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ABSTRACT

This research aims to study the performance of the solar photovoltaic
thermal hybrid (Solar PV/T) assisted heat pump for a slaughterhouse and the
mathematical model was used to select the suitable size and type of solar PV/T
hybrid assisted heat pump system for water production about 65 °C in blanching and
scraping process at Chiang Dao Municipality slaughterhouse. The mathematical
model was used to analyze the optimum system with the lowest cost and fastest
payback time. The optimum system was able to produce hot water consist of 16
panels of 295 W, mono-Si PV/T together with a 17.8 kWy, heat pump using R-134a as

the working fluid and the size of the hot water storage tank was 2,500 liters.

When the prototype system was installed in the slaughterhouse and
investigated for the best working pattern during winter, it was found that the heat
pump starts working at 9:00 AM and the water flow rate through the Solar PV/T
panel was operated at 32.5 L/min. The Solar PV/T panel had the highest net
efficiency and Performance Ratio (PR) was 45.20% and 78.58%, respectively. The heat
pump had Energy Efficiency Ratio (EER) of 3.13 kW,/kW, and the shortest hot water
production time was 5 hours. The minimum use of electricity from the grid utility was
16.16 kWh/day. Moreover, the mathematical models were used to predict the
optimal start-up time in the summer and rainy season and it was found that the heat
pump should be turned on at 10:00 AM in summer which consumed the lowest

amount of electricity from the grid utility about 5.68 kWh/day. For the rainy season,



the heat pump should be turned on at 9:00 AM with the least electricity use from
the grid system about 20.02 kWh/day.

When comparing the yearly electricity consumption of the electric heater
and solar PV/T hybrid assisted heat pump system, it was found that the electric
heater consumed the electricity from the grid utility about 34,358.75 kWh/year while
the solar PV/T hybrid assisted heat pump system uses electricity from grid utility only
4,861.72 kWh/year by using the investment of 888,314 Baht, the payback period of
6.65 years. For the Specific Electricity Consumption (SEC) and the electricity cost per
number of pigs, it was found that Solar PV/T Hybrid Assisted Heat Pump system has
SEC and the electricity cost per number of pigs. 2.05 kWh/head and 9.30 Baht/head,
respectively, decreased from the use of electric heater that was equal to 5.95

kWh/head and 26.96 Baht/head, respectively.

Keywords :  Solar PV/T, Heat Pump, Hot Water, Slaughterhouse, Performance
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6. ¥n13UFUTIaIEUNSTuYestuAueusgeties 3 Yaanan wielily
sUuuuiiaansnaansltwdsnulihuazmsnzandiumsldaululsshdnimauramvades
A

7. $ANSNAEDU B INYIRUNAINUNALNY LN 1INeIaeuld Laglsehdnimeuia
FIUALTEIAY BUNBLTEIANT JInInLTia sl
1.4 Uselaaiiilasu

1. I¢aussauzvesssuunaniniiuazinfoundsnunasenindsiufuiunnuiou
dmsulsndndwmAuiasualgesnd

2. I¥gunuunmsvheufimngauvesszuundsliihuagindoundsnuuasenfing
sfutuaufeudvdulsendaimauiamualio

3. @u150anUsuun SN A U0l 5BNERINAUIAAIUALTEIA1ILAENIIUAIY

AUAMATYEANENSYRITEUUNAR LT uaz i Sound Ut fingsiuiutuanuiou



uni 2

a av dd v
VIi]‘H{]LLﬂgﬁ']U'JQE’JVlLﬂEJ??JEN

2.1 nqufiiiadas

URSLaaLEIDAng

WALt indUszneulumemaduasefindnatswadsiuiy fuvaduaenfing
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ylmAnuAniiFesnsvangaugiunasaduaseniing Sudufiuvosunamanlniluazn
Soundanuuasoriing (Solar PV/T) uansisnnd 4 Fadumaluladfiaunsondalniuay
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Pldfinnsszuneanusou uenand drseunledsanuisainlulsusslovdnalula

Glass cover

PV cells
Thermal conductive silicone

Absorber plate

Copper tube
P Insulation layer

AN 4 dUUSTNaUTBILEY Solar PV/T

UseANSanmnieausaunazyuseansainnisuanlwiiveawne Solar PV/T agly
NANNITNANTUIAAIEAVUTLANT ANV IR NAUTIAD NI LAz UTLANT ANV LN UYAR

WAIRNRE ANUIULARIENNISA 15 hazaunIh 16
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P v ;
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dle Nenpyr AD UTEANEAIMNIIANTOUVDILKS Solar PV/T Nepyr AD Uszdnsan
n1snaalniueaung Solar PV/T Nyeepyr AB USZANSAMTINUDI Solar PV/T Qpyr AiB 8997
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t.

AW 5 Mavhauvesiginsdale

#9150 Igdnsdaleainaunisaunandsnuuaraunaiia nean1izang o lussuy
asazlifinrsandaniswasuudamdsnudnduasndsnuaal auganiavesaisinay
Tuipinsdalouansisaunisdl 18 (fgws, 2561)

f, = h, = hy = 1y aunnsil 18

¥
v a

nsiruadsUsieldunudnsinisivadanaveasiausazanall



11

M,y = 1, = 1, = M, = Mg aunsii 19
ASEUIUNTS 1-2 D nszulunITenalsrieusuulewunselndoiniessnale
(Isentropic process) ¥ilansvhauiigumniuazanudugalufinnsaniiaiosale vud
Jouliunnsassalomualdainaunisd 20
Weomp = et (hy = hy) aunsi 20
ASEUIUNTS 2-3 D NszUIuMsAEAuSoumasasinaulaglevesasinamunduy
Frdureanarfiedesmivuiy Wunssuiunsanudund sasinseiemauseuiiades
musiuRwaldaInaunsa 21
Qc = thr(hy = hy) aunnsi 21
NSLUIUNT 3-4 D ﬂswmmsﬁmﬁﬁwmuamummmmgﬂammmﬁuﬁmémm

o
v o o

A BunszuIunMseuateed (Throttling process) fatumuialdanauniss 22
h; = hg aumiﬁ 22
ASEUIUNTS 4-1 Ao NszUIUNSTansynuaauzvesmarldsunud euviliiie
maieamsiulefadesszine Wunszuiunsanuduasd snsnisaiemanuseuiinies
suemwanlaInaun1si 23
Qg = My (hy = hy) aunsii 23

1w 1

AR TIAIUUTEANTAINNAIU (Energy efficiency ratio, EER) Ao dadiuroInI

]
¥ a o

Founilulduselovil Qo) wazirdslninndeuliuniniesdnle (Peomy) A18MI1dIU

UILANTANNANTUBEAIFIALNITA 24

EER = aumiﬁ 24

I:)Comp

6y
[

sEUUNARINHLazU S auNasULEIng SaunUTNANNS DU

ssuunanlihuazirdoundsnuuaoiindsauiuduaudeu (Solar PV/T Hybrid
Assisted Heat Pump) iuszuunanindeusinaosunas fe nantifousinuue Solar PV/T
wazdunudeu Msuantnfeuanuns Solar PV/T agldtuinilolmadeuiwiuume Solar
PV/T il deuldremaudouliuniriswaniuasunudeu (Heat exchanger) was
nswanifeuaniumnudeussldarsieu vmihiisuanudouainenmauindeniiaies
sy Mnduargndndadneintesdale Vililgungiiuazaudugstu thanufeuldiew
Tifuthiilnaruedesmuuiy ashaudeduieiesmunivaggnanaiuduiinndan

AnusuiielusumInSouiiaIesssimenely Wiluduiuuifou (Storage tank) azgn
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myudsuiielUsuminiouiieiesuandsunufeusasaiosmuiiurosduaudou 1
SoufinanldazgniivifludufvinfoudionlUldusslon qunsallwillussuuaslindsny
Inlihidaldanuas Solar PV/T saufundselihanszuulwihiuguinudunesines
(Inverter) Qﬂﬂiaﬂu%‘u‘u Solar PV/T Hybrid Assisted Heat Pump Usznaunie Wi Solar
PV/T Bunodined Jumyuideuth infesuanideunudou Tuanudeu uasduiuiifou

Y i
LHAANANNINN 6

Utility grid

Inverter

Heat pump

| [
| [
I NA...... . '
v @‘ L
: g Compressor 51 1
Storage I c s I
HX I ] ) 5 I
tank = Expansion S :
|
SOlar PV/—I— | 8 Valve Lﬁ :
| -
|
|

Al 6 szuu Solar PV/T Hybrid Assisted Heat Pump

N1504158UU Solar PV/T Hybrid Assisted Heat Pump flan1azasd (Steady state
condition) 8as1AuSeuRilasuaInue Solar PV/T Arunadl@annaunisd 25

Qeyyr = 1 Cpr(Tro = Tp) aunIsn 25

v
o ¥ I

finnsandufuindeou nsdduivinfeudnisvuauiuiuaiiuiousded a1u1se
AwInsnsAusaundunuinseulasulanaunisn 26

t+ At t
M, Cp, (T —T) .
fof ot o AUNST 26

Qgr =
At

49 Qor Aa dms1Ausaunduiudaulasy (W) M e wavestluduiuiideu

- a s v & & v A a o toa a s v & 8
fio gaumgiitnludufuifeudlonanwddeuly (O T, fe gaumaiiludunui

Y

k) To, ™

SauMnaniinensan C0) way At fs varasuly (s)
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5¥UU Solar PV/T Hybrid Assisted Heat Pump Usgnaunlsgunsallnililussuy

¥
=]

11 P3990 VU UANNSDU WeanveItuAuSau Tuinluadsunnsuwag Solar PV/T

e

2 »

[ ' &V

Judhitlnaiouiinuedosanddsunnudou warduhilnadsuisiudueudeu Tne
sdslnihsudldlussuumunanaunsi 27
Plsesotal = Peomp *+ Pran + Poumppurr + Poumpitx + Prumppp A8N7571 27

1518 Puse rom A0 &slnlisaudldluszuy Solar PV/T Hybrid Assisted Heat Pump
(W) Peomp A8 sdalwihideuliuniniossalevesiiumnudou (W) Pr,, fe mddliniiinay
yosdunudeuld (W) Poumppv/r AB fdslaihideulruaduinflnadsuiwiuume Solar
PV/T (W) Ppumppix A1B idslihiteuldunduiiluatouisiuedewandsuninudeu
(W) 48 Ppymp e AB sl ddeulruntunihilwasswdinudiuaudeu w)

dslihanszuulifhiuguswalldanaunsi 28

Paid = Pusesotsl = Pruac AN 28

Slo Py Ao ﬁf}ﬁ@lﬁ/\lﬁﬂmmwulw%wﬁugw (W) 8% Ppyrac D A189tWAAN
NIZLAAAUANNLNG Solar PV/T (W)

N15USEAUAMNANAINIUATHGANERNS

syeghatAunu (Payback period) Aig issznmﬁ;ﬂa@hmamammuﬁmmiﬁwLﬁumu
Tunting Baht/year fiAwinfuyadlunisasuisusulumize Baht lnsmsAuiasyezna
AunuiifealdAenisdunnszegnanfunuegnadie (Simple payback period) A1uailéian
aun1sl 29

yaAlunIAUISHFY

HaRoUWILaNSazaus1ed
gnsmanauknun1ely (Internal rate of return, IRR) A® é’miwdauaﬂﬁﬁﬂﬁgam

AUNNSN 29

TPYLITLLLIRIAUNU =

Tartuvemanauwnuiavuaiiaviiuyaridagduvesilddierionn #a1sanainaun1sn
30

N B, — C, o
NPV = X ——" - C,=0 aunnsi 30

n=1(1 + IRR)"
autinasldndsaulnidngnnig (Specific energy consumption, SEC) A 9R31dIU

99U uunsEnas Ui Tune kwh setasendinalunisidndsnulidi As 91uqu
gns dinslanadenulnihdwmesinnsananaunisy 31

Usunaunnstanaaaulniia

- S AUNNSN 31
FUIUANT
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awv odd

2.2 UIeNNEIVD9

o £

WAANA (2557) BIN1SANEIANTIOULVDITUUNAR WA LazU1SoUIIuNT 19U

saa Y

TS U UNISHNUTBISEUULAALAIDINNETIL NTLINATAUAUNLN 2 WUU

s

WHID1910g
fio Inshnrenszuisarudoulagldiiduansihnuiarssuuiilifinsssueanuieu
nanpaosUsrAnsnnnisudsliihuasUssansamnisannufeusansdiduaglifinng
szutsAuSeudaetn suuta 2 yafinndeudeszuufinmil 7 Munawaduasending
wilnezuoifadanau (Amorphous silicon solar cell) 3um 1 m? 47U 105 LKS BAR U
Tneunilunmeiiald vhgufuiuaszuy 16° Wnsmudeuduoudsduiedumiuas
dousetudufvtihdounuin 400 L insmaaeuludisiaan 9:00-17:00 u. Han1INAFeU

nuguvgiiveuneaduasafinddnadenisndnlii Tneszuviidinsléiissuisainy
Youtreifinuszandainniswanliile Ineszuuiidrdelnfingean 1.2 kW uaziile
Wisuiisuusgansamnisndnliihvssssuuildiuaslilddszuisaudeudandy
1.785% uwag 1.618% mud1du szuuiilduinszuisainufouiivszansammisanuiou
21.69% aguldingangivewunsdnaenisuanliily Sarmslvaldanavesifmanyand

AU 0.236 kg/s wazthseudlallaamaliaan 64 °C (WAna, 2557)

Solar

—
Drained
water
Hot water
storage tank glg
vi V5

AN 7 LRUATNTSUUNAR T U 3D US NS I LA R

fan: (waknd, 2557)

15857309 Lazdnen (2555) irnsAnwanssausseuunan i wazausousdauEy
= ve v v I3 a ¢ a I3 aa Ao & A
Seuwuuldiidiemaiueu nsldunavaduaseiindviinezueiladdneunilvuiniiui
0.79 m? Mdalnfingega 40 W unfnfssidiurienssuningafniuunuegiiidey andy
! Y v v & Y v A S I 5 v
safudunuirfeusun 120 L adeuszuu 2 JUkuY Ae nsdinyuisudiwuudedulag

Tdnvunan waznsflnyulouiIuUSITUYIR STUULEAIAININT 8 Andawnsndnlnily
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wazauseurdauduseunaiulunediald vigu 15° Ausuaszuiu nudeyaluyisa
8:00-16:00 . 90 2 min udidoyaiildusidudeyasedilug uasdeyasietu anduii
TayaseiuinAIuINMUsEANEaImmIeAueukay Ussansamnisndn lni 90013
nadeunuirdeyaiildinnsduyuisuiuuussaumatauudsunuinnuag g
aufeution nansmadeuse furesnsdnyudeuth uuutedulfaunisussaniammig
arufounazliiiivesssuunsnanliiliuazaufouriauiudoudaunisolud
N = 0.25 - 0.06 [(T- T,)/H] uag Mo = 0.03 - 0.01 [(T;-T,)/Hl lag T, ﬁaqmwnﬂﬁﬂfﬁ
Susuludaufvinfeu (O T, Ae quuafieniauiadouids (O way H Ao W
waserfindiodsiunaldsulugasamils (W) Idseansnmauiougean 25% uaslé
Uszansawnsudnlulingagn 3% drundsanuiildanszuundaliiuazaiuioulagede
aunsaesauntsutudeyamiierfinduargumninindouiusifous uae 2553 fa
euwgainieu 2554 Wusregnan 1 year wdanuarmfoudladiawinfu 1,023 MJ uag

w&aliAlF Rty 127 MJ (Besive] uaginen, 2555)

LY | DataLogger
Pyranometer

vV
] Heal Collecting Plate

:Q; Tir:g 1&
=
DC Power \f'

Supply

Load
Resistor

+T1

-l [+

LY | Data Logger

1

1

7 7 7
a a o a oA a = H v o =
ANN 8 ig‘UcULLNQN@WVLW‘W']LLagﬂrJqﬂJﬁausﬁUWLLNUL?EJ‘UﬂimVﬂT!UL'JEJuuqLLUUUQ@‘ULLa%ﬂim
My s uAUETIUYIA

" (159398 wagingl, 2555)
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WUSA Laging (2556) Anwiaussausvesszuundaliiiiuazainuiouniounesy
aufounuuliindumdomanuiouresszuy uansanmi 9 adreunsndnlniiua
ANnuTsundinulasindlagldunugaduasefindvilnozuesiladinou vuim 0.79 m?
Maslniigegn 40 W Auduseaduatoingluruezgiiilouuarvionaunssunnnuseu
deousefudafuirfouruin 80 L gunsaidu q Tussuuiszneudne wdesguiivunmdn
A309AUANSRTINIT AT INAYD LATRIATUANNITUTEIUUAMET LATUUAADS ARR
JEUUUUAIATNYDIIANTAMEIAINTIUAIANT PUIRINTAUMINGIFY NFENNUIUAT Lagl
wrandn i uazauTounasuLaIaindeiuninlunnefials yihyuiuiuuszuu 15°
yhmvageulutiafeunaiau 2555 fvuasasmslvavesiini 1.2 L/min iivdeyann
2 min 371n1@1 8:00-16:00 . 1Wutian 10 days ludiunsiesizvimamdsulninagly
Foyamsmsrataussiuluiimaznszualniiianuunined lnssdersasiudaiuniuialag
Mmddlevnindalaih aniuguiunanfifsuszgeonanuunmeiagldidundsolaia a1n
MeTERteyanuinssuundnliiuasanudeundinuuae1indliussansninmieaing
Sousneuednil 40.9% Uszansnwnisuanlniihetuaded 3% welddeyarinsidending
wargungiiwinaent 2553 wldnensaindsnuliihuazainuseunudt ssuundaliiuay
AnuSaundanuLaseindansandandnulniuasndanuanudeuadsld 78 Wh/day

uag 1,181 Wh/day ﬁqmwgﬁﬁﬁau 41.7°C MUAU (WUIA WagIne, 2556)

Glass Cover
Air Gap
Py
| Absorber
Q@) 0
M Insulation

AN 9 LHAR NTAILALAINUTDUITARNUS YU

737: (WUIA wazIne, 2556)
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Nualboonrueng et al. (2012) Yuauenanisnaassszuunaniniuazinfou
wauasefing laeldunssaauatonindviinozussiladanoulassiandnsmdanou 1Ju
fanandufederfindluunandn ez foundsnunatofing uHUNNYBITEUULARIS
Al 10 vhmsmeaeunanauddlunfenniavesnsaummmuasiaonadesiunganssunsld
NAIUVDIATOUASIVNINEVUIANAN NANTNARDILEAILATAUINNNTALANAI LS OUVD IR
wanliiuariSeundinusaterfindvinesueiladanouiuiovazmiloutuwnawanlni
warirdeundsnunaterindeiiandnsindanou luvaedinisnanliivewiandnsau
§3neu dusnnnielinevueilaiaaou 1.2 wh anudougeaeildununmanlniiuagiy
%auwé’wmummﬁméLﬁm%quLaauﬁu’mu%qL‘flmmq@%’au INNITNABDINUIY WNINAR
TWihuazirfoundsnunaseniingnananudeusemieiuiisietly 1.1 x 10° kWh/m2year
wazndnlnfidenieiiufisnsUld 55-83 kwh/m2year n1sUszifiunnaasugaansaiu
dunundanululsemalnedenniiszosnarfuyuvosunandnliiuazinfoundsnu

wasfinduiinezuesiladanouanilu 7 years uay 14 years dmsunnandn ninaziniou

NauLEsR gy danansiuddneu (Nualboonrueng et al., 2012)

| Utility
I

h 4 Connect to home
— — —p{Elecload — — — >»

/B Aux.
A heater

N

4 Controller g

S

Circulating pump

To home applications

( Storage Tankv_>
A

City water

=] a Y v Y a ¢
AN 10 LLNuﬂ’ﬁN“UB\ﬁSUUNamIWﬁ’]LLazu’lﬁauwa\‘N’luLLa\‘ia’mmJ

1’7im: (Nualboonrueng et al., 2012)
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Yang et al. (2018) Tanswdsuaniug (Phase Change Materials, PCMs) Tunsifiy
dussauzvesszuunanliiiuazifoundiunacering lunmsveasddynisiiieuiiey
ssuunanliuazih foundunateinditiuarifansdouaniuy unuamusesTUY
wanafanwdt 11 vnismeasdlagnisnsininfidsliin gaumgiiduvdauns uazanmgiive
dluds Auandsyansammeanudou Ussansainnisudalui wasuszansainnns
Usgndandsnulsugivesisanssruy aeldanimundeuluorasfismuaud¥ideniing
800 W/m? wazdnsnislnaidaaavetn 0.15 m¥h mssiiduvesasidsuanusd il
uHawadLaseindnuINtIannsgidsanuieugussenialdgieil s ansam el
L.meﬁmémm%auﬁLﬁ‘ul*ﬂumiLﬂﬁauamuz%mal,mjﬁjﬂ Fadunsinszeznarnsuant
Souvassvuveanludn Ussﬁm’%mwmiﬂiw5®wﬁqaﬁuﬂgmgﬁmaassuuméml‘vxlﬂwLLas‘fﬁ%’au
nSrnaseindidansiBeuaauniiuty 14% eiflsutussuudaiu 9rnransnaaes
Uetinsinseansilasuanursiusussuunanlniiuazindeundsunasenfindanuns

naNsIauzYeszuUlAng1iiusz@nsnaw (Yang et al,, 2018)

iml 0
— e — Computer — e —
® O,
Thermal storage Thermal storage
tank tank
Water Water
| pump pump
Flow Flow
_O meter meter
PV/T-PCM PVIT
module module
Pyranometer
I
|
I-V curve tracker @ DK Valve
@ Thermocouple

lﬂl a g v o a b‘d‘d = dl
AA 11 UeunnszuunanliiilazinSeundsnunasoind niliayludiansiudsuaniuy

fan: (Yang et al,, 2018)
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W39 wazAny (2552) fimunlumanieadinenanag1eite wWeldvinueaussousves

s

wuum‘%mﬁw%’auwé’muLLaqmﬁmwm%umm%’auLﬁuqﬂﬂiaiﬁﬂmm%fama%u Wl AR In N
12 syuunantindeundanuuasonfindliifuSidorinduuuuiueuunn 2 m? $1uau 2
WA ARUUIUAYN HAT Fgp (T, 110U 0.8 Way FrU, AU 10.4 W/m?K Fafuihfeusunn
180 L Viuaurueened duemdouiildansinnu R134a galéifugunsailiaiudouada

isesanlavesduanuiouldindslniin 380 W gaumgiiu1seuiifeinis 55 °C 1TeIAIuLLY

[

vouANuSouiidnwaiurnvienedwasguedneluduiuiniou dnmageuiiieviinig

¥

AN UILLAANINANAAIENS NATUIFUTTOULVDITEUUNANUITOUNS Y

Y

WS uLigy

16V
& alal

uaseniindniivuaudou aussausnanuioulugivesauansalunmsiuiiou uax

9NIAIUUTTANTANNAIU (Energy efficiency ratio, EER) MNHANITNARBINUINQMNAT

'
& a

UN9995E UUNAAUITDUNSIULEIDI RGN 27 °C Uil 55 °C 14iaiuinnin 3 h

- '
& alal

Turaeszuunanindaundsnuwaseingnivduanusouasuldiaties 2.25 h Tunsaa

Tufinrsaaunlulgeu Tudruvesdnsidrudseansamnasnunsminisasintulaau ag

'
A

wUsunuivaungfiviluduivindou drunludufviniouligamgin iwsesnruuiuay
annsoaemanuieulad e nanuuand1svesgumiiansvinaukazt dAn wagdn

1%

fimsfshFeululdaulugnsiuinagyilvigaumgiinirianaaina1ifednts 8ns1n1saei

TWl¥lunsvaaesiife 120 ke/h (1139 wazARY, 2551)

Compressor
Ta s | (7 )Evaporator
Tz 4
P24 Expansicn Valve
RGN Tto Hot Water Outlet To Load
NS
?@b T
6\@‘ \ Tsb —
2 —
e
b Solar Collector 2x2n:? %gﬁ IAEYE: TR
==
=
ot
@ e
@— - == Cold Water Inlet
Tf 1 F i i Txi
Water Pump

AN 12 SEUUNARUNSDUNSINUBEIDANINTULAMUS DULASY

V10 (1139 wawAdy, 2551)
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a a = U a %’ ¥ o 901 ¥ v
43175 wagnuaiesh (2556) Anwidneninlunisnaniiseuresssuuiniisounie
A eaa 555 Y % P a P v & o a A 6 A
waI1ARENIn1strduAIuSauliaIusouasy ngvadluanlnaludiiusadaniing A
asarateRuwly AnudutuveseynIa 10,000 ppm wazlumnusouldansyinenu R-134a
an51NSEELNAN 380 W wangman1nd 13 nisanwiagldlunavasmsussdansing lunaved
Juanusou wazlunan1siesgrndsnundaivinsou 31a89n15vnuvesszuy neld
TayanuAaIN1INTIdunTeurete A suimilsludwindeddud wazanngiienniaves
[ [ = 1 o o @ v a a 4 a d-s)/ v
FanTadiealni s2a21a1n159119UV0 991N USIAD RS USunaunisiglndinduainusau
= a 1 6V = 1 Ql'su ¥ o o ol a

ufTinumsvanddesuiaisounsyan lugrmtuanusewinnu asgniiuidisuiisy
) v e & ° P W@ P a Y 1o & o v Al
AUNTMITULIUANSYIN9Y HANTSANYINUIORIIANSaUNI el ALATAULNSaUYRINT N
Tansazarsduunluaziidrginiuazdiniainisvinnuazuiuduniinsanldunduans
Y19 SAIUDIANNIT0AANITVINNUTBIULAMNLSDUTUNSIIAUSBULES Y YN lFanUSINNS
YanUasgwiasaunsyan wazilawssuisutianainvuainusaurinaunsanldaisazaie
Ruulunaznsanldinduasyinau wunlunsalnldaisazatetuulu Usunaunisiain
vpUuAuSouaLilAT 412.41 kWh/year Wisuiu 688.19 kWh/year Tunsainlduinduans
711971 wazanUsuianisuanlasswnasaunszantunisviitauresduninussulntay
2,727.81 kgeo, BaaunsoanyarInudevneuidsnaeuls 1,145.68 Baht/year fadun1s
Tansavarsiuuiluduarsieuluszuu Sadianumunzanlunisawunazdauisaan

HANIENUATUANINGRUAILS (65175 waenuaiesh, 2556)
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M13199 1 (se) asuustlevinlasuannmsinwinuldeningives
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WUSA LazInen (2556)

AUTTOULVDISTUUNAA LWHN
LAEAIUSDUAIYLNINAR TN
LALAINUSBUTLALNULSUSU

AMUSOU

LUINIINITNEINTA WA 99U
TWihuazaudoudindnlsinasn
wadlaeldaunisaussauzves
wrananlifuaziideundeuy

WAIDARE

Nualboonrueng et al.

(2012)

Field Experiments of PV-
Thermal  Collectors  for
Residential  Application in
Bangkok

wranAnlnfiwazin foundeay
wasp1finduiinosuesiadanau
nanAuSaulalnalAeai Uy
NAN5Iu wanan N ladeenin
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Yang et al. (2018)

Experimental  investigation
on performance comparison
of PV/T-PCM system and

PV/T system
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unil 3

guUnsaluazIsNIsANTIuIUITY

NSANEIANTIOULYBITEUU Solar PV/T Hybrid Assisted Heat Pump d@1%5ul594i

dns fidumeunsdniiunuddesoluil AnvimgAnssunisldndsnulniivedseingns
mAvIasualfe I NdeuausIauzLNe Solar PV/T waztuaiudeu THuuudiasmia
AdnfEnSeaNLUUSEULTIINzaLuasindaszuy o Tseehdmimauiamuadenns nagou
aussougtardmsginvinislandsnuluirgunigvesssuu Solar PV/T Hybrid Assisted
Heat Pump Tunisafiunuideiineasdongunsnl uasiaTesieTadaluil
3.1 gunsalildlunudse

wranBalnuazth Yaundsnuuaeniing

FauNMSANAIIEUU Solar PV/T Hybrid Assisted Heat Pump a¥iuseuiisuuns
Solar PV/T 2 %fla fie wka Solar PV/T fifinszanaseu fldunuvaduatenfindsindanau
NANLAE" (monocrystalline silicon PV/T, mono-Si PV/T) e 5STAR ﬁﬂﬁﬂlﬂﬂﬂ@ﬂqm 295

[

We fufifudadeniing 1.698 m? wazddneunansiu (polycrystalline silicon PV/T, poly-Si
PV/T) %o DYY SOLAR Aaslnihasan 270 W, fuisuideniing 1.624 m? uansdanInd
14 uava il 15 Wedenalafivunzausdenisviieuluszuu Solar PV/T Hybrid Assisted

Heat Pump d@nsulssandmimauiadiualtesnd

AR 14 mono-Si PV/T



ELECTRICAL CHARACTERISTICS (STC)

Peak Power Watts-* PMAX (Wp) 270
Power Output Tolerance | PMAX w) 0~+3%
Power Yoltage |VMPP v) 30.98
Maximum Power Current | IMPP (A) 8.91
Open Circuit Voltage voc ) 433
\ Short Circuit Current ISC (A) 97
.~ | Module Efficiency n (%) 18.40

STC: Irradiance 1000W/m?,

Cell Temperature 25°C, Air Mass AM1.5.

Thermal collector specification

Number of flowing tube
P

Peak Power Watts 760W
Thermal Efficiency 46%
ion layer Glass wool
Flowing tube jum-copper $8x0.6 mm
Bpes

copper ©16x0.8 mm, 1/2inch Male Thread

Back sheet

Galvanized steel , thick 0.4mm

Working Pressure

0.6Mpa

Working temperature

A 15 poly-Si PV/T

Jupanudou

Minus 35 degree celsius to 150 degree celsius

25

sAdeilldtunadou B KONNEN u Volcano series HTTP-E7 w11m 17.8 KWy,
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duiesines

waaulwiafindalfannuns Solar PV/T azsuduiiesines 8ve invt Ju iMars
BGSKTR fdsluifivnesngsan 5 kw iteuvasannlwihnszuanssluiduliinssuaady ud
Deliunduaudousmiumslindsnlaianssuulihiiugiu Sunesinesuansianin

17

W s " TH
AMNN 17 DULIDILHBDT

wIBuaniUasuAuiau
\Ww3BaLaNUAEUAINTBULUULKNY (Plate heat exchanger) Ju M3-FG Langsian1ni
18 gnldiiasunnueuiindnlaainuua Solar PV/T uaathanudouiilaluaremliiuuily

faufvinsauearauAusou
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a4 4 o 4
AN 18 LATDILANLUAYUAIUTDU

v 2 T g
dafvuniau
dufuiSeuusigawIuiuauioutuin 145 L Iiienaaouaussous v auke

Solar PV/T uazdaiiuthauauwnuaaniinsiuauiuiuanudousuin 2,500 L Tddmsuiu

a

Un¥ouiindnldainssuu Solar PV/T Hybrid Assisted Heat Purnp tiietinluldeululsain

2
2 2/ (%

I3 o v [ A
WAUVUITDUYN 2 09 LAAIANNINY 19

BQ
aJo

o & <~

(n) dafuviindousunn 145 L () deAutihdauauin 2,500 L

a v & )
AN 19 NUUITU
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Yudmiuvyudsuin

6V 1 '

Jurnlaluaudded dvanun 3 @1 Ao JUUN N Na@auaussauskig Solar
PV/T Uninnldvnaevanssausluaiiusou waztuinldluszuy Solar PV/T Hybrid

Assisted Heat Pump 1ngils1oazldenainisned 2

6 v
o &

a9t 2 Juhildlunis@nwiseuu Solar PV/T Hybrid Assisted Heat Pump

Yy 188z N15%197U

N1INAFUANTIOUSUNSE Solar PV/T

fvf0: SEAFLO

3U: SFDP1-014-080-22

gnnsivaasan: 4.0 Myuﬁauﬁwmﬂﬁmﬁuﬁw
L/min FOUNTULNG Solar PV/T
usesulidin: 12 v

nszualnin: 2.1 A

NsNAFRUENSIausUNANSDU

§%0: SAER

, Wy dguhandaiuin
qu: KF/1 y . Y o
> Souluumnufouandy
dms1nislua: 0.6-2.4 m*/h )

AFaU

o w

maalnfingean 370 W
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a5197 2 (o) Dunhildlunis@neszuu Solar PV/T Hybrid Assisted Heat Pump

14

Uy

S18azL28n

A5Y119U

3¥UU Solar PV/T Hybrid Assisted Heat Pump

Svfe: burks

3U: UPBASIC 25-12 180
8n1N5bnagean: 3.6
m>/h

o w

maslninasan 245 W

Tuszuu Solar PV/T
Hybrid Assisted Heat
Pump 148 i1 fini
$1uu 2 Fanyudsui

NIULKNG Solar PV/T

Svfe: burks

3u: UPBASIC 25-8 180
dnsnslvagean: 5.6
m’/h

o w

maalnfinasan 200 W

U dguinnduiuln
SRUNITUAINUSOUN
LASBILANLUAEUAINY

Sau

§%o: SAER
Ju: KF/1

oMIINTR: 0.6-2.4 m*/h

o w

maalnfinasan 370 W

NI EPWRERR ST

6V

Soulusumnusouaindy

AMUTOU

wInsiiadauazduiindaya

TeazduaaTeilainuarduiinteyanldtuiinteya aungil A3

i1 wazdnsinstravedn handRan1san 3
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A1319% 3 LAsesladauasiuiindeya

\nIasiladnuasduiindaya S8azLDen A1SYIN9U

\n3asliadauaziuiindoyaamungil

\w3eatuiingaungll

Y
8vio: Lutron
o u: TM-1947SD Uuiingaungd

ANMUBRTS: + 0.4% +

oad| 1°C (%1 -50.1 to -100.0 °C)

.
L. TM-1947SD

|

in3estiufingamail

§90: GRAPHTEC

Ju: midi LOGGER GL240  Uuiingaungil
ANALTIEBINTE: + 0.05 °C

(Temperature)

anetufingamail

Thermocouple type K -
. . AYUNYY
YWNN17IN: —270-1,260 °C

AMULTEINTE: + 2.2 °C
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A1319% 3 (s10) 1ATRsilaiauazTuiintoya

\nIasiladnuasduiindaya S8azLDen A1SYIN9U

\n3asiliadnuaziuiindeyariedoniing

P39 RANSIEDNTING
g1i0: apogee

AUl 0.2 mV o W/m?  dnensedeniing

AUAAINLARDUIINLLL:
10-15%
WIDIIRLATUUNNANSIE
a &
219918
a v ] ) Py I o oA
8919 Lutron TJakarUuNnA1IS9d
Ju: SPM-1116SD 917ng
eon 1 [ 2
a B 93901919 0-2,000 W/m
as

AMULAEINTE: + 10 W/m?

w3aatuTinASsdenfing
§¥0: GRAPHTEC
3u: midi LOGGER GL240  JufinAn3adending

ALTEINTS: + 0.1%

(Voltage)
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M15197 3 (sip) 1ATevilaTanazdunindeya

\nIasiladauasduiindaya sneazLdun A1SYN9U

A A W v =2y
w3nsiiadauaztuiindayanielni

LAS DI ILATIE VNI AALAID1TING
§770: PROVA 210 FATIENBH AR
929M153A: 0.01-12 A, 0-60 V waIe17ne

AULNERSS: + 1%

\AT0ATIEEANIN LI

§%0: CHAUVIN ARNOUX

Cadnes

Ju: CA 83348 \ oo~
, 5 TakaruuinAINIg
439N1599: 100 mA-120 A, 0-960 .
I nszuaady
V
AMUNLINTS: <0.7% + 1A,
+ 0.5% + 0.2V
Ia9iiadnansIN1sivavean
LASBIINONTINS a8 TgnsIN1sluaves
§90: TREATTON Ynlunisnadasu
JU: Z-3001 AUTIOULUKA Solar

473901539 0.8-8 L/min PV/T
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M15197 3 (sip) 1ATevilaTanazdunindeya

\nIasiladauasduiindaya SN8azLoun A15Y19U
199n51n715lUavD 9
LASBIINONTINSLaYD LN Prnlvan 1 uwng
§v0: TREATTON Solar PV/T 141w
JU: Z-3003 SgUU Solar PV/T
429n153A: 5-40 L/min Hybrid  Assisted
Heat Pump
. B y IndnsnN15naves
A501IPOR1N5Iave N - , )
. U lnan1uAIag
f%%0: TREATTON . .
, wanNWAaguANNSoU
Ju: 7-3004 . |
. & LAZLASDIAIULUY
P1N9I0: 4-65 L/min o .
Y2IUUAINTOY

3.2 351950 IUIUIY

MUITEEenIsAnYIaIsaus sz Uy Solar PV/T Hybrid Assisted Heat Pump

o o

dmfulseendnd wanaisnisandunuddeluguiuuvesruis denini 20 Usgnausie

¥
v A

Junaudall Tunoui 1 AnvingAnssunislanasulnihvesdsehdnimauiadivadoni

Qe

[ '

Sumouil 2 nadeuanssauzLns Solar PV/T warduninudeu suneuil 3 eenuuuszuy
Solar PV/T Hybrid Assisted Heat Pump Inglduuusanmenginaniuazfnfesyuu
Tshdnimeuiamualfosmnn wastunoud 4 NnseUaLssaULYDISYUU Solar PV/T Hybrid
Assisted Heat Pump lagludunoud ¢ azudsnisaniuauesniduiideseldd n1s
nagauNsUSUSATINTsInavenitHuLNe Solar PV/T msnagounsusunaiisuriaues

JUANNSDU tazNIsNAdavaNssauryaIssuulunsitauasalulsandsd
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< SUAUY )

v
AnwingAnssumslinasnuliihve slssendnimauiaduaidesmd

|
v v

NAADUANITOUS LAY Solar PV/T NadeUaNSIauLUuANUToU

| |
v

DONWUUKALARAITZUU Solar PV/T Hybrid Assisted Heat Pump

v

NAFDUANIIOULVBITEUY Solar PV/T Hybrid Assisted Heat Pump

v

IAYILE LINLITNUS

‘J R o a a o
AN 20 LLWNURNINITAUUINUIRY

= a v o/ 1w ¢ o =
AnwngAnssunislandssulniiveslsssindaimauianivatdosnna
Mnsfnwinginssunisldnasaulniiveslssednimeauiasivasns lae
f1sannslinasnulnihvesvaainliiy Alddwmsuwseudrougamaiussuna 65 °C
Py &
dieldlutuneuaingns
NARBUANTIOUZLAN Solar PV/T uazduauiou
Tudunouiliunisnaaeuiiielrlaaussaugvosuns Solar PV/T wagduminuiou
aussouzannIsnageuns 2 1 azgnirluldluniseanuuussuy Solar PV/T Hybrid
Assisted Heat Pump MIgluuiNassnindnemans nsaduanuilieazdonnssluil

NAFDUAUITAULLENS Solar PV/T

U1K Solar PV/T 14 2 4lim A® mono-Si PV/T wag poly-Si PV/T uimadasu
AUTTOUTNNANLTOU UazyaaaUUTEANSNINN1NERIWTLAs UTeANEAINTIN UAAIAININ
71 21 gunsaifilglunisvaaeuUsenaudie wie mono-Si PV/T wazwid poly-Si PV/T fafiu

a

Wr¥euvuin 145 L Judn 8ve SEAFLO 8351n15bnagega 4.0 L/min ta3esilainnldly
Tunoulusenouluaie iaTesdudingaumgll 8ve Lutron §u TM-1947SD @1y
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1 v

Thermocouple type K wp3asinuazduiinan$sdening S Lutron U SPM-1116SD \A389
Aniunneaduasefing Se PROVA 210 dasindnsinisivavostih e TREATTON
$U Z-3001 NMINAABUANTINUZLRY Solar PV/T fs1eaziBeaseluil
1. NMINAAOUANTIOULNNAINTBU
MIVARBUANTIOULNNIAINFOUATY ASHRAE STANDARD 93-2003 flgauszasdiiie
1A Fr (T, oz Fp U, 103una Solar PV/T #1a 2 iin daduntsveasuluaniizasd &
Houlalunsnaasudedeluil
o Fndauns Solar PV/T Tnevuntinluniafialduasyinyudesfuuuissuiuniy
azfgeesanLinaaey
o doutidrguna solar PV/T Tsiilgaumgii 35 °C 40 °C 45 °C 50 °C 55 °C 60 °C
uaz 65 °C lngdlaaupaaiadeu = 1 °C
o muauSaTIMslvatesiliasiegil 0.02 ke/sm? wio 1.2 L/min-m?

Y

a ¥ a1 d‘ o
¢ RJUNHUDINALINABNNATNAIMUARINLAZDU £+ 1.5°C

U

o muuMsgrdseuioulvinsideinan Inonrundauiien 2.2-4.5 m/s
o vhmsnageuluteiifiansdonfinduinnin 790 W/m? wasdisaunaiandeu
+ 32 W/m?
2. MSNAFRUUILENSANNSHAR INHLazUsEENE AT I
MnsnaaeulurInlainasiy mumé’mwmﬂmamaafﬁmuLLm Solar PV/T #®
Nufiune 0.02 ke/sm? WemUseansaimnisudnliiiuazusedn3ninsauveuns Solar
o v q'

PV/T uazitayafilaainnisnaaeuanassaunisviiungiaelnin indalavesuus Solar

PV/T
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T
2 Storage tank Tsr
T¢
Flow meter
g 7\
N
Water pump

AN 21 NSNAABUANTIOULEG Solar PV/T

NagvaNsIausUuANTay

vadouaussaurtuautou Tnelidumnudeusuienuiitnan 9:00 u. nantindeu
2,500 L 9 ngaungil 30 °C islgaungimsnzausonisldaululsseindnd 65 °C vinmmnsaeu
ol daunisinunesnsaruusyans mmmdsnuvesumiuieu Mduanudeuiinanii
Sougungiigauuin 17.8 kW, Juth B SAER fu KF/1 wasdafutihfourun 2,500 L

penuUUKATAARSSZU Solar PV/T Hybrid Assisted Heat Pump

YhaussausvaILEs Solar PV/T v 2 olia waraussausvestuaudou wldlunis
PONLUUTZUY Solar PV/T Hybrid Assisted Heat Pump A8l UUI1803N19AMAAERS
duduldludunounisimivuinfewfionaununisldunainluiin nsadrsuuusiasmis
AtnAansaznUseandu 2 diu a";uLLsﬂLﬂuﬂwﬂi’ff{’fazﬁaamwané’am%qmmﬁauﬁlﬁ%’u
Wé’qmuummﬁméﬁﬂﬁqmLﬁaﬁﬂmmiﬁw’]waqswu Solar PV/T Hybrid Assisted Heat
Pump @it 2 Wunslideyaanmuindenanfuiduiunuvesusazifiou Wevhuiens
#9835 UY Solar PV/T Hybrid Assisted Heat Pump naenmad wiouiiaidenvuinuas
sinvasszuuimnzausenisldelulsehdnfmauiasivafosmn aunsonaninfould
puATudesnsvedlssndnifigungll 65 °C uasliszernafunuduiian

dloldiszuu Solar PV/T Hybrid Assisted Heat Pump fivanzausionisvinaululss

2FRINUUUVTIRRINNANAAIANTUAT TIINTRAAITEULLAZINATIInToLE o L5agin
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% 2 o =l o = % U =l [ Y] QAI 6
dalweauiaiiualden1y sunelienid Janindedul fsaind 22 lasaunsallussuy
Usznaumie e Solar PV/T 1asaakaniUasumnusou safuuisou dumnuseu duludie
Inadsudn wagduiesiwes Juuiasuyudsutnlusunnudouainuus Solar PV/T waiun
1 v 2R dl dl v 4‘ d‘ v 1 v 1
fewmANUSaUlEn U awanUAsUANLSaU LASBYanAsLALSaUaEWmANLSaURa tU
Tnfuinfluadsuunandaduingou Wun1suanindeuainuue Solar PV/T A1suantinsau
MEUUAINUS UL I ULNAIAINUSDUINNDINABINA ULV LN SN ululuALSBUS LAY
Mp3easeve MnUuaTINUIzgnanmvidgamgiuavauduaidumeiniowdale wdaly
aewmauSeulviuinflualeunanduiun SounnsoInuLLY a1999UTINANAIY
suialusumnuseunadassemesaluiduiens wasnulwiAndalaannung Solar PV/T g
gnudasannnszuansilunssuaadundunesinesuditeuliunaunsallwihluszuy Tngaz

Towdaulniranszuulnirnugiusauselunsanndsnuluiiainuns Solar PV/T L

WEaNORaN1S LI

Solar radiation

e Ta Grid
PPV/T,DC PPV/'I',AC I:)Grid
» |Inverter
Solar PV/T Ts

| I:>Comp + I:)Fan
-[3 R v Heat pump
| T :"X""""""":
T T, ety Oy
— | — p . |
T, T, | g Compressor S|
Storage | € Sl
tank | S Q |

g Q
; ; HX 5 Expansion g
Mpy/7 > Mpy,/7 1 : O \Balve 0D :
T1 | - f |
| |
hyp I
Pp, Pp1 myx !

AN 22 LLNUﬂ’]Wﬂﬁiaﬂg{\‘iizUULL@SQ@M?’JQ’?@%@H&

NAFDUHANTIOULVITEUU Solar PV/T Hybrid Assisted Heat Pump
Tudumauiiagyiinisuusnisaiuanulunisnageuaussausvesseuy Solar PV/T

Hybrid Assisted Heat Pump eandusdessll nageun1sususnsInisinaresinaulug
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Solar PV/T a@aun15usubiansuyinauyeslumnusau kasnadauaussausyaessuuly
A5hauaslulsaendmd nsaiunulunsaziveisieazidensasaludl

YAABUNISUSUONI1N5 LA 9u 6 IUAe Solar PV/T

MIN1TNAABUALTTOULIZUY Solar PV/T Hybrid Assisted Heat Pump lagn1susu
Sasnsinavestieuuns Solar PV/T vimsvegeudisnsinisluavenit 3 §asinisiva o
27.5 L/min 32.5 L/min ua 37.5 L/min Wiewdnsinslwaiiviildszuu Solar PV/T Hybrid
Assisted Heat Pump Twdsmulwiihanssuulnihitugiutiosian uaglinsedaussous
52U Solar PV/T Hybrid Assisted Heat Pump Inefiansaniiusansninsinvedusa Solar
PV/T M petpyr) @UT50ULUDIT2VUNAALNAINA 19 1ULAI91908 (PR) wazdns1diu
Ussans mmndanuvestuniudeu (EER) nsnageuUdusnsinisinavesinsuums Solar

PV/T fideulun1sneaauninisen 4

A157199 4 [WeulvlunisvneaaunisususnsINIs avasnkuwLiEg Solar PV/T

58115 RHE)
LaSUSUNISIAEeU 9:00 w.
gunpfith¥euiifesnis 65 °C
paung it ouFudy 30 °C
E‘J”mﬂmﬂuamaqﬁﬁmul,t,m Solar PV/T 27.5 L/min 32.5 L/min wag 37.5 L/min
Snmsinavesiwuduanutou 30 L/min
Usinmsinludafuindeu 2,500 L

NadaUNSUSUNRALSUNIWYealuA1uSau

deldsnsinislnavesimmiuuns Solar PV/T fitmunzausenisvinenululseingns
mALaRUaBINILET thensimsinasananuviuldlunsnageunisuSunatsurhay
vestuaufouluszuu Solar PV/T Hybrid Assisted Heat Pump Tngfinuaiiansusine
Tun1sMeEaU @ 9:00 4. 9:30 U. wa 10:00 W. e asuvhauiviliszuu Solar PV/T
Hybrid Assisted Heat Pump ldn&asuluianssuulnifiugiutesiian wagiinsz
AUTIOULTTUU Solar PV/T Hybrid Assisted Heat Pump Tnefiansaniiusednsnmsiuves

Wi Solar PV/T Myetpysr) 850U VITZUUNAR T INA S ULE01908 (PR) wazdnsIdIu
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UsganSnmnasauvesstuainusau (EER) Nsnad@aun1susubIansuyinaurestuninusay

P o a'
NLQ@ulﬂJﬂqﬁmﬂa@‘Uﬂﬁmqﬁ'NVl 5

A157199 5 Weaulvlunisneaaunisusuiansuvinauastuanuseu

58115 Uaya
naENFuNTMAFoY 9:00 U. 9:30 . Uag 10:00 W.
gunpfith¥euiifesnis 65 °C
gumnfithfeuSudy 30 °C
Snsnsluavesiutiuaudon 30 L/min
Uninastiludafuinfeu 2,500 L

NadpUANIIaULYdssuUluns ity dlulseinds)

leldgnannisinavesinsiiuums Solar PV/T uagiaiduvhauvestunusoudivi
I¥szuu Solar PV/T Hybrid Assisted Heat Pump I{II‘WE?NWuvLWﬁ’lf\ﬂﬂimJUlWﬁ’]ﬂﬁugﬂuﬁ@EJ
fign wazimmnzausienisldnululsehdnimauiaduadoiniud ihafanaumeaoy
N1971191UVBI52UU Solar PV/T Hybrid Assisted Heat Pump s1un1slga1usedlssandn
wavtaduailssanfuszeziia 7 fu ilefnwimgAnssunisvinenuvesszuy uazihdeya
AenaEegsinsldndsnulnidmzuazanluiisediuiugns Inelssuiieu
seIeHaN1In T innsiindsnuliihvesveaialiiuasnanisnaae uanssauLUeITEUY

Tunnslaauasslulseindm
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unil 4
HALAZILATIEINAN13IY

NSANEIANTIOULIZUU Solar PV/T Hybrid Assisted Heat Pump dudulssainden’d
yhmsuUamansinueesisnisiidunuidesed

1. m3fnwmginssunislandsnulnivedserdainauiamuademn

2. MIVAABUANTINLZUAY Solar PV/T uagtuarudou

3. N150DNLULLALAARISEUY Solar PV/T Hybrid Assisted Heat Pump

4. NINAFDUANIIOULVBITEUU Solar PV/T Hybrid Assisted Heat Pump
4.1 wan1sAnwIngAnssuNsIEnasulniveslssndnimaAvtanIuaesni2

Tssehdnimauiadiuaidoints uansianmi 23 1Wulssehdninngldnisguanes
waunasuadesa segluiuadesam sunedesmn fwiadedml nssuiumandn
dognslulsshdnimauiaduadesan S8 msdansuinlilulsasindnd nmsvilans
aaumensfenimaliill nsudiensenainans N1sAINGNT NISYAVY kaLN1STILMALENT
Filssshdnimauiasuaifeanilivnainlnihlunisudninfoulifigumgivssanm 65 °C
dmsutumeunisaanans ansesiunisanidieliyavueentdine mngungitrdoudld
anansgaiullagilimilsansuds wagdrgamgiivrfeuildanansduaulaginliyauu

9any1n sWanansildvaaInlniuansdisning 24

I [ o IS
AN 23 159NdnInAUIaAIUALTEIANY
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.

AN 24 §1987INaANT

Va o =K

Tl w.a. 2561 Tseghdndimeuiadvadisanidssaulymnisuianu §idedalami

Y

ToyalulamnanuldiiefnymgAnssunisldndsnulnihveddsendnimeauiaiivades

A7 lnelsaendnidsieanenasnt 2,181,104.75 Baht wAselEsuitad 1,469,880.00 Baht

v A

WAAIAININD 25 F18T18v0dlseindnilinuinianlueudueiey 189,857.41 Baht uas

rgaluidieuiiuiay 171,020.71 Baht Aladsvessiedienasnt w.a. 2561 SAndy

181,758.73 Baht/month s1eldvedlssgndniuiainandendns lneliargananluiion

'
o

WWIEU 168,480 Baht 91NN15L¥8AEANT 936 A7 uay wﬁqm’tulﬁauqmmﬁué 87,480 Baht
1NN1TTOAFNT 486 i 1wl w.A. 2561 Tssahdnitiseldadawindu 122,490 Baht/month

wazwenanIRALUTENI 680 f/month



a2

220,000
200,000
180,000
160,000

= 100,000
[

Z 80,000
@

60,000

40,000

20,000

0

[Jswane

\

- 1,100
- 1,000
- 900
- 800
- 700
- 600
- 500
- 400
- 300
- 200
- 100

- g = -
[ EREIG —e— UIUANT

=
LRau

(67)

H

91UIUANS

AN 25 s1elauarsiganevadsandaiimauiasivadeenilul w.e. 2561

WaRasaunn st wdsnulniuaz A lndve ds92d@n1a1nn1na 26 wuInaIuY

TRl va A alseeindnddnunlduldluianiafendu Teelssndniinisigwa sy

1V\Iﬁ1m1ﬂﬁq®1ulﬁau§mmu 5,719 kWh aacduanluiin 25,892.49 Baht wagiieudanauly

Wé’ﬂﬁﬂﬁ/\lﬁﬁwﬁqm 3,770 kWh Asiduelvi 17,002.92 Baht asiitulaanlugiagguunilss

o e )~ Y o i % A a 1% ° = a
"ZJ'K‘W]'Jﬁ]gllﬂ’]{LGZjWﬁQQWUVLWﬂ’]ﬂEJUGUWQQQ Lu@\‘]"\nﬂ@qmﬂﬁm@’]ﬂ’]ﬁu?@a@ﬂ%@ﬂ@’]LﬂEJLGUEN@’nlI

ARINTNABU 9 vibildszesiianlunisiuinunniu dawalildndsanuln figeunulume

l59gdnimaviasivaldesnnildndenulningiu 52,524.00 kwh/year Annduanadesie
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NANISYARBUALTIAULNIANUSU

NISNAFDUANTIOULNNAIUFOUTDILKT mono-Si PV/T waz poly-Si PV/T %1013
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4.3 NamsaaﬂLLUULLazamgﬁzUU Solar PV/T Hybrid Assisted Heat Pump
LuuUsiaeanndaaiandildeanuuuszuu Solar PV/T Hybrid Assisted Heat

Pump dvsuldludumeunswssnideuitenaununisldsnanlnin asvseudiousiuwa
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asoufifivgludamdiaddnivaaz@usdia mono-Si PV/T dauuus poly-Si PV/T wuud
nsranaseulifeunugludondyd §3deTaiung poly-Si Pv/T wuuliifinszanaseuin
amé‘?mmmﬁmﬁaammiq@ﬁamm%@u wdrthanldnageuiiiaFouiovanssaus o
Solar PV/T wuuiinszanaseuildieaduaseniindsnsuiiniu Jevinliyaveauna Solar PV/T
i1 2 siafiduansetiy warn1sdenuievestumufeuiieldnamirfeusaufuun Solar
PV/T azidonaungAnssunsviiauresszuu Wesnlsehdaimauiaduademniasyi
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A9 7 AUTIOULVBIURA Solar PV/T LazUuamusauaInnIsnagasy

aunsal daya

U a 6

NUNFUSIE07RNY (Apy/r) : 1.698 m?

Fr(TO), : 0.328

£ a

duuszansnsandenuiousid (FrU) @ 7.2997 W/m? K

masluingsan (Peyp) : 295 Wp

Y 9

mono-Si PV/T

USEANTNINTIU (Myerpy/r) © 54.14%

51A1 : 18,200 Baht
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PNAMTA 43 uaznINg 44 Lansliiuinseuunldune mono-Si PV/T way poly-Si
PV/T $7UURA%UA 14-20 WH3 @1u13anandnsTou 2,500 L Tidlgamgdl 65 °C lamuainy

RoaNsvaelseEndnd tnerleseen1saend LA laoAARBINUYINIRINITYINNTY Teay

A v a L 1

Tsruuiuyiuiial 9:00 u. WWesnnilugaiainda5adeningdgania 400 W/m?
Y a v | v a ¢ ~ a v a o v vl a N
919N teyanssdeiindnasntlunnd 45 uazszuudeandntirfeulidaunall 65 °C
A9ULIAT 16:00 U. INS1zndsaInaIfinanlssgdniszuszaul gunssulniianssuy
Innuguanas damalniunausourinauiaung 91NkUUTIa0nNANAAIEATHUIT 1135
Wonuliauug Solar PV/T wvineuluszuvazdinalaenssaonisnaniinou n1slduns
. P aa Y a ! a 3w 5
mono-Si PV/T fadluunsnilaussaugnisaiuiounaind asannsen1suinii Seuvesly

Aanufeauatlauinnit Mliidalwindeulvunieiesdalevesdunnuseulidnaiosg

YN 4.73-6.81 KW s1391nn1sTdune poly-Si PV/T fifidniadesening 4.95-5.04 kw Tag
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dslnhideulfuniniessaloasdanintunugamniiludufvinou Wesnidle
prunpfiludufvihdouiidngs Snsnisdemeuieurzanas shliadesdalovieumin
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ylispuniisvezinanisuanidouanasmaludae nedlilduss mono-Si PV/T THinaman
thdoutiosnin naniildazegsening 6.33-6.50 h/day Tasiluaaufeudivieusiuiuune

mono-Si PV/T 18 Ui kaz 20 wie Miamdnuiseutiesngn v duniusounldau



58

FUAULKE poly-Si PV/T seldnanlunisuanindeusyning 6.67-6.83 h/day Tnstunudeu
fdarusauiuuns poly-Si PV/T 14 was uaz 16 und Tnawdntihdouunniian fasluihi
WA LFANUHT Solar PV/T (Peyrac) a¥inisiudsuuvaslumuandidenfindfinnnsenuuay
A5t uIULHea e R R AR A E el gy nsdllduns mono-Si PV/T @nunsanan

o w

dalufileannndn poly-Si PV/T Inesfiaiadsfdslniin Audnldegszning 1.89-2.68 kw

a

yauAin15luns poly-Si PV/T fidadeegsening 1.30-1.86 kW szuufilduns mono-Si
PV/T 471U7U 20 a9 wémwé’wmlﬂﬂwlé’maﬁqm A9 18.89 kWh/day tazn1slauns poly-Si

PV/T 92U 14 WS mﬁmwé’wml%lﬁﬂé’ﬁaaﬁqm Ao 8.48 KWh/day
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MW 46 gungiienniAlIndeunaenledaninidedluy

INNITVIUIBNITINUVBITZU Solar PV/T Hybrid Assisted Heat Pump siaanavia
U vhlnsuianisidndanulniainssuuluihnugiu a1 47 nsalfildune mono-Si
PV/T 16 Uid 16 Wi 18 bia waz 20 Wi tndasulnihanssuulniihiiugiunst 4,503.74

kWh/year 3,859.94 kWh/year 3,261.62 kWh/year ag 2,767.48 kWh/year #1ua16u nsal
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Fluna poly-Si PV/T 14 wid 16 w9 18 WHd wag 20 wus Wndsaulniiiainszuuli
flugudiedl 6,320.92 KWh/year 5,599.79 KWh/year 5,060.34 KWh/year ua 4,353.07
kWh/year anugsu nmsldndanulnihainssuulaihitugiudis 2 nsdaefidnanadioia
$ruauwng n3@7lEuRe mono-Si PV/T anunsandandsaruluiiilduinnda poly-Si Pv/T
dwalsiszuuldung mono-si Pv/T liwdsnulrifiannszuulniihftugutdesnth aonades
funauszndaaliiisefeusnind 48 seuuilduns mono-Si PV/T a@unsandnngaa
Tinldnnninseuuiilduns poly-Si PV/T Sevilwiusendaalniinlduinndt neszuuiild
NS MONO-Si PV/T 18 U9 16 KT 18 W9 4az 20 une UszndaanlwinaanieUlniulss
91dn 319 139,620.30 Baht/year 142,536.72 Baht/year 145,247.12 Baht/year uay
147,485.54 Baht/year muansiu nauszndaalniihsamatnsallduns poly-Si PV/T 14 i3
16 WRS 18 L9 hay 20 g AD 131,388.47 Baht/year 134,655.22 Baht/year 137,098.90

LYY (% v 6

Baht/year Way 140,302.84 Baht/year A1ua10U NaUIERINAINA1IFUNUSAUNS 101U LN
nspuulntihitugiu uandstuifissdifeununiiug AiTuhautesiian n1sdeaula
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wayus

i 48 wauszndaaliihseiseu
YAAN1TAMULTUAUYBITFUY Solar PV/T Hybrid Assisted Heat Pump 1unasiu
YoeyaAHa Solar PV/T Juminufeu dufivdideu duiesines insesuanasuninuiou

Juhdmsulvadeuiluseuu wagaunsaiou 9 luszuu I98asiBenuaninansnd 8

M13199 8 YaAmsasusHAulariaUszndaselanLuuaemuadinaanssel

yllaune Solar  $1UIULNS Solar  yAAINNTAIYUITNAY nauszndnset
PV/T PV/T (Wh9) (Baht) (Baht/year)
14 897,732.58 139,620.30
16 888,314.00 142,536.72
mono-Si PV/T
18 924,714.00 145,247.12
20 961,114.00 147,485.54
14 1,051,940.56 131,388.47
16 1,115,660.56 134,655.22
poly-Si PV/T
18 1,179,380.56 137,098.90

20 1,234,314.00 140,302.84
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N9 8 agLiiudnsruuilduss mono-Si PV/T fyadmisasuiFususniuas
fnaUszndnseignit Taildilszesnafunuiidundissuuilléuns poly-si PV/T &4
wandlunindl 49 lasfszoziarAuyu 6.23-6.52 Year daussuudildung poly-Si PV/T &
s¥pgAIAUYY 8.01-8.80 Year $1uruLKS Solar PV/T fifintuvinlsinatsendasedilen
dndunauludeg Lwiﬁmw%auﬁ’mﬂa@iwmsamuﬁqﬁu 5¥UU Solar PV/T Hybrid Assisted
Heat Pump fifisvazinandunuduiian fo szuufiléuns mono-Si PV/T $1u7u 16 uws
SYULIAIAUNY 6.23 year ANLUUTIADIMAdAAEn$T18TTsagUlAdn szuuitldung
mono-Si PV/T $1u3u 16 un Wlussuuianansondminfeuldnuanudosnisvedseindn

WAUIAAUALTENATY LagdlsyeganAuudunan

10 4 @ mono-si PV/T [J poly-Si PV/T
o 860 8.80
- 801 8.29
—~ 8 T
s 7 6.37 6.52
z
& %
ug 5 1
c 47
N
33
o 2
1
O - T T 1
14 16 18 20
AMUIULKS Solar PV/T

o & ° a ¢ ~
AINN 49 3583L'Ja']ﬂu‘v‘]uf\nﬂLLUUQW@@QWqQﬂmWﬁWﬁWiT}ﬂU

hmsitsuiisunslindsnuliihanssuu i iugwludureunswsouihdon
sewinsruuduiildunataliiiuagssuy Solar PV/T Hybrid Assisted Heat Pump fildusa
mMono-Si PV/T $13u 16 ik 29na137991 9 nudmdanulaihanszuulifiiuguildly
53UV Solar PV/T Hybrid Assisted Heat Pump $iA1ana3a1nn15tduna1an21u5ou
31,465.06 kWh/year Aawdu 89.07% wazanansausendaalniannseuuinule 142,536.72
Baht/year ﬁ;&aﬂ'ﬁmiamu 888,314 Baht ¥i11%5gUU Solar PV/T Hybrid Assisted Heat
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Pump Tszeslianfuyu 6.23 year uarsnsmanauununielu (RR) 15.28% #al A

AIYBIYNITVINNUVBITEUY 20 year

M131991 9 NANITIATIENAVIUANAMAATFAANS

Solar PV/T Hybrid

518015 Yaadn i
Assisted Heat Pump

gnsiAliin (Baht/kwh) 4.53
‘Wé’wwulﬂ/\lﬁwmﬂssuulﬂ/\Iﬁwﬁugﬁu (kWh/year)  35,325.00 3,859.94
Alwihildanszuuliiugiu Baht/year)  160,022.25 17,485.53
walniiivsendals (kwh/year) g 31,465.06
Al fiusendalé (Baht/year) ! 142,536.72
1aA1N13amU (Baht) - 888,314
JreEIAIAUY (year) - 6.23
918N15MUTBITEUL (Year) - 20
IRR (% siod) - 15.28

¥mshadaszuy Solar PV/T Hybrid Assisted Heat Pump #lHuns mono-Si PV/T
$1uU 16 wHe @ 1seghdnmauiasiualfeinn suaedeennn Siadesddug fannd 50
SYUUDLHANNZ0UDIN 2 Wnad Ao WaRUNSeusIBuNe Solar PV/T Aidnemaanudeuliiy
\n3psuanidsunudeudeiinnndufiuinfeunniuaudou uasnanifou sty
Lousanndt 51 nduulnidindnlaanuus Solar PV/T azgnulasainnsziansaliidu
nszuaadukuunesinesiieudefusyuulniniiugu wazazdoundsnulnilsiun
gunsallufinluszuy gunsaliildluszuuusenaude una Solar PV/T vila mono-Si PV/T
FuARREINN 295 We/wns $1uu 16 wra Duarnudousuin 17.8 kW, é’uﬁufﬁauﬁ:u

QUIUNUANNSDUUSLIAS 2,500 L LAT0akanilaguminusau YL wasdunasines
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4.4 HaN1INANEBUENIIAULVDITEUU Solar PV/T Hybrid Assisted Heat Pump
msnaseunsUiusasnslnavesinktuuns Solar PV/T
¥nsnagounssusnsinisinavestiriuwme Solar PV/T Tuszuu Solar PV/T

Hybrid Assisted Heat Pump Taggiosnisnsiunadiiadufussuuiieldsnsinisinavesin

NULKTRINT11A 551U (ASHRAE STANDARD 93-2003) AN13nA55714 LAZEeNiNanATEIu

A9 27.5 L/min 325 L/min wag 37.5 L/min muddu aaaulagnisuanindou 2,500 L

Nngamgiiuszanas 30 °C Wislgaumgll 65 °C naaousznInatudl 15 ngadnieu fe Yud 1

SunAu WA, 2563 uazasvhmslianeitenalutiiissuuihauitonami Feulild 65 °c

Tnsutsmugunsainasnislindanulih fseazdeadieluil
F¥idonfinduaranmnioniFuindouvasnmadeumsuiusasmsivavesiin

WHS Solar PV/T wansdianand 52 waznnd 53 fansanlutaefiszuusineu wud an

anmundeusisaedialndifeiu lnefldndinunaenfindilasu nsalfildsnsinisina

Y9 9u1H1uLHS Solar PV/T 27.5 L/min 32.5 L/min was 37.5 L/min fandu 16.17

MJ/m%day 15.42 MJ/m?day wag 16.09 MJ/m?day #1ud1au L,Lazml,a?iwaaqquﬁ

2INAKINABYN AB 28.81 °C 30.37 °C way 28.68 °C MuaInu
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800 -
700 A
£ 600 4 .
E 500 27.5 L/min
e 400 - === 325 L/min
00 4| 0000 e 37.5 L/min
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100 -4
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o o o o o o o o o o o o o
s o g g Z 2 8§ § 8 9§ 34
L3381

AN 52 ANSIE ARGl UN1SNAADUNISUTUDRNSINTTIAYIUNNIWLKS Solar PV/T



67

45 -
40
35
30
G 25
|_'“ 20 27.5 L/mi
.5 L/min
15 4 .
- === 325L/min
ico 4 37.5 L/min
5
0 I I I I I I I I I I I 1
o o o o o o o o o o o o o
o o o o i — o~ N s} [3a} < < L
- i i - i —i - ~— i - ~—
L1381

MW 53 gaungiienniaAwindedlunismageunsuTudnsinisivavesiiuLag Solar PV/T

Wi Solar PV/T

a goj b a o I v a a ca o
N1sNanUNTaUYadNg Solar PV/T lumagufasenfedsadeingingnivunnig

¥1191U%09uK4 Solar PV/T weilun151191u334 agldnaneseninegamgiiunfiesnainueus
Solar PV/T waggauugiunludufuiriou (T, - Top) Wudadmun winuasisgungil

A |

AanandauInAdmIawiniu 4 °C Yy uleuindIuuke Solar PV/T 2811911 Ui

[

MnRas1sguugddinanteenimieiniu 2 °C Yuhagngavinnu vilrsnsininuieui

'
a [

uws Solar PV/T nanldintwdutie o weswinudiindnluniswaninfounzifuvesdy
Au¥ou us Solar PV/T Swthiitisannisenswantnfouresiuanudou winuue Solar
PV/T anunsananaaudouliiuindeulduinagvinlidunnudouinnudesauazan
S3HEIANIIUTBITEUUAIENGIE INAMNT 54 AT 55 wazAINT 56 uaRITRIIAINLSOU
urs Solar PV/T wasld azfiuindisnsinislvavestinriuums Solar PV/T 325 L/min ¥l
5¥UU Solar PV/T Hybrid Assisted Heat Pump fszezinainisvineuduiign Ao 5.17 h
(9:00-14:10 11.) wazyilviuns Solar PV/T wanaadeuldinniign Andudndsnuaiuiou
1§ 36.14 MJ vausionsinisiva 27.5 L/min S52891387015%1974 5.5 h (9:00-14:30 1.) Wi
Solar PV/T waamausaula 22.87 MJ wagensinishua 37.5 L/min wWa Solar PV/T W@n

AMusauls 22.54 MJ Hszeziainisvineu 5.42 h (9:00-14:25 u.)
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Ml 56 8n51AUTOUTINGRGINWNS Solar PV/T wazaamafithluduiuineu

Y

[

fignsnsiua 37.5 L/min

una Solar PV/T vimthiidnlifianelsfuiiuanuseu sidsgunsailussuuuas
Heusatuszuulniihugruvedseeindad udifosanuas Solar PV/T wdslwihnszuansads
sufusomudunesnesifiouvadlnihnszuansadulwihnssuaadu Sunedimesviming
wasnszualifiazmuauussiulwiuiedielwinszuaadulvifugunsal ami 57
At 58 warnmd 59 uanamdsluiinannuns Solar PV/T Mansyuansitasnsyuaady 7
snsinslna 27.5 Umin wualduvesiiasliiiinssuanssuaznssuaaduiindnlavoauns
Solar PV/T agildnuwaizaatsnunuiliuvesansedeniing wansliiufadnsnavesnnsed
o1findfidsuaedalnihninues Solar PV/T wltudusnglfidiulunmaasunnsng
mslua MaslninssuansaasnszuaasuvauEe Solar PV/T fisnsinashua 27.5 L/min 8
Agaan 3.47 KW (1ad 3.07 kW) uaz 3.43 kW (@d8 3.01 kW) anudisy fadslusin
NTTUANSILAYNTZLAASUTIWNS Solar PV/T fignsinisina 32.5 L/min fiA1a9an 3.49 kw
(@8 3.14 KW) uas 3.42 KW (@8e 3.08 kW) audidiu mdslniinssuansuaznssuaady

o

yoaUws Solar PV/T fisasinislua 375 L/min UAgeEn 3.50 kw (108 3.07 KW) uae 3.44
kW (10 3.01 kW) Adisu
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A7 59 Adslniinsziansetaznssiaadunnanlaung Solar PV/T

[

fignsnsiua 37.5 L/min

U328n5019N19A1050U Ny UTz8nSaanni1swdnliln Mopyr) wae
USEaNTNINTINVBILHS Solar PV/T Myetpv/r) wanaanIngt 60 dnaladnussansainnis
nAnlniafialndR ety idnsanaslua 27.5 Lmin 32,5 L/min was 37.5 L/min
Useansainniswanlnilnvesuna Solar PV/T Sa1du 14.05% 14.17% way 13.93%

AUAIAU WAUTZANTAINNIAIUSDUTAILANA19AUY TABTATINISIAAN 32.5 L/min i

ee

Solar PV/T $iUse@nSa1mm1enusaugeian 28.60% tiasa1nidnsinisivaiuug Solar
PV/T anwmanuseulviuinnlvadiulauinfign waidedinaialss@n5n1nsinuaaiug
Solar PV/T 8n¢ae vinlwiuwe Solar PV/T Aldgnsinisiva 32.5 L/min SUseangninsiugs

figm 42.59%
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M15197 11 N15UT2IEUANNANAIMIUATYTAIAASVBITEUY Solar PV/T Hybrid Assisted

Heat Pump Wisuiiguiunisldvaainlniilulssehdnimauiasuadomn

Solar PV/T Hybrid

1913 anan Wi
Assisted Heat Pump

dnsalndl (Baht/kwh) 4.53
Wl ildluduneunisindey
y . 34,358.75 4,.861.72
1159U (kWh/year)
Al Al ludunounisieIeuiindeu

155,645.16 22,023.60
(Baht/year)
wdsulwihAiuszndale (\Wh/year) - 29,497.03
Al Aiusendalé (Baht/year) . 133,621.56
YaA1N13amU (Baht) y 888,314
JregIRIAUIY (year) - 6.65
IRR (% siat) - 13.94
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unil 5

A7UNaNTTIBUA UBLEUBLUY

5.1 #3UNan15Y

nsAnwaussaugsyuuRanlniiuazindeundinunateningsmiuiunnuteu
ddulssshdnd annsoagnamsidelasd

d1ufl 1 neaeuansTauzLNg Solar PV/T wuuilnszanasau 2 ¥ila e mono-Si
PV/T wag poly-Si PV/T Wu31 g mono-Si PV/T &A1 Fg (TO). VAU 0.3280 Fg U, AU
7.2997 W/m2K uazUsean3n1nsiuvesuna Solar PV/T 1ade 54.14% vausdiung poly-Si
PV/T A1 Fg (T, WINAU 0.2748 Fr U, AU 8.4743 W/mZK wazUseansnInsidaualng
Solar PV/T 128 46.80% d@1un1snadevanssourduaudon nuin duainudeuiiad
SnsauUIEANS AIINEIIURE 2.38 KW, /KW,

drudl 2 Wuuusrasmadaaianiiiialdonvuinuazsinuesszuy Solar PV/T
Hybrid Assisted Heat Pump fianzausonisldamuludunsunisnseuinfoululsaindns
WAUIARIUATEIR1? WU SEUUTLEUNS mono-Si PV/T surafiaslain 295 We/wis
$10U 16w ausnfuduanudeuvuin 17.8 kW, A4 R-130a Wuansviay wazld

v & o v I3 ‘:l' a & o
AILNUUITDUVUIN 2,500 L LWUSSUUNNUNZEULAZHSZESIANAUNUAUNE

9 9
¥

dufl 3 Andeszuuidinnismageudasinisinavesimiuun Solar PV/T uaz
npgeulunaBhnuretumnuteulussuy dWemadimnzaustenisldau wuin s
T48nsnsinavoniruune Solar PV/T @ 32.5 L/min waznisilatueudouiinan 9:00
u. Tudgguunn asiliszuuldndsnulnihanszuuliihiiugiutdesiian fe 16.16
kWh/day Tagszuulanassuluingn 32.01 kWh/day wis Solar PV/T waanasaulwinla
15.85 kWh/day Ansdu 49.52% veandsnulniinsudildluszuu ludiuvesaussousssuy
WU wig Solar PV/T JUseAnSnnssuazan PR a3an e 45.20% uay 78.58% muaddy
LLaz%:umm%@uﬁ@hé’mwﬁauﬂizﬁw%mwwé’wugqqm 3.13 kW, /KW, 1iathuuusiasmis
AdlnAansuldviuensvinuresseuulug g SouLazgaEl wud msiatumudoud
a1 10:00 1. luggeu sruvaglindanuluiianszuulnihuguliosfian Ao 5.68
kWh/day wazn15idatuaufeuiivaan 9:00 u. luggey srvvagldndanuluiianssuy

Inifhfiugrutiontian A 20.02 kwh/day
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dauil 4 vnsAnwinisvienueesssuulunsldauasdulseingad wui ssuuld
‘Wé’mm"LWﬁw1ﬂ53UU1Wﬁwﬁu§1uiu%umaumim%uﬁﬁauLa?ia 21.90 kWh/day s3UUNE
wsnulniildiade 42.33% vemdsnuliihnuildluszuu Wedwmszvdmendsinisld
wasulnidmng (SEQ) wagalnilsadiuiugns wudn AAwindy 2.05 KWh/f3 uay
9.30 Baht/f aud1diu anasainszuuLinildunanlniln Fedldnvinfu 5.95 kWh/fa uas
26.96 Baht/fi7 Auany

duil 5 UsziflumnuAudmaassgmanivossruulaeisuifisunisldaussuy
Solar PV/T Hybrid Assisted Heat Pump funisideuanaslniluduneuniswioudou
paeATad MU N5 IUIEUU Solar PV/T Hybrid Assisted Heat Pump asnsaaanisly
wé’amulﬂﬂmmszwiﬂﬁwﬁugmaﬂﬁ 29,497.03 kWh/year anas 85.85% iaiflsuiunis
Tvaanlwih Aadudlvihiiusevdnld 133,621.56 Baht/year shlsiszuuilszozianaunu
6.65 year hazionsmanaunnuniegly (IRR) windu 13.94% mel
5.2 YaLdUBLUZAINNTTINY

MnMsANwasIaussTUUNAR Ifuazth Seundnuuatefindsauiuuaudeu
dniulsshdmimAuiadiuadiennd {7 SefiteiaueuuziazhuImmLidym Al
Aol

Iﬁqszhé’mimﬂmasﬂ’maﬁmmaﬂszauﬂmmLLsﬂé’uMﬂmaﬂaaﬂ%’jﬂ wazlgm oz

& A v % = % i | vy 9 a a 1 a
JULswiladgaseu delymdenanavdwmaliduaiuseuinszualnigaiuninaiig

Y

o

fMUATERAIeN mlﬁm%wq@ﬁwmu nsEnussnsHaninSeu mniinisandmlioutas
T lwiulssgndnimauiasiuaidssnn agaagliszuu Solar PV/T Hybrid Assisted Heat
Pump vhauldegnaiuszansam Sndaynnis fe ﬂ@wﬂﬂmﬂwwﬁwmaqﬁwuaLﬁ‘&mma e
ﬁwﬁmizﬂwﬁﬂqjszw Solar PV/T Hybrid Assisted Heat Pump Tnenss 1iitlasuninudou
awviliAangnfuiunelussuy Reaudomedetuiiuagssuumuideudh wagdan
auaansalunseemauseuesilunnudeuacindae ldszuy Solar PV/T Hybrid

[
§ v o

Assisted Heat Pump laansnsandnuidouldnaunaivinauveslssandnd delunisldnu

v 1l
o A

5¥UU Solar PV/T Hybrid Assisted Heat Pump 93lufsinnsssuunsosdniiolilmia

AULAYVNEADNITYINGIU



112




113

AMANUIN N.

A2DE19N1TATUIN



114
ANSATUIAUVIILUUINABINNANAAIENT

FIOENNITATUIANFAILUTAN & VBILUUTIAINARAERTlTIwazLDeanal
1. MIfuinAfsdeniinduazaungiionniAnindounaaniiel

nsiwudofinduarganniisnnianinaeunaenisvesimingedusiagly

=

9
Y
ATITUAAIRINNT199 0.1 T¥TeyarSedeing

Fuiidumunuvesudazifounldlunis
310 g1udeyanduiusdeniing seausiua U 2560 v9nsuiRuInaIunaLIuLay
AUINENAINY (NTUARIUINGIUNARNULALOUSNENGIU, 2560b) A1uIATIFDTINg
91n1ede Solar engineering of thermal processes (Duffie and Beckman, 2013) wagla

¥ 6 a

Toyagnuniienn1AkInaeNaN Audantunineiniawile (Audaniieningrnawmile, 2561)

ANUIAINIUIIBVBY Chaichana et al. (Chaichana et al., 2010) #a8819n15A UL LY

Joyavednouiuay

A151991 1.1 Jundusnunuvedisaziau (Duffie and Beckman, 2013)

1oy Fufivasd (n) Fufivasiiiou
1ATIAL 17 17
NUATUS a7 16
A 75 16
LW 105 15
NOYAAL 135 15
nuiey 162 11
n3NgIAY 198 17
demau 228 16
AueIeU 258 15
naAY 288 15
NEAINEYY 318 14

5UIAY 344 10
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1.1 N1SAUIUAISIHD NG

dayanldlunisAaiun

o HuRTlF AU Jarinleelul
o LanivhinsAuaas (Standard time) 12:00 . (12)
o Suilfuiunureniousiuanu (n) 344

. ﬂ'ﬁm‘ﬁlq%z (Solar constant, Gc) 1,367 W/m?

o azﬁgmamuﬁﬁﬁmim (Latitude, ¢) 18.78°

o gmaz@gﬁ‘ﬁuau (Surface azimuth angle, ) 0°

o 3anBBsaaung Solar PV/T wisuiuiiuiu (B) 18.78°

o FmsawTuTasiiy (p,) 0.8

. Lé’uma'%tﬁaummgmﬁm%’uwmnmﬁaﬁu Aa JninguUasIvsIl (Ly)
105°
. aaﬁgmaqamuﬁﬁﬁmim (Live) 98.98°
NANIIATUIN
nA1 B
B=(n-1)(360/365)
B = (344 - 1) (360/365)
B = 338.30°
MIANENN13U9AN (Equation of time, E)
E = 229.2 (0.000075 + 0.001868 cosB — 0.032077 sinB — 0.014615 cos2B
-0.04089 sinB)
E = 229.2 [0.000075 + 0.001868 cos(338.30) — 0.032077 sin(338.30) — 0.014615
cos(2 x (338.30)) —0.04089 sin(338.30)]
E=7.14 min
mIangsey (Solar time)
Solar time - Standard time = (4 (Ly — Lio0) + E)/ 60
Solar time — Standard time = [4 (105 — 98.98) + 7.14]/ 60
Solar time - Standard time = 0.52
Solar time = 0.52 + Standard time
Solar time = 0.52 + 12
Solar time = 12.52 %39 12:31 .



yu%”ﬂm (Hour angle, )
{-15 (12 - Solar time)  AoulBaios
o =

+15 (Solar time - 12) MﬁﬂLﬁENEﬁEJ%
o =+15(1252-12)

=78
AR (Declination, )
O = 23.45 sin[360 (284 + n/365)]
0 = 23.45 sin[360 (284 + 344/365)]
0 =-23.05°
gu%@lmﬁmmnﬁmémn (Sunset hour angle, ®.)
cos®, = ~tand tand
cos®, = —tan(18.78) tan(-23.05)
cos®, = 0.14
©, = 81.68°

ASs@e17ngannuenNlaninNNSENUIUUIIEINA (o)

12 x 3,600 360n
IO = —GSC 1 + 0.033cos
T 365
T, — ®,)

sindsin®

x| cosPcosd(sin®, — sin® ) +
180

®; Loy M, AD gm%’ﬂmmaammﬁﬁmsmLLamgm%’ﬂwuamaﬁmlﬂ
lo = [(12x 3,600 /7) (1,367) (1 + 0.033 cos(360 x 334 / 365))]
x [cos(18.78) cos(-23.05) (sin(22.8) — sin(7.8)) + (1t (22.8 - 7.8) / 180)
sin(18.78) sin(-23.05)]
lb = 3.61 MJ/m*h
mAdulsEans a
a = 0.409 + 0.5016 sin(®, - 60)
a = 0.409 + 0.5016 sin(81.68 - 60)
a=0.59
wenduUsyans b

b = 0.6609 - 0.4767 sin(®, - 60)
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b = 0.6609 - 0.4767 sin(81.68 - 60)
b =10.48

[

MORTIAINTIE@TINETIUT18T Um0 EARgTINTIeTY ()

| TC

— = — (a + b cos®)

H o 24 , T®
SIﬂ(DS —

CcosM — COSCOS

rt—

S

CosM,
180

re = (/24) (0.59 + 0.48 cos(7.8))
[(cos(7.8) — cos(81.68)) / (sin(81.68) — (7t x 81.68) / 180) cos(81.68))]
r = 0.152
menssdenfindsausietalaa ()
A Eeingsusealumin r azle
l=r.xH
o H fie ASsdeniindsiusetu (MI/m*day) angrudeyaszdusiua U 2560 v

NIUTAUINENIUNAWVULALOYSNYNANTULAAIRINITIN .2

A15199 N.2 A7 NG5 10518 TUVD T UMTUFILNULARZLA DU (NTURUINEIIUNALNY

LazaYSNENENIY, 2560b)

Loy A39d9indsus18U (H, MJ/m?day)
1NTIAY 15.92
NUANUS 18.57
A 19.81
LY 21.44
N BNAY 19.47
dnueu 16.93
nIngIAY 15.58
demaul 15.39
e 16.66
nanAY 16.66
NEAINEY 15.82

5UINAY 14.92
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| =0.152 x 14.92
| = 2.27 MJ/m*h
masedanuusalaresusssnasedlus (k)
ke=1/1;
ky = 2.27 /361
kr = 0.63
meSadnszanesedalus ()
1.0 - 0.09; (e ky < 0.22)
—={0.9511 - 0.1604k; + 4.388K% - 16.638k> + 12.336k] (il 0.22 < k; < 0.8)

0.165 (ilo k; > 0.8)
|d 2 4
= = 0.9511-0.1604(0.63) + 4.388 (0.63 ) - 16.638 (0.63 ) + 12.336 (0.63 )
|

d
—=0.38
|

ly = 0.38 x 2.27
ly = 0.86 MJ/m*h

1w | v a a ! v ‘&, a
MANDNTIFIUVDITNAN TIUUTEUIULDEINDIIANTIVUNUAU (Ry)

coso

R, =
° cosb,

cos0 = cos(@ - ) cosd cos® + sin(@ - B) sind

cosf = cos(18.78 - 18.78) cos(-23.05) cos(7.8) + sin(18.78 - 18.78) sin(-23.05)

cosf = 0.91

cos0, = cosd cosd cos® + sind sind

cos, = cos(18.78) cos(-23.05) cos(7.8) + sin(18.78) sin(-23.05)

cosh, = 0.74
0.91

R, = —

" 074

Rb = 124
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menSaEnsasetalus ()
= 11y
I, = 2.27-0.86
l, = 1.41 MJ/m*h

WIASIEDITRITINUUTLUIULDTNETILLS (1)

1+ cosP 1 — cosP
=1, Ryt Iy| ——— |+1p,| ———
2 2
1 + cos(18.78) 1 — cos(18.78)
= (161 x 1.24) + 0.86| ————— [+ (227 x0.8)
2 2

I = 2.63 MJ/m%h
I = (2.63 x 10%) / 3,600
I = 729.39 W/m?

1.2 M3AIUIUAUNYNINALINGDY
AU ieINALInaeNvasdwindedlninasanidainaunisluauideves

Chaichana et al. (Chaichana et al., 2010) lngldtayagmngiionniawindenvesiuniu
o ! A ‘NI U ! o U ! ‘;J a ‘:‘I
MwnuLAazeeulun1s19n 1.3 AegranisAulnianideialull #a1sunnan 12:00 w.
Yoo uiuIAY

1 [ om
. (Tmax u Tmin) & (Tmax y Tmin) sinf —(t—9)
2 24

119 e A9 2UNQTDINIARINGBNEAIGA (°C) Ty, FID DUNNTDINIAUINGDUAER

T =

a

CO) way t A LI (h)

1 21
T =—](29+21.6) + (29 —21.6) sin| —(12—-9)
2 24

a

T,=27.92°C
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M15197 0.3 JeyagaumglionniAnindengidauazigavasiundudunuusdaziion (gud

gallenineiniawile, 2561)

3 guMATNALINARY gaumMniaINALINGR
e #9610 (Trax °0) ﬁwqﬂ (Trnins °C)
UNI1AY 30.3 16.9
NUAUS 34.5 17.4
R 35.5 20.5
TR 38.5 25.4
N BAAY 36.5 24.5
guieu 29.5 24.0
nINgIAY 35.2 24.8
GRVAGH 33.0 23.8
QPLRIY 34.8 24.0
RRGH 35.5 23.5
WEFARINNYY 33.0 23.3
SUAL 29.0 21.6

2. Msidenvunavesuanudou
svuunanlniiazinSeundsnuatenfindsaufuduaiudeu Wussuuiilduns
Solar PV/T vhausauiudurnufeu dsiunisidensusvesdumnutousldlussuuazdos
fimnuaenndestunisiinuresgunsaiiaass Tun1sduwnuueesiuniwouiiianld
o aglderdlusuasenfindgean (Peak sun-hour, PSH) ulfifunaindminfouvesiy
AnudeulunsFasnsInsHEnALSeuveduaL e endnintou 2,500 L 910

gaungil 30 °C Willgaumadl 65 °C uanaisnisAtuailanadl

9 Y

t+ At t
y o ¥y ; v M, Cp,(Tst — — Tor)
9031n130EAU T UTDITNAIILTOU = A

t

(2,500)(4.187)(65 — 30)

BNIINITHNANUITOUVDIUNAIUS DU

(5.23)(3,600)

FRIINSNANUNITDUVDIUNAIINSOY = 19.46 KWy,



121

Juanudeuidentdluszuvasiluluaudounfveludmnded Faf3deladen

JupnuSeunduuinlnamesiuaniaainnisaiuie fe 17.8 kW, d1ldluseuu 39310013

AualudnwaslagInu nuInduausouuuin 17.8 kW, Marlunisuantiseulnaifes
AUAIRINNNSATUIN AB 5.72 h

3. N15ATUIUALUTIINAIS LEEUNITINUNY

Hoyaitldlunisuan
o P TiFLI 10:00 .
o ANSs@ending (I) 456.01 W/m?
e grunieNIAKINGLN (T,) 32.80 °C
. Qmmﬁﬁﬁlfﬁmm Solar PV/T (T¢) 38.26 °C
o SasnsinavestiWuwns Solar PV/T (i) 32.5 L/min (0.54 kg/s)
o ﬁhmma;mm%fauﬁﬂwamaqﬁ"jw (Cpy) 4,187 J/kgK
e JUALK Solar PV/T mono-Si PV/T
o I1UIULNS Solar PV/T 16 Wi
o Fr (TO, 0.3280
. E%J“LJizﬁ%éﬂ’]i@@Lﬁﬂﬂ’JW%@Ui’JN (FrU) 7.2997 W/m?K
o NufisuSadoriings (Apv/r) 27.17 m?
NANIIAUIN

gauniuag Solar PV/T 3naun1svituneg

INFUNTTN 34 29I

T, = 005831 (") (0 ) (1)
T, = 0.05831 (456.01"°"") (32.80"***") (38.26 **"%)
T, = 46.28 oc
maalnvesung Solar PV/T annaunisvinung
naunsi 35 ezl
Py = 082707 (7777 (72 (1. 77 (7
P = 0.82707 (456.017°°") (32.80 *“"***) (38.26 *"") (46.28" ")

PPV T 183.07 W/LLNY
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T9wHa mono-Si PV/T 373U 16 wka azle

PPWT = 183.07 X 16 W/ X LLENg

P

L r = 2,929.18 w

9MSIANUSDUNLEG Solar PV/T wanle

W W
Quurr = Apur [Fr (@ lr = R U Ty = Tl m [ — = (C)

mZ2.°C |
Qpy/7 = (27.17) [(0.3280 X 456.01) — 7.2997 (38.26 — 32.80)]
5 [ W W 0 i
m [ m? mZ.°C i
Qpyr = 2,981.43 W

gauuniiveifieanannuag Solar PV/T

Taun1sn 25 Tunisiwinmeanmgivesdnfioandaanuxg Solar PV/T agledn

Qpy/r
TET Ny —
m.Cp,
2,981.43 W
IR R0 o —— e, °C+ [—o ]
’ 0.54 X 4,187 ke/
T., =39.57 °C

SnauUseans MImdtnweanutey
EER = -0.1001 (Tqr - T.) + 4.2387
EER = -0.1001 (38.26 — 32.80) + 4.2387

EER = 3.69 kWir/kKWe
4. NM1SATUIUNMITAATIERAMUANAINATEGAENS
Hoyaitldlunisuan
o JUYINU 314 day/year
o 951l 4.53 Baht/kWh
* 1AAINTTAIYY 888,314 Baht
o SEzIALATINIG 20 year
NANITATUIN
nsalgunainlniln
wasulnimed = 34,358.75 kWh/year

Anmel = 34,358.75 x 4.53 kWh/year x Baht/kWh
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Alnmel = 155,645.16 Baht/year
n3fdlszuy Solar PV/T Hybrid Assisted Heat Pump
nasulndsed = 4,861.72 kWh/year
Alnisiel = 4,861.72 x 4.53 kWh/year x Baht/kWh
Alnisel = 22,023.60 Baht/year
Usgndanasanulnisel = 34,358.75 - 4,861.72 kWh/year
Usendanasaulnimel = 29,497.03 kWh/year
Usendaalnimed = 155,645.16 — 22,023.60 Baht/year
Usendaalnised = 133,621.56 Baht/year
JPULIANAU = 888,314 / 133,621.56 Baht / (Baht/year)
JLULLIANAUNU = 6.65 year

AN IRR 21naUN157 30 azle

1+ IRR® -1
NPV = —133,621.56| ——————— | — 888314 = 0

IRR (1 + IRR)*°
IRR = 13.94 % nal
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N15AUIUIUNISNAFBUANTTOULVRITEUUTUNS Ide1uaselulsegingnd

FBENAITAUIUAILUTHAN 9 ToInITAgRUaNTIausYeeTruvlunTitIuaseluy

1599idnidsneasidennsil
v d' o
dayanltlunisAiuin

o JuimuI

* 4IANATUIEY

o ASsd@onding (1)

e aauMnde NN (T,)

9 Y

iUt IEe Solar PV/T (T¢)

[ ]
o)

e gaunitoananwKg Solar PV/T (Tr,)

o]

e o

()

¢ 8RN WMATBINIUUNANUSDU (1)
d’{J alltv v a L4
o NUNSUSIFDMNITIN (Apy7)
* S3UZIAITENINNUBYA
NANISATUIN
INTIANUSDUNWLES Solar PV/T waale

Qpy/r = 1 Cpy (T = T)
Qpy/7r = 0.54 X 4,187 (56.60 — 48.70)

Qp\//‘r = 8,98716

Us2ANSN1NNN9AINU5UVRES Solar PV/T

_ Qe
Ninpyr =
e Apy/r
8,987.16
Ninpy =
873.50 X 27.17
Myppyr = 3760

UszanSannisuan lwinuaakng Solar PV/T

PV/T

715115 a8 IR LAY Solar PV/T (i)

17 Suaau w.A. 2563
12:00 1.

873.50 W/m?

30.90 °C

48.70 °C

56.60 °C

32.5 L/min (0.54 kg/s)
30 L/min (0.50 kg/s)
2717 m*

5 min

e
X aC )

W/m? x m?

W/m? x m?

%

W/m? x m?



3,226.70
Nepyr =
873.50 x 27.17
Nepyr = 1350

YSLANTAMNTINVDILAS Solar PV/T

_ Qpy/r + Py

NNetpy/T = A
T Ppv

8,987.16 + 3,226.70

NNetpyT =
© 873.50 x 27.17

Metpyr = 2110

HAKARAATINYVDITEUY

EAC

Y. 5
I:)O

0.2634

Yo —

0.295 x 16

Y. = 0.0558

rarAnna Ul g e

Hi
VR
GSTC
(873.50/1,000) X (5/60)
Y, =
|
Y, = 00728

A15I0ULVRITEUUNAR LN INS s ULaIRing

Y
PR= —

YR

0.0558
PR =

0.0728

PR =T76.67
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Qc = m¢ Cpy (Tc,o - TC,i)

Qc = 0.50 x 4.187(48.00 - 54.70)

Qc = 16.36

BNF1AIUUTEANS N NN UYDIULAINUS DU

Q
FER = —=
PComp
16.36
EER = —
5.87
EER = 2.79

°C
c (O

O

X

ke-°C

KWin/KWe

KWin/KWe

KWin/kW¢
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The Comparison Study of Performance between Two Different Types
of Glazed Solar Photovoltaic Thermal Panels

Narupon Wanchupela' and Sarawut Polvongsri'

! School of Renewable Energy, Maejo University, Chiang Mai, Thailand
*Corresponding author: Sarawut Polvongsri, e-mail address: saravooth@hotmail.com

Abstract

A solar photovoltaic thermal panel (Solar PV/T) is a combination of photovoltaic module (PV) and
solar thermal collector that will produce the electricity and hot water simultaneously. The objective of this
research is to compare the net efficiency and thermal performance of solar PV/T between the
monocrystalline silicon (mono-Si) type and the polycrystalline silicon (poly-Si) type, both categorized as
glazed type. The 295 W, of mono-Si PV/T with 1.698 m* of area and the 270 W, poly-Si PV/T with
1.624 m’ of area were installed the water tubes behind the panels for removing heat. The thermal
performance was following by ASHRAE STANDARD 93-2003. The panels was tilted at 18° facing to the
south and feed the inlet water from 145 liters storage tank into the panels at the standard mass flow r ate
(0.02 kg/s*m?) under the inlet temperature condition of 35, 40, 45, 50, 55, 60, and 65 °C, respectively. The
testing was conducted since 8:00 a.m. to 4:00 p.m. at School of Renewable Energy, Maejo University,
Thailand. The investigation results show that the thermal performance Fr(ta). and FrUr of mono-Si PV/T
were 0.328 and 7.2997 W/m*'K, respectively higher than poly-Si PV/T result which Fr(ta). and FrU; were
0.275 and 8.4743 W/m>K, respectively. Furthermore, the net efficiency of mono-Si PV/T was 54.14%
greater than poly-Si PV/T that was equal to 46.80%.

Keywords: Performance, Solar photovoltaic thermal (Solar PV/T), Glazed cover, Electricity, Hot water

1. Introduction

The average daily solar radiation in Thailand is 17.6 MJ/m?*-day [1] which is high and suitable for
use as alternative energy. The utilization of solar energy can be divided into 2 groups; heat and electricity.
Photovoltaic (PV) panel is a technology that transforms solar energy to electricity, which is widely popular
and has developed various forms such as walkable photovoltaic floor tiles [2] and use phase change material
to reduce panel temperature, resulting in the PV panel increasing efficiency [3]. The remaining energy
received from incident solar energy is in the form of heat, which reduces the electrical efficiency of the PV
panel. Due to the heat received by the PV panel, causing the cell temperature to rise. Meneses-Rodriguez et
al. (2005) [4] studied the operation of solar cells at high temperatures, found that the increase in cell
temperature causes the efficiency of solar to electricity conversion to decrease both theoretically and
experimentally. Solar collector uses to produce hot water or hot air. Therefore, the solar collector can solve
this problem by transforming the accumulation heat to hot water or hot air production. A solar Photovoltaic
thermal (PV/T) panel is a combination of a PV panel and solar collector which its output is electricity and
heat simultaneously, was proposed by Wolf (1976) [5]. Presently, there are a lot of researches that studied
the performance of solar PV/T panels. Dupeyrat et al. [ 6] compared the performance of solar PV/T collector
with solar thermal collector and PV panel by TRNSYS simulation. The result showed that solar PV/T
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collectors had the higher energetic performance than using only PV or solar collector. Bhattarai et al. [7]
study the effects of the storage capacity on the performance of different solar systems. It was found that the
thermal efficiency of PV/T systems and conventional collectors increases rapidly when increasing storage
capacity. Yang et al. [8] compared the PV/T-PCM and PV/T systems. The primary energy-saving efficiency
for the PV/T-PCM system increased by 14%. These results indicated that phase change materials (PCMs)
can efficiently decrease module temperature and heat loss to surrounding. Liang et al. [9] compare the PV
module and PV/T solar collector filled with graphite. The results show that the backplane temperature of
PV/T solar collector filled with graphite lower than PV module. Low backplane temperature can be enhance
the electrical efficiency. Nualboonrueng et al. [ 10] compared the electrical production of amorphous silicon
(a-Si) and multi-crystalline silicon (mc-Si) PV/T collectors. The results showed that the thermal recovery
of a-Si PV/T collector was almost the same as that of mc-Si PV/T collector while the electricity generation
of me-Si PV/T was equal to 1.2 times as much as that of a-Si PV/T.

Most researches will experiment the solar PV/T performance in various procedure, but for the solar
PV/T commercial panel, there is a few research that compares the performance of solar PV/T. Therefore,
this research focuses to study the net efficiency and thermal performances of commercial solar P V/T the
monocrystalline silicon (mono-Si) and the polycrystalline silicon (poly-Si).

2. Methods and Materials

2.1 Solar PV/T panel

Figure 1 shows the components of solar PV/T panel. It consists of clear glass as a cover which
reduces heat loss by convection from the front surface. The second layer has many PV cells that can convert
solar radiation to electrical energy. The third layer is a metal sheet connecting to the bottom of PV panel,
which receives excess heat from PV panel and transfers to the water in absorbed copper tube in the fourth
layer. And the last layer is an insulation that covers around the PV/T panel.

1

2
'Glass cover 3
2PV cells 4
*Metal sheet 5
“Copper tube

3Thermal insulator

Figure 1 Components of solar PV/T panel.

2.2 Experimental setup

This research is divided into two parts: the study of thermal performance and net efficiency of
mono-Si PV/T and poly-Si PV/T. The net efficiency test is the study of electricity and useful heat production
of solar PV/T panels during daytime. While the thermal performance test was performed according to the
ASHRAE STANDARD 93-2003.
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The size of mono-Si PV/T and poly-Si PV/T had a maximum power output of 295 Wp and 270 Wp
respectively. Both panels were glazed. The mono-Si PV/T had an area of 1.698 m* and the poly-Si PV/T
was 1.624 m®. The performance testing was conducted in outdoor testing as shown in Figure 2 and
Figure 3 at the School of Renewable Energy, Magjo University, Chiang Mai, Thailand. The tilt angle of
both solar PV/T panels was 18° facing to the south. The water was circulated from a 145 liters hot water
storage tank to the panel. For experiment, the data will be recorded every 2 mins. Thermocouple type K
(Accuracy + 0.5 °C) was used to measure inlet water temperature, outlet water temperature, ambient
temperature, panel temperature, and hot water temperature in storage tank. Solar radiation was measured
by solar meter (Model; Lutron SPM-1116SD, accuracy = 10 W/m?). The mass flow rate of water was
measured by flow meter (Model; Treatton Z-3001). Power output from solar PV/T panel was measured by
PV Analyzer (Model; PROVA 210, accuracy + 1% current and + 1% voltage).

PV
& _—
= i analyzer
& ;
%o\‘§ ------- » Electricity
Storage Water
ik — Solar radiation
Flow meter

Water circulation pump

Figure 2 Schematic diagram of solar PV/T system.

(a) mono-Si PV/T. (b) poly-Si PV/T.

Figure 3 The experiment setting.

2.3 Thermal performance
The thermal performance testing was proceeded according to ASHRAE STANDARD 93-2003.
In this test, every parameters were set in the steady state condition as following conditions.
e The solar PV/T panel was installed with a tilt angle equal to the latitudes of location establish
and face solar PV/T panel to the south.
e The water flow rate must be constant mass flow rate of 0.02 kg/s-m’.
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e Determine the inlet water temperature through solar PV/T panel was predetermined at 35, 40,
45, 50, 55, 60, and 65 °C, respectively, within a fluctuation of + 1 °C.
e The ambient temperature should be varied of + 1.5 °C.
e The solar radiation during the test must be higher than 790 W/m? within a fluctuation of
+32 W/m?,
e Wind speed around the surrounding is between 2.2-4.5 m/s
The experiments were conducted in each inlet water temperature condition. If the working fluid in
the solar PV/T panel does not change to other phase; then, calculation of useful heat from solar PV/T panel
can be determined as following equation (1)
Qpv/r = M Cppun s (Tr o~ Tr i) (1)
Where Qpv/r is useful heat from solar PV/T panel (W). my is mass flow rate of water (kg/s). Cpou.r
is specific heat capacity of water (J/kg'K). Ty, and Ty; is inlet and outlet water temperature (°C).
The useful heat from solar PV/T panel will be calculated to determine the thermal efficiency of the
solar PV/T panel by the relationship between the thermal energy receiving and the energy input from solar
radiation.

OPV T (2)

Al"\’ TIT

Where nupvrr is thermal efficiency of solar PV/T panel (%). Apysr is an area of solar PV/T panel
(m?) and I is solar radiation (W/m?).

When considering at a steady state condition, the useful heat from solar PV/T panel can be

Ny =

calculated from the following equation (3).
Qpy/r = Apy/r [FR (ta), Ly =Fr Uy (T =T, )] (3)
Where Fr is heat removal factor. (ta). is transmittance-absorptance product. Uy is overall heat loss
(W/m?-K). T, is an ambient temperature (°C).
From Equation (3), thermal efficiency can calculated of solar PV/T panels as following equation

4.
4

AI‘VFT g lT

VT (Te,i-T)
Nenpv/T = Qv ; = Fy (ta), IT_[FRUL r—j|
The relationship considering between nwevr and (Tgi— Ta) /I, discuss by the linear regression
analysis where slope of linear regression is the FrU. and the y-intercept is the Fr(ta)e.

2.4 Net efficiency

The net efficiency of solar PV/T panels testing started from 8:00 a.m. to 4:00 p.m. All of parameters
are recorded during daytime for example; solar radiation, inlet water te mperature, outlet water temperature,
ambient temperature, panel temperature, water temperature in the storage tank, and power output from solar
PV/T panel. The mass flow rate of water was fixed according to the standard value of 0.02 kg/s'm”. The net
efficiency of the solar PV/T panel is calculated from the following equation (5).
Nnetpv/T = Q‘ 'P'XT hi l:_p_v_ T

PV/TIT (5)

Where e pvrr is net efficiency of solar PV/T panel (%) and Ppy/ris power output (W).

1547




137

The 1* 1 ional C on
Business ad i

Agriculture, M

Science and Technol

3. Result and Discussion

3.1 Thermal performance analysis

The variation of solar radiation and ambient temperature is shown in Figure 4. The solar radiation
was higher than 790 W/m? and ambient temperature was slightly change in the range of + 1.5 °C in both
experiment. For the calculation of useful heat from solar PV/T panel found that at the inlet water temperature
of 35-50 °C, the useful heat from both solar PV/T panels were higher than 150 W. However, when the inlet
water temperature increased higher than 50 °C, the useful heat from the poly-Si PV/T decreases
considerably while useful heat of mono-Si PV/T remained greater than 150 W until the water inlet
temperature of 60 °C. Therefore mono-Si PV/T panel was suitable for producing hot water at high

temperature and poly-Si PV/T works well at the water inlet temperature lower than 50 °C.

Solar mdiation (W/m')

.EEELE82ELE

&

E

-
»>
>

4 Iy mowo-SIPV/T

A Iy poly-Si PV/T

® T, mono-Si PV/T
T, poly-Si PV/T

¥ &8 & 2 28 2 8

Ambient temperature (°C)

e

as 4“0 a8 0 ) 60 s n
Inlet water temperature (°C)

 SEE R R

Useful beat from solar PV/T (W)
£

o888

lnlet water temperature (°C)

: *mono-Si PV/T
: " Opoly-Si PV/T
¢) g s
V.
B
8 ] s
0w 0 485 W s @0 &S W

(a) Solar radiation and ambient temperature.

(b) Useful heat from solar PV/T panel.

Figure 4 Weather data and useful heat from solar PV/T panel.

The thermal performance of solar PV/T panel at inlet water temperature range variation from
35-65 °C as shown in Figure 5. The results of Fr(ta). and FrUp of mono-Si PV/T were 0.328 and
7.2997 W/m>:K respectively. On the other side, Fr(ta). and FrUp of poly-Si PV/T were 0.2748 and
8.4743 W/m?:K respectively. The test results shows that the sunlight could pass through and be absorbed
by mono-Si PV/T panel better than poly-Si PV/T panel observed from Fgr(ta).. FRUL demonstrated the
overall heat loss into the environment of poly-Si PV/T panel was higher than mono-Si PV/T panel.

In conclusion, mono-Si PV/T panel was suitable for producing hot water at high temperatures.
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Figure 5 Thermal performance of solar PV/T. Figure 6 Outlet water temperature from both solar

PVIT.

The thermal performance was used to simulate the outlet water temperature and comparing with
the outlet water temperature from a daily experiment that shows in Figure 6. Maximum outlet water
temperature of mono-Si PV/T from experiment and simulation were 50.4 °C and 49.67 °C meanwhile poly-
Si PV/T were 53.84 and 51.51 °C. It was found that the simulated outlet temperature of mono-Si PV/T panel
had an error was 2.15%. For poly-Si PV/T panel, the simulated outlet temperature had an error was 4.38%.

3.2 Net efficiency analysis

The total output from solar PV/T is a summation between the useful heat and power output that
shows in Figure 7. It was found that the output from mono-Si PV/T was higher than poly-Si PV/T. Solar
radiation directly affects the total output, as appeared from the trend of both values. Moreover, the total
output is also influenced by the panel temperature. Solar radiation in the experiment of mono-Si PV/T was
in the range of 200-850 W/m? and the experiment of poly-Si PV/T was in the range of 100-850 W/m?. It
was found that when the panel temperature was around 55 °C, the total output began to decrease until the
end of the experiment. Maximum panel temperature of mono-Si PV/T and poly-Si PV/T were 56.0 °C and
59.62 °C respectively.

It is well known that mono-Si cell can generate more power output than poly-Si cell. Anyway,
mono-Si cell can absorbed and stored heat higher than poly-Si but it still produced more electricity than
poly-Si. The net efficiency that shows in Figure 8. The net efficiency of mono-Si PV/T and poly-Si PV/T
were 54.14 and 46.80%, respectively. In conclusion of this research, the mono-Si PV/T panel was suitable
type for both heat and electricity production.

119




139

%

The 1" 1 ional C on ics, Agriculture, M -1

Business admini il i ing, Science and Technol w s 2020

1,000 50 1,000 50

7 7

900 » 900 »

~ 800 65 . 800 5
£E o | |22 o P
wz ™ sc||5z ™ =5
€ 0C| |38 o Pt 2
1§ = sl St st
E ] w0z|E i w0 F

g SEE[[TF wo ®
3£ w wkl|2E »E
: i 00 28 2 i 00 28 =

,2 200 % 20 ; 20

15 200 15

100 10 100 :o

0 0 0 0

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

Time Time
(a) mono-Si PV/T (b) poly-Si PV/T

Figure 7 Total output of solar PV/T.

Net efficiency (%)
Eegs2g38g8

L
$:00 900 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time

Figure 8 Net efficiency of mono-Si PV/T and poly-Si PV/T.

4. Conclusion

e Mono-Si PV/T has low heat loss when operating at high temperatures, therefore it suitable for
producing hot water at higher temperatures than poly-Si PV/T. Thermal performance can be
used to simulate outlet water temperature which conducted to design solar PV/T systems.

e The solar radiation and panel temperature affect net efficiency as well as the total output. The
initial solar radiation increases the net e fficiency, but when the panel temperature is greater than
45 °C, the net efficiency decreases until the end of the experiment.

e Mono-Si PV/T has high thermal performance but it still produces more electricity than poly-Si
PV/T resulting in high net efficiency as well. Therefore, mono-Si PV/T is suitable for electricity
and hot water production in the solar PV/T System.
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Nomenclature
my Mass flow rate of water (kg/s) Fr Heat removal factor
Ir Solar radiation (W/m?) (ta)e  Transmittance-absorptance product
Cpouks Specific heat capacity of water (J/kg'K) UL Overall heat loss (W/m*K)
Tio Inlet water temperature (°C) Pevr  Power output of solar PV/T panel (W)
Tsi Outlet water temperature (°C) Qevir  Useful heat from solar PV/T panel (W)
Ta Ambient temperature (°C) Nuevr  Thermal efficiency of solar PV/T panel (%)
Apyr  Area of solar PV/T panel (m?) Nnetpvr Net efficiency of solar PV/T panel (%)
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ABSTRACT

In Chiang Dao Municipality slaughterhouse, the electric heater was used to produce hot water of
2,500 liters at 65°C for the scalding and scraping of pigs processes which ensued a lot of electricity. Therefore,
this research aims to use solar photovoltaic thermal hybrid assisted heat pump to reduce electricity
consumption. The mathematical model was developed for selection appropriate type and size of Solar
PV/T both mono-Si PV/T and poly-Si PV/T based on economic analysis.

The study divided into two parts. The first part was a test to establish the mathematical equations
to predict the solar PV/T panel and the heat pump performances. From the study, it was found that the
mono-Si PV/T panels had F(Ta). and FRU_ with 0.328 and 7.2997 W/ m?K respectively, while Fg(Ta), and
FrUL of poly-Si PV/T panels were 0.275 and 8.4743 W/m’K, respectively, and the average energy efficiency
ratio (EER) of the heat pump was equal to 2.38 Wy/W.. In the second part of the study, the mathematical
models were used to predict the appropriate system sizes. It was found that the mono-Si PV/T of 295 W,
16 panels combined with the 17.8 kW,;, heat pump was the most suitable for producing hot water in Chiang
Dao Municipality slaughterhouses. The electrical energy from the gridline could be decreased by 31,465.06
kWh/year or about 142,536.72 Baht/year. The system required an investment cost of 888,314.00 Baht and
the payback period was 6.23 year.

Keywords: Solar PV/T; Heat pump; Performance; Hot water; Slaughterhouse
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gadoanudourasdufuiidou anwnsaduan

aumviifiududlonawvdsululdnnaumssieluil

g
Teeat — e (Qux+Qc)at 7
ST v cof )

e T2 Ao gaumgdiludufivindeuiiiaan
wisuly Q) THfe gumgilithludufuihdaulunand
915807 (°C) At Ap F29aWRISW (5) WAz Mg A

Mo oo g B
wravanhludauiuindou (L)
UszAndnwgnivesuns Solar PV/T Analld

NAUNTAIT

Qpv/T+PpPV/T
L (8
ITApy;T )

NNet,PV/T =

o Nty A9 UszAnSamgnBueaung Solar
PV/T uaw Py A M1asluitiann Solar PV/T (W)

5¥821IA1AUNY (Payback period, PB) Auanild

NEUN5

PB= S ©

N Csaving
lo PB Ao szuziaaAunu (Yean) C,,, Ao yaeh
maqmsamm‘%uﬁu (Baht) ka2 Ceyying Ao wavszndn
qw%ﬂuﬁ (Baht/Year)
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syuvazldduaaudeusuin 17.8 kw,, §%e
KONNEN gu HT7P-E7 14 R-1342 luansineu vila
UATANTIAULNANUTOUVBIUHY Solar PV/T ax1d
493a91n3911398999 Narupon and Sarawut [17] fie
U4 Solar PV/T %ila mono-Si kax poly-Si PV/T 8051
nswadanavenhillvasuusadddeunasgndild
fudafussderiing Ao 0.02 ke/sm’ Foyagunsel

LARIAINS199 1

A15197t 1 dogauns Solar PV/T uazlupudou

$18015 doya
Solar PV/T

mono-Si PV/T
1. fufizusedeniing (Aeyr) [m?) 1,698
2. Fy(Ta). 0328
3. dudszAvEmsgadsanufousy

(FU) IW/m?K] 129
4. Maslufingaaqn (P, [Wel 295
5. 57A1 [Baht] 18,200
poly-Si PV/T
1. fufizugedeniing (Ae) [m?] 1.624
2. Fy(Ta). 0275
3. dszAvEmsgadsanuiousy

8.4743

(FUD) IW/m?K]
4. Mdaluingagn (P, [Wel 270

5. 57A1 [Baht] 31,860
Heat pump
1. Sanarudeuiinanlfiade Qo
17.80
[kw]
2. fddniinadevenedosdnle
5.26
(Peormp) kW]
3. 57A1 [Baht] 40,093.42

wuuFasamsadlnmansazyinnsiuuadnys
frananslumsei 2 Tngfmualiduamdeusuyhnu

=i o 9
a1 9.00 u. WA IE UUILNYAVI I UNNIUNG
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as19 2 Awdslunsa¥rsuuias msadaaians

5185 doya
- Mono-Si
1. wia solar PV/T
waz poly-Si
2. §2U solar PV/T (wi) 14-20
3. Snsmslvavastheinu Solar
2 0.02
PV/T (kg/s:m°)
4. gsvhendudumnudeu R-134a
5. qmuqﬁﬁn‘%uﬁuluﬁ'atﬁufﬁ’au
30
Q)
6. Usinasthludaiuidou (L) 2,500
7. 8ns1elvidin Baht/kwh) 453

3. wansAnE
3.1 NISNARDUANTIOULYIIUNS Solar PV/T uag
Hunrusau

VIAAOUANTIOULUOIUKI Solar PV/T A3usiIan
8.00-16.00 u. mww’&mﬂmilwawamfﬁshuum 0.02
ke/sm? Usanasilugafuiihdeu 75 L/m? nadey
o Ingdndsnunauny i Ine1dewTd angud 2
nuiluiuiinaaeuduiuiiviosiiluss Tneduiivaasy
UW4 mono-Si PV/T Anfsdeiingdfiengean 837.12
W/m? (1ady 631.44 W/m?) gamgiioiniawiadou

g9dm 35.40°C (RdY 30.69°0) wazTufinaasuuns

mono SIPV/T

Fou

e,

£ & 282 3 8

Temperature (°C)

©»
S

O
= 200 ooaO ks

200 S

=)

3
-
5

sod
0 0
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time

]

poly-Si PV/T f153de1inddAngagn 829.27 W/m®
(tady 606.10 W/m?) gamgdainiawindeugsan
34.88°C 1Ay 28.23°C) ilernfadonfingilengedu
gumilung Solar PV/T qxﬁmqﬁumuwﬁwszmm
12.30 u. wda iy A15adefindazisuanas ud
gamiung Solar PV/T J&magaffunﬁnﬁaﬂ HinaIAnTs
avaupwdou wazwlafsdenfindinan 1530 u.
axildmiosnd’ 500 W/m® waigmngifiuns Solar PV/T
Liianasny ilesanusnaldunsiihanduduideu
wszuisasiou Sahludufuhiousidrgedunud
Fadeniingildsu viilWgaumgiiuns Solar PV/T fiFnga
lunsdlvas mono-Si PV/T gaungiluws Solar PV/T i
ANg9an 55.60°C (1adly 46.21°C) #n1 poly-Si PV/T
Ao ungduns Solar PV/T gedn 58.57°C (1ady
47.21°0) dleftansanenuduiusindslihfugamngd
WHa Solar PV/T Tug29A1 598017 AEH susl 200-900
w/m? angudt 3 szusfuldingogung funaves
mono-Si PV/T il ad u unswilnd denandalnii1l&
Windudntes wandneaan poly-Si PV/T 9i23A15493
91findgendn 400 w/m? iifegaumgiiuns Solar PV/T
s uazvildmasininanldanasegaiiulddn

uwandliiuitgaumgfiuns Solar PV/T fiviuduasyinli

Maslwihwes poly-Si PV/T anawnnnii
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4

so £

g

03

£

g

30'H

g OO0,
100 e e
e’ 9

045 0
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

Time

Ul 2 HANSVAABUALTINUZYDIHA mono-Si WAz poly-Si PV/T
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180 7 4200300 -

# 300-400
160 { =000
* S00-600 Iy
£ 600-700
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U 3 anudiniuseesidslniihiugamaiiuns Solar PV/T Tuwsaziisvesdissdenfing

MnANNdNTUSAINaM awisatanadeauns

AnuduiusTulmi Tngutadefidamasiafdslvdi

v
s v

1dun gaungfienniauiaden wazguuniuiiduae

solar PV/T virlildaumsyunslugunuudi eluil
Wlo C,- Cg Aip ANAITIINASIAN 3

Tp = f(Ir,Ta, T ) (10
Tp = Co (I7") (Ta*) (T) (1)
Poyr = (I, To, Ty Tp) (12)

P =Ca (IF%) (T3) (T () (13)
faUNYIUNS Solar PV/T MAUMIYINNEYBIT
aosunsdidmemaRdouais 2.41% uazl.57%
d193UUKA mono-Si LAz poly-Si PV/T anuadu Life
finrsaniiaumsyiuie il wudnaumsyue
adliidiemunaandowadi 6.92% uax 6.77%

duSuung mono-Si kaz poly-Si PV/T Aud1au

A19197 3 ArAsTivesaunIsiuggungTurILay

faslwiivesuns Solar PV/T

Auls mono-Si PV/T  poly-Si PV/T
G 0.058310 0.688030
G 0.275760 0.153390
G 1.526200 1.043000
& -0.092972 -0.064284
G 0.827070 0.481370

M15197 3 (o) AAsTivesaNNIYIIINEgUN UK LAY
Mrasivifirveauns Solar PV/T

fuds mono-Si PV/T poly-Si PV/T
Cs 0.563270 0.864310
G -0.478340 -1.907100
G -0.477050 -0.017907
Ce 1.339400 1.669000

anuduiusvasdnndnusdniamndnuees
" v v
Yuprudeuiunasiisszninsgangiihludufiuihdeu

uazgmlemawIndes uansfagudl 4

45
04 #
"
35 ‘\.,l
E 30 MAAL v 010013+ 42387
= , o
a 25 ‘1‘ R*-0.9943

s ",

0.5
0.0

0 5 10 15 20 25 30 35 40
Ta -1, Q)

U 4 Sasdnussanmwndsmivestuanuiou

TunsvedeuaussnuzyasduAImdouRIuAIIAY
9.00 u. titelildir¥ougangd 65°C wudn Sasrdau
UszAng nvndauvesduaudeuddnady 238
W,/W, Sandauuszansammdsnueasiiuanudeu
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sriifanaafionadiszwingumglinluduiuinfou
- i S =
uazgungfiemawindoudamindu iesandy
v, v ' v v - a
anudouldunasanusouainen1ALI A ouLi ondn
S gl o M g B i o
ifou @iy legamglihludufvihfeudangedu
iliiaiesdaleviunin Usznauduamiuauisa
. g Y e Yy
Tunisaremanufeuliumirludufvifouszanas
auludag dnsrdruUszans A mwasuanauns
yhueiidnnuaatnnfouade 2.82% aunisyiung
dndwusEAnsmwwasiigunu sl

EER = -0.1001 (To - T.) + 4.2387  (12)

1l EER Ap dnsndiuvszBnsnmnasauvesty
ANEDU (Wy/W,)
3.2 NISASNUUUINADIMNIAEAAERS

sadnuvitasmasinmansazusoanidu
wuudnaematiamanssgtuiio@nwingdnssy
YDITTUY LazuUUTIanInatinatans siediile
g SNUYeIsEUUAa Al

wuudraemadinmanssetu g3deldving
- o v a v o -
dendeyaanmuindeuaiesiufieglufieudmiey
= & =Y v a e
Fadudeudldsundauuasorindsdiigaun
el dayaanimuindeuvemuuiasinig
AflnmManss1eTuuansfaguil 5

1,200
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§

JEE
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g3
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gag

Time

U 5 Asvdoninduazgunglionmawindeivas
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NFUA 5 aziuld fuiiegludoudmauiu
LR = o P a
ufiviosdinfiiuanin Assdeniinduazguungiiennia

v_oa = o PR
wndaufimsidsundadumunsuatwesame vl

a e

A5 s@ofinduaz gaunglonnawind oA uRUN I

3 v
v

naoasi 1Ty Tnggungdeiniauindouilaitade
33.31°C wazAn$afofingiadaddnvindy 432.67
w/m? 93Ut 6 uleuns Solar PV/T Guviauiina
8.00 u. ATouuAsldT Iz gungidludufy
ihouiafudnios wandeluanuteudivhai
181 9.00 . grugiiluduiuideusnfivgsiug
ndlugasusn wazdumsdouszugaviouded-ly
Fufuihdeuligungd 65°C Tnszuuilduns Solar
PV/T W4 2 wiin aunsonamirdorldnnuanudosms
vodlsusihdniigumall 65°C narlunsvinueasd
Anudouazduius fumasliiad Yeulwun du
amufou dasruuitlduns mono-si PV/T ditadsluih
unniszuuiilduns poly-si PV/T inties wildaan
Tumsvieudunia lunsdvesszuuiiléuns mono-Si
PV/T N5 1dunadnunn 16 Whs uaz 16 wne 9yl
AU$DWINU 6.50 h/day wazazldiianvihuties
figm 633 h/day mnlHLAIREIUIY 18 WHI LA 20 UK
nsdlvaeszuuilduns poly-si Pv/T nisldunasiuy
16 wng waw 16 wre Jumufevasldnaieuann
fian 6.83 h/day uazazldiaa1vhan 6.67 h/day mn
TFURITIUIY 18 UWe UaY 20 uHd 1T o 95EN
Adsliindndnld wulrAdananazuysiunssiy
Furuuss Solar PV/T Tagszuuiléuss mono-Si PV/T
FIUU 20 una wanndalninlduinian 18.89
kWh/day auziiszuuiilduns poly-Si PV/T S1uau 14
uwa rdamaanulidildifesiian 8.8 kwh/day
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TuwazfiYuanudeurnauazldwdsnulvdhain

aoauvas Ao wasswlniihindnldanuas solar PV/T
uazswulﬂﬁﬁ-ﬁugw wasulriiindaldazasan
nslenasauanszuvliiad ugiu lugaed Ju
anuseaungaviiau wasuliiisdaldamise
lldludndunelulssihdnd siliannsléndaany
Tihanszuuliihfuguuentasawdmihfeuasld
dndae wa‘”aawlwv‘hamszuulwﬁwﬁvu,qﬁmfuaz
wasuwadluaudiuouuss fuanduguil 7 szuudl
1duns mono-si Pv/T ldnasaulniiannszuuluih
Huprusarliiamuanidoulasnimansd Tasszuy
Funa mono-Si PV/T $1u7u 20 uws Twdsnuludh
nszuuliiinfugiutiosiian 17.62 kwh/day Wiam

wamirdou 6.33 h/day

> mono-SiPY/T

= 3
Z 4p
= }pul_\usl?\'n
E
% 3
g
I3
=
>
£
=
< |
&= il
= &1
L
- 1111
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gRgsgzsagrgnsgagas
$8E S EE s AAaNnAITTEY S
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Time

$UR 7 ndsniliihanszuulnihitug
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A T lp T 16p o Ty 18p ¥ Ty 20p
Fyrg Ldp Prva16p-———-Ppyr18p P 20p
Py l4p Pun16p Pue18p Pue20p
70
¢ | G ]
60
Oss
7 50
e
[
45
40
35
30 #
27gRs3EnE85eRs823¢8
eI ERaY 00 s

wuudrasanniadladrandsredalddoya
anwwandeuves Tuiidudiunuresudasiouyas
Fwiadedminiesimsinueszuuaaoniisl
doyaanimuindovesuuuae msadnmanssed
wansdaguil 8 tiulddaaudnszuuiilduns poly-si
PV/T ﬁm'i'lfi'fwa"amulwﬁwmnfszuulwﬁvv‘iru_ﬁ‘w
11091 venndiARanadauusunduium sy
$1uauuss solar PV/T danandluguit 9 ludeuniviey
52 UUATHURS mono-Si PV/T 91121 16 WK 18 WK
waz 20 whd lWfinsTdndsnuluiiainszuului
#ugiu dwafisionisuszvdamilvifiwedssihdnd Tay
szuuiinsldndsauliianszoulniad ugu
wniign e szuuiilina poly-Si PV/T $19u 14 s
6,320.92 kWh/year ua:iwuﬁl‘&’um mono-Si PV/T
$1u 20 ung Mndsenilnifinenszuulniafiugiu
ﬁ'aav“iqm A0 2,767.48 KWh/year Faannndosiunis
Wi suuvameswauszndaluusaziiou snfuiiou
nuanius Faluauihnueedlseidaites 3a
inlnavssvdaludouitunliuunnssluannasly
wnulsihannszuulwihifugiu ssuuiflduss solar
PV/T 1 2 wllafuannsauszudadlnfiasodou
Turilsseindasléunnnin 9,000 Baht/month szuuiild
UHA mono-Si PV/T §7u7u 20 und ¥asanalniin
funniign #o 147,485.54 Baht/year
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1,000

1 (W)

&

2

'+ mono-SiPVT

poly-St PV/T

Electricity from grid (KWh/month)

+.
S
$E3232 %2538

Month

=
g
2 a

Jan
Feb |7
Mar | +

2 2 8
e 82
Eo8 &

7 8 Asadoninduazgungiienawindenluusiaziion

14,000 -
13,500 -
Z13,000
H
£ 12,500 4
12,000 4 -
2
2 11,500 4
& 11,000 {
H
10,500 4
& 10,000 g
9,500 14y
9,000

mouo-Si PY/T

6p ~ ;
b O powsipvT

P ® 2 g 2
= 2 & 8 g & 2
222235348382

Month

Dec

5UT 9 ndauliihanszuulvihiluguuaziauszndasediou

SnsndruUsrans amndsuvesdunnudou
wisf O auUFsuuasiunsinurarsinueuas
solar PV/T iidluszuu ielduns Solar PV/T d1umu
nnduezilignsdnuszaniammdsanuveady
AmufouananazinansznuiULNe mono-Si PV/T
1INNT1 FaAn 2.62-2.69 W/ W, druszuuiilduns
poly-Si PV/T A 2.68-2.70 Wy/W, uanasaguil 10
158U mono-Si PV/T vl szuuddnsdau
Uszdvsmymasaueestunnufeutesninszuuiild
WHY poly-Si PV/T INS12URNS mono-Si PV/T flaussauy
naandeugandiung poly-si Pv/T vhlitumudou
hnuegluiassasisshgamgiiludniuidou
wargamnfimAwndongs (Ty - T,) wonamegamgd
AINATIMANFIIAULIN BNFIFUUTZANT AMNAIU
azfldanag

Hauffi1ums mono-Si PV/T azshlsiunrudend
dns1dulsz v munasnuanandntey udawisa
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Wildsruuiiszeznanlunisyandua lnszuuiild
WWI mono-Si PV/T f5zez13a1%1974 5.50-5.58 h
duszuuiilduns poly-Si PV/T ¥1971 5.75-5.92 h
msl,w“vu?rwaaa‘]"umuuma'awavi’ﬂﬁﬂs:ﬁw%quw%
Y99UKe Solar PV/T anaddniiog Wie mono-Si PV/T
TUszAnSamanSuasun Solar PV/T 24.90-25.48%
UAZWHY poly-Si PV/T fifagszning 17.79-18.07%

45
® e, ovr (poly SIPV/T)

B fxee 7 (Wono-S1PY/T)
X EER (poly-Si PV/T) 40

4 EER (mono-5i PV/T)

"

4

e

X

X

42 n B R 8
Nxeepvr (%0)

°

14 16 18 20
Panels

5 10 ShsdndszAnsammdinuvesduanuiou

uazUszAvBnwavitveune Solar PV/T
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v, v ' < g o v L

frgdunuaunaignndn v liszuuilduns
mono-Si PV/T Ty arinisaavuid udud o 1ndn
yuzifgany nausendasieVdeasioulhidulls
aussaurn1syiauiiAnInszuuiildune poly-Si PV/T
sisluduniswdalifwaziinsou Tagszuuilduns
mono-Si PV/T 1u flgarimsamuiiuduegszning
888,314.00-961,114.00 Baht uazilnauszndnsied
139,620.30-147,485.54 Baht/years UARIAINIS9TI 4

o ¥ . G et .
AsNT uvesdvauumad sl i1azvinlinays zuda

= o 2 = : 2. v v
51Uy wifiiunisuyarmsamuidususie
wuiy iiszuuszeznaAunuunudu 9ngui 11
52UUTEUNa mono-Si PV/T $1uu 16 uwe uszuu
fillszezafunuiiosfign 6.23 Years annsandnii
v we N e g ey
Fouldmuanudesmsvedlseindnd wazilawdue
MuAsega1ans lngszuud lEWKs mono-Si PV/T
HszgzlnaAunuegsening 6.23-6.52 Years uaneing
N T2UUT L URS poly-Si PV/T idlszaziiandunuy

5%1119 8.01-8.80 Years

a . a v 1Y <
A5 4 gammsamuvsumuuazNaUswame
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Smono-SiPV/T

Hpoly SiPV/T

PB (Years)

14 16 18 20
Panels

§UR 11 szgzmduyu

4. ajunan1maasy
mAefimsAnmszuundalii uazidou
waeusaefindsauiuiuaiudeud ould
nawnuamaliihdmiulétni 2,500 L Indgamad
65°C T uls9e1dn 1laeLUs s Ul g UTIUIUTDIUKY

mono-Si waz poly-Si PV/T Mivheusaudutuaudou

IMUIURY
918N19

14 ung 16 UHY 18 LY 20 WHY
mono-Si PV/T
uuaﬁwnwsaavlut%uﬁu (Baht) 897,732.58 888,314.00 924,714.00 961,114.00
waUszudnsel (Baht/year) 139,620.30 142,536.72 145,247.12 147,485.54
poly-Si PV/T
;‘J,ammsamuf%w’fu (Baht) 1,051,940.56 1,115,660.56 1,179,380.56 1,234,314.00
wauszndnsed (Baht/year) 131,388.47 134,655.22 137,098.90 140,302.84

wan1sAnwrduusniiunnsaaeuanssauzves
uwna Solar PV/T uasvaaeuaussauzaasdunimdeu
2INN1SNAGDUNUI dunisviurediasludagden
AMUAAIAAZOUAZY 6.92% WAy 6.77% dMSULKS
mono-Si kax poly-Si PV/T #1id1aU aun1sviuney

dnsdrulszandamndsnuvestuninufoudian

AUARIALAE DULAd 8 2.82% ludauveen1sadns
wuudaemnandnmans wuinszuuiildunsds 2 ol
annsandmidouldmunnudonisveslseindnd
yonanifeannsaannisldndsnuliiannszuy
I ugruislugasiiduanudouinuuazngs

yieule mslHuas mono-Si PV/T feann1szn1swan
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hdeuvesiunnudeunazannsaanszeziaainis
Wauvesiuauteuadldunnnindadisuiuszuud
1duwa poly-Si PV/T usvaziieaiufvinlsnsndiu
UszAvBnmdseueesdunudouanaadnios svuu
AilFuna mono-si PV/T waandssulndlduinna
dmaliimslindanuinihanssuulniifiugiuntes

yilvinauszudasetiiuduniulude nnadnan

v oy

Usznauduyarmsasusuduiising: ilszuuiily
una mono-Si PV/T fszaziiandunudundn damsld
WK mono-Si PV/T §1uau 16 uss viausauiudu
arudou yhidszuuilssermAuyuduiign de 6.23
Years anmsléwdsnulniinnszuulnihfuguadld
31,465.06 kWh/year wazAmduduauduitusndald
142,536.72 Baht/year

5. Anfnysuuszma

auzIdeveveunm uatvayunuidean
Tassmsrdnuasianndng nmdndinniadumdny
naunulunguuszinmendeudmivindnwsedu
Taudiadnuingdendanmmaun uviinedeusly
uazyuatvayuaIdgandinnuiauiniside
N1510AS (BIFNISUINTL) SIMTIWBVBUAMIMAUIA
fvaldeann dmsudoyauazanudiieatuayy

nuideatuil

6. eMsayanunl

dryanual
A fiudt (md)
C 71Uk Y (Baht)

Cp AANYAUTDUT UM (J/kgK)

EER  8ns1duUszaviBnmwasany (W,/W,)

Fr

PB

U

Aansn

Grid
HP
HX
Inv
Net
PV/T
ST

Saving

Heat removal factor
Assdeniing (W/m?)
dnsmslualiana (kg/s)
sl (w)
dns1mmgau (W)
srgzlIAAUNUY (Year)

aauunqdl (°C)

1 g

auUs:ﬁwéanmtﬁamw%’auﬁmamm
Solar PV/T (W/m™K)

an (s)
Uszansam

UsEANEA T IUAWBINA Solar PV/T

Ambient

Alternating current
Condenser

Compressor

Fluid inlet

Fluid outlet

Grid-tied

Heat pump

Heat exchanger

Investment

Net Efficiency
Photovoltaic/Thermal panel
Storage tank

Cost saving

Solar radiation on tilted surface

Critical solar radiation on tilted surface
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