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Abstract

As a result of increasing population and buildings construction in Saudi Arabia, the
demand for electricity is growing rapidly. There should be a greater focus on build-
ings in the kingdom and several methods should be applied in order to reduce en-
ergy consumption and create a lower carbon economy as residential buildings ac-
count for about 70 percent of the total consumption. Saudi Arabia therefore ur-
gently needs to develop residential buildings which use less energy and are more
environmentally-friendly.

This study investigates the recent situation of Saudi residential buildings in terms
of energy and building materials, using case studies. The main aim of this study is
to identify suitable strategies and propose a number of recommendations that are
useful in developing residential buildings in the Kingdom of Saudi Arabia.

This paper shows the importance of selecting the right, locally available, construc-
tion materials for the external wall and thermal insulation in reducing energy con-
sumption for the cooling load, by 59% after using the most appropriate construction
materials for Saudi climate. Several methods were used in this research including
IES energy simulation software in order to compare the most common external
walls in the kingdom in terms of energy consumption and cooling load. Then, add-
ing and selecting the right place for 0.50 m of polyurethane thermal insulation to

the selected external wall to achieve the maximum reduction of cooling load.

It uses the example of a typical Saudi house design provided by the Saudi ministry
of housing in three main cities in the kingdom: Jeddah, Riyadh and Dammam. Fur-
thermore, the paper discusses the challenges facing the kingdom of Saudi Arabia
in recent years and those of the future, such as a lack of the awareness amongst the
Saudi population, and a lack of building standards and regulations.



Acknowledgments

| am deeply indebted to Doctor Douglas Harris, whose help, advice, guide and
much appreciated supervision was invaluable. Many thanks also extended to my
parents for support, patience prayers and encouragement whilst conducting this re-
search. Last but not least, special thanks to my daughter Lilian. Thanks to my friend

Mohammad Alobaidy.



1)

3)

4)

5)

HERIOT

ACADEMIC REGISTRY [\J/Xé};x
Research Thesis Submission

Name: Wasim Jamil A Lasker
School/PGI: Energy, Geoscience, Infrastructure and Society
Version: (e Fist, | Final Degree  Sought | PhD in Construction
Resubmission, Final) (Award and Sub-
ject area)
Declaration

In accordance with the appropriate regulations | hereby submit my thesis and | declare that:

the thesis embodies the results of my own work and has been composed by myself

where appropriate, | have made acknowledgement of the work of others and have made reference to
work carried out in collaboration with other persons

the thesis is the correct version of the thesis for submission and is the same version as any electronic
versions submitted*.

my thesis for the award referred to, deposited in the Heriot-Watt University Library, should be made
available for loan or photocopying and be available via the Institutional Repository, subject to such
conditions as the Librarian may require

I understand that as a student of the University | am required to abide by the Regulations of the Univer-
sity and to conform to its discipline.

Please note that it is the responsibility of the candidate to ensure that the correct version of the thesis
is submitted.

Signature of Date:
Candidate:

Submission

Submitted By (hame in capitals): WASIM JAMIL A LASKER

Signature of Individual Submitting:

Date Submitted:

For Completion in the Student Service Centre (SSC)

Received in the SSC by (name in
capitals):

Method of Submission

(Handed in to SSC; posted through inter-
nal/external mail):

E-thesis Submitted (mandatory for
final theses)

Signature: Date:




List of Contents

AADSIIACT ...t i
ACKNOWIBAGMENES......c.oiiiicie et ii
LIST OF CONTENTS ...t \Y%
List Of ADDIEVIALIONS .......cueiiiiiii s XXIV
Published Papers ... XXVI
CRAPTEE L ..ot 1
Background and Introduction Chapter...........cccoeieiiiiiinieieeee e 1
1.1 Background Of SAUAi Arabi@..........cccooeieiiiiiiiisieieeeese e 2

1.1.1 Country Profile ... 2

L.1.2 PEOPIE .. s 2

1.1.3 GOVEIMMENT ...ttt 3

L1 A HISTOMY it 4

11,5 ECONOMY ...iiiieiiiiiecitie ettt ettt e e nnb e e nnb e e e nbb e e ensneeanneeean 4
1.2 Introduction and Justification for the Research ...........cccccoevviinciiincien, 6
L3 HYPOLNESIS.....cvieiiceieciiete ettt ettt et ere s 10
1.4 ReSEArch QUESTIONS .......coviiiieeetieiie ettt et ettt e e ebe e te e sreeenras 10
1.5 AIMS and ODJECLIVES ......ooivieiiieii ettt 10
1.6 Research Problems and Limitations...........ccocereiiiininniineneseeee e, 11
1.7 The relationships between the Thesis Objectives and Methodologies ........... 12
1.8 Work that has been conducted in the TheSiS.........cccccovvviiriininineinee, 12
1.9 THESIS LAYOUL .....eeiuiiniiiiitesie st 14



(@4 g F-T 0] (-] PSSR USSR 17

Literature REVIEW ChapLer........c.coviieiieiecic et 17
2.1 Environmentally Friendly Buildings in Saudi Arabia...........cccccoevviveiiiienen, 18
2.2 BUilding RegUIALIONS........ccocieiieiiicic et 19
2.2.1 Use of Building Regulations in Gulf Countries...........cccocvvvnvivninenenn 19
2.2.2 Availability of Using Different Regulations............cccovevenininineniene 20
2.3 Residential Buildings in Saudi Arabia...........cccoviiiiiiiieiiic e, 22
2.3.1 Housing Affordability in Saudi Arabia..........cccccceviiiiiiinniennnie e 24
2.3.2 Average Size of Saudi HouSehold............ccooioiiiiiniiie 25
2.3.3 RESIAENTIAL COSE ....c.viiiiiiiiiiieiee e 26
2.3.4 Residential CoNSLIUCTION .........ccoiiveiiiiieieii e 28
2.4 Energy and Natural Resource Crisis in Developing Countries............c..c....... 31
2.5 Challenges Facing the Electrical Energy Sector in Saudi Arabia................... 32
2.5.1 Technical Challenges ..........ccceiveiiiiiiiece e, 32
2.5.2 Financial challenges ..........cccoveiieiiiecece e, 33
2.5.3 Socio-economic ChalleNQesS .........ccvcoviiece e 33
2.6 Energy Efficiency in Saudi Arabia and Worldwide.............ccccoovevveiieieiiennn, 34
2.6.1 Benefits of Energy EFfICIENCY ........cccooiiiiiiiiiiiccee e 35
2.6.2 Consumer Behaviour in Saudi Arabia..........ccoceoviiiiniieninisccee, 35
2.6.3 POWET GENETATION ...ttt 36
2.6.4 Electrical Demand and Consumption in Saudi HOUSES............ccccceueeee. 38

2.6.5 Causes Leading to Increased Demand for Power and Electricity in Saudi

ATBDTA. ... 42
2.6.6 Energy Efficiency and Carbon Dioxide in Saudi Buildings.................. 44
2.6.7 Energy and TeChNOIOQY .....cccvevvieiiieiiiiie e 45

2.7 Building Materials and ENVIFONMENL............ccoeiiieiiiiiccic e 46
2.7.1 Building Materials in Saudi Arabia...........ccccceevveiieiiieiiie e 47



2.7.2 The External Wall Materials of Saudi Residential Buildings............... 48
2.7.3 Thermal Insulation for Saudi Buildings ..........ccccovvevviieiiieiececee, 51

2.7.3.1 Common Thermal Insulations Materials in Saudi Arabia and
PayDaCK PEITOUS .......veeiiiiie ettt 54

2.8 The Impact of Shading Devices and Increasing Thermal Mass in Saudi house

............................................................................................................................... 95
2.9 Material Selection and Cost Sensitivity AnalysiS.........ccccocvvvvevviieiieenineiiennn, 56
2.10 Building Structure in Saudi Arabia...........cccccevveveiiieniiie e 56
2.11 Building Systems in Saudi Arabia ..........ccccoovveviiiieiieie e 58
2.12 Buildings and Water in Saudi Arabia ...........cccccveveiieiiiie e 58
2.13 Air and Indoor Environmental Quality .............c.cccoovveiiivciieiecc e, 59
2.14 Techniques for Reducing Energy Consumption ...........ccccoeveveevieieeieciiennnn, 60
2.14.1 BUIlAING FADIIC ..c.veiieice e 60

(@1 g F=T 0] 1= g SO STSTUSURSN 62
Research Methodology .........cc.ooveiiiiiiic e 62
3.1 Research MethodolOgy .........ccccoeiiiiiiiii e 63
3.2 Data COIBCHION ... 64
3.2.1 Primary Data COlECtION..........cccoiuiiiiiiisieieee e 64

B2 1.1 INTEIVIBWS ...ttt 64

3.2.1.2 SUIVEY ..ottt 66

3.2.2 Secondary Data COHECHION ..........coiiiiiiiiieieeee e 66

3.3 CaSE SEUAY ....ctiiiiie ettt 67
3.4 Simulation of Energy CoNSUMPLION.........cccveiieiiiieiie e 67

Vi



(@4 g F-T 0] (-] USSR USRS 69

Air Conditioning Chapter........covoiiieie e 69
A1 OVEIVIBW ...ttt ettt 70
4.2 Air Conditioning SYSEMS........ccieieeieiieie e 71
4.2.1 Local Comfort CooliNG SYStEMS .....cccuevieiiiieiieie e 72
4.2.1.1 Window-Sill Air Conditioners..........cccevvereiereninineeeeeeeeen, 72

4.2.1.2 Split Air Conditioning SYStEM ........ccceieiiieiiniiieeeee e, 74

4.2.1.3 Multi Split Air Conditioning ..........ccooveieieieieneneseeeeeeee e, 75

4.2.1.4 Variable Refrigerant Flow (VRF) Air Conditioning................ 76

4.3 Air Conditioning Market in Saudi Arabia...........cccooeviiiiiiniiceee, 77
4.3.1 Packaged air-conditioning...........cccovvveveiieieeie e 80
4.4 RETTIQEIANTS .. ..cvviiiecie e et anes 82
4.5 Reforming Electricity TariffS.........ccooviiiiiiiicc e 82
4.6 Air Conditioning Types in Saudi Buildings............cccooevveveiienieesece e 83
4.7 Selecting the Size of Air ConditioNing ........cccccvevveieiieii e 85
(O gF=T 0] (=] g TSRS UTSPUSUPRPON 88
The SUIVEY Chaper ......c.ccveiic et 88
5.1 OVEIVIBW ...ttt bbbttt 89
5.2 The Survey Results and DISCUSSION. ..........ccveieeieiieiiesieeie s esie e se e eee e 90
5.2.1 Optional QUESLIONS .........coiiiiiiiiieieie et 90
5.2.2 CompulSory QUESTIONS ........ccueiviriiiiiiiiiiniesieeie e 92

5.3 SUNVEY CONCIUSION ...t 103

vii



(@4 g T-T o] (=] USSR 105

Interview Findings and Results Chapter ..., 105
8.1 OVEIVIBW ...ttt bbbt 106
6.2 INTEIVIEW AIMS ...ttt 106
6.3 INTENVIEW PIAN ... 106
6.4 Interview Changes and LImitations ...........ccccooiiiiinieieienec e, 111
6.5 INterVIEW FINAINGS ... 111
6.5.1 Average Saudi Family SiZe ..........cccooviiiiiiiiiiic e 111
6.5.2 Residential Buildings in Saudi Arabia...........ccccoeiiiiniiiniice, 111
6.5.3 Energy in Saudi Residential Buildings...........ccccooveiiiininininiccn 113
6.5.4 The Future of Residential Building in Saudi Arabia...........c...c......... 115
6.5.5 Green Building Regulations ............cccccevveveiieiieic e 116
6.6 INtEIVIEW RESUILS. ... 116
CRAPTEE 7 ettt 118

The Description of the Building Energy Simulation Software and the Typical Saudi

HOUSE DELAIIS ... 118
7.1 OVEIVIBW ...tttk bbbttt bt 119
7.2 SIMUIALION ODJECTIVE......eoiiiiiiiiecieeee e 119
7.3 Computer SIMulation STUAIES .........cceieiiriieiecee e, 122
7.4 Rationale for Selection of Energy Analysis Software ............c.ccoovvvrvnienen. 122
7.5 Integrated Environmental Solutions SOftWare ...........cccocevveereneereereseennen, 122
7.5.1 Heat Conduction and Storage Fundamentals ............cc.ccocevvnininniennn, 124
7.5.2 Modelling ASSUMPLIONS ....ccuvvuiiieieieiiesie e 125
7.5.3 DISCIEHISALION ... 125
7.6 Data Used and INPULS .........ooviiiieiieeiic et 127
7.6.1 Simulation 10CatIoNS: .........cccviveiieic 127

viii



7.6.2 Typical Weather and Climate in Saudi Arabia.............cccccvevveiveenenn, 130

7.6.2.1 Riyadh WEALher ..........cccoiieiiiie e 130
7.6.2.2Jeddah WEALher ...........ccoeiiiiieescee e 131

7.6.2.3 Dammam WeALher ..........ccocoovieiinincisiseee e 131

7.7 Model Validation ..........cccooiiiiiiiiiieiecce e 132
7.7 L LOCALION ...ttt bbbt 133
7.7.2 Climate of Dhahran, Saudi Arabia ...........cccceveeiiiiiiee e 134
7.7.3 Typical house detailS ... 135
7.7.4 HOUSE TIOOr PIANS......oiviiiiiiiiceee e 136
7.7.5 ReSUItS and ANAIYSIS ........coiiiiieieiese s 140

7.7.6 Validation Results Comparative ...........ccccocveeeieeneciie e 142

7.8 Data Used in Simulation for the Selected Residential Building ................... 143
7.8.1 HOUSE DELAIlS ..o 143
7.8.2 Construction DEtailS.........ccoovierieiiiieiciie e 151
7.8.2.1 Wall structure in Saudi residential buildings ............c.cccoc....... 151

7.8.2.2 Outer Wall Building SyStems...........cccevvveveiieieeie e 152

7.8.3 0perating HOUIS ........cviiieiiecie e 153
7.8.4 C00lING SYSTEMS.......viiiiiiiiiiiieiieeee e 153
CRAPLEE 8 ... e 154

The Simulation Analysis and Results for the Saudi Typical Residential Building

............................................................................................................................. 154
8L OVEIVIBW ...ttt bbbttt bbbt 155
8.2 Results and Analysis First Part ...........ccoeveiiiiiiiinieieenese e, 156

8.2.1 Simulation Analysis for the Typical Residential Building in Jeddah City

............................................................................................................................. 156
B.2.L.LWall TYPE Lueeiiiiiie e 156
8.2.L.2 Wall TYPE I oot 161



8.2.1.3 WAl TYPE 1l coveerreereeeeeeeseeeeeeeeeseseseeeeeeseseseeeeesseseseees s 163
8.2.1.4 WAl TYPE IV covoooreeseveeeeeeseeeveeeeesessseeeeessessseeeeessessseeeeeseenes 165

8.2.1.5 The comparison between the external walls types for Jeddah city

............................................................................................................................. 170
8.2.2. L Wall TYPE .t 171
8.2.2.2 WAl TYPE 1.vorveeeeereereeeeeeeeeeeeeeseseseees e s eseese e 173
8.2.2.3 WAl TYPE Tl corveoeereeeeeeeeeeeeeeeeseeeseeeseees s seseseees e 176
8.2.2.4 WAl TYPE IV ..oveoeeeeeeeeeeeeeeeeeeeseseseees s ee s es e 178

8.2.2.5 The comparative between the external walls types for Riyadh

0311 20O 182
8.2.3. L Wall TYPE | i 183
8.2.3.2 WAl TYPE 1 ..oveeveeeeereeeeeeeeeeeseeeeeeeeseees e eeseeseeeseseseees e 186
8.2.3.3Wall TYPE Hl..ververeverereeeeeeeeereeesseeesseeeseesssesseeseseseeeseeee 187
8.2.3.4 Wall TYPE IV w.oooveeevereeeeeeeeeeeeeeeseeesseeeseeseseeseeseseseres e 189

8.2.3.5 The comparative between the external walls types for Dammam

8.3.1 Simulation Analysis for the Typical Residential Building in Jeddah City-
RSTToT0 0o o SRR SSS 199

8.3.2 Simulation Analysis for the Typical Residential Building in Riyadh City-
SECON PANT ...t 210

8.3.3 Simulation Analysis for the Typical Residential Building in Dammam
CItY-SECONA PAIT ..ot 220

8.4 Simulation Chapter Summary and Conclusion..........ccccocvveiiiinininieieen, 231



CRAPTEN O .. s 232

CONCIUSION ...ttt 232
9.1 THESIS SUMIMAIY .....uiiiiiieieiteite sttt bbbt 233
9.2 Thesis Finding and Recommendations ...........cccccevvevieiiienesie e 243
9.3 FUMNEN STUY.....ccieiiieie ettt 244

Appendix A: This appendix shows the results of a detailed climatic analysis of
Jeddah, Riyadh and Dammam cities using IES software. The appendix will start by

presenting the climatic chart of Jeddah city as follow: ..........cccocceviveviiiniiennne, 246

Appendix B: Interview Guide and Field Trip Report: This appendix shows a copy
of the field trip report as well as the questions sheets for each interview........... 288

Appendix C: The survey: this appendix shows a copy of the survey questions, by

using google chrome, regarding energy consumption in Saudi residential buildings.

Appendix D: 3rd Annual International Conference on Architecture and Civil
Engineering (ace 2015): This appendix shows a copy of the conference paper that
held in Singapore on 13-14 APril 2015. ... 340

Appendix E: International Journal of Housing Science and Its Applications: This
appendix presented a journal article submitted to the international journal of

housing science and its applications 0N 2015 ..........cccceviiiiiiineneneseeeeees 350

RETEIEINCES ... 359

Xi



List of tables
Table 1.1: The relationship between the Thesis Objectives and Methodologies.
Table 2.1: Green building ranking schemes (Elgendy, 2010).

Table 2.2: Information about housing unit types in the kingdom from 1992 until
2004 (Ministry of Economy and Planning 2014).

Table 2.3: Energy consumption totals, millions tons of oil equivalent, GCC
countries, 2000-2020 (The Economist Intelligence Unit Limited 2010).

Table 2.4: Increase of consumption of electric power from 2000 to 2010 in Saudi
Arabia (Al-Ghamdi and Al-Feridah 2011).

Table 2.5: CO, emissions in 2011 (million tonnes CO,) and CO,/capita emissions,
1990-2011 (tonne CO,/person) (Olivier, Janssens and Peters 2012).

Table 2.6: Factories and labour force by building materials segment (King
Abdulaziz City for Science and Technology, Ministry of Economy and Planning
2010).

Table 2.7: Structures and thermal characteristics of walls used mostly in Saudi
Arabian Residential Buildings (Eball 2002).

Table 2.8: Projected water demand in selected GCC countries, millions of imperial
gallons, 2000-2020 (The Economist Intelligence Unit Limited, 2010).

Table 4.1: Oil, Gas and Diesel price in US dollar in Saudi Arabia (Nachet and Aoun
2015).

Table 4.2: Average energy consumption for residential buildings base on the type
of air-conditioning systems (Alrashed, and Asif 2014).

Table 6.1: Field trip and Interviews plan.
Table 6.2: Number of residential buildings in the Makkah region.

Table 7.1: Saudi Arabia provinces (Information Office of the Royal Embassy of
Saudi Arabia in Washington, DC 2015).

Table 7.2: Characteristics and description for the case study house (Ahmad 2004).

Xii



Table 7.3: Physical and thermal properties of the studied building materials
(Ahmad 2004).

Table 7.4: Wall and roof configuration for different simulation cases (Ahmad
2004).

Table 7.5: Annual electric energy consumption obtained by using the DOE 2.1E
program for a typical house built using different types of building materials
(Ahmad 2004).

Table 7.6: The ground floor plan details
Table 7.7: The first floor plan details

Table 7.8: Structures and thermal characteristics of walls used mostly in Saudi

Arabian Residential Buildings.
Table 7.9: Structures and thermal characteristics of polyurethane

Table 8.1: The comparison results of the cooling load for all external wall types in
Jeddah.

Table 8.2: The comparative results of the cooling load for all external wall types
in Riyadh.

Table 8.3: The comparative results of the cooling load for all types of the external

walls in Dammam.

Table 8.4: Structures and thermal characteristics of wall type A.
Table 8.5: Structures and thermal characteristics of wall type B.
Table 8.6: Structures and thermal characteristics of wall type C.

Table 8.7: The cooling load results comparative between wall type I11 and wall type
A on 10th of July.

Table 8.8: The cooling load results comparative between wall type A, B and C on
10" of July.

Table 8.9: The cooling load results comparative between wall type 11l and A from

1st of January until 31st of December.

Xiii



Table 8.10: The cooling load results comparative between wall type A, B and C

from 1st of January until 31st of December.

Table 8.11: The cooling load results comparative between wall type A and wall
type 111 for the 6th of August.

Table 8.12: The cooling load results comparative between wall type A, B and C on
06" of August.

Table 8.13: The cooling load results comparative between wall type 111 and wall
type A from 1% of January until 31% of December.

Table 8.14: The cooling load results comparative between wall type A, B and C
from 1st of January until 31st of December.

Table 8.15: The cooling load results comparative between wall type 111 and Wall
type A on 14th of July.

Table 8.16: The cooling load results comparative between wall type A, B and C on
14th of July.

Table 8.17: The cooling load results comparative between wall type 111 and type A

from 1% of January until 31% of December.

Table 8.18: The cooling load results comparative between wall type A, B and C

from 1st of January until 31st of December.

Xiv



List of figures

Figure 1.1: The Saudi population number and the expected growth from 2010 until
2020. (Statista 2015).

Figure 2.1: The Saudi residential categories (Banque Saudi Fransi 2011).
Figure 2.2: Saudi population growth highest in urban areas (Saudi Gazette 2012).
Figure 2.3: Average Saudi household 6.1 people in 2004 (Saudi Gazette, 2012).

Figure 2.4: Occupied Housing Units by Type (2012) (Banque Saudi Fransi 2011).

Figure 2.5: Housing Demand in Saudi 2014 Development Plan (Ministry of
Economy and Planning 2014).

Figure 2.6: Electricity generation by fuel in Saudi Arabia (Saudi Arabia Energy
Issues 2012).

Figure 2.7: Available generation capacity in Saudi Arabia (Alyousef and Abu-ebid
2012).

Figure 2.8: Energy consumption by different sectors in the Kingdom of Saudi
Arabia in 2010 (Al-Ghamdi and Al-Feridah 2011).

Figure 2.9: Saudi residential power demand split (Zawya 2012).

Figure 2.10: Growth of energy consumption by sector in Saudi Arabia 2002-2006
(Hertog and Luciani 2009).

Figure 2.11: High energy/ Insulation cost and low energy/ insulation cost (Harris
2012).

Figure 2.12: Payback periods in years for insulation (Harris 2012).

Figure 2.13: Impact of WWR and the length of overhang on energy savings for a
villa located in Riyadh and Jeddah (Alaidroos and Krarti 2015).

Figure 2.14: Glass energy (lowasBestWindows, 2012).

Figure 2.15: Double glazing (NEP Energy Services, 2013).
Figure 3.1: Research methodologies.

Figure 3.2: The interviews processes.

XV



Figure 3.3: The simulation parts and purposes.

Figure 4.1: Window air conditioner system (Deutsche Gesellschaft fir

Internationale Zusammenarbeit 2013).
Figure 4.2: Split air conditioner (Cheng and Lee 2014).
Figure 4.3: Split air conditioner system (ECR International 2015).

Figure 4.4: VVRF air conditioner system (Phoenix Air Con Ltd 2015).

Figure 4.5: Overview of the estimated central plant air-conditioning market for
2009 (Garwood 2010).

Figure 4.6: Overview of the estimated packaged air-conditioning market for 2009
(Garwood 2010).

Figure 4.7: The type of air-conditioning system in dwellings and type of fuel.

Figure 4.8: Air conditioning size for room size 10-20 sg meters (Vic Air 2015).

Figure 4.9: Air conditioning size for room size 20-30 sq meters (Vic Air 2015).

Figure 4.10: Air conditioning size for room size 30-45 sq meters (Vic Air 2015).

Figure 4.11: Air conditioning size for room size 45-65 sq meters (Vic Air 2015).

Figure 5.1: Gender of the participants.
Figure 5.2: Age of the participants.

Figure 5.3: Education Level of the participants.

Figure 5.4: Saudi monthly income of the participants.

Figure 5.5: Cities of the participants.

Figure 5.6: Type of house.

XVi



Figure 5.7: Number of rooms.

Figure 5.8: Home status.

Figure 5.9: Number of persons living in the house together.

Figure 5.10: Type of air- conditioning.

Figure 5.11: Number of Air-conditioning Units.

Figure 5.12: Air-conditioning settings.

Figure 5.13: Knowing the monthly electricity bill.

Figure 5.14: Knowing the electricity usage in KWh.

Figure 5.15: Number of hours usage for air-conditioning daily in summer.
Figure 5.16: Number of hours’ usage for air-conditioning daily in winter.
Figure 5.17: Rooms that use air-conditioning most of the time.

Figure 5.18: Turn air-conditioning off when not in use.

Figure 5.19: Sometimes air-conditioning in the summer is not cooling enough.
Figure 5.20: The reason for turning off air-conditioning.

Figure 5.21: Turn off the air-conditioning as the room is too cold suddenly and,

after a few minutes, turn it on again.
Figure 5.22: Knowing that using energy could harm our environment.

Figure 5.23: Knowing any simple methods to save energy and money regarding

air-conditioning

Figure 5.24: Reduce the use of air-conditioning if the electricity bill is going to

increase in the future.

Figure 5.25 Pay for a more expensive house that has better energy efficiency

methods that will help to reduce electricity bills in the future.

Figure 7.1: the acceptable range of operative temperature and air speed for the

comfort zone.
Figure 7.2: Saudi Arabia provinces map (JEP 2015).

XVii



Figure 7.3: Average minimum and maximum temperature (world weather online,
2013).

Figure 7.4: Average minimum and maximum temperature (world weather online,
2013).

Figure 7.5: Average minimum and maximum temperature (world weather online,
2013).

Figure 7.6: The location of Dhahran
Figure 7.7: The location of Dhahran

Figure 7.8: Average minimum and maximum temperatures (world weather online,
2013).

Figure 7.9: Typical house ground floor plan (Ahmad 2004).

Figure 7.10: Typical house first floor plan (Ahmad 2004).

Figure 7.11: Typical house front elevation (Ahmad 2004).

Figure 7.12: Building Materials (Ahmad 2004).

Figure 7.13: Typical house 3D perspective drew by researcher using IES.

Figure 7.14: The monthly energy consumption for a house built using different
types of building materials (Ahmad 2004).

Figure 7.15: Cooling load results comparison.

Figure 7.16: Ground Floor Plan (Saudi Ministry OF Housing 2014).

Figure 7.17: First Floor Plan (Saudi Ministry OF Housing 2014).

Figure 7.18: Building Elevations (Saudi Ministry of Housing 2014).

Figure 7.19: Building Perspective 1 (Saudi Ministry of Housing 2014).

Figure 7.20: Building Perspective 2 (Saudi Ministry of Housing 2014).

Figure 7.21: Building Perspective 3 (Saudi Ministry of Housing 2014).

Figure 8.1: The result of the cooling load from 1% of January to 31% of December

in Jeddah city for the external wall type I.

xviii



Figure 8.2: The result of the cooling load from 1% of July until 31% of August in
Jeddah city for the external wall type I.

Figure 8.3: The result of the cooling load from 8" of July until 101" of July in Jeddah

city for the external wall type I.

Figure 8.4: The result of the cooling load from 1st of January until 28" of February

in Jeddah city for the external wall type I.

Figure 8.5: The result of the cooling load from 11™ of January until 13" of January
in Jeddah city for the external wall type I.

Figure 8.6: The result of the cooling load from 8" of July until 10" of July in Jeddah
city for the external wall type I1.

Figure 8.7: The result of the cooling load from 11%" of January until 13" of February

in Jeddah city for the external wall type I1.

Figure 8.8: The result of the cooling load from 8™ of July until 101" of July in Jeddah

city for the external wall type IlI.

Figure 8.9: The result of the cooling load from 11th of January until 13th of

January in Jeddah city for the external wall type IlI.

Figure 8.10: The result of cooling load from 8" of July until 10" of July in Jeddah
city for the external wall type IV.

Figure 8.11: The result of cooling load from 11" of January until 13" of January in
Jeddah city for the external wall type 1V.

Figure 8.12: The comparative results of the cooling load from 8™ of July until 10%"

of July for all external wall types in Jeddah.

Figure 8.13: The comparative results of the cooling load from the 11" of January
until the 13" of January for all external wall types in Jeddah.

Figure 8.14: The result of cooling load from 5" of August until 7" of August in
Riyadh city for the external wall type I.

Figure 8.15: The result of cooling load from 8" of February until 10" of February
in Riyadh city for the external wall type I.

XiX



Figure 8.16: The result of cooling load from 5" of August until 7" of August in
Riyadh city for the external wall type II.

Figure 8.17: The result of cooling load from 8™ of February until 10" of February
in Riyadh city for the external wall type II.

Figure 8.18: The result of cooling load from 5" of August until 7 of August in
Riyadh city for the external wall type I11.

Figure 8.19: The result of cooling load from 8™ of February until 10" of February
in Riyadh city for the external wall type I11.

Figure 8.20: The result of cooling load from 5" of August until 7" of August in
Riyadh city for the external wall type IV.

Figure 8.21: The result of cooling load from 8™ of February until 10" of February
in Riyadh city for the external wall type IV.

Figure 8.22: The comparative results of the cooling load from the 5" until the 7t
of August for all external wall types in Riyadh.

Figure 8.23: The comparative results of the cooling load from the 11" until the 13"
of January for all external wall types in Riyadh.

Figure 8.24: The result of cooling load from 13" of July until 15" of July in
Dammam city for the external wall type I.

Figure 8.25: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type I.

Figure 8.26: The result of cooling load from 13" of July until 15" of July in

Dammam city for the external wall type II.

Figure 8.27: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type I1.

Figure 8.28: The result of cooling load from 13" of July until 15" of July in
Dammam city for the external wall type Il1.
Figure 8.29: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type III.

Figure 8.30: The result of cooling load from 13" of July until 15" of July in

Dammam city for the external wall type IV.

XX



Figure 8.31: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type IV.

Figure 8.32: The comparative results of the cooling load from the 13" until the 15"

of July for all external wall types in Dammam.

Figure 8.33: The comparative results of the cooling load from 22" of January until

24" of January for all types of the external walls in Dammam.
Figure 8.34: External Wall A layers.
Figure 8.35: External Wall B layers.

Figure 8.36: External Wall C layers.
Figure 8.37: The cooling load results comparison between wall type Ill and the

same wall type with polyurethane insulation, from the 8" until 10" of July.

Figure 8.38: The cooling load results comparison between wall type 111 and wall
type A on the 10" of July.

Figure 8.39: The cooling load results comparison between wall types A, B and C,
from the 8" until 10" of July.

Figure 8.40: The cooling load results comparative between wall type A, B and C
on 10" of July.

Figure 8.41: The cooling load results comparative between wall type 11 and A from
1% of January until 31% of December.

Figure 8.42: The cooling load results of wall type A from 1st of January until 31st
of December.
Figure 8.43: The cooling load results comparative between wall type A, B and C

from 1st of January until 31st of December.

Figure 8.44: The cooling load results comparative between wall type I11 and wall
type A from 5" of August until 7" of August.

Figure 8.45: The cooling load results comparative between wall type 111 and wall
type A on 6 of August.

Figure 8.46: The cooling load results comparative between wall type A, B and C

from 5" of August until 7" of August.

XXi



Figure 8.47: The cooling load results comparative between wall type A, B and C
on 6™ of August.

Figure 8.48: The cooling load results comparative between wall type I11 and wall
type A from 1% of January until 31 of December.

Figure 8.49: The cooling load results comparative between wall type A, B and C
from 1% of January until 31% of December.

Figure 8.50: The cooling load results comparative between wall type I11 and Wall
type A from 13" of July until 15" of July.

Figure 8.51: The cooling load results comparative between wall type I11 and Wall

type A on 14" of July.

Figure 8.52: The cooling load results comparative between wall type A, B and C
from 13" of July until 15" of July.

Figure 8.53: The cooling load results comparative between wall type A, B and C
on 14" of July.

Figure 8.54: The cooling load results comparative between wall type 11l and type
A from 1% of January until 31% of December.

Figure 8.55: The cooling load results comparative between wall type A, B and C

from 1% of January until 31% of December.

Figure 9.1: Thesis summary overview.

Figure 9.2: The comparative results of the cooling load from 8™ of July until 10"

of July for all external wall types in Jeddah.

Figure 9.3: The comparative results of the cooling load from the 5 until the 7t of

August for all external wall types in Riyadh.

Figure 9.4: The comparative results of the cooling load from the 13" until the 15"

of July for all external wall types in Dammam.

XXii



Figure 9.5: The cooling load results comparison between wall types A, B and C,
from the 8" until 101 of July.

Figure 9.6: The cooling load results comparative between wall type A, B and C

from 5 of August until 7" of August.

Figure 9.7: The cooling load results comparative between wall type A, B and C

from 13" of July until 15" of July.

xxiii



List of Abbreviations

3D Three- Dimensional

20-20-20 Climate and Energy Target for 2020 by EU’s
A/C Air Conditioning

ACE Annual International Conference in Architectural and Civil Engi-
neering

AHU Air Handling Unit

BREEAM  Building Research Establishment Environmental Assessment Meth-
odology

BSRIA Building Services Research and Information Association
cm Centimetre

cm2 Square Centimetre

CO, Carbon Dioxide

EAA Electrical Affair Agency

ebpd Equivalent Barrels Per Day

est Estimated

EU European Union

GBP Great Britain Pound

GDP Gross Domestic Product

GFCF Gross Fixed Capital Formation

GHGs Green House Gas

GOSI General Organisation for Social Insurance

GW Gigawatt

GWh Gigawatt Hour

HCFC Hydrochloroflurorcarbon

HVAC Heating, Ventilation, Air Conditioning

I-code International Code Council

IES Integrated Environmental Solutions

IT Information Technology

KACST King Abdullah City for Science and Technology
KSA Kingdom of Saudi Arabia

kW Kilowatt

LEED Leadership in Energy and Environmental Design

XXV



mm
MOU
MW
NBSLD
NEEP
OAPEC
PV
SAEEC
SASO
SBC
SBCNC
SCECO
SEC

sq km
sq mi
SR
U-value
UAE
UK

us
uUsD
VAV
VRF
WWR

Meter
Millimetre
Memorandum of Understanding/ agreements
Megawatt
National Bureau of Standards Load Determination
National Energy Efficiency Program
Organisation of Arab Petroleum Exporting Countries
Photovoltaics
Saudi Arabia Energy Efficiency Centre
Saudi Arabian Standard Organisation
Saudi Building Code
Saudi Building Code National Committee
Saudi Consolidated Electric Company
Saudi Electricity Company
Square Kilometre
Square Mile
Saudi Riyal
Measure of Heat Loss
United Arab Emirates
United Kingdom
United States
United States Dollar
Variable Air Volume
Variable Refrigerant Flow
Window to Wall Ratio

XXV



Published Papers

The following papers have been published as a result of this research:

Harris, D. J., Lasker, W, (2015). The Impact of Construction and Building Materi-
als on Saudi Residential Buildings. In 3rd Annual International Conference in Ar-
chitecture and Civil Engineering. Singapore, 13-14 April 2015. Singapore: ACE.
77-85.

Harris, D. J., Lasker, W. J., and EI Bakkush, A. (2015). On-site measurements of
thermal performance of a residential building in a hot-arid region. International
Journal for Housing Science and its Applications, 39(3).

The following papers (as a result of this research) are in the process of sub-
mission to 9" Saudi Student Conference from 13-14 of February 2016:

Lasker W. (2015) The energy simulation analysis and results for a typical residen-
tial building in Saudi Arabia. In 9th Saudi Student Conference. The ICC, Birming-
ham, 13-14 Feb 2016. Birmingham: University of Birmingham.

XXVi



Chapter 1

Background and Introduction Chapter



1.1Background of Saudi Arabia

1.1.1 Country Profile

Saudi Arabia occupies a territory of 2,149,690 sg. km. (829,995 sg. mi.), which
equates to just over one-fifth of the size of the USA. The capital city is Riyadh,
with approximately 4.7 million inhabitants. Other main cities include Jeddah (with
a population of around 3.2 million), Makkah (with a population of around 1.5
million), and Dammam/Khobar/Dhahran (with approximately 1.6 million
inhabitants).

The climate of Saudi Arabia may be described as arid with extreme fluctuations in
temperature being exhibited in the interior. Likewise, humidity and high
temperatures are also common along the coastal regions (Ashwan,Abdul Salam and
Mouselhy 2012).

1.1.2 People

The total population amounted to an estimated 30,770,375 inhabitants in 2014.

(Central Department of Statistics and Information, 2015). The following figure

illustrates the Saudi population number and the expected growth from 2010 until
2020 (Statista 2015).
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Figure 1.1: The Saudi population number and the expected growth from 2010 until
2020. (Statista 2015).



The widely used language of communication is Arabic and Islam is the common
religion. The distribution of ethnic groups includes Afro-Asian that account for 10
percent of the native population and Arab that account for 90 percent of the native
population. The rate of population growth based on a 2011 estimation is around
1.536 percent and the people’s nationality is Saudi (Saudi Arabian). The level of
literacy is about 78.8 percent (female 70.8 percent, male 84.7 percent). With regard
to health, the rate of mortality amongst infants based on 2011 estimation is 16.16
deaths out of 1000 live births. The life expectancy of women is higher at 76 years
compared to that of men at 72 years. The labour force based on 2011 estimation
consists of 7.3 million people, 80 percent are expatriates in several sectors that
include agriculture (6.7 percent), services (private and government) (71.9 percent)
and industry (21.4 percent) (Ashwan, Abdul Salam and Mouselhy 2012).

1.1.3 Government

Saudi Arabia has a monarchical system of government consisting of a Ministerial
Council and a Shura (Consultative Council). Unification took place on 23
September 1932. The Saudi constitution is mainly made up of Basic Law, Sharia
and the Holy Quran (governed in accordance to Islamic Law). Saudi Arabia has
three arms of government namely the Executive that consists of an Executive Emir
(King) who acts as the head of state and government and rules using the title of
“Custodian of the Two Holy Mosques”; the Legislature consists of a Shura
(Consultative) Council having advisory powers and it was constituted in September
1993 and the Judiciary that consists of Appellate and First Instance Islamic Courts,
Supreme Judicial Council and the Judicial Supreme Court. Administrative
divisions consist of 13 provinces. Political parties are outlawed and the government

does not recognise them (Youn Globe 2012).



1.1.4 History

Large swathes of the Saudi Arabian Peninsula have historically experienced limited
settlement due to harsh climate, save for a thin strip on the coastal region as well
as oases and large cities. Because of this, people from diverse cultures that
inhabited the Peninsula did so for a period of more than 5,000 years. To
contextualise this, the Dilmun culture, around the Gulf coast region, lived alongside
Egyptians and Sumerians, and many global empires interacted with the peninsula
states that lay on the major trade routes through trade (The Royal Embassy of Saudi
Arabia in Washington 2012). Central Arabia is believed to be the cradle of Saudi
state; an event that took place in 1750. In this period, a traditional clan member,
Muhammad bin Saud joined Mohammad Abd Al-Wahhab and their union
culminated in the formation of a political party. For a period spanning over 150
years, the political union experienced ups and downs that resulted in different rulers
ruling Saudi Arabia. The modern day Saudi Arabia owes its origin to the late King
Abdul Aziz Al Saud and no major changes have been made to the structure of
government he established (The Royal Embassy of Saudi Arabia in Washington
2012).

1.1.5 Economy

Based on 2010 estimate, Saudi’s gross domestic product (GDP) stands at 622
billion dollars, rate of annual growth is 3.7 percent whereas the Per Capita GDP
stands at 24, 200 dollars. Saudi Arabia is endowed with many natural resources
such as copper, silver, zinc, tungsten, phosphate, iron, coal, bauxite, uranium, gold
and hydrocarbons (Saudi Arabian Monetary Agency 2010). Agricultural
commodities produced in Saudi Arabia include vegetables, livestock, grains and
dates. Arable land accounts for 1.76 percent in Saudi Arabia. Major industries
include energy, fertiliser, cement, petrochemicals and petroleum. Based on 2010
estimates, Saudi exported petroleum products and petroleum amounting to about
238 billion dollars. On the other hand, Saudi imports amounts to 88 billion dollars
mainly from products, processed food, textiles, clothing, transportation equipment

and manufactured goods. Key trading partners of Saudi Arabia include the USA,



the UK, Taiwan, South Korea, Singapore, Japan, India, Germany, France and
China (YounGlobe 2012).

It is indisputable that, in relation to the economy of Saudi Arabia, the defining
moment in the history of the country was the oil discovery. Discovery of oil in the
KSA occurred in 1930 and is attributed to US geologists, even though large scale
oil production commenced after World War 2. It is clear that Saudi economy has
experienced rapid urbanisation and industrialisation because of oil wealth;
additionally, it has propelled the country to new heights in technological
advancement (Michigan State University 2012). Because of its abundant petroleum
wealth, the KSA has strived to implement several plans, which are aimed at
allocating income from crude oil sales for transformation of other sectors of the
economy. Such an initiative seeks to divert income from oil sales to other sectors
to enable them become profitable. Although the living standards amongst ordinary
Saudis has improved thanks to oil wealth, the pressures from a rapid population
increase have to a certain extent reduced the benefits that such initiatives could
have generated. Similarly, the overreliance on petroleum income has undermined
economy sectors, which might have attained rapid growth rate, if oil monopoly

would not have been encouraged (Michigan State University 2012).

In addition, private businesses were encouraged through various means, for
instance, the government increased grants to small and medium enterprises and
businesses. Additionally, the government encouraged foreign investments through
joint ventures, thus leading to huge investment in private and public companies in
Saudi Arabia. Consequently, rapid growth was witnessed in the private sector, with
about 70 percent of non-petrol GDP being achieved. Although the Saudi economy
relied heavily on trade, there was a huge private investment in construction firms,

banking, agriculture and industry (Michigan State University 2012).



1.2 Introduction and Justification for the Research

The initial aim of buildings entails fulfilling humans’ safety needs: houses protect
people from dangers such as wild animals and severe weather. Several shelters
(houses, tents and huts) have enabled individuals to survive in diverse geographic
and climatic situations. Different kinds of energy-efficient shelters have emerged
globally in reaction to local climatic conditions (Husladen, Saldanha and Liedl
2006).

According to Husladen, Saldanha and Liedl (2006), buildings reflect the spirit that
influenced their construction, and are an expression of the society’s contemporary

culture.

The extensive usage of “fossil fuels” has resulted in severe environmental
conditions such as climate change and global warming, therefore, making it
necessary to cut down fossil fuel consumption in future (Harris 2012).

Because numerous environmental problems (for instance, depletion of resources,
environmental degradation) emanate from construction, the building sector plays a
critical role in the achievement of a country’s sustainable development. Buildings
require raw materials and energy, and they are responsible for harmful gas
emissions and waste (Alrashed and Asif 2014), thus contributing considerably to
GHGs (global greenhouse gases) emission. Statistics released by the UK
Government show that buildings account for 40 percent of the CO2 (carbon

dioxide) emissions and energy consumed nationally (Alrashed and Asif 2014).

Similarly, in the EU region the total energy consumed in buildings stands at 40
percent (Alrashed and Asif 2014). In view of this, the EU has come up with 20-20-
20 targets that are aimed at reducing greenhouse gas emissions by 20 percent in
2020, in contrast to the levels attained in 1990. This implies an increment in the
EU’s renewable sources consumption by 20 percent, and would culminate in an
improvement of about 20 percent in EU’s energy efficiency (Alrashed and Asif
2014).

The scenario is replicated in the United States, where the USGBC (United States
Green Building Council) statistics indicate that residential and commercial



building industry in the US accounts for 39 percent of annual CO> emissions, the

highest figures from any industry within the country (Alrashed and Asif 2014).

The environment suffers indirectly and directly from the impacts emanating from
buildings’ function and construction. According to Alrashed and Asif (2014), the
environmental impact from the building sector every year encompasses 42 percent
(energy use), 40 percent (atmospheric emissions), 30 percent (raw material usage),
25 percent (solid waste), 25 percent (water use) 20 percent (water effluents) 12
percent (land use) and 13 percent (other emissions). With regard to the considerable
increase in new constructions coupled with the shortcomings for existing global
building stock, perceiving a business in the usual context, the GHGs emission level
from buildings would maintain a rising trend in future (Alrashed and Asif 2014).
For achievement of desired goals of reducing GHG emissions in the building
industry, it is necessary to come up with a strong and concentrated mechanism of
tackling the issue and this calls for promotion of buildings that are energy efficient
and sustainable. A deeper understanding on the existing scenario as well as future
patterns in the industry is essential in ensuring that proper mechanisms are

formulated to promote usage of smart energy buildings (Alrashed and Asif 2014).

Poor management of resources such as natural water and fossil fuels could lead to
scarcity in future. A huge population is relocating from rural to urban settings, thus
necessitating more construction that puts pressure on existing infrastructure and
eventually increases natural resource usage, which in turn increase GHG emissions
(Al Surf, Susilawati and Trigunarsyah 2014).

The issue of energy-based research has elicited significant interest, particularly
with regard to the economy and energy saving. In the past 2 decades, an
overwhelming understanding on the way building performance contributed
considerably to severe environmental effects has existed. Buildings contribute 50
percent of carbon dioxide and 70 percent of sulphur oxide emissions (Aldossary,
Rezgui and Kwan 2014).

Concerning the increased environmental pressures, the construction sector, from a
global perspective consumed 25 percent of forest timber, 16 percent of freshwater
and 40 percent of energy. This has compelled developed countries to come up with

ways of designing environmental-friendly and sustainable buildings. Currently, the



focus of architects has been on the buildings’ design phase, the intention being to
come up with economical buildings in terms of energy consumption (hot water
supply, lighting, heating and cooling) (Aldossary, Rezgui and Kwan 2014).
However, to much focus on environmental-friendly construction, with energy
efficiency could compromise other architectural aspects such as operational or

visual (Aldossary, Rezgui and Kwan 2014).

The magnitude of the issue is contained in the Ministry of Water and Electricity
report, which suggests that electricity consumption in residential buildings in Saudi
Avrabia, is 52% percent. Because of the humid climatic conditions, Saudi Arabians
require huge amounts of energy for air conditioners used to cool their homes
(Aldossary, Rezgui and Kwan 2014).

The construction of energy-efficient buildings in Saudi Arabia is critical for
preservation of resources for posterity, both internationally and locally. A risk
looms for shortage of important resources such as natural water and fossil fuels in
future. Electricity supply to Saudi households is a major problem, with projections
that by 2050 the demand would be 120 GW; this translates to about 8 million oil
barrels every day to meet the rising demand (Al Surf, Susilawati and Trigunarsyah
2014).

Saudi buildings’ energy demands are high, particularly in summer because of high
temperatures, even at night; the entire country requires power for warming the
houses. In 2010, Saudi buildings accounted for about 65 percent of the overall
electricity consumption; this translates to 47 percent above the worldwide average
for the period (Alaidroos and Krarti 2015). Saudi Arabia is experiencing an
increase in population (with a rate of 1.54 percent annually); this growth is
responsible for the increase in the energy consumed in the kingdom, 52 percent of
the overall consumption is utilised in residential buildings. Additionally, the
establishment of 2.32 million housing units is expected by 2020; this will further
increase the demand for electricity by residential buildings (Alaidroos and Krarti
2015). In contrast, lack of knowledge coupled with Saudis behaviour emerges as
another factor that causes residential buildings to use energy excessively.
Regarding oil, over more than 25 percent of produced oil is used in Saudi Arabia,

with a significant quantity being utilised in the generation of electricity. Because



Saudi economy is largely dependent on revenue from exported oil, a prolonged rise
in the consumption of local energy would put the country’s capacity of relying on
oil export incomes at stake (Alaidroos and Krarti 2015). Research indicates that
when energy-efficient mechanisms are considered for Saudis upcoming buildings,
a 10 percent reduction would be experienced. Moreover, decreasing the air
conditioning needs could result in equal investment returns, enough for setting a
500 megawatts power facility; this would significantly mitigate environmental
pollution (Alaidroos and Krarti 2015).

The SBC (Saudi Building Code) is the institution that provides required building
standards, technical specifications alongside regulations of construction in Saudi
Arabia in relation to “public safety”. However, in the past, SBC did not consider
the aspect of a building’s energy-efficiency performance because the consumption
of energy was not high and the peak loads were not threatening. The latest rapid
increase in population and economic growth has pushed up the demand for
electricity in Saudi Arabia, both from the industrial and building sectors, and lack
of energy —efficiency regulations and standards has further contributed to the rise
in electricity consumption in Saudi Arabia in the past decade. In view of this, it is
necessary to review the SBC by formulating an energy code as well as setting
minimum requirements to be followed in the construction of buildings and
encouraging the development of energy-efficient performance buildings
(Alaidroos and Krarti 2015).

The research presents a case study for a Saudi typical villa “residential building”,
which would be investigated through IES (Integrated Environmental Solution)
software in three major regions of KSA they include Dammam, Jeddah and Riyadh.
The simulation would indicate whether the materials used in construction have a
huge effect on residential buildings in Saudi Arabia and might play a critical role

of reducing the cooling burden; this makes it more environmental-friendly.



1.3 Hypothesis

The construction type and materials for the building’s external envelope
significantly affect the consumption of energy for emerging residential houses in
KSA, and huge air-conditioning energy savings could be achieved by applying

suitable thermal insulation and construction materials to the wall.

1.4 Research Questions

»  What is the energy production and consumption situation in Saudi Arabia?
» Where is most energy consumed locally?

« Which type of buildings consumed the most energy?

« What are the causes for high demand/ consumption in Saudi buildings?

» What strategies offer the best possibilities for energy saving?

1.5 Aims and Objectives

1. Determine where most energy is used in Saudi residential buildings.

2. Investigate the main reasons behind increasing energy consumption in Saudi

residential buildings.

3. Identify aspects of the design and construction that affect energy consumption

in Saudi residential buildings and lead to substantial use of air conditioning,

4. Understand the resident behaviour in Saudi homes and investigate their

awareness regarding energy saving/consumption in homes.

5. Ascertain whether there is scope for making significant changes in new or

existing buildings to reduce energy consumption.

6. Investigate what methods are available for reducing energy consumption in

residential buildings and minimising the impact on the environment.

7. Develop guidelines for appropriate materials and construction type for typical

Saudi residential buildings, which enable them to consume minimum energy.
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1.6 Research Problems and Limitations

The research might face several limitations, as follows:

1- The difficulties of getting some of the information required from a set of
companies due to privacy and security considerations.

2- The difficulties of getting information from a set of experts who are working in
government companies, where some may consider the information needed as being
exclusively for official proposes.

3- The university’s ability to provide a permanent desk or private PC/Laptop. Hot/
sharing desk is not ideal for this type of study.

4- Getting the building simulation software from the university at the required time
5- The problem of learning simulation programs to analyse the building energy and
materials, where these programs require enough time and skills as these programs

are very important to achieve the main target of this research.
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1.7 The relationships between the Thesis Objectives and Methodologies
The following table presents how to achieve the objectives by adopting appropriate

methods.

Table 1.1: The relationship between the Thesis Objectives and Methodologies.

Objective ‘ Method

Identify the regulations governing building design, Secondary data collection.
particularly related to energy use and building materials,
in Saudi Arabia, and whether specific guidelines exist
for the design of green buildings in Saudi Arabia.

Investigate the main reasons behind increasing energy Primary and secondary data collection
consumption in the Saudi residential buildings. through the literature review and interviews.

Understanding the weaknesses of building materials and | Primary and secondary data collection
all issues regarding Saudi residential buildings: through the literature review and survey.
substantial use of air conditioning

Investigate the Saudis’ behaviour and awareness Primary and secondary data collection
regarding energy saving/ consumption in homes. through the literature review and survey.

Ascertain whether there is scope for making significant | Computer simulation for energy

changes in new or existing buildings. consumption of a specific model of Saudi
residential building, using IES simulation
software.

Investigate what methods are available for reducing Computer simulation for energy

energy consumption in residential buildings and consumption of a specific model of Saudi

minimising the impact on the environment. residential building, using IES simulation
software.

Investigate the effect on energy consumption of Computer simulation for energy

changing the outer envelope of building construction consumption of a specific model of Saudi

materials. residential building, using IES simulation
software.

Develop guidelines for typical Saudi residential Computer simulation for energy

buildings, which consume minimum energy and adopt consumption of a specific model of Saudi

appropriate materials and construction type. residential building, using IES simulation
software.

1.8 Work that has been conducted in the Thesis

This section explains the work, survey, meetings and interviews that have been
undertaken from the beginning of the PhD study period. The work and activities
will be described in order to give a brief explanation and a clear understanding of

the stages of the study.
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At the beginning of the study, the research area and questions were identified. Then
the research background, overview of Saudi Arabia and the buildings in the
Kingdom was detailed. This was followed by a comprehensive literature review of
energy, building regulations, building materials and building construction.
Subsequently, multiple visits were made to the Kingdom of Saudi Arabia (the first
visit was from 04-06-2012 until 31-08-2012; the next visit was from 01-06-2013
until 31-08-2013). The purposes of these visits were to collect data about energy
consumption, building materials, construction, building regulations, Saudi
lifestyle, family size, the main regions in the country and types of Saudi residential
buildings. This information was gathered from different companies and
government buildings dealing with energy and residential buildings, as well as by
carrying out a number of interviews with engineers, architects, experts and
specialists. The next step was the selection of a typical residential building in the
Kingdom of Saudi Arabia. The aim was to prepare this building to use it in a
building simulation program to complete the investigations about energy
consumption and identify the best methods to lower energy consumption of Saudi
residential buildings and to have more environmentally-friendly buildings in the

Kingdom.

The next stage started by collecting further information about factors that result in
significant energy consumption in residential buildings. This information for was
gathered through a survey prepared for Saudis, in order to understand the levels of
comfort and conditions in homes. The survey also aimed to find out about Saudis’
behaviour, knowledge, experiences and abilities to change their daily use of energy
and thus, the future of the country.

After selecting a Saudi typical residential building, the next stage was to analyse
the current situation of energy in Saudi residential buildings and methods to
develop these buildings, using a computer simulation program called IES
(Integrated Environmental Solutions). The aim of using IES was to find the
possible solutions in terms of building materials and construction solutions that can

be applied to these buildings in order to achieve the research aim and goals.

Finally, attending the 3@ Annual International Conference on Architecture and
Civil Engineering (ACE 2015) held in Singapore on 13-14 April 2015. Attendance
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at this conference helped to clarify some ideas and to fit them into the context of

the current research.

1.9 Thesis Layout

Chapter 1: The first part of chapter one introduced a brief background about the
kingdom of Saudi Arabia size, population, government, history and economy.
The second part of the chapter presented and introduced the research context and
proposed the research questions, hypothesis, aims, and objectives.

Chapter 2: The second chapter of this thesis presents a range of literature
covering issues such as: Saudi building standards and regulations, energy
demand/ consumption, residential buildings in Saudi Arabia, building
construction, building materials, and other issues relating Saudi building energy

consumption and efficiency.

Chapter 3: Presents in details the research methodologies that have been used in

the present work in order to achieve the research goals and objectives.

Chapter 4: Focusses on air-conditioning in Saudi Arabia. In addition it presents
the working mechanism of the most common types of air conditioning under the
local comfort category for residential buildings. This chapter discusses the Saudi

market for AC, air conditioning types, size, and electricity tariffs.

Chapter 5: Presents one of the most important methods adopted in the thesis: A
cross-sectional survey that was carried out to reflect the Saudi population, and
aimed at Saudis livings in residential buildings representing different ages,
educational levels, gender and income. This chapter presents a survey completed
by 190 participants randomly selected from different cities in Saudi Arabia in order

to understand the Saudi user’s behaviour regarding air conditioning and cooling
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load in the Saudi residential building. The survey examined the Saudi knowledge
and the abilities to move to more efficient houses in the future. It is designed to

answer the thesis questions and to complete the missing data.

Chapter 6: Introduces the interview findings and results. Ten interviews were
performed to governmental/ private organizations and companies from 01/06/2013
until 31/08/201. The interviews were of a semi-structured type and specific
questions were prepared for each interviewee based in his organisation, working

position and knowledge.

The interviews were performed with engineers, architects, experts and specialists
in leading positions and having a strong background in energy, construction,
building materials and Saudi buildings. The aim of this is to gather the up to date

information needed regarding energy issues, Saudi buildings and the future.

Chapter 7: Presents the building energy simulation objectives and the IES
software discerptions that used for calculating the cooling load. In addition, this
chapter discuss the data used as an inputs for the simulation in chapter 8, which
include: selected locations and cities in Saudi Arabia, weather data and a case study
used for further investigations in the next chapter which include the building
drawings, construction materials, AC systems and operating hours: In addition, this

chapter includes the validation of the IES software.

Chapter 8: Presents the energy simulation results (first and second part) and
analysis for the selected Saudi typical house in three different locations Jeddah,

Riyadh and Dammam.

The first part of the results shows a comparison between the most common external

walls used in the simulation in terms of thermal properties and cooling load.

The second part of this chapter discusses applying 0.50 m of polyurethane thermal
insulation into three different places for the selected external wall from the first
part of the result. The aim is to examine the best location to apply the insulation

that could save more energy and reduce the cooling load to the minimum.
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Chapter 9: Is the conclusion chapter and presents the thesis summary, findings,
recommendations and further studies that could be investigated by other

researchers in the future.
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Chapter 2

Literature Review Chapter
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2.1 Environmentally Friendly Buildings in Saudi Arabia

The government always has the power to set laws and regulations that can lead to
sustainable development (Mosley 2015). Studies reveal that building and
construction represents the strength of the policies for development in Saudi
Arabia. This reflects on the fact that the rise and fall in the trends of the building
can have either a negative or positive effect on the different sectors of development.
The government has currently taken sincere concerns with regard to the green
buildings. This calls for considering significant standards of building constructions
and necessary approvals (Green Building in Saudi Arabia, 2010). A green building
is formed through the availability of energy efficiency, resource efficiency and
environmental accountability that may be reflected through the planning, design,
construction and operational activities. The building council in Saudi Arabia is
trying to promote and facilitate the practice of green building in the country by
increasing public awareness, providing training and needed education on the issue,
assisting the industry of construction alter to the specifications and needs of green
building development (About SGBC, n.d.). Therefore, to achieve Green Buildings
in the kingdom there are several aspects that should be taken into consideration:

1. Changes in building technology

2. Incorporating changes into regulations.

3. Enforcing regulations (About SGBC, n.d.).

However, in spite of the existence of the Saudi green building council it is not
active in reality. The current Saudi government policies and regulations do not
support sustainable and green buildings in the country (Mosly 2015). Taleb, in
2011, confirmed that there is a complete absence of building regulations regarding

thermal performance, sustainable buildings and energy efficiency.

Mosly, (2015) states that the Saudi government should start the green building

movement and should establish a new policies and regulations in the future.
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2.2 Building Regulations

It has been expected that Regulation of buildings would become obligatory in Saudi
Arabia in recent times. The government and the industry have been working
together on this issue such that a common standard may be incorporated and
applied in the process. Water and energy savings in buildings have also been
considered, significantly where the Ministry of Electricity is effectively involved
with the Green Building Council and other associated companies (Neuhof 2010).

Saudi Arabia has based its codes of building on I-codes (International Code
Council). The International Code Council is established to make buildings
sustainable, affordable, and safe. Most communities in the United State, and many
others across the world choose the International Codes. Earlier in the year 2007, a
memorandum of understanding had been signed by the International Code Council
with the Saudi Building Code National Committee (SBCNC) to contribute to
constructing secured awareness and technological know-how. This MOU included
several joint projects focusing on codes of building, specifications, technical
seminars, technical information services, and publications. The agreements
ensured meetings among the representatives of these parties focusing on the
exchange of technical expertise supporting the activities related to building codes
and the promotional activities of technologies, research, publications and services
(IHS 2007). Therefore, the recent actions of the kingdom of Saudi Arabia
demonstrate their belief that developing regulations and standards are very

important issues.

2.2.1 Use of Building Regulations in Gulf Countries

News in the year 2011 reflects on the plans of the Gulf nations which include: Saudi
Arabia, Qatar Kuwait, Bahrain, Oman and the United Arab Emirates to have
unified codes of building. Standardization has been considered in terms of
temperature measurement, humidity and electrical quantities, thus focusing on their
approval. The Gulf mass measurements have been referenced from the

measurements that were maintained as standards by Dubai Central Laboratory in
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the UAE (Lahn, Stevens and Preston 2013). Gulf countries like Dubai are
concerned with the building regulations - the Green Building Regulations and
Specifications in the Emirate of Dubai- with the intention of improving the
performance of the constructed buildings. Such regulations have been expected to
reduce the consumption of energy, water and other resources, accompanied with
the improvement of the public health as well as public safety and general wellbeing
(Dubai Municipality 2010). Green building that practices the creation of structures
and use of processes intending to increase the effectiveness of use of resources like
energy, water, and materials, at the same time reducing the impacts of building on
human health and the surroundings. Moreover, green buildings are focusing on
other issues such as lifecycle of the building, with the use of enhanced design,
construction, operation, maintenance, and removal. Recently Gulf countries are
taking in consideration different strategic plans to adopt the green buildings

concept such as Dubai city.

On the other hand, the capital city of United Arab Emirates Abu Dhabi established
their own rating system, the Pearls Rating System for Estidama for buildings, villas
and neighbourhoods (Elgendy 2010). Pearls referred to the previous system such
as the British BREEAM rating system and the American LEED rating system. This
rating system was established to understand and respect the environment and the
cultural of Emirates (Elgendy 2010).

The country focuses on making use of building regulations for the sustenance of
urban environment thereby enhancing the ability of the country’s infrastructure
facilities considering the future development of the country. These regulations have
been applied to all buildings in the Emirate of Dubai (Dubai Municipality 2010).

2.2.2 Availability of Using Different Regulations

BREEAM (Building Research Establishment Environmental Assessment Method)
and LEED (Leadership in Energy and Environmental Design) are widely
recognized environmental assessment methodologies that are used worldwide in
the building construction industry in the present times. BREEAM 2008 that
replaced BREEAM 2006 is used for the assessment of buildings in the current
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times. Percentage scores and BREEAM rating are accordingly presented for the
tests of the buildings. Certain mandatory ratings have also been set. Considering
LEED, prerequisites have been set by the methodology before the mandatory
ratings of the BREEAM as reflected through LEED 2009. There is a competition
between both the methods that has led to enhanced development of building

standards, and innovation (Inbuilt 2010).

BREEAM has had several revised versions since it first came into place in 1990.
These revisions have been focused on the changes in the building regulations and
the BREEAM methodology now intends to set the standards accordingly. “The
BREEAM system is a rating tool that has specific formats for a range of buildings
allowing it to be capable of meeting the different functions of key building types”
(Kirkpatrick 2009).

Considering the standards maintained by LEED, the continuing use of fossil fuels
has distorted the scoring of the system. The cost of the system is considered to be
high. However, the rating will help to save more but over period of time. LEED is
a measurement tool that still needs certain improvement in addressing the climate
specific issues without which buildings may score even if they are not up to the
standards (Kats et al. 2003). In fact, lots of efforts should be directed toward to
develop national and regional green building standards adapted to local climatic
and cultural conditions in the kingdom. Table 2.1 gives an example of three green
building codes that can be adopted in Saudi Arabia and considered as a starting

point for the future.

Table 2.1: Green building ranking schemes (Elgendy, 2010).

B

Site selection and Natural systems 16% | Site Selection and ecology 20.5%| Site Selection 24.5%
Water 25% | Water 2.5% | Water 5.5%
Energy 25% | Energy 33% | Energy 33%
Materials 16% | Materials 13.5%| Materials 13.5%
Indoor Environmental Quality 20% | Indoor Environmental Quality 13% | Indoor Environmental Quality 14%
Innovation 2% Innovation 6.5% | Innovation 6.5%
Integrated Design Process 7% Facility management 12% | Regional Priority 4%
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2.3 Residential Buildings in Saudi Arabia

According to a survey done by Alaidroos and Krarti, approximately 40% of the
existing residential buildings are categorised as villas (i.e., detached single family
houses), with apartment blocks accounting for 35% and duplexes 12%. Thus, in
Riyadh, detached family homes account for two fifths of the available residential
buildings. Improving the energy performance of these building could therefore
have a significant effect on reducing the overall energy consumption of the Saudi
building sector (Alaidroos, and Krarti, 2015).

Saudi residential buildings are categorised in different types such as villas,
traditional houses, apartments, floor in villa housing and other types of housing
(table 2.2). In 2004, Saudi and non-Saudi households living in villas and traditional
houses were 46.2% and households living in apartment or floors represented 47.4%
of the housing stock. The vast majority of housing stock consists of small units.
Residential units consisting of one or two bedrooms represent 64.3% of the total
housing stock; those of three bedrooms 19.1%; and larger units (more than three
bedrooms) 16.6%.

Table 2.2: Information about housing unit types in the kingdom from 1992 until
2004 (Ministry of Economy and Planning 2014).

Change ver

1 200 1992—2%04 ?x;;::;g'f

Hozz;z;ﬁni ¢ ’ Relative Relative , Relative G}r{:\::h
Number Share  Number Share Number Share (%)

(%) (%) (%)
Villas 454365 16.4 729780 18.3 275415 22,6 4.0
Traditional Houses 909005  32.7 1114456 279 205451 16,9 1.7
Apartment 847233 30.5 1505429  37.7 658196  54.2 4.9
Floor inVilla or

Building 241317 8.7 386911 9.7 145594 12,0 4.0
Other Housing 325002 11.7 255207 6.4 -69795 5.7 -2.0

I]‘l’l‘:'s‘ occupied 2776922 100.0 3991783 100.0 1214861 1000 3.1

A demographic survey carried out in 2007 indicated that around one-third of Saudis

reside in apartments and only around one third of these own their own flats, this is
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in contrast with the ownership ratio of 85% for villas and 79% for traditional
houses. In Saudi Arabia, housing costs the most in Jeddah, very few are able to
afford the luxury of owning a house in Jeddah. As per Jeddah Urban Observatory,
around 40% of the residents own their homes in the Red Sea city and around 52%
of the residents rent their living space. Figure shows that one third of Saudis live
in apartments (Banque Saudi Fransi 2011). The following figures 2.1 confirm that

one- third of Saudis live in apartments.

One-third of Saudis live in apartments

Other
%

Apartment
3%

Floor in a villa
Souce: 2007 dats, 2007 Demographic Survey, COS Vilia 26% 1%

Figure 2.1: The Saudi residential categories (Banque Saudi Fransi 2011).

As per the latest (2007) official data released around 62% of Saudis own their
homes. Excluding traditional houses, which exist in significant proportion, the
Saudi home ownership drops to around 36%. Traditional houses those are built up
of mud-houses, shacks are considered to be poorer in quality and building standards
especially in comparison to other types of houses and these are not actually liveable
units. These differences display the variations in house ownership in Saudi. It is
believed that home ownership stands near the forty per cent mark (Saudi Gazette
2012). Owing to the fact that the rented units outnumbered the owned units, this

demand led to the increase of rentals by around7% between 2010 and 2011.
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2.3.1 Housing Affordability in Saudi Arabia

There are numerous factors those have led to an unprecedented growth in Saudi
housing market. Some of these factors include, increase in the Kingdom’s GDP,
increase in population growth rate, increasing labor force, enticing options for
financing. Besides these factors, increase in per capita income in Saudi has further
boosted the housing market in the Kingdom.

Flip-side of such an encouraging picture of housing market is the deficiency of
affordable houses, the more so there is limited ownership of villas by Saudis.
Furthermore, since the land plots are high in demand in the Kingdom, their prices
are abnormally high where by affording them becomes a distant dream for many

Saudi citizens and developers.

It is a foregone conclusion that housing market is one of the cornerstone for
development and advancement of Saudi economy. Even though, there exist
numerous challenges and constraints, these cannot overshadow the potential for
growth of this market. The need for quality housing, especially cost effective
housing has been growing more steeply. Rapid and consistent migration of
populace to the three Saudi regions namely — Makkah, Riyadh and Eastern
Province has led to the increase in the pressure on the developers and financial
institutions for making provision of such migrations. These regions have outgrown
the other regions in Saudi (Saudi Gazette 2012). At present housing in these areas
is focused around the existing population, housing development and the options
available for financing. Around 66% of the residents are based in these three
regions and the number of occupied properties in these regions represents around
two-thirds of the Saudi Arabian population as shown in following figure 2.2 (Saudi
Gazette 2012).
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Saudi population growth highest in urban areas
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Figure2.2: Saudi population growth highest in urban areas (Saudi Gazette 2012).

2.3.2 Average Size of Saudi Household

Estimates indicate that the majority of the Saudi population is under 30 years of
age (Alrashed, and Asif 2014). Another interesting observation confirmed that
around 66% of the Saudi population is aged below 30 years, in other words it forms
the majority of Saudi population and it also includes around 47% out of the 66%
are below 20 years of age (Saudi Gazette 2012). These segments fuel the demand
as they step into marrying age and this is the age when they start breaking from
extended family lifestyle. Similar change in cultural norms led to the decrease in
average size of household. It has been forecasted that the average household in
Saudi would drop to around 5.28 persons per house by 2020 as shown in the

following figure
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Average Saudi household 6.1 people in 2004
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Figure 2.3: Average Saudi household 6.1 people in 2004 (Saudi Gazette, 2012).

The total number of houses is expected to increase from 4.6million units in 2010
to around 7 million units by 2020, annual demand would increase from around
195,000 units in 2011 to 264,000 units by 2020. (Saudi Gazette, 2012).

In fact, Alrashed and Asif in 2014 confirmed that if the country wants to satisfy the
requirements of the continually increasing population, it must construct 2.32
million new homes by 2020.

2.3.3 Residential Cost

The living rental cost has been on the rise annually and since 2008. Profits from
residential buildings in Jeddah and Riyadh range between 8-10%. This can be
attributed to the notion that property developers and owners are unwilling to exit
the rental markets until an imbalance involving the unit’s affordability by people

and the type of units that is at their disposal is created.

To depict the aspect of cheap homes in KSA, by comparing it to the United States
indicates the growing gap between house prices and income. In this scenario, the
“median household income” within the United States stands at 50,221 dollars,

whereas the average house pricing is about 168, 000 US dollars. This implies that
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the ratio of affordability for housing-income is 3:4. This can be attributed to the
notion that the average cost of a home is 3.4 times the country’s annual average
income. In contrast, Saudi Arabia’s average income is about 18,851 US dollars and
according to GOSI (General Organisation for Social Insurance), while the cost of
a home is averagely about 144,000 US dollars. This shows that the ratio for housing
affordability is 7:6 (Saudi Gazette 2012). Figure 2.4 below provides an illustration
on the housing units occupied in 2012,

Other, 8.5%

Source: CDSI, NCB Estimates

Figure 2.4: Occupied Housing Units by Type (2012) (Banque Saudi Fransi 2011).

The average pricing for an affluent apartment within the 12 districts of Dhahran,
Dammam, Khobar, Jeddah and Riyadh was 485,833 Saudi Riyals (however, for the
small villas, the cost was 1.06 million Saudi Riyals or 192,720 Sterling Pounds).
Generally, most Saudi families have a preference for villas than apartments, but the
capacity of affording such luxuriant houses is increasingly becoming complex. In
Riyadh, the cost of small sized villas rose by 19 percent to 1.23 million Saudi Riyals
(223,636 Sterling Pounds), whereas in Jeddah, the cost increased by 17 percent to
1.54 Saudi Riyals (280, 000 Sterling Pound). In Eastern Province, the cost of small
villas was 768,000 Saudi Riyals (139, 636 Sterling Pounds). Such price increments
is an indication that cultural preferences for larger homes exists, thus developers

should take this into consideration. Moreover, attention should be directed to land

27



prices because it is a factor that influences affordability (Banque Saudi Fransi
2011).

2.3.4 Residential Construction

As per a report from the Saudi Gazette in 2012, based on the assumption of high
growth rates, by 2020 the residential construction sector would touch SR650 billion
(Pound sterling 118 billion). The gross total expenditures will reach SR900 billion
(Pound sterling 163 billion) following factoring in the allocation of SR250 billion
(Pound sterling 45 billion), thus the overall deficit would be SR400 billion (Pound
sterling 72 billion) to meet the SR1.3 trillion in the housing expenditure (Saudi
Gazette 2012). The housing sector is also expected to witness a contribution in the
investments from the public as well as private sectors. As per industry’s estimates
to develop 2.4 million additional housing units between 2011 and 2020 the industry
needs around SR1.3 trillion (Saudi Gazette 2012) and it translates to an average
annual outlay of SR 130 billion. On a macro level current investments in housing
sector can be assessed by gauging the Gross Fixed Capital Formation (GFCF)
expenditures in residential construction. Since the residential expenditures have
reached nearly SR 43billion in 2011 the total GFCF for the period 2011 to 2020 is
expected to touch SR 650billion. Even after considering recent allocation of SR
250 billion by the Government for the housing sector the figure falls short of the
total investment that is SR 1.3 trillion (Saudi Gazette 2012).

In order to plug the gap of SR 400 billion that is required to meet the housing
demand, additional investment from private public sectors would be essential
(Saudi Gazette 2012). The concentration of housing in Riyadh, Jeddah and Eastern
Province is primarily based on population, housing development and the available
financing options (Saudi Gazette 2012).

In order to ease the pressure that builds up because of the increasing prices of
apartments and villas, there is an urgent need for new single family homes for
middle and low-income population in the areas where they are most required.
Currently the Government is working on various fronts for alleviating supply
constraints, last month the government dedicated SR 55 billion (USD 14.7 billion)
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for programmes to facilitate lower income population to buy homes (Banque Saudi
Fransi,2011).

In order to finance construction of 500,000 new units the King called General
Housing Authority to allocate SR 250 billion. Till 2015 the private and public
developers are required to build about 275,000 units annually, in all these would
be amount to around 1.65 million homes over six years and these would address
the needs of population that has doubled since 1988 and it is growing at a rate of

2% annually (Banque Saudi Fransi 2011).

The government has set a target to raise ownership among citizens to 80% and this
would be achieved by boosting supply of affordable housing and enabling a wider

spectrum of financing options for citizens as shown in the following figure 2.6

Housing demand in Saudi 2014 development plan
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Figure 2.6: Housing Demand in Saudi 2014 Development Plan (Ministry of
Economy and Planning 2014)

In the Ninth Development Plan from 2010 to 2014 (Ministry of Economy and
Planning 2014) that is a far-reaching economic and social development
programme, the demand estimate of the Government rests at 1.25 million, 250,000
per year. The Ninth Development Plan also estimates investments to the tune of
USD 400 billion.

At the rate of 2.23% population growth through 2013, the State is expecting the
Saudi households to grow by 750,000 hence spelling the need for 800,000 new
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homes to be built. Besides these, the Ninth Development Plan is indicative that
around 200,000 housing units would also be needed to address the need of non-
Saudi population, the Plan has highlighted that to ease rental inflation there is a
need for 110,000 units to be built. Furthermore, there is a need for around 140,000

new units to replace the current ‘dilapidated housing units.’

As per the Government’s estimates, Makkah Province includes Red Sea port city
of Jeddah with 370,000 units and then there is the Capital City of Riyadh with
325,000 units. The new demand majorly comes from Jeddah, Riyadh, Eastern
Province and Madinah and it amounts to three quarters. The case of Jeddah is
interesting for the fact that in the city the occupancy rates exceed 95% and the
reason for such an overwhelming figure is due to damage caused by floods (Banque
Saudi Fransi 2011).

The Government is anticipating to increase the number of units by one million by
2014, this would amount to a deficit of 20%. It has been estimated that in order to
achieve 200,000 new units per year the pace of construction needs to be stepped up
by 66%. It is worth inclusion that during the Eighth Development Plan (2005-2009)
in all 120,000 new units were built per year and this figure was twice the amount
of units those were added in each of the preceding five-year plans. In all these three
cases in point the construction targets could not be met (Banque Saudi Fransi
2011).

In the last decade Saudi population has drifted towards urban centres. Between
2001 and 2007, in Riyadh the Saudi population increased by 23% this was the
highest rate of growth in the country, as regards the non-Saudi population in
Riyadh, the growth rate was 24%. At the same time in smaller towns like Al-Baha
the Saudi population reduced by over 22%, in the case of Asir and Hail, the
population growth was lower than 5%. This pattern is adding lot of strain on
housing supply in urban centres. Increase in the influx of expatriates also adds to
the increase in rentals. Another important factor is the size of families in urban
areas the size of the families is smaller. As per 2004 census in Saudi the average
size of the household was 6.1 and the family size in smaller cities and villages
surpassed the national average. In Al-Jouf and Northerm Borders, the size of the
household was 8.4 and 8 members respectively where as in Riyadh the household

size was 6.2, in Makkah it was 5.1 and Madinah had 5.1 as its household size. It
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has been anticipated by Riyadh Development Authority that in next decade, the
average family size in Riyadh would fall to 5.7. The 2010 census data is yet to be
released (Banque Saudi Fransi 2011).

In the coming years, it would be extremely crucial to control the rise in property
prices and this would be possible by meeting the building targets. It is expected
that the private sector would chip in. As per the Ninth Plan, the private sector firms
are expected to build 61% of new homes in Riyadh and 62% in Makkah. The
distribution of the housing units to be built, 66000 units would be built by the
Public Housing Authority and REFF would finance the creation of 109,000 housing
units and 90,000 of these units would be financed. The government agencies would
also be building 50,000 units for their employees. Over 26 million sq. meters of
land has been dedicated to the private sector funding for housing projects on which
775,000 residential units would be constructed (Banque Saudi Fransi 2011).

2.4 Energy and Natural Resource Crisis in Developing Countries

If there is no sustainable management of non-renewable natural resources (e.g. oil,
natural gas and coal) to ensure their existence for future generations, they are at
risk of being consumed over the next 40 to 200 years. The availability of natural
resources in a country can offer economic prosperity and a better standard of living
for its populations, for example oil has generated wealth for Saudi Arabia and
transformed it from a tribal desert country into one of the world’s principal oil
producing and exporting countries (Al Surf, Susilawati and Trigunarsyah 2014).
A common theme running through the literature on sustainability is the importance
of preserving and managing natural resources for future generations (Al Surf,
Susilawati and Trigunarsyah 2014).

Natural resources can be preserved by applying and adopting sustainable
construction methods. Developing countries have an opportunity to implement
these concepts of sustainability while projects are still under development. Saudi
Arabia is one of the developing countries in Asia, and applying sustainable

applications and systems to the built environment at this stage could help preserve
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the country’s natural resources for future generations (Al Surf, Susilawati and
Trigunarsyah 2014).

Environmental challenges facing the Kingdom of Saudi Arabia:

 Poorer air quality in urban areas

« High energy demand and consumption resulting from regional population
growth and economic development

» Anxieties about safe drinking water supplies due to a lack of fresh water

* Industrial pollution

* Waste management

2.5 Challenges Facing the Electrical Energy Sector in Saudi Arabia

There are several difficulties facing the Saudi electrical energy sector, the most
important of which fall into three categories: technical, financial, and socio-

economic.

2.5.1 Technical Challenges

The technical problems entail the frequent and seasonal differences in the
consumption of electricity caused by weather changes. Such differences are mainly
caused by air-conditioning loads, especially in areas that experience hot weather.
Additionally, the worst distribution of loads is experienced where many loads are
commercial or residential because this compels utilities to perform below required
levels: the generators operate on part load, thus necessitating the use costly and
ineffective gas turbines for satisfaction of peak loads. The scenario worsens in
summer daytime hours as the demand for the peak load occurs when highest
temperatures set in, leading to efficiency and output power decline. Different
alternatives such as heat storage systems, heat insulation installation and consumer
incentives might be utilised in addressing the situation (Khan, Abdo and Al-
Ghabban 2015).

During the summer heat, the low production capacity reserve level might pose

another challenge. For instance, in 1998, the “peak load” came near the installed
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capacity. Furthermore, lack of qualified technicians, engineers and managers in
energy-efficient fields is a problem. Additionally, lack of a central body for
adopting and implementing a countrywide energy-efficient approach exists,
leading to absence of building codes, legislation and standards (Khan, Abdo and
Al-Ghabban 2015).

2.5.2 Financial challenges

The demands of the “supply system” can be met by expanding it; this requires
considerable capital investment, especially because of the expensive nature of the
electricity distribution, transmission and generation system. The overall cost
required to meet the demand might reach 90 million US dollars by 2023. Unlike in
the private sector, the current low tariff cannot allow investments recovery or
investors to make significant profits. Another problem lies in the absence of
investments in energy-efficient initiatives, by monetary institutions; the absence
could be blamed on the high investment risks associated with new technologies.
Additionally, Saudi Electricity Company (SEC) has been acquiring loans
(amounting to 1667 million US dollars to finance the development of new power
generation facilities; this becomes a huge problem, particularly when it delays
supply systems that are earmarked for expansion and the rural electrification
program. Another drawback that faces electricity utilities exist in the inefficient
techniques of charging clients. Finally, the tariff designers disregarded the
environmental expenses (Khan, Abdo and Al-Ghabban 2015).

2.5.3 Socio-economic challenges

Currently, power consumption has increasingly become wasteful thanks to the
existing low energy costs. It is imperative to sensitize the utility workers,
technicians and the public on the potential benefits of energy effectiveness and
savings that will emanate from particular practices and technologies. Economic and
social growth is contributing to the rapid rising demand; however, the present “high
living standards” amongst the population present a major problem in the electricity

industry to respond to the demand. Notably, the rapid annual growth in population
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(3.7 percent), which is amongst the highest globally, is directly related to the
increase in demand for power (Khan, Abdo and Al-Ghabban 2015).

The “government’s policy” concerning tariff regimes entails maintaining
affordable costs for user services to promote economic and social welfare.
However, the policy is not consistent with privatisation, particularly in rural
regions that are less populated and the costs of distributing, transmitting and
generating electricity are extremely high. In such regions, the costs of generating
electricity may surpass by four times those for urban regions, whereas power
distribution cost could surpass ten times (Khan, Abdo and Al-Ghabban 2015).

2.6 Energy Efficiency in Saudi Arabia and Worldwide

Policy makers consider energy efficiency and conservation as urgent social
objectives, and previous research has demonstrated the impact of public awareness
on changing bad habits to positive habits. At present, the energy efficiency situation
in Saudi Arabia is problematic and largely neglected. An increasing energy demand

and less efficiency in Saudi Arabia are the result of a number of factors, namely:

The problem of excessive consumption and waste in Saudi Arabia is aggravated by
both energy-intensive industries and an energy-intensive lifestyle in buildings and
transport, which is further encouraged by low energy prices, a high rate of
population growth and economic development and a lack of public awareness.
Currently, Saudi Arabia is consuming more energy than other countries
(approximately 2.8 million barrels per day). With Saudi Arabia’s annual energy
consumption increasing twice as fast as GDP, the energy consumption level is
unsustainable. Furthermore, there is an increasing demand for its own oil and gas,
which is growing at around 7% every year. In comparison to other countries with
higher populations, Saudi Arabia uses more energy per capita (Khan, Abdo,and Al-
Ghabban, 2015).
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2.6.1 Benefits of Energy Efficiency

Energy efficiency helps to decrease both energy consumption and negative
environmental impacts, thus increasing energy efficiency results in numerous
national and international benefits. On a national level, economic growth is a
priority for Saudi Arabia, and studies show that improved energy efficiency can
enhance productivity, increasing growth and decreasing inflation. Improving
energy efficiency in Saudi Arabia can also contribute to energy security goals by
reducing both energy consumption and energy production. Moreover, new
employment opportunities will be created through the transition to a new energy
efficiency model in the country. On an international level, implementing energy
efficiency measures offers many benefits, notably a reduction in carbon dioxide
emissions, and a significant contribution to Climate Change Mitigation, resource

management and energy prices (Khan, Abdo, and Al-Ghabban, 2015).

2.6.2 Consumer Behaviour in Saudi Arabia

Energy consumption behaviours in Saudi Arabia based on routine, “emulation” and
consist of many negative habits. For example, it is normal for Saudi households to
leave both inside and outside lights on when not needed, and to leave the television
on when not being used and to leave electrical appliances on standby mode, with
no consideration of the environmental impact. Furthermore, positive energy
efficiency habits (e.g. switching off lights in unoccupied rooms, only using the
dishwasher when it has a full load) are associated with elderly people and a sense
of embarrassment in Saudi culture (Khan, Abdo, and Al-Ghabban, 2015).

This highlights the complex nature of behaviour among Saudis and the difficulty
of changing habits as there is a lack of understanding of the concept of
sustainability. The Arabic word for sustainability (Estidaama) has only recently
been applied in this context in Saudi Arabia. As public education campaigns must
be context- and culture-specific, a Saudi campaign would have to make the case
that a new pricing system would raise living standards among the poor and create
more jobs (Khan, Abdo, and Al-Ghabban, 2015).
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2.6.3 Power Generation

The electricity production capacity of Saudi Arabia is 44, 485MW, which is met
by natural gas (43 percent) and oil (43 percent) (Alrashed and Asif 2014). After the
oil price fluctuations, natural gas has experienced a rise in terms of contributing to
electricity generation (from 37 percent in 2007 to 43 percent in 2009). The demand
for electricity in KSA is rising rapidly, having escalated by 6 percent annually since
1990. According to the statistics, as well as from population and economic growth,
the main energy demand is expected to escalate by 50 percent in 2020, compared
to 2008. Moreover, the “per capita electricity consumption” is on the rise as well
because of several factors that include higher consumption by energy-intensive
appliances, subsidised tariffs and urbanisation. By 2025, the sector is expected to
have a double demand (Alrashed and Asif 2014). The rapid demand growth is
largely because of an inefficient electricity use that is in turn linked to highly
reduced tariffs. For response to the growth in electricity demand, Saudi Arabia
should come up with better mechanisms that not only increase the capacity of
power generation but also enhance energy efficiency within thin the residential
sector. An assessment of the building sector reveals that many projects being
undertaken are residential housing aimed at meeting the demand of new homes;
according to the Ministry of Municipal and Rural Affairs statistics, majority of
construction licenses granted in the KSA are meant for residential housing
(Alrashed and Asif 2014). Saudi power generation may be understood through the
figure below.
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Figure 2.7: Electricity generation by fuel in Saudi Arabia (Saudi Arabia Energy
Issues 2012).

The KSA has chosen crude oil, fuel oil or plants burning for production of required
electricity and gas plants. In contrast, the process of developing refineries would
result in the reduction of fuel oil consumption. This would in turn reduce the
available supply for the power plants. For the crude oil, the study showed that the

expense for burning such type of fuel was equivalent to the global market price
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(Hertog and Luciani 2009). The existing generation capacity between 2005 and
2008 in the KSA is indicated in figure 2.8:
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Figure 2.8: Available generation capacity in Saudi Arabia (Alyousef and Abu-ebid
2012).

2.6.4 Electrical Demand and Consumption in Saudi Houses

According to Ronald McCaffer (professor of construction management at
Loughborough University), the latest electricity (energy) situation in KSA indicate
that the cost energy is affordable in the Gulf region. Because of the affordable
prices of energy coupled with hot weather conditions, Gulf countries depend on
air-conditioned buildings (The Economist Intelligence Unit Limited 2010). The
total energy consumption from 2000-2020 in the Middle East is illustrated in table
2.3.
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Table 2.3: Energy consumption totals, millions tons of oil equivalent, GCC
countries, 2000-2020 (The Economist Intelligence Unit Limited 2010).

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
BOAHBOOYEO0000 000

Country
Bahrain 86 B9 93 06 98 107 114 120 127 132 138 143 149 154 162 168 175 183 1.0 199 207
Kt 206 209 210 228 239 275 26.9 281 298 305 3L7 330 343 356 309 384 309 414 430 445 464
(man g6 &7 01 9.0 96 123 141 145 153 161 171 181 10.2 203 215 228 242 257 2.2 28.8 30.6
(Qatar 146 1013 109 132 159 107 211 235 264 29.2 35.2 414 453 489 525 %9.2 657 720 79.1 811 963
SauiArabia 114.6 1213 127.1 133.9 144.2 153.2 160.1 169.0 179.1 187.8 198.0 208.8 220.5 233.0 246.2 260.0 274.5 289.9 306.2 323.4 341.6
UAE 425 431 468 477 503 524 55.9 605 663 6.0 701 737 778 822 870 91T 96.7102.2 1079 1139 120.2
G(CTotal  210.4 214.3 225.3 236.1 253.8 275.8 289.6 307.6 329.6 343.9 365.8 389.3 412.0 435.4 460.5 488.9 518.5 549.5 582.4 617.7 635.7

In KSA, the overall electricity consumption was around 212,263 GWh (Gigawatt-
hours) in 2010 and the demand for electric energy has been rising, with an
estimated increase standing at 2015.7 GWh annually (Al-Ghamdi and Al-Feridah
2011). Indeed, each sector in KSA uses significant quantities of electricity
annually; however, residential housing units are highest consumers, with 108,627
GWh (67 percent) of the overall consumption being used as illustrated by figure
2.7 (Al-Ghamdi and Al-Feridah 2011).

29310 24514
18% 15%
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M Residential
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Figure 2.9: Energy consumption by different sectors in the Kingdom of Saudi
Arabia in 2010 (Al-Ghamdi and Al-Feridah 2011).
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The demand for electricity in residential buildings in Saudi Arabia may be grouped
into several areas that include the power demand in Saudi Residential buildings can
be categorised into principal areas: lighting, water heating, air conditioning,
appliances and other sources, with air-conditioning accounting for the majority of

consumption (figure 2.8)

Saudi Residential Power
Demand Split

B slrconditioning ™ Appliances ® Lighting ® Water Heating ® Other

Figure 2.10: Saudi residential power demand split (Zawya 2012).

A government funded survey established that about 60 percent of the overall energy
consumed during summer is utilised for air-conditioning appliances (Alrashed and
Asif 2014). According to the Ministry of Water and Energy in Saudi Arabia, energy
consumption within the kingdom has experienced a 35 percent rise in the last 2
decades, mainly because heavy usage of air-conditioners during the summer
period. Therefore, it is important for KSA to improve electricity consumption
behaviours within residential houses before proceeding to energy effective
buildings.
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Indeed, KSA has emerged as the highest energy consumer with an energy
consumption increasing to about 3 million equivalent barrels per day (ebpd) from
2.92 ebpd, as indicated by OAPEC (Organization of Arab Petroleum Exporting
Countries) report. Oil products have been found as the key component of the energy
mix as consumed by the country (Saudi Gazette 2011). Therefore, electricity
provision for residential building is a major problem that Saudi Arabia is still
struggling to overcome, with experts warning that the demand will reach 120 GW
in 2050; this implies that 8 million barrels would be required on a daily basis. The
high fossil fuel demand would exert pressure on not only Saudi Arabia by the entire
globe. In 2012, KSA led as the global main producer as well as exporter of
petroleum liquids; in 2009, it was ranked position 13 in terms of large total globally
energy, of this, petroleum-based energy accounted for 60 percent (Al Surf,

Susilawati and Trigunarsyah 2014).

In the past few years, the KSA’s per capita oil consumption has been the highest
than other countries, with 4 million oil barrels consumed every day; this translates
to an annual consumption of around 1.5 billion oil barrels, which means every
household consumes 48 oil barrels annually. In contrast, the United States
consumes 9 oil barrels annually, whereas the consumption for Japan is 5 oil barrels
annually. Lack of conservation and preservation has characterised the consumption
of KSA’s premier income source; the situation iS worsened by lack of alternative
means of transport in Saudi Arabia. In many countries, large quantities are
consumed by buildings, but in KSA, 80% of energy generated is used in housing,
with air-conditioning consuming 70% of the energy. The excessive energy
consumption in the KSA can be attributed to two factors: first, Saudi Arabia lacks
stringent regulations that usually help constructors to adopt a particular insulation
design that is consistent with conservation of energy; secondly, there are no specific
laws that regulate the installation of cooling systems utilised in buildings, thus
contributing to extravagant energy consumption (Al Surf, Susilawati and
Trigunarsyah 2014).
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2.6.5 Causes Leading to Increased Demand for Power and Electricity in
Saudi Arabia

Saudi Arabia was the largest global producer and exporter of petroleum liquids in
2010. Russia was the only country, which could be compared to it in terms of crude
oil production. The economy of Saudi Arabia is largely dependent on production
of crude oil; 80-90% of the country’s income derived from revenues associated
with production and export of oil. The KSA has focused on expanding oil

production because the targeted production is already attained Aljebrin 2014).

Studies show that the increasing energy demand in Saudi Arabia may be caused by
several factors: the rapid population growth that stands at 3.2 percent annually
(Ministry of Planning 2010), the increased power connections to many clients, the
industrial development and various development projects such as rural
electrification. Additionally, consumer’s behaviour could be attributed to low
energy costs, which encourage higher energy wastage levels, thus contributing to
the rising energy demand being experienced (Obaid 2011). A total energy quantity
of 114, 161 GWh was consumed by users, and at the close of 2010 this had
escalated to 212, 236 GWh indicating an 8 percent (SCECO 2010). The rise in
energy consumption from various sectors from 2000-2010 in KSA is illustrated in
table 2.4 below.

Table 2.4: Increase of consumption of electric power from 2000 to 2010 in Saudi
Arabia (Al-Ghamdi and Al-Feridah 2011).

2000 (GWH) 2010 (GWH) Increased (%)
Residential 56,063 108.627 93.7
Commercial 9,969 29310 194.0
Governmental 13.896 24,514 76.4

It is clear that increasing demand for electricity in Saudi Arabia is caused mainly
by households. Enhancing changes in behaviour to decrease the consumption of
electricity is a difficult exercise, and on the other hand, increasing production of
electricity is an easier alternative (Hertog and Luciani 2009). Another illustration

for the increasing electricity consumption from various sectors that include
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residential, commercial, governmental, industrial and agricultural sectors in KSA
from 2002-2006 is indicated in figure 2.9.

SAUD ARARIA'S NATIONAL ENERGY EFFICIENCY FROGRAM
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over the period 2002 to 2006,
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Figure 2.11: Growth of energy consumption by sector in Saudi Arabia 2002-2006
(Hertog and Luciani 2009).

In summary, it can be inferred that the major causes of increased electricity
consumption in Saudi Arabia in the last 10 years are: an increase in infrastructure,
building projects and industrial city projects, a rapid growth of population at 3.2
percent (Ministry of Planning 2010), lack of knowledge amongst builders coupled
with lack of an energy-saving culture in buildings; and finally, the effect emanating
dynamic culture regarding the energy efficiency and design (Al-Ghamdi and Al-
Feridah 2011).
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2.6.6 Energy Efficiency and Carbon Dioxide in Saudi Buildings

The establishment of SAEEC (Saudi Arabia Energy Efficiency Centre) is
considered a major feat. The centre’s responsibility will entail overseeing
technology efficiency as well as conservation policies required for energy
performance. The NEEP (National Energy Efficiency Program) came up with 8
objectives in 2008 aimed at reducing electricity demand and consisted energy audit
services, offering assistance to the industry, effective consumption of fossil fuels
such as gas and oil, efficiency standards and labels for application, construction
codes alongside technical guidance and management. The consumption of energy,
particularly electricity in Saudi Arabia has been rising significantly in recent years.
The highest demand has been experienced in agricultural, services and residential

sectors (The Saudi Energy Efficiency Center 2012).

The carbon dioxide (COz) and energy patterns in KSA indicate that energy
consumption in the country is increasing at a faster rate compared to its Gross
Domestic Product (GDP). This has in turn increased the major and overall energy
demands, which differs from the existing pattern observable in various countries
globally. Notably, this pattern can be attributed to the country’s development
dependency on energy demanding industries, alongside living standards that rely
heavily on energy consumption in transport and buildings, which is further
influenced low energy costs (The Saudi Energy Efficiency Center 2012). Carbon
dioxide (C02) emission changes between 1990 and 2011 in various countries
including the KSA are illustrated in table 2.5 (Olivier, Janssens and Peters 2012).

44



Table 2.5: CO, emissions in 2011 (million tonnes CO,) and CO,/capita emissions,
1990-2011 (tonne CO,/person) (Olivier, Janssens and Peters 2012).

Country Emissions Per capita emissions Change Change ChangeinCO, Changein
2011 1930-2011 1990-2011  1990-2011  population
1950 2000 2010 2011 in % A%  1990-2017,
in%
Annex [*

United States 5420 197 20.8 17.8 17.3 2.0 -12% 9% 19%
EUz7 3790 9.2 84 T8 15 1.7 -18% -12% 6%
Germany 810 129 s 102 99 -3 -23% 21% 4%
United Kingdom 470 103 9.3 B.1 f.3 -2.8 -21% -20% 8%
Tiaky a0 7.5 8.1 6.9 6.7 -0.8 -11% -1% %
France 360 6.9 £.9 6.1 ar -1.2 -17% 1% 10%
Poland 350 8.2 i3 BB &1 0% 1% 1% 1%
Spain 300 59 i.6 6.3 6.4 05 8% 2¥h 16%
Metherlands 160 108 10.9 10.5 48 -1 I % 11%
Russizn Federation 1830 1585 13 124 12.8 5.7 -22% -23% 1%
lapan 1240 9.5 10.1 10 0.8 0.3 1% o 3%
Canada 560 16.2 179 16 16.2 ] 0% 20% 19%
Australia 430 160 18.6 178 15.0 3 15% 3% 20%
Ukraing 320 144 i ol il 1.8 -32% -58% -10%

Non Annex |
China 9700 2.2 2.8 6.6 i 5 221% 287% 15%
India 1970 08 1.0 1.5 16 0.3 100% 198% 30%
South Korea 810 59 91 122 124 6.5 110% 141% 1%
Indonesia 490 09 1.4 2 2.0 1.1 122% 210% 20%
Saudi Arabia 460 10.2 13.0 15.8 16.5 6.3 fi2% 181% 3%
Brazil 450 15 2.0 2.2 23 0.8 53% 106% 20%
Mexico 450 3.7 18 39 i 0.2 3% 5% 27%
Iran a0 3.7 5.2 54 55 1.8 5% 100% 27%
South Africa 360 T3 6.9 i.l i -0.1 1% 35% 27%
Talwan 270 b.2 103 1.1 1.8 5.6 90% 119% 13%
Thailand 230 16 2.1 3.3 33 1.7 106% 135% 18%

2.6.7 Energy and Technology

The use of energy and technology can be reflected through the school building
designs in the country. Passive cooling and energy conservation design strategies
have been implemented in the school buildings in Riyadh which is the capital city
of the country (Abanomi and Jones 2005). Building envelope designs have also

been considered in several schools in the country that disconnects the outer
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environment from the inner environment of a building. This considerably affects
the thermal performance of the building allowing energy efficiency as well as
comfort for the residents of the building (Al-Rubaih 2008). Retail stores and
supermarkets in the country are also modelled in a manner such that the energy
consumption can be reduced, decreasing the costs of power and energy as well
(Alzain, 2006, pp.19-33). Even in single family houses, measures have been
initiated towards having a possible energy saving and saving of power and
electricity through the appropriate use of thermal insulation in the buildings
(AlGhamdi and Al-Feridah 2011).

2.7 Building Materials and Environment

Building materials should undergo processing prior to their use on a building,
therefore, require producing waste and energy. Thus, the choice of materials affects
the building’s environmental impact. The processing differs from minimal, for
instance, a traditional house constructed with local materials, to extensive, for

instance, a pre-fabricated building (Roaf 2007).

All materials have an environmental impact, encompassing basic materials, for
instance, 5% of the overall manmade carbon dioxide emissions emanate from
cement production; 2.5% is caused by chemical reactions during the cement
manufacturing process, whereas the remaining 2.5% emanates from the energy

utilised in cement production (Roaf 2007).

Factors, which are influenced by the materials’ quality include:

« The energy required during the production of material

+ Carbon dioxide emitted in the process of material manufacture

* Impact on the surroundings emanating from the materials’ extraction (for
instance, oil spillage from transporting pipelines, wood harvested from forests and
guarry mines among others).

» Materials’ toxicity

+ Transportation required in manufacturing and delivering material to the site

« Pollution level caused by the choice of material as well as design decisions, they

include:
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Architectural component detailing and position

Maintenance required alongside materials of doing it

The role of the materials in reducing the building’s environmental impact (for
instance, insulation)

Design flexibility in adapting to varying uses over time

The material’s lifespan and its recyclable potential upon demolition of the

building (Roaf 2007).

2.7.1 Building Materials in Saudi Arabia

Saudi Arabia is endowed with different natural resources for producing high-
quality materials, for instance, different kinds of glass, composite materials,
ceramics, gypsum, reinforced steel, granite panels, bricks, marble, tiles, concrete
and cement (Kingdom of Saudi Arabia Ministry of Economy and Planning 2010).
The aforementioned building materials are mainly utilised in the construction
sector in the KSA. Based on industrial census data, 533 factories existed in 2004

(refer to table 2.6).

Table 2.6: Factories and labour force by building materials segment (King
Abdulaziz City for Science and Technology, Ministry of Economy and Planning
2010).

Description F;Iactary Labor Force ]n\'gsh:ll?nt \f;[ue
(No.) (People) (Million $)
Mosaic and pavement files 59 3350 521.13
Stones, marbles and granite 90 7202 1106.51
Cement 9 7666 14258.45
Gypsum products manufacturing 12 1058 431.74
Precast concrete panels, posts etc. 67 6660 1417.62
Fiberglass, Rockwall and glass 63 5322 1780.2
Clay, sand & cement bricks, and curbs 233 11103 3069.73
Total 333 41561 22585.38

The cement sector plays a critical role in the building materials’ industry in Saudi
Arabia. Seven firms are involved in the manufacture of Portland cement, with

annual production standing at 21.5 million tonnes. Other firms are engaged in the
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production of crushing clinker and white cement. The annual production capacity
for such materials is about 370,000 tonnes. The various cement firms serving the
sector are Southern Province Cement Company, Saudi Cement Company, Eastern
Province Cement Company, Yanbu Cement Company, Arabian Cement Company

and Qasim Cement Company.

The main industries involved in the manufacture of building materials are National
Gypsum Company, National Marble and Granite Company, Qanbar Dywidag
Precast Concrete Company, Saif Noman Said and Partners and Al-Rashid A
Betong Company (Shoult 2006).

2.7.2 The External Wall Materials of Saudi Residential Buildings

Almujahid and Keneesamakandi (2013) conducted experimental studies on a
custom built room with various external walls, as used in Saudi Arabia. In this
study, a hybrid outer wall construction was used. The research also stated that
cement-based materials are used for the construction of buildings, particularly
houses, in Saudi Arabia, with hollow building blocks being the most commonly
used wall construction materials. These cement blocks are 20cm thick, with surface

dimensions of 60 X 20 cm?2.

Azouz (2013) carried out research to test and analyse the potential energy savings
for a typical existing residential apartment building in Jeddah, Saudi Arabia. This
research identified that the existing external wall construction in Saudi residential
buildings consists of three basic layers: external cement plaster, hollow red clay

brick, and interior cement plaster.

Another study by Al-Ghamdi and Al-Feridah (2011) used brick, concrete blocks
and plaster for the external wall in a simulation experiment for a typical house in
Dhahran, Saudi Arabia.

A recent article by Alidroos and Krati (2015), regarding residential buildings in
Saudi Arabia, used a baseline energy model for a detached single family home in
order to develop energy efficiency options for the design of villas in KSA. The
features of the energy model for a typical villa were modelled on the findings of a
study by King Abdullah City for Science and Technology (KACST), which was a
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study looking at a new building to be built in KACST. The information for this
particular article was obtained from the following sources: a review of the building
plans with local authorities; and site visits to the building under construction and
interviews with the owner and contractors. The model defined the dimensions of
the building materials for the wall as: 20mm plaster outside, 200 mm concrete
hollow blocks and 20 mm plaster inside. Table 2.7 details some of the common
wall structures used in buildings in Saudi Arabia, with their thermal characteristics
(e.g. the conductance U-value, thermal resistance) (Eball 2002).
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Table 2.7: Structures and thermal characteristics of walls used mostly in Saudi
Arabian Residential Buildings (Eball 2002).

Wall Thickness = Thermal Wall Wall Density  Specific
Type of wall conductivity conductance Resistance kg/m?® heat
componen | of wall U (W/m?K)  (m?k/w) JkgK
ts (m) components
W/mK
External 0.02 1.20 2.25 0.44 2000 1000
Plaster
Hollow 0.20 0.90 1500 840
bricks
Internal 0.03 1.20 2200 1000
Plaster
External 0.02 1.20 2.98 0.336 2000 1000
Plaster
Concrete 0.20 1.75 2410 880
Internal 0.03 1.20 2000 1000
Plaster
Stone 0.20 1.70 2.28 0.438 2250 840
Concrete 0.07 1.75 2410 880
Hollow 0.20 0.90 1500 840
bricks
Plaster 0.03 1.20 2000 1000

Stone 0.20 1.70 1.62 0.617 2250 &40
Concrete 0.20 1.75 2410 880
Air gap 0.05 0.28
Bricks 0.10 0.90 1500 840
Plaster 0.03 1.20 2000 1000

It is clear that the basic external wall structure has not changed in Saudi Arabia
over the last decade. The literature review confirms that the outer wall of a typical
Saudi house has the following main layers: plaster from the outside, hollow brick,
then plaster again inside.



2.7.3 Thermal Insulation for Saudi Buildings

Insulation material increases the building’s sound and thermal insulation through
decreasing of transmission heat loss as well as leading to higher surface
temperatures, and minimizing ventilation heat loss during winter. This material
shields from frost and condensation, whilst enhancing hygienic and comfortable
indoor conditions. The effect of insulation on materials emanates from low heat
(thermal) conductivity for enclosed air, with a huge effect when several smaller air
pores exist, especially when they are distributed evenly (Husladen, Saldanha and
Liedl 2006).

These layers of thermal insulation may be placed on the facades’ exterior or
interior. Beginning from the side with rooms and moving to the exterior, the
material layers that form the wall ought to be wide open to diffusion, to allow free
movement of moisture. Where the floor and wall joins exist, thermal bridges should
be avoided (Husladen, Saldanha and Liedl 2006).

Although insulation is not influenced by thermal insulation positioning, external
insulation produces lesser thermal bridges and provides effective protection from
reductions in temperature. Thermal storage masses are efficient in the building’s
interior, and may enhance indoor conditions during summer. For internal
insulation, where thermal storage mass is non-existent, rarely used rooms may be

warmed rapidly during winter (Husladen, Saldanha, and Liedl 2006).

The specifications for home insulation may vary; the key entails choosing the
appropriate insulation for a specific climate and the existing source of local energy
(Roaf 2007).

Because various insulation products exist at different prices, by combining
appropriate building envelope and human creativity, people are capable of living
in any location with minimal fossil fuel requirements (Roaf 2007).

The loss of heat through walls may be reduced by increasing insulation, even
though a limit to the required thickness for this insulation exists, depending on
many factors such as the use and construction of the building, climate, fuel price
and cost.
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The figure below provides an illustration of several situations, including low cost
of energy and high cost of energy. From the figure, it can be inferred that beyond
150 to 250 mm of insulation, the investment lacks financial significance; while for
the high cost of insulation and low cost of energy, the maximum insulation
thickness stands at around 30mm. The energy manager will face a challenge in the
sense that despite the energy percentage and costs of insulation being identified,
predicting the way energy cost would change is cumbersome. A huge change in the
cost of fuel may have a significant impact on the insulation economics, as

illustrated in figures below (Harris 2012).
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Figure 2.12: High energy/ Insulation cost and low energy/ insulation cost (Harris
2012).
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Figure 2.13: Payback periods in years for insulation (Harris 2012).

Several studies have investigated the maximum thickness as well as thermal
insulation positioning for Saudi buildings. An investigation was undertaken to
examine the impact of three separate roof insulation and wall thicknesses (10cm
and 5, 7.5cm) in the climate of Riyadh, in line with the heating and cooling loads,
with the energy simulation being undertaken by the NBSLD (National Bureau of
Standards Load Determination) (Alaidroos and Krarti 2015).

The investigation revealed that the suitable “energy performance” for heat load
cooling existed during thermal insulations use (5 to 10cm thick), situated within
the exterior wall’s outer layer. On the other hand, in air-conditioned environments,
insulation that is installed within the wall’s internal layer had better performance

compared that located in wall’s external layer (Alaidroos and Krarti 2015).

Additionally, the study examined building materials such as pre-fabricated walls,
sand lime bricks, concrete blocks and clay bricks. The performance of clay bricks
was the best in terms of operating costs and capital investments, and with regard to

the typical residential buildings in Saudi Arabia (Alaidroos and Krarti 2015).
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A typical Saudi residential building uses about 185. 4 kwWh/m?, and the increased
energy consumption arises from lack of roof and wall thermal insulation, and
inefficient single glazed windows. An energy reduction ranging between 21percent
and 37 %, was identified after shading devices were installed, windows were
upgraded to double-glazing as well as when an on-site photo-voltaic system (PV)
was used (Alaidroos and Krarti 2015).

2.7.3.1 Common Thermal Insulations Materials in Saudi Arabia and
Payback Periods

Insulation materials that are commonly used in the KSA, in accordance with Saudi
Consolidated Electric Company (SCECO) and EAA (Electrical Affairs Agency)
[1995] recommendations include:

1. Polyurethane / Polyisocynurate foam: a natural material made from oil, which
provides an effective and very dense insulation, with minimum water penetration.
It is usually used for insulating sidewalls.

2. Expanded and extruded polystyrene is a natural material with minimum water
absorptivity and heat conductivity. Its main feature is the lightweight; thus it does
not exert significant weight on the building. It is mainly utilised for wall and roof
insulation.

3. Fibreglass whose thermal conductivity is low because of fibre density; the higher
the density, the minimum the level of heat conductivity. It is utilised for AC ducting
system insulation.

4. Mineral fibre is an organic material made using furnaces for melting natural
minerals. Its thermal (heat) conductivity is low (Eball 2002).

The aforementioned forms of heat (thermal) insulation would be subjected to test
to establish the one that is ideal and energy-efficient for residential buildings in
Saudi Arabia.

An investigation conducted by Eball (2002) to examine Saudi’s major cities of
Dammam and Riyadh indicated that the periods for payback in Riyadh stood at 2.3
to 2.7 years for polystyrene whereas that for polyurethane was 2 to 2.5, depending
on the kind of “wall structure”. The study affirmed that residential building
insulation is affordable, thus would offer the needed comfort and reduce air-
conditioning use in residential buildings in Saudi Arabia.
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2.8 The Impact of Shading Devices and Increasing Thermal Mass in Saudi

house

Generally, the annual energy consumption in villas is not reduced significantly by
shading devices, with the highest reduction attained of 6.3 percent emanating from
Jeddah’s 1.0m overhang. It is very clear that the reduction in energy consumption
after applying the shading device is very low and it did not show a significant
impact (Alaidroos and Krarti 2015). Villas with huge windows would experience
considerable improvements when shading devices are used as illustrated in figure
2.14.
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Figure 2.14: Impact of WWR and the length of overhang on energy savings for a
villa located in Riyadh and Jeddah (Alaidroos and Krarti 2015).

It is imperative to examine how energy consumption is affected by thermal mass,
particularly changing the villa’s external concrete wall thickness from 5cm-40cm,
to establish if thermal mass has a significant effect on overall energy consumption
of the villa. The outcomes reveal that thermal mass increment in Abba produced
significant impact because of the mild climatic conditions. On the other hand,
thermal mass provides the minimum energy savings within the city of Jeddah that
has very hot climatic conditions. The outcomes were as per the expectations
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because a thermal mass performs effectively in climates with huge variations
between night time and day-time temperatures, permitting heat storage that may be
released (Alaidroos and Krarti 2015).Therefore, because of the small reduction in
energy consumption achieved, shading devices are excluded from the current

research.

2.9 Material Selection and Cost Sensitivity Analysis

The energy efficiency cost mechanisms play a critical role in the creation of best
designs of constructing insulation systems, through the cost analysis lifecycle.
However, according to contractors as well as other sectors of the economy, a clear
definition for material costs is non-existent (for instance, glazing and thermal
insulation), with differences across Saudi regions (Alaidroos and Krarti 2015). The
existing standard rules of selecting materials apply, that is use local and natural

materials extensively (Roaf 2007).

2.10 Building Structure in Saudi Arabia

Since the government has now developed a serious interest in the development of
green buildings in Saudi Arabia, the structures of the buildings are also being
seriously investigated. The government has planned for certain preliminary
standards for the construction of green buildings (Green Building in Saudi Arabia,
2010).

The structures are planned such that the cost of the construction and that of power
and consumption of power may be reduced. Metal and glass panels can be used on
the building facade instead of concrete blocks (Green Building in Saudi Arabia,
2010). When the buildings become old, the panels are able to removed, reinstalled
and painted in new residential buildings, which saves a large amount of money.
The buildings could contain devices to minimize the entry of harmful rays, keeping
the buildings cool in the summer, warm in the winter such as using solar reflective
glazing presented in figure 2.15 (lowasBestWindows, 2012) and double glazing or
triple glazing presented in figure 2.16 (NEP Energy Services,2013).
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Figure 2.15: Glass energy (lowasBestWindows, 2012).

Figure 2.16: Double glazing (NEP Energy Services, 2013).

All of these have become increasingly important factors as Saudi Arabia moves
forward in its development. (Green Building in Saudi Arabia, 2010).
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2.11 Building Systems in Saudi Arabia

Various committees are working together towards the successful implementation
of green building development in Saudi Arabia. There are also other committees
that include external relations committee, government relations committee,
membership committee, outreach and marketing committee, and technical and
training committee that are associated with the building systems in the country
(Canadian Trade Commissioner Service 2014). Saudi Arabia has been determined
to show a positive and increasing interest in green building technology.
Considering the design, the building and the operations of such buildings, there are
several challenges that the industry is encountering with respect to the legal
implications as well as development and improvements in the systems (Susilawati
and Al surf 2011). However, the country has its focus on developing the building
systems and has also considered intelligent integrated systems for the construction
of green buildings thus trying to determine intelligent green solutions for different
types of buildings (Banani 2011.).

2.12 Buildings and Water in Saudi Arabia

The recent situation of the Middle East in general is a combination of rising
temperatures and expanding populations which mean that water will become
increasingly scarce in the region. In fact, less wealthy countries in the Middle East
are looking more seriously to reduce water demand and manage this important
resource. In the Gulf countries there are concerns that the increasing salinity of
water will make desalination in the future more expensive and difficult because
Gulf water is already highly saline. In addition, the hot climate in the Gulf is
increasing the evaporation rate (The Economist Intelligence Unit Limited 2010)
Table 2.8 shows water demand in selected Gulf countries including Saudi Arabia
from 2000 until 2020.

58



Table 2.8: Projected water demand in selected GCC countries, millions of imperial
gallons, 2000-2020 (The Economist Intelligence Unit Limited, 2010).

000 2002 W04 W06 08 200 202 04 A6 B 2020
Country

SdiAmbia 70476 18604 26205 2419 QU006 46065 266656 290081 315564 343286 373
Babrain 90 03 BET e 43181 43081 43080 43N843 MED 43081 4306l
(atar 3303 3484 08 616 48643 Shaa BRI TA4D6  B4206 94116 104780
Duba 036 4908 583 2588 91653 GBIB 08964 12335 13336 1390 15,109

Considering the available water resources in the country, the need for green
building also becomes more significant. Studies reveal that there is a huge pressure
associated with the natural resources available in the country. The availability of
water per person in a year has been recorded to be the lowest in the world, yet the
consumption levels are very high. This reflects the need to improve environmental

performance through a green buildings approach (Tassabehji 2011).

2.13 Air and Indoor Environmental Quality

The quality of air and the indoor environment generally have significant effects on
the health and activities of residents or office staff of any building. Thus green
buildings consider these issues seriously in their standards of building construction.
With green revolution green plants can be used to make work environment healthy
as well as positive. Plants have the ability to reduce the volatile organic compounds
prevalent in high concentrations in the air, they can also release moisture in the air
which in turn absorbs heat and noise in the environment. The productivity of the
workers has been shown to enhance in the presence of green plants (Green Building
Council of Australia 2010). Green cleaning products have the ability to reduce
health hazards, thus allowing enhanced health of workers by improving the quality
of air in the environment, and reduce the level of pollution as well. Green buildings
enable these factors and if properly maintained, can protect the buildings from
common pollutants like mould, mildew, dust mites and cockroaches that generally
appear as a result of excess moisture. Indoor pollution is largely caused by the
building materials used for the construction of the buildings. Thus implementation
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of green building technology in countries like Saudi Arabia can provide the country
with benefits through development of pollution free buildings and hence needs to
be incorporated in the systems accordingly (Green Building Council of Australia
2010).

Thus from the above literature review from the different studies and reports as
obtained, it can be reflected that the importance and benefits of green revolutions

and the use of green building technology in Saudi Arabia.

2.14 Techniques for Reducing Energy Consumption

The general strategy for reducing energy consumption should be to:
» Reduce loads where possible

» Use efficient plants to service the load

« Use efficient source of energy to operate the plant

Once an energy audit has identified the source of energy waste, it is important to
identify techniques to reduce it (Harris 2012). These can be grouped under the
following headings:

 Building fabric
 Building service plant
+ Controls

» Management of the building

« Energy supply

2.14.1 Building Fabric

The majority of energy in buildings is consumed in the form of heating, cooling
and lighting, and is affected by the form and construction of the building, which
cannot usually be changed. However, by refurbishing a building, there may be
opportunities to add a conservatory or atrium, add roof lights the or light shelves to
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improve daylighting, or even to change proportion of glazing on the facade. All of
these factors could improve a building’s energy performance, though the primary

opportunity for change is through the addition of thermal insulation (Harris 2012).
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Chapter 3

Research Methodology
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3.1 Research Methodology

After discussing the aims and objectives of this study, the appropriate methodology

is adopted to assist the researcher to achieve the research goals.

This chapter describes the methods and strategies used by implementing a variety
of complementary research methods which will include quantitative data collection
via the survey and qualitative research from interviews with specialists in
residential buildings, observations and examination of documentary evidence. In
addition, building energy consumption analysis will be carried out by using
simulation software. The following figure shows the research methodologies used.

Research

Methodology
i— 1|
Data . .
Collections Case study simulation

e ‘7 e
1

Base case study Validation

Saudi typical

house

Typical house Typical house

|
l Primary I Secondary
l Survey l Interviews

Figure 3.1: Research methodologies.

Literature
Review
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3.2 Data Collection

Data collection in this thesis is divided into two main sections: primary and

secondary.

3.2.1 Primary Data Collection

Primary data collection in this research was gathered in two ways: firstly, a

questionnaire prepared for interviews the field trip; secondly, a survey.

3.2.1.1 Interviews

This specific method was used to gather qualitative data in order to collect in depth
and up to date information about Saudi residential buildings standards, building
regulations, energy consumption, energy demand, governmental plans to face the
energy challenges in the future, methods to save energy and other relevant technical
data.

Interviews are one of the major methods that used in this research. It was performed
during a field trip to Saudi Arabia (01/06/2013 — 31/08/2013) directly with

specialists, experts, architects and engineers.

The interviews were with government, organisations, universities and company
representatives who are qualified and inappropriate professional positions, having
a good background regarding energy consumption/demand issues, building
standards and regulations, energy efficiency and finally green buildings. Ten
interviews and visits were performed in different regions and cities in the kingdom
of Saudi Arabia. The interviews were of a semi-structured type; therefore, specific
questions were prepared for each interview depending on the visit purposes and the
interviewee knowledge and background. Ten visits were performed and the main
aim of the interviews was to cover the research questions, missing data, collect
newest data, and filling the research gaps (see appendix B). The details of each visit
as well as the interviews finding and results detailed later in chapter 6.
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The interviews and the questionnaire were divided and prepared for several visits
to government and private companies. These interviews helped to obtain the newest
data, thus developing the experience and achieving the research goals. The

following chart 3.1 presents the interview process.

l Interviews
l Semi-structure
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Private Governmental
-~ Faculty of
Sandi Green avironmental
Bulding Counc DNe)
Kmg Abdulany
Unaversity
Arschectural Eng Al?d.l‘g‘h
Dess niversity
C s2gn = Science and
‘ompanic Techmology
Makkah
Musscipality

Saudi Electncity
Company

King Abdulaziz
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and Technology

Figure 3.2: The interview process.
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3.2.1.2 Survey

This specific method was used to collect quantitative data that generated numerical

data regarding all energy consumption matters in Saudis homes.

A cross-section of residents in Saudi houses was used. The survey prepared to
target different ages, educational levels and income. 190 participants completed the
survey from the major Saudi cities. The survey included two parts, an optional part
and a compulsory part, was designed by google drive and was sent via e-mail,
Facebook, twitter and WhatsApp.

The survey aimed to find out the types of residential buildings in Saudi Arabia,
types of air conditioning, electricity usage, thermal comfort and how Saudis deal

with energy at home.

Moreover, it investigated the causes behind the high usage of air-conditioning in
the Saudi residential buildings. In addition, the survey was designed to find out
whether Saudis have some understanding of simple ways to lower electricity
consumption in their homes. It also tested the ability of Saudis to change their
behaviour and their willingness to get the best residential buildings, which are

environmentally-friendly.

3.2.2 Secondary Data Collection

Secondary research refers to previous data that has been gathered using numerous
studies and which is combined and evaluated in terms of objectives and aims

identified at the commencement of the investigation.

Collection and validation of data from relevant sources is an easy task and offers a
means in which the information could be compared. Data is obtained from different
literature sources such as government publications, meetings with experts, journals
and textbooks. A subsequent review would be undertaken to validate the

information.
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3.3 Case Study

This method was selected because it will help to understand the recent situation of
residential buildings in the kingdom of Saudi Arabia regarding energy consumption
and cooling load. The study will focus on different case studies, examples, and an
examination of typical residential building materials and energy consumption from

different zones and regions in Saudi Arabia.

The case study in this thesis is a typical Saudi residential building, in three main
locations: Jeddah, Riyadh and Dammam. This case study is a new house design
selected by the Saudi ministry of housing, who plan to build 500,000 units of it in
all main cities in the kingdom to help the low and middle income to be home
owners. The large numbers of this house planned make it essential that the building
is as energy—efficient as possible. Any savings made could be replicated over half

a million homes and could therefore represent significant national energy savings.

All the buildings details were used as inputs for later examination in the IES
building energy simulation software. The details include the building drawings for
plans, elevations and perspectives. In addition, it includes the building structure
details alongside with most common external walls and thermal insulations in
Saudi Arabia.

3.4 Simulation of Energy Consumption

The next phase of the research entails using a computer simulation program in
understanding the energy-efficiency of Saudi residential housing through on-site
assessments and energy simulation models. The analyses are intended at supporting
the aims of the research and to provide clear design methods for present and
upcoming eco-friendly residential buildings. The simulation entails investigation,
measurement and recording of the geometric characteristics of buildings as well as

energy consumption for cooling load.

IES energy simulation software was selected for this research because it is

dynamic, accurate, friendly to user, and based on architectural drawings.
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The energy simulation software used in the thesis is the main method in the
research. It is used in two main ways. The first part focused on validation of the
model by studying the results of cooling load of a typical house in Dhahran, Saudi
Arabia which had been modelled using DOE energy simulation software and
comparing it with the researcher’s own IES results. This part is described in detail

in chapter 7 under section 7.7.

The second part of the simulation examined the thermal performance of the most
common external walls in Saudi Arabia in terms of energy consumption and
cooling load. In addition, it investigated applying 0.50 m of polyurethane thermal
insulation to the external wall in order to cut the cooling load. The following figure

presents the simulation parts and purposes.
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Figure 3.3: The simulation parts and purposes.
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Chapter 4

Air Conditioning Chapter
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4.1 Overview

Air conditioning refers to the process for altering air within a space to enable it suit
the occupant’s comfort. The main role of air-conditioning is to cool, even though
all systems release the air whereas others provide heating or adaption to heat levels
(Nicholas 2002).

A comfort level of 27°C exists, and when the level is surpassed, which might occur
because of maximum external temperatures as well as internal heat increments,
thus cooling is required (Nicholas 2002). For instance, in summer, temperatures
may hit 22°C or higher, when such warm air finds its way into houses, temperatures
increases because of heat gained from the sun, appliances, artificial lighting and
people, by about 6°C, thus pushing the temperatures above the required level.
Office buildings could require cooling during winter, even though the external

temperatures might be low because of optimum casual heat gain (Nicholas 2002).

Because of the low quantities of rainfall, low night time temperatures and high day
time temperatures of the desert climate, countries such as Saudi Arabia require air-
conditioning installation. The Saudi climatic regions may be divided into two major
areas namely the interior and the coastal regions. Indeed, the average temperatures
during summer in the middle of the day in Saudi Arabia are around 45 degrees
Celsius, and heat increases immediately when the sun rises and continues until it
sets. All the aforementioned factors explain why Saudi buildings require air
conditioning (Weather Online 2015).

Rooms, which are vulnerable to extreme temperatures include:

» Those with potential of receiving high solar heat, for instance, rooms that face

the south direction, especially those having big windows.

*Those having high-equipment densities, for instance, offices and computer

rooms that rely heavily on information technology

*Those where humidity, dust and temperature (environment) sensitive function is
undertaken, for instance, microprocessor manufacturing units and operating

theatres.
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4.2 Air Conditioning Systems

There are three major categories of air-conditioning systems:

Local comfort cooling systems that are used for cooling the air in rooms to enable
them have acceptable levels. The cooling system is installed in the room, and

different types of such systems include:

Window-sill air conditioners;

Split systems;

Multi split systems;

Variable refrigerant flow-split systems

Central air systems, where the whole cooling and heating process takes place
within the central air-handling unit. Individual room temperature control may be

undertaken through the systems mentioned below:

Constant volume systems;

VAV (variable air volume) systems;

Double duct systems

Centralised air systems. The central plant’s location is usually within a plant
room on ground floor or in some instances, on the rooftop’s packaged unit

(Nicholas 2002).

Partially centralised water/air systems, where air filtering is initially through a
centralised-air handling unit and later utilised for cooling and heating an airstream,
with adjustment in temperature made using the “equipment” within the room. The

types of systems include:
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Terminal fan coil or re-heat systems.

Induction systems.

Displacement ventilation and cooled ceilings.

The local comfort cooling system, which would be the basis of the current research,
is widely used in residential buildings in Saudi Arabia.

4.2.1 Local Comfort Cooling Systems

Comfort cooling systems operate by dispersing room air on the vapour
compression cooler’s evaporator coil for cooling it. The “waste heat” in the cooling

process is released externally (Nicholas 2002).

The cycle for vapour compression is utilised in various commercial room cooling
equipment such as variable refrigerant flow, multi-split, split and window-sill air
conditioners (Nicholas 2002).

4.2.1.1 Window-sill Air Conditioners

The simplest kind of cooling system is called window-sill air conditioners. They
are mainly utilised for controlling overheating problems, caused by installation of
computers in offices. The refrigeration exists in a cabinet and placed on the
window-sill (Nicholas 2002).

Notably, the window should seal all existing gaps on the unit. The air conditioner’s
interior is sealed from outside. A fan sucks air in the room and filters and sends it

to the evaporator coil where it is cooled and returned to the room.

External air is circulated simultaneously on the condenser coil for external
expulsion of waste heat. The casing stores the compressor and all controls,

therefore, forming a self-contained system.

Portable air conditioners operate under similar circumstances; however, the
expulsion of waste heat from a building is via the cabinet in the existing space (for

instance, a window) (Nicholas 2002).
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The figure 4.1 shows how the window type is working and the approximate

temperatures as well as the air flow at different locations.

Outside Temp. 36°C

Outsids ooil
at61.7°C
an give
up heat

to 35°C "%
outsida air

Inside Temp. 24°C
4+~ WNall of house

Air enters side of umt at 35°C 125:C

Cooling omil (4.5°C)
Absorbs heat from
24°C room air

I. Heat 15 pumped
to the cutside oail
—

Haat 15 transferred from the 35°C room air

into the 4.5°C ooil. Room air passing over

ooil drops from 35°C to 12.5°C

Hot air iz rejeoted to the outside. Tha
outdaor coil receives most of its heat from

the indoor ooil through the refrigerant.

Figure 4.1: Window air conditioner system (Deutsche Gesellschaft fir
Internationale Zusammenarbeit 2013).
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4.2.1.2 Split Air Conditioning System
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Figure 4.2: Split air conditioner (Cheng and Lee 2014).

The split cooling system has two main units, a condensing unit placed outdoors
because of the noise and the heat, and an internal unit that has a blower and coil
that supply the cool air. These two units internally and externally are connected

with a suction line and liquid line to supply cool air (Al-Naimi 1989).

The ideal places for installing the indoor unit include a hanging ceiling, floor or
wall. To ensure that hanging ceiling panels and room decor blend well with the
outdoor unit, a quality finish is undertaken on it (Nicholas 2002).

A fan sucks air from the evaporator to cool it and later returns it using directional
slots that are modified to drive the freezing air away from occupants in the room to
overcome cold draughts. The cooled air combines with the “room temperature air”
outside the area occupied and the air mixture spreads slowly in the entire room,

creating a cool atmosphere (Nicholas 2002).

The air-cooled condenser is housed in the external unit, and it has a huge surface
area offered by the presence of fins; it is similar to an evaporator. For expulsion of
waste heat, a fan sucks air over the condenser. The indoor unit should not be placed
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near the outdoor unit, the distance between should be (up to 50m pipe length with
a 30m vertical rise). This enhances the design’s flexibility and unobtrusive

positioning of the building’s outdoor unit (Nicholas 2002)

4.2.1.3 Multi Split Air Conditioning

Ductless Split System

Indoor

Available in 1,2,3, & 4 Zones (2 Zone Shown)
Cooling Shown, also Available as Heat Pump

Figure 4.3: Split air conditioner system (ECR International 2015).

Multi split air-conditioning operates on the principle that is similar to that of single-
split air conditioning, the only difference is that a single outdoor unit may be
utilised for 4 indoor units. All indoor units have individual sets of refrigerant pipes
that connect them to the outside units. The mode of operation (cooling/heating) for
all “indoor units” is similar, even though individual units may be managed
independently with regard to cooling or heating levels (off-full). Some indoor units
have electric heaters that assist a single unit in providing heat when the multi-split

group is in the cooling mode (Nicholas 2002).
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4.2.1.4 Variable Refrigerant Flow (VRF) Air Conditioning

Figure 4.4: VRF air conditioner system (Phoenix Air Con Ltd 2015).

In the VRF air conditioning, 8 indoor units may be operated using one outdoor unit.
The system is advantageous in the sense that all indoor units may run independently
without relying on other units, both in heating and cooling mode. This is achieved
through the use of collection vessels of liquid and vapour refrigerant, as well as a
complex control system for redirecting the dual refrigerant phases that lead towards
the indoor units as required. Notably, VRF air conditioning systems incorporate
heat recovery into the operation mode; this enables the refrigerant to redistribute
waste heat from the rooms on one building side to indoor units located on the other
building side. The outdoor units are separated from indoor units by a distance of

100m; this includes 50m of vertical rise.

A central air handling unit is capable of supplying tempered and filtered air to all

units for ventilation and heating purposes (Nicholas 2002).

76



4.3 Air Conditioning Market in Saudi Arabia

Although there is a financial problem in Saudi Arabia as in other countries, the
construction sector is not developed thus; a potential market for air-conditioning
products exists in the KSA (Garwood 2010).

Because of the rapid population growth, high per capita income and rising
temperatures, Saudi Arabia offers a huge market for air-conditioning products in
the Gulf region. The country is located in a desert; this implies that it experiences
harsh climatic conditions in the entire year, thus making it necessary for inhabitants
to seek ventilation and cooling products (The National Commercial Bank 2008).

Additionally, the demand for air-conditioning in Saudi Arabia may be attributed to
the favourable government programs and lucrative real-estate sector. Based on a
TechSci research (TechSci research) report, the largest share of revenue from the
air-conditioners market is accounted for by the central region. The report predicts
that in the 2013-2018 periods, Saudi Arabia will experience a 10 percent in incomes

generated from air-conditioners market.

Despite certain variations across regions, air-conditioning equipment are
considered essential and most Saudi buildings are installed with the products. In
Riyadh (central region) record highest sales of about 33%, followed by Jeddah
(western region) that accounts for 25%. In Dammam (eastern region) a 15% of
sales were recorded, whereas the other regions accounted for 25% of the sales
(Garwood 2010).

The increased sales for large and medium screw chillers is attributed to the buying
power of projects that are financed by the government, especially because there has
been a reduction in private projects in the economic depression period (Garwood
2010).

Building Services Research and Information Association (BSRIA), feels that the
government of Saudi Arabia will be successful in sustaining huge investment in the
construction sector for 2 years. However, when the crises continue and prices of

oil remain intact, the government expenditure would decrease significantly. On the
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other hand, when the market becomes stable and oil prices recover by the close of
2011, significant growth rates would be experienced in central plant air-
conditioning markets, with support from private investments in residential and

commercial sectors (Garwood 2010).

Total 1299,400 units Other terminal units
2:5%

Chillers
|-75%

Fan coils
90%

Air handling units
575%

Source: BSRIA
* Only AC applications. This may include up to 5% of chillers for mixed applications

Figure 4.5: Overview of the estimated central plant air-conditioning market for
2009 (Garwood 2010).

A summary of the anticipated air-conditioning market of central plants for 2009 is
illustrated by figure 3.5 basing on the type of product, even though the overall unit
figure is given as an estimate. According to BSRIA, large construction projects
have significantly dominated the development of air-conditioning market
(Garwood 2010). For creation of shopping centres, modern hospitals, large
university sites and economic cities in future, Saudi Arabia has introduced strict
laws regarding air-conditioning products. Therefore, the air-conditioning market
would improve significantly in the next 10 years. Large and medium units are
utilised for addressing the huge volumes of air required in many new buildings
(Garwood 2010).

It is believed that in 2008, the heat recovery air handling unit (AHU) models
accounted for about 15% of the overall AHU market, with regard to value. Local
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legislation emerges as the key driver of such products, for instance, in Medina; the
law stipulates that exhaust emission should go through a heat-recovery gadget
(Garwood 2010).

Recently, principal contract and architects have been urged to incorporate fan-coils

into new applications for further improvement of the market.

BSRIA anticipates the market of fan-coils to replicate that of chiller market growth,
especially the screw chillers market. However, there is a possibility that a slight
increase will be experienced in the fan-coil market compared to the chiller market
because of rising cooling capacities within mid-range applications (Garwood
2010).

Moveables
0-05%

Total 1,371,000 units

Windows/ through Splits*
the wall 35% (481 007)
63% (64 078)

Rooftops
1-65%

Indoor packaged

Source: BSRIA Close control 0-02%

* Including all ducted and ductless splits 0:19%
Figure 4.6: Overview of the estimated packaged air-conditioning market for 2009
(Garwood 2010).

A summary for the anticipated market of packaged air-conditioning for 2009 period
basing on product type, with an estimated overall unit figure is illustrated in figure
3.6. Large and medium chillers are required in large building projects. Screws
constitute a critical component for the chillers market, accounting for more than 50
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percent of the value. Centrifugal chillers usually begin at 1750 kW, and all types
of chillers are expected to experience maximum long-term growth. BSRIA expects
that in 3 to 4 years, the share value would hit 40% (Garwood 2010). Despite the
fact that reciprocating chillers are still being used, there is a decrease in their share.
Scroll chillers are mainly marketed by Carrier that provides sophisticated scroll
products. Because of the expensive nature of absorption chillers, they are not
extensively used in the KSA; according to BSRIA estimates, their price is three
times that of its equivalent alternatives.

Interestingly, in spite of the reduction in Saudi’s shortage for district cooling
projects, many upcoming projects plan to adopt such systems, including, King
Abdullah Economic City Riyadh Girls’ University and King Saud University in
Riyadh, which will trigger demand for cooling within the district in future. Large
7MW centrifugal chillers are mainly utilised for serving the cooling systems in the
district (Garwood 2010).

4.3.1 Packaged air-conditioning

The TechSci (2014) report indicates that an increasingly rising demand of different
air conditioners (for instance, window, centralised and split) in the KSA, with the

split air conditioners accounting for the huge demand.

The past few years has experienced a considerable increase in single split sales
across all capacities and types of products in the KSA. However, the increase has
been negated by scarcity of privately financed investments within the residential
building industry that is largely dependent on the establishment of new housing
(Garwood 2010).

A rapid increase is anticipated in the multi-split market, even though with slow
trend. When the market hits a thousand units, the rate of growth will start
replicating that of chiller market (Garwood 2010).

VREF (variable refrigerant flow) air-conditioning systems are beginning to have an
impact in the Gulf region. It is anticipated that the market of such products will
record a highest rate of growth for all air-conditioning equipments in the KSA.

Daikin was the sole firm that was operational in the field; however, this changed in
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2008, following the entry of LG with its VRF equipments and a wide room exists

for other firms to come in (Garwood 2010).

Currently, the air conditioners market in Saudi Arabia is dominated by many
foreign manufacturers such as Hitachi Itd, Green Electric, Samsung Electronics,
Daikin and LG (TechSci 2014).

Additionally, the TechSci report in 2014 indicates that because of the latest SASO
(Saudi Arabian Standard Organisation) programs, the demand for energy-efficient
air conditions is likely to increase in Saudi Arabia. Those that encompass inbuilt
purification functions are anticipated to acquire more shares in the market, because

of the increasing air pollution fears within the country (TechSci 2014).

BSRIA expected that a moderate growth would be experienced within the close
control market in future because of the end in the telecoms sector growth in the last
few years coupled with significant reduction in private investments within the
second part of 2008. The market consists of small units specifically meant for small
telecom structures, as well as large unit meant for computer rooms (Garwood
2010).

The healthcare, residential and educational sectors would constitute the main
demand sources within the air-conditioners market because of increasing
government programs in the sectors. Additionally, the influx of large firms on the
market is likely to trigger competition in air conditioners. According to M .Karan
Chechi (TechSci’s research director) “anticipated technological innovations and
the incorporation of emerging energy-efficient air conditioner models would

continue triggering demand in future” (TechSci 2014).

The commercial sector, particularly office blocks and hotels is characterised by the
use VRF units; even though a small quantity of sales is accounted for by the
residential building sector, where owners of affluent owners intent to install high-

tech equipment (Garwood 2010).
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4.4 Refrigerants

Although the Saudi government signed the Montreal Protocol, a target for phasing
out hydro-chlorofluorocarbon (HCFC) was not available. SASO would be
spearheading the process of phasing out HCFC. However, legislation is yet to be

approved because local players lack the capacity of rapid switch (Garwood 2010).

With the exception of VRFs (which are R410A), all packaged equipment in Saudi
market are installed with HCFC R22 refrigerant. However, chillers are fitted with
R134A. Global production is shifting from R22 to R410A (Garwood 2010).

BSRIA feels that in 3-4 years, ducted splits would start changing to R410A because
imports will increasingly become critical for the domestic market. When the switch
takes place, the sector would switch to R410A refrigerants, overtaking R407C
(Garwood 2010).

4.5 Reforming Electricity Tariffs

One main mechanism that can be applied in regulating the consumption of
electricity entails ensuring that retail and wholesale prices of electricity are
consistent with the overall costs. As is the case in many oil producing countries,
subsidies in fossil fuels are usually utilised for poverty reduction efforts through
provision of cheap energy. The government of Saudi Arabia has maintained low
energy prices as way of managing inflation. However, subsidies in fossil fuels lead
to many adverse effects that outweigh the positive impacts. There is a general
consensus regarding the importance of reducing such subsidies, especially because
of the adverse effect they have on carbon dioxide emissions. The CO? per capita
emission in Saudi Arabia stands at 17 metric tonnes, which is similar to that of the
USA (compared to China with 6, EU with 7 and the global average at 5). Moreover,
subsidies in fossil fuel result in price regimes, which end up with the loss of
welfare. The government loses significant amounts of revenue by subsiding local
consumption (instead of exporting), compared to the increase in local consumer’s

surplus. Because of the price reduction for consumers, subsidies in fossil fuels
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promote wasteful energy use causing an increase in fuel consumption rates (Nachet
and Aoun 2015).

In a real sense, non-targeted subsidies cannot provide efficient means of improving
energy accessibility and benefiting impoverished people, instead, affluent homes
are the main beneficiaries; this further increases social disparity. Furthermore, such
subsidies are an impediment to energy sector investments, promote smuggling and
extravagance, and reduce oil export revenues. This is particularly common in the
KSA, where one crude oil barrel costs 5 US dollars, while when exported a barrel
could cost more than 100 US dollars (average for 2011-2014) (Nachet and Aoun
2015).

Table 4.1: Oil, Gas and Diesel price in US dollar in Saudi Arabia (Nachet and Aoun
2015).

Price paid by International
electricity prices
producers

Heavy fuel oil 0.43 15.43
Natural gas 0.75 9.04
Diesel 0.67 21.67
Crude oil 0.73 19.26

4.6 Air Conditioning Types in Saudi Buildings

Due to the harsh weather conditions in Saudi Arabia there is a need for air
conditioning throughout the year (Alrashed, and Asif 2014). In fact, air-
conditioning is considered to be necessary in almost all buildings in the kingdom
of Saudi Arabia (Garwood 2010).

There are different systems of air-conditioning in Saudi buildings. In residential
buildings there are four types of air-conditioning; window type, split, central and
evaporator. The majority of dwellings use mini-split system as well as the window
type (Alrashed, and Asif 2014).
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Central air conditioning system has also started to be fitted in recent years
(Alrashed, and Asif 2014). The following figure presents the most common types

of air conditioning in the residential buildings in Saudi Arabia.
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Figure 4.7: The type of air-conditioning system in dwellings and type of fuel.

In fact, a very important study done by Alrashed and Asif in 2014 shows that the
mini split systems has the lowest average energy consumption in comparison with

other types of air-conditioning (Alrashed, and Asif 2014).

Table4.2: Average energy consumption for residential buildings based on the type

of air-conditioning system (Alrashed, and Asif 2014).

Type of air-conditioning system Average energy consumption
kWh/m?/year
Central 2215
Mini-split 144.3
Window-type 183.3
Window-type and Mini-split 156.8

It is very clear that in order to increase the energy efficiency in the Saudi residential
buildings, householders should be encouraged to use mini split air conditioning
systems instead of other types (Alrashed, and Asif 2014). Al-Naimi in 1989
confirmed that the mini-split type is more efficient system in Saudi Arabia and
consume less energy. In addition, it is very easy to control the split system and set

the required temperature (Al-Naimi 1989).
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Moreover, the split system has more advantages over the window type. The split
system is not noisy as the window type during operation, because the indoor unit
works very quietly and it has a noiseless fan (Al-Naimi 1989). In fact, the
compressor sound of the window type air-conditioning is very high, noisy and
difficult to dampen (Kansas State University 2000).

In addition, the condensing unit is set outdoors and far from the room so the system

does not exhaust heat internally where the room should be cool (Al-Naimi 1989).

4.7 Selecting the Size of Air Conditioning

It is very important in any home to select the right air conditioning type, size as
well as the approximate kKW rang. The following figures will present examples of

rooms sizes and the size of air conditioning needed (Vic Air, 2015).

2.6KW RANGE
atne gtde SUITABLE FOR ROOMS APPROX 10 - 20 SQ METERS

e Bedrooms

Studys

1. B °
] I A ¢ Small lounges

Lounge .

.

Small kitchens

Figure 4.8: Air conditioning size for room size 10-20 sq meters (Vic Air 2015).
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wpads  OUITABLE FOR ROOMS APPROX 20 - 30 50 METERS

¢ Bedrooms
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Mid-sized kitchens

Small rooms with high ceilings

W | r o Offices

Figure 4.9: Air conditioning size for room size 20-30 sq meters (Vic Air 2015).

o 5 - 6KW RANGE
X awgae  SUITABLE FOR ROOMS APPROX 30 - 45 SQ METERS

* Lorge bedrooms

o Bedrooms with ensuites
o Studys

¢ Mid-size lounges

* Lorge kitchens
o Mid-sized rooms with high ceilings
o Offices

Figure 4.10: Air conditioning size for room size 30-45 sq meters (Vic Air 2015).
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== - V‘r“::} 7 - 8KW RANGE
‘] r o r | : SUITABLE FOR ROOMS APPROX 45 - 65 S0 METERS

Kitchen ~ ¢ Offices

Figure 4.11: Air conditioning size for room size 45-65 sq meters (Vic Air 2015).

However, there are several factors can effect sizing of the air-conditioning size as
follow:

Insulation

Window sizes

Blinds and curtains

Climate

All these factors could affect the air conditioning size as they have an impact on
the cooling load. Air conditioning in Saudi Arabia is needed and required as a result
of extreme temperature in the summer season as well as in specific days in other
seasons (Alrashed, and Asif 2014). This chapter shows that there are several air
conditioning types and sizes due to many factors such as room size. Split air
conditioning type accounting for the highest demand in the kingdom of Saudi

Arabia as well as the window type.
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Chapter 5

The Survey Chapter
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5.1 Overview

The lack of information regarding Saudis’ behaviour with regard to energy,
specifically their daily use of air conditioning, highlights the importance of this
survey in this research. The need for the survey was further fuelled by missing data
about thermal comfort in Saudi houses and the most common types of air-
conditioning. Air conditioning in Saudi houses is the major consumer for energy,
thus reducing this consumption and improving the system could help to save energy
and maintain a sustainable environment in Saudi Arabia. Air- conditioning in Saudi
houses consumes over 70 % of the total energy consumption (Al-Ghamdi and Al-
Feridah, 2011). Therefore, this survey is designed to find out how Saudis use air-

conditioning in their homes and to create a full picture of Saudis’ behaviour.

The type of the survey is a cross- sectional survey sent randomly to all Saudi
residents living in the house. The survey targeted all different ages, different

genders, different educational levels, and finally, different monthly income.

A total of 190 participants completed the survey, including both males and females
from different cities in the kingdom of Saudi Arabia. The survey was open to all
Saudis and it is designed and published using google drive, and was sent via e-mail,

facebook, twitter and whatsApp.

The survey includes the three main cities in the kingdom: Riyadh, Jeddah and
Dammam, along with other cities in Saudi Arabia. The range of questions includes:
gender, educational level, income level, home type and, of course, air-conditioning
type. It is divided into two main sections, the first section has optional questions,
whereas the second one has compulsory questions. The survey also asks
participants to include their ideas and comments to save energy and improve the
indoor environment quality. The participants agreed to complete the survey, and

shared both their daily behaviour and their recommendations.
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5.2 The Survey Results and Discussion.

The survey prepared to include two main sections, the optional section and the
compulsory section. The survey will start by illustrating the optional questions

followed by the compulsory questions.

5.2.1 Optional Questions

This part is not compulsory and the participants have the option to fill it or not. The
first four questions in the survey were optional questions to provide some
demographic information on the participants: gender, age, educational level and

monthly income, as presented in the following four figures.

Male (£2) 141 75%
Female (=" 47 25%

Figure 5.1: Gender of the participants.

The survey results indicate that 75% of the 190 participants were male and the rest

were female.

12-17 years old 2 1.1%
18-24 years old 28 14.9%
25-3d years old 113 60.1%
35-44 years old 32 17%

45-54 years old T 3.7%
55-64 years old 4 21%
G5-T4 years old 2 1.1%
75 years or older 0%

Figure 5.2: Age of the participants.
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The figure 5.2 shows that 60% of the participants were 25-34 years old.
Unfortunately, there were no participants aged 75 years or older. 17% of those
surveyed were aged between 35 and 44. 18-24 year olds account for 14.9% of the

total participants. The rest of the participants represent a small percentage.

Less than high school | 222 2= 293 1.6%

High school ( 2220 ) 25 132%
Bachelor degree ( Loz 4500 ) T 407%
Postgraduate | e 2 2 ) 84 A44.4%

Figure 5.3: Education Level of the participants.

The educational level shows that 44.4% have a postgraduate qualification, and
40% have a bachelor degree. It is thus clear that the majority of those surveyed
have a high educational qualification. The participants with high school and less

only represent 14.8% of the total.

Mo income 24 13.2%
under 8000 SR 33 181%
2001- 12000 SR 44 24 2%
12001-16000 SR 42 23.1%
16001-20000 SR 22 12.1%
20000 and above1d 8.2%

Other 2 1.1%

Figure 5.4: Saudi monthly income of the participants.

The final optional question was about participants’ monthly income. The majority
of those surveyed have an income of 8001 to 12000 Saudi Riyals (SR), accounting
for 24.2%. However, it is important to note that 23.1% of participants have a
monthly income of 12001-16000 SR. It is therefore evident that most of those
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surveyed are considered to be middle income. 13.2% of participants have no
income, which could mean that they are still young, living with family or they were

not working at the time of the survey.

The next section of the survey includes 21 compulsory questions; which

participants were asked to answer.

5.2.2 Compulsory Questions

This part should be filled by the participants. This part includes 21 questions
covering the main part of the survey to get the necessary and important details for

the PhD purposes.

Riyadh ( o=u ) 36 18.9%

Jeddah (=) 106 558%
Dammam [ a2l ) 7 3.7%
Other M 216%

Figure 5.5: Cities of the participants.

The participants were asked to indicate the cities they live in. The main cities in
both the survey and the research, as previously mentioned, are: Jeddah, Dammam
and the capital city of Saudi Arabia, Riyadh. The survey included the option of
“other cities” in order to accommodate Saudis that live outside of these three main
cities. According to figure 5.5, most of those surveyed were from Jeddah,
representing 55.8% of participants. Participants from Riyadh accounted for 18.9%,
and those from Dammam 3.7%. Finally, participants from other cities in the

kingdom represent 21.6%.
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Flat { 43 ) 124 653%

Willa | =) 4 232%
Duplex villa { =5 22313 6.8%
Other 9 4.7%

Figure 5.6: Type of house.

65.3% of Saudis confirmed that they live in flats, as illustrated in figure 5.6. Villas
are the second most common type of house in the kingdom, with villas and duplex
villas accounting for 30% of the total houses in the kingdom. Other homes

represent only 4.7%.

Only one room ( s2isl ;3520 )6 3.2%
2-3 rooms I 195%
4-5 rooms 83 43 7%
G-7 rooms 25 132%
-9 rooms 21 11.1%
10-11 rooms 13 6.8%
Other 5 2 6%

Figure 5.7: Number of rooms.

The size of the house is one of the most important questions in this survey. It is
clear that medium size is the most common (see figure 5.7). Four to five rooms
represent the majority of 43.7%, while the option of 2-3 rooms accounts for 19.5%.
Larger houses are less common, according to the survey results, with 13.2% of
participants choosing houses with 6-7 rooms, and 11.1% for houses with 8-9

rooms.
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I own the house { J = <ld ) 61 32.1%

Rented house [ =) 88 46.3%
Living with family (<l e 200139 20.5%
Other 2 1.1%

Figure 5.8: Home status.

46.3% of those surveyed confirmed that they lived in a rented house, whereas
32.1% own their homes. 20.5% of the participants in the survey mentioned that

they are living with their families.

COnly me T 3. 7%
1-3 persons 74  38.9%
4-6 persons 75  395%
G-8 persons 25 132%
maore than & persons 9 4 7%

Figure 5.9: Number of persons living in the house together.

The average size of Saudi family is small and medium size, as shown in figure 5.9.
Families of one to three persons represented 38.9%. Four to six persons is
considered to be the most common family size in the kingdom of Saudi Arabia
(39.5% of participants) according to the survey. However, figure 5.9 clearly shows
that there is little difference in the responses for family sizes of 1-3 and 4-6, with
only 3.7% difference
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Window Air Conditioner | <) ) 65  34.2%

Split Air Conditioner | il 2. 43 226%
Central Air Conditioning System | 35 s —£) 9 47%
Window Air Conditioner and Split Air Conditioner ( s 2oy 28 ;2280 ) 68 358%
Other 5 26%

Figure 5.10: Type of air- conditioning.

This question asked about the air conditioning types used in the country. Three
main types of air conditioning are mentioned in the survey to determine which type
is the most popular. The results reveal that window air conditioning and split air
conditioning in the same house are very common, with 35.8% of those surveyed
have these two types of air conditioning together. Window air conditioning is very
common as 34.2% of participants selected this option in the survey. Central air

conditioning and other types are less common in the kingdom.

1-3 28 147%
4-6 83 437%
6-8 29 153%
g8-10 16 8.4%
10-12 18 95%

more than 1216 8.4%

Figure 5.11: Number of Air-conditioning Units.

The results of the survey revealed that 43.7% of the people surveyed have 4-6 air
conditioning units in their homes. The next largest percentage (15.3%) have 6-8 air
conditioning units. Usually, each room has one air conditioning unit, which means
that figure 5.11 also confirms that, according to the survey, most Saudi houses
contain four to six rooms. Houses with less than four air conditioning units, or more

than six, are not very common in Saudi Arabia (see figure 5.11).
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Low () 28  14.7%
Medium (=== ) 118 62.1%
High { J=) M 232%

Figure 5.12: Air-conditioning settings.

It is clear that most Saudis set their air conditioning unit at medium cooling, instead
of high or low, with 62.1% of those surveyed confirming this fact. 23.2% of the
participants in the survey selected the high setting for cooling to be high, whereas

only 14.7% chose to keep the cooling at a low setting.

Yes () 124 653%
MNo (%) 29  153%
Sometime ( Je=! saa) 37 19.5%

Figure 5.13: Knowing the monthly electricity bill.

Most Saudis (65.3% of the total survey participants) know their monthly electricity
bill. 19.5% indicated that they sometimes know the monthly electricity bill,

whereas only 15.3% of surveyed do not know.
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Wes [ a) 22 11.6%
Mo (%) 146 76 8%
Sometime ( Jb=! s )32 11.6%

Figure 5.14: Knowing the electricity usage in KWh.

Unfortunately, figure 4.14 shows that 76.8% of Saudis do not know the monthly
usage of electricity in KWh. Only 11.6% of those surveyed indicated that they
know how much they electricity they consume every month. The same percentage
(11.6%) of participants in the survey confirmed that they sometimes know the

electricity consumption of their homes.

0-6 Hours 4 21%

b-12 Hours 48 253%
16-18 Hours 72 37 9%
18-24 Hours 66 34 7%

Figure 5.15: Number of hours usage for air-conditioning daily in summer.

This figure shows the daily use of air conditioning in Saudi houses in the summer
season. 37.9% of Saudis use air conditioning from 16 to 18 hours every day in the
summer. The survey also found that 34.7% of participants use air conditioning
almost the whole day. The rest of the participants use AC less than 18 hours.
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0-6 Hours 103 54 2%
6-12 Hours B0 31.6%
16-18 Hours 21 11.1%
18-24 Hours 6 3.2%

Figure 5.16: Number of hours’ usage for air-conditioning daily in winter.

Winter has a different scenario because most Saudis use the AC 6 hours a day, or
may even switch it off most of the day. 31.6% of the survey participants mentioned
that they use the AC between 6-12 hours every day in winter. Few of those
surveyed use the AC more than 16 hours a day.

Living room ( i i 2 ) 165 86.8%
Bed room (25222 2 ) 145 76.3% Living room {...
Guest room | <l Jaidiie )17 §9%
. . ' Bed room [ £...
Kitchen ( z=d ) 1. 216%
Servant room (sdaiz) 13 68% Guest room(..
Allrooms (=) s ) 1M 74% Kitchen (4.
Servant roo...
All rooms | ...
I 40 80 120 160

Figure 5.17: Rooms that use air-conditioning most of the time.

The survey asked about the most rooms that use air conditioning during the day. It
was possible for participants to select more than one answer for this question,
which will reveal where Saudis spend most of their time at home. Figure 5.17
shows that 86.8% of Saudis use the AC primarily in the living room. Bedrooms
were selected as an option by 76.3% of those surveyed. The kitchen and other
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rooms clearly use air conditioning, but less so than the aforementioned rooms.

Yes () 166 &7.4%
Mo (7)) 11 58%
Sometime ( Je=" =2 )13 5.8%

Figure 5.18: Turn air-conditioning off when not in use.

87.4% of Saudis turn the AC off when not in use, according to the figure shown
above, thus this is the behaviour of the majority of Saudis. Unfortunately, it is
evident that 5.8% of those surveyed keep the air conditioning working all the time
even when they do not need it. 6.8% of the survey participants sometimes

remember to switch the AC off when not in use.

Yes (== )160 84.2%
No(%) 30 15.8%

Figure 5.19: Sometimes air-conditioning in the summer is not cooling enough.

This question was added to the survey to find out if Saudi houses really suffer from
poor construction materials, which lead to overheating, increasing the indoor
temperature and making air conditioning useless. As expected, 84.2% of Saudis
feel that the air conditioning in the summer is not cooling enough, which means
that the size of the air conditioning unit is not correct or the house construction
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materials are very weak in order to cope with the high temperature in summer and

provide thermal comfort.

Because itis a habit when | leave the room or he house Jjd § 44 el 2z i 138 T26%

Because the weather is cold sometimes. ( e o 42 1) 92 454% Because 5.
Tosave energy in house and profect the environment (4l ! 5 i) e 2ot ) b6 347% S
Tareduce the electricity bil. (<4858 i) 10 57.9%

To save enar..

Toreduce the...

0 £l 60

Figure 5.20: The reason for turning off air-conditioning.

This question was included in this survey in order to understand people’s behaviour
regarding air-conditioning in Saudi Arabia. The survey asked about the possible
reasons that lead people to turn the AC off with the option to choose more than one
answer. 72.6% of Saudis turn off the AC because it is a habit when they leave the
house; 57.9% turn it off to reduce the electricity bill; 48.4% turn the air
conditioning off when they feel the room temperature is cold. Unfortunately, only
34.7% consider the environment and turn the AC off to save and protect the

environment.

Yes143 75.3%
No 47  247%

Figure 5.21: Turn off the air-conditioning as the room is too cold suddenly and,

after a few minutes, turn it on again.

The aim of this question is to find out the current situation of the construction

materials for Saudi houses, and the air conditioning unit size if they are suffering
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from lack of energy management. The survey asked if participants sometimes feel
that the indoor temperature is too cold and they need to turn the AC off, then a few
minutes later, they need to turn it on again. The answer for this question (see figure
5.21) shows that 75.3 % of Saudis agreed with this statement, while only 24.7%
did not.

Yes lknow [ =='a=) 163 858%
No | don't know ( 2= )27  14.2%

Figure 5.22: Knowing that using energy could harm our environment.

The figure above shows that 85.8% of Saudis know that using more energy and air

conditioning could really harm the environment.

Yes | know ( A=! 22 )99 52 1%
Noldont{al!¥) 91 479%

Figure 5.23: Knowing any simple methods to save energy and money regarding

air-conditioning.

The aim of this question is to find out if Saudis have any experience or know of
any simple methods that could help to save energy and money regarding air-
conditioning. 52.1% of participants replied to this question by saying yes; while
47.1% said no.
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Yes (=:)100 52.6%
No (%) 90  47.4%

Figure 5.24: Reduce the use of air-conditioning if the electricity bill is going to
increase in the future.

In this part of the survey, participants were asked if they would reduce using air
conditioning if their electricity bill will increase in the future. The result shows an
almost even split, with 52% opting to reduce their use of air conditioning if the

electricity bill will increase.

Yes (2 113 595%
Mo [ %) 16 8.4%
Im not sure ( A= )61 32.1%

Figure 5.25 Pay for a more expensive house that has better energy efficiency

methods that will help to reduce electricity bills in the future.

The survey asked if respondents would pay for a more expensive house that has
better energy methods that will help to reduce electricity bills in the future. 59.5%
replied yes, whereas 32.1% of participants in the survey were not very sure, and
finally only 8.4% of Saudis said no.

In the last part of the survey, participants were asked to share their ideas,
recommendations and thoughts. The first question was to determine whether the
respondents knew any simple methods to save energy and money for their homes.
A few participants did not leave any comments or simply said that that they don't
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know, whereas the majority left their ideas and comments to help to reduce energy
consumption. Some useful ideas were as follows:

Add some solar panels.

Wall insulation and double-glazing.

Turn devices and air conditioning off when not in use.

Do not use devices that could increase the heat and the indoor temperature.
Develop Saudi building standards and regulations and apply these for existing

and new buildings.

Use air-conditioning that can simply maintain a comfortable temperature and only
work when the temperature increases in the room.

Decrease the window size for homes.

Design the indoor space as needed to serve the function.

The Saudi government should support and provide solar panels for Saudis to
reduce the dependency on oil.

Use paints that help to reduce heat absorption and reflect the sunlight.

Use indoor curtains.

Buy air conditioning units that have better energy efficiency.

5.3 Survey Conclusion

The survey was prepared and designed to understand Saudis’ behaviour in their
homes and to identify the reasons why residential buildings consume 67% of the

total energy consumption, compared to other types of buildings in Saudi Arabia.

As air conditioning consumes over 70% of energy in Saudi houses, the survey
questions focused on this area. The survey started with four optional gquestions,
followed by 23 compulsory questions. The survey results show that the majority of
the participants were males, aged 25-33 years old; 44% of the participants have a
postgraduate qualification, and most have a middle income.

The main cities in the research are the capital city of Saudi Arabia, Riyadh, along
with Jeddah and Dammam, but the survey also covers other cities, as the aim of

this survey is to understand Saudis’ behaviour regarding energy consumption and
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cooling load in general. The figures show that almost 56% of those surveyed are

from Jeddah city.

65% of Saudis live in flats and houses containing 4-5 rooms; most live in rented
accommodation; and the average family size is 4 to 6 persons.

Most Saudis use two types of air conditioning in a single house: windows and the
split type. They usually set the cooling load to medium. The majority of the survey
participants know their bills, but do not know the usage in kWh. They use air
conditioning almost 24 hours in the summer, or at least 16 hours every single day,
whereas in winter the air conditioning is switched off or used for only 6 hours. It is

clear that Saudis spend most of the time in the living room or bedrooms.

A positive finding from the survey is that most Saudis turn the air conditioning off
when not in use. Unfortunately, over 80% feel that air conditioning in the summer
does not satisfy them, which means that Saudi houses are suffering, wasting energy
and providing uncomfortable indoor temperatures. However, 75% of the
participants mentioned that they sometimes need to turn the air conditioning on and
off multiple times in a few minutes as they feel the temperature inside the home is
suddenly cold, and then gets hot again very quickly. This indicated that the
construction materials for houses in Saudi Arabia could have a role to play in this
and there is room for development in this regards in order to offer comfort and
reduce the cooling load.

85% of the participants know that using and wasting energy could harm the
environment, but they continue to use air conditioning almost 24 hours in summer,

as they perhaps believe that they do not have any other option.

52% of Saudis confirmed that they could change their behaviour if electricity bills
in Saudi Arabia increased, which may indicate that the government of Saudi Arabia

could be a part of the solution.

At the end of the survey, many Saudis show that they have effective and simple
methods to reduce energy consumption in homes, and 60% stated that they are
happy to buy more expensive houses that are designed to consume less energy,

provide thermal comfort and are harmless to the environment.
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Chapter 6

Interview Findings and Results Chapter

105



6.1 Overview

The aim of this chapter is to present and analyse the findings resulting from multi-
ple visits to Saudi Arabia. Interviews were performed with qualified interviewees

holding academic qualifications in architecture or engineering specialities.

The interviews focused on different groups (specialists, experts, architects and en-
gineers). Ten interviews were performed and the type of the interview was semi-
structured. Each interview consisted of set questions designed to gather feedback
and comments from such professionals. All of the interviewees either work in the
governmental sector or in the private sector, dealing with housing, green buildings
or energy, from various regions across Saudi Arabia. The chapter will then provide
an in-depth discussion of the results, identifying possible ways to make residential

buildings in Saudi Arabia more sustainable.

6.2 Interview Aims

The main aims of the interviews were: to understand the current situation of Saudi
residential buildings; to identify the most common type of Saudi residential
building, from specialists’ and experts points of view; to determine how to improve
the energy consumption of existing residential buildings; to establish whether the
Saudi government has plans to protect the environment and reduce energy
consumption; and finally, to understand if the Saudi government or companies
follow any specific building regulations or standards, or whether the government

has its own version of these regulations.

6.3 Interview Plan

The visits and interviews commenced on 01/06/2013 and continued until
31/08/2013. This consisted of visiting different cities and governmental / private

companies in the Kingdom of Saudi Arabia.

The plan for the field trip and visits considered two principal sections: interviews
with engineers, architects and representatives working in this field; and data

collection. The aim of the latter is to gather data required in the PhD study without
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meetings or interviews. The final stage involved analysis and reporting. Details of
the field trip plan, interview activities, activity description, interviewees’ job,
interviewees’ qualifications, the interview objective, locations, start/end dates are

provided as follows in the table 6.1:
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Table 6.1: Field trip and Interviews plan.

Multiple visits to the
Faculty of
Environmental Design
- King Abdulaziz
University

Description

In 1997, the Faculty of
Environmental Design was
established in a special building,
following the creation of the
faculty of environmental design,
with three departments:
architecture, urban and regional
planning, and environment
architecture.

Interviewee Job Title

Professor of King
Abdulaziz University

Interviewee High
Academic Qualification

Doctoral Degree

Lecturer

Doctoral Degree

Objective

Collect data about construction
types, building materials, design
and environmental issues for
Saudi residential buildings

Location

Jeddah, Saudi
Arabia

Start Date

01-06-2013

Completion
Date

31-08-013

Visit to Makdkah
Muricipality

The Holy Makkah Municipality
(HMM) is a Saudi government
organisation, which operates
over 30 business applications
addressing the needs of
major municipal operations and
services. These include
issuing licenses for
construction and professionals,
and managing the
municipality’s financial, human
resources and payroll processes.

Project Manager

Bachelor Degree

Collect data about the types of
Saudi residential buildings
through interviews

Makkah, Saudi
Arabia

07-06-2013

13-06-2013

Visit to the Saudi
Electricity Company

The Saudi Electricity Company
is the leading producer of
electricity across the Kingdom
of Saudi Arabia, providing
services to various
governmental, industrial,
agricultural, commercial and

residential sectors.

Electrical Engineer

Master Degree

Collect data about energy
consumption/demand and
methods to reduce and save
energy through interviews

Jeddah, Saudi
Arabia

14-06-2013

30-06-2103
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Visit to Jeddah
Municipality Library

Description

This is a private library located in
the municipality of Jeddah, which
stores books about the buildings,
construction, population,
procurements and all other
information regarding Jeddah city.

Interviewee Job Title

Interviewee High

Academic Qualification

Objective

Identify the standards and
regulations for Saudi residential
buildings

Location

Jeddah,
Saudi Arabia

Start Date

08-07-2013

Completion
Date
13-07-2013

committees. It was established in
2009 and is funded by an interest
group of professionals and
academics in the fields of
engineering construction and
environmental sciences.

Visit to King KACST is an independent Architectural Engineer Bachelor Degree Collect data related to energy Riyadh, | 14-07-2013 | 19.07-2013
Abdulaziz City of |[scientific organisation that reports strategies and plans for the | Saudi Arabia
Science and to the Prime Minister. It is both future in the Kingdom of Saudi
Technology (KACST) the Saudi national Arabia through interviews.
science agency and the national
laboratories. The science
agency deals with science and Senior Architect Bachelor Degree
technology policy
making, data collection, funding
of external research, o
and services such as the patent =
office.
Visit to Saudi Green | SGBC is a non-profit distributing Architect Master Degree Collect data about green Riyadh, |20-07-2013 | 30.07-2013
Building Council organisation and linked to King buildings and projects in the | Saudi Arabia
(SGBC) Saud University for scientific Kingdom




Description Interviewee Job Title Interviewee High

Location Start Date
Academic Qualification

Completion

Visit to King Abdullah | King Abdullah University of | Associate Professor

Date
Doctoral Degree Collect data about sustainable Thuwal, Saudi | 31-07-2013 | 10.08-2013
University Science and buildings within the campus Arabia
Technology (KAUST) is a new| through interviews
international, research univer

sity with the aim of
driving innovation in science
and technology and support
ing world--
class research in areas such
as energy and the

environment.
Visit to several Architectural and engineering | CEO of Architectural Bachelor Degree Collect different case studies of | Jeddah, Sandi | 11-08-2013 | 31.08.2013
Architectural Design | companies that design green Company residential projects (villas, flats) Arabia
Companies buildings, low energy in Saudi Arabia.
?u#._Emwu Banonﬁ.maow.iﬁ— Archiect Bachelor Degree
environmental considerations.
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6.4 Interview Changes and Limitations

A few alterations were made to the original interview plans as a result of delays
with some companies in arranging appointments, and a few companies refusing to
give interviews. Consequently, alternative interviews and meetings were arranged
with other companies that were happy to co-operate and provide the data needed
for the PhD research.

6.5 Interview Findings

6.5.1 Average Saudi Family Size

It is important for the purposes of the study to find out the average family size in
Saudi residential buildings. Thus, the interview with the project manager from
Makkah Municipality contained several structured questions, one of which was
regarding the average size of Saudi families. The answer revealed that the average
Saudi family size is five persons per household.

6.5.2 Residential Buildings in Saudi Arabia

During this research lots of questions appeared regarding housing, residential
building types, residential building numbers and prices in the Kingdom of Saudi
Arabia. Therefore, the project manager from Makkah Municipality was asked
questions about the number of residential buildings in 2013. The representative
replied that each municipality in Saudi Arabia has its own database for it is region.
The interviewee provided the number of residential buildings in Makkah region, as

follows:
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Table 6.2: Number of residential buildings in the Makkah region.

Number of residential

City / Town / Village

buildings
Jeddah 702547
Makkah 291468
Taif 177408
Qunfza 54170
Allith 23936
Rabee 18600
Algamom 18269
Klhis 11759
Alkamel 4878
Al Khurma 7949
Ranee 8005
Turba 8698
Total for Makkah region 1327667

According to the result from the interview with the Makkah municipality
representative, residential buildings in the kingdom are categorised into four main

types: four-storey apartment blocks, two-storey apartment blocks, duplexes and
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houses (villas). The project manager from Makkah municipality mentioned that all
regions in the country have the same residential building categories.

In addition, the Makkah municipality representative mentioned that apartment
prices usually start from 350,000 Saudi Riyals (SR) (approximately 58,333 GBP,
based on 1 GBP = 6 SR). House prices start from approximately 1000,000 SR
(166,666 GBP).

In contrast, rental prices vary and depend on numerous factors, such as size,

location, city and region, thus making it very difficult to provide accurate details.

6.5.3 Energy in Saudi Residential Buildings

There are numerous reasons why all types of Saudi buildings, and particularly
residential buildings, depend on oil. According to the interview with an electrical
engineer from the Saudi electricity company, the principal reasons are that Saudi
Arabia is a very oil rich country, oil is the primary energy source, and it is very
cheap to use for local energy purposes.

In an interview, a representative of King Abdulaziz City for Science and
Technology (KACST) working as a senior architect stated that, based on their
research, it is evident that residential buildings have the highest energy
consumption, accounting for over 50% of the total energy.

According to the electrical engineer from the Saudi Electricity company, and based
on their statistics, 80% of the power in Saudi Arabia is consumed between June
and October.

Energy technologies have the potential to improve the current Saudi situation with
regard to its enormous energy demand and its dependency on oil, resulting in
environmental pollution.

The KACST representative commented that energy is one of the key drivers of
Saudi Arabia’s development and economic growth. However, satisfying the energy
demand in the Kingdom is a challenge as it is estimated that the electricity demand
alone is growing in excess of 6% a year. In order to keep pace with the demand,
there is a need for science to offer a variety of solutions.

The Saudi government aims to change the future by using energy technologies to
produce energy by alternative means rather than oil, for example renewable energy.

The Saudi Electricity Company representative stated that the government has
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already signed several contracts with various companies and organisations to
harness the benefits of renewable energy, particularly solar power.

It is mentioned by the KACST representative working as an architect, the Kingdom
of Saudi Arabia receives 105 trillion kilowatts of sunlight per day, some of the most
intense sunlight exposure on the planet. The country is therefore considered to be
one of the top five places in the world for potential photovoltaic generation of
electricity. Thus, Saudi Arabia’s best natural resource may be sunlight rather than
oil.

KACST plans to use advanced nanotechnologies to develop solar power, as there
is a belief that nanotechnology devices will reduce the cost to less than 30 halals
(about 0.5 UK pence) per kW of electricity.

There are also many methods that could contribute to saving energy in Saudi houses
and reducing energy consumption. In the interview, the Saudi electricity company
representative believed that the easiest and most efficient way to save energy in
residential buildings in Saudi Arabia is by using thermal insulations in the walls
and roofs, adding shade devices, and by reducing window sizes, thereby decreasing
heat in houses.

The architect from KACST explained that the key to reduce energy consumption
in the Kingdom by reducing the ‘Peak Load’. In Saudi Arabia approximately 10%
of all electricity generated and 25% of the distribution infrastructure are used for
just 400 hours per year (approximately 5% of the time), and this period of time is
known as peak load. The representative added that new technologies offer the
possibility of providing much needed relief by better informing customers of how
they can be more energy efficient during peak load times, and the immediate
tangible benefits, both financial and environmental, such as lower bills and
improved air quality. Even by slightly reducing the peak load, there is a potential
saving of billions of dollars in infrastructure investment. This is particularly
important as the interviewee said that the peak demand forecast is expected to
increase by over 60% until 2021.

The KACST representative added that Saudi Arabia should also adopt the Green
building concept, which reduces energy consumption through a variety of methods.
Firstly, efficient building design can decrease the embodied energy in the building,
using recycled and local materials, and recycling construction waste. Secondly,
green building design reduces buildings’ lifetime energy consumption. The need
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for electrical lighting during the day can be decreased by the strategic positioning
of windows and skylights; reliance on air conditioning can be reduced by using a
whole house fan to cool the house overnight. Furthermore, high quality insulation
decreases temperature regulation costs in both summer and winter, and houses can
also maximise passive heating and cooling. Heating costs can see a 20-30%
reduction with south facing windows with overhangs; prevailing breezes, shading
and natural plantings can keep houses cooler in summer. It is also possible to create
zero energy buildings, which are structures with an onsite source of renewable
energy (e.g. solar panels or wind turbines).

The architect from Saudi Green Building Council (SGBC) mentioned that it is very
important to raise public awareness, provide training and education as a priority.
Other priorities should include assisting the construction industry to conform to the
green building requirements, encouraging building material manufacturers and
suppliers to produce and supply environmentally responsible products, and
promoting green labelling.

Finally, the associate professor from KAUST confirmed that Saudi cities and
buildings can become more environmentally-friendly by constructing buildings
with sustainable low energy consumption. The first stage is to raise awareness and

understanding of the importance of green buildings.

6.5.4 The Future of Residential Building in Saudi Arabia

According to the electrical engineer from the Saudi Electricity Company, if the
electricity demand remains constant, then in 20 years from now the demand will
almost triple from approximately 46,000 megawatts in 2010 to 120,000 megawatts
by 2032.

In light of this, the Saudi government has signed several agreements for the
application of new energy technologies in buildings, which can alter the country’s
future by making buildings more sustainable and lowering carbon emissions.
SGBC observed that the Saudi government is working to provide sustainable and
green buildings in the future. KAUST offers a very good example of some recent
green buildings in Saudi Arabia as it has some sustainable buildings on campus
(LEED certified, platinum certification). KAUST earned 52 of the 53 required

credits.

115



Moreover, the KACST interviewee explained that there is a KACST Energy
Technology Program which is working with scientists and organisations around the
world. The 2012 Saudi Energy Efficiency Workshop, organised in partnership with
the US National Renewable Energy Laboratory, is now focusing on a project
looking at sustainable resources with MIT (joint Centre of Excellence for Complex

Engineering Systems).

6.5.5 Green Building Regulations

Although there are no official regulations with regard to green buildings in Saudi
Arabia, a variety of reference points are being used, such as: the World Green
Building Council; United States Green Building Council; Green Building Council
Institute; Canadian Green Building Council; Environmental Protection Agency;
American Society of Heating, Refrigerating and Air Conditioning Engineers; Abu
Dhabi Urban Planning Council; UAE Green Building Council and LEED, as there

are many agreements between these organisations.

6.6 Interview Results

The interview results show that the population in Saudi Arabia is rapidly
increasing, impacting on a similar increase in the demand for power and electricity.
Moreover, as oil is a very inexpensive resource in in the country, many Saudis pay
little attention to their energy usage and have no consideration of the resulting
environmental damage.

These issues are also reflected in Saudi residential buildings, resulting in very high
energy consumption. The interview responses clearly indicate that most Saudi
regions are facing the problem of high energy loads in homes. The interview with
the Saudi Electricity Company predicted that electricity demand will almost triple
within a period of 20 years, reaching 120,000 megawatts by 2032, thus there is an
urgent need for research and action to avoid significant increases in the energy
demand, particularly as residential buildings account for over 50% of the country’s
energy consumption.

The Saudi government has started to take these issues into consideration, with

KAUST as a good example of the new generation of environmentally-friendly
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buildings with a lower energy consumption, and the campus receiving LEED
certification. However, this project alone is not enough and the Saudi government
must take urgent action to address the current situation of residential buildings and
new builds. Saudi municipalities should have building regulations and standards

for the future of the construction industry.

Most of the engineers interviewed suggested potential steps to ensure a green future
and change the current situations of buildings. These steps include raising public
awareness, providing training and education, assisting the construction industry to
conform to green building requirements, encouraging building material
manufacturers and suppliers to produce and supply environmentally responsible
products, and promoting green labelling.
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Chapter 7

The Description of the Building Energy
Simulation Software and the Typical Saudi

House Detalls
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7.1 Overview

This chapter (6) will start by presenting the simulation objective and the simulation
software selection justification, descriptions and details.

Illustrating the typical weather and climate in Saudi Arabia is also discussed and
included in this chapter for the selected cities in Saudi Arabia which are Jeddah,
Dammam and the capital city Riyadh. As previously mentioned, these locations
were selected as they have a large population, construction and are regarded as

being the main cities in Saudi Arabia.

For the validation purposes, a Saudi residential building was selected in Dhahran,
Saudi Arabia. This case study was published in a scientific paper and simulated by
using DOE simulation software (Ahmed 2004). Then, IES simulation software
used to compare the result and to validate the model which will explain in details

later on in this chapter. The validation will be described in detail in section 7.7.

Finally, it will focus on the selected typical residential building that designed by
Saudi government and used as a case study in this thesis. The chapter will present
the details of the Saudi house such as building floors plan, elevations and
perspectives. All these data presented in this chapter will be used later on as an

inputs for the IES building simulation software in the next chapter (chapter 7).

7.2 Simulation Objective

In this chapter, the aim is to analyse the recent performance and behaviour of the
Saudi building, focusing on the assessment of the impact of wall content in the

Saudi climate.

The energy use within the building was examined through hour by hour computer
simulation of energy over an annual period. The graphs present the time frames,
e.g. specific days and months. In fact, modelling is achieved by use of a weather
database for specific regions in Saudi Arabia. The energy load is here defined as
the amount of energy that must be removed or added to the interior of a building to

maintain the desired temperature and thermal comfort.
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In fact, it is very important to mention that the new residential buildings in Saudi
Arabia spread all over the country in a short period of time. Unfortunately, these
buildings failed to provide the acceptable comfort conditions indoors. Therefore,
use of mechanical systems for cooling is a must. The main cause is extremely high
ambient temperatures (Phillip 2013) and the poor thermal design of these new
buildings. Saudis at present are suffering and looking for providing the required
level of comfort in the Saudi house throughout the year. It is very important to note
that the Saudi house requires the mechanical system for cooling to provide
comfortable conditions, and in fact, a significant amount of energy consumption
goes to air-conditioning to provide the acceptable level of thermal comfort
(Mohammed and Budaiwi 2013). The Saudi house should take into consideration
very carefully the selection of building materials (Al-Naimi 1989) to try to reduce

the air conditioning requirement.

In hot and humid region such as Saudi Arabia the limit of comfort condition for
minimum standards, the temperature internally should be 75°F (24.4°C) dry-bulb
temperature or 79.5°F (26 .4°C) (Al-Naimi 1989).

For example, based on experiments it concluded that the required thermal comfort
for Dammam is between 69°F (20.5°C) dry-bulb temperature and 80°F (26.7°C.)
and humidity of 30% to 80% (Al-Naimi 1989). In addition, the Saudi building code
sets two acceptable design temperatures of 20 °C and 25.5 °C for both winter and
summer The Saudi building code depends on Fanger's heat balance model I, the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE) Standard -55 (1992) formed the basis for this. (Indraganti 2015).

Khafaji in 1987 added that the comfort zone of tropical areas is between 23° and
30° C. The humidity should be between 30% and 70%.

The following figure presents the acceptable range of operative temperature and air

speed for the comfort zone.
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Figure 7.1: the acceptable range of operative temperature and air speed for the

comfort zone.

The computer software (IES) designed to take into consideration all possible
factors that could affect heat gains or losses which will be reflected in building
cooling or heating loads. The IES software with the right inputs will help to find
out the peak times for energy demand in the Saudi building for the selected
locations and will give the user the full image of the building behaviour not only
under peak conditions but also throughout a typical year. In addition, prediction of

peak energy will help engineers and designers to take the best decision.

The simulations made varied both thermal mass of the external walls and to the
insulation. It is not possible to separate completely these two effects as any thermal

mass material also has a thermal resistance and this affects the heat flow.

To summarise, the aim is to assess the effectiveness of the external walls and the
insulation in reducing cooling load. The thermal mass for the external walls will
work to delay the heat transfer and the insulation will cut and reduce the overall

rate of heat transfer through the wall.
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7.3 Computer Simulation Studies

Computer simulation modelling is used in order to estimate and establish the
energy consumption of the building. Dynamic, thermal simulation models are
mathematical representations of the thermal processes occurring in a building and
are commonly used for building energy analysis. This type of software can account
for the transient response of various load contributors, including hourly weather
data as part of their input. Thus, it is possible to estimate the energy requirements
for both heating and cooling the building on an hourly, daily, or monthly basis. It
is a cost- effective way to assess the impact of alternative design and building

modifications on building energy consumption.

7.4 Rationale for Selection of Energy Analysis Software

There is a variety of software that can perform energy simulations, but the IES
software was selected as it: offers a dynamic simulation; is friendly user; is based
on architectural drawings; is accurate; and the availability of the required data.

Moreover, it offers quality of output, validation and documentation.

Further to the aforementioned features, IES is a full featured, windows-based tool,
which is designed to carry out a complete energy consumption analysis on an hour
by hour basis. It produces charts that show the annual thermal response to the type
of building construction materials used, along with numerous other factors such as:
colour, orientation, shading devices, number of users, activities in the building,
devices. IES provides the required output in sufficient detail for this type of

research.

7.5 Integrated Environmental Solutions Software

ApacheSim (Apache Simulation) refers to a “dynamic thermal simulation

program” that revolves around the first mathematical modelling principles of heat
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transfer procedures, which occurs around and inside buildings. Based on the
categorization system of the CIBSE model, ApacheSim is a suitable dynamic

model and, in different aspects, surpasses the model’s requirements.

The program provides an environment, in which a comprehensive assessment of
system and building designs may be undertaken, facilitating their optimisation in
light of energy consumption and comfort criteria (Integrated Environmental
Solutions Limited 2015).

ApacheSim may be utilised for many issues that include

» Mixed-mode systems

* HVAC systems

» Mechanical ventilation

* Natural ventilation

* Air-tightness

* Casual gains

* Solar penetration, solar gain and shading

* Glazing features

* Climate

* Building orientation and configuration

* Thermal weight (mass) and building dynamics

*Thermal insulation (placement and type)

ApacheSim offers single modelling for all building elements that include radiation,
convection and conduction heat transfer procedures. Such are combined with plant,
air exchanges and room heat gain models. Actual data about the weather is utilised
for simulation, and covers any period ranging from 1 day -12 months. The changing
thermal conditions of buildings may be monitored over time, at short intervals, for
instance, 60 seconds (Integrated Environmental Solutions Limited 2015).

The outcomes produced through simulation are:

The results generated by the simulation include:

» CFD boundary conditions or comfort studies’ surface temperatures

» Comprehensive performance mechanisms such as air exchanges, casual gains,
plant loads, humidity and “hourly room temperatures” (dry resultant, radiant, mean
and air).

* Plant sizes
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* Room load statistics
* Carbon emissions
* Energy consumption

» Comfort statistics (Integrated Environmental Solutions Limited 2015).

7.5.1 Heat Conduction and Storage Fundamentals

The following partial differential equations are used to show the time-evolution of

the spatial temperature distribution in a solid, without internal heat sources:

W =-AVT (7.1)

V.W =—pcdT / ot (7.2)

Where:

TXVY 2zt is the temperature (°C) in the solid at position (x,y,z) and
time t

W (X,Y,z,1) is the heat flux vector (W/m?) at position (x, y, z) and time
t

A is the conductivity of the solid (W/m2K)

p is the density of the solid (kg/m®)

c is the specific heat capacity of the solid (J/kgK)

Equations 1 and 2 express the principles of conduction heat transfer and heat
storage, respectively. The heat diffusion equation (in its most general form in which

A, p, and ¢ may vary with position) then follows:

V.(AVT) = pcoT / ot (7.3)

It is important to take account of heat storage in air masses within the building. The

model of this process is

Q=c, pVdT [dt
(7.4)
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Where

Q is the net heat flow into the air mass (W)

Cp Is the specific heat capacity of air at constant pressure
(J/kgK)

pa is the air density (kg/m3)

\Y is the air volume (m3)

Ta is the air temperature (°C)

(Integrated Environmental Solutions Limited 2015).

7.5.2 Modelling Assumptions

ApacheSim works on the assumption that conduction within each component of
the building (ceiling, roof and wall among others) is ‘“uni-dimensional”.
Additionally, it assumes that the thermal-physical characteristics A, p, and ¢ for
each component’s stratum are even within the stratum. Such assumptions may be

utilised for creating the equation below:

& T/ax’ = %3?‘!3:
(7.5)
The equations network is closed through application of proper boundary
conditions as well as concluding that W is dynamic at the stratum boundaries.

7.5.3 Discretisation

ApacheSim utilises a finite variation method for the solution involving “heat
diffusion” equation. Initially, this substitutes the element using a finite quantity of
“discrete nodes” at which calculation of temperature can be undertaken. Within the

“spatially-discretised” representation, equation 5 indicated below is used.

LW=_M—;A}ETIH:
S5 (7.6)
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Where:
Tn represents the temperature (°C) at the node n and
on represents the spacing of the local node (m).

Node distribution in the strata occurs to facilitate accurate modelling of heat
storage and transfer properties for the chosen time step. This choice depends upon

the limits placed on the “Fourier number” as indicated below:

F=(AlpCAIS,
(7.7)

Where:
A represents the “simulation time-step” (s).

During the process each stratum could be assigned several nodes. Then, there is
discretisation of the time variable. Different schemes could be applied in this
phase.

Explicit techniques utilise a forward-variation scheme that uses existing and
upcoming nodal temperature values in expressing the temperature time derivative

OT / ot at the current time:

T) =(T" =T))/A

(7.8)
Where
i
I, Represents temperature (°C) at the node n as well as time-
step j,
v
L. Represents the temperature time derivative (K/s) at the

node n as well as time-step |

Pure-implicit techniques utilise a backward-difference system, in which the
calculated time derivative is used one time-step within the future as indicated

below:
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TH =(TH =TH)/A
(7.9)

The time derivatives within the equations are equated to 0T / ot to identify a heat
conduction model, which has time and space discretisation. For improvement of
stability and accuracy, an implicit and explicit time stepping combination is
utilised. Such scheme is exemplified by the Crank-Nicholson semi-implicit
technique. The “hopscotch” technique is another one that uses implicit and explicit
time-stepping for alternate construction nodes. This method is utilised by
ApacheSim. The benefits associated with the technique include high accuracy level

and effective computation. Myers fully describes the finite variation techniques.

7.6 Data Used and Inputs

This section will show and explain in details all data and information used in the

IES simulation software as an input.

7.6.1 Simulation locations:

Notably, the KSA has 13 provinces, each having a capital city based on illustration

in table 7.1 and figure 7.2 below.
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Table 7.1: Saudi Arabia provinces (Information Office of the Royal Embassy of
Saudi Arabia in Washington, DC 2015).

Province Capital
Najran Najran

Jizan Jizan

Northern Borders Ar’ar
Al-Jouf Sakakah

Hail Hail

Qassim Buraidah

Tabuk Tabuk
Al-Baha Al-Baha

Asir Abha
Eastern Dammam
Madinah Madinah

Makkah Makkah

Riyadh Riyadh

JORDAN
IRAN
AN
ARAHNIAN
GUlE
OATAKR
FOGYIT 4
UNITED .
RAB EMI
DMAN
SUDAN
AR.‘_\BIAN
REDSEA e N
YEMEN

Figure 7.2: Saudi Arabia provinces map (JEP 2015).
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The focus of this study will be on three Saudi cities namely Dammam, Jeddah and
Riyadh. The selection of the three cities was based on several criteria. The three
cities are regarded as the key cities within the country due to the location and high
population, because the three Saudi regions are represented by them.

Riyadh serves as an administrative centre hosting the government ministries,
diplomatic missions and embassies, and as the Saudi capital. Additionally, it hosts
social, commercial, technical, cultural, agricultural, financial and educational

institutions.

Riyadh city has a population of over 2 million people with the area totally inhabited
exceeding 1600 km. Riyadh city hosts two universities namely Imam Mohammad
bin Saud Islamic University and King Saud, alongside public libraries, stadiums
and sports facilities, cultural and cultural information centres, information centres,
specialised institutes and, security and military colleges.

The port city of Jeddah located along the Red Sea is second in terms of size and
serves as the entry point for many pilgrims arriving by sea or air for religious
functions or visit the holy mosques. The area occupied by people in Jeddah exceeds
1500km, with the population of more than 1.5 million. The city serves as an
industrial and commercial centre consisting of courtyards, squares and modern
features. Furthermore, it serves as a tourism centre, with an attractive corniche
covering 80km on the Red Sea coast. Moreover, Jeddah is a transport centre hosting
Jeddah Islamic Port and King Abdul Aziz International Airport, as well as

educational centre hosting King Abdul Aziz University.

The third city, Dammam, is another critical Port city located on the Arabian Gulf
in eastern Saudi Arabia. Dammam is the biggest town within Eastern Saudi Arabia,
having extended to the limits of Dhahran and Al-Khobar, two other emerging
towns; and its population is more than 1 million. Dammam borders globally

important petroleum refining and production centres (The Saudi Network 2014).
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7.6.2 Typical Weather and Climate in Saudi Arabia

The climate across most of Saudi Arabia is dry with very high temperatures,
although there is some variation in temperatures across different areas of the
country. Temperatures in the south are moderate, dipping down to 10 degrees
Celsius (50° Fahrenheit) in summer; in winter temperatures are usually moderate,
though are cold at night and can dip below freezing. There is rainfall in the Red
Sea coastal areas in the months of March and April, though there is little rainfall in

the rest of the country.

7.6.2.1 Riyadh Weather

Riyadh enjoys a pleasant average temperature from November until March, with
the hot season lasting from April to October, and the highest rainfall in October.
There are spells of rain in in January, February, March, May, June, July, August
and September. The hottest month in Riyadh is July, while the coolest month is

January (as shown in the graph 7.3 below).

Average Temperature (°c) Graph for Riyadh
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Figure 7.3: Average minimum and maximum temperature (world weather online,
2013).
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7.6.2.2Jeddah Weather

The following graph 6.4 shows the average temperature for Jeddah city. It is
evident that the temperature begins to rise from May until September. From
October the temperature begins to falls, with January and February being the

coldest months (world weather online, 2013).
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Figure 7.4: Average minimum and maximum temperature (world weather online,
2013).

7.6.2.3 Dammam Weather

The hottest season in Dammam lasts from May until the end of August, with the
temperature falling from October until reaching the minimum in January (world

weather online, 2013).
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Figure 7.5: Average minimum and maximum temperature (world weather online,
2013).

7.7 Model Validation

Model validation is a key part of this research and it is important to note that the
model used in this study is a typical new residential building in Saudi Arabia.
Therefore, the accuracy of the data entered and the simulation results, which
resulted in this step, is not known. In order to verify the accuracy and to ensure
that the researcher enters all the building simulation data correctly, an existing
residential building in Saudi Arabia is used for model validation, withting data

such as:

Drawing the model correctly.

Inputting building materials in the simulation software correctly.
Inputting the locations for the selected model correctly.
Inputting weather data for the selected model correctly.

Running the software and getting results correctly.

The aim of this validation is to provide a comparison of the results of the building

energy simulation for the cooling load using the Integrated Environmental Solution
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software, with the existing results for the cooling load for the selected residential

building in this section.

7.7.1 Location

The model house used in this research validation purposes is located in Dhahran,
Saudi Arabia, approximately 10 km from the Arabian Gulf. Dhahran is situated 6
miles (10 km) west of Khobar, and together these two cities form the Dammam
Area. The eastern province is the largest desert in the world, covering an area of
80km by 1200km, from the north of the Kuwaiti border to the Rub'Al Khali in the
south (The Saudi Network, 2015).
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Figure 7.6: The location of Dhahran
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Figure 7.7: The location of Dhahran

7.7.2 Climate of Dhahran, Saudi Arabia

During the day, temperatures in Dhahran regularly exceed 40° C from April to
October, with a good deal of humidity, particularly in August and September. In
winter (December and January) temperatures dip to approximately 18° C during
the day and 10° C at night. There is little rainfall throughout the year (The Saudi
Network 2015).
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Figure 7.8: Average minimum and maximum temperatures (world weather online,
2013).

The IES building energy simulation software possesses a variety weather and
climate databases for most cities and countries. The simulation of this model will
use the weather database for Dhahran, with IES using an average of the weather

and climate over the last 10 years.

7.7.3 Typical house details

This section discusses the building characteristics of the case study of the selected
house in Dhahran, Saudi Arabia. The characteristics of the building, system, and
operating conditions for this simulated typical house are detailed in the following
table.
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Table 7.2: Characteristics and description for the case study house (Ahmad 2004).

Characteristics Drezcription (for Baze House)

aaaaa

Location Dhabran (Lat. 26° 17" M, Long. 30700 E, Alitods 24 m)

Crizniation Fromt elavation facing tha east
Dlan thaps Fectansular

Floor dimensians 150mx=175m

Girozs fipor area (1 foors) 3250 me

Crozs wall area 433 0 m? (including windows)

Window ar=a 13.20 % of Groz:z wall arsa

Window setback 30 mm

Tvpe of glzzs inzle pans with indoor shading by venstian blinds (3C=0.67)
Extermal shadins devices Npns

Solar abeorpt far 0,30 for external walls {whits peinted, semi gloss)

exierior surfaces) 0U30 for budli-up roef, white

de + 2{) mm capcrate hallow block < 2 mm

Extemal walls

proafimg = 130 mm comcrets roof sleb + 12.7 mm

Floor 150 mm slab en grada

Paogle’ ]

Lighfinz? 3.0KW Qower level), 2.0 KW (uzpper level)
Appliances? 20 KW Jower lewel), 1.0 KW (upper level)

T nzidamiis]E
mBsldEnnal

[nfiliration type”

The aforementioned details in the table for the case study house will be used in the

IES simulation for validation purposes.

7.7.4 House floor plans

The typical house in Dhahran, Saudi Arabia consists of two floors, with the first
floor containing: the majlis (guest room), dining room, family room, kitchen and

two toilets.

The second floor contains: the master bedroom with toilet, two bedrooms and a
toilet. Each floor is 3.5m high, and the floor plans, elevation and 3D model

perspective are as follows:
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Figure 7.9: Typical house ground floor plan (Ahmad 2004).
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Figure 7.10: Typical house first floor plan (Ahmad 2004).
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Figure 7.11: Typical house front elevation (Ahmad 2004).

The floor plans drawn using IES are based on the details and dimensions in the
previous drawings. The next step in the validation process is to apply different
types of building materials (see the following table and figure). Energy simulation
runs were carried out for various wall and roof configurations, as shown in the
table.
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Figure 7.12: Building Materials (Ahmad 2004).
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Table 7.3: Physical and thermal properties of the studied building materials

(Ahmad 2004).

Table 5. Phyzical and Thermal Properties of the Sindied Buoilding Materials [17,15].

Type Dezcription | Thickmness, E, BH', Diansity,
mm WonE k= E krw
1. HW Concrete Block Hollow 2040 1.038 084 |  ©77
2 LW Concrete Block Hollow 20H) 0571 084 | G00
3. Red Clay Brick Hallow 2040 0470 084 | 690
4 Sand Lime Solid 2040 1.123 080 | 1364
5. Gypsum Block Solid 2040 0.343 1oe | 1030
6. Extmded Baoard 50 0032 1.21 313
Polyshyoens
7. Concreie Elzh Solid 130 1719 0.84 2122
2 Cement Plaster Solid 0 0797 0.84 1682
& Buili-up roofing fal 1] 0170 146 11K

Table 7.4: Wall and roof configuration for different simulation cases (Ahmad

2004).

Table . Wall and Roof Confizuration for Different Simunlation Cazes.

Caze No.

Dezcription

(Baze House)

Roof: 10 mm Buoilt-up reofing = 130 mm Normal Concrete Slzb + 20 me Cement Plaster

Walk 20 mm Cement Plastar + 200 mm Nommal Concrate Elock + 20 mm Cement Plaster

(]

Foof: Sames az for Bazs House (Caze 1)

Wall: 20 mm Cement Plaster + 200 mm Lishtweight Concrete Block + 20 mm Cament
Plaster

tad

Foof: Sames az for Bazs House (Caze 1)

Wall: 20 mm Cement Plaster + 200 mm Red Clay Brick + 20 mm Ceament Plaster

Roof: Sames as for Bazs House (Caze 1)

4 Wall: 20 mm Cement Plaster + 200 mm Sand Lime Brick + 20 mm Cemeant Plaster
Foof: Sames az for Bazs House (Caze 1)
5 Wall: 20 mm Cement Plaster + 200 mm Gypsam Block + 20 mm Cemeant Plaster
Eoof: 10 mm Built-op reofing + 30 mm Extroded Pelvstyrene = 150 mm Heavvweisht
5 Comcrete Slab =+ 20 mm Cerent Plaster
(Insulated Wall 20 mm Cement Plaster + 200 mm Nommal Cencrete Bleck + 50 mm Extroded
'—I-l:ms.E:r Polvsivrene = 20 mm Cament Plaster
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These details are subsequently used as inputs to validate the model and to compare
the cooling load results. It must be noted that the original results were obtained
using the DOE building energy simulation software, whereas the results in this
research are obtained using the IES building energy simulation software.

7.7.5 Results and Analysis
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Figure 7.13: Typical house 3D perspective drew by researcher using IES.

Following the application of the various construction and building materials for
walls and roofs for all case studies, the results will show the total cooling load,
heating load and total energy consumption for each case. The annual energy
consumption for the case study house is calculated to be 138,293 kWh, with a
cooling load of 100353 kWh. The distribution of the peak cooling load is
calculated by the simulation program for the case study house. It is evident that
using different building materials directly impacts on energy consumption and on
the air-conditioning system capacity for a simulated building, as investigated in the
present study.

The following table presents the calculated annual energy consumption for a
typical house, using different building material. The table presents the result for
each material, with the important information here being the result for the cooling

load, to compare it with the IES result.
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Table 7.5: Annual electric energy consumption obtained by using the DOE 2.1E

program for a typical house built using different types of building materials

(Ahmad 2004).

TYPE OF HOUSE

ANNUAL ELECTEIC ENERGY CONSUMPTION (kWh)

24 Change of Total
Cooling Heating Total Enpergy
Conzampiion®
Baze Houze — Momnal Concrets 00 353 14 837 138 293
Elock Houzs (Casze 1)
2. Lizkiweight Cancreiz Block Hounse 83 352 4157 128 224 =549
(Caze 1)
3. Fed Brick House {Case 3] o1 637 3 M7 2345 23
4. Band Lime Brick House (Caz= 4) 100 3349 16 338 33304 .02
5. Gypsum Block Houze (Caze 3 a7 830 G672 1201013 =131

| o]
o

o M Caze

—{1+—Case

P
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Figure 7.14: The monthly energy consumption for a house built using different
types of building materials (Ahmad 2004).
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The final stage of this building validation, after drawing the building in IES and
studying the original results for the cooling load for this typical residential building
in Dhahran, Saudi Arabia, is the comparison of the results of IES with those from
DOE for the cooling load.

7.7.6 Validation Results Comparative

Five case studies were tested using IES to compare the results with those from DOE
for the cooling load. The following figure presents each case study individually,
with a side-by-side comparison. It is evident that there is a trend and similarity
across the results of all the case studies. There is a very small difference in results,
for example only 8% difference in case number five. The blue lines show the paper
results for the cooling load using the DOE energy simulation software, and the red
lines represent the results of the current research for the cooling load using the IES
building energy simulation. It must be noted that there is potential for a slight
variance in the results due to the use of different simulation software and perhaps

different weather databases.
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60000 B DOE (From paper )
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1)

Figure 7.15: Cooling load results comparison.

The IES software has been validated as above, and will therefore be used for
studies on the new house design.
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7.8 Data Used in Simulation for the Selected Residential Building

7.8.1 House Details

For this study’s purpose, it is imperative for a definition of residential building
types in the KSA to be undertaken. Information obtained following a field trip to
Makkah municipality indicates that four categories for Saudi residential buildings
exist they include Villas (houses) attached houses (duplexes), two-storey apartment
blocks and Four-storey apartment blocks. Of these types, villas are dominant and

most sought residential buildings.

For the aims of the current study, a villa model would be utilised for studying the
use of energy for the cooling load as well as techniques of improving the energy

performance of residential buildings, in three specified sites in the KSA.

A typical house design in Saudi Arabia is provided on the Ministry of Housing
website, with the government of Saudi Arabia planning to construct 500,000 units
with the design in the kingdom. The government of Saudi Arabia has embarked on
a new housing initiative for its citizens aimed at addressing the inadequate housing,
which influences undermines the living conditions and it is a politically sensitive
issue (Rashad 2014).

After civil unrest caused by social discontent across Arab-speaking nations in 2011,
Saudi’s King Abdullah unveiled a program of building 500,000 new residential
buildings in the KSA, over a given duration. Funding of the project would cost
Saudi government about 67 billion dollars (Rashad 2014).

However, the complexity surrounding the allocation of aid, difficulties in the
acquisition of suitable land and bureaucracies have undermined rapid
implementation of the program. The new project called ESKAN (housing in
Arabic), which was launched recently by the Housing Ministry is aimed at

overcoming such drawbacks.

The period of registering online is two months for Saudi families in need of
assistance, either through sale of subsidized housing units or land or government-
subsidized mortgages. The applications will be considered for three months, before

a decision regarding the people who are eligible to receive aid is made.
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Based on news from the local media, Shuwaish Al Duwaihi, Saudi’s housing
minister, all applicants to the EKSAN program and who fulfil the requirements

would be given access to their new homes after 7 months (Rashad 2014).

An analyst in the real estate sector, Khaled al Rubaish, remarked that the EKSAN
initiative might go a long way in solving the perennial housing problem through
provision of an open, universal means for citizens in the country to acquire

assistance:

"The situation would become transparent for the financiers (mortgage firms or
banks), developers in the real estate sector and the private sector. All the

aforementioned stakeholders would be able to identify their targets,” said Khaled

al Rubaish.

According to a key investment strategist in MASIC (Saudi Investment Company),
John Sfakianakis, “Any move towards addressing the housing problem is not only
good but welcome.... It emerged that constructing 500,000 housing units became

cumbersome than it appeared, therefore there is need for increasing the pace”

(Rashad 2014).

He added that EKSAN will “help in initiating a take-off for the housing market;
this will address the middle class needs, where housing demand is high. When
Saudis see the shortage being tackled, market imbalance in the housing sector and

systemic risks would reduce.”

Based on analysts’ estimations, about 60% of families in Saudi Arabia (a country
where 20 million people) are not home owners, which constitutes a huge ratio for
such a rich country. Rent increments have escalated the problem by making it
difficult for middle class individuals to afford homes; a large number of Saudis are

ineligible for home loans from banking institutions (Rashad 2014).

An uncertainty looms regarding whether the Housing Ministry would be successful
in adhering to the set timetable for approving applications in the EKSAN project,

as well as the timelines for building new homes.

Additionally, according to Abdulwahab Abu Dahesh, an economic analyst from
Saudi Arabia, difficulties are bound to occur in the verification of eligible

applicants, thus delaying the homes handover (Rashad 2014).
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However, the detailed requirements for the EKSAN project indicate the ministry
of housing is working hard to reduce delays associated with bureaucracy by
providing an open, simple system for aid allocation, and this is a progress compared

to earlier programmes.

The rules state applicants should not be home owners and ought not to have been
beneficiaries of aid from government-subsidized housing project; a points
mechanism would be utilised for prioritising applications, considering factors such
as age, monthly income and family size, and seeks to prioritise the people in need.

Applicants would be required to for the subsidized land or home, or settle their
loans, by contributing a monthly instalment of 25 percent from their monthly

income for 10 years (Rashad 2014).

The Ministry of Housing in Saudi Arabia chose the model because it is a reflection
of the traditions and customs of Arabic community and Saudi families.
Additionally, it is aimed at providing optimum housing engineering standards that
include privacy, future scalability and flexibility, natural ventilation and lighting,
proper room measurements, proper room distribution, implementation ease and
economic design. Therefore, the current research will adopt this design (Rashad
2014).

A typical house (villa) in Saudi Arabia, based on the website details from the

Housing Ministry is illustrated as follow:
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Table 7.6: The ground floor plan details

NAME OF THE ROOM SIZE

GUEST ROOM 4x6
DINING ROOM 3,8x5
KITCHEN 3x4
MEN’S TOILET 1,7x2
BEDROOM 3.8x4.6
TOILETS 2x2.8
LIVING ROOM 4x4,6

Table 7.7: The first floor plan details

NAME OF THE ROOM SIZE

MAIN BEDROOM

4X6 WITH TOILET 1,7X2,2

FIRST BEDROOM

3,8X5

SECOND BEDROOM

3,8x4,6

SERVANT’S ROOM

1,5%X2,3 WITH TOILET 1,2X1,5

Additionally, based on the Saudi Housing Ministry website, the perspectives,

elevations and floor plan are indicated below.
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Figure 7.16: Ground Floor Plan (Saudi Ministry OF Housing 2014).
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Figure 7.17: First Floor Plan (Saudi Ministry OF Housing 2014).
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Figure 7.19: Building Perspective 1 (Saudi Ministry of Housing 2014).
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Figure 7.21: Building Perspective 3 (Saudi Ministry of Housing 2014).
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7.8.2 Construction Details

7.8.2.1 Wall structure in Saudi residential buildings

The building materials used to construct houses are stone, concrete block, brick
and the required steel bars for reinforcement. Although the wall structures vary
from one region to another, in Saudi Arabia they typically consist of brick, concrete
and sometimes stone. Table 7.8 lists the typical wall structures for buildings in
Saudi Arabia along with their thermal characteristics, including the conductance

U-value, and thermal resistance. (Eball 2002).

Table 7.8: Structures and thermal characteristics of walls used mostly in Saudi

Arabian Residential Buildings (Eball 2002).
Wall Type Thickness | Thermal WEL WEL Density

of wall conductivity of | conductance

componen | wall U (W/m?K)

Specific

Resistance  kg/m?® heat
(m?k/w) J/kgK

ts (m)

components
W/mK

External Plaster | 0.20 1.20
Hollow bricks 0.20 0.90
Internal Plaster | 0.03 1.20

External Plaster | 0.02 1.20
Concrete 0.20 1.75
Internal Plaster | 0.03 1.20
Stone 0.20 1.70
Concrete 0.07 1.75
Hollow bricks 0.20 0.90
Plaster 0.03 1.20

Stone 0.20 1.70
Concrete 0.20 1.75
Air gap 0.05 0.28
Bricks 0.10 0.90
Plaster 0.03 1.20

2.25

2.98

2.28

1.62

0.44

0.336

0.438

0.617

2000 1000
1500 840
2200 1000
2000 1000
2410 880
2000 1000
2250 840
2410 880
1500 840
2000 1000

2250 840
2410 880
1500 840
2000 1000
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These four types of walls were selected for analysis in this thesis as they represent

the most commonly used building materials in Saudi residential buildings.

The main aim is to use the IES software to test these four materials and establish
the best material for the selected house in terms of energy consumption. Several
methods will be applied to reach the minimum energy consumption in the
residential building, which will be explained in detail in the next part of this

chapter.

In addition to the previous wall details, it is important to further explain the content
of the construction in Saudi Arabia, such as the wall and thermal insulation in order

to give the full pictures follows:

7.8.2.2 Outer Wall Building Systems

In Saudi Arabia, cement-based materials are used in building construction,
particularly for houses. Walls are of a non-bearing wall type. The following are the

most common wall construction methods (building systems):

Single Wall

This is usually a 20-cm thick wall, built using hollow concrete blocks. The
measuring is 60x20 cm2. There is a general preconception among people, including
construction contractors and even some engineers, that blocks are “good”
insulators by themselves without requiring insulation materials.

Almost two decades ago, a new type of insulated block, consisting of a 7.5cm
polystyrene insulation material sandwiched between two hollow blocks, 15¢cm and
10cm thick respectively, was introduced in the local market. This new block is

20cm wide.

Composite Wall
This consists of thermal insulation material, such as polystyrene or rock wool,
being used to insulate the wall. The insulation material is used on the interior,

exterior or in the middle of the wall. (Almujahid and Keneesakandi 2013).
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e Thermal Insulations
The literature review section entitled Common Thermal Insulators Materials in
Saudi Arabia and Payback Periods, identified four main types of thermal
insulations, which were discussed in detail: Polyurethane, Polystyrene, Fiberglass
and Mineral fibre. As mentioned previously in the literature review section 2.7.3.1
that the payback period for polyurethane is 2-2.5 years, this particular thermal
insulation will be used for the purposes of this research to determine whether it has
a positive impact on the energy consumption for the cooling load, and what level
of energy reduction can be achieved. Structures and thermal characteristics of

polyurethane is presented in the following table 7.9:

Table 7.9: Structures and thermal characteristics of polyurethane (Eball 2002).

Thermal Insulation Thickness of wall = Thermal conductivity of Density Specific

components (m wall components W/mK kg/m3 heat J/kgK
Polyurethane 0.05 0.025 30 1470
Insulation

7.8.3 Operating Hours

The air conditioning is designed to commence when needed, particularly when the
room temperature exceeds 23 degrees centigrade. If the temperature drops below

this temperature, then the air conditioning will stop and automatically switch off.

7.8.4 Cooling Systems

The chapter on air conditioning mentioned that split air conditioners are the most

popular type in Saudi Arabia, and the most common according to the survey results.

In addition, the split type is very efficient compared to other air-conditioning
system. Therefore, this type of cooling system was chosen for this study as
mentioned in section 4.6. The size of this system is selected in accordance with the
size of the rooms, with most rooms in a typical residential building measuring 19
mz or less. The 2.6 kW is therefore selected as it is suitable for this room size (10-

20 sq metres) refer to figure 4.8.
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Chapter 8

The Simulation Analysis and Results for the

Saudi Typical Residential Building
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8.1 Overview

The first step was to use the Integrated Environmental Solutions software (IES) to
establish a model and a case study of the selected Saudi residential building which
been discussed in details in the previous chapter (chapter 6). Several building
materials were then applied to the model, and the weather conditions and energy
consumption were studied, before considering how to develop the model. This
chapter will outline the development of the model in these areas and explain the

assumptions made at each stage.

The energy consumption of a Saudi residential building, discussed in the case
study, was analysed using IES software, and the results calculated for a simulation
of the energy use of a typical Saudi house, designed by the Saudi government. The
dynamic simulation was applied to three different locations in Saudi Arabia:

Riyadh, Jeddah and Dammam.

As described previously in the literature review chapter, Saudi Arabia has main
four types of construction materials for the external walls and it is important to
clarify that these are used as an input in the dynamic simulation to determine which
combination of materials results in the lowest energy consumption, and how the

material properties can be improved.

The simulation ran for a whole year for the aforementioned cities. In the IES sim-
ulation, the cooling load will start when the internal temperature reaches 23 degree
centigrade. In fact, it is very important to mention that the mechanical systems for
cooling is a must as mentioned previously in chapter 7 to provide the thermal
comfort in the Saudi residential buildings. Unfortunately, natural ventilation does
not help, the only practical choice is to use mechanical cooling (Al-Naimi 1989).
Therefore, the Saudi residential buildings are a 100% dependent on air-condition-
ing for ventilation. Later on, the highest and lowest temperature was recorded using
the IES software, though it is important to recognise that the temperature shown in
the graph for the year is an overall average over a period of 10 years. The result
will be explained through the graph for the total energy consumption and temper-

ature based on the selected building material for the whole year in each location.
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This will be followed by the highest two months, then each month individually (see
appendix A) and finally, the highest three days in the year. Similarly, the lowest
temperature will be explained by following the same steps.

The IES computer analysis software was used to quantify the relative contribution
of various construction components of the building envelope. The study considers
all the possible factors that could save energy, though it focuses more on the outer
building walls. The first part of the analysis and results will start by testing the most
common external walls materials in the kingdom of Saudi Arabia: wall type I, 1I,
[l and 1V. All these types of walls will be tested in details in this study in three
different cities and climate zones Jeddah, Riyadh and Dammam. The main aim
behind this test is to find out which of these walls has the better performance
regarding cooling load and energy consumption.

The second part of the results and the analysis is to apply the polyurethane thermal
insulation for the selected external wall and find out in which layer this thermal
insulation in the selected external has the best impact on reducing the cooling load
and of course saving energy. The first city will be tested in the IES software is

Jeddah city as follow in the next part.

8.2 Results and Analysis First Part

8.2.1 Simulation Analysis for the Typical Residential Building in Jeddah City

Four types of external walls applied to the selected residential building model in
Jeddah city, wall types I, I1, 111 and IV. These are the most common external walls
in the kingdom of Saudi Arabia. The investigation for the purpose of the study will

start with wall type | then, the other external walls types.

8.2.1.1 Wall Type |

The first stage of the analysis is to investigate the performance of this particular
external wall type in Jeddah city for the typical Saudi residential building. External
wall I construction is used and applied to the typical residential building. Wall |
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used as an input in the IES software to identify the energy consumption for the
cooling load by presenting several charts and tables. It is important to recap the
construction details that have been input into the IES software for the first type of
wall 1. The construction details will present the properties of the external wall (i.e.
density, specific heat capacity and conductivity). Another important factor that is
considered in the simulation for the wall construction details is the U-value (i.e.
thermal transmittance). It measures the heat transfer through the building material
over a given area. In fact, reducing the u-values will help to achieve energy savings

through lowering the cooling loads (refer to table 7.8).

The energy performance for air-conditioning systems was assessed in energy units.
The following figure 8.1 presents the results for this case in terms of annual and
average monthly cooling energy consumption. The output for cooling load

consumption of the first type of wall test is as follows:
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Figure 8.1: The result of the cooling load from 1% of January to 31% of December

in Jeddah city for the external wall type I.
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Figure 8.2: The result of the cooling load from 1% of July until 31% of August in
Jeddah city for the external wall type I.

This figure 8.2 shows the results for the hottest months in Jeddah city as an average
for each month, calculated over an average of 10 years. The load unit is given in
Kilowatts, with the energy consumption load reaching about 13 kW as a maximum
load for air-conditioning.

It is important to clarify that it was essential for the study to establish the hottest
days in the year. Therefore, after identifying the hottest months in the year, each
month was looked at separately (See Appendix A), day by day, to ensure that the
hottest days were selected for this study. The aim is to carry out further
investigation, with more results and comparisons, and finally to develop an
appropriate method to achieve the most suitable construction type and
development.

An energy analysis was carried out for two months during July and August. The
following chart shows that the hottest days in Jeddah city, as an average, for the
whole year are the 8th, 9th and 10th of July. These days will be used in the IES
simulation for the other types of wall construction (Wall 11, Wall 11l and Wall 1V)
to make a comparison later on and identify the most suitable wall material for the

weather in Jeddah, Saudi Arabia.
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Figure 8.3: The result of the cooling load from 8™ of July until 101" of July in Jeddah

city for the external wall type I.

The previous chart clearly shows that there was a lag between cooling load and the
outside temperature of about three hours, as a result of the thermal mass. The
thermal mass of wall type | delayed the heat transfer when the outside temperature
started to increase in the early morning. After approximately three hours the
cooling load started to show up as shown in the red line. The cooling load started
to provide the required thermal comfort for the residential building. The cooling
load reached approximately 13 Kw, and the outdoor air temperature reached about
42 degrees centigrade. As expected, there was the minimum level of energy
consumption for cooling during the wintertime in Saudi Arabia, which is clearly
shown in the following charts. The first chart presents the months of January and
February in one chart. Each month chart was looked at separately (See Appendix

A). The following charts are more specific.
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Figure 8.4: The result of the cooling load from 1st of January until 28" of February
in Jeddah city for the external wall type I.
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Figure 8.5: The result of the cooling load from 11" of January until 13" of January

in Jeddah city for the external wall type I.
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As shown by computer analysis, the coldest week in Jeddah is from the 9th of
January to the 15th. It is clear that the 11-13™ of January are the coldest days,
while the hottest days are the 8 ™" -10" of July. The chart shows that the time lag
between the outside temperature and the cooling load was about four hours in the
winter time. The temperature was between 12 and approximately 28 degrees
centigrade, and the cooling load varied between 0.0 kW and 2.6 kKW in wintertime.
From the 8th-10" of July the temperature was between 24 and 42 degrees
centigrade, with an increased energy consumption for the chiller, between 7 and 13
KW.

8.2.1.2 Wall Type Il

The next wall tested using IES was wall Il. The simulation presents the energy
consumption for cooling load for the selected Saudi building in Jeddah. The
construction details of wall type 1 (i.e. density, u-value, specific heat capacity and

conductivity).is presented in chapter 7 (refer to table 7.8).

The external wall construction that was simulated reflects a typical wall used for
housing in Saudi Arabia, as well as other types that were previously mentioned.
The simulation results will present: the energy consumption for cooling load for
wall I1; the dry-bulb temperature, in the form of degrees centigrade. The simulation
shows the whole average year from the 1 of January to the 31st of December. Each
month chart was looked at separately (See Appendix A). July and August are
regarded as being the hottest months in Jeddah. The charts will present the
simulation results for cooling load for the hottest days in Jeddah city as well as the
coldest days.

The next chart 8.6 represents the hottest days (8"-10" of July).
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Figure 8.6: The result of the cooling load from 8" of July until 10" of July in Jeddah
city for the external wall type I1.

Figure 8.6 shows that the lag between the cooling load and the outside temperature
is only about three hours. The thermal mass for the external wall 11 delayed the heat
transfer for only three hours. The cooling load started to appear slightly after the
outside temperature started to increase in the early morning. The cooling load
peaked at approximately 13 Kwh and the dry-bulb temperature peaked at 42

degrees centigrade.

In contrast, winter will reduce the cooling load and energy consumption for
cooling. During the winter, the maximum cooling load was 7kW with a maximum
temperature of 34 degrees centigrade on certain days. The results show that January
is the coldest month in Jeddah, with the coldest days being the 11th to 13" of
January as shown in the following chart 8.7.
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Figure 8.7: The result of the cooling load from 11" of January until 13" of

February in Jeddah city for the external wall type II.

As shown above, the winter has a different scenario regarding energy consumption
for cooling load. It still shows a lag between the outside temperature and cooling
load of about four hours. From the 11th-13th of January the cooling load fluctuated
from 0 in specific times of the day to 2.5 kW. The temperature ranged from 12

degrees centigrade to approximately 28 degrees centigrade.

8.2.1.3 Wall Type Il

The third type of wall tested in the simulation was wall type I1l. The properties of
the wall, with regard to the construction and the wall layers are explained in details
in chapter 7 (refer to table 7.8).

The simulation ran for a full year (See Appendix A) in order to test the building
material and monitor how it would respond to Jeddah weather conditions for the
selected governmental house. The charts will present the cooling load results for
the hottest and coldest days in Jeddah. It is then important to look at each month

separately to identify which are the hottest months (See Appendix A).
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July and August are considered to have the highest energy consumption in the form
of cooling load. The next chart 8.8 represents the 8th, 9th and 10" of July, which
are the hottest days in Jeddah, Saudi Arabia.

7.84 —42
7.6 40
7.4 38
7.2 —36
S o
2 3
& 7.0 -34S
s e
Q
S &
n 6.8 32 @
@ =
0
6.6 30
6.4 28
6.2 26
6.0 e e 24
Thu Fri Sat Sun

Date: Thu 08/Jul to Sat 10/Jul

— Chillersload: (WALL TYPE lll.aps)
— Dry-bulb temperature: SAU_Jeddah_MTN.fut (SAU_Jeddah_MTN.fut)

Figure 8.8: The result of the cooling load from 8" of July until 10™" of July in
Jeddah city for the external wall type IlI.

The figure 8.8 shows a lag between the cooling load and the outside temperature
of about six hours after applying the external wall type 111 to the selected residential
building. This is show the magnitude of the thermal mass for this specific wall to
delay the heat transfer from outside to inside. The temperature reaches about 42

degrees centigrade and the energy consumption reached the maximum of 7.8 kW.

The coldest months in Jeddah are January and February. The charts for January and
February are presented in the appendix A. The last chart in this section shows the

lowest cooling load days.
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Figure 8.9: The result of the cooling load from 11th of January until 13th of

January in Jeddah city for the external wall type Il1.

In the winter time, for these specific days, it shows that the lag between the air
conditioning load and the outside temperature is about nine hours. Evidently, both
the energy consumption and temperature reached the minimum over these days.
The cooling load was only 1 kW, compared to a peak in the summer of almost
8kW, and the temperature fluctuated between 12 and 28 degrees centigrade. It is
clear that the temperature and the energy consumption will drop to the minimum
in the winter, with the opposite in the summer.

8.2.1.4 Wall Type IV

The last wall type used in the IES modelling simulation for energy consumption is
wall 1V. The details of the wall construction and the properties used in the computer
software to test the impact of this specific external wall construction are presented
on chapter 7 (refer to table 7.8).

This wall type is the fourth wall type that is commonly used in the Kingdom of
Saudi Arabia. It is important, for the purposes of this thesis, to test this wall along
with the others in Jeddah. The charts that present the whole year cooling load as

well as each month individually are included in the appendix (See Appendix A).
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The following graphs show the results of the simulation and detail the energy
consumption, presenting how many kilowatts are consumed, as well as the
temperature to indicate how this wall behaves in the hottest and coldest days in
Jeddah city.

The first graph focus in more detail on the days that consumed the maximum of

energy consumption that represent the cooling load of course
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Figure 8.10: The result of cooling load from 8" of July until 10" of July in Jeddah
city for the external wall type IV.

The figure 8.10 shows that the lag between the cooling load and the outside
temperature for the hottest days in Jeddah is approximately six hours. The thermal
mass of the external wall succeed in delaying the heat transfer for a long period of
time. The chart presents the performance of this specific wall in (wall V) in terms

of cooling load.

It is very clear that the previous chart shows the worst scenario of Jeddah, with the
maximum energy consumption for the cooling load over the hottest days (8th to
11th July). The chart shows that the temperature reached about 42 degrees
centigrade, and the cooling load reached to above 8 kW.
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The next charts will show the opposite scenario, the coldest days, thus the energy

consumption and the cooling load will reach the minimum levels. Each month chart

was looked at separately (See Appendix A).
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Figure 8.11: The result of cooling load from 11'" of January until 13" of January

in Jeddah city for the external wall type IV.

The coldest days in Jeddah city from 11-13 of January show that the energy

consumption is only reached to almost 1.10 kW, with a temperature of no more

than 28 degrees centigrade. The lag between the cooling load and the outside

temperature is about nine hours.

8.2.1.5 The comparison between the external walls types for Jeddah city

After presenting the most common type of walls used in Saudi Arabia, and in

Jeddah city specifically, it is important to discuss which type of wall has the best

performance and lowest consumption and thus has the ability to improve, minimise

consumption and be more environmentally-friendly. This of course will reflect the

size of the thermal mass of the external walls and the heat transfer resistance.
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In order to do this, there must be a comparison between these building construction
materials (I, I, 11l and 1V) of the results of the hottest and coldest days, as
previously used.

The following charts will put these four types of walls together in one graph in

order to make a clear contrast between them.
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Figure 8.12: The comparative results of the cooling load from 8" of July until 10%"

of July for all external wall types in Jeddah.

The most common external walls in Saudi Arabia were examined in term of energy
consumption and cooling load in Jeddah city. Each of these walls has a different
layers, thicknesses, conductivities, densities, specific heat and U-value (refer to
table 7.8).

As previously mentioned, the hottest days in Jeddah, tend to be from the 8" to the
10" of July. This chart displays the results for all external wall types tested
alongside one another. These results clearly indicate that thermal resistance of the
external wall I and 11 are very poor in terms of cooling load and they easily allow

the heat to transfer from outside to inside which led to increase the cooling load
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from the early hours in the morning. In fact, these particular walls perform worse
than the other types. In winter, wall type I and |1 still performs differently to the
other types, which once again have a similar performance, as shown in the
following figure.
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Figure 8.13: The comparative results of the cooling load from the 11" of January
until the 13" of January for all external wall types in Jeddah.

As it is not possible, from the charts, to determine which external wall type
performs best in terms of cooling load consumption for the modelling used in the
IES, further analysis is required, with a comparison between all the wall types. This
comparison is shown in the following table, with the total energy consumption with

regard to the cooling load.
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Table 8.1: The comparison results of the cooling load for all external wall types in
Jeddah.

Chillersload | Chillers load (MWh)  Chillers load
(MWh)

Chillers load
(MWh) (MWh)

Wall Type | Wall Type 111 Wall Type IV

Wall Type Il

Jan 01-31 | 1.1175 1.6008 1.1017 1.1431
Feb 01-28 | 1.0197 1.4534 1.0124 1.0535
Mar 01-31 | 1.9522 2.7414 1.9249 2.0001
Apr 01-30 | 2.8959 4.0038 2.8682 2.9852
May 01-31 | 4.0488 5.6304 3.9957 4.1479
Jun 01-30 | 4.3275 5.9664 4.2829 4.4596
Jul 01-31 | 4.8519 6.7166 4.7954 4.9848
Aug 01-31 | 4.789 6.6058 4.7342 4.9247
Sep 01-30 | 4.1336 5.6788 4.0921 4.2628
Oct01-31 | 3.9579 5.4913 3.9166 4.0786
Nov 01-30 | 2.4208 3.3254 2.407 2.5153
Dec 01-31 | 1.4503 2.0363 1.4345 1.4942
Summed  36.965 51.2503 36.5656 38.0496
total

As these results show, external wall types | and Il perform worst in terms of the

total consumption for the cooling load in the typical Saudi residential building.

There is only a slight difference between wall types | and Il. Wall 111 has a better

overall result. Thus, this wall type will be used for further research in the second

section of the analysis.

8.2.2 Simulation Analysis for the Typical Residential Building in Riyadh City

The most common types of external wall in Saudi Arabia applied to the selected

residential building model in Riyadh city, wall types I, II, Il and IV. The

investigation for the purpose of the study will start with wall type | then, the other

external walls types to examine which wall has the best thermal performance in

terms of cooling load and energy consumption.
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8.2.2.1 Wall Type |

Riyadh is the capital city of Saudi Arabia, and is the second city that has been tested
using the IES computer software regarding energy consumption for cooling load.
The aim is to find out the behaviour of the common walls construction types in this
city for the selected typical Saudi house. The steps of the simulation will follow
the previous steps carried out for Jeddah city. The simulation will start by giving
the image for a year as an average, then it will move to focus on specific months
(see appendix A), and finally days for later comparison. Each month graph was
analysed and studied in this study (See Appendix A). Once again, the first material
in this section will be wall type I. The properties and the characteristics of this
construction are explained in chapter 7 (refer to table 7.8). The details of the wall

include the density, U-value, specific heat capacity and conductivity.

The graphs present the chiller load and temperature during the hot summer months.
The study included the results for each month individually (See Appendix A).
Riyadh’s climate and weather is different from Jeddah, with the temperature
dropping below 5 degrees centigrade, compared to an average minimum
temperature, over a 10 years’ period, of 10 degrees centigrade in Jeddah. In
contrast, the maximum temperature in Riyadh peaked at over 45 degrees
centigrade.

The simulation result for external wall type | for the typical house shows that the
cooling load started from 0 kW in winter, up to approximately 15 kW in summer.
Therefore, it is evident that Riyadh has a quite different climate in both winter and
summer. It will be interesting to observe whether the best wall construction type
for Riyadh is different from Jeddah.

The way to find out is by testing the four types of the external walls and comparing
the results.

July and August are the hottest months in Riyadh. The next chart 8.14 will discuss
and focus on the hottest days in the capital city of Saudi Arabia, with temperature
in Riyadh reaching 46 degrees centigrade and the cooling load reaching above 14.5
kKW.
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Figure 8.14: The result of cooling load from 5" of August until 7! of August in
Riyadh city for the external wall type 1.

From the 5" of August to the 7*" of August these days considered to be the hottest
days in Riyadh. On the 6™ of August the temperature reached 46 degrees
centigrade. The cooling load for these days was between 10 and 15 kWh. The lag
between the cooling load and the outside temperature is about two hours only. This
shows that any change in heat transfer needs only two hours to find its way from
outside to inside. In fact, these specific days (5" - 7" August) were selected to
make a clear comparison between different types of building construction materials
for the summer season as they represented the hottest days in Riyadh according to
the figures shown previously, as well as to see the behaviour of materials in
different cities in the kingdom.

The following charts will present how the first type of construction material wall
reacted in the coldest days in the winter season. It is important to mention here that
the analysis includes the graph results for each month individually (See Appendix
A).
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Figure 8.15: The result of cooling load from 8" of February until 10 of February
in Riyadh city for the external wall type I.

January and February are the coldest months in Riyadh (the capital city of Saudi
Arabia), with the temperature fluctuating between 0 and 35 degrees centigrade.

Interestingly, the figure shows that the temperature did not exceed 20 degrees
centigrade, and the cooling load remained constant at zero kW from the 8™ to the
10" of February (the coldest days in Riyadh). This indicates that even when the
weather is cold in Riyadh people don’t use air conditioning, whereas people in

Jeddah continue to use air conditioning in winter.

8.2.2.2 Wall Type Il

The next external wall type (11) will be examined in Riyadh weather and conditions
to build a better image of all types of construction walls. The details of the

construction wall are shown in chapter 7 (refer to table 7.8).
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Two charts will show the result of the IES building energy simulation after
applying these specific construction details, location and the model of the Saudi
typical house. The results start by showing the hottest days in Riyadh city, and then
giving the details of the coldest days in the city of Riyadh. Moreover, the study and
the analysis took into consideration the details of each month individually

regarding energy consumption and cooling load (See Appendix A).

The temperature started from around 5 degrees centigrade, up to more than 45
degrees centigrade, and the air conditioning load reached above 16 kW in the
summer. Each month graph was looked at and included in this study (See Appendix
A). The following charts show the simulation results for the hottest days.
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Figure 8.16: The result of cooling load from 5" of August until 7! of August in
Riyadh city for the external wall type II.

The charts show that the temperature in Riyadh in the summer ranged from 25 to
about 45 degrees centigrade, and the energy consumption for the cooling load
reached almost 15 kW. The last chart 8.16 focuses on specific hot days in Riyadh
(5" -7"" of August) when it is clear that the dry-bulb temperature reached 45 degrees
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centigrade and the electricity load for air conditioning reached 14.5 kWh which is
the peak load for cooling load in Riyadh city. The lag between the outside
temperature and the cooling load is between two to three hours approximately.
The following chart presents the wall type Il simulation result in the coldest days
in winter season. Each month graph for the winter season for this part was looked
at and included in this study (See Appendix A).

0.50 —20
0.40—

0.30

5

o
[
LT
T
LN
i

o
o
. T
|
T
LN
N
) ainesadwa]

Sys load (kW)

&

2

L9
Q)

10 O

&
N
?

. -8
-0.301

-0.40 L6

050 T e 4

Date: Mon 08/Feb to Wed 10/Feb

—— Chillersload: (WALL TYPE Il RIYADH.aps)
Dry-bulb temperature: SAU_Riyadh_IWEC.fut (SAU_Riyadh_IWEC.fut)

Figure 8.17: The result of cooling load from 8™ of February until 10" of February
in Riyadh city for the external wall type II.

From the 1st of January to the 28th of February, the temperature fluctuated from
approximately 4 degrees centigrade to about 33 degrees centigrade at the end of
February (see appendix A). The air conditioning started being used at the end of
February, whereas in the coldest days in Riyadh from the 8" of February until 10"
of February the air conditioning was not running, and the temperature ranged from

4 to 20 degrees centigrade.
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8.2.2.3 Wall Type 11l

The third external wall type for city of Riyadh is I11, and it is essential to establish
which type of external wall is the most suitable for this typical house in Riyadh,
having tested all the wall types using the IES dynamic simulation software. The
wall construction details used in the computer software are presented in chapter 7
(refer to table 7.8).

After December the temperature reached a minimum of about 4 degrees centigrade,
with a maximum in July and August of more than 45 degrees centigrade (see
Appendix A). The graphs for each month individually has been explained as part
of the results (See Appendix A).

The first of the following chart 8.18 gives the result of cooling load consumption
for the hottest days, followed by results for the coldest days in the winter season.
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Figure 8.18: The result of cooling load from 5" of August until 7" of August in
Riyadh city for the external wall type I11.

It is clear according to the previous figures that the temperature reached 46 degrees
centigrade in the summer, and the energy consumption for the cooling load reached
about 9.6 kW for this specific wall construction type. The figure 8.18 shows the
hottest days in Riyadh. As shown in the figure, the temperature fluctuated between
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28 and 46 degrees centigrade over these specific days. The cooling load fluctuated
between 8.40kW and 9.60kW. The lag between the cooling load and the outside

temperature is about seven hours. The thermal mass for the external wall type 111

delayed the heat transfer for an appreciable length of time which means that this

wall is very efficient regarding the energy consumption and cooling load when

night time temperatures are low, as the heat is released in the evening and keeps

indoor temperatures moderate. The cooling load on the other hand looks zero kW

in winter and hit the peak of almost 10kW in the summer season (see Appendix A).

The following charts will focus on the 81" of February until 10" of February to use

it in comparison with the results for the other types of walls at the end of this

section. The graphs for January and February were tested using IES and included
in research results and the analysis (See Appendix A).
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Figure 8.19: The result of cooling load from 8™ of February until 10" of February

in Riyadh city for the external wall type I1I.

The coldest months are January and February, with a low temperature in these two

months until the end of February when it starts to rise (see Appendix A). The

temperature in the winter is between 4 degrees and28 degree centigrade.
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From the 8™ of February until 10" of February the temperature reached about 20

degrees centigrade, with a cooling load of zero kWh.

8.2.2.4 Wall Type IV

The last wall type for the capital city Riyadh is wall type V. This wall type will be
examined in the IES simulation software for subsequent comparison. The table that
outlines the properties of this specific wall is presented in chapter 7 (refer to table
7.8).

The charts will show the results of the simulation, starting with the results for the
whole year, then summer, and finally winter (see Appendix A).

The first chart 8.20 presents the cooling load and temperature for Riyadh for the
hottest days. The subsequent chart shows the reaction of the wall regarding cooling
load in the coldest days in Riyadh. The graphs for the hottest months in Riyadh
were discussed individually (See Appendix A).
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Figure 8.20: The result of cooling load from 5" of August until 7" of August in
Riyadh city for the external wall type IV.

Summer is considered to be July and August. Another simulation carried out

showed that the cooling load for this specific external wall construction was up to

178

(D,) a1nresadwa]



10.5 kW and the temperature reached approximately 46 degrees centigrade. The
thermal mass for the external wall type 1V shows a good result as it delayed the
heat transfer and created a lag between the cooling load and the outside temperature
of about 7 hours.

The following charts present the cooling load results for this external wall type,
used in the simulation for the Saudi typical house in Riyadh from 8" to 10" of
February. The results included the graphs individually for coldest months in Riyadh
(See Appendix A).
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Figure 8.21: The result of cooling load from 8" of February until 10 of February
in Riyadh city for the external wall type IV.

As shown previously, the cooling load during the winter is zero kW as the
temperature is very low and there is no need for air conditioning. The average

minimum temperature recorded, over 10 years, was around 4 degrees centigrade.
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8.2.2.5 The comparative between the external walls types for Riyadh city

After presenting the most common type of external walls used in Saudi Arabia, and
applying these to the simulation model for Riyadh, it is essential to establish the
most suitable external wall type for the climate of Riyadh with the best energy
performance and lowest consumption in terms of cooling load. The next stage is to
improve the selected external wall and minimise the cooling load to the lowest
possible level.

In order to do this, there must be a comparison between these building construction
materials (I, I, 11l and 1V) of the results of the hottest and coldest days, as
previously used.

The following chart 8.22 shows the four types of walls in one graph in order to
highlight a clear contrast between them. The first comparative chart is for the time
period from the 5 until the 7! of August, comparing the cooling load performance

in summer with a peak temperature during this period.
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Figure 8.22: The comparative results of the cooling load from the 5" until the 71

of August for all external wall types in Riyadh.
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It is evident that July and August are the hottest months in Saudi Arabia,
specifically in Riyadh. This chart covers the hottest days in Riyadh (5" until 71 of
August) and presents the results of all external wall types previously tested for this
city in one chart, side by side. External wall types | and 11 performs worst. These
two particular types of walls shows a poor thermal performance and allows the heat
to transfer from outside to inside the residential building in few hours from the
early morning. It shows that made the residential building in Riyadh city will
require a significant amount of cooling. On the other hand, wall type 111 and IV has
the lowest cooling load consumption and thus, the best performance. Wall type 111
shows the best thermal performance regarding heat transfer and cooling load. In
winter, all external wall types have a similar performance with regard to the cooling
load. For the period of 8th to the 10th of February, the cooling load remains 0 KW

for all external wall types, as shown in the following figure 8.23.
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Figure 8.23: The comparative results of the cooling load from the 11" until the 13"

of January for all external wall types in Riyadh.

At this stage it is important to study the total energy consumption for all external
wall types used for this Saudi typical residential building to ensure that the

optimum wall type is selected.
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The following table compares the energy consumption for the cooling load for the

four external walls.

Table 8.2: The comparative results of the cooling load for all external wall types
in Riyadh.

Chillers load Chillers load Chillers load Chillers load

(Mwh) Wall (Mwh) Wall (Mwh) Wall (Mwh) Wall
Type | for Type Il for Type 111 for Type IV for
Riyadh Riyadh Riyadh Riyadh

Jan 01-31 0.0001 0.0006 0 0

Feb 01-28 0.0671 0.0734 0.022 0.0202

Mar 01-31 0.3026 0.3173 0.1476 0.1453

Apr 01-30 2.6231 2.625 1.8562 1.9214

May 01-31 6.3255 6.3244 4.5269 4.6977

Jun 01-30 7.8613 7.8583 5.6289 5.8514

Jul 01-31 8.4973 8.4941 6.0724 6.3127

Aug 01-31 8.7978 8.7934 6.3164 6.5723

Sep 01-30 6.7999 6.795 4.929 5.1347

Oct 01-31 3.9592 3.9543 2.8963 3.0248

Nov 01-30 0.8211 0.8285 0.5562 0.5852

Dec 01-31 0.0064 0.0075 0.0003 0.0003

Summed total 46.0613 46.0719 32.9522 34.2659

As shown in the previous table, the total cooling load in this typical Saudi
residential building in Riyadh reveals that the external wall 111 has the best overall
result for the thermal performance and cooling load. Thus, this wall type will be

used for further research in the second section of the analysis.

8.2.3 Simulation Analysis for the Typical Residential Building in Dammam
City

The most common types of external walls in Saudi Arabia applied to the selected
residential building model in Dammam city, wall types I, Il, 1ll and IV. The

investigation for the purpose of the study will start with wall type | then, the other

external walls types.
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8.2.3.1 Wall Type |

The last city tested using the IES building energy simulation software is Dammam,
which is the third largest city in Saudi Arabia. The aim of the simulation is to
identify the behaviour of the wall construction in a hot and humid climate, typical
of this city. Four types of external walls will be applied to the selected model in
order to use the most suitable one for further construction development. The
simulation will run hour by hour over a full year. The IES software used a weather
database to give an average for ten years.

The first wall construction used in the IES is wall type I. The table that gives the
details and the layers of the construction is presented in chapter 7 (i.e. density, u-
value, specific heat capacity and conductivity) (refer to table 7.8).

It is clear that the energy consumption for the cooling load reached about 11 kW.
The temperature fluctuated between 5 degrees centigrade in the winter time, to
almost 50 degrees centigrade in the summer time (see Appendix A).

July and August are considered to be the hottest months in the kingdom. The chiller
load in the summer is between 7 kWh and 17 kWh, as the temperature reaches
about 50 degrees centigrade. Each month individually were looked at and tested as
a part of the analysis (See Appendix A).

The following chart will present the results of the hottest days in the country for

use in comparative charts later on.
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Figure 8.24: The result of cooling load from 13" of July until 15" of July in
Dammam city for the external wall type I.

In hottest days of Dammam city from the 13" to the 15" of July the temperature
rose to almost 50 degrees centigrade, with the cooling load reaching abovel6.5
kW, the maximum load over these days. The lag between the cooling load and the

outside temperature is about 4 hours.

The following charts will illustrate the coldest days in the winter season. The

temperature is at its minimum in Dammam city in January and February.
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Figure 8.25: The result of cooling load from 22" of January until 24" of January
in Dammam city for the external wall type 1.

The temperature is between 4 and 30 degrees centigrade in the winter season. There
is no cooling load in January only in few days. In the end of February the cooling
load appeared in the chart as a result of the temperature increasing. The graphs for
the winter season were studied for each month individually (See Appendix A).

The last chart shows the coldest days in Dammam. The cooling load is zero because

the temperature is low and, as previously mentioned, no air conditioning is

required.
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8.2.3.2 Wall Type I1

Wall type Il is the second construction wall tested in IES software for Dammam
city. The details of the wall construction are mentioned on chapter 7 (refer to table
7.8).

In summer the cooling load reached 17 kW and the temperature reached about 50°.
The results start by presenting the energy consumption and the temperature for
hottest days in the form of a chart. . The individual graphs for July and August were
included in this study (See Appendix A).
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Figure 8.26: The result of cooling load from 13" of July until 15" of July in
Dammam city for the external wall type II.

The chart 8.26 above shows the hottest days that temperature could be 50 degrees
centigrade, or more, in Dammam and the chiller load reached over 17 kW on the
14" of July when this type of external wall applied to the model. The lag between
the cooling load and the outdoor temperature is about four hours.

During the winter the temperature reached a minimum of 4 degrees centigrade, thus
the cooling load is zero kW most of the time as the air-conditioning is off. There

were a few days in Dammam when the temperature reached about 30 degrees
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centigrade in winter, meaning that air conditioning was required to cool down
homes. The next charts show the reaction of the wall construction the coldest days
in winter. The results in this section studied the graphs for each month individually
(See Appendix A).

20 —0.50
—0.40
18+ |
1 —0.30
16+ 3
i —0.20
o 14+ I
8 —0.10 W
g ] 5
E <)
g 12 ~0.00 &
[>T o =
g —0_105
~ 10 i
1 —-0.20
8_ -
] —-0.30
o L
—-0.40
L o o e o o o o e o o o L e L e e -0.50
Fri Sat Sun Mon

Date: Fri 22/Jan to Sun 24/Jan

Dry-bulb temperature: Dammam.epw (Dammam.epw) —— Chillersload: (Dammam Wall Il.aps)

Figure 8.27: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type II.

The last chart 8.27 above shows the coldest days in Saudi Arabia in general, and
Dammam specifically. The chart presents the simulation results from the 22" to
the 24" of January, with a maximum temperature of 20° and a minimum of 4°. The

load for air conditioning is 0 kW.

8.2.3.3 Wall Type Il

The third construction wall tested for Dammam city is wall type Ill. The results
will help to select the most appropriate construction that consumes the minimum

energy and gives the best indoor comfort as regards the temperature.

The construction details and the properties of the external wall (i.e. density, specific
heat capacity and conductivity) are explained in chapter 7 (refer to table7.8).
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The temperature can reach up to 50 © in summer, and drop to only 5° in winter. The
cooling load, on the other hand, is between zero and 11 kW, which is the maximum

load at specific times and days (see Appendix A).

In summer, as the temperature could be up to 50 degrees centigrade, the cooling
load will inevitably peak. The wall construction type Il in Dammam shows that
chiller load is between 6.5 kilowatts and approximately 10.5 kilowatts. The air-
conditioning works continuously in July, August and September. The following
chart 8.28 present the simulation results for the hottest days. In addition, the results
included each month individually (See Appendix A).
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Figure 8.28: The result of cooling load from 13" of July until 15" of July in

Dammam city for the external wall type III.

From the 13" to the 15" of July the building reacted according to the wall
construction, thermal mass and the weather in this specific location, which were all
calculated in the IES software and presented in the above chart. The lag between
the cooling load and the outside temperature is between seven to eight hours. This
shows clearly that the thermal mass for the external wall has a significant impact

and results in delaying the heat transfer for a good amount of time.
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As explained previously that the temperature goes up to 50 degrees centigrade in
the morning until it drops in the night to 28 degrees centigrade. This explains why
the air conditioning runs all the time, with the cooling load between 9.50 kW and
almost 10.50 kW for these specific hottest days in Dammam.

The subsequent chart present the coldest days in the winter season of Dammam and
the cooling load consumption over the coldest days. The individual graph for each
month in the winter season were tested and presented (See Appendix A).

The temperature in winter varies between 4 and 30 degrees centigrade. The cooling

load is zero KW most of the time, increasing up to 0.35 kW at specific times.
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Figure 8.29: The result of cooling load from 22" of January until 24" of January

in Dammam city for the external wall type IlI.

The chart 8.29 above shows that the air conditioning was not turned on from the
22" 24" of January, which indicates that during the winter there is no need for

cooling most days.

8.2.3.4 Wall Type IV

The last wall type used in IES is wall IV. The wall’s properties and the construction

layers are explained in chapter 7 (refer to table 7.8).
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It is part of this research to discover and understand the impact of this external wall
on the typical Saudi house in the specified climate.

The temperature ranged from 5° in winter to 50° in summer. The cooling load is
zero during the cold weather, whereas it reaches up to 11 kW in the hot season. It
is clear that the cooling load begins in mid-February and decreases again after
December (see Appendix).

The next chart presents and gives the result for the temperature and cooling load
for air conditioning in the hottest days. The study in this section includes the graph
for each month individually (See Appendix A).
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Figure 8.30: The result of cooling load from 13" of July until 15" of July in

Dammam city for the external wall type 1V.

July and August are considered to be the hottest months in Dammam. The
minimum cooling load recorded was 7 kW, while the maximum was about 11 kWh
(see Appendix A).

The air conditioning was, naturally, in operation day and night as a result of high
temperatures. The temperature was between 24° and 50°, highlighting a significant
difference between day and night (see Appendix A). From the 13" to the 15" of

July the temperature fluctuated between 28 degrees at night, up to almost 50
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degrees in the middle of the day. The chiller load fluctuated between 9.90 kW and
10.80 kW. The lag between the outdoor temperature and the cooling load is seven
to eight hours approximately. This external wall shows a high thermal mass and it
succeeded in delaying the heat transfer for quite a long time.

The following charts present the coldest days in the winter. The charts for each
month individually in the winter season were studied carefully and included in this

research results (See Appendix A).
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Figure 8.31: The result of cooling load from 22" of January until 24" of January
in Dammam city for the external wall type 1V.

The air conditioning load is zero in January, with the load starting to appear from
the 12th to the 15th of February, then again on the 25th of the same month (see
Appendix A). The cooling load only reached approximately 0.50 kW as there was
no need for air conditioning most of the time due to the cold weather. The
temperature fluctuated, on average, between 4° and 30°. The last chart 8.31 shows
there was no air conditioning from the 22" to 24" of January as the temperature

did not exceed 20 degrees centigrade.
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8.2.3.5 The comparative between the external walls types for Dammam city

The most common types of the external wall were used and tested by the IES
building energy simulation software after applied these external walls on the
selected house model. The important stage at the moment to compare the results of
the simulation to find out which wall is more suitable to the city climate and has
better energy performance regarding cooling load and thermal mass. The
comparison will start by comparing the external wall type I, I1, Il and IV in hottest
days as well as coldest days that previously selected for this purpose. The following
charts will put these four types of walls together in one graph in order to make a

clear contrast between them.
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Figure 8.32: The comparative results of the cooling load from the 13" until the 15"

of July for all external wall types in Dammam.

At the beginning of this chapter, the simulation results showed the cooling load
consumption for both summer and winter. Specific days were then chosen for a
comparison to identify which wall has the most positive impact on energy and
cooling load, reducing the consumption as much as possible. The first chart showed
the simulation results for the 13-15 of July for the cooling load for all external wall
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types used for the typical house in Dammam. In general external wall types | and
Il performs worst. These two walls shows a poor thermal performance that allow
the heat to transfer from outside to inside the residential building in few hours from
the early morning and result in increasing the cooling load. There is no doubt that
external wall type 111 had most effectively reduced the cooling load on very hot
days, compared to the other wall types. In fact, wall type 11l has a good impact on

the energy consumption.
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Figure 8.33: The comparative results of the cooling load from 22" of January until

24" of January for all types of the external walls in Dammam.

In the winter time the performance of the external walls for this specific model and
location looks very similar as the cooling load is remain constant of zero kW for
the days from 22" of January until 24" of January. To make sure that wall type 11|
is the most suitable for the model and the location it is better to compare the overall

cooling load consumption for these external walls as shown in the table below.
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walls in Dammam.

Table 8.3: The comparative results of the cooling load for all types of the external

Chillers load Chillers load Chillers load Chillers load
(MWh)Wall (MWh) Wall (MWh) Wall (MWh) Wall
Type | for Type 11 for Type 111 for Type 1V for
Dammam Dammam Dammam Dammam

Jan 01-31 0.0034 0.0044 0 0

Feb 01-28 0.0388 0.046 0.0061 0.005

Mar 01-31 1.1424 1.1614 0.7373 0.7539

Apr 01-30 3.6259 3.6326 2.5442 2.6321

May 01-31 7.0202 7.0204 5.0022 5.1989

Jun 01-30 8.4493 8.4484 6.0204 6.2593

Jul 01-31 9.41 9.4076 6.7389 7.0114

Aug 01-31 8.642 8.6403 6.1777 6.4281

Sep 01-30 7.4002 7.397 5.318 5.5393

Oct 01-31 5.3425 5.3398 3.8469 4.0102

Nov 01-30 1.6272 1.6279 1.1948 1.2501

Dec 01-31 0.0557 0.0607 0.0183 0.0178

52.7866 37.6047 39.1062

Summed total | 52.7577

The results in the table above for the total cooling load in this typical Saudi
residential building in Dammam confirm that external wall Il performs best in
terms of reducing the overall cooling load. Thus, this wall type will be used for

further research in the second section of the analysis.

8.3 Results and Analysis Second Part

After the first part of the analysis in this chapter showed that wall type 111 has the
best thermal performance and is the best at saving more energy in Saudi Residential
Buildings, three different regions and cities, Jeddah, Riyadh and Dammam, were
studied in the same way. The next step of the research is to find out how adding a
thermal insulation to the external wall type 111 can make a difference. The aim is to
test the selected insulation in Saudi residential buildings with a specific thickness
and different locations. The most common wall insulation types are mentioned

previously in the literature review.
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From the literature review, the polyurethane thermal insulation shows a short
payback period time. Therefore, a medium size of 50 mm of Polyurethane was
selected for examination in three different places in the external wall to determine
whether the location of insulation in the external wall could also help to save more
energy.

Wall A

The first place of 50mm Polyurethane insulation with wall 111 will be named as A

and presented in the following table 8.4 and the figure 8.34 below.

Table 8.4: Structures and thermal characteristics of wall type A.

Wall Type Thickness Thermal WEU WEL Density  Specifi
of wall conductivity conductance  Resistance kg/m?
components of wall U (W/m2K) (m2k/w)

components

Stone 0.20 1.70 2.28 0.438 2250 840
Concrete 0.07 1.75 2410 880
Polyurethane 0.05 0.025 30 1470
Insulation

Hollow bricks 0.20 0.90 1500 840
Plaster 0.03 1.20 2000 1000
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Inside

External Wall A

: Stone 0.20 m

- Concrete 0.07 m

.~ Polyurethane Insulation 0.05 m

- Clay Hollow bricks 0.20

L 4 Plaster 0.03

Inside

Figure 8.34: External Wall A layers.

e WallB
The second place of 50mm Polyurethane insulation with wall 111 will be named as
B and presented in the following table 8.5 and the figure 8.35 below.
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Table 8.5: Structures and thermal characteristics of wall type B.

Wall Type Thickness Thermal WEL WEL Density  Specific
of wall conductivity of conductance  Resistance kg/m3 heat
components  wall U (W/m?K) (m2k/w) J/kgK
(W) components

W/mK

Stone 0.20 1.70 2.28 0.438 2250 840

Concrete 0.07 1.75 2410 880

Hollow bricks 0.20 0.90 1500 840

Polyurethane 0.05 0.025 30 1470

Insulation

Plaster 0.03 1.20 2000 1000

Outside < > Inside

External Wall B

Outside

e

~ Stone 0.20 m

= Concrete 0.07 m

- Clay Hollow bricks 0.20

Polyurethane Insulation 0.05 m

L Plaster0.03

Inside

Figure 8.35: External Wall B layers.
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e WallC
The third place of 50mm Polyurethane insulation with wall 111 will be named as C
and presented in the following table 8.6 and the figure 8.36 below.
Table 8.6: Structures and thermal characteristics of wall type C.

Wall Type Thickness | Thermal WEL WEL Density  Specific
of wall conductivi conductance  Resistance kg/m?® heat
componen |ty of wall U (W/m?K) (m2k/w) J/kgK
ts (m) componen

ts W/mK

Stone 0.20 1.70 2.28 0.438 2250 840

Polyurethane | 0.05 0.025 30 1470

Concrete 0.07 1.75 2410 880

Hollow 0.20 0.90 1500 840

bricks

Plaster 0.03 1.20 2000 1000

Outside s | Inside
7

External Wall C
Outside

- Stone 0.20 m

~ Polyurethane Insulation 0.05 m

: | Concrete 0.07 m
- Clay Hollow bricks 0.20
L Plaster 0.03

Inside

Figure 8.36: External Wall C layers.
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The thermal insulation will be applied for the Saudi typical house again in three
locations Jeddah, Riyadh and Dammam. The results later on in this chapter will
discuss how adding the 0.50m of polyurethane thermal insulation to the external
wall type Il can reduce energy consumption, what is the reduction percentage and

best location for thermal insulation.

8.3.1 Simulation Analysis for the Typical Residential Building in Jeddah
City-Second Part

50mm Polyurethane insulation was applied to the external wall of the Saudi typical
building in order to determine the difference in performance. The criterion chosen
was cooling load, as this is the major consumer of energy.

The results of course will present the energy consumption for air-conditioning for
the whole year, as well as on specific days that presented the hottest days in Jeddah.
The first location for the polyurethane insulation is applied to the model in order to
find out how the building behaves when the temperature hits the peak in the
summer. The first chart (Figure 8.37) presents a comparison between the selected
wall type Il without any insulation, and the same wall type but this time with
50mm polyurethane insulation.

The figure shows the energy consumption for air-conditioning from 8-10 July for

two types of walls as mentioned previously.
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Dry-bulb temperature: SAU_Jeddah_MTN.fut (SAU_Jeddah_MTN.fut)

Wall type Il

Wall type A (wall type 111 with 0.50 polyurethane thermal insulation)

Figure 8.37: The cooling load results comparison between wall type Ill and the

same wall type with polyurethane insulation, from the 8" until 10" of July.

It is very clear that there is a huge difference between two types of walls. The blue
line represents wall 111 with no insulation, which consumed between 7 kW — 7.5
kW cooling load, whereas the same wall type (Shown in red) with insulation (wall
type A) has a cooling load between 3 and slightly above 4 kW. In fact, the time lag
between the cooling load and the outside temperature for both walls is similar but
not identical. In addition, the thermal mass for both walls is similar but the only
difference is adding the 0.50 m of polyurethane thermal insulation to the wall type
11 (wall type A). Adding thermal insulation to the external wall type 11l improved
the efficiency of the wall and reduced the cooling load for about 40%. The
combination of a good thermal mass for the external wall and thermal insulation
succeeded in reducing the energy consumption and cooling load for the Saudi

residential building in Jeddah city in the hottest days.
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Figure 8.38: The cooling load results comparison between wall type 111 and wall
type A on the 10" of July.

On the hottest day in Jeddah, 10th of July the cooling load for the original wall
(wall type 111 without insulation) was approximately 7.5 kW, but with the new wall
with insulation (wall type A) the load was reduced to only 4-4.5 kW. This explains
again that the thermal mass of the external wall type Il is good but adding the
thermal insulation will make it better. This combination reduced the energy

consumption for the cooling load by more than 40%.

Table following table 8.7 presents in detail how thermal insulation on 10th of July
helped to reduce the cooling load on a very hot day by up to 47% at some hours
and overall by 43%.
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Table 8.7: The cooling load results comparative between wall type 111 and wall type
A on 10th of July.

Chillers load Chillers load | Dry-bulb kw
(kW) (kW) temperature | Reduction
(°C) (Percentage

%)

24:00:00 Jeddah Il with | WALL TYPE
Polyurethane 1l
Insulation 50
mm (wall type

7.4766
7.5457
7.5845
7.5963
7.5745
7.5263
7.5861
7.7054
7.737

7.702

7.6301
7.5006
7.374

7.2747
7.2389
7.2557
7.2863
7.2981
7.2227
7.1083
7.1183
7.205

7.3089
7.412

Summed total 178.268

As shown above in the table and chart, (wall type A) can play a significant part in
saving energy for a hot day in Jeddah city.

The next important investigation is to see whether changing the location of the
insulation in the external wall could also save more energy.

Figure 8.39 shows a comparison between three external walls A, B and C both with
thermal insulation but this time in different positions within the wall.
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Date: Sat 08/Jul to Mon 10/Jul

— Chillersload: (Jeddah Ill with polyurathane 50 mm third place.aps)
— Chillersload: (Jeddah IIl with Polyurethane Insulation 50 mm second place .aps)

— Chillersload: (Jeddah Il with Polyurethane Insulation 50 mm.aps)

O Wall type A
. Wall type B
. Wall type C

Figure 8.39: The cooling load results comparison between wall types A, B and C,
from the 8" until 10" of July.

The figure 8.39 presents the energy consumption for cooling load for three types
of external wall from 8-10 of July. All walls include Polyurethane Insulation 50mm
but in different places in the external wall type 111. The performance of the walls is
very similar with only a slight difference. All walls consumed between 3.30 kW up
to 4.6 kW. For wall B the thermal insulation is close to the inside of the building
(stone, concrete, hollow bricks, thermal insulation and plaster). The performance
of wall types A and C in terms of cooling load are slightly better. This is proven
that moving the place of the insulation to the outside of the external wall is more
efficient for Jeddah city. It is very important to mention that wall A, B and C all
has the same layers, materials and u-values. The only different between these walls

is the place of the thermal insulation.
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Figure 8.40: The cooling load results comparative between wall type A, B and C
on 10" of July.

On the 10" of July it seems that when temperature goes from 10am to 5 pm the
Polyurethane Insulation 50mm in the third place (wall type C) in red colour has an
advantage over the same wall in other places (wall A and B). The Polyurethane
Insulation 50mm in the third place (wall type C) reached the maximum cooling
load of 4.50 kW whereas Polyurethane Insulation 50mm in other places reached to
about 4.55 kW. Again, this is shows that wall type C where the insulation is close
to the outside has a better impact on energy consumption regarding the cooling load
in the hottest day in Jeddah city.

The next table 8.8 will show the hourly changes of cooling load consumption on

10" of July for all types of external walls.
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Table 8.8: The cooling load results comparative between wall type A, B and C on
10" of July.

Date ‘ Time Chillers load (kW) Chillers load (kW)  Chillers load (kW)

e wehme [wAiA |
00:30 3.9837 4.0034 4.0146
01:30 4.0013 4.0242 4.0339
02:30 4.0117 4.0375 4.0454
03:30 4.0171 4.0451 4.0515
04:30 4.0097 4.0385 4.0442
05:30  3.9945 40226  4.0287
06:30 41044 41318 41379
07:30  4.2894 43227 43218
08:30 44005 44452 44314
09:30 44566 45115  4.4858

10 July 10:30 44827 45443 45098

11:30 4.4505 4.5144 4.4754
12:30 4.4105 44711 4.4341
13:30 4.3814 4.4353 4.4024
14:30 4.3908 4.4379 4.4104
15:30 4.4258 4.4692 4.4443
16:30 4.4474 4.4905 4.4654
17:30 4.4246 4.4688 4.4427
18:30 4.2919 4.3372 4.3104
19:30 4.1005 4.1391 4.1201
20:30 4.0186 4.0414 4.0396
21:30 4.0053 4.0144 4.0279
22:30 4.0098 4.0111 4.0342
23:30 4.0233 4.0216 4.0496
Total 101.132 101.9788 101.7615

As shown above in the table, the location of the insulation is not causing a
significant reduction in cooling load in the 10" of July. However, the performance
of the wall type C where the Polyurethane Insulation 50mm close to the outside of
the residential building has a better overall performance.
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It is very important to see what difference in total energy reduction for the whole
year between an external wall without thermal insulation and a wall having the
selected thermal insulation of 50mm Polyurethane. Figure 8.41 shows a
comparison between these two types of walls for the whole year.
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Dry-bulb temperature: SAU_Jeddah_MTN.fwt (SAU_Jeddah_MTN.fut)

. Wall type Il1

. Wall type A (wall type 111 with 0.50 polyurethane thermal insulation)

Figure 8.41: The cooling load results comparative between wall type I11 and A from

1% of January until 31 of December.

Figure 8.41 shows that minimum temperature is 10 degrees centigrade and the
maximum is 45 for Jeddah city. The cooling load on the other hand fluctuated
between 0 and 8 kW. According to figure 8.41 above, it is very clear that wall with
Polyurethane Insulation 50mm has a better performance specially in summer time
when temperature above 40 degrees centigrade. The external wall with
Polyurethane Insulation 50mm (wall type A) reached a maximum load of only 4.5
kW in summer as shown in the figure below whereas the load for the same type of

wall without insulation was almost double at 8kW as shown in the figure above.
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Figure 8.42: The cooling load results of wall type A from 1st of January until 31st
of December.

Table 8.9 present the whole year cooling load for two types of wall (wall type 111
and A). The table presents month by month energy consumption for cooling load

between external wall type 11l and A, giving the total in MWh. Finally, it shows
the total energy reduction achieved.
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Table 8.9: The cooling load results comparative between wall type 111 and A from
1st of January until 31st of December.

Date Chillers load (MWh) Chillers load (MWh)  MWh Reduction
(Percentage %)

Jeddah Il with Polyurethane | WALL TYPE IlI

Insulation 50 mm (wall type A)
Jan 01-31 0.6179 1.1017 44%
Feb 01-28 0.5737 1.0124 43%

Mar 01-31 1.0976 1.9249 43%
Apr 01-30 1.6487 2.8682 43%
May 01-31 2.3011 3.9957 42%

Jun 01-30 2.479 4.2829 42%
Jul 01-31 2.7738 4.7954 42%
Aug 01-31 2.7447 4.7342 42%
Sep 01-30 2.3644 4.0921 42%
' Oct01-31 22173 39166 43%
Nov 01-30 1.368 2.407 43%
' Dec01-31 08071 14345 44%
 Summed total 209934 365656 43%

Without doubt the Polyurethane Insulation minimized energy consumption for the
typical Saudi house by 43% according to the table above. During the summer time
the building consumed 4.7954 MWh in July for example but the same building
with Insulation for external wall consumed only 2.7783 MWh, meaning that the
total energy reduction for cooling load is 42%. Even in winter time there is still an
advantages of the thermal insulation when air-conditioning is needed. This table
confirmed that adding the thermal insulation to the best type of external wall (wall

type 111) increased the efficiency and achieved a further reduction in cooling load.
Figure 8.43 presents’ three types of walls, all with Polyurethane Insulation but this

time in different locations in the external wall (wall type A, B and C), to determine

whether there is a significant difference in wall performance.
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Figure 8.43: The cooling load results comparative between wall type A, B and C

from 1st of January until 31st of December.

It shows that dry bulb temperature is between 10 degrees centigrade in winter and
up to 45 degrees centigrade in summer. Chiller load is between 0 kW in winter to
approximately 5 kW in summer. All walls performed similarly, and the next table
(Table 8.10) shows a more detailed picture.
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Table 8.10: The cooling load results comparative between wall type A, B and C
from 1st of January until 31st of December.

Chillers load (MWh) Date Chillers load (MWh) ‘ Chillers load (MWh)  Chillers load (MWh)
Jan 01-31 0.6121 0.6221 0.6179

Feb 01-28 0.5732 0.5747 0.5737

Mar 01-31 1.0954 1.0983 1.0976

Apr 01-30 1.6487 1.6474 1.6487

May 01-31 2.2972 2.3021 2.3011

Jun 01-30 2.4809 2.4779 2.479

2.7444 2.7447
23627 23644
22165 22173
13649  1.368
08078  0.8071
1209927  20.9934

Aug01-31  2.7445
' Sep01-30 23662
' Oct01-31 22183
'Nov01-30 13715
' Dec01-31  0.8087
Summedtotal  20.9895

\
|
|
|
Jul 01-31 2.7728 ‘ 2.774 2.7738
[z
\
\
\
\
|

Once again, the results show a slight difference in the total cooling load across all
wall types. However, wall type C has a slight energy saving advantage over all
other types, though the total reduction is negligible. In fact, this clearly shows that
the place for the thermal insulation in wall type C has a better impact on the cooling
load. The best place for the thermal insulation in the outer layers of the external

wall.

8.3.2 Simulation Analysis for the Typical Residential Building in Riyadh
City-Second Part

The next city will be tested for polyurethane thermal insulation is Riyadh city. It is
very important to understand and know how the typical Saudi house will perform
in the different climate zones of the country. The results will present the energy
consumption for air-conditioning for the whole year as well as for specific time and
days.

The external wall selected is wall type Il with 50mm polyurethane thermal
insulation applied into three different locations in the wall as mentioned previously
at the beginning of this chapter.

210



The first chart 8.44 present example of the hottest days in the country in general
and in Riyadh specifically. The chart makes a comparison between two walls, (wall
type A) which is wall 111 with the insulation and the other one without. It shows
how thermal insulation for external walls can make difference to the cooling load

on a very hot day.
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Date: Thu 05/Aug to Sat 07/Aug

—— Chillersload: (Riyadh Il with Polyurethane Insulation 50 mm.aps)

— Chillersload: (WALL TYPE Il RIYADH.aps)

—— Dry-bulb temperature: SAU_Riyadh_IWEC.fwt (SAU_Riyadh_IWEC.fut)
Dry-bulb temperature: SAU_Riyadh_IWEC.fut (SAU_Riyadh_IWEC.fut)

. Wall type 1l

. Wall type A (wall type 111 with 0.50 polyurethane thermal insulation)

Figure 8.44: The cooling load results comparative between wall type 111 and wall
type A from 5" of August until 7" of August.
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Figure 8.45: The cooling load results comparative between wall type 111 and wall
type A on 6" of August.

From 5-7 of August the wall with no insulation shows that cooling load fluctuated
between above 8 kW to almost 9.5 kW but the same type of wall with 50mm
Polyurethane Insulation performed better. Wall I11 with the insulation consumed
less than 5.5kW in the hottest day in Riyadh.

6" of August chart shows clearly how thermal insulation could help to reduce
energy consumption for cooling load by more than 40% on a very hot day. The
time lag between the cooling load and the outside temperature for both walls are
similar but not identical. Both walls have the same layers and construction
materials the only difference that wall type A has a thermal insulation. Adding
0.50m of polyurethane insulation to the external wall (wall type I1), that has a good
thermal mass, increased the efficiency of the wall and reduced the cooling load
significantly. The combination of the thermal mass and the insulation has a positive

impact on reduction the cooling load as shown in the result.
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Table 8.11: The cooling load results comparative between wall type A and wall
type 111 for the 6" of August.

Date Time Chillers load Chillers Dry-bulb Total cooling load
(kw) load (kW) temperature reduction
(°C) percentage %

24:00:00 | Riyadh Il with wall type 111
Polyurethane Riyadh
Insulation 50 mm
(Wall Type A)

4.9984 9.0073
5.007 9.0613
4.9987 9.0752
4.9853 9.0611
4.9834 9.0379
4.9956 9.0101
5.114 9.0722
5.3023 9.1902
5.4246 9.2301
5.4794 9.1933
06 August 5.4553 9.0734
5.416 8.943
5.4033 8.8527
5.4147 8.8077
5.4462 8.8098
5.4698 8.8329
5.4445 8.8352
5.3348 8.7797
5.1751 8.6973
5.0947 8.7119
5.0841 8.807
5.0966 8.9277
5.1192 9.0519
5.1433 9.1642
Total 125.3863 215.2331

The total energy reduction for 6™ of July is 42%. 215.23 kW reduced to 125.39
kW, meaning that adding the Polyurethane insulation played a significant role in
energy saving. In the middle of the day the reduction percentage was 39% and

during specific hours reached 45%.

213



The next part is to compare three types of external walls (wall type A, B and C).
All with Polyurethane insulation but in different places within the wall type II. It
IS important to mention that all walls have the same thermal mass and u-values.
The following chart again presents 5-7 of August and later on 6™ of August for
more detailed comparison.
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Figure 8.46: The cooling load results comparative between wall type A, B and C
from 5" of August until 7" of August.
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Figure 8.47: The cooling load results comparative between wall type A, B and C

on 6™ of August.

As shown above all types of walls (A, B and C) have a very similar performance
on hottest days in general and on the 6" of July. All consumed less than 5.55 kW
as a maximum load and the minimum load for this day is above 4.95 kW in the
hottest day. The following table will make a comparison side by side to see which
performed better on 6" of July and consumed less energy. All type of walls have
the same thermal mass and the same type of the insulation but in different places.
The figure 8.51 clearly shows that the best place for the thermal insulation is in the
outer layer of the external wall. Wall type C shows a better result in terms of energy
consumption for cooling load in Riyadh city. The following table 8.12 will compare
the cooling load results between the external walls A, B and C.
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Table 8.12: The cooling load results comparative between wall type A, B and C on
06™ of August.

Date Chillers load (kW) Chillers load (kW) Chillers load (kW)

Riyadh polyurethane | Riyadh Il with Polyurethane | Riyadh Il with Polyurethane
Insulation 50 mm | Insulation 50 mm second place | Insulation 50 mm ( Wall
third place (Wall | (Wall Type B) Type A)

Type C)

4.9859 4.9854 4.9984
4.9927 4.9968 5.007
4.9832 4.991 4.9987
4.969 4.9789 4.9853
4967 49772 49834
49794 4989 4995
50984 51081 5114
07:30 52878 53045 53023
54114 54409 54246
54679 55093 54794
LIS 10:30 54456 0 54937 54553
11:30 54081 54558 5416
12:30 53971 5436 54033

13:30 54099 54464 54147 ‘

5.4425 5.4759 5.4462 ‘

5.4665 5.5008 5.4698 ‘

5.441 5.4776 5.4445 ‘

5.3306 5.3669 5.3348 ‘

5.1698 5.1987 5.1751 ‘

5.0877 5.1032 5.0947 ‘

5.0751 5.0789 5.0841 ‘

5.0853 5.0828 5.0966 ‘

5.1057 5.1014 5.1192 ‘

5.1275 5.1249 5.1433 ‘

Total 125.1351 125.6276 125.3863 ‘

With the previous table, it is clear that thermal insulation in third place (wall type
C) for external wall type 111 is slightly better. The data for the 6™ of August for the
building with external wall type C showed that it consumed 125.14 kW.
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It is important to note that even in the middle of the day, when the temperature is
higher and hitting the peak, the building with external wall type C still performed
better.

The next following chart 8.48 will present energy consumption for air-conditioning

for the whole year comparing wall type I11 with and without insulation.
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Figure 8.48: The cooling load results comparative between wall type 111 and wall

type A from 1% of January until 31 of December.

Previous charts show better performance of wall type Il with thermal insulation.
Riyadh city is very hot in the summer and cold in winter. In summer temperature
could reach up to 50 degrees centigrade and zero in winter. The cooling load will
also increase when the temperature increases. The chart shows that the typical
Saudi building without insulation will consume more energy and the cooling load
will reach about 10 kW. On the other hand, the same type of external wall with
Polyurethane Insulation the cooling load reached only 6 kW approximately as a

maximum load recorded in IES dynamic simulation.
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The following table will compare wall type I11 with Polyurethane insulation to the
same wall without any type of insulation. The comparison will present the energy
consumption for the cooling load in MWh for every month for each type and the
total reduction that could be achieved with Polyurethane Insulation.

Table 8.13: The cooling load results comparative between wall type 111 and wall
type A from 1% of January until 31% of December.

Chillers load (MWh) Chillers load (MWh) Total cooling load
reduction
percentage %

Riyadh I11 with Polyurethane | WALL TYPE IlI
'IAn)suIatlon 50 mm (wall type RIYADH

Jan 01-31 0
' FebO1-28 00OZL 002
Mar01-31 00737 01476
Apr01-30 10889 186
May01-31 26476 4529

'Jun01-30 32881 56289
Jul01-31 35480 60724
Aug01-31 36897 63164
' Sep01-30 28684 4929

Oct 01-31 2.8963

Nov 01-30 0.5562

Dec 01-31 0.0003

Summed 32.9522
total

Table 8.13 shows that energy reduction up to 42% in total could be achieved by
applying thermal insulation to the external wall. The same building and
construction without the insulation consumes 32.952 MWh for the whole year
while adding insulation cuts the energy consumption for cooling load to only
19.186 MWh. This table shows that adding the thermal insulation to the external
wall (wall type 111) increased the energy efficiency and reduced the cooling load.
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The next part will make a comparison between three external walls all have an
insulation. The location of the 50 mm Polyurethane Insulation is different in the
external wall layers.

The following chart 8.49 will discuss if location of thermal insulation could help

to save more energy for the whole year.
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Figure 8.49: The cooling load results comparative between wall type A, B and C

from 1% of January until 31 of December.

It is noticeable that all walls reduced energy consumption in comparison to the
same wall without insulation. All external walls behaved almost the same in all
seasons. To find out the slight difference a comparative table is required to see

which one is better for the Riyadh city house.
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Table 8.14: The cooling load results comparative between wall type A, B and C
from 1st of January until 31st of December.

Date ‘ Chillers load (MWh)  Chillers load (MWh)  Chillers load (MWh)
I 2 L KL
Jan 01-31 ‘
Feb 01-28 ‘ 0.0002 0.0073 0.001
Mar 01-31 ‘ 0.0635 0.0903 0.0737
Apr 01-30 ‘ 1.0833 1.0916 1.0889
May 01-31 ‘ 2.6416 2.6483 2.6476
Jun 01-30 ‘ 3.2869 3.2875 3.2881

Jul 01-31 3.5454 3.5472 3.5481

Aug 01-31 3.6908 3.6882 3.6897
Sep 01-30 28715 28645 28684
Oct 01-31 16755 16658 16698
Nov 01-30 03139 0308 03103

Dec 01-31 0.0005 0.0005 0.0003
Summed total 19.173 19.1997 19.186

The table 8.14 shows that the result for cooling loads in each type are very close to
each other. The typical residential building in Riyadh with external wall type C
consumes less energy compared to other types. The result shows a slight decrease
of energy consumption in total for a whole year. This research is looking to reduce
and achieved the energy to the minimum in the building it is important to consider
that the third place or location for thermal insulation (wall type C) is more useful
for Riyadh city house. It shows that the best place for the 0.05 m of polyurethane

in the outer layer of the external wall.

8.3.3 Simulation Analysis for the Typical Residential Building in Dammam
City-Second Part

The last city as a location to study thermal insulation in external walls is Dammam
city. This research aims to determine the impact of adding 50mm of polyurethane
thermal insulation to the external wall of the typical Saudi house, and assessing the
effect on the cooling load consumption. The dynamic simulation shows the
difference in energy consumption for external wall type 111 without insulation and

with insulation in several locations.
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The IES simulation will performed for the whole year and presented in charts and

tables showing the hottest days in this city and finally a full comparison.

The first charts 8.54 present an example of a very hot days in Dammam from 13-
15 of July and make a comparison between two external walls, the first being wall
I11 with no insulation and the other one with polyurethane 50 mm insulation (wall

type A). The aim behind this is to show how much energy consumption could be

reduced.
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Figure 8.50: The cooling load results comparative between wall type I11 and Wall
type A from 13" of July until 15" of July.
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Figure 8.51: The cooling load results comparative between wall type 111 and Wall
type A on 14" of July.

From 13-15 of July, the typical Saudi house with external wall type Il (with no
insulation) consumed between above 9.5 kW and up almost 10.5 kW. The cooling
load for wall type 111 with polyurethane 50 mm insulation consumed between 5 to
6 KW. In 14" of July the difference is very clear. This day is considered to be the
hottest day in Dammam as the temperature reached to 50 degrees centigrade which
means the demand for air-conditioning will be very high. The cooling load reached
to almost 10.5 kKW as shown above but with thermal insulation only required less
than 6 kW as a maximum load. The time lag between the cooling load and the
outside temperature for both walls are similar but not identical. In addition, both
walls have almost the same mass, materials and layers but the only difference is
adding the polyurethane insulation to the wall A. Both walls succeeded in delaying
the heat transfer for a quite a good time as they have a good thermal mass but
adding the insulation to the wall helped to cut the heat transfer and increase the
efficiency. The next table 8.15 compares the same external walls on the same date
but in more detail to show the exact energy consumption for cooling load hour by

hour.

222



Table 8.15: The cooling load results comparative between wall type 111 and Wall

type A on 14" of July.

Date Time Dammam Il with Chillers Dry-bulb Total cooling load
Polyurethane load (kW) temperature reduction
Insulation 50 mm ( (°C) percentage %
Wall Type A)

24:00:00 Dammam
Wall 111

00:30 5.6175 10.2249 32 6 45%

32.3 45%
32.1 45%
33.1 45%
32.5 45%
34.3 44%
38.1 43%
40.6 41%

41%
45.9 40%

39%

01:30 5.6225 10.2373 ‘

02:30 5.622 10.2179 ‘

03:30 5.6154 10.1697 ‘

04:30 5.5961 10.0895 ‘

05:30 5.6256 10.0424 ‘

06:30 5.8127 10.1406 ‘

07:30 5.9722 10.2024 ‘

08:30 6.0509 10.1788 ‘

09:30 6.0868 10.1129 ‘

10:30 6.0673 10.0007 ‘

11:30 6.0231 9.8826 ‘ 39%

12:30 6.0073 9.8199 ‘ 39%

13:30 6.0268 9.8253 ‘ 39%

14:30 6.0608 9.88 ‘ 39%

15:30 6.0747 9.947 ‘ 39%

16:30 6.0406 9.9947 ‘ 40%

17:30 5.9188 9.9774 ‘ 41%

18:30 5.7596 9.9387 ‘ 42%

19:30 5.7005 10.0077 ‘ 35.7 43%

20:30 5.703 10.1363 ‘ 34.5 44%

21:30 5.7186 10.2657 ‘ 33.2 44%

22:30 5.7367 10.3755 ‘ 32.2 45%

23:30 5.7477 10.4499 ‘ 31.3 45%
140.2072 242.1178 ‘ 42%

The table 8.15 above shows that total energy saving is 42% for 14" of July this
because of adding thermal insulation to the external wall. Cooling load was 242.12
KW in the hottest day in Dammam but with adding Polyurethane Insulation 50 mm
to the external wall type 11 it makes the cooling load for this model only 140.21
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kW. During the day chiller load reduced to 45% and achieved the maximum

reduction.

Polyurethane Insulation 50mm is applied to the same wall but in different locations

to see how the position of the insulation could add a further benefit to the wall.

The following chart 8.52 presents three external walls, all with insulation but in
three different locations from 13" to 15" of July.

Sys load (kW)

Date: Tue 13/Jul to Thu 15/Jul

—— Chillersload: (Dammam Il with polyurathane 50 mm third place.aps)
— Chillersload: (Dammam Il with Polyurethane Insulation 50 mm second place before plager .aps)
— Chillersload: (Dammam Il with Polyurethane Insulation 50 mm.aps)

Wall type A
Wall type B
. Wall type C

Figure 8.52: The cooling load results comparative between wall type A, B and C
from 13" of July until 15" of July.
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Figure 8.53: The cooling load results comparative between wall type A, B and C
on 14" of July.

It is very clear that the performance for all types of external walls are almost the
same. In specific hours the walls consumed exactly same amount of energy. The
difference is very slight which means that it is difficult to decide in this stage which
external wall is better. It is important to mention that all walls have the same
materials, layers, u-values and thermal mass. The only difference is the place of the
thermal insulation in each external wall. In fact, it is very clear the the best place
for the 0.50 polyurethane thermal insulation in the outer layer of the external wall
as shown in the previous figures that wall type C is more efficient regarding the
cooling load reduction.

A further investigation is required to make the appropriate decision. The next table

gives the details of each wall regarding to cooling load presented in kW.
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Table 8.16: The cooling load results comparative between wall type A, B and C on

14 of July.
Date Chillers load (kW) Chillers load (kW) Chillers load (kW)

Dammam I11 with Dammam 11 with Dammam |11 with
polyurethane 50 mm | Polyurethane Insulation 50 Polyurethane
third place( Wall mm second place (Wall Insulation 50 mm
Type C) Type B) (Wall Type A)

5.5839 5.6175
5.588 5.6225
5.5872 5.622
5.5808 5.6154
5.5623 5.5961
5.5931 5.6256
5.7819 5.8127
5.9434 5.9722
6.0243 6.0509
14 July 6.0627 6.0868
6.0456 6.0673
6.0037 6.0231
5.9897 6.0073
6.0105 6.0268
6.0451 6.0608
6.0588 6.0747
6.0239 6.0406
5.9006 5.9188
5.7395 5.7596
5.678 5.7005
5.6778 5.703
5.6908 5.7186
5.7064 5.7367
5.7153 5.7477
Total 139.5933 140.2072

It is very clear that the result for energy consumption regarding Air-conditioning
load is very close but the third position of thermal insulation (wall type C) in the
external wall type 111 in the 14" of July has a better overall result according to the
table. It is important to see how these external walls perform in the whole year not
only on a specific hot day. Total energy saving is dependent on the total energy
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consumption. The next chart 8.54 compares two walls in order to find the most
suitable external wall for the Saudi typical house in Dammam city. The first
presents wall type 11l with no any type of insulation whereas the other one (wall
type A) has the selected type of insulation for this research.
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Figure 8.54: The cooling load results comparative between wall type 11l and type
A from 1% of January until 31% of December.

It is very noticeable that external wall with no insulation has an increased demand
for energy. According to the chart above the cooling load for the typical Saudi
house in Dammam with external wall type 111 (with no insulation) reached almost
11 kW in the summer season whereas the typical house with wall type A (wall with
the insulation) reached only about 6 kW.

The exact megawatt of total energy consumption for each month and for the whole
year in general will presented in the next table.
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Table 8.17: The cooling load results comparative between wall type 111 and type A
from 1% of January until 31% of December.

Chillers load (MWh)  Chillers load (MWh) MWHh Reduction
(Percentage %)
Dammam 11l with | Dammam Wall I11
Polyurethane
Insulation 50 mm
(wall type A)
Jan 01-31 0

Feb 01-28 0.0061
Mar 01-31 0.7373
Apr 01-30 2.5442
May01-31 29275 50022
Jun 01-30 6.0204
Jul 01-31 6.7389

Aug 01-31 6.1777

Sep 01-30 5.318
Oct 01-31 3.8469
'Nov01-30 07085 11948
Dec 01-31 0.0183
Summed total 37.6047

Adding 50 mm of Polyurethane Insulation makes a significant improvement to the
external wall and helped to reduce the load for cooling 42%. Wall type 111 with no
insulation consumed 37.604 MWh for a complete year. External wall I11 with the
selected insulation in the other hand consumed 21.918 MWh. June, July, August
and September considered to be the hottest months in Saudi Arabia and the
insulation reduced cooling load to 42% in this summer season is a big success. This
table confirmed that adding the thermal insulation to the external wall (wall type

I11) increased the energy efficiency and reduced the cooling load.
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It is time now to look forward to save more energy be changing the location of 50
mm of Polyurethane Insulation and see if this could help in Dammam city.

The next following chart 8.55 will investigate to possibility of achieving a better
result by the thermal insulation in a different place of the external wall and compare

it to the previous result discussed previously.
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Figure 8.55: The cooling load results comparative between wall type A, B and C

from 1% of January until 31% of December.

The result above shows that the comparison is not very clear at deciding which one
has a better performance. All walls consumed zero kW in January for example and
above 6 kW in July.

The next table will help to clear the image of each month cooling load consumption
as well as total energy consumption for chiller load in the whole year.
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Table 8.18: The cooling load results comparative between wall type A, B and C
from 1% of January until 31% of December.
Date Chillers load (MWh)  Chillers load (MWh) Chillers load (MWh)

 Thec e MR
Jan 01-31 0 (0 0

Feb 01-28 0.0005 0.0041 0.001

Mar 01-31 0.3982 0.4294 0.4116

Apr 01-30 1.4845 1.4951 1.4914

May 01-31 2.9253 2.9288 2.9275

Jun 01-30 3.506 3.5086 3.5082

Jul 01-31 3.929 3.9275 3.9287
Aug01-31 35993 3592 35975
' Sep01-30 30951 3088 30023
Oct01-31 22400 2235 2237
NovO1-30 07432 07072 0708
' Dec01-31 00159 00172 001

Summed total 21.9071 21.9362 21.918

The table 8.18 shows that wall type C (Polyurethane Insulation 50 mm in third
place) for is considered to be the best option. According to the result in table above
it is very important to say that the results for cooling load for all types are very
similar but wall type C is a slightly better. All walls have the same construction
materials, same layers, same insulation but in different places. Again, this explains

that the best place for the thermal insulation in the outer layer in the external wall.
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8.4 Simulation Chapter Summary and Conclusion

This was then input into the IES building energy simulation software for this typical
house in three different climate zones, locations and cities (Riyadh, Jeddah and

Dammam).

This IES simulation software revealed that using different construction materials
for the external walls impacts on the building energy and cooling load. Most
common types of external wall were applied to the typical Saudi house in three
different cities and climate zones, and the most suitable external wall for the Saudi
model is wall type III.

The addition of 50mm of Polyurethane thermal insulation to external wall type 111
significantly impacted on the building performance in terms of the cooling load.
The reduction achieved in the cooling load satisfied the research goals and
objectives, reducing the cooling load for the Saudi building typical building by over
30%. This reduction will inevitably benefit the environment, reducing CO:
emissions. In addition, the Kingdom of Saudi Arabia can consequently reduce oil
production for local purposes and increase oil exports. The future for the Kingdom
looks bright with regard to reducing energy consumption and creating sustainable
residential buildings.

The study found that thermal insulation (50mm of polyurethane) can be applied
between any layers of external wall type 11, resulting in significant reductions in
energy consumption and cooling load. However, the optimum location for this
layer of thermal insulation in external wall type 11 is in the outer layer between the

stone and concrete layers.
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Chapter 9

Conclusion
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9.1 Thesis Summary

Energy Consumption In Saudi Arabia
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Figure 9.1: Thesis summary overview.
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From the outset, this thesis has explained that the kingdom of Saudi Arabia is one
the largest producers and exporters of petroleum liquids in the world. However, it
also consumes a large amount of energy for local purposes, currently the equivalent
of three million barrels per day, and this consumption is set to triple in the near
future according to an OAPEC (Organization of Arab Petroleum Exporting
countries) report.

Many factors have led to the dramatic increase in electricity consumption in Saudi
Arabia, such as a lack of regulations and legislation, very cheap oil prices, and
increased infrastructure, housing projects and projects in industrial cities. Other
reasons include a high population growth rate, 3.2% according to the Ministry of
Planning in 2010, building owners’ lack of awareness and lack of culture energy-
saving in buildings (further discussed in the survey results), and the impact of
dynamic cultural changes on the design and energy performance. All of these
factors mean that the country is facing very difficult challenges, especially for a

country that is developing very rapidly.

The literature review discussed in-depth all types of buildings (residential,
commercial and governmental) in Saudi Arabia regarding energy consumption in
order to find out which type of building is the highest consumer of energy in the
country. Using all the details gathered from various sources, it was found that
residential buildings in the kingdom consume 67% of the total energy, which means
that this type of building needs urgent development and should be considered as

the major priority in this research.

Saudi residential buildings can be categorised into different types, such as villas,
traditional houses, apartments, and duplexes. According to data gathered from the
literature review, villas and apartments are the most common type of residential
buildings, with one third of Saudis living in apartments. The total housing stock in

2010 was 4.6 million units and is expected to be around 7 million units by 2020.

Currently, the average household size in Saudi Arabia is 5.28 persons per occupied
housing unit, and 66% of the Saudi population is aged under 30.

The residential buildings in the kingdom of Saudi Arabia depend heavily on air
conditioning due to the hot weather in the majority of regions throughout most of

the year. The power demand in residential buildings can be divided into different
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categories, such as water heating, lighting, appliance and air conditioning, but the

study found that air conditioning accounts for over 70% of the energy consumption.

The survey results and the air conditioning chapter show that there are three main
types of air conditioning that are predominantly used in the kingdom: window, split
and central air conditioning types. All of these continue to rise in popularity in
Saudi Arabia, with split air conditioners accounting for the highest
demand. However, the survey revealed that most residential buildings use a
combination of two types in a house: the split unit type and the window type.

Increasing energy consumption not only risks a crisis for non-renewable natural
resources, such as oil and gas, but also harms the environment, which is already

suffering from pollution, climate change and global warming.

It is evident that residential buildings in the kingdom are affected by several factors
and are wasting a vast amount of energy, which could be saved and minimised in
order to protect the environment and reduce the use of energy for local purposes.

All of these factors led to the development of this study.

The second step in the thesis was to study the common thermal insulation and
external wall materials in Saudi Arabia and adopt the possible methods to reduce
energy consumption in the kingdom by at least 30%. The literature review
mentioned that there are several strategies to reduce energy consumption across all
types of buildings, such as repairing faults, reducing loads where possible, using
efficient plants to service the load, and using efficient energy sources to operate the

plant.

In addition, there are several factors and techniques that help and have a direct
impact on saving building energy, such as: changing the building fabric, building
service plant, controls, management of the building, and energy supply. Building
materials, especially external wall materials and wall insulation, have a significant
impact on energy in general and particularly on the cooling reduction. Therefore,
this research started by presenting the common building construction materials that
are used in Saudi residential buildings. Saudi Arabia has a variety of natural
resources, such as all types of cement, concrete, bricks, marble, tiles, granite panels,
reinforced steel, gypsum, ceramics, composite materials and glass. Cement is

considered to be the most popular construction material in the country.

235



External walls in Saudi Arabia mainly consist of three basic layers: external cement
plaster, hollow red clay brick, and interior cement plaster. The literature review
mentioned that this is the most common type of external wall, though there are
some other common external walls for residential buildings in the country that also

contain stone and concrete.

All these types of external walls were used in the Integrated Environmental
Solution (IES) simulation software to determine which one has the best energy
performance and the minimum energy consumption in a selected residential
building. Many of the common mistakes made in Saudi house design could be
minimised by using modelling and simulation software, which has a variety of

measures to manage energy and reduce electricity consumption.

A typical Saudi house was used in the simulation, which was selected as it
represents the typical Saudi family and this model was provided by the Ministry of
Housing in Saudi Arabia. The Saudi Ministry of Housing decided to build this
house in all regions in the kingdom to help low and middle income families to own
their own homes rather than renting, and afterwards Saudis pay the government a
small monthly payment with no added profit. The Ministry of Housing is taking
this step as 60% of Saudis do not own their homes and the Ministry of Housing

announced that want to build 500,000 residential buildings to ease this shortage.

The Ministry of Housing in Saudi Arabia selected and designed this model because
it reflects the size, customs and traditions of a Saudi family and the Arabic
community. It is also designed to achieve the best engineering standards ideal for
a home, such as: economic designs, ease of implementation, good distribution of
the rooms, ideal room measurements, natural lighting and ventilation, flexibility

and scalability in the future and, of course, privacy for the Saudi family.

This typical house includes two main floors, the first floor contains: guest room,

dining room, kitchen, guest toilet, guest bedroom, toilet and living room.

The second floor contains the master bedroom including a private toilet, two
bedrooms for children with a shared toilet, servant bedroom and toilet and

expandable area.

This typical model is applied in three main locations in the kingdom of Saudi
Arabia to investigate the energy consumption for this specific model and all
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possible methods to save energy and change the future in the country. Each location
and zone has it is own weather, each one distinct from the others. These locations
were selected because of their high population and the large numbers of residential
buildings in the cities. The first city is Jeddah, in the west, which is located

overlooking the Red Sea that separates Asia from Africa.

The second city is Riyadh, the capital and largest city of Saudi Arabia. It is also the
capital of Riyadh Province, and belongs to the historical regions of Najd and Al-
Yamama. It is situated in the centre of the Arabian Peninsula on a large plateau.

The last city in this thesis is Dammam, which is the largest city in the Eastern

Province, and is located along the Arabian Gulf Coast.

IES dynamic simulation software was selected to best satisfy the research of the
PhD and its aims and objectives regarding reducing energy consumption in Saudi
residential buildings and saving energy. According to the IES software weather
database, the simulation results shows that energy consumption for cooling loads
peaks in the Saudi summer. July and August are considered to be the hottest months
in the country, and specifically in the three selected cities of Jeddah, Riyadh and
Dammam. During these months the temperature could increase and reach to 50
degrees centigrade, and the cooling load consumption can be up to 11kW in the

summer season.

Therefore, this research studied the impact of construction and building materials
on residential buildings in Saudi Arabia and the importance of selecting the right
available, local construction materials for the external walls, as well as how adding
thermal insulations can make a difference. It identified, after studying the most
common external walls in Saudi Arabia in the literature review and from the IES
simulation results, that the best available external wall type for the Saudi climate
for almost all regions regarding energy consumption performance and cooling load
is wall type I1l. This type contains 0.20 m of stone, 0.07m concrete, 0.20 m hollow
bricks and 0.03m of plaster and, adding 50 mm of polyurethane thermal insulations
to the external walls helped to save energy (over 40% in total) with regard to the
cooling load. The following figures compare the thermal performance of the most
common external walls in Saudi Arabia in terms of cooling load and show that wall

type 111 gives the lowest cooling load.
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The first figure compares four common walls in the hottest days in Jeddah city:

Sys load (kW)
¢ .5 ,F B

Date: Sat 08/Jul to Mon 10/Jul

— Chillersload: (JEDDAHWALL TYPE | CORRECT .aps) — Chillersload: (WALL TYPE IV.aps)
— Chillersload: (WALL TYPE lil.aps) Chillersload: (WALL TYPE Il.aps)

Figure 9.2: The comparative results of the cooling load from 8™ of July until 10
of July for all external wall types in Jeddah.

The second figure compares the same wall types in the hottest days but this time in

different region and different climate zone, Riyadh city:
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— Chillersload: (WALL TYPE Ill RIYADH.aps) Chillersload: (WALL TYPE Il RIYADH.aps)
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Figure 9.3: The comparative results of the cooling load from the 5" until the 7*" of
August for all external wall types in Riyadh

The last figure again compares these common external walls but in Dammam city:
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Figure 9.4: The comparative results of the cooling load from the 13" until the 15"
of July for all external wall types in Dammam.

All the previous figures (9.2, 9.3 and 9.4) present a comparison between the most
common external walls in Saudi Arabia regarding cooling load but in different
regions, different climate zones and different cities. The hottest days were selected
to compare the peak load for air-conditioning. It is very clear from the previous
figures that wall types I and Il have the worst thermal performance that led the heat
to transfer very easily and result in high cooling load. Applying the external walls
type Il and IV to the residential building in these cities reduced the cooling load
significantly and results in a better thermal performance for the residential building.
However, the external wall type I11 shows better overall results regarding energy

consumption for cooling load in Saudi cities.

Additionally, the simulation results for the typical house used show that altering
the position of the thermal insulation in the external wall layers did not make a
significant difference regarding the cooling load consumption, but the best place
for the 50 mm of polyurethane insulation in wall type 11l in the outer wall layer

between the stone and the concrete.
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The following figures will present a comparison between three different walls, all
having the same construction materials, u-values, thermal mass and polyurethane
thermal insulation but in different locations. The aim was to test if the position of
the thermal insulation could affect the cooling load and reduce the consumption.
Three different locations selected for the insulation were close to the inside (wall
type A), in the middle (wall type B), close to the outside (wall type C). The first
figure compares these walls in Jeddah city in the hottest days:

4.60

Date: Sat 08/Jul to Mon 10/Jul

— Chillersload: (Jeddah Ill with polyurathane 50 mm third place.aps)
— Chillersload: (Jeddah IIl with Polyurethane Insulation 50 mm second place .aps)

— Chillersload: (Jeddah Ill with Polyurethane Insulation 50 mm.aps)

. Wall type A
. Wall type B
. Wall type C

Figure 9.5: The cooling load results comparison between wall types A, B and C,
from the 8" until 101 of July.
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The second chart compares the same external walls but in the capital city Riyadh:

Sys load (kW)

5
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Date: Thu 05/Aug to Sat 07/Aug

—— Chillersload: (Riyadh polyurathane 50 mm third place.aps)
— Chillersload: (Riyadh Il with Polyurethane Insulation 50 mm second place.aps)
— Chillersload: (Riyadh Ill with Polyurethane Insulation 50 mm.aps)

Wall type A
Wall type B
Wall type C

Figure 9.6: The cooling load results comparative between wall type A, B and C
from 5" of August until 7" of August.

The last chart compares the external walls A, B and C in the hottest days in

Dammam city:
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Figure 9.7: The cooling load results comparative between wall type A, B and C
from 13" of July until 15" of July.

It is very clear that all types of the external wall performed similarly regarding the
cooling load consumption on the hottest days but were not identical. Applying the
insulation in the inner layer of the external wall showing good result but moving
the insulation to the outer layer of the external wall saves more energy and reduced

the cooling load to the minimum.

In fact, in Saudi Arabia the most common external is wall type | which is the basic
wall and it is constructed of external plaster, hollow bricks and internal plaster.
After applying this particular wall to the residential building, the simulation results
for cooling load illustrated the total in MWh every year as follows:

51.2442 MWh in Jeddah

46.0613 MWh in Riyadh

52.7577 MWh in Dammam

But selecting the most appropriate external wall materials for this typical

residential building as well as the right location for thermal insulation in the
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external wall will lead to a significant reduction in cooling load to the residential
building as follow:

20.989 MWh in Jeddah

19.174 MWh in Riyadh

21.907 MWh in Dammam

Therefore, as an average the Saudi residential building for this specific model will
consume approximately 50.02 MWh a year for cooling load but with all
improvements and developments for the external wall, this building from this study
it will consume only 20.36 MWh for cooling load as an average.

As a result of the decision of the ministry of Housing as well as the government for
Saudi Arabia to build 500,000 units from this model, the energy consumption for
cooling load will be approximately 25,010,533 MWh every year but it can be
reduced to 10,180,000 MWh and save 59%.

As previously discussed, substantial energy savings could be made from simply
upgrading the building envelope components of residential buildings in KSA.
Evidently, energy efficiency improvements for residential buildings would benefit

both homeowners and the Saudi government, as well as the environment.

9.2 Thesis Finding and Recommendations

The government of Saudi Arabia should develop building standards and
regulations that suit the Saudi climate, culture and environment.

The Saudi government should introduce new laws to reduce energy and water
consumption in order to decrease the overall consumption of natural resources
and secure the future generation’s demand for natural resources

Saudi residential buildings should be a priority for developing, from both the
Saudi government and building developers, as they consume 67% of the total
energy consumption.

Thermal insulation is an influential factor in saving energy and could save up to

40% on the total energy consumption for residential buildings in the kingdom.
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Saudis should learn from a young age the impact of energy consumption on the
environment and increase their knowledge regarding all possible methods to save
energy and protect the environment.

Selecting local and appropriate construction materials has a positive impact on
energy consumption and the environment.

Saudis have demonstrated their willingness and desire to pay more for homes that
consume less energy and are more environmentally-friendly.

The government could increase electricity prices for Saudis who consume more

than their actual need.

9.3 Further Study

1- Wall type 111 could be developed by increasing the thickness of layers, which
could affect and reduce energy consumption.

2- Changing the order of wall type Il maybe result in reducing the energy
consumption and cooling load.

3- It is possible that new sustainable building materials will develop locally and
can be used in buildings, thereby changing the kingdom’s future.

4- Adding shading devices also could make a minor or significant impact on
building energy.

5- The first step in reducing energy consumption in residential buildings in Saudi
Arabia is the design. A better design will help to maintain a sustainable
environment; thus a better residential design is needed.

6- Adding plants will help to reduce heat on building facades and they should be
included in the design.

7- A further area for research could involve selecting light colours externally and
internally for walls, which is also important to reduce sunlight absorption.

8- Further investigation in window sizes and the type of glass to use in buildings
will improve the building performance regarding the energy consumption and
cooling load.
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9-Using renewable energy (e.g. Wind, solar, geothermal, hydroelectric,
and biomass) as a main solution to reduce energy consumption will provide
substantial benefits for the climate, health, and the economy, especially for Saudi
Arabia, a country that has a high amount of natural resources, such as solar

radiation.
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Appendix A: This appendix shows the results of a detailed climatic analysis
of Jeddah, Riyadh and Dammam cities using IES software. The appendix

will start by presenting the climatic chart of Jeddah city as follow:

1-Simulation Analysis for the Typical Residential Building in Jeddah City
1.1 Wall Type |
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Figure 1: The result of the cooling load from 1st of July until 31st of July in Jeddah
city for the external wall type I.
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Figure 2: The result of the cooling load from 1st of August until 31st of August in
Jeddah city for the external wall type I.
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Figure 3: The result of the cooling load from 1% of January until 31% of January in
Jeddah city for the external wall type 1.
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Figure 4: The result of the cooling load from 1% of February until 28" of February
in Jeddah city for the external wall type I.

1.2 Wall Type Il
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Figure 5: The result of the cooling load from 1% of January until 31% of December
in Jeddah city for the external wall type II.
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Figure 6: The result of cooling load from 1st of July until 1% of September in Jeddah

city for the external wall type II.
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Figure 7: The result of the cooling load from 1st of July until 31st of July in Jeddah

city for the external wall type I1.
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Figure 8: The result of the cooling load from 1% of August until 31 of August in
Jeddah city for the external wall type II.
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Figure 9: The result of cooling load from 1st of January until 28th of February in
Jeddah city for the external wall type II.
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Figure 10: The result of cooling load from 1% of January until 31% of January in
Jeddah city for the external wall type II.
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Figure 11: The result of cooling load from 1st of February until 28" of February in

Jeddah city for the external wall type I1.
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1.3 Wall Type Il
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Figure 12: The result of the cooling load from 1% of January until 31% of December

in Jeddah city for the external wall type I1I.
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Figure 13: The result of the cooling load from 1st of July until 1st of September in
Jeddah city for the external wall type IlI.
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Figure 14: The result of the cooling load from 1st of July until 31% of July in Jeddah

city for the external wall type I1I.
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Figure 15: The result of the cooling load from 1st of August until 31st of August
in Jeddah city for the external wall type I11.
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Figure 16: The result of the cooling load from 1% of January until 28" of February

in Jeddah city for the external wall type IlI.
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Figure 17: The result of the cooling load from 1% of January until 31 of January
in Jeddah city for the external wall type I1I.
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Figure 18: The result of the cooling load from 1% of February until 28" of February
in Jeddah city for the external wall type IlI.
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1.4 Wall Type IV
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— Dry-bulb temperature: SAU_Jeddah_MTN.funt (SAU_Jeddah_MTN.ft)

Figure 19: The result of cooling load from 1st of January until 31st of December
in Jeddah city for the external wall type IV.
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Figure 20: The result of cooling load from 1st of July until 31st of August in Jeddah
city for the external wall type IV.
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Figure 21: The result of cooling load from 1st of July until 31% of July in Jeddah
city for the external wall type IV.
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Figure 22: The result of cooling load from 1st of August until 31st of August in
Jeddah city for the external wall type 1V.
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Figure 23: The result of cooling load from 1%t of January until 28" of February in

Jeddah city for the external wall type 1V.
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Figure 24: The result of cooling load from 1st of January until 31% of January in

Jeddah city for the external wall type 1V.
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Figure 25: The result of cooling load from 1st of February until 28" of February in
Jeddah city for the external wall type 1V.

2-Simulation Analysis for the Typical Residential Building in Riyadh City
2.1 Wall Type |
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— Dry-bulb temperature: SAU_Riyadh_IWEC.fwt (SAU_Riyadh_IWEC.fut)

Figure 26: The result of cooling load from 1% of January until 31% of December in

Riyadh city for the external wall type I.
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Date: Thu 01/Jul to Tue 31/Aug

— Chillersload: (RIYADHWALL TYPE | CORRECT .aps)
— Dry-bulb temperature: SAU_Riyadh_IWEC.fut (SAU_Riyadh_IWEC.fut)

Figure 27: The result of cooling load from 1% of July until 31% of August in Riyadh

city for the external wall type I.
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Figure 28: The result of cooling load from 1% of August until 31 of August in

Riyadh city for the external wall type I.
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Figure 29: The result of cooling load from 1% of July until 31 of July in Riyadh
city for the external wall type I.
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Figure 30: The result of cooling load from 1st of January until 28th of February in

Riyadh city for the external wall type I.

261

(D,) ainresadwa]



0.40 _—26
1 24
0.301 I
- 22
0.201 o
1 -
< 010 [ 15 5
6 d | kel
3 A | | o
< 0.00 16 &
M v TV
1 (v}
@ 0.10 V V \ 4
1 L2
-0.204 L
- 10
-0.304 \ r 8
0.401 L6
O —T—T7T 71T T T T T T T 4

T 1 T T 1 1 1T 1T T T 1T 1T T T T T T T T 1 “
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01
Date: Fri 01/Jan to Sun 31/Jan

— Chillersload: (WALL TYPE | RIYADH.aps)
— Dry-bulb temperature: SAU_Riyadh_IWEC.fut (SAU_Riyadh_IWEC.fut)

Figure 31: The result of cooling load from 1% of January until 31% of January in

Riyadh city for the external wall type I.
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Figure 32: The result of cooling load from 1% of February until 28" of February in

Riyadh city for the external wall type I.
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2.2 Wall Type 1l

164 50

T
&

g 8 8

Sys load (kW)

N N
o a1
(D,) @inresadwa]

=
(&)

T T
Jul Aug Sep
Date: Fri 01/Jan to Fri 31/Dec

T T
Jan Feb Apr May Jun
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Figure 33: The result of cooling load from 1% of January until 31% of December in

Riyadh city for the external wall type II.
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Figure 34: The result of cooling load from 1% of July until 31% of August in Riyadh
city for the external wall type I1.
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Figure 35: The result of cooling load from 1st of July until 31st of July in Riyadh
city for the external wall type I1.
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Figure 36: The result of cooling load from 1st of August until 31st of August in
Riyadh city for the external wall type II.
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Figure 37: The result of cooling load from 1% of January until 28" of February in
Riyadh city for the external wall type II.
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Figure 38: The result of cooling load from 1st of January until 31% of January in

Riyadh city for the external wall type II.
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Figure 39: The result of cooling load from 1st of February until 28" of February in
Riyadh city for the external wall type II.
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Figure The 40: Result of cooling load from 1% of January to 31% of December in

Riyadh city for the external wall type I11.
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Figure 41: The result of cooling load from 1% of July until 31% of August in Riyadh
city for the external wall type I1I.
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Figure 42: The result of cooling load from 1% of July until 31% of July in Riyadh

city for the external wall type I1I.

267

(M) peol shs



Temperature (°C)
w
LT
(M) peo| sAs

X617 T 1T T T T T T T T T T T T T T T T T T T T T T T T T T T T /4
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01
Date: Sun 01/Aug to Tue 31/Aug

— Dry-bulb temperature: SAU_Riyadh_IWEC.fwt (SAU_Riyadh_IWEC.fwt)
— Chillersload: (WALL TYPE Ill RIYADH.aps)

Figure 43: The result of cooling load from 1% of August until 31% of August in
Riyadh city for the external wall type I11.
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Figure 44: The result of cooling load from 1% of January to 28" of February in

Riyadh city for the external wall type I11.
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Figure 45: The result of cooling load from 1st of January to 31% of January in Ri-
yadh city for the external wall type III.
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Figure 46: The result of cooling load from 1st of February to 28" of February in
Riyadh city for the external wall type I11.
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2.4 Wall Type IV

50 r11

Temperature (°C)
¥ 08

N
o

=

=
()

T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Date: Fri 01/Jan to Fri 31/Dec

— Dry-bulb temperature: SAU_Riyadh_IWEC.fwt (SAU_Riyadh_IWEC.fut)
— Chillersload: (WALL TYPE IV RIYADH.aps)

Figure 47: The result of cooling load from 1% of January until 31% of December in
Riyadh city for the external wall type IV.
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Figure 48: The result of cooling load from 1% of July until 31% of August in Riyadh
city for the external wall type IV.
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Figure 49: The result of cooling load from 1% of July until 31% of July in Riyadh
city for the external wall type IV.
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Figure 50: The result of cooling load from 1% of August until 31 of August in
Riyadh city for the external wall type IV.

271



35 0.65
] 0.60
30 0.55
050
25+ 0.45
e ] 0.40 ¢,
< 20 b
S £0.35 5
T o o
2 o] £0.30
E £0.25 3
10 E—o.zo
b F-0.15
5] £-0.10
] F0.05
o ——————————————————————— e e ——F-0.00
01/Jan 0l/Feb 01/Mar

Date: Fri 01/Jan to Sun 28/Feb

— Dry-bulb temperature: SAU_Riyadh_IWEC.fwt (SAU_Riyadh_IWEC.fut)
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Figure 51: The result of cooling load from 1% of January until 28" of February in

Riyadh city for the external wall type IV.
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Figure 52: The result of cooling load from 1% of January until 31% of January in

Riyadh city for the external wall type IV.
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Figure 53: The result of cooling load from 1% of February until 28" of February in
Riyadh city for the external wall type IV.

3-Simulation Analysis for the Typical Residential Building in Dammam City
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Figure 54: The result of cooling load from 1% of January until 31% of December in

Dammam city for the external wall type I.
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Figure 55: The result of cooling load from 1% of July until 31 of August in

Dammam city for the external wall type I.
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Figure 56: The result of cooling load from 1st of July until 31st of July in Dammam

city for the external wall type I.
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Figure 57: The result of cooling load from 1st of August until 31st of August in
Dammam city for the external wall type I.
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Figure 58: The result of cooling load from 1% of January until 28" of February in
Dammam city for the external wall type I.
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Figure 59: The result of cooling load from 1% of January until 31% of January in
Dammam city for the external wall type I.
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Figure 60: The result of cooling load from 1% of February until 28" of February in
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3.2Wall Type 1l
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Figure 61: The result of cooling load from 1% of January until 31% of December in

Dammam city for the external wall type I1.
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Figure 62: The result of cooling load from 1% of July until 31sy of August in
Dammam city for the external wall type II.
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Figure 63: The result of cooling load from 1% of July until 31% of July in Dammam
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Figure 65: The result of cooling load from 1% of January until 28" of February in

Dammam city for the external wall type II.
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Figure 66: The result of cooling load from 1% of January until 31% of January in
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Figure 67: The result of cooling load from 1% of February until 28" of February in

Dammam city for the external wall type I1.
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Figure 68: The result of cooling load from 1% of January until 31% of December in

Dammam city for the external wall type I11.
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Figure 69: The result of cooling load from 1% of July until 31 of August in

Dammam city for the external wall type Il1.
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Figure 70: The result of cooling load from 1% of July until 31% of July in Dammam

city for the external wall type I1I.
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Figure 71: The result of cooling load from 1% of August until 31% of August in

Dammam city for the external wall type Il1.
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Figure 72: The result of cooling load from 1% of January until 28" of February in

Dammam city for the external wall type I11.
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Figure 73: The result of cooling load from 1% of January until 31% of January in

Dammam city for the external wall type III.
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Figure 74: The result of cooling load from 1% of February until 28" of February in

Dammam city for the external wall type Il1.
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3.4 Wall Type IV
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Figure 75: The result of cooling load from 1% of January until 31% of December in

Dammam city for the external wall type 1V.
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Figure 76: The result of cooling load from 1% of July until 31% of August in
Dammam city for the external wall type 1V.
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Figure 77: The result of cooling load from 1% of July until 31% of July in Dammam
city for the external wall type IV.
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Figure 78: The result of cooling load from 1% of August until 31 of August in

Dammam city for the external wall type IV.
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Figure 79: The result of cooling load from 1% of January and 28" of February in

Dammam city for the external wall type 1V.
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Figure 80: The result of cooling load from 1% of January until 31% of January in

Dammam city for the external wall type 1V.

286



0.301 H L

= || NN

T
N
o
) ainresadwa)

Sys load (kW)

(e}

0.00 T T T T T T T T T T T 1T T T T T T T T T T T T T
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 01
Date: Mon 01/Feb to Sun 28/Feb

10

—— Chillersload: (Dammam Wal IV.aps) = Dry-bulb temperature: Dammam.epw (Dammam.epw)
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Appendix B: Interview Guide and Field Trip Report: This appendix shows a

copy of the field trip report as well as the questions sheets for each interview.
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Acromyma! Aboreviations

HMMHoly  Makkah Municipality

SEC Egudi Becmomy Company
KACET King Abdulaziz City of Science and Technology
SGE Saud Green Building Coundl

KALIST king abdwllah university of sdence and fechnalogy

45

291



1.0 Introduction

1.1 Owverview

1.1.1 Coniext of the case study

Thie cass study wasz undertaksn sz part of PhD studiss “The impact of constructon and
Islding imsteniaks on energy in the Saudi rescents tuildings” Trom several govemimental’
privats companies in different cities in Sawdi Arabia

11,2 Airmes of the fiskd bip

The principd aims of the field fip is fo undersiand the present situation of the Saudi
residential bulldings In the kingoomexplore the most common fype of Saudl residental
bulding , find out the methods fo build green buildings in Saudi Amabia from specalists
pont of view, find out how fo change the cument situafion of residentinl buildings 1o
consume less ensrgy consumear, 1o know f the Saud govemment has plans to esve the
enironment and reduce eneangy consumplion, and Tinally, to know i1 Seudi govemment of
companies an: foliowing speciic bulding regulation and standards or or the govemment

Iz it oo version.

1.1.3 Field Trip Plan

The field tnp startad from OTDEC013 undll 3UDE013. The visils were o differsnt cibies
and different govermmentall privale companies in fhe kingdom of Saudi Arabia

Tha fisld tnp pan was formulsted to consider two mam sechons, Interviews with
Enginesrs, Archilects and Repiecentalives who wok in Mis required fisg and data

cobection. Collstion data aim o colled! required data in he PR siudies wihou meeings

L1
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of inlenviews  Moreover, anslyze and reporiing as an ending stene. Report will considear
Just the Interviswe pErt 83 Emenboned balow:

Acivity Location Intervicw date
Wiait Makkah Municipaling hakkah- Saudi Amabia | 0706-2013

Saud Elecincity Company Jeddah Sasd Arabia | 14-06-2013

King Abdulazz City of HAayadh-Saud Aratia 14-07-2013
Bcience and Technoloogy

Sawd Green Bulding Councd | Ayadh-Saadi Arabia 15-07-2013
King Abdullah oty Thuwal -Saudi Arabia 21-07-2013

1.1.4 Figld trip changes: and Tmitations

In faci, few chenges happened as a result of delay o gel an apponiments fom e
compEnies. Moreover, few companies relsed o do ineniews. Themefore, an other
imlerviews and mesings with ofher companies preparsd because they were ready 1o oo-
mperats o Al dats needed in Ph rezasrch.

2 0 Field Interviews

Thiz report Wil discuss esch uisit by presentng the questons that the Imerdewes been
asked during the meeling and his answers. The repoil oiganizsd 1o give an ovendew of
govemment/private company. After that an infroducton and finally the interdew saction.
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2.1 Name of Visit: Makkah Municpality 4

: ! i
Locanon: Makkah- Saudi Arabia |\:’
Date: 07-06-2013 .

wfs

Name of Interviewar: 'Wasim Jamil Lacker 5
Name of Interviewee: Engneer Ahmad Al Zhrani. -

Posifon: Site Engineor dsusiyl] dgnlall Lil)
Industry: Public Sector

Employees: 3,000

Amual Revenue: Under 5100 Milion

Pupose of visit: Collecting data about the types of Saudi Residentia Buildings.

o wererre @ monnann .
@ Wi m lrrnnln
I—“ = TITIT I 'll"“

S— llllil

2.1.1 Overvew

Hoty Makicsh Municipality (HMM) i a government organization of Saud Arabia.

The organization rune more than 30 buaineas applications that addresa the needs of major
municpal operabions and services, such es issuing licenaes for construcion end
professionals, and managing the muricpalitys financiel. human resources, and payroll

processes. However, &s legacy systems had Bmited integration, driving the need fo
T
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transiorm and defver maost municpal senices as esenices. HMM wenbed to use the
latesi technologies snd focus on besi pecices and melhodologies, such as those
developed for the Infonmaion Technology Infrasinuciune Liorany (ITIL), Dusingss [wocess
miceling ([BFM), and program management arganization (PO

Haohy Maickah Muricipsify estabished a mulichannel platiorm, based on Dracle's Siebel
Customer Relationshin Management (CRM) &1 and ofher Orsds products fo sulomsate
processes, ensure digital colsborstion with encinesring offces, and enhence the quality of
the services il delivers o professionals end the public. HMM also integrated Siebel with
e gecgraphical METTENon yEtem developed by Orase Parmer OmAb INematonal,
WhiCh producss geographical IMTONMEon on iop of @ map of the Makkan region to
Complement digcnsts reports Snd substantialy enhancs HMM'E analybesl capabibeg.

2.1.2 The Intenviaw sacton

The intenviow was with a representative of Maklah Municipality in the main building.  Few
guestions been asked to fill the deta needed in PhD sudies. The interdaw stared by
gaking sbout  the average of the Soudi family members to know the see of the Seudi
family and residental space regured. The anewersss five persone as an aversge i the
Soud famiy. The next guesBon was about the number of residential buildings in Soudi
Arabia recently. The intervicwes provided o table explain fhe numbers of residential
buildings in Maldmh region as follows:

City ! Town J Villape Numbers of residential buildings
Jeddah TO2S4T
Pakkah 48R
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City ! Town/ Village Numbers of ressdential buildings
Taif 177408
Cuntzs 54170
Alith 23936
Rebee 18500
Algamorn 18260
Klhis 11759
Alkamel 4873

Al Khurma 7949
Rence 8005
Turba 8633
Total for Makisai region 1327667

The following guestion was about the expeced percentage for incressing numbers of
Saudi residentis buildings in the next 10 vears. & iz wery difficult fo enewer thie guestion
ne said

The types of residentia Duilings was the next question as this question & very imnportant
in this fild of study. Thenterviswee mentioned that the country of Saudi Arabia has four
types of residenfial buildings as foiowing © Apariments biocks fowr storey, Apadments
bocks bwo storey, Duplexes and Houses (villes), and be reporied that all regons in e
kingdom haa the same catagones of residential bulldinga.

To fooue on the most type of residential bulding in the kngdom n e efudy e
Imterviswes asked Wnst iz the most prefered type of resicential buldings In Saudl Arabls?
e resplied without doubl houses are the most preterad ivpe in Saudi Arabia a5 they ae
fhe st existing type of Saud resicenial buildings.
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The: last quesiion with Makkah rmunicipalty representafive was aboul he aversge, of the
prices Tor cwning! renting residential Tl vl ofher and I there i any govemment fcls
e suppion the answer For owning Bate it iz start fom 350,000 SR = 68 333 GEP, Housse
on the oibes hand start from 1000,000 SR = 166,666 GBS, reniing iz different from 2 city
and from & place o another &0 @ e SMcull fo =l and yes we do hawe 8 govermental
farts tn cuppot the Bnewer he said.

o0
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22 \ Besdl B tricity Conpany

Name of Vasit SEC ( Saudi Eleciicity Compary)
Location: Jeddah branch-Saudi Araba

Date: 14-06-2013

Name of Interviewer: Wasim Jarmd Lasker
Name of Interviewee: Sami Refsee

Pasition: Eleckical Engineer

Purpose of visk Colled dala sbout energy consumplion'demand and methods 10 save
energy in Saudi buikings:

2.2.1 Owermew

On 050472000, our company was estcbiched as 8 Seudi join stock company with 8 paid-
up capital of SR 33,758,632,650 (Thaty three billion saven hundred fifty-eight milson ao:
hundred thirty-fao thousand gix hundred and fifty Ssudi Riyals). Thiz amount divided info
675,172,663 shares (Sx hundred seventy-five millicn, one hundred seventy-two thousand

1
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six hundred and fifty-three shares).

This achieved by virtus of the Cabine Order Mo 169 Daded 1108M418H . which stipulai=d
the memer of all Sawdi dedicly companies in the Ceniral, Eastem, Weslem and
Southern Regions in addition fo the fen small companies operating in the north of e
Kingdom &5 well a3 all other clecinaty operabons managed by The General Bedncity
Corporafion, into a singe joinf stock company which & now known as Saud Bedricity
Company. Afler the eccomplishment of the mesger process, we odopled a gradual,
gystematic approach to the re-developmeni and consobidation of the organizational
struciure of the Company to make sure constant provizion of the clecimc power sendces,
taking into consderstion mainizining the slectricity system's relabifty. the quality service
provided fo our custormers and ensuring the human resources adapiabdity fo change to
meet our stretegc goals and owr shared vision.

At the beginming of 2002, the Board of Directors approved the mew phase-based
organizationsl structure, which was mainly designed by apadalized ectivitiea induding fhe
organizabionsl units (Elechnicty actifies), relafed ociwifics and supporing services fo
reinionze our overall perfommence on the bevel of all our activiics. This helps us to sct out
thie future criantations required for the potential wide-ranging change.

Om AH2003, the phase-based organzational sTucture wea put into efiect in addton to
the application of the sccond kevel of the struchure. The sectors and depariments specified
and thair respective job descripiions oullined. Thereafier, we compleled the job
daschptions related to all organzational kevels.

In the Firet Of January 2042, Mational Grid sa \Was established, With the aim of liberating
the ndustry of slectnicity, and forming spacialzed companies fo create competive
envircnment, Impreang pericemance, end reducing the cost Az a result the smucture of
the Saudi Blectricity Company amendad As follow:

1E
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2.2.2The Intervicw Sccion

The sccond interview was with a representative of Saudi Elecincity Company (SEC) in
Jeddah branch. The infervicwee was asked acveral questions fo get the required data.

The first question in this infenview was zbout the reason that make Saudi govermnment just
depending on oil for the lest decades. The interviowee replicd, Saudi Arabia is a very rich
of al . it is the main source for encrgy and finally, it is very cheap to use local cnergy
PUIpOSEs.

company. The regresentative explained that the major concem is coolng systems,
because it is consiiges 10 be the main energy consumption in Saudi Aradia.
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The next quesfion wes about the most months that consume cnergy in the year in the
kingdon He replied that 80 % of powsr in Saudi Arabsa being consumed between June
and Oclober.

It is very important to know if Saudi electiicity company has plan or siralegies to reduce
cnergy consumption that depend on ol Therefore, interviewee been asked to answer this
guestion. He answered Yes, using rencwable cnergy and we have a several contracts with
diffcrent companics and organizatons to get the benefits of rencwable encrgy, specially
sclar power.

The other important question was f Sawdi clecticity company has cxpectations for
clectricity demand in fhe ncarcst future. He said yes, cledrnicity demeand will almost triple
withn 20 years to 120,000 megawaits by 2032 from around 46,000 in 2010.

the noxt quesiion to the representative o to kmow i Saudi government still just want to
depend on of fo produce cnergy in the next 10 ycars. The enswer 3 no |, Saudi
govemment wants a diversity energy, because of continualy rapidy growing demand of
energy.

SEC representafive besn asked about the methods o reduce enesgy corsumption of an
exisiing Saudi residential building He answered fhe quesfion and mentioned that The
casicst way is o apply them insulation walls, roofs, shade devices, and to have windows
that hedp to decrease heat in houses

The last question in this interview was  Saud government has any of kind co-operation
with an intemationa company. The answer was yes, with JETRO (Japan Exlemal Trade
Organisation).

14
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23

Name of Vist KACST ( King Abdulaziz City of Science and /
Technology) \

Location: Ryyadh-Saudi Arabia o e
Dste: 14.07-2013

Name of Intarviewer: Wasim Jamil Lasker

Name of Intarnewee: Ahmad Al Ghaa

Poettion: Architactural Enginear

Pumpaose of vist: Collect data refated about Energy stralegies and plans for the future in
the Kingdom of Saudl Arabla

)
4]

2 3.1 Overview

King Abdulaziz City for Science and Technology (KACST) is an independent sdentific
organzation administrafively reporiing to the Prime Minister. KACST is both the Saudi
Arabian national sdence egency and s national laboradories. The =cience egency
funcion involves science and technology policy meking. data collection, fundng of

15
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cxtemal research, and services such as fhe patent office. KACST has cumenthy over 2500
employees Based on s chader 3112 19085, KACSTs main responsbilifies summanized
as follows:

Man Responsbililiss:

1. Prepeac a nafional pelcy for the development of scisnce and technclegy and develop
strategies and planas necessany to implement them

2. Coordinate with govermmient agencies, scientiic nstitubions and research centers in the
Hingdom to enhance research and exchangs information and expertise.

3. Conduct applicd research end provide advice fo the govermment on science and
techmniogy matiers.

4. Support scienfific ressarch and technology development.

5. Foster natioral innovaion and technology transfer bebaeesn research insfitubzs and the
indusiry.

E. Fosfer intemational cooperation in science and technology.

Strategic Oojocives

= A eugtained planning mechanizm for al scentfic discplines.

= Scientifically inowisdgeabie and capabla govemment agencies.

= A developed AAD infrastructune with fully funcbioning centers of excelencs in all acentific
digciplines.

= Sirong Ineraction between e private sector and ressarch caniers.

= Regional leaders N patent ownership and iegeance, Advanced Incubstor eystems and
output.

= \World leadere in etrategic technologies including watsr and oil and gas

= Enhanced interaction nebworo: betwean al soentiic agenckes.
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2.3.2 The Interview Section

The Thired infeniew was with a representative of King Abduiaziz City of Sdence and

Technology (KACST) in fie main bukding in Riyadh The interviewee was ssked marny
cm‘ermlq:eslommgei the needed dala for the research

The frat question in this inlenies was shoul the reasons that made Me development of
enegy tedvology so important 10 Saudi Arsbia The KACST representative said thal
energy is one of the cucial drivers of the nation's development and economic growth The
demend for energy I the KIngdom s @ challenge for the naton 10 keep up With. It i
estmated that the demand 1or electrioty alone 18 noreasing by over 6% a year. Science
has to offer many difterent solutions 1o k=ep PAce with this growing demand

The representztive asked to give his pont of view aboul the most types of building thal
consume the most of energy in the country. The representative pointed et based on their
resezrch it & very dear that residential buildngs are the most energy consumer. They
consume 53% of the total energy

The next question was it KACST has plans about increasing demand of enesgy in 1e
kingdorm and reducing damsge (o environment. Yes they do have pians to develop solar-
powered using advanced nanolechnologies, because by using this devices the cost will be
less than 30 hadals oer kwih (about half UK pennie)

After that, the question was if KACST aways interested in renewable engrgy, and about
the: renewable eneigy resources in fhe Kingdom. He replied that the Kingdom receives

105 trikon kilowatts of sunlight per day, which means that Saudi Arabia gets some of e
17
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mos! intenss suniicght exposune on the planel. The oountry [sted &3 one of the 10D Mve

places in the word Tor potential pholouollsic generation of Slecricity. Thet means that
surnbight rather than oil may prove o be the Kingdom's gresbes! matwal resounce.

The IoloMING QUasIon Wes Shour Me mamods Mat Ssudl Arabla 12 Sng 10 r=iuce e
enengy consurrplion. He ssid The kay 10 reducing energy corsumpbion in the Kingdom iz
recucion of Pesk Load Cumently in Sash Arabia, arcund 10 % of all sledricity
generaled and 25 % of dstibution infrastruciune, are used for just 400 hours per year,
thate around 5% of the Ime — thiz period of tMe 2 MNown 32 peai load. Naw tednoiogies
promize 0 provide much-nesced ralis? in iz sea by better Infomming customers of Row
they can reducs her demand In peak Ins BMes, Snd of the tangibie IMmeiats henslts
they can receive fnancislly and environmentally in tsms of lower bils and improved ain
quaity. Even 3 small reduction in peak load csn result in savings of bilons of dollars in
Infrestruciurs Investment. Feak demand forscsst @ expectsd to grow by over G09% unm
021,

AN IMPONtant (UESTION was e Nt aDoUt e Ways and Mennos to IMprove e Snemy
emciency of ExIStng Dulicings Bassd on thell recearchas and expensncs.

the reprecentatve replied that Green buiding reduces enangy COnREmpOon in Many ways.
Firet, the embodied energy of e bulding can be reduced through afcert design, ues of
recyclad and local Mstenale, SN0 racyciing CONETUCHION Wasks. Ssoond, orsen bullding
desiogn reduces a bulding's energy consumpton ocuer ks Hetime. Strategicaly pisting
windows and sioighte can elminate the need for electrical highting dunng the day. & whele
house fan can cool the houss ovemight, rather than relying on @r condibonang. High
quality insulation reduces jempersture reguiston ooste in both cummer and wirtsr.

iB
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Addtiorally, houzes can maxmize passve heafng and cosling. South facng wndows:
with overhange csn reduce heaing costs by 20 to 30%, and prevaling breezes, shadng,
AN nEtural pENtngs can keep Nousss cooler In NS SUMMer. &nd, oing one stee urther,
it is possible 10 cheale 7eno energy buildings these aie struciunes with &n onsile sowce of
renswable energy such as solar penels or wind turbines.

The la=t queston was if KACST colisborsting with intermstional psrmers m developing
enenyy technoingy. Inferviewss anewersd that KACST Enemgy Technology Bmgram s
working wih seientiste and organzstons around the word The 2012 Saudl Energy
Efficency Workshop was orgenized in parinership with the U5 Nafional Renewsbls
Emergy Leboratory, and is working on another project fecusing on sustainable resources
with MIT, in thair joint Centre of Excallence for Comples: Engineering Sysfemsa.

12
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Mame of Wil Saudi Grasen Building Coundl

Location: Riyadh-Saudi Arshia ausElalial
b paliad

Diate: 15072013 Saurdl Gramn
g Louni

MName of Inberievwer Wasim Jamil Lasker

Mame of Intaraevwea: Saad Al Harthy

Peition: Architachural Enginser

Purpase of visit: Collzcting data about green buildings projects in the Kingdom .

2.4 1 Ovendew

SAUDI GREEN BUILDING FORUM ks an iniialive under the appointment of King Abdullah
bin Abdulaziz of Saud Arsbia Royal Decree Mo, TI9S/mMb catsd B/0MA31 AH,
InGugUEtad by the ofMolsl petronags of He Hoyal Highnese Prince D, Mansowroin Mitst
bin Andulazz, Minisiy of Municpsites 5 Rurs Affarz. The SGB FORUM's Confarence,
Education, Pescurces and Projects developed under the leadership of feisal affadl
PARTHERS pemmitied by Royal Decree Approved by the Ministry of Commence & Industry
2010-2013

SEH FORUM: Goak! Objectves are: Aid ihe development of lawe snd regulabions
promote Green Building nitiatves in Saud Arabis; Promote the comprehensive coliecion
ot stendards snd systemes for Gresn Buikings n e Kingdom: Define Buildng Information
Moosing besed on Green Sullaing qudance; Srangthen relations among Industry
etaiaholders; Deliver mformation, anadysiz and insighte: throwgh high-guaity workshops;
Promote Green Buldng concept: and find poaitve policies relevani to Saudi Arabia and
the region that preserees the urban heritage while incorporating new advencements; Build
a cuftural awareness of Green Building and sustainability inffafves.
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S5GB FORUM's Conferance identfy the emerging invesiment and smployment
opportuniies assocated wih Green Buildng, strategically aligned in-conjunction with
Govemment and Non-Govemment in addifion fo privete secior sporsors from nafional and
intemafional organissd by MEEDE events.

SGE6 FORUM Educaion is wmoognized by the US Green Dwilding Council as an
Autharssd Education Delivery Pariner wn by USGICE Facully 1o provide LEEDE
Winikehop Sescions oul of Riyadh, Saudi Arania sening globaly.

SCE FOAUM Projects ore supported by fa Engneenng Consultants with leading
canaultants for high periormance and efficiant buildings pursing certification.

SGE FORUM Resores sre presentad by lesding sponsors developers, conlractions and
vendors active in the deliveny of suslainshle ecodriendly Goods and Sendces.

2.4 2 The Internicw Sechion

The Fourth inlervies weas with a representative of Saudl Green Building Council (USGEC)
in Rivadn. The aim of T inleriews i o Coliet dala aboul gresn buildings projects in e
Kingdom.

The first question in this Inerdew was about SEBEC aime. The representative of SGEBC
Irfiommed that the aime of SGEC & o transfomm the way bulldngs are designed, bulk and

maintsined by leading the way In promating, advieing and sducaang all stake Rolders 1o
CAITy out bect practces o MEest environmantal sustamabiny.

The sacond quesbion was about te know if there i@ any gresn building ecdsting in the
kingoom of Saud Arabia. Themterdowes rephed fo the gquesbon by saying yea, KALST

Fal
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(Hing Abduliah University for Scence and Technology) is a veny good example that Saedi
Arabia do have green buildings.

The aim of fllowing question iz 1o know IT Saudi Green Buillding Councll estabiizhed s
version of regulations and siandards and o know the references thal Sawdi Gresn
Buslding Council use He said unfi now the arswer 5 no They are wsing different
refences such as: Workd Green Buwiding Council, Unilsd Stales Green Building
Council, Green building  coundilinstiute, Canadan green building council, Envirormental
pofection Agency, Amenican Socisty of Heafing, Refrigerating and Air Conditioning
Enginees, Abu Dhabi Urban plnning coundl, UAE gresn building coundl.

The next question is to know if the Saudi Gresn Councl bas reguiations and stendans for
all different categories of uildings. The representafive said yes of cowse.

After that, a guestion was about the hpe of Green Bullding Bstng Systems doos e
Coumndl uge and the restons of Mie ssaction Ha anowerad |.EE|:|I becAlse of e
Mmm.melnlmmmnﬂuﬂmmu mmm[

we have private sponsors

auch g

1- AlL~Jazears Factory For Painta

2- BOUIDL, Holelz & Hotel Suitea

3. Durrs: Armysdh for Real Estase Development
4. Herfy Food Services Co. Lid.

An Important gquestion the intendawes been asked I Saudl govemment nas a plane 1o
profect the ervironment and 10 have more green bulldings. He said wel In fact, we know

that the Saudi governmend e workang very hard o have a eustainsble and green buildings:
In fuure.
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Mt apibestion was soout T there any speciic eongsiniction malesaks of methods (D achieve
green buldings in Saud Arabia.

ﬁemmmmmmmmmmnmmnim K
sustainsble and green buildings in fhe Kingdom W are sl in the research field and we
El:l'l"lhﬂl.l‘E-ﬂlIlT'ﬂEEﬂ'm.

AN important question was the folowing to know the main sheps in change an ssting
Saudl residentisl bslding to ba more endonmentaly mendly and sustsirable. He replied
it the main step s o sudy he coment situation of the residentisl buldings. ANer frat, is
1o lenenw wihaal e the main methods and changes thal shoud done. Finally, ake an achion
and use the avalsbls memods.

The last question wes to know If e Saudi Green Council hes sirsteges 10 encoursge
residents, companise and DOVEMMENE to changs homes o be green In the future. The
reprecentatve of SGEC taid Mat N8 Nk that it 12 very Imponant fret 1o rase pubic
awsreness provide raning & Edusston, Haping the construchen Incustry franstonm to
the grasn buiding reguirsments Encourage bulding matensls manuisctures and supmiers
1o produce and supply environmentslly reeponsible products. Promots green labaling.
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Name of Visit® Visit King Abdudish dity ( king abdullah

university of sdencs and tednoiogy)

Location Thuwal -Saudi Arabia o~

Date: 21.07-2013

Name of Inenaewer Wasim Jamil Lasker

Name of Inendewee: Tarkq Rahbini

Position: Conslruction Engineey

Purpose of visit. Get data about the sustainable buikdings inside the campus

251 Overview

Location” Thuwal, Kingdom of Saud Arabia
Building type(s): Camrpus

New consiruction

5,340,000 £2 (456,000 m2)

Project scope” mudtiple buiklings

24
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Suburban setting
Compleied September 2005
Rating: U5, Green Building Councl LEED-MHC, v.2.2—Levwel: Platinum

King Sbdullah Universty of Scence and Technology (KAUST) i2 @ new infemational,
graduste-l=vel research university established fo drive innowabion i acience and
technology and fo support world-class research in arses such e enemgy and the
ervironment KALSTs new campus is the Kingdom of Sawdi Arabia's fist LEED cerffied
project and the world's largest LEED Plafinum project.

The design eam respondsd o a 5= of extaondinary challenges. In he conlest of an
extremely hol, hmid chimate, heywere scked o oreate 3 bw-enengy, highly sustsinable
project The feam wes chalienged o ceate a conlemporary work of anchitecture et
would resonaie with the giobal sci=ntific community whils being finmily rooted n bcal Saudi
culture. Finally, the f=am wes asked to design an nstibution of the highes! phyesical guality
at & historically unprecedented spesdfom conceplion o complaion in just thres years.

Because the research and development of renewabls iesowces dives KALIST'S research
agenda, muetainsbie cevelopment i2 intsoral to KALSTS overall mission. By integrating
ZUStANSDIE MEAsUres Mo e =18 Dianning, e CoMMUNY, e bulktng design and he

CAMpUS operations, he universly l& demonstratng new waye to build in the region and
PrOMOtnG responsinie ctawarnenip of the envinonment.

AE MUtple DSChN TEAME WOroWade workad In tendem St 3 Nighopesd, 8 cMe group

devslopad concapts in guide Their efiorts and Integrals sustanabilily. The feam employed
mmmmm local culiure and tradions [o solve emaronmental esues:

1. Structured like tradiional Arabic citiss, the campus iz compressed o much as passible
o decrease the amount of extenor emvelope exposed fo the sun and reduce oubdoor

walking datances.
5
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2 A found in a tradionsl souk, or Arebic markst, shaded and passively copled circulabion
thoroughfares are charectenzedby dramatic ight end social epaces.

3. The Arabic Bedoun tent inspired designers o create a monumentsl roof aysiam that
apana aoross bulding mesaes to bock sun on buiding facedes and inlo the pedestnan
spmne, to faciltabe namumal vendisbon and fo fiter kght Solar penele covenng the surface
capiune the sun's energy.

4. Passevs wenfilation stratzgies of the fradiional Arebic howse influenced the design of
oomic, solar-powered wind towers hat hamess energy from the sun and wind to passiveby
create anflow in pedesirian wallways

& Similar to Arabic screcning called ‘mashrabiva,’ the campus shades windows and
skyights with an integral shading system that reduces heat loads while creafing dramastic
dappled light.

252 The Infcrvicw scction

The interviesw wae with @ representatree of lang abdulah university of science and
technology (KALUST) in Thuwsl . Theineniewes wasz ssked few queasons io il the data
neaded in FhD etudies.

The intarview started by asking sbow the green bullding projaces in King Abdullah cfy. He
replied st the buildings In campus: are sustsinabie (LEED cerifed and eamed pEtnum
carificaton).

The next question is io know i the buidings in campus are from different buildings

categonaa. Ha anowered ithe gquestion by seying Yesa, unmversity campus, town canter,
miuki family residenial snd aingle femily reaidentsl.
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The following ques@on in the inberiew is to know how did these buildings achicved LEED

green building rafing system. He said by designing Iow-energy buildngs, sustainable
pojects, and comiorabie pace. In fact, KAUST eamed 52 of the 53 requirsd credits.

Afer that the inferviewss asked F King Abdulah city projec! asked forggners or local
companics to complete the green buidings proiect in the city. The interviowss replicd that
KAUST designed by HOK'S Bll Odel (HOK'S Bill O'dell is an architect and director of
HOK'S science and technology group). Gill Ode! used Building Information Modeling (BIM).
The project tock 28 montha.

The representafive of KALST asked sboul the  possible: ways and methods to change
cument Saudi cities and buildings to bemare friendly fo smionment. The represeniative
anzwered thet it is possible to change curent Saudi cties and buildings fo be more
friendby to ervironment by construct buiidings uase bow enengy e more sustainabls.

An important quesiion the intendewes osked about the hmitotions that could not help
Ssudi residentz to decide to change their hemes o be green He said that he fhought

Saudi residents necd first to fse the aworencss and undersiand imporfance of green
beusibdimoges.

The last quesfion in this inteniew was F the Saud gowvernment hes a fuhure plan fo
extabish more susdainable cilice such as King Abdulah city or change cument cifies. The
anawer was that the kingdom of Sewd Arabis will use both methoda in the future.
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1.0 conclusion

The ficdd trip shows that the populaiion in Saudi Arsbia is inoeasing very fast as the
demand for power and elednicty In addiion, very cheap oil in fhe kingdom made Saudis
to behave badly in using srergy and nof o give any atiention fo emvironmenial damages

These isues reflected as wel in Seudi residental buildings and caused huge amount of
enengy consumpion. From the infericwees answers it i very clear that most of Saudi
regions are suffering cooling loads in their homes ag moat of he regions in Seudi Amabia
are: hot and humid, Saudi electicty company menboned that slectnoty demand will almost
tripha within 20 years io 120,000 megawatte by 2032 from anownd 46 000 in 2010 which
mzan et thia izaue nead an urgent study and sulteble soluiiona to avoid any incresse of
anengy demand eapecially that residantal cuildings conauma more tan 50 % of anargy
COMELMDUon N the Kngdom.

I facd, the governmend of Saudi Arabia started fo take these izsuss into consideration.
King Abdulah uriveraity for ecience and technology = 3 good example fo represent the
new generation of builgings which are more nendly 0 emviromment and congume lees
enenyy. KALST campue got LEED rertfeate but this project slone 18 net enough. The
Saudi government nead io move very et I change e cument eiuaton of residental
bvilings and new buidings. In addition, Saudi municipalilies need suitable building
requizatons and DUiding stendans o change the fulisie of corestisclion in Fe counery.

Fiidally, mast of the engineers in the intenviews pointed [0 seveial stages and SIEps 1o heve
a green fubwre and change the cument situations of buildings such =5 mise public
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mwareneas, provide reining & Education, Helping the: conafruction industry franaform o
the green bullding requirements Encourage bullding matenals manufacturers and suppliers
o produce and supply environmentally responsible preducts, Promote green labeling.

Appendiaes
4.1 Figid Trp Time Tabie

4.2 Figld Tnp Interview Forms
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Green Resdential Baldings n Saadi Ar=bia

Wasim Jamil A Laskar

201372014

Tha fokoweng tabke oathines the proposec schadule to ¢ amy cut and complete reseaich

Wutple visits fo Faculty of
Ervaronmenta Decign |

Abouaziz University

ws.xn{uvn

: r D1.D6.2013

(The impact of censtruction and building materials on energy in the Saudi residential buldings)

Vist Makkah Municipality

Saud >~.9v8

07-06.2013
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Visit King Abduilah city

._
Pricate car w,.k.s.no:

devign campanicd

Visit soveral archriectae

Nolice

1. Pleasa note trat Thursday and Fneay are an ofcal holday in Saed Ambea that il goverrment buldngs and mest of companes are

closed

319

2. Please note hal o sincll tepont will De send W you explaining (e work done every wo weeks.

Contact detaile

1- Mekkah Municipality
Lacation Kingdom of Sasudi Arabia - Makkah

Postal Code: 21955

Phore: 16002267 305565- 26706220

Fox: +0CC225740622
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Email. miDholyrakiah gowrsg
Ve D Siie v hoymeikan Qo 53

2= Sl Esecuidly Congany

| nration: Kingrom of Saudi Arahis - eddah Brarch
PO Box 8209

2413

Phone: +366(216500008

Facaimile: +366(2/65541

E-mai Addroas necmgilee ofmea

Webade, Wp ey a8 com.2a

3- Joddah Municipality

ruﬂﬂg“whﬁﬁdﬂmuﬁﬁhﬂn-u.:mﬂnu:
PO Box: FolF

Postal Coder 311

Fhone: +¥60 (126149585

Email mixwddah aovsa

ity ieddalh, gov 52

4- King Abdulaziz City of Scienca and Tachnology

| nication” Kingeom of Saud Arahia - Rivacn

PO Box 6086, Rivadn 11443
Phone: +B466 (1) 4883555
Faue; 406 [1] 412274
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it fare kanced edu s
& Saudi Green Suiding Council

Loeaticn: Kingdom of Sau Arabia - Riyadh
PO, Do GOIZ 11646

Prisne: #5966 (0514603460

Faa: +#E (01 =4 150461

Frraair mivafey i ghe ofg

& King Abdullah of Scienca & Technology University

Lotaticn: Kingdom of Saudi Arabia- Thuwal
PO, B 239556500
Prane +086 (0)2-308 3418

EMall: R nsme Co0 el 58
publicOhacai ey, 5a
Wesdy sile noww sl exiu sa
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4.2 Ficld Trip Infervicw Forms
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HERIOT

2

LI |

Fal work nterview form

L P PIQSET 0 | METICHI N SUMING MEANGE £N ERAMY T G0 SRSNATS Smngs)

Mame of Vier: Makkah Manicipalty
LOoCanon: Maan- Sal Arabe

Dabe’ OF-Oe-a013

Mame o iINevisnet Vadim Jarmil LRSS
Mame of Imeviewce: Enginesn Ahmad Al Zhoand

Purpoae of wisl: Colecting dais aboun the types of Sasdi Recidental Buldisge

Dssxtion B AR

On average DOw rmany | D MemDes . yes

maminem in Sasdi

tamihy'? are e any

poverrmant dain ta

SuUppon e pnowsr 7

Fecandy, what o the Joddak- TOIS4T

FRUMmDEr D FscEal Maikkan- 23 453

bruiings in Davd Taif - 177408

Alelia 7 are there any | Qundza - 370

povermment datn W0 Al - 23535

ELUPPON e Draaar 7 Fapee - 15600
HAlgamnom -t B350
Kiniz - 11750
Alcamel- 4878
Al Kbuima = T943
Fanee - 8005
TuIDa - 654

Total for Mackah ragios- 133 TRET

wilid] 15 e & pecied
parantags b
|I'I¢|'GE-HI'!HFI.II'I"Im of
Esiudi remidwrtial
brulicings in e neot 10
WEEr: T e TeErs any
DOveETTImeTI G W
BLROT The BT 7

IS ey el 10 Srcsed TS Quesion

M@

Wiha are the yoes of
SnudE (S sl
COUBONgE # SrE Ters any
DRI LT
SUDEOI e Brawer 7

Aparment Chocks lour soesy
AparTnent EIssre Tt e
Lupex
i TE ]
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Frelid work mienaiew farm

Gueation

I3 the kinggdom of Bavdi
ArabEs has ans=real
ypes of residondal
Euldinga according oo
difsr el regena o all
pans of he kingdom
e the e ypes?

Mo ther same types

What = the most
preferad type of
resldEial Dulkigs In
Sanwli Grabia? why T sre
thare any govermmeni
daln b puspar B
anawer T

Hous=s

enavcingc, what iz the
prices T Csming’
repting resclential flat!
villal cthas ? aie thand
N GOYe St o T
sunpnit the answer ¥

Flatz »éast from 330,000 OR = 50:X% O0F
Hpmsas sgar Fom 1000,000 A = 166 FGR SRA
fes

Are (hene any sor ol

infaemation thst would
b haloiul T add in e
fiwid of study?
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HERIOT

35‘; WATT Ficid wosk irtcrvicw form
WTRRELY R N— andl Buiding Masaran on Enaegy for Seud Rosidortal Ruldings)

Nane of Visit SEC ( Saud Elecuicity Company)

Lecanon Jeddan banch-Sauct Anbla

Data: 4408.20¢3

Name of Intenviewor: Waeim Jamil Laskor

Name of nicaviewes. Sany Refacs

PUrposs oF wsll: CORSC! A 300U Enef(ly COrSUMPION/AJSTEng and MenDas 1 save

energy i Saudi buikings.

of cil and it is very cheap to

gl —  — LA

goverrmeat | Because he counyy i very nch

Why Saudi

Just dependingon O I | uss ko Kxal puiposes

he kst decades?

What i the major | The mrajor conoem is cooling symems, because tis
ENSIgY SAVINg CONCEMA | CONSITUTES 10 £e IFe Main 2nangy CoNSumpion in Saua
ot Savdh alocrony | Arabic,

conpany? Wiy?

Which menths of the B0 %% of pawer in Caudi Aiabia being consumed botween
year are the most | June and Octooer.

congunar of buikding

enaspy?

Does e Sava Ye3, usng rencwanic encrgy and we have a several

ekEcindty company hes | contracts wth diferent companies and organizatons o pat
plen of strategies | the benefes of renswabie encegy, spacially soler power,
reduces energy

conaurpton that

geosndon oN?

Does e Sav Y5, Secuity Uerig il wil ariost wipte wihin 20 years w
eEciisly company has | 120 000 meganans by 2032 liorm amurd 45 000 i 2010
expeciahons for

electnicity demand in the

futue®

Does e kingdomjust | Ne, The kingdom wants a divarsty energy, becasss of
wart ta dopone andll | growing domend
the next 10 y=ars?

wry?
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Fimkd waarh inteniewr faam

The sasivst way is i appty them insalxien waola, recds, hovs
shads devices, and to have windows fhat help o decrsase
raatin howsss.

Yoo, wah JETTO |Jopon Exiamal Teoda Organoation].

326



HERIOT

T

[Fichd work interview fonm

(The impact of Coneiraction and Bulding Matertals on Ensigy lor Saudl Residenial Buildings)

e ol Wil KACSST { King Aodulaziz City ol Science and Technoloogy)
Loeation” Riyadn-Saudl Arabia

Cabe: 14072014

hama o mterviswer: Wasm Jami Lascer

kame of interviewea: Ahmed Al Shazi

Purposs of wist: Collec dala relabed about Energy shaiegies and plans for the futue in
tha Kingdom of Saud Araba

Answer

iy is the development
| ﬂl'ﬁl'gfl uﬂ'mﬂn-g,i kil
vital w0 SewdlArabE?

Enengy is one of e crucial deivers of the nalion™s
davalopmant ard Soanomie growth. The donand for Snergy
In e KIngdom 15 8 chaBenge 1or the nation to keep up with, 1
s eslimatad that tha demand fon elechncily alone iz incrsasing
oy cwer 6% A yeAl Sciencs has in offer many diferent
sohstions o kesp pace with this growng demand.

Froim your peint of view,
which tyna of buldings
in SaudiAratia is the
MOE] SNaIgY Concma?

Bazad on OUF lESeanch | i veny cear that reaidentisl
buildings are the most enangy corsumer. They consuma 53t
ol e tolal snngy.

DOnes; KACST hars plars

The s 1 Bt Wi IRe iR S 10 Alavelon Galar prwsren

rtroeted in renowabls
znargy. whets Saud

B abu's besl (enewans
DNArgy rocourea?

leganding noEasng w=ing advanced nanstechnologies, because by uvsng ths
damand of ahaigy ib ths | davwicos the cos will Be e thah 30 halaks aar kah (abaut
Empoom and reducing half LIK pennkes)

damage to

snvinonMment ¥

Az KACET always In f3act,he Kingdom recaives 1085 ilkon Miowatts of sunight

ey, whhich mesane that Saud Arabia gl eome of the
mcst infense suniight exposure on e panet The coariny i=
Ested as ane of the top five places in Me workd lof polentia
pristovoitals gonoration of alectnety. That meant that cund

rathvar Ehan oil may prowe o be the Kingdom's greatest
mawral resaurce.

i1
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Flesd work Inieview jom

B TM recducing enaigy corsumpion in the Kingdom

reduction of *Peek Load'. Currently In Saudl Avabe, around
1€ % of al elactricity generated and 25 % of distibution
INFASIAICTLIG AF2 WSRO I JISTA00 NOUIS PEF yRal, Nars
mm«mm-mwamu known as peak
New JeCAROICGIES promise 10 provioe mucn needed resi in
this area by better informing customers of how they can
reduce {heir demand in peak load limes, and of the fangible
Immediaie tenemts ey can receve fnancially ana
crvironmenially in terms of lowsr billa and improved air

quality

Even a small reduction in peak load can resul in savings of
bilions of dobars in nfrastruchue investiment.

Peak demand lorecast Is expected In grow by ousr 60% untl
2021,

How can you improve
the en=gy efficiency of
extsling bulaings?

Qieen building reduces energy consumption in namesrous
ways Fist, the embodisd energy of the buiding can be
raduced through effclent gesign, Lse of recyoed and local
maieriab, and recyding consiruction waste. Second, green
buikding decign raduces a buildng s anaigy cons snplion ovor
ils Metme. STategkally placng windows and Skylights can
clmmnale the need for elechical lighting during the day. A
whole house fan can cool the nouse overnight, rather than
redying on air conditoning. High quality insulaiion seduces
tomperature seguiaton costs In both summer and winter,
Adaironally, heUsas can Maximiza passive heatng and
cooling. South facing windows with overhangs can reduce
heaing cosie by 20 to 302, and plevailing bree2ss, shading,
and ratural panings can keep houses cooler In the summey.
And, going one step further, it is poxsible to cieale =0
encrgy tuildings hass are clielrss wilth 20 onsite souics
of r2newabie energy such as selar pancis or wind turdines.

15 KAGST collaborating
with International
partners indevelopirg
eneigy lechndogy ?

KACST Energy Technology Program s working with
coienticts and orgarizations areund the wenld. Tha 2012
Saud Energy Efiiciency Workshop was crganizedin
parmeship with the US Natonal Fenewable Energy
Laboratory, and & working on anothor projact focusing on
sustanabie resources with MIT in thair piat Centre of
Excefence kr Compiex Engineering Systems.

82
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HERIOT
?‘;WATT

FRIWOK Nl e 1orm

NIVEENET

(The inpact of Construcion sad Bulding Matorials on Encigy for Seadi Reuidertial Suildings)

Name of Yiil Sand Green Building Council
Location” Fiyadh-Sauck Aabia

Cate: 15072010

Name of nterviewer: Wasim Jamil Lasker

Namo of Intorviowoo:

Purpose of vist: Collecling data about green buldings projects in the Kingdom

What s the Saudi SOBC aira 1o transiorm e way buldngs are designed, built and
m i mnanianeg oy I2adng ne n ng aCven] ara
m?he mo'?“ ord educating :v“e'lgm‘:y Mt&dmcﬁmbthnw

targote cf tho councl? et m N T

Are thare amy gracn Yoa KALST (King Abduiiad Urkesily for Scisace and Technobgyh
busdng n the Kingdom | 8 vary good exampe.

of Saudi Arabia?

Does (he Saudl Gieen

Untll now the answer is no. They are usng dillsrend relrencss

Buiidng Council such as: Word Graen Bulldng Councl, Unted States Green
estabhshed its versdn | Buildng Counal Green buicing councl ingtitute Canadian
of reguiztions and gicen building council, Environmertal protecion Agency,
shancarcx? what are the | Amedcan Socely of Heating, Rekigeraing and Ar
ieferencas hal Savdl | Conanonng Engineers, Abu Dhal Urban pianning councl,
Greeon Building Council | UAE green buikdng council

use?

Does he Seudk Gresn | Yes

Counoil has reguiations

ANA STANCANDS 1r al

diflerant categores of

bailding=7 if nol, what

ame (hey 7 and why?

Which of Green LEED, because of the agreements between them
Buld.mng

Systems doss the

Council asa? why?
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Does the Saud
govemment support the
Grean Counct in any
wey?

Field work inferview form

um;mmummmnmmvnm
such as”
4- AL Jazoora Factory For Pants
2- BOUDL, Hotes & Hote Suites
Duwrst Amigach for Real Fetate Devalopment
4- Herfy Food Services Co. Lid.

Decathe Saus Niset, we krow tha' Me Saui gwammant i werking vary hard 'n
govemment has a Rave a sustanable ard green buldings in futare.
fulure plans to prolect

tha aeviranment and to

have moie creen

buildings?

Ar=thee any There ar= many diferant maleriaks and methods o achieve a
constucion matelias | susianabdle and oull inthe Kingdom. We ase stil
ormethods ‘o achkeve | nthe research fizld and wa dont have a corplete snawer.

green buldings in Saud
Arabia?

Whatare he main The main step sto study the cureent situztion of the
stepsto changs an iesidential buikings Afer thal, is 1o know whal are the man
owcting Saud mothods and caangee that chould done. Finslly, take an
residential bulding to be | action ard Lse the availabie methods.
more enviioamenialy
fancyy 2nn
sustanabla?
Deesthe Saudi Graen | | think £ @ vary impertant to raoe publiic anaonces, provide
Councl has a sirategies | faning & Educabon Helping the construcior mdustry transform to
to encourage resideats, | e sroen buiding recuirements Sncourage buikling madleriak
companias and msmamnmwmmm
govemment to changs r=sponsible products. Promole gress ng.
homes to be green in
the fufure? it yes what
are lhey?

4
a4
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HERIOT

WATT

IREETY

Field work int=tview form

The bngees of Conanecsin aned Euliding W taniss o8 Snedy lor Sauck Aeaidennisl Bulcings)

Pae O WS W1SH KRy ADOUIkET oy
Lecaion Thuwal Saudi Arabia

Diata- 24 £7-2043

Hame of Inlerrcwesr: Waem Jamil Lesher
taine Of Inicivicwes Tadig Ralibi
Fmpogs Of viel: (81 data about the suEtanEDls CUMINg: neide T CEMpUs

Dugalion Anawer
What mo tha grean Tha whola buidnge s campus ara oastnirohls (LEED
bulding projecte in King | cerified and eamsed platinum cenfcetion).
Abchaliah city?
Are the buildings in e, university campus, fown cenler, multi farily wesideniial,
camrpue ¥om diferant | single family residental and golf course .
buldings catngoriea”
what ars= they?
I Ol Mgac Duikings | Oy dosioning e-ana oy Duliing:, sestainabls [oces, and
achicyed |LEED grasn errmfnnable piacs In fae, KALST canmed 523 al the 53
bulding raing sps=mT | pequised credis.
[nd mina Abouish oy || KALEST cesioned Dy AOK'S Gl Coell (rOS 5 BiNO'oet san

agiced femignars ar
DAl companies o
somplan tha grean
Buidinga pacject in T
:irﬂ-

achifiast and dirscior of HOF'E soense ond isch
gmoup) Bl Coel usec Bulding Infarmation RModeing (B )
Tha project ek 28 montha.

2 it posaila o change
cunrsTIL Sawd olics and
buidings 10 be mone
rierdly 1o erviiomemsn
o7

Yag, by ow anasgy and sustanabie buildings

Fhal s he limisalicns
it enwls Fet el
Sauch recidantz 1o
change thar homes in
b promn?

1 windd 3ol pesidents neod st b s e anaicnsss and
ENAS R INRANanes of gresn micnge

a5
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Fliald work interaaw ferm

Oces the Saud wes, and i belisve thal the kingdom of Saudi drabia will uss
powsTnET has & outh meToos.

FULIneE plamn 10 &8rande
mers susisinasle cles
such as King Sbduliak

city of chiangs canert

cites?
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Appendix C: The survey: this appendix shows a copy of the survey questions,
by using google chrome, regarding energy consumption in Saudi residential

buildings.

220712015 Energy Cor ption In Saudi F BUIINGS ( &g LA Gud E Al 230 )

Energy Consumption in Saudi Residential

(A st Aisnd) Al .,e Akl Bt ) Buildings

The aim of this survey is to find out how Saudis use air conditioning in homes, what is the
system type of air conditioning, how

Saudis concem about energy consumption and electricity bills and all other issues regarding
to air-conditioning

elpall B AU £ 5 AL cagl i 3 el gell n Cadal] g gl a5y S e A Al a3 e il
o) g Rl 5 A1 el ey el g ] B SOl S ) BB (52 g ey il

Required *

Optional questions ( 4 =dl alic )

The first part of the survey is about an optional several questions that will help in the
research but is not compulsory.

Al S g Sead) B elS & Jml A B 0 8 e sl e gl e e

What is your gender? 24k
€ Ada e

Mark only one oval.

() Male (5)

() Female (=)

hitpe:iidocs .google.com Morm s/ 1| REXYmUhSHSN-18H MV Dw Y dEF OV-vaC gBx-SZni SWTE/printform w
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ZAOTAS Enesgy Consumption In Saud Residential Buldings [ L p.d e duad i s 2 )
‘What is your age? 2

Trﬂ_w:-}'_n
Mark only one oval.

:_\ 12-17 years old
) 18-24 years oid
:_\ 2534 years old
: ::: 3544 years oid
:: 4554 years old
) 5564 years oid
() 6574 years od
) T5 years or older

‘What is your educational level 7 .3
‘:":qh.'dlﬂ_;un sl
Mark only one oval.

() Less than high school { st oe B )
") Hiigh school (%541)

() Bachelor degree ( ussustad)

") Postgraduate (4 24

‘What iz your income average in Saudi rial 7 4

€ st lady 5 e sy bugia gh L
Mark only one oval.

#

_\ Mo income
"} under 8000 SR
(") B001- 12000 SR
'} 12001-16000 SR
(") 16001-20000 SR
) 20000 and above
") Ofher:

Compulsory questions ( 4l dliud )

Compulsory questions are very important and indeed need it in the research and must
be answered.
Lde 30 oy Sl Mo 8 2800 San 1 A4S | 2 i ALY,

hitps:iidocs google.com Sommesdd IR EXYmuhSHEM-15H mi D'y dBF DV-vaC.qBx-SZn SWTEiprintform
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2200215

hitpe: /4005 Google. CoM Sorm s/t REXYMURSHS N-IEH MV Dw Y dEF DV-v3C gBx- SZn SW T Eiprintiorm

Energy Consumgtion In S3wdl Residential Buldings [ Lo e sl bids dwge )

Where do you live 7 *
Mark only one oval.
\f_/\ Riyadh ( o=z 1)
' Jeddah (=)

i
,:_j Dammam [ plad )
:_; Other:

What is your home type 7 *

Mark anly one oval.
() Flatjsz)
() illa (24

() Duplex villa { o<by 22 )
i

| Other:
\

How many rooms in your house? *

Mark anly one oval.

{_ ) Only one room {2321, £ )
() 23 rooms

() BT rooms

Y

) 5-9 rooms

() 10-11 rcoms

Do you ownd rent your house 2

Mark only one oval.

() lown the house (= &4 )
() Rented house ( sl

{_'; Living with family { il ss 2221 )

Y
[} Cther

335

LAy e

Tajaln o i S a

g



22072015 Energy Consumgtion In Saudl Residentlal Bulldings | & pd L2 A0 dage )
How many persons you live with? * .9
PR I N Ey -4
Mark only one oval.

:_) Cnly me

() 1-3 persons

\’_) 4-F persons

\-"_ B-8 persons

() more than & persons

What type of air-conditioning do you have? * .10

Mark only one oval.

() Window Air Conditioner [ <L —x£a)

() Split Air Conditioner ( e s
() Central Air Conditioning System ( % —x2)
.:_j Window Air Conditioner and Split Air Conditioner | Les el casa gt ata )
L

Yy
Other:

How many air conditioning units you have at home? .M
€l ] gell s Sy M

Mark only one oval.

':_j 1-3

46

()68

“ 810

j 1012

) more than 12

Y

'

How do you set the air conditioning usually 7 * .12
T Rie « wfall ] dh gl i

Mark anly one oval.

i Y
L

) Medium (5 )

High ( =)

Low ( s

Y

Do you know your monthly electricity bill 7 * 13
% ey i At &y il O gl adesa
Mark anly one oval.

) es (i)
) Mo ()

.\ "' Sometime (| ch= =)

hitpe:/idocs. google. com A/ 1 REXYMURSHEN-1SHM VI DY dEFTV-vaC G- SEr SWTE printform
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ZHOTIANS Energy Consumption In Saudl Residential Bulldings [ e LS A 3G 2 )
Do you know your electricity usage in kWh? * .14
€ Ll gl ol el g BT e ahaT A
Mark only one oval.

[ ) Wes (@)

_ﬁ::Nnm

" Sometime (g e )

#

How many hours you use air-conditioning daily in summer season? * 215
5 aall B P ol gl afal Alalvand el e £

Mark only one oval.

() D-6 Hours
[} 612 Hours

() 16-18 Hours
() 18-24 Hours

How many hours you use air-conditioning daily in winter season? * .16

T eluill B s o gl aal Aalviid clel e £

Mark only one oval.

[ ) 0-6Hours

.

() B-12 Hours
() 18-18 Hours
() 18-24 Hours

Which room you use the air-conditioning most of the time? (you can tick 7
more than one option) *

Ul Vgl Cididal Bae gos) Se€al, € o8 g aloa 5l Lpd pinndl o o
Check all that apply.

[ ] Living room { =i % £ )

[ ] Bedroom (ps31% £ )

[ ] Gusstroom (s Jauii g
[ ] Kitchen { s )

|:| Servant room [ Laialii g )

[ ] Allrooms (=l mae

Do you concern to turm air-conditioning off when not in use? * .18
Taalas§ lac ol gl e 3R S Ja

Mark only one oval.

—

_ Wes (=)
() MNo(¥)

") Sometime ( g )

hifps-'sdocs . google. com.Sarmsid 1 IR EXYmuhSHEM-18H mi Dy dBF Ov-vaC gBx- SZn W TE/priniform
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220205

Enengy Consumption In Sawdl Residential Bulldings [ L L5l A0 @5 )
Do you feel that sometime air-conditioning in the summer is not cooling .18
enough? *
TR g Y ) B DR ) gl i ) e e e

Mark only ane oval.

() Ne(¥)

) Yes (&)

Why do you turn off the air-conditioning ? ( you can tick more than one L20
option) *
3-8 gl didal e g2 los) SRgal, T elill Jlea el |1l

Check all that apply.

Because itis a habit when | leave the room or the house | 6] s s Ly
AT ey
|:| Because the weather is cold sometimes. [ =l (o 22 1 2l 7 )

D To save energy in house and protect the environment.( el 38 e 8.7
L4 )
[ ] To reduce the electricity bill. { & b5 sy )

Do you feel that sometime you need to tum off the airconditioning as room . 21
is too cold suddenly and after few minutes you need to turn it on again? *
Bya Al BALY s 28 Baliall 38 jal) By e s o Sl Jp BBV i B le W o mdS A

5 A g A 3oy oo il

Mark only one oval.

) Yes
() hNe
Do you know that using energy could harm our environment 7 * .22

Talally geimy B3R Eignd ) abesu
Mark only one oval.

] “ Yes | know | 2ol =)
(") Mol don'tknow { Z=1% )

Do you know any simple methods to save energy and money regarding to . 23
air<conditioning? *

Tl Lm gt g A AR el Tl ) 5 ]| e e
Mark only one oval.

) es lknow { &1 =)

",

() Noldont(s=1Y)

Are you going to reduce using of the air-conditioning if the electricity bill is . 24
going to increase in the future 2 *

Ly | ‘__é el g1 5 8 a3 13 L el gl il Salasnd (LI de o fia (b
Mark only ane oval.

) Yes(#)

) No(¥)

hifps:idocs. googl e com Sem sl REXYmuhSHe N-12H m D'y dBFOV-v3C- gBx- SZn SWTE printform
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ZAOTANS Energy Consumption In Saudl Residential Bulldings | e s L dud B0 d6e |
Would you pay for more expensive house that has better energy efficiency . 25

miethods that will help to reduce the electricity bills in the future? *
el Sl il g JBS  Leih e 280N, s EEREU e w PR R - PV, S A P L

T d
Mark only one oval. -
() Yes(=)
() Ne(¥)
[} Imnotsure { &%)
If you know any simple method to .26
save energy and money in your home
please specify *
3B SCAS | adal] (5 plall | o 5 S DS 1Y

U S plan I ela peI B gl IS Luzad]

If you have any comments please feel . 27
free to fill the box below.

K b R =3k S ey
] __"'_"_,_-:.'-—_'lf-'._...:;._u..___'_’l__n_..-_-..!

- s fabisal

Thanks for your valuable time

ol €3] 8 1220

Powered by
E Google Forms

hifpe-/idocs. google com Sormeid 1 IR EXYmuhSHsM-1EHm VI D'y dBFOV-vaC-gBx- SZrl SWTEiprintform
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Appendix D: 3rd Annual International Conference on Architecture and Civil
Engineering (ace 2015): This appendix shows a copy of the conference paper
that held in Singapore on 13-14 April 2015.
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Abstract— the population of Saudi Arabia has been increasing
rapidly over the last few years. resulfing in a massive need for
bomes and energy. Residential buildings in the Kingdom of Saudi
Arabia consume more than T0% of the total building emergy
consumption. The construction materials of the buildings have a
significant impact on the energy comsumption of residential
buildings in Saudi Arabia, and major savings in air-conditioning
energy can be made by adopting the appropriate construction
type. (Abstract).

GHW (Gigawatt- Hours), ebpd (Equivalent Barrels Per Day), toe
( Ton Oil Equivalenf), KWh (kilowatt-hour), GDP (Gross
Domestic Product), bbl'd (Barrels Per Day), KACST (King
Abdulaziz City for Science and Techmology), SEC ( Saudi
Electricity Company).

I INTRODUCTION (HEADING 1)
The Kingdom of Saudi Arabiz is one of the most energy
consuming counmes in the Middle East and worldwide.
Increases in both the population and building construction in
the country are the main reasons for increases i the demand
for emergy. Recent statistics have confirmed that emergy
consumption will triple over the next few years.

The Saudi government is engaged in developing appropriate
methods to reduce energy consumption and move to a lower
carbon economy in the near future.

Residential Buildings in the Kingdom of Saudi Arabia
consume approximately 70 percent of the total bullding energy
consumption Therefore, Saudi residential buildings require
urgent development to become less energy-intensive and more
envirommentally-fnendly. In this respect, the study will
investigate the recent situation of Saud: residential buildings in
terms of a set of elements such as energy consumption, design.
constructon and bullding matenials, using the Saudi feld and
several case studies.

IO BACKGROUND

The country of Saud: Arabia occupies a temritory of 2,149,690
sq. km (829,995 sq. mi), slightly more than one-fifth of the
size of the continent of the United States. The capital city
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Riyadh has a total population of around 4.7 million people.
However, there are other large cities, including Jeddah (with a
population of around 3.2 million), Makkah {(with a population
of around 1.5 million), and Dammam/KhobarDhahran (with a
population of around 1.6 mullion).

II  CLIMATE OF SAUIN ARABIA
The climare of Saudi Arabia may be described a: arid with
extreme flucruations in temperature in interior of the
country. Likewise, humidity and high temperanmes are
common along coastal regions (YounGilobe, 2012).

IV. SAUDIPOPULATION

The annuzl population growth rate (2011 EST) is estimated at
1.536%. The main ethnic group 1s Arab (90% of native pop)
and Afro-Asian (10% of native pop). The religion is Islam
with Arabic as the official language Various indicators are as
follows: Education: Literacy 15 around 78.8% (Male 84.7%,
Female 70.8%). Health: the infant mortality rate (2011 EST) is
16.16 deaths / 1,000 live births. Life expectancy: Male 72
years, Female 76 years. With regard to the work force: 7.3
million, sbout 80% foreizn workers (2011 EST). Industy:
214% services (including gzovermment) 719 % and
Agricultural 6.7 % (YounGlobe, 2012).

V. SAUDIECONOMY

It goes without saying that the discovery of oil in Saudi Arabia
was one of the defining moments in the country’s history. As
such, oil was first discovered in Saudi Arabiz in the early
19307s by a team of us geologists. However, it is important to
note that large-scale production of oil did not commence unal
after the end of the second world war.

It 15 very clear that this oil wealth has enabled the rapid
industrialization and wrbamzation of the Saudi Arabian
economy, and has helped to tansform the kingdom into a



living embodiment of technological advancement (Michigan
State University, 2012).

VL ENERGY CONSUMPTION IN SAUDI ARABIA

As a result of cheap energy prices and the hot climate, the

country depends on heavily air-conditioned buildings (The

Economist Intelligence Unit Limited, 2010). Table 1 gives

energy consumption totals from 2000 to 2020 in Guif

countries.
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In Sandi Arsbia, the total energy consumpdon in 2010 was
about 212263 Gigawatt-hours (GHW) and. in the last few
years, there has been a rapid growth in the electricity demand,
with an estimated increase of 20157 GWH per annum (Al-
Ghamdi and. Al-Feridah 2011). In fact, every sector in the
Kingdom consumes buge amounts of energy every year, but
residential buildings are the major consumer, using 108,627
GWH or 6§7% of the total consumption, as shown in figure 2
(Al-Ghamnd: and Al-Feridah 2011).

29310 24514

15% 15%

» Residential
Sector

# Commercial
Sector

£ Governmental
Sector

108627
6%

Frgure 2. Energy consumption by differsnt sectors in the Kingdomn of Sand:
Anbza i 2010 (Al-Ghamdi and Al-Feridah 2011}

into different categories, such as lighting, water heating, air
conditioning, appliances and other sources; air-conditioning is
responsible for the majority of consumption, as shown in
figure 3.

341

Saudi Residential Power
Demand Split
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Figure 3. Sandi residetial powsr densand split (Zawya, 2012)

In fact. Saudi Arabia has proved to be the top consumer of
energy, with its energy consumption increasing to around three
million ebpd (equivalent barrels per day) from 292 million
ebpd (equvalent bamels per day). Oil products are the chief
element of the energy mix consumed by the country (Saudi
energy consumption swells: Oapec, 2011).

VIL CAUSES LEADING TO INCREASED DEMAND FOR POWER
AND ELECTRICITY IN SAUDI ARABIA

Saundi Arabia was the largest producer and exporter of the total
of petroleum liquids in the world in 2010. In the production of
crude otl, it ranked second, only behind Russia. The economy
of the country is highly dependent on the production of crude
oil, with 80-90 percent of the total revenue accounted for by
the export revenue obtained from oil production. The country
has focused its attention on increasing oil ion since the
production target has been achieved (Saudi Arabia, 2011).

Studies reflect that the causes leading to the increasing demand
for power in the country can be associated with:

* The population of the country mncreasing rapidly by 3.2% per
annum (Ministry of Planning, 2010).

*The increase i the number of connections to customers.
*The development in industialization and development
projects.

*The expansion of electricity supply to villages located in
remote areas.
Thebem'brotconsumsbeingaﬁ'ectedbylowmiﬁ
leading to increasing wastage of emergy, causing a mising
dmndforelecmmy {Obaid, 2011).

The energy sold to subscribers amounted to 114,161 GWh in
2000 while at the end of 2010 it was 212,236 GWh, an increase
of 86% (Al-Ghamdi & Al-Fendah 2011). Table 4 shows the
increase in electricity consumption for different sectors, from
2000 to 2010, in Saudi Arabia



TABLE 4. Increase of consumpton of electric powsr froms year 2000 10 2010
in Saudi Arabia (Al-Ghamdi S. & A K Al-Faridah 2011).
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It is very clear that there was a huge increase iIn energy
consumption between the years 2000 and 2010, and
bouseholds are the major reason for this increasing electricity
demand Encouraging people to change their behavior to
reduce electricity consumption is very difficult, while
increasing the production of electricity is rmch easier (Herog
and Luciani, 2009). A further example showing the increase in
energy use in different sectors between 2002 and 2006,
including agriculture, is shown in Figure 5.

Figure 5. Growth of energy consumption by sector in Sxadi Anbia 2002-
2006 (Hertog and Luciani, 2009).

Figure 5 shows that the residenfial sector is growing most
rapidly and therefore, any measures to reduce residential
energy consumption would produce good dividends in
reducing overzall consumption.

VIO ENERGY EFFICIENCY AND CARBON DIOXIDE IN SAUDI
BUILDINGS.

In fact, if the zovernment of Saudi Arabis does not react very
quickly and start to cut energy consumption, it will result in
the country burning 850 million barrels of oil each year, until
the year 2030, which is equal to 30% of its total production.
Therefore, the government needs to develop more efficient
buildings and alternatives, such as the use of renewable energy
(Burgess, 2012).

The Saudi Arabiz Energy Efficiency Center is the center that
15 in charge of the technology and policies necessary for
energy efficiency and energy conservation. The National
Energy Efficiency Program set eight objectives in the year
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2008, focused on the reduction of electricity intensity, and
imncluding activiies such as energy audits, supporting the
industry, efficient use of oil and gas, the introduction of
efficiency lsbels and standards for applications, and codes of
construction, as well as technical management and guidance.
The plan aims to:

*reduce the electncity mtensity by 30 per cent between 2005
and 2030;
*halve the peak demand growth rate of the 2000 -2005 period
by 2015.

Saudi Arabiz’s primary energy consumption per capita is four
times higher than the world average; at 6.8 toe (ton oil
equivalent) total emergy consumption per capita in 2009,
compared with the world average of 18 toe (ton oil
equivalent) total energy comsumption per capita, and it is
growing faster than the GDP (Gross Domestic Product).

In the power sector, although the emission factor for power
generation (CO2 emission per kKWh produced) has been
falling, it is still high. In 2009 it reached 750 gCO2 per kWh,
which is 1.5 tmes higher than the world average. The energy
and CO?2 intensity trends in the country reflect the fact that the
country’s consumption of energy is nising faster than the GDP
{Gross Domestic Product) of the country. This, in tum. is
increasing the energy intensity, which is different from the
common trend that can be observed in other countries of the
world. It has been observed that this nsing wend can be
associated with the dependency of the development of the
country on energy intensive industries, along with a standard
of Living with high demands on energy use in buildings and
transport that is further promoted by low energy prices. (Saudi
Arabia- Energy Efficiency Report, 2011). Table 6 shows
changes in CO2 emissions from 1990 until 2011 for a range of
countries including Saudi Arabia (Olivier, Janssens and Peters,
2012).

TABLE 6. CO2 amimicns m 2011 (million toones CO2) and CO2capina

szmissdons, 1990-2011 (tomme CO2perscs) (Chivier, J.. Jamssens, G. a=d
Potars, J., 2012)
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Finally, it is very important to menton that conservaton of
energy m the power sector has been targeted by The Natonal
Energy Efficiency Program which focuses on the
improvement of steam system efficiency through energy
audits and supporting energy-efficient boilers. The efficiency
of the power sector (thermal power plants) has been seen to
have increased on a regular basis, nsing from 27 percent to 31
percent from 1990 till 2009. This improvement has been
possible due to the incressing conmibution of gas-fired
faciliies. The National Energy Efficiency Program also
incorporates emergy asudits in the indusmal sector
accompanied with the eacouragement of high-efficiency
motors (Saudi Arabia- Energy Efficiency Report, 2011).

IX FELD TRIPSTUDY

A feld wip was undertaken to study the impact of construction
and building matenals on energy in Saudi residential buildings
by gathering opimions from several governmental' private
companies in different cities in Saud: Arabia.

4. Aims of the field trip

The principal aims of the field tnp were to:

* Understand the present simation of Saudi residential
buildings in the Kingdom;

« Explore the most common tfype of Saudi residential
buildings;

« Find out the methods to build green buildings in Saudi
Arabia from specialists’ points of view:

* Find out how to change the cwrent situation of residential
buildings to consume less energy:

* Determine whether the Saudi govermment has plans to save
the environment and reduce energy consumption;

» Establish if the Saudi government or companies are
following specific butlding regulations and standards, or if the
government has its own version.

The field wip iovolved visits to different cites and
governmental’ prnivate companies i the Kingdom of Saudi
Arabia.

B. Field mrip resuits and anaiysis
1) The oil of Saudi Arabia

Saudi Aramco is the largest oil company in the world as
regards both oil reserves and production and it plays a central
role in the ofl and gas field in Saudi Arabia. Within Saudi
Arabia, responsibility for then oil and natural gas sector lies
with both the Ministry of Petroleum and Mineral Resources,
which oversees national planning around energy and minerals,
and the Supreme Council which brings together industy
experts, govemment mimisters and members of the royal
family to create policies regarding petrolenm and namral gas,
as well as overseeing Saudi Aramco’s strategic planning.

During a visit to the Ssudi Elecmcity Company, a3
representative of the company said that Saudi Arsbia has a
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wealth of oil which is therefore the main energy source.
Furthenmore, as a result of low local oil prices, it is anacipated
that Saudi Arabia will contnue to rely on oil for the next few
decades.

Statistics show that, in 2012, Saudi Arabia generated an
average of 11.6 million bbl'd (Barrels Per Day) of petroleum.
9.8 million bbl'd of crude otl and 1.8 million bbl'd (Barmels
Per Day) of natural gas liquids (NGL) (eta, 2013). Research
by Burgess (2012) stated that Saudi Arabia will continue to
bum 850 million barrels of oil per year uanl 2030 and,
although there is no fear of running out of oil as Saudi Arabia
is the global leader in oil production, there would be a
sigmificant loss of potential revenus.

2) The average Saudi family size and number of
residential buildings.

In Saudi Arabia the size of the average family has decreased,
fom 6.08 persons per household in 1992, to 5.84 persons per
bousehold in 2010. This change in the demographics of the
country will lead to increasing demand for residential
buildngs in the future, consequently benefitting construction
and building matenal companies (Kawach, 2010).

In response to a question regarding the size of modern Saudi
families, a representative of Makkah municipality in Makkah
city stated that nowadays an average Saud:i family has five
persons. The interviewee provided a table explaming the
oumber of residenrial buildings in the Makksh region, as
follows (Table 7).

Table 7. Number of residentia! building: in Sandi Anbiy.

Jeddah 702547
Mok 01568
Tt 177508
=) 34170
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Tomes 15600
Ao 185363
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ARl E
Al Emwe 7939
Tomes 5005
Tub: 5638




Total of Makkak Region 1317667

A report esumating the number, size and type of housing in
Saudi Arabia for the next rwenty years, by Dr Fahad Al Anqi,
Dr Adnan Al Shiha and Dr Jamal Slagor, gives the number of
residennial buildngs and population in each region in the
Kingdom of Saudi Arabia in 1992 as follows:

Tabls 8. Residansial building: 2nd populstics in sach region in the kingdom
of Sauds Arabia in 1992,
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Total

Another study done by the Cental Department of Statstics for
the government of Sandi Arabia shows households and
individuals by source of electricity in 2007, as follows:

FET R

Table 9. K ity == 2007.

sdusls by soumca of ol

o

2013 | 113766 | 104269 5297
2014 | 126818 l 109579 | -17230
2015 | 183EB I 114939 | 22934
2016 | 149147 I 120562 | 28586
2017 | 160620 | 126459 | -34181
2018 | 172157 | 132645 | -39512
2019 | 183846 I 139133 | 713
2020 | 210477 I 145939 | 64537
2021 | 238467 | 153078 | -§5389
2022 | 267592 | 160566 | -107325

Total projected demand for howsing i Symdi Arshis for
the next tem years 1761083

The total expecied supply of howsing m Ssusd Arsbis for
the sext ten years 130737

Gap demand/ supply of hemusy for the next tem years
45370

A recent study estimated the deficit in housing umits in Sandi
Arabia over the next ten years to be more than 453 thousand
units, where demand is expected to be about 1.76 million units
wersus an estimated .32 million units (Dahlan, 2013).

It is anticipated that the deficit in housing units in 2016 will
reach up to 28.5 thousand, while in 2022; it wall reach 107

thousand umits. According to 2 smudy by the University of
Business and Technology in Jeddah the rapid growth of
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bousing demand in Saudi Arsbia is a result of the rapidly
increasing Saudi population between the ages of 25 and 44
(Dahlan 2013).

The following table shows size of the demand and supply of
bousing units in Saudi Arabiz over the next 10 years.

Tabls 10. The demand and supply of bousing wmits in Saudt Arabdz over the
naxt 10 yoars.
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In comparative form the above tables clearly show that the
number of housing umits is increasing and will double, or
more, in some regions in the next 20 years.

3) Tpes of Saudi residential buildings

For the purposes of this study, it 15 important to define the
types of residential buildings in Saudi Arabiz and. information
fom the Makksh municipality shows that there are four
categones of residential buildings in Saud: Arabia, as follows:
Four-storey aparment blocks, Two-storey apartment blocks,
Duplexes (artached houses) and houses (Villas). Of these
vaneties, villas are the most popular type of residential
buildings.

The Saudi Mimstry of Housing website provides details about
a typical Saudi house (villa) as follows:



Tablo 11. The Ground floor inchudes:

GUEST ROOM 46
DTG ROOKM 3.8x5

KITCHEN 3x4
M=NTonsr 1.
BED ROOM 3Bx4.6
ToaETS 328
Livang ROOM 4346

Table 12. The First floar includes:

ManvBEDROOM 4X6 WITH TONET 1.7X22
FmsT BED ROOM 358x5

S=conn BEnRoom 38346
SERVANT ROOM 1,5%2,3 wiTH TonLET 1,2x1,5

The floor plan, elevations and perspectives, according to the

Saudi Ministry of Housing, are as follows:
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Figurs 13 Ground fioor plan (Saud: ministry of Bousing, 2014).

Figare 14. Second Floor Plan (Sandi Mixistry of Housing, 2014).
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Figars 17, Building Parspecsive 2 (Saadi Miistry of Howsing, 2014).

Figure 13 Building Perspective 3 (Saudi Minisery of Honsing, 2014).
The Makkah municipality representative stated that, as regards
the prices of residential buildings in Saud: Arabia, flats start
from 350,000 SR {58333 GBP) and houses start from
1000,000 SR {166,666 GBP).
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Residennal butldings energy consumpaon and cooling loads
Information from a representative of KACST (King Abdulaziz
City for Science and Technology) showed that Saudi
residential buildings alone consume approximately 53% of the
total energy used mn the counwy.

An SEC (Sandi Electricity Company) representative explained
that cooling systems in residential buildings are 3 major source
of energy consumption as they often operate 24 hours a day
due to the climate. The consumption is also higher due to poor
quality insulation and building materials used in the buildings.
The highest energy consumption takes place between June
and October, which are the hottest months.

The future of energy in Saudi Arsbia

The Kingdom of Saudi Arabia has recently developed
strategies to use renewable energy sources and SEC is now at
the point of concluding contracts with various companies and
organizations in order to benefit from this new energy source
in the future.

Moreover, the KACST representative said that Saud: Arabia
receives 105 million kilowatts-hours of solar energy each day.
Thus, Saudi Arabiz is one of the top countries worldwide for
potential photovoltaic generation of electricity.

The Govemnment of Saudi Arzbia is looking for investors to
support its $109 billion plan to develop 3 solar energy sector
that would be able to provide 30 percent of its elecmicity by
2032 (Burgess, 2012).

A consultant at the King Abdullah City for Atomic and
Renewsable Energy, Maher al Odan, explained that the aim 1=
to develop 41.000 megawsatts of solar power within the
timeframe of the next two decades: 25,000 MW will be
generated from solar thermal plants, by using heliostatc
mirrors to reflect the sun’s rays onto a central tower which
turn, hearts 2 fluid to drive a turbine, and another 16,000 MW
will be generated using photovoltaic panels..

Al-Odan states, “We are not only looking for building solar
plants. We want to run a sustainable solar energy sector that
will become a driver for the domestic energy for years to
come.” (Burgess, 2012).

Khalid al-Suliman, the Vice President of Ka-care, added that
an additional 21,000 megawarts of power will come fom
muclear, wind. and geothermal sources.

Burgess (2012) mentions that there is a swong incentive to
reduce dependency om oil as ‘The state could zenerate an
internal rate of return of approximately 12 percent if it built a
PV plant and sold the displaced oil on the internatonal
markets ™

4} The furure of electricity demand in the kingdom

It iz antcipated that, due to both the rapidly increasing
population and the increasing number of residential houses,
the electricity demand in Saudi Arabia will almost triple to
120, 000 megawatts by 2032, from the demand of 46,000
megawatts in 2010 (Husain201l). Consequently, Saudi
Arabia will face a serious problem in the future. requiring the
government to either provide more energy or find solutions to



reduce energy consumption. particularly in residential
buildings.

A KACST (King Abdul-Aziz City of Scieme and
Technology) representative explained that the electncity
demand alone is increasing by more than 6% per year.

In order to address the problem by redxmgdemand.theSandJ
government has been working to establish a Saudi version of
building standards and regulations in order to change the
current energy efficiency of residential buildings as well as
pew buildings. These changes will result in reduced energy
consumption in the kingdom and increase the quality of
buildings in general.

5) Methods to reduce energy consumption in the Saudi
residential buildings

The SEC representative explained that there are numerous
different methods that can be used in buildings, such as wall
and roof insulation, shading devices for elevations, as well as
considering window sizes.

The KACST representative indicated several other methods to
reduce energy consumption including efficient desizn, using
recycled and local materials, and recycling constuction waste.
Green building design reduces the energy consumption in 3
building over its lifetime. By strategically placing windows
and skylights, the need to use electric lights during the day can
be avoided Moreover, a residence can be cooled through the
use of a whole house fan overnight. reducing the dependency
on air conditioning. The cost of regulating the intenor
temperature, both in summer and winter, can be reduced
through the use of both high quality insulation and passive
heating and cooling. In addition, heating costs can be reduced
by by 20 to 30% with the use of south-facing windows. and
houses can be kept cooler in summer by taking advantage of
prevailing breezes, shading and natural plantings. Going
beyond this, there is the oppormmity to build zero emergy
buildings, which are stuctures with their own renewable
energy source, such as solar panels or wind turbines, onsite.

Concliusion

It is clear that the Saudi population 1s increasing very rapidly,
and along with it the demand for power and electricity. In
addition, the availability of very cheap oil in the Kingdom has
created a relaxed anmitude towards energy effictency and
environmental issues.

This lack of concem is reflected in the desizm of Saundi
residential buildings. consequently resulting in huge energy
consumption. From the interviewees’ answers it is very clear
that most Saudi regions are suffering high cooling loads in
their homes, as most of the regions in Saudi Arabia are hot and
bumid The Saudi Electricity Company mentioned that
elecrricity demand will almost tiple within 20 years, to
120,000 megawatts by 2032 from zround 46.000 in 2010,
which means that this i1ssue needs urgent study to find suitable
solutions to avoid any increase in energy demand.

The government of Saudi Arabia has already started to take
these issues into consideration. King Abdullah University for
Science and Technology is a good example representng the
new generation of buildings which are more environmentally-
friendly and consume less energy. The KAUST campus
succeeded in winning LEED certification but this project
alone is not enough. and the Sandi zovernment needs to move
quickly to change the current situation of residential buildings
and pew buildings. In addition, Saudi mumicipalities need
suitable buwlding regulatons and building standards to change
the farure of construction in the country.

Finally, most of the engineers in the interviews pointed out
that steps are being taken towards a green fumure and to change
the cwrent situation in buildings, such as raising public
awareness, providing training and education, helping the
construction industry transform to meet the green building
requirements, encouraging building materials manufacturers
and suppliers to produce and supply eavironmentally
responsible products, and promoting green labeling.
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ABSTRACT

Many residential buildings in hot climates use a huge amount of energy to run the
air conditioning in order to maintain comfortable conditions for the occupants. This
study of a domestic building in Libya used detailed monitoring and analysis of the
measured data with a view to devising a strategy for reducing energy consumption
and carbon emissions.
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1. Introduction

Because of the impact on climate change there is a growing need for building services engineers
and architects to design buildings which not only provide comfort for the occupants but also
minimize the consumption of fossil fuels and resultant greenhouse gas emissions in the process

of heating and cooling (1).

Architects have stepped away from simple vernacular designs towards designs characterized by

heavy energy consumption both in terms of construction and operation. It is estimated that 50%
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of all energy resources consumed across our planet relate to operation and control of the indoor
environment of buildings, which are heavily dependent on mechanical systems. The scale of this
energy consumption represents a major problem facing the world, thus the need for energy
conservation has become one of the main concerns for architects. However, many modern
buildings in hot-arid areas are constructed with no consideration given to energy consumption,
or their relationship with the climate. The use of new building technologies often results in
failure to achieve thermal comfort, and consequently leads to an increase in energy consumption
as mechanical cooling is needed, whereas many traditional buildings achieve comfort with little

Or NO energy use.

2. Energy consumption in Libya

Although Libya is an oil producing country, there is an energy crisis in Libya for the following

reasons:

o Extensive use of conventional energy sources leading to their depletion, and the increase
in the individual annual consumption of electrical energy.

e Most of the energy consumption is from relatively inefficient non-renewable sources,
while the use of renewable sources is still in the foundation stages.

o Energy consumption is on the increase annually.

The growth in electricity generation in Libya amounted to more than 50% in the ten years from
2000 to 2010 (2), with total CO2 emissions of around 60 million tonnes per year (55% due to oil
and 45% due to Natural gas). One of the reasons consumption continues to rise is the low cost of
electricity; RCREEE (3) showed that electricity consumption per capita in Libya is 6 times that

in Morocco, while the price per unit in Morocco is 5 times that in Libya.

3. Background

Buildings, in addition to offering shelter and fulfilling aesthetic requirements, should provide
conditions of comfort for their occupants. During summer in hot climate regions, buildings are
exposed to high intensities of solar gain, which may result in over-heating, causing discomfort to
the users. Under these conditions, cooling the building is very important. Cooling processes
include a range of measures from simple natural cooling techniques such as solar gain control,

evaporative cooling and natural ventilation, to mechanical systems, i.e. air conditioners (4).

Designers use a range of technologies to reduce the amount of energy that buildings need for

cooling. Early cooling system technology involved natural methods such as breezes flowing



through windows, water evaporating from trees and fountains, as well as large amounts of stone
and earth absorbing daytime heat. These ideas were developed over thousands of years as an
integral part of all building designs and are known as “passive cooling”. By engaging passive
cooling techniques in new buildings, the designer can often eliminate the need for mechanical
cooling or at least reduce the size and cost of the equipment. In this work we aimed to monitor
the actual performance of an existing building, with a view to recommending techniques for

improving conditions and reducing electricity consumption.
4. Methodology

This work presents part of a larger research programme whose overall aim is to study the
thermal performance of domestic buildings in Tripoli, with a view to offering design

recommendations for reducing the cooling load and energy consumption.

The first part, presented here, consists of analysing monitored data from sensors located in and
outside a residential building recording temperature, humidity and electricity consumption from
05/07/2013 to 16/08/2013. In addition, temperature readings for the four facades were taken
every two hours throughout the day, for walls and glazing for each floor using an infra-red
camera. In a later part of the work, detailed computer simulation of the thermal performance will

be carried out in order to determine strategies to reduce the energy load.

Below follows an introduction to the climate of Tripoli and a description of the case study
building.

5. Climatic analysis of Tripoli city

Tripoli city lies on the far north of the continent of Africa overlooking the Mediterranean Sea.
The ordinates of the city are latitude 32° 47 N and longitude 13° 04” E respectively. Tripoli is
classified as a hot dry climate, this type of climate usually being found at latitudes between 20°
and 35°, and the main shelter issue is overheating. The mean summer temperatures are around
25°C but can reach a maximum of 45°C; clear nocturnal skies can cool temperatures down as -

10°C.

Furthermore, the building studied is located in the city of Tripoli, which incidentally is only
21Km north of the area where the hottest air temperature ever was recorded, 58°C, (5). Table 1
shows the yearly average weather condition readings covering rain, average maximum daily

temperature and average minimum temperature.



Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct | Nov | Dec
Record high | 28 33 38 41 43 44 46 44 45 41 36 31
{6
Average 16 17 19 22 24 27 29 30 29 27 23 18
High °C
Average 8 9 11 14 16 19 22 22 22 18 14 9
low °C
Record low | 1 3 4 6 6 10 16 17 15 10 6 1
°C
mm rainfall | 81 46 28 10 5 0 0 0 10 41 66 94
Table 1 Ambient Conditions in Tripoli
6. The Case Study

The case study residential building has a rectangular plan and was built in 1999. The building is

two storeys high with a total height of 8 m. The ceiling height is 3.5 m. The ground floor is Im

above street level and the roof has a sill of one metre.

The floor area is approximately 700 m? for the first floor; this includes two flats, each of which

has two bedrooms, two living rooms, two bathrooms, and a kitchen. The second floor is also

divided into two flats, each of these having three bedrooms, two living rooms, a kitchen and

three bathrooms. It is occupied as a multifamily residence and the ground and first floors are as

shown in figure 1.

I




Figure 1Plan of the building

7. Results and Analysis

A field study including temperature, humidity and electricity consumption measurements was
carried out and results from the study were gathered and analysed. The building was monitored
continuously for 45 days, and the results clearly showed that there were two peak days; in
between these days there is a sharp drop in temperature, otherwise the average temperature range
is between 27°C-33°C. Three typical days were selected for detailed study, the first being the
peak day 21/07/2013, the second day having a low temperature (09/07/2013), and finally a mid-
temperature day (08/08/2013). The outside air temperatures for the three days are shown in

figure 2.
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Figure 2 Outdoor air temperatures for the days studied

Figure 3 shows the outdoor temperature and that in the main rooms on the 9 of July, when the
external temperatures ranged between 24°C and 30°C. The shaded areas indicate when the air
conditioning was operating. Note that rooms located on the ground floor, i.e. flat 1 and 2, have
a fairly steady temperature, while the room located on the west side in flat 2 is almost one
degree higher than the room on the east side in flat 1. Furthermore, in flat 3 the room
temperature drops at approximately the same rate as the drop in external temperature early in
the morning, and rises with the rise in external temperature; at 27°C the air conditioning is
switched on and starts cooling. While the temperature initially drops by about 0.5°C in about
20 minutes, the average cooling rate in this period is about 1°C per hour, at the same time as
the outside temperature is rising at about 1.5°C per hour. As soon as the A/C is switched off the
temperature rises slowly as the direct sun is now away from that part of the building. As for
the room in flat 4, (with no air conditioning), the temperature is stable at around 31°C and is

higher than the outside temperature. It is located on the second floor and the west side.
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Figure 3 Main room temperatures on the 9® July

Considering now the rather hotter day of the 21% of July, the room in flat 4 (West side, upper
storey) is as usual higher than the other rooms with average temperature of 33°C to 34°C, and
flat 2 (West side, lower storey) is stable at around 31°C (Figure 4). In flats 1 and 3 (East side,
lower and upper) the rise and fall in temperature as a result of switching the air conditioning off
and on can also be seen, and it is evident that even over a period of several hours, even as the
air temperature is falling the air conditioning does not bring the temperature in flat 3 below

26°C. The temperature rises rapidly when it is switched off (over 3°C in 1 hour) against a rising

outside temperature of around 30°C.

24 Ambient
©
5 32
S 314
:§ _.—"'v
Q3
2
529 7 Flat1
[
5 28
g
H 27 4
2

Box indicates A/C in

t—

244

Flat 3

Figure 4 Main Room Temperatures on 21 July. Box Indicates A/C in Flat 3.



The upper storey suffers from high solar gain through the roof, which is not insulated.

Figure 5 shows that the living room temperatures on the 9 of July for flats 1, 2 and 3 are on
average between 27°C and 29°C, except in the living room in flat 1 where the peak day
temperature in the late afternoon temperature dropped two degrees, while the living room in flat

4 is above the outside temperature at around 31°C.
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Figure 5 Living room Temperatures for the 9 July

The last space studied is the kitchen, which is no less important than the rest of the flat elements
as it is occupied for a large part of the day. Figure 6 shows the kitchen temperatures on the 9% of
July for all flats, and it is clear that the kitchen in flat 1 is stable at slightly above 28°C, and falls
to a minimum of around 26°C when the air conditioning is running, after which it rises to around
28°C once more; furthermore the temperatures in the kitchen in flat 3 were stable and reasonably
low due to the fact that the air conditioning was running almost continuously. Note that the
temperature climbs suddenly in the last hours of the day even though the external temperatures
fall, due to the time lag and the air conditioning being switched off. As for the kitchen in flat 4,
as before, the temperature is stable at around 32°C, and is higher than the temperature outside the
building: note again that that the temperature is out of phase with the outdoor temperature by

about 5 hours due to the time lag induced by the thermal mass of the building materials.
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