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Abstract

Thermal comfort is a critical component of the indoor environmental quality (IEQ) standards for buildings
of all types and functions. Considering thermal comfort in design is a key factor in the architectural and

functional success of a building.

The primary objective of this research is to classify sustainable architectural practices based on their

impact on thermal comfort within buildings. This aims to assist stakeholders including engineers,
architects, and owners in improving indoor environmental conditions by selecting the most suitable
practices during the design and maintenance phases. Additionally, the study emphasizes the vital role of
building performance analysis software in identifying optimal practices and evaluating their compatibility

with a building’s specific characteristics and location.

Through an analysis of previous studies, eleven sustainable architectural practices were identified

and categorized into two groups: those related to the building envelope and those classified as passive
design strategies. A questionnaire distributed to 52 sustainability experts, aimed at ranking these practices
by their importance and impact on thermal comfort, revealed that thermal insulation of walls, roofs,
and windows was the most critical practice. This was followed by window design (considering shape,
opening/closing mechanisms, and window-to-wall ratios), categorized as a building envelope practice,
and natural ventilation, classified as a passive design strategy. In contrast, evaporative cooling and

geothermal cooling ranked lowest.

Applying some of the most impactful sustainable practices—such as thermal insulation, window design

and placement, solar shading, natural ventilation, and mechanical heating/coolingto an educational
(university) building in Latakia, Syria, using the DesignBuilder® building performance analysis software,
demonstrated the significant role of such tools in evaluating the effectiveness of these practices. The
analysis concluded that thermal insulation of walls, roofs, and windows had the greatest impact on
thermal comfort by reducing heat exchange between the building and its environment through the
envelope. Implementing the proposed practices also increased thermal comfort hours by 86.82% relative

to discomfort hours.

The study concluded with a set of recommendations, the most important of which is to increase awareness

and promote the culture of using modeling and performance analysis software for buildings in general
within the construction and architecture sector during the design and maintenance phases. Additionally,
it is crucial to implement more than one practice within the building to enhance its thermal efficiency

passively, thereby reducing its energy consumption.
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Ay
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L} 2y jasbl ol u.eLwT Je el 29 (sl oy t_\ /X Mean Radiant Temperature (MRT)
(g e Y 055 03 plLAl Chaza
)l - s Q.o;.l bugllies » o :Internal operative temperature |s.ll3,) >~ i) W
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o1 sl Ll @y b ) o il a3 2 5 :Relative Humidity i 3p5b )1 @

Predicted Mean Vote (PMYV) - A\ oy gl Lo g2 Lo s (Fanger PMV x5l PMV 25 B
7730 5591 Jlre Lo slzeVU & gt

@jl\ ad 04 éij\ <3 )l : Discomfort hrs (all clothing)( )11 |S) i~ | pds olelusie B
iil:l ASHRAE 55-2004 jlno ‘yons Cond) Gl ) G p3) il 60 - Gy p Zallall 4 J1 o
(el st e O3 Hladl and e Gl Lol S OF (T2 2801 5 Ldnaall DU
DesignBuilder @AU iy sle (UAU\ zoa ‘33\) 4 J;,J\ MJ\S‘Y\ i dadai - 54

DesignBuilder b 1y JolSI s llirdus e 23 ‘_,aﬂ|gwo.> o M |l ollales e
.thermal zones 2 Gy o sble Jf Leasnds o 5 stl il ob

(4 4)J-§-.“ o}jo-y LAJL..>-| ™ L;J‘ C)j.o..“ U‘JL‘» (.4?-..1&..“ AA-LQ-p RV Y

Data || Advanced I Heating Design ICooIing Design I Simulation I Display I Drawing tools l I Project details ICarbon _
¥

Construction and Glazing Data

Construction and glazing data General construction templates

- default data is selected from a fist.
Pre-design General
Multi-stata electrochromic contral method 1-Sensor groups =
Gains Data
Gains data Early gains
- Intemal gains are d into various s (e.g. , lighting,
Lumped Early Detailed  SoMPUting ete)
Gain definition lewel 1-Glabally in model options -
Occupancy method 1-Occupancy density -
Occupancy latent gains 1-Dynamic calculation -
Equipment gain units 1-Power density -
Lighting gain units 2-Normalised power density -
Timing
Timing Schedules
. - Timing is defined using the schedules and profiles mechanism which allows each
Typical workday O day of the week to have a different profile.

Internal gains operate with occupancy

HVAC Simple HVAC
- HVAC systems are modelied using Ideal Loads, fuel consumpion is calculated
Simple Detailed from loads using seasonal efficiencies
HWALC sizing JF-Autosize -
Simple HYAC autosize method 1-EnergyPlus -
Specify Simple/Design HYAC details
Auxiliary energy calculations 2-Separate fans and pumps ©
techanical ventilation method 2-ldeal loads -
MNatural Yentilation and Infiltration
Natural ventilation Calculated ventilation
. L 4 Natural ventiation and infiltration air flow rates are based on opening
Scheduled Caloulateq 2" 730k sizes, buoyancy and wind pressures. ;I

DesignBuilder gt (ada g3 galll & LA bapia 3(4-4)Js

"ele” dsdl )Lzl o5 : Construction and glazing data eS| CL.AH bl g slasYislge m
.general

. Early "Jifj" Aol o5 0 Gains data ) A S Ul

JLsy! rgiyw‘éJJUScheduled "o sl gl ens " L el o5 Timing <350
Y bl pend d g 05 Al

.Simple "l..," ;L3 Sk o5 D HVACR 5l g Sl ol W
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5 4 4l o & « caleulated "%y " HLd| ;L2 o5 :Natural ventilation Ladall Lol W
N ie o e 3l2e VL & st O oSS Infiltiration 1) GNe pens SB1AN 5 olowdl] e ol 541
.buoyancy,ikjljgisj d?llwé}w\)abaﬁ\vqo)

JST BN BUS sy 05 o e J 113 JSI Tils 18 oo 2l ol Bl B 5

3 imall el 0.5 €10 o & il Sl 1 €0 dogdy (oS Lzt (5. 20/ jased baoml g $1 3

524 € o byl ipld) 51 A dr 3 522 CORad o ppmnlly Bold) 351 A B 3 ad o 05
(54 JK20k 24 COlor 33 o Tumilall & gl LI Ll

ILavou | Activty | Conmucton | Operinga | Lishtng | HVAC | Gereraton | Miscelaneous | CFD

& Template Classroom

P Secior (2 Ragidential Instiutions - Universities and collagas
2ane mulfiplisr 1

[ Include zone intermal caloul alions

[ Occupied?
o density (propleim?) 02500 |

E}IScf:sdule Uni_ClassFm_Dos

abolic

It ing

Clothing schedule definiton 1-Ganann summer ant wintze cloting
‘Winter dothing (cla) 1.00

Summer cothing (cla) 05a

 Cooling {*C}
1 Cooling sat back. [T

Indoor min femperabire control
Fdin temperaturs defindion 1-Bywalue hd
U hin temperstura [T 240

[ Inclaar rex iermperatire contral

DesignBuilder gl (i bLil) aud cila glra hpda 3(5-4)Jss
BUS 5 8:00 - 18:00 £luus Guusldl iolLdl L 5 -l &2l doLl 10 945 JABYT J gl oSl L]
(6-4) S 1S de ) g0 p1LAN o JLSYI

o I— e

General v Proie
Name  [SETSO VSR Ciass room]
Description Source DesignBuilder
Source UK NCM [ Category Operation
[ Categary Universities and colleges - Type ICustem
FRegion General Intervals per hour 2
Schedl 1-7/12 Schedule - o
Design day definiion method 1-End use defaults - 50|
Use end-use default 2-Occupancy © ol

M... [Monday Tuesday Wednesday | Thursday =) Satuday B w24

Jan | Class room Class room Class room Class room off Class room Class room

Feb | Class oom Class room Class room Class room 0ff Class room Class room o0+

tar | Class room Class room Class room Class room off Class room Class room |

For [Chssroom  |Dlassioom  [Cassroam | Dlsseroom|Of Clocs om | Dhas reem %

tay | Class room Class room Clags room Class room off Clags room Class room 40 -

Jun [Classtoom | Clssstoom_[Cless oom | Dlsssroom__|Of Classioom |Dsssroom ]

Jul | Class room Class raam Class room Class room off Class room Class room 04

#ug | Class room Class room Class room Class room off Class room Class room 20

Sep | Class room Class raam Class room Class room off Class room Class room

Oct | Class room Class room Class room Class room off Class room Class room 0o

Mov | Class room Class room Class room Class room 0ff Class room Class room 5

Dec | Cl Class room Class room Class room off Class room Class room 1 2 3 4 5 & 7 8 9 10 M 12 13 14 15 18 17 12 19 20 21 22 23 24

Time

DesignBuilder gabix Gaa Jid) cilebu J i (6-4)Js
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o2 Claud) o dagds o5 A gbe llewy A3y Aads
o 3 ket il

(o 20 fyie i gl

(oo 25 dimbesss (539 Aol
0o 200 AN Replioeed Coriele.
o 3 2w Al o 3 khase) Ak
022 ol (o Al 002 linta o Al

sl il gpasa all el il il () 3l gl aa Bl ol i (f)
DesignBuilder gt (o 4l Ciliudl) 9 ¢ psad) il :(7-4)JS

6 38\ Ja 5113 T ol CHAR sl  on Ky 10 5 5t o ol e 3152
BB S s (0 50% =3 o3y . JEWT g G b o5 e oSl 0 L1 o o 6558 . e
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P Glazing Templale
SaTemplate Single glazing. internal blinds
w Extamnal 'Windows

(fIGlezing pe Sgl Cir Brmm

dLayout Freferred height 1.5m, 30% glazed
Dimensions

Type I-Mone

Cisicle rewzal depth [m) 0.000

Frame and Diviclers
A Has aframe/dradars T

—pConstruction Aluminium window frame (no break)
»
Shading ¥
B4 Wincow shading
F Tvpe Elind with medium reflaclvity slats
Fasition 1-Inzice

Controltyps F3chadule
Sl=t Angle Corrol

Clparation
Schadule dafinition 1-Follow oocupan oy

1-Follow occupancy

Jpening position
% Glazing ares opens s0.0
Dischange coafficant - 06500
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Fual T-Elechicty fram grid
2250

Dicfault
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Calculation Options

General | Options

Output || Simulation Manager

Calculation Description

Simulation Feriod

Output Intervals for Reporting

bonthly and Fun period
Daily

[ Hourly

[ Sub-hourly

DesignBuilder gt

[ Run simulation far multiple years

From
Start day 1
Start month Jan
[ Specifty yvear
Tao
End day 3
End maonth Dec

s BlSladll ety ayd 5(10-4)Js

General | Options || Output || Simulstion Manager

Output Datal

G 2 Outputs
Energy
Surface heat transfer

[ Allow custom autputs

Energy, HVAC etc
Latent loads

Feporting period
Environmental
Fresh air supply

Internal gains including solar

Cornfort and Environmental

Building and block output of zone data
[ Include unoccupied zones in block and building totals and averages

1-All periods

Simple ASHRAE Standard 55

O Adaptive ASHRAE Standard 55

[ Adaptive CEM Standard 15251

[ CIBSE Ths2

[ CIBSE Thd539

Fanger

[ Fierce two-node

[ Kansas State Liniversity two-node

Termperature distribution

2-Just occupied periods

Reporting period
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External Roofs External Walls Windows Sun Shades
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oz Fab Mar L4 May Jun Jul A e o Mov. (=1

Cutside Dry-Bulb Temperature (*C) | 11.78 11.67 12.97 17.30 2110 a6 e arm 25.40 247 17.20 1336
Qutside Dew-Point Temperature ('C) | 766 6.03 845 861 15.30 1748 1975 203 1777 1412 11.40 808
‘Wind Speed imfs) | 221 381 303 358 4.40 35T 4.01 3.85 323 3.19 3.16 LR

Wind Direction (") | 202.29 200.07 0494 21381 175,94 18114 180,18 196.52 20005 242.35 344 225.51

Solar Altitude (%) | -15.10 -0.54 -1.48 Tor 1363 16.64 15.40 10.15 226 -6.30 -13.29 “16.61

Solar Azimuth (7} | 184.87 183.90 185.07 187.08 188,01 18716 185.90 186.22 188.22 190.18 190,11 167.70

Atmospharic Pressure (Papd0t3 | 10174 .72 104,31 101.2a 101.04 10072 10042 100.65 101.08 10141 101.56 10479
Direct Mormal Solar (kWhim2) | 8618 8617 11426 143.02 1731 22054 23122 228,52 205.30 153.83 14,02 5834

Diffuse Horizontal Solar (kWhim2) 3318 46.37 67.78 T2.40 7687 6183 58 68 50.19 40.90 44 68 T 3515
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-30,000

Heat Balance (KWh)
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-70,000
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. KWh
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M Roof_gain
M Exterior_ Window
....................................................... M Sensible_Heating
Sensible_Cooling
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1

III‘ ..........................................
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[ Air Temp
Bl MRT
50 M Operative Temp
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15000 M New Proposal
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Heat Balance
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30,000 M Roof Gain
20,000 M Solar gain from Exterior Window
! M Sensible Heating
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The researcher Tarek Firas Kirata, under the supervision of Dr. Alaa Kadi, is conducting a Master's
$tudy on

(the classification of sustainable architectural practices that affect thermal comfort).

This Questionnaire aims to gather expert opinions on sustainable architectural practices, categorizing
and ranking them according to their impact on improving thermal comfort. By analyzing the data obtained
from the Questionnaire . we hope to provide valuable insights that contribute to enhancing the use of

sustainable practices in modern architecture.

The information collected will be used solely for scientific research purposes to complete a study for a

Master's degree in Building Information Modeling Management (BIMM).

We truly appreciate your time and effort in completing this Questionnaire. Your valuable participation
will help us categorize previous sustainable architectural practices and employ them more effectively.

Thank you for contributing to our efforts towards sustainability
For any inquiries, please contact:

Eng. Tarek Firas Kirata (a student in the Building Information Management program at the Syrian
Virtual University)

Email: tarek 237294@svuonline.org
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Below are some sustainable practices at the building envelope level. Please evaluate these practices

based on your personal experience according to the following criteria.

Improvement in thermal comfort. The extent to which the selected practice improves thermal

comfort (the practice that provides the greatest improvement in thermal comfort receives the highest

value).
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Double-skin facades are a type of advanced window system that helps to keep buildings warmer in
winter and cooler in summer. They have two layers of glass with a space of air in between. This air acts
as an insulator, reducing heat loss or gain. The airflow within this space can be controlled to regulate the

temperature and humidity inside the building.
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how window design affects thermal comfort, focusing on several aspects such as the number of windows,
their size, orientation (east, west, etc.), shape (square, rectangular, etc.), type of glass used, and the ratio
of windows to walls, and opening and closing methods. All of these elements play a significant role in

regulating the entry of light and heat into a room, which directly impacts your thermal comfort.
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Selecting suitable building materials is crucial for achieving thermal comfort and sustainability.
High-density, heat-resistant materials provide excellent insulation, minimizing energy consumption.
Innovative materials such as vermiculite concrete, autoclaved aerated concrete, and fly ash bricks

offer enhanced thermal performance while contributing to a more sustainable built environment
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A building's design, including its shape and orientation, plays a key role in thermal comfort. Factors like
size, mass, and the ratio of surface area to volume, as well as the direction the building faces, affect how

much sunlight it absorbs. This, in turn, influences indoor temperature, humidity, and radiant heat.
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Below are some sustainable practices at the Passive Design level. Please evaluate these practices based

on your personal experience according to the following criteria.

Improvement in thermal comfort. The extent to which the selected practice improves thermal

comfort (the practice that provides the greatest improvement in thermal comfort receives the highest

value).
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Solar shading refers to techniques used to reduce the solar radiation incident on a building. It aims to
regulate indoor temperature and lighting, thereby enhancing thermal comfort and minimizing energy
consumption. Shading elements encompass a wide range of devices and features, including curtains,
awnings, tinted glazing, balconies, and sloped roofs, along with natural elements such as trees and vegetation
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Natural ventilation is the process of air exchange between the indoor and outdoor environments without
the need for mechanical systems. Natural ventilation plays a crucial role in achieving thermal comfort
within buildings by regulating temperature, humidity, and providing fresh air. By opening windows and

doors and designing buildings to allow for free airflow, a healthy and comfortable indoor environment




can be created, reducing reliance on traditional air conditioning and heating systems, and thus conserving

energy.
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Ground cooling is a method that leverages the thermal mass of the earth to cool buildings. This

technique typically involves circulating cool air or fluids through underground pipes, which can reduce

the temperature of the air introduced into a building. It is often used as an energy-efficient cooling

solution in passive cooling designs and can significantly reduce reliance on conventional air conditioning

systems.
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A process that cools air by evaporating water. It works by drawing ambient air through water-soaked

pads, which lowers the air temperature.
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A passive solar heating system that utilizes solar radiation to heat a building. This involves capturing and

$toring solar energy through various mechanisms, including absorption, aperture control, and thermal mass.
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Vegetation plays a crucial role in enhancing thermal comfort within buildings. By shading
buildings and cooling the surrounding air, vegetation reduces the need for artificial cooling
systems. It also contributes to thermal insulation of buildings and improves indoor air quality. This

can be achieved through various techniques such as green walls, green roofs, and green spaces.
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