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ABSTRACT

The increasing population of cities in the country has caused an increase
in the amount of construction and construction activities. The construction
industry uses many natural resources and produces a large amount of
greenhouse gases. Therefore, it has a significant effect on Iran's carbon
dioxide emissions. In this article, a residential building in Tehran has
been studied with the aim of investigating the effect of applying a thermal
insulation layer to the external walls of the building using Design Builder
software. Initially, a 5-story residential building was modeled in Design
Builder software, considering all specifications for different elements of
the external walls. Ten different scenarios were defined, including nine
different types of thermal insulation and one case without insulation. The
necessary outputs from the software, such as hidden carbon content and
equivalent hidden carbon, as well as the carbon emissions during the
building’s operational phase for each scenario, were analyzed. The
results showed that the lowest embodied carbon content was associated
with the use of glass wool insulation, while the lowest carbon emissions
during the operational phase were related to the use of polyurethane
foam. In terms of total lifecycle emissions and embodied carbon, the
optimal insulation layer is polyurethane foam, which releases a total of
1178 tons of carbon into the environment over a 30-year building lifespan.
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Primary cnergy consumption

Primary energy consumption is measured in terawatt-hours, using the substitution method.
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LEnergy use per person

Measured in kilowatt-hours per person. Here, energy refers to primary energy using the substitution method.
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Greenhouse as c1Imnissions
Greenhouse gas emissions include carbon dioxide, methane and nitrous oxide from all sources, including

land-use change. They are measured in tonnes of carbon dioxide-equivalents over a 100-year timescale.
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Sharc of global CO, cmissions

Carbon dioxide (CO;) emissions from fossil fuels and industry. Land-use change is not included.
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Circulation area (corridors and staierys)
Domestic Bathroom
Domestic Dining room

Domestic Bedroom

Domestic Toilet
Daomestic Kitchen ] Zone 7

Zone 6

Zone 3
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Materials Embodied Carbon and Area (m2) Embodied Equivalent Mass (kg)
foam beton 912.3 0.0 0.0 26557.5
Cork - board | 7005 212.9 212.9 1120.7 |
Stone - granite 150.0 5054.4 5443.2 12960.0
Soil - earth common 150.0 876.0 876.0 43800.0
Cement/plaster/mortar - cement plaster  1762.8 11789.3 11789.3 62049.0
Ceramic glazed 762.3 12387.4 13149.7 19057.5
Painted Oak 421 0.0 0.0 1031.4
Gypsum Plastering 24231 18415.3 19384.5 48461.3
Concrete Reinforced (with 2% steel) 1062.3 247350.2 263308.3 797904.0
AAC Block 1105.6 134519.4 138595.8 407634.7
Sub Total 430605.0 452759.8 1420576.1

Sule Y ploied aladioiy 5l eoliiwl b wlas athys (0,5 Y gux

Materials Embodied Carbon and Area (m2) Embodied Equivalent Mass (kg)
foam beton 912.3 0.0 0.0 26557.5
Stone - granite 150.0 5054.4 5443.2 12960.0
Soil - earth common 150.0 876.0 876.0 43800.0
Cement/plaster/mortar - cement plaster 1762.8 11789.3 11789.3 62049.0
Ceramic glazed 762.3 12387.4 13149.7 19057.5
Painted Oak 421 0.0 0.0 1031.4
Gypsum Plastering 2423.1 18415.3 19384.5 48461.3
MW Glass Wool (rolls) | 7005 128.6 141.2 84.1 |
Concrete Reinforced (with 2% steel) 1062.3 247350.2 263308.3 797904.0
AAC Block 1105.6 134519.4 138595.8 407634.7
Sub Total 430520.7 452688.0 1419539.4

A oez 3l ooliiwl b (6510 0y 0598 (xS HLAI: Y Jgus

“ YV GO amio AF+F Jlu cof 0 5loui (1Y 090 (Clu g 03w (wiign (i g 39— (ol &9 g



O 1 0 3l (quigo (02! Jbleolo

CO2 Production - project royal 4, Building 1

EnergyPlus Output 1 Jan - 31 Dec, Run period Licensed
Year
CO2 Emissions (kg) 24796.99

Ao 31 0oliiiwl b (6418 p0 w40 090 (1 5 HLiSl: F Jgus

CO2 Production - project royal 4, Building 1

EnergyPlus Output 1 Jan - 31 Dec, Run period Licensed
Year
CO2 Emissions (kg) 24795.09
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Fuel Breakdown - project royal 4, Building 1

EnergyPFPlus Output 1 Jan - 31 Dec, Run period Licensed
Year
Room Electricity (kKWVWVh) 9543 .45
Lighting (kWWh) 10364.70
Heating (Gas) (kvwwh) 3917.57
Cooling (Electricity) (kvWh) 14066.81
DHW (Gas) (kvWh) 176858.32
Exterior lighting (kKWWh) 384.85

556 Bale sleslasl b (leisle jo (65,51 OB pas gamme : £ oo

Fuel Totals - project royal 4, Building 1

EnergyPlus Output 1 Jan - 31 Dec, Run period Licensed
Year
Electricity (kWh) 34359.80
Gas (kWh) 21575.89
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13 Polystyrene
14 Polyurethane foam
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92 )b (kg) aips (05 | (Kg) Jolw aitiyd ()5 | (k) (0 ,La]
G-0-AAC-C 436010.90 458165.70 25027.63
G-CP-AAC-C 437868.50 460096.10 24868.79
G-C-AAC-C 436223.90 458378.60 24796.99
G-GW-AAC-C 436139.50 458306.90 24795.09
G-PW-AAC-C 439188.20 461460.60 24962.66
G-PS-AAC-C 436273.60 458508.20 24800.29
G-PU-AAC-C 436641.30 458796.10 24723.33
G-R-AAC-C 436305.10 458476.70 24842.67
G-SW-AAC-C 436231.60 458401.00 24801.98
G-W-AAC-C 437040.60 459264.00 24789.26
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92 s (kg) axieg oy | (kg) Jolus atied S | (KE) 15yl

G-0-AAC-C 436010.90 458165.70 25027.63
G-GW-AAC-0-C 436139.50 458306.90 24795.09
G-C-AAC-0-C 436223.90 458378.60 24796.99
G-SW-AAC-0-C 436231.60 458401.00 24801.98
G-PS-AAC-0-C 436273.60 458508.20 24800.29
G-R-AAC-0-C 436305.10 458476.70 24842.67
G-PU-AAC-0-C 436641.30 458796.10 24723.33
G-W-AAC-0-C 437040.60 459264.00 24789.26
G-CP-AAC-0-C 437868.50 460096.10 24868.79
G-PW-AAC-0-C 439188.20 461460.60 24962.66

cJolro 4ides (035 oyl bl (3w po 1 490

52 i (kg) axigs S | (kg) Jolro axigs )5 | (Kg) o5 i

G-0-AAC-C 436010.90 458165.70 25027.63
G-GW-AAC-0-C 436139.50 458306.90 24795.09
G-C-AAC-0-C 436223.90 458378.60 24796.99
G-SW-AAC-0-C 436231.60 458401.00 24801.98
G-R-AAC-0-C 436305.10 458476.70 24842.67
G-PS-AAC-0-C 436273.60 458508.20 24800.29
G-PU-AAC-0-C 436641.30 458796.10 24723.33
G-W-AAC-0-C 437040.60 459264.00 24789.26
G-CP-AAC-0-C 437868.50 460096.10 24868.79
G-PW-AAC-0-C 439188.20 461460.60 24962.66

AL oy )5 Ll Gl el (g5 yo 1 Ve Jgu

1l (Kg) asiag otyS | (Kg) Jolao aties oS | (Kg) oS s
G-PU-AAC-0-C 436641.30 458796.10 24723.33
G-W-AAC-0-C 437040.60 459264.00 24789.26

G-GW-AAC-0-C 436139.50 458306.90 24795.09
G-C-AAC-0-C 436223.90 458378.60 24796.99
G-PS-AAC-0-C 436273.60 458508.20 24800.29
G-SW-AAC-0-C 436231.60 458401.00 24801.98
G-R-AAC-0-C 436305.10 458476.70 24842.67
G-CP-AAC-0-C 437868.50 460096.10 24868.79
G-PW-AAC-0-C 439188.20 461460.60 24962.66
G-0-AAC-C 436010.9 458165.7 25027.63

PR b el Gisd ol Jol Bas aS 618 0 0 (lye0 5 (S Slisil g atags ()5 Sgamme Ll a4l O yglcamods sl
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92 )b (kg) axigs oy S (kg) o055 HLas! (kg) Jlo Yo op ) LGl | g Aigd op ) Egomo
(ko) M Yo yLiss!
G-PU-AAC-C 436641.3 2472333 741699.9 1178341.2
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G-GW-AAC-C 436139.5 24795.09 743857.7 1179997.2
G-C-AAC-C 436223.9 24796.99 743909.7 1180133.6
G-PS-AAC-C 436273.6 24800.29 744008.7 1180281.7

G-SW-AAC-C 436231.6 24801.98 744059.4 1180291.0
G-W-AAC-C 437040.6 24789.26 743677.8 1180718.4
G-R-AAC-C 436305.1 24842.67 745280.1 1181585.2
G-CP-AAC-C 437868.5 24868.79 746063.7 1183932.2
G-0-AAC-C 436010.9 25027.63 750828.9 1186839.8
G-PW-AAC-C 439188.2 24962.66 748879.8 1188068.0
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