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Un5ounasuLaIefing (Solar PV/T Boosted Heat Pump) Tnanisanwinuseandy 5
g2 druusniiunismeaevanssaurvesuauiou unandalriuazsifeundeanu
wa017ng (Solar PV/T) wasunsnanlnfindssunaeniing (Solar PV) 91ndnwinudn
mm%auﬁf-ﬁ’n,a?ia EER WiNAU 2.95 kWy/kW, WK Solar PV/T WUUHNNTEINATOULAZ WK
Solar PV Uszansaniadewindu 54.13% wag 15.10% auaidu daudfideandunisly
LUUSIABINIARNANEASlUNTSEDN LUUTLIALAESTUILTB IS UUTIA LS ouES LEEN S
ranlnfazirdeundununatofindfnsaufunislianululseidnd danuin szuud
wanvanUsenevludeduanugousuin 17.8 kWi, Weansvinau R13da 1uns Solar PV/T
LWUUINTEANATEU YUIAAISIINTN 295 W, 390U 4 WHI UaZLNIYadLaI81nduuIn

aalndi 370 W, $1uau 14 we iendmirFawnuluduiuiniousuin 3,000 L

dmduduitanuveinisanedunisusnsinislwavesinsiuues Solar PV/T Tu
nslduass MnnsmedeunuI fisnsinisina 8.2 LPM mwaﬂumﬂs&’hmmaﬁq@ 1y
HAgegaveBnItdUTEaEA MWL (EER) ypedumdeuyiiy 4.74 KW /KW, Uag
finnadewiiu 3.38 kWy/kW, anudisu ludufididunsinwnslindsnulnfivesssuy
Solar PV/T Boosted Heat Pump wioldsuadely 1 sounsuan TneszuuBusinausas
1987 12:00 W. WAZILNYAYINNIU 2 1380 17:00 U. anunsananingeuld 55.2 °C 91ntusTUY
andunrFuvhaulmilufudaludaus 08:00 8 10:40 u. FevilildrinFeugmungii 65 °C
Usnas 2,500 ans Setunanildluniswamirdeustosounisuanwiniu 7 h 40 min dm3u

A1g9an Y9 EER v0aluAIuTauminiu 3.99 kW, /kW, wazdaady 2.97 KWy/kW, a1

aussouzyeliiia (PR) v8952UU Solar PV wazszuu Solar PV/T Siaadewindy 70.17%



Way 78.41% MINAIAU 53U Solar PV/T Boosted Heat Pump Sinislandsaulwilniianua
40.32 kWh/50u lasldainszuu Solar PV/T wagszuu Solar PV (11AU 20.10 kWh/58u
wagldndealnilnszuulndfiugiuandfiudn 20.22 kWh/seu suU Solar PV/T

Boosted Heat Pump fUsg@nsnnlagsiuiviniy 59.28%

d1915Udaugan 180U 153AT1ERN 1A IULATYFAIEATININUUUIIADINY
adinrnansiitovunensldngsnuliiinasnilvesssuy 9nnsAnEIMUIT sEUU Solar
PV/T Boosted Heat Pump @snsaannisiindsaulninasla 27,512.69 kwh/year Asdu
Ruiiszudale 125,457.87 Baht/year vseanas 75% Wiaifieufussuunaninfounudily
gpaaliilh mdvdinslindsanusunieg (SEQ) anadldmindudifiansiiiu 7.33 kwh/sh wide
33.41 Baht/fn Tiudeiiies 1.83 kWh/é 130 8.36 Baht/@a lnaszuu Solar PV/T Boosted
Heat Pump 19 3uasnuwindu 708,060 Baht Antluszaz@unu 6.07 year wasfidnsn

NasaULNU (IRR) WNAU 14.24% ANUa1nu

Adfgy : wasndnlninasiiSoundsnunaseing, Tuanusew, Uiseu, Nsanduyuau

NANY, AUTTOUL
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ABSTRACT

The aim of this research is to reduce the electric power cost of hot water
production in a Chai Pra Kan District slaughterhouse, Chiang Mai Province by solar
photovoltaic thermal boosted heat pump system (Solar PV/T Boosted Heat Pump).
This research divided into five parts, the first part was a testing of heat pump, solar
photovoltaic/thermal panel (Solar PV/T), and solar photovoltaic panel (Solar PV). The
study found that, the average Energy Efficiency Ratio (EER) of the heat pump was
equal to 2.95 kWy/kW,, the average efficiency of the glazed Solar PV/T panel and
Solar PV panel was 54.13%, and 15.10%, respectively. The second part was a
simulation of the mathematical model to determine the suitable size, and number
of solar PV/T boosted heat pump system. The results showed that the suitable
system consisted of a 17.8 kWy, heat pump which a refrigerant is R134a, using the
glazed Solar PV/T which peak power is 295 W, with 4 panels, and 370 W, Solar PV of

14 panels to produce hot water stored in a 3,000 L hot water tank.

The third part was to determine the suitable flow rate of water through
the Solar PV/T panels. The experiment found that the suitable flow rate was 8.2 LPM
which the maximum of EER was equal to 4.74 kWy/kW,, and the average value was
equal to 3.38 kW /kW,, respectively. The fourth part is to study the electricity
consumption of the Solar PV/T Boosted Heat Pump system when it is actually used

of the production round. The system started working from 12 a.m. and stop working



at 5 p.m. which the hot water temperature was 55.2 °C. The system resumed working
in the next day from 8 a.m. to 10.40 a.m. generating 2,500 liters of hot water at 65 °C.
Therefore, the hot water production time was equal to 7 hours 40 minutes. The
maximum EER of the heat pump was 3.99 kWt /kW, and the average was 2.97
KWtp/kW,. The performance ratio (PR) of Solar PV and Solar PV/T systems was 70.17
% and 78.41%, respectively. The Solar PV/T Boosted Heat Pump system consumed a
total electric power of 40.32 kWh/round. It derived from the Solar PV/T system and
the Solar PV system was equal to 20.10 kWh/round and uses from the utility grid line
of 20.22 kWh/round. The Solar PV/T Boosted Heat Pump system had an overall
efficiency of 59.28%.

In the final part was an economic analysis by using a mathematical model
to simulate the electric power consumption all year round. The study found that
Solar PV/T Boosted Heat Pump system could decrease the electric power from the
utility erid line by 27,512.69 kWh/year which an equivalent a saving was 125,457.87
Baht/year or approximately 75% compared with using the electrical heaters. The
Specific Energy Consumption (SEC) could be reduced from the original value of 7.33
kWh/pig or 33.41 Baht/pig to 1.83 kWh/pig or 8.36 Baht/pig. The investment in this
system was equal to 708,060 Baht, representing a payback period of 6.07 years and

the internal rate of return (IRR) was equal to 14.24%, respectively.

Keywords :  Solar Photovoltaic Thermal panel, Heat pump, Hot water, Electric

power costs reduction, Performance
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#i1171: Northern lights solar solutions (2018)
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fian: Alternative energy tutorials (2015)
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Fov/1+ Qpy/1
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Ingdulsenaunanvesininsusenausie el (Wgns, 2562)

= o o Y A a v 9 v o a{' a6 § va
1. w3eedale (Compressor) vimihfiinenusulansyialuaaiuglongamalianlud

Y

[
a U =

gaumngiuarANNRUgLLardwalUNATIAIULIY

9 Y

=

2. \pBsAmULLIY (Condenser) yiwthilssuisaudeuanansvinnuiiaudulas gy

gendnanguen v‘iﬂﬁaﬁﬁ’muwﬁauamuzL“f]usuaama’;ﬁﬁmmé’ugﬂwalﬂs‘]’amé’sm’mﬁu

3, 1danANR (Expansion Valve) wihitanaanuduresansvieu ieteuliituiedes
STANY

4. \Se3szivie (Evaporator) ﬁmﬂflﬁﬁqmm%aumﬂmauaﬂLﬁﬂﬁaqai%mmm%u Faans

nnunaNuduLazaumgianIgam)iianguenagiiALSeuNgUeN WaziUduuan UL

Wule
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t Tcond,o

Qcond Type fluid
—» Water
Condenser i
: —» Refrigerant
I
I
—» Electricity
. WComp H .
Expansion Valve Compressor - eating
4 Phase
I
I ——— Liquid
I
g Evaporator BRI —-—-  Mixture
— —— Vapour
QEvap

md)}
=De

] v W o < v
A 12 Jpdnnisvihenuiuiuusale
NAMA 12 nUIUNIHegIiaduluigdnsnisvinnuvesigansdnloniung

nszUauns 1-2 Wunszviunisealewvulewulnsln (Isentropic Compression)
Adsuiidoutieiosdnle auyddiliinsdemaudeu dmunildanauns
Weomp = M, (hy = hy) aunns? 20
AszUIunIs 2-3 Wunssurunismavkuufinuiuasd (Isobaric Condensation)
Shsnsenemauseuiiadssmuniy funaldinaunis

Qong = iy (h; — hs) = g Co (Teonio — Teona) a3l 21
nszuaung 34 Junszuaunsieuniadaed (Isenthalpic Expansion) kaganaA3ny
fueainldilnunienmsaemaudeuinty axle

hs = hy fmmiﬁ 22
nszuaun1g 4-1 Junszuaunissemedinnnusunasi (sobaric Expansion) 8051013
fowmamnudeuiedesssmemuialiainaunis

Qevap = M, (hy = hy) aun1sf 23
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AduUsyAnsausIauzvestuaLdeu (Coeficient of Performance, COP) Ao &1
wsilduansaussaurmsvieuvesdumudou Fedouandadiuvesndsauiivaluly
UseTeand (Output) mnserendesuiiteuliudszuu (Input) Avdudszansaussaus vostu
ANNSPUETaMIARN

QCond _ h2 -h

2 AUNNSN 24

WComp h2_ hl

COP,p=

[

ABRI1E@IUNUTEANTA MmN 1INEIIUIluAINSaU (Energy Efficiency Ratio, EER)
Ao UszansSnmuaanisianasulnidfimlaaindnsidaiuvasnisatemainuseununluly

Usglesdmamastninnteulriuduanudou auisamlaain

EERHP _ Qcond - rthP,f (TCond,o - TCond,i) ﬁllﬂ'ﬁﬁ 25
PComp PComp
do Ao 8ns1N1siravesasvingu (ke/s)
h fio umalaesnadessuny (k/ke)
h, Ao eunadudedesnauuiy (k/ke)
hs fio uvnalrneenvaa3asmuuiy (ki/ke)
hg Ao LeUN1aUV188NTBNaWLNER (k/ke)
My fo §nsnslravesin (ke/s)

(%
a o £

& a 1 -
Teondg; A8 RUUATUIVWINATDIATULLY (°C)

U
¥ '

Teondo A8 BUNNNUIUIDBNLATBIAIVLUY (°C)

Y

[

Weomp  AIB Adsuiidoudninzosdale (kw)
Qcond  AB BATIANUTDUNAUNNLATOIAIULUY (KW)

Qrap  AB 8ATIANUTOUTABMTLASDITEMY (KW)

3

1Y

COPp  AB AdNUSTANTaNSTOULYRIUNAINUSDU

EERp  AB ANDRSIAINUTLEVENNINS9U89UNANNTaU (KW, /KW,)
Us2AN3AINIINVDIIZUU Solar PV/T Boosted Heat Pump

dnvmudouazauludunuindeulunsdindaivinfouinawiusgafuazlaiinisi

PYrsaulultau Amuwinlaann
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Q¢ =M.C Ui 26

P f
At

(% 6V

999N TTUUNARUSaUmMsUuANNSaULESUAeNSHEAR A waz T Sa und 19U
We9017nd (Solar PV/T Boosted Heat Pump) Usznaulusmggunsaliildliiimarsedns iu

a1 Weay Wudu anusaswinlsainaunisn 27
Protal = PComp + Ppan + PPump,HP + PPump,PV/T duniTn 27

Usz@n5nIMIIUV0352 UV Solar PV/T Boosted Heat Pump AB8R31d7UTE 1319

anudeuazanludufuindeu Q) saumerdsliiinanldanssuundsuuaeing
(Poy + Poyr) MU UsE o mIderSsd0 9ing (1) finnnsevusdefuiive sunavaduasending
(Apy) UK Solar PV/T (Aeyr) waziadslniafiteuliszuu Solar PV/T Boosted Heat
PUMP (Prow) @nsavldannaunisii 28

Q. +(®,, +Fy 1) .
Ny, = > /T @119 28

Byt Agy 1) F P )

PV/T

N1IAMUIUNINATEFANENS
FTULLIANAUYY
syegaAuNUYedlATINg Ae SrugnaTiNaRe ULUAVSazaN nnTATued
mwhﬁ’mﬂaﬁﬂmﬁamuﬂgwm sannsamuraildanaunisit 29

YaAluN1TAUTIY

JrUghaAuY = aun1sN 29

HanaULNUgVSaraus1ey

yar1agiuans (Net Present Value, NPV) fip HaUIN095185UManun Lags1e3ng

Y 9

& aAv v A 9 vz I & < A o [
aualaainlasenig iedliauinlasinisuudumiaulalunisamu anunsarmuinle

NAFUNISN 30

N'R, —C, o
NPV = 3, ————TIC AUN159 30

R, Ao namauwnulufl n (Baht)

C, Ao mldd1elud n Baht)
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N fip SraELIaU9lATINg (y)

i Aa 8n31dIuan (%)

TIC  #e Guawuiionun o antlagdu (Baht)
ansImanaunungly

onsmanauwnun1ely (Internal rate of return, IRR) A® é’mmamammumiamu
Fadusnsrdnan (Discount rate) vilvigadagiuvesnausslomivniuyardagiuves
Funu amnsadnaldanaunisi 31

5 R, G o
-—TC=0 aunnIn 31

n=1 (1 +IRR)
nMsUszfiuduitsaanslidndenusune

A1N15IENE191US N (Specific energy consumption, SEC) tlurfiagiouds
UsganSn1nn1slindeau waruansdenunun1esundsueeslssnugaamnssule
Tnerhlumnsldndeeusine (SEQ) annsadmaaldnnusuamdsiildlunady de
panAnualuTsaietiu lneamslindsnusimeiiinnugniios wasndeiedias

]
U v =

Ao arliannnisiisizinefedoyaniuiateainn1snsiada Anislingeaudunieg (SEC)

FUAUTIY 3 APENY AD TUAVBINANAMN YUAVDINTLUIUNITHNERN hazUseaANTNINUB4

N52UIUNITNAR FalaenalUn1sNaNTUIAINSITNE 99U NI (SEC) @1115a9inle 2 wuu

= = = PR YY) ° o a = = = o a
3] L‘UiEJ‘ULVlEJUﬂ‘Uﬂ']ﬂ']ﬁI%‘WﬁQQ']UQWLWWSﬁQﬂUuSUBQﬂiS‘U'JUﬂ'ﬁNafﬂ NIDUTHIUNIUNUANA

ign lnensasiznAInsldngeaudnig (SEC) anunsavilansaunisi 32

nslanaasulninanssuulniiiugiu (kwh/Month) 4
Cc= = = W U AUN1IN 32
Yuaunanannataau (1/Month)
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o

NuARefiReades
MM wazuaiaunsnaglanifeiiieateddfetelud

algned wasladngnn (2558) AnwiAneninvasssuunanlnidndsuuasaniinduu
vdamensluginainsalumineds Felull 2556 guiasnsaiunTingrdeliuuamdsn
T4l 80,385,941 kwh Jsdesiinisanarlgatglndimenislandsuuasening laeden
ornslunsAnesuau 10 enpsnsiaiun 183 9113 Mndeyarinuiusidefindlag
La?iaiumﬁuﬁﬂnui’uwhﬁu 17.93 MJ/m? wuaHasinvasnasaulidiinngu 56,029.98
KWh/day lafurmainitufifimunzauaiuisafngaszuuléass Anualiunaead
wage1ing Funiiuasluaudield iy 15° nudmasiundeanuliiimigu 42,138.38
kWh/day lunisuszdfiudnenmdanadauuudaiiui Wdaseussdnsamvesunamad

WEIDITNMOLALYDITTUUWINAU 14.64 % kay 85% #IUANLAINTWNARAWNAY 5,296.98

1
=

kWh/day wag 2,949.19 kWh/day siuandu Wetlisuifisunisnanluinainnassu
LLENmﬁmsju,azmméfmmﬂﬁwﬂwaaﬂqﬂmmﬁﬁﬁﬂm WUI@IUNT0aAN1T I INaI9UlAD
10.97% TuBusnuazanuisnannislindaudiniudos o Tulde q 1U (afswed uaslads
gnn, 2558)

WU waEAINET (2556) ¥an1sAnwnaussaurvesureranliiinaziifoundaeu
weee17ing (Photovoltaic/Thermal; PV/T) wuu Amorphous Silicon fifivunaifuiivesuns
0.97 m? sl 40 W, Usinanilunisvageu 80 L Sasinislnavonindiung 1.2
L/min Tunsmaaeuldiaan 10 Ju Tnsldindeaiudeyasnludid dddunisiinszvinnan
ndanulnihagldteyansnainussiuluihuaznszualiiiianuumnme’ Tneseisasiusi
funurialisindiitenidsini udguiunafifsiszgesnanuunneiagliidy
wdaeuliln nnsmeaeunuItuag Solar PV/T SuUsyansaimmisanudeusieiunied
40.9% UszansnmnisudnlifinseTuaded 3% uazuszansnmsiuseTuaded 43.9%
wazifloldteyadanudnsiduasoniing uazgamaiennialul 2553 anwnsasiuiessuy
Solar PV/T @1unsandandsarulniale 78 Wh/day wazndasuainudauwdsls 1,181
Wh/day %ﬂﬁqmwgﬁmﬁmmﬁﬁau 41.7 °C (WUSA BaLINe, 2556)

Fudholi et al. (2014) ¥nshnszsiaussauzeurnanlifiuasideu ndeu
wa1919ing (Photovoltaic/Thermal; PV/T) afivun 0.512 m? Andedenfindsening 500-
800 W/m? 148ns1nnslwavestinsywing 0.011-0.041 Kg/s naaauusza@nsninnisuanliin

UsgANSAMNNITHNANAIUSDUKALUTELANTATNIIUNINUAVDILES Solar PV/T Nan1snaasd
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WU AS9ELaDTing 800 W/m? wagensnisiuavesinfl 0.041 Kg/s lauss@ndainsau
MINUAVDILKA Solar PV/T @3an 66.82% Uszdnsainnisuanluingsan 12.69% uay

UsgdnEnmmsnananuseugedn 54.13% 6901w 13 (Fudholi uazmnz, 2014)

90 ~
80

70 4
60 .._'_]—-—I._Hf.
50 4 M(—*—X—H

40 4

Efficiency (%)

30 A
20

10 4 L o on oun omm o o o o o o J

0 0.01 0.02 0.03 0.04 0.05
Mass flow rate (kg/s)

* Thermal * PV mPVT

AN 13 DRSNS IVaNiNaneUsEANSAINYDILNS PVT

fa: Fudholi et al. (2014)

29Aa1558 waznuuAsed (2550) 18vinnisnaaeuanssausiaiosinifouily
anuSoudunSuaefindlagldiniuSiduaoindwiussuiildfinszandavuin 2.09
m? ifuiAsosssing I%Lﬂ%qeﬁ”mvl,aLLUUQﬂqUGﬁUﬁwmamaﬂWﬁw 0.25 HP ¥ afutZousuin
200 L 14a159i191u R22 1uanssineu 18vinisnaaeudusing 10.00-14.00 u. neld
anmegionauaranisduasorfingvesimindedval sanismeaeunuingumnivesily
fufuihdouazAenq utusmszeznarivhnsvagou Ineflgungidintuain 26.9-53.2
°C IngAnSeduaceniindasdnanoaussourvaszuulugiausngveanisnageu aniu
aussaurvesszuvIziivnltuanasnuszeziaivhnsnagdey Lﬁaqmﬂqmmﬁmaqﬁﬂuﬁq
Authdeudigatu et luivisuiisutunisuanitfeuainadosithdouiliimua
A11150USENEANEIULARNIT (9ARITIA wazNULATER, 2550)

Abou-Ziyan et al. (1997) ¥ sAinwuAsdfugaanstAvesasiausening R22
RA04a wae R134a lunissrassnisnedeudmduiueufoutasundsunasefing Tnoty
mm%@ummiaﬁwqmﬁqﬁﬁLﬂ‘%mizmaaa“h‘/“i 0-45 °C LLazqmwgﬁﬁm‘%aamULLu'uag'ﬁ 50-70
°C BanaFeudivuussavinmaasiunnudoufigaildiiarsineu R13da Humadend
T ANLNUT R22 T,mJmmzﬁm%’umsﬁwqmmﬁsﬁ"w TnofiAdudssansaussousves

R134a 11n1731 RA04a 23% N5 usieuseninauseansnnuestumusoubas unadany
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WAIDINAY KAz UUAIIUTDULUUTITUAT kaRIlmiudn szuudumusoulasundsany

WA NN TAANURNANINTZUUNILY SLUUMINANIILNANAINUTOUAIEDINASDULAINA

q

v a

Auazau i@ inglud im0 glazaIUAS0IAIULLY SEuuTldaisyinaiu R134a vinle

s
a Aa

AduUTEANSaNIIaUEYesUuANSOUALTUNINATY 50% (Abou-Ziyan WagAy, 1997)

a a

ARwe wardndu (2555) vin1sAnwinssuiunsiiulseansnmnislandasnu ane
n1sihanuseulaesieainsruulsuomavinausiuluanuseuivendniiSaudenng

14 IagvimsauaudnsmMsivaresinlradiaissuaniudsuninuseu Wemeanuduius

PdaratsUTinauaraumnivenifounnanls FeHarINn1snaaeInudl Wednsinishradia

anad gaunglitnfeunaziasliihvaaniosdntovestuninusouvsliaiuty lumemseiu

'
a o [

Franfiodnsnsivadidwiuiu gumgiinfousasidaluiimesneiesdalovestiunmion
xlidnanas felugumnivesihdouluegiudnsnisinavest uasAndudsyaviaussouy
vestuanuoudidnfiuduan 5.01 18y 6.39 6.77 7.21 7.56 uaw 7.66 Anidu 27.5%
35.1% 43.9% 50.9% Uaz 52.9% Adnsin1slvavestirfeurinfu 4 6 8 10 12 uay 15.5

a a

L/min #0adu fa9nInd 15 (GRw] wasdngu, 2555)

Chulled water supply Expansion Valve
- 1 ] 1 . ¢
1 J 1 Ambient

! |
AHU Heater 5 4 12
10I::> é I::> 11
@ Condense Expansion Valve

£ <

Shell & Tube 9 ] Heat Recovery

Evaporator Heat Exchanger é Unit

6 —_— 2 13

! : f + ? =
Chilled water retum Fﬂ:q Compressor Fﬂ" Heat pump Compressor

AT 14 STUURNANUISDUNNAINSaUYARETINTINAUNSITUL A5 U

a

Ag] WazAnAu (2555)

D

ﬁm:
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10.0
80
=5 = == =3
6.0 . & ] |
o
(e}
8 &5
g o 8 o » &
20
00
0 2 4 6 8 10 12 14 16 18
SR INTIMAUBITN (Vmin)
o Lldlpwaaaapandian (FruuvinaaLiu) O WaraasapaidEau 1 96 (Fruuinatnuuiu)
A Tlanpacnriiafan 2 96 (zuuinaiaduy) = Lldfleesaanacidfen (ssuudni)
¥ Glaapaamaanaeu 1 am (szuuEniu) O dlnanaanminFeu 2 an (szuvdati)

AN 15 9R51N75 IavesuNlNaseAduUs L ANSaNSTaULURIUNAINUTDU

13 Afug] wazInku (2555)

(% 6V
o v v

Nuntaphan et al. (2009) ¥M5iiATIEviausInuzvoAsosnantnTau e LA
SourdBundsnunasoriing dsnmd 16 Tansvihanunuunas lasuszavsamusardosan
ih¥oudetuanufeuaiundinuuanifinglilusunsunissaeddunmsinmey dadu
wvuiassdnsuuanufoulngldarsviaunuunaufe R22 R124 R152a fignidendas
T:Uiu,ﬂs:uﬂWiﬁi’waaﬂwuiwizaw'ﬁquaqﬂLﬁméﬁuﬁé’m’mumaqmaﬁa R22 71 20% R124 71
57% war R152a 91 23% AnuIA0umIAles 20 RPM wazdmsinsivavesansvinaud
0.01 ke/s drurdudszavdaussauggsening 2.5 81 5.0 uanaINtaINNTIATIZINS
iAswgamansnuiTaifouiinsaludaiuiie 400 ke warszesnaAunudmiy

S¥UULAD 2.3 U (Nuntaphan uagmue, 2009)

;cp‘z ; cp.o
it ¥ T %
]= O gu) “-Y‘!
Compressor
P, P
Tvevi 1o o L Twc'd.u
_ o cdi
Storage Tank
Evaporator Condenser T
§
i, M
P,,; Expansion Valve p_, ity
Twr.{v T T, * Twr{LJ
evi a ° cdo Py
PV N P =T,
Pump Teo Texi Pump

AN 16 STUULATDINUITOUNAIULAIDRRETIUAUTNAINUSDUY

fian: Nuntaphan et al. (2009)
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Chaichana et al. (2010) lé@nwnlnenssiassssuunanindousie tunnudeuasy
warunarefind fllulssehdaivundn TneldsiiuSidenfindfidaununs 4 m? $1uau
1-5 uws Tusnsinsluait 0.04 ke/s wazUsunasiludaiuirdoude 300-1,200 L Huaana
Louldansyinaunuunan R22 7 20% R124 71 57% waz R152a 71 23% Juansvhauiisns
nsivia 0.01 ke/s nageulugnmeinirvesdaninlesludusyimalng 9annsiasizvinuin
Tunsdlvesszuuthioundsnuuasefind uuuusiudsuamsandniifouldgeand 60°C
agnslsimulunsdvessruuiumnudeuiasundsunaoniing InorduUsyavisaussauy
vosduamudouegseming 4.1 fs 4.6 Fslututiinamesilufiuaruiudufviideniing

§sn w7 17 (Chaichana LazAdy, 2010)

T (C)
Cop

—&— 1 unit —{1— 2 units
35 —"— 3 units /20— 4 units

) 4 4.15
—— 5 units
30 1 L 4,10
300 GO0 Q00 1200
Ve (L)

AN 17 enuduiussenineamgiunluds Snuduiuiideniing
WAL ANFUUTLANSANTIOULVIULANSDULESUNAINULEIDRE

fia1: Chaichana et al. (2010)

Huang et al. (2005) Anwin1slgviotimuseunaiiulszansnInvestuniusou

Feszuusananidussuuildunasanuseunugiuluszninatumnudou uazvietnuiou

% a 6

nIadNAUSIED M08 Ineduainusouldansyineiu R134da vuiadiAusidensing 1.21 m?

ay a

& o 1 aa NAg Y A ' o 4' ¢ aa
53U‘Uua"m']iﬂm'm']u1@lﬁ@ﬂﬂﬁmﬂ@ ﬂim“VIELGULWENLLﬂ‘ﬂﬂJﬂ'ﬂ']Nﬁ@uwﬁ]lﬂuﬁﬂa@q‘vma LS NIEUN

= a s v I v a

lgtuauseuESuviounAuTaudleiissdeing dmnAssdenfindiasszuuilarunsad
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UsgAnsarnmianaenuas dwsunisneaeulunalidevesssuuidnudl Andudseans
ausIauzuestunINTouEsNiauIAIuTouRdedl 3.32 Inalusz@nSanaiuTy 28.7%
WatsuiunstitumnuioudiAduyussansaussousil 2.58 9N 18 (Huang uazAne,

2005)

[nitial water temperature 7,,; =21°C , Final water temperatur T,y =55°C

45 k O Heat pump mode

A Hybrid mode

2 ! 1 1 1
0 200 400 600 800 1000

Heat input densityg is (W/m?)

dl = = 1 U a Q‘ 1 &7 v
A9 18 NsiUSeuisuAmduUsyaNSaussaus senInaluuatuanusou
wazlruatuAINLSDUES UV UIAINNS DY

fa: Huang et al. (2005)

Hawlader et al. (2001) 191N 153LA12% AL NAaIssUUNAnUISauduAINNS DY

a o A €AYy & o oA A ¢ oA AV o A o v A& A
LESUNAINULAIDITRY NLFAUTIdAnduuukiusgunluinszanTUavinutnMduns o
semeuuIn 1.5 m? Suiuaeuwssieaynsuiu Tda1svinau R134a Gessuudainanlasunis

a

sanuuukazandunisaglaanmiindeululssmedsalus nan1s@nwinuiniliogungll
YOI TUATOIAIURUMANTUA NI AduUsyavtaussaugfuTuguiuwasyseansnm
v & wa a ¢ o a £ 1= = a a Y

AANUTIADMAYILANA ANFUUTEAVTALITOUSRENU TSN 4 D13 9 LazUTeansn Yo
@ v A a 4 = ! ° [ a H B oAl ! @

NuSedentndnuindansening 40-75% dmiugungivenirlulaTesaruutuiiianmieiy
5¥7374 30 °C hag 50 °C wuudnaeegniauIdulieodinTeilsednsamidannuiauves

JEUULNITNAADIYARILAUND ST YMILUTENATY NadNSNLAUINUsE AT MBS ULAURY
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X Ao [ v a a L4 < d' (Y v oA a & @ N
WUNKILAUIIEDINAY ﬂ’JWﬂJLi’Ji@UGUB\‘iLﬂi’EJ\‘I@ﬂVL@ AT ANIINALAIDINAEY AIATNN 19

(Hawlader uwazaniy, 2001)

10 [ L L L B L L N Y B Y O B
°r —&— Collector Area, 3m ° 7]
3 —8— Collector Area, 1.5m “ ]
7F N
6 -
5T .
4 |-
3 - -
2+ -
1 -
0 AN T T T N T A T T A T T Y Y N S AN N B B
840 900 960 1020 1080 1140 1200 1260 1320 1380 1440 1500 1560
Speed of the Compressor, RPM

AN 19 ANUFURNUSTENINAAUUSEANTAUTTULVDIULAINUS DULASUNAI ULAIDTINE
< d' [ dy d' Y @ v a 1
ANULSIVDIATDIONLD wasiuNfNUSIFR AN

fiu7: Hawlader et al. (2001)

Jiet al. (2008) 19¥iIN15NAEBUANSIOULVBIULAINS DUESUNAIULEIBARE 1Y

ueaedn il naz i SeunvulidnszanUauuin 4.59 m? uesesszievsstuanusou 14

14 6V '
a o v

R22 \Juansinau Fanavihnisfnyiwazneaesldaungivesundrtuaudoun 20 °C
30 °C 40 °C 50 °C mwdrdu Tuszeziian 4 Yu Afanmerniailndifssfuniniianun
Aimsent Mehsnslnavenin 0.217 ke/s euandsuaudoutuniosmunturedy
mnufou Afedoriindiade 606 W/m? uazgamgiivindeniade 13.7 °C lngnanisvadey
wuhidulsyavsaussousvestummuoudimdsnuuaoiindiemuinnimdulsyans
aussouzvaatuauouiilifduaty uasluvaefeatulssavsammandnlifivoaunsle
duadfgetuiduiy Sadulsravianssourresdunuioundsegiivszum 5.4 a1
Uiza‘m%ﬂTWmswﬁml%lﬂﬂLLmwﬁml%lﬁwLLasﬁﬁauwé’amuummﬁmémﬁaagﬂiﬁﬂswm 13.4%
.

AduUsEAnSausTaurvesluauTouESun G IULaI Ind gl 16.1 wazAadyagil

Uszanad 8.3 fan i 20 Ui wazaauy, 2008)
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fan: Ji et al. (2008)
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Chaichana et al.
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1. wRepAn I nazinfaunasnuLaIaing
SEUUNANUNSDUNAIIULEIDANT LAVIIN1SNAADUANTTOULVDILAINAR Azl

Foundsuaifingd i 2 viia ieAnidenuke Solar PV/T Nilaussausnngaluldau

AUSEUUNINE tnelisneasldanaat

AN 1 WRIRAR WA IwaZ U o UNAIULAID R gylaTaAUNANLAE? (Mono

crystalline silicon) 8% 5STAR #ifinszanaseu wuia 1.698 m” uazidsllfingaan 295 Wp
Faamil 21

.

+

Solar Water Heater Collector

Manufacture Date:
1&:&%@\7“’71"““

! . Fo-pY/T-01
1 (Q o o s578nm*10120mS0n
T SETR i
NERGY CO. H1U: X: -
‘ c,mWFNESTANU“ ValtageatPméX: 0130
1 i Industrial Ared, Camentat PR o
A . = ure: U..
! - DN "‘*”..2’"“'” pyTISOB28001
' province PRV serial NO- 2/08/19
\
||

] a Y v o A ¢ ~
AINN 21 LLNQNﬁml%lﬁ']LLﬁguqﬁauwaﬂﬂ’]ULLﬁQ@’]wmﬁJLL‘U‘UiIﬂigﬂﬂﬂﬁa‘U
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=

] a % 9 A ¢ a aa
AN 2 LL&NNﬁ@llﬁ/\lﬁﬁLLasuﬁauwa\N’]uLLaﬂaﬁwmaﬂuvﬁ%aﬂauNaﬂﬂu (POly

crystalline silicon) 8%e DYY SOLAR filifinszanaseu vuia 1.636 m” waziddluiingsgn

270 Wp fanndi 22

Passageway

Back sheet

Working Pressure
Working temperature

ELECTRICAL CHARACTERISTICS (STC)

Peak Power Watts-* PMAX (Wp) 270
Power Output Tolerance  PMAX (W) 0~ +3%
Maximum Power Voltage VMPP (V) 3098

' Maximum Power Current  IMPP (A) 8.91
Open Circuit Voltage voc (V) 433
Short Circuit Current ISC (A) 9.71
Module Efficiency n (%) 18.40

STC: Irradiance 1000W/m?, Cell Temperature 25°C, Air Mass AM1.5.
Thermal collector specification

Peak Power Watts 760W

Thermal Efficiency 46%

Insulation layer Glass wool

Flowing tube Aluminium-copper ®8x0.6 mm
Number of flowing tube 6pcs

copper ®16x0.8 mm, 1/2inch Male Thread
Galvanized steel , thickness:0.4mm

0.6Mpa

Minus 35 degree celsius to 150 degree celsius

Awi 22 wsras linazinseundsnusasefnduwuuluiingzan

I3 a (4
2. LNSLYaaLaaInae

&

LRI AR LEIDINAIN LT LI T LA N Y LN IT AR WEID 1NN SVRATAADUNDNLAE

(Mono crystalline silicon) &te Jinko Solar fiflvuin 1.94 m? wazAaelnfingegn 370 Wp

LAASIAININT 23

PHOTOVOLTAIC MODULE

Made in China

xirmus

Maximum Power Current (imp) 928A
Open Circuit Voltage Vo) 48.5v
Short Circuit Current (1sc) 961A
Operating Cell Temp. 4522°C

:' 1000VDC

154

-40°C-+85°C

A

0-+3%
395V

c
26.5(<g)
1956992 30(mm)

perform on

connecting modules.
DO _MOT damage or scratch the rear surface of the module

& reg- CE€D]

] ¢ A &
AINN 23 LN RALLFIDINGY
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3. Juanufou

Jumnudou (Heat pump) 8%a KONNEN 31 Volcano series HT7P-E7 fifun
ANNSaU 17.8 KW, 198151911 R-134a LLazmmaaﬁfmm%’auiﬁqqqﬂﬁ 80°C anmd 24
Tnsnaidenldtuainufouruiadandnliannisdnudoyaidosduainlsendnd uasd

Fnseuavnruatuauseulanaun1sIUANANUINT N.2

K KONN=N il

) 15555555 ARANNNN
>

Rated heating capacity

-\
““- =

Rated input power kw 242 398 242 395

AW W

Rated input current A 10.58 17.56 458 752

'm
g
5
‘
g
[

-
S

Maximum input power kw 314 517 3.14 513

Maximum input current A 14.00 23.23 595 9.75

eSS
BN SN N

Performance coefficient(COP) / 339 339 339 342

-

RN NN SN
S N

Rated hot water output temp. © s

Y777/ [ []]
Y777/ 111

‘Q\

R AN

b

Maximum hot water output temp. ©

A 24 JuanuSeunlaluauiay

v & ’e’ v
4. fanuunsou
faAvinieu (Storage tank) viuthifivirseunilaainnisuanideuainuseuain
Juarufou Javiwnanmdnanuiad (Stainless steel) flvwinAug 3,000 L uaziiusiae

QUIUNUN 7.5 cm AININA 25

2NN 25 daAvinsou
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5. duLIBsnes
Suesmad (nverter) vintndlunisidsulniinsznansadulniinsziaadu lag
TusgUUtUsENaUMILBULIBSHBTIIUIU 2 LATDY LASDILINABLINN UKL AAWEIDARENT]

$1uau 14 uns edesutasiniiingy iMars BGSKTR ansnsaudasindalwiigegail 5,000 W

a

o = .:4' = Y o a % o A saao
AININN 26 (N) LLagLﬂi'ﬂﬂ‘Wﬁ@QfﬂaL‘U']ﬂULLNQNaWIW‘NWLLazuqﬁauwa\Nq‘ULLaQ@qﬂmﬂV]NGU']‘L«!'J‘U
anil 1,500 W

4w logldiasesudasluiingu iMars MGIKSTL arunsautasiqelnilngs
WAAIRINING 26 (uaNINTLEIBUneSneTNEesTudtausaifiutuiindoyaneiuli

YDA ARLAID AN T LAZLEINAR [T Az U3 DUNS I ULEID AN T LD Ne e

(@) uaswasisaldfuszuUNaA LAz UNSounaULaI 1 Tng

2NN 26 BUIBDSLADS
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Jutnldlunuidedusenaviianesin Fusazsianissaziden fn15197 2

M15199 2 S9aLLREATBIUNLN

S19aLI8N

Y
RUIN

§%0: SEAFLO
3u: SFDP1-014-080-22
dms1n1slua: 5.1 LPM

o w

Maalndd: 25.2 w

mudsuilusunudoudi
Wi Solar PV/T wagleylu
NIIVNAADUANTTOULUDIUNS
iiodononluindefusyuy
Tngy

(NAEDU U INYIFYNAIUY

NALINY)

Bve: Wilo

JU: RS25/6
9n51N15Lnagegn: 13 LPM
naaluldin: 93 w

mguﬁauﬁwmml,m Solar
PV/T WiauaniUasuniiy
oufvansyaulutuag
Sou

(Mageyu M 15991807

WAUIaRUakyeUIIN1g)

Bvie: SAER
JU: KFZ1
8n31N15Lnagegn: 2.4 m*/h

Aaslalin: 370 W

muﬁauﬁﬂmﬂﬁuﬁuﬁﬁau
Twandsuniudoud
\w3osaruLuvesuaiy
Jou (Madou u 15391dn)

WAUIaRUakYeUIINIg)

§v0: Burks

JU: BKN-750EH
9nTINTINA: 6.6-12 m/h
maglvn: 1.1 kw

wyuisuFouaindunui
Fouwazdilufiensainagns
(mageu o lsesindnd

WAUIaRIUakYeUIINIg)
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A A o v o= Y
Lﬂia\‘lilaﬂi?ﬁ]')ﬂlLaz‘UuVIﬂ?JaZda

(%
[

iwsnallenniaianaziuiindeya dwsuiutoyaanmgivindeu gaumglith A15ed

LY

91998 dnsn1sivadanla wazmaslnily Wusu Tusddetnansdunisan 3

A13197 3 SarlduavasATRlanTIintaya

aunsal U AENUR

a

GRERGLINRI wesluduila (Thermocouple) %ila k Lag

Y
lgusuiuasestuiindeya

Frgunganialea A —50 °C 8 +150 °C,

A1ANYNABY +0.05 °C

iwsesduinteoya §via: Lutron
JU: TM-1947SD
WUU: 4 channels

nihveunanmaaumginsauldnuuiy

= = Thermocouple Type K
e v o
R UUNNYayaas SD card
ANAIUYNABY AB + 0.5°C
- o e v v
LATDIVUNNTYDYE 8#v10: Graphtec

Ju: GL240
kUU: 10 channels
Guitndeyaas SD card

AIANYNABY PR £+ 0.5°C

3eaindaudInig §%a: Solar module analyzer
ISR L HRIRALT Ju: PROVA 210A

I uaztifou Tauserulviildasan 60 v
WA UUEIDTIRE Tanszualviiirasan 12 A

ANAUAMNAAIALATDU £1%

A¥nmasung Solar PV/T & Inede

NAITUNABNU)
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gunsal U AENUR
PIDIIADMIING §v10: Treatton
navesu1nUy Ju: Z-3004
AMUSOU 9M5IN15a: 4-60 LPM
LPIDIIADMIINNS g90: Treatton
Inavead19uns u: Z-3002
nanlndwazun 9M5IN15a: 2-18 LPM

SounaIIny

waaing
gunsalinANTed §9e: Apogee
a19ing NSRNOUALBUDIINA: 0.2 mV o W/m’
AulFuiiey: 5 W/m? sie mv
\3esiiotnTe fve: Chauvin
wasaulaifi Ju: CA.
Fausaiulndilegean 1,000 v
Tanszualnfingsan 200 A
whanUiiwes B9e: UNI-T
Ju: UT203

Fausaiulndilegaan 600 v
Tanszualnfinasan 400 A

AANNYNAB AR £ 1-3%
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A5ALIUUIY

NAdensassuyumunasuliiwedsehd@dmauiadivalveysinis Taensls

(%
Y

STUUNARUIS0UAEULANSDULESUNSHAR A ILaL U3 UNAIULEIDRY TYUADUNS

AMRUINUITYAILEAS I UNINT 27

anb.
5
=

Amendayams lindsnulssshdndwaunainualvedsnis

v

NAFDULHAURALE@VINE, Leg Solar PV/T

waz Juennafau

v

A3 UUTIRDIYNIPIRFNERS

v

PONLLUUTZUU Solar PV/T Boosted Heat Pump

v

ARAITZUU Solar PV/T Boosted Heat Pump

v

NRFD LIRS IMS LVRLNENULRS Solar PV/T Avansaudessuu
Solar PV/T Boosted Heat Pump

v

NESDUIZUU Solar PV/T Boosted Heat Pump eNumMs 15411935 9

voglseghae)

v

APHIEVFNTIOUSVDITZUU Solar PV/T Boosted Heat Pump

AFHTVATEEAERS LazAUTINTT NS 9T NS

dl g:’/ o a
2# 27 Fumeulunisaniiueuy
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sunauil 1 ¥nsdnednvarnisldndsnulnilulsehdaimeauiasivalye
U513 uarnndouansIauzvesgUnIaling 4 Wud Tuanudou ungaduasening ung
nanlul ez infoundisnunasenfing (Wne Solar PV/T) 1ilo 9z a@19uuuUs18099119
adinrnanslunisesnuuusruunanindeusieduainutowasuniswanlniiiuazinfou
WEIULEIDTING (Solar PV/T Boosted Heat Pump) tnswuusiassndaaiansazldiiie
AUIULAEILATIZRIUNITEONUUIN SIUIULKHIWAAUAIDTAE Wazure Solar PV/T 7

wNgELLASEUUSINaT SisesiBendai

o nsvndeUaNIIaUTYeItuANTou avvhnsageutuluaueuvun 17.8
KWy, B%8 KONNEN U Volcano series HT7P-E7 ldfan3vine1u R134a aunsavinmnusouls
geanil 80°C

® NISNAADUANTIOUTVDILNITAdAIDTnE MvdnTAnoundnified (Mono

crystalline silicon) 8% Jinko Solar iflvua 1.94 m?” uazfdsligegn 370 Wp
® NTNAFDUANTTIOULVDILKY Solar PV/T IG]EJ‘Vl@ﬁ'EJUﬁ\TLLUUﬁﬂi%QﬂLLﬁBIﬂjﬁﬂi%ﬂﬂ

ATDU %aagmmaaummmmgmmaau ASHRAE Standard 93-2003 Tun15unan FR(TOe

[

44' o o o = a 9 P ~
way FrUL L‘W@ﬁ']ll']ﬁﬂﬂ/l']u’]Uﬂqa\TlWﬂqLLagﬂqusaumLLNQN@WI@"UWﬂﬁ@JﬂWiW 12 LLATLND

v A

AntdenunsdaussausAananlulalusyuu Solar PV/T Boosted Heat Pump lngfiidumnau

-

[
v

U

1. yannaaukinan i uazirfaundnuuataindiuwnalunisiiedls wazideasin

a Ql'

& PN = ad a o
l‘!Nﬁguq‘Uﬁ]’]Na%@]ﬂ]ﬂm@]qsﬂaﬁﬁﬂﬁlumwwa@ﬂ Gﬂﬂﬂﬁf]JUL@fJ\nll‘llﬂJ 18

9

2. veseuusailorSieniinddin = 790 W/m? + 32 W/m’

3. AuAudnsInsgaideauFeuntundiind Taeldiaaududuniunadian
PISNRAYTEIING 2.24.5 m/s

4. mvaudnsnsivaresiluszuunuaasgIudi 0.02 kg/sm?

5. muauguniiidunsiisunanlnil lnsgungiifivhnisnaaevegi 35 40 45
50 55 60 Way 65 °C AUAWY

6. srUUATABIiNganIzAsi (Steady state condition) Wilevhnsifiuuaztufindeya

#1199 WU gungiluinaeu auniiuin-een gumgilunluge Aldnsesduiinteya

Y

A= 1 a 1 3

(Data logger) Jusduiinaamaiisng 9 WazASIFIng

9 Y

v = v

nunnaY Pyranometer

fawanslunIng 28
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Tee ==
£ l
qﬁﬂ e — [ |
<
<% —~
< Storage T2/
tank
o _
. / \'.
8
Ke Purmmp
L J Y
Ts | L -
_________________ »| Data loger

a o v a Y v ) a ¢
AINN 28 igU‘UV]I%V]@a@Ua@JiiﬂugsUaﬂLLNQNamVLWﬂ']LLaguqiauwaQ\‘]’]ULLa\‘]@qvmﬂ

dlevhnsiiudeyaiasa deyasie o asgnihlulnseimaussausvosunsndalnii

Y

Y v o A ¢ o 5] A oA a S v
AL UITDUNAINULLAIDINHEY ASATNN 29 L‘INEJLa@ﬂL@WLLNQN@WIWWWL@%U’]‘J@H

[

WAULAI RN aussaus Agalufaadlussuunaninfausievumiuseuiasy

AsNAR A LAE U3 D UNAINULEID AR

( Start )

v
/ Input: Ac m; I+ T, Tg; Teo /

A 4

Calculate: Qco, Neout

A 4

Qcott = M:Cpr(Teg - Trp)
Necot = Qeatt 7 (A = FTQ, - FrU (T - T/ Iy
Linear regression analysis between

nCOll and (Tf,i - Ta)/lT

A 4
/ Output FR(Ta)e FRUL /

A 4

End

AN 29 TUNDUNAFDUALTTOULVDILANAR LNHAILAaZ IS D UNS I ULAID R

»14 ASHRAE standard 93-2003
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FJunaudl 2 ndsanlduuusianmadinaandiiiediaes svUU Solar PV/T
Boosted Heat Pump 9¢1#3$119u uagwuiavesgunsalfimuzan Jeiinisindassuy
Fanan Tneiiniseonuuuszuusalunmd 30 wénnnsiauwesssuuraminseudsduany
Loulasusneniswanliiiuazih foundinunateriingSuan wWeviiluadlusumiudeu
Mnuwsrdnliiiuazihfoundinunaseindviliindigumgiigedu uaglnadiludiom
arwdoulifuasyinurestiuanudounsgassniidanemudutuieiosssivelngrinu
gunsiuanBsuaudou dumsvhauvesdiueufeuiuan asvienluaouglofou
sndefieenaniniessnlelasenluemennutouliiuihandufui-feuieduaudou
meluadesniuniy wanansvinuazgnavkiunaeiureuratuayivaneludindian
AIUAY Lﬁaamqa,mz;]ﬁu,azm’mﬁudauﬁ%lmiﬂﬁm%wzmaLLazmguﬁ'EJu”LUL‘%aa 5 @

s ]

VUL AR IR g NN se o3 uA U ST ULl ugIunsinasnda i Jeuliiu

6

Juanudou wazluihndslaanunandalniuaziisoundenuuaseindnzgnleuliiu

Jusing 9 Tuszuu wu Judeuinluduiuvinfou aunsalwaniddeumiuiou uagdudeinly

2NAINGNT

Water valve

Expansion Valve

Storage tank

Heat pump

Evaporator
Condenser

Grid tie

| Reservoir

Grid tie Type fluid
Solar Photovoltaic — \Water

— Refrigerant
— Electricity

— Wind

| e e e i

AT 30 SruURannSaumeULAMUSUESUREn1SHER LN

LALUNSDUNSIULEIDANEG



41
uRau 3 vnisedeusasiiutuiinteya lun1svegeussuunanunsoumely
AuTeULETUMENSHER ez TaundnuLasefing a lseihdalinauiaiiualye

[ I

U31n15 Falanuinisnaasvesnidu 3 snsinisinaniiutrndalnfiuazinSoundaanu

L@191ng Ao 8n51n15luad 6.8 LPM 8.2 LPM way 9.5 LPM wiionnsnsinisluaivinle

aussnuzessEUUAnan uagldmaslnihainssuulniniiugiu (Grid) deedge tnalavinnis

(% (%
a

Ankagnnsraiarng 4 fanwil 31 sunoulumavnaeuiitd

1. dadniluenudoulifigungd 65°C

2. mu@ué’mwmﬂwamaaﬁwﬁmu%umm%fauﬁﬁ 30 LPM

3. At lugafAuindeuiivsina 2,500 L U5mnaildasdlulsseindns)

4. Futufindoualuiiat 9:00 u. auwdnt1feuld 65 °C uazviinistufindeyanis
NARBIYN 9 5 W

Sunaudl 4 negeumMTNnaMIraLUNTsIFuesdlulseeingn T e sanmialse
ghdmSursiil@Busniiunislune 12:30 u. Sefewnnatlunisiauresssuulimngay
wagriualtnuasawedseindnd lneduiinteyanismaaesn q 5 uil duseazidenly

a v U a
A1TNAABDULNUDUAIVUNDUN 3



a2

Reservoir

Ppump.3

olar radiation

S
— Wind

Water valve

Storage tank
L &
*
——» Refricerant

—» Electricity

—»  Water

g
=
e
0
=
l_

Tmrnd,i
Tm'mi,o

0
A

[l

J35UBPUST

F|"""

- P'Co mp

Compressor
> f;

Expansion Valve
Heat pump

(00 e

OO0

ey

Solar Photovoltaic

IEE] = =
--
i ('l
(%]
_b |_‘_‘_- %

AN 31 S198LLDUARILNLINTIVINVDITEUUNAAUITOUA IS ULAINUSDULASUADE

A5eAR LA Laz NS UNAIULEID1TINE
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YuRauNl 5 AATIZRNANITNAGRU Laule1AnegninlaluilesizRaussousues
wanan i uaz i SoundsunaIn1fing (Photovoltaic Thermal Hybrid Efficiency; Mey/r)
AUTTOULVDILHILTAALAIDNNE  (Performance Ratio; PR)  A18ms1@LUse@nsainymig

WasuveIlNANNSoU (Energy Efficiency Ratio; EER.p) wag Use@nsn1mlagsiuvesseuy
(nSys)

Yunaud 6 lduvuiasimuadinmansinounluiinszideyanieinuiasugenans
W szezlanAuyy Yad1Uagduant dnswaneuunuangly uasaduidyiamnisldndeau

§ume (Specific enerey consumption; SEC) Tneduandléainaunisi 29-32



UN 4

NawazanUsigNan1sNnany

MnneAdelunisneaeussuunaninfouseduanutouasudienswanlniues
ihfoundsnuuasoning aunsaRlINITIR T ikazasUNan1snageusaniduy 5 @ il

1. foyanisldndenuvadsuhdimeauiaiualyeusnis

2. MM5EBNWUUTEUUNARINSaudeTumuTowasudiontsuaalniluayiide u
NHNULAIRTIRE

3. AINAEDUSTUURARLNSaudeduaudouasudionisnanliiuazindou
W ULEeTIndieMEnsINTSIMatn T UL SO URTULE g L L ASE UL

4. msnegeUNsdUIswessTUURaM Sousetum L ouLasusEn1saR LW
AT YD UNEINULEID1TINE

5. MIATNUUUTIBINNANAMANTINDIATIENTBUAN WNAUATEFANENS

174 }74 o 1 3 I3 o
Yauans lInasUva9lsegindgndmautanivalugusing

Y

[V 7 '
U A

lssgdndmeautadivalyeysinis AWudoTun 21 nn. U w.e. 2549 waznsayly

waguutuvuesaIi i 3 dvanuests sunslreusinis Iwmialeddud uanadanin

a
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AT 91 ANFRSIENUTEANS AN MNanasuazinaalnindeuaieedn loveslumnusau

NNINA 92 hananadtni1Nuadntaainszuu Solar PV/T tagaiasianiikxe Solar
PV/T TauanLAuAfdLaiIan 12:00 — 14:50 4. kag 1281 10:40 . tes1nidiainauls

Y]

Jauws Solar PV/T Tuundisan fssiiuldimasviniinanldsisniutuwazanasn
A3edoriing Tnowuinmasldi (DO) gegnitanunsandnldviniu 930 W fd1ads 416 W
deuwvadliainnszuansadulniiinszuaaduniudunodimeswdmuinddsludii (A0
geanilldvindu 913 W fidnades 408 W msfuuszavsammisiniinuesszuy Solar PV/T
ynfinrsanamzlusiililaunandulsitaziiiigean 14.40% faadowiiu 13.89%
dnfurindslninfindaléainszuu Solar PV nudngasiaan 12:00 - 15:15 u. way 8:30 -
10:40 u. ¥ liA&sl (DO) gegain@alavintu 3,125 W fidads 2,200 W iileudag
Mnlrlfhnszuansadulwiinssuaaduriudunesinesudr nuinddslnd (ACQ) gsgaitls
WU 3,065 W fldaae 2,158 W maduuszansnmensiuiiuessyuu Solar PV (@il
TauLats) azdlrngean 16.22% JAnadewinfiu 13.64% uansisnind 93 lagainaiwd 94
LARIAALITIUETBITFUU Solar PV uagszuu Solar PV/T §aA1aussnuyvesszuu Solar PV
wilengean 83.35% flAiady 70.17% wazaussnuzuesszuU Solar PV/T Sagean 81.34%
fiAuade 78.019% (ditlifien) Tnewuigungdunsiigeluazdsmadoaussousveaszuy
Solar PV fishnd1szuu Solar PV/T iifesansyuu Solar PV/T fdidunssunevioanany

Fouveaunsdwilvisyuy Solar PV/T Haussaugiganda
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aa 1 v

a1l 95 uandliitudn Tudrsnariiardidefindgsumdalniniingnldain
52U Solar PV ua Solar PV/T sauifuasgetude Sudunafdendlsssindnfidesannitili
Usgndnenlaiin udilletisnaniidnisderfindanasszuuazinisiaindsliiiiansyuultin
flugnudiungasuiniu sznaufugunaduiludufviidouiigetufagsinlissuuld
dslalifigeluduioatu lnsanuaildnuirhdslnihideulffussuy Solar PV/T
Boosted Heat Pump #asnsindslaliidaus 4.13 — 6.26 kw dadundsluiiléludu

o

nnfuazgunsaidu 9 Andundesulafinfidesnis 40.32 kwh/seuniswan d1wiu
Aaslnihiindnlaannszuu Solar PV wazszuu Solar PV/T asnsandnrasiuiiniiedeu
TuAszuulfaean 3.98 kw Amdundaanuladi 20.10 kwh/seuniswdn wuinindslaldiag
NanlaanauLaseingldiisanesosyuy Jenesiinishandsaulndiannszuuludn
ﬁugmﬁ’hmwﬁmﬁm 20.22 kWh/58Un"5Wan Lilednduiamfeuasauiidafuindounan
18lunilssounisuan 367.4 MI/seunisuan dmdundssuliinfideuldsyuuimunandu
WEUTIANSo U 145.161 MI/seuniswan Tuvasiiaudeuiilasuainaided
2ngAndu 596.77 MJ/58UNNSHER LALSEUUNSNIULEIDIARE (S2UU Solar PV Auseuy

a

Solar PV/T 520Au) Meda laaatdundsnuideminusaumingu 72.37 MJ/5aUnsuan 39310

aun1si 28 azlduszansaimlagsauveassuy Solar PV/T Boosted Heat Pump (Ms,s)

WINAU 59.28%
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NANITNAADUNITNINIUVBITZUY Solar PV/T Boosted Heat Pump wuusaLilasiu
3 7 u Taevin1alassuuasiag 12:00 - 17:00 u. kagvinuasluiudaluna 8:00 u.

ulAgunniun 65 °C aaUAATUT 17-24 Suaau w.e. 2563 (elu 7 Tuasiiiungn 1

Y

a

$u) uansfanmil 96 waznmil 97 wuirgamaienniawindeniiaegszning 9.4 - 32.6 °C
daumSedenindiaregsening 26 w/m? (ilesanniianluunstnaaan) 8e 1,123 W/m? @n
Snsndulseansnmmandauyestuainutou (EER) HAdaus 1.94 — 4.27 kW, /kW. Ing
wulugisiigungivlufashasyhls Eer fanfigedu Wogumaftludedigeduasyili
EER fiFnflanatiion o dmsuidslninfideuliseuu Solar PV/T Boosted Heat Pumnp
Usgnaulugendsolwihiideulituedossnlowas utheng q lussuuldidslniaan
6.80 KW Anwdundanulwiihfitioulsssuuiis 7 Suwiniu 257.9 kWh/week uazindalndid
HARLAINTTUUNSNIULEID1 7RG (52U Solar PV wagszuu Solar PV/T waalwilsiudiu)

a1

A MiuTukazanawuaAisdeniing dessuvanunsandamaalningaga ity 4.11 kw

Antdundsnuluininadnlena 7 Susiuduwindu 113.5 kWh/week 987U 20039501574
wasulnihanssuulihiugrudnfiandaigean 5.51 kw Aadundsanuliuintu

144.4 kWh/week
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3¥UU Solar PV/T Boosted Heat Pump

(NAFBUTLUU 7 TuADLID4)
AATINLATYFANENT

NAIINNAFDUITZUU Solar PV/T Boosted Heat Pump #1un15k91uasaadanunss
adsaunsvinuneindelniiiues EER veaduaiudeuadudiouns Solar PV/T I¢ titoay
anunsavhuneninduln i dldlussosnisUvesssuuianas Feaunisiauiean EER
anunsarwnildaInaunsy 40

EERwp s = 81.8378 x (10016628 5 (T 019456) 3 (—l—ﬂo-osozm) X (TS 077807y ﬂllﬂﬁﬁl 40

duaunsyinemaslnihfideulieiessnloaunsasunaldainaunisi a1

Peompsim = 267.31 x (T¢,>?%%%%) x (Ts"*%*") x (EERp ') aunns7 41

aun1sf 40 uay 41 lfannininendeyananaaeuiluainufourestud 11 - 12
Su21A 2563 LARIRINNTINT .10 waz . 11 luniawuan Weuvinisiaszinisannssy
\WanyA (Multiple Linear Regression) wazdlefuinaunisiueiielUssuiisuiuna
msneassnudiailndifsstusazlVlufiamafiontu anaimil 98 wuiaunIsune
EER 98395%UU Solar PV/T Boosted Heat Pump faumaisaden 2.79% wavaunisinung

Maslnivestumnusouiianuratneasu 1.31% LandndnIng 99
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5¥UU Solar PV/T Boosted Heat Pump #8015t iuilidusmiunuvesiaaziiauiiAiuie
Tnearniniildvnainninudeunaninden wazldndsulnii 3,005.78 kWh/month wie
36,669.36 kWh/year mﬂm‘wﬁ 100 wansanwznIsknasaulninvesssuu Solar PV/T
Boosted Heat Pump (51882188AN15ATUIULAASAINIANYIN N.4) WU LHOUNgBAIAY
Huidouilindsnilaiianssuulnihiugiugan 761.53 kWh/month dmiuifieunanau
Hudouiliwdsaulnliiviiga 682.43 kwh/month FamnAadunisldwdsemildialu 1 9
WU115% UV Solar PV/T Boosted Heat Pump agldwassulniin 9,156.67 kWh/year dio
Wisuiisuiuszuuiudld heater avaruisaannislangsarulviiniady 27,512.69
kWh/year Anfuduiuszndale 125457.87 Baht/year Wu1152UU Solar PV/T Boosted
Heat Pump aunsaannistiindanulniiacls 75% lngldiRuayuasnessuu 708,060 Baht
Antluszazfunufe 6.07 year 893 Manauwnu (IRR) 14.24% yar1daqdugns (NPY)
409,011.73 Baht msduadadn1sldndeau (SEC) w09l W.A. 2560 — 2561 fALaas
Winfu 7.33 kWh/6n wiseAniduaildane 33.41 Baht/fn avanaamde 1.83 kwh/fa aadu

ANYI18WINNAU 8.36 Baht/fi7 S1898LD8ALEAIRAIANSINN 5
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A399 5 51882L88ANITIATISAATETANEAS

100

5’186&589’! ﬂjﬂa'mm'm%au 3%UYU Solar PV/T
(Heater) Boosted Heat Pump

&S (w) 27 5.69
waaelwihildiade (kwh/day) 117.53 29.35
W&l ildsel (kwh/year) 36,669.36 9,156.67
Alnneniay (Baht/kwh) 4.56
Alte (Baht/year) 167,212.28 41,754.41
nauszudale (KWh/year) 27,512.69

nauszudale (Baht/year)

125,457.87 (@& 75%)

Wuamu (Baht) 708,060
SregAUYU (year) 6.07
NPV (Baht) Ansnsneniie 6.22%

409,011.73
(5umIngalng, 2564)
IRR 14.24%
SEC (KWh/#13) 530 1.83
SEC (Baht/#1) 3341 8.38




unil 5

AjUnanN1sIdLuAzUaLEUILUE
#3UNaN133Y

INNTIATIERRANISIAEDUTBISEUURAMIN S audeduAudeuLESudEN 1S HER
Tifiuazifeundinunaeiing Tnonisanwudsoondu 5 du feil

dudl 1 1Wunsvaaevanssauzvestuaudeu uneranliiiuasinfeundsay
wase17ng (Solar PV/T) sasdlaunananlndindaaiuuaseniing (Solar PV) a1n1snaaaunuin
Humnugoutien EER e 2.95 kW, /KW, uns Solar PV/T wuuiinszanaseuiusyavsnim
/88 54.13% way ks Solar PV fiuszAnaninade 15.10%

drwdi 2 Junslduuusiaomisndnemanslunsos ALUUTLIAKAZ S ILIUYDI ST UL
Jumnudeudsudenisuanliiuazir foundsnunaseoiingAmnzauiunsldaululse
ghdnsFanudn seuuimunzanuszneuludreduainudousuin 17.8 kW, 19a1svineu
R134a wid Solar PV/T WUUSNSganAsayu YuIAmaatnin 295 W 31191 4 Whe #aldniues
Authdauaum 3,000 L SufuunsgadLaseingrunialniingegn 370 W d1uiu 14
AR

dud 3 ievnnsAndessuuLEIE N ITAdR U BRI INS YD S NN
Solar PV/T fivmngaufunisléeu aanisageunuindisnsinisiva 8.2 LPM wianeauly
mﬂ%’mumﬂﬁqm lngilAngnsrdmuuseansnmwaeany (EER) gegaiviniu 4.74 kWy/kW, &
ALadY 3.38 kW, /KW, dusumdslniifindnlaainsyuu Solar PV wagszuu Solar PV/T
wansufiuligaan 3.99 kw Andundsaulniin 23.82 kwh/seunisudn wieAnilu 63.88%
yoendsulniiindndnundrsanndsaulniiianuadildlu ssuu Solar PV/T Boosted
Heat Pump Aldwassulaiingean 6.06 kw Andundsaulaidi 37.29 kwh/seumsudn 39
slsiinaslindsnulniihanssuulwihtugudianiia 13.47 kwh/seuniswdn vieRndu
36.12% voInsianasulnidiluszuu Solar PV/T Boosted Heat Pump

gt 4 Wumsnwnslimdseulniiwessyuu Solar PV/T Boosted Heat Pump
deldiuaselneszuuazBuvieusausng 12:00 - 17:00 u. awnsananindeuls 55.2 °C
wazagngavhatudeutrndunduielvallutudeluing 08:00 - 10:40 u. Favinlld

Foudsuin 2,500 Gnsigamgil 65 °C 16hia1 7 h 40 min TunskaninSeudesaunisndn i
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A" EER Sum%mmm%’auqqq@ 3.99 KW, /KW, fifade 2.97 kW, /KW, maussauzniabidi
(PR) 99953UU Solar PV wazszuu Solar PV/T fiAnadeiadu 70.17% way 78.41%
audnsu Tuwnisfissuuiinisldndeanulniiioma 40.32 kWh/seunisuan Tagldansyuu
Solar PV/T wags¥uu Solar PV 571 20.10 kWh/saunsuds vinludinaslandeaulaia
mmzuul%lﬁwﬁugmu%ﬁm%ﬂ 20.22 KWh/58Un15K@aA warseuy Solar PV/T Boosted
Heat Pump #Usz@nSn1mT3 59.28%

dd 5 unmslengimenuassgmandanuuuiaesadineandiitevinung
sl sunaonT e ssE UL 9INMsANEINUI 530U Solar PV/T Boosted Heat Purmnp
anusaannsidndsaulniiadld 27,512.69 kwh/year Andudufiuseudald 125,457.87
Baht/year viaoanad 75% wiowflufussuunanidounuildunanliin awnsaandeiinng
Tonas91u (SEC) aslaannifudian 7.33 kWh/é 158 33.41 Baht/f3 Wiae 1.83 kWh/sn %30

8.36 Baht/s lnaszuumananldiiuasu 708,060 Baht Anidussezfuyu 6.07 year s

NanaUWNUY (IRR) 14.24%
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1. 1eannluseu q lssshdndmaauiadvalvsusinistduligadudiuiuuin
dsaliAndiUsiawaauasoing uazuHs Solar PV/T Tuuistaanan 3wilvlaaunse
andunumaFundssnliinldegasiud

2. SndlaymnileiiiAntuiuszuu Solar PV/T Boosted Heat Pump fie aznsu Taymn
fanarafnnminssuniivseneulufeussiraseia dewennudeugs q wwitiliiAad
aTUarnuULASskanAsumouriawnsesmusivlutumudeu Sedemaldsruus
vlvnaminfeufaguugd 65°C Idthas uarszuudeslindsnulnihfinniuludnge 3
Budlaie Tswehdnimstnsesruumsensesindteieantymesnfilusyu

Fau wnfinsudledaywidanan gyilvinnelseend@ndanunsnanfuyuni1eniu

nasulAasnnIulddn wazaunsaldauszuulaosnsenuIu



104




105

AANUIN .

AD819N15AUN



106

AMANUAN N.1 FI0ENNITAIUIUNITITNBIANN 9 U893EUU Solar PV/T Boosted
Heat Pump lagszuuldensinisluavesiiiuszuu Solar PV/T @9 8.2 LPM Usinauunlugs
AU 2,500 L & 1381 13:00 W. 9093ufl 11 Sunau 2563 daduiuivinismeasssyuulunis

Truasevelseingn?d
1. MsewInsnsINMsanmadeuiitriesnunLy (Condenser) vastunnudou
Qcong = 1 Cor (Teondo = Teona) = 0.5 X 4.187 x (39.6 — 32.7)
= 14.445 kW
2. MR ELUsEAvE AN e sueudeu

Q 14.445
gy — —cand _ = 3.794 KW, /KW,

Peomp 3807

3. NISANIUTATINTENEWANNSaUNTLAULN DU

t+At __t

(T. —TS) = 2,500x4.187 x(36.8-36.35) = 4.710 MJ

Qs = MSC S

pf
4. ANSANUIUMNAINANANAR AN WAL ULAIDTINE

Pevipyr = (Ppy + Ppy/m) X At
= (3.050 + 0.900) x 300 = 1.185 MJ

5. nsfamdsuiiteuliuiszuu Solar PV/T Boosted Heat Pump

Input = l:[(APV + Apyr) XIp 1+ PTotal:| x At

= |:[(27.16 +6.792) x946] + 4,390:| x300 = 11.136 MJ

6. NMIAUIUYTZANSAINLAYTINVDI5ZUU Solar PV/T Boosted Heat Pump

Qg+ (Boy + Poyp)

nSys =

It (Apy +Apy7) + (o)

4.710 + 1.185 .
= ————— = 0.53 %30 53%
11.136
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AANUIN N.2 NISATUIUNIIUINAINSDUTDIUNAINSa Uz lURRGY u 159an

doimauiadualyeysinis Ineaindeyailossiu wudn lswedaisesnislduisoudsunu

Ad 1 U A a

2,500 L \iondnirsougmumgilaaus 30 °C fs 65 °C lngynaniasideniindlasiaduse

U Y A

uAoUTEIIM 6 h/day anunsaawnlasel

t

(65 - 30)
= 2,500 x 4.187 x —————
(6 x 3,600)

= 16.96 kW

diesnnuuieduanufeuiianunsadenluldlaiiouin 8.2 kw 135 kW waz 17.8

KW WUININAISANUIANNSDURLAWNAY 16.96 kW TelleAtnamesduuuin 17.8 kW

vy o

FRY83NdanttUNALSaUINIA 17.8 kW tURnmslulsssindn maAuiafivabueUsinig

Y
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MANUIN N.3 IPENNTAUIURUUTIABINNAIAAEARSINEDBNLUUTEUY Solar
PV/T Boosted Heat Pump flouyinnsinfaszuuass ngldtayaiuuinaasenisdofinduag
QUNYILINOUVBUADY UNTIAY 131 12:00 . BT Iy = 867 W/m® T, = 27.62 °C uagld

punpfithisudufie 35 °C feliswasBondail
1. MIUILTATINITNITINENAINSOUVDILNG Solar PV/T
Qpy/r = Apyr[(0.328 11) = (7.2997 (T¢; —TL)]
= 6.792 x [ (0.328 x 801) — (7.2997 x (35 - 27.62))]
=1,870.21 W
2. MIVIUEgamMaIuEa Solar PV/T
Toursm = 0.05831 x (|T0.27576) N (—I—a145262) N (—rﬁi-o4o92972)
= 0.05831 x (867 %2"™) x (27.62 19%6%) x (35 09%72)
=42.85 °C
3. psvihunemaslninfindaldveauss Solar PV/T
PP\//T,SIm = 0.82707 x (|T0.56327) X (Ta70,47834) X (Tf7170,47705) X (TPV/TI.3394)
— 082707 % (867 OA563Z7) X (2762 —0447834) X (35 —0.47705) X
(42.85 %) = 860 W
4. MIMULYUNYTUNILIAIUATD NG
Toysm = 0.17661 (1,04156%) (T 086861
= 0.17661 x (867 *1°%) x (27.62 *¥586") = 5546 °C
5. psvhuneiaslnihiindeldveunagaduatoniing
PPV,Sim = 14.046 x (|T0.57571) X (Ta0.039103) X (—|—Pv70<32111)

= 14.046 x (867 *°™!) x (27.62 %919 x (55.46 034111
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= 3,030 W
6. MsvuEmERTEUsERVEN N I ume st deu
EERpsim = 4.4333 - [0.0829 (Ts - T,)]
= 4.4333 - [0.0829 (35 — 27.62)] = 3.82 kW/kW,
7. msvhunemdaliiiideuliunieiossalevesilumudou
PComp,Sim = 19587 x (Ta—0,15947) X (TSO.93508)
= 195.87 x (27.62 1°%7) x (35 0-93506)

= 3,206.04 W
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AMAKNUIN N.4 FIDYIINITATUIULUUINEDINIAMAAIEASVBITEUU Solar PV/T
Boosted Heat Pump %asanivinnismegeuszuuaanisideuasslulssendaimauiasiva

lwgusinisdnsa Inelitoyauuuitaesaidoriinduazaumalinvindenvenfiou naiau o

a1 a Y A

@1 12:00 W, G951 = 770 W/m? T, = 30.05 °C wazldgungiunisusume 30 °C Wile

AATILVVOUAAULATHFANERNS TINTNUALLDYARIT

Y %9

1. MSYNUIYDINTINITAITAIYMANSDUVBILET Solar PV/T

Qpy/r = Apyr[(0.328 1) — (7.2997 (Ty; —T,))]

6.792 x [ (0.328 x 770) — (7.2997 x (30 - 30.05))]

1,715.82 W

2. Mmavhuneggungiithvieenuug Solar PV/T fwum iy = 0.135 kg/s (31NA1DRAI

N13lnaNInggIU 0.02 kg/s-m?)
Tro = Tt + (Qpyyr / 1y Cpp)

30 + (1,715 /(0.135 x 4,187)

33.02 °C
3. N15UeA1 EER AMmum Ts = 30 °C
EERyp.sim = 81.8378 x (I120106%8) x (T,0194%6) x (T, 030281) x (T 077417
= 81.8378 x (770 °'%*) x (30.05 *1***%) x (33.02 *3%%¢")
x (30 OTTT) = 4,42 KW,y /kW,
4. msvhuneidslihiideuliuieiewdnlovesumudou
Pompisim = 267.31 x (T 22%8%%) x (Ts22%8%) x (EER.p *111%2)

= 267.31 x (33.02 *2%%%) x (30 *>%°") x (4.42 *11%)

= 3,245.98 W
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5. MIYIUIBUNNILKS Solar PV/T

Tev/rsim = 0.05831 x (|T0.27576) % (Ta1.5262) N (Tfyi’0‘°92972)
= 0.05831 x (770 %“27576) x (30.05 15262) x (30 0:092972)
= 47.86 °C

3. MsuIemas Wi Nxdnlaveawag Solar PV/T

Pov/r s = 0.82707 x (11056327 (T 047838) (Tf,i_0‘47705) X (Toy e 339%)
= 0.82707 x (770 0.56327) X (3005 70447834) X (30 70.47705)
x (42.85 1) = 964 W
4. MIVINUNYIUNNNUNILTAT AR TINE
Tovsim = 0.17661 x (1;%91°6) x (T,286861)
= 0.17661 x (770 *7°%) x (30.05 *2%%%!) = 56.8 °C
5. msvhweidslnihfindaldveunsvaduaoning
Povsim = 14.046 x (105757  (T,0039103) 3 (T, 032111y
— 14046 X (770 0.57571) X (3005 04039103) X (568 —0432111)
= 3,245 W
6. msmﬁwé’ﬂw%ﬁﬁammﬂsswlw%ﬁyugm (Pei)
Paria = Protat = (Ppy + Ppy/7)
= 3,245.98 - (3,245 + 964)
=-536W

(ane31 a Franadladnisfandsaulnihanszuuluinugiudiunld)
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7. wansyunendsnulniiiusendalaseduessyuu Solar PV/T Boosted Heat

Pump WalU3suisunuszuy Heater

A1519% n.1 SwazBeansanasulninuesszuu Solar PV/T Boosted Heat Pump Way

J¥UU Heater

e Eqrid Epeater Saving Energy
kWh/month | kWh/month | kWh/month
JAN 771.08 3,055.78 2,284.70
FEB 776.45 3,055.78 2,279.33
MAR 777.45 3,055.78 2,278.33
APR 760.70 3,055.78 2,295.08
MAY Y5191 3,055.78 2,303.81
JUN 749.45 3,055.78 2,306.33
JUL 748.88 3,055.78 2,306.90
AUG 752.33 3,055.78 2,303.45
SEP 767.64 3,055.78 2,288.14
OCT 777.41 3,055.78 2,278.37
NOV 765.64 3,055.78 2,290.14
DEC 757.66 3,055.78 2,298.12
Total Energy (kWh/year) 9,156.67 36,669.36 27,512.69




NNFAATIENTRYANNAULATEFAENS
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TR N v = 117.53 kwh/day
= 11753 x26 x 12
= 36,669.36 kWh/year
nsalnslseuu Solar PV/T Boosted Heat Pump
w7l = 29.35 kWh/day
=29.35x26 x12
= 9,156.67 kWh/year
HaUsndale = 36,669.36 - 9,156.67
=27,512.69 kWh/year
AnLduAldang = 27,512.69 x 4.56
= 125,457.8727 Baht/year
napauwnuandazausiel  (Adigsnwaady 7% YoIndsulniig
Uszudale) = (27,512.69 x 4.56) - [(27,512.69 x 7%) x 4.56]
= 116,675.82 Baht
R{uamusEUU Solar PV/T Boosted Heat Pump
= 708,060 Baht
SYYLAUNU
= 708,060 / 116,675.82
= 6.07 Year



yaA1dagduans (NPV) Amiun i = 6.35%

N —
R, —C

NPV = 3
= D"

n

—TIC

116,67582 11667582
14+0.622)  (140.622)°

=409,011.73 Baht
ansmanauwnuniglu (RR)

uf TR 2
IRR= > D " _T1C

— 1+IRR)"

116,675.82  116,675.82
5 2
(1+1RR) (1+IRR)

14.24%
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116,675.82
R 708,060
(14 0.622)

116,675.82
" - U 708,060
(1+IRR)
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AANUIN V.

v

VdUANIINAGHIU



a Y )~
M19791N V.1 NTNAFADUAUTIOULNNANUIDUVDILNG Solar PV/T wuulnsganaTau
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Tt set m¢ It Ta T Tto (Tf,i -T) Nm
0.034 846.54 33.7 34.4 37.7 0.00083 0.33

0.034 848.67 33.8 34.3 37.5 0.00059 0.32

> 0.034 851.35 33.9 34.3 37.3 0.00047 0.30
0.034 855.51 34.0 34.3 37.2 0.00035 0.28

average | 0.034 850.52 33.9 34.3 37.4 0.00056 0.31
0.034 839.75 33.5 39.2 42.1 0.00679 0.29

0.034 822.80 33.6 39.3 42.2 0.00693 0.30

* 0.034 823.58 33.8 38.9 41.8 0.00619 0.29
0.034 807.09 33.9 39.4 42.2 0.00681 0.29

average | 0.034 817.82 33.8 39.2 42.1 0.00668 0.29
0.034 830.65 33.6 aa.4 46.8 0.01300 0.24

0.034 825.29 33.8 aa’y 47.3 0.01321 0.26

* 0.034 835.36 2151.0) a6.7 49.0 0.01532 0.23
0.034 836.57 33.9 46.5 48.9 0.01506 0.24

average | 0.034 831.97 33.8 45.6 48.0 0.01415 0.24
0.034 810.23 31.1 50.1 51.5 0.02345 0.14

0.034 808.94 31.2 50.1 515 0.02336 0.14

0 0.034 808.57 31.2 50.0 515 0.02325 0.16
0.034 796.75 31.5 50.1 51.4 0.02334 0.14

average | 0.034 806.12 31.3 50.1 51.5 0.02335 0.15




A15199 2.1 (59)
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Tt set mg It Ta T Tto (Tf,i - Tl MNm
0.034 831.58 32.5 54.2 555 0.02610 0.13

0.034 837.21 32.6 54.3 55.6 0.02592 0.13

> 0.034 832.69 32.1 54.1 554 0.02642 0.13
0.034 834.53 32.2 54.0 55.3 0.02612 0.13

average | 0.034 834.00 32.4 54.2 55.5 0.02614 0.13
0.034 838.04 33.4 59.6 60.7 0.03126 0.11

0.034 836.57 33.2 59.6 60.7 0.03156 0.11

° 0.034 833.05 33.3 59.5 60.6 0.03145 0.11
0.034 830.65 33.3 59.5 60.6 0.03154 0.11

average | 0.034 834.58 33.3 59.6 60.7 0.03145 0.11
0.034 840.17 31.8 64.5 64.9 0.03892 0.04

0.034 842.76 32.2 64.1 64.6 0.03785 0.05

” 0.034 851.35 52,5 64.0 64.4 0.03724 0.04
0.034 841.92 897 64.0 64.5 0.03718 0.05

average | 0.034 844.05 32.3 64.2 64.6 0.03780 0.04
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A5199 9.2 KANSNAFBUANIIOULES Solar PV/T wuuiinszanasau (Fui 16 w.8. 2562)

e It Ta T Tto Ts To Pev/r
W/m? °C °C °C °C °C W
9:00 438 23.8 25.8 28.0 25.3 29.3 134.8
9:10 461 24.4 275 29.2 26.4 32.8 139.7
9:20 493 26.3 26.0 29.7 28.7 34.7 151.0
9:30 539 26.5 26.7 29.1 25.6 36.7 165.7
9:40 570 275 26.2 30.1 27.4 38.4 175.3
9:50 599 28.3 28.5 30.9 27.2 41.4 183.2
10:00 624 28.5 28.2 31.8 28.4 42.7 190.5
10:10 649 28.8 29.2 32.9 30.9 43.8 197.1
10:20 676 29.1 30.6 329 30.8 44.9 204.8
10:30 694 29.3 31.2 339 31.4 45.2 209.6
10:40 718 29.1 31.2 34.0 31.3 46.8 215.9
10:50 733 29.8 31.8 34.8 33.0 46.4 2195
11:00 754 30.7 32.9 35.7 33.4 49.0 224.0
11:10 774 30.4 33.2 36.2 31.8 48.7 229.9
11:20 788 30.6 33.4 37.8 36.1 49.1 232.9
11:30 802 30.5 33.4 38.2 34.4 49.8 236.3
11:40 816 30.7 35.4 38.4 35.0 49.1 240.2
11:50 824 31.2 34.5 39.4 35.6 51.6 2416
12:00 824 315 35.7 40.1 38.5 52.5 241.1
12:10 831 31.8 373 41.1 39.0 53.5 2431
12:20 835 32.6 38.4 41.7 37.2 54.0 2435
12:30 837 32.8 38.1 42.0 38.8 54.6 2437
12:40 825 32.7 39.4 43.0 39.4 54.8 2418
12:50 829 33.3 39.3 44.1 41.5 54.7 2427
13:00 826 335 40.5 43.7 40.3 55.6 2417
13:10 809 33.7 41.4 44.8 41.2 54.8 237.1




M15199 2.2 (5)
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e It Ta Tt Tto Ts To Pev/r
W/m? °C °C °C °C °C w
13:20 796 339 42.2 45.4 43.6 54.8 232.9
13:30 788 34.0 42.4 46.0 42.2 53.2 232.2
13:40 775 34.3 43.6 46.7 435 55.5 228.6
13:50 757 34.3 43.8 47.1 44.2 55.2 224.7
14:00 738 34.5 44.2 47.6 45.2 55.3 219.1
14:10 715 34.3 44.8 47.8 45.2 54.7 215.2
14:20 691 34.6 45.4 48.3 45.9 537 209.5
14:30 670 34.5 45.9 48.5 46.5 53.1 200.8
14:40 641 35.0 46.4 49.0 47.1 54.8 196.7
14:50 622 35.4 47.0 49.4 47.2 53.1 1925
15:00 585 34.8 47.4 49.6 475 53.0 183.1
15:10 546 35.0 47.9 49.8 48.1 52.9 172.9
15:20 507 34.4 48.2 49.8 48.7 51.1 161.9
15:30 477 34.2 48.5 50.0 49.0 51.0 154.1
15:40 437 34.4 48.9 49.9 49.2 50.9 142.3
15:50 403 34.4 49.4 50.4 49.3 48.8 134.9
16:00 365 34.5 49.3 50.2 49.3 48.9 124.3




o b4 1
T390 V.3 NANITNAFBUFNITOULNINAIUIDUVBILNG Solar PV/T wuuldfinszanaseu
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Tt set m¢ It Ta T¢; Tto (Tf,i -T) N
0.033 836.50 31.3 34.5 36.6 0.00383 0.21
0.033 836.97 31.3 34.5 36.6 0.00382 0.21
» 0.033 841.54 31.3 34.5 36.6 0.00380 0.21
0.033 846.57 31.9 34.5 36.6 0.00307 0.21
average | 0.033 840.39 315 34.5 36.6 0.00363 0.21
0.033 | 857.173 335 39.4 41.3 0.00688 0.19
0.033 855.93 335 39.5 41.4 0.00701 0.19
* 0.033 853.92 335 39.5 41.4 0.00703 0.19
0.033 851.99 335 39.5 41.4 0.00704 0.19
average | 0.033 853.95 335 39.5 41.4 0.00699 0.19
0.033 796.64 32.1 a4.2 45.3 0.01519 0.12
0.033 795.63 32.1 a4.2 45.3 0.01521 0.12
® 0.033 795.79 G2l a4.2 45,3 0.01521 0.12
0.033 795.32 32.1 a4.2 45.2 0.01521 0.11
average | 0.033 795.85 32.1 a4.2 45.3 0.01520 0.11
0.033 828.61 33.9 49.1 50.1 0.01834 0.10
0.033 823.58 34.0 49.3 50.3 0.01858 0.10
>0 0.033 818.00 33.7 49.3 50.3 0.01907 0.10
0.033 811.97 33.9 49.3 50.3 0.01897 0.10
average | 0.033 820.54 33.9 49.3 50.3 0.01874 0.10




A15199 2.3 (5i0)
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Tt set m¢ It Ta T Tto (Tf,i -T) N
0.033 797.65 31.4 54.1 54.6 0.02846 0.05

0.033 799.74 31.3 54.1 54.6 0.02851 0.05

> 0.033 800.59 31.3 54.1 54.6 0.02848 0.05
0.033 807.40 31.3 53.9 54.4 0.02799 0.05

average | 0.033 801.34 31.3 54.1 54.6 0.02836 0.05
0.033 827.14 31.3 60.1 60.2 0.03482 0.01

0.033 831.09 31.3 60.1 60.2 0.03465 0.01

°0 0.033 827.68 31.5 60.1 60.2 0.03455 0.01
0.033 825.20 314 60.3 60.4 0.03502 0.01

average | 0.033 827.78 31.4 60.2 60.3 0.03476 0.01
0.033 794.86 324 64.5 64.5 0.04038 0.00

0.033 799.27 32.4 64.4 64.4 0.04004 0.00

® 0.033 801.98 825 64.3 64.4 0.03965 0.01
0.033 800.20 324 64.2 64.2 0.03974 0.00

average | 0.033 799.08 32.4 64.4 64.4 0.03995 0.00
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AN V.4 HANISNAFDUANTIOULHES Solar PV/T wuuliiinszanasou (Fuil 25 w.e 2562)

. It i T¢; Tto Ts To Pev/
W/m? °C °C °C °C °C W
9:00 | 426.86 | 23.9 25 26.6 24.2 29 101.9
9:10 | 457.90 | 245 25.3 27.5 25.5 30.8 111.8
9:20 | 493.20 25 25.9 27.3 26 31.8 120
9:30 | 527.03 | 253 26.9 28 26.7 31.9 129
9:40 | 551.88 26 26.2 28.6 25.6 32.9 133.6
9:50 | 586.48 | 26.4 27.6 28.9 25.9 35.1 1439
10:00 | 615.74 | 27.1 26.4 29.1 27.1 35.2 149.8
10:10 | 643.61 | 277 27.4 30.2 27.9 36.9 155.9
10:20 | 66598 | 282 28 30.4 27.2 38.2 161.7
10:30 | 689.66 | 29.1 28.8 30.7 28.1 39.8 166.4
10:40 | 711.18 | 29.3 29.4 31.4 29.3 40.7 1716
10:50 | 72597 | 29.3 28.9 31.9 30.6 41.1 174.9
11:00 | 74633 | 299 30.2 32.6 30 42.7 179
11:10 | 762.66 | 30.1 30.1 335 30.9 41.8 183.1
11:20 | 77396 | 306 30.4 33.9 30.5 44 185.8
11:30 | 788.43 | 305 31.6 34.1 32 44 188.7
11:40 | 79223 | 315 31.4 352 32.1 45.5 189.3
11:50 | 796.95 | 31.6 32.3 355 32 44.8 190.9
12:00 | 795.79 | 31.8 32.4 36.4 33 46.2 192.2
12:10 | 80237 | 323 33.8 36.8 33.6 455 194
12:20 | 798.73 | 332 33.6 36.7 35.4 46.7 1937
12:30 | 804.92 | 329 35.5 38.1 35.6 47.5 193.1
12:40 | 791.92 | 337 35.7 38.6 36.6 46.9 192
12:50 | 788.82 | 33.4 35.3 39.2 35.6 46.9 1925
13:00 | 78843 | 334 36.2 39 36.8 48.2 191.7
13:10 | 77342 | 333 36.6 40 37 46.3 190.7




A15199 0.4 (s9)
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e It Ta Tt Tto Ts To Pev/r
W/m? °C °C °C °C °C w
13:20 | 760.03 | 332 37.6 40.3 37.7 46.8 188
1330 | 761.34 | 334 37.6 40.5 38.9 46.6 186.6
13:40 | 733.09 335 38.6 41.1 38.8 47.7 182.2
13:50 | 723.64 | 339 38.8 41.6 38.8 47.8 179.4
14:00 | 703.75 34.1 39.3 42.2 39.7 48.4 174.9
14:10 | 679.75 34 39.4 42.3 39.5 48.6 165.1
14:20 | 671.24 | 337 40 42.7 40.2 47.1 166.7
14:30 | 641.98 | 335 40.7 43.1 41.3 46.3 165
14:40 | 611.09 338 41.1 43.1 41.3 46.7 157.6
14:50 | 576.18 | 335 41.2 433 41.2 46.4 147.5
15:00 | 548.39 33.8 41.6 435 42.2 46.8 143.6
15:10 | 509.07 34.3 42 43.8 41.9 45.9 134.5
15:20 | 476.41 832 42.3 44 42.7 45.3 128.6
15:30 | 450.86 335 42.8 44.4 42.6 44.5 122.6
15:40 | 400.78 | 33.8 43.4 44.6 41.5 44.1 111.3
15:50 | 369.04 | 334 435 44.7 41.9 43.6 104.9
16:00 | 324.61 32.8 44 44.8 41.3 42.6 96.16




A5199 V.5 HANISNAADUANTIOULVDILHILTARLAIDNNG (TUN 28 W.8 2562)
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Time " i T i Time " - T i
W/m °C °C W W/m °C °C W
9:00 459 125 | 2050 172 12:20 878 219 47.40 218
9:10 522 137 | 22.70 192 12:30 880 22.3 48.30 217
9:20 558 13.1 | 24.00 201 12:40 877 222 48.50 217
9:30 582 132 | 26.50 210 12:50 862 22.7 47.10 217
9:40 623 145 | 29.50 217 13:00 859 23.0 46.00 217
9:50 654 158 | 31.60 216 13:10 832 233 47.10 218
10:00 704 15.0 | 32.80 219 13:20 819 234 47.50 220
10:10 719 16.1 | 34.80 219 13:30 807 24.5 47.90 219
10:20 753 16.6 | 36.40 220 13:40 794 24.6 46.30 218
10:30 773 16.9 | 37.90 216 13:50 778 24.0 45.60 217
10:40 811 17.3 | 38.70 217 14:00 759 24.5 44.70 217
10:50 821 18.1 | 40.80 220 14:10 743 239 44.20 217
11:00 834 18.6 | 42.40 219 14:20 712 24.6 43.60 223
11:10 851 18.5 | 42.10 217 14:30 679 255 44.50 221
11:20 858 20.1 | 44.70 219 14:40 643 24.6 42.50 218
11:30 867 20.6 | 44.40 219 14:50 602 25.0 41.90 207
11:40 872 20.6 | 45.60 218 15:00 570 24.3 38.80 198
11:50 884 20.8 | 45.10 217 15:10 533 24.9 38.50 192
12:00 879 21.5 | 46.90 219 15:20 494 24.3 37.40 164
12:10 889 21.0 | 46.40 219 15:30 452 24.6 36.80 146




M990 V.6 KANITNAADUANTIOULVBIVNANUSDU (TUN 30 W.8 2562)

e b Ta Teondi | Tcondo Ts Peomp
W/m °C °C °C °C W
9:00 aa7 13.2 26.0 30.9 30.0 3,178
9:10 491 13.6 265 319 30.6 3,206
9:20 524 14.0 26.8 324 31.1 3,227
9:30 563 14.0 275 32.8 31.9 3,269
9:40 597 15.7 28.0 34.3 32.6 3,311
9:50 635 15.4 28.5 34.4 33.3 3,339
10:00 665 16.5 28.9 34.9 34.1 3,372
10:10 689 18.0 29.7 35.6 34.8 3,407
10:20 709 17.2 30.5 36.2 35.6 3,470
10:30 732 18.1 31.6 37.3 36.6 3,538
10:40 750 17.8 325 38.3 37.6 3,577
10:50 779 19.7 83.2 39.2 38.3 3,636
11:00 790 20.4 339 40.0 39.1 3,683
11:10 804 20.2 34.7 40.7 39.9 3,736
11:20 818 19.8 35.6 414 40.8 3,790
11:30 841 20.3 36.5 42.5 a1.7 3,850
11:40 851 218 37.4 43.6 42.6 3,934
11:50 853 218 38.2 aa.7 43.5 4,027
12:00 856 219 39.0 455 44.4 4,107
12:10 859 22.1 39.8 46.5 45.3 4,139
12:20 857 22.4 40.6 47.1 46.1 4,207
12:30 856 22.6 41.7 4719 471.2 4,272
12:40 849 229 42.6 49.1 48.1 4,341
12:50 841 23.6 435 49.8 49.0 4,403
13:00 834 237 44.3 50.8 49.9 4,432
13:10 819 24.2 45.2 51.7 50.8 4,525
13:20 806 24.6 46.2 525 51.8 4,604
13:30 792 24.3 46.9 53.3 52.6 4,669
13:40 762 249 479 54.5 535 4,736
13:50 743 24.6 48.9 55.1 54.6 4,799
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M15199 2.6 (919)

e b Ta Teondi | Tcondo Ts Peomp
W/m °C °C °C °C W
14:00 709 254 49.8 55.8 55.4 4,869
14:10 690 26.1 50.6 56.7 56.2 4,929
14:20 658 249 51.6 57.6 57.2 5,001
14:30 631 252 52.6 58.4 58.1 5,060
14:40 592 259 53.4 59.3 58.9 5,123
14:50 563 26.3 54.3 60.2 59.8 5,156
15:00 528 26.2 55.1 60.5 60.6 5,227
15:10 502 24.9 56.0 61.2 61.4 5,265
15:20 452 25.8 56.8 61.5 62.2 5,327
15:30 414 26.1 57.8 62.3 63.1 5,384
15:40 380 253 58.6 63.1 63.8 5,446
15:50 340 253 59.2 63.8 64.5 5,498
16:00 302 259 60.0 64.4 65.3 5,536
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A15°99 0.7 HANITNAFBUTEUU Solar PV/T Boosted Heat Pump (8n51n15lnavasuiniu

52UV Solar PV/T 6.8 LPM) Jufi 02 $111aw.2563

It Ta Tei | Teo | Tcondi | Tcondo | Ts Pcomp | Pevroc | Pevrac | Pevpc | Pevac | Protal

Time
w/m? | °C °C °C °C °C °C W W W W W W

9:00 557 20.6 | 22.6 | 23.4 28.7 34.8 30.3 2,946 153 150 2,475 | 2,430 | 3,526
9:05 578 20.8 | 22.5 23 28.8 35 30.45 2,978 157 154 2,511 | 2,471 | 3,558
9:10 597 21.0 | 225 23 29.1 35.3 31.25 3,050 167 164 2,569 | 2,522 | 3,630
9:15 610 21.4 | 225 23 29.4 35.5 31.55 3,093 167 163 2,657 | 2,608 | 3,673
9:20 626 22.1 | 226 | 23.1 29.5 35.7 31.95 3,189 177 174 2,730 | 2,680 | 3,770
9:25 646 22.5 23 23.4 29.6 35.9 32.45 3,233 175 171 2,756 | 2,708 | 3,813
9:30 655 229 | 23.2 | 238 29.8 36 33 3,296 188 184 2,792 | 2,738 | 3,876
9:35 667 22.7 | 234 | 24.1 29.8 36.1 33.4 3,317 198 193 2,843 | 2,786 | 3,897
9:40 681 22.9 24 24.7 30.3 36.5 33.9 3,408 199 195 2,951 | 2,897 | 3,988
9:45 703 233 | 243 | 25.2 30.3 36.5 34.3 3,403 199 195 3,023 | 2,968 | 3,983
9:50 725 232 | 247 | 259 30.5 36.7 34.4 3,437 203 198 3,047 | 2,994 | 4,017
9:55 743 234 | 251 | 265 30.7 37 34.5 3,473 206 202 3,106 | 3,048 | 4,053
10:00 753 238 | 258 | 274 31.9 38.1 34.9 3,459 221 217 3,084 | 3,028 | 4,039
10:05 773 235 | 269 | 288 32.8 39 35.2 3,497 207 204 3,119 | 3,058 | 4,077
10:10 785 238 | 27.8 | 29.8 33.1 39.4 S5L15) 3,582 191 187 3,082 | 3,022 | 4,162
10:15 805 239 | 285 | 308 33.4 39.9 36.25 3,631 223 217 3,089 | 3,028 | 4,212
10:20 816 242 | 29.2 | 318 33.9 40 36.65 3,667 456 aa7 3,090 | 3,034 | 4,247
10:25 825 24.8 | 29.8 | 32.7 34.2 40.5 37.1 3,693 650 639 3,091 | 3,032 | 4,273
10:30 831 245 | 304 | 334 34.3 40.8 37.65 3,729 829 814 3,096 | 3,035 | 4,309
10:35 855 24.8 | 30.5 34 34.5 40.9 38.05 3,739 857 836 3,100 | 3,039 | 4,319
10:40 856 25.0 | 30.7 | 34.1 34.7 41.1 38.45 3,754 864 843 3,118 | 3,057 | 4,334
10:45 879 251 | 31.2 | 345 34.7 41.2 38.95 3,767 885 870 3,034 | 2,974 | 4,347
10:50 885 255 | 313 | 345 35 41.5 39.35 3,821 869 855 3,010 | 2,951 | 4,401
10:55 898 258 | 31.3 | 348 35 41.5 39.35 3,863 872 856 3,113 | 3,053 | 4,443
11:00 905 258 | 319 | 354 35.6 42 39.75 3,896 881 863 3,111 | 3,050 | 4,476
11:05 921 26.2 | 32.2 | 355 36.3 42.6 40.05 3,931 908 888 3,018 | 2,962 | 4,511
11:10 929 26.6 | 32.7 | 358 37.9 44.1 40.6 3,939 909 890 3,119 | 3,061 | 4,519
11:15 939 263 | 332 | 36.3 38.3 44.6 40.9 3,987 920 902 3,021 | 2,962 | 4,567
11:20 947 26.0 | 33.7 | 36.8 38.5 44.8 41.4 4,033 917 899 3,124 | 3,065 | 4,613
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- Iy Ta T, Tro | Tcond,i | Tcondo Ts Pcomp | Pevroc | Pevrac | Pevoc | Pruac | Protal
e W/m? | °C °C °C °C °C °C W W W W W W
11:25 959 266 | 339 | 37.2 38.6 44.8 41.9 4,105 929 910 3,119 | 3,062 | 4,685
11:30 962 27.1 34 37.6 38.7 45.1 4245 | 4,144 927 911 3,114 | 3,056 | 4,724
11:35 962 271 | 342 | 377 38.9 45.4 4295 | 4,193 919 902 3,111 | 3,056 | 4,773
11:40 968 274 | 345 | 378 39 455 433 4,223 886 873 3,115 | 3,059 | 4,803
11:45 969 276 | 348 | 38 39.2 45.6 43.8 4,263 906 886 3,102 | 3,043 | 4,843
11:50 971 28.1 35 38.3 39.1 45.8 a4 4,269 908 890 3,093 | 3,036 | 4,849
11:55 977 283 | 35.2 | 385 39.5 46 44.5 4,280 936 922 3,097 | 3,036 | 4,860
12:00 970 283 | 353 | 38.6 39.8 46.3 44.6 4,296 930 910 3,096 | 3,040 | 4,876
12:05 972 289 | 358 | 39.1 40.3 46.8 44.9 4,315 906 887 3,080 | 3,019 | 4,895
12:10 967 289 | 36.3 | 39.4 4a1.7 48 454 4,361 913 891 3,126 | 3,069 | 4,941
12:15 975 289 | 36.7 | 39.8 42.5 49.1 458 4,379 912 893 3,076 | 3,016 | 4,959
12:20 973 289 | 37.2 | 40.1 42.8 49.5 46 4,396 927 905 3,072 | 3,015 | 4,976
12:25 978 28.6 | 37.3 | 40.8 43.2 49.6 46.55 | 4,439 911 891 3,082 | 3,027 | 5,019
12:30 976 28.2 | 37.6 | 40.9 43.6 49.9 473 4,461 921 900 3,083 | 3,026 | 5,041
12:35 978 284 | 37.6 | 40.8 435 50 47.75 | 4,459 913 897 3,086 | 3,025 | 5,039
12:40 972 287 | 38 | 411 43.6 50.2 48.1 4,487 909 896 3,082 | 3,022 | 5,067
12:45 979 285 | 38.1 | 41.2 44 50.3 48.7 4,528 911 896 3,084 | 3,024 | 5,108
12:50 974 285 | 38 | 412 43.8 50.5 48.8 4,520 904 886 3,075 | 3,019 | 5,100
12:55 968 29.1 | 382 | 414 443 50.7 49.3 4,542 907 893 3,118 | 3,064 | 5,122
13:00 964 295 | 384 | 414 44.6 51.1 49.6 4,573 914 900 3,119 | 3,063 | 5,154
13:05 956 29.5 | 385 | 415 45.2 51.7 49.7 4,617 875 851 3,116 | 3,058 | 5,197
13:10 953 294 | 39 42 46.3 52.5 50.1 4,626 883 867 3,113 | 3,061 | 5,206
13:15 951 294 | 394 | 423 471 53.4 50.4 4,620 880 860 3,097 | 3,043 | 5,200
13:20 936 29.6 | 39.4 | 42.6 47.6 53.9 50.8 4,639 877 864 3,102 | 3,042 | 5,219
13:25 934 29.5 | 40.1 | 42.8 47.6 54.2 51.25 | 4,668 870 854 3,104 | 3,047 | 5,248
13:30 927 29.4 | 40.1 | 431 4719 54.5 52 4,671 874 853 3,095 | 3,034 | 5,251
13:35 912 295 | 40.1 | 43.1 4719 54.5 52.6 4,712 850 837 3,080 | 3,022 | 5,292
13:40 903 29.8 | 40.3 | 43.2 48.1 54.7 53 4,763 857 840 3,077 | 3,019 | 5,343
13:45 894 30.1 | 40.2 | 43.1 48.3 54.8 5335 | 4,794 807 788 3,062 | 3,007 | 5374
13:50 888 30.3 | 40.2 | 43 48.2 54.9 53.8 4,815 834 814 3,070 | 3,015 | 5,395
13:55 866 30.7 | 40.3 | 43.1 48.5 55.2 53.9 4,845 814 798 3,068 | 3,009 | 5,425
14:00 859 30.5 | 404 | 43 4a8.7 55.4 54.1 4,892 804 790 3,111 | 3,051 | 5,472
14:05 854 30.1 | 40.6 | 42.8 49.5 56 54.25 | 4,945 797 783 3,095 | 3,035 | 5,525
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T It Ta Tei Tro | Tcondi | Tcond,o Ts Pcomp | Pevroc | Pevrac | Peupc | Pevac | Protal
e W/m? | °C °C °C °C °C °C W W W W W W
14:10 831 30.0 | 40.9 | 43.1 50.8 575 54.7 4,939 790 779 3,081 | 3,019 | 5519
14:15 822 30.0 | 413 | 434 51.6 58.2 55.2 4,938 786 771 3,098 | 3,044 | 5518
14:20 811 30.3 | 41.6 | 43.7 51.9 58.3 55.55 | 4,966 761 744 3,001 | 2,946 | 5546
14:25 794 30.6 | 415 | 435 51.8 58.5 56.15 | 4,967 739 725 2,933 | 2,879 | 5547
14:30 776 30.4 | 41.6 | 435 52.2 58.6 56.75 | 5,007 725 714 2,873 | 2,822 | 5,587
14:35 750 305 | 41.8 | 43.7 524 58.9 57.25 | 5,020 713 702 2,752 | 2,697 | 5,600
14:40 735 30.1 | 41.7 | 43.7 524 58.9 57.65 | 5,026 695 681 2,674 | 2,620 | 5,606
14:45 708 29.7 | 414 | 432 524 58.8 57.95 | 5,064 607 596 2,600 | 2,553 | 5,644
14:50 691 299 | 413 | 431 524 58.8 58.1 5,089 206 202 2,545 | 2,495 | 5,669
14:55 663 29.7 | 414 | 431 52.6 59.1 58.2 5,109 165 162 2,461 | 2,420 | 5,689
15:00 650 296 | 414 | 43 53.2 59.6 58.7 5,125 165 162 2,444 | 2,400 | 5,705
15:05 643 298 | 414 | 428 54 60.4 58.75 | 5,169 173 169 2,313 | 2,269 | 5,749
15:10 599 30.1 | 41.7 | 42.7 55.3 61.8 59.05 | 5,189 159 156 2,140 | 2,099 | 5,769
15:15 596 30.0 | 41.9 | 42.6 55.7 62.2 59.65 | 5,224 159 156 2,106 | 2,068 | 5,804
15:20 579 299 | 416 | 421 55.8 62.2 60 5,246 146 144 2,001 | 1,961 | 5,827
15:25 562 293 | 414 | 418 56 62.3 60.7 5,299 195 192 1,618 | 1,589 | 5,880
15:30 313 295 | 412 | 415 56.1 62.3 61.1 5,282 146 143 1,377 | 1,353 | 5,862
15:35 183 295 | 40.8 | 41.1 56.2 62.3 61.45 | 5,295 133 131 1,121 | 1,100 | 5,875
15:40 131 29.2 | 40.5 | 40.6 56.2 62.3 61.75 | 5,294 126 124 721 707 5,874
15:45 121 29.1 | 40.3 | 40.1 56 62.3 61.95 | 5,280 114 112 570 558 5,860
15:50 107 288 | 399 | 39.6 56.3 62.5 62 5,316 114 113 275 269 5,896
15:55 101 282 | 39.7 | 39.3 56.3 62.3 62.2 5,321 106 104 294 288 5,901
16:00 98 278 | 39.8 | 39 57.5 63.5 62.45 | 5,324 106 104 283 278 5,904
16:05 166 275 | 399 | 39.1 58.8 64.5 62.8 5,379 121 119 334 327 5,959
16:10 93 27.2 | 40.1 | 39.2 58.8 64.6 63.05 | 5,439 106 104 273 266 6,019
16:15 85 270 | 40.1 | 39.2 58.8 64.6 63.35 | 5,480 109 107 259 254 6,060
16:20 78 269 | 40.1 | 39.2 58.8 64.7 63.7 5,487 97 95 257 252 6,067
16:25 84 26.7 | 40.2 | 394 59.2 64.9 64.1 5,554 97 95 262 255 6,134
16:30 91 265 | 40.3 | 39.4 59.2 64.9 64.4 5,535 101 100 217 211 6,115
16:35 70 26.3 | 40.5 | 39.5 59.7 65.3 64.8 5,596 89 87 223 217 6,176
16:40 44 26.1 | 40.2 | 39.3 59.7 65.1 65 5,585 86 84 214 208 6,165
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A135799 0.8 HANITNAFBUTEUU Solar PV/T Boosted Heat Pump (8m51n15lnava9tmu

52U Solar PV/T 8.2 LPM) il 30 waednieu 2563

IT Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp PP\fT,DC I:YPVT,AC PF’V,DC PPV,/-\C PTotal

Time
w/m? | °C °C °C °C °C °C W W W W W W

9:00 536 204 | 223 | 234 28.4 35.1 30 3,079 149 146 2,262 | 2,221 | 3,661
9:05 567 20.6 | 22.6 | 23.2 28.5 35.2 30.45 | 3,078 162 159 2,515 | 2,472 | 3,660
9:10 603 209 | 223 | 228 28.6 353 30.75 | 3,089 169 166 2,612 | 2,565 | 3,671
9:15 625 218 | 225 | 23.1 28.7 35.6 31.55 | 3,092 169 166 2,657 | 2,609 | 3,674
9:20 640 224 | 225 | 233 28.7 35.7 32 3,093 168 165 2,748 | 2,701 | 3,675
9:25 660 225 | 228 | 235 28.8 35.7 32.65 | 3,131 169 166 2,791 | 2,738 | 3,713
9:30 675 22.6 23 23.9 29 35.9 38%2 3,164 167 164 2,809 | 2,754 | 3,746
9:35 701 23 233 | 245 28.9 36 33.4 3,194 170 167 3,006 | 2,952 | 3,776
9:40 722 228 | 239 | 252 29.2 36.1 33.8 3,202 162 159 3,080 | 3,019 | 3,784
9:45 736 229 | 247 | 259 29.4 36.4 34.2 3,226 177 173 3,110 | 3,053 | 3,808
9:50 754 23.1 | 251 | 26.7 29.7 36.8 34.25 | 3,242 189 186 3,105 | 3,044 | 3,824
9:55 766 235 | 256 | 215 30.6 37.5 34.6 3,261 191 187 3,108 | 3,053 | 3,843
10:00 7 24 26.5 | 286 313 38.3 34.85 | 3,276 193 191 3,087 | 3,033 | 3,858
10:05 791 241 | 272 | 29.8 32.6 39.3 35.4 3,323 193 191 3,073 | 3,016 | 3,905
10:10 809 242 | 28 30.6 329 2.5 35.75 | 3,356 207 204 3,105 | 3,044 | 3,938
10:15 830 244 | 285 | 315 33.2 39.9 36.35 | 3,392 203 201 3,116 | 3,057 | 3,974
10:20 842 25.1 29 32.6 33.4 40.1 36.8 3,430 363 357 3,119 | 3,059 | 4,012
10:25 863 252 | 29.6 | 334 33.7 40.5 3755 | 3,485 638 627 3,123 | 3,064 | 4,067
10:30 875 254 | 30.6 | 33.7 33.7 40.5 3795 | 3,553 870 854 3,113 | 3,058 | 4,135
10:35 884 256 | 313 | 338 339 40.7 38.35 | 3,560 899 886 3,026 | 2,971 | 4,142
10:40 895 25.7 32 33.9 33.9 40.9 38.8 3,599 906 890 3,126 | 3,066 | 4,181
10:45 911 265 | 319 | 34.2 34.2 41.1 39.15 | 3,608 905 893 3,030 | 2,974 | 4,190
10:50 908 26.1 | 325 | 344 34.7 41.5 39.25 | 3,642 919 902 3,009 | 2,955 | 4,224
10:55 931 26.2 | 32.6 | 34.6 35.2 42.1 39.65 | 3,645 927 911 3,025 | 2,970 | 4,227
11:00 933 266 | 33.2 | 35.1 36.7 43.2 40 3,680 931 914 3,120 | 3,064 | 4,262
11:05 932 26.8 | 33.7 | 35.7 37.5 a4.1 40.25 | 3,667 949 931 3,020 | 2,964 | 4,250
11:10 942 26.8 | 34.1 | 36.2 37.9 4a4.6 40.95 | 3,691 941 927 3,133 | 3,070 | 4,273
11:15 950 27.2 | 345 | 365 38.1 44.9 41.3 3,738 938 922 3,123 | 3,067 | 4,320
11:20 956 274 | 347 | 369 38.2 45 41.95 | 3,771 939 922 3,120 | 3,059 | 4,353
11:25 963 27.1 | 349 | 37.2 38.5 45.2 42.4 3,800 942 927 3,027 | 2,969 | 4,382
11:30 982 272 | 355 | 373 38.6 a5.4 42.85 | 3,833 945 929 3,032 | 2,972 | 4,415
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|T Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp |:’PVT,DC PPVT,AC |DP\/,DC PPV,AC PTotaL

Time
W/m? | °C °C °C °C °C °C W W W W W W

11:35 991 275 | 353 | 376 38.6 45.6 43.4 | 3,867 948 928 3,026 | 2,971 | 4,449
11:40 | 987 | 28.1 | 357 | 38 39 459 | 43.85 | 3,936 928 906 | 3,118 | 3,057 | 4,518
11:45 | 985 | 281 | 362 | 38.1 | 39.1 46 44.2 | 3,966 919 906 | 3,107 | 3,051 | 4,548
11:50 989 283 | 36.1 | 385 39.3 46.3 44.4 | 4,055 925 911 3,020 | 2,961 | 4,638
11:55 | 986 | 27.9 | 363 | 38.6 | 39.8 46.7 44.8 | 4,090 938 918 | 3,107 | 3,050 | 4,673
12:00 | 996 | 28.3 | 36.6 | 39 40.4 474 | 45.05 | 4,122 920 905 | 3,111 | 3,056 | 4,704
12:05 997 282 | 37.2 | 39.4 41.2 48.2 4525 | 4,184 945 927 3,013 | 2,959 | 4,766
12:10 | 998 | 288 | 373 | 40.1 | 426 49.4 | 4565 | 4,204 929 914 | 3,091 | 3,035 | 4,786
12:15 | 986 | 286 | 38 | 404 | 429 49.8 46.2 | 4,244 923 907 | 3,095 | 3,033 | 4,826
12:20 983 28.9 | 38.1 | 40.7 43.2 50.1 46.75 | 4,260 943 920 3,081 | 3,027 | 4,843
12:25 | 997 29 | 381|409 | 435 50.4 | 4755 | 4,292 958 935 | 3,093 | 3,033 | 4,874
1230 | 989 | 29.3 | 385 | 412 | 435 50.5 48.1 | 4,314 930 913 | 3,084 | 3,025 | 4,896
12:35 978 29.1 | 386 | 41.2 43.8 50.7 48.65 | 4,307 916 901 3,094 | 3,038 | 4,889
12:40 | 983 | 289 | 384 | 412 | 438 50.8 | 49.05 | 4,363 920 902 | 3,107 | 3,046 | 4,945
12:45 | 979 | 288 | 387 | 415 | 439 50.8 49.4 | 4,370 915 896 | 3,101 | 3,041 | 4,952
12:50 972 29.2 | 386 | 41.3 a4 51 49.75 | 4,401 908 897 3,083 | 3,027 | 4,983
12:55 | 979 29 | 388|415 | 443 51.3 | 49.85 | 4,425 902 889 | 3,105 | 3,045 | 5,007
13:00 969 288 | 393 | 41.7 44.8 51.9 50.15 | 4,453 907 886 3,089 | 3,031 | 5,035
13:05 | 966 | 28.7 | 395 | 418 | 453 524 | 50.45 | 4,448 892 877 | 3,089 | 3,027 | 5,030
13:10 | 953 | 288 | 39.6 | 421 | 465 535 | 50.65 | 4,503 878 864 | 3,082 | 3,025 | 5,085
13:15 948 29 39.8 | 42.6 47.4 54.3 51.1 4,596 894 871 3,071 | 3,015 | 5,178
13:20 945 28.8 | 40.4 | 429 47.9 54.9 51.45 | 4,624 894 874 3,090 | 3,029 | 5,206
13:25 | 937 29 | 405 | 429 | 481 55.1 | 52.05 | 4,707 886 866 | 3,075 | 3,017 | 5,289
13:30 927 29.4 | 40.6 | 43.2 48.3 55.3 5285 | 4,772 870 856 3,108 | 3,048 | 5,354
13:35 | 919 | 296 | 40.8 | 435 | 485 555 | 53.35 | 4,766 861 847 | 3,089 | 3,027 | 5348
12:40 | 903 | 29.3 | 409 | 433 | 483 554 | 53.85 | 4,811 860 844 | 3,099 | 3,037 | 5393
13:45 892 29.5 | 404 | 431 48.7 55.8 54.35 | 4,850 845 833 3,081 | 3,022 | 5,432
13:50 | 883 | 29.7 | 40.6 | 432 | 488 55.7 | 54.65 | 4,842 843 833 | 3,097 | 3,038 | 5424
1355 | 877 | 29.3 | 40.6 | 433 | 489 56 54.95 | 4,889 826 814 | 3,083 | 3,022 | 5,471
14:00 866 28.9 | 40.8 | 43.2 49.2 56.2 55.25 | 4911 823 807 3,079 | 3,020 | 5,493
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. IT Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp PPVT,DC PPVT,AC PP\/,DC PP\/,AC PTotaL
fime W/m? °C °C °C °C °C °C W W W W W W
14:05 854 289 | 409 | 43.1 49.6 56.5 5555 | 4,909 814 802 3,057 | 3,000 | 5,491
14:10 844 29 40.8 | 43.1 50.2 57.2 55.75 | 4,956 799 786 3,017 | 2,962 | 5,539
14:15 830 28.8 41 43.2 51.1 58 559 | 4,989 786 772 3,072 | 3,010 | 5571
14:20 813 288 | 415 | 436 52.1 59 56.15 | 5,012 774 755 3,005 | 2,949 | 5594
14:25 799 289 | 415 | 4338 52.7 59.5 56.7 | 5,057 746 732 2,997 | 2,942 | 5,639
14:30 783 293 | 414 | 44.1 52.9 5O 57.05 | 5,059 736 722 2976 | 2917 | 5,641
14:35 767 295 | 412 44 53.3 60 57.85 | 5,055 713 700 2,935 | 2,880 | 5,637
14:40 741 29.1 | 416 44 53 59.9 58.45 | 5,114 695 681 2,812 | 2,756 | 5,696
14:45 735 29.2 | 416 | 43.6 533 60 589 | 5,115 702 689 2,783 | 2,733 | 5,697
14:50 722 29.2 | 413 | 434 53.3 60.1 59.25 | 5,131 689 677 2,753 | 2,697 | 5,713
14:55 701 29 414 | 433 53.4 60.1 59.5 1 d51.55 200 197 2,616 | 2,567 | 5,737
15:00 689 28.9 a1 42.8 53.7 60.2 59.8 | 5,157 227 223 2,621 | 2,570 | 5,739
15:05 667 29.1 | 40.8 | 423 53.6 60.4 59.9 | 5,158 140 138 2,520 | 2,470 | 5,740
15:10 653 289 | 40.5 | 41.9 54.2 60.9 60.15 | 5,187 140 138 2,468 | 2,422 | 57769
15:15 623 29.1 | 403 | 417 54.9 61.4 60.35 | 5,188 58 57 2,306 | 2,261 | 5,770
15:20 604 28.7 | 404 | 415 56 62.4 60.65 | 5,191 129 126 2,110 | 2,066 | 5773
15:25 589 28.6 | 404 | 41.2 56.5 62.9 61 5,217 140 138 1,918 | 1,884 | 5,799
15:30 534 286 | 404 | 408 56.6 63.1 61.35 | 5,246 121 119 1,676 | 1,645 | 5828
15:35 132 28.3 40 40.5 56.9 63.2 61.75 | 5,244 111 109 1,421 | 1,392 | 5,826
15:40 107 284 | 39.8 40 57 63.3 623 | 5278 84 82 1,245 | 1,220 | 5,860
15:45 121 28 39.2 | 39.6 57.1 63.2 628 | 5,289 116 113 956 937 5,872
15:50 96 276 | 385 | 393 57.1 63.5 63.05 | 5,301 103 101 537 526 5,883
15:55 90 27.2 | 382 39 57.2 688 63.2 | 5,327 103 101 226 221 5,910
16:00 85 268 | 38.1 | 3838 57.2 63.3 63.4 | 5336 94 92 261 256 5918
16:05 165 26.5 38 38.8 57.4 63.5 63.6 | 5,338 98 96 259 254 5,920
16:10 T4 263 | 378 | 38.7 57.7 63.7 63.8 | 5345 98 96 261 255 5,927
16:15 70 26.1 38 38.8 59.1 64.8 64.2 | 5,363 94 92 265 260 | 5,945
16:20 67 259 | 383 | 39.2 59.9 65.6 64.5 | 5,403 90 88 216 210 | 5,985
16:25 65 25.7 | 38.6 | 39.3 60 65.8 64.8 | 5,432 85 83 223 219 6,014
16:30 83 25.7 | 385 | 39.4 60.1 65.8 65 5,476 83 81 231 226 6,058
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A15799 2.9 HANIINAFBUTEUU Solar PV/T Boosted Heat Pump (8n51n15lnava9tmiu

52UV Solar PV/T 9.5 LPM) Jufi 01 §umu 2563

|T Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp I:’PVT,DC PPVT,AC PPV,DC PF’V,AC PTotal

Time

W/m? °C °C °C °C °C °C W W W W W W

9:00 582 211 225 | 233 28.7 34.6 30.05 | 3,015 141 138 2,493 | 2,444 | 3,599
9:05 603 213 | 225 23 29.2 35.2 30.7 3,018 141 138 2,564 | 2,518 | 3,602
9:10 624 217 | 223 | 227 29.2 35.3 31 3,021 141 138 2,677 | 2,630 | 3,605
9:15 636 223 | 224 | 228 29.5 35.7 31.35 | 3,022 135 132 2,698 | 2,644 | 3,607
9:20 667 225 | 225 | 23.1 29.8 36 31.8 3,018 155 152 2,778 | 2,724 | 3,602
9:25 685 22.7 | 229 | 23.6 30.1 36.2 32.25 | 3,032 144 142 2,896 | 2,841 | 3,616
9:30 704 225 | 232 | 24.1 30.6 36.7 32.6 3,036 141 138 3,014 | 2,961 | 3,620
9:35 726 228 | 234 | 24.6 31 36.9 33.05 | 3,049 177 174 3,049 | 2,989 | 3,634
9:40 734 227 | 242 | 253 315 37.6 3342 3,095 141 139 3,071 | 3,017 | 3,680
9:45 757 22.9 25 26.1 31.7 37.8 33.75 | 3,098 127 125 3,118 | 3,061 | 3,682
9:50 774 232 | 256 27 31.9 38 34.2 3,115 144 142 3,102 | 3,041 | 3,699
9:55 791 235 | 26.1 | 27.8 324 38.3 34.4 3,122 122 120 3,024 | 2,969 | 3,706
10:00 807 237 | 26.7 | 285 32.6 38.8 34.9 3,144 138 135 3,018 | 2,962 | 3,728
10:05 818 242 | 273 | 29.5 329 BOKS 8518 3,186 158 155 3,028 | 2,973 | 3,770
10:10 832 24.1 279 | 305 38%, 39.6 35.45 | 3,242 178 175 3,034 | 2,975 | 3,827
10:15 849 241 | 285 | 31.3 33.7 40.1 36.1 3,293 210 206 3,022 | 2,968 | 3,877
10:20 863 23.94 29 32.1 33.7 40.1 36.65 | 3,353 716 699 3,033 | 2,980 | 3,937
10:25 879 245 | 29.5 | 32.5 34 40.4 37.15 | 3,426 822 807 3,071 | 3,012 | 4,010
10:30 886 25 30.1 | 32.8 34.2 40.5 37.55 | 3,442 884 867 2,995 | 2,935 | 4,026
10:35 898 25 31.1 | 329 34.2 40.6 38.15 | 3,450 899 881 2977 | 2,923 | 4,034
10:40 909 249 | 316 | 334 34.4 40.9 38.45 | 3,450 904 888 3,071 | 3,015 | 4,034
10:45 916 25 32 33.4 34.5 41.1 38.85 | 3,482 907 889 3,072 | 3,012 | 4,067
10:50 932 24.8 | 323 | 33.7 34.7 41.4 39.2 3,505 932 911 3,001 | 2,943 | 4,089
10:55 939 253 | 32.6 | 34.1 35 41.6 39.25 | 3,530 935 917 2,989 | 2,931 | 4,114
11:00 947 254 | 331 | 344 355 a2 39.65 | 3,552 936 916 2,998 | 2,944 | 4,136
11:05 957 257 | 334 | 349 36.8 43.4 40.1 3,571 951 934 3,035 | 2,980 | 4,155
11:10 964 26.1 | 33.7 | 354 375 44 40.4 3,618 966 947 3,126 | 3,079 | 4,202
11:15 970 26.7 | 34.2 36 38.1 aa.7 40.85 | 3,674 962 947 3,024 | 2,964 | 4,258
11:20 972 264 | 34.6 | 36.2 38.1 aa.7 41.6 3,727 958 943 3,130 | 3,087 | 4,311




M15199 2.9 (5i0)
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It Ta Tei | Teo | Tcondi | Tcondo | Ts Peomp | Pevtoc | Pevrac | Pevpc | Pevac | Protal

Time
W/m? | °C °C °C °C °C °C W W W W W W

11:25 980 26.7 | 344 | 36.5 38.5 45 42 3,793 958 943 3,032 | 2,974 | 4,378
11:30 990 269 | 35.2 37 38.6 453 42.55 3,822 961 943 3,018 | 2,982 | 4,406
11:35 983 27 354 | 37.2 38.8 455 43.1 3,884 940 925 3,129 | 3,079 | 4,468
11:40 1002 | 27.8 | 355 | 37.4 38.9 45.6 43.25 | 3,892 927 909 3,120 | 3,060 | 4,476
11:45 995 2719 | 357 | 317 39 45.8 43.95 3,913 933 911 3,131 | 3,069 | 4,498
11:50 1004 | 27.7 36 38 39.2 46 44.25 3,926 930 913 3,023 | 2,964 | 4,510
11:55 1000 | 27.6 | 36.2 | 38.1 39.3 46.3 44.6 3,946 921 901 3,023 | 2,962 | 4,530
12:00 1008 | 27.7 | 36.5 | 38.3 40 46.8 4475 | 3,969 949 934 3,126 | 3,067 | 4,553
12:05 1013 | 28.2 | 36.7 | 38.7 40.8 47.6 45.1 4,017 953 933 3,119 | 3,058 | 4,601
12:10 1001 | 28.4 | 36.8 | 38.9 41.8 48.5 455 4,030 922 905 3,025 | 2,970 | 4,614
12:15 1012 282 | 375 | 394 42.4 49.1 45.8 4,047 950 927 3,031 | 2,971 | 4,631
12:20 1012 | 28.1 | 37.6 | 39.8 43 49.6 46.2 4,052 966 948 3,022 | 2,963 | 4,636
12:25 1010 | 28.5 | 38.1 | 40.3 43 49.8 46.6 4,076 963 947 3,014 | 2,957 | 4,660
12:30 1003 | 28.9 | 38.3 | 40.6 43.5 50.2 47.2 4,108 940 916 3,106 | 3,045 | 4,692
12:35 1003 | 28.1 | 38.6 | 40.8 43.6 50.4 48.15 | 4,133 935 914 3,109 | 3,050 | 4,718
12:40 1004 28.1 | 385 | 409 43.8 50.5 48.5 4,157 938 914 3,119 | 3,062 | 4,741
12:45 1001 283 | 38.8 | 40.9 a3.7 50.5 48.95 4,162 941 926 3,096 | 3,041 | 4,746
12:50 998 285 | 38.6 | 40.7 43.8 50.6 49.25 4,183 925 910 3,084 | 3,029 | 4,767
12:55 985 28.8 | 38.8 | 40.9 44.1 51 49.55 | 4,181 924 901 3,088 | 3,028 | 4,765
13:00 991 29 38.3 | 41.1 44.6 51.1 49.95 | 4,213 930 914 3,081 | 3,020 | 4,797
13:05 983 29.4 | 387 | 414 a5 51.6 50 4,252 914 897 3,093 | 3,035 | 4,836
13:10 976 29.7 | 393 | 415 45.5 52.2 50.4 4,280 927 906 3,080 | 3,019 | 4,865
13:15 959 293 | 39.2 | 419 46.7 533 50.6 4,319 900 882 3,091 | 3,029 | 4,904
13:20 949 295 | 394 | 421 47.4 54 51.1 4,355 904 883 3,100 | 3,040 | 4,939
13:25 954 294 | 40 423 47.9 54.4 51.65 | 4,397 902 886 3,130 | 3,070 | 4,981
13:30 947 29.8 | 40.1 | 426 48.1 54.8 51.95 | 4,456 900 878 3,076 | 3,019 | 5,040
13:35 937 29.7 | 40.3 | 426 48.4 54.9 52.6 4,477 896 875 3,075 | 3,016 | 5,061
13:40 924 293 | 40.4 | 425 48.4 55.2 53.35 4,524 883 869 3,113 | 3,053 | 5,108
13:45 915 295 | 404 | 42,6 48.5 55.2 53.65 4,529 866 847 3,093 | 3,037 | 5113
13:50 902 293 | 403 | 422 48.4 55.2 54 4,562 855 841 3,082 | 3,021 | 5,146
13:55 892 29.1 | 404 | 425 48.7 55.3 54.3 4,600 841 826 3,067 | 3,013 | 5,184




M15199 2.9 (5i)
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Time IT Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp PPVT,DC PPVT,AC IDF’\/,DC PPV,AC PTotaL
W/m? | °C °C °C °C °C °C W W W W W W
14:00 882 29.2 | 40.5 | 425 48.9 55.6 54.45 | 4,620 837 827 3,110 | 3,050 | 5,204
14:05 867 293 | 40.6 | 424 49 559 54.75 | 4,650 832 812 3,098 | 3,042 | 5234
14:10 858 29.1 | 40.7 | 425 49.5 56.3 5495 | 4,671 823 812 3,066 | 3,012 | 5255
14:15 849 295 | 40.7 | 42.6 50.6 57.2 55.25 | 4,690 826 811 3,067 | 3,016 | 5274
14:20 831 293 | 412 | 429 515 58.2 55.6 | 4,713 804 788 3,098 | 3,037 | 5297
14:25 813 29.2 | 414 | 43.2 52.2 58.8 56.15 | 4,749 784 768 3,055 | 3,001 | 5,333
14:30 804 29.1 | 415 | 434 52.4 59.1 56.55 | 4,799 771 758 3,024 | 2971 | 5383
14:35 780 29.2 | 41.7 | 434 52.4 59.2 57.05 | 4,817 748 734 2916 | 2,867 | 5,401
14:40 767 29.6 | 41.7 | 43.7 52.7 59.3 57.65 | 4,848 731 718 2,884 | 2,839 | 5432
14:45 751 29.5 | 41.7 | 43.7 52.8 59.4 58.15 | 4,889 668 654 2,854 | 2,799 | 5,474
14:50 736 293 | 41.7 | 434 53:1 59.5 5855 | 4,904 648 633 2,729 | 2,681 | 5,488
14:55 723 294 | 415 | 431 53 59.4 58.95 | 4,915 147 144 2,657 | 2,606 | 5,499
15:00 710 293 | 414 | 428 53 59.9 59.25 | 4,949 146 143 2,617 | 2,570 | 5533
15:05 684 293 | 41 a2.7 5813 59.9 59.3 | 4973 72 71 2,496 | 2,445 | 5557
15:10 651 29.3 | 40.1 | 419 53.6 60.2 59.4 | 5,015 180 176 2,321 | 2,277 | 5,600
15:15 623 29.2 | 39.3 | 40.9 54.4 60.5 59.85 | 5,048 257 253 2,255 | 2,211 | 5,632
15:20 612 288 | 39.2 | 404 55.6 61.5 59.85 | 5,082 333 328 2,138 | 2,096 | 5,666
15:25 507 285 | 39.6 | 40.8 56.3 62.6 60.35 | 5,100 281 277 1,651 | 1,619 | 5,684
15:30 323 282 | 399 | 411 56.7 62.8 60.75 | 5,128 250 245 1,014 995 5,712
15:35 223 28 403 | 41 56.5 62.7 61 5,162 208 206 742 726 5,747
15:40 133 27.8 | 39.9 | 40.7 56.9 63.1 61.7 | 5177 158 155 670 657 5,761
15:45 124 276 | 39.7 | 40.4 56.9 63 62 5,186 146 143 810 793 5,770
15:50 111 274 | 39.2 | 40.1 56.8 62.9 62.4 | 5,196 135 132 441 432 5,781
15:55 101 273 | 38.6 | 39.6 56.8 63 62.65 | 5,206 121 119 233 227 5,790
16:00 100 26.6 | 383 | 39.2 56.8 63 629 | 5219 122 119 339 332 5,803
16:05 154 263 | 383 | 39.2 56.9 63.1 63.05 | 5,243 109 107 273 267 5,828
16:10 79 26.1 | 383 | 39.3 57.2 63.2 63.15 | 5,262 98 96 260 254 5,847
16:15 64 258 | 383 | 39.3 58.3 63.9 63.35 | 5,313 89 87 215 211 5,897
16:20 62 257 | 384 | 39.3 59.2 64.7 63.55 | 5,328 89 88 213 209 5912
16:25 64 255 | 38.6 | 39.5 59.4 64.9 63.9 | 5341 89 87 212 208 5,925
16:30 57 254 | 38.8 | 39.6 59.5 65 64.3 | 5,340 89 87 214 209 5,924
16:35 62 252 | 38.6 | 39.4 59.8 65.4 64.6 | 5,380 76 75 214 209 5,965
16:40 52 25 38.6 | 39.6 60.1 65.6 64.9 | 5396 74 72 200 195 5,980
16:45 34 249 | 385 | 39.5 60.5 65.9 65 5,403 68 67 207 203 5,987
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A1919% 9.10 HANITNAFDUAITITIUATIVBITEUY Solar PV/T Boosted Heat Pump Tulss

gdnlAUIasUalueUsINg VBIIUN 11 SUNAN 2563

|T Ta Tf,i Tf,o TCond,\' TCond,o TS Pcomp PPVT,DC PPVT,/-\C PPV,DC PPV,AC PTotaL

Time
W/m? | °C °C °C °C °C °C W W W W W W

12:00 975 | 27.6 | 37.1 | 41.3 29.2 35.8 30.4 | 3,555 869 848 3,101 | 3,039 | 4,137
12:05 981 | 28.0 | 36.1 | 39.6 29.7 36.4 30.9 | 3,566 895 881 3,108 | 3,052 | 4,148
12:10 982 | 27.3 | 35.6 | 38.5 30.0 36.8 | 31.65 | 3,565 897 881 3,059 | 2,994 | 4,147
12:15 987 | 28.0 | 355 38 30.1 36.8 32.1 | 3,580 910 894 3,102 | 3,041 | 4,162
12:20 993 | 288 | 355 | 37.7 30.3 37.0 | 32.55 | 3,602 923 908 3,102 | 3,040 | 4,184
12:25 977 | 289 | 354 | 37.7 30.5 37.3 33.1 | 3,650 906 890 3,082 | 3,022 | 4,232
12:30 980 | 29.1 | 355 | 37.6 31.0 37.8 | 33.65 | 3,662 930 913 3,125 | 3,065 | 4,244
12:35 998 | 29.5 | 35.7 | 37.8 3173 38.1 34.1 | 3,675 928 912 3,086 | 3,025 | 4,257
12:40 974 | 29.2 | 35.7 | 38.3 31.6 38.3 | 34.65 | 3,691 911 893 3,079 | 3,021 | 4,273
12:45 982 | 29.1 36 | 38.4 31.7 38.4 | 35.25 | 3,699 914 893 3,087 | 3,025 | 4,281
12:50 980 | 29.2 36 | 38.4 31.9 38.8 | 35.75 | 3,732 911 893 3,087 | 3,028 | 4,314
12:55 973 | 29.5 | 36.1 | 38.6 32:3 39.0 36.1 | 3,761 918 901 3,072 | 3,015 | 4,343
13:00 964 | 30.0 | 36.7 | 38.7 32.7 39.6 | 36.35 | 3,807 923 900 3,105 | 3,050 | 4,390
13:05 960 | 30.5 | 36.5 | 38.8 33.2 40.1 36.8 | 3,793 916 899 3,068 | 3,008 | 4,375
13:10 951 | 30.2 | 36.7 39 38 40.5 37 | 3,830 901 884 3,098 | 3,043 | 4,412
13:15 939 | 30.4 | 36.8 | 39.4 34.9 41.7 | 37.75 | 3,850 873 856 3,099 | 3,041 | 4,432
13:20 936 | 30.2 | 37.3 | 39.6 35.8 42.4 38.1 | 3,855 888 872 3,102 | 3,043 | 4,437
13:25 942 | 30.0 | 37.5 40 359 42.8 38.4 | 3914 884 872 3,108 | 3,051 | 4,496
13:30 924 | 30.1 | 37.7 | 40.3 36.3 43.0 39.1 | 3,954 891 868 3,093 | 3,033 | 4,536
13:35 916 | 30.1 | 37.7 | 40.4 36.6 43.2 | 39.75 | 3,999 882 869 3,087 | 3,027 | 4,581
13:40 900 | 30.1 | 37.8 | 40.4 36.6 43.4 40.1 | 4,041 880 864 3,076 | 3,019 | 4,623
13:45 893 | 29.7 | 37.8 | 40.3 36.8 43.6 40.8 | 4,061 865 845 3,066 | 3,007 | 4,643
13:50 875 | 29.8 | 37.8 | 40.5 37.0 43.7 | 41.15 | 4,090 850 832 3,083 | 3,024 | 4,672
13:55 868 | 30.5 | 38.1 | 40.6 37.2 43.9 | 41.55 | 4,110 833 813 3,066 | 3,011 | 4,692
14:00 867 | 30.8 | 38.3 | 40.6 37.3 44.1 | 41.75 | 4,142 825 809 3,077 | 3,021 | 4,724
14:05 856 | 30.1 38 | 40.6 379 44.6 | 42.05 | 4,219 809 795 3,085 | 3,030 | 4,801
14:10 843 | 30.0 | 38.2 | 40.5 38.5 453 42.3 | 4,296 814 798 3,083 | 3,021 | 4,878
14:15 824 | 30.4 | 38.5 | 40.9 40.3 4a7.0 42.8 | 4,343 803 786 3,065 | 3,009 | 4,926
14:20 815 | 30.3 39 | 41.1 40.6 47.3 | 43.15 | 4,369 783 771 3,055 | 2,997 | 4,951
14:25 801 | 29.9 | 39.1 | 41.2 41.0 47.6 435 | 4,420 770 750 3,026 | 2,968 | 5,002




A15197 2.10 (519)
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It Ta T, Teo | Tcondi | Tcondo Ts Peomp | Pevroc | Pevtac | Pevpc | Pevac | Protal

Time
W/m? | °C °C °C °C °C °C W W W W W W

14:30 791 | 30.7 | 39.1 | 415 41.2 47.9 44.3 | 4,443 751 738 2,967 | 2911 | 5,026
14:35 770 | 31.0 | 393 | 415 4a1.7 48.2 | 44.85 | 4,488 a7 729 2911 | 2,856 | 5,070
14:40 751 | 313 | 39.1 | 415 41.8 48.1 455 | 4,496 729 718 2,834 | 2,775 | 5,079
14:45 739 | 315 | 393 | 415 42.1 48.5 | 46.05 | 4,536 715 702 2,753 | 2,705 | 5,118
14:50 718 | 30.8 | 39.1 | 41.1 42.0 48.3 46.3 | 4,542 653 638 2,701 | 2,656 | 5,124
14:55 699 | 30.6 | 39.1 | 40.7 42.1 48.5 | 46.65 | 4,565 410 403 2,635 | 2,585 | 5,147
15:00 682 | 30.7 | 39.1 | 40.7 42.4 4a8.7 46.9 | 4,591 182 179 2,550 | 2,498 | 5,173
15:05 664 | 304 | 389 | 404 42.1 48.8 47.1 | 4,619 158 154 2,529 | 2,481 | 5,201
15:10 645 | 30.0 | 38.7 | 40.3 43.1 49.6 | 47.35 | 4,655 133 130 2,451 | 2,413 | 5,237
15:15 624 | 30.2 | 389 | 40.4 44.4 51.1 47.8 | 4,657 146 143 2,304 | 2,259 | 5,239
15:20 607 | 30.2 | 39.1 | 40.3 45.0 N7/ 48.1 | 4,651 86 85 2,063 | 2,020 | 5,233
15:25 587 | 30.1 | 38.8 | 39.8 45.2 51¢8 48.6 | 4,694 131 128 2,043 | 2,000 | 5,277
15:30 566 | 29.6 | 38.5 | 394 453 51.7 | 49.25 | 4,697 126 124 1,779 | 1,745 | 5,279
15:35 503 | 29.4 | 383 39 45.6 52.2 | 49.75 | 4,698 111 109 1,563 | 1,532 | 5,280
15:40 516 | 29.6 38 | 38.5 457 52.2 50.3 | 4,688 114 112 1,107 | 1,087 | 5,270
15:45 493 | 29.4 | 375 | 38.1 46.0 52.4 50.7 | 4,739 114 112 728 714 5,321
15:50 110 | 28.9 | 36.8 | 37.3 45.8 52.3 50.8 | 4,743 114 113 849 830 5,325
15:55 92 | 284 36 | 36.6 46.0 52.3 | 51.15 | 4,749 114 112 647 633 5,331
16:00 85 | 279 | 356 | 36.2 46.3 525 | 51.25 | 4,767 101 99 236 230 5,349
16:05 80 | 275 | 355 36 46.4 52.8 | 51.45 | 4,777 102 100 264 258 5,359
16:10 100 | 27.2 | 354 36 48.1 54.3 51.7 | 4,801 102 100 258 252 5,383
16:15 71| 27.0 | 358 | 36.2 a8.7 54.9 52.2 | 4,811 102 100 260 254 5,394
16:20 67 | 26.8 | 35.8 | 36.3 48.9 55.0 | 5255 | 4,809 89 87 257 252 5,392
16:25 71 | 26.6 | 35.7 | 36.4 48.9 55.1 53 | 4,827 89 87 214 209 5,409
16:30 67 | 26,5 | 359 | 36.6 49.3 55.4 | 53.45 | 4,808 89 87 214 210 5,391
16:35 70 | 263 | 359 | 36.6 49.4 55.5 | 53.85 | 4,858 89 87 216 211 5,440
16:40 55| 259 | 35.7 | 36.5 49.6 55.6 | 54.15 | 4,844 76 75 214 209 5,426
16:45 53 | 25.7 | 35.8 | 36.5 49.6 55.6 | 54.5 | 4,856 85 83 212 208 | 5,438
16:50 51 | 255 | 357 | 36.4 | 499 55.8 | 549 | 4,848 65 63 197 192 | 5,430
16:55 50 | 25.0 | 355 | 36.2 50.2 55.7 55 | 4,873 76 75 198 194 | 5,455
17:00 57 | 24.7 | 354 | 35.9 50.5 56.1 | 55.2 | 4,888 87 86 203 199 | 5,470
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M99 U.11 NANITVAFDUAITITIUTIVBITZUY Solar PV/T Boosted Heat Pump Tulss

gdnAUIaRUalreUsINIG U99TUN 12 SUNAN 2563

|T Ta Tf,i Tf,o TCond,i TCond,o TS Pcomp PP\fT,DC I:YPVT,AC PF’V,DC PPV,AC PTotal

Time

W/m? | °C °C °C °C °C °C W W W W W W

8:00 168 | 13.7 | 20.8 | 20.1 50.5 55.7 55.2 | 4,233 109 106 279 272 4,815
8:05 115 | 140 | 21.9 | 218 513 56.8 555 | 4,293 109 107 281 274 4,875
8:10 276 | 15.1 | 225 | 226 51.7 57.5 55.9 | 4,339 122 120 351 343 4,921
8:15 325 | 155 23 | 234 51.9 57.7 56.2 | 4,426 132 130 354 346 5,008
8:20 362 | 16.1 | 23.4 | 24.2 52.0 58.0 | 56.55 | 4,505 132 130 426 418 5,087
8:25 380 | 164 | 24.1 | 249 52.2 58.1 | 57.05 | 4,594 132 130 a29 421 5,176
8:30 408 | 16.8 | 24.7 | 25.7 52.4 58.3 57.4 | 4,667 136 133 1,546 | 1,511 | 5,249
8:35 423 | 17.3 | 25.7 | 26.1 52.4 58.4 57.7 | 4,715 118 115 1,777 | 1,744 | 5297
8:40 438 | 175 | 26.2 | 26.3 52.6 58.6 58.1 | 4,781 142 139 1,927 | 1,889 | 5,363
8:45 462 | 17.7 | 259 | 26.5 52.7 58.7 | 58.25 | 4,861 143 140 1,992 | 1,957 | 5,443
8:50 494 | 18.1 | 25.7 | 265 52.8 58.8 | 58.55 | 4,924 143 140 2,116 | 2,077 | 5,507
8:55 506 | 189 | 25.8 | 26.7 592 58 58.6 | 4,954 142 139 2,190 | 2,148 | 5,536
9:00 533 | 19.4 | 26.2 | 269 5319 60.0 | 59.05 | 4,986 149 145 2,262 | 2,221 | 5,569
9:05 555 | 19.9 | 26,5 | 273 54.3 60.6 | 59.35 | 5,021 150 147 2,373 | 2,327 | 5,603
9:10 574 | 204 | 26.7 | 274 54.8 61.0 | 59.75 | 5,046 150 146 2,460 | 2,412 | 5,628
9:15 598 | 20.6 | 27.1 | 27.7 54.9 61.2 | 60.15 | 5,078 150 146 2,545 | 2,498 | 5,660
9:20 614 | 20.6 | 273 | 279 55.1 61.2 60.7 | 5115 154 151 2,602 | 2,545 | 5,697
9:25 632 | 21.2 | 27.7 | 283 55.3 61.4 61 | 5,130 157 154 2,684 | 2,628 | 5,712
9:30 644 | 21.7 | 279 | 287 55.4 61.5 | 61.35 | 5,159 168 166 2,709 | 2,663 | 5,741
9:35 659 | 22.0 | 28.2 | 289 55.5 61.7 61.5 | 5,189 170 167 2,785 | 2,734 | 5,771
9:40 684 | 225 | 283 | 29.5 55.6 61.7 | 61.75 | 5,229 175 172 2,868 | 2,796 | 5,811
9:45 704 | 22.7 | 28.8 | 30.1 55.9 62.0 61.9 | 5231 181 177 2,992 | 2,938 | 5,813
9:50 721 | 229 | 29.5 | 30.8 56.6 62.6 | 62.25 | 5,265 196 192 3,057 | 2,997 | 5,848
9:55 739 | 225 | 30.1 | 31.6 57.1 63.3 62.4 | 5282 201 196 3,104 | 3,042 | 5,864
10:00 750 | 22.8 | 31.1 | 324 57.5 63.9 62.7 | 5294 211 208 3,087 | 3,034 | 5877
10:05 769 | 23.4 | 31.8 | 33.6 57.8 63.9 | 63.15 | 5,317 208 205 3,108 | 3,051 | 5,899
10:10 777 | 239 | 324 | 34.7 58.2 64.1 63.5 | 5399 208 205 3,075 | 3,018 | 5981
10:15 802 | 24.4 | 329 | 359 58.3 64.2 63.9 | 5437 214 210 3,097 | 3,041 | 6,019




A15197 0.11 (510)
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Time lT Ta Tf,\' Tf,o TCond,i TCond,o TS Pcomp PP\/T,DC PPVT,AC PP\/,DC PP\/,AC PTotal
W/m? | °C °C °C °C °C °C W W W W W W
10:20 811 | 23.9 | 338 | 37.1 58.5 64.5 64.1 | 5471 208 204 3,104 | 3,043 | 6,053
10:25 822 | 242 | 344 38 59.0 64.9 | 64.45 | 5529 253 248 3,102 | 3,046 | 6,111
10:30 846 | 244 | 352 | 39.3 58.9 64.9 | 64.70 | 5,550 274 270 3,107 | 3,051 | 6,132
10:35 859 | 24.7 | 36.1 | 40.3 58.8 65.0 | 64.95 | 5,604 282 277 3,116 | 3,061 | 6,186
10:40 866 | 24.6 37 | 408 59.1 653 | 65.25 | 5677 732 7 3,037 | 2978 | 6,259
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M99 U.12 HANITVIAEDUAITITIUTIVDITZUU Solar PV/T Boosted Heat Pump Tulss

AN NAUIAANUALYEUIINIG VBIIUN 17 SUNAL 2563

T]me |T Ta TS PPV-#PV/T Ptotal QCond PComp EERHP
W/m °C °C KW kw KW KW KW, /KW,
12:00 988 27.4 29.45 3.95 3.93 14.24 3.35 4.249
12:05 984 27.5 29.9 3.94 4.01 14.65 3.43 4.271
12:10 990 28.1 30.7 3.95 4.07 14.03 3.49 4.021
12:15 991 28.0 31.1 3.94 4.14 14.24 3.56 3.999
12:20 992 27.8 31.55 3.95 4.18 14.45 3.60 4.013
12:25 994 28.0 32.4 3.95 4.26 14.03 3.68 3.809
12:30 996 29.1 32.8 3.93 4.31 14.24 3.73 3.819
12:35 992 29.1 33.25 3.94 4.36 14.24 3.78 3771
12:40 992 28.7 33.6 3.97 4.41 14.45 3.82 3777
12:45 990 29.5 33.95 3.96 4.46 14.24 3.88 3.667
12:50 979 30.0 34.1 3.90 4.49 14.86 3.90 3.808
12:55 977 30.2 34.7 3.95 4.55 14.24 3.97 3.589
13:00 976 30.7 352 3.92 4.58 14.45 4.00 3.614
13:05 967 31.1 3545 3.91 4.57 14.86 3.98 3.730
13:10 953 31.2 36.25 3.89 4.62 14.65 4.04 3.628
13:15 954 31.1 36.7 3.90 4.65 14.45 4.07 3.551
13:20 941 30.5 37.4 3.89 4.68 14.45 4.10 3522
13:25 947 31.2 38 3.90 4.71 14.65 4.13 3.550
13:30 941 31.7 38.6 3.90 4.72 14.45 4.14 3.490
13:35 925 31.4 39.1 3.87 4.76 14.45 4.18 3.458
13:40 917 31.3 39.15 3.92 4.80 15.07 4.21 3.576
13:45 908 31.4 39.45 3.84 4.83 14.86 4.24 3.502
13:50 899 31.7 39.85 3.86 4.85 14.24 4.27 3.334
13:55 889 32.1 40.2 3.84 4.88 14.03 4.30 3.261
14:00 880 31.9 40.7 3.84 4.92 14.45 4.33 3.333
14:05 864 32.0 a1 3.82 5.00 14.24 4.41 3.225
14:10 852 31.9 41.65 3.80 5.04 14.24 4.45 3.196
14:15 836 31.7 42.35 3.82 5.05 14.65 4.46 3.283
14:20 821 31.6 43 3.77 5.11 14.45 4.53 3.190
14:25 806 31.0 43.65 3.64 5.13 14.03 4.55 3.085
14:30 784 31.0 43.85 3.57 5.16 14.45 4.58 3.155
14:35 768 31.6 44.35 3.55 5.19 13.61 4.61 2.951
14:40 756 32.0 44.8 3.47 5.22 13.61 4.64 2.931
14:45 741 31.8 45 3.36 5.25 13.40 4.67 2.870




A15197 0.12 (519)

T]me lT Ta TS PP\/+PV/T Ptotal QCond PComp EERHP
W/m? | °C °C KW KW | kw KW | KW/ kW,
14:50 122 32.0 45.35 2.88 5.27 13.19 4.69 2.815
14:55 706 31.8 45.5 2.75 5.27 13.61 4.69 2.902
15:00 681 31.8 46 2.94 5.29 14.03 4.71 2.980
15:05 660 31.6 46.45 2.58 531 14.24 4.72 3.014
15:10 644 31.2 47.05 2.47 5.33 14.45 4.74 3.045
15:15 623 31.3 ar.7 2.32 5.36 14.45 4.78 3.022
15:20 611 31.4 438.1 2.22 5.40 14.03 4.82 2913
15:25 591 31.3 48.65 1.97 5.42 14.03 4.84 2.898
15:30 567 30.8 49.05 1.86 5.45 14.03 4.87 2.879
15:35 520 30.6 49.45 1.66 5.48 13.82 4.90 2.819
15:40 520 30.4 a9.7 0.88 5.48 13.61 4.90 2.779
15:45 503 30.3 49.75 0.47 5.50 13.61 4.92 2.768
15:50 133 29.7 50 0.89 5.49 13.61 4.91 2773
15:55 85 29.2 50.2 0.50 5.50 13.61 4.92 2.768
16:00 79 28.7 50.55 0.26 5.54 13.40 4.95 2.705
16:05 74 28.4 50.9 0.35 5.54 13.19 4.96 2.660
16:10 82 28.1 51.35 0.35 5.58 12.98 5.00 2.595
16:15 66 0 (4 51.95 0.29 5.59 12.98 5.00 2.594
16:20 63 27.7 5245 0.29 5.62 13.40 5.04 2.660
16:25 66 27.7 52.9 0.29 5.63 13.19 5.05 2.610
16:30 72 27.4 53.2 0.29 5.66 12.98 5.08 2.557
16:35 64 27.3 53.45 0.26 5.66 12.98 5.08 2.557
16:40 50 27.0 53.7 0.27 5.67 12.56 5.09 2.467
16:45 49 26.7 54 0.26 5.70 12.56 5.12 2.453
16:50 a6 26.4 54.15 0.25 5.69 12.35 5.11 2.416
16:55 438 26.0 54.25 0.27 5.73 12.14 5.15 2.358
17:00 a4 25.5 54.6 0.27 576 11.93 5.18 2.304
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A91991 9.13 NANITVIAEDUAITITIUTIVBIIZUU Solar PV/T Boosted Heat Pump Tulss

AN INAUIAAUALTEUIINIG VBIIUN 18 SUINAL 2563

Time IT Ta TS |DPVﬁ-P\//T Ptotat QCond PComp EERHP
W/m® | °C °C kw kw | kw KW | KWy /KW,

8:00 113 16.1 54.75 0.35 5.36 11.10 4.78 2.323
8:05 80 16.5 54.8 0.36 5.36 11.51 4.77 2.412
8:10 201 17.4 55.5 0.38 5.36 11.72 4.77 2.456
8:15 304 18.4 55.6 0.46 5.38 11.30 4.80 2.356
8:20 348 19.0 56.15 0.48 5.44 11.30 4.85 2.329
8:25 377 19.3 56.4 0.55 5.45 11.30 4.87 2.322
8:30 398 19.8 56.75 0.69 5.48 11.51 4.90 2.350
8:35 418 19.7 56.9 1.75 5.49 11.72 491 2.389
8:40 440 20.2 57.2 2.00 5.49 12.14 4.91 2.473
8:45 464 20.4 57.4 2.08 565 12.14 4.96 2.446
8:50 482 20.8 57.65 2.13 5.55 11.93 4.96 2.404
8:55 498 21.6 57.9 2.17 5.59 11.93 5.01 2.381
9:00 525 21.8 58.2 2.32 5.56 11.93 4.98 2.396
9:05 536 22.1 58.5 2.38 5.62 11.72 5.04 2.328
9:10 556 22.3 58.8 2.47 5.62 11.93 5.04 2.369
9:15 580 22.9 59.3 255 5.65 11.93 5.07 2.353
9:20 604 23.4 59.65 2.63 Sl 12.14 5.12 2.370
9:25 612 23.4 59.8 2.72 574 12.35 5.15 2.397
9:30 636 23.8 60 2.75 5.78 12.14 5.20 2.336
9:35 657 239 60.25 2.84 5.78 11.51 5.20 2.214
9:40 679 24.4 60.45 2.89 5.83 11.72 5.25 2.235
9:45 705 24.8 60.75 3.03 5.87 11.72 5.29 2.216
9:50 721 253 61.05 3.06 5.93 11.72 5.34 2.194
9:55 731 25.2 61.35 3.13 5.94 12.56 5.36 2.343
10:00 746 252 61.7 3.17 5.96 12.35 5.38 2.297
10:05 755 255 62.05 3.18 5.97 12.77 5.39 2.370
10:10 769 26.0 62.4 3.19 5.99 12.98 5.40 2.402
10:15 785 26.4 62.6 3.23 6.03 12.56 5.45 2.304
10:20 701.0 25.7 62.4 3.31 5.99 11.93 5.41 2.207
10:25 708.5 259 62.7 2.44 6.02 11.93 5.44 2.195
10:30 754.0 26.2 62.9 3.32 6.03 12.14 5.45 2.227
10:35 803.5 26.7 63.4 3.36 6.07 12.35 5.49 2.252
10:40 726.0 27.1 63.75 3.51 6.09 12.14 5.51 2.205




A15147 2.13 (519)

_ I [ Ts Povievr | Protat | Qcond | Peomp EERyp
W/m® | °C °C kw kw kw kw KW /KW,
10:45 710.5 27.2 64 2.77 6.13 12.14 5.55 2.187
10:50 783.0 26.7 64.4 3.82 6.16 12.56 5.58 2.252
10:55 816.0 27.1 64.7 3.63 6.22 12.77 5.64 2.265
11:00 848.5 27.4 65.1 3.87 6.26 12.77 5.68 2.250
12:00 171 29.6 45.95 1.07 5.04 13.61 4.46 3.053
12:05 954 28.9 44.25 3.81 4.99 13.40 4.41 3.039
12:10 978 29.1 42.65 3.79 4.92 14.03 4.34 3.234
12:15 961 28.8 41.4 3.83 4.85 14.03 4.27 3.287
12:20 970 29.2 40.65 3.88 4.83 14.24 4.25 3.352
12:25 827 30.5 39.9 3.52 4.80 14.03 4.21 3.329
12:30 989 30.6 29.65 3.88 4.78 14.03 4.19 3.345
12:35 990 31.0 39.6 3.86 4.75 14.24 4.16 3.420
12:40 201 30.1 38.5 1.07 4.74 14.45 4.16 3.471
12:45 988 29.3 38.15 3.80 4.72 14.03 4.14 3.389
12:50 955 29.7 37.85 3.86 4.68 14.24 4.10 3.471
12:55 758 30.4 37.7 1.91 4.66 14.45 4.08 3.543
13:00 978 30.1 37.5 3.83 4.66 14.03 4.08 3.436
13:05 964 30.3 37.45 3.87 4.66 14.03 4.07 3.443
13:10 969 31.0 37.9 3.87 4.63 14.03 4.05 3.463
13:15 937 30.3 8y .8 3.91 4.63 14.24 4.05 3,513
13:20 931 30.4 38.25 3.90 4.64 14.24 4.06 3.509
13:25 910 30.5 38.55 3.87 4.63 14.24 4.05 3.515
13:30 924 30.5 38.85 391 4.65 14.24 4.07 3.495
13:35 885 30.7 38.8 3.81 4.65 14.45 4.07 3.548
13:40 910 29.8 38.4 3.86 4.65 14.45 4.07 3.547
13:45 886 29.6 38.45 3.85 4.65 14.45 4.07 3.553
13:50 863 29.8 39.2 3.83 4.69 14.24 4.11 3.467
13:55 864 30.1 39.5 3.84 4.71 14.65 4.13 3.550
14:00 857 30.6 40.35 3.88 4.74 14.24 4.16 3.421
14:05 884 31.1 41.1 3.84 4.76 14.45 4.18 3.459
14:10 891 31.6 41.45 3.85 4.80 14.45 4.21 3.428
14:15 879 30.9 42 3.82 4.83 14.65 4.24 3.453
14:20 886 30.3 42.25 3.88 4.86 14.45 4.28 3.377
14:25 879 30.4 42.55 3.84 4.89 14.45 4.30 3.356
14:30 827 30.8 42.9 3.82 4.92 14.03 4.33 3.236
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A15197 2.13 (510)

e I IE Ts Pevievr | Protal | Qcond | Peomp EERyp
wW/m® | °C °C kw kw | kw KW | KWy /KW,
14:35 658 30.5 43.25 3.01 4.96 13.82 q4.37 3.158
14:40 364 29.3 43.6 1.70 4.97 13.40 4.39 3.055
14:45 497 28.8 44 2.82 4.98 13.40 4.40 3.045
14:50 119 29.2 44.75 0.54 5.03 13.61 4.45 3.061
14:55 129 28.5 45.25 0.59 5.01 13.19 4.43 2.981
15:00 95 27.5 45.8 0.45 5.04 13.19 4.46 2.960
15:05 662 27.3 46 3.21 5.02 13.19 4.43 2.975
15:10 646 28.1 46.35 2.84 5.05 13.19 a.47 2.953
15:15 99 28.7 46.45 0.56 5.06 13.61 4.48 3.039
15:20 636 28.5 46.85 2.27 5.09 12.98 4.51 2.879
15:25 617 29.2 46.95 2.29 5.11 13.61 4.52 3.008
15:30 583 29.8 47.55 2.14 5.14 13.40 4.55 2.942
15:35 543 30.3 47.85 7 ) 5.19 13.19 4.60 2.865
15:40 547 30.4 48.2 1.45 5.22 13.40 4.63 2.891
15:45 552 30.5 48.85 i 5.23 13.19 4.65 2.836
15:50 527 30.5 49.2 g5 kD i 2300 4.70 2.849
15:55 230 30.2 49.6 axa 5.30 13.19 4.72 2.796
16:00 129 29.7 49.95 0.69 5.34 13.19 4.76 2.771
16:05 136 29.1 50.35 0.80 5.36 13.40 4.78 2.805
16:10 133 28.7 50.7 0.63 5.39 13.19 4.81 2.744
16:15 116 28.3 51 0.50 5.41 12.77 4.82 2.647
16:20 102 28.0 51.35 0.49 5.41 12.77 4.83 2.643
16:25 88 27.7 51.65 0.37 5.43 12.35 4.85 2.549
16:30 73 27.3 52 0.36 546 | 12.35 4.87 2.534
16:35 72 26.8 52.35 0.35 5.48 12.14 4.90 2.477
16:40 71 26.6 52.65 0.30 5.55 12.35 4.97 2.488
16:45 61 26.2 53.35 0.28 5.60 12.14 5.01 2.422
16:50 55 25.9 53.6 0.27 5.66 11.93 5.08 2.351
16:55 48 25.7 53.8 0.26 571 11.93 5.13 2.326
17:00 a7 254 | 542 0.27 574 | 11.72 5.16 2.271
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A91991 U.14 NANITVIAFDUNITITIUTIVBITZUU Solar PV/T Boosted Heat Pump Tulss

AN NAUIAAUALYEUIINIG VBIIUN 19 SUNAL 2563

T]me |T Ta TS PPV+PV/T Ptotal QCond PComp EERHP
w/m* | °C °C kw kw | kw KW | KW, /KW,

8:00 36.0 18.2 54.35 0.26 5.08 9.63 4.50 2.141
8:05 34.5 18.3 54.5 0.27 5.12 9.63 4.54 2.120
8:10 49.5 18.3 54.8 0.34 5.14 9.63 4.56 2.111
8:15 56.0 18.4 55.1 0.34 5.21 9.63 4.63 2.081
8:20 71.0 18.5 55.35 0.48 5.25 10.26 4.66 2.200
8:25 80.5 18.6 55.7 0.55 5.32 10.47 4.74 2.208
8:30 94.5 18.8 55.95 0.62 5.37 10.26 4.79 2.143
8:35 110.0 19.0 56.2 0.79 5.44 10.89 4.86 2.239
8:40 122.5 19.1 56.45 0.91 5.51 11.10 4.93 2.250
8:45 128.5 19.5 56.65 0.96 5.52 11.10 4.94 2.248
8:50 154.5 19.7 57.1 1.07 5.60 10.89 5.02 2.168
8:55 216.5 20.1 57.4 1.17 5.62 10.89 5.04 2.162
9:00 177.0 20.5 57.65 1.16 5.65 10.47 5.07 2.066
9:05 187.0 20.7 58 1.22 5.66 11.30 5.08 2.225
9:10 184.0 21.0 58.15 1.22 5.70 11.30 5.12 2.208
9:15 224.5 2.3 5815 1.36 5.72 11.51 5.14 2.240
9:20 2155 21.8 58.6 1.42 5.74 10.89 5.16 2.112
9:25 221.0 219 59.1 1.58 5.74 11.51 5.16 2.233
9:30 233.5 21.9 59.2 1.64 577 11.30 5.19 2.178
9:35 244.0 22.2 59.65 170 5.83 11.51 5.24 2.196
9:40 5535 22.3 59.85 2.83 5.81 11.10 5.23 2.122
9:45 658.0 23.1 60.1 3.14 5.82 11.30 5.24 2.158
9:50 630.0 24.2 60.5 3.08 5.82 11.72 5.24 2.237
9:55 664.0 24.8 60.8 3.13 5.86 11.51 5.28 2.181
10:00 695.0 24.9 61.2 3.13 5.90 11.10 5.31 2.088
10:05 669.5 25.6 61.65 3.12 5.87 11.51 5.29 2.176
10:10 699.5 259 61.85 2.98 5.90 11.51 5.32 2.165
10:15 693.0 25.8 62.15 2.66 5.95 11.93 5.37 2.224
10:20 701.0 25.7 62.4 3.31 5.99 11.93 5.41 2.207
10:25 708.5 259 62.7 2.44 6.02 11.93 5.44 2.195
10:30 754.0 26.2 62.9 3.32 6.03 12.14 5.45 2.227
10:35 803.5 26.7 63.4 3.36 6.07 12.35 5.49 2.252
10:40 726.0 27.1 63.75 3.51 6.09 12.14 5.51 2.205




A15147 2.14 (5i9)

Time |T Ta TS PPV+PV/T Ptotal QCond PComp EERHP
W/m® | °C °C kw kW | kw kw KW /KW,
10:45 710.5 27.2 64 2.77 6.13 12.14 5.55 2.187
10:50 783.0 26.7 64.4 3.82 6.16 12.56 5.58 2.252
10:55 816.0 27.1 64.7 3.63 6.22 12.77 5.64 2.265
11:00 848.5 27.4 65.1 3.87 6.26 12.77 5.68 2.250
12:00 171 29.6 45.95 1.07 5.04 13.61 4.46 3.053
12:05 954 28.9 44.25 3.81 4.99 13.40 4.41 3.039
12:10 978 29.1 42.65 3.79 4.92 14.03 4.34 3.234
12:15 961 28.8 41.4 3.83 4.85 14.03 4.27 3.287
12:20 970 29.2 40.65 3.88 4.83 14.24 4.25 3.352
12:25 827 30.5 39.9 3.52 4.80 14.03 4.21 3.329
12:30 989 30.6 39.65 3.88 4.78 14.03 4.19 3.345
12:35 990 31.0 39.6 3.86 4.75 14.24 4.16 3.420
12:40 201 30.1 38.5 1.07 4.74 14.45 4.16 3.471
12:45 988 29.3 38.15 3.80 4.72 14.03 4.14 3.389
12:50 955 29.7 37.85 3.86 4.68 14.24 4.10 3.471
12:55 758 30.4 Bl 1.91 4.66 14.45 4.08 3.543
13:00 978 30.1 37.5 35 4.66 14.03 4.08 3.436
13:05 964 30.3 37.45 3.87 4.66 14.03 4.07 3.443
13:10 969 31.0 37.9 3.87 4.63 14.03 4.05 3.463
13:15 937 30.3 37.8 391 4.63 14.24 4.05 3.513
13:20 931 30.4 38.25 3.90 4.64 14.24 4.06 3.509
13:25 910 30.5 38.55 3.87 4.63 14.24 4.05 3.515
13:30 924 30.5 38.85 3.91 4.65 14.24 4.07 3.495
13:35 885 30.7 38.8 3.81 4.65 14.45 4.07 3.548
13:40 910 29.8 38.4 3.86 4.65 14.45 4.07 3.547
13:45 886 29.6 38.45 3.85 4.65 14.45 4.07 3.553
13:50 863 29.8 39.2 3.83 4.69 14.24 4.11 3.467
13:55 864 30.1 39.5 3.84 4.71 14.65 4.13 3.550
14:00 857 30.6 40.35 3.88 4.74 14.24 4.16 3.421
14:05 884 31.1 41.1 3.84 4.76 14.45 4.18 3.459
14:10 891 31.6 41.45 3.85 4.80 14.45 4.21 3.428
14:15 879 30.9 42 3.82 4.83 14.65 4.24 3.453
14:20 886 30.3 42.25 3.88 4.86 14.45 4.28 3.377
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A151497 ¥.14 (5i9)

e Iy T, Ts Povirvr | Piotal | Qcond | Peomp EER.p
W/m? | °C °C KW KW | kw KW | KW /KW,
14:25 879 30.4 42.55 3.84 4.89 14.45 4.30 3.356
14:30 827 30.8 42.9 3.82 4.92 14.03 4.33 3.236
14:35 658 30.5 43.25 3.01 4.96 13.82 4.37 2.158
14:40 364 29.3 43.6 1.70 4.97 13.40 4.39 3.055
1445 497 28.8 a4 2.82 4.98 13.40 4.40 3.045
14:50 119 29.2 44.75 0.54 5.03 13.61 4.45 3.061
14:55 129 28.5 45.25 0.59 5.01 13.19 4.43 2.981
15:00 95 27.5 45.8 0.45 5.04 13.19 4.46 2.960
15:05 662 27.3 46 3.21 5.02 13.19 4.43 2.975
15:10 646 28.1 46.35 2.84 5.05 13.19 a4.47 2.953
15:15 99 28.7 46.45 0.56 5.06 13.61 4.48 3.039
15:20 636 28.5 46.85 2.27 5.09 12.98 4.51 2.879
15:25 617 29.2 46.95 2.29 5.11 13.61 4.52 3.008
15:30 583 29.8 47.55 2.14 5.14 13.40 4.55 2.942
15:35 543 30.3 47.85 147 5.19 13.19 4.60 2.865
15:40 547 30.4 48.2 1.45 5.22 13.40 4.63 2.891
15:45 552 30.5 48.85 1.14 5.23 13.19 4.65 2.836
15:50 527 30.5 49.2 1.05 5.29 13.40 4.70 2.849
15:55 230 30.2 49.6 0.74 5.30 13.19 4.72 2.796
16:00 129 29.7 49.95 0.69 5.34 13.19 4.76 2771
16:05 136 29.1 50.35 0.80 5.36 13.40 4.78 2.805
16:10 133 28.7 50.7 0.63 5.39 13.19 4.81 2.744
16:15 116 28.3 51 0.50 5.41 12.77 4.82 2.647
16:20 102 28.0 51.35 0.49 5.41 12.77 4.83 2.643
16:25 88 27.7 51.65 0.37 5.43 12.35 4.85 2.549
16:30 73 27.3 52 0.36 5.46 12.35 4.87 2.534
16:35 72 26.8 52.35 0.35 5.48 12.14 4.90 2.477
16:40 71 26.6 52.65 0.30 5.55 12.35 4.97 2.488
16:45 61 26.2 53.35 0.28 5.60 12.14 5.01 2.422
16:50 55 25.9 53.6 0.27 5.66 11.93 5.08 2.351
16:55 48 25.7 53.8 0.26 5.71 11.93 5.13 2.326
17:00 a7 254 54.2 0.27 5.74 11.72 5.16 2.271
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M99 9.15 NAN1TVIAEDUAITITIUTIVBITZUU Solar PV/T Boosted Heat Pump Tulss

gdnlAUIaUalyeUsINIg U99TUN 20 SUNAN 2563

T]me lT Ta TS I:)PV+PV/T Ptotal QCond PComp EERHP
W/m °C °C Kw kw | kw KW | KW, /KW,

8:00 108 17.3 54.3 0.68 5.43 11.10 4.85 2.287
8:05 114 17.5 54.75 0.79 5.47 11.10 4.89 2.268
8:10 173 17.9 55.15 0.87 551 11.10 4.93 2.252
8:15 275 18.6 55.35 0.98 5.55 11.10 4.97 2.234
8:20 376 19.3 55.7 1.04 5.60 11.30 5.02 2.254
8:25 385 20.2 56 1.10 5.65 11.30 5.06 2.233
8:30 404 20.8 56.35 1.56 5.70 11.30 5.12 2.209
8:35 396 21.2 56.5 1.41 571 11.72 5.13 2.285
8:40 550 21.8 56.9 2.77 571 11.93 5.13 2.327
8:45 549 22.4 57.15 2.57 5.74 11.93 5.16 2.314
8:50 520 22.7 57.35 2.31 5.74 11.72 5.15 2.275
8:55 530 23.2 57.65 2.30 571 11.93 5.13 2.326
9:00 542 23.2 58.15 2433 5.71 11.72 5.13 2.287
9:05 556 23.3 58.45 2.42 5.72 11.51 5.14 2.239
9:10 561 23.2 58.55 2.44 5.74 11.51 5.15 2.235
9:15 428 23.1 5SHD) 1.79 5.74 5151 5.15 2.234
9:20 368 23.0 59.1 1.52 5.76 11.93 5.18 2.304
9:25 306 23.3 59.4 1.46 5.81 11.93 5.23 2.281
9:30 298 23.7 59.65 1.20 5.85 11.72 5.27 2.224
9:35 736 23.8 59.85 3.24 5.82 11.93 5.24 2.276
9:40 744 23.2 60.3 3.40 5.86 11.93 5.28 2.260
9:45 442 235 60.5 2.24 5.88 11.93 5.30 2.251
9:50 243 24.1 60.65 1.52 5.88 11.51 5.30 2174
9:55 339 24.5 61.05 1.87 5.88 11.51 5.30 2.172
10:00 324 24.1 61.25 1.95 5.92 11.93 5.34 2.237
10:05 230 23.8 61.7 1.59 5.90 11.93 5.31 2.245
10:10 355 23.8 61.9 2.79 5.95 12.14 5.37 2.260
10:15 214 23.8 62.3 1.17 6.00 12.14 5.42 2.240
10:20 199 23.8 62.5 1.43 6.00 11.72 5.42 2.162
10:25 208 23.7 62.8 1.32 6.05 11.30 5.47 2.068
10:30 184 23.4 63.3 1.25 6.10 11.30 552 2.050
10:35 180 23.3 63.6 1.09 6.10 11.30 5.52 2.049
10:40 124 23.3 63.7 0.77 6.19 11.10 5.61 1.980
10:45 123 23.2 64 0.97 6.19 11.10 5.61 1.977




A15197 0.15 (519)

T]me |T Ta TS PP\/JrP\//T PtotaL QCond PComp E ERHP
W/m? | °C °C KW KW | kw KW | KW /KW,
10:50 176 23.2 64.2 1.29 6.22 11.10 5.64 1.968
10:55 246 23.3 64.6 1.57 6.24 11.10 5.65 1.962
11:00 314 23.5 65 1.92 6.30 11.10 572 1.939
12:00 514 26.5 51.65 2.87 5.42 12.14 4.84 2.510
12:05 510 26.4 49.5 2.75 5.30 12.56 4.71 2.665
12:10 420 26.1 48.4 2.52 5.24 12.35 4.66 2.651
12:15 493 25.7 47.7 2.87 5.22 12.35 4.64 2.661
12:20 372 25.7 47.45 2.31 5.16 12.35 4.58 2.695
12:25 376 25, 1/ 47.2 2.34 5.09 12.14 4.51 2.691
12:30 451 25.6 46.25 2.61 5.05 12.14 4.47 2.718
12:35 346 25.9 45.6 2.19 5.02 12.14 4.44 2.736
12:40 366 25.9 45.35 2.37 4.98 12.56 4.39 2.859
12:45 290 26.0 45.45 1.87 4.95 12.56 4.37 2.876
12:50 307 26.0 44.45 1.95 491 12:35 4.32 2.857
12:55 327 25.7 44.45 2.02 4.86 12:35 4.28 2.884
13:00 789 2541 44.6 2.63 4.82 12.77 4.24 3.010
13:05 350 25.9 44.5 2.23 4.80 12.56 4.22 2.977
13:10 1099 25.9 a4.1 3.20 a.77 12.56 4.19 2.997
13:15 a11 26.3 a4 2.48 4.74 12.14 4.16 2918
13:20 381 26.5 44.05 2. 38, 4.71 12.56 4.13 3.043
13:25 449 26.6 44.05 A3 ] 4.72 12.56 4.14 3.036
13:30 438 26.6 44.35 2.53 4.71 12.56 4.13 3.041
13:35 694 26.7 44.15 411 4.70 12.77 4.12 3.101
13:40 a45 26.8 44.3 2.70 4.71 12.77 4.13 3.092
13:45 547 27.0 44.4 3.35 4.69 12.77 4.11 3.107
13:50 1066 27.6 44.95 4.04 4.66 13.19 4.08 3.232
13:55 636 28.6 45.4 3.24 4.67 12.77 4.08 3.127
14:00 629 27.2 a6 2.38 4.69 12.77 4.10 3112
14:05 645 26.9 45.85 2.21 4.69 12.77 4.10 3111
14:10 425 27.0 45.7 2.07 4.69 12.77 4.10 3112
14:15 373 26.4 45.6 1.96 4.66 12.98 4.08 3.180
14:20 354 26.2 45.35 1.94 4.69 12.56 4.10 3.060
14:25 877 26.3 44.9 3.70 4.69 12.56 4.11 3.055
14:30 766 26.9 a4.7 3.21 4.72 12.35 4.14 2.983
14:35 127 27.5 44.75 3.10 4.74 11.81 4.16 2.838
14:40 753 27.9 44.8 3.19 4.75 12.35 4.17 2.963
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A15197 0.15 (519)

T]me |T Ta TS PPV+PV/T PtotaL QCond PComp E ERHP
W/m? | °C | °C KW KW | kW | kW | kw/kw,
14:45 789 27.9 a45.1 3.29 4.77 12.35 4.19 2.950
14:50 168 27.8 45.45 1.11 4.80 12.35 a4.22 2.926
14:55 468 26.8 46.05 2.50 4.82 12.35 4.24 2915
15:00 717 26.6 46.5 3.30 4.86 11.93 4.28 2.789
15:05 678 26.8 46.75 3.01 4.88 12.35 4.30 2.873
15:10 643 26.7 a47.1 2.89 4.92 12.56 4.34 2.895
15:15 618 26.4 47.3 2.42 4.93 12.98 4.35 2.985
15:20 576 26.4 a7.6 2.22 4.97 12.35 4.38 2.818
15:25 586 26.2 a7.8 2.09 4.96 12.14 q4.37 2776
15:30 569 26.1 48.1 2.01 4.99 12.14 4.41 2.754
15:35 545 25.9 48.5 1.69 5.02 12.14 4.44 2.738
15:40 511 25:5 49 1.29 5.10 12.14 4.51 2.690
15:45 486 25.2 49.3 1n2A) 5.13 11.93 4.55 2.622
15:50 459 25.2 49.9 1.01 5.14 11.72 4.56 2.570
15:55 304 24.9 50.1 0.87 5.18 11.72 4.60 2.548
16:00 107 24.4 50.3 0.54 5.21 11.93 4.63 2.576
16:05 104 24.1 50.6 035 5.24 il 7774 4.66 2.516
16:10 96 3. [ 50.95 0.40 5.26 W72 a4.67 2.509
16:15 92 23.5 51 0.43 5.28 11.51 4.69 2.453
16:20 84 23.3 51.45 0.38 5.32 11.51 4.74 2.429
16:25 80 23.1 51.85 0.37 5.32 11.30 474 2.386
16:30 7 23.0 52.15 0.36 585 11.72 a7 2.457
16:35 69 22.8 52.45 0.37 5.43 11.51 4.85 2.375
16:40 55 22.6 52.65 0.35 5.45 11.10 4.87 2.280
16:45 48 22.3 53.05 0.33 5.54 11.51 4.96 2.322
16:50 51 22.0 53.3 0.35 5.64 11.30 5.05 2.237
16:55 50 21.9 53.65 0.29 571 11.30 5.13 2.203
17:00 a0 21.7 54.2 0.26 577 11.51 5.19 2.219
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A91991 U.16 NANITVIAFDUATTITIIUTIVBITZUU Solar PV/T Boosted Heat Pump Tulss

gdnnAUIaUalyeUsINIG U99TUN 21 SUNAN 2563

Time |T Ta TS PPV+PV/T Ptotal QCond PComp EERHP
w/m? | °C °C kw kW | kw KW | KWy/kW,
8:00 54 16.9 54.35 0.34 5.20 9.63 4.62 2.084
8:05 54 17.0 54.5 0.35 5.16 9.63 4.58 2.104
8:10 53 17.0 54.8 0.40 5.21 9.63 4.63 2.081
8:15 63 17.0 55.1 0.42 5.22 9.63 4.63 2.078
8:20 60 17.0 55.35 0.41 5.22 9.63 4.64 2.078
8:25 58 17.1 55.7 0.41 5.24 9.63 4.66 2.068
8:30 53 17.2 55.95 0.40 5.25 10.26 4.67 2.198
8:35 51 17.2 56.2 0.40 5.29 10.47 4.70 2.225
8:40 56 17.2 56.45 0.40 5.31 10.26 4.73 2.170
8:45 63 17.2 56.65 0.42 5.35 10.89 4.76 2.285
8:50 75 17.4 57.1 0.54 5.38 11.10 4.80 2.311
8:55 92 17.5 57.4 0.66 5.38 11.10 4.80 2.312
9:00 107 17.7 57.65 0.84 5.41 10.89 4.82 2.256
9:05 121 17.9 58 0.92 5.43 10.89 4.85 2.244
9:10 128 18.0 58.15 0.92 5.46 10.47 4.88 2.146
9:15 154 18.1 58.5 1.05 5.47 11.30 4.89 2312
9:20 160 18.2 58.6 1.11 5.51 11.30 4.93 2.292
9:25 162 18.3 59.1 1.11 5.54 11.51 4.96 2.323
9:30 175 18.6 59.2 1.22 5.58 10.89 5.00 2.178
9:35 195 18.8 59.65 1.28 5.59 11.51 5.01 2.298
9:40 208 19.1 59.85 1.35 5.66 11.30 5.07 2.228
9:45 170 19.1 60.1 1.16 5.67 11.51 5.09 2.264
9:50 146 19.2 60.5 1.07 5.72 11.10 5.13 2.161
9:55 136 19.1 60.8 1.01 5.74 11.30 5.16 2.192
10:00 151 19.1 61.2 1.10 577 11.72 5.18 2.261
10:05 134 19.0 61.65 1.02 5.84 11.51 5.26 2.191
10:10 142 19.1 61.85 1.02 5.86 11.10 5.28 2.102
10:15 127 19.0 62.15 0.92 5.89 11.51 5.31 2.170
10:20 118 18.9 62.4 0.91 5.90 11.51 5.32 2.165
10:25 130 18.9 62.7 0.93 591 11.93 5.32 2.242
10:30 159 19.0 62.9 1.19 5.91 11.93 5.33 2.239




A15147 .16 (519)

T]me |T Ta TS I:)PV+F’V/T Ptotal QCond PComp EERHP
w/m °C | °C Kw KW | kW | kW | KW /KW,
10:35 230 19.1 63.4 1.54 5.96 11.93 5.38 2.218
10:40 204 19.2 63.75 1.44 5.99 12.14 5.40 2.247
10:45 203 19.4 64 1.36 6.04 12.35 5.46 2.261
10:50 204 19.5 64.4 1.36 6.13 12.14 5.55 2.189
10:55 224 19.5 64.7 1.57 6.14 12.14 5.55 2.186
11:00 277 19.6 65.1 1.67 6.22 12.35 5.63 2.192
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M99 V.17 HANITVIAFDUAITITIUTIVBIIZUU Solar PV/T Boosted Heat Pump Tulss

gdnnAUIaRUalyeUsINIG U99TUN 22 SUNAN 2563

Time |T Ta TS PPV+PV/T PtotaL QCond PComp EERHP
W/m? °C °C kw kw | kw kw KW, /KW,
12:00 981 219 30.3 3.86 4.08 12.35 3.50 3.527
12:05 960 22.1 30.85 3.86 4.12 12.35 3.54 3.491
12:10 962 22.4 31.5 3.86 4.14 12.77 3.56 3.584
12:15 954 22.4 31.95 3.90 4.18 12.35 3.59 3.437
12:20 965 22.6 32.2 3.89 4.21 12.35 3.62 3.408
12:25 975 22.8 32.7 3.87 4.25 12.35 3.67 3.364
12:30 982 22.6 33.25 3.90 4.29 12.35 3.70 3.335
12:35 985 22.5 33.75 391 4.32 12.14 3.74 3.244
12:40 990 22.7 34 3.90 4.33 12.35 3.75 3.293
12:45 1000 23.0 34.55 3.94 4.38 12.56 3.80 3.307
12:50 971 23.4 35 3.93 4.41 12.35 3.83 3.223
12:55 973 23.0 35.35 3.84 4.43 12.35 3.85 3.207
13:00 936 23.2 35.8 3.86 4.45 12.35 3.87 3.192
13:05 935 23.7 36.1 3.88 4.50 12.35 3.92 3.152
13:10 928 23.6 36.5 3.86 4.51 12.56 3.93 3.198
13:15 946 23.3 36.9 3.89 4.52 2% 7 3.94 3.245
13:20 956 23.6 37.3 4.08 4.55 12.35 3.96 3.116
13:25 883 23.8 37.5 3.90 4.54 12.56 3.96 3.172
13:30 881 24.0 37.95 3.80 4.57 12.35 3.99 3.099
13:35 838 235 38.35 3.80 4.59 12.35 4.01 3.081
13:40 882 23.6 38.8 3.81 4.62 12.77 4.04 3.164
13:45 897 235 39.25 3.93 4.64 12.14 4.06 2.990
13:50 894 237 39.55 3.84 4.67 12.77 4.09 3.123
13:55 867 23.7 40.1 3.88 4.67 12.77 4.09 3.122
14:00 866 23.8 40.5 3.85 4.72 12.35 4.14 2.986
14:05 884 24.2 40.9 3.80 4.71 12.14 4.13 2.939
14:10 772 24.2 41.5 3.63 4.72 12.35 4.13 2.988
14:15 749 23.8 41.9 3.63 4.75 12.35 4.16 2.967
14:20 755 23.6 42.2 3.63 4.79 12.14 4.20 2.888
14:25 782 23.9 42.6 3.79 4.80 12.56 4.21 2.981
14:30 754 24.0 43.15 3.68 4.83 12.56 4.24 2.960
14:35 792 235 43.45 3.79 4.86 12.35 4.28 2.884
14:40 797 237 43.8 3.74 4.91 11.93 4.33 2.758
14:45 778 24.1 44.2 3.71 4.93 12.14 4.35 2.792




A15197 0.17 (519)

|T Ta TS PF’\/JrP\//T Ptotal QCond PComp EERHP
Time
W/m °C °C kW kW kW kW KW/ KW,

14:50 757 24.2 44.55 3.60 4.97 11.93 4.39 2.721
14:55 735 24.2 45.05 3.30 4.98 11.93 4.40 2711
15:00 734 24.3 45.4 2.84 5.02 11.93 4.44 2.687
15:05 706 24.4 45.8 2.82 5.05 12.35 4.47 2.765
15:10 598 24.0 46.15 2.46 5.10 12.35 4.51 2.736
15:15 604 23.6 46.5 2.58 5.13 12.35 4.55 2714
15:20 594 23.8 46.85 2.31 5.17 12.35 4.58 2.695
15:25 583 237 ar.1 221 5.19 12.56 4.61 2.7128
15:30 519 23.9 47.55 1.96 5.22 11.93 4.64 2572
15:35 528 235 47.8 1.68 5.25 12.14 4.67 2.603
15:40 570 23.4 48.1 .55 5.29 12.14 4.71 2.580
15:45 510 235 48.4 1818 5.31 11.93 4.72 2.526
15:50 500 235 48.9 0.68 5.35 12.35 4a.77 2.590
15:55 201 23.1 a9 0.98 5.35 12.35 a7 2.589
16:00 102 22.6 49.15 N5 5.36 11.93 4.78 2.496
16:05 88 22.2 49.5 0.44 5.38 11.93 4.80 2.486
16:10 83 22.0 49.75 0.35 .39 11.93 4.81 2.483
16:15 87 21.8 49.95 0.35 5.41 11.93 4.83 2.472
16:20 66 21.8 50.3 0.30 5.45 11.93 4.87 2.450
16:25 67 21.6 50.6 0.30 5.47 12.14 4.89 2.482
16:30 71 21.4 50.9 0.31 5.49 11.72 4.91 2.387
16:35 65 21.4 51.4 0.30 5.53 11.72 4.95 2.370
16:40 58 21.4 51.7 0.29 5.55 11.93 4.97 2.403
16:45 53 21.3 52.1 0.26 5.56 11.72 4.98 2.353
16:50 53 21.1 52.4 0.27 5.58 11.51 5.00 2.302
16:55 50 21.0 52.7 0.27 5.61 11.72 5.02 2.334
17:00 a7 20.8 53.15 0.27 5.63 11.51 5.05 2.281

154



155

A91991 9.18 NANITVIAFDUNTTITIIUTIVBITZUU Solar PV/T Boosted Heat Pump Tulss

dn I AUIaAUalYeUSINIG Va9TUN 23 SUNAN 2563

T]me lT Ta TS PPV+PV/T Ptotal QCond PCOmp EERHP
W/m °C °C KW kKW | kw KW | KW, /KW,

8:00 68 9.4 53.25 0.36 4.97 10.05 4.39 2.288
8:05 72 9.6 53.7 0.36 5.04 10.89 4.45 2.444
8:10 136 10.0 53.9 0.39 5.07 11.51 4.48 2.568
8:15 128 11.0 54.4 0.40 5.12 11.72 454 2.582
8:20 345 11.6 54.7 0.48 5.19 11.72 4.61 2.546
8:25 378 12.0 55.05 0.52 521 12.35 4.63 2.666
8:30 404 12.3 55.35 0.51 5.25 12.56 a.67 2.692
8:35 421 12.8 55.85 1.64 5.27 12.77 4.69 2,724
8:40 430 13.3 56.25 1.86 5.33 12.77 a4.75 2.691
8:45 455 13.6 56.55 2.04 5.36 12.98 a7 2.718
8:50 468 14.3 56.85 2.17 5.40 12.98 4.82 2.695
8:55 500 14.9 57.2 2.29 5.42 13.40 4.83 2772
9:00 527 14.8 57.6 2.40 5.46 13.40 4.87 2.749
9:05 546 155 bS5 2.48 5.49 13.40 491 2.730
9:10 577 15.9 57.95 2.53 5.56 13.61 a4.97 2.736
9:15 591 16.0 58125 2.70 5.56 13.82 4.98 2776
9:20 604 16.6 58.65 2.73 5.60 13.82 5.02 2.752
9:25 623 y78 59.05 2.83 5.65 13.82 5.07 2.726
9:30 655 17.4 59.5 2.86 5.69 13.82 5.10 2.707
9:35 671 17.7 59.9 2.98 572 13.82 5.14 2.688
9:40 705 18.3 60.3 3.01 5.77 13.61 5.19 2.621
9:45 122 19.3 60.25 3.07 5.80 13.19 5.21 2.530
9:50 740 18.6 60.6 3.11 5.83 13.40 5.25 2.552
9:55 751 19.1 60.75 3.12 587 13.40 5.28 2.536
10:00 756 19.4 61.1 3.08 5.92 13.40 5.34 2.510
10:05 783 19.4 61.4 3.16 5.93 13.40 5.35 2.504
10:10 793 19.9 61.55 3.16 5.98 13.40 5.40 2.481
10:15 806 20.4 62 3.15 6.01 12.98 5.43 2.389
10:20 809 20.2 62.45 3.15 6.06 13.61 5.47 2.486
10:25 824 20.0 62.85 3.18 6.08 13.40 5.50 2.436
10:30 841 20.2 63.25 3.19 6.13 13.61 555 2.452
10:35 869 20.7 63.5 3.60 6.16 13.61 5.58 2.438




A151497 .18 (519)

e Iy T, Ts Povipvr | Protal | Qcond | Pcomp EER.p
W/m? | °C °C KW KW | kw KW KW,/ KW,
10:40 883 21.1 63.85 3.68 6.23 14.03 5.64 2.485
10:45 891 21.3 64.2 3.83 6.30 13.61 571 2.381
10:50 899 21.6 64.5 3.89 6.37 13.40 5.79 2.316
10:55 913 21.5 64.75 3.85 6.48 14.03 5.90 2.377
11:00 921 21.5 65 3.87 6.60 14.24 6.01 2.367
12:00 1009 24.3 42.65 3.89 4.96 12.98 4.37 2.968
12:05 1010 24.8 40.05 3.89 4.85 13.40 4.27 3.140
12:10 1016 24.9 38.4 3.90 4.77 13.19 4.18 3.152
12:15 1016 24.1 37.2 3.93 4.71 13.40 4.13 3.245
12:20 1009 24.1 36.65 3.91 4.64 13.61 4.06 3.354
12:25 1009 24.2 36.6 3.91 4.57 13.19 3.99 3.309
12:30 1009 24.7 36.5 3.93 4.50 12.98 3.92 3.311
12:35 1011 2551 35.6 3.91 4.45 13.40 3.87 3.460
12:40 1005 24.8 34.85 3.90 4.40 12.98 3.82 3.398
12:45 1013 24.9 34.1 3.90 4.35 13.19 3.77 3.502
12:50 1016 25.0 33.35 3.91 4.31 12.98 3.73 3.482
12:55 1011 25.1 34.15 3.92 4.29 13.40 3.70 3.618
13:00 1009 25.5 34.65 3.94 4.29 13.19 3.71 3.552
13:05 1004 25.9 34.75 3.91 4.28 13.40 3.70 3.624
13:10 1006 25.7 35.2 3.92 4.28 13.40 3.70 3.623
13:15 990 25.9 35.1 3.88 4.29 13.40 3.71 3.614
13:20 973 259 35.35 3.85 4.31 13.19 3.72 3.542
13:25 975 26.3 35.55 3.95 4.30 13.40 3.72 3.606
13:30 968 26.4 36.1 3.93 4.30 13.19 3.72 3.549
13:35 959 26.5 36.65 3.93 4.30 13.40 3.71 3.608
13:40 947 26.4 37.1 3.92 4.29 13.40 3.71 3.615
13:45 938 26.7 37.75 3.89 4.30 13.19 3.72 3.545
13:50 929 26.9 38.15 3.89 4.32 13.19 3.73 3.532
13:55 921 26.8 38.55 3.90 4.35 13.40 3.77 3.556
14:00 910 26.7 38.95 3.95 4.38 13.19 3.80 3.469
14:05 896 26.5 39.3 3.90 4.43 13.40 3.85 3.481
14:10 885 26.7 39.65 3.89 4.44 12.98 3.86 3.366
14:15 876 26.7 40.1 3.89 4.47 12.77 3.89 3.285
14:20 863 26.6 40.4 3.83 4.53 13.40 3.95 3.394
14:25 851 27.0 40.95 3.82 4.57 13.19 3.98 3.311
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A151497 .18 (519)

e Iy T, Ts Povirvr | Protal | Qcond | Peomp EER:p
w/m? | °C | °C KW KW | kW | kW | KW/ KW,
14:30 836 27.5 41.5 3.81 4.61 13.19 4.03 3273
14:35 816 27.1 41.85 3.75 4.66 12.56 4.07 3.084
14:40 800 27.1 42.45 3.70 4.69 12.77 4.10 3.112
1445 788 27.0 42.9 3.62 a4.70 12.56 4.12 3.049
14:50 764 26.9 43.25 3.56 474 12.77 4.16 3.073
14:55 757 26.8 43.6 3.17 4.78 12.56 4.20 2.991
15:00 737 27.0 44.15 3.26 4.81 12.77 4.23 3.021
15:05 122 26.8 a44.45 3.10 4.84 12.56 4.26 2.947
15:10 703 26.4 44.9 2.67 4.86 12.77 4.28 2.984
15:15 684 26.4 454 2.64 4.88 12.98 4.30 3.019
15:20 665 26.6 45.8 2.59 4.88 12.56 4.30 2.920
15:25 649 26.6 46.15 2.46 4.93 12.98 4.35 2.986
15:30 626 26.2 46.6 2.30 4.93 12.56 4.35 2.887
15:35 604 26.3 46.85 2108 4.95 12.56 4.37 2.877
15:40 582 26.1 47.3 1.73 4.97 L2507 4.39 2.908
15:45 553 26.0 ar.7 1821 4.99 12.35 4.40 2.804
15:50 530 25.7 48.2 1.17 5.03 12.14 4.45 2.731
15:55 253 25.4 48.5 0.98 5.04 12.56 4.46 2.815
16:00 80 25.0 48.7 0.83 5.09 11.93 4.51 2.647
16:05 79 24.5 49 0.48 5.13 12.35 4.55 2.717
16:10 68 24.1 49.25 0.28 5.15 12%65 4.56 2.707
16:15 75 23.9 49.5 0.28 5.18 11.72 4.60 2.550
16:20 61 23.8 49.8 0.30 5.26 11.93 4.68 2.552
16:25 57 23.6 50.1 0.28 5.29 11.93 4.71 2.533
16:30 61 23.7 50.45 0.30 5.33 11.93 4.74 2.515
16:35 55 235 50.85 0.27 5.38 11.72 4.80 2.444
16:40 50 23.2 51.1 0.27 5.45 11.51 4.86 2.368
16:45 47 23.1 514 0.27 551 11.51 4.93 2.336
16:50 a7 22.9 51.9 0.27 5.58 11.93 5.00 2.388
16:55 44 22.8 522 0.28 5.63 11.93 5.05 2.362
17:00 46 22.4 527 0.27 5.65 11.93 5.07 2.354
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M99 9.19 HANITVAFDUAITITIIUTIVBIIZUU Solar PV/T Boosted Heat Pump Tulss

gdnnAUIaAUalYeUsINIG U99TUN 24 SUNAN 2563

|T Ta TS PPV+PV/T Ptotal QCor\d PComp EERHP
Time
W/m? °C °C kw kw kw kw KWy /KW,

8:00 72 9.4 52.95 0.36 5.20 11.93 4.62 2.582
8:05 74 10.0 53.2 0.35 5.25 12.14 4.67 2.599
8:10 105 10.5 53.6 0.41 5.30 12.14 471 2.576
8:15 115 11.4 54.15 0.45 5.32 12.77 4.74 2.693
8:20 331 12.0 54.65 0.48 5.35 13.19 4.77 2.766
8:25 375 12.6 55 0.49 5.41 13.19 4.83 2.730
8:30 393 13.2 55.15 0.55 5.48 13.19 4.90 2.692
8:35 a17 13.5 55.5 1.64 5.52 13.19 4.94 2.671
8:40 a57 13.8 56.05 2.01 5.54 12.98 4.96 2.617
8:45 460 14.1 56.25 2.10 5.56 13.40 4.98 2.689
8:50 4382 14.8 56.65 2.20 5.63 13.19 5.04 2.615
8:55 511 15.4 56.95 2.31 5.63 13.40 5.05 2.652
9:00 531 15.6 SRS 287 5.68 13.82 5.10 2712
9:05 550 16.4 57.7 2.46 5.73 14.03 5.15 2.725
9:10 555 Ll 57.8 2.44 5. [ T 14.03 5.19 2.702
9:15 573 18.2 58.1 2.58 5.79 14.24 5.20 2.735
9:20 589 18.4 58.3 2.66 5.82 13.40 5.24 2.558
9:25 615 18.3 58.45 2.73 5.88 13.40 5.29 2.531
9:30 632 18.4 58.95 2.85 5.89 13.19 5.31 2.483
9:35 664 18.5 59.45 2.89 5.94 13.40 5.36 2.501
9:40 681 18.9 59.9 2.99 5.98 13.82 5.39 2.562
9:45 696 19.3 60.2 3.10 6.02 14.03 5.44 2.581
9:50 707 19.5 60.55 3.11 6.04 13.82 5.46 2.530
9:55 729 19.8 60.85 3.19 6.11 12.98 552 2.349
10:00 738 20.2 61.05 3.22 6.13 13.61 5.55 2.452
10:05 764 20.8 61.2 3.22 6.18 13.61 5.59 2.433
10:10 784 20.9 61.4 3.23 6.21 13.61 5.63 2.417
10:15 790 20.8 61.65 3.15 6.23 13.61 5.65 2.408
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kr Ta Ts Pevipvr | Protat | Qeond | Peomp EER.p
Time
W/m °C °C kw kw kw kw KW, /KW,

10:20 818 21.1 61.85 3.15 6.28 13.82 5.70 2.426
10:25 824 21.7 62.35 3.15 6.31 13.61 5.73 2.376
10:30 844 21.7 62.8 3.17 6.38 13.82 5.80 2.382
10:35 850 22.0 63.25 3.26 6.45 14.03 5.87 2.390
10:40 861 22.2 63.75 3.70 6.55 14.24 5.96 2.387
10:45 883 22.0 64.2 3.77 6.62 14.24 6.04 2.358
10:50 892 22.4 64.4 3.86 6.69 14.03 6.11 2.295
10:55 909 23.2 64.75 3.88 6.71 14.24 6.13 2.322
11:00 904 23.1 65 3.89 6.80 14.45 6.22 2.324
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Abstract
This research proposed to compare the electrical and thermal performance between glazed and
unglazed of solar photovoltaic thermal (PV/T) hybrid pancls. The Photovoltaic thermal is the solar
photovoltaic (PV) module integrated with a flat-plate solar collector so the output of this system is an
electricity and heat. The experimental study was investigated of 2 case studies such as glazed and unglazed
solar PV conditions. The solar PV was polycrystalline silicon of 270 Wp. The DC pump was used to feed
water from 122 liters storage tank to solar PV panel at the flow rate of 1.2 L/min'm?. The thermal
performance was considered following ASHRAE STANDARD 93-2003. Throughout the experiment was
carried out in November 2019 at School of Renewable Energy, Magjo University, Chiang Mai, Thailand.
Data collection started since 8:00 a.m. to 4:00 p.m. of local time in Thailand. The results showed that the
thermal characteristics Fr(ta). and FrU; of glazed PV/T hybrid were 0.2748 and 8.4743 W/m* K. The
thermal and electrical efficiencies were approximately 26% and 12.3 %, respectively. In the case of
unglazed PV/T hybrid shown that the Fr(ta). and FaUr were 0.219 and 5.8064 W/m* K. The thermal and
clectrical efficiency were approximately 21% and 15.1 %, respectively. When analyzing the demonstrated
results, it obviously cleared that the thermal efficiency of glazed photovoltaic thermal hybrid was higher
than unglazed photovoltaic thermal hybrid, but the electrical efficiency of unglazed photovoltaic thermal

hybrid was higher than glazed photovoltaic thermal hybrid.

Keywords: Solar photovoltaic thermal (PV/T), Glazed, Unglazed, Electrical efficiency, Thermal efficiency.
1. Introduction

Renewable energy is an energy generated from a natural source such as solar energy, wind energy,
geothermal cnergy, cte. Especially, the solar cnergy is very interesting for clectricity gencration by using
the solar photovoltaic (PV) module. However, the clectrical conversion efficicncy of commercial solar
photovoltaic module is about 6-15% [1]. The major reason is the solar PV obtains heat from sun radiation,
which causes electrical efficiency reduction, thus the solar PV module should be reduced heat. The affective
method is to use cooling water through the back surface for pancl temperature reduction [2]. As the result,
heat removing from solar PV module can increase the electrical efficiency and convert into useful thermal
energy such as hot air and hot water that is well known as solar photovoltaic thermal (PV/T) hybrid.
Essentially, the solar photovoltaic thermal (PV/T) hybrid panel can divide into two types: glazed PV/T
which was produced more thermal energy, while, it generates lower electrical yield and unglazed PV/T, that
has higher electrical performance with rather lower thermal performance [3].
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There are many researchers to study about the electrical and thermal performance of PV/T. Wolf
[4] was carly researcher to analyze the performance of photovoltaic thermal system for residential heating.
The results found that the overall performance was approximately 10-20%. Krauter |5] designed an
integrated solar water heating system, this rescarch proposed to removing heat from photovoltaic module
and found that the electrical yield could be increased by 9-12%. Dupeyrat P. et al. [6] designed a new glazed
PV/T hybrid panel and test in standard condition. The result showed that the Fr(ta). and FrUr were 0.79
and 8.8 W/m™ K. Srisuk and Yongcharcon [7] studied the performance of glazed PV/T hybrid panel, arca
of PV/T was 0.79 m* The result showed that the daily electrical and thermal efficiencies were 3% and
40.9%, respectively. Kim and Kim [8] tested an unglazed PV/T hybrid panel in standard condition with
outdoor testing, the solar PV was monocrystalline silicon with 1.65 m? of area. The experiment results
showed that the Fr(ta). and FrUp were 0.662 and 14.29 W/m*K, respectively, while the thermal and
electrical efficiencies were 48% and 12.6%, respectively. Kongwut and Polvongsri [10] Abdullah, A. L.,
Misha, S., Tamaldin, N., Rosli, M. A. M. and Sachit, F. A. 2020. Theorctical study and indoor cxperimental
validation of performance of the new photovoltaic thermal solar collector (PVT) based water system. Case
studies in thermal engineering. 18: 1-13.

studied the electrical efficiency of unglazed solar PV/T system with water cooling, the experiment
used solar PV that was polycrystalline silicon, area was 1.627 m?, the water in storage tank was 100 L and
using the mass flow rate of 2 L/min for circulating the water. Found that the cooling water system could
decrease the maximum panel temperature about 25.73°C and the average electrical efficiency was 15.06%.
Abdullah et al. [10] demonstrated the performance of unglazed PV/T system with indoor testing, the results
showed that the maximum thermal cfficiency was 58.64% and the average clectrical cfficiency was 8.78%
with the solar radiation at 1000 W/m? and mass flow rate at 5 L/min,

However, the most previous researches were proposed to investigate the experiment and theoretical
performances of photovoltaic thermal hybrid. This rescarch focused on the experimental performance of
glazed and unglazed solar photovoltaic thermal (PV/T) hybrid in the weather of Chiang Mai, Thailand.
Thus, this research aimed to evaluate the thermal efficiency of glazed and unglazed solar photovoltaic
thermal (PV/T) hybrid analysis following to the ASHRAE STANDARD 93-2003 test and the electrical
cfficiencics were analyzed by using average values and compared the performance of obtaining results.

2. Methods and Materials

2.1 Experimental procedure

The cxperiment was carried out in November 2019 at School of Rencwable Energy, Macjo
University, Chiang Mai, Thailand. The experiment setting of glazed and unglazed solar photovoltaic thermal
(PV/T) hybrid panels were showed in Figure 1(a) and (b). The type of photovoltaic panel was polycrystalline
silicon solar cell which the peak electrical power was 270 Wp and the incident area was 1.63 m’. At the
back of both photovoltaic modules were installed a heat receiving that made from copper sheet and copper
tube. In a part of glazed PV/T hybrid panel used a glazing cover of 4 mm thickness. Figure 1(c) showed
operating test of solar water heating system. In generally, the mass flow rate of water was controlled at 0.02
L/s'm’. The water was circulated from the 122 L of water storage tank into the back of solar photovoltaic
thermal (PV/T) hybrid pancl by a DC pump. The temperature of glazed and unglazed PV/T hybrid pancls
would be reduced during the day. In a part of electricity production of solar photovoltaic thermal hybrid
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was measured by the solar module analyzer (Model: Prova 210, accuracy + 1%, Taiwan product). The all
temperatures was measured by thermocouple Type K (Accuracy + 0.05°C) and record by multi-channel
data logger (Model; Lutron TM-1947SD, accuracy + (.4°C, USA product) such as the ambient temperature
(T.), inlet water temperature of PV/T (T), outlet water temperature of PV/T (Tt,), hot water temperature
in storage tank (T) and panel temperature (T;). The solar radiation (Tr) was measured by solar power meter
(Model; Lutron SPM-1116SD, accuracy % 10 W/m’). The mass flow ratc of water was measured by flow
meter (Model; Treatton Z-3001, Taiwan product).

(a) Glazed PV/T pancl

Ir
PV/T Panel Tio

Ty

.-
lilff[-‘
r 1)
!/
Pump PP\'T&

(c) Schematic of the solar water heating system

Figure 1 The solar photovoltaic thermal (PV/T) hybrid experiment setting.

The experiment of two type solar photovoltaic thermal (PV/T) hybrid panels was test on different
days with the same weather condition and separated of two case studies. The first study was analyzing the
electrical efficiency of solar photovoltaic PV/T hybrid panel along daytime from 8.00 a.m. to 4.00 p.m. The
sccond study was analyzing the thermal efficiency according to ASHRAE STANDARD 93-2003 for Fr(ta).
and FrU; of PV/T finding. This experiment was demonstrated in steady state condition nearly solar noon
on clear sky days which solar radiation is above 790 =32 W/m?, the water mass flow rate is 1.2 L/min-m?,
the different ambient temperature varies of = 1.5°C, the air velocity on the solar photovoltaic face is between
2.24.5 m/s and the water inlet temperature is maintained with a different within £ 1°C. The both of solar
photovoltaic thermal PV/T hybrid panels were installed at a tilt angle of 18° facing to the south. The inlet
water temperature through the panels was varied from 35, 40, 50, 55, 60 and 65°C [11], respectively by
electrical heater controlling.
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2.2 Analysis
The heat gain from solar photovoltaic thermal (PV/T) hybrid can be calculated from equation 1.
Qpyrr =1 Cpy Ty Tr )= Apyr [ Fr (1), - R Uy (T T, ) | )

For the thermal efficiency of solar photovoltaic thermal (PV/T) hybrid panel is an index that shows
the ability to convert to the thermal energy when the panel receives the solar radiation can be determined as
the following equation 2.

(0]

vaeT T( |'Ta
= ————=F (ta),- RU -
N TS— ® (Ta), - B Uy L
For the electrical efficiency of solar photovoltaic thermal (PV/T) hybrid, it depends on the
temperature of panel and the solar radiation and can be determined as the following equation 3.

Pov/r
M it (3)
© IApyr

3. Result and Discussion

3.1 The electrical performance

The experiment of glazed photovoltaic thermal hybrid in Figure 2 showed that the variations of
solar radiation was in the range of 110-829 W/m?, ambient temperature was in the range of 14.2-34.9°C,
the pancl temperature was in the range of 18.2-58.6°C and the clectrical power was in the range of 11-161
W. Result was Obviously seen that the solar radiation was on the high value from 10.50 a.m. to 2.20 p.m.
and it caused to increase the ambient and panel temperatures. Those values affected the electrical power
generating. The maximum electrical power found that of 161 W, the total electricity during daytime was
equal to 101 Wh and the average electrical efficiency was 12.3%.

For the experiment of unglazed photovoltaic thermal hybrid presents as Figure 3. It was found that
the solar radiation varied in the range of 196-806 W/m’, the ambient temperature was in the range of 19.7-
34.6 °C, the pancl temperaturc was in the range of 21.1-48.6 °C and the clectrical power was in the range
of 25-195 W. Thesc results indicated that the solar radiation was on the high value from 10.40 am. to 2.00
p.m., therefore the ambient and panel temperatures were increased, too. The maximum electrical power was
equal to 195 W, the total electricity during daytime was equal to 152 Wh and the average electrical
cfficiency was 15.1%.
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Figure 2 The parameter variations of glazed PV/T hybrid panel testing during daytime.

900 250 0.30 -
75*:1.' 804 A * Pror -075i
ges{ T L7008l (22007« ne RN gl

o Iy 600’ - " ay 20 8

> 600 |5 “ w020

£55 1 sw§| |91 e WO

"1 [ -] ) . - L

545 ,_-,-.-----'.--.--"-.----._._|l w3 |3 - - v ‘AA. 0.15 %

v
£35 o 30 El|E & t 010 %
" e T - !

" i L MEER Loos
2 Pt L 100 4 g
15 ; — — 0 0 — — 000 =

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 §:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time Time
(a) Ambicent, pancl temperature and solar radiation (b) The clectrical power and efficiency

Figure 3 The parameter variations of unglazed PV/T hybrid panel testing during daytime.

3.2 Thermal performance

The thermal performance analysis of glazed and unglazed solar photovoltaic thermal (PV/T) hybrid
panels, is followed ASHRAE STANDARD 93-2003 on clear sky. Figure 4 (a) and (b) shows the heat gain
and the thermal efficiency of two PV/T hybrid panels were varied following the inlet water temperature. In
the case of glazed PV/T hybrid panel, the heat gain from PV/T could be reached of 356 W and the thermal
efficiency was equal to 26%. While the unglazed PV/T hybrid panel, the heat gain from PV/T was lower
than using glazed PV/T hybrid of 290 W and the thermal cfficiency was 21%, respectively. However, all
parameters from testing were analyzed by linear regression analysis for the thermal efficiency finding.
Figure 5 shows that the thermal efficiency could be demonstrated from equation 2 that the linear equation
was N = 0.2748 — 8.4743 (T, — T,)/Iy and g, = 0.219 — 5.8064 (T}, — T,)/Ir. When considering the thermal
efficiencies of glazed and unglazed case study at the Y-axis intersection found that F(ta). was 0.2748 and
0.219, respectively while the heat loss coefficient from the equation slope showed as FrUp which were
8.4743 W/m™K and 5.8064 W/m*-K, respectively.
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Figure 4 The variation of heat and thermal efficiency according to ASHRAE STANDARD 93-2003.
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Figure 5 The regression analysis of thermal performance of glazed and unglazed PV/T hybrid.

3.3 Comparison between glazed and unglazed PV/T

The experimental results of glazed and unglazed PV/T hybrid panels could be discussed by the
variation of pancl temperaturc increasing. The pancl temperature of glazed PV/T hybrid would be higher
than unglazed PV/T hybrid that due to the storing heat of panel and found that the glass covered reduced
surrounding cooling therefore the electrical efficiency and total electricity of glazed PV/T hybrid was also
lower than unglazed PV/T hybrid, but the thermal efficiency of glazed PV/T hybrid was better than unglazed

PV/T hybrid at the same testing condition.

4. Conclusion

This research studied the electrical and thermal performance of glazed and unglazed solar
photovoltaic thermal (PV/T) hybrid panels. The results showed that Fr(ta). of glazed and unglazed
photovoltaic thermal hybrid were 0.2748 and 0.219, the FrUi were 8.4743 and 5.8064 W/m*K,
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respectively. However, the thermal efficiency was approximately 26% and 21%. For the electrical analysis,
the average electrical efficiency was equal to 12.3% and 15.1%, respectively. When comparing the
demonstrated results, it was clearly that the thermal efficiency of glazed solar photovoltaic thermal (PV/T)
hybrid was higher than unglazed solar photovoltaic thermal hybrid in the opposite the electrical efficiency
of unglazed type was higher than glazed type wherewith more accumulating heat inside the panel.
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Nomenclature
Apvr  Area of PV/T hybrid panel (m?) Tei Inlet water temperature (°C)
T, Ambient temperature (°C) Tto Qutlet water temperature (°C)
Te Pancl temperature (°C) Cpr  Specific heat capacity of water (J/kg'K)
my Flow rate of water (L/s) Qpvr Heat gain of PV/T hybrid pancl (W)
Iy Solar radiation (W/m?) Povr Electrical power of PV/T hybrid panel (W)
Fr Heat removal factor (ta)e  The transmittance-absorptance product
UL Overall heat loss (W/m*K) Ni The thermal efficiency
Ne The clectrical cfficiency
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ABSTRACT

This research presents the experimental performance of hot water production by solar P/ T
boosted heat pump system in actual use in a slaughterhouse at Chai Prakan District, Chiang Mai Province.
The system consists of a heat pump of 17.8 kW, using R134a as a refrigerant. At the heat pump evaporator,
the additional heat was supplied from a glazed sclar phetoveltaic thermal panel (PV/T) which peak power
was 295 W, amounts & panels. The heat pump was powered by 14 panels of the solar phctovoltaic panel
which each peak power was 370 W, for hot water production in the storage tank of 3,000 liters for use in
the scalding and scraping of pigs processing that required hot water was approximately 65°C. The results
showed that the overall efficiency of solar PV/ T boosted heat pump was equal to 59.28%, moreover, the
average energy efficiency ratio (EER) was 3.17 kW,./kW, which was higher than the heat pump without solar
PV/T with an average EER was 2.79 kW,./kW,. For the electric cost analysis of the scalding and scraping
process, the spedific energy consumption {SEC) could be reduced from 7.27 kiéWh/pig Lo 1.82 kWh/pig, or a
cost was reduced from 33,15 Baht/pig to 8.29 Baht/pig. In overview, the used electric power from grid line
was reduced about 27,501.92 kWh/ year, which was eguivalent to 125,408.64 baht/ year or about 75% of
electric power cost compared with the only electrical heater use. The system cost invested 708,060 Baht,
so the payback period was equal to 6.07 years and the internal rate of return {IRR} was 15.56%, respectively.
Keywords: Sclar photovoltaic thermal panel, Heat pump, Hot water, Electric power costs reduction,

Performance
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PIAMINAASITIMLALEE METATIENUAT P
yaslsshdnimeauadvalves imalindanulainly
muAminfousasvaasaliih 117.53 kwh/seums
Win w39 36,669.36 kwh/year ArniduAlddae
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PV/T boosted heat pump 9@ 150aANTHINAIIY
Inifhinde 9,167.67 Kiwh/year uansiasuil 10 Amifu
ALY 41,803.65 Baht/year annsnannsindau
e 75% wasiliiinaysenda 27,501.92
kwh/year wiafmdurnldd1e 12540868 Baht/year
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gaunisiuaseiinisldndauliivadiuaugns
(SEC) 9 niFuRD 7.27 kWh/dia araunde 1.82 kWh/
s wiawnAaludlieaniAude 33.41 Baht/s
apauvie 8.29 Baht/# a3suu Solar PV/T boosted
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