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Individual Study Title A STUDY OF ROOFTOP PHOTOVOLTAICS ON CAR

PARK BUILDING IN NAKORNTHON HOSPITAL

Author Sahapap paenkaew
Thematic Paper Advisor Associate Professor Aumnad Phdungsilp, Ph.D., Tekn. Dr.
Department Engineering Management
Academic Year 2021
ABSTRACT

The purpose of this study is to examine the installation of solar cells on the roof of the
car park building in Nakornthon Hospital in order to study energy efficiency and energy
consumption as well as to maximize the benefits of the building. Nakornthon Hospital has 2
buildings, consisting of a 12-storey hospital building, providing medical services with various
special units, and a 12-storey car park building, providing parking and nursing dormitories. The
researcher pays attention to the analysis of the installation on the parking lot building, and runs the
analysis by using a computer tool called System Advisor Model (SAM) as a tool to help analyze
the physical characteristics of the parking lot building at Nakornthon Hospital. and determined that
the Nakornthon Hospital can install solar panels at the parking lot building at an area of
approximately 1,444. 0, square meters. The researcher also used a program called SAM to
determine the area for laying solar panels and calculating the number of solar panels required for
installation, and their average annual production capacity , as well as the calculation of the payback
period of the project for installing solar energy on the roof of the parking lot of Nakornthon
Hospital.

The results of the study showed that Production capacity from the 1st to the 25th year
will get the energy capacity from solar panels equal to 4,344,437 kWh, amounting to 18,159,733
baht, and will reduce greenhouse gas emissions by up to 2,437,215 kg CO2. At 9,102,755.25 baht,
the payback period is 14 years and the building has a service life of at least 23 years, so it is
appropriate to invest in the installation of a solar power generation system on the roof of the

Nakornthon Hospital parking lot.



Keywords: solar cell/ solar cell on roof/ solar cell, economic analysis of Solar Photovoltaic Rooftop/

Solar Photovoltaic Rooftop
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LINEAR PERFORMANCE WARRANTY

10 Year Product Warranty « 25 Year Linear Power Warranty

B iinear performance warranty

Standard performance wamranty

Guaranteed Power Performance

ears
25 ch

H 4 ] [ a J
ﬂTWﬁ 3.6 "ﬁl’t’)ylaﬂWELﬁ’E‘]lli’fﬂTINGUENLLN‘L!W@QNHL!?N’E]WW]EJ

fan: http://ifocusshop.com/wp-content/uploads/2020/05/EN-Eagle-72-315-335-330-JInko-Solar.pdf



Eagle 72
315-335 Watt

POLY CRYSTALUNE MODULE

Posfive power tolerance of 0-+3%

1908001 2008. 15094001:2004. OHEAS 18001

oerytiod facwcory.
1ECH1215. IE085 T30 certified products

L
wﬁ' ~ ! é., ? wn
~ =

PCIRITIVE GAARLITY

A o

C""‘»‘?‘“

JinKo

KEY FEATURES

4 Busbar $olar Cell:
4 pusbar

SCNNOICQyY 10 IMmEroy ef!
T Rt
l . High Power Output:
Potyctysialine 72008 module achievs A pawet oulpul up fo 335a0
PID RESISTANT:
B eprodotan of Eoge modile couled by #10 effect &
- G tesing concition |BS C /BSEEH Fahaursiior

Low-fight Parformance:

a

o wrloce texlurg chow tor sccelent performoncs in

asi .
Severa Weather Resllence:
Cortlind o witnlond wind load (2420 Poecal) and snow lnod (5400 Pasc|

Durability against extreme environmenial conditions:
i N

High il it ongd crmemenia mbtarce cerfied By TUV NO KD

ol Temperature Coellicient.
: moroved tamperature coetlicient decreaies powee Io4s during Fgh

LINEAR PERFORMANCE WARRANTY

10 Year Frockct Warranty « 25 Yeor Uneor Power Wamarnty

W e perlomronce woroly

PaNAIY patreTGRC aarly

verce

oy sewd o

1 @ 1 (% a J
ﬂTWﬁ 3.7 %@Haﬂmﬁﬂﬂﬁﬁ'] YUDIUUNUWAINTULAIDINAY

43

flan: http://ifocusshop.com/wp-content/uploads/2020/05/EN-Eagle-72-315-335-330-JInko-Solar.pdf



ngineering Drawings

o 80292 He0.5 asze2
e [ ] [ - 1
. NS
w -1
[ eI
| \ ' !
o
2
. | i
| |
-." ‘--— ‘
4 ‘ " |
! i
| 1
Foet Sida Rk

Packaging Configuration

( Two boses=One palet |

26pcs/box, 52pcs/pallet, 624 pes/40°'HQ Container

Electrical Performance & Temperature Dependence

of Isc,Voc Pmax

/
/il

S ]
W

Carent 1A}

Normalized fscyoLPma(¥)

|
- e = e o™=

Cel Terrpermure('C)

Mechanical Characteristics

Cell Type Poly-crystalline 156x 156emm (6 inch)
No.of cells 72{6x12)

Dimensions 1956x992 x 40w (77.01239.05%1.57 inch)
Weight 265 Iq (58.4 Ibs) :

Fronk Glags High Trancmesiton, Low 1o TemperRd Glass
Frame Anodized Aluminium Alloy

Junction Bax P67 Rated

Output Cables  TOV 1x4,0mnv, Length: S500mm or Custornized Length

SPECIFICATIONS

Madule Type JKMINSPP-72 JKM20PP- T2 JKMIZEPP.72 JKM330PP. JKMIISPP-T2
STC  NOCT sIC NOCT SIC NOCT SiC NOCT STC NOCT

Maximum Power (Pmax) 315Wp Z23s5wWp 320Wp  238Wp 325Wp 242Wp 330Wp 246Wp 335Wp  2S0Wp
Maximum Power Voltage (Vmp} Ity v 374V 3Ty 376V 3BV 378V 353V 3Bov 3586V
Maximum Power Current (imp} B.48A 684A 8.56A 686A B65A 691A BT74A BI7A 882A T02A
Open-circuit Voltage (Voo) 462V 432V 464V 437V 487V 440V 469V 442V 472V 444V
Short-circuit Current {isc) 901A  729A 9054  7.304 910A  7.34A 914A  7.38A S18A 7434
Module Efficiency STC (%) 16.23% 16.49% 16.75% 17.01% 17.28%
Operating Termperature({"C) ~40°C~+85°C
Maximum systemn voltage 1000VDC (IEC)
Maximum series fuse rating 154
Power tolerance 0-+3%
Temperature coefficients of Prax 0.40%C
Tempersture coefficients of Voc ~0.30%rC
Termmperature coefficients of Isc 0.06%C

“ ing cell temp (NOCT) 45¢2°C

*STC: '@ irradiance 1000W/m? '5Cell Temperature 25°C = AM=15

NOCT: d Irradiance 800W/m? . Ambient Temperature 20°C AM=15 = Wind Speed Tm/s

* Power measurement toberance. + 3%
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12564 a1l (kw-h)
3.9, 509,000
.. 477,000
.9 575,000
130, 588,000
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12564 a1 (kW-h)
W.A. 636,000
.8 568,000
.91, 554,000
a.0. 560,000
4. 528,000
a.9. 547,000
.. 521,000
5.9 490,000
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Ma19i 4.2 s Idhnldan TusunsusaMazmstlantlasemsisounszan ahou

CO2 emission (kgCO2)
il a vl 3 2564 Co2 emission
(kgCO2)
1.0 509,000 285,549
.7 477,000 267,597
i.a 575,000 322,575
1.8 588,000 329,868
WA 636,000 356,796
1.8 568,000 318,648
0.9 554,000 310,794
.0 560,000 314,160
.9 528,000 296,208
.0 547,000 306,867
n.o 521,000 292,281
5.0 490,000 274,890
AEREY 6,553,000 3,676,233

FINNIUAn0Y 3,676,233 kgCO2

50

o o 1 d' 1 [} a Qd 1 [
gaTINITAIUINU kgCO2 = muauﬁmwﬁl%’ X fnﬁﬂJ“]Ji%ﬁﬂ‘ﬁﬂWiﬂﬁﬂﬂﬂVﬂGBUﬂ'igﬂﬂ

(Emission Factor) 914721 kW-h x 0.5610 (Emission Factor)
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3197 4.3 doyanindan vl 2564 0115 159M81W10UATEY Monthly Load Summary

Energ (kWh) Peak(kW)

Jan 509,000 1,493.87
Feb 477,000 1,645.26
Mar 575,000 1,816.35
Apr 588,000 2,043.93
May 636,000 2,147.02
Jun 568,000 1,884.64
Jul 554,000 1,703.58
Aug 560,000 1,710.18
Sep 528,000 1,824.56
Oct 547,000 1,861.92
Nov 521,000 1,502.60
Dec 490,000 1,569.02
Annual 6,553,000 2,147.02

Y a ¢ @
ﬂ"li"lﬂ‘ﬁ 4.4 HANIAUASHNIUATHIMTAT

Metric Value
wasnulszathwasn @l 1) 184,430 kWh
a98nMaINITHAN 15.0%
NANAANAIITY 1,310 kWh
ATIAIUNANEN 0.72
A1 COE 5201 (1)) 9.08¢/kWh
a1 llihszan Glasa) 9.08¢/kWh
Ll lifiszou Gl ) $1,022,705
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M1319N 4.4 (91D)

Metric Value
allfhisiszuy Gide 1) $998,156
ﬁwﬂizm‘fﬂqﬁﬁﬁiwu Gl 1) $24,548
yanlagiugns $183,622
FLOZNAMIAUNUGNT 10.9 Years
FLOZNAMIAUNUGNT 10.9 Years
AunUaNnd $256,255
al¥segns $256,255
mdj $0

15199 4.5 ﬂI”IWﬁw\iﬁul‘lwﬂWﬁqﬁ)ﬂiﬂﬂTﬁi“]ﬂ)’)TﬂﬂLﬂﬁJ (SAM) UIINTAIUIUNIUALNITAA

1 [ 1
amilaesmMaisounizan Aol

CO2 emission (kgCO2)
@ou | nszualvhiiwanldadow) aamslanassmasiseunszan keCo2

1 17,161.3 9,627.4
2 16,102.7 9,033.6
3 18,941 10,625.9
4 16,145.7 9,057.7
5 14,464 8,114.3

6 13,786.6 7,734.2
7 13,625.8 7,644.0
8 12,714.9 7133.0
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CO2 emission (kgCO2)

dou | nazualihiinaaldade) aamsianlaesmaiseunszan keCo2
9 13,780.3 7,730.7
10 14,310.3 8,028.0
11 16,290.3 9,138.8
12 17,107.3 9,597.1
593 184,430.2 103,465

SIUNIHUAAY 103,465.3 kgCO2

) ) 1 1 1 [ a Q( 1 ()]
gaTMImuIm kgCo2 = Suauniien e x mdulszanimsidesmasounszan

(Emission Factor)

iz ms ldhaaugiinin PEA

1UIU kW-h x 0.5610 (Emission Factor)

M13197 4.6 amasanu liihnlasnnsl¥ldsunsy (SAM) ¥1IP1IsAIMIUKMILAZAITAA

anilapemsisounszan aoll

B aszualhingald G) | anmsianddesfaideunszan kgCO2
1 184,430 103,465
2 183,508 102,947
3 182,591 102,433
4 181,678 101,921
5 180,769 101,411
6 179,866 100,904
7 178,966 100,399
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il nsznalihiinanla A | aamsdandaesmaisennszan keCo2
8 178,071 99,897
9 177,181 99,398
10 176,295 98,901
11 175,414 98,407
12 174,537 97,912
13 173,664 97,425
14 172,796 96,938
15 171,932 96,453
16 171,072 95,971
17 170,217 95,491
18 169,366 95,014
19 168,519 94,539
20 167,676 94,066
21 166,838 93,596
22 166,004 93,128
23 165,173 92,662
24 164,348 92,199
25 163,526 91,738
WS 4,344,437 2,437,215

5IUNIHUA 251 2,437,215 kgCO2
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o o [l 1 " W A £ 1 4]
gasMImuIm kgCo2 = Sauniaehld x mduilszanimsdassmaizounszan

(Emission Factor)

11U kW-h x 0.5610 (Emission Factor)
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v
91nn1391a091asl9 1150054 System Advisor Model (SAM) wud1lu 1 i uaag

o w a 4 a o a a a [ g [ Y] 4 9
Lﬁaummmiwammwaaumammﬂﬁ]gﬁﬂizammwiumfswamwawmuu'lmmﬂmﬁmmﬂ

a A ~ 4
gianmeomeanasuliamggmsel

d@ou | Al 2s6s | nszualWihiingald | Aeiludu @m)
1 509,000 17,161.3 71,734
2 477,000 16,102.7 67,309
3 575,000 18,941 79,173
4 588,000 16,145.7 67,489
5 636,000 14,464 60,459
6 568,000 13,786.6 57,627
7 554,000 13,625.8 56,955
8 560,000 12,714.9 53,148
9 528,000 13,780.3 57,601
10 547,000 14,310.3 59,817
11 521,000 16,290.3 68,093
12 490,000 17,107.3 71,508

33U 6,553,000 184,430 770,917

nmataodlasldldsunsy (SAM) adauuusianah 25 1 (@aa131994.6)wu 1a11l
~ a [ 4 a L) a A aa ] 9 [
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i aszualivhiingald ew-h) | AedluiRunm dedl
1 184,430 770,917
2 183,508 767,063
3 182,591 763,230
4 181,678 759,414
5 180769 755,614
6 179866 751,839
7 178966 748,077
8 178071 744,336
9 177181 740,616
10 176295 736,913
11 175414 733,230
12 174537 729,564
13 173664 725,915
14 172796 722,287
15 171932 718,675
16 171072 715,080
17 170217 711,507
18 169366 707,949
19 168519 704,409
20 167676 700,885
21 166838 697,382
22 166004 693,896
23 165173 690,423
24 164348 686,974
25 163526 683,538
591 4,344,437 18,159,733
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gl AunuAell neaas M

1 -256055 -9,102,755.25
2 94405.4 3,356,111.97
3 17375.3 617,691.915
4 17157.8 609,959.79
5 16936.9 602,106.795
6 16710.7 594,065.385
7 16480.8 585,892.44
8 16245 577,509.75
9 16003.8 568,935.09
10 15756.9 560,157.795
11 15504 551,167.2
12 15245.1 541,963.305
13 14979.6 532,524.78
14 14707.2 522,840.96
15 14427.6 512,901.18
16 14140.4 502,691.22
17 13845.1 492,193.305
18 13541.3 481,393.215
19 13228.5 470,273.175
20 12906.3 458,818.965
21 12574.2 447,012.81
22 12231.9 434,844.045
23 11878.3 422,273.565
24 11513.2 409,294.26
25 11135.8 395,877.69
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Y o 1 o [ a v a .
msnﬁ 4.7 LLT;WNﬂﬁﬂn&')ﬂlﬂ'm']?\ﬁﬂ‘blT§$‘U‘]JWEW]‘WaNTLlL!?N’EﬂVI@]fJIﬂﬂﬁlﬁlﬁﬂil!ﬂiu Microsoft Excel

NPV i
I 2 3 4 5 6 7 [ 9 10
i 6.75% | Cash flow 1 $,533.831.62 7,994,221.65 7488,732.23 7,015,205.83 6,571,621.39 6,156,085.61 5.766,824.93 5,402,177.92 5,060,588.22 4740,597.86
WelumsadtTvvad 9,109,865.25 [ Cash flow 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T 9,109,865.25 [ Cash flow 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
s ldmunlszuday 713,089.04 | Cash flow 4 713,089.04 709,525 85 705983.05 702,455.70 798,943 82 695455.12 691,978.02 088,52024 68508178 68165878
NPV 555,582.99 | eiaal 713,089.04 709,525.85 705,983.05 702,455.70 698,943.82 695,4355.12 691,978.02 688,520.24 685.081.78 681,658.7%
NPV i
1 12 13 14 Is 16 17 18 19 2
i 6.75% | Cash flow 1 444084109 4,160,038 49 3896,991.56 165057757 3,419,744 80 3203,50801 300094427 2811,189.01 263343233 246691553
mlulumssadilamad 9,109,865.25 [ Cash flow 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aunanudus 9,109,865.25 [ Cash flow 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
s ldmmuszuda)y 713,089.04 | Cosh fow 4 678,255.11 674,866.89 67149413 668,140.70 664,802.72 66148021 658,177.01 £54,889.28 651,617.00 648.360.18
NPV 555,582.99 | angseil 678,255.11 74,866.89 67149413 668,140.70 664,802.72 66148021 658,177.01 654,889.28 65161700 648360.1%
NPV il
21 n 23 M 25 2% 7 2 29 30
i 6.75% | Cash flow 1 231092790 2,164,803.65 2,027919.11 1,899,690.03 1,779,569.12 0.00 0.00 0.00 0.00 0.00
mlulumsadtlytiad 9,109,865.25 [ Cash flow 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
G 9,109,865.25 [ Cash flow 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
wldmuszuda) 713,089.04 | Cash flow 4 645,122.68 641,900.65 638,690.20 635,502.95 632,327.29 0.00 0.00 0.00 0.00 0.00
NPV ol 645,122.68 641,900.65 638,690.20 635,502.95 632,327.29 0.00 0.00 0.00 0.00 0.00
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NPV (111) IRR PB (1)
(%)
MIAaaa lsansad 555,582.99 5.53% 14.01

61



a
unns

=<
agiwamsann

5.1 agiwamsfanyn
= 9 Y] o Y
1NMIANYING IFNAINUVDI 1IN VIAUATTUINAITINA09 Taen 15 19 11 TUnTY
a 4 [} ) 4 {
nuneuiaaed (SAM) agdruandsaludrisauvesil 2564 15119 6,553,000 kWh taziua
Y Y
% a U ] [ a J
Y0I01A1TAIUIOATOVDI ITINGILIAUATFUTUAIAT T1NTOAAAIHUNSINULAIDINAT YUIA
9 1 o a rr’gl.z o ] Wdy ~
330 W Tag 1SN U a0 INagnInua 911U 420 ury Tagldnunlseuna 1,444.0 91319
dai d' 1 o o % = % 1 = 1
ATHAZ UM WIZ LAY 911U 770.7 N5 19as maamsnaanaau i luuaazilez 1y
1w A = AAa g’/ ] @ a o g’/ A o Yy a A a
wnwiesnn ludusanaaaaudundsnuuaIonadiuazim Inudszaniamlunisnan
[ ydd' S v a @ [l o a o’g'/ <3
wasnu ldgangauaziloan lugunmnlumsndandsnuverunainuugoiadiunizanad
1 [ I a 4 g’; S v a Y] ]
aue1gM3 IFuLAIHUNE LI iRdUUNgIaIToRaana 1L IAdoaunaoa1gn1s 19
o [ o a o 4
e ldihdeyamslgnasnu Idhveslsameuiauassu 3 2564 yihimsisizidias e
= v [ [ a g’/ ] [ a o = A’ o 1 d' 9
nFeumeunsdssndandlnundaimsaadaurundanuraiotnad lutlusaraziisiimi laun
a 4 v A 1 H ] [} [ H X
Anszinfseuieunuiaa 1W1uil 2564 Mlivitenis Igwasau lihedh 6,553,000 kwh aalu

= Aa a g’z ] [ a J 1 [ =2 a g a
1‘]JLLifWIlIﬂ”li@]ﬂ@\‘llmuwaﬂﬂ"I‘LlLLE‘N@”I‘VI@Iﬂﬁ]%sﬁﬂﬂaﬂwa\?ﬂTullWﬁ"lll‘]Jﬂﬂ 184,430.2 kWh AnuEu

L4

987 770,917 VN LAZIINNITAANTEH

U

o W a g’/ 1= A = A A Yo o a
AaamsHanaaaln 1 99 25 %z‘lﬂmmmﬁwamm

] [ a

UHUWSULAI1NAE 4,344,437 kWh ﬁmﬂuﬁuagjﬁ 18,159,733 UM azsIann1slaneiay

a J

Founszanluilusnogh 103,465 keCO2 HAZAADABIYNIST IFIIUYDIMAUNAINUNT 1011 AE

251)) musnaamstantassvesmaseunszan lang 2,437,215 keC02 naz Iuildaq lUfazdl

a [ a 1 @ a ¢ A o [ Ay Y v A ! v
ﬂTﬁNﬂGI°IN’d\‘1\‘1TL!Llﬁ\i’é]TVIGI8ﬂ1ﬂllwuwaﬂﬂ1ullﬁiﬂ1%ﬁEJLW’EJH1W@\1\11H‘V]llﬂiJﬂ‘]ﬂWf]‘]f’)El‘]Ji%ﬁElﬂ
F )

1 dngnmluniswaa liiveaunu

Y
1 o

v Y
WaI1U0901013 7 18501003 I undnuanaing
A

Y

o a o = =Y 1 1 4 = I 1 @
WaIUuEIeInagIzanadtlaz 0.25% aeil/aeury e ldaiu 'l 253 windlunrunasau

A Jaa Y ' = @ o Y o o
HAIDINAINUAUNINEGN M3 1%U1901nNI1 30-40 U Llﬁgﬂﬂ‘ﬂ\‘iﬁ']uTifl“l/ﬂ\‘i']uhlﬂﬁﬁﬂﬂ']ﬂuu



64

4

[ a a < a { a g‘/ [ % a VA
uidszanininezanasnain Ruasnuildlunisaaaeuiundsunase1indogi
= Yo Aa ] [ 3 o =
9,102,755.25 v Tudusneg ldsuRuaivayuannnsy Wuduau 3,356,111.97 U uazil
o I A a I a o ] o a o =
o 1zl umsAuNUINNITHAANGINIULAIDITNAGINUAUNAIIUIEI0 1NN 191A )
A kS 1A = A
JrEzMAUNUIUREN 10 9 oy
1 g’/ 1 1 1
ualuTs5un5y System Advisor Model (SAM) Wi lsia 11150 1dA1 Maintenance a4 1
Y
TudTdsunsuld duiudsrimsaaua Taeld1asunsy Microsoft Excel tthanaaelunissivuia
Tagn13ldaA1 Maintenance U521 48,510 1M @01) vosszvvwannszua i lasldnaeau

[

a J - o a ] (% a 4 1A J a
1AM 1A3aMINUMAINITHANVDIMHUNAINUUAIDINAY 0gT 138.6 KW AIUTNT
W

o 3 {
gavon lihilu 14 7 Juaui iz auiazanu
a 4 a g’/ a 9 ] [ a 4
5.1.2 INMsInTziRamsaansszuunaanszud i Taeldudunasauuaseiiag
a & a [ a ¥ dya 1
MIANHINITAAAITZDUNAANAINULAIINAG TuAT IR AN MsvIa Trajnas
1A = ) a =q 9 =
vinalug iy aziogmsldnu 5o 3 uazermsaraeaved Isaneinauassunlglunmsdnu
g X o qu 4 o & & ¥ v R A
asatl Waldauie I w.e 2538 aniudediongmsldauuuds 27 1 Jadulanemsauasaso
2o = s A o Y a ¥ A A A a o
Hgsludunusionguesomsimvuanazinne1gns 15uNaovee1A15h 501) 9191569

3| ' o . a L4 o a & a
ﬁ']‘JJ']'iﬂGl.Glsf}Q']uulﬁ%ﬂ 23 ?Jtﬂuﬂmwn é]?ﬂﬂ?ﬂﬂ?ﬁ')mi?gﬁﬂ'ﬁﬁnﬁﬂﬁﬂ'ﬁ@ﬂﬁﬁig‘]JUWﬁﬁﬂﬁgllﬁllV\lﬂ']

1Y a d Y a 4 . Y1 A
VINNAINIUUTIDINAdA TUSUNTUABUNIADS System Advisor Model (SAM) ﬁ?ﬂllﬂ’l”m

9 a g‘; (=} A ld' S K d'
mlgnelunisaansesh 9,102,755.25 11N 3£8L01AUNUDYN 14 1l %QLW?J”I%E‘T?JTI%SQQV!MGluﬂﬁ

u

9
a @ a

v a J [
mmszuuwa@ﬂszuﬁ”lw‘if’hﬁnﬂwawmumammuuwaqmam%amaisqwmmaum‘ﬁu

k% = \l
5.2 vatauanuzlumsanuiee i
= = A a Y a A a 4 a 4 (Y]
5.2.1 asimsanyunmandawisondanszuda ldihinaaanmaduasorindniugnu
a a 4
msnaa Iianuasenag
o . 9 < A A ° a &
5.2.2 111 715un54 System Advisor Model (SAM) 1 u il wasesiialunissiasinisanas
o a 4 1 a o o 1 o
FTUUNAINUUAIDINAIAINTOFIAATLEZIAIMIAAMUIALAL 1UTIUATUENANUUUUEIDN

v
1¢)



VIIMIUNIN



66

UIIMUNIN

muine
J o a 7 = A o J a ' %4 =)
NIIUY FYIUYY,WNDTA QUARV,NUAT FIUNDN.(2561). ﬂ751]55‘5!1’14ﬂ75ﬂﬁﬂﬂﬂ7%’!5@uﬂ5$ﬂﬂ!!ﬁ
Y [ o Aa 1% Y 4 Aa o Aa ui’
ﬂ?')ilf]llﬂ7W7ﬂlﬂ'5yjﬁ'7ﬁﬁiﬂ7ﬂﬂ75WZ’7@7W€”7\7\7')1J ?7’\/7’77@?5’!%’@@ LaNINAY HUUNAAN
dgl a = 4 Yy A Y @
UHWHWH?H 75\7!55]1!”751598W5&’?ﬁi)@ll!ﬂﬁ'). AUAY 14 TUINAN 2564

file:///C:/Users/ACER/Downloads/fluke,+%23%23default.groups.name.editor%23%23,+

130397-Article+Text.pdf

% =)

awv Jd a
UAT ITAU N

=

a a o Y 2
ANYYT, ﬁiﬁ G]fﬁlgﬂﬁﬂi.(2561).ﬂ7588ﬂ!!ﬂﬂ!!ﬁ§5ﬂ757)!ﬂ57311’?)?71]@1]?17?Llﬂ”li

Q

XD

Qe

a @ a J @ o
FIAPNTS UL ?Wﬂﬂ’!lﬁdﬁi!!!ﬁ'ﬂ@71’1@78]1/1!?1’270?776!]6\787757ﬁﬂ@\?ﬂtyﬁb’?ﬂﬁﬂiﬂf‘]?’?ﬁTf]‘lﬂ

3

NHITUA. FUAU 15 TUNAY 2564
https://www.thaiscience.info/Journals/Article/EJRD/10988667.pdf
o -4 v A Y Jd Ao d Aa o Jd Ao 4 = 3 Y
FATUN o515 T animiud nidani Wugdan nadent.sen).msanwnudlu 1 1dTums
a o a o o
asnuszyumswan [ih141ee drewaduaseriaduumnainisi lulszme Ine.
FUAY 20 TUNAY 2564
https://www.basiamjournal.org/images/documents/journal _32/journal-32-2-2.pdf
#5279 $u23598 A INa n39105,8lgMUA gauANElA, NTURA DARAUTTNY,SRIU nadaed
S o 4 1 v Jd o ~ a v £ A a
N0, NN NI, 057y AT51915AM,NUANA ATIENT (2558 ). mssauaussous uag
Y 1 Aa o a o AAa 03/
AwAumvedsyuran [ihnmwaduaernnduuurainvaiema lu lagiaasna
o A Y
vunaam lusamea Ing. §UAU 6 UNIIAN 2565
http://solarhub.co.th/content/performance-solarcell-thailand.pdf
a Aa 4 a o I~ Y a c:/ o a o o
WA GNEUUN.(2559) .Mz aaiznanuilu 118 lumsanduyaduaieiaguunainienis

Tuymanendemn Tu Tagnsgvound15uys. Audu 22 ww1eu 2565

http://uc.thailis.or.th/Catalog/Bibltem.aspx?BibID=b02384532


file:///C:/Users/ACER/Downloads/fluke,+%23%23default.groups.name.editor%23%23
https://www.thaiscience.info/Journals/Article/EJRD/10988667.pdf

MANUIN



MANUIN D

g‘IJ!!‘].I‘U@Wﬂi!!ﬁ%!!‘IJ%H!‘UHG’Hﬂ‘Vg\h91ﬂ13@11!50?)615‘&]13\‘11/\!81‘]]1@1!?1351!



@O

90 009 oo

69

o o @) splawraantaan s ——L
(eamenddhomannseianam) —e
o s { r——————

o

" JR—
it ' cn o o sorn r - om0 o uior) = o
i 9
= ey v
o
o . e
|, F—— . . { _.
- e phamion 070 - JENS— - I
e o o |
-
- - - < et . N *
s R,

&

@_
e___
@_
@ on-f
@_
@_
@_
@
@+
6—"
@
@

DECK & ROOF FLOOR PLAN

Gy

@M pr—

@ |+ o + - — S
&1 *

©—{4+

e | | w | -
T " T |I—
L N I ) T Iy ]
@8 @ @9 @ @) @3 @

DECK & ROOF FLOOR LIGHTING PLAN

NAKORNTHON HOSPITAL




@D @ o

K & ROOF FLOGR Pl

70



MANUIN U
Poyamasaanuudiasslaalyli/sunsy System Advisor Model

(SAM)



v A v a d
31]fn5%9]!5?]\1!!91\1‘1/‘1%1\1\3114!!?{\1917]9]?]

72

@ ® ® ® 92 ®
13 13 13 13 3 14 3

@ [ e e f T 3

[ 1 i T o0

'[ %‘}r T = LLLELT Jie ;

' EEEE f : BEEEA

® | L ]

% —hr— o o |

[ i - —t | : 8 A o

B = ‘ — ‘ l
® |

System Description : SAM for Nakornthon Hospital
Weather Data
Information

:THA_Bangkok 484560 IWEC

B 5AM 2018.11.11: CAUsers\ACER\Downloads\SAM Project 1 (4).sam

File v (H)Add

Photovoltaic, Commercial

Location and Resource
Module

Inverter

System Design
Shading and Layout
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

Simulate >

Parametrics Stochastic

P50 / P90 Macros

untitled

Solar Resource Library

The Solar Resource library is a list of weather files on your computer. Choose a file from the library and verify the weather data information below.

The default library comes with only a few weather files to help you get started. Use the download toals below to build a library of locations you frequently model. Once you build
your library, it is available for all of your work in SAM,

Filter. Name v

Name Latitude Longitude Time zone Elevation Station ID
imperial_ca_32.835205_-115.572398_psmv3_60_tmy 3285 -115.58 -8 -20 72911
phoenix_az_33.450495_-111.983688_psmv3_60_tmy 3345 -111.98 -7 358 78208
tucson_az_32.116521_-110.933042_psmv3_60_tmy 3213 -110.94 -7 773 67345
THA_Bangkok.484560_IWEC 13.92 100.6 7 12 484560

SAM scans the following folders on your computer for valid weather files and adds them to your Solar Resource library. To use weather files stored on your computer, dlick
Add/remove Weather File Folders and add folders containing the files.

C\Users\ACER/SAM Downloaded Weather Files -

Add/remove weather file folders.
C;/Users/ACER/Desktop/THA_Bangkok484560_IWEC

v Refresh library

Weather Files

The NSRDB is a database of thousands of weather files that you can download and add to your to your solar resource library: Download a default typical-year (TNY) file for most
long-term cash flow analyses, or choose files to download for single-year or PS0/30 analyses. See Help for details.

O One location © Multiple locations O 60-minute O 30-minute () Legacy data (advanced)

Type a location name, street address, or latitude and longitude Download files for all years (P50/P90) ~ Download and add to library..

For locations not covered by the NSRDB, click here to go to the SAM website Weather Page for links to other data sources.

Weather Data

The following information describes the data in the highlighted weather file from the Solar Resource library above. This is the file
SAM will use when you click Simulate.

‘Weather file C\Users\ACER\Desktop\THA_Bangkok 484560_IWEC\THA_Bangkok.484560_IWEC.epw

-Header Data from Weather Fils

View data..

For NSRDB data, the latitude and longitude

& Station ID [SEEE Latitude 1392 PO 0w here from the weather file header are
Data Source IWEC Data Longitude 1006 pp the coordinates of the NSRDB grid cell and
B — B — may be different from the values in the file
Elevation 12 m  Time zone GMT7 name, which are the coordinates of the

requested location
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System Description : SAM for Nakornthon Hospital (Module)

File v () Add

untitled ~

Photovoltaic, Commercial IR ST - BEEARSS ST
Jinko Solar Co._ Ltd JKM335PP-72
Location and Resource " = - —
Module C at <
Module
Reference conditions: Total Irradiance = 1000 W/m2, Cell temp = 25 C
Inverter Jinko Solar Co.Ltd JKM335PP-72
Nominal efficiency 18.2648 % Temperature coefficients

System Design gl Maximum power (Pmp) 335,160 Wdc -0.426 %/°C -1.428 W/°C

E Max power voltage (Vmp) 380 Vdc
Shading and Layout i Max power current (Imp) 8.8 Adc

5 o ; . .
rsrrs S Open circuit voltage (Voc) 47.2 vde 0.325 0.153 v/°C

3 Short circuit current (Is€) 92 Adc 0,065 %/°C 0006 A/°C
Lifetime = _Bifacial

% 10 20 20 40 (I Module is bifacial
Battery Storage Module Voltage (Volts) o i
Transmission fraction 0013 0-1
System Costs Bifaciality 065 0-1
Ground clearance height Tm

Financial Parameters
Temperature Correction

© Nominal operating cell temperature (NOCT) method NOCT method parameters
Mounting standoff Ground or rack mounted

Incentives

- () Heat transf thod
Electricity Rates -~ Heatfranstermetho

See Help for more information about CEC cell temperature models. Array height One story building height or lower ~
Electric Load
Heat transfer method parameters
Mounting configuration Rack Rows of modules in array 1
Heat transfer dimensions Module Dimensions Columns of modules in array 10
Mounting structure orientation Structures do not impede flow underneath module Temperature behind the module 20 °C
Module width 1m Space between module back and roof surface 005 m
Module length 184 m
simulate > Physical Characteristics
Material Multi-c-Si Module area 1835 m? Number of cells 72

Paramet
P50 / P 3 ‘Addlllonal Parameters

Fle v (DAdd  Untitle

Photovoltaic, Commercial KACO: blueplanet 5.0 TLT M1 WM OD US3x [240V] 5364.808105 26.214687 1551000 H
. KACO: blueplanet 50.0 TL3 M1 [480V] 51280 52574.101563 119.720757 15.384000 480 850 i
Location and Resource .
KACQ: blueplanet 50.0 TL3 M3 [480V] 51280 52574.101563 119.720757 15.384000 480 850 i
Module
Efficiency Curve and Cl
Inverter -
KACOQ: blueplanet 50.0 TL3 M3 [480V] Number of MPPT inputs 1 CEC weighted efficiency 97.815 %
100 I EEEEE——
System Des‘\gn European weighted efficiency 97.700 %
Shadmg and LayOUt %0 Maximum AC power 51280 Wac
L5E6ES g Maximum DC power 525741 Wdc
= (I—
H Power consumption during operat 119.721 Wdc
Lifetime é Power consumption at night 15.384 Wac
80 .
Nominal AC voltage 480 Vac
Battery Storage veco 9 S
Mppt-low Maximum DC voltage 850 Vdc  -Sandia Coefficients———
System Costs — Mppt-hi Maximum DC current 69.1765 Adc o -2.64648e-07 1/Wac
70 ; ; . ; Minimum MPPT DC voltage 480 Vdc ci -27e-05 1/Vdc
Financial Parameters 0 20 40 &0 8 100 .
% of Rated Output Power Nominal DC voltage 760 Vdc c2 -0.002107 1/Vdc
Incentives Maximum MPPT DC voltage 850 Vdc c2 -0.001861 1/Vdc
. Note: If you are modeling a system with microinverters or DC power optimizers, see the Losses page to adjust the system losses accordingly
Electricity Rates
-CEC
Electric Load CEC name KACO: blueplanet 50.0 TL3 M3 [480V] CEC type Utility Interactive CEC date n/a
rinverter Te Derate Curves:
Import... 1
Export.
Copy g€
=
) H
Simulate > l‘_ festg g o5
. . Rows: o
Parametrics Stochastic
1
P50 / P90 Macros Cole -




System Description : SAM for Nakornthon Hospital (System Design)

untitled v

File v @Add

Photovoltaic, Commercial

Location and Resource
Module

Inverter

System Design
Shading and Layout
Losses

Lifetime

Battery Storage
System Costs
Financial Parameters
Incentives

Electricity Rates

Electric Load

Simulate >

FN

Parametrics Stochastic

P50 / P90 Macros
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Size the system using modules per string and
strings in parallel inputs below.

[[) Estimate Subarray 1 configuration

Nameplate DC capacity

140767 kWdc

-AC Sizing Sizing y
Number of inverters 3 Total AC capacity 153.840 kWac Total number of modules 420
DC to AC ratio 092 Total inverter DC capacity 157.722 kWdc Total number of strings 15

Total module area 7707 m*

DC Sizing and Ci

Subarray 1

Subarray 2 Subarray 3

Subarray 4

To model a system with one array, specify properties for Subarray 1 and disable Subarrays 2, 3, and 4. To model a sytem with up to four subarrays connected in parallel to a
single bank of inverters, for each subarray, check Enable and specify a number of strings and other properties.

-Electrical Confi

Modules per string in subarray
Strings in parallel in subarray
Number of modules in subarray
String Voc at reference conditions (V)

String Vmp at reference conditions (V)

(always enabled)
28

15

420

13216

1,064.0

() Enable () Enable

(JEnable

-Tracking & Ori

Azimuth
N=

WﬂE

Tilt (deg)

Azimuth (deg)

Ground coverage ratio (GCR)
Tracker rotation limit (deg)

Backtracking

© Fixed
(O1 Axis
(2 Axis
O Azimuth Axis
() Seasonal Tilt

D Tilt=latitude
20
180
0.3
45
Enable
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System Description : SAM for Nakornthon Hospital (Losses)

File v @Add

Photovoltaic, Commercial

untitled v

Losses-

Soiling losses apply to the total solar irradiance incident on each subarray. SAM applies these losses in addition to any losses on the

Location and Resource Shading and Snow page.
Module Subarray 1 Subarray 2 Subarray 3 Subarray 4
Monthly soiling loss Edit values... Edit values... Edit values... Edit values...
Inverter
Average annual soiling loss 5 5 5 5
System Design -Bifacial modules only
Average annual rear irradiance loss 0 0 0 0
R due to soiling, mismatch, or external
Shading and Layout racing (%)
Losses rDC Losses-
DC losses apply to the electrical output of each subarray and account for losses not calculated by the module performance model.
Lifetime Module mismatch (%) 2 2 2 2
Battery Storage Diodes and connections (%) 05 05 0.5 0.5
DC wiring (%) 2 2 2 2
System Costs Tracking error (%) 0 0 0 0
. . Nameplate (%) 0 0 0 0
Financial Parameters . — ) )
DC power optimizer loss (%) 0 All four subarrays are subject to the same DC power optimizer loss.
Incentives Total DC power loss (%) 4440 4440 4.440 4.440

Total DC power loss = 100% * [ 1 - the product of (1 - loss/100% ] ]
Electricity Rates

-Default DC Losses
Electric Load Apply default losses to replace DC losses for all subarrays with default values.
Apply default losses for: Central inverters Microinverters DC optimizers
rAC Losses

AC losses apply to the electrical output of the inverter and account for losses not calculated by the inverter performance model.

AC wiring 1%
f Losses
Sj late > | I The transformer loss model is intended for distribution or substation transformers in large PV systems. Losses apply to the electrical output of the
Imulate inverter and assume a power factor of 1. The transformer capacity is equal to the total inverter AC power rating.

Parametrics Stochastic

P50 / P90 Macros Transformer no load loss 0% Transformer load loss 0%
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System Description : SAM for Nakornthon Hospital (Capital Costs)

File v @Add

Photovoltaic, Commercial

untitled v

rDirect Capital Costs:
Location and Resource Module 420 units 03 KWdc/unit 1408 KWdc 035 §/Wdc v $49.268.52
Inverter 3 units 51.3 kWac/unit 153.8 kWac 0.10  $/Wdc ~ ,076.72
Module
Battery pack 0.0 kWh 300.00 $/kWh dc
Inverter Battery power 0.0 kW 600.00 $/KW dc $000
i 2
System Design $ $/wile $/m
Balance of system equipment 0.00 0.30 0.00 $42230.16
Shading and Layout Installation labor 000 + 0.4 + 000 = §19,707.41
Installer margin and overhead 0.00 0.70 0.00 $98,537.04
Losses -
o Subtotal §223,819.84
Lifetime ~Conti y —_—
Contingency 4 % of subtotal $8952.79
Battery Storage
Total direct cost $232,77264
System Costs irect Capital Costs
: i % of direct cost $/Wdc $
Financial Parameters o . .
Permitting and environmental studies 0 0.11 0.00 $ 1548439
Incentives Engineering and developer overhead 0 + 0.00 + 000 = $0.00
Grid interconnection 0 0.00 0.00 $0.00
Electricity Rates ~Land Costs
Land area 0.635 acres
Flectric Load Land purchase $ Ofacre 0 0.00 0.00 $0.00
+ + + =
Land prep. & transmission $ Ofacre 0 0.00 0.00 $0.00
~Sales Tax
Sales tax basis, percent of direct cost 67 % Sales tax rate 50 % $7,797.88
Total indirect cost $ 2328228
rTotal | lled Cost
. Total installed cost 256,054.92
Simulate * l‘_
Total installed cost per capacity $ 1.82/Wdc
Parametrics Stochastic

P50 / P90 Macros Operation and Mai Costs .
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System Description : SAM for Nakornthon Hospital (Electricity Rates)

Fle v (PAdd  untit

Photovoltaic, Commercial

@ Description and Applicability

Location and Resource @ Energy Charges

Rates for Energy Charges

Module
R Period Tier| Max. Usage Max. Usage Units|Buy (3/kWh)|
Inverter 1 1 |tes38 KWh 0.106 EEfcecsesecseeefk
Export. 2 1 1e+38 KWh 0075 S-S ESE&ASEESESSERC
System Design o 3 1 |1es38 KW 0069079 : : : : : : : : : : : : :=
a1 fes38 KiWh 0056309
) 1401101104111 13
Shading and Layout pase RN R E R AR RN AR
Number of entries: 1401101104111 13
Losses 4 1 a2
1401101104111 13
Lifetime a0 0
‘|‘|‘|‘|‘|‘|‘|‘|‘|‘|‘|1‘|.
Battery Storage a0 0
‘|‘|‘|‘|‘|‘|‘|‘|‘|‘|‘|1‘|.
System Costs RN RE R AR RN AR

Financial Parameters
Incentives
Electricity Rates

Electric Load

Simulate > l‘_

Parametrics Stochastic

P50 / P90 Macros —
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a Y
NaN15AI121A8 1151058 SAM (Annual Energy)

doyanindaa 1 1 2564 o115 Tsawenuna
File v @Add

Photovoltaic, Commercial

untitled v

Location and Resource

Input Time Series Lo

Module Electric Load Data
Inverter Energy usage Edit data... KW B Normalize supplied load profile to monthly utility bill data
Sys‘[em Degign Scaling factor (optional) 1 Monthly energy usage  Edit values..  kWh
Shading and Layout View load data...
Losses -Monthly Load §
onthly ummary -Annual Adjustment
Lifetime Energy (KiWh) Peak (kW) Load growth rate B3 0 %/yr
Jan 509,000.00 1,493.87
Battery Storage In Value mode, the growth rate applies to the previous
Feb  477,000.00 1,645.26 year's annual kWh load starting in Year 2. In Schedule
Mar  575,000.00 1,816.35 mode, each year's rate applies to the Year 1 kWh value.
SyStem Costs See Help for details.
Apr 588,000.00 2,04393
Financial Parameters May 63600000 2,147.02
) Jun 568,000.00 1,884.64
Incentives
Jul 554,000.00 1,703.58
Electricity Rates Aug 56000000 171018
. Sep 528,000.00 1,824.56
Electric Load Oct  547,000.00 1,861.92
Nov 521,000.00 1,502.60
Dec 490,000.00 1,569.02
Annual  6,553,000.00 2,147.02

Simulate > l‘_

Parametrics Stochastic

P50 / P30 Macros




a Y
NaN15 A1 1A 1151058 SAM (Annual Energy)

doyanindaa 1 1 2564 o115 Tsawenuna

Metric

Annual energy (year 1) 184,430 kKWh
Capacity factor (year 1) 15.0%

Energy yield (year 1) 1,310 KWh/KW
Performance ratio (year 1) 0.72

Levelized COE (nominal) 9.08 ¢/kWh
Levelized COE (real) 9.08 ¢/kWh

Electricity bill without system (year 1) $1,022,705
Electricity bill with system (year 1) $998,156

MNet savings with system (year 1) $24,548
Net present value $183,622
simple payback period 10.9 years
Discounted payback period 10.9 years
Net capital cost $256,055
Equity $256,055

Debt $0

79
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NanN1s AT 1A 11sunsu SAM
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Monthly Energy Production
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Annual Energy Production
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HamINAIIzae115un5y SAM (System power generated (kW) AU Bill load (yearl)(kWh))

Jan Feb Mar Apr May Jun ul Aug Sep Oct Nav Dec [JAnnual [ Select All
January February March April
1500 dao 1500 80 1500 0 1500
{60 60 L 60
1000 1000 1000 1000
NN ~)
H40 40 40
500+ 150 500 30 500k 50 500
1 1 1 0 Il Il L 0 1 1 1 1 U
1] 10 15 20 a 10 15 20 0 5 10 15 20
May June July
1500+ lao 1500 a0 1500 a0 1500
=
Z
= —60 60 7 60
b 1000 1000 1000 1000
g
2 H40 40 40
-
3
= 500+ 150 500 20 5001 20 500
m
1 1 L D L L L D L 1 1 L D L 1 1 L 0
] 10 15 20 a 10 15 20 0 5 10 15 20 1} 10 15 20
September Cctober November December
1500 le0 1500 a0 1500 | 0 15005 1s0
& 160 V- &0 60 I 160
1000+ 1000 1000 | / 1000
Ha0 40 40 40
500 1o 500 20 500 F 20 500 120
1 1 1 0 Il Il L O 1 1 1 1 0 L 1 1 L 0
0 0 15 20 0 10 15 20 0 5 0 15 20 1] 0 15 20
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After Tax Cash Flow- System Lifetime
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Summary or Conclusion : SAM for Nakornthon Hospital
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