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ABSTRACT

This dissertation aimed to analyze the usage behaviour of lift systems in 5 types
of regulated buildings. A lift surveillance system was used to collect the data of lift
motion, passenger weight, and traveling direction. An energy measuring technique was
used to record the energy consumption of the lifts continuously. The collected data
from the lift systems were analyzed to create traffic patterns and load profiles for the
lifts in regulated buildings. The ultimate aim of the study was to establish energy
conservation measures for regulated buildings.

The analysis of lift energy consumption behaviour was conducted using the
recorded traffic data from the lift control system in 5 types of regulated buildings. The
traffic data were used to categorize the type of lift traffic patterns that affected energy
consumption, including incoming, outgoing, and inter-floor traffic within the buildings.
The measured energy values from the energy analyzing tools were used to analyze and
compare load profile patterns, passenger density, and energy consumption — of  the
lift system. The mathematical equations obtained from the analysis were used to
determine the energy consumption patterns of all 5 types of regulated buildings.

From the results of the analyses of energy consumption behaviour and traffic
patterns of the lifts, mathematical models were obtained for all 5 types of regulated
buildings, including residential buildings, hospitals, office buildings, universities, and
hotels. It was found that the mean absolute errors (MAPE) between the obtained
mathematical model and the actual measured data were 2.87, 3.40, 3.51, 3.66, and
3.73%, respectively. This revealed that the overall error of MAPE was less than 49%.
Therefore, the obtained mathematical models can be used as representative models for

the lift traffic patterns and load profiles.

Keywords: vertical transportation, traffic pattern, lift, energy, regulated building
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Eq = Eg + Eg (2.1)
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FIANNST 2.5
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Piine = out (2.5)
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Piine = Pregen Xn (2.6)
UTEAVBNINTINVDITEUU 77 @UNTOUEAIAIDANNITN 2.7 fiatl
= = a a ~ o
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M Py @10150UEAS bAlABENNTST 2.8
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14 Aepusafismun (m/s) was
Gy, Aauseliugalsvadlan Wiy (9.81m/s?)
XV XG
Buorm = ) E (2.8)

2 X1 X Nmotor X 1000

TuY991 1019951957 USakaganuuand S Uy wluvue Nszaen1smunig
a v W Yo a
ziANaRAIANNTOLANIANUFUNUSIARIANNNTA 2.9

Carload < CWT; Motor € Generator A Upward Direction

p __)Carload = CWT; Motor € Generator A Upward Direction
Flow ™ Carload > CWT; Motor € Generator A Upward Direction
Carload < CWT; Motor € Generator A Upward Direction

(2.9)
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Control system

Drive and brake system
Gearless machine
Primary speed sensor
Governor

Hoisting Ropes

Roller guide

Secondary position sensor
Door operator

Entrance protection system
Load weighing device
Car safety device

Counterweight

Compensation ropes
Car buffer
Counterweight buffer
Compensation sheave
Governor tension weight

SUN 2.2 @uUsENaUYeIsEUUANA

Y

a

NU": https://www.otis.com

33



dudsznevvesdaniuseneulumegunsaifisiolull
1. 1A3 039n3TUANA (Traction Machine) 1 ugUnsainanvoassuuans ianni
o dll a o‘dl”
JULARDUANATUA
' . ¥ & =t Y H o a o v =
2. gAane (Counterweight) Usenausiglasamandiussanoudmtnivingieman
o v A Y ) a ¢ ° = 1) fa | ¢ o v
waevmifananui minvesdnduar Tutudlagaisiioliuainesandiinauleiay
YLaNTNIN
a ¢ . . 3 I3 o ° Y o o 1 va | ea X A o
3. 92960 (Guide Rail) tWulnangusn T UL DIAANAI VAT ULLINATAUR
wagSnwdurussaandlinsadsaslaaudnaenian sedrdinaevuIntuegiuruIne sy
a ‘90, v @ a 13 I3 % u'/ a & a 1o [y ) 1 Y3
ANAUMUNUTINNUAZAIULITIENA Lﬂumuimamlﬂizwawm%mwum@imgmmumimm
AduarsNwIAEnNIIdMTUNTeIYAaNa
4. dlagans (Lift Can) Uszneuldieviodlagarsniniulasamanndnulusmson

guUnsalllsae (Safety Gear) Jasiuldlviandnnilioadanin dlasasivuinuansingg fudueg

Y

futssannuazimdnusnnuesand

5. Siled (Buffer) \ugunsnitfestulailidaandnssunnduiiutedndnsdansia
weduasaniiorinauianainvesssuamuaus Wi sasHsuusinszunni e laliiAn
dunTIERaLlagans

6. fraulnsa (Controller) ¥mtfiniunun1svhautasdnd sy Wy muay

< a) A v a A o ] [ £ a [ 1
A3 Li?ﬂ?UﬂNﬂ?iLU@ﬂ@ﬂi%%ﬁ]@ﬂ'ﬂﬂ']i'NiUﬁﬂf}ﬁ@EJﬁWi WWusula zuinueinaulnsaninan?

[ £

FaknnNgaeaanmUUSLNNTEUUTURRB U Y Wi VWVF, DC Drive WJudu

7. Usgantintu (Landing Door) syuudndlaenaluasiiuses 2 d1u Aediulsealy

avlel (Car Door) kagauysegniitusie) muduIutuaenvesdndunivssgvintuazida e

I 2=/ h
b v A

#Adeilomaniasfosranegituiunasszgfitusuandaluilgisiiieldnsldaudanmy
Uaonfugeaauszaanddnatouvuiinuiudulasialuesd wwuidnainisnats (Center
Opening) 1UAMNAIULY (Slide Opening)

8. adeanst (Wire Rope) lddmiunviudaniuasyagnaag uazaaliandd uasie
LILAYATUTDIRINATATUTBIVDILALAE

9. Yuna (Button) TdmiuFenddsuasludstusineg Aidesns unslunaiog 2

g7 unadunaludns (Car Operating Panel) Usgnaunisduisenluniudunieg Judate

Usen Juudavnuazdumesaey wnalunantdu (Hall Button) Usenaumeduisenaniuisu

Y 9

Re

MTULALVIRIDE 1LY

34
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wilwdnlnilvinyuluinanvasnvemavulsneignunumeusimvina1svinlvlidfirande

% = PN Y} sala Ao ¥ 1w
NVAFINA WU ULNYUNUNBLNBINUVAFIANNIRUNINY [51]

JUT 2.9 Tassadvewawesdalasiardaudungnans 3 walidudvdn 4 97 (2 g17)

=2

P

NU": https://911electronic.com/synchronous-motor-working-principle/

1aLmastalasiariauiivananisazddlswasuuutdidu (Salient Pole Rotor) i
desisemdldainaue Wanduimanlutosennie Adunusangazinisnszanemlavindu

I 1

119991 ADUAUNIINIUANY LUANLINSVDIVDIDINIAN 2 WAUNSNAD WNULLWANYDLSHDS

P v '
N o = =

(Direct Axis) hazwnUNFIRINAL (Quadrature Axis) A9UULIIFUNTIRIDNMTEINTUIY 2 Ay

Y

wanAe Vd uay Vq [51]

wewmesTalasariauaiiudnaias (Permanent Magnet Synchronous Motor; PMSM)
fdoRn11uewmesving u Aelunolnes v 8aUInssLadLALA0s 95 UTENOURIENTE LA
awnuudwanlunnudaduesduszneu lumsadsauudmdnudlugewesdsasia Welsmes
Duwdindnansislisudusedinssugaunaudmaniuwnulifvamnesandnvassina 7
fdsnuvewemesiving Auuswmesddlasiasdauivdnansegyhauiidiusenaumagenin
yilisgansnmganinded ofeuiisuduuenesdelasiana 4 lufasdesdrglin
nseuanssliiulsmesitoadsauudmanlriulsmesiaiuluuenesddasiasssuaI o]
wssiufuaduTedaiurinlitnsgydenlanesuarfeansnistgesnviuussamuanmeua
fanandehlrinsvauiundusuutowesddastasiaudivanansilddesdvnainasdi
Aunuunan (Field Coil) Lméqahalw%ﬂszLLamﬂLLazNLLmuaaﬂ%amezgﬂl,muﬁé’ammmﬁﬂ
asuomesddasardaudmdnansdussiulnirmderdidundu (Back EMF) udulesd

= v 3

(Sinusoidal) ftiuFedesnisnszuaamnesiluguaduludiieasiusedalimaigudeniv
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wawmeiddlasfauenaniunemesdddasiaviauindnonsddimdnuisundnuazus
devdnindledisufunewmesficitaieriuwidedesfedsnwmaiiesnsiaivesudingn
ansfifiseunazauanTRvesimanuUsiunugamaivaziUdsuntasana [51]
2.3.4 Wl AanAL
wianuildluszuuandde wdsnuiensuzmmidsanu awdougydedissuy
wsanufeugnydeiveines uazanusougapdslugunsallulindu q dundsendlilunig
Fuideudnd azgaiiulilugundssudnd uazazlinduAuufledndiadoudias fasenis

AMuUNLandl A lunns199 2.5

92 MNo.of ‘ Gmup‘
10 — c:aﬁ demand
84 factor o
100 —
76 2 0.85 «%@)
3| orr ks
90— = 4| o7z \ﬁﬁc}/
= 68 5| 067
2 9
g 80— 6| o83 0
s 2 7| os8 Lt
3 Z 60 10| os2
F !
w 70— p 15 | 044 0¥
'E g s 20 | 040 AN
& 60 5 2 25 and 0.35 //
8 — o over w9
: (? 44 an®
g 50—
S
s ia
T [=]
30 — I // /
20
20— 16
12
10 — 8
4
0— 0

0.5 1.0 1.5 20 25 3.0 3.5 4.0 45 50

Elevator Speed, m/s
Ul 210 msldmdslniinvesasosdndildussananeiuilnduindsusoiilos Geared
machine) uagduindeulngnss (Gearless machine)
71 : Stein /Reynolds/McGuinness, Mechanical and Electrical Equipment for Buildings
7th Edition.
MngUT 2.2 mldmasliihuenaiosdis aesUssm Wuduuuduassuasuuud
Flomandeszuuiiesaenuiivuiafifamdzulsdunsstuiminussm nuagausai

ANUAYDIANANSUAILA 0.5 LWATADIUNT AUDS 5.0 WasAa Ui duduy
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AN 2.5 FR9E19TI9NITAIUIUNTS NS IUVDIANH

FIUN1TAUIN il
uemewesTuans (p,,) 5.5 KW
nsvualiiilutiassemduazansaduiinn (i) 273 A
nszualniifienusuduiiufidn i) 144 A
YuRALIIAULH 400 V
mdUszneufdaliidinnssfufidn (PF) 0.85
Adslulihilifanssfuidn pe = (V3 X V X ig X PF)/1000 16.1 kW
fdslulihildfenududuidn p. = (V3 XV X i, X PF)/1000 8.5 kW
izazmﬁzmw%u(sc) 4m
ANSIRN Ve dnNA (V) 45 m/min
38EJ8‘17‘1|§‘I/\|ﬁLﬂgauﬁﬁ]’]ﬂQﬂﬁqmﬁﬂﬁﬂﬂ’J’mL%’JQN@G](Sa) 2m
syogidndiadeuiuasuaneuEIgeaniagavgniia(s,) 506.25 m
P svesdningangatiiauisigean

oy 0.56 minA-2
a=—Xsp

nanandlflunsissnngadafanandigegn t, = v/ a 0.089 min
nand and Wlunsiedeuiiannduisiulagldeon t, = s, /v 0.089 min
wiswiiandlfidodonismgasullasas 1 asisevintu G aufedu 7

o o v > 0.087 kWh
Mannedl 6 TulaLNTU G 2 3 4 5 6 waztu 7

nFauiildidefeanisvgaiuglasms 6 assssuinetu G fedu 7 aoanndu 0105 kW

(aamnﬂ%u) E=(2*p,*6x*(t,/a/60)

Wofa15a Uininuuaussmnanuiiand vwniidaueinesnaonauninusey

gousde 2snud Amnsdwesaneg dmsuanatululunuiegiiiwansllunnsei 2.6
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AN 2.6 g1 anaaulinanaly

ﬁwwﬁfﬂUimﬂ ANULSIANG YUIPUDLADS ANUSaugdY
Alansy)  (Aw) (LUATHBUN) (Alatng) Fla¥nd)  (Alawnass fotalug)
23 14.1 2.13 1,832
3.0 17.1 2.57 2206
900 12/13
33 19.9 2.99 2367
4.0 22.8 3.42 2,941
23 182 2173 2,348
3.0 21.8 327 2,812
1,150 16/17
33 25.4 3.81 3277
4.0 29.1 a.37 3,754
23 213 32 2,748
3.0 25.6 3.84 3,302
1350 18/20
33 29.9 4.49 3,857
4.0 34.1 5.12 4,399
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AR UINTFIUSTUUANA 2@, EN-81-20:2017 AILEIVBIBIATST
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Tudlagiu andlanaedudiudryue@inuszariu Wuiievlulassnisvuinlng
T 913 Fsasandudn warauiudiu n1sesnuuussuUAnRdmIuTAsIn1TvE RIS
AMIIUEY TR waraiflunisedeseumeuieliiiulusuminudesnisuazUaendy
nsrUIUNsTUsENeUmEt unpuaNETuReY 1Y N133IATIXAAINRDINITVBISEUUANH 113
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1ATINITIUIR LYY

2.5.1 MsMrunIIBavdsnlasanis

msfuaswandenlasinisdesmnieddedesiag fdmadoniseanuuuwaznig
YuLeTEUUANA W USinaumazimiinuesTanuargunaaifildlunisadiese uuang flud
ey sULUUYRIBIaNe dnindisessureddns uavdug Tnsmssalassnmsansdosddadienis
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2.5.2 WNANANLIUNITODNLUUTE UUATA
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A

vaadddlimungandunisldaunaznisiadeaudeves deu uenanidiaisidenianid
AN MLazAIUaRAdug e rdaununularduasianislidau Tunisesnwuuszuudnd
gj a v o (Y o d‘ %) [ [~4 v a QQJ’ A v
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A ¥ v v ¥ I3 a v S o a A
ialigldanuanusaldnulaaemnuazsinsnuinesnis wenanidnisiaisaisesniny
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USunaumdnidnddessuld geenuuuazdesadquuuiasyuuang ilinsuwansseasidenves
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AS9N9U MS0HURIURUATE99NT SuDeszuUlnd seuuUSTUeINA STUUUSUAIMULST SEUU
AIUANKATIANI5A199 Fesendulumuinnsgiuazdomnuaiinmualy N1509NLUURUURS
seuvAndasdelvigldaunasldnussuudniidnlalasetu wazdreliguseneumsaiunse
Uszifiuanldaneuaziianlun1sas1essuuanalamed uananni N1599NWUUBUIURISSUUANA
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2.5.4 UPINLUUTIEALLEYA

N1590NLUUTEaL88AU0353UUANH (Lift Detail Design) Wunisdaviunugiivag
swaziduniiazidunvesszuuand Welifunmsmvesnisvaunardiuusenauniigg ves
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A15NN 4.1 umsiunseieieTuredndluaimsatun 5 Usean

wazden/Useinnenas  wnede  lsemenuia dninau UININYINY L5k
No. of trips/day (trip) 1964 10612 6580 2265 3711
Up Motor Starts 531 1360 3437 1494 621
Down Motor Starts 581 1053 932 1078 597
Total Motor Starts 1112 2413 4369 2572 1218

Total Distance Travelled 94836.6 13393 48947.8 27660.2 49023
(m)

Total up running time (s)  12441.3 8978.5 23078.9 11468.3 9878

Total down running 12748.7 7694.4 12429.1 9876 9752
time (s)
Daily Energy  578.22 460.77 1200 288 446

Consumption (kWh)
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4.2 ANSIATIZVAIUFUNUSVDINAIIU FZEZNN HAZANTZVDIANA

4.2.1 91AIAIVANUTEANTINNDAEY

0.14 + y=—6.30654E-7x2+4.57821E-4x+7.3351 1E-4
- R%=0.93577 - "
0.12 1
- u
3010 | "n, =g, "
= ] e "p " nm a " B
< 0.08 - P
(o9 u ] |y
— 1 1 [ ] .. u
0.06 iz
0.04 -
0.02 ~
0.00 ; T . , ; , : . : |
0 100 200 300 400 500
Load (kg)

U 4.6 AmdanunaznszvesdniUszIaniiinedu T

SUT 4.6 wanamdusiussering e waznslimdanuiifinduy deeyzuuunms
Tiwdaudenivanduaunismyudidenuuusususiiiu 093577 ffluansluaunis
(a.1) uaz (4.2) iednleglulunauaudurouaylififudufindeulymdnuilidmiussuy

AIUANASUAN 0.000733.

E, = —6.30654 X 1077x% + 4.57821 x 10™*x + 0.000733 (4.1)

R? = 0.93577 (4.2)
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aMAAUMNWUaY (Load) Uintinussnnuaznisidnasnuluaimsninedesin Tnewnu X unu

A152UR9aNALLNUI8AlaNTY (Load) WAU Y WNUSE8EN1NANAPADUN MunLILUeS (Travel)

wazknu Z unundsnunldlunistuedewdnd E, lumheiladngd-galus (kwh) Samsnefians

Tgndauuusiuay Audsnalnaaiiiuduiarssegnislunisiiunigean lueansnin
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9IRETIN NUIIUTLIUFIUYBINT N AT10TBIINNANVBITBYANITAUNILALTEEEN
drusnninenguiuegluviinad mnefehandddeuaussyn 1000 Alanfu aeddiniin
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4.2.2 E]’]ﬂ']'iﬂ’JUﬂiJUi%LﬂVlIN‘WEJ’]U’]a

006 y=1.12623E-5x’+0.00142x+2.47806E-4
R?=0.92964 =

Load (kg)

gﬂﬁ 4.8 AMNENIULAZNTEVDIENAUTZNNLIINEIUTA

U 4.8 wansprwduiusvoamdulazaIsevesdndUssLanlsaneuad sy
sUnuumslindsssionslranduannswusdifienauUsusiuvintu 0.92964 fauandlu
auns (4.3) wae (4.9) dedwdoglulvunauauduionas it uduiied eulvindaauild

dmiuseuuaIuAuazilan 0.00247

E, = —1.12623 X 1075x2 4+ 0.00142x + 0.00247 (4.3)

R? = 0.92964 (4.4)
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4.2.3 91A15AIUANYTELANE 1IN

0.3 1
=-2.90407E-7x%*+5.03707E-4x+0.00116
R?=0.89443
[
. P
0.2 a n -/_,f/’”_
= =
= w
4
o "o
[Sa]
0.1
0.0 Y T T T ' I
0 200 400 600 800
Load (kg)

U 4.10 Amdsnuuaznszvesdviilszandninay

SUT 4.10 uamsisruduitusasivantunislindanuiliiatu fesdsuuuunsly
Wé’muﬁiduamL“ﬂuaumiwwumﬁﬁmmu:dsﬂiau 0.89443 fsiuansluauns (4.5) wag (4.6)
a3 (4.6) aansaszyldinlusneidndegiulnmawnudusuasliitudiuiindoulm

nasAlgEmTusTUUAIUANTA1 0.00116

E, = —2.90407 X 10~7x? 4 5.03707 x 10~*x + 0.00116 (4.5)

R? = 0.89443 (4.6)
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MNTUT 4.11 wanseudfussEninesssmanavidiadeud (Travel) funsyams
Fuvnstiuag (Load) dwiinussnnuaynslindsemiluamsdiineu neunu X wiuniszves
avlflumieAlandu (Load) wnu Y wuszegnaiiandiadounlumieung (Travel) wagunu Z
uwundsuilflunisiuiedeudndlumiealatnd-Falus (kwh) Famnedsnislindssuuls
fuma Fuusinalnaniisdusasszosnidlunsfunisgegn nsndazeliisndul
ANNFITUS TE I 19013z vesANdd TN Szerneianded oudl uagndaeuildlunis
Fuideudnd lunisgns Isasdunmduiidmuslaggateya (Load, Travel, Ep)ainnsn
\sragnueLEUS AT v Bady Soansenuindonseandidutu wnu X) seenisd

ANALARDUT (N Y) e Twud AT U TuraeReINy NasuURlslun1sTuLAaaUANA
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4.2.4 81ANIMIVANUTLLANUNINGINY

0.3 -
y=-2.72985E-7x*+5.15896 E-4x+6.55258 -4
R?=0.89647 "

=
=
=
(oW
[Sa]

00 T T T T d T T T T 1

0 200 400 600 800 1000

Load (kg)

U 4.12 nsminnudiudueandssnulas Mz ueaandUsTI AT INedy

Ul 4.12 uansisrruduiusvedvantunislindnuiifiaty fesdsuuuunsly
wiauselvanluaumswyuuifanuuusus 0.89647 ffluansluauns (4.7) ua (4.8)
NAUNTS5 (4.8) 1ile E, wnunslindanuluniieilaiand-dalue (kWh) wag x ununisely
nuwAlansu (kg)a'm'ria381416’1”;’?1%%ﬁéWﬁaq’IuImmmmuﬁmaLLazlaiﬁf?iyuehuﬁ

waeulmndanunlddmsussuumuguiian 0.000655

E, = —2.72985 x 1077x? 4+ 5.15896 x 10~*x + 0.000655 (4.7)

R? = 0.89647 (4.8)
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v
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4.2.5 E]’]ﬂ']'iﬂ’JUﬂiJU'i%LﬂWINLLﬁJ

0.18 -
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JUT 4.14 ATNEIULAZANTEURSaNAUsELAN LS9 Y

JUN 4.14 uansanuduius serindvaniaznslongaey deseyduuunisly
wasuseumndnussyniluaun swunAfieuwdsusiu 0.89901 awuansluaunis (4.9)
wag (4.10) Wedndeglulnunaunuiuiewaslddudiuniedoulny ndsnuilddmsussuy

AIUANIZIIAN 0.77985.

E, = —3938.60139 x 10~7x2% + 0.00142x + 0.77985 (4.9)

R? = 0.89901 (4.10)
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Journal's Performance

Journal Impact Factor

The Journal Impact Factor (JIF) is a journal-level metric calculated from data indexed in the Web of
Science Core Collection. It should be used with careful attention to the many factors that influence
citation rates, such as the volume of publication and citations characteristics of the subject area and
type of journal. The Journal Impact Factor can complement expert opinion and informed peer review.
In the case of academic evaluation for tenure, it is inappropriate to use a journal-level metric as a
proxy measure for individual researchers, institutions, or articles.
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Journal Impact Factor is calculated using the following metrics

Citations in 2021 to items published in 2019 (29,388) -
2020 (39,380) 68,768
= = 3.889
Number of citable items in 2019 (7,183) + 2020 (10,501) 17,684
Journal Impact Factor without self cites is calculated using the following metrics
Citations in 2021 to items published in 2019 (29,388) +
2020 (39,380) - Self Citations in 2021 to items published
in2019 (5,616) + 2020 (9,958) 68,768 -
15,574
= = 3.008
Number of citable items in 2019 (7,183) + 2020 {10,501) 17,684
Journal Citation Reports ™ 3-21 © 2022 Clarivate
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Journal Impact Factor Contributing Items

Citable Items (17,684)

TITLE CITATION COUNT
Impacts of the COVID-19 Pandemic on Life of Higher Education Students: A 170
Global Perspective 3

Authors: Aristovnik, Aleksander;Kerzic, Damijana;Ravselj, Dejan;Tomazevic,
Nina;Umek, Lan

Volume: 12

Accession number: WOS:000583135500001

Document Type: Article

Effects of the COVID-19 Lockdown on Urban Mobility: Empirical Evidence from 99
the City of Santander (Spain) 3
Authors: Aloi, Alfredo;Mazzei, Vittorio;Perrucci, Lucia;Prieto-Quintana,

Dario;Rodriguez, Andres;Sanudo, Roberto;Alonso, Borja;Benavente,

Juan;Cordera, Ruben;Echaniz, Eneko; et al.

Volume: 12

Accession number: WOS:000537476200368

Document Type: Article

Social Stigma during COVID-19 and its Impact on HCWs Outcomes 79
Authors: Ramaci, Tiziana;Barattucci, Massimiliano;Ledda, Caterina;Rapisarda, 3
Venerando
Volume: 12

Accession number: W0OS:000537476200332
Document Type: Article

Teleworking in the Context of the Covid-19 Crisis 78
Authors: Belzunegui-Eraso, Angel;Erro-Garces, Amaya 3
Volume: 12

Accession number: WOS:000537476200160
Document Type: Article

Policy Response, Social Media and Science Journalism for the Sustainability 73
of the Public Health System Amid the COVID-19 Outbreak: The Vietnam 3
Lessons

Authors: Viet-Phuong La;Manh-Tung Ho;Quan-Hoang Vuong;Thanh-Hang
Pham;Manh-Toan Ho;Minh-Hoang Nguyen;Nguyen, Khanh-Linh P;Thu-Trang
Vuong;Nguyen, Hong-Kong T.;Trung Tran; et al.

Volume: 12

Accession number: W0S:000531558100356

Document Type: Article

Showing 1-5 rows of 17,684 total (use export in the relevant section to download the full table)
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Journal Impact Factor Contributing Items
Citing Sources (5,608)

SOURCE NAME

SUSTAINABILITY

ENERGIES

JOURNAL OF CLEANER PRODUCTION

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC
HEALTH

ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH
APPLIED SCIENCES-BASEL

LAND

SCIENCE OF THE TOTAL ENVIRONMENT

WATER

FRONTIERS IN PSYCHOLOGY

PLOS ONE

JOURNAL OF ENVIRONMENTAL MANAGEMENT

IEEE ACCESS

SUSTAINABLE CITIES AND SOCIETY

REMOTE SENSING

SUSTAINABLE PRODUCTION AND CONSUMPTION
AGRONOMY-BASEL

AGRICULTURE-BASEL

ENVIRONMENT DEVELOPMENT AND SUSTAINABILITY

SENSORS

COUNT
15,574
1,927
1,605

1,562

933
891
846
645
557
534
475
471
419
414
382
374
371
359
331

288

Showing 1-20 rows of 5,608 total (use export in the relevant section to download the full table)
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Journal Citation Indicator (JCI)
0.64

The Journal Citation Indicator (JCI) is the average Category Normalized Citation Impact (CNCI) of
citable items (articles & reviews) published by a journal over a recent three year period. The average
JCl in a category is 1. Journals with a JCI of 1.5 have 50% more citation impact than the average in
that category. It may be used alongside other metrics to help you evaluate journals.
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JCR Years

Total Citations
130,265

The total number of times that a journal has been cited by all journals included in the database in the
JCR year. Citations to journals listed in JCR are compiled annually from the JCR years combined
database, regardless of which JCR edition lists the journal.

130265
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Citation Distribution

The Citation Distribution shows the frequency with which items published in the year or two years
prior were cited in the JCR data year (i.e., the component of the calculation of the JIF). The graph has
similar functionality as the JIF Trend graph, including hover-over data descriptions for each data
point, and an interactive legend where each data element's legend can be used as a toggle. You can
view Articles, Reviews, or Non-Citable (other) items to the JIF numerator.
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Open Access (0A)

The data included in this tile summarizes the items published in the journal in the JCR data year and
in the previous two years. For example, in the 2020 JCR data, released in June 2021, the Open
Access (OA) data show the publication model (Gold OA or subscription) of materials published in
2018, 2019 and 2020, and citations in 2020 to these items. This three-year set of published items is
used to provide descriptive analysis of the content and community of the journal.

Items
31,453 94.73%

50LD C @ IN-CIT ‘
29,795/ 93.76% 326/ 1.03%
1,658 / 5.22%
Citations*
80,024 96.87%

A E ?";Jr«‘ o | l’/‘ R ‘7:7 1.92”:) :

S0LD ¢ @ OTHER (NON-CITABLE ITEMS 5* \
77,521 /93.18% 737/ 0.89%
@ SUBSC BRON UNLINKED CITATIONS .
2,503 /3.01% 2,432/ 2.92%

* Citations in 2021 to items published in (2019-2021)
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Rank by Journal Impact factor

Journals within a category are sorted in descending order by Journal Impact Factor (JIF) resulting in
the Category Ranking below. A separate rank is shown for each category in which the journal is listed
in JCR. Data for the most recent year is presented at the top of the list, with other years shown in
reverse chronological order.

EDITION EDITION

Science Citation Index Expanded (SCIE) Social Sciences Citation Index (SSCI)
CATEGORY CATEGO

ENVIRONMENTAL SCIENCES ENVIRONMENTAL STUDIES

133/279 57/127

JCR  JIFRANK  QUART JIF PERCENTILE JCR  JIFRANK  QUART JIF PERCENTILE
YEAR ILE YEAR ILE

2021 133/279 Q2 52.51 1IN 2021 57/127 Q2 5551 I
2020 124/274 Q2 54.93 2020 59/125 Q2 53.20

2019 120/265 Q2 54.91 2019 53/123 Q2 57.32

2018 105/251 Q2 58.37 2018 44/116 Q2 62.50

2017 121/242 Q2 50.21 2017 51/109 Q2 53.67

2016 119/229 Q3 48.25 2016 47/105 Q2 55.71

2015 146/225 Q3 35.33 2015 62/104 Q3 40.87

2014 176/223 Q4 21.30 2014 75/100 Q3 25.50

2013 154/216 Q3 28.94 2013 61/98 Q3 38.27

Journal Citation Reports ™ 9-21 © 2022 Clarivate
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EDITION
Social Sciences Citation Index (SSCI)
CATEGORY

GREEN & SUSTAINABLE SCIENCE &
TECHNOLOGY

7/9

JCR  JIFRANK  QUART JIF PERCENTILE
YEAR ILE

2021 7/9 Q4 2778 1H
2020 6/9 Q3  38.89
2019 6/8 Q3  31.25
2018 3/6 Q2 5833
2017 3/6 Q2  58.33
2016 4/6 Q3  41.67
2015 5/6 Q4  25.00
2014 N/A N/A  N/A

2013 N/A N/A  N/A

Journal Citation Reports ™

10-21

EDITION

Science Citation Index Expanded (SCIE)
CATEGORY

GREEN & SUSTAINABLE SCIENCE &
TECHNOLOGY

35/47

JCR JIFRANK  QUART JIF PERCENTILE
YEAR ILE

2021 35/47 Q3 26.60 N
2020 30/44 Q3 32.95
2019 26/41 Q3 37.80
2018 20/35 Q3 4429
2017 21/33 Q3 37.88
2016 18/31 Q3 43.55
2015 22/29 Q4 25.86
2014 N/A N/A  N/A

2013 N/A N/A  N/A
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Rank by Journal Citation Indicator (JCI)

Journals within a category are sorted in descending order by Journal Citation Indicator (JCI)

resulting in the Category Ranking below. A separate rank is shown for each category in which the
journal is listed in JCR. Data for the most recent year is presented at the top of the list, with other
years shown in reverse chronological order.

Only journals which have a calculated JCI value are included in the JCI ranking. The total number of
journals displayed in this ranking may be less than the category overall.

CATEGORY

ENVIRONMENTAL SCIENCES

EGORY

157/324 97/169

JCR JCIRANK QUART JCI PERCENTILE JCR JCI RANK
YEAR ILE YEAR

2021 157/324 Q2 51.70 N 2021 97/169
2020 163/306 Q3 46.90 2020 111/156
2019 156/302 Q3 48.51 2019 103/156
2018 135/297 Q2 54.71 2018 94/153
2017 135/286 Q2 52.97 2017 86/149
CATEGORY

GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY

40/74

JCR  JCIRANK QUART JCI PERCENTILE

YEAR ILE

2021 40/74 Q3 46.62

2020 38/66 Q3 43.18

2019 37/65 Q3 43.85

2018 27/63 Q2 57.94

2017 29/60 Q2 52.50

Journal Citation Reports ™ 11-21
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Citation network

Cited Half-life
2.4 years

The Cited Half-Life is the median age of the items in this journal that were cited in the JCR year. Half

of a journal's cited items were published more recently than the cited half-life.

TOTAL NUMBER OF CITES

130,265

NON-SELF CITATIONS

102,116

: o I
-
& o« I
5

s [N

24 [l

2 |}

22 ||

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000
Number of Cites
@ Non-self citations: citations to the journal from the items in other sources
©  Citations to items in the journal from items in the same journal
@ Citations used to calculate the Impact Factor
— -

Journal Citation Reports 12-21
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SELF CITATIONS

28,149

# OF CITES FROM CUMULATIVE # OF CITING
2021 % SOURCES
130,265 citations 100.00% 6,958 sources
14,425 citations 11.07% 1,860 sources
39,380 citations 41.30% 4,285 sources
29,388 citations 63.86% 3,760 sources
21,480 citations 80.35% 3,260 sources
10,682 citations 88.55% 2,250 sources
6,110 citations 93.24% 1,529 sources
3,789 citations 96.15% 1,187 sources
1,866 citations 97.58% 723 sources
1,006 citations 98.35% 446 sources
450 citations 98.70% 252 sources

Previous years:

1,689 citations
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Citing titles in all years

Sustainability

0o N o o A wWwN

10
11
12
13
14
15
16
17
18
19
20

SOURCE NAME

All Others

Sustainability

Energies

Journal of Cleaner Production

International Journal of Environmental Research and Public Health
ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH
Land

Applied Sciences-Basel

SCIENCE OF THE TOTAL ENVIRONMENT

Water

Frontiers in Psychology

JOURNAL OF ENVIRONMENTAL MANAGEMENT
Sustainable Production and Consumption

PLoS One

Sustainable Cities and Society

ENVIRONMENT DEVELOPMENT AND SUSTAINABILITY
Agronomy-Basel

Remote Sensing

IEEE Access

Agriculture-Basel

Mathematics

COUNT
2,353
28,149
3,523
3,498
2,697
1,821
1,661
1,622
1,212
1,024
908
886
838
803
791
767
752
730
715
641
567

Showing 1 - 20 rows of 4605 total (use export in the relevant section to download the full table)
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Citing Half-life
6.6 years

The Citing Half-Life is the median age of items in other publications cited by this journal in the JCR

year.

TOTAL NUMBER OF CITES

881,343 853,194

2021
2020
2019
2018
2007

2016

Citing Years

2015

2014

2013

g

°
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Number of Cites

Non-self citations: citations to the journal from the items in other sources
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NON-SELF CITATIONS

g
g

14-21

113

SELF CITATIONS

28,149

# OF CITES FROM CUMULATIVE
2021 %

881,343 citations

# OF CITED
SOURCES

100.00% 197,683 sources

41,244 citations 4.68% 10,909 sources
106,307 citations 16.74% 26,355 sources
79,991 citations 25.82% 22,773 sources
70,398 citations 33.81% 21,550 sources
62,282 citations 40.88% 20,258 sources
52,847 citations 46.88% 17,978 sources
47,233 citations 52.24% 16,717 sources
40,972 citations 56.89% 15,064 sources
36,121 citations 60.99% 13,924 sources
32,906 citations 64.72% 12,938 sources

Previous years:

311,042 citations
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Cited titles in all years

Sustainability

0o N o o A wWwN

10
11
12
13
14
15
16
17
18
19
20

SOURCE NAME

All Others

Sustainability

Journal of Cleaner Production

SCIENCE OF THE TOTAL ENVIRONMENT
RENEWABLE & SUSTAINABLE ENERGY REVIEWS
ENERGY POLICY

JOURNAL OF BUSINESS ETHICS

TOURISM MANAGEMENT

International Journal of Environmental Research and Public Health
JOURNAL OF BUSINESS RESEARCH
RESOURCES CONSERVATION AND RECYCLING
PLoS One

CONSTRUCTION AND BUILDING MATERIALS
ENERGY AND BUILDINGS

Energies

ECOLOGICAL ECONOMICS

APPLIED ENERGY

JOURNAL OF ENVIRONMENTAL MANAGEMENT
ENERGY

BUILDING AND ENVIRONMENT

SCIENCE

COUNT
154,699
28,149
15,672
5314
4,538
3,347
3,261
3,210
2,997
2,910
2,748
2,733
2,701
2,694
2,684
2,656
2,637
2,628
2,427
2,247
5414

Showing 1 - 20 rows of 42984 total (use export in the relevant section to download the full table)
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Content metrics

Source data

This tile shows the breakdown of document types published by the journal. Citable Items are Articles
and Reviews. For the purposes of calculating JIF, a JCR year considers the publications of that
journal in the two prior years.

13,769 total citable items

ARTICLES REVIEWS COMBINED ()  OTHER PERCENTAGE

DOCUMENT
TYPES (0)

NUMBERIN JCR 12,714 1,055 13,769 137 99%

YEAR 2021 (A)

NUMBER OF 768,268 110,654 878,922 2,421 100%

REFERENCES (B)

RATIO (B/A) 60.4 104.9 63.8 17.7

Average JIF Percentile

The Average Journal Impact Factor Percentile takes the sum of the JIF Percentile rank for each
category under consideration, then calculates the average of those values.

ALL CATEGORIES AVERAGE EDITION EDITION
40.60 Science Citation Index Social Sciences Citation Index
Expanded
GREEN & SUSTAINABLE SCIENCE &
ENVIRONMENTAL SCIENCES TECHNOLOGY
52.51 27.78
GREEN & SUSTAINABLE SCIENCE & = ENVIRONMENTAL STUDIES
TECHNOLOGY
. 95:51
26.60
Journal Citation Reports ™ 16-21 © 2022 Clarivate
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Contributions by Organizations

Organizations that have contributed the most papers to the journal in the most recent three-year
period.

RANK ORGANIZATION COUNT
1 CHINESE ACADEMY OF SCIENCES 803 I
2 LEAGUE OF EUROPEAN RESEARCH 763 IS
UNIVERSITIES - LERU

3 EGYPTIAN KNOWLEDGE BANK (EKB) 359 N

4 UNIVERSITY OF GRANADA 224 Em

5 TONGJI UNIVERSITY 218 Il

6 UNIVERSITY OF SEVILLA 209 Em

7 KING SAUD UNIVERSITY 203 IEm

- SEJONG UNIVERSITY 203 Em

Showing 1 - 8 rows of 13372 total (use export in the relevant section to download the full table)

Contributions by country/region

Countries or Regions that have contributed the most papers to the journal in the most recent three-
year period.

RANK COUNTRY/REGION COUNT
1 CHINA MAINLAND 7639 IR
2 Spain 3553 N
3 USA 2804 IEEEN
4 South Korea 2725 NN
5 Italy 25517 NN
6 GERMANY (FED REP GER) 1505
7 Poland 1487 R
8 England 1448 Wl

Showing 1 - 8 rows of 177 total (use export in the relevant section to download the full table)
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Additional metrics

Eigenfactor score
0.12813

The Eigenfactor Score is a reflection of the density of the network of citations around the journal
using § years of cited content as cited by the Current Year. It considers both the number of citations
and the source of those citations, so that highly cited sources will influence the network more than
less cited sources. The Eigenfactor calculation does not include journal self-citations.

0.12813

0.09610

Eigenfactor Score

0.06406
0.03203

0.0000C
2017 2018 2019 2020 2021

JCR Years

Normalized Eigenfactor
27.38214

The Normalized Eigenfactor Score is the Eigenfactor score normalized, by rescaling the total number
of journals in the JCR each year, so that the average journal has a score of 1. Journals can then be
compared and influence measured by their score relative to 1.
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Article influence score
0.515

The Article Influence Score normalizes the Eigenfactor Score according to the cumulative size of the
cited journal across the prior five years. The mean Article Influence Score for each article is 1.00. A
score greater than 1.00 indicates that each article in the journal has above-average influence.
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5 year Impact Factor
4.089

The S-year Impact Factor is the average number of times articles from the journal published in the
past five years have been cited in the JCR year. It is calculated by dividing the number of citations in
the JCR year by the total number of articles published in the five previous years.

4.089
=
e
o
&
L 3,067
o
©
Q
E 7085
153
>
v 1.022

0.000

2017 2018 2019 2020 2021
JCR Years

§ year Impact Factor calculation

Citations in 2021 to items publishedin [2016-2020)]
{107,040) 107,040
= = 4.089
Number of citable itemns in [2016-2020] (26,176) 26,176
Journal Citation Reports ™ 20-21 © 2022 Clarivate
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Immediacy Index
1.048

The Immediacy Index is the count of citations in the current year to the journal that reference content
in this same year. Journals that have a consistently high Immediacy Index attract citations rapidly.

1.048
>
U
E 0.786
>
1o
8
© 0.524
[
€
E

0.262

0.000

2017 2018 2019 2020 2021
JCR Years

Immediacy Index cakulation

Cites in 2021 to items published in 2021 14425
14,426 1 13,765 = 1.048

Number of items published in 2021 13,769

Journal Citation Reports ™ 21-21 © 2022 Clarivate

120



I3 Author Search - Web ol Stience - X = %

e Mester Jouimel L % B3 Verlicul Trenspertation System P X |+ A
G v »0@ :

< C @ mijlclarivate.com/s

Welcome, Boonyang Plangklang

Web of
Science Master Journal List Search Journals Match Manuscript Downloads Help Center
Group % settings 3] LogOut

Already have a ] Refine Your Search Results
manuscript?

Use our Manuscript Matcher to find Kikiginability Sorl n__,‘l Relevancy -
the best relevant journals. y 5 J

Search Results

Found 136 resulls [Page 1) <, Share These Results

Filters l ] Exact Match Found
Web of Stience Coverage v SUSTAINABILITY
Open Access a v Publisher MDPI, ST ALBAN-ANLAGE 66, BASEL, SWITZERLAND, CH-4052
2071-1050
Categary v n Science Citation Index Expanded | Social Sciences Citation Index
. encelndeses:  Current Contents Agriculture, Biology & Environmental Sciences | Current Conten
Country / Region v Sciences | Essential Science Indicators

bl @ o~ O -0HEOB "

ariw Plargklang - Web o

140

=3
ENG B Ox @ e

« = X

x
+

unce Mester Jourmal L % | € Vel Trenspertalion Sisterin?. X €3 0

2 Author Swarch - Web ol Stience - X | @ Web

<€ C @ webofscience.com/wos/author/record/304618 G ©¥ % *»0@ :
Web of Science Core Collection metrics <L

nclude publicat

notindexed in Core Collagtion (@)A1 All Publications ~

< —PF AT > 7 38

H-Index Publicationsin
Web of Science

Date: newest first v

KA\l ot 0 167 0

Improving Enerp

‘anagement through Demand R

Low-R Jniv Buildings Tirnes Sum of Times Cited Citing Articles

Noppakant, Akeratoni and Plangklang, Boonyang Cited

Fublished Nav 2027 | Sustainability View citation report
Author Position (D

Vertical Transportat stem Power Usage: Behavioura! Case Study of 0

Regulated Buildings in Bangkok Times This is a premium feature.

Marsong, Supapradi

ongjeen, Yuttana| Plangklang, Boonyang Cited . Learn more about how to
access all of Web of Science.

Fublished Oct 2022 | Sustainability

An Alternative Low-Cost Embedded NILM System for Househald Energy 1

Conservation with a Low Sampling Rare T
e

Biansoongnarn. Somchai and Plangklang, Boonyang Cited

3 ;ﬁimr . Do \pm L ° E § @ A ENGE @ 14;7;;::,(30

121



I3 Author Swartch - Web ol Stence - X | o Web o

junce Mester Jourmal L % | O Verlical Tretspertation System P X €

5 Plaghlarig - W

< C @& webofscience.com/wos/author/record/104618 G v %

X CLOSE JOURNAL INFORMATION

SUSTAINABILITY

JCR Category Category Quartile

ENVIRONMENTAL SCIENCES

JE edidinn

Q2

ENVIRONMENTAL STUDIES

Clediion

GREEN & SUSTAINABLE

in SCIF adition

GREEN & SUSTAINABLE 5CI

in SSCI e

CE & TECHNOLOGY

Source: Journal Citation Reports Learn more [

vie

i
and addilional metrics o beller understand a journal's

have access Lo Journal Gitalion Reg

T ihraugh your institulion's subscriplic

o AN

i the lates) Joumal Inpact Factor ™
contenl and audience

Journal Citation Indicator ™

—. :;fnnr " O soarch [ D ‘- ° E € a A EE e RO 14}:,-'7};52

©® 68 H 0 4 =

< c e D e e e ——— 00001 @

X CLOSE JOURNAL INFORMATION

SUSTAINABILITY

PublisherName: MDP|

JCR Category Category Quartile

ALSCIENCES @

Source: Journsl Citstion Regorts Lesm more

18you Rave aceess to Journs Ciation Reports = thrcugh your insitution’s subscription, you can
e Late:

view pact Factor ™ snd adkitional metrics o better unds

W ajournal's

content snd audence.

Journal Citation Indicator ™
) 2020

0.65 0.56

i Category Category Rank Category Quartite

e Jowrms! Citation indicater 1+ measre of the aversge Ctegary Normalzed Cation impact
(CNE) f citable tems (aricies and reviews) published by  journal over a recent three year period.
. ‘metrcs besides the Jous E

s us

R immmare @

122



€3 Author Search - Web of Science - X @ Web of Science Master Journal L X I3} Vertical Transportation System i X | + v = a X

0@

< C @ mjlclarivate.com/search-results G & %

Web of Welcome, Boonyang Plangklang
W Science Master Journal List Search Journals Match Manuscript Downloads Help Center
Group & Settings 3] Log Out

Already have a B Refine Your Search Results

manuscript?
Use our Manuscript Matcher to find

Sustainability 1 SortBy:| Relevancy  ~
the best relevant journals! L _—
m et
Found 196 results (Page 1) < Share These Results

Filters { B clearall | Exact Match Found
Web of Science Coverage v SUSTAINABILITY [ |
Open Access 8 v Publishe MDPI, ST ALBAN-ANLAGE 66, BASEL, SWITZERLAND, CH-4052
ISSN / elSSN. 2071-1050
Category v Web of Scie e Collection: Science Citation Index Expanded | Social Sciences Citation Index
al We e Indexes Current Contents Agriculture, Biology & Environmental Sciences | Current Contents Social And Behavioral
Country / Region v Sciences | Essential Science Indicators

£ Search [ g - @ E 6 G ~ G NG & dx & 14/2/?5223

€3 Author Search - Web of Science . X | @ Web of Science Master Journal L X | I3 Vertical Transportation Systemi* X I3 Boonyang Plangklang - Webof - X = \ - u] X
€ C @& webofscience.com/wos/author/rec G ¥ % » 0O Q 2
Web of Science Core Collection metrics (i
>l 4 87,
Inc licatic 1ot & ection (@400 All Publications ~
MENU
Date: newest first v < Tl 5 YB3 ¢ 38
e | 1775 H-Index Publications in
Web of Science
Improving Energy Management through Demand Response Programs for 0 167 0
Low-Rise University Buildings Tiee Sum of Times Cited Citing Articles
3
Noppakant, Akeratana and Plangklang, Boonyang Cited
Published Nov 2022 | Sustainability W citation repot
Author Position @
Vertical Transportation System Power Usage: Behavioural Case Study of 0
Regulated Buildings in Bangkok Times This is a premium feature.
Marsong, Supapradit ; Kongjeen, Yuttana ; Plangklang, Boonyang Cited Learn more about how to
Published Oct 2022 | Sustainability access all of Web of Science.
An Alternative Low-Cost Embedded NILM System for Household Energy i1
Conservation with a Low Sampling Rate Times
Biansoongnern, Somchai and Plangklang, Boonyang Cited Co-authors @
© «c - 74 14:01
flumsnn Pseach g D ° @ - 2l R e

123




€3 Author Search - Web of Science . X | @ Web of Science Master Journal | X | K Vertical Transportation System 7 X 3 Boonyang Plangklang - Webof - X =+ \ = o X
<« C @& webofscience.com/wos/author/record/304618 G ¥ % *»0@ :

X CLOSE JOURNAL INFORMATION

SUSTAINABILITY

PublisherName: MDP|

JCR Category Category Quartile

ENVIRONMENTAL SCIENCES Q2
in SCIE edition

ENVIRONMENTAL STUDIES Q2
in SSCt edition

GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY Q3

in SCIE edition

GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY Q4
in SSC! edition

Source: Journal Citation Reports Learn more[/}

If you have access to Journal Citation Reports ™ through your institution's subscription, you can

view the latest Journal Impact Factor ™ and additional metrics to better understand a journal's
content and audience. e
Journal Citation Indicator ™

== £ Search LQZQE‘E@ il

e 1402
NG B & 00 @

A sustainability

an Open Access Journal by MDPI

Certificate of publication for the article titled:
Vertical Transportation System Power Usage: Behavioural Case Study of Regulated Buildings in Bangkok

Authored by:
Supapradit Marsong; Yuttana Kongjeen; Boonyang Plangklang

Published in:
Sustainability 2022, Volume 14, Issue 20, 13267

Z
T
P

Basel, November 2022

124




%%?*susndnabﬂhy

Article

il CITESCORE
y 5.0

Vertical Transportation System
Power Usage: Behavioural Case
Study of Regulated Buildings in
Bangkok

Supapradit Marsong, Yuttana Kongjeen and Boonyang Plangklang

125



é’{? sustainability

Article

Vertical Transportation System Power Usage: Behavioural Case
Study of Regulated Buildings in Bangkok

Supapradit Marsong ', Yuttana Kongjeen 2

check for
updates

Citation: Marsong, S.; Kongjeen, Y.;
Plangklang, B. Vertical
Iransportation System Power Usage:
Behavioural Case Study of Regulated
Buildings in Bangkok. Sustainability
2022, 14, 13267. https://doiorg/
10.3390/5ul42013267

Academic Edilors: Anlonio Messineo

and Chi-Ming Tai

Received: 7 September 2022
Accepted: 9 October 2022
Published: 15 Octaber 2022

Publisher’s Note: MDPI stays ncutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors,
licensee MDPI, Hasel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/ licenses /by /
40/).

and Boonyang Plangklang "*

Department of Electrical Engineering, Faculty of Engineering, Rajamangala University of Technology
Thanyaburi, Pathum Thani 12110, Thailand
*  Intelligent Power System and Energy Research (IPER), Department of Electrical Engineering, Faculty of
Tingineering and Technology, Rajamangala University of Technology Tsan,
Nakhon Ratchasima 30000, Thailand
*  Correspondence: boonyang.p@en.rmutt.ac.th; Tel.: +66-86-899-2996

Abstract: Sustainable urban development worldwide is crucial for the development of living spaces
in high-rise buildings and infrastructures, which leads to the inevitability of increased energy con-
sumption and demand of vertical transportation systems. The evaluation of the energy consumption
of transportation systems is needed to verify and analyse the power usage related to traffic demands
and patterns. In addition, efficient vertical transportation systems are central to the formulation of
more sustainable cities. Therefore, this trend represents a substantial portion of the overall energy
consumption of the building types. The benchmarking of the energy needs of the vertical transporta-
tion systems in five different building types via the comparison of granular load profile patterns (in
conjunction with population densities) to the energy consumed was conducted, and it will be used to
infer some impactful design strategies for the future. This study demonstrated a systematic approach
to determine the power usage patterns in vertical transportation systems by actual measurement
and traffic data collection from elevator monitoring. This may be used to develop a prediction
for other cases in different types of installed vertical transportation systems. Therefore, the power
usage of the vertical transportation systems can be used to determine the correlation between energy
consumption and load pattern based on building characteristics and the overall energy consumption
of each presented system.

Keywords: building type; clevator; encergy consumption; traffic pattern; vertical transportation

1. Introduction

The electric elevator is an essential piece of equipment for transporting or moving
people and goods to specific destinations in most of the world’s tall buildings. Not only are
clevators utilized in skyscrapers to service the building, but they are also used in buildings
with a small number of floors. Therefore, it is necessary to make use of the advantages of
elevators; for example, as a necessity to assist people with disabilities. The energy use of
public buildings accounts for a large proportion of the total building energy consumption.
Building energy conservation is critical for Thailand’s energy conservation and reduction
efforts. Therefore, considering energy conservation efforts in the construction sector, it is
essential to perform energy audits of public buildings, evaluate their energy usage, and
determine the key influencing elements. In the literature, several approaches using linear
regression have recently been applied to hotel buildings for energy data benchmarking.
However, the energy prediction was conducted based on a pre-defined methodology and
up-to-date data, in order to reveal significant progress in the power generation sector [1].
Meanwhile, the residential sector’s energy consumption proportion across all sectors (i.e.,
commercial, residential, transportation, and industrial) incrcased from 14.2% in 1990 to
18.1% in 2007, as described in [2]. This indicates that apartment buildings, as a section of
the private housing market, were becoming less energy efficient while the cconomy grew
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and the living standards improved; namely, people have come to prefer to consume more
energy to have a more comfortable existence. However, behaviour changes in residents
may not be an effective strategy for reducing energy consumption. Research work on
the building sector in China found that it consumed 25% of the country’s total energy;
in particular, public buildings consume more power than other types of buildings. For
example, the energy consumption per square meter of non-residential buildings in China
was three times that of residential buildings [3]. Other alternative methodologies, using the
Lorenz curve and the Gini coefficient, have been implemented to investigate the energy
consumption of office buildings in various cities in China [4]. This method serves as an
alternative to the traditional procedure for differentiating human behaviour and building
performance patterns. However, building energy efficiency has long been seen as a critical
part of energy conservation. In-depth energy analysis for buildings can be conducted
using various methods, such as the logarithmic mean Divisia index (LMDI) decomposition
approach and the Hybrid LDMI for energy consumption and intensity. The additive de-
composition approach is suitable when considering a quantity indicator [5,6]. Meanwhile,
the passenger behaviour algorithm has been utilized for thermal simulation, the results
of which were interesting and helped to justify the occupancy profile. However, there
is still no relevant information regarding elevator systems [7]. The relationship between
occupancy rate and energy usage intensity is difficult to identify. Understanding occupant
behaviour creates new opportunities to influence the evolution of building technology,
leading to increased energy efficiency and occupant comfort [8]. The high energy consump-
tion and low energy efficiency pattern is prevalent in public buildings, implying that public
buildings have significant energy-saving potential [9]. The function of a building type
directly impacts the energy consumption per unit area [10]. Similar work has also been
described in [11], comparing three types of public buildings. It was found that superstores
consumed the most energy—more than double that of hotels and approximately five times
that of government office buildings. Energy management and energy awareness programs
promoting energy efficiency are expected to help increase hotel profits [12]. The use of the
analytic hierarchy process and multi-perspective approach have been proposed for the
evaluation and assessment of emerging renewable energy [13]. In the case of hotels, the
energy consumption patterns of the building tend to differ from those of other building
types [14]. The energy usage characteristics of hotel buildings have been studied, revealing
that the electricity accounted for 75% of the total energy consumption. In the case of
hospitals and schools, the average values of energy consumption and carbon emissions per
unit area for different building types, such as offices, hospitals, and schools, have been de-
termined [15]. Therefore, a vast number of studies have been conducted in order to reduce
the gap between the predicted and actual energy consumption in buildings; however, there
remains some doubt [16]. From the literature, it is apparent that the energy consumption
of hospitals is significantly higher than that of government offices and schools. However,
these impact assessments often do not consider vertical transportation and the associated
apparatus. Measuring and monitoring energy consumption in buildings becomes essential
to understanding the actual energy consumption, thus providing designers and building
operators feedback to promote building energy efficiency [17]. This technique, however,
requires significant time for data collection. Through measurement and calculation, the
energy consumption of elevators based on the hybrid approach has been presented for low-
and high-rise buildings [18,19]. This method collects information from the management
office based on daily energy use, from which the elevator’s energy efficiency classification
can be established. The results indicate that the low-rise building had better energy effi-
ciency than the high-rise building. Nevertheless, the classification method was modified
to VDI4707 in order to measure the elevator’s energy efficiency, which can provide a sug-
gestion to improve the energy consumption of the building, as described in [20]. Several
methods for evaluating the comprehensive operations of elevators have been reported in
the literature [21,22]. These evaluations are related to data collection through measurement
and data analysis. The energy consumption of a conventional drive in an elevator has been
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compared to that of a regenerative drive, as described in [23]. Differences between building
types and elevator performance assessments lead to distinct performance levels, related to
many variables, measurements, and performance evaluations [24,25]. This can possibly be
thought of as an alternative route to achieve a potential reduction of the standby energy
consumption. In general, standby mode represents 5-95% of the energy consumption. The
standby energy can be reduced by 80% if drive technology is implemented [26]. Building
energy saving through elevators by adaptive counterweight sizing has been proposed,
involving the measurement of daily elevator traffic and load behaviour, through which
significant savings can be achieved [27]. Due to the problems of the traction wheel and
the wire rope slippage causing excessive wear and tear, the image processing technique
has been adapted to detect wire rope slippage, which can enhance safety usage and re-
duce energy consumption [28]. To establish the energy efficiency rating of an elevator
installation with sufficient confidence, the energy performance and operating parameters
must be measured under normal service conditions [29]. Interestingly, the occupancy
behaviour is inherently complex and stochastic, making it difficult to accurately describe or
predict building energy performance [30]. Therefore, this paper’s main aim is to analyse
traffic behaviour and evaluate the energy consumption of five regulated building types in
Thailand: namely office, university, hospital, hotel, and residential.

In summary, the key contributions of this paper are as follows:

This study analyses the elevator load pattern and population density for different
types of buildings and determines the correlation between energy consumption and load
pattern, based on building characteristics.

The remainder of this paper is organized as follows: Section 2 provides the principle
of vertical transport power usage behaviour. The methodology for behavioural analysis
of the vertical transport power usage is presented in Section 3. The results and discussion
of the aforementioned behavioural analysis are presented in Section 4. Finally, Section 5
presents the conclusions.

2. Principle of Vertical Transport Power Usage Behaviour

In a vertical transportation system, symmetry refers to the reflection of a pattern atan
angle across a centreline, called an axis. Commercial buildings are used for commercial
purposes, and are comprised of various business types, office buildings, stores, industrial
buildings, and self-parking garages. Apartments and hotels are considered residential
buildings, while schools and hospitals are considered institutional buildings. Commercial
buildings have definite transportation requirements, as the arrival and departure of their
populations are normally focused within certain periods of the working day. Depending
on the operating direction and several other conditions, an elevator can operate in four
quadrants, as shown in Figure 1. When the combined weight of the car and its load is less
than the counterweight, the load is considered to be light condition. The operating mode of
an elevator is based on the load conditions and direction, which has defined by individual
quadrant Q1, Q2, Q3 and Q4 represented in Figure 1, (Q4) travelling upward with a heavy
load and downward with a light load (Q1) results in the motoring mode; that is, instances
in which the motor consumes energy from the power source.

On the other hand, travelling downward with a heavy load (Q3) and ascending with a
light load (Q2) results in the motor entering generating mode, thus generating power. In a
conventional elevator, the generated power is dissipated as heat by the breaking resistor,
resulting in energy loss. It is considered undesirable to conserve this portion of energy
and reuse it in subsequent operating cycles, even though this would result in significant
energy savings [23]. As represented in Figure 2, the power meter is directly connected
to the power supply, which directly connects to the rectifier unit, connecting the DC-link
circuit through to the inverter unit and supplying power to the motor. The motor’s shaft
is directly connected to the driving sheave and the diverter sheave. The driving sheave
has a steel wire rope suspended on it, with one end attached to the car and the other end
connected to the counterbalance.
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Figure 2. The connection point of the power analysis instrument to the power source.

This section describes our model of calculating the total energy consumption, which
is applicable to direct calculation, simulation, or a monitoring system. The total energy
consumption is the sum of the running energy, Ex, and the standby energy, Es:

Eq— Eg I Es 1)

where L is the total energy consumption. More detail is provided in Equation (2). The
integration of the instantaneous line power, Pj,,, provides the energy consumed within ¢,
seconds:

t
WZA Pine(Pi+Pr+PotPy+ Pyt )
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where P, represents the motor power; P; denotes the power losses of the motor; P, repre-
sents the control system and lighting which consume constant power; P, is the constant
power of the brake; and P; denotes the invertor losses [31]. Generally, the components of
losses are positive. Furthermore, the motor power can be positive or negative, depending
on the direction of the energy flow. As a result, the line power may be harmful as well,
revealing that the system is regenerating.

Eg= (24— (%) +tm> (PiaRia+PstRst) (3)

where E; is the daily standby energy consumption, consisting of the two main components
representing when energy is consumed and when the elevator is not in use; R;; is the
idle time ratio (when consuming, P;; < 1); Ry is the standby time ratio (when consuming,
Ry < 1); and t5 represents time to travel, including door time, for each of the building
types. An elevator that is not running can be expressed by Equation (4):

S5 © @

%"?+E+E*“ )
where #, is the time to travel, including door time, for each of the building types. Sz is
the average distance. v is the rated speed (m/s) and j is the rated jerk (m/sz) while ¢ is
the running time per day (hours). When operating the motor, the input power needs to be
slightly more than the output, due to motor losses:

P,
P = = ©)

Equation (6) represents that regenerating the motor will return slightly less energy
than that generated, due to the motor loss:

Pline: Pregen X1 6

The total efficiency is presented in Equation (7), where 7 represents the efficiency of
the shaft, Yshaftr multiplied by the efficiency of the motor, #motor:

U ﬂshaﬂx Nmotor (7)

The typical power curve of the hoisting machine, as a function of the full load /full
speed up power Py, can be presented as Equation (8), where Q is the rated load (kg), 14
is the rated speed (m/s), and G, is the acceleration due to gravity (equal to 9.81 m/s):

QxVXG,

~2x X 1 potor 1000 @

Prorm
During heavy traffic, the carload and the number of elevators starts are increased,
while the travel distances decrease:

Carload < CWT; Elevetor € Generator A Upcontrol
P ) Cartoad > CWT; Elevetor € Generator A Downcontrol
Flow = 3 Carload > CWT; Elevetor € Motor A Upcontrol
Carload < CWT; Elevetor € Motor N Downcontrol

©)

Figure 3 represents the motor’s operation from the initial state until constant speed of
the elevator is achieved, travelling upward to the destination position that a passenger has
assigned. In this initial state, the frequency is increasing. Until the slowdown to stop at the
landing, the power consumption in each running period varies with the travelling distance.
However, in this process, different motoring values occur, denoted by W1, W2, and W4
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in the figure. W5 is not displayed in the diagram, as it describes a condition in which the
motor is not active and does not consume power (or only consumes a minimal amount).
At the same time, the motor consumes electrical power. This working condition is
called monitoring. The travelling time is shown in the t1 to t4 periods, respectively. tc
represents the time from which the elevator starts running until it stops at the destination.

3 Ascending \
Frequency / il
(kiz) 1

| Powertw)

Descending

\ wa Wi i T——
Motoring 4 w3
I bl i)

Generating ™ |
| w7 wh
|

. | 8 w10
e o — ——

Figure 3. Regenerative power operation.

On the other hand, suppose the carload is greater than the counterbalanced weight
when the elevator is travelling downward. In this state, the car moves downward, and
the elevator does not use power from the electrical system. The motor is now operating in
generator mode, with different values (as indicated by W6-W9). These vary by distance
and appear over the period from t6 to t9, until the elevator stops. This condition is called
generating mode.

3. Methodology for Behavioural Analysis of the Vertical Transport Power Usage

Onsite measurement methods can be adapted from the standard EN ISO 25745-
1:2012 [21], which focuses on electricity consumption measurement procedures. The
elevator usage is categorized according to the VDI 4707 standard which has provided
five usage categories according to the usage pattern of an investigated elevator, the average
travel and idle times, and the investigated object’s actual location.

Figure 4 shows the main distribution panel found in a typical setup, as seen in Figure 4a,
and the power meter inside the elevator controller cabinet when some space is available for
place power analyser, as seen in Figure 4b.
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;.
* 4
elevator’cont?

after-Connottedddo

(a) Connection point in MBD (b) Power analyser installation

Figure 4. Instrument installation on the commen coupling point in control cabinet.

Figure 5a shows a photographic image of a connection point in a distribution panel
located in an elevator machine room. This connection is mainly intended for the single-lift
unit measurement for the proposed comparison. Inside the distribution panel, the space is
limited; therefore, the power analyser as shown in Figure 5b needs to be located outside
the distribution cabinet.

——

Main di

(a) Connection point in MDB panel (b) Power analyzer installation

Figure 5. Instrument installation outside the MIDB for individual elevator measurement.

Figure 6a shows a photographic image of a geared traction elevator system, powered
by induction motors and using a 1:1 roping ratio, installed in one of our sample hospital
buildings. Figure 6b represents the hospital resistor used for braking. When the elevator
operates in generator mode, the reverse excess energy is eliminated by the braking resistor
in the form of heat, resulting in energy loss. In effect, this causes the temperature inside
the elevator machine room to have a higher value, which is commonly the case for old
buildings (e.g., aged at least twenty years).
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Control cabinet

1

(a) Conventional clevator system (b) Braking resistor

Figure 6. Geared traction elevator system and its breaking resistor.

Figure 7 shows the elevator network diagram and the monitoring system. Traffic data
and elevator trips information can be extracted from the elevator monitoring system in a
spreadsheet format.

Figure 8 represents the workflow diagram of the study process. After a conceptual
study, the sampler site needs to be selected to conform with the building type. This
system incorporates two important techniques: first, the electrical instrumental measuring
technique and second, the curve fitting technique, which will provide most intriguing
findings and equations for further analysis.

Multi-Port

Central Location

RS422 Interface

Machine Room A (1 Elevator Group)

..... .\ Elevator Elevator Elevator
Controller 1 Controller 2 Controller 3
\ [} [}
Elevator Monitoring System ]
Interface Tnterface Interface
Helpdesk Helpdesk Helpdesk
i
Machine Room B (2 Elevator Group)
Elevator
Controller 4
| Grow
| Control
i
Machine Room C (3 Elevator Group)
Elevator Flevator
Controller 5 Controller 6
T [
I Group Interface Interface
| Control Helpdesk Helpdesk
T T T
{ H

Figure 7. Elevator network diagram and monitoring system.
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4. Results and Discussion

This section aims to outline the actual measurement results and the elevator infor-
mation data. The resources of measurement data were taken for cach building type from
the elevator monitoring system and the traffic monitoring tool, as shown in Figure 7. The
building database was extracted to numbers formatted and categorized to the following
types: incoming, outgoing, and inter-floor. Traveling trip information, including directional
and passenger loads, were arranged for curve fitting and further analysis. In this study,
the occupancy rates were assumed based on the basic building design. The energy con-
sumption is relatively proportional to the number of people using the elevators in each
type of building. In accordance with ISO 25745-2:2015, the clevator usage was categorized
based on the number of elevator trips. Therefore, the main achievements, including the
contributions, are summarized as shown in Table 1.

Table 1. Population density and building characteristics.

Type Office University Hotel Hospital Residential
paER 6 5 5 6 4
category
No. of trips .
i 2000 1500 1000 2500 900
per day (trip)
GFA (m?) 80,000 50,000 28,000 70,262 40,050
Population 10 18 23 21 45 m2 /100
Density m? /person m? /person mz/pcrsnn m? /person /00
OC‘I‘Q‘;E“CY 85% 95% 64% 83Y% 75%

Table 1 shows the number of trips per day for each type of building as a building
characteristic. Meanwhile, for the buildings where elevator monitoring is not available,
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the elevator usage reports need to be download by the proprietary tool from each elevator
company. Important components of the study are data collection and analysis together with
the data integration technique. However, the impact of population density and building
characteristics are related to data variation in the actual measurement system.

Figure 9 shows an office traffic pattern based on the results, and we make the following
observations. Data for the office are denoted by solid yellow, purple, and green areas in the
figure. The presence of two intense peaks in the plots corresponds to typical office passenger
behaviour: the first peak (at approximately 08:00) represents incoming passengers, while
the following peaks in the plot correspond to the lunch (at approximately 12:00 and 13:00)
and evening (at approximately 17:00) peaks. Typically, an office building can be defined
as single-tenant or multi-tenant, which will have an impact on the internal traffic of the
building. Regarding passenger traffic in the building, we defined traffic flows as follows:
outgoing, inter-floor, and incoming. Incoming traffic usually comprises 75-80% of the total
population, while outgoing traffic comprises approximately 20%; the remaining proportion
will be inter-floor traffic. In the case of offices, as single-tenant building will have more
inter-floor traffic, due to the co-ordination between departments or the travelling between
floors. During the lunch peak, the number of passengers increases, as they go out for lunch
in the same direction, and in the evening, passengers begin to use elevators to exit the
building, thus increasing the frequency from 17:00 to 18:00, which is typical behaviour for
an office building.
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Figure 9. Office traffic pattern throughout the day.

Figure 10 shows that the university buildings are classified as institutional buildings. For
example, a university campus may consist of office buildings, residence halls, catering facilities,
and factory-like units for housing, teaching, and research equipment. In addition, certain
buildings serve multiple functions, including lecture halls, laboratories, and offices. In particular,
when universities are located in city centres, many have tall buildings (10-20 stories). Before and
after each 50-min lecture, tutorial, or seminar session, there may be hourly cycles of 10 min of
demand. These peaks can range between 15% and 25% with a 30-50 s interval. It is improbable
that an economically feasible solution may be found to meet such high peak requirements,
although extensive stair use is probable. The activity levels are low between the peaks. Office-
type structures can be treated the same way as described above. In addition, low-rise research
buildings may be required to comply with special movement requirements associated with the
system components. Elevators are critical for guest and service staff circulation within a hotel.
Escalators should be used for short-distance transfers, such as connecting function levels to the
lobby. The average occupancy rate of a hotel varies according to its type. For example, it may
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be reasonable to assume a ratio of 1 person in business hotels, 1.5 people in transit hotels, and
2 people in vacation hotels. Hotel traffic patterns are complicated, compared to the morning and
afternoon peaks in an office building, wherein check-out (08:00-11:00) and check-in (15:00-19:00)
are busy periods. The high volume of two-way traffic is explained by guests travelling to and
from their rooms and restaurants, among other places, either inside or outside the hotel. The
arrival rate is dependent on the hotel’s star rating. We assume a 10% (1-star) to 15% (5-star)
arrival rate and a 30 to 50 s interval (5- and 1-star, respectively). Calculations are made based on
the assumption that there are an equal number of upward and downward stops in these cases.
At most times, it is unlikely that the elevator car will be loaded at more than 50% of its capacity.
However, hotel elevators should have a capacity of at least 1600 kg, in order to accommodate
luggage and provide guests with an uncrowded and comfortable travel experience. This rule
should be applied cautiously, as it may not apply to a low-rise hotel with 30% of its rooms on
the ground level.

Figure 11 shows the relative arrival rates for hotels. There are two traffic peaks in
the evening, when people check in and have dinner. The widths and the heights of the
peaks and the proportions of incoming, inter-floor, and outgoing components may vary
according to the building layout and the culture. The inter-floor traffic is between typical
floors, including gyms, restaurants, and business centres. In the measured hotels, the
maximum arrival rate was 9.5% of the population in five minutes; however, this may
be inappropriate for a small-footprint high-rise hotel. Additionally, there are distinct
operational requirements between transit hotels near airports or other locations where
guests tend to stay for a single night as well as hotels used by longer-term and vacation
guests. The structure’s layout is crucial; for example, whether it has a small footprint but
is tall, or a vast footprint but is low. The vertical transportation system uses elevators as
the main element for transportation in the building. Their effective operation is even more
critical when dealing with hospitality situations. Although many city hospitals feature
high-rise aspects, most hospitals in the provinces are developed on a low-rise premise,
being less than 21 m in height. In addition, elevators in low-rise hospitals are primarily
supplied to assist staff and visitors in moving bed-bound patients and performing service
activities from floor to floor.
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Figure 10. University traffic pattern throughout the day.
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Figure 11. Hotel traffic pattern throughout the day.

Figure 12 shows the hospital traffic pattern. When considering hospitals, the following
factors are important: the number of staff and their shift patterns; the number of visitors and
their hours of visitation; the location of theatres, X-ray departments, and other facilities; the
distribution and delivery of food, beverages, and housekeeping supplies; waste disposal;
patient emergency evacuation; and porters. To enhance infection control, it may be required
to segregate patient bed elevators from visitor and staff elevators. The demand can be
estimated by multiplying the number of beds by three, in order to account for staff, guests,
and other factors. For example, in the case of hospital-type buildings, a reasonably large
volume of travel between floors can be observed (as represented by the purple area), which
is greater than the population leaving the building due to the transport of people between
the floors and the contact between departments, similar to the case of a single-tenant office
building. The incoming passengers are patients, visitors, and nurses travelling between
departments. We can observe considerable variability throughout the period from the start
of the service around 08:00 until 2:00 p.m., which is the time at which patient visits cease. A
reasonable arrival rate is 8-10% with a 30-50 s delay; these numbers can be used to forecast
future demand.
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Figure 12. Hospital traffic pattern throughout the day.

Figure 13 shows the residential pattern. The elevators can have rated loads ranging
from 630 to 1000 kg. With a normal journey time of 30 s, the rated speed may be lower
than that in hotels. The assessment of the residential population is based on the number
of bedrooms and is heavily influenced by culture. For the first bedroom, Barney has
recommended 1.5-2 people and, for subsequent bedrooms, 0-5 people [32]. When the
configuration and use of the residential floor are unknown, Strakosch has recommended
either 1.5-2 persons per bedroom or 20 m? net area per person [33]. Both residential and
hotel building types are mostly characterized by two-way traffic, but hotel traffic is more
intense. The highest traffic peak for the residential building was 5.7% in five minutes.
In residential buildings, there is a morning downtime, and night-time incoming traffic
is slightly more common, while daytime inter-floor traffic is negligible. The individual
building measurements were combined into average and worst-case profiles for planning
purposes. The average of all arrival rates was determined for the average profile and,
for the worst-case profile, the highest arrival rate among the four measurements for each
period was chosen.
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Figure 13. Residential Traffic pattern.

Figure 14a shows the relationship between the elevator’s travel distance versus the
carload and energy consumption in the office building, indicating a significant amount
of energy consumption. With increasing carloads and travel distances, two intense peaks
appear in the plots, corresponding to higher power consumption. Figure 14b represents the
relationship of carload versus increasing energy consumption, which indicates the energy
consumption pattern per carload as a polynomial equation with a variance of 0.89443, as
presented in Equations (10) and (11). From Equation (10), it can be determined that, while
the elevator is in standby mode and there are no moving parts, the energy used for the
control system has a value of 0.00116.

Ep= —2.90407 x 107712 4 503707 x 107 L + 0.00116 (10)

R? = 0.89443 (11)

02142 034
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(a) Carload, Travel and Power usage (b) Correlation of Load and Power usage

Figure 14. Elevator energy consumption of an office building during a weekday.
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The demand for elevators to access parking lots is primarily determined by the maxi-
mum rate of vehicle entry and exit and the average occupancy of each vehicle. These values
can be determined through a traffic study.

Figure 15a shows the relationship between the elevator travel distance versus the
carload and the energy consumption in a university building, presenting a significant
amount of energy consumption. As mentioned above, additional carloads and increasing
travel distances led to two intense peaks in the plots, indicating higher power consumption.
Figure 15b represents the relationship between carload and energy consumption, which
indicates the energy consumption pattern per carload as a polynomial equation, with a
variance equal to 0.89674, as presented in Equations (12) and (13). When the elevator is in
standby mode and there are no moving parts, the energy used for the control system has a
value of 0.00655.

Ep= —2.72985 x 107712 + 515896 x 10~*L46.55258 x 10~ (12)

R? = 0.89674 (13)

02650 004
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e y=-2.72985E-7x7+5.13896 E-4x+6.53258 -4 i
01876 R=0.89647 A
.
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' o
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L] z hnny ¥
008040 e-

0.05380 014
0.02680
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(a) Carload, Travel and Power usage (b) Correlation of Load and Power usage

Figure 15, Elevator energy consumption of a university building during a weekday.

Figure 16a presents the relationship between the elevator’s travel distance versus the
carload and energy consumption in the hospital building, indicating a significant amount
of energy consumption with higher carloads and travel distances. Figure 16b represents
the relationship between carload and energy consumption, which indicates the energy
consumption pattern per carload as a polynomial equation with a variance equal to 0.92964,
as presented in Equations (14) and (15). When the elevator is in standby mode and there
are no moving parts, the energy used for the control system has a value of 0.00247.

Ep=—1.12623 x 107°L? + 0.00142L.4-2.4780 x 10~* (14)

R? = 0.92964 (15)
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Figure 16. Elevator energy consumption of a hospital building during a weekday.

Figure 17a presents the relationship between the elevator’s travel distance, carload,
and the energy consumption in the hotel building, indicating a significant amount of energy
consumption. With increasing carloads and travel distances, two intense peaks can be
observed in the plot, corresponding to high power consumption. Figure 17b represents
the relationship between carload and energy consumption, which indicates the energy
consumption pattern per carload as a polynomial equation with a variance of 0.89901, as
presented in Equations (16) and (17). When the elevator is in standby mode and there are
no moving parts, the energy used for the control system has a value of 0.77985.

Ep = 3934.36013912 + 1581.92603L—0.77985 (16)

R? = 0.89901 (17)
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Figure 17. Elevator energy consumption of a hotel building during a weekday.

At present, Bangkok has limited space for residential project development. Therefore,
most residential project development in Bangkok is high-rise development; namely, condo-
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minium projects. Condominiums can respond to the daily living habits of the people in
Bangkok very well in terms of convenience of traveling. Moreover, the number of facilities
in these projects, such as vertical transport systems, has correspondingly increased.
Figure 18a shows the relationship between an elevator’s moving distance, carload,
and energy consumption in a residential building, indicating again a significant amount
of energy consumption. With increasing carloads and travel distances, two intense peaks
in the plots appear, corresponding to high power consumption. Figure 18b represents
the relationship between carload and increasing energy consumption, which indicates the
energy consumption pattern per carload as a polynomial equation with a variance equal to
0.93577, as presented in Equations (18) and (19). When the elevator is in standby mode and
there are no moving parts, the energy used for the control system has a value of 0.000733.

Ep= —6.30654 x 10771% +4.57821 » 107L+7.33511 x 107 (18)

R? = 0.93577 (19)

0
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Figure 18. Elevator energy consumption of a residential building during a weekday.

Table 2 provides the specifications for each of the elevators considered in this study.
These data reveal the variation in energy consumption between each different building
type. The activity of the elevators has an impact on the trip pattern and directly affects the
energy consumption behaviour. Therefore, the combined actual measurement data and
elevator traffic information analysis is useful for estimating the energy consumption based
on elevator weight loads; however, the data correction and analysis did not cover stair
usage, due to the unpredictable behaviours of users and the limitations of the measurement
tools. In the morning, an office building elevator will carry almost all passengers up and
empty the car, and then come down to collect the passengers who are travelling in both
upward and downward directions. In this period, the elevator will use power from the
power supply to operate. At noon, the elevator will carry almost all passengers down,
then run an empty car to pick up more passengers. As the passengers travel primarily in a
downward direction, the elevator will return power to the electrical system. The elevator
is fully loaded to pick up passengers in the afternoon, running the empty car to pick up
more passengers in both the upward and downward directions. In this period, the elevator
must be powered by the electrical system to operate. The elevator loads are almost full
of passengers in the evening, which are run down while an empty car returns upwards.
Therefore, in both directions, the elevator returns electricity to the supply. Analyses of
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elevator load patterns and the population densities related to different types of buildings
are represented in Equations (10), (12), (14), (16) and (18), while the associated relationships
between energy consumption and load pattern by building type are presented in Equations
(11), (13), (15), (17) and (19). Moreover, at any time, the elevator is used between floors. The
electrical power consumption of the elevator in this case depends on the payload and the
distance travelled over time, which determines the energy cost associated with electricity
consumption. Alternatively, elevator systems with a smaller capacity may start up less
frequently, while typically handling a higher relative load (i.e., of passengers). This means
that the savings obtained through [14] counterweight resizing and utilizing a regenerating
effect may differ slightly from those determined in this study. In the case of heavy traffic,
carloads increase, which in turn increases the number of elevators starts and decreases
the travel distances, as represented by Equation (9). Therefore, the polynomial equation
derived for each of the building types can be used to predict, in terms of various loads, the
energy consumption of each elevator from each building type. Interestingly, the polynomial
equation from the curve fitting of the collected data can be further implemented to identify
the weights of the passengers and to help identify the energy usage of the elevator.

Table 2. Elevator characteristics with respect to various building types.

Type Office University Hotel Hospital ~ Residential
Rated load (kg) 2000 1600 1800 1800 1800
Rise (m) 75 68 87 65 200
Number of floors 24 19 24 12 50
Nominal speed (m/s) 25 2.0 25 20 6.0
Acceleration (m/s%) 1.0 1.0 1.0 0.8 1.0
Jerk (m/s?) 1.2 1.2 12 0.8 15
Roping 21 21 11 1:1 1:1
Daily trips 2000 1500 1000 2500 900
Average carload (%) 40% 50% 30% 50% 25%
Counterbalancing (%) 50.00% 50.00% 50.00% 50.00% 50.00%

5. Conclusions

In conclusion, this study highlights the challenge of the vertical transportation power
usage assessed by actual measurement and data collection from the monitoring system.
This work adapted the curve fitting technique to analyse the energy consumption of the
vertical transportation system from each building. The building characteristics consist of the
elevator load pattern and the population density for different types of buildings for which
the energy consumption was revealed in this study. Moreover, the energy usage of the
vertical transportation system differs on the account of various structures having differing
numbers of stories and travel distances. Finally, this study demonstrated a systematic
approach for determining the power usage patterns in vertical transportation systems by
measurement data. The measurement data analysis can represent the power consumption
by using the curve fitting technique. The polynomial equation from the curve fitting of each
building type may be used as a predictor for the power consumption in another building
type. Future research in conjunction with non-intrusive load monitoring (NILM) in the
elevator system will be implemented in the near future.

Author Contributions: S.M.: conceptualization, methodology, software, writing—original draft
preparation, formal analysis, investigation, and validation; Y.K.: data analysis and editing, B.P.:
conceptualization, writing—review and editing, visualization, validation, and supervision. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

143



Sustainability 2022, 14, 13267 19 of 20

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Xuchao, W; Priyadarsini, R.; Siew Eang, L. Benchmarking energy use and greenhouse gas emissions in Singapore’s hotel industry.
Energy Policy 2010, 38, 4520-4527. [CrossRef]

2. Chung, W; Kam, M.S;; Ip, C.Y. A study of residential energy use in Hong Kong by decomposition analysis, 1990-2007. Appl.
Energy 2011, 88, 5180-5187. [CrossRef]

3.  Jiang, P. Analysis of national and local energy-efficiency design standards in the public building sector in China. Energy Sustain.
Dev. 2011, 15, 443-450. [CrossRef]

4. Xiao, H.; Wei, Q; Jiang, Y. The reality and statistical distribution of energy consumption in office buildings in China. Energy Buiid.
2012, 50, 259-265. [CrossRef]

5. Ang, BW. LMDI decomposition approach: A guide for implementation. Energy Policy 2015, 86, 233-238. [CrossRef]

6. Lu, Y, Cui, P; Li, D. Which activities contribute most to building energy consumption in China? A hybrid LMDI decomposition
analysis from year 2007 to 2015. Energy Build. 2018, 165, 259-269. [CrossRef]

7. Aghemo, C,; Virgone, |; Fracastoro, G.V,; Pellegrino, A.; Blaso, L.; Savoyat, J.; Johannes, K. Management and monitoring of public
buildings through ICT based systems: Control rules for energy saving with lighting and HVAC services. Front. Archit. Res. 2013,
2,147-161. [CrossRef]

8. Hong, T; Taylor-Lange, 5.C.; D'Oca, S.; Yan, D.; Corgnati, S.P. Advances in research and applications of energy-related occupant
behavior in buildings. Energy Build. 2016, 116, 694-702. [CrossRef]

9.  Zhao, ].; Xin, Y,; Tong, D. Energy consumption quota of public buildings based on statistical analysis. Energy Policy 2012, 43,
362-370. [CrossRef]

10. Ma, H,; Lu, W, Yin, L.; Shen, X. Public Building Energy Consumption Level and Influencing Factors in Tianjin. Energy Procedia
2016, 88, 146-152. [CrossRef]

11.  Liu, G.; Wu, Z.; Hu, M. Energy Consumption and Management in Public Buildings in China: An Investigation of Chongqing.
Energy Procedia 2012, 14,1925-1930. [CrossRef]

12.  Zografakis, N.; Gillas, K.; Pollaki, A.; Profylienou, M.; Bounialetou, F.; Tsagarakis, K.P. Assessment of practices and technologies
of energy saving and renewable energy sources in hotels in Crete. Renew. Energy 2011, 36, 1323-1328. [CrossRef]

13.  Amer, M,; Daim, T.U. Selection of renewable energy technologies for a developing county: A case of Pakistan. Energy Sustain.
Dev. 2011, 15, 420-435. [CrossRef]

14. Yao, Z.; Zhuang, Z.; Gu, W. Study on Energy Use Characteristics of Hotel Buildings in Shanghai. Procedia Eng. 2015, 121,
1977-1982. [CrossRef]

15. Ma, H.; Du, N;; Yu, S.; Lu, W;; Zhang, Z.; Deng, N.; Li, C. Analysis of typical public building energy consumption in northern
China. Energy Build. 2017, 136, 139-150. [CrossRef]

16. Delzendeh, E,; Wu, S; Lee, A.; Zhou, Y. The impact of occupants” behaviours on building energy analysis: A research review.
Renew. Sustain. Energy Rev. 2017, 80, 1061-1071. [CrossRef]

17. Hong, T; Li, C.; Yan, D. Updates to the China Design Standard for Energy Efficiency in public buildings. Energy Policy 2015, 87,
187-198. [CrossRef]

18.  Ang, J.H; Yusup, Y,; Zaki, S.A.; Salehabadi, A.; Ahmad, M.I. Comprehensive Energy Consumption of Elevator Systems Based
on Hybrid Approach of Measurement and Calculation in Low- and High-Rise Buildings of Tropical Climate towards Energy
Efficiency. Sustainability 2022, 14, 4779. [CrossRef]

19. Tukia, T.; Uimonen, S.; Siikonen, M.-L.; Hakala, H.; Donghi, C.; Lehtonen, M. Explicit method to predict annual elevator energy
consumption in recurring passenger traffic conditions. J. Build. Eng. 2016, 8, 179-188. [CrossRef]

20. Hao, W.; Xiaoging, C.; Jiai, X. Measurement and Analysis on Energy Efficiency of Elevators in Shanghai. In Proceedings of the
ASME 2014 12th Biennial Conference on Engineering Systems Design and Analysis, Copenhagen, Denmark, 25-27 July 2014.

21.  Niu, D;; Guo, L.; Zhao, W.; Li, H. Operation performance evaluation of elevators based on condition monitoring and combination
weighting method. Measurement 2022, 194, 111091. [CrossRef]

22. Markos, PA,; Dentsoras, A.]. An integrated mathematical method for traffic analysis of elevator systems. Appl. Math. Model. 2022,
105, 50-80. [CrossRef]

23. Supapradit Marsong, B.P. Implementation analysis of an elevator energy regenerative unit -EERU- for energy saving in a building.
In Proceedings of the 2016 13th International Conference on Electrical Engineering /Electronics, Computer, Telecommunications
and Information Technology (ECTI-CON), Chang Mai, Thailand, 28 June-1 July 2016.

24.  Murshed, SM,; Duval, A.; Koch, A.; Rode, P. Impact of Urban Morphology on Energy Consumption of Vertical Mobility in Asian
Cities—A Comparative Analysis with 3D City Models. Urban Sci. 2019, 3, 4. [CrossRef]

25. Zhang, Y. Yan, Z; Yuan, E; Yao, J.; Ding, B. A Novel Reconstruction Approach to Elevator Energy Conservation Based on a DC
Micro-Grid in High-Rise Buildings. Energies 2018, 12, 33. [CrossRef]

26. Carlos Patrao, A.D. A Energy Efficient Elevators and Escalators. Available online: https://www.eceee.org/library/conference_

proceedings/eceee_Summer_Studies/2009/Panel_4/4.037/ (accessed on 8 October 2022).

144



Sustainability 2022, 14, 13267 20 of 20

27.

28.

29.

30.

31.

32
33.

Tukia, T.; Uimonen, S.; Siikonen, M.-L.; Hakala, H.; Lehtonen, M. A study for improving the energy efficiency of lifts with
adjustable counterweighting. Build. Serv. Eng. Res. Technol. 2017, 38, 421-435. [CrossRef]

Rotimi, A.; Bahadori-Jahromi, A.,; Mylona, A.; Godfrey, P.; Cook, D. Estimation and Validation of Energy Consumption in UK
Existing Hotel Building Using Dynamic Simulation Software. Sustainability 2017, 9,1391. [CrossRef]

Krakowski, T.; Ruta, H. Analysis and Assessment of Energy Efficiency of Passenger Lifts. Adv. Sci. Technol. Res. ]. 2018, 12,
257-265. [CrossRef]

Zhang, Y.; Bai, X.; Mills, EP; Pezzey, ].C.V. Rethinking the role of occupant behavior in building energy performance: A review.
Energy Build. 2018, 172, 279-294. [CrossRef]

Hakala, H. Applications of Linear Motors in Elevator Hoisting Machines. Ph.D. Thesis, Tampere University of Technology,
Tampere, Finland, 1995.

Barney, G. Elevator Traffic Handbook: Theory and Practice, 2nd ed.; Routledge: London, UK, 2003; p. 476.

Strakosch, G.R. The Vertical Transportation Handbook, 4th ed.; John Wiley & Sons: New York, NY, USA, 1982; p. 512.

145



(S

pupiioyL ‘LWL 910Z NOD-ILD3

Final Program

ECTI-CON 2016

ChiangMai Thailand, June 28 - 1 July, 2016

13th International Conference on Electrical Engineering/Electronics
Computer, Telecommunications and Information Technology

flustrated by Assoc.Prof. Wichit Chomtaveewiroot

Rajamangala University of Technology Lanna
ChiangMai, Thailand

146



ECTI-CON 2016, Chiang Mai, Thailand

Final Program

ECTI-CON 2016

2016 13" International Conference on
Electrical Engineering/Electronics, Computer,

Telecommunications and Information Technology

http://www.ecticon2016.org

June 28% - July 1%, 2016
at Chiang Mai, Thailand.

&} ECTI] <IEEE

Y of Eng™ === Association THAILAND SECTION

June 28% - July 1%, 2016 — RMUTL, Chiang Mai, Thailand
A-1

147



ECTI-CON 2016, Chiang Mai, Thailand

Copyright @ 2016 by the Institute of Electrical and Electronics Engineers, Inc.
All right reserved

2016 13" International Conference on Electrical Engineering/Electronics,

Computer, Telecommunications and Information Technology

Copyright and Reprint Permission: Abstracting is permitted with credit to the
source. Libraries are permitted to photocopy beyond the limit of U.S. copyright law
for private use of patrons those articles in this volume that carry a code at the
bottom of the first page, provided the per-copy fee indicated in the code is paid
though Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.
For reprint or republication permission, email to IEEE Copyrights Manager at
pubs-permissions@ieee.org. All right reserved. Copyright ©2016 by IEEE.

Conference Record Number 37695

June 28% - July 1%, 2016 - RMUTL, Chiang Mai, Thailand
A2

148



ECTI-CON 2016, Chiang Mai, Thailand

Table of Contents

Message from President of RMUTL. ...ttt A-4
Message fromthe:General Chair . covoe: soven snmin ssvman svsmsmsssvswnsmn s s o A-5
Organizers and Organization COmMmIttee. .........oevvviiiee i A-6
Technical Program Committee. ...........ooviviieiiiiiiiiie e A-8— A-10
Technical Program Contents............coooieiiiiiiiiie i, B-1-B-60
Keynole Speakersimm swmmmm wmmamummn s swein e v S s C-1-C-5
ECTI Woarkshopie: e memmmamm st i s saes: e s C-6-C-8

Communication SYStemS ..........ocviveiiiiiiieaiiieiieeiieeeanneinennn. D=1 = D-74
Power EleCtronics .........o.oiiieiii i E-1-E-28
Information Technology ............ccoiivii i F-1 = F-13
(87711101011 WS o) ¢ ((({CCAODIIDINT q (- N, SEEE———————— G-1-G-27
Electrical Power Systems.. Y@\ S04 covvs covvs cvcnwvninns H-1-H-21
Devices, Circuits and Systems\\¥-... Cadcsoadf [ ivnes cvnvismmnssrnnnsn 121 —1-27
SIgNAl ProCESSING . ..\ttt ittt J-1-J-28
Controls, Instrumentation and Measurements..................cccceeeeeeeee. K-1 = K-27
Other Related Topic: Energy Saving..........cccoceevvviiviiieicininiiennee. i1 = 126
Special Session: Modulation Strategies for Power Converters........... M-1-M-5

Special Session: Signal Processing and Embedded System for Industrial ... N-1-—N-8

Special Session: Smart Innovations for Smart Power Grids................. O-1 — 0-20

Special Session: ECTI-SICE Organized Session on Advances of

Control Engineering and Applications ................... P-1-P-7
Special Session: Biomedical Electronics and Sensors....................... Q-1-Q-7
Special Session: Earth Observation Systems for Sustainable Development R-1—R-11
Special Session: Recent Electromagnetic Research in Thailand by iEMAT  S-1-—S-7
POSTEr SESSION. ...ttt e T-1-T-18
BthOr TN e s s s v s svmmmmes s sy ISl G0

June 28% - July 1%, 2016 - RMUTL, Chiang Mai, Thailand
A-3

149




ECTI-CON 2016, Chiang Mai, Thailand

Message from President of Rajamangala University

of Technology Lanna

On behalf of Rajamangala University of Technology
Lanna and the ECTI Association, we are honored and delighted to
welcome all delegates and all the distinguished guests to the 13th
Intemnational Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information Technology
(ECTI-CON 2016) in the wonderful, bustling city of Chiang Mai,
Thailand. We truly hope that this event will provide a unique
platform for all participants to exchange ideas, discover novel
opportunities, reacquaint with colleagues, meet new friends and
broaden their knowledge.

The technical program of ECTI-CON 2016 will be four days long, starting from
June 28th to July 1st, 2016. Regarding the focus of the program, there are primarily 8 areas
of interest: (1) devices, circuits and systems, (2) computer, (3) information technology, (4)
communication systems, (5) controls, instrumentation and measurements, (6) electrical
power systems, (7) power electronics, and (8) signal processing. Also other related areas
and a special workshop are included. In addition, we are pleased to have Prof. Dr. Satoshi
Honda (The Society of Instrument and Control Engineering, SICE, Japan), Prof. Dr.
Cheng-Hsin Chuang (Southern Taiwan University of Science and Technology, STUST,
Taiwan), Prof. Dr. Issarachai Ngamroo (King Mongkut's Institute of Technology
Ladkrabang, KMITL, Thailand) and Mr. Ekachai Phakdurong (ThaiCom) as the keynote
speakers. Again, we are hoping that the technical demonstrations will facilitate the
exchange of useful information and experiences as well as stimulate future research in this
area.

The success of this conference required significant effort and dedication on the
part of many people who have worked with us in planning and organizing. We would like
to express special thanks to the organizing committee, the ECTI committee, keynote
speakers, reviewers, authors and sponsors for supporting the conference.

As a final note concerning our venue location, Chiang Mai is a fast growing city
that has recently attracted an influx of creative minds, entrepreneurs from all parts of
Thailand and abroad. At the same time, the city itself is still overflowing with charismatic
sensation of Lanna culture. We would like to encourage all participants to spend some time
off the main event exploring the city in order to experience the culture, the people, and
most important of all, have fun.

Assoc. Prof. Dr.Numyoot Songthanapitak
Honorary Chair
President of RMUTL

June 28% - July 1%, 2016 —RMUTL, Chiang Mai , Thailand
A4

150



ECTI-CON 2016, Chiang Mai, Thailand

Message from the General Chair

Ever since its founding in 2002, the Electrical
Engineering/Electronics, Computer, Tele-communication, and
Information Technology Association of Thailand, or ECTI
Association, Thailand has come a long way. The ECTI
Association has continued to flourish in forming various series
of national and international conferences, as well as issuing
high-impact periodicals of two transactions and a magazine.
This year the ECTI-CON 2016 is organized by Rajamangala
University of Technology Lanna (RMUTL) to be held in
Chiang Mai, the largest and most culturally significant city in northern Thailand,
during June 28-July 1, 2016. The ECTI-CON is the major international conference,
featuring a rich technical program on the topics related to all fields of electrical
engineering. Each year the conference attracts several hundreds of papers, but a
fraction of these papers are accepted for presentation. Especially, this year there are
more contribution papers to be presented from Asian as well as other countries.
The interesting workshops and special sessions are also included. In addition, this
year conference acquaints you four keynote speakers to give information on the
most recent and advanced technologies in various areas of electrical engineering.
Therefore, ECTI-CON 2016 promises to be the important forum for re-searchers to
discuss the state of the art and future trends of electrical technology and exchange
experiences. [ encourage delegates to participate actively in the sessions and
discussions during the conference days.

I would like to sincerely thank the steering and organizing committees for
working very hard and making this conference very successful. Special thanks also
go to all authors and reviewers who contributed for submission and reviewing
processes. Nevertheless, 1 really appreciate all supports from RMUTL,
organization team, and companies. Finally, I wish all participants a successful and
fruitful conference. I hope you enjoy your stay in Chiang Mai and spend more
times to visit other places in the northern parts of Thailand.

Prof. Dr.Prayoot Akkaraekthalin, KMUTNB
The General Chair
Advisory Board
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Organizing Committee

Advisory Committee

Monai Krairiksh (King Mongkut’s Institute of Technology Ladkrabang, Thailand)
Prabhas Chongsatitwattana (Chulalongkorn University, Thailand)

Nipon Theeraumpon (Chiang Mai University, Thailand)

Steering Committee

Tomoaki Sato (Hirosaki University, Japan)

Yoshihiro Matsui (Tokyo National College of Technology, Japan)
Kou Yamada (Gunma University, Japan)

Prayoot Akkaraekthalin (King Mongkut’s University of Technology North
Bangkok, Thailand)

Naruemon Wattanapongsakorn (King Mongkut’s University of Technology
Thonburi, Thailand)

Tuptim Angkaew (Chulalongkorn University, Thailand)

Kosin Chamnongthai (King Mongkut’s University of Technology Thonburi,
Thailand)

Supattana Nirukkanapomn (Rungsit University, Thailand)
David Banjerdpongchai (Chulalongkorn University, Thailand)

Chutima Prommak (Suranaree University of Technology, Thailand)
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Honorary Chairs

Numyoot Songthanapitak (Rajamangala University of Technology Lanna, Thailand)
Kiyoshi Yoshikawa (Rajamangala University of Technology Lanna, Thailand)
Ryuichi Nakata (Toshiba Corporation, Japan)

General Chair

Prayoot Akkaraekthalin (King Mongkut’s University of Technology North
Bangkok, Thailand)

General Co-Chairs

Udom Sutakcom (Rajamangala University of Technology Lanna, Thailand)
Kitchar Chaitanu (Rajamangala University of Technology Lanna, Thailand)
Sanit Pipithasombut (Rajamangala University of Technology Lanna, Thailand)

Passawat Wacharadumrongsak (Rajamangala University of Technology Lanna,
Thailand)

Vice General Chairs

Uthen Kamnarn (Rajamangala University of Technology Lanna, Thailand)
Krisda Yingkayun (Rajamangala University of Technology Lanna, Thailand)
Kosol Oranpiroj (Rajamangala University of Technology Lanna, Thailand)

Technical Program Chair

Chuwong Phongcharoenpanich (King Mongkut’s Institute of Technology
Ladkrabang, Thailand)
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Technical Program Committee

Area 1: Devices, Circuits and Systems
Karel L Sterckx (Bangkok University, Thailand)

Area 2: Computers
Aphirak Jansang (Kasetsart University, Thailand)
Komate Amphawan (Burapha University, Thailand)

Area 3: Information Technology
Thatsanee Charoenporn (Burapha University, Thailand)

Area 4: Communication Systems
Danai Torrungrueng (Asian University, Thailand)

Titipong Lertwiriyaprapa (King Mongkut’s University of Technology North
Bangkok, Thailand)

Area 5: Controls, Instrumentation and Measurements
David Banjerdpongchai (Chulalongkorn University, Thailand)
Kasemsak Uthaichana (Chiang Mai University, Thailand)

Area 6: Electrical Power Systems
Natthaphob Nimpitiwan (Bangkok University, Thailand)

Area 7: Power Electronics
Uthen Kamnarn (Rajamangala University of Technology Lanna, Thailand)

Area 8: Signal Processing
Vorapoj Patanavijit (Assumption University, Thailand)
Supatana Auethavekiat (Chulalongkorn University, Thailand)

Area 9: Other Related Topics

Chuwong Phongcharoenpanich (King Mongkut’s University of Technology
Thonburi, Thailand)

Pollakrit Toonkum (Rajamangala University of Technology Lanna, Thailand)
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Special Session Chairs

Byeungwoo Jeon (Sungkyunkwan University, Korea)

Kou Yamada (Gunma University, Japan)

David Banjerdpongchai (Chulalongkorn University, Thailand)
Yuttana Kumsuwan (Chiang Mai University, Thailand)
Vuttipon Tarateeraseth (Srinakharinwirot University, Thailand)

Krischonme Bhumkittipich (Rajamangala University of Technology Thanyaburi,
Thailand)

Boonyang Plangklang (Rajamangala University of Technology Thanyaburi, Thailand)
Jakkree Srinonchat (Rajamangala University of Technology Thanyaburi, Thailand)
Shih-Chung Chen (Southern Taiwan University of Science and Technology)
Cheng-Hsin Chuang (Southern Taiwan University of Science and Technology)
Pei-Jarn Chen (Southern Taiwan University of Science and Technology)

Narut Soontranon (Geo-Informatics and Space Technology Development Agency,
Thailand)

Preesan Rakwatin (Geo-Informatics and Space Technology Development Agency,
Thailand)

Titipong Lertwiriyaprapa (King Mongkut's University of Technology North Bangkok,
Thailand)

Kou Yamada (Gunma University, Japan)

Montri Phothisonothai (King Mongkut’s Institute of Technology Ladkrabang, Thailand)

Publication Chairs

Upady Hatthasin (Rajamangala University of Technology Lanna, Thailand)
Pollakrit Toonkum (Rajamangala University of Technology Lanna, Thailand)
Pratch Piyawongwisal (Rajamangala University of Technology LLanna, Thailand)

Sponsor & Exhibition Chairs

Pracha Yeunyongkul (Rajamangala University of Technology Lanna, Thailand)
Manus Sanun (Rajamangala University of Technology Lanna, Thailand)
Yingrak Auttawaitkul (Maejo University, Thailand)

Sakorn Panta (Rajamangala University of Technology Lanna, Thailand)

June 28% - July 1%, 2016 - RMUTL, Chiang Mai, Thailand
A-9

155



ECTI-CON 2016, Chiang Mai, Thailand

Local Arrangement Chairs
Surasak Yousawat (Rajamangala University of Technology Lanna, Thailand)

Nopadon Maneetien (Rajamangala University of Technology Lanna, Thailand)

Information System Chairs
Anan Tubkerd (Rajamangala University of Technology Lanna, Thailand)
Natchasit Chukiatkhajorn (Rajamangala University of Technology Lanna, Thailand)

Public Relations

Pornhathai Tanjitanont (Rajamangala University of Technology Lanna, Thailand)
Akksatcha Duangsuphasin (Rajamangala University of Technology Lanna, Thailand)

Finance Chairs

Ketchat Nuandee (Rajamangala University of Technology Lanna, Thailand)
Juthathip Suwan (Rajamangala University of Technology Lanna, Thailand)
Sarawuth Chaimool (Udon Thani Rajabhat University, Thailand)

Pairin Kaewkuay (ECTI, Thailand)

General Secretary

Supakit Kawdungta (Rajamangala University of Technology Lanna, Thailand)
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Abstract—In recent years, several processes have been taken to reserve
power with a goal towards energy savings without deficiency in performance. In this,
paper we improve and implement an existing invertor drive unit to achieve
remarkable energy savings in elevator systems. Operation of an elevator can be
classified into two modes, which are Motoring mode and generating mode. We
design an energy-regenerative unit for an elevator system, which is able to feed
electricity back into a power grid. A critical evaluation of regenerative energy stream
has been done using MATLAB-SIMULINK although simulator been carried out in
laboratory. The EERU is installed and tested on a normal service operation on 13th
floor building Rajamangala University of Technology Thanyaburi. The final results
are compared with experimental data in laboratory, which shows that EERU can be
save up to 43%.
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Implementation Analysis of an Elevator
Energy Regenerative Unit (EERU)
For Energy Saving in a Building

Supapradit marsong
Department of Electrical Engineering, Faculty of
Engineering.
Rajamangala University of Technology Thanyaburi,
Thailand
supapradit_m(@mail.rmutt.ac.th

Abstract — In recent years, several processes have been taken to
reserve power with a goal towards energy savings without
deficiency in performance. In this, paper we improve and
implement an existing invertor drive unit to achieve remarkable
energy savings in elevator systems. Operation of an elevator can be
classified into two modes, which are Motoring mode and generating
mode. We design an energy-regenerative unit for an elevator
system, which is able to feed electricity back into a power grid.

A critical evaluation of regenerative energy stream has been done
using MATLAB-SIMULINK although simulator been carried out
in laboratory.

The EERU is installed and tested on a normal service operation
on 13th floor building Rajamangala University of Technology
Thanyaburi. The final results are compared with experimental data
in laboratory, which shows that EERU can be save up to 43%.

Keywords—Energy Regenerative ,EERU

L INTRODUCTION

An Elevator is important for vertical transport in buildings,
towers, shopping malls. office buildings. and factories.
Therefore, an elevator is a part of a building. The elevator is
equipment that consumes massive of energy. If the elevator can
generate power to the grid, this can reduce the energy
consumption and therefore the elevator system can be use as an
important device for energy conservation. [3]

Thus, this paper will study Grid connected Power Generation
for Permanent Magnet Motor Elevator by Energy Regenerative
Unit. It describes the functions and components of the elevator
system. Principle of 4 Quadrant, Principle of DC boost
converter, Equations of the permanent magnet motor, and the
Principle of speed control in section II. the simulation of the
system with MATLAB-SIMULINK in section III. the prototype
results in section IV and conclusions in section V.

978-1-4673-9749-0/16/831.00 ©2016 IEEE

Boonyang Plangklang
Department of Electrical Engineering, Faculty of
Engineering,
Rajamangala University of Technology Thanyaburi,
Thailand
boonyang.p@en.rmutt.ac.th

1L THEORY AND IMPLEMENTATION

A. System of elevator
Typically. the structure of the elevator system is composed of
5 main components as shown in Figure 1 [1].
1. Control System

2. Electric Motor
3. Counterweight
4. Guide Rails

5. Car

[

Fig 1. Main elevator components

B.  Operation of the elevator system mode

The regenerative mode to work on a permanent magnet
motor in the elevator system is rotating without power or caused
by braking the motor. This generative mode is able to produce
electricity for the elevators. The situation of regenerative mode
in elevator can be possible when the elevator load is less than the
counter weight or the elevator load is greater than counter
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weight. Both cases rely on the force of gravity pulling the motor

v, = Input Voltage [V]
rotation. Without using the electrical energy drive to the elevator. B
This can be divide according to the mode of operation of the v, = Inductor Voltage vl
elevator system as the following table 1. I, = Inductor Current [A]
= Duty Cycl
Table 1. Operation of the elevator system mode ?sw _ S\:\lgclﬁi; eTime
Elevator Load> Load < averier
Counterweight Counterweight A 0—
B O
Up 1. Using Energy 2. Using Gravity P
Down 3. Using Gravity 4. Using Energy

C. Principles of DC Boost Convertor
A boost converter (step-up converter) is a DC-to-DC power

Specd

reference

converter with an output voltage greater than its input voltage.
This device will be used to receive the DC voltage from DC-
linked or DC-BUS of the elevator inverter. By typical circuit of a
Boost Converter looks as shown in Figure 3.

ey S

Fig 4, Operating power generated diagram for the permanent
magnet motor elevator

D. Permanent Magnet Synchronous Motor
According to equations (5) - (8), the characteristics of the
permanent magnet motor which is applied to simulation program
in Matlab/Simulink

— I

slo

di, 1 R, L,
o ——. Vo éR —t=—v, ——i, +—pa),i (5)
=] - T A

Vin_ls
Tv

di
d—":%-vq—iiq—L—"pw,id %, ©6)
Fig 3, DC boost converter circuit i q Lq L, L,
Equations (1) - (4) are the DC boost converter characteristic. 7 o1 .Sp[ﬂi o ] Q)
Switch on ¢ ¢ ¢ e
di, (¢ ;
VL = Vm = L—;E—) [V] (1) dU) 1 (T F T ) (8)
—_—l = —Fa —
1 O RN i)y
i, (DT,) == [Vadt+ 41 Al @
Ly Where:
Switch off Iph be Inductance of the d and ¢ [H]
i @ R be Resistance of Stator [€2]
v, (=@, -v,)= ng—[ vl @ iysi,  be current of d andq [A]
1% V¥, bevoltage of d andq [v]
i,(Ty)= Z I(Vm =\, YA i [A] @) @, be angular velocity of the rotor  [rad/s]
S A be magnetics flux of motor [Wb]
v, = Output Voltage [V] P be number of pole pairs
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Be electromagnetic torque [Nm]
[Nm]

be combined inertia of rotor and load  [kg/m?]

be shaft mechanical torque

N

be combined viscous friction of rotor  [N]
and load

E. Principles of Speed Control Using PIController

The system will measure the speed of the motor and
compared with speed reference. the response of the system is
controlled by PI controller. Therefore, the design of the PI
controller system is a very important part. The PI controller is
designed to find the parameters Kp and Ki for this simulation,
both Software Tool GUI, a tool called SISO (single-input/single-
output) TOOL in MATLAB-SIMULINK are used to assistance
in the transfer function as follows. [1]

PI(s)=K, +K, 1 ©)
N

IIL SIMULATION RESULTS

This section presents a simulation of power generation for

Permanent Magnet Motor Elevator by Energy Regenerative Unit,
which has done by Matlab/Simulink. Fig. 4 represents the
diagram of the elevator system which is equipped with the
EERU. The DC-BUS output of this experiment is 540 Vdc and
the DC-bus voltage will feed to boost converter, to DC-AC
converter then feed to the grid system when the motor works as a
generator. [2]
When the motor is working in generative mode, the DC voltage
is boosted up by a boost converter up to 600 Vdc and then passes
to EERU will then converted to AC using IGBT controller and
passed to the filter. [13]

g o

tage(V)

Vol
i

Fig 5, Output Voltage of EERU

Fig. 5 is the result of the simulation. The three-phase voltage
output of the EERU is observed, the negative power represents

the power back to Grid and the output voltage is 3 phase sine
wave. By using this simulation MATLAB-SIMULINK of power
generation for permanent magnet motor it can be described in
table 2.

Table 2, Output of simulation

Input of EERU Output of EERU
(DC Bus) Voltage 30
530 - 540 Vde 380 Vac

Table 2 shows input voltage of EERU from DC BUS as a
result of regenerative on a permanent magnet synchronous motor
by the change of torque at a constant speed without power supply
to the motor. The DC voltage output from DC BUS increases
because of DC Boost Converter and this DC voltage output is
converted into DC-AC. The output voltage of the EERU is
characterized by Square Wave through a series of filtering,
therefore the final output voltage waveform is Sine Wave, which
is connected to the grid system.

V. LABORATORY RESULT
After simulation, the first laboratory prototype is set up. The
proposed system is constructed according to the diagram inFig.
4. The selected permanent magnet motor (PMSM) [9-11] is
three-phase with 7.4 kW and 380 V. The EERU is
correspondingly connected to an inverter to the elevator system.
The load of the elevator is an induction motor controlled by
separated inverter. The implantation of the laboratory prototype
is correspondingly and accordingly tested as the simulation. The

laboratory prototype is shown as Fig. 6 and Fig. 7.

Fig 6, Energy Regenerative (EERU) Laboratory Prototype
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Fig. 8 shows the result from the laboratory implementation. . SR
The result elaborates that the DC voltage from the DC BUS is up
to 680 Vdc. This result has carried out from the implementation ? P
that the load induction motor drives the PM motor a regenerative 2 | /,«-" sk
mode. It simulates that the clevator worked as a no-load £ o e
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Fig 8, Result of DC-BUS in Generative Mode

Fig. 9 shows the output power which is fed to the grid
system. It can be seen that the power output is carried out in the
same way as the output from the simulation model. The load
induction motor drives the PM motor to simulate as a generative
model for a few seconds and the maximum output, 5.5 kW. From
this result,the EERU can be used to feed power to the grid when
the elevator works in a regenerative mode. However the energy
power still depends on the clevator load and time of regenerative
mode.

Fig 10. Comparision of Elcctrical power and clevator operative
(no load).

Fig 10. shows compares calculate of an electrical power from
calculation and actval power from measurements of clevator
operation in no load running up. The graph displays the
maximum of the energy from elevator when operates in
generator mode by the force of gravity. Energy can be generated
by the EERU regenerative system.

The mea surenfm

Fig. 11. building 13 Floors Control room of EERU and energy
recorder are installed

From Fig.11 The EERU and elevator data logger have been
installed at the 13-floor building with 55 meters height at
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Rajamangala University of Technology Thanyaburi to measure
regenerative power from EERU with fully operated up / down
and monitoring of the regenerative power which is fed back to
the grid system.

B Regenerative
S pon i

Full Load  Balanced Load No Load
Load Type

Fig 12, Compare regenerative and non-regenerative energy
consumption

Fig 12 shows the results of energy consumption when EERU
is operating in different cases ( full load, No load and balance
load). The clevator is operated in normal operation, travelling
up/down at 13 floors, 55 meters height.

The result of the EERU system under balance load status is
unable to save energy neither regenerative non — regenerative.

(11

Energy Saving lllustrating in vator.

A Active Power Trands(k)
Energy Caneumption wineu
ERGa W

11414 [9lOl4]

Energy Consumption Trends(kW-h)
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Enorgy Regeneration Tronds (kWeh

Fig 13. The data logger and monitoring system

From fig. 13, it shows the results of clevator energy
consumption monitored with elevator data locker at a period of
30 days. From this result, EERU can help reduce energy
consumtion rate in regenerative mode up to 63 kWh of both full
loads down and no load up which saves 43% of the energy. In
regenerative mode, EERU can save more or less energy
depending on the elevator traffic behavioral management and
type of building.

V. CONCLUSIONS

EERU is a concept that can be used to be connected with the
existing and permanent magnet motor elevator systems. EERU
will not work while the motor consumes power, but it will work
when the motor acts as a generator in the regenerative mode.
This concept can be used to feed energy back to the grid and
save energy in the elevator system. From the simulation results
and the implementation of laboratory prototype, it can conclude
that the EERU concept can be used to generate the power
feeding back to the grid as its proposed design. However.the
capacity of power from EERU depends on the elevator load and
the running time in regenerative mode. The EERU is developing
efficiency technology of the elevator to reduce energy while
operating. Energy from regenerative system is 63 kWh or 43%
compared with non regenerative system.
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Message from President of
Rajamangala University of Technology Thanyaburi

Electrical Engineering Academic Association of
Thailand (EEAAT) in collaboration with Rajamangala
University of Technology Thanyaburi (RMUTT),
Thailand. is pleased to host the international Electrical
Engineering Congress 2017 (IEECON2017). This
conference is not only giving an opportunity for Thai
and foreign researchers to present and discuss their
research works and update their expertise but also to
initially stimulate the development of research works
on electrical engineering. The program consists of six
research tasks; power and energy. communications,
electronics & control, digital signal processing,
computer and information technology.

I would like to take this opportunity to express my sincere gratitude to the plenary speakers
for accepting our kind invitation. I deeply appreciate the very strong support given by
Electrical Engineering Academic Association of Thailand. Thanks to the spirited works of the
organizing committee, the technical program committee, the invited speakers, and paper
contributors and excellent program have been assembled to cover a broad spectrum of
interesting topics.

I warmly welcome you to the iIEECON2017 on March 8-10, 2017, Pattaya, Thailand.

A len T

Associate Professor Prasert PINPATHOMRAT, Ph.D.
President of Rajamangala University of Technology Thanyaburi (RMUTT) and
Honorary Advisory Chair of iIEECON2017
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Message from Dean of Faculty of Engineering, RMUTT

Rajamangala  University of Technology Thanyaburi
(RMUTT) is pleased to host the international Electrical
Engineering Congress 2017 (IEECON2017). Faculty of
Engineering, RMUTT has a major mission on encouraging
and supporting all areas of research. One of the key reasons
is to assist in developing capability in science and technology
in order to cope with recent rapid change in this field. We
have jointly set up an academic symposium on the
iIEECON2017 with the perception on the significance of
exchanging knowledge and research experiences between
researcher in the field of electrical engineering. This
symposium is not only giving an opportunity for Thai and
foreign researcher to present and discussion their research
works and update their expertise but also to initially stimulate
the development of research works on electrical engineering. Once the cooperation among
researchers has been created, the closer future cooperation incorporate with joint-research
works will be developed. Thus, to support the aforesaid role, the symposium working
committee would like to express our sincere thanks to the organizing committee, participants
and contributors for your kind corporation to this symposium. I wish this conference
proceeding will be a useful reference for future scientific research development.

U

Assistant Professor Sivakorn ANGTHONG, Ph.D.
Dean of Faculty of Engineering, RMUTT and
Honorary Advisory Co-Chair of iIEECON2017
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Message from President of
Electrical Engineering Academic Association (Thailand)

It is such a great honor to have Rajamangala University of
Technology Thanyaburi (RMUTT) to host the 2017
International Electrical Engineering Congress
(1IEECON2017) with the Electrical Engineering Academic
Association (Thailand), EEAAT.

On behalf of EEAAT, we would like to express our warm
welcome to all participants of the IEECON2017. So far the
conference has been expanded in its scientific contents as
well as the academic network. Currently, this congress is
aiming at realization of smart mobility for smart future. We
sincerely hope that the conference gives a good opportunity
for participants to share their knowledge and widen their
collaboration research. We also would like to extend
sincere thanks to all participants as well as the
iEECON2017 organizers who made the congress possibly
successful.

The iIEECON2017 is an ambitious symposium covering an unusually broad range of science
related to electrical engineering, which promise lifestyle improvements. We assure you will
find this time fruitful and gain new perspectives and inspiration for your research idea and
network.

Associate Professor Athikom ROEKSABUTR, Ph.D.
President of the Electrical Engineering Academic Association (Thailand) - EEAAT
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Message from General Chair of iEECON2017

It is our great pleasure to welcome all of the participants
to the international Electrical Engineering Congress 2017
(iEECON2017) in Pattaya, on March 8-10, 2017 that is

organized by Rajamangala University of Technology

Thanyaburi (RMUTT) and the Electrical Engineering

Academic Association (Thailand)-EEAAT. The technical )
program of iEECON2017 covers topics of all electrical
engineering arcas under “Smart Mobility for Smart
Future” theme including power and energy,
communications, electronics & control, digital signal
processing, computer and information technology field of
research.

Over 270 submission papers were made mainly from 19
countries around the world, and the technical program committee selected 207 papers for oral
presentation. Presentations for accepted papers are organized into 34 sessions in the three days
conference presentation at holiday Inn Hotel. All submitted papers were reviewed by these
members about 190 members. Based on the scores of the review reports, acceptance and
rejection of the submitted papers, and the assignment of the accepted papers to oral sessions
were determined. This number of papers is quite large enough to bring together researchers,
engineers, students, and others to present and discuss their works on electrical engineering and
related topics.

We are grateful to all of the authors, reviewers, and members of the technical program
committee for their enthusiastic efforts and contributions. Handling of submission and review
of papers could not completed along a tight schedule without their helps and cooperation. We
also appreciate the great effort by session chairs who accept our request to manage sessions of
the conference.

Finally, we would like to express our sincere gratitude to all participants of iIEECON2017.
Their contributions are indispensable for the success of the conference.

Enjoy your stay in Pattaya!

K Rlmitiptch

Associate Professor Krischonme BHUMKITTIPICH, D.Eng.
General Chair of iEECON2017 and
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Message from Technical Program Chair of iEECON2017

The 2017 International Electrical Engineering Congress
(AIEECON2017) is the fifth year premier international
conference organized by the Electrical Engineering
Academic Association Thailand, (EEAAT). Faculty of
Engineering, Rajamangala University of Technology
Thanyaburi (RMUTT) has a major mission on
encouraging and supporting all areas of research,
therefore, we are very pleased to host the iIEECON2017.
As the Technical Program Chair (TPC) of iEECON2017,
I would like to report you that there are totally 270
submitted papers to the iIEECON2017 from 19 counties
around the world. With our strong 190 guest reviewers,
only 206 papers are accepted to the IEECON2017, the percentage of acceptance is 76%.

From this key reason, it is the perception on the significance of exchanging knowledge and
research experiences between researcher in the field of electrical engineering technologies and
related fields. I believe that the iIEECON2017 will not be only giving an opportunity for
researchers to present and discuss their research works and update their expertise but also to
initially stimulating the cooperation among them. Only the closer future cooperation with joint-
research works will be able to cope with recent rapid change in the fields.

On behalf of TPC, I would like to express our sincere thanks to all authors for your kind effort
preparing your valuable manuseript to this conference. I am sure that the iIEECON2017 will be
successfully managed and the proceeding will be also a useful reference for future research

development.

Associate Professor Boonyang PLANGKLANG, Dr.-Ing.
Technical Program Chair of iEECON2017
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paiwan.ke@rmuti. | Engineering, Faculty of | Technology Isan, Khon-
Dr. Paiwan Kerdtuad ac.th Engineering Kean Campus
Telecommunication
Ekasit ekasit.nug@rmutr | Engineering, Faculty of | Rajamangala University of
Dr. Nugoolcharoenlap .ac.th Engineering Technology Rattanakosin
Department of Electrical | King Mongkut’s
sukritta.p@gmail. | and Computer University of Technology
Dr. Sukritta Paripurana com Engineering North Bangkok
Asst. Rajamangala University of
Prof. NOPPORN pnopporn@rmutl. Technology Lanna
Dr. PATCHARAPRAKITI | ac.th ELectrical Engineering (RMUTL)
Electrical Engineering
warit. wi@psu.ac.t | Dept., Faculty of Prince of Songkla
Dr. Warit Wichakool h Engineering University
Assoc. pongsri.s@en.rmu Rajamangala University of
Prof. Chemical Engineering | tt.ac.th Chemical Engineering Technology Thanyaburi
Assoc. pboonyang@gmai Rajamangala University of
Prof. Boonyang Plangklang | Lcom Electrical Engineering Technology Thanyaburi
Rajamangala University of
kunjana_jane@ho | Department of Electrical | Technology Isan, Khon-
Dr. Kunjana Chaiamarit tmail.com Engineering Kean Campus
ytuppadung@gma | Engineering an Training | PEA ENCOM
Dr. Yutthapong Tuppadung | il.com Business Unit International Co., Ltd.
pasist.s@rmutp.ac Rajamangala University of
Dr. Pasist .th Suwanapingkarl Technology Phra Nakhon
Assoc.
Prof. vittaya.ti@kmitla | Instrumentation Control | King Mongkut's Institute
Dr. Vittaya Tipsuwanporn | c.th Engineering of Technology Ladkrabang
Asst.
Prof. juabjung@yahoo. | Department of Electronic | Mahanakorn University of
Dr. Prajuab Pawarangkoon | com Engineering Technology
Dhonburi Rajabhat
Department of Electrical | University, Samut Prakan
Nuttee Thungsuk nuttee.t@dru.ac.th | Engineering Campus
teerin. kon@rmutr. | Material Engineering, Rajamangala University of
Teerin Kongpun ac.th Faculty of Engineering Technology Rattanakosin
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Asst.

Rajamangala University of

Prof. p_areekul@yahoo | Engineering and Technology Srivijaya,
Dr. Electrical Engineering | .com Technology Trang Campus
Asst.
Prof. sabuy8888@hotm Rajamangala University of
Dr. Pramuk Unahalekhaka [ ail.com Electrical Engineering Technology Suvarnabhumi
Phongthep Faculty of Science and Pibulsongkram Rajabhat
Dr. Ruxpakawong thep@psru.ac.th Technology University
Asst. Renewable Energy
Prof. wwatchara@hotm | department, School of
Dr. Watchara Wongpanyo | ail.com Energy and Environment | University of Phayao
Asst.
Prof. Siriwat siriwat007(@yaho Rajamangala University of
Dr. Wasoontarajaroen 0.com Faculty of Engineering Technology Isan
Teeravisit teeravisit.lao@mf | School of Information
Dr. Laohapensaeng uac.th Technology Mae Fah Luang University
maleeya72@gmai | Faculty of Engineering Rajamangala University of
Dr. Maleeya Tangjitjetsada | l.com and Architecture Technology Suvarnabhumi
Assoc. Prince of Songkla
Prof. nattha.s@psu.ac.t | University / Department | Prince of Songkla
Dr. Nattha Jindapetch of Electrical Engineering | University
department of computer ,
skuptabut@gmail. | faculty of science and Sakon Nakhon Rajabhat
Dr. suthasinee kuptabut com technology University
Assoc.
Prof. chawasak@hotma
Dr. Chawasak Rakpenthai | il.com Electrical Engineering University of Phayao
Electronic Department,
Faculty of Engineering,
Asst. Rajamangala University | Rajamangala University of
Prof. WIROT wirot.ci@gmail.c | Of Technology Lanna Technology Lanna
Dr. PONGLANGKA om Chiangrai (RMUTL)
Asst. Dr.Sitthidet sitthidetv(@hotmai
Prof. Vachirasricirikul l.com University of Phayao University of Phayao
apiwat.l@chula.ac | Department of Electrical
Dr. Apiwat Lek-uthai th Engineering Chulalongkorn University
Department of Electrical
Asst. suparerk j@ubu.a | and Electronic Ubon Ratchathani
Prof. Suparerk Janjarasjitt c.th Engineering University
KMUTT, Department of
Control and
Assoc. | Benjamas benjamas.pan@k | Instrumentation King Mongkut's University
Prof. Panomruttanarug muttac.th Engineering of Technology Thonburi
Rajamangala University of
dhirasak@gmail.c Technology Lanna Chiang
Dr. Teerasak Somsak om CISAT Mai
Asst.
Prof. ¢e487000@hotma
Dr. Arthit Sode-Yome il.com Electrical Engineering Siam University
Faculty of Engineering,
Asst. Electronic and Rajamangala University of
Prof. supakitting@gmai | telecommunication Technology Lanna Chiang
Dr. Supakit Kawdungta l.com engineering Mai
Rajamangala University of
moei76@hotmail. | Faculty of Electrical Technology Lanna
Dr. Pichet Moeikham com engineering (Chiangrai) | (RMUTL)
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Assoc. | Wuttipong wuttipong kum(@ King Mongkut's University

Prof. Kumwilaisak kmutt.ac.th ENE of Technology Thonburi

Asst. somphop(@g.swu. | Faculty of Engineering, | Srinakharinwirot

Prof. Somphop Rodamporn | ac.th Computer Department University

Assoc. School of Electrical

Prof. kongpan@sut.ac.t | Engineering, Institute of | Suranaree University of

Dr. Kongpan Areerak h Engineering Technology

Assoc. panjai@gmail.co

Prof. Panjai Tantatsanawong | m Computing Department | Sipakorn University

Assoc.

Prof. sermsak@eng.cm | Department of Electrical

Dr. Sermsak Uatrongjit u.ac.th Engineering Chiang Mai University

Asst. Chanchana tchanchana@yaho

Prof. Tangwongsan o.com Electrical Engineering Chulalongkorn University

Assoc. drsomyotk@gmai King Mongkut's Institute

Prof. Somyot Kaitwanidvilai | l.com Faculty of Engineering of Technology Ladkrabang

Asst. Department of Electronic

Prof. paitoon_r@rmutt. | and Telecommunication | Rajamangala University of

Dr. PAITOON RAKLUEA | ac.th Engineering Technology Thanyaburi

Asst. Department of Electrical

Prof. niwat.a@msu.ac.t | Engineering, Faculty of

Dr. Niwat Angkawisittpan | h Engineering Mahasarakham University

Asst. Kiattisin kiattisin k@msu.a

Prof. Kanjanawanishkul c.th Engineering Mahasarakham University

The Sirindhorn

Assoc. International Thai- King Mongkut’s

Prof. nisai.fi@tggs kmut | German Graduate School | University of Technology

Dr. Nisai Fuengwarodsakul | nb.ac.th of Engineering North Bangkok

Assoc.

Prof. vuttipon(@g.swu.a Srinakharinwirot

Dr. Vuttipon Tarateeraseth | c.th Electrical Engineering University

kornchawal@kku.

Dr. Kornchawal Chaipah ac.th Faculty of Engineering Khon Kaen University

Asst.

Prof. supachate_inn@ut | Computer Engineering University of the Thai

Dr. Supachate Innet cc.ac.th and Mulitmedia Chamber of Commerce

Asst. nachirat.r@en.rm Rajamangala University of

Prof. Nachirat Rachburee utt.ac.th Faculty of Engineering Technology Thanyaburi

Asst.

Prof. CHAIYACHET chaiyachet.s@chu | Electrical Engineering

Dr. SAIVICHIT la.ac.th Department Chulalongkorn University

Assoc. toempong.ph@k | Faculty of Engineering, | King Mongkut's Institute

Prof. Toempong Phetchakul | mitl.ac.th Electronic Department of Technology Ladkrabang
Supattana supattana@rsu.ac.

Dr. Nirukkanaporn th Electrical Engineering Rangsit University

Asst. wipavann(@gmail.

Prof. Wipavan Narksarp com Electrical Engineering Siam University

Asst.

Prof. patanavijit@yaho

Dr. Vorapoj Patanavijit o.com Engineering Assumption University

Asst. Electronic and

Prof. suwat_pat@kmutt | Telecommunication King Mongkut's University

Dr. Suwat Pattaramalai .ac.th Engineering of Technology Thonburi

Asst. suparerk_man(@ut University of the Thai

Prof. Suparerk Manitpornsut | cc.ac.th Computer Engineering Chamber of Commerce
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Assoc.

Prof. CHAIWUT CHAT- chaiwut.ch@kmitl King Mongkut's Institute
Dr. UTHAI .ac.th Electrical Engineering of Technology Ladkrabang
Asst.
Prof. rawid_b@yahoo.c
Dr. Rawid Banchuin om Faculty of Engineering Siam University
Asst. Department of Electrical
Prof. kjchaiya@staffk | Engineering, Faculty of | King Mongkut's Institute
Dr. Chaiyan Jettanasen mitl.ac.th Engineering of Technology Ladkrabang
Assoc. Faculty of Engineering
Prof. worawat sa- wor_nui@yahoo.c | Mahasarakham
Dr. ngiamvibool om University Mahasarakham University
Asst. Department of Electrical
Prof. supawud.n@rmmut | Engineering .Faculty of | Rajamangala University of
Dr. Supawud Nedphokaew | p.ac.th Engineering Technology Phra Nakhon
Asst.
Prof. boonsong@sut.ac. Suranaree University of
Dr. Boonsong Sutapun th Institute of Engineering | Technology
Assoc.
Prof. kkveerac@yahoo. | Electrical Engineering King Mongkut's Institute
Dr. Werachet Khanngern com Department of Technology Ladkrabang
Electronics and
ponlakit j@rmutp. | Telecommunication Rajamangala University of
Dr. Ponlakit Jariyatantiwait | ac.th Engineering Technology Phra Nakhon
Asst.
Prof. chivalai@gmail.c King Mongkut's Institute
Dr. Chivalai Temiyasathit [ om International College of Technology Ladkrabang
Assoc.
Prof. Poompat poompat.s@bu.ac
Dr. Saengudomlert .th School of Engineering Bangkok University
Channarong channarong.b@ch
Dr. Banmongkol ula.ac.th Electrical Engineering Chulalongkorn University
Asst. Department of Electrical
Prof. Engineering, Faculty of
Dr. Siriroj Sirisukprasert siriroj.s(@ku.th Engineering Kasetsart University
Asst. konghirun. 1(@gm | Electrical Engineering King Mongkut's University
Prof. Mongkol Konghirun ail.com Department of Technology Thonburi
South East Asia
Asst. University / Electrical
Prof. Chaiyo Thammarat chaiyot@sau.ac.th | Engineering Department | South East Asia University
Asst. csawigun(@gmail. | Mahanakorn Institute of | Mahanakorn University of
Prof. Chutham Sawigun com Innovation Technology
Asst. komsond@yahoo. Ubon Ratchathani
Prof. Dr. Komson Daroj com Electrical Engineering University
rungsimu@mut.ac | nstrumentation and Mahanakorn University of
Dr. Rungsimant Sitdhikorn | . Mechatronics Technology
Asst. jedsada.a@en.rmu Rajamangala University of
Prof. Jedsada Arunruerk tt.ac.th Computer Engineering Technology Thanyaburi
Department of Electrical
and Computer King Mongkut’s
Asst. APHIBAL pruksanubal@yah | Engineering, Faculty of | University of Technology
Prof. PRUKSANUBAL 00.com Engineering North Bangkok
Department of Electronic
apichai.bha@mail | and Telecommunication | King Mongkut's University
Dr. Apichai Bhatranand kmutt.ac.th Engineering of Technology Thonburi
Asst. sakornpo@hotmai | KMUTT/Electrical King Mongkut's University
Prof. Sakomn Po-Ngam L.com Engineering of Technology Thonburi
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ong-

Asst. art.s@en.rmuttac. | Department of Electrical | Rajamangala University of
Prof. Ong-art Sadmai th Engineering Technology Thanyaburi
Control System and
Asst. wanchak len@km | Instrumentation King Mongkut's University
Prof. Wanchak Lenwari utt.ac.th Engineering of Technology Thonburi
Assoc.
Prof. Telecommunication Mahanakorn University of
Dr. Rachu Punchalard rachu@mut.ac.th | Engineering Technology
Department of Electrical
Asst. Nararat Engineering, Faculty of
Prof. Ruangchaijatupon nararat@kku.ac.th | Engineering Khon Kaen University
varakornkasemsu | Dept of Electronics, King Mongkut's Institute
Prof. Varakorn Kasemsuwan | wan@yahoo.com | Faculty of Engineering of Technology Ladkrabang
PROMSAK promsaka@gmail. Rajamangala University of
Dr. APIRATIKUL com RMUTT Technology Thanyaburi
wanayuth.sa@spu
Dr. Wanayuth Sanngoen .ac.th Electrical Engineering Sripatum University
Asst.
Prof. chirawat k@en.rm | Electronics and Rajamangala University of
Dr. Chirawat Kotchasarn utt.ac.th Telecommunications Technology Thanyaburi
Prof. bdavid@chula.ac.
Dr. David Banjerdpongchai | th Electrical Engineeirng Chulalongkorn University
somboon.s@rsu.a
Dr. Somboon Sooksatra c.th Electrical Engineering Rangsit University
Computer Engineering Rajamangala University of
Department, Engineering | Technology Lanna Chiang
Dr. Upady Hatthasin UHT(@rmutl.ac.th | Faculty Mai
Asst.
Prof. wannaree_wr(@ya Rajamangala University of
Dr. Wannaree Wongtrairat | hoo.com Electronic Engineering Technology Isan
Computer Engineering Rajamangala University of
uht.mutl2014@g | Department, Engineering | Technology Lanna Chiang
Dr. Upady Hatthasin mail.com Faculty Mai
Asst.
Prof. sidahao@gmail.c Mahanakorn University of
Dr. Nalin Sidahao om Electronic Engineering Technology
Department of Computer
Assoc. | Bhichate Engineering, Faculty of
Prof. Chiewthanakul bhichi@kku.ac.th | Engineering Khon Kaen University
Assoc. Chulalongkorn
Prof. Songphol songphol k@chul | University / Electrical
Dr. Kanjanachuchai a.ac.th Engineering Chulalongkorn University
Asst.
Prof. chutimet.sr@kmit | Computer Engineering King Mongkut's Institute
Dr. Chutimet Srinilta lLac.th Department of Technology Ladkrabang
Asst.
Prof. Worakarn worakarn_w(@hot | Electrical and Electronic | Ubon Ratchathani
Dr. Wongsaichua mail.com Engineering University
Panuwat. Ja@chul | Electrical Engineering
Dr. Panuwat Janpugdee a.ac.th Department Chulalongkorn University
Asst. chuttchaval jer(@ | electrical engineering
Prof. chuttchaval jeraputra mahidol.ac.th dept Mahidol University
Assoc. College of Innovative
Prof. Technology and
Dr. Nit Petcharaks nit.pesi@dpu.ac.th | Engineering Dhurakij Pundit University
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Rajamangala University of

hs5qab@hotmail. Technology Lanna
Dr. Pinit Nuangpirom com Electrical Engineering (RMUTL)
Department of Electrical
piampoom.sa@k | Engineering, Faculty of | King Mongkut's Institute
Dr. Piampoom Sarikprueck [ mitl.ac.th Engineering of Technology Ladkrabang
boonchai.t@chula
Prof. Boonchai .ac.th Techaumnat Chulalongkorn University
Department of Electrical
and Electronic
pracha ki@ubu.ac. | Engineering, Faculty of | Ubon Ratchathani
Dr. Pracha Khamphakdi th Engineering University
Electronics and
Thanaset thanaset@sut.ac.t | Telecommunication Suranaree University of
Dr. Thosdeekoraphat h Engineering Technology
Assoc.
Prof. Trasapong trasapong@gmail. | Department of Computer
Dr. Thaiupathump com Engineering Chiang Mai University
Asst. chonlatee.p@msu. | Mahasarakham
Prof. Chonlatee Photong ac.th University Mahasarakham University
Asst. somsak.wa@kmit | KMITL / Computer King Mongkut's Institute
Prof. Somsak Walairacht Lac.th Engineering of Technology Ladkrabang
Assoc. Department of Computer
Prof. montri.karn@gma | Engineering, Faculty of | Prince of Songkla
Dr. Montri Karnjanadecha | il.com Engineering University
Assoc.
Prof. Peearpol peerapol.y@gmail Mahanakorn University of
Dr. Yuvapoositanon .com Faculty of Engineering Technology
Asst.
Prof. kitiphol.ch@kmitl King Mongkut's Institute
Dr. Kitiphol CHITSAKUL | .ac.th Electronic Engineering of Technology Ladkrabang
Assoc.
Prof. jkjanuwat@gmail. | Department of Electrical | King Mongkut's Institute
Dr. Anuwat Jangwanitlert | com Engineering of Technology Ladkrabang
Rajamangala University of
Charnyut chanyut@rmutl.ac Technology Lanna
Dr. Kamjanapiboon .th Faculty of Engineering (RMUTL)
Kritchai kritchai.witheepha | Cork Institute of Cork Institute of
Dr. Witheephanich nich@gmail.com | Technology Technology
Department of Electrical
Asst. Dr. Nirudh nirudh.ji@kmitla | Engineering, Faculty of | King Mongkut's Institute
Prof. Jirasuwankul c.th Engineering. of Technology Ladkrabang
Electronic and
Telecommunication
wichian.o@en.rm | Engineering Department | Rajamangala University of
Dr. Wichian Qoppakaew utt.ac.th Faculty of Engineering Technology Thanyaburi
Assoc. | APINAN apinan.a(@msu.ac.
Prof. AURASOPON Faculty of Engineering Mahasarakham University
School of
Telecommunication
Engineering,Institute of | Suranaree University of
Dr. Settawit Poochaya settawit(@sut.ac.th | Engineering Technology
Yuttapong yuttapong jir@ma | Electronic and King Mongkut's University
Dr. Jiraraksopakun il kmuttac.th Telecommunication of Technology Thonburi
doldet.tantraviwat | Electrical Engineering
Dr. Doldet Tantraviwat (@cmu.ac.th Department Chiang Mai University
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Asst.

Prof. nworawat(@gmail. King Mongkut's Institute
Dr. Worawat Nakawiro com KMITL, EE of Technology Ladkrabang
sudarat_kh@sut.a | School of Electrical Suranaree University of
Dr. Sudarat Khwan-on c.th Engineering Technology
pakpum.s(@chula. | Biomedical Engineering
Dr. Pakpum Somboon ac.th Program Chulalongkorn University
Asst. surapol.ja@spu.ac | Department of Electrical
Prof. Surapol Jantorn Engineering Sripatum University
Research Group for
Communication
Asst. Innovations (ReG-
Prof. kunnthph@gmail. | CIs)/Telecommunication | Rajamangala University of
Dr. Kunnthphong Srisathit | com Engineering Department | Technology Rattanakosin
kachodchanok(@g | Department of Civil King Mongkut's Institute
Dr. Chodchanok Attaphong [ mail.com Engineering of Technology Ladkrabang
Southeast Asia
Assoc. | BOONLERT tdlert@hotmail.co | University / Electrical
Prof. SUECHOEY m Engineering Dept. Southeast Asia University
Assoc. preecha.ko@spu.a | Electrical Engineering
Prof. Preecha Kocharoen c.th and Applied Electronics | Sripatum University
Assoc.
Prof. Department of Electrical
Dr. Yuttana Kumsuwan yt@eng.cmu.ac.th | Engineering Chiang Mai University
Teeraphon teeraphon.ph@km | Electrical Engineering King Mongkut's Institute
Dr. Phophongviwat itl.ac.th Dept. of Technology Ladkrabang
Assoc.
Prof. srisuk.s@gmail.co Nakhon Phanom
Dr. Sanun Srisuk m Faculty of Engineering University
wadanu@hotmail. | Faculty of Industrial Ubon Ratchathani
Dr. Danu Wiroteurairuang | com Technology Rajabhat University
boonnuk2002@ho | Faculty of Science and
Dr. Tanunchai Boonnuk tmail.com Technology L oei Rajabhat University
prajuab@rmuti.ac Rajamangala University of
Dr. Prajuab Inrawong Electrical Engineering Technology Isan
Asst.
Prof. Wauttiwat wuttiwat@hotmai Rajamangala University of
Dr. Kongrattanaprasert l.com Electrical Engineering Technology Krungthep
Asst.
Prof. paru4802@hotma | Department of Mahanakorn University of
Dr. Sawat Bunnjaweht il.com Telecommunication Technology
chatchai.s(@en.rm Rajamangala University of
Dr. Chatchai Suppitaksakul | utt.ac.th Faculty of Engineering Technology Thanyaburi
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Country Report of the Submission to iIEECON2017

Taiwan 1 India 27
Pakistan 2 Sri Lanka 1
Korea 1 Philippines 1
China Indonesia 4
Egypt 2 Iran, Islamic Republic Of 16
United Kingdom 3 United States 1

South Africa 1 Thailand 190
France 2 Ireland 5
Germany 2 Japan 5
Bangladesh 4

Totals 270

Institution Report of the Submission to iIEECON2017

King Mongkut's Institute of Technology Ladkrabang

King Mongkut's University of Technology Thonburi

Rai

la University of Technology Thanyaburi

Kasetsart Universit:

University of Tabriz

King Mongkut’s University of Technology North Bangkok

Rai

Pathumwan Institute of Technology

la University of Technology Isan

National Institute of Technology Durgapur

Suranaree University of Technology

Mahanakom University of Technology

University of Limerick

b

llah University of Science and Technology, Dhaka

Bangkok University

Chulalongkom University

Syed ammal engineering college

Srinakharinwirot University

Mahidol University

National Institute of Technology

w|w |w e |a |6 (s |u |w e [v v |v

Rai

(&)

la University of Technology Isan, Khon-Kean Campus

Anna University India

)

Assumption University

&)

Dhurakij Pundit University
NorthWestern Polytechnical University Xian
Prince of Songkla University

Grenoble Institute of Technology (Grenoble-INP)
Swansea University

>

"

&)

&)

(XY

&)

[X)

Jawaharlal Nehru Technological University Kakinada, India

port said university

(%)

Kasctsart University Sriracha Campus

=)

Rajamangala University of Technology Lanna (RMUTL)

Southeast Asia University

[X)

The University of Electro-C

Motilal Nehru National Institute of Technology Allahabad, Allahabad, UP, India

Naresuan University

[N [N [
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Thammasat University

Indian Institute of Technology (BHU) Varanasi

University of Santo Tomas

South East Asia University

Chulachomklao Royal Military Academy

Suranaree University of Technolgy

Seoul National University

COMSATS Insti of Information Technology

Walailak University

University of Johannesburg

East Bavarian Technical University of Applied Sciences

Florida International University

Raj la University of Technology Srivijaya, Trang Campus

Hirosaki University

Siemens Power Technologies International

Hosei University

Indian Institute Of Technology, Madras

Toho University

Institut Teknologi Bandun,

Institut Teknologi Sepuluh Nopember

University of Zanjan

University of Nottingham

Iran university of science and technology

Raj; la University of Technology Krungthep

Islamic Azad University

Jawaharlal Nehru Technological University, Hyderabad, INDIA

Raj la University of Technology Isan, KhonKhaen Campus

Pathumthani University

Khon Kaen University

Siam university

Songkhla Rajabhat University

Loei Rajabhat University

Mad: He T

of Technology and Science

State Polytechnic of Cilacap

Mahasarakham University

University of Indonesia

Nakhon Phanom University

University of Phayao

Naresuan University, Phitsanulok, Thailand

Valaya Alongkom Rajabhat University

National Institute of Technology Uttarakhand

Nakhonphanom University

National Yunlin University of Science and Technology

/e

Bahria University, Isl

North-chiang Mai University

NMAMIT, Nitte

Totals
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IEECON2017

{EECON2017 Conference Program
8-10 March 2017, the Holiday Inn Pattaya, Thailand

# Paper Number neglecting the decimal point

201

Time 8 March 2017
13:00-18:30 | Registration
18:30-22:00 | fEECON2017 Welcome Cocktail Reception at Café G Terrace + Poolside
9 March 2017
ROOM Ballroom 1+2 Meeting 1 M 2 Meeting 3
08:00-10:00 Special Sessi Power & Energy Electronics & Control Communications
T001,551002. SS1004 PLOTO.PEOTT PLOSS LCO0TC002,EC003 CMO0T,CM002,CMO05
Pype D $81005,851006.351007 PE059,PE0G0.PE093 EC005,EC006,EC00S CMO1L.CMOI2.CMO13
. Prof. Dr.Yuthana Khamsuwan Prof. Dr Prayoot Akkarackthalin Prof. Dr.Deacha Puangdownreong Prot. Dr.Athikom Rugsabutr
Chair (EMU) (KMUTNB) (SAU) (MUT)
S Prof. Dr Krischonme Bhimmikittipich Prof. Dr.Somchai Hiranvarodom Virote Pirajnanchai, Head of ETC Patrapee Sunantapot, Head of CT
Co-Chiait RMUTT) (RMUTT) RMUTT) BRMUTT)
10:00-10:20 | Coffee Break
10:20-10:40 | Opening Ceremony (Ballroom 1+2)
10:40-11:20 | Keynote Speaker (KS01): Green Mobility for Smart Future, presented by Professor Dr. araguchi, Nagoya University, Japan
11:20-12:00 | Keynote Speaker (KS02): Smart-city Rescarch Project, presented by Professor Dr.Teruo Higashino, Osaka University, Japan
12:10-13:00 Lunch
ROOM Ballroom 1 Ballroom 2. Meeting 1| Meeting 2 Meeting 3
13:00-15:00 Power & Energy Electronics & Control Digitul Siginal Processig. Compuer & IT
PEOI2.PEOI3,PEAI T ECO09,ECO10 EC017 TM017,CM019,CM021 DS003.D5006,D5007 CT002,CT03,CT005
Byl PE01S.PEG16.PE0LT ECO18.EC026 EC028 CM022,CM023.CM026 DS008.DS009.DS10 C1006.CTO07.CTO10
" Dr.Keobsak Sriprapha Prof. Dr.Kosin Jumnongthai Prof. Dr.Usana Tuntoolavest Prof. Dr.Surachai Ongkittikul Prof. Dr. Narong Yoothanom
Chaty (NSTDA) (KMUTT) (KU) MUy &
S Prof. Dr Sorapong Pavasiprec Prof. Sirichai Dangcam Prof.Dr Jakkrce Srinonchat Prof. Ong-Art_Sadmai Nattapol 11a-Oupala, MS.c
Co-Chair (RMUTT} {RMUTT) RMUTT) (RMUTTY {(RMUTT)
15:00-15:20 | Coffee Break
ROOM RBallroom 1 RBallroom 2 Meeting 1 Meeting 2 Meeting 3
15:20-17:20 Special Session Power & Energy Electronics & Control Digital Signal Processing
SS1008.5S1009.SS1010 PEOIS PEG20.PE022 EC029,ECO30.EC03L CM044,CM046,CM027 DS012.DS014.DSOLS
Pape 1D $81011,551012,882001 PE023 PII025.PI 032 HC033. L0034 CM028,CM029.CM030 1DS016.05017,DS018
E Prof. Dr.Surin_Ngacmngam Dr.Sanchai Dechanupaprittha Prof. Dr.Kangpan Arcerak Dr.Chatrpol Pakasiri Praf. Dr.Surachet Kanprachar
Chair RMUTT) (KUY SU'T) (KMITL) (NUY
s Prof. Dr Yuthana Khamsiwan ProfPrach Dabbang ‘Dr-Narongchai O-Charocn Dr Norasct Wichaipanich Dr Suchada Sitjongsataporn
GOl etiv) (RMUTT) RMUTT) (RMUTT) QUT)
18:30-22:00 Banquet at Ballroom 1+2
{EECON2017
Time 10 March 2017
ROOM Ballroom 1 Ballroom 2 Meeting 1 Meeting 2 Meeling 3.
08:00-10:00 Power & Encigy Electronics & Control & Digital Sigual Processing Computer & IT
Papar D PE028 PEG29.PE030 EC035 EC036EC038 CMO31,CM033.CM036 DS019,DS020,DS021 CT009,CTOLL.CTO12
PE034,PED37,PE03S EC039,ECO40.E00SS CMO3Z.CMO38,OM039 DS022,08023,D5025 CTN3.CTO4.CTOI6
Chair Dr.Chaiyong Socmphol Prof. DrMontree Siripmd DrPoompat Prof. Dr.Pecrapal Yivapoositanon Prof. Dr.Vibaon Chunkag
RMUTI) (KMUTNB) U) DMUT) (KMUTNB)
Co-Chair Prof. Pinit Jitjing Prof. Dr. Vorapoj Patanavajit Dipl-ing. Phongsuk Ampha Dr. Kittiwann Nimkerdphol Prof. [t-arun Pitimon
RMUTT) (AU) (RMUTT) (RMUTT) (RMUTT)
10:00-10:20 | Coffee Break
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This paper describes the objective of the model to produce electricity from solar program.
MATLAB s SIMULINK Compared with actual production data from electricity plants.
This information is taken from the program PVSYST rawler’s electricity from real
factories). The models created from an analysis of the equivalent circuit model of a diode,

solar cell, with 5 parameters are the main factors used in the calculations were called
1D5P. The comparison takes into account the impact on solar irradiance and module

temperature. The result of the comparison. The model has high accuracy and is close to
the actual data to generate electricity.

PE095  Analysis of Energy Consumption and Behavior of Elevator in a
Residential Building

Supapradit marsong, Boonyang Plangklang
Rajamangala University of Technology Thanyaburi, Thailand

Elevator is currently a common used electric appliance in most midrise and high rise
building, Energy consumption behavior of Elevator is crucial to be investigated in order
that the collected data can be a useful guideline for future energy conservation. In this

paper, the author investigated a selected elevator in a building in Thailand. The sample is
the residential building of elevators which were installed and operated. The sample was
categorized based on elevator type and building type. The obtained data was compiled as
load profile. The analysis result ranged by different sessions of day demonstrated the
elevator using behaviors. The factor value indicated that elevator can be load factor
impacting the overall energy consumption. This information as guideline is worthy for
future energy conservation by using of EERU.
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Analysis of Energy Consumption and Behavior of
Elevator in a Residential Building

Supapradit marsong
Department of Electrical Engireering, Faculty of
Engineering, Rajamangala University of
Technology Thanyabury,
Thailard
supapradit_ @ mail mmttac.th

Abstract— Elevator is cumently a conmmon used electric
appliance in most midnise and high rise building, Erergy
corsumptionbehavior of Elevator is cncial to be investizated in
order that the collected data canbe ausefil guidelive for fature
enargy conservation In this paper, the anthor investizated a
sekcted elevator in a building in Thailard. The sanple is the
residential bulding of ekvators which were installed and
operated. The sampk was categorized based on ekvator type
and buibing type. The chtaired data was compiled as bad
profile. The analysis result ranged by different sessions of day
demoms trated the elevator using behaviors. The factor vahie
indicated that elevator canbe bad factor impacting the overall
energy consunpton Thi information as guide Ime is worthy for
fuhure erergy conservationb yusing of EERT.

Keywords—EERT; Exergy, Traffic pattern

I INTRODUCTION

Research aboat the amount of erergy consumed in the
buildings demomstrates that the erergy consumed by the
elevators constibate betwreen 5 and 25% of the total energy
corsumption of the buildmg [1] [2]In operation, Lift contwol
systems adapt to changing demands based on ther desigrers'
understanding of passenger traffic patterrs.

Control strategies appropriate to the cument traffic pattem
(e.g. up peak, down peak algorithne) can inpmove performance
sgnificantly. Thas, it becomes highly mportant to accurately
estimate the energy consumption highly inportart to accurately
estimate the exergy conunpton ofthe elevators and to analyze,
for the ones to be built or to be restored. Inthis stady, elevator
traffic analysis of an existng building is performed, and rurming
tme energy cormsumption of the elevator is momtored. The
energy oonsunpton vares depemding om the building
characteristics, level of dexs ity of people [3].

The first of sanples residertial building was sekcted,
Ovenll erergy comunption of ths elevator system was
surumarized. Exergyusage datawas extracted fiom the elevator
data conmmunication s ystem with elevator diagnosties tool for
propose of monitoring elevators energy usage for a contirmons
limited period. For better understanding the ekvators erergy
corsumption, the recorded data was analyzed to identify the
elevatars erergy quality to see how energy consumption varied

)

Boonyang Plangklang
Department of Electrical Engireering, Faculty of
Engineermg, Rajamangala University of
Technology Thanyaburi,
Thailard

boonyang p@en.mutt.ac.th

in l-day and laweek cyck. The analysis result for elevator
erergy comunphon quality was instramertal in respect of the
power gereration management so that the energy uses can
madmize the effectiveress of elevatorusage.

Fig. 1 Uruxx Pattaya ilhistrations

PROFPERTY NAME: Uniex South Pattaya
DEVELOFER: RaimonLand Unixx Co., Ltd.
PROPERTY TYFE: Freehold Condomiriam
TOWERS: Single towerwith 2wings, 45 and 45 stores
TOTAL LAND AREA: 7-0-16 Rai (11,000 sq.m))
TOTAL NUMEER. OF UNITS : 1,207 units (appmox.)
TYPES OF UNITS: Stadio / 1-bedrcomf 2bedrocm

II.  THEORY AND IMPLEMENTATION

A Trgffic analysis
Applicable codes and Stardards have takeninto account
Passenger traffic have been defire inseveraltype such = [4] [5]

BACK TO COHNTEHT
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1) Incoming Traffic: Commercial Buildings (Offices)
2) Two-Way Traffic: institutional buildings (School,
Hospital)
3) Outgoing Traffic: Residential Building (Apartment).
a) Waiting time definition Round Trip Time: — Time from
the moment car starts up to the next time it starts up
b) Interval: (Time between elevators) — Up-Peak round
trip time divided by number of lifts in the group

¢) Performance Factors
Quality Factor => Waiting Time
Quantity Factor=> Handling Capacity

d) Estimated Travel Time (T1)
T1=2H/V ()]
Where T1: Total Return Travel Time (s)
H: Travel Height (m)
V: Rated Speed (m/s)
e) Estimated Waste Time (T2)
T2=(AP+1)*V/Y 2)
Where: T2 (s): Acceleration and Deceleration time
AP: Probable stoppage of the car it is function of the population
and rated load
V (m/s): Rated Speed (m/s2):
Acceleration = deceleration Jerk (m/s3) is excluded in the
manual calculation
) Round Trip Time: Up Travel Cycle
o Worst Case: Arrival upon lift leaving
o Starting/Acceleration
* Running on rated speed
 Deceleration/stopping
® Door Opening
o Exit of the Passengers
® Door Closing
e Starting/Acceleration
o Similar Process
o Exit of the last passenger
g) Estimated Door Time (T4)

T3=K1*(AP+1) 3)
Where — T3 (s): Total Door closing and opening time

K1 (s): is the time of door opening and closing including waiting
time. It is a function of the door type and size

AP: Probable stoppage of the car it is a function of the
population and rated load

h) Estimated Passenger Time (T4)
Hospital (Two-way)
e HC: 12%
o Interval: 30 to 50 sec
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 Inefficiency: 5%
* Classrooms:
® HC: 25 to 40%
 Interval: 40 to 50 sec
 Inefficiency: 0%
i)  Additional Considerations
o Highest Reversal Floor
o Up-Peak with down traffic
® Restaurants on the top floor (noon traffic)
® Parking areas in Basements
7)) Handling Capacity
Handling Capacity is: The percentage of population an elevator
group can transport in five minutes [10].

HC =N *CLF *PC * 300/ RRT 4)

Where- N: number of lifts in the same group

CLF: Car Loading Factor

PC (passengers): Rated Load

RRT (s): Round Trip Time per lift 300 s

(5 minutes)

Table 1 Recommended Car Characteristic
Type of Building “7@5""’ Desuich
Average Office Building 1600 120 (CO)
Large Prestigious Office Building 1800 120 (CO)
Hotel Building (5*) 1600 120
Prestigious Large Apartment Building 1150 110
Hospitals 2200 140
Schools/Universities 2750 150

k) Load Factor
Average to maximum wattage ratio for load in time session
examined [6].

Peak power of load = ——”"ﬁz‘;w;:: Joaa (®)]
1) Annual Usage Hour

Average to maximum wattage ratio for load in time session
examined.

__ Used hours In consider time
" Totalhours in consider time

h/yr X Total hours in a year ©)
m)  Annual Usage Unit

Annual usage hour is referred to as number of use hours for load

or electric appliance in 1-year period (h/yr)

)]

% = Y(Average power [kW) x Hours / day) x Days [ year

B. Building selection

Residential building 45 stories total number of units 1200 were
selected for observation of their elevator energy consumption.
The Elevators and building characteristic are shown on table 2.
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Table 2 Elevator Data

Residential Building units

No.of Elevators (units) 4
Total Bldg Heigh (m) 136.5
Average Floor Heigh (m) 3.41
Total Population (per) 50
Number of floor (Floor) 45
Speeed (m/sec) 3.5
Capacity kg) 1350
Door Open Time(S) 1.8
Door Close Time(S) 2.9
Car area m"2 3

III. DATA COLLECTION AND TOOLS

The elevator traffic data and the important of information such
as running direction, passenger loads in percentage, trip
measurements

Fig. 2 Drive Module and communication bus

Fig.2 is show main block diagram of the elevator main in
power drive and how it connected to communication system
TCM-MC2 where elevator traffic data was collected from this
modules.

B. CAN-Bus data connection

Fig. 3 CAN-Bus

Fig.3 is show can-bus diagram of the elevator which are
connected to communication system although other elevator in
the same group controller from can- bus data where we can
connect the diagnose tools for data acquisitions.

C. Unit-I Diagnose tools

[0 ko Ul vald
401

Exil
press Lullyn
5500

Additional Fragrams.
are ransfenec

Fig. 4 Diagnose tools

Fig.4 is show connection diagram of diagnostics tool to an
EPROM on the main controller which are maintain
configuration and parameter of the elevator. Keys operating
parameter are setting from unit-I tools.

D. Load-weighing device LMS1

Lghtemitirg ~ LED 5V, ightc with proper voltage cugply with +EV DC
diodes LED ST lights up approx. 1 5 with a RESET.
Measuring MPL: indicates votage applied to AID converter

GHD: me
(The measuring points are loadable with 2 digita multimeter)

Fig. S LMSI1 Layout

Fig. 5 is show the Plug in diagnostic unit and select with program
selector and operate button address 1500 Plug CAN bus into
plug X4. Activate matching resistor through jumper J3, if the
load weighing Device LMS1 is the last data station in the bus
system. Connecting the load-weighing device LMS1 to the
voltage supply. Light-emitting diode RST will light up
intermittently during switching on.
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L r-‘--

Unit I connection

Fig. 6 Tools connection

Fig.6 is show connection of the unit-I to main controller and
keep it inside the controller while recording the elevator traffic
is in process 24hrs limited recording time is provided.

IV. ANALYSIS
Load profile represents in line graph showing the overall
building power demand of elevator usage, which data was
derived from the internal memories and its internal measurement
devices that wattage was read every 5 minute for the duration of
24 Hrs. of the sample building (residential). Continuous period
in daily load curve as shown in Fig. 7to 11

4 No. 1350 kg elevators @3.00 mis.
Ahngeofelane Energy Consumption
‘Cumulative

-

-

2

P /
175 3

£ /

s

®

»

5 /

9
0600 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

me (hrsmin)

Tption 28923486 K
Total Cost S289.23  (#50.00-50.00)

Fig. 7 Accumulative Energy Consumption
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4o, 1350 Ig elevators @3.00 s
Average of all runs

Electical Load

in Sminute periods Average - solid red line, Maximum - dotted green line

o

I E o 2 M
2 v‘“l'"ﬁyrj"]‘;:ﬁ Pl el Pt TJ\:‘W K\Lfr\. Sai ‘Jl

10

0 3
0800 0900 1000 1100 1200 1300 1400 1500 16:00 17:00 1800 19.00 20.00 2100 2200

time (hrsmin)

Fig. 8 Average 5 Mins Electrical Load

et
Fig. 9 Power profile for a typical up peak

Fig.9 is shows the spatial movements of the example lift during
the morning up peak traffic demand. Thelift leaves Floor 0 with
20 passengers and calls at nine floors with various number of
Passengers alighting. Thus the load reduces until the last
passengers exit at Floor 22. The lift then returns empty to Floor
0. Note the balance load is achieved as the lift leaves Floor 11.
‘Where the lift only moves one floor, e g: 0>1, 10>11, 18>19 the
graph shows a reached peak Power only as rated speed is not
reached. Where the lift moves two floor, e g: 8>10 rated speed
is just reached before the slow down sequence is initiated. In all
other cases the lift reaches rated speed as indicated by the step
in the profile, although it may only be for a short time, e g: 14,
19>22.The energy consumed is the area under the profile.

4 No. 1350 i elevators @3 00 nvs.
Awngeolalluns © Average Waiting and Time to Destination
Waiting -

AT
PV et Gl AN TR L
2‘;90[ 09“!3!1 '!Iﬂo:l élr!f:j‘"\?lé ‘Zﬂm'!»:-tjw EJIJL 16:00 hv?“w Iulm wo;" NL ZHJ) 2200

me (hrsmin)

Fig. 10 Average waiting time to Destination
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Carload(kg) | Carload |Power Starting down | Power Power starting up
)
0 0 53 120 43 50
78 s 49 118 40 55
150 10 45 116 37 60 |
225 15 41 114 34 65 |
300 20 37 12 31 70
375 25 33 110 28 75
450 30 29 108 25 80|
323 35 3 106 22 83
40 21 104 19 90 |
675 45 17 102 16 95
750 50 13 100 13 100
|25 55 16 97 17 103 |
| 900 60 19 94 21 106
975 65 2 91 25 100 |
1050 70 25 88 29 112
1125 75 28 85 33 115
80 31 82 37 118
1275 85 34 79 4l 121
1350 290 37 76 45 124
1423 95 40 gs) 49 127
100 43 0 53 130

Table 3 power required for starting and running

410 1350 g elevators @3 00 v

e oo Passenger Demand
Trame

300

% popfaban per fve miuen

Fig. 11 Total Up & Down Traffic

V. CONCLUSION

The energy of the up-peak pattern is more important than
other traffic patterns, because more energy is consumed during
up-peak. Up-peak energy scheduling has a great significance for
multi-elevator system efficient operation, and offers useful
guidance to optimal scheduling under other traffic pattern in
building. From the building sample is an outgoing traffic.

More energy is consumed under up-peak pattern than other
traffic patterns because of the numerous upwards passengers.

293

This is due to the fact that the elevators go down empty during
the up-peak traffic, the worst type of traffic, and that requires the
counterweight to be pulled upwards resulting in energy
consumption.

The components of the total energy consumed by an elevator
during running and standby mode, energy consumed in the
lighting of the car, shaft, the machine room and the energy
consumed in the ventilation and air conditioning of the car and
the machine room.

The most important component among those is the energy
consumed during running, and passenger load, elevator speed
and the energy loss caused by some components of the system.

REFERENCES

[1] HM. Sachs, Opportunities for Elevator Energy Efficiency
Improvements, American Council for an Energy-Efficient Economy
(ACEEE), Washington, DC, 2005, April.

J. Liu, F. Qiao, L. Chang, The hybrid predictive model of elevator
system for energy consumption Proceedings of the 2010 International
Conference on  Modeling, Identification and Control, Okayama, Japan,
2010,17-19 Jul

AD. Almeida, S. Hirzel, C. Patreo, J. Fong, E. Dutschke, Energy-
efficient elevators and escalators in europe: An analysis of energy
fliciency potentials and policy measures, Energy and Buildings 47
(2012) 151-158.

H. Hakala, M.L. Siikonen, T. Tyni, J. Ylinen Energy-Efficient Elevators
for Tall Buildings 6th World Congress on Tall Buildings and Urban
Habitat (2001, February/March)

C. Patrao, L. Rivet, I. Fong, A. Almedia Energy efficient elevators and
escalators ECEEE (2009), pp. 803-813

Analysis of Energy Consumption and Behavior of Television in
Resident Houses in Thailand, Boonyang Plangklanga *, Rak Skunpongb
Procedia Engineering 8 (2011) 115-11920, December 2010
Performance analysis of an elevator system during up-peak

CK. Chu, CK.Y. Lin, S.S. Lam Hospital lift system simulator: a
performance evaluator-predictor European Journal of Operational
Research, 146 (2003), pp. 156-180

H.T. Duru, R. Demiréz Modem Energy Efficient Gearless Drive
Elevator Systems Elevator Symposium, Izmir, Turkey (2009) 21-23
May

[10] The Vertical Transport Handbook Edition 4"

121

B3]

[4]

[51
[61

171
81

1

214



ANMANUIN U

LAS29DIATIZANAIY

215



HIOKI oo

IEC61000-4-30 Ed. 3 Class S

p— - Newly Added Functions
Now IEC61000-4-30 Ed. 3 Class A compliant!*

Investigate power characteristics and

analyze the causes of problems
Exceptional ease of use and international standard-compliant reliability

e Extensive statistical analysis

c € *The new software update to V.2 00 now makes e elll-] © EN50160
Warranty the device compliant to the IEC61000-4-30 standard Analytica ¢ IEEE519TDD
S re

« GB Power Quality Statistics Report

Includes
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Mid-range model

Investigate power supply conditions and prevent problems

PQ3100

Features

Simple setup with QUICK
SET

Record event waveforms of
up to 11 sec. in duration

8 hours of battery operation

200 ms and 600 ms data
save capability

CAT 111 (1000 V)/CAT IV
(600 V)

Display event statistics
Demand recording

Investigate power supply conditions

Measure voltage fluctuations, equipment
capacity, and harmonics before installing
new electrical equipment. You can also
check whether newly installed equipment is
affecting other equipment by repeating those
measurements  after  installation  and
comparing the results

pm— T

HIOKI| P@3100 eo

Prevent power supply problems

Discover signs of impending problems by
repeatedly measuring a component such as
an elevator motor on a regular basis, Flexible
current sensors make it possible to connsct
the instrument eafely and easily, even in
difficult settings Involving double wiring,
busbars, and crowded distribution boards
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Perform load rejection testing of
solar power systems

In load rejection testing, it's necessary to
record transient changes in current and
voltage when the system is taken offline. The
PQ3100 can record anomalous waveforms
for up to 11 seconds (1 second before and
10 efter each event). Cursor measurement
lets you verify peak values and duration as
well
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Select data to load
Load a new data set or choose the most recently used data set.

Option settings
Configure options such as display parameters, language,
and cache files.

Verify settings at the time of measurement
Display the status screen with information such as the instrurnent
settings that were in effect at the time of measurernent.

Report creation
Generate detailed reports with trend and event information

CSYV file conversion
Output rends and event waveforms as a C8V-format file

Statistical values and standard values
Display statistical values and perform evaluations and
analysis based on standards.
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User manual and version information
Review the PQ ONE user manual and software version.

Measured value trend graph
Zoom in and out or use the cursor to display measured values

Trend graph display interval

Set the interval for which to display trend data on the screen

Event statistics and ITIC curve
Display bar graphs with data such as the number of events
that occurred

Event list
Display information including the event type, time, duration,
and channel.

Detailed event data
Display detailed information about the event selected in the
eventlist.



Specifications

The following specifications apply when the PQ3198/PQ3100 is set to a measurement frequency of 50/80 Hz. For more detailed specifications,
including for when the PQ3198 is set to 400 Hz, please download the user manual from the HIOK| website

| PQ3108

Basic specifications
Nurmber of channels

Voltage: 4/ Current 4

Input terminal type

Voltage: Plug-in terminals (safety terminals) / Current: Dedicated connectors (HIOKI PL 14)

Connections

Any of the following + additional input to CH 4- 1-phase/2-wire
1-phase/3-wire

3-phase/3-wire/2 power meter
3-phase/3-wire/3 power meter

3-phasef4-wire/2.5 element

1-phase/3-wire/1 volimeter *PQ3100 only  3-phase/d-wire

Input resistance

Voltage inputs: 4 MQ / Current inputs: 100 k(O

Voltage inputs: 5 M() / Current inputs: 200 kQ

Maximum input voltage

Voltage inputs: 1000 V AC, +600 V DC, 6000 Vpeak

Voltage inputs: 1000 V AC/DC, 2200 Vpeak

Maximurn rated terminal-
fo-ground voltage

600 V AC (CAT V) with an expected transient overvoltags of 8000 V

1000 V AC (CAT I11) or 600 V AC (CAT V) with an expected transient
overvoltage of 8000 V

Sampling frequency

Parameters other than transient voltage: 200 kHz: transient voltage: 2
MHz

200 kHz for all parameters

A/D converter resoluton [Parameters other than transient voltage: 16 bits; transient voltage: 12 16 bits
its
Display range Vollage: 048 V to 780 V/ Current. 0 6% to 130% of range Voltage 2V 1o 1300 V / Current. 0.4% to 130% of range
Power 0.0% to 130% of range
Parameters other than above: 0% to 130% of range
Effective measurement |Voltage: 10 V to 780 V AC, peak of £2200 V / 1 V to 600 V.DC Voltage: 10 V to 1000 V AC, peak of 2200 V/5 V to 1000 V DC
ranges Current: 1% to 120% of range, peak of +400% of range Current 5% to 120% of range. peak of +400% of range

Power: 0.15% to 130% of ran
(When voltage and current both fall within the effective measurementrange)

Power: 5% to 120% of ran:
(When valtage and current both fall within the effective measurement range)

Accuracy specifications

Accuracy guarantee
conditions

Accuracy guarantee duration: 1 year

Accuracy guarantee temperature and humidity range: 23°C +5°C, 80% RH or less / Warm-up time: 30 min. or greater

Temperature coefficient

0.03% f.5./°C (DC measurement, add +0.05% f.s./°C)

0.1% f.5./°C

Common-mode voltage
effects

Within 0.2% fs. (600 Vrms AC, 50 Hz/60 Hz, between voltage input and
enclosure)

Within 0.2% f.s. (1000 Vrms AC, 50 Hz/60 Hz, between voltage input and
enclosure)

External magnetic field
effects

Voltage: Within 3 V
Current: Within 1.5% fs. (400 Arms/m AC, in 50 Hz/60 Hz magnetic field)

Within 1.6% f.s. (400 Arms/m AC, in 50 Hz/60 Hz magnetic field)

Measurement parameters

Measurement
parameters

Transient voltage Current waveform peak Reactive energy Inter-harmonic voltage

Voltage 1/2 RMS value Current DC Apparent power Inter-harmonic current

Current 1/2 RMS value Current RMS valus. Power factor/displacement power factor  Harmonic voltage phase angle

Voltage waveform peak Inrush current Voltage reverse-phase unbalance factor  Harmonic current phase angle

Voltage DC Frequency 1 wave Voltage zero-phase unbalance factor Harmonic voltage-current phase difference

Voltage RMS value (phasefline) Frequenoy 200ms Current reverse: se unbalance factor  Voltage total harmonic distortion

Swell Frequency 10 sec. Current zero-phase unbalance factor Current total harmonic distortion

Dip Actve power Harmonic veltage K factor

Interruption Achve energy Harmonic current |EC flicker

Instantaneous flicker value Reactive power Harmonic power: AVAD flicker

Efficiency Voltage CF Reactive power demand amount®

High-order harmonic (Supraharmonic) components Rapid voltage change (RVC)  Apparent power demand amount®

Voltage waveform comparison Current CF Active power demand value

Mains signaling voltage Electricity cost Reactive power demand value
Apparent energy Apparent power demand value
Active power demand amount® Power factor demand value

*Data output to SD memory card only

Measurement specifi

Transient voltage (Tran)

cations

Detected based on waveform after the fundamental wave component has been eliminated from the sampled waveform

Measuremnent range: £6.000 kVpeak
Measurement band: 5 kHz (-3 dB) to 700 kHz (-3 dB)
Measurement accuracy: +5.0% rdg. +10% fs

Measurement range. +2.200 kVpeak
Measurement band: 5 kHz (-3 dB) to 40 kHz ( -3dB)
Measurement accuracy: +5.0% rdg, +1

Voltage 1/2 RMS value
(Urms1/2). current 1/2
RMS value (Irms 1/2)

Voltage 1/2 RMS value: Caloulated as the RMS value for 1 sampled

waveform that has been overlapped every half-wave

Current 1/2 RMS value: Caloulated as the RMS value every half-wave

Measurement accuracy

Voltage: +0.2% of the nominal voltage (for input of 10°V to 660 V)
+0.2% rdg. +0.08% fs. (for input other than abave)

Current +0.3% rdg +06% fs. + current sensor acguracy

Calculated as the RMS value for 1 sumpled waveiovm that has been
overlapped every half-wave

Measurement accuracy

Voltage: +0.3% of the normninal voltage (for input of 10 V to 660 V)
+0.2% rdg. 20.1% f 5. (for imput other than above)

Current: +0 2% rdg. £0.1% fs. + current sensor acouracy

Swell (Swell), dip (Dip),

Detected when the voltage 1/2 RMS value exceeds the threshold.

interruption (Intrpt) Measurement accuracy: Same as voha?ze 1/2 RMS value

Fluctuation data: Yoltage and current 1/2 RMS value data is saved
Rapid voltage change  |None Detected when the 1-sec. average of voltage 1/2 RMS values exceeds
(RVC) the threshold, however, i the average is less than the dip threshold or

greater than the swell threshold, the event is detected as a dip (or swell),
rather than as an RVC
Measurement accuracy: Same as voltage 1/2 RMS value
AUss: Absalute difference between the 1-sec. average of voltage 1/2
AMS values immediately before the event and the first 1-sec
average of voltage 1/2 RMS values after the event [V]
AUmax: Absolute maximum difference between all voltage 1/2 RMS
values during the event and the 1-sec. average of voltage 1/2
RMS values immediately before the event [V]
Fluctuation data: Voltage and current 1/2 RMS value data is saved.

Inrush current (Inrush)

Same as ourrent 1/2 RMS value Inrush currentis detected when the
setting is exceeded in the positive direction.

Measurement accuracy: Same as current 1/2 RMS value
Fluctuation data: Current 1/2 RMS Value data

Caloulated as the current RMS value for data obtained by sampling the
ourrent waveform every half-wave. Inrush current is detected when the
setting is exceeded in the positive direction

Measurernent accuracy: +0.3% rdg. £0.3% fs. + current sensor

acouracy
Fluctuation data: Voltage 1/2 RMS value data and inrush current RMS
value data are saved

Voltage RMS value Measured using a 200 ms aggregate. Measured using a 200 ms aggregate
(Urms), current RMS Measurement accuracy Measurement accuracy
value (Irms) Voltage: +0.1% of the nomnnai voltage (for input of 10V to 660 V) Voltage +0 2% of the nominal voltage (for input of 10 V to 660 V)
+0.2% rdg. +0.08% fs. (input other than above) +0.1% rdg. +0.1% f s. (for input other than above)
Current: +0.1% rdg =0.1% f.s. + current sensor accuracy Current: +0.1% rdg. +0.1% fs. + current sensor accuracy
Voltage DC value {Udc), | Average of 200 ms aggregate values (calculated using CH 4 only) Average of 200 ms aggregate values
current DC value (Idc)  |Measurement accuracy Measurement accuracy

Voltage: +0.3% rdg. £0.08% fs.

Voltage: +0.3% rdg. +0.1% f s

Current: +0.5% rdg. +0.5% f.s. + current sensor accuracy

Current: +0.5% rdg. +0.5% fs. + current sensor accuracy
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