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Usable Quantities of Solar Radiation

1400 W/m?

Above the

Atmosphere

1000 W/m? ~ 100 W/m? Conversion
At Ground Level by photovolaic Modules

500 W/m? Thermal Collector
Ml &L;u':,}!\ O eu;:mu ALl ol s 9s 1Y oAl

B8 49912 (9 o)l dSUAJI £Q puito (1l Jua



&
3
g
%—
€
E.
,E

B3 o e IaSlall quadal) pladiyl dead Gle 55 Sl Jolgall ¥,)

Jiaty Lowaddl alail) Ancalys Jaiteal) guaddl plazigl June 3 35 Jolse clllia
G¥ae sl 2ol ba Guas e il pdaiall 28509 4y giandl J gundll 03 $ 0o
&5 late s 30 9T Gt o e Jaal ) i cbaslaal) Lae sl asatl slay il
) uadidl gl Jygaty 0 o3 I leshail) ol el ] d8Lis] .ol 350 0ds o
Loaills 53530 pladl o s 3o Jasad - Lilae GBI - polais 250 56S B3l
(P52, (puaddl s gaill loglanl

SV LLE @ Jelgall sl pandls (S
wesall i gl adsll
(o sl of Cavall) Ll J gund
obadly Caad) fie 4y sl Jolsad)
Byhalldas L8
asall sl a3l o

“ =«

SUN

Summer Equinox
(June)

Winter Equinox
(December)




adl) pladigll (ulid 33ga1 ¥, )
876 eL8] LAl &SN Laly cquaitd) plaiyl 8ud 8,08 (ulid) daga lilia

el § gl
a3 Ll 3L S35 a5 p ) Sl 3 lslls Dvuwadil) A5UAL Zulaa U 8 508l uldS
Al § ale

sl sl5T Guadd) g gl sleluy puadd] pladdl 5t o dalad LueSIl 250
2548 (o 5 S ol guadd) plad) Al bugio slag] (S clwbidll ods oo
oo [ Yo [aels LlgslSIb ol g/ Yo/ doalls 2l

ps2/ Yo/ dsaliee ¥,V =0 [V [delis LalgslS Y

lgan] o ouadndl ladyl 8ad Lulidl 83ga] 8ac clllia
€ g 2 ~
(Pyranometer) s gl SRR A

(Pyranometer) fsasilpal jlgs puigs 16 JSidl

> 19812 (9 dtuouit)| G8UnJI £g pito) (2T Jua



W o e romr 62 jrongn oo 69 o)l

(Solarimeter) Aaas ¥guudl ¥,3,Y

(Solarimeter) Asas ¥ gull3lgs pungs :0 JSall

touadll plaal 8ad Lulidl (Reference Cell) Luweil Lulal alusiol Loy (Sas o
(Reference Cell) dawwadall dalall ¥,),¥

(Reference Cell) duwads 412 rungy i1 JSA)



Slagaadt § dswadil) A3Uall ciloglas Baels 0,)
Olagad) ae paas 3 8 a8l LIS dpinadd) Bl o liaS s g oLl Jguall
ass] Yo/ Jsm lase JSI guaiill plastll s 5ell asall boussill prdigs 1\ Jsanl

Gjgle dijE JSgals FElal el gl (Paeuy  Olagwdyss  MEL QU

Y.,0v YA, YY \ERA! YA,V YA,¥4 \o,vY \4,YY el
YY,5A YY,AY YY, 61 Yi,A YY,61 \4,8Y Y\, -4 el
YY,¥ YYAY Y§,V ¥1,00 Ye,4¢ YY,EA Yi,4A L
YY,oV YY,qV Yo,sY Y,V Y, ¥ Yo,41 Yo,A\ Jasal
YY,ov Y\,Yo Yo\ Y1,-¥ Y,6¢ Yo,YA Yo,AA ol
Y\,10 \4,YY YY,AY YY,AY Yi,.0 Y1, A Yo,lA et
Y.,8V Yo, YY,$0 YY,NY YY,V1 YY,14 Yé,08 Ay
YA\, YY VAN o YY,¥ YY1 YY,EA YY,V1 YYVE ubadd
YV,¥N VA, oV YY,Y YY,AS YY,EA YY, YY,AY Skt
Y\,Y4 Yo Y YY,V1 YY,8V Y,V Y,ov YY,- ¢ sasiS
YA, YY YA,VV YV,AA YY, -\ Yy,AY \1,4Y Va4, AE fitts
Y.,Yo Y, Y-,0A Y.,V Y.,VY Vo, YAEY  rews
AN YY,A YY,. v YY,YY YY,YV AR YY,A0 Ll

Zodl us Slias Blda alsar Slay Gaolall g Aa3lsll HUaSY (e 038 Oyl
AUl 53 130 i a3l G Slsiud] FUU U] Jledd) s3] § slhain (e 4 Lie
Gy ST 3 alall Hlae Jeo diwedll U o) ge diall Joall o laged) Jass
VY ULV o el g sl clelu sae gl Gus die ulleddl 3N § Lols
Js> ol Vo dlY o Lo asd gsial) quadll pladi) Jane alus casll § debu
o Lol s 3l oo Jaal) 13a 5 o Sy - A8 bl Yo L) Rl
w17+ s dl s a8 Juas elgiaf) bad ola3 3 Luwlie
Sl aliae § a3 A olaall @ Tua dle guadd) plasil Juse of Lty
3 LSIAL Gl Gy Anial) lYsl 3 Glgime Sl duadd 2oty Ldleddl
o & Jlaidly bauwgll 3 bl Gaaa) plaayl eaas (aladsl bady Ll il
ol Aal i 3 SLally caadl J3ISE J)Alld am g Eiadl J gund




ouladll 85ga0 ¥
(AVOmeter) faogs¥l),Y
:0lesd g doglally LAl Bud o cagall 358 (ubad] padiuy Slgs 5o
SIS T 5Ll Aaagddl -
(2l Asesddl - o
:(Analog AVOmeter; SOLaill Faagd YIY,N,Y

e o5l Al audiin g (Laslilly SLal 5 cagadl 353) dasd Olus § pudiang
olail 15 (Ghaall 3) 25U s o lall oda & 81,

Pointer Scale

Poiter
_ calibration
~ screw
Positive
terminal Ohm ()
(20A DC calibration
only) knob
Negative :
teminal Range Positive

selector tterminal

Test Lead (Black)

<

Test Lead (Red)

JSLall Fan 831 sV Sl
(Digital AVOmeter) o311 faagd Y/ Y,),Y

Brdue Lald day (oelidll wie al3 YL (Loslally Hlally wagall 358) dad oy
L0 Lgwlid ul ol dasill g 53 i ss



VOLTERAFT? 1 \
' I
’ L0 00 X
=' -
2 11
N POWER |
OFF ON ‘\\\ 10
3
LG 9
' A
) v CcomMm 8
E;J:EIIMGI . 5 @ A @ @
\— [~
. L/
VOLTCRAFT" ' 3850 | | | 2906/
| 4 /
6
o Fass Y sy A JSa
Keterangan:
1. 312 digit display (1999 maximum) with automatic decimal pt. and minus
sign.

2. POWER switch.

3. Function Range Switch.

4. LOGDC Indicaters: Red LED = logic high, green LED = lower.

5. W-OHM Jack: Input for dc or ac voltage, resistance, or continuity.

6. COM Jack: Input for common or reference test lead forall measurements.

7. mA Jack Input for dc or ac currents up to 200 mA.

8. 10 A Jack: Input for currents up to 10 A.

9. TEMP TYPE K Jack: Input for Type K thermocouple.

10. hFE Jack: Input for direct insertion of npn or em transistor leads.
11. LOGIC Jack: Inputs for three pin logic test leads.
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How a photovoltaic cell generates power

Electrode ﬂ Light Light Light @

Antireflection film

n-type silicon . )
p-type silicon—»-
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Electrical Diagram representing
a Photovoltage Cell

A diode in parallel with a photovoltaic cell
I (Current)

I photovoltaic|cell

I diode

v Voltage
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Current and Voltage Curves for a
Single Photovoltaic Cell

Short IV Curve
Circuit A
Current 3.15 Maximum Power Point
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Electrical Diagrams
of a PV Module
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Wiring Modules together
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Different factors
affecting Battery Performance

Charge & Discharge Rate, the "c" Rate (capacity / hours) C/20 = it will
take 20 hours to fully Discharge the battery.

Temperature (25° Cis ideal).

Daily average Depth of Discharge (10 - 20% is ideal).
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Basic Voltage regulation
using a Charge / Discharge controller
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charger inverter

~2, mainson ~), inverter on
—_— | on
Ay bulk ~y, overload

(O off

- (b charger only
Ay, float ~\ temperature

7). absorption « low battery

» battery charger  « sinewave inverter « transfer switch

(Inverter) Jasall LialaYl da ) oudgs 100 JSall
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Efficiency (95-98% mod. sine wave, 80-95% sine wave)
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(Array Sizing Calculations) dawadsll LMAS Sla gf waaali V, Y,V Y

Sizing the
photovoltaic Array
+ Array Sizing Calculations
AH required Battery High module Dirt ang Controller Changing
by the Inefficiency Operating Dust on the and Wiring Meteorological
Batteries = - | Temperature | = | Module -~ loss - | Conditions
36 Ah 0.80 0.90 0.96 0.97 0.97
Array AH Peak Sun Array Amps Module Modules | System Modules| Modules
required Hours _ required | . | Amps _|in Parallel| Voltage Voltage __|in Series
56 Ah 5.8 Hours 10A 2.78 A 3.59 (4) | 24 volt 12 volt 2
Lradl) YA ola gl asand s gy 10 A JSall
ol @b ylas daw 33a3 ¥, Y
Sizing the Batteries
« Battery Sizing Calculations
Energy System Amps Hours 0.85 Battery 5 Days of 20% (Max
required Voltage |_ | required/Day Temperature Autonomy DOD is 80%)
= = X ar
720 WH
per day 24 volts 30 AH 36 AH/day 180 AH 225 AH
System Battery Batteries Total AH Battery | Batteries | You need two
Voltage Voltage In Series Required Rated AH | in Parallel | 12Volt. 230 AH
= = = Batteries for a 36
AH per day load
24volts | | 24volts 2 225 AH 230 AH 1 (o 24 voltS).
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E Voltage Controller
£ Calculations
E‘:
> System Voltage Maximum Inputs Current
E 24 Volts 4 Series stings X 3 amps |_
% Minimum Range =12 amps max input
[ 20 - 30 Volts
%
- Low Voltages Conformal | Field Adjustable Metering
q i ? ing? ints? 's?
Optlons Disconnect? Coating? Set Points? LED's?
Yes/No Yes/No Yes/No Yes/No
Ol aldie wlislge waunl gy e JSA
o Jead! ol Jusb) &liuslge wauad £,Y,VY
Inverter Calculations
System Voltage ERATT T T EEs Max Surge Watts
24 \Volts Watts Nominal
Minimum Range 4122 Watts
20 - 30 Volts 2062 Watts
. Conformal Include a «Sleep»
Sine Wave?
. ing? ? ?
OptIOI‘IS Coating? Battery Charger? Mode?
U/ Yes/No Yes/No Yes/No
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