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Design and development of atmospheric water generation using vapor compression
cycle system
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School of Renewable Energy, Maejo University, Chiang Mai 50290
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Abstract

Atmospheric Water Generation (AWG) systems are a technology that has the potential to solve
water scarcity problems in many areas around the world, including some areas of Thailand. It relies on
the principle of extracting moisture or water vapor from the air and condensing it into water. The design
and development of atmospheric water generation systems require the study of variables that affect
water production. Therefore, this research aims to study and analyze the variables that affect water
generation from atmospheric water generation processes using the principle of condensing moisture in
the air into water by cooling using a vapor compression cycle. The atmospheric water generator consists
of a 12,283 BTU/h vapor compression refrigeration system and four cross-flow heat exchangers that act
as cold coils, arranged in series to lower the temperature of the supplied air to the dew point. The
relative humidity and temperature of the air fed into the atmospheric water generator are in the range
of 75% - 90% and 25-35 °C, respectively, while the airflow rate is in the range of 6-8 m*/min. The results
of the study found that temperature, relative humidity, and airflow rate affect the atmospheric water
generation rate, with the optimal temperature, relative humidity, and flow rate for the highest water
generation being 35 °C, 90%, and 8 m’/min respectively, The maximum water generation rate was 2.65
ke/h. The specific energy consumption of the atmospheric water generation system was in the range of
0.56-0.95 kWh/L.

Keywords: Air, Water, humidity, Vapor compression refrigeration, Atmospheric water generation
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FunvuszuurdninanomaldndnnsianudusuusaleUssneudeniessnle (Compressor)

\A383A7UKIY (Condenser) M&aanAUA (Expansion Valve) 1a3asiszivenionssdifu (Evaporator) g

svuurhanudunuudaledimdnisianudu 12,283 BTU/hr IWansviaudu R 22/1.19 fesanansei

aufurinilifaln wansfunsmaaoiiulsyansamuessyuulusuaniienatiussnngln vinlansvinany

Bugnludle uazfindunaiosanidsumnuseuiivhuilaiiouesonissmesiuiu 4 ya (INAMd 2 Leses

'
d

Msemednmun 5 ¥a uin1sAnuluasatlinnimeass 4 YallenlngnsINIHEALIINBINANEER) 319

SeaanuwuuaunI Welieinanidngdssuuliszeziiailuniswaniuisuainusounindunsas yadiun

]

o

wanidesuanudeu 2.45 m” Aadslinieluviedndenwin 0.35 m x 0.35 m LiskanidsuaiuseuiveInie
nneuenszuy nsdeusmaldluanesuuin 373 W eniafiianuiiugelnatiuviosiniad yanedidu
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Condensar

Compressor

Expansion valve

Air outlet

Condensate collection tray

AT 1 URUAINARAINTEUIUNTHERNAINDINAMETEULT)TnTante

AN 2 STUUNARLIINDINARIENTISYINANULEULUUSALD

A15799 1 ‘ij’e)ﬁ;I‘a?ﬁW WNETEUUNANUNINDN ﬂ?ﬂg{iEJﬂ’W‘Jﬁ’Wﬂ’JWiJLE‘jULLUUéJﬂvL@

aunsal F8azden
yaLazessnle LG/S13 LCK NR1
faensyinudu 3,600 W (12,283 BTU/hr)
dalulihaiedossale 1,150 W
ansvimudu R 22/1.19
Hnay 373 W
wisshsumerienoediiu cross flow 4 panel
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WGR _Y (1)
T

o

\1® wGR (Water generation rate) A 8n31N15WANUIAINDINE (L/h) v AB USunsidl (L) wag T fAe

1381 (h)

3. BNSINT HNHINUTUNLUBITLUUNANUNIINDINA
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SEC = P (2)
GR

o

il SEC (Specific energy consumption) #e Snsmslindanusmzvessruunaniiaineinie
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4.1 anlganglunisvingu
TC=FC+VC (3)

laedl 7c fie AlEANeTINANNITNENU (baht/yr) Fc A duvuAsh (baht/yr) vc Auvuiuwls (baht/yr)
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FC=D+I (@)

Tnedi 0 fio Andeusian (baht/yr) | fie Amanide (%/yr)
VC=(L+E+M)xA (5)

Taefl L Ao Asea1u (baht/d) £ Ao A1l (baht/d) M e Agentngs (baht/d) A A F1udniud
Ufumausiat (d/yr)

4.2 SEUEhmIAunU

TC

B= (6)
CRxWGRxhx A

Tneit P8 o szgganAuyu @) ¢r Ao §n5151A187 (bath/L) WGR e 8n3In1sKEmIaINe A (L/h) h
fle szezlaIN1syinaueesseuu (h/d)
5. MsUseiiulsEavsnmnsyanuduresssuuraniianneine
nsUszdiulsyansnmmshmnndursssyuunantihanenniaasldnnsmen EER (Energy Efficiency

Ratio, 8m31d1uUsEansnmngsn) Fadurnldinuszansanlunisldndsanuvasnisvianudusanaga

o w

gasndmsgninanuaansatunisviedy (BTU/h) sermdslniiiild (W) a1 EER figandnvaneds ssuur

Anufutuiiuseansninlunisiandanunaninaunsalianudulauinsentiendanulwiaily [13]

EER = c 7
P

o7 £er Ap ORS1EUUTEANTAINNEINY (BTU/H/W) P e Maslnidinild (W) wag ¢ e muanunse

Tumsvianudu (BTU/h) mldainaunisaasaluil

C =AhxQx68.46 (8)

lngil Ah fis Aauuans1sewnatvesgumgiiennia (k/kg) o snsnisivavese1nia (m?*/min)

NAN15ILWALNUTIINANITIVY

ada a

1. Namaﬂm':?‘U%’Uqmmwmamiwamﬁwmnmmﬂ

Y

A9 2 wansfanarasnsUsugnm oAt seuuRanUIINe N AeLUTBULTIg UAUUS UMY
Mo Ingvinsusuatgungdn 25-35 °C ANuTuduinsvedIna 75-90% snsinsinasinadissuu 8
m’/min KaNMIANYINUTIRUNYTVBIINATNARBINIINITHENUIINBINA QUUNIWINEANNYINlBRTINS

HAMINgaaaTun 35 °C luynaAranududuimg lurugidnsniswindisiaaiavui 25°C TunnAtauay

duivsiuieaiu Suandiiiuinsiivgamgivesenaniseiniaiileamalias wzdw aliszuundauila
\iageu Jesrenndesiunuideinuineu [8,15] lngemangamail 35 °C anansandniiligeani 2.03-2.65

LVANRE ]
o v

L/h lesnaniigaumgigaiuletamnsawnsndegluonaldludiununignitgamgiinn Jenuaudives
anAludnuaizliannsaglianunugilelasiunsn
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3.0 1

<

2

o 25 A A

©

= A

= 201 A

]

c

[«5]

D 1.5 4

3

(]

= 1.0 T T .
25 30 35

Temp (°C)

—>—RH=75% —@—RH=80% A RH=85% —@—T=90°C

a

AN 2 NaveIMsUTugUMiINisen1InGn1INe N

2. NAYINITUSUANLTUFUNNSNTFDN1SHENEIIINDINA

AN 3 BERIDIRNATBINITUSUANUTUFUNNSVRIDINANB U SEUUNAREIIINB N E B US suULieU

(-

fudSunaild Tngvinisusue anududuingvesennia 75-90% aumaiifl 25-35 °C gnsinistraeiniadn

SZUU 8 M>/min HaNISANYINUINANUTUSURNS VDI ALNAADERIINISNANUIANNDINA ANUIUAUNNS

m:uwzfmﬁﬁﬂﬁé’mwmsmﬁmﬁwqqqmLﬁm?jyuﬁ 90% lunnegmumngil ‘lwzuz‘ﬁé’mwmimamﬁwﬁ’]mﬁwﬁuﬁ 75%
TunnAngamgdituieatu uandiifiuimaiuiuresarutufinivsvosemaviesniaiidarududuinggs
%a'ﬂmaiﬁizwwﬁmﬁﬂﬁﬁuqﬁu Feaonndestunuddeiiuanney [8, 11, 15] Ingennafinududusing
90% annsandnilageaadl 2.15-2.65 L/h ionnaniiaradudiivigedulothannsawsniogluoimeld

=

TudSunaigaindtgamgiien dsnaaudivesemaludnuugiaunsaglinnuuugiilelasusinguieiu

3.0 7
2.5 1
2.0 A

1.5 4

Water generation rate (L/h)

1.0

75 80 85 90
RH (%)
——T=25°C —@—T=30°C —A—T=35°C

o

AN 3 NaveINSUSUANUTUSUNNSNTABNSNANYIINBINA

'
aa a

3. HAYINSUSUINIINSlravesenAninenisuaniiaineInie
AN 4 WERIDINATDINISUSUS NSNS EaveIInNFAdN SEUURARMUNA NN AL B US s UL B U
Usinauitld Tngvihmsdumdnsmsivaveseinie 6-8 m*/min gaumgiifl 25 uag 35 °C ANUTFUFUTINSYDS
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91N 75% Waw 90% wan1sAnw Iy Snansinavesenmadinadesnsimananiianeinia snsnsina
suadmmﬂﬁﬁﬂﬁé’mwmiwﬁmﬁﬂqqqmﬁwﬁuﬁ 8 m’/min NNANNOINA Iuwmsﬁé’mwmmﬁmﬁﬂﬁ’]qmLﬁm?guﬁ 6
m*/min ynanimenmauiedty fuandiduihnmaiutwesnnnsivaveseinie asdwmalvissuundni
iﬁLﬁuqnsﬁu saonadostunuifeiinuandey [7,14] lavenmannsinislvavesennia 8 m*/min anusasin
thl¥geanil 1.55-2.65 L/h usasidiuldiniisnsmslvavesernia 8 m*/min enadilsllisnsinisudmirggnues
sruviliflesndnuaznsmidefiusannsinavesomahlisnsniswaniddiaiu Sudutesfavesta
autlousnmaiszuuiianunsavildgeani 8 m¥min ffunisfinsnsnisivaveseinimazsilisnsnissdn

Wgudagynsuiulsuasfnuluassely

3 A

‘/A—/—‘
2 — N‘
-— "

Water generation rate (L/h)

6.0 7.0 8.0
Airflow rate (m3/min)
——T=25 °C, RH=75% == T=25 °C, RH=90%
—0—T=35 °C, RH=75% —&—T=35 °C, RH=90%

AN 4 1aYINN5USUINIINSIMaYRIINANIANISNARLTNINBINA

4. gRFINSIGNAINUINNIEVBITEUUNAALIIINDINA

Al 5 wansfssamnslindsnuiinsvesszuunaninnnenie dslugunsaindnluszuuily
wdanulalihazyszneuluiie 1n3esdnle inauszuismiuieuvendssmuty uazinaugae Ay Uy
Fafidslaiihsuianun 1,523 W nansdnwiwud Snsnslindanusimeesssuunaminnennia fie
ag/lu19381319 0.56- 0.95 kWh/L Sarmslindsnudunzvessruunaniinneniasiianasiatuiianm

91MANIANNTUGMargn e ianlignsIn1sHEnge diudnsnislindsnudinigves ssuundnua

Y

' '
o =*

INDINFGIEAILAATUTANININATIIANUTUA AL RN LTB3NIdnTINMINERLI Feaenndesiv
AL [9,16,17] Inenuingnsimsiindenudimgvesssuunaniiaineinia daeglugissening
0.18- 1.78 kWh/L
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0.9 -

0.7 A

0.5

Specific Energy Consumption (KWh/L)

RH (%)
—T=25°C —@—T=30°C —A—T=35°C

AN 5 9MIINTHNAIIUIWNNZVDITLUUNANUNINDINA

5. Nams‘imﬁsﬁmwgmam%izwmﬁmﬁﬁmﬂmmﬂ
NTIATIINATLATEgAansazUsznaulUmemassiAgislunsvinuuagssesafduu lag
fvuslisuUsiedarelul sianssuunEntiiainetna () 100,000 baht yaf1w1n (5) Anfl 10 % 09570
szuundminne e Ssfiauvindy 10,000 v engmsldam () Andi 10 yr hlsldadessen o) 9,000
baht/yr Amenide () Aefl 7.5 %/yr wlilernenide 7,500 baht/yr A143397U (L) 340 baht/d AnaINAILI
Fumvesimiaidednl MU ORI 1 A STEEOANINNUYITEUUNARININDNA () Anfl 12 h/d Tag
yaulugaaam 18.00-6.00 u. tesanlidnanisdniinineiniauazdseansamnslindanudiae (17)
Saenluiil (o) Andl 4.2 baht/Unit Swauiuildfifnuded (a) 300 d/yr Adnsnisuaaiaineinie (wer)
1.5-2.5 L/h sie®) iuenitldannmedeussuurdmirnnenna iedumssaesaniuzmslinuvesssuunan
ihnementeslumn sasaaiaath (cr) 1-6 baht/L Tdunarnnisusssnavesmaveiifuluiud
vindlnauazuinueaui 15duaslunisindnidensan lidnalsadeu A wasasziu Andrlddnelud

(%

2567 Jugunsiuaa Jafifudsiildlunsiiesgidmised 2

A13197 2 FUUINTIATIANUATEANERNS

AUINITIAATIIVNAUATEGANENS Al iz
IASTUURARTANENA (P) 100,000 baht
yaA N (s) 10 %
91gMsldau (v 10 yr
AdeusIA (0) 9,000 baht/yr
manide () 75 %/yr
ALY (1) 340 baht/d
gnA i () 4.2 baht/Unit
AN (1) 9.4 (50 % v®9 E) baht/d
SHHEIRIMITNUTBTYUUNAATINEINA (1) 12 h/d
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é’m’mﬁwamﬁ’mﬂmmﬂ (waR) 1.5-2.5 L/h
SrunuTuiufoRaused (a) 300 d/yr

SaTTIAnA (cR) 1-4 baht/L

AT 6 LARITEETIANANNUYDITEUUNENUIAINEINAL o lTdmSuREnUANTuuRlnaLaze
whaud1 lngsreslaAuufednsdIuYeIiuamuieNana ULUgVENLAT 1T N3 3ATIEINUTINISIAL8RT
NSHEANUNAINDINTA kagNISRNERTITIAANNINTLANE TTE Bz AUYLanMaT §RsIN1sHERT1AINEINTe

1.5-2.5 L/h wagdnssmeiudieglugie 1-4 baht/L avlviszeznanauyuegluyie 2.22-9.25 yr n1slgansinis
NAMEN9ININE 1.5-2.5 L/h Wuaadedldvintusasnialiieyssananiswiniuddugnmeiniaasednsinig

v '
a o =

HanU1INeINARzIURBLlUMLgMgliuarANUTUdIIVS e INIARINY I TUNATLAZa NS wagnsldsruy
HanU11neMAtUiiduugIndnsEanuuay 9 dsdulunisidauateenadesdilugguamieldlu iun

welnanazvnuaauIsminauiunsldang vlvssesnanAuuuesssUURaNNINeINAT IR

10.0 -
9.0 A1
8.0 A
7.0 A

4 e
.\‘\

(yr)

9

4.0 -
—_ —x
3.0 1 ———

. —e
2.0 1 —A

ULIRNAUNT

R

1.0 A
0.0

1.50 1.75 2.00 2.25 2.50
203NNINEATNNEINE (L/h)

—%—CR=1 «—=CR=2 ——CR=3 —4—CR=4

a1 a

nwil 6 maﬁuaaﬁmﬂmimﬁmﬁﬂmﬂmmﬁl,l,azé’mﬁﬂmmﬁwﬁmaiswnmﬂuﬁqu

5. nansUsediuUsEavinmnsyinaruluressyuunanthaneine

M3UsEiuUsEANE NS S uressE UUREALN9 N MAlE s AN S AT IE LY ST AN AW
W&y (er) Fadudiildiausransnmlunislindsnuvesnisiainudy Inemainanizvesss U nanth
mﬂmmmﬁiﬁé’mwmamﬁmﬁﬁwqmLLazqaqméTqmi’mﬁ 3

é’smmsmEmg”nﬁl’wqﬂﬁwmﬁﬁumqmmﬁﬁmlﬁﬁ (1.) # 25 °C g udusimsuoserniaudi (se,) 7
75% vilildremumgiviesn (7,,) 71 16.6 °C AududuTIMSeseNAYIeen (rH,,) T 88.2 % Asmsanislua
91MAdnsEUY (@) 6 m¥/min gunsaivdnluszuuiilindanulninazussnoulude eiesdale Waauszue

ANTOUVBAUATDIAIVLUY UarinaNnADINIAKNTEUY Falimasluingu (p) viavan 1,458 W vilvlae

SR UUTEAVEA NG (££R) VOITEUUNAMINANGINTABEN 6.52 BTU/H/W
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v
°

é’mwﬂ'1iNSmmqnqmﬁ’mﬁﬂ%’umqmmﬁmL°fh'171' 35 °C LTSIt NAv IR 90% vinliild
Agumgfitneenazegil 29.5 °C avududuinduasoniamesendzegi 93.8 % isninsinaeimadiszuy 8
m>/min Lﬁmmﬂﬁmaugmmmmﬁﬁwué\'aﬂﬁi’jjwé’wmlwﬁ’queﬁyw‘iﬂﬁﬁwé’qlWﬁﬁmﬁy’mmLﬁusﬁu 1,523 W ¥
Tl dAndandnlsransnmmdsnuresssuundntnaneiniaeg 9.49 BTU/h/W wilngsamAidnsiaau
UszAnSn1mnau (EER) ﬁé’ﬁﬁﬂ'wﬁqmdwﬁamawmiwvwamﬁwmﬂmmﬂmﬁé’m’mﬁmamﬁﬁ’lqm faugian
wsomdsnulnihgdunasyhanluanmgiifianutugedannuitesunuineiiliadasduyssansam

NAYUanas [18]

A15199 3 MNSILAADANTIEINUTLENDNINNEITUVDITLUUNARNLIRINGINA

7,(0)  RH,(%)  T..CCQ)  RH(%)  Ah(/ke) o (m*/min) P (W) eer (BTU/h/W)
25 75 16.6 88.2 23.17 6 1458 6.52
35 90 29.5 93.8 26.4 8 1523 9.49
#3UNan153Y

Y 9 Y

1. naveINsUTuguuliiinasen1snannnNeINa NMsiitgumgiveteNAvse N AN gugias

v
] =

yvdwmalissuundninlaiiivgu gaumgivinganivilidnsnisudninganiniui 35 °C awnsandntila

9 Y

geanil 2.03-2.65 L/h

2. wavasnsUiuarmiuduivivesennmaiinadonisudntinaineinia nsifiunududuinses
oimavioemafiiarududiivigasdmalisruundnilfifiugtu anududuimsimnzaniviilfisnsnis
mamﬁwqaqmﬁmsﬁuﬁ 90% mmiamﬁmﬁ'ﬂé’qqqmﬁ 2.15-2.65 L/h

3. naresmsUsusnsInsivaresemaiisuuRant e AlinasesnaINIakEI N IMA M3
diudnanslnavesenimrdmaliszuundnildifiugedu sanmsluavesenmafivilisnmmandniign
fadudl 8 m*/min annsandntiildgeaail 155265 L/h

4. Sarnslindsnudungresssuunaminneinia fareglugasseming 0.56- 0.95 kwh/L

5. szehaAuuvessTUUNAMN NN FegluTag 2.22-9.25 yr

6. ANdTEdIUUTEANSA NG 1 UVRITEUUREMININeINATiABET 6.52-9.49 BTU/h/W

AnRNIsUUIZAA

@

ANzEIdEveveuAnlaTINISHEALAETRIAnen T AN und s unaunulunguUssimeae1i@eu
dmfuindnwsgduiudadnu Inerdendesnunauny wninerdeudld dldeuiasiziliuadvayu

¥

sz Y Muluiaasesde gunsaluaziiuiilun1svinideaudisagarslusmed
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(Energy innovation)

navaen1sUudndrunsiauduresdameslussuuiiuiiusenisannsldngeen
Y952UUUTUDINIA: nFalAnEIaIATWIAlYEvUIATAYY
The Impact of Adjusting Chiller Cooling Ratios in a Chilled Water Storage System on
Air Conditioning Energy Consumption Reduction: A Large Commercial Building Case

Study
W auA’, 53dleng Anem’, 8550n3 B1aUA’ wasuLAYSH LRusRAsLIN!

! 119U JURANTITLUUNQUUAT NIATIIAINTTUATENG AEIMINTTUAERNS
wnineaedeslual Weslval 50200

2 FANTIUNSNY AUEIFINTTUAERNS U INedeTeeing @eslud 50200
Abstract

This study investigates the potential to reduce energy usage of chillers for air conditioning in a
large commercial building with maximum cooling load 1550 RT with relatively constant electricity
demand during daytime and lower demand at night. It employs 2 units of existing 800 RT chiller
systems integrated with a chilled water storage system and adopts a Partial Load Demand Limiting
strategy, setting the chiller operation to 25%, 50%, and 75% of daytime requirements. The size of the
chilled water storage tank depends on the chiller performance that varies with the designated cooling
ratios and the amount of chill to be stored overnight for use during the day. Electrical energy savings
calculations reveal that the 75% cooling ratio achieves the highest savings at 20.23% of existing units.
Economic analysis indicates that the 75% cooling ratio offers the shortest payback period of 4.59 years
with an internal rate of return of 27.12%. Furthermore, sensitivity analysis shows that electricity tariff

rates significantly impact the payback period, with higher rates shortening the payback time.

Keywords: Chilled water storage; Chiller; Partial load demand limiting; Economic analysis
UnAne

o

TusudseiAnndnsamlunisannislindsnuvesdaaeslunisianunduiienisusuenianielu
mmiwwzﬁ‘uémmﬂmﬁﬁmmﬁmmiqﬂqm 1550 RT Fafianudosnsmasinihaeudnsiluneunatsfunas
fanudoamarndslnihdeuinadluseunansiu Inelisruuifvasaneufulusuindwhonutuiaeesid
ag’@uﬁmmﬂ 800RT 913U 2 4 wazlduuiAnveanisiansndanulugunisimunaiudenIsmssudiu
(Partial Load Demand Limiting) Tngivundnaiuntvianu uresTalaediaui 25, 50 uay 75% vYeIAau
Foansluraanansiu mnewesdafvaraunnuduasiufuanssausvesdaaefindsnudndiunsinanuiy
yasTalaesuazauiufisesasanlurasnansiu ievunldlutinatsiu mnnisAuamuniidnau 75% 9z
ﬁﬂﬁsxwﬁﬂmmLﬁuﬂswé’@wé’amuqaqmﬁ 20.23% vesnsliiiszuuiy wazdlefiansannanisiesiz
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'3 I ad o ° I a s v = o o = Y]
NMIAATYIANFIATNUINNAATIUNTTNIAIULG UVBITALABIN 75% s[,‘l/iixalxna’lﬂunuaqumw 4.59 Y 9851

HamouwuNIsauNgly 27.12% wenanildledaseianulimuitmsiiwessnsalnindmadessesian

AuuINNTign S18ns1AlnThauagyinlissegaAuudua

AdNALY: ssumﬁuazaummLﬁuiugmhl,sﬁu; FaLaes; NIMUUAAINNABINITAITLUNEIY; AT

AATLANUATYGAERS
o
UNuI

Auasin1snasuliitlusiasiaganizermsmdvduuinlngdiulngiinainainudesnisin
Aufuiieysuanianslue1ms 398uumeludIunITTANITNE 1IURIUANFBINITNE 1Y (Demand-
sided management) %aﬁsﬂ%’izwLﬁuazauwé’mﬂugﬂﬁmﬁu (Chilled water storage tank, CHWS) snvihau
Swfuszuudames Inefinsarauanudulutiaaiifanudesnisndsenlniiei (Off-peak period, OFFP)
wazthuldlunsvhanudu lugisiifienudesnisndsnuliiings (On-peak period, ONP) [1-2] Sednuniznns
Mauedwunld 3 gUuuy lvﬁ”LLdgﬂLwUﬁ 1 wuuBataesyaudunse (Full Load) TneBataesvinmanuiu
avanlu CHWS wWardafimvun Tudas OFFP wasauduiiazauunsnglunsianudulsiunaisslugas ONP
sUuUUi 2 9efinmsufunseifiesunsdn (Partial Load Leveling) wiletisannnssluting peak uagnszanenise
magulnihwesormsiulindiRestunasaieiu LLB%EULLUUVII 3 ANSATRUAAINABINIIANTEUNNEIU (Partial
Load Demand Limiting) FeanansauSuseRunTEM YA uvesTalaesle W 25%, 50% vio 75% luras
ONP wazsvuufvarauinduazdromuduliifiosunsaruesnisynsiandu giJLLwﬁasﬁdwammmm

FLUUATAUNG I BUAMU uasnanuiusendald 390gninanaseninaguuuuil 1 uag 2

Dincer wazAne [3] Wu31is Full storage aztfwisTmmnzaudignlunsaififinisldlvinlugas ONP uaz
gnsantilutisnadeinaniiagenuiedanssasanlugiaaandug Sebzali wavauy [4] Anwisguy CHWS

Mausindussuuliuemadisuiussuudivaniawuuililuadin aunseannsegeaals 87.5% lagds

aad

Partial Load Leveling agfianuduamaasugmanifigailoiisuiuizdug Boonnasa wag Namprakai [5]
Anw1szuu CHWS dmueimslusmingrdowuinnsinnuaaesaesyiin ginas 450 RT Al 24 Falug
sufusruufvazamindy uisfansaannslindsoldinngn 35.7% eisuiussuuyfuoniadlalld
CHWS Tnedisvorian@uyu 10 T uas IRR 219% Rahman wazamy [6] Anwisvuy CHWS v 3 sUkuuldun full
partial load leveling uag demand-limiting Tusaainsiay wuiaunsaanaluiale 61.19%, 33.94% uay
50.26% mwanu WeuiuszuuuTuenimiu Comodi wazane [7] Anwianuduldlalunisldszuu CHwS

fupramsmavdlulsemadealusninislsonsiantuilnlugie ONP wag OFFP Fanulnanulsaannisianaaany

v
) I

asldl Snviadafiszoznanfunusinand 8.9 T, Alhikami wazane [8] Anwinsldszuu CHWS Tulsameruna Tng
Anwanue 6 susuulun full, partial load leveling wag demand-limiting 7i 30%, 50%, 70%, wag 90%
wuilunsdifamuarsssuuieandull JULUY partial load leveling wmngandian awnsaannisld
wdanulstas 10.5% mindumsuiuussanszuuyhanduiu Uk demand-limiting 7 30% agianza
fign annsoannislimdsnuldas 13% Weisuivszuuifa

22 | o1sars3sanaswavviugyusu

JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



NATeRHuLIMUIsTUBLAvazaNnd s lugUiduivhauswiudaeesludnenduls ful,

partial load leveling waz demand-limiting anunsaannisldlnihiasld Fadeainnsanludewosnsenisi

v
o

ANULEUTeIDIAsEnTIAT N luYe ONP waz OFFP sauflsgiennialuusas ufisngae Muideiissauladnu
sruy CHWS TnaidenlduwiAnveinisdnnisndsnulusunisimunninudenisniseunediu (Partial Load

Demand Limiting) Inefuuadnaiunisviianuiduvesiaiaesiiui 25, 50 wag 75% Y09A114A0IN15 UL

saa

nanetu Wielranunsaldfussuulaiaesisogiu awummawuiww CHWS windu lngagynnis@nwinisia

B

nFuIsudsutussuudamedify luwandeniawuudeudu filuernmsmdeduuialng saudenis

AagimeasegmanslusuLuussesnaAuyulardnsmana Ukl oMW ImMIzauign

nsalAne

¥
ad Adw

psmdvdiviinsfnuduiisesdinisuiueinia 28,000 m” Qmwgﬁmauaﬂmmaaﬂuﬁm 34°C
fla 40°C sagluwnnfionmauuuieudu (Tropical area) lnefinszmsianufuanmsiivieyasiaianin
1 Fanuingasiifinnszmsvianudugagnazeglutinansiuazaziamssmsvhanuduiiondntosdmiuns
whfuemsiagunsveshuadnidadauinng ssuunmsiennduiisdaiaesdmiverasdinanas
wanslunndl 2 Tnefinslifanesoun 800 RT [9] vhoudeiieuilevindununiszmshanumduiiveans
9949173 wazlutanarsAudaiassaziinisviienuiies 20-30% veanuanT0gsgnTaIa0T G denane
anssnuzresszuy Jadumanalunsing CHWS Aunzaudmivemsusisil

Fawosilldlumsfnuiifuuuy centrifugal fifinissrunsanufeusae Tasdvefiudu2 g wnas
1000 RT [10], Hutiudu (CwP) 2 4a gaaz 45 kw Tumsmuisuthsswitdanesuasmeiady, duidgugd
(PCHWP) 2 49 yaay 30 kW LLaz%uﬁmﬁquﬁ (SCHWP) 2 % nay 40 kW ‘Lum'ﬁmguﬁawfwLﬁuﬁsij%ama%
wavmoEddu (1 1-4 uaz 5-8)

2000

1500

1000
50 |
O I
12 14

17 18 19 20 21 22 23 24

Cooling Load (RT)

o

Time of the day (Hour)

2 1 mis‘mam'}mﬁwﬂaﬂmmiwwzﬁ‘vé
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CWP #1 &2

with VSD

CT#2-1000RT - @ CH#2-800RT @ @

PCHWP #1 & 2 3 @
with V5D SCHWP #1 & 2
with VSD

AN 2 WHUEISEUUNISYINAULEUYDISZUULAY

a o
S2UUMYINNISANEN

lunsAnwiAesn15a152uNedI (Partial Load Demand Limiting) lngrinvuadngiunisyitaansidy
a ¢ a o % ' 9 v < X o
YaITAADSAUN 25, 50 LA 75% VYDIAUABINISIUTMNATUL VuInvesdanvarauAUd U Ui UaLs UL
Yas¥atasnnlsmudadliunsynanuduvedaasswaranuiduidesazadlugianaiadu wiethunldlugag
NA19TULA ST WAURIAININA 3
ASTUIUNTTINUEUYsEUUANRULLEY

undufigaumgiwdes.ccCandawesinaly 2 fiavie dwiinils (du 2-6) Wdipeudidureternisiied

v
= ] o

foanisnsianudu Sndruiuaglundanindu (du 2-3) Weifvasauld divdindupeedduiinunglnde

= a

12.6°C (suil 5) wazihfigamgiiadludiuuwresduinduaslvanduluinTaaesiiieangaumaiidnasmils egls

g Y
Amunniupeeddudsfloamglimazgnvyudeunduiniinesddnaseieuiena (du 9-2-3-4)
v8 < v 2 B a
NITUAUNTIUNEUYBITEUUANINULILEY
5 = ! s s A o ] o  w = X
nstoudfuinnasaidulioannisznisvinanudunislusiaisdusunsal Partial Load Demand
Limiting agfsdifuaindanvuaraindaaesniouiulaglunsAnuiasiuualidnisiednduaindameshn

25, 50 WA 75% Y4ANNABINITIUTIaNanaTuy

<

y 3

CWP #1&2
with VSD

oy 4——
1

9 -
— {
CH#1-800RT | ,L“,,,J, Warm
L =
T B 2

CT#1-1000RT

Storage Tank Load

|
CH#2-800RT @- . ‘-i’ Cold Leaend:

. I ——p  Charging
PCHWP #1 & 2

with VSD - ® P Discharging

e

SCHWP #1 & 2

[ I
vvv\/v\/—ﬂ__;*m—

CT#2-1000RT

with VSD

A 3 wudaszuunsiianudulugunisiivunauienisnissuedin (Partial Load Dernand Limiting)
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YUINHIAULLTY
v 5 & a Y a ¥ & Av ' v £ o \ ] a =
unsadduausauseiulaanusuinadndundesiluginansiulununasieserninedsunaningu
Ananlaanaaasiaznisenisyinanuduiionasdenislusdazdilae arunsaauiadleann [11]

V(theory)
_ 3600 x Daily Storage Capacity (kWh)

p x Cpy X (Teywr — Tenws) x FOM

(D

V foruadeiiidy (m?), p Aeadnunuiwiuvesin (kg/m?), Cpy, ABAIINFAIINTOUTUNIZYDIN
° o 1 a o £ o v 5 ° = o vl 1 I °
(k/ks°O), Tepws wae Tepwr Wasgaumaiivividiiazeandsdngu (°0) lunsfinwiiwualidiawiiu 7°C,
FOM ¢uslsng Tunisdnwrilldaningu 0.9
dutndu

a

1. Juduudgugdl

Y

Juhdulgugiililunmsmudewhsswina@amesuazduiuigy sasnisivavesduanansamualsn

aunig [11]

mPCHWP
RTchiterx 3.517

- Cow x Teuwr — Tenws)

(2)

o o

maslniidesnisdmsuduindsnanannsadualaanaunis (3) lunisfnunidimualiaiugs

(operating head), Usgdnsnminuazusimasiayingu 20 was, 85%, and 95%, Mua1du [11]

Ppump

_ (Mpcuwp)(9) (h)
103 (np) (Mm)

10 RT piser AOUUINIOITALADS, Mpepwp 093N15Wa (ke/s), g Ansaliosnnussliuaiswedlan

(3)

(m/s?), h a3ugs (m), n, Usz@vSamdy, n,Ussdvsanuewss Saidwwestudlofinnsenmsiianubuuea

v
Yo

UNNEIU [9] @1n50AIU7 alagall

Pyump@part load (kW)
= Pyump @ full load x PPR 4)

idle PPR #® pump power ratio: PPR = ax + bx? + cx3, x fie part load ratio 2e3¥aiaes a, b wax
c ﬁaﬂlﬂﬂﬂﬁl: a=0.0205, b= 0.4101, ¢=0.5753.

2. Junhidunpegi

a a

Juhdunfegililunmyudeuissnisdaiviidusazaeediiu Sasnisinavestuhiuiunise

q

n1sviauduvetstasaInnsaauInlafaunis (5) lunsd@nwidmualiaiiugs (operating head),
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Useansnmdukazuawmasianvindu 28 wns, 85%, and 95%, ANUANSU wariadbiinvesduanunsamuie

NENNT (3,4) [11]

mSCHWP
RTloadx 3.517

B Crw X (Tcuwr — Tenws)

)

3. Jutivenadu

Judweasulilumsmudsuhssrhveiafulazneumumosvesames  narsgamgiiuiurids
wazveenvielaudy  (Towg — Tews) Avuslviilenwiiiu 55 °C dwualiiaiugs (operating  head),
UsvAvisnmiuuazuamesiianyingu 25 LIRS, 85%, and 95%, audfuLasidslnihveslanunsaduiman
aun1s (3,4) [11]

mCWP
_ RTCT_required x 3.517

Cpwx (Tewr — Tews)

(6)

=
NANIIAN®WI
1. A152N5MIANNEUVRITALARS TUNTAIRRINISANTEUNNE U
A1sznsvanudulunsas i lusveslaans sr Ul ukazA1sENTYNANLiuesdatasslunsilfadnis
' ° YN ° < a & a o P ' o
A5EUNNEIULAY T UAAAFIUNTITVINANULEUYDITALADTAUN 25, 50 ag 75% YBIAIUABINTT UL INAITUY

LEAIAINING 4

Tunsdifmundadiunmsianuduresdamesifuil 25% veseudenislutinaisiy, Taaesuuin 800
RT 2 gilnazviaudl 80% Yesauasnsngeaniutia off-peak (10:00 p.m. fis 9:00 a.m. lufudngn) uazda
1803 1 ginagyhanuil 50% Tugianan on-peak (9:00 a.m. fis 10:00 p.m.) gundafuinduiisnaldiie
U 12,780 RTh 6’?}&Lﬁaawaﬁ’m%’umiﬁ’]mwm?juﬂiw%aLﬁ@%ﬁaaaagﬁmiuﬁmnm on-peak wag off-peak

nsdlmuuadndiunsianuuvedaiaesinui 50% 299ANUABDINTTIUTIINANTY, TaLaasvuna 800
RT 2 gﬁmsﬁwmﬁ 67% YDIANUANNTOFIFALUYIN off-peak (10:00 p.m. 3 9:00 a.m. Tuiudinui) uazda

@es 1 gfinazyiaud 97% Tuyianan on-peak (9:00 a.m. &1 10:00 p.m.) swndaAvLSuifwInlale

v
o a

WU 8,436 RTh %ﬂL‘ﬂmwaé’ﬂﬁumiﬁ’]mﬂmﬁuﬂha%aLaa%fmaaﬂgumimi’mam on-peak uag off-peak lny
fuharivnadnanieieuiunsalifmuadadiunsieunduredanesiind 25% vesnudeinisiutis
nanaiu

nsdimnuadadiunsvhanuiuvedaaedidud 75% vesrnudesnisluranaisty, Tamesvunn
800 RT Liie)s 1 qﬁmzv‘hmuﬁ 70% YBIAVILAINTNAAALUYIN off-peak (10:00 p.m. fig 9:00 a.m. Tuudinun)
uardalaes 2 gﬁmsﬁwmﬁ 73% Tughanan on-peak (9:00 a.m. 81 10:00 p.m.) WwndafuTLduRfwIle

fidwiniu 3,576 RTh aiisanednsunisianududisfamesnsaesydnluginaa on-peak uaz off-peak
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Tnedsinazdivuindn

foanstugianaaiu

a 44'

GRIR

algutunsfinruadndlunsiianuiuveBaassiiud 25 wag 50% Y89ANY

TPems9f 2 wanansensvinanuiuve@aees, nsvidnduduliluds waznisheainduaindaunly

Tut29 on-peak uay off-peak Tunsdlanee WeuAuszUULAN

Cooling Ton (RT)

1800
1600
1400
1200
1000
800
600
400
200

1

2 3 45 6 7 8 9

e=@==Hourly Load ==4==25%

Time of the Day (hour)

== 50%

= 75%

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

awd 4 nsznsvihanudulunsasdiluwe@aiaesssuuiutarasenisyinanuduvesdaaeslunsdl

M990 1 aunanisznisianuduluisazdaluesdameslunsalfesnisnssunsdiuiidndiusieg

ABINITNITTUNEIUN

o 1

PEAIUANE

o

Partial Storage Demand Limiting

25% 50% 75%
Time Load Utility Period
Chillers in Storage Storage Chillers in Storage Storage Chillers in Storage Storage
(Hour) (Ton) (Hour)
Operation 25% Charging Discharge Operation 50% Charging Discharge Operation 5% Charging Discharge
(Ton-hour) (Ton-hour)  (Ton-hour)  (Ton-hour) (Ton-hour)  (Ton-hour)  (Tonvhour) (Ton-hour)  (Ton-hour)
T 260 Cff-Peak 2%720 1440 1180 2536 1072 812 1 %560 560 300
2 220 Off-Peak 2%720 1440 1220 253 1072 852 1% 560 560 340
3 125 Off-Peak 2%720 1440 1315 253 1072 947 1% 560 560 435
[ 125 Off-Peak 2%720 1440 1315 253 1072 947 1% 560 560 435
5 135 Off-Peak 2%720 1440 1305 253 1072 937 1% 560 560 425
6 155 Off-Peak 2%720 1440 1285 253 1072 917 1% 560 560 405
7 420 Off-Peak 2%720 1440 1020 2536 1072 652 1% 560 560 140
8 800 Off-Peak 2x720 1440 640 2x536 1072 212 1% 560 560 240
9 1460 On-Peak 1x400 400 1060 Lx776 776 684 2x584 1168 292
10 1550 On-Peak 1x400 400 1150 Lx776 776 714 2x584 1168 382
1 1510 On-Peak 1x 400 400 1110 1x776 776 734 2x584 1168 342
12 1510 On-Peak 1x 400 400 1110 1x776 776 734 2x584 1168 342
13 1495 On-Peak 1x 400 400 1095 1x776 776 719 2x584 1168 327
14 1495 On-Peak 1x 400 400 1095 1x776 776 719 2x584 1168 327
15 1510 On-Peak 1x 400 400 1110 1x776 776 734 2x584 1168 342
16 1500 On-Peak 1x 400 400 1100 1x776 776 724 2x584 1168 332
17 1500 On-Peak 1x 400 400 1100 1x776 776 724 2x584 1168 332
18 1485 On-Peak 1x 400 400 1085 1x 776 776 09 2x584 1168 317
19 1400 On-Peak 1% 400 400 1000 Lx 776 776 624 2x584 1168 232
20 1150 On-Peak 1% 400 400 750 1x 776 776 374 2x584 1168 18
21 950 On-Peak 1% 400 400 550 1x 776 776 174 2x584 1168 218
22 470 On-Peak 2x720 1440 970 1x776 776 306 1% 560 560 90
23 160 Off-Peak 2x720 1440 1280 2536 1072 912 1560 560 400
24 190 Off-Peak 2x720 1440 1250 2%536 1072 882 1560 560 370
Total 21575 12780 12765 8436 8427 3576 3567
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masluihnldlundsiuresssuulunsdidoninseusdiundndiunneg Lansnanmi 5 wuanlunsed
uupdndiunsiauiurediamesiiud 75% vesmnussinisludasnaisiuasiinisldlnihsigai 14,004
kwh/day anansaannisliludlegeant 20.23% WelilsuiuszuuBaaesiaui 17,556 kwh/day tiesainnsel
° o ° I a ¢ a o P | o a I ° a
AMRUAFAFIUAITYINANUEUVDITALADIANT 75% VBIAMUABINTIIYINAITY, Tataasauia 800 RT %inaui
70-73% vospnuaunsagandndurisiidaaesezdaussaurgegaiinasldlviisingn dwssuudaesifuay

aulugana1sfiun 15-30% vesrnuaunsagsan dawalisinisliliihiigand

20000
5 Il On-peak Off-peak
2 15000
& = 10000 N
(W) (T
> 2
o
o = 5000
S X
8 0
s Existing 25% 50% 75%
L

AsEATYANILE

P = o a s a a N v ' Ao '
AN 5 mﬂ‘ﬁﬂﬁﬂuwumu‘umixUU‘UaLaaiLmJLLaz‘UaLaa'ﬂ‘uﬂimmaQmim'ﬁxmﬂmu%aﬂmumﬂs]

N1SAATIBAANULATHGAENS

AFIATITRAULASEEMARsYaINsAnw Tz Usznaumealddiesunisasmuludaindu Al

lut39 on-peak uag off-peak, Angesnwazyacan lnelisvazidennannsai 2

] 1% Al a ¢ s
A13199 2 Yayaildlumsiinseimaasygaans

S19aL28A U3ueu YUY

Electrical Tariff Rate [12]

Energy: On peak 0.12 USS/KWh
Energy: Off Peak 0.074 USS/kwh
Capital cost

Tank cost 122 US$/RT-h
Maintenance cost [13] 6.6 USS/RT/y

(2% increase/y)

Lifetime 20 years
Discount rate [14] 2 %
Salvage value 15 % of total capital cost
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TumAATeiiuAsygmansagyinsAIamsresnaIAuulosiukardnsmanouwunigly (RR)

anunsasunnllasadl
S Ruasuisn (US$) | Uss (11)
Al uszudale ( )
year
Sasmanauunungly (RR) asnsafuallasail
271:’:1 Rn - Cn
——— —(TIC - SV
AR\ )
=0 (12)

Wl R, AeAbilifivsendalavesseuuludn n, €, aldiesuingesnwsetluda n, TIC Suamu

vianuantlagduuay SV Asyar1wn lnginan1sAuinuanisimisned 3

A13197 3 S1UALLBYANANITIATILININATEFANANT

Scenarios

Descriptions
25% Demand Limiting 50% Demand Limiting 75% Demand Limiting

Chiller capacity (RT) 2x800 @ 90% 2x800 @ 67% 1x800 @ 70% (off-peak)
1x800 @ 50% 1x800 @ 97% 2x800 @ 73% (On-peak)

Storage tank (m?) 6,140 4,052 1,718

Chiller (US$) - - -

Tank cost (USS$) 1,431,360 1,096,680 643,680

Cooling Tower (US$) - - -

Total capital cost (US$) 1,431,360 1,096,680 643,680

Annual maintenance cost (USS/y) 10,560 10,560 10,560

Annual benefit (USS/y) 204,954 156,187 150,734

Total profit (USS/y) 194,394 145,627 140,174

Payback period (y) 7.36 7.53 4.59

IRR (%) 14.39% 13.90% 27.12%

9519 3 Bawnsdlimundadiunisvimnuiburesiaiaesidui 25% vesnusonislusis
nansfuaziienlyifingniigadesannsinsldliinlugas off-peak gandwndndiu usiflesansesiinsamuluds
AutiBugegaviliilssoznanfunud 7.36 3 8 IRR Wiy 14.39% wasnsdidadiunmsvinaruburesianes
il 50% vesmuFpsslutasnansiy xilszaznanAuyuLas IRR gean 1 7.53 U wag 13.90% audsy us

Tumendunulunsdldndlrunisvinanuiuveslaaasiiud 75% ¥99AuAaIn1slutranansiu fauwdaganunse

ananlnfldvesandioeuiunsdidug widnsawuludaivinduiilissesnanfunuduigen 4.59 U

q
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way IRR geanil 27.12% newmnafiatesiuanunsathludszendldlugaavnssuniinissmaianudunldinguy

geludinainaiuiaziinslidasanlniuy ONP wag OFFP

A5IAsIEAlA (Sensitivity Analysis)

v o

mﬁLv-mzﬁmmbﬁaﬂﬁzmumﬂumimwaaudmﬁwﬁLmaﬂmﬁmaﬁaizaznmﬁunumaﬁqm Fagadi
finaunazsiosgniunfinnsundufivey Tunns@nundlddenfiansaunmiimessnsianl waziuamu
\Josduidsuudadly +5% wnldfunsaldndiunsienuduvedamesiiuf 75% vesnudenislutig
naneusannil 6 S?jﬁwudwé“mﬁﬁhivxlﬁ']ﬁmasiaiwznmﬁunumﬂﬂiﬁLﬁuammﬁmﬁu mné’mwﬁﬂﬂﬁwquﬁu

JreEIMAUYUALEITUR

pzmAunu (J)

W

-6 5 4 3 -2 -1 0 1 2 3 4 5 6

—@— Electricity —#— Capital

Mui 6 NFATIzvANLlvessezaIAuY e i uazRuamulewuiudsuwlasly +5%

A3UNaN1339Y

o

miAtedAnudnennlunisannislindsuvesdaesiunishanubuionsufvenianiely
amsdvrnalngdadianudemnisidsiiihreutsasiluneunansiunasiinnudeanismdalnihdeudns
slunsunansiu tnelfsruuifvarasanubulusuinifuinufuiamesideditu uasliuuiAnveamsdn
mMandsnuluzunsimuanuden1sn1seusdIu (Partial Load Demand Limiting) laginundadiunisvin

@

ANULEUVDITALERSAUT 25, 50 KaE 75% VBIAIUFDINITIUYNansTu neiinanis@neisall

o JlawSsudisunsldlnihvedsmstvunaugesnsnissuduiudaaesssuuiuiianisTdlng
17.56 MWh/Su wuin Sansiuundadiunisvanuduvesdamesiiud 25, 50 uay 75% 189A21u
Fosnsludaenansiuannsaannisidlnihasls Tnefidadiumsienuduvesdamesifudl 75% vos
anusaanslugisnansfulinsldlnilndngnd 14 Mwh/day aanmsToluilel 20.239% vesmsliluin

STUULAY
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o lumsiinszidaasugeans Guwdinisnsivuadadiunsianuiuvesamesiiud 25 uay 50%
aeiiAlddngaulndien uddesdinisawmugs vhlvdlszegnanfunuiienias IRR 61 lunnssiudiuy
dndrunisvhanuiuresTaaesidun 75% veannuseanislutnansiuasiinnuduaiiunig

WATHgANAnSINTIanTisyezaAunY 4.59 U uay IRR=27.12%

o Tunsimsgvianuly dasAnlniiazdmaressesnaAuyuvedlasain NN iRuamulow e
dnaanliihauasivszeznarfuyuvedlasinisisiiu
: & v How s g o o & o i
aglsfnunsldsyuy CHWS AlFunduansdinans msdniiundsauazegluguvesniny
Souduiadahlivuevesduiuivwaivguasdwmasoaldinglunisamuias nsasvuadauivey
B aunsaliTaniudsuaniug (Phase Change Materials, PCMs) Fsnisiniiundanuazegluguves
AnuSeuwlanlisiuduihamnsaanvuaduivastsd lumAdeluswanaunsafnuuiuy dnes

Fadru TulUE TIN5 II19v89 PCM Mimsnzaudusuindaiutazssuy CHWS aalUla

AnRNIsUUIZAA

YBUDUAN NUBTNTUANMTINe G eTeslnifaduayusulssann Lagn1AIY3AINTTUATENG AR

AINTIUAEAS U INeaeRealnd Ndetioan1unlun1svinivy
1'% a
L19N&1991999
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Study the Effects of Magnet Pole Arrangement in a Permanent Magnet Generator

Applied from Discarded Motors
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Abstract

This research aims to repurpose discarded motors from water pumps as permanent magnet
generators and to study the effects of magnetic pole arrangements on power generation performance.
A centrifugal pump motor model ORONO KO-101 was used in the experiment. Four different magnet
arrangements were designed: NS NS, NN NN, N NS N, and the original unmodified configuration. Each
setup used four magnets measuring 50 mm x 25 mm x 10 mm, with each magnet having a magnetic
field strength of 0.65 T. The components were assembled with copper windings, and the generator's
performance was tested by varying the rotational speed from 100 to 600 RPM while measuring the
electromotive force (EMF), electric current, and power output. The results showed that the NS NS
magnetic pole arrangement produced the highest electrical power. At a rotational speed of 600 RPM
without a load, the EMF was recorded at 34.01 V. Under load conditions, the measured EMF, current,
and power output were 12.54 V, 0.92 A, and 11.54 W, respectively. This study highlights the importance
of appropriate magnet pole arrangement design, which influences the effective distribution of the
magnetic field, thereby improving the power generation performance of repurposed motors.

Additionally, it promotes the efficient utilization of available community resources.

Keywords: Generator, Permanent magnet, Discarded Motors
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Abstract

This research focuses on the design and development of a biochar kiln to enhance soil
improvement efficiency, carbon sequestration, and activated carbon production. The study involves
designing the combustion chamber using computer simulation in comparison with experimental testing.
A 50-liter capacity kiln was utilized, in which twelve closed-end steel tubes (2.54 cm in diameter and
10 cm in length) were installed in the combustion chamber. These tubes were perforated with
perforation size ranging from 1.59 to 4.76 mm in diameter to study the temperature distribution and
biochar production from rice straw, corn leaves, and stalks, along with the pyrolysis duration. Simulation
results showed that the maximum air temperature ranged between 689.60-906.70°C, while the
maximum wall temperature ranged from 403.59-517.02°C. The hole diameter had a direct effect on
the direction and velocity of airflow within the kiln, with larger perforation size increasing airflow. In
experimental tests using Leucaena wood as fuel, it was found that a hole diameter of 3.18 mm with a
2-hour pyrolysis duration yielded the highest biochar production from corn stalks and leaves, at

29.69%. The simulated temperature deviated by +0.24%, with a standard deviation of 0.71°C. For rice
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straw, the highest yield of 31.45% was obtained using 1.59 mm diameter perforation size and a 3-hour
pyrolysis duration. The simulated temperature deviation was +0.46%, with a standard deviation of
1.77°C. The results from both the design and experimental testing demonstrate that computer
simulation can accurately model temperature distribution. However, further investigation into the
properties of the resulting biochar is recommended to determine the optimal hole size for each type

of biomass.
Keywords: Charcoal kiln, Charcoal, Corn stalks, Rice straw, Computational Fluid Dynamics
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vaguu shlvimnudeuazanlivindu dwaligamgiivsnandumainingadu suauasdumisesgianglue
finasion1snszgvedlaililuaznisareimauiou nswlnduinandunieialiauysalvinuiiaunaiaum

Fuluganilndesmluilinnudeudszuulunsudndues [4]

2. HANTENUVRVUAFIR RN g liuasnananva Y

ARSI luNsTUIUNIHARTBAAIALTISVUIN 50 L Usznausie nandnveawds (d1ugisuazidn)
warfiwdunsient uialnlslada) naannsesniuuruiagirevesninivuin 1.59-4.76 mm dxasonisndn
sumsuazeamgiilunszuiunssaniidimauagssernauaneeiy [7] ImsmiqﬁmiﬂmmﬂmwmLLﬂszJm
Fana Seduuarludnlng uazvhadndeusnannsaussgld 1.50 ke uaslfidomasanliinsgdu 2 h 14 2.50
kg uaw 3 h 14 3.50 kg neiiAauougedis 7,250 cal/kg [6] Wlosndinmeaeunisangunsandunasiy
Frlwail 3 h deumsnaaeuaimuUinandigs ldusunuumitien Famnunanigauiumnsgiuazdesa
Fosenammmstiluldauvesdmnnsile [15] Fslimsnzansensndnaiues iilemanneiivanzanian
sepzIMaNATaNnT 2 h wudilduBinueuiindusesUinadanasdnsumanannursandusarly
TInalAUTIIUEINYS 16.23-34.69 %wt azUTuauia 61.31-78.41 %wt wazU3uiauin 1.89-9.00 %wt
dmTuNINTEALUNNTTENINe 398.60-741.30 °C MIUAIAY UazaUYITIINNINT 19.46-31.45 wt.%
USanauuiia 64.50-71.09 %wt uazUIanan 4.05-9.45 %wt d1m3UN15NTENLRUNYIATENING 414.00-669.20

°C AILAAILUNINT 6-7 ANUAIRU FILANIINTZYLIALAZDUNNT THARDNITHANDIUTISANNTINIATLANFAIITY

9 Y
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Ifazanuazionszaremnuieusdisiiuszdniaim lumenssiuinu Taunaidvuindnezianumnuiumin
Ju dwalinsdromaruieudulusgisdifn uargungiiniglumedliatiane nmmaaesmuit fuuay
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pg ANy sel vauennetadanuuniugnd vviieanuwansisvesgumniiluuigenigluenla (7]
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Wanan (%)

AN 7 NARARUBBA101UIN51NN9D77 3 h (b)

nanduailunsruIuNIEATBIMIaIITIUIA 50 L N13n52A18vRe31eviamanUateTaainunu
YUIR 02,50 cm 8717 10 cm HAMLATILL 12 UNU LATILIAgIIEYeoRiuand ety 3 un dn1snszans
ouvpfienufeuiigiudsdmationtsmanildfsinudumiuasutalnlsloddlunms s uss Towils
snvaneTadunUsugeAu Sunsgedunasseserlunsrdndusuufluneiddiunsuiariay s
UAma9nau3dedu o wazamsgiu 1Bl Charcoal $a3umussianediansunsdatnanuisatiaiudouain

wnunarsiesknlrdlunaunuuiansdulunisusgnevenms [15] duiinisthwdsnuaindaiauwdadu
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a1u1sAlea1vun 50 L laaadselevdivarnnatedldaiuwazlandauaiiudon uazdvuin

Mnewnzaunsaldlinnasaisou [4]

3. HAN1IRANUUVIUIAFRZARAMENTRYB WYY

nseRNkUUKAEIMUAYIIAvegrlun wanswSdwadaUsEanEannsunndiuas anau Tives

[

AurSNlARat

M990 2 Han1TRRNLULTUIATEsRaNTRvemwsAuLarluTIlnakazNet)

finot9 A13N3LNY ANTY AL NIA-AY

QaUNQH (%) (kg/m?) (pH)
(°0)

funazludialneg - 7.15 102.27 7.40
B-1.59 443.50-579.60 4.25 69.41 10.42
B-3.18 398.60-580.50 3.98 95.95 9.99
B-4.76 551.30-741.30 3.95 92.97 10.35
W32 - 4.48 39.61 6.39
B-1.59 414.00-669.20 2.03 139.50 10.39
B-3.18 505.20-618.30 2.50 106.44 9.95
B-4.76 414.60-617.70 4.13 135.21 9.57

MNnevg B fie 61uSWarIuIngaY

nsnsranggaminfglumauvsuazsindusinszuiunisinlsla@auuud naannsmageunui

'
44 o

52881381 2 h uag 3 h dwalinisnsyaiveamalivasnaninUsinaauysanan Weldimafiuana1eiuain

dunazlutilng wazvietluneasuluinindnnuersauia 50 L wui191n9dn1500nuuugiang

¢ A

YR 1.59-4.76 mm derasorisonmgiindsduandlumsnsd 2 uasauauiRvesdiumns fe AAY
3.95-4.25 %wt uaz 2.03-4.13 %wt ANULTuNTAAIS (pH) 9.99-10.42 wag 9.57-10.39 AINUNUIUY 69.41-
95.95 kg/m’ WAy 106.44-139.50 kg/m’ maudndiu InsnnseenuuuiazmMsasaniilondna uminuningauas
fassadrananieniniidanudu arudunsans aumuiuiiuniumasg Lazgumgfin1sHana1uY$A
wanzaulaiaasiiu 600 °C [14] wagsvornanisnaneglutas 2-3 h fazdwaliiaUinanandnunuagiiam
NIUE ﬂmﬁunmmiwém%ﬁdwLgaGiamsﬁmmgwqwmmum% wagnauniiulvenrilvlassasiawes

v

sngudemeld waraumsnilaseadiegngunnastislindndueituhlulddmiuuiuueiu Qaunid fiy [5]

q

wan1sanduansiulasneae [3]

52| o1sars3sanaswdvviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



#5UNan153Y

nsnaaerdnauwsandularlutlnalumang 50 L 1681 2 h lakandn 29.69% laeligiae

v

YA 3.18 mm UarnN1591A0IQMILILEN (£0.24%) drunedindald 31.45% Tu 3 hiagldgianzaun 1.59
mm (+0.46%) N13tEonTanat uogiunakasananiifonis swideddisandununiman widiumsd
Uszavsnmuanidufinsiuduneden fesduaiunislininensogisduauazaireneldlisusu nanisdias
wazmsneassannsailuuiuldlunssdnaidldlasamelunszuiunmsiiAsadesiunsaugugumgiivas
Anud lefiumananog1eiluseansam wazlunsdvesvuagiinzanazsioiiugaunnuazUsiues

HanSualiRgTy nsdnulupialduandiiudadnenmlunsuiulunssuiunsnanauysiimunzauiu

o '

Fanavians o Fsamnsairlulglunmsudndandudlaaie ediiisannansenunodnaouLazaLasy

ANudsBulugus

AnANssNUTEAA
mu%%’aﬁ%mauam fAdvavimnssunseyindndsa (felles) waganvimnssumdsnumauny
wazvavauAM YuatiuayuwItuneldlasinisuantasimudnenmdadiaiungdsnunawnulunguussmne
o gsudmSUTnAnw1US e 19 LarTEAUTMNN INLIFINAINUNALNY WRINES LY ﬁaﬁuauu?ﬁéms

AMNAZAINLAZIUUITZUIUNNTINE
14 a
L@N&d1991929

[1] Somparn, W., Panyoyai, N., Khamdaeng, T., Tippayawong, N., Tantikul, S., & Wongsiriamnuay, T. (2020,
March). Effect of process conditions on properties of charcoal from agricultural residues. In IOP
Conference Series: Earth and Environmental Science (Vol. 463, No. 1, p. 012005). IOP
Publishing.

[2] Petchaihan, L., Panyoyai, N., Khamdaeng, T., & Wongsiriamnuay, T. (2020, March). Test of a modified
small-scale charcoal kiln. In IOP Conference Series: Earth and Environmental Science (Vol.

463, No. 1, p. 012004). IOP Publishing.

[3] Rinkam, T., Tantikul, S., Wongsiriamnuay, T., Panyoyai, N., Tippayawong, N., & Khamdaeng, T. (2022,
November). Heavy metal adsorption by charcoal made from longan seeds and peels. In AIP

Conference Proceedings (Vol. 2681, No. 1). AIP Publishing.

[4] Petchaihan, L., & Wongsiriamnuey, T. (2022). FACTORS EFFECTING ON CHARCOAL PRODUCTION
FROM AGRICULTURAL RESIDUE. Doctoral dissertation. Maejo University.

aaa ¢

[5] Avdnwal @3Ae, & o3a anadne. (2558). M3Uszyndauginmlunsusulsduiienisinuns. 215813

5aﬂuma@1%uazwwﬂmam% (Journal of Social Sciences and Humanities), 4(2), 212.

53| o1sais3sanaswdvviugdyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



[6] UAS ANe19d. (2558). wmaltulagnisudasaningru92a (Munasan 2). Wesluy: dardnfun

UUINY Nl

[7] Srisophon, M., Khamdaeng, T., Panyoyai, N., & Wongsiriamnuay, T. (2020, March). Characterization of
thermal distribution in 50-Liter charcoal kiln at different heating times. In IOP Conference

Series: Earth and Environmental Science (Vol. 463, No. 1, p. 012079). IOP Publishing.

[8] Maneekhat, C., & Khamdaeng, T. (2022). THERMAL CHARACTERISTICS OF ANILA-TYPE CHARCOAL

KILN. Doctoral dissertation. Maejo University.

[9] Tiew, S. C., Abakar, Y. A, Mohammed, I. Y., Abubakar, L. G., Bawa, M. A, Obiajunwa, O., ... & Abubakar,
N. A. (2024). MODELLING AND FLUID DYNAMIC ANALYSIS OF COMBUSTION PROCESS AND ENERGY
EFFICIENCY OF A DIGITAL STOVE FOR DOMESTIC APPLICATION. Nigerian Journal of Tropical
Engineering, 18(2), 244-252.

[10] Sushmitha, D., & Srinath, S. (2019). Thermal Modeling of a High-Pressure Autoclave Reactor for
Hydrothermal Carbonization. In Numerical Heat Transfer and Fluid Flow: Select Proceedings of

NHTFF 2018 (pp. 547-553). Springer Singapore.

[11] Getachew, Hailu. (2018). Product Development Using CFD Simulation of Energy Efficient Institutional
Bio-char Rocket Stove. Journal of Energy Technologies and Policy, 8(3):22-28.

[12] P., Khummongkol., P., Wibulswas., S.C., Bhattacharya. (1988). Modeling of a charcoal cook stove.
Energy, 13(11):813-821. doi: 10.1016/0360-5442(88)90086-2

[13] Pintana, P., Thanompongchart, P., Phimphilai, K., & Tippayawong, N. (2017). Improvement of airflow

distribution in a glutinous rice cracker drying cabinet. Energy Procedia, 138, 325-330.

O T A A |

[14] Audqgiiennia neswmuignilendnel, nsugndenine. (2567). anmeiniadagiu. dudAuliofui

UNTIAN 2567 910 https://tmd.go.th/weather/province/chiang-mai

[15] Standardized Product Definition and Product Testing Guidelines for Charcoal That Is Used in
Soil-Version 2.1. duduidletuil 20 furaw 2567 a7n https://charcoal-international.org/charcoal-

standards/

54 | o1sars3sanaswivviugyusu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)


https://biochar-international.org/biochar-standards/
https://biochar-international.org/biochar-standards/

nsiunTsEnemaNTaulueTasguaINIANAILaIRIndAde LU dUANTIULUUTEIRY

Heat transfer augmentation in solar air heater with V-grooved absorber plate
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Abstract

This research paper presents a study on the effect of groove depth on heat transfer and flow
characteristics in a solar air heater channel fitted with multiple V-grooves on the absorber plate. The
channel has rectangular cross-section with uniform heat flux conditions. The experiments are carried
out by varying airflow rate in term of Reynolds number ranging from 5300 to 22,600. The V-groove with
a single transverse pitch to channel height (P/H=PR) of 0.8 and attack angle of (a) of 45° pointing
upstream are mounted on the upper plate only (absorber plate). The effect of three groove depth to
channel height ratio (d/H) of 0.32, 0.24 and 0.16 on heat transfer in terms of Nusselt number (Nu) and
friction loss in terms of friction factor (f) are experimentally investigated. The experimental result shows
that the V-grooves with d/H = 0.32 provides higher Nusselt number and friction factor than other V-
grooves and the smooth channel and also provides highest thermal enhancement factor (TEF) than

other V-grooves as well.

Keywords: Heat transfer, Solar air heater, V-groove, Absorber plate, Thermal performance
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nslyavesenalutiaausdluada 5300 fa 22,600 sesguivindssusindsonugeie (P/H=PR) w1 0.8
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v
U o

LLﬁEl!ﬁJiJSVI%ﬂ’]iVLﬂa (a) AU 45 93An TngUaeii3nIunsruani1sluaree1n1ALaraNAARIA IUULYB YD

nuluuiugaduaruiou lunsmeassidnwdvnadndiuninudnvessewieniugwie 3 a1 Ao d/H =
0.32, 0.24 uaz 0.16 Mnasiarnsaemanusoulaouansumenvesaviaidasi (Nusselt Number, Nu) uaz
msgeydrnudulneuandlumenvesitusenounnndeaniu (Friction Factor, f) HANSNAABIRAAIILALIN
snEseegUiTisnsdunuanYessosenugeie (d/H) windu 0.32 iAnisaemanufeunayand
Usznaumudsamugean Inedidigenindesguinifieuindun maiausugaduemiuiouindou uasdslien

AUTTOULLTIAINTOU (Thermal enhancement factor, TEF) GRGLE

AR MITewANNToU, ATDIGUINANAILATINE, ST, uNugaduAuTow, ausTausTanILTou

NI

nFuuasoind Jundsnuiiddguasiiogosidlidinuulan fedudundanuiiazoiauarlsl
rolviAnuane Jagtunywdinsindanuuasorfinduldussloviegedeior nsumdsnuuaseiindun
Téuszlomilngvialunvadu 2 gUiuy Ae gUuuil 1 Photovoltaic (PV) tunszuaunsudaliliinainnisnn
nsEnUvBsaeinduLingiifiauansolunisasundanuuaseniing Dundsaulidingedl nsldanueene
niwnauazdnsiaegaselios JULUUT 2 Solar Air Heater (SAH) w3elA3psgueIniAndauaseniing [1-
3] \unsliusiugaduaufeusuuaseniindfieglutesmenisivauasddauinietharudoululivsslonily
susnag Tngusu 1wy mssuwiiemswagnanaamansinens Wud Tnedvdnnsinuduansduami
1 egnalsfinnuadssguerniandanasenfing (SaH) AldiusgialuiluuriugaduanufeuduiaFeu (smooth

a v

absorber plate) #slviAnTsiemaueuAsutirn dnideluranes UssinaladnisAnAunasuSulsausuge

o v
& v o v

Fuaufeunuusie Weliudnmstiemanuieuliuiiaissguennianduatefing ftunuidediejuu
n53d8luguuuui 2 Ao in3eaguornandsuasending (SAH) ilesaninsideuasimundlinirsvnanntn
owieufuguuuud 1 (V)

Tuefnfirusn Rashidi et al. [4] yhnssusuazagUifeniungiinssumsinauazmsanemanudou
suaﬂLLr;Jurg]m%umm%’auﬁﬁﬁ”uﬁwqmizLLasﬁuﬂaL‘ﬁui'aa‘u:u (dimpled surface) LU Tagnuin 1a3eagu
omandauasofinduuuindausiugeduanudousiiiuiudusosjulirinmstemanudounaraussousnds
mnuFeugeniusiugatuaLFeuuSeu Jin et al. [5] ¥hn1smaasslngnsienysoegUNsIanLIMAENA1ALLL
afienansivatesenia nanseaemuil Mathemanuouiiuiy 350% defisuiuusiugad iy
YouduiiaFou Eiamsa-ard and Promvonge [6] Anwinisangimanufounazwginssunisivaveserniediva

NIUYDIVUIULUUST DIFL AR LU UIVINNIEITNTINADUTIFILAY WUIITBIVUIULUUSBIAWAETAINITAEN
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Arwdouifindu 158% laensddnsdiuanuniesiesdernugeiafidnuinazdmaliaduszneunin
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naasslnslrssgUnssaumasunindTuuLsugaduaLfouN v NsirnsnsinaveseInia wui
Shnstewanufeunasiuszneunnudsamiuiintuis 2 uay 3.9 wh deifisuiuukugaduauouiin
Sovu vausfianssauzidsanuoureanissg uoinmandauaseriindiirigedia 1.45 sioun Zhang et al. [97 ¥
Frapadsinaulagisosldsmaniusosjuuuwsiugaduanudeuiioivanssous \samdeuliudiad osgu

Vo o '
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lw awv o
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L%ﬁmm%faummLﬂ'%'aqq'ummﬁwé’mmmﬁméqnéﬁu mu%’af?ﬁnﬁLLmﬁGﬂ,umiLmz'ﬁmgﬂLmuﬁﬁmaaﬂlﬂ lngsin
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The Application for Assessing Appropriate Renewable Energy Technologies for

Agricultural Residue Energy Potential
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Abstract

This article presents the application for assessing the energy potential of agricultural waste,
utilizing data from the 2022 agricultural registration and update database of Ping Khong Municipality,
Chiang Dao District, Chiang Mai, Thailand. The application development is divided into two main
components: a mobile application and a web application. The first component involves the
development of the mobile application using React Native, a JavaScript framework designed for cross-
platform application development, enabling a single codebase to function on both iOS and Android
operating systems. The second component involves the development of the web application using
Laravel framework, a PHP framework that adheres to the Model-View-Controller (MVC) architecture.
Additionally, it is integrated with a MySQL database, which offers efficient SQL command processing
and ease of use in managing local farmers data. The connection between the mobile application and
the web application is facilitated through an Application programming interface (API) utilizing Axios
technology, which supports asynchronous operations, allowing for the execution of program commands
sequentially without waiting for the completion of the previous command. Furthermore, security

measures are implemented to prevent Cross-site request forgery (CSRF) attacks.

This article also analyzes the biomass energy potential from agricultural waste produced by local
farmers in Ping Khong Municipality, focusing on four primary biomass crops: rice, corn, mango, and
longan. This data was employed to evaluate the suitability of various renewable energy technologies,

including gasification, charcoal, biochar briquettes, and biomass power plants. The assessment results
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indicate the following biomass energy potential: 265.44 toe from rice, 705.52 toe from corn, 255.35 toe

from mango, and 400.50 toe from longan.

Keywords: Web application, Mobile application, Database, energy potential, agricultural residues,

MySQL, Axios, Cross-platform
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gmsﬁayjawﬁﬂﬁwﬁuﬁuhﬁ LazuaUNaLATUTILIUNIN vIsvUIALAnLazYuIalug WU Yahoo!, Google,

ey Facebook

ALAUYDY MySQL:

o UszAndaimge: MySQL danulamaulusituanustlunisussuianadids SQL lasany

agadtlunisaeuniudeya vilvianunsadanisiudsinadeyavuslvglaegeiiussansam

e anudangu: anusasessunisvinulduussuuljuRnisiivainvate warsessunisideuse
AU LUTINTUAIGY
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e auuwgede: lasumsiigadudridanuatesuazannsalinuliegwieiiontnlldem

Tnevhll: anansaannilnaauazldanuy MysQL e [7]

MySQL Architecture with Pluggable Storage Engines

MySQL Connectors (Application) MySQL Shell
NET, ODBC, JDBC, Nodejs, Python, C++, C, PHP, Perl, Ruby (Seripting)

£t 1
$434 8 4
MySQL Server Process(mysqld)

SQL Caches &
HOSRE Interface Carsey Buffers

Interface ,DDL, Query Global and
CRUD View,|  Translation,
Operation i

File File & Logs
System Data, Index, Redo, Undo, Binary, Error,
General Query, Slow Query, DDL

i 3 MySQL Architecture with Pluggable storage engines [8]

HUWR3ANTITNENTNEINA

szuunsINInanInaInifidnsitlulasasulnsatass ESP32 495095Un15Waune Wi-Fi Naelunis

a

doansseninsgunsaluarlulasaeulnsaiaed Ingszuvannsaineisneg leegranseungu Wy gunail,
ATy, esEray, fienisay, Usinamidy wasUiitaiddu PM wenainiissuudagnoonuunlfanngnds
Foyadnimernialudessuunanduazgniaivlugiudoya MysQL laedarsinaidudinaisszning
lulasroulnsaaesiuguteyaiiieiinsesi wiondviiausnadnslaiognerngs uazazninauns Fsazadneiy
$3Fe [9] Afimshlalasaeulnsaiaes ESP32 udenseduiduwes DHT11 Tnerufiudunn/ie dns
wunUszasd (GPIO) wes ESP32 ddlimsiainguugiuazanufunarasdoyaaniuzvasgunsaiuasdoyaanin
omafignsuTmelinda ddudafudigutoya MysQL annsadhdsssuuiiiaunduiuazaiuauldiinu
Sumesilildesnuuuaniiteldfuamnivinuvionsuiiamesaniladlsmlan wazmsraasutoyaanineinie

dudumesitnleaagsazain
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wuwosTogunni
o S
fuRNuBY

'B{% || —Q%.f

i 4 wuulnesunsuunuladensiatnsnigluresssuy

ATy IR

AN 5 NABISTUUATIIIAANINEINA

N15UsEUANENINVBITINIA

A15UsEIUANENINTINIaAUSNTd N gvasdmsulunsUsTLIUA NN N ILIaRAe ANFAAIUAS
\indanuield (Residue to product ratio, RPR) warAdnduusuadmiaivioannsldusylosundslad

nslduselead (Surplus availability factor, SAF) [10]

= aa ] a o & g a 1 dl
‘N'Jﬁﬂ']5V7ﬂqaﬂﬁfluﬂqimﬂjﬁﬂL‘V‘a?ﬂfﬁ ‘Ui%Lllulﬂﬁ]']ﬂallﬂ'ﬁ‘V] 1

CR=AxYxRPR (1)

Wie CR g UsunauAwianmdens, kg

A g NunsneUan, rai
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14 Ao USueueandn, ton/rai

RPR e Ardndumsiindanwmaeld, %

A1 RPR Juagiuuszinnuesdinaluusayivui

M990 1 uansendndiuvesUTinaiayiandonaninuetiig

$78015 NYHA HANAR YA RPR (308az)
(nn./13) Lower value
1 917 599 LNAU 0.11
N19917 0.31
2 STRPIRITY 866 AUYIINA 0.82
F99Ne 0.18
3 uzaig 1,000 Adlsazaing 0.10
4 ale 919 Adlgranle 0.10

AsUsERUAERdINUSUUTIaNaRIINNS Us v undsluiinsiauselov anunsausediulaaninaunisi

2
AR=CRxSAF (2)
Wi AR fio Usunaduiamaeainnislausylev, ke
SAF fio SovazvpsUTuadunaivasannslduselovilsingg

A1 SAF Fuagiuusennuesiiui n13199 2 uansrevazvesUSunadulaimaeainnisly

Uszlewl

AN5199 2 MNSIEAIANAINLSBULAYANSBEALYBIUSUNUTILIaTIWARIINNS e USElewl

378019 WYHE LAY e A1ANTOU SAF
(MJ/kg)

1 T wnay 13.52 0.493
W97 12.33 0.684

2 41ilne fugIlng 9.83 1
Fag 1w 9.62 0.670

3 139 Adlsfuzaina 18.98 1

4 aly AdlsTdle 17.35 1

NMSUSLRUANIANIAUNS 1Y @3nsaRasulaanaunsh 3
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HI=ARxHV (3)

Wie HI Al ANANSDU, MJ

HV fio A1AUSaUTRITILIA, MJ/kg

AsUsLRUAN N NAUNA SN UL NGRS AauUsndaiuneitesd msulunisuseiiudnen nde
Amdsulniindaldainseuu (Electricity output, EO) Amaanuauiauiuldigsyuu (Heat input, HI)

wazAkUstuNSLUaImLRe (Conversion factor) #aanusamulnlaauIsanatsaulaanaunsn 4 [11]

EO=HIXCFxT], (@)
o EO fo amdsulniifinaalsainseuy, Mwh/year
HI k) mwé’mumm%@uﬁﬁwL%ﬁgjiw“u, MJ/year
CF Ao fuuslunsudasmg Wiy MW
CS80)\V/))
1, Ao UsgAnSamnisuanaliin, (%)
M59f 3 wansaUsansaiwnisudala [12]
519015 NUwa Fua Electrical Efficiency (%)
1 4717 wnau 14.54
W99 0
2 47lne AU 0
Fagnalng 16.89
3 HEZION Adlifuzaag 11.93
4 aly Adlianle 11.93

nsUsTuAnan NI USRI RaENE AN uTLegTUANNTaIN A8 YRIUSHANT I AT

Usngluusiaziui ArmnudeudiladadinisuusiumudnuaziasUsunauedauatiue
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3eRM25, 3ARMI0,” gPrirt ———-'d x
ety ] - q—mw
“ahy v GRgics, [— - |, Blfalddmn | |~~~ TPl Syl
"D Ghap, ——— "I g anDPaus
W, g

AR 7 WRURINSUSEEIUAN g AN 9 LAURINSUSEEUAN A NNE I IUVDS

nasuveanaluladLiaI Aty wAlUlaga1ueALYIa

Rotertid energy biocher to/e Rotertidl energy biomess pover plant
- N
)
i
|

AN 8 LNUNINSUSEIUANEATNNA I UVDS AR 10 WEURINSUSEEUANIATNNAIIIUYDS

WAlLlagMLENE1UTINIE walulaglssbuinasnuduna
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AT9N 4 SwazdeaaflUsene nldauniunisAtu

AunALms
walulag vtamalulag YUIA ; ;
Wredn wnau Audnalng Feg1lne N eldiuzaiag weuneldiante
NI AT wuuUDowndraft 30 kg 6%
LALHNANUTINE - 200 L 31% 36%
15alni g WUU Open Top Downdraft 1.2 MW 0 14.54 0 16.89 11.93
AUDALYIY wuusaLu - fuseau 1%
a1519fl 5 Aaudeuresianausavylailddmiunisiuam
ArrusUYBITINIa (k)/kg)
walulad . .
w1941 wnau fudnalng F99121ne Leunalduzaiog werensldante
WNIE1UTINE 17,991.20 16,108.40 0 18,995.36 19,012.09 27,324.74
DTUDALIS 15,760 17,200 0 19,591.16 31,170.80 23,053.21
M51ai 6 AAwFaufenedy sTaAevady warseauilddmiunsan
fingnediu (LPG) 510181 (Un/kg)
ArauTau (ki/kg) 511 (U/kg) a1u%u9a ATUDALNY
50,220 30.50 15 20
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Study performance of solar dryer combined with biomass energy for dried

lemongrass
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Abstract

This research aims to design, develop and construct a solar dryer combined with biomass
energy. Actual operation, the dryer can work in both sunlight and non-sunlight conditions. During non-
sunlight, the dryer uses biomass energy as the main heat source for drying. This experiment was
simulated drying of lemongrass without sunlight and used biomass energy as the main heat source for
drying. The developed dryer must be able to dry agricultural products continuously for 1-20 h and
support drying yields of 10-35 kilograms per batch. The dimensions, width, length, and height of the
dryer were 1.5 x 2.2 x 1 m. The solar heat collector uses polycarbonate sheets, and the side walls
were covered with 1-inch thick fiberglass insulation. A 5 kW biomass stove with a finned heat exchanger
were installed underneath the dryer. The product trays are horizontal rotating trays with 16 trays and
the initial drying experiment used lemongrass. The experimental results was showed that, the solar
dryer combined with biomass energy can dry sliced lemongrass very well. The experiment with biomass
in the absence of sunlight can create a maximum temperature in the drying room of 70 °C and during
the experiment can create hot air with a temperature between 60-65 °C. During test, the dryer
consumed an average of 0.6-1 kg/h of briquetted charcoal. The total drying time of lemongrass was 14
h, the average final moisture content of 10% and less than 1%. The dryer provided a mass loss rate of
lemongrass during drying in the range of 0.0007-0.0908 g/h, a specific water evaporation rate in the
range of 0.00023-0.00646 kgy,.../kWhy, and average thermal efficiency of dryer was obtained 6.65%.
Overall, this solar dryer combined biomass energy can be used to support small-scale farmers in

processing their products very well.

Keyword: drying, dryer, solar energy, biomass energy, lemongrass
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(Energy for Agriculture)

N3ANEINITNANYBLINEITINIBS AUV UUNANHET U UdRB LA Taamaa ldN1NISINENAS
Study on the Production of Biomass Pellet Fuel Blended from Sugarcane Leaves

and Agricultural Waste Materials

ugnd ynswasy' n1Aa wdle@” 96 AasERN’ waznunITI Weadu'

Narut Butploy' Pakin Maneechot” Nivadee Klungsida® and Kanokwan Khiewwan®*

1228 auzinalulaggnavingsd IMINeNaeTIUAMLHANYT MUNGNYS 62000

1234 aculty of Industrial Technology Kamphaeng Phet Rajabhat University 62000

Abstract

This study investigates the production of biomass briquettes from sugarcane leaves and other
agricultural waste, with sugarcane leaves serving as the primary raw material. The widespread practice of
burning sugarcane leaves by farmers, which affects over 70% of cultivated areas, significantly contributes
to air pollution, including particulate matter (PM-10) and carbon monoxide emissions, posing serious
public health risks. In this experiment, sugarcane leaf residues were combined with cassava rhizomes in
varying proportions to determine the optimal formulation for briquette production. The results indicate
that a 90:10 ratio of sugarcane leaves to cassava rhizomes produced the highest calorific value, reaching
6864.72 cal/g; however, this formulation lacked the necessary cohesion for briquette formation.
Conversely, a 30:60:10 ratio of sugarcane leaves, starch paste, and cassava rhizomes achieved a heat
energy value of 3006.11 cal/g and successfully formed briquettes. Among the 25 tested formulations,
the mixture containing 30% sugarcane leaves, 60% starch paste, and 10% cassava rhizomes

demonstrated the most favorable combination of high calorific value and structural integrity.

These findings underscore the potential of agricultural waste utilization in producing sustainable
biomass fuel. Furthermore, the proposed technology offers a viable solution for reducing sugarcane leaf
burning while enhancing the economic value of agricultural by-products, making it suitable for

community-level implementation.

Keywords: Biomass Pellets, Management of Agricultural Residues, Mitigation of Post-Harvest Burning

Challenges for Farmers
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(Energy for Agriculture)

N15AULHIYIUTULUUNANRETUNASUUEIDINGSINAUNEIUINVAAINANNTIUTIATUAY
601228 NIABUIY
Drying of turmeric using a hybrid solar energy system integrated with controlled air

conditioning and thermal energy from heating coils

qisnad Feedng’ nT1u vieumds’ ¥3hil 513730Y" gsena ez’ way Andns a1gdnd’

Suttipong Ruanijit’, Nigran Homdoung', Churat Tararax', Surapon Riyana' and Kittikorn Sasujit"

L g9 AINI SUNAIUNALNL NSNS INUNAWNY LINeNFunild Wedlnal 50290

' Renewable Energy Engineering, School of Renewable Energy, Maejo University, Chiang Mai, 50290

Corresponding author: Tel.: (+66) 89-9988203. E-mail address: k.sasujit@yahoo.com

Abstract

Turmeric is an herb that can be used as a food seasoning and has medicinal properties. For this
reason, it is a high-demand product in the consumer and medicinal markets. However, in our study, we
found that it has a highly serious post-harvest problem that must be considered dust, animal dropping,
and pollutants. To address these problems, a turmeric solar dryer is proposed in this work. It is based
on both heat sources which are the heat from sunlight and the heat from a 2-kW heater. In addition,
the heat from sunlight is the major heat source for drying turmeric. The dimensions of the proposed
dryer are 1.7 x 2.5 x 2.1 m. It is constructed from polycarbonate sheets and aluminum angles. The
proposed dryer aims are controlling the temperature to be at most 60°C. To evaluate the proposed
dryer, an experiment was set up. For the experimental results, it was found that the moisture content
of the fresh turmeric could be reduced from 563.57 %db to a final moisture content of 1.49 %db within
36 h. For standard drying according to TISI 676/2547that can be the drying time was only 22 h. During
testing, the average solar radiation intensity was between 598.60-640.81 W/m?, the dryer efficiency of
22.44%, with specific energy consumption of 4.10 MJ/Kg,ater evap. @Nd @ specific moisture extraction rate
of 3.91 Kgyater evap/KWh. The dried turmeric retained color quality, with red and yellow shades closely
matching those of fresh turmeric. The drying system required an initial investment of 30,000 Baht and
incurred variable costs of 92,895 Baht/year, generating an annual revenue of 112,320 Baht/year. This
resulted in a net annual return of 19,425 Baht/year, with a payback period of 0.65 year. The study
found a fresh-to-dried turmeric ratio of 6.4:1, suggesting that this drying system could be beneficial for

small-scale herbal processing enterprises and could help add value to Thai herbal products.

Keywords: Hybrid solar dryer, turmeric, heating coil, controlled air conditioning
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Development of an Electrical Power Backup Portable Box Prototype

from Solar Power

g1UdA Asenus’

Thapanic Teerapan®”

" idnansanvivimealuladlinden auagmansanavnssukasinalulag
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'Petroleum Technology Program, Faculty of Industrial Education and Technology,

Rajamangala University of Technology Srivijaya, Songkhla 90000
!Corresponding author: Tel.: 08-28289801. E-mail address: thapanic.t@rmutsv.ac.th

Abstract

This research aims to develop an electrical power backup box to provide convenience for
maintenance technicians in the industrial drilling and petroleum exploration company group, allowing
them to carry a power source for electrical repair work in areas without electrical outlets. The study is
divided into three main points: 1) The effect of sunlight intensity on the electricity production efficiency
of a 165 W solar panel during the time interval from 8:00 am - 3:00 pm over three days. 2) The duration
for which a 1000 VA electrical power backup box can be used until its power is depleted from a 12 V
35 Ah battery. 3) The performance of the electrical power backup box alongside three energy usage
tracking platforms. The study’s findings and experiments reveal that the maximum light intensity of
139,500 Lux resulted in the highest electricity production efficiency of the panel. The electrical power
backup box supplied electricity for 4 hours and 10 minutes under a continuous current of 0.12 A, with
an operational efficiency ranging from 49.64 % to 53.80 % when used with a 25-55 W load. This
efficiency differed from the designed system efficiency by 15.05 % to 19.21 %. Regarding integration
with tracking platforms, the system successfully displayed accurate data within an error margin not

exceeding +5 % in Blynk, Google Sheets, and Line applications.

Keywords: Electrical Power Backup Box, Solar Power, Portable

*Corresponding author: Tel.: 087-3120700. E-mail address: thongchaimeajo@gmail.com
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