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Contemporary urban spaces in hot climate regions of the world often turn into heat islands due to intense
solar radiation and high air temperature. Shading of urban spaces is one of the most important measures
to improve pedestrian’s thermal comfort in order to activate public social and economic activities
One cannot generalize a unified solution for all hot regions in the world, because each has its own local
climatic features. This research addresses the shading effects on the urban spaces in Muscat Region in
the Sultanate of Oman.The climate of Muscat region is maritime desert type that combines high
temperatures, with alternating humid and dry conditions dusty conditions, and very little rain. It is
characterized by long overheated period all year round, with a short comfort period. It is; therefore,
necessary to shade urban spaces throughout the year.

\
inati i %/
Exposed surfaces get heated due to the combination of air pu— i f
Temperature and solar radiation as shown below: / L (A

Tsa=Ta+Ts
Tsa: sol-air temp
Ta: air temp

Ts: Equivalent temperature rise due to solar radiating Fig.1 Surface shading

Site measurement indicated that when the surface temperature in the shade (Ta) is 40 ° C, the exposed
surface temperature (Tsa) could be 65 0 C. This extra 25 OC could add considerable thermal load .The
purpose of shading is to remove (Tsa) and restore surface temperature to (Ta).
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3-The concept of Sky Aperture

The amount of shadow offered by the configuration surrounding the urban space floor is related the
amount of the sky dome seen by the urban space floor (Sky Aperture).It can be seen in Fig.2. That a flat
surface sees a 100%sky aperture. The sky aperture is reduced to 64% by two walls, and further reduced
to 42% by the combination of walls and canopies. The shading effects of various objects such walls,
covered walkways, and trees is related to how much they obstructs of the sky dome as shown in Fig.3.

Sky aperture: 42% Sky aperture: 64% Sky aperture: 100%
Sky mask :58% Sky mask  :36% Sky mask  :00%

Fig.2 Variations of sky apertures

Sky aperture Walls and canopies

and sky mask

Fig.3 Comparative shading by vertical and horizontal elements

4- Urban space shading geometry

The shadow length and direction of the Pole (a-al) of the 3D frame in Fig-3a is shown in Fig-3a. The total
shadow of the total frame is the combination of the shadows of poles and beams. The shadow patterns of
the four walls and those of a canopy were developed from the 3D frame Fig.4.
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Fig-4 Shadow patterns of walls and canopies

5-Plotting shading patterns
The shading chart was used to plot the shadow patterns in the urban spaces. Similarly the shading
patterns of hovering canopy above an urban space are shown in Fig-5.

Shad8 ,9 10, p2 P90 12 ‘? B 10| _[1%
] € line |11 11 11
ghomon gnomon gnomon
—=0 ) —=
a b C
basic shade plot walls shade canopy shade

Fig.5 Plots of shading patterns of walls and canopies

6- Calculation of shading efficiencies
An urban space is as an enclosure surrounded by building blocks. For the purpose of this research, it

was abstracted, into a hypothetical box bound by a floor (F) and several walls (W1, W2, W3).
Representing the elevations of the surrounding buildings. The box form was described proportion (PRP):
PRP= height/ (width x length) 1)

The typologies of the proportions of urban spaces were classified from; deep (PRP =1 /(1x1)) to shallow
(PRP =1 /(2x2)). Shading Efficiency due to surrounding walls (SEFW) is given by:

SEFW = (shaded floor area/ total floor area) 2)

Shading performance of trees within the urban space was obtained by dividing the urban space into
square modules, with the tree at the center of each. The shading efficiency of a single tree (SEFT) is:
SEFT= module shaded area of the module / module total area 3

7-Shading elements

The major shading of the urban space is obtained by the surrounding building blocks. But that is not
sufficient in regions with h.gh solar altitudes, thus supplementary shading should be provided by trees,
tents, and covered walkways.
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7.1-Surrounding buildings blocks
The basic shade of the urban space is obtained from the surrounding buildings, and affected by their

relative heights Fig.6.
&'

Fig.6 Shading by building blocks

7.2-Trees Canopies

The shading capabilities of trees are affected by their geometric forms which are classified into: cylindrical,
spherical, and umbrella typologies Fig.7.

Palm tree is best suited for urban space shading; as it does not take up much space due to its slim vertical

trunk. Its branches are concentrated on the top like an umbrella, which is ideal for shading from high
altitude sun rays Fig.8.

cylindrical umbrella

Fig.7 Geometric classification of trees

Fig.8 Shading by palm trees
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7.3- Tents Canopies

Further shading could be obtained by tents Fig.9. It is important to check canvas manufacturer’s
specifications for maximum durability and longer life span.

Fig.9 Shading by tents

8-Thermal performance of landscape surfaces

Hard landscape surfaces get overheated by absorption of solar radiation absorption. Green surfaces, on
the other hand stay cool because they can dissipate the absorbed solar heat by evaporative and
photosynthesis processes as shown in Fig.10. Oversized green are difficult to keep, due to scarcity of
water, and difficult soil. Therefore a critical balance has to be attained between minimum green and

larger hard surfaces of tiles, cobble stone, or natural earth. But hard surfaces must shaded by trees and
tents as shown in Fig.10.

Reflecion 35% Reflection 20%
Evaporation 70%

Absorption 65% Absorption 10%

Figure 10: Performances of hard and soft landscape surfaces

9-Case studies

Field survey was conducted on the performances of urban spaces at Sultan Qaboos University. Two
case studies are illustrated here to compare the performances of deep and shallow urban spaces.
1-DeepUrban space at the Science College

It has proportion (0.9x3.6x1.0) and is surrounded by the teaching blocks. The shading patterns and the
graph of shading efficiencies are shown in Fig-11.
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It achieves high shading efficiency (72 %< SFW < 98%). The floor is mostly shaded hard landscape with
flower beds and trees, and it attracted students’ activities throughout the day.

Y _twally/Codlege of Sclance [FEB-OXT)

(L ——[—

H"‘"--___,_]..- -

S— —

| et

L} PN oUW N4 B MW

Fig.11 Deep urban space

2- Shallow urban space at the Administration Buildings

It has proportion (6.2x3.0x1.0) and is surrounded by three sides. The shading patterns and the graph of
shading efficiencies are shown in Fig-12. It achieves low shading efficiency (22%<SFW < 55%), and the
floor is mostly none shaded and is deserted throughout the day.

& TW1_3wealls fFacubty club {FEB-OCT)

T il b g TN e Pl R )
T HEHARET TN R

[
1
LI T (N MO F O I L B U 3

Fig-12. Shallow urban space

10- Discussion of results
-Shading of urban spaces is one of the most important measures to achieve thermal comfort, and it was
shown that that Muscat Region climate is overheated require continious shading throughout the year.
-Field survey was conducted on the performances of urban spaces at Sultan Qaboos University, and two
cases were illustrated here to compare the shading characteristics of deep and shallow urban spaces.
-The horizontal canopies throw larger shade on the urban space floor than surrounding walls due to high
solar altitudes in Muscat.
- A sample plot of shading efficiencies in Fig-13 indicated that the shading efficiencies of the surrounding
walls deteriorate form morning to midday hours then increased at afternoon hours.
- The horizontal canopies, on the other hand, had the highest efficiencies at midday.
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- Canopies should therefore be utilized to provide supplementary shade in the urban space during
mid- day hours.

Comparing shade -walls&canopies Feb/Oct
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Figure 13: Comparing shading efficiencies of surrounding walls with canopies

The typologies of the proportions of urban spaces were classified from; deep ( PRP 21 /(1x1)) to shallow
(PRP =1 /(2x2)). Shading Efficiency (SEFW) is achieved by:

. Increasing heights of surrounding buildings relative to the floor that such that ( PRP =1 /(1x1))
. Designing the urban space in a rectangular shape extending in the north/south axis.
. The buildings blocks adjacent to the urban space from the southeast, south and southwest should

higher than the adjacent buildings at the northeast, east, west and northwest.
-The shallow urban spaces, with proportion (PRP <1 /(2x2)) have low shading efficiency, so it is necessary
to provide complementary shading by means of trees, gazebos, and tents.
-It is difficult to maintain large public green areas due to the scarcity of irrigation water and the difficulty of
the soil. It is therefore necessary to reduce them and increase the solid areas. But they must be shaded
by trees and tents to reduce their exposure to solar radiation.
-Palm tree is best suited for urban space shading; as it does not take up much space due to its slim
vertical trunk. Its branches are concentrated on the top like an umbrella, which is ideal for shading from
high altitude sun rays.

The author gratefully acknowledges the support of the College of Engineering, Sultan

Qaboos University for providing laboratory and computer facilities to carry out this research.

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
7|Page



Gload) 4y sgan
L'JLALA“ L....\Jgi\ ?"‘é - o.-.u.néle-ﬂ‘ a-.ﬂ:ﬁ
$) padd) (Al (54

Republic of Iraq
Engineers Union-Architectural Department
Green Building Team

2023/02 il 18 ;asdl |

leninS pdl (o 6ad1g duwljs ao LUl Jgaill 1jgpdg Litndl 4SSl janll

'(dwgyisIul Gosgall) D
VWAl a1e LAID clowi d)jloon)] dwaign)l

:apadnll

JI5 Q) Qo 266 (o)l gyl OWiBlS aio puodl (pnsg Judl Uy Vo Judiwoll Jao (1S i)
Oluwllg (Jla)l plao pgii OBl Lo 225 3] Udglgis il Jlaaiwlg jghill o Olgiw a9y JuwsPl 6US JSib
W ano)l elgglig elail (o 192 695 OLLADI 2039 carhiil 8155 OWIG gjlguinll LG Baludll &l5g NI
.Oglidl o
Jgeb> @0 pilgl (pfi Lle Wiolic a9y KA J) adloiw)l pusDl duwws agu 6§54l 03 295 p) pgyllg
@)l O 8597 Jruab) (Joiw i) 8glgis DI JPlwgll anies L iI" (Smart Cities) &15a)1 Jan)l"
L8l e Baall §a1 go o6l jghil e slicwlg «aplsill pyldsg
03D el) ,1e JoSla) Oljpo D log Sawll Jgall 6 Wi &bl 2205 Jog Tarsall Jgan)l 04D 8)5.6 O 1S 6
Tplaimol gypnll goill 6 pDLNIg lyio 5g20)l Blad DI §i) oo Jog SahoW idls) pé) jaoll
Wiljnog LnSnd dols) &1sall gaoll Jgailly alas)l Juwll sloicl 6jgyng dwdl jipl (Il éal wag) ol wad
I O p)283q.8153)) dolaiwol Janll OULNID G183 6 )yl 4oSgal aslubinl &) jipl eo
e olaic )l Jaodl §)1o] 6 8223 &rpliw] elhg OVDIVIG Ologleol UGS HaLNS JU5 go Jiiblgo)l
iyl a8)ao gao I ghga3g dglisIul dasgall
:aolatwnll &Sall aanll Db 1
a1l Oloallg vlosll Je3g BUI dregs Juual OUDIVIg Ologlen)] UgIgIS5 padiw3 8)Sio dhao D
@olnis V] LilgAL (Glei) W doslillg agla)l JUur D OB Wiuli Jlod eo dunoliil 3jps Hjeig Helas jisi
uoldilg (auiwlg dcloizlg
ga0)l o 22901 96 JDI i5 699290 1€ lp16 &yl Hloadllg phill eind Jings pi) il ganl gi go pepl le
JUo Juw Gle OUnjvlg Ologlen)l 1Dglgiss ,lc 20io) P9 «41S5g dolatwo Voo ouns a b 0
(G01llg jguo)l 8Spd (G623 Junaig dannl dleplg JIswl guuaig Olalnll §)lolg déln)l ilgiw 6e14S jjoil
.20l g oyl OIS Lh Junaig gllguil 6 &35 LD pSIl ] @b pil ayilg «lgg)l 8592 (e carhsiig

¢

Traffic Maragement

£ducation @ @ @
@ Smact Packing

Air Pollgtion

Smart Street Lights
Internet of Things

| Smart Bulldings

I Smart Home
e o

s, 0

Public Safety

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
8|Page



5 57 V £
Republic of Irag /07 é ¢ I B
Engineers Union-Architectural Department A larall Aidigl) amd - Cpasdigeall AulAS

Green Building Team GREEN BUILDINGS ¢l padl) lal) 3 8

i 2023/02 &l 18 1awd)

—— .,r:i.,i TeECa - - ™ | e e *——**-; g“" ‘T

poDI WladT (§1835 6 2clyg dPl JISw 6Ud diegs Ju i S0 dolaiwng &SH am Pl Olenizall Jod g
o1l 6ladi pu0d (G1aah elpw )l 451S0) OVNILIg Ologlen)l UDglgiss (52)g .(SDG) dolaiwall draiil) §23in)l
Oloniznllg ganll (G1da5 () 6ag) ) phe (5o0ll Wagll g1 oy, dolaiwoll diaiil) phe dGoun)l §23in))
.olaiwn)l

:SDL RA5 @Sa)l Jao)l wWihdl adl gl ani) (Guw oo

Jaa)l e cltrdll <

£9 Lle plill cltadll <

.olaplg 62)l andl <

20 pyoill <

Juoidl go dlguon)l <%

.An)l éolhilg aathill olin)l <
.d)gdon jlawbg aah) aslb <
SWnidyl goig (W Joll <

1oL o (P50 5 Jintig Ologleoll -Uog)giss OULES pladiwl &5l Janll D5lns b
(85g}iS)V1 G0gS ) G153 GnSgl-1

Ologlanllg BWledll 46lS dUL: 1y ogndallg Bloglon)l padi 6 agysIYl dngSall Ol pdl
Jlewll gy Jolgillg Ologlanll JoW le §)2dl (o Wgloins Wy O URIUIg dhaoll (JlSw) ddleinll
AWgjis)l O &0 (o ol JSH dvgyisIil viloleill ¢laSq.409Sallg
WoWid Ul 2)igal] §jlolg U (o b vl oy elpl pinw S daploell gl dteubll alwl:a1sall aul-2
Oglill 3o Lghlosg
avlSolg Ooglonll UglgisS) OUiGIg O di)an)l enido VoLl (20 © 2nd)g :L",S:'\JI anioll-3
s Jgbd ] Jgogl jolé JSito poizn ) U2glgisill apladiwl) Jind) (5241d5 poian (o a)lGis)
wjloo prhiu) WSq ajloglen)l aaoll 0 e gl aisoy G Elidinn)l ainiig &) alsuin)
Wilbad e Jgnallg Wih g
9)iS]] alhnol JInis) gdg (e) b Tap b JS a0 Joleil phin PT i) &)loP) Wijedl go Jolell clasg
a5g}isIP Ol .« (e-Mail) Jgq)isIUl i« (e-Government)aygyis)ul GogSal s Joung (jl Il aally
Gquuill ¢ (e-Services)avg)isIUl Ooadl « (e-Business)awgyis]yl 6)Lill « (e-Book) Igpis)ul vlisll (e-Card)
- (e-Marketing) ,9g}isJl
;S 3)l duronll-4
aoladl OWedll Wiog 610l 621 dieg) J16g5 O polws Il dhi g OWedl (o degoio prj
021 diegd Ol SUo pogig Lanll pthill 65¢7 e 21511 ¢l3Sq (dplunllg dintleillg

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
9|



ﬂ } V "t
Republic of Iraq é ¢ @l 4 ) sgan

Engineers Union-Architectural Department A baral) Luadigh aud - (pnsigal) 485
Green Building Team BUILDINGS ¢l padd) ) (38

2023/02 il 18 ;asdl |

OWLED (o 232901 JUS (o jgpllg Jadl doghio 6 pSID g ogninll (,SaN Jaill) &Sall aSpal-5
6153)1 duoun D &gy &sa)l aspll Jlatiwl JS0)g olbglen)l Unglgiss pladiwl cuwl il

Jo9) 530 (P Ja 8Sp (o Julablgaiul) adyanlasal dolall Jail hilwg olaiclg dolaimall
.g)in)l pladiwl JUnSg 2giglL

02310 (g5hgiwn i1 ,J] 6923i0)) pé OB pladiw] (4 elpdyd)) 2ol jioij 622200l 46UAII-6
Lle Wgoladiw] dun) p8jg oLl a8lbg (P bl é6log LYl a6lbg drnaii)l 46UaILS §923in)l 45U
.abanll (sqio

lgola3iwlg dldill ouoll pgas Jin.lgoladiwl pgas 6olc)g o)l Gilgiwl o 230 :,and) Lbynllg ounll-7
ola)l plao e Blaa)l 6 hodlw il Oliuhill go 220)) Ologlen)l U2glgiss Ojol 2dg dclpl 6
.aiplaiwl Jlar) g duhll

anidn)l Jlea)l pdi o piey WpPgaig 14 Janlb OV¥gnll pol o alnl Olalho)l :alnll Olalsell pgai-8
46Ul jano J] daal) i) Hglo o lg)gas OUidlg QYLD clpds diyao J] plgaig diyanly
aslaIL gi A5LS) G5UIL Joss Sl dahill Jail Jsuwg pladiwlg ahols :elirydll Jiil J5uwg-9
Joej eyl dan)l Lo ic eliviw] a51S0] pac DB 09 @addil Jail JSuog Juldl go duunib)l
dung 6 jiiwl Gyb gejlgolaiiwl auby Jild go ¢big dgio §jplall Gjla)l OBlpl aas e
Pl Jéil

:,t,S:':JI slnid VI-10

@ luwlg a5gHsIPl 6jabl Jads D1 Oublhil eo Joledl 6 auio)l uglwl i S SInisy]

e dloglen)l KA a6 s 223 Lolle GoWnibl JSB ) ping agyis Iyl Oloadllg aygyis)yl
(4 dyfloglen dunlwi dtig HYIVIG Ologlenll OULES plasiwl jaig Josll Py @IS o eludl Hli)
a1n6) 690 ) aligds §Sm b JS ple Jsuby dloglenlyy and)

A L @ é—‘ Jasl)

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
10| Page



S/b’ j V &=
Republic of Iraq é ¢ Gload) &) ggan

Engineers Union-Architectural Department A laral) dadigh) padd - Cppnaigeal) 45

Green Building Team GREEN BUILDINGS ¢l padl) lal) 3 8
i 2023/02 &l 18 1awd)

| InigE T W W T =

gl ple JSuy GoSgal alhno e wpoill o 11 dg)isIyl GasSgall pgpdo 9 JgdJ1 Judq lelaDl
:6200P1 G0SgIL Louno
2929 (0 pcpl Lleg . @aw) g OUitewil 2io U] saubpl Gosgl J) WL 22Ul o)l wledl ph) pl
&oWnid Vg duwlunll Wlhad L ple JSiin hijp alhnoll i U] §auby) d0gSa)l allhno) daliso H\ao
9 20Dl pSaJl pjei” (J92)1 2411 (§g2ip) (,Jg2)l 2411 (§g2in el .aunidl (G16al) d)jqud pios U dreloiblg
olwnal) sanilg plall ¢thdll 6 delnnllg §elasS]l Junaig (Jeldl soluw Jlobd s 0 W) gl alnd
Do g gsm S Jooll jib Y duolw il iplallg
o1l dreloizllg @onis ] ojlgoll 61o1 6 abhlwll ) gwjloy D1 ddyphll L anSgall ojal Jgall Clill ol
dolannll 4oiil (G165 Jol Jo il delio 0 Olib Il a105 asjuiny
O3 Jirdl pr26ig 0952 cloUl Junail HIIUIg Olglan)l UgIgisT pladiwl 40 :aPg)iSIU] GasSgal Lol
apbpl pS piles pjai gblgal)
:805q2)l {55UD (Jg
6e1aS)1 -y lin)l -ab o)l - W61 -aelad)l -61guuo)l -Jasll
aoh)j 1l Jounig Olg)] a0ls ao dolSio AVnjlg afloglen i eaidoll ¢Jiliol (520 2235 G1g¢)giS il wleall
el 2ol pladll Lle Wijaég Jllg Sloglen)l 20Jb 25 DI Ol pnilg (wlgdllg
asjuwnlb pel plawlig GLiblgall (J 02l padi) Uglisi 9 Sopoll jRdiul cahgl dgall auh i)
Jws Jsiin

gl laayloyl &lopl gl 3301 g0 €9 Jgall OLGSS Jub o gall Jolas dinsig &UgHisIPl anSgal) avghll JS) p)
o] bl awlog &> 651 aiadgl Wil syl adis) WS lgallg Oluwdall 6 WIS G Pleiwl
l3)go Jass 295 pJ U1 adpgll 6Wo 6)g2 dlinin)l 1S L0USI OWBWWI (§6g Jooi WIS D Olunwgol) §2329
g0 S a1 g0 dwdall 6 pluddl (iegisg GSUg Kalojl lals el 6p5tin.igPlg 26200 V1 &Ll
W23 olaidl pugig aXlSuwl 5oLPL B gl oloj DG (uiblgall Jib o (§56gS §2)1g) OUlhinll
.10gS ) Olwwgoll
plely dlininll 10gSa)l OLuwgall Jac 6 dh2a)l Oulhioll Jinj.Josl 6223 pleo e hayl 1) id (Jog
JoWJl gs1il carasi) Jgbd pogs (1 gl Wihjao e j2d)1 o) py2dll Juigpl 2y p) L2 §2jinllg §o29in)]
waud] gl pLud Dl (o) W) gl Glaaiwl 6 OLnwdall hisig Gailwoll Ousleall §50] Luw)
609S21g (uiblgallg G09Sl Gu Jelabl 6 awgisIyl JSlwgll Gubs:,d law 6 ApgisIul aSgals
g5 A "GPl Jlacd] lisng GogSaJlg ddbpinall unal) sl &0gsall Ollaall 6 claSq Olsuhlg
OWIED! JUsiw] L &ndpl GaSgl JI: Jgill §S0 ayle. Galisall Ologloallg Oal I Jgogh (iblgall
Plgalig Olahiall Sloglen)l (5gidnll gD ¢ll5g (80Sgall e(5oUog Oladi (@G1dai) OVIVI 4g)gisig di)all
.Oglon)l UoglgiST auwlw Ul addl pea) 06 5900 I

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
11 |



Engineers Union-Architectural Department

. 2023/02 gl

S/b’ j V &=
Republic of Iraq é ¢ ) ) Gl R.,.J{p@
4 banal) digl) pudd - Gpuigal) 4l

Green Building Team GREEN BUILDINGS ¢l padl) lal) 3 8

18 :aaad)

—— .,r:i.,i TeECa - - ™ | e e *——**-; g“" ‘T

@b dind)g &adddl Ologsall Jaoll 25105 dwaid §olc) HUN5DIg Ologlen)l Uoglgiss vlgal ) dndl oS5
;W) blail 6 (uiblgol) dolall Hloadl pyads

.00 g)is1l O3l (§Ublg plon pS9) jblg JUlgd 2gag

.810gS )l pHigall 0 UngS> -gJis]] ankh)i cliy 0 dauinll jhlanll 6259

.a)gaJl 6oL dals o)l dhlwll (e §)olnl] dolall dipogill OUahinIL Oljljgllg OljlsUl JUS1 (o 23

(o G02dn)l GogS 1)l VWA JIIg JolsT Jnd) Welwollg aolanllg ddledall VLgiwo el (GLins
892 JS b

gl (G 0 lelgw ) dlolein)l VAN JS) JWlig (rbgllg g puogs J1 apgyisIvl aasgal plgisl (504
) 023 Judiwl gl pyads
020221 &gl vubhonll Wli’to oo Joleibg dindPl pne LSlg jghio aniyo G5

(1e3U31g) dogSall:

~8)geu) Wic jueillg Wangd) i dan)l LS SIS al p263q (5920 OIS D12 Jlocl 29900 cayl

Lio JSJg jubnll (o degoao clid)] OGS e (a3 2319 gquino (o Vatd .&olinll oggl cabgs
(PWJI adign)

L 130« pgo ol 1510 LI OS] dylac "EHe) LIS Jo Alwlw (G463 aiS0) 1540 VL (i
I3 (§1601) ojlgoll prhih plud)

— OUWDSDIg sl §)lo) b awdl go JUED! jgud DA &sal gaodl (1 Jgail byl Jigb Jolghl (§ids
Aisg §poiw) Jgdall Lunsg AT 1o

paiil lgh gD go 231 ple 29y QAE OLIIS lgiile) elubl 85115 Jis1 U e j15yDI

7
0'0

K/
0.0

/
.0

L)

/
.0

L)

(Lgiunlg) drclaizl Oww§ollg G Pl pé Olakinllg (OIS i : WG

.J20)1 6 410gS ) Ol 9o GSlphl) (p6 Je Gyl

dia0)l ,J] 1B cutdy i 950y DI Pyl 235 858l danll OljpLal Jagalll 2120 (o 2l g3 o )] phill
.l Uygo 1ol JgSiw apllg dolall HLUSI Ju jolglg bl o & jlga)l gl Jlacil JJlg

&g (gu10glgs dian 6 :JUp elsphl) oliio) iyl pUADLS tdouhidl wlad DI @GS Olpuo ge )
a0l Oljpuo 6 0 0go 1jgo wali I A0gSAl pe aSjuball Ol JS0) S W adg) S0l gl
.a1sal

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
12 |

K/
0’0
K/
0’0



/ . V
Republic of Iraq é ¢ @l 4 ) sgan

Engineers Union-Architectural Department A baral) Luadigh aud - (pnsigal) 485
Green Building Team BUILDINGS ¢l padd) ) (38

2023/02 il 18 ;asdl |

(peilalg) Jgiblgall D

41531 daoll OlpUog O LW JLSbS 6 JSJUho Jieans 8Uiw] jg2) pLdll <

22339 8LOW! HUIEDI Jgo Jradl ped 19S5 815l ol (e wijiu G il ge fiang Uelg ggss gf -
upgnllg ol le @)U
PoiLDg Jan)l Ly pais 1 adypnll Jisthi lbWI OYiabl peaiw (DI atie) sl gluwio goill jne o6
.Sjuboll o OGS JUSa3 o a0 Juiino aRgl 9 (5jS)o Jg2 VIjio JSuiy OISpIG YS!

:ani LIl

20§95 (J20)l 03D 1 Sldolaimall E0ii)l Wlad] (Guial 5gel Ologs I e Iniss sghs a5l Janl (1 Jgail
Q3 g1 gaadl 03D ,le I YIS la) 2d1g JT 0 diwlg olnisulg paizall le pailh 2gej 6jSio Jgbd e
JIS oo 1e1S5 Jis] adyphy aainly d5jiw ilg d5giis)ul aasgall lgodl (o ,1g duolwl Lgso 1S5
;D 6 jgnio

J9P1S 18917 2511 Cuunll (,0Q) (6 2dic (53)Ig Jgpirallg pwlill il waigll 0igol) Goadoll oyl ddjg) (il '
(2100 gb gl 6 dpaiinll OUIiGDIg Jloglon)l paixall) (Glyall - olasy (6 2022 poun)s/ Jgul

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
13 |Page



(S N
S/b’ . V &
Republic of Iraq é ¢ Gload) &) ggan

Engineers Union-Architectural Department A laral) dadigh) padd - Cppnaigeal) 45

Green Building Team GREEN = BUILDINGS o1 all i b
= % 2023/02 g 18 12

o
P

Rae ''w \*“_ﬂm

g ool g)laenll pdll go )35 JUID (59 (e SJlosoll ywaigoll
15 £g030 (0 @jjgr e SWI JISg 21 @9)2) « (BUWI 8ygall) 1966) ple olady
(9) 620) LJa3q . (1974) 6 BilS51) aliub G0l 6 piwslall Jas! . (Wb
OUL0 6 ple (55) Lle B 55 . (1970) ple ilS51g JWSpl 0 joib]
| Gwjaill LI GWODY « 6 pll planillg gaall hihss g &)lasall dwaig)!
4 G 2jB5g J31b ddlisall Oleoll 6

QIiSo 6 Joc awljall 6}i6 clijlg) Gobd auwaid vilso 0 0)loll yojlo

\ } WS . (plJlg plall Jrelthdll gjuuo o 129l ddooll Ajlwjlao Gloun
l \

1 G (61D U1 66gS)1 Gooly pranig claldll eoly cgubo le G150 2020 jgiSall
@)oo a1y proln’ alwjlon (ianig . nub Jsuy 6)lall yojo s

260 (52l pranillg hih3ill OVLD 6 bl (Wlub] gl 2445 gl prons) dalito &S w jgog )Jlajg auiSo Oljlacg
Aolé gl duisl OISpD J16 Jo Kacl Jjao §29) puolnj olacl e opbdlg « (Glyll 90 @aliBp Jao 62c hihin plo
cadlie Ohobn) alsS 1 VUah3o 2laclh

@)uhog &bl 82 proni) plig .« il Juos sjubiwdl niso 6 Joc (1968 ) ple dio
) 6jlacg ¢ olay 0 ynill U LI (Sl guop) éjlac 0T Y Jun)! Juw e Wio . Gobd gl dole dLblg
21c) 2apnll jlacg « (e1b)S) djeUl (§lguwl degnang . 83)gui)l L} (LWL eldll) d)gen ! gjub e (@Igb diw (o
olasy 0 1)1 Jol (568 (59UQ . (212 (§2i0 L)E) Jgamuwll cJjub 0 (@)Ul pysl

apnl) )3 6)lacg  dahicul 6 ol Jiclawl) 2wl djlac Wio (PBY UL JSuy Wjulo d2¢ poo WS
. 622910 QLS W Jgog ¢ c1)}S Aao 6 (21> poU)

Pl Guninll IS o . (JUpb Uyl lisis)l) (sjlasoll isall go (1999-1997) 6ial (Ol 29 0 Joc
@Jlooo ad)lwo 6 Gjubg . (Guwl)g oL G eo aoye 400 dow (§aio) 22 0 (BW 21S) (§aio cquin)
195201 (G2id)l abl Jubg guoinll 4Sp) dlpg adlio awlpo olach plé WS . (as2inl (Gqw) ddhio pghil

- PJIg @alg pdgall e ilUg

(=2620)] pLLD) 5w I20)l Go2igall ao chphsg . b1l (§jlall Jb) niso 6 IS ub Aol (2007) ple 29

OV S)ljg O Jac . (1994) ple @l (,idg (1968) JUi 2io adgl aloc Ju :
c0gsJl . @l « o) gao JUl Juw le lgio .OUAsLol S 1D hhsg Janll go masll hhsg . (hihsilg
2)ain JSuiy plé WS . Jigall dang . drclindl (1S 1) il jgd dao hih3j 6 PPl o Jjubdg . (... I @l
pdlwg . (1982) ple (1S5 diyan hih3di (G316 Gl WS ...(1982) Jognllg §inul Jgd §2)23 Jan) OUALSiw olach

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
14| Page



Republic of Iraq é ¢ Gload) &) ggan

Engineers Union-Architectural Department A laral) dadigh) padd - Cppnaigeal) 45

Green Building Team GREEN BUILDINGS ¢l padl) lal) 3 8
i 2023/02 Gl 18 i)

Py

degnao gl G« huh3il §)ljgy Josll Jus Jo) )l OlasLa)l 461S) aUuS 1)l hihd bhih3jg olacl 6
(OaAIg (JSuwlig Jlswll

polnil Oacl U1 dntonill iall (Gl aols gwlp « (8)all jla) waigll wisoll) (pull igoll aenll e

< udognll . OJQ_LQ,JI 62w « poldl .« @2igll ¢ JuqLandl « Luwoll . (prJl <2910 AU « ap ) Jao) duwlw il
P 6j0) J2o pwoln’ Jusy (PL Geob) J Lwaigl wisall eo ,oub JSu Jac s . (.bwlg . ool
" " " . (fLidan)lg .« @)2iSwl . spgnll .

Jo JSub G Jooll (§2469 ( olay doeoly LiSo 2o (Gl 0 JISwil pleo) olacl e Opho L5JLuu_u)lS Joc
- (0U811g sl hihA3il jS)o) Jolgs

el2) (5)lnen)l dwaigoll) d0gojll Jo (P lhng .« (ple p)dis) lpanldlg ginull dhao prons Jusl 0 GJjub
- 822in)l po1) @0 pyo 2dc OWhio Jsiwy all 5 5§ jgisall e Jglailhg (s 8oge

< (1996 - 1979) 6jial) olay) Ol 6 Janll hikh3djg 6jlo)l OV’ 06 )2l o) :
. (1982-1980) Wla)l Ouwljal) oiléNlg (5l hihil jS)o . (1981) ple aio Olgiw G o isD Uoglis i dGanl)]
ae0L 6 guaill I asWIY . YL JRinns pgnjlbl dahslio gl il adb )bl (le Wipbyl go
" .(2001-1999) + (1997-1996) 88l ( W) dudillg &3> ,ieoly (69 (2004-2002) &loglw)]

ol Jgo dojlog « (5l jghill) 2jUq « (Jao)l hihds 0L {5oUD) Olod adbhl) pjio olacl pj s
. poJbl juiao slacl O adbJl oy U1 aalholl

< (L)l - bLl) Jao 0 Wio puwd dllg . gl go 129l slach plé (1977) ple din :
a§g) £gn20g ... ((2019) LI &Nl aiinll) US) - Jgribuwl ai)an 99 . (2018) Winyp - JwlSqy) g
1) (50) e 2, tygiia)]

olasy @)l jlo dauhio) - () 80) a3jlrang Ghal YU 6 awljp - apan)l §U)lg dijan)l Gequgn) 6 aSjubnll 1
ii)an) (e Jnog (Gl L6 6olan)l hih3il @)25) (og AW ¢jl go gudUl Gunall Lis o . (1988)
" " (Jiinn)l

((2003)- aslatl) (oWl e @bl ulis.2

((2014) Ogyw) phillg dclhl) ¢uYl awwdgo) . oWl o hlgd LliS.3

(2017) Ogyy - dcuhl) G aSpb) « (2017) aryli olasy 6)S19) LS .4

.((2022) ola) . ( cund)ig jgeI v dpunnll) LUS.5

.l 6290 (51 LS Jing.6

dJac WS ( (2006-2003) Olgiw O o S (Jgall ligh)g ola) &y (5)jubiwls Jac :
Olgiw G o Jisy pneillg Jlswil pjg) juhiwns

-2002 Jl) 6414l &slaglinll 6 . 623ia)l poll dakia) GlDI (VW) Gabin) G Jaa)l hihs 6259 Glg
Oljlac JSub Sle JuiSuo Jieguio proni (1 a6 UL « Gdliho gan) Ol slach plé A « (2003 56 iy
D214i5 pig GPlogun)l dhao (6 . 4D (510) Wghpjg . &dud (410) (ML) ldhio 6 GiSw

Email: GBC.IEU.BGD@GMAIL.COM
Facebook: alall S jallf 4y jlasall duigll and
15 |



Engineers Union-Architectural Department

~ |
W . V \&
Republic of Iraq é ¢ Gload) &) ggan

4 lanal) Auudig) anad = Cppaniguall 4LA3

Green Building Team GREEN BUILDINGS ¢l padl) lal) 3 8

i 2023/02 &l 18 1awd)

N A i
b‘.‘h- i ) i——n‘ R e ‘————"J“ ‘.-“-‘* .—_‘} ir—ﬁ

Diversity in HVAC systems within medium to large scale developments acknowledges that it is unlikely
the maximum demand of all individual users of the system will arise concurrently. The total demand in a
building is likely to be lower than the maximum or peak demand at various points in the network.

Diversity has a substantial impact on the peak heating and cooling load and design conditions of a
HVAC system. Accurate diversity calculation prevents oversizing of HVAC systems that leads to energy
inefficiencies and increased running costs in buildings. It also helps provide an effective system design
that can reduce the capital cost of a HVAC solution and provide improved thermal comfort to
occupants.

The load patterns of a HVAC system should be anticipated to help estimate the diversity in the system.
The diversity in commercial and large residential buildings is impacted by fluctuations in occupancy in
the apartments, or in the case of a commercial building occupancy of various zones.
Where HVAC controls are installed in separate rooms or zones this further diversifies the load
distribution, therefore the loads in each zone or individual apartment are a sum of all spaces in that
particular area.
To obtain a total peak load diversity, systems should be calculated separately:

— Space heating

— Space cooling

— Hot water provision, including diversity in electric load if immersion heaters are installed
Diversity calculation takes into account the heat gains and losses through a building envelope. The
recent improvements in the thermal efficiency of building envelopes mean that diversity calculation
must be more attentive to the internal gains within a building and heat exchanges between zones,
occupied and unoccupied apartments, or apartments and communal spaces.

The dynamic nature of diversity calls for effective application of adequate data gathered from similar
existing buildings over a set time period and recorded at regular intervals. This comparison method can
provide valuable guidance for HYAC system diversity calculation in a new building.

Diversity in a HVAC system can be influenced by informed changes in building design, for example
where spaces with similar usage and thermal profile are grouped in the same zone.
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This can often be observed in office buildings where operationally similar spaces will be positioned in
one area of a building.

More commonly, diversity informs the design of a HVAC system to maximize energy efficiency by
reducing the overall system flow without impacting the peak flow thus retaining the required output of
the system. The application of diversity also allows for better use of controls to balance a HVAC system
leading to a reduction in specified equipment and decrease in capital and maintenance costs.
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5-Oman Sustainability Week Will be held on 12-16 March, Muscat Oman.

-To meet leading local and international exhibiting companies demonstrating a range of innovative
technologies and solutions driving the green energy transformation.

-To get first-hand updates on the future of energy as industry leaders, policy makers and technical experts
share insights.

-To attend top level conferences and practical workshop sessions to stay updated with the rapidly evolving
trends shaping the current landscape of energy transition.

-To connect with suppliers, innovators, and industry professionals to establish partnerships and facilitate
knowledge exchange
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