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Summary:

Building sector consumed 36% of the world’s final energy for the year 2018, and

responsible for 39% of the total global emissions, Therefore, the buildings sector offers an

important opportunity for energy saving and (GHG) emissions mitigation, and would play

a significant role in meeting with the (SDGs). The purpose of this thesis is to investigate

the relation between energy efficient retrofits in residential buildings and achieving

environmental sustainability and combating climate change. This will lead to the

development of an objective design guide that address energy-saving technologies with

clear measurement techniques to assess the sustainable environmental impacts of the

retrofitting process and therefore achieving an energy efficient building retrofit.



Disclaimer

| hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.

| further declare that I have appropriately acknowledged all sources used and have
cited them in the references section.

Name: Shahd R. A. Abuserriya Date: / /2021

Signature:



Dedication

I would like to express my deepest gratitude to my father, my mother, and my sisters,
for believing in me, supporting me and making me the person who | am today.



Acknowledgments

| would like to express my gratitude my supervisor Dr. Ayman Hassan Ahmed for
giving me the opportunity to work on my master thesis. | want to thank him for
encouraging me, supporting me and believing in my research, as well as giving me
pronounced supervision, from which | have learnt the fundamental knowledge of research
work and technical writing.

My professor in courses of the Master Degree Dr. Ahmed Fekry, who | was really
lucky to have the chance of being one of his students around the years. Where | learned a
lot in the field of environmental design and energy efficiency, | want to also thank him
for giving me the honor of being an examiner of my thesis.

Special thanks to Dr. Ahmed Mohamed Saleh who is also giving me the honor of
being an examiner of my thesis, thank you all for giving me your time and appreciated
review.



Table of Contents

DISCLAIMER ... e e e e e e e s s r e e e eea e e e |
DEDICATION oottt e e e e e e e e e e e e e e s s st eraeeeeeenans 1
ACKNOWLEDGMENTS . ... 11
TABLE OF CONTENTS ..ot e e v
LIST OF TABLES ... ..ot e e e e e e e e e e e e e \Y/
LIST OF FIGURES ...ttt e e e e e st nn e e e e e e IX
AB ST RA CT oottt e e e e e e e e e e e e Xl
CHAPTER 1 : RESEARCH OVERVIEW ... 1
1.1. 1N ] 16 o 1 PP 1
1.2. OBSERVATION .....utttititeeeeesseiiitteeeeeeeeesaassstaaeaaaeeeasaassssrnaaeaeeeesasanssnsnneeeeeas 2
1.3. RESEARCH PROBLEM .......uuuuuuuiuutuiiuiiininansssnsnnnnnnsssnnnnsssnnsnsnnnnnnnnnnnnnnnnnssnnnnns 2
14. RESEARCH HYPOTHESIS. .. .uuuiiiiiiiiiiiiiiiiiiniiiiinsssnsnnsnnensnsnnnnnnnnnsnnnnns 3
1.5. RESEARCH PURPOSE ... .uuuuuuutitttuiiiunsnininnssannsnnnsnnsnnnnnsnnnnnsnnnnnnnnnnnnnnnnnsnnnnnn 4
1.6. RESEARCH METHODOLOGY ...uuuuuuuuuuuununnnnnnnnnnnnnnnnnnnnsnnnnnnsnnnnnnnnsnnnnnnnnsnnnnnns 4
1.7. RESEARCH LIMITATION L.etiiiiiiiiiiiiiiiiiie e e e st e e e e e st r e e e e e e s 5
CHAPTER 2 : ENERGY IN RESIDENTIAL BUILDINGS..........ccooooviiiiiiiiieenn. 6
2.1. ENERGY CONSUMPTION IN EGYPT ...uvviiiiiiiiiiiiiiiiiiice et 6
2.2. ENERGY CONSUMPTION BY SECTOR ...vvvviieeeiisiuiiiirieeieeessssnsitnnneeeseesssnnnnnnnns 9
2.3. ENERGY CONSUMPTION IN THE BUILDINGS SECTOR ...cccvveriiiiiiirieineeeennannns 11
2.4, ENERGY CONSUMPTION BY BUILDING TYPE.......ccutriiiiiieenssiniiinnnenneeansnnns 13
2.5. ENERGY CONSUMPTION IN RESIDENTIAL BUILDING........ccooviiviiiiiieeeeennnns 15
2.6. ENERGY CONSUMPTION FACTORS IN RESIDENTIAL BUILDING.................. 18
2.6.1. BUIldING ShApe .....oooiiiiice e 18
2.6.2. BUITAING AGE ..ot s 20
2.6.3. Building Orientation ...........cooveeiiiiiii e 21
2.6.4. Building area and VOIUME .........ccceeiiiieiiiiicee e 22
2.6.5. Building construction materials.............cccceovvieeiiii i 23
2.6.6. Building Windows Size and Orientation..............ccccceeevveeiieeciiieeennnen. 25
2.6.7. Building Insulation 1eVel ... 26
2.6.8. Building Occupant’s BEhavior ..........cccoviiiiiiiiiiieiiiiiee e 28
2.7. SUMMARY ...iiiiitititttee e e e e e sttt e e e e e e s s bbb et e e e e e e e s s e bbb b e e e e e e e e s s antbbrrenaeeas 29
CHAPTER 3 :ENERGY EFFICIENT RETROFIT FOR RESIDENTIAL
BUILDING STRATEGIES ...ttt inren e 30
3.1. ENERGY EFFICIENT RETROFIT ...coiiiiitiiiiiiie e e e e sesiiiniren e e e e e e siiivnneee e e e e 31
3.2. ENERGY EFFICIENT RESIDENTIAL RETROFIT.....ccvvviiiiiiieeeessciiiiiieeneeee e e 32
3.3 ENERGY EFFICIENT RETROFIT STRATEGIES ....ccovviiriiiieeeessssiiinrreneeeeen s 34

v



3.3.1. ENergy SUPPIY Srategy.......c.oooveriiiiieiieiie e 34
3.3.2. Energy Demand SErategy ........cccooveruieiieriiiiiiesee e 35
3.3.3. Energy Consumption Strategy.........cccovvvereeririiieeiiesie e 36
3.3.3.1L Electrical energy efficiency approach ..........ccooveviiiiieiieniee e 36
3.33.2 Heating energy efficiency approach ... 36
3.333. Low carbon energy approach...........ccoveiiereiieniiiecesees e 36
3.334. Behavioral measures approaCh...........cccvviveriieniencee e 36
3.4. ENERGY EFFICIENT RETROFIT METHODOLOGIES .....ccvvieeeiiiiiiiiieiieeeeeanenns 37
3.4.1. Energy Use Methodology .........cccviieiieiiiiiieiiciceeesee e 37
3.4.2. Energy Cash Methodology..........cccocveiiiiiiiiieie e 38
3.4.3. Energy Metrics Methodology..........cccooviiiiiiiiiciice e 38
3.4.4. Energy Optimization Methodology ..........cccoovviieiiiiiiiiiiciiccee 39
3.5 ENERGY EFFICIENT RETROFIT POTENTIALS ....uviiiiiiiiiee e et e e 39
3.5.1 Energy Efficient Retrofit Environmental Potentials.............c.ccccvveene.. 40
3.5.2. Energy-Efficient Retrofit Economic Potentials.............ccccccceevivveennnn. 41
3.5.3. Energy-Efficient Retrofit Social Potentials.............cccoeeveviieeiiieenen. 42
3.6. ENERGY EFFICIENT RETROFIT BARRIERS .....ccoiiitiiiiiiieee et e e 42
3.6.1. Energy Efficient Retrofit ECONOMIC Barriers.........cccccveveiieiiieninenn 43
3.6.2. Energy Efficient Retrofit Regulatory Barriers..........c.ccccoovviiiiennennn 43
3.6.3. Energy-Efficient Retrofit Technical Barriers...........cccccooovviiiiieninenn 44
3.6.4. Energy-Efficient Retrofit Social Barriers...........cccoocvvvevieiieiiicnnenn 44
3.7. ENERGY-EFFICIENT RETROFIT TECHNOLOGIES......cuutiiiieiiiiiiiiieiieaeeeennnns 45
3.7.1. Energy Efficient Retrofit Technologies levels ...........c.cccccoiiniiinnnn 45
3.7.2. Energy-Efficient Retrofit Technologies Type.......cccoccvviveviieeviieecnnen. 46
3.8. ENERGY-EFFICIENT RETROFIT SIMULATION TOOLS ..vvviiiieieeieeviiiienineeeee, a7
3.8.1. ENErgyPIUS. ... 48
3.8.2. DeSigN BUIIEN .......cciiieiciie ettt 49
3.8.3. BCOtOCT. .. 50
3.8.4. TRN Y S 51
3.8.5. DOE 2. 2. . 51
3.8.6. BQUES T .. 51
3.9. ENERGY EFFICIENT BUILDING SYSTEMS ASSESSMENT .....ceovvvviviiiieiiieeens, 54
3.9.1. Leadership in Energy and environmental Design Rating system
(LEED ) ettt e e e e e e e e e 54
3.9.2. Building Research Establishment’s Environmental Assessment Method
(BREEAM) ... et e e e 54
3.9.3. Comprehensive Assessment System for Built Environment Efficiency
(CASBEE) . ... et 55
3.9.4. Building Environmental Assessment Method (BEAM)....................... 56
3.9.5. Excellence In Design for Greater Efficiencies (EDGE)............c......... 57
3.9.6. Green Star Rating (GSR) .....cooviiiiiii e 58
3.9.7. Green Pyramid Rating System (GPRS) .........ccccovvieiiiei i, 58
3.10. ENERGY EFFICIENT RETROFIT INDICATORS AND INDEXES........ccoooeiiieennnn. 61
3.10.1. Environmental Performance Indicators (EPIS)........cccccevveviiieiineinen. 61
3.10.2. Green Retrofitability IndeX (GRI) ......coeoiiiiiiiiiiiieececccee e, 62
3.10.3. Energy Performance Index (EP1).........cccoveviieiiiii i 62
3.10.4. Green Building IndeX (GBI ......coooveeiiiiiiiiccec e 62
3.11. SUMMARY it et 64



CHAPTER 4 ENERGY EFFICIENT RETROFIT APPLICATION AND DESIGN

VARIABLES ... e e e s e b e e e e e eaabaes 66
4.1. N AV = 0 =P 67
4.1.1. ROOT . .. 67
4.1.2. WallS. . 68
4.1.3. FIOOT . . e 69
4.1.4. WINAOWS. . . e 71
4.2. HVAC AND HWS ... aanees 73
4.2.1. HVY A C . 76
4.2.1. H W S o, 76
4.3. SHADING DEVICES .....ceiiieieeeeeeeeeeeeee ettt 77
4.3.1. External Shading ..........ccooiiiiioiiii e 78
4.3.2. Internal Shading ........ccooviiiiiii 80
4.4, APPLIANCES AND LIGHTING ....ccvvtitiiieieeeeeeeeiiiiee s e e e e ettt s s e e e e e e e avnraaan s 81
4.4.1. APPHANCES. ..t 82
4.4.2. LigNting. ..o 84
4.5, SUMMARY ...t 86
CHAPTER 5 : CASE STUDIES ON ENERGY-EFFICIENT RETROFIT FOR
RESIDENTIAL BUILDINGS ..ottt e 87
5.1. INTERNATIONAL CASE STUDY ...cciiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeaeeees 87
5.2. REGIONAL CASE STUDY ..ciivvitiiiiiiiieeeeeeertiiisss e e e s e sesrtinn e e s s s sassnianneeeeee s 93
5.3. NATIONAL CASE STUDY ...oivviiiiiiiiieeeeeeeertiins e e e e e serbbin e e e s e sassrran e e e e 96
5.4, SUMMARY ..etttttiieiieeeeteeesttaasseeeessesatt i ia st e eeeeesssstbaasssesesessstbb it sraeeeeesssrres 101
CHAPTER 6 : PROPOSED GUIDELINE AND ACTUAL CASE STUDY
SIMULATION FOR ENERGY-EFFICIENT RETROFIT CASE STUDY ........ 102
6.1. PROPOSED GUIDELINE ....ccitvvttiiiiiieeeeeeeesiiiisseesseseasbbinn s e essssssanaanneeesses 103
6.1.1. BUIldINg data.........ocoiuiiiiiiiiiec e 103
6.1.2. Methodology Application ...........cccocvveiiiie i, 106
6.2. SIMULATION. 111ttt et ettt et eettbie s s s e e e e e e e r et s st e e e e e e eas bbb et s e eeesesa bbbt s s reeeeeeaasbres 106
6.2.1. Scenario A SIMUIALION ......cciiiii e 107
6.2.2. Scenario B SImUlation .........ccoveeiiiiieiie e 113
6.2.3. Scenario C SIMUIALION .........occvviieiiiee e 123
6.2.4. RESUILS ..o 130
6.3. 000 1 I NN IS 1 TP 138
6.3.1. Payback period for scenario B...........cccccovveeviiiiiiii e, 141
6.3.2. Payback period for scenario C...........cccccoveiiiiiiiie e, 143
6.4. RETROFIT TOOLKIT 1uuiiiiiiiiietiiieiis et e e e ab bbb e s s s s e s bbb e e e 146
6.5. SUMMARY ..etttttiiet ittt s e e e e s s e st b e st e e e e e e s e s bbb e st eesesssa bbbt sseeeeesaasares 150
CHAPTER 7 : DISCUSSION AND CONCLUSION.......cooooiiiiiiiiieiin, 152
7.1. D501 0 LSS (o] TSP 152
7.2, LIMITATIONS ettt e e e e e et e e e e e s e e r bt r e e e e e e e aabb s 153
7.3. 070 N[0 IU ] (o] F TR 153

\



7.4. RECOMMENDATIONS ...uetteee it ettt et e e et et e e e e e e e e e e e eeeeeenas 154
7.5. PROSPECT OF FUTURE RESEARCH. .....ieueet ettt e e e e e e 154

BIBLIOGRAPHY

VI



List of Tables

Table .1: Egypt’s Primary Energy Consumption in Growth Rate/ Annum ................... 6
Table .2: Egypt’s Carbon dioxide emissions in Growth Rate/ Annum................cceennee.. 7
Figure 15: Electricity consumption by building type.........cccoeiiiiiiiiieiiicice, 14
Table .4: Relationship between plan shapes and energy consumption......................... 19
Table .5: Energy consumption by floor area for buildings..........ccccooovivniiiieiiine, 22
Table .6: Common construction materials Properties ...........cccevvvveieiiienneenieseeniens 23
Table .7: Effect of building material type on heat and cooling power consumption..... 24
Table .8: Compression between the R values of an insulation material for a residential
FIAt 1N CAITO, EQYPL.. .ot 26
Table .9: Type of energy consumption DENAVION ............cooviiiiiiiiiiie s 28
Table .10: Water heating systems using fuel economic comparison...........c.ccceeveveennne. 35
Table .11: The Different Types of Energy Efficient Retrofit Technologies................. 47
Table .12: Scores for awards classified under BEAM ..........cccoiiiiiiiiiieniiieiieins 57
Table .13: Different categories of the (GPRS) ........ccoiiiiiiiiiei e 59
Table .14: Different Levels of the (GPRS)........ccci i 59
Table .15: (GBI) rating POINTS ......cciviiiieiiieriie ettt 63
Table .16: Energy efficient retrofit methods for the building roof..............ccccvevvenne. 68
Table .17: Energy performance of different window types...........cccccevvveiiiiiieniinnnn, 73
Table .18: Energy efficient retrofit methods of Windows ...........ccccccccveviieiiiiic e, 74
Table .19: (HWS) ClasSifiCation ...........cccoeiiiieiiiie e 77
Table .20: Characteristics of the building ..o 93
Table .21: Design alternatives retrofit Strategies .........cccvevvvveeriive e 94
Table .22: Building Description of the case Study..........ccccociveiiiveeiiie e 96
Table .23: Envelope Description of the case Study..........cccccoveiviiveeiiie e 97
Table .24: ENErgy Gata .........ccocueeeiiie et e et e e e e snraeeanes 98
Table .25: Characteristics of proposed glazing ........ccccoccvevviie e 99
Table .26: Glazing retrofits impacts on energy consumption and carbon dioxide
AT o] ST OPRU PP PPR 100
Table .27: classification of model’s sizes based 0N SUIVEYS .......ccccevivveeiieeeiiineeninnnnnn 103
Table .28: Retrofit impact on cooling load and carbon emissions ..............cccceevveenn. 130
Table .29: Retrofit impact on cooling load and carbon emissions ..............cccceevveenn. 139
Table .30: Retrofit impact on cooling load and carbon emissions ..............cccceevveenn. 140
Table. 31: Retrofit impact on cooling load and carbon emissions ..............cccceeeveeen. 142
Table .32: Retrofit impact on cooling load and carbon emissions ..............ccccveevnenen. 143
Table .33: Energy Efficient Retrofit toolKit ..o, 146

VI



