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ABSTRACT

This research presents home energy management system by using Zigbee
Pro network devices. The Zigbee coordinator communicating with the home devices and
the home server which make its controllable everywhere via internet. The demand-side
management method is applied to control home appliances for reducing unnecessary
power consumption and using energy more efficiently. In addition, HEMS also improves

your home security level and showing house modernity.
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3.2.1 ZB809A 1H15U
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Resistive Load: 15A/250VAC
Communication Range: 150 m.
Temperature: -10- 50°C
Humidity: 5-85%RH

U7 3.2 ¥y Z809A

24



3.2.2 Z302A ABULVNATIRIUUSEY

HumuweiilinsaseuinssgvioninedingUataviol

Power Supply: 1CR2450 button cell battery
Battery life: 1000 days

Communication Range: 70 m.

Temperature: -10 - 50°C

Status Indicator (Red/ Green)

SE R e e

Magnetic Contact

¢
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Binding Key
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3.23 7210 Slunduwsuse
ShumdursuseilddmiudsUndaiinie wissivennme
Power Supply: 12V DC
Communication Range 70 m.

Standby Consumption: 52 mA

Operating Consumption: 370 mA

 Infrared Transuutter
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12V DC Jack
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3.2.4 ZB02A&B #IMYa1MSURAANIIY
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Hndindouils ﬁlﬁamﬁuaqﬂﬂﬁatﬂmqﬂﬂm

Power Supply: 2 AAA size batteries
Communication Range: 50 m.
Temperature: 10- 50°C
Humidity: 5-85%RH

1 gang switch

2 gang switch
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3.2.5 Z815L A2USUAIAIUETNS

mmunuaaIvemaenld Tddmiuuiusamuadng

Input Power: 100-250 VAC, 50/60 Hz
Resistive Load: 600 W @250 VAC, 400 W @125 VAC
Communication Range: 120 m.

Consumption Monitoring: 125 mA -8 A
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3.2.6 Z811 WuNLUANULTIGS
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Input Power: 85-265 VAC, 50/60 Hz
Load Resistive: 10 A/250 VAC
Communication Range: 70 m.

Temperature: -10 - 50°C

i .
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. Network mdscator  Swmsindicator

jt=  -B Mode posinon
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(Mode Swatch)
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3.2.7 Z801TX Siadusedusdn

o e o 6 8Va  w ¢
Swdusaiumlddmiumunugunaal

Power Supply: 5v DC
Communication Range 80 m.
Temperature -10 - 50°C
Humidity: 5-85%RH
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3.2.8 ZBO1C wuwainsniunisiaaeuluvinfanis

5 <l v a df a_ a o | e o
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Coordinator
Power Supply:

Detection Coverage:

Communication:
Temperature:

Humidity:

 Powetjack
 Chickimpit .

2 x 3V batteries

4-12m@room temp, Horiz 120deg,
Ver 60deg

50 m

-10 - 50°C

max 95%RH
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3.2.9 Z601A sdsdygranfiau
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Power Supply: DC 12v
Communication Range: 50 m
Temperature: -10 - 50°C

Status Indicator

gﬂﬁ 3.10 fdsdygausou a8 Z601A
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3.2.10 Z202A wnad Sudnysyned
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Coordinator

Power Supply: 12vDC
Communication Range: 200 m
Temperature: -10 - 50°C
Humidity: max 95%RH

Power Indicator (Bed Light

Network Status Indicator
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: nemm‘ .DCpqwg Jack ;
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Coordinator
Communication Range: 50 m
Temperature: -10 - 50°C
Humidity: max 95%RH
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= L3 ar i 8/
JUT 4.9 wuweinsinduanuaioulwiluviainaass (Workshop)
-gunInidinfad9asluin HV mag (2811) avimihidasarsasiasaindludiu
a v =
Study Mall,Staff office, Mauluviesn wag Server room wandlugui 4.10

- IR Remote azgnfianstiludimunaneszning Study Mall wae Staff office 1 #7
tearununnla-Unveslnsiimivaziaiesiuaniauanddugui 4.11 uagdn 1 sililuvies

dl L o dl o i s ﬂv} dl r A
Server room LiaAluAuaruMsUTuRsumMiurenaTeslTueINANI 2 1ATedsgui 4.12



gﬂﬁ 4.11 IR Remote Aniaszurinsstudy mall wae Staff office
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gﬂﬁ 4.12 IR Remote Ansdluiag Server room

4.2.4 dyUnan1Iinnagg

\flesainnslanuvesenns Smartgrid Building qumﬁuﬂ't'i'lfnwawmlﬂﬁw
marnwaty lildarnsatanisléndanuitanasldainnisindeszuu Home  Energy
Management System (HEMs) Sunlufiszdanihnmsmmsldnduuitanasainnisiiuaa 3
Tumsdndusanmsommslindanulnildangas

i = sl (Watt) Xuandildau (Hours)

1 U ¥ o g ‘fl . o 4
waznrpaInasulnihfldainnisdruatiuazidy kWh faazaiunsamnishawdanulndihg

anasuadlvanLsaratalasall
vaanasandlunsazdaiu

. Tufiufistudy mall [vaealwuue 15 watt $1u 16 M9

sevudnagldlngaus 9.00 - 22.00 u. Punaeay 13 $alus & mmﬂﬂm‘

nsmmstandaanulndi aglansldndaaulaiy 15X16X13 = 3.120 kWwh  nAsdlfiszuu
HEMS svuvaztlaliossnlusiRnousanluniudinarsiu 1 $lus wazlanausanluniudiniu

1 4l vilmdensléliidies 11 $alus vldldnmsldndanulviini s X 16X 11 = 2.640 kwh
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2 Tudu Staff office Taviaaalnvug 15 watt 37U 8 A9

szuuinaglalndaud 9.00 - 22.00 u. sandunanisdu 13 42l Fanges
msvnstanasulai aglansldnwdsanulni 15X8X13 = 1.560 kWh nsifiszuu HEMS
szvvarlalmasdnluifnousaniunmudinnaisiu 1 $lue waslanouaanlunudindu 1
Flus 15X8X11 = 1.320 kWh

- Tudupantry room Tdvasalnuuin 15 watt 911U 3 A9

ssuudnazldlnsaus 9.00 - 2200 u. sadunanddy 13 $alus dsaingns
nsmnsianasnulni azlamslandanulud 15X3X13 = 0.585 kWh nsalilszuu HEMS
sruvavila Ualwioadnlulid LLamﬁaw1ﬂ1uﬁaqﬁlﬂﬁﬂua§maamLQaw sruuTeazilaluianiy
noufidiaaniuiviorinu TassnTalwiiadly 2 unit fernmsdanaauilunsldfest
wuth Ty 1 Suasdaudlufniuszana 4 ads uarlufindeuldeney 12 au FsRananldauld
12XaX2 = 96 Wil Aadudalusld 1.6 dalus vildndensldndanudios 15X3X1.6 =
0.072 kWh

" 9194 Advisor room lgvaaainuuin 15 watt 31474 8 #79

srvuidnagldinidaus 9.00 - 20.00 u. sandunaiedu 11 dlus Feangas
AMsmnslanasnulni aglamsldndanulnd 15X8X 11 = 1.320 kwh asdliiszuu HEMS
svuvardnUalnioadnluif® Selaondoudariinuldvastiszmaiuay 5 $alus Suildnde
MslaNaIUNe 15X8X5 = 0.600 KWh

- Y104 Server room  Liviaanlnvung 15 watt 37U 8 979

szuuinagldlideus 8.00 - 20,00 u. sandunanfedu 12 §alus Faarngas
nsmmslandanulni aglanslandanulnih15X8X12 = 1.440 kwh nsaifiszuu HEMS
szuvaylalwiassaluifnousanlumudonareiu 1 Falus uazlaneusenlumudnad 1
s vilFmdonisldlviiies 10 FaTus vilildmsldwdsnulai 15X8X 10 = 1.200 kwh

- maduludnviea Tdvaaalnauin 15 watt 91474 2 929

szuuihuaglAnaus9.00 - 22.00 u. sambunaisdu 13 Falus Fengsms
mnsldndsaulnd aglansldndsanulnd 15X2X13 = 0390 kwh nselfiszuu HEMS
svuvanila Unlwaedmlusia delaondouiasiauludnfoniiuas ¢ adideau wavlimse
yaduagdnly 2 wiiludwdewiuludwiesh flufindauldomeg 12 au limadulud
Houhdddnudunem 6X12X2 = 96 wit Aaludalusld 1.6 $alue Favdenisldndey
I 15X2X1.6 = 0.048 kWh
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A %01 Work shop ldvasalwauin 12 watt 91U 48 a9

szuunaldlndausd 9.00 - 17.00 u. safunaisdu 8 dalus feningaanis
mnsldndsnulndi azlanisldndaanulndn 12Xa48X8 = 4.608 kWh nselfisyuu HEMS
svuvasdalnossnluRnousanlunudnansiu 1 49l waziflosannnanievluesias
yawlufuiiiiesedmisesiaeladldldfuiiiounvinn whldseuu HEMS Ualwadawiswes
siod vilvimdanslandeauiios 12X24X7 = 2.016 kWh

SAUATLINA TN IRUALAITEUUMAN TN TEna s ululnaniasaing 13.023
kWh B@lun19nsaiudng seuumadnisaanaHEMS fnnslandsaululuantasaing 7.890 kWh
FailoAanisldndsnuiananduofidundlszuuiil HEMS anuisaannisiandasnuadls 39 %

TvaaAsaIUsuannIe

mamnsldndsnulnihvesaiesuivermazuanisaingunaidu q nsei
zmm'im'svmwﬁ'\iqwulwﬁ'lﬁ”uﬂsﬁaaqmﬁuaa"ﬂ'sﬂﬂ'ﬁﬁ'mu‘umm%w%’ummﬂ Fannisnaans
Wanesuddunansraursandsnueneusasaios wdihnafilduedsmsnsinig
Maumgnud Sanmsvihnureaaieslivemeluiin Smarterid Building awdien 0.6 vl
ianansammsiindsnulnihvesadesusuoinialdmuauniseuans

waaulndh = Adalnih (watt) Xna1#ldau (Hours) X 8ns1a5v141u
- 194 server room was 1 wadnaswmasauin 3000 watt 91U 2 6

84 server room 9xifinsilauasnasn 24 4alue iesnwigampiilueal Jlald
Wiu 25 peAaded taasyuy HEMS azluviminiilunisadunisite Unuedwss 2 dauluiinng
AAUYINISVINUY FISTUU HEMS 98MyUAlALasY191usay 24 97109 Layiiee server room

finslgnaaau 3000X24X0.6 = 43.200 kwh
. Y194 staff office fiwad 3 wa Yu1m 5000 watt 314U 1 #7

suuduazliuesiausaus 9.00 - 22.00 u. sauduransiedu 13 dalus 594
Waa1ulnd 5000X 13X 0.6 = 39.000 kWh nsélfiszuu HEMS seuuazlauesioswwnludfnou
ganluymutiina1stu 1 4lue uarlamousenluniudiudu 1 $alus valwdenisldndsau
LB 5000X13X0.6 = 33.000 kWh

; Y99 study mall fuss 3 wa YuIm 5000 watt T1UU 1 67

sruudungliuesiausaus 9.00 — 22.00 u. sranduaiviedu 13 d2lue 914
nas1ulHHN 5000X 13X 0.6 = 39.000 kWh nseliiseuu HEMS syuvaziUauasiosonlulfnou



71

sanluviudnareiu 1 Flus uarlansussnluniudiidu 1 $lus silfiwdonsldndsau
Wie 5000X 13X 0.6 = 33.000 kWh

: 9194 adviser room fikas 1 wa Yu1a 4000 watt 971U 2 AR

suuiiuagldlndaust 9.00 - 20.00 w. sandunanisdy 11 §alus Feldwdeau
#4000 X 11X0.6 = 26.400 kwh nseiifszuu HEMS szuuarliauasiesdnlusimiloliiauag
Tuves Fdlaondondrasinuldtecivsrinaiuaz 5 $lus Suildndenislindinuies
4000X5X0.6 = 12.000 kWh

SAUNIT LN U MUALA ST UURNTN S tandsululranasaalsuanI e
] ﬂ. = - 5 = ;23 173 A Q
108.600 kWh ag4lsAnuiiainisfnseseuu HEMS dnisldndsnululvaaniasuSuainis
88.200 kWh wiafan1sldnasanuianaiudlseuuiil HEMS aiunsaannistandsanuadla 19 %
Aaay
- %03 work shop fWaauianuas i Juuiamalwisiney 144 watt

sevuinasldNmaufand 9.00 — 17.00 u. sauduaiviadu 7 2lue 3914
wasulniy 6X144X7 = 6.048 kWh nsifiseuu HEMS szuvaslaUannausnlusia ans
Wun Afiauagdalaudiuanuainug nliawinnuegszuvasitaieau 4 @ Joildnsld
WM UANRUVED 4X 144 X7 = 4.032 kWh

AT NS UNIMUAREISEUURLT N sTdnasululnaninay 6.048 kWh

WA b UN1IRSINUTIUTEUUNT HEMS Sintsldwdsnululvasinay 4.032 kWh fadiaAnnishy
WAIUABARAITETUURT HEMS a@ansaannsianasauadle 33 %

gunsaiddnmseting

. M09 study mall
73 sharp 240 watt $7u3u 1 1ATeq
3 Samsung 195 watt  $1u2u 2 1edes

syuudner@aiiRaus 9.00 - 2200 u. sadunaidy 13 Falus §ld
W99 Ul (240+195+195)X13 = 8.190 kWh nsiiiiszuu HEMS sezuvaziila Uniidiag
SluRmauseniunudmnaisiy 1 Filus warlameusenlumudrudu 1 $alus vldmdents
Towaasuie (240+195+195)X 11 = 6.930 kWh
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FIMS NS IUR LA s uURuiinastndsnululvandia 8.190 kWh we
P @ a. o v as = o A a @ e
HONaINISANAISEUY HEMS fin1slanasanululanil 6.930 kwh dadiafanislandsnuianad
Wuasidunanssuuiill HEMS anunsaannislandanuadld 15 % n5IWLanInIsanaves
mandaulnihlulvasusazsiaglalugui 4.13 uaznsluansnsanasvasnsldwdanulnih
vasanunavriaduesiduglaluui 4.14 waznsuansmsldndsaufianaailodndu

- 4 1 a a{ = =l o :i' u’.‘r ai

wWesiduraslvanudavedadiofnfisundsnuliihfiasawismanandugud 4.15

= o A 1
unuiiuanamslindsnunanasluudazUszimuadivan (kwh)

B Litiszuy HEMS M fs-uu HEMS

108.6

6.048 4.032 819 .93
. e N
uasAd walfuema Vinau qunmidiEnnsetind

o e 1 =
JUT 4.13 psimsasasrasmsldndinuliihveduanusaseia
——"hiflssuy HEMS ~ ——1iszuu HEMS

udaaim
100

aUnsalfidnwsating €< Y wiaafuainia

inau

i ¥ s ! o, i = o
JUT 4.14 nswinsarasesnsldndanulihasdlvanusazsladofadudadidy
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JUN 4.15 nsmimslindsnuiiaraudioAndulsiiduvasinanusazedndefmiioundanu
Inihfaeaaisvun

dugunsnnislandearuaiandala angunsal Zigpee Home  Energy
Management System fRAAIAINYAAN 9 Y8481AITAIINTONERLAGILIAYFUN 4.16 Izuang
mslingsnuvamaanlwluias Pantry room d@ausuil 4.17 azuamanisldndsuvevaanly

Tusas Work shop

Device Phig21@R0%41)(0 E]

Fom(17172014  |=|

ToftAA (]
[Fed 1]

100 /Page

|EEE: 00137400000113D7
EP: 01

Current(mA)

Average : 481.04

tax . 1264

Hin: 0
Voltage(V)

Average: 22574

Max: 231

Min: 223

Power(v)
Aveiage: 10818
Max : 284
Min. 0
Energy(kw.h)
3857

1HE AE 34 Page

[ 8

380 i e
T L e
E 0 LA .
200 fi---

150 - --eeeee s :
L e

g

162014 42222 P 1182014 74252 PM

1572014 11:32.24 PM
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VT2014 T12:35 AW

[~ cument —— Vortage —— Power [ Energy |

A v o o
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_I¥ crergy | :
Device Z17C-HOTICT- 51 ]
meﬁfﬁ? mmF;ﬂ\
T34 ||
W ]
i I
170
KIEIEI 3™ :
mﬁ%ifPage 150 4o e e T
140
IEEE: 001374000001155C 120
EP-01 T ot om0 om0 e e A Ot AT e e
104
Current(mA} !
Average . 358 0o
Max: 103 50
Min . 0 F-71 S
Voltage(V) 70
Average - 216.32 80 f- -
Max 230 s}
Min . 0
40}
Power(w) 30 -
Average - 027 20 - o s=E
Max: 3 ]
Min 0 er {\ '
Py i
Energy(kw.h) 72014 §:42236 A VPIZOI4 10236 PN 172014 43237 PN UT/ZD14 80237 PN 17772014 11:42:38 PM
0.39
I—Cun'ent —o— Yokage —— Power [ Energy

JUN 4.17 nslimdsnuveswaaninluies Work shop

= .
4.3 msnasautivlediauaninanimansuasauauaUnsainsdeasuuudnd (Zigbee)

4.3.1 sanuuuiiuledlaensldlusunsu Dreamweaver
wavihmswansanuzvasgunIaiintluusazda wazausaauaunisie-Un
L3 1 1 s A . s ¥ L i
vasgunsaineluaians wu Inaauasedne svied wiaadiuonnia Waau 1udu dfiuansly

g‘tJ‘ﬁ' 4.18 Tasanusadlud https://hems.realkmitl.org Username: admin uag Password:
123456 #11 VPN vaA38v1e

___ Devices Control Panel
- -ontrol |
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A 3 . L3
JUT 4.18 Gulesiilalunisuamanuzuasaiuaugunsainielueins

a o

4.4 MSNAHBUANNLTIVRIFRIUENT (Zigbee)

ar ] J 4
4.4.1 MavadsuANLLTvasdyadnTlutuMuuuRuiTduds

2

1.y svadauauLsIvesd g adndlunuilaads

= o

“hgunsaindinisdoas@nd (Zigbee) 91U 2 FuroiuuuuMesh sanundl

& "\ w ° v A i & ] & )
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D

foasuagynaulafegun 4.19 uazgui 4.20

U
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rumillﬂﬂ

b‘dﬁl

1J 4.20 endiifinisdeansind (Zigbee)uuan gni1eanininAuLsIvesdy ST aE N1
F1499)

2. imyiamanuwssesdgygadndainlusunsu (Zigbutler)

Inemsiaan RSSI kag LQI Mguiuszesn1emie gﬂiﬂL21LﬁuﬂﬂiuaﬂawaﬂWi
Snvosdyanadniiszorduns wnsie 40 wasdedngadinuiuegd1lal wag RSS aglu
iR nkazgUnsaiansarinulFetieund desvermisiiinntufeue 45 wesis 90 wmg
Fanadnd alaiufianuunianniuusien RS was LQI é’aaq’iummﬁﬁﬁuasqUﬂ'ﬁcﬁmmsm
vhandldmuuniduandlugui 4.22 uasiissormasioud 95 was 8s 150 wmsdadusvozindl
msdeanslnafigniisianansatadygamesdnd (Zigbeelld Fauandluguil 4.23 Aramnn
(LQ LLEi"ﬂ"lﬂ’NﬂJLL‘iQ (RSSD vasdayaasoelunasivia ﬁ’]ﬁJ’]'iﬂﬂ'JUﬂiiﬂﬂﬂ'iﬂﬂMVi’N’lumﬁJﬂﬂﬁlﬂ
widloszazmanntueud 155 wasi 200Lumsw1n11uawmﬂsnawﬂwmaeafgqymuﬂﬂulmaana
aoiilesvdeliannsadeasiuld duandusuil 4.24



¥ Device LQI Check
Repeattimes 9975 Interval (sec) @15

Lal
Min: 240 Max: 265 Average: 254 Range (0-255)

RSSI
Min: 61 Max: -48 Average: 54 Range [128-127)

0k B

150 F 4-4-bebedoate

Y SERESR &

s it

Repeat tines 99 34 Interval fsec]  H{E Stant
La
Wi 225 Max 255 Average: 254 Range [0--255)

RSSI
Min 53 Max 47 Average: -48 Range [-128-127)

R v

200

<l v w a a o =
5UM 4.22 nan1svageumsindygndnt (Zigbee) Tusvozaaus 45 wWngds 90 wng



¥ Device LQI Check

Repeattimes 994 Interval (sec)  BFH

Lal

Min. 255 Max. 285 Average: 265 Range {0--255)
RSSI

Min. 67 Max -41 bverage: 55 Range (-128-127)

AL AR ERE ARNE MGG ATRRMETREN TR
wod i R |
£ HEE : ;
I RBE
-50 AR % | .

400 - (A " SR -

138579111417202326 29323538 41 44ﬁ5h535659526568? 8689 92 9%

= [V Y] | " 1] '
35U 4.23 wamsvaaeumsindyyindnt (Zigbee) lusvazsiaud 95 wnshe 150 wng

¥ Device LQI'Check

Repeattimes 3955 Interval sec) B

Lal

M 255 Max 255 Average 255 Range (0--255)
RSS!
Min:  -48 Max -48 Average: 48 Range (-126-127)

250-—-71--

T SR S G I S R S RIS IS S L 0 I I

BG4 bt ot st e Erghskadeatndnd

100 4 -

-50

BILE SR

13578111417 20232%2932353-841445750535659626553? £992 9598

3U# 4.24 nan1snageumsindayaadnd (Zigbee) Tuszausiaus 155 winsda 200 w3
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3. agduariiaseinanisvinass
) o 4 de v v oa - Y o v
- Mvadeudygradndvuiiuilas Seiinisdearsiigunsaifianunsavield
a id ] al "W o w & a 1Y)
auUnfag? 110 wns Taedlen RSSI uag LQI dewiniu 242.39 uay 53.71 auddiugadisedu
< < <l i < .Y
AUAMLATAULTIRYlUNUYINR Auiuandlugui 4.25 uagluszeedl 115 wWnsds 200 wnsda

fanunsansisaeudygyadndlsegusliannsamunuligunsalvinaule

Practical LQ) vs Distance (Unblock horizontal) Practical RSSIvs Distance (Unblock horizontal)
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o a a =
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° P o a z v aal & ' '
- 1hgunsaindinisdeans@nd (Zigbee) 1 danilinsteusalasstiowuy Mesh

'
o =

=l ' 1 o P 4
PONUMAABUNIYAA1sOUDIATIRaRdlae Inszazn a1 lnedusalinauisedeaisielng
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& i’! = 2 L2 o a/
ianneuene1n1sTezdl sulsl Aeunsauarindusnavnaasiudygiu
2 3nAdygnund (Zigbee) au e laelusingy ZigButler

=l v a a . = =
- JUNA.26 LAMINANTITINEYEY10UDITNU (Zighee) NSty 5 WUATHY 20 LUAT
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dayanudnd (Zigbee) azgnUnnuuazliianunsaindvesdygaladuaniluguin 4.28 uaggun
429 audunisagunanismegeudygralusuisvlnedvagiavaduviinuseveiais
UuRnslnedidusnansesresfiounsaivinuld dunswansszozigunsaialaile

Repeattimes 205 Interval (sec) 353

LmM'n- 2% Max 255 Average: 253 Range (0-255)

RSS!
Min 76 Max 48 Average 58 Range (128-127)
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Repeat times 20 3]
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-100 |

= o o S | " - |
3UN 4.28 nanisnedeumsindgudnt (Zigbee) Nsepen1unnnaT 75 LAs

81



82

Googleearth
€

Juniinunan: 12/21/2012 1743'44.01%u. 100°4635.20 A, aauas 3 AnuasItRudIuR 168 u.

= o a wa o A a € o v
JUN 4.29 agunanmsmemeudyaaseuainsujianmsinefilefesveviiaunsalvirauld &
wasApsreviigunsaivitulile

3.45UKaYIATIEINANTNARDY

- Lﬁaﬁ'lmimaaum’mmwaqﬁmmﬁmﬁﬂmuﬁuﬁﬁﬁi’aﬂﬁﬂmﬁwaﬂuaeﬁ’mﬁgwfu
anansadeansiuldszezindiinaiian 75 wns e LI wABaINTyEE 0 Wnsis 75 was iy
253.25 Lagen RSSI Wndswiniu —58 dB mugﬂﬁ 4.30 %aﬁad’lﬂmmwuazﬂ’nuuiwaaé’mﬁym
aflunasiffuazgunsaiitnuldnudnd Tnefisaiinnsdoas 75 wastuisameronisadis
Tnsstevesdnd (Zigbee) melutumilongs



83

Practical LQI vs Distance (Block horizontal) Practical RS vs Distance (Block horizontal)
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Abstract

This research presents home energy management system by
using Zigbee Pro network devices. The Zigbee coordinator
communicating with the home devices and the home server which make
its controllable everywhere via internet. The demand-side management
method is applied to control home appliances for reducing unnecessary
power consumption and using energy more efficiently. In addition,

HEMS also improves your home security level and showing house

modernity.
Keywords: Home Energy Management, Zigbee, Energy
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Obj'ectives

O To present home energy management system by using Zigbee Pro network devices

(IEEE 802.15.4 ,2.4 GHz),

© To apply demand-side management theory in order to reduce unnecessary energy usage and
use the energy more efficiently,

O To control and monitor the ZigBee’s devices everywhere by connecting intemnet,

O o integrate HEMS for security as well.

ZigBee devices Network

Floor Plan shows in Fig. a.
Fig. b indicates mesh connected devices network and shows that the system
still functioning while one of router is temporary not working. 2

Remote Control & Monitoring via Website secure VPN

Remote Devices monitor and control via internet

Experimental Results

IThe reduction of energy consumption for each load in percentage|

100 Lighting

mme indicating total

* Radar plot shows the
total energy reduction in

erergy reduction

percentage for each
- load after implemented
== HEMS
Clectronic
load Fan * The overall reduced

energy consumption
represents in green area

4

L

({1). Renewable EnergyAppIication Laboratory (REAL)

Zigbee Signal Measurement Vs Distance

Practical LOI vs Distance (Block horlzontald Practical RSS! vs Distance (Black horizontal)
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* Blocking ZigBee signal test result shows in Fig. c and Fig. d,
* Unblocking ZigBee signal test result in Fig. e and Fig. F
* The maximum coverage area represents in green area whereas the maximum coverage area
for blocking vertical test is 8 m.

Management Screen via uSCADA

Peak Shifting | BOES

:\ = ..

Demand-side management : Peak Shifting

* In devices control screen, we are able to limit the energy consumption by using demand-

side management such as peak shifting.

* Left tap in devices control screen indicates how many percentages of energy usage you

need to cut down for keep energy consumption below the limitation. 6

Conclusion

(o] Zigbee is wireless technology which the coverage area is larger than bluetooth and wifi
signal and lower power consumption,

O More Flexibility to install and adjust your devices,

O The total energy consumption after we applied HEMS shows that the system has
significantly decreased,

(o] Lighting load able to save up most 39%, Fan save up to 33% ; whereas Air Condition save
up to 19% and electronic load save 15% after implemented HEMS,

© The ZigBee signal test is showing that the coverage area is enough for creating ZigBee Pro
network in one home.

\

Energy Policy
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