Appendix-2

Introduction: Climate conditions in Cairo, Egypt (Table with Ave. Cycle variance, and Standard

deviation)
Air Temperature (Ta) and Frequency Plot
= Annually (Daily average) and Frequency Plot
= Monthly
Relative humidity (RH) and Frequency Plot
= Annually (Daily average)
= Monthly
= Seasons (Spring-Summer-Autumn-Winter) and Frequency Plot
= Air Temperature (C) VS Air Relative Humidity (%)

Solar Radiation and Frequency Plot
= Annually (Total daily average)
= Monthly
= Seasons (Spring-Summer-Autumn-Winter)
= Daily (one day in each season=4 days)

Model — STONE Masonry material

Material properties for data input of best energy software

Case (1)-stone walls WITHOUT INSULATION in roof or floor
Case (2)-stone walls WITH INSULATION in roof or floor

Difference between the other cases (from case (1) to case (7)

Building parameters of different cases
Case (1)
Case (2)
Case (3)
Case (4)
Case (5)
Case (6)
Case (7)

Comparison between different cases in terms of indoor air temperature- (c°)

Impact of adding different technigues on the enhancements of the indoor air temperature (c°) for

the same model



1- Introduction: Climate conditions in Cairo, Eqypt

Egypt is classified as arid or desert with hot climate. This climate characterizes by modest rain and vast

daily temperature.

The Weather data of Cairo is extracted from weather station in Cairo number (623660-HECA) which is
located in Cairo airport and Weather file (IWEC) using Best Energy software.

There are several parameterizes that should be analyzed to understand the climate conditions in Cairo

with respect the thermal comfort level, as the following:

Climatic Periods

parameters

Annually
(Daily
Average)
Average
Monthly

Spring
21/3-21-
6
Summer
21/6-21-
9
Autumn
21/9-21-
12
Winter
21/12-
21-3
Annually
(Daily
Average)
Average
Monthly

Air Temperature — (C°)

Spring
21/3-21-
6
Summer
21/6-21-
9
Autumn
21/9-21-
12

Relative Humidity —(%b)

Average &
Median

Ave.=23.88
Med.= 24.8
23.83

Ave.=23.77
Med. = 23.4

Ave.=27.78
Med.=27.7

Ave.=20.43
Med.=20.5

Ave.=14.69
Med.=14.5

Ave.=51.61
Med.=54

51.65

Ave.=48.66
Med.=50

Ave.=59.59
Med.=60.1

Ave.=62.89
Med.=65

Ranges

Average Cycle variation

Absolute Absolute
MIN MAX
9.1 36.9
13.5 30.8
14.76 35.19
25.10 30.29
12.98 27.783
11.43 21.43
16 80
40.5 62.2
15.98 71.75
42.85 69.01
36.15 82.47

Average

Standard

Deviation

6.10

5.87

481

1.13

3.98

1.88

12.17

7.29

11.53

5.82

10.60

Reference

weather
station in
Cairo
number
(623660-
HECA)
Weather
file
(IWEC)-
Best
Energy
software

weather
station in
Cairo
number
(623660-
HECA)
Weather
file
(IWEC)-
Best
Energy
software

Thermal
Comfort
level

From
21C-
27.5C

As per
ASHRAE
55-2004

From
30%-
65%

As per
ASHRAE
55-2004



Winter Ave.=64.98 38.17 90.73 11.25
21/12- Med.=66.1
21-3
Annually Ave.=279.89 57.21 416.85 92.88
(Daily Me.=
Average) 295.55
Spring Ave.= 142.23 416.85 73.03
Season 332.96

Med.=

353.19
Summer 346.19 221.82 402.99 41.21
Season Med.=

346.85
Autumn  212.04 57.21 325.53 75.70
Season Med.=

217.25
Winter 226.43 64.89 377.46 83.33
Season Med.=

221.36

Weather
file
(IWEC)-
Best
Energy
software



Air Temperature (Ta)

2-

Annually Air Temperature (C) & Freqguency plot

Daily Avarage Temprature during 2016 in Cairo
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Temperture-C

Frequency per days

Air Temperature by Seasons and Frequency Plot

35
33
31
29
27
25
23
21
19
17
15

16

14

12

10

Outdoor Dry Bulb Temperature [C] in Spring Season(Daily average)

15

10

17

19

20

30

40 50 60 70 80 90
Days From 21/-21/6

Frequency plot in Spring Season Ta-( C°)

21

Median = 23.4

23

Average = 23.7

25 27 29 31 33 35 37
Temp. (C°)



Outdoor Dry Bulb Temperature [C] in Summer Season(Daily average)
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Frequency plot in Summer Season Ta-( C°)
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Temperture-C

Frequency per days
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Temperature -C

Frequency per days
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Relative humidity (RH)

3-

Annually relative humidity and Frequency Plot

Total Daily Average relative humidity (%) during 2016 in Cairo
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RH (%)

Monthly relative humidity
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= Relative Humidity by seasons and Frequency Plot

Outdoor Relative Humidity [%] in Spring Season(Daily average)
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RH-%

Frequency per days

Outdoor Relative Humidity [%] in Summer Season (Daily average)
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RH-%

Frequency per days

Outdoor Relative Humidity [%] in Autumn Season (Daily average)
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Outdoor Relative Humidity [%] in Winter Season (Daily average)
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= Air Temperature (C) VS Air Relative Humidity (%0)- Monthly Average




Annualy (Total Daily Average) Diffuse Solar & Direct Solar in Cairo

Solar Radiation Annually and Freqguency Plot

Solar Radiation
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Total Solar Radiation (W/m2)

Total Solar Radiation-(W/m2)

Total Solar radiation in Milan
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Frequency per days

Total Solar Radiation-(W/m2)
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Total Solar Radiation-(W/m2)
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Solar Radiation by Days
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Solar Radiation-W/m2

Solar Radiation-W/m2
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5- MODEL - STONE MATERIAL

This model is for a building which is located in Cairo.

The dimension of this model is 5 m Length x 5 m Width x 4.5 m Height. It has one window with
dimension 2m x 2m.

The weather file, which is used in BEST energy software to analyze this model, called IWEC.epw.

Fig. (1): Base Case Fig. (2): Other Cases with Shading Device

?\}

jCement Lime Plaster— Slab Stone—Thickness(0.03)
Thickness(0.02)
Cement Mortar—Thickness(0.02)
Limestone Sand-Thickness(0.05)
ThickneZs(O.%) Insulation Expanded Polystren—Thickness(0.05)

Lightweight screed— Thickness(0.10)

WALL

Wooden—Thickness(0.10)
Insulation Expanded Polystren—Thickness(0.05) \ |

Sand—Thickness(0.05)

Cement Mortar—Thickness(0.02) A/

Slab Stone—Thickness(0.03)

ROOF
FLOOR

= Main parameters to be analyzed in order to understand the thermal comfort inside the
building are:
- Indoor Air Temperature -C
- Relative Humidity -%
- Ventilation Rate / Air velocity



MATERIAL PROPERTIES FOR DATA INPUT OF BEST ENERGY SOFTWARE

= Note:
(*) Number suggested by the Egyptian code of Energy

(#) Number suggested by “Natural Energy and Vernacular architecture- Principles and Examples with
reference to hot arid climate” Hassan Fathy.

1- Case (1)-stone walls WITHOUT INSULATION in roof or floor

2 s @ @ @
- g 2 £ = = 5
© D lle — o T S — +
i Y S v o
5 g 2E 28 £ EE g 2&
T e 53 g o D X 22 S 2 z 4
= EE ®) E. [al=2 N [ N s > <
Limestone  0.45 0.79 (*) 1600 920 0.85 0.65 0.7
masonry *) #) #

- Wooden 0.10 0.14 (*) 660 (*) 1600 0.9 0.7 0.7
Stone Slab  0.03 1.4(*) 2100 (%) 920 0.9 0.7 0.7
Cement 0.02 0719 1646 920 0.9 0.7 0.7
Mortar
Sand 0.05 0.93 1800 840 0.9 0.7 0.7
Lightweight  0.10 0.083 600 880 0.9 0.7 0.7
screed

o
~
o
~

Wooden 0.05 0.13 500 1600 0.9

(&)

C
L ® E S

D (5] a=

£ 2 £ 5 @€
= SE o= 5 s S
> 5= N >3 > E o
Single 4.7 0.8 0.7
Glazed

1 Person



2- Case (2)-stone walls WITH INSULATION in roof or floor

2 s @ @ @
- g £ s : 5
© (<] slwa — o T S - =
o v = o
5 § 2 B2 B3 EE 4& &5
< = 5 2 5o s 2a = 2 2 8
P FE O [ag=2 N s N ® > <
Limestone 0.45 0.79 (*) 920 0.85 0.65 0.7
masonry #) #
Wooden 0.10 0.14 (*) 1600 0.9 0.7
Expanded 0.04 0.036 1340 0.9
polystyrene
Lightweight  0.10 0.083 880 0.9
screed
Sand 0.05 0.93 840 0.9
Cement 0.02 0.719 920 0.9
Mortar
Stone Slab 0.03 1.4 (%) 920 0.9
Stone Slab 0.03 1.4 (%) 920 0.9
Cement 0.02 0.719 920 0.9
Mortar
Sand 0.05 0.93 840 0.9
Expanded 0.04 0.036 1340 0.9
polystyrene
Lightweight  0.10 0.083 880 0.9
screed
- Wooden 0.05 0.13 1600 0.9
(&]
(=
2 g & £
= S¥ < 5 @ =
=] o £ S c & = C
& > S S =3 2
= 53 888 S E
- Single 4.7 0.8 0.7

Glazed

1 Person



DIFFERENCE BETWEEN THE OTHER CASES (FROM CASE (1) TO CASE (7)

Shading device 0.8m x 2.5m

Stone 0.45m Without Insulation | Without Window (2m x 2m)
Insulation Single Glazed
Stone 0.45m Expanded Expanded Window (2m x 2m)
polystyrene (0.04 | polystyrene Single Glazed
m) (0.04 m)
Stone 0.45m Expanded Expanded Window (2m x 2m)
polystyrene (0.10 polystyrene Double Glazed
m) (0.10 m)
Stone 0.45m Expanded Expanded Window (2m x 2m)
polystyrene (0.10 polystyrene Double Glazed
m) (0.10 m) WITH Shading device
0.8m x 2.5m
Stone 0.45m Expanded Expanded Window (1.5mx1.5m)
West, East, and = polystyrene (0.10 polystyrene Double Glazed
south m)- Adiabatic (0.10 m) WITH Shading device 0.8m
elevations are X 2.5m
Adiabatic
Case (6)- Stone 0.30m Expanded Expanded 2 Windows in North and
Best West, and East | polystyrene (0.10 polystyrene South elevations
elevations are m)- Adiabatic (0.10 m) (1.5mx1.5m)
Adiabatic Double Glazed
WITH Shading device 0.8m
X 2.5m
Case (7)- Stone 0.30m Expanded Expanded 2 Wind. in North and
Best West, and East = polystyrene (0.20 polystyrene South elevations (Imx1 m)
elevations are m)- Adiabatic (0.10 m) Double Glazed WITH
Adiabatic




BUILDING PARAMETERS OF DIFFERENT CASES

8- Case (1)
SFA Length x Width 5*5=25m?
Vol. Length x Width x 5*5*4 5(Hight)= 112.5m?
Height
WWR WWR=Window *East= No windows
area/Gross external *West= No windows
wall area * South= No windows
* North=
(2m*2m)/(4.5m*5m)=0.17
WI/F Total Area of the W/F=4*(4.5*5)/25=3.6

walls/ Floor area

SIV (Area of 4 walls + 140/112.5=1.24
Area of floor and roof)
/ Volume
Q 748800 J
U= c 1400000
4524‘2574 3 1200000
W/m 2 S 1000000
£ &5 800000
< ©
ST I 600000
=] 35 400000
S £ £ 200000 -
xaz 0
g East North  West South Doorin  Roof
n Elev. Elev. Elev. Elev.  South
Elev.
Building Elements




9- Case(2)

S.F.A Length x Width 25m?
Vol. Length x Width x Height 112.5m3
WWR WWR=Window area/Gross external wall North=
area 0.17
WI/F Total Area of the walls/ Floor area 3.6
SIV (Area of 4 walls + Area of floor and roof) / 1.24
Volume
U= 60000
188528.1 S 50000
A
W/m? < E 40000
£ = 30000
S < 10000
g O
o 8 East North West South Doorin Roof
S Elev. Elev. Elev. Elev. South
» Elev.
Building Surfaces
10- Case (3)
S.F.A Length x Width 5*5=25m?
Vol. Length x Width x Height 112.5m?
WWR WWR=Window area/Gross external wall | * North=0.17
area
WI/F Total Area of the walls/ Floor area 3.6
SIV (Area of 4 walls + Area of floor and 140/112.5=1.24
roof) / Volume
U= _ 1400000
4524674 F = 1200000
W/m? 5-3 = 1000000
S § 800000
I = 600000
kS 200000
25w
nj ) East North West South Doorin Roof
S Elev. Elev. Elev. Elev. South
» Elev.
Building Surfaces




11- Case (4)

SFA Length x Width 5*5=25m?
Vol. Length x Width x Height 112.5m3
WWR WWR=Window area/Gross external wall area * North=0.17
W/F Total Area of the walls/ Floor area 3.6
SIV (Area of 4 walls + Area of floor and roof) / 140/112.5=1.24
Volume
U= 1600000
wes| goime
2 oY
W/m = £ 1000000
£ = 800000
- « 600000
ISR
s T
=5 200000 [
?_: & East North West South Doorin Roof
S Elev. Elev. Elev. Elev. South
n Elev.
Building Surfaces
12- Case (5)
S.F.A Length x Width 5*5=25m?
Vol. Length x Width x Height 112.5m®
WWR WWR=Window area/Gross
external wall area
W/F Total Area of the walls/ 3.6
Floor area
SIV (Area of 4 walls + Area of 140/112.5=1.24
floor and roof) / Volume
U= 25000
67661.27 % —_
W/m? % g 20000
¢ E 15000
S 8 10000
£5
§ E’_ 5000
o 0
S EastElev. North ~ West  South  Roof
n Elev. Elev. Elev.
Building Surfaces




13- Case (6)

SFA Length x Width 5*5=25m?
Vol. Length x Width x Height 112.5m3
WWR WWR=Window area/Gross
external wall area
WI/F Total Area of the walls/ Floor area | 3.6
SIV (Area of 4 walls + Area of floor 140/112.5=1.24
and roof) / Volume
U= 25000
80449.07 -% —
W/m? & & 20000
$2
T = 15000
s 83
E <£ 10000
T o
S S 5000
ZE o
w East Elev. North Elev. West Elev. South Elev.  Roof
Building Surfaces

14- Case (7)
S.F.A Length x Width 5*5=25m?
Vol. Length x Width x Height 112.5m?3
WWR WWR=Window area/Gross external
wall area
WI/F Total Area of the walls/ Floor area 3.6
SIV (Area of 4 walls + Area of floor and 140/112.5=1.24
roof) / Volume
U= 25000
80020.55 £ _
W/m? o < 20000
€2
T = 15000
s 8
= < 10000
S8
& = 5000
22 o0
n East Elev. North Elev. West Elev. South Elev.  Roof
Building Surfaces




COMPARISON BETWEEN DIFFERENT CASES IN TERMS OF INDOOR AIR
TEMPERATURE- (C°)

Average Average Cycle Average
variation Standard
Absolute Absolute Deviation

MIN MAX

Annual . -2075.67

Indoor

Air
Temp.—

()

Annual 26.98 16.73 36.57 5.74 -2184.34

Indoor

Air
Temp.—

Annual 27.34 16.88 36.98 5.80 -2315.36

. Annual 27.25 16.78 36.85 5.79 -2281.92

Indoor
ir
Temp.—

()

Indoor

Air
Temp.—

(€)

Annual 27.21 18.56 34.34 4.86 -2268.73

Indoor

Air
Temp.—

()

Annual 27.15 18.08 34.66 4.63 -2247.8

Indoor

Air
Temp.—

(C)

Annual 26.49 17.61 34.11 4.78 -2004.99

Indoor

Air
Temp.—

(C)
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IMPACT OF ADDING DIFFERENT TEQUNIQUES ON THE ENHANCEMENTS OF THE

INDOOR AIR TEMPERATURE (C° FOR THE SAME MODLE
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