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Summary:

This research proposes the use of a multiple criteria decision making technique, namely
the Analytic Hierarchy Process (AHP), to develop an energy efficiency rating system for
existing buildings. Nine energy rating criteria were identified by comparatively analyzing
international green building rating systems for existing structures and then a survey was
conducted to collect the opinions of engineering professionals regarding the relative
priority of the identified criteria, and to determine which criteria are mandatory and
which are optional. Using AHP, weights are developed for the optional criteria,
representing their relative importance. To verify the positive impact of applying the
identified criteria on existing buildings, a case study office building in New Cairo (5th
settlement) was modeled and simulated using software. The simulation results
demonstrated more than 26% reduction in the annual electric utility costs and energy
consumption, and a 14% reduction in the peak electrical power required by the building.






Acknowledgments

First and above all, | express my sincere gratitude to God, the almighty for
granting me the opportunity and capability to proceed successfully in this journey
of learning.

My sincere thanks go to Dr. Essam Aboul-Zahab and Dr.Ahmed Ibrahim, my
thesis advisors. Without their support, insightful comments and guidance, this
thesis would not have been accomplished. Moreover, | would like to thank my
thesis examiners, Dr. Mohamed EI-Sobky and Dr. Mahmoud El-Kady for their

fruitful discussions.

Last but not the least, | would like to express my sincere gratitude to my family,
to whom | dedicate this effort of mine: my mother (Laila) and father for
everything I am or will ever be, my sister for her continuous encouragement, my
dear wife for her unlimited support, Salma (my daughter) and Seif (my son) for

being the joy of my life.

| ask of God to give me the devotion and strength to continue this journey

of learning.






TABLE OF CONTENTS

CHAPTER 1: INTRODUCTION ....cccosmistmsmssnmsemssnssessansssssasssnsssesasssssssssasssssssssssssassnsssnssassssssnssans 1
1.1 Definitions: Sustainability and Green Building .........ccccocceeeeiiiiiiiiinreeiiiniiiiinneeennnn. 2
1.2 Importance of Green Building ........cccceeeiiiiiiiineereiiiiiiinienineeeeee s 4
1.3 Motivation for targeting existing StruCtures.........ccceeevvvuereeriiiiissinnnenniiinssnnnseeennnnns 5
1.4 The COSt Of BreeN ...cciiviiieenriiiiiiiinrreni s isssssee s ssssees s s ssssssssnsssssssssssssnnsnessssnas 7
1.5 The €ase iN EGYPL c.ccciiiiiiiiiineriiiiiiiiiiinnnneiiiisssssssssesisssssssssssssssssssssssssssssssssssssssnssanss 10
1.6 Thesis Objective and Layout..........ccceeiiiiiiiiiiiiiisiisssssssssssssssssssssssssssssssssssssssssssssssses 12

CHAPTER 2: LITERATURE REVIEW.......crrcsccssssscssssssssssssssssmssssssnssmssssssmssssssnssanas 15
2.1 INtrodUCHION.....cciiinenreiiiiisisnneeetsissssssnssessssssssssssssessssssssssssnsnesssssssssssnnssssssssssssnns 15
2.2 Overview of Existing Rating SyStemsS.......ccccevviiiiiiiiiiiiiiiiiiinnnreee e eees 15

2. 2.1 BREEAM oottt ettt ettt ettt ettt et ettt nae s 15
2.2.2 CASBEE ..ottt ettt ettt ettt naa e e naaeenaae s 18
223 LEED ... et e e e e e et aeeaaaean 21
2.2.4 GreeN GIODES ..ot 23
2. 2.5 ENEIY STal..ciiiiiiiiieiiie s 25
3 11 = T O P TP ROU PR 27
2.2.7 Pearl (EStidama).....cccueeeeiiiie ettt ettt e e saae e 29
2.2.8 EGPRS ... ettiiieiieeete sttt ettt e sat e e nbt e e aae e nba e e aaeenaee s 32
2.3 Overview of Existing Buildings Literature.........ccoeeceeeriiiiiissnnnnennninssssssnnnennsnssssnnes 37
2.4 Comparative Analysis of Energy Credits .......cccoevvvvuereeriiiiisissnneeeinisissssnnnneensissssnnes 39
2.5 SUMMATY oot s s e s s s s s s s s s s ssssssssssssssssssssssssssssnnnes 45

CHAPTER 3: RESEARCH METHODOLOGY ...cccceemrerrmrerscrssessesssssssssmsssssssssasssssssssssssmssnees 47
3.1 INtroduction.....ccciiiiiiiiiiiiiii 47
3.2 Criteria for Questionnaire Participants ........ccccceeeeeiiiiiieiiiisseceeseeeeeeee e eeeeeeeeeees 47
3.3 Design of QUESLIONNAINE ......uuueeriiiiiiiiiiinerieiiinieeee e asss e s s snns 48
3.4 Methodology for Questionnaire Response Analysis..........cccvceeeririiiisiinnneniiiisssnnes 48
3.5 Case Study by Energy Modeling ........cccoveeeiiiiiiiiiisnnneiniiininnnnneennnisssnssseennnssneees 52

CHAPTER 4: SURVEY RESULTS AND ANALYSIS.... s s sssssssesssesssmsssssssssssses 57
L 0 101 oY WLt ' o N 57
4.2 Participants' Data ANalysSiS.......ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeemeeeeemmessessssmenne. 57

4.2.1 AZE GIrOUPINE ceeieereierirteeeiiiee sttt seire e st e s e e s nne e e sneee e s snreeesenreeesnnnes 58
4.2.2 EAUCALIONAl LEVEI ..cooeeeieecieeeeee ettt e 58
4.2.3 Professional Field..........coovuiieieiiiie et see e e e 59
B N 0 1 Y=Y g AV SR 60
R O1=Y o a1 Tor= Y o o PO 60
4.2.6 Sources of Green Building Knowledge..........cccveeeeiieeiiciiee e 61
4.3 Response Analysis using Analytic Hierarchy Process (AHP) .........cccceeeeeeeeeeeeeeeenneee. 62
4.4 Chosen ENergy Criteria......cceeeeeeeeeeeeeeeeeeeeeeeeneeeeeeeesessessssssssssssssssssssssssssssssssssssssssnsss 68
4.4.1 Prerequisite - Minimum Energy Performance (Mandatory)........c............ 69
4.4.2 Credit 01 - Use of Renewable Energy SOUrces.......ccccevvveeeerciieececeneee e 70
4.4.3 Credit 02 - Building Envelope Efficiency Strategies .........cccecveeeecverernnen. 72
4.4.4 Credit 03 - Use of Energy Efficient Appliances and Equipment ................ 73
4.4.5 Credit 04 - Building Systems Automation and Controllability .................. 74
4.4.6 Credit 05 - Eco-friendly Refrigerants & Fire Suppression Systems ........... 76
4.4.7 Credit 06 - Operation and Maintenance Practices ........cccovvveeveeeiecnnnnennn. 78
4.4.8 Credit 07 - Metering and Sub-metering of Building, zones and systems.. 79
4.4.9 Credit 08 - Building-related Transportation Impact ........cccccccvveeecvereennnen. 81
4.5 SUMMATY cuuiiirneiiiinneiinmnneiiimmmsssmsssssisssssissssstssssssssssssssssssssssssssssssssssssssssssssssssssnnsss 83






CHAPTER 5: CASE STUDY - ENERGY MODELLING OF AN EXISTING BUILDING

AND FINANCIAL IMPACT ANALYSIS.....cocitritrismsserssessesssessssssssssssssssssssssssmsssssssssens 85
5.1 INtroduction...ccccciiiiiiiiiiiiiiiii s s s e e e e 85

5.2 Energy Modelling Definition ........ccccevviiiiiiiiiiiiiiiiiiinreeeeeeeeeeeeee e 85

5.3 SIMUIQtioN ProCess.....ccccviiiiiiiiiiiiiiiiiiiiiieeinirirneree s s s s s e s e s s e s s s e s s sesessenees 91

5.4 Simulation Results and DiSCUSSION .......ccccevviiiiiiiiiiiiiiiiiiiieereee e e eeeeens 98

5.5 FiNancial ANalySiS.....cccvviiiiiiiiiiiiiiiiiiiiiiiiininierrrere e e s e e e e s s s e s s e e e eees 103

5.6 Application of Building Management System (BMS) ........cccccceerrreiccrsnnnennessecsnnns 107

5.7 SUMMANY .ouiiiiiiiiiiiiiiiiiiiniieiiissiinsssassssssstrssssssssssssssssssssssssssssssssssssssssssnssssnsssssss 113
CHAPTER 6: CONCLUSIONS AND FUTURE WORK ... rcrrsccrssssnscssmssssssmsnsnnns 115
6.1 Proposed Energy Credits for EGYPt......cccevviiiiiiiiiiiiiiiiiiiiiiininnnnnnneeeeeeeeesssesseeeseeeeens 115

(e ST I o o (RPNt 116

Vi






LIST OF FIGURES

Figure 1-1 - The Three Pillars of Sustainability ...........ccccoeviiiiiiniiniiicsce 5
Figure 1-2 - BUilding Life CYCIE ......ooovviiiiieiieceeceeeeee e 6
Figure 1-3 - The cost of Certified Versus Non-certified buildings............c...c.c....... 9
Figure 1-4 - Egypt's Generation Capacity bY type.......cccvvevieiiieiieniieseece e 11
Figure 1-5 - Egypt's Fossil Fuel Consumption (in Kilo ton of oil equivalent (Ktoe))

................................................................................................................... 12
Figure 2-1 - CASBEE Tools Coverage throughout Building Life Cycle.............. 18
Figure 2-2 - LEED Triple Bottom Line, representing the dimensions of

SUSEAINADTIIEY ..t 21
Figure 2-3 - LEED Certification LeVelS .........cccevieiieiie e 23
Figure 2-4 - The Green Globes Rating Scale...........ccccevvveiiiicie s 24
Figure 2-5 - The Energy Star LOGO .......ccovviiiiiiiieiie e 25
Figure 2-6 - The four Pillars of EStidama..........cccoovviiiiiiiniiin i 29
Figure 2-7 - The Egyptian Green Pyramid / Green Building Council Logo ......... 36
Figure 2-8 - Standards Criteria per Energy Theme........cccoccvviviiniiiniiieseeseeneenens 44
Figure 2-9 - Total Criteria Percentage per Theme .........cccoccvvivieviniieineseeneennn 44
Figure 3-1 - AHP Matrix Calculations...........ccccceviiiiiieiie e 50
Figure 4-1 - Survey Participants Age GrOUPS.......cceevveereeereesrieesieeseeesseeesseeanseens 58
Figure 4-2 - Survey Participants Educational Level ..........c.ccccovvviiiiniiniinenennns 58
Figure 4-3 - Survey Participants Professional Field ............cccccoocviiiiiiiiiiicninennn 59
Figure 4-4 - Survey Participants Career LeVel .........cccoov e 60
Figure 4-5 - Survey Participants Certifications ...........ccccooeverenenicne s 60
Figure 4-6 - Survey Participants Knowledge SOUrCes..........cccovvviieneiininncnnnn 61
Figure 4-7 - AHP Analysis Spreadsheet Sample Input............cccooovveviieici e, 62
Figure 4-8 - AHP Analysis Resulting Decision MatriX.........ccccceevvevivenieeeneesnnnns 64
Figure 4-9 - AHP Analysis Spreadsheet Complete Input..........ccooeviiiiiicinnn 66
Figure 4-10 - AHP Analysis Spreadsheet Calculations...........c.ccocvvvniniiiicinne. 67
Figure 4-11 - AHP Analysis Spreadsheet OQUtPUL..........cccoeceeeiieicii v 67
Figure 4-12 - Survey PrerequiSiteS VOUtING .......ccoooverieienenieie e 68
Figure 4-13 - Final Prerequisites and CreditS ..........ccovvverinieienesiene e 84
Figure 5-1 - History of Energy Modelling TOOIS.........cccooeeiieiiieiiiece e 87
Figure 5-2 - Photograph of the Chosen Building..........ccccoovveviiiiiiii e 92
Figure 5-3 - Floor Plan (Footprint) of The Chosen Building .........cccccoovvviinnnne. 92
Figure 5-4 - eQuest Wizard SeleCtion...........ccoeiiiiiieiiieiee e 94
Figure 5-5 - eQUESt MaiN SCIEEN ........eeeiii et ree e 96
Figure 5-6 - eQuest Energy Efficiency Measures (EEM) Wizard......................... 97
Figure 5-7 - eQuest Simulation Progress........cocevieiieieiesieie e 97
Figure 5-8 - eQuest Simulation Completion SUMMary .........ccccceeeievieeveenie e 98
Figure 5-9 - eQuest EEM Runs Versus Baseline Simulation .............c..cccceevene. 100
Figure 5-10 - eQuest Simulation Output (Annual Utility Bills Based on LV Utility

RALES) ..o 100

Vil



