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Design of Building Energy Measurement and Monitoring System
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Abstract

The electrical energy demand in buildings continues to rise, making energy monitoring and
tracking an essential factor for effective energy management. This study aims to design and develop an
electrical energy measurement system capable of collecting accurate and reliable data, while supporting
real-time monitoring of energy usage. The developed system can seamlessly transfer measurement data
from monitoring devices to a user-friendly display platform, enabling convenient access for users. System
testing, conducted in comparison with a standard energy measurement instrument (Fluke 1738 Power

Logger), showed that the real power (P) and apparent power (S) have deviations of only 3.485% and

9 | MFEIIIBINVINRIIN UGN

JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)



0.832%, respectively. The measurement results had relatively small measurement deviations. These
findings demonstrate that the proposed system is accurate and practical for real-world applications, and
holds strong potential as a tool to support building energy management and future development toward

smart building systems.

Keywords: Energy measurement system, Energy management system, Power meter, Energy monitoring
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A o ) av v ' ' a Y o a | v o
WathAmdsnuilaainusazsiaian 5 wiiuiuIndunasn 24 $2lu9 50 288 114a1 azbaarndaanuluiln
| @ A = v = a a ~ o & v o A o v
sausaTumuaNn1sy (5) Feanunsaasoudsusunaunsialuinesdunisiu eaundsnuiiluldanulaenss
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Egay = ZEkWh,t (5)

°

anlwihdmsugldlnidszamd 3 s1efl 1 wansdnsalihadaananveanisly
ﬁf'fqf\]zmﬁ’a%’ayjaﬁwé’qlw%ﬁﬁuﬁﬂnﬂ 5 Wil danaaiugia evmdsaulndn (kwh) vesusiazeig uaz
sunanaenit Ty At uazenndsnd uras On-peak Wag Off-peak mulas9as199ns1v0an15tW#HA
uaﬂmﬂﬁﬁnﬁaﬂmmﬁné’ﬂw%qqqm (Demand) TnefuiAadsfddlugaaaa 15 und wazLHONAEIER R
3ggni1lUAnAT Demand saufiuAInasaulu dloldndsautia Peak uag Off-peak udd Femnduianduy
AlTa8A1UNaY @91 Demand Vfléfamﬂ"lfﬁ”]é’ngqmgﬂﬁmmué’mwﬁﬁmum N3FOUTMAITNITUITALADUY

AN Ft ez USUsmUmIBsknnmas wazinusiunu VAT 7% wislilaalnisiudeiiau

UNAMUT

Costenergy = (Con_peak X Eon peak) + (Coff peak X Eoff peak) (6)

Costaemana = (Caemana X Paemana) (7)

Costpy = [Cpe X (Eonpeak + Eoffpeak)] (8)

Csubtotar = COStenergy + COStyemana + COStrr + Coerpice 9)

VAT =0.07 X Csyptotar (10)

Costiotar = Csuptotar + VAT (11
Tl

Con peak 719 ANMNHIAIDMUIBNATIUYTI On peak (L19/KWh)
Coff peak 79 AMNTHIRDNUIBNAIULI Off-peak (U191/kWh)
Coemand 710 ANANUABINITNAILAF (UN/KW)

Coenice  A® ATUINITIELADU (UIN/LROU)

Crt A9 A1 Ft (U1/kWh)

A1919% 1 Saselnlieutiaiairesnisld (Time of Use Tariff : TOU Tariff)

. . AAUADINITNASINAN (Peak) | A WAIUINAY (U/vdae) | Ausans
seaunsanulnin o =
(Uw/Aladng) On-Peak Off-Peak | (UW/ihaw)
WS9AU 22 — 33 Nlalian 132.93 4.1839 2.6037 312.24

NAN158WaZaNUTIUNANITIVY

HaNTIdBLarNITAUTBNAEnI A UNAN1SALEUWITY ﬂgﬂu@ﬁa;ﬂaLﬁ?NU%ﬂ.ﬂmLLazL%mmmw
wiautian1sfanuvineuazd exlesiungul nnsesnuuuszuunTaTandselninlueiasuazyiins
naaeuTandsnuluomsuandiiiuinszuuiiained uaunsonnatandslnilgnuioonuuy 3Ui 4
wansransnIaiaAsdinesmsliiin lunisussidunnugndesuesszuy Idusuiisuiingainen
syuuinaund utuad esiiosnsda Fluke 1738 Power Logger nneldanaznisinauieadu Ingfiarsand
aupaaadeufosazvasnsfiwesmlii Toun wsewiy nsvua masliihese ddslnisuendiv fidaludi
Us1ng Al wazsusenauids
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3PA-Current 3PB-Current
79.194 @ 59.2a @
August 27 14:27:43 August 2714:27:43
Normal Normal
3P-kVARh 3P-kwW 3PC-Current A-B Voltage
0.73 kvARh 39.01kw \ (‘) 64.72a (‘ 4) 404.51v (‘g)
August 27 14:27:43 August 27 14:27:43 August 27 14:27:43 August 27 14:27:43

Narmal

Normal

Normal

Normal
3P-kWh 3P-PF A-C Voltage C-B Voltage
84.8 kwh 0.82 403.98v @ 405.03v @
August 27 14:27:43 August 27 14:27:43 August 27 14:27:43 August 27 14:27:43
Normal Normal Normal Narmal

= P a s
JUN 4 wan1snsiaiadmnsdiwesmaln
Start Date Time BW Period History Parameter (5 minute average)
31/08/2025 =] 00:00 [¢] 7 Day b
Start Date Time BW Period
@OoaQMari= 26/08/2025 o 00:00 ® 1 Day v
oadmall=s

L

Sum:6146.21 Average:9.17 Min:0.24 Max:39.96

Download raw data

Sum:1141.47 Average:12.02 Min:0.36 Max:32.52

Download raw data

(n) ()
JUN 5 mdalviihse 7 Tu uagiddiih e uinsininlumbeilaingd

U7 5 (n) waneindsliihee 7 Suiinsaaialumiedlaind sewinedudl 25 - 31 donay 2568 Sl
3980 39.96 kW U1 5 () uamarindalinsiedu vesiuil 26/08/2025 (Aedsyn 5 wiil) Mmsuuanslvan
grutnansiulszanm 2-3 kw Inanvastasnansiuil 20-28 kKW warlvangeanil 32.52 kw Tutaadiss 9niu
Tnanros 4 anas delvasadeeiu 12.02 KW Aean 0.36 kW uazAnilundsnunaeniu 288.5 kwh
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M15199 2 NsUSeuAgunsiwmesneluiin

o . A191n Power meter SEUUNTIVIANAI9U A1A21UAATA
WA Fluke 1738 Power Logger fiatredu \AEBY (%)
wa A wWa B | wa C wa A e B wa C
wsasuluida (v) 400.55 | 401.99 | 401.45 | 399.26 | 401.60 | 399.83 0.274
nszualniin (A) 6771 | 53.74 | 5938 | 71.07 53.08 | 59.42 1.515
Maskising (kvA) 42.09 42.44 0.832
mMaalniase (kw) 34.43 35.63 3.485
maslnin3ueniivl (kvar) 24.21 22.79 5.865
AINE (Hz) 50.03 50.03 0.00
fusznauas (PF) 0.83 0.84 1.20

mi’mw 2 LLammiLﬂiﬁmeﬂUWﬁ’mmaim’mlﬂﬂmmmn Fluke 1738 Povver Logger IREREATN
v Tanduiiasetu veeTuil 3 fusteu 2568 1987 15:30 u. 9NN INAFEY svuufiiannTuannsansiata
wagfnmunisiwesnialiildesseadies sammmmsnawmﬂamu V-BOX H-WF lUgsszuumaniniaz
LANINAN 1Y mDashboard lanuutTealnal n1siUssulvisuny Fluke 1738 Power Logger U7 1A AU
ABNALAADUTBILTIFU NTTULE maglninusing masluiass AR LLazﬁaﬂiSﬂaUﬁwé’aagﬁ 0.274%, 1.515%,
0.832%, 3.485%, 0.000% Wag 1.20% AUAGU mmsﬁﬁwﬁﬂﬂﬁﬁLLaﬂﬁWﬁmmmﬂmﬂLﬂﬁauqqqm 5.865% 4
Wuvssduiimsusussdusuian wadananuansiiuinszuuamsathulddmiunisanaiauas i
stuvumsldndsnluenasld egrdlsinm nmsldnuiidosnsanuuiugigemsiinsangadnvuzany
wiugwesgunsalasiainfisdy JUA 6 uansmsasiatamsidmesmsliiingieninesiives Fluke 1738
Power Logger L‘U‘%‘auLﬁauﬁ’wmﬂﬁsmawaLLagLLamwamii’mwé’mulw%ﬁa%wﬁu

4024, 019, ) 438548
W sl L 2 24.980 |
.94

JUN 6 MInsiaiansilineimelniidien1iiesiwes Fluke 1738 Power Logger
wWisulguiugaUszinanakasianmanIsianasnulninnastu
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Jsgtnni 3.2
- 22-33 kV 39.60 kW 5,493.60 kWh 756.00 kWh 1,024.00 kWh 36,965.83 U
AanN15vUIMNaTNe (TOU)
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#3UNAN13IRY

MnNNsesnuUULAzTmLITEUUATITandsnuliiitluenns wuirssvuiiaieduanunsansiate
Amnsdimesmalninldasudumuiieanuuy Maussiu nszua fdslaiiade maslihTueniin uazand
Usgnaumda namsnaaeumsiamaaluiinseiuluiud 26 deneu 2568 uandliifusuuuulnaniiaonados
AungAnssunsléaueians lnefilnangiugasnansiud 2-3 kW uagdeanmdsluifingean 32.52 kw lugag
nanetu samdsnunaontu 2885 kWh viirnadeiaiuegi 12,02 kw dumsnsaiadeiiodutag 7 5u
semineTuil 25-31 demau 2568 wuindmaslaiingean 39.96 kw uansisanuaansavesszuulumsiiuuay
Annudayasyeze dlevhnsiuseuiieueniifalatunsosiossds Fluke 1738 Power Logger wuinaa
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Abstract

This study presents the development and hardware validation of a first-order equivalent circuit
model (ECM) for a lithium-ion battery using MATLAB/Simulink (License No. 41282542). The model
consists of the open-circuit voltage (OCV), internal resistance, and a resistance-capacitance network to
represent the steady-state and transient behaviors of the battery. The model parameters were
determined from the relationships between the state of charge (SoC) and the electrical parameters of
the battery. A hardware testing setup was then developed to measure the battery voltage, load
current, and SoC of a 3.7-V, 12-Ah lithium-ion battery under a discharge condition for model validation.
The comparison results showed that the simulated voltage, load current, and SoC followed the overall
trends of the experimental measurements. The simulated voltage decreased from approximately 3.68
V to 3.64 V, while the experimental voltage ranged from approximately 3.67 to 3.65 V. The simulated
load current was approximately 1.70 A, whereas the experimental current ranged from approximately
1.60 to 1.65 A. At approximately 1,200 s, the experimental SoC was 29.8%, compared with 28.0%

obtained from the simulation. The differences between the simulation and experimental results can be
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attributed to physical factors that were not included in the model, such as temperature effects,

variations in internal resistance, and losses in the practical system.

Keywords: Lithium-ion battery, mathematical modeling, equivalent circuit model, first-order circuit
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WsUBY 9 wseuneaslmsasanansasuallded

Vear(t) = Vocy (£) — V1(t) — Vo (2)
(1)

N

1089 Vgar (t) Ao w90 ulnidn 192999299 5UUAAB3 Voey (1) Ao ussaulninisaslavesiunines Vi (t) As
usIUANATOUMIAIUNIULAEAIAUUTERYRTIns uay Vo(t) Ao ussiunnaseumsimumudiinis Tuawidei
muualinszua Sanduvinlunsdnisasyszquasiunned wazarduuszansililunmsmegeuunainaive

VD9 Yao hagaay [15]

v Y v I3

AYBITITURNATENFAIIUN LA AILAUU ST TvIa U sulUaslunuiig Snansenuannseid
ARREUIAAN Ipeq (£) WAZHIAUNIU R, (£) A9tU n1sAmwinanssaulugsnaidaly V(¢ + 1) @wnse
Auadlaanaunisaelull

Vl(t + 1) — f(ILoad(f) _ Vl(t) )dt (2)

c1(t) C1(£)xR1(t)

'
=

U3 R, (t)

=

Tnefl V;(t + 1) fio ussdunnaseuauiunulazduiulszagaivila ¢, () Ao duduuszquaiiv

D ATIUAUNUYATIVI WaE I0q (¢) AD nIzualiiiilvaniinduluisaswunmes

o o o

A197199 1 ANFUUTEEND d; dmMSUNITAIUINANLAIUNIY Ry (t) Auaunsil (3)

fuUseans AN
d, -0.04868
d, 0.2129
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duuszans A1
d, 10.3831
ds 0.3659
dy -0.1996
ds 0.06241
ds -0.01078
ds 0.002851

Tuvhueafeaiu NMIAUINAIANUAUNIUTLEY Ry (1) Faduarmnudumuiduiusiuatanius
Uszguosnunwesiuiugulunsieszissuulwihiinsisuwdaussiulnihmuamenssuadilvediu way
A1 Ry (t) anunsamwiailaain

Ry(®) = (do x SoC” (1)) + (dy x SoC® (1)) + (dy X SoC® (1)) + (d3 X SoC* (¥)) +
(dy x SoC® (1)) + (ds x SoC? (1)) + (de x SoC(t)) + d,
(3)

19871 Ry (t) Ap A udumunslusifings d Ae A1AINYBILUANDILAINNITNINADILEATIUAISTA 1 L
SoC(t) fi® @0 ULUTLANTRDYVRILUALADT

aun1sh (@) uanaeaNudLRUSsEnIUsRUlng V,(6) Minainnseualuin 1,,.4 () Nlvianiuaig
FIUNU Ry (¢) Tnee1989annaunsiansnsaltlumsmuinssiuanAsouaLa Ul R, (¢) Arenuaiumuniely
FInle uagen Vy(t) Lannail

Vo(t) = I oqa(t) X Ro(t) (4)

1ne? V,(t) Ao usssulniinnaseuaudumuinuils 1,44 (t) Ao nszualiziifaduluisasiuameiided
M3neluan wag Ry(t) Ao Amusuyuniglusinmile

4:4' Yo ' da a = " oA a
aun1sh (5) TRuwinnisussunariaa usyssguasunneiiifoulossy Jaluafiuansliuiu
nisunmResgluluaneTlaliiguiuauaiaviiaveILUnWes IneAanuzlsey SoC () Muinlaan

100
a¥x3600

SoC(t) = SoCy — [ I oaqa(t)dt (5)

lagfl SoC(t) Ao anurUTzniiead Yok UALADT SoC, AB ANEATULUTEYLTUAUTDILUALADS UAT a® D A

Y

ANHUBMUANBDT (Ah) annuzUTERVBMUAWBIgNAIMMETSNTavauysEgliihanAnssuanUisuudas
munan lngerderanugiinmusvesuusnesuazanurUszsusuluteulubuduveinisdiass [16], [17]

W59 U TR Voep () Fauduuseruninladfiobiiivanounatuwunineinssunaanglnin lned
MswUaiumuanuzsyUeIwUnmes a1usadalaanaunisi (6)
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Vocr (£) = (Ko X SoC3(t)) + (K; x SoC*(1)) + (Ko X SoC3(¢)) + (K3 x SoC?(1)) +
(K4 X SoC(t)) + Ks
(6)

108 Voep () Ao usssiulninigasilaveiunnes wag K Ao A1AlaaInn1snnaslanssianisnei 2

A157199 2 ANFUUSEEND K; dUSUNITAIUIAMNAIUNIU Vpey (£) AINENNST (6)

Suusana A1
Ko 5.062
K, -15.72
K, 18.57
Ks -9.559
K, 2.508
Ks 3.333

N1SAUINAIAINA UV Ry (£) Fadurianudiumuluisesauyaveswumned tagldaunis
Polynomiallunisimalaedusgivassdiuusman laun ArdniuzyseaveiuunnaiuazA1ni Inga1ves
R, () Awaulaiann

R, () = (ag X SoC8(t)) + (ay X SoC” (1)) + (az X SoCo(t)) + (as X SoC3(t)) + (a, X SoC*(t)) +
(as x SoC3(1)) + (ag x SoC%(1)) + (ay X SoC (1)) + ag
(7

1ag? R, (t) An AIANAIUNIUATEI UYL UUTIADMIANAAIAATUDILUALADS WAy a AB A1ATILAIINNIT

YNAADILAAIUANTITN 3

A157199 3 ANFUUTEEND @; EMSUNSATUINAINAIUNIY R, (t) Auaun1sT (7)

Suuszaus A
a 0.2345
a, -1.438
a, 3.497
as -4.409
ay 3.135
as -1.277
a 0.2909
az -0.03471
ag 0.002402

v v & = & v & YY) = :4' 9
gavng Ardanulsey ¢ () Faduadaunuuszalurasauyadudunilsvesiunnes lagldaunis
Polynomial infloumanud1uniu Ry (t) Tuniseuialaetueg ivasadiaudsndn laun Aranugdseques
WUALADI AT AR wazA C, () Awanlaann
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€, (1) = (co X 107 x SoCB(1)) + (1 X 107 x SoC7 (1)) + (¢ X 107 X SoC6(t)) + (c5 X 107 x
SoC3(1)) + (cy X 107 X SoC*(t)) + (c5 X 107 x SoC3(£)) + (cg X 105 X SoC%(1)) +
(c; x 105 X SoC(t)) + cg
(8)

lnedl €; Ain AARMARINNSUNINTEETRIloaaY kae ¢ AB AIASTLARINNITNAaRIRILARTlUAIT1N 4

=] "o a £ o w ° v =
M99 4 ﬂ’]ﬁm‘ﬂi%ﬁ‘ﬂﬁ C; F1RTUAITATUIUAINUATUNIU Cl(t) AUFUNIIN (8)

Fulseans A
Co 1.139
Cq -4.641
¢ 7.585
C3 -6.355
Cy 2.875
Cs -6.515
Co 3.539
cy 1.356
Cg -107.2

2.2 29I NTIUUUUT I UALADTAIT HUVDININ B 29 TAUY ABUA UM

wuuseameadnmansvosnunneivemguisasauyadusunieiasud 2 gnlilunuidendsdide
AnsgsingAnssuvesusasuuunnedidefivandenso Tl auswiunensila Voe, (¢) uazusadiunnasoud
Aaananuiiumunieluvesunne’ wuusaestisynoudioumasieus Voo (£) Sunusieaausasiu
vosuuame3luanMzlneg amuiumuneludseonidu Ry(t) Suduraudumuiiudsuadun
amuzﬂazqmamwmma’% wag Ry (1) %ﬂl:ﬁuﬁﬂﬂ’)méﬁuwﬂuﬁL‘ngEJﬂJLLU@Ql‘LJGﬂJJﬁO’MSUiSQ‘UENLL‘UG]LG]E]%I Tnedlsn
Audsey GO dusunumemginssunsnevaussdelvan mavhautensasiazdeliasodianussdiu

YDWUALADT Viar (0) Toeensuwiugiiodouneiulvan

7
/fl

RO (t) ILaad (t)
- 20
A0 RO
Vl(t) Vipar () Load
Voer (2) l
e ™0
ILoad (t)

SoC(t)| & o
0

FUN 2 LUUTIABINNALAAIANTURILUALABIABENTRING B 1ATAUYASUAUNT

25Iﬂsaﬁ"iﬁﬂnﬁ'wﬁamuéquﬁu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC



SoC, SoC,

Load (t\ -t

SoC(1) Ve (1) el

SoC(t),

- ILoad (t) l
>+
R—ir . SN
»SoC(t) C > C 1
+
Controlled
RC Values Voltage of RC s o —‘ @ CI)/ZI};Zg: Viar (0)
= o
——»(SoC(t) R, >R, ” A -
0
> ILnad (t)

JUN 3 wuudaemnadamansvesassuiunilvasuunmasiaglilusunsy MATLAB/Simulink

2.3 299N MTIUUUTIADMNIARAFENSUBIUUALABIIAY MATLAB/Simulink
wuuSaesaINSIsesiuTnYe Mg i 1sesauyasusunilaveauunned (Battery Equivalent Circuit
Model, ECM) uanslusuil 3 gnasistusnelusunsy MATLAB/Simulink Litel§lumssiasswgnssumalyifn
vosuunmeIaselessu Tnsuuuiaesivszneudeussiulaasasiitutuanususzy sudueieteaai
fumunaziLiuUsRdsliununisaeuaussuuumain (Dynamic Response) wazanusumuneluilduny
n1saadonuulesiudn (Ohmic Loss) usadusinainesddsenausne q sgldussfuiiunesnveuunine’ o
anunsoosuednuurnshaidluanmeasiuazanztansvesmImeUsqldgausiug
wuudraswnandamansgniluimuilulusunsu MATLAB/Simulink 1ilesassmginssuusduuay
n151Wd suuUasvesaniuzyszanieldaniznisaeuseqiiivun laslassasiawesuuudasad enles
anuduiusseninsannugyseq usiuenda arwdunuagly waswnsiiinesvenaas RC Lileldduan

LSIFUNVLURLHBTAIULIAN

3. n1seanuuUasawsielflunsadeuvaunLADS

SUT 4 uansganeanssnsausiimundudielilummagounismeusrquesuunineiaifoslosauats
TneiinguszasdiieiUTouiiounanisvinueiwesuunined fuuvuiasmsadamansinamulunuide
szuuveasUUsENeUMBUUAWEABoulesauLIn 3.7 V Adg 12 Ah duimihilfuuasiendanuliiy
Tvaniidvun szuumuaunsdesselanseiadfidemilaglilasroulnsaiass vazifortulsafulaznsus
vosuumnoIgnaseinuar tufinedssellawmasnrianainisaeusey deyaildgninlulilumsdwinuay
WisuiisuAunaanuuudiass MATLAB/Simulink neléifeuluGusuiieaiu

Tussuunanosdinisfisdawuwes ianszuauazussiuiiion e iang Anssuveauunnedluszuinens
vihau Tasaniilsazgndatnglulasaoulnsaiaesuazdssslussnesiames (Monitor) liletiufinuazuszanana
foya uenaniidaiiedesiiotameusn wu woutfwesuarhadfives dwiulianaaounrugniosesiiin
Idannszuu deyafiduiinliazgnlilunisimsesivasiusoudiouiunanissiass ieusuifiuanuuivduas
UseBrBnmmasiuusiasnunneiluanrads fadutuseudidglunimsndeunnugniosmesiunani

ﬂiﬁﬁ]ﬂ’]ﬁﬁ]%LLa%ﬂ’ﬁﬁwu’ﬁgUUﬁﬂ mMsnasnulusumag
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4. NANISNAABILAZILATIZHHANIITNAADY

N1SVARBATUAUIINNITINUAAN LU T TUAUVDILUAWET MINUULTBNFBLURNIITULaAUAE
Suduiindeyaussiuliiuaznszualvanaudianaidmun deyanlaanmsmaaesgnianldlunisussiu
n1siUdvundasesaniugUszquasidisuiiisuiunanisdnass lngdmuadoululudureswuudiassli

aanmadnudaulvveInIsnaans

4.1 nMsuSeuLigunsenu
NANISNAABINUIN LIIFUYDILUANLADS F3IAAAININATNULUUTIADY ILSUAUNALALINY NANIT

Wisuiiisuuandliiiuinussiuanmsveassuaziswuaniuudassdivwliuanamiusseznainsaelssy
Tuiimnadeaiu egslsfnu sUuuuumsiasundasmoaussiuiiinldansyuuedainnuiumiusnnnimaain
wuudiass mnuuanasianaenafeItesiutadenlildsuegluiuuiasdasasiBen 1wu nsvdsuulag
vosgamnil Anusumuesagliiayyaidonsie nsAsuamesnuiumunely uazdnwazmsihay

Yo4l1an
Battery Voltage vs Time
3.68V —327n Hardware

3.7 —31n Simulink []
>
g ]
g 3.65

3.64V
3'6 Il 1 | 1 Il 1
0 200 400 600 800 1000 1200 1400

Time (sec)

JUN 5 MsiSeuliiguussiuuunaessenitnsnaaeumeeninwsuazuuudnasdly MATLAB/Simulink
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Load Current vs Time

2 T T T T
15 . I 5 NN W W |
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< 1.65A 1.70 A
©
S 1 1.60 A
05 —ann Hardware)| |
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O 1 l Il 1 1 |
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MATLAB/Simulink

gﬂ‘ﬁ' 5 kAN UT B UL B UL TS U LT U0 I UAADS 5L 1INANITNAAB 93 AT NANITTIAB IR Y
MATLAB/Simulink ‘W‘U’J"]LLSGﬁﬂiWﬂ’]ﬁ]’]ﬂﬁﬁﬂaﬂﬂiiﬁﬁLLu’JIﬂlﬁJaﬂaﬁW}ﬁJL’Ja’]ﬂ’]ﬁﬂ’]ﬂﬂi%q lnanan1s91a89anas
9nUszana 3.68 V10U 3.6 V vuziinansvinassaiseylutisUszana 3.67-3.65 V dnwazdanaouandli
Lﬁudnu:umi’waaammﬁaaxﬁammﬂﬁumiamawaqLLinﬁuIWmemema?msflé’faﬂnmﬁmﬂﬂﬁm;ﬁmaau
1)

athalsfinm nan1sneassaddidnvarnmsvdsuwlaswsuswiuiurgiannnimnanissiass denauia
mﬂ‘wqaﬂﬁmaqu:umLma%‘ﬁaﬁlé’%“u@w%wamﬂqmmﬁ madsundamesnudmuniunigly minevauewes
Tnan unzanugapdeluasliuasanidouse vazfuuusassdudunilddmmuduiusvemimosiidut
soC iundnuazlildsiunansenusenaiegneasden faiy AmnuLAnA1wemadnssaiaut o inues
LuUF1aedlUMIUNLNG AN M NN MUBILUALADITS

4.2 nMsiSsuLiigunsuE

gﬂﬁ 6 LEMINSUS U UNSELALNAATEWININANITNARDITITIALHNANITINABY NUINTELEINAnRIN
Wwasensaiiuudldulndifesiu Tnendsenraadudureinsvhau nanmsiaswananssualnandssunal
1.70 A vaugiimnitinldannsyuuadseglutaaszana 1.60-1.65 A TnefinnauannaUszana 0.05-0.10 A Ay
uanssienanasowimginssuvedivanuazmsiUdsuulamessiulussuutssdearensyaiiiotuy S
Lilagnunuegsasidealunuuinass

ASWNTeRITRINsERAIINNISNAABds Bl suisufuaifiAout1ensfianuuUsIaese L AneIN
puumunglurosunaes mmmummaamalw woAnssavaslvan uazalliinsfivesszuute Sslalle
aﬂmaaaamqauLaamiuLLuumaaaaumwuq YBNINE MsanaueInsELaluTTeve N SnaDIeNdLTLS
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45 State of Charge vs Time

T I
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JUN 7 msilSeuiieuAseduuszanunnes (SoC) 3nn1singniawisiaznisdiaasiiy MATLAB/Simulink
LEAINALNA LAY URADALIAN

4.3 maSsuiiguanuzysey

JUR 7 wansnsieuiiisuaniugUszq (SoC) 5¥MI1aHANITNAABIIT ILALHANITTIADIA 8
MATLAB/Simulink nu1iisaansdifiuulduanasmunaimsaneyszq Inglutiananiszana 400 s A1 SoC
9INMINARDIITIINAY 39.98% vz iinanisdrassiiaUszana 40.0% Andunrmuandnalsyann 0.02 99
Wodidud uandliiufnnuasnadoatugdutaafureamavagou ilenainsameyssyifinduauiessum
1,200 s f1 SoC NMSvIRABITIAnANERUTEIA 29.8% VarTinanssiassiiaszanal 28.0% vidediau
uanAneUszam 1.8 gaiedidud auandsiiiutudenauluoaiannuaazauvesauamaindeulu
nsUsEINA SoC afsdvEnavesgamgll anusumuniely wazanugademaluinlussuueds ddlalsgn
N9130108 198z BenlULUUTIRY

nansFsuliisuaniugyszquansiiuitlurias uduvesnsvnasy wasnuuusiasdiniig
aafﬂﬂe’fadﬁuwanwsmaaﬂmzﬁuqq TaofinauUszann 400 s A1ENULUTEINNTNAGDUYINTY 39.98% YUl
nansSraesdiaUszanm 40.0% ogslsfn Woszernaimsneusraifiatu mnuuandisssrinwaTeaesd
wunlaniiandy Tnefinassana 1,200 s nanisvaaddlan 29.8% vuziinanissnasddien 28.0% nseiny
uanenaUszana 1.8 gailesidud nadsnanuandiiiiuiamsaranvesmunaaindeunmszezIaIN1 Ty
Faorainantedrdalunisimusnnsdinesvesuudasauazdadenanonniiudsuulasseninams
EGER

4.4 nMsanUTeNa

Tasnmsn uuudasnsasauyasuiunilsaninsaassiounuldundnvesusadiu nssua wazanius
Uszquoanummeineldieulymsmaaeuiidivuald egrdlsfiniy armuandnaszninsanisdiaesuazaans
‘vma'eNLLamﬂﬁLﬁu’i’lmiﬁmumw'mﬁLmaﬂﬁﬁﬁuﬁuamuzﬂiz@Lﬁma&huﬁmm%é’niﬂLﬁmwaﬁm%'vmimu
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mu?ﬁ'aﬁlﬁﬁ%auamﬁﬁ’mmLLazmmﬁlaaummqﬂﬁadﬁuadLL‘Ude’waaﬂ’Naaauyjaé’uﬁ’wﬁaﬁm%’u
wusneidifenlossu Insimunauduiusszninaniugdszquasmsfimesmsliinvosuuudass uas
ilumululusunsy MATLAB/Simulink iitedhassmgiinssuveauumseineliianiozmanisussy annsuld
Wangavageuadawdmiuamataussiulwih nszualvan uaran1urUTUaIUUAMDITLIN 3.7 V A1
12 Ah fiethanldnsieaeunanmisdiass nansiuFeuiisunandiiiiuiiuuudiassaunsaagieununliuns
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Abstract

This study aims to analyze and compare the short-term performance of a ground-mounted photovoltaic (PV) power
generation system installed at Princess of Naradhiwas University. The system consists of a 502.20 kWp DC PV array and a 500 kW AC
inverter. Actual power generation data collected from January to June 2025 were compared with simulation results obtained from
PVsyst under consistent technical parameters, including installed capacity, a module tilt angle of 20°, and an azimuth angle of 0°.
The results showed an average simulation accuracy of 80.05% and an average deviation of 19.95%, with monthly deviations ranging
from 11.78% to 30.80%. The discrepancies were associated with variations in solar irradiance, weather conditions, module
temperature, and dust accumulation on the PV modules. The findings can serve as a guideline for evaluating PV system
performance and supporting preventive maintenance planning to improve the reliability and operational performance of

photovoltaic power generation systems.

Keywords: Solar Photovoltaic, Electricity Generation, PVsyst.
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Mathematical Modeling for Evaluating the Electricity Generation Potential from Exhaust Waste

Heat via an Organic Rankine Cycle: A Case Study Using a Run-Around Coil Heat Exchanger
5303 Amen’, wdena aade™ 1au Alend?, 855005 DIEUA WALNULAYSH HesRAS LT

! vipad fURNTITeszUUMIgUMAI MATITIAINTIIATENA AMEIMNTSIAERT U1 Ine1dededlval Weslnal 50200
2 dnineuuimsnuide aminende@esdnl @edlual 50200

* aontdTenmenans unInendewedival Wedlval 50200
ABSTRACT

This study investigated the potential for electricity generation from exhaust waste heat at
various temperatures and flow conditions using an Organic Rankine Cycle (ORC) with R245fa as the
working fluid. A mathematical model was developed for a system incorporating a run-around coil heat
exchanger to transfer heat from the exhaust gas to a hot-water loop, which subsequently supplied heat
to the ORC evaporator. The minimum exhaust gas temperature after heat recovery was maintained at
120°C to prevent water vapor condensation, while a pinch temperature difference of 10°C was imposed
for the heat exchange processes. The analysis considered exhaust gas temperatures ranging from 150
to 300°C and hot-water-to-exhaust-gas heat capacity rate ratios ranging from 2 to 5. The results showed
that increasing the exhaust gas temperature increased both the produced hot-water temperature and
the ORC evaporator temperature, resulting in higher thermal efficiency and greater power output. For
an exhaust-gas heat capacity rate of 1.2 kW/K, the model predicted ORC thermal efficiencies of
approximately 14.1-17.2% and power outputs of approximately 5.08-37.08 kW. The highest evaluated
thermal efficiency and power output were 17.17% and 37.08 kW, respectively, at an exhaust gas
temperature of 300°C and a hot-water-to-exhaust-gas heat capacity rate ratio of 3. However, excessively
reducing the heat capacity rate ratio could increase the evaporator temperature beyond the suitable
operating range. For an ORC using R245fa, the evaporator temperature was therefore recommended to
be maintained below approximately 150°C. These findings demonstrated that the proposed
mathematical model could be used to estimate the electricity generation potential of exhaust waste
heat and to identify appropriate operating conditions for an ORC integrated with a run-around coil heat

exchanger.
Keywords: Organic Rankine cycle; exhaust gas; electricity generation; run-around coil heat exchanger
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HI5N] a.1 HANITATUIIT (M) = 1.2 KW/K (mehw/(Mcp): = 4

Tri (O) Teo (O) Twi (C) Two (O) Te (Q) Qs (kW) ., W, (kw)
300 120 110 155.0 130 216 0.1670 36.09
250 120 110 142.5 119 156 0.1579 24.64
200 120 110 130.0 111 96 0.1496 14.36
150 120 110 117.5 104 36 0.1412 5.08

#7197977 2.2 NANTSAIUIRIT (e = 12 KW/K (Mch/ Mo = 3

Tri (O) Teo () T (Q) Tuo (O) T (Q) Qs (kW) N W (kw)
300 120 110 170.0 150 216 0.1717 37.08
250 120 110 153.3 130 156 0.1671 26.06
200 120 110 136.7 111 96 0.1496 14.36
150 120 110 120.0 104 36 0.1412 5.08

#759977 a.3 HANITAILIT (Mcpk = 1.2 kW/K (mephw/(Mcp)k = 2

Tri (O) Teo () T (Q) Tuo (O) T (Q) Qs (kW) M, W (kw)
300 120 110
250 120 110
200 120 110 150.0 122 96 0.1607 15.43
150 120 110 125.0 109 36 0.1473 5.30

7159977 2.4 NANTSHTUIRIT (e = 12 KWK (Meh/mey = 5

Tri (O) Teo (O) Twi (C) Two (O) Te (Q) Qs (kW) ., W, (kw)
300 120 110 146.0 120 216 0.1589 34,32
250 120 110 136.0 112 156 0.1507 2352
200 120 110 126.0 108 96 0.1462 14.03
150 120 110 116.0 105 36 0.1425 5.13
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Development of Moisture and Temperature Control System for Melon Greenhouses
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Abstract

This study aimed to develop a soil moisture, relative humidity, and temperature control
system for melon greenhouses located in Raman District, Yala Province, Thailand. The control system
was designed and installed with components including a soil moisture sensor, a drip irrigation system,
ventilation fans, and a misting unit, all connected to a microcontroller to regulate environmental
conditions suitable for melon growth. The system operated based on a threshold-based control
principle, whereby the microcontroller automatically activated or deactivated each device when the
measured values deviated from predefined set points. The experiment was conducted from June to
Ausgust 2023, during which data on soil moisture, relative humidity, and both internal and external
temperatures of the greenhouse were recorded. The results revealed that the system effectively
maintained soil moisture levels consistent with the water requirements of melons at different growth
stages, controlled the internal temperature within the range of 25-30 °C despite an average external
temperature of 33.18 °C, and sustained relative humidity between 65-80 %RH throughout the
experiment. System performance was evaluated by comparing the measured environmental conditions
with the predefined set points. These findings indicate that the developed control system can assist in
managing the environmental conditions inside melon greenhouses according to the predefined control

conditions.

Keywords: Moisture Control System, Temperature Control System, Melon Greenhouses
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Energy-saving greenhouses for beetroot Seedling cultivation using

Hybrid Cooling Techniques

YAna DULIAS" 1RWUFI Ussaursne’ wazUaana Snnisau’

Chaleedol Inyasri ' Chermdhong Prattanaruk’ and Pongphol Rakkanrane'

! E1U13v AN TUNGINY AN suAansuavinaluladonanssy
UMINGNTTIVAYINYTUT IN¥5US 76000
"Division of Energy Engineering, Faculty of Engineering and Industrial Technology,
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Abstract

This research aims to design and construct an energy-saving greenhouse for beetroot seedling
cultivation in a tropical climate and to investigate the performance of a hybrid environmental control
system. The system consists of an evaporative cooling system, a mist spray system, and a shading
system, utilizing a solar photovoltaic (PV) system with an installed capacity of 1,500 W. A comparative
experiment was conducted between the controlled greenhouse and a conventional greenhouse in
Phetchaburi Province. The results revealed that the hybrid environmental control system could reduce
the internal temperature to be 3-5°C lower on average than that of the conventional greenhouse,
achieving a cooling efficiency of 89.51%. This controlled environment resulted in a germination period
that was 3 days faster and an average seedling height that was 1.5 cm greater compared to the
conventional greenhouse. These findings demonstrate that the application of the hybrid cooling system
significantly outperforms the conventional greenhouse in terms of both environmental control

performance and the effectiveness of beetroot seedling growth.

Keywords: Energy-saving greenhouse / Evaporative cooling system/ Beetroot / Hybrid control system
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Effects of direct and indirect heating on biochar production from coffee husks
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Abstract

The problem of biochar production when using stable and small-sized raw materials (such as rice
husks and coffee husks) with conventional biochar production kiln, that was leading to low-quality
biochar, high energy consumption and long production times. However, to solve the problem of biochar
production process to higher quality produce charcoal. This research aims to develop, modify and present
a direct heating technique compared to indirect heating when using a 200 L circulating gas charcoal
production kiln. Indirect heating was the use of a conventional circulating gas charcoal kiln, while direct
heating was carried out 1 set of heat transfer channels or flue gas flow channels. The heat input into the
system uses heat from longan wood waste combined with the pyrolysis gas remaining from the charcoal
production process. The material to produce biochar was used coffee husks from coffee production and
processing plants in Chiang Mai province. The experiment was conducted to test and analyze the
comparative effect of direct and indirect heating with gas circulation charcoal kiln. The study was found
that, the use of direct heating system resulted higher energy efficiency in charcoal production than indirect
heating in terms of charcoal and wood vinegar production. Overall, the temperature inside the charcoal
production kiln was obtained in a range of 400-500°C, the charcoal yield was of 23.37% and maximum
thermal efficiency of the charcoal production was of 40.38%. The biochar production time was
approximately 7 h. The biochar produced was black in color, that suitable for use as a soil improver for

agriculture.

Keywords: biomass, biochar, charcoal kiln, pyrolysis process, coffee husk
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forsandemananiisniudedddne awdinmuazinduaiulsl AnuinludiuveannansuwuunialwaBoudily
m’m%’aumqmaﬁi’wLﬂué’fmﬁmiﬂ%’uﬂﬁqmmﬁgﬁwm 2 @1 Ao TUAILYBIR UAINENEULAE ST UUAIUL LU B LA
TneluduvosdunwangusududesadrsnalnfiviliunaunuiinnisindouiidsazviliiAnnisanusaaism
audeuldoseiiuseavisnm [7] wazseovnainiswanazduas luduvesssuumuuiusidudeafiuussansam
mamuuﬁﬂﬁqﬁuﬂd’nﬁu wu nsldszuuinluauiiowaniudsumiudou mafiuiufinisdromaniudou 8]
VHudy

AFIATIZHANIAINNIWAINUANARE LTI NAINUNAUN LN

A9197 1 wansRan1Sinszddnen mynandsuresnmsTdinndndiudininainunauniu esann
WNAUNILNTA LW Ue ﬁ‘fmﬁfﬂLmLﬁaUﬁf\;mé’wumﬂ%mm 200 L agdiuawnauniuneglunuszunn
22.70 kg Tunis@nwiUieusiisunistinnnudeunmsslinandnaudanam (Charcoal yield) e 5.31 kg luvas
7 mslianudeunsdeuldnandnsudanimade 0.71 kg Andunandnauiildiade 23.37% waz 3.11% Tud
YOIAVUNUIMUUTINNG 191 (Energy density) w3eshmdruanudoudiuiindnlineranudouvesiuaneu
msndngiu mslanudeumemsdiaunuuiumeamdnuads 1.73 luvaed mslienudeunsdeuliany
WLduMandsueds 1.49 wasidlomunamusyansamdseudou (Thermal efficiency) vasmsTianudou
NIATIUALN9UAUSEENTANTIAMUTDU 40.38% Way 4.63% AILAIRU
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A15197 1 ATATIERANGA TNV NG IUVDINT IEAIHAREUTININAINLAGUALN

Output Direct Indirect

Mass of biomass (kg) 22.70 22.70
Charcoal yield (kg) 5.31 0.71
Charcoal yield (%) 23.37 3.11
Energy density 1.73 1.49
Energy yield (%) 40.38 4.63
Energy input (MJ) 362 362

Energy output (MJ) 146 17

Thermal efficiency (%) 40.38 4.63

d3UNAN1339Y

Tupmsamesmsuandudinmainunaunusniuegredeiideddudnnslrinuiounmssiunnan
duuvuifalvadou dwaanmsdnudaumadaiuuaznsmadeunislinrudounansenunsaansyesnains
nanduadlduinni 40% Aiddnisiianudeulaenseilduandnaudinim aruvuiuiunmd sy uas
UszAnsnmmnsanufeulasrangeninislianieunsdesvionslfinmdncuuvunialvaisuuuudaiu
wnnin 7.7 wh lususunmvssduilenssandnvazvesdnuiinmienislimiuieunmsauinddsain
Lifunaunuludiuiidudunavaaniesgias ogslsAnuifielinndnduuvuuialradounuulinnuiou
manssfianssourgafindufisidudesiliunaununimsvduniandeusuiloiinussansnmnisdiemany
$ou Tudruvoamaivinduaulifsnduegredddumaiiniiuiinsdemanufounariinduniedngumis
ey

ARRNISHUSZNA

vevauAmAusITsuar MU Tangaamnssuaieassd Jmind1ne Aaduayusudssananisiniy
Tassnsfanssuiaunssuunsdnuardaaiunslivsslovinnidomddnnauardiudanm neldlasinis
on3zdugIa SME Femsdszondlilnnaimsugiall BCG Ussdthuuszanas 2568 uagldndamansdnuide
Tuunarudl vevounm visnMuNTlnegn S Gadaeni) atfuayumuand uuuusialadou (o)
uazTagunauniuil iemsvadeu Teveuanivedendsnunaunuiiaduayuedosfiounsiuiimahenide
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Evaluation of Building Envelope Retrofit Measures Using Building Energy Modeling at
Campus Level: A Case Study of Dhurakij Pundit University
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Abstract

This study aimed to construct and validate a Building Energy Model (BEM) and evaluate the
effectiveness of building envelope retrofit measures at the campus level. Seven educational buildings at
Dhurakij Pundit University, operating under a single electricity meter with a total annual electricity
consumption of 2,404,000 kWh/year, were investigated. The building energy model was developed using
OpenStudio coupled with EnergyPlus and validated by comparing the simulated results with actual
electricity consumption data. The overall deviation between the simulated and actual annual electricity
consumption was -0.279%, indicating good agreement between the model and measured annual energy
use. Model validation was conducted with reference to the framework of ASHRAE Guideline 14-2014. A
sensitivity analysis using a Tornado Diagram was subsequently performed, and twelve building envelope
retrofit measures were evaluated, focusing on reducing the U-values of walls and roofs and the Solar Heat
Gain Coefficient (SHGC) of fenestration systems. The sensitivity analysis indicated that reducing the SHGC of
fenestration had the greatest influence on energy savings, followed by increasing wall and roof insulation.
Among the twelve measures, the integrated retrofit strategy (Measure 12), comprising 65 mm wall insulation,
reduced glazing SHGC, and an increase in roof insulation thickness to 150 mm, achieved the highest energy
savings. This measure reduced annual electricity consumption by 68,647 kWh/year, equivalent to 2.86%,
and reduced carbon dioxide equivalent emissions by 41,092 kgCOqe/year. The findings demonstrate that a
building energy model validated against actual energy consumption data can serve as a decision-support
tool for evaluating and selecting building envelope retrofit measures at the campus level and can support

the transition toward Near Zero Energy Buildings (NZEB) and Thailand’s Carbon Neutrality 2050 target.

Keywords: Building Envelope Retrofit, Building Energy Model, Model Validation, NZEB, Carbon Reduction

81 |117ﬂ753w7n13wﬁaawuéquwu
JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY (J-REC)

o=

=
-
0}
S
)
on
©
-
©
=
>
on
—
]
<
Ll
B
5=
C
)
S
S
o
()

2

o

=
>
P
2
=
C
oy
oy
()
=
72
C
(et
(S
[cd
)
c
ES
e
o
e
c
(e




unAnga

unALATB i TngUsr Al ead1auagm 19 d8UAILNADIVIUUUTIABIMEI9UB AT (Building
Energy Model: BEM) uazUsziliulsedninavesnnsnisusulsinsevenansiuseaunguenaisanudnw lngfnwm
nquenAsTuy 7 ernnsneldszuuiimeslulidiuve i dogsiatudind Fslimsldndanuliiig
2,404,000 KWh/year wuustasmdnuasstulagldlusunsu OpenStudio $aufu EnereyPlus uasmsI9daUAIy
gndfedlasiuFoufisunansiaesiudeyanislindanuliineds nuimeuemaedeusiuseninwanisdias
wazdoyanstindsnuluiaiavindu -0.27% wansliiuiwuudiassdinnudenndesiunstindsauasiluy
U187 1nBN15AT19A0ULUUT 098195 BULUIMNITBS ASHRAE Guideline 14-2014 9Mntuviin1siAs1zs
Anulvesiuls (Sensitivity Analysis) A28 Tornado Diagram LLas"dizLﬁumWmimiﬂ%"u"dqQﬂia‘ummﬁﬂmu 12
wuane Ty aiunisandl U-value voeniauanaant wagan Solar Heat Gain Coefficient (SHGC) ¥04%041Un
namslAsvinlnuIINgand1 SHGC vesteadadulladefiidvinasonsusendandsnugedian sesasn
AonaiiNawIuntilazauIundIn Kan13UsEIUNIATANTNUIINIATAITUUUYTUINT (Measure 12) 4
Usznoudiensiiuauiunianun 65 mm n15anf1 SHGC ¥8anszan waznsiiunumuiawiundsandu 150
mm Wwamaﬂawé’fmwﬁwuqqﬁqm Tngamnsaannsinasnulniila 68,647 kWh/year %39 2.86% Lazannis
Uaeefaasueulneenlemifiouwinld 41,092 keCOze/year nansinundliifuinuusiasandsauiiniuns
nreaeufuteyanislindsnuaisannsaltifueiosdeatvayunisdszifiunazAndenunsnsuiuusnsey
mmﬂmzé’vﬂzjummaamuﬁﬂm LLa%ﬁﬁUﬁHULLU’JV}’Nﬂ’]iﬂ’wu%ﬂﬂ’lié Near Zero Energy Building (NZEB) wag
\Wane Carbon Neutrality 2050 vesUssinelng

Ad1AY: NM15UTUUTINTBUIATY, WUUTIRDINANIUBIATS, NTATIVAUANIUYNABIVBIUUUTIRDS, NZEB, M3an
AsUapEASUBU

UNUI

meoasidunislunaduiisinislindsolwihgauasfiunumddgsonisanmsudesfineFounsyan
vosszinalne Tasianeluanglenniadoudufinsznisyiarindu (Cooling Load) fidadaugadenislindany
570 MElANTOULNUNSIULITIF (National Energy Plan: NEP 2024-2037) wagiwune Carbon Neutrality
2050 [1,2] miLﬁuUix?ﬁn%mwwé'qmuiummﬁmﬂuﬂaﬁméﬁwﬁzgé’wumﬁmmimméfmmﬁ‘wé’wm (Demand-
Side Management) AugfUMIRRLINGINUMILREY 1InTN5UTUUTINTOURATS (Building Envelope Retrofit)
Wuuwamaidedu (Passive Strategy) fianunsaannisaemanudouingenmsaiunts ndn wazvoudn Ssdena
Tnemssronszmsvianduresssuuusuenia uddenewnminislulsymakasssUssmeanandliidiuinns
YFulsenauandinisanuiourainsaueins Wi n1sanen U-value vesntauasndnn vsen1sanen Solar Heat
Gain Coefficient (SHGC) 983n32an @m1saannisiinasanulaussunn 2-6% vosn1slanasausiu ﬁqﬁﬁuagﬁu
anwraIAILazanIm)ilenia [3,4] wenNil AmAeAsdalldndiunisldndanuadussiulanwazidnenmly
msannsltnduegeiiduddgy [5]

INNITNUMIUITIUNTTUNUTDI1ANEIAYVBINITANBIAUNITUTUUTIUTEENTAIMNG 191UV 907A1S
annufnuilutssmalneaadsenns Usnisusn snAdvdnlngjyadunsiieneilussiveimaiien (Single-
Building Analysis) waginisfnuilussdungueiasnanevdsneldssuuiimesliinfeiudidin ﬁqﬁgmwu
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sanaausagsviounisiindsnulussuuminerdenisesdnslalngifssivanimnisaiuemuaiannndd
Uszmsiiaes 9uideduruanngaiunsnenunanisussndandsauluniie kwh vugiinisdouleswants
Usgndandanuiumsannsdaesfineideunszanlaglia Emission Factor fiaenndeafuuiunuesuszimalnedd]
$1im uazUszmsiian MsfnuiisenumnseaeunugnFesweILuUTIasmaany (Model Validation) Tng
Wisuigunan1 591809 utayan 1 soNa1UTMNURLINNLINTTIUEINE WU ASHRAE Guideline 14-2014 [6]
Fefisauinde sefinszurunsienaniinnudiydemsadianuindeievewuusiastouilUldussdy
1ININTUTENTANGINY

nsAnwiidentd EnereyPlus sauffu Openstudio lumsadnaariinsnsuuusiaomdsaiuonnis
1109910 EnergyPlus anansndnaesnismiemanuieutarmslindanuvetenaslnefinnsanufduiudsening
AuaNTANIANLTouTeINTEUIANS anwliennia asumslidau mszanufeu uazszuuUTueImA Yne
OpenStudio atfuayunisaiia §ams uastiuildsumnsidimesveuusiassegrauduseun [7-9] auuvesnis
THindesiovansimtudmiumsineil Aorrwannsalunstmusnsdguasuiuasumaiinesvomnsou
o1msaeldteulunsdiasaiadu vildaansassuiisuinnsnisvanssUuuuiasnsivaeunansiiassiu
Fayanislindsuaidldedruduszsuy :uideves Rittidatch wazane [9,10] uwanddiiiudianisuszynald
EnergyPlus $2uriu OpenStudio Tunsuszifiuanmsnsuiulganseueimsaniufne vazdl Chuaewong Lay
Aoy [2] Menuhmsvuildsuiagnseusiasveseimsdiinaunaigiidnenmwlumsaanislingsn eglsf
m1u n1sUsdivlusgAunguemsratevaeneldszuuimesifeiu lagysann1sn1snsiaaeuluudnaesnie
Toyan15ldnd1uaze n1sTasizvianulivesnisidines uaznisussllunaniunisannisuaesiig
asuaulaeenledifisuni SufuussdiuiasldiunsAnyiiufu

Fadunuideiiagusrasdiiie (1) adeuwasamaaeumiugnieouuusaemdsudmiunduenans
aorudAnwdnuau 7 enansagldszuudimes i ufeadu Insilisuiisunan1991ae991n OpenStudio way
EnergyPlus fiudayanislindanulniingss uag (2) Ussiliuuszaninavawnnsnisuiuuienseusinnsdiuiu 12
wuavna Tngfinnsannisiudsuntasan U-value vaaniiauazmnasn wazan Solar Heat Gain Coefficient (SHGC)
1939999UA NTEUIUNTUTHEUUTENOUAIENITAMUANTAZIU NIATIVAOUANUYNADIVBILUUTIRDS N0
WnsNsUTUUTINTELeIAS MsleTeianuhivesnsfiwesaie Torado Diagram WaEN1SAILINNITANNIS
Uaosfnwansveulasenlusifisuwinlaglian Emission Factor vesuszimelne [11,12] namsAnwazliifiossy
1RsAsLarITIAevesnsoueAsidAnenmgdunisanmslind snunaz mavassieasveulnesnld
wieuwi edudeyaativayunisdnduladunisiamsndsnulussdunguenasanuinu nasnauativayuuu
V]Wﬁmiﬁ'@ummmizj Near Zero Energy Building (NZEB) waztUune Carbon Neutrality 2050 YosUszinalng

35115938

n53de i funisusaiduinesnisuiulsnseuoinsieiuusemdnulussdunguetasaniufng
Tnelduminerdogsiavndindidunsddnu aseunquorassuiu 7 enmsiegmeldszuuiineslufindedu
nsrUILMsIeUsEnoufe 5 Juneuvdn 1dun (1) mssusdeyadumenmussermsuastoyamslindsny
#1434 (2) MsadrauuuIaemanueInis (3) n1snTadeuaugnresweILuuINaedlaglUTsuLgUNaNTS
aeaiudeyanslonaanuats (4) Mifmualard1aewnsnIsUTuUTINTauaIATIINIL 12 LU uag (5)
NMyIATEvRansUsEndandsu anuhvesmsiives waznisanmsuaseigansveulaeenlediiuin lag
Funsunsiuiiuamuansdanmd 1
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- 2. Msaduuuinass 3. MSATINADUAN 4. N53189IATNNT &
1. nssuTutoya ., 5 5 2 5. MsUsLiiuka
WHNUDIAS gnssvvasnuuitaey USudganseuanans
wansiaes doyasde
(Simulated) (Actual)
(KWh/year) (KWh/year)

-~
« dayaniunmenas @ y =y (& wisuiuuazdon Freanasmsuiulge « mMsUsEndandenu
7 91A15 AnrmAaAindou (%) NT9UDIAS (kWh/year, %)
SketchUp — OpenStudio — EnergyPlus o =
o mMslandanulnma i = 3 9 12 e (M1-M12) - msanssinala
9% (@nodifuaiu) g = Srdunousd « wila / goulln (U-value, SHGC) (Tornado Diagram)
WUNInEINIUgIY ASHRAE Guideline 14-2002 " .
i « auIumdea (U-value) + mM3aamsUdey CO,e
(Baseline Model)
+ WRSNTYSUINS (kgCO,e/year)

Py ®
@ @

A 1 FuRounTsUTEEININATNITUSUUTINTaUDIANTARELUUTIaRINAIU (Energy Retrofit Analysis
Workflow)

1. Fogarunienmyesaiaskaznslindsaulnii
msfnwiaseunguensneluininerdegiiadadaddiua 7 01ms ldud 91A15 1 91A15 2 91A135 3

= [

81A15 4 91A15 5 81A1598ATDMALRLUNUTEANA ware1ATALEiu Asanslunnd 2 Teyanisiusiudsenausie

1Y)

funldany Nuisuemeauazliduiuonia nadeldnueians Swglienans gunsallwih Snuuzuaziagues

£

wisuazudsan dndruiiuiivondarofiuiin (Window-to-Wall Ratio: WWR) MADAIUAMANTANIIANTOUTDS
Fagltidudeyatidindmiumsaauuudiass swazBendeyanisnionmvsieinsuanslunisned 1

p1An311a 7 naslindanuluinmelfssvuivesifentu mneay 79016059 Ussiansnsialidin 4.2.2
(Tou) Tnglidoyanislindanuliiassnedoud i ounnnauiadousunaunduteyadradadmiunis
ATITEBUANLYNFDIBILUUTIADY naeAsTinsTindsnluiiingan 2,404,000 KWh/year w3alads 200,333.33

kwh/month Ingguwuumslindsnuliihsefeulansdaning 3

20 2 The diagram shows the location of buildings within Dhurakij Pundit University
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AN1edl 1 Physical data of the buildings used to simulate energy consumption in the walls and roofs

Building Building Building Building Building Building Parking Sports
information 1 2 3 q 5 and center
multipurp building
ose
building

Usable area 3590.05  3583.08  7159.43  4257.96 10370.84  23307.40 3642.15

(m?)

Air- 3033.03  2400.05 3867.5 2915.59 6076.2 4800.00 2178.00
conditioned
area (m?)
Non-air- 476.02 1183.03  3291.93  1342.37  4294.61 18507.4 1464.00
conditioned
area (m?)
Building walls - -Masonry -Masonry -Masonry  -Precast -Precast -Masonry
(materials) Masonry wall wall wall -Glass  -Glass wall wall
-Precast wall -Glass -Glass -Glass wall -Glass wall
-Masonry wall ~ -Glass wall wall wall
-Glass wall wall
OTTV/RTTV 52.60/16 54.80/16 32.40/24 46.60/24 38.90/24  54.20/ -  43.60/19.20
(W/sq.m)
Window-to- North South Fast (F)  West (W)
Wall Ratio (N) ()
(WWR) 0.234 0.234 0.211 0.211
KWh Amasulni (kwh) fiwes 79016059
SR 21000 “29500 223,000

229,000

200,000 18800 215,000

150,000 477,000

160,000 153,000
100,000
50,000
0 AaU
%
ﬂr\‘i? fo\ RS ‘,.\),"éé é@) 6@“} Q'\‘S), gg@} 4\'\@? 6\030’ @,@9 Q,\s&)’ R)q,\@}
S > > R NS SRR « B 9
ENY Q‘? N °$Q Q @ e °.éo\q\ >

A 3 Graph of electricity consumption data for building groups 1-5,10,14 (meter 79016059)
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2. NIAFHUUTADINGNIUDIATT

LUUS1a0MAs181A15 (Building Energy Model: BEM) 18301073714 7 Mé’agﬂaﬁymﬁmmﬂi’f@yjama
mMenmkazdeyansidnuasewese1ns lngasugunsusnindinveseinsiuguuuvaiuiifnag SketchUp 9N
ihdayaiing OpenStudio Wiormuniuildeny msaanldiueins nseaelu wazAaNUANIIALTouYRY
N59U01ANT Noudtayaluds EnergyPlus iedamslindsnuvesanns fulsiunsevenasildlunisadng
wuUT1a0UsENaUMEAMANTANIIAUTOUYBINTY NTEAN ALY LaVdIal IAgia1TaA1INITUIAINT DY
(Thermal Conductivity) AuuLLY (Density) AuSaudnmig (Specific Heat) A1 Solar Heat Gain Coefficient
(SHGO) uazAINsAwNLYDINTZaN (Transmittance) muviiavesian S1eazdennantivesiaguandlunised 2
nmstmuakuuaedudnuurfinaniiinguizasdiiioains Baseline Model Aiagvipuanmnisldanuvesngs
mmsﬁauﬁﬂﬂmnaaummgﬂéfaaLLaﬂ%LﬂuﬂiﬁgwﬁwﬁuL‘U%‘EJULﬁEmmmmsﬂ%’uﬂiﬂﬂiaummﬂu%‘umau
Aaly

A9197l 2 Thermal variable properties of the materials used to improve the building frame [13]

List of materials Thermal Density Specific SHGC  Transmittance
Conductivity value Heat value  value
value W/m.k (kg/m? (kJ/kg°C)
1. Concrete wall (Precast) 75 mm 0.16 2,350 0.84 -
2. Thick clear glass 6 mm . ; ; 0.72 0.846
3. Heat insulation 65 mm 0.035 24 0.96 -
4. Wooden wall 75 mm 0.13 500 161 -
5. Thick Low-E glass 6 mm . ; ; 0.55 0.846
6. Double-glazing glass 6 mm . : : 0.74 0.078
7. Solar Tag glass 6 mm . : : 041 0.324
8. Clear Float glass . : : 082 0.88
9. B4100 film . : : 0.29 0.128
10. Stay Cool roof insulation 150 0.042 12 0.96 .

mm

3. ﬂ’]i@i’lﬁ]ﬁ@Uﬂ??ﬂJQﬂé]JEN‘U@ﬂLLUU“j’]aEN

WeUsziuauundetieveswuunasnouthluldinseiuingnisuiuunseueins ¥n1snaivdaey

ANNYNABIVDILUUTIABY (Model Validation) Tnsw3suiisuanisidndinuluiiruszdlannisdiassie

(Y%

OpenStudio wag EnergyPlus (Simulated Energy Use) ﬂUGUE]M“aﬂ’Iiiﬁi’JJWé’ﬁdﬂuiWW’l%%ﬁ (Actual Energy Use) 984

91A15919 7 Maaneldseuuiwasifeniy
AIANUARIALATOUTENINHANTTIRB WAL TR T WINANENNTT (1) [2,14]

4 |Esim—Eactuall
AMUARIALAADY (%) = ——ACHAT % 100

actual
Tned
Esim = wasuilanuuunass Alaind-lussied)
Eqctual = WasunlEase Aladnd-tluwiel)
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NsATIRdeUAINYNARIUBILUUTIRBLTuNsIneIsuLiguNan1sItaesiutayanisidnd sl
339 g E989NTOULUININITATITADULUUTIABING1UYBI ASHRAE Guideline 14-2014 [6] nansnsavaeuly
dniulszifiuauaenndesveswuuinasaiunsiindsnuasaneuiwuudiaesd Ul dunsdigudmiunisiaes
wasns M1-M12 ludupeusiely

4. MIMrUALAINRDINIATNSUTUUTINTBURIANT

AYNFRINWUUTIABINTAUFIUHIUNITATINADUANUYNADIUE LANMUANINTN1SUTUUTINTBUDIANS
F117U 12 U (M1-M12) i eUszidunaveanisildsuutasnuandinisanudeuvesnsouaiasronisly
wdsu Tnensdgiulsenoudiailsneunin Precast Wag Masonry Wall nszanlailufifidn SHGC 0.72-0.82
LATAWIUNEINIML 75 mm insmsndnusuundu 3 ndu 18w (1) nauuiulmdaazdenda (Wall and
Fenestration Retrofit) Ingu3uanen U-value vesnilanagen SHGC vestaadasmunisiinauiunts msdsusin
N3£AN UATMSARHELNTBIUAS (2) NauUSUUTMAIAN (Roof Insulation Enhancement) Tneifisieumunvosauiu
vwdsaann 75 19U 150 mm Liieannisanemauieurundsan Lag (3) NgusNATNNTUUYIANNT (Integrated
Envelope Retrofit) Ingsiun1susudsanids Yoadn wasndsadismeiu nsdnasusazuinsnisaniunising
Wisuwamegmriwesvesnsevamsmudoulaiisivunly M1-M12 variinaieulriiuguduvesuuudiassly
iiolvannsasFoufisunanisiasuidasslindsady Baseline Model meldiieulufeniu seazidond
U-value 09wifs A1 SHGC votiaaida uagd U-value vowmdsauasusazanasnisuandlunised 3

M13197 3 asuleUTinaesnsnsusuUTinseueAskasn1silisuLUamniitneinnminueu

Wall U-value  Window Roof U-value Expected Cooling Load

Measure Literature Support
(W/m2K) SHGC (W/m2K) Impact (%)
Baseline 2.13 0.72-0.82 0.56 0 -
Kumar et al., 2019
M1 0.54 0.72 0.56 5-12
(3]
M2 0.54 - 0.56 10-25 Zhang et al., 2020 [4]
M3 2.13 0.72 0.56 3-10 Phdungsilp, 2017 [15]
Md 1.73 0.72 0.56 2-6 Li et al,, 2013 [16]
M5 2.13 0.55 0.56 6-15 Zhang et al., 2020 [4]
Kumar et al., 2019
M6 2.13 ~0.40 0.56 10-20
(3]
M7 2.13 0.41 0.56 10-20 Zhang et al., 2020 [4]
M8 2.13 0.82 0.56 0-3 Li et al,, 2013 [16]
Kumar et al., 2019
M9 2.13 0.29 0.56 12-25
(3]
M10 0.54 0.29 0.56 15-28 Combined effect
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Wall U-value  Window Roof U-value Expected Cooling Load

Measure Literature Support
(W/m2K) SHGC (W/m2K) Impact (%)
Kumar et al., 2019
M11 2.13 0.72 0.28 4-10
(3]
Integrated envelope
M12 0.54 0.29 0.28 18-35

strategy

11395988889 Expected Cooling Load Impact LﬁuﬁmszummiL‘?Nﬂalﬂﬁé’wﬁqmmmﬁsﬂugﬁmmﬂ
%’au%u %nawanmdmwaﬂ%’uﬂqmﬁ U-value vesntanarudsmanunsnanniseanudulausyunn 5-15% vo9
cooling load Baszfin1sandn SHGC vasnsrananunsnanniszarinduldlutag 10-25% Juegfudaduiiud
nszanuarfiannIeAs [3,4,16] sisdAnfesariandnliifioatuayuniseivsedanaln (mechanism-based
discussion) lnenanisuserdanganuiisenulumiseiddmnuanmsiiasiae EnergyPlus tJuwan

5. MyUseiliunamsUsendandanu n1snseriauly wagnisan Coge

NAN1TEIADOINTANTI 12 wuvnadiUsudisusunsdlgu Tnsuszduain (1) Usinunsld
wd sl (Wh/year) (2) Usinamdsswliivianaadeieuiunsdgiu (Wh/year) uag (3) Yosazms
Uszndandaanu (%) iilerl3ouliiouuszavsnatedudazangnisuarszysnnsnsfilinanissevdamd g siian
wenanivnslinsesinalla (Sensitivity Analysis) §38 Tornado Diagram sitewSeuifieudvdnavesmsniines

@ [

sunseusmsionIsUsEndandaau Tasiansannisiasuuasuesdn SHGC vastoadn autunils uazauiu
w&inn Weszymnafineisidvinasonsanmslindsnuvesngueins msannisuadesitsaniveulaoenled
Wieuw (COze) AMumanUSunamdsnulnihfiussudaldvosunazunnsnisuazai Emission Factor v8sUszwme
e [11,12] suauns (2)

COoe Reduction = Energy Saving x Emission Factor 2)

1mefi COze Reduction fuiaeidu keCOze/year way Energy Saving dnuaendu kWh/year nans
UszidunsanudnlddmiuiuSouioulsedvinaveawnninig M1-M12 uagszusnsmsvunzaudmiunisin
nsnasulusgiungueAsanuAnY
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NAN139Y
1.NAN1IATIAABUAUYNABIVBIUUUTIADINAINY
HAN1IATIVFOUAINYNA DIV IMUUTIARIna s UlaeS suisuaAnsiEndsulnialaannisdiaes

e OpenStudio uag EnergyPlus futayanislindsnuluinaswetennisma 7 nde wanafsn1snei 4

A15199 4 NSUSHULAEUAINEINUIINLUUIIADINUAINT NG IR

Actual Energy

Simulated Energy Margin of
Building Consumption
Consumption(kWh/year) Deviation (%)
(kWh/year)

271A15 1 244,678 252,100 +3.0%
9IRS 2 177,334 170,900 -3.6%
9IA15 3 454,762 467,200 +2.7%
21A15 4 392,529 386,400 -1.6%
9IRS 5 617,659 628,700 +1.8%
91ANIBATOLALIOUNUTEEIA 403,931 411,600 +1.9%
mms@uéﬁm 83,448 80,900 -3.0%
iau‘ﬁwm 2,404,341 2,397,800 -0.27%

9115197 4 NUFANLARIALARBUTBILsaYeIATeYlUTI ~3.6% fe +3.0% VaurTiAMTIENEIY
1939590 U 2,404,341 kWh/year WagNan1531a09511 U 2,397,800 kWh/year Aatdua1aiu
AINALARBUTIN ~0.27% sananuaasliifuiuuuiae siinuaenndesiudoyanislingdsnuads uazaunsai
wuudraesiiiunmsnsaeaeululfiBunsdgiudmiunisussiiuinsnisusulsinseueimsie 12 uumnalu
Funsusialy

2. HaMIUTENIANGEIUINUINTNSUTUUTINTBURANS
AYNFIIINUVUTIABINGIURIUNITATIADUANNYNADINAT tadwuuTraesdanaulduseiiiv
WMINTUTUUTINTBUDIAITIIUIL 12 LwIne (M1-M12) lagiuTeuiigunan1siindsuvesusiazauinsnsiu
nsdigrunelfideulunisldanuieniu nan1ss1aesdie OpenStudio wag EnergyPlus WUFNLIATATHG 12
wwImsarnnsaannslonasaulninlaluaig 10,389.52-68,647.10 kWh/year #38 0.43-2.86% U99N15 WA

Infhsiuvengue1ns daandlunisned 5

A5 5 mamiﬂﬁwé’mwé’wWummmmmi‘d%’uﬂgqmaummsﬁy’q 12 wwanng
UM Energy Saving (kWh/year)  Energy Saving (%)  COge Reduction (kgCOge/year)

M1 32,221.54 1.34 19,287.81
M2 16,129.71 0.67 9,655.24
M3 10,389.52 0.43 6,219.17
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Ma 25,519.76 1.06 15,276.13

M5 34,369.47 1.43 20,573.56
Mé 54,975.41 2.29 32,908.28
M7 42,313.81 1.76 25,329.05
M8 43,130.42 1.79 25,817.87
M9 50,133.82 2.09 30,010.10
M10 44,438.76 1.85 26,601.04
M11 57,028.06 2.37 34,137.00
M12 68,647.10 2.86 41,092.15

dlaSsuilouUsyansnareusazinnsns wuin M12 1ﬁwamiﬂiwﬁﬂwﬁwuqﬂﬁqwwhﬁ”u 68,647.10
kWh/year 1138 2.86% S89a911A8 M11 tvinfu 57,028.06 kWh/year 138 2.37% way M6 WU 54,975.41
KWh/year %138 2.29% auddu vaizdl M3 linanisuszuiandsnumigauiniu 10,389.52 kWh/year %o
0.43%
wadanauandliiiuin Ussavsuavennnanislildtuegiumauiuusesdusznatlaesdusenounilaiiosogg
\Fe widuiusunuaudRvinuieuvesTanuasdnuasueunsnisiianld Insiang M12 Faduunnsns
LUUYIINMI Usenoudenmsfndsauiutunnufeuiindsmun 65 mm mafefiduiingzan uazmaifiunumun
vosauundsnidy 150 mm annsnannislimdanuligaiian uandiiuiasslonivesmsufulgmis deada

wagndspnsiuiu Weleuiuninsn1suiulesdusenaureinsaueImIswend Il

3. MSEUTEUUTEANEAMUDIWINTNT

INNANITIA89ININTUTUUTINTOUIANSHA 12 wuanna nudndszansamlunsannslindenud
amuansaiuethstau Tnganmnsoanmsldmdanulinlgdaus 10,389.52 4 68,647.10 kWh/year %38 0.43—
2.86% vosnslindsulifiisuvesngueinis el M12 Tinansussndandsanugsiigavinty 68,647.10
kWh/year (2.86%) 599a9u1A0 M11 WAy 57,028.06 kWh/year (2.37%) Wag M6 iy 54,975.41 kWh/year
(2.29%) auddy Weinrsanasnisduniuezdenda wuinansuszndandsauldldif udunuddu
MANBLATIBIAINTT WituagfuanaTRMImLSouvesTanTiIUTUUse n M6 asnsnannslindseuld
54,975.41 kWh/year (2.29%) %%qm*jw M5, M7 waz M8 fiansnsnanls 34,369.47 (1.43%), 42,313.81 (1.76%)
way 43,130.42 KWh/year (1.79%) sugsu vaizdi M9 Wwaﬁiau%dgﬁ 50,133.82 kWh/year (2.09%) Nafin&a1
azfouliiuinisidennaanifvesiaquasvosdainanoussaniamnsannisindsurenguenans

dmunsuudgnunmdsan M11 Jafiuanumuivesauiuain 75 Ju 150 mm anunsaannsld
Wa391ulA 57,028.06 KWh/year %30 2.37% s?jﬂLﬁumamsiné’fmqaLi‘]ué“uﬁuaawaammmiﬁwm wandlimiuIn
msaamsmemasdouiumdsadudnuuimandsifidnenmgsdmiunguenasiidnu

wmsms M12 Fadunasmaiuuysanns Tnsdsenoudenisiafsaununiiau 65 mm n1siafldui
n5zan wazmIsiinawiundmndy 150 mm iﬁmamiﬂiwﬁmwé’wmqqﬁqmﬁ 68,647.10 KWh/year #30 2.86%
wazau1saann1suaseingasusulaeenlumiisuvinle 41,092.15 kgCOqe/year Haninannandliiiiuin lu
nsdifinuil maufulgsesduszneutesnseuaasTmiulinanisannisindanugeninisUsuU e deadn
viSousAuendI wansfanmi 4
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wamsUszndandsnulnihsmetainnisitaswielusunsuy OpenStudio uag EnergyPlus dmsunguensie 7 vias

M1 32,221.54 (1.34%)

M2 16,129.71 (0.67%)

M3 10,389.52 (0.43%)

M4 25,519.76 (1.06%)

M5 34,369.47 (1.43%)

Mé 54,975.41 (2.29%)

AIMSNTS

M7 42,313.81 (1.76%)
M8 43,130.42 (1.79%)
M9 50,133.82 (2.09%)
M10 44,438.76 (1.85%)
M11 57,028.06 (2.37%)

M12 68,647.10 (2.86%)

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
nsUsendanasanulwia (kwh/year)

mslindsaulwihsaueeingueins (Baseline) = 2,404,000 kWh/year
Adaviiuansdundvisns fie nsuseudandenu (kWh/year) uay Sasaznisusendandsay (%)

=i ~ = o o o 4
AT 4 MIUTEUTBURANSUTENEANGINUTRRINTNNTUTUUTINTBUDIANTNY 12 LW
(@nnsinaesglusunsy OpenStudio way EnergyPlus)

dieliiunmsanvesssdnsnmuinsnsusiasyssny amnsaagulanmisnsd 6

M99 6 ATUNANITUTENIANG1NUVDININTNTNEN

Group of Measures  Characteristics Energy Saving Period (%) Outcome Trend

H1Ia (Wall) an U-value 0.8-1.8 Uunan
YoaUn (Window/SHGC) an SHGC 1.5-2.5 GR

&A1 (Roof) idawu 0.5-1.2 f-tunang
Y503 (Integrated)  T1unN@sAUTENBY 2.5-2.86 qaﬁqm

NATNIN 6 NUTMINTAaR SHGC finasensaandsnuunniigaluseAunnsmsiaes insn1seiauasvasandl
HAlUTEAUTOL WaENTTIVANELININTIRAN TUsEndANaugaNanag1etnau

4. Myweseinulhveiwes

mMsleszvialy (Sensitivity Analysis) sniunmsifieUssdudvinavemsfiwessunsavanansid
sonsUsndandsnueinguennns Tagld Tormado Diagram TumsiUSeuifisunsivasuutasuestanisysewdn
wdsudieusuamnsfimesdrday 1éun A1 Solar Heat Gain Coefficient (SHGC) wastaaida awiuntls (Wall
Insulation) LazauLm&anT (Roof Insulation) elddoulumsdrasaifeatu nan1siaszsinudn A1 SHGC ve9
Foadadumafitnesfisnsnadonsusndandanugefian Inefinasemsuasundasmslindsamuszua
72,000 kWh/year 59909170 auIuNTaUsean 45,000 kWh/year wagauiunasatseaia 38,000 kWh/year
mudiy HadsnanLanddiiiuin dmiungueinsiiinu nseuauanaFouanideniindfinureandaiiaviwa
sonsanmslindsnunnnimsuiuUsatuntuazaumdsaidofinsanmsiinesuendiu uansfaniwd 5
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Sensitivity Analysis of Retrofit Measures
Impact on Annual Energy Savings (kWh/year)

Window SHGC Reduction
Wall Insulation

Roof Insulation

Cool Roof Coating

Thermal Breaks

Low-E Glazing -19,000
i seating. RSO
Shading Devices [JEERTVEVVY)

r T |
-80,000 -0 0 80,000 80,000
(kWh/year)

AN 5 Han153LA518IANUIIVBINNSITMBESNIAUBNIANTABNISUSENE ANA 1Y

nansenzieihdaenndesiunanisdiassanninmsuiuginsouennns Tassnnsmsiiinsuiuuss
nautivosdesdniuivesdusznauduresnsooamsiunliilfnanisussudandsnugetu oghdlsfini wa
vonnmanislalldtuag fumniweslamnivesuduiosedafen Wesmmnasnswuuysannadunaain
Ufduntusszminands Yol wazndsan fuduldan M12 Fuduinesnisuvuysannsuazlinanisussnda
wisugdian 68,647.10 kiWh/year w3e 2.86% vy nanishasgiauldedliisiuin SHEC Wumsdimesi
mﬂﬁﬂ’nuﬁ’]ﬁiytﬂuﬁ’]ﬁuLLiﬂiumiﬁmim’mmiﬂWiU%J“U‘UEGﬂi@UE]’lﬂ”liﬁ'm%J‘UﬂSiﬁﬁﬂw’lﬁ ypurfimsUiuUgsauI
wsuazauundsandsasdiunumdndy warnsiasamsimesnarismiuamnsaliiiuoyeatuayunis
dnidonunsnsUsudginseuaasivanzanlusssunguenasanufinm

5. MIAATIAUTEAUIIEDIANS

nan153ATIzluszausIgeIAsLandlifiui dnaainlunisuszndandauveusazennisiinag
uanaafunuEnuuEInIEA ™ Auiusuena wavesduszneutesnseumasTkane sy Tneidefinsaina
miﬁi’waawamwmm%ﬁ"uﬂqaﬂﬁaummﬂummﬁﬁyq 7 9189 WUIN01ANTUWIALYEY WU 91A1T 3 WA¥BIATS 5 HA1
msamslindanudafinuginiomuadn sasflenasifdnduremoaliauaziuiiusuonaunnseiy
fNIReUANDIHBNINTNIANUNTY Fauln wasrasruanseiuly

idofiansannasmsilinansusendandanugsanlusziuseenas wuin 1nsmMsuuuysanms (M12)
Tinan1suszndandsangsgalunneiasidnw lneidumasnisiisiumsifinauiunds msandn SHGC vovos
Un wagnmsiiinauiuvdinn safainanagieuliiiiuiinisufulsesduszneuvesnseveimssiuidneniwly
nsaamslindsnuuinniinisuiuunesduszneuiissdiuioaluuiunvesanasnsdiing og1alsiniu Usuna
wdsnuivszndaldveudazoimsianuunndiaiu dsuandifivinnisidenuiasnisuiulsinseueinisnns
fsannuanyuziamzvaiare1msINiuRanIIaes ldarsivuaninsnsdgiiulaefinnsananiztasy
‘Luizé’unfjmmﬂmﬁmfu MAseilusEAUTIgIAssativayunMsinafuaudAyvein1sUTuUTeIAIs
wazdglinanausudnmandsnulussduaminedeiianumnzamnnty
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6. namsanmsUassinvasusulasenleiieurii (COze)

nuan1sanmsliindenu lidunduanisaanisdaesitvasveulaeanlaniieuii (COze) Ingldan
Emission Factor 90eUsgindlve nuimwwilduveinisan COze @onnaadlngnsaiuseiun1sussndanasnuy M12
annsaanmsUaesineligeanil 41,092 keCOse/year vazfimsnsifealiainisansglugasuszanas 6,000~
34,000 keCOse/year wifndndrunisasmdsnusmazeglusziuligann (<39%) widefiansanluszdunguenais
nudaunsaannsuasefineansveulnesnledidegsinauludelsunm uavaiusaatvayudmuignisan
asueulusyauesdnsldegiandugusssu

7. MAdATIER@nmTINlusERUNgNe1ANT

nmeeitusEaunguernsneldssuuiinesiiifiediuasyisusuuuumslindsnuaiduseduvesdns
Faunnensannsiasgionasie lnenan1sdnwnuin 1) nsldunsnisndeutulunarseanansnelmiana
azau (cumulative effect) 2) n15aA SHGC dawasia Cooling Load 88198AAU Wag 3) NMIYTUINTNALIATAS
TuaRNI111AIN19LA 8708 199R1U HadnERIna1Buduin envelope retrofit Junagnsau demand-side
management 7iflUszanSam wavminzaudmsumailuldlussduaondunising

aAUs18Nan1sIvY

1. UsgAvisnmueannsmsdiuusinseueasidenaln (Mechanism-Based Interpretation)
nan1sIraeandsrunansliiiiuinunnsnisf 12 ‘;LfﬂLﬂUﬂﬂipJSMWﬂWSQUQUNﬁQMUW 65 mm n1sAATAL
AFeANEY waznsiinawIumdendu 150 mm Tﬁwaﬂ’liﬂiwﬁmwé’muqdqmﬁ 68,647 kWh/year Anidu 2.86%
yoenslindsnuuimuntengueinis msanasinanageunalnnisanmsniemeufeuriunseueias
(Envelope Heat Transfer Reduction) &sdsnalnensssianiszn1sviaudu (Cooling Load) 2e3syuuuduennie
1uaquﬁmmﬂ§awﬁyu TUUSUNVBINFTAVNUNIUAT %aﬁﬁﬁa?mamﬁméumqmmﬁmauaﬂqamaam’ﬂ N1389AA"
U-value U93ntiaaznaIn 59u89n15anaAn Solar Heat Gain Coefficient (SHGC) 84n3zan dnafon1san sensible
heat gain a8 19¥AY nalndinadenadasiuauves Kumar [3] wag Zhang [4] fis1eauinnisdfiuuszansam
auuasaann1szAuduld 10-25% 4 cooling load ?Tua&jﬁ’vé’wmzé’mauﬂiaummi (Envelope-to-
Floor Ratio) LLﬁé’mEhumiﬂiwé’mwa“wmiaﬂmﬂu%’ﬂﬁagﬁﬁ 2.86% vemdsnuTIITIsEUY wiiileRansanianns
ndsluduvesssuutiuenia nansenuidsdndiuduuliuganiidu Seasvfeulvifiuin envelope retrofit 1fu

a

1ININITLTITU (passive strategy) NHUTEANSAMLaz LU RN TE NS UTZULDY

2. MmaTeuiisuiuauidenauni (Comparative Interpretation)
dlawSsuiisudvnuidedeuniluusunanansaau@inulng Wy Wisawato [17] wagChuaewong [2]
nudszauntsusgrdandsnueglugidlndiAssiu Ingdlng e nunanisaandsnuluyie 2-6% dmsu
11m3n13 envelope retrofit WULIAEY pgtlsfinueuuAnAdRyrsUAITsiAen ST fiuluszdy “ngu
aaswatgarrsnelisyuuimesifieniu” easeunmsiunisdanisndsnuluseduesdns (Campus-Level
Perspective) 1MNnnsiasgieIasien nadwsisdlanulndifestuanmnissiiuauidaaranansoilule
Usznoumsdnduladeulounelfinnnit uenainiinisnsaseuanugniesesuuuiiaedinesiiauaainindon
Fadfies ~0.27% Hrefinanuiidefovewadns Faduvseduiidmuliunlumiddosu BEM Tuusemands

Weun
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o

3. edAy@suleuigiaznisana1suau (Policy and Carbon Implications)

msannslanasnulnin 68,647 kWh/year dsaliannisuaseinaaisveulaenlaniisuinla 41,092
kgCOqe/year %naxﬁaﬂﬁﬁudwmmmiL%a%’wmmaummiamWiaaﬂ’uayumﬁammﬁﬂﬁaUﬁ"wsuﬁauﬂimﬂslu
seAvaeRnsla mnthwnmeiananluvssendldiunauenaisaaufinuiluianing enafidwiiesatvayudmane
AUUTEANENINWAIUILAE Carbon Neutrality 2050 ¥asUsginelney

4. VaINNNVBINUIVY

v
@ 1o

Wii711911338 UALdN130TI90UAUYNABIVBILUUTIADINUNINTFIUENG uaidaildad

@

ANUNNUIENIS
Taun
1) delail@msgiisuyunasnenanisldau (Life Cycle Cost) agnsaziden

o

2) Falyilsusziiumsuauilein (Embodied Carbon) vaeidnauiu

3) galilaiasngsinansenusia comfort index Wy PMV/PPD

AUUNIANBIATID LUAITYTAINMINMTUATIEAAUATIIMENSUAZIATTINTaR Lo Useiliundudady
TufiAnAsuiuLNgedy

5. WInnaMseiegeng NZEB

Kan13ANBuEuI envelope retrofit iuumsnsi uguiimssidunsdeunisiadaszuundsnu
muﬁ&m \einnisanaudeansndsay (Energy Demand Reduction) 3gaiganuuinsz uunanlniiain
Twan§wadidesindlueuian ﬁ’qﬁ?umsuuimmimmmﬁﬁ 12 swdusyuunaaliwa s uLaIeinduunaian
919 i1ANTa11N301n3g Near Zero Energy Building (NZEB) laluigesufjiRass

A3UNAN13IRY

qnuﬁ%’aﬁié’a%’wLLasmaﬁlaaummgﬂﬁawmLLUUﬁT’]aanwé’mummaﬁm%’uﬂajummiamuﬁﬂmﬁwmu 7
91A13 Meldsvuuiwasiviinfeliuvesumninerdessiadading lngld OpenStudio saufu EnergyPlus Tunis
$rapsnslindanuluin nansissuifisunansinasafuteyanslindanuliinaimurmanunainiadeusiu
-0.27% wansbiiiuiuuuiasslirnugenndasiudoyanisindnuaidusyaused lnenisasivaeuwuuiians
$1989n59ULUINIBY ASHRAE Guideline 14-2014 nsuthuuudaeslulfidunsdgiulunisussidiuuinsnis
USuU3en58U01A13 HAN15UTEEIUNINTNITUTUUTINTBUDIAITTIUIY 12 UUINNUTT AINTNITUUUYTINTT
(M12) FeUszneusiensifitauiunian 65 mm n1sanan SHGC vestaada uaznsifiuadamuivedauiu
naeandu 150 mm Iﬁmaﬂ’liﬂiwﬁmwﬁmuqﬂﬁqm Taganausaannisionasauluile 68,647 kWh/year %50
2.86% uazanmsUdesinansuaulnoonlemiiousiild 41,092 keCOze/year uanani nan1sinszinaslives
wmfiwesuandliiifiuin A1 SHGC vesdoadmdumsimesAfidvsnasonsuszudandsnugaiign sesamnie
auunTazaundan Sssenndesiunamsiiassiiuandiiiiuiinisuiulssesdusznouesnseueasaniu
fifnenmlunsannislindsnusnnniinsfinnsanesduszneunsndrulutiunvesngueiasdidn
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