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Feasibility study for utilization of the ground under solar cell panels

Pilanee Vaithanomsat’, Nattapol Chuangsuwanich?, Waraporn Apiwatanapiwat’,
Chantima Rewlay-ngoen®, Tawatchai Intuom? and Jiraporn Meelaksana®
'Kasetsart Agricultural and Agro-Industrial Product Improvement Institute (KAPI),
Kasetsart University
BCPG Public Company Limited

*Faculty of Engineering, Rajamangala University of Technology Phra Nakhon

Abstract

Solar energy is a natural energy which is clean and free from pollution. It is currently
used widely around the world and is likely to be used continuously, since it is a renewable
energy with high potential and can be used completely. Especially, the use of solar energy
to generate electricity in order to enhance the stability of power system of Thailand, as well
as to also help reduce global warming in another way. From the renewable energy and
alternative energy development plan 2015-2036, it is found that the solar power capacity of
6,000 megawatts will be expanded. The 1 kW solar panel requires approximately 7 square
meters of space. To produce solar power of up to 6,000 megawatts, it requires 42 square
kilometers of space or 26,250 rai in the installation of solar panels. The solar panels are
placed the by-side panels troops on the ground, with space for air ventilation and cleaning
solar panels. The solar energy production area is divided into the top area for solar energy
and the area below that is under the panel. At present, the bottom area under the solar
panel has not been utilized.

This research was conducted using the area under the solar panel to cultivate white
mushrooms and the fairy mushrooms. By comparing the system that is watered by hand and
the automatic system, it was found that the mushrooms were able to produce the output
normally and the total yield of the mushroom was similar between the hand watering
system and the automatic system. However, the cultivation system must be improved to
produce more mushrooms. In addition, mushroom cultivation does not have a negative
impact on the electricity production of solar cells. When comparing the results of the value
analysis of mushroom cultivation, it was found that cultivation of white log mushroom
would be more worthwhile than the Bhutanese mushroom. The manual irrigation system is
more cost effective than the automated irrigation system. However, if the control system is

used in a wider area, it may result in reduction of unit cost value.

Key words: ground under solar cell panels, cultivation, mushroom
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Thinlunsmsfialduaeaduaseninddmaligunndliunsanas Sataeuiuuszansnmluns
nanlnTasunswaduasefing Tnonszualnihfindnlsanunasaduaenfindnoumziiin (Base
Plant) SAnadsAnidu 6.20 A drundunizifinaiuisonannseualdildiuiy Tnounwad
wesenfingfiinssniialaeldauty (51-Manual) anansandnnszualninldodeysyana 6.28 A
videfiusEavSnmnisnannszualuiiufintudssann 1.30% wasunavaduasoniingfifinnssausia
Tneldszuudalu (S2-Auto) anunsawdnnszualniinlendeussunn 6.32 A wieflussansamnng
nannssualwiiuduusyana 1.98%
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Electri current (A)
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S
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N
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R N N S N N ) OEEN N AR AN NN N

153

B Base case WS1-Manual ™ S2-Auto

Al 3.21 WisuifleunszudliihneuwazndunizUgniiin (Based plant)

3.4.6 Wil Tindsld

il maneda Adslihiihluldlussosnamidadinhe faduilainddalug (kwh)
y3ogfn annd 322 Bsnndl 3.23 wansrnadondenuliihiindaldsounsioy faudinan
6.00 U. - 18.55 u. YauFouNUAUS — Tunem 2562 muadu Geaguiiuldin Andewdsenli
fnanldluuias SuresusarsUuuuiianlndiBosiunng taanan e ftudifindalnihanndany
uaseindiiinsognadien (Base case) wui ndssnlwihiinaalddatiosnininhiuildunased
wasorfindunmziiia Tnenmutisaindandsaliihligsgn fo 10.30- 14.00 u. ¥&s1n
i nsenlnihindeldiSuanas

A 3.22 wanspnadendsnuliiinndalalubounuanius 2562 wudi unawag
A e a Y - & & < Y ¢ P
wae1findatunsandalaasge Ao 11.00-14.00 w. 198 n1szUgniialdunsvaduadaifing
ausauseansninnisuaandsnulnidlaidnies Inenasrundsulnifnudalalunsdl Base
a < 1 1 v} 1 dd‘d =3 % I3 a 6" % 9;
case ALY 1.57 kWh #aukrafaTuL d@1unsaNInIsinIzwin e wasaaakaianing lngldausaun
(S1-Manual) kagldszuusnindmlul@ (S2-Auto) aunsandnanasanulnidile 1.61 wag 1.62 kWh
AOLNIADTY VIDWANTUY 2.52% wag 3.17% auaieu wiawSeulneununsal Base case
AN 3.23 ansAedsnasulndinndalalufouliunay 2562 WU wWHYAR
A e a Y - & & < Y ¢ P
wae1findatunsondalaasge Ao 10.30-14.30 w. 198 n1swzUgniinldunswaduadaiing
a (v} a [} Y @ v [ A a a
anunsaiuAnenImnIsuasnasnulnillaidntes tnenasiundsnulninindslatunsdl Base
a & ' W | AN aa = o ¢ a & Y] %
case ALY 1.53 kWh #aukrafa T d@1unsaNInIsinIzwin e wasaaakaianing lngldausaun
(S1-Manual) kaglaszuusnindmlud®@ (S2-Auto) aunsandnnasaulnidle 1.58 way 1.59 kWh
AOWAIADTU MIBWNNTU 3.41% wag 4.05% Muainu WewSeuigununsal Base case

Tasansthsesnsldusylovinuiildnanseadiatening as.faidl laueudnd wavaue 9N 29



0.14
0.12 A
yd
0.10 / ?ﬁv\
r .“‘J '\‘
S oo
<" / \¥
5
, \
Q
T 0.06 / \
o
S y '
g "\
Q
i \
0.02 (/ -
00074\*-""”@‘“‘““““““““‘\"\-r-ﬂﬁ
O O O O O O O O O O Q O O O O P O P O N O O OO OO
ST S S S S S S S S S S 496 S S S S S S S
S EFTE L S P FEFTFGFTF S P FT P S F TP
—o—Base case  —#—S1-Manual S2-Auto
A (% A a ¥ a - | A v 6
A9 3.22 wasulihindelaadese Tunowndluioununiius 2562
0.12
e b
v/
0.10 /
0.08 7
: /
z 4
c I’
S 0.06 y
©
9]
c
Q
o B
/
E 004
Q X
w
|
0.02 /
/ /
000 | met \\\\\\\\\\\,‘-f-fh
S O O S O O O O O O O O O S Q S O O S O O & &
S° 0 S8 S0 $ 8 S '@Q QQQ "9Q QQQ oS @ "9 $° o §° S 8 S S §°
SETFTITE T LI FEFITF S F TSP EF TP S P
—o—Base case = —#—S1-Manual S2-Auto
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AadsndsnulniinanldrounsroTy FauflIan 6.00 U.~18.55 u. sEWinafou
nuATLS — Sunew 2562 Wi Anedendanuliihindeldluusias uresukaeaduasenfingis 3
suiuy flenlndiAsatulunng draaan Inefiunagaduasefindinanliiianndanuiasering
\ipseg19iie) (Base case) anunsananndsaulniinle 1.55 kwh seounssotu luvasiiunagad
wasofindiiinsmnziialdundaeldausnti (S1-Manual) uagldsyuusmingalutd (S2-Auto)
aunsonaandaeulniinlg 1.59 wag 1.60 kWh doursdo¥u wietfiudy 2.96% uaz 3.60%
a1y WowSeudiousunsedl Base case uaniswaziBundinnseil 3.3 uaznndi 3.24

A1517 3.4 wanaanndsnuliiindalaanunaaduaseninglunsiazgluuuluwiasyisim

38 Base case S1-Manual S2-Auto
6:00:00 0.0000 0.0000 0.0000
6:30:00 0.0001 0.0002 0.0003
7:00:00 0.0039 0.0041 0.0044
7:30:00 0.0126 0.0127 0.0132
8:00:00 0.0287 0.0292 0.0295
8:30:00 0.0473 0.0484 0.0487
9:00:00 0.0634 0.0652 0.0656
9:30:00 0.0790 0.0820 0.0827
10:00:00 0.0858 0.0882 0.0886
10:30:00 0.0925 0.0947 0.0951
11:00:00 0.1018 0.1045 0.1050
11:30:00 0.1078 0.1114 0.1121
12:00:00 0.1134 0.1167 0.1178
12:30:00 0.1003 0.1039 0.1046
13:00:00 0.1029 0.1043 0.1054
13:30:00 0.0945 0.0993 0.0981
14:00:00 0.0983 0.1018 0.1017
14:30:00 0.0946 0.0973 0.0973
15:00:00 0.0850 0.0875 0.0881
15:30:00 0.0727 0.0751 0.0757
16:00:00 0.0622 0.0642 0.0645
16:30:00 0.0487 0.0497 0.0505
17:00:00 0.0314 0.0319 0.0324
17:30:00 0.0165 0.0169 0.0174
18:00:00 0.0053 0.0055 0.0057
18:30:00 0.0001 0.0002 0.0004
19:00:00 0.0000 0.0000 0.0001

WA 1.55 1.59 1.60
Sasiu - 2.96% 3.60%
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0.14

Electricity generation (kWh/module)

@ Base case mS1-Manual = S2-Auto

AN 3.24 waaulninananlaannunslaasiaeaslunnazdiaiailugie
WaUNUAUS-TuIAY 2562

3.4.7 UszanSamnisuanndsnuluin

Yadeiifinansenudeisaduaseiing Usznousie szduauduvesuasiinnnszny
guvgfivensad Srurueadluusiay Module Hufivosusaziwad uarviinvesansiithunldudn
waduasenfing eenslsinu gunglifudsiifnansemulnonswieUszansamnisuanli &
guvnivosunuiintuashliussansnmanas uardsdmaneargmsldnuvensaduasoringli
Fuasdae fedu nssdfielfunsdsazdesdinissatuiin agdanliguunilfunsvonead
uaseniindanas dsaziiuldainuanismaassdsilinaranudluiide 3.4.1 Faarnnnsineey
UszansammsudandsnuliihvesunseaduasefindiinmameiinldunauTouiouiunsd
unsgaduasefindlidnisimiziiia wui nsdunswaduasenfindAiinsmgiinldung (S1-
Manual, S2-Auto) ﬁﬂiz%w'ﬁmwslum‘smﬁmiWﬁnqaﬂ’jwﬂiﬂiﬁhjﬁmimwLﬁmlﬁum Tnefiunasad
wasaingitnsneialiundasldausatin (S1-Manual) wagldssuusntnsnlud@ (S2-Auto) 4
UsyAnsnnlunissdnlnihgetulneiadodosay 2.73 uay 3.77 nuddu deiTsuidisuiunsdid
laifinsmzdialéung dusunsdmamzieldunayldssvsmidnlui® Sussaniamgends
nsdinmssntilaglday Wosnanuliuiuouvesummaniildlunissafiavesnuluusagads
Turnigfinssairdessuudnluifannsoauaudiinubifldiuasnadlflumssadils uanswa
MsuiisuUsyavsamaaning 3.25
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6.00 -

5.00 -

3.00 -

Power generation efficiency (% of base case)

2.00 -

0.00 ¢ ———————————————————————

—4—Base case -#—S1-Manual S2-Auto

AN 3.25 UsLANS NN THAANS 19U TN 0 N LA R a0 1R g NENITINIZLAA LA LA
Wisueuiunsanluinismnziinldung (Base case) Tuldiazyiaman

o 1

3.5 MIAMUIUAUNY ANUANAT wazdaviglionmsiniziinvauilduniwaduaaniing

u

3.5.1 MIAUIUAUYULAZAIUALAT

AIALIMAUUANIINAuUNIsnaadalsuzalduraraduatenfing Tunsdlsngg A
M15797 3.5

N9 3.5 NMIAIUIUAUNUNIINBAS LS LNIZLAR ALK TaaLaIDTine

a9 319013 WY | U | 99 | T1UIURY 33U VAT
el

1 WaNaINg W 216 178 38,448 41,139.36
2 WaNaIN #i7 600 45 27,000 28,890.00
3 Hondanan i 2490 5 11,205 11,989.35
4 rnlu Yn 24 680 16,320 17,462.40
5 Auanm Y 24 520 12,480 13,353.60

6 dgudan nou 100 15 1,500 1,605.00
7 ARV U 1 23,460 23,460 25,102.20
SUNSAY 139,541.91
Anadelassadrenolsuniy 5,814.25
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Tunsnwiadedl Snsdavilsamediranuasmon 24 lsawe Fedudunuiedelunis
asralsunnginse 1 159 Ussuna 5,814 U E"J’qla,iimqﬂmaimﬂﬁﬁﬂ Lavinmsdaviszuulvii
a2 wuu Ao Mssnriifeussnuay Suay 12 Tsamny waznssaunaiessuusalusia s1uiu
12 Tsang dwfulsumzuuusnidsussnuauazionsalifisdu fsenisiuandunssd

3.6

15799 3.6 AuUgUNIalIAUIMELTNIUAY

AU 318013 Wy | W | 99109 | UIURY 321 VAT
MY
1 GRIIEEN bUBIT 60 35 2,100 2,247.00
2 i Su 1 363 363 388.41
STy 2,635.41

INAuUNURUNTalESUNNTUNT YRR UNUEITENILAALUUTAUI R8T UALEITY

< v I Y a d' ° 1Y) = o v
LaNUBY IWSMWUVJULQaEJ@@I?QLW']SV]UﬁSlI']m 6,034 UnN a’]ﬁi‘UIﬁﬂLW']%LV@LL‘U‘Ui@u’]@'JﬂiSU‘U

dnlulia gunsalifiudiy desren1siuandlunised 3.7

PN v L3 io’ v Y U
1599 3.7 duyugUnsalsatinigsyuudnlui

AU 31803 Wy | U | IRee | IUIURY 571 VAT
iy
1 Juusedugs 'Q 2 7,500 15,000 16,050.00
2 Sathawe 100 ans &4 1 850 850 909.50
3 YANTOIN 7 1 1,600 1,600 1,712.00
4 vt seuge k) 60 65 3,900 4,173.00
5 viaﬁ’umﬁuqﬂ LA 130 80 10,400 11,128.00
6 a1l No 3x1.5 LGS 60 85 5,100 5,457.00
7 fifuivun 60x80 cm A 1 4,500 4,500 4,815.00
8 Timer #7 1 850 850 909.50
9 viowAniAuangl 7 6 550 3,300 3,531.00
10 Data logger temp and Yo a4 5,500 22,000 23,540.00
humid
11 Software Data logger >0 a4 2,500 10,000 10,700.00
12 ARV Ny 1 4,140 4,140 4,429.80
ST EY 87,354.80

seuUdnlugdh daunuadeselsanei 13,094 U

MatunAuYugUNsaluas AL udavh iaTunn Tnensewiaasadunisussuno
nstagldnistiudiuniosas 15 vearuswiue dwalisunueiovodlsiniziniuusnuineg
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unsAnwadsdldvihniamziin 2 siia fe Weusihggiu wesfinveunn dediszernan
mazsesuliviniy tny Winueiggiudissezantunismesiesu 4 wew wusduszesiiaiin
f 1 1feu uagtiulien 3 Weu Tuvngiiiiaveurniissoznailumamesoiu 6 Weu uvuduy
sgpziing 3 ey uasiiuifie 3 Weu Fdudiaunsihggiuannsomngld 3 Jusled Tuvned
dinveurnannsninzld 2 juded Sadrsiifnadensudalifiuiviuainnisfnund edieiidy
szomifuiReitu Tasnsdnuidunuimuasseznailasins 10 9 Wszananisanengnsld
nulAsunan)

91NN13ANIEINITAUTTIUNISAUUNISHARRTY ladunuiauin winludeuia
d1593U 59A1 8 vw/feu feuiinyiies 59A1 5 vw/feu dmsunisuszunansiunuazldsian
fouinduiagulunsfnasunuiuuuslumsadandn fuanseazdonlunaai 3.8

AN59 3.8 AuvuiuwUsrandelsamzlunsndniiauninggu waziinveuyinesu wuusaul

AELIITUAY
AU 319M19 U 778 UINHID IIUIURY
iy
Aoudindn5agu 120 flou 8 960
2 At 4.66 wie 8 37
ALY (RuanazLiu) 3 Aoy 375 1,125
SUNIAY 2,122

TApALSIUTEAIAINITIN ATLSINUTUAT 300 UmseTu THussau 1 Ay ALALILNIZTR
73 24 Tsame Junan 3 Weusedu uenanideddunuienfunsdeutgeilivifiluusasd
drvsunisneialulsadounuusninglonsenuay Wy Arauay Araneens Wudy dadns
s19n15lunns19d 3.9

15199 3.9 Aeutislsumsiazeunsalliiluyisssesiailasenis

Rl 378N13 31U g umAenig | 9IuIURY NN
1 s 1 & 388.41 388 Wasunnd
2 | drauau (Felseng) 1 P 556.4 556 Wasunn 2
3 | adilu (felsumy) 1 Fu 727.6 728 Wasunn 5 1
4 AENEYN 1 W 2247 2,247 Wavumn 5 9

o o v 1% 3 & a =] a v 1 &
ﬁ’WﬁUﬂ’ﬁﬂi%ll']mﬂ’ﬁ@']uylﬂiﬂf\ﬂﬂﬂ?iLW’]%L‘Iﬁﬂ‘VN 2 YUA mwamaammmﬂﬂu

<@
AR UININT U

Win 1 fou lanandn 300 nu Alansuaz 87.50 v Asdusials 26.50 uin/Aau

szaznan 1 U awnsanunananle 3 sou lag 1 lsanizinouiingiuiy 120 Aou ety 15amie
Win 1 1599ziselaret Uszana 9,450 U uanansigldarnnisinigiawnan §3iisielaanludin
Aednloiudusalsanizaaiy 270 Base case Muanlndla 1.55 kWh sia¥u 1y 1.57 kWh #iatu
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Frduaznanliilldfindu 0.02 kwh dotu Tnsdiausihgsiuannsomngld 3 souded souas 3
wou Anduan 9 wweu et lunisussuumsielaaglssanumsing 1 weu I 30 Tu 91els
2nn1sTmagliil wiieay 5.66 vmseniae mudassudeluiilugiuuy FT Y 2558
(http://www.eppo.go.th/images/Power/pdf/FT-history/FiT_2558.pdf) Faduarlifindruifines
11970 Sruaumieliiifindaldfiatudetu X Swautuilflumsugndiaiad X siandming
T (0.02 x (30 x 9) x 5.66) Feazvildiisnglganlniifindnldiintudolsanzwify 30.56
v sl
ndayanuyy wazseldnieg aunsadinmwInAmALAIBINSINIZauTggIue
Tsamngld fuansseasdenlunsed 3.10 uaz 3.11

M13199 3.10 YaA1aunu nauselevdlunumieg uaskauselevianinaenszeziiailasinisues
MBI UUSALITBRSIIUALAD 1 T3

Ui yaAu yaAmausElav nauszlevigns
nsugnuas | N1SASY | SIYaAY | Wawdn il suyad | wauselewd | wauszlevd
vImsdams | (uwmAl | dunu Win Wty | wadstlewd | (umAD) GEGH
(VA WwA) | WwmA) | @wA) | wmA) (VA

0 6,755.19 6,034.00 | 12,789.19 | 9,450.00 30.56 9,480.56 - 3,308.63 - 3,308.63
1 7,311.59 - 7,311.59 9,450.00 30.56 9,480.56 2,168.97 - 1,139.65
2 6,755.19 - 6,755.19 9,450.00 30.56 9,480.56 2,7125.37 1,585.72
3 7,311.59 - 7,311.59 9,450.00 30.56 9,480.56 2,168.97 3,754.70
4 9,729.79 - 9,729.79 9,450.00 30.56 9,480.56 -249.23 3,505.47
5 7,311.59 - 7,311.59 9,450.00 30.56 9,480.56 2,168.97 5,674.44
6 6,755.19 - 6,755.19 9,450.00 30.56 9,480.56 2,7125.37 8,399.82
7 7,311.59 - 7,311.59 9,450.00 30.56 9,480.56 2,168.97 10,568.79
8 6,755.19 - 6,755.19 9,450.00 30.56 9,480.56 2,7125.37 13,294.17
9 7,311.59 - 7,311.59 9,450.00 30.56 9,480.56 2,168.97 15,463.14

RRLY 73,308.50 6,034.00 | 79,342.50 | 94,500.00 305.64 94,805.64 15,463.14

PV 57,165.29 6,034.00 | 63,199.29 | 73,725.99 238.45 73,964.44 10,765.15

6%

PV 53,079.07 6,034.00 | 59,113.07 | 68,483.09 221.49 68,704.58 9,591.52

8%

PV 49,481.00 6,034.00 | 55,515.00 | 63,872.78 206.58 64,079.36 8,564.36

10%

PV 46,299.81 6,034.00 | 52,333.81 | 59,801.96 193.42 59,995.38 7,661.57

12%

PV 43,476.13 6,034.00 | 49,510.13 | 56,193.21 181.74 56,374.96 6,864.83

14%
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ANS197 3.11 HANTIATIZRAUANAIVDINITILIn LRI g IR UUIAUIIBLSIUALRD 1 159

IWENINTINITARAARII0)

HANTIATIEN 9RIINIANAR
6% 8% 10% 12% 14%
AT WANDULNY (IRR) 54% 51% 48% 46% 43%
yar1UgUuans 10,765 9,592 8,564 7,662 6,865
dnsdndiunalszlovilsie 1.17 1.16 1.15 1.15 1.14
Auv (8/C)
szggimAuu () 1U07weu | 1U7heu | 1U8Weow | 1U8Wew | 1TU9ihsu

WUt namseneiaudusvamamnginusihaguldusasaduaseninguuusa
Freussuauiiu fanuduatlunndnafnan Tnefisnsdnaniesas 6 asisrevinafunu 19 7
Wwau Hyad1U93duans 10,765 umsel snsnanauwny 54% uarildnidadiunalselevilse
funu (B/C ratio) 1.17 dnindufanssuiifienuduariiazasmu

WiRaUY

Jin 1 Aou lanande 300 nfu Alanduay 120 um anduseld 36 vn/deu seeziian 1
U anunsariunandnld 2 sou Tne 1 Tsamnsddeudindiuiu 120 Aoy fefu Tsamwwdin 1 T5sasdl
s1elaned Uszuna 8,640 UM usnaInselaann sziiandn daisneldanlniinanle
udusielsamnzsatu 910 Base case Aranlnly 1.55 kwh detu (Ju 1.57 kWh defu faiu
szuanlnildiuTy 0.02 kwh defu wufy Tnewinveuyiaiuisamigld 2 seused sevay 3
wau Anduan 6 Wweou el Tunsusyanaunisselaazussananisine 1 ey i 30 Tu seld
91nn1somiielidn niuleay 5.66 uInRenUle Gl’]JJéJ@iW%JU%QIWW’IIUEULLUU FiT U 2558
(http://www.eppo.go.th/images/Power/pdf/FT-history/FiT_2558.pdf) Faduarlnlfindruifinez
11970 Sraumie i findaldfuudetu X Swautuildflumsugdiaied X siandmidng
9417 (0.02 x (30 x 6) x 5.66) Gsazvildsglganlniiinanldifinguselsanizwiiu 20,38
umsel

dMSUNMIAIUIUAIANAITBINITINIZIIATB UB1IABLIANIE AIUITALAAINANITIATITA
FiuansseazBenlunsned 3.12 uay 3.13
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M15197 3.12 yamdunu Hauselevdludufieg uaznausvlevlansnaonszesiailasinisves
MaeiaueihveurIuUIAIRRELsIUAWIe 1 Tsamy

Ui yaAAuNY warmauselevy nauszlevilgns
nsUgnuas | MTASNY | sauyadn | WaKan Wi | souyadn | wausslewd | wausslewd
UImsdams | (uwA | dunu \in wagw | wauszlevd | (umA) GEGH
(UmAY) WwA) | WwmA) | GwA) | LmA) (umAY)

0 4,632.93 6,034.00 | 10,666.93 | 8,640.00 20.38 8,660.38 -2,006.55 - 2,006.55
1 5,189.33 - 5,189.33 8,640.00 20.38 8,660.38 3,471.05 1,464.49
2 4,632.93 - 4,632.93 8,640.00 20.38 8,660.38 4,027.45 5,491.94
3 5,189.33 - 5,189.33 8,640.00 20.38 8,660.38 3,471.05 8,962.98
4 7,607.53 - 7,607.53 8,640.00 20.38 8,660.38 1,052.85 10,015.83
5 5,189.33 - 5,189.33 8,640.00 20.38 8,660.38 3,471.05 13,486.88
6 4,632.93 - 4,632.93 8,640.00 20.38 8,660.38 4,027.45 17,514.32
7 5,189.33 - 5,189.33 8,640.00 20.38 8,660.38 3,471.05 20,985.37
8 4,632.93 - 4,632.93 8,640.00 20.38 8,660.38 4,027.45 25,012.81
9 5,189.33 - 5,189.33 8,640.00 20.38 8,660.38 3,471.05 28,483.86

U 52,085.90 6,034.00 | 58,119.90 | 86,400.00 203.76 86,603.76 28,483.86

PV 40,608.07 6,034.00 | 46,642.07 | 67,406.62 158.97 67,565.59 20,923.52

6%

PV 37,699.29 6,034.00 | 43,733.29 | 62,613.11 147.66 62,760.77 19,027.49

8%

PV 35,136.60 6,034.00 | 41,170.60 | 58,397.97 137.72 58,535.69 17,365.09

10%

PV 32,869.62 6,034.00 | 38,903.62 | 54,676.08 128.94 54,805.02 15,901.41

12%

PV 30,856.38 6,034.00 | 36,890.38 | 51,376.65 121.16 51,497.82 14,607.43

14%
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0 4,016.92 13,094.00 | 17,110.92 | 8,640.00 30.56 8,670.56 -8,440.35 -8,440.35
1 6,285.32 - 6,285.32 8,640.00 30.56 8,670.56 2,385.25 -6,055.11
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SuperPoly STP295 - 24/vd
STP290 - 24/Vd

295 Watt

% SUNTECH

POLYCRYSTALLINE SOLAR MODULE

Features

High module conversion
efficiency

Module efficiency up to
15.2% achieved through
advanced cell technology and
manufacturing capabilities

Positive tolerance
Guaranteed positive
tolerance of 5% delivers
higher outputs reliably

Extended wind and snow
load tests

Module certified to
withstand extreme wind
(3800 Pascal) and snow
loads (5400 Pascal) *

Certifications and standards:
IEC, CE, PV Cycle, PCH, MCS

@

Self-clean

o o .
C € PV CYCLE e
A 4

—

Self-cleaning & anti-reflective
Higher module efficiency
from anti-reflective,
hydrophobic layer with
higher light absorption and
minimal surface dust

Excellent weak light
performance

Excellent performance
under low light conditions

Suntech current sorting
process

System output maximized by
reducing mismatch losses up
to 2% with modules sorted &
packaged by amperage

Trust Suntech to Deliver Reliable Performance Over Time

« World’s No.1 manufacturer of crystalline silicon photovoltaic modules

- Unrivaled manufacturing capacity and world-class technology

- Rigorous quality control meeting the highest international standards:
1SO 9001: 2008, ISO 14001: 2004 and 1SO17025: 2005 |

- Tested for harsh environments (salt mist and ammonia corrosion testing: IEC
61701, DIN 50916:1985 T2)***

Newest Ingot Technology
Suntech’s Vd module is

based on the innovative and
energy efficient casting mono
production process which
boosts power levels to that of
mono crystalline cells.

Industry-leading Warranty based on Pnom

- Based on nominal power (Pnom)
+ 25-year transferrable power output
B 12 warranty: 5 years/95%, 12 years/90%,
12 18 years/85%, 25 years/80% ****
« Warrants 6.7% more than the market
standard over 25 years
« 10-year material and workmanship
ver  Warranty

SUNTECH
+6.7%

Warranted Power Output
i

* Please refer to Suntech Standard Module Installation Manual for details. **PV Cycle only for EU market.

“** Please refer to Suntech Product Near-coast Instailation Manual for details.

©Copyright 2012 Suntech Power www.suntech-power.com

EN-EU-STD-VdP-NO1.01-Rev 2012

Reliable IP67 Rated Junction
Box

Supports multiple
orientation installation. High
performance low resistance
connectors ensure maximum
ouptput for highest energy
production.

*e34 pPlegse refer to Suntech Product Warranty for details.
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SuperPoly STP295 - 24/Vd % SUNTECH
STP290 - 24/vd

Raae Electrical Characteristics
= sTC | stpaos-24/vd STP290-24/Vd
Drainsge holer/] r——f[] Optimum Operating Voltage (Vmp) | 357V 358V
sk N Optimum Operating Current(mp) | 827A | . 8ISA
- g Open Circuit Voltage (Voc) L 4sav 450V
1 -~ Short Circuit Current (Isc) | 857A 842A
(Back Yiew) : S SR s N R e s e s
A Maximum Power at STC (Pmax) 295 W 290 W
i Modulefficlency | ts2% | 1ao%
B [ Operating Module Temperature | ~ -40°Cto+85°C
3 Ly Maximum System Voltage | 1000V DC (IEC) / 600V DC (UL)
i 14 9 Maximum Series Fuse Rating | 20A
L f et e Sl i TP S PRRPIINGION. ./ 4 F SO
IEEE Power Tolerance 0/+5 %
diance 1000 W/im-, module temperature 25 ‘C, AM=1.5;
Class AAA solar simulator EC 60904-9) used, poveer measurement uncertainty is within +/- 5%
[ 3
NOCT | STP295-24/Vd STP290-24/vd
i . Maximum Power at NOCT (Pmax) ‘ 215W 21w
5 5 o Optimum Operating Voltage (Vmp) | 323V 322V
~ Optimum Operating Current (Imp) | 666A 6.56 A
f Open Circuit Voltage (Voc) 413V 412V
= R b [ T Short Circuit Current (Isc) | 6.90 A 6.80 A
[rp—— =
NOCT: Iradiance BOO W/, ambient temperature 20 °C, AM=1.5, wind speed 1 mis;
Bestin Class ARA solar simulator (IEC 60904-9) used, power messurement uncertainty s within +- 3%
Current-Voltage & Power-Voltage Curve (295-24) =
Temperature Characteristics
. ——f | - Nominal Operating Cell Temperature (NOCT) 45+2°C
, J e Temperature Coefficient of Pmax ‘ :
z = \ ®s Temperature Coefficient of Voc i -0.33 %/°C
i, ] —’**ﬁi =3 Temperature Coefficient of Isc | 0.055 %/°C
% = — M| "
: {\ i Mechanical Characteristi
== T echanical Characteristics
P2 N,
* e e Vologe M" » o Solar Cell | Polycrystalline sili 156 x 156 mm (6 inches)
No. of(ellgm - 1.72(6%12)
e T T Dimensions |1956 X992 X S0mm (770 x 39.1 x 20 inches)
Excellent perlarmance under weak light conditions: at an ircadiation intensity of 200 W/ Weight 270 kgs (59.5 Ibs.) -
{AM 15,25 °C).95.5% rer of the STC afficiency {1050 Wim } is achieved Front Glass 4.0 mm (0.16 inches) temperred.glassv
Frame | Anodized aluminium alloy
Junction Box [ P67 rated (3 byp§S§ dj_o@_es) e
Dealer information Output Cables TUV (2Pfg1169:2007), UL 4703, UL44
4.0 mm? (0.006 inches?), symmetrical lengths (-) 1100mm (43.3
inches) and (+) 1100 mm (43.3 inches)
Connectors H4 connectors(MC4 connectable)

Packing Configuration

Container 20°GP 40'GP 40'HC
Pieces per pallet 2 il 21
Pallets per c i 5 12 24
‘P.i.e.cés' per éontameru 105 252 504

Speciications are subject to change wathaut further noufication

E-mail: sales@suntech-power.com www.suntech-power.com
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VWV DE Priif- und Zertifizierungsinstitut

ZEICHENGENEHMIGUNG
MARKS APPROVAL

Suntech Power Holding Co.Ltd.
No. 12 Xinhua Road
214028 WUXI NEW DISTRICT
Jiangsu
CHINA

ist berechtigt, fiir ihr Produkt /
is autharized to use for their product

Terrestrische Photovoltaik-Module mit Silizium-Solarzellen
Crystalline silicon terrestrial photovoltaic modules

die hier abgebildeten markenrechtlich geschiitzten Zeichen
fiir die ab Blatt 2 aufgefiihrten Typen zu benutzen /
the legally protected Marks as shown below for the types referred to on page 2 ff.

Gepriift und zertifiziert nach /
Tested and certified according to

DIN EN 61215 ( VDE 0126-31):2006-02; EN 61215:2005-08

DIN EN 61730-1 (VDE 0126 Teil 30-1):2007-10; EN 61730-1:2007-05
DIN EN 61730-2 (VDE 0126 Tell 30-2):2007-10; EN 61730-2:2007-05
IEC 61215(ed.2)

IEC 61730-1(ed.1)

IEC 61730-2(ed.1)

Aktenzeichen: 5009732-3972-0001 / 148897

¢ File ref.:
VDE Priif- und Zertifizierungsinstitut GmbH  Ausweis-Nr.. 40021884 Blatt 1
VDE Testing and Certification Institute Certificate No, Page
{/

Zertifizierungsstelle / Certification Weitero siehe und
(RN

further conditions see averleaf and following pages

Offenba_ch, 2007-08-22
(letzte Anderung/updated 2011-12-14 )

VDE Zerlifikdle sind nur galtig bei Veroffentiichung unler:
VDE certificates are valid only when published on:

VDE

http://www .vde.com/zerlifikat
http://www .vde.com/cerlificate
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VDE Priif- und Zertifizierungsinstitut Auswels-Nr. /- Blatt /

. R Certificate No. page
Zeichengenehmigung 40021884 2

Name und Sitz des Genehmigungs-Inhabers /| Name and registered seat of the Certificate holder
Suntech Power Holding Co.Ltd., No. 12 Xinhua Road, 214028 WUX! NEW DISTRICT, Jiangsu,

CHINA
Aktenzeichen / File ref. letzte Anderung / updated Datum / Date
5009732-3972-0001 / 148897 / FG82 / ROT 2011-12-14 2007-08-22

Dieses Blatt gilt nur in Verbindung mit Blatt 1 des Zeichengenehmigungsausweises Nr. 40021884
This supplement is only valid in conjunction with page 1 of the Certificate No. 40021884.

Terrestrische Photovoltaik-Module mit Silizium-Solarzellen
Crystalline silicon terrestrial photovoltaic modules

Typ(en) / Type(s):

A) STPXXXS-18/Ub
A) STPXXX-18/Ub
B) STPXXXS-18/Udb
B) STPXXX-18/Udb
B) STPXXXS-18/Ud
B) STPXXX-18/Ud
C) STPXXXS-24/Vb
C) STPXXX-24/Vb
D) STPXXXS-24/Vd
D) STPXXXS-24/Vdb
D) STPXXX-24/Vd
D) STPXXX-24/Vdb
E) STPXXXS-20/Wd
E) STPXXXS-20/Wdb
E) STPXXX-20/Wd
E) STPXXX-20/Wdb
E) STPXXXS-20/Wd+
E) STPXXXS-20/Wdb+
E) STPXXX-20/Wd+
E) STPXXX-20/Wdb+
F) STPXXXS-24/Vdx
F) STPXXX-24/Vdx
G) STPXXXE-12/TEA
G) STPXXXD-12/TEA
H) STPXXXS-24/Ad
H) STPXXX-24/Ad
H) STPXXXS-24/Ad+
H) STPXXXS-24/Adb
H) STPXXX-24/Adb
H) STPXXXS-24/Adb+
) STPXXXS-12/Jd

1) STPXXX-12/Jd

1) STPXXXS-12/Jd+
1) STPXXXS-12/Jdb
I) STPXXX-12/Jdb

1) STPXXXS-12/Jdb+

Fortsetzung siehe Blatt 3 /
continued on page 3
VDE Priif- und Zerlifizierungsinstitut GmbH * Testing and Certification Institute

Merianstrasse 28, D-63069 Offenbach : Phone + 49 (0) 69 83 06-0
Telefax + 49 (0) 69 83 06-555
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VDE Priif- und Zertifizierungsinstitut pusweis N/ [Blatl
Certificate No. page

Zeichengenehmigung 40021884 3

Name und Sitz des Genehmigungs-Inhabers / Name and registered seal of the Certificate holder

Suntech Power Holding Co.Ltd., No. 12 Xinhua Road, 214028 WUXI NEW DISTRICT, Jiangsu,

CHINA
Aktenzeichen / File ref. letzte Anderung / updated Datum / Date
5009732-3972-0001 / 148897 / FG82 / ROT 2011-12-14 ’ 2007-08-22

Dieses Blatt gilt nur in Verbindung mit Blatt 1 des Zeichengenehmigungsausweises Nr. 40021884
This supplement is only valid in conjunction with page 1 of the Certificate No. 40021884.

J) MSZ-XXXB-C

J) MSZ-XXXJ-C

J) MSZ-XXXB-D

J) MSZ-XXXJ-D

J) MSZ-XXXB-E

J) MSZ-XXXJ-E

K) STPXXX-VRM-1

K) STPXXXS-VRM-1
L) STPXXX-VRM-1.5
L) STPXXXS-VRM-1.5

Typenschliissel XXX im Typ ersetzt die Leistung in Watt bei STC und kann
jeder Wert sein zwischen:
Types code XXX in the type replaces the power in Watt at STC an can be
any number between:
170 - 230
Fur / for A), B)
220 - 310
Far / for C), D), F), K), L)
110 - 140
Fur / for G)
210 - 265
Fur / for E)
70 - 100
Far / for 1)
140 - 205
Fir / for H), J)

Max. Systemspannung DC 1000 V
Max. system voltage

Schutzklasse ]
Class

Anw endungsklasse A
Class of application

Brennbarkeitspriifung Brandklasse C
Burning test Fire rating class C

Fortsetzung siehe Blatt 4 /
continued on page 4
VDE Prif- und Zertifizierungsinstitut GmbH * Testing and Certification Institute

Merianslrasse 28, D-63069 Offenbach Phone + 49 (0) 69 83 06-0
Telefax + 49 (0) 69 83 06-555
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VDE Priif- und Zertifizierungsinstitut Auswels e Blatt )
Certificate No. page

Zeichengenehmigung 40021884 4

Name und Sitz des Genehmigungs-Inhabers / Name and registered seat of the Certificate holder

Suntech Power Holding Co.Ltd., No. 12 Xinhua Road, 214028 WUXI NEW DISTRICT, Jiangsu,

CHINA
Aktenzeichen / File ref. letzte Anderung / updated Datum / Date
5009732-3972-0001 / 148897 / FG82 / ROT 2011-12-14 2007-08-22

Dieses Blatt gilt nur in Verbindung mit Blatt 1 des Zeichengenehmigungsausweises Nr. 40021884
This supplement is only valid in conjunction with page 1 of the Certificate No. 40021884.

Absicherung max. 15 A

Fuse Fur / for H), 1), J)
max. 20 A
Fur / for A), B), C), D), E), F), G),
K), L)

Weitere Angaben siehe Anlage 1 - 6

Further information see Annex 1 - 6

Dieser Zeichengenehmigungs-Ausweis bildet eine Grundlage fir die EG-Konformitétserkldrung und
CE-Kennzeichnung durch den Hersteller oder dessen Bevollmé&chtigten und bescheinigt die Konformitét
mit den grundlegenden Schutzanforderungen der EG-Niederspannungsrichtlinie 2006/95/EG mit ihren
Anderungen.

This Marks Approval is a basis for the EC Declaration of Conformity and the CE Marking by the
manufacturer or his agent and proves the conformity with the essential safety requirements of the
EC Low-Voltage Directive 2006/95/EC including amendments.

VDE Prif- und Zertifizierungsinstitut GmbH
VDE Testing and Certification Institute
Fachgebiet FG82

Section FG82

VDE Priif- und Zertifizierungsinstitut GmbH * Testing and Certification Institute

Merianstrasse 28, D-63069 Offenbach : Phone + 49 (0) 69 83 06-0
Telefax + 49 (0) 69 83 06-555
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VDE Priif- und Zertifizierungsinstitut Auswels-Nr. /' Belblatt |
Certificate No. Supplement

Zeichengenehmigung 40021884

Name und Sitz des Genehmigungs-Inhabers / Name and registered seat of the Certificale holder

Suntech Power Holding Co.Ltd., No. 12 Xinhua Road, 214028 WUXI NEW DISTRICT, Jiangsu,

CHINA
Aktenzeichen / File ref. letzie Anderung / updated Datum / Date
5009732-3972-0001 / 148897 / FG82 / ROT 2011-12-14 2007-08-22

Dieses Beiblatt ist Bestandteil des Zeichengenehmigungsausweises Nr. - 40021884.
This supplement is part of the Certificate No. 40021884.

Terrestrische Photovoltaik-Module mit Silizium-Solarzellen
Crystalline silicon terrestrial photovoltaic modules

Fertigungsstatte(n)
Place(s) of manufacture

Referenz/Reference Wuxi Suntech Power Co., Ltd.
30017172 16 Xinhua Road

New District

214028 WUXI CITY

Jiangsu

CHINA

Referenz/Reference Suntech Power Japan Corporation
30018798 Nagano Plant

825-1 Yasuhara

Saku-shi

NAGANO 385-0004

JAPAN

Referenz/Reference Solartron Public Company Ltd.
30020984 Soi Sukhumvit
1000/65, 66, 67 P.B. Tower 16th floor
TH-10110 NORTH KLONGTAN, WATTANA, BANGKOK

Referenz/Reference Xiang Tai New Energy
30020766 (Suzhou) Co. Ltd.
1500 RuYuan Road, Xiang Cheng District
215131 SUZHOU
Jiangsu
CHINA

VDE Praf- und Zertifizierungsinstitut GmbH
VDE Testing and Certification Institute
Fachgebiet FG82

Section FG82

VDE Priif- und Zertifizierungsinstitut GmbH * Testing and Certification Institute

Merianstrasse 28, D-63069 Offenbach Phone + 48 (0) 69 83 06-0
Telefax + 49 (0) 69 83 06-555
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VDE Priif- und Zertifizierungsinstitut Ausweis-Nr. /  Infoblatt /

Certificate No. Info sheet

Zeichengenehmigung 40021884

Name und Sitz des Genehmigungs-Inhabers /| Name and registered seal of the Certificate holder

Suntech Power Holding Co.Ltd., No. 12 Xinhua Road, 214028 WUXI NEW DISTRICT, Jiangsu,

CHINA
Aktenzeichen / File ref. letzte Anderung / updated Datum / Date
5009732-3972-0001 / 148897 / FG82 / ROT 2011-12-14 2007-08-22

Dieses Blatt gilt nur in Verbindung mit Blatt 1 des Zeichengenehmigungsausweises Nr. 40021884
This supplement is only valid in conjunction with page 1 of the Certificate No. 40021884.

Genehmigung zum Benutzen des auf Seite 1 abgebildeten markenrechtlich geschiitzten Zeichens des
VDE:

Grundlage fiir die Benutzung sind die Allgemeinen Geschéaftsbedingungen (AGB) der VDE Prif- und
Zertifizierungsinstitut GmbH (www.vde.com\AGB-Institut). Das Recht zur Benutzung erstreckt sich nur
auf die bezeichnete Firma mit den genannten Fertigungsstétten und die oben aufgefiihrten Produkte
mit den zugeordneten Bezeichnungen. Die Fertigungsstatte muss so eingerichtet sein, dass eine
gleichmaRige Herstellung der gepriften und zertifizierten Ausfiihrung gew&hrleistet ist.

Die Genehmigung ist so lange giiltig wie die VDE-Bestimmungen gelten, die der Zertifizierung zu-
grunde gelegen haben, sofern sie nicht auf Grund anderer Bedingungen aus der VDE Priif- und
Zertifizierungsordnung (PM102) zuriickgezogen werden muss.

Der Giiltigkeitszeitraum einer VDE-GS-Zeichengenehmigung kann auf Antrag verléngert werden. Bei
gesetzlichen und / oder normativen Anderungen kann die VDE-GS-Zeichengenehmigung ihre Giiltigkeit
zu einem friiheren als dem angegebenen Datum verlieren.

Produkte, die das Biozid Dimethylfumarat (DMF) enthalten, dirfen gem&dR der Kommissionsent-
scheidung 2009/251/EG nicht mehr in den Verkehr gebracht oder auf dem Markt bereitgestellt
werden.

Der VDE-Zeichengenehmigungsausweis wird ausschlieBlich auf der ersten Seite unterzeichnet.

Approval to use the legally protected Mark of the VDE as shown on the first page:

Basis for the use are the general terms and conditions of the VDE Testing and Certification Institute
(www.vde.com\terms-institute). The right to use the mark is granted only to the mentioned company
with the named places of manufacture and the listed products with the related type references. The
place of manufacture shall be equipped in a way that a constant manufacturing of the certified
construction is assured.

The approval is valid as long as the VDE specifications are in force, on which the certification is
based on, unless it is withdrawn according to the VDE Testing and Certification Procedure
(PM102E).

The validity period of a VDE-GS-Mark Approval may be prolonged on request. In case of changes in
legal and / or normative requirements, the validity period of a VDE-GS-Mark Approval may be
shortened.

Products containing the biocide dimethylfumarate (DMF) may not be marketed or made available on
the EC market according to the Commission Decision 2009/251/EC.

The approval is solely signed on the first page.
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CSA INTERNATIONAL

Certificate of Compliance

Certificate: 2323920 Master Contract: 242937

Issued to: Suntech Power Holdings Co Ltd

17-6 Chang Jiang S Rd
Wuxi, 214028
China

The products listed below are eligible to bear the CSA
Mark shown with adjacent indicators 'C' and 'US' for
Canada and US or with adjacent indicator 'US' for
US only or without either indicator for Canada only.

® Brij Aggawwal
Issued by: Brij Aggarwal, P.Eng.

C us

PRODUCTS

CLASS 531110 - POWER SUPPLIES - Photovoltaic Modules and Panels
CLASS 5311 90 - POWER SUPPLIES - Photovoltaic Modules and Panels - Certified to US
’ Standards

Photovoltaic Modules with maximum system voltage of 600 V dc and Class C fire class rating, Model Series
STPXXX-24/Vd , STPXXXS-24/Vd, STPXXX-24/Vdb, STPXXXS-24/Vdb, where 'XXX' is the power output
from 220 W to 310 W, Model Series STPXXX-18/Ud , STPXXXS-18/Ud, STPXXX-18/Udb, STPXXXS-18/
Udb, where XXX is the power output from 170 W to 230 W, Model Series STPXXX-20/Wd , STPXXXS-20/
Wd, STPXXX-20/Wdb, STPXXXS-20/Wdb, where 'XXX' is the power output from 210 W to 265 W, and
Model Series STPXXX-24/Vdx, where 'XXX' is the power output from 220 W to 290 W, with the following
electrical ratings typical at 280, 210 and 240, 280 W respectively @ Standard Test Condition (STC):

Open Circuit Voltage (Voc): 44.8 /33.6/37.2/44.8 V dc
Short Circuit Current (Isc): 8.33/8.33/8.43/8.33 A
Operating Voltage (Vpmax): 35.2/26.4/30.2/35.2 V dc

Current at Operating Voltage (Ipmax): 7.95/7.95/7.95/7.95 A

DQD 507 Rev. 2009-09-01 Page: |

Project: 248668 Date Issued: December 21, 2011
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®
CSA INTERNATIONAL

Certificate: 2323920 Master Contract: 242937
Project: 2486681 Date Issued: December 21, 2011
Notes:

Rated electrical characteristics are within +/-10% of measured values at Standard Test Conditions of 100 mW/
cm? irradiance, AM 1.5 spectrum, and 25°C.

APPLICABLE REQUIREMENTS
ULC/ORD- C1703-01 - Flat-Plate Photovoltaic Modules and Panels

UL 1703-3rd Edition - Flat-Plate Photovoltaic Modules and Panels

DQD 507 Rev. 2009-09-01
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