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Predlctlng the Recychng Potentl-él and Evaluating the Environmental Benefits of

Waste Electrlcal and Electronlc Equ1pment in Beljlliig-Tlanjln Hebei ‘
CHEN Pan" ? SHI Xiao- ~qing' " 4 | / J r

(1. Sfate Key Laboratory of Urban and Reglonal Ecology, Research Center for Eco-Environmental Seiences, Chinese Academy of
Suences Beljlng"'lOOOSS China; 2. Unlversmy of Chlnese Acad‘emy of Sciences,Beijing 100049, China)

Abstract Waste eléctrical and electronic equipment (WEEE or e-waste) is a significant urban mine in the Beijing-Tianjin-Hebei
region. A comprehensive and systematic assessment of the amount of e-waste generated in the region and the resources and
environmental benefits of e-waste recycling can provide scientific basis and methods to support collaborative and accurate management of
e-waste in the region to solve resource and environmental problems. Based on the improved ownership coefficient method, material
coefficient method, market value method, and pollution coefficient method, this study predicted and evaluated the recycling potential
and environmental benefits of e-waste in Beijing-Tianjin-Hebei from 2010 to 2025 by estimating the production, amount of recyclable
resources, resource recycling value, and environmental benefits of waste televisions, refrigerators, air conditioners, washing machines,
and computers (five major e-wastes). The results show that the amount of five major e-wastes will increase continuously from 2010 to
2025, with an annual average growth rate of 7. 75% during the period of 2010 to 2018, and it is expected to increase at 3. 07% after
that. In 2025, the amount of the five major e-wastes in Beijing-Tianjin-Hebei will reach 1861.74 x 10* units, with recycling of
ordinary metal, plastic, and precious metal to 27. 19 x 10*, 12.75 x 10*, and 19. 45 tons, respectively. From 2019 to 2025, the
economic value of recycling waste air conditioners and computers will be relatively higher than that of other e-wastes. The sum of the
economic value of waste air conditioners and computers is 77. 22% of the total annual recycling value. The economic value contribution
ratios of copper and gold are 43.37% and 19.82%, respectively, which are significantly higher than that of other resources. It is
estimated that the total value of resource recovery in 2025 will reach 5. 02 billion yuan, which is 3. 13 times that in 2010. Among
them, the recovery values of common metals, precious metals, and plastics will be 2. 87, 1. 33, and 0. 83 billion yuan, respectively.
If all the five major e-wastes generated in 2025 are recycled in a standardized way, it will reduce the exploitation of primary ores by
913.23 x 10* tons, the utilization of standard coal by 122. 71 x 10* tons, the emission of waste water, waste gas, waste residue, and
heavy metals by 1231. 19 x 10*, 473.89 x 10*, 785. 10 x 10*, and 6. 08 x 10* tons, respectively, and the emission of greenhouse
gases by 32. 92 x 10* tons CO,-eq. Waste air conditioners have the greatest recycling potential, but the recycling capacity of waste air
conditioners in processing enterprises needs to be improved urgently. To effectively exploit e-waste in Beijing-Tianjin- Hebei, the fund
subsidy system should be improved as soon as possible, the supervision and management of informal dismantling departments should be
strengthened, and a regional information sharing platform should be established to realize regional collaborative management of e-waste
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throughout its life cycle.

Key words: waste electrical and electronic equipment ( WEEE ) ; recycling potential; environmental benefits;

Beijing-Tianjin-Hebei

G YSAE PR P2 A A 25 ST s e Ml T B

TR TR E T B, A i 1o 25 U5 A5 A7l BE
/ﬁﬂﬁﬂﬂﬁﬁﬁ GRS SRR IR T Y IR T 1A
Rt EAE S 2 A A T 5 2R
R, R L v i 5™ ah AR 77 A 1 El i 700 7 t,
JE AR — | T WO A4 B A B 209, 1
TS AEHE KPP P 7 L i 7 i (TR
FY) A G BR  R AR EDRL AERCT Fh T
[ e B, R T A R AT L HA A Y
TSR A 7 TR o R S o T 4 R
HLTS YW, b BN 25 2= 45 DX I PR 05 00 A A fet B i i
FEE IR il L R S e AR T
FEHUF IS 109 SRS L fe L 17 A AL BEEE G 4b
WAl A AR BT BEAE S 1. 5 426 AEZZ A
gt AR BN M 7 2SR, H T2 80 %Y HLT7 K 57

{B/JILTLJHEEﬂ‘ELIﬁZiBH T FAR Y 82 B [ g Kb P

AFEAT J'JH’J 509, A1 7= fgid 37 %?i?ijz‘?%w
LA eI o AT
i&@?ﬁi#%?ﬂﬁiiﬂﬁ{ﬁﬁﬁ@ﬁ&ﬁ%ﬁj@Wa
T B SRR LR 1 2 BT PR s
%%?Jﬁﬁ%ﬁiiﬁ%ﬁ&,ﬁi%ﬁﬁ%?%
ﬁ%lﬁlmﬂﬁﬁﬁ’] Tl s MRS R0 AR Hﬁﬂﬂ?%’*
IE%AEE%AEIJ%%JL&EFE%L@ 5 35 ik 4 I U
3£ K LT B ) A AR 2R, 38 A D% e T
JE SIS IEAL AT A TR RN AR A
[E4h2% % Tran 2510 . Abbondanza %“6
207 K Parajul 25123 5 5T 9 B 0 L TH 3t
LRSI I [ P 51 AR B IR O 7 A0 R | LV
BT H AN PR 22 B 1 IR il 2k e S b BT & 6 )R
AR B 5 AT [ g i R AT U5 [ N 2% Duan
A Zeng 2P0 Tan 2521 43 55130 2 Y 5 IR S
T Wi ikan A BRI A o B R AL T E A% 26
LT B A 10 7 At Y W D, Cao 452
Gu 55 RSB 5524 3 BB F il S (I 45 A A0 My
THARAST R RN % i AR AL X VT4 6T A R
T HL TR SRR R AT I Xue 28! Rocchetti
41200 Aleantara-Concepeion %7 Song %1% It
Menikpura 25 43 I3 Ay I 07 ik Ak T
JE 3 ER il FL Al ( PCB) (BARR ST 4 B /R 2% (CRT) |
FL A | LR R 4 o 52 T L A8 TSR 7 2 1 R B AL
gk AT UL AR 2 T E K A AT R
TR S 7 A B AR I B A0 R T R 2 T % 2R

Imran

WEEE management;

TR A BEUE T [l | PR UE R 2 T MR
BER s LR A 1T

A WG R W 2 550 [ ORI 2 AR A AR I
PR 5 b DX 35 31y, X3 DI ) 45 B B 8 A A5 PE o fl R
SR X Bl , B v DX AR DSR2 2 AT
A SR AU, 2 DX e AT 8 2 e 00 U s Ml
X BT E B A 28T R o, 2017 AF XA 77
52 E 10%, Bl TFEREHEA SRR B8R
FE A A B %) B W X b XN 101
¢, RS HL 77 A R % B M % FE 3 b T 4 E AR
B A7 e A AN i B R 8 3 FeARTE LM Ak
FRIRI ) 5a 4 A D 2R 5] ﬁi%?‘%ﬁ%aw\ﬁ‘kﬁ
BRI A BES T lmiﬁn*ﬂﬁﬂﬁﬂﬁﬂﬁﬁﬁr&ﬁiﬁ?
TS 7 f“ﬂ?ﬂé%‘ﬁ FIREST i 29 T X E#ﬁ’%{ﬁ EA
. (e @ﬁmm&%mu&%» E’J;&b‘@ %Dﬁﬁ%
UGS R AT ﬂﬁ@’a?}‘ EWSEA f'%l:iri%%@%#
7| El%cﬂﬁﬁﬁ}ﬂﬁ)%hﬁ?%ﬂ%ﬁ AN S {iﬁﬂﬂl:
H T S SR 00 B RSP, R
Sy HRE LA A S L DA L RS I
AOFBA A 0 TR R e Al 2 SR T
- ST PIE] R B AR S R O i, AR S i
ARV HIIX K 7= SIS H R AN A R R 2R 5, 8 H el it
MIERAT e R R i F R 7 A i A B T
P, I AR S I IR R | R R (R A
PEVR PRI AL 45 55 48 br B0 I B PEAL 5 E B b X
2010 ~2025 4F FEHL 2 79 1 B U DS R v
FIREER LS. 7R S b, 32 X 2 52 W 9 U
AR IFE HSR WS, LU i X e F 2 54 (R
FHERAR RS B S H%.

1 BRI

1.1 X4

2015 4EFR DR FHL A4 HL 7 i AAZ SR Y
BL—" , B LKA | 25 0 DR AR AL AT ML 55
5 R, TRHN 14 28, 53 T UK A B IOK
i AL FTERHL B2 ENAL A% EHL W as o 3h
A TR HLAT R A HLEE 9 25 Y A IF g R
WY, “POBL— Rl 7 5 287 i 0 4F 4 % 3 o o Lo RO
70%, FEUR AT [ i F oAl = 5 0. B RTH R
Yrge AL S DL DOBL— 1 ™ P R 3=, 8 A0 I
B R, ASHIESY DL R EE B 4 VR 7= A
“CPUBL—AK "5 277 5 oh B BEPPAG XF 42, X U S



1978 ®

B 41 %

X 2010 ~2025 4 H & 55400 9 6 I U R FH v 7 Je
IR AR HEAT A 4B, Sk DX 3k H - 12 7 4 [ i )
FH YRRV PP B A S %
1.2 WFEFY AR %

FET AR, X5 8 FivE H B 54 7= A i
VEAG 77 125 R B 2 SR AR il a5 AT A8 45 0 L A

MEDRAS , At 2 DA BB AT G H AR 42314, B
TS AL 22 TR T 2R
R B L il A RE R R R R
A IR R IR T 5 HonT S8 BR H S 4 R AT S X
SR SR I SRR 7 AR A B DR, AR S
FEORA 1 AR ROE 0 B B X R 5 AL — i 7

AR m P s 2 7 i e e AR e T
R1 BTFEFRMTEEMGEAELR
Table 1 ~ Comparison of estimation methods of e-waste amount

UIRES ol sk s Besd

T i s KRB BRI A T R R R
[EEZ7iCia S B Y A R S Ui b SR> H 5 N ST 2 A
nimfksy A SR By 7 A Eikige a7 i oA PR 5
HraH R B " f AR A CiEiEEREin i oAl BB By i s
REEHGRERTR S 7 RS R IR Ak T R L) R T AETT AR AR SRR E T LB S
WA SR s PIUGAE Oy B B 2R A =
R s TR T SR RS U7t e
W B LSO R SH IS EARBRE | SR R

- ot 3 {01 75 i S

BARFHE AT SRR SR NS AR ﬁf;?gﬁl‘w’ﬁf’j Apsin

(AT T RO IS L B T 77 A+ m%@
FHAFBR 28w 258 n @mmfm+n$wﬁﬁ
R AR W0 4 7 A 4 TR A T
mJt+m$E&%Eﬁ%iR+7%TﬁJ {

] " i -..H XH/(n—m+‘1) (1)

g Vi - (H SN +Hij)/100 g4 L2y g
K, P L jﬂ z+m$)%§%ﬁ%%§%¥?nn$ﬁ)%
i, $LL H, N5 ¢ A g8 7 7= i gk & O
Hi, $ﬂ nﬁfﬁnnﬁﬁﬁ%{%@‘iﬁﬁﬁﬁ*ﬁ,m<n,ﬁ\

FRYEAAIL  HL UKAS | AL AN S R A AR 10 ~ 16 4F R
%&J}‘iﬂ*%ﬁ,fr%ﬂﬁﬁﬁ 4 ~ 6 4N g
W) g Ry AEA t+m B ¢+ n AR R
55 AERT AR S AR A LB, URRIR IR AR 1Y A
H 0N ¢ AR AR b e R E P RE A
Eﬁ%&ﬁﬁ??ﬂnnm;&i B (100 7)) TN R
N A SR AN A AT F B P 8, B Y HY N
H F0 N P06 T 45 M Ge AR 2.
CA ST 2 6 — M HUE B (H, 20 T
b IX 285 & i 5 T B R BE I 9 /KT 25 S v % R AL
(R RZ . PRI I, T 30 e o A ) X R 7= it R AR i R
EHOEI 4 EY LR W R S/ d - BIRE 8. AR N )
TR FY A A A R R e . S R =

RFEQEP,H +m AR ERFEMRIEE P, 0
R
H x N; x 6" H; x N, x 6’
P (3)

“n = 100(n —m +1) T 100(n —m + 1)
AH, 00 0" 4 5 A SRR AR RS 1 7R i R R

EE%E%{%EE ”’F'/Tﬁzﬂ:i%ﬁ maaﬁﬁﬁuﬁﬁ*&
B 52 S ( CRTIPFLBE,  Eh  E H3E4)
I, Iﬂ:l:h%ﬂﬁ;— ] HL A E’J%ﬁ%%éﬁzuﬁ
100%. [ g r.

W R FAR AL AN, 275 SR [ 33, 35}&45%i
UL, R X 2 ) 3R R 2 ) 2 i R
/ﬁ%7k¥éﬁ§#,Jﬂjha&%(iﬁ%ﬁ,ﬁ\mfﬁmmﬁ
I 2B R 60%, b5t RFEEA R K] A6 3k 1%
50%, W ALAAT N 40%

LT IE FroR RA 455 i B SR AN AL S HLAR R
W MEE PR St e IR i A o 7
A i 5 R R R T S At A A — 7 L] R
WEER ¢ + m AR ARE B Q,,, AT RN

Qivw = Py x (a +1) (4)
K, Q,,,, FH ¢ +m AEFE R DB, 5
B o WAL HE ™ 5K 5 5 5 e R K 53
B L, P B SR 5%, VEACHL AN vk AR 115
K 2%, % 3725 VAT R B 30% .
1.3 WP IR AT e S A R

B HEL 1 374 v T 25 SR R BE S B 1009% (BTl
IR ARSE DR R BT AN AEIES ¢ + m AP TR
SR ORI R e R, R B, M (T R
INH

(5)

E.. x 8, (6)
FIAN o A A S i B B IR I,

5
J _ i
RHm - Z QL+m X w; X pl]

_R]

t+m



4 Wil 45 . mUHESE LTI S0 RIS FH V8 0 39000 S R S A 45 TP A 1979

AT IS ¢+ m AR 57 5 P2 R BT IR A4 [T
{E Si+m'

7
Si+m = Qi+m Xw; X Z (péf Xaf) (7)
i=1

N (5) ~ (7)), R, N ¢ +m 4 PUHL—
Fii v IR AT RO PR ke Q)L R ¢+
m AR G PR RE B . B B S e m
AR PUML— A w7 R A AT RIS R, BA . C.
Sy W N ¢+ m AR 7 A A TR B AT LR
{8,500 T8, p, N i P D j IR
B0:% . w, 2 i B i P & B kg 57§,
R j BRURAY 2018 AR AL T kg i R
HL R S0 00 7 il S A YR AL . VKA . 25 L

L THEAL N BRIR A SR, MR R kL &L R
A B

R2HIF T HLRFEAY - ER K
VT35 & RN A o S BB TFIERY
B34 T i OE 4 JE RN YR ORL B i Oh 2018 4FE R
ARG T IR S 9 I A B A L R B RO B 4
J& 5% SCER[ 20 ] . 3 4 8 AR RL G A0 4% R
B F AR R TR PR 2, B A T R M A Ol
AR 4 8 58 5 i, £ B8 I5 09 40 4% 34 2018
AEOT- M (H. 22 BHE K U7k BRI, & AR I R
2010 ~2025 4F 5T H 3 XL F R 35 9 9% U5 [0 Wi
FI 3% 5045, R ] 2018 4F % I 7 25 4 A% % 1
AR AN (BT A B

K2 BREBRTFEFYWTHESERERFEFHLIETNME

Table 2 Average weight of various e-wastes and resource content in e-waste

R

SiH P E A 3 4 % P JE R S

) /kg- 77! #(Cu)  HRAD  B(Fe) & (Au) H(Ag) B g /%
VAL 23.47 4.00 3,00 53.00 0 = D 0 /26,00
VKAt 40.09 3.40 140 50. 00 o [ 4 o 0 0 A 530 |
Z= i 52.38 18,50 .00 45.90 o S & A 0 & 17.50 ¢
HL 20. 00 3.00 200 _...10.00 1.40 x 106 J96 X107 0.7x1070 gl 23.00°
HEHL S 110,00 6.47 , /288 29130  4.60x107% 2.32x10 ¥ 12.08x10"° 23700 |
YU ke / T ke 7 — 45.00° 4 /9504 2.00 3.20 x 105/ 7400 0% 2.70 x10° 650"

A *
%

L4 | wrBmmpoRssaaie s |
B3 R PR R

RN B e Bl 5
U B R R 4 3 e T R Y el

T B2 3 7 L 4% T T IR B Ak 2k B PR
BT AR BEK SR B i B R TR 45
PO TERHR . T R LR A R B Al
TR HL T ) AR A0 7 A0 9 BRI FRL BB o f
FY5 YLl MY K B T S R b B

A 8 8 g o
B 1 B B, 945 A L T BB gE HE 5

B FEL S AR T R R AR B, SR R

1 & TR S s 0 Y R R 4
% Menikpura %87 [ 5F 58 v B 6 LT IR 55 9 TR
WA T B T % UM (A CO,-eq 1) HETC A0
2 PR TIEFEY A A T R
AT £ 28l 7 R 7 W b 59 & UM (R
CO,-eq 1) HEjik 5.

£3 1t BFEFYOGH AB T RRERHE

Table 3 Inventory of resources and environmental benefits of recycling one ton e-waste

e %é@)ﬁ*)ﬁ%ﬂrﬁj‘zﬁazﬁ/t WIS/ /)ﬂi//lm%é%ﬁi
e PR &K EA & i LR (B CO,-eq i) /1
VEAHL 6.20 1.04 18.25 6.77 6.55 0.01 0.55
KAE 15. 00 2.27 23.40 10. 58 13.90 0.002 4 0.47
2 26.20 3.21 29.50 10.31 21.10 0.007 2 1.06
AL 9.19 1.38 16.32 7.82 8. 48 0.48 0.13
EL 18.30 2.71 24.58 8. 87 16. 98 0.44 0.26

BB 7K 54 100% L BT ORIl AR

P S AT RIS e R BOE S ¢+ m AF 077 [DSOR)
FHP= R R IR A4 57 By, , AT RN

B, =0, xw x¢x10~ (8)

K, By, AR ¢+ m AR 7 TSR] P A 8 0

PRS0t Q)L N+ m P

RS, AL 5w, R B A R

fii:kg- 37" @ BRI 1 70 i 77 A i & TR
EINTR S € L VAT

2 HR5ITHE

2.1 AT
FR 4 BU B A5 L A 1185 , 75 31 2000 ~ 2017 4F
UEERE Y X PUHL— I Y R S R A, WA 1



1980 A a1 %
Ji7R. BT, mUE LM DX PO AL — il 19 S 2 f 5000
AW, 2017 AEPEACHL OKA 259 L 4300
i WL 4> ) 3716.83, 3708.21, 449418, g O
2.693. 4114 442. 78 77 £7, 4 B2 2000 419 197, 5 o0
271,761, 14.29 F1 1.49 f%. 2010 4, AL £ 2500
A58 GRS TP 52010 4607 Yo ML LBLR g 2000
LKA SR T RO IEIZE | FLEACHLA Lk & 1S
(AT B4 BE0E  TS2 T 2 0N, 2 VA o g o
A R B LTS, 2017 AR IR A R 0

CUR e H A, L At ™ b

454 2010 ~2017 4FHUEFL PUML— I O AT =
fﬁé% A R TR R i R EOAAS B R S Y

— i e AR, il 2 TR, Hor, 2023 ~ 2025
E%ﬁ%ﬂmwﬁﬁ,ﬁ 2010 ~ 2022 4F = A il 2 30
KPALER. B 2(a) ATEH, 2010 ~2025 45 HE
Hi X DAL R AR TR, Hi 2010
~2018 AEW[AE-F- 3K R 7. 75%, 20192025
ARSI AE 4 3. 07 % B3 B2 16 344 443 ) I 992010
~2018 4F-. 2025 AP HUH LML PUHL— I 7 4R 1%

I3k 1800 7 £3, 722010 4FHY 2. 2 [ @2@)?‘ -

T g L, ’2010 2018 @m{iﬁﬂ@f&l'

S2S8288588zz522223
NNNNNNNNNNNNNNNNNN
4
El1 2000~2017 £RERTOHN—B"EREERTE
Fig. 1  Number of household possess five major electrical and

electronic products in Beijing-Tianjin-Hebei from 2000 to 2017

[ A4 K 46. 01 J7 1,24 4. 18 kg=A "'
2019 ~2025 @ﬁ;ﬁlﬂﬁﬂi?ﬁ@iiimﬁ ﬁﬁ?ﬁ%

59’140%,,33{{:\_7(7{7]%9, 2y i ik ﬁﬂﬁdotr

K3 Jiﬂﬂér 201012015, 2020 % zdzsf

“PgAL— Hﬁ”%&’%i&ﬁﬂth&ﬁﬂ: 7. %ﬁﬂﬁ%
KM%DEEM(%@%&%R&E&%MEXT%E 534 14
15102 ﬂﬁtlﬂ%ﬁiﬁﬁw}\ 2010 4 1) 7% 1 -,
2025 4F1 21 %, ﬁk?b/‘):ﬁﬁ%f%%u&’:@ﬂﬁﬁ?%?‘

sl AL Ja@"m' 82 J7 1, Bii1.2019'4 2025 ZF 1y
2100 -
(a) Hhit = AL = L]

1 800 F

@ 1500 ¢

; 1200 F

e

=

= 900

=

- 600
300

0

W mh

= 5L

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

60

(b) Wit
50 b

40

30t

5 | IIIII

7 AT 2 T T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

4

2023 ~2025 4R 7 HLIEHE g 2010 ~2022 4F 137 K ™ 2 i (1 Z R4 25
B2 2010 ~2025 FREREF N —W" ~EHERESE
Fig. 2 Quantity and weight of five major e-wastes genrated in Beijing-Tianjin-Hebei from 2010 to 2025



4 R

SO S ISR s 0 00 B PR 528 4 A

1981

P2,

4 X TR R LIRS T B R4S
RIS ALE A R TR 22 TE 5% LA, 3R W
EN I R T R d =

7NN
37%;9% 31% \
’}“

M EISMKA A 2010, 2015, 2020 K 2025 4F
P DL — B HRE O o :

B3 2010, 2015, 2020 K 2025 iﬁ?«;‘%ﬁﬁﬁ

“Hy—ETHEES L

Fig. 3 Percentage of flve major e-wastes in Beljljng Tldn_]l]’l Hehe‘l -

“,a— in 2010 2015 2020, and 2025 1/ ?,:'.« F .

Y/ ;,-“’
o |4 fgé ;gﬁ P — " FEE%EA&‘

lable 4 Venflcqtlon of the results of five I?BJOI e, wastes ‘“a:'

CREe !
m LK
m il
m L
AL

(o

4 ‘ generated in Beijing-Tianjin- Hebg’i ;“.'NI | | -:.’

"yﬁ\.a.: x | L HEE (2016 4F) | i$(2014.5¥) ;_
AV e | 0 1427.04 F 90 P
Sk 7T G 1459. 6131 213, 93T
HXHRE /% 2.23 0.38

2.2 BT D RSB (DA

HFRAK(5) ~(7)K5 2010 ~2025 45
Ml DX 3 DU BIL— A A T DR AT [ i e R 28 T Y
g, & 4 ~6 fros. B 4 B, 2010 ~ 2018 4F 1
(], 4% R AR 1 R [l o o AS Ui 384, G Al % 9
AR f2 ;2019 ~2025 4EHH[E] | H A 8 Fn 38 k) 1
F AT I 3R PR Ry DU AL — ™ v Ak R R Y B
SEARER R, WK A SRR ) R TRl e B DU AL —
™ i P e B AT 0. B4 JE B AR AE T H AL
THEHLH, 2019 ~2025 4E 1] — 3 % AR fL 5
JIN BSR4 R AT DIt AR A AN AR L T 2025
AETT [l SO | B AR 4 ) 5. 04 | 2,06 AT 20. 08
Jiov SR 12,75 T, 4 ERRIAR 4 B Ol 2,86,
15.28 F11.30 t.

Bl 5 R T &ARTRERNAT N ETTEk L. 7TE
H, 2010 ~2025 4 5T EL M X R 5 PUHL— i " m]
ISR A 7 22 5 01 TR LU ey, HLOHS BTk L
AW, Wit 2025 4F3AF)] 45. 18% . 4 Bk L

25

() 3 5 o e YA ik
20 F ——#H
& s
& v
= 15 F +¥.ﬂ'
= p
g 10 F
=
5 h
0 A P
2010 2015 2020 2025
20
(b) Btz ET W hik
15
=
|
: =
= ——i
=
5

2020 2025

2015
4

4 2010 ~zozsf$?~agsé,ﬁ U 41— B EFﬁ??—IEp&g
Fig. 4.4 Aﬁloufd‘ ‘of ﬁve malp_j\"g- wastes resource recnvery v~

0
2010

in/ BPIJlng Tlan_]ln Hebei from 2010 to 2025 =t

LR T4 {H‘Qow 2055 AR ] 5L OR &E"Fﬁki.ﬁ

VLI TR M A, 2019~ 2025 4 9] i 4 5 7
1,329 ZiAy. Wit 2025 AR E

&)@ A JE AR R
B D 1B 43301 oy 28. 68 . 13.27 F1 8.29 {47E. 4
MR & B T 54 R R A ORI B AR A
B2 H AR NAS, 5T LT 759 % 0T A A
AT A ] 53 3 4 S AN SR A T SR AT R YR 5
Eﬂﬁﬂ%%*ﬁ PR 2 P AL FR AL A T 5 4 1 4
B 2R AR A BR AT, B 7 1 559 9% oAb
FEA Y (=TSO FH ] A B} Eb IRTA At 8 R 7R 2855 R4
5 A —E 1 LA 3

HE 6 &, 2010 ~ 2025 4F 5T B X K 57

“PUAL— ™ B2 5 I WA AN D 384 . G v 5 4

PR A ML IR DI 22 BF (B 55 s, P A e M1 7
112025 4%, 7 DU HL— Mg " B I ] s AN (B 18
50. 24 12T, J& 2010 41y 3. 13 5. Hirp, JE 55255
AT AL B 1WA 18 23 91 R 22. 96 4270 il
15. 87 AZTT, 43 W& 3 LAY 8. 72 f%5 1 6. 03 £,
TR RS DUl — i B S A
77.29% . A] UL Ak JUAR I 5825 TR AT ALK BLh
L PR 740 [DSOR) ATl 1) T2 R 8 T A 25 R UL

ULAFE R, Bt 25 3 [ 8 R 24 ks X, 0 P 9 4L
SRR, 45 JEVR IR A AR B TR R
FH 2018 AEGEIE T340 4% X 2010 ~ 2025 4FHL T



T

1982 N 41 %
100
80
70 B
m
S 60t = i
ﬁ = ﬁ
&
=50 b 4
£ 40t L
i m i
30 b
20 b
10 ¢
0
2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
BE5 2010 ~2025 ﬂa?.i’“ Fma— B*”‘I@llﬂzﬁﬂ?fﬂ’]ﬁﬁ%ﬁmﬁﬁ / i
Fig. 5 Economic value contribution of recoverable resources in five major e-wastes m ﬁél]mg Tiiam]ih Hebei from 2010 tw{Ouf_ |
v [ [ A ' ,.«;'-“
60
B P
WL
| N
W 5L
40
=
N
g )
& 30
=
it
20 ¢
10 b

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Fir

6 2010 ~2025 FREFEEEF" M —” F iR EKESFNME

Fig. 6 Economic value of five major e-wastes resource recovery in Beijing-Tianjin-Hebei from 2010 to 2025

FY TR AT E TG, 255302010 ~ 2017
AR A5 L LG SE PRI 5, T 2019 ~ 2025 AFAl 5 45
SARAR. BRI, AR 5 34 2 5 4 W R el s
FHZS 77 T 3 () 22 55 {8, 0 PRt v DX el 1
1% F G IR TSR FH 2R 55 A, AR F 9 ] 78 B3
SCHESRAETT A 2R TR T S A A B
filh b, X 2019 ~2025 4F 45 0T M 4% 2E 17 1 5
Ak, R 5T BT S LR R 4 T E
BT -5 A

2.3 WIRIREEREE VAL
FEFIGY R BOE M 3 BUFIH 1t TR 5
VI BE TR T B | L 2025 4R R ], A5 A e
T X 32 H I 5 [DSOR 7 A 6 TR AR L
s, FARDLER 5. FAse oz 5 DUBL— i [l ) FH i 8
VRIS 45 R I, 25 VR R GRS A0 s A v, Lok
T 2 SARHE 53 ) 2 PR A ML L VKA | A EE i Y
6.38 . 4.4325.67 1 14. 10 £%. PeAHLYT 2y 54 B}
/b AR R & SR HEUR D, 27 2025 4F 5T



43 BRI S . O L 8 Sy ISR S B R RS A 2 VA 1983
T DR T POAL— i e WSO T, BRI I S ImDOR I RE ™ A BRI R IR IR B 4, A B T

A TR 913,23 J7 v, I/ bR iEEAS T 122, 71
76, A AT 2015 AFRETRTN 2% BB 1Y 1. 68%;
IR, AT DA K I AR 2 s e o 4 Ja HE i o o3
W1 231,19, 474. 89 . 785. 10 F1 6. 08 J7 t; /i
FEMAHER 32.92 7 1(Lh CO,-eq i) , 2 5 H L
2015 AFEBETRERHERLAY 0. 10% .

23

Fri TR

IX 8l S B e A R RHE H A
RSB R B, AR TUAR 5B I X 25 R R A
H RSN R TS A A e R R AT
[T FH RS 7™ A= B B 2 B R A0 45 . SR T, STk
[41]FRI1FR [ 7l 4% H 7 i A R Al 7 728
JHRY AL TR AE F1AX b BALBEAE S0 5%, 2017 4ER
F5 2025 ERUEHEEF TN @K F AR RFIERE

Table 5 Resources and environmental benefits of recycling five major e-wastes in Beijing-Tianjin-Hebei in 2025

e AR R R TR WG Y/ W RE AR
S IRa PRI 1% 7k %A % it el (BLCOmeq i)/t
BEAHL 38.76 6.50 114.08 42.32 40. 94 0.06 3.46
VKFE 158. 40 23.97 247.11 111.73 146.79 0.03 4.98
2yl 544. 69 66.73 613.29 214. 34 438. 66 0.15 22.06
EER ) 61.26 9.20 108. 78 52.12 56.52 3.20 0. 86
AL 110. 13 16.31 147.93 53.38 102.19 2.65 1.56
&it 913.23 122.71 1231.19 473. 89 785. 10 6.08 32792
- T
12 35 16 35
(@) ol o] g b PR A £ AS A (b) iz all [ Ak BE Ak 4 1 K 5% _
Wt~ R A A [ A A A 30 14 ———\ _ ] 1 30
B B 5 o2 z N 125
= st \\ B }: N I~ T =
= N * E 10 | A 3%
= N 20 5 = 120 &
6 I M— T8t =
g_ 1] 15 = = 15 =
7o = z °f =
I 0 ® 0, | 0 ®
& B
2 5 = 15
0 NN RN N - 0 0 P S P IS P S P N WS B S 0
2017 2018 2019 2020 2021 2022 2023 2024 2025 2017 2018 2019 2020 2021 2022 2023 2024 2025
25 40 35 60
(c) i ll [T W AL Bk AR 1 4C 10% . (e) fixall 51 e b BN AE R 15%
£ 135 30 } "
20 | _/ _ /, 1 50
& - T~—_ 17 « B o | /; ;
£ < ) {40
g B [ | » g £ 20 /—~/ B
T U I =
¥ 20 = = 130 =
= F 2 5 =
10 15 E = ]
® 2 11 {20 =
A 0 & 10
D5 =
& ls 5 110
0 . - 0 0 AL 1T 0
2017 2018 2019 2020 2021 2022 2023 2024 2025 2017 2018 2019 2020 2021 2022 2023 2024 2025
50 B0 70 120
45 | (0 Dl A B A 20% 0 o | @ EPTERREA2SY,
& 40 / 60 /; { 100
2 s 5 Y mwenmmin ol 1w 2
x 0y . 1 & B o4 | —— MIEERAR =
S 2 140 ¥ z 160 ¥
E = 2 30F =
J 130 ¥ w0 B
= 15 G 11 A 1 :
= . 20 ® % 20 ®
5”” ”"Hﬂﬂ
0 I 0 P S W S

2017 2018 2019 2020 2021 2022 2023 2024 2025
4

2017 2018 2019 2020 2021 2022 2023 2024 2025
Ay

B 7 2017 ~2025 £AREES T & 321 E A0 12 R 0R HE S S R 80SE B 4b 1 %

Fig. 7 Benefits of carbon emission reduction and normal recycling rate of waste air conditioners under different scenarios from 2017 to 2025



1984 2D 53

B 41 %

AR 3725 PR A R [T A B AN 3 72 A R 10% .
i BEE R RS X AL PR 2017 AE3E Ik
AbFRIE 372514 66. 09 J1 6, i X 38U 7725 = Ak
(14 30% . & 525 VA AR FL B i 2 i o 3 5 0 25 1
YA TR, R S SRUZ IR RN A R AR R R 22
(R22) AR e 2 Ji vp o e )17, He A BRAR W 7%
AEMEL(GWP) Jy 17601 KT B % vy f vy 17
AL BV JH B EE R, 1 R A S IR e
F11.70 kg, ZH IR R22 (19 GWP 8, 453 1 t
J: 37 R DR R R Ao 3 ) v SR R A S TR
AR 2. 89 t.

FE A [RTACAh FE a8 X 7= i e A Y
FL A8 Ay B 3 7= it 18 R [ A Ak B3R | R 354 3R o
YRS B A B8] 380 2o 155 S5 43 BT I 9 1 RS T ol Ak 3
HERRARHEE R, B 7 BoR T RFENE 5
2017 ~2025 4F 50 L 57 25 IR A0 HE 0 (A1 g Ak 2 32
V] AR R il 2 9 — A B HE R Y . AT
il T A B 4 7 2017 4K T, B A0
> TS ARBRHERL 10 T3 1, Bl R SR a8 T e A i g

CH L T A ST D 8 5 il A 0

B 59 91 2005 44 FHUB 107327 1
COZ MU INBCEBIER T [ R 3427 Al Tl g
BHAER K R 10906, 78 25 A 359 L 5k 5 sl b

ST A4 R I s e 1), e
3090 35% 7 47, 1 2025 4F45 R 141567 J5-(o

COL 4 A I b B A Ry 15% B, Bl
Kb AR AR 25 | HL RS ST BTk [ R 42 ) Y 2025
AT HL R SRR RIS b B RS 23R 3] 509% H
FlAR, 31 2025 444 231/ 202, 17 J5 1 CO, ;4
(AT AT Kb FEAF 188 KSR Ry 209% i 25% 15, FILSE 7] i ek
R E AN, 2025 443 5l 3k 80% F1 100%,
2025 4EH4 53 9 230 284. 17 #1393. 93 J7 t CO,.
SRR HLIE A AR 7 AR I BRI
i B g AR i I A A ) R [ Ak 3 R S B
2025 AF UM B RIE BN B H AR, ARk JLAE BT
o Ak B Ml 3525 R RSO A B i A4 K R /DA |
15%.

3 it

(1)2010 ~ 2025 4F 5t EEEL“ DAL — i " 4 % &t
WA, 2010 ~ 2018 4 3 6] 4F 7 38 KRN
7. 75%, WG B LAAER 3. 07 % 3 B2 i3 38 | i34 -
Byperk ik 46.01 J7 1,29 4.18 kg- A7, 2025 4E 5
Befrik 21 861. 745 5. Forb I S EAALECER & L
oK, RS as JHE I 7 HtRem e i

(2)2010 ~ 2025 4 50 H B Hb X 5 < PU AL —

0 AT [RGB 8 (I BT R e R e, K
JE4 AR TR FL IR, W1 2025 4F st s 35 1y
BL— A o AT [l W R BN RL A3 5 Dy 5,04
2.06., 20.08 F112.75 J7 t, 4 AR50 K 2. 86,
15.28 F1 1.30 t, £ % U5 R 28 B M (B 3k 50. 24 12
JG, S 2010 4Ry 3 5. Horp i 4 )8 | 5 4 s N
L 1WA 43 501 28. 68 | 13.27 F1 8.29 1Z7C.
J5 3325 R A U DS (e s , 3K 22,96 42T, o5 R
Fr PUBL— R SR DS RAR (ELRY 45. 71% .

(3) 445 2025 4F HUHEB M X K 5« PUHL— i~ 4>
PRI [TSOR |, BB A0/ I A= 7 R 913, 23
v D FRERE R 122,71 7 v, W K A
P K 4 & HE R a4 o 1231.19, 473.89
785.10 f16.08 J7 t, I 1 = S AR HEL 32.92 7 t
(BA CO,-eq T1) , IR0 TS IX 48015 REILAERE T

(4) D37 7 He o S T b B
LR ) A A b 5 R B B 2 v, A 2 A
JUAE IR 1 S O, T 354,019 ~ 2028
AE SO DA M 5 T b i AP s
D B 159 N, A BRI BUR RL RS b
B (509 AR, B4 P AIMEIR (424 T 167,937
J7 t CO, HEiL Xﬁ%’fm%ﬂ%ﬁ%%ﬂéﬂ@éﬂ%E@?:_ﬁﬂrﬁ]-:“"
HSR 451 2025 4E 1000 ML [, /0> 258. 147
t CO, HEM I R 2 /03K 51 25% .

(5) &G LR, st B TR Y E
K2 E A A YRR A B R BE S e A
R E, T B 3 AR AR IR T FE A5 Y HER .
AT AR DX Y AT RS PR FH B it X
SR, B A BISCR FE 7. i, B
BT RO o 38 3 4 I G 1) B 1 o R S L AR L T
7 i A B A A B 5 s E IE B ]
(W B S BRI IR s A R A i s T
DI 25 ™ i e Bl sk
FH g2 3% | mT s Ak 3R R P 4 o BRI A R
5, S R b X F R S VR A 4 A A R
I EKEELN

Bt T E Y BT AE P L LSOR) A3
2 T AT RIRS A S T HE R F 2 3 9 T A 3L Al
FHIC BT ASTABF ST 38 T A5 By, 78 it — I 2t
SZ 30k
[1] WenZG, Zhang CK, Ji X L, et al. Urban mining’s potential to

relieve China’s coming resource crisis[ J]. Journal of Industrial

Ecology, 2015, 19(6) : 1091-1102.

[2] YaoHL, Zhang C H. A bibliometric study of China’s resource
recycling industry policies: 19782016 [ J ].
Conservation and Recycling, 2018, 134 80-90.

[ 3] Baldé CP, Forti V, Gray V, et al. The global e-waste monitor-
2017 [ R]. Bonn/Geneva/Vienna; United Nations University

Resources,



4 39

W25

USRS ) TSCR 8 g Bt e B335

35 VA 1985

[4]

[5]

[6]

[7]

[8]

(9]

[10]

[y

(UNU),
International Solid Waste Association (ISWA) , 2017. 60-79.
Cucchiella F, D’adamo I, Koh S C L,

WEEEs: An economic assessment of present and future e-waste

International Telecommunication Union ( ITU) &

et al. Recycling of

streams[ J]. Renewable and Sustainable Energy Reviews, 2015,
51: 263-272.

Diaz L A, Lister T E. Economic evaluation of an electrochemical
process for the recovery of metals from electronic waste [ J ].
Waste Management, 2018, 74 384-392.

Guo Q X, Wang E C, Nie Y'Y, et al. Profit or environment? A
system dynamic model analysis of waste electrical and electronic
equipment management system in China[ J]. Journal of Cleaner
Production, 2018, 194 34-42.

Zeng X L, Mathews J A, Li J H. Urban mining of e-waste is
becoming more than
Environmental Science & Technology, 2018, 52 (8):
4841.

Huang C L, Bao L J, Luo P,

residents around a typical e-waste recycling zone via inhalation of

mining [ J ].

4835-

cost-effective virgin

et al. Potential health risk for

size-fractionated particle-bound heavy metals [ J ]. Journal of

2016, 317 449456.
Song Q B, Li J H. Environmental effects of heavy metals-derived

Hazardous Materials,
from the e-waste recycling activities in China: A sys&ématic
review[ J]. Waste Management, 2014, 34(12) . 2587-2594.
Zeng X, Xu X J, Boezen H M, et al. “Ghildren “';vith health
impairments by heavy metals in an e-waste/’ rP(‘yollng area [J7"
_~Ehemosphere ; 2016 1148 ; 408415, / -‘ i Y &
7B, 2 g r«F%xA . TSR ot
= B @%ﬁﬁﬁ% i PR 2% 43 A7 L {ﬁ‘ﬁfﬁ%ﬂﬁ%ﬁ}l@ﬂ
(1. iﬁ*ﬂ%ﬁ 2018, 39(2): 953960. | /|

Yan X,LSY, deg M H, et al. Liver dnd kldney fu‘lctlon of

e- Waﬁte dismantling workers and pntPntlal mﬁue’n(‘lng fartorﬁ[ J J

i anlronmental Science ;72018 , 39(2) : 953 960. ‘_‘_-_‘1

[12]

[13]

[14]

[15]

[17]

[18]

s, MEHD, B, . TR + A 7k$q§9="

ﬁ;ﬁjﬁﬁ?ﬁ%ﬁ&@@ﬂﬁ"ﬁﬁ\[ﬂ. WERL2E, 2018, 39
() : 916-926.
Yin Y M, Zhao W T, Huang T, e al. Distribution

characteristics and health risk assessment of heavy metals in a

soil-rice system in an e-waste area [ J ].
Environmental Science, 2018, 39(2) : 916-926.
Wang HD, Hin HG, LiuTT, et al.

A new recycling mode in China [ J].

dismantling
“Internet + " recyclable
resources : Resources,
Conservation and Recycling, 2018, 134, 44-47.

Xue Y'Y, Wen Z G, Bressers H, et al. Can intelligent collection
integrate informal sector for urban resource recycling in China?
[J]. Journal of Cleaner Production, 2019, 208 307-315.

Tran H P, Wang F, Dewulf J,

unregistered inflow of electrical and electronic equipment to a

et al. Estimation of the
A case study on televisions in Vietnam[ J].
Environmental Science & Technology, 2016, 50 (5). 2424-
2433.

Abbondanza M N M, Souza R G. Estimating the generation of

domestic market ;

household e-waste in municipalities using primary data from
surveys: A case study of Sao Jose dos Campos, Brazil[ J]. Waste
Management, 2019, 85 374-384.

Imran M, Haydar S, Kim J,
recovery and improvement of legal framework in Pakistan[]].
131-138.
Parajuly K, Habib K, Liu G. Waste electrical and electronic
equipment ( WEEE )

management[ J].

et al. E-waste flows, resource

Resources, Conservation and Recycling, 2017, 125.

in Denmark: Flows, quantities and

Resources, Conservation and Recycling, 2017,

[19]

[20]

[21]

[22]

[23]

[26]

[27]

[28]

[30]

[31]

[32]

[33]

123 85-92.

Duan H B, Hu J K, Tan Q Y, et al. Systematic characterization
of generation and management of e-waste in China [ J].
Environmental Science and Pollution Research, 2016, 23(2):
1929-1943.

Zeng X L, Gong R 'Y, Chen W Q,
recycling potential of “new” WEEE in Chinal[ J].
Science & Technology, 2016, 50(3) ; 1347-1358.
Tan Q Y, Dong Q Y, Liu L L, Potential recycling

availability and capacity assessment on typical metals in waste

et al. Uncovering the

Environmental

et al.

mobile phones: A current research study in China[ J]. Journal of
Cleaner Production, 2017, 148 509-517.

Cao J, Chen Y Y, Shi
province, China:
[J]. Journal of Cleaner Production, 2016, 127 . 311-324.
GuYF, WauYF, XuM,
equipment ( WEEE) recycling for a sustainable resource supply

B, et al. WEEE recycling in Zhejiang
generation, treatment, and public awareness
et al. Waste electrical and electronic
in the electronics industry in China [ J]. Journal of Cleaner
Production, 2016, 127, 331-338.
SBBEA, TR, RZSH. 3T logistic SUBY X HER
FHRFY AT )], R '?EUK, szt..-:' ¥
188-193. )

Guo X Q, Meng W 0Q, Jl Y J. Estimation of'eleg_[:nea'l and
electroni¢/ equlpment wasfe generation using & mod-lfle( loglsllc
model in “Tianjin city["J]. | Environmental Sciehce & Tech‘ho].ogy,
2014, 37(3) 8- 191|3 ] o -

Xue M ', Kendall A, Xu Z.«M
printed wfrmg bl)dl‘de‘A "llfe cycle assessment of the, mefals.,
recycling  Chain refmmg [ 8
anlr()nmefhal Sciencé” kz Technology, 2015, 49 (2) 940-
047, * i

L, ;‘Beolchini
management of end-of-life cathode
Management, 2014, 34(2) . 468474.

Alcantara-Concepcion V, Gavilan-Garcia A, Gavilan-Gareia [

i
et al. Waste management 01"__

from- liberation  through

Rocchetti F. | Environmental burdens in the

ray tubes [ J]. Waste

C. Environmental impacts at the end of life of computers and
their management alternatives in México[ J]. Journal of Cleaner
Production, 2016, 131 615-628.
Song X L, Zhang C L, Yuan W Y,
and GHG emissions of waste television treatment system in China
[J]. Resources, Conservation and Recycling, 2018, 128 470-
478.

Menikpura S N M, Santo A, Hotta Y. Assessing the climate co-

et al. Life-cycle energy use

benefits from waste electrical and electronic equipment ( WEEE)

recycling in Japan[ J]. Journal of Cleaner Production, 2014,
74 183-190.
Tong X, Wang T, Chen Y G,

circular economy ; Quantifying the spatial flows of e-waste through

et al. Towards an inclusive

the informal sector in China[J]. Resources, Conservation and
Recycling, 2018, 135 163-171.

XAEIE , EEAES, . FRE TR DX L RR
EIBEIE[)]. BRI, 2016, 36(5) : 1875-1882.
LiuZ F, Xue Y Q, Huang H H. Prediction of the quantities of
waste electric and electronic products in Mainland China[ J].
Acta Scientiae Circumstantiae, 2016, 36(5) ; 1875-1882.
AR N RIE N [ R R IO 22 B 2%, SRR L7
AbFE 5% (2014 457 ) [ EB/OL].
zcetb/zefbgg/201502/120150213 _664456. html,
09.

sk, BI/NAL, . 38 5 o 4 B 4R e W 5y 12
MR RS RAHT[T]. ZZHFHL, 2010, (10) : 76-77.

http ://www. ndrc. gov. cn/
2014/2015-02-




1986 A 41 %

[34] ZEWE, dtdn, B, S5 RF &R 7707 A Al of Technology , 2010. 26-41.

B—— R S ERng 1], AR, 2015, 35(24) . [39] Song W T, Huang J B, Zhong M R, et al. The impacts of
7965-7973. nonferrous metal price shocks on the macroeconomy in China from
Li B, Yang J X, Lu B, et al. Generation estimation of waste the perspective of resource security [ J]. Journal of Cleaner
electrical and electronic equipment: methods review and selection Production, 2019, 213 . 688-699.

strategy[ J ]. Acta Ecologica Sinica, 2015, 35 (24): 7965- [40]  AkA-dR. FETAH R0 5 HEBLRE RS S B-HE T i 73
7973. [D]. dbxt. b iR, 2018. 16-25.

[35] BkAHEE, TE3L, skEE 2015 A FE R TR ASH 77~ Du S J. Research on carbon emissions prediction of energy
fn e A g R IR TR A [ 0], WTRER, 2013, 31(12) : consumption in Beijing-Tianjin-Hebei based on scenario analysis
2274-2278. method[ D]. Beijing; North China Electric Power University,
Zhang X F, Yu L J, Zhang P. The predictive analysis for the 2018. 16-25.
output and recovery quantity of main waste electric and electronic [41] HEFHAESVREE. EE SR 7™ 5 R B Tl
products in Henan province in 2015[J]. Henan Science, 2013, ARz 45 2018 [R]. Jbat. P E%EH EE%%&H?%I&?, 2019. 6-9.
31(12) . 2274-2278. China Household Electric Appliance Research Institute. White

[36] MEFHIMR. FHETAT-IT REHEMCR [ EB/OL]. http://www. paper on WEEE recycling industry in China 2018 R]. Beijing:
hxepd. com/h-col-101. html, 2018-06-12. China Household Electrical Appliances Research Institute, 2019.

[37] Lu Y, Xu Z M. Precious metals recovery from waste printed 69.
circuit boards: A review for current status and perspective[ J]. [42] Choudhari C S, Sapali S N. Performance investigation of natural
Resources, Conservation and Recycling, 2016, 113 28-39. refrigerant R290 as a substitute to R22 in refrigerationm_systems

[38] sRAR. KR IHA AR B 7= b A R PR [ D], KR [J]. Energy Procedia, 2017, 109 346-352. i
REFLT R, 2010. 2641, (3] EHBIAIT. KPR FAEE iﬁﬁ"ﬁ%ﬂﬁﬁ

Zhang X. Study on the recovery system of waste electrical &

electronic equipments in Tianjin[ D]. Tianjin: Tianjin .Uig}i‘\'iersity

H1[ EB/OL]. hltp //www gov. Ln/zhengLe/Content/ZOT7 01/
03/(’0ntent 5 1 56043. htm 2017-01-03.

j )
'3 F g
| |
4
i - & v
i
i =t P
A i ) &
J | [ :
y Jf i - I -
f 2 | r
" J ‘I__.:A‘
i =



HUANJING KEXUE Vol.41  No.4

Environmental Science (monthly) Apr. 15, 2020

CONTENTS

PM, 5 Inversion Using Remote Sensing Data in Eastern China Based on Deep Learning +++«+w+reresreseereeensssenenecnnnncnneneenns LIU Lin-yu, ZHANG Yong-jun, LI Yan-sheng, et al. (1513)
Regional Air Pollution Process in Winter over the Yangtze River Delta and Tis Influence on Typical Northern Cities -+ LI Rui, LI Qing, XU Jian, et al. (1520)
Influencing Factors of Ozone Concentration in Xi’an Based on Generalized Additive Models +++ HUANG Xiao-gang, SHAO Tian-jie, ZHAO Jing-bo, et al. (1535)
Spatial and Temporal Distribution Characteristics of Levoglucosan and Its Isomers in PM, s in Beijing and Six Surrounding Cities -+++++- ZHU Hong-xia, TAO Xue-mei, WANG Chao, et al. (1544)
Characteristics and Sources Apportionment of Fine Particulate Matter in a Typical Coastal City During the Heating Period «++++«eseeeseereereeeenes LI Ming-yan, YANG Wen, WEI Min, et al. (1550)
Characteristics and Source Apportionment of Black Carhon in Chengdu «+«esesetsrerrersssmemensininiiit s WANG Lu, YUAN Liang, ZHANG Xiao-ling, et al. (1561)
Effects of VOCs on Ozone Formation in the Tianjin Suburbs in Summer YAO Qing, HAN Su-qin, ZHANG Yu-fen, et al. (1573)
Source Profiles and Impact of Volatile Organic Compounds in the Coating Manufacturing Industry WU Jian, GAO Song, CHEN Xi, et al. (1582)
Characteristics of Condensable Particulate Matter in Ultra-low Emission Coal-Fired Power Plants DENG Jian-guo, WANG Gang, ZHANG Ying, et al. (1589)
Distribution and Source Analysis of Nitrate in Surface Waters of China s«+++tseeeseseseresssimmeneniinnini ZHANG Xin, ZHANG Yan, BI Zhi-lei, et al. (1594)
Spatial Characteristics and Ecological Risks of Perfluoroalkyl Substances in Coastal Urhanized Areas of China and South Korea —«+:++++++ YANG Hong-fa, SHI Bin, ZHOU Yun-qiao, et al. (1607)
Analysis of Water Quality Change and Its Driving Factors of the Xiaoging River Estuary in Recent Ten Rears — +:«+seoveeeseesessenssnsenennnnns FAN Xin-feng, HAN Mei, WANG Lei, et al. (1619)
Distribution of Four Artificial Sweeteners in Water Treatment and Water Supply System in City H of Zhejiang Province -+ MA Xiao-yan, HU Hui, LU Si-jia, et al. (1629)

Changes in Epilithic Algae Community and Its Relationship with Environmental Factors in the Meixi River, a Tributary of the Three Gorges Reservoir ««+s+sseessessersensenesienennsniniinennes

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MI Wen-mei, SHI Jun-giong, YANG Yan-jun, et al. (1636)

Succession Pattern of Phytoplankton and Its Drivers in Lake Luoma, Jiangsu Provinge —«eeeseressrsrssresssnennsnnninnisinssnennes ZHANG Qing-ji, WANG Ye-yu, WANG Jin-dong, et al. (1648)
Relationship Between Diversity of Aquatic Plant Communities and Water Environmental Factors in Lhalu Wetland »«««+eseeoeereereseneneens WANG Jia-jun, TIAN Han-xin, ZHOU Lei, et al. (1657)
Evolution Characteristics and Driving Factors of Denitrification Community Based on Network Analysis in the Process of Spring Thermal Layer Formation in Zhoucun Reservoir ««+essesseeeeees
.................................................................................................................................................................. ZHOU Shi-lei, SUN Yue, ZHANG Yi-tan, et al. ( 1666)
Temporal and Spatial Distribution Characteristics and Difference Analysis of Nitrogen and Phosphorus in Daihai Lake «+eseeseeseereeerieneneennes ZHAO Li, CHEN Jun-yi, JIANG Xia, et al. (1676)
Sediment Denitrification Rate and Its Response to Exogenous Carbon and Nitrogen in the Ponds and Bottomland of the Chaohu Lakeshore Zone ~-w++++:++: LI Ru-zhong, WANG Li, LIU Chao (1684 )
Phosphate Control Effect and Water Body Remediation of Magnesium Modified Reed Biochar —«+-«eesseseereerssemeneneiiineniiniinennn DING Yu-qin, LI Da-peng, ZHANG Shuai, et al. (1692)
Efficiency of Magnesium Hydroxide Capping and Amendment to Control Phosphorus Release from Sediments YANG Chun-yi, ZHAN Yan-hui, LIN Jian-wei, et al. (1700)
Characteristics of Chemical Fractions of Dissolved Organic Matter in Road Runoff in Beijing - CHEN Meng-yao, DU Xiao-li, YU Zhen-ya, et al. (1709)
3D Porous Photothermal Materials for High Salt Wastewater Treatment HUANG Le, XU Ying-feng, XIE Qian-qing, et al. (1716)
Electrocatalytic Oxidation of Sulfadiazine with Ni-Doped Sh-Sn0, Ceramic Ring Particle Electrode ++esserereereeremenenesinnennnscnnes SHI Qiu-jun, LIU An-di, TANG Bo-bin, et al. (1725)
Degradation of AO7 with Magnetic Fe;0,-Cu0 Heterogeneous Catalyzed Sodium Percarbonate System —«+v+ersereereesrersissseinesinseninnsneee XU Jie, WANG Lin, CHEN Jia-bin, et al. (1734)
Red Mud-activated Peroxymonosulfate for Ciprofloxacin Degradation: Efficiency and Mechanism SHI Jing-zhuan, WEI Hong, ZHOU Xiao-de, et al. (1743)
Influence of Industrial Wastewater Quality on Advanced Treatment of Microbubble Ozonation - +++ ZHANG Jing, ZHANG Shou-jing, LIU Chun, et al. (1752)
Adsorption Properties of Sludge-hydrochar for Methylene Blue CHEN Li-yuan, LI Da-peng, ZHU Wen-juan, et al. (1761)
Preparation of Modified Watermelon Biochar and Its Adsorption Properties for Ph( I1) «+seeeseeesessssesisismiminiiiiiiiiii BI Jing-wang, SHAN Rui, HAN Jing, et al. (1770)
Construction and Denitrification Performance of A%/0 Based on Partial Nitrification Coupled with an ANAMMOX System ++s+eseeseeseeseesensees LIU Xiao-chai, RONG Yi, WEN Li-jie, et al. (1779)
Construction and Mechanism of Methanotroph-hased Ultimate Denitrification System for Tailwater of Urban Sewage Plants «+oveveeeeessesveeees YANG Ya-nan, LI Yan-cheng, LI Jiang, et al. (1787)
Impact of Hydraulic Retention Time on Performance of Partial Nitrification Granular Sludge in Continuous Stirred-Tank Reactor WANG Jian-fang, QI Ze-kun, QIAN Fei-yue, et al. (1794)
Realization Process of Nitritation and Changes in Sludge Characteristics in Granular Sludge Reactor for Low Strength Sewage Treatment -+ ZHU Lin, CHENG Cheng, SONG Jia-jun, et al. (1801)
Characteristics of Organics Transformation and Sludge Morphology in an ABR for Sewage Treatment with Different HRTs «+reoeeeerereeeereses CHENG Cheng, ZHU Lin, GUO Kai-cheng, et al. (1808)
Effect of Adding Granular Activated Carbon ( GAC)/Manganese Dioxide (MnO,) for the Anaerobic Digestion of Waste Activated Sludge -++++++++* YANG Bo, JIA Li-juan, XU Hui, et al. (1816)
Trace Metals Pollution and Health Risks for Planning Area Soils of 193 Chinese Cities «+«+ssssessrsrssssssmssnmmissininninsnsnsinnee LI Kuo, PENG Min, YANG Zheng, et al. (1825)
Assessment of Heavy Metal Pollution in Surface Dust of Lanzhou Schools Based on Random Forests ««+sesseseseeressensenensninennsnisenns HU Meng-jun, WANG Jia, ZHANG Ya-yun, et al. (1838)
Contents, Sources,, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Surface Soils of Various Functional Zones in Yangzhou City, China *+++-
........................................................................................................................................................................... YAO Cheng, NI Jin-zhi, LIU Rui, et al. (1847)
Safety Assessment of Rice Planting in Soil Cadmium Geological Anomaly Areas in Southwest Guangxi ~ »«+++sessereereereseseneneeennene CHEN Tong-bin, PANG Rui, WANG Fo-peng, et al. (1855)
Bioavailability and Influencing Factors of Soil Cd in the Major Farming Areas of Chongging —«++s+sseseesesresesseresemenennsininennsnens WANG Rui, HU Xiao-lan, ZHANG Yong-wen, et al. (1864)
Control of Cadmium Migration and Transformation in Alkaline Paddy Soil-Rice Using Cotton Stalk Biochar +++ LIU Shi-dou, ZHU Xin-ping, HAN Yao-guang, et al. (1871)
Reduction of Soil Cadmium Activity and Rice Cadmium Content by 4-year-consecutive Application of Organic Fertilizer +++ XUE Yi, YIN Ze-run, SHENG Hao, et al. (1880)
Effects of Nano-magnesium Hydroxide on the Forms of Cadmium in Different Types of Soil DENG Ji-bao, ZHANG Chun-lai, XU Wei-hong ( 1888 )
Selenium Uptake Characteristics of Reclaimed Soil-Crop from Mining Wasteland and Its Antagonistic Effects on Heavy Metals «+++veeeeeeeeeeees YIN Bing, WANG Jian-fei, SHI Sheng, et al. (1904 )
Dynamic Effects of Different Biochars on Soil Properties and Crop Yield of Acid Farmland :ervereeseeeserenenmimenni. YANG Cai-di, ZONG Yu-tong, LU Sheng-gao ( 1914 )

Effects of Fertilizer Reduction and Application of Organic Fertilizer on Soil Nitrogen and Phosphorus Nutrients and Crop Yield in a Purple Soil Sloping Field = «+xeseseeeereseerevssisscnnenens
-+ ZHU Hao-yu, GAO Ming, LONG Yi, et al. (1921)
Response of Nitrogen Loss Flux in Purple Soil Sloping Field to Reduced Fertilizer and Combining Straw «-+-++++seesseseeeees XIONG Zi-yi, WANG Zi-fang, LONG Yi, et al. (1930)
Effect and Approach of Enteromorpha prolifera Biochar to Improve Coastal Saline Soil +«+e++srssersrsseresressnmnscnsnnesinecss e WU Dan, SUN Ping, LU Peng-zhan, et al. (1941)
Vertical Distribution of Soil Dissolved Carbon and Its Influencing Factors in the Artificial Shelterbelt Irrigated with Saline Water in an Extreme Drought Desert — «+seeeeseseeseerseeseneneeenes
............................................................................................................................................................ MENG Tian-ge, WU Lu-yao, ZHANG Shao-lei, et al. (1950)

LU Lai-xin, SONG Lei, LIU Zhi-li, et al. ( )
*+ GUO Jun-li, TIAN Mei-jie, GE Ti-da, et al. (1968 )
(1976)

(1987)

Response of Soil Enzyme Activity and Chemical Properties to Nitrogen Addition in a Korean Pine Plantation

Consumption Capacity of N,0 in Paddy Soil and the Response Mechanism of nosZ-I-containing Communities *




	1
	04
	zml

	20200452

