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KRR EZ G, 2012 4R ik 3 21.84 4248, (53R Ry 50% LA |, (HAEKILE
FEMRERET T, P [ R PR SEHE AR IR AEAS /N 2200 . Bk A, K e Y
REAEZE LUt LA KT 7 40% 4245, SR 0FRE = H I PR A K 11%~20% 2247, “F1
HLFER HH 23% A 00 o D3 — 5 TfT, AKUeA = HER ) P 384 % PR R e e i, e HE
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2.1 ARAE
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TRy WA R e N 7 R i 1 v 01 VT 71 P T 0 N A
FESH RERRCR” . LRI LA 1, EEA B RS IR 2105 B T X2 mfE m i
P RS AT o
2.1.2 YIRFNEEEHAME  RIEEE X MAUK A PRI, AT 1 kgKiR, T
SRR JR 2747.750 KT, T2 H TR AERY I 261.775 KT, HABYIR CAKA . K
+ o RIEAE AE . BEKEE) SRALR AR 2 KT R, ASCEBURRHE R T
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CEC=E, +E,+E, (2)
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: : 0,

A fro, RECOMHEFA T (kg COMPEL 3 m MRFBELE = C,, NFECO.HY
et T 3RonHEh COMMREE s T, FmMIRIREE . Hrd COHERUN R AN 58 /N 1Y)
TSR,
2.2 HiEFRIE

A 20134F 12 A, AWFFE AR E 23 8 XK R AR P2 2R 384T T RIS Jh B %)
A, H B TR P 170 5% AR TS5 k. REROK e RO S G 94 4%, it
339 5B E 1755 M o PRI A HH B SR T T 2011-2013 AF S Al A A 77 2 i) S b
VIRREE , EAE A AR A SE YRS AE . S IBCT SR, R 3 . BRI oK
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COHEUR 2 AR e,

ZuEdEth, NO R 95sh h EEL. BETY . ERAESRERET (heA
RALRIEZ T G HE%E) »5 M2 AER T N RERAT I s AR ge 8™, 8 X
M2 {EARYEH GDP /i & [E B WACGE TR &8 38R Bk R T E AR SR
SRR SS P, HDI AR & R B St i) T gl R

AR AT B EERVR T (P EDVKIRAELE) 7, ARk = KR
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A BEL L MO A BLECRI S8 TR A 28 9 85ds, PRI 2012 4R 445 IX I k)™ i
B S R T R IR R, 17T 2012 4F 2K YR 1 b AP B BCRT S T A 3% i B i AR
5 2005-2010 4= A £ A AT o

2012 44 E R E = 1R 127854 7 t, SRR 10 i BVEL B 5 ik 2] 116950 7 t,
S E PR 91.5%, VLI REEE (SR T /KR il il i 4 F r re i, R mT Ao i
KRR 2 A E 28 IS SR o AN S I 4648 DXOCRAEAE P24 iy 8kl = 1 o 1208 vk 2o
HE 1) B H AT A O /K DR Y Y BB RE

3 R KR Y REAE S 1S A% JRy b 2 5+

WA G A (1) ~ (1), T8 H 2012 4 [ 23 N8 A T X R 9 S REFE
(P VUSRS REFE R 45300 JAE, IS RRIRIIAE . 57 S JI AN IFE . BX &N
PESRAFERAEE SN EFE (R 1),

3.1 AT ERBRESR

(1) EAREFE (PRI mUaSlaig ), BE 20124EE, LRUE A L K e HilE il
REAE (K2), WWAREMIIAN R, WA SE 4460, B FREFERA 2 E B RERE
B L 60%, HAR 6 KA U, 74k, WIr . ik, = fiidt, BeFEfE 280~
300 TALKIZEAT o PEIECRNIL 5t i B REFEAR X Hth A X F AR # /I, RA 420 H1CKI A&
fio BMEE, v EDKIEHIE L REFER)ZS M A I P RAZ L, — DRV RN
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K ZR BRI I8, B — A2 L) F1 0R2FEHEBIMERKRHEVEFEZELER

TR PUER D, 7R B X Y 7K (F1ZKJ)
3 s P4 fl Tab.1 Exergy consumption for cement production in
;}E‘gj = ik o HE ﬁ j( j( ﬁ Hj @ :“: 23 provinces of China in 2012 (trillion KJ)

VR BRURIRE 253 IMIRE AN MBS
4 J y N ALy
(2) 2R B I HY 25 w0 22 L 485937 443.641 22.363 2.221 17.712

Fto AKRHIEMRERIAE . T730 1 4is300 300312 30130 4624 14.259
TIGNERVERFRE . BEBANEPEAE . iy s03.020 328768 52613 8921 12.820
BN IRAE LA R B ZS A% s 338594 3000191 25007  1.980 11.416
Jm (B ). BEWRMRFENIAR R 23 77 298105 255748 25554 6342 10.462

b XA A O GEUE WY R, TR 295514 264361 19731 0.566 10.857
T X A2 0> Y1 R Bk WM 291.936  237.273 38.695 8.170 7.798
o7 TR X 58— s % 50y B f 25 Wk 291914 238.490 36.873 6.866 9.686

= 290.653  261.074  20.333 1.838 7.408

!ﬂ*%)%%‘zifﬁ':lﬂj(ﬂ‘jh: mfif - PIA WAL 279172 244959 22515 3.054 8.644
W PURAT I, WL ARAEAD R YL 262.285  226.601 25.161 2313 8.210
SRR X995 2 1 JIFEAH WL 254.440  236.305 8.794 0.194 9.147
XFE s TR MAE Y 25 1R A1 Ja ke REE 220120 214.621 7.529 0.286 6.684
MERFE, RSB BART PSR s 227888 193742 22709 4482 6.956
HLIX, PHESAU/KVRRERE /A DU BEd 211176 188.898 14276 1.165 6.837
RS PR AT T P 207209 191190 9.618 0.541 5.860
U, AN, WL TR BM 188316 162811 17.833 1335 6.337
WA . TR MRERAL T N5 175765 153.476 13.487 2.260 6.542

I 171575 151771 12875 0.880 6.049

; WL R 2
F\%K%HE”KE%”P" SUE RN R 170913 149.190 14665 1510 5.547
AR P PREERA P 154046 137.738  10.657  0.391 5.260

FEAGIEFLRBUNAE, |7 e 21865 1996 1478 0099 0.491
K. i BHEETOKEHIEE  dbse 18369 16754 0654 0.001 0.960
RERTHFER R (K3), —JrmiE
FHA AR B RAK, 53— 7 T R Tk 2848 IX P /K A Tl A B2 T A Tl B v
FEREAR; DU T2 2 PSR K e 3 A fORe M, HR R il b (1 9% 4 S RE AN 55 3l )1 A
R LHRUR TSR AR AR M XA 58 35 I U RI AL R s A Tl S b 3, Sy sl Rngs 4
PGSR AR B s WV, T AR, I . LR INARAE = RE R = N R TR S
IRBEHFE, 1] 2% SRR AE X B X S S A TRR BB TR LA il BRI AR
3.2 ZKiHEMER

(1) KKV REFETE = KIBHF A0 o SMORE, KIBHIEL A BEEFE (97
Fe) TEPEESHIAT R (E12), (HAE L ER 34.6%; HUCRARTAPH, el
ZRER ANV IL-F-HR], e/ N R A o 57 sh ST FER 37% AR FE PU R bt , R
FIERIEAR o 5% A R THFEAE T A AN PE A TP /N, B PE R TR AR AR5 . 2R
BEMISFELEAR . . PEHUH R I 35:31:34, LR85 ). WAMBREE A, PEEEH

®2 012 FHEKEFSLZERETEEXMS BRI
Tab. 2 Exergy consumption distribution for cement production in top ten provinces in 2012
LR %R il W W AR #im wmde =M Wi
IR 486 418 403 339 298 296 292 292 291 279
o 42 L 8.5% 7.4% 71% 6.0% 52% 52% 5.1% 5.1% 5.1% 4.9%
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Fig. 1 Spatial distribution of exergy consumption for cement production from energy, labor,

capital and environmental costs in China in 2012

£3 202 FFEKEHIELZBANEEEEZERXNITAARMR

Tab.3 Distribution of each exergy consumption component for cement production in top ten provinces of China in 2012

G AR Wil e

SR mM T e k4 iR

e R AL 444 360 329 300
YR E %) 913 86.1 81.6 88.7

i bR Wi e

7 g I ANREEFE  52.6 39.1 38.7 36.9
SR L E %) 13.1 9.4 13.3 12.6

)L 1 I CUE D ']

AN AR 8.9 8.2 6.9 6.3
HY RN E®%) 22 2.8 2.4 2.1

TR R il R

IREE AR S 17.7 14.3 12.8 114
Y RMA TR 3.6 3.4 32 3.4

Y AN PE R R REREIY 13%, Hhf A
R 12.3%, TAREBHLAT I L EA R 12%, 1
A K Yl 18 M A P Y T FE Y Beu kA 2 AR
AEXFHER

(2) KUEHITE L REFERI AR LS . 435t
AR N SE e R A, H GIRERY R
AR 28, G, G2. G3. G443l
RERBEIIHFE . 578 JIIHAE . B FERIIRES
WAHFETT A e 25, GOLFERILE &R
BOFEME. ATRAE W, = RHr a4 SRR AR
AR (F4), FHHEROARBHA B2 A

264 261 256 245 238 237
895 898 858 877 81.7 81.3
) VLI ) Y ikl g
256 252 250 @ 227 225 24
8.6 9.6 74 100 8.1 4.6
WA e IR NEEE R
46 45 3.1 23 23 22
1.1 2.0 1.1 0.9 1.3 0.5
T %R ) bE B Wi i YL
109 105 9.7 9.1 8.6 8.2
37 35 33 3.6 3.1 3.1
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1800} '\./

1600}
g1400- w FEVR A
1 12001 w573 1 JIRE
| e Y
B ool — IR

400 | P RIME

200 |

0

P15 L L S5 O R

B2 K BEAETE = KM i oA 14
Fig. 2 Exergy consumption for cement production in
three regions of China
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0.337, HEBHbA T3 e REUN
0.234, Eid 45 RN L] IR
W, REUR . 55 3h I RIEREE AR TE = K
M AR A W I ER S, T
ARAEARERAPGER AL R, H
RJe 2B A T 0.6 #10.5, fEH
BB HbAT (17 5 R AN, HJE R
U 0388, HULuiH, KU E
VB RERE, #h S BRORL Y PR A R
B R A AR R, T RE IR T FETD
AT ARME B 2 ] SR R AR

4 b [E K i 3 L BE FE 5
JE RS ) Jry S 22 57

DA AT BUX R 7K 8 il BE
FERUIE 5 el = 1 OB S HLREFE
SRR, RIS BCRHE FE R BB R R
PRREFESR B MY 2 (A% Jmy, TS5 L
#£5.

4.1 AT EEBRESR

(1) B AEFESR B (EEA JH FE0%
BE) WS ARG SR . FE T 2012 47 (1
BiE, nTUEW, PO, BrEEnkie
il REFERR B f K, WIRG . = Rg Al
PONEYR, HEA R B4 X REAETR
JEHS AR T 5000 KIkg (£6), B
PO, g, Wb, NES 54
FEHAEIEAFE T o A KU il 3l
REFEMR EAC T 34(H 44%, 1] WL AE
BROKSEAE 4 [ 40 S Mo v 0, Aok
F, HEK IR E Y 23 (8] 5 A B
HPEAE . PURE X IEEFEIRE A . AR
DX 35 BEFE R BE AR A REAIE o

(2) FEBHAFERE ) 2S [A] 25 5%
R T4 R R RN R A RE R
o, R ERHLIX, AR X A

F4 2012 FhEKRHIEVERE= KiTHHERE RE
Tab. 4 Gini coefficient of exergy consumption in
three regions of China in 2012

AT R P
TR IHFESL E R AL G 0.225 0.191 0.243
REJRHIFEIL)C R AL Gl 0.218 0.199 0.234
FIEHFEIEE R G2 0.389 0.174 0.353
WHEMFEIERE G3 0.613 0.388 0.513
WhHFER e R B G4 0.238 0.221 0.241
e REIE GO 0.337 0.234 0.317

Rx5 202 FEHE 23 NMEXEFREITELERKI/KE)
Tab.5 Exergy intensity for cement production in 23
provinces of China in 2012 (KJ/kg)

PR BRIRNIRE ST WANNEE  FREERA

[iEs R FERREE  BREE NRFESREE
DU 10339.752  9361.690  698.847  46.843  232.372
BEE 6256.840  5773.150 290411 16323 176.956
WrE  5496.197  4467.078  728.507 153.807  146.805
LW 5447.390  4893.027  381.086  34.443  138.834
POl 5215.048  4253.154  680.638 115410  165.845
BEpd  5160.090 4615729  348.837  28.463  167.061
IV 5150.822  4605.546 356344  13.063  175.870
VL75  5102.379  4408.192  489.477  45.004  159.705
HJb  5031.084 4414514 405759  55.041  155.770
N5 5022.853  4385.894 385427  64.591  186.941
T 4922.684  4611.174  161.752 6.144  143.613
AL 4908.618 4010269  620.022 115448  162.880
117 4803.530  4137.393 449347  53.089  163.701
VPG 4801.097 4081.713 478424  94.417  146.543
K 4795.631 4186.113 411496 42372 155.651
VS 4721.650 4186.137 348714  27.607  159.191
i 4648.038  4111.535  348.789  23.832  163.882
WIVT 4487.138  4167.314  155.084 3427  161.313
BNl 4483.586  3876.349 424588  31.782  150.867
JUUY 4389.202  3765.548  376.248 93373 154.033
R 4371.883 3991352  201.196  19.980  159.355
TR 4301.659  3848.172  287.214 8237  158.036
Jbnt 2842496  2592.588  101.171 0.113  148.625

K RS B o0 O REVRMIAE SR | 57 s T M
(E3). ATLAFE MY, REDRTF AR B e VU 7 X
111357 3 3 T FE 3R BB 1 48 XA AL PR Y P

FANPYJI, RERAIEE . TLPE AR S AL L AR B A R E 55 S IRESR A . BT

SMATT RS, AR VL

JP KPS 8 DU TR0 2R S A G B A s ) 5

SETHAESRBE o T PR AT R B g i RE DX 32 B A R YRR AL, AR B PUR, Br

RS = RE X BAEFERR LN,
FERNTE B I FEAVEL ORI 2, TEAR

REVRH FE PR I AE B B OAE PR B, 10157 3 J11H
H L PEER IS BITE CT LA . R A1 AL
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®6 2012FFEKEHRSELEEREETEERMS BRI
Tab. 6 Distribution of exergy intensity for cement production in top ten provinces in 2012
[ e W L] il By 1y DN WAL NS
R R 10340 6257 5496 5447 5215 5160 5151 5102 5031 5023
SEE T 2.04 1.23 1.08 1.07 1.03 1.02 1.02 1.01 0.99 0.99

AEURIRERREE (KI/kg . o SRR (KIkg) : =
T B RS X T TR AERBIEX) Ca
| ?ffs{%( FIRRFALO O Sl 1201 .. Niea, o
[ 2594~4253 ) ! [ 202~356 ;. L
I 4254~4893 ) i B 357~425 . y B
Bl 4894~5773 LN = I 426~489 ¥ =

Il 5774~9362 N 490~729

BEEMHEMREE (K/k
= ?Eﬁ)ﬁ BRI X)
£111~35

T
L P )

/| E152~160 T .
57| mmlei~167 e

=3§~2Z - - I 168~187 ¥ 2
B 66134 R 88232 o

K3 201245 i EDKJEHIE O REIRIREIREE . 578 I MIFEIREE | BT MIFEIRAE | PREGHIFEIR B 734 14
Fig. 3 Spatial distribution of exergy intensity for cement production from energy, labor,
capital and environmental costs in China in 2012

M =K R REAE X 5

ARREVRACRORF , dL Rt THALMIX , PERCAH S i TR AR KRG . Al
ARG ZMNRLEEG W, FEOLGRIESCRIEIRT A X 2 BRI SAS SR AFE TR B 1
SRR, hTFRAZER A Re R RSy, IR V)RR G B 4 R B A Y
SRR A EYE (R7), MEETERENEAR, EriX, K587
BOR TN B RCRAR R s 1925 T 74 pa Mo DX AT b b F oK Je Al e & vl b v Be,
PO, S IV TR TR A RAESREE s AR AR R B AR A A X T Y
ZMERN, (HRAEPOR . NS B, PSRN EE XR IS, AR e
XL X e
42 =K ZEERERER

(1) FK V&3 M REFE R BEAE = KA 1 7041 o U by 8 7K e 1 3 b A 5 B e K
(1 4), EBRIZRFRmE /N, BEVR I FE TR B AN 55 3l 1 ANERPE T FE 5 B2 S B0 R 1) 7 2o 144
FIRFIE, TR AMERIE T FEMR B A = A i 22 BE B, PO AT B ik B A0 1.6 1%
A LARE, IABEANBMHEFER A = KM h 2 5800, 585580101 . WERIMREERA,



1574

I o

Eild 704

RT 02EFREKEFBSLERS AR EEETEARHPSMRA

Tab. 7 Distribution of each exergy intensity component for cement production in top ten provinces of China in 2012

VU B P 5 i R Y g WiEg WL VIR NEEh
BEIEHIFESR 9362 5773 4893 4616 4611 4606 4467 4415 4408 4386
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Fig.4 Exergy intensity for cement production in three regions of China
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Tab. 8 Gini coefficient of exergy intensity in three regions of
China in 2012
1131k G 1 5 1 5 1
PRI FER B R B R AL g 0.067 0.040 0.133
REURMIFESR Ik e R4k gl 0.065 0.029 0.147
FENIVRFERREIE R g2 0297 0.203 0.153
TR REL g3 0.586 0.437 0.314
WHEFERESE REL g4 0.023 0.033 0.078
TR HOE g0 0.208 0.149 0.165

5 DU XN LR 028 ARSI LR A

51 ETRERMERBENTLER

7£ SPSS LI EEA G i . EEASRSE | RERIHFE L& . BEUTHAESRAL . 5530 JITHAE R
LSS IHAERIE | WAeTHFE R R . WATHAENRE | MEIHFE R . IR AR AR
RS, iz FHER LA EE @ AR 23 N8 IXAREL A OB B AR RS (329).

FRYEFRELL I 14 I 2 S B i, — 2 RS A T AR ™ (& 5), MR /R AR TR 4 X ]
B ZEEDL, FE—2 K HI L REFE 2 (M 22 5% . LR 6 kE, TR —4E il
ELEA RV SR A RRAE S I S IR A, A B A Rt BMIK A AR fb



1044 Wb 45 . 22T BBA 7 AR b E K P i il REFERY 2= [R] 22 53

#e, ZEMIB )4 Joie NREIRIHAE SR IR 295 3 ) . WE4r . BREEAMIPE Y TH AR S AR A7
JERTS, IR WA AR . RBORTPEHAR, TR . SN BRPE . SR NE
dro MR WG VIR VLPESEARLL TR ERERKE, WL, M. T, e, vy
J& T REIR ANAPER P TH AR S i BN DX, A I A A6 5 AP B BEAE S i B (I R B 4
JEFR WA T BB AN ST REFE 2R B2 A REAL i (IR, REFESR BE S K PUAE T 7, BB
FERR B /N BT, RO 2 T R Resk il S AR IR s, BREsi Z ok, 1
B = I I SN 7/ A NN 75 = -9 | 18 %9 FRAELISHIEEEREERSY)

1575

WRABGSRIEERL, 0. #dE. IC

Tab. 9 Standardized distance matrix (partial)
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Fig. 5 Euclidean distance model diagram for the 23 provinces of China
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Tab. 10 Eight patterns for all regions on the basis of exergy use in 23 provinces of China
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Distribution of exergy use of cement manufacturing industry
in China based on the extended exergy accounting method

CHEN Fengnan"?, SHEN Lei', LIU Litao', GAO Tianming"*
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Factory data from 23 Chinese provinces, combined with Chinese cement
manufacturing industry data and socioeconomic data from 2012, was used to analyze the
spatial distribution of exergy use for China's cement manufacturing industry using the
Extended Exergy Accounting method. This method allows for the inclusion of energy and raw
material supply and other external factors (capital, labor and environment) in a comprehensive
resource cost assessment. We quantitatively calculated the extended exergy consumption and
its intensity at the provincial level and evaluated the agglomeration level of exergy use at the
regional level. Based on this analysis, a distribution in size and efficiency of exergy use at the
provincial level was determined, and regional characteristics were revealed. The results are as
follows. (1) The gross distribution of exergy use in China's cement manufacturing industry is
focused on the eastern region, which centers on Anhui and Shandong, and on the western
region with Sichuan as a core. For exergy use, energy costs related to coal and electricity are
highest for the center of the eastern region, whereas the costs of capital, labor and external
environmental factors highlight the invisible social cost in the central and western regions to
various degrees. (2) The efficiency distribution of exergy use in China's cement manufacturing
industry reveals an incremental character from west to east, especially for the energy, labor and
capital efficiencies. An evaluation of the environmental efficiency indicates that Tibet,
Xinjiang, Inner Mongolia and Shanxi have much higher environmental costs. (3) By building
up the Euclidean distance model using the gross and efficiency results of exergy use, the 23
provinces could be classified into eight groups. (4) High industry concentration is the main
driving factor of exergy efficiency improvement for cement manufacturing industry.

Keywords: cement manufacturing industry; spatial difference; exergy use; extended exergy
accounting method; China



