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Calculation and analysis of carbon footprint of ready-mixed concrete based on LCA and
research on carbon emission reduction technology
PAN Yuanshan, GONG Jian,ZHANG Kun, WANG Qiao, WANG Yujia
(Zhejiang Building Materials Group Co. Ltd., Hangzhou 310000, China)

Abstract: As one of the most important building materials consumables, ready-mixed concrete has enormous potential for car—
bon reduction. This article takes ready-mixed concrete of different strength levels as the research object,and based on the Full
Life Cycle Assessment method, carbon footprint analysis is conducted for each link,and corresponding carbon emission reduction
technologies are studied. The carbon emissions during the life cycle of pumped ready-mixed concrete with strengths of C30,C35,
and C40 are 273.19,291.06,320.10 kgCO, /m?, respectively. The carbon emissions are positively correlated with the strength grade.
Therefore, choosing low-carbon cement or reducing cement usage is the most direct and effective means to reduce the carbon emis—
sions of ready-mixed concrete. In addition,auxiliary carbon reduction of concrete can also be achieved through the use of intelli-
gent transportation, production technology,and CO, concrete sealing technology.

Key words: ready-mixed concrete, life cycle assessment,carbon footprint, carbon emission reduction technology

TSR EIR R L, BTN AN i 3

50 &

P (Life Cycle Assessment, LCA) %, LCA #& — Fiifi £ Al

WL R EH TR EMERAOME L~ B8 PR RV S B 5  B A B BT A i3 8

19,2021 F I FE TR Rk 32.93 42 me, THiREEE AN MRS, BT i R A IR A L R e R
AR RN A ek LR AE TS R & 7 A K O, T 3
EHCR N 829%7. REE L CABOVEM I T RE A BN, E ST IR B M U 2

JRRR R BRI — o R JE T R ms R AT R
B8 Hh X At R P, T TR 47 Ml e

JRHES LT o FRI, Y M TR IGE AT MU AT R R 2 I B

1 R HRELITE
11 =45 eRHuHRtER %

%5 B #A: 2023-11-03; 1&7T H #A: 2024-04-23

@dqqg.com.

RN BT ROV, B P R A, AR

AL AR PAS2050: 2011 €7 it A1 AR 45 A= i U A i =
VEZE N BT, B, 1995 424, Wi, TALIT, E-mail: 1137739978 SRR A , hRE AR 1 m® BUAHR R L, E L
PR 24 Ay R R 400 5, B R AR REL, i Rz

NEW BUILDING MATERIALS +145-



&, AT A A B IR R 6 A I A R i H 5 AT R AR R AT 5

BRI T s AR R R I
12 ZFXBRELITE
121 EMH KRB BRI E
JEAELH BTG 2R 1 R o B0 RIR TR LA = 4
Al 2022 - C15~C55 AN [ 55 4 JR ik 5 JR ik TR gt £ o
PR P RIE S R, kiR Bk 42.5 Z08 B RERR 2K IR .
Fz1 Cl5~Chs MERHELBMEMBIAE ko/m?

Rt

B3
Cl5%&i% 109 35 53 243 794 345 555 137 3.34
C153E% 108 34 52 253 797 368 542 122 3.58
C20 £i¥ 151 39 57 241 777 445 467 110 6.64
C20 4% 146 38 56 244 773 510 378 108 6.35
C25 %1% 187 44 56 247 710 364 573 93 931
C2594E%E 196 36 52 250 713 435 470 91 858
C30 #Ei% 252 47 49 186 746 208 731 82 10.48
C30 3k 237 50 50 223 673 263 695 79 11.12
C35 ik 273 52 50 163 751 192 740 83 11.96
C353E%E 270 64 55 225 591 248 739 83 1347
C40 £i%# 311 53 55 156 718 185 761 85 11.86
C40 4% 310 50 55 142 701 203 761 84 12.08
C45 &i% 351 52 53 99 708 198 757 88 13.04
C4594E%E 343 55 55 173 591 229 775 85 13.87
C50 £i% 409 58 53 49 723 157 773 96 11.23
C50 3% 402 75 50 155 410 243 819 81 148
C55 £i% 424 85 41 117 620 160 849 77 16.37
C55 4k 421 85 42 115 595 191 848 74 17.13

JEM R HE R a5k 2 Birw, Hdkde Aes T R
AT RK BB HERUR 7 BUE GBIT 51366—2019 (7 bk HE it
VREARED , Bk AR B2 LIRS\ 00 70 B s HE R

K Bk BYBER AW ML R T K SN

B HR[G)-
F 2 WERE LT EM SRR E T
BARHELA 5 %ﬁgﬁiﬁ BRI % %ﬁgﬂiﬁ
K 0.78500 i} 0.06235
i 0.00251 K REIR 0.03450
KT H 0.00218 BRI 0.04170
AT 0.00218 A 0.72000
K 0.00017

S R+ SRR S B Bt D
e

Ri= 2 QxE, ®
s R Ty B TR TR e SRR B A TG

+146°  HEEHAMH 2024.4

kgCOys;

Q45 i Fh TRV L JFM KL &, ks

E——5 i AR e L R AR HE R 1, kgCO4/Kg o
122 FEAM R EH BT H

JEARHZ TR B IR 3 FR . H T JEM R R RS
R B R iz e R AR, RS AT
B 77, AR 2 P L S o e 8 I8 88 A DA L B o A R
PR is b . i 7 SR B T BCE GBIT
51366—2019, L v b iz 1 I 2 R 56 12 - iz (3 18 0,
S FIBRHE TR A 0.129 kgCO, (tokm) .

F3 MERBRLEMETEREBREHAR

W H K  wR O OBREXK AT SN
B e km 73 78 115 48 152 112

ThRE AL AR b BUk U0 () T

Ri= D QxDixF @
i=1

A Ry—— TR B 1 A RHE S Bk U & kgCO4;
Q—55 i Fh TRk IR Mt £ JFbH KL &, ks
D4 | A TR b RLE S BE B, ks
F—55 i AR IR b R SR HE A 7
kgCO,/ (kgekm) .
1.2.3 FamIEFR&sFEKITE
72 I A P B BRI EERIR T KR L TR LA
PR A PR A1 AT BT A R TR DL R R
S R 7 A P ST R S 1 m® TR AR P B B FE T it
TREWR 4 R, HA s R 70 E (i = Sk
A E TR SR TR R ), S BRI
F (2006 4 IPCC [H % it % U IATF AR ) «
4 1M THRRTEENREEMN AR SRS

=} e IR & BRI 7 TicHE S & /kgCOx
i 238kWeh 0.5810 kgCO,/ (KW+h) 1.38
Seah 0.103 kg 3.13 kgCOu/kg 0.32

Tae shr A = B BEse e 5K Q) 15
R~ ZGiXHi ©))

A R—— TR e A P AR RE IR B IR & kgC O
G—5 i M IR e LA T AERE VR T &, kg
Hi—5 | 0P TR e 2 7 VR RE B kR 1

kgCO.Jkg-.

124 EFUAENBHERTE
A R e AR B R e R 2 T A B A E



Hoy, F AT A A G BRI R A I IR B L e R T i AT Rs s HE AT I

B, R T R FE R RS A BRI T BRAFICR, 03K 5 B
e
#5 P Im FHREL S NEFORARBE

5 i ME o ME BT o

1 (kg/m® Ikg/m® [ (kgCOL/D [ (kgCOL/M®
N b 3.32 251 0.008
HEHKFE 875
i 3.64 2.18 0.008
N b 4.43 251 0.011
TEHIAE 1167
485 2.18 0.011

1.3 £ wEAHRETITE
AR TR R LB R G0 5t (AR RI SRR iz
I A R F Y ED B R R @ T
R=R,+R,+R.-R, 4
A : Re—— T R L AL FLb TR 1 B HE LR &, kgCO4s
R THFEIRIBE L S BRI BB TS & kgCO:
Ri—— Tt it L b BHz b Bk AU & kgCOL;
Re—— TR e L™ it A = B B BRI 25 kgCOs
R—— TR it 1 P 52 M b B el TR 5 5 kgCOo
R (@) PLE & H 5 B HE O T4 1 m® ) C15~
C55 Tk ke it + A i JA JIBs A i, 3R 6 P
#F 6 1m°C15~C55 FiikiRE+ &4 M AHKHIME kgCO,

TR JER L Lﬁjﬁﬂ 77 R FA) ﬁﬁﬁk{iﬁl%
KA B A FIH it
CI5Fi% 12800 26.28 1.71 0.0038  155.99
C154E%  126.82 2651 1.71 0.0038  155.04
C20 Fi% 16231 26.93 1.71 0.0038  190.95
C20dE% 15837 26.39 1.71 0.0038  186.47
C25%Zi% 19046  27.47 171 0.0038  219.64
C25 4%  196.08  26.80 171 0.0038  224.59
C30 %%k 24358 27.90 1.71 0.0038  273.19
C30dEZ  229.97 27.96 1.71 0.0038  259.64
C35 ik 26141 27.94 1.71 0.0038  291.06
C354E%  255.09 2861 1.71 0.0038  285.41
C40 Fi%  290.00 28.39 1.71 0.0038  320.10
C40dE%Z  288.81 2854 1.71 0.0038  319.06
C45 Fi% 32179 2852 1.71 0.0038  352.02
C45 4% 31216 29.21 1.71 0.0038  343.08
C50 #i%  366.64 28.40 1.71 0.0038  396.75
C50 4% 35268 29.83 1.71 0.0038  384.22
C55%i%  380.07 30.06 1.71 0.0038  411.84
C554E%  376.94  30.46 1.71 0.0038  409.11

2 TRERELRELS T

21 S AR LR BT

FHEE 6 2 i A S BRHE T T 45 TR TR st B Bl
HERCTTRR o5 o T LA, TR TR 4 A A B e
b d i A IR T AP RHRIA B, o5 L 81.8%~92.4%, 1X
R TR R L R PR G B Dk . RIS B T
PRI Lo S R A &, U AR B E R e,
PRI B ABHE B Tk R R, MK L S TR
G EM R IHE AR L, KRR FE0X
—NE BRI EMFEE.
22 FBINTERBITED
221 JRARHR B BB R AT

C15~C55 ittt LA SHLHIRP BRI &t B 1 B
TR ARy B LA AR e an B 2 B

1 C15~C55 FiusiREE LK e S MBI RS BRHER & b

B 2 C15~C55 F#iR g s sl
T R EL A R A B HE A & L
HP L0 B 2 07 0L, B TR VRt o R S ) 4R v, K
Je PBIcHE B o LU H 669375 K 22 89%, HLHI A A Bl & o

NEW BUILDING MATERIALS +147-



&, AT A A B IR R 6 A I A R i H 5 AT R AR R AT 5

LG H 26% 28 kN 226%, AN BcHE = Dk o L AE 1%~3%
Pezh. UL C30 Tk B At , C30 Fibk R ke £ JE b Rl SR
BUBRHE S L gk 7 FiR

R 7T C30 SRS T B BIREN B BRI S L %

KTE BURES SR 0% WK BT LES Bk

8119 1277 310 121 069 065 019 019 0.01

B 7 0 W, K8 HUBI D A IFRIIK 3 Fi Jb A B
RS R E R ENE R, HA s TR B
BRI JUA AT BRI 21 10 £ A L, BRI /KR FH 2 4 i
HeBCE PR
2.2.2 AR S BB R AL AT

C30 GRi%) Tk gt L JEb L i S BUBR A OO R o5 L
% 8 fim.

%8 C30E® MRS EMELERM REHR S L %

S 7 S i SO

850 1656 0.54 171 258 5135 1462 413

ZRBE, AR RS A TR L R K,
Hix 2 F AR R BOR, AU T 58 = A0, TRt 1A = A
Wi 2k 2 F AR, R, B A KR RIS f A R R
PERHE b BE i 3 ZE N 2 oo, B ARG Sk i Al il e ik A
FIZ , AR FIBCHEU R 12N T 2, R 2 MR F R I2 10
JE kL2 4RSS BB ) 3
223 A TH BB BT AT

TOUPE TR 368 A 7 T BV R R VR B HE R R ) b
81%, L& (7 Th 19%. AR 70 T AUR H R T FE 1 E EORJE,
Se MR R EURIR T A A, A AR R Lk
(FEFA T B AR & MR 55D BHERD, 5
LA 20.01%, AE# &

224 K FEFIAE W B RS

HEPE IR FE AL B IR0 T 0.001%~0.002% Bk HE i
B, A AR T RO R SRR L b R AR N iE
B KRR E SO AT 8 B, 7 PR IR 7 IR T X R TS
(¥ I, SCRE BT 20 RAR TEUR, B AR 08D IR B HE &2 o L
I, 152 ol T VR L B R R AR, TR O Rl B A
.

3 RS OB HER R
3.1 {RERAKIEH A

+148+  HEEHAMH 2024.4

R TUPER V6 B SR 2 A T, SRR SR EUER T Bk
HEI A b 80% A b, e B R R, TR AR R
A5 K Je BRI TR 0T ik B K, RIS o5 EE 80% DA b, SR 4
BERIOAT £ B R B R E N 2 i — R AEBRIET
FEIREE TR PR TR T, Rl B oK & B
(R IR KR = AR FOBRHE IR s — % R AT R 38 e VR - O T A
DU DU Oh 0 B, AR B 0 P 75 A, R K] R
FBANREE A R FEAR: ORENERKG
WA E S QK BEFHETREA: O MAREELE R
i ar b (@) R RARBRACEEM KL . BN IR S5O s ot e b 1k
RGBT A& HR TR RSB Joa fan ik R AR AL 4
AN TR SEHL R IR B AL
32 HHTEg BRI

TR TR 1 A7 I 3R B 5 A R 5%,
TEJEARE S AR PR B & LR A RS 0 R, ot TR LAl
SR, 1T DUE A TR A 7 R G R R R 1 R TR D
ERREVRE L, TR B RRRR Y . HLRE S RE TS T, L
e & R TERL L R P R B TC T M, R R Re i Rk
FOA R R AR T B SO R Bk (R R DA N
HeR K H S ] AR R TR DL R T X a4k R gy s S R
B
3.3 C-USE # XK

TR LA P B B RS T RER R R R A
B 738 A (Carbon Utilization and Storage in Engineering-
materials, f#ij#% C-USE $iAR) . C-USE HiARJ& T SL 3 X " H
b BB AR B AR 2 — CCUS (B g A F R ZEHAD i
o S 7 W Do 43 g e 1 O e R A 2 6
NRET A, 2010 R BV R AR A 3 (1 2 Pl
T 40 P T b ol k5 T4 7 5%~10%,
7K 2 10%~15%, AT S0 = AR (¥ 7Kk A8 f B 77
RIS EWAIF 8 A A0 2 e I 7 DA R ok, B
7L CO, Xt C30 Vet L1 B (¥ s S FLAE ML, ¥\ CO, J
SAFARRE KR S G0 KA = 2 LR R R
BSTAE R, R LA b RIRIL AL I 5 45 55 AIPHE B4R
KIEK.

4 £ it

(1) 55 5 %4y C30,C35.C40 5235 TRk L1 A iy
JA SRR HE R 2 50 273.19.291.06..320.10 kgCO/m?, FEFH
o S ARG N, BRHESCE AR i, R R R R B



Hoy, F AT A A G BRI R A I IR B L e R T i AT Rs s HE AT I

RGP A A P R 5 BRI A S e
I B A e B E I 8006, T SR RLERER B Kk
Ve 7= HE IR B TICRE 5 Ee RS 80%, K] B, K B A 5 i VR k-
BRACE R EM R K. SOk R RBOK I 80 B> K e H &
FE PR T R L Bk B R E A AU T B

(2) MR T TRt 7 i o S Bg A 3 7 , YRR e Rk e
BORE R EZ S MO FA RO T, B Rt 38
SRR . RN BT RN E B CO, AR S FBL #— P
TR FERBERT R B IRCR , SR TH PR IR IR 1 O 1k R, A A1 B
HEE R .

Sk
[1] B 5k R o2 222021 4F 4 [ 7 il VR 4Bk b 7 B3 K 6.9%([EB/
OL].https: //www.ccpa.com.cn/site/content/8544.html.

[2

3]

(4]

[5]
(6]

[7]

Flower D J M, Sanjayan J G.Green house gas emissions due to

concrete manufacture [J].The International Journal of Life Cycle

Assessment, 2007, 12 (5) : 282-288.

FUK, Tyt S, A BRI A TR VR A L (K B HE O
Jo 657 P AN [OL). 3% 14 4 AR, 1-9[2023-10-27] http: //kns.
cnki.net/kems/detail/11.3676.TD.20230615.1409.002.html.

BEPREE, AL, Wl AR i AU VRO (3] M 35 R 2 5 B, 2007

(6):177-180.

XIS RE i A2 32 5 5 A (M) AL 3T - R B 5 Tl s AL, 2017,
BUNR, KA, A, S TR L O S AR AR AR
B ARSI S TE O] BT AL B A R, 2022, 49 (8) - 160-166.

HARIE, BN 8.CO, X C30 YRk - M B ¥ 52 e 2o AR FIHLRE]).

SR SIAEL, 2022, 49 (12) : 22-26.

AVZANEA LA LA LA LA A A A A A At Lallallallallallallallallatlallallallallallatfallallallalfallatlatlallallallallallaltaltallallaly

Ch#238 119 7O

() FEAZARIR IR L H T, X R RHEAT ORI, 0 B A
AT IR, Tt AR S IR], FH e R SRR AR S 9 R K T
BEAT PR, TRE SR, o VR gl - 2 i WAL L o AR L B
A 7 25 TR I ORI DA i T R R P T B X
TR A WOKA, R IR AR T T A R i

S

[1] Qi R Q.Construction technology of expansion joint in micro ex—
ploration road and bridge construction[J].International Journal of
Computational and Engineering, 2020,5 (2) : 32-44.

[2] Shi W Z,Shafei B,Liu Z Y,et al.Early -age performance of
longitudinal bridge joints made with shrinkage -compensating
cement concrete[J].Engineering Structures, 2019,197:1-11.

[3] ZEMS, VT, Eh e A B 7R 0 R Wi 0 e ok - A S I 1) BF
3 R [J) LR Ei@ R, 2016, 35 (1) : 167-173.

4]

5]

(6]

[7]

(8]

(9]

IRV FRMBRE , MReh Je , S5 At 0™ S8 b IX Sl P8 85 P iR e T

Fi AR FE[I] i T 4% AR, 2017, 46 (S2) : 531-537.

T A, [ BT, A5 M X R vk T A 4 0 SR

AR IR Bk, 2018 (5) : 138-142.

KA, AR, SRR BT R 7 50 500 10 ) % 55 Mk RERIT AT [3). K A

/Kig THE %4k, 2020 (2) : 36-45.

R IS Uil UEA AT 2 A ot 77 T ) U A i v

HE L[] B B R SR, 2015, 42 (6) : 12-14.

IR RS0 BRAELL, S ARG v i RO AR AR E T R

Wi [J). E2 SR R4, 2018, 21 (6) : 950-955.

Jiang Z W,He B,Zhu X P,et al.Yi Zhang State-of-the-art review

on properties evolution and deterioration mechanism of concrete

at cryogenic temperature [J).Construction and Building Materials,

2020,257:119-131.

NEW BUILDING MATERIALS

+149



