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ABSTRACT

Buildings around the globe consume almost 40 % of energy, and building operations are based on
non-renewable sources of energy, e.g., ventilation, air conditioning, electricity, heating, which
contributes to over 33% of greenhouse gases. To sustain our future generations from the adverse
effects of greenhouse gases, buildings hold a major potential. If a building greatly reduces energy
needs through efficiency gains such that the balance of energy needs can be supplied with
renewable technologies-thus, that building can be termed as zero energy building.

To achieve a zero building concept, the building should be designed to reduce energy
consumption to a minimum. The building should be able to produce energy on itself. To achieve
the aim of this concept, building envelope’s, facades are the ultimate potential key in an envelope
which will lead to minimum energy consumption and also energy production with the help of
photovoltaic facades

Building-integrated Photovoltaic facades are an important solution proposal. However, its
implementation is accompanied by significant challenges in terms of the complexity of processes
and technologies involved and the adaptability of these solutions to different geographical areas
with particular climatic conditions.

This research aims to assess the viability of the implementation of photovoltaic facades in
commercial and residential projects. The viability will be studied in terms of the overall savings
in the power usage, economic feasibility, and detailed techno-commercial study and comparison
with the conventional facade methods.

The objective of the study of study are:

e Energy production details.

e Impacts on the cost in comparison with electrical power consumption.

e Possible aesthetics of the photovoltaic facades.

e Research & developments in building design for the maximum application of the
photovoltaic facades.



e Commercial study & comparisons between conventional facade system & photovoltaic
facade system.

e A detailed study in terms of the life span and indirect benefits.

e Report on the reduction of greenhouse gases emissions to electric power usage.

The methodology for researching photovoltaic facades in terms of different aspects ( commercial,
technical, aesthetics) will be carried out per the following steps:

e Selecting a prototype model for a commercial and residential building
e Evaluate the model climatic properties like temperature, sun orientation.
e Creating a base model with conventional facade systems.
e Evaluating the general energy consumption with conventional facades.
e Development of the same model now with integrated photovoltaic fagade systems,
keeping following factors:-
i.  Tilted facade: Good idea to increase yield while paying attention to overheating A
ii.  Where to integrate. In vision and no vision. If transparent, what is required, g-
factor, v, etc.... A
iii.  Shadows often exist, study to carry A
iv.  Determine zones not allocable to PV: near doors, trees, details, terraces ... A

V. Insulated modules are not back-ventilated A
vi.  Where and how are the wiring ways going inside the building? Construction
details.

e Detailed cost analysis.



Jie ddldall soaatia ye joblas ;u\&h&«:m_sciﬂu\w/40wuﬁu?ﬂan ;LAJ\C..}A:GB‘;\L\A\M
oAl Gl @ 3le e 7 3300 ST 8 st by Las (Al 5 oy 3eS g o) sl Can 5 4y sl

nS o ) Ay ) G35, 5 S S Lgal bl (8 ol <l Jlad 5 jlall HEY) e Alial) Wl dalainY
¢aadadall Sl o ¢3S A8 ilalial ¢ 5) 55 29 35 S Cusy 3eliSH 8 S (3083 JOIA (e ALl Cilaliial) (e
a8l oy agle (3l () (Say aal) lld fa

1o el 0S5 o o, 0Sae aa ol ) A8UY @il Qi il asenad iy ogsball el o sede (38Tl
A gaall g 5 8ac by AUl 25 Liayl 5 A8l gl (o a1 aall ) 5050 A

illaall aad Cim (g 808 Glday G gname sl O e aee da ) ) & ALaSiall 43 am 5 5eSl) gl
Al A lial) i Bl 3 Al i) pliall (it e Jplal 038 g5 A0S 5 Aginall i 51 5iSE

O (sl Al o a5, Al 4y Hlaill a jliiall (840 gt g Sl Cllgan) sl) 285 (5 g s ) a3 oy
Aol

s oa Al A ja (e Caagll

A ) Jaalis o

Al S AUl @Dl A0 e Al e el pilEll o

A gl gl sl dldiadll Glllasll @

At geal) gl sl ) Gl sl pansi 8 skl S dl o
A puall gl ) ol g dgalaill dgal o pUas (o U e Ay lad il 2 e
Bl e 21 sall g yell g2e e Aliada Al )0 @

Al eI A8 alasiind ) Aaall < 5le il paddl e )i e

) phadll 168 5) lallaad) g Auidl) 5 Ay jladll (Aabidall il galdl s (e A3 g g yeSI lgal Il A il Aagia 285 o
Aaul)



S5 5kt el ol Zsa laal

(osaitll el 5 b)) jall< A 5 Jie Aynd salll Laliall Gailiadl] oy
Apalal] dgal sl dakail pa 3acl8 23 pai L)

Apulil) Cilga Il Z8UAD alal) i) ans

Z el gall e i) e cALalSall Gt sl a5l Aadail ga Y1 3 ail) iy she

5l A o gl y) ) L) e ilall 83 31 5 5_S6: AL gl )

o & epmalal cale st sa Le ddle 13, Ay, Y5 Ayl A, JalS
Lelead Al 50 can 5 L Llle JU)

o s )5 Jualéill  Jlad ¥ s Ol ) e il PV 2aaill ALE e laliall miaas
Al 2 53 D Canad A g ) Clas )

) Jualds, il Jals @Y 55k e oy o

A
Al
A
AV
Vv
Vi



ACKNOWLEDGEMENT

I highly esteem my supervisor, Dr. Hanan M Taleb (Ph.D., M.Arch, MSc, MA, BA) for the
guidance and assistance accorded to me in the successful development of this research.

| also recognize and appreciate the British University in Dubai community, staff, and colleagues
for their support, cooperation, and availing their amenities and facilities to facilitate the research.

I would also like to thank and appreciate my family, friends, and acquaintances for their support
and backup. Through their support, love, and care, | successfully reached the end of my Master's

studies.



DEDICATION

First of all I dedicate this study to Almighty God, who has given me all the strength and wisdom
to execute this work.

To my parents Mr. Mathai K.M and Mrs. Aney Mathew who haved paved the way of the light of
knowledge to my life.

To my loving wife Mrs. Jelitta Jose and my kids Antony, Rose and Francis for all the inspirations
and moral supports.



Table of Contents

LSE OF FIGUIES ..ttt sttt b e bt b e e bt sb e b et et et eneebeeneebeneennen iv
LISE OF TADIES. ...ttt ettt b et et e st neens ivi
LiSt OF ADDIEVILIONS. ....c..eitieeeee ettt nee viii
1 CHAPTER 01: INTRODUCTION ...ooiiiiiiiiiiiteeettete ettt sttt sttt sttt et sbe e e st be s et 1
1.1  Global Warming & Green HOouse EffECES........ccoiiieeiiiiceceeeeeee et 2
1.2 Contribution of Buildings to Green HOUSES GaSES..........cccerreeveriereerienieeeesreeeensesreesessesseesens 3
1.3 Zero ENergy BUIlTINGS......c.ooiririeiiieieieireresetee ettt sttt 4
1.4 Building Integrated PhotovoltaiC FACades ............cceceeirerirenienieieieeeee s 5
1.5  Energy Utilization by BUuildings in UAE .........cooiiiiieeeeeeeeie et 6
1.6 MOtIVALION OF WOTK......cuiiiiiiieiiicic ettt 7

2 CHAPTER 02: LITERATURE REVIEW ...ttt 8
2.1 OVEIVIBW ..ottt ettt h et b et b e bt b et bbbt b ettt n et b s 9
2.2 Buildings & Clmate ChanQE.........ccceiririririeieieieeeee ettt 10
2.3  Green Building's & Its Role in Fight against Climate .........ccccecevvviecenencece e 10
2.4 Definition of Zero ENergy BUIlAiNg .......cccooeeiiiieienicieeseeeee st 12
2.5  Stepsto Zero Energy BUiliNgS........cooveiiiiciiiiicececee ettt s 12
2.6 The implication of Zero Energy BUildingS...........ccooiiieeeiieieniceeeceeere e 15

3 CHAPTER 03: BUILDING-INTEGRATED PHOTOVOLTAIC FACADES.........ccocovviivriirirrienn, 20
Bl OVEIVIBW ..ttt bbbttt a et 21
T B -1~ o] o) 1 o o TP 21
3.3 Orientation of Base Case MOEl .........cccooreiriiniinineeeeeee s 24
3.4  Facade Characteristics (Base Model DeSIgN).......cccoeeeeeririenenenierie e 25
3.5 [ 10 (0N o] | =TT} V] (=] 1 R 30
3.6 SOLAR PV SYSTEMS ON BUILDINGS......cceotiiiiietieteeneee ettt 37
3.6.1 Functional & CoNStruCtiVe ASPECT ....cccccviiiiiiiiie ettt sree e e ee e e rrre e e bee e e e 37
3.6.2 Formal Aspects and AeSTRELICS .......viiiiiiieiccee e e 39



3.6.3 Photovoltaic System Position & SiZING ......cccccuveeieiiiiieciiee e 39

3.7  Facade Characteristics (Base Model Design with Photovoltaic Panels)...........c.cccccevveuvennn. 40
3.7.1 Advantages of Amorphous solar silicone P.V. Glass:-........ccoeeeeviiiiiiiiieeeeceee e 41
3.7.2 Natural Lighting & Selective FIlters ...t 41
373 Insulation Properties Amorphous silicon photovoltaic glass follows both thermal & sound
insulation, which could fabricate as per requireMENTt. ........cccveieiiiiie e e 42
3.7.4 Standard Panel Sizes Available For Amorphous Photovoltaic Panel...........cccccovveeeeiineenns 43

3.8 FiXiNg MethOdOIOgY.......ccuerueieieiieiieiiriereeeeee ettt st 45

3.9  General PhotovoltaiC EStIMEatiON ...........ccoeiriiiiiiiiiiiciece s 47

310 FEaSIDIIITY STUAY ..ccuevuiriiieieieee ettt ene e 50

3.11 Other advantages of Building-integrated Photovoltaic & Green Building Design ............. 63

3.12  Hypothesis and ASSUMPLIONS. ........cceiierierieieeciesteetesieeeestesteeseesresreessesteessessesssensesseessessesseesens 63
CHAPTER 04: METHODOLOGY & STRATEGIES ......ciiiiiiieeeecteeeeeee e 74

A1 OVEIVIBW ..ottt sttt et et h e bbb e b et et e st e ae e bt e b e e bt sa et et et eneeaneneeneeee 75

4.2  Field Studies/ Physical data COlIECTION.........cc.ccveiiiririreneeeccee e 75

4.3  Properties and characteristics of existing building material on Y-towe Adnec building ...76

43.1 Advantages and Disadvantages of Field STUdIES ........ccveeeeeiieieeiiieeeecee e 89
A4 LITErAtUIE REVIEW...c.couiiiiiietiietiieiet ettt ettt sttt 89
44.1 Advantages and Disadvantages of Literature REVIEW ..........cceecuviieieciiieececiiee e 90
45  SIimulation and MOGEIHTING .....cocuieieiiiieee ettt et saesreeneenae s 90
45.1 Advantages and Disadvantages of Simulation and Modelling .......cccoccveviviieieiiiieeeiiiieen, 91
4.6  Adopting a Multidisciplinary APProach ..........ccceceevieieiiiiecereseee e 92
4.6.1 Advantages and disadvantages of the multidisciplinary approach........ccccceeecvieiicinnnns 92
4.7 Integrated Environmental Studies- Virtual Environment (IES-VE) .......ccccceoevveveceeivennene. 93
4.7.1 Advantages and Disadvantages Of IES-VE ........cc.eeiieiiiieieciiee et eettee e et e e e e nraea e 94
4.8 IES VE Integration With SKEtCh-Up .......c.ooieeeiiieeeeeeeeeee et 94
4.9 SUN PAN ANAIYSIS......iiieiiieeeecseeteste ettt ettt e st besreese e ae s st e tesreensesreeneentens 95
4.10 Calculations and EStIMALIONS.........cccoiriririeieeeeeeneeee et 99
Chapter 05: RESULTS AND DISCUSSION .......coiiiiiieeeieteeeiee et 1022
5.1 OVEIVIBW ..ttt ettt b e et b et ettt et b e bt e bt e b et e s enn e e eneenennea 1033



5.2 SUN PAth ANGIYSIS ...ttt bbb 1033

5.3 Energy Saving Situation with Existing Building Material ...........c.cccocevininenenenennennne 1033
5.4 ENErgy EFfICIENCY ...ooiriiieieieiee ettt e 1033
5.5 COSE FEAUCTION.......eitiititeieieiteite ettt sttt ettt b e b b se s n e s e e ene s 1033
5.6  Cost-Benefit VS. INVESIMENT.......cc.ciiiiiiiiieiiteceee ettt 1044
T O o] o 11 ] o o 1044
(27101 FTo o = o] ) V2SS 1055
3T Lo 10909



List of Figures

Figure 1; Pichart indicating the components of GHGs in percentages. CO2 forms the largest portion......2
Figure 2; Carbon emissions are usually a result of our social-economic activities like industrial
PIrOAUCTION PIOCESSES. ....uvveveeuertitestetetestesteseesteseebesbe st e be st e s estes s eseeb e eb e s b e b e se e b e s enteneeseebeebeebe st e s e s et eneeneeneenis 3
Figure 3; Components of a green DUITAING. ......ccveevieieiiceeeeee e e 5
Figure 4; The use of BIPV systems in reducing buildings' carbon footprints and attaining energy
SUTFICIENCY . .ottt ettt et e e e e st e et et e e beeabesteesaesbeeseestesbeensesseeseensesseansesseeneeees 5
Figure 5; Principles of EStidama StANTArdS. ...........cocvrireririereieieeeseseseeeee e 17
Figure 6; The Y tower AdNEC BUIIAING. ......ccveiiiiiiieieecce e 22
Figure 7; The Y tower AdNEC BUIlAING. .....cc.eoveiiiiiieiecieeesee ettt st st 22
Figure 8; Floor Plan the Y tower AdNeC DUHAING. .......ooeririiiiiiiieeeeeeee e 23
Figure 9; The Y Tower Adnec building sun path analysis. (Source; Curic Sun Path Analysis-SketchUp
EXEENSTON). 1.ttt ettt sttt ettt a s bbbt et e st e st e bt s b e s b b e e et e s b e st e bt bt e bt nh et et et n e e he bt bt e bt e e b et et e e eneeneas 24
Figure 10; SUN PATH DIAGRAM Invalid source SPeCIfied..........cecuvererenenienieieeeenieresieseeeeeee e 25
Figure 11; DOUDIE glazed glass. ......coeiveecieriieeeiecteet ettt ettt sttt era et saeentesreenaers 27
Figure 12; U-Value weighting in building flOOTS. ..o 30
Figure 13; Schematic representation of the possible uses of solar harnessed electricity. .........c.cccceeueuennene. 33
Figure 14; Components of a home solar Mini-grid. .........ccccoiieeeiicecii e 34
Figure 15; Mono-Crystalline Silicon PV Cell and Poly-Crystalline Silicon PV Cell. .........ccccoevieinennene. 35
Figure 16; Tree diagram showing various types of PV CellS. ........ccocriririniniiiinenseeeeeeee 35
FIgUure 17; TYPES OF PV CRIIS. ..ottt sttt ettt st e re et e s ae e tesbeenaenes 35
Figure 18; Typical Solar AeStNetiC PaNEL..........ccooiiiiiriirieeeeerrer e 37

Figure 19; The Area of Study, Y Adnec Towers, Abu Dhabi. Source; (Author). The building existing Double
Glazed glass will be replaced remodelled with ACP which have the ability to harness solar energy and
save energy trough using solar energy and natural lighting to replace the need for artificial lighting and

Fod g e =1 <Yt (ol 1 A SRS 40
Figure 20; ASTNELIC PV PANEIS. .....ooi ittt ettt e ettt e e e ettt e e e e ata e e e e abaeeeeeasaeeesansaeeesannaneaas 42
Figure 21; Standard sizes available in the market for Amorphous Photovoltaic Panels...........c.ccccccveueeee. 44
Figure 22; Components of an Aesthetic ENergy PanelS.........cooceieeeeciecieieceeeceeeee e 45
Figure 23; Installation 0f ACP MALErial. .........ocouiiuieiiiiieiee ettt st st ees 46
Figure 24; U Value of the proposed ACP Material. ........cooeciiiiieiiiieiciiiee et e e aaee s 46
Figure 25; The Average daily electricity production from the given system (KWh). .....ccccceeiivevineenenne. 48
Figure 26; The Average monthly electricity production from the given system in(kWh). ........c.cccueneee. 49
Figure 27; The Average daily sun of global irradiation per square meter received by the modulus of the
given SYSEEM IN (KWH/M2). ...ttt sttt st a et este e e teseeeneenbeeneeneenne 49
Figure 28; The Average sum of global irradiation per square meter received by the modules of the given
SYSEEM TN (KMWN/IM2). ..ttt sttt ettt et e s aesae et e s bt et e stesaeensesteeneensesneeneenne 50
Figure 29; Aesthetic ACP MALEITal. ........ccevieeeieceeeeeee ettt ens 51
Figure 30; GEB CONSIUEIALIONS. ......ccveiuiecierieeteeiecteetesteetete st et e s e seeete e etesteeseessesseessessesssessesseessesseensesees 52
Figure 31; Energy Savings with the adoption of Solar GIass. .........cccceeieiererieiereeeee e 53



Figure 32; Rate of investment returns on the installation of solar glass panels. ..........cccooveveveieevineenenne. 53

Figure 33; Energy Reduction graphs within 30yrs of adopting ACP Panels and PV Panels. ..................... 57
Figure 34; Reduction in HVAC DEMANG. ......c.eeririeierieeieie ettt ettt sae st snee s sneensesneenaenees 58
Figure 35; Average Reduction in Energy Demand vs. Amount INVESted. .........ccocvvveveveeeereceeseseeeee, 61

Figure 36; Fist step in modelling the site area was site allocation and design of the ground floor plan. ..65
Figure 37; Concstruction of the pillars, floor slabs, and wall cladding..........ccceecveiiiiiiiiiiiiiieee e, 66
Figure 38; Replacing existing wall material with ACP. This involves changing building properties in the
IESVE extension on Stech-up. As well as the alloactaion of different settings and characteristics like

ThErMal PEITOIMANCE. oot e e e ettt e s s b te e e e sbteeessbteeessabeeeesansteeessseenesnnns 67
Figure 39; Front elevation of the complete remodelled building. .........ccoocveiiiiiiiiiciie e, 67
Figure 40; Side elevation of the proposed building. ........cccuviiiiiiiiici e 68
Figure 41; Abu Dhabi's Day length chart (Source; Adrewmarsh.com 3D Online Sun Path Analysis Tool)

..................................................................................................................................................................... 96
Figure 42; Abu Dhabi's Sun Path Analysis (Source; Adrewmarsh.com 3D Online Sun Path Analysis Tool)
..................................................................................................................................................................... 97

Figure 43; The Y Tower Adnec Building's Sun Path analysis (Morning hours) (Source; Curic Sun Path
Analysis-SketchUp extension). Note the shaded north-west and south-west fagade during the morning

PYOUPS. ..ttt sttt e e et e e st e et e bt e bt s b e b et et e e e Rt e Rt e Rt eheeReebeneentetenteneeneeneas 98
Figure 44; The Y Tower Adnec building sun path analysis. (Source; Curic Sun Path Analysis-SketchUp
EXEENSTON). 1.ttt ettt sttt ettt b e bt e b st e st et et et e st e bt s b e e b b e s e e e b e st e h e bt e bt nh et et e e e n e e he bt bt e bt ne e b et et e e eneeneas 98



List of Tables

Table 1; Sectors that contribute to the emisiion Of GHGS .........cocvvirieiinieeeeeeee e 2
Table 2; Aspects of DGU glass. Source; KIMM GrOUP.......cceecuerieeeecierieeeerieseeeresreeee e seere e eree e sveesee s 28
Table 3; Conversion efficiency in different PV modules. ..........coveveiieieviiieeceeeeeeeeeee e 366
Table 4; Calculated with energy-efficient light bulbs Of BW. .........cccooirerieniiiiiieeeceee 477
Table 5; Total reduction in energy demand 30yrs, after adopting BIPV technologies and consequent
redUCEION IN HWV/AC BNEIGY USE. ...cverviriiieteieieiteiteie sttt ettt besb et b et et ese b sb et sbenae s e e e s eneeneene 54
Table 6; TOTAL REDUCTION IN ENERGY DEMAND (EUR) ....cccoctriririinieieieinieese e 55
Table 7; TOTAL REDUCTION IN ENERGY DEMAND (EUR) ....coiiirieieieieinesesesesiesee e 566
Table 8; Energy COSt Per KWHh.........o ottt 60
Table 9; RETUIN ON INVESTMENT. ..eeieveeieeeeeee ettt eee e e s ettt e e s ettt e s sesaeeesseereeessasreeessassteessasseeessasaeessssrees 62
Table 10; Calculations of the thermal transmittance (U) value of Hollow-Block wall material (100 mm

LI L TSRS SOOTRPORSTRSRRSRN 76
Table 11; Thermal transmittance (U-value) of the 200mm thick Hollow BIOCKS..........ccccceeevreeecierrrennee. 77
Table 12; Calculations of the thermal transmittance (U) value of Hollow-Block wall material (150 mm

LI L TSROSO 77
Table 13; Thermal transmittance (U-value) of the 150mm thick Hollow BIOCKS..........ccccceevvireeriineeennnne. 78
Table 14; Calculations of the thermal transmittance (U) value of Hollow-Block wall material (200 mm

JLIL L 0 SRRSO 78
Table 15; Thermal transmittance (U-value) of the 200mm thick Hollow BIOCKS..........ccccceevrireerineennnne. 79
Table 16; Calculations of the thermal transmittance (U) value of Insulated-Block wall material (200 mm
JLIL L 0 SRRSO 79
Table 17; Thermal transmittance (U-value) of the 200mm thick Insulated Blocks..............ccceeveveveurennane. 80
Table 18; Calculations of the thermal transmittance (U) value of Insulated-Block wall material (250 mm
LI L TSSOSO 80
Table 19; Thermal transmittance (U-value) of the 250mm thick Insulated BIOCKS..........cccccevvreerivreeennne. 81
Table 20; Product configuration table .............oouiiieiiiiceececeeceeeeeee ettt et s 81
Table 21; Calculations of the thermal transmittance (U) value of Insulated-Block wall material (300 mm
JLIL L RSSO PORRSTRSRRSR 82
Table 22; Thermal transmittance (U-value) of the 300mm thick Insulated Blocks...........ccccceveveireennnnne. 83
Table 23; Calculations of the thermal transmittance (U) value of Solid-Block wall material (100 mm

JLIL L RSSO PORRSTRSRRSR 83
Table 24; Thermal transmittance (U-value) of the 100mm thick Solid BIOCKS .........ccccevevevvrincieiierenne 84
Table 25; Calculations of the thermal transmittance (U) value of Solid Block wall material (150 mm
THRHCK) vttt h st b e bttt h e h e bt bbbttt e a e bbbt e e b et et et eneene s 84
Table 26;Thermal transmittance (U-value) of the 150mm thick Solid BIOCKS .........cccovoevieririnienieieee 84
Table 27; Calculations of the thermal transmittance (U) value of Solid-Block wall material (200 mm
THRICK) vttt b s bbbttt h e h e bt btk b ettt h e bt h e b e e b et et et e e ene s 85
Table 28; Insulated glass properties performance calculations (Source; Guardian GIass) ..........cccceceenue... 86
Table 29; Insulated glass properties sum PRODUCT CONFIGURATION marry table (Source; NFRC

0 0 ) RO SRPSRSTRSRSR 86

Vi



Table 30; Rockwool material thermal CONAUCTIVILY. ........cceieevieiiiiieeceeeee e 88

Table 31; ROCKWOOI aCOUSTIC PrOPEITIES. ....ecvvetieteeeieiieieerte st te sttt te e ste e e s e be e e stesre e b e steeraensesreeneenns 88
Table 32; Rockwool nominal material density and fire protection capabilities. ............coccevvereneieiiniennne 89
Table 33; Estidama Renewable Energy (RE) generation calculations of Y Towers Adnec (Source;

AULNOT). <t b e bbbt eh e bt bbb b et e e b a bbbt bbb e st eneens 99
Table 34; Panel Yield Calculation (SOUICe; AULNOI) .......cciiuieieiiieeeeceeee e 99
Table 35; Energy generation calculation table (Source; AUthOr) .......ccccveviiieceveceeeceeeeeee e, 100
Table 36; Energy generation potential and unit cost benefit per year calculations 9Source; Author) ......100
Table 37; Cost vs returns analysis. (SOUICE; AULNOI). ......ccvvveciiieeeeiceee e 100
Table 38; Energy efficiency calculation with aesthetic PV panelled glass. (Source; Author).................. 101

Vi



List of Abbreviations
AC: Alternating Current

AC: Air Conditioning

ACDB: Alternating Current Distribution Boards

ACP: Aluminium Composite Panel

ASCE: Association Society of Civil Engineers

ASTM standards: American Society for Testing and Materials
BIPV: Building Integrated Photo-voltaic Systems

BIM: Building-integrated Management Systems

BS 3958-5:1986: Thermal insulating materials building standards.
CFLs: Compact Fluorescent Lamps

CO2: Carbon IV Oxide

CIGS: Copper Indium Gallium Selenite

CSR: Corporate social responsibility

DC: Direct Current

DEA: Department of Energy Abu Dhabi

DEWA: Dubai Electricity & Water Authority

DGU: Double Glazing Unit

DIN 52271:1981: Standard for testing of mineral fibre insulating materials
EN Standards: European Standards

EUI: Energy Use Intensity

GCC: Gulf Cooperation Council

GHGs: Green House Gasses

GBRS: Green Building Regulation and Specifications

HVAC Systems: Heating, ventilation, and air conditioning Systems

IES- Ve: Integrated Environmental Studies — Virtual environment

VI



kWh: kilo Watts per hour

LED Lighting: Light Emitting Diode Lighting

NZEB: Net Zero Energy Building

PV: Photo-voltaic

PVB: Polyvinyl butyral

RE-1: Percentage Energy Savings from A Building (Estidama Pearl Regulations)
RE-6: Percentage of Energy from Renewables as per Estidama Pearl Regulations
ST: Statipn Transformer

UAE: United Arab Emirates

UHI: Urban Heat Islands

UN: United Nations

UNEP: United Nations Environmental Program

USGBC: United States Green Building Council

UV Rays: Ultra-violent rays of the sun

U-Value: Thermal transmittance value

ZEB: Zero Energy Buildings

ZET: Zero Energy Technologies



1 CHAPTER 01: INTRODUCTION



1.1  Global Warming & Green House Effects

For the past half a century or so, greenhouse gas emissions have become a contentious issue of
discussion, gaining much social and political attention (Benestad 2005). There are fears that we
might be driving ourselves to extinction through our daily human activities and practices
(Gregory, Leiserowitz & Failing 2006). For these reasons, researchers, scientists, and innovators
have been on their feet trying to develop more innovative, sustainable, and resilient systems and
technologies to help mitigate and adapt to social, economic, and environmental development.

The greenhouse gases are comprised of: -

Fluorocarbons
5%

Nitrogen N2
6%

Figure 1; Pichart indicating the components of GHGs in percentages. CO2 forms the largest
portion.

Therefore, CO2 is a significant contributor to increasing the global temperature (Sagheb, et al.,
2011).

Researches show that eight significant sectors annually release a considerable amount of Green
House Gases, thereby COg, into the air, causing global warming.

Table 1; Sectors that contribute to the emisiion of GHGs

Power Station 21.3%

Industrial Processing 16.8 %

Transportation Fuels 14.0%

Agricultural By-Products 125 %

Fossil Fuel Retrieval Processing & 11.3%
Distribution




Commercial & Other Sectors 10.3 %

Land Use & Biomass Burning 10.0 %

And Waste Disposal & Treatment 34%

We will discuss the emission of CO2 from the building industry, which shares around 80% of
emissions, and propose a strategy to aid in reducing the carbon footprints of buildings through

the adaption of green energy technologies, with BIPV systems being the main issue of
discussion.

1.2 Contribution of Buildings to Green Houses Gases

Figure 2; Carbon emissions are usually a result of our social-economic activities like industrial
production processes.

As the world gets more advanced and modernized daily, millions of new buildings are
constructed every year. Likewise, advancement in material engineering & technology is leading
to the development of modern construction materials. In this process of modernization, the
biggest missteps were to abandon our traditional knowledge.

A substantial amount of energy is consumed in producing exhaustive building materials and
frequent energy consumption for cooling and heating the indoor environment. The U.N.
Environmental Programme (UNEP, 2009), have indicated that CO, emissions have been on the
increase as a result of human activities like;



e Extraction of raw materials

e Manufacturing and distribution
e Transport

e Housing and structures

Co2 emissions are essential measures for assessing the use and applicability of various materials
and building products by assessing their effects on the environment, sustainability, and
desirability in construction (Sagheb, et al., 2011).

To illustrate the same, we will take a typical building and estimated contribution to greenhouse
effects with & without photovoltaic fagades.

1.3 Zero Energy Buildings

As per recent reports and survey, buildings plays a crucial impact on energy use and the
environment. A Commercial & Residential building consumes almost one second of the primary
energy & one-third of the electricity around the globe (Torcellini, et al., 2006). New buildings
are coming up fast as compared to the old ones demolishing. Energy consumption in the
commercial & residential building sector will continue increasing until building designs and
materials are reviewed to produce enough energy to offset the growing energy demand of these
buildings.

In concept, a Zero Energy building is a building with significantly reduced energy wants through
efficiency gains from reduced consumption, such that the Balance of the energy needs can be
supplied by renewable technologies (Lu, et al., 2019). However, despite our use of the phrase
"zero energy,"” we lack a standard definition—or a shared understanding—of what it means. Our
research used a sample of current generation low energy buildings to explore the concept of zero
energy—what it means, why a clear and measurable definition is needed, and how we have
progressed toward the ZEB goal.
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Figure 3; Components of a green building.

1.4  Building Integrated Photovoltaic Facades

Figure 4; The use of BIPV systems in reducing buildings' carbon footprints and attaining energy
sufficiency.

Building Integrated Photovoltaic (BIPV) provides such an opportunity through clean micro-
energy generation adaptable to various building designs (Attoye, et al., 2017). Several studies
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indicate that the application of BIPV leads to substantial energy savings; this results in related
gains in terms of energy consumption and reduction of pollution sources. Moreover, IPV reduces
the damage done to the ecosystem through conventional energy ways of relieving and alleviating
the increasing economic and environmental costs of using fossil fuels for energy generation
(Attoye, et al., 2017).

Technological advancements and innovation have evolved BIPV into a P.V. application with the
ability to deliver electricity at a comparatively lower cost than grid electricity for specific end-
users in certain peak demand niche markets. As a contemporary material available to the
building and construction industry, BIPV serves as part of the Building's envelope and energy
source. BIPV systems can be more cost-effective because their composition and location replace
several conventional components and provide considerable gains. These include; savings on
materials and lower electricity costs, reduced use of carbon fuels, decreasing carbon and
greenhouse gas emissions, and improved architectural image of the Building (Osseweijer, et al.,
2018).

1.5  Energy Utilization by Buildings in UAE

The UAE has its eyes focused on achieving sustainable infrastructure development for renewable
power generation. However, the population is growing day by day, demand for electricity and
water continues to grow faster (Mohammad & Madani, 2012). According to a survey conducted,
around 6% increase is recorded in annual power demand throughout the past decade (Ministry of
Energy and Industry, 2017).

The energy sector plays a vital role in shaping the UAE's internal and external policies. Since
discovering oil and gas more than half a century ago, the UAE became a central player in the
global hydrocarbon energy market (Khondaker, et al., 2016).

Owed to able and visionary leadership, the UAE is in the process of diversifying its energy mix
to sustain its progress and at the same time minimize the environmental impact that may arise
from burning fuel (Ministry of Energy and Industry, 2017).

Therefore, it was decided that the traditional energy sources, oil and gas, should not be
considered the main drivers of the economy and energy generation process.

Further, the UAE is developing local capacity and expertise in these critical technologies while
fostering and enhancing international cooperation and resource conservation through investing in
research institutions and projects. The UAE has a long-term strategy with a skilled team of
researchers, innovators, and scientists required to create sustainable solutions for energy
resources.

Although oil and gas have been the primary sources of fuel and energy in the UAE, the energy
sector in the UAE is undergoing a transformation targeting the UAE's energy mix diversification.



Most of the energy in the UAE is generated from natural gas, that is (110 billion kilowatt-hours
in 2013). The UAE is planning to integrate all the emirates' natural gas distribution networks;
this swill is essential in alleviating some of the peak-demand shortfalls experienced in the past.

The UAE's energy aims to ensure access to affordable, reliable, and modern energy services,
promote renewable and sustainable energy sources like solar energy in the global energy mix,
and double the global energy efficiency rate.

1.6 Motivation Of Work

The United Arab Emirates (UAE) has been gradually developing over the past two decades,
becoming a booming hub for trade and commerce. With the ongoing fast-paced development of
the region, the energy demand is growing rapidly compared to its production capacity,
highlighting the need to implement energy conservation measures.

Technology continues to evolve and change as researchers and scientists come up with
innovations. As a result of the adoption of modern technology, more emphasis and resources
have been placed on energy efficiency, thus seeing the transition from a mere possibility to a
necessity. The need to reduce carbon footprints and conserve the environment has led to drastic
changes in the building and construction sectors' practices and behaviour, from management,
planning to integration. The concept of Zero Energy Buildings or Net Zero Energy Buildings
(NZEB) is quickly gaining momentum for environmentally conscious authorities (Sagheb, et al.,
2011).



2 CHAPTER 02: LITERATURE REVIEW



2.1  Overview
Nations around the world are pushing up their game in the fight against climate change.

It's important to remember and note the crucial role and contribution that human beings can make.
"Change only happens when individuals take action.”

"There's no other means if it doesn't start with people.”

The goal is simple. Carbon dioxide is the climate's worst enemy. It's released when oil, coal, and
other fossil fuels are burned for energy—the energy we use to power our homes, cars, and
smartphones. Using less of it can curb our contribution to climate change while also saving money.

The Greenhouse Effect

The built environment happens to be among the most significant contributors of climate change
and global warming, with approximately 40% of the total primary energy used in all sectors and
36% of the global GHG emissions in the world. However, many remarkable efforts and innovative
solutions are made to address and mitigate the high energy use of buildings and communities.
Globally, several initiatives and regulations have been assigned and set as minimum essential
requirements to all new and existing buildings. Moreover, over the past few years, many high-
performing building concepts have emerged beyond the building envelope, contributing to
decreased energy demand and CO. emission at the community level, such as the Zero Energy
Buildings. The development of the Zero Energy Building framework is an essential measure for
taking the UAE's & world's present and future climate initiatives to the next level.

In this literature review, we will be studying a detailed understating of the definition of Zero
Energy Building and solar energy as sources of renewable energy supply. Firstly, the chapter
investigates previous studies on the trends, concepts, global definitions, and parameters of Zero
Energy Buildings to reduce energy demand and carbon footprint. Furthermore, the chapter



highlights the importance of the zero-energy concept and its challenges and opportunities in the
UAE.

Secondly, many papers discuss the various passive and active energy-efficient strategies, urban
level integration of photovoltaic systems, various photovoltaic technologies, and parameters that
impact energy balance and economic feasibility. Case studies highlighting the strategies and the
approach using different renewable systems, main barriers, and opportunities in the field of Zero
Energy Buildings that play in the global and UAE's road to sustainability

2.2 Buildings & Climate Change

The commercial and residential building and housing sector account for 39% of carbon dioxide
(CO2) emissions in more than any other sector; buildings alone are responsible for more CO2
emissions annually. The most significant percentage of these emissions is from fossil fuel
combustion to provide heating, cooling, lighting, power appliances, and electrical equipment. By
transforming the built environment to leaning more towards energy-efficient and climate-friendly,
the building sector can significantly reduce the threat of climate change (UNEP, 2009).

We should also consider the other CO2 emissions attributable to buildings, such as the emissions
from the manufacture, transportation of building construction materials, demolition materials, and
transportation associated with urban sprawl, which results in a more significant impact on the
climate

As per studies, buildings consume approximately 70% of the electricity load and up to 40% of the
net global energy annually (UNEP, 2018). The most significant contributing factor to CO2
emissions from buildings is their use of electricity.

The energy impact of buildings on the environment is likely to be even more significant when
considering other energy uses within buildings. A good example is an energy embodied in a single
building's envelope, which equals eight to ten times the energy used annually to heat and cool the
building. Buildings have a lifespan of fifty to a hundred years, during which they continually
consume energy and produce CO2 emissions. Constructing half of the new commercial use
buildings to use 50% less energy would save millions of metric tons of CO, annually for the life
of the building; this is the same as doing away with more than 1 million vehicles off the road every
year. According to the UNEP (UNEP, 2018), it is possible to reduce these energy consumptions
in buildings by thirty to eighty per cent.

2.3  Green Building's & Its Role in Fight against Climate

Studies had shown that emissions of CO» and other greenhouse gases from human activities have
been on the rise, especially in this century (Wigley, et al., 1981). The impacts will be profound,
including rising sea levels, frequent floods, droughts, and pandemics like the recent Covid-19
pandemic. It is essential to control and mitigate these adverse effects of climate change before
reaching a tipping point where we won't do a thing.
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Meeting the challenge will require us to make innovations and technologies that will change our
production process and practices and our daily life practices and behaviour. Green buildings
happen to be one of the most effective strategies for mitigating the adverse impacts and challenges
of climate change because the technology to make substantial reductions in energy and CO>
emissions already exists. (USGBC, 2005) Highlights that an average LED-certified building
consumes 32% less energy and saves 350 metric tons of CO2 emissions yearly. Modest
investments in energy-saving, environmental conservation, and other related technologies often
result in sustainable and livable buildings and communities beneficial to the environment and the
economy, social, and health contributions (Amiri, et al., 2019).

According to (USGBC, 2005), Green Buildings are instrumental in the reduction of CO2 emissions
while at the same time improving energy savings, electricity bills, and environmental conservation.

The following measures can be taken to improve the performance of a building in energy
conservation and savings. They are :

e Use efficient heating, ventilation, and air conditioning systems and operations and
maintenance of such systems to assure optimum performance.

e Using state-of-the-art lighting and optimizing daylighting.

e Using recycled content building and interior materials.

e Reducing potable water usage.

e Using renewable energy.

e Implementing proper construction waste management.

11
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Positioning of the buildings near public transportation systems.
Using locally produced and sourced building materials.

Definition of Zero Energy Building

Zero Energy Building concepts are gaining social and political popularity and support (Lu, et al.,
2019). Zero energy and the topic of sustainable social, economic, and environmental development
has been growing rapidly growing.

Advantages and disadvantages of standard definitions in Zero Energy Technologies (ZET) (U.S.
Department of Energy, 2015):

2.5

Net Zero Site Energy: A site Zero Energy Building produces as much energy as the total
energy the Building uses in a year, considering factors like the site's environmental
conditions.

Net Zero Source Energy: A source Zero Energy Building produces as much energy as it
uses within the span of a year when accounted for at the source. The 'source energy' refers
to the primary energy source and type used to generate and deliver the energy to the
building or site. To calculate a building's total energy source, the imported and the exported
energy used in the facility is multiplied by the appropriate site-to-source conversion
multipliers.

Net Zero Energy Costs: In a cost Zero Energy Building, the building owner gets an equal
amount of money from the total energy consumed by exporting and selling energy to the
primary power grid.

Steps to Zero Energy Buildings
Smart Building Design

Adapting smart building designs will be essential towards having cost-efficient and zero-
carbon energy buildings. Designers and architects and builders should be familiar with
all the steps involved in building a net-zero energy building and design the Building to
implement these steps as cost-effectively as possible. There are several design measures
to which builders should ask designers to pay special attention. Clear communication
between the builder and designer will ensure that these critical details do not fall through
the cracks (Lu, et al., 2019).

Using Energy Modeling

Energy modelling happens to be another significant measure where during the design
phase of the Building, energy use is estimated using energy modelling software to ensure
that net-zero energy is achieved while keeping production and consumption costs down.
From the results obtained, ideal design choices can be made or modified to balance and
improve building performance and construction cost (Neshat, et al., 2014).
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VI.

VII.

VIII.

Super-Seal the Building Envelope

Ensuring that the building envelope is super-sealed can be a cost-effective measure the
building and construction industry can take to improve the energy efficiency of zero
energy buildings. Several proven steps of ensuring the Building or facility have been air-
sealed, although the choice is based on the area's climate, budget, and the skills needed
to set up the project.

Super-Insulate the Building Envelope

After making the Building airtight, super-insulating the Building may be the second most
cost-effective strategy for cre+ating a zero energy home. As mentioned in step 2 above,
energy modelling can help us optimize energy consumption by adding further insulation
levels to ceilings, walls, and floors, thus reducing energy loss. The selection of ideal
strategies will make it easier to insulate the building envelope and minimize thermal
bridging.

Adopting Efficient Water Heating Mechanisms

Heating water is usually the most significant energy expense in a zero energy home after
heating and cooling. So designers and builders need to select and locate efficient hot water
heating technology and other measures to minimize hot water.

Use Insulated Windows and Doors

Ventilation, doors, and windows happen to be huge contributors to energy loss. Proper
insulation and covering of such surfaces will help make energy use and conservation in a
premise efficient. Control heat loss & gain through windows and doors, which can be
done by selecting appropriate window & door products, carefully locating them, and
adequately optimizing their size & orientation.

Use the Sun for Solar Tempering

Using the sun for heating through south-facing windows during the winter lowers heating
costs. Shading those same windows in summer reduces cooling costs. Solar tempering
aims to optimize the passive use of solar energy to heat buildings without incurring any

additional cost of thermal mass needed to achieve maximum passive solar heating.

Create an Energy-Efficient, Fresh Air Supply
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XI.

XII.

Since zero energy homes are so airtight, continuous fresh filtered air and moisture control
are critical to its success. The need for ventilation has a silver lining: zero energy homes
are healthier and more comfortable than traditional homes. Highly energy-efficient
ventilation systems are essential, especially when it comes to air circulation and expelling
stale air while conserving the heat energy in premises, thus reducing the need, energy,
and cost incurred in powering and introducing air circulation appliances and devices (Ben
Ghida, 2019).

Select an Energy-Efficient Heating and Cooling Mechanism

It is essential to adapt and use energy-efficient and cost-efficient heating and cooling
systems if we are going to achieve our net-zero energy goals. A good choice is an air
source ductless heat pump, also called a mini-split heat pump. These systems are highly
efficient and do not have the shortcomings of central, forced-air systems or the high costs
of thermal heat pumps (Wolfe, et al., 2009).

Install Energy Efficient Lighting

While optimizing light for residents, minimizing energy use for lighting is essential in
zero energy home design and construction. LED lights are the best lighting option in
conventional bulbs and fluorescent tubes that used more energy. They are more energy-
efficient than CFLs, which last for many years longer and contain no mercury
components. In addition, they are essential in meeting a variety of lighting needs, from
very bright white lighting to soft and warm lighting. Selecting the right LED lights for
the requirements, strategically locating and positioning lights, and utilizing natural light
from the sun through proper building orientation reduces the amount of energy needed to
light the premises (Wolfe, et al., 2009).

Use of Energy Efficient Appliances

In a zero energy home setting, just over 40% of the total energy is used for heating,
cooling, and hot water. Electrical appliances and plug loads account for up to 60% of the
total energy load. Thus, selecting the ideal and energy-efficient appliances and managing
"phantom" plug loads for electronics is crucial. "Phantom™ loads are hard to discover
while they continue to draw quite considerable amounts of energy irrespective of the time
of the day and whether or not the devices are being used. Several homes modelled and
built to zero energy standards have not met energy requirements in practice because of
the unanticipated energy waste caused by "phantom” plug loads on electronics (Wolfe, et
al., 2009).

Use of Solar Energy
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Grid-tied solar photovoltaic (P.V.) panels provide the most cost-efficient form of
renewable energy for a zero energy home. They can power all the home's energy needs,
including heating and cooling systems, lighting, and appliances. However, setting up a
solar mini-grid for your home happens to have a high initial cost of installation, and
strategies for reducing or mitigating those costs, like availing funds through activities like
green finance, are important to consider (Wolfe, et al., 2009).

2.6 The implication of Zero Energy Buildings
Global Significance

Studies found that a cleaner environment increased from quality ventilation, lighting, energy, and
water in green buildings and communities, carbon emissions have decreased through renewable
energy use (Umar, et al., 2013).

Zero energy buildings provide a higher quality of urban life with a clean environment and carbon-
free energy for daily use, hence better individual user satisfaction, better health, and increased
productivity. This also reduces dependency on conventional energy resources such as fossil fuels
and natural gas, which leads to global warming. The energy generated using renewable
technologies improves their community energy efficiency, leading to cost savings for residents
residing in the community, reducing volatile energy prices (Umar, et al., 2013).

Provides energy security as it does not wholly rely on the national utility network, especially for
developing countries where energy sources are not constant.
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THE NET ZERO ENERGY BUILDING

HOW YOUR BUILDING CAN PRODUCE ENERGY

Energy autonomy has enhanced community reputation and employment opportunities.
Community awareness has to be made professionally for improving the local construction market
towards green buildings. Thus contributing to the creation of employment and improving
community living standards (Hamilton, 2015). Encouragement of government, private
organizations, developers, and investors must incorporate sustainable technologies in their
respective development projects. UAE government focuses more on all governmental projects
with an Estidama Pearl 2 rating and a minimum of Estidama pearl 1 rating for even private villas
(Ramani & Garcia De Soto, 2021).

UAE Significance

According to UNEP (UNEP, 2009), the built environment and industries are the largest generators
of greenhouse gases and other forms of pollution. This offers significant opportunities to alleviate
environmental pollution and promote the sustainable use of resources. The United Arab Emirates,
hindered by natural constraints, has tried to shift towards more sustainable practices in design and
construction (Issa & Al Abbar, 2015).

With the development and use of green building codes in the United Arab Emirates (UAE), the
country has shown its focus and determination to become more environmentally friendly, with
record-breaking developments (Mohammad & Madani, 2012). The region has well-established
green building codes: the Abu Dhabi Urban Planning Council's Estidama; Dubai Municipality's
Green Building Regulations. The adoption and use of Green building codes and systems in the
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UAE demonstrate the efforts and financial investments made by the government and organizations
in streamlining sustainability in the construction industry (Issa & Al Abbar, 2015). Whether the
codes are being used for existing buildings or new construction projects, green building regulations
and standards are set as a holistic framework that guides the design team towards reducing and
making resource consumption efficient. i.e., water, energy, and other natural resources, all while
contributing to the mitigation of environmental pollution.

Corporate social responsibility (CSR) has been another venue for private corporations to tackle
community engagement and sustainable development. Regional CSR programs have integrated
sustainability concepts to give back to the community they are operating, and those initiatives
include health & safety, education, eco-friendly solutions, and community investments (Issa & Al
Abbar, 2015).

These efforts are inhibited by natural and operational challenges that the region is forced to face.
Some of the barriers faced are scarcity of water, lack of awareness and knowledge in sustainability
and environmental conservation issues (despite the high education levels), and operational
challenges such as retrofitting existing buildings.

Abu Dhabi launched the Estidama Pearl Rating System (PRS) in 2010; the system adopted
green building regulations for all new construction buildings and community projects (Ramani &
Garcia De Soto, 2021).

Figure 5; Principles of Estidama standards.

Dubai Green Building Regulation and Specifications (GBRS) mandated by the Dubai
government on all government buildings in 2011 and new public and private constructions since
2014. The Dubai Municipality and ESMA work together to aim for an energy labelling system that
reduces energy consumption by appliances and equipment (Government of Dubai, 2012).
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In 2011, the Dubai Municipality and DEWA removed energy and water tariff subsidies. The tariff
structure may change as an outcome of the Demand Response program, which addresses the time
of use, direct load control, and load management. Consequently, the Dubai Municipality launched
the Al Sa'fat rating system for commercial and residential projects in 2016 to score a buildings
total energy efficiency which enhances the energy performance of the built environment, combat
global warming and support the UAE's goal of Dubai Plan 2021 (GOMAA, 2017)

A\

Al SAFAT

Green Buldings Evoluation System

Shams Dubai program under executive council resolution number 46 of 2014 is an initiative
launched by the Dubai Municipality illustrated in Figure 2.4 to facilitate and regulate the linking
of renewable solar energy generating units on the building site to Dubai's power distribution grid.
The program promotes home and commercial building owners to incorporate rooftop photovoltaic
systems onsite and connect them to the national utility under a net metering mechanism.

The concept of zero energy building is vital and attractive to the UAE national agenda as it aligns
with the critical priorities of the countries goal towards innovation and sustainability.
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In the UAE, Abu Dhabi launched the Masdar City as a zero energy building community model
project and the first in the GCC area to support the idea of development, commercialization, and
adoption of renewable energy and clean energy technology systems (Tang, 2010).
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3 CHAPTER 03: BUILDING-INTEGRATED PHOTOVOLTAIC FACADES

20



3.1  Overview

The chapter describes the selected base case study model located in Abu Dhabi, UAE, for a new
building (Y Tower Adnec) under construction with typical curtain wall glazed facade systems
along with the Aluminium Composite Panel Cladding in which the Aluminium composite Panel
Cladding areas will be transformed into photovoltaic for the intention of achieving the concept of
zero energy building. It will comprise of studying the fagade technology. The general trends in the
building envelope industry are studying the energy consumption of buildings with insulated glass
and cladding material’s building skins.

We will evaluate the projected energy consumption annually for the Building, the cost of
construction, aesthetics with and without the photovoltaic cells. The study will be structured into
two phases: -

1. Base Model: Building skin with Insulated Glass Units and Aluminium Composite Panel
Cladding.

2. Proposition: Building skin with insulated photovoltaic glass units replacing the aesthetic
energy panel.

The models will be analyzed based on design, aesthetics, thermal calculations, energy
production, cost savings on energy over the long run, cost impacts on the construction
phase, and durability.

3.2 Description
The commercial tower comprises three basements level + ground + 2 podium + 16 typical
floors + Roof at Abu Dhabi. The project will follow ESTIDAMA two pearl rating system
(Ramani & Garcia De Soto, 2021).

21



)

CFEFFEEEFEFEFR
T

Mu
R R s

—_
—
r—
g m—
e
—
—
_—
-

EEENERRN)

,L‘

L

Figure 6; The Y tower Adnec Building.

b b

1 11 1
_mm‘ﬂ"‘“'l

.. “ LA siwi
T B b

Figure 7; The Y tower Adnec Building.
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Figure 8; Floor Plan the Y tower Adnec building.

The selected base case study in Abu Dhabi will be transformed towards a net-zero energy
community status by integrating photovoltaic technology on facade elements. Studying and
identifying the various energy-consuming components within the base case model. Moreover, the
total energy consumption and available area for photovoltaic are estimated. Finally, comparisons
within multiple scenarios are performed based on the various parameters identified, such as ease
of construction, aesthetics, and retail cost. This approach ensures a more targeted approach to
achieve a high energy performance and efficiency for P.V. integrated into this tower.

We will analyze the tower, specification, occupancy profiles, and study parameters that impact its
energy demand. Since this Building is currently under construction, the report will be based on the
predicted energy consumption of this study upon the assumed data taken from similar projects. In
addition, the total annual energy consumption data estimated for the remaining amenities and
facilities in the selected case study community will also predict the building Energy Use Intensity
(EUI) obtained from other similar types of existing buildings in Abu Dhabi and the load
calculations done for the Building.
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3.3 Orientation of Base Case Model

Figure 9; The Y Tower Adnec building sun path analysis. (Source; Curic Sun Path Analysis-SketchUp
extension).

The orientation of the Building affects its energy demands because it varies from how much
influence and effect on other factors like incident radiation, wind exposure, etc. (Heinstein &
Ballif, 2013). For example, having a window designed and placed facing west will result in more
solar gains and exposure, especially in the afternoon. Exposure to sunlight energy will be more
significant in summer than during winters because of more sun exposure. On the other hand, the
same window opening facing the South will have more solar gains in winter than during the
summer due to solar zenith angle, although solar radiation intensity is more significant in summer
than in winter (Ruiz & Bandera, 2014).

(Ruiz & Bandera, 2014) have highlighted that building orientation is decided and influence by
factors like views, topography, prevailing winds, housing layouts, and nearby buildings, etc. In
other cases, urban planning depends on older planning, road existing layout, ease of execution,
road camber, etc.

Unfortunately, sometimes the design of buildings does not consider the energy savings of this
energy-efficient factor (orientation). For example, considering prevailing winds to design building
layout to make cross ventilation or rotate the Building to have solar gains in winter, restricted by
the above reasons (Ruiz & Bandera, 2014).
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Nowadays, the new simulation programs easily and quickly influence these factors in building
energy demands. Moreover, today, fundamental design tools show us energy behaviours that are
not obvious after comparative analysis.

i

Figure 10; SUN PATH DIAGRAM Invalid source specified.

3.4  Fagade Characteristics (Base Model Design)

Stick system curtain wall with one side capped 125x 60mm mullions (reinforced where
necessary*) & transoms with 125 X 60mm member is used with silicone joints from outside. The
stick system is a fully four-way structural glazed system. Highly thermally insulated self-
supporting aluminium facade system is used along with 32mm insulated double glazed units.

The basic specification's for the fagade system to comply with:-
e Loading Requirements and Loading Strategy
When assessing loads, basic assumptions:

Dead loads, including loads due to fixtures and fittings, act concurrently (unless stated otherwise
below) with all live loads (as defined within this specification). All live loads shall be considered,
including wind, barrier, and thermal climatic.

Partial factors and combination factors shall be under the appropriate EN Standard.
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Worst caseload directions shall always be utilized (i.e., live loads shall act in the same direction).
e Dead Loads

The envelopes (vertical or sloped) own dead load shall be accommodated locally without causing
deflections or movements that will affect infill panels and glass.

Permanent fixtures apply the dead load, glazing/ ACP cladding, or services secured to internal,
external, or reveal surfaces.

e Live Loads
Wind Loads

Loads shall be calculated based on a return period of 1 in the 50-year probability of occurrence.

Calculation methods following the ASCE (Association Society of Civil Engineers); document 7-
05: 'Minimum Design Loads for Buildings and Other Structures' shall be accepted. The minimum
essential wind speed shall be 45m/s.

The works shall be designed to resist the different pressure and suction wind loads acting on the
other areas of the Building. These shall take into full consideration the internal and external
pressure coefficients. Particular attention shall be given to the shape of the Building, and also
external turbulent wind flows around corners, parapets, and edge conditions. When assessing
internal pressure coefficients, considering those associated with dominant openings within the
Building.

The wind loads utilized shall be appropriate for facade elements with a diagonal dimension no
greater than 5m. Wind tunnel testing shall be undertaken where data to establish wind loads on the
Building is not available.

e Air Leakage

The air leakage rate through the works shall not exceed when measured per the procedure
contained in section 3.0 of this specification (ASTM standards).

Pressure Difference Air Leak Rate
Infiltration Exfiltration
300 Pa 1.09 m3/h/m2 1.09 m3/h/m2
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e \Water Penetration Resistance

A minimum of two lines of weather defence shall be utilized. Cavities between the primary (outer)
defence and the secondary (inner) defence (and any other line of defence) shall be drained and
ventilated to the exterior.

Where systems incorporate gasket seals, additional 'wet applied' seals over these gaskets reinforce
the weather resistance. Typical examples include applying a seal between the edge of a pressure
plate, cap, or bead and an infill panel within a dry glazed system.

Properly designed and installed 'wet seals’ may be utilized as a first-line (primary) of weather
defence, providing that a secondary line of weather defence exists behind this outer seal which
will drain water to the external.

When tested per section 3.0 of this specification, up to a maximum test pressure as prescribed
below for each element, there shall be no water leakage:-

a. Onto the internal face of the facade at any time during the test
b. Into those parts of the facade that are not designed to be wet would negatively affect the
material due to water presence, resulting in rusting or short-circuiting.

For,

Element Peak pressure (PSF) Peak pressure (Pa)
Curtain walling 15 718Pa

e Glass Description

Figure 11; Double glazed glass.

The glass proposed for the project is a 32mm thick Double Glass Unit with outer 6mm HD Grey
Reflective Tempered glass + 20 mm airspace + 6 mm Guardian Sunt T Low E tempered glass.
The performance value of the glass will be equivalent to:-
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Table 2; Aspects of DGU glass. Source; KMM Group.

s GUARDIAN PERFORMANCE
GLass

e A CALCULATOR

Neutral Grey option
Thermal
Stress
Guidance
COG
Outdoors ’ (.C”
Clear (Middie East) #1 — Stop
GrAss 1 Thickness = 6mm #2 Guardian HD Grey (Middle East) 7986
GAP 1 100% Air, 20mm (.787")
GLASS 2 Clear (Middie East) #3 ClimaGuard® Sun T Go
Thickness = 6mm 24— 38.0
Total Unit (Nominal) = 1 1/4 in/ 32 mm Slope = 890° Window Height = 1 meter
Estimated Nominal Glazing Weight: 28.96 kg/m*
Indoors
Summary Data
Calculation Standard: NFRC 2010
Visible Light Solar Energy Other Data
Transmittance % (ty) 15 Solar Heat Gain Coefficient (SHGC) 0.17 Sound Transmission Class (STC) 34
Reflectance-In % (py) 21 Shading Coefficient (sc) 0.19 V(l;el)ghted Sound Raduction index
w
Outdoor Indoor Transmission
Reflectance-Out % (py,) 13 Relative Heat Gain (RHG) 128 Class (OITC) 29
Color Rendering Index % (R3) 93.9 Transmittance % (1g) 9 Wind Speed 5.50
Light to Solar Gain (LSG) 0.90 Reflectance-in % (pg) 37 Draft Speed 0
Thermal Properties Reflectance-Out % (pg) 15
U-Value Winter Night (W/m®-K) 1.74 Absorptance % (ug) 75
U-Value Summer Day (W/m*-K) 1.16 Ultraviolet % (ty,) 5
Damage-weighted Transmission %
R-value (m*-K/W) 0.58 (Tdw) 10

Thermal Stress Guidance (Center

of Glass) Stop

Benefits of Using DGU Glass

+ Cooler in summer: Double glazing insulates your area against temperature extremes,
trapping some of the summer sun's rays and minimizing the heat that burns through the
windows on hot sunny days.

+ Reduces energy usage: There would be a need for heating systems to reduce energy
consumption, saving on power bills, and helps the environment.

+ Reduces condensation: Condensation can be a severe problem, particularly in older
homes, as it causes mould and mildew, and in some cases, it will also rot timber window
frames and damage people's health. Double glazing works to help in the reduction of
excess moisture on the window panes.
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+ Reduces noise: Double glazing reduces noise for a calmer and quieter home. High-
performance double glazing can reduce outside noise by up to 60%, making it a
significant investment if the proposed project is on a busy road or beneath a flight path.

+ Enhances resale value of buildings and properties: Double glazing is an excellent way to
increase the resale value. With double glazing, old housing stock can be made desirable
and valuable to the purchaser seeking to acquire an efficiently insulated building.
Existing Building and housing stock can also be retrofitted and renovated using double-
glazing, thus the material's numerous benefits.

+ Helps reduce interior fading: direct U.V. light usually results in bleaching and dyes used
on drapes, carpet, and furniture (particular glass types required). Double glazed glass has
components that reduce the amount and intensity of transmission of U.V. radiation. This
means there is no need to set up thermal drapes, which leads to the obstruction and
blocking of exterior view and reduces natural lighting.

+ Increases security: Double glazed glass is toughened and reinforced to ensure safe and
resistant breakage, reducing the chances of intruders breaking into one's property.

e Thermal performance of proposed facade envelope

Code & Standard used for calculation of the thermal Value of the panel is

EN ISO 102631: Thermal Performance of curtain walling-calculation of thermal transmittance

The following climate conditions are used for the determination of the U-Factor:

Summer Simulation Conditions:
Exterior 460C dB/ 290C wb
Interior 24.00C/RH 50% + /-5%

The total U-Value of the unit using the "Area Weighted" method

Formula Used:
Ucw = (UgXAg +Uf X AF + Wspacer X Lge)/Acw

Ucw = Total Product U-Value (W/M?K)

Ug = U Value at the center of infill- glass vision & non vision (W/m2K)
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Ag = Area Infill-glass vision & non vision (m?)

Uf = U Value of the aluminium frame (W/m?K)

Af = Area of the aluminum frame exposed (m?)

WYge = Linear thermal transmission of the edge of the glass (W/mK)
Lge = Distance of linear circumference of the edges of the glass (m)

Aw = Total Product Area
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Figure 12; U-Value weighting in building floors.

The U- Value for the aluminum claddling and the glass panels has been calculator using the
Estidama Pearl Building Standarads;

Glass U value 1.56 W/m2K
ACP Panel U valse 1.1 W/m2K
Heat Loss 1.804 m2. K/IW

35 Photovoltaic Systems
Solar Energy is delivered to Earth mainly in two forms:-

1. Heat
2. Light
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There also happens to be two major types of solar power systems;
A. Solar thermal systems that are used to trap heat are used to warm water in buildings.
B. Solar P.V. systems are used in harnessing and convert solar energy which is converted to
electricity.

Our research focuses on energy production by using photovoltaic panels to study the depth of
the photovoltaic panels.

Solar P.V. systems generate direct current (D.C.), which most building appliances and systems are
unusable. This necessitates the conversion of the energy to alternating current (A.C.) by using an
electric inverter. The electric energy in the form of A.C. is then fed to the Building's A.C.
distribution boards ("ACDB") (David Tan, 2011).

Further, the photovoltaic systems can be categorized into two methods:-

I Grid-connected solar P.V. systems
ii. Off-Grid Solar P.V. systems
iii. Grid-connected solar P.V. systems.

(Sreedevi, et al., 2017) have indicated that the power generated in a grid-connected P.V. system is
uploaded to the supply grid for transmission, distribution, and consumption. Solar grids ease the
burden and reliance on other sources like the burning of carbon fuels. Grid-connected PV systems

31



worldwide account for about 99% of the installed capacity compared to stand-alone systems,
which use batteries. Battery-less grid-connected P.V. is cost-effective and requires less
maintenance. Batteries are not needed for grid-connected P.V. Most solar P.V. systems are usually
installed on buildings or the ground, especially where land and space are not an issue of concern
(David Tan, 2011).

Solar P.V. systems used on buildings can either be placed on the roof, the most common type of
solar installation, or mounted and integrated with walls. The integration of solar P.V. systems with
structural elements of the building, e.g., wall facades, is called Building Integrated Photovoltaic
("BIPV"). The integrated solar P.V. system is usually used in place or together with various
construction elements and materials like walls, roofs, window glass, thereby enhancing the cost-
benefit of using the materials due to their duality of purpose (Attoye, et al., 2017).

A building has two parallel power supplies: the solar P.V. system and the general power grid. The
combined power is fed to all the loads connected to the main ACDB (Nath Shukla & Khare, 2014).

The total amount of electrical energy generated and exported to the main power grid depends on
the scale and efficiency of the solar P.V. system and the energy requirements of the Building. To
ensure that all the power is utilized efficiently, excess power generated from the Building is fed to
the primary power grid (David Tan, 2011). If the energy generated by the solar P.V. system is
insufficient for the Building's energy needs, additional power will be channelled from the primary
power grid (Nath Shukla & Khare, 2014).
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Figure 13; Schematic representation of the possible uses of solar harnessed electricity.
I. Off-grid-connected solar P.V. systems

(Mohanty, et al., 2016) highlights that off-grid solar P.V. systems are ideal, cheap, and sustainable
means of providing electricity, especially in areas without a power grid. Such solar P.V. systems
are helpful for isolated sites and communities where access to the power grid is far away, for
example, in rural areas or off-shore islands where supplying grid energy would be expensive.
However, it is also possible to set up and install a solar mini-grid as a measure to combat
inconvenient energy sources and supply, environmental degradation as well as the high cost of
accessing within the city in situations where it is inconvenient or too costly to tap electricity from
the power grid (David Tan, 2011).

Batteries happen to be a crucial component of all off-grid solar P.V. systems. Rechargeable
batteries such as lithium-ion, lead-acid, nickel-cadmium, or lithium-ion batteries are used to store
electricity for use under conditions with little to no output from the solar P.V. system during winter
(David Tan, 2011).
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1. Solar Modules 4. Solar UPS Controller
2. Charge Controller 5. Inverter
3. Batteries 6. Appliances

Figure 14; Components of a home solar mini-grid.
Technology

According to (David Tan, 2011), photovoltaic cells are made of light-sensitive semiconductor
materials which use photons to dislodge charged electrons to drive an electric current. There are
two main categories of technology used for P.V. cells, namely:-

1. Crystalline silicon, which accounts for the majority of P.V. cell production
2. Thin film, which is newer innovation and happens to be growing in popularity.
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Mono-Crystalline Silicon PV Cell Poly-Crystalline Silicon PV Cell

Figure 15; Mono-Crystalline Silicon PV Cell and Poly-Crystalline Silicon PV Cell.
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Figure 16; Tree diagram showing various types of PV cells.
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Mono-crystalline Poly-crystalline Flexible amorphous CIGS thin film
silicon silicon thin film

Figure 17; Types of PV cells.
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The different modules of PV cell modules have different characteristics and capabilities. This is
owed to the different rates of reaction of the chemical composition of the PV cells. Mono-
crystalline silicone PV cells have the highest efficiency rates ranging between 12.5%-15%, poly-
crystalline Silicone 11%-14%, copper indium gallium selenite 10%-13%, cadmium telluride
9%-12%, and amorphous silicon 5%-7%.

Table 3; Conversion efficiency in different PV modules.

CONVERSION EFFICIENCY OF VARIOUS PV MODULES TECHNIQUE'S
TECHNOLOGY MODULE EFFICIENCY
Mono-Crystalline Silicone 12.5 %-15%
Poly Crystalline Silicone 11-14 %
Copper Indium Gallium Selenite (CIGS) 10-13%
Cadmium Telluride (CdTe) 9-12%
Amorphous Silicon (a-Si) 5-7%
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3.6 SOLARPV SYSTEMS ON BUILDINGS
PV integrated materials represent one approach that had yield breakthroughs and will grow in the
coming years.

After the commercialization of photovoltaic (P.V.) panels, Architects, Engineers, and builders
have sought creative methods to integrate aesthetically. V.s into buildings through either P.V.
embedded materials or architectural composition strategies (Heinstein & Ballif, 2013).

Tempered Glass
with Ceramic Printing

—& Encapsulant

Mono Crystalline
Solar Cell

® Encapsulant
e Edge Thermal Sealing

Tempered Glass
with Ceramic Printing

-& Junction Box

Figure 18; Typical Solar Aesthetic Panel.

Standard PV panels are better understood and preferred, yet they introduce aesthetic, construction,
and regulatory challenges. Neighbourhood arrangements often prohibit solar for aesthetic reasons.
We will evaluate the aesthetic preferences with solar and Zero Energy buildings. Recognizing that
there are aesthetic solutions where P.V. can be desirable, we should devote our efforts to improving
P.V.'s desirability through architectural means (Heinstein & Ballif, 2013).

In short, solar does not always look good, but with the right approach and the right design, we see
it becoming more of an asset. So here we come up with the proposal of the aesthetic solar panels,
which will not give any feel of the solar panels embedded in the envelop panel.

3.6.1 Functional & Constructive Aspect

The building envelope has to fulfil a broad and complex set of protection and regulation functions.
Some regulations require different structures and components like fixed/mobile parts, opaque and
transparent elements. For durability and applicability of the integration of solar modules in the
envelope system, proper research and studies must be conducted to ensure that they are provided
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in a manner that doesn't compromise the building's structure, energy efficiency, aesthetics, and
stability.

To maximize the benefit from the multifunction solar elements that are taking over the envelope
functions of our buildings and premises, designers, architects, engineers, and other built
environment professionals need to put more effort, time, and resources into developing solar P.V.
systems while still maintaining the functionality of elements of the Building like walls by
mounting or restraining the use of these materials (Heinstein & Ballif, 2013).

On another perspective, it brings the significant advantages of a global cost reduction and an
enhanced architectural quality of the integration (Heinstein & Ballif, 2013). However, function
compatibility is essential to ensure that the new multifunctional envelope system meets the
necessary building construction standards (Munari Probst & Roecker, 2012).

+ The panel load should be adequately transferred to the load-bearing structure through the
appropriate fixture's

+ The panel should be fire & weather resistant, saving it from wear & tear.

+ Resistances against wind load and impact and should be safe within permissible limits of
stress and deflection.

+ Risks of theft and damage related to wreckage should be evaluated, and appropriate
measures are taken.

+ The fixing is eyed at avoiding thermal bridges, and the overall U value of the wall should
not be negatively affected

+ Vapour transfer through the wall helps avoid condensation layers and moisture by allowing
the wall to remain dry.

Apart from the highlighted standards of building and construction constraints, the
integration of solar systems involves other issues resulting from specific solar technology
attributes, i.e., the presence of a hydraulic system (for S.T.) or electric cabling (for P.V.)
and the high temperatures of some modules (Munari Probst & Roecker, 2012).

+ The ability of the hydraulic system of S.T. to deal with water pressure differences at the
different facade levels (heights) should also be carefully studied, be safely positioned
within the envelope structure, and remain accessible.

+ Water leakage is an issue of great concern when setting up solar P.V. systems as it may
result in short circuits and rusting of wires and other vital components of the system.

+ Proper cabling and connections avoid shock hazards and short circuits and put up measures
to prevent and control fire outbreaks.

+ The Envelope materials used in contact with the solar modules should work and withstand
high temperatures.
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+ Safety and health issues are among the main issues of consideration and concern for
collectors within users' reach, thus avoiding cases and accidents like burning or shock
hazards (ground floor, window, and balcony surrounding).

+ Different materials have varying expansion and contraction characteristics depending on
their composition. Therefore, all the details, jointing, and materials should have compatible
thermal conductivity rates like the other envelope materials.

As seen, integrating the new function "solar collection™ into the building envelope requires an
understanding of where (opaque parts, transparent parts, fixed/mobile elements), how, and
which collectors can be made compatible with the other envelope elements materials, and
functions. Each technology or sub-technology has different implementation possibilities in
different parts of the envelope.

3.6.2 Formal Aspects and Aesthetics

(Munari Probst & Roecker, 2012) Suggest that all the system characteristics that affect the
appearance of a building (i.e., formal system characteristics) should be rational with the overall
building design. Thus, for example, the position and dimension of the panel field have to be
coherent with the architectural composition of the whole Building (Heinstein & Ballif, 2013).

+ Panel visible material surface texture and colour should be compatible with the other
building skin materials, colours, and textures they interact with.

+ Module shape and size must be compatible with the Building's composition grid and the
different dimensions of the fagade elements (Munari Probst & Roecker, 2012).

The actual flexibility of solar modules, mastering all characteristics of an integrated solar thermal
system in energy production and building design perspectives, is not an easy task for the engineer
(Munari Probst & Roecker, 2012).

The characteristics and general output of the solar P.V. system happen to be very dependent on the
efficiency, size, and technology of the installed systems, which imposes the core components of
the solar modules with their particular shapes and materials. The flexibility of the design and
application of solar and the ideal materials and skills increase the success rate of the GEB design
and its integration. (Kayali & Alibaba, 2017) Indicate that the topic of solar modules is flexible as
it is also presented in two very different fields of S.T. and P.V., making the integration design
work either more or less challenging.

3.6.3 Photovoltaic System Position & Sizing

To create an effective photovoltaic fagade system, the crucial part is the system position & sizing.
Furthermore, the positioning & sizing of the photovoltaic system depends on many factors like:-

+ Area availability on the different envelope parts.
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< Seasonal solar radiation on these surfaces.
<+ Desired solar fraction

The solar radiation differs from the orientation; lower-exposed systems need a more extensive
panel area than well-exposed ones to achieve solar fraction (Kayali & Alibaba, 2017). This also
holds for technology efficiency: the higher the panel efficiency, the smaller the needed panel area.

Understanding the cross-impact of orientation and technology on system size is fundamental for a
proper system choice. For example, solar thermal systems usually limit investment costs by
maximizing the annual solar radiation (45° tilted, facing south for mid-latitudes), thus minimizing
the needed panel area (Kayali & Alibaba, 2017). The approach happens to be quite an effective
strategy, but the Building in question has to use the total energy produced by the system. But
because of the summer peak production leads to solar fractions up to 50—60 % only in mid-
latitude.

3.7  Facade Characteristics (Base Model Design with Photovoltaic Panels)

Figure 19; The Area of Study, Y Adnec Towers, Abu Dhabi. Source; (Author). The building existing Double Glazed glass will be
replaced remodelled with ACP which have the ability to harness solar energy and save energy trough using solar energy and
natural lighting to replace the need for artificial lighting and grid electricity.
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"How much money will a standard curtain wall / ACP system pay back? The answer is Zero. In
contrast, a photovoltaic aesthetic panel will not only insulate the Building but generate power for
over 30 years, helping to decrease the requirement of non-renewable source of energy, therefore
leading to sustainable future."

The total exposed Aluminium composite Panel area for our base case model is around 7265 sgm.
Type of Photovoltaic Glass: Amorphous Photovoltaic Silicone Glass

Amorphous silicon glass happens to offer a perfect combination of aesthetics and functionality
(Schropp, etal., 2007). The solar P.V. glass displays similar mechanical properties as conventional
building glass used in the construction industry. Amorphous carbon applies stringent safety
standards in the construction industry similar to that applied in ordinary architectural glass.
However, it also generates free and clean energy thanks to the sun (active solar properties). It can
also be customized in size, colour, shape, colour, and semi-transparency levels. Moreover, the
material works very well under diffuse light conditions.

3.7.1 Advantages of Amorphous solar silicone P.V. Glass:-

1. It produces more power than crystalline silicone glass when put under the same light
conditions and temperatures.

2. It has a uniform appearance and surface, thus the ease of a clean and proper installation.

The material offers different visible light transmittance levels, up to 30%.

4. Flexibility in design since the glass can be tailored and cut to the architectural needs of the
Building.

w

3.7.2 Natural Lighting & Selective Filters
The use of amorphous silicon glass has been proved to boost thermal performance in buildings.

The material is also useful in promoting natural light inside buildings while at the same time
filtering harmful U.V. radiation and Infrared (Eoreports.wixsite.com, 2021).
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Figure 20; Aesthetic PV Panels.

3.7.3 Insulation Properties Amorphous silicon photovoltaic glass follows both thermal &
sound insulation, which could fabricate as per requirement.
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3.7.4 Standard Panel Sizes Available For Amorphous Photovoltaic Panel

Amorphous P.V. panels can be customized to adapt to the need of each project. A wide range of
colour options is also possible.
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STANDARD SIZES

3000 x 1245 mm  118/64" x 49"

1245 x 300 mm 1200 x 600 mm
49'x 1113 18" 471/4"x235/8" 49" x 25"

2462 x 635 mm 1849 x 1245 mm 2456 x 1245 mm
97" x 25" 73" x 49" 96 3/64" x 49"

49" x 49"

Figure 21; Standard sizes available in the market for Amorphous Photovoltaic Panels

The proposed Aesthetic Energy Panels from Heliartec are made from high-efficiency non-perc
monocrystalline solar cells. These cells string together with a particular circuit design structure,
thereby giving maximum output. This will also reduce the shadow impacts from the surrounding
buildings.

The solar layer of cells is held between the tempered glass from the outside and another tempered
glass from the inside. The monocrystalline solar cells are embedded between the tempered glass
panels and special laminated PVB layers to increase stability, safety, and acoustic performance. In
addition, the sides and edges of the panel are sealed with special thermal materials to make the
functionality and the durability of the panel resistant against moisture, air, and humidity.
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Figure 22; Components of an Aesthetic Energy Panels

The panels are made with measurements in the construction industry with lengths multiples of 300
mm to maximize the wastage and utilization of the facade space to the optimum levels. The panels
can be done with sizes varying from 600 mm to 3000 mm and widths varying from 600 mm to
1500 mm. The thickness of the internal and the external panels can range from 3mm thickness to
up to 10mm thickness as per the customer requirements based on the wind-load calculations and
other factors.

3.8 Fixing Methodology

The energy panels are installed similarly to how we fix the glass facades with the proper framing
with the building structure and then apply the cementitious paints as the base coat, followed by the
setting of the necessary fire barriers are to be installed on the floor wise level to meet the civil
defence requirements. The glasses can be fixed either with the curtain wall mounting pattern or
even with the spider glazing pattern, whichever is accepted by the client and consultant abiding
with the structural calculations.
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Figure 23; Installation of ACP material.

U Value Of the Aluminium Composite Panels

The glass configuration selected is equivalent to the base case model, i.e., 6mm Toughened Glass
+ 12mm Airspace + 6mm Toughened Glass.

The Value of the base case model glass was 1.56 W/m2K, and the proposed ACP U Value is 1.1
WIim2K.

By

For unkt conversion: 0 1761

Figure 24; U vAlue of the proposed ACP material.
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3.9  General Photovoltaic Estimation
We have calculated a general estimate using a renowned photovoltaic panel supplier estimation
tool, and the results were awe-inspiring with ACP material.

According to the calculations, the building will generate about 458, 098 kWh of energy per year.
The use of ACP also reduces the carbon footprints of the building by 302,920 Kg CO2 annually.
This was obtained after comparing the proposed energy generation model with the existing source
of energy which requires the burning of about 270 barrels of oil.

If the energy produced would be used to power an electric car, it would provide enough power to
drive about 3,393,251 Km.

Energy production is just estimation where factors like surrounding shadows, self-shades, or other
external impacts have not been considered. This leads to a gradual reduction in energy production.
In addition, other potential losses due to BOS are also excluded from these calculations. The
calculation has been done using PVGIS and PVWATTS

Table 4; Calculated with energy-efficient light bulbs of 6W.

Month Eqd Em
January 1,051.96 32,610.81
February 1,249.25 34,978.96

March 1,185.53 36,751.43

April 1,291.10 38,733.03

May 1,420.92 44,048.55

June 1,404.68 42,140.36

July 1,355.10 42,007.98

August 1,376.49 42,671.34

September 1,353.23 40,596.99

October 1,271.70 39,422.79

November 1,106.51 33,195.29

December 997.79 30,931.37

Yearly average 1,255.36 38,174.08
Total for year 458,088.90 2,344.68

Eq: The Average daily electricity production from the given system (kWh)

Em: The Average monthly electricity production from the given system in(kWh)
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Hq: The Average daily sun of global irradiation per square meter received by the modulus of the
given system in (kWh/m2)

Hm: The Average sum of global irradiation per square meter received by the modules of the given
system in (kWh/m2)
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Figure 25; The Average daily electricity production from the given system (kWh).
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Figure 26; The Average monthly electricity production from the given system in(kWh).
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Figure 27; The Average daily sun of global irradiation per square meter received by the
modulus of the given system in (kWh/m2).
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Figure 28; The Average sum of global irradiation per square meter received by the modules of
the given system in (kWh/m2).

3.10 Feasibility Study
The total sun energy available for a day is equivalent to the total energy consumed for a year
in the world. Therefore, if we provide a system in which the external walls of the building
facade are converted to green power stations generating energy, these stations can be used for
the building purpose and can even satisfy the external requirements.

Once we consider the high-rise building in the urban areas, the available space on the roofing
alone will be sufficient to put up enough solar panels. But, as the building height goes up, the
external wall areas are increasing, and it is an excellent opportunity to utilize such sites for
power generation if possible, and it is enormous potential.

We have proposed replacing the Aluminium Composite Panels with the Building-integrated
Photovoltaic system (BIPV) solution for the wall areas. This will support in generating clean
energy from the sunlight available. Furthermore, we can use these areas as a large canvas on
excellent masterpiece images for any unique patterns required with any design concerning the
aesthetic approach.
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Figure 29; Aesthetic ACP material.

This document is a feasibility report of the Low-e photovoltaic glass for its integration in the
four facades of 6500 SQM.

This glass generates free electricity for the Building while providing thermal and acoustical
insulation, daylighting, and sun control. This combination of active and passive properties of
the glass leads to an extended outstanding return on investments. The Low-E photovoltaic
glass is the only architectural glass that pays for itself due to the energy savings derived from
a high-performing building envelope plus the electricity generated by the glass, which is used
for self-consumption. With Solar photovoltaic glass, we can benefit from having the same
energy cost rate for the Building despite the increasing local electricity price, ensuring the
energy cost at less than 0.04 € (0.16 AED) per kWh for the next 30 years.
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The following figures and graphs reflect the average reduction in energy demand and cost per
square foot of solar glass installed. This compares a conventional Insulated Glass Unit (clear
glass/air chamber/clear glass) and a Photovoltaic Insulated Glass Unit, which provides a very
low-risk investment with an excellent yield during the entire lifetime of the Building.

ENERGY

GENERATION

THERMAL 8 ACOUSTIC

INSULATION

NATURAL

ILLUMINATION

Figure 30; GEB Considerations.
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ENERGY SAVINGS

ENERGY COST WITH SOLAR GLASS (EUR/k\Wh) oM €
Electricity cost guaranteed for the next 30 years.

REDUCTION IN HVAC ENERGY DEMAND (%) 39%
Maximum reduction in HYAC energy demand in this city

AVERAGE REDUCTION OF ENERGY DEMAND (EUR/sgm glass) 2 €
Average redudion of energy demand per square foot of Glass from energy generation
and the HVAC savings in 30 years.

Figure 31; Energy Savings with the adoption of Solar Glass.

RETURN ON INVESTMENT $

IRR (30 years) (%) 4%
Internal Rate of Return: average annual return during the first 30 years of the investment

IRR (20 years) (%) %
Internal Rate o f Return: average annual return during the first 20 years of the investment.

TIMES THE INVESTMENT (period of 30years) (times) 2
MNumber of times that the amount invested is received during the investment period of 30 years. (Average
Reduction of Energy Demand /Investment)

Figure 32; Rate of investment returns on the installation of solar glass panels.

53



Table 5; Total reduction in energy demand 30yrs, after adopting BIPV technologies and
consequent reduction in HVAC energy use.

[REDUCTION IN ENERGY DEMAND

The energy demand of the Building
in HVAC without Solar P.V. glass
in 30 Years
(Average increase of energy cost
per year: 1.30%4)

TOTAL REDUCTION OF ENERGY DEMAND
in 30 YEARS

Total reduction of energy demand due to the generation of
1,796,670 € 24,152,400 KWh PHOTOVOLTAIC ENERGY + REDUCTION IN HVAC
REQUIREMENT

GLASS CONFIGURATION EUR kWh Yo

1. Clear glass + 12mm air chamber +

0 0 0%
clear glass

2. Amorphous silicon photoveltalc
glass with a transparency degree of
10% + 12mm air chamber + clear
glass

3. Amorphous silicon photovoltaic
glass with a fransparency degree of
10% + 12mm argon chamber + low-e
glass

4. Amorphous silicon photoveltaic
glass with a transparency degree of
20% + 12mm air chamber + clear
glass

3. Amorphous silicon photovoltaic
glass with a ransparency degree of
20% + 12mm argon chamber + low-e
glass

6.Amorphous siicon photovoltac
glass with a transparency degree of
30% + 12mm air chamber + clear
glass

1. Amorphous silicon photovoltaic
glass with a fransparency degree of
30% + 12mm argon chamber + low-e
glass

6095215 0,345,681 39%

683,744 0.191 481 38%

673233 0.030,143 3T%

694,150 0,291,043 38%

503,043 1,972 204 33%

606,567 8,134,004 34%
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Table 6; TOTAL REDUCTION IN ENERGY DEMAND (EUR)

REDUCTION IN ENERGY DEMAND

The energy demand of the Building in
HVAC without Solar P.V, glass in 30

Years Photovoltaic Energy Production
{Average increase of energy cost per
year: 1.30%)
1,796,670 € 24,152 400 EWh Amount of energy produced by Glass
GLASS CONFIGURATION EUR EWh

1. Clear glass + 12mm air chamber +
clear glass

2. Amorphous silicon photovoltaic glass
with a transparency degree of 10%: = 156,803 2,107 881
2mm air chamber + clear glass

3. Amorphous silicon photovoltaic glass
with a transparency degree of 10%: = 156,803 2,107 881
2mm argon chamber + low-e glass

4. Amorphous silicon photovoltaie glass
with a transparency degree of 20%: + 135,421 1,320,445
2mm air chamber + clear glass

5.Amorphous silicon photovoltaic glass
with a transparency degree of 20% + 135,421 1,320,445
12mm argon chamber + low-e glass

6. Amorphous silicon photovoltaic glass
with a transparency degree of 30% + 114,038 1,533,004
12mm air chamber + clear glass|
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Table 7; TOTAL REDUCTION IN ENERGY DEMAND (EUR)

REDUCTION IN ENERGY DEMAND

The energy demand of the Building in
HVAC without Solar P.V. glass in 30

Years Energy Savings Induced By Thermal Envelope

. IN 30 Years
(Average increase of energy cost per
year: 1.30%)
1,796,670 € 24,152,400 kWh Amount of energy glass saves
GLASS CONFIGURATION EUR kWh
1. Clear glass + 12mm air chamber + clear 0 0

glass

2. Amorphous silicon photovoltaic glass
with a transparency degree of 10% + 12mm 538,412 7,237,800
air chamber + clear glass

3. Amorphous silicon photovoltaic glass
with a transparency degree of 10% + 12mm 526,941 7,083,600
argon chamber + low-e glass

4. Amorphous silicon photovoltaic glass
with a transparency degree of 20% + 12mm 537,809 7,229,700
air chamber + clear glass

5.Amorphous silicon photovoltaic glass
with a transparency degree of 20% + 12mm 555,730 7,470,600
argon chamber + low-e glass

6.Amorphous silicon photovoltaic glass
with a transparency degree of 30% + 12mm 479,005 6,439,200
air chamber + clear glass

7.Amorphous silicon photovoltaic glass
with a transparency degree of 30% + 12mm 492,529 6,621,000
argon chamber + low-e glass

56



10,000,000

9,000,000
8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000

0

1. Clear glass 5.Amorphous6.Amorphous7.Amorphous
+12mm air Amorphous Amorphous Amorphous silicon silicon silicon
chamber + silicon silicon silicon photovoltaic photovoltaic photovoltaic

clear glass photovoltaic photovoltaic photovoltaic glass witha glass witha glass with a
glass with a glass witha glass with a transparency transparency transparency
transparency transparency transparency degree of  degree of  degree of
degree of  degree of degree of 20% + 12mm 30% + 12mm 30% + 12mm
10% + 12mm 10% + 12mm 20% + 12mm argon air chamber+  argon
airchamber+ argon  airchamber+ chamber+ clearglass chamber+

clear glass chamber+ clearglass low-e glass low-e glass
low-e glass
M Energy Savings Induced By Thermal Envelope B Photovoltaic Energy Production

IN 30 Years

Figure 33; Energy Reduction graphs within 30yrs of adopting ACP Panels and PV Panels.
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REDUCTION IN HVAC DEMAND

= REDUCTION IN HVAC DEMAND

1. Qlear glass | | l l
Z

+12mm air

Amorpho
chamber + rphous Amorphous 4 . Amorphous
clear glass silicon dlicon  Amorphous ! S o ious
photovoltaic il ficon orp
-, . photovoltaic  Stcon : shécin 7.Amorphous
glasswith z phetovoltaic X8
aha Photovoltaic ; hotovoltzic silicon
transparency S2SWiha glasswitha P . )
transparengy SesSWitha lasswitha  Photovoltaic
degree of parancy transparency g -
deeree of  Lrensparency transparen glasswitha
10% + 12mm %6 desrea of  degresof Sparency.
10% + 12mm _ 2®E deeree of  transparency
zir chamber + 20%+ 12mm 20%+12mm _C€8 d o
n 30%+ 12mm egree

clear glass Are sirchamber+ 37890 : 30% + 12mm
chamber+ 3if chamber + eon
low-2 glass clear glass clear glass
g fow-e glass g haabais

low-e glass

Figure 34; Reduction in HVAC Demand.
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TOTAL REDCUCTION IN ENERGTY DEMAND

; 9,345,681 KwH

TOTAL LIGHTNING POINTS OPERATING 4 HOURS PER DAY

=~y

17,781 Lights/ Year

.
— D
|_u: S
S AT

e

AVOIDED CO; EMISSIONS

T 6,261,606 kg CO,

BARRELS OF OILED SAVED

5,514 Barrels

BARRELS OF OILED SAVED

n

69,227,197 Km

59



Table 8; Energy Cost Per kWh.

[ENERGY COST PER kWh

GLASS CONFIGURATION

TOTAL REDUCTION OF ENERGY DEMAND

in 3) YEARS
Electricity cost for the 5“‘?’{55 in the
t 30 years (Amount electricity expense
e P Local Electricity senerated from a
to invest / Total . LT
. Cost reduction in
reduction of energy e
demand 3
Ll
EUR/EWh EUR/EWh 0%

1. Clear glass + 12mm air chamber + clear
glass

Without Solar Glass are no savings n energy cost

2. Amorphous silicon photovoltaic glass with a
transparency degree of 10% + 12mm air
chamber + clear glass

0.04€

0.06€

3%

3. Amorphous silicon photovoltale glass witha
transparency degree of 10% + 12mm argon
chamber + low-e glass

0.04€

006€

3%

4. Amorphous silicon photovoltaie glass with a
transparency degree of 20% + 12mm air
chamber + clear glass

0.04€

0.06€

-g
In"

A0

5.Amorphous silicon photovoltaic glass with a
transparency degree of 20% + 12mm argon
chamber + low-e glass

0.04€

006€

35%

6.Amorphous silicon photovoltaie glass with a
transparency degree of 30% + 12mm ar
chamber + clear glass

0.04€

0.06€

28%

7.Amorphous silicon photovoltaic glass with a
transparency degree of 30% + 12mm argon
chamber + low-e glass

0.05€

006€

23%
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AVERAGE REDUCTION OF ENERGY DEMAND V5
AMOUNT TO INVEST

B AVERAGE REDUCTION OF EMERGY DEMAMD B AMOUNT TO INVEST

280.50€

232.15€ 27749 E 273.23¢
17€ JE &
17€ /8 €
_0.00E00E
‘.__f L

1. Cearglass 2. Amorphous 3 Amorphous 4 Amorphous S.Amorphous
+ L2mem air silicon silicon silicon silican siicon silicon
chamber + photowvoltaic  photovoliaic  photovoltsic photovoltaic photoveltzsic photovoltaic
clear glass glazzwith 2 glasswith a glasswith a glazzwith a glass with a glazswith 2

transparency trENsSparency trEnsparency  trAnsparency  trEnNSpErency  transparency
degree of 10% degree of 10% degres of 20% degree of 20% degree of 30% degres of 30%
+12mmair + 12Zmmargon 4+ 12mmair +12mmargon  + Lmenzicr + 12mmargon
chamber + chamkber + chamber + chamber + chamber + chamber +
chear glass low-e glass= clear glass lowr-e glass clear glass lowi-g glass

24617 £

24008 €
GEE
i i

BAmaorphous  T.Amorphous

F
A

o

Figure 35; Average Reduction in Energy Demand vs. Amount Invested.
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Table 9; Return on Investment.

EETUEN ON INVESTMENT

30% + 12mm argon chamber + loa-
& glasg

AVERAGE
REDUCTION OF AMOUNT TO
5 ROI IRR TIMES THE INVESTMENT
ENERGY INVEST
DELAND
T mete Investment Internal rate
GLASS CONFIGURATION of enerev demand needed o Il_iﬂ. . Return |:||1_ of return: Namber of fimes that the
=L Photovoltaic investment in HVETHZE . . .
per swear meter of . amount invested is received
properties to each 30 years annual return . B ;
glass from energy SOM of Clas ofit durine the duoring the investment period of
generation and the ¢ : . (pr TS 30 vears { Averagze Reduction
HVAC savines i and the Coxt for imvestment first 30 years of E De — 0
womre | theBalanceofthe | system) of the uergy Demand Tnvestmen
years system mvestment
(BURSOAL (EUR/SQAD g L] times
1’3’3;;5 * 12ntn it chamber Without Solar Glass there is no additions] reduction in energy demand, 5o 1o Fetom on the Investment i= received
2. Amorphous silicon photovoliaic
ﬁ’::ﬂ‘}“ﬂ’fm - "fﬁ:’f 28115 € 4317€ o7 o 2
glazg
3. Amorphous silicon photovoliaic
glazs with a wansparency degres of - e o T -
109 + 12emm argon chamber + low- ane lalre b i .
a glasz
4. Amorphous silicon photovolizic
if:fﬁ”ifpm o dfgdﬁf MBE 14278 € 21% 3% 2
glazs
5 Amorphous zilicon photoroltaic
fnf:fﬁ”;ﬁnm' i'ffe];f 280,50 € 15478 € 81% 3% 2
& glasz )
§_Amarphous siticon photovoltaic
%’;:fﬁ”ifpm - dfgﬁf M6 E 143386 63% % 2
Elass
T_Amarphous zilicon photovoltaic
lass with 2 iransparency deges of R4617€ 155.38€ 55% Th 2
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3.11 Other advantages of Building-integrated Photovoltaic & Green Building Design

In the past decade, the issue of environmental, social, and economic sustainability has gained
much traction. Among the proposed strategies for attaining sustainability in resource use and
management, Green Building design and technology have become of great interest, especially in
today's e real estate market. This is especially true within the business model where the leasing
tenants are responsible for operating and managing the Building. Qualitative facts such as return
on investments, enhanced door comfort, and productivity level due to the radiation with optimal
natural light contribute to earning green certification such as ESTIDAMA. The return on
investment is the key feature of the Building-integrated photovoltaic associated with the
company's commitment to preserving the environment.

Other economic benefits of the Building-integrated photovoltaic are as the following:-

e Operating cost decrease 8%-9%

e Building value increases 7.5 %

e Return on investment improves 6.6%
e Occupancy rate rises 3.5 %

e The rent ratio increases 3%

The adoption of building integrated photovoltaic panels helps save on acquiring energy by;
reducing consumption and wastage of energy and producing the energy required to run and
operate the Building, thus eradicating or reducing the need to purchase energy. Some of the
multifunctional characteristics that make the latter possible happen: improved thermal insulation,
reduced need for artificial lighting, better air quality, and indoor humidity and temperature,
which generally contribute to reducing carbon footprints from buildings and structures, a step
closer towards achieving environmental sustainability.

They generated solar electricity to feed the Building's electricity consumption, reducing the
reliance and use of other conventional sources. The strategy is also essential in dealing with
unreliable energy supply and shortage, especially in minimizing the peak load demand for
HVAC and lighting (Lu, et al., 2019).

In conjunction with the ability to save energy and generate it, you will be given peace of mind
knowing that the Building's energy cost will remain minimal.

3.12 Hypothesis and Assumptions

Electricity price was obtained from the United Arab Emirates, Ministry of energy, estimated at
0.06 Eur/kwWh. Since Abu Dhabi is still on the verge of its growth, the demand for grid electricity
is expected to increase simultaneously. This means a high probability of the electric bills going
up and creating a challenge of energy shortage. Further, the high electricity demand will increase
unsustainable energy generation processes like burning natural gas and other petroleum products.
This is thereby threatening our environment and has been the cause of the current global
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challenge of environmental pollution and climate change. As a result, there is a need to propose a
sustainable source of electricity for buildings in the ‘solar-energy rich’ Abu Dhabi city.

PROTOTYPE
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Stage 1

Figure 36; Fist step in modelling the site area was site allocation and design of the ground floor plan.
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Stage 2

Figure 37; Concstruction of the pillars, floor slabs, and wall cladding.

Stage 3
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Stage 4

Figure 38; Replacing existing wall material with ACP. This involves changing building properties in the IESVE extension on Stech-
up. As well as the alloactaion of different settings and characteristics like thermal performance.

Figure 39; Front elevation of the complete remodelled building
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Figure 40; Side elevation of the proposed building.
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4 CHAPTER 04: METHODOLOGY & STRATEGIES
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4.1  Overview

We have completed energy modelling for the Y tower Adnec Building to meet the Estidama
pearl two regulations. As part of our activity, we have used the project with the greenest efficient
materials to suit the Estidama requirements.

The building has been constructed using; hollow, insulated, and solid blocks which measure
between 100-300mm, concrete, Rockwool of 50mm thickness and 70Kg/m3 density, and finally
double glazed 6mm HD reflective, 20mm ASP, and 6mm clear stunt T LowE. These materials
have different properties regarding thermal efficiency, and their generation also contributes to
the increase in global carbon footprint.

We modelled the building using PV facades to enable the building to harness solar energy, thus
making the building more energy sufficient instead of Aluminum Composite Panels (ACP).
Adopting solar PV facades, which reduce the amount of solar radiation entering the building,
will also reduce the energy used for cooling and maintaining ample thermal conditions,
especially during the day. This will go a long way to reducing the need for artificial cooling
methods which are more energy-intensive, like the use of conventional ACs.

The effect of using Aesthetic PV facades as walling material instead of conventional Aluminum
Composite Panels (ACP) and normal construction glass, which harm the environment and energy
efficiency of a building, was analyzed through IES VE as a means of verifying and affirming the
study.

This research can be defined as exploratory research. The study's main objective is to analyze the
feasibility of using Aesthetic PV facades in place of ACP wall material to harness solar energy
and make the Y Tower Adnec building sustainable efficient in energy management and
generation.

Strategies: Some of the strategies employed for the study are; Literature review, Field Studies,
observation, Simulation and modelling, A multi-disciplinary approach.

4.2  Field Studies/ Physical data collection

One of the most efficient and earliest methods of studying different phenomena is observation
and physical data collection. It is possible to study and analyze the behaviour and characteristics
of different objects. However, to capture the most relevant and applicable data, the researcher
must-have skills and knowledge in the particular area of study and collect data. This will enable
them to follow the given protocol and parameters to deal with externalities like missing study
subjects and outliers.

After the data collection process, it is recommended that one does a follow up data collection
exercise within a week or two of the official data collections to affirm critical issues and
information as well as to facilitate the collection of missing data in cases where maybe the owner
of the household being studied was not available during the data collection process.
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In studying the energy efficiency of a building, it was essential to understand the energy
consumption rates of the building in question. For this purpose, we had to visit the study area to
interview its management and the Department of Energy Abu Dhabi city (DEA). This was
necessary to understand the building’s current energy situation and data crucial in modelling and
proposing alternative green and sustainable building materials.

Jakica et al. (2019) have discussed some of the applications of BIPV systems in attaining energy-
efficient properties in their document ‘BIPV Design and Performance Modelling; Tools and
Methods’

Saupan, 2008, in the journal titled, ‘BIM + Sustainability: Case Study on IES VE Building
Performance Simulation,” recommended and used IES VE to manipulate weather, temperature,
and load reports collected from conducting field surveys.

In a study to assess green buildings and sustainable construction methods in the UAE, Salama &
Hana (2010, pp. 1397-1405) conducted a field visit to study the awareness of different
practitioners and business people in the UAE. In a study on the design and modelling of an
energy-efficient HRV, Guida (2019, pp. 3713-3715). They performed several measurements to
analyze features like heat loss.

From the field study, we established the following materials used to construct the Y tower Adnec
Building;

4.3  Properties and characteristics of existing building material on Y-towe Adnec
building
Properties of Hollow Block (100mm):

Thermal transmittance - (U) Value calculation

1. Thermal transmittance (U) value if a wall constructed using "100 mm Thick, Normal
Weight Concrete Hollow Masonry Blocks" is as follows:
a) Wall configuration

Table 10; Calculations of the thermal transmittance (U) value of Hollow-Block wall material
(100 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [m2.K/W]
External surface  -- -- 0.04
Plaster 15 0.72 0.0208
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Block 100 0.858 0.11655

Plaster 15 0.72 0.0208
Internal surface  -- - 0.12
TOTAL 130 -- 0.31815

e See Report on Thermal Transmission Properties issued by DCL; Ref:
TT-376-2017 dated 12-01-2017

b) Thermal transmittance (U-value)
Table 11; Thermal transmittance (U-value) of the 200mm thick Hollow Blocks
Description U-value [W/(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 3.14
Properties of Hollow Block (150mm):

Thermal transmittance - (U) VValue calculation

1. Thermal transmittance (u) value if a wall constructed using "150 mm Thick, Normal
Weight Concrete Hollow Masonry Blocks™ is as follows:
a) Wall configuration

Table 12; Calculations of the thermal transmittance (U) value of Hollow-Block wall material
(150 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]

External surface - -- 0.04

Plaster 15 0.72 0.0208

Block 150 1.134 0.13228

Plaster 15 0.72 0.0208

Internal surface  -- -- 0.12

TOTAL 180 -- 0.33388
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e See Report on Thermal Transmission Properties issued by DCL; Ref:
TT-377-2017 dated 12-01-2017
b) Thermal transmittance (U-value)

Table 13; Thermal transmittance (U-value) of the 150mm thick Hollow Blocks

Description U-value [W/
(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 3.00

Properties of Hollow Block (200mm):

Thermal transmittance - (U) VValue calculation

1. Thermal transmittance (U) value if a wall constructed using "200 mm Thick, Normal
Weight Concrete Hollow Masonry Blocks" is as follows:
a) Wall configuration

Table 14; Calculations of the thermal transmittance (U) value of Hollow-Block wall material
(200 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]

External surface  -- -- 0.04

Plaster 15 0.72 0.0208

Block 200 1.272 0.15723

Plaster 15 0.72 0.0208

Internal surface - -- 0.12

TOTAL 230 -- 0.35883

e See Report on Thermal Transmission Properties issued by DCL; Ref:
TT-378-2017 dated 12-01-2017
b) Thermal transmittance (U-value)
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Table 15; Thermal transmittance (U-value) of the 200mm thick Hollow Blocks

Description U-value [W/
(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 2.79

Properties of Insulated Block (200mm):

Thermal transmittance (U) Value calculation

Reference is made to your application dated 30/08/2016 regarding the subject above. Please note
the following:

1. Thermal transmittance (U) value if a wall constructed using "200 mm Thick, Normal
Weight Concrete — Polystyrene Sandwich Masonry Hollow Blocks with 60mm thick
Expanded polystyrene insert" is as follows:

a) Wall configuration

Table 16; Calculations of the thermal transmittance (U) value of Insulated-Block wall material
(200 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]

External surface - -- 0.04

Plaster 15 0.72 0.0208

Block 200 0.110 1.81818

Plaster 15 0.72 0.0208

Internal surface  -- -- 0.12

TOTAL 230 -- 2.01978

e See Report on Thermal Transmission Properties issued by DCL; Ref:
TT-347-2016 dated 21/09/2016
b) Thermal transmittance (U-value)
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Table 17; Thermal transmittance (U-value) of the 200mm thick Insulated Blocks

Description U-value [W/
(m2K)]
Wall Thermal Transmittance (U= 1/RT) 0.50

Properties of Insulated Block (250mm):

Thermal transmittance - (U) Value calculation

1. Thermal transmittance (u) value if a wall constructed using "250 mm Thick, Normal
Weight Concrete-Polystyrene Sandwich Masonry Hollow Blocks with 60mm thick
Expanded polystyrene insert" is as follows:

a) Wall configuration

Table 18; Calculations of the thermal transmittance (U) value of Insulated-Block wall material
(250 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]

External surface - - 0.04

Plaster 15 0.72 0.0208

Block 250 0.134 1.86567

Plaster 15 0.72 0.0208

Internal surface  -- -- 0.12

TOTAL 280 -- 2.06727

e See Report on Thermal Transmission Properties issued by DCL; Ref:
TT-381-2017 dated 12-01-2017

b) Thermal transmittance (U-value)
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Table 19; Thermal transmittance (U-value) of the 250mm thick Insulated Blocks

Description U-value [W/
(m2K)]
Wall Thermal Transmittance (U= 1/RT) 0.48

PRODUCT: 250mm thick Concrete-Polystrene Sandwich Hollow Masonry block
Normal Weight Concrete-Polystyrene Sandwich Masonry
Hollow Blocks

PRODUCT DESCRIPTION > (400*250*%200)mm with 60 mm thick Expanded
polystyrene insert

PRODUCT WEIGHT (K.G.): 30

PRODUCT THICKNESS (M): 0.25
(PERPENDINGICULAR TO
HEAT FLOW DIRECTION)

PRODUCT CONFIGURATION :
Table 20; Product configuration table

Product's DENSI THERMAL  CONDITIONOETEST  TEST
TY  CONDUCTIVI ) __ REPORT
COMPONE (sl T [Wim. K] % R.H. C /
NTS REFERE
NCE

Concrete 2300 1.84 -- -- D.M.
approved
materials
list

Polystyrene 32 0.0367 6045 352 DCL
report
no.201601
1109
insert
manufactu
red by
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STYREN
E
INSULAT
ION
INDUSTR
IES

CALCULATION UPPER LIMIT  LOWER LIMIT AVERAGE
RESULTS

THERMAL 1.945 1.773 1.859
RESISTANCE [m2.K/W]

EQUIVALENT

THERMAL

CONDUCTIVITY

[Wim. K] 0.134

Properties of Insulated Block (300mm):

Thermal transmittance - (U) Value calculation

1. Thermal transmittance (U) value if a wall constructed using "300 mm Thick, Normal
Weight Concrete-Polystyrene Sandwich Masonry Hollow Blocks with 160mm thick
Expanded polystyrene insert" is as follows:

a) Wall configuration

Table 21; Calculations of the thermal transmittance (U) value of Insulated-Block wall material
(300 mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [m2.K/W]

External surface  -- -- 0.04
Plaster 15 0.72 0.0208
Block 300 0.067 4.47761
Plaster 15 0.72 0.0208
Internal surface  -- -- 0.12
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TOTAL 330 -- 4.67921

e See Report on Thermal Transmission Properties issued by DCL,;
Ref: TT-382-2017 dated 12-01-2017
b) Thermal transmittance (U-value)

Table 22; Thermal transmittance (U-value) of the 300mm thick Insulated Blocks

Description U-value [W/
(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 0.21

Properties of Solid Block (100mm):

Thermal transmittance - (U) VValue calculation

1.  Thermal transmittance (u) value if a wall constructed using "100 mm Thick, Normal
Weight Concrete Solid Masonry Blocks" is as follows:
a) Wall configuration

Table 23; Calculations of the thermal transmittance (U) value of Solid-Block wall material (100
mm Thick)

Layer Thickness  Thermal conductivity Thermal
(mm) [W/m.K] Resistance
[m2.K/W]

External surface  -- -- 0.04

Plaster 15 0.72 0.0208

Block 100 1.840 0.05435

Plaster 15 0.72 0.0208

Internal surface - -- 0.12

TOTAL 130 -- 0.25595

e See Report on Thermal Transmission Properties issued by DCL,;
Ref: TT-371-2017 dated 12-01-2017
b) Thermal transmittance (U-value)
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Table 24; Thermal transmittance (U-value) of the 100mm thick Solid Blocks

Description U-value
[Wi(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 3.91

Properties of Solid Block (150mm):

Thermal transmittance - (U) Value calculation

1. [Thermal transmittance (u) value if a wall constructed using "150 mm Thick, Normal
eight Concrete Solid Masonry Blocks™ is as follows:
a) Wall configuration

Table 25; Calculations of the thermal transmittance (U) value of Solid Block wall material (150
mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]

External surface - -- 0.04

Plaster 15 0.72 0.0208

Block 150 1.840 0.08152

Plaster 15 0.72 0.0208

Internal surface  -- -- 0.12

TOTAL 180 -- 0.28312

e See Report on Thermal Transmission Properties issued by DCL;
Ref: TT-372-2017 dated 12-01-2017
b) Thermal transmittance (U-value)

Table 26;Thermal transmittance (U-value) of the 150mm thick Solid Blocks

Description U-value [W/
(m2.K)]
Wall Thermal Transmittance (U= 1/RT) 3.53
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Properties of Solid Block (200mm):

Thermal transmittance - (U) Value calculation

1. Thermal transmittance (u) value if a wall constructed using "200 mm Thick, Normal
Weight Concrete Solid Masonry Blocks" is as follows:
a) Wall configuration

Table 27; Calculations of the thermal transmittance (U) value of Solid-Block wall material (200
mm Thick)

Layer Thickness Thermal Thermal
(mm) conductivity [W/m. Resistance
K] [Mm2.K/W]
External surface - -- 0.04
Plaster 15 0.72 0.0208
Block 200 1.840 0.1087
Plaster 15 0.72 0.0208
Internal surface  -- -- 0.12
TOTAL 230 -- 0.3103

e See Report on Thermal Transmission Properties issued by DCL;
Ref: TT-373-2017 dated 12-01-2017
b) Thermal transmittance (U-value)

Description U-value
[W/(m2.K)]
Wall Thermal Transmittance ( U= 1/RT) 3.22

85



INSULATED GLASS PROPERTIES:

Table 28; Insulated glass properties performance calculations (Source; Guardian Glass)

(‘,‘ GUARDWAN PERFORMANCE
ouaes | caLculaTor

Noutral Grey option
Thesmsal
Stress
Guidance
{cog)
Outdoors p
Cl s s
GLASS 1 ear |Middle East) 1 ;!og
Thickness = Smm #2 Guargian HD Grey (Middie East) s
GAP 1 100% Ax, 20mm | 787")
Clear (Midd= East) ¥3 ClimaGuadl Sun T Go
S Thickness = Gmm M— St
Totad Unat (Nominal) = 1 14 in/ 32 mm Siope = 80 Window Height = 1 meter
Estimated Nominal Glazing Weight: 28 %6 kg'm*
Indoors

Table 29; Insulated glass properties sum PRODUCT CONFIGURATION marry table (Source;

Summary Data
Calculaton Standard: NFRC 2010
Visible Light Solar Energy Other Data
Transmittance % (t,) 10 Solar Heat Gain Coefficient (SHGC) 017 Sound Transmission Class (STC) 4
Reflectance-In % (o) 21 Shading Coefficient (s¢) 0.19 :’;:"""'“" Round Recuntion Mdex N
Retlsctance-Out % {p,) 13 Relative Heat Gain [RHG) 128 gl“"'::?é;'g;"" Transmission 29
Color Index % (R‘) 2398 Transmittance % (1) -] Wind Speed 5.50
Light to Solar Gain (LSG) 0.90 Reflectance-in % (pg) 37 Draft Speed 0
Thermal Properties Reflectance-Out % (ng) 18

U-Value Winter Night (W/m*K) 1.74 Absorptance % (ug) 75
UValue Summer Day (Wim*K) 116 Ultraviolet % {1,,,) s

2] 9 hted Tr ission %
Rvalue (m*KIW) 088 (Tdw) 10

Thermal Stress Guidance (Center Sto

of Glass) »

ROCKWOOL TECHNICAL PROPERTIES:

Fujairah Rockwool Slabs
with Aluminum Foil Facing on one side
S@XX
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Thickness: 50mm
Density: 70kg/m3

Fujairah Rockwool Slabs are produced from a long noncombustible resin material known for its
excellent load-bearing performance. The material has been made in conformance with the ASTM
C-612 and BS-3958-5, and they are designed mainly to facilitate acoustic and thermal insulation.
The installation of these materials is easy and does not require much skill as they are easy to cut
and install, even on curved surfaces.

Service Temperature

Plain Rockwool Insulation has a service temperature of 780°C when tested following DIN 52271
for 80mm thickness and 100kg/m3 density. However, there is a possible deviation for lower
densities and with facings.

the user is advised that the maximum use temperature of facings and adhesives may be lower than
the maximum use temperature of the insulation. The user shall ensure that sufficient thickness shall
be installed so none of these accessory items (facings and adhesives) and exposed to temperatures
above their maximum use temperature.

Applications

Designed for a wide range of applications at both high and low service temperatures. It can be used
on flat and slightly curved surfaces for thermal and acoustic insulation of ducting, ovens, vessels,
and other industrial equipment. Ideal for insulation of flat surfaces of furnaces, boilers, and tanks.
It is also suited for fire protection of steel structures, insulation of bulkheads, and ship decks.

Standard Delivery

Available in a standard width of 600mm and length of 1200mm.
Other sizes are available at the client’s request.
Moisture

The materials are water repellent, non-hygroscopic, non-capillary, and do not absorb moisture
from the air. Moisture does not affect the stability of the slabs. Water absorption test certificates
conducted under BS 2972: Section 12 and ASTMC-209 are available upon request.

Thermal Conductivity

Fujairah Rockwool products show remarkably low thermal conductivity values with typical figures
under BS 874, equivalent ASTMC 177/C 518. We have test reports at 35°C mean temperature for
40kg/m3, 70kg/m3, and 110kg/m? densities.
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Table 30; Rockwool material thermal conductivity.

Mean Temp k-Value W/mK
°C 70 kg/m?
24 0.035
35 0.037
50 0.039
100 0.046
150 0.057
200 0.069
250 0.084
300 0.102
350 0.121
400 0.140

The table shows the test results for their raw density following the test report. These results are not
binding because they were converted

Acoustic Properties

Typical Sound absorption figures are shown below, following BS 3638 & ISO 354 and equivalent
ASTMC 423. We have test certificates for 70kg/m3 and 100 kg/m? densities.

The tables show the test results for their raw density per the test report.

These results are not binding because they were converted

Table 31; Rockwool acoustic properties.

Hz 70 kg/m?
125 0.22
250 0.62
500 0.91
1000 1.00
2000 1.00
4000 0.98
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Table 32; Rockwool nominal material density and fire protection capabilities.

Fujairah Rockwool | Mineral Fiber Slab/Board with Black

(SBXX and SBBX) | Aluminium Foil Facing Nominal Thickness,
25-200mm

Fire Properties — Class A (Flame Spread <25
and Smoke Developed Index <450) (see note 3)

1. Nominal Density, 30 — 40kg/ms3;
K-Value: 0.046 W/(m*K)
MW-EN13162-T3—CS(10)0.5-MU3

2. Nominal Density, 41 — 60kg/ms;
K-Value: 0.042 W/(m*K)
MW-EN13162-T3—CS(10)0.5-MU3

3. Nominal Density, 61 — 120kg/m3;
K-Value: 0.038 W/(m*K)
MW-EN13162-T3—CS(10)0.5-MU3

4. Nominal Density, 121 — 200kg/m3;
K-Value: 0.039 W/(m*K)
MW-EN13162-T3—CS(10)0.5-MU3

4.3.1 Advantages and Disadvantages of Field Studies

The method is quite cheap and simple, especially where the period of study is short and the task
or the phenomena being studied doesn’t need long periods of study. Although it may require
some skill level, simplifying the study needs and data collection methods makes the process
easier even for unskilled personnel.

Through conduction field surveys and studies, it is possible to study various unrecorded
phenomena and data. In some cases, it is the only applicable method of acquiring and recording
primary data and information when dealing with objects or animals.

It is impossible to see some things on the shortcomings of the observation and field study of
energy efficiency in buildings. Factors like the solar radiation material and the materials' heat
gain and loss properties are not observable. Energy usage can also not be observed unless with
the help of devices monitoring and measuring devices like meters.

4.4 Literature Review

A literature review provides the theoretical foundation by substantiating the research problem
and justifying research by validating or mystifying previous studies and strengthening the valid
ones Report on Thermal Transmission Properties.
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Abu Dhabi is located in an arid desert kind of climate. Manandhar et al. (2020) have indicated
that Abu Dhabi City experiences a challenge of Urban Heat Islands (UHI) due to the congestion
in the built environment, use of poor energy performance materials, and daily activities like
transport and industrial activities.

Having identified the materials used in the construction of the Y tower Adnec building, concrete,
Rockwool, and double glazed, it was crucial to analyze various sources for their thermal
performance analysis. Former researches and analysis by material developers and standardization
bodies like the ISO 6946 have come up with calculation methods of the thermal performance of
conventional materials and new materials invented by the day (NSAI, 2017). The same bodies
have also developed performance standards for ensuring that all buildings are built in an
environmentally friendly, resilient, and sustainable manner. Some of the construction standards
relevant in the UAE are the Estidama and Dubai-Green Building Rating Systems and standards.

Al-Ayish (2017) recommends using renewable construction materials rather than conventional
building materials like concrete blocks and aluminium composite panels (ACP). These materials
also have high solar radiation properties, thus leading to massive heat gains during the day and
heat loss during the night, which necessitates the use of HVAC systems which are very energy-
intensive. Adopting alternative material that facilitates the retention of heat energy and ample air
circulation reduces the building's energy consumption quite significantly.

Jakica et al. (2019), in their document on ‘BIPV Design and Performance Modelling,” have
highlighted some of the advantages of using PV systems, especially in sustainable building
design. This is through the adoption of PV facades instead of aluminium composite panels
(ACP).

4.4.1 Advantages and Disadvantages of Literature Review

Analyzing data from previous research and work enables one to familiarize themselves with the
phenomena being studied and get tested information that forms the research base. The method is
also very cost and time-efficient since it does not call for inconveniences like travelling and
source data from people who might not be cooperative.

In our case, relying purely on the findings of the Literature Review would not be sufficient for
the research since we also need to acquire actual data on the building being studied by Estidama
calculation and simulation to model and analyze the performance of the building in energy
efficiency.

45  Simulation and Modelling

Modernization and technology have not left the building and construction industry behind.
Innovators, scientists, and professionals in the built environment have developed Building
Integrated Modelling (BIM) systems to assist in the management of; design, construction,
monitoring, and evaluation, among other processes (Diaz 2016). BIM systems also come with
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the value-added advantage of allowing various entities and professionals to collaborate on
projects by allowing involved parties to access project data shared on the cloud (Diaz 2016).
Anyone with access to the data can make changes and highlight areas of key concern from their
comfort areas, thus making the process even more efficient. These systems come with the ability
to view, design, and analyse data in the conventional 2D options and allow 3D and 4D modelling
and viewing.

Jakica et al. (2019), in their report aimed at investigating BIPV Design and Performance
Modelling Tools and Methods, have discussed the importance of BIM systems in the analysis of
the following aspects of BIPV systems;

Evaluation of technical and financial feasibility of the proposed project by analyzing possible
risks and negative impacts of a project. Using proven technologies and materials, it is possible to
mitigate and overcome some of these risks and impacts and perform a cost-benefit analysis, thus
developing an economical, energy-efficient, and sustainable project.

Levelized cost of electricity calculation is a tool that enables the calculation and measurement of
the energy cost of a given building which is then compared against alternative energy production
methods and strategies. In brief, the average cost of building and operating a property generates
its energy weighed against the total value of the electricity generated over the building’s
operation.

Jin et al. (2019) suggest that simulation is a crucial part of the planning and installation of BIPV
systems. This enables the development of more adaptable systems through technical and
economic feasibility analysis.

Solar irradiation calculation is necessary, especially when it comes to setting up BIPV systems or
in the installation of HVAC efficient systems and plants. The use of suitable material reduces the
amount of energy used in the cooling and heating of the building and the management of air
quality and circulation in the property (International Energy Agency 2019).

Other forms of analysis include; shading loss analysis, optimization of cell arrays layout, 3D
design, and the optimization of hybrid renewable technology (Amoruso et al., 2019).

45.1 Advantages and Disadvantages of Simulation and Modelling

Building Information Modelling systems are essential when it comes to modelling and
simulation, and management of construction projects. BIM systems are essential in modelling
new buildings and enable the management of functional properties and their renovation and
retrofitting programs (Li et al., 2014). Diaz (2016, p. 5) highlights that modelling and simulation
are important, especially in delivering tested and assured high energy and resource-efficient
building and projects, therefore, reducing carbon emissions. BIM systems are flexible enough to
be used in various projects and environments by setting the parameters and manipulating set
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parameters to get the desired results. Li et al. (2014, p. 1) have indicated that “BIM systems
made it possible to model even the most complex spaces and designs,” this is not only in 2D but
also in 3D and 4D. This enables clash detection in projects way before they have been set up,
thus making it possible to fix errors quickly. The ability to manipulate data and information in
shared BIM formats enables the study of different data and results in different disciplines (Li et
al., 2014). Saupan et al. (2008) have discussed the role of BIM modelling and simulation
platforms in speeding up a project’s timeline.

However, using most of this software requires skill and knowledge. Despite the numerous
capabilities of different BIM software, they are still incapable of conducting all the necessary
studies by themselves, thereby requiring one to have skill in a multi-discipline of software for a
sufficient and efficient study.

46  Adopting a Multidisciplinary Approach

According to Attoye et al. (2018, p. 7), there is a need to adopt a multi-disciplinary approach in
developing and installing BIPV systems. This is because environmental, social, and economic
sustainability and conservation are cut across all disciplines. It is also crucial to note that such
projects are usually capital intensive, especially where whole systems are being installed, thus
necessitating the collaboration of the private sector, government entities, and international
organizations like the UNEP. The interaction of various disciplines will help sustainable and
resilient solutions by ensuring that all aspects of human life are given key consideration.

We chose to apply a multidisciplinary approach that involves employing different principles and
integrating software functions to generate the desired results.

4.6.1 Advantages and disadvantages of the multidisciplinary approach

Improved communication happens to be among the basic principles of collaboration. Having
people from different disciplines necessitates clear, precise, and easily understandable language
and formats, which is important in ensuring that stakeholders and the public can understand the
project’s construction and operation process and activities.

Foster collaboration skills by enabling different professionals to develop a common language to
attain positive desired results. This is essential even for future endeavours since the teams will be
more skilled and able to communicate and work with each other, thus achieving even better
results.

Different disciplines complement each other since they all deal with different aspects and
phenomena of life, e.g., medicine, environmental studies, energy management industries. These
groups hold different information as well as solutions to challenges, which is important in the
development of social, environmental, and economically sustainable projects while at the same
time safeguarding the health and safety of the users (Tang & Hsiao 2013).
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Having different professionals work together has also been proven to improve the sense of
achievement and inclusion by various entities by contributing to the setting up of the project.
This also creates a sense of pride and ownership in a project, a factor that contributes towards a
project’s success.

On the other hand, integrating different disciplines and professions in any project brings about
time constraints in the process of decision making since the members from different disciplines
need to come to a consensus before surging forward. This makes the decision-making process
longer and more costly. Bringing people from diverse education and life backgrounds to work
together and collaborate on a project is a very perilous task due to differences in understanding
various concepts and strategies (Tang & Hsiao 2013).

4.7 Integrated Environmental Studies- Virtual Environment (IES-VE)

IES-VE is one of the many BIM software’s that enables a researcher to analyze the performance
of a building in terms of energy use and efficiency and the reduction of carbon emissions. The
software enables the researcher to analyze the efficiency and conditions of lighting systems, solar
energy, energy efficiency. Using the software, one can simulate the study environment. The first
step towards analyzing the energy efficiency of a building using IES-VE is modelling the study
area using the Model IT module. Here one can draw and assign various construction materials
and designs in creating the building to be analyzed. This can be done from scratch or through
importing 3D and 2D plans from various design software like ArchiCAD and Google Sketch-up.
The platforms offer various modelling materials necessary for analysing Wood, concrete, steel,
masonry, and hybrid materials like PV systems.

The software uses information acquired from various building standards and systems, e.g., the
ISO standards, Asharae building standards, and Estidama Pearl rating systems.

Using the Sun Cast module, it is possible to analyze for shading and visualization. The module
can display the effect of the building on the adjacent environment’s shading and vice versa.
These aspects are displayed in 3D format, allowing one to see and trace the sun’s path and its
angle and position all year round. The thermal properties of the building are analyzed using the
Apache thermal analysis. Through various aspects of the Apache thermal analysis module,
calculations and descriptive can be given even in graphs and other visual presentation formats.

IES VE also enables one to study and compare the energy load of a building’s systems, €.g.,
lighting, ventilation, and air conditioning systems. One can also study and compare the impacts
and effects of using more energy-efficient methods and systems.

ApacheHVAC enables the assembly, modelling, and analysis of buildings' heating, ventilation,
air conditioning plants, and control systems. ASHRAELoads is used to calculate HVAC loads
and sizing by basing the analysis on the ASHRAE Heat balance method. The module can also be
linked with various other modules in the program like SUN Cast and ApacheHVAC.
CIBSELoads is another tool in the program that facilitated the calculation and analysis of heat
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loss gained by comparing and basing them on the CIBSE Guide. Using ApacheSim, one can
simulate and assess various thermal performance aspects and share data within different
environmental analysis programs. Other tools and modules include; VE-Navigator for ASHRAE
90.1 used for LEED Energy Modeling and Energy Cost Budget analysis and PiscesPro used for
the design and modelling of piping systems.

The analysed data aspects are compared against the area's real-time weather data to make it more
accurate and relevant to the area of study. The location and site data interface allows users to
select different weather presets according to their study area. Our project adopted the Abu Dhabi
International Airport as the nearest reference point for the study area's weather and climate
settings.

We were able to use the software to model the existing building as well as model the building
inclusive of proposed renovations and changes using the proposed energy-efficient material to
study and compare the difference and impact in energy loads and requirements before and after
installing the Aesthetic PV facades as an alternative to Aluminum Composite Panels (ACP) in
the existing combination of external wall construction material. Understanding the sun's path was
also a crucial part invalidating our study since its main aim is to achieve energy efficiency and
sufficiency. This is through using more natural lighting and heating through ideal materials, thus
reducing the negative carbon impacts of the building and minimizing the cost of acquiring
energy.

4.7.1 Advantages and Disadvantages of IES-VE

Saupan et al. (2008) have discussed some of the following functions and advantages of using IES
VE. They are the ability to;

Explore the energy efficiency of standard building designs. This is through enabling the
modelling and analysis of the performance of various building materials and technologies. The
Software enables the user to understand and analyze factors like wind orientation, building loads,
and the impact of different designs, construction methods, and building materials.

The ability to incorporate sustainable principles in selecting suitable material, water use, and
energy efficiency design. This is through investigating and designing new building materials and
analysing their impact on green and sustainable building.

Like all BIM systems and software, IES-VE is not self-sufficient, thus requiring integration with
other software and system to get the expected results. Using the software also requires some
level of skill and prowess.

4.8 IES VE Integration with Sketch-Up
Like other BIM design tools like Revit, Sketch-up has been integrated with IES VE systems.
Through the IES VE Sketch-Up plugin, the researcher or user can choose desired material and
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construction information ranging from the property's location, room types and use, building type,
HVAC systems, and construction types. After entering these details, the user can import the
model and related data directly into IES VE software for analysis, cutting the need to use the
Model IT component to re-build the building.

Some of the functions and features include; translating SketchUp models directly into IES VE
usable files, the ability to allocate various material different properties as well as the buildings
location settings and parameters, thus enabling their study, displaying the effects of different
design options, which enables easy management of the project through BIM systems which
allow various analysis like energy efficiency, and enabling the user to calculate and evaluate the
performance of building they are studying against set standards and compliance measures like
the Estidama Pearl Building Standards.

4.9  Sun Path Analysis

The Sun’s path, direction, and angle are crucial, especially when harnessing solar energy (Ruiz
& Bandera 2014). There is a need to understand the sun's path to identify possible challenges like
obstruction and shading effects due to the orientation of the building. To analyze the sun’s path
to the site area, the Y Tower Adnec building, we used the Curic Sun Path Analysis Sketchup
extension and Andrewmarsh.com 3D sun analysis tools.

From the Andrewmarsh.com 3D analysis tool, it is clear that the Abu Dhabi, Muskat region
receives sunlight and solar radiation all year long. The sun is visible for an average of 13hrs per
day, with sunrise and sunset during the longer days of the year being from 0500hrs-1900hrs as
presented in Figure 1. Further, the sun’s path was analyzed to the site using the same platform.
The sun’s path hardly closes to the North, thus a presumed shading effect apart from during the
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equinox, where the sun is usually overhead in the area.

DAY-LENGTH ~

Figure 41; Abu Dhabi's Day length chart (Source; Adrewmarsh.com 3D Online Sun Path
Analysis Tool)
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Figure 42; Abu Dhabi's Sun Path Analysis (Source; Adrewmarsh.com 3D Online Sun Path
Analysis Tool)

A sun path analysis was conducted to understand the sun’s path to the study area, the Y Tower
Adnec building. This was analyzed using the Curic Sun Path Analysis extension on Sketchup.
We analyzed the Sun's path using the building’s 3D model, created on Sketchup. The buildings
are positioned with the front fagade facing southeast. The building’s orientation and position is a
plus since it puts the building at the centre of the sun’s path all year round. This eliminates the
shading effect resulting from the area's sun path where the Northside is usually shaded or
blocked from the sun all year round apart from during the equinox when the sun is overhead.
Due to the buildings positioning to the sun’s path, the building’s front facade, which faces south-
east, and back fagade to the northeast, are usually exposed to the sun during the early morning
hours. As the sun’s azimuth and angle change as sunset approaches, the sun shines in the
northwest and southwest direction, thus creating a shadow effect on the latter facades. Aesthetic
PV panels allow sunlight into the building, a feature that will ensure that the panels are on the
opposite side of the sun, thus allowing all the panels to perform and generate power efficiently
throughout the day. From these results, it is clear that the project idea is to replace the existing
ACP walling material with aesthetic PV facades that will enable the building to harness and
produce its energy.
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Figure 43; The Y Tower Adnec Building's Sun Path analysis (Morning hours) (Source; Curic
Sun Path Analysis-SketchUp extension). Note the shaded north-west and south-west facade
during the morning hours.

Figure 44; The Y Tower Adnec building sun path analysis. (Source; Curic Sun Path Analysis-
SketchUp extension).
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4.10 Calculations and Estimations

Since we aim to make the Y Tower Adnec building, Abu Dhabi, more energy-efficient by
replacing the current Aluminium Composite Panels (ACP) walling material with aesthetic PV
facades, it is crucial to understand the buildings current energy-saving potential. We acquired the
basic raw data of the materials from consultants and calculated their energy-saving potential
based on the set standards of the Estidama. The construction material cannot generate renewable
energy, thus a 0.0% RE-6. From the base model calculations, the current wall, Rockwool, and
ACP panels have an energy-saving potential of 24.8%.

Table 33; Estidama Renewable Energy (RE) generation calculations of Y Towers Adnec (Source;
Author).

ESTIDAMA CALCULATION RE:

Baseline Building Annual Energy Consumption, kWh 5,903,649.3
Bzasellne Building Annual Energy Consumption, 116,072.4

Wh/m

Proposed Building Annual Energy Consumption, kWh 4,437,092.0
Pzroposed Building Annual Energy Consumption, 87.238.2

Wh/m

Annual Renewable Energy Generation, KWh 0.0

Percentage of Energy from Renewables (RE-6) 0.0%

Total Percentage Reduction (RE-1) 24.8%

Next, we calculated the building's energy-saving performance of the proposed aesthetic PV
panels. The basic raw data of the aesthetic PV panels was also derived from a consultant, and
calculations were done per the Estidama standards. The energy generated from the aesthetic PV
panels was calculated by finding the product of the total solar panel area (A), multiplied by; the
solar panel yield or efficiency (r), the average annual solar radiation on panels (H), and the
performance ratio (PR).

E=AXrXHXPR
Table 34; Panel Yield Calculation (Source; Author)

Panel Yield Calculation:
MWP
Min Max
Wp/sgqm Wp/sgm
110 150
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R=130 Wp/sgm

Table 35; Energy generation calculation table (Source; Author)

Total Solar Panel Area = A (sgm) 3150

Solar Panel Yield or Efficiency =r

Average Annual Solar Radiation on
Panels =H

PR = Performance Ratio

E 1494675KWPH Per Year

Table 36; Energy generation potential and unit cost benefit per year calculations 9Source;
Author)

Calculations:

E = A X MWP = 3150 sqm X 130 Wp/sqm | 409500 WpH

Divided by 1000 409.5 KWpH
10 Hours Sunshine Time 4095 KWpH per Day
For 365 Days 1494675 KWpH per Year

Unit Cost Considering 25 Fils per KWH 373668.8 AED per Year

From the calculations, the solar panels will generate about 1494675 KWPH Per Year with an
annual unit cost of 373668.8 AED per year, as shown in Table (). The next step is calculating the
cost-benefit of the project. This is calculated by subtracting the total cost of installing the
aesthetic PV panels against installing the Aluminum Composite Panels (ACP). The cost for
installing the aesthetic PV panels is 1,512,000 (AED). To estimate the number of years, we
divided the excess cost by the unit cost-benefit (373668.8 AED per Year). From the calculations,
it will take approximately seven years for the project to make returns on the incurred installation
cost.

Table 37; Cost vs returns analysis. (Source; Author).

COST INCURED VS RETURN:
Energy Savings Per Year 373668.8 AED per Year
Aluminium Composite Panel COST 1512000 (AED)
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Excess Cost 1,138,331.2 (AED)
No OF Years to Pay the Cost= 4.046364

Excess cost divided by Unit cost benefit Approx.: 4 Years
per year

Finally, we calculated the energy efficiency of the building with the proposed aesthetic PV
panels. Since the aesthetic PV’s have an energy-generating percentage of about 33.7%, the total
energy efficiency potential of the building will be 50.2% generated from adding the buildings
energy saving capability with the renewable power generation capabilities.

Table 38; Energy efficiency calculation with aesthetic PV panelled glass. (Source; Author)

ENERGY EFFICIENCY CALCULATION WITH AESTHETIC SOLAR PANNELD
GLASS:

Baseline Building Annual Energy Consumption, kWh 5,903,649.3
Proposed Building Annual Energy Consumption, kWh 4,437,092.0
Annual Renewable Energy Generation, kWh 1,494,675.0
Percentage of Energy from Renewables (RE-6) 33.7%
Total Percentage Reduction (RE-1) 50.2%

Affirmation Justification of the study

To affirm our study, we have to verify that our projections and calculations are correct. This is
through model simulation of the new conditions on the 3D model generated on SketchUp on the
IES-VE software. The software allows for the calculation and estimation of the energy efficiency
of materials like solar panels. Therefore, allowing us to propose the use of tested and validated
materials. The software generates

This was done by replacing the 3D model’s ACP walling material with aesthetic PV panels and
calculating the panels' energy generation potential throughout the year. Putting in place some of
the previously analyzed features like the sun path and radiance.

It is possible to derive a comparison or deviation in the results by comparing the model's IES VE
annual energy generation analysis and our previously obtained calculations and projections.

(To be continued after the IES-VE analysis.)
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51 Overview

Because the Y tower Adnec building is located in Abu Dhabi, harnessing solar energy would be
a great way to take advantage of the local environment and establish a sustainable energy
building. The discussion below highlights the analysis results discussing the efficiency and
functionality of the proposed ACP material. This is based on existing theory and research on
sustainable construction materials. To results have been affirmed through modelling and
simulation and a sun path analysis on the building.

5.2 Sun Path Analysis

A sun path analysis was necessary to analyse the efficiency and feasibility of the project, which
involves adopting ACP to facilitate the harnessing of solar energy and the reduction of energy
need in HVAC systems. From the Abu Dhabi and the Muskat regions analysis, the sun is usually
visible for an estimated 13 hours per day but with shorter lengths during short days. The sun's
path in Abu Dhabi covers all the directions but the Northside, which is not on the path, Figure
29.

The Y towers Adnec building is oriented so that the front facade faces the southeast, meaning
that even the disadvantaged Northside receives its fair share of sunshine, especially during the
early hours of the day.

5.3  Energy Saving Situation with Existing Building Material

Based on a calculation using Estidama standards, the existing building material (concrete blocks
and DGU glass) has no potential of generating energy. This results in a renewable energy
production rate (RE-6) of 0.0%. The Rockwool material has an energy-saving potential of
24.8%, resulting in an energy reduction rate (RE-1) of 24.8%.

5.4  Energy Efficiency

Substituting the material with aesthetic Aluminium Composite Panels, which have an energy
production potential of 33.7%, will increase the building's total energy reduction rate by 50.2%.
The 50.2% is the total sum of energy produced and energy savings from the used building
material. Each panel used is expected to yield about 130 Watts per Square Meter. The total
surface area fitted with the ACP material is 3150 square meters, which, when multiplied with the
energy production potential per panel, results in a power production of 409.5 KiloWatts per
Hour. With an average of 10 hours of sunshine per day, the building will generate 4095 kWh of
electricity per day and 1494675 KWpH per year of green renewable solar energy.

5.5  Cost reduction

Assuming that the energy cost is; 25 Fils per kWh, the building, will be saving a total of 1494675
KW0pH per year and a yearly cost savings of about 373668.8 AED. The savings increase
considerably with the increase in the number of years that the systems are active.
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56  Cost-Benefit vs. Investment

According to research and information obtained from production companies, the total energy
saving cost from installing ACP material will be 373668.8 (AED). The total cost of installing the
ACP panels is 1,512,00 AED. Diving the two gives us four years to acquire the money invested
in setting up the ACP material from energy savings cost. This shows that the ACP material is not
only cost-efficient but also contributes to sustainable energy reductions. After four years, the
property owners will profit from energy production and the total energy needs reduction. The
building will have 50.2% energy reductions owed to the production of 33.7% of renewable
energy.

6 Conclusion

Although installing BIPV systems might require a high level of skill and knowledge and, most
importantly, huge reserves to finance the costly projects, its long-term results, especially in
reducing the amount of money spent on electric bills. Building materials also play a major role in
making a building more energy efficient by reducing the energy required for HVAC systems.

The adoption of such innovative ideas also contributes to the optimization and sustainable use of
available natural resources like wind energy and, in our case, solar energy. The ability to do this
without negatively impacting the environment draws us a step closer to attaining sustainability.
Matters related to sustainability, environmentally friendly materials, and green energy sources
lead to reducing carbon emissions.

More emphasis needs to be put on the research, innovation, and development of policies like the
Estidama Pearl building standards in Abu Dhabi. More funds and human resources need to be
channelled towards these to reduce the buildings' negative environmental impacts. It is important
to note that the changes and emphasis on the development and successful installation of energy-
efficient and green building materials will only be achieved if the various bodies involved come
together and collaborate on such projects.
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Indices

Pearl Building Rating System @

Energy Model Template e
aolaiwl
estidama

This section is intended for the Project Energy Modeling Narrative. This brief narrative should provide an overview of the project and outline how compliance with the
credit requirements is achieved. Content should include, but is not limited to, the folowing:

+ a brief overview of the modelling process;

« summary of expected occupancy & use;

« building envelope systems & performance;

« HVAC and electrical systems performance;

« details of any additional calculation methodologies notad in the Exceptional Method and Renswables tabs

As well as highlighting targeted compliance within RE-1: Improved Energy Performance & RE-6: Renswable Energy Credits (where applicable).

Energy Modelling Narrative

The proposad project is developed 4 basements + ground +16 floors residential building is located in Abu Dhabi The project is implementing green building technologies and
techniques in design & construction under “ESTIDAMA 2 pearl rating system”. Detailed energy modeling was carried out as per  ASHRAE 90.1-2007, for calculating the enerey
savings in the building. All Energy Conservation Measures (ECM) were evaluated based on simple payback perieds and on the basis of feasibifity. It was then combined to make a

: single case i.2., the final proposad cass building.
The meast cost effective and highly recommended efficient measures are designed,
= efficient Wall Construction assembly
= fficient Roof Construction assembly
= High performance Double Glazing
= Reduced Interior Lighting power Density
= District Cocling system

With these above ECM measures the proposed building can achieve 24.5% improvement in energy consumption over the ASHRAE 90.1-2007 budget building yielding5 Points for
Improved Energy Performance in “ESTIDAMA Ver. 1.0™.

Attachment 1; Etidama Pearl energy model template.
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Attachment 2; Estidama Pearl Energy estimates for Y- Towers Adnec Building, Abu Dhabi.
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|ADNECY TOWER

WALLTYPE i FRONT  |RIGHT REAR LEFI' INTERNAL TOTAL U-Value " lArea X U-Value (W/K)
ELEV(M2)| ELEV(M2)|ELEV(M2) |ELEV(M2) [ELEV(M2) [AREA (M2) |(W/m2k)
WALL-01 80 153 256 70 0 559 0.500 279.5
WALL-02 25 628 25 184 252 1114 0.370 412.18
WALL-03 625 536 758 32 640 2591 0.310 803.21
WALL-04 102 119 95 313 84 713 0.550 392.15
WALL-05 85 54 27 0 0 166 1.930 320.38
WALL-06 25.1 101 14 0 14 154.1 0.340 52.394
WALL-07 67 0 ] 0 o 67 0.350 23.45
WALL-08 99 168 144 23 0 434 0.500 217
_108.1 1759 1319 622 950 _ 2500.264
Weighted Avarage U-Value w/m2k 0.431
Design U-Value 0.44
AR [ [0 oo [ [
|
"TOTAL CLADDING AREA ( WALL 1 +2) 3150 sqm

Attachment 3; Y- TowerAdnec Weighted average wall u-value calculations.
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Attachment 4; Energy Consumption units for the Y-tower Adnec building.
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Pearl Building Rating System @
Energy Model Template S :
QO
estidama
Project Details Design Team
Project Name ¥ Tomwer at ADNEC Modeding Spocialist Machet Natarsfan
Project © lomoary
Poart Rating Stage |Design Peart (P fame Z=2lp]
Date 2310212012 Poart G Number lsu
Nodel Details Energy Model Template
DEams: IMURCon Mosollng (T5M) Softwace £ ::ﬁ:::mﬁk FespaaRiEtoe Yos
DM Sottware Version Namber 40 :::“:;‘:;::m;z Yes
D00s the TGN sOftware medt A requinements of ASHRAE Yes Has IAC tomOite BOCH nOvicwed Dy the Yos
Standacd $0. 12007 Appcodu G! techieece?
Woather Fie Ao Dmant ::ﬁu:mr.wm —— Yes
Cmate Zooe Ao Dradd
Classification of Thermal Zones
SR I
Building Area Schedule Building Details
Toace Oooupancy Tyee nea, ' Bukcding Ut Geseral
[Farking Spaces 12,410 Gross fateenal Flooe Acca (GFA), m* b FIN
[Bea | Living spaces 12,001 Bulding Footprint, m' 97338
Corrides 4L Nambey of Stoces AR GM R
[Otre 1319 Location Ko Drad)
Lobty i
Imn s
[peancs 103
[Read 4.3%
[Kacmen P+
Iﬂm 304
[seax 231
Touet 4465
[ats / voia L 1]
TOTA 0,842
* Uz the Dullding type OF 20000 10 cassiftions 1 accordaace with Section 7.5, 1 oF 9.6, 1 of ASHRAZ Standed 90.1- 2007, The Sullding Typd and S0300 100 GILOFONKS Mest 0ot BO comBined, Dowewer
mOre than ong Suliding oo Gitegory may B wsod If 1t B 3 mbned-Lse Duliding.

Attachment 5; Estidama Pearl Energy Model Tempelate.
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Pearl Building Rating System
Energy Model Template v
(ol1iw|
estidama
This template has been developed to enable design teams to summarise model details and overall energy performance in order to demonstrate compliance with the
mandatory provisions of RE-R1 and optional requirements of RE-1 and RE-6 in the Pearl Building Rating System. As outlined in the Pearl Building Rating System,
energy performance analysis is based upon the Performance Rating Methodology outlined in ASHRAE 90.1-2007, Appendix G. This template must be populated by the
Energy Modelling Specialist and verified by the Design Team MEP Engineer(s)

: Input Cells that may be changed by design teams

Energy Model Summary Other Documentation Required:

Basstine Building Annual Energy Consumption, kWh 5,903,649.3 Compliance summaries for ASHRAE 90.1-2007 from the Dynamic Simulation
Modeling (DSM) software used.
If the software is not capable of producing these summaries, provide
Proposed Suikding Annual Enerey Consumption, kivh 447,090 example input and output summaries for the baseline and proposed
Proposed Building Annual Energy Consumption, Wh/m' 87,2382 buildings.

The input summaries must include the folowing:

- the most common HVAC systems and their properties
percentage of Energy from Renewables (RE-6) 0.0% - the most common lighting systems and their power densities and

Basaline Building Annual Enargy Consumption, whm' 116,072.4

Annual Renewable Energy Generation, kwh 0.0

Total Percentage Reduction (RE-1) controls
- occupancy and usage patterns

- envelope element properties

- renewable energy systems and their properties (if present)
The output summaries must include the following:

- total building energy consumption

- energy consumption according to end use
The DSM software's standard input and output reports should be used, if
these are not available provide screen shots instead.

RE-R1: Minimum Energy Performance

pre-requisite Achieved?

RE-1: Improved Energy Performance

Credit Points Awarded

RE-6: Renewable Energy

Credit Points Awarded Report a Template Bug: PBRS.EnergyModei@upc.gov.ae

Version 1.1

Attachment 6; Estidama Pearl Building Rating Sytsem- Energy Model Template.
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e ; l\
Pearl| Building Rating System
g g oy &

Energy Model Template Y
ol 1wl
estidama

Building Fabric

Item Baseline Building Proposed Building

A Insulation entirely above deck with U-Value of 0.357 Reinforced concrate with polystyrens insulation with U-

Wim2.X value of 0.30 W/m2.X
Above-Grade Wall Constrixtion SnekFrovied wall with vk ok Q.70 izl | COnCTo0R ocko it polystyren insularion with L valie of
0.44 W/m2.X

8elow-Grade Wall Construction

Floor /slab Construction Steel-joise floor with U-Value of 1.98 W/m2.K Reinforced concrete with U-value of 0.292 W/m2.K

Opaque Doors Construction NA NA

Vertical Glazing Ratio (gross window-to-waﬂ 25% 25%

vertical Glazing Type and U-value, W/m'K T R EE

(by orientation) i ’

vertical Glazing SHGC

i . 0.25 0.17

[by orientation)

Vertical Glazing Light Transmittance

X 5 40% 18%

|by orientation)

Hori: 71 1 ieht-to-

orizontal Glazing Ratio (gross skylight-to M N

reof)

Horizontal Type and U-value, W/m'K NA NA

Horizontal SHGC NA N&

Horizontal Light Transmittance NA NA

shading Devices None None

Air Leakage Rate, l/s/m’ at 7503 364 3.64

Note: If the devalopment is mixed-use and different construction types are required for different parts of the baseline building, enter all the construction types and
the corresponding use. For example:

3 Office; bmulation Sitirey above Dach, U0, 30, R
Roof Construction

Resitdentisl: Insulation Entiredy sbove Deck, U0.273

Attachment 7; Estidama Pearl Rating System- Energy Model Template describing the fabric of the base and remodelled building.
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Value Calculator Results of existing building material

8; Estidama Pearl Wall U

Attachment
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Attachment 9; Estidama Pearl- Wall U-Value calculatipons on the remodelled building with ACP material.

117



SNOlASI4

07L°0  Jejiow JUSWD

08r'0  ww gl “ySiamiydy ‘mopoy “yooQ

££0'0  cw/Bp9 ‘oom ¥201
090°) ded.ue

000°SF  Sulppe) wnluwnie

UOISIASY uoIsAay UOISIADY
— 1eaidA} Jeuayeyy jeatdAL JeLiaeyy 1eatdAy jeLaely

pasodouqd pasodouqd
¥ ‘A31A130npu0) [ewIAY ] ¥y ‘AIA3onpu0) Jewlay | 3y ‘A3IA3onpu0) jewIRYy ]
sjuaws|3 Joojd SjuswWa)|3 jooy SjuUaW3|3 ||lem
pajyBnyaly 29 ua 2njeA 343 33URJ UIRYISD B PI30X3 DAI3JU2 20URW.0ad 3Y] pinoys
*MORQ S1R2 P21ySiy3ly 243 UL sanjeA BuLa)ua Ag Pa1Ipa 3q Ued $3134ado.d Jewaayy 113yl SIUSWSR Y] JO YIBa 10) PRJI3RS U23q 2ABY SIRLIJRW 30UQ
E s|euazey sads Suizejy | anjea-njooy | anjea-n Joojd _ anjea-N ||em _ Arewwns _ MIIAIBAQ

ewepliso sa1349do.d JeLiajew
|TTT|0D

Attachment 10; Estidama Pearl Material Properties calculations of aluminium cladding, rockwool and other materials.
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Attachment 11; Estidama Pearl Wall U-Value Calculator.
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Attachment 12;Estidama Pearl Wall U-Value Calculator of concrete and plaster material.
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Attachment 13; Estidama Pearl Material properties calculations after remodelling the building.
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