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Carbon footprint analysis on urban energy use: a case study of Xiamen,

China
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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; EIO-LCA ; Xiamen
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P RARE
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Fig.1 Hybird analysis method on the urban carbon footprint

1.2 AT AT TRRHE L

ST PRI T B HE I 32 R 3 A48 . (1) Ab A BRORHIA b ) B H2 B HE e (AN 45 BRI T4 46 i A2
AL EHIRGE ) 5 (2) H T B TR HER 5 (3) A7 A T2 AR HE TR
1.2.1  femiribe

ZIRIPCC 37 i, A ORI B i) B 3t HE it b 34324 [ PR RN RS Sl IR PS8 43 43 il 5 . TR
THA F 2R 3 AR E A CO, \CH, (N, O, 38 i 23K W2 5 RE(EL ( GWP ) > [z B4 Fofrifih 28 AR A BRAZ 02 1)
TUER KN CO, BIME M 1,CH, 421 ,N,0 A310) , i L — 8 ALRk 244 ( carbon dioxide equivalent, CO,e) 7R,

(1) [EER

I 2 PR AL AT B ™ A I T SR HE R T TS A N T

GHGy,, = Y, D AC,, X NCV, x (EFy,, + EF, x 21 + EFy, x 310) (1)
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S, GHGy,, F6 5 U7 A M 2 AR CRE (1 COLe) 5 FEAR RT3 SRR o AC 41 T B A AT AR
S (7 CEAZ m) sNCV 8 A HRBHIEAT 2 B (MI/L, km? ) (3 1) 3 EF oo, 18 [ 52 VAL AT SRR B 75
CO, FHERL IR F (kg/ D) TR AT (2) s EF yy, (EF o 4359135 B 2 WAL AT BORMA bR B2 1P CH, (N0 1
HEH F (kg/T)) (% 2) , H CO,MHEBAF EF . HHAXWT .
EF ., = CCX0x44/12 (2)
K1, EF o, 4 CO,MIHERUN T (ke/TT) 5 CC 8RR (1C/T)) (K 1) ;0 F R, ARBFFRH 1PCC BRIA
{H 100% ;44/12 24 C 48k CO, 1 REL,
(2) %ahi
B sl AL AT RG2S HE G THR AN T
GHG'y,, = X, D AC,, X NCV, x (EF', +EF'¢, x21 + EF', x 310) (3)
X, GHG ', TE*Z@J‘YJEFEEE@?E}%%MKWW%U CO,e) ;i TR ZCEHE ], Al 5 i /K28 55 57 FERRRL A
i, AP SEINAE S AC SETHE PR ARSI (7 1 B2 m? ) sNCV 8 ARHMIRAL A B ( MU/t km™) (1)
HfL s B NCV HUH 44100 k)/kg; BF' o EF' oy VL EF' o 53 53R B Bl AL AT REHR e i 2 o ™ A= 1Y
CO, .CH, DL K N,0 HEMH F (kg/T)) (£ 3)

®1 UEHBEK CO, HEITESH

Table 1 Calculation parameters of CO, emissions from fuel combustion

WAL 42K kA A AR SIS K A" Prind R A
Fule type Carbon content Carbon oxidation rate Calorific value Standard coal coefficient

tC/TJ /% kJ/kg kgce/kg
JEUE Crude coal 26.8 100 20,908 0.7143
VEHGHE Cleaned coal 25.8 100 26,344 0.9000
HE VI Other washed coal 25.8 100 8,363 —
R moulded coal 26.6 100 20,908 —
FEI% Coke 29.2 100 28,435 —
P Coke oven gas 12.1 100 16,726 0.5928
H B S Other gas 12.1 100 5,227 0.5929
J5H Crude oil 20.0 100 41,816 1.4286
¥l Gasoline 18.9 100 43,070 1.4714
8531 Disel 20.2 100 42,652 1.4571
SRBHI Fuel oil 21.1 100 41,816 1.4286
WALA R LPG 17.2 100 50,179 1.7143
)T/ Refinery dry gas 15.7 100 46,055 1.5714
KIRS, Nature gas 15.3 100 38,931 1.3300
HeE A Other petroleum products 20.0 100 41,816 —

a: £ 1¢2006 4F IPCC [H il = MG IR ) ;b 28 A (LA REFETTHALE ) (GB/T-2589—2008 )

x2 BEEBELBHEE CH, 71 N,0 H M EF*(kg/TJ)

Table 2 CH, and N, O emission facors of stationary fuel

ok 43K RETR-TL i TS AL B
Fule type Energy industry Manufacturing and construction Commercial / institutional
CH, N,0 CH, N,0 CH, N,O
JE A4 Crude coal 1 1.5 10 1.5 10 1.5
YRS Cleaned coal — — — _ _ _
HBEVEME Other washed coal — — — — _ _
I moulded coal — — — _ _ _
£ER Coke 1 1.5 10 1.5 10 1.5

http ; //www. ecologica. cn
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l:‘ule ype Energy industry Manufacturing and construction Commercial / institutional

CH, N,0 CH, N,O CH, N,0
FEHS Coke oven gas 1 0.1 1 0.1 1 0.1
HE S Other gas 1 0.1 1 0.1 1 0.1
JEi Crude oil 3 0.6 3 0.6 3 0.6
73 Gasoline 3 0.6 3 0.6 10 0.6
S5 Disel 3 0.6 3 0.6 10 0.6
JRBHH Fuel oil 3 0.6 3 0.6 10 0.6
WALA IR LPG 1 0.1 1 0.1 5 0.1
%) T/< Refinery dry gas 1 0.1 1 0.1 1 0.1
KIRS, Nature gas 1 0.1 1 0.1 5 0.1
HE A1 W] & Other petroleum products 3 0.6 3 0.6 10 0.6

{2006 4 TPCC [H K il = MG RAER )

®3 BIHBREETERESEHBMETF (kg/T))

Table 3 GHG emission factors of mobile combustion

451 Category PREIETY Fuel type CO, CH, N,0
JH %325 Road transport ¥R Gasoline 74100 3.9 3.9
471 Disel 74100 3.9 3.9
KIRA, Nature gas 56100 92.0 3.0
JKiZ Water transport ¥l Gasoline 74100 7.0 2.0
489 Disel 74100 7.0 2.0
SRR Fuel oil 77400 7.0 2.0
fi25 Aviation s JEE Jet fuel 71500 0.5 2.0
Bk Railway 431 Disel 74100 4.15 28.6
{2006 4F IPCC [H Z 3 SRS 46 ™)
1.2.2 HJ
ST A T TR H el AR R RUARTH R AR
GHGEleutricily = Z CElectricity,i XL X EF, (4)

A, CHG iy F271 LTTTHFE ™ AE O 2 SARHERCR (¢ COLe) 50 EANFTRT 5 Crnponpeny, 7 @ BT THIHL T
FEIE (7 kWh) ;L 327 FL 4 e r o R v At 2 R, ol 1T T B 15T 22 ) 45 2009 41 9 i I FELEBL 2R Oy 7.
25% (AR5 LEL1.0725, EF ., 3B REEIHRE 7 (1 CO,e/ 0 kWh) IR R LA (S) .
B R HE R EF ., POTHET
EFg,= 2 (C, xEF)/Y C", (5)
Hd EF,, Fm RSB A T (1 CO,e/J7 kWh) ;€' Fn i RHEZERIK B (T kWh) ;m R K H
A WK Ty A K T3 R T L DL R AR L D A EF O3RN R BRI T B HE TR - (1 COLe/ 0T
kWh) o 8 T B ZE S B HERf M 5 mT e A5 e (ol 1T v 22t m ) ) P 4 HE Bl R -, AR T 7 2
(A F T 2540 (8 AMIR R ) 115 3
JE 11T AR ER 7 F8 A S DA 4 FL IR R L A e D) ) f ) S 8 s R 7 1 SR B A X
(5) R A & g5 T A 8 (RGP ERRIRGETHELSE ) , KRB R A ) . BHIASHIL%K 4,
1.2.3 #
TR I RE A IR S AR HE R TR AN
CHG ening = 2 Crtcatngsi X EF g (6)

i
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P GHG ., FARFATITHAE T 2E IR 2 SUARHEUE (1 COLe) 50 FEARTITTT; Chponine 2878 1 3B THII T W FE
(AT TG ) 5 EF ., FAHERRGE IR T (1 CO,e/G) , T T REW-2) rh it Hud
FRAEFERETS 2009 4F [, 79 0.10 t CO,e/CY, A B IAAN (1),

#4 ERARETHHOBNEHURERET

Table 4 Electric power structure and emission factor of Xiamen City and Fujian province

FR#EA Fujian Province JE 7T Xiamen City

KLY APkt Heie 1 dilk HeeH 1
Power type Ratio Emission factor Ratio Emission factor

/% /(t CO,e/J7 kWh) /% /(t COye/ 77 kWh)
’ 7 IR K
KII R HL( @?ﬁx,m ﬂ.‘ﬁEﬁ) 75 8.5851 87 6. 8896
Thermal power (including natural gas)
IX| A
: L,[EJJ(EE‘&EEﬂ 25 0. 0000 1 0. 0000
Wind power, hydropower, nuclear power et al.
SMEHL Disturbance power 0 0.0000 12 6.4695
1T Total 100 6.4695 100 6.6262

1.2.4 Sl # i TS RETEUR R AR HEL
Sl T 2% T T RE TR B HE R, #2523 B 1T AN SSd R 1wl A5 et it B AT
GHG=GHG,, . +GHG, ... (7)
P GHG Fom i 20 1 T REUEURI 7™ A= Bl 38 VAR (10 CO,e) 5 GHG,,,,, ., TR T YR SZ 38 & 171 A9 7L
FAMRHEE (1 COLe) TR WAT(8) ;GHG,,,,, FEI T NASEHRI TR E SUAHE (1 COLe) , THAT
FEWAK(9) .
R | i o e W S A R/A= i 1 )

GHGnnn-tmns = 2 GHGFucl,i +GHGElcntricity,i +GHGHcaling,i ( 8 )
R GHG, . JERTIT PR S 31T 3 SRR (1 COLe) §GHG .y, (OHG s B GHG s 5

BRI T 25 AR AT ER T Ak A HREMIR B | HR T THFE L SR AR = AE 1R = AR HERCR: (1 COLe) o
T P ARSI E SRR AT
GHG,, = 2 GHG 'y, (9)

K, GHG,,,,, FEITT A ASE TR T IR 2 SR HECE (¢ CO,4e) s GHG y,, , R Il N A [R] 323 8 171 9 A A 498
RHIRE ™ HE 1 il 2 SUAHECR: (¢ COLe) o
1.3 RS E AR

PR G T 2R 3, 5 FAS @R B R B 540 2.2 (1) R B s R . R, B T 85
FAGER W HE R A AE T T B 22 A6, BT LA 9 B 3 Bk HE 5 53 AT 4 TC B9 R) R, 1 T i i 25 2 s S 0t
KBS

XFRIBE  Btis i R ES FACH , Ramaswami S5 5 SR A T30 LR (VMT) J5 ik 6 T DA IX I H:
bR T 5P 17 A VMT R 6 17 H 2 $102k IX 3 p HABI T ) VM, 45 B0—2f (4 43 e JE ) ) AR5 o
BT HAE TR, AP IR % B2 BYBRAHETTAT I B A ] s A PGS BT 1A VMT KBS,
W IR TR R KR % s BRI FE ™ A 1R 2 A HE & .

KF T as 5 FASHE , A 2FE A E AR AL F )73 Carney 2512 HUH-550 [ A A 26 R ) B i 26 10 36 B /e
R(LTO) B Ber iR (20 2y miit™e) PR MR A3k Tl o A ML e in ol e SR HE B, £ 45 T A
PN L BRATER s Kennedy 451 7545 il 37 I 22 SRHERBOE Brp, @48 W IEDIS FFE 380, H N EL B3 I8 2
WL AT Anhiks 240 2 ST AL 0 & 7 A i Rk HE 4 5B AR H A 2%k T va wE o, X IR T L
AT I A Z AN P T PR HE L T AT A3 T 3 A R
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GHGA\ialiuu = z [fuel x Cfuel x ncil),/nregiun (10)

K 1 FRAT S IR A TR = AR HE P ( ig/TJp) s oo B8 CHLIGIIH L (L) 50, FR MIZI T BIHLY
F18) Hb T A2 S8 AR P AT IR s g, 978 DI IX GBI T B AILI7 174 b T A2 38 AR 24 1 AT RCER
XFFKIE A A5 A Ac il i HE S AT A B R R, SR oAb P — 3%, 25 iR, HarE br - AE R KR
% SRIEEHE A KB G o bR, PR T B AL 3y AR A A B HE A TR e X B R G
P ZHF I 2 St R W e T B RN AR LR A S ST EUA BAETE DL, 2% Kennedy 25 (1)
e 2 AR SR T 1 AR SR R T T T A 2s K iz B R HE IO 38 AR AEJE T 1T o B il i R 15
1.4 3T FZHFEY) B Y N & kR
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Table 5 Energy-use carbon footprint Inventory of Xiame City in 2009

Il T TR THER
Sectors Subdivision Carbon emissions/kt CO,e Carbon emissions/kt CO,e
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K 2442.90
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Fig. 3 Carbon footprint of in-boundary sectors in Xiamen City, 2009
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Table 6 Comparison of per capital urban carbon emissions from energy use based on the hybrid analysis method

T H Ttem JH T Denver(2005) JE 11 Xiamen(2009)

A B BRI (Scopel +2) /(1 CO,e/ N)

Direct energy use with city including Scope 1+2

N EGBRHE (238 Scopel +2 LI K Scope3 HTEYES F AT ) /(1 CO,e/ N)
Direct energy use plus cross-boundary transport of Scope 3
ANFH5 3 (135 Scopel +2+3) /(t COe/ N)

Direct energy use plus cross-boundary transport and embodied energy of Scope 3

18.9 5.74
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Fig. 7 Comparison of per capital carbon emissions of typical cities
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