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Dissertation Title Analysis of a Near Net Zero Energy (NZE) Building
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Academic Year 2023
ABSTRACT

This dissertation aims to analyze the energy consumption in a building of Near
Net Zero Energy (NZE). The data were collected at a university building with 4 stories
using data monitoring and energy measuring for the management of energy in the
building. Additionally, a PV-grid connected system was installed in the building. The
energy data in the building were collected, analyzed and used to create an energy
management algorithm for the air conditioning system and illumination system to

determine energy conservation measures for the building.

The analysis of energy consumption in the building using Near Net Zero
Energy principles was conducted by utilizing a centralized controller for the air
conditioning system and sensors to monitor both inside and outside temperatures,
allowing for the development of a control algorithm. The illumination system was
controlled and displayed real-time using a system that incorporated sensors to gather
energy data and created a control algorithm. A 200 kW renewable energy PV grid-
connected system was installed and synchronized with the building's grid power source.
Additionally, a building energy management software program was developed to record,
analyze, and present energy database information, enabling the planning of energy usage

for the next following day.

The analysis of energy consumption following the implementation of the energy
management measures revealed significant improvements. The air conditioning system
was able to reduce energy consumption from 1,020 to 408 kWh, resulting in a 40%
decrease. Similarly, the illumination system achieved a reduction from 119 to 57.4 kWh,
representing a 48% decrease. The PV grid- connected system successfully supplied
energy during working hours (8:30-17:00) for 80% of the time. Furthermore, the payback

period for the investment of the system was calculated to be 56 months.

Keywords: building energy usage, near net zero energy (NZE), energy control algorithm
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2.5.1 M3d1519enMVe901A1T (Audits)

JUABULINVDINITUSUITIANITNAIUIUDIANSISUAUAIEN1SUTELIULAE NSV
an1un1saidagduvesnislondanuniglueiais lneygaduindsunamasnunldnuimun
= v v d‘ Y v = o 3 v
N @NINLINA oNN8TUDIANTAIY W LU laR NSV UVBITEUUNIAUALALANT LY
WSuYesgUnIalnig 9 Feenaiinisldndenulusdiuuinainvaty wu seuudiueinie,
syuulindesanng, ssuuidiseu men1santuiinAmdssulueiais (Energy Audit) [27] A3

A529a0UNT NS 1UTUDIAT Feanansalditniseng o 1w lud151901A13, N1TlgiaTesle
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(Y

Jouaziiuteya, viensannigunsalnsiaaeu TasyjainisfiazifudeyauuvaziBenifeatuns
Tndanuveserns wagnginssumslindanurasgunsaiusasaia nsUssiiutemsindy
srognanduteimuniieliiideyaiiusouiiivuliazanansafnmamansldndsaluennis
I¥ogesaiios anduisaiuisadesevidoyad ldii odanisndarulueiaisegad
UsvAvBnmeioly Gamsussiliuwasriiengimantazdelidanandsnuiteyaiifivmely
nsdndulalumssdunmsuiuusuasudladgmidieannisléndanuluetms detuneuns
1923 (Audit) fdunountsduiiunisdwiolud

1) MaiudiakaznsIvaeu (Walk-Through Audit) 1un1snsivaeueImsnie
ANTINEINITIIIAT ilenTRdBuLasIMAMAYeIgUnsallue AT Muar T
nsUfulnuuhnazdsendnldluiui nsnsadeunuuienanrumaneds weluladdu
wadudliines (ntelligent Lishting) vl onsatauazUsuiduusutanisldndsanudmsu
szuulniidesatnluenans tnemeluladdannsovhmstauazasaaounisldndsnlung
333l wazanunsausumsldnuliihlivangaudvaninuindeuuaznisldnueg e
fuarudesnisaiewesld uenand nsldmeluladifumefunssruunouinmeidnsuiuds

28 1AA1LITONTIVIUAIIUADINT NS IUVDITLUVUTUBINA N1FASIFBUITLUVUTUBINA
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2) nsias1gvidunuats1sayulae (Utility Cost Analysis) n1531A5 189 A UNU
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gnmeniFniguen wazn1sldnuratguniainiglueians msiasiziveyanistindanu: lu
Fumoud awvinsnneidoyaiierdlasuuuuiardnumznislinwdaulueians wu meld
Iwilutsnansing q videnslindanuluusazdiuveseras msvszdiumliane: :ndeyad
1§30 asvhmsUssdiualdaefiiatuanmslindsmiluias Tnsfummndanalding
fifvunlivesgliuinamdanu malesesiuaznsuanina: efige azvinisinszsideya
fldsunazuansuasenuliiduguuuuiidilade Welkdammdsnunazguimsannsan

msdndulaiionsiidunusieldldogisiussansam mlnngidunuasisaulantel

IANNSNAIIUNT VDAL T IN8VBINE U UDIAITDEN LU kAL 8 I AEINITOINIMEUNNS

e eXpe
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MOUAUDIWBAUABINITVDIDNATHAL KT URE 1N A

3) N13ATIVADULINTFIUNG 91U (Standard Energy Audit) ﬁfmqﬂismﬁtﬁami
pvEoUIATE LN s lunszuumMsTingUsrasdiensusesuUSnumsldndsau
fugureserans TaensdudunisnsnaeuuariinsgsideyaiiAstestunislindsy
wielinsudwsinamdsnuildlueiasifulszdt venand wasgrundsenud el
annsananisainmsUszndandsauls wasdeimsuiuussluoimaioUssndandas
WesgIuNanudiglglun1sUsziiunareinisusulse 18n1slun1snsiaaeuiInsgIunaea
fldsunssensuanniianfie msnmadeusziuiInunsTENEuiugTutesenns Tnens
fauaztufinusinunmslindsnuiiutarszuulueinnsld wu nsldludt nsld wagnnsld
wgeudug lneléindeadoTauavinaluladfimanean Wisusuduusumanisldndsnuly
p1esludiananiiniiedy WeliidayatifisaolunisiessivasUssiiiualdansves
Wiy ndsnlisudeyainrfunslindsmluomud mawszisazmsussifiuazgn
fifiuns Tnensliteyamaniiiiemuamarldiiedifdortorundsny wagvinsies gy
iionsaaeunarfuUssansamlunslindanu mafinsusuusslueasiieussnda
WA N15IATIiazIglunisUTsiunaveInNsUTulse wavausaeuielanie auns

sioluil
Energy Use (kWh/day) = (a x CDD) + Base Energy Use (kWh/day) (2.1)
N@UNIT (2.1)

a = NMSMANUTUVDIFUNITLAUNTIN PRISM agAuadlA
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CDD = Cooling Degree-Days/day ﬁaqmmﬁmmﬁﬁqaﬂ’h Balance-Point
Temperature (guugiionnAnsusngsaniiennsdslifeadaues)

Base Energy Use = ‘Lﬁmmwa"’qamﬁm%’ummiﬁlajﬁqﬂﬂﬁﬂiﬂ%’ummﬂ
waaadng, tedodldlyli (28]

4) msnsraaeundanulneazidon (Detailed Energy Audit) iunisasiaaoud
azLBuALALATOUARUYNAIUYRINI T NG UN18TuB AT alse1u Taensidaunsal
in3esdlefnnaziniesdlofiangiiieviandilafunslindsnilunng du Fajatunafv
Toyauazmslinsevifiaziden ielilddoyafianysaiazusiudilunsvihAanssuuiuugadle
Uszndandaaulsognsiivszansam Tasnssunndoyaifsaiunslindsnmssormsuio
T5a91u safsUseiinslindsnuluein Tngldiadosdiesnsy 1wy gunsaiianslindanu uay
msnaiainandsnuildnuedvaziBen Annsideyaiiiurunuieliidilanisly
wevlueiasndelsiny waznismYgnifidmarenisldndany naassusuivdsunse
Uiudgeszuuiitoannislindany wasussdiunanisufuussiiinauegidlsdonislindsany
MENUNANIATIIABULATMTIATIATELA WarnsiauoluAnafuIasnsuAlundenis
Usuugeitmunzan nsldeuyszanadmiu Detailed Energy Audit azdianlddnogendinnisly
suUszanadmsy Standard Energy Audit wavenagadldinanlunissudunsuidy Wewin
fnaifuteyauasnsiinsgifiandenuiniy msldndauveaudazgunsal Tudiuves
gunsaliedesdionmratanszudlninanusausnlidu aosszionde

4.1) Usztnnumandesu (Clamp-on) A Ussianuaaudesy (Clamp-on) 1u
gUnsaifldlunsmnseualailnglaifesdnans il infesdoussianiardsuiradunsnan
vidensauanyUszvan Insdudfguesgunsaiazidundesiiannsondeadiiuaglniile

'
v A

wazsnaziidnindireunogludiuvesndes endadluadesiuaslni gunsalndosazeu
Foyaisrfunsualiiinaruaslniidy uardsteyatuluguintaidesiiiornis
wananavseUuiindeya

4.2) Uszlnn nsasiaaeuluanuuuliisuniuy (Non-Intrusive Load Monitoring
- NILM) Wunadaildlumsieszduas Tansidndnulnglddesdinisinanglivionisinsa
wuweslugunsalsng 9 Fufnazidugunsaivssialisuniudundn wu gunsaindesiiia
nszuabiinlaedlisosinangluiin Soniadesssinnuaaudesy (Clamp-on) fianuisandes
Wiivanelniwanveserasta wavdgunsalusenm Circuit Transducer Wieudyanadlviih

(%

nlaunaneaes lnggunsaliiiansegiaaiiediuazarunsasudyaaliinlvacdiuane i
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dnnqa Fefvasnisld NILM Aeannsnussudaaildanslunisiadauazquasnuild osan
lidesfinsinangluniefndasueeslugunsninng q Gsoravilinszuaunisiaurildde
warTIniItu Snedsanansafamunislindnuldusiug uaranansofuiuosudafoudlon
nslandsnuiuimunlime egslsiany dedeveanisly NILM Aeliaunsousnuezusunm
msldndanuliduleu mnfarnudesnsissnageulvanlussey WianSoudiou avfoauus
neinduding uarfinsegunsalifiudiaasn o weviiniin lunsdlvesgunsniinlvanues
msvhadu (Chillen dmsuszuulSuomeanualg nsudanisiadusaesdiuiiotiun
Wisuieuiu 1Tuisfannsavinle TnenistaidsliiiiadeslifumiseRlatad () uas
nsnsaniaUsinunsinavesinudieiniasindnainisiasesit uenainidsansald
Foyailumsmummussansnmvaaaias Chiller lunhoAlatnddeiu (kw/Ton) wagih
MsmsaaeuUsEavBamaeaaios Chiller lWuszery Wudsddny lnsnsmsaaeuuaenuy
dazdoadudunilsoinsquatnudsyansamussszuuliuameaalugluoias deay
Pelyifdanmemdanuannsadadulaiiesnsuaeuaios Chiller lWogsdiuszansnm [30)
2.5.2 MTIATIEUNENIUB1AT (Building Energy Analysis)

MslATgisUuuUkar U Iamslindanudesiu aunsansevilglaenisyi
prapundsnuildlueians mslindsnusdrsazidonannsavinlalaenisldlusunsy
peufialnesiiadisdnanimsldndsnulueians InglddeyaiiiAusiunuld iediasuas
NagULLINIINTUTuUTR pannsldndauluenaisluewian [sunsuwmandansn
Uszananateyauardiassaniunisainig q iietaslunisinsigsitaznisinsunulunig
Uuugsenmaiiianiiudsyansnmlunislindsnuldesnsdussansam Idsuunduneuves
nslesgitinanslindamiluenmadu 3 funoudsil

1) 3N101U8N 3189 (Ratio-Based Methods) N153tAT1EM UM UUMATUT U0
nslindsnusneismsnusnsduduisnseuieuasivssansamdmsunisieandila
wazFeuifisunslindanusesenas dmudtureunissuiuns mafudoyansldndsnu
03973 Teannsaudeyausefoundelnounth wu msldlaih mslddsu viemsld
wisnudufiddn andeyadildsu Buihnsimseiuasduadadiunsldndsanuny
fo9n1s 1y nsldlaisomiefiufiveseras mslindsnudesuaudldenns viensld
wianusiegamnionna thdndrumslindanuiildsun wWisuiisuiudeyavesennsdu
viowSouiisuiuansgiuddmualy waginsiessinad ol lansldndaures

91A13 IINNTAATIERLAZIUTEULTBU aunsavinisusulsavsaasundasiunsidngsany
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Yga1AsiiaiNUsEANTAm wazaanislindsnuld nsiengikasauiudadiunisly
wasuasavilalurateueuy wu Msldndinudeniieiiun (Ms1unsvsensnemn)
nsldndsnusieduudld nisldndnudentiionisuds Wudu nswSeuiiunasiasz

Fadrun1slandsnunlesu Wun1svinaudilatn edun1s I na19uYe991A1sHasNI9319

a I

wnumMsUTulssluenanlvivgauuaziiusEavsA gy

AN5199 2.5 9nsAeAskarUSUNudndIunasnuluaAswiazUsELan (Alatna-talag)

U5zLnNa1a1s Ya9Useinans I AdLay

anigenisn AeiuienAns 1 m13e it andsananm

2
Wwng (kWh/m )

Uszandrtinau 394 335
UszLAnanIuAn 183 255
UsgLAnanIuneIua 362 756
Usztanlagusy 308 398
Uz ONANAIAT 596 773
Uszamaugnism 361 246

2) 5% 19LUUSIa8IunAY (Inverse Modeling Methods) Lt 831A51z#n 514
wasulaenIsusntesdndiuues WDL (Weather-Dependent Load) wag Non WDL (Non
Weather-Dependent Load) 18 unsguaunisi raulowarduszlovilunisusnisda
nsndnueteInsiagianie lngldaunisannealsdussninamsldndinureteinsiv
gamaiioniAnneuen Mi3endn Balance-Point Temperature #309afonA15L3N WOL Lile
LNUBzARAIULBY non WDL aanuagrstaau Tn1sadrsuuusraomnduiitunoufe ael
mafusunuteyanislindsnureeimsszeznamis swfseyagumgiionnanieuen
Tusgninsnadeniu ethuiesgitazaiauuuiaes MideyaiiAuniiioinseiuazm
ANUFNRUSsENIansldnduresetasivauvgieonnianiguen tngldnadanisasia
wuudnaemeaiiuarn1sinseiveya IWaunsonneeiBadusenitnsidndanuveennis
fugamgiennianeusnifieaiteuvuitasanniu faunsauenuszdadiuves Non WOL

panuliod1ataan USuUgsuuItamunaanslaiainn1siageulaznislgeuase weli
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nsrvIuMsfifutounazdedldauseuimeinemansuaznsiinsgsidoyastsidu
Wielilenadnsiududuazidofeldlunisuimsdanimdanuveseraslutiagtuuaslu
BUIAN

3) 33nsaseuwuuiaedhudnami (Forward Modeling Methods) 18u33#l4Tu
MsmansainadnsvesnsUSUUTIMsonsiasundasilasyiliAansusendandaanvly
ouan lnefiansandsnndenuazoulviisleglutiagu uarasrauvudaesiivendawansznu
yesnsUsuYTIRneY denmsldndanuuasarldinenuszosaniifmun dumeulunisadn
wuudrasdluirmthenauszneusne maifusiunadeyafsafueiasuaznisldndanuly
ety wu Jeyanslindsnuiiteqtu lassadavesorns uasdoulvdus dmasenisld
wisau feyaiifvuileairsuvuiassiiinsdiassnslindanuvesernslueuian Tne
finnsanensusudgsvdenisidsuuassineg fanunsavinle wu nsidsunasaing ns
WasuuAalaniz vionsuiulssszuuUiueinia tisaianisainansznusonislindsau
Uszifiunadnéiildanuuudiass wu msUsendandsnudiaininagldfu uazaldaed
Aeades WislifanunsarhnisSeuiieussninmadendieq Tiegeiussd@nsam wdan
LANAN1TUTTUIANAIINLUUTIADY ABIVIINISAIWIN Life-Cycle Cost (LCO) waganr iy
(Break-Even Point) 1l 9y131msusuUgandensivasuutasiiideniinnuduandels Tng
W38 LE9186199 PaRnTzEzIaINIleL nadngainnsauuultlunisdadula
LazuImsdanis lagfiarsandsnsuiulgmsonaasuutasiiidon Jeaziinasonisld
nSsunazalfinetessozenuagszerdu nsadnuuiiaedlud o uduedesdlods

YV U o

Uselowdlun1susmsdnnsnasanuveseins Inedigligannsnasnuanunsniinsin ey
wazsndulaileusulsmtenisiasuuas

MMSNAILIIENsas1wUUIaelud1esnEn (Forward Modeling) \ienInAZLUAIg
Tgndsauluaupnaindayasig o Aeafueans seuU wazanmernianeuen {Judsfiddey
TumsnaunuuazUszifiunavesnsufulssvidenaasundasiifetesiunislindsnuves
91715 lnefigauauves Forward Modeling Aamanuanunsalunsanaziulasnaosiiase
navasnUAsuuasiigslifntu Wetelwuimemsuimadwsiienntuluouarng
mMsUfuUsvienasundasiideanisdiiuns @ inverse Modeling fidnwaizn1siau

ey lngnslddeyavesUSunanisiindanuiniiegasaioaiawuudiaesiianinsolenues
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dnd U89 Weather-Dependent Load (WDL) Wag Non Weather-Dependent Load (Non
WDL) wagaaaziunslindsuluewian dedimammnganlunsuiulsmiemaasuulas
ffnsldndsanuegnsfiusaniam esnamisndrsdanansznuainnisuiulgmienis
W sundaei fin151ind uuda Tusunsuneufiaimnesde Computerized Building Enerey
Simulation (CBES) tHuia3 osflefifiuselonilunisyrslunszuiunis Forward Modeling tag
Prgligldannsonaaesinasinsiindinuretoinsiaeggnieuasiussdnsan neld
Tumauazteyaiieglunisaaaziunadnivesnisusulgmiensudsuntasing o Merdos
Aundauveeans lunenduiu Inverse Modeling §aadld33n153ins1einsadfiioadns
wuudtaesiianinsousnusznslindsnuuazanaziunislindanuluouanegauiuduay
Hoold Tnedradanndoyarieiifinduudalueasiidiragnislindsnuluedin Feazdeli
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Tnensusumniivasang q wu wunvesssuunietanild uaznisusumniwesvanias
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maldeniivunzaniaai eusuusansoadraeransluid i fuseans nmuazdualung
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nsfruunsliwdsusaenisvia Calibrated CBES axdinuusiugrduatig
undleSsuiisutunisld CBES sty Taenisdiuaas (Calibration) Sududuneudidda/lu
msUfuUssmmgndessesnsAualaemM s unadnsiduaaldan CBES Audeyasad
IFnanmsldauaisesens msdfulgsitisanauiianataiiinaindeyaditoudian
(Garbage In) wazvilinadniilafinnud odelaundy (Garbage Out) inagldvayansa
Aeadunsldndanuvesenns Wy mslimdanuluihsnedou vienslindsnuduuia
ity videth warlitunounisuFuuiaisng 1 Tu CBES Wielvinanisduindaugndosmn
3u oglsfinn CBES Adulanududouuazdailddnegs dadlitoyanislinduaieos

91A13 wazgsewinsailunangnaeuieldlunisusuudesng o lu CBES Aulugnvinausu
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fllueans msvduematazszuwihaubu deyatfsafunisldaudu 4 lueias Teya
Aeadvanmeinia doyadssgumgiuaranudu Usnunisaniidusagnindgeinns
Anusvesan Teyaiisadunislindanuaia meazdeanslindsauneiieunazsel
Jnumslindsnulusiarszuu udsnldnunudeyarmunuds dunoudelufonistion
Foyariglusunsu CBES ilevhnsdiassnsldndanuvesenans vdsandilusunsurins
Freouateduuds nednsildggniunIsudisutuanslindanuaieitinldainnisi
Detailed Audit lup1A15 LilonTRdRUIWAGNET LA T Auwsiugnsslunsanualuy 1
wadwslinnsdasaimilndidsviewindudasaainns Audit meluvesenns uanein
Tumaiilddanugndeauazutiug) wagn19via Calibrated CBES AdnSaduuda usmndlaa
LANANBE9N AEFewinsUsunAase 9 lulunauaziinissiassdnase sundiayly
nadnsTlndAesiuAase msusuwdelulimaaunsarildlaenisusuudidudseng o Aldly
LAa 1y NSUSULAAINTSITABIVBITEUUNAINY NMTUTURANITATINUUUYBI0IANT 1T0N15
USuudedu q fidmasenslindsnureseians ndwinildnadnsilndidsstuaiass Tneld
Calibrated CBES w&7 a@1unsatiluvin Parametric Analysis 1fi ona@aURansEnuvaInIsUsy
wawing 9 ioradatuluerans wagnisldndanulusuresialusunsuuas msldaddlunisin
Wiguimsuuagliaseilagsiuvessanisuiuutaddueinisla
2.5.3 1 mIN15ouSnENata (Energy Conservation Measures — ECMs)
pFnmIlinTsiazaaesuiiuguisfumsldndsnueesetnsfes
Standard Audit, Detailed Audit, %58 Calibrated CBES Lﬁam Baseline Model lasunisiasa
Auudn dumeudnludionisvin Parametric Analysis iitatelunisdnaulaidenisnsusuussd
wangand andmiue1a1s iUl asauvaiunateq Ussinnudo Energy
Conservation Measures (ECMs) fifiuaonisusudgedsil nsusulssssuuildenainaiilean
nsanemaNTauIINAeueniiignigluennns U Sifisauly, Lﬂﬁauﬂimﬂiﬁﬁqmamﬁa
Tuns¥nwianudy, uaznsannissaduveteinie nisufuUmsensasuntaslussuy
T duasonislindsnu wunsldvasalu LED niemsdanisanuainalusiang ng
Uiudgdenadasuntasdussuudiueneiieriinussansnmlunisldndsany wunsld
13 09UfuenAi dAnuasnsalunsiaufigenasUsendandsnu nslészuuaiuny
Faas vzl an1sTanIIndseued19fiusedns aam wunisldsyuy Building Management
Systemn (BMS) msldfgunsalmeluladlmiangaiiieysevdandsanu wunsliiaiosuiveine

Aa o A < A = a a & v ] =1
WﬂJﬂ'J']ﬂJa'uJ'ﬁﬂi‘Uﬂ'ﬁVl'N']uwLC%J‘VlLLagﬂJUﬁzaWﬁﬂq‘Wﬁﬂﬂ ﬂ'ﬁLﬁafﬂfﬁ ECMs WaazUsslnnazauay
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fuvany 9 Jeduuiuamuiiudy, szeznaiAunu, anuazmnlunisuiulsienans,
srggnatunsuTuUTens, wazdu 9 Tnevhluuds, ECMs fiietesiuiudenenasifunils
Tundyudiddnyiign esanialunisaanisaremarmdeuanniesusniingaelueias uas
yhlvormssedindsnulunsuivennimanas luvagiinsiasuuiasszuulniihanunsavile
pg1vdruaziivsedninmlaenisldvasalil LED nsen1sdanisanuainddueiaislunis
Uiudgeszuuiddenarasiiiedesiuaudeuninnisuen 1sansolivarsisuasmalulad
#9 9 eannistiemeuieudngeinisld fail madiveuuiiniuasudsanagdisanns
agviourNFeuLarnsdades A uAuTnds wazannisgaydsannaudulurisnainaisiy
nsldinszan 2 duiifienudunueufougeluazdisannisasiouaudounaznisdnem
anuseuingoimslaegaiiusyd@nsam nsgan Low-Emissivity 1130 Heat Stop 3¥i8annIs
agvieuAuTauLarNIsatewALsowdIge1ns lnenisannisgyideanudulugiana
nansfu MsUuUTsEguarmiaiioann s Tuvese Az tisannsa iy
LaznsIemANLieusenaneAsamuetsIndsinslindanudnaumnnlussuy
il 1519719 sinsannsUsuUsslussuuliiiuileinyssans amlunislindsan wums
T¥wasalu LED vion1sdanisamainslueians dsanmnsnannislindsnvluszuuliiinle
un Tumanduiy msusulgsssuuaenemsaviinatesaslueinsmdsd esainanse
nslinasnulussuulniihazuinndt uwidasaiunsaglgaanishindsnulussuuuiueinie
wazszuulwihlgluunensd fufu msidenuiulss ECMs fmaneaudmsuusazeinsaeies
firsanlaazdonlagldtoyaiiuguilliuannisiiesgiuasnisainaziuegnamingay wa
n1sUsulgsssuuianerasuasseuuliiiasiinadenisussndandsnuavanaildingly
vz og1dlsfinnu nsinauladentd ECMs o Fesfiansunlasanidonielinanyauiu
anmermsuazaudaanIsvesd iy uazddnyfianfensussifiunavesnisuiulsedun
pasnILNNTAIUIASTETnA AU ULt ednAulasg e ulatasvanzanfigealunisasunis
Usudgdluenans msdfuussssuulniuasainaduisndanude Usevdn uasiiussansam
Agelunisannislindsau lnsanunsavildlaonislinasnll LED Afluszansnmgeunu
vaoalWluuiiy nswasuldvasa LED azthsannisldndsanulwiuasainaasldann g
wisuilivesmasn LED founimasaliluuuidy wazdsilongnsldnuionuiunin asld
Taxlrlaviounasuaznisltuassssuendiduisidunnudululslunsuiuussssuulninesns
fszavsnm lnenisldlaulnifiannsaasviounadldaztiannisldauve snaonlnuaz nnsld

naanulunmswagusadduios daunslduassssuna wu mstiwauandigernns wsenmsld
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saonlwguiifinnuainsdesaduiuiibisuiv Wuisivsaanislindanuuasalidnely
spuulwihlsegnaiiuszansnmdmivauiifetesiussuuyivena madsundasszuy
furedimnuduteunardosnisaulszanuiigini uwionatwannislindsnuuagailianely
s¥ege1 MInTIRdevanmNsyhuvesgunsainng eailudsdrdny elsiszuuiauegiad
UssAnsnmuazUsendandanu deiu nadenld ECMs funsauazdosfiansulnsasifen
Tneglddoyafiuguildinmnmsiieneiuaznisaaaziuegiamngay Wolinisuiuusaiivh
winganansatigannslidndanulazalddng
2.5.4 n13A1UIN1sUTERE ANE 191ULazLI U (Calculation of Energy and Money
Savings)
WASALIUAINITUTENTANTI91UNAIN15UTUUT981A15 (Energy Savings)An
Energy Savings ﬁlﬁ%LLamﬁqU’%mmwﬁqmuﬁﬂiwgmﬁwﬁamﬂﬂ?‘iﬁﬂﬁﬂ%’wqqmmi Taeeni
annsathiAumduiuvdeIsuisuiualdanensuiugemsidiioussidunadns
vmmsL'Eusumﬂ'liﬂé“wqqmmﬂuw&sz’ﬂﬂaamﬁmﬁlﬁu NNINTIERUAINTUTENER
nEsundansUsulgsemaduduneuddglunisusussanuilinsaunasiioad

Anuavanysailiiuglidssnneauaeantuenmdauniseieluil

Saving (kWh) = Pre-Retrofit Baseline Use (kWh) - Post-Retrofit Consumption (kWh) (2.2)

NNaus (2.2) wuidesilofenisAnasnsussndandsnulumie
ALl (kwh) 9399 wagesiiarsanarlwiluy Progressive Rate ay Demand Charge
fe nszvaunsaedinududeududnios dul deyasnnisiiesgimeariiugunisld
WAIUYDI0IAINBUNTUTUUS (Pre-Retrofit) laguuasansinisldlnilvieglumie kwh
pusnsAlniusazivansouvasaolniinfiiiados irdoyanisldliimdsnisusuuss
(Post-Retrofit) wazuvaslviagluming kWh ausnsianlalfusaziunnd sunasanglusiag
Rertes thideyamsldluiimdsnisusuuss (Post-Retrofit) wazudaslvoglumize kwh ana
snsarlifunaziuansaunasgrglniafisades l4gns Energy Savings = Pre-Retrofit
Baseline Use - Post-Retrofit Consumption vt emU3unaunistdndsmudivsendaldndanis
Usuuse IWdeyavesdnsiarliinumazyi9ves Pre-Retrofit Baseline Use Wag Post-Retrofit
Consumption tlemunAlddneveausiaztas uazsinaufuiiomen Saving Auviass 1¥deya

90nI1ANALAaZ Y909 Pre-Retrofit Baseline Use Wwag Post-Retrofit Consumption i
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AuanA b Tev0usazYe waginautuiienien Saving 7iwifa3e wan Baseline N5l
wde1uldu97n Calibrated CBES 3emndaen1s@uinAn Saving fiuiasalnanisianse
dNINBINIANIEUBN 15138 03l e NN TOINIAYBIYI Post-Retrofit Tun1sAuIn n15ly
TUsunsumeuiamesilomuinen Saving fuvinssandeyailldaztivananuiianaiauasiii
audugilunisssdiunadnsldundu msusulgadoyagumnfionnianisusnuagnis
ATUIBIAT Saving ﬁgﬂéfaa%ﬁ’mwﬂ'ﬂ Energy Savings 7 ldfianuusiuguagzldlunsdndula
WonvsermuIsn1suTuustesluauan
2.5.5 myidsetereidios (Continuous Commissioning)

N13911 Commissioning (CC) Lﬂu%umauﬁﬁagﬁ%aiﬁmmﬁﬂmﬂssﬁw%mw
nsUszndandsuldegadiuszdniamseiiios Ineviliszuudiqlueinisiiauesned
UsyAnBamanoninan S50 CC wuuiinsuiuuagiinnududousniuilowIeuieut
1591 Audit WUU Walk-Through w38 Utility Cost Analysis 5121 S umouiiddalunisii
Continuous Commissioning (CC) fie n15¥i1n1sUszifivaninenisiiiensiudetadediens
danasiaUszdnSnmnsUsendandsinu W ssuurinaudy ssuulnih szuudueinie u
#u asndeuLarinTsinwIszuUAeglueanilaliviauegeilusEans imnasaiian ng
ATIVADU N1TVINAILATDIN NITNARBUNITNINY Uazn15UTuUTeseuy Aemeideyanisld
WAzl sEANE N MN1IYaIuYesTEUURIeY WiedanisUsuUswastudsEAns am
Usuugeszuusneg suaustdunagdeyaiildannsingest andunadeunisvaunes
szuuiionsvau i mMsUSuU vz s ol osuranisiuazUszAnsamues
szuusngg Tuerans wisligdanismsumanisusutsauaznsldndssu n1svi Continuous
Commissioning (CO) axagliarmssneanimnisusendandnuldegssaidoslaglidos
flamnms Audit wuufusuuuunnads uazanansatiedestulymiionaAatunnnsguald
vhaidluowian mslE3stlanatsanmsgidondsanldis 40% witeutfun1svii CC 7 Texas
A&M University lamuialiudn uazanunsaiinuszansnmnisldsuiszanaumazussnulunis

Usmsnistanasnulusuiaslasne

2.6 szuudiuanianunIsUsErganasulnii
Tunendlvenssuludsewalng iraansanennsiaiinlmduaudssinnuan fe
prA1swalagidudulngvesnisidladrluniandyenssy Tnentelueiarsundvddu

P19EsINAUAT 153u53 vIedtnau dndnislandsaulndrlunisvinanudulasusuannia
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Tusinifgdestunmsinuveaaissinsuazgunsallunisndn lssnunaglssnunanagld
Idundn ieliiaTosdnsyinulfegrafiussansnmuazifiensnanlusefuiigs nnsld
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JUN 2.5 gllavasaiasinanuudmiveins [31]

wSesUSuomefildunsuasludsemdlng aunsawvsosnliidu 2 wuu Toun
1) 1n3psUsuorniauuuldindu (Chilled Water System)
w3esdSuomawuuldingy (Chilled Water System) iuin3osu§uannad
Tiududusinans lunsenemanudeusnvesnils lussuvazdosiitedewhindu (Chiller)
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1.1) 1n309U3UDINAdIUNA (Central Air Conditioner) Wuszuuitldlunns
Uugnmgiuararmiulueiniavaseiasianuaainsreglnaifior Tngnissiusiserniaan
vangqalunImsuddsussuelusuaTosusuemialug dsazvinimmsininuazaiueu
oamadl ATNTY sERUALAzeIR wagszueenATiidamAseenluuenainsiiiovili
o1nmanielueiarsdauami a laesialunda 1a3 esusverniadiunatalseney
iwasuiuamadiunasdianuanasalun1sUiusaauaugang ey A NTuTI0 N Ay
91A15LVHAUAING

1.2) 1a3nsuaviauagitnas (Fan Coil Unit - FCU) Wugunsaliildlussuuusu
anmaduilusimsvienuiian 1 Insduluginldluormsitluunndnianas wu fein

sausy vissgenila viesUszyu viseviesaln wIvwaviouazinauansavimiiiiuvsoan
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Souldmuanusiosnsvesfidons FCU fhazgnanasuuiivies Jedemalifinnunudpuazaing
Tun1slden wasflawndnnsesinda vlnduiitelunisldluermsfidvunadnianans
2) s2UUUsUINALUURUIBLAED (Unitary Air Conditioning System)
SrUUUSUDINALUUMIIBREA (Unitary Air Conditioning System) iussuudi
Tlunsuivgumgiuazanutuvesemalusiaisiagldgunsaiiifaddlund wievansies
Wewmiiaaed ssuuiifnoglddmsueasitauindnawuinnans Wy ownsmuus thuin
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3) IASesUsuaInIALUULNEIY
4) 13esUSUaMARUURARTANS
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szureadeudisinuioonatued fuileuluuasdediinvesaniuil audesnislunis
Uszndanasnu wazidmuneniuasegeansvodlasinig
2.6.3 sy (Water Chillen)
w3owitidy awnsauddld 2 wuu de

1) 1A3DIUNSULUUTZUI8AMUSDUMEBINTA (Air Cooled Water Chiller)
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1.1) 13 osvhaufulsznousieind esdn 4ainaziduiai ssuuugngu
(Reciprocating Compressor) 13 84AIULLILKUUTZUI8ANNS UM IEINA WAANTZUIBAIY
Younniatasmuuiundeusewed gunsafanausukazgunsaivininndu (Water Cooler) @4
finilusuudauagyio (Shell and Tube)

1.2) indpsdsaufunuuldnndu (Chilled Water Air Handling Unit w3 Fan
Coil Unit) iflugunsaifiddylunisusvanimennianigluoiasvieiuiiufuoinia el

anmeInANAeenisiuenAsus e untug Inessuudnduinldluinisslasiindilunisan
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gumniveserniadfilnariueiost lagldifidnunsvhenubu (chilled water) WWudslunis
angauunll
1.3) Lﬂ'%lmqmj%ﬁu (Chilled Water Pump) {Judiudndeyvesssuuusuoinid
wuulddndu iesmndvilumsadaussulidudulvariurelugsgunsaiing q lussuy
U edpsUiuamALasedoshandu wasiiduiiioamadael unduluduadowin
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- finauszuieamieuanLaIssmuuiuiviilunisifiunisivavesennia
siuiesyunmsouiognielueiosmuiiiu (condensen) iettlunmsangaumgivesini
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2) 13 ewvitnfunuuszursANToudaetn (Water Cooled Water Chiller)
w3 esiinfuriadagldunduiinans iedismanudeuiisaniados

AULUY SEUUSTUDINALUUL L IENa19UlASINAINILUUTZUIEANSDUAILDINTA AR

L4 =

amuiigandt unsfesihinfiosne uwasdinunmmnganfunniafuiiveriah Tussuuuy
omafldiedesintnidu uwussisanufeusetihsdsenoudegunal il

2.1) inSsshAnuiulszneumeiniesdn Juinaziduiniesuuugngu vie
wuuneslas (Centrifugal Compressor) \3psmIULLLLUUSEUeAL S oud T (Shell and
Tube Condenser) tugunsaifildluszuuvharudu iwdesidingnldlussuuiaubuild
dnfudude mavhaureneiesifensszuisanufeuvedlaifuiildsunngunsaivhai
B (1t eoumsawe$) Woonurhunisivavesihiduas

2.2) ndosdsaniBunuuldindy

2.3) \ndosguiiiiu

2.4) \pdpsguiimaeLfiu (Condenser Water Pump) ni1iiddayuadiadosgu
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nilgaumgiiasnazgnasnduuildanul

2.5) vieRau1 (Cooling Tower) Fiagunsaifildlunisanminuseuvestvasu

lnenisldnisseimeinluluesinia ieliimaeduioumgiisias ezyaeliuivasidud
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2.6.4 UszAvsnmusaadewianudu

nsuandlidiuissyans nnueaedesinindu aunsauandldlag

1) duuszansanlunnsvinaru (Coefficient of Performance : COP) LJunsin
Uszansamveaasosiidanudunsesyuurinnnudiy Tnensuanisnsaiusenineminy
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goumnivedniudu 1 esmnusuled agvihlindanuinldluesosihuniuanasiosay 1.5 - 2
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3) NsmvANANAINsingegavensewiuniuieldliAulUulwgeq
daaiedesiumsidnasnuluiiiudnduuazanalganglunsiali fsd
- M3AAIANNABINTTINgeER (Electric Demand): USUASAIAINABINTT
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a) msdnansafuedsslimnzauiunisennslindanuuazanudosnisang
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Qneed dolndnaufimudilasazimuaunsalun1ssnnisusuusansaiues ogle
WNEEUAUENNLINR DULAE NS IEU [31]

AUz ANE nmvesnsldausanduannisi (2.3) Wevinisanamdsunay
LanIUSInaAALuTeuas Usinamsldnudivzuansainaifisdaitesluauieaiunn e

WAAIIZAUANEAYVDINTTITU TugisaniAiue
Minimize OF = ;1;:1 Z%:l Priority ) X P(l,t) (2.3)

aunis (2.4) wanan1sanniadbiinfidesnisves ssutlunmazaiaiananis

USudsulsvanednvazuagnisldnulivanasgay wu sianliih nsudaliy wagdld

Yi-1 Pur = RR(p

(2.4)
vte(l,..,T)

aun1s (2.5) uanan1sdnianisanmasinihvesszuuuasainsluusazaiiasias
senslag PRR Fsimualiflendnidesnisanuimamilalianaiuliuasannsosnwaim
agmnauevesld WlelranusauiuUszansamues PRR ¢ daunadns 9nnsandidslin
Hanunvosszuuuasaindluynadrsausdedliifudfifmun Tag PRR a1mnsaviinisan
AdalwilnAnaNaunaliva1eds wu fadduresnaminsodifnnisanndanulfueauas
vneslutsnamdaviity venmilonnmaisaliutasnisuduasainaisidudmiugly

aunsausuleiesdnmie

Yt=1 Paey = PRRgy X Xi=; init. Py

(2.5)
vie{,.., L}

AUNTS (2.6) WANINITAIALAIAININAIUTA A BINT U BILABLNITINAANITARN
NHIUNTIULY FUNTT (2.6) WEAILANITIVNINITITITUTEUULAIAINIDE1BNEIND 13131
I3 ) Az A ] v & A o = ¢
yeuszanAvasdanaitufe nMsldnuvedlnynaseadulynutouly way misdlldanisan
maslniihasegewoiiomuyinial uienavgassanusimylatugldlansedldonnsant

11 Mvanelasatnadussezafncaiunansul
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Zl P(l,r,t) = MaxRed_ R(l,r,t) X Zl init. P(l,r,t)
vre{l,..,R} (2.6)
vt e {l,..,T}

duns (2.7) Junstestunisanddsiiihanlunsmadinsetusaylliomai
fdwsuludanesiiy mneanuindanesiuldliiieannisanndsnuiidosnistasiandun
PntuFsanansauSusadimnzadlutisaamilsldnaunuliand ulutisaansne fu e
Hostunsanidsmeaasahdlunmaiunamaedilus fosiafisrdaimungnimualy

ialilAnAuaunansaandsuvelinmunkarauAsHeeyly

Py + Pyi—1) < MaxRed _T
vie{l,..,L} (2.7)
vt €{2,..,T}

2.7 msaysnewasnulnilussuuuasadng
TunsdansUssndandnuaesssuusasainsluanissed 21 4 dvangisfihuldiite
annsldngany adl vaealy LED fusganinmaazlindenudaenimasaliiiwuuia
il dunadeniialunisaanisldngsuluszuunasadng sl ssuunasainsaasosd
A11150USUAMUETAIUAIIULT UV BILEITI TUYNALALAINUADINITAITIHIIU LU TEUU
Wuwesnsasadunsiedoulmmiessuualuguaudumesidn nnsldszuuauauuasd
ansausuauainawaznsda-Ualnlesaludfnunamselteulaiismun wu Wewses
LENUIBANSI9LIAT N1TERNLUUIEUULAIIMLNzaNiunSduLan1sUsendandsay Inely
3msdenlduassssunalndundnuazosnuuuiesliiinnsnssansuasdiviangay n1ssnw
ANNALDINVBIVADA LAY EUNTAITSUULEAIATN LYU nswWasunaoslWfideuanin awise
Pwannslindsnuiaziiivetgnisltauvessuuls mahmeluladuasaineifuszansam
wldlimnyauansagisannislandsnuuazalddslunslandsnuldogeiiussansand

g@ulunpgeavnssukagmMIaivdlaeg1aiussdvzam
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gﬂﬁ 2.6 sruukasadnsluennisg [32]

2.7.1 msvenudlefuiiuiviayifuasaing

1) USunauuds (Luminous Flux) AsUSunauasimuniildainumasindauas 3
wdelugau ()

2) AEBeEIN (Illuminance) ApAudasaIne (luminance) 1uUSIUves
wasiinnnszvuiiufiaonilen Tasfinhedu lux (§nd) wie foot-candle (1a-unuida) Tasr1ved
Arudesaiazgniamusunuveasiidgiufinumiseiiuil (masumsvidonisen) ns
SoanudosainaduitnislunsUssdiusysuaueinsluiiuiinne Wy dfheu Tssnu wie
T Faalismruiniinameisasnzadmiunisldnuusasssinniold

3) Auduuas (Luminous Intensity) AiavduuSunamewasfidatoanuiainumasiiie
Tuftenands Inefadusiwurivesanuduiildandiouls 1 @y nisvesnudulasie
LAuAaT (candela : od) Tnowredinunedwasiideenuianunassudelufismamis uass
anuansalunsasasoanlUiiiamisduse

4) Arwatne (Luminance) AewdudiiuonUsinauasiiassiousanunainituiale
q Tufievdla 9 Sutsvendemnuainailisuesiiuanuvauadlaensvisainnsasieutes
LN

5) Usg@nsnnuas (Light Efficiency) tansdsuszd@ndnmvesnasal Tnedl

wieidu lumen per watt (lm/W) w38 Im/W A1Uszansamuasgauandiiuiinaealu
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annsaadisuasldunlaeldndsnuliiufoadndos Tumneainudvasalviud
UszansnmmsuUssundaauliiinduuaslviiigs

6) gaumiidvesuas (Color Temperature) Mnefsdnyarysdvoauasiianngs
seyldlaggamndl mirsvesgumgidvesuasioninaaiu (Kelvin : K) lneidefidnaaiudiag
uasazidnuasnedfiseulou uasiinudoonulumdesidowns luvaeiidlefidianiugadu
uasaziidnunemadfidunasadiedununiy

=) !

M13199 2.6 vilavevmenfiliounld uavduadiasiigg Ml

gauuQiE (K) GURNIGN PLERN
TpenI1 3,000 K 29548 (Warm White) NADADULAULARLTURA
VaeANgooLTALUA
3,000-4,000 K Tai/eglnt VaoAT ALY
(White/Cool White) viaoavlgeaisaLyue
111N 4,000 K wdlan (Daylight) LEIINAIDNTIRY
vaonvlgealsaLyue

M13199 2.7 uanaaealniiingusiie q Audsgavsainmsuasueinsdesaing

Usznmviaen guusiednd  euuvglid (K dvilmsasd  e1gmsldeu (v
naonlavivanu 6-23 2,400-3,100 98-100 750-8,000

glalau

WgoaLsalLus 25-84 2,700-6,500 55-95 5,000-20,000
naonloUsen 30-63 3,300-5,900 22-52 16,000-24,000
ALAUGS

wiialalas 68-125 3,000-5,000 65-90 1,500-15,000
JRTCEGPRHTIVER 77-140 2,000-2,100 20 18,000-24,000
Tofenaudus 137-183 1,780 0 18,000

7) Anugnaeved iWunisiaanuaimisaluniswansdvemaanlnniaunas

waedug IneiguiulasasdInInvetasefindvisanasanasuasunnd dsiuvasnlnig
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2.7.2 mudenldgunsalluihuasadnsing 4 sgamangay

wuugUnsaivesszuuAsaalifed
1) naenlwiiuasaing (Lamp) Sl

1.1) 1e0ADULAULAALYUA (Incandescent Lamps)

- NADNDULAUAAUATITUAT (Standard Incandescent Lamp) uvaenlui
Funsnagldfuogaunsnans Tnavaonlwedndindnnsvienlaensiunssualaiiniiy
opfifluflansndluvaen deilvegiideniianuudgui uavadeuiou Adearuioutd
awma agyililwihlvasiuiianuuiiunsslandalunniianuuivilslugbniauusinia s
Tilansmsignivasududaing

- apavamU-g1lalau (Tungsten-Halogen Lamps) Adeilunasalnuszian
ilsilesunmsiamnmanvasaldideadu Indlflanganuduiaglunsilévasa vaen
aamu-snlanulauandnadotunaenlndutaunasusdin wiillsansamnisldau
A wardiongmisldnuiieruuiuge

1.2) napangasisalwus (Fluorescent Lamps) vi3eisondnetwilain “vasn
¢77E/U53?m’)l/@yumé’l ” (Low pressure Discharge Lamps)

- vaenvlgeslsalwudvilnvasansimssviavaganienay (Tubular or Circular
Fluorescent Lamps) 1 unaen i fivdnn1sviisiuuansisainnasaliduuaunaisus
(Incandescent Lamp) lnglyldnisiinldnaanlngousaslui uildnisnseiudiarnsoulufine
Wgeasawudnsluvasn ihlvislannseusinannselantiusenitmasalagdnisnseduain
arsinadngiivaedivomann edinansounslandusewitmvasn aznszdufnevigooisa
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63) ponun wazmiheanufivewuas UV dazgnuiadiduuasdainefiannsoueadiulflaeus
aeluvasnyigosisaisud answoamesiindeusgasluntmasnimihfuamuas UV 1Ty

waaviuywdansanowiule waziilevasnlifaud vaaradazvimindidudiaiuay
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nszualindinudnlufivaes Tilaaiiauewasmnzausdenisinnuremasal Tufonis
ldenseualnindidnl luraenlifidadiuasmungauseanudenisidnuvemaentils
QIR TRETH

- ABNLNAYgDBLsALYS (Compact Fluorescent) Asidunasanigooisalausi
senuuunniielifvuadnuarneinnunniu lnednssnundnnsmslifidauauuuia
wiolianunsadunldunuvaealniildlungnoulwildlaglifesdinisfudsuvieduuse
IAssas1amgnaulviii

1.3) naenA18UTEAAUA UG MTeVABAA18UTEYAIUTLES (High-pressure

Discharge Lamps or High Intensity Discharge Lamps, HID Lamps) Hunaealidndnnis
nsiuliauasndneiiunasavigeaisateus (Fluorescent Lamps) w3anasnmeusyaa L
(Low-pressure Discharge Lamps) kafinanuuansanslusigasidenuisusenis wusesnladu 3
UsgLanAe

- aentoUsonAINUA UE 3 (High-pressure Mercury Vapour Lamps) Ju
waamiﬂumjmLLiﬂmaqwaamiumizga HID (High Intensity Discharge) waginlsunin "annues
Funs" ileannddnuwazniswnlnivesiglunaeniiviulousenldidnuazadefunswld
y03dun$ weonlunguilanunsondnuasiuoatiuldruduaide

- vaenlulguANRUES (High-pressure Sodium Vapour Lamps) uvaend

a v A

fauununanvasauasiunslneiingfundnaelmifen Ineviaaniaingnldlunisliuasdmiu
nsUszaity vieluanuifdosnisuasddudy wu luouunduiles 15saa1u vioaunuim
- vaontuiagnlan (Metal Halide Lamps) unaeniifmuiunanraenuas
Junfidudeaiu nasauniasladiyeysmeiielilduasiianumiiousswedifian
aeluvaen islinaendannsuiimnzauiunslinuluvanrasanuiinazueunaindy
#19 9 fifeansANUTIT AL AN NGIVDIAS
1.4) Induction Lamp Wunasnliiiliflévasauazliifdnivnlninielunass
dewnnvinuresaealiiodendnnismvieninszualiiia (induction) Tunisadiauas
i lenseaddaluiindidnmseda deinszualiianudgadilulusnudewosusimanlin
(Electrodeless Induction Lamp), LL%JIL‘iﬂﬁﬂi?\lﬁ’]ﬁl%ﬁ%ﬁﬂﬁﬂﬁuLLZJ'LMﬁﬂlWﬁﬁﬁﬁﬂ’J’]ﬂJﬁq\ﬁaU
Uinaunuvesvaen dadunalvinguinuneluvasngnnszduliiifinnisunnd wazidsuasea

psrblotaneanun vibiAnuasaI i@ sanswiulalufian vaealwuuiliinazdongnis
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1.5) Sulfur Lamps Junaealififivsz@nsnmgauwazinugdmsunisidauly
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diaszavsnmlunisnssaneuadiiuniu Taulwussansnmgsdarbiganduniedndauadly

Y v
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UssLamwgesisaleuduazUszinnasnneUszqamsugs nihfindnvestaaiadfeniuay
nszualiiinilvarunassllvidduingay alaue auudazUsznuemans fu uazuun
Tnglanzidlevaonliuvuiunisaafauds Adufiunudviearnausununisivavesldin
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w93 lntheananudumulsidamasnl wazmuaunssualiinglvaiumasaliduly
pufieanuuuly wenani Uaaasdielinaenliiiongnisldnuiienuuavasiiauomn
Setuse
3.1) Uaanaaunuiian (Magnatic Ballast) nannisvineuvessiuiinanni sl
wnumdnifioadauuulmaniihfasuwlamdsnuliind i dundsouudmanlni 3
sgvhliAnnsindeuiivediannseuluvasal Fududiunilmeanseudlni uagldndanud
Ifniensefunsiasuulasanuzvesiwnelunasal 1wy Tuvasnliigesisaisud s
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dfienunmugeienisldanuluaninuindoniidoungigmieanmuindouiiinnis
duaziiiou uazilsaiidudilnggnnidaanadiusziamdidnnsedng Wumemaiivilmndud
Joslumsldailuiesmananasslrimluuagmsldanluanuififianudesnsldauiiani
geeUTInaLasainege wu Tuaumfw Tsaau viielndswudedudi Jsfeanisnisdesadnad
Wisswenaziumamumulunsldauiienuudnde

3.2) Yaanadlaaed (Low-loss Ballast) vsevaananussndaln iunisiaunves
tamadunumandsjsiuluiinsanaugydsvemdanuneluitamanlagldianuay
ananfiinua ity teannisgydendanulusuresanudouiiindulusaaniignitusou
Taesou n1sannisgadendaud v liauaunsalunisldauanas usansayili
JseAnsninwestantadiivdulnglididsaunatunisldauiy Caanadusendalusinagiien
ndanufigadetosninszanndosay 6-6.8 vasadlniild Fesruautenafienuunnsily
pufaANLazIuIavestaanad gumaiifidvarnnsldaueglugiessunm 35-50°C 10y
gumnifimnzaslunsvhanuvesiaaad lugasivaaadanunsavhaulfesnaiiuszansam
waziatesluszeren)
3.3) Yaanad 818nnsadind (Electronic Ballast) vt ndnlunisniuay
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waealiuegmngan Anuagdendsuludaaiaddidnnseindtesinniiesussunn
1w vilsiUsAns nmlunslindnuuaziiogmsldnuiienuiuty uvenaniddwasanns
Fuazifounazideaiavnzyhnuadluge
2.7.3 msldmatinnIuAussUUERIaTINg
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2) nsauAuAuaInstagly Light Loss Factor (LLF) 1Hw3snfiuszansanly
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(LLF) Faduigndivszansamlunisusuanuaindiimngauniunnudndu wazaiunsayis
Usgndandanulaeegaiiuseansamluszesenlaeliidounmuninvesasildnule
3) nsldgunsaingiadunisiadeulniolln-Uanasainadwnaiad
Usz@ninmlunisuszndandsnulaensiduasainadiednduwingu lnefisigunsaingiadu
nsideulmagiwinvasadumsiedeubniluiunndesnisaivguiasadIn dasviinves
¢ Y o Ry ' v oy A o v a A
gunsalnTTunmsdeulmndnlelunisaivauiasainslaun aunsaliildmdudanileiniive
ndunisdsulng newdelinisindeulminssiunndaunsalfngsgunsalasdsdyayn
ndunn wagiAsosnuANAss iUty Wy Wanielalil lnsaunsansaadunis
= % ¢ 9 = a A9y s =
wasulmlalussegmaiazauning gunsalnsirdunisindeulmziinildduesaeluiie
nsraduAuUAsunlatesnnusounisluiunidesnisnivau lngazasiadunisiadeuln
va3inguisyanailoumgiganitaninwngaey n1sesaduitlilasinnuligavindugunsal
nsRduwuudanitledn uddndianurmugeweaniniindeuniguen
4) N5l uaes5INA (Daylight Utilization) W uisnileiiiuse@nsninlunis
Usgndandanulaenistduassssunfdiebibasainaneluaastdduwnasiniauadliagng
= a a a o v | o N v a I o s A ¢ 9
fusgansnn luusnaildnuuiowinuvseriossyy Annuduwesviegunialngiadu
Laq (Photo Sensor) Ll 9333 IR AULAISTIUMIRNBUBNLAZA18TUDIATT Ll BTEAUKAS
53TUMRNBULNTAIEITY YanuAusEUUITad g alivaaaddidnvsedndiioanainu
ainvemaontn Msolaldeulaulnluiuniduaisssud ssvudauisalsuainuadng
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viusuiviegunsalnsadunsiadoulwiiiosussdunasunauaznsldau nslduas
SITUYIRANTNANAMUABINTLERasEIIINTaealilaeg19liussdnsan viliAanIs
Usgndanasnuuazanaldinglunisquasneiaimsladidny og9lsiang n1sesnuussuy
ABINTANTIANUANAAVBIANNEATI ANUTOU WArAIUATAINAUIEVRIE [ ulue1ATs
Wielsilanadnsimunzauuasiussansnmdigs [32]
mssfunudmiunsusuasudinislindsnudsfosedeioulalunis
yuresdanesfiududitmusdmsusyuuuiueiniadainnuddyuan Wevhnisanen
wdaaulil dsdunslidaneifiulunisusuauasaindlingaudmiunisanauasadined
$u8u luanudussaudiuluegifuliinunisansuasainsndanesiufisldmunnud
fien1s srUUazTNsARANEIUYDIsTULYAN Uz UM eANIY Andideanisan
pudaneiiiu aglifinsihunAniieidignssuaunsiiudszansam esannsanndaanuy
Y0458 UUUTURINAIZANINTaReUANDIAINReN T mevesdanes iy agdlsfiny
dmnnisandndanuiifesnisinnnianumasalunisangagauesszuuUiueniadatiu
Saneifiuaruiuawesszuvlfvemalimngauiignnou wazrainiduidignisuduuadly
wanzasiieanaufioisidavdoos auilsidunay inguszasdvostamilumamaumng

figauansliluannis (2.8)

— TN\ A
Objective Function = 2 =, ((Za=1 PAC-Red (at) X WAC(a,t)) +

(Xi: Prighered (1e) X WLight(l))) (2.8)

PNAUNITAIUINUTNVOIEIN UAIILEIA YUDITEUUUSUBNA wazln (WAC,
WLightignimualaegldunazsedmivaunsaliiigadositunianiniun ddmnsugly

o w o

d1inau msanmdslignitnualagnisaiuauvesdanasiuuaznsUTuAlimLgauny

1% ¥
o CY

Wmdnvedlldesainaazaunsal USuomausazyin wenanidmmvunagegalinig N1l
drudamvesgUnaniudazdsanuazdedinsoludgniauedmivdaneiiuiviaue auns
(2.8) uansnsaniisndudsnrsanasannsuilaasiuveseians. aunts (2.9) Usdiinisandi
FududmiuszuulidesainatuegfuauanunsalunisangegnuesssuuUiuenNIALay N3
anfisuduismuavessruutumneaarinfinmsansuvesssuuwiiunietiesntuasannan

anasgeanvassvuuUsuemealidndusesanuiinanislduasas [33]
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Ya=1 Pacreaar) + i1 Piovses 1) = RRu V1 <t < T

(2.9)
RRLight ® = RRTotat ® P%Aged(t)V1 <t<T

wanaNll ANLAINITAIUNITANEIEAUDITEUUUTUDINAkAL ST UUINdR AN
VAVUALUAAIAIY AUNIST (2.10) kag (2.11) audsu Bnvistedndaniunaialiganinyi
n1sanA1vedLiargunsaliinsiaedluaunis (2.12) dwmsuusazszuulsueniAuazaunis

2.13 @NSUSTUULAIEIG

Zé=1 PacRed(at) = PAWCAR)éd(t); ViI<t<T (2.10)
[=1 Pl res () = PLMLSﬁRed wpV1<t<T (2.11)

PitRed(an < Pacredat) < Pichedar V1S a<AVI<E<T (212

PZI‘L'/IinI:It-Red(l,t) < PlightRed(1t) S Pll‘i/‘lgéz)g-Red(a,t); VI<SI<AVI<t<T(213

aguladnaunismsadasansiiieniunisiiudsednsamnisusiaangaany
NNUITEUUNINITAAMIULALLARINAAILITAUINN TN BUS M TIANISNA I ULAZUTEANT AN

vadldndanuvesemsiiinUselenigean
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illuminance Energy Usage
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Air condition Energy Demand
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AC load response cooling in DR Event
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Performance Ratio of Thonburi University. (Installed 194.40 kWp)

power
sum Power  lrra sum Irra Pvsyst
No 21/1/2023  (kwh) Yield (Wh/m2) Yield PR PR Result

1 22/1/2023 737.279 3.79259 4,564.00 4.564 83.10% 76.01%  Pass

2 23/1/2023 738.293 3.7978 4,599.00 4.599 8258% 76.01%  Pass
3 24/1/2023 702955 3.61602 4,319.00 4.319 83.72% 76.01%  Pass
4  25/1/2023 552.865 2.84396 3,272.00 3.272 86.92% 76.01%  Pass
5 26/1/2023 694.762 3.57388 4,085.00 4.085 87.49% 76.01%  Pass
6  27/1/2023 672.08 3.4572 4,199.00 4.199 82.33% 76.01%  Pass
7 21/1/2023 544565 2.80126 3,188.00 3.188 87.87% 76.01%  Pass
Month Year Total
< o 2023-01-21 >
Today Yield: 738 kWh s
Power (W) Irradiance (W/m?)
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Energy Consumption Floor 3
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Energy Consumption Floor 2
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Energy Consumption Floor 1
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PV Energy & Load Energy Floor 4
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Abstract: Recently, energy costs have increased significantly, and energy savings have become more
important, leading to the use of different patterns to align with the characteristics of demand-side
load. This paper focused on the energy management of low-rise university buildings, examining the
demand response related to air conditioning and lighting by measuring the main parameters and
characteristics and collecting and managing the data from these parameters and characteristics. This
system seeks to control and communicate with the aim of reducing the amount of peak energy using
a digital power meter installed inside the main distribution unit, with an R5-485 communication
port connected to a data converter and then displayed on a computer screen. The demand response
and time response were managed by power management software and an optimization model
control algorithm based on using a split type of air conditioning unit. This unit had the highest
energy consumption in the building as it works to provide a comfortable environment based on the
temperatures inside and outside the building. There was a renewable energy source that compensated
for energy usage to decrease the peak load curve when the demand was highest, mostly during
business hours. An external power source providing 20 kWh of solar power was connected to
an inverter and feeds power into each phase of the main distribution. This was controlled by an
energy power management program using a demand response algorithm. After applying real-time
intelligent control demand-side management, the efficient system presented in this research could
generate energy savings of 25% based on AC control of the lighting system. A comparison of the key
system parameters shows the decrease in power energy due to the use of renewable energy and the
room temperature control using a combination of split-type air conditioning.

Keywords: building management system; demand response; energy management system; low-rise
university building; real-time intelligent control

1. Introduction

Today, the issue of energy costs is becoming increasingly important as a result of the
global energy crisis. At the same time, the growing use of modern appliances is resulting
in ever-increasing energy consumption. Energy consumption management has become
increasingly important in all sectors. Therefore, energy savings from existing facilities have
become a major priority. However, the traditional approach using fossil fuels and natural
gas and energy resources is inappropriate in balancing the energy supply and demand-side
management [1]. Inadequate energy consumption control cannot properly respond to the
user’s energy consumption. The energy usage sector consists of residential, commercial,
public, and industrial. The energy consumption of buildings is a crucial factor in energy
usage across all sectors. Buildings generate the highest energy consumption and need to be
managed through the optimal strategies. Therefore, the demand-side load of buildings is
incorporated into many types of equipment such as air conditioning systems, illumination
systems, computer systems, transportation systems, plumbing and heating systems, and
facilities management equipment [2]. The demand-side management of buildings needs to

Sustainability 2022, 14, 14233, https:// doi.org/10.3390/su142114233

https:/ /www.mdpi.com/ journal/ sustainability

116



Sustainability 2022, 14, 14233

20f15

be controlled to reduce the energy consumed by users. The choice of renewables now being
applied to buildings, generating power by using a photovoltaic system, is presented in [3].
A smart electric power grid and the integration of communications technology can manage
the delivery of electricity from a power plant grid to the consumer. The data network
enables a two-way flow of information. The energy demand can provide the supply balance
in real-time, as it is focused on the demand side and load saving by improving the energy
consumption pattern [4,5]. Machine learning is adapted by forecasting data on the energy
efficiency of buildings. The results of machine learning are represented in terms of the
type and nature of the building and the equipment energy consumed [6]. Therefore, non-
intrusive load management (NILM) techniques are combined with a demand response
program to reduce the peak demand of the electrical load from the energy demand of
the building. This algorithm focuses on minimizing the energy consumption and energy
cost [7,8]. The mining of big building operational data for energy efficiency enhancement
has been adapted via unsupervised data analysis and can be used to predict the energy
data of the modern building, as presented in [9].

For modern energy consumption management systems designed for consumers, an
intelligent network system has been developed to communicate and interact with automatic
and efficient functioning [10]. Implementing a future smart grid could optimize real-time
operation and energy consumption management [11,12]. Sensors installed in the smart grid
can detect and display the Internet of Things (IoT) data in real-time for an unlimited period.

The operational effect of these characteristics is to reduce the energy consumption
significantly. Representations for commercial buildings include the building type, desti-
nation control, and climate zone. This leads to a data-driven analysis of knowledge to
analyze base data, adding management strategies and then converting them into rules for
management control. The approach adopting the demand response (DR) decreases the
electric peak power demand consumption from the load-side demand. The electricity load
demand from the peak demand triggers another source of electric energy, where the electric
energy efficiency is higher. Energy conservation configurations include systems such as
rooftop solar cell electric power, using an electricity storage battery, or others such as power-
intensive loads, which use intelligent (smart) equipment technologies. The management of
the algorithm to increase the electric power efficiency and decrease the electricity load peak
is incorporated into electric power grid distribution networks. To summarize, the demand
response using the time response optimization algorithm is the basis of the smart electric
power grid. Research papers have been published on the electric power of buildings. These
have explored the demand response optimization algorithms for industrial equipment and
home app].ianoe load sdledu]jng. These papers are comprehensive, but not adequately
focused. The forecasted building electric usage data and patterns were used to set the
optimization algorithm objective. Additionally, a technique to prove the methodology’s
efficiency was included, and the methodology can be used and applied to similar proble ms.

Most of the research papers in the worldwide database have focused on the utilization
of HVAC for energy management systems. According to the behavior of the energy demand
in huildi.ngs from the analysis of the usage data results, air conditioners consume the most
energy, representing 65% of the total energy demand when compared to other building
equipment. Typically, the air conditioner characteristics of evaporative coolers in dry areas
result in low efficiency [13].

In this paper, the authors focused on the electric grid building demand response
and time response optimization algorithm for the split-ty pe air conditioning and lighting
systems, analyzing the benefits and challenges regarding the algorlth.m s design efficiency
1nd its implementation. The electric grid bu1ldmg demand response is needed to present
the problem’s background and the different scenarios introduce the time response model to
the study problem. A review was conducted to analyze the challenges and relevant results
and data for the future demand response and time response optimization algorithms. This
work aimed to present the control function of the electric grid for the demand response
and to review the methods to obtain different solutions for the electric grid building
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demand response. The paper’s methodology is represented by matching a building’s
energy demand requirements from all of its electrical appliances and devices such as the
air condiﬁoni.ng and lighﬁng system, etc.

In the remainder of this paper, we attempted to present the details of the BEMS
system. Section 2 reviews the previous work on the building demand response to improve
the energy saving for split-type air conditioners. Section 3 provides the details of the
optimization of the demand response in controlling the air conditioning and lighting
system. Section 4 explains the purpose, the implementation of the building demand
response (BDR), and the challenges. Finally, we present the results and conclusions.

2. Brief Literature Review

Most smart buildings have many characteristics aside from being connected to the
electric microgrid including various types of renewable energy systems such as rooftop
solar power and others, which can operate with an electricity storage battery. The demand
response is one of the new developments in electricity that is intended to engage consumers
in improving their electric energy consumption patterns. In Thailand, many types of
demand response are already provided through demand response programs.

The building demand response can operate a schedule in real-time via the hours/day;
genera lly, for a building demand response, a time response a]gorithm is used to optimize
the efficiency by decreasing the electricity consumption costs for the consumer, thereby
increasing the maximum profit for the end user [14]. A literature review presented real-time
data with energy program solutions including the program’s algorithm and design [15].
For the intelligent building (BEMS), most appliances were individually connected, with
different mechanisms to control each appliance [16]. The essential data accumulated
simultaneously from many appliances are collected into big data. Big data analytics can
improve the energy usage of consumer behavior and manage and set up the real-time price
design and performance of the demand response program [17].

Regavding the electric grid bui]di.ng demand response, a time response algorithm
seeks to set a comfort zone operational level as a priority and create an operational pattern
for the control of the air conditioning system and lighting appliances [18,19].

The caleulation of the electric load and the algorithm configuration depend on the
categories of the electricity load type, the time of electricity use, the equipment or appliance
service maintenance schedule, and other technical constraints related to the available
renewable energy generation electricity capacity [20].

Figu:e 1 shows the details of the general demand response; these were separated
into two categories, which include quantity-based programs and price-based programs.
The quantity-based programs include the option of controlling demand. The price-based
programs include an external source option to confirm the buyer decision, choose the
electricity cost, and determine the time of use to purchase electricity.
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Figure 1. Classification of demand response.
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The demand response, based on consumers changing their consumption behavior, is
categorized into two groups: one is price-based, and the other is intensive-based. Each one
has several sub-groups [21].

The BEMS performance is related to the amount of energy consumed [15]. Companies
provide electricity savings by tracking and monitoring the users’ electricity usage patterns.
However, the demand response control mechanisms have undesirable operational times
including those for air conditioning systems, lighﬁng, and others.

3. Optimization of Demand Response

The combination of BEMS includes an integer and non-linear programming model for
dynamic characteristics. The building model description, for this case, is related to hours
or days ahead of a schedule, monitoring in real-time the system condition. The building
model is constrained by the load type, pricing scheme, decision variables involved, and the
capacity for time response communication and control in many solutions. Finally, one can
determine the minimum requirement in demand response management programming,.

3.1. Methodology

The approach to this topic was based on the published demand response papers and
journals that identified the challenges of studying the building demand response and time
response optimization models.

The first consideration was based on the average hourly electric power demand and
the load required to identify the use of a power generator and a renewable electricity
power source, alternatin g with the use of the electric grid over a 5peciﬁc time. The second
consideration was based on mathematical models and strategy simulation models; however,
some studies have considered more realistic problems and focused on the future scope of
research. The third consideration was based on algorithm models and solution factors such
as electricity load variations, usage patterns, and other infrastructure involved, in a unified
approach to fit most of the building demand response problems.

The objectives of the demand response for the BEMS level were related by including a
minimum producl'ion cost, maximum comfort, decreased load peak, and self—consumption
via renewable energy generaﬁon, aggnegated with the data of the minimum cost and maxi-
mum self-comfort in a social situation. It is constrained by the BEMS level of thermostatic
and non-thermostatic control (air conditioning system), lighting and ventilation control,
parameters, time usage schedule regarding the collection of data from the air conditioning
system control, electricity cost, and the variable electricity load demand. The algorithm
setting for process control was determined by the benefits and limitations of the use of
multiple choices of renewable energy sources. The data from the electric grid and available
renewable energy were used during planning to schedule for the best use between the
building and the electric grid. The optimal solution of the problem is needed to ensure
that it is suitable for many programs in BEMS systems with wireless, PLC, and SCADA
technology, depending on the hierarchical structure of the building and electric grid.

The building demand response types have many factors, creating limitations for each
characteristic such as building electrical power control management. The constraints
include the limitations of the main appliances consuming electricity and communicating
with the electric grid by the demand response and time response algorithm. The benefits
include the multiple choices of the available renewable energy to compensate for the main
power in peak periods. Finally, it is necessary to consider the communication components
using wired and wireless technology such as PLCs and SCADA.

Most research papers have been presented using different techniques to control the
demand response with the time response algorithms for BEMS. The BEMS are focused on
power generation, using additional free energy from renewable energy generation models.
Therefore, the improvement seeks to decrease the energy need; this is one such case affected
by the challenges of implementing smart grid technology.
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The structured design solution from the data results from the analysis process per-
formed as part of the energy efficiency evaluation must also be considered.

The renewable energy source is integrated into the building.

Each floor is evaluated for the determination of the efficiency of the air conditioning system.
The determination of the air conditioning, lighting, and appliance load can be managed.
The relevant data on non-renewable energy in the preparation methodology of the
performance management system are analyzed.

According to previous researchers, the energy performance does not reflect the signifi-
cant problem wherein the data are imported from the parameters of the energy performance
design, with non-renewable primary energy. In many cases, this presents an important
problem in maintaining the energy level as the EP value is significant to the primary process.

The EP value is shown in kWh (year) per unit of temperature from the area of control,
and the maximum and limit value can calculated from the formula below:

EP = EPHsw + AEP; Ik\Nh/(m2 — year) (1)

where
EPyyw = the value of EP total for split-type air conditioning, lighting, etc., and  (2)
AEP = the EP value for the air conditioning system; (3)

AEPy. = the EP value for the lighting system. (4)

The installation of multi-unit split-type air conditioning in each room does not include
the lighting system, which is calculated from the formula below:

AEP. =10A;./Ag; (KWh/m?. year) (5)

where

Ay = the air temperature inside the room considered in the energy performance regula-
tion problem within the building (m?);

Ay =the air temperature controlled inside the room to determine the regulation (m?)[22]
(Figure 2).
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Figure 2. Demand response and time response algorithm challenges and issues.
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Regarding the involvement of the main electrical circuit control system for the building,
it controls the AC and DC power for the loads used and communicates and processes big
data using an algorithm between smart sensors and control devices such as smartphones,
cloud systems, or tablets. The control electricity from all input units, from all sources
such as smart gricl operators, passes th.rough an inte]ligent meteri.ng system, or an internal
power source (PV, wind turbine, or DG).

The completeness of the power quality system is checked before supplying energy
to the main electricity distribution module; then, the request for a current flow load will
be fulfilled.

The control function calculates the electric power usage in the building, which is
communicated between the control unit and the intelligent sensor, to determine the usage
of the power quantity from each device through the Internet gateway module, LAN, Wi-Fj,
and a mobile phone (Figure 2).

The smart sensor unit can collect the data and commands from the centralized control
unit, measure the electric value, and then send it back to the processor unit. The smart
sensor obtains the identification data received through the communication system and
commands the equipment to work as a computer. The data are in an encrypted format
(Figure 3).

Contral Online
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DATA
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Figure 3. Lighting control system for classrooms.

The control algorithm of the lighting system inside each room has control and sends
the data via the Internet to each floor, individually processing the data fo].lowi.ng the
algorithm diagram. This includes the central processing for the lighting system and control
of its energy use.

The controller unit needs to be aware of the activated device’s status and its functioning.
The processing unit contains information on the pastelectricity consumption and the future
demand for electricity usage, which can be used to predict the electricity to be used over the
next 10 h. The data can be communicated through the radiowave, PLC, wireless, or SCADA
system in the building, which controls the receiving and sending of data to the network
(cloud system) and produces the identification code for the destination equipment. It is
critical in making the system suitable for the required application while all other electrical
devices are running (Figure 3).

The processing unit will control the power consumption and manage the power flow
in the BEMS algorithm through data communication by restricting the energy used by
load devices inside the building, and monitoring and adjusting the power usage of the
communication device.
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3.2. Case Study Data Description

This case study examined the electricity demand of the 20,000-square-meter Thonburi
University Engineering Department Building, located in Bangkok, Thailand, a region with
hot summers and warm weather. This building has four stories; each story has 10 rooms and
includes offices, computer laboratories, teachjng classrooms, and many other laboratories
within different engineering departments. Each room includes four sets of 38,000 Btu air
conditioning units, 36 light bulbs, projector, computer, and other miscellaneous plugs for
device accessories (Figure 4).

Figure 4. Physical model of the building.

The study focused on the demand response strategies by comparing the electric
grid electricity costs and the decreased electricity cost impact using a microgrid building
management system.

The real-time data for this study were collected using a digital power meter installed in
the MDB panel. The digital power meter measures the data and transmits them to the main
processor device. The data are sent though the R5485 channel, connecting to the computer
where the power management program is installed to study the patterns of electricity use

in the engineering buildings (Figure 5).
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Figure 5. Display of the digital power meter.
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The electricity corlsumpticm, recorded in the computer th.rough the RS485 port, shows
the real-time data storage. The electricity consumption can be displayed as both a graphical
datasheet and via Microsoft Excel, which shows the total electricity consumed in the MDB
for each phase such as phase A, phase B, and phase Cfora sample of 30 days (Figure 5).

Demand response configurations in a microgrid building management system can
limit each phase of the peak amount of electricity consumed, showing the maximum
data every 15 min. The program also shows the average daily electricity consumption
and the total electricity consumption in a day, and the data can be viewed in a Microsoft
Excel datasheet.

Figure 6 shows the cyclical trend of the three-phase power system for each electrical
phase, for negular use without any control. Based on this information, we can observe and
generate some warnings, with other options to set up the power quality.

Energy Demand per day Energy Power (Kw)
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Figure 6. Electric grid power consumption without the building demand response.

The combined use of single-phase appliances in a three-phase power system can
be connected to a single-phase power system to use different types of electricity, if each
powerline is used with different electricity loads, balancing the single-phase and three-
phase systems and reducing the electricity usage.

If the power consumption of each line is unbalanced, or the load is very different, the
line with more powerlines increases its electricity consumption. In this case, customers pay
higher electricity bills at progressive rates.

Figure 6 shows that the load behavior and total electricity power consumption in each
phase in 24 h from the demand side were unbalanced and the peak power was 140 kW. Each
day, the peak load is different and mainly depends on the classroom schedule occupancy;
for example, the weekend class schedule had the most signiﬁcant electricity consurnpﬁon.

3.3. Temperature Air Condition Control

Air conditioning appliances consume large amounts of energy in Thailand; in the past
few years, the government has introduced a campaign to decrease the energy consumption
in buildings by controlling the temperature and human behavior to meet comfort conditions.
In our case study, the older buildings had mostly installed a split-type of air conditioning
system, with many units depending on the office size. The traditional temperature control
for air conditioning operates individually, and the indoor temperature was the basis of
control for the comfort temperature. The microprocessor becomes essential in controlling
the room temperature for all split-type air conditioning systems using an on—off AC
compressor. The microprocessor reads the indoor temperature and outdoor temperature
via sensors installed inside and outside to compare the temperatures and sends the data
to be processed. The advantage of an on—off control temperature system is that it can set
up a comfort zone inside the room because it uses more than one temperature sensor per
AC unit.

The energy usage from the one-day data monitoring system was compared regarding
the total energy for the building and the air conditioning energy usage for the building,
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as shown in Figure 7. The energy usage for an air conditioner creates the highest demand
for the total energy for the building. The demand response curves are presented, which
peaked at nearly 120 kW-hour due to the outside temperatures.

Air conditionenergy usage
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kw

40
20

o L 4
01234567 8 951011121314151617181920212223
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—f— glectric power (Kw) = @ = Air condition electric power demand (Kw)

Figure 7. Air condition energy usage demand on average in kilowatts.

The transfer function of air ccmditioning and the room space, sensor, and controller
were organized to sample the response of the indoor temperature and compressor output
for the AC control algorithm. A traditional air conditioner uses a temperature sensor for
feedback. This causes a different control problem, wherein the control output relies on
sensing between the setting point and the actual feedback signal. Here, methodologies
are presented that use new control methods to prevent the need for more sensors to
sense a signal under additional conditions and implement more algorithms to achieve a
comfortable temperature.

The split type of air conditioner for each room included three units for each room.
The problem of temperature control for air conditioning is that it does not send real-time
temperature data to switch the air compressor on or off, which uses more energy power and
increases the energy consumption demand every day. The new controller unit presented in
Figure 8 uses three units of temperature sensors, DHT22, combining the data and control
more accurately with the data following the algorithm.
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Figure 8 The centralized multi-unit air conditioning temperature and humidity control.

Figure 9 shows the diagram of the split-type of air conditioning control unit. The
schematic diagram of the split-type AC system process involves the following steps.
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Figure 9. Flow chart of the air conditioning temperature ON-OFF process.

Air conditioning ON process:

Step 1: Measure the room temperature to calculate the time for air compressor setup.

Step 2: Air compressor ON or OFF process.

Case 1: ON process is set up for AC compressor running.

Case 2: OFF process is setup for AC fan running only.

Step 3: Computer load command for running air conditioning.

Step 4: Running AC is fully loaded.

Case 1: Preventive AC to start (considering priority, efficiency, total running hours,
start count, hours from last stop, weather conditions, alarms, and user activation).

Case 2: Consideration of temperature for running air conditioning.

Step 6: Provide start commands to corresponding AC and auxiliary elements.

Air conditioning OFF process:

Step 1: Measure room temperature.

Step 2: Determine whether air compressor is still needed.

Case 1: No condition process, cooling fan on, continue checking temperature process.

Case 2: Yes, condition process, process AC compressor condition.

Step 3: Select AC to stop (considering relative running house, AC load, efficiency,
weather conditions, alarms, and user activation).
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Step 4 Computer load and idle capacity of running AC.

Step 5: Idle capacity is more significant than the load of the selected AC.

Case 1: No condition process, running process from step 3.

Case 2: Yes, condition process, consideration of temperature for running air conditioning.
Step 6: Provide start commands to the corresponding AC and auxiliary elements.

3.4, Mumination Control

Lighting in the building was applied to various surfaces; when considering the effec-
tive levels for eye comfort, it is necessary to include the brightness caused by high contrast.
The visual impact of eye contrast can induce an area to create low or high brightness.
Generally, the reflectance of the workplace is between 70% and 90%, or more than 30 lux;
with the uniform level of more than 0.1, the reflection value from the wall is 50-80%, or
illumination not less than 50 lux. The use of lighting energy for 24 h data monitoring was
compared between the total energy for the building and the energy consumption of the
lighting system for the building. The lighting energy consumption creates the aggregate
demand of the building. The demand response curves presented a peak of nearly 10 kW
because the brightness in the building must be sufficient, as shown in Figure 10.

illuminance Energy Usage

0 9=00 00 g0 Vg 9 =0 =0
012345678 9101112131415161718192021222324
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=0 clectric power (Kw)  =<@=illuminance electric power demand (Kw)

Figure 10. lMlumination energy usage demand on average in kilowatts.

The technique of lighting control is specific to each room; the main processing control
uses PLC to operate data and command data though a soft GOT program to operate the
control program. The display system is presented by using the GOT screen via a mobile
device through a wireless network connection. The display system can be displayed on the
device via a web browser such as IF, Google Chrome, or Firefox, or it can be operated from
the touch screen. The PLC can receive the command from the GOT mobile device and the
touch screen connects with the output device such as to delay the control of the lighting
system in the building, as shown in Figure 11.
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Figure 11. Manual and automatic lighting control system: (a) manual control; (b) automatic control.

In Figure 11, the algorithm for the lighting control via touch screen will control the
lighting in front of the control panel, operating to work in two types: it may choose to turn
on or off the lighting system manually and set the time to turn on or turn off the light. In
type 1, the touch screen will divide the buttons to work with all lighti.ng zones to be used
and control the lighting in each zone, where each push button is a function and can be
pressed on or pressed off, and it displays the status of each zone.

The concept of remote lighting control via a mobile phone can be used to control the
lighting system from a web browser using an Internet signal. The signal is emitted from
the control cabinet, and the screen displayed on the phone is the same as the touch screen
and can be used in the same way as all touch screens, whether it is manually turned on or
off or uses a timer to turn the system on or off.

3.5. Case Study Analysis—Results

It is essential to ensure the optimal use of electricity from the electric grid during
the electricity peak demand for selected days by using 20 kW of the renewable electric
energy installed in the building electricity system. During the electric load peaks, it can
be compensated during the weekend classes that take place from 9:00 a.m. to 21:00 p.m.,
bringing savings regarding the total electricity cost.

Figure 12 shows that the highest electricity consumption occurred in phase A of
the electric powerline. To balance all three phases, the demand response and time re-
sponse algorith.m, chosen to decrease the peak electric power by 15%, was used du.ri.ng the
weekend classes.

The renewable energy collected into the battery storage device replaces the electricity
supply from the electric grid into the building's electric powerline, as shown in Figure 12.
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Energy demand after demand response control process
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Figure 12. Electric grid power consumption after a decrease of 15% due to the building demand response.

4. The Implementation of the Building Demand Response (BDR): Issues and Challenges

The problems of implementing the building demand response and time response
algorithm are based on several key challenges (Table 1).

Table 1. Demonstrates the problems and challenges of the demand response program and require-

ments to identify limiting problems.

Issue

Algorithm Challenge

Situation

Modeling the electricity demand load

Building demand response and time response
algorithm analyzes the changes in the electricity
consumption behavior pattern and electricity peak
demand. The development of the algorithm
characteristics includes the electricity demand load
and the aggregate demand load.

Develop the electricity load model based on the
HVAC historical load demand data including the
weather forecast, which reduces or increases the

HVAC electricity load demand.

Coordination strakegy

The building energy management coordination
with the smart electric grid and the renewable
energy stored as electric energy.

The smart electric grid technology in use with
programmable control power to switch on/ off the
power connection.

Hardware and software platform

ICT with different communication types between
the sensor devices and the energy management
system control.

Building energy management with multiple
communication supports a standard base for
easy integration.

Renewable energy load
demand-based power

The demand response and time response of the
building algorithm aims to set a comfort zone
operational level with energy control as a priority,
and operation pattem control of the split-type AC,
lighting, and electric appliances including the
electricity load demand, the time of electricity
used, and the building behavior

The algorithm needs to explore the electricity
required as load demand prediction, considering
the weather forecast parameters and other setup

variables, for the algorithm to find the best
solution to the building demand response and
time response

Waming system

BDR algorithm shows the most cost-effective
results and its limitations

The marketing strategies, adaptation, and
education leaming process

Table 1 shows the problems and challenges of demand response and response time
requirements to identify limiting problems and situations must be considered in the algo-
rithm. The structure of the load model describes the usage patterns and changes in the
building usage from the minimum load to the maximum load.

The development of algorithms and models has focused on the parameters for load
models to determine the needs of the comfort demand response, and it also considers
weather forecasting in a smart building and grid collaboration strategy to control the
electricity from renewable energy.

The software and hardware options of the devices that can be used in the communi-
cation system are wired or wireless. The power generation model is a real-time system
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and includes building demand load data and alarm systems, which showed the most
cost-effective results and constraints.

5. Conclusions

In this article, we present the real-time intelligent data control of a demand response
program for a low-rise university building that takes into consideration the centralization
of a multi-unit split-ty pe air conditioning control and illumination system. From the testing
of this system, the proposed design obtained real-time intelligent data from the datalogging
system on an [OT platform, displaying and recording data on the cloud server temperature
control, and the inside and outside temperature control for lower energy consumption,
resulting in a total decrease of 15%. The lighting control using a smart sensor obtained a
total decrease 10% with an additional 15 kW from 8.00 to 21.00, and the external power
source of solar power connected to an inverter fed the power into each phase of the main
distribution, operaﬁng at 10.00-15.00, to achieve the maximum energy ccmsumption at
12-18 kWh or 8% of the total energy consumption. Additionally, techniques to prove
the algorithm’s efficiency and its methodology are described; however, further studies of
other building constraints to be applied on similar problems need further evaluation and
model integration.

In summary, the building demand response, time response, and standard operational
method need to be cost-effective for the economical operation of the electric grid. The avail-
able renewable energy devices and the various electricity network types can be integrated
into the building energy management system in the use of renewable energy devices under
an optimal schedule.

As future work, new data from each classroom will be analyzed to apply the algorithm
and analyze its performance to approach the implementation of an actual platform to
achieve sustainable procedure control. The large PV system needs to be upgraded to
generate more power during the peak time, combined with mulﬁple choices of renewable
Energy sources.
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Abbreviations
The following abbreviations were used in this manuscript:
AC Alternating current
BEMS Building energy management system
BDR Building demand response

DC Direct current

DG Distribution generator

DR Demand response

EP Electric power

HVAC High-voltage air conditioning

ICT Information and communication technology
10T Internet of Things

kW Kilowatts

PLC Programable logic control

PV Photovoltaic

SCADA  Supervisor control and data acquisition
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Abstract

The purpose of this research is to present the energy management for the building. The power
energy appropriate between the use of the energy and regquirements to power consumption in the order
to achieve the maximum demand for using the energy, This research applied the present technology to
design the cireuits, to control automatic on-off switeh for the electric devices, for example, lighting, air
conditioning and computer, The conditions of contralling concemed the number of people and appropriate
temperature inside the room This model is made for demonstrate the process that are used the on-off of
the electrical device in accordance with the condition specified that suited for the used of the energy. This
model can help to save electric power in lecturer room A209 about 76,599 watts per week
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Abstract Building Demand response is considerred to
operate on the feature function of smart grid framwaorlk, that
can decreased a mount of peak energy by using a masive
integration of many choice of many alternative renewahle
energy generation with or without battery storage section,
this paper aims to overview of building demand response
and time response to optimazation model of building and
floor level section level to presented Then a description of
optimization method of schedles by demand response and
time response algorithm base on HVAC and appliances
consumption by considering emnergy cost and comfort
parameter inconsistency model based on various HVAC
power consumption at building are presented This
significant issues provide the suitability for demand
response and imprementation the future research of BEMS
algorithm details.

Keywords— Demand Response, Time
Building Energy management

Response,

I. INTRODUCTION

The smart grid integration and technology of
communication that can operate the efficiently deliver
electricity from generator to the consumer The features
ubiquitous data network to enable two-way flow of
information. the needs of demand will provide to balance
the supply in real time. its focuses on load demand and load
shaping to modifying the energy consumption pattern The
major study was focus on demand response (DR) approach
to decrease electric consumption by shaping. moving of
load demand to reserve to peak energy from mainly power
utility. The energy efficiency and energy conversation
configuration to advancing and foreeast of more percius
with penetration of supplementary generation such as PV-
solar generation energy power with or without battery
storage, power intensive load and other usage intelligent
appliance. [1][2]

The algorithm to manage a gain of electric power and
to reduce peak load has more concern for the term of
distribution network The summarize of demand response
management algorithm and associate in smart grid
technics and control to a variable of rescarch literature
paper, how ever it is found many recent building remand
response  algorithms comprehensive and not focused

properly.

This paper was focus on Demand Response algorithm
for building and the benefits challenges in efficiency of
design and implementation, then the rest of this paper
shows the background of difference scenario of the
problem, provide an optimization of model to describe the
problem, then review and glance from mechanisms to
identify the challenges and opportunities for future
building demand response algorithm

II. BUILDING DEMAND RESPONSE

The smart building consists of various type of
renewable energy such as solar power generation and other
which is can operate with or without a battery storage. The
demand response mainly is a change of normal electrieity
usage by consumer in response to external activation.
usually a monetary remuneration. In Thailand. demand
response is already a fact of provided through demand
IESPONSE Programs.

According to Ministry of Energy Thailand. Energy
Policy and Planning Office) EPPO ( i 2017, Demand
Response is an effieient way to provide consumers to play
a role as end-users This policy allows consumers to be part
in reducing the demand of electricity. increasing security
system of electricity and energy. and delaying the
construction of large power plants This policy will bring
benefits to the society and nation .Generally. consumers
may respond to price signal. and price incentive which the
government can transfer signal to consumer by the
channel An example of complete responsive electrical

power structure is the power system operator can send real-

time tariff information to consumers through mstalling
smart meter at the user end When the consumers receive

information, they can change their behavior when using
electrieity.

The operation of demand response program may
operate in real-time by hours/day of scheduling ahead in
generally Demand Response algorithm is calculate as an
increase an efficiency problem to decrease consumption of
electricity costs for the consumer else inereasing a
maximum profit for customer. The idea of DR algorithm
is to set a operation of zone comfort level. priority and
operation pattern control of HVAC, lighting appliance and
ete. The calculation of load control and algorithm
configuration tactics depend on the categories of load. time
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of used, service maintenance. technical constraints and
renewable energy generation. [3][4]
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Fig 1. Classification of demand response

Demand response can be categorized based on
consumer in changing their consumption behavior into two
groups of price-based and intensive- based demand
response programs and cach of these groups is individual
into several sub-groups.

However the demand response control mechanisms
will have undesirable. i.e. air-conditioning (HVAC).
lighting, ventilation system while also determine of their
operating time. The performance of the BEMS is related to
amount of energy consumed in the building. There are also
companies provided saving consumption clectric saving
with ICT tracking and monitoring for their client.

III. OPTIMIZATION OF DEMAND RESPONSE

[5][6]The BEMS is a combination-integer of non-
linear programming 1ssue with characteristic of dynamies.
many objective. The programming depended on choosing
of load types, pricing scheme, nature decision variable
involved and ability to include communication.
optimization technique responsive. and many solutions
have been required in demand response management
programming. The comprehensive of model description
for the building ecase related to hours or days ahead of
schedule provide and extended to real time monitoring for
system condition. [5][6]

A. Methodology

To review this topic. the approach was scope on the
study from proceeding paper and journal & applied in
scope of the demand response issue survey to derived
important aspects. identified the issue and the challenge of
demand response optimization method in the building and
research direction are First, the average hourly power
demand for building load needs and the sizing to minimize
the difference between the power generator such as
renewable source and the requirement of load over period
of time. Second., some work only focus on mathematic

model and strategy of simulation model but some research
have to consideration of realistic problem and some
possible problem and analysis on future scope of work.
Third, the algorithm and solution was depend on some
factor of load variety amount of user cooperation and other
structure involve which is unified approach to fit most of
the problem case.

Table. 1 Demand response optimization

BEMS level Aggregated
Data
Objective -Min.of production -Minimum cost
cost .
N -Maxumun
-Max comfort self- ﬁ)_tfpfon of
social life
-decrease load peak
-Self consumption
renewable energy
generation
Contraints | -Ihermostatic  and | HVAC and all
non-thermostatic appliance
control (HVAC) controlled.
ohti g | pries and
-Lighting and | ynstable, load.
veniilation control distribution
. S network
-Parameter limited operational ctc..
-Time of usage limits
Benefits -Multi-choice of | The sharing
and renewable energy system network
limitation . and the used of
-Privacy and | . . )
T information for
limitation are peak
best benefit
rebound. )
between
mternal  1ssue
and agent based
dependency
Component | -BEMS manager with | Hierarchical
wireless. PLC, | structure with
SCADA. IOT | agent and
communication centralized
agent

Most research paper are available on DR algorithm for
BEMS have found focused on power generation by using
additional of many choice of renewable energy generation
and distributed generation at respectively level. In this case
is one of the challenge with smart grid technolog
mmplementation.
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The clectrical circuit control system for building which 1s
itrol AC and DC power for load used then, communicate
as and command between mtelligent sensor and export to
itrol device such as smartphone, cloud or tablet. The
:ration of this system start from using the interface system to
irol electricity from the input unit from all sources such as
art grid provider via smart metering or from internal power
1eration source (PV, Wind turbine or DG). The system will
:ck the completeness of the power quality before supply to
ctricity distribution module then, the load will request a
rent flow command. The functional from controller decide
power usage in the building which is communicate between
control unit and intelligent sensor to read the quantity of
wer usage from each device though internet gateway module.
N, WiFi, and mobile phone.

The intelligent sensor unit can collect datas and command
m centralized control unit and measure electric value then.
«d it back to controller unit. The sensor has identification code
t receive though communication system and make the
pment work like computer. The datas is encrypted format
e to recognize the detail of the information.

In the order to activated device status that will know which

rice is required. This data can communicate though LAN,
C, wireless or SCADA system in the building that control to
cive and sending datas t the network and produce
ntification code for destination equipment. The key factor to
ke a system suitable application requirement while all
ctrical device running. The processing unit will know the
ctricity consumption of the past and know the demand for
ctric usage in the future which can make predictable of
ctrieity used in the next 10 hours.

The processing unit will control the power consumption and
wer flow management in the algorithm of BEMS, datas
nmunication in restricting condition of energy used from load
rices inside the building and can monitoring and adjust power
ige from communication device.

Case Study Data Description

The data used for this study. was collected using a digital
wer meter installed in the MDB panel; then the digital power
ter data transmitter sent the data to the converter device, and
m there to the RS485 channel. connecting the RS485 to the
nputer, where the power management program 1s mstalled to
dy the clectricity usage pattern in the engineering building.

Fig 3. The display of the digital power meter

The electricity consumption, recorded in the computer via
the RS485 port, displays the real-time data storage. The
electricity consumption can be displayed as both a graphic and
Microsoft excel data sheet, showing the total electricity
consumption used in the MBD for each phase, such as Phase A,
Phase B, and Phase C.

The configuration of the demand response in the micro-grid
building manager system can limit each phase of the peak of
clectricity used, showing the peak data every 15 minutes. The
program also shows the average electricity daily consumption,
the total electricity consumed in a day, and the data can be
viewed i a Microsoft Excel data sheet.

The used of single phase appliance in a three-phase power
system, is split into three units of electricity single-phase
systems, to use at different power: if each power line is used at
different clectricity load; that balance the three single phase
system and save clectricity usage. If the usage of cach line is not
balanced, or they are very different in electricity load, the lines
with high volume increase the electricity consumption and,
therefore, the customer pays a higher electricity bill at
progressive rates.
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Fig 4. Electric gnd power consumption without building demand
response
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Figure 4 shows the three-phase electricity power system
consumption cycle trend per each electric phase. From this data
we can make some observations and assume some warnings.
The electricity power consumption in each phase is unbalanced
and the peak power is 120 kW. Each day peak load is different
and depends mainly on the classroom schedule occupancy; for
example, the weekend class schedule has the greatest electricity
consumption.

IV. THE ISSUES AND CHALLENGE IMPLEMENTATION

The issue and implement base on above survey to identified
key issue and challenge for demand response issue.

Table 2. the issue with key challenge

Issue Challenge Occasion
Algorithm

Load DR can reach the Development of

modelling problem to analyze | load model
the change of based on
consumption with | historical data
the building status | and parameter in
of using power the comfort of
behavior and DR signal i the
status. operation of user

Coordination | The coordination The technology

strategies between BEM and | of smart grid
smart grid inverter | with
with additional of | programmable
renewable energy | control power,

time. duration
for on/off power

Hardware The multiple of BEM with

and Software | ICT with multiple

platform difference type of | communication
communication support and
between sensor develop of
device and EMS standard base of
control. easy integration

Based power | The real time The model needs

from generation model to explore the
renewable depended on the term of
generation weather forscast generation with
and load | and local weather | consideration of
demand profile and load load demand
demand depend on | prediction by
time of used and setup for the
building behavior | machine to learn
with model
process
Warning DR program The adaption of
system vsually shows the | marketing
results from the strategies and
program command | education

Table 2 shows the issue and challenge of building demand
response, time response to identify the problem and the
constraint situations to be considered i the algorithm. The
clectricity load model explains the building consumption pattern
and changes. from low load to high or peak load. The algorithm
and model development are focused on the loading parameters
to set a comfort demand response and on the weather forecast.
The coordinated strategies work between the building and the
smart clectric grid to control and wse electricity from the
renewable energy. The hardware and software choice of devices
to use in the communication system are either a wired or wireless
system. The power generation meodel 15 a real-time system
meluding the weather forecast profile. the building load profile,
and the waming system. The model displays the most cost-
effective results and its limitations

V. CONCLUSION

This research aims to present the function of demand
response and review all methods on difference solution of
building demand response management system. From this
review, that is consideration on difference modelling to match a
building requirement and energy usage of all devices such as
HVAC., lighting ete. The forecasting data and user behavior are
concern to set an objective, also techniques to prove an
efficiency of methodology are offer: however the studied of
those method to be further and apply on a similar problem to
appropriate of qualification and integration challenges.

The common of time scheduling by a day-ahead and real
time demand response need to focus by increasing efficiency
strategies based on renewable energy generation and adjust
computational complicated.

The sumuarize of building demand response, common
operation method will need more affective on cconomic
operation of grid technology and various type of network for
more reliable. The efficiency increasement tools must approve
smart solufion of management of load concern and effective
strategies negotiation between BEMS and total optimization.
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