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Abstract.

an important role in the energy saving performance of a building. Research reveals that the energy consuming of air conditioning

Over 40% society energy consumption is contributed by the construction industry, where the building materials play

and heating system has taken 70% of the overall building energy consumption through all its life cycle, mainly due to the thermal
transmission of building envelope structure. Therefore, this paper focuses on the exterior heat insulators, windows and wall
materials, which are critical to building heat-insulating property, to study their resource consuming and environment impact during

the life cycle from mining, production, transportation, utility, until disposal. In the end, the author aims to provide a robust rati-

onale and database to optimize environmental friendly material selection for the green building.
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Table 1 The scope and methods of data collection
Process Item Data collection methods
Resource Energy consumption and emissions of limestone, clay, sand Materials environmental impact database—Sinocenter
exploitation and other raw materials during mining processes. developed by Beijing University of Technology
1) Sinocenter database;
Basic . 1) Primary energy: raw coal, oil, natural gas; 2) Calculating the environmental load inventory of
Energy generation . . . . .
processes 2) Secondary energy: electricity, et al. electricity generation according to the national sta-
tistics data.
. 1) Transport modes and distances of ores and products; 1) Investigating in typical enterprise;
Transportation . .. . . <
2) Energy consumption and emissions during transportation.  2) Sinocenter database.
. 1) Energy consumption and emission of waste treatment; 1) Investigating in typical stacking and landfill
Waste Stacking . L
> 2) Harmful substances (such as heavy metal) emit to the soil site;
treatment and landfill ’ . .
and groundwater. 2) National standards and literature data.
Wall materials Resource/energy consumption and pollutant emissions of sol- Investigating in typical enterprise and Sinocenter
production id/hollow brick and building block production. database.
Materials Insulation materials ~ Resource/energy consumption and pollutant emissions of EPS Investigating in typical enterprise and Sinocenter
production production board and rock wool board production. database.
Window materials Resource/energy consumption and pollutant emissions of glass Investigating in typical enterprise and Sinocenter
production and window frame material (aluminum, etc. ) production. database.
Parts Resource/energy consumption and pollutant emissions of

. Parts production
production

building materials parts in assembly process

Investigating in typical enterprise
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Table 2 Environmental impact assessment indicators system

Indicators Ttem Unit

Abiotic resource Clay, sandstone, coal,

depletion (ADP) oil, gas, et al. Sb eq.
Global Warming (GWP) CO,, N,0O, CH,, et al. CO, eq.
Acidification (AP) S0,, NO,, et al. S0, eq.
Photochemical
) ) : C,H, eq.
oxidation ( POCP) CO, NMVOC, et al. 24 e
Eutrophication ( EP) COD, PO,3 et al. PO,3 eq.

Human toxicity (HTP)  PM, heavy metal, et al. (1,4)-DCB eq.
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Fig. 1  The environmental impact of two external thermal insulation

composite systems in the same insulation performance
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Fig. 2 The environmental impact of two external thermal insulation

composite systems in the composite indicator
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Table 3 Materials requirement of the 1 m* window(kg)

Materials

alloy window

Aluminum

Bridge-cut aluminum
alloy window

Wood-plastic
composites window

PVC window Recycled wood-plastic

composites window

Aluminum extrusions 8.5 7.9 — — —
PA66 insulation strip — 0.9 — — —
PVC-U profiles — — 8.80 — —
Steel — — 5.1 — —
Wood-plastic composite profiles — — — 4.45 —
Recycled Wood-plastic composite profiles — — — — 4.5
Glass * 0.8 0.77 0.75 0.68 0.68
Hardware fittings 2.2 2.2 2.2 2.3 2.3
Sealant 0.5 1.86 1.70 1.50 1.60
Gaskets 3.5 3.0 3.5 4.2 4.3
# Unit is m”
x4 BRHEHRESILROMMEZINENER
Table 4 The environmental impact assessment results of the windows
Environmental . Aluminum alloy Bridge-cut _ Wood-plastic Recyeled
impact categories Unit window alumlflum PVC window composites window WOOl'.i—plaS'UC
alloy window composites window
ADP kg Sh eq. 3.95E-02 3.77E-02 3.13E-02 2.81E-02 2.78E-02
GWP kg CO, eq. 4.33E+02 4.07E+02 1.59E+02 8.38E+01 7.25E+01
AP kg SO, eq. 3.27E+00 3.06E+00 9.80E-01 5.79E-01 5.14E-01
POCP kg C,H, eq. 3.71E-01 3.47E-01 9.64E-02 5.43E-02 3.97E-02
HTP kg PO, eq. 1.91E+01 1.78E+01 1.46E+00 8.35E-01 7.68E-01
EP kg (1,4)-DCB eq. 2.65E-01 2.50E-01 1.23E-01 7.18E-02 6.32E-02
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Table 5 Energy consumption of the windows in use phase per
year (MJ)
Type Energy consumption
Aluminum alloy window 4.20E+03
Bridge-cut aluminum alloy window 3.63E+03
PVC window 3.49E+03
Wood-plastic composites window 3.26E+03
Recycled wood-plastic composites window 3.26E+03
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Fig. 3 The annual average environmental impact assessment results of the windows
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Table 6 Basic information of typical wall materials

Products Size Thermal conductivity ~Density
/mm /We-(m-K)"' /kg+m?
Clay solid brick 240x115%53 0.8 1700
Hollow brick 190x190x90 0.5 900
Aerated concrete block  600x240x200 0.20 600
Lightweight agsregate 30,190,199 0.28 800

concrete block
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with different materials
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