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Abstract: In order to study the environmental potential of using recycled concrete to replace
ordinary concrete in inland cities of China and provide reference for engineering decision-making,
the carbon emission of recycled concrete structures in Shanxi Taiyuan was studied. On the basis
of the system boundary and analysis objectives, the local carbon emission inventory of Taiyuan

was determined, and the basis of life cycle assessment was established according to the field

W 7% B #7:2021-08-01

ESWHE 758 PHET BRI H (2019041023-2)

EEBNH AA972-) & I AL E g TR, 4 B 22+, E-mail: leiying@sxu. edu. cn,
BEESE S @EEA968) B ILRITM A 882, A5 E F 00, T2+ E-mail : jzx@tongji. edu. cn,



98

HHAFE TRFIR

investigation and literature review. According to the parameters of concrete mix proportion and
raw material transportation distance and other parameters from field investigation, the equivalent
carbon emissions of two typical concrete structures in Taiyuan using ordinary concrete and
recycled concrete in aggregate production, cement production, transportation and landfill were
analyzed. Based on the local carbon emission inventory and the selected boundary conditions, the
sensitivity analysis of transportation distance was carried out according to the actual data of
typical cases. The results show that compared with natural aggregate concrete, the equivalent
carbon emissions of recycled concrete with 100% replacement rate of recycled coarse aggregates in
two typical structures can be reduced by 3. 25% and 8. 39% in the case of using local carbon
emission inventory, concrete mix ratio and transportation distance data, and the exploitation of
natural resources and land for waste disposal are dramatically reduced, showing a significant
environmental benefit. The range of relative carbon emission advantage of recycled concrete
replacing natural aggregate concrete is determined. The critical distance of natural aggregate
transportation from mine to mixing station, the distance of waste concrete transportation from
demolition site to landfill site, and the distance of waste concrete transportation from demolition
site to recycled plant are 18. 3, 8.5, 18. 8 km respectively.

Key words: construction waste; recycling; recycled aggregate concrete structure; carbon emis-
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sions; process-based life cycle analysis
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Table 1  Statistical Results of Construction Waste

Productions in Taiyuan
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SR AE 2~ 3 4F A B
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Table 2 Landfills and Storage Capacities of Existing

Construction Wastes in Taiyuan
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Fig. 1 System Boundary
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Table 3 Carbon Emissions for Recycled Aggregate in

Production Process
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Table 4 Main Emission Lists of Transportation

Process in Taiyuan
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Table 5 Carbon Emission List in Taiyuan
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Table 6 Mix Proportions and Amounts of Concrete for Case 1
3 YL 4 o " R (kg + m™)
e TR B R AR R BE L/ m? K BE L -
K ke {73 K Shm 5 )
1 C15 1625.65 0.45 211 937.3 893 190 7.7 211
2 C20 255.90 0. 64 228 1182.0 850 180 10. 0 54
3 C25 2 514.97 0.62 247 1026.7 933 185 8.3 50
4 C30 15 035.08 0.53 260 1150.0 850 180 10. 0 80
5 C35 2 918. 04 0.51 272 1159.5 828 180 10.5 80
6 C40 261.93 0. 45 308 1165.7 788 175 13.3 85
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Table 7 Amounts and Transportation Distances of Raw Materials for Case 1
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Table 8 Recycled Aggregate Concrete Cement

Dosage Adjustment for Case 1
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Fig. 2 Carbon Emissions of Each Process for Case 1
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Table 9 Mix Proportions and Amounts of Concrete for Case 2

A / PR/ (kg » m )
FP 5 TR BE TR EE A | REE A/ m? —
K e HLE w K SR B IR BLAL = R
1 C20 69. 35 170 952 900 180 8.3 70 90
2 C30 3 256. 86 240 847 943 180 10.0 70 90
3 C35 423. 36 332 908 839 180 11.5 46 83
4 C40 1135.74 300 968 574 180 11.9 75 100
5 C45 6 25. 84 397 944 742 180 14.3 53 79
6 C50 2 728.66 400 970 716 175 13.9 55 100
10 RGITRETHIRHIZHERS
Table 10 Components of Concrete and Their Transportation Distances for Case 2
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Table 11 Recycled Aggregate Concrete Cement

Dosage Adjustment for Case 2
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C20 170 200. 00 200. 00 200. 00
C30 240 243. 24 243. 24 246. 58
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C40 300 310. 34 315.79 321.43
C45 397 409. 09 418. 61 428.57
C50 400 416. 67 426. 83 437. 50
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Fig.3 Carbon Emissions of Each Process for Case 2
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Fig. 4 Effect of Transportation Distance from Mine to
Mixing Plant for Natural Coarse Aggregate on

Equivalent Carbon Emission
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Fig.5 Effect of Transportation Distance from
Demolition to Landfill Site for Waste Concrete

on Equivalent Carbon Emission
TRBE 1 IR BR 7 M 28 1 A e 40 T 19 o i L
1~50 km, TH8EZ5 R UL 6. XF T FF A L RHROAR
3004502 F1 100 20 B FEA TR BE 107 5 . K IR
TGE b MR I 7 Ml 2 4 A SRR T a I I S
2R 18. 8,13, 8,13, 6 km, i T Iifs F1H B % H
A EORHR B 5 58 B A AR R B HE O B e T
SR SR I R AR B RHIR B - A4 A X Bl HE AL . P
AR RHIRAR R 30 26 1 I S B 2 T B K 7E 1%
BEBIHL 13, 8~18. 8 km i, 30 20 MR 3 07 %2 45 2l e
HET I ARG+ PRI A o 0 s — A T 9 L A1 B ik
A ELAA S A i A BOFC R v 45 A e HE A, AR
PO T LR TR W R A IR B AR BR 3
2R A T A I S {E AT K 76, 82
kem, B2 TR T SR TR Y 18, 8 km, H R
JEURAE T b i 28 R R B 9 i R 9K - e DA X R
Z U7 R SO o K AR EORE RN ST K 1438
f A o R JRUAE T R T PR A R A N
Bili = 2 o P P A YR B A A 5 A

i TR ORI

751

w0 7.0F —o— HHE%

24 —— AR E30%

2 6.5F AR ZE50%

=4 —— HE100%

@ 6.0F

%

= 55F

# 50 = =
455 10 20 30 20 30

rbR % M A E A T BE B /km

Eoe EFRBELINFRGHMEBEEEM I MNEH
B B9 3 5 208k HE B89 2
Fig. 6 Effect of Transportation Distance from
Demolition to Recycling Plant for Waste Concrete

on Equivalent Carbon Emission

XFEEHS 5. 2 B S5 I8 T R 5 R 5k PR BR

712 fy 22 P A A T Al SR RS 1Lz e 2 AR
G0 i SR O X U B R P A R RHIR B AR
KR RHREE 1 27 FbS o8 DR 15 S5 2O HE T A AL B
e B A A T R D TR S 2 A
S A7 U AR (R A A S A ] R ) A A
T PP AR R TR A DX B AR R T
R B HE K - o 25 i 20 30 1l 5 Bk B K
AP A T AR R 3 R P A R O AU
KRB BHR BE 1 . JoIB 2 22 55 J7 11 38 J2 R 358 77 T #1
e A B

6 % i&

COH TR A M 1A TR o = TR AR P
b AR =K IR 32 Hi R SR HE ) B HE T B, AT R oK
T J i BAT R R U0 4 M IX 47 4 2 i SR 3k HE i
TR AR

()UK JF 2 A~ MR T RN B, b T 2R KSR
HORHE B A+ R R B 2R 1A TR B 0 A X ik HE
T AR L R AR B R TR B -, P A YR R % R HE TR
I, B RRAR AR B BT R i S i by 5 i +
M, B R 2 D IR B AL AR s KR AR 7 RS R A
SR HE T e 22 0 3 A 5 A Ll T T A R K T L R DR
o P AR TR B 0 A AL HE 0N A2 i BB R R i
U

(3) 5 M T WY TR ) R AR Bk B IR TR B+
12 iy 1 X A Akl HE T B B L A5 B K 8K R IE
BRI B AR R L e B U R, L
B 5 iR 8+ IR BRI 2 i B A M T S
(I FAB 43 50 18, 3.8.5.18. 8 km, B iE T % JH
A VR E A B R SR B R HR B A LA AH T B HE i fE 3
el . DARA M T U, R AR
B AN KRB RREE - A R NET il 2N
T HE T A o ke U9 2 T A 1 SR 4
B3k

References:

[1] XIAOJZ,LIW G,FAN Y H,et al. An Overview of
Study on Recycled Aggregate Concrete in China
(1996-2011) [ J]. Construction and Building Materi-
als,2012,31:364-383.

[2] TAM YV W Y. Comparing the Implementation of Con-
crete Recycling in the Australian and Japanese Con-
struction Industries[ ] ]. Journal of Cleaner Produc-
tion,2009,17(7) :688-702.

[3] XIAOJ Z,WANG C H.DING T,et al. A Recycled



9 %

I SN U R R R R &

105

[4]

[6]

L7]

[10]

[11]

Aggregate Concrete High-rise Building: Structural
Performance and Embodied Carbon Footprint [ J .
Journal of Cleaner Production,2018,199:868-881.
ZHANG H R,ZHAO Y X. Performance of Recycled
Aggregate Concrete in a Real Project[]J]. Advances in
Structural Engineering.2014,17(6) :895-906.

WM SR A RN L S P A TR AE S5 ) B
MR 5 B LT]. TR 12, 2010,27 (35 2)
135-141.

CAO Wan-lin, ZHANG Jian-wei, YIN Hai-peng,
et al. Experimental Study on the Seismic Behavior of
Recycled Concrete Frame-shear-wall Structure [ ] ].
Engineering Mechanics,2010,27(S2) :135-141.

EuE BT AR A R PE A 1 TR T A SR AL HT A
HWFFE[D]. BB A PR R, 2012.

WANG Bo. Research of Shenzhen Construction
Wastes Management Base on Life Cycle Assessment
[D]. Wuhan: Huazhong University of Science and
Technology,2012.

DING T,XIAO J Z, TAM V W Y. A Closed-loop Life
Cycle Assessment of Recycled Aggregate Concrete
Utilization in Chinal J]. Waste Management,2016,56;
367-375.

M a4, BT LCA-LCC iy #2E R BE 1 35 55 4 5% 1k g
TEAL B 55 (D] B - 97 11K 4, 2012.

TIAN Zhong-wei. The Research on Assessment of
Environmental and Economic Performance for Recy-
cled Concrete Based on LCA-LCC [ D]. Hangzhou:
Zhejiang University,2012.

i NRIEFIEEZERMUERN S ARIEES
T B g i 78 B A7) LR dbat. A AR 3 i E
el 2% J B 8 2= B 2%, 2011,

National Development and Reform Commission of
PRC. Guidelines for the Preparation of Provincial
Greenhouse Gas Inventories: Trial Version[ R]. Bei-
jing: National Development and Reform Commission
of PRC,2011.

AKBARNEZHAD A, NADOUSHANI Z S M. A
Computational Method for Selection of Optimal Con-
crete Recycling Strategy [ J]. Magazine of Concrete
Research,2015,67(11) :543-558.

. OREAE £ SR DT A B = 3 I S I AR
FEAFFELD]. b ut: dbat Tl K2, 2007.

MA Li-ping. Research on Localization of Road Trans-

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

portation Based on Material Life Cycle Assessment
[D]. Beijing : Beijing University of Technology,2007.
XIAO J Z,L1 ] B,ZHANG C. Mechanical Properties
of Recycled Aggregate Concrete Under Uniaxial
Loading [ J ]. Cement and Concrete Research, 2005,
35(6):1187-1194.

BAI G L,ZHU C,LIU C,et al. An Evaluation of the
Recycled Aggregate Characteristics and the Recycled
Aggregate Concrete Mechanical Properties[ J]. Con-
struction and Building Materials,2020,240,:117978.
LV Z,L1U C,ZHU C,et al. Experimental Study on a
Prediction Model of the Shrinkage and Creep of Recy-
cled Aggregate Concrete[ J]. Applied Sciences-basel
2019,9(20) :4322.

LIU H W, LIU C,BAI G,et al. Study on the Effect of
Chloride Ion Ingress on the Pore Structure of the At-
tached Mortar of Recycled Concrete Coarse Aggregate
[J]. Construction and Building Materials, 2020, 263
120123.

LIU C,ZHANG R F,LIU H W, et al. Experimental
and Analytical Study on the Flexural Rigidity of Mi-
crobial Self-healing Concrete Based on Recycled
Coarse Aggregate (RCA)[J]. Construction and Build-
ing Materials,2021,285:122941.

B R XIICE, SR A AR AR R R B T S A
TR BE - PT Rk X LA 5T L) ] IR BE £, 2018 (5) : 84-
86.

ZHAO Yu, LIU Yuan-zhen, WANG Wen-jing, et al.
Frost Resistance Contrast Research of Recycled Ag-
gregates Thermal Insulation Concrete and Normal
Concrete[ ] ]. Concrete,2018(5) : 84-86.

XIAO ] Z,ZHANG K J,AKBARNEZHAD A. Varia-
bility of Stress-strain Relationship for Recycled Ag-
gregate Concrete Under Uniaxial Compression Load-
ing[J]. Journal of Cleaner Production,2018,181:753-
771.

ZHANG W T,INGHAM ] M. Using Recycled Con-
crete Aggregates in New Zealand Ready-mix Concrete
Production[ ] ]. Journal of Materials in Civil Engineer-
ing,2010,22(5) :443-450.

LIMBACHIYA M C, LEELAWAT T,DHIR R K.
Use of Recycled Concrete Aggregate in High-strength
Concrete[ ] |. Materials and Structures, 2000, 33(9):
574-580.



