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Abstract

This thesis proposes high-performance energy management in the REAL
laboratory to reduce energy consumption of the air conditioners. Since air conditioners
use most energy compared to other household electrical appliances. Therefore,
reducing the energy consumption of air conditioners is the main interest. Initially, the
energy of all air conditioners in the laboratory will be measured and monitored, then
determine how to reduce the energy consumption of air conditioners by focusing on the
easiest and everyone can do. Firstly, the rooms are divided and blocked to reduce the
workload of air conditioning and water injection at the heating coil of the air conditioner
to help cool the hot coil. According to the results of the experiment, it is found that the
room blocking method to reduce the workload of air conditioners could reduce
electricity cost by 30.4 baht per day or equivalent to 11,096 baht per year. In terms of
water injection at the hot coil to help cool the heat can save up to 22.24 baht per day
or equal to 8,117.6 baht per year. The temperature of the coil is also still low which will

help the air conditioner to work more efficiently.
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ABULWIALEDT (Compressor) L‘LJ‘LJ’Q‘Uﬂim‘lﬂlﬁ’]ﬂﬂJVIﬁﬂ‘U@GiuUUﬂ’l'iﬂ”IF]’J”IﬂJLElu i
wuWqummmwaam'smﬂ’a’nmawaa'luamu mfa Tﬂaﬂamwafamawmﬂm‘immmwu
anuzfigauius LLa“EquMmJGlNLﬂi@d'iuL‘VTEJ A maiedndu (Suction Line) 141y
84 NMINRVIRBNINSALYDS LLavammwu’twummmuLLauamw.ﬂwawu dudrludipeunuires
T miavioussq Lwaa&“l,ﬂﬂaumLﬂuﬂuaamaﬂuﬂauLmuma‘amamﬁvmamvmauaan
mnaﬁmmmuaﬂwm aiulemoumsaesiugunsalfiutinnudusyuusenineiny
mmmum uag m'mmum asvhaaduazgngadunlurenmsawe fazdanuzdufiwainy
Fusi wazarsauuRisnaands aaﬂmﬂﬂaustamaﬁvuamuvLUumw:ummmuaa

MAI8AAUAY (Expansion Valve) LUuaﬂﬂmwwmwammmmwaaaﬁ‘m
AU RINEuABEaTIY emm’lﬂaﬁmﬂwmamﬂaauamuumﬂﬂummmmmmummu
voamananle (Mixture #58 2-Phases) fidlAsusn

Ui 2.1 diunisyhauvesgunsallunionianudu



NENN1INNNUTBI5EUUUSUDINIALUUBALD 1ABEIL1508TUIESIUAULKNUATNW
AVINAU-BUMNAT (P-h Diagram) ldagui 2.2

ANUAY (P)

MINIVA (ADMAUIFDT)

MIVEIWA? N

. sanmanmmmaiy Gnilveinaed .

Uhnamufou=neuial (n)

31] M 2.2 uwunInAINAU-Laun1al (P-h Diagram)

YINBNUNTN ﬁ]uLMUlﬂ'}'}ﬂ‘i gulauni1saulusey ‘U‘UE]G]IEIUUJJE] 'ﬁsau 4

NITUIUNIT ?Na'lﬂﬂiﬂ'ﬂﬁ‘U'WEJﬂ\i'iqﬁlﬁgL?JEJWUENLW]ﬂ%ﬁﬂ‘igU'JUﬂTi‘LULLNUﬂWWIﬁ 91l
o a as o = L3

AN 1 NFEUAUNITINUATIINAY ﬂ'?'iﬂqﬂ']’]QJLgUVIEJE}ﬂEHﬂﬂBEJﬁL

=
dulu
o gl w Y o ¢ o ° % Vel a
amuﬂa‘aum Qﬂ@}mﬂﬁﬂL‘Uqlﬂﬁf\’ﬂ@ﬂJLW5aL‘563LW@a@ﬂqimqﬂﬁqNLUu‘lWﬂJﬂj’] ﬂuq@ Uu

3
AuLEY 1-2

907 2 nsEUIuNIsMULLY MRy 9ad 2 gndsdnlugaun
pevdfouLiianunszuIunIsAuLY tnWaauAsedsouryitantaluusnadunds
wespasdafou uduLninesdfeulioanguunivesarsiiaiiundy uavudey
anruzvesarshauiy aanledeudsermduveunarduialugn 3 Fenrszasiuiou
anvluresufuernimezgninuissuisiislunssuaunasi

0fl 3 nrvIuntsanALfY arsvhadudued 3 asgndakiudily
fedaannanusiy e liligungiinazanuduanas audu 3-4 eansvharubu
0 3 4 egluaniuzvesnay deiduvesmananle uaznszurunisilaidnasly
nasuniusagieln

i 4 nsgurunIsTEMe nszuaunsiintulusnanesdiiy Taoansin
aruludniuzesnay 9a7 3 szgndaudiludaunsassdifuiiiosuniszainuiau
nenianieluies wasiudsuaniuzainveswannatoidulodud douflesgnan
ndudrludireunsawes wazidignszuaunisdaiieiiuainudusnass



Uszdndnmvesniesuivenniatuy Jiasizivuiugiuves deideud

a

14U (Input) AudeNdneeenun (Output) FaausaleulugUvosaunisvadaaians
[
Output

Usgansan =
Input

dvsuArinUszdniaineesseuulsueinianu laesaluisidnnatunudiy an
onIduUssAnSa1nndsau (EER ; Energy Efficiency Ratio) @sarunsauansluifa
YDIAUNITLH A9Tl

[ aJ o
AN UNN (BTU/HR)
was Ul aly (w)

UsvdnSniwvouniosuiueinia (EER) =

= | a a o o a & o w aa v oo
nieA1UsEANS A M ATesUTueIntAetwkansludnsluuuniaigndunienld fe
1 ot A:l' L2 s 41 -] 2/ A:J C% 1 o
Amaslninnldsofunauduivhld Taed 1 fuariudy winfu 12,000 BTU/HR

wa sl le (kW)

kW/Tr y v & o oy w
fuANUEuRvinla (Tr)

nsinuassauUszansninnisldndauessniesusuoin ALy Lendiu are6n
9MI1dI1UUsEANT A N NG9y vesnasiidadendnuvsUssinalvne Tamvunling
A157197 1 wagatunsaLdnsfied1saainysensalnives s 289LA389U5 VDN ALUY
wendaulamaniesed 2.1



N195799 2.1 ALATLAAITEAUUTEEANTAINTDLATRIUS U INIARUULENEIY

sydudl (wes) seauUTEaNSaw fn EER
5 ANIn Faus 10.6 Fuly
4 B Faus 9.6 Tulvudlaide 10.6
3 Urunang Faus 8.6 Tuluuslaide 9.6
2 nald Faur 7.6 Tuluualaide 8.6

o

Faus 6.6 tuluudluds 7.6
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2.2 lassa¥19vasunin Arduino Uno R3

Arduino Uno fuveialulasneulnsaaesiild ATmega328 (wiudoya) Touwn
/ 10nm 14 Bunm (6 ansnsaliiluiewinnPwim), 6 Sunawuusuiden, Misleiumesiesiin
16 MHz, nsi@eusie USB, udnly, dau ICSP wastudidn ynogreiisniuluntsatiuayy
lulasreulnsaiaes; sudousefurenfinmesdisaisiaida USB nieldozsunuinainde
LUARE3 AC-to-DC tilaiFusulHa1ulno uandsanvesaneuniveuaiiiessnlalilday
AIUAN USB Wuuaynsuved FTDI usllnasinwazued Atmegal6U2 (Atmega8U2 fanesdu R2)
FalgFunisielusunudusudasdayarauuy USB-to-serialRevision 2 989U84 Uno 8
FunufeansHwe 8U2 Tugeiuvinliitesanislaasluluun DFURevision 3 vosuesai
AaianTAlvifasolu 1.0 pinout tiuvsm SDA uaw SCLiloglndfumyn AREF uasdn 2 Nin
miineeglndfiuen RESET I0REF fougwillausulidhiuusesilnihiidanunanuedn T
swnaAnlaeziiniuldfusuasailld AVR Sviausauiu 5V uagse Arduino Due vhaufy
3.3V faeafoulilidousiofeanulidmivingussasluounaneas RESET Audeunsadu
Atmega 16U2 Wasu 8U2 "Uno" winefaniwdniauaziidedn Arduinol.0 Uno wagiiesdu
1.0 9z1funeddusdnadees Arduino faludrami Uno Wugaveda USB Arduino fudngmuas
Wulumagredsdmivunannesu Arduino dwiuniswieuifisuiuguneunigivives

Uasa Arduino

2.3 M3goNLUUBIANTIHaNTTUSEREANE Y (Energy Building)

dosndsdnnuasefingfiunsenuetasthuidoutiy dawansemuegisnnly
nsilkgamgiinieluesastiuideugeiu uasiluanmguandvinlfisadosiinsfing
\ASoeUFUBINIA LasiAdosUFusmAsgiuvnaniy Aulniy angaungiivesngluvies
fugamgineusndnaiuinn fduimdestiisniseonuuvenesthudeuiiioneslduslaniann
wavenfinduasiiiefivztlosiunansenuiiiinanuaseninddeitusu

2.3.1 NsRaIsanfiameunauaraulsesiau

23.1.1 wereundnidsmresaunisiueniveseras iR und i i
aTueonuasiicngfuan Wessnesiuasunndoudnlunaiiie vhlsaudesanlinilunsld
\SesUfueInea ieangumninnelusios

3513 LﬂﬁauLmumm&J’n‘uaaawmﬂﬁﬁuﬁmaﬁ’mmmmiag‘ﬁﬂmxi’umﬂ an
ANUSDUMNUAILARYINUY é}’qgﬂﬁ 2.3
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T T S S Mot 1

JUR 2.4 myiumugnvetomseglunnuiiamiie 1o

2.3.1.3 aaminuliidesneiemsnumeimsuuude 2212 Tnedududos
TN IINNMIETVUAUIUY waziludireyiuan TRl IRTuO R suATyinuandas
01n13 TilgniuliiBuduegsiiensfuan Wedsiumautenms wilitefiesyds fo viuugn
filiiisnveudusunsesesems wu Fuvnaungs Wusy fguil 25 wariisnenmdm
prviabiufuana / seides / Fesduuy %’mv‘hu,m{‘famem'mm‘aﬁayjﬁmﬁﬂmsi’umﬂ Faguit 2.6



", o]

.. LA
Bkl

d s :‘k’ ] s v/ 2 L% 1
JUN 2.6 nasmiiereaIgnIstakaniasUasiusuanImImg

12
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2.3.1.4 viuntneelidasuananniansunnaeslauasiels Wasanndu
AEandauyseIneEIune 9 Wweou Tuszezian 1 U

R TP DTV Tk TR ST s S T R

e, ¥
Fri

JUN 2.8 Bnsamisinsuuuliuanuazuuuiua

2.3.2 nsRansaniannsevaimsiieuszudandsau nsemisyhanuduees
mmiﬁmimyju'm'mtﬁu'\mmm%’auﬁmufﬁﬁgmaummﬁ (building envelope) 1tu1a18ly
91A15 N1sanUsinaAuseuiniunsavatmssuluiladendniiazdauvidlanisaannishd
wasuaale
N15anA NS BURIURTILaY NS0 aNLUURTINIBYBND AT LA Tn e Fo iy
anuansalunmsiumuansdoulneyauiuiuamiudou vielduds 2 dufiddesinaninia
symturemaiio fuauufuasdeudiassnudunmeluenans
- Aupufimeusnennsmsiudseu vieldiasniuieasioumiuiou
MsanAINSBURILMAIAINITEBNWULRAIAT IASYINLALA.

- Fassusiuiduegiidonun q faevouanufeul sl ifisuaemdsan

_ vandsBInsYYeuaIuLa IR untndeainasvursunuindatiuaunauay
Bndalsigniieving

- Faomdsmmsidiuianiifunaansies Insgandulazazaneiudous

- IMADUTBIVAIAIINVINAUNISLIARSVBIRIIDTIRE

nMsanANSauNIUTRATnvasaIATnlalay

- finsanlvitdadiurasituinszandefiuiiiavesenans

(window-to-wall ratio : WWR)
_ yandeeSidnseainasenfind iz dosriurealnvete1ans
- sidentannszandiiian SHGC (Solar Heat Gain Coefficient) i1
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2.3.3 maUsggnanisaanslindseunieluonans

- Mslduasssuilueas lnsamsuanszang

- MImUAUMTFIeIeInA WgUnssiifinnsdaiuresernias aunse
muanldlaonisindsTanilostumuiusmiuauaudhedmsumts

- msdanquituiildaeslfmnzauiuanminadenlneseu dmiums
wWasuwasgamaiilimsidsusiesundu Ihsnddunisidsuuamn
ﬁuﬁma’[ugjmauaﬂ

- MITTUIEeINAlAEASEIINTR MeARIRIniunTkaauiis Ayt e
sTUIeINALUUsTsHRannsaldfulitetanluduitligesnisle

2.4 undsnnufeuiiinadanisineuniosuSuainie

mws‘ummﬂLUuﬂs.,munﬁwm'[wamqJ’LwaaUsummmuamwﬂmmmm
oy wazifiunismuruanutuEnTtuils nisusuaniae mmﬂ'luﬂsvmﬂlwa’uaam L‘U‘Llﬂ’]i
e nialuieafuninund insieUssmalnefodiasiou & muum’mmaumnmauaﬂwaqwuaEJ
ylazunandadunneludesnasnian Lﬂiawwawmmawummmwmaummuuaanlﬂ
\WefiviasaglMbuaue

nsfmuaruineiofusniaiiazldiadedy faduidvitugaumgives 2
BE1EN 9 AB UWAIALSBUINAEUEN LaguvaIruSousnaely

2.4.1 LLwa'amm%’aumﬂmauaﬂﬁﬁmacﬂ'am%‘aw%’ummﬂ Lma’amm%‘au
NTYUDN ABLVEIAIINTOUNIBUBNDIANS ﬂmm‘mﬂﬂucﬂ@anﬂa A9eWIRE Tules Faarmiou
mﬂmqmwmuavmmmume‘[ﬂamq IWwderuTouruNTEIN HuUsey wmieine wasnsds
AuSeumsdenuiuTa i udeunsentttenarsidian

mm"faumﬂmamffméﬁchwﬁnmmaﬂsxﬂﬂﬁau‘lmj%Qﬂ@ﬂsﬁ’uﬁ’nma’mmms
Tnemssuarlinnuioueteniaia dumnufouiiiuniuasmanuasAosgSoust1edng uay
RN VR RRHIT ‘L!E}ﬂﬂﬂﬂ“jlg\‘]%uaQjﬁUﬂ'J'IQJLLCﬂﬂﬁf’]&‘iz%’j’]&@m%ﬂvﬁﬂ’lEJIU@’]P]’]‘ELLEBU’E]ﬂ@’]ﬂ’]i
(neluviosuaruenvios) mnerrmhiilgamaisisiumnn arwfeuazdemimenui§uin

mwdouiinnnaneniinddudutafeddyunnlunisiilsienudounisly
VLN maﬂmmaumuﬂiwaﬂLm’llﬂlwm oF t‘lﬂﬂﬂ‘ZIUI’J‘VIuVW]LLﬁQ’EﬂWG]EiN’]UL'UﬂU WHAUTDU
Usvmwu awaammnmﬂuu (iefinaunndesvini) Ssnnudeumnmeofindarannuietos
ffu Tuagiutiady feolul

- NIFNIVDILAILAR

- vilnvesTanisuuacuan rwlusdlavesing uazamimdouresing

- AMUNUIVDINLY
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aaa

- \iefuardniiEviwasionnuteu WudinsoutySumuSeuldtosnindiy
wagdaninvgrszarlasumusaunnniat ey nsginSeulzasviouay
Soulddnin
nmsdsiuanuseudilvluiewieaimsiuiivannsifieaie ornanaudey
iy f?i'}aﬂ'awu%'auwan‘f’:%ﬁuagjﬁ’um'lmmﬂcﬂ'w&maaqquﬁnwa“lummmasuaﬂmm'ﬁ 017191
wnaudeuazidiluiserann wagniamau e1es driliefiunnagyilianudensdiluig)
mm%’auﬁLﬁm'mﬂma%"*ﬂwawaammm‘fﬁlﬂ’tuﬁaaLL@% |y AusauveUn-Un
Uszg viammdauilinusesunnvasniaies vauUses Yauntian salutemnuisivesas
mauan’[wmvuu 'mnauu,saa”|am‘lwam'}ﬂsauwwwuvmlﬂ’lwmLifmu

2.4.2 unasmnuiouainaislunessvenia unaennudeuainatglufeniny
Fouangldautes sauluiedadidingng LLaxmm%faumﬂlwﬂw WA m%d’l’ﬂw“ﬂma“
uemos Jsnuduundinnnuseuasauuulus femnufeufitiogud uavaudouiiiAnainnis
wmapulm n1seanfidinie vam

2.5 deyayreu RS-485

RS-485 (Recommended Standard no. 485) ﬁammgmmiﬁaawﬁa;&aﬁ%maa
LuveYNIH (serial communication) Fagarivuntusiausnlud . 1998 Inenmsauileves
TIA (Telecommunications Industry Association) Waz EIA (Electronic Industries Association)
uIm3gIU RS-485 gnlfeesunsvarglulssnugnanvingsy iesanannsodsdugaldlnauay
fyanusndenien q fildvatsgn Unfud EIA axisdeinnsguvesiaiedasnslifnimin
RS" (Recommended Standard) LwiLﬂaqmﬂmmgﬁuﬁ%mméwﬁaiwiw 2 Y891 A9
TIA uag EIA ﬂxdaawmamuﬁamﬂaam?iUumﬂﬁm "RS" W TIAVEIA" unusenadiumanis e
syyfauvdsinuesmsgiuesisdamy Tassesm EIA Aldenidnuinsgiut uazanasgiu RS-
485 unlmmweumammaLuawum{]f\mw‘lma TIA V\W’memmu RS-485 ﬂﬂL‘lJaEl‘LJ‘EJE]LUu "TIA-
485" agraidunanig LLmqmmmws%mmLﬂa‘uwﬂmmniwﬂaﬂmwanmmgmmsaamiﬁ
91 RS-485 wiilawuifi

1 n3gIu RS485 (Hunnsgrufisu/dedenaluuuuiiifonin Half duplex fio
aunsndu wavdsdeyaldiazagramiiuliasaviaeseddldlunaniioniu tazlvinauda

] & v ) a = & w v w i & w a
quﬂWWﬂﬂQﬂa’]HF}ﬁﬂﬁmﬁ’u@ﬂ?“ﬁqaaﬂqiwmaﬁﬂaEjﬂa'UHUﬁﬂmaSﬂiq @NE‘UV] 2.9
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A avaaana ta3aviiain

A4 1A
Bir + B

fat1e msidausia RS485 svwinvmsavilaiadudiulacdeuaa

311 2.9 rmaamn'rslfajauma RS-485

2/

dmsunissu/duioyafdneauyu RS485 Wu azdedoyalnaldaslniiionn

U
a

2 \dufe A way B WudvenAsianinea(Digital code) Tneldarnuunnsnavesusesulaia
sEwineta A uay B (Wufuendsd

1o Va - Vb Idusasfillwinanndn -200 mv Aoy uAIneally 1

1$lo Va - Vb Idusadulniinsnnndn +200 mv AadyauAImeaitiu 0

WINTFIU RSA85 emn'mL%awiam'i%'uﬁﬁauaqum%*ﬂw (Network lagdl
E)Un'szu"l,uma‘malmaaamm 32 1 eluinTetneiu awmawaﬂnmaa 1 i vhwthilresdani
miaam'ﬂumsama ‘ﬂ\‘iL'S'H]vLSEJﬂEJUﬂ'iﬁ’LJG]’JU’J'] "Master" LLavaﬂﬂima'suwmaamﬁ]vmm?
"Slave" Tnefl Slave LLmavmavwmaLa’u Address 7451049 LAzl Master maamiaams
f7 Slave /7 Master aavawmmaqwmmvuummam Address lﬂawﬂﬂﬁm Slave N7 il
D‘Uﬂ‘iiu Slave ‘LmumamavmawuwmaLam Address asarfugies aunsal Slave faagvima

o

Adavee Master Wugduly mﬁﬂw 10

:}M

.4

RS-485

converter

+ + * * anvimasitlualnsai Master

wniaviiaine1v ualnsai Slave
@1at mMsvivunas RS485 uuu Network

Ui 2.10 uamasihedan1sihaIues Rs-485 faguil 9
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ﬁ’]ﬂﬁ']ﬂi&l’m'iﬁ’]uuﬁ? ERLRE RS485 ﬁ?ﬁJ?iﬂﬂJ@Uﬂ‘iﬂﬂUi”‘UUl@ﬂdﬂﬂ 32 62

Luaa‘dﬂ'imma’mu:um']mmumulwﬁ'lma’[,u 12 k@ LLmﬁﬂﬁmumsaaﬂLLUU@UﬂmaLaﬂmauﬂa
lmwmuwuummmumuiw%mﬂwqmm (lundn MQ) Favinliimsevie RSA85 ausail
gunsalluszuuldgeqniia 256 &1 weanvniinIotne RSA8S Seanunsalddvensdyyiu
(Repeater) ﬁm%"uLﬁuqﬂﬂim"l,mﬂ%a’tiwlﬁﬁwmaﬁ’uﬁqLLazﬂsa‘uqm:ﬂﬂwmaﬁimumﬁ’maa
A uaganIaSeuiiiounmandRsng ques RSA85, RS232, RS423 uas RS422 1fannesa

7122

A15797 2.2 MINUTBUITNIUAMENTR Rs-232, Rs-423, Rs-422, Rs-485

RS232 RS423 RS422 RS485
Differential no no yes yes
Max number of drivers 1 1 1 32
Max number of receivers 1 10 10 32
Modes of operation half duplex half duplex half duplex  half duplex

full duplex

Network topology point-to-point multidrop multidrop multipoint
Max distance (acc. standard) i1Sm 1200 m 1200 m 1200 m
Max speed at 12 m 20 kbs 100 kbs 10 Mbs 35 Mbs
Max speed at 1200 m (1 kbs) 1 kbs 100 kbs 100 kbs
Max slew rate 30 V/ps adjustable n/a n/a
Receiver input resistance ‘ 3..7kQ Z4kQ =4 kQ Z12kQ
Driver load impedance 3.7 kQ =Z450Q 100 Q 54 Q
Receiver input sensitivity £33V +200 mV +200 mV £200 mV
Receiver input range *i5V +12V +10V -7..12V
Max driver output voltage £25V 6V +6 V -7..12V
Min driver output voltage (with load) =54 *3.6V £2.0V £15V

’uammaeammm RS485 LU‘H‘V]‘V]?WUﬂ'UFITI RS485 LUUN’]W?ﬁ'}UﬂﬂﬂWWUW‘UU&J’]

Lwaa‘uaﬂmamaammmuimmq 9874 RS232 RS422 RS423 L‘dumu mwamwaﬂwaqmmg'}u

s

RS485 i

&
U

L.

ansndsdyanilalng RS485 annsadsdygraildlnagegniis 1,200 s §4
= I -l 1 L (]
fiodndusvezniailnanin Wemedenisléaululssugnaimnssuedi
wiusutazaiulidninszey mMsdsdiyaaldgnimundunauiisiansgu
1 1 1 A 1 s Y ol 1 5

JUNBENS RS232 Nanansodsdynyailenies 15 wns iy

= I 1 b4 1 oa 1 4 g

annsoensadueiet sl vonanazdsdygaldlnauds Rsass daawnse

o i 1 X X v o = | |
L%EJQJWE]L“TJUL@%E)‘UWEI (Network) LLUU MULtIpOInt lﬂﬂ’gﬂ PIATUNTOLVDUR D

i
=

gunsallusyuuldigegatie 32 i Fedsidodndudnvisaeuvesdyaos RS48s
IAETIFen

Usgndasudszanadlumsiduans 1nnsgiu RS485 iuanasguildaslvidie 2
dulunissudedeya WewFsuiflouiuinsguuiiiitennsadedy oy
svuziiuegs Rs422 idedldanelnds 4 ulunissudstoya Fesrmans
wdanuy 2 unu azgnndranetaanuy 4 unu fafeuads lumnanduaiuda
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!

Sowuuszanabtelubesdfyuin q Jadadudnuilgaenuaes RS485 1y

1

LRen

Uoldvvesdy i RS4A85 fiaus RSA85 wLﬂummgﬂuﬁgnﬁmmﬁuwau
Yosesfifioglunnsgum 4 Wannudafiony wiflilydesbififoduegas Tnetedendnques
RS485 fisil

1. seddfudadygralunsifeuseiuneninmed osnntlagiuneuiamesi

Liﬂi%ﬁanSulﬁﬁ port \Wansadyayia RS485 Tnanse ailfius USB nie

RS232 iy azﬁuwmawsL%@Jﬁ@gﬂﬂ'ﬁfﬁﬁ"lﬁ RSA85 Aumawfinofiiy 151

ﬁ’aaLﬁwuuwmmﬁu‘ﬁ’u’lumﬁaﬁaLLUaaﬁ’ty,mu’im (Converter) tiautasdyeyiod

910 RS485 1Tu USB vide RS232 unsifeusiatiuies

2. muFilumsiudedioya faud RS485 azgnifmurduanudalunissudstoya

Tuinnuiifmuledisuivanasgiudl windadauadregilledouselu

&l

ANYULLATUIWITUIUNN
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2.6 yATETIREdesiunsUsTudandsaulnia

2.6.1 navekarnsmeivesiuliiannsodimansenuressuuynay
Chun-Ming Hsieh wazamy (2017) ld@nyilsuiieuiwmaressanduliiaznisaetives
dulifannsndawansenuianiasdfuanialasanunsat3ununisldiniveaadesusuanele
analiade lunainasfufiuasunninisdotasuinsenuinvesnuy ulvaudedinasinnas
azanvn AL IouluTagd m'aava:umm%’au’tui’ma%wa‘[mam'iwiam ZIaIN15Y19UD
maaﬂwmmﬂ T,maammiavaumwmamﬂusuEJ ghauunniladdaldgnislindaanulu
pAIsTIIAT Uiy u,a”mJuNaT,mEJm‘aﬂmﬂmm'ﬂasjmlwﬁmwumﬂ‘uuamqmulmm

MnasanygiulddaiiusiuauiFenduiuidden sutdu auaisisue
viaousdisiaulsinn Tulufianisugniuldiuumdem Aemduiuiiaidonldauty uazainnis
maa.mmma’luummwuwamam YNUIN mmﬂummimasauwuwawmmuammwmnw
LﬂuwawﬂwamwﬂmwwmmmmU’lu warAELaneIRIsTiaNaeTuTianas aﬂﬁgﬁaawalww
ann1sviIuTaRAsesUiue N dlianaedngae Ima'tuummmmaa"mewmsulmvuammmm
mﬂﬂasa‘uaw 2.30 °C wazgannisdrsraiudaganuinvsnamilowvesiuliaeinigld
witauganiusnudulindsuevesiull 42% wararumuniuvesiullSadmasenisas
guvgivesainialagsousnnia 2.5 °C lulszinaniou Tasiufl q MWlunisnnassie e
wuds, Ussnedu lnsgumgdindeluusazifeunasntagil 7 °C s 32 °C uagilrauiu (RH)
naand AveYM 76%

o a e
UM 2.11 VIUNYININ1IVAES
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Tnededeitdmasionisanguugionialaesouasil 4 ag1ede 1) AINGIVDY
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Tanlusunsuludauasa Arduino Uno R3 Bunneans USB ﬁagﬂ*ﬁ 3.11

®® e LM35withRelay | Arduino 1.8.9

LM3 SwithRelay

1 float temp;
2 void setup()

3 {

4 Serial.begin(9600);
5 pinModeC13,0UTPUT);
6 pinMode(A@, INPUT);

7}

8

9 void loop()

10 {

1 temp = analogRead(A®);

12 temp = temp * 0.48828125;
13 Serial.print("TEMP: ");
14 Serial.printCtemp);

15 Serial.print{'"™C")y

16 Serial .printinC);

e delay(100);

1.8 ifCtemp >= 34)

19 {

20 digitalWrite(13,L0WD;
21 delay(4000);

22 digitalWrite(13,HIGHD;
23 delay(10000) ;

24 }

25 else

26 {

27 digitalWrite(l13,HIGH);
28 %

29 delay(400);
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https://www.omi.co.th/th/article/rs485.

Chun-Ming Hsieh, Juan-Juan Li, Liman Zhang, Ben Schwegler, "Effects of tree
shading and transpiration on building cooling energy use", Energy and Buildings
159 (2018) 382-397.

Linfang Zhang, Ming Jin, Jiying Liu, Linhua Zhang, "Simulated study on the potential
of building energy saving using the green roof", Procedia Engineering 205 (2017)

1469-1476.
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Arduino Uno R3

I%ﬁmca'aﬁaammzﬁw@uqﬂﬂmﬂw%
3u q fhemsdeulusunsulisu
MCU Lﬁamwwmi%’umﬁiymmmd
lv-h?i!wmwmféaulﬁum‘mﬂlmﬂw%gg@yw
dwusilfifonuaumsidalegiad
m’ma“mwgﬁﬁﬁmm

LWULDTINDUNYTLUY
Analog LM35

Operating Temperature : -55~150 °C
Supply Voltage : 4 - 30 V
\ UL INRMNYT V81 LM35 9uiiAn
output eenuTU analog Lae
e fiaansanrlutesewing -
55 014 150 aspwaldya

Juiwiednundnesddou
Power Supply : AC 220-240V
Power : 50W

Max. flow : 2600 (L/H)

lodwsunistuihdmidiresdasou
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Relay 12V 1 Channel
Working Voltage: 12 V
Trigger Current: 2-4 mA
Static Current: 5mA
lenuaunisdrelidndulnegnas

7N Arduino

ISLRRRRLRRRRN: URRNIR)

LATIAURUUY

aiavuweruanlidudaingi
AOYRTDULlD g TITIoaNNABYA
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Power Meter BEM26 Energy Analyzer
Power Supply : 85-300V AC/DC
Operating Temperature : -20°C ~ 70°C
Communication : Modbus RTU ( RS485 )

31]“7% 9.1 Power Meter BEM26 Energy Analyzer

Power Meter Siemens Sentron PAC3200
Power Supply : AC 240V+10%
Operating Temperature : -10~55 °C
Communication : Modbus RTU/TCP

SIEMENS

UL-N MOMENTAN

5U#l 2.2 Power Meter Siemens Sentron PAC3200



O

Current Transformer IEC44-1
Current Ratio : 100:5 A
Rated Voltage : 720 V
Operating Temperature : -10~55 °C

31]17; 9.3 Current Transformer IEC44-1

awlW Cvv 7C 600V
Number of Core : 7 Cores
Insulation : PVC
Maximum Conductor Temperature : 70 °C

Circuit Voltage : < 600 V

Conductor

———
Insulation Binding Tape Sheath

Ul v.4 anellvl Cvv 7C 600V

69
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PLC ¥84U549% Siemens

Wugunsalmugunsiaureanissdnsvienseuaunmsvieiusig q Tnsanely

panbuldaulavui

For Use With

MNumber of O

Manufacturer Series

MNumber of Inputs

Input Type

Voltage Category

Output Type

MNumber of Outputs

MNetwork Type

Communication Port Type

Scan Time

Number of Communication Ports
Depth

Minimum Operating Temperature
Y¥idth

Dimensions

Programming Language Used
Maximum Operating Temperature
MMounting Type

Length

Dutput Current

Total Memory Available

o a

= » [ s ] a0 W [ a & P [
by MICFOprOCQSSOI’ LUUQJUHN@GﬁQﬂ’]'ﬁﬂaWﬂEUU PLC %81]?5’2U‘VILUUE]LW!WLLﬁSLE]’]GW!GW]ﬂ’]iJ’WﬂG]B

SIMATIC S7-1200 Series
26

SIMATIC S7-1200

2 Analogue}, 16 (14 Digital
Analogue, Digital

204
Digital, Relay
10 (Digital)

— 28 8 V dc

Ethernet
Ethernet

0.7 (Bit Operations) s, 12 (Word Operations) ps, 18 (Floating Point) us
1

7Smm

o*C

TT10mm

100 x 110 x 75 mm

FBD, Ladder Logic, System Control
+45°C

DIN Rail

100

1600 ma,

50 kB

5Vl 9.5 Specification w84 SIMATIC S7-1200

3U#l 2.6 PLC SIMATIC S7-1200 wasuU38 Siemens
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Arduino Uno R3

3

vesauiInsgiueiqely gl 815 3 ( Arduino UNO R3 )iduvedn

Y

L3 =

<y o a v
lulpsreulnsalaaifild ATmega32sp, fiduna / tordnm 14 Bunm (6 aunsoldiduiening

9

= €

PWM) uay 6 §uwmmua‘u’1§aﬂ, AafamIoNgAIuE 16 wny §30d, n13idouse USB, udal,
Ui ICSP wazusidn

Microcontroller : ATmega328

Operating Voltage : 5V

Input Voltage : 7 - 12 V

Digital I/O Pins : 14 ( of which 6 provide PWM output )

Analog Input Pins : 6

DC current per I/0 Pin : 40 mA

DC current for 3.3V Pin : 50 mA

Clock Speed : 16 MHz

3U#l 4.7 Arduino Uno R3
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\wUILD I IngM LU Analog LM35

Operating Temperature : -55~150 °C
Supply Voltage : 4 - 30 V

U 9.8 wuwesingumginuy analog LM35

Aquarium Pump Sonic AP4500
Power Supply : AC 220-240V
Power : 50W
Max. flow : 2600 (L/H)
Max. jet : 2.6 (M)

3U#1 2.9 Water Pump Sonic AP4500



73

\A30eUSuanA Daikin
Model : FTKD18HV2S
Cool Capacity : 5,200 W
BTU/hr : 17,743
Current: 6.7 A

power consumption : 1,444 W
COP:3.60

Ebl i i i R “Sh

= - w g 4%
UM .10 1@389U3UINA Daikin

\W3eU3ua1nA Carrier
Model : 42TVR022-703
Cool Capacity : 5,800 W
BTU/hr : 19,789
Current: 8.40 A
Power Consumption : 1,795 W
EER 23,23

< < a 2 v
JUN 2.11 1As0UTU0NA Carrier wydumts
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\A3eeU3uBInA Star Aire
Model : ARE-38 ZR(MPRD)SV
Cool Capacity : 11,312 W
BTU/hr : 38,600
Current : 6.1 A
Power Consumption : 3,380 W

= - as y @
JUN 2.12 1A399U3URINA Star Aire LWUIUNTN

\3asUfuennia Star Aire
Model : AR-56 ZR(MPRD)HLP,SV
Capacity : 16,851 W
BTU/hr : 57,500
Current : 8.6 A
Power Consumption : 4,970 W

gﬂﬁ .13 1A399US DN Star Aire Haih



\n3aUuanna Carrier
Model : 42TSF0181CP
Capacity : 5,300 W
BTU/hr : 18,084
Current : 7.05 A

Power Consumption : 1,490 W

o - [ £
UM .14 1a3p9U3u0 N Carrier Haih

walafnla PVC
AITNNUT - 0.5 mm (500 Micron)
AN 1 2,286 cm

AU T 137 cm

5UT 0.15 wana@inla PVC w1 500 Micro

75



NMANUIN A

I‘lJ‘.iLLﬂium‘?’fﬂ’man Arduino Uno r3



T

®0® e LM35withRelay | Arduino 1.8.9

LM3SwithRelay

1 float temp;
2 void setup()

39

4 Serial.begin(9600);
5 pinMode(13,0UTPUT);
© pinMode(CAQ@, INPUT);
73

8

9 void loop()

11 temp = analogRead(A®);

12 temp = temp * ©.48828125;
13 Serial.print("TEMP: ");
14 Serial.print(temp);

15 Serigl HrinkCErei)-;

16 Serial.println();

17 delay(100);

18 ifCtemp >= 34)

19 {
20 digitalWrite(13,L0W);
21 delay(4000) ;

22 digitalWrite(13,HIGH);
23 delay(10000) ;

24 3}

25 else

26 {

27 digitalWrite(13,HIGH);
28 }

29 delay(400);

30 ¥

JUR A.1 m3stsralusinsy Arduino R3
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High-performance energy management in the REAL laboratory

ung iNesARt audAunn’, we anns auysalygr?, we suisy unmesi®

meadrdansulii angdaanssuaians aatumaluladwszasundndinammsannseds

1 928R82NF4 1 A1MNT2UY NTUNWNNILAT 10520 TnsAwsi 02-329-8000 A 3925 Email: Tanatip1211@gmail.com

unAng

Uiy inusiiuauanisuinisnasldndaau
melukesufiAnismaaeseniiuszavinim ieanuiuim
wiseulwihildvensiesuSuama WesmnedenSueinia
Tiwdanulwdnnnninaiesldiniieiams 9 angluaians
Uruseu alwannuaulalunisaanisld wdsnulafives
iw3asUsuemaiiundn Treduanmsiauasasiaduainisld
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Tntuddavizluntsannslindanuvanaissiuania
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Souldiunntedu mnmsnaasmuin Bmstueaiioannse
n1svinureaaissuainiavialiainasoussudaaalnle
30.4 umeetu Amdiuu 11,096 uneet) ludiuvasnisiati
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22.24 vsiaYu Aniiuiu 8,117.6 vmaed Bnvaguugiisau
7 raedfeuiiipuyiinacdadunisdiliiadasfueinia
annsovihnuldegnafivseans iy

Abstract
This thesis proposes high-performance energy

management in the REAL laboratory to reduce energy
consumption of the air conditioners. Since air conditioners
use most energy compared to other household electrical
appliances. Therefore, reducing the energy consumption of
air conditioners is the main interest. Initially, the energy of
all air conditioners in the laboratory will be measured and
monitored, then determine how to reduce the energy
consumption of air conditioners by focusing on the easiest
and everyone can do. Firstly, the rooms are divided and
blocked to reduce the workload of air conditioning and
water injection at the heating coil of the air conditioner to
help cool the hot coil. According to the results of the
experiment, it is found that the room blocking method to

reduce the workload of air conditioners could reduce

electricity cost by 30.4 baht per day or equivalent to 11,096
baht per year. In terms of water injection at the hot coil to
help cool the heat can save up to 22.24 baht per day or
equal to 8,117.6 baht per year. The temperature of the coil
is also still low which will help the air conditioner to work

more efficiently.
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Abstract
ORI EE A

This thesis proposes high-performance energy management in
the REAL laboratory to reduce energy consumption of the air
conditioners. Since air conditioners use most energy compared to
other household electrical appliances. Therefore, reducing the
energy consumption of air conditioners is the main interest.
Initially, the energy of all air conditioners in the laboratory will be
measured and monitored, then determine how to reduce the
energy consumption of air conditioners by focusing on the easiest
and everyone can do. Firstly, the rooms are divided and blocked
to reduce the workload of air conditioning and water injection at
the heating coil of the air conditioner to help cool the hot coil.

Introduction
e N

In Nowadays, The population
in Thailand are extremely grown
that make a economic sector and
industrial sector grown that why a
electricity consumption grown as

well. We scope on the air
conditioner in our laboratory
because it’s take the highest

electricity consumption and in our
country is in tropical that why the
consumption for air conditioner
are highest. The sales rate of air
conditioner in Thailand are rapidly
grown

Methodology

Measuring

Power Meter
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Data

rnnAnNLL

Analyzing

Results

After we got the data from meters then we analyzed and experiment to
find ways that can decrease total energy consumption for each air conditioner.
It’s closing and changing air conditioner from air non-inverter to air-inverter
type both ways is good to reduce energy consumption of air conditioner.

Include, Spraying water on condenser of air conditioner that can highly

reduce active power because of cooling condenser.

Powe

Spraying Water

Conclusion
ST AL ¢

Room Divider

The best way to decrease the energy
consumption is changing design of the
room so when we decrease a load of air
conditioner then we can save. The result
of experiment is saving 30.4 Bath/Day.

It equal as 11,096 Bath/Year.

Re_ferences_ _

Y

Inverter & Non-Inverter

(in the same time)

Spraying Water

Due to our experimental,
the energy consumption are
decreasing 10% and if we
calculate in kWh unit we will
save 22.24 Bath/Day.

It equals 8,117.6 Bath/Year.
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