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Environmental impact of iron tailings resource utilization

based on LCA method
SUN Yanli, ZOU Zhen, ZENG Qingdong, HE Xiu, LIU Xueyuan
(School of Management, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: In order to study the environmental impact of iron tailings resource utilization, the method of life cycle
assessment (LCA) was used to evaluate the environmental impact of three different iron tailings utilization
scheme based on the terminal damage model. Nine environmental impact types were evaluated, and sensitivity
analysis was carried out on three environmental impact types: climate change, primary energy consumption and
water consumption. The results show that compared to traditional solutions, three kinds of iron tailings resource
utilization scheme can reduce the degree of impact on the environment. Among them, the plan 1 to the climate
change is most affected by CO, emissions, plan 2 is the greatest influence on the primary energy consumption
electricity consumption, and plan 3 is the biggest influence on water consumption deionized water consumption.
The environmental impact of the three kinds of iron tailings resource utilization was assessed to provide a
theoretical basis for the high value-added utilization of iron tailings.

Key words: iron tailings; end point damage model; life cycle assessment; environmental impact category;

sensitivity analysis
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SCHVERRA 1 —UOR ] o S AREEPTR T kR 2 FLIR
IREEE, T MATLAB V5, XHAFERINIEAT B
AbFE, il W AT A E K ARUERUE ) A3.5. BO6 4
. MRSEE LIRS, RESE. Itk
5ok, KA B, R IEAS G R R R 25
Bedt il & B R B AR R A DUk R
HIERE BAGRERD . B IR 55 ) 2% 158 0
Fetk, Wie (beghimet) (GB/T 5101—2017)
MU0 [ 5 S5E EK

AT F O R TR AT, B
TR ISR S A FH Ik Be S 4, Wk
BEIGAL A FH LR B A R A S e R S A 2D
DR A SO AR ) i 2 sl v (o 1 4 B 75400
BRI B A o A VEANR IR SR B, TR T
BRI I RS IR BE (1 5, 3B AR i SRR
Wrids, BEHC 3 PO R TR T &, o
R LCA B, PEASAN R AR 5 S B
SEMIZRAY, Oof EEBk R B A ) kR e e A
WEEm 22, kA I P B U A A FH A A EE 1
Wt

1 LCA HiENH
1.1 BREMEEENX

DLEK I VE AU G, T2 i i A 0 X 3
PR T SRR AT 0T . 75 1 R
R 17% OREDED 5 Pkebbl 450
fEM ER KPR 2R, 5% 2. FITIER B HE AR 40%
CIRE 3 H0 (R i i £ B 28 R vy 1 R VR vt 1
(UHPC) ™y 7% 3. R BACEE Lo 48
Rkl

WEFCIE 2R e BIR A A i R AR B
THFER AR R BRI R . sk, R FE
5. WU CRRED A — AN ThAE AL, JLARHE Lz
RONHEATHE . BN IR I RGeS an
Fo HEUAKAS W, BN MR A
BT AR RS, b K BEFE. RS R

B 3~5 mm Bk, MU 110 ‘C T2 h, LA KA
OME CRr i, 950 “CHEEEE 30 min). b It
R4 1400 °C. M3 25 min, A 256 KR
ERRE, DUERR KJe B SO 2R T 2 B
PR RD . AR, B KR TR IR AR A
IKPRAERL A B, IS KV AR B T 4
TR RRE 30 s S5, INERRHTRP RN, iR
60 s, 545 60 s; ZEA ] 4 40 mmx40 mmx 160 mm
(1) =N, AR R (20£2) C,
FHXHR AN T 95%IIbRHESAF F IR 1 d S5 IBiA,
MG KR FEY 42 28 d, LAEERN" UHPC 7= i g2
Mo 753 DUERRRAT . KB AR 2 33 SRR Ay ke
2 B ARHZ LIRS NN 255 1K, RS K
N 10%; FORVSAY, B 14 15 MPa; Kk bR
BT 105 CHAE T 24 h, BTG ORG IR &
D dp, B FHEE R 5 °C/min, FHEE 1 200 C
JEtRiL 2 hy DMRRH Bl fh . WA 3
Fpge DAL A F h R R A A L e SRR )P B
FFIE N R IREE R, AN I8 BHIE AR S 7
Wizkin. A A RSB m.

1.2 BFELW

A= i RS R PR N . REVR S ARG YY)
HERL 3 AN FI R, 37 Sl A e U 3 Bk st
F ORI A= AR S SCHR P A= i ) S A K di
JZ (CLCD). KK ¥ ELCD %4} 4 Fl %t -+ 1) Ecoinvent
B P, 053 B0 A 5 SCHRR (18 RN SCHR[19] 1R DR Ak A
T SRR B IR 1SO140 R 41 [ B
PRUEH I cut-off JEU, RITLAAR P il s v 25 350 JR A e
PN 7 TR L R s B i i . R R
TACMERL, v] 2 5 Bl A =B, AP R
TFIH o X 3 Rk AT R A Tk R 1 R HE 1
DUEATEETE, A0sk 3 AR EL T RN A
ol HIRIE 1.

BRI RO G L R RRK
REAK. IRBRS) thoem i Eist, BN gk
DX R Ry AR T 2B Sk L BRI T Ak X Bk, mb
i LIEE E BT, O TARIEE S B IR BRI
S B B AT T e, W IS R R R —
B MR ARA . RIS R RS g

UTIEEAKRZZFR (BARFMD

Ptk http:/fxky.cbpt.cnki.net



% 38

SR, AERGEHIN . 3 b E T = R
s SR 2, ks B EdlEkiE T CLCD
x1 SHARMNEGEARZE

Tab.1 life cycle checklist for 3 scenarios

T H AR Hifh
eIt (8 0) iB8%/(kgkm) 3.00x10"
FKA TR kg 1.16x10°
VE D! R TR kg 2.16x10?
VUSHSURER PN PR TR kg 2.82x10%
R TR t 3.00x10™
1 TH#E/(KW-h) 2.90%10"
sei 4 (8 ) i8Hi/(kg-km) 1.80x10"
VES! M T kg 2.90x10"
W RN R T #E/(KW-h) 5.24x10°
KA T kg 1.09x10"
AR EHEIRAD /m’ 7.98x10'
3 SR T HEIRCER 0 kg 8.30x10”
T THEALBRTCR: (GRS kg 2.39x10"
TG L AR
AR FFREIRAD ke 2.70%107
TEAER TR (HERGER D kg 3.60x107
St A (80) B H/(kgkm) 3.00x10"
b 77 THAE/(KW-h) 4.25%10"
K8 it /kg 1.80x10°
e I A kg 4.10x10*
bR i it kg 3.60x10*
Ab PR N
B2 kg 1.00x10°
Wit /kg 1.49x10°
H k7K T kg 4.75%10*
PRI B kg 8.50x10'
Se TR 7E (8t) &%/ (kg'km) 1.80x10"
Ji%E2 Wi i kg 1.00x10°
BRI EAARR IR /)’ 3.70x10*
RUBRLA) TR R R0 /g 2.15%10"
Ji%E2 PEAAARR CHEBEIR D /m? 2.85x10%
BRI AR SR TR (FEBGEIR D /g 1.20x10"
Ji%E3 SeiBE7E (8 1) 18%/(kg'km) 3.00x10"
JSHSURELTIPN .77 FE/(KW-h) 2.35x10"
BN kg 1.00x10°
JR BB T kg 3.34x10
RN 5 kg 3.34x10
PR i kg 1.80x10°
LB FK i /kg 1.67x10°

INETT, F: AT LCA BRI REHT FRAAR 3T IRBE 69 %k 303
k1
iH AR Kt
S te e (8 1) IEH/(kg'km) 1.80x10"
Fi ik /kg 1.00x10°
Ji%3
H KK i kg 8.62x10"
IR A
HL 7 FE/(KW-h) 3.20x10°
PR R B kg 2.60x10"
TE3 AR R (HEIREIRAD kg 2.17x10*
BRI R — SRR CHEBGEIR D kg 7.47x10"
HENY T FHBEIRSD kg 421x102

2 3MERLLESFREFSIREHER
Tab.2 3 Kkinds of resource processing scheme production
process transportation information
WEETR Wih/ke BHEA  IEBWAR BEE/Akm B LR
Pl
(8 v iak

ESiilg
(8 )B4
et 4

(8 )iz %

L1t
(8 t)izH

BRERT 1000 ARESL T 30

Bk 290 JEURHEE R 18
1 998

Wiy WKL 18

it 880 ity pedint 18

2 M54
2.1 IMEZMAYITE R

Az A RV 5 ¥ A2 B 43 S v T 5 e 8 RN ¢
MO, H T AN 2 s (CML)
FNZ ik (ReCipe), 1 N 2725 F I A i 30
PR 5 ik 3 R S ks PO T R 2 1 R
759 (BECER) Mg 52 4R ity 7 b A4 iy
WIPE 71k (LCLA-Y) o AS SO A 2 YR AL A
PREE MRS 5, 6255 2R (1 4 S B 2 )
(0 2E Ao RS DPAN B R ) LRt 1, ARYE 3 PPkl %
VAl 7 ZE AR = i R ) B R RE AR i, e T
9 PG R B UIMIAEE SR A AR (GWP),
WIZRERIHFE (PED). /KBTI (WU). 1k
(AP). VTR FEE(E (ADP). & H IR
i (EP). AW ATEHIY (RD BLEAJZ W HE (ODP).
etk A R (POFP), K& fhidin 28 il (AL
i 5 5 1k 7 AT 20 PR s s o R 8
FIPRIE S i 20 (g N\ 34 R A ) SR mff o2 1 v

PRI R R I B A . PR
AR PERRAR

PREE RS (R NS FEAE N
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K n HEIRBEREMERL a, NIRRT o
SR RENR (V54 i F 2017 SER B (aHE
W) B p WERIE SNSRI n X RS (ki
W) i NBERT . PR IR PR S kA
] 55 Gt A ] 55 R Oy T 4, RS AR
FEARTE RO . IR R2ma 358 H i LAt e 4,
%:# Eco-indicator 99, ReCipe PN A RS, » 4
WA 2017 SEARF E B A DHET,

R3 MR

BT ) RN

dnz(cn-ani)/zg:i(cn-am), 2

n=l i=1

K, o WIRSESEMRIY n X N FRSE IR 1y, LR
[ERZ URERINNTIEE'E St
PREE SR AL
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Tab.3 calculation of environmental impact type weights

ISR V54 T NIFEHEAY Ak B

GWP CO, 9.28x107 DALY/kg 7.62x10”° DALY 0.220 0.23
J il 5.90 MJ/kg 5 1.429

PED 2.02x10* MJ 0.25
B 0.25 MJ/kg 0.714

WU JHK & 1.35x10® DALY /kg 5.87x10° DALY 0.310 0.13

AP SO, 2.12x107 DALY/kg 5.77x10° DALY 1.000 0.05

ADP B 1.35x10° DALY/kg 2.41x10° DALY 0.120 0.08

EP COD 1.70x10® DALY/kg 1.56x10”7 DALY 0.230 0.07

RI PM, 5 6.29x10 DALY /kg 1.08x102 DALY 0.570 0.08

ODP CFC-11 1.29x107 DALY /kg 1.32x10° DALY 0.030 0.03

POFP VOC 3.74x10"®* DALY/kg 1.99x10° DALY 0.500 0.08

7£: DALY(disability adjusted life years) k17 5% i 2 5 dr 4F

BTSRRIV (E N

g:iiﬂfﬂ%o 4

n=1 i=1

FET 2 BT SAT  3 R B AR Uy
ZMLCA £, WAk 4. XA PRI F FH 3R
355 5% Wi 28 2R R 32 LA 52 i 2 1Y ) A0URK S AT VT
B, AFBN5 07 AL 9 DIRBE W2 ] 7 A 2 5+
IEEACRI R W AR G . BRI
TG LCA I WA 5. 3K 4. 3K 5 hgm
RUFRAR AL “kg CO, eq” A CO, KKK R
GWP [P35 ) o

HE 4 LLEE, 7% 1+ GWP. PED. WU
) LCA &5 BN IEAE, HARMIEFEN ALK LCA 45
RAGUE. W& 5 ATLLE Y, 588 d R FHATAH EL,
GWP [#% T 34 kg CO, eq, PED [T 450 MIJ,
WU F#AIK T 47 kg T Z P28 R O g1 4
BRI, P e A0 ol o0 A7 R AR BB e T
Bl R0, AR T SR BRRIR T, T Bk D 48
FEid R R BRI TE FE LA CO, IMHEL. 15 1E 24 k)
BRI R, AT EEE AR R R . A AT
JIEEREIR A5, A KEE CO,, VB TS 1 REdk
DRy COL HEG  ARATS A Bl 2 ]

7% 2 h GWP. PED. WU. AP f{] LCA %%
NIEAE, HARIEGEmIEAN LCA 280 fifh.
& 5 A7 %0, PED FREIA S, FEAK T 200 MJ, GWP
A% T 40 kg COreq, WU BGIN T 90 kgo WU, AP
S LT 6.3%F1 4.1%, BRI Rk B R
WO BRI T K AR, IR SO,™
CO;” 5B Ca(OH), LR CaSO4 Al CaCO; %
ALY, SEmaRAL (AP) fH. HT7ERI&R
AR S5, KUe WAl A 2 it R 58 5
Wiy, SR )24 2RO 6 -4 2 S IR AR A Rk
PRAAKYE, IATi % 2 X FIREE M s 22
B o

J7% 3 th ADP Al ODP ] LCA 455 4 1,
HARIEE 2B LCA 45 BB IEME;: 0%
JsAGTHT PED FEIEWI R, FECT 460 MJ, GWP [£AX
T 6 000kg CO, eq, WU FEIC T 1800 kg, F= %z A
RN ACER L, E WAL BN 2 5 A
L, BT s BE BRI B B R Y,
7, BRI, LRI, AEEE R
TR B T O FIE I FE - & . 7 % 3 Tl &t
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Tab.4 LCA results of three iron tailings resource schemes

7Ty A e P SI T LA 4R

A by AL FEL K2 HE3
GWP kg CO; eq 0.91x10*  120x10°  6.59x10°
PED MJ 425x10°  7.39x10°  7.67x10°
WU kg 0.57x10°  1.48x10°  1.01x10°
AP kg SO, eq 225x10°  2.75x10°  9.61x10°
ADP kg Sbeq -4.05x10°  -6.91x10°  -4.38x10'
EP kg PO,” eq 2.74x10*  -3.52x10" 8.99x10°
RI kg PM, 5 eq -4.83x10*  -8.95x10"  2.05x10°
ODP kgCFC-11eq  -638x1070  -1.04x10°  -3.74x107

POFP kgNMVOCeq -1.85x10*  -2.33x10°  3.95x10°

RS IMBKETFRLAAEE LCA MEK
Tab.5 changes of LCA before and after resource

utilization of three iron tailings

IREERAZE MR bR PRSI A5 A2 A A
LSE AL HEL E2 3
GWP kg COseq 3.4x10"  -4.0x10"  -4.6x10°
PED MJ -4.5x10°  -2.0x10°  -6.0x10°
WU kg -4.7x10" 9.0x10"  -1.8x10°
AP kg SO, eq -11x10" 8.0x107  -1.1x10™
ADP kg Sbeq 2.5x10°  -1.0x10°  -1.3x107
EP kg PO, eq 9.0x10%  -1.0x102  -1.4x10"
RI kg PM, s eq 32x107 -2.0x107 -2.8x107
ODP kg CFC-11eq  -1.3x10"°  -2.0x10%  -7.5x107
POFP kgNMVOCeq  -1.0x10"  -7.0x107  -2.0x10™

2.2 REES

R HE_ IR, KIAE 3 A7+ GWPLPED,
WU #r= B s, Rk, AWF5T3 206 GWP.
PED. WU 3 5o 80dl RBUS AT 7007, XL wE U5
ORI IX 3 Flgma R A de by, tHE AR . R
{CRIIREE (IKE) B A FRA IR I/ELE LCA 4
Frig it eFootprint 714 1 GWP. PED. WU (K
REGJE, BB AR i RN 25, A
fEEE e TR . RBUZ T4l R IE 6.

6 ML, J75 1 76 BRHBRE Ik FE Hpox <
Ak (GWP) FEM s KR CO, HE, DTk A
88.73%; J7ZE 2 {EA RIS A FE A 6 W 4% g YR A
(PED) 5 M 55 K IR HL )W AR, DTk N 89.26%:;

Ji%e 3 e A R K BHIETEAE (WUD 52
Wi 5 KPR 258 T /KTH AR, DTk 90.48%. 45 &
KA TH, AE 3 BRI S, IS i K
FIREWRAL N RN REIRTHAE (PED), AL
& (GWP). KBHRIHAE (WUD. DL, fEJREE
WFFEAR N BE 22 I RE IR #E (PEDD U384k
(GWP) DLEOKBRIINAE (WUD, FEARX AL
AR
xo6 IMNERIMABRFRHERYE S
Tab.6 environmental impact type inventory data

sensitivity analysis

TiH RN A ISR S TUHRER/%
GWP SR 88.73
VED PED Bk 75.66
wU EPIIN 54.02
GWP K 50.57
E Y PED H) 89.26
wu EPJIN 67.20
GWP JR B 42.61
T3 PED Sk 80.47
WU EETK 90.48
3 ik

IS AT 3 Rk AT YR AL ) A= i SRR
BEsgm e, B r4ie.

(D 5% 1R &K e Aok fe
XPLG 9 FhEREEE MR BFRAR, 7™ AR IR BE 5 M R/
I A PED>WU>GWP, 774 (W PR 34 35 KNI
4y AP>RI>EP>POFP>ADP>0DP. #HEMELEL L
FRERT A A R ) A 38 In T A7) % RE VT FE
Ty BORHBGE S A R CO,, IIENR SN . R,
7 BE 2 LB BOBHB R B B IR 4 5 e 5 I R o R gk
1Tk, e ARE A SRk D R ] 1 .

(2) J7 % 2 FIH R il 4 UHPC ;=4 1 B0
B2 /MR 4 PED>WU>GWP>AP, 77/
R % 25 K /NS 5 POFP>RI>EP>ADP>0DP.
IR 2% L R A ) K e A L F )V R R 8
THEA RS R YR RE IR A KRR R . D
I, AT DL R A 52 A5 /N B R AR )RR
IKVE s WD KR AR 7 L R A ) R IR T AR R e
HeTs

(3) HE 3 PR H#pe gt 1= A8 (1) 3
55 R (KNS 3 WUSPED>GWP>AP>POFP>

T ITEEAKRZEFR (BARFR
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