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Figure A.1 Visitors’ statistics (Dubai Museum)

April 2015
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Table B.1 Dubai Weather Data (IES-VE APLocate)

Temperature Humidity Solar radiation
Min. Tdb (°C) Max. Tdb(°C) | T Wb atMax. W/m?2
T db (°C)

Jan 19.50 28.20 17.50 1202
Feb 22.30 31.10 17.80 1187
Mar 26.60 35.90 18.50 1164
Apr 28.50 39.20 19.80 1130
May 30.40 42.10 21.10 1106
Jun 32.10 43.20 22.40 1092
Jul 34.40 44.20 23.80 1093
Aug 34.50 44.20 23.90 1107
Sep 31.00 41.20 23.20 1136
Oct 27.80 38.20 21.30 1166
Nov 24.00 33.90 19.40 1190
Dec 20.90 30.00 18.70 1204
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Building Template Ma‘ger

i

B I Iy N T

E

Thermal Conditions |

IL Eﬁ General
@ constructions Template Room Conditions | System | Internal Gains| Air Exchanges|
BE, T Entrance Heating
‘=2 MacroFlo ; S
T Final Heating profile [off continuously V]
Thermal i i i int (°C’
default Simulation heating setpoint (°C. Constant w| 19.0
LightPro
DHW
" Radiance Consumption [Linked to space occupancy profile ']
DHW consumption 50000 ‘I/(h'pers) ¥ ‘
Cooling
Cooling profile [Final vl
Simulation cooling setpoint (°C) Constant v | 23.0
Plant (auxiliary energy)
Plant Set to heating profile v | off continuously v
Model Settings
; Solar reflected fraction 0.05
Furniture mass factor 1.00
Humidity control
Min. percentage Max. percentage 0
saturation saturation
Thermal Conditions
Room heating and cooling
plant, internal gains and
ventilation.
W+ -
f:\IES\dubai museum 2014 basic\Dubai Museum 2014 basic.mtd [ Save ] [ oK ] [ Cancel
Figure C.1 Room condition parameters (IES-VE)
Apache Systems TE -— > Y C=i=0

Default? System Name
Main system
Entrance

v

Name:

Main system

UK NCM type:  Not set

Heating| Cooling | Hot water| Solar water htg| Aux energy| Air supply| Cost | Control|

Generator: Cooling/ventilation mechanism I Air conditioning v ]
Fuel [Electricity z)
Nominal EER* kw/kw 3.1250
Seasonal EER kw/kw 2.5000
Delivery efficiency \
SSEER kw/kw
Generator size kW
Absorption chiller D
Operation: Changeover mixed mode free cooling™® [Not a CMM system v
Heat rejection: Pump & fan power (% of rejected heat) B 10.0
* - Applies to UK NCM [ OK ] l Cancel

Figure C.2 System parameters (cooling) (IES-VE)
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<
Internal Gains § — W et u
Type Gain Reference Maximum Sensible C|Maximum Latent Gait| Occupancy  [Max Power Coll Radiant Fraction | Fuel Variation f{ Dimming ) Add To Tem
iPeople 90.000 W/person 60.000 W/person 8.000 m*perso - = = Final = T
g Fluorescent Lighting 2.700 Wifm#* £ o 2.700 W/fm? 0.45 Electricity Final Final T
Tungsten Lighting Tungsten Lighting 4.070 W/m?* = & 4.070 W/m? 0.85 Electricity Final Final T
Miscellaneous Miscellaneous 3.500 Wim?* 0.000 Wim? - 3.500 Wim? 0.22 Electricity Final - T
+  Addintemal Gain l [— Remove Intemal Gain ] SelectAll ] [ DeselectAll l
Type {People - Reference People
Occupancy units ’
Variation Profile Final i
Maximum Sensible Gain (W/P) 90.000
Maximum Latent Gain (W/P) 60.000
Occupancy Density (m*/person): 8.000
Diversity factor 1 )
Figure C.3 Internal gain (people) (IES-VE)
Internal Gains L - — u
Type Gain Reference Maximum Sensible C|Maximum Latent Gait| Occupancy | Max Power Coil Radiant Fraction | Fuel Variation f| Dimming | Add To Tem;
People 90.000 W/person 60.000 W/person 8.000 m¥perso - & 2 Final = T
Fluorescent Lighting 2.700 W/m?* = g 2.700 Wfm#* 0.45 Electricity Final Final T
Tungsten Lighting Tungsten Lighting 4.070 Wim? o & 4.070 Wfm? 0.85 Electricity Final Final T
Miscellaneous Miscellaneous 3.500 W/m? 0.000 W/fm? 3 3.500 Wfm? 0.22 Electricity Final = i
k= Add Internal Gain } [— Remove Internal Gain } SelectAll ] [ DeselectAll ]
Type [FluorescemLighnng v Reference Fluorescent Lighting
Units Wi = Radiant Fraction 045 ‘
[30000 Fuel [Etecticity | |
I 375 Variation Profile [Final -
Maximum Sensible Gain (W/m?) 2700 Dimming Profile [Fmal V]
Maximum Power Consumption (W/m?) 2700
Diversity factor 1 ‘

Figure C.4 Internal gain (fluorescent) (IES-VE)

Figure C.5 Internal gain (tungsten) (IES-VE)
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=

Internal Gains [ — W — u
Type Gain R Maxi Sensible C[M Latent Gait| Occupancy  [Max Power Coi| Radiant Fraction | Fuel Wariation H Dimming [ Add To Tem;
People People 90.000 W/person 60.000 W/person 8.000 m¥perso - £ - Final 2 T
Fluorescent Li Fluorescent Lighting 2.700 Wfm? H i 2.700 W/m? 0.45 Electricity Final Final T

Tungsten Lighting 4.070 Wim? = 2 4.070 Wim? 0.85 Electricity Final Final T
Miscellaneous Miscellaneous 3.500 Wim? 0.000 Wim? - 3.500 Wim? 0.22 Electricity Final - i
+  Addinternal Gain ] [— Remove Internal Gain ] SelectAll ] l DeselectAll ]
Type [Tungslen Lighting v] Reference Tungsten Lighting
Units W/m? v Radiant Fraction 0.85 l
uminance (1w 0.00 Fuel lEIecnicily v] |
n wer Diensity (Wjm#/(100 1ux) 375 Variation Profile  [Final |
Maximum Sensible Gain (W/m?: 4.070 Dimming Profile lFlnaI v]
Maximum Power Consumption (W/m?) 4.070
Diversity factor 1 (
Internal Gains y — - w— u
Type Gain R Maxit Sensible C| M; Latent Gait| Occupancy  [Max Power Coif Radiant Fraction | Fuel Variation H Dimming [ Add To Tem
People People 90.000 W/person 60.000 Wperson 8.000 m?/perso - = & Final 3 g
Fluorescent Lighting Fluorescent Lighting 2.700 W/m?* 2 5 2.700 W/m? 0.45 Electricity Final Final
Tungsten Lighting Tungsten Lighting 4.070 Wim# = - 4.070 W/m?* 0.85 Electricity Final Final
Miscellaneous Miscellaneous 3.500 Wfm? 0.000 W/m? = 3.500 Wfm? 0.22 Electricity Final &
d= Add Internal Gain ] [— Remove Internal Gain I SelectAll ] l DeselectAll ]
Type [Miscellaneous v R
Units Radiant Fraction 022
Fuel [Etectricity -
Variation Profile lFinaI v]
Maximum Sensible Gain (W/m?): 3500
Maximum Latent Gain (W/m?3): 0.000
Maximum Power Consumption (W/m?) 3500
Diversity factor 1
Figure C.6 Internal gain (miscellaneous) (IES-VE)
r 5
Air Exchanges . ] - u
Type Exchange Reference Max Unit Yariation Profile Adjacent Temp Profile | Temp Add To
Flow Condition Offset ('C) Template
Infiltration Infiltration 0.250 ach on continuously External Air < =
+  Add Air Exchange ] [— Remove Air Exchange [ Select All l [ Deselect All ]
(|
il Tyee [ mfiltration | Variation Profile [on continuously -
Reference Infiltration Adjacent Condition lExkernal Air - ]
—_——

Figure C.7 Air Exchanges (IES-VE)
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Profile Final e
() Metric
S Or
D: M @ Modulating (0 Absolute @) No units
Time | Value
1| o000 0.000
BEEN 0.000
3| 0730 0500
4] oso0 | 0500
5 | 0s00 | 1.000
6 | 2000 | 1.000
7| 2000 0.500
8 | 2030 | 0500
9| 2030 0.000
0| 2400 | 0.000

.Grid
Insert
1.00
Delete 0.50 ]
o
i = 0.80
Formula Ei
gﬂ 0.70 7
=]
g 0.60 7
=1
e |
0.!0"":"
0.30
0.20 7
0.10 7
0.00 T T T T T T T
0 02 04 06 08 10 12 14 16 18 20 22 24
Time of Day

Figure C.8 Daily profile (IES-VE)

Profile Friday Units Type:
() Metric
— = ( i:IP
D: IDAY_OOOS | (@ Modulating  (7) Absolute (@) No units
Time | Walue
1| 0000 |
2 | 1400 |
3| 1400
4| 2000
5| 2000
6| 2400

Insert . A
1.00

Delete

Formula W

0.80

0.70 7

0.60

Modulating value

0.50 1"

0.407 """

0.30 7

0.20 7

0.10 7

AMAARL AL
Time of Day

Figure C.9 Friday profile (IES-VE)
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" S —
@ Project construction (qpaque) )

P a— S
Description limestone;plaster 800 D STD_WALI
Performance = = :
U-value 1.0746  W/m2K Thickness 850.000 mm Thermal mass 125.2800  k3/(m2°K)
Total 0.2273 m2K/W Mass 1780.0000 kg/m2 Lightweight
Surfaces
((+] Functional settings
((+] Regulations
Construction layers
Specific
Material (outside to inside) Thickness |Conductivity |Density |Heat Resistance \F';Zgic"sltji:/i Caltoe
mm WHmK)  |kg/m® | Capacity |meKaw GN's,l(kthn) gory
JikgK)
[LIM] LIMESTONE 800.000 1.5000 2180.0 7200 - - Sancis,_stones
[USPMO002] PERLITE PLASTER - (ASHRAE) 50.000 0.2200 7200 13000 - 0.000 Plaster

(comy.] [Crasie. ) [cavtys) [msert ] () ot ()

[Condensation analysis] [ Derived parameters ]

[ System materials ” Project materials ]

[ OK

|| cancet |

Figure C.10 Construction template for external wall — 800mm thick. (IES-VE)
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Q Project construction (opaque)

Description limestone;plaster 950 D STD_WAL:
Performance
U-value 1.0027  W/m2K Thickness ~ 950.000  mm Thermal mass 125.2800  KkI/(m2°K)
Total 0.2273 m2K/W Mass 1998.0001 kg/m2 Lightweight
Surfaces
Functional settings
Regulations
Construction layers
Specific
Material (outside to inside) Thickness |Conductivity [Density [Heat Resistance ;ZE;:LW Category
mm WimK) kgfm® Capacity | m?KiwW GN-s/(kgm) 9
JikarK)
[LIM] LIMESTONE 900.000 1.5000 21800 7200 - - Sands, Stones
[USPMO002] PERLITE PLASTER - (ASHRAE) 50.000 0.2200 720.0 13000 - 0.000 Plaster

[ copy |[ Paste |[ cavity |[ msert || Add || Delete || Fip |

[Condensation analysis] [ Derived parameters ]

System materials ” Project materials ]

[ o

] [ Cancel ]

Figure C.11 Construction template for external wall — 950mm thick. (IES-VE)
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O Project construction (opaque)

Description 7Iimestone;p!aster 1100 D STD_WAL:
Performance —
U-value 0.8845 W/m2'K Thickness  1150.000 mm Thermal mass 125.2800  K/(m2'K)
Total 0.2273 m2K/W Mass 2434.0000 kg/m2 Lightweight
Surfaces
[+ ] Functional settings
Regulations
Construction layers
Specific
Material (outside to inside) Thickness |Conductivity |Density |Heat Resistance \F:aeg::'sltji:/i Caloto
ram WimK)  |kgim® | Capacity |maKw S /(kg'Ym) gory
JikgK)
[LIM] LIMESTONE 1100.000  1.5000 2180.0 7200 - - Sar}ciS.__Stones
[USPM0O002] PERLITE PLASTER - (ASHRAE) 50.000 0.2200 7200 13000 - 0.000 Plaster

[ Copy H Paste “ Cavity H Insert ” Add H Delete ” Flip ]

[Condensation analysis] [ Derived parameters ]

System materials ” Project materials ]

[ oK

[ coen |

= m——

Figure C.12 Construction template for external wall — 1100mm thick. (IES-VE)
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” e —E
¢ Project construction (opaque)
Description koof final museum [ 1 FROOF21
Performance - —
U-value 0.4996  W/m2'K Thickness 392.000 mm Thermal mass 167.3000  Kk3/(m2'K)
Total 1.8615 m2K/W Mass 358.8000 kg/ma2 Mediumweight
Surfaces
I
Regulations I
Construction layers |
I
Specific Vapour |
" : o Thickness |Conductivity | Density |Heat Resistance S |
Material (outside to inside) e WimK) Kg/m® Capacity |maKMW gﬁs;jagym) Category
k) |
[CYT] CLAY TILE 50.000 0.8400 1900.0 §00.0 = i Tiles |
[BASESC11] SCREED 50.000 0.4100 1200.0 §40.0 s 3 §cregds &
[F/B] FELT/BITUMEN LAYERS 5.000 0.5000 1700.0 1000.0 = - /_\spf]ahs & Other
[MAAWSL] WOOD-WOOL SLAB 25.000 0.1000 500.0 1000.0 5 = Timber
[WDSF] Wood subfloor (ASHRAE) 12.000 0.1151 650.0 11939 - 0.000 Timber
[O] OAK (RADIAL) 250.000 0.1900 700.0 23900 - & Timber
[ Copy ” Paste H Cavity ” Insert H Add H Delete H Flip ] l System materials H Project materials ] |
[Condensation analysis] [ Derived parameters ] I oK ” Cancel ]

Figure C.13 Construction template for roof (IES-VE)

S ~

¢ Project construction (opaque)

Description Ground Floor museum D FLOOR
Performance - -
U-value 0.5249 W/mzK Thickness ~ 825.000 mm Thermal mass 401.5000  K3/(m2°K)
Total 0.0000 m2K/W Mass 1218.5000 kg/m2 Very heavyweight

Surfaces

Functional settings i

Regulations |

Construction layers |

I
Specific Vagour |
y y o Thick Conductivity | Densi Heat Resist ESoL
Material (outside to inside) mrrI1 fgss Wolem'l:()wlty kge/r;:;ty Caepacity mzwsvance RE?ISNVI(}/ Category
4 GN-sf(kg'm)
HkgK) |
[SLSD1] SAND 76.000 0.3500 2080.0 840.0 - - Sands, Stones {
[GBS] GRAVEL-BASED SOIL 250.000 0.5200 2050.0 184.0 2 - Sands, Stones
[CPTW] CULTIVATED PEAT SOIL 366%D.W. 500.000  0.5000 11000 36500 - - Sands, Stones
. = 7 : z (|
Copy Paste Cavity Insert Add Delete Flip System materials Project materials
LCondensation anatysis] [ Derived parameters ] [ OK ” Cancel J

Figure C.14 Construction template for ground floor (IES-VE)
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Renewables

PVS generator ]Wind generator | CHP generator

PV array type [Other thin films ¥

D Derive performance parameters from PV array type?

25.0

PV module nominal efficiency 0.1050 Nominal cell temperature (NOCT) (°C)
Reference irradiance for NOCT 800 Temperature} SoeHent foy 0.0043
module efficiency (1/K)
Degradation factor ~ 0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m?) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 122.000 180.0 5.0
Add panel ] [ Remove panel

[ ok

H Cancel ]

Figure D.1 PV performance parameters — Scenario 1 (IES-VE)

Renewables

PVS generator |Wind generator | CHP generator

PV array type [Other thin films v

D Derive performance parameters from PV array type?

PV module nominal efficiency 0.1050 Nominal cell temperature (NOCT) (°C) 25.0
Reference irradiance for NOCT 800 Temperaturg eoefficlerttas 0.0043
meodule efficiency (1/K)
Degradation factor 0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m2) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 51.000 180.0 25.0

Add panel ] [ Remove panel

[ o

][ Cancel ]

Figure D.2 PV performance parameters — Scenario 2 (IES-VE)
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g

Renewables

PVS generator |Wind generator | CHP generator

PV array type [Other thin films v

D Derive performance parameters from PV array type?

PV module nominal efficiency 0.1050 Nominal cell temperature (NOCT) (°C) 25.0

Temperature coefficient for 0.0043

Reference irradiance for NOCT 800 module efficiency (1/K)

Degradation factor ~ 0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m2) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 22.000 180.0 0.0
Add panel ] [ Remove panel

[ oK H Cancel ]

Figure D.3 PV performance parameters — Scenario 3 (IES-VE)

s

Renewables

PVS generator IWind generator | CHP generator

PV array type [Monocrystalline silicon v

D Derive performance parameters from PV array type?

PV module nominal efficiency 0.2010 Nominal cell temperature (NOCT) (°C) 45.0

Temperature coefficient for 0.0038

Reference irradiance for NOCT 800 module efficiency (1/K)

Degradation factor ~ 0.9900 Shading factor 1.0000 E:Jic::riaiim 0.8500
Area (m?) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 51.000 180.0 25.0

Add panel ] [ Remove panel

[ OK ][ Cancel _l

Figure D.4 PV performance parameters — Scenario 4 (IES-VE)
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¥

Renewables

PVS generator IWind generator | CHP generator

PV array type lother thin films v

[ perive performance parameters from PV array type?

PV module nominal efficiency 0.1050 Nominal cell temperature (NOCT) (°C) 25.0
s Temperature coefficient for
0.0043
Reference irradiance for NOCT 800 module efficiency (1/K)
Degradation factor ~0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m2) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 11.000 180.0 25.0

Add panel ] [ Remove panel

[ OK ]l Cancel ]

Figure D.5 PV performance parameters — Scenario 5 (IES-VE)

Renewables

PVS generator IWind generator | CHP generator

PV array type [Other thin films =i

E] Derive performance parameters from PV array type?

PV module nominal efficiency 0.1050 Nominal cell temperature (NOCT) (°C) 25.0
Reference irradiance for NOCT 800 Temperaturg coefficient:for 0.0043
module efficiency (1/K)
Degradation factor 0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m?) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 7.000 180.0 25.0

Add panel ] I Remove panel

[ ok || cancel |

Figure D.6 PV performance parameters — Scenario 6 (IES-VE)
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e

Renewables

PVS generator |Wind generator | CHP generator

PV array type [Monocrystalline silicon v

D Derive performance parameters from PV array type?

PV module nominal efficiency 0.1900 Nominal cell temperature (NOCT) (°C) 25.0
Reference irradiance for NOCT 800 Temperaturg Costiicient for 0.0043
module efficiency (1/K)
Degradation factor ~0.9900 Shading factor 1.0000 Electrical 0.8500
conversion
Area (m?) Azimuth Inclination
(° clockwise from north) (° from horizontal)
Panel 1 13.500 180.0 90.0

Add panel ] [ Remove panel

[ OK ” Cancel ]

Figure D.7 PV performance parameters — Scenario 7 (IES-VE)
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Appendix E — Energy Consumption and PV Power
Generation Charts
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Power (KW )

Jan Feb  Mar Apr  May Jn Jul Aug Sep Oc Nov  Dec Jan
Date: Fri 01/Jan to Fri 31/Dec

= Total energy: (basic.aps)

Figure E.1 Energy consumption — Base model (IES-VE)

Power (KW )

153

T T T T T T T T T ]
Jn Feb  Mar Apr  May Jun Jul Aug Sep  Oct Nov  Dec Jan
Date: Fri 01/Jan to Fri 31/Dec

— Totd energy == P/ generated elect icity

Figure E.2 Energy consumption & PV power production — Scenario 1 (IES-VE)

Power (KW )
2

T T T T T ]
May JLn Jul Aug Sep Oa Nov  Dec Jan

Date: Fri 01/Jan to Fri 31/Dec

T I |
Jan Feb  Mar Apr

= Tctal energy == P\/ generated electicity

Figure E.3 Energy consumption & PV power production — Scenario 2 (IES-VE)
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Power (KW )

5 T
Jan Feb  Mar Apr  May Jn Jul Aug Sep Oc Nov  Dec Jn
Date: Fri 01/Jan to Fri 31/Dec

s Total energy === PV generated eecticty

Figure E.4 Energy consumption & PV power production — Scenario 3 (IES-VE)

Power (KW )

T T T T T T T T T ]
Jn Feb  Mar Apr  May Jun Jul Aug Sep  Oct Nov  Dec Jan
Date: Fri 01/Jan to Fri 31/Dec

am Totd energy = PV generated dectricty

Figure E.5 Energy consumption & PV power production — Scenario 4 (IES-VE)

26
24
2]
20
18—_
16—_
14-_
12
10
8]

Power (KW )

6
4
2
0
2

= T T T
Jan  Feb  Mar

T T T
Apr  May Jn Jul Aug Sep Oct Nov  Dec Jn

Date: Fri 01/Jan to Fri 31/Dec
s Total energy e P\/ generated decticty

Figure E.6 Energy consumption & PV power production — Scenario 5 (IES-VE)
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T T T T T T T T T T T ]
Jan Feb  Mar Apr  May Jin Jul Aug Sep Oc Nov  Dec Jan
Date: Fri 01/Jan to Fri 31/Dec

== Total energy === P/ generated eectricty

Figure E.7 Energy consumption & PV power production — Scenario 6 (IES-VE)

T T T T T T
Apr  May Jn Jul Aug Sep Oc Nov  Dec Jan

Date: Fri 01/Jan to Fri 31/Dec

T T
Jan Feb  Mar

= Total energy == PV/ generated electncity

Figure E.8 Energy consumption & PV power production — Scenario 6 (IES-VE)

Anwer Hadi Faraj 1D: 100136 22 April 2015



Anwer Hadi Faraj 1D: 100136 23 April 2015



Appendix F — Questionnaire Sheet

Anwer Hadi Faraj 1D: 100136 24 April 2015



_ sefsesiq AEuong | | eedeng | _ ams Joy| | =By | _ *Ey ABuong|

a[qeandde s1 Smp[me aSe)n=y m Eued A4 SRS TeRues u -]

[ _ samSesy( AFuong| G [ ams jop| | =ersy | [ Ry AFuong|
“Fumpmng 25 EIRT] 21 10 SU[EL [EIUSRSIE A1 SEPREap I 5\ J 210 SUneSann o ssampoots A1 ajndssg g
[ _ sasesy(] ASuong| [ eebesyg | [ ams jop| [ =eisy | [ sy AlFuong|
mogonpoid rvod ST TR JEJETIETS 210U 5T SUIP(MG 5EIURT 31 T 5 J STNEIEIT J0 1edlT [ENSIA 2] -3
_ _ sargesyy AEmons | S [ am=goy] | =8y | _ = Ey AFuerg)
PG 3FEILRT) 1) I 53013 2521} SUDELSI J0 B3Pt 21 12008 A3 "5 A 21 J0 10udu [ENRIOIATR 1) NOQE AEME 2 dqqnd s s -
_ _ safsesyq AEmong | | eemdeng | _ ams Joy| | =y | _ =Gy Apuong!
SIIOILAE S [t (j5ed s ur) Suprme asap Jo uondope S sl sEwprmy aFeiRy 2 m (SRR Kpos) ssomos ASmue AjqemSial M sEn 3
o
_ _ %ﬁﬁ.ﬁﬁabm_ _ BATHESY] _ _ ams EZ_ _ RISy _ _ ISy ._r_mqoh@\
“IN0] AN SULMP 2RM2AN0D SI0JSLL ) 3w [ sjesodorg g Sudpddy -
Q
_ _ amEEsI AFons | | eeseng | _ ams Joy]| | =y | _ Ry AEUong
"3 FU0] 10F AEIS SI0JISLY SEEMOITR Ut ﬂ_.ﬂc&u.nvowﬂ Fmipddy
asprsegAEuong] aansog | | eummsog ApgEns) _ PagI on| | sanedan ApgEns _ anneEay] | | =aneday fFuongd
43 3 Smmist nod 1 3gge sty oy,
c
01 6 8 L 9 g ¥ £ [ I 1daaTI07) MEN L
01 6 B L 9 £ ¥ £ [ 1 SIEA AR |
01 6 8 L 9 £ ¥ £ [ 1 Smaes By O
0 Paseq SUIP[MA I5EILIY] 30 T 5/, SUGELSSI J0 BapT 33 2003 (] 0F [WoL]
01 6 8 L 9 £ ¥ £ r 1 £ OTEIROS m
01 6 8 L 9 g ¥ £ [ 1 { OLERIS =
o1 ] 8 L 9 £ ¥ £ [ 1 [ OLEmR05 9]
FMYIBMRIE 5 110F 1 L soen=0s pasodoad s Jo Amowmrey uﬂ%ﬁm AqEnsty, T
[da)
2METMon SNy T E
_ _ (fqroads) =g | MmapEsy | RIS 13RI ﬁw_.u_ﬂﬂ”uoun%uuo
2110200 | 2SI TopEpeg 000 P WonENpy
| | eowemy g | ey omg| e WISy qETy 2058 Aeuoney]
B i | g ]
ST EULIOJ] [E131T35) =

—

WOTSSHOR 7)) A0} 300pT UF SafqEiuod [orpsm soRysds j J pesodosd o Jo nongonpord LSweue = pue snbmse; noneondde mdosd a1y ‘Smprmg aSeyu=r 21 Jo an[es [eoesee I B EmREds A J 30
1oedum [ensta 21 HeETSIATT o) patpms pue pasodond am solRTRs | setpectdde yRmRm (o] PR [V WSy TRqu] 18 STORsAS )\ J S SuneEem inoqe aomeydaooe onqnd o arojdxe ofme Asams sTiy]

“Eurpymg aSemeyg .u.mmo D5 WOTIJSE]

-pjo 2 pue sjpued ;g 21 Jo 1edsord mepots 1) naamgaq ISENTCD J[RIOT I PUE sSSP YoNS JO 20808 [ERUILNIIIE J0WHISTES 21 0) 0P SIRIUIEUR PUE SRl a1 Jof afuaerp Siq e st W-Smppmg afeney
107 1) OO AM0I2q 2pedey 5 Surprma a1 opm sfewed ) J StmesSagn sdepemop] R2aed pamoes pue daam 150MWE e[ AJERUEE 0) peamn AJepiv s30mos ASRUS JqemaTal A1) Jo 200 5T A5 JE[0g

(mnasnyy reqnq) surp[myg ISLILIFH 1) U WS4 MeI[0A0)01]J SUnL.E)u] Jo [euualod 3

e r e
ANSaATULY ST e A= ¢ py
ALL Ireesn -

Anwer Hadi




Anwer Hadi Faraj 1D: 100136 26 April 2015



e [ [fe] J#== | [erel Jfem [ ]
]

01- =50 = 75”0 (roeedh ilrrre ¥ P e e I Y

e | (] [#Femw | [afe]  [géwes | ]
6 2 i P T e e i e i T e e g e e T me o v A IR I

[Feemrs | [ ] [ wmw | [nFeE] L= | _
B O e e = e e e I e w0 e | TR, ves IRy

T I Il I = N 3 B 1
L =i 2 e e i I frren Ry W ferd ey Alop ke o we epe s 0t i gy

e [ [re] [7=s [ [iFe

T
oy o oy

O (prmere w0 et e e (e i) 6 e IS e e e e (5 (e ) o e e

e | [ff]  [Fw=s | [ef@] [eeeew | ]
G o woo el =y el o o€ T oy ey e S

Fem | lre] == | Jefe]l feems ||
¥ o e el T T o pree e

L - i L - - R N - PR .
_I.|_ = _ _1.I _ _I1_ T _ _W.u.lw. __.J.|..| T o e =y

£ o = w7 O o e

Bl A I [ £ Li g 9 L g & 01
=y T I [ £ ¥ < 9 L 8 & 01
FE TR 1 [ £ Li 5 9 L 8 6 01

T T 0T & e o |2 W T 6 o I Iy o =
e 2 £ I
e 2 T 1
el | I
I- =R & me el = s p T T

"
=+
e
L =]
-~

8 6 01
g & 01
g & 01

[ Nl L]
Ll i}
=+ | =+
Lallal
L =M=
=~ |~

_ |y

I T LI e £ v | e =P ) _
== e e T R e
IrsTE v |l e i 81 e Free e [ = _ _

e o5’ e

_ wwf ey ey

e i e e e T AR T == e e ey pe e T o © o e A o e el E

) (AT P T e e o e el e | e e vmee o (e ) = o S Sy amn vt ey e o0 e e 9 e i T IE T
e e I T O s T e D petee i ey e g e O e e e e e e e e ey

U U e i Bttt 130 e Wl il vl e 20 il 0 1.0 A B 2ol Dl i S s 1 il Bl i Call il S

iRy e Ry iR e Ry 7 T Y

IO i i =5
Ansiaanup ysiilg | Af=rfpg
g o= p

April 2015

27

Anwer Hadi Faraj 1D: 100136



Appendix G — Questionnaire 3D Visual Board
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Appendix H — On-Site Photos
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Figure H.1 On-Site survey photos (Author)
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Appendix I — PV Panel Data Sheets
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ELECTRICAL DATA IV CURVE

Mscnered ot Siondond Tt Concdions [510: imcdionos of 1000 W/ie?, Al 1.5, ond ool mmparoies 257 C

Peak Power (+/- 5%) P 435'W 7
Cell Efficiency 1 215% & 1000 W/n
. 5 [ T
Panel El:['u:lsrr-c:,I n 200% z BOOW)
Rated Volinge Vimge 710V E 3
Rated Currant Imgp 597 A S T
Open-Circuit Volinge Vo BEAY ) W/
Short-Circuit Current L 647 A @ W W 3¢ 40 s & FO B0 %0
Maximum System Voliage UL H00V Voltage [V]
Tem re Coefficients Fover 81 Smins Current/vohoga charackristics wih dependanca on Irmdianca and modula eaperatera.

Volbage V] —235.5 mV/K

Cirentl) 35 mAK TESTED OPERATING CONDITIONS

MOCT A C 47 C

Series Fuse Rafing 20A Temperature —40" Fio +185°F 40" Cio + 857 C)

Grounding Posifive grounding not required Max lood l}?pﬁfrﬁeﬂn;ﬂ:ﬁlrésﬁgﬁmm: [e.g. snow|
MECHAMICAL DATA 50 psf 245 kg/m?* (2400 Pa) front and back

[e.g. wind]

Solar Cells 128 SunPower Maxeon™ calls

Front Glass High-fransmission tempered glass with Impact Resistance  Hail: (25 mm) at 51 mph (22 m/s]
antireflective (4R coafing

Junction Box P55 rated with 3 bypass diodes
S WARRANTIES AND CERTIFICATIONS

Ovtput Cables 700 mm cables / MulitContodt [MC4] connediors Warrantias 25-yaar limited power warranty

Frame ;;.Dn:ﬂina;iiiuminum alloy type £043 (sibverl; 10:year limited product warranty

Weighr 54.0bs. (254 kg}l Cerlificafions Tested to UL 1703, Class C Fire Rating

DIMEMSIOMNS

4 398[ 15.48]

p— | Cal[ 1. 18] ———==

i |

|A] - MOUMTING HOUSS (B - GROUMDING HOLES
18% B84 [ 28] B B4Z 1

) = STACKING FINE
AR XA [B24X.13]

Figure I.1 Monocrystalline panel data sheet (Author)
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Electrical SpecifFigired.2 CIGS flexible PV panel data sheet (Author)

/" Capacity rating Pmax 300 W 275 W 20 W ™
Talerance of Prax kS + 7% + 7% + 7%
Muodule aperturs ares efficiancy kS 12.6% 11.5% 10.6%
Rated woltags Vmpp 38V BOAY 4dB.EY
Aatad current Impp SEBA EEA EdA
Cpen circuit woltage Voo mav BE. 4V BE.TW
%, Short circuit current lac 6.4 A B.3A B.2ZA J

*Measured st (STC) Standard Test Conditions: 2575, 1 kWme inaolstion, AM 1.5

Temperature Cosfficients

Mesirmum prver -0.43%/C
‘Woltegs st Maximurm Power -0.38 %G
Jp=n circuit woltege -0.33%/°C
Short circuit current -0.03%/C

Mechanical Specifications

" Dimenions ET45x 495 x 3 mm (226 x19.9x 0420
Weight 8.9 kg [nominal weight with adhasive)
3,6 kg/m* (0.7 I/ with achesive
Junction Box dunction box with bypass dode
Cables Tyea Salarick
Front Shest Mon-stick ETFE
Sclar Callz 108 CIGS calls (240 % 100 mm)
\_ Frams Mone J
Operating Conditions
Temparsture Aangs -40°G o+ 8570
Meximum Systsm Voltage 1000 ¥
Certifications and Warranty™
UL 1708, IEC 61645 /61750 -
Maiterials and weorkranship - 5 yeers a0 m modulas

Power output - 25 years (0% @ 10 yre; 0% @ 25 yra)
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Figure 1.3 Semi-transparent Monocrystalline PV panel data sheet (Author)
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