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Fig. 1 Energy consumption in different sector of Iran
(Source: Nasrollahi, 2015: 15)
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Table 1: Properties of proposed window for different
climates(Source: Piccolo & Simone, 2015: 97)
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Fig. 3 Solar energy distribution (Source: Dagigeh
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Table 2: Details of Wall and ceiling in simulation and calculations

Layers (Outermost to innermost)

Re-value (m2K/W) U-value (W/m?K)

Exterior Wall:

- Brickwork outer leaf (100mm)

- EPS Expanded polystyrene (100mm)
- Concrete block (100mm)

- Gypsum plastering (10mm)

2.85 0.358

Interior Wall:

- Gypsum plasterboard (20mm)
- Air (10mm)

- Gypsum plasterboard (20mm)

0.61 1.63

Rooftop

- Asphalt (10mm)

- Fiberboard (10mm)

- XPS Extruded polystyrene (40mm)
- Concrete (100mm)

- Gypsum plastering (15mm)

2.09 0.47
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Table 3: Details of simulated windows

Window
Type

Layers (Outermost to
innermost)

Heat transfer
coefficient (W/m?-K)

Visible
transfer rate

Solar heat transfer
coefficient

The amount of direct
sunlight transmission

#SG clear glass (3mm) 5.849

- Clear glass (3mm)
#1 - Air (10mm)
- Clear glass (3mm)
- Clear glass (3mm)
- Argon (10mm) 2.6
- Clear glass (3mm)

2.811

#2

- Clear glass (3mm)
#3 - Krypton (10mm)
- Clear glass (3mm)

2.478

- Clear glass (3mm)
- Argon/Air
(10mm)
- Clear glass (3mm)
- Clear glass (3mm)
#5 - Xenon (10mm)
- Clear glass (3mm)

90/10

44 2.623

2.45

0.898 0.837 0.861

2.97 0.678 0.748

0.801 0.67 0.742

0.801 0.67 0.743

0.801 0.67 0.742

0.801 0.67 0.744
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Window
Type

Visible
transfer rate

Solar heat transfer
coefficient

The amount of direct
sunlight transmission

Heat transfer
coefficient (W/m2K)

Layers (Outermost to
innermost)

- Clear glass (3mm)
- Xenon (6mm)

#6 - Clear glass (3mm)
- Argon (bmm)
- Clear glass (3mm)
- Clear glass (3mm)
- Air (6bmm)

#7 - Clear glass (3mm) 1.88
- Krypton (6mm)
- Clear glass (3mm)
- Clear glass (3mm)
- Air (6mm)

#8 - Clear glass (3mm)
- Xenon (6mm)
Clear glass (3mm)
- Clear glass (3mm)
- Argon (6mm)

#9 - Clear glass (3mm)
- Krypton (6mm)
- Clear glass (3mm)
- Clear glass (3mm)
- Argon (6mm)

#10 - Clear glass (3mm)
- Xenon (6mm)
- Clear glass (3mm)
- Clear glass (3mm)
- Krypton (6mm)

#11 - Clear glass (3mm)
- Xenon (6mm)
- Clear glass (3mm)

2.049

1.795

1.781

1.703

1.578

0.738 0.595 0.681

0.738 0.595 0.679

0.738 0.595 0.678

0.738 0.592 0.682

0.738 0.595 0.681

0.738 0.595 0.684

el 5 oazdly -

5L Ol b b e gl L sl s plonil Sl
Al slo ol jo aded 9 o Liole,S g (cdole
B R 44_9; )‘)_9 ).i)AS; L) ML‘LA 29 ol C‘)ZA_AA"
2 obeitle (piole)S g (chalepw )b Egeme ay al> o
g 0ad dwslio bai b glgl ool wl b 2> o
O 5 9590 Bl 3 At B Sl 51 £98 on e
] 00

oilesS 1=

el Hloaslw ¥ w sl L ol Ve Sl
QL».».I axJlao 3,90 GL""’)’.U‘% &‘9;‘ )| oolai il b |) Lg)b‘
bl 509 055 4 4z L byt 5o Ginle S L amas
L oyedig 5o g 00g Sl jlews @Y sled jo Jlu S 50
G b Gleizlow 5l 505 ojlas aw g 90 slao oy
90 o b plaislu Ve Sl gillas sl Joosns
L oleidlw 4 s 6505 Gimle,S b olime o o
o)\...\;-j.) Lgbbo),?;:.; uL‘"’ B .o)lo a)ld_'?- aw LgLa:o)qdu?
VY Wges ooz 4w lo 0 g #F aiges anlllae 5,90

Al Ty GaleyS Ok G e

Lools oo ylae! -F

3,90 DOE-2 ,J581 o 5 Lol oo Lel g

oolaiwl SYolee Gub SYoles solas g 423 )3 13 oolarl
Jol> slrosls o 8 odais jaly cplpe 138l o5y o
2 A=g et 5o &ly o)l pletlw il 4
Sl )58l e 5 90 0 asdllas 8,50 loa i b Y soles
Ol ©alis & S8 Bllas 0t aolie ale,—w b

P\ U SUUNIY IRV /A g R CEp ¥ PRI P ES S
@ 008 ploxl 1381 p 5 elow jltel g 00 Jou3 LS
adee Hlas 1) ek cplis alewg

40000

m DesignBuilder 0DOE-2

35000 - f]
30000 I
25000 -+
20000

15000

Caoling load (KWh)

10000 -

5000

0 Al L L. LI 2 L1 Ll L. L ] L1 Ll

H1 H2 #3 #4 #5 #6 #7 #8 #O#10#11
Fig. 9 Comparition of cooling load of building with
study glasses in DesignBuilder and DOE-2 softwares
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Fig. 12 Total annual heating load of office building,
Tehran, Esfehan, Yazd and Shiraz
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In the last decades, increasing world population and carbon dioxide emission, have led
to the increasing importance of energy conservation, especially in the building industry.
In Iran, almost 40 percent of energy is used in the buildings, where the main part of it
is wasted through windows. Hence, reducing the amount of heat transfer and insulating
the windows is essential. In recent years, glass technology has offered various
alternatives for building energy conservation, including window insulation, transparent
covering films and integrated dynamic shadings. Multi- pane windows with various
glass layers are one of the solutions to control solar heat, sunlight transmission and
noise through windows. They are used in combination with shading devices, especially
in office buildings. Studies have shown that using multi-pane windows, heat transfer
and building energy consumption decrease depending on the different climates and
building thermal properties. However, the impact of different types of filling gases and
the optimal window type on building energy consumption in different climates has not
been studied.

In the present study, the effect of double- and triple-glazed windows containing
different gases on the cooling and heating loads of a sample office building are
investigated. Altering window layers, its thermal properties will change, including heat
transfer coefficient, visible transfer rate, the amount of direct sunlight transmission and
solar heat transfer coefficient. The Air, Argon, Krypton, Xenon gases and the mixture
of them are used for the gap filling between two or three layers of clear glass. The case
studies are Bushehr and Bandar Abbas cities with hot-humid climate, Mashhad and
Tabriz cities with cold climate and Shiraz, Yazd, Isfahan and Tehran cities with hot-
dry climate.

In each city, eleven alternatives have been simulated for a typical office building by
changing window type and the intermediate gas. The simulations were performed using
Design Builder software version 5.02.003 to calculate annual cooling and heating loads
for the sample building. Windows in the base model are simple windows with clear
glass of three millimeters thickness. According to ASHRIE standard, the heating and
cooling set points of 22 °C and 24 °C are considered in the simulations. Comparing
total building energy consumption with different types of windows and gases, the
proper alternatives are defined. In order to validate the results, DOE-2 simulation
software has been used. The building energy consumption in Bushehr City has been
examined for the eleven alternatives. Since the difference between two groups of the
results is 4 percent, all the results are valid.

Based on the results, applying double- and triple-pane windows leads to reduced
cooling and heating loads of the sample office building in all studied cities. In Bushehr
City, using triple pane windows will result in 12.7 percent reduction in the building
cooling load while it would be 10.8 percent by applying double-pane windows. The
reduction in building cooling load would be 27.5, 25.6 and 17.3 percent in Tabriz,
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Mashhad and Shiraz cities if triple-pane windows were used. Using double-pane
windows, the cooling load reduction would be 14.6 to 17.3 percent in cities with hot-
dry climates and 11.9 percent in Bandar Abbas City. According to the total building
energy consumption, the triple-pane window filled with air and Xenon gas is the most
appropriate window type in all cases. Using such a type of windows will lead to 14.5,
13.5, 34.2 and 38.2 percent reduction in building energy consumption in Bushehr,
Bandar Abbas, Tabriz and Mashhad, respectively. So in cities with hot-dry climate, the
application of triple-pane windows filled with air and Xenon gas would reduce the
building energy consumption by the average of 22.8 percent. Unlike triple-pane
windows, the appropriate alternative among double-pane windows is different in each
city. In Bushehr City, double-pane window filled with air and argon gas has the most
building load reduction. It is also one of the best choices in Mashhad, Shiraz, Yazd,
Isfahan and Tehran cities, however the building energy consumption is best reduced
using other alternatives filled with argon or krypton gases. By applying such double-
pane windows, the amounts of energy reduction in each city equal to 24.7, 15, 15, 17.8
and 16.3 percent for Mashhad, Shiraz, Yazd, Isfahan and Tehran cities, respectively. In
Bandar Abbas and Tabriz cities, the most proper windows are those filled with krypton
and xenon with 10.8 and 23.3 percent energy reduction. The results of the present study
help designers to select the best double- and triple-glazed windows for office buildings
in each city.
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