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Summary:

Residential buildings nowadays are progressively looked for meeting higher and
more complex performance requirements; they should be sustainable, healthy,
comfortable environment and smart for the occupants. Various attempts have been
made to create low energy Residential buildings based on the sustainable energy
performances.

Recently, The Concept of net Zero Energy Buildings (nZEB) has become an actual
existence with proven effectiveness. Intelligent Buildings (I1B) can also be evaluated
as the main component of reducing power consumption.

This study presents new insights for achieving The Concept of net Zero Energy
Intelligent Buildings (nZEIB) based on analytical study.

The development of key indicators of the ZEIB concept can become part of the
national and international standards for residential buildings.

The research focuses primarily on Passive Architecture (PA) Techniques and
Renewable Energy Sources (RES) in building and integration with Information
Technology(IT).

The research suggests The (nZEIB) methodology as a possible solution for the
problem and provides a guideline to be used among the luxury residential buildings.







Table of Contents

TABLE OF CONTENTS ... oot \%
LIST OF TABLES...... ..ot X1l
LIST OF FIGURES...... ..o XVI
NOMENCLATURE........oo e XXI1
ABSTRACT et eeas XX
THE MASTER THESIS TITLE.......cciii e XXIV
INTRODUCTION. ..ottt XXV
RESEARCH PROBLEM........cooiiii e XXIX
RESEARCH IMPORTANCE........coo e XXX
RESEARCH OBJECTIVES........ooo et XXXI
RESEARCH QUESTIONS.... ..ot XXX
METHODOLOGY ..ottt XXX
HYPOTHESIS. ... XXXIV
THE THESIS MAP....... e XXXV
CHAPTER (1): Energy Problem in Egypt

1
1.1.INtroduction....ccceveeieieineineieieineieciecieiniieciecnecnceacsacecncnnne. 2
1.2.Energy Problem Reasons..........ccceevveiiniiiiiiiiiiiiniiniiieiiniennen. 2
1.2.1. Global Warming by thermal Pollution..................c..c.oooii. 2
1.2.2. High Population Growth Rate & Awareness.............c.ccovveieveennn... 2
1.2.3. High Energy Consumption growth rate & Building Envelope............ 3
1.2.3.1. Energy Consumption by Sectors...........coceveiiiiiiiiniiiiniiinnnnnn. 4
1.2.3.2. Energy Performance of Building in Egypt.................coooiiinnin. 4
1.2.3.3. Energy Consumption in Residential Building............................. 5
1.2.3.4. Thermal IN-Efficiency........c.ccooveiniiiiiiiiiii e
1.2.3.4.1. Building Envelope..........ccooiiiiiiiiiiiii e /
1.2.3.42.  Efficient APPHANCES. ... . voveveeeeseeseseeeeeeeees oo, 8
1.2.4. Energy Consumption Impacts on the Egyptian Environment............... 9
1.2.5. Targets of the government and exploring the long term solutions......... 10

11

12



1.3.Renewable Energy Resources and Potentials...........c.cccceeeinennn..

1.3.1. Egypt’s Renewable SOUrces...........oovvviiiiiiiiiiiiniiieiieeennenne.

1.3.1.1. Hydroelectric POWeT..........uiuieiii i

1.3.1.2. S0lar ENergy. ... vouieiiii e
1.3.1.3. WINd POWET. . ...uieieii e
1.3.1.4. NUCIEAI POWET.....euitititii it
1.3.1.5. Organic waste treatment. . .......o.ovverentetieeterrereeeieeneennennenn

1.3 L0, BiOTUCIS. oo
1.4 Thermal ComEOrt....eeu..eeeeeeeeeeneeeeeeeesoeeesesecsssssssccsssssssssssasass

1.4.1. Thermal Comfort definition..................cooiiiiiiiiiii
1.4.2. Thermal Comfort Factors..............cooiiiiiiiiiiiiii e
1.4.3. Thermal Comfort ZOne. ........c.oouviiriiini i e e,
1.4.3.1. Fanger Thermal Equation................coviiiiiiiiiiiiiii e
1.4.3.2. Predicted Mean Vote (PMV)......coooiiiiiiiiiiiiiieceeeee e
1.4.3.3. Thermal Comfort Standard and Bio-Climatic Charts.....................
1.4.3.3.1. The Bio-Climatic Chart of Olgay ... ..........ccccceeveireeieenrenans
1.4.3.3.2. The building Bio-Climatic Charts... ..........cc.cc.cccoveeveneeene.
1.4.4. Thermal Comfort iN EGypt........c.oviriiiiiiiiie e

1.5.Egyptian Residential Energy Code (EREC).........ccccccceveiineinnnnn.

1.5.1. Energy Code as Strategy for Energy Efficiency in Building...............

1.5.2. Approaches of Building Energy Codes.............cccoveiiiiiiiiiiiinin.n
1.5.2.1. A prescriptive ApProach...........oouvieiiiiiiiiii i
1.5.2.2. Atrade-off Approach...........coooviiiiiiiii
1.5.2.3. A performance Approach..............oooiiiiiiiiiiiii
GI O11) 1 6 LT 11 1 PO

CHAPTER (2): Net Zero Energy Intelligent Buildings
(nZEIB) Overview

2.1.INtroduction.....coeeueiniieiieiieiniieiieiiiiniieiieiiiiiietietietiteniensnenns
2.2.Chronology of sustainable Developments.........c.ccccovveiiiineinennnnnn.
2.2.1. Sustainability in Urbanization and Landscaping.................c...ocoenin.
2.2.2. Sustainability in Buildings............c.ccoiiiiiiii
2.3.Net Zero Energy buildings overview.........cccceeviieiiiiieiieiieiannnnns
2.3. 1. INtrodUCHiON. .. ...uni e
2.3.2. Chronology of Zero Energy Buildings Definitions..............................
2.3.2.1. Net Zero Site ENergy......ooviriiiiiriiiii e
2.3.2.2. Net Zero Source Energy........ocooovuiiiiiiiiii i
2.3.2.3. Net Zer0o Energy CostS. . ouuiuiiiitit ittt et e e ee e
2.3.2.4. Net Zero Energy EMisSions........c.ovviiiiiiiiiiiiiiiiiiiiiiieneneeeiennenn
2.3.3. Design Concepts of Zero Energy Buildings..................coooiiiiiin..
2.3.4. NZEB General Methodology.........c.ooeiviiiiiiiiiiiiiiiiiiieceeean
2.3.4.1. Data Collection and Analysis............ooieiirieiiiiiiieeiieeeeieeenaans
2.3.4.2. Energy Performance Enhancement................cooiiiiiiiiiiiiin..
2.3.4.3. Renewable Energy Systems.......o.ovuiitiiiiiiiiiiiiiiiieeieeieeeaaaan
2.3.4.4. Main Aspects Of NZEBS. ..ot

VI

15
15
15
16
17
17
18
18
19
19
20
22
22
22
23
23
25
27
29
29
29
29
29
30
31

32



2.3.5.
2.3.6.

NZEB IN Egypt. ..ot

Alternative Approach of Zero Energy Building..............................

2.3.6.1. Off-Grid Net Zero Energy Buildings..............cocovviiiiiiinininnnnnnn.
2.3.6.2. Partial Net Zero Energy Buildings.............c.coovvviiiiiiiiiiiiininnn.,
2.3.6.2.1. Near Net Zero Energy Buildings................cooeviiiiiiiiiiiiiiin..
2.3.6.2.2. Net-Zero Electricity Buildings.............cccoooiiiiiiiiiiiiiiien

2.3.6.2.3.  Net-Zero Energy Ready Buildings............c..ooovviiiiiiiiinnnn...
2.3.6.3. Net-Zero Energy for Multiple ...........coooiiiiiiiiiiiiiiiee,

2.3.7.
2.3.8.
2.3.9.

Zero Energy Buildings Objectives. ...........ovveviiiiiiiiiiiiiinien,
Zero Energy Buildings Principles.............coooiiiiiiiiiiiiiii
Zero Energy Buildings Indicators............c.ooooiiiiiiiiiiiiiiiian.,

2.3.10. NZEB ApPPLiCatioNS. .....ouveetietititeete et e eseeeeteeteeenteaenaeanans

2.3.10.1.  nZEBGIlobally......c.oiiiiiii
2.3.10.2.  nZEB Feasibility.........ooviiiiiii i

2.3. 11, CONCIUSION. ...ttt ettt e

2.4.Intelligent Architecture Concept overview

2.4.1.
2.4.2.

Intelligent Building Definition. ...,
Infrastructure and Networking..................oooiiiiii.

2.4.2.1. State of the Art for Building Applications......................oeeee.n
2.4.2.2. Potential role of wireless communication in NZEB/PEB............
2.4.2.3. Discussion on networking and infrastructure...........................

2.5.Towards The Concept of Zero Energy Intelligent Buildings .....
PO 6101 1 T8 LI T3 1) | DO

Chapter (3): International Case Studies for Zero Energy Housing

Community

ST 0415 Y0 1 Ut 0 (1) 1 DA

3.2.BEDZED Community: Beddington Zero Energy Development in

1) 1 (1) 1

3.2.1.
3.2.2.
3.2.3.
3.2.4.
3.2.5.
3.2.6.
3.2.7.

Design CONCEPL. . .uneieneiet et
ATCRITECTUTE. ..ottt
Construction and Insulations...............coeveveiiiiniiiininiiiennn.
Energy Efficiency.........c.ooviiiiiii e
Energy Supply...oooeii
Energy Balance............ccooiiiiiiiiii
L0 0] 15107 5 0

3.3. KARAFTWERK B in London.......cccceeeeeeeeeeeneeeeeceeennes

3.3.1.
3.3.2.
3.3.3.
3.3.4.
3.3.5.
3.3.6.
3.3.7.

Design ConCePLt. .. uuintiintiii et
ATCRITECTUTE. .ottt

Construction and Insulations...............coooeiiiiiiiiii ...
Energy Efficiency..........ooiiiiiiiii e
Energy Supply...oooeiiii

Energy Balance.............coooiiiiiiii
L0 10 15107 5

75

76

77
77
78
78
79
80
81
81



3.4.RENOVATION BLAUE HEIMAT in Heidelberg............ 89

341, DeSign CONCEPL. . .uuutit ittt 89
342, AIChItECIUI®. ... .ttt 90
3.4.3. Construction and Insulations................cvviiiiniiniiiniianinnn.. 90
3.4.4, Energy EffiCiency........ccoouiiiiiiiiiiieeeeeeee e 91
345, Energy SUpply.....oviniiiiii e 91
3.4.6. Energy Balance..............ooooviiiiiiiiiiii i 93
BT, ODJECHIVES. .ottt ettt et e e e e 94
3.5.Solar Community in Freiburg........cccceeeveiireiinieninnennnns 95
3.5. 1. Design CONCEPL. .. .uvneriie e 95
3.5.2. ArChItECtUIe. ...\ttt 96
3.5.3. Energy Efficiency........cccoviiiiiiiiiii e 96
3.5.4. Energy Supply.....coeouiiiiii 98
3.5.5. Energy Balance..............ccoovviiiiiiiiiiiii i 99
3. 5.6, ObJECHIVES. ..ottt ettt 100
3.6.Energy Plus Community in AUSEIia....ceeeeeerneenreaennennnns 101
3.6.1. Design CONCEPL. .. .uvneritee et 101
3.6.2. ArChItECTUIE. .. .ov vttt 101
3.6.3. Energy EffiCiency.........cccoiiiiiiiii i 102
3.6.4. Energy Supply.....cooouiiiiiiii 103
3.6.5. Energy Balance..............c.oiiiiiiiiiiiii 104
3.7.CONCIUSION. «.uueernenrnnrneenrneenreeneenraeeseacnsensncensanns 106
CHAPTER (4): An Analytical Study - Base Case study 107
4.1.Introduction.....ccoceveiiieiieiieiiiiniieiieiiiiiietieiieieiieenns 108
4.2 Criteria of Choosing the sample study.........c.coeeeveiininnnen. 108
4.3.The Analysis Methodology Process........ccccevveiiuinennnnnnns 109
4.4 Criteria of Choosing Simulation Programs...................... 111
4.4.1. Site ANalySIS......ouiiiniiii i 115
4.4.1.1.Geographical Location................coooiiiiiiiiiiiii 115
AA41.2.CHMALE. ....utinte e e 116
4.4.1.3.General Conditions...........ooooiiiiiiiiiiiiiii 118
4.4.2. Solar ANalysiS........ccouiiiuiniiiiiii 120
443, MethodOlOgY.....ooviiri i e 120
444, SOIAr ConditionsS. .......c.oueririniiet ettt 121
4440 WINA ROSE.....ouititiiii e 121
4.4.4.2. Sky_D(_)me ........................................................................... 199
4.4.4.3. Radiation ROSE. .......c.iuiiiiii i
4.4.4.4.Solar RAdation.........c.ooiiiniii e 123
4.4.4.4.1.Simulation PrOCESS. ......o.uvuinieititeteieiei e 123
4.4.4.4.2.Simulation ReSUltS............o.ouiiiiiiiii e 125
4.45. Air Temperature and PMV Simulation....................ooevinne. 127
4.4.6. Wind Speed Simulation 129
4.4.7. Conclusion 131

VI



4.6. An Experimental Study-B.C — Building Scale.................. 133
4.6.1. INtrodUCtION. .......ouineiiiit i e

4.6.2. Description of the geometric model...............cocvviiiiiiii i, 133
4.6.3. Methodology of the base case simulation.................ccooeviiiiiinn.n. 133
4.6.4. Z00NING ASSUMPLION. .. .ututtntttteeeteettentnneeneeneenenneteaneanenseeneanenss 134
4.6.4.1. DAY ZONC....onenieitit it 136
4.6.4.2. Night ZONe. .. ..ottt e et et e e ans 136
4.6.4.3. WEt ATCA ZONC. ... enuineteee ettt 136
4.6.5.  OCCUPANCY . ..uvttinentti et ettt et 136
4.6.5.1. OCCUPANCY TALES. ...t etentententententetatanteteteeteseetesasensansensennenes 137
4.6.5.2. Occupancy Density.......o.vueuiuininiiiiiiiii e 137
4.6.5.3. Occupancy Schedules. ..........o.oiiiiiiiiiiiiiiiie 137
4.6.6. Energy Characteristics of Luxury Residential Apartments.................. 139
4.6.6.1. Apartment APPlanCes. ... ....c.ovuiueiuiniitiiiti i 139
4.6.6.2. ELVALOTS. ... .enenit ittt 141
4.6.7. Base case INPULS. .....oouiiuiiiii e 142
N BN+ A 1 142
A.6.7. 0.1, APArtMENt.........ocovei e et ee aee eee et et ee aes et e vee ees s ve vevee ees s neeees 142
4.6.7.1.2. SHAIFCASE... ... oo ceeeee et et e ettt e e et e eee e e ee vee eee e 143
4.6.7.1.3. EQUIDIERL ... ... ... cvvies et it iee e et ee e e vt e vee aee st vn vevee ees s neneee 144
4.6.7.2. CONSIUCLIONS ... ...ttt et et e e 146
4.6.7.2.0. External WallS... ... ....ccccoue e iin i it e et et e e e et e e e e e e 146
O O L (o e A P 146
A.6.7.3. OPCIINES. ...t ettt ettt et ettt et e ettt e 147
A.6.7.3. 1. WIRAOWS ... covveves oot it e e et et e e et et e e ees et te e 2es ven et as e aas 147
4.6.7.4. Lighting. ... 148
4.6.7.4.1. Artificial LigRting ... ... ... .c..ccc oot ot iot s et et e et e et e e e e, 152
4.6.7.5. HVAC SYS oM. ..ttt e e e e e 153
5.6.8. Base case OUIPULS......couitieitiiti it 155
5.6.8.3. Weather OUtputs. ... ...ooieieit it 155
5.6.8.4. Cooling and Heating Design............ccouiviiiiiiiiniiiiiiiieieeieeieanns 156
5.6.8.4.1.  Co0ling DeSigN ... ..o iitee ettt et ettt et et e e e e e e 156
5.6.8.4.2.  Heating DeSigh.............c.cecoeieieeeesieiciree tee eeesirvevee e seesr e veeaeee ADT
5.6.8.5. Internal Gains.........ovuiiit it 158
5.6.8.6. Fabric and Ventilation...............oooiiiiiiiiiii e, 160
5.6.8.7. Fuel Breakdown............ooiiiiii 162
5.6.8.8. Daylighting and Artificial Lighting................cocoiiiiiii 164
5.6.8.8.1.  DapliGhting...........c.ceoeeiiiiir it e e et e e e et e e e et e e e e 164
5.6.8.9. Natural and Mechanical Ventilation..................coooiiiiiiiiiiiiiiin., 167
5.6.8.10.  Natural Ventilation... ... .......c.ccoieevee oo e cee vee et e e e e s e aee aen 167
5.6.8.11.  Mechanical Ventilation... ................ccccei v e et ee it e eee e e s e e 169
5.6.8.12. Energy End UsSe.......ouonuiniiiiii e 170
5.6.8. 13, SUMMETY. ...ttt e e e e e 171
ST G117 114 11 111 | 173

CHAPTER (5): Reduce Energy Consumption for The Base-

Case 174

IX



0.1.INtroduction.....ccceveviiiieiiniiiiiiniiiiiierinieietiecinecnnes
5.2.Upgrade the Base-Case at Urban Scale.....................

5.2.1. The Urban Modifications at the Base-Case..........cooveeeeeieeiiiinn..

5.2.2. Air Temperature and PMV Simulation..............................
5.3.Applying the Egyptian Residential Energy Code(EREC)...
5.3. 1. INtroduction..........couiiiriiii i e

5.3.2. Energy Characteristics of Luxury Residential Apartments............
5.3.3. Modifications INPULS.........ovuiitiittitiiia e,
5.3 3 L A VLY . ettt e
5.3.3.2.Thermal modifications for Code-Case..............c.cccoevevinininenan...
5.3.3.2.1. External Walls ... ........cccoooiiiiiiiiiiiitiie it et et e e e e e
5.3.3.2.2. ROOS . et e e et e e e e e e e e e e e e e e e e e
9.3.3.3 0P CIINES . ettt
5.3.3.3. L. WIRAOWS ... ... oo ov ettt et e e et e e e e e e e e e e e
5.3.3.3.2. Shading Device... ... ... ... cceoee ettt et ee e e e et e e e e e
5.3.3 4. LIGhtING. ...

5.3.3.4.1. DaAYIIGRIING... ... ..o oov ettt et e e e e e e e e e e

5.3.3.4.2. Artificial LIGhting ... .......cc.cce e eeiee e et et it ee eee e e ee e e
5.3.3.5.Natural Ventilation..............cooiiiiiiiiiiii i
5.3.3.6.HVAC SYStBM. ...ttt e

5.3.3.6.1. Solar Hot Water System...

5.3.4. Code Case Simulation Results (Bulldmg Scale) ........................

5.4. Reduce Energy Consumption (Manual-Case-01)...............

5.4 1, INtrOAUCHION. . . . e e e e
5.4.2. Thermal modifications for Code-Case...........covvueiiiiiiiiiiiiainnn,

5.4.2.1. EXternal Walls......oooineiii e e e e
B 2. 2. ROO . . e
L3R T © 7<) 1131V

54,31 WINAOWS. .ttt e
544, LAghting. .. ..ottt e
5.4.4.1. Artificial Lighting.........cooooiiiiiiii e
545, HVAC SYSIeIM. ..ottt

5.5.Manual Case (01) Simulation Results........ccccviieiiiiniiniincnnnnn

CHAPTER (6): Towards a net Zero Energy Intelligent
Building (nZEIB)

6.1.INtroduction.......ccoeeieeienieneeniereenensaennnnnnnnnns

6.2. Upgrade the (Manual-Case-01) to the (Manual-Case-02)............
6.2.1. Thermal ModifiCations............c.vuiriiiii e
6.2.1.1. Openings modification...............coooiiiiii i

6.2.1.1.1.  Window ModifiCation.........c..oeeiemm e

6.2.2. LIghting. .. ...
6.2.2.1. Natural Lighting.........coooiiiiii e

175
176
177
180
182
182
183
184
184
185
185
185
186
186
186
187
187
189
190
191
191
192
196
196
197
197
197
198
198
199
199
201
202

205

206
207
207
207
207
208
208



6.2.2.2. ATEiCIAl LIGNENG. ... .veeveeeee oo 209

B.2.3. HVAC SYSIEM. ... ettt 210
6.2.4. (Manual-Case-02) Simulation Results.................c.ooooiiiiiiiins. 211
B.2.5.  SUMMAIY ...ttt e 213
6.3. Generate POWer....cccceiiiiiiiiiiieiiiiineieiienscesensscesnsscosnnsscnnnnss 214
6.3.1. INtrodUCLION. ... ... 214
6.3.2.  Photovoltaic Panels.....................coo 215
6.3.3. Microwind turbiNgS. ........coovirii 217
6.3.4. Sumr?ary ........................................................................... 219
RN 01} 1 T8 11T (1) | DN 220
General Conclusion and Recommendations......ccceeveneene.. 222
REFERENCES. .. ciitiiiiiiiiiiiineeietiteneeensensenecensensennsansenssansnns 235

Xl



Table (1.1):

Table (1.2) :
Table (1.3):
Table (1.4):
Table (1.5):

Table (2.1):
Table (2.2) :
Table (2.3):
Table (2.4) :
Table (2.5) :
Table (2.6) :
Table (2.7):
Table (2.8):

Table (3.1):
Table (3.2):
Table (3.3):
Table (3.4):
Table (3.5):

Table (4.1):
Table (4.2) :
Table (4.3):
Table (4.4):
Table (4.5):
Table (4.6) :
Table (4.7) :
Table (4.8):
Table (4.9) :
Table (4.10):
Table (4.11):

List of Tables

CHAPTER (1)

Population size of the most populated 15 countries in the

WOrld IN 2014 . ... 3
Egypt Population size and annual Growth rate (1897-2015) 4
Total Energy Consumption by Fuel (2014)..................... 4
Overview data for Egypt Electricity.............................. 6
Thermal sensation scale..............coooiiiiiiiiiiiiiiiiiinns 23

CHAPTER (2)

Net-Zero Energy Building (NZEB) definitions............... 41
ZEB Renewable Energy Supply Option Hierarchy............ 42
Challenges for smart Net ZEBS................ccooeiiinnn. 49
The six main building design aspects of NZEBs design...... 51
Principles for nearly Zero-Energy Buildings.................. 59
Quality Modules for Intelligent Buildings..................... 66
Key constituents of sustainable intelligent building design... 67
Protocols used in building automation........................... 69

CHAPTER (3)

BEDZED Community General Specifications.................. 77
KRAFTWERK B General Specifications......................... 83
Renovation Balue Heimat Community General Specifications.g9
Solar Community General Specifications......................... 95
Energy Plus Community General Specifications................. 101

CHAPTER (4)

Building Energy Simulation.....................ooooiiinn. 112
Process of "Solar Radiation™ Simulation at Grasshopper.... 115
The climate classification ..................cooviiiiiiinn.. 116
Land Use Budget for Astoria Park Compound................ 118
Data Entry for Base-case- Envi-Met............................ 120
Wind Rose ANalysiS.........ooviiiiiiiiiieeeee, 121
Sky Dome ANalysSiS. ......oviiiiiiie 122
Radiation Rose Analysis............cccoviiiiiiiiiie, 122
Solar Radiation Simulation Process..................ccoeevene. 123
Process of "Solar Radiation™ Simulation at Grasshopper..... 123

Air Temperature and Predicted Mean Vote (PMV)

simulation results (Envi-met)..................oooiiin 128

Xl



