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Temperature and Heat Loss

EnergyPlus Output Licensad
[W s Tepmee (T] W ream TenemaaC) W CpraET B
:}
o]
Ew
i
g5
£
£
g W g2 () L] W) B
EEETT -
10
£
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%
s
Aif Temperature (°C) 20
Radiant Temperature (°C) 1839
Operative Temperature (°C) 204
wiside Dry-Bulb Temperature (C) 380
Glazing (kW) 805
Walls (kW) 412
Ceilings (int) (kW) 155
Floors (int) (k) 155
Ground Floors (kW) 032
Roofs (kW) a2
External Inflration (kW) 1558
External Vent. (kW) 6676
External Vent. (kW) -4090
Zone Sensible Hesting (ki) 13694
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Temperature and Heat Loss
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Temperature (C)
1

Heat Balance ()
o 8 8

Air Temperature (“C) 21.00
Radiant Temperature ("C) 18.61
Operative Temperature (*C) 19.81
iutside Dry-Bulb Temperature ("C) -3.60
Glazing (kW) 478

Walls (kW) 348

Ceilings (int) (kW) 118

Floors (int) (KW) 118

Ground Floars (KW) -0.28

Roofs (KW) -1.19

External Infiltration (kW) 1497
External Vent. (kW) -84.18

External Vent. (kW) -39.31

Zone SensibieHeating (kW) 12612
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Energy Per Total Building  Energy Per Conditioned

Total Energy [kKWh]

Area [KWh/m2] Building Area [kKWh/m2]
Total Site Energy 63522.08 81.15 81.15
Net Site Energy 63522.08 81.15 81.15
Total Source Energy 202523.58 258.73 258.73
Net Source Energy 202523.58 258.73 258.73
NBleys (28 ke Srodls b colus qipeio o lil 4 loidlo (55l Bpae jluide Y Jouo
Electricity Intensity District Cooling District Heating Water Intensity
[KWh/m2] Intensity [KWh/m2] Intensity [KWh/m2] [m3/m2]

Lighting 78.30 0.00 0.00 0.00

HVAC 0.00 108.28 3.56 0.05

Other 43.34 0.00 0.00 0.00

Total 121.64 108.28 3.56 0.05

3l 5 58 sbesls b lozslu atuus iU B yao Jis ¥ Jgio
Total Energy [KWH] Energy Per Total Building  Energy Per Conditioned

Area [kWh/m2] Building Area [kKWh/m2]
Total Site Energy 182762.53 233.48 233.48
Net Site Energy 182762.53 233.48 233.48
Total Source Energy 401096.12 512.41 512.41
Net Source Energy 401096.12 512.41 512.41

odls il sy Jloe! jlam lasd b dipu xS G pao e B Jod>

Electricity Intensity District Heating Intensity .

[kWh/m2] [kWh/m2] Water Intensity [m3/m2]
Lighting 33.95 0.00 0.00
HVAC 0.00 3.86 0.05
Other 43.34 0.00 0.00
Total 77.29 3.86 0.05

WVBE Jlogs Jlsie b glatslo gryo sio yo (sl 58] (alisy i > dion S ploye 05 JS e 0 5 ¥ Johis 3las
aoldl )3 b o ialS Caslo )3 oS YVIVA & dioany oSl b > s JS LFLY b e (6,050 b g Adb oo el j> SlgalsS
e Ao ditan S (5531 Bpaae (liee 2 (e (51 BT S (o 4 il e l3Ble ) Gl b (sludud )
St slod ¢ yiolol (clod (il (clod dga 29,5 (slod DHW(GaS) ¢ yislo pur dim i8Il ¢ pislo)S 55 G yume jiSTas ¢ oLy,
(b Cdyyan ply Culy iSan 2l S S schilo ¢ 2)B )l dididind 3 (6551 ST (S e s s 9 15 Glo o
ooy g ool Cesd @y g3y iile)S @Bl CigSs (i plo g FselS (oages (alids) (o S dgp ot
oo 7 Jgo b Billae 0,5 dplme Colis an sy g i3 €53 9 (vl Cashe e iloyensls (Gale)S )b (oo 5 9
O 5 am g ol (5 ¥Y) (Vg VY celo )3 SlgghS —V+00IVD (lie 4 (yislop Jb 4 atnly (5,31 B iSTos a8 15,5
2 SloslS YYFAY (o551 O e i coges (olidig)y d 15 YY) (Ve VY Celu 10 OlgglS SYVA i b il o dituns 2]
poolinw VA el )3 SlgglS YYV/D (5,50 B (lie b S g (59y> (sloyxis bawgs sl cowd 4 (awd b inle)S sl
Sl o g Joeels g Ul i S (6551 Bpan (e sl )3 SlgglSYYFAY (6551 WL (2lidy) (f5em (192068 VA)
loyled g atw ezmen Jolse Sod oS cawl (Jbs pa cpl yls 1y (6550 BT e YL Celw (0 SlelSTAYOYY 5 b
VEOYE Cadus jd (6550 Bl (g STas e sl astin Jodo (pl 3 &S jglailen Lload (6550 BT oy 5 YL e ()15
90 3 Sopm watd Sl (15 ¥Y) Ve VY el 13 SIS WWYIVA ()1 (sl ylgsd 5 (313 )0 VF) CawsST O cclis 3 lgalsS
Ceelu )0 SloghS FVYY liae s (65,50 B Coge 35 (sladdind g (6550 Cdypan (pere ¥) a49li VY celo jo wlgols —£V/0F
Jolse 1500 .l aiS el pd SlgalS AVIFY e a4 (6550 Cdyyim el 35 0l )3l CogSiu pizman .Casl 0l (45 YA) (sY o> VA

Ciaoygld oY N

58


http://necjournals.ir/article-1-1942-fa.html

[ Downloaded from necjournals.ir on 2026-01-29 ]

€l (6551 (aobiliad) ole & puis
550 axan NYAY u‘.u.u)l.’ cYO)l.A.JB Y 092

O o 508" Lol lanisS ouds (gilwand et 3 (o550 oS le Wl Cage el pd SlaghsS FFAY LD ole o 0dd ¢ yleo

Gl 488 Cygo (5 V) 0995 VY el )3 SlgglS = 0/VY e & laa s | iU cdypum 54l 51 (555

JBle s 28 st godb L (Jlo il slaole 5 (laidlo (655l Bpae yiSho (siloand) Jldle s (295 & Jo>
S5 Y ST

Celw jd alS VYO/YYF

Celw jd Gyl SYYF/AY

by ol

(eoVF) 4 gl5) ¥ celuys SlgalSYH/VY

isle)S 5 Gy ,STas

(5 Y)Y 5o VY caslunys lagkSEYV/A S

ke o g S0

Ceeluyd SlgalSVY/YY DHW(Gas)
(o Y)Y YV pol3 ol da )oYV/AY lsn >5,5 slod
(35 Y)Y YV o135 sl as oYA/ VY sl glod
(¥ )s Yo VY 3 0l)5 olo as aYV/AA Uil led
(35 Y)Y Yo o0l 5 ol as ,oV0/NY Oy S sled
(35 YA) s¥ 2V sl yd ClgslSEV/YY i
(35 YY) Y VY Celuyd @lolSVYY/VA B le
(31350 VF)cauwsST B cusls y> SlgalSVEO/YF Chllas
(5 YV )Y VY el )y @lgglSF-/YY us
(5 ¥+ )Y 1) sl )3 clgolS-FF/NY S ails S
(3150 VF)uwsST & el y> lgalSYE/F- Pl oty

()_u 7)0595 Y cels 4o QI”J.,.S— oY

lon s | (5L a8y yum

(cyore ¥) 4gl3VY cacluyd ClgglS—£V/0F S Askd
C&Lw).) QI”LSY\"\‘/M“ (P9 &w”
Celw jd lgglSIVA/YYF Olipzd plo 5 yiguels
by ClgslSOV/FY 33l oS

S92 9 (5920 ey by sdel Cund 4 (a0 yB koS

(o VF) 4al5 VF cel > wlggls ¥R/ Y

oileS b

(35 YY) Ye VY celw jd @lggls =V - 00/YD

:.):"?.L")M’)le

(35 Y) Ba5VY Celw yd o yd>-0/VF

o Cagby liee

Cadged )| V8 &/-5Y ac/h celo o o Ayt &5
) sy g 4985 & 5

dusloa 5 (g3lwtens (5551 Y 5o line Ioaome g 1 l3dlp 5 3)lg e e (sl 2 sty 0 plosl (g jluans g, sl )3
5 onenlS DHW(GES) scypym St (slad bl i 7SI (555 Bpoma oljzn sl e & Jyin 5 o6 sobilen 3,5
Lol oinlo)S 55 G pume ,iSls a8 sl I )3 (al 25903 Ty il s g Ly iy liee Lol 23,55 iy (6 yueis el
ol Jbo )3 ol bl il ol Zusbo de > $IFF e a3 Gilol (clod g a0 S/AY e 4 loa g3 (slod o ol 9
B slaylen 10 el e g ials Cuigud)l V0 el 1> SlghS OV/FRA ke 4 naind (5 Syl B ST oS
il AW s e b 1508 i Jleel b epd Yo 3 50 s )0 D9y 509y LRl b yae VA 0 Celes SlgglS YA e b 5
2 Celu pd SlgglS A/EA (158 L (508 iy Jleel b Cadw ;5 (J)ly> B il Lol .l dnlae celus lgglS 0+/FY ials' L
U Cdyyam 3 gdo s e W EalS b al caiy ;5 (b V0 53 el jd SlgehS =5 oI5l b CaSlom aib (iS55 (09,8 '
wlo i) A )5 el )3 SlgglS YYF/ES 8l b Soym argns )3 olo (L1 VY )5 el )3 SilgglS VA iol38l L lga s
D80S L i 5 (igyS (Slbayy b kel o & 55 lesS > el > lgskS VALY S8l oges (ol 53
b lime 2 ol pe A > sl )0 lglS Vo /¥ Liul8l b (iole)S 3L liee 50 coloygy soad YA 13 sl )5 lgalS WY/F 500

59


http://necjournals.ir/article-1-1942-fa.html

[ Downloaded from necjournals.ir on 2026-01-29 ]

€l (6551 (aobiliad) ole & puis
550 axan NYAY u‘.u.u)l.’ cYO)l.A.JB Y 092

S Sl LT WY 50 a3 WY s Cogby Gl 53 ol g9y (ial L ole 5 ¥V )3 el p> @lgolS VYo /40 Lioloyw
(Y Jgas) 2 g0 0dnliie yials ACINN/AA lie sl s 3 lod di005 55 0 9 iulj8l ¢ )l >

lmosls &y Jlos! sy (s ciliseo elools 13 ozl 65 Al (b o Sl oiloand) Jlidla s o5 ¥ Jpio

S50 AW SSlas
(125858 YY) Uoysl V& sl o lalS VYOIV L 361 s S (6551 B pamn (]300
(53130) polwd & sl y> SlgalSVIF/A- oldsy o5
(> VF) woli) ¥ celwys clgelSh/0A il )3 58 Byms pShis
celu 5 Clysl VWYY DHW(Gas)
(0 V)TV 3 2l 8 5l do 2FF/AY lsa >gy5 (glod
(a0 V) ;SN 32,8 5l dn 2FF/+ sl glod
(0 V) SV j5 015 b ds ¥ F/¥Y oislol sle>
(5 Y2) Yo Vo j00l,8 il dx 2VO/YY Doy Suis glod
(Cuntitd ) ¥) JoyglVY el ys lglSA/VY i
(0 V)5S Ceelsyd lolS—VYF/AA B e
(Vo) Yo VY el o clgelSVVF/AY Chilw
(025908 ¥+ ) Joyol YA caslnyd lgalSVY - /A5 s
(0U1Y0) yolgs & cuclus y> SlgglS=A+/VY S il S
(0L VF)) jeel 9530 cacls y> lgglS-YV/AD el cudy

(OU YY) preles A el j3 gl S—5/¥F

lga s 5l b cdyyum

(Conisdyl ) Joyol YA Cuslunyd lgglS=YAR/Y P9 dokS
Celwyd SlgsSYVE/A oges (olids,
Celw jd Syl SIYA/NY Ol plo 5 yamels
(8> Y¥) g5V ¥ sl yd loglSEY/Y o3l oS
(19228 YY) yoolizms VA sl 3 ClgolSAVY/A Sore 9 99> ooy Lausg ool usd & (gadys Sl
(e A) poolip Vo el > lgoliSYA/FY ol S 5L
(wtul Vo) oplo V sl jd wlolS —YYO/Y Ol syl

(O WY) polgih sl p> aoj>-5/¥5

o Cagby lie

(Coiiguy) VYY) e ¥ 0/Y4 ac/h

Colo cus p lgp 4505 5

S g5 4o

a3 o il ]y leidle (65,5 Bras sladi o Coles )3 g 35 0 (6551 AW ials el b yloid b jd dieign pdlas 1 oalitu!
Solo b yiaS ()l colin cupd g (0l mpeyie p Sy /05l i b sglue ()l Cunglie Syl & (0lge Sl cpSo e L
Sl kg 538 e U G5l Bpae ol 3 gl o Cgmine (Sl Bale Clgis 4 Bl (nslS @peie p g o/ 5O
s b o olsd ile Lo b olsioe 5 995 o0 bl lblsd 5 Waciius ;5 3l GBI oy iy i oo ialS | lezsls
g sten S Byl S 5l byl & cosl 0l aspe lil 4 i s Jbyie ojgyel ol il JBlus 4 (8pae (555
2 ol 995 00 Pl oo b g o jae 5 g Aoy 4 Sl & ool cpl il g sl o caslio () ale b S0 Byb
ik cnl ) 0l asuie lajlme (e Gl (giludnd 358 o0 dnogi bl cul T eslitel W s polis A5 Ll
AN & celw ;> SlgelS YYYIFA 51 s so Jladls j3 (65,50 AW )50 cdiaddign pdlas | (65,6 L IS jobo &y aS 0l L

(A Jgi2) 5 o Iy 20l el > Slgsls

e plpd )38l 5 odls (295 A Jgi
Celw > Olgghs a1 (5551 AW ,lake

A Fyene saied
—f/vs Song Syl tindgn (slaaind

60


http://necjournals.ir/article-1-1942-fa.html

[ Downloaded from necjournals.ir on 2026-01-29 ]

€l (6551 (aobiliad) ole & puis
5’5’—&\ P ‘\\‘4" OLLM—!L’. cYb)l.o.u) ch 0)9.)

Clw y3 OlgshS Cons 11 (5551 ST yladie

—Y/VA Sgexe Gloww s
- Y/oy Pl ylosus yrod
~Y/¥A BRI
lALd Hely Kiw

Oinloyuw slod jSTas 5 Jolas ol 5 ilo a0 VY 5 VWY isle S STas 5 JBlis glod I eolazul b aS ol olis ols IS jebo a
OlaglS WY leitlo Liule)S 5 iuloyw Jb W] l5se «cudly D425 Jl38le 5 13 (15,8 yiwy O ygeo 4 &S 31,5 5l an j> YALYY
Lol S bl dad ¥e g YV & Gioloyw slod jiSlis o JBlus 5015 b da a0 VY 9 VY & Linle)S (slod yiSTis o fBlis 405 b 2o
Sl )l 834 g dwy SlagS WYANY &y ole)S" g ale oyl (6351 BT liee lslojoo slod il 33l g tale )57 (Lo alS
4 pedlSilow logw ymod jl g odly Liglial ]y s il8 jlays slaas¥ slass S1as ol lis ol cyisees STy ialS slesle (65,]
o3lisul (Jgose (sloadnd sl 4 Sing S 9 Sl Miabgn (saaind jl il F Siw sl 4 (gl5 St jl g Jgeme los e s>
S pials 1) glele (g3l (Sl b ©éyymm 9 S Gliee Sl > Glalepw lod I3l 5 plale)S (slod iR L g 338
Sl Sl s s (sl @y yion Sy <10 5 Sk b sglee Sl Cueglie g & saiadon las odlal rizen
Spas jl (80 3T (63 ()8 )Ll e Bgd oo e ()l Gile plyie 4 AL (gl @y lop Sy o/ FD (golua b 1S
A el ) Jd slacs gw
o9 fge 551 yeS S5 Y (hlidl a5 b elinul @Y &y 5l 4 )l b 4 pledle (2B glaojley o ul 5
Cunl Jgone logw & s 6 5VL ()l Cangliie (gl ploww cl 457 45 ool (Jgene plowwr yrod gl & po8lSili (lo
23,5 odlil imgh opl 53 SaegyS gyl diadbon (clao iy 5l 4SSl yeus g ige bt lo (6591 OM ¢ leidles plSoxinl 3 oS
Gole 263 &S Pl gy sled Ko jl Glaidl opl 40 a8l S5 @ p5Y il (o0l 48U leidle (65,50 B ials s oS
ol 04 03wl (bl oo (loww Mo 4y Sdius 4 B 5 M3l 0 JToo 5 Iyl
B B SN Jials 3 Gleidle ) S5eiS S dlge g Madgn dlae jl odlatul &5 S (g5 oo Gigfy saaBl 4 g5 L
Oleidlo )3 Niedgn wdlas b olyen ((lwd (slacs gw) pibaios cogw b 4 plnios (s gw jl x5, 4 L sl (ool
5 Sl ok i gl s 5, Ol oo
il 3 b )k g )0 500 slailesdle (gly oolitul bl g eges Oygear el > (655] G pas oS gl i,
S o (6591 BM a0 gu ookl (2,15 Jlgd (6 Y p 5 Sgpm ) gly S b 4 el F Kiwjl &S LKin )
S jl oozl pl&ia bajlesd 5l (55l cdyyin l5ae 505 ko plid Hl8le 5 slrodls b gillee oS cusl gl 5 Koo
Y b ged) ] 0050,8 by @lgalS— ¥ ¥A il 5

Temperature and Heat Loss
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Air Temperature (C)

Radiant Temperature ("C)
Operative Temperature
Quiside Dry-Bulb Temperafure
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1497
-64.16
2l 3931
Zone Sensible Heating (kW) 12814
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Materials Embodied Carbon and Inventory Area (m2) %};ri)g:zll)ed ﬁ%‘g‘g’zl)em €02 pass (kg)
cement silica fume 435.3 0.0 0.0 150598.6
Timber Flooring 200.0 1794.0 1833.0 3900.0
Limestone extra hard 435.3 4526.7 4526.7 226333.1
Floor/Roof Screed 200.0 2688.0 2688.0 16800.0
Plasterboard 200.0 2766.4 2912.0 7280.0
Gypsum Plastering 645.3 3187.6 3355.3 8388.3
Urea Formaldehyde Foam 200.0 473.5 510.7 266.0
MW Glass Wool (rolls) 200.0 532.4 584.6 348.0
XPS Extruded Polystyrene - CO2 Blowing 645.3 5192.8 17273.1 1803.0
Concrete Block (Medium) 210.0 2352.0 2352.0 29400.0
Cast Concrete 200.0 3200.0 3200.0 40000.0
Cast Concrete (Dense) 565.5 9500.8 9500.8 118760.5
Brickwork Outer 645.3 24132.6 25229.5 109693.5
Asphalt 1 200.0 210.0 210.0 4200.0
Sub Total 60556.7 74175.8 717771.1
ﬁ‘(‘)lr;?‘lt:)ur(;lions Embodied Carbon and Area (m2) Er:rk;&;tri]ied ﬁqgué\é)azl)enl co2

(kgCO2)
Reference Below grade wall Medium weight 210.0 12926.3 17252.8
Project ground floor 200.0 8155.5 8231.7
Project flat roof 200.0 3508.8 3706.6
Project wall 435.3 26465.3 35483.8
Project internal floor_Reversed 382.8 6430.4 6430.4
Project internal floor 182.8 3070.4 3070.4
Sub Total 1610.8 60556.72 74175.83
Glazing Embodied Carbon and Inventory Area (m2) E:ﬁ:ﬁ'ed :Ekqgucivoazl)ent Co2

(kgCO2)
elcterocoromic 186.5 3488.3 3488.3
Local shading 0.0 0.0
Window shading 0.0 0.0
Sub Total 186.5 3488.3 3488.3
Building Total 1797.3 64045.0 77664.1
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Structure Costs

Sub Total

HVAC Costs

Sub Total

Lighting Costs

Sub Total

Sub-Structure Costs

Sub Total

Super Structure Cost

Reference Below grade wall Medium weight
Project ground floor

Project flat roof

Project wall

Project internal floor_Reversed

Project internal floor

Sub Total

Glazing Cost

elcterocoromic
Local shading
Blinds and internal shades

Sub Total

Renewables Cost

PV Panels

Solar Hot Water Panels
Wind Turbines

PV Electrical

Wind Turbine Electrical

Sub Total

Surface Finish Costs

Floor Area (m2)

782.8

Floor Area (m2)

782.8

Floor Area (m2)

782.8

Floor Area (m2)

200.0

Construction
Area (m2)

210.0
200.0
200.0
435.3
382.8
182.8

1610.8

Surface Area
(m2)

186.5

Area (m2)
0.00
0.00

0.00

Surface Area
(m2)

iy goabd b leidls bpas cladnin Ve ol

Cost (GBP)

164,380.23

Cost (GBP)

313,105.20

Cost (GBP)

78,276.30

Cost (GBP)

22,000.00

Cost (GBP)

27,300.00
67,800.00
15,000.00
145,810.76
80,380.23
38,380.23

374,671.22

Cost (GBP)

18,654.00
0.00
0.00

18,654.00

Cost (GBP)
0.00

0.00

0.00
600.00
0.00

600.00

Cost (GBP)

Bodly s il A yloid b (B pas sladinse NY Joio

Wind Turbines
PV Electrical
Wind Turbine Electrical

Sub Total

Surface Finish Costs

Walls
Floors
Ceiling

Sub Total

Building Total Cost (GBP)

0.00

Surface Area
(m2)

645.3
765.5

765.5

0.00
600.00
0.00

600.00

Cost (GBP)

25,810.24
34,448.67
31,448.67

91,707.58

1,063,394.53
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Abstract

Nowadays, buildings exhibit high energy wastage, and due to their heavy reliance on fossil fuels, the adoption of
intelligent management systems presents a viable solution. These systems can not only reduce energy
consumption but also mitigate the waste of fossil fuels. Therefore, the aim of this study is to investigate the impact
of a Building Management System (BMS) utilizing an energy consumption simulator to enhance the energy
efficiency of buildings. This research employs an experimental simulation method using the DesignBuilder
software. In this study, a three-story building with one basement floor was initially designed in DesignBuilder,
located in the Mehrabad Airport area of Tehran. The energy loss through the building’s external walls was then
examined based on the software's default data. The results indicated that modifications in the wall design,
consisting of five layers from outside to inside: 20 cm thick travertine stone, 20 cm thick Silicafom cement, 10
cm thick brick blocks, 8 cm thick polystyrene insulation, and 1.3 cm thick plaster layer, reduced the energy loss
from the walls by 46.3 kW. Additionally, the use of electrochromic smart glass reduced energy loss from 8.5 kW
to 4.76 kW compared to conventional glass. Therefore, it can be concluded that by utilizing smart materials in a
three-story building, the total energy loss in the studied building decreased from 233.48 kwWh to 81.15 kWh.

Keywords: BMS, Smart Glass, Smart Materials, Silicafom Cement, Electrochromic Smart Glass
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