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Parameter Setting

Building and zone program template Midrise apartment

Window-to-wall ratio 0.2

Cooling set point 26 °C

Heating set point 20°C

Internal loads Equipment 3.875 W/m2

Lighting 11.84 W/m2

Infiltration rate 0.0002 m3/s-m2

Occupancy 0.0283 person/m2

Building construction Floor surface 100 mm lightweight concrete with acoustic tile U value=1.45 W/m2 K

Wall surface 200mm heavyweight concrete with insulation U value=0.46 W/m2 K

Double glazing of 3mm clear glass with air gap
Window surface U value=2.36 W/m2 K
Solar transmittance=0.837

axjllao 5 )g0 80gux0 ) .Y

9 £)5 weldl llodoss dilate > Wi j o ol My Gl pd S50 9 (g Gl B bl 3550 sz y
LgLo.) Jaw}u:: s..\‘o).u &ww oliw.ul Al Y7 )La] u»l.w‘ » Ll 00 @‘9 ul)“ d)f).a aMe d)‘“’ » s



Sl g JBlas le ol MR 35 9 bl (glod ol <l o daly il o S da 3 VIV jad opl &Y
Ohis S e ol d g o ed slomgl 3 (658 Cundg Ale g Lo 2lj g gbS dod 3llas
as l?ui )I Ll 05 .))91)_3 &b YT L )J.I)J. Aoy oKl BULs oL Jawy/e 900 o Slalo 9 Sl sl
(31,5 ko a3 YV/A) ol 0l s o] )y log 5 (e e WE/E) 1ol diz o GWLe (S5)L o0
p‘lﬁl o)).w] k_ﬁj u.ulw‘ﬁ cM‘ Jaa‘).w Qbybwl o du..wl?bo VI ﬁ‘ﬁﬁ &9{ U“’?]") w)»o)l.\u
3.8 asuiie (Demurton) (i jled SUI bl p sis pr couldl 1y gun3 15 g Al oo €0 o SuiSD g5 5] dilaio
] €SS (glomgl

oS bl g scad odg 055 b Jlaie g 5l 5> S b (Sl il claoygy )3 1 (o
Pl 025 <l (59 3 (S ilwcdlo g 039 b daaogs (Sle o Xy j2d )3 Slwg Sl (ST ol gt
23 Ui 1) e dawgs L9y (s Mg a8 W8S (5pobody Cul (Bl 5iSTem b s o
Kropf) sassaidls JSb awlwl 55 dw losds Hladls 665 5 Glalad 665 Lld (o) Jole dw bl
olSS s o il 9 Joa e o0 (g pgeal Dl g olsd sla wSe )y b 5 (2013; Oliveira 2016
255 ol ]3 2y 22y e
reis o S e gl & Jols Byl g (RS B b (H CBL) Jol WS,
8L gyl odgasme (pl el Sl i 1o Cunsg 3,558 Siblas b pl &S cB 0 s domus (655 e
d?ﬂl ‘ubLo 69§J] = L;\»L.wpoo) ‘_;Lal S A (owy L wLwWU) PLC Lgl.tbw )Ja.m )I 039450
el 5 ol o3 S U o L gl 5 (s, (s (el oS 5 ol
el 538 5o bl

WD ATYD sl Jlo 1 IS b )3 a5 2 Byl g (RS Biand B (495 155 Arungi) 093 AigS iy
5 5885 555 o bl a5 555l o 03,88 5 S5 5550 5 o s s S0
bl @5 ol iy i ol Blwlidcsy ) gla > )55 cilee dadi g5 o |y I oyl iy (Sl
WY oladad )0 Moy o 50 dildyde (cladged cpiwsd (glyds 0018 Clalad [l b 008 lacdl cunls
A 4 il S dl opl baes Cluogad uad o S5 1) 5o LT WWFF Jlo b g Cusl (gaudyed WY

(VAR J5I5 5 (oabls) ol et s 53 (gos polic i o e 53 5 (25 oo

Voo uL./.Mﬁ) 9 ).yl.\)_‘l' o)lo..\i)

\FY



uJ]).»I d)lgum aollad 92

\PY

P ‘ AT fagn

WD B YYD (cla Lo 55 00 sl & (pgalys )3 pod BsS i) Capebge 0 yyguas

Aalgay (ot g S GBS L ¥ 03 3 Hodudy95 153 (058 (5L y0 i) o WigS S
P a8 b geliy plete i 5 )b L iy Bl ol 08 clazrloalatdl it > s
ol 939 03 (i (25slad Slaplls (sl g Sl B 3 1) 395 sladged (gl Fe g Yo sl L
o g Bbos b it 08 L ST enled ey |y 293 Cale bagleitle (i (6981 Lad b ey
a6l b s clagS joals siay 4015 oo olyad 255 L Sy (clbdrasgs 3 |y iilazi s g ludad
LSesy, ) o) & colo sy £ dibiy Jladlo (oSl i) Slabad (g pu g odis plaio glacSyly
oSl il oaly olaidl 0gs &y 1) yad Colune 5l mowg (iS50 (6 pad €8l oyl paol oo Ay 10 Y 0led
acblAr (sl Sl ST jlugelos Sig) ool ol 005 S8 g plaie oS5 0o ol 13 e sl 5 Ssly
(P B8 4 S35 (I e )3 (el <8l (VWAR) 51575 (ol oS Sl cpuiomes o) 2l oo
485 IS5 Cupmez VL o515 9 (2liwg) e S 8L 0 JeoSS (glales g jlona pud g darls (g jlwgcd b

DS o )8 pyw S8l (ganated ) gk ol 2 oS

- h, i g ol

s YOF (gl JLo 5 o oSl 5 o fad S5 Lo b pgs 50, 5 95



dia 0956 0)9 ol 5l e granwgd p3 a3y Slod bl LS eh) o)ka s,
axﬁélzjl u“”")‘ »lo g &bl cols 5 oL u‘o’l)l 5 Syl 5 OSwwe (g Jelai (g3lwogul slrojgys Lgl)?l
Sliwl) 53 5 4B (i (SgSII by (Siogy 45 it (63065 S8 g jlo Cabo Sl a5 ol aald o &
0331 ey S5 im0 S 1 550l ol el sy (6306 Capma Koo o &0 68 (55l
kil o ollad iomen @ianS 5 oSy il b s dajl Skl clocSsl g s

aaddlgil i bl sloSsh ooz BsSesn, ¥ ppas

X o b diged )d S8l 465 Jlax sla Sk ¥ Jsix

whigy | el Ty elicoy, e e il 85 iy it
585 e bl )b L SSE Sl le 5 g0 Sy 0l g (rS B b i
alie slapyd R 03,35 Clabab 5 Sl
585 bl ouB0s5 53 S e SN Sl (ol LS L L 0459553 hrogs
alie glap,d Slalad &b s ovS @le &ylono doldiad 99
5y el 5 oS s} o 5
03,8 9 Ssh V¥ ULM:)5):.,IQ_Y~ b)la-»)
\7¥
Fe by bls dibay clapyd SSl (2xijhs 3l 8 Slagbys
clo 4o A b &2, Sy g bbb elate (pwrin 035036553
skl (siady Cllad
Sl gl b eSS sl w5 oxiSly L 2 3y Sleill Sl
g 01B0y55 5> oxsdgil (les bl > glbdany




Sl @ylare doliliad g

VPO

g sl £

oileyS 9 Glale pw (5551 B o (6 jlwannd gl Julodi ) £

Sl syl egipl Lol (e dijer e (S48 Sl bl sla Shy b cals
2 oioloS g Giolops (g5l Bpan lie £ g 1 (ilore (o le JBle i by dixp (JeSne iy
ol @uls &5 465 plon .l 0ad ai)S L5 5 > b gla ) Sbled lgieas ¥ g ¥ 55l Ly g 1008
<l S jobos 5 035 (450 (SLold l5e (3008 (SIS (3 (6T L Y Bled L e go (LS Lo Jolos
ol D 8l 4 G (b (6501 Lol (sl 1208

Sl a3 (Siolshige el Cundy @yeyie p sl CloglS cu p (Giludnnd Aol @l B Jg>

o e (e s . &l S e &l e 8 g5 o
.. aaly 45 ST 185 ] G ) o Comd A _ . X . .
gy 777 o5& e SOUST oS i) e sl clyls) sl
i - T (e sl (@i pcsle (250550
[ CIYEYNS \/s§ CIVELYNS <[F.avy £y/5aava FY/-£8\Y R A%ZN \
) </YAVYFA V/+aA IVNYFA BAINZASS AV/AA-AY O+/ASVNA \WA/IAFY Y
5 VYYVAY -loy JSFEV-R L JrearsA YO/YFa00 PE/A-VD) DUYVY-5 ¥
A YAYS\Y R JEARYSY o YO-YSY YEAVVYYY ¥a/2aY150 £¥/.0F -OF ¥

bops ¥ 5 ¥ (slacdly 13 o5 (6551 Lol ie 9 ¥ 9 ) (sl 3 0bj (o5l Lol (liee Sl (8L sl
ol singy Sl )3 0 ime g0 S aSLi e 5 skl Cumdy et b (53l Lol i)
S g el Gas 4 Job Cosns (GST) lazils coluus (FST) lids s (ol (548 Lasli
g Bl & pgmds i oo S5 |y syt by icpmly ol porlas 48 S S5 g el ol 9 5
A5 &5 ke (sare o pasls i8S )8 Llod 3590 3yl SLOE (s 2 e slapadls ple S
s gy ol sl 55 L ylgpd pdllens eyl ] g ps e iple s epdleno polSinl gy dgn
(535 yo bl 5580 ol lezblos (oSl oz (6 jlodenss ol (oot olie )5 ol o 4255 4133 5
o8 sl ggdge (nl Sl gz a9y (ol dpar b (bt g g ) (28 A L (e ¢ om0
St 3o ciale)S g plalop JS (35l Lol ke ) ogir 4 5y (Lol der b (hbatese (55501 5 e
AV 5l Lol Jelos 51 (S plgie 1) (635 50 bl (sl 2 w208 Bl (05 S dom 5 sl il
]y D> CBl 4 s o005 L,

Oglite (S 9 Olasy S S b (elatns Slaidlor (5801 53 )3 ©gl5 A pguai )3 d2g J &S5
S5 o8 4 ) Sl 5 gl 53 5 el Coanlly Sl pas i (g5 o (a3l Lad e LS oS
P ErScar 0l poyp Glp mibpie x5SR 0SS () p @ )0l 9250 )8 ise (b S
S olns b Ciliseo (glaasgls 15 (655 o bl o dubatns onrye il (68 dus e ylati LS5 ol
oS A 3 Folel 3 (9j Jlea b 55550 bl 695 i A Bos 3 (o> A i WY (ibates (55X]))
SpS e plyer & Cunl (08 Bpd pleible (oMl (S A8 )15 () 2y90 (W )2 WY (pe
Sx5 ez (g5 e bl o8 alar jl lagSl polos )3 a3 co (L3 Lol gls ol 00l 4285 jlas )5 00
sl (65 pmlio ()5 55



A clals

178
1
0.8333333 0.75 0.7142 0.69047
168
158
148
138
0.75 0.5834 0.5
128 U.454.2806 044
118
0.75
0.5833 0.5 0.464286 0.44047
108 e
o 0.666667 05 0.4166 0.38095 0.3571
i 1 ik 2 aih 4 a7 ik 14
— i B 0 EAE L e ¢ e B il g £ IR e il 2 R

Olads dlaws sumd s (8] jgoe walisee Cldds j3 IS (551 Lol 5 Hlaie | Sleidlo glite (sladisS dugldo A 5 guas
sl zay0 550 VFF g Ly oSl polod Cnlunn (raposio p cuslis SlaoliS s o (65,3 CBpuan (500 8003l (63508 jooro g

S5 S Jl ol (ST (2 Srd xS e hbite 68 G5l LB A pgai b Gillas
N2 e 9 ol o Sl 3 & (e (sladuorin ploo (oo sl el )3 > o a0 sl (gm0 655
BV @) o cilises (5)5) oo & Jsb Cunmd 13 ()6 b Sl (65 g Coluo bp)d So pS o0
BY o slonSli 15 (33,5 o yleta slopyd ) g g o sl ol pd ) 40 ¥ s ] 5YL) ) 4 ¥
25 o )13 5550 il ¥

siA slels
145
140 /\.\*_/‘—-—\\‘
135
130
125
120
115
110
105
100
4500 2,220 42,240 42260 42280 100 120 140 160 180
S dapi Amga At Aag Ay
e R I SRy 4| R P A | _._;-)s'yz.;p,-}ﬁl

Saglj B Lis (8] yome o JS (61 Lol jlate j) ilisee (slagSl )3 b leitles (sl gllas (35 S A g
sl @y yio yr sl SlyolS sy (551 S pae (e BRI (3508 y90 9 (2)8 (S s & S (ol (g pS

u"])"l Ls)l‘“’" aollad 92
Voo (Jt“m) 9 )‘ylf_‘l’ b)ln.:)

\55



Sl @ylare doliliad g

\PY

elatns 95 b (08 5 (55l QLS Cumidg (n Jainge wad o0 JUE V1 gl Billae (giludend gl
o3l 5] o> 4y prdans o (ppieS L) ) Goe & b 4 S5 sl )3 Cogir & g Lol dg b
> 4 g s (S b JSS Jedats (08 g8 g 9 cunlie (g S e Sl dlag )3 cplpli el
92 4 Sl (+515) Sl Sl (Al gas polad 2 (izmed (w8 (551 (0058 g5 53 Wl (ke
Ol B epleib b Ao e 4 sk Cund 9 (65 3 D9 e 38l LA uguine ialS ge il
33,5 (0 5 LB ialS cage oSy

Syl slolas

——iih7 ——4ubf  —A—<ib5 “ilad i3 @D —p—diia]
0.558258
71
69
0.507937 0.509321 0.512518
67
0.420635
73016
65
(3253
0.373016
63 0.388812
0.373835
61 - 0.366464 ) 5 o
59 0.322043
0.31746 318845
0.293651
57 10,2793
0.2)
0.263039

L 125 15 175 2 225 25 275 3 325 a5 375 4
Job o Bl (Bl pgme (S (551 Sl e Sl lalails (sl ogllas 6515 5 (3es 4 sk Cod (i 01 g
Cusl @pote sl GlgolsS’ a5l B pan (line BB ($3905 Hpr0 g Cand (Lol Gas &

(©lb dhs) Glasle o515 Gl b a8 o gl Sl pls ) FST jadls ()38l gjluand mls
Mo &y dolopus (5550l SLolEs 5 il Liolo)S (655 (Lol (635 0 bl (oS 2 oSl oled
iy 655 yo bl oS Sglize 8y s .l asily als” JS (551 Lol ggommars 5 Sialjdl (Sl
I & prin o oy Jls D 3y 55550 Bl 5 o 5 (B i o o sl
4 4295 b orizmen D9 oo el JS (6551 lali Gl ol g 5 5 095 ool 20 ule)S (5] sLolis
Sl glola "j ljlgods g oy (631l s lads sl il b e loid b (550 g Jsb g0 ol
spssn M il JS a8

IS 50 ol e Hlate jl clads sl iolial oly o Sleidle slagSl ks, VY s uas



5 o5 4 55 hol e b (bt ganyo (5550 s 3 (GST) a3l b illae (5ot ] Jeols ol
Colue Lial33l oolyal clalesdlo 1 a8 cul ] Sls @yeyie YYF  VFF QY clacealus 1 (o5 0 bls
Colus opyieS b 53500 bl 950 095 00 (laloyw 9 pinle)S (JS (5551 Sl (ials coarge pleible
S e (a8 Gl (YVF) colus cpyidenr b mpe o5 5 s3] Spae (liee i S (1Y)
20 yin WYY S Coluo g gz a9y (o8 dpo b (latus (66801 .0,05 2925 315 Litian] G Lol b o (555
Ol Jate | s cimd 3 Shes iogllasl (gpSan clea mpeyio AV Colun b @pe o5 b duglie
olis I EpS s sl Cood /«J Oﬁ] Lol 03D Ol dg5 )‘I);'.ofg“ol.w.p L u—.’.?ﬂl & Cod ‘5}')31 slolas
4 Capnd 6l Jole Csllae (655 (555 Lo Gliee (1ol ) o col Gllas (ol bS5 3 0
ol S Colus o asli

m S5 shals
1 035
- 0875
0.842857
192 0821429
172 1
0.8333333 075 o .
+ +
: 05793
072222 0538889 0.6031
152 088889
0.588889
132 0722222 0538889 06031 ogps
075
“D5as 05 (X
0777778
o 055728 0492 Py
112 015

0.66667 —r— 05833 05 0464286 0.44047

0.666667
o 4448 4 0.3571
92 0 0.3611 03253 03015

04444
0555556 R 03253 03015
038385

0.246
72 03055 0260841
a1 i g a7 k14
———0 9 e ——— e A5 e 5 A b e BT L 518 s e b s e 8 Lkl 225 39 aeld s B e Hm
—-— 324 e O s g 1324 MM e 36 4 1324 Ll e 135 564k 2 20303 5 M
6 e A L e 14 (B g 02 ot st e 1 B g 12 s e s e e e 14 orae

baid i 88l yeme ¢ S (650 Lold i Hate jl il sl g Colie iolj8l b Sleidlo il (sladisS jbdy VY gl
Zreyio y el OlgalS sy (55 Bpuae (i 5O LS (63508 jeoe g Clib dluss

b (hbaties ccgnyo 53550 bl slolaiilo b s, ol g5 gy (s5btind gl oSS ol
Job ) (29 (Jlod (SpiS b lats (/Y0 Lol Gas & Jsb Con L) (g Jlod (Su0iS
ol Sl (VoF leidlo Gas 4 Job Comd) 0y Byd (SaniS b ibatns (+/FF ladlo Bos 4
o Jsb b dats (gla ozl b Sl 6530 b auslio 5 (o5 50 bl lazslo s8I Ssly 5V o5
Sy gaw (8) YU e o5 o 4 Job Cond b Slebad (43,5 )5 )3l (557 Bos & J5b Cunnd)
Uil Coles 13 g oyme 0 pdaw ialS el S ol il Canl (glyls a5 g0 5l a8 20 0 et L
oals el oSl pl o b yloid b S o pdaw ]38l S50 dis 5l pioed 93,5 0 poe 4 pdaw s
2) Sob pld SV oo )3 Gizmes el ullie )3 i i 33,5 (0 gleidlo Syl c8))08
P25 4S5 (sgoudy Sob duwsin (185 a3 (Sl o 4 Jsb o 5 inandad (S Culs) © )90
85 Lol Hlaie ) (551 (Lol o, Slos (Rl cnge il aLB 1) (65008 po> & o G 01555

Dy o hale)S g lale

\FA



&5 slalss

140
0.795325
130 0.62866
0.54053
120 0.50267
—
110
100
0.615333
o0 0.5723
0.5423 0- 0.4486667
0.36533333
80 5133333 0.329615
0.323333 0.287619
70 0.25/619
0 0.263333 ~0.2%619
4 q 4k 2 4ub 4 b 7
—— S e bl gl Sl L b 5 R —— e ls it U s s R
—m 3.2 S5l (Bes o Jgb i Ll b sy 5 A 7.8 S5k oo 4o Jgb b sla slaslu b Ay s A

e 125 Sl e 4o sk i laall b o o &)

290 9 Sl olas Bumdlis (81 jgone «JS (55 SLAE ljee oo jl glite Slaisl bagSIIL oSl duglie MY 9
Erore p oo ClyglS sy (6551 B pan 00 Baim LS (93908
SialS 1 i sl 2l ez lucSs Ll wlas 155 o ks FST Lol | sllas s3lodunss gl
S ogboas ool (L 03 Iy (Glusy 18y (ol (6551 Sl g 039 oljen (iole)S (455 (gLl b
e 0391 olyos IS (655 (SLlis g ivlo,S (55 (sLolis ,ials b cligo slass 58
S5 o bl o S date sl ylain b b S'ols 63 ¢ 5005 Sl 0,Sae 1 GSI [ad s 130wy sl
Ol B Sl b Soly ) G ) dmd o (LS (giludnnd gl 285 )8 ) 5 )90 cilime slacolus )

25850 yesio 2 2 (855 OB (ie (IS g Sl Coluo Ll el 5 plassle colus

Sl §)lore aclilad 53 LS o SaS (6550 sl JialS 4 (g yad slacS gl g Ailded ) i ylisay
V¥ (Jt'“““) 9 ).ulJ_ Y- D)lomf)
e [ kWh/Meters2
154

124.85<

114.18

103,51

92.84

NRRRRRRR
1[0 e

LI 39.48
AT 28.81
¥ <18.14
x Floor Normalized Total Thermal Load - kWh/Meters2

Jan 1 1:00 - Dec 31 24:00
Sob calue (I3 L (65,0l B pno 5o (ol Y pguas



Cans sl Jouwe (gyScas (adls wiles &5 cuwl gl adls 51 K (S 1oy 4 gl o
(e VY)Y b lids luw b sy Soby ¥ olass jasls cpl (6,135 150 8950 oy (sl -l oo s rans
ol 0 4285 5la5 50 (63850 SS Sl 3l e WY ol Aol 5 e VY gl b (o) g (B (Slhaed 90 b
Q] o 4 53 22)95 0 05y VOB <150y (Slawd 13 1558 40 )] Cond 0 e VO gl Bullae
ol €8yl 33 jhas (551 Bpas LY 500 5l 0288 8l o plee oye

S5 o5l slelss

o oss7e 0.3260
70 ) 0.2941

0.2729
60 0.2622 (9463 0.2349 09304
| I I I I I
0
1s 1.2s 1.5s 1.8s 2s 24s 2.8s 3s
BBl 50 (S5 6551 Lol lise ol 36U e 5 ol (SacSsl (00 41 i) s Sl @l VD 50
Byoyio sl GloglS sy (65,51 B pns l5ee buiad LS (63508 y5o 5 yuxe (545 BB L

=W B
o o O O

N gt o CAL AliSee (B ) (iS55, B pan duglie Cou 0
5 bleisls 1 Colue (g8 5o bl L& oS ol 5 (635 S5 oty il y5ad M 1 pud il
Gilae (5 cae) 551 @D late jl ogllacl (6 S g lib Sl 5 Sleidlo 6515 (39 b Sl
Copmd (Sl (28 (S5 Csllae (S oS Jo 3 segSa o olliS Lelge (192 (63)l90 b g LS ys |
4 ElE)] Cond Coled 13 g ()15 eafitins Cond > ) o S b (55,31 LS (lje) YU o> 4 s
(392 a2l ol o (g5l Sl lie (205 L oy 4 g5 s (20NS) (55508 e i olj o s
550 Ladd adllas ol 4 caily (a5 b )15 diz y peds e Bl & o (6 it (5,0 SLSlE e
@b (od) (50 S Sy slaie jl a8 b a5 3 oo ol g analy Jlaise ]y €l (B b Sy
slapletlo 13 Ol (59 (53550 pate d92g Cusl &3l (ale)S 5 Galop 5551 Lol Jlaie Sl sl
S8y Ozmen il (o3l Lol Gials glally g (alod oyl (RIS ) (VU Sl (65 Joded (i (5008
el @i al) 5yl Srae plie (A @l Sy (35 e bl (et lo ladge > LSl baSz S
Ajp8) w8

Gos & Job G g (L2 B ) 5 BLd b a8 0 dorlge S5 ol L gy )3 )0 Sitimgy
023 oS il e o9 4 (b 0 Sl )S g Siale o (6550 (SLold Jlaie ) ozl 5 Slas Apg Comidg cluge
0a3LS S0l g 435 113 bayloges caled )3 45 (e ol 4y Y3 L)l 1) 093 (e (a8 w2 & rhaws
ol 6556 o @ s (a3LS 55 llate g (SYolae i |l dgpiie 990 (nl ul w4 daw
Sygo 3 55 Soly plas 5V (ol 5 )b lgren (T L &S sl Sl pans 5 o515 el (glopaSlis
b S5k p)8 g5 corge o (sopsar Claad lede it (giidslad 5 Bos ) Jsb S g5 cule,y
Lo jad i ancaglsl %0 ©)lear 00,5 ol (45,3l Lol ials ) oxie 09 (5 a8 w2 &) s S
w515 ol o & e G (Bl Jlatuns )8 (i 9 kol sl S il Gygo il 4
IO B RO o e (D By s )] G g el e i3]

VY-



Sl @ylare doliliad g

AA

by e Jo 5305 55,3 LSS Lol LIIE oo plor] &) chlisio ol 13 ) 13 88 Slallas 3
@l eblodes 5 (35 LA jlaie Sl a3 5 Slae ) olis > I (o8 (ot 2 g Cnl 4B 90 5 e
OlFiee cidgh 53 odd slwlud Wb Lalyy b sl 039y (g3lpiuiny Jio 1)l 5 ld Jio dunlie jgody Byo
g il (Slanaddl 3 (2l Adlge olsl o tale)S g iale ps (5351 LB Jlata 1T, o501 G (392 5 Ely
WladS )13 gl Bos 4 Job Cud 9§15 22 85 (08 SlogSl (g > &5 G (pe )5 Gy
el g )l 1) o 4 s S (325208 &S 68Ul )3 (6551 Sl g Sy

A g e 50 (SoSolodge slapadld Ay Cumog LS F Jga

W’n 3 Curid '3,:‘)@&1.3 ..\é)ﬁ.gk:l):uua&l.wm“ ’5&0%

‘-’».u
S35 ol FIIMEC RS spim iy s

@ Sy ol Sobop)
oy gy (ol e b ye awiin
P2 4 e G (S b

Lo b L;Ua;,.‘.a u&«ob d;Jl

o ar g Lo Jebatews e 55 e bl obsls 553
LY Q9

4bvbyY Slelo oS15) il ¥ 6

A (FSI) Slas slas
(ol Szl o515) (oS

w15 Ll o515 Ll

Jasiin oy 54355 Colios 258
i 2l Coluo s ~ (GST) lezslo coluws

Y
IR GAESI e at geS : (a3 e it

o 4 JSS s Slelo ol

&S ey dled Sl L oes 4 S5 Gos 4 Jib cod

b S ikts (Soh g 4 omie b S5 bt p 3 155 4y jonie oS

5 Sy @ S0P Bes 4 Jib Cand dpdogr ag) ol den
23,5 g 4 g) (bl de

Boe & oo s
obidle

o led 9 e lags S

. . . ) ES e
EE 35 Gh e 5l culiel e

eI S

o o o ob; P2 @ gaw Cons

JED e b2 ) - o 3b; B

A
ity (Jamacins§ (slolo0 g (lgmgl Ol s Btans & (551 B e 2 o sl yial)ly g 6 00 b e,
21 e 3 551 By w0slplol L (G55l g it 3 85 alagiog el ) oo bl Gl
@8l lie 3 b g 03505 (bl (Sl j g aaSd Co e ¢ Jg Jon) (S g (e LucSS) 3,3 (olide 93
Jlap s o,Slas 53 Cglds Js Jl o8 (sord s g Sl 5 Jde (Byne S o (005 dunliie 4 (008
lodew 5 (65 ) Lol Jlaie

ool (651 Ll late 51 b Guuglia o Ay yteh (50 (slodisS ololis i L &S tingly el o
Jols sy e €8l 3 (B0 a5 e S slais ) Bgoge (wliddigS oy, gy 4 il ()5
RS A BAB155 )5 dmwgi 53 yo bl (Jlaiilos (65501 5 S sl L joed e (S g (45 8L,
Ok ASb b odd (95,5 (08 S (38 e bl Sleble o8l g (2 lsbo b (5ol 4
P! | g 15 lslid e sloaogi )3 i3y iyl slacSsh b oS0 (3T g i) slaglazsls
(S5l ol 0 (gjloand (ol I3l bgi U] (655 B pe 30 Bl Sl plaS a5l 5y ,Sililed
Slansly b dddge (wlwl (655 G pan Hlate 511 (o 3 Slas i il sadsSesy ) sy lis

Candg pais b (6500 sLolds Jldy bazi ol glwliss (slacdl (655! Lolds 5o cogles Jdo 8L (sly



& STy Gl lucsS ol 53 53 (gl Sladl > oAb Byme Fhe (slosali (25550 9 Cn e
Laid inghy cpl Ban )5 5118 o 590 Al g0 cind so JSB) (6068 €L sl 5l pealuds
(ldyy SO (lise ile b piie plo g 039 6551 by ke | 6 yeed 8L Blulibiesy) 3)Slos (o)
Slotlo o oo 3 b 485 )l )3 LSy @03)S S5 (ulid(yhg) 3 &5 bayeSlE ple g )5 L8,
slapletlo b) Ssh (0)8 558 (65 Cue (B rd Oypot iplable U (S e (S bt
Oy e & o Cos GialS g el Jldl gdaw (il 0815 Gl (o9 Jlead S5 Jiatine
28 By g3l slolds jlate Sl () JBal p )8 & ey sl 2lBogetn) i,

Bilge bl 2 (53068 B35 3 (Sl s )lj8lp 5 oS sl ol 3)l3 3529 0o ol o oS Slaios s
A5 (5551 LBl iz 2 IS 5 (slnygiSle alad (3905 Bl (g5 o (S dnngs A8 o Joo il
SIBL b luan (1) sladangs 4 SLLE oS bl atdly ) LS & jg0ty (654 wlidie )3 1) Cugho) 93
25 dalgs e Sl (5> Gtalel 5 55

bwlsi o
. Top-Down Models
. Bottom-Up
. Philip Rode
. Typology Group
. Urban Canyon
. Urban Grid + Typology
. Real Form

. Tunnel-Court

O 0 3 N L B W N =

. Michele Morgantia

—_
(=]

. Urban Morphology Indicators (Umis)

—_—
—_—

. Solar Availability On Facades

—
[\

. Urban Textures

—_
[9%)

. Gross Space Index

—_
S

. Floor Space Index

15. Fagade-To-Site Ratio

16. Average Building Height

17. Volume-Area Ratio

18. Building Aspect Ratio

19. Sky Factor Of Building Facades
20. Lse (The London School Of Economics And Political Science)
21. Creutzig

22. Lynch, K

23. Stephen Marshal

24. Typo-Morphological

25. Configurational

\YY



Sl @ylare doliliad g

VY

26. Historico-Geographical

27. Spatial Analytical

28. Osmond

29. Urban Structural Types (Ust)
30. Urban Structural Units (Usu)
31. Quan And Lee

32. Batty

33. Kropf

34. Arbitrary Boundaries

35. Honeybee

36. Grasshopper

37. Energyplus Tm

38. Radiance

39. Daysim

40. Openstudio

41. Thermal Zoons

&l
bl dps dlyd 3> (655 Cruan g (coddBl (giludnd oKl NP (S odljan0 Lo pule g ¢lioyl (g 5059 (sdan! =
R (bt deel oK 6 ppd Aol g ($lome il S s e (A
polie 2 ST polan 893 5 iy jed (58 skito g Lo S50y AYAS IS il yace L phama g csden s ool
PIAY (G e pliso slo Sinlod y> . 2ldd plojls 5 (a3l
9255wl e 8l s Jse 3 (G551 (DS Jelos ATV glitie con S 313y 9 935l damms dozne sy (B3 -
MWV (W)Y ol solare Cllllo . ol i :(65)90 Sge5 (i
2Ol yag oIS 1 s AYAY L oy da 5 g ot S (608 VY LS i -
oS Sl BlulisaisS oy, awyp WA . Jeidald g0t 5 ¢ tllpuas ol 3 ¢ gdamo dgao LIS ¢ LSy —
DXV YY) P (5 lallao ity ole dolilas dy) (55 Lt b pane (sl 3
3l 9 S Slig ) RS A2 S Cuipd (S pea 3 NYAY . gigen )3 SlBg
- Abbasabadi, N, and Mehdi Ashayeri. 2019. Urban Energy Use Modeling Methods And Tools: A Review
And An Outlook. Building And Environment 161: 106270.
- Ahmadian, Ehsan., Behazad Sodgar, Chris Bingham, Amira Elnokaly, Gelen Mills. 2021. Effect of urban
built form and density on building energy performance in temperate climates. Energy and Buildings 36:
110762.
- Ali-Toudert, F, and Helmut Mayer. 2007. Thermal Comfort In An East-West Oriented Street Canyon In
Freiburg (Germany) Under Hot Summer Conditions. Theoretical And Applied Climatology 87 (1): 223-237.
- Allen-Dumas, Melissa R., Amy N. Rose, Joshua R. New, Olufemi A. Omitaomu, Jiangye Yuan, Marcia
L. Branstetter, Linda M. Sylvester, M Seals, T Carvalhaes, M Adams, M Bhandari, S Shrestha, J Sanyal,
A Berres, C Kolosna, K Fu, and A Kahl. 2020. Impacts Of The Morphology Of New Neighborhoods On



Microclimate And Building Energy. Renewable And Sustainable Energy Reviews 133: 110030.
-Andreou, E. 2014. The Effect Of Urban Layout, Street Geometry And Orientation On Shading Conditions
In Urban Canyons In The Mediterranean. Renewable Energy 63: 587-596.

- Batty, M. 1999. Editorial: A Research Program For Urban Morphology, Environment And Planning B.
Planning And Design 26: 1-2.

- Carmona, Matthew, Heath Tim, Oc Taner, and Tiesdell Steve. 2003. Public Places-Urban Spaces.
Architectural Press. |

- Cheng, Vicky, Koen Steemers, Marylene Montavon, and Raphaél Compagnon 2006. Urban Form,
Density And Solar Potential. PLEA, The 23rd Conference On Passive And Low Energy Architecture,
Gennva, Switzeland, 701-706.

- Cionco, Ronald M., and Richard Ellefsen. 1998. High Resolution Urban Morphology Data For Urban
Wind Flow Modeling. Atmospheric Environment 32 (1): 7-17.1

- Compagnon, R. 2004. Solar And Daylight Availability In The Urban Fabric. Energy And Buildings 36
(4): 321-328.

- Dekay, M, and G. Z. Brown. 2013. Sun, Wind, And Light: Architectural Design Strategies. John Wiley
& Sons.

- Energyplus Development Team. 2018. Weather Data For Energyplus. Https://Energyplus.Net/Weather
(accessed Desember 25, 2021).

- Franchi, R. John. 2004. Technology And Direction For The Future. Oxford: Elsevier.

- Frayssinet, Loic, Lucie Merlier, Frédéric Kuznik, Jean-Luc Hubert, Maya Milliez, and Jean-Jacques
Roux 2018. Modeling The Heating And Cooling Energy Demand Of Urban Buildings At City Scale.
Renewable And Sustainable Energy Reviews 81: 2318-2327.

- GEA. 2012. Global Energy Assessment-Toward A Sustainable Future.Cambrige University Press,
Cambridge, UK And New York, NY, USA And The International Institute For Applied System Analysis,
Laxenburg, Austria.

- Grubler, Arnulf, Xuemei Bai, Thomas Buettner, Shobhakar Dhakal, David J. Fisk, Toshiaki Ichinose,
James E. Keirstead and N Shah. 2012. Urban Energy Systems.]

- Gupta, Akansha, and Sangeeta Singh. 2017. Urge Of New Town: Energy Resilient Urban Morphology.]
Proceedings Of IOE Graduate Conference 5: 137-145.

-Hachem, Caroline, Paul Fazio, and Andreas Athienitis. 2013. Solar Optimized Residential Neighborhoods:
Evaluation And Design Methodology. Solar Energy 95: 42-64.

- Hoseinzadeh, Pegah, Morteza Khalaji Assadi, Shahin Heidari, Mohammad Khalatbari, R. Saidur, and
Hamed Sangin. 2021. Energy Performance Of Building Integrated Photovoltaic High-Rise Building: Case
Study, Tehran, Iran. Energy & Buildings 235: 110707.

- International Energy Agency. (2013). World energy outlook Retrieved on 12 November 2013 from
https://www.iea.org/publications/freepublications/publication/WEO2013.pdf.

- Kémpf, Jérome Henri, and Darren Robinson. 2009. A Simplified Thermal Model To Support Analysis Of
Urban Resource Flows. Energy And Buildings 39 (4): 445-453.

\NA§



Sl @ylare doliliad g

VYo

- Kavgic, Miroslava, Anna Mavrogianni, Dejan Mumovic, Alex Summerfield, Zarko Stevanovic, and Maja
Djurovic-Petrovic. 2010. A Review Of Bottom-Up Building Stock Models For Energy Consumption In
The Residential Sector. Build Environ 45: 1683-97.

- Kropf, K. 2013. Ambiguity In The Definition Of Built Form. Urban Morphology 18 (1): 41-57.

- Kropf, K. 2013. The Handbook Of Urban Morphology. Wiley.

- LSE Cities (The London School Of Economics And Political Science). 2011. CITIES AND ENERGY:
Urban Morphology And Heat Energy Demand.

- Luederitz, Christopher, Daniel J. Lang, and Henrik Von Wehrden. 2013. A Systematic Review Of Guiding
Principles For Sustainable Urban Neighborhood Development. Landscape And Urban Planning 118: 40-52.
- Lynch, K. 1981. Good City Form. Cambridge.]

- Madanipour, A. 2001. Design Of Urban Space: An Inquiry Into A Socio-Spatial Process (Mortezaee, F.
Trans). Tehran: Publication Of Pardazesh Va Barnamerizi Shahri.

- Martins, Tathiane, Luc Adolphe, and Marion Bonhomme. 2013. Building Energy Demand Based On
Urban Morphology Analysis. In PLEA 2013 Munich.|

- Mitchell, G. 2005. Urban Development, Form And Energy Use In Buildings: 4 Review For The Solutions
Project. EPSRC SUE SOLUTIONS Consortium.]

- Mohajeri, Nahid, Govinda Upadhyay, Agust Gudmundsson, Dan Assouline, Jérome Kémpf, and Jean-Louis
Scartezzini. 2016. Effects Of Urban Compactness On Solar Energy Potential. Renewable Energy 93: 469-482.1
- Morganti, Michele, Agnese Salvati, Helena Coch, and Carlo Cecere. 2017. Urban Morphology Indicators
For Solar Energy Analysis. Energy Procedia 134: 807-814.1

- Nasrollahi, F. 2009. Climate An Energy Responsive Housing In Continental Climates, Berlin:
Univerlagtuberli Press.

- Nasrollahi, F. 2013. Green Office Buildings: Low Energy Demand Through Architectural Energy
Efficiency. Universitdtsverlag Der TU Berlin.

- Oh, Minseok, and Youngchul Kim. 2019. Identifying Urban Geometric Types As Energy Performance
Patterns. Energy For Sustainable Development 48: 115-129.

- Okeil, A. 2010. A Holistic Approach To Energy Efficient Building Forms. Energy And Buildings 42 (9):
1437-1444.

- Oliveira, V. 2016. Urban Morphology: An Introduction To The Study Of The Physical Form Of Cities.
Springer. |

- Osmond, P. 2010. The Urban Structural Unit: Towards A Descriptive Framework To Support Urban
Analysis And Planning’, Urban Morphology 14 (1): 5-20.

- Quan, Steven Jige, and Chaosu Li. 2021. Urban Form And Building Energy Use: A Systematic Review
Of Measures, Mechanisms, And Methodologie, Renewable And Sustainable Energy Reviews 139: 110662.
- Ratti, Carlo, Nick Baker, and Koen Steemers. 2005. Energy Consumption And Urban Texture. Energy
And Buildings 37 (7): 762-776.

- Ratti, Carlo, Dana Raydan, and Koen Steemers. 2003. Building Form And Environmental Performance:
Archetypes, Analysis And An Arid Climate. Energy And Buildings 35 (1): 49-59.1



- Reinhart, Christoph F, and Davila Carlos Cerezo. 2016. Urban building energy modeling: A review of a
nascent field. Building and Environment 97 (1): 196-202.

- Robinson, D. (Ed). 2012. Computer Modelling For Sustainable Urban Design: Physical Principles,
Methods And Applications. Routledge.

- Rode, Philipp, Christian Keim, Guido Robazza, Pablo Viejo, and James Schofield. 2014. Cities And
Energy: Urban Morphology And Residential Heat-Energy Demand. Environment And Planning B:
Planning And Design 41 (1): 138-162.

- Roosa, S.A. 2004. Planning For Sustainable Urban Development Using Alternative Energy Solutions.
Strategic Planning For Energy And The Environment 24 (3): 37-56.

- Roudsari, Mostapha Sadeghipour, Michelle Pak, and Adrian Smith. 2013. Ladybug: A Parametric En-
Vironmental Plugin For Grasshopper To Help Designers Create An Environmen- Tally-Conscious Design,
In: Proceedings Of The 13th International IBPSA Confer- Ence: 3128-3135

- Salat, S. 2009. Energy Loads, CO2 Emissions And Building Stocks: Morphologies, Typologies Energy
Systems And Behavior Building Research And Information. 37 (5-6), 598-6009.

- Salvati, Agnese, Massimo Palme, Giacomo Chiesa, and Maria Kolokotroni. 2020. Built Form, Urban
Climate And Building Energy Modelling: Case-Studies In Rome And Antofagasta. Building Performance
Simulation, 1940-1493

- Stewart, lan D., and Tim R. Oke. 2012. Local Climate Zone For Urban Temperature Studies. Bulletin Of

The American Meteorological Society 93 (12): 1879-1900.

- Stremann-Andersen, Jakob, and Peter Andreas Sattrup. 2011. The Urban Canyon And Building Energy
Use: Urban Density Versus Daylight And Passive Solar Gains. Energy And Buildings 43 (8): 2011-2020.
- Swan, Lukas G., and V. Ismet Ugursal. 2009. Modeling Of End-Use Energy < Consumption In The
Residential Sector: A Review Of Modeling Techniques, Renew. Sustain. Energy Rev 13: 1819-1835.

- Taleghani, Mohammad, Martin Tenpierik, Andy Van Den Dobbelsteen, and Richard De Dear. 2013.
Energy Use Impact Of And Thermal Comfort In Different Urban Block Types In The Netherlands. Energy
And Buildings 67: 166-175.

- Theurer, W. 1999. Typical Building Arrangements For Urban Air Pollutant Modeling. Atmospheric
Environment, 33: 4057-4069.

- Van Esch, M. M. E, R H J] Looman, and G J De Bruin-Hordijk. 2012. The Effects Of Urban And Building
Design Parameters On Solar Access To The Urban Canyon And The Potential For Direct Passive Solar
Heating Strategies. Energy And Buildings 47: 189-200.]

- Wang, Biao, L. D. Cot, Luc Adolphe, Sandrine Geoffroy, and S. Sun. 2017. Cross Indicator Analysis
Between Wind Energy Potential And Urban Morphology. Renewable Energy 113: 989-1006.

- Youngsoo, You, and Sachoon Kim. 2018. Revealing The Mechanism Of Urban Morphology Affecting
Residential Energy Efficiency In Seoul, Korea. Sustainable Cities And Society 43 176-183

- Xu, Xin, Hessam AzariJafari, Jeremy Gregory, Leslie Norford, and Randolph Kirchain. 2020. An
Integrated Model For Quantifying The Impacts Of Pavement Alb E Do And Urban Morphology On
Building Energy Demand. Energy & Buildings 211: 109759.

\VF#



B Comparative Study of the Urban Texture Morphology of
Birjand for Energy Efficiency

Mostafa Hosseini
M.A., Urban design, Art University of Isfahan

Mahmoud Shokoohi

Assistant Professor, Department of Urban Planning, Art University of Isfahan, Iran

Farshad Nasrollahi
Assistant Professor, Department of Architecture, Art University of Isfahan

Energy consumption of buildings and the resulting environmental pollution are affected
by city morphology. Most studies conducted on urban planning and energy efficiency
have investigated urban energy consumption in micro-(construction) and macro-
scales (transportation, network, and infrastructure management). Focusing on the gap
between these two scales, i.e., the mid-scale (urban texture), and considering it in the
design process of residential complexes and urban textures can greatly help improve
the energy efficiency of the construction sector. In this study, Birjand, which is located
in a desert region with a high summer temperature intensity and low-temperature
extremes in winter, was selected for the case study. Because this study investigates
energy consumption and urban morphology, each with its special method of study, the
mixed method was used for this research. In the urban morphology section, the typo-
morphology approach was used wherein aerial images were examined to identify the
times and places of transformation in the city texture. In the energy section, 100x100
m? study units were selected from the urban texture and their energy consumption was
simulated by Honeybee software. Finally, the descriptive-analytical method was used
to measure their relationship. According to the findings, the morphology of the newer
textures demonstrates better energy efficiency compared to that of the older textures.
In addition, the optimal form of buildings in terms of energy demand is that with the
lowest surface-to-volume ratio and an optimal orientation and length-to-depth ratio.

Keywords: energy efficiency, typo-morphology, Birjand
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