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Abstract: Cement industry is the largest carbon emission industry next to steel. It has a significant impact on the
realization of the “dual carbon” goal. Life cycle assessment (LCA) is a tool for quantitative analysis of environmental
load of cement throughout its life cycle. The current status of the research on the use of LCA to evaluate the integrated
environmental load of cement was reviewed. Four critical steps of the LCA method were systematically described
including the goal and scope definition (functional unit and system boundary) , inventory analysis (input data, output
data and allocation method ), impact assessment ( classification, characterization and normalization) and life cycle
interpretation. The improvement measures for low environmental load, such as using alternative fuels and alternative
materials, transformation of production process, carbon capture technology and development of low-carbon
cementitious materials were comprehensively analyzed. The cooperative optimization of environmental load and
cement performance as well as its existing limitations were discussed. The future research direction were proposed.
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Table 1 Functional units and system boundaries of cement production from different LCA researches
System boundary
Functional unit Raw Raw . . Waste  Country Year Reference
. . . Clinker Cement  Energy
material Transportation material L Lo . heat
. . calcination  grinding production
extraction preparation recovery
1 kg of Portland cement / / J N/ N N/ / China 2006 [7]
907 kg of P+O cement N NG N NG NG N / USA 2009 [10]
1 kg of cement clinker N/ N/ N/ N/ / N / Spain 2012 [11]
1tof t with different
of coment with qrieren N N, N / V N, N China 2017 [12]
strength grades
1 t of clinker and 1 t of cement N N N N N/ N/ / Turkey 2019 [13]

ISR g 95 %6 ~99 %6 , KFB /3 BT AN 1.

K AR 7 ek AR R A B R 32 B A BE RN
fig . 7K U8 BORE i il 5 BT B K AR 1 SR K e R
77 BAE P A R AR RS BRI b B Ak AR
AE LI AR A AT B 1 ek Ry
THAE 0.128 t A AR R, T TR0 B B v 20 4 i 2
BB HL 29 0 21,37 kW - h/t (H 15 S E 1 2, 2021
120 8 H TR & TAES WG I B R %1%,
B AT AR B R RN JEURL T BE S 40 A BE TR T FE A
7.
1.2.2 it AR IS

KPP HER R TS e R 2 R ST Y
FEA CO,.SO, . NO, kY (PM) , it 45 HCLL 5
W 35 RGN (VOCs) DL B e 7 25 | [] i 76 7K
P fp e AE A A B4 JE (Cd .Cr.Hg  Zn,
Pb %5 ) HETL .

KU A 7= R R COLHERCRT LAy S T 4 HE R
o] 32 HE A . B R HETR B COL A 45 JFURE 43 it L) e Ak A
BRBHRBE 77 HE 1 CO,, i & L M i i il #7742 1 CO,
Sy T HZ HE I . 7K U8 A= 7 1 e HE s ek A2 R 2R 0 (BVR
5K e i T 2 b ) A ORE A R S r T I
FE 1A R R Y52 ), ORERE Bk B v B ik R Eh 4 i
SR IKVEAT Ml B HE 5 Y B KRR . b L A 1 Rk
HETX 865.8 kg CO,, i K IR BRHE LAY 92 %6

AR UR A 7 i B R HE R SO, FINO 32 22 5 T 4%
B RA B #2427 1 o2 SOLHECER 2 0.048~
0.150 kg NOHE#E K 0.900~2.200 kg . 78 JFUR} )
TER R Ry B DL KRB K Tl B B 4 i B 1
S BRI, K U AT Ml URE 4 HE R 2
b E Y 20 %0 A SIS P L E & IR 7R K IR
A aak A v B HE TR RN ST R B AR
PR AR TRk 1) £ FH 2 186 o 4 1 s
WA, K A 77 v 7 AR T A IR 55 R0 K A

Bt AR K LCABFFE h— e A AE % )8
1.2.3  AEEAfT AL X

Sk S BKURAT M 1 T RS M KR [ B A ke T
b Bl P /5 S R Ak B R IR AR A B A £ b
T @ 7 /PR S AR S AR OB T K e AR
7 ANy A AR A BRI A B
FE B TR R OB g R AR T Y R
PR T e R TH B B R A R A
AL AR A KU A 7= B AR RO A TR R AR R R D
AR JEURE G B HE T ) 45 AN AR ), 35 B N 25
JEAL 2R B P L A RE AR R AR U
H bR 8l T, 50 43 R AR G A A K A A
F A1 Bl A A5 IR A 0 JRORE 0 W E (A, 7 i 5 AR
P BRI 55 7K e 14 B 5 TR 0% o8 IS, S5 £ T R
BHI R DG e K 75 3 41 43 i A s L R K T AR B
S5 97 Ao A0 e M BB Ak 1 BUHRE T 2K, L B Ok 12 R 1
X8 .

HRT, 275 2% R AR/ JEORE b i AR 7= i e
1) B85 971 fr B HL 43 E LU 81 1 AN 8 — . 38 3 R FH 1 43
Fic 7 AL 4G TE A3 L e o oy TE RN 2 B A 1 oy
L H v T T R 1) B 97 7 A A e T
LU A S L

BRI R KU AR 7 A i T R
O3 R T S B RS S B N % T A B ok U T
PLTE A0 U8 B . v, 3 580 J2 4R RORH TR (B R R
7 S LR E BOBCE  vT 51 H A IR A Can b E R
JE AR 0 CLCD B4l e Wk 9 ELCD %048 122 F 5 1
Ecoinvent £ 4 22 55 ) oA ¢ SCHk 7% ) 5 32 5 508 A R
Hh K RE R 1 T4 FE 5 Y W 1 HE ST 7 S bR R 7 e R
T Sk IR B AR Y A RS B ER R A B T A 2
OEZE=RAETN
1.3 “£aEHEZmiEN

A A JE 3 52 e DT AR AR 95 T B0 BT e i A 5K



644

SRIGER L 45 K YR A= i UV B AR B I3 6 BT 50 2k J 663

it R B KT 7 A A A ] v R 97
/NI B AT M S AN TG Z B BT
Gy SRR A2 EAE AL AT — 1k 34N
1.3.1 5Emsr2E

S WA 43 24 2 0 Pk 43 B A i S I 9 R e 45 0
P B B B R R ) S A K B H 5 PR R e 2K
LR VR IVE

Midpoint category

LCIA ™ 3¢ T 52 M 43 28 9 A6 80 A 28 i A 7Y
(Eco-indicator99, EPS2000 45 ) #1 v & # M
(CML2001.EDIP2003 %5 )2 2% 1243 Mk Je 2B 7= i,
Ok OH b oSBT R, B 2 B BE R OM 45 & W
IMPACT 2002+ # #1 °1 FE PF 3 B2 o 5 43 17 v 1]
SO T2 T UH 9 3 SR 2 R R AN R R
PAHE ZR AT 2224 Ay 5] 2.

Endpoint category

Non-renewable energy

Mineral extraction

Resource

\
\
\
\
4 Global warming

Ozone layer depletion

Photochemical oxidation

Aquatic ecotoxity

' Climate change

Terrestrial ecotoxity

LCI result

Aquatic acidification

Terrestrial acid

Ecosystem quality

Land occupation

Aquatic eutrophication

Human toxicity

Human health

Respiratory effects

Tonizing radiation

K2 IMPACT2002+ B8R IF A i 2 ) B A HE 22
Fig.2 Overall framework of IMPACT 2002+ model

TG Y 2, CH, . SO, NO S HE i 4 [7] B+ 5
K T Z AN P45 5% i 2 R0 B R R HH 0 B &R
B A Y R s 2 A R A D
THEL, DT IR 38 G2 B85 (952 1) 56 1 HE s 1) 7
BUHE CHE b s S HE A BT, 3 BE AL AT 43 Ry FF R AL
il R AR AL

1.3.2 F#fiEfk

FEAE AL 2 76 52 40 25 00 LAl L, R AR AR AL
T (e) At AL A TR B0 H (Q,) W e — PR 45 2 U (1 52
e iR 55, I g B B8 52 o) 288 AU A4 R AT Ak 45 AT A
BCFR B B for 2 EAE (E,).

R 2994 T CML2001 B AU rh /K Y8 A 7 38 5 ¥ )

R2 CML2001 BB fkREF S REFEZ ML R LML GBS A

Table 2 Environmental categories and equivalent units involved in cement production in CML2001 model"

30.33]

Environmental impact category

Inventory item

Equivalent unit

Abiotic depletion potential (ADP)

Global warming potential (GWP)
Acidification potential (AP)
Human toxicity potential (HTP)
Photochemical oxidation potential (POCP)
Eutrophication potential (EP)

Land use (LU)

S0,, NOy, PM
S0,. NOy, CO, CH,

Limestone, clay, sandstone, iron ore, gypsum, coal, petroleum,

kg Sb eq.

natural gas
CO,, CH,, N,O kg CO, eq.
SO,, NOy kg SO, eq.

kg 1,4-dichlorobenzene eq.
kg ethylene eq.
NO, kg PO} eq.

2
Area m
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Fig. 3 Schematic diagram of the LCA calculation structure of cement
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P 52 M) 32 R TR IR 8 77 A2 1) SO, NO, SE TR T <
TR K As Crafxt AR ERE SR Feiz %™ KA
it 15 it A 4 o AR 9 COLHERIC & 5 HE A3 100, PRt e
AR A A SR P4 Hp HE B 5 ik 35 it A 1 1) R e 2
Y.

BT T REER Eh K R (P-1) 3 A R
KPE(P-O) A 5 R £ K Ui (P-S) | k1l K o i iR
EIKVE(P-P) MK kR $h K Je (P-F) Fi &2 & k2
K Ue (P-C) 5 6 Tl il ik R £ /K U8 1) 25 5 R 35 1
fof AR SCHRSSE S5, 251 T S [R] A B K 8 98 85 6 e 11
e AR (LR S) . NE 5 Fh il LLE H 6 R A
PR L 7K Ve X 24 58 i 32 28 0 5 e 34 R il = RN, AN AT
AR TR T AR AR AL 0y 52 Ik 2 i R A Ok
E S e IPNNEIE A AE PO

LCA J5 ¥ P o A8 52501 st 2 %) B k17 4

h

4.0
Il Global warming potential
3510 I Acidification potential
: 3.15 [ Abiotic depletion potential

- [ Human toxicity potential
> 3.0F 2.80 [ Eutrophication potential
X [ Photochemical oxidation potential
2 25r 223 2.28
=t
=20+
Q
£
S 1.5+
2
m 1.0

0.5

0
P-1 P-O P-S P-P P-F P-C
Cement type
&5 ] b B K e i 25 G P56 o
Fig.5 Integrated environmental load of different cements

[5]

B R 0 4R B 1 0T T Y ang 55 AT
T HECE N s LCA &5 5 1952 1 s Moretti
FUSRHLCA MBI B B KA 11K T 45 Fh e
J7 7K Y R 85 A7 AT L T 3 AT TR B A R 2 R B R
FEEE LCA J7 i 4 o B vb BT A B35 A0 BT 90 B
B/ 2 B £ 5% i 45 R Chen SV B L T
IMPACT 2002+ .CML2001 %5 5 mi 3 4 6 54 31 3
Gh IR 2 ) 1) 22 5 5 Seto SR T R TR IR 58 %
THROK IR L5 G A AT 152 . 25 b LCA [ e & 45
ST A7 BHCHE S 5 K T SEME T RE PR L R GL ik
B OB 7 3R DA B AR K AR PR A R
L, O LCA BT 25 R iE A7 58 4 v U
— Bk = AR A S PEA

2 RIMRE TR KIR M RE R B ML

Fl S8 7K 8 2R 77 1) PR B8 52 i) S R 5, BR 1T TR
BACHE LR R A T A H R M ik R
N R R AR Bl JE 56 A 8 45 i it 1) ik B 5 70 7 0 E L K
VAT Ml AL 2 B AR PR 5 1 ey 19 [6] 1, 75 7] 20 Sfe Bk e
PR RE AL T, B4R 9 for 55 P RE 48 BR AR A RO B
LA .

2.1 RIRERATEEE
2.1 AU AU SR

et T A R T i 2 AT K Y 2 7 1 B 45 17
fuf . Georgiopoulou X} b T £ 175 e (BS) J#e i
FPAERRR (TDF ) FBL AT AR 0B (RDF ) 45 3 Ff A
PEIRIEAE 77 K 8 B BREE G . 3k T STk [ 42 i &5 2R,
2] A A [R) R AR R AR 77 K U8 PR B 974 8 B
K (UL 6). H & 6 7] L, 3 R0 B AR MR B AR T



666 pi

WM B % W

o526 %

= 30% coal+70% petroleum coke

4 30% coal+60% petroleum coke+10% BS

e 30% coal+60% petroleum coke+10% TDF
* 30% coal+60% petroleum coke+10% RDF

Carcinogens

Acidification/
Eutrophication

. Ozone layer
Ecotoxicity 4

6 F A [l 4 A PRI A 7 K e 1Y BRI5G 7 fif
Fig. 6 Environmental load of cement production using
different alternative fuels

IRV A 7= W IR BE AT s BS B BA R 23 HE R it NOL Al
SO, IR X R Ak & 58 FRAL B2 R BOR, T RDF J2

Impact category

> SK o &
D I
O AL .\é}@d‘.\o ,QQ)‘\ O;LS}O '\db‘
S le TR EER T
PSS FFEF P S
&\o&& O NI IS «\\Q%
D>

< < <

BORRS S EEE NS
SN S
O

> <& P R
OO AN

-100

=200

Change/%

=300

=400
(a) Midpoint category

&
&

Hor e N AR e

Tl &= b /0 SRR AR K R A R ERL A R
TRA, BRI 5 A0 2Rk 2R BOpl A Ry J2 s
KU AR 7 R G A 1 R 42 . Garcia-Gusano %5
(T 78 % TR, Rt R B 0.8 BR K 31 0.7, Hili %= 4%
N T2 Ak TR K B 3R A S R BE R e T B AR 1026~
13%.

Cankaya l Pekey 7387 1 4= HH B oK g ) [A] i
R F R AR M R ORE A0 B AR JOREHE R Y B8 B AL
%t . 2007 SRR B AR AR 0.09 00, JrURF R AR
R 0.2% 510 2013 4R 3% ) AR AE B R R A 3.5%0,
JERHEE AR A Ry 106, B T SCHRL 13 ] M &8s I T
KU A 7= PR A ey 1) AR A A O (UL IEL 7). B 7 AT I
BR A9 JF R A1, R 7 X BT A R AT 2 A B R 2
AT s AR R, NS B A
AR G0 B RS AR AR B R 4 > T 27.0%
11.0% .10.0% F11.4% , 2013 4E VRl A 77 1 45 B R B
Fff 5 2007 AL A T 12%.

Impact category

Change/%
™
(=]

(b) Endpoint category

K7 2013 4F 7K I8 A= 7= BB B g 452 2007 4F A AE 1k

Fig.7 Environmental load of cement production in 2013 compared with 2007

2.1.2 AT AHEAR U

A AR PR 23 52 ) K R A 7 Y A B
T BIF 5 3 WA R R R R Tk T2 A B R
THFE IR = SR B 0K A HE A5 T 1) 52 e B /N
FHAh T 20 . Ammenberg /48 H 38 13 gt K 8 T
SHEAR I R TR ARSI R G L K5 A
SE AR AL TR R G0 A T AR AL RE 1Y
i Pk %, 080 249 5% 19 COLHERL . B 478 45 R 1 5
AR (CCUS) Ak e ) B b HE L Y CO,L kAT
A R 4 B A 4 Garcia-Gusano %k 3L 1 2
W2 iz 4 42 C O, AT i 7K 8 Az 7= i A A4 Tk 28 2800 8 I

15% AR Z 3 AR T ZL I FEA I 0 JERE K fe R, 1E T
J T xR AR B SR A AR A R e
2.1.3  fIRAK B BEM R

R VD A G R R K VR AT b ) B HE I 1N Ak
SR T 2 AR R e R, AN IS K U8 AR R
KU AR B A ML S AT R ) A A R
AR R Chn s DURVRE K U ) A AR RE R 36 14 R (B 45
TR LK U ). 5 33 Rk R /K JE AT L, 5 DL AR K U A
77 1 B HE ISP A AR T 10961 B AR TR R K e
AF A 7 X U 2 AN 1 5 e A T R 2 27.7 00 (H
b BRI 28 590 14 5 e (1 24 AS T) R 1 T e 0 M R



5563

SRIGER L 45 K YR A= i UV B AR B I3 6 BT 50 2k J 667

AR BE K U 1 4B e T B A1 5 Ak R K U, HLA IR
REFE M L3 (0 MgC O, 40 iff (1 i HEOH X 38K, FLBe
IR AR B e MR TE T e IR ABE , ELIEURL R
RT3z, CO, HE il & 45 ik R £k 7K U8 7T B A% 23 %0~
55967, Mol HE Bt 75 %5 1 NaOH 7K 3% 38 5 il 34 &
FR ) 2 2

2 bl PR AR/ TR AT AT R R AR K R A
P2 AR HE I, e AR MOk R % e S F &k
G )@ B T 4 @ i, R AR JEUREGE P D R %
22 JC JEORE 4 DT E R HL 5T 7K e b ot A 5% 5 K e A
T A HE AR M — R B AT/ R HE, T CCUS
A A 458 i LA AR o)1 B 5 K e AVl e 5 A4 L
IR 2 7K R AT b B 9 1 1) F B )
2.2 HEHAFMAKRBEENHERLSEBEEN

FE B H bR B9 SR 3 T, & AR 3R 55 67 Aoy g
fil Al I B8 A4 B EH 2 R R i 9 T . H 2 A 2 T
b AR WIF K U8 i 5 H B B 67 £ 22 18] 9 56 &R . Yang
EUE I LCA IR 9E 1 [ 6 Rl 5 5 oK e A4
7 PR BT BT . K U SR S R, L IR B A R
K 555 4 [R] ik B8 55 2 (1% H 5 /K 8 AH G 5 3 K U8 Y 2R
B4 g7 B VTRE Y % B 1 3B AT [ IOK R 2R
77 I BB G g () A 4R v K R D A S s v 5 AR
F TR T PTG, A TR K R B SR A BT R

2 Hi B 5T i = K R M i A5 HL PR B 0 i 2 R 6 &R
1 Z eI 5E , HL 4 K 22 8006 F K e 0 85 671 4 1) 37
Y A RE A 5Tl A M BB F8E B, i 25 B BIF B A7 ST A K
HBpALPERE R SR A B ST, TR A T MR E
B 14 25 G TR B8 97 A A% B 7 0, LAY S K VR 1 RN
R85 G fof A B R AR AL

3 KIELCAKBRER&ZET I

A i JEV AT AT LA 4 T TAL K YR A i R I
X} A 1 B SZ MR AE B R O A PTG N B 2R A
BOE B AR B Ak 7 245 5 A AE— 2 1 R BR A

LCA Wt 845 R 52 R G0 0 a5z ma AR K, S8
RGN F I E B A — 20 WM ORF LCAWFR
) B 0 00 AS AR [ (] B 32 BB 5% AR AR 508 3 B
A5 2R BRI, — S 5 O R 5 R i 7K R SR
K JRBL/ RO AR S S T LR A W 5 O R
A A ity K R L 3 R [l o R A B B
FE“RUER” HAR T, 24 51 A K AR 5 A7 /3 A% 8 1 5
RERR R A 1 B IRAR SR B R, B A o 1 3 K e
il d B PE R A, PR, s 20006 LCA 2R G A B i ity
FK Siig 4E 47 4 B 4 Jie |, $7 38 7K U8 J5 R — 2k 77 —
FH — 1m0 i 4 3 B P R 0F 5%, IG5 471 £ K U 32E A7

B SR SRR YT S SE I T 1k

B BCER T LCA DA (9 G B 28 R, 75 5 Jdle A
| JHY A 7 255 () 125 B by ) B 45 PR R A S T
S5 BN 22 3 BB R A T 1k B R AR AR R
] o 8040 A 05 14 37 R A ] SR BRI T LCAFE [
(9  Ji& L A e, 2 ST T R R A 7 A Ak B S e
VR R

FUAT LCA 7500 30 48— I AL 3k, L
FCARBUAE VT o A v 52 w4 R 8 i T R AR Ak Y
T SRR A DR B R A A A 5 T, B
LCA BA — 5 i WM AR 8 1 5 2 S EOR
] LCA DRSS R Z 1)k LA He A . PR i, 7 o — 20 24k
58 3 WA AR U FAZ B3 3 A, S K R AT Mk 5 5 PR 8
e B AR X S8 — HL2A A LCA A% 2 PR 40

LA, 25 i 4 R FB 2 A7F 5 A B I5E B747 J5 T X
RGEIAT VRN B WA TS T PR RE A AL 23 A A
ZHENE AR AT A AR BOR AR A S T
PR A B B PERESF R T4 0 LTl R 4t

(92 435 .
4 it

(1) ARG TR LCA B R GEi 5 R 2 0 F3 15 5
RIT7, ZH0 50 B R G T K e A 7 i A rp B R K g
R 14 9 P L 2 MR A A XU AR A I
PRI Eh R, iR 2500 LCA ZR G830 5 B4 iy g AR S ik
AT BESE R, R IR IS5 T o K VR AT ISR — R 7 —
FH— Il 4 i e PR PBIE ST R T FE 52 36 19 7 1]

(2)7K Y& LCA rh a8 73 5 B 2 80 00 1 ORI R A 794
AGE— TR 52 R GE i B RO R U5 T R % mT
FEPEAE DR B R, AT O 45 R A —E ) L
O 2 v [ K Y AR Al 3h A Bl i S K e ATl 2R
B PRI AT 1A R S8 — H N8 LCA B34 40
W), 6 fie 2 Pl 285 SRR AT S8 B U A — B
A R4 JE BIETE AR Y R R

(3) H AT K PR AT Ml AP B0 358 4y 185 e 455 1 11 %
FOPEIRRL/JEORE A 7 T2 HOR B el 4 R [
e TR AV T JEC 5 A4 L 45 4 448 R 3 O T oK 8 3E B
A B9 P o e A AR TR RE 6 A, iR T AR DHE S
TEREAE AR B9 £ IR AT X T i DU S BOK
e A R A0 20 358 67 o 19 B0 ) A, O HE 3 7 R e
SRS KAt 22 B 45 2 HE T AU AR A0 255 R DTA

S Lk :

[ 1] AISEIE, 45, e KI8Tl ik i 5 a5 b AT 52 [T



668

IR

o526 %

[2]

[11]

[14]

T E AR R, 2021, 30(4):80-84.

FU Lijuan, YANG Yong, LU Jinghua. Prospect analysis of
carbon peaking and carbon neutralization in cement industry[J].
China Building Materials Science & Technology, 2021, 30(4):
80-84. (in Chinese)

SRS TR TR IM ] et JUat KA L, 2008.
ZHANG Jianbo. Introduction to environmental materials[ M ].
Beijing : Peking University Press, 2008. (in Chinese)
International Organization for Standardization. Environmental
management-life cycle assessment-principles and framework : ISO
14040—2006[ S]. Zurich:1SO, 2006.

IGE O E, OLANREWAJU O A, DUFFY K J, et al. A review
of the effectiveness of life cycle assessment for gauging
environmental impacts from cement production[J]. Journal of
Cleaner Production, 2021, 324:129213.1-129213.12.

THWE E, KHATIWADA D, GASPARATOS A. Life cycle
assessment of a cement plant in Naypyitaw, Myanmar[ J]. Cleaner
Environmental Systems, 2021, 2:100007.

LIC, NIE ZR, CUIS P, etal. The life cycle inventory study
of cement manufacture in China [J]. Journal of Cleaner
Production, 2014, 72:204-211.

RRIR, HE, B/NK, 45 R EDKJRAE P R S e [T, 26
BEFRR4:, 2006, 27(10):2135-2138.

ZHU Tianle, HE Wei, CENG Xiaolan, et al. Environment load
from China’s cement production[J]. Environmental Science,
2006, 27(10):2135-2138. (in Chinese)

R, TR R KRR A A I R AR BOR SR AT [T
AR, 2004, 37(5):86-91.
GONG Zhiqi, ZHANG Zhihui. A study on embodied
environmental profile during the life cycle of cement[J]. China
Civil Engineering Journal, 2004, 37(5) :86-91. (in Chinese)
o ] [ bR oA R B3 2 . PR B A A A 2R
5/ :GB/T 24044—2008[ S J. bt - v AR E Hh R AL, 2008.
Standardization Administration of the People’s Republic of China.
Environmental management-life cycle assessment-requirements
and guidelines: GB/T 24044—2008[ S]. Beijing: Standards Press
of China, 2008. (in Chinese)

HUNTZINGER D N, EATMON T D. A life-cycle assessment
of Portland cement manufacturing: comparing the traditional
process with alternative technologies [J]. Journal of Cleaner
Production, 2009, 17(7):668-675.

VALDERRAMA C, GRANADOS R, CORTINA J L, etal.
Implementation of best available techniques in cement
manufacturing: A life-cycle assessment study [J]. Journal of
Cleaner Production, 2012, 25:60-67.

YANG D, FAN L, SHIF, et al. Comparative study of cement
manufacturing with different strength grades using the coupled
LCA and partial LCC methods-A case study in China [J].
Resources, Conservation and Recycling, 2017, 119:60-68.
CANKAYA S, PEKEY B. A comparative life cycle assessment
for sustainable cement production in Turkey [J]. Journal of

Environmental Management, 2019, 249:109362.
BERE, XTI AT P SR R T BREE S S BRI TE )]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[26]

H R R RL B 5 B A, 2014, 10(3) :44-48.

LI Yao, LIU Yu. Environmental impact analysis on slag as
secondary raw material in cement production [J]. Chinese
Materials Science Technology & Equipment, 2014, 10(3) :44-48.
(in Chinese)

LIC, CUIS P, NIE ZR, etal. The LCA of Portland cement
production in China[J]. The International Journal of Life Cycle
Assessment, 2015, 20:117-127.

TR RIEAT MR HE T BUR 07 55 0 HE G SE R AR N (], o
FE K Y, 2021, 36(7):46-49.

DING Meirong. Analysis on the current situation of carbon
emission in cement industry and discussion on the key path of
emission reduction[ J]. China Cement, 2021, 36(7):46-49. (in
Chinese)

ZHENG C Y, ZHANG H R, CAI X R, et al. Characteristics of
CO, and atmospheric pollutant emissions from China’s cement
industry: A life-cycle perspective [J]. Journal of Cleaner
Production, 2021, 282:124533.

STAFFORD F N, DIAS A C, ARROJA L, et al. Life cycle
assessment of the production of Portland cement: A Southern
Europe case study[ J]. Journal of Cleaner Production, 2016, 126
159-165.

PANAHANDEH A, ASADOLLAHFARDI G,
MIRMOHAMMADI M. Life cycle assessment of clinker
production using refuse-derived fuel: A case study using
refuse-derived fuel from Tehran municipal solid waste [J].
Environmental Quality Management, 2017, 27(1):57-66.
HOSSAINM U, POONC S, LOIM C, et al. Comparative
LLCA on using waste materials in the cement industry: A Hong
Kong case study[J].Resources, Conservation and Recycling,
2017, 120:199-208.

SEYLER C, HELLWEG S, MONTEIL M, et al. Life cycle
inventory for use of waste solvent as fuel substitute in the cement
allocation model [J]. Life
Assessment, 2005, 10:120-130.

KISHAN G S, KUMAR Y H, SAKTHIVEL M, et al. Life

industry-A  multi-input Cycle

cycle assessment on tire derived fuel as alternative fuel in cement
industry [J]. Materials Today: Proceedings, 2021, 47 (15) :
5483-5488.

STRAZZA C, DEL BORGHI A, GALLO M, et al. Resource
productivity enhancement as means for promoting cleaner
production: Analysis of co-incineration in cement plants through
a life cycle approach[J]. Journal of Cleaner Production, 2011, 19
(14):1615-1621.

GARCIA-GUSANO D, HERRERA I, GARRAIN D, et al. Life
cycle assessment of the Spanish cement industry : Implementation
of environmental-friendly solutions [J]. Clean Techn Environ
Policy, 2015, 17:59-73.

CHEN C, HABERT G, BOUZIDIY, et al. LCA allocation
procedure used as an incitative method for waste recycling: An
application to mineral additions in concrete [J]. Resources,
Conservation and Recycling, 2010, 54(12):1231-1240.
VALDERRAMA C, GRANADOS R, CORTINA J L, et al.



64]

SRIGER L 45 K YR A= i UV B AR B I3 6 BT 50 2k J

669

[27]

[30]

[32]

[36]

[37]

Comparative LCA of sewage sludge valorisation as both fuel and
raw material substitute in clinker production[ J]. Journal of Cleaner
Production, 2013, 51:205-213.

FIE, Y R ER B R MR RN Sk 7] R
FHBFEAR , 2016, 19(6) :957-963.

JIANG Zhengwu, YIN Jun. Technical principle and approaches
for development to sustainable concrete[J]. Journal of Building
Materials, 2016, 19(6):957-963. (in Chinese)

TR BRI K e BE B R A KA P R R A i PR (D ] i /R
I W R Tl K2, 2020,

JIANG Hui. Hydration performance and life cycle assessment of
nickle slag cementitious materials[ D J. Harbin: Harbin Institute of
Technology, 2020. (in Chinese)

SETO K E, CHURCHILL C J, PANESAR D K. Influence of
fly ash allocation approaches on the life cycle assessment of
cement-based materials[J]. Journal of Cleaner Production, 2017,
157:65-75.

VAN DEN HEEDE P, DE BELIE N. Environmental impact and
life cycle assessment(LLCA) of traditional and ‘ green’ concretes:
Literature review and theoretical calculations [J]. Cement and
Concrete Composites, 2012, 34(4) :431-442.

ISMAEEL W S E. Midpoint and endpoint impact categories in
green building rating systems[ J]. Journal of Cleaner Production,
2018, 182:783-793.

VENTURA A, PIERRE M, AGNES J. Environmental impact
of a binding course pavement section, with asphalt recycled at
varying rates[J]. Road Materials and Pavement Design, 2008,
9:319-338.

RN, B K P AT RS ST I B S BOR B[ CL//
55 DU i e DK UG A B TR T 3 5 4 [ K U sl B TR Ui
WA AR T P DK B2, 2011:97-113.

CUI Suping, LI Chen. Theory and technology application of
environmental load assessment in cement production [C]//
Proceedings of the 4th China Cement Enterprise Chief Engineer
Forum and the Annual Meeting of the National Federation of
Chief Engineers of Cement Enterprises. Xining: China Cement
Association, 2011:97-113. (in Chinese)

ey W A= i i ST A AF 5 % R A o [ B Tk b g 2T (D
AR Tk R, 2008.

GAO Feng. Research on life cycle assessment and the application

R[4

in China magnesium industry[ D ]. Beijing : Beijing University of
Technology, 2008. (in Chinese)

LIU Y, NIE Z R, SUN B X, et al. Development of Chinese
characterization factors for land use in life cycle impact assessment
[J]. Science China Technological Sciences, 2010, 53 (6) :
1483-1488.

BRM, P, B ST L A B PR b AN R R B
IRFES VR M BT ] A E AR, 2009, 18(4) 1 1-5.
CUT Suping, LUO Nan, WANG Zhihong. Study on equivalent
of non-renewable resources depletion for building materials
life-cycle-assessment [ J]. China Building Materials Science &
Technology, 2009, 18(4):1-5. (in Chinese)

EHET, DoAY, Sk3C, AF BT AR i R B0 Y B 1A Op R 2

[38]

[39]

[40]

[41]

[43]

[44]

[45]

[46]

[47]

[49]

[50]

HARPEM [T]. MR 24, 2009, 12(6) :742-746, 751.
WANG Xinke, YAO Jianbo, ZHANG Wen, et al. Research on
multi-objective assessment of wall materials based on life cycle
theory[ J]. Journal of Building Materials, 2009, 12(6) : 742-746,
751. (in Chinese)

FEIZ R, AMMENBERG J, BAAS L, et al. Improving the CO,
performance of cement. Part I: Utilizing life-cycle assessment and
key performance indicators to assess development within the
cement industry[J]. Journal of Cleaner Production, 2015, 98:
272-281.

/g L E DRI Tl 04 A A R PPN
%%, 2013.

D] K% KIEB TR

XU Xiaoning. Life cycle assessment of cement in China[D].
Dalian: Dalian University of Technology, 2013. (in Chinese)
MORETTI L, CARO S. Critical analysis of the life cycle
assessment of the Italian cement industry[ J]. Journal of Cleaner
Production, 2017, 152:198-210.

CHEN W, HONG J L., XU C Q. Pollutants generated by cement
production in China, their impacts, and the potential for
environmental improvement[J]. Journal of Cleaner Production,
2015, 103:61-69.

GEORGIOPOULOU M, LYBERATOS G. Life cycle assessment
of the use of alternative fuels in cement kilns: A case study[J].
Journal of Environmental Management, 2018, 216:224-234.
TUN T Z, BONNET S, GHEEWALA S H. Life cycle
assessment of Portland cement production in Myanmar[J]. Life
Cycle Assess, 2020, 25:2106-2121.

GALVEZ-MARTOS J L., SCHOENBERGER H. An analysis
of the use of life cycle assessment for waste co-incineration in
cement kilns[ J]. Resources, Conservation and Recycling, 2014,
86:118-131.

AMMENBERG J, BAAS L., EKLUND M, et al. Improving the
CO, performance of cement, Part IIT: The relevance of industrial
symbiosis and how to measure its impact[J]. Journal of Cleaner
Production, 2015, 98:145-155.

GARCIA-GUSANO D, GARRAIN D, HERRERA 1, et al. Life
cycle assessment of applying CO, post-combustion capture to the
Spanish cement production[J]. Journal of Cleaner Production,
2015, 104:328-338.

GONCHAROV A, ZHUTOVSKY S. Eco-friendly belite cement
from crude calcareous oil shale with low calorific value[ J]. Cement
and Concrete Research, 2022, 159:106874.

A RERELK VB R RREL K I A A BB D]. e s
demt Tl K%, 2007.

WU Hong. Eco-design on silicate cement and sulphoaluminate
cement complex|[ D . Beijing: Beijing University of Technology,
2007.(in Chinese)

SHEN W G, CAO L, LI Q, et al. Is magnesia cement low
carbon? Life cycle carbon footprint comparing with Portland
cement[ J]. Journal of Cleaner Production, 2016, 131:20-27.
MADDALENA R, ROBERTS J J, HAMILTON A. Can

Portland cement be replaced by low-carbon alternative materials?

(T#FEe677m)



