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Abstract

Based on the statistical data, the CO; emission of urban passenger traffic (UPT) was studied for the
period from 2000 to 2014 in Taiyuan using the so-called “down-up” method of IPCC2006. Fur-
thermore, the “coal-electricity-vehicle” development strategy was evaluated. The most significant
changes of the UPT were the exponential growth of private vehicles and the very slow develop-
ment of public transport service. The average annual growth rate of the CO; emission from UPT
was 11% with a total of 4.175 x 106 t in 2014. Since 2006, the growth was accelerated. The CO;
emission per capital from UPT increased 63 kg CO./a after 2006. And the emission of road area
average augmented 8 kg CO2/(m2-a). The CO; emissions of private vehicles and business vehicles
dominated the emission of UPT accounting for 90.4% of the total in 2014. The emissions of private
vehicles increased by 22.7%/a during 2000 to 2014, which resulted in a shift of the biggest carbon
source of UPT from business vehicles to private vehicles in 2011. The limited public transport ser-
vice ability and the evident rise of purchasing power of residents promoted the burst of private
vehicles that was considered as the major reasons for the accelerated emission of UPT since 2006.
The development of UPT CO; emission follows the rule of Kuznets Curve. It is suggested that a de-
crease of the growth rate of the emission will occur in a near future with the increasing of GDP. If
the strategy of “coal-electricity-vehicle” set in, the UPT CO; emission would decrease by 37% and
the emission of unit GDP would reduce by 48.8% in 2014. However, that doesn’t hit the target of
2030 emission reduction (60%~65%). Employing clean energy and reducing usage of coal power
should be the appropriate way to achieve low-carbon transportation.
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ET 4R, FIHIPCC2006 “H T LE” FEFR T AR TT2000~20144F3 117 %8388 (UPT) BRHER
RIER, THMET “ME-B-27 SIEAREER L. KFEUPTRERRHMZHRMNRESRE SRR
K, MAXZEKERETHEE. KEUPTIHRHIREFEIEKLA11%, 20144FE417.577M. 20065F 55K
HoE K INE, AIUPTEHEBOYEIX63 kg COz/(\-a), BALIEMETHARUPTHHEBIY#S kg CO2/(m2-a).
ANREMZEERAEREZENUPTHRUR, 352014 UPTHEE190.4% . A NIRZERRHEBE A
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1. 3]

1979 5 —IRSNFER S HIF, COLREIN FBABRTFHR IR, SRR B BRfE 2 3 1 )
B YEAGEE, fEIEZ:M) 150 E AR ETF0.6°C [1]. BFALEN, ASSESHHERR CO, 1 hnd it ik
AEBIERE TR, 2015 FERRSZT (ERYML) , & EILBEAEEHEPIM G 2020 FERHEML
DL “ B FEoTik” 07 RO URARA . BRSSPSR 2 AR HEBOA B8, Sl = A Z .

RE ) CO, HEBCE SRy —, REKRIBHBUE 2], REMSERAEE FE T 28RS
& ) R AR P . A 2004 EFFUG, FREE TSRS ATE X HE) . MR IR H) . 2005 42 A,
EE T EEEARRBRSE TR Bd@d 7 (RN RILME TR AERRIRE) , B TR
AERETR[3]. 2008 4E 11 A, BRAEAE K SZ ML T —ANEUF B, LS Bh R R A [ 5 RS AR
1[41.2009 4 11 H 26 H, THE B R AT = SAEHERAT 30 H bx: 2020 42547 GDP fikisHE T B 40%~45%
[5]c 2010 £ 7 H, WESHAE 6 M 36 NI RARRAE DKXAERI Tl . 2015 45 11 7 30 H,
AR b EK T 2030 40 E #2467 GDP 1) CO, HEEL 2005 4 R 60%~65%, CO, HEBUR B H
W55 R HIAIE . X — RV R PR E BRI B 5T, HAT3h SE B HE 1 Pt o
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ACH R = S B BR8] YRS, SIS AL IR CO, HEBUS A BRI == AR HEU 30% LA F[9].
AR [ BEVRGE AR 4, 2000 A3 A @S i 1T RE IR P 11,241.59 JiMibRAEE, F) 2010 50—
FikF| 26,068.47 JIMEARESE, IR EREIEIE P 2 LU 7.72% EFE %2 8.02% [10]. REUEVHAEAIIGEK
S E i HEROE K . MR DR, R, S, ([RFE. B A NEHIE R RS & R AR
B TR AR 728 8 R e I b SR I+

PG R E S — PR, TERLT DR NG5 SRR eE . TEE R AT &5 KRB
BRI ) 5 R, W7 S AN B IE AR T R R IR AR . IR, ILTE R BURSRH T “ME-r-E7 MG, B
TERE R R P Re I o, HESh IR RIS IR LTSS R R RAT S, RATT TR EZ I .
VE N3 ] 2 L 00 5 T T, KR T I AP SR I T A8 A0 R RO, Bt - FR-2E T g, N
P T A R R I RARR 2 — o ABFF IR 7K R T R IE IR R, WE IS T %18 2 mcHE UL
HA R, SR FR IR T 4 I A I R SR R AR AR A

2. ARAR
2.1. WSS

MR (IPCC 2006 [ 5 = ARIHE R il 2ia22il CO, HEUR TR shIRHRR, Bl n
WERIREN AR H—K, “HEMN” . WRAES M T7 SRR FE R LU R R
CO, M ABASRIHR. 2K, “BTFMmL” &% R\ESFZETHRALRREE. T2EE. K
TR LA ABHE) CO, HEBUARAE T CO i . AT R MEAR EREATTHEL,  ANBEXT I T 2038 P i 45
HHAT Mo JRER—RMA RGBT RN T AT AL, AR ER SRR 5[ 12]. ASCRH “B T
1ML BT K IR T 2 8 208 CO, HE I, v 552 30

A =B xC.xD,xE, (1)

Fa i REZIE T HAIHEA; A RE COHHlE, kg BRELEBTAMNMAER, #H; CREFTHE
2, km: DARERBRIEFI AR EREBIE CO, HEBUREL

39T A — I T & 2 2 I (UPT) R B A8 3@ P 3B 4 2 . UPT & 38 1T 2038 1) £ 2R 43 [13]. UPT
BFER T A IS AR R AR = T ALl T N HE: ST A, PUE Sl )
MAL BT ESE, RIVAETZEOHELNRSE . KEMERIRZE. BT, RETH UPT EE BT ASL .
RAKSE. BHEESMALBITEMR. ACEBRHE, A%%E, RAREMERATRNR, MWET X
JETT UPT BSOS AL

2.2. YIEMSY

R HENBIE OB EHERE R, FTWER, fRIERHCRS, LUCARHBEIEK CO, HEBA
T HERVES. RIS CRIETSIHES) o CRETREEL) SR RETT 2000~2014 FHFZE, A
AR B DL SAH R ) AR . AR AT B R A WA T B, ASCRH A K7 S RUR14]. &5
7 ARV FH BRI 1 s . A EMRIMCERH ORIEW S %) MEdE, HRBuERHEmA
BCR[15] [16] [17]8°F3E . A RIBRELRTRI) CO, HE R E W 2 fion. CO, il RECR A IPCC A H
S HTNBER[18] [19] [20] (21109 P49 1E -

3. KR EEXELRIH

2000 FRJETTAZZEHN 1200 4, 3| 2009 FPE K F) 1887 4#; H iz E 4B M 2000 5 781
AN, BEKE] 2009 4 1960 A B (A ). BJE AT X3 0T A8 @ R, 2010 P in bt . a3
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Table 1. Energy efficiency of the various modes of transport

1. BRBEARERERRR

ZEAmR R ALY HA AR
ST 30L
KIRA 30 m?
AL
Wl 92 kwh
Pl 30L
TR 10L
L4 KRR 9.5m’
| 23 kwh
Wil 9L
RAHES
Wl 15 kwh

Table 2. CO, emission factors for each fuel type
2. BPELIAR COo, HIMAK

HETBR B 5 V(95 % 1H ML X 7))

PRRLE &R PR HE IPCC FE W H R AR
TR R
VR 1 7800 Kcal/L 2.26 Kg CO,/L —2.6% +5.3% 2.26 Kg CO,/L
Seih 1 8800 Kcal/L 2.736 Kg COy/L -2.0% +0.9% 2.71 Kg COy/L
WAL A LPG 1 6635 Kcal/m® 1.75 Kg CO,/m? —2.4% +4.0% 1.74 Kg CO,/m?
BRI S LNG - 9900 Kcal/m® 233 Kg CO,/m? -3.2% +3.9% 2.14 Kg CO,/m?
W - - 0.95 Kg CO»/kwh - - 0.9 Kg COy/kwh
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Figure 1. The number of buses in Taiyuan and operating mileage during 2000
to 2014

E 1. XJE™ 2000~2014 ENXEHERCTELBKE

2014 FEAER, KR ALZFHEILS] 7 3071 5, FHHKRLN 7.0%, BELBKEZEIEMNE T 4080
AR, ERIGK AR 29.8%, FHAIAELS T 102 #36[22]. KEHTALEMEHIREZFE, WA
A S A SRR R TN )RR TS
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2000~2008 = Ji 17 1) H R ZE AR L AR CRREANAR, 297 8300 . E 1 2008 4 7 H Rkt AR HA,
Z e AR T N, BRELE 8719 . 2006 E AT H AL ZE R LIV ONBREL, 2 JRHEAT “
MR, BRSO L R L E RN K. 2015 A T B H R4 FRIRE BT, Bl A3l B e gl iy
B4

EHVAZE 2000 1 127,676 4, LAREAE 21% A G NE] 7 2014 £ 1,015,786 . H A AR
ZE N 2000 41 50,172 5%, BEINF] 2014 1 878,199 i, M EIA 22.7%, EI AT EF AL 2).
2 TER IR ZE N 2000 £ 77,504 5%, #Eh0%) 2014 £ 137,587 5, EHBEK RN 4.2%. & RIGAN
KPS AT RRE B3 AE S (R ERSE, 2017). 2000 4F LUK T GDP #7420 K, 2014 £ K51 GDP #
Y 2500 12, FHEEE A 13.2% (4 3); A3 GDP 4 59,023 jt, FFH T 10%. AR EHE
L5 GDP I A\#5 GDP 2.3 IEAHK(r> 0.9). FI, FANKZE L0 M A GDP BIAHK RECN-0.93 (%
3)e AL, GG EFIAATIGE I RF SR KHE ) T R NRE SR R POd g K .

WA 2L SRS R R R, KR T UPT AHRLPUE R R . — RN EE sl K. 5 — 7
RIAREIFERTL Z R4, IS I REIR A LE AR IR . Jorp, FANVRZE MR B R i A 22 ZE AN
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Figure 2. The number of civilian and private vehicles in Taiyuan from 2000
to 2014
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Figure 3. GDP and per capita GDP of Taiyuan from 2000 to 2014
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Table 3. Relevance of GDP and per capita GDP and private car in Taiyuan
# 3. X GDP. A GDP 5 ASFHEEXM

GDP-FANE A A3 GDP-FA NI GDP-CO, A¥IGDP-FAN  A¥IGDP-CO,  CO,HEE &

i TR Heoa & R0 WA R B FANEKEM s
Pearson 0.965%* 0.923 %+ 0.963** —0.926** 0.920%* —0.855%*
Correlation
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.000

VE: #E 0,01 KT LB (Q2-tailed).

HAERA TR M. Shitd kg, AAETREER K, SR A58 MR 5% fe 71K 38 FE AR 55 K1
BIAREE R H TR JUHRZRBRAN, HHEMPBE. ME KA 25 UPT 5 R K e
BEARVCHE . X — @ AR BRI 7 AR mnd g K, (13 A LSl i) A7 B A1

N T IERN UPT KRR, (RdHER 47, KR H 2012 4 FLEEFBEA L AT ERS R4 . 3 2015
FEAR, BIHRETE 4.1 Fif, HHEBEREIE 56.85 TR, RitWTERIE 4.45 L NIR, 20805
JEAEE—22]. R, AFETERS RSGGE UPT “ffa—AHR” b, MELAERA Lok A1
M AT 7750 Bk, R NTR R KIS+ 0 5s «

4. KETEEXBEHRAIBB S BT

fEELE R, 2014 FRJET UPT BRAREUS 24 417.5 Jilli. 2000 3] 2014 FKJE T UPT fRAER
BRI RL N 1% (K 4). KR EIRHBUS R H 2006 FH46 Bon HindE#E .

GDP 5 KJE T UPT fRHEECE 5.3 IEAH2%(r = 0.96), A GDP SHAMEHIAE] T 0.92, B/RHFE
FEAGFRE UPT WHE I, FE2ZR R iR FIe R BB NN N3R5y Yo e FE K& s
I NBNIE BN — KT 5, BREES A2 B el . 22 5] U BUh 2 & 45 SR8, H AT RJR
1 N34 UPT Bl T 2605 % M 2 7e S st B B (141 5): Bl K 5T A 35 GDP 8K, Kok
— BRI NN UPT BRHEET s RIE K, (H 2 Kl BB i 2

UPT ST P [ AR B HE SO ) 30 k2 P T 2% T AR S R AR 51 . B 2006 FEZ K 5T UPT
PR TE B T AR HE R 1 e e A B (1] 6), B2 8 kg CO,/(m?-a). 2000 FEF] 2014 4K JH T UPT A
WEHE R A TR Ko, SPEIME N 343 kg COo/(N-a). 2006 SEILBGHEII RN, LN /i 4 %, &
F| 63 kg CO»/(\-a).

L GDP. AR EHE. RNAREHE. £@8HRAESE. BHERES AT A58
(SPSS v22.0), RRIFEIHGFEMW T

Y =-101.227+0.001X, +0.01.X, +0.016.X; +0.005X, +2.624E -6 X )

X Y NRJE UPT BRHEBCRECREN: i) X R NRESECRNL: ) X NEEMERHEHECR
fr: ) X NHFERECRN: ) Xo ARKFRERAL: ) Xs N GDP(HAL: i), MG
K36 : B IR R RECN 0.991, RPABAFEARMWIAE RIF. FRAK: HERE KT 95%, 52 F =
307.11, KFIEFUE, UiAEIAGFEEE . 5. e RE KT 95%, X, M X, 1 P=0.001<0.05 (&
4y, FRPBNREMZEERMFEREE KJFE T UPT AR BU S 500 2

5. KIEH B EZBRHAMGHS

KJRTH 2000~2014 EAE UPT 5 BHEC & & 2K O : REBEFEEBLSEERHE. AN
B HHAE. A3 & 4). 2000 LKk, RAEE—HBHA&Z SR, B3R UPT mHbE, %
Y5 LEEIA 88 £2%. RAREFANARER SRR H2REE 7). 2000 F, RAZEBHREN 82.9
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Figure 4. Results of CO, emissions from urban passenger

transport in Taiyuan from 2000 to 2014
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Figure 5. Kuznets Curve for carbon emissions from urban passenger
traffic in Taiyuan
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Figure 6. CO, emissions per unit area and passenger traffic in Taiyuan from
2000 to 2014
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Table 4. Regression estimates of CO, emissions from passenger transport in Taiyuan

4. KETWEIERE CO, Hga=yAfh it

N B ebrt i REL FriEAb 25 ) »
R SA B T4t & BFEM
B FRuEES R Beta
(¥ %) -101.227 284.584 —-0.356 0.730
Xy 0.001 0.000 0.591 4.701 0.001
X, 0.01 0.000 0.221 4.657 0.001
X3 0.016 0.035 0.030 0.441 0.669
X4 0.005 0.021 0.033 0.244 0.813
Xs 2.624E-6 0.000 —0.027 1.153 0.278
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Figure 7. Structure of CO, emissions from civilian vehicles
E 7. RA%E Co, HimsMmE
1000 -
70
= 2 60 -
& 100 ., 50 ]
N -
il ;]-n?ﬂ 40
B 30 -
T 10 = i
= T 20
10 —
1 ] I T l L) l T I L) l ) I ] I ) I 1 0 I L) I T l T I T I L) I T I L) l 1
2000 2002 2004 2006 2008 2010 2012 2014 2000 2002 2004 2006 2008 2010 2012 2014
FE F1n
[(—EXE — -SRERAE — W £ — - A%  [—RFE — - GERRNE — Wil & — - A%4)

Figure 8. Carbon emissions and their share of transport in Taiyuan from 2000 to 2014
E 8. KR 2000~2014 £ & ZBHNRHNERH SEE

il 2014 4, HHGKECSBR T 367.1 i, Hd, FAANVRZE CO, HEBCE M 2000 41 15.3 Jimk,
PLAF8) 22.7% P35I N 2 2014 £ 267.9 JiM; M&E R ZE CO, HElE M 2000 4 67.6 JIHHE AN
F| 2003 F 1 118.2 M5 HENFEISE 110 J7W/AFER B B . M UPT BRAFBUE S HEE, BANRZERK
e B iR 2l BT, M R IR AR 2E R (15 8). 2010 FELLFFA NIRE A EME R E A
B K CO, HEBUA
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2000~2014 4, HAERHRCE AR ZEIE K, B 2000 F1 12.1 SR INE] 2014 £ 22.3 i,
SRIM (5 LG ED AN 2000 451 13%B4 2] 2014 419 5%, “F35.5 WA 8 + 2% (&1 8). —J51Hl, 1XJ&H i FLZ 1)
B AR AR R IE . S — 7T, R ZE RIS ALE T A S A I I . 2006 AFEFF IR ST e, ) 2014
SEASERSEII S . W], EARZEREONIN T 5%, EHEEEIFEKT 3%, KM 2015 FEIFaH347 H
BN, T 2016 4R B N E A SEOUH AL 56 A sl A 3 T, SERLGHE 2.3 3

2000~2014 £, AR EHHREIZHEK, H 5 E 2000 F1 2%RFELME] 2014 £1 7%, “F
AN 3+ 2% (4 8). BARAZELEMNIEE LK ERSIN K, (HRALEHELE UPT fRHEBUL
G LEENORRFAEARA o B RKFE T AL R IR R BIM 2 B, 1 AR T LA X7 v B R
FRUNE. RIETALZEEBEHRIUREIE. SEME. Rl%E. RASE. LHEBFEMR. TJUFERET
ASEHEMZE S VRN EBE TR, A SRR R IURRL 4 . KRS AESHETE AWK,

b % K E GDP 1A\ GDP fral s &, ERIEm, FNREHE EREUEn. 2000 434 E
e H ETh e =N 208 Ji4l, F) 2009 458 1000 J54H, 2013 SERUTFE 2198 Jidf. HuardE o4
BRE— KA LM RN, R, BTAMEASEREARNL UPT KEMTFEE, AT AT 7708
WA A B AT B, BANREREN K ST UPT fcHica mad g e = Z 53K .

6. SHAbINIELE

WHFERE, 2000 KRR HT 3T UPT frAFSE Rk 2 HPEE K, RARFEHERPE KR IE &
UPT WHECOES K F B, T E N 88%, X5 HMI 23R 2224 HIE 8L, K T3k 1y
UPT B ALE 2006 FFHTNFRIG KM, 25 N ndsg K. [RIFEH, A5 T 2001~2004 4 UPT ik
JBABRT-2%, 2005~2010 3Gt 4544 b, KE ™ UPT BeAsunT : RAZ%E > HfE > A%,
V924 MEER 22518 RN E > AE > WHE) R B4 ZEM M EmAs S R A
A, FEJFEF R RE T A ERIE 2 A H O TG .

7. “BE-E-E” BREARHER X

2016 4E 12 PR BUR A T Qi “+ =1 SGARERENRD , HES#EETIL, T,
R SR s b, ORGSR B SR P “HRE-F-ZE 7 SO RO ‘=T RIBIIE AL EEAER
FHRA . FARD . BRI EFLIR TR T, DL 2014 GRS IUE I UPT 43Rl
WAL JE, BRI 2.3 J30E, WEERCR Y 14.6%, BFHVRZE T LAOEEE 155.6 M, JHRCE N 40%,
IRHESCR B . SR, AZZ AL G N 21 HE 1.03 75 R AR B TR JE 1T A RS R KA R
SRR, IRRIE R RE o B4R b, KJE UPT & “HE-ri-ZE7 SR N N0 S vT Ik 37%. [FIRT,
HLENAL G B4 GDP BRHEBH XS T 2005 4E N % 48.8%, 1] DLk 21 E & % /) 2020 4E 8.7 GDP AHXT 2005
ETRBE 40%~45% Hbr, {HIEEARE] 2030 FE 57 GDP AN 2005 SEHE 60%~65%0 Hir. KitkE,
BT AR - H- 2R R JRCHE R e A B, T A B R v ) AR YR SR PR AR AR B L (262 KR T UPT
SEPRBAL I T o =7 WA WS AR BRI S A2 RE R AL R & 0 E k.

8. &ig

AT B EdE, A IPCC2006 F R B EPRAL 1 K JE T8 i %48 i (UPT) kR, %
HIMHT T 2000~2014 = UPT Bt AHE B 2546 AR, tHie 1“2 SREE e L. 32
BB, SCARFEARG T A I “ LB 2" F1 LR SRR N A . EELRINT:

1) 2000~2014 “F R JE T UPT & T mid KR B . A EHEMIZE BETEE N, HHESE/E
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FEREIN . I H IR AE A 2006 4F DUORAL R B4R 280K . 2w, At
JE UPT TRMIKRE . HAEMKEBERS AT R BT, 76
F4h 7R UPT 7 ) — A EZ A

2) 2000~2014 =K JE T UPT BHECEFEIIIEK L) 1%, 2] 2014 4F1E 417.5 Jii. H 2006 FH2 KR
17 UPT BB SEK E NIIERY Be . A 38 UPT BRAFBCE G H AL 2006 2 J514 3] 63 kg CO/(N-a), AL
RTFR) 4 175 o BAAEE T AR UPT B L4 8 kg CO/(m?-a) FE I K o AR E B K2 S5 UPT B#
He s R G N i R E R A

3) 2000~2014 FEFA NI ZE B HE SR 3G o bR, 0P 3R T UPT B HE s 248 4k () 520 B K o FA A VR 7T 2010
G e M R ZE BN RIRE T UPT A R EBHE R . ALRBRHEM AL )RR G T8
ok, s A 10% A4 . ALETERGNRE T REM, Biars R AT 77X % UPT itk
TR AN o FE R IR A B R e A LS B HE RS T, B UPT Sl B CR R A E A .

4) KJET UPT BRHFBCE R AT A R 2R R 2. UPT BflbiE 5 GDP #A¥ GDP 2% 1EAH
Ko NI UPT B UL Ak T B KB By, HRZREE GDP B ik NI 22 [ B

5) FETHEER) B2 SR IRHERCR B, (HNRENE 2 2030 AEIRIRCHE H bR o {3 FH B D0 v ) R
TR AR A f L R K T UPT (R BRI I& 12 .

EHEWmHE

AW E K H AR R A0 H (41301033) % 8.
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