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Life cycle carbon footprint of residential buildings in Beijing

XTAO Yaxin, YANG Jianxin "
State Key Laboratory of Urban and Regional Ecology, Research center of Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: The carbon footprint of buildings relates to the energy system and building material production system from the
perspective of life cycle. With the advancement of innovations in technology and energy conservation policies, emissions
related to energy production and use as well as the production of building materials have been reducing in China.
Consequently, this will influence the environmental performance of buildings indirectly. In this study, the life cycle carbon
footprint of residential buildings in Beijing was calculated for the past 20 years, based on life cycle inventory databases in
the context of energy and building materials, to determine the change in environmental performance of residential buildings.
The results show that the carbon footprint in Beijing exhibited a decreasing trend, mainly as a result of carbon reduction in
the energy mix and improvements in the building material production system. The carbon footprints of different structures
also exhibited decreasing trends, although they varied in numbers. Considering life cycle stages, the use phase of buildings
dominated the carbon footprint profile, which is mainly attributed to energy use. Although energy saving in the use phase
was strongly correlated to the reduction of the carbon footprint of buildings, it had a limit in context of both economic cost
and environmental cost. The coordination of various industrial sectors, such as energy production and material production
industries should be paid sufficient attention while making policies for carbon reduction. Furthermore, as shown by the
results, it is necessary to integrate the time parameter in life cycle assessment more efficient sustainable environmental

management. The conclusions drawn from this study will be helpful for measuring the environmental performance in the
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policymaking of urban planning.
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Fig.1 The System Boundary of the LCA of Beijing Residential Buildings
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Table 1 The inventory of materials for 100m? of residential buildings

o . s PRI R

PR Materals T kb owr wr PR g e

ZEH i ] Steel Cement Brick Wood Stone Sand coramics Glass insulation

Structures Period materials
kIR G5 1990 2.90 15.00 46.20 0.80 40.40 47.70 2.16 0.37 0.39
Brick-concrete 1995 2.64 14.81 36.43 1.55 55.78 47.35 1.41 0.49 0.39
structure 2000 2.50 14.80 38.80 0.60 33.40 41.30 1.43 0.48 0.39
2005 3.00 11.25 31.20 0.60 32.25 34.50 1.76 0.25 0.39
2010 2.60 10.84 33.10 0.60 32.25 34.50 1.60 0.14 0.39
HEZR A 1990 5.90 24.60 8.20 0.80 60.70 41.70 2.16 0.37 0.52
Frame structure 1995 4.66 21.23 4.28 1.49 63.83 45.29 1.41 0.49 0.52
2000 5.20 22.30 4.80 0.70 55.20 38.80 1.43 0.48 0.52
2005 6.90 21.70 3.20 0.70 62.10 36.10 1.76 0.25 0.52
2010 6.85 19.57 3.20 0.70 62.10 36.10 1.60 0.14 0.52
LipabEat ol 1990 9.71 28.57 1.40 1.30 120.48 57.90 2.16 0.37 0.63
Shear wall 1995 9.71 28.57 1.40 1.30 120.48 57.90 1.41 0.49 0.63
structure 2000 8.48 28.57 - 1.30 110.20 74.90 1.43 0.48 0.63
2005 8.48 30.20 - 1.30 110.20 74.90 1.76 0.25 0.63
2010 8.30 20.86 - 1.30 110.20 67.90 1.60 0.14 0.63

1995 4ERHE 3 B I T30 K L U4 B4 | 2000 4R B S 35 T 7 1207, 2005 4F %5 ke U5 T #a 4212102010 4R R0 SR I8 T2 s 9 (2 5341
S E R F50 e te) | R 0 Bl B BRI T T AN XA BB AT I

R2 100mM*AEEHEEERABERIFBR TRER

Table 2 The energy consumption of construction & demolition for 100m? of residential buildings

AEUR Energy AL kg A J1/kWh RIS kg
At i] Period ZER Structures Diesel for construction Electricity for constructio Diesel for demolition
2000 4/ file 1
300.273 6409 131.673
Before 2000 Brick-concrete structure
e 9y
. 4 156.
Frame & shear wall structure 389.79 6455 36.39
2000 4FJ5 file 1k
230.496 6729 127.656
After 2000 Brick-concrete structure
E4R B gk
HEZR . 57 T35 308.38 6345 122.38

Frame & shear wall structure
HAR S PR IR T AR AEAE R T TR M FEAYREVR S 100m? HI AR TR RN, XS ES i) . East> | g FE»IEA
W SCE

£3 100m*EEEHF | FHIEITRESRE

Table 3 The energy consumption of use of 100m? residential buildings per year

FF ] Period
e H 7 e 1990 1995 2000 2005 2010
Energy usage patterns Energy
HEBE For heating M Coal/kg 2310 2245 1745 1240 998
KSR, Natural gas/m? 0 0 206 440 557
HAbTE 3 For others 4 Coal/kg 49 45 40 33 33
JRBH Fuel oil/kg 8 6.25 4.545 5.26 5
KRS, Natural gas/m’? 56.2 78.6 105 123 145
A, Electricity/kwh 1060 1252 1641.1 1768 1849.89
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Table 4 The life cycle carbon footprint of 100m? residential buildings in Beijing

I e Y5 ’
‘Z’Zﬁf footprint 1990 1995 2000 2005 2010 Re dﬁfﬁf i Eran_o
@ hF A2 7 Material production 1457.97 1192.58 1142.63 1007.57 815.86 44.0%
A5 Construction 174.18 176.05 153.03 149.29 138.11 20.7%
HL5FH H Operation 7034.10 7018.10 6549.60 5949.30 5551.90 21.1%
YRR Demolition 13.44 13.08 12.17 12.59 12.78 4.9%
A Total 8679.69 8399.81 7857.43 7118.75 6518.65 24.9%
A A IR B B 0 T2 BER IR T S TR BORI AL 2R 7 B B, PRIE LA B Ji 543 A A F i B
M A B B E L TTRRE
£5 100m*EEEHA 1 FiE1THIRE T (kgCO,eq/100m’ - a)
Table 5 The carbon footprint of use of 100m? residential buildings in Beijing per year
S Carbon footprint 1990 1995 2000 2005 2010
HERE Heatiing ST Total 5590.0 5360.0 4607.0 3930.0 3590.0
H A% 5 Others J31 Total 1444.1 1658.1 1942.6 2019.3 1961.9
Hrf Among KR Natural gas 138.0 190.0 253.0 295.0 340.0
HL Electricity 1160.0 1340.0 1580.0 1630.0 1530.0
ST Total 7034.1 7018.1 6549.6 5949.3 5551.9

T B BE DI B, S 0R A2 0 7 A A TR I A B B b B . A 1990—2010 45, S48 FH By By ik 2 24
21.2% , 1 FHBY Bk 7 5% A TR A FHRE . 1 DOl i) BTG s &, (HE IR sk s 2 24 35.8% , &
FLIE TG T A2 DR SR A A EL R T 5 i At 3 2 R B A R AE 1990—2005 4 A 4bF b T

TE 2005 A3k A 5 T 4h E TR

£6 100m*EEEAEM LTI EIT (kgCO,eq/100m> - a)

Table 6 The carbon footprint of material production of 100m? residential buildings in Beijing

J3F Total 1457.97 1192.58 1142.63 1007.57 815.86 44.0%
FE TR R A Steel 423.02 316.24 293.56 320.73 317.76 24.9%
Major contribution 7k Y8 Cement 465.33 399.22 396.60 358.04 284.30 38.9%
among all 1% Brick 332.73 285.29 294.84 188.16 83.45 74.9%

R AR P Botk T R A AR . KR ARG BB L I BTk o5 83.8%—86.2% , FEA AL P A R
PSR FRARAY A HorP R R BR JE I SRR, HR LA 3 74.9% , R A A= 7= Bk B T ki K, 328045
25T 2008 475200k B il A BRI ik TR 45 F SR i R B R, /KU A9 DBk LE ik 38.9% , B2 R A K
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