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Design and development of atmospheric water generation using vapor compression
cycle system
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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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Mnomaduisnisiineudndivl nsudaihdeiitasdiunsdaduietluuilaadennidumilunsde
Aouthegs nmsieneideyaammgiionavesussmalnelulfiiunuazl 2566 Ussimalnedoumaiiade
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Mnomedenafunien msataihaneimeadenislimagadu Wudu mandntanenialagldnis
AuBumedinssnle (Vapour compression refrigeration) Hhssnsitelddmsunisnanthaineine [4-
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1. T2UUNaMNAINDINTA
fuluusruunaniianenaldnann1svimudusuudalelssneunieiainsenle (Compressor)

LASD9AULLUU (Condenser) 1aranAuRU (Expansion Valve) LA3aeinseiiensenoedidu (Evaporator) lae

v
A o W o

sruuaNudusuusalaiiifdsnsvinanudu 12,283 BTU/hr Tansvinanuidu R 22/1.19 Lil9991nansiin
Anuduriaildfioln wuizdunisneasuiulssansnneesszuulusueniianaiiusenigln viliaisviainy

Bugnludle uazfindunaiosanidsumnuseuiivhuilaiiouesonissmesiuiu 4 ya (INAMd 2 Leses

'
d

Msemednmun 5 ¥a uin1sAnuluasatlinnimeass 4 YallenlngnsINIHEALIINBINANEER) 319

SeaatuLuveunsy Welienianidgsruulisreziaatlunisuaniudguaiiusouundunsag yadiudn

q

o

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

waziinay wiiudegananiinuauiieengszuuneuen aaandlunmi 1 uay 2
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Condensar

Compressor

Expansion valve

Air outlet

Condensate collection tray

AT 1 URUAINARAINTEUIUNTHERNAINDINAMETEULT)TnTante

AMA 2 SEUUNERENINEINARIENSYINANULEuLuUSale

M13199 1 Foyadimzssuundmineaniadmensinauduluudnle

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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wazATuduivsyesenialugae 2535 °C uag 75-90% audrdu Tasldnsmuauannzgungiuas
Amutuduimsvesenanoudrssuuraminenmadeiaiesufuaninennia ESSOM ju TH 518 Tasia3ad
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musuAsudIiMSyesemAlifiAngatu Tnsseuuinariunasriliansomuausaludsnisusuigungd
waranutudivdteutisruunantianemAld Turnefishnsinavesenmatousssing 6-8 m¥/min &
Hugreillisammandmianeinmagagannemiddeiiiuntou (17] Inslddunefinesmunuanuisasey
seimeiARL Mitsubishi 1 D700 AMNFLUTIEINIA 100.91 KPa Szaamadauiufiogisimn q 1 92T
woslufimesuasiaTesanutiufie UNIT u AL2T 92301530 —10-50 °C (Aasiugh 1°0) Tuvmsdianiu
Tusnmmanansadnldszming 10-99 % (Auusiue +5%) sasmslvavesenidliindesiauuuluin fu wmos
ns¥aaiEalurag 0-45 m/s (Anuuaiugn 3%) divinihaannedesdaddnena Sunford 34 ACS-30-FC31
Y0 30 ke (ANLAzBEATs 10 g) m{imeﬁsﬁa;ﬂa@‘hL’Dumil,ﬁammaﬂiwwaagmwgﬁ ALY Sasnslva

9898717 karUsEANTNINNNSIINS T UNTREERSINISHNANEIINBINA [11] @U1savtaainaunish 1

WGR v (1)
T

o

\lo weR (Water generation rate) fig 9n5IN1WARUIINBINA (L/h) v AR USuasu (L) uag T Ao

13a1 (h)

3. BNSINT HNAINUTUNLUBITLUUNAN NN DINA
AMTIATIERTATINTIINSIUIT UM A NsIFndsusenthetadunidslusuiussansninmndsy
[9] @nunsaulaannaunisn 2 e p Ao Aadknin (kw) leainnisin

MaalnfinsIuveIssuuNEnt1AINeINATINNINYALAIDISA Lowa inay

sec=_F @)
WGR

o

idlo SEC (Specific energy consumption) fie asmsndinusmzvessruuNaniane A
(KWh/L) p At fdslwdih (kW) uas wer fie Snsimskanthaineinie (L/h)
4. MFIATIIATYRANARSTOITEUUHARTNINDIN A
MTATENaluATYgAansazUsenaulumensTieialddnglunmsvhausasssesnanaunu 14
HdunsslunsanAdousian lfnalsadou mnd wavAseiu [12] awnsemildanaunsiioluid

4.1 aldnelunisinu
TC=FC+VC (3)
Tnefl ¢ Ao AMliesamannsndnth (baht/yr) Fc fo duuasil (baht/yr) ve duyuifuuys (baht/yr)
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FC=D+I1 (@)

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

Tag@l 1 Ao A1usaau (baht/d) £ A Al (baht/d) M Ao Ageu1gs (baht/d) A Ae S1uduud
Ufumausiat (d/yn)

4.2 SEUEhmIAunu

B TC
CRxWGRxhx A

(6)

Tneit P8 o szgganfuyu @) ¢r Ao §n5151A187 (bath/L) WGR e 8n3In1skEmIaINe A (L/h) h
Al szezlaIN1syneueesseuu (h/d)
5. MsUsEiuUsEAVE A mANSY AL uressT UUNERT9Ne N
nsUszdiulsyansnmmshmnndursssyuunantihanenniaasldnnsmen EER (Energy Efficiency
Ratio, §n51duUssanSnmndsey) daduaiildTauszansamlunsldndnuveanisvianudulands

o w

gnsndmsgninanuaansatunisviaduy (BTU/h) sermdslniliiild (W) a1 EER figandnvaneds ssuuri

Anufutuiiuseansninlunisiandanunanitaunsalianudulauinsentiendul Wiy [13]

EHﬂR::EZ 7
P

o7 £er Ap ORS1EINUTEANTAINNEINY (BTU/H/W) P Ae Maslnidnild (W) wag ¢ e muanunse

Tumsvianudu (BTU/h) mldainaunisaasaluil

C=Ahx(0x68.46 (8)

el Al Ao AAnauandseumalvesaumgiionnia (kg o dns1n1stuavesenie (m*/min)

NAN1529uaLaNUIIENANISTIY

ada

1. naveansUugamgifidsomanantianenie

Al 2 uansiaravesnisUiugampfiomanoudisruusdminaneniaioIsuiieutuiiani
il Tnovinisusurgamniif 25-35 °C A uduivsvatenA 75-90% Snanslvaeiniadiszuy 8
m’/min HaMsAnwINU g TvesemATinarosnsnIskEniNane A gumndvangauivilisanns

HARUgeEARATUN 35 °C lunnAtanududuning luvuendnsnisudniinaaindui 25°C TlunnAianuy

winsiwuReaiu Faandiiuiinsdivgumvgiiveseinanieanianiigumgias avdmalissuundnuila

9 U

o

Wiagey Jedenpdesiunuideiiiuuineu [8,15] lnsamangamall 35 °C anansandniiliasani 2.03-2.65
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v
a o

L/h ilisannannfigaumgiigetiuleunaiunsounsndiegluainialaluluinaiganinaumngiinn fnuaudfves

Uy

anAludnuaziiannsaglianunugilelasiunsn

3.0 7
=
=
o 25 1 A
s
g A
= 2.0 A
g A
=
]
°0 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 HaveIMsUTuguUMiINisen1Inan1INeINTeA

2. wavesnsUiuATRudiSAdsomanaAnihaineinie

amil 3 uansfmaresnsUiuauudiinsussennateud sruukamiinemaiieUsuiioy
fuUsinanhild Taevhnsusuen arsdiuduivsvesennia 75-90% gumgiifi 25-35 °C Shanslaeimeat
55UV 8 m¥/min nansAnynuihnnutudiinvesenialinasosnsnsuaaiinneInie arwduduing
Lvmwauﬁv‘fﬂﬁé’mwmswﬁmﬁﬂqqqmLﬁmﬁuﬁ 90% lunnegaumngil 1‘14611mz‘ﬁé’mwmﬁmamﬁwﬁ’]qmﬁwﬁuﬁ 75%
TunnAngamgdituientu uandiifiuimadiuiuresarutufinivsvosemavieonaiidarududuinggs
ﬁ]za'qmaiﬁizuumémﬁﬂﬁl,ﬁmqﬂéﬁu FeaenndeaiuaAdofiumnou 8, 11, 15] Ingenefinnududusing
90% amnsandnildgeaadl 2.15-2.65 L/h ilounaniimadudiivigeadulethaunsawsniogluomels

=

TudSunaigaindtgamgiien dsnaaudivesemaludnuugiaunsaglinnuuugiilelasusinguieiu

3.0

2.5 1

1.5 A

Water generation rate (L/h)

1.0

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

o '

AN 3 1aIN1USUANLTUFUINSNTFBNSHANEIINDINNA

3. HAURINSUSUDNS NS IMaveIeINMANTnan1sHaMUN11NBINTA
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amil 4 wansiawavesnsusammslnaveseiniadi ssuusdatinaineinimielUFeuiisuity
Usananifild Tnevhmsusurndnsinisluaessnnia 6-8 m”min guugiifl 25 way 35 °C AnuFuduivdues
911/ 75% uay 90% nan1sAnyInuii Smanslnaveserniefinadednsnananiiaineinia snsinslua
suadmmﬂﬁﬁﬂﬁé’mwmiwﬁmﬁﬂqqqmﬁwﬁuﬁ 8 m’/min NNANNOINA Iuwmsﬁé’mwmmﬁmﬁﬂﬁ’]qmLﬁm?guﬁ 6
m*/min ynanimenmaRuiedty fuandiifuihnaiutwesnnnsinaveseinie asdwmalvissuundni
iﬁLﬁuqnsﬁu Bsaonadostunuideiinuandey [7,14] lasenmaninsinislvavesennia 8 m*/min anusasin
thl¥geanil 1.55-2.65 L/h usasiiuldiniisnsmsluavesernia 8 m*/min enadilslldsnsinisudmirggnues
sruviliflesnndnuasnamidefiusnnnisinavesornahlisnsniwanidsdigedu fadudesfavomia
andouoniadnszuuiianansovhldgeand 8 m¥min fidunmsifusnnisivaveseimaayinlisnsniuan

Waudagyhnmsuiulsuasfnuluasiely

3 A

. ;”’;:—/x
—

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%
—8—T=35 °C, RH=75% —A—T=35 °C, RH=90%

AN 4 1av99IN5USUBNSINTIMaTRIINANIRENNSNANYNINBINA

4. gRFINSIGNAINUINNIEVBITEUUNAALIIINDINA

Al 5 uansdednsnslindsnuumeresssuundmiainennia dslugunsaivanluszuuiild
w§suliihazUszneuluse wdessnle WaausruisauseuvesnIssnIuLLL uazinALAABINANTEUY
Faifgalniingandianun 1,523 W nan1s@nemuin §ns1nnslandanusinizuesss uunaatiainene fie
ag/lu19381313 0.56- 0.95 kWh/L é’mwmﬂ%wé’wmﬁwwamaaszuuwamﬁﬂmﬂmmﬂﬁwquLﬁmﬁﬁuﬁamw
mﬂmﬁﬁmmsﬁyugmasqmwgﬁqq Lﬁaamﬂiﬁﬁmﬂmﬁmamﬁwqa drudmrnslindanusunizaes ssuundnth
mﬂmmﬂqqqmzLﬁmsﬁuﬁamwmmﬂﬁﬁmm%uﬁwLLazqmmﬁﬁ’w \Wosnnlisnsinsuaniei Feaenndaaiu
ATeTHLIN [9,16,17] 1PNV NI UL VDITLUURARLNINBNA fimegluyiesening
0.18- 1.78 kWh/L
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1.0 1

0.9 -

0.8

0.6 1

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 () Aeit 7.5 %/yr wlAlgnenide 7,500 baht/yr A143397U (L) 340 baht/d AnaINAILI
Fumvesimiaidednl MU ORI 1 au STEEOANINNUYITEUUNARINNeNA () Anfl 12 h/d Tag
auluyaaaan 18.00-6.00 u. Lﬁaqmﬂslﬁé’mﬁmﬁmé‘mf’mﬂaﬂﬂmLLazUizﬁwﬁm‘wms’lfi’fwé’amuﬁqa [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

AIUINITAATIINNUATEGAENS Al midey
sﬂmszwmamﬁﬂmﬂmmﬂ (P) 100,000 baht
yaA N (s) 10 %
91gMsldau (v 10 yr
AdeusIA (0) 9,000 baht/yr
manide () 75 %/yr
AT (1) 340 baht/d
dns1Alwil (e) 4.2 baht/Unit
AaNUI5e (M) 9.4 (50 % ¥®9 E) baht/d
STEEIMNSYNIUTBISEUUNERL9 N8N () 12 h/d
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é’m’]miwamﬁ’m’mmmﬂ (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 ° =

HAnU1INeINARzURBLlUMNgMglinarANUTUdIIVS et INIARINY I TUNATLAZE NS waznsldsruy
HAnU191IneMAtUTiAuuTgIndInsEanUuuaY o dsdulunisidauatenadedilugguamieldlu iun

welnanazvnuaauIsminauiunsldang vlvssesnanAuuuesssUURaNNINeINAT IR

10.0
9.0 1
8.0 1
7.0 A

Gl TT—
.\‘\

1 (yr)

SEELANAUNY

4.0
— —
3.0 - ———

. —e
2.0 A —A

1.0 A
0.0

1.50 1.75 2.00 225 2.50
9R51n15HANUNINBNE (L/N)

—#—CR=1 —%—=CR=2 —@—CR=3 —a—CR=4

a1 a

nwil 6 maﬁuaaé”mwmimﬁmfwmﬂmmﬁl,l,azé’mﬁﬂmmﬁwﬁmaiswnmﬂuﬁqu

5. nansUsediuUsEavinmnsyinaruluressyuunanthaneine

nsUseliuUsyans amnisvinanuduresssuunantnainenaldnismasnsaiudssansanm
W&y (er) Faduaildiausransnmlunisidndsnuvesnsianudy Tnsmainanizesssuu nan
mﬂmmmﬁiﬁé’mﬂmimamﬁwﬁq@LLazqaqmﬁqmiNﬁ 3

Snsnsndmindhgavinnisusuagamgiividn (7,) @ 25 °C avdudisinsvesorniauda (mu,) 7
75% vilildremumgiviesn (7,,) 71 16.6 °C AududuTIMSeseNAYIeen (rH,,) T 88.2 % Asmsanislua
91MAdnsEUY (@) 6 m¥/min gunsaivdnluszuuiilindanulninazussnoulude eiesdale Waauszue

ANTOUVBAUATDIAIVLUY UarTinaNnADINIAKITEUY Falimasluingun (p) viavane 1,458 W vilvlae

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

Snansudningagavhmsusuagamaiividii 35 °C arwtuduimsvesennandnd 90% vl
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
UsyAvBnmndsnu EER) Asdafiganifianngvesssvusdnhainenmaiflisannawantisan S
wsomdsnulnihgdunasyhanluanmgiifianutugedannuitesunuineiiliadasduyssansam

NAYUanas [18]

A15199 3 MNSILAADANTIEINUTLENDNINNEITUVDITLUUNARNLIRINGINA

7, 0)  RHN%)  T..(C)  RH.%)  Ah(J/Kkg) @ (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
d3UNaN133Y

Y 9 Y

1. HavaensUTUgMiidnasion1THEAUIINEINA NsiTg)TveteINAvseR AN Mg

v
] =

avdanalfaruunaminldifiugedu guvnlansaudvilfsnsnananigeaaietudl 35 °«C aunsonderild
geandl 2.03-2.65 L/h

2. wavasnsUiuarmiuduivivesennaiinasonisudntinaneinia nsfiunududuinses
omenieonefifanutudiinsgazdmalsruundmiilifugetu mstudinivsmngauiivilfsnanis
wﬁmﬁﬂqqqmﬁwﬁuﬁ 90% mmmw%mfﬂﬁqqqmﬁ 2.15-2.65 L/h

3. Havesn1sUsUSnTINsivavesomAdsEuURARtha N MATnaresnsINakEmine e s
dusnsmslvaveseinimardmalvsruundnildifiugatu Snsmslvavesenafivhlisnsinisudntngean
fiadudl 8 m*/min annsandniinldgegail 1.55-2.65 L/h
a. Sarnskindsnudungresssuunaminneinia fareglugasseming 0.56- 0.95 kWh/L
5. mzL’Jmﬁunumaﬁswwﬁmf’mﬂmmﬂagﬂuﬂm 2.22-9.25 yr

6. ANENTIAIUUTEANTAIMNAWNUVDITEUUNGNUIRINBINARIARETN 6.52-9.49 BTU/h/W

a a

naanssuUIzNIA
Az ITeveveunalasINsHAnuaziauAnandadanisundsunaunulunguuseimeeidey
dmsuilnAnwszaudadindny) Ierdendunauny un1ine1dewdld Mldeyasielivuadvayy

wszanunside suluiuniede gunsaluagiunlunsyiidoauduiaqaluded
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(Energy innovation)

navasnsUudndiunisianuduvesdameslussuuiiuiidusienisannsldngeen
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!

! 199U URNNTITLUUNQUUATI MATIIMINTTUATONG ANLIMINTIUMENT
wnineaedeslual Weslvad 50200

2 FAINTIUNSNY AULIFINTIUAERNS U INedeTeeln @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
UNANED

[

TusuddeiAnumndnamlunisannislindsnuvesdataeslunisinanunduiienisusuenianiely
mmiwwzﬁ‘uémmﬂmﬁﬁmmﬁmmiqﬂqm 1550 RT Fafianudosnsmasinihaeudnsiluneunatsfunas
fanudoamarndslnihdeuinadluseunansiu Inelisruuifvasaneufulusuindwhonutuiaeesid
ag’@uﬁmmm 800RT 913U 2 4 wazlduuiAnveanisiansndanulugunisimunaiudenIsmssudiu
(Partial Load Demand Limiting) TngivundnaiuntvianuuresTataediaui 25, 50 uay 75% vYeIAIu
Foansluraanansiu vunewesdafvaraunnuduasiufuanssauvesdaaesfindsnudndiunsinanuiy
yasTaaesuarauiufisesasanludasnansiu ievunldlutinateiu :nnisAuamuniidngiu 75% 9z
ﬁﬂﬁisuuﬁwmmLﬁuﬂswﬁmwﬁwuqnqmﬁ 20.23% vasnsliiss vy wazdlefiansannanisiesie
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s N | o ] a ¢l 1% - g A P~ N @
MAATYFAERTNUITNEnd1un19vIANLEUYRTAEaTT 75% WssugianAunuduiiani 4.59 U das

HamouwuNIsauNgly 27.12% wenanildledaseianulimuitmsiiwessnsalnindmadessesian

AuuINNTign S18ns1AlnThauagyinlissegaAuudua

AdNALY: ssumﬁuazaummLﬁuiugmhl,sﬁu; FaLaes; NIMUUAAINNABINITAISLUNEIY; AT

AATLANUATYGAERS
o
UNuI

Auasin1snasuliitlusiasiaganizermsmdvduuinlngdiulngiinainainudesnisin
Anuuiiousuenianielueinis Seiuuamslusiunisdanisndsnusuaugesn1swdssiy (Demand-
sided management) %aﬁsﬂ%’izwLﬁuazauwé’mﬂugﬂﬁmﬁu (Chilled water storage tank, CHWS) snvihau
Swfuszuudames Inefinsavauanudulutiaaiifanudesnisndseluiiei (Off-peak period, OFFP)
wazthuldlunsvhanudu lugisiifienudesnisndsnuliiings (On-peak period, ONP) [1-2] Sednuniznns
Mnuedwunle 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) FeannsauSuseiunnsE sy uvesTaaesle wu 25%, 50% 38 75% b9
ONP warsvuuivarautinduazroanundulfifiosunsdiuvesnissmsianandu gﬂLLUUﬁ%ﬂh&Jammmm

FPUUATAUNG 1Y BUAMU wasnaanuiusendald 399gn5inanasenineguuuuil 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 agianuduamaasugmanifigailoiisuiuizdug Boonnasa wag Namprakai [5]
Anw1szuu CHWS dmueimslusmingrdowuinnsinnuaaesaesyiin ginas 450 RT Al 24 Falug
Sfusruufvavauinbu Buisiaunsaaamslindanuldungn 35.7% ieifleuiusruuuivonieilils
CHWS Tnedisverian@uyu 10 T uas IRR 219% Rahman wagame [6] Anw1szuy CHWS s 3 sUnuuldun full
partial load leveling uag demand-limiting Tuseainsiay wuinaunsaanaluiale 61.19%, 33.94% uay
50.26% auaau Weuiuszuuliueneiu Comodi uarane [7] Anwianudululalunisldssuu 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
wasnulavay 10.5% 'vnﬂL“ﬁJUﬂWiﬂ%’uﬂjqaﬁﬂizuuﬁﬁﬂaﬂuLﬁutﬁu E‘ULL‘U‘U demand-limiting i 30% LnRUITHAY
fign anunsnannislindanuldtas 13% feisuiussuuiiu
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NATefiuLIMUIIsTUBLAvazaundsulugUiduiivhausududaeesluinenduls 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 Wielraunsaldiussuulaiaesisiogiu aawummawuiww CHWS windu lngagynnis@nwinisia

]

nFuIsudsutussuudamedify luwandeniawuudeudu filuernmsmdeduuialng saudenis

AagimeasegmanslusuLuussesnaAuyulardnsmana Ukl oMW ImMIzauign

nsAIANE

¥
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
anssnuzvesszuy Jadumanalunsing CHWS funzaudmiuvesusisil

Faveosilldlumsfnuiifuuuy centrifugal fifinisszunsanufeuse Tasivefiadu2 g was
1000 RT [10], Hutiudu (Cwp) 2 4a yaaz 45 kw Tumsmuilsuhsswitdanesuasmeiady, duigugd
(PCHWP) 2 49 yaay 30 kW LLasz]mfmaquﬁ (SCHWP) 2 % gnay 40 kW IumimuﬁauﬂfwLsﬁuiwdw%ama%
wavmoEddu (1 1-4 uaz 5-8)

2000

1500

1000
50 |
0 I

1 2 3 4 5 10 11 12 13 14 15 16 19 20 21 22 23 24

Cooling Load (RT)

(@]

Time of the day (Hour)

2 1 mis‘mam'}mﬁwﬂaﬂmmiwwzﬁ‘vé

23 | 91sais5uaniswavviugususu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



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
ASTUIUNTTINUEUYTEUUANAULLEY

undufigaumaiwdes.ccCandaosinaly 2 fiavie dwiinils (du 2-6) Wudipeudiduresernisiied

v
= ] 7

fosnisnsianudu Sndruiuaglundeaindu (du 2-3) Weifvavauld divdwindupesdduiinunginde

= 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——

9 -
- 1 {
CH#1-800RT | ,L“,,,J, Warm
L =
T ! T2

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

2l 3 unudsszuumsianudulugunisimuaanudesnsansgunsdiu (Partial Load Demand Limiting)
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YuIndaAvLNLEY
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

B Cow x (Teuwr — Tenws)

(2)

o o

maalni1idesnisdmsuduidsnanannsadwalaanaunis (3) lunisfnuidmmualiaiiugs

(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 Saidwesdudiofinnsenmsiianubuue

Yo

UNEIU [9] anansaauaulanadl

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

dle PPR #® pump power ratio: PPR = ax + bx? + cx3, x fie part load ratio ve3¥awaes a, b wax
c ﬁaﬂl”lﬂﬂﬁl: a=0.0205, b= 0.4101, ¢=0.5753.

2. Junhidunpegi

a a

Juhdunfegililunmyudeuissnisdaiviidusazaeediiu Sasnisinavestuhiuiunise

q

nshAnuduveseIasamisaduInldnsaunis (5) lunisfnwdimualiaiiugs (operating head),
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Useansnmduazuawmasianvindu 28 wns, 85%, and 95%, ANUANSU wariddbiinvesduanuisamule

NENNT (3,4) [11]

mSCHWP
RTloadx 3.517

B Crw X (Tcuwr — Tenws)

)

3. Jutivenadu

Judweasulilumsmudsuhssrhveiafulazneumumosvesames  narsgamgiiuiurids
wazveenvieludy  (Towg — Tews) Avuslviilenwiidy 55 °C Awualiianiugs (operating  head),
UsvAvisnmiuuazuemesiianuyingu 25 LUAT, 85%, and 95%, anudsuLazidslnihveslianinsaduman
aun1s (3,4) [11]

mCWP
_ RTCT_required x 3.517

Cpwx (Tewr — Tews)

(6)

=
NANI1IANTN
1. A152N5MIANNEUYRITALAS lUNTAIRRIN1SANTEUNNE U
A1sznsvanudulunsas i lueveslaaas sEuURLkasA1sENTYNANLLEuTatasslunsilfadnis
| ° YN ° < a ¢ a o P | o
AM5EUEULAEMNUAGAFIUNTYINANULE UVDITALAB SLANT 25, 50 Whag 75% YBIAIINABINIT I 1NAITIU

LEAIAINING 4

Tunsdifuundadiunsyhanuduresdaaesiiud 25% vosmnudosnislutanaisiy, Jawesouin 800
RT 2 gilnazviaudl 80% Yesnnuasnsngeanlutia off-peak (10:00 p.m. fi3 9:00 a.m. lufudnun) 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% YDIANUANNTOFIFALUYI off-peak (10:00 p.m. 13 9:00 a.m. Tuiuiinun) uazla

@3 1 ginaeiinaun 97% ludianan on-peak (9:00 a.m. fid 10:00 p.m.) BwndufvdLdunAwIalatia

v
o a

Winfiu 8,436 RTh %ﬂLﬁmwaﬁm%*umw‘hmm&ﬁmha%aLaai‘maaﬂgumhﬂhmm on-peak uag off-peak lny
fuharivnadnandeieuiunsaifmundadiunisianunduredamesiud 25% vesnudesnislutag
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

fiawiniu 3,576 RTh aifisanedmnsunisianududisfamesisaesydnluginim on-peak uaz off-peak
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Tnedsinazdvuindn

foanstugianaaiu

a 41'

ngadladisuiunsdiimuesdadiunsyhanubuvesdaesifud 25 uay 50% ve3A1y

TPems9f 2 wanansensvinanuiuve@aees, nsvidnduduliluds waznisheainduaindaunly

Tut29 on-peak uay off-peak Tunsdlanee WeuAuszUULAN

Cooling Ton (RT)

2000

1500

1000

500

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

e=@==Hourly Load  e=p==25%

Time of the Day (hour)

el 50%

i /5%

ad 4 nsznsvihanudulunsasdiluswe@aiaesssuuiutaraisenisinanuduvesdaaeslunsdl

M990 1 aunanisznisianuduluisazdaluesdameslunsalfesnisnssunsdiuiidndiusieg

ABINITNITTUNEIUN

o 1

PEAIUANE

o

Partial Storage Demand Limiting

25% 509% 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 75% Charging Discharge
(Ton-hour) (Ton-hour) ~ (Ton-hour)  (Ton-hour) (Ton-hour)  (Ton-hour)  (Ton-hour) (Ton-hour)  (Ton-hour)
1 260 Cff-Peak 2x720 1440 1180 2%5% 1072 812 1% 560 560 300
2 220 Off-Peak 2% 720 1440 1220 2% 536 1072 852 1 %560 560 340
3 125 Off-Peak 2%720 1440 1315 2% 536 1072 947 1% 560 560 435
1 125 Off-Peak 2%720 1440 1315 2% 536 1072 947 1% 560 560 435
5 135 Off-Peak 2%720 1440 1305 2% 536 1072 937 1% 560 560 425
6 155 Off-Peak 2%720 1440 1285 2536 1072 917 1% 560 560 405
7 az0 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 1% 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 2%720 1440 1280 2% 536 1072 912 1560 560 400
24 190 Off-Peak 2%720 1440 1250 2% 536 1072 882 1560 60 370
Total 21575 12780 12765 8436 8427 3576 3567
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masluihnldlundsiuresssuulunsdidoninseusdiundnaiunneg Lansnan i 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 W On-peak Off-peak
ol
c 15000
2
& = 10000
(W) (T
> 2
o
v E 5000
5 X
8 0
s Existing 25% 50% 75%
Ll

AMsEMsviAuLdu

P = o a s a a N ' Ao '
AN 5 m'ﬂ‘ﬁﬁ/\lﬂﬂuwunu‘uaﬂiz‘U‘U‘UaLaaiLmJLLaz‘UaLaaﬂuﬂimmQﬂﬁm‘ism&mu%aﬂmumﬂs]

N1SAATIBAANULATHGAENS

AFIATITRAULASEEMARsYaINsAnw Tz Usznaumealddiesunisasmuludaindu Al

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

] 1% Al a ¢ s
A13199 2 Yayaildlumsiinseimaasygaans

S19aL28A U3ueu %Y

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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lun1sieseiiuAsegaansazyinsiuIumseeznaauulawukardnsmanauwunigly (RR)

anunsasunnllasadl
S Ruasuisn (US$) | Uss (11)
Al Uszudale ( )
year
Sasmanauunungly (RR) asnsafuallasail
271:’:1 Rn - Cn
——— —(TIC - SV
a RN\ )
=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%

1519 3 Bawnsdlimundadiunisvimnubuvesiaiaesidui 25% vesnusoenislutis
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

o '
o

anarlnfldvesandioeuiunsdidug winsawuluduivinduiniilissesnafunudungan 4.59 T

q
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way IRR gaanil 27.12% newmnafiatesiuanunsathludszendldlugaavnssufiinissmaianudunldinguy

geludinainaiuiaziinslidasanlniuy ONP wag OFFP

A5IAsIEAlA (Sensitivity Analysis)

v o

mﬁLv-mzﬁmmbﬁaﬂﬁzmumﬂumsmwaaudmﬁwﬁLmaﬂmﬁmaﬁaixaznmﬁunumaﬁqm Fagadi
finaunazsiosgniunfinnsundufivey Tunns@nendlddenfiansaunmimessnsialng LAz uamu
\Josduidsuudadly +5% wnldfunsaldndiunsienuduvedamesiiuf 75% vesnudenislutig
naneusannil 6 S?jﬁwudwé’mﬁﬁhivxlﬁ']ﬁmasiaﬁwznmﬁunumﬂﬂiﬁLﬁuammﬁmﬁu mné’mwﬁﬂﬂﬁwquﬁu

JreEIMAUYUALEITUR

@)

SryrnANAUNU

—@— Electricity —¢— Capital

Mui 6 NFATIzvANLlvessezaIAuY e i uazRuamulewuiudsuwlasly +5%

A3UNaN1339Y

o

NATBiAnwAnanmlunIsann T IENSuYeITataas lun1syAuE Ui an1sUSUaIN1An ey

¢ o o

1SNV UIA T ANABINsIal AUt R lus s unasTukariiaNudeINs ATl ABuY

7

snluneunasiu lneldssuuivarauanuduluguindurihauiulameiideddu wazlduufavainisdn
mMandsnuluzunsimuanuien1sn1seusdIu (Partial Load Demand Limiting) laginundadiunisvin

@

ANULEUVDITALERSAUT 25, 50 KaE 75% VBIAIUFDINITIUYNansTu neiinanis@neisall

o JlawSsudisunsldlnihvedsmstvunaugesnsnissuduiudaaesssuuiuiianisTdlng
17.56 MWh/Su wuin Sansmuundadiunisvanuduvesdamesiiud 25, 50 waz 75% 189A21u
Fosnsludaenansiuannsaannisidlnihasls Tnefidadiumsienuduvesdamesifudl 75% vos
anusaanslugisnansfulinsldlnilndngnd 14 Mwh/day aanmsToluilel 20.239% vesmsliluin
FEUULAN
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o TunsiesziBaasegmans fawiiinisnisiuuadadiunisvhanuduvesdaeesiiud 25 waz 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 o v ¥ g o o o i
aglsfnunsldsyuy CHWS AlFunduansdinans msdniiundsauazegluguvesniny
Souduiadahlivuevesduiuivwaivguasdwmasoaldinglunisamuias nsasvuadauivey
B ansaliianieuaniug (Phase Change Materials, PCMs) Famsiniiundasuazegluglues
AuSauudalisuiuiiausoanvuaduivadd lumiddelueunanaunsafinvzuuuy dnwoe

Fadru TulUE TIN5 II19v89 PCM Mimsnzaudusuindaiutazssuy CHWS aalUla

AnRNIsUUIZAA

YBUDUAN NUBTNTUANMTINe G eTeslnifaduayusulssann Lagn1AIY3AINTTUATENG AR

AINTIUAEAS U INeaeRealnd Ndetioan1unlun1svinivy
1'% a
LAN&e13914994
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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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Fuluganilndesmluilinnudeudszuulunsudndues [4]

2. HANTENUVRVUAFIR RN g liuasnananva Y1

ARSI luNsTUIUNIHARTBAAIALTISVUIN 50 L Usznausie nandnveawds (d1ugisuazidn)
warfwdunsient wialnlsla@a) naannsesniuuruiagiaievesninivuin 1.59-4.76 mm dxasonisndn
fumsuazgamgilunszuiunasdnidnauasssgnauaniiety (7] Tngussqiimdnaumnmmuuiues
F2na Feuuadludnlng wasnisdanoumiaunsnussald 1.50 kg wasléidomasinliinssiu 2 h 14 2.50
kg taw 3 h 1% 3.50 kg neiimauougedis 7,250 cal/kg [6] losndinimeaeunisnangunsandunasiy
Frilwail 3 h deumsmaaeuasmuUimaniigs ldusuuumitien Famnuinanigauiumnsgiuazdea
Fosenammmstiluldauvesdmnnsile [15] Fslimsnzansensndnaiues iilemanneiivanzanian
szpzIaNATaNnT 2 h wudilduBinueuiinntusesUiinadianasdusunmsianunsonduuarly
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.%
USuauuiia 64.50-71.09 %wt LazUSunaian 4.05-9.45 %wt dmSun13nTegaunnisening 414.00-669.20

°C AIWEAIIUNINT 6-7 AUAINU FILAAIINTEULLIALALAUNNN TNARBNISNANIIUINTIINTINIANLANATU

9 Y
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v
wva o =

wazhitituegfuasusrnouiiuiumesiag auautinimenisnnuasmaedifnadenisiudsuaninvionis
wastaifuniund dsduiu wasfeduased (1] suavesdunadmarenisivavesenmauazgmmgd
melupndniuens Wesmndanadiidvualugniddesissniveoynmeannty vilfennaanunsaluadiu
Iefazninuazgionszaremiudeustnaiiustaniam lunsmseiudnu Fanafiflvuadnasdanumunuuann
Ju dwalinsdromaruioudulusgisdifn uargungiiniglumedliatiiiane nmsmaaesmuin fuuay
Tudmlne Feillassaireiifidesihannn dwalinsnszaegamaianelunfay waeselfmawnlniduly

pg ANy sel vauennetadanuuniugnd vviieanuwansisvesgumniiluuigenigluenla (7]

mundlnlslafd =1 g ouwns

T CS-4.76
€ St
E (a
g cs318 B
ga e
e
= CS-1.59

e,

I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

0 20 40 60 80 100

Nanan (%)
2NN 6 NaraRUBAAaIUINTIINAULaLIUT1INe 2 h (a)
s undlnlsla®s = g awuvns

T RS-4.76
c R
E (b)
f;’ RS-3.18
e T
g
= RS-1.59

)

0 20 40 60 80 100

Wanan (%)

AN 7 NARARUBBA101UIN5NNI9T7 3 h (b)

nanduailunsruIuNIEATBIMIaIITIUIA 50 L N13n52A18vRe31eviamanUateTaainunu
YUIA 02,50 cm 817 10 cm HAMLATILIL 12 UNU LATILIAgIIEYeoRiuAn ety 3 vunn Sn1snazans
ouvpfienufeuiigiudsdmationtsmanildfsinudumiuasutalnlsloddlunms s uss Towils
snvaneTadunUsugeAu Sunsgedunasseserlunsrdndusuufluneiddiunsuiariay s
UAma9nau3dedu o wazamsgiu 1Bl Charcoal $a3umussianediansunsdatnanuisatiaiudouain

wnunaeun budlunaunuuiansdulunisusznaveims [15] dudimsiwdsnuandaunauindndu
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a1u1sAlea1vun 50 L laaadselevdivarnnatedldaiuwazlandauaiiudon uazdvuin

Mnewnzaunsaldlinnasaisou [4]

3. HAN1IRANUUVIUIAFRZARAMENTRYB WYY

nseRNkUUKAEIMUAYIIAvegrlun wanswSdwadaUsEanEannsunndiuas anau Tives

[

AurSNlARat

M990 2 Han1TRRNLULTUIATEsRaNTRvemwsAuLarluTIlnakazNet)

finot9 N13N3LY ATy ATUNUIUY 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
svezan 2 h uag 3 h dswalvinisnszaegampiuassandnuTinuunianan e dunafiuandaiuain
Funazlutnlng uazrsdaluneaeulumiadadusisauia 50 L nuinenidnisesnuuugiany
YRRty 1.59-4.76 mm dawaretgmniiedsfuandlunisied 2 uaznaaiRvesiuns fe Ay
3.95-4.25 %wt kay 2.03-4.13 %wt AadunIne1a (pH) 9.99-10.42 waz 9.57-10.39 AINNUIMU 69.41-
95.95 kg/m’ g 106.44-139.50 ke/m’® muadndiu Tasnisesnuuutaznsaiamiitendnauminunmgatay
fassadrananieniniidanudu arudunsans aumuiuiiuniumasg Lazgumgfin1sHana1uY$A
wanzaulaiaasiiu 600 °C [14] wagsvornanisnaneglutas 2-3 h fazdwaliiaUinanandnunuagiiam
NIUE ﬂmﬁunmmiwém%ﬁdwLgaGiamsﬁmmgwqwmmum% watuannniulvetavililassadiaves

v

sngudemeld waraumsnilaseadiegngunnastislindndueituhlulddmiuuiuueiu Qaunid fiy [5]

q

waznsgaduansiuladne (3]
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#5UNan153Y

nsnaaewrdnauvsandularlutlnalumawg 50 L 1681 2 h lakandn 29.69% laeldgiae

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

HAnSaliRETY nsdnulupsalduandiiudadnenimlunsuiulpnssuiunsnanaunsiimungauiu

YN '

Fanavians o Fsamnsairlulglunmsudmdandudlaais ediiisannansenunodmnaouLasaLasy

ANugsBulugus

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

o

U3

NAUDNIIANINANTLNUVDIANUENTDITDIFBNGRNTIUNSABINANUTDULAZNIStraluYie

o
a o
U

Y

\ATesgUaINANAIAT IndMeusugaduaTouzsasgUiLUUdallles nsaaesdLiiunsiaglidng

] o

nslyavesenalutiaavsdluada 5300 fia 22,600 sesgusivindssusindsonugeie (P/H=PR) wi1fiu 0.8

Y

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
sEseegUiiTisnsdunuAnYesssenLgeie (d/H) windu 0.32 sienisaemanufeunayandi
Usznaumudsamugean Inedidigenindesguinifieuindun maiausugaduemiuiouindou uasdslien

AUTTOULLTIAINTOU (Thermal enhancement factor, TEF) GRGLE

AR MITewANNToU, ATDIGUINANAILATINE, ST, uNugaduAuTow, ausTausTanILTou

NI

nEuuaseind Jundsnuiiddguasiogosidlidinuulan Hedaudundanuiiazorauazlsl
rolviAnuanne Jagtunywdinnindanuuasorfinduldussloviegsdeiior nsmdanuuasefindun
THuszlomilnevialunvadu 2 sUiu Ae gUuuil 1 Photovoltaic (PV) tunszuaunsudalnlfinainnisnn
nsEnUvBsaeinduLingiifiauansolunisasundanuuaseniing Dundsaulidingedl nsldanueene
niwnauazdnsiaegaselios JULUUT 2 Solar Air Heater (SAH) w3elA3psgueIniAndauaseniing [1-
3] \unsliusiugadumnufeusuuasenindfleglutemisnisivauasldautiethanudoululivss lonily
susnag Tngusu 1wy mssuwiiemswagnanaamansinens Wud Tnedvdnnsinuduansduami
1 egnalsfinnuadssguerniandanasenfing (SaH) AldiusgialuiluuriugaduanufeuduiaFeu (smooth

a v

absorber plate) #slviAnTsiemaueuAsutirn dnideluranes UssinaladnisAnAunasuSulsausuge

3 v
§ v o [

FuanuFeunuusiie Wefiudnsiemanuieuliuiiniesguenniandaiaenfing feunuidediejay
n53deluguuuui 2 Ao inTeaguornandsuasening (SAH) ilesaninisideuasimundalinirsvnannin
owieufuguuuud 1 (V)

Tuafnilsinuan Rashidi et al. [4] imssrusamuazasuiieafunginssumsivauasnsaomaudou
suaﬂLLr;Jurg]m%umm%’auﬁﬁﬁ”uﬁwqmizLLasﬁuﬂaL‘ﬁui'aa‘u:u (dimpled surface) LU Tagnuin 1a3eagu
oA inguuuindausugadumnudouifiuinduiesnlidnsdemeniounasaussaund
mnuFeugeniusiugatuaLFeuuSeu Jin et al. [5] ¥hn1smaasslngnsienysoegUNsIanLIMAENA1ALLL
IfiananslviateseoInIa KanIsaaemUI1 NsdemenSeuindy 350% ideisuiuusiugaduainy
YouduiiaFou Eiamsa-ard and Promvonge [6] Anwinisangimanufounazwginssunisivaveserniediva

NIUYDIVUIULUUT DIFL AR UL UIVINNIEITNITINADUTIFLAY WUIITBIVUIULUUS BIAWAETAINITAEN

56 | o1sars5uaniswavviugdususu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



Arwdouifindu 158% laensddnsdiuanuniesiesderugeiafidnuinazdmaliadussneuniny
Feavuiiindudae Luo et al. [7] vhnsfnwdeismsdasndsiiaulasyhsosuuuusugaduaiuiey
saffunisfiadatin wanmssiasmuivedivasglvaasiusonjuuaznnaeauiougumgiigauinansly
feajusangvsoonviedadunisszuisnmuieuda egnslsAmmuiilesesuiiaudninafulufassuisany
Soulgldiiieannvadinassmnanudeuluuinadiddndnuinlaliviads Chokphoemphun et al. [8] ¥#ns
naasslnslrssgUnssaumasunindTuuLsugaduaLfouN v NsirnsnsinaveseInia wui
Shnstewanufeunasiuszneunnudsamiuiintuis 2 uay 3.9 wh deifisuiuukugaduauouiin
SovU vaugfianssauzidsanuoureaniesg uoinmandanaserfindiirngeda 1.45 sioun Zhang et al. [9] ¥
Frapadsinaulagisosldsmaniusosjuuuwsiugaduanudeuiioivanssous \samdeuliudiad osgu

(] @ '

DINANSINAIDNTIAY N1ITNABINUINTOIMUUNELAINAIIEATENTIOULITIAUTDU 1.29

lw awv o

mATeluefnadnnginidevimsfnwmgAnssunisivauasnnsdemnanufeusiensisg sesinng
Tuuwaes (g 90 ) AuiemnansivavesonidlasdaiaussounBenrmiougeanegil 1.49 fedudio
Winsgiuaatudnliuinszuanisivavesenanigluieduazdsmalidnsiemanudousufvaussous
L%ﬁmm%faummLﬂ'%'aqq'ummﬁwé’mmmﬁméqnéﬁu mu%’af?ﬁnﬁLLmﬁGﬂ,umiLmz'ﬁmgﬂLmuﬁﬁmaaﬂlﬂ lngsin
manzsendugunsesiad (V-groove) iy 45° Auitnianisluaveseinie wazfinudvznanuinueenis
112399 (groove depth, d) 3 A1 fiw 4 mm, 6 mm, Wag 8 mm v3eluzUreINTI@IUAIUANFDAING YD
(d/H = 0.16, 0.24 waz 0.32) Imsﬂfﬁusiu%mma%aﬁ’waaqL‘fJuwé’qqmLLaaawﬁméLﬁaiﬁﬂawu§auLLrﬁLLNuam%’umm%fau

Tuanzrangainusouni

\\\ /7

~ -
ot _

Ve /‘ A Air outlet

Glass cover

4 A 4
Solar radiation

Absorber plate

Alrinlet Typical absorber plate

Insulation (Smooth plate)

AT 1 MENNITTINUTBUATOIGUDINIANAILADITASUUUAUAL (WHURAFUANUTDURITEU)

A5n1599w

YANAABILATBIgUINANG A Tind uansfanindl 2 Uszneudeinas (Blowen) vunm 3 kW 1Hush
Fuindeunisluavesernieiu Orifice meter Avimihiindasinisivaveseinmanoudgamaasy lned
Inclined manometer LHufianuuanssoseufusasiunmsnsmsivavesenia anduoiniaay
Ivawing Settling tank dsiinthiidaszidounisinavesermelidinsinatiutiudosiigauazlvadirgyanaaey
wHuneduAuSeugniilifeuriedamesivihauia 1,000 Jad aﬂé?ﬂ‘ﬁ'é’muumiu@msi?umm%auﬁaa‘haaw’ﬂu
wiaruuaseniing drunaasuiimsiuauiuduanuieustdiiedesiunisgadsanuiousengusseinia
neguen wesluAuUavia T 9w 34 # 1dTagaumgiiniadt meeen uavaumngiiivesunugaduauiou
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lneanouaze1uA191n Data Logger (FLUKE 2680A) AMUAUANATONTENINATMAUINIUUILAEN1908N VD
dwunaaould Digital manometer §u TESTO 350-M/XL \Judinm Arauusiugn (Accuracy) vesia3asilodn
THA19199 99 nenaNT91989 [2,12]

=]

wiugaduanLsewhanerglionsunssdmasuiuifauniia (W) = 200 mm 813 (L) 800 mm
Ansafiduuuvesvioguetniandauasofing Tasviediarwgs (H) = 25 mm urugaduauouiniseizsos
ANNEN 4, 6 way 8 mm lneAndudnsdnnudndeninugaie (d/H) = 0.16, 0.24 uar 0.32 vy a = 45° fiu
frmnanslnavesernia dananslunmil 3 mmeasszimsiIeuiisuiuusugaduaufeuiiGoulieli
winiruuwananauaz e liiuSeuvetnugatuausaukuuzsealug Uiyl nstngnmglvuukugaduain
Youlfiveslududasiin T $1uau 30 ¢ Tnefgndauazsrogiadumie faduns (mm) duandunmd 4

AC power supply Plate heater
Thermocouple set / Absorber plate

—
]
o o
e o

Settling tank

Inclined manometer
N \\
~— [ =— -~ X o — -
Hot airl ] _ 1 ” A
Test Section
Pressure tap [ Pressure tap
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Digital manometer ﬁ— e
Data logger

Inverter

and 2 ﬂ;mmaawiaﬁjummﬂwé’aLmeﬁméLLawé’ﬂmsv‘mm

Typical absorber plate
(Smooth plate)
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NOBNIIAUINYDIUIY

aunsiugIueInIsiva nMsmemaiuiou uasfusznaunnudsaiuressineiluanigluvia a1n
@NA391984 [10,11] anunsadinUssendldiussuuasesgueInianaawasenfinduasuanslansil

aunaruSeusEIAuTeunionnAlasu (0, ) wavniswiaudeunieluie (Q

conv )
OQuir = Qeonv (1)

Sudsvansnsmanusewads (h) menldan
_iC,(T,=T)

AT, ~T,)
wudadanede (Nu) laain
Nu =#D, / k (3)
mslvaveseniauanstumenveavsiluanilnaneluvedurinugudnanslensedmaunsadeuliiu
Re = pVD, / u (4)
frusgneuAddenniu (f) welaann
2 AP
f= 5 (5)
(L /Dh) pU

AUTTOULLTIANUS U (TEF) AMUIBIINLENENT01984 [12] Aauandluaunis
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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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agadtlunisaeuniudeya vilvianunsadanisiudsinadeyavuslvglaegeiiussansam
o Anudangu: annsasesumsinuldvuszuuu iRnisivainvaney uazsesiunisiousis
AU BTN TUAN
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e auuwgede: lasumsitgatudridanuatssuazannsalinuliegieiontnlldem

Tnevhll: anansaannilnaauazldanuy MysQL e [7]

MySQL Architecture with Pluggable Storage Engines

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

T
44438 4
MySQL Server Process(mysqld)

SQL Caches &
Wtk Interface Eare=y Buffers

Interface : : 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]

HUR3ANTIVTNENTNEINA

szuunsINInanInaInifdnsitlulasaeulnsatass 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
93Fe [9] Afimsihlalaseeulnsaiaes ESP32 udenseduiduwes DHT11 Tnsrufiudunn/iendns
wunUszasd (GPIO) wes ESP32 ddlimsiainguugiuazanufunarasdoyaaniuzvasgunsaiuasdoyaanin
omafignsusmetinda ddudafudagutoya MysQL annsadhisssuuiiiaunduiuazaiuauldtiu
Sumesinldesnuuuaiiteldfuanivinuvionsuiiamesaniladlsmlan wazmsraasutoyaanineinie

udumesitnleaedsazain
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wuwosTogunni
o S
fuRNuBY

'B{% || —Q%.f

i 4 wuulnesunsuunuladiensialnIngluresssuy

AN 5 NABISTUUATIIIAANINEINA

N15UsEUANENINVBITINIA

o

A15UsEiUANeNINTINIaRUsNTd N eavasdmsulunsUseliudnen ndiuane AdndIu

'
o

\nTanuaely (Residue to product ratio, RPR) wagedndiulSunadiiaiindeannisidusylovings

nslduselaad (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

Wie CR g UsunauAwianmdens, kg

A g Nunsinedan, rai
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Y A9 USuaueandn, ton/rai

RPR i Ardndumsiindanwmdeld, %

A1 RPR Juagiuuszinnuesdinaluusayivui

M990 1 uansendndiuvesUTinaiayiandonaninuetiig

$78015 NYHA HANAR YA RPR (308az)
(nn./13) Lower value
1 M 599 LNaUY 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)
Wio AR fio Usunadwiamdeainnislauselev, ke
SAF fio SovazvesUTuaTunaivasaInnsiduselovilsingeg

A1 SAF Fuagiuusennuesiiui n13199 2 uansrevazvesUSunadulaimaeainnisly

Uszlewl

AN5199 2 MNSIEAIANAINLSBULAYANSREAaLYBIUSUNUTILIaTIwmARIINNS T US L el

378019 WYHE LAY a0 AIANTOUY SAF
(MJ/kg)

1 M wnau 13.52 0.493
19717 12.33 0.684

2 41ilne AUTIIING 9.83 1
Fag 1w 9.62 0.670

3 ERLPR Adldfuzaag 18.98 1

4 aly AdlsTdle 17.35 1

N15UTEIHUAN ANV UNSI Y mmmﬁaﬁmﬂéfmmumsﬁ 3

72 | 21sa1s5saniswavviugususu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



HI=ARxHV (3)

Wie HI Al ANANSDU, MJ

HV fio A1AUSaUTRITILIA, MJ/kg

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

wazAkUstuNSLUaImULe (Conversion factor) Faanusaculnlaanusafasaunlaanaunisn 4 [11]

EO=HIXCFxT], (@)
o EO fo amdsulniifinaalsainseuy, Mwh/year
HI k) mwé’mumm%uﬁﬁwL%ﬁgj’ﬁw“u, MJ/year
CF e fuuslunsudasmig Wiy IMWh
3600MJ
1, Ao UseanSanmniswantniii, (%)
a15197 3 uanernUszansamniswas i [12]
378013 Nyua Funa Electrical Efficiency (%)
1 M wnau 14.54
W99 0
2 47Lne AU 0
Fagnalng 16.89
3 HEZION Adlffuzaing 11.93
i ale Adlsidly 11.93

nsUsTuANEN NI UNS I UERAENE AN UL TUANTAIN A8 YR SHAVTINIET

'
a1

Usngluusiaziui ArmnudeudiladadinisuusiumudnuaziasUsunauedauatiue
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menadulueme, Aenudiuas, — | AnneingnwLInael wagaﬁlmmqmmﬂmm
. H i} <
finandwy, fewden, (|| doyannnsramuszuy
avfign aedgn

AN 6 NMNSIUNNTYINIUVBILBUNALATUNITUSELIU

Potential energy gasification Potential energy charcoal briquettes

< per . COPSE)

-1 Heating value LPG, HV; (ki/kg)
Price LPG, Pipg (Baht) - ~oprorreoeeeee

EQyr = EQ x COP

CB=CQxB
————————————

CBlkg)

EQour, NOTipe, Pour CB, HVour, Pour

AR 7 WRURINSUSEEIUAN g AN 9 LAURINSUSEEUAN A NNE I IUVDS

nasuveanaluladLiaI Aty wAlUlaga1ueALYIa

Potential energy biochar stove Potential energy biomass power plant

!
H Energy potential calculation, EQUA) }
Cosficint of performance, COPO6) }

iy, Cre. I

]

[}

I

c per . COP%)

Factor, Y, (M)

Price Charcoal, PC(Baht) |-

|
|
|
|
|
|
|
|
|

€Q = AR X COP

77777777777 | Pour=coxpC

R
L = el

EO = (EQuur X CF) / CFiy
Electiaty Output, EOMW)

Price out, Por{Baht)

By B

€Q(kg), HVour, Pour

EQour, EO

AN 8 WHUNINITUSEAUAN SN NNE 91UV AN 10 LAUEAINTSUSEEUANEAINNE I UUD

WAlLlagMLENE1UTINIE walulaglssbuinasnuduna
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AT9N 4 SwazdeaaflUsene nldauniunisAtu

AunALms
walulag vtamalulag YUIA ; ;
Wredn wnau Audnalng Feg1lne N eldiuzaiag weuneldiante
NI ALAT wuuUDowndraft 30 kg 6%
LALHIANUTING - 200 L 31% 36%
159l aiauna WUU Open Top Downdraft 1.2 MW 0 14.54 0 16.89 11.93
AUDALYIY wuusaLu - fuseau 1%
a1519fl 5 Aanudeuvesianausavslailddmiunisiuan
ArrusUVRITINIa (k)/kg)
walulad . .
w1941 wnau fud1alneg F99121ne Leunalduzaiag werensldante
WNIEIUTINE 17,991.20 16,108.40 0 18,995.36 19,012.09 27,324.74
DIUOALS 15,760 17,200 0 19,591.16 31,170.80 23,053.21
M51ai 6 AAwFaufenedy sTaAevady warseauilddmiunsan
fingnediu (LPG) 51081 (Un/kg)
ArauTau (ki/kg) 511 (U/kg) a1u%u9a ATUDALNY
50,220 30.50 15 20
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CR = AxYxRPR
AR = CRxSAF »
HI = ARxHV v
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® Joyan R UsAneN WA
l o doyauinmunandn
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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 ke/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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A15199 1 WeulvniseanuwuulAspsauwanslasIUaeny
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Solar energy
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(Energy for Agriculture)

N15ANEINITHANYNEITINIS AUV UUNANHETURIN LUdRB 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 auzimalulaggnavingsy ININENaETIVALMLHANYT 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)
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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 @193 AN TUNSIIUNALNY INYIFENIUNALNY U INeaenily Weelug 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?2, 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 KSyater 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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Wens19dnANd L*, a%, b* wudnvdudusuwisnddedliviadlndidesivalivtuanlaglvmdunuas dintiosgs
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24 ilwihaed (Sasnslaliih 17.6 kKwh sienda 13 2,535 kwh sel 10,695  umeel
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Development of an Electrical Power Backup Portable Box Prototype

from Solar Power
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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
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ARV UAIILWINAU 420Wh/5h = 84 W LagyInna1san b 99ua9Useansa1nssuu (Loss Factors) $7u673¢

TngUszanudaugadevasiinmuaunisysanidenldvin PWM LinUseann 85 % angliuazgunsalsng q
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TuszuuUszanas 90 % MIuUamdnuueanunpeTUsEaas 90 % LﬁjaaiqﬂiﬂEJi’J@JlJizaVl%ﬂ’lWﬂWUENix“U‘Uﬁ]x
Wiy 0.85x0.90x0.90 Wiy 0.6885 n3owinfuUsEann 68.85 % uslunisidenundlsaniiwadiivanzauiu
spuv Adaliiniifosnis agdauvindu (mdanuiidesunfa/(iaimda x UssAnsamsuszuy) Wiy
(420Wh/(5hx0.6885)) W¥inffu 420W/3.4425 wirfudszanas 122 W dslunisesnuuuszuumsidunsloadivad
yurnegaes 120 W Lileliindsnuiiismesonisufauuamesifunigly 1 Fu fdlunisideazidenann
gUnsniiflegudafiouns 165 W fwazfinuanansalunsmsaiiatu

3. MFDONUUUTFUUFAIUANNIIIFA (Solar Charge Controllen) Ingnszuaiisessy winiu mdsluidin
yoauss (W) / ussiulifiwunines (v) Ssngunsaliifiey undlwansiead 165 W/ 12V [7] windu 13.75 A Gsans
Gorldmugumsriianun 1375 A 3ulu Sdumsideandenangunsaiiifiegfesmunumsyiia 12V / 30 A

a. funszeznanslinuiulvasidonis mnnafiamseldonuld iy wdsnuildauld (wh)
/ Wagiigasnsldan W) Tnefinsananenufivesnsldougunsallwihiidsenthydldondusgtelud

Inanruin 25 W 19y viaealyii #ifin 220 Vac 25W = 210Wh/25W = 8.4 h

Tntanuuna 55 W Lgu Wnauidnuuin 12 19 22 fifh 220 Vac 55W = 210Wh/55W = 3.82 h

Toranaunn 200 W ensldauiifinsseldlvansaniifiugatu = 210Wh/200W = 1.05 h

MnUszInumssraznanslinuiulvasiidesmsfildooniuuszuuliasuléd wmnldfulvan 25 W
agldauliuszanm 8 $lus 24 wnit winldiulnan 55 W agldanulduszann 3 $2lus 49 unit wazmndnisly
silyansangedia 200 W agldaulduszanas 1 92l 3 ndl

5. Awamdsliigsaaiidunesines 1000 VA sos3uld Tne@iduriesines 1000 VA amnsnsesiu

o w

Adaldilauszana 800 W wnfiafl Power Factor (PF) ~ 0.8 §931ndasanianailnresduiiasinesyud

P

denldasfifdslaii Output Power gegail 650 W iiniu Inadadl (PF) = 0.65 Fadudausuanidmdanui

a a ~

¥lse3aiuszansamanniiiosla Tneialufl PF ~ 0.6 - 0.7 Inanldew ey uifouvas u3e weinesluii
wilyai é’aﬁguiuamqqqmﬁszwﬁsaa%’ﬂﬁ%aammumm’f@aﬂamqmﬂﬁﬂsuaqﬁuma%maﬁqwhﬁ’u 650 W Ui
199970 wumme’ 12 V 35 Ah ldanansadewdsnulninlilvan 650 W ldum mnfinsisinand 650 W 919
yiliuunmeIuualdnigly 19 wifl wieresndn vieenadwmavihliiszuuasldidesannslusunsulialide
ssvumnussiuliinAuusmeIaingt 10 V IagRiansandiuauain 210Wh/650W iy 0.32 h Uszuna 19
Wil Mnmsseniuuszuuhlimsudesiuléd ssuuileenuuuaridesidnlutosmesivaniiiuldauemseg
Turag 100W - 200w wi3elaimaiiu 200 W iielfszzmslduldundumudes frveuunnes
6. AMINUTEANEA LA ANTIIUEVRITEUY Inefiansanlvseuulinisgadendsuainuanelade
Wi Mndeyaniamaiinseyinduiesinesiivssdnsamunnd 85 % fruaun1sysativseansamyssunu
85 % wazuunmeidinsgayidendanussninamsuianazaedsey tnslunisidoazidenfiansanauyaly
UsAn3nImeiuvesssuumieyseaia 68.85 % waui ldeuldass (Effective Usable Energy) 1infiu
825Whx0.6885 w1ty 568.01 Wh n3eUszanas 568 Wh agldirszuuiioonuuulfanunsandandsenldinle
825 Wh siafu usidlesunmsgapdend enaldaulsassdumeajofimesussana 500-568 Wh setu n3etes
niifu nefidedriavesszuuiioanuuulife uummeiidenldfivunag 35 Ah Srdsmarhlinsldnu
gunsaimdguaslinuldifisssseznady fdldnanliluduneunsesnuuudef 1-5 mndosmatamiiiels
ansoaldnulfifussaznanuiu msdivauquuanedligadu o1fidu 12 V 100 Ah wagmsiinisdita
Tvanldaniloglutag 100w - 300w tielviannsaldauldesnsiiussansamlaglivilivunnoivuniuiuly
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Tunaun1seanuuULazinnsgUnsalnelundasdrsaanasulnia

v
Y

myideldsenuuunazindsgunsainielunassdisemdsnulih wiadu 3 dwdsenau wansdann
#i 3 Usznousie (1) dawvesmsUszaliiindindosdisesli fefldauannsaidentszqldiled 2 suuuu
auaNvnzay ddunsuszliinliuindesannsadonyseglwihldseundlsariivad Tnsanunsalsea
Tl Ausadulndi vde 14-40 V ’ugasie MC4 Aisumiis Connectors w3aldonuszqliiindisindealseq
i1 220 Vac Huga Terminal Connectors (2) @aumsnauaun1913a (Control Charger) Tngdauiildvhnis
sonuuulitivesiodmiusesiunislinulsznouse Yoo USB 5V / 2.1 A $1uau 2 Tesie uasifiuifutes
#e Socket DC 12 V 412w 1 vasde fanndt 2 dmunislinugunsallaiinviidesnisvesde Socket DC 12 V
[4] MseuANMThUTeNt 3 Yeste senuutlldiewing DC 11n Control Charger AuAY Relay daflaind
DC 12 V dwfumuaunsidin-a nsvienu danlidssindudae Wnssudlwihanuumneilaenss aild
Wsduilddmiunsaaniugnmsvhaulunms Winsuanmaussiuliin suginudnde (3) dauves
guUnInluUaIiundsau (Inverter) sanwuulvidyndmsuneldauluiinssuaadu 220 Vac / 50 Hz 91u3u 2 qa
sio anusadeluiinliedodsinihnssuaaduldvatonin Afidaidsliihvesnangsga 200 W el dRnads
fhddmsutlestunsdanns wieusunmsiindauesa Pzem-016 Pzem-022 uay Pzem-017 duun1snsain
Armslalfiazdardsinamsliiih finsedealdvadulddunanresy Blynk uay Google Sheet feiunay

seluid

= ' ° 1Y) v 1Y &
AINN 2 ﬂammiad‘waNWIWWWLL‘U‘UWﬂWWIImEJEJﬂLL'U'ULLaSW(Eum‘ZJu

Socket DC12V USB 1 USB 2

PZEM-022
Plug 1 — Control Charger

Inverter 1000W

PZEM-016

Cf

N

' Volt Meter
Battery 12V

connectors 402

Terminal Connectors

Ad 3 29astrihdmsuindannelunaesdrseandanulalin
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¥
o a

TunousanuuuBaawaznisTusunsIUain PZEM-016

A1508NRUUARALazN1sIUTUNTIUDSA PZEM-016 Usynaudaeiu 3 dau sail (1) ieusevildeu
D1,02,06,D7 ¥83 NodeMCU ihfiutnueduesn RS485 1n3udnyanmvesuasn RS485 Wouselusundsdayayio
289UDTA Pzem-016 §ilnsiadansfaudasnszualuiin (CT) dren1sadesanslnann nverter 1352udae
2vaslithdmiuiaediunsiatn PZEM-016 wanslddannit 4n) (2) vinsinga Board ESP8266 wa Library
Blynk aslulusunsu Arduino IDE iiarviun Board wag Library Tun1stusunsy wandldsanini a@) (3) n1s
Tsunsududemstmunneazidondii 4 uein Usgnoude nmsfvuaudyaadunavesuedautas
Fuey1as RSA85 N15YM9ILT8I5¥ UL Google Sheet U Blynk TnaruuslweuauSunamslnihdildvesuedn
PZEM-016 Usznaudie auwsadului anszualiih erddslnd amdsoulni danud wagedusenau

o w

Adalalin wandldwanind 5(n) — 5al)

cT

PZEM-016

~tto¥

Inverter

— e
) fine9 Board ESP8266 way

» NodeMCU L|brary Blynk

Battery

f) 1995RARs PZEM-016 32U NodeMCU

A9 4 leazwnsudnsuRnAIdIUnI9In PZEM-016

) Mt iasdeu Q) fvuaTe Widfi, s9an 1y, wazld

swazidunsng o Tivesa Uoyauas Google sheet Google sheet
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NGineino  Done.txt

24
95
96
97

99
100
101
102
103
108
108
106
107
108
109
110
1
12
113
14
1s
116
17
118
119
120
121

122

}

}

Serial.print("Response. .

Serdal.printin("0K 111°);

void setup()

{

startMillis =

ser in(s6ee);

DebugOutput (true);

begin(9600);

8lynk.begin(auth, ssid, pass,”blynk.cloud", 80);

Rode(WIFI_STA);
(s3id, pass);

i Connecting to WiFi");
1= WL_CONNECTED) {

pool.ntp.org”, "time.nist.gov");
n("\nLoading time");
11ptr)) {

delay(1000);
}

9) MYUAMUBSATRNRBAIUSEUU

W@Snaes Blynk

Of6ineino  Donaxt

186
187
188
189
19
131
192

currentMillisReadData = mil

artiil >= peri

if (currentMillisRead

(vo, PzEMVoltage);
(V1,PZEMCurrent);
(V2,PZEMPONEr) ;

(v3,PzEnEnergy);
(v4, PZENPF) ;

ime_ns - time_sheet_update_buf;
_01f >= UPDATE_INTERVAL_MS )

void preTransmission()

°

%) AMUUANITAIAIAIUNNTE

£ 1

U9YANU Google sheet

M6lineino  Done.txt

12¢
125
126
127
128
129
130

Serial.println("");

igitallirite(MAXASS_DE, 0);
n(preTransmission);

on(postTransmission);
ox61

startiillisReadData = millis();

configTine(tinezone, dst, "pool.ntp.org”, "time.nist.gov");

e(nullptr);
localtine (now);

tine_t now
struct ta* p_tn =

delay(1000);

Blynk.run();

3) NUUANIS Reset energy

016ine.no

155
155
157
158
159
168
161
162
163
164
165
166
167
168
169
170
7
172
a7
174
178
178
o
178
7
180
181
182
18
184
188

Dona.ba

currentMillisPZEM = millis()

{

}

(CurrentMillisPZEN - startMillisPZEM »= periodPZEM)

uints_t
rasult =

readInputheg
node. kusBS

r3(exee00, 9);
)

i (result
{
uine32_t tampdoubla = 0x00000000;
PZEMVOLtage = node. getRespanseBuffer (x0000) / 10.0;

tempdouble = (node.getResponseBuffer(8xe092) c¢ 16) + r
PZEMCurrent = tempdouble / 1009.00;

tempdouble = (node.getResponseBuffer(2x0084) << 16) + ¢
PZEMPower = tempdouble / 10.9;

tempdouble = (node.getResponsesuffer(x0086) << 16) + ¢
PIEMEnergy = tempdouble;

r(6x0087) / 10.8;
r(exeees) / 10e.00;

PZEMHZ = node.getResponseBus
PZEMPF = node.getResponseBuf:
if (premslaveaddras2)

StartMillisPZEM = currentMillisPZENn ;

Q) MNUANISINUYBIUDIA

PZEM-016

016iineino  Dane.txt

218
219

ite(WAXSSS_RE, 1);
ite(MAXSSS_OE, 1);

}

0id postTransmission()

U16CRC, slaveaddr);
te(ul6CRC, resetCommand);

te(ul6CRC));
£ghByte(u16CRC));

%) MIUANTNT

1azN199119UVDY Blynk

016iine.no

218
219

Done.txt

delay(100);

void resetnergy(uints_t slaveaddr)

P 54
delay(100);

pile (chat.available())

{
}

=atuines ¢ uintd + Newslaveaddr)

1) AMNUANTNT

WAYNISVNIUYY PZEM-016

AW 5 NsTusunsuUeia PZEM-016

JUABUNNTOBNUUUEIULEARAINAYBS PZEM-016 vwiulad Blynk

Andun1sad1e Template Tvd wagimundevesusin PZEM-016 tiauansainslniiuulnanieosuy

Blynk wansléimaninii 6(n) - 6(a)

Templates

"

23
a_u
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n) @519 Template
Va3 PZEM-016

FOR COMMUNITY (J-REC)

Id Name

1 Vaoltage

z Current

3 PF

4 Frequency

Alias

Voltage

Current

PF

Frequency

Color Pin
. Vo
. V1
- W

V5

) AMNRUANISYINIU Datastreams 284 V| PF.

gl Blynk uandea



Web Dashboard  Automat ent Aobile Dashbaa

id Name Alias Color Pin ’ o
Frequency Frequency VH _ © P P
GraphPower GraphPower . vz e Qi
3 GraphEnergy GraphEnergy . V3
7 Reset Reset . Ve
A) AMUUANITYIN9IU Datastreams U84 Hz, 4) 80AKUU Web Dashboard
uazns vl Aagler Blynk uaniwa
My Devices - Dashboard  Timeline Devicelnfo  Metadata  Actions Log
2 Devices we - [ e 108 ek | 1vontn @) aviortns @) s ores (@) Pe
Name * Auth Token Device Owner Action ) ) 10 50 : a
PZEMO16 9BXM 12ILhg.. iLcom P P
3) @519 Device vavgUnsal 2) NTNIOLANINA
M v < I3
flgonuiuulu Template vuiules Blynk
pzemote pzEmorr 222
& “’ oFF ) #
r/ \
ofes # oonne \ OFF )

) wounaiatiu Blynk Tu

o

nsnniiede

%) DBNLUUNTNIDLEAAINALDY

walatu Blynk Tulnséwviilefia

al) NTNIDLANINAULLIUNR AT

= 4

Blynk Tulnsénvidlete

AWA 6 TURBUNITEDNLUUNTNIDUERINAYRY PZEM-016 vuiuled Blynk

vunaun1saiewuutuiindayanisldanuvas PZEM-016 uu Google Sheet

Aliungasng Template Tul Lagivuntiouesuesn PZEM-016 iisiansamisininuuunanvosy

Google Sheet wanalddsnindi 7(n) - 7(a)

+

;0
e '_ —— —
n) MsassaUsndalnuuu Google sheet
¥ Appsscript  PZEM-016 [ |
®

A) N3 lsulAn App script

PZEM-016 1

s e g wnsn

U 5@ T w0 -

]

DaleBTome  Voltago
3202023, 1M o [

2082023, 11:44 0 o 0 0
5 42003, 1325 2224 005 28 1
o 42003, 14581 2235 00 22 146
" 482023, 1508 w2 [ as 153
5420, 1518 =1 ou o2 158

) WUsunsun1s@eulanlilu Google sheet

oW Appsscript  PZEM-016

1) M3t laaldlglunsveasy
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PZEM-016 +# & &

WA wilu g woen guuwu daya wlaefin duvee  Anuumda
Q & ¢ & F 100% ~ B % 0 00 123 Fytud. v = 10|+
P14 -
A B c o E ¥
Date&Tima Violtage Current Power Energy
| 200872023, 11:34 0 ) ) o
420082023, 1144 0 o 0 0
5 |4/92023, 13:25: 2224 0.05 28 141
4Mr2023, 14:58:! 2235 0.04 22 148
41902023, 15:08: 2222 ) 08 153
4102023, 15:18: 2 0.44 96.2 159
° % o o= Y < vL '3
a) mathmsvegeululdnu ) mstuiindeyauuiules

LazloUnaLATY Google sheet

A 7 nsaswuutuiindeyanisldnuves PZEM-016 U Google Sheet
JUNBUNITANAIVDIA PZEM-016 LaZAISNAFBUNITNINIUYBIVDSA PZEM-016 wag PZEM-022
ANRUNTAARINS BUNAFBUNSVNUS WA UVBIUBSA PZEM-016 way PZEM-022 Aaundu lunsinway

wansavalii uansldaanind 8(n) - 8()

M) NAADUNITVINUYOIUDIA

n) Ancsuesn PZEM-016 ) Annsnaesgunsallithaly

Lilunaesgunsal AU PZEM-016 uay PZEM-022
G X ) PZEMO16 onine @ED il 46 €8 < & B
. Dashboard  Timeline P PZEMO16 e% ke = = = = =
1 Date&Time Voltage Current Power Ene
B — z 21812023, 15:15 T 0.41 = 4
\ 3 21/8/2023, 1516 218.1 0.15 20 4
222 ¢ 2 4 2182023, 15:17 2222 0.42 872 6
R 5 21812023, 15:18 222 0 09 6
Frequency Power 6 21/8r2023, 15:18 2221 0 11 6
= 50 ( oFr 0 7 21812023, 15:20 2221 0.02 11 6
" =Y & 2382023, 14:03 2221 0 1 6
5 23/8/2023, 14:04 2223 [) 11 6
1) nihssuanwwavuiuled uazuoUndiadu ) MNIDUARINAUULIUNALATY
o A I a s
LUDLYDUADDULVIDILUA Google sheet

AN 8 NMSNAFBUTLUUNITYINUTINAUVDIUBIA PZEM-016 way PZEM-022

JUNBUNITBBNUUAANIKATNISIUSHATUUDSA PZEM-017

andunsadng Template Tual wagimundovesuosn PZEM-017 uuunanwasu Blynk wanslananimn
1 9(n) - 9(v)
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n) lnezunsudmsuinga

PZEM-017

BOARDS MANAGER

esp8266

| g Type: Al v

esp8266 by ESP8266
Community

3.1.2 Instalied

Boards |

Generic

Agrumin
More info
312 ~ REMOVE

LIBRARY MANAGER

blynk
Type Al
Topic:  All

Blynk by Volodymy
Shymanskyy

1.2.0 installed
Bulld a smartphone :
your project in minut

app for
It

iFi, Ethernet, Cellu

) finA Board ESP8266 Wag Library Blynk

29 9 TuURBUNITERNLULARAILALNSIUSUASIUBSA PZEM-017

JUABUNITOBNULUUNTINABUERINATBY PZEM-017 vuiiulad Blynk

andunsadng Template Toal wagmuunBiovesuesn PZEM-017 uuiwanwasu Line LandlanenIng

10(n) - 10()

Templates
Q 2 '@& 2
o— o=

n) @319 Template Tol
Y83 PZEM-017

Home  Datastreams  Web Dashboard  Automations — Metadata  Events

- o vex wew@  en @

Battery DC Graph Battery DC (v0)

\ 2.00

A) PBNLUUMLN Web dashboard
PZEMO17 offine =
-OAaa'-c B '
Metadata Actions Log

Dashboard Device Info

[ [ S T -

Graph Battery DC

Timeline

Battery DC

No Data

2) nrhasuansmavuiuled Blynk

_ Home

Mobile Dashboard

Id Name

1 Veltage

Datastreams

Web Dashboard ~ Automations  Metadata  Events
Alias Color Pin
Voltage Vo

) AMNUANISYINGIU Datastreams

My Devices

2 Devices s

ustom (@)

gl Blynk uansua

Name *  Auth Token Device Owner
PZEMO16 9BXM-mligBEwWFSISRKEMp1ziLhqx... Wweeratab@gmail.com
% . cal v
1) @514 Device vosgunsnifllseanuiuulu Template
fe O sy« § =
PZEMO16 PZEMO17
ws @ 1
23 23
o -
¥ Offline ¥ Offline

2) ueUnaatu Blynk Tulnsinyidietie
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_ : . —

Battery D

000

Graph Battery DC
aaTTERY 0C

e ol u = PP O
%) pONUUUNTNIBLARINALBUNAIATY Blynk ) MiNvPLanINaUULIUNAATY Blynk
Tulnsdwndete Tulnsdwiidletio

Al 10 SumeumseenLUUNTeLansHaTes PZEM-017 uwiules Blynk
FuneunsaRsEUUNSE AieunsIdu PZEM-017 uu Line
Fupeud 1 9t 11(n) ¥nsdenduinszuu Line wiawdhldau Line Notify funouii 2 annam
7l 11(0) devhmsdenduingsruuiaiadeviosuds nimndulinaiideluslndvesiaesiuuunie udang
Adanudiuusn “wivesdu” duneudl 3 9na it 11(A) nivoszuanwalnl mnulinaddn “oon

[

Token” Llafiazasadoyasng q lunisdsmaudafeudusudiann duneud 4 namil 11(0) fvuade
Token Mfsa%aﬁﬁlﬂﬁiﬂummam%u“aLamLLf’{fﬂLaau wavanusadentosmiiionsidenlidinisudaiioulusios
aunuilathe Tnsanunsadenldunnnit 1 Wesaunuimunisldau udeindunauavdiden “een Token”
Suneud 5 :nnnit 11@) Wenneen Token azld Token fdnwsauns Mntulinauauaidedudrosionin
“gnaon” wazthlUldllulAelUsuASH Arduino IDE waznaLaudimdueiiorin “Ua” duneud 6 9nawdi
11(®) ¥1n13n5298euU Token Tiad1dlidsasiifo Token favuanaiausaiou wastosaunuiiazlvdnisuds

& = o a = P VY oYy % y = a °
LEIDU %Qm%ﬁqﬂqiﬂﬂ@EJﬂLaﬂﬂ']iL‘U@lm@vLﬂ mimlﬁimwmaiuﬂimmLaﬂmim\‘nu

AHCR A % e

: P 2 0e ewE apocan =

- PP 00 e

LINE LINE Notify

Connect LINE with Everything

v) M3dendudgszuuiasedu

aan Access Token (fu5urWeIul)

sinmuiadoulatanlidasaomatuuduuaiia

.. [p—

LINE Notify API Document

A) N15@319 Access token 9) AMYUATYD Token LALTBIAUNUN
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c PR A0 B S (g6 C@O = ot - @£ 00 swm

LINE Notify xasoere -

winshiilausia

Token fioan

fLbOViMsCdzi TKSIUXZ8KABAUUdIETLAWZAaN

From euumaetin OC
waind s Tuuans Toben o Tndn To navsdvsasrlihmu N
aan

aan Access Token (@ mfurWaiun)

Q) Token fi9en Q) M519daU Token 718519
AN 11 TURDUNNTAS9SLUUNTHIAABUNNTLGU PZEM-017 U Line

Sumsunisinasuasn PZEM-017 1lundasuaznismagaussuunsinaIuueasuasn PZEM-017

nnnil 12(0) tuesa PZEM-017 Andalilundesgunaal uagviniseenuuumsiduanglni-lundos
Tauussdoudsuios annmil 12() hmshndaindesgunsallimelundestiunu uasfinnlfldndos
ileanmaiadeuiivarldau :namil 12(a) imsgngliih 12 vde mnuuaweTidhszuunieuiuliues wi-Fi

Hotspot a1nInsAnyidede W eliuosn NodeMCU Sudeyayrad Wi-Fi Hotspot a1nn 191 12(4) L aUa5n

NodeMCU @aunaduwmasiinwdrvuiuled wnanwasuszuansaniuzosulall drunsmazuananaimudsnies
n3ounanIAwssnuliivewuamasnlnglusyuy

U

D Y S

PZEMO17

rhuumma‘s"lﬁdl’)c:
< , s | ugaRuLLMADS : 1254 V

4
Graph Battery DC

duumnad In DC:
uSIAUUUMADS : 12.55 V

c e et
EEFEF

n) fndauadn A) NNDUARIHE  9) UDIFBLERINAUULNARN DN Line
PZEM-017 Wenlundesdses  uu duleduay
Lilundesgunsal wasuludh uwansledy e
Fouse
dumesiiia

AN 12 TURBUNISAAAIUDSA PZEM-017 LagN1SNAaauNISyinaIuYaduasn PZEM-017

vunaun1suszanasulnilviiundasdrsasndsnuluia
3n01i 13 nsUsgandsnuliidguunnesmeunddearsivas vilalaenisaounslearsiwadidn
flugAY3$a Connectors vadnaasdsaemasulni uazamnsaussandsnulniindiguunneslanieniog

Uszqlnil 220 1aad lnevinisdeAuynsa Battery Charger L917UAY15Y Terminal Y04Na0IA1TBING 1Y
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