7 AN

&

Cys a0
diro. | pives™

ACHIEVING SUSTAINABILITY GOALS
THROUGH WATER EFFICIENCY IN
RESIDENTIAL BUILDING

BY
Alaa Badr El-Deen Mohamed Hussain

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
In
Architectural Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT.
2018



ACHIEVING SUSTAINABILITY GOALS
THROUGH WATER EFFICIENCY IN
RESIDENTIAL BUILDING

By
Alaa Badr El-Deen Mohamed Hussain

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Architectural Engineering

Under the Supervision of

Prof. Dr. Hesham Sameh Hussien Sameh

Professor of building technology
Architecture Department
Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY

GIZA, EGYPT
2018



Achieving Sustainability Goals Through
Improving Water Efficiency in Residential
Building
By

Alaa Badr El-Deen Mohamed Hussain

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in

Architectural Engineering

Approved by the
Examining Committee

Prof. Dr. Hesham Sameh Hussien Sameh Thesis Main Advisor
Prof. Assistanat Tarek Ibrahim Nasreldin Internal Examiner
Prof. Hisham Mahmoud Aref External Examiner

- Professor of architecture and housing in Faculty of Engineering, Al-fayoum University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY

GIZA, EGYPT
2018



Engineer’s Name:

Date of Birth:
Nationality:
E-mail:
Phone:
Address:

Registration Date:

Awarding Date:
Degree:
Department:

Alaa Badr EI-Deen Mohamed Hussain
15/12/1988

Egyptian
Alaa.BadrMohamed@gmail.com
01063145259

4B2 Hay EI-Waha Nasr City Nasr
10/2011

17/7./2018

Master of Science

Architectural Engineering

Supervisors:
Prof. Dr. Hisham Sameh Hussien Sameh

Examiners:

Prof. Dr. Hisham Sameh Hussien Sameh
Prof. ass. Tarek Ibrahim Nasreldin (Internal Examiner)
Prof. Dr. Hesham Mahmoud Aref (External Examiner)
- Professor of architecture and housing in Faculty of
Engineering, Al-fayoum University

(Thesis Main Advisor)

Title of Thesis:

Achieving Sustainability Goals Through Improving Water Efficiency in Residential
Building

Key Words:
Water efficiency — water consumption — grey water — black water — rainwater harvesting
system.

Summary:

The Research highlighted the improvement of water use efficiency as the best solution
for exploiting available water resources in Egypt during water conservation techniques, which
in turn reduces energy consumption as it relates to water consumption. This is done through
the use of high efficient products in using water and studying how to apply them in buildings.
Or buildings under construction. This study led to knowledge of the water saving rate after
application. Since the world is currently pursuing the principle of sustainability and green
architecture and the principle of recycling and reuse, it realized that some of the objectives of
sustainability is to improve the efficiency of water use by recycling rain water, gray water and
black water and reuse for purposes that do not require potable water such as agriculture, Cars
and others. After comparing traditional buildings with buildings with water recycling systems
applied and applying modern technologies that increase water use efficiency, these systems
provide 80% water.


mailto:Alaa.BadrMohamed@gmail.com

Acknowledgments

Firstly, I sincerely thank God for giving me the ability and the patience to complete my
thesis. As well, | wish to express my deepest gratitude to all those who have contributed to
thesis. 1 would like to express my sincere gratitude to my thesis director, Prof. Dr. Hesham
Sameh for all the guidance and support. I also wish to thank. Dr. Marwa Abbas for her
valuable time and all the ideas and inspirations she gave me for this thesis and for her guidance
and support, and encouragement throughout the process of writing this thesis and during the
years of study. Last but not least, | would like to thank my family, especially my Mother,
Father, Husband, Brothers, uncle, and Aunts for supporting me throughout my life. Thanks
all for always being there for me, in good and hard time.



Table Contents

AN 4 e Lo (¥ o1 4o o PP PUPRPRPTISR 1
2 T o o] o] 1= o Ty = 1 <Y o =T o PSR |
C. SCOPE OF RESEAICH ... .viiii it e e e st e e e st e e e s sab e e e e s snnreee s 1]
D. Research Aims and ObJECHIVES ......cciiuiiii it are e enre e 1]
E. ReSEArCh QUESTIONS ..uuviiiiiiiiiiiiiiie sttt e e s bb e e e s snaree s 111
E. The Research Methodology .........cooiiiiiiiiiiiiiiiii e 1l

Chapter One:

g T oo [0 oY o NP PP 1
1- 1 WATER RESOURCES iN EGYPL ..eeiieiiieiiie ittt 1
1-2 Current water usage percentages in different Sectors........cccccecvieeiiiiiee e 1
Water allocation in EGYPL ....vveei it 2
L-3THE WATER ISSUE ... . 2

1-3-1 Water status for some world couNntries..........coeiuiiiiiiiiiiii e 3
1-3-2 Reasons for Water SNOMtage ......ccuniiiiiii e 4
1-3-3 Water Crisis iN EQY Pt . cu i e eaas 6
1-4 Water use in the building SECTON .......cuvii i 8
1-4-1 Water Use in Residential BUildingS........c.oiiuuiiiiiiiiiiiiei e 9
1-4-2 in the non-residential SECtOr ......c..iiiiiii i 10
BRI Uy 7= 11 0 F=1 o 11 1 Y PSP 10
1-5-1 Sustainable ArchitECTUIE.......ciu e 10
1-5-2 THE GREEN BUILDING REVOLUTION .. ...t e e 14

L IMPrOVING SITe .. e 14

3. Protect and Conserve Water ... ... 15

4. Use Sustainable Products ........cccueiiiiiiiii e e e 15

5. Enhance Indoor Environmental Quality ......ccccoeeiiiiiiiiiiii e 15

6. Resources conservation and Sustainable Waste Management...................... 16

[ 7=1 7101 oY o VPP 17
N8 101 0 0= 1 VPP 18



Chapter Two:

g Y oo [T o Yo R 23
2-1 Water Efficient ArChiteCtUre .......ouuiiiii e 23
2.0.0. Water CONSEIVATION ..ouiii i e eas 23
2.1.2. Water effiCiENCY ..vvuiei i 24

2.2 Water efficient in BUIldiNg......ocuuiiii 27

2.2.1 WATER USE BREAKDOWN IN BUILDING ... cciteiieieieeeie e 27
2.2.2 IDENTIFYING IMPROVEMENT OPTIONS ....ouuiiiiiiiieeieiire e et eet e e e e 28
2-2-3 Water efficient strategies in building .........ccoooiiii i 29

2-3 Reducing Fresh Water USAge......ccuuiiuiiiiiii e e et e e e e e e e e e e aneees 30
2-3-1 Water efficient faucets and tap adaptors ........ccoeiiiiiiiiiicin 30
2-3-1-3 Faucets with automatic shut-off systems ........ccccovviiiiiiiiii, 31

High efficiency t0Ilets (HET): ..iun i e et e e e e e e eaae s 33
2-3-4 Water efficient Urinals ... 38
2-3-5 Water Efficient Irrigation System.......couiiiiiiii i 41
2-3-6 Water Efficient SWimming Pool..........coiiiiiiiiii e 42
2-3-7 Water Efficient Cooling SYStem .....ccuiiiiiii i 43
2-3-8 DETECTING LEAKS. . .. e et e e e e e e e e e e e ens 45

R L0120 0 =TT/ 46
The Technologies for Increasing Water Efficiency .........ccccooiiiiiiiiiin e, 46

Chapter Three:

g o o [T 1 oY o S 47
3-1 Water Reuse is a Design OPPOrtUNItY .....ceeiviiieiiiiiiiiiieieieeieeeeseeeeeeeeeeeeeeeeveeeeeeeeeeesesenennne 47
3-2 Water Treatment StePS ... 48

3-2-1 PRIMARY TREATIMENT .ottt e et e e e e e e ens 48
3-2-2 SECONDARY TREATIMENT .eeeieiee ettt e e e e e e e e e e eens 48
3-2-3 TERTIARY TREATIMENT ...ttt ettt e et e e e e e e e e e e e eens 49
3-2-4 The treatment steps for different water Sources..........cccccoveeieiiieiineincieeennen, 49
Examples of Water REUSE SYSTEIMS ......iiiiiiiiiie ittt bbb 50
3-3 Rainwater Harvesting SYSTem ... 51
POTENEIAl SOUINCES .. it ittt e e e et e et e e e e e e aaaaes 51
3-3-1 Steps of rainwater harvesting SyStem ..........cooiiiiiiiiiiiii e 52



3-3-2 Rainwater Harvesting System DesSigN ......ccuviiiiiiii e 53

3-3-3 Rainwater and Storm water Treatment.......c.vviiiii i 54
3-3-4 Advantages of rainwater harvesting ........ccooveiiiiiii i 56
3-3-5 Disadvantages of rainwater harvesting ........cccccoveiiiiiiiiii i, 56
3-3-6 xample for Rainwater Harvesting System Design ( Beach Houses) ..................... 58
34 GreY WALEr SOUICES ..eeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeseseeeeeaeesesesesesssseessasssssssssssnsssssnsssnsnsnsnnnsnsnnnnes 59
3-4-1 Grey Water SYStemM DeSIZN ....uu e 59
3-4-2 Grey water reuse system TreatMent ........uvvviiiiiiiiiiiiiiiiiiieiieeeesee e 60
3-4-3 Benefits of grey water recycling system ........cccoviiiiiiiiiii i 63
3-4-4 Challenges of grey water recycling syStem........ccccoveiiiiiiiiiii i, 63
3-5 BlaCk Water SYSTEIM ..iiiiiiiii it 63
3-5-1 Black Water Treatment . ... e 64
R A o V7 [ 0] =Y = YU 66
R B DY To V7 [ ] =Y = Y- 66
3-6 Using water recycling for LANDSCAPING .........cooviiiiiiiiiiiee st sceee et e e nivee e sannee e 67
AU 210 0 = 1 PP PP PP PP PPPPPPPRPPPPPPIN 68
Chapter Four:

a1 U0l [§ o1 o] FO SRR 69
4-1 Objectives of the ANalYLiCal Part..........cccoviiiiiiiiii s 69
4-2 Basics for case studies selection and analysiS...........cccvevveiiiieii i 69
4-3 Methodology of the analytical 8pProach ...........cccocviiiiiiiieicc s 70
4-4 Sheffield Eco Terrace a retrofting Case StUY ..........ccoovveiireriieiiniscsesee s 71
4-4-1 A Site ANAlYSES LOCALION: ....cviiiiiiieiieieieieiee ettt 72
4-4-2 Water consumption analysis before retrofitting...........ccccovveeiiiiciiiiiccceee, 73
4-4-3 Water consumption analysis after retrofitting...........ccccooevvivininiinencecce 74
4-4-4 PRE- AND POST-RETROFIT ANALYSIS ...t 76
4-5 Lylands house a refurbishment Case StUAY .........cccveveririeiineee e 79
4-5-1 Site ANAIYSES LOCALION ....eeivieiiiiiiie ettt sttt neas 80
4-5-2 Water consumption analysis before retrofitting..........ccocooeoviiinininineiciecns 80
4-5-3 Water consumption analysis after retrofitting...........ccocooeveieii e, 82
4-6 Toronto Healthy House, Toronto, Ontario (Canada) .........cc.ccecvvveienieieeneieee e 86
4-6-2 Components at low water CONSUMPLION ........cueiiiieriieee e e 87
4-6-3 Type Of WaLEr FEUSE SYSTEIM .....iiuiriiiiieieieeiie sttt sttt eiea 89



4-6-4 WaAter CONSUMPLION .....viuriiieiieiiitisie sttt 93

4-7 Bologna residential Case StUAY ..........ccccuueiiirerieiiicisese s 94
4-7-1 Site ANAlYSES LOCATION: ..ot 95
4-7-2 Type Of WALer FEUSE SYSTEM: ....iiviiie ettt st 96
4-7-2-1 RAINWALET USE SYSLEIM .....viiiiiiiiiiitiitesi ettt 96
4-7-3 Components at low water CONSUMPLION ........cceiiiiieiiieie e 97

4-8 Klosterenga borettslag residential case StUdy..........cccevevieeiiniiiiieicsece e 101
4-8-1 Site ANAIYSES LOCALION: ....ocvveiiiiieiesie et ste ettt sre et e e sreere e 102
4-8-2 SYSLEM UESION ..ttt 103
4-8-4 Water treatmMent SYSTEM .......viieeiie it sre e 104
4-8-3 WaAter CONSUMPLION .....veviiieiisiisiisie ettt e 105

Chapter Five:

5-1 CONCLUSION ..ottt ettt ettt ettt st e se st nessenennens 106

5-2 RECOMMENDATIONS .....ooiiieiieisiee ettt 108

DISCUSSION ..ottt ettt e e b et e st e te st et eneeneareans 109

FUTURE WORK ..ottt sttt sttt s e s neene e 109



List of Figure

Chapter One:
Figure 1- 1 Percentage Of To The Total Amount Of Water Used In Egypt .......cccovevvvvnnnnne. 2
Figure 1- 2 Water Withdrawal PErcentages...........covvrireririnenereiees s 3
Figure 1- 3 Processes Influencing Water SCarCity.........ccccovvviiveiiniiiiie s 6
Figure 1- 4 Natural And Man-Induced Processes Favoring Water ScarcCity ...........ccceevevrnnne 6
Figure 1- 5 An Example For Water Usage Distribution: Main Commercial/Industrial Sectors
IN ENGIANd ANG WaAIES.........oiviiie ettt sttt st et 7
Figure 1- 6 The Development Of Water Scarcity Due To Various Social Factors................... 7
Figure 1- 7 Observed Changes In Climate And Their Effects In Egypt........cccoovvviviiiininenn. 8
Figure 1- 8 Water Used In Residential And Commercial Buildings...........c.ccooeneneicicicnnnn. 9
Figure 1- 9 Residential Water Uses IN The EU...........cociiiiiiiiicic e 9
Figure 1- 10 Non-Residential Water Use Per Type Of Sector In The UK........cccevvrvevinnnnnne. 10
Figure 1- 11 Three Dimensions Of Sustainable Development..........cccccoovvieiinenencicieene, 11
Chapter Two:
Figure 2- 1 Shows The Potential Savings From Implementing Select Water Efficient
TECNNOIOGIES ... 25
Figure 2- 2 Examples Of Interrelationships Between Water And Energy ........cccocoeevveienene 25
Figure 2- 3 Contribution Of Ghg Emissions By Sector (2010) .........ccccvvvrinirineneneeeeene 26
Figure 2- 4 Egypt Carbon Dioxide Emissions Chart...........ccccovieieiiiiininciceeeee 26
Figure 2- 5 Water Usagein The Average Us Household Wich Taps About 255 Gallons Per Day
......................................................................................................................................... 28
Figure 2- 6 Water Use Breakdown In Five Star Hotels In Hong Kong.........c.cccccoveviieiienine 28
Figure 2- 7 Typical Water Use Breakdown In Residential Building...........ccccccovvviieiiiiiennns 28
Figure 2- 8 Water EffiCient StrategiS.........ooereieiiiiiiiie et 29
Figure 2- 9 Show How Reduce Water Consumption By Using Adaptors ...........ccccccevvevenene 31
Figure 2- 10 Show The Components Of An Infrared Sensor Tap........ccccvcvvereneneieieiienne, 31
Figure 2- 11 Show An Infrared SENSOT TaAP .....coveivieiiiieeiese ettt s 31
Figure 2- 12 Water Consumption And Savings Using Different Types Of Faucets ............... 32
Figure 2- 13 INNOVALIVE SNOWET .........coiiiiiiiiiiieieeeese et 32
Figure 2- 14 How Gravity AsSists TOIEtS WOIKS .......cccoviiiiiieiiiiecie e 34
Figure 2- 15 Shows How Dual Flush Valve WOrKS ..o 34
Figure 2- 16 Shows How Dual Flush TOIlet WOrKS ..o 35
Figure 2- 17 Shows How Pressure-Assist Toilet WOIKS ..........cocooveiiiieiiniicece e 35
Figure 2- 18 Shows How Sensor-Activated Dual Flush Toilet Works ..o 36
Figure 2- 19 Show Volume Displacement Object In The Toilet Cistern ...........ccoceeevvriennnne 36
Figure 2- 20 Shows How Toilet Dam WOTKS ..o 37
Figure 2- 21 Shows The Components Of Vacuum-Toilet..........cccooviviniinininineeeccee 37
Figure 2- 22 Shows How Vacuum Toilet WOIKS .........ccooiiiiiiiiee e 37
Figure 2- 23 Shows The Components Of Dry Composting Toilet..........cc.ccooviviniiiiiinnn, 38
Figure 2- 24 Shows Urinal With On-Demand SENSOr..........c.ccoviieeieieeiese e 39
Figure 2- 25 Shows A Waterless Urinal Section And Elevation.........c.c.cccoecevieevic e, 40

VI


file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403305
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403306
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403307
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403308
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403309
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403309
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403310
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403312
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/1%20chapter-one-7-7----.docx%23_Toc520403314
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403965
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403966
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403967
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403967
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403968
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403969
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403970
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403971
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403972
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403973
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403974
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403975
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403976
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403977
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403978
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403979
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403980
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403981
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403982
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403983
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403984
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403985
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403986
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403987

Figure 2- 26 Shows High-Efficiency Urinals.............ccoeviiiiieie i 40

Figure 2- 28 SNOWS SOil IMOISTUIE SENSON ........eveiieiiiiiiiiriesie sttt 41
Figure 2- 28 Shows R0O0tS Watering SYSIEM.........c.cciiiiiiiiiie et 41

Figure 2- 29 Shows Water Over Flow In Balancing Tank For Traditional Swimming Pool .. 42
Figure 2- 30 Shows Water Conservation Opportunities In Balancing Tank For Water Efficient

SWIMMING POOL ... e et re e 42
Figure 2- 31 Shows How Heat Transfers In Heat Recovery SyStem ..........cccocvevvieiiinnnnn. 44
Figure 2- 32 SNOWS VIV / VI SYSTEIM .....oviiiiiiiiees s 44
Figure 2- 33 Shows Collection Of Condensate Water From Air Handling Units For Use As

Make-Up Water For The Cooling Tower In Environmental Building ...........ccccceevvvnnene 45
Chapter Three:

Figure 3- 1: Shows The Percentage Of Non-Potable Water Use In Residential And

Commercial BUITAING ......cvoviiiiie et 47
Figure 3- 2 Shows General Treatment Steps For Different Water SOUrces ..........ccoccevvvevenene 49
Figure 3- 3 Shows The Potential Sources Of RAINWALET ............ccoeiiiiiiiiiiiiie 51
Figure 3- 4 Shows Roof Catchment For Rainwater Harvesting System ..........ccccocvevevviienns 52
Figure 3- 5 Shows Collected Rainwater At An Underground Level............ccooooeiiiiiinnn. 53
Figure 3- 6 Shows Rainwater Utilization In Domestic DWelling.........cccccovviveveiiiieiesieenes 53
Figure 3- 7 Shows The Operation Of A First-Flush DiVerter...........cccoooveviiiicvieiieic e 54
Figure 3- 8 Shows The Relation Between The Float And The Diverter Pipe..........cccceovevenne. 54
Figure 3- 9 Shows How Rainwater DIVErted ...........cccooveiiiiiiieie e 54
Figure 3- 10 Shows The Rainwater Cycle From Collection Stage Tile In Use Stage............. 55
Figure 3- 11 Shows Holding Tank FOr RAINWALET ...........ccccoviriiiiiiiinesese e 55
Figure 3- 12 Shows Particular Care Must Be Taken To Ensure That Potable Water Is Not

Contaminated By The Collected RAINWALEE ..........cccovvriieiieiiee e 56
Figure 3- 13 Shows Sample Rainwater Harvesting System Diagram ............ccccccevvvevieiienns 57
Figure 3- 14 SNOW Grey WALEr SOUICES ........ccveveieiiiisiisieste sttt 59
Figure 3- 15 Shows The End Uses Of Treated Grey Water ...........cccovvvenininineneneeisenns 60
Figure 3- 16 Shows Treated Gray Water Used In Irrigate Garden..........cccocevvveveiviieveciennens 60
Figure 3- 17 Shows Grey Water COllection SYSTEM..........cccoviriiireiiiinenisie e 61
Figure 3- 18 Shows Sample Grey Water System Diagram ...........cccccevveevieniiieeneiesie e 62
Figure 3- 19 Shows Grey Water And Black Water Reuse Systems Cycle..........c.ccoecevvviiennnne 64
Figure 3- 20 Shows Of Aeration-Based Black Water SyStem...........ccccvvvviniiinencneieeen, 65
Figure 3- 21 Shows Steps Of Black Water System Treatment...........ccccoveviiieeveieevesesieenens 66
Figure 3- 22 Shows An Active Water Harvesting SYStem ..........cccocovvnininenineneneeceene 68

Figure 3- 23 Uses And Reuses Of Potable And Alternative (Non-Potable) Water Sources ... 68

Chapter Four:

FIGURE 4- 1 SHOWS THE METHODOLOGY OF THE ANALATICAL PART ....oooiiiiiiiiiiiiiiiciin e 70
FIGURE 4- 2 SHOWED THE LOCATION OF SHEFFIELD ECOTERRACE.......ccocvviiiiiiiiiiiiiiiiiiiinccneeee 72
FIGURE 4- 3 SHOW WATER LEAKAGE IN TAPS BEFORE INSTALLATION ......cccciiiiiiiiiiiiiiiiin e 73
FIGURE 4- 4 SHOW WATER FLOW RATE FOR TAPS BEFORE INSTALLATION.....cccceeivmiiiiiiiiiiieicinieeee 73
FIGURE 4- 5 SHOWS THE TOILETS CISTERN BEFORE INSTALLATION .....cocuiiiiiiiiiiiiiiiiiiiiinciccciec e 73

Vil


file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403989
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403990
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403991
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403992
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403992
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403993
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403994
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403995
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/2%20chapter%202%20(7-7).docx%23_Toc520403995
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/3-chapter-3-7-7----.docx%23_Toc520404654
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/3-chapter-3-7-7----.docx%23_Toc520404655
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/3-chapter-3-7-7----.docx%23_Toc520404656
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409479
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409480
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409481
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409482
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409483

FIGURE 4- 6 SHOWS THE COMPONENTS OF TOILETS CISTERN BEFORE INSTALLATION......cccovvvivinennnns 73
FIGURE 4- 7 THE RESULTS OF THE WATER DEMAND IN 6 TOWNHOUSES WAS 419 L/UNIT/DAY PRE-

INSTALLATION WATER DEMAND .....oeoveeeeeeeeeeeeeeeeseseseseseseeeeeseeesesesesssesssessseessessseesseesseesseeesessses 74
FIGURE 4- 8 SHOW WATER FLOW RATE FOR TAPS AFTER INSTALLATION «..eouveeeeeeeeeeeeeeeeeeeseeeereseseeene 75
FIGURE 4- 9 SHOW WATER LEAKAGE IN TAPS AFTER INSTALLATION ...covveoveeeeeeeeeeeeeeeeeseeeseeseenesenene 75
FIGURE 4- 10 SHOWS USED TAP AFTER RETROFITTING ....coveoveeeeeeeeeeeeeeeeseeseeeseesssesseesssessseessessseesesesene 75
FIGURE 4- 11 FIGURE SHOWS TOILET CISTERN AFTER INSTALLATION USING DUAL FLUSH TOILET........ 75
FIGURE 4- 12 SHOWS HIGH PRESSURE SHOWERHEAD USED AFTER IN INSTALLATION w.couvveeeeerrerene 76
FIGURE 4- 13 SHOWS WATER CONSUMPTION AFTER INSTALLATION ..co.eoveeeeeeeeeeeeeseeseeeseeseereseeene 76
FIGURE 4- 14 SHOWS PERCENTAGE BREAKDOWN OF WATER USE, BEFORE AND AFTER THE
RETROFITS oo eee e eseseeeeeseeeseseseeeseeeseeeseeeseeesseeseseseeeseeeseeeseeeseeeseeesesesaeeseesseesseeeseeeseeeseeeseeeees 77
FIGURE 4- 15 SHOWS TOTAL WATER CONSUMPTION BEFORE AND AFTER INSTALLATION .....ovvreenene. 77
FIGURE 4- 16 THE LOCATION OF THE LYLANDS HOUSE .......verveeeeeeeeeeeeeeeseeeseeeseessesseesseesseessessessesesens 80
FIGURE 4- 17 SHOWS WATER FLOW RATE BEFORE RETROFITTING ...veuvereeeeeeeeeeeeseeeeseesseesessesseeesens 81
FIGURE 4- 18 SHOWS THE TOILETS CISTERN BEFORE INSTALLATION ...coveoveeeereeeeeeeeeseeseeeseeseeneeenene 81
FIGURE 4- 19 SHOWS THE COMPONENTS OF TOILETS CISTERN BEFORE INSTALLATION......vveverrerenn. 81
FIGURE 4- 20 SHOWS THE DIAGRAMS OF AVERAGE CONSUMPTION OVER THE HOURS OF THE DAYS,
BEFORE INSTALLATION «.eoveeeeee et eeeeeeseeesesesesesesesesesesesesesesesessseseseseseseseseseseseseseseseseseseseseseseseses 82
FIGURE 4- 21 SHOW WATER FLOW RATE FOR TAPS AFTER INSTALLATION w.euveeeeeeeeeeeeeeeeeereeseereeenene 82
FIGURE 4- 22 SHOW COMPONENTS OF WATER TAP WITH FLOW REGULATOR .....veeveeeeeeeereeeeeeerereeene 82
FIGURE 4- 23 SHOW INSTALLATION METHODE OF THE AERATOR CORE IN THE TAP ..o 83
FIGURE 4- 24 SHOWS THE TOILET CISTERN OF THE PRESSURE-ASSISTED TOILET c.vvvrveeeeeeeeeeeeeeeseeeene 83
FIGURE 4- 25 SHOWS THE PRESSURIZED SHOWER HEAD .....coveeeeeeeeeeeeeeeseeeseeseesseseeeeseeeseesessesseeesene 84
FIGURE 4- 26 SHOWS THE DIFFERENCE BETWEEN THE TRADITIONAL AND PRESSURIZED SHOWER
HEAD et eee e seseeeeeseeeseseseeeseeeseeeseeesaeeseeeseeeseeeseees e st eeseeeseeeseeeseeeseeeseeeseeeseeeseeeseeesesene 84
FIGURE 4- 27 SHOWS WATER CONSUMPTION AFTER INSTALLATION w.eoveerveeeeeeeeeeeeeeeeseeseeeseeeseseseseeens 84
FIGURE 4- 28 SHOWS AVERAGE CONSUMPTION ON WEEKDAYS, BEFORE AND AFTER THE RETROFITS 84
FIGURE 4- 29 TTHE LOCATION OF TORONTO HEALTHY HOUSE «..cooveeeeeeeeeeeeeeeseeeeeeeeeseeesseesesseeseeesene 86
FIGURE 4- 30 SHOWS THE MAIN COMPONENTS OF LOW WATER CONSUMPTION FEATURES .............. 87
FIGURE 4- 31 SHOWS THE WATER FLOW RATE OF AERATOR FAUCET .....veuvveeeeeeeeeeeeeeeeeeeseeeseesseseseeene 88
FIGURE 4- 32 SHOWS THE MAIN COMPONENTS OF AERATOR FAUCET ...c.veeeereeeeeeeeeeseeeseeeseseeeseeesene 88
FIGURE 4- 33 SHOWS THE ULTRA-LOW VOLUME TOILET euveeveeeeeeeeeeeeeeeeeseeseesesssessessesssssessessseesesesens 88
FIGURE 4- 34 SHOWS TRADITIONAL TOILE VS. THE ULTRA-LOW VOLUME TOILET eoveoveeeeereeeeereeeene 88
FIGURE 4- 35 SHOWS OLD HIGH FLOW VS. LOW FLOW SHOWER HEAD ......covereeeeeeeeereeereeresreeresesene 89
89
89
90
91
93
FIGURE 4- 41 SHOWS THE LOCATION OF BOLOGNA RESIDENTIAL BUILDING.........veveeeeeeeereeeeererenene 95
FIGURE 4- 42 SHOWS THE LOCATION OF BOLOGNA RESIDENTIAL BUILDING.......coveveeeeeeereeereeereerereeene 96
FIGURE 4- 43 SHOWS THE WASTE WATER ANDRAIN WATER CYCLE FROM COLLECTION STAGE TO
USAGE STAGE ....veeveevereeeeseseeesesesesesesesesesesesesesesaseseseseseseseseseseeesesesesesesesesesasesaesseseseeesesesesesesesesesens 97
FIGURE 4- 44 SHOWS THE MAIN COMPONENTS OF LOW WATER CONSUMPTION FEATURES .............. 98
FIGURE 4- 45 SHOW THE DUAL FLUSH BUTTOM OF THE SPECIAL TOILET SHAPE .....coveveereereeereeereeesene 98
FIGURE 4- 46 SHOW THE SPECIAL TOILET SHAPE .....coveeeeeeeeeeeeeeese e eseees s ssesseesseesseeesesseeseseeene 98
FIGURE 4- 47 SHOWES THE COMPONENTES OF SPECIAL TAP FEATURE «..coveeveveeeeeeeeeeseeeseesesssesesesene 99
FIGURE 4- 48 SHOWS: THE DISTRIBUTION OF WATER CONSUMPTION IN DOMESTIC USES ................ 100

Vil


file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409484
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409486
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409487
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409488
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409489
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409490
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409491
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409495
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409496
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409497
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409499
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409500
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409502
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409503
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409504
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409504
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409505
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409506
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409507
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409508
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409509
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409510
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409511
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409514
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409515
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409518
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409518
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409523
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409524
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409525
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409526

FIGURE 4- 49 SHOWS THE WATER SAVING FOR TRADITIONAL VS. THE EXPERIMENTAL BUILDING .... 101
FIGURE 4- 50 SHOWS THE DAILY WATER CONSUMPTION FOR BUILDING TRADITIONAL VS. USING
COMPONENTS AT LOW WATER CONSUMPTION VS. USING RECYCLED WATER AND

COMPONENTS .ottt sb s b b saae s 101
FIGURE 4- 51 SHOWS THE LOCATION OF KLOSTERENGA BORETTSLAG RESIDENTIAL BUILDING......... 103
FIGURE 4- 52 SHOWS A GENERAL VIEW OF THE BUILDINGS........cccccoiviiiiiiiiiiiiiiiiiireccc e 104
FIGURE 4- 53 SHOWS A GENERAL VIEW OF THE BUILDINGS AND THE COURTYARD ......cccccecuiviiinnnnenne 104
FIGURE 4- 55 SHOWS THE GREY WATER TREATMENT SYSTEM .....ccooviiiiiiiiiiiiiiiiiiiciicie e 104

FIGURE 4- 54 SHOWS THE WATER CONSUMPTION OF TRADITIONAL VS. EXPERIMENTAL BUILDING.. 105

List of Table
Chapter One:
Table 1- 1 Available And Potential Water Resources (In Billion M3) Annual......................... 1
Table 1- 2 Water Status For Some World COUNIIES........ccveicviiiiiicce et 3
Table 1- 3 Shows Some Examples Of The Most Famous And Currently Used Rating Systems
ACIOSS TREWOTIU. ...t e e e e sbae e sbae e saree e 17
Chapter Two:
Table 2- 1 Methods To Reduce Water DEMAaN ..........cccocviiviiiiiiie et 23
Table 2- 2 Areas Of Main Improvement Potential Types Of Buildings..........c.ccoceevveiinnnnn 29
Table 2- 3 Shows The Advantages And Disadvantages Of Pressure-Assist Toilet................. 35
Chapter Three:
Table 3- 1 Shows Treatment Steps For Different Water Sources And Subsurface Irrigation End
S R 49
Table 3- 2 Shows Treatment Steps For Different Water Sources And Cooling Towers End Use
......................................................................................................................................... 50
Table 3- 3 Shows Treatment Steps For Different Water Sources And Toilet Flushing And Car
WaESHING ENG USE ...t 50
Table 3- 4 Shows Benefits And Challenges Of Alternate Water ..........ccccvvveveieiiecveieenenne. 51


file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409527
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409528
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409528
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409528
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409529
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409530
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409531
file:///E:/MASTER/AA%20Tba3at%20al%20nosa5/4%20chapter-4%20(7-7)%2011.docx%23_Toc520409532

- INTRODUCTIION

A. Introduction

Water efficiency is an issue of growing importance due to unsustainable water use in
the world, as a result of the exponential population growth and the current sources of
pollution. Climate change can aggravate this problem and it is expected that in many
countries the predicted reduction in rainfall or change in the environmental system can
create or aggravate situations of scarcity.

Water efficiency is the smart use of our water resources through water-saving
technologies and simple steps we can all apply it in our houses. Using water efficiently
will help us to save our water supplies today and for future generations.

Grounds for sustainability require the introduction of measures for efficient water use
in all sectors, including the buildings embodied in the so-called principle of "5R". The first
R, reduction of consumption, is a priority measures and passes through the adoption of
efficient products or devices and other non-technical measures. The second R, reduction of
losses and waste, such as the control of losses or installation of circulation circuits of hot
water. The reuse and recycling of water constitute the third and fourth R, whose difference
is to consider a "serial" use or the reintroduction of water in the circuit (after treatment).
Finally, the fifth R, the use of alternate sources, may involve the use of rainwater,
groundwater or even saltwater.

These various water efficiency measures naturally reduce the average consumption of
drinking water from the public network, but can also cause changes in the diagrams of
consumption. In the case of rainwater harvesting systems, for example, with the use of non-
potable water for watering gardens and flushing cisterns, the coefficients of simultaneity
commonly used in the sizing of the inner water networks are significantly changed with the
grouping of devices with similar characteristics. Therefore, with the trend towards
increasing the use of water efficiency measures in buildings, it becomes necessary to revise
and validate new bases for the design of the installations, in regard to drinking and non-
potable water supply networks.

Water efficiency is also reflected to energy efficiency. A study carried out revealed
that the adoption of simple water efficiency measures in houses could lead to an average
of 30% - 80% savings in water consumption, meaning a reduction in energy consumption
in public networks and in heating and pumping water in the buildings.

B. Problem statement

The world’s freshwater sources are threatened by climate change. Scientists around the
world agree that recent climatic changes occurring globally are the result of human
activities (Parry et al., 2007). Rising global temperatures lead to a condensation of the
hydrological cycle and heightened risks of more frequent floods and drought. By the early
21st century, there are already acute water shortages in large parts of Australia, Asia,
Africa, and the United States. In Perth, Western Australia (WA), winter rainfall has
declined by 15% since 1975, reducing run-off into metropolitan dams and estuaries by more
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than 50% this has resulted in extremely high water demand between the growing city and
nature requirements.

Increasing populations are contributing to the increasing frequencies of water scarce
events. It is estimated that the global population will increase from the current 51% to 67%
by 2050.This increase in populations exacerbates environmental problems already
experienced in urban areas, including: air and water pollution, availability of clean water
resources. Accessibility to clean water in urban areas is an increasing global issue. The
World Water Organization predicts that by 2025, two thirds of the global population will
face water shortages.

Water is becoming scarce not only in arid and drought prone areas, but also in regions
where rainfall is relatively abundant. With water restrictions in place, people are looking
for ways to reduce their water consumption. Water used in house typically makes up
between 50 and 80% of total household water usage. Strategies and programs are being
established to promote water as a precious resource, incorporating the smart and efficient
use of it, one aim being to “ensure that all available non-potable wastewater is being used
appropriately”. This, combined with an increasing community interest in water
conservation, has led to recycling of wastewater.

One of the events that can't be overlooked may be one of the reasons for the increased
scarcity of water expected in Egypt in the next few years is the dam of Ethiopia, which is
called "EI-Nahda dam".

C. Scope of Research
The selected scope of the study is Achieving Sustainability Goals through Water
efficiency in residential Buildings.

D. Research Aims and Objectives
The research aims to provide a framework for how to Achieve Sustainability Goals

through Water efficiency in residential Buildings that helps in reducing water

consumption which enable to save water this is achieved through:

e Reviewing the current issues facing the world in water problem issues specially in
building sector thus revealing the need to save water.

e Literature review on The Technologies for Increasing Water Efficiency in the
existing residential building to save water.

e Studying the international examples that applied the methods of retrofitting the
existing residential building and investigate of the retrofitting.

e Evaluating the building performance and assess the improvements.

e lllustrating the role of the government, architects, the private sector, owners, and
tenants to improve the existing residential buildings in Egypt
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