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(1) NMBE *=100*Z%(yi - y")/(n-p)*y

yi= utiliy data predicted data for period i
y"i= simulation-predicted data for period i
'y=mean of utility data

n= # of data periods (12 months —» n=12)

p= # parameters in baseline model (p=1)

Sl glas o s Sl Ly Jgue

Statistic Monthly Hourly

NMBE o7, V.

Antoniou & Yannas, 2017 : s

(oS Sl s iluad anld Sl eaaT Csay cbaesls (K 5 b Jsn b 4 x5 L
Y Jgds a5 b aS asl oo o ol )ls (o Soluil (slaesls a Cod s 54/ 8Y (g 5land slaesls
103 e ol a5 S 3Ll OT 0 Ol o0 5 4L a5 Slome Sl 5l (1 5 el 30
35 p e M (65531 138l 3 Sl eslial b s ine oL

Gilwad Al 3

s | ¢l O s (Yo 0-139.) 35090 Al 15 LT 3b olsa s T Sledbl Jol d a5
Db o 2 Dl 5 (il g 5 DL s 2B lld e s (0T e LT g
G005 (sulsmed Ll 8 e X580 iy ol 9 )l Hlae SLeNb] ] dny d 0 s
g A S B B LS CRU-E RUp SRRpi AU SECOR A I
53 Bgh o Uiy YA Y0 b a5 4 Ol 9 Ol (g (o Lo olas ol cOlost L
OFAR Ol Ol b Jo &l i

gl e s 2 /0 dsb may (o e kst o JS Slssle 5 b &S SUTL Glote GUI s
2503 Sl SIL L &S GBI s Ul L Joloe pleS 53 0oy a8 0 48 S I 55 2 v/ A
093 dik 43 (G3luannd & ga5 Aoty Ll 0diSlr B 5 At s Lalys ol 3,80 8
S 3 s sty b (Slea j3 355 05 s Vb Slib s 5 Olaxsle

Ol).ﬂ)og“.:6@&)|ﬁ¢jbw6|ﬁeﬁg}gﬂ‘5mudb.éJi-‘:a

°V“.aJLa.§'r.mJ'..:~aJL~ =X

S

V..

SIS pan b slalab 4 Fdl S e 0o Lo ST )

OLg s saOloztle SYL

L ades (s



=

Je o v oled e vﬂ:):.wdl..»

Vf..

S gladflan .ol 3 5 ool (gl Slalllan AWWR) g3 0 535l o 4y S a0 3
g a8 ol (VWAY ¢ old) O e 3 (35S Oletln 3 o2y gy e ot 6l
Craven) Q;I;«db)sﬁwulg}wlub;% éblda.aw):\'. Bao ey avg
T W 525l slasl Ui gas o oy cbails 3 (0531 O3 yume 2818 (6l cOles L (& Garber, 2011
Sl a3 5355 0 4B 8 5 55 aia S Ol 4 S (el o 0315 3lgrdy s 4y
SUFe UFe AN ) e (WWR) g5 4 535k sl co & s SIL Obagle 3T Ol 58
53 S b Grlae oy S mcedd S5 Il e s S el S oY S el Ay
o3 e 3 s 50 GUT LS 5 Gl Ul (Gl D8, (e psbie 4555 0 4Bl

el sdaT ¥ g 3 0k (ilead ol Slasin s b o glead (A/9 el
odd 0313 QLIS ¥ Jgdr )3 (c) 2 3550 G303 ol SIS gl (b Ul sl o
o pllas & Sl 0l sl gt T OB L g oslu ol ST aid b 13 550 0 ety .l

AEb e W/mK 0/A ol Colia oo 6l OT O Cluesl b e <l Lds 19

aly dun glae e Slaseda ¥ Jgus

Jusl oo
&l Sl + oY s s
(w/m2k)
Y . \O Ssl Y P
\/AY - - - lgo claasy om Olowas 093] om s em &S ool Slgss
Y Sl 4z 5 Chd Y dule e Y . us

VA | el cm Oloss em | JhwSels | em Olosw g cm Sz b
O/A - - - - - - - - - - 0y

JgO\qu»Jl:ﬁwg_;bbéjwc\S>}ﬁd odalin adbale aia) 45 old rbul Sllas 4 a5 L
S o e Baa s opl oo da el )b slas 05 3l s @ blacad S8 5T Las 5~ b
b o a S b5 ol lamlb s 5 eud Bl Lume Olgze 0 W jzal )l

bt a3 55 Shanss sld 4 Fldl s, gy Sbayle (58 Slasita f dgur

. . e a,99) alols o WROWESS
Sk elkls | el el )9 7 P ’ iz
e SIS mb o | Gk (olen) (NI ~
oo R No o 5 Ve sz

S o s Sl salad 4 Sl S e (Obo b 5T )

Ol 555 clasle SVl
B ter (o

SUBERESID ;;«.{Lgsw Jelse q@)ﬁu cola=le 5 &l > ax s LOLale J.“.SL\J
33,50 SO S (Jalse aen O35 b (55 L iluang s <8y 3l gl e
byl d s b ols ge &g 0 OT s 5 sl o 4 8 L5 3 (g5l 3 uiie Olsie 4 Al 3
olo (g Jo)) u.,t..we) Ml g (ole 5 Jo)) LS’L:"""’U OBl joy 95 4o OLbagle 3l eslazul O
Wd)jgﬁt4SQJ}¢O3'J.3c:}igc‘}&ﬁ‘d\.ﬁgﬂjglé)o)yQ@L:S.C,w:lo.ﬁawu,«
Jits &y g0 0 in a0 5558 moslizal K05 a3 culb mell Olgie 4 cal> s s

D edomi byl S o Sag 3



Sl 3 8hes 1 oS 4 Sl Sabas o 3l eslizal 3T Lo g
‘LSJ‘L”%i’ﬁ@‘Jl’LSLQJJJO‘}'&“‘WL‘LSAJJlJJ:j‘d}‘J)‘éJlJ"’Jg“’W6|ﬁ“J)|fl§)>
ol S5 a0 0¥ 00,8 a3 s 3050 5,0l Slela S (gl Liab 6l 3 (5 Lo gie slas

>Jb)|)§"’\-‘;L’@JL’L;’J"“}g;;)‘;‘éw*@*’M)légﬁb‘éu‘d)#)lﬁbojﬁwjb

oo
O
S
¥.
Yo
Y.

Yo

55l bes

VoY oY o f 8 2 Y A 2 Y- ) Y Y F e 2 Y YA Y Y- Y)Y YY Y YY

(el iyl
(@D 5L el b b 4l — () L L b ale
(@B 4 599 b oL sl (S @ gl L ol b
(@B ok b oo —_— ) oL ale g

(ol 15 U 556L2 b > Ol O gty Loyl by iy lin s bl Jue 53 (sl ST 9 BT (2005 Jauw 20 (slas 5 IS5

(om0 00 3 s b bl o i s A lesie oy o ansi DL 5 S s
Sl ol 5 51 58 5 Fomly (BB 5 STk s Ol Ul L el 0 Gl S0
EIER P EPILPES ol 4 Ol @u J§13 Sl ol o Oﬁll{ﬁ(@ﬁ,) s o L
&lﬁjlﬂdbjzﬁ)uw\e.L.‘l‘aMdbqbésbi\jﬁpﬂbjélﬂjsuxgu&m}m

Al o 555 Lab s 0 wle 08,8 Og A5 6 5 el 5L o SUL oS

(o Xls) Les

AN S R Y R S A N S R A L SRR AU SRR R P N AV L SR R AN A SR AN A ¢

(;’A:L.J)L')La}
(G 3 s — (Y 5L sy
(35D o 5 Ok alo g (S 02 5 0L ale g
(1) a0 22y | T e L

(oo 55 o) " 5906k dgb s Obas o O gy Jasl 13 s s lin s Ol s Jita 33 (12 UL 9 G 205 Lo g2 glos v S5

Lsatgr (oome

1
—<

JLG'f ° Y. oJLo..j: e rﬁ)ﬂdb

V..

[Cpeppe

o
)i....n LSL“OL":".'L" sV

TR RGP
B

ol



S o s Sl salad 4 Sl S e (Obo b 5T )

Ol 555 clasle SVl
B ter (o

-
-

vl o,lad e vﬂ:):.wdl..»

S

Vf..

5 Sl 0155 Sl Sy Shayle o gl 5 55 (86 L gma slas S das e Oy S8 b
iz 9 YL BUT 5 oSIL s ele 63 Jgl s ekilond oy (slaied (glojlaz b oS 5L slager
5338 I8 o s 80 5wl oad com SIh s Sk ogd b Shale el Jal3
Yl Sl i (S sl i b s il 01 Gl (SIL @ s L3 b Obale & ool 5
solaz S il s 55 (SIL 5 BB s il b ste sles & 5505 e Ol g ol Ko
s 3 DBl 5 iy ble 20l Sl aty o SIL o ol ol 5128 ez L S

35b g lema GBI OAE p S o (sl 3T aslen o SIb @ 5505 51

Oyl 5 (SIy Gos -

S 4 (ol lass samay 5 Obalo ST Olson o3 (ol gl glaGae b o laeSIL s
(SIL > gladcd ool 5 Obarle Dok sl b wlin Ll d ol s 5ol 5 Shas
U a5 S Jl o 8 sl s 0 8 ams Ol o b st 4 45 bS8 S 1S ot 358
5 I3 3,0 Oyl oL s Sy Flie 3 oSIL Gas Ol oo ezt i)
slied am gy Bl 3T Olon (oS Gae (531 b ey fle (2 s & dlo s e G
b il L Sl s Sas oSl gy

Sl 3 Shes 5500 53 Obaslu 5 ST Gas Olsan L3T Oler s y3 .0 Jst

oS e
S ¥ e V5 e VY S /A
Jbe s
10/¥ YAAL 1.0/0 1010 olo ,5 )
AN LYD /ARl /AR olo g5 )

Obayle 9 (WWR) Jlgs5 43 S 2 o (655l pebaus o —
b g glos Lz 15 Sl y Sl 4y Sl (latis a5 Obaglo 3T Ol 3L (ol
gline go oy e3ILIL o BLT 3 ( SIb (gladed ol 5 Obarle Op sl (gl (26
ORIl S s 0 LS 8 Jpur s (23S 8 o 3550 ¢ SIL abes 5 S xie s n
ol 38 5 (S Obay b Blodl (18 S35 Ol ion S i s S @0 535k o s
el 35 sa s Sl 3 2l ol s Al e ol



@“Jlf:,KL..:«:_,,.@.U:OQQL,WWROLA}.A,;EOI):AMJ:& BPRES

F5k oy
JARE TN 15 AR AR
Jess)
YAAY 7.0/ YAAY 1.01Y ) ole yui )
AR AR YALd LYY AR ole 6\

Obaylu 9 S 2l 5985k ¢ 5 -

Sl alaa oo & (SIL L Ol Sl 3T oo, il s 6 das 0 OLE Y i ol
jrf ol Sl Colha (o b g5 o luz 95 6 o &S sl Sles Sl i YR oLl o YL
L;Juf,;u‘oﬁwdtwdwlkawpasc,wtL',i\audadjbadj&wl@uﬁsy.w\
S Salid o i Lo (S e 4 e AV Ol Sl 5 Ses 350 05 (6
Syl 1, SNL

d’,;l,g->)§L..p>mﬁOlggb,&ﬂ,lxa‘samCjabﬂﬁ‘%g’:l}:ﬁwﬁ.vd,.\,,

b ggs
O/A Gyl cla o oty V/AA (5> calas coyo b ooy
JLwssy
1.0/¥ VA ol.o)."ii\
A JArd olo g0 )

Sl 3, Ses 4 Olgl 4 Slodl cObaslu 5l eslizul 3T Lo
L.’a.éA.SL:AJDL;.‘:‘qUJa.w}uLglﬁbuio;:.wLg‘obdbd}ljﬁdjljbcéjlfaﬂa&cdu\agrgjb
d}#i@})bkﬁﬁ45&‘}.1“&\3‘&)})\}12QJ)WJJAS&‘ﬂJJJ}JMLwC)L&LwJS&lJ)

S B s 3asm 3 ls 55 sl BLS s alT glea b 5L

7&/

(ol £5l0) Les
e

VoY XY o f 6 Y A 2 e Y Y Y AF N0 Y2 WY YA Y Y- Yy Y oYY Yy

(Celo) gyl
(@D 5L Jee!

(@b @ 3¢l

(Olh 5L ¢

(Ol @ 5s5)

(G5 b als e (s ok alo o

(lo 5 I3 59803 b 55 Oyl g Iyl aallin 3 Dot i 93 51 Ol 9 G (245 Lo gon cslos A S5

L ades (s

-
-

BIPTICIR SAPI- A r.m:;.:,ndb

VF..

[Cpeppe

3

o
}i.‘..n LSL“QL“:*’.'L"‘ sV

SO 5k
B NP

ol



S o s Sl salad 4 Sl S e (Obo b 5T )

O SsSms cbOlazt b GV

L ades (s

-
154

vl o,lad e v.au):..ndl..»

S

Vf..

Sbossd b Glale & Jal b s 20U b gt by cobe L5 dgl &S aas s OLES A J§.~ @L"J
sy o33 b Shale S codl a5 535S G615 Olgl s e 0a Sl Ol (4,58
5 GGl 5 il by clas oS 5 S 0,3l Ol 5 0 @L:sjii;jl.cwl oki s Ol s (a5 3.)
Sl 3 Ol 6 ol ol 5 51 208 Sl 53, 55 el ok ol Olim sl o sl 5 53 Ol

S r 3505 Lad J5Is 4 ile S8 Ogy b5 20

AT R U RRA R S A S R A A R A R L SR AR T A AN VAR R S R AN A SR AU ¢

(celo)yle

(&6h 5L e8! @l 5k e8! (B0 ozt 5 L b oo

() &y 02 b

(192 oz 5 b il (g (@b s 02 L

(ole (63 ) 59,405 Jsb 53 Oyl O gy Lyl 13 b agli 15 Sbag v o 93 (512 Olsal 5 BB (5 Lo g2 los 4 S5

agr 505 Bl Ol Slale & (l s s (2l L st glos S aas s Ol 8 S s
03355 p O guima Sl OBl S sle (65 gl 43 el 0dd s b gy (gladod glo b Olgl 5L
Sos sl ods s Olpl o 5k osd b Sbale & col Jal s 5l i 5 5VL BBy Oyl
L;La.sg,v.i’«J}LJJ‘wlowéwld|x|4{w)j}JLZQ\{QL»JLS‘E:IJ&JJJ;UL‘ZJOI)S@@LG
JAOI)&I}@UU;GZ{UL}LA6&:45:).«343-}3Oljgjsﬁ@&ljlgsdjrf%l.;é\:l
Ay ble (20U g cnl aay Ol l oS conl sl 5 51 S e 5L Ol glaojla oS Loyl 5
e salme BUT 043 0 8 o gl s Sl alan gl 039,55 31 g w5 0 S5l

Obasle 9 Olgsl Gos —

Olnl 3 b 5ol s Shee Oyl Sl slatd g gy 5 Obaslo b Olsn (33L ol»
3,50 Ol o (gladed golr 5 Obaylu Ogy clacdl b wlin Lyl opl e sline (b Gos |
Aoyt 2 415 oS Jlu o S DlBsl 53 2 S em Ol g (oA pdr w4 5 b3 S 15 o
3w gl 53 S ln Obale gl s Slae  Saline 5T Olyyl Gas Olps ok ol iy
2 Olgl o laind ey Bl 3T Olpe Oll Goe SRl b ey o ble ol s 4 Jl
b SRl 5 s ol s Sles



S 3 s 2158l 53 0bgle 9 gl Gas Olaen 3T Olss o ys A Jgur

Olsal Gee
¥ s \/F e VY Aot /A
)
LY1# LY LYV JARZ ole w5\
JARVA JARVA JARIAS AR olego )

Obasle s (WWR) Jl25 4 S 2 jltor (905 pedaus S —

LAl s i 5l s Slae  Olpla Sl glats ans 5 Obal 5T Ol 80 (ol
SPRY L;L&C,Jl;— L;\f‘_g.ub la.m).,.ﬂ L;LAJ&&‘xljjlg«;ﬂ)xS)ﬁl&AJ‘ﬁ')ﬁﬁ)julﬂa),‘:;.i‘ EYBIRYAN
w\ﬁ\b«f.&;@dm‘\ d)&@u.cﬂé;ﬂ}WJJ}A‘JX]J;L;H}.\?&L;UU:‘-)QQQLA
50k oo 53 Ol @ Ohale Gladl (850 Ol oS e Sl ol 4 5350 o Ao
AL o st dle s DBl s 2ol ]

Sl 3, Slas (a5l s Obasl s WWR Ol jan 53T Ol5n s 3.8 Jgutr

53k oy
YARK 1A+ 1.5 AR AR
Juss)
ATA LYIV YAV YAV YATAY olo ;5 )
AR /AR A4 VAR AR olo g )

Obaylu 5 S 2da Jher 6525k ¢ 55 -

S nie i 6535k o Ol Ly Obalo Sl L3 colo s gl 53 o aas s OLE3 1o g ol
ooy oS sl Sl Sl min VIR (Sl 3 Ses s sl NG Sl colaa ool g T
cnlobe (o3 ol b3 pitz pl mls Ko 51l 508 0T Gl Culia o b 503 o)l
Loz (650 4 Cad V1 Ol &0 (G 3 Sdes Ol 0 (sl ol Bl L oS
Rl s SV UL ol 2

@"JL,:-;ﬂl..;u:.ibil).sC)QQL»}sS):&.ajx;eMtjdbjrAJ;’[}'Ol}gwﬁ.\. Jgu

ohil g
e R VAA ) cuyo Loy
JUess,
LYY ALN olo i )
Al JAns olo o)

mxl,ﬂg,;ogguaﬁww%m
Jsl 53 oSIL L GBBT by Cdastl &S 5 S salin Ol 0 ) p,;olﬁljoﬁp@uwwp
C)l}ili_}\..ﬂ..?au'Ogbéﬁbéﬁxdéajjjﬁbxlj&4ﬁ|@|w6W|O‘x|j|ﬁ;ﬁcobﬂ3

L ades (s

-
o

Jle o v oled e rm}):-»'d\.w

V..

IO pan b slalad 4 Sl S i saOba e 3T )

OLg s saOloztle SYL



[P

o1 S e sla0bas L

slala ¢ 3

4o

S3A O s 5k

-
<

Je o v oled e v.au;..“...ndl..»

VF..

O SsSms cbOlazt b GV
s (some

alo 53 Oligman BU1 5 055 5p S SIb Sl Jae 5 a8 o0 s iy b slaager e
e pal plaS sl s 2ol 581 Ol gl a0 s oS ‘e Jelsl ool iy sl il o
3e5 53 oS 3l 35z B 358 ok w50 ps aae sl 3o o 51 G140 358
Jlol ey cdils wlin glos Sl s ja,als Sl LIE 55 Olgl s o SIb Vsl .ol o gues

b S bl ey Slele pla b e lis 53 45 16 4 l5 o QT Gy sy s e

b
Yo

¥.

Yo

Vo
Yo 7

A S S SR S 2 S S R R A S A U A SR TR P R AR VAL U S A R A SR A U A

(oLl Lo

(el oyl

3L b oS jelme GBI 5L yegl L oS

—bosd Llmlpglme GBI ——L s L o]

(ol 5 I 5,802 Jsb s T slome Shaass gliab 9 GBI (205 Lo sa (glas gauylin o JS2

S or a2 ol (63 gl 53 (UL o 0 (it (sl Dlp) S 3L 5 Ul o V) S a5 L
6&44,})\dW‘&J)444%uﬂabu.b-r&)&ﬂb&&&é\%bﬁo)‘»&\&bu}
wl»ﬁJn.zbh.‘)»l?blﬁd.}d}‘v)ﬁkj}jk;;filLSLQOJ‘J’:.)J‘Jljéjvgduﬁtw‘d}}éﬁ

L1 W6 s 5 S o IS 51 golhl a SS

| S—

(o Xlw) Les

VY XY Y 8 2 Y A A e N Y Y F N Y2 Y YA N1 Y VY Y YY Y

(C,\.cL...)QLo)'

i 02 b GSIL slme 31

W 0ty by (S e s 0ty b ) y5lme 30 W 0,2y b ol

(ol (53 Jg) 59,003 dsb 13 OT ) glos Shanss (sLizb 5 BT (A5 Lo gz (glos aglin 1y JSC2



Loy b ISl Bl g (g S e
D390 e 3 oA L B 05 Bsh L ln 5 W s g 51 b S g gl il a2 55
1) 5k sl b sl Sbale Bl b Dlpl 5 oS sLas gl p o 8 lisl 5 0
Sl 1, Lad 5ol 5 Ses Ol5 o (4o
oslital Oa 5 glaind ey Bl L Olgl 5 SIL clad gl el 5w Sl s o
Osmen &S b Jgb )5 (a5 +) wen sla,sd L Obale s 5 55, Jsb s Obals
Sl Bl Las 5l 5 Shes U155 0 0058 o0 Wb Jstls &l o 1 Bl sl
i BT G 3 Shes 35 S Ol b Goe ot ST Wl o S Sl s o
Ay gl Sl s by U asls o b s e DBl s bl a5 Sl
38 hee 3 g Sloanss (5L b S x4 535k e o310l 3l el p S ligh s o
5 Sas LBl p o s Sl 5y Jg ool (,5 (S Oba b v g ol sl Sl >
NESRPWINARS UU@'J!J;-
uﬁ]b lasgs is s ldl s e Sl 5o b ey Sl Culias (o 2a8 L e
b ooy Jla (’; OByl 5.l o el o ove B ole ol Sl 5 Shes Ol
o3 0/ F 6 (ol 3 Shee bl 8T 5l el i Sl Cola o
..syiada
U ol S asb 0 Olpl 5l i o SIb s Slodl Sbalu baw g 5> 5, Shes 3 50pp Olsn @
sl 5 o g Jls 0 S DBl
S e Ol le (b (6l G a5l claods «fans s 5 b o 4 a5 L
o3lizal b Olgn B ol 0l slgriy Ol 48 55N bbby jhaes claliad 4 Sl 4
ol G S5 5l GSe e b ol lens 53 Ol solems (g jolis I s
Sl @ ax 5 LBl adls (6551 O man Blod 511 033k o i Olastla las 55 olie
U5 b s ool emd S ol Ogs a3 ly (5 5Sn Olatlo 3 b olisb gl ias
S5 (Kas 55 .5) U8 el I8l 3 5 20 Slhanss L S 558 SOkl ol
.3 g3 oslatul cdSlouds

°\“.aJLa.i:'r.A>}:.~JL~ ;

S

V..

IO pan b slalad 4 Sl S i saOba e 3T )

OLg s saOloztle SYL

L ades (s



U

Wl

‘_;L&L.éé “ él};” ;SJ.:.-.ZA ‘_;wa‘

4o

S3A O s 5k

-
D

Je o v oled e v.au):..ndl..»

Vf..

5 5 Ozl VL

&S

ol

L ades (s

Geiod glaasly 4D ) d g

T 38 Sbanss slas g5

ols:!

Obasle loslatul fygay g sladd slaiwg Bl b olel g SIL glad ol oS
& b Job o (420 0 ) i sbaysgl b planle (e g 59, Jsbo o
5 ,8les )lg oo g oo Lad ISl &l > B ) mile (glolaz yezmen

ol Wl Lad ol S92 90 slai Lo

ols:!

. oS
(450 42) 5k slaysg bog jloyge) (Sbaske Gl Ll 5 SIL slad (sl
ol Wyl Lad ol o, Slee lgs oo 3l sloag 5o

gl s )l o,Shes s Bl bl ) sl 56 o lssl o 253l L sl
ss S i Jlo Sy 5 05

Gos
WS e 5 sl G bl 15 e S Gas a5l 4 425 b -
g ooliin) sl s slasble b slasal, )l g on oS
o pleisle

ols!
Oidgy 5l esliiwl ;53U les 4y 985k pdae cond GG (Lo 8 p DBl o
gl 5l e il L 3> 8 Shas s ejlidoss (sLtb 4y Sl glat s

&oleida 03g95me 50 45 09 o0 408 e ugeme U Ol i Jlo 05 | WWR

ool WWR 51 6 5L 755 5l o jo paass e g (Suwo VL oliwl aigy
D

oS

Lé"’J";}ng:

National Science Foundation:)) 38 O, 4L o Ql,i.ﬁ.ajji Sesles Ggan 5l 15,08 5 S
LA g Coles OB L.J'i‘ rl:u‘ 531, L S ((INSF



g s

JE LT lsp b Bl s g amdls Slazstl Jotls 5l g 20 OISl &S 558 0 3VbI 5 laliad & baes clalas
sl b T s K Jilas S gl S il
.;JbLLJJIV.“_E:.“.»UL@>\)leﬁudp&jléwiw&ww|xl
o gma OT 5 5 ol 8 5135057 (glpa & sloma o s gb 4 b an b g3 5l Sl o SIL Y
b o3 K Jlsl glaray glab
. Enegyplus
. Calibration
. Normal Mean Bias Error (NMBE)
. Setpoint
. Window to Wall Ratio
. Design Days

O 00 3 N Wn B~

J.wb@ de.a.“q 6\«&3 4 odd Ol L;‘A..il:..i: L;L'MJU;; ctgjl.wn\.::f» BE ole 1) Lgl.h)b}o.'n 30y Bl J}.E.‘.A -\

.«‘_;j)S\g..}JAa.AJ:&ﬁdﬁ»rﬁ::j)}W4O\x|OL¢5—bL}aijfu.(\\“/ﬂ) Ol;ﬂ&k&béﬁ@b;ﬁﬁf’é: -
Ol asw gy 30l

wOlazstle o g0 Ll poler S Ol Olazsl (e Ol da (VYY) Oyl Olatle o ) 00 85 —
Ol gl arw gy 25100,

). ‘6}\.&4)«.‘:) ‘_gJLo.x.n 4l .O'J_@J} J.:p)l BE) d}.iwﬁ L;Lshuu.b-b 0 oy Ay da.,u .(\\‘ﬂ\‘) L“'i) ;Up\.:g -
Ae0-3)14

www.chaharmahalmet.ir : g Lz 5 Jbeslgzr Ol wlillga IS 61! Ky -

— Ayokunle, O. T. (2015). The eftect of balcony on thermal performance of high rise oftice building in
tropical climate. Master Thesis in Architecture, Universiti Teknologi Malaysia.

— Aelenei, D., Azevedo Leal, H., & Aelenei, L. (2014). The use of attached—sunspaces in retrofitting
design: the case of residential buildings in Portugal. Energy Procedia, 48, 1436 — 1441.

— Antoniou, A., & Yannas, S. (2017). The residential balcony in the Mediterranean climates. PLEA.
ASHRAE GUIDLINE 14-2002P.15.

— Craven, C., & Garber-Slaght, R. (2011). Evaluating Window Insulation: Curtains, Blinds, Shutters,
and More. Fairbanks: Cold Climate Housing Research Center.

- Clarke, J., Johnstone, C., Kim, J., & Strachan, P. (2008). Study of the Energy Performance of Korean
Apartment Buildings with Alternative Balcony Configurations, World Renewable Energy Congress
(WRECX).

— EnergyPlus Engineering. (2015). The US Department of Energy. Retrieved 23 May, 2015 from
http: / / apps].eere.energy.gov/buildings/energyplus/energyplus_documentation.cfm.

- Dzieszko, K., & Warchal, M. (2015). Influence of the balcony glazing construction on thermal
comfort of apartments in retrofitted large panel buildings. Procedia Engineering, 108, 481 — 487.

-

L ades (s

Jle o v oled e r.lu):.ndl..u

V..

[Cpeppe

§ o Sn B0l s YL

B

51 s hdass

35
ol



U

Wl

‘_;L&L.éé “ @W;J\ ;sz-.ia ‘_,;wa,

4o

S3A O s 5k

-
—

Vf..

5 5 Ozl VL

&S

ol

Je o v oled e v.ch:}:wdl..»

L ades (s

Hilliaho, K. (2017). Energy Saving Potential and Interior Temperatures of Glazed Spaces: Evaluation
through Measurements and Simulations. Doctoral Dissertation in Science and Technology, Tampere
University of Technology.

Hilliaho, S., Kolio, A., Pakkala, T., Lahdenivu, J., & Vinha, J. (2016). Effects of added glazing on
Balcony indoor temperatures: Fieldmeasurement. Energy and Buildings, 128, 458-472.

Hilliaho, k., Kovalainen, V., Huuhka, S., & Lahdensivu, J. (2016). Glazed spaces: A simplified
calculation method for the evaluation ofenergy savings and interior temperatures, Energy and
Buildings, 125, 27-44.

Yannas, S., & Tsichritzis, L. (2015). The glazing of balconies as a retrofitting solution for reducing
the heating load of the adjacent room in Athens. PLEA Conference-Architecture in (R)Evolution,
Bologna, Italy.



=

Vol. 13  No. 30 e Spring 2021

Received: Received: 08 May, 2019 | Accepted: 06 November, 2019

Document Type: Research Paper

An Analytic Study of the Effect of the Movable Shading Devices Attached to
Semi-Open Spaces on the Annual Energy Consumption:
A Case Study of Residential Buildings in Tehran

Mojtaba Mahdavinia
Assistant Professor, Faculty of Architecture and Urban Planning, University of Art, Tehran, Iran (Corresponding Author)

Vida Vahabi
Master in Architecture and Energy, Faculty of Architecture and Urban Planning, University of Art, Tehran, Iran

Abstract

One of the most important components of a building that influences physical properties, environmental behavior and
responses, and energy consumption is the building envelope. Therefore, accurate decision—making in this regard will
be of particular importance. Most of the measures taken to reduce energy consumption in buildings are somehow active
and mechanical strategies that not only impose the increase of construction cost on employers but also the emission of
greenhouse gases in the global environment. Regarding the importance of the role of architects, if the initial decisions
in the design process are made based on environmental issues and climatic approach, a considerable saving on cost and
energy consumption can be achieved. In the meanwhile, passive systems are the most efficient and clean ways to meet the
thermal needs of a building by means of utilizing renewable energy resources such as solar energy, wind power, and so
on. In this type of system, fossil fuels and mechanical powers are rarely used. Among the mentioned methods, the element
of shading device is one of the most effective solutions that has been widely used in traditional Iranian architecture. This
solution has a high potential to be implemented in contemporary architecture as well. Measurements and simulation
studies have shown that balcony form and solar protection can significantly affect the thermal comfort of occupants
on the balcony as well as in the adjacent room. In this research, one of the existing buildings equipped with a glass—
covered balcony was selected as a case study and experimental measurements were taken by two data loggers located in
the balcony and adjoining room in order to record the temperature fluctuation. The simulation process was validated by
comparing the experimental results. The base case building was modeled in Openstudio software (2.6.0) and Energyplus
8.9 and was then utilized for annual energy simulation. The depth of semi—open space, the window area of the adjoining
wall, and its thermal conductivity coefficient in the two types of balconies and porches were considered as the variables.
The effect of shading strategies such as movable louver and glass cover on thermal performance was comparatively
investigated. The simulation results indicated that the use of an open—angle louver as well as a movable glass partition
in summer and winter respectively would enhance the thermal performance of the room adjacent to semi—open space.
Regarding under—construction buildings, the effect of using attached shading devices on thermal performance on cold
days of a year increases based on the depth of the semi—open space along with window to wall ratio. Although the
reduction of the thermal conductivity coefficient of window would make the attached glass partition more effective in
the winter, the negative effect has to be considered in the summer. Based on the research findings, this paper concluded
in determining a design guideline for the application of a movable attached shading device of semi—open spaces in

residential buildings in Tehran metropolitan city.

Keywords: Shading device, semi-open space, balcony, energy consumption, optimization



