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fmuALUIIUTUUTE 4 1u Usznaudae (1) Uiuifisgamgiidnifuann 10 °C i 14 °C Waonadasiunissan
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Abstract

This research aims to analyze the causes of energy waste in a refrigeration system (chiller) used in
the metal can coating production process at a packaging manufacturing company. The chiller system was
identified as the highest energy—consuming system in the production process, with an average electricity
consumption of 16,042 kWh per month. The study identified two primary causes of energy waste: operating
the system in standby mode and setting the chilled water temperature below the requirement, resulting in
excessive energy consumption (over-supply). Based on these findings, four improvement measures were
implemented: (1) increasing the chilled water temperature from 10 °C to 14 °C to better match the actual

cooling load, (2) reducing the number of operating compressors from three units to two units, (3) establishing
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standard operating procedures (SOP), work instructions (WI), and user training programs, and (4) installing an
Internet of Things (IoT) system to measure and monitor energy consumption in real time. The
implementation results during January-March 2026 showed that the average electricity consumption
decreased to 12,085 kWh per month, representing a reduction of 24.6%, without affecting the quality of
the coating product. This resulted in an estimated annual energy cost saving of approximately 227,923 THB.

In addition, employees became more involved in promoting efficient energy use practices.

Keywords: Lean, Chiller, Energy Waste, Internet of Things (loT)
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2. JUUUUN5IRY
nMsfnuiidunuidadassgnadildiuunfnuuuiu (Lean) uinmgimanvsuastiymeanugaya
mandanu neussendldnisgadendn 16 Usenis (16 Big losses) N15tAs1eisindayyiaiuvean 4MIE uagns
ATIRUUY Why-Why Analysis wonanideldimannis CAP-Do s?jdLﬂULLNUL%Gﬂaq%éLﬁ@ﬁiﬁﬂﬁ@ULLa%LLm%
Yyn191nn15 959980U (Check), MUMI/wily (Act), 113N (Plan), UJUR (Do) $auiussuunsiainniamaeu
loT wuuidsalnal dafl 6 wuaURMERLAUA (1) e (Eiminate) (2) n1518%7 (Reuse) (3) MatUAbuuUaq
(Change) (4) nsgauuay (Repair) (5) N15aAn15199U (Reduce) (6) n1sngaldau (Stop) Fanudranunsaudla
Tymanugayiamendsnulaegnadseangam [2]
2.1 nansuaruisefiiendos
sudunfedilsuszgndldtuograunivaraidosnidunmsianisnssuunsiiedfisdaauansoly
nsudstulsiunesdnsiyatiunisidnanugayan (Waste) wazannsatunuszgndliiiioanaugaiandiu
wasnulunszuiumands Jshelmfanisldndnuegrununzauwazandununisndnanasld [3] n1sanaugy
Wammdsalaglimquinsgydendn 16 Uszns mliamdanudimzdeniiensndn (SEC) veaniesing
Electrolytic De flash and Water jet anasinde 0.66 KWh/EU [4] mi’?miwﬁmLwﬁlmquyl,ﬂdmwwﬁ'dmu
a3 AATIEsiIMEn AM1E WleUSuuzensieaasaannslindsnuvemeinesiuseldfisienas 40 5]
wena Nt Seaunsald Why-Why Anlysis iloTinszsinnugiUalunszuIuMILUNIIY WazoBnLUULAS B WL
neldnuldivinyeay FeEunsoaninainemu ansiuauniiney uaEaNAUYUNIINENLA 7,890 UW/ihau [6] N3
14 Why-Why Anlysis Aumanuiinuniiveassewundwuddaunsatilduiledgmuazananudulaemis
wdsulidh (SEEC) 16ds 2 kwh/u [7) daumsuudsstunsumsianuiiioanaugaamendsnuanusoi
wWIRAWUUAUNUSTENALY LU miammmg_jﬁgLﬂé’mwawé’amuﬁlum%ﬁm (CNO) éf’gsm’m’mLquwqmﬂ%ﬁﬂﬂu
Fraaniiliilivan uazerasanuiiseuniesinsssrinssetunuansaUssndandsenldfdesay 53 (8] uay
§aanuTONANNAIUNNTTAN TN INUAUN T LURIENe513AA (Value Stream Mapping) IngBandnnisnisuan
WU (Lean manufacturing) tiieanndsnulunszuiunisudslaiosas 50 [9] egnslsfnu msananugayiva
Mandsnunsinisnsaaevetisedos lnsaunsaiiedetodumes dwiunsinasunsldndunuaiodns
Tugnamnsauruszuy loT e lansndifaiuweundindunasnsaamuiionisiansmdsnuiaiasdnsuuy
Balnilasgneminiwaziiussansam [10]
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192,504 kWh/U Anidusesas 7.6 vesnisldndanuluivimuadedieuiuuiunamslaniilsiu we. 2567 d
wandlugun 2 mnnsiaamdnunuineiehanuduldwadlninedemiidu 53.47 kw uazldndsau 16,042

kWh/ihau

LPG.
Consumption
87,990 Kwh.

| 0.7% ‘ 0.2% | 21% [ 23% | os% | 120%
Reactor 2201 Let down 1101 Reactor 1101 Cooling pump C Chiller pump 1 Chiller pump 2
1,560 Kwh. 354 Kwh. 4,455 Kwh. 9,150 Kwh. 1,707 Kwh. 2,475 Kwh.

[ 23% [ 0.6%

Mixing 1301 Reactor 1201 Let down 2202 Chiller pump 3 Cooling tower Chiller

4,914 Kwh. 1,302 Kwh. 4,950 Kwh. 2,493 Kwh. 1,221 Kwh. 16,042Kwh.
L6% | 3% | sa% 0.3%

emeiny <fH Reactor 4701 Mixing 4301 Boiler 1 Boiler 2 Boiler 3

SB[y 6,750 Kwh. 12,189 Kwh. 696 Kwh. 833 Kwh. 2,361 Kwh.
4.4% 1%
| 2.4% | 3.7% ‘ 1.2% 0.2%
Waste Waste
i i Scrubberl Gas oven
Cooling pump B A HEEEEr T QC{;() Ki;h Scrubber? 495 Kwh
9,219 Kwh. compressor 2,550 Kwh. ’ . 2,151 Kwh. -
7,872 Kwh.
1.4% 4.2% 0.7%
Busket 02 Office Other
4,110 Kwh. 8,964 Kwh. 2,490 Kwh.
58%
Electric
Consumption
100% 123,857 Kwh.
25.8% 10.6% 45% 1%
’ @
42% Boiler 2 Boiler 1 Boiler 3 Gas oven
54,456.32 Kwh. 22,390.69 Kwh. 9,506.15 Kwh. 1,636.54 Kwh.
<

3UN 2 unudansiviavesndanu (Energy flow Diagram)

2.4 MIAATIERNMRALGYLUaN 1N

sruuiad oshmswesuivnnsddnwildueinmunuuuvlalasiusisawes 4sdsnnsvinauves
poumsawDsnupamgiiuiuRinndmeinnes ilelWaenadosfunissivanaubureinssuiuniawdn a1n
nsnsIeianuin Aeuwmsawesyadl 1 dnilvgeglulvuninIoamien (Standby) vaiziinesmsawesynd 2 uay 3
vhawlulvuslyangs (Full Load) uazluansi (Part Load) mudisy usineumsatseslulnuasSeuniouaslsinga
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5 nudranunsaannsEndnwAsaihauEuan 16,042 KWh/ileu wide 12,085 kWh/ifeu wisanasiosas

24.6 Anudumlihflanaavinfu 18,993.6 U Aieu e 227,923 Un/d InglinsenusonunmaIsAGoUIINeN

nsnreaeulinanieansindeviiauaitliazive (Total Non-Volatile: %TNV) 3als 60.4% Tagenunnsgu

WU 58-62% wardaunsnanduyunisnaaniamdanuliildsovay 2.96 dlaisutuanluig we. 2567
st 0

weanNNIdelidnviunsgiunssunsgumgil (SOP) TautsgilomsldinuuagmaianuaseInuReszuIeAIy

Y

=

Youvoarsasviarndu (W) wagliuduusdseiuunsszuisnidounannsuiuss nuhmanansiedsansinu
unsszUIATAfauaIn 2.7 wns/Aud studu 3.3 wes/Aud mnmsiesesidulssAndaussous (Coefficient
of Performance: COP) ia3asvarnduannifuneud vy 4.15 Wleuduugsnsldnuaiesinaniuniy
wmaigAdeliinaus nuindr COP Wiy 5.4 anmsaeunuruAniuresu TR uHUNLTIT LAY
wuin fenuflenelauasfusefuuumainisuiudsaiieanmslindssmilussuuiaiesianubu Tneiuindu

WnsNsNaunsauURlaasaaslidmansenusienun MUsNEn AuTILaNTEUIUNITNER

Power Monitoring

Device Name: | 36 45.36 57.96 | 21270 | 0621
Chiller €U-1902 | Active Power (KW) | Reactive Power (Kvar) | Apparent Power (KVA) | Active Energy (KWh) | Power Factor
- o
Lastenous @ o “ Power Values:
Active Energy (Kwh)
ive Energy (Cuh) RS Voltage A-T Voltage S-T Voltage
2200 JR— - 398.1V 3978V 398.5V
— R-N Voltage $-N Voltage T-N Voltage
12 1 1 15 % it M
[— 2295V 2303V 229.9V
Time.
L1 Current L2 Current L3 Current
Time: 01011970 070000 [ ActiveEnergy: -- 81 6 A 86 4 A 85 2 A
Lastghous = (D 14 b w

Electrical Power

) 1 ) L | .
o AU AUMARUAAL R G AP R AU AR AU

UM 201 20/01 002 06/02  10/02 1402 1E02 2202 26/02 00T OG03  V0/03 702636 46 D023 2% 19938 W82 8 85
2026 g
Time L 2 3 20200220 69 308 WA 82 88

0113 71266 200 201 200 99 39 10 02 06 85
Time: 23/02/2026 124718 [ ActivePower: 37.2 B

230 231 30 399 390 3 82 86 &5

3UT 5 nislindanuedehanuiu Weannoumsawesivie 2 YanuwHLY
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nMsfnwiliingusrasdifiolinsesiannmoseugaldamadsnulussuuedssianubuiildly
nszvuMIHAnansindeunelunszlesiialavzvesuivnnsdlinu TnsUszundliunAnuuuan (Lean) sy
ArmgaulauasimuauumsUiuUgnslindanuliivssavsamanntu anmslesgideyanslindany
wazmsUfiRauvesmiingy wuhawmrdnuesenugyidmamdinuinnnnisiegungiieieshmiuu
Andnsldanais maveuesgiuazgenisujsanunsldieiesinnubuiididaiuanudeanisves
NIEUUNTNAR Tuieanmgunsalsruiseadeuilidonanin dwalviszuuianadulindsnumnifuam
$1u uwmensuSudsaldduiunsmuvdnnisdulasiuams CAP-Do TasmsindnAanssuitlinelvifnyasn
wazUSuuginsidndsnulidenaqesiunsinuesssuy lngnislianuimunisidndsnuinninmuy n1sdnih
umsprusazgiienislisueseninimidy msandiuiunmsldauneunsages 91n 3 g e 2 ¥a uazNg
USuussanmaiuszuIsmLFeureaaianintanuiy samseudunisnuiianansnannislindsnuvesszuy
iwesvhanuduadlsl 47,484 kwh/D dwalsidunusundsnulaesmanasssunn 227,923 vm/A Taglsinseny
foRmAMENTATDU Teapnndesunuideves M. Abdul Aziz [7] wag Jia [8] uenaniidadisannisuaosfing

Asusulaoanlenannislandenulninlaussanm 28.42 diu COo/A (B9dsanadadanisuaseiigisounssani
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Uszanay 0.5986 kgCO2/kWh [11]) Asliumsuszgndlduwifndulunisdnnisnasnuanunsaiiuyseangamnisly
WA AAFUNUNMINER waranHansEnUdedwIndeuldegeliusyAnina uenantl nsfndsszuuinniunisly

waukuusEalngd (o) Sseliujiinuaunsansisgeusasaiununisidndsnulaegedeiios lnegns

Aasgvinwiliunisldndanuainnsmasianitavresssuy loT wanwraluzun 6

Lagt 8 hours ~ w @ 4 k| f:J
Electrical Power

o AR AMAAA '"}'ﬁﬂf‘iij"'i.nﬁ”" ]‘i'r'*if"i*j"\*ﬁ"""'}l' AUAAA AR s IgTaalary
IO IS0 201 002 0602 10/02 1402 1802 IN0Z  26/02 003 0603 10/03

2026
Time

Time: 23,/02/2026 124718 [ ActivePower: 372

JUN 6 nsmluwnliunisldndanuvasaiasihanudu

Pnnswinuieiddliiiadsanacan 53.47 kW wmdewies 37.2 kW uaziilothunfintanamnsaia
wuhAndssvnassIuvestdsihldannszuu whi 7.47 Gennaniesunnidleisufuaidslidiiage
voundositmuiu lnsanunainindsusmainnisinawesgunsallussuu loT wirdudesas 0.75 a1nnadwsi
Ifmunanusadaaiumstduimeminnulunsdanismdan waratvayunsiaunnislinduuegts

gafulunmgnamnysy
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Usuusssruumuaulidusnlui® Wdinnsiadsssuuisueesuasmealulad IloT (ndustrial Internet of
Things) ilensiaapunszMsifnukazanugnsvhnuveaniesdnslunszuumsndaiuuisoalsl Tnsirdoya
Fananluidentuszuuliiiniseuauuuudilui® msadunisiinuveseeimsawes (Compressor Sequencing
Control) uazn13Usussgaungiiad osviauifu auanmuindeniuasuuvasnungnia welivzause
nszvrumandauariinaniuauldedauiug Taglifiennisuiudss vukuuiauuannduiofaufieg
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