJLT FOR I.6 METER HEIGHT

LED Power l5 Waa
Heisht Between PV & I*E'D 1.60 rneler
Irradiance 7 Watt/m'
Voltage 13.5 V
Current 5.55 mA

TABLE 3.02. RESULT FOR I.4 METER HEIGHT

LED Power l5 Watr

Heiehr Between PV & LED 1.40 meter
Irradiance 16 Watt/ m'
Vottase 13.5 V
Curre0t 5.82 mA

TABLE 3.03. RX,SULT FOR 0.6 METER HEIGHT

LED Power l5 Wat
Heifrt Between PV & LED 0,50 meter
Irradiance 3? Wan/ mz

Voltaee lr.5 v
Current 5.55 mA

No. LED power (wac) Curred(A) Voltage
(v)

Irradiation
(war/m2)
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cB. Resuh A2, LED light-Photwoltoic tlpe used r's

monocrystalline typ

TABTI 3.04. REST'LT FOR I.6 METER HEIGHT

LED Power l5 Wrtr
Heidrt Between PV & LED 1.60 meter
Irradiance 7 Wat/m2
Voltage 12.5 V
Current 8.05 mA

TABLE 3.05. RESULT FOR I.4 METER HEIGIIT

LED Power 15 WaE
Heieht Between PV & t.ED 1.40 nrler
Irradiance f6 Wau/ m-
Voltage 13.22V
Currem 9.07mA

TABIJ 3.06. RXSI]LT FOR 0.6 METER HEIGHT

LED Power l5 Warl
Heieht Between PV & LED 0.60 meter
Irradiance 37V,laEl n-
Voltage 13.68 V
Current 9.88mA

C. Renlt Bl, Incanfusent light-Photovoltaic type used is
polyrystalline type

TABI-E 3.07. RXSULT FOR I.6 METER HEIGTTI

hrlb Powa 120 Watr

Heidrt B€tween PV & Bulb 1.60 rcter
Iradiance 3 Watt/mz
Voltage 10.97 v
C\rrrcnt 2.61 mA

TABLE 3.08. RX,SULT FOR I.4 METER HEIGIIT

Bulb Power 120 Wdr
Heiglt Baween PV & hilb l.ulO meter

kradiance 5 Wdlmz
Voltage I1.37 V
Cutenl 2.89mA

TABLE 3.09. RESULT FORO.6 METER HEIGTIT

Bulb Power l2O Wafl
Heieht Between PV & hilb 0.60 rreter
Irradiance l0 WarU m2

Voltage 13.31v
Current 5.47 aA

D. Result 82, Inmrdexent light-Photwoltaic gpe ued is
monocrystalline tyry

TABLE 3.I0. RESTJLTFOR. T.6 METERHEIGIIT

Ehrlb Power 120 Watr
Heisht Betwecn PV & hilb 1.60 rcter
Irradiance 3 Wat/mz
Voltage 10.52 v
Currenl 4.85 mA

TABT.E 3.II. RESI'LT FOR, I.4 METERHEIGHT

&rlb Power 120 Wan
Heieht B€tween PV & hilb 1.40 meter
Irradiance 5 War/ m'
Voltage 10.96 v
Currefi 5.49 mA

TABLE 3. 12. RESULT FOR 0.6 METER HEIGHT

hrlb Power 120 Watt
Height Between PV & Brilb 0.60 meter
hradiance l0 Wafi/ m']

Voltage 13.30 v
Currenl 9.92 mA

Althoug[ the power of incan&scent lamps is high
but power prodrrm &om photovoltaic effect too small. It is
because incandescent lamps produce large amourfis of heat

as a by-pro&Et Approximatety Wo of the energr ther is
oonsud in an inca&oent lamp is release in the form of
heat while on$ l0olo is corwerted to visible light. 16l

V. HARDWARE DESCRIPTION

PV r!d&

!9iiy

B*gy htr DC IE--DE
tED &.d

Figure 4.01. Hrrdrrare scheoatic diagram

The hardware main operattion is divided in two
modes. Ore of tlrem is during daylight and another situation
duringday night

A. Daring daylight

*,aff'3

Figrre 4.02. Ilrdrmre operation flow &rring dayligh
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Figure 4.03. Hardware power flow &ring dayliglt

During daylight PV module receive light energr
from sun The light enerry converted to eletrical parameter

by photovoltaic efrect.

Since the no load at this state, this sysem specially
designs for how much it can collat en€(S/ &ring dayligtt
to store in batt€ry bank.

The charging process is control by charge oontroller.
During cbarging process, voltage parameter must not exeed
overcharge limit or it can darnage the btery bank When the
limit archive, charge controller detect overcharge limit and
immediately cut offthe supply from PV module.

B. During day night

The pmrcr cycle rotate ftom PV dule @nvert
thrt waste of ligtt en€r$/ to electrical trrameter. After that,
the charging pro6s control by chrge ontroller to store
energ/ in barery bank Otkwise, that enerry can directly
usedbyLED as a load-

That mns the enerry srypty to the load no longer
fuily srported from battery batrk It also contributed by
recycle energy from waste of ligh enerry. So, the battery
storage or batrery bank storage can m,aintain in longer time
to discharge because those two enerry combination.
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Figure 4.04. tlardsrare operalion flow &ning day nigfu

Figure 4.05. Hardware power flow dring &y nigln

In practice, at initial condition the battery shall be
frrlly charged" So, at the first start LED can use directly
enerry from battery bank.

The light from LED is emission to surormding to
meet the user need. Normally, trat light energ/ goes too
dissipated to surounding and loss to amosphere. But what
this system does is to recollect that waste of light enerry to
recycle to electrical energy.

Figue 5.01. Hrdware spocification

For load: LED lSuatt
Assme t7l
Normally on lvhlaysia Peak Sm Hour (PSID is between 4.5
until 5.0 hour.
PSH=5
Charging e,fficiency = 85o/o

Discharging e,fficienry = X)%o

Systemvolage = l2V
Dirt frctor = 0.99
EfEciency of charge controller 957o
DODmax=80Plo
Average daily maximum temperafi[e = 33"C
Cable loss from PVto battery =l7o
Cable loss frombauery to load=lolo

VI. HARDWARE DESIGNATION

lB, Ft

-
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I A. Battery

The banery capacity aryere houn (Ah) required is
determined by ucing the formula of standalone system.

Ah
Elo.d6.nrx Autonomy

(1)

l) For polycrystalltne PV_type

Mismach,f..=*=#=o.g (3)

Temperahrrc,ft"-p = r + fu (U ilcrrcattc- Ar.)l f+l

-0.5ft .p = 1 + Iloo (33 + 25 - 25)l

ftemp = 0'8350

4ctutepc6o1sx 4a6rn-gingl D oD*rr Sy soorr tlao

4cabte = 0.99 (PV to batery)

105waftx lday
lL 

- 

-

O.99x O.9xO.Bx72u

Since the load is DC LED there is no need of
inverter in this system. Then efficiency of inverter is equal to
1.0.

Ah battery capacity required is,Ah = t2.27 Ah

This system design for used in I day arut in the day
night only. So, daily discharging time assrme to be 7 hours.
The estimation of LED to operate from ?.0opm to l2.0opm
and plus minus 2 hours for exEa time.

It is must be desigt 6s smell as possible because for
outdoor usage.Theg choose small battery with 7 hours rating
of discharge. The battery capacity must be largo than 12.4

Ah The range of battery capacity ther sftould choose tlut
available in the market is between f 3 to l5Alt- [8]

B. PV size

The size of PV array required can be determined by:

Powerr, =

Eload6r1,
(2)

PSH r f^ x fr" p r fairt x 4canex 4choge*sro11nx
4cnarging x Ldirrn,,rgt,.g x 4i,.u

f6i.1 = 0.99

Since this system is portable, th dirty can easily
cleaned.

r .. = 0.98ocaDIe

For this small system, the loeses from cable should
be not effect too much on the system.

n - =0.95oCnajr I e controllcr

105wh
Power-PV = 5 r 0.9 r 0.8350 r 0.99 r 0.98 x 0.95x

0,85 r 0.9

Power-PV - 39.63wp

Number of PV module =39.31/10 = 3.9632 roundup
to 4 modules. For 12v system voltage, one sring only needs

I module. So, four modules oonnected in parallel.

a) The power generate from LED

TABLE 5.0I, RESULT FOR I.5 METER HEIGIIT

Voltage 13.5 V
C\rrEm 5.55 mA

NrmberofPV mo&rle 4
Totd currenr 22.2mA
Total power 0.2997 warJ

TABLE 5.02. RESULT FOR I.4 METER HEIGHT

Voltaee r3.5 V
Curreilt 5.82 mA

Nrmber of PV modrle 4

Toral power 23.28mA
Total power 0.3143 watt

TABLE 5.03. RESIJLT FOR 0.6 METER HEIGHT

Vohage 15.5 V
Current 5.55 mA

NumberofPV modrle 4
Total currenl 22.2mA
Toral power 0.3441 watt
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r2) For monocrystalline PVJW

Msmach,f.m = total efficiency of 10% which delivers

the maximum power output [9] = 0.9

Temperature,ftemp = 1+ [k(I., ilcrcatoe- ar.)]rs>

-0.48ft -p = 1+ t 100 
(33+25 - 25)l

C. Daylight

r'&
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ac.n b.
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ft"-p = 0'8416

105wh
Power_PV = 5 x O.9 r 0.8416 x 0.99 x 0.98.r 0.95:

0.85 r 0.9

Power_PV = 39.32wp

Numbcr of PV mo&ile =39.3212O: l.!X61 mm&e
to 2 modules. For l2v system voltage, one string only noeds

I module. So, two modules comected in parallel.

a) The power generatefrom LED

TABLE 5.(M. REST]LTFOR T,6 METERHEIGIIT

Voltage 12.5 V
Currertr 8.05 mA

Number of PV mo&rle 2

Total currert 16.l mA
Total power 0.2013 watt

TABTI 5.05. RESI.]LT FOR I.4 METER HEIGIrT

\rohage 13.22V
C\rrent 9.O7 mA

Nurnber of PV modrle 2

Tdal crment l8.14mA
Total power 0.2398 wafl

TABT-8 5.06. RESI.JLT FOR 0.6 METER HEIG}IT

Voltaqe 13.68 V
C\mert 9.88m4

NumberofPV rno&rle )
Total crrrreor 19.75 DA
Total power 0.2703 wan

This hardware designed for outdoor activities
normally on day night suc,h as campaign, night fishing, for
jungle area at island area and etc.

Figure 5.02. Hardwre specificatiat drring daligfn

On daylight PV module absotb irradiation of
sunligh. The coryonents in $mlight convert to electdcal
parameter. Electrical eners/ is storc in battery bank.

D. Day night
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Figrre 5.03. Hrdwre specific*io &ring day nigh

During day nighL PV plate is flit to opposite side

with LED. In this condition PV module can absotb light
from LED uid the convert to electrical eners/.
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VII. CONCLUSION

This project designation mainly based on the enerry
recycling to decreasing enerry wastage. In practice, the
electrical system is normally that energy enters a system
equal to outgoing enerry. If those outgoing energy can
recycle and generate energy same as input enerry, it can
used to the system. That means this is some of improvement
of efficiency of the system.

The efficiency improvement normally effect to cost
and size of desipation. For example battery sizing since
enerry also can generated in day night by recycle waste of
light energy from LED, the battery enerry can used for long
duration in the night time. The PV module also works
effectively because it used for daylight and for day night.

On the experiment that conducted, there are several
comparations between two elecrical light sources
incandescent bulb and LED. For desigratioq this system
uses LED as electrical light source and as a load. The light
generate from LED is purely light enerry compare to
incandescent light that a mostly contain ofheat energy.

When sizing battery, what the most important is to
consider the autonomy for load to maintain get continuous
power.

For hardware designation, it's desiped as can
handle two condition of system mode operation during
daylight and day night. It is also easy to control when
condition change. So, the cost can reduce by compacting
design.

IX. RECOMMENDATION

This system has desip in calculation and
experimentation only. For future recommendation, hardware
must completely design in real form. So, the disadvantages
are easy to reveal and to get some improvement.

There are different electromagnetic component
from sunlight emission. Let do more research in the future
about those component effect different type of PV module. It
is because the powers that were collected depend on
component in sunlight that was extract by PV module. There
are not all components from sunlight turn to electrical energy.
Some of them turn to heat energJ. After complete these
research, we may be able to construct new PV module that
can e)cract all or more component from sunlight tum to
electrical enerry.

The experiment that was conducted just focus on
two electrical light sources and two type of PV module. The
two light sources are incandescent bulb and LED. While two
different PV modules used are monocrystalline and
polycrystalline. ln the future the comparison should between

more other light source and other different type of PV
module.

This system functional only on single direction light
beam from bottom to top or top to bottom. Some of
adjustments in the future to make the light more shining
maybe take two or more parallel light beam together or
different direction. To get which is the best condition to take,
another experiment that used two or more parallel beam
must be conducted.

In this designation we do not more interested with
the glass cover between bottom and top. To get better
refractive of light that be transmitted to outside, the glass

must be properly desip. Or can put some type of gases in
the space of the glass cover.

This hardware desigrr for used for travel at place

that away from grid connected. Maybe some improvement
can make to suit this system for used in the building.
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