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1 B MERERTHEMIDLTSARY K, EFRSEFRA, FEET R FREHREREERM, [EXHiE
i SR SO T R T M. Rk, DI RE LR 8 (magnetic resonance imaging, MRI) 45 K, @it Logistic 15
R OROTRIBE . Weibull 2+ 35548 A BRIXE MRI & E T AYRA B &R R B T, HxR
JE ) MRI B4 SEAT AT SR AL P4 . SET0IN, FRIE MRI 898 KM 2023 414 2 251 BIEKE] 2032 1 5160 &, BH
AR K FIK 8.6%, MRI AT AYIEARKHAT] 32 . 2023—2033 4F, FRE MRI BATIIAERE B 1476 HHEK
F3240 5, BIHRELSSEIE 287200, Hrp, Hekilgsk BT R 9 606 t, FekA 4 BITaT IR 125 700 t;
BBk LRI TR YIS AR AR IR AR . B L RO DL RS A B AT R RO R, 43R 40 400,
36200, 29800, 17700, 9700, 9500 LAK 9 100 t, WFFTLEH 0] M HE B I7 il T B & MDISCECR (11 78 K Hr= b & e 4R
%,

KR HEEITHR R BRNRG; RO Tiiafites A SR R IRACFRIH

R BT I 9% ( Waste Electrical and Electronic Equipment Directive (FL#s M BT &K BHE
4) ) (fF% WEEE $84) 5155 8 RE T RAFES . RN, BIFR& ek, M. S8 REeRmY
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JRPZIHBE P A T A

Mt AR % (magnetic resonance imaging, MRI) S&F AR PRI G i B — S B i e A5 i 45
B H T EZ BT TR 2 —. MTPEERFADEFIR, MRI &&TgLRIRE, hE 1A,
2015—2020 4F, HE MRI AR E(OR TALEMIX . #Z 2020 42, H1E MRI &&RAEE 17751 f.
SR, PERMINIEEL, F82020 FHEE T AR AEREAL 8 7, WEEs THALEER. Tk,
Bl E BT DA B8R . MR FR B R A& BRI, MRIEHDGRA

MRI 55 BB H R . BEERYS . SHLIE . TTRALR GBI 5 Haak, ik 2 i
o MR FERAARIAR, MRI A A4 MK REE MRI RS MRI, 350 b S BRIk & 4 gl
. Hor, MRI AR RS 700~3 000 ke, AT AL, BEIRSIE, B aa 0
TRREM B 5 o SRR R R 2L S A TR L (20%~30%) Tl (19%) Ak, )1z T
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1.1 #EkR
MRBIEIR T ERGEIT R, 2% 615 & B4 4 (organization for economic co-operation and
development, OECD) /" S5 Jr Ml | AHXSCERTORH S BT P Tl AR DGHR A5,
1.2 MRI RE2EE
Logistic BIRUE—Fpg WATAEL LA I, Tz H TR A E AR U D ute, 4o
Kl 3 Fis, B i R RS RIph 3G KA, Logistic B IARR RS A T A A =S
HAANYRA ERKEZ 5K 4 BB SHENT 02 1, = FRAAKY; MHEE
0.2~0.8 Z ], AbTFhmsAKH; HHEKRT 08,

1.0 s !
VP AL TR K M7 AR R T wkmw
AT PR 2020 AFFRERETT AL MR B4 I
WAEAL 8 G, TR THEALERIN, BEE
BEIAATIRR T, K2t g i, psiai KB P
Bt, JHRAIEETHANEL F Y %
Logistic SAIEIAAIZ (1), (2)-
‘Z—f =aF(1-F) (1) O EAERIA
F = & (2) 0 At tO
m 3 Logistic f2EIhZkE]

Krf: ¢~ tETG AT ABYRARE; q, T Fig. 3 Logistic model graph
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i KA N 5 F oA AR A AR A SR KA T RAEZ I, a MEE. SR
= 3).
1
T T4e 3
M MRI A In(F/1-F) SR ¢ fAAELMCRRT, BRI Logistic BERIXT MRI %44 R- A & il 1T
T
1.3 MRI $HEEFUN

IKERBRIE DR AEemER, /# #F1 GM (1, 1) ERWTUNAEEKT
SEREOTHA TR GM(1, 1), X34k B Table 1 Forecast accuracy level of GM(1,1) model
e BERIIE K A", R0 e S s P —" —
BT BUERIERNG, PR, (50 o o
MRFIE . BT MRI A 2% 18 8 A AR 4 o o
A, BFSGEIE R RGILER, b MRI HOf 8 ) |

SR A% <0.65

TN, HET 20142022 4F MRI AR5 8
SEREERD TR 2023—2032 AEARAE MRI 4B ENEYT >0.65
F 10 GM (1, 1) BIRIGBIIR KR, Rt
TIPS TREBEPFAN,  PRAEAAL A T SR PEIZ SR A RE
1.4 MRIFHSH

MRI 548 F M — MR 10~12 45, EfS FHERERUIUR Y 22 57 40 T BUR AT BUR S 1 I i i K 1
Olo HAET, BHFEHEZRA Weibull XTHL TS AFanlif 7704, 41 ISLAM 5 HUDAPRILHT 16 Fiok
Z WA I TR IR A A 0T ;. KASTANAKI GIANNISE! il F =24 Weibull 437 bR T 1 R
27 EREF e A Ay TIAN 25200 Weibull 405 5 T LED 7= 6007 ; HE 2530600 FHah4s
WIFLEEAN Weibull S35 TR IHFHLA A i 1 MRIFERES PR T4, 5 LB G A U 4E
Pe. DIk, ] Weibull 4455351 MRI 5 AR MU A= S ARBERER . Weibull 525 o
B, Weibull BEWLRREAI 4). (5) FR.

B

P(x) = a(g)ﬂ_le'“/‘”ﬂ @)

F(x)=1-e Q)

AP x 8 MRUBEFFAr, B4R, 05 fRIPIRSEL, o RIHIZE
1.5 MRI RESHER

IR e BONARRLAT . T A B nEARER | O REOMTRAAE . Horh, HE AR
BT PR HOH e VR R A L R o TIIORAT B R BT R RG 2E RAFRO AT R S, HARE
H BT ZEAR BT B R FIRCY T By 7L R4 MRI PSR | S D el , sl
Dy A BTUTEIN HAR R b O HERR . ABPREA G A BRI Y i T BE A A Weibull BE3R7>
i, DARHAE AR B AR BRI AW A s RO A

il A SRR (6).

Ow = ZSiPi (6)
Kb O, WHAERRIHR ki, 5 S MIZERR  AFRn= i a, & PN HAERTTHE
Ay 1 AR SERTE A, 1 R SR AR
2 #ER5E

2.1 MRIRBEN
2013—2020 4F, FE MRI G5 AXEARMN 3.13 BHKE 7.65 &5, EAFHHKREH T 11.8%,



2058 ok L B ¥ W 18 %

mE 4, Hir, FREERECR N 36 976 %, T T o AR e AT RBUNE
T MNEEETFYE 026 %, M2 T, HAE st

B A 8 205 &K, CT 545 A T AXIRA ik
T 110 5, MRIEEH AT ARG EN 58 &5, F
IR NI EITHLA 0.65 %, BRERINA
CT %% 1.69 &5, MRI %% 0.89 &, Hitk, LIH
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0.65 %, HEFER MRl ¥&S% CT #&5E

EWPNSIT R
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{EM 3.39 K E 8.62 &, A KRR Fig. 5 Regression linear equation
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K 6. 1E 2032 4%, F&E MRIEEILBEERBEA
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{ﬂ'ﬂ?ﬁ%ﬁﬂ%‘z 2. 2014—2022 ﬁg’ a:—k MRI %ﬁ%i Fig. 6 Prediction of MRI availability
M1 146 BGIHKE 2391 &, EAFELEKRIK 8.51%; KON 2014—2022 4F, FK[E MRI F58
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TGRS MRI PHFR2EAL Tk g7 MRI MERE
AR, Hlidgdi oA 2014 4E16 33% (%
fIKE 2030 4E/) 3.7%., H#, #5578 MRI (i
FLBIE RN T 86%, FHAEA T HL APk A B T
w2032 T N K 95%. It
2014—2032 4F, 7K@ MRI ¥ M 378 G IEIEE
144 &5, TMi#AS A MRIK 768 536K 2 5015
5, BAFHKAEIE 10.38%,

MRI % 75 Weibull 5311 25t IR REH
7.6, B4 ol 6.9%9, MRIRIE4EIR 5 Weibull
W3R % 3 PR B I AR A RN 5] 8(a) T 7 o
MRI #4555 3 4RSS 9 AR Rl 1%
99%, I MRI (75 An EEELE 3~9 48, fil
BRI 3~9 LR, WEREEE TR
Ja ) 6~8 4F, N ERE) 87.11%. 2023—2033
4 MRI BAAHUE RNE 8(b), 2023—2033 FFRH
MRI AR 1476 GHEKE 3240 &,
BEFIRER 7.4%, Hrb, KA 385 &5
WE 222 f, BSAE 1091 B3R 2 3018
fo HTHESR MRI 375 EERW K, HAE
RN AR, EEFMEK RN 9.7%,
o TR
23 ZHEFIRA=E

5 MRI Him—Bh 10~13 to [BsEHE F8
MRI FE & H 11.5 t, KEER MRI B EEHR 12 ¢,
WS R A B 31, PEkAaHE N 5.8t,
DLt 55 At MRI 15 46 v (4 64 kL & 8 0L 3R 31,
2023—2033 4 MRI & F IR A A 9, 2023—
2033 4, FKE MRI 555 UL S E ik 287
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Table 2 Comparison of sales volume and model forecast

results in 2014—2022
Ay EPEERY/G BRIEINS SRS HXHRE%
2014 1146 1146 0
2015 1291 1364 5.606
2016 1391 1 475 5.996
2017 1704 1595 -6.411
2018 1838 1725 -6.171
2019 1932 1 865 -3.449
2020 1898 2017 6.284
2021 2136 2181 2.115
2022 2391 2359 -1.361
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HTRERIR G b, AR5 L R 2 R S ek 5~ %3 TEIZE MRI #HRIELH)
10 kgm] , Mt IeE S EL N 1250 g'i—%_mg]o i Table 3 Proportions of different types of MRI materials
[ 20 t BRFFE A4S MRI, (K440 P
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Resource recycling potential of magnetic resonance imaging in China
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Abstract  With the expansion of Chinese medical device industry, scrapped medical electronic devices
increase year by year. However, its annual scrap volume is unclear, and research on its resource value is also
limited. Therefore, taking magnetic resonance imaging (MRI) equipment as an example, the Logistic model,
grey prediction model, Weibull distribution+market supply A model were used to predict its per million per
capita ownership, sales and scrap volume. Meanwhile, the resource availability of the scrapped MRI equipment
was assessed. The results showed that by 2032, MRI equipment sales would grow from 2 251 units to 5 160
units from 2023 to 2032, with a compound annual growth rate of 8.6%. By 2032, per million per capita
ownership of MRI in China would be 32 units. In 2023—2033, the annual scrapped volume of MRI equipment
in China would increase from 1 476 to 3 240 units, and the cumulative total scrapped volume could reach 287
200 t. The cumulative recoverable amount of NdFeB magnetic would be 9 606 t, which was 125 700 t for
niobium titanium. MRI recyclable aluminum, iron, circuit boards and wires, glass fiber reinforced epoxy resin,
copper, low carbon steel, stainless steel were in a descending order, respectively 40 400, 36 200, 29 800, 17 700,
9 700, 9 500 and 9 100 t. The results of this study can provide a guidance for the recycling policies on end-of-
life medical electronic equipment and its industrial development.

Keywords end-of-life medical electronic equipment; magnetic resonance imaging; gray prediction model;
market supply A model; resource utilization
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