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6 13:30 412 53.10 4.45 236.27
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26 7:30 425 55.80 4.59 256.12

69



70

Gen power (W)

50000 -

40000 |

30000 -

20000 -

10000 |

0.00 | | | | | | | | | | | | | | | | | | | | | | | | | ]
S O O O O O O O O O O O OO OO oo o o o o o o o O
Er88338383383838R388383a38883
0 0 QN — = NN NN O O >0 0NN - NN AN n O O >~ >~

Time

Y o w { g o A v J v {
51U 4.4 maalwihinldveuniestuiia vua 300 Jad uh 3 unsiaw 2558

{ A 2 %A ° ¥ '
ﬁ]1ﬂwaﬂ15ﬂﬂa@\ijuﬁ 3 UNTIAN 2558 ﬁ]3WL]J’J’]Lﬁaﬂllu’lliu‘Vl’]\‘]’]uu']"ﬂggﬂﬂaaﬂa\jNqﬁﬂﬂig‘n‘u

[
v W

HSadnaiuvuia 025 was saulusaiu 30 lu lumsnaaeuaziionsinis lva

=2

lunasiu
18 2 y

H \ a v
VoI NYu119U 1.9 AasaeIun Wanau

v
A o

MANVUGI 10 1FUAWAT  1AZHINAUIVUIA

Yy
< = [

3/4 17 azmu lanmdd ldihanaa 1duFeueudusiuiuseuvsanaruaziaimad Tuih

~ v a <3 1 = U~ ~ [
AIFAN 276.78 A NANLIITOU 434 50UNDUIMN muﬁmﬁlmwuiumﬁw 4.4 azAuanyale

U a

L%I [ 1

RatudInan awnsouaasliiiuluzdi 4.4 Feilhidunmad lihveuaiosduiialuih

@ < v o oA A Lg
UYTAUANAMWSITOUYDINIHUNN LYY

" v o 3 [ o J o A
ﬂ]ﬁ]ﬂﬁ 4.5 Waﬂ’liﬂ@a@ﬂﬂﬁﬁuu’lwaﬂ\ﬂqu%}‘h YUIA 300 IAA IUN 4 UNTIAY 2558

No. Time Ge(r; F)Sng;aed V((JBI(::ge CL?F?QHI Gen(\l;’vc;wer
(v DC) (ADC)
1 8:00 430 56.40 4.64 261.92
2 8:30 411 53.10 4.44 235.70
3 9:00 410 54.20 443 240.00
4 9:30 415 55.50 4.48 248.75
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No. Time Ge(nr F)Snp;;eed Vc?lte;ge Clg;rignt Gen(\s’vc;wer
(V DC) (A DC)
5 11:30 420 52.00 4.54 235.87
6 12:00 412 52.00 4.45 231.38
7 14:00 417 53.10 4.50 239.14
8 15:30 425 54.20 4.59 248.78
9 16:00 408 52.00 441 229.13
10 16:30 424 54.30 4.58 248.65
11 17:00 430 54.60 4.64 253.56
12 17:30 411 52.40 4.44 232.59
13 18:00 410 54.00 443 239.11
14 18:30 415 52.40 4.48 234.86
15 19:00 420 52.50 4.54 238.14
16 19:30 412 53.10 4.45 236.27
17 20:00 417 56.40 4.50 254.00
18 20:30 408 53.10 441 233.98
19 22:30 411 54.40 4.44 241.47
20 23:00 430 55.20 4.64 256.3
21 2:30 411 56.00 4.44 248.57
22 3:00 410 54.30 4.43 240.44
23 5:00 415 54.40 4.48 243.82
24 5:30 420 55.50 4.54 251.75
25 6:00 412 54.50 4.45 242.50
26 7:00 417 55.80 4.50 251.30
27 7:30 425 55.80 4.59 256.12
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No. Time Ge(nr psrﬁ(;Ed V(()BI(::ge CL(J;I’(:QHI Gen(\l;’vo)wer
(v DC) (ADC)
1 8:00 417 54.40 4.50 245.00
2 8:30 425 56.20 4.59 257.96
3 9:00 408 53.20 441 234.42
4 10:30 430 56.00 4.64 260.06
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No. Time Ge(r; psrﬁ;aed Vc?lte:ge Clﬁ?gnt Gen(\l;’vc;wer
(v DC) (ADC)
5 12:00 411 53.00 4.44 235.26
6 13:00 410 53.10 443 235.13
7 14:30 411 53.20 4.44 236.14
8 16:00 410 52.00 443 230.26
9 16:30 425 54.30 4.59 249.24
10 17:00 408 54.60 4.41 240.59
11 17:30 424 52.40 4.58 239.95
12 18:00 430 56.50 4.64 262.39
13 18:30 411 52.40 4.44 232.59
14 19:00 424 52.50 4.58 240.41
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16 20:00 411 56.40 4.44 250.35
17 20:30 410 53.10 443 235.13
18 22:30 411 53.40 4.44 237.03
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20 2:00 425 56.00 4.59 257.04
21 3:00 408 52.30 4.41 230.45
22 5:30 430 56.50 4.64 262.39
23 6:00 411 53.50 4.44 237.48
24 7:00 424 56.80 4.58 260.10
25 7:30 432 56.90 4.64 264.24
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User's needs : Daily household consumers

average

PVSYST V5.55 ‘ 01/01/15
Stand Alone System: Simulation parameters
Project : solar cell
Geographical Site Nakhon Ratchasima Country Thailand
Situation Latitude 14.90N Longitude 102.20E
Time defined as Legal Time Time zone UT+7 Altitude 10 m
Albedo  0.20
Meteo data : Nakhon Ratchasima, Synthetic Hourly data
Simulation variant : solar cell 1 1 58
Simulation date  01/01/15 12h52

Simulation parameters
Collector Plane Orientation Tilt 15 deg Azimuth 180 deg
PV Array Characteristics
PV module Si-paly Model STP 280-24/Vd

Manufacturer Suntech
Number of PV modules In series 1 modules In parallel 1 strings
Total number of PV modules Nb. modules 1 Unit Nom. Power 280 Wp
Array global power Nominal (§TC) 280 Wp At operating cond. 251 Wp (500C)
Array operating characteristics (500C) Umpp 32V Ilmpp 7.7 A
Total area Module area 1.9 m2
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 W/m2K Uv (wind) 0.0 W/m2K / m/s

=> Nominal Cper. Coll. Temp. (G=800 W/m2, Tamb=200C, Wind=1 m/s.) NOCT 56 oC

Wiring Ohmic Loss Global array res. 71 mOhm Loss Fraction 1.5 % at STC
Module Quality Loss Loss Fraction 0.1 %
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Incidence effect, ASHRAE parametrization IAM= 1-bo(1/cosi-1) boParameter 0.05
System Parameter System type Stand Alone System
Battery Model Volta 6SB100

Manufacturer Volta
Battery Pack Characteristics Voltage 24V Nominal Capacity 200 Ah

Nb. of units 2 in series x 2 in parallel

Temperature Fixed (200C)

Regulator Model Generic Default with MPPT converter
Technology MPPT converter Temp coeff.  -5.0 mV/oC/elem.
Converter Maxi and EURQO efficiencies 96.0/94.0 %
Battery Management Thresholds Charging 27.0/26.2V Discharging 23.5/25.2V
Back-Up Genset Command 23.6/25.8 V

Constant over the year
0.9 KWh/Day
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01/01/15

solar cell
solarcell 1158

Project :

Simulation variant :

Stand Alone System: Main results

Used Energy
Performance Ratio PR

Loss of Load Time Fraction

300 kWhiyear
66.1 %
10.2 %

Excess (Unused)
Solar Fraction SF
Missing Energy

89.8 %

24 kWh/year

34 kWh/year

Main system parameters System type  Stand alone

PV Field Orientation tit 15 deg azimuth 180 deg

PV Array Nb. of modules 1 Pnom total 280 Wp

Battery Model Volta 65B100 Technology sealed, tubular
battery Pack Nb. of units 4 Voltage / Capacity 24 V /200 Ah
User's needs Daily household consumers  Constant over the year global 334 kWh/year

Main simulation results

System Production Available Energy 340 kWh/year Specific prod. 1214 kWh/kWpfyear

Normalized productions (per installed kWp): Nominal power 280 Wp

7 T

T T T T T T T
S50 Unused energy (full battery) 0.23 KWNIKWpIay
[ Lo Collection Logs (Pv-array losses) .87 Kwhida/prday

=: s Systern losses and battery charging 0.4 KWh/KWpiday
293 KWhikWp/day

6 v

Energy supplied to the user

Normalized Energy [kKWh/kwpiday]

Performance Ratio PR and Solar Fraction SF

12 T T T T T T T T

08

Performance Ratio PR
o
=

Il Fr : Performance Ratio (v1/ ) 0661
T SF : Solar Fraction (ESol / ELoad):  0.898
LB [ E "B BB
02 - - : .
00 Eiid - - - i - &
Jan Feb  Mar  Apr May  Jun Jul Aug Sep  Oct

solar cell 1158

Balances and main results

GlobHor GlobEff E Avail EUnused E Miss E User E Load SolFrac
kWh/m2 KWh/m2 KWh KWh kWh kWh KWh
January 141.0 1084 2294 0.011 5.630 22.74 28.36 0.802
February 138.0 113.9 2386 0.005 4.925 2068 25662 0.808
March 176.0 154.8 34.80 4.074 0.000 28.36 28.36 1.000
April 168.0 157.7 36.12 6.715 0.000 2745 2745 1.000
May 162.0 157.9 36.21 5.968 0.000 28.36 28.36 1.000
June 1440 142.7 31.14 1.881 0.000 2745 2745 1.000
July 149.0 1464 31.29 0.875 0.000 28.36 28.36 1.000
August 143.0 137.0 30.51 4176 0.000 28.36 28.36 1.000
September 127.0 115.8 2427 0.017 5.763 21.69 2745 0.790
October 128.0 1101 23.23 0.047 5.849 2252 28.36 0.794
November 133.0 1054 2245 0.047 5.790 2166 2745 0.789
December 147.0 107.7 23.04 0.042 6.114 2225 28.36 0.784
Year 1756.0 1657.8 339.87 23.856 34.071 299.90 333.97 0.898
Legends: GlobHor Horizontal global irradiation E Miss Missing energy
GlobEff Effective Global, corr. for |AM and shadings E User Energy supplied to the user
E Avail Available Solar Energy E Load Energy need of the user (Load)
EUnused Unused energy (full battery) loss SolFrac Solar fraction (EUsed / ELoad)

|

Moy
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PV PV PV Solar

No. Time Voltage Current Power Radiation

(V DC) (A DC) (W) Power (W)
1 8:00 38.37 24.52 940.83 5150.52
2 8:30 38.08 27.64 1052.53 5807.16
3 9:00 39.25 31.84 1249.72 6833.16
4 9:30 38.20 31.96 1220.87 6881.04
5 10:00 38.86 23.52 913.99 5369.40
6 10:30 37.95 36.00 1366.20 7606.08
7 11:00 37.98 34.16 1297.40 7339.32
8 11:30 38.37 34.00 1304.58 7441.92
9 12:00 38.39 33.04 1268.41 7134.12
10 12:30 38.54 30.36 1170.07 6518.52
11 13:00 38.90 27.92 1086.09 6019.20
12 13:30 37.43 26.00 973.18 5595.12
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PV PV PV Solar
No. Time Voltage Current Power Radiation
(v DC) (A DC) (W) Power (W)

13 14:00 37.79 23.04 870.68 5075.28

14 14:30 37.67 17.04 641.90 3898.80

15 15:00 39.95 4.12 164.59 882.36

16 15:30 37.76 11.84 447.08 2414.52

17 16:00 37.57 11.56 43431 2093.04

PV power (W) Solar radiation (W)

8000 ~ 8000
7000 ~ 7000
6000 - 6000
5000 ~ 5000
4000 | - 4000
3000 ~ 3000
2000 ~ 2000
1000 ~ 1000

0 0

8:00 9:00 10:00  11:00  12:00  13:00  14:00  15:00  16:00

=—PV Power (W)  =fll=Solar radiation power (W)
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. PV PV PV Ra?j?;?iron

No. Time Voltage Current Power Power

(v DC) (ADC) (W) (W)

1 8:00 39.77 15.84 629.96 3659.40
2 8:30 39.67 21.32 845.76 4589.64
3 9:00 39.2 19.68 771.46 4726.44
4 9:30 38.22 16.00 611.52 3844.08
5 10:00 37.88 36.28 1374.29 8064.36
6 10:30 37.82 31.36 1186.04 6710.04
7 11:00 37.73 32.68 1233.02 7031.52
8 11:30 39.01 35.88 1399.68 7633.44
9 12:00 38.72 33.88 1311.83 7305.12
10 12:30 38.77 33.88 1313.53 7394.04
11 13:00 39.11 32.04 1253.08 6908.40
12 13:30 38.54 34.88 1344.28 7626.60
13 14:00 38.39 29.88 1162.03 6402.24
14 14:30 39.14 22.44 878.30 5478.84
15 15:00 38.09 12.76 486.03 2920.68
16 15:30 38.28 11.36 434.86 2742.84
17 16:00 38.12 10.20 388.82 2188.80
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PV power (W) Solar radiation (W)
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8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

=—PV Power (W)  =fll=Solar radiation power (W)
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PV PV PV Rasdoi;?iron
No. Time Voltage Current Power Power
(Vv DC) (ADC) (W) (W)
1 8:00 39.77 15.84 701.54 3830.40
2 8:30 39.67 21.32 304.67 1504.80
3 9:00 39.2 19.68 1074.87 6005.52
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. PV PV PV Ran(i);Etliron

No. Time Voltage Current Power Power

(v DC) (ADC) (W) (W)
4 9:30 38.22 16.00 968.75 5424.12
5 10:00 37.88 36.28 1051.83 5930.28
6 10:30 37.82 31.36 1131.85 6327.00
7 11:00 37.73 32.68 1192.27 6805.80
8 11:30 39.01 35.88 1218.10 6812.64
9 12:00 38.72 33.88 1333.52 6757.92
10 12:30 38.77 33.88 1477.91 8139.60
11 13:00 39.11 32.04 459.64 2558.16
12 13:30 38.54 34.88 1019.98 6142.32
13 14:00 38.89 29.88 401.34 2469.24
14 14:30 39.14 22.44 357.93 2031.48
15 15:00 38.09 12.76 982.64 5184.72
16 15:30 38.28 11.36 740.73 4233.96
17 16:00 38.12 10.20 258.79 1484.28
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PV power (W) Solar radiation (W)
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=@=PV Power (W)  =fll=Solar radiation power (W)
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PV Solar
Efficiency
Day Power Radiation power
(%)
(W) (W)
935.80 5415.27
3-January-15 17.28
986.57 5601.56
4-January-15 17.61
883.72 4802.48
5-January-15 18.40
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Gen PV
Day Efficiency Efficiency
(%) (%)
3-January-15 56.95 17.28
4-January-15 58.22 17.61
5-January-15 54.28 18.40
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w) U (h/day) (kWh/day) 17 (un)
Power Gen 132.88 24 3.19 5,312.00
Power PV 935.38 8 7.48 12,457.00
yammasau i 17,769.00
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1. LLW\H%aaL!ﬁﬂ@WﬂﬂgﬂluW}ﬂTﬁ\‘]'Jﬂ@ﬂﬂﬁj@t’lﬂ'n 1120 23,600

509 (280 W 24 V DC x 4 Panels)

2. Taseasng 4,000
d' d' 1 4

3. 193 09nuANMIUsEIUANes Ivauyad 3,500

4. 19503MUANMNITUsEIUARBI NI UAY 2,500
4 I [

5. aseaasnszua Wi nszuaasaitlunszadu 20,000

YA 3000 TG

6. 10303ria 1WH via 300 S04 24 Tad 1 1p504 15,000

7. HUAIAD3 100 Ah x 4 gn 18,000

8. ¥ANIH U 3,000

9. 9UnTRIAILANIY UL 2,000
4 a %JJ d‘

10. gUnsaimIAAAIDUY 1,000

591 92,600

9 ) a L4 Y 1 Y ax ' o a

NAHaR N ULAZAUNUIATING WINAATITHANUANATIATINTAI8ITYan 1T ugNnT
@ 1 o

(Net Present Value — NPV) tazonsiaiunalss Tesino@uni (Benefit-Cost Ratio: BCR) 1ag

° A a o =g a =
ﬂ?ﬁﬂﬂ@?ﬂiﬂix‘lﬂﬁ“ﬂ 20 wazoasmeniien 6% lassieazioon Laailuasen 4.21
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M3197 4.17 yaslgiuveswaneuunuazAunU InTINg

U7 waneuuny PVB A lda1e PVC NPV SUM NPV
(um) B/(1+1)' (um) c/(1+r)' () (Um)

0 - 92,600.00 92,600.00 -92,600.00 -92,600.00
1 17,769.00 16,763.21 - - 16,763.21 -75,836.79
2 17,769.00 15,814.35 - - 15,814.35 -60,022.44
3 17,769.00 14,919.20 - - 14,919.20 -45,103.24
4 17,769.00 14,074.71 - - 14,074.71 -31,028.53
5 17,769.00 13,278.03 18,000.00 18,000.00 -4,721.97 -35,750.50
6 17,769.00 12,526.44 - - 12,526.44 -23,224.06
7 17,769.00 11,817.40 - - 11,817.40 -11,406.66
8 17,769.00 11,148.49 - - 11,148.49 -258.17
9 17,769.00 10,517.44 - - 10,517.44 10,259.27
10 17,769.00 9,922.12 18,000.00 18,000.00 -8,077.88 2,181.39
11 17,769.00 9,360.49 - - 9,360.49 11,541.88
12 17,769.00 8,830.65 - - 8,830.65 20,372.53
13 17,769.00 8,330.80 - - 8,330.80 28,703.33
14 17,769.00 7,859.25 - - 7,859.25 36,562.57
15 17,769.00 7,414.38 18,000.00 18,000.00 -10,585.62 25,976.96
16 17,769.00 6,994.70 - - 6,994.70 32,971.66
17 17,769.00 6,598.77 - - 6,598.77 39,570.44
18 17,769.00 6,225.26 - - 6,225.26 45,795.69
19 17,769.00 5,872.89 - - 5,872.89 51,668.58
20 17,769.00 5,540.46 - - 5,540.46 57,209.04
37y 203,809.03 146,600.00 57,209.04

[ v A Y 1 ) 1 A A g 1 ¥y A
wanlumsanaule din1ves NPV V]llﬂﬂ’t’)ﬂiﬂﬂﬂﬂﬂ’ﬂ 0 30U UVIN LEaI IATINMTUUT
d' 9 1y S 9 1 1 3’; =
mmmmmnmzamu"lﬂ 49911 NPV ua1uaeani1 0 Llﬁﬂ\‘i’NIﬂ’i\‘ifﬂiuuhl,iJlIﬂ’NlIL‘I’Tiﬂ$ﬁll

A
nIgaInu



90

M3199 4.18 Ama s lnihinaa lanaeaoignis 14

3 v e 3 o o e lWiha
was Wi S luedl wasaou i R
P e e wwe o HANAADADY
JEU wan 1@ paa lwihugas  waalanedn .
3 TA3aM13(20 7))
(Wh) Fu (hday) (kWh/day)
(kWh)
Power Gen 132.88 24 3.19 22,968.00
Power PV 935.38 8 7.48 53,856.00
masauwasau luih 76.824.00
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146,600 (Baht) / 76,824 (kWh)

1.90 Baht /kWh
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NPV (U1) 57,209.04
BCR 1.39
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