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Carbon footprint analysis on urban energy use: a case study of Xiamen
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Abstract: Because of increasing concern about global climate change there has been a growing research interest in carbon
footprint analysis recent years. Carbon footprint analysis on urban energy use takes both direct carbon emissions and indirect
emissions into account so it has great significance for the in-depth analysis on nature process of carbon emissions and
scientific formulation on carbon reduction plan. Taking Xiamen as a study area the hybrid analysis method of carbon
footprint was used to access the carbon footprint on the energy use of Xiamen city in 2009. Besides the direct carbon
emissions from the urban energy end-use in traditional research the indirect carbon emissions from the cross-boundary

traffic and the embodied energy of key urban materials were also included. The direct emissions include emissions from
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direct energy use in industrial sector commercial sector household sector transport sector and so on which often called
scope 1 by WRI/WBCSD. The direct emissions also include emissions due to electricity and steam purchases for the sector
in the city often called scope 2 emissions. And indirect carbon emissions which called scope 3 incorporate the surface

sailing and airline travel s emissions across cities and the embodied energy of key urban materials: food water fuel and
concrete. Research result showed that: (1) Direct carbon emissions from the energy use on the sectors inside the city
boundary including industry transport commerce and so on namely scope 1 and scope 2 only take up 64% of the total
city carbon footprint. However the indirect emissions from the cross-boundary traffic and embodied energy of key urban
materials account for 36%  which has usually been ignored as scope 3. (2) In the direct emissions the carbon emissions
of industry contributed the largest share which counts for 55% . And the emissions from the chemical industry account for
25% of the whole industry sector. (3) In the indirect emissions the shares of emissions from cross-boundary traffic and
embodied energy of key urban materials were 27% and 73% respectively. The carbon emissions of long-distance road
transport take the largest proportion of cross-boundary traffic which accounted for 38% . And the embodied energy
emissions from the fuel were the most important part of embodied energy emissions accounting for 51% of embodied
emissions. (4) From the perspective of per capital carbon footprint the per capital direct carbon emissions of Xiamen and
Denver were 5. 74 t CO,e/cap and 18.9 t CO,e/cap respectively. And the per capital carbon footprint of Xiamen and
Denver including direct and indirect emissions caused by the energy use were 9.01 t CO,e/cap and 25.3 t CO,e/cap. In
the total carbon footprint by Xiamen and Denver the emissions from the cross-boundary transport all took up 10% and the
emissions caused by embodied energy of key urban materials were 26% and 15% respectively. The embodied emissions by
Xiamen were relatively higher than Denver because the urbanization and industrialization consumed more materials in
Xiamen. Comparing the per capital carbon emission excluding embodied emissions with typical cities in the worldwide

Denver took the first place with 21.5 t CO,e/cap and Los Angeles New York City London Bangkok Cape Town and
big city like Shanghai Tianjin and Beijing in China were more than 10 t CO,e/cap averagely. That of Xiamen was 6.63 t

CO,e/cap which was far less than most cities.

Key Words: energy use; carbon footprint; hybrid analysis method; EIO4.CA; Xiamen
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Fig.1 Hybird analysis method on the urban carbon footprint
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Table 1 Calculation parameters of CO, emissions from fuel combustion
a a b b
Carbon content Carbon oxidation rate Calorific value Standard coal coefficient
Fule type
tC/TJ 1% kJ/kg kgce/kg
Crude coal 26.8 100 20 908 0.7143
Cleaned coal 25.8 100 26 344 0.9000
Other washed coal 25.8 100 8 363 -
moulded coal 26.6 100 20 908 -
Coke 29.2 100 28 435 -
Coke oven gas 12.1 100 16 726 0.5928
Other gas 12.1 100 5 227 0.5929
Crude oil 20.0 100 41 816 1.4286
Gasoline 18.9 100 43 070 1.4714
Disel 20.2 100 42 652 1.4571
Fuel oil 21.1 100 41 816 1.4286
LPG 17.2 100 50 179 1.7143
Refinery dry gas 15.7 100 46 055 1.5714
Nature gas 15.3 100 38 931 1.3300
Other petroleum products 20.0 100 41 816 -
a {2006  IPCC Vi b ( Y GB/T-2589—2008)
2 CH, N,0 U kg/TI)
Table 2 CH, and N, O emission facors of stationary fuel
/
Energy industry Manufacturing and construction Commercial / institutional
Fule type
CH, N,0 CH, N,O CH, N,O
Crude coal 1 1.5 10 1.5 10 1.5
Cleaned coal - - - - - -
Other washed coal - - - - - -
moulded coal - - - - - -
Coke 1 1.5 10 1.5 10 1.5
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/
Fule type Energy industry Manufacturing and construction Commercial / institutional
CH, N,0 CH, N,0 CH, N,0
Coke oven gas 1 0.1 1 0.1 1 0.1
Other gas 1 0.1 1 0.1 1 0.1
Crude oil 3 0.6 3 0.6 3 0.6
Gasoline 3 0.6 3 0.6 10 0.6
Disel 3 0.6 3 0.6 10 0.6
Fuel oil 3 0.6 3 0.6 10 0.6
LPG 1 0.1 1 0.1 5 0.1
Refinery dry gas 1 0.1 1 0.1 1 0.1
Nature gas 1 0.1 1 0.1 5 0.1
Other petroleum products 3 0.6 3 0.6 10 0.6
{2006  1PCC »
3 *( kg/TI)
Table 3 GHG emission factors of mobile combustion
Category Fuel type CO, CH, N,O
Road transport Gasoline 74100 3.9 3.9
Disel 74100 3.9 3.9
Nature gas 56100 92.0 3.0
Water transport Gasoline 74100 7.0 2.0
Disel 74100 7.0 2.0
Fuel oil 77400 7.0 2.0
Aviation Jet fuel 71500 0.5 2.0
Railway Disel 74100 4.15 28.6
{2006  IPCC »
1.2.2
GHGmemicny = Z Clﬂecll’icily i X L X EF (4)
GHGElemimy (t COze) ) ; CElectricity i i
( kWh);L ( ) 2009 7.
25% L 1.0725. EF,, (t COe/  kWh) (5) .
EFg, =Y (C, xEF,)/Y C, (5)
m
EF,., (t COe/ kWh);C", i ( kWh):m
. . y EF (t CO,e/
kWh) .
( o
(5) ( € ) ) - 4,
1.2.3
GHGHealing = 2 CHea{ing ;X EFHeating (6)
i
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4
Table 4 Electric power structure and emission factor of Xiamen City and Fujian province
Fujian Province Xiamen City
Power type Ratio Emission factor Ratio Emission factor
/% /(t COye/ kWh) /% /(t COye/ kWh)
( )
Thermal power ( including natural gas) 75 8.5851 87 6. 8896
o 25 0.0000 1 0.0000
Wind power hydropower nuclear power et al.
Disturbance power 0 0. 0000 12 6.4695
Total 100 6.4695 100 6.6262
1.2.4
GHG = GHGlrans +GHGnorHrans ( 7)
GHG ( t COZG) ‘ GHGanmm
(t COse) (8); GHG,,, (1 COse)
(9) -
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N ( t COZ e) o
GHGtmns = 2 GHG/I"UPI i ( 9)
GHG,,, (t COse) ; GHG
(t COye)
1.3
3 2.2(1) .
N Ramaswami (VMT)
VMT VMT e
N VMT
: Carney ! /
( LTO) . 25 26 9
; Kennedy 10 N N N N N

http: //www. ecologica. cn



3788 32

GHG/\viminn = ]ﬁlel x Cfue,l x ncily/nregion ( 10)
Regional Airport
Lyl (kg/TI) ; Cpa (L) ng,
; nrt‘ginn °
o Kennedy "
1.4
7 ( EIO.CA) *
20 70 Leontief
* . EIO-LCA (11) —(13) ",
x=(T+AXA+AXAXA+-)y=(I-A4)""y (11)
x i VA ;
y i AXy ; AXAXy C(1-A) 7!
b =Rx (12)
b y 'R
(11)
R, =c¢,/x, (13)
R, i e ;X o
2.1
5
2009 252 142 - 2009
1737.23 1.2:47.3:51.6, 2009
1005.86 t GDP 0.578 t / . 2010 {
>> 113 »
; . o (§
2010)., 2010). 2010, 2010) (
2009) . ( NEEEN N N \LPG. JLNG
) AY AY AY
. § »

http: //www. ecologica. cn



12 3789

2.2
. «“ "( GWP)
o, .
( ) o
. (1)
6 N N N
. (2) C L L (3)
2.3
2009
22710.97 kt CO,e. D N N
14463.48 kt COe  64%; (2 2245.97 kt CO,e
10% 27%; (3 6001. 50 kt CO,e
26% 73% 5 o
5 2009
Table 5 Energy-use carbon footprint Inventory of Xiame City in 2009
Sectors Subdivision Carbon emissions/kt CO, e Carbon emissions/kt CO,e
In-boundary sectors 7973.28 14463. 48
2070.48
2192.53
962.45
1106.03
158.71
775.71 2245.97
Cross-boundary transport 532.00
856.00
82.26
Embodied energy 3086.72 6001.52
2442.90
278.30
193.60
WRI  WBCSD ) @ 1
2 1 13377. 79kt CO,e 59% 2
1085. 69 kt CO,e 5%; QB 3 8247. 49
kt CO,e 36% 2,
12.21% 9109. 20 kt CO,e 11.92%
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6
Table 6 Comparison of per capital urban carbon emissions from energy use based on the hybrid analysis method
Ttem Denver( 2005) Xiamen( 2009)
( S.;(:opt?l+2) /( l. CO,e/ ) 18.9 s 74
Direct energy use with city including Scope 1+2
( Scopel +2 Scope3 ) /(tCOe/ ) 1.5 6.63
Direct energy use plus cross-boundary transport of Scope 3
( Scopel +2+3) /(t CO,e/ ) 25 3 9,01
Direct energy use plus cross-boundary transport and embodied energy of Scope 3 ) )
25
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Fig. 7 Comparison of per capital carbon emissions of typical cities
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