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Ore type

Merensky

UG2

Platreef

Location in the Bushveld
Depth (m)

Western limb and Eastern limb

Up to 1.5km deep
Platinum (62%), Palladium (29%]),

Western limb and Eastern limb

Upto 1.7km deep
Platinum (53%), Palladium (36%),

Morthern limb

Currently mined upto 250m deep

Platinum (43%), Palladium (36%),
Rhodium (10%), Gold (1%)

PGM-48 Rhodium (4%), Gold (5%) Rhodium (10%), Gold (1%)
Grades (grams 4E PGMs | CAB c35 coE
tonne)

Base metal contribution high (0.2% nickel, 0.1% copper low (0.1% nickel, 0.01% copper)

very high (due to high chrome

Processing temperature content)

high high

higher (0.25% nickel, 0.15% copper)
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CONCENTRATE
©300g/t

MATTE
£5000g/t

METAL

99.95% pure

Mining

Concentrating Smelting Refining
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WEEMNS YUY AV IILSINTzIRTOOLN, #HBEL2EOHTHNI% (7.
2bhY) FEol-BELERT B EEMEILTLEA, ZOH/INS DY LIM
BN400%UELERLEICEMADDLT, UHSVILEZTDLDIE
201 6EMND37%LAEMLTLEEL,
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HBEMELEEMNS UM VI ENDEIL, MEEBICERAIATLS
NS ODLDELREEHNSTFRATETLIHFOHEFEANT, BE10F
FMEFLTWANS D LOMIBEEICFHEEZZIT TS DITTIEAL,

NSO LNBEEEMEEEICHELNIEOHT-DIE 19 9 0FERKFIEMDS
T, FICTSFFLYRIIEVWSERATHS, 199 0FERUHL
LEFETTSFFTOMEIINTCILDIEEL EHoT=e TAU D
PHMEEDELBEBETSEOLEEEAEDOEMRITEE 1 4 FEIFT L.
OFEMNDL 1 6 FNMICHEEIZHELIDITHFEH., TOREREEICH -1t
EEENSDNATOYLERENHUIE. BBE—RICODEF/EAINT
WBNRSTHLDEDBUICHEANEY DBENDH D, INFTTILDE
BEFTENMEZ DI, BLLBELIHAXARICHET 56T, BF
HAESHMSEZA LML TELEL, (15R—UK1 85 MEEE
[SEONDINSTCILDEDEMIE ) YAV IIBKREDOEMIZIRMESH
TWaH, TOEMEEIFEESHMEVN LICHKZRSIATWS, Tl
ZH. BEEMBEEENASONSCOLBBEN 200 0FF£ELS L
B> YELMEMLTVWEVLWERTHDS,

B 14: FXAYHDERMEEE
10

% of vehicle scrapped

o N B O @

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Vehicle age when scrapped (years) =

B FAY G EE

EHRPEFMEVNSZOMHDEIZ—D5D ) AU IILEIL, &K
DA IEBRENISTEHELLEL, 201 8EDEHRITAIIL
EHhTFMN404F0T, 2005FM9 - 5 UM BEBLIz, 2l
MEFMRICNSOOLEFES ZENDEL BT EERT ERBIC,
NSODLEMBRD) AV ILHENELS, CORHFNBUEVERLE
HoTWb, RACEFHILLD) YAV IILIEEBHMERELTEY.
D1O0EMTERY 15 roD) YAV ILEBELNHST=.
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NSTYLOAE

NS ODLIE, TOYEMFELMEL LTOENEEN S, T,
HEM. TLTREICE, BELELATWS, TOHRTRADAEIE.
EERAE, BEARSEEHEOH VY VRUVT 4« —EILRBEEED H
HRAZHIET 25 LMELEET, 201 9F(F, /A5 HLND8 5%,
301 YA, ZnIfEbNhiz, TOMEMST. EEME. BTRE.
m#EAER. RAXTSY. BEREFHBE. KEFE. EXEAMHELGE
[CEDLATSA., BEEMEZEELUNORTERINSI OV LOEHEFE
EERNLRZEDBV, —ATSFFEFEMICERTFICNT VR ELL
FhNTEY., 201 9FN4ODNEHARNETEIEHEI 6%, F
fhi26%, T2¥A23%., I¥&15%EHE->TWD, TSFFIFELS
PHICFHLTCEELHH LT, BHEEXZTENFHRLCEIRLT
HIUBRNEEEZTDEIENDEL, ZOENNSTOIVLEES ECA
THb.

TOR15F2015FA52019FNDSEMDINSCHLDEN 4
DHOREARAERL TS, RARENIAFRALOESEMTLE
BEESE (ETF) OFEIMHABEAZ LB S-S THD,

B 15° /NS 2D ADESE

INDUSTRIAL
10% to 15% e e INVESTMENT
0, 0,
Main markets; China, Eum\ Investors cj-l{:utr%:;ﬁge Traded
J North Ameri
apan. o menea Funds (ETFs), bars, coins, etc.
Palladium is used in applications .
such as electronics, dentistry, Investors can also gain exposure
photographic printing, hydrogen through platinum futures equities etc.
purification and storage

JEWELLERY :
1% to 2% T AUTOMOTIVE
Main markets; North America, China 80 to 85%
Main markets; US, China,
Palladium was seen as a cheap Europe, Japan
alternative to platinum. Now largely
used as an alloy in white gold or for Palladium is used in catalysts to
men's wedding bands reduce harmful emissions.
Usage in gasoline vehicle
dominates

BH o3>y vyt ft WPIC UV —F ik REZEIFHRPSHG FE] > /2 /2812 71 X

BRERE

NS ODLDRRORARIEBEDFLMERET., 201 9F([F/NF
UOLFEMN8S5%E LD, MEL L TENBEET H/50VA
(T, RAKENHHT 23 DDFEEMSD. RILKR., —BIERE. ER
FRALMZENRMICBREL, HASETELRL <G> TS HH R
EETFTIDEOICBRERARGEREL TS,

BEESHFONSVIVLAFEEZRETADIILUTODA4DOOERAT. £h
FEFICTSFFH. XSO L ODHLEECHEKREREROEE
C3EEZEEZ D, LHOLNSOUIVLDEGEE., TOFRENFEAELRT
BRESFTHEH. ChoDERDEAIT/NS OIOLFEITHICK
EREBEEZA TS,

1) EREESH - BEPESHOEBMEIHEMEZEEDIEMETKL.
ETNETEOEAEKEEROFTRIEL D, BEIEARE LIRS
TEESAPDIRFAREHEEEERT, FIRE. L£EETE
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2)

3)

DN—P) T DL BEREY—ERADREICK > TSEREAAD
BBEMASHEMNRSCENEA OGNS, HEICRERELETIES
BROBERRICHE D T—ALYOBEBERASHIEZ DHFAIEE
HERDH B,

BHEOKES - @F. REHIFERE THRAGRNREE ZEEH
LTHY. FARRRZEI VT T 5-0—EHYVICERT SE
EEEEDENZ L, SETHEOKRZILOAEKEERENFERE
(FIFXLEBIRERIZH >Tzo DEY 1 -5y MLEIXIU Y RIL
HCERTEWV:WESOEDEEKRERNMBERZ 1z, LN
STHERICKEENFFNIERANHLHFH I EEEREDNFE
ENENY ., F5THMGEIEERERDEEILTIS, 20D
BERIEFXKABRELHEOTLEIN, TV UNRLRESTELRE
DRVWENHE. ERFMEEEICFONIBEEERNDELHL
BYZW, FABREETTHLHARRHEETFTT 5Ot
BIZEONIERDEIXZHoTHY ., HEEOA—/IN—ZARYy
VEBIFERILTWLD, HITZDOERIE2015F0T1—EIL
F—FrEHE (JFNVIRT—=HFIRIZCKDBTAYHDTORE) %
122>z, FEHHETA MARBETIEAL. & YEKLE
BETHDTFRANMIZEbo-Z L FDERICEELTLNS,

BREEOBER - BEHEE (T+—HEIL. AV N(TY
v R, BR. BREEM) ICE-THEIZEDODNBZ/NTOIAL, TS5
FF. OCVLOFERAERRECELG-THEY. EXEHEDS
BlIEEKREREZE<{FERALLEL., RAKEESEDOHTIEAY
JUBEDONS OO LFERENRLENH. AV VELNEZN
(FIRSTCHLDEENEZ, HICHY ) VENBNIEFENE D
Z Lz B,

B 16 HRGhBREL AL ELE

Acronym Description PGM content
Diesel . : . . . : e .
: Conventional vehicle with a diesel engine 5 - 10g of total PGM content; high platinum, low palladium
conventional
Gasoline . ) . i 2 - 5g of total PGM content; typically in a ratio of 1:8:2 of
) Conventional vehicle with a gasoline engine - ) _
conventional platinum to palladium to rhodium
2 - Conventional diesel car with a small 48 volt battery and . L : :
Diesel mild ; ) . . Likely to contain similar PGM loadings to a conventional
) 48V electric motor W help with luel efficiency. Cannot run on ) ) ) ) .
hybrid diesel vehicle - same combustion enging size
battery power alone
- i Conventional gasoline car with a small 48 volt batteryand o ) .
Gasoline mild . € ) . v Likely to contain similar PGM loadings to a conventional
. 18V electric motor to help with fuel efficiency. Cannot run on i . . . .
hybrid gasoline vehicle - same combustion engine size
battery power alone
Contains both a diesel combustion engine and a battery,
. . can run on either battery or combustion engine or bath in  Likely contains similar PGM loadings to a conventional diesel
Diesel hybrid HEV . : - :
parallel, but smaller battary than a FHEV, so the battery-  vehicle. Smaller combustion engine, variable technology
only range is shorter
Contains both a gasoline combustion engine and a battery, Likely contains similar PGM loadings to a conventional
Gasoline hvbrid  HEV can run on either battery or combustion engine or bathin  gasoline vehicle. Smaller combustion engine but runs
Y parallel, but smaller battery than a FHEV, so the battery-  intermittently (at lower average temperature, so higher
only range is shorter PGMs relative to combusticn engne size)
Like a HEV (can run on battery, diesel combustion engine
Diesel plug-in ( a0 ¢ Likely contains similar PGM loadings to a conventional diesel
i PHEV or both), can run solely on battery power for at least 10 . i X i
hybrid . : vehicle. Smaller combustion engine, variable technology
miles, battery can he plugged in to he recharged
. . . . Likely contains similar PGM loadings to a conventional
i : Like a HEV (can run on battery, gasoline combustion engine f . g :
Gasoline plug-in gasoline vehicle. Smaller combustion engine but runs
) PHEV or both), can run solely on battery power for at least 10 : ) .
hybrid . ) ) . intermittently (at lower average temperature, so higher
miles, battery can be plugged in to be recharged . . L
PGMs relative to combustion engine size)
Contains a battery (minimum 30 minute racharge time
Battery Electric vl '8 )
Vehicle BEV which stores electricity. Always runs on battery power Contains no FGMs
alone
Fuel Cell El _ Contains a fuel cell which uses hydrogen to genarate c | in 30-808 of lati hicle: DoE
u . ell tlectric FCEV electricity which is the only pewertrain for the vehicle (5 urrently cortalln -30g of pletinum per vehicle; UoE target
Vehicle _ of 12.5g of platinum
mins tc refuel H;)
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4) BDES - \SCHLOBHHEFEFFICESILTELDE
FARFRILT DA RRFTHS, BBELIGHH SN SRIEK
%, —BibRER. ZBItRF. ERBIEYD. TUOEZTIIHT S
HENIRRICE LAY, REFEERORH ISR D EIELZH.
EEELEORFDLRKRICHELL GO TETWS, hOEHZSE
TRLCICTIIE (BEREBELUSND) BBEMSHHEIWIES
MEZLYZCRELTEHICIE. LYELDBEEEERZFEAE
BULWhITEL, BfiOESICE>TRITLEESTHELHEY DD
Hd, FILEBEEEA—HN—DBHITK > THLAFEEEDEE
MKRIBICELGY., BEKEREDOHERES 411 TES &SI
HoTWb, BIZIEYA Yy 10— MEOHREDL, BE®EODRKE
TIIZELE R LEBEDORKE. SSICEAVI VD OBRERS %
BodTEDHENH D,

B 17 BERGHIERE

& Llmieans

BRE 23377

BRED/NS OV LREOER

BREXRONSOIL, RUBEKEREDFEICEEZEZEATELD
FEBERTEHIVE, EABLIBIHIARBEHTHS, 1990
EN201 9FNEHEHERTEHIEINE5400H7EMEH920
OBBICHEBALA., FLEEBICELNIBEEKERENEIERE68 - 4
fomb429. 2 boicEMLTLS,

& 18: BE2 8 FERDFIEEEFLALELEEEDMBEN (6 - 2/F) &
BEEREELEHDHEN (1 - 61%F) X< LEE

i
PGM use and Car sales - Indexed 1990 = 1

—PGM autocat demand (Pt, Pd & Rh combined)

B —Auto sales

1990 1994 1998 2002 2006 2010 2014 2018
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BW EEEETEZS2, LMC Automotive, ¥ 3>V > - Yy trit 199 0ESNEE] L h>TLS

ETHDFEBHET—S Y FTINFETICHRAICE L WEEA R EHIAE
AShTEEN, BICEERAFRICHIT 2EBHITAER LWV DIZH
S2TWS, NTPOLEEBEICRLEENH DI, 201 9FFEH
SHhEQELEHICEASNT: TE6HiHREE] THD,

HEMER/NASCOLDKREEZEI1990FEMNH20 1 9FNM. &
T - 3 hoFDEIEETF. 9-8 UMD 310. 7 FUIzETEM
L=, EIMOXEIXBET1 OEMICEC>THY. 201 0EMH20
19FENHDEMTEMEILHN12 -8 2 THDS, 201 9F(FE
BRAEORESHNASHETHIBEL LIt hhb 5T, il
BONSOCOLEEL10%E (27 -8 i) o=, ChIZEAE
BASN-HED TE6HAREE| (CEETH-HDHFET. ZOR
FINEEICHEEICKRELEEEEZ-ILEZRLTWVS,

K19 2009FH0520 1 9EDEEESEEMBF/ NG > OLE

= Palladium auto demand
—Annual Avg Palladium Price, rhs

12,000 1,800
10,000 1,500
8,000 1,200
3 7
g 6,000 900 ©
e R
4,000 600
2,000 300
0 0

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

BY. 3>y vy it s TN—LN—TF  WPIC U —F

FEEFIR20CRA XS ICHEIZEL > THEHHARARHEZEALT
T TA)VAPEMEY L TE6HEARAERE)] BADEEL
201 9FEMNEMEHMEILICENATINS,

& 20: #F TE 6 FHREE) BA FILREDEEEDRIEIZA

China per Vehicle PGM Loading

® Rhodium  Palladium B Platinum
45 o Chinall ||chinaml China IV China § China 6
4.0
3.5

grams / vehicle
(=] (=] — - N nN
o o o (4] o (4]
% em—
? S
P N

BH C3> v - wuts i CWPIC UH—F
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B 21 BERFEDLEFDELHET BRI E

Region/C try Emissi M t Event Consequences
5“’,“9 /km [(gasoline) car - RDE on-road emissions testing:
NOx Per car moving from laboratory to on- Higher loadings (+175 koz pd in 2019)
U road testing 2017 / 2019 9 ng P
950/ km / car fleet average Annual fine of between €14.7 bn & €34
CO, Fleet 2020 / 2021 bn. Incentive to lower CO; via Hybrid
and BEV
China 6 + 40% Pd loadings
China NQOx, CO,HC Per car 2020/2021 +50% - 100 % Rh loadings
Early addoption in some cites in Driving higher Pd and Rh prices.
2018 Incentive for substitution
North America NOx CO HC Fleet Tier 3/LEVI Steady increase in palladium loadings

EM:-WPIC J#—F

AR L& SITNS OO LBEEDBUNRSNTINSHT, BEES
BORBENSOIOLFEQEMMN, TSFFENRT OV LOTIGHE
DELS>NTEE DT EFFEEVGRLY,

I5FFENRSTIVLOREBE L TEADEMEEREIC

MEENBHTITSFFTENSDILORBELTES CLEBRIZEH
LWIETEHAWL, 197 4FIZYWHTT A DN EAEEEDES
FRELTLEHEOHAREEZEAL. ChITk > THBRKKETH
HRAZHHT BE=-DICTSFFENSCHLNRELNEZ E LT,
199 0FEKhYIE, NSPOVLDEFENHRKEZEZ. FERIZOLT
NERBEMISHBL TV, COBEEFOL7OVHO=v4IL -
LM SDED T, HEFILMEN G CHICHAEN G -OFICENE G
CEHLNTWT, OLICEDNERBELG DTV HDE21z, EIAN
2000%F, O 7DTHBMNLEHEELRET 7)) hOHMILEEDOBBENE
mY ., DB OB AN S BITNT OO LMEN 1A R20
OKRILAS1000 KRILICETAKELT-,

NSO LDMEINEHRETTSFFOMiEE LR -2 & T, RER
THHILRMLETSFFTOFEEZRESHETLICH -7z, TOE2 2
IZRT &2, BEMEEEICEOLNEINTOVLOREIXF1999F
L2002FMDAEIC48%ELREY . TNIZHE->TMEIE20034%1AH
ISIE1AYR230 KILETT%ELEz, BURH, #LEEAOTSF
FIX6 0%DEMEL o1,

B 22: 1996FM52005EDFDINGSOLETSFFDEEHE
FE L HIEDHE

== Pd Autocat Demand mm Pt Autocat Demand  —An Avg Pd Price, rhs
7,000 /[ Palladium peaked at ] 800
6,000 - St ¢.$1,000/ oz in late '00 700
5,000 [ Pt volume grew 61% ] 600
1999-2002, c. 1 mn oz
500 <
hol 4,000 w
s 400 __U_
S 3,000
S 3 300 &
2,000 i 200
1,000 100
0 . ' 3 0
© A Nl > O N 32 O \ 2]
) ) ) ) ) ) O O o O
FFFE PP

Bl 3>y vyt TI—LN=TF WPIC U —F
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2000FMHOET, NS VVLZEFESAVI VIV UTRILED
AEVEHEOEBTEERT E=0IZIF. TSFFOEODENVLEL -
fzo LWL, MERBRICHSKERNFZI—T 1 VI T 5HEOHE
PAYVY) DhOBRERS ERIMISE S T4 EDORMMEHFICLE>T, N
SUCHLDEZTSFFEREIZLTERLHENE LMD L S(TH-
fzo 1T 1RKREBEOEYMEE. D3V -Iyvtaqtn 201 3FIC
HRLI-FMAXICL > THERINA TS, (A Study of Platinum Group
Metals in Three-Way Autocatalysts — Platinum Metals Rev., 2013
https://www.technology.matthey.com/article/57/4/281-288/)

NSO ILFAY) VEQREMBEEEZ(TTHELS, T4 —EILEDf
WEECEFELATEY. TOEEFB\EI—O v/, k7 AV H, fEL
EOELBEBHEFBTIIEMR2 - 2 b ER>TWS, LALTA—E
JVERAMEICETAEMNIC TS FFroANELTEY. AV VER
DEEBE TN CILOREBEELTTISFFZ2ES&LYE. Ta—F
IWEAMEEETCTSFTE2ESIANKYDEMICEEMEOHLE R
DPFBHIENTE, EAIZHLEHBAMMLEL, 201 9F5HIZ2V 3
DI IvEAHIE. TA—EILERMEREEICNSIOOLORE L
LTTSFFAELND LT, BRI TTISF T OFEELZ KIFICHE
LEIFBEAS5ELTS,

B 22: INSZOLETSFFDBHEE: 2071 9F/F 14 2RICDEF
6 75F/IL, 2020F185052ADILFHT1354F /L

3,000

—Palladium —Platinum ; i

2,500

2,000

1,500

USD/oz

1,000

500

Jan 99 Jan 02 Jan 05 Jan 08 Jan 11 Jan 14 Jan 17 Jan 20
BH T —LN—2TF - WPIC Y —F

RERICHTIRFERCEIDE, HEFIRFNICETRICEIRR
FTRMEGRBREEVET. TORREMEEIRXMIE>TRES,
DEYHMOEIRMBEZo-HKEROFEMNEZ S & THEEA LN SHER.
HEIVWIRBREFES CETHADURICHENHIBRRTHD. KE
MEFERHAREENORERNMMAELRLIREMELG D, HIHIER
DD LEREN MOEEAETRFTHNL) TOHKORERDF
BRZRE. ZO0HAKDMBICENHNIL, REMICEIEHEEHRD
FEREEL,

NS T)LEERN TS FFOffiigZE LE > TWSRE. HREMICITEE
BHMEEEICIEE 2 ETSFINELNEIRETHY. TSFFIENS
COLLEERTREBARTHIEENLGL., TIFFRIFLAERER
NSO LOREHMEWNZ S,

BAEDNSOIOLETSFFOMEE. SHICEBEVRETRERRE
BEENGDL, BRIEA—HA—ICE-TRSETSFTOERELE®
ITARERFWEABTRCHD. NSOV LOBEEOEMEEE. B
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EEEREOHBHERDI-DICHL, FEEZITHTILENHSZ LELRE
LTWd, T5FF. NSTHL, OPHLDO3IDNDALKEEEN R
fIEICEOLN DB ENKRELLEDLSICIE. SETERE185AHSBL
EZENULDOERBIChH=5fEE NSO LRTSFF) MERE -
f=o EEA - hEIMNG/NRS O LBBENRADHE R T, M—AREL R
BIFETHD, ERURHES O LEEEDHETII NS CHLRE
FHERMDORMDBEL o121z, ERRSINE-EEHDIWEIZH
NoRRINDIEBICKXTISFIrNMELATWDEERDNSE, T5FF
ENRSTCHLORBAREEDEESNL., TSFTOREFENEFTVE
BEHRBNAS VRN FARIANE., BRMWIZIETSFF L35 D0 LHE
DEEHHY (SEMLS5E) THRESEBHh B,

TSFFENSCOLDMEEERLEZR2 2/ RTLSI1Z, 2000
F, RUBRBAONS CHOLMEORE. SSICKEROEBZTOED
N, 2014EM5201 7FEOMIC. REEN2F 1AL IR TIZE
ELfzC&ERLTLS,

FBRH/JDVYRG - v )LitldE, NS OO LTBERESENULD
MR EIEBIAENEOIZ, BRHONRSCHOLI7 Y KBRS OHLA
ERMNTDHEHRRLI-, COT7UFIE20164&F(231 -1 bbb
467 FoEEBHOIERSIE~NDTERBEBNE L TERISINT,
B#HTHRELRTET2HE. ThELBEEMELTEEIND L ODOME
., LIF5DTEHGLLTIFLZWETHD0EMmILEHE LTIEEFAMDI &
2. ERZOBZENSOILOMELRICER L TEEEFEOT
FETHIEVWSRMOEREERTHIDTEEL, BEHESE, 7
SFFINNRSCHLDREBELDZZETHEDINS SHLEENFLD
FRITHEOMNENEERDNEINLGTHD, LML/ UVRY - v
WHDOT7 U RIFRE13 -4+ 19.6 LML, 2020
FIZIEB5 9 FUDFRRIZHED EFRISND I EMD, NT D LIEIRIC
EZ5FEFIVGTWERLND,

IXARE

INSOHLOYMEHHELMIELE LTOMEL L, NSPHALTEEE
LN CEBRLERHTEODN TS, 200 0FEROIERNT OO LA
X, RSCHLDEBMEZENHNIND 1 21=h . HEIED LA
HBEOFELMBOABLLRELE TS FFREOBEFENAD. 20194
DIERAFTERINSOVLEELEKRD16%ITETELT-, 2000F
DN OO LMESEOEYIZ, EITEFMTZyTIL~AORE. &FH
HETOE~DRELNEH. NSV LODIXRATEEIX200950
74.6 05201 9%F(F56 9 bV EFz. BEFHD/IASTY
FEERICEDZEEEN =M. RSOV LNEIYRMIZHE o1
CETHEHMMHETEBUAS DO LNMEODNS K SI1ZH oz, 201 4
FLBIE, TXEAREEEE56 - 9 N D59 P EERMEREL
TW3,

BEIELUNDIERANS CHOLEELEFHM. mEME. LZ2LENE
ThHhdMN., BEHR., SS51CEA—4 7R FII2ELDAEESHEERTIL
—hZHEHLATILNS,

BFH - EFHB[EETIINSOULIERESAME. BBES IV
AVTUOY—POAYXEEMBE, HODIEEOEFHIFZITHEHLNAT
Wb, BEBES IV aVTUo—3BRZEAYKELIEZYTSE
FEBMT. MR, EHFEE. IvE1—4—, BFRITEE. 58
FERERGEICFEDODND, 199 0FKIINSGOVLDEFMEEDHT
BRLEELIDES=H., 2000FA6DNSTHLDMEEET.

BRBICHEIANA—RAZILZNDHELTHDOER~DRENEATZ, BF
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NEHLI, ZEOLICISVUVENSETAIEMESA TS,
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BEIC2019%F(F10 -2 boE2fz, NI VHLOEMELIEEL &
SELEMRMBELTORERFESSITELT H55,

LERH - NSCVLRFRARLD - BROMETREZMZA 5N D EWK
BIKRERIRT D ENTES . TRELGKEOMEZSOHREIC
BT S-OICEbhd, CORBERFICHHERICE >TIEART.
FRCHEORIWMAHFETHDIKRERENODREICFTBTEDHEE
HERDOHFLVRMOERICERT 5255, NSOV LF/HFDED
REGKEREFEEISHENEATEY ., FROGAICHEN LN
TWab,

BEINL—bF - JOOESZTLaIVY—MIEmHLNETIL—FIEEET
TETWBIENZL, RELZVDIXHMEBR A, RBOEEMN/NSTD
HYLATHETWREDEH S,

EXTYU b - BAKIC/ASOCHLEIIREMEDEME L LTEEM
RIZfEH B, ST LEES EEMEZE I HEORARBEZTREIZL.,
1 9HIBEbLYICELL Ehh T -, BETIEXEMWLERENTMSHh
37— k24 RS T7DRHTHEHLATINS,

ENAEE

INSOCHLRESHRMELLTIE1 93 0FERMLFEHLNTE-HEMN
HLWEETHD, 4BERTA FI—-ILFZEZEOICLENDEES
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BARITA RFT—ILEIE13 - 5%D/INTCYHYLEZATL, /18527
LAGEMICZENIZRENSZ EIZE-zDIE. 2009F 7 AN BT,
A—0OY/NTIE201 0FEND 1 TS LUEDNS OV LZEZFES EHiH
X LCHINZET B ENEFHF TNz, NSTHLDZNETSF
FTLEDRRERETDHI-D, k@7 THIEHONS, Efifé LTIEA-
EVEESEFEDONSOILONRIEITSFFEUTLEA, FEEHIEL
ORCHEBOTSFFLYVE4 0% EFEEEVOIFHETH S,

SETNSOIVLNEHGAMEL LTE>TCI > RKETERHIE.
ERTSFFTDLSICEHERDEZRBLAGMN 2 ETHD, 200
CENCDINTGDIDL -TS3AT VR A3 —F3FJLPAD ., &5
(2201 1EhA5IE International Palladium Board I2&57O0E—
AVITEMDDHET . NSTTALIKKARELTEOTSFFOLS Il
EHIFEHRBELTEZFTANOATOLEVOLARKTHS, 7OE—
DAVEAR. =Ty FORMFRHINTOVLOEHRRARELTD
BEXOKREZLZREERTH S,

EMiRELTNASIOVLAFEONSEHEETER. MEISHT, 0T
SFFTE%. BE. R, . ESRE Vo thOERBELEETEMHMEL
THILPFLLTEDNS, RNFVVLDELFERTA bT—ILEE
ELZDICEYEELTEDR, A/ 0DOMEE L TORRTBERADKE
IBHEERICR oM TS, FLNASTOTLRESTEIUENDEIZC N
EMNDREDT—ARMICELEDNA TS,

EHAREOHR

NSTCHLNDEHSREEEEZ2005F5M46 - 3 FUNRHEEZLNS
CHOLEERARD1 8B EHOHTL N, ThLUBEIEEGEFRENELER
ETTEO—&ZFWU->TLS,

B 24: 2003FEN520 1 9FED/INGSILDEHBEE

1,600

1,400

A
- // \

800

600 /
400 /

200

'000 oz

0

2003
2004
2005
2006
2008
2009
1
1
1
1
1
1
1

2007
2017
2018
2019

Source: Johnson Matthey, WPIC Research

2006FBAICNTGDVL-TIFAVT VR - AV 3—F a3t IR
NSOYLEBETEELESRLLTIAE—2avEToTN L
WS BEMTRISNEICEMDDET, 201 9FITFHNFIDVLDOE
HREBZLLEEOHTMNT1 - 4% (4-9 b)) EHE-DTLELTWLS,

21



BRARE

BYOIRT DI LDEBREFEZEIINSOOLOA Ty oa4( >, ETF
DEECTHOEERBITHIOHRAIMBZENTES, INFTTOIVLD
ETF (XIEYID/NS OO LICEITE IN-£MBER T, #H-12 ETF %5
FTAICEHBTEII—T Y P A—H—FBELTRRY bHBUVILIEEM
ETEMEBEAL. REEICANDIDELNH D, RERN/NT DI AIC
BETHIERIBAHY. XSO ILOFERBRONSTOILICEES
52375 0FOHME. S5ITNSTCHLDEZHNEIENTHS EL
52 &R, MEICRE LEZEBERZORMBENERLT. NSFTPDLA
BEFEHTHENELLEDELE STV,

INTDOL® ETF (X200 7FICIEEY. 201 0FHIFEMNH2015
FN7FETHRASIAHEZ T4 -2 v Eo=N, FhEE
—JIZRYEEIT20 1 9FICIFHB8 O%FE-T20 -5 v &fiot=,
201 55FLUFE, ETF OFHIE>THREEN=/SPHALIE73 - 4
FoI2iEY, ZOEFREAERFZMUL LS L& EZ T TOFEETE
THAHIERLONTWS, COFTYDKR. NV LHIGOEEMRE
TS ERSI NI,

& 25 ETF REE (moz, £) & MH1E USD / 0z)

3,000 - 3.9
Asia
2,500 - | 3.0
25
2,000 +
N 2.0
-] N
0 1,500 - ]
wn £
= F 1.5
1,000 | North America
1.0
500 + 05
0 0.0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
BH: T —LN—2 WPIC U H—F

NS UL ETF OFHIREHEEN ST EEFENDELITEH D, HER
51E ETF 22X Z2BYOMEAEN > TLSEIZIL, ETF 2H6#1+5
N HBEIVEESSHICTREEZEOTONERELN S, MEMNEEL
INS T L ETF 2FBHEED-HICHERAFTH>TLS EVSEEL,
NS DL ETF M RERE T BLUIBHMER >TWSI L%
ERLTWS, NSO LDMEBLERICEMDDLLT/INS DD L ETF @
RAENMEZTVLRVERERE, RERICE>THET (MEREIC) K
BTEL3TS5FFLDMEELHEYVICERBML TS EHIZKRD 3y
& B ENLREELLCHE ->TWWDS ERLB RN DB,

22



NRSTHLTHE W TFSFFHE
RSTHYL

NSO LHGEMILOBEENMER GV TEHEFTENIE LI
. SEMEHKLTHART. TORDOFREIF177 -3 brEhEo
fzo 202 0FIL, ¥ICHED TE6HAREE] OBEANFERH T
A, 7TALUEE TE6a HEAREE] NRFICHEDIIzH. NS PDL
FEBICTFRTHEVSONKRADFRIT, ZLOEHEA—H—IFE
EEZHNRIZEAT SR MERITDH-OHICEEIZ TE6b HFAREE] D
BAZERZTWLS,

B26: 201 9EFEELETDEERDING ZIABFTEDER/NT X

mm Palladium mkt balance —~Avg annual Pd Price, hs
2,500 1,800
2,000 1,600
1,500 1,400
1,000
! 1,200
500
8 I I I 1,000 &
g 0 C
S I 800 o
-500 N
-1,000 Y
-1,500 400
-2,000 200
-2,500 0

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020f

BH 3> Tutsit e WPIC U H—F*2 320> - TutritE EDM2#DFY

INSTCHOLDAREHRALBRER by obh bbb TE=, 19908
KOS 2000FERIEFOCTOERBENORED/NNZ OV LMNEHRS
N, TNHSBAINENRTCYLDOKREFIRAREA XY RDODBREE
ICRESNTWS, Pa3vyy - Ivta#tic&dE. 200 7 FLKE
CHOREEMND360 8 FUMNIETHEIATLSEN, ETHAMIZICH
B> THESINHOITTELEL., ZOFEFENOREEICHBINIZLETD
tDELHBENS T LT

th EEBEORA EFRFIC/IASOHLA ETF REEIXZ201 0FEAHLER
L. 94-1+UZT, 201 5F7RICIXFE—Y%WZAT94 2
fr&igot=, ETF OEMEZFNAETEIICRESA TSI b LE
Mof-th EHEEMNRICHTET-EWVR S, 201 5FDE—Um 5 ETF
REIZCEDZNRSCHOLEYDEET73 -4 bUiE>T2019FK&DY
I2IEHTHN20.5 b eoTWD, HADHATIEZD ETF OFHT
201 4FEDLDINTOILTED6 0%hHHONIZERTLS,

REIKNSOOLFRREZWELIZL ) —DOEELGHBRE/ VIURD
—y LT a—nN)L - NSO LTFURTHD, BTT7 U RIE/
JYRI 2T VRO ITEBEE~DLRERIKREZEMIZ201 4FITEE
Ih., 201642, BRHRIZFED/IATCHLOARINTULEWNEEH
5, 31 -1kohi546 -7 boTHRISNE, TD%k., HBETERR
HOEOHBIZZO T 7Y KNS OO LAKRE SN, /U RD
— v )Lttt K Sergey Malyshev KIZC&k25&E201 7EHE#EDHYMS20
1 8EHDIZTMFTI7Z7URIF17 -1 FVIZEY., FD#%20184F
BHYICIEH4 bt oizEWS 2 &, ZDH®RMIE20 1 9F(C

23



9-3ruNB15-6FDNTOIVLEBEVNETEHRERKL, 202
OFEWOHIZ. REBEOHKEZMET IEAORAKRELTHI 7Y ML E
RIZ3 FYDINSOOLA 2Ty b EBTHREANTEHERLIz, CORR
. 8—=NIWNNSTHLT 7V RIZIRERETIZ, RARDEEHL S
HWHELECELE10-3 UMD 16 -5 FURBREDHIBEENHD
CEEEKRLTWAN, JUYRIZy LA BR T 72 FD=HIC
BATEELTVWANSDOLEZDOMOEFEELHFELTLSEEDN.,
EARBEMICEFEROAEELH D,

B 27: INTOATEDERK

2015 2016 2017 2018 2019 20192018

Palladium Supply-demand Balance (koz) Growth %
SUPPLY

Mined Production

South Africa 2633 2,570 2547 2543 2648 4%

Zimbabwe 320 396 356 393 37g 4%

North America arz 911 935 955 043 -2%

Ruszsia 2,434 2,781 2,452 2976 2,802 5%

Other 144 129 13 135 123 9%

Total Mining Supply 6,453 6,787 6,451 7,006 6,894 -2%

Recycling 2,451 2,488 2,861 M2 3416 9%

Autocatahyst 1,930 1,986 2,361 2634 2932 11%

Jewellery 45 21 21 12 13 8%

Industrial / Electrical 475 481 479 475 471 -1%

Total Supply 8,904 9,275 9,312 10,127 10,310 2%
DEMAND

Automotive 7,693 8,041 8,462 8,782 9,677 10%

Jewellery 220 189 167 148 140 -5%

Industrial 1,954 1,871 1,820 1,848 1,742 6%

Chemical 449 413 442 545 511 5%

Medical / Dental 458 429 30 353 323 -10%

Electrical 903 872 843 753 728 -5%

Other 134 157 144 177 180 2%

Investment -659 -646 -386 -574 -57 NiM

Total Demand 9,208 9,455 10,063 10,204 11,502 13%

Balance -304 -180 -T51 -7 -1,192 NiM
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ETP holdings (koz)

Management

Region Fund Country Inception Ticker fee (%) Current Oz Value (USD mn) % of total
Asia Japan Physical Palladium ETF JP 02/07/2010 1543 JP EQUITY 0.59 5,356 13 1%
ETFS Metal Securities Australia Ltd - ETFS Physical Palladium AU 19/12/2008 ETPMPD AU EQUITY 0.49 3,430 9 1%
Total Asia 8,787 22 1%
Europe Swisscanto ETF Precious Metal Physical Palladium CH 06/01/2010 JBPAEA SW EQUITY 0.50 18,673 47 3%
WisdomTree Physical Palladium GB 24/04/2007  PHPD LN EQUITY 0.49 82,299 206 14%
Xtrackers Physical Palladium ETC GB 22/07/2010  XPAL LN EQUITY 0.45 3,584 9 1%
Xtrackers Physical Palladium EUR Hedged ETC DE 26/07/2010 XAD4 GY EQUITY 0.75 10,773 27 2%
iShares Physical Palladium ETC GB 11/04/2011  IPDMLN EQUITY 0.00 4,611 12 1%
Invesco Physical Palladium ETC GB 14/04/2011  SPAL LN Equity 0.39 1,921 5 0%
ZKB Palladium ETF CH 10/05/2007  ZPAL SW EQUITY 0.50 84,258 211 14%
Total Europe 206,119 516 34%
North America  Aberdeen Standard Physical Palladium Shares ETF us 08/01/2010  PALL US Equity 0.60 166,954 418 28%
Sprott Physical Platinum & Palladium Trust us 19/12/2012  SPPP US EQUITY 0.50 46,093 115 8%
Aberdeen Standard Physical Precious Metals Basket Shares ETF us 22/10/2010  GLTR US Equity 0.60 38,981 98 6%
Total North America 252,028 631 42%
South Africa NewPalladium ETF ZA 27/03/2014  NGPLD SJ EQUITY 0.40 28,316 71 5%
1nvest Palladium ETF ZA 24/03/2014 ETFPLD SJ EQUITY 0.35 109,739 275 18%
Total South Africa 138,055 345 23%
604,988 1,514
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