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Abstract

Keywords

Background and aims: Buildings consume more than 40% of global energy,
significantly contributing to carbon dioxide emissions. Windows play a key Shading
role in heat exchange between indoor and outdoor environments, and external
shading can notably impact building heat transfer. This study investigates the
effect of horizontal external shading on energy savings in buildings. Energy Savings

Thermal Comfort

Methods: In this study, external shading was designed and modeled in the Cooling Load
form of horizontal blades perpendicular to the window surfaces for a 10-story
office-commercial building in Tehran. The blades were designed such that

the resulting shadow would fully cover the window surfaces, with a focus on

August 1 (the hottest day of the year), when the highest direct solar radiation

hits the window surfaces. The effect of the designed external shading on the

building’s cooling load was evaluated using the Carrier HAP software.

Results: The results indicated that the eastern and western windows have

the most significant impact on the building's cooling load in the morning

and afternoon, respectively. The proposed . shading reduced the cooling Received: 2025/03/5
load demand by 9.23%, 11.33%, and 16.37% in July, August, and September,

respectively. This led to an electricity cost saving of 108 US dollars during the Accepted : 2025/07/28
period. Implementing this shading in a megacity like Tehran could result in

substantial energy savings during the summer and enhance thermal comfort.

Conclusion: External shading systems effectively contribute to energy savings,
improved thermal comfort, and aesthetic goals. Further research on various
shading structures would be beneficial in this context.
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EXTENDED ABSTRACT

INTRODUCTION

Buildings are major contributors to global energy
consumption and CO, emissions, exacerbating
climate change and environmental degradation.
Rising energy costs and dependence on fossil fuels
have made energy efficiency a priority, especially
in developed countries. Since the 1990s, research
has focused on reducing building energy use while
maintaining occupant comfort. The European
Union aims to cut greenhouse gas emissions in the
building sector by 60% by 2030, emphasizing energy-
efficient solutions. Windows play a crucial role in
energy efficiency, as they regulate heat exchange and
indoor thermal comfort. Various strategies, such
as renewable energy systems, dynamic glazing, and
traditional shading, have been explored to reduce
thermal transfer. However, dynamic glazing faces
challenges such as high costs, wintertime darkness,
and production constraints. External shading remains
a highly effective method for controlling solar heat
gain, blocking excessive sunlight in summer while
allowing beneficial solar ingress in winter. Shading
devices are classified as fixed or movable. Although
automatic shading systems provide adaptability, they
are expensive, complex, and prone to performance
errors due to climatic variations. In contrast, fixed
external shading is cost-effective, easy to implement,
and ensures consistent energy savings without user
intervention. Given Iran’s peak electricity demand
from mid-July to mid-September and its ongoing
reliance on fossil fuels, energy-saving strategies are
crucial. This study investigates the effect of horizontal
external shading on reducing the summer energy
consumption of an office-commercial building.

METHODOLOGY

The external shading system analyzed in this
study comprised parallel horizontal blades (0.2 x 1 m)
positioned perpendicular to the window surface. Blade
spacing was determined based on shadow overlap to
ensure complete window coverage. The design was
optimized for July 23, the hottest day of the year,
with maximum direct sunlight. The study assessed
the impact of shading on cooling load reduction
and energy savings from July to September. The
investigation focused on a 10-story office-commercial
building in Tehran with a total area of 600 m®. The
south-facing fagade, spanning 30 meters, features full-
length windows on each floor. Each 200-unit floor
contains 24 windows on the north and south sides,
and 16 on the east and west. The windows are single-
glazed with non-insulated metal frames, set within a
10 cm cavity.

Considering Tehran’s geographical characteristics
and meteorological data, correction coeflicients for
altitude, window frame type, dew point, dust, and

glass properties were determined as 1.028, 1.17, 1.19,
0.85, and 0.25, respectively. The external shading
was specified with a half-bright finish. Additionally,
based on meteorological records over the past five
years, the average summer temperature of 38.9°C was
incorporated into the design parameters. At this stage,
the solar heat gain through unshaded windows across
different orientations on July 23 was calculated using
Carrier HAP (Hourly Analysis Program, Version 5.1).
Subsequently, employing Excel 2019 and formula (1),
the number of horizontal shading blades and their
installation intervals for windows in each geographical
direction were calculated based on environmental
conditions and the radiation angle during the hours
when maximum solar heat gain through the window
occurs.

Formula. 1. Length of Overhang x Longitudinal
shadow coeflicient = Length of Shade

At the end of the phase, the Carrier HAP (Hourly
Analysis Program, Version 5.1) was used to examine
the effectiveness of the proposed external shading in
reducing building energy consumption during the
summer. The studied building utilized fluorescent
lamps for lighting, with an average of two occupants
per room. Essential electrical equipment, including
computers, printers, phonographs, telephones, and
cooling-heating systems, was considered in the
Carrier HAP software. The heating system comprised
a hot water boiler with a central sensor, distributing
heat through radiators, while cooling was provided by
gas coolers with a capacity of 9,000 BTU/h.

Occupancy duration in July, August, and
September was 25, 26, and 23 days, respectively, from
07:00 to 21:00. The study further evaluated the impact
of shading on energy and cost savings by quantifying
the reduction in electricity consumption (kWh) and
the corresponding costs, based on the electricity tariff
rates for general consumption approved by the Iran
Power Generation, Transmission, and Distribution
Company (TAVANIR).

RESULTS

Figure 1 illustrates the heat gain from solar
radiation through the building’s windows on July 23,
the hottest day of the year. The results indicate that
the highest heat gain occurs at 7:00 AM for eastern
windows, 12:00 PM for southern windows, 5:00 PM
for western windows, and 6:00 PM for northern
windows.

The study found that 15 horizontal shading blades
are required for the eastern and western windows,
8 for the northern windows, and 3 for the southern
windows. Table 1 details the blade count and spacing
corresponding to the maximum solar heat gain on July
23 (see Figure 2).
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Fig. 1. Heat gain by solar radiation through the windows in 23 July

Table. 1. The number of shading blades and their installation intervals for maximum heat gain conditions

G hi Heat savi Longitudinal
eographica eat savin
,g P K . Solar Heat Gain R g . . shade height for Installation
1 Orientation  Time coefficient in Azimuth  Altitude number of K
Factor . . . each shade blade . intervals
of the (hr) (Btw/hr.f) building (DY) (DY) () shadings (f0)
u/hr.
Window materials(Ib/ft?)
Eastern 7:00 161 0.38 83 24 0.27 15 0.26
Western 17:00 161 0.51 277 24 0.27 15 0.26
South 12:00 69 0.58 180 70 1.83 3 1.3
North 18:00 24 0.37 286 12 0.55 8 0.50
*: Decimal degrees
July A September (6]

cooling load (kw)
cooling load (kw)

LN R A A A |

Time (hr)

Time (hr) Time (hr)

Fig. 2. Comparison of the cooling load for external shading and non-external shading modes in summer (Continuous lines: before design;
Dashed lines: after design)

The impact of the designed external shading
on the building’s cooling load was analyzed using
Carrier HAP software. Figure 2 presents the hourly
cooling load calculations for all window orientations
(east, west, north, and south) over July, August, and
September, comparing conditions before and after
shading installation.

Fig. 2. Comparison of the cooling load for external
shading and non-external shading modes in summer
(Continuous lines: before design; Dashed lines: after
design)

As illustrated in Figure 2, cooling load demand

remains unchanged between 8:00 PM and 7:00 AM
due to the absence of solar radiation. The increase at
7:00 AM results from solar gains through the eastern
windows and internal heat sources. The sharp decline
between 3:00-4:00 PM corresponds to the closure
of administrative units and reduced equipment
use, lowering cooling demand. Table 2 presents the
building’s average cooling load during daylight hours
(7:00 AM-9:00 PM) under shaded and unshaded
conditions across July, August, and September. The
results indicate that external shading reduces the
cooling load by 12% over the three-month period.
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Table. 2. Estimation of the efficiency of the external shading on reducing the building’s cooling load in during 7:00 to 21:00 hr

Average building’s cooling load in July Average building’s cooling load in August Average building’s cooling load in
(W/h) (W/h) September (W/h)
Before After Reduction X After Reduction Before . Reduction
N i Before design R X After design

design design rate design rate design rate

384629.9 349123.2 35506.7 386288.5 342500.5 43788.1 344906.6 288445.3 56461.3
Effect of external shading on
9.23 11.33 16.37

reducing cooling load (%)

The results of the cost savings calculations—
based on the step-by-step electricity consumption
method provided by the Iran Electricity Distribution
Company in 2024—indicate that, given the reduction
rate, the estimated savings in electricity consumption
over the three-month summer period amount to
approximately US$108.

DISCUSSION

This study designed horizontal external shading
with parallel blades positioned perpendicular to the
window surface and examined its impact on reducing
summer energy consumption in an office-commercial
building. The study found that eastern windows
had the highest impact on cooling load increase,
with western, southern, and northern windows
contributing 97%, 64%, and 49.1% of this impact,
respectively. This highlights the minimal influence
of north-facing windows on cooling demand. Since
the sun predominantly follows a southern path in
the Northern Hemisphere, northern facades mainly
receive diffuse sunlight, resulting in lower solar heat
gains.

This finding is consistent with previous research,
including Karimi et al. (2023), which attributes the
reduced cooling load of northern windows to their
limited direct solar exposure. Consequently, the design
of external shading devices for north-facing windows
is of lesser importance, as supported by other studies
noting their minimal impact on energy performance
in north-facing buildings. However, Al-Hawail et al.
(2019) emphasize that the necessity of shading north-
facing windows depends on the building’s location. In
tropical and arid climates, full shading on all facades
is essential to minimize heat gain year-round, making
north-facing windows equally important. Similarly,
Kabanshi et al. (2023) found that in Northern
Hemisphere cities, north-facing windows experience
the lowest cooling demand due to reduced solar
exposure. Conversely, in the Southern Hemisphere,
south-facing windows receive less solar radiation,
leading to the lowest annual energy demand, as
observed in cities like Harare. This underscores the
need to prioritize shading for south-facing windows
in Southern Hemisphere regions.

The study identified the optimal shading
configuration as 15 blades for eastern and western
windows, 8 for northern, and 3 for southern.

Variations in blade count resulted from differences
in solar altitude and azimuth during peak radiation
periods. East-facing windows required more blades
due to lower solar altitude, while south-facing
windows, exposed to nearly overhead sunlight,
needed fewer. These findings emphasize the necessity
of incorporating solar geometry into shading design
to enhance energy efficiency.

The evaluation of external shading efficiency
during July, August, and September showed a 12%
reduction in cooling load, leading to approximately
US$108 in electricity savings over the summer.
Although seemingly modest, these savings become
substantial on a national scale and over extended
periods. These results emphasize the role of optimized
shading design in improving energy efficiency and
reducing cooling demand in buildings.

CONCLUSION

Windows significantly impact building energy
consumption, making their optimization through
manufacturing, control, or coating essential for
energy savings. Additionally, strategic window design
enhances daylight utilization, views, aesthetics, and
urban architecture. Therefore, the proper placement
of shading devices is crucial for maximizing energy
efficiency.

ACKNOWLEDGMENTS

The authors express their sincere gratitude to
the Occupational Health Research Center at Iran
University of Medical Sciences for providing financial
support for this study (Grant Number: IR.IUMS.
REC.1403.220).

DECLARATION OF INTEREST

The authors declare that they have no financial
or personal interests, whether direct or indirect, that
could be perceived as a conflict of interest in relation
to this research.

AUTHOR CONTRIBUTIONS

Athena Rafieepour and Mohammad Javad Jafari:
Conceptualization, guidance, and supervision of the
research

Athena Rafieepour, Hassan Iravani, and Mohammad
Javad Afshari: Model design and implementation

Hamidreza Jafari: Literature review



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

Athena Rafieepour, Mohammad Javad Afshari, and
Hamidreza Jafari: Manuscript writing

Saber Moradi Hanifi and Iraj Alimohammadi:
Conceptual review

OPEN ACCESS

©2025 The author(s). This article is licensed under
a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or
format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes
were made. The images or other third-party material
in this article are included in the article’s Creative
Commons license, unless indicated otherwise in a

The Influences of Horizontal External Window Shading ...

credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/

ETHICAL CONSIDERATION

The study protocol was reviewed and approved by
the Ethics Committee of Iran University of Medical
Sciences (IUMS) under the ethics code IR.IUMS.
REC.1403.220.

CODE OF ETHICS
IR.JUMS.REC.1403.220.

How to cite this article:

Athena Rafieepour, Hasan Iravani, Hamidreza Jafari Nodoushan, Mohammad Javad Jafari, Iraj Alimohammadi,
Saber Moradi Hanifi, Mohammad Javad Afshari. The Influences of Horizontal External Window Shading on
Energy Savings in the Office Building. Iran Occupational Health. 2025 (01 Sep);22:14.

*This work is published under CC BY-NC 4.0 licence



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

http://ioh.iums.ac.ir o

LI 7 ==

VENVEF - YAYY 0,50

X =P

Hl

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

S35 pa0 30 (92 4D 90 30 3 (9 g Cuowd 38 (A S lolw (D13 Wl iy
Sl il S

el el colnl (Sib pole olSsls cubligg 2SSl sl by ubligg 095 IS Cublage koS 350 1y90 o2y W1

Ol eoliow (o (S gy pole olRuiily (liely cubligy 0aSuiily ¢l g (gl 8> Cubligy (wdigs 09)S 3 gl Cpm

Il (6 <0l (Sbi pole olSil ulige 0aSiib I el g () by iy i 09)F sl Sliiod e 19N (502 LS janes
Ol e liRs i duaed (S pole ol ¢ el g cudligy 03l IS el 5 gl 48> culligs 09,5 15 pe g Sodvo

ol el ol (S pole olRuisly ccudlig 0aSils (gl 48 cudligg 09,5 S gy Sladss S je 1 gotrodls &

Ol g oyl (S pole oSl cudlin 0aSuily (g 4y cudligy 05,5 5 culligy wlisiss 1S e 1 e (53] 0 il

Ol s ol (Kb pole olKuily wudligg oAUl o gl 48y cubligg 09,8 dga (Sogl Cilisiog 38 b (ot odimng ) 15, Wad! dlga dosro
mohammad.j.afsharil3@gmail.com

oJ%S\?

L‘“)‘B - 2165 355 10 (g BB waws 45 305 (olaisl bleidle 4y Glaa (Bpas 55yl o yd Feo 5l i 1Bad g dinoj

Shsles B slplols 5 w8 e Bl (2 {uﬁb gl o il L5 ege Wi o oxiy S, « CANYS

S il G5 s dbpo B 3yl sl il adlles ol il adls b lesle ool Jlsl ) aas BB 5l wlg e

i Gran 3 a5 dyo e an b bolile
ey — b el S5 sl ooy g 2 dgee (BBl sladis ©yge 4 (258 plobe @dlae ol )3 i oy 2 V9

o iy g BT Lausgs ouolons] ayle &8 55 slb claisSay basg b (gjldio g mhb olhad o dib Ve gyl
A ysd it (U Gl e b Jlo joy S Olgisa lye Jsl 59y p (2 35 03 03 GRS JolS psboas
N3l 3 ool b aallae )90 plaidles (odyloju Jb p odd sl (2)B plale b ey JL8 dooyory daw
(8,5 18wy 3y90 Carrier HAP

i A Jlad el oy gl gl 8l 45 10 iy 9 Byd sloo iy (sl 45 ol ot adllas oyl gl sl asdly
loy S 1y 6 g s 5 By slao oyl (llae (imen L 350 425 Y gt (slmo s gl g
5 IONYY AINY e & eilopus Hb 20l el ooloiitg ol 5 ool L5yl ol 1 day 5 oo o olaisle
VEF/01F b pds o, ars cuas jl (b (dsloyw Hb ialS Jod 4 (Byae 5y dlie 40 (il b He 0 5 3340 i sbaole )> LAF/TY
3 3ysl (VEF o) 503 VoA sleo aalllao 3590 ezl slaoyoxiy (9) 2 ol

bl 53l 50 pozradio il asllae o Slee oo 2ty g Cond 0 Lol 1 ealitl 16 S i

Olabe slaole calizee JISH (59, » alive Blidos plxil sias co &l 3Ll oo sloas 0500 9 ) >

o ys0 S & Adedg e el 5o

M/aww)/)fy’.w Ué)Lv

el K35 pole oISy IS Cuiligy Sl 5o 048 Cylon o

VEYNAYNO il oyl

o ol 4y Slciw! o guy
Athena Rafieepour, Hasan Iravani, Hamidreza Jafari Nodoushan, Mohammad Javad Jafari, Iraj Alimohammadi,
Saber Moradi Hanifi, Mohammad Javad Afshari. The Influences of Horizontal External Window Shading on
Energy Savings in the Office Building. Iran Occupational Health. 2025 (01 Sep);22:14.

ol 43855 3920 CC BY-NC 4.0 b sl ST aw s 3 3940 4 alliio ¢yl plibassl™

Iran Occupational Health. 2025 (01 Sep);22: 14. 4



http://ioh.iums.ac.ir
http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

w0y (P9 ym Seand 50 (Bl o plule (Bik 5T (o)

@ olgee o] a5l S cool ool a8 )5 S @
Gl (pinaes (65, Glapiuns Sl oslatul
Sy S Sl by plp e &S Sl (K
A) oS o lal gilwilule s sla g, g dims oo
\F

Sl Gt oS game 4y Slalllas =]
(_gLQwL..M: FLEERCRVIEDS 9 oo)f o)L;”J ).n.\.:..\)..\.?u
shls gyl pl 5l colaiwl pgas o 3590
5 eslatnl yoen (VA LVY) el pla ouls
Sy aile ol L Selos () gloais
30 Cudgasme 9 Yb adei A e (ol (o a3l oo
3leslawl dazs 10 (V) cuwl axlae I3 olal oy
slaghs) 5l (S plpear plizes ()15 sjlulale
el Zrhae Gt o 655 Sl S s S
09 b azlee $p%e jsba Glaal jo by,
WS o SRS il 515 55 1, 0 g3 s
Obiney 55 Sudyo> 59 9959 OBl (Jl (e )3
Slools las 5 Gzl g gordl 5)5l 0 w2l )8 )
Gy aYl Gras oS o Wl o gilalale oS
bS g sl Glajls el ln jlis s
(Vo) aib Se bplaasle

90 & oy ln jlwlale Sl (IS joba
Do 55055 sla Lol sl eolaiwl a5 wilesls lis
5920 4 ke 597 baulpd g Dy o 4y S
I gl o8 Wlg oo a5 098 bl o Slae jo U
slaplols opl poogdle (YY) woo I3 50 cou
5099 YL (6,55 5 adsl sleaszo glls ,Sos>
...\.S)b )L..: (s LS")J" L

agye o 4ol o) sleslaslale ( blas o
S ks pae g dizl g (b o (Sole S
| Ngh oo Cgmine fad oty e (Sl S (S
ey 6y Gras (rals Gl slasla Ll g4
o023 Wil jeas plaasle o (LSl a5 sdlee

zsl olrl 550 69 ot Olejbe 5,155 bl
&y oboygie® bawlgl B 5 laulgl 5l 925" (5,0 8
oozt VLI (6550 i3l (uizmen (YY) Qoo o
Yl 065, YeVY Jlo yo aS el 005 pdel
sloslaiwl aSul b .cawl odns y Gl 4y 50 B pan (0o
el 00l Sgaze >l sl Jlw jo (Led oS g
3ok 5o B adg las,0 £ dgus lioren L

doddo

5P oS Gras (S n bplesle
S pemeSy S5 5w golaldl lapiie )
Pt s 4 1, Sler 3y 5l e 5 55 IS
Mgl ey Loyl Jotee A5u (nl e oo
S00 Gaw 3l (F)) cal ) wlSTles Sk
Wl oo a5 0ol Sl le)S 4 e (551 B pan
s 4 5 UaptnsS] 55 il 5 PlisT el
Ceod iuli8l Q) 09l gludl s jlaze ol
hed Glacs g 4 gl (Saly (B ras slas
Sl (elge oo 5l wlie (nl 4 (g fiws 28l
Gl sl B 5 55l Brae palS ggoge oS
ol slacagdsl 51 (o a ]y ()5 wSles oy
(V) sl 03,8 Lo aidlianags slo, oS

by jo lagze VA9 Jlo 5l ulal cpl
sy @bl Jlis 4 (Sl pul,s L abli
3 A Wloog bleSle jo (655 Bras Gl
bplaisle 2lb oyad 3 (s S pras o o
Sl slel sl g 655! G902 S5 sykaiedy
aobsl (Ve ) el ooy gail B LSl sl p
&Pl o Sbee oad S5k Jedlljgiws s L)l
slslE Ll gas o £e JBlas als delesle
O G Vo¥e o b plasle s jo glalds
Baa ol Slaws .aasl oo ) olgrin 1, Y410 Jlo
ol lagleizle )3 (6550 S pae sila Slas ol
Gpas ol oS il azg wl Jol O)
A letsle GbSle )l Galel » wls 551
LS 5o Sl ool el agyenlil 0 IS e
Sras olf Gly serge o ks 5l s xSo e
ol OY) o4l Glotg cumal dalaczle jo (65,
Ol 3o pleislos lizl 51 S5 50t (oo 2 oLl
AT A) sy o0 S5 0 65900 655 sLolis

Oy bojlo il (n Ften 5l (52 e 039l
Siloliaj A 2 ogdle a5 25 o0 Dguine SlaiSLe
Skt bl g b 9 el cges Ho s
2 ooy b (Jplh ((00) cul e wollas
o Sy e Shpeiar SB35 Bpas
Lo yoniy ée.)J{}‘ oleitls o)l Jobs ez gi B
oSl ol 5 lgs co yol ol aS (M) 098 o plox]
2 bl 285 oy (il g cnli) sl 1S 36
sl s,y (et .(VF) oS o Ll Glesle 5 less
o,y Gk 5l (Solm ol elS Gl il


http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

RUL OV IPSTrRpe Lsf

30.0

|| K
i ] L/ T L/ 3 -Il—+
: i iy 2l n 3 ¢ 1 3
N B3 LI (T
=N E-AvllE-i [ = vmmw | NEEF
& ) fosised] 1y I i o i | B
I ] £ % " [ r i: n l"g} &
I E - : - 1 ﬁE =
I 1 -I_r L -\\. _'-
i E o )
| i _
F 1 ]_ 1 | v T /" Y
—| [T1L A L LA o ¥\ >
| X - : F v ("TE
| ' _JL__J_ . . A == ) | '_df/
- 6.0 L 40— 40 4.0——4.0——4.0 4.0— .

Scale: meter

axlllas dy90 OL.;‘&L.: UUJ\ JSM:

235 R i 580

&olui- bl Gzl S ardlas 0550 laisle
N RN SR IR
8,5 )18 oy argyo)ls Job e e o5 ol g
Sletle ool il )0 o,y il o o el
Cawl ya VY x ) olasl glylo o, jo 5 aslasly slacel
Sleds sloals wab 2,0 (bl cpl o () JS2)
S slagks g ooy VE Jols plaS e o5
L:bo).zr.;.& U"‘ lewd 0 o \# t-,LQLu) PLSSJQ LS’)‘C 9
Se 0900 3 093 Gle Ha 53 DL il o lar ST
..\;‘4...9; )|)§ Olezlu ol o 6)':‘°g_§”l**’ Vo 0,8

ol sl s8be kS e s e ol o
Sl 5o plale s oo,y @b 5l saed o>
)‘)'.é‘f:).i )‘ solazw! l.» c&Y? Yy 39, Gla iz
Slelo s 05 5,915 (8.) asws)Carrier HAP
Gk 5l st e o)l JUSH i o5 5,
el aygly canlol jo ol glulis waas o &) oo ,oxty
(Azimuth) o ,e5 Ceows asgl5 g (Altitude) ol 9=
3leolaiul b ol ;o .00 )8 s Slelus ppor o
slaxi (V) 5 (V) loJge, ¢ Excel 2019 l58le 5
slgSa oyl coas Jolgd 5 a8l lole slears
s )l Jol> slbaln Jlig e a5 ol dawl=e
Bl Caz o sl ]y oy whw L5 il
(YY) wiS o2l

Iran Occupational Health. 2025 (01 Sep);22: 14.

S 4 ibbaswy gl )siS alaz jl daeis
ool 1 00 g 5L (YO-TY) cl aly  Lod
Se Bp SBras Glie 925 (65505 9,000 a3l
olBl (6 Saiz jsb 4 dlwes 0,90 SO (b ol
2 3p Srae Vo ul; £ 5 &S5 5k il aidly
FEIY Sl isn )0 5 o, 0f 1 A Canoe o
G e 2l pg3) Ll gl sl o0 5158 s o
; (VF) S oo a1y JLo 0,5 Jguad j0 3

B0 oy Boa b Lol gy bl ol
DU oy Sy Cuond jo 8l glogylole
Jad b gli-gybl plile S 6550 Grae
el 0 plovil liasls

Lo 09, 9 olge
Sgots 2 olale Jisle wdlae ol 4o
Sl U oy s S0 5 e B (Sladis
ass cpl o dols ol ad 8 lai o e ) x +fY
oS Mg e 0,8 arle bl ol Job ol 5
sibay lodis by salolnl glaals Jliges
Salule b Wligs 1) oy xaw  JolS
SRS Ol ol V) (Yo YY Sl )
Sl 95 W Ol Ol ot b Jlo 3,
Salule cpl 53l (G 0l ploxil oy maw
Olie 5 Ozl gialoyw b glolE als
230 B s Slejojl 1o (65l Bran 1o H9>ad o

A



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

w0y (P9 ym Seand 50 (Bl o plule (Bik 5T (o)

adlllas 3yg0 dilate )3 oLl (a3l .Y Jodo

ol B

A (az,3) @z 20

OV/E (4> ,0) il Jsb
\YYA/A (o) byo mhaw 5l glas )

YA CO) plal o Sas glos (:Sle
YY/A CC) il 13 Gsb e slod uSilo
VIYAD W/m? °K) S 5l o)l > Jlasl
oIy W/m? °K) o oty 5l &5l Jlas!

N O a5l S5k (e SSle
A Oleszle sbwo ey IS slaws

- TAD olenl Cudlits ax s

JooS 5 goebae 41905 laptanns (Ab 1 )l
AYlo Bras ol il oo a5 cl (65,5 o ,Slas
e st 5 45t (Gl Glaptu (55
(YA) &S 3,451 1, (HVAC)

Jobs adlae 0550 pleizle olidy) s
2 eSSl by g Cojld G i (S
Ol Gl Sl Bl jea> 85 90 GUI
(2ldy) preew poogdle (Bras (S
85 oo 1B eoliiul 350 58 6N Sl
Slge ooled 0,8 Cawpgd o] g4 Jdoa o
s Carrier HAP 13810 5 jo coplply 0g lado
o Solr daail]y alea 51 559,0 (So S Sl
—ebo e Slaptans 5 ol (S8 laoliiins
N VY VN U ) DS SR SUUWI U WO -1 £ R Pyt g
Lol )0 5 95 (53550 Sz & e 5 2l S0
ool oolitul (Sl Jawe plyear loyglol,
S35 sl dsS Ojgoa chale e slapiuns Sl
> BTU/M Q- -v sq0e ioloyw cod)b L
Sy 90 sleisle jo ol jeax loy Suw iags S
S SN et g e slaole (b asdla
i s (Ve B Vi e el 5 59, VY 5 Y8 Y0

Srae )3 (29748 p0 Glie addllas SLL A5 )3
Ol x5 B4 5l (L26 ladanse palS 5 55!
b pa 85 18 Sl 9yse ean b
(el DlgslS” e ) G SBras S5 Ol
G 48,35 5 polal p Gble lan e o92480
JESl 5 oy oS30 g oS segee Bilas ol
o0l ogad VYoV Jlo jo Gl olnl Gr 9
(Y)W 5 awls ol

LS=LO.LSC M
LSC = mna v
- cos(P-9) )
(o] o a8
Jol> s350e @l Jobo (Length of Shade) LS
olels

L )lgeo 5l 281 alsld «(Length of Overhang) LO

ol Gy 4 b plizle ()5 mhaw

:(Longitudinal shadow coefficient) LSC
L

(Altitude) o o> glas )| aygl; 0l

(Azimuth) ol )33 Cous asgly D

(Plane Azimuth) o ey mhaw oLl s> > ¥

oledbl 5 ol pldlazr Coxdae 4 azg L
el b dad e (ANl ol pwliblgn Lol
9955 Ol it abali oy OB gg3 byo mhan
SIAD VYA ANNY YA o s i g95 9 )Le
e B ol K, s ad )3 L o < /Y0
lrools olwl pois a8 3 las 5 g, deud Oy gods
oo (Kb @idS Jloo @iy 5o (oulidlon (lojle
039y ol,F lw az 0 YA sgu> lhed jo el
Jouz) <d,5 1,8 Jlhaise b ollasde (o a5 el
by o Slasls plol gz onls S5 polie 4 s ()
Ll Carrier HAP l38ls 5y slaisle G)l> L a

Carrier HAP jl38ls 5 al> 0 ol LG 0
B llale gase i Gl 2l Sl Griaren
Jad o pleisle 55l Grae Jhals o sleiny
Carrier HAP 3810 i .3 ,5 1,3 oolazwl 5,90 o )liwsls


http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

RUL OV IPSTrRpe Lsf

20

70 -
40
4 501
3,
3, Jlats
,'1'; 40 1 e
i L
1 30 :
ly — uF
1
3
_'_"\
9

10 4

(oesla) 4le)

GUsz YV 53 b ooy )b Sl o cdl)s (8 ()l )b .Y JSW

0y s (59 2 il plod Sl Sl (gian e (sl Ll s ol 5 (28 ol slaais slas Y Jga

&lr als glis)| . . o vl SrSe
. &L&u)‘dﬁl) We\”b s_:)lpcl.:;o%)o &1)5]“7":‘.)"
Geai Jolst a4k e obej L
o s (ft) : Sl 5> S 95 Sl wllas G yg5 )l (hr) o
o
(Altitude)  (Azimuth) (Ib/ft?) (Btu/hr.ft?) =
RAYd VO <IYY Yy AY AW k4| Yoo Sy
«IY? o <IYY Yy Yvy 1O V2 \Yie o eE
VY Y VA Y- YA < 1OA 74 AR e
<10 A 100 'Y YAZ - IvY YY VAo e Jbess

W gler SeOF e 4 Sl pled o Oyl Dl
el s el adgl wlelss (05 L K0 ojle
SleS e bzl GLLL s cob ) i
T 4 935 9 4l Jhals ooy 35k 5l (8L,
)50 095 Hl0Ee (1 S

o gleo iy lpas ol lias aslllas (pl bl
Slods sy sl laslagl 28l axs V0 ¢ o€ g
Sl 5l 390 45 T (293 slao iy sl g 4s A
o gt 5 8 Bl sloeiss Sl (F JS)
Slela olal 45 ol o € Y Jsaz o lag]
2 Y K)o iy 305k 51 > )L 8L o 7l
sl 00 Ao (Y9 TY @)b

D A N 3 g WP
Carrier J33ls ;3 51 oolaiwl b asdllas o500 ylesslo
il el Sllone mls.c3 5 )18 (o) 2 9)9sHAP
A S B el e sl Jebs
olo dw )9 a9z g Jlod (o (Brb sloo iy
Ly olale oo Sl 99 53 ol 5 Sloye oS

Gy bl 8Ly eSS Gl VS

FE 3 S (b (s gleen G,k
Olsie 4 (Blaye V) Ve VY &b o |y laslo
oges cnl bl 0o oo (LiS (b 555 cn eSS
@ Sad o> il 5l (Bl leyS Gl (i
).Q.B \Y ‘L;.é)-*i’LSL‘“)-?‘-;-.f. Lg‘).g@.@v u.CLm)Qw:).’
sleozy lp bl 8 (osx slao,xy sl
a8yl Jles oo 7y Slp bl P g o)e
oy 51 G 2 230 e loges (ol bl 5

S sl Hb Al oldlas ol o
Ot (B8 sloe ey sl 35l B pless L
e Ngd oo lo Vool oo b atsl 1) S0
Soyzy 4 Cos ol 5 o5 08 Gloo,y
izmans ool FUNL 5 18F AV (i 4 Byl
b 63959 slo S (lyme 4 B o (L loges ()l
S 4 A g Al Slelw )0 (Gawd 95 (il )
Oliee e ys3 958 5l w5 Gl yusite LSI 2

e



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

w0y (P9 ym Seand 50 (Bl o plule (Bik 5T (o)

(ol o) 01557 59y 2 015 s (slagloles Slass Y JSO

iaboys b GRal 4 e a5 0ogy bgyye aliee
De oo leis L

Olitle cioloyw )b glolss Sl ¥ Jgor
s Sl 53 5 1) (Ve e b Vie o) 3o, olel b
oo aw gl S8y 4 (>, ol L lole
Josz ol @l s oo lad je el g Oloye pd
ol s o Sllagle i 31 a5 aim e ol
ole aw oyl fgome ;o Hleisle siole (b slol
sl 0090 Ao, 0 VY Ll

P Slanie peadio 4 bape Sl ml
G395 55 Loy 0a3dl) 5y 6,08 &5 ol
aS aes oo olid (VFY Lo o Glpl Gro o
@ oll ganlean (goy50 ;0 G Srae S
Bgbicn e Ko pel YO Ve A o)l ogradye

b 8l glanlole ohb s b adlae ol
3wl JolS (2o gy b g (go90e sloass S0
Gals bl b ) g bao oy (55w Caond
Jad )5 - ol pleisle Ko ) (655 Bran
b plosl s
b slmomy 45 ol ola ddllbe ls
obsbe ilayw b Gl o 1 b o
P (st SBo (oo e S (I8 sl

)|

ol ool &L E S o 2yl ol
ibop Jb lols ainy F JSG ulul
old o ) axlllas 890 slaole slod jo leaisle
C_ol.u ol 00 ooslice VOO0 Celw B ()54).9‘#4 9
OB gl S s @ 45 wimd o LS (pizmen
Vieo Celo slloo 2y grlas Gl (5 oo
ol T 51 e g asls i3l g, V00 U o

b e
Olye 0gd o0 cdmline ¥ IS j0 a5 jgblen
Yoo Sloy goib yo leizle cioleyw Jb slolss
Sl g5 58 )3 (o> okl B oge 5D Vie b
Sl alie (2B gilulale by gilwlale o
g p 9eb P 59 s Gl pas o] cle oS
(sbey o3l cpl o el alele pl (b eo iy
G ad a0 b g0 o sl loges
Celos po a5 cdole s 5l GLOWE iul38l a0 i
Al yg 590 Gl 5l ohl gl co cdlive o Vi
Sl ST bl ogdle il (Byd oo 2y
S 18l jga> 5l L86 (gaale s )b LSS
ialoyw Hb 4 (oSl Olpges ple 5 oLy,
ol Gals (o (e g oo 00938l el
Voo e BVO e Slojosl o as sisloyw b slolss
&l leasly 6,5 Glelu plasl 4 g co odnlive

Iran Occupational Health. 2025 (01 Sep);22: 14.


http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

i ole

600

.
J!
4
1
i
g

RUL OV IPSTrRpe Lsf

(adl

600 s peole

&

—ile o

(s

(ol 3L5) slazsle

Le s Lt

;'—-'; =i

(g 3l lazsles

(zeel) ylej

(uobb-\ﬂ-!-

e wohb s _}

(510 555) Gltaas b 1> (28 lales e jlany g S5 2l )3 plablos ctilopes )l JSS

Yhee JIVeee Slebo s ledlo pinlopw Hb Gials )3 (2B glolo L 2,60 .Y Jgua

(W/h) ole 15 5 (glopms )b uSikee

(W/h) olo sls e 50 olop ,b Silee

(W/h) olo y5 50 35 glopms Sl uSilee

IS a3l o S a3l JS el o s ) S e 5l oy s
i el Gl el e i el Gl
Ol el olels olels ol Ol e olals
TAFFYAA TENYY.Y Y0055 TASYAAD ARATERIA FYVAANY TEFA-£5  YAAFFOYX OFFFNY

b0 Gl JralS 4 e a5 auS e 2dl o
ole Sldllas b adly (pl 0gd oo 590t y95 (555
oz 5l iy Glagiegn o)l Sleres eie
aS Wlools las (Y- VY) o)en g sou S (sanlllas
S5 L8 (Jlads gloo oy sdolopw )b il Jdo
Jsb 53 9l y93 meditns Gl (2 5ma 50 lag] Sgae

aS aed o Olis Ego0 Ol el S oy

Jled 4 gy looyomy 5l (36 caalopw b 5B
30 Boee ol 93 ES o e aSbslsl ol Blos

‘SHA.»J o)s.o.u )J LglLo....: LgLQLo.’ ‘w‘ (5’9"'} OJSA...’
e e g 0aiS |y Ojgod 1) ad e jei Bowe

\Y



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

w0y (P9 ym Seand 50 (Bl o plule (Bik 5T (o)

WS oo el Slme laoygs ol o | Glesle
ass olass gl JolS yidgy 4 oliws &l gy
Sy o uoL'S- st.,l.s 61-.’.‘5} aS A W‘J“": 6‘4.3;4_3
sleon (Jlaglgied 08 dgdue Sie jebas |,
bzl olebe jo anlje S elas)) Jdo 4y (S0
gl b g b assls g i glaais 4 5l (oA
Jedo @ oz oo iy ‘J‘L‘“ S e |y ol
Grars & o Vb o Lo,d wl s> (555,18
ool aszals 5L JolS ale 4 oliws lp s %S
adlaio g (Guand )55 i (185,183 )0 Coeal £5590
e silslule sbagslil (b o, oLl
o3 oo i Hleisbes (65531 (5590 e (5 3lwdingy

6L:bol.c )o Lf?')l} ‘_gL(buL.:Lw Lg.’.‘)ls u‘).m @ r
o ylole 5l oolawl a5 olo Las jos peds g 0ld 0 ¢
ol g el sioleyw )b gao 0 VY alS Coge
alodw 0,90 o (b« gipl Srae GlalS ol
lasie 0 Yo VoA p9xddio 4 e ( Sl
OF-T Jlo Cgan (Brae §p 55 405 b Gillao)
Sl ey o9 5 e oliia 15 85 5555 o
52 0055 4z LB o o3,

u‘éw 9 (-3 WP PR T
Sl bbb a5 0iS e ol Wl ol 4> S
sialoyw Jb GRal o loymty Sy Cond 5o
b oS0 Gp Gras 0 @9rddye 5 lSle
‘_g)LuJJw ¥ (o OJATWQ‘L’ @Lu rﬁLo.: ‘JL‘> U"‘
).:—LQUL.:L.: ).:‘ 6:‘..\...9 9 (_g’)?u e r 1A .l 09
ol b by sleanie 5 3p (Hly Srae a5
s oo liel 4 Wilg oo 28l sloglasle o
5o )l cpl #8lg o ,Sles 51 5580 S0 g goue

Sedan (b i Sl el onl @l

salo yu 5L 20l 9 (65,31 (5550 540 Sge 5o b lole
oial38l 5o st i o,y o lo 0 STE o ylecis L
ol S e Lyl plesls g5l G ya
JisS il anl o gjloargs wile Sl
SiPl 9o 0 dlgie gl eo by b
Aol Phe ey GluleyS Il 4 azgi b oohg 4
aipge oolinul Goa b lazsle b opl  ogdle
9 3 Fostlae (650 g Wil oo oo,y

Y

(o> 5l Sdlhye el al (V) ceul o,
bt 45, slaozy ln ol (b Coeal
o )-*-’L’)-*-’ Slalllas plo (uizmen 035 (oo eS|,
8 anl ojse |y Jlads 4 g) sloails 1o oLl
Alools

V-V o ,Ke2 ¢ Alhuwayil Jl> ol L
o,z sl lobes 51 oolitul Coenl &5 Widies
Sl (S plaisle oldlpzr Cuadoe 4 Jlod
WSS g oS Bble o (Jlplgea (TY)
Gl lp gleitle Sl pled 0wl il
Sl $y9p8 Jlo Jsb 03 ot e oS b
ohsen ¢ Kabanshi glaaisl (o pimxes (YY)
b slolds e o eS &S wes oo las (YY)
sl o Jod ooy a4 barye otaloye
0,80 5o aS Jlo o canl (Jleds 0, Ss ;0 saliadly
O dalez plo 4 Cod (ogix ooty (o>
S ge Sl S L bS5 ol
asle oo s jo 655l Bras JlalS 4 e oS
Ol Sosal 4Bl (pl 0gbie oglias) 5o o)le
) o5 oS0 slo,5iaS o a5 sleo,y sl
(YY)asS o e

(VoTV) Ohles g dudgw hagh elel 2
Ly az )0 yao Sgesl agly b a5 olaglesle
S Wgdos (b g g (Jled sloo s
o Celolgsl S AV/AA) WS lo 1y (655 B pan l5ae
5 oy a5 e 4 cel Jl> j0 ol (mo e e
oS asly o 4wl JIE gy (Bpd Sl
ally 38l (8L, Gl s> b ol il o>
Ol o pSeinr jsbar (655 Grae amil o
O YE) (oo oy celolgg SV -4/ F) Wb oo
Caz 3l a0 ol iagh slaasil b gl
S o> Gl 5l (BB (Sl 5k p ey (LSl e
Syl casllae

Olalo a9 S5 (g (nl s ulul
G A28 5 S0 ey lp 4 VO Jel
9 Sl 6lp 4 Vg Jlod slao iy 1
(Br5) 0 oz o ln Olale ladig slass oy
agly oS5 sl s @ (Osim 5 Jlet o
a4l; ¢ (Solar azimuth angle) (sul s> Cwow
zol olelw ;o (Solar altitude angle) o )9 ¢lis )|
(0 7 4y S Ay 5 ZeaBye 09y Sglite (20U L
lod 4ol o3 b Oliee coad S5 by Jlo


http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

s oS
IR JUMS.REC.1403.220

OB w5 Lo

sl 1 gyhax Olgx dese g e omd, W
Gtz o Oyl g Colas (glo

Sloz deme 5 Jlnl e on oxd, W
Joe @l g b 1 g ladl

Lojome> 5 s lidl ole> damme g (28, LI
lie iy ¢ (g ke

wr D Gerede zal g i (ool lo

13T o yoiawd

J97e Sz dllie ol :20250 (L)odiws g Culy o5
Creative Commons Attribution 4.0 LJ! .
ey (3280 892w )0y bgrie JBL ale) e 0
alio 59, p Jloix! Olpss S8 a4 baie LC 590 o
Ol pess 4565, 7,0 coddioly jemme Slitwl 4y 1) Lils oo
edb ol 5l las plo b Sl | 5 sl pslaas o
5 aS) Ko gl 0dilxiS jame ol jo Wb alae () o
il e asie 6,50 JKal a4 dllie jLiel b,
S A skl by jsSae Gllae 0,50 250 & jge 50
10 paduas 3> jerme Z3b )3 4 pile odiungi Vb jezme

Creative Commons ol -y ;970 banlive jslaied,
g daxlye 0 Slis 4 Attribution 4.0

http://creativecommons.org/licenses/by/4.0

RUL OV IPSTrRpe Lsf

5 olbiala )l s (BS g Sgnge w55
Ol SaRg 35 o3 a9 )0nlil 09d 6 el (5 lore Cugs
LEL“)‘}-." o Lg)L\ilL?- »olesle b L)L'>-|).L>
Ol Slas @ jehateds doo e (69, p slalale
e I U S T IS T
B sl plole glgl zis (ST Ollas 4o 00,5
S50 5 by el g 55 Brae Cypae p

2S5 )R Ay

G135 ool
Loolpl (Sopn pole oBails s adlllas ()l
podlie pl Baing cwl oog YAYYA 7L oS
g5 (pl 5o a8 (ol 3l aled sl adils e Y 04>
sl Jee a1y Sis g Slo,08 coles auals o8 L

Sl <ol
5 Sy pele olRKiily Jbo coles L axdllas oyl
Lol a8 5 plxil ] Sle o slilage Cleas

&8lwo o Py
e Bl 655 45 5130 (el Stz
Al A5 s puf b ool O 504 ‘Gap’n.zli
Sg Al et ol b bl )l o @Lw olas lgieas

Al

S wllisde
olBiils S ateS Lawsgs g5 (ol lisesn
as L Qlfil Sloy il clas ¢ (Ko pole
5 aub o, IRIUMS.REC.1403220 U5



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

w0y (P9 ym Seand 50 (Bl o plule (Bik 5T (o)

REFERENCES

1.

10.

11.

IEA. Global CO2 emissions from buildings, including
embodied emissions from new construction, 2022
[Internet]. 2023 [cited 2023 February 13. Available from:
https://www.iea.org/data-and-statistics/charts/global-
co2-emissions-from-buildings-including-embodied-
emissions-from-new-construction-2022, IEA. Licence:
CC BY 4.0.

IEA. Energy consumption in buildings by fuel in
the Net Zero Scenario, 2010-2030 [Internet]. 2023
[cited 2023 February 14]. Available from: https://
www.iea.org/data-and-statistics/charts/energy-
consumption-in-buildings-by-fuel-in-the-net-zero-
scenario-2010-2030-2, IEA. Licence: CC BY 4.0.

IEA. The Critical Role of Buildings [Internet]. 2019
[cited 2023 February 14]. Available from: https://www.
iea.org/reports/the-critical-role-of-buildings, ~Licence:
CCBY 4.0.

Ashrae. 1997. ASHRAE Handbook 1997: Fundamentals.
SI Edition: American Society of Heating, Refrigerating
and Air-Conditioning Engineers.

Shivanna KR. Climate change and its impact on
biodiversity and human welfare. Proceedings of the
Indian National Science Academy. 2022;88(2):160-71.
DOI:10.1007/543538-022-00073-6.

Jackson RB, Friedlingstein P, Andrew RM, Canadell
JG, Le Qur C, Peters GP. Persistent fossil fuel growth
threatens the Paris Agreement and planetary health.
Environmental Research Letters. 2019;14(12):121001.
Ahmed AA, Assadi M, Kalantar A, Sapiﬁska-gliwa A,
Sliwa T, Ahmed N, et al. Evaluating the techno-economic
impact of decarbonizing buildings by using borehole
heat exchangers in comparison to fuel-based systems.
Energy for Sustainable Development. 2023;76:101262.
DOI:10.1016/j.esd.2023.

Chen Z WX. Analysis and Evaluation of Holistic
Energy Saving for Modern Buildings. 2015;9(2):219-30.
DOI:10.14257/ijsh.2015.9.2.20.

Yitmen I, Almusaed A, Y€ E ANP model for evaluating
the performance of adaptive fagade systems in complex
commercial buildings. Engineering, Construction and
Architectural Management. 2021;ahead-of-print. DOI:
10.1108/ECAM-07-2020-0559.

Suzuki EH, Lofrano FC, Kurokawa FA, Prado RTA, Leite
BCC. Decision-making process for thermal comfort and
energy efficiency optimization coupling smart-window
and natural ventilation in the warm and hot climates.
Energy and Buildings. 2022;266:112110. DOI: 10.1016/j.
enbuild.2022.

European Parliament, Council of the European Union.
Directive (EU) 2023/1791 of the European Parliament
and of the Council of 13 September 2023 on energy

10

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

efficiency and amending Regulation (EU) 2023/955
(recast) [Internet]. 2023 [cited 2023 February 13].
Available from: http://data.europa.eu/eli/dir/2023/1791/
0j.

He Y, Chen W, Wang Z, Zhang H. Review of fan-
use rates in field studies and their effects on thermal
comfort, energy conservation, and human productivity.
Energy and Buildings. 2019;194:140-62. DOI:10.1016/].
enbuild.2019.04.015.

Vanhoutteghem L, Skarning GC]J, Hviid CA, Svendsen S.
Impact of fagade window design on energy, daylighting
and thermal comfort in nearly zero-energy houses.
Energy and Buildings. 2015;102:149-56. DOI:10.1016/j.
enbuild.2015.05.018.

Hafez FS, Sadi B, Safa-Gamal M, Taufiq-Yap YH, Alrifaey
M, Seyedmahmoudian M, et al. Energy Efficiency
in Sustainable Buildings: A Systematic Review with
Taxonomy, Challenges, Motivations, Methodological
Aspects, Recommendations, and Pathways for Future
Research. Energy Strategy Reviews. 2023;45:101013.
DOI:10.1016/j.esr.2022.

Liu M, Wittchen KB, Heiselberg PK. Control strategies
for intelligent glazed fagade and their influence on
energy and comfort performance of office buildings
in Denmark. Applied Energy. 2015;145:43-51.
DOI:10.1016/j.apenergy.2015.02.003.

Hee W, Alghoul M, Bakhtyar B, Elayeb O, Shameri
M, Alrubaih M, et al. The role of window glazing on
daylighting and energy saving in buildings. Renewable
and Sustainable Energy Reviews. 2015;42:323-43.
DOI:10.1016/j.rser.2014.09.020.

Maradin D. Advantages and disadvantages of renewable
energy sources utilization. International Journal of
Energy Economics and Policy. 2021;11(3):176-83.
DOI:10.32479/ijeep.11027.

Peidong Z, Yanli Y, jin S, Yonghong Z, Lisheng W,
Xinrong L. Opportunities and challenges for renewable
energy policy in China. Renewable and Sustainable
Energy Reviews. 2009;13(2):439-49. DOI:10.1016/j.
rser.2007.11.005.

Hosseini SM, Mohammadi M, Rosemann ALP, Schroder
TWA. Quantitative investigation through climate-based
daylight metrics of visual comfort due to colorful glass
and orosi windows in Iranian architecture. Journal
of Daylighting. 2018 Dec;5(2):21-33. DOI:10.15627/
jd.2018.5.

Al-Saadi SN, Al-Jabri KS. Optimization of envelope
design for housing in hot climates using a genetic
algorithm (GA) computational approach. Journal of
Building Engineering. 2020;32:101712. DOI:10.1016/j.
jobe.2020.

Franco IM. Efficacy of light shelves: passive, dynamic,


http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

[ DOI: 10.66224/i0h.22.1.240 ]

22.

23.

24.

25.

26.

27.

28.

and automatic devices related to light and thermal
behavior. Thermal Performance of the Exterior
Envelopes of Buildings X, proceedings of ASHRAE
THERM X, Clearwater, FL. 2007. Available from: https://
web.ornl.gov/sci/buildings/conf-archive/2007%20
B10%20papers/155_Franci.pdf.

Iran Energy Efficiency Organization. 2019. “electricity
consumption” Accessed October 30, 2023.. Available
from: http://www.saba.org.ir.

Independent Statistics and Analysis US Energy
Information Administration.What is U.S. electricity
generation by energy source? [Internet]. 2024 [cited
2023 February 17]. Available from: http://www.eia.gov.
International Energy Agency (IEA). (2023, July 11).
Electricity - Energy System. https://www.iea.org/energy-
system/electricity. Retrieved May 31, 2024, from https://
www.iea.org.

U.S. Energy Information Administration (EIA). (2023,
October 19). Use of Electricity. https://www.eia.gov/
consumption/ Retrieved May 31, 2024.

Iranian Fuel Conservation Company. 2018. “National
energy balance sheet of 2016 Accessed October 21,2023.
https://ifco.ir/images/99/energy99/tarazname96naft.
pdf.

Tabatabaei M. 2001. Calculations of Building Facilities
7th ed. Tehran Rozbahan.

Carrier. 2022. “Software for system design engineers by
system design engineers” Accessed february 17, 2023.
https://www.carrier.com/commercial/en/us/software/

hvac-system-design/.

29.

30.

31.

32.

RUL OV IPSTrRpe Lsf

Tavanir. 2023. “IRAN Power Generation Transmission
and Distribution Company.” Accessed October 23, 2023.
https://www.tavanir.org.ir/.

Karimi M, Tomoyuki C, Lee M. Optimization of
window area in buildings from the viewpoint of energy
efficiency - Kabul, Afghanistan. IOP Conference Series:
Earth and Environmental Science. 2023;1196:012010.
DOI:10.1088/1755-1315/1196/1/.

Alhuwayil WK, Abdul Mujeebu M, Algarny AMM.
Impact of external shading strategy on energy
performance of multi-story hotel building in hot-humid
climate. Energy. 2019;169:1166-74. DOI:10.016/j.
energy.2018.12.069.

Wati E, Meukam P, Nematchoua MK. Influence of
external shading on optimum insulation thickness
of building walls in a tropical region. Applied Thermal
Engineering. 2015;90:754-62.

DOI:10.1016/j.applthermaleng.2015.07.052.

33.

34.

Kabanshi A, Choonya G, Ameen A, Liu W, Mulenga E.
Windows of Opportunities: Orientation, Sizing and PV-
Shading of the Glazed Area to Reduce Cooling Energy
Demand in Sub-Sahara Africa. Energies [Internet].
2023; 16(9):[DOI:10.3390/en16093834 p.].

Kimia Soudbakhsh, Mahrokh Etminan, Mohammad
Hakimazari and Seyedehmamak Salavatian. Impacts
of window factors and building orientation on energy
consumption in residential buildings of humid
temperate climatic zone in Iran. Journal of Construction
in Developing Countries. 2022;27(2): 235-262.
DOI:10.21315/jcdc-04-21-0061.



http://dx.doi.org/10.66224/ioh.22.1.240
https://ioh.iums.ac.ir/article-1-3734-en.html
http://www.tcpdf.org

