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Summary

Platinum group metals (abbreviated as the "PGMs"), such as platinum and palladium are
indispensable minerals for improving the performance and new functions of industrial
products, including low-carbon products. The demand for PGMs is expected to increase with
the spread of low-carbon products, etc. On the other hand, since the supply of PGMs is limited,
securing PGM resources has become an important social issue, but it is difficult to economically
recover and recycle PGMs when the content of PGMs in individual products and parts is small.
For example, electronic components in electronic and electrical equipment are removed from
end-of-life products along with their electronic substrates, and the high value-added gold and
other metals contained in the electronic components are extracted and refined, but the PGMs
contained in the electronic components are not recovered at the time of refining. PGMs are
also used in other automotive parts, such as exhaust gas catalysts, ignition plugs, and O2
sensors, and are expected to be a source of PGMs, but other than exhaust gas catalysts, an
efficient recovery, and recycling mechanism has not yet been established.

Therefore, this project aims to establish a recycling system for PGM targets by introducing
an Al image recognition sorting system to the already-established recovery and recycling
system for electronic substrates to develop a sorting technology for electronic parts containing
PGMs, and by developing a recovery method and separation technology for parts containing
PGMs for ignition plugs and O2 sensors, which have not been recovered individually.

In order to understand which electronic parts are effective to be sorted using this system
when PGMs are targeted, we analyzed the PGM content of electronic parts. As a result, we
found that chip resistors and ceramic capacitors contain a large amount of palladium, and
tantalum capacitors also contain a large amount of tantalum, as the name implies. Therefore,
it was determined that it would be optimal to separate the chip resistors and ceramic
capacitors into a palladium target group, the tantalum capacitors into a tantalum target
group, and the other precious metal target groups. As for the reuse of the sorted electronic
components, we conducted interviews with Taiwanese companies and confirmed that CPUs
and memories are reused, but we have not been able to confirm the reuse market for other
electronic components.

The Al image recognition and sorting system we developed has a mechanical mechanism that
allows electronic components to flow in rows on a conveyor by combining general-purpose
products. The system recognizes the images of electronic components flowing on the conveyor
and sorts the targeted electronic components by air blow. We verified the algorithm for parts
detection and recognition using camera-photographed images and trained the Al with images
of target parts in each of the three granularity bands. The system was tested on an actual

machine with a mixture of electronic parts and achieved a sorting rate of around 90% for all



electronic parts in the 3 particle size bands, which is a high rate that meets the requirements
for sales.

For ignition plugs and O2 sensors, interviews were conducted with six maintenance shops
across Japan to understand the market scale, storage, sorting, transportation methods, and
transportation costs. As a result, the annual volume of ignition plugs and O2 sensors was
estimated to be approximately 2.8 million and 90,000, respectively. As for the method of
separating the PGM-containing parts from the collected ignition plugs, it was confirmed that
the outer electrode containing platinum could be cut with metal scissors, and the central
electrode containing iridium could be scraped into powder with a metal file. The O2 sensor, on
the other hand, is small and compact. For the O2 sensor, on the other hand, we developed a jig
to fix it on a small lathe, conducted cutting experiments, and confirmed that it can be cut in
15 seconds per piece if we are already familiar with the whole process.

As for the possibility of recovery, we confirmed that it is easy to separate and store them at
maintenance shops. Through a pilot demonstration of collection by Letter Pack Light
conducted with the cooperation of 22 companies nationwide, it was confirmed that a median
price of 12.9 Japanese Yen could be collected for a mixture of ignition plugs and O2 sensors. It
was confirmed that the ignition plugs were removed in the manual disassembly process at the
engine recycling plant and the rebuilt engine plant and that the removal cost was not required.
A scheme for separating ignition plugs purchased from the engine recycling plant at the
welfare field office was established and demonstrated, and a decision was made to continue
the transaction from the next fiscal year.

In the study of the digital transformation (DX) of the business model, the data obtained
during sorting by the image recognition sorting system at the nationwide recycler was
consolidated into a cloud environment, and an advanced Al model was designed to make the
AT learn the images. The sales and leasing model of the Al image recognition and sorting
system was presented for each business scale of a recycler.

As for the business potential, for electronic components, we confirmed that the sorted chip
resistors, ceramic capacitors, and tantalum capacitors could be sold to refiners and that the
introduction of the Al image recognition sorting system could improve sales by 13% over the
current level. For the ignition plug O2 sensor, a simple XRF analysis was conducted using 2.4
gr of the outer electrode and 0.2 gr of the central electrode of the high-performance ignition
plug, and it was confirmed that the content of platinum, the target of the outer electrode, was
4.63%, and the content of iridium, the target of the central electrode, was high, ranging from
20.2% to 33.4%. We confirmed the possibility of selling each ignition plug for 20-24 yen per
plug. In addition, it was confirmed that iron, nickel, and copper can be recovered from the
ignition plugs after the separation of the PGM-containing parts by the iron chloride process,

and profitability can be expected to improve.



In the future, we will work on the specifics and improvements of the operational aspects for
commercialization. In the operation of the test factory, we found that the Al image recognition
sorting system had problems with parts clogging in the sifting section and conveyor, and
camera contamination due to dust in the factory upon continuous operation. To address these
issues, mechanical improvements and installation location requirements will be defined. In
addition, we will further improve the operability of the system by building an operating system

that can detect abnormalities, such as clogging in the cloud environment and respond remotely.

Keywords: Platinum group metals, Recycling systems, Al Image recognition
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ATZION

£
B Fwndand

\:H_Hﬂ /00000001/20210911/mode

K 56 FEFHAETILAAYY FHhBFEI—O—AHILPCADOSFO—FK (BTFRK)

2) VA OSHREDEETRA +

777 REREREDT A MEZIEr—v PC a4 I—& LCEM L, W7 A N ChE
IR EMET D EEMEER LIZE, TAT v 7 NLET A MLEE LT A 7 TS L OBRET
A N & FEH LTz, AT BigEREEN > A T AEIFRECREIEA L T r—h v PCIZTZ 7V
FEREEIEH DA 7 U 7 M 2T L, QEFER, P87 — 2G0T v 7u— FROEFET IV
DHE T a— RNTEDHZ &R LT,

EOMERN CTE72—FH T, NMIRICHEES PCRARESND Z L E2RiEE LI 70 K EX
kL — Y OERRRGT R N e — T L PC ORRGE | [ — 7 % FALBR TSRS CSV D IRIFHEER DR E |
RGBT DB A DIEREA T —T DML L\ o7e, EH R EZ E D TE < R EFREAN
B ST 7o T2,

1.3.4. FHEALICRAITI-RRE - HEE

1) ITYRTLZEFALEEREDHRLE

Al BGFRFRRR S AT L% T A MLEIZE W TT A M) LB, HEFHEIRRF O $ 0 5,
rZ TOVKHGEREE L CHYRE TE 72, AL BT VORI #7210 T < . M T 7 A%tGDH
IZBWTh, 777 REBEELEM SN TWAZ L ATEM L, £V 72 EORE 2By 512
LV E— MR TE DEAMRHZEE L, & 5722 5 FMEME & HiE o M B2 B 5,

2) ZEZBHRARINFRIBRBHICIE L= Al OHEMF TS EOREL
FHE LT A F THTOEMRRICE VIR LA L LT, VA 27 A THIC X 0@ 5
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SR AT D
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1.4. BERMOFE

1.4.1. ZEFIE &GO FIFARSRIEKDEE

FHEMEROMIMBMER B2, 77 FFROA U U0 LGRS DOEKRT T T b0
= I VEIROBF TV, B L= 7 VEOGJRMEIZ OV TRE Lz,

=y NADENIZHT- Y, HEEZED DD T a2 M2 EHT 5 2 ENEETH LT
W, NFENSRWHEE LT, #k#k7av 2k b=y 7 VEE 4 KOEKT T 7 ZH
Tl U CREBRIICE N L=, Bk 7o 2L W EKT T 7 EER L TOW DR ER 5712,
BT T T ORI A K 58 1T T, 8 Akl L7REET, &7 I v 7 s O& Ry
MEIEER L TV Z ENRATENTZ, BMRLEEROFMAEITo72EZ A, $k =y,
VR L TN D Z EMGRO B AL, MIEEILZNEN 95.7%., 1.5%., 2.8% Ch o7z, ZInb, HK
77710t 120 Ol ERE L, RERKREE 11 1ond, Kb EMECTEREITE 50,
EREDOETH Y . 10t DBEKT T 70D 456,992 FHD A7 T v T E LTRATE L Z L0
Molo, =v v, SOV TIE, ENEN LME, ENEFEGOSFENLHEH L TV D, Wi
ST Iy ZIFDN T T D MENH DM, s 2 RO 2N X 8,500 M/t TH Y |
Wk -T28 T 2y ZIIRMRATOE BT 46.17% 72 5D, 10t DDFE KT T 7 OHAIE
39,166 L RBETX %, Z 2 ToHfEE T ut 2 X A8EMNE . FEENHET S Pt 55D
BREME F L OEKRT T T R2EROFERGMELZER 121087, PtEIROFELZICBNTYH,
BT B2 AZB VT HEENEND Z R0 | 10t AP L7-EEOMANIL 3,331,983 M4k
HCT&7=,

Y] N g

57 BRI S OBEMFERR
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e AR Bk 6a%)
 dl

h

B 58 BRTSTOBEMEAKLER

£ 11 BREEOMAR

b SEE =

"‘ffi a(fi ATITAE (1) | AR "tﬁfﬁ
&k 95.7 9.55 467,992 1.00 467,992
=/ 1.5 0.15 310,328 0.015 4,655
ga| 2.8 0.28 195,608 0.028 5,477

£ 12 BXTSTLEOERRHN

(S A X FLA]
FAERESHE Pt 3,587,025 | Sy AR 694,000 2,893,025
T a2 | Fe 467,992 N ANR/8: RVA - ¢ 39,166 438,958
Ni 4,655
Cu |5,477
S 4,065,149 733,166 3,331,983

1.4.2. PGMEEEDIE 5D DK

1.2.4 EIRE T /VOEFEIZTHHEL 721 U VU LK OT T FFHRARO 542 . PGM [EIIZ BBk
R LTV D RIRDOIEHES TR LTz, ofiRITER 13 1ITR-TEB0 ThH D, TOEMD A
DRIBRDA VT DEFRDN 43.08% & 25H LT | A0 EOIRGI IR D AT, +43I2H
FIRTREZ K HET B 5 L DEIENHF LN TWD, —F, HLEMm & SMUlEm A & D TRl A U
DU BNEH RN Q%IEE TH Y TGS ORI 200g~300g DRRIRN LI L 725 L DA
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B Chot, BIEFE, MBI A% — AT 8 0 RIS ETER L, T35l & 3 1500 2 (o
THFETH S,

£ 13 BANTSTHSOHHER

PGM & A Hr Ir 5% (%) Pt 6% (%)
HRCEE AR+ A EE AR 2.25 1.56
L R 43.08 1.41

1.4.3. EXIRFHEEOE
1) ZFRATYOVAIZEEL-BREEEOFE

T ATy 7 NLIZET 2B T 5, BiEE & AR EEOBEDO LB % B & L 127 iit %
FHE U7z, BHEORMIE. Au IXRTHE 5,475 F/g 7 HARERE 6,200 M/g, Ag IZATHEE 63 M/g 1
OAAERE 80 M/g, Pd IXATHEE 7,965 M/g 72HAB /2 L, Cu X 500 [ bEB L L Lo TH
%, pFEORERIIX 59 DY L 7r o7, BEOEILRR 1kg &H7-0 OFEHEILE &l L <. Bi4E
JERER— A THDH E 183 M (18.6%) ML, S HIZT VI &gyl LEUEEAIE L CRAITE 2
AT E 52 1.0 H (0.7%) #hLTH 150 M/kg TH D, REEBER—ZATHLDE, 17.7
M (12.5%) ML, S HICT7 V2 2385 LHEEAI & L CRAITE 245581213 512 1.0 [ (0.7%)
BEINL TR 170 M/kg TH o712,
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AT FERIEN—X
(BlEDZHE]

REFREN—X

Au:5475M/g— 6,200M /g
Ag:63M/g— 80M/g
Pd:7,965M /g — 7,965M /g
Cu:500M/g— 500 /g

B 59 7ZRATvIATZEBELLLEBEMR 1kg H7=Y OFEA
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2) REREZXEWTLHEBEELBZBEOREENHE

AT BGFRRED AT LAOFITREE LT, TAT v 7 ANJLO b OAKIBEEE DS EA I T
52 EEAHEE L, ANROARFEEN—2OFEHILGE THER T 5 EBE LT2GE1C, REHREE 74
THEULTE 2 RMFREED FRSFEAZHE L, RAEOHKRIIX 60 27Ty THho, Axy
BEEEE 25D 7,700 THLLF ChiuL 7 F£TREIATRETH 2 Z 3o 7z, Bl R TOMEM
I X AR 2 Al D RIARTH DA, VAT LEH 2 A N OFEHIRRIE21T) Z EBPMNETH 5.
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Ir AN 2 RESRER SR H LT BRON A FHR LT, 72285, FERMIASIE 2020 45 1 AX—2R &
12 A_R—20 2 Bl CRE L7, REOMEIIN 61 IRTEBYTHY, LE—,Sy 7 T 30
ALLERIN U2 T T A2 D 2 ENbhote, 2 2 bR & B #E ~0
AT 4 T BT DI ENPNETH D,
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2. BRI EE
21.

1. ARVKY -NOUF)JDEZA

AFEICBIT D CO2 HIEENRZHEST HIZHT0 ., HERKTT7 - 02 8P —, BTHEROZ
NEIUZDNT N—=AT A U ERIE L ARAFEICBNOTHET 5130 &2 VIZOWTHRET LT,

211. BRTST 021209 —DA RV LY =251 (B 63 8H)

1) AIRVEMYIZBFER—RSA40FUF

ARFEEICBT HHEMERICEI D, BRI TH» D FRIRIC L VRET HEKRT T 7 - 02
B TR TG0 B RAET DREEREFTY O— L LTHREESNTWD, (lB—H1ra
B2 & O NEE PN LI~ STV 5,)

KoT, BEKT T 02 v o V—I3EEREY O L LT, RS CEI S du, R - %
B LY, BIFSAREDOREIE LT A 70 EN TS EHEl S, R CEENE 7T
FF oA VDU LEOESBELRITBOMEITCFE & L THIR L T D AREMERE W E B X b,

2) AURVKIIZETAHEBRRELGEIEFBEDLT )T .

AREETIE, B TIHCBWTTRRIC LV RETIEAT T 702 8BV —2FEFLTHH
W, —ERE (DI NRNY VALK EEITER) S E SRR TEE (B 1K DEMET
Vo FEENTZEKRT T 028 —IF, BEEBEABLEKRT T 7, BEERBEEERVEKT
77, 02 —n 3 FIEIC &G 2179,

BEBEZLEKRT T 7132271D)0#Y, YAV, =y —%fiolFEEICLY, 1V DD
LERSy (BT T 7 OFHEIC L - TUX, 77T HFHaBNEIRTE 25505 25) 2508 - BT
%)

o

02 B ¥ —1%2.2.72)DiEY | EEEHEHEIC X 282175 Z & T, SRRERE SO AN
LT TFFIRBAINTET Iy 7 AFBERO ML, BT ENTELLH12725,

FREKT T TR 02 B —nbEIRENTZA Y VUL - 7T FFEEWTREEORE &
LTHRATHZETAV UL T ITFFTOMEL LTIV A I NVLTHIENTEDLLIITRD,

BEBREEERVEKRT T TIIRN—ATA U ERIUL FEEFEEM E LTEET IO LTS,

3) NYUF)DERE

FP RXR—ZTA NCBITDHEKRT TV 02 B —DRINIZHND CO2 HEHHE &, AF¥
WZBWTC, KT T 702 —2REILL, WE~FEHT DR L 2o REBETINT 52 L
(2% CO2 HEH B % Ll %,

WIZ, AFEEZLVEW LT F7FF - AV U0 LAERWERBLIGE120) 5 CO2 PR &
&L BRROIA ZIL L HERIE, ik, R 5 Z LoD CO2 HEHE L i Lz, _—2
FTALUTIEBGRL TWEEBSB TR LV A 7L TELHZ LIk, BRFICHETRIIEAIIC b
BERRY A THY RN 20 TRIESA O CO2 BN EDHI A ZR T 5 2 & A3A]
BEThHEBEXD,
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(HEBEEFUVERTSY)

B 63 BNTSY -02t2Y—DHoH5)

21.2. BFEBDA RV R -\ 7)) (KB 64 BR)

1) AVRVEMVIZBIFAER—RSA T )F:
m%%@%ﬁ&m@&éﬁﬁﬂﬁ7uﬁz BN, _mif@%gwm% YBIE L 7= 2 T8
F, B ICH, ax/ &, RAWGO 3 B (FICETBLE %%®%Wﬁ%6)_ﬁﬁé
. BAEEIC OV TIL, @%ﬁ? @K%ﬁ®ﬁﬂ&bfmﬂb AR IR - 8
IRT DY KA & L CEINT S,

2) AURVKYIZETARBHRELLGIFRBEED T VA

ARFHE T, 78K B ORI O [ S 4L DIEAERIZ OV T, EEERFRIC L 5 AT A #hiE))
%ﬁ“\é'ﬁ'A7VWA-wT:7A&k%ﬁ%kUCf%&ﬁaﬁ%mj&%&E@ﬁ%
DTy [ZOMERE | 12X 5,

EEBEAEMICONTIL, 4 XTI AEHBIZAR—R2T A 2 LA U< A 5
ﬂkbfﬁﬂb\@K%ﬁ?@-ﬁ-A797A%%$&LTEW?60

3) RV H)DOEE

NR=Z2 7 A NZBNT, BREMAERLBANTHET 256 L. KAEECBWTESRE AT

En 7T AW TR L 72 5S4 20D CO2 HEHBEA T 5, (VT = U A% E5H T 58O E
IMETH Y, BRERTIILT =7 A% R CX 2 FES L a2 Th D720

FEfctGa & Lz, 72, [ZOMERe) 2oV T, BB CRILATREZR 4 - SRBEREG T TR

0. Atk BABLIN~OFEAREME S 5D TRFRIEETH 5,)
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. slomes peme T A
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- EEH& > BEEN N RusEHS > Rl |
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E 64 BFERD/NAVHFY

2.2. CO2HIBHEDHE

221. BKTS55 -02€2H9— (F 6535MHR)

1) FHMEDRMHRESE

(1) WEIZHOWTIE, FHAT T 7 02 B —%2ZNEh 100 K72, UL LIZGEITN—X
TA v EARFEOERIIHND CO2 it EEZ ZNENHEIT D,

R DWW TR, XA T A ALEHEOEIRY YA 7 T~k d 50 L LT 50km &

REL, AFETITEENONREHELEDO THA~NET 5720 300km L EL TV,

Wik Ch DD CO2 PEHMREIE, —4) PEEERBEEFLH 2 IDEAv2.3 : 5 = — N 441111304
[hT v 7k —E X, 4 b8, FEREE EY ) 21 L12,0.294kg-CO2/tkm & LT\ %,

(2) PGM &HNLDTEEC SV TIE, 02 & v — D HEdEEEEIC X 2 Uk 24T 9 729, 100
ROGIWHZ )5 CO2 HEHHEZFLIHT 5,

R ARSI X D EIWTZ 2 0 DB NE AN L V. 0.012kWh/ARTH Y, EJJ) 1kWh (2
% CO2 HEHERENIHLE /) D 2018 FEFHE TH 5 0.455kg-CO2/kWh & LT 5,

(8) AFEILBWCTIFT A VDY LAEAYMOERE BEGRBRSEAE (WMD) 26 LI0E

GRS BEERH Lz, £, R=2AT7 A4 1BV T, AFELFEOESBMRYBICHY
TOHMARELFEIN LI, 77FF A VU LAEAYEELEAEREIIESNT, ThE
NOBEEIZ /)35 CO2 PR E AR T 5,
CO2 HEHIFR BTV T L b —+h) FEEBRBEIEH S IDEAV2.3 M L TV | Fif e~
TG = — R 053125000 (& EILA (BEREL) |, FL) %% &12 0.144kg-CO2/kg-FEA
&L, AR o — K 241912000 (44 (&84 5ED ) 2 L1 0.193kg-CO2/kg-
g e LTWn5b, F/o, MLCAT—XICB T 2EESRBIEAOEGBEAE (W) 1% 20g/t
L7 oTWA,
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R—R54>

AR EEEFET
D BB # % F B 50km &R TE e

BYSAL —> /

MERE — R

—»:ﬁizoébﬁ)I EREIIE

PR ALEE TS —ABEI . RN
B EN A (EIRRE)
AEIE )
BRIl S E TO IR E T

IUSL Qﬂuiﬁ(;‘%ﬁﬁ) -~ Fmw 2L g TERAL

2R

(FERTSY
02t H—)

> FEXIE > (UOVLERY

—— ERNIE
(HEREEERVEXTSY)

B 65 ETMmOATIRES

2) FRE#ER
(1) ®XICL S CO2HHE
HRKTZ7 02 —%2FNEI 100 Kk L725HEG 0O CO2 JEHEITER 14 0@bh L7z o
776
~R—2F A 1 0.156kg-C02+0.057kg-C02=0.213kg-CO2
AK=#¥  0.550kg-CO2+0.203kg-C02=0.753kg-CO2

& 14 #E(CE D CO2HHE

PIES Wk EE  ERERE | CO2 {REk .
CO2 HEH &
(100 AH7=1) (kg) (km) (kg-CO2/tkm)
N2
02 _ 50 0.294 0.156kg-CO2
74 |10.59
Y- \
AR 300 0.173 0.550kg-CO2
N2
&k _ 50 0.294 0.057kg-CO2
|7 1391
777 -
AR 300 0.173 0.203kg-CO2
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(2) PGM 2FHMELOSHICEITSH CO2 HHE

BRI TZTIWZONTIE, YRY « =y " —Zfiol-FEETH LD, Bz T CO2 13%
ELR,

02 B —id, EnkEHERIC L0 Ul D08 FEHIT 1 AKHY 0.012kWh L 72o7, Lo
T, 100 &G4 2 D200 58/ 1.2kWh Th v . CO2 HEHi£1% 0.546kg-CO2 & 72~ 7=,

& 15 PGM RN BEICE TS CO2 HHE

PIES HEES | CO2 %%k
CO2 HEH &
(100 AH7=9) |(kWh) (kg-CO2/kWh)
02 o #— 1.2 0.455 0.546kg-CO2

(3) D EEERGIDFETRICZ K 5 CO2 HIFFhE

BRKT T T INGGEERRERA ) VT AEAEYOEREIT 0.01g/ARTHY, SHTIicLy, AUV VY
LDEANIE202% TH o712, Lo T EKT T 7100 KHT-VIZEENDHA Y VU LAEEIT0.202g
L%,

02 B —nb B fe/2 7 7 FFEAYOERIT 0.1g AR THY . Hiricky, 7750
FAIIE 4.8% TH o7, Lo T, 02 B2 —100 KbV IcEEND T T FFHEIL 0.48g & 72

O

FoT, RFETHEKRT TV - 02 B —2ZnEh 100 ALHE L7-BRICEINTE 514 U ¥
U TITFFTEREYOERIT 11g THY . TOFIZ 0.682g DESBNEGEN., TNE ESEIL
i (20g/t) \THAET D & 34.1kg LA ICHYE T2,
2 S S GV

[£4RI272% CO2) 34.1kg-#EA X 0.144kg-CO2/kg-#i A =4.910kg-CO2

[BUgHIZ 7372 % CO2) 34.1kg-#EA X 0.193 kg-CO2/kg-§i =6.572kg-CO2

N
[HBUBRICH % CO2] 0.011kg-Fi A X 0.193kg-CO2/kg-#i47=0.002kg-CO2

& 16 SEERMUDIERIC & S CO2 HIEZNR

SLAEE CO2 1##k .
4 - CO2 AR |oF
(kg-9iFr) | (kg-CO2/kg-H4)

I EEPS 0.144 4.910kg-CO2
N—=RF A 34.1 11.482kg-CO2

Hh kg SR 0.193 6.572kg-CO2
ENESE S HEHES 0.011 0.193* 0.002kg-CO2 [0.002kg-CO2
3) F&b

FITOBOHEL, KT T77 028 —%2FNF4 100 KEUL - VYA 7V LTIEHED
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CO2 BRIz H1% 10.394kg-CO2 & 72 5,

TERTTIXEUL STV 7R > 72 Pty Ir OFFERE ORI O BIFIHER 1 X 2 RETZEUCEDRIT
PAE LR %6

& 17 XEXITE S CO2 HIERIER

P CO2 &% .
4 - CO2 /i | okt
(kg-#if) | (kg-CO2/kg-§i47)
)% 0.156kg-C0O2+0.057kg-C02=0.213kg-CO2
NR— AT A %E*}T@Jﬁ 0.144 4.910kg-C02 11.695kg'002
34.1
Hi A AE SR 0.193 6.572kg-CO2
) [EI+8)Wr [0.550+0.203+0.546=1.299kg-CO2
ENE S S - 1.301kg-CO2
HiEREEE 0.011 0.193* 0.002kg-CO2
AFHEIC LD CO2 BN H 10.394kg-CO2
222, EBEFEIR

1) FHEORTREH (B 66 )

NR=2 7 A NZBWT B30t O EIN SN DEA MM OEREIT1,533kg & 72> THD |
BE&EE AR 6,070.6g &> T D,

ARHFFETIE, BN 30t O EIS N HIREGEM 1,633kg # HERRANC LY . HE&BEAH
i & LT 594kg # BN L, H&EEH &I 5,675.3g L7roTz,

AFEEOHBEHNCL Y, BEGRBICEL TX, REEL 61.3%HIK L. H&EERITRIFIO
#193.5%% B (/XT 2T MZOWTIE 100%[ENR) 32 2 &R & R o7z, B BIRE T~ —
AT A D 3,960mglkg (2% L. 9,556.1mglkg & 720 . K 2.4 FEMESNTNDZ NG5,

BaEaE -
RER  |FHlick -
kg (9)
> Au
Ag

85825 507
8,311.1" 4,936.8

g g
Au 360 551.8

1533 Ag 3,500 5,365.5 .| Pd 391.41 2325
P Pd 100 1533 4 =5 9,556.1 5,676.3
iR = 3,960 6,070.6
. - ot
EANH > B3 (o woms |wmm—e| HiEEE | 288
e " °B°;§ EHfliyLR (mg/kg) ()
(®FED ety 2 i Au 62.6 58.8
v Wy 939 Ag 1213.1  1,139.1
i |, = . ' ) ;
) Bams - BRUE iR : = 5 5
ARIE : JESLIN ast 1,275.7  1,197.9
%ﬁ ‘ _________________ !
EROH > E - ol mmms :
EOE : # £ |
(RFED = ! K 1
! Fec N ELTL B
= ey BEHS - BEHEF s 1
BEFERBEZ 30t ' — !
i VA APNN 1

B 66 FYili DATIRFEH
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2) R—ZX54 ‘/(:dfa‘(-féif'ué"‘ll.ﬁ:o)ii‘ﬁilf*ﬁl’ &% CO2HiHHE
R=RAT A TiE, BFHER 30t H72Y OREFEBER 1,633kg [T L, HEBRLIX
3,960mg/kg T 5, = 2T, MRVAM TAITH T 2 MR OHEHIRIE 1.467kg-CO2/kg & L, JfE
3,960mg/kg DJFEZ VT DB % CO2 P #IE 806.11kg-CO2/kg-E4J@ & Hii L7z,
BRIEIRIR ORGSR, AT, BERR DA TRRIZ DWW T, 1 65.4kg-CO2/kg-H @R & LT,
Vbt R=2F 4 v OWAXBBZ )% CO2 F4EFL 871.49kg-CO2/kg-H&)E (D) &L
72

3) BEEANDENHEICHNS CO2HIHE

AT WERFER S AT 22 X D HEREBNZ )5 EHEITFERIE T 5kWh/5.676Kg- 548 T
Hot, BHOPEHRE % 0.455kg-CO2/kWh & L. HENER% OES&EE A E% 5.676ke &4
BT DL BEE kg OB D CO2 FAERIT, 0.4kg-CO2/keg-&H4)E (@) LHEH
L7,

4) EEREATNADERNFRMICLS CO2HHHE

Al EGFRFRN S AT DML 2@ ZOESBE AT MHRELZ 594keg & L, HE&BREL
9,556.1mglkg &9 %, HEBIREIZLVBREH TR CHEMNT2MBREEN LB T560L L, il
fzD CO2 PEHFREUL 1.467kg-CO2/kg & L. R 9,556.1mg/kg DL Z EfiET DB D05
CO2 HEHi &I 335.05kg-CO2/kg 4@ & Bl Uiz, BRVAMIZ ORSHRL, ST, BERR O TRIZS
WTIE, 1 65.4kg-CO2/kg- 548 & LT,

VL b G @Bk sh o 8k 2205 CO2 R4 B % 399.42kg-CO2/kg-E4)E (@) &L
77

5 ¥&o
ARFEEICL D CO2 HIEZNFIT., FiiRAM oM CO2 HiHE (D) — HERRBNIZ )
% CO2 it (@) — BRI ESBEA NS OWREEE CO2 kit (©) & LTHITE S,
FHEOME, CO2 Bl F1% 471.6Tkg-co2/kg-E &) L 72 5,

PERTCIEEIN 70TV v 7= Ta <=2 AL 1%m ﬁi%%%uyx%A WX VB S D Z & ThRINERN

&N FM OPEER BRI O BIRIBERIC & 2 BRETBUCE DRI E RT3,
(&%)

T AT w7 NTIZBIT AEFOIER Y 1 7 V8138 240t THY | RKEBEHNA2EA L5
A, B TE L2 4B EREL., 45.41kg 720 CO2 B FIL. 21.419t-CO2/4E L 725
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3. EETREMED®ES
31. BiFBiTE DR

341, BRIST -02+tH—

BRKTZ7, 02 v —HIT, ERIFKA T T T L LTIUHA 7L ENTODH, SMIl -
DEMOGEHC LY FT7FF - AV VT LELTY YA 70T, AN Z R RICH] & HH
Do A VDU LGHEENITHEHER BB TEL 2L 2R LTEY ., 77 F T ERHEM LI
TEHAREMENRD D, £1-. PGM GA N 2RO M E SNDEV IOV T G, k7ot
ALV, =N, §EEINTEDLZ L ZERLTEBY, BEEN L EHAA L TV D,

3.1.2. EFHMm

BB HEAR A B U CREBATIC SE A D 0E kBl Tid, PGM IR JEEEA T BRI FE (i 72 72\ 7
—APIEE N ETEDR, KERIC IV E TN E 7 V— 7325 2 & TRfE S L, PGM 23U %A
INTE D, ETRBHTCRIBSNA LRV IFELRE L L THEA L L TERAITE 2 hHE
PR v EBFHEROGHEHE 2 R RIRICH & HE S,

3.2. EEHOFHE

3.21. BRTZT-02+tH—
1) BERTST

BRKTTZITOTTFFTEIOA N VU AEFEOGIHRERIZHED X | L b g~ & F T
MAENHZE L&, 1 AD ORKIHI%EZ FH LT,

KREFESPOFER, IMUBBICER SND 77 FHIE, T4 ISR ICEIR S i b o b 5
THTEIRES A b O TEHEARIGEVR A O, 7/ IREHE O 21,000mg/kg (2% L L5
1% 7,000mg/kg TH o7, 1 AN VEFRES TV IRH%IT 2.75mg/A, B TIH1E 1.37 meg/A
LIEWRDH ST, 2021 1 HEFEROT T T ORRE UL 3,692 Mg TH Y | FEHE 50
Mig %z 7 LB\ =5Hli4EIT 3,642 F/g ThH D, Z b, HKT T 7 1 RKDHZ0 D7 FF )it
BIXZENE 10.0 /AR L 5.0 /AR LRI TE T,

—J5. BLEMICEAESNDA U DT AE, T IRHEZICEIR S 0 L T Rl
SN HLOTIFEAREICKREXRZEFR N> T2, 7V IEHT% O 20,000mg/kg (2% LESE T
%513 34,000mg/kg T, 1 ARY7- 0 EFEILZTNLI, 0.235mg/A L 0.286mg/ A ThH - 72, 2021
1A BT O T T FF ORKE TS 12,492 M/ig TH Y | K 50 M/g 272 Lo\ =3
1L 12,442 Flg TH D, 2B, BEKT T T 1RG0 OA VU0 AFHEFEIZZ T 2.9
IRE B6MIARLFENTE, FRTITFFOFMBFHL GFt LT, 7V IEBBEOEKRTZ 7E1
ARl 12,9 Flg TH Y | Bl THN DRI LTZEF KT T 713 8.6 Mig EH M L7z,

T, BRI I 1IERNLTTFFTEAEN, 4V VU LEHEEN LT D2 OICH T L1
1L 30 B~60 REE TH D, o T, 1 K7 0 LB EIL 60 KA~120 K& 725, Z DK, KF
1,000 HEBHET DL, 1AHEYOAMFEEZEN T ITH, K8MERD, WikE s EE
THEVTNOEE L, EERBI R VR & 7e o723, FEEEOSHTHER N B HEH L7-E X
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TIT7 1RG0 OEKIHEEMIL. K 233 FMETHY . NTYFRREWNWD, KREE S5
SR HEES L OFRHBEHIZOWTOMF 21 U CRKRZB & L, SREMER _ElCmid TRE
75,

2) 02t HY—

02 LrH—DF T FFTEFROIIFEFICE S WHEE RS & &R iHmEE 5 2 L5
& ROEHERZ R Lz, REEOOHTOREER, &A EIE 2,400~3,800mg/kg, 02 & ¥—1
AKBHT-Y TIE8E5~8.Tmg/lKADT T FF a2 EHLTND I ENbhotz, 202143 H 5 HEED
7T FF OB E Bl R A 3,692 M/g ToH VD | FE8E 50 H/g 272 LolWzHilEI% 3,642 M/g
Thd, ZIhb, 028 —1AKH Y OREKHbHEMZRE TS L, 31T H/ATH -7,

STHEIZEET D 2 A MZOWTIE, 1R OB &/ N 2 7= Gl BRI L0 L v
IEATERF 15 AT TED 2 L 2R LIz, ZOF, FHE 1,000 HEBETSH L, 1AHZD D
NEZITH 4.2 &2 D, Fo, /IIFERICED (11 5 2,000 [ DZEE)7 L — K & FEEIL D AP
(X, WFEE LZe S DAEA I AUE 02 B2 —500 AFRE A UINT 5 & THATE 5 RIAHZDTZD,
02 B H—1 KDY AMBEOIRX NRP0NDL, SHIZLH—/3y 72X Dk 12.8 F/IAK
EMznE, 02V —1AKH70 205 HO I A R3mind,

IIRNTORER, MEEE LV KIBIZ T 7 FFEHEEN TR T zied 02 Br¥—1 KbH7-v o
FEEEES TR o 7oy, /N AR Lol AR L2282k, 02 B —1 Kb
0 11.2 MIAROFBEAZE D FIASD | FEMEITEN MR E RoTe, MEE LR LIZLE DT T T
BHBEDONTZ Y RZONTL, WEEEICHEBES L ORHIZERC OV TOME 28 U CRKE 48
KU, SRR ECET TR 5,

3.22. BFEM

ARFHEIZBITDEFBRERN AT 2% (BR) TAT v 7 NILOBFHRY A4 7 VFE~E
ALTEHAETOREREEZRF L, Rt 2 FEMFIL 30t (BT ERERN—X) /HTH
Do RFEEIZEYD, FoTHEPL. BT I v 7 araoh 0oz T Uy AEEAuhinzgsnl
WT %2 T, BAREHEE~OEENEETORENAIREERDZ L, MAT, For¥Lars
YR AVERE LTIRETE D2 L0 n, BMEOERZE[E L T RO A AESHEEE ~
DIRFEL Y & 12.5%~13.6%D5E L@ 7T v 7L d, I 62, LT NV arT oY a2 i
e L TRALEGEDOFRAELED D &, 18.2%~14.3% D7 &7 v 7L 725,

Flo, OB TERY VA 7 VERIT R 7T AT v 7 NLORZRER BT 2 FHH A
bETELT, FHIT U0 MTEPFRHE SN2 N T — ARG ETH 5, REETOEMRE] >
AT B E BRI 2 A G bED LT RV A I NVERE~DOVAT AERBHIFHTX 5,
KA THET L7z 3 /N2 — 2D Al BRG] A T A OB FIEZ OV THERREMEIZ OV
T, K= 2 MESORT 2 HE 2 72 ECIREERTTT 5,
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3.3. FF{bIZMIT1-FRRE

3.31. AlEGRBEEMNS AT LICKAEFHRROENEDR L

1) BEBHBRGBITRBEADR—ILT 4+ —F~DOHHBRE

i — AT D Al HEEFEFGRN > AT A IEH A 2R L, 7 A b THITB W T—EH OB EMER
ITo72id, FEINCIENWTax s Z R EORYEGOT Y v o0, BN EZIZY 22— MOFE
FONRFEEL, A= 7 4 —FITHREHG SN ROEEZEL TWD, ZICHLT, 7
Vo P ROPEH Y 2 — M OGREE D BT DIRA~DEHEL, G A~DFEE D T 57200
FHE D RT VRS OFRTERZE SUIETME X OIIREEOMGT 217V, SRR L TaE
0 ZBiIET DR ~DOW B EZ1T 9,

2) EREEFROEBREILOML

R DZARIISETT A M LERER, a0 X7 LT ROMEREEE VSR E 220 |
T URT OEER, 2 _XTEICL D AL @RI E O T OMEEZ IR L Tnd, ZHUTk L
T, BV EOEHMRC, BRI MUNO T I ZHFFFREL, T _XTICHILAE WL 9 etk
B, BT ENZS WL ha v X7 ~DEHL L | a U _XTERICKT 57 ) —=2 7 EERED
FHEZIT O,

3) UYL I LIHEOERREANDHE

TANTHBIZBT HEET A N C, MESFICIVEFBLEZEGRE L TRRT 272000 27
DEIL, SRR T 23R EA R L TV 5, ZIUSK LT, I A FITiERE S RRZ2HE L,
B /e EAMATHE L BT, U A 7 AV THHOEERELZEE Lo ¥ a— X REREE
DEAZFEET D,

3.32. EDRRETILODXICET S5

1) MYATLZFRLE-ERMOIS

BRI RS SN2 EFHREGRE 7 70 R EICEH L, 8 S50 AT LAEHBEL,
T A MLR L OEEET X - TEMERRRE A TH 208, B & LR 2 7o d L — L O 22 B
FABRAT D VEN DD, £z, 7T U FERE LM LAEEEZm LS 5720, 15T AT
GIRFRIER S AT LI N T T NERAT DR R RN LG FREERREE - L2 IT v R
TLEME GEE D R EORFERKIT DA L V' — FRSTE @A 2T D,

2) BREZHLENSRIMMEBICE Cf- Al OENEE A EDOHESE

WO FN LA 5 BRBIKR G M IS B E L 72 i dh s DWW T, R/ NORLEERIZ KRG LTz 2 hZE
N Al BGFEFRIER S AT LD FEET A R TH 90%DEBILRAER L T\ D, —FH, BELL
UM FE B EATE O, VYA 7V THIC L - TR RS R D AN H D =
EIND, REEHGA~OREN LI L 70D, Fio, JHIEIMBMDFEE D OFE E 2> T D
MEGH D7D, VA 7 VT L0 RN R 238 BRI GEM AR L Uz AT OZh=A7H
FEDOWHESL L | BRED T DITEBIX GO D AL F RIS LTe D AZ~ A RE4T 9,

63



3.3.3. SEXRMOFE

1) RF—ILA )y FMZkD Al BEREREEN X TLEAIR MERO &S

Al Hf§FEFRBER] > AT AOFEET NV E LT, ORFEET IV, QL X ILET LV, QEMERE
ETINND INE =R LTz, WEREN DWW A 7 T FE XA ARDO Y A 7 FIZXk LT
X, REBHE OV Z VR L BB ORERITE 2B 5 Lo X VET NV ETITE D
AL T 27 v 7 NILDR D e HAIRE 2 I 5 BEREE T VIC K 2RELZBEL T D,
INBDUHA T RO A MIONWT, [V AT LOE AN 2 7256 O E REd 5,

2) ITYRAFLERAIR FOBAEREEEEROZRE

AT BfEEEH0RM S AT AiE, BRESED KNI D D BT IT AT AOTEH 2 2 R BSERE T
FRBHTHD = Lnb, Al OFBICNE L 2 2 ERIFEROERECT XY v 7 P oE = 2 b
A IRl L7 B ClRsa it 5,

3) BAIRMBLVERAIR FMBEL-RXHEORE
FRUEA I A PRI OER 22 R OB, K32 Mz B E 2 7o B 2 R ET D,

BB AZTETRNT LB ELLBAOREADRE o AEEBERRS AT LDIRHEDKNHMD
(AEERE~A—R, BRMEE0EEE) 5F | TV RTLDERIA B A TIEFBRRE
> AIO)%E’I:M‘E&U%E@%Q@R%’P%N')
o FRFVINIDUERBICHE B LFERTEN DI REDBRARMEBERE
BILERRFH EXREICAEGT
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34. SBROTRREL

341, FEEBRWMOIFEERA A —

EEOIRFEEICERE S Al BRSNS AT AL, A ¥ —Fy b TZ 70 NERERICHE
FESILTWND DS, AT IC K 28GR B R T @ LBE N R S D 728, ZNENOIRFEEICERE
SNTzara—2IZTThiLd, BHIOFERELEREZ 7 70 FEREICENH L, £lshir—4%
X Al Ok BIC L DEELE 2T I =— AN3E L@y 0F B ICERT 5, &5
2, SR L OBBI T — 2 bENT D Z LI L0 BBORENMEORM S AT L2z 5,

HENEA MOV TR, B S vy NEIEEIT T2 B KT 7 7 ORI LT, SHRTBFEOY
MR TFRRIND S RRFHCEN 2170, VYA 7L OEEER D,
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342, ETRERAEL
1) BXTSH 02 49—
(1) 2022 £
FHABA U, FEREW ) T8 % LI R T8 200 th& OB v b U — 2 A RERTS, 1%
Wb 0 inb D AREKRT T 7 OFARIT 30~40 AR L/AE L, FEEo B EREIE 7 75
A, BAEE L& 200 THET 5,

(2) 2025 £

RO T3y N —2 %I, BEKT T 7% 52— MIEE T8 2,000 £ & ORILR
v NI — 0 BT D, £z, 02 B —%& ¥ —7y MIRETY 300 theoxry T —2 %
WET S, 1 BE LTSSV 0b0ABEKT T 7 ORAERIT 30~40 AFEE, MKTIENLO
02 ¥ —DIERIT 100 ARRE LABE L, FEM0EKT 7 7 BEERIE 60 TA, 02 o4
—[ElE 36 A, HAESE B 6,000 T &ET 5,

(3) 2030 £
\CEEIEEH SR L EE L BT T 72X —7 v M T8 10,000 45 & ORI >
N — 7 BT 5, o, 02 B —%2 % —5 >y MIATY 500 fhéDxy MU —27IZHE
T D, IHIZ, TV AVTIFRCE Ry N T —7 BT, 5HRRE E OBS| % BT,
1¥0E THH7- 0 SO AMBE KT T 7 ORAERT 30~40 AL, A TSN HD 02 B ¥—
DIEAERIT 100 AR LAE L, FHOE KT T 7 BEEREILE 100 JTA, 02 & 2 —[EILE 60
TR, BiEGE Em 15 @M ET 5,
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(1) 2022 %
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= 1.4{@\P4%E$;%k¢éo

(2) 2025 4
HENHEE Al BHEERHRN AT A 1 R% U VA 7 i oMl B i & 4 2 R iRy
821210 BIRGE L. MESRIRSEIC L A58 i T EM A BIE L 35,

(3) 2030 £
VAT LAORGEELEELZAR  HAFRICESS T UHNV N T AT — A= a v (DX)
ICRDFEREN, RO CRERMEET) RIFHIUTEDTME S AT A EHEL, IUET —% % H
W E IRt e P R A B R 5,

66



3) £&EH
AREHEAZE LT RERR AT O & 2020 FELDEO~A VA F—2 %K 70 1IZR LT, 2021 4

R BITFEEE HIAAL TN D,

2021 FE

2022 EE

2025 FEE

2030 F

TF

G

8mmdWE KE7TE T B Gox SHi- &f
QI —TIAD TG
FORAEFILODXIEIZ @I ITY
AT LD R HBE- T RAMEIL

B#OBEEIOERCEA
-EHBE ‘4T AFHE L
U1 2)L EEICHEEIRT
-FEBRZ 26, T L@ 4EH

UHA2ILtE EREFTEENEYT
2 iEER H(C e BRT

(108% RAD)

- EHBE 106, £TLE7TEM

DRFLORFELREEHELEAO D

OERICEIKLKDXICEZEFESEL

- EROCHEMED) REMMD
EIOE (iGN -+

KR
02t/ -

L &2—18y DRI & A ERE @R~
v D =D ILAIEE
BXTSTPGME RS LASDSD
o7 L EREE BR5 IR D EREL

B HIHBEP OIS

- BT H200HEEBTE

-FHBE skTITAE. LS
200 5 H

e LisE P 0cOREainK

- BB T 52,0004, BBAETIIB300%
REERETE

- EBBE 2 K760 A&, 02ty
#-36 h &, FT L6000 5 M

IV HA492)0 TH(ZOYR &5 i

N

- B{ET 510000, AR AT H500%
CIVUIMAON T BS R EETETE

- EMBE 27100 R E. 02t
JH-60FA, T LEE15EM

B 70 2030 FETHOERREL

67



. Y

AT, MEARREFEAE CRRIAS L B & AA P T, AKTT 7, 02 & 4—
2260 PGM U WA 7 T DWT, EFRZEIZ AT 2B G OPERICBE T 2 M5t - FiEE 1T - 7=,

AT OWTIEL, Al BifGFRREN 2T A OH B KO 8mm & ¥V & K& 228 IS5
L7z AT FEIC LY, Pa¥lbz a2 7o BARME 2 R0 C & 7=, WEREE £ CTIZWEM 72 PGM &
IS BT IE A ST LT- K7 T VT OEIIZHSOWT S, LE— 3y 7 2R U7 [BI OB
EEERTAEL LI, mo P U A AN TF vy —F —(FICTEI L., SAaEEFTCE
W BEEREZ2AT O f@ALEHE A — A2 U, IREEEDIBE OIS HIRE L TV D, EVX
ZD DX ALIZEET 25Tl &V A 7 FRE L HEHIND 7 7 7 REREOREEE & IR0
A bz TLTWND,

WARRE L, A E CITHBE LIV AT AOEMICET K217 5. Al HifRi%E5 > A
TLDT A T HBET A b THL IR - T B EaEER R OB LGS £ 0 25 O & fRTH
T 5 KO ITHmA ek B AR, £70. Al BGEEEER > X7 50 DXARIZOW TS, EHEO
N BRI & &I, B YA 7 TSRS AT BHQRIRR S A7 50 R
HROFIED T AT LEAHRZ D Z LIk BRLHFEEOM EICETHHBEEZ1T 9,

68



