fuanai R2559814

FgeuIdsatuauy el

Tasenas: niswawadunvuasasinldmasludidnadnsunussuvasauaniy
o A% ¢ ar o a  f
Saudildwasnulwihanwadueaseniing

Development the prototype of thermoelectric egg incubator
integrated with a thermal energy storage with using electricity
from solar cells

A3

AOIEEITY deno g
03414
2894
1. §eemans1a158 as.ody §399Y IETRENANIUNAUNY
NIV HUSAS
2. fthemmansiingd assume Bedadatan angiveinand
UMM GRS
3. fheAans19nTe A seisn sndnd  Inendendesnumauny
WV INEHULIFNS
4. fuapEn 19138 AR duna YRR UNAUNY
| UNTINEIABULIANT
Avuayulag

UUSTHUUHLAY UINIIABULTARS
Yeuuszuauununu 2559



AU

senuiliiduniwedasinside “maianduiuuinsedinldmefludidnnia
srufussuvazauaufouiildndanilwihanwaduaseniing” Tngldduuganyumside
QINUUsEINOILHLRY ainendeusms Teuussnasudy 2559 Sudlinqussasdifie 1)
sanuuutariauatsinliilduiumesludidinsinlugaufussuvasanauouiily
wisulihnngaduaseriind 2) nageunsvinnuseunissdinlimesludidnednsanriu
syuvavanrufouilindsmulvihoneaduaseiindmalfannzusaniaiinlaln 3)nw
ﬂ'a'mé:ufhmsﬁmmwgmﬁm%ﬁjaaLﬂ%aaﬂnhimaﬂuﬁLé‘nm’%ns"mﬁ’usswasﬁumm%fauﬁ’l%
w§aulvlfineaduaefindludinranisdsaiivfununasnindns@in (Life cycle
cost, LCC) wazszeziiafuyu (Payback period, PB) Flafunmslunsimunedesiinly
11»1awmsahmulﬁ’luwuﬂmﬂna wiliifissuuliitugin sufsanusmbesdanuiildnnn
mMeAdesiandosan ilignslinuliats aanmslindanulii wavaduayumsly
NAWUNAUYY

wenmnillasanisitefandnasnaidnlssiviiunuunosiialisiuiussuy
avaurdeuilindaonivihnneaduasoiiod insmeusduamAdaieuanasy
Goudmadnns eilmshidueramiddelumassgammslussdusedunil vauiins
ARasinaadluasanssinasvina Seanisdduailudiusiieg gminauelusiesy
avuiliuiy

AnETUTeULAN INSFINIIUNAUNY U INYITBNTATS aoiivinnisise
aﬂnmua%mmma qmmaﬂtuywmm'na‘uﬂmLﬂuamaaeﬁmsuummmaauL‘smi iy
ﬁlwuewuumwaamnwﬂiummuwumﬂivmﬂ 2559 11 papaaAulasImT TRty
ﬁlumﬂLﬂWuu‘lmwwnﬂﬂﬂmﬂﬂ'ﬁﬁuuauﬂuﬂim

ANIVG
26 NINGAY 2560



d @t }-2 -:'vl 1 5 P4 -y [{ or 84 4:1 &
dalasems nswawdunuuiadsiinldmesludidnesnufussuvarananuounld
wasnulyienwaduaseiing

ANy mAasoly gid IMUTRENEWIUNAUNY UV TINGRYULTADS
neas.auTe Liedndatan A INENENENS I IneduuLIAIS
welasUaeRo sundny FNOBENSWTUNAUNY IAVINGTRBULSATS
HA.AT.ANAN dUna INFIHAWUNAUAY IMTINENETULSADT

° Y El 1 3 ad  a ¢ a § ¥
fdndy  iedesiinly, ssuuavauauieou, wesluBiinainluga, wadume1hiad, Auny
aaenininsdin, sevianfiuyy

UNARED

Mo Li‘]umsﬁmmm‘%'aqﬁn'L‘tﬂfiﬁ’Laiﬁnﬁ’l%’wé’wumnlﬂﬁqﬁumu TagAuuy
wsedleldmesluBidnluga (TECI- 12710) Wuuwassrearudauludisianaisiy uasans
Waguasuglusyuuas aumwmauvﬂuLmaawamummsaumamm’[ﬂwmnmnawﬂu
TﬂﬂLma'am’nmhammiaumaawuﬂlmiuwaamulwﬁﬂmﬂwaauﬂemwmﬂmmamﬂﬂﬁﬂ
au1e 120 06 15U 3 ue Wwdasraina1eiu aslundessyuvasanainuiey fve
anASauYIg 1500 S0d 817 0.55 Wwas 113y 3 1EU wayvonaauaaininuisy
S 2 vie Sinaheluansinaisuemanieluaiesiinld ﬁmiﬁmﬁg\tmﬂﬁﬂ’iﬁmdwﬁ
Hnld waggszu1gaIns LwammuammuLLavmmsnumsftumﬁn‘Lm”Lwaq”Lumwwwau
awiunﬁﬁﬂlw Aogamgiimstinla 36-39°C LaYAIT TS 60-T0%RH HAMSVAGBS
wummiaaﬁﬂlmmaﬂumanmﬂi'naJnusunUauﬁumwmaummmmmuaamnuu,av
armilserludiunnsgiunsiintdld 24 dalas amon 211U vide 1 spuvesmsiinly

mami'am:nmmum‘mﬁmamwmmsaaﬁﬂlmmaﬁuatanminimnus“uuavaumw
%’auﬁlﬁuwawulﬂﬁwsmLﬁuaaLcmmwmsﬂmuammsumuswmwnn 22,020 um lasUsza

49% ?Jaawuammiumummﬂmumumwaauaamwma uaviilorunafuyunaeniging
Fouwazuiuliugamdagiugns et 9,142 um asussdiusseziiafuvulag
wmimﬁuaunmﬂuwumnmamauLmuamﬁwmwLﬂaaaﬁnlmmaﬁuaLanmnmuﬂ‘usuuu
auaumnmauﬁ‘lﬁwaaaqu"l,wﬁwmwaau,mmmmamusunamuuuﬂlﬂmamammumqﬂuwu
amusauﬂa 7.05 1J

nanTIseRamdATiaLazlATYgAERS asﬂlmﬂLﬂsmﬁn‘lmwvmaﬁnamﬂmn
'mlnusvuuavaumqmauﬁ’lmwawulﬂﬁwmnLsuaauaamma amnsamMaILAT RN
lauuvvnanlvdla '[.ﬂmﬂmyasmaalmmmmlﬂamnimuuawaﬂﬂﬁmumu uasidu
u,mmamLa'smt,auwumms‘lwmmwmmumaam{]ammm'ﬂ%‘mﬁmmnawuamqmamm

16



Project title Development the prototype of thermoelectric egg incubator integrated
with a thermal energy storage with using electricity from solar cells
Researchers Assistant Prof. Dr. Tawat Suriwong
Assistant Prof. Dr. Somchai Jiajitsawat
Assistant Prof. Dr. Prapita Thanarak
. Assistant Prof. Dr. Sakda Somkun
Keywords  Egg incubator, Thermal storage system, Thermoelectric module, Solar
cell, Life cycle cost, Payback period

Abstract

The purpose of this research was to develop a thermoelectric egg incubator (TE!)
integrated with a thermal storage systemn (TES) and using electricity from PV cell, in
order to operate without on-grid electricity. A thermoelectric (TE) module was applied
as the heat source for daytime use, and a phase change material (PCM) contained
inside a thermal energy storage(TES) was supplied heat into TEI at nighttime operation.
The primary energy source comprised 3 panels of Photovoltaic (PV) cell generatlng 120
W of electrical power, according to a load of the incubator in whole day operation. A
heating element with three parallel circuit lines was installed inside the PCM box (1500
W and 0.55 m of length). Incubating temperature and relative hurnidity (RH) inside the
TELTES were controlled to emulate natural conditions for fertile chicken egg hatching
(36-39°C and 60-809%RH), compared with commercial egg incubator (CEl). The results
showed that the TELTES was achieved and mostly maintained within optimum
incubating temperature range and the correct relative humidity under the weather of
Thailand (clear sky, rainy and cloudy day) over the 24 hours in the whole chicken-egg
hatching period (21 days).

The economic evaluation based on Life cycle cost (LCC) and Payback period (PB)
was determined. As the results, an investment cost of the TE incubator was 22,020
Baht and 49% of investment cost was solar cell panels. LCC of the TE incubator was
9,142 Baht which is according to the present value (PV)., PB of this TE incUbator
considered on the net present value (NPV) was evaluated. It is found that PB of the
TE incubator was 7.05 years. " '

Therefore, thérmoelectric egg incubator integrated with a thermal storage system
using electricity from solar cells can be competitive with commercial egg incubator,
and it is especially high potentlal in remote areas where located far from the electrical
infrastructure. In addition, it can be guidelines for widely promoting utitization of

renewable energy.
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Lﬂwmﬂﬂuﬂiomﬁlwaw?vnaum*ﬁwmwsnswmu’twmunmaaalnl,uauau‘lnlm
Aruglusiag wanfiuenmaduitaseneldlunfidou I@'IEHJﬂmLLmﬂ’liLaENﬂ‘lﬂLLﬁuﬂ'ﬁﬁﬂll‘lf
mulwmtlaamﬂulﬂenuﬁiswmm Yrlilnananduilotanuanssnuainannuinden
gaumqdl gitens wavauiy [1-4] mafinlsdeduilad dyvesnsidedldmsedn
mmsaﬁnlmaanmmumlﬂlmquwuammmiwmmawammasaumsﬁﬂlﬂ (21 Yu) aghelsh
aunsfinldenusssuofiuinanaadeudneh esnnualliliausadinldudreenuny
sldldwdentuasiiliulidasisnsinlddouduuaiiionisggnld sudemsiinldany
ﬁ'ismﬂE‘Lajmmmmmuammﬁlﬁaéw{aLﬁaqmsﬁsuw&aﬁmﬁuﬁlﬁﬁmaaaanmn%‘qtﬁa
WIS aqma’Lwﬁ%uumﬂmﬂunﬁﬁn“lfﬂmﬂ‘lumaamﬁauulnuazmmmmmumuﬂsmqs}
wLﬂawmnunﬁﬁﬂ‘lﬂwuﬂ'zmumm Lagifinansanniu wiunduAse ungilaglugg 36-
39°C wazAsTUSTmMSluTIa 60-80 % [1-3] Falsy ﬁwﬁmwwmLﬂsaaﬁn‘lmﬂuanmmﬂs

1
=5

wuawuannamumu‘lumsmammmlﬂ”[‘uuma“;w,wa’mesﬁnlﬂuuam'm']sﬁmwn*uu ASHRIUN
LﬂiaqﬁﬂlmluﬁﬂwumLuulﬁwmi‘[fﬁ‘uﬂamﬂ'nmauiumimuﬂmmmmamaﬂ‘ﬁ
nssualnipoutags m‘lmu‘uamnﬂ'lum's‘l.*umu‘luwuw'1<1”Lﬂaﬂlumuuﬂﬂ%’%wumum’m
13Jf1’]1J’]‘§Eﬂ‘HLﬂiaﬂﬁﬂl‘u‘ﬁuﬂ‘lﬂ,ﬂ AT ldinsTannaisdinldfmiundeany
nawndluguuuusingg dlapudaiulugundsnuvesUseing uazmsWadinnssy
WEIMWNARYIUE YT LT Eiinsianatesiinldlneldszuvihfouamniuividandind
[5,6] u,aJlfzimqmauﬁlmmnm’munm«ammm'mﬂuLﬂimmmiauwaaa'}uummwmﬂ [71
Sl v nnnsUsznavamsinaduaaininndsn uauseuldfuginly
un 144 Wes Tiillassadohendifunuin 5 Anjaiideuda (8] wieditnldvunuse 36
g ﬂnmUﬂmamwnuuauﬁfnmummmumaﬁuaLaﬂmﬁﬂ fisasnsiniduiauasilssasnms
Aunu i 72.22% uay 1.06 B/msiinld 13 ;u’lwuw [9) uenanifiinsfinuinaves
mﬂ*ﬁmﬁﬂlﬂmauﬂUﬂﬁ‘l‘auu“lnﬁn'Lm wasnavasmsasdnedelilunenlaglvldsuamns
diSazu masnnissiunindeya 11 wm'lms'lfﬂmﬁnlﬂuami'amsmﬂmaﬂaamﬂum 56.2%
LﬂsaumaumJu,ulﬂﬁﬂimama‘bumﬁa‘lfmmaﬂm 20 T T,mau,ulﬂumaummamaﬂinlﬁmumn
8.0 1Ju 15 gn gnladia 31 Fadlew Fadumsdaaiuliiinslddinldegedivseaniam
s [10] ﬂuﬁamﬁmu’iﬁ’aﬁamsﬁ'ﬁ%’a’lﬁﬁnmmLLé"ﬂuﬁmmsm%'smLﬁauﬂ‘szﬁw%mwms
awvesiinldtuuunainmuieusas suuuinesTudidnedn nundiinlduuumedludian
mnumimmuammuLLasmm%u’lumamwmuamun'ﬁﬁn‘l,fumﬂﬂ'a'mﬁnlwuwm
anANiou uanmnumﬁﬂlﬂuLmuma'ﬂumanmnumﬂ‘rjwamulﬂﬁwmaauaam”mﬁﬂh}
LunIaaIan L Seulsesna 2.14 wh wazdlednaldedwiuamlriudmuinginluuy
wotluBidnananansaandilddisandy 53.4% demsiinldnilsey Wefisnsanmadi



UssAvBnminisvhasdeuwudn AdnsdmuseBniammdsnu (EER) vewdilnlduvuines
Tudidne3nilenannniuuuvaaraanudoudssang 1.4 wh [11]

mnmmmauavi‘]aymﬁ‘ﬁuﬁ*ﬁuuwﬁwa‘lnafa'msvvulwfhﬁumu TWannsalfindesiln
il Tngniwaduasenfinduwhnmsienssualiinssuanssifumesludidnasnluga uag
fuamnﬂanamaﬂm%auaqmmma annsosenseualldifsshmounansuitiiuasenfing
it ﬂﬂﬁ’lmmmsmﬂmammu’Lumuﬂa"faﬁulm muuﬂmvma}Eﬂ.ﬂmmﬂﬂ‘lumimswuu
drauAINsauLITINAY Iﬂasvwmmiavaummmuhmnm'imm'lmaumawm
aenmdoulueuitiuaseiing (na1ety) Wilundsmmmateuileteliiuedasiinlyly
gitlsifiuaiondind Weldmaihamursuadedinliifnlsdvinwgsganasnnan 24 Filus
Tnglaifinnstlalindusiy annsldndanulud varaiuayunderumauny saudal
msfananudululindhuasmanludagesnsusaiiuduyinaeniging®in (Lfe
cycle cost, LCC) uagszagiaarauyi (Payback period, PB) ma’lmﬂumafmmmuﬂmq’m
miamuamivuuua.f[famu'lvmuan:msmawﬂsunaua’mwLaﬂa'lnuwi‘lnlwau‘lﬁﬂ,uﬂﬁ
ﬁﬁs'tauavlsumumﬁnlw IﬂamfuUﬁ'lﬂma'mmaauwumumalwLﬂwmsn'ﬂu‘auuwmﬂnaw
1uﬁ‘lwﬁﬂfﬁmm‘mﬂiuﬂa‘um‘uwLﬂwmsﬂiiunmaﬂﬂﬂ% wazaaeiiu seAngaamnsiinld
m@mmsulmnwmnimmsaLsmmn'wﬂwawmwmmuu,asmﬁqaquuwugmmawaﬂ
VS YGRANDLEM U TE D6 )

1.2 JagusgasAvouide

1) senuuunagianedasiinlafilfusunesldidinainlugasufiussuuasaun
Souildwdsmiliihenwaduasening |

2) nageumsvhenueatasinlemasludidnnindniussuuasauminfoudily
wisnlwihanwaduasefindnnelianzyeansiinlala

3) Anviududmeiniasegmansvenaseiinldwesludilinadnduiussuy
avanaSeuniimdanulriningaduaseingludiueanuseiiviuu
aaeaininsdin (Life cycle cost, LCC) wagisgsrianAunu (Payback period, PB)

1.3 98UlwANINITIY

1) Yansruureaadesiinlddunuudmiuldln sunnussy 24 vea lagssuuldumes
aradounnusumeiliddnmnlugauasssunasauaufeuiildansihauu
W1

2) 11iaqnoﬁ‘lﬁ%ammm%’amﬂuwéaﬁwLﬁﬂmwu%’auLﬁadﬂamtmsaaaum’m%’au
Wifuansiasuaane (mait) Aussqeglussuvavduaamudon

3) nsualiihiswlituiune ludidansnlugatazuamnnuiousnaniad
waeindouin 120 0 S1u0u 3 uns



1) nsfnmaruduavsesygmansludnemsUsaliuduunasaindng
T3 (Life cycle cost, LCC) uagsyasiiandunu (Payback period, PB)
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tnwnsnshusuumindlag laifissuulsifhifugiu gsdemsinuns wasdanlalums
Bosla
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2.1 w3ssfinld (Egg incubator)
UsumﬂlmaLﬂuﬂiumﬂmwmfﬁsaﬂ.uwuuﬂusziuumﬂwmnsmulmmmm #ts uag
LaEJ\?EIm'Jﬂ’JUﬁﬂul‘U w1 Wa wazgns Judu mulnwummuum’asummsmmnlnma
uad (Red jungle fowl) m\mu%mwfﬂmaﬂwmvuaEm'maa'wﬂm&mu LY msﬁfﬂﬂmmﬂﬁumm
magsTHYA Wesawuglilivl ehenendgnligusieaniFeny nstinleiAnduvinTH
wilildnandalddon wawindadldinanludae 2021 Ju ‘lumﬁ'ﬁnﬁuaﬂsa uaiwm‘lwm
‘Uﬂ uulnlﬁlwmaumm 10-15 W uav'lmmavmmlﬂ"iﬁlwsvmm 3-4 90 wlesenln
fudlofisaniin oy vildnelisani aaN‘b‘nmumsmam"l.mmmmnm-mummmmn
nildldganazadiiiaue muumumiwmmwuﬁlnwumawummmwsn’tﬁlmawu Tu
fum.,LﬂEnnunmmmﬁn‘l‘uLwamaman‘lﬂ"lﬁlué(ﬂafmwmm“au awwuﬁ‘lnwanwmvmmanu
Lﬂuﬂiuiwuamamﬂmal,mgmnﬁ'maaa wsznsinladnowliduisisenda udiidas
Assene Sensiintalaeiluntssandu 2 wiia Ae asiinldlagldulldfinemmisssuyd
(natural Incubation) uaznsfinlviaeldiedesitnly (artificial Incubation) IgGasinsiaun
andausisEanl 230 Yiuda T&‘IEJﬂ’l‘i‘V]’lLﬂfJ'lJLL‘U‘Uﬂ’]'i‘ﬁﬂl‘tj‘llENLLNIﬂW]&Jﬁ‘i‘S;J‘U'IW mﬁﬂ‘lﬂawﬂﬂ
uaﬂwmvmumﬂm muamﬂmaﬂmﬂuamu insuRLguurall At msna‘u"t‘u Laznis
suwene [1-3,7] mﬁnl*uTma’kumﬁnh’iuﬂawuuwawnwmmmm’tumsusﬁamvﬁn‘lu
wtazgeu Feuanalugui 2.1
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2.2 adeitinadonsiinle
2.2.1 gamgiinisinld (Incubating temperature)
amwnmﬂuﬂﬂ%wﬁmmLﬂuauﬂuu'snmmmsﬁnlfu Tusssurinusoudild
Iumsﬁnlwulmmnmmsaumamlmmn-mmwaquulﬂmuuqmmuwmmvauéf’xmums
finletundosiinlddy mslndidvsiugampifullafinesusssud Sedududeinu
amvmuma‘lumsaqﬁnlﬂwmmuauLLavmwLwa'lwmiﬁﬂ‘lmlmmam ammmmmvauﬁmw
miﬁn'lmlﬂ"lwmqw 1-18 apamstintdeglugig 36-38°C warluuil 19-21 agludaa 36.1-
37.2°C mammuLﬂﬂaqmamﬂmuaawdwmsﬁﬂaaﬂuJummaaanlnlnﬁl,mwﬂ'swsaa";a}m
11nan1ﬂ1umm=mﬁﬂaanLﬂum"tﬂ [1-3] ‘J‘U“A 2.2 uansnnudeuiiiatuainnsiiulnves
Bualovedl il indnszaznamsiin wmqqmmum'5°7'1nlsuﬂyuwamanﬁmﬂmamuuﬂa

= ]

Wusenwnn
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T T r1rr1r ryryrrrrrri1 +1§F 1 1

Heat prodection of the growing ehicken
= ¢ ambryo estimated by Indirect catorimetey © -

. ¢ Heatpraduction of the growitng chicken .
embryo estimated by direct calorimelry

== A Evaporative heat foss -
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ammumiﬁﬂh Iﬂaamwnwmmuaunumsﬁﬂlmaw 38°C wazilsnsnisindiuga
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00 Hatchabtity % : Average hatch time (days) 24
80 p ™ 23
N\ AN
70 N \
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20 / AN \ 20
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Temperature

LY i E; 1 ar 1 ot ] T
U 0.3 avwdiususeruaemsiinld dasnstinlddui uay gauwginisiinle [12]

A b Q”J 1 o d ~ 1 oF
lunsdifsinsiAuldlisemsiinidn - feddianudidwnniisandnanednsmsiin
Ve 8 [ 1 o < ) " X
1o fafumsiiuinulalanasedluaneiimansauigs (Optimum ege storage conditions)
= ar at 3 ) ar 1 1 ar : 1
fidmnudnisserinaamndiunarlumaiivinulild lnswuidnamafuineldl
N A ) PR o =
wniu Snludenivinuldlnluannenilihas Awansuzua 2.4

25,0 7.0

24,0 5.1

23,0 \ 732

22,0 \ .3

28,0 N 69,4

20,0 :

SELY < 87,5

19,0 L .

180 \.\ 65,6
e = 53,7 =
Gane ] ' g
z L i 618 2
T 6,0 ok g
Zase s e . 59,9
§14,0 eSS 15
2 - T 56,2 73
E 13,0 3
g — - e T 54,3

12,0 -k - v

15,0 = e T e e AL

16,0 i ___ 50,5

2,0 T 48,5

8,0 46,F

.0 44,8

4,0 42,9

50 — 11,0

9 4+ 2z 3 4 5 & ¥ 8 9 @ 11 ¥z 13 i4 i3 6 47 18 19 20 21

Days of storage

P = or M o
sy 0.4 dnmefnzaufigalumafuinmlald [2]

2.2.2 A (Humld:ty) _ :
aruiituedasinlddutiadeittianuddyannlunsinla ‘lu‘umvﬂmaa
ﬁnlmumiatgLﬁﬂﬂ'nmuaanmnﬂaql*zmaamL'Jmmmsnaqmmlmmﬂmmm‘uawaammﬂlu
ﬂae‘lmmmmmma’mmuLﬁasje]ua»maﬁﬂlﬂlﬂ"lﬂlﬂ 19 Yurlssormehfiuiuinsuszanu
1/3 veaviasly muam’lmﬂw 2.5 Tnsaruiuiimnedwiunsiinldiuuieenldifu 2 919
Andae 18 'Juu.irf[,uLﬂimﬁﬂlwm‘mmmwauwmﬁ (Relatlve humld;ty RH) Uszua
609%RH uaglutig 3 Fugavhevesnsiinlnalifindens m'}mugwumﬂuaaﬂsumm 70-



759%RH Wiegrsmutuduimsaiimnumnsaunasaszesiansiinlifie 60-80 %RH [1-
3] iislinmasyiulnsasdifaunnsinvesiiseu aunsehsineenundudls Fedwn
auiuteaiulufdwaliudonlduuasgnlnliansaniswaenlieennldenayinly
anline FBudloildlnemsihssTuasansadomzdentdlidlensuimuansiinly
andlunsdimmufunniuliuasiilifdneennausmuaudadsaliviinuldunivild
uvagiudsfimnnauiuly sugnlignldvnvudseuniliannsasensnlylald 35udluh
Iaefunaindgnlneensnldldudliianuasenadgnliiflve uvenmyer

gy

14 day
19* day

YU 58 N5 UM 85 A5
U 0.5 vwavedliuazdate1nie [9]

13,0 13,0
12,0 12,0
I/ ’
11,0 A 41,0
//
19,0 hl 10,0
: A
9,0 / ,/ 9,0
7
8,0 = 8,0
p AL
g U 7.0
: " . ‘:’/!, :
3
6.0 6,0
g Z ’
: 1 50
50 :
’ 4’{/’
o
4,0 o 4.0
3,0 : o . 20
//
2,0 r 2,0
1,0 1o
0,0 - 2,0
o i 2 3 & 5 & F B 9 10 f1 12 i3 t4 15 16 17 I8

Day of intubation

S "o - ) & o
3V 0.6 Uszanansgdehradldlinunansitaldhuaiesinldwuutudien 2]

IﬂﬂﬂnmLLa'asvmwﬂ'l'zﬁn"LﬁuumiamLﬁammalul*tm'lumaswsmmmaan1=u o
amwmsamtﬁammammwwaqﬂ‘uﬂimmuavmmmaﬁwsuwLﬂaan”lﬂl,t,avﬂ';msziwuaa
mmmaul*u ﬁ'mwam';vmsamtﬁam (Wright loss, %) fviivldsnsnsiinlalusga
flanite 12 % vendminlvldluiud 18 veamsilald U7 2.6 u,amamwmigmtﬁﬂuwmh
lﬂmmsﬁﬂiumsmﬁnimmwumm (Single stage incubator) 1'¢U'nun'ﬁqtytﬁau'vaaa‘lm"l,n
\fintunuuiavaings (Exponential curve) masranansitnlal dwiuindasiinldwuunanety



(Multi-stage incubator) 1iu nuriinisudununisgyidsuivedyliiuduuuuiBadu
. . 1w ~
(Linear curve) naaanwasmsiinly dwuansluguin 2.7

15,0 I 15,0
14,8 4,0
13,0 13,0
12,0 & 12,0

L »
1,9 4 . 11,0
10,8 i 10,0
-

g W A o0

5 80 - 8,0

k] — i

i e 1 7.6

3
5,0 £,¢

L

5,0 ‘: o] 5,0
4,0
E = 4.0
50 = = : 2,0
z0 // - 2,0
1o £,0

o | - *
ne i - 0,0

6 1 2 3 4 S & T 8 9 16 f1 12 13 14 15 16 i7? 18

Day of inoubation

U 07 Usvmmmiamtﬁﬂuwaﬂmlﬂmm’smnﬁﬁﬂ‘l‘u‘lul,ﬂsaaﬁn“L*zJuuuwaﬂwu 2]

2.2.3 pmeluaFesinid (Humidity)

m‘sm%cgtauimsumﬁ’qéauﬁ'mmﬁ’aaaﬂ%wutﬁa’t‘%‘lunmmmmzy,uamﬁ'ud'w
nfnganiuatlnsenledesnuniaiudsuiudedinsssuisenialuaesiinliitalvl
sandeudfigareiuaudaimstasiiioanseivassaniuerlasenledldniedudivali
Aanatderanislasyfulavesiigen *s'mﬁﬁmmuﬂ%mmnﬁam@aﬁ"ﬁshuswsu%wé"aﬂ
Told sfenanalugl 2.8 auUnRiaInaAfisseunsaioandiaulssuin 21% waz
miuau‘tmaan"l,maasvmﬁa 3.89 datudhuaissiinldiinsfosainauwasfinszuns
DA aanmu’luium‘uuﬂmmiﬂm’lﬁgn‘inﬁﬂaantﬂum’tmamaﬂﬂm

v A d & & L
3U 0.8 uwhafunedestunisiinld

2.2.3 nasnaulddin (Turning)
e W o1 e o = e @ 1 e ! o & w o
minaul*uaaL‘Liui‘]%wumummﬁ'\ﬂﬁgmaam'mﬁﬁn“l:u wazdutunnadinng
Uslseiemsiinldiftetastudingle (Embryo) Anfuitewdentd (Shell membrane)
Tnsawizedrddudduaiusnvasmsilnly anmaww’lwmmmLwiwumwwu
1duu3le (Embryonic membrane) mﬂm'swummszmmuimmLauuﬂauauﬂfmwmwum



[we]

v e X a oy o g ¥ o W e =1 f
amdeuiifintunnnsifulavesenvilevilinandulddelitingvaisuvesenia

P = P |
wagiinsuanasunusaunminyay

ot . & o w 1 o o 1 o
gnlnfiegluesldtuunfivhuesgnliegnsdutinuswtesld Wsldfiniiony

¥ 1 & L A Ci = 11 & b

innfudiuiasinussgninihleglnddesemafiewsmswdngdesmalinelald
-4 s - =y 5 ﬂy N i é [F=4
avmnduIIndnunEnsssaumivadesiinndefinlumissinludemasmelydlivnyas
=4 i Iy & w y I A Y IRT- ° ¥
Aonsleiinlnoedutindudraudeddyidediasantunendulifesuuasdnnunidy
m'snaﬂmuﬁiﬁumsﬂau‘l%qm'lwmiﬂnaaﬂLﬂummmafﬂ,nﬂwaﬂm‘iﬂleLanumwa\ﬂm
Wiy 45° funuinsnsiisaomgua 3 Usgnsferfiolilvirssuiniferdanldmelallh
LuawawLﬂwmmaaumcﬂmuauwaﬂamu‘lﬁlwmfsaau*umqn‘l,nmcy,aglummﬂﬂm 310
(N red 2 @ o e @ ot =]
nsAnwnuidlifnnsndulalusey 18 Suusnesimsdindafrdendaiinunidnuazeylu
v L @ 1 =i dy [ dli) = =3 I o . 1 L o o

vRetugfsauiinisassiullfaduiiadawdonluvilignlimewdludieiun 19-21
geansiinmsnduldliinadonsiines niduidshididudesdinnduldduandilugd 2
waveupillumsndulifumsiineaniufvesgalinanstilumaa 2.1

U 0.9 yumsnaulalugiin 45°

My 0.1 gyinanaule 9]

* yumanduldhugiin amsamsiinesn (%)
30 78.9
45 84.6

$nunddlunisnduldlugasiin 1-18 Suusn Yuilnadenisitnesnifiuga
uienfumnininduldviesadaiiludmaildmsiineondudash uidnauliusends
Lnulﬂﬁlum‘lumsﬁnawu arethdlsaalunmsiinlimeidasinlesinisnduld fuarliish
041 6-10 ASa Na‘ummmumﬂum3nau"l:umamiﬁnaaﬂmumuam"lrﬂumsww 2.2

A -~ ot [ 3] &
#1574 0.2 Hantfnanmsnavlunadnsinisiin [9]

U () _ ans1min (%)
6 | 92.0
8 92.2

10 . 921




2.3 madludiing3n (Thermoelectric)
2.3.1 mmgm‘tﬂannmammaﬁuamnmn

qaﬁmﬂﬂumaﬂmm (Thermoelectric materials: TE) Lﬂmaﬂmmmsmu
mm%fauﬁ‘]unsuualwﬁﬂlmamquﬂssawﬁmw Huusingnisalfiun (Seebeck effect) #3e
annsofunszudiiinduannuSouniemuidula Tma*ﬁuaaiﬁ’uﬁﬁmanﬁ‘lwawmn'svualﬂﬁﬂ
fdnel#Rumesludidnninluga (Thermoelectric module) muﬂswngmmmamaas
{Peltier effect) ma’LmnammaﬂmamnwinLﬂuwaawamumuwuwananawuawmmm
muwamummsaulﬁLﬂuwaaamlﬂﬁﬂﬁhamw Tnoarwdouitldanunsaldanudoumiedia
(waste heat) 99nn3vUIUMToINeT I8 ajwmun'ﬁmul?h’%mﬂmmsauumﬂ‘uumﬂma@
windhs litesafvsedanaden vanfiuedessniialwihiiaeinesldtuouansulndil fing
ﬁmuﬁL‘&’EJ'ULﬁmmnhjﬁqﬂnsnﬁﬁau‘lmmﬁéuﬁiwdwnﬁﬁ'm'm?idn'jﬁﬁgué‘faﬁ‘]umdaﬁ%ﬁm
wdsufiaverndning wnaunsandsudusdinnliinldaonslitassRvinig
wmesludidnniniiusaannuaiiv Endunileiagmesludidnasnarmsariaindu
(Refrigeration) watupnudan (Heat pump) ilnglivhanssssuni wiswhlifinldans
ey foly ansntumdndiumeslusidnainvisdidunnin sussneuiitu
seuvTsUER S pudmILETigReufiumes waziAsasUSuanniainadnmesTudidinesn
Wusu uanmnmsﬂsuanm”’bﬁmaﬁuaLanmummmmmEJa:umsm‘tﬂﬂiuanﬂmmmmms
HERANTBU LU mammumsaqﬁn’tm (Egg incubator) uaumsaawamamﬂumu Wi
IridedvesgUnsalwesiyddnvinde o Sawndn tagauieu stw‘tw
Fudulmadoulwnasanisineu

1) Unngnaaidiun (Seebeck effect)

_ Tu¥) p.ef, 1821 Tnsfa Taleud dwua (Thomas Johann Seebeck) 1in
fandyrnwesiu oAuwuil Lﬁa‘tﬁmm%'aw‘%aﬁm'mumﬂﬁhwaqammﬁsswi'maam'a
gee¥aginirassailn uaiibitAnlddalnaluiasla” J51ngnnseiignienia
“Usangnraaidiun” (Seebeck effect) [13] hanasagud 2.10 wosweslulaundinddmiy
auduiusvesanuitednddiun emLﬂuwaﬂmswumué'msummummsamﬂu
nsuualﬂﬁﬁ ﬂimmmi"l,wafuaqnsvLLa‘Lﬂﬁw"luN'«a'suuﬂﬂm’lmﬂaﬂuuﬂaammamwm
ammumaamamamammmmam (A uaz B) Tnefivausensiofief Jaqini A uazTeg
i B figamgluandaiusnn fdwaldiiviununsivaveanse sudlwihlinsasnndunny
luaae aummmmnmmmu,mﬂm'mlaaaamnumaamauum‘iwnmaa‘s winUseq (free
carrier) UStaasanadnuiau (hot junction) amaWmalauawuuavmnnfmaamamumu
(col junction) m’[,mﬂmﬂ'rsu,mmaLﬂaauﬁ‘lﬂmaiaﬂmammﬂu ﬂumﬁmaumﬁmwuwaq
wmvaas"ua'mﬂwLﬂﬂuiamaaulﬂﬁ"mau Back electromotive force: e.m.f) Fedifienns
Tnansetwufumsivavesmvedasy mquJmﬂmmaamamwuaaanmsﬂm 2.10 (¥) dana
ThiRausuadeulrifhiivaradnuln LﬁemmmmaﬁﬂmaﬁmﬂﬂmamaLﬂaau‘lﬂﬁ'}mq “Anl
Adnggiua” (Seebeck voltage)
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A : A
Vi +
T T+AT T+aT
\ ‘ _ Hot junction
8 B
m (%)

3 0.10 (n) wasweslilauniindvesanudiiusanudiednddiua (1) arwsedndases
Wewasanusinadngdiua [13]

?ii.lﬂ']‘iﬂ'i’“lﬂgﬂ’Yi‘ﬁL‘Uﬂ's’i']ﬁi’l‘"a’ﬂL‘UEmiuiﬂ‘?l’e]\iﬂ'l’m%”lﬁﬁﬂEJLLﬁuﬂ?ﬁuumﬂm’lﬁiuﬂ’ﬂﬁﬂmﬁﬂﬁl A
ﬁi.lﬂ’l‘a'Vl 2.1

AV
_ S= (0.1)
ils S = Hsyaviddiua (Seebeck coefficient), V/K
Av = arusnsdnglivh, v
Ar = anuunnsieresgamglisuSeuasiuiy, K

&

i’aaﬁqﬁﬁﬁdawuﬁ’qﬁ'}ﬁﬁmﬁuﬂiuﬁw‘ﬁitusaluLmn‘uﬂua (5#0) waneinTaniusian iy
Fasunasludidneisn Iﬂﬂﬂ’]ﬁﬂiﬂi”ﬁﬂu‘ﬁLUﬂllﬂ’]lﬂﬂx‘lU’JﬂLLﬂuﬁUF}’ii}ﬂﬂJﬂuUﬂ‘Uﬂﬁ'}aﬂuu‘; 1
'JaquﬁuumLﬂmaﬂmmuwuﬂl,au (n-type semiconductor) g szAvsawaiianiivay
mm’;amuauumﬁmammmmwﬂw {p-type semiconductor) dndinszavsiunany
vin Uil 2.11 uamms‘l‘uﬂssiawmﬂﬂsfmgmsm%mﬂmmaqmaﬁuaLaﬂmﬂﬁﬁmums
wAnnztalwiihanaudou (thermoelectric power generation) 2ninesludidinanluga
(Thermoelectric module)

Hot side

Cold side

50 0.11 lnesunsuveawesTudidnainlugailddmiundanseudlitl (14]
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2) Unngniselinatiees (Peltier effect)

wiaon Indfa Taweud wa Tddunuusingmisoifiuna deunlul A
1834 vinfiAndunanliusa Su inafilwefunfiaa exs1ua (Jean Charle Athanase Peltier) 1
AUAUIN "uﬁaﬁnsma‘lﬁashu‘“n’aﬂﬁ'uﬁwam‘ﬁﬁﬂﬁwiaﬁ'uLtﬁzﬁﬂﬁﬁmm%’amﬁﬂfﬁuﬁiaaﬁa‘um
'Jammfammam*ﬁuﬂ m'm'sauwmmwvmmumﬂaﬂawuaUnwﬂwwﬂﬁlwammnsvua
Usﬂngmsmuam’iﬂﬂ’n “Ysingnisalinaiiieas (Peltier effect)” (13] muam’luiﬂw 2.12
dlefinstlounssualfhnundsdneneuenivarinudrulusesintandnh A uas B vih
Ifgndionses T+ AT Sgamaiigedu uas T+ AT flgamglidnas ilessnnslvavesmine
Sasemunamilenihwesnseudliiideuliiuiss

A

T,-AT \ AT
B
U 0.12 aeswieslalamnfindvestsingmsniaiiiwed [13]

= g &l M er I e a & Y
ngmamaiwesiliulsingnisaliavgluiudnngnisaidiua Fuenunsaetunelageide
b ar o es — 4 (.5 =
AwdisiuduUseavatun deaunsi 2.2

=57 ©.2

e

dudsy ﬁﬂémamﬂa‘i (Peltier coefficient), V

o

= dudse ﬁmé A {(Seebeck coefficient), V/K
= QN

R

&
©
~ v
It

7?

ms‘l’ﬁﬂsi%umﬂﬂﬁﬂgmsmmawLaaiuu mminmaaﬂmaﬁuaLanmsﬂmﬂssaﬂeﬂww
LﬂumLaumﬂmimum'm3auﬁm‘lﬂﬁ']nﬁvLLamsa (Thermoelectric refrigeration) vsetluel
¥au (Heat purmnp) TaserdamsduiadeusnmsinglvihnszuaasddifugamesTudidnedn
Tuga fufusnsnsmemnieuiiiserrevesfaniainiiaewin dusalldan

Qp = S]T (0.3)

= Iy & o |
We Q, = dasnsaennuUsouiansaung, W
) &usyaAnsTum (Seebeck coefficient), V/K
A ) 3 U &t -1
/ nszudliiieinisessiavasiandini, A
T = qmﬁs_]u,.K

Il
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Iﬁﬂm"l,ﬂu,m'mﬂmaanm’lmﬂmaﬂmaﬂuaLanmnuuuaaaawuﬂﬂmaﬂmmu'ﬂﬂﬁwuﬂw
wazailadu Lwa‘lmanm'mumnwwmmﬁuﬂivawﬁmamaas Tnednuugnssenumiiouiu
wesludidneSnuuundnnssualvii muﬁm’iusﬂﬂ 2.13 \egandumnuieunieaiisna
Youtulugumils u,aummmsauﬁlmﬂmamanmwm Iﬂﬂﬂﬁfmgmimmnm‘uuiuumav
FnduegiuiiansivavenszuaihinefvyawesTudibnatnluga

5U0.13 nezunsuveanesludianminluganlidmivharudurietunnadeu [15]

UiﬂngmsmmaﬂuaLanminﬂsvﬂaLmsﬂﬁﬂgmmmuaimamummiamﬂuns"ua"tﬂﬁw
ua~1J'3'1ﬂgmsmmamﬂaimunsvLLa‘L?Ji'ihLﬂummsaumammwummam’tuiﬂw 2.14
Tnpzunsuveaveslddnasnlsy naulﬂmmaﬂmmuwumwummummanuuwaunsu
Tagg 2.14(n) LLﬁmﬂ’ﬁﬂN’lu%@\‘iL‘}"lﬂﬂN@LﬁﬂGﬁﬂL‘ﬂ‘ﬂ?—lﬁﬂlﬂﬁ’]ﬂ’lﬂﬂ’nuﬁﬁ)u wargy 2.14(0)
LLammsmmumummmLﬂuma{iumwmau

555

Heat flow, ¢
Heat flow, O

Heat sink Heat rejcdlon

i‘f;i Current flow, } Current tlow, /
. U o

Power generation mode Active refrigeration mode

(n) ' (%)

5U 0.14 () oosunsuveamesudidnadnlugauuundanszualiih uas (1) wuuvhe iy
wiowuutuanuiou



13

2.3.2 wasludidine3nluga (Thermoelectric module)

wailudidnninlugausznaumetaqmestudifingin 2 via AevliaiBulas
wilail Tnerhagsia 2 wila uwiofunuveynsudugy aduiu uaziiindilansiSouseriy
heiu Lwiaz@:ﬁfﬁaﬁ’uﬁmsL*‘Efaueiaﬁ’uuwaqmumﬂvh’h??au,m'ﬁ"aLLiﬂﬁqc?]"aajﬂﬁwa l
Fuuuiaziudedansifeutegnmissnudeusiuesia dethindeihiuluan (Load)
ynfinszualisilnafivldasuisesmed Yinummsiedndlihnineshdilinadnluga
wAnldmnemuiswssgungilszwiaukuiuuy (ganduanuiou) uasdudn (Aeaiu
You) Tuagiusnauguendu-i Tulugatiy Fawndugy 2.12 way 213

Hiesat st

Heat refeciion

a o = o o o
51 0.15 lmesunsuvaane fludidnssnlugainaninisivavesszameluiagiasnsald
snldaszuuarsndusasndnnssudlvivi [16]

= =y = ) & &/ e’.’: =3
v 0.16 wesludidnm3nluganaunsaldomildvasuuanuduiasnanszualiih
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msUssgndldumesludidnlugautsesnifiu 2 wuudsil
- o o4 o e | = o
1) wesludidnesnlugaiiiendnnssudliih nsussgnildanufiondnnssualiinld
wainnsvewsingmsalfiuasesnsdundanuanudeuiundanulii viensduany
I Y Vo w [ = = = Ve o
fouideleunnddouginubudundsnulvwih lasdweiluddineinuigeussidiv
4 t v = : :J = b~ = ¥ L3
udsrmdeundeuvasmuieoumdei diemesludidnaindwfoullgamgiigeuu lutag
& w8 = = = = o o o | o o
Raatheiindy Silnasaudasuiiansindeuimndudoundsinuiy uarludvesianhs
s < = oo = < = o 2 )24 L4 1 [ o <
fahadian lsadasziaiiouaisuinaiuisuundeiuiuuiedu auviildiiag
3 ' & & o - '
nsvualthannsdelouvesusygsswinetavisaes Awandlugui 2.11 was 2.17 aslday
= = @r < =3 L LY o 1
younesluddnsinlugalutayduiientnnssualwihiulivarnvaodiegu? 2.18 uns
. [ & 1 9 ' . e .
nannssudlddhananufeufisainveledasasud arndouainireniguysdifiendn
=3 = = o
aszualdniul lunuamiuiiing Lagbus

ONE SEEBECK DEVICE "COUPLE" CONSISTS OF ONE
N-TYPE AND ONE P.-TYPE SEMICONDUCTOR PELLET

HEAT HEAT
REMOVED REMOVED
HTYPE BISHUTH COLD SIDE P.TYPE BISHUTH

TELLURIDE \ T T / TELLURIDE

HOLE

FLOW FLOW

® @

S}
ELECTRON 9@
e@

@
@

@&
@

&

P £,

HOT SIDE

ABSORBED ABSOREED
HEAT HEAT

| STEVE 4. NOLL
) NN
PELTIER-INFO.COM ™) oy

THERE MUST EE A TEMPERATURE DIFFEREHCE BETWEEN
THE HOY AND COL1D SIDRES FOR POWER TO BE GRHERATED

51 0.17 laszunsunsUszendldimesludidnninlugalumsrdinnszualsivh
fan: http://www.peltier-info.com/photos.html

5U 0.18 shegumsuszgndldinesludidnminlugalumsndanssudlvish
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=8 o - -3 I =1 I Y P - °
2) wasludidnainlugaifierhmnuuvietuanuiou msUssgndldnuievianu
I3 L= ] £ k23 5 2 oF F's = 3 1 270 3
HuvFetluanufeutildvdnmsvesusagniseimaiioss Tasmssenseualuilvifuines
a a =0 or P o 8 va o or - - =
wesludidnninluga Inenssualiihisedhlulinavinlididnnseululagulinbuindeun
arunafiuiinislnavesnsualdh uaglumanduilealutaquiiafignniienhlvindeud
A ai =3 5 =f -3 & 2 2 o 2
anunszualish msieaauiivesdldnnseunaslsaviuiinsiruiausnmesuynldiiedu
e} b1 A’ [ 4:’ o = d}
wiiddouuaziumiaiiy danansluzui 2.13 uag 2.19 msldnugunsalmesludianadniiie
kA b3 Q‘:’r [] s [] -7
wranuiunazduaiudsuiuiivanaesgtsmenuidu msﬂszqﬂﬁlﬂffnuﬁlﬁuuwwnw']
I 123 =y dd ar :3 oF
gunsaitiessueaufeuluneufiawesd wavasuiuamawuunavnfilindsanuliihenn
= ' Y = ar o = 5 @
LUANTS viseraifuae USB vl ldiuliinszuanseinly wiseihminududwmsuiven
o 2 o a ' 1 = v o] a6 < a = R
Faduniamodraineg Adeufulifanmaiidh Saliaasaanluninafeuireviennw
= =y & wr Py LY ] © o v [+
denilvwsidndaanslugil 2.20 wavluthgiudinisUssendldinnrmieunasaingu
r_‘vl ar = b7 ] (3] =y
Lwaﬂiuqqumﬂﬁa‘luﬁ"]uimaﬁmﬂ‘wuiamuwaéuaam‘ﬂmé sy

ONE PELTIER DEVICE "COUPLE" CONSISTS OF ONE
N-TYPE-AND ONE P-TYPE SERICONDUCTOR PELLET

HRELEASED g RELEASED
HEAT HEAT
H-TYRE BISHUTH PEYPE BISMUTH

YELLURIDE TY / TELLURIDE

@
© 2 @ @
sLecrron | o ® HOLE
FLOW FhOW
o =) @& ® t
P 4 X eh @ .
ABSORBED ' taasoaaeb
HEAT HEAT

+

STEVE J. HOLL

PELTIER-INFO.LOM ' I l l
06 POWER SO0URCE

THE CHARCGE CARRIERS, HECATIVE ELECTRONS
AND POSITIVE HOLES, TRANSPORT THE HEAY.

5U 0.19 Taszunsumsuszandlimesladidnedalugalunsyihanuuastumuioy
= —_
#un: http://www.peltier-info.com/photos.html

7U 0.20 shedumsuszgndldinesludidnninlugalumsmsihmmusazdunruizou
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2,3.3 UszBndnmvoaunadladidnnsn (Thermoelectric efficiency)
oo = 25 @r = = ] & 3 & =
maﬁuaLanminimgaﬂszﬂaulﬂmmaﬁ} 2.9ia aunnaNwItwdy fie
° ' ro ' o A |
'Jaﬂmaﬁumanmnwmamm # MsFnavna ZT legliniidemnudniumuisesme
maafaaﬂmamndﬁwﬁiﬂumauma u,avwamnmmmiaﬁmmiaumnmuuu mmsmmmm
uuwumumamammaﬂumaﬂmﬂ mﬁumim 2.4
(S, =Sp)°T

ZT = 0.4
(i )2+ (Pare)'?) 04

li

o 1 o QF S | o er
Tagh S, uay S, mé’uﬂssam%mﬂmamaﬁwﬂwuast%u Ay, VK

P ez O,
K, wae K

Il

manmeuiunulwihvesTagiinfivasdy anehiy, Q-m
1 o 27 ar | IS o 8
Adnminuseuterianilafiuasdy musidu, WAm-K)

Adasyavisassauy (Coefficient of Performance, COP) 98s5suuyaanduse
maﬁuamnmnima mminmmm"lmmﬂaumw 2. 11 wasan sy Andunsaussausyi
mmwummmlﬁam &N 2.5 u,a.,gﬂ'w 2.24(n) il

Tp  N+ZT —(Tgy/Te) 03
TH“TC J1+ZT +1 ) e

| =y B [
Tnefl  Tcuas Ty Ao gaumgishuiBusaginuiau auddv, K

CoPr, max =

The =250°C = 523K
Tear = 100°C = 373 K

51 0.21 (n) mawA COP wawe COP iWFpuiilaufussuuramundunuudale () msm
A 1) vesesludidnainluga waz mudisiusees 77 fum Z7 [17]
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UszAnsamwenvefludildnasnlunisedanssualitiianunsaduanlaann
s S a Y 2 as ] © o od er w Y '
wderutrithiiegald W) msfednsimsdiemannudougys (Q) Andiudou Tnedn Oy
) = 1 ' o 2 g a
fanduundemmndunsaemmniousauasmdsnuanudouluiaiuasmanuiou

. = = 1 - =
(heat sink) udnsluaun1sfl 2.6 wazgufl 2.21@) manan 77 veuneshudidnninluga uay
L ar 24 1 A 1 1 ot o 1 b
avwiduvuduss 77 fudn ZT awnaumsit 2.6 wuda 77 Duiteddufuen (127,077 uagen
1 Y a e as o4 o1 ) ) .
77 fiendnlndfuanusvavinmussdgdnsasiun dean ZT demduatiud (nfinity)

W Ty-TIc 1+ ZTy -
Oy Ty \ 1+ 2Ty + T/ Ty)

n= (0.6)

|
Ime  Tcuaz T,
T = QY

= o 9 34 o o
BUVHUR AuLdulazAIuToU AUamY, K
= =] o

nil@may, K

2.4 wadugse1fingd (Solar ceus)
2.4.1 ‘vianmima'luwummjaawaauﬁammmﬂ
Lﬁaauaaa'mmmﬂuwaamﬂumsmmm Tnglageadeuvaduaeeiingd
85unmuilougsaaliun seodefidu (p-n) ‘H@Gﬂ’]iﬂ\‘m'mﬁ i Aanen Fadiuanshafidi
FIAGNUES umﬂwaﬂluﬁﬁmm ﬁanm'smmuwumuﬂa Sioaduasn fingldunaseiing
m’fmLﬂmmsaswwﬁmu'ﬂﬂﬁwuﬂﬂsuamﬂe Sudnasenu uasUsvauan de Tea Junely
Iassainsenso pn LLaumnmsasJmauLaa°.n'mu'mawaumlvlﬁqma’luwaaLLa\':a"mmawaa
wendEnaseulindsuilufiaauuazuenlaalilvalumatauan vildAausedulniiuie
aedngLuunsEuAn T T uiitaeane tazilafinsideusesyniradaassveiad
uasefinddamaliianisivavasdidnasenluiens [18,19] G‘f\mamiugﬂﬁ 2.22

Sunlight Sunlight

Front electrode (-} Sunlight
~ Sunlig

hl
Anti-reflection coating .,
\\\*

N-type silicon {P+)

Axzuwsmn
{ETTI T

e

Back electrode (+} o .
— Current -

51 0.22 Tnssadrauasmdnmahoneessaduaseing
Far: http://www3.egat.co.th/re/solarcell/solarcell.htm
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2.4.2 Ussinvvasiwasussaiing _

wadnaseinddsinsldaniduliogiu wivesnidu 2 Usziavlvgl fo 1wad
waseindnansiadnihsenvdaneu wavansuszneveiinduq Wy unadeuglus (Gahs)
uay unaiiouaglad (CdTe) WWudu daudnaesusziamagluduvesnsinunluredid
ileliiusvavsnmitgs uasfiongmislfnuiienu Tasgnananivhesiiailadidoeiu 2
Uszanusn fie waduaefinduszinnwedwesuasiadudsaindulinddoulinas (Dye
sensitized solar cells) fauandluzufl 2.23 nquwaduaeindfiviianansiainissam
$aneuannsa wismudnvusvamdnitintulu 2 wuulduiwuuilegluguvewdn
(Crystal) uaznuuitlsiiugundin (Amorphous) wuuiidugusdindsannsawiseaniddnidu 2
ailn Aevladufoundn Bulk) vazsfin@isiuis (Thin film) Wwaduasmiing wilateundn &
wdseenflusiinuiniienddasy (Mono Crystalline Silicon Solar Cell) waswilandnga
gamou (Poly Crystalline Silicon Solar Cell) [18,19]

U 0.23 Ysslanveugadiaseiing

= =i = o =y 1 = ﬂ;
nsSsuiisulssavsnnesawaduaseniindudagviinuanslunied 3
s a <4 o o ] T A s a en‘at
iwaduasefinduuu Amorphous fiussanSamasutiem unildefreilusaduaioniingils
=} < = ) ' X dala ) oo,
weunndign annsasunadamuvusiueladuluiunifiuevuen duazees fduan
& ¥ =2 Har 2 =t = velal 3 € =
gn udu uduanvasalii venvniifsdimahaounguugiigildadnae wadyil
faeuldtunndmivaunseflfhanadneieg Wy insesinavininvsegunsalli
v/ -] L2 =, L3 . & ~ 4
gudn i dwduwaduaceniing Crystalline Wuumasaduaserfindogluglvewman
- e 2 Pst e’.': 1 . .
fvtnuuenfidy Fuune aansauvseantiiiiu 2 wuu Aswuu Mono (Single) crystalline
= = A ! . . . bl =1 &
wIouHITHaNaNIAYILazILUY Poly crystalline (Multi crystalline) N9oNaANHEN L9aa
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= & a Ha ] o F .
wesorfindvisaesrilailiinnsldaiuuiniign laewaduasenfing Mono crystalline &
UseAn3amindudsaunendtuuy Poly aystalline dntes angnisldaiuvasead

= & - ) o o & o TR 2
waanfindia 2 ailail fmsldeueruiund 20 ¥ favamuniu [Ruhtdes Sihwminun

s 24 o o o 8 ' o = < a
uilifeosinAoussdvsammshauanasegannitefinislinuiigamgiige

#1514 0.3 Wisuifsulsyavisnwuawdadudefindunassiin

iln Yameaduaioind Us88v8a 1w (%)
Thin Film Amorphous silicon (a-5i) 4-9
Cadmium telluride (CdTe) 6-9
Copper indium gallium selenide 9-10.5
(CIS or CIGS)
Organic Cells 3-4
Mono-crystalline Si 5¢-5i 10-16
Multi-crystalline Si Mc-Si 10-14.5

fan: System integration for optimal production output of solar farms, Schneider
Electric Thailand, 2553 '

2.4.3 MsAMIMMTLINTRLTAdLd R ind
mafinamavetadidefindUssinvsing du dufufemsudeys
Woadusaieluil
1) mmmsvwﬁawé’canulwﬁﬂﬁaqnﬂi (Energy Demand)
2) mﬂwamwaaammmmmEmmnﬂﬁ wuﬁuﬁﬁguq (Solar Radiation}.
3) y191UA Quality Factor of systemn faanslunaneil 2.4
aumsi 2.7 Wunssnumistsuneasuaseniind Wensnudeyadesuud
TngAn Quality Factor of system wanslun1sneit 2.4 wusmudnvaznislssgnitgad

ReeNRAneg
E - By dge

E glob Q

PRTBNEIEaRLEEIRng (W)

s =

pea

0.7)

Db
o}

&,
Bk
(]

wdsrulwifinsevnslviihdisenis (kwh/day)

34 < s P .2{ A:l
W UREEindnnnsEnUsaiun 1 m? (kwh/day)

oy
£

o)

i3]

2 e Quality Factor of system

Isc  Fg eeududedending (w/md
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Component/System Quality Factor of system

PV module (Crystalline)

: PV array
PV system (Grid-connected)
PV system (Stand-alone)
Hybrid system (PV-Diesel)

0.85-0.95
0.80 - 0.90
0.60 - 0.75
0.10 - 0.40
0.40 - 0.60

= o) o P=Y = [ V
M wus nedee. (2554). end1suseneumsseuTsivssuulnlalamdn. vangms

FneFansULdie. @ UNAIIUNARNY UM INIRBULTATS.

° =
ANUIUINALNTTN 2.8

e

Npy = HA,

d = - =
_’ die v e UssBvBmmubssyuunaseniing
l EPV
. H
A < & o s o 2
4 A9 HUALELEaaLEIeYing (m?)

2,5 sEuvssaNa1 u3oU (Thermal energy storage)

; o a e
fio wawunwaduaefindngnldlnanissyalih (wh)

AsAnnuUsEaNE nveITEUUIad@eNTing (System efficiency) a1ais

(0.8)

L=J QF s =5 &= .3’ = ’ =
U £ 1) waamumﬂiaﬁmammﬂﬂmﬂnismwumumwaéuaﬁmwmé (kWh/m2)

nsifivazamdsany lusuremdsuanuiousdeanldiy 3 juwuu liud
nsfiusherdanuanufeunuududa Gensible heat) Tndldfnansiduvends wu fou
fiu viavaaman wiu 1h mafunuiluguresauieuus (atent heat) Tasarudeugn
ganfluansdanandinefinsdsua uasifusnvluzuvsmdsonunil (chemical energy)

‘f. ar -] £ J L= aany
Fadsnumnuoussgnianidisiefauiieonnd

msRnsanFenUssavvesasmnadumaiivazaumdn Yssnauig

! 1) mnuganudeu Aenuausavesansdnarnlunisiiivasaumdse
= 27 = g ]

‘ ' anufeu arslaffianugauiaugatevnaliunesueswsfiinanl

‘ USuesteavnlndaduuiansinse

2) gamgiivhen TuvisessSendgamgivesmaiuinvenuiou ns
2t A = a/ g

Honansfinansfiimnyay gamgiltunsusey (charge) wasuAIwIBY

wasgamgilumstendenuniuseululd (discharge) msdesaglutag

o af o
/ gaunniindasns
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3) amwasadssgndsnutasdiendnuesninldiiinnuaiesiagly
a I3 4 o 1 & o
Weonanmiddrediefinagldonudulssdt uasanssouslunisssquay
1 o 21 =
Tewdsnusonuidreudnnegg

4) fndsnuanudeugydegduadeum

5} lifandeu Lidufiv e uassagn

2.5.1 msiivagauwdsnuaufouluzuaiuioududs (Sensible heat storage)

1) thnansilslumaifiuihwenudou deadendinaliivmsnzay Tiflounn
nevindn Inefawsafuinvmdmunnufouldifuuimannuasiins
anydomnuFauh

2) gunsaidhemenu$ou Fuimifisomaieuanueadiingesha
Youlufaanansildiivsnwnanadou uazdiamesnandanaraile
faamsldmnudeutiy

3) mangdwiuussquazaurulesfumsgademmioudduwndendeey
aspAuANgaMnivesastanasiuliiigamgiineil esermsldo

2.5.2 Maazauwasnuruiauluguanuioududa (Sensible heat storage) -

wamuﬂ'm'iau‘lusﬂwaam'msauﬂﬂauﬁu'iuaﬁmnmﬂﬂaamwnmmms
Fanaafiviudaeny layasinanaiusedvioveavan Towitlsliinnswdsuannuziiaty
wawiladoenisdnd s wawummsawavaﬂ'sgnmaaaﬂuauqmwgmeamsmnmaﬁh
Tunnsiuayas wasnuilaianas ‘Lunmﬁanmsﬁ"mm@’lusﬂmm%’auﬁ’uﬁaﬁmmﬁﬁﬁﬂmm
a;mnmaummﬂv (specific heat capacity) tagd1sgumgilday & mmamaﬂmaaﬂéuuwum
mmuﬁvaumﬂmau msmﬂmwuaﬁl‘aLuaamwnﬂﬁmuluaqmnuﬂ (<150°C) g Yhuaz
Nounson Lummnmqmgn nne ummqmwgumuﬂmmsaqquu@amm’lﬁmmuwu
gungiigs (heat transfer oil)

2.5.3 mMsazdunasnuluguadnufousls (Latent heat storage)
ﬂmﬁuavauwé’muwuﬁaa”luiﬂmm%’auum Tngrhndsnuanuiou m
Tansfnanadouaniue mu’lmyaaluanwmul,ﬂasumnmaamamuﬂummm LLavma
Faamsthmdanuardeuinlden fuedvarnrudeuninasfnas faudsuaauginn
‘UE]\‘IL?Ta?ﬂaUﬂULUu‘Ua\‘IMN aﬁmmumuau‘l‘dnwmLnuavaumm-sammvu toua Wiy
Ltamummas] ‘uamJaamimuavaummsau’miﬂLmummiauum Aafluunneinia wine
amufounsesaasinll dnfdwnaSeududaan :
Wnrsihuas auwamumﬂmaummmﬂmmuavqﬁwuawmauh AD N3
Lﬂaauamummmsmmu Wy 1 nde %m%mﬂﬂu msauauwawuwﬂﬂmamﬂwmm
fouunansieuiifiaauzduvewds wmqmmaaumawmmiuu antiuasdsuiu
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veuwen waufvazaimdenueiouliluguvesmnuouush (Latent Heat) oissiains
audeu AFRnsteundu Aa mavlifimsdemewousenanansguvasiiindents
wianfeusuasiunduinfuanusvasnds gumglivesansunsasuaauzasil vh
Tinvsasugunsieude [20) fretvesnuaiRvesansasaunmoutandlumsiaf
2.5

en el ai & o o v ¥ o ass, & o
QmaNUﬁWﬂsﬂ@ﬁﬂqﬁLﬁﬂﬂa'}smuqyfﬂsﬁﬁ’]u maﬁuﬂmaﬂ]umﬂqu

- 'iﬂmﬁ'ﬂf?fﬁha’lumsﬁ"aﬁjmlﬁﬂqa

- Tumsdsuanugdiesdimanuieunds (Latent Heat) g4 fie Snasifiu
draumdsnuanuiouiilauin

- wdewasivSinafifissedeniuiens

- amnsaianssuumsteunaulinaieqseu Tnafadlivinliussaniam
anas =

- - mseseuanvilade

- huansilifinduese e lihuii Lifalwy ’Lmnmﬂgﬂsmﬂmmau

- ansafiuBlumousidsihuanuieudhesnld |

MFN 0.5 oA aZEINAINUALTEY

avsifiuduay F2990uugil ruviiviaeiva) AraSeutiel
Wil (°C) (°C) (kJ/kg)
th 0-100 I g 335
Bar 517 0-100 20-60 - 140-160 -

naslamsn C 0100 30-50 170-270

ar Mo - = ° . R . L.
syuvazanndsnuAIauilifen1gamlin iU TEUUgRNATN
I ] di ] =59/ ad fe) ot 5 gé’ = =4 A o 2/
aghady wn3safinly identTgamniin 36-38°C faudRsTnI U wmngaufiasihun g
¥ L7 . 2 5::‘{ = =
Lﬂuaﬂ'smﬂma'lumia“auwmmumm%’auLw‘mv JefvedUit1THy As uanInaziisnan
gnudn aammﬁnummammaumamw Wisudausndulunduuldnanonislngf
UTeaninmnisasauanusaudagy Lﬂuavauwmqmmmsau‘k’ﬂcﬂuﬂimmaqmmﬁm
Arnuieuldslunsasuazawgl LLasqmauumaus]anmnma witeidede Suuiliafies
FufRdetunesuns udaansoudlaldlnons Wuiuilunmssomanaieu A nsfinrdu
. o o o
(Fin) Winkhluadafuagauauiou _
= Y] P o v o P - Pl
s feuiidsfmnatsUseqlifwinainaunisi 2.9 lagiinng
A & o P
Wasudouzvasgsiinatseneednaieureaval lunsalvesnsfiansanyuiunm
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a ot v ° . P = [
dauitansiinatsdneld annsadmnaldonn aunis 2.10 Tnesimssneanuiemdu 2
tumaufie Tuguuuuresmrmieunsuasaioudds

Ty T,
O, = M| | Cudl +AH,, + f C,dT (0.9)
2 Ty
o 3 ) P ur
, il Q, = mfeniauniuszgld
or =
Mo = F0TBINIFINANTIAUANTRY
C,,Cpy = MU Uz reEnsiInans daifuvsuduazvesvas anudeu
AH, = arwisushlunsvesumveivssensing
a s = o w
ToT> = gavigliingauasgegrussnisidsundas mudiny
, T, = guNIVaBIMaIYBEITINAIN
T Ir o
Oy = My f Cdl+AH , + [C,dT (0.10)
E < - o & o \ FY
x . die Q, = arufeuiaunnangld
* | M = IavesensTnanildifiuaruiey
p b2 ° . @ d e I
C,,C,, = Anufeudimzvasansinnand iiailurannaiiarueus
AH, = avasouuddlunisveauaiuednsnana s
1,7, = sanpiivndauazgamgiigeen (°C)
T, = gumgilvasumairaEsiing 1 (°0)

AMTUNSHINTNUTEANE MNTINTBITEULEANAINI Y AuInlAIn
o
aunnsh 2.11

3 me(T ~T)
ﬂs!ﬂmge - m Cp (Tw _'T )

o

(0.11)

il

mngeuSeuTIet snaslusTuvasaunaI
= o o ot ' 1Y
\ qmmngaqmLLasmqﬂ’uaqaﬁmnmalwmsmmsmamwmau Q)

b mC,
‘ T,T,

g

= -4 Q) SSer = =
T, sampiigagaiiansinandldiuaruioungumsiigavine (°O)

o voe

Il
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2,6 nsANEATUANAIAATEEAIERS (Economic evaluation)
msﬂsvmumunumaammnsmm Humsussiivduuilifiniunasadasangnsly
messEuLiiAnu T arldselumsfiafeszuy Avldsrelunmsidussuy aldteluns
wasugunsally Alddelunisdrgedne nasnauAlddrenisindanadeuiiinainng
Udesansfivnionafivreanssuiunsmiigg fusvuunaendieinvesssuutiu Tumsdsadu
mumumaamgﬂnimmumsmumumumammﬂaammlﬂma matuungduuM AT
53Ul (Cost profile development) LLavmsﬂivmumumu (Evaluation) \uAgmsfnanmany
Ausewineuiduasugamaniuasenuiidaimns Tnefinrsanaildsenamaniiintu
Iu‘zmmﬂm‘s‘lﬁmmmiuuwuq‘] Suldun Quasulumsfindandssdnsuasgunsoiingg
(Capital Cost) Anusslunrsinfsseuy (Labor and Installation Costs) Ardnsesnysyu
(Maintenance Costs) fldd1elunisiiiussuu (Running Costs) uazatldarelunisde
gunsaflusvuy (Replacerent Costs) sufmsusziivgacsnuoaiesdhsuargunsal
#1a9 TaeiinisusuavesiuluudasUlnugadtagiuans (Present value, NPV) 13
Yssdiumldsnonaenonynastéonaunsndsussuielfegluguvesaunsie [21]

tee=CAPtta WSV
S0y ()

0.42)

e Cc = Lauamuwmu (Initial capital cost) (um)
Cm = funulunmssinilunis (Operating cost) Adanty mfamaquavauq ‘Luuma $U
(uw)
SV = yamwn (Salvage vatue) Uﬂammwae‘[ﬂiams (L)
i = Savmenide (Interest rate) wi3e SwsAnaa (Discount rate)
n = gensldnulasang (Project period)

N = ﬁﬂuauﬂﬁguqmiﬂiqmi {Year at the end of project)

dwdunssunamnsyesnanduu (Payback period: PB) umsdmamm

coa o et - ) e [T
dunuindesimsamuudssldssesnaitiunsiunu laefimbeTadunaidu vn

: ' ) =) L | = o A =y
Aoy way U L‘fJumu Iﬂﬁlilﬂ'l'i‘ﬂ"i]'ﬁﬂﬂ‘ﬂ’lﬂﬂﬂiﬂ'lﬂ’]ﬂJW]‘i"EJ“’L‘}ﬁ?ﬂNﬁﬂﬂULLﬂUﬁﬂﬁﬁ”ﬁN%’m
ﬂ'ﬁmLuumiummmuuam’lumia\mumwm ﬁ‘sa%uﬂsvmmamauuwuz’mﬁa”amummu

UIn ﬁ&Jﬂ’ﬁﬂ 213 uammsmmmmiuavnmﬂuwu"lmmu

3 yaflunsasuTIl
SrUsLIaAUNY (PB) = (0.13)

HARBULNUEELgYISTET
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6541 ¢
9.5 ¢4

2.7 euiseiisadas (Literature reviews)

Liu D. nazane (2558) léinisAnerniseneainuiounazainuiiuves
Lﬂ“‘émﬁn‘l‘d‘umﬂmmﬁ] 38,400 vlo4 wUUASsUfTILasLUYTIN (Incubation module) 7
gamgfiunfdwiumsiinldnasnszesiaan 21 Ju anmmeasmuinmssmsuisulay
mmLé'fuLﬁumauﬂmnmﬂﬁﬂmm%’aumnn'ivmummmuaﬁ%'maalﬂi Tagnszanuiay
maﬂaﬂmumnmmmiﬁnh ilefosananmeiinssmndeundifidnszanudeumindu
1.5 kw é’msumsvmmLauwmmmwmﬂ"ﬁﬁﬂlﬂuml,wmulu’mﬂ 18 aans¥inley Tnefian
Wiy 9.7 kw Tnsnannsvinassiidenndasiasdsuuuiiemwasuuuim [22]

Mansarary K. G. uag Yansaneh O. (2558} FIB9TUNANITEBNLUVUAT AN
wiasinlddld s mnasandiad uassnmsnasaumUsgBndnmnsiheu dwmsuldly
fuivinslnavdovuunaealseimg Sierra Leone Tnadauvsznauvindie ginly YAAIUAY

gaumgfidnludli wagsruvigaduae1ind (ﬁhn 2.24) mamsmﬂaa‘uwmummﬁﬂummm
me»mammnu’Lwaﬂ"lufmwaaammumsﬁn‘l:uﬁa 36.8-37.9°C uagildmmduduingiads
Wiy 67.3% amﬂmﬁﬁﬂlmaaﬂmmumu,aummaugimmmgnlmmnu 23.1 Uag 43.3%
puddy Fevuinsnsnsilnldesndiufiiddniionnnmaietafafofu Wy anmse
emaTiienntatui 3 wsanisilald nsdiuinuled nsshunsldluedesilnlduas
mafudnuld nawasnisgadendsnussrimisnduld Wy 23]

1 s = | [ A &
51 0.24 lnevunsushusznaunasfuuuuvanaiasiinlaildndsnuuaseniing (23]
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Eggs pa:mwa

Conveyer

N 2 E| 1]
34 0.25 laezunsuseuu conveyer rotating funvuenaasostinle [24]

Ramli M. B. waganis (2558) Iépanuuunazimuaaissinlifessuunis
FaAunslinaveseInid (Forced air system) wag conveyer rotating ﬁt’i’luﬁﬂ‘ffﬁ’ui*ﬁﬁ
yannvaneiialel (U7 2.25) dnsvaaouatolnliiyltunnsem renmadsuwuLATes
ﬁﬂlmawuﬂsammuamwnumsﬁﬂlfuu,avmm‘duauwﬁlmmwLaﬂas‘w 37.5°C uay
79.899%RHN"151% gonyeyer rotating 3j31 450 Wilanmznasilnldiianndeeiu m'iﬁ fflfu
LLUUﬁ'iﬁJ‘EimJ’]ﬂﬂﬁﬂ Tma:uamsﬂmiﬁniaanmLﬂumqwammﬂu 94.17% asfiszuuil
a'}msnmmuammuuavﬂ'nufﬁumammmmuaumma'mﬂ'immmsﬂumawammmaf
Yovas [24] :

wnds Funan tasansy (2557) s1BunanisisuiisudseBniamns
vhnuvesgiinliwuvenanarudeusazuuume Sludlanasanyui msmuaEaamaiinngly
mﬁﬂ‘lmmumaﬁua Lamﬂsnanmsamammuaa”lummmmuamam'sﬁﬂl‘u Ao 36-38°C
u,avumsamua*umammuaa‘lufmu,ﬂus] LuamaJUnumﬁﬂlﬂtmumma'mmmsauwuqmwn:uaq
ﬂ'mmmg'mﬂﬁﬁn‘lmLLasumsLm'maaqmwgu‘{mmn'mmnm'l dilnlduuuimesiudidn
p3nansanIuANATITUEITIMsTIInzasansiinidlugie 75-80% lddnduuurn
anaudeu msiUBsuiiisuyinamsldndsnuliiheesdiinlduuumesludidneinld
waaulvivh 28.22 wihe eﬁauaﬂnmmﬁnl*umﬂa’mmmsauﬂsvmm 2.14 wh ananlgaela
103.2 vimdensinlavilssou maum‘lwmaaﬂaaﬂmﬂu 53.4% uanmnumﬁﬂhwumm
Tisdnmnlveandnlszavtammrdsnuiiganidinlduuunanmiuiouuszan 1.4
whdtiunsansmaaeadumsnuaugamgil erwdudining dumslivdnliiuae
ﬁuﬂuﬁﬂ%qEfLumiﬁﬂléziwﬁmu Jaensssuisudnsdiulss@nsnwnasanu
annsnaguididitntvuuumesludidnninannsaanldnaunugiinlivuuuaaiammuseu
1§ 113 |
' Fenusad 533U0a (2551) ‘LﬂwfmmLﬂsaaﬁn‘l:u'Iﬂst‘dawunn'mmn'mﬁunu
wdaidfoundanunaseniing wulgumglivesiesiinldmiu 38°C Wemnandy
wasofindsedaluslitesndy 400 W/m? mm‘l*m:am‘l,umsasaumqmau 2 4lus Tudafiu
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o8

Ad = aé b7 Qs d n.') 1 =y,
Willgamgl 41°CEelinaTeuiuaTesfinlylauseuna 13.5 alus dwuBinaine 230
' s ) s o v o o ' ar - w
AnsdoTu annsavinauld 6 Hluaatu diesfesnsidiesadiinld 24 dalae Aesfivvuinds
a o o
wiinAsdy 400 ns Feamansanaununsiatisiiunsinlale 24 s Assegnainisdin

19 21 Fu [7]

DI wd

LI

N - v o o o 1 % ¥ e
Satly Ysenudiu (2550) lavinntswaunaasinldlneldssuudiieuain

1
(3 I3

HfuaseTinSuasy sl sEAvBaessTuy SnuarnianisamessEuUtieuan
H¥LEeAnGTNENM Y A stuurinhdeundunuudsefinglinsaimainuien
Wiruhilaruvielusssuaeriind Webldsuamfeudanisveneduadinadg
Fudheu udhansdeuludufuidernaemlituaieinld dawszuulvihdinng
shamanudeummmontEafuilFadoy wmngumafilusufulsssnn 40°C g
mugumsiasiassuuliihareluedesiinld Whasesinldiigamaiisewing 36-38°C ms
Faunatesiinlilaoldszuuihfeuanndsnunaeenfind ansaindsunasenfingdun
Wasudundsnuanrdeuninuneduidaiiadudnivluduivih foundrdaiwmntiy
mJnsmuamﬂaaumqmeuwea'l.%lumsmﬁﬂ"lm azuvmmaaams’[umsaqﬁn‘tmmaa 37.63°C
ammumaluumauLmewmaLaaa 44,10°C amwnuma‘tummumsamaaa 46.72°C
anuduindiade 57.00% Seiiedndninasiinnsgy Havesmsilily 100 W 'lmmm 9
o Aneanufudild 71 vies Andudesas 78% [5] _
To@ing sulsa (2549) lavhnisAnwiieladedunsfvldneudnfineay
avduduimslugin saiaguinuasiminedliiuadednsanisiinoemiusn
uaﬂmnﬁﬁﬂé’ﬁnmﬁqamsﬂmwmsmémwaﬂqﬂuﬂnmanmﬂ'luﬁzas 3 fieuusnidiely
mmswﬁiﬂsmuu,avwa’laivﬂumaﬂ Tngludruvasnsiinldlduiseondu 2 nsveass fe
msneaead 1 Lﬂsﬂumnauwamaaammumamvl‘uﬂaummﬁnnusvmumﬂmuawmﬁ'umm
finfidnanodsnisiinoenlaouidlddiuny 482 ewaniu 4 ndu nausngigamgiives
ﬁaqLﬁulﬂlﬁﬁwaﬁiﬂé'mmmsﬁﬂaaﬂu,m’nqsﬂﬂlﬂuéfﬁﬁm1u=§ué’uﬁwﬁ‘ﬁ’1ﬁé’m‘sﬂmiﬁnaanv‘i‘]u
maamqmiﬁn’lummmwmuauwmﬁaa drumsmaaesi 2 14lU 146 vos ﬁﬂ‘tﬂ"ﬁﬁ’]iuﬂwlﬂaq
wmmuam;aamiLnuifunaummﬁﬂimamu’lﬁ'ﬂwaqﬂnmtﬂmaﬂ 4,8, 12 wae 16 Yu 9Ny
mlwwummﬁniuwﬁﬂwuammu 36.4°C uagATIIURIRNE 25-35% maﬂﬁng'awamﬁ
msflnoemiiui (e 76.6% veddiide) anas Weifiuldliurunit 11 Yu thwingnaun
wInfn (03 8414 + 73.7 viewiniu 61.3% venimiinly) Mmalumanulm'lmulfuhmu
Afufiow wamanaassaguirdrozivldunaszeenmdliluiosssamarsifuliliiu 11
Tu miﬁﬂmﬂwﬁn‘lftmmm'sﬂﬂ'mﬂuﬂ'nmulﬁlﬂa‘lwag‘divmm 25% dwiuguinwedls
(AnunaazAIeIYeINelY) LLavquunlmlumamamsﬁnaaﬂuavmwunmmmaﬂun
LLiﬂLﬂﬂﬁ’mﬂﬁLaﬁl\‘laﬂuﬂﬂ’i“ﬂﬂﬂmﬂluiuﬁ” 3 eusnaslidemnsitlusiiu 22% waziifle
Teshh (5%) [25] ,
wastan waannGos uasene (2548) Anwinavesnslddilnieutunistdul
1ttnld waznavenndedagdelilunen Mildfuemnsdudaguanmsmiusudeyatd
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WU’;"]n'lﬂf?’j'ﬁﬁnl‘tiﬁéfmﬂnmﬁﬂLaﬁaaaﬂL?Jur?}"; 56.29% wWiruisuiuwitafinlaensldgin
Hananas 20 S Tnousldusasmmndngnlldifiunn 8.4 Wy 15 go galadin 31 fadews
sodumadaaSuilifims gl docnediussavsamniad (10]

wadaTan avanam (2546) Weenuuukazaiandesiinlinnaussy 36 wes
ﬂ'mﬂuammmgavﬂ'nmjuimﬂ‘wmaﬁuaLaﬂmsn‘lumau,avmss~mamwamsmaauamwnu
aelug 36.5-38°C AU UEUTINE 60-75% LﬁuamwnuLLauﬂ'amfuuammﬁmanlu‘uw
mmmu‘uaamiﬁnlmLﬂa'mumiﬁmﬂum 72.22% u,avﬂsvusmlﬂnﬂmﬁﬂl‘n’aumﬁmﬁ
ishle 44 um szezaRuvu 1.06 T demsilnly 13 Jusiail [9]

Fust adnagtiuyt (2546) Anwanavihniseeniuuieisuaniuisuniuiou
ﬁms‘umﬁnl%“lﬂﬂ‘l*umuuﬁ‘lwmﬁaamnmiﬂivﬂaumwﬁmmmaamLuﬂwaqmuimwlﬁn
1fu=umm 144 vios Taswa¥rovhangibu 5 Aneiiidousn wawlﬂﬂammwmamraaﬁammw
Wi ldennsUsynavemnsilasEaing 36,000- 40 000 Alagasenlaniy gamgilsnaiou
fasludagilnlavdsannie Blower Fninudegi 35-45°C mesmuauamwnuwﬂmmﬂ
ﬂ?ﬁLﬂiﬂﬁﬁﬂl‘U“ﬁuﬂlﬂﬁ’lLLﬁuﬂCﬂi’l‘limﬂ’liﬁnl‘l]ﬂﬂ’ﬂﬂi%u’lm 63% uaanmmmﬁnl*nlﬂﬁﬂu
\Bavdld Lmm3ﬂn‘m‘mdm']umwgmamswumm‘l‘ﬁmamaﬁmmmsaaﬁn‘lmaammugn
nwesasitnlieilaliih o8 1,378 v/l ssesnanfunu 245 U IRR agil 87.71% (8}

sying gouinding (2540) Ideeniuuiasaasiesiinlendemuuaseniing
AR 720 Wea dwduiuitiilia Tneivdnmsinuvsaniosds Tanufeunniedesyin
h¥eundennaseriindinugUnsaitanasuemnnfeundildinan i ioudg
\nFasilnly 1ﬁmm§ué‘f’aa§%’§;mammassn‘mﬁ nsmuauaaigiuagnsndulidunuy
SoluAldlylinszuans e 12 lad Gsldanuaagaduaseiindoun 53 Sad Smau6
uet Tnedifisiaunn 130 Ansdwiuivarauanuiou amwﬂmmmiaulm'mﬂs 110U 50-

70°C UseRvEnmnisuanasuanydou 33.3% Ussaninmuenetswinideudeuini
Soulldon 35.5% Ussavsnmaeaaiawiniseunasinifoulu1dlumsiinly 23.9% na
NSNAABUEARLANDTINE WUTY AN HinUsTINa 100 W/m? UseBnaniviwad
weanding 4% wasfinranduisdorfindunnnia 400 W/m? UssBninmigaduasending 6%
gamgiiuss 45°C gamaingluiedosiinly 37-39°C P9I 60-80% nitn 70% [6]
MnenAdefidaminlinsuissslenivansedidufvesguasalinesludidnedn
vadutannsoldlumsudnanudou mnufutasdannsasdonssualnihlifg wideide
fsigumsnannseudlridugsldndenilwihindalsiosinn withglufGuduieuty
NP zhu'luﬁ'mmswﬁw_mm%’auﬁ;maﬁu%Lﬁnm"ﬁnLmn3f¥ﬂw%’uﬁﬁﬂtﬂ%’ﬁumuﬁﬁmms
msm‘uﬂuamwnﬁﬁuﬂuéﬂﬁmsw ma'ﬁn&é‘nm‘%nmmsmmmuamvznﬁlﬁasﬁlw&adﬁm
maamﬂmﬂuamam warliifldnfndeuiisdiiidossunu msdwSumstnniiang
Founudilnly uanmnmmqmaﬂumaﬂminhlmamJsvawﬁmmﬁmmmsaumm&J
iewniiguaniduliuanudeu (Heat pump) wﬂwmﬁ]aau‘lwmaﬂﬂsmmaﬁuaLanmﬂ
m’tmﬂuwaamEJwawuﬂﬂmaﬂwnnq}ﬁﬂi‘ﬂmamsaﬁ’msumimuauqmwgﬁlumwaqm‘i
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uarudeulildlunsunandu wiwuliihndelituusanesludidnainuasun
v Huw | w "4 o ¢ a o4 e By o
anaasfeutivldinannsiseudinlidhiueaduaseiing Sutulnihnssuanse iy
aavisinddeilafuayuuassdndunisldndnumaunuuastiomdsinun snsluiun
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=
Uy 3 |
38n1sAiun1sie

uited lhdnwszuunisisursaaisainldfilimesludidnnindaudy
svuvaraunnudeu Wesiliunafuteyasvesnan 21 Yu vl 1 seu msfinld uavdudin
namelfanneiidnu W gungll anutiu wasnsasaugamgfivesnsiulaodiinlyd
Tilunsinu Ihgnesnuuuiazasliiivunavhiudiinldluviemana wasuduliimnga
fuanmgvasszuuiifesmsdinm

= ' = = .
3.1 iaseeinldwmasludifingsn (Thermoelectric egg Incubator, TEl) ‘
minwideassll lWesnwuuniasiinlimesludidnasnliiivwmemgmtinld
Y o ' o @ - 2 e o ' o PO |
wirfiu 24 vioq Wauwiaadesiinldwuueaainaiufouddminen Wludmidivd e
o o L] - o= E%’ Q‘l
WisuigulseanSannnsvieu nsaiuguaasigil Laganudy aasn 24 9alug W
. v P o 2 = ) a a
JyeLnan 21 i 09190 3.1 LLam’J’amwuﬂmsaanwuu,asfmdLﬂsmﬁn‘hnmaﬁumé‘ﬂmn

mr 0.1 dorwummsaiegilnldmesluddinesnilseudeuiugiinlivnainmmioy

7

AL gtnldunanmuieu @’ﬁn‘l‘tﬁmaﬁmﬁtﬁnﬁn

guniinla

i 0.35x0.35x0.44 0.35x0.35x (.44
MNAIXETIxES (1913)

winsludiinmsnluga (TEC1-12710) -

e . Foosindn 4 N
grasAtinenuT o LAYIsUUAYALNIRSUAINS Y
YR 120 W
(Paraffin wax)
. Iihnssuaddu THHaszans
waw vt .

220 V PIALEaALEIR ARG

Tnssa¥udsuiifugosandosiinlavhanlidaiiaamun 10 s ssznaulil
gu1m 0.35 x 0.35 x 0.44 3. Insnsusnveuniesiinldiinsinauaueiinlndaladu
(Polystyrene insulator) Aifiarnamun 3 ua. tedwgamgiasuazannsgadenmion
dauanslugy 3.1a wmesludidnninlugaildlusuidedldgu TEC1-12710-910u3dn
Thermonamic Electric Co., Ltd. Usgtnaau fiflvuan 40 x 40 x3.4 wal. (U 3.1b) Inedl
Foyavesnmsldandal 1) aunsaldnuiigamgligegn = 79°C 2) wasdugegn = 175V 3)
nszuageEn = 10.1 A 4) anudununssuaadu = 1.27-1.49 ) gﬂﬁ 3.1c uanaIRada
siuwesludidnlugarthiuduvuvesditnld ussinanvun 12 Vuag 10 A dwiuidu
andsmmfaudmiuninureseiesiinlilutisanateiy
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5U 0.1 (a) d¥nlavua 40 x 40 x3.4 uu. (b) wiuwedludidna3nluga (TEC1-12710) uay
() msBagaLsiumasladidnnsn

3.2 SEUUAYEUATIN5BY (Thermal energy storage, TES)

Stainless pipes
A

Paraffin wax (PCM)

4 ~ TES unit

Heating ceils
Y 0.2 syuuavaumuiou (@) nsUsEnavsnainndiaioulasyisthniudeu (b) mIussy
wirfuluszuuazausdsnuuuudsugaiue wag (O nsinaszuudsauruiouiy

d 1 = =y
wSeminlUmasluddnnin

syuvasaunuioudiarudnivedranadmiunsasanaruioulidmivms
augugamgiveaadesiinldluneunaniiy Wesmndduyugnnimslunnidinusey
IttnitednelfuuiumesTudidnainluga saufaunn msdigednuuazeignisldam
nassszuvasaunuouhanusiusanuaamn 3 uy. ufulungeduunn 0.35 x 0.35 x
0.10 3. finsiadauaanaruidousuay 3 ¥y Afivuim 1500 W lnsusasiduiunsedy
wuumudy Aanaaslusy 3.2a Simsfadasiatnrmfoutanuaduuiaduigudnans
YA 25.4 Uy WU 2 Yo AegU 3.2a uaz 3.2b dmfummhausuundsugonug (Phase
change material) TusnAduiliFenwnsiitu Ailgavaeuvand 70°C Aawdauurvesnis
yagawaa (Latent heat of fusion) 1y 0.790 ¢/cm® A1 70°C Tmaussywisnfuy3une 7
Alan3u aslundessruvasaunudou Temailaennfestunseanuieuveunadsaiinly
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sudinslduliainadusedmiunsdsenudeulussuvavauanuiouiteldau
Turananshiy Aegy 3.2a was 3.2b %ﬁ)\‘lﬁ]']ﬂ‘li)’u‘lj’l‘qmiSUUﬁ:’»ﬂMﬂ’J‘W%QH&J’]ﬂSSﬂBUL‘fl”lﬁ’Uﬁ
fnldmasiudidngn fugu 3.2¢ gavheiimafueuanlediu (Rockwool insulator) fiaanamn
40 . souszvUasauafeuiletoimsggydemiyiousentyssuugiunden

ma‘luﬁﬁnl*riﬁﬂ'liammzaﬁ'ﬂammﬂ 12 Vuas 10 A 9117w 2 & vshaddiavieii
ATITRURANLAA Tnsdimshasuuussiumuiiofiulszaniamnsdehunnudoulas
msniumamm'sau‘lwmummmsf[,mﬂsaaﬁn‘lfu ﬂmaﬂﬁusﬂm 3.3 ‘uaaiwanﬂummﬂ
malugifuan 4 o \udesszurgainiaeenaing Suiu 2 des uaummmwmamﬂmmﬂ
FUIRLENLUUNTZUANT $IUY 2 Y84 ma‘l%‘lmaL’;aummﬂsaumuwaaummaawﬂﬂiﬂﬂu
nassgzauAoY

a & e ar 2 ; w o !
31] 0.3 ﬂqﬁﬂﬂm\‘lwﬂﬂuﬁ'ﬁ‘ﬁuaqN')uﬂ'ﬁ']u?@uﬁnﬂiguuagﬁﬁlﬂqqﬁ%’@ulﬂH\?Lﬂiﬂﬁﬁﬂi’ﬂ

3.3 ineinldmesludidnadnduiuszuvdzsuniufounsngadudseniing
deldmsheasaaiodinldiiauss@ninmgeganasaiian 24 $2lue Taglifins
Tldhugu annisTiwdernilei wasaifvayundanunany ﬁ’qﬁu‘lumuf‘sﬁhﬁﬁa’lfﬁ’
wawulihonwaduasefinduilandnnauddney 199 Ekarat Solar JU ES20636120 &
anadimalaiindensng 3.2 9 3 uns sseynsuiy msdnnsgUnsoidmiugiinld
wuueilududnainsufussuvarauamudeuilindsmilwihanwaduaserfnduaadly
5Uil 3.4 Teslgunsaindndail 1) mesludidnninluga 2) ynaougugamgil 3) gasvuudves
Amou 4) wusand 3K Buam 24 V 120 Ah 5) gunsaiuszqnszualiila (Apollo S-120A,
Leonic Co., Ltd.) 6) uraaaduaaniing 7) gandesfiinld uaz 8) marh Tussuvilinissie
waduaseinddwau 3 une hfuueasaninnieu (@ue 1,500 o) aelussuuasan
mnfou nanansfusasaviutihiiaraasdrenrwoustreieiledliiuaisiasy
dougafiawnaily (paraffin wax) fifigavassimaiuseinas 70°C dwmiugadneanuieude
maﬁuﬁé‘nm%niu@alﬁﬁaﬁuumwaéuaamﬁma“[ﬂamsﬁmw 1 uHe H1ugunTailseq
svuglwihuazuunnd Inenssudlitfnsduasanliluuandifeduvdssneliiugn
AruANRNMgil Imaivw‘lw-mmaumaamnmuﬂumwmmuauamwumumm 3 il
msaaumimmumamuﬂuamﬁnﬂmﬂuma 36-39°C wagmaTudmslugae 60- 80%
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[1-3] (U 3.4) ) Inghunanansfugamunaigamafignienlsfinsauguaamaiin 38°C Tay
e'i’wulmmumaﬁumanmnwmumaﬂwaﬂ'mmau'imﬂumﬁnlmawammmu‘lunmmau
naNAY Lwaﬁau’lwmsvwavauﬂawmmwmauu.uuLﬂaauamummmﬁmamqmau
’Ivm‘umﬁnlfué"miumma'inaﬂﬁﬂuwuu,awwaﬂmsmmulunmﬂmmu dmdumsmuny
ﬂ'smmmm‘tjuauwwﬁ"lﬂUﬂﬁ’lamﬂm'lum3aaﬁn1‘u mamuﬂuﬂsmmmsafgtﬁauwmlﬂn
rugnguvesdentd Mndsiundavesdiinldfizouwn 10 uu. $wou 2 3 Wdwiums
wanwdsunazauguanududuvesiweendioutazariveulasenledneludiinluiu

Aandsy

a8 0.2 AuanTBnmnzylihvennsaduasenfinduilinufnuan@anou vee Ekarat
Solar §u ES20636120

wasdunwaduaeonind [ES 20636120
Adslihgedn (Prmd 120 W
wsasiulfgaga (Vinsd : 17.48 V
nazualviigedn msd : 6.98 A
usesulihasentn (V) 2237V
nszuainihEnsas (i) ' 7.57 A
‘ FuIALHITadLEseFing (mm) 662x1482

HEAT SINK

THERMOREECTRIC
MODULTR

TEMPIRATURE
CONTROLLER

CHARGE O y
" CONTROLLER B S AIRFLOW PAN

TEMPERATURE
CONTROLLER

TiRRMOE T FCTRIS
AWHIAL

‘ MRFEOW FAN

WATER PAN
PARAFFIN WAX

HEATING FL EMENTS

- ' 3 a6 = ' [ 124 3
U 0.4 laezunsuszuuiniasiinldmesludidnasnsufussuuasaunusauuasieas
ugefing
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winmsiamveusieafinldmesludidnmdniuiussuvasanauiou
. é ! o & af Ll
1. finsmunugamgiiluieiesfinldvuginulnegnniugugungisnluli
Tnodsgamglingludliiigamgd 38°C Invldudumeiludianninluga
fufussuvazaunwiow ngldliinssuansnisaduaseing vumn
[ b o 2/ =t o A
120 W 97U 3 WA AaNTIIYIRaInAITaunasagd1snieis (W)
¢ a & o <l A g
wozigaduatefing 1 uns deidrasanluuuained (3U 3.4) theldszuy
annsavinulinaan 24 Falus Taghifinsldndaentdihainssuuindh
g
2, wistanamuauszuniiu 2 93¢ 1Aun 9aananeu 06.00 - 18.00u. 1AT8S
finldgnmunueanmgiiinushune Ndifnsdnlugaliuundmdernuaiy
2/ 1 =4 =l L o
fou wazdianandiy 18.00 — 06.00 u. lasasdinlignmiunugumgiiiusyuy
geunsauluuvdamasnunmuiey

= -] d H = =Y 1 at
3.4 nsnngaUUsLanEamn s euYaaaIsaiintdmadludiinaSnsauiusEuuHLEN
anuFounazivasuasafing
o A Y]
3.4.1 iasitoniftlunsise
- e k4 N . . ) !
1) ta38499aA10Y U Multifunction environment meter JU DT 8820
=t @ = R
UsginAau mgﬂw 35

a_v & , , , .
U 0.5 inTesiloTananuBu Multifunction environment meter {1 DT-8820 Useinaiu

o LA 4 s /sy ] .
2) nseatufindieuadnlulR (Data recorder) Ju Wisco, Al 210 Uszinelvne
o o o 1 1 a Y Y =
dwiutufindeyasiag 1w gungll uswiunasnszualvih dagus 3.6
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ENCO, Y @ : .
3V 0.6 wFeatuiindoyadnluii@ (Data recorder) u Wisco, Al 210 Ussineilvg

3) paufIwe iR (Personal computer)
4) wesueAUUasila K (Type K thermocouple)

U 0.7 wasuesmWavila K (Type K thermocouple)

a Qo A H
3.4.2 nsidudeyavsrdnsamnsvihauveasieainly
k74 = [ d 1 = -~ b 7
nmstiudeyauseaniamnisinussaaiedinlunesludidnainiui
sguvazana 1 ounaswadtasel findlusuddeiliinsiiviayagmmginisfinlduas
TV oo 1 : | =t =4 ° a o |
amuduins dadulledeniliasdiunndemsilaldionSouiisunshauiunieinly
= o T o = ) o Y o O
wuursaedswieivludmndedluswaieaiy nevinaiiudeyanasn 24 §ala
= ot 4 [ =i 3 1 [y o &
Huan 21 U wie 1 seurssmsiinly 3UR 3.8 uansiwunisgaingaumgiivasainuiiu
A 1 g:: =1 - 1 Qs 24 =
meluirdedinlinswuumesludidnadasindusyuasasinyieuuasivadusienfinduas
7 ' é’ LY Sa ¥ ' =) a2
wSeaiinlvuuuvema venaniifimsingamaiiduSounasdubuvesurumesTudidnedn
o 1 13 ] “ 14 1 = =
Tugariialimmuishanaimsyiausssrunesludidnluga Taofusumesludidingin
Tugaiimehauiuazdwalifirmunnisesgunglisunalfiinduieunasdudu i
= V= SO - K 35 = = o 1
wandlugufl 3.9() Wwdsafufielinmuicssdnsamnmsvialussuvazsauniuiou
Tudveimsarasuasantdosninudou sasaszaziiansiney Ivhmsasieingumwgl
] o = o a & :
wazifiudeyafeduandluzuil 3.9(b) dwiugy 3.10 uansseasBsan1sAndsgunaalneg
L = ¥ <« o ' LY = L4 1
dwiuniasiinldmeshdidne3nsaufussuvaraunnuioulasigaduasariindniouns
syuunsifiufeyauszaniamnisvhou Tnsvhmsiiufeyadiinliuuuuemeaiuglume
ARDALIAN
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: 5 0.8 fwmisTanmgiivagaudunieluditnld (e) wuumesluBidnmnfufussuuasen
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4

3.5 msdasizdanaduamiaaseanans

medfei dnsmsnsanaddlulimsumsumansludureansusaiy
dunumaenipingdin (Life cycle cost, LCC) uaeszaznandumu (Payback period, PB) Liie
T dumdtamugualumsamuaiissuuiadddmildfuinunsnsdegiussnaueiy
Besliwasitnlditalslumsadhanadtfondiinlid Tnefimausuifisusudiinlduuuaain
i mhevhlivtudandsd

3.5.1 m3Usafiuduyunaandndnidia (Life cycle cost, LCC)

n1sussfiuduyunasndndns@in (Life cycle cost, LCO) %eumaaﬁnlﬂ

wesludidnadndanfussuuasanmnufouilindanliiannewaduacerfind duns
UspiiufunuilifntunaondisBinudeangnisldenmeandositalyil Tasfinnsfiansan
AldrefiAniusalugisegnisldan T Guamulunsaiaazaunsalieg (nitial
capital cost) Ansiluniseanuuuiazaiiaaiasiinly (Labor and Installation cost) wag
anldgaelunisdissdne (Vaintenznce cost) wananiliinisiiansangarivn (Salvage
value) Wilgninsvasiunuudilnlade uasialisetumaniinsuamduyaditiogiy
gvis (Present value, NPV) Fanandliannisi 2,12

rce=ceadCo SV
By ()

(0.1

dl = a & - i .
e Ce = Wuasmuanau (Initial capital cost) (um)
. & o o . Pt -3 =y Cod4 1 =
Cm = duyulumsanilums (Operating cost) Agasninge L%lammuasauq Tuwsiaed

(uw)
SV. = yaAen (Salvage value) Hilgavheuedasems (uw)
i = Swywenile (nterest rate) w3e Susifinan (Discount rate)
n = awmsldaulaisms (Project period)

= $runiitdugalaseims (Year at the end of project) SR

3.5.2 s¥8z1InAuNY (Payback period: PB)

dumsumsdnnamsyesaifuu (Payback period: PB) vewfinly ves
Tusidnadnsanfussuvazauaudouilindsnuliihangaduaserfadidunsdmum
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a3 N Toyagnmailiagetetilinee 4 dmiunsmageulsedvinmveaniesiinly

Date Tirne TE-Cold TE-Hot Temp- Volt Amp Watt ::r:’fli)r; Temp -  Ambeint
o o TECQ PV {PV) (PV) o) Coll CQ) Q)
1 8:00 u, 3111 4220 T 3575 40.47 3.05 123.62 58.89 35.58 26.70
9:00 'u.. 37.65 43.09 36.62 41.46 313 129.70 92.27 36.22 28.00
10:00 . 39.04 41.66 36.92 43,57 329 143.30 115,17 36.30 32.00
11:00 4. 3830 38.28 3733 44.15 333 147.13 139.98 36.54 32.70
12:00 u. 3272 37.59 3792 43,98 332 145.99 161.81 36.66 34.20
13:00 u. 38,16 38.01 3843 43.36 327 141,89 181.34 36.65 3470 -
14:00 v, 38.45 3833 38.94 30.43 2.30 69.88 193.85 . 36.66 34.70
15:00 . 38.27 38.23 39.00 12.07 091 11.00 182.21 36.24 34.70
16:00 . 38.11 38.09 38.92 165.64 36.01 34.70
1700 u. 38.01 3797 . 3877 158.89 36.29 33.60
18:00 u. 36.52 3653 3141 146.86 36.47 -30;00
19:00 w. 35.36 35.47 37.05 133.36 36,28 28.50
20:00 1. 34.37 34.56 36.59 120,75 . 35.7:( ‘ 28.® '
21l:00 U. 33.94 3418 36,53 1i0.64 35.64 27.50
22,00 4. 340.12 3433 36.64 101.50 35.65 27.ZQ
23:00 4. 34.14 34.40 36.93 92.55 35.85 2'?.00
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tate Time | TECOM  TEHoE Temp Volt Amp  Waw :::gn Temp-  Ambeint
ey O TECD PV PV} (PV) P Call CO) o]

2 ooou 30.24 3452 3120 84.90 36.01 26.70
1:00 1. 3436 3065 3139 7142 36.19 26.20
200 1. 3339 3472 3152 69.25 3622 25.80
300 U, 34,40 3480  37.64 61.94 3630 2530
400y, 3415 3456 3716 56.95 3621 25.10
500U, 3366 3401 3633 53.82 16.15 2540
600 2348 3379 . 3591 271 5152 1635 25.60
7008 3074 4307 3748 . 2239 56.26 3650 2560
800, 3843 4344 3727 3957 92.73 3636 27.00
9001 3087 447 3744 4200 317 13314 12055 3630 2900
1000y 378 3768 3128 3681 263 9145 13497 3601 3150
11000 3762 3746 3775 6395 332 14579 15326 1588 31.90
12000 3830 3815 2965 4364 329 14370 17572 3607 3250
1300v. 3893 3881 3053 4323 326 14105 19500 . 3640 3380
1400w, 3952 3943 4036 4171 315 13128 21115 36.62 34,00
1500 3007 3973 4079 1264 095 1206 20973 3653 34,50
16001 3961 3062 4075 706 19228 36,23 3530
17001, 3914 3921 4033 398 17799 3.1 3,00
18001, 3761 3769 3888 164.91 3629 32.40
19001, 3641 3646 37.69 152.96 1629 Sz.oq
20004 3566 3570 3698 101,73 36.21 31.70
200y 3518 3529 3699 129.73 36.13 3000
22000 3633 351 3662 117.83 35,63 29.50
23004 3395 3619 3659 107.88 35,65 2850
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Temp-

Ambeint

Date Time TE-Cold TE-Hot ‘Temp- | Volt Amp Watt parafin Termnp -
Q) ) TECQ  {PV) (PV) (PV) €O Coll C0) o

3 0:00 . 3378 3006 36.85 95.75 35.74 28.20
1:00 u. 3380 3612 37.01 90.33 35.97 28.10
2:00 U, 376 3613 3726 82.07 36,10 27.30
300 u. 3382 3625 37.43 74,42 36.37 26.90
4:00 1. 3398 3047 37.75 66.89 36.63 26.70
5:00 u. 3602 3458 37.86 60.61 36.60 26.70
6:00 1. 3046 40.04 37.41 371 028 61.18 36.63 26.70
7:00 v, 3565  43.62 37.11 1840 139 67.81 36.59 26.80
8:00 . 3662 4272 3686 3938 297 93.96 36.33 27.00
9:00 11, 38.61 42.16 3716 4274 323 13787 12256 36.62 30.00 .
10:00u. 3844 3958 37.29 4246 320 13592 146.03 36.60 3170
11:00%. 3753 3746 3769 4310 326 14075 16658 36.62 32.00
12004, 3808 3797 3856 4328 327 14137 18644 36.51 34.00
1300u, 3932 3889 3912 4181 316 13191 20353 3736 3550
14001, 3899 3871 3897 4060 306 12439 21586 37.15 36.00°
1500 u. 3884 3857 3897 1065 080 856 21384 37.23 36.46
16000, 3897 3874 - 39.14 427 032 195.62 37.21 3_7.(_)0
17000, 3880 3865 39.19 392 028 18045 37.02 35.00
1800w, 3848 3830 38710 193 0.5 167.12 36.66 34.50
19000, 3762 37.46 37.87 154,70 36.89 3230
20000, 3686 3674 375 141.78 37.07 3110
200U 3629 3626 37.61 128.12 36,94 éo.so
22:00y. 3572 3577 37.48 11593 36.84 29.00
2300, 3532 3541 37.45 10525 36.73

28.40
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Date Time TE-Cold TE-Hot Temp-  Volt Amp  Watt Temp- Temp -  Ambeint
o (o) TECD PV PV (PV) Parafin (°C)  Coil {°C) ’c)
4 0:00 u. 3498 35.11 37.35 92,79 36.57 28,30
1:00 1. 34.87 35.03 37.43 87.14 36.63 2800
200 u. 34,75 34.95 3746 79.06 36.66 2170
300 1. 34.69 34.93 31.37 71,20 36.64 2?.?0
4:00 U. 34.63 34.90 37.43 63.98 36.53 27.60
5:00 W 34.35 36.14 37.25 58.95 36.27 27.40
&:00 . 3413 44.10 36.46 375 028 65.77 36.28 21.30
7;00 1. 33.46 43.02 36.70 2154 1,63 69.81 36.43 27.20
8:00 u. 35.49 42.02 36.96 3316 296 100.57 36.69 30.00
9:00 u. 39.38 41,31 37.30 4277 323 13804 124.46 36.64 33.00.
10:00 w. 38.60 3844 37.79 4334 327 14176 147.34 36.68 33.30
11:00 1. 38.78 38.54 38.60 4296 324 13932 168.95 31.27 33.70
12:00 u. 39.32 39.06 39.27 4164 314 13087 18638 37,79 34,80
13:00 u. 39.33 39.06 39.35 4313 325 140.36 203.22 37.75 . '35.(10
14:00 u. 39,16 38.88 39.18 3923 296 11613 21586 37.40 2_56._5‘0
15:00 4. 39.13 38.89 39.29 10.83 082 8.86 212.51 37.28 3730
16:00 . 39.04 32,81 39,26 540 044 194.24 37.15 36.76
17:00 . 39.15 38.96 39.40 413 031 179.48 3731 3600
18:00 u. 38.89 38.71 39.06 166.22 36.93 35.60
19:00 U 38.56 38.39 38.67 154.55 36.52 34.&0-
20:00 1. 37.90 37.74 38.11 143.77 36.91 33.20
2100 . 37.42 37.27 37.67 133.65 37.15 32.40
22:00 W. 36.65 36.58 37.48 122,65 37.11 31.00
23:00 1. 36.30 36.29 37.62 110.68 37.0é 30.80
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bate Time TE-Cold Hot Termp- Vot Amp Watt Temp- Temp- Ambeint
(°0) 0 TECS (V) (PV)  (PV)  Parafin (°C)  Coll {°C) o)
5 000y 3565 3571 3749 98.02 3687 29.00
100w, 3537 3547 3744 91.10 3686 2880
200U, 3514 3528 3752 8285 3683 28.40
300u. 3498 3516 3754 75.01 3673 2810
400U, 3060 3480 3733 67.47 3660 2150
500v. 3014 3443 5703 60.83 3619 27.10
600U 3010 3077 3690 424 032 61.27 3639 2710
700U 3041 4450 3714 1215 092 67.43 3658 2120

800U 3252 4282 3131 3387 256 84.40 3651 2800
900w, 3030  AL6D 3734 4228 319 13493 11641 3668  30.00
1000 3863 3845 3786 4088 308 12610 13575 3696 3220
100w 3898 | 373 6T 4335 327 14183 15866 3171 3440

1200, 3925 3897 3893 4220 318 13439 17858 3775 3590
1300w, 3940  39.41 3907 3952 298 117.89 19286 3770 3630
14004 3971 3940 . 3943 3868 292 11290 206.20 3786 36.80
15004, 3963 3932 3033 1075 08l 8I2 20152 3769 3750
16004, 3049 3918 3922 48 036 184.01 3751 37.00
1700w, 3941 3900 3900 355 027 169.81 3730 3610
1800y, 3903 3878 388l 15736 3702 3000
19:00u, 3655 3633 3840 14690 3664 3360
2000w, 3804 3783 3798 13637 3623 33.00
2100w, 3769 3748 3170 12730 3666 3220
22000 3731 3715 37.92 11682 3690 3150
23004, 3667 3658 3177 105.93 3682 3100
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Date Time TE-Cold TE-Hot  Temp-  Volt Amp Watt :::::r; Temp -  Ambeint
{ o] Q) TECD PV PV PV o Coll (°C) o]

7 0:00 u. 35.82 3590 , 37.58 9157 37.03 _30.00
100 w. 35.65 35.76 37.47 86.77 36.80 29,00
200 u. 35.34 35.49 3137 78.25 36.58 28.00
300 u. 35.16 35.37 3137 70.81 36.66 2790
4.00 u. 3504 35.33 37.52 63.81 36.70 27.60
5:00 1. 34.98 35.33 37.52 57.93 36.60 21.70
6:00 u. 34,77 35.07 37.04 348 0.26 54.98 36.60 27.70
T.00 1. 34.97 35.21 37.06 23.84 1.80 55.80 36.75 27.80
8:00 1. 36.94 38,18 3748 £0.24 3.04 91.18 36.92 30.00
9:00 u. 39.35 40.25 37.94 42,66 3.22 137.35 123.36 31.07 32,00
10:00 u. 3912 38.90 38.68 43,05 3.25 139,84 146.20 37.83 34.00
11:00 U, 28,87 38.63 38.56 43.28 3,27 141.40 167'5? 37.65 35.00
12:00 1. 39.24 38.98 38,98 43.09 3.25 140.15 186.87 38.03 _ ' 3600 ’
13:.00 1. 3937 39.10 39.18 42,76 - 3.23 138.00 203.50 38.05 37.20
14:00 1. 39.76 39.48 . 39.66 a41.42 3.13 129.50 216.96 38.2'? ';;8.96
15:00 . 3097 39.68 39.82 .9.97 0.75 7.50 21331 38.¢-17 38.70
16:00 1. 40.04 39,14 39.94 5.34 0.40 194.45 38.45 3830
17.00 u, 39.96 39.66 39.81 7.95 0.60 179.'(8 3832 3700
18:00 w. 39.37 o 39.10 166.69 37:39 3660
19:00 W. 38.42 38.23 38.52 154.64 36.25 3600
2000 1. 38.19 38.03 3842 14393 1;16._14 3510
21:00 U, 37.94 3175 38.08 134.15 36.07 3ﬂ.é0
22,00 1. 37.65 31.47 3778 125,51 36.6_1 32.00
2300 W, 37.41 37.23 37.52 117.37 36.97 30.06
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Date Time TE-Cold TE-Hot Temp-  Volt Amp Watt :::f?r‘w Temp -  Ambeint
"0 o) TE(CY PV (*V) {PV) €0 Colt {°C) )
8 000w 3683 3674 37.60 104.90 36.92 30.50
100y, 3687 3678 3774 99.39 37.00 30.70
2004 3646 3642 37.58 91.23 36,88 30.20
300% 3631 3631 37.65 83.46 36,93 30,00
4001w 3618 3621 37.64 7638 3691 2950
5000, 3686 3594 . 3752 69.34 36.79 29.30
600U 3546 3700 37.38 480 036 63.92 36.63 29.00
7001 3593 a3z 310 1327 100 69.89 36.73 29.00
800w 3670 a400 3725 2875 247 80.72 36,79 30.00

9001, 3955 4170 3739 4297 324 13935 . 11478 36.82 32,00
10:000. 3843 3825 3771 4324 326 14112 14026 3699 33.90
11:00u. 3801 3817 | 3811 4336 327 14174 . 161.88 37.32 34.50
12001, 3895 3871 3873 4173 315 13142 17999 37.76 35.00

13001, 30.09 3887 3891 4090 309 12625 19376 37.83 36.80
14001, 3953 3929 3947 4166 314 - 13098 20964 38,28 38.00
1500y, 3977 3952 3976 2065 156 3218 20847 38.37 38.40
16:00 1. 39.65 3940 3961 1229 093 194.35 37.85 37.70
17000, 3845 3818 3801 524 040 179.38 37.41 36,00
1800U.  37.92 3700 - 3177 165.99 37.07 34.00
1900w, 3752 3736 3740 154,04 36.67 33.90
20001, 37.06 3689 3692 14315 36.18 33.20
21001 3681 3666 3680 132.89 36.27 32,00
2000 3670 3665 3739 11967 36.98 31.00
2300 3640 3640 3743 106.95 36.90 30.00
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bate e TECOM TE;Hot Temp- Volt Amp  Watt ::E:n Temp- Ambelnt
Co ) TECQ VY PV (V) 0 coll) O
9 obOu 3592 3602 3134 92.93 36.84 29.70
£00u, 3573 3587 3138 85.38 36.86 2950
2000, 3538 3559 3725 7545 36.71 28.30
200U, 3532 3550 3135 66.21 36.63 28.00
400w, 3510 3537 3686 60.15 36.61 27.50
5004, 3040 3063 3590 56.48 36.63 27.30
600 3136 4045 3596 381 029 58.49 36.26 27.30
T00u. 2889 4131 3565 1624 123 63.93 3630 27.20
800y, 3344 3894 3470 1868 141 7093 36.66 29.00
900w, 34.19 4070 3567 3561 269 9569 9158 36.76 30,00
10:00 1. 39.64 4395 3765 43.09 525 140107 11983 36.93 31.90

100y, 3021 3916 3765 4333 A20 14167 | 143.40 3701 - 3300 -
1200 38.17 5792 3779 4306 325 13995 16466 37.17 35.00
1300w 3802 3171 3176 w261 332 ‘1305 | 18274 37.07 36.20
10:00 . 3848 sg1 - 3807 © 4ip6 - 3M1  4%B50. 19813 37.42 -38.1_-'10
1500 38.75 1847 3863 1057 080 843 19558 3770 5é:qq
16:000. 3866 3340 3843 495 037 178.76 37.49 57_._*'50
1700 3631 3809 3858 288 022 158,92 36.55 37,00
1800w 39.17 3902 3991 15177 36.59 3@.06
1900w, 4003 3994 4070 161.79 36.68 35.00
2000w 3981 3975 4044 132,81 36.44 3400
21001 3842 3839 3892 12388 35.68 52.69
22000 3675 3672 37.24 115.88 35,71 2950
23004, 3568 3566 3681 106.63 35.63 29.00
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Date Time TE-Cold TE-Hot Temp- Volt Amp Watt :::::; Temp -  Ambeint
o C) TECC PV PY) PV o Coil °C) o}
10 0:00 u, 35.08 35.12 37.80 90.48 35.72 28.00
1:00 . 35.07 35.13 37.00 90.14 35.64 27.00
2:00 U, 34.95 3504 37.17 82.45 35.78 26.90
3:00 u. 34.72 3485 - 3715 75.09 35,73 26.;50
4:00 1. 34.56 34.74 37.12 68.71 351 26.20
5:00 . 34.53 34.73 3718 6268 3578 26.30
6:00 1. 33.65 40.03 37.08 3.40 0.26 61.97 35.93 26.40
7:00 1. 34.23 43.09 37.18 2340 177 70.80 36.52 26.50
8:00 U, 36.69 41.45 37.49 39.06 2.95 101.43 36.73 28.06
9:00 1. 39.14 40,11 37.89 42.63 3.22 137.13 127,77 36.60 30.00
10:00 u. 3871 38.51 3841 43.16 3.26 140.587 151.07 37.10 33.50
11:00 w. 38.98 3876 3893 43.29 3.27 141.44 172,16 37.56 34.00
12:00 1. 39.04 38.82 39.06 43.11 3.25 140.27 190.33 3145 3530
13:00 1. 39.11 38.90 "39.28 42,71 3.22 137.6% 20646 3748 - 3630
14:00 1. 39.05 38.86 39.36 41.42 313 12946 219.45 37.23 3830
15:00 u. 39.25 39,07 39.72 11,51 0.87 10.00 215.63 37.39 38.00
16:00 1. 39.69 39.34 39.17 7.82 0.59 197.84 38,33 3760
17:00 1. 38.87 38,53 38.45 4.88 037 182.07 38.00 37.00
18:00 . 38.3% 3811 - 380t 168.00 37.38 36.ﬁ0
19:00 U, 38.16 3798 38.31 155.87 36.86 3500
20:00 . 38.74 38.79 39.76 14581 37.08 33.00
21:00 W, 3833 3843 39.42 135.90 36.54 32,10
22:00 w1 3737 37.47 38.44 126.70 36.40 31.60
23:00 W, 36.63 36.72 37.64 11857 36.48 3130
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Date Time TE-Cold  TE-Hot  Temp- Volt Amp Watt :::::r; Temp -  Ambeint

¢ iw] TECC  {PV) (PV) V) co Coil {°C) Q)

11 000w 3608 36.15 37.18 109.60 36.60 30.60
100y, 360t 36.10 37.33 102.81 36.56 30.30
2004 3579 3592 3139 95,35 36.57 2970
300y, 3547 3562 3727 88,44 36,48 29.00
400w, 3511 35.31 37.18 - 81,62 36,39 28.60
500U 34.97 35,22 37.38 74.79 36.52 28.50
6004, 3483 36.30 3729 382 .0.29 70.16 36,48 28.30

7:00 1. 37.10 4223 3703 1182 089 73.30 36,51 28.00
800U, 3829 41.80 3739 3647 260 90.70 36.65 30,00
9001 3907 30.24 3795 4153 313 13015 119.97 37.02 3240
10000, 3968 40.17 3873 4316 326 14056 144.60 37.84 33,70
11000, 39.19 39.04 3912 4307 325 13997 166.53 38.13 34.80
120010 3898 38.84 3015 4272 322 13774 184,79 38.05 3550 . .

13000, 3932 30.14 39.26 4236 320 13543 20098 38,53 36,30
1400, 39.23 39.00 3901 4149 313 12989 21528 3873 36.50
1500, 39.38 9.16 39.36 868 065 568 212.22 3887 37.90
16000, 3977 39,55 3970 544 041 194.26 39.19 37.70
1700 0. 3967 3949 3957 357 027 179.29 39.04 37.00
1800u. 3916 3900 3899 165.79 38,39 35.00
19:001. 3898 3882  39.03 15430 37.96 3430
20:001 3970 39.53 40.08 144.07 37.50 33.20
21004, 3936 39,19 39.48 134.44 37.01 32,00
2200y, 3880 3863 . 3885 125.63 36.51 31.50
23004 3813 37.96 38,12 117.70 3593 31.00
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TE- ' Temp-

bate  Time Cold TE-Hot Temp-  Volt Amp  Watt Parafin Temp - Ambeint
o) ' {°C) TE(CY PV (PV) PVv) o) Colt (°C} °ch
iz 0:60 U, 35.76 3588  37.33 7842 3677 30.00
1:00 w. 35.60 3577 37.38 75.61 3873 29.30
2:00 v 35.38 35.56 37.04 71.00 36.62 28.50
3:00 1. 34.88 35.02 36.25 66.41 36.57 28.20
4:00 1. 34.34 24.45 3553 62.18 36.53 27.90

5:00 1. 33.88 3397 3492 58.83 36.51 2780
6:00 1. 33.40 3395 3452 3.48 0.26 56.53 36.48 2170
T:00 1. 33.76 44,02 36.93 23.52 1.78 55.43 36.56 27.60
8:00 u. 3179 4298 37.15 3806 287 56,47 36.54 29.00
9:00 v. 31.62 37.67 37.68 4147 313 129.80 83.11 36.27 31.00
10:00u.  37.95 3797 39.05 4233 319 13521 122,62 36.42 33.20
11:009. 3845 38.45 39.22 4242 320 13583 145,23 36.96 34,00

1200w 3903 38.97 40.0i 4210 - 318 13379 164,35 3764 3500 |
1300w, 3939 39.39 40.76 4157 314 13042 179.65 37.79 35.40
14:00u. 3042 3047 41.04 3974 300 119.18 191.45 37.58 36.00
15000 39.70 39.75 41.29 1105 083 9.22 187.21 37.72 37.00
16:00 4. 7 39.46 39.46 40.80 6.87 0.52 169.77 37.56 37.20
17:000.  39.20 39.18 40.34 591 0.45 154,57 37.38 36.00
18004, 3900 - 3897 40.00 1.51 0.11 141.44 37.12 35.00
19:00 4. 39.40 39.41 40.75 129,19 36.31 34.50
ZO:GO u. 39.14 39.14 39.99 118.85 35.;16 32.60
21004, 3835 38.33 38.9% 109.50 35.53 31.09
2200w, 3757 37.51 38.08 101.94 35.59 3070
2300 4. 36.90 36.83 37.32 95.08 35,80 30:35
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Oate Time TE-Cold TE-Hot  Temp- Volt Amp Watt :ae::f?r; Temp -  Ambeint
(] O TECO  PV) PV PV 0 Coil £°C} 0
13 000w, 36.31 36,25 27.01 87.94 3582 30.00
1:00 U 36.15 36.12 37.02 B3.64 3575 29.20
2:00 . 35.94 35.95 36.99 79.01 35.79 29,00
300 1. 35.83 35.87 37.04 75.38 35.83 28.60
4:00 w. 35.69 38.77 37.01 71.39 35,87 28.40
5:00 . 35.76 35.90 37.18 67.54 36,01 28,10
6:00 v, 35.864 3599 3711 3.37 0,25 63.71 36.06 28.90
7:00 v, 36.08 36.79 37.08 2150 163 60.67 36,11 29.00
8:00 1. 39.73 41.22 37.43 3877 293 61.27 35.92 30,00
9:00 1. 39.24 39,09 | 39.06 4241 320 13574 96.29 36.72 3200
1000y, 39.24 39.02 39.12 4265 322 131.30 131.65 37.95 34.00
11:00u. 39.60 39.41 40,08 4279 323 13817 153.33 3830 - 34.50
1200 0. 39.83 39.66 40.62 4269 322 137.52 171.37 38.25 35.00
13000, 30.88 39.74 £0.98 4258 321 13686 186.33 38,10 36.70
18001, 4051 40.39 41.51 2393 181 4323 191.16 38,37 57.99
15:00 . 39.84 39,74 40.74 1060 0.80 847 176.83 37.5& 37.80
1600 U, 39.46 39,31 40.40 7.94 0.60 161.71 37.4? 35.00
1700y, 39.92 39.70 60.44 6.85 0.52 148,21 37.76 30.80
1800 0. 40.24 40.02 40.48 166 013 136,21 37.96 34.60
19004, 4040 40,20 . 4048 125.89 38.11 34,50
600U 39.29 39.o§ 39,34 11577 37.26 33.00
21:00% 3842 38.21 38.42 106.81 36.73 32;90
2200 3773 37,55 37.88 98.63 36.85 31.50
25000 37.25 3716 3175 91,01 36.78 3130
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TE- Temp-

Date  Time Cold TE-Hot Temp- Volt Amp  Watt Parafin Temp -  Ambeint
co. 4] TECD) (V) vy (PV) o) Coit (°0) o]
14 0:00 1. 36.84 36.82 37.57 83.16 36.75 30.70
100w 36.66 3669  37.56 79.18 36.76 30.00
2:00 u. 36.27 36.41 37.50 74.99 36.65 21.00
3:00 u. 35.40 35.60 ) 36.62 69.98 36.46 26.00
4:00 1. 33.60 3397 34.58 64.89 36.17 25.00
5:00 1. 33.02 33.47 33.99 61.18 30.60 2480
6:00 1. 32.65 3277 33.57 1.68 0.13 58.01 36.67 25.00
7:00 4. 32.05 36.03 24.30 1226  0.93 55,96 36,54 25.30

8:00 1L 35.69 45,56 37.09 20.45 1.54 54.56 36.27 2100
9:00 1. 40.04 44.44 37.01 4290 324 13889 55.46 35.98 28.00
10:00 u. 37.78 37.79 36.79 43,13 3.25 14037 94.68 35.45 29.40
11:00 1. 36.91 36.92 3772 43.09 325 14012 13247 3541 30.60

12:00 1. 3717 37.85 38.65 ‘28.24 213 60.18 149.85 35.58 3170
13:00 . 38.16 39.82 31.79 20.67 156 3225 142.48 36.65 33.00
14:.00 W 3756 3835 319 2099 158 3324 141.?3 36.82 35.®
15:00 . 38.09 39.01 37.83 16.40  1.24 20.29 135.41 36.86 34.00
16:00 1. 37.99 38.83 38.14 7.12 0.54 12530 36.27 3350
1700 U 37.68 37.67 38.38 4.04 0.31 115.02 35.8? 32.00
18:00 u. 3711 37.08 3757 106.19 357 31.50
19:00 u. 36.44 3640 36.93 98.49 35.84 31.00
20:00 u. 3597 3595 36.95 91.50 3583 3040
21:00 u. 35.76 35.78 36.92 85.34 35.80 30.00
22004, 3549 35.72 36.93 80.05 55.77 2§.2_0
23:00 . 35.61 35.67 36.95 76.07 35.85 29.00
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Date Time TE-Cold TEHot  Temp- Volt Amp Watt ::::f: Temp -  Ambeint
O Q) TE{O) (2] V) {PV) o) Coll °Q) o]
15 000w 3517 35,56 3744 76.52 36.45 24.00
1:00 . 3506 35.38 36.82 71.83 36.57 24.50
2:00 u. 34.63 34.87 36.08 66.86 36.60 24.70
3004 3402 3416 3516 62.50 36.66 25.00
4:00 v 33.24 3331 36.26 58.98 36.62 25.30
5:00 . 32.81 32.87 33.84 56.68 36.52 25.30
6:00 1. 32.71 3275 33.68 3.31 0.25 55,36 36.55 25.40
7:00 v, 32.86 32.92 33.80 973 073 50,43 6.1 25.40
8:00 v, 30.93 43.12 36.78 2645 200 53.30 36.50 26.00
9:00 u. 30.04 43,60 36.72 3086 233 7189 52.72 35.85 28.00
10:001. 3712 43,73 36.68 3305 249 8244 58.67 35.82 2930
11:00. 388t 43.58 36.66 3873 292 11319 87.58 35.73 30.20
1200u. 3799 38.38 36.60 3985 301 119.82 119.84 35.78 31.00
1300, 3689 36,99 37.60 4290 324 13890 143.14 35.56 3150 -
14004,  37.40 37.57 3849 3873 292 11321 162.24 3558 34.90
15:00u. 3802 38.22 39.23 13.00 098 1275 160,37 35.48 35.50
16:00u. 3857 38.71 39.61 1227 093 147.70 3545 33.80
1700, 3868 3878 39.65 7.03 053 137.14 35.41 33.30
18001, 3805 3812 3888 125,74 35.55 32.00
19009, 3647 36.50 37.03 115,20 35.29 31.80
20001 3093 35.07 36.60 105.84 35.43 29.00
2000, 3452 34,73 36.67 96.89 35.51 21.00
22004, 3443 34.65 | 36,65 88.84 35'.55 26.50
23004, 3439 34.65 36.64 82,15 35.61 26.50
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Temp-

Date Time TE-OCOLd TE-Hot  Temp-  Voit Amp Watt parafin Te‘mp - Ambeint
(] °C) TECCY  {(PV) (PV) PV} o Coil (°C) Q)
16 0:00 u. 34.47 34.76 36.67 79.51 35.40 26.70
1:00 U, 34.64 34.99 36.79 77.33 35.68 26.60
2:00 u. 34.61 34.92 36.35 72,96 35.68 26.60
3:00 u, 34.31 34.56 35,78 68.14 3578 26.50
4:00 u. 34,08 34.28 3537 63.56 3581 26.40
500 U, 3347 33.55 34.44 59.80 35.99 26.70
6:00 1. 33.19 33.25 34.20 4.88 0.37 56.80 35.87 26.90
7:00 v 33.35 33.40 34,37 1569 118 5535 35.94 27.00
8:00 v 34,29 42.70 36.54 26.49 2.00. 54.22 35.94 23.00
9:00 u. 39.68 43,76 36,88 ‘38.30 2.8% 110.72 53,51 35.87 3000
10:00 . 38.57 39.15 31.20 ;12.89 324 138.82 54.93 3591 31.2(5
11:00 u. 37.47 37.50 38.31 4.1.28 312 128.64 90.65 35.80 32.60
12:00 U. 38.27 38.37 39.72 42.61 322 137.05 128.01 35.60 . . 33.00
" 13:00 U, 38.57 38.72 39.62 fll.43 3.13 129.57 148.77 3540 - 3340
14:00 1. 36.82 36.83 37.63 3583 2.70 96.87 166.73 . 36.05 35.00
15:00 1. 36.81 36.83 37.93; 19.86 1.50 29,78 176.93 37.18 35.70
16:00 . 38,32 38.46 40.64 711 0.54 175.53 36.9£ 34.00
17:00 . 37.81 37.93 39.28 2.81 0.21 160.41 35.58 32.00
18:00 u. 36.42 36.48 3763 145,73 3537 30.00
19:00 . 35,32 3541 36.70 133.08 35.29 27.60
20:00 . 34.72 34.88 36.62 122.18 3552 2'-[.30
21:00 u. 34.32 34.54 36.55 111.96 35.43 26.80
2200 u. 34.26 34,52 36.63 102.53 3537 Zé.dd
2300 ¥ 3@.26 3454 - 36.67 93.83 - 3549 2620
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Date fime TECold  TE-Hot Terap- Volt Amp Watt ::::I; Temp -  Ambeint
o o TECO PV (V) PV o Coll C0) Q)
18 0:00u. 3533 3541 36836 84.86 3589 29.30
L00u 3530 3540 3690 80.45 3596 29:10
200u. 3524 3537 3690 76,54 3595 2860
300w 3519 3535 3689 7272 3595 2840
400w 3518 3536 3689 68.69 3599 2800
500U, 3527 3549 3694 64.84 398 280
600Y. 3540 3565 3701 345 . 026 6131 3602 2800
TODU. 3399 3882 3700 2428 183 58.74 3646 28.00
§00W. 3432 4249 - 3700 3478 263 59.82 3737 29.00

9001 3804 4128 3719 3949 298 11772 8848 3733 3100 -
100U, 3765 3826 3745 3151 283 10619 11986 3738 3230
1:00u. 3745 3706 3795 6104 310 12742 13343 3753 33.00
1200w, 3ed 85 a5 4 A2 w95 13 37.32 3400
1500, 3875 3867 4004 2650 200 5299 16227 37.51 34.90
1400v. 3846 3836 3957 1438 109 1560 15672 3761 3500
1500u. . 3742 3732 - 3840 871 06 572 14327 37.71 33.00
16:00u. 3695 3684 3780 1085 . 082 13226 3764 3150
17004, 3679 3666 3760 680 05t 12222 3774 3140
1800y, 3760 3900 ST 162 02 111.90 3673 3140
1900, 3652 3650 37.02 10259 %62 3130
2000y, 3535 3542 3675 99.46 3874 2900
2100, 3493 3506 3670 87.28 /74 271.00
2200 3458 3476 3662 81.37 3565 2680
2%00u. 3449 3870 3658 77.04 3569 2670
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TE-Cold

Volt

Date Time TE-Hot  Temp- Amp Watt Temp- Temp - Ambeint
o ) TECC) PV} PV (PV)  Parafin CC)  Coil (°C) Q)

19 000, 34.58 34.82 36,60 72,62 35.75 26.60
1:00 W, 34,73 35.02 36,71 68.70 35,82 26.50
2:00 \. 34,37 34.63 3592 64.30 3640 2640
200U, 33,55 33.77 35.12 61.07 36,51 26.30
4:00 1, 33.30 33.49 34,80 58.10 36.63 26.20
5:00 1, 33,58 33,75 35,02 56.51 26,88 26.10
£:00 1. 33.60 3373 3490 232 - 0.18 55.20 36,87 26.20
7001, 33.35 33.46 3660 419 032 53,80 36.60 26,20
8:00 U, 33.27 33,36 34.40 144 011 52.76 36.54 26,00
9001 3191 3777 3536 528 040 21 5204 36.91 2580
10000, 3414 4485 3698 3289 248 8167 50.59 36.35 2550
11009, 3888 4531 3667 4140 312 12934 51.62 35.88 26,00
12000, 39.72 43.63 3683 3137 259 89.14 80,94 36,10 3000
13:000. 3804 38.80 1674 3866 292 11281 116.78 3589 - 3130
14:00 U, 3685 36.94 3762 2960 223 66.11 134.22 35.94 31.00
15:001. 3650 36.57 37,23 337 025 0.86 125.88 3572 30,80
16001, 3577 35.83 16,62 257 D19 114.73 3577 30.60
17000, 3541 35,50 3688 469 035 105.38 35.83 30.00
18:00u. 3518 35.29 36.84 96.93 35.1 29,00
19:001. 3506 35.19 36.85 89.12 35.89 2830
20004 3487 35.03 36.79 82,61 55.84 28,00
21000, 3477 24.96 36.72 7768 35.85 2170
2200w, 3680 3500 3673 73.76 3589 2130
23000 3477 35.09 36.82 69.51 2100

35.86
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Date Tine TE-Cold TE-Hot  Temp-  Volt Amp Watt Temp- Temp-  Ambeint

0 o TECC  (PV) PV} PV}  Parafin C)  Coll Q) o]

20 000u 34,98 35.30 36.75 6543 36.43 26.60
1:00 1. 34.62 3488 3615 61.60 36,58 2640
2:00 u. 34.36 34.55 35,65 58.65 36.85 26.00
3:00 1. 33.86 34.00 35.05 56.73 36.90 25.80
4:00 v, 33.41 33.58 34.61 55.33 36.84 25.40
500U 547.81 54954 56568 288 022 895,12 37.89 25.50
6:00 1. 33.32 33.42 3640 581 0.44 53.36 37.00 25.90
T:00 1, 32.86 34.87 3300 1263 095 51.90 36.57 26.00
8:00 1., 32.44 38.00 3343 2986 225 5097 36.46 28.00
9:00 1., 32.25 40.67 3625 3852 291 11198 52.95 36.02 29.00
10:00 4. 363t 40.58 3628 - 3458 261 90.26 79.53 35.88 30.50
1100w 3840 39.46 3709 4281 323 13832 116,97 35.96 31.00
1200 U, 3691 36.99 3816 4091 309 12632 140.09 35.84 32.00
13000, 3776 37.80 35.63 4019 303 12188 156,17 36.39 35.30
14000, 3643 36.54 3734 4129 312 12864 173.24 37.26 35,00
15000, 3629 36.30 3755 798 060 4.81 £71.04 37.33 36.§;>0
1600 3660 3665 3781 3.99 0.30 154.31 37.41 35.50
1700, 3839 38.47 6041 268 020 139,88 36.31 34,00
18001, 3842 38.48 30.68 127,54 35.54 33.70
10001, 3749 37.52 38,52 117.16 35.60 33.30
20:00u. 3695 36.95 37.87 108.43 36.77 33.00
21:00 4. 36.37 36,30 3715 100.61 35.83 32,00
22004, 3575 35.74 36.76 93.62 35.75 31.00
2500, 3549 35.52 26,81 87.47 35,75 30,00
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Date Time TE-Cold  TE-Hot Temp-  Volt Arnp Watt Temp- Temp -  Ambeint
o) (o} TECC (PY) rv) (PV)  Parafin °C}  Coll Q) C)
21 000w 35.48 35.57 37.07 81.43 35.98 29.00
1:00 W 3538 35.48 37.06 77.85 36.01 28.50
2:00 U, 35.18 35.32 36.94 75.18 35.99 27.00
300 1. 35.02 35.20 36.81 69.53 35.82 26.80
4:00 1. 35.01 35.23 36.78 65.53 35.87 26.50
5:00 1. 34,94 35.16 36.49 61.83 35.91 26.70
6:00 1. 34.65 34.33 3602 277 021 58,65 35.98 2100
7:00 1. 34.19 3689 3632 2433 184 56.86 36.03 27.60
8:00 1. 37.07 41.11 3705 3850 291 58.03 35.96 29.00

9:00 1. 33,16 38.14 37.74 4205 317 13348 89.29 35,73 3L00"
10001 37.98 37.97 3894 4256 321 13669 127.36 35.54 32.80
100y, 3882 38.90 40.36 4254 321 13656 149.22 36.02 33,00
1200w, 39.73 39.89 4164 4254 321 13655 167.89 3647 34.00
100U, 4071 4p.92 4287 3653 276 10103 182.06 3701 35.50
w00y, 4107 4130 4313 2302 174 - 39.99 181.29 36.96 36.00
15:00u. 4080 41.00 4261 1745 132 2297 170.15 36.?9 36.70
16000, 41,05 41.20 4276 1405  1.06 160.17 37.32 3:1_?‘10
1700, 4056 40.68 4206 574 045 147.68 37.01 33.00
1800 . 59.81 39.89 41.15 13551 36,44 32.80
19:000. 3868 38.71 39.83 124.44 35.56 32.60
000U, 3001 37.78 38.60 114,83 35.50 32.20
21004, 37.04 37.01 |, 37.88 106.43 35.74 31.00
22004 3631 36.27 37.06 98.91 35.82 30.50
23004, 3580 3577 36.84 92.17 3577 30,00
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Date Time RH TE (%) RH Coil (%)

6/5/1957 8:30 66.4 66.5
9:30 66.9 68.9
10:20 67.1 71
15:30 66.9 72
16:30 66.7 72.2
17:30 66.3 72.5
20:30 g 66 72
21:30 : 65.7 72,5
22:30 65.4 729
7/5/1957 8:30 65 73.2
9:30 64.7 71.6
10:30 607 72.3
15:30 65 73.1
11630 64.9 726
17:30 66 73
20:30 : 65.4 72.6
21:30 67 73.1

22:30 ' 66.8 73.4
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My s YssdvSamwesanslv (0.95)
e Ao UssAvBnmmveauumned (0.85)

24
Qr ot

4 = g I ooar
ﬁuu‘umﬂ‘uaamemﬁﬁl%ﬂumu’mﬂummu

K\ = 3x1.44
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C, = 13.11 kwh
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Life Cycle Cost (LCC) and Payback Period (PB) of Thermoelectric Egg Incubator Integrated with Thermal
Storage System and Using Electricity from Solar Cells
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Abstract

The ohjective of this present research is focused on an economic evaluation of (hernoelectric egg incubator Integrated
with 2 thermal storage system and using electricity from solar cells (TE incubator). The economic evaluation based on Ufe cycle
cast (LCC) and Payback pesiod {PB) wras determined. As the results, an Investment cost of the TE incubator was 22,020 Baht and
49% of Investment cost was solar cell panels. LCC of the TE Incubator was 9,142 Baht which Is accordinsg to the present value
(PV). It is Indicated that the investment cost and LCC of TE incubator were relatively higher than commerdial egg incubator such
as heating coil egg incubator due to this TE incubator integrated with thermal sterage systern and using electricity from solar cefls.
PB of this TE Incubater considered on the net present value (NPV) was evaluated. It is found that PB of the TE incubator vas 7.05
yaars, Thetefore, thermoeleciric egg incubator integeated with a thermal storage system using electricity from sotar cells can be
competitive with cormerdal egg incubator, and itis especially high patential In rerote areas where located far from the electrical
Infrastructure. In addition, it can be guidetines for widely promoting utdization of renewable energy.
Keywords: Egg incubator, Thesmal storage system, Thermoetectiic module, Solar cell, Life aycle cost, Payback period.

uwiivendonsens Sl aineriudd
“gRAMATHHNAN Y ionnarUssmAlng”




105

m1\]1bqﬁa1m1m‘iaimﬂﬁ’mu-¢\iaﬂmv.n'lwun?iﬁ 12
Auil 8 - 10 figunvn e, 2559 o1 Tsasurfadiond S8 e funlan

JunuasenidniFinuassssnmiumuuasiintdmediuddinatnioudussussmunadausid
vidssivihenaduaoniiag
Life Cycle Cost {LCC) and Payback Pericd (PB) of Thermoelectric Egg Incubator Integrated
with Thermal Storage System and Using Electricity from Solar Cells
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Abstract

Tiwe chiective of this present research is focused on an ecosomic evaluation of thermeelectric egg
incubator integrated with a thermal storage system and using electdcity from solar cells (TE incubator). The
economic evaluation based on Life cycle cost (LCC) and Payback pericd (PB) was determined. As the results,
an investment cost of the TE incubator was 22,020 Baht and 453% of investment cost was solar cell panels.
LCC of the TE incubater was 9,142 Baht which is according to the present value (PV). It is indicated that the
investment cost and LCC of TE incubater were relatively higher than commercial ege incubator such as
heating coll esg incubator due to this TE incubator integrated with thermal storage system and using
electricity from solar celts, PB of this TE incubator considered on the net present value (NPV) was evaluated.
it is found that PB of the TE incubator was 7.05 years, Therefore, thermoelecitic egg incubator integrated with
a thermat storage systen wsing eiectriciiy from solar celfs can be competitive with commerciat egg incubator,
and it is especially high potential in remote areas where located far from the electrical infrastructure. In
addition, it can be guidelines for videly promoting utilization of renewable energy.

Keywords: Egg incubator, Thermal storage systeﬁn, Thermoetectric module, Solar cell, Life cycle cost, Payback
period.
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Abstract

The objective of this present research s focused on an economic avaluation of thermoelectric egg incubator integrated
with a thermal storage system and using electricity from solar cells {TE incubatos). The economic evaluation based on Life oycle
cost {LCC) and Payback peried (PB} was determined. As the results, an investment cost of the TE incubator was 22,020 Baht and
£6% of investment cost was solar cell panels. LCC of the TE incubator vas 9,142 Baht wivich ks according to the present vatue
(V). 1t Is indicated that the investment cost and LEC of TE incubater were relatively hicher than commerdal egg incubator such
as heating cofl egg Incubztor due to this TE Incubator Integrated vith thermal storage system and using electrictty from solar cells.
PR of this TE incubator considered on the net present value (NPV) was evaluated. bt is found that PB of the TE incubator was 7.05
years. Therefore, thermoelectric egg incubator Integrated with a themnat storage system using elactrdty from solar cells can be
competitive with commerciat egg Incubator, and it is especially high potential in remote areas where located far from the electrical
infrastructure, In addition, it can be guidelinas for videly promoting utilzation of renevrable energy.
Keywords; Egg incubator, Thermal storage system,Thermoatectric modute, Solar cell, Life cycle cost, Payback period.
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Absiract

The objective of this present research & focused on an econamic evaluation of thermoelectric esg
incubator integrated with a thermal storage system and using electiidiy from solar cells {TE ncubatorn), The
economic evaluation based on Life cycle cost (LCC) and Payback period (PB) was determined. As the results,
an investment cost of the TE incubator was 22,020 Baht and 49% cf investment cost was solar celt panels.
LCC of the TE incubater was 9,142 Baht which is according to the present value (PV), It & indicated that the
investment cost and LCC of TE incubater were relatively higher than commercial eeg incubator such as
heating coR eee incubator due te this TE incubator integrated with thermal storage system and using
etectricity from solar cells. PB of this TE incubator considered on the nat present value {NPV) was evatuated,
It & found that PB of the TF incubator was 7.05 years. Therefore, thermoelectric egg incubator integrated vith
a thermal storage system using etecincity from solar cells can be competitive with commercial egg incubator,
and it is especially high potential in remote areas where located far from the electrical infrastructure. In
addition, it can be guidelines for viidety promoting utilization of renewable energy.

Keywords: Egg incubator, Thesmal storage systerh, Thermoelectric module, Solar cell, Life cycle cost, Payback
period,
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Abstract: The purpose of this study is to develop a thermoeleciric egg incuybator (TED
integrated with a thermal energy storage (TES)system, using electricity from photovoltaic (PV) .
cells in order to operate without on-grid electricity. The TEI was constructed with the same
dimensions as a commercial egg incubator (CEL), which was made to the required dimensions fot
hatching 24 eggs per period of 21 days. The TEI was designed with 2 operaiing modes of heat
sources: a thermoclectiric (TE) modile used for daylime operation and a TES containing phase-
change materials (PCM) which supplied heat fo the TEI for nighttime operaiion. The PV pansls
were designed to be the primacy chergy Source for gencrating 360 W of electricity, whith was
supplied fo heat sources of TEI according fo the energy load for providing fertile chicken eggs
(24 eggs/hatching). The incubating temperature and relative humidity (RH) inside the TEI-TES
were controlled under optimum environmental conditions for hatching (36-390(2 and- 60-80%%
RII) to stimulaie embryonic growih. As a resuii, the TEL-TES achieved and maintained an
optimum incubating temperature in the range of 36.7-38.8°C and-the correct RH of 66£0.2 % in
the warm weather of Thailand over 1hé incubating period of 21 days. The TEI-TES was able 16
‘maintain optimum environmentdal conditions for chicken-egg hatching, and its performance was
comparable to that of the CEI The working mechanisins of the TE module and TES are also ,
discussed. The results show that the TEI-TES with PV panels as the primary energy source is
suitable for use in remote areas which have no on-grid electricity stpply.

Keywords: ¢gg incubator, theritoelectrics, hatching, thermal energy storage
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INTRODUCTION

New technologies play an important role in modern agricultural practice. In the commercial
production of poultry products such as meal aiid eggs, a guaranteed sufficient supply of brood
chicks is essential. This cannot be achieved by natural incubation by means of broody hens sitting
on clutches of eggs. The development of a new technology for a tore efficient hatching of fertile
eggs is important. The artificial incubator is an important technology for use as an alternative
approach to the hatching of fertile chicken oggs without the involvement of broody hens. Egg
incubators, which are widely used in‘the industry, must be well controlled to provide a hatching
process under ophmum environmental conditions (lemperature, egg tuming and humidity) to
stimulate embryonic growth until hatching [1]. The temperature and relative humidity (RH) inside
the incubator must be contro!led to optimum environmental conditions in the témperature range of
36-39°C and RH of 60-80% [1-3]. The incubating temperature is the most crucial fagtor in incubating
efficieney [1, 4. In the case of the commercial egg incubator (CED), a heating element is uséd as a
heat source by directly converting eleciricily fo thermal energy. The CEI has been designed in several
forms and versions for manual operation and also for fully-automatic and semi-dutomatic operations .
[2]. The forced-air egg incubator is one of those approved due fo ifs action of hot-air circulation
through the use of an exhaust fan, which provides the necessary stable heat level, suitable micisturs
lovel, and the mainienance of appropriate amounts of oxygen inside the incubator [1, 2, 4, 5. An
egg-hatching incubator mtegrated with a conveyor rotation system has been designed and developed
using an automatic controller for the maintenance of temperature and htmndlty [6]. However, it
cannot be used in reinote areas not serviced by electricity supply infrastructure. Recently, a
photovoltaic (PV)-powered chicken-egg incubator was constructed for use in the rural areas of Seira
Leone; nevertheless, a large-capacity batiery was required for operating the system for 24 hours [7].

The therinosleciric (TE) technology, which involves the conversion of waste heat-into useful
electricity, can provide a method of hedting and cooling by electricity. TE modules can be used for
both power gencration and solid-state refrigeration or heat pumps. A TE module has.no mechanical
moving parts or environmentally harmful flnids tike chlorofluorocarbons [8, 9] The TE systems ate
gaining an increasing level of aftention because of their reliability and environmentally friendly
energy conversion technology (heat-pump technology). They are of small size, provide
maintenance-free operations, emitno pollutants and are feasible for use in a wide temperature ratige
[8, 10]. TE technology is currently expected to contribute to solving global warming and climate
change issues because of its improved total energy efficiency and reduced consumption of fossil
fuels. In previous studies, TE modules were successfully initiated as a new heating device to replace
the heating element in the CEI and it was found that ¢gg incubators with TE modules: as heat
sources exhibit high efficiency, resulting in low electrical fees per hatching period [11, 12].

Thermal energy storage (TES) is very itnportant in many engineering applications. Antong
the practical problems involved in solar energy systems is the need to increase the reliability of ihe
system by. storing any power produced in excess of the energy load. The stored energy can be used
whenever needed, suclras during the night or on overcast days [13]. Similarly, practical engineering
problems arise from the waste-heat recovery system where waste heat availability and utilisation
periods are different [14]. A phasc-change material (PCM) is a latent-heat storage material used for
TES. The PCM can store or release a large amount of heat during the phase- change process: TES
systems containing PCM. in the solid-to-liquid phase have been considered as a potential candidate
for solar energy systems. These types of TES systems have a small volume and work in.the known
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melting and solidifying temperature ranges of the PCM [13, 15, 16}, svhich is uged in latent heat
storage for several applications such as solar energy systems, heat pumps and spacecraft thermal
control, as well as for cooling applications in buildings [16].

'Inprevious TE models, the TE module was successfully tested as a new heating device in
egg incubators, but it still used electricity from the national grid [11, 12]. Furthermore, a large-
capacity battery was required for the PV-powered chicken egg incubator [7]. In order to develop a
thermoelectric egg incubator (TEI)that can be opefated in rural.areds-where grid-supplied eélectrioity
is:not nccessarily available or reliable, we have inlggrated a TE module in a TES and used if as a
heat source in the TEL PV panels are used as the primary power source for the TE module and TES.
The TEI is integrated with the TES and PV panels. As far as we know, this is the first time that this
design has been used, .

In the preseit study the design of this TEI integrated with the TES (TEL'TES) and PV pariels
has been developed based on the optimum chicken egg hatching period of 21 days (the usual
hatching period of a chicken egg), with optimum temperature and humidity control 24 hours a day.
The optimum incubating temperature and % RH of the TEI-TES wero investigated, -identified and
compared with conditions used in a CEL

MATERIALS AND METHODS

A TEI was eonstructed with the same dimensions as a CEI, which was 0.35 m wide, 0.35 m
long and 0.44 m high, the required dimensions for accommodating the hatching of 24 eggs per
period (Figure la). The incubating box was made of plywood 10 mi thick, Three-mmsthick
polystyrene insulation coversd the outer surfaces of the incubating box in order fo reduce-heat loss;
Figure Ib illustrates a TE module (TEC1-12710 model, Thérmonamic Eléctronic Co., P.R. Ching)
with 127 couples. The module was 40 mm long, 40 mm wide and 3.4 mm high. The performance
specifications of the module were: 79°C for maximum ieniperature differérice between hot and cold
sides of the module (ATy,,), 17.2 V and 10.1 A at maxinmum voltage; DC current af AT, and 1.27-
1.49 © for AC resistance. The module was mounted on top of a TEI box as the heat source in place
of a heating element, as in the CEI (Figure 1¢).

Figure 1. (a) TEIunit; (b) TE module (TEC1-12710); (¢} installation of TE module at the top of
TEI unit .

The TES was designed to provide sufficient heating load for maintaining correct temperature
conditions for the chicken eggs during the night [4]. The TES unit was made from stainless steel
sheet 1 mi thick with dimensions of 0.35 in (width), 0:35 m (length) and 0.1 m (height): A 1500-W
heating element with three parallel circuit Hines (each 0.55 m long) was installed inside-the TES unit
for converting electricity from the PV panels to thermal energy. Two 1 mir-thick stainless steel
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pipes with an outer digreter of 25,4 mm were also mounted inside the TES unit, as illustrated i
Figures 2a and 2b. In the present study paraffin wax was used as PCM, which has a melting point of
70°C, a latent heat of fusion of 173.6 kl/kg, and a density of 0.790 g/em® at 70°C. Seven-kilograms
of the paraffin wax were contained in-the TES unit to ensure-sufficient thermal encrgy during the
night. Rockwool, 40 mim thick, covered the outer surfaces of the TES unit to prevent heat foss. Then
the TES unit was installed at the bottom of the TEI box, as shown in Figure:2¢.

Stainless pipes Paraffin wax (PCM)

Y ~ TES unit
Heafing coils -

Figure2, (a)3 parallel heating efements and 2 stainless pipes inside TES unit; (b)pataffin wax
contained in TES unif; (c) mounting TES unit at the bottom of TEL unit s

In order fo make the TEI operable in rural areas where grid-supplied elecireity is not
available, thrce PV panels (polyerystalline 8i, 120 Wp, E820636120, GIN Group, Haly) were nsed as
the primary energy source. The PV panels generated ~360 W of electrical power for the TE module
arid the healing elements in the TES. Figure 3 presents the TEI apparatus, with the TES and PV
panels included, which can operate without on-grid electricity. The overall TEI system (TEI-TES) is
composed of several main parts: TE module, TEI unit, TES umit, PV panels and a battery (24 V, 120
Ah). The system is also filted with a temperature controller, a charger-inverter (Apollo S-120A,
Leonic Co., Thailand) and a type-K thermocouple. Air circulation inside the TEI during hatching is
assisted by airflow fans. A water tray is placed in the bottom of the TEI to control the huinidity in the
incubator.

The TEI-TES has two heafing modes as shown in Figure 3. When operating in TE mode, the
TE module s the heat source during daytime, while during the night it operates in TES niodé and
heat is derived from the PCM, The two stainless steel pipes:mounted inside the TES unit transfer
heat from the TES to the TEI via a fan installed at the end of each pipe. The optimum incubation
femperature. of 38°C inside the TEI-TES is controlled by the temperature controllet.

The type-K thermocouple is mounted inside the TES at the centre of the incubating:chamber
and ‘on both the hot and cold sides of the TE module. A manual 3-way switch turns on the
temperature controller at 6 a.m. to operate the TE module and furns it off at 6 p.m. The TES is
switched on at 6 p.m. and switchéd off at 6 am. During the day, the PV pal_iels‘. gengrate DC
electricity which is supplied to the TE module at 12 V and 5 A through the chargér-inverter and
battery. Three 3 PV panels simultaneously supply DC electricity to the heating element circuit for
generating tliermal energy and melting the paraffin wax when the femperature is higher than its
melting point at 70°C inside the TES unit, This means that heat is absorbed inside the TES unit-
during the day and is discharged to the TEI chamber during the night. Two air vénts 10 mm in
diameter are installed at the back of the incubator at a-height of 50 mm from the bottom of the TEI
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unit. The oxygen consumption and carbon dioxide concentration inside the incubator are optimised
through the air vent during the metabolism period of embryo change.

The performance of the TEI-TES and PV panels were monitored 24 hours a day over 21
days (one chicken-egg hatching period). The temperature and humidity inside the TEI chamber
were recorded with a data recorder (A1 210, Wisco, Thailand) connected fo a personal computer and
a multifunction environment meter (DT-8220, CEM-meter, China).

PVI(i20W)  PV2{120W) PV3{120W)
£z

HBAT SINK

THERMOELECTRIC
MODULE

TEMPERATURE
CONTROLLER

* CHARGE °
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.
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AIR-VENTILATION
HOLES
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nEsvAE EO T
TWARE FAN |0y
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WATER FAN'
PARAFFIN WAX

TAINLESS PIPES
TIBATING ELEMENTS.

Figure 3. Schematic of the constructed TEI-TES and PV panels

RESULTS AND DISCUSSION

The incubating temperature is ah important factor influencing the embryo development and
metabolic rate during incubation. In the present study the incubating temperature inside the TEI-
TES and CEI was continuously recorded 24 hours per day over 21 days (I chicken-egg hatching
period) in order to maintain the optimum incubating temperature of 36-39°C [1-3]. The incubating
temperature inside both the commercial and experimental incubators was controlled by a
temperature controller set at 38°C for the whole hatching period. The temperature controller was
automatically turned off when the temperature inside of chamber rose above 38°C and was restarted
whten the inside temperature cooled to 36°C.

Figure 4 presents the incubating temperature profile of the TEI-TES compared with the CEI
on the 1% and 2" days of the incubation period, together with room temperature (RT), TES
temperature, and temperatures on both the hot and cold sides of the TE module. On the 1% day of
incubation, the TEI-TES and CEI were started at 8 am. The RT profile exhibited a dome-like shape,
incregsing from 26°C at 8 am., reaching the highest temperature of 34.7°C between 1-4 p.m., and
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decreasing during thie night. Atmospheric conditions (clear skies or overcast, dry weather or raining,
cool temperature -or hot, etc.) were observed and recorded for their effects on the RT profile. The
PV panels produced the DC current which was supplied to the TE module and heating elements
inside the TES unit during daytime. The initial temperatures for the TELI-TES and CEI were set at
room temperature of 26.7°C. The hot side of the TE module was 42.2°C and the cold side wis 31.1°C.
The incubating tempetature of the TEI-TES and CEI was raised to 35.7°C and 35.6°C respectively,
The temperature inside the TES unit sharply increased and reaclied a maximum teniperature -of
193°C at2 p.m. The high temperature inside the TES unit changed the PCM phase from solid state
to liquid state.
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Flgure 4, Temperature profiles over the 1% and 2™ days of incubation period of the fo]lowmg ‘TEI-
TES, CEl, BT, hot-and cold sides of TE module, and TES .

There was a difference in temporature behween ‘the hot and cold sides of the TE moduls
during 8 a.m. and 12 noon sach day, indicating that the TE module transferred heat from the cold
side to the hot side through the TE niaterial (heal pump mode), thereby keeping the TELITES
temperafirs within the required incubating temperature of 35.7-37.7°C. The operation of the TE
meodule was stopped whien the temperatuie was the same on each side; however, the TEFTES
continued to maintain the temperature within the incubating range even when the air-flow fans wers
turned off between 12.noon and 6 p.n. This resulted in sufficient heat being transferred from the
TES unit to- the TEI chamber through the stainless steel pipes by conductive heat fransfer. The
temperature inside the TEL-TES, which was switched on at 6 p.in., could be controfled within the
optinum incubating range after 6 p.m., which indicates that the TES has enough thermal energy
capacity to mainfain the incubating temperature inside the TEI-TES until 6 ant, the néxt day. On
the 2" day of incubation, the TE module provided heat for the 4 hours between 6-10 am. by
deriving lieat from the surroundings to the TEI chamber. '

The TEL-TES reached a crifical temperature of about 40°C, a slightly higher {emperature
than the optimum incubating temperature between 4-5 p.m. When the temperature reached this
level, the temperature inside the TES increased up fo 220°C, resulting in a continuous excess hieat
transfer from the TES unit to the TEI chamber (heat loss) through the 1wo stainléss pipes. Heat loss,
especially in the afternoon, needed to be reduced in order to maintain a correct heat flow from the
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TES to the TEI at ‘a correct temperature. This was achieved by having a thick layer of mékwo'o'l
insulation in the space between the TES and TEI units.

Over the. 2-day périod, the TE module worked for about 4 hours. and then stopped when the
inside temperatore of the TES reached 150°C. This means that the temperature of the TELI-TES
vattes within the range of the optimum incubating temperature during daytime operation by having
sufficient heat transferred from the TES unit to the TEI chamber through the two stainless steel
pipes. The temperature inside the TEI-TES thus is maintained in the desirable incubating
temperature range. Compared with the CEJ, the temperature of the TEI-TES fluctuates a little more
than that of the CEL and is slightly higher than the temiperature maintained in the CEI (36-37°C).
This is due to the heat transfer from the TES unit. An outcome of this is that the metabolic process
of the chick embryos in the TEI-TES is higher than that inside.the CEI [1].

As.can be ssen in the temperature profile of the TES during the discharge process hetween 3
-10 p.m. (Figure-4), the teniperature sharply decreases, followed by a moderate decrease till 3 am.
and a firther slowing of the rate of decrease unlil 8 a.m., al which time the TE module starts to
generate heat, powered by the PV panels: During 3 pan .- 8 am., which is the period of heat
discharge, the TES discharges thermal energy via two mechanisms: sensible heat discharge (a larger
dropin thermal enerpy) and latent heat discharge (a smaller drop in thermal ehergy). These theérmal
energy-releasing processes correspond to the fundamentals of lafent heat siorage materials, which
work in a nearly isothermal way based on the phase change mechanism. The intersection of both
mechanisms ocours at about 70°C, which is congruent with the melting point of paraffin wax-
(PCM). \ ' :

Fundamentally, the power generated By PV panels is proportional to the intensity of the
solar irradiance. In Thailand, as anywhere, the weather varies from day to'day — sometiines overoast
and rdining, sometimes glear skies and warm or hot.- These variable conditions obviously iinpact on
the workings of any solar-powered device. Tigure § presents the temperaturs profile of the TEI-TES
on the 18" and 19" days of the incubation period, compared with that of the CEI, On these two days
the weather was heavily overcast. The temperature inside the TES increased sharply and steadlly
over the period from 9 a.m. to 2 p.n, reaching the highest temperatures of 162: 2°C on the 18% day
and 176:9°C on the 19" day. However, these temperatures were lower than the 210- 215°C level
reached on other cloudless days, thereby reducing the elecirical power supplied by the PV panels to
the heating element cireuil of the TES unit. The RT was relatively lower (26-27°C) between 9 pm.
and 6 am. the following morning, causing a larger temperature: difference between the TELRTES
and RT, which was the effect of the overcast weather. Thus, the thermal energy capacity inside the
TES was reduced, causing a drop in the temperature inside the TEI-TES to less than 36°C between
3-7 a.m. on both days. The temperature inside the TET-TES was achieved and maintained within the
range of optimum incubating temperature from 8 aim, to 3 a.m. of the nexi day. The TE niodule also
worked for about 4 hours per day, r ansferring heat from the surrounding air into the TEI chamber.
This transfer of heat stopped when the temperature inside the TES exceeded 150°C. In this: situation
the CEI maintained the incubating femperature better than the TEL The TEI-TES thus seems to be
able to work under cloudy conditions without electricity from the national grid, even with a full
energy load for incubating chicken eggs. :
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Figure 5. Time dependence of the temperature profifes (for TEI-TES, CEL RT, hot and cold sides
of TE module and TES) over the 18 " and19™ days of incubation period

To discuss the performance of temperature confrol in more detail, the average daily.
températures of the TEI-TES and CEI during the incubation period are presented in Figure 6. It was
observed that e incubating temperatures. of the TEI-TES and CEI were mostly maintained within
the optimum incubation temperature range for chicken egg. hatching (36-39°C) [1-3]. On the 18t
19" days of incubation the incubating temperatures of hoth incubators were gradually Towered due
to the -effect of cloudy days on the perforinance of the PV panels (Figura.5). The daily average
incubating temperatures of the TEI-TES at 36.7-38.8°C were achieved and maintained over the
incubation period, which is comparable to those of the CEI (35.8-37.4°C). Thus, the PV-powered
TEI-TES seems to be able fo maintain the appropriate incubation temperature necessary for chicken
eggs to hatch.
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Anéthier important factor necessary for enabling fertite chicken éggs to stimulate ihe
embryonic development until hatching is the moisture level, which must be confrolled and
maintained between 60-80% RH [1, 2. Humidity is a crucial factor in preventing excess moisture
loss from chicken eggs through the pores of the eggshell and membranes, It is well known that the
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moisture content in the air is also dependent on the ambient temiperature. Generally, the RH
decreases with' increasing room temperature during the heating process. Therefore, a water pan is
placed inside the incubator in.order fo prevent a low RH resuling from the heating procéss (Figure
3). Figure 7a shows % RH of the TEI-TES, compared with. the CEI, over 24 hours on the 1%
inoubation day. At the beginning, thie % RH of both iricubatois were the same. The RH of the CEI
gradually increased and then became constant at about 72+£1.5% throughout the day. In the case of
TEI-TES, the RH was kept constant at abouit 66:0.9%, also the correct humidity level for chicken
epg hatching over the incubation period. However, the RH of the TEI-TES was lower than that of
the CEI because the incubating temperatute of the TEI-TES was higher than that of the CEL Figure
7b shows the average daily % RH of the TEL-TES, together with that of the CEIl, over the
ficubation period, The average daily RH of the TEI-TES during the incubation -period “was
6610.2%, while that of the CEF was 7240.1%. The % RH of the TEI-TES is in agreement with
values from previous studies and developmeénts of chicken egg incubators, e.g solar-poweéred
chicken egg incubators [7], the conveyor egg-hatching rotation system [6] and TEI{11].
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Figure 7. (a) % RHon 1% incubation day; (b) average % RI overan incubation period

CONCLUSIONS

The TELTES can achieve and maintain an optimum incubating lemperature range. of 36.7-
38.8°C and a correct RH of 6620.2% under the climatic conditions of Thailand throughout the
whole chickei-egg hatching period of 21 days: Therefore, the PV-powered TEL-TES has the
potential for chicken hatching in remote areas without available electricity infrastructure.
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