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Researches on carbon emission factors of recycled concrete

XIAO Jianzhuang', GUAN Xiangshuo', WANG Dianchao', WANG Jun®
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2. China West Construction Group Co. , Ltd, Chengdu 610017, Sichuan, China)

Abstract: The accounting boundary of carbon emission factors of recycled concrete was defined,
the calculation methods of carbon emission factors of recycled coarse aggregate concrete (RAC),
recycled fine aggregate concrete (RFC) and recycled powder concrete (RPC) were proposed, and
the influences of recycled material replacement percentages and concrete strength grades on
carbon emission factors of recycled concrete were analyzed. Based on an actual case, the carbon
emission reduction of recycled coarse aggregate concrete buildings compared with conventional
concrete buildings was calculated, and the carbon emission advantages of recycled structure were
analyzed. The results show that with the increase of recycled coarse aggregate replacement rates,
the RAC carbon emission factors can be reduced by 15%. With the increase of recycled fine

aggregate replacement rates, RFC carbon emission factors can be reduced by 8. 6%. With the
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increase of recycled powder replacement rates, the carbon emission factors of RPC can be reduced
by 26.3%. The carbon emission factor of C45 RAC is 11. 7% higher than that of C30 RAC, the
carbon emission factor of C45 RFC is 39% higher than that of C40 RFC, and the carbon emission
factor of C45 RPC is 10. 9% higher than that of C30 RPC. As the strength grades of concrete
increase from C30 to C45, the carbon emission factors gradually increase. Within the boundary of
“building material production -+ structural operation”, the RAC building reduces carbon
emissions by 1. 75% compared with the conventional concrete building. As far as the demolition
project is concerned, the carbon emission reduced by avoiding the transportation and landfill of
demolition waste is 3. 32 times as much as the carbon emission reduced within the boundary of
“building material production + structural operation”, which is the main reason for the favorable
impact of recycled buildings on the environment.
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Fig. 1 Accounting boundary for carbon emission factors of recycled concrete
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15 304. 25 53. 69 160 0 683 1 080 2.15
30 250. 56 107. 38 160 0 683 1080 2.63
R HECE FanE 14~17 fros . 8.2r
8.0F
300 .
g 78
= 250FF
g e
2 200f § |
I 501 = 72| — Cpuuan(C30)
ﬁ """ Cnbsorb(C45)
= 100f 7.0E
B 6.8 . , . . . ,
& 50f 20 5 10 15 20 25 30
RPEUAR /%

=]

RPIAR %/%
B 14 A[E RPERZER C30 RPC BHE E F
Fig. 14 C30 RPC carbon emission factors with
different RP replacement percentages
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AT I 5 20 60 ) B R L O 2 2 AR A HE T 5
M5 7K P8 A 7=t — A A A B AR X A i AR L R R
i T 605 A o8 RO A 5 B 7 AR SR e HE . RP
BR300 R 15 %6 A1 30 %0 it RPC (1 B W i 4 42
A2 43 0 e R B TR £ 6. 200 R 10,506 GERH T

B 15 7R[E RPC 58 B % 2% B Rk IR UL
Fig. 15 Carbon uptake with different RPC

strength grades
FRAERYRGE  BA R Bk e /1. RPC Y Bk
HERCE D i WCE 2 X — I BEE RP UK
HEhnm AR E N . 5 R B A E L RPC Y
B HE TR BRI T 12, 790 ~25. 3% . 5 AR W e )
F TSt O HE R ER ) MR AIR T 13. 206 ~26. 374,

2.3.2 RELBEFAMYA
& RP WM 5 . RPC BRIIE 1K
Xt C30 RPC A i3t - i M e m] 48 R 22 3% 3 T o5 - 1
6.3% ~11.5% ; Xt F C45 RPC A5, B W i 7T 3 K
FWEREE M 6. 700 ~12. 1%, HF RP BULER
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Fig. 16 Carbon emission with different RPC
strength grades
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Fig. 17 Carbon emission factors with different RPC
strength grades

s E AT B ) 6T L B C45 RPC B Bl W i 22 1 C30
RPC 5 5. 8% ~6. 1%, T 57 /& o B (19 TR B + %%
P FECOEARM KK L, i e S BOR BE + 450 ik 1k
TREE W/ 5 Pl 0 ok B VR B A K R O
JIT LA g 23 HH R 3G K s i Ja 5 BOR BE 850 I By
BEmy e HERCE K, X C45 RPC, i RP HUAE 2
P AR HE TR P AT REAR 13, 300 ~26. 700, AH A
RP Huft 2% C30 RPC #il C45 RPC 40 1] % kb 1 LA
KI5 B AR T T ETE 10.6%~10.9%,
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Fig. 18 RAC and NAC high-rise buildings
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Table 4 Mix proportion of concrete, raw material transportation distances and carbon emission factors

44 B/ kg e HEIC R ¥/
R §E 5
K K b NCA RCA Yy Wit WK (kgCOy » m™3)

C30 178 231 793 1030 0 53 71 3.55 241. 37
RAC30-30 178 235 793 721 309 53 71 3.59 231. 44

C35 189 244 790 1018 0 66 77 3.87 254,53

C40 168 257 789 1024 0 59 79 3.75 271. 41
RAC40-30 168 270 789 717 307 59 79 3. 88 273. 68

C50 161 254 771 1022 0 72 97 4,23 276. 45
RAC50-10 161 273 771 920 102 72 97 4.42 294,17
ZBE /km 0 4,50 2. 8¢ 12042120 11¢ 274 4. 58 0

1 RACX-Y #2088 RAC SR JE %908 X RCA BURERN Y2605 58 8 R AR T C50 AYIREE L% &9 0 42,5 fYK I8 . C50 AYIR % - %

SFYLH 52,5 MK UE sa KRB R 5 b R K B iE k.

R5 BRABEMAEFMERBRIENEE

Table S Carbon emission difference in building materials production phase of buildings A and B

ik | #5 A(RAO) #HT BINAO)
TR BE A 25 7 I B B HE I kg CO, 1 455 782. 055 1481 767.5
i HE ik 2% {8 / kg CO- 25 985.423 54

Bl /D 1) e HE AR AR SC Rl 208 R T

) HRBRIT H 75 i ¢ 1k B Be ki 2D 1 sk HE ik

TR LB RAC A NAC #3571 1 B HE il 22
S AN PR S A B A i SR DD B i HE T i
L RE R R 0 H 7 i 28 1k B B s 1) IR B 5 e 5 TR A
Mo RCA FARIE N b il — 4 56 57 65 Sk 1R %8 + Hb i
PRl H N 2% 5 TR B 0 T A AE VR i R AN
Wk . B R TR BE £ K RCA AR 7= b F2 o 7= 2 11
J Wy (A 7 [0 g 2R 7 o RCAD 7 1 7 32 8 i b7 3¢
JEHEI AL B B B R B R BRI 71. 7 km,

2R HI PR i el WS SR g 1 s RCA 1 7 Sy AH
XTI EE A 54%7, #H A RCA Y

WALy 1336 220 kg, SR A0 G UK W T AR

9 CO, M4t K 6. 063 gCOe » kg ', HULES A
TR RCA i sk G SEL 7 7= A= (14 5% 1)y

1336 220 6.063 .
17 X100 — 15 002.78 kgCO;

RCA W 4R BE B 5 09 [l A 7= 5 B W 4 B
W 71,7 km, iz R H AR 4 1z b HE i
Ak 402,158 gCO, « (t « km) ' #50 A M
BF N B> T R IR B 12 i E S Y

BB
1 336 220 402,158 _
549 %1 000 17X o0 (1 351 keCO:

(R I 3 B Tt H 75 iy 28 1k B B a2 i i HE il 3G R
86 353. 78 kgCO, .
TEARGI R, AR S L E5 A IR E L EM

S5 E R HECA 1455 782 kgCO, e, i
TREE =5 B AR BE LB A AR 7+ 45 a8 B ik
Hee ok 1481 767. 5 kgCO, e, fEVRBE - “ HE A A= 7= +
G5k BT F N A WD 0 B HE B 25 985
kgCO, e, A A M T HK B T 1. 75 % My Bk
HEil . PRBRITE 75 iy 26 1k By B/ 4 ik HE s i G
F ik 86 353 kgCO e, 2R EE + “H A A 77 + 45
¥ 3 8 7 e HE e 2 2 ) 3. 32 A% i H: o 3k A R TR
B 2 i 2 O A b ) B2 i R i 82,6 %%
BE T DAAS 2598 . P2 R A A AR A e i R
FET G T HRBRIT H R IR S 0018 B S ik
o Tl S0 T3] 5 3 i Sy B S R (18 A R ) S A ke 1

4 & iF

(1) B & FEAE BRI R 0 T P AR TR BE 110
WHECH F F B . B RCA BURZE T . RAC B HE
i T fe Z2 W] BEAIR 15005 B REA B R T & . RFC
R N 7 e 2 P BAR 8. 6% B RP BUIC R T
RPC e HE ik A F 5 2 nTREAIL 26,326 .

(2) Bl TR B8 58 B8 SR G T v, T A R RE e HE
B BT dl sk ZE 50 A A B C45 RAC ik A
WHF T C30 RAC 73k 11. 7% ;C45 RFC 19 5%
HEk 5 T C40 RFC A] 3% 39% ;C45 RPC 1B
Hek 755 T €30 RPC 7f 35 10. 9%,

OTE A A 7= + 45 iz 8 7 LN RAC 2
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