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PGE - Platinum Group Elements (N = 6)

2aRU 45RN 46Pd 76l 2708 7Pt

PGM - Platinum Group Metals

Precious; Noble; Heavy, Siderophile; Chalcophile

or Platinum Group Minerals
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The Periodic

Patinum Group Elements
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PRIMORDIAL FORMATION:

NUCLEI - ATOMS - MINERALS 1.0 - ROCKS 1.0

PLANETARY FORMATION:

ROCKS 1.0 - MAGMAS 1.0 - MINERALS 2.0 - ROCKS 2.0 - CORE - MANTLE
2.1) (2.2

PLANETARY CONVECTION:

ROCKS 2.2 - MAGMAS 2.0 - MINERALS 3.0 - ROCKS 3.0 (CRUST)
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FUNDAMENTALS _—

COSMIC
ABUNDANCES

PGES HAVE SIMILAR
COSMIC ABUNDANCES
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FUNDAMENTALS

Model of Earth’s core formation

solid
silicate
mantle

/ sinking
metal
diapir

metallic
core
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Solid Inner core

Liquid outer core
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PLANETARY FORMATION:

ROCKS 1.0 - MAGMAS 1.0 - MINERALS 2.0 - ROCKS 2.0 - CORE - MANTLE
2.1) (2.2

CORE MANTLE

Fe  ~88.8% O 44% Ca 2.3%
NI ~5.8% Mg 23% Al 2.2%

S ~ 4.5% Si  22% Na 0.3%
Others < 1% (PGE) Fe b5.8%K 0.3%
PGE ~ PPB LEVELS
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RELATIVE
Rock-forming elements ABUNDANCE IN
EARTH'S CRUST
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APPLICATIONS
Platinum Demand

4% 5%
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APPLICATIONS

Chart 8: Demand end-use shares, 2019f vs

Medical and Dth?_r
Biomedical 3% 6%

Glass 3% —|
El ical 39 Medical and
ectrical 3% —j Biomedical 3%
Petroleum 3% Industrial

26% Glass 3%

Chemical 8% . | ooy
2018 : Electrical 2% 2015
Demand Petroleum 3% Demand

7,380 koz 7,995 koz

Chemical 8%
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APPLICATIONS

THE DRIVERS OF DEMAND

There are four core segments of platinum demand:

AUTOMOTIVE INDUSTRIAL JEWELLERY INVESTMENT
37-41% 18-21% 31-38% 2-1%

o
1 @ o Feaal
9995  999.5  199.5
—

* Minimum and maximum ranges over period 2012 - 2016
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APPLICATIONS —
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of total demand in the last 5 years
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APPLICATIONS

Platinum demand from auto
catalysts has equated to between

37-41%

of total demand in the last 5 years

Platinum in spark plugs
and 0, sensors supports
more efficient engines

P

Platinum supports diesel
cars which are on average
20% more CO, efficient than
an average gasoline car

20%
MORE
EFFICIENT
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AUTOMOTIVE

Platinum is central
to reducing vehicle
emissions both now and
in the long term

.,

1

®

Euro 6 compliant catalysts
(requirement since September 2015)
use more platinum per car
to achieve the lower emissions
requirements

Selective Catalytic Reduction (SCR]
systems also contain platinum

Platinum’s superior catalytic
conductive properties in fuel cel
turn hydrogen and air into water
producing electricity to power
electric cars with zero emissions

H,
\

FUEL CELL
ELECTRIC MOTOR

e
H.0

Fuel cell electric vehicles (FCEV]
use more than twice the amount of
platinum in internal combustion
engine vehicles. Early adopters
with commercially available cars
include Toyota, Hyundai and Honda
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APPLICATIONS

JEWELLERY

Platinum jewellery has achieved
global premier status

Global annual jewellery - e i
demand has been between and strong association with
love. Market developed by

31 - 38cy0 Platinum Guilc

) : cince 19075
of total platinum demand since 1975
over the last Syears

China is the world's largest In the US, platinum is the number
market for platinum jewellery, ice for engagement rings,
representing well over half while n it is the favoured
of annual demand chc generations of

ides and grooms

y

rowth

)

jewellery market
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APPLICATIONS

Physical platinum exchange traded funds [ETFs]
have become firmly established in several regions,
with recent growth driven by South African ETFs

Investment is the most variable
factor over the past five years,
ranging between

2-11% AR

of total demand [(excluding increases
or decreases in above ground stocks)

1 =
Milllon ocunces

Created in late 2014, the World
Platinum Investment Council (WPIC)
exists to stimulate investment
demand for platinum

2007 2008 2003 2 2011 2mz2 2013 24 2013 2016 27
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PLATINUM ESSENTIALS .P world

Platinum
nvestment

Are cryptocurrencies relevant to platinum’s investment Councill

case?

|s it possible or likely to have a cryptocurrency backed
by platinum?

What can cryptocurrencies / blockchain bring to commodity
ownhership?
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APPLICATIONS

Autocatalyst demand for platinum (gross) Autocatalyst demand for palladium (gross)

Europe Japan N America China Europe Japan N America China

" 2015 %2016 2017 w2015 w2016 2017
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SUPPLY/DEMAND

Platinum Supply and Demand ‘000 oz

Supply 2015 2016
South Africa 4,672 4,392

— Russia 670 703
Others 865 088

Platinum supply and demand

Total Supply 6,107 6,083

Gross Demand

Autocatalyst 3,228 3,327

Jewellery 2,746 2,412

Industrial 1,763 1,855
. Investment 451 620

2013 2014 2015 2016 2017 Total Gross Demand 8,178 8,214

mPrimary supplies Recycling —Gross demand Recycling 1,715 -1.929

JMES Total Net Demand 6,463 6,285
Johnson Matthey Movements in Stocks -356 -202

Precious Metals Management
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SUPPLY/DEMAND

World

Q1 2019 SUPPLY: SAMINE SUPPLY UNSEASONALLY -t'-) Platinum
STRONG, AUTOCATALYST RECOVERY FIRM fvestnant

If- -\-\

SUPPLY Q12018 // Q4 2018/ Q1 2019 South African mining supply up 21%

Refined Production 1,295 1,560 1525 YoY in Q1’19 from process lock-up

South Africa 910 1,160 | 1,105 release
Zimbabwe 115 120 110

North America 90 95 100 .
RusSia 140 145 Russian supply up 25 koz YoY on

Other 40 40 45 planned rise in 2019 output

Inc(-)/Dec(+) in Producer Inventory -10 -20 +5
Total Mining Supply 1,285 1,540 1,530 Recycling supply up 4% YoY:

Recycling 460 495 480 autocatalyst ~ +8% S
Autocatalyst 330 380 jewellery 4% m/wm/ /

Jewellery 130 115 125 Rt :

Industrial 0 0

Q1’19 total supply up 15% year-on-
Total Supply 2,035\ | year




SUPPLY/DEMAND

Q1 2019 DEMAND: STRONG INVESTMENT MORE
THAN OFFSETS LOWER AUTO AND JEWELLERY

DEMAND

Automotive
Autocatalyst
Non-road

Jewellery

Industrial
Chemical
Petroleum
Electrical
Glass
Medical & Biomedical
Other

Investment
Change in Bars, Coins
Change in ETF Holdings
Change in Stocks Held by Exchanges

Total Demand

Balance

Q12018 // Q4 2018IQ1 2019I|

Automotive demand dowr

YoY but decline in di sales slows

Jewellery down in China, partly offset by
growth in all other regions

Industrial stable
ETF demand surges to record high,
supported by solid bar and coin

purchases

Q1’19 total demand up 32% YoY

Market deficit also highest ever

London

o
13" May 2019
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SUPPLY/DEMAND

Q1 2019 DEMAND: INVESTMENT SURGE ONRECORD 2 #igfinur
ETF INFLOW AND SOLID BAR & COIN PURCHASES (vestment

Investment demand by category (koz)

ETF demand in Q1'19 surged 690 koz,
largest ever rise in Pt ETF holdings

Bar & coin demand at 75 koz with
strong US coin purchases, lacklustre
Japanese bar purchases

Exchange stocks unchanged

Net investment demand of 765 koz,
swings market to 550 koz deficit in

Q1'16 Q117 Q1'18 '
Zﬁ‘ﬁ)'?‘g”"' WY PRESENTATION/ /

London
13" May
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SUPPLY/DEMAND

World

ANNUAL BALANCES: 2019 SURPLUS DOWN ON 2018 AS - p"||'_._]ti;.|,”,|..]
DEMAND INCREASES 295 KOZ MORE THAN SUPPLY vosty

SUPPLY 2018 2019f YoY, 0z YoY, %
Refined Production 6,115 6,400 285 5%
South Africa| 4,460 4,685 225 5%
Zimbabwe 465 470 5 1%
North America 355 400 45 13%
Russia 665 670 5 1%
Other 170 175 5 3%
Inc (-)/Dec (+) in Producer Inventory +0 -25 -25
. () . -
Total Mining Supply 6115 6,375 260 4% Recycling up 60 koz) on higher
Recycling 1,935 1,995 60 3% autocatalyst offset by lower jewellery
Autocatalyst 1,420 1,495 75 5%
Jewellery 510 495 -15 -3% L
Industrial 5 5 0 0% Total supply up 320 koz) in 2019
Total Supply 8,050 8,370 320 4%
DEMAND Total demand up 615 koz) on
Automotive 3,105 3,010 95 3% investment demand surge, partly offset
Jewellery 2355 2,310 -45 2% , o
Industrial 1905 1,890 15 1% by small automotive, jewellery and
Investment 15 785 770 N/M e diietrial Aanlinac
justrial declines Pl
Total Demand 7,380 7,995 615 8% industrial declin L L
Balance 670 375 %Lllr lus in 2019 (375 koz) narrows from g:ggr:mwwmsmw/ /

I.nd

Above Ground Stocks 2,845 3,220 375  13% 8 (670 koz)
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SUPPLY/DEMAND

2019 TOTAL SUPPLY UP 4% - SAMINING SUPPLY UP 5% J['_J mord
WITH DOWNSIDE RISK - TOTAL DEMAND UP 8% nvestrer

Total mining supply 2018 to 2019 (koz)

6,600 Mining supply up South Africa up
6,500 . . .

6,400 /o on work in pr build-up in
6,300 2018 and US up on new project
6,200
6,100
6,000
5,900
5,800

SA mine supply risks elevated due to

2018 S. Africa Zim  N. America Russia Other From stocks 2019f

Total demand 2018 to 2019 (koz) Total demand up investment
8,500 offsets weak automotive and jewellery.
770 795 o ndustrial is down 1% - but at similar

evel to strong demand in 2018

7,500

7,000 Investment strength is led by significant P

6,500 ETF buying in 2019 and expectec < /
continued steady bar and coin demand 'g:gngUMWYPRESENWO'/

6,000

2018 Automotive Jewellery Industrial Investment e / > “

ord 14
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SUPPLY/DEMAND

PALLADIUM PRICE PULL-BACK, TEMPORARY?
SUSTAINED METAL SHORTAGE, NO SUPPLY RESPONSE

Platinum and palladium price

[ Pd premium since 09/17; | Palladium in 8th consecutive deficit
1,600 _ o~ Currently $500/0z ™,
== Platinum

—Palladium | " Cumulative deficit 4.6 moz

1,500
1,400
1,300 _ .
N 1,200 2 moz from Palladium ETFs — balance
a 1,100 )
B 1000 from OTC / above ground stocks
900 . |
800 Palladium above platinum from Sept’'17,
700 . . I,
600 expanding sharply in Q3 2018
01/17 0517 09/17 01/18 05/18 09/18 01/19 05/19
: Peak Pd / Pt premium $743/0z
Palladium futures curve F

Palladium in sustained backwardation for
8 months — shortage of ingot and

sponge

PLATINUM QUAR’ Y PRESENTAT]ON/
Q12019

1,325 Condon
) ) 13" May 2019
29/04/2019 28/06/2019 30/09/2019 31/03/2020
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ECONOMICS

Rhodium price in $ per oz




Advanced Manufacturing & Automation: Platinum Group Metals

ECONOMICS

Investment insights

Do you enjoy pain? How about the platinum

industry?
Andrew Lapping - 30 June 2018

THE PAIN IS IN PRODUCTIVITY
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WHMINE

Chart 6: Changes in supply, koz, 2019f vs. 2018

Recycling

Source: SFA (Oxford)
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WHMINE

SOUTH AFRICA
TOTAL PGM 251 TONNES

RUSSIA
TOTAL PGM 112 TONNES

PLATINUM

NORTH AMERICA
TOTAL PGM 40 TONNES B PALLADIUM

RHODIUM

ZIMBABWE
TOTAL PGM 20 TONNES

OTHERS
TOTAL PGM 8 TONNES

0 50
TONNES
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WHMINE
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WHMINE

KEY (:(j

Existing mines in bold type
Developing mines in normal type
Potential mines in italics

Republic of m Anglo Platinum
South Africa
B Impala PPRust
E Lonmin
O Others

Kilometres

Amandelbult

Bafokeng-
Rasimone

Waterval I
Crocodile River |
Impala |

Rustenburg —

Kroondal — | Pretoria

\ Pandora
Marikana Lonmin
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A
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WHMINE -

UPPER ZONE
Olivine diorite
Anorthosite
Mafic Gabbronorite
sequence Magnetite gabbro

MAIN ZONE
Norite
Gabbronorite

Mafic, Anorthosite MFC

Ultramafic Pyroxenite

sequence Quartz gabbro, gabbronorite

Mafic Quartz norite, minor pyroxenite
sequence : Py
Norite, gabbro

Feldspathic pyroxenite

Mafi CRITICAL ZONE ‘ ,
afic Anorthosite Dominantly pyroxenite

Ultramafic Norite
sequence Feldspathic pyroxenite Ultramafic

LOWER ZONE sequence
Ultramafic Pyroxenite

Sequence Harzburgite
Dunite

MARGINAL ZONE Marginal facies
Norite

Dominantly harzburgite
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WHMINE

Merensky UG2 Chromitite Platreef

F.P. N.

—

Thickness inm
Thickness in m.
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WHNMINE

Western Bushveld
> of 4E precious metal splits

stenburg area

Merensky Reef Merensky Reef
HUG? 50 W UG?2
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WHMINE

Table 1 PGE and base-metal distribution in different Merensky Reef types of the
Western Bushveld Complex (from Viljoen et al., 1986a; 1986b)

Rustenburg facies Swartklip facies

Union Section Top of reef Bottom of reef ~ Amandelbult Section
Pt 59.5 58.4 62.15 56.03 5453
Pd 25.18" | 253 21.92 28.83 30.05
Ru 815 |  6m 669
Rh 2.96 4.18 3.97
It 098 | 198 1.24
Os 19 1.02
Au 32 | 258 26
Pt:Pd 2:6:1 2.3:1 8: 9:1 1.8:1
Average grade 8.1 759 |

Cu 0.12 0.13

Ni 0.26 0.28

PGE in g/t and base metals in per cent




MINING

Milling
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Concentrator

Description

Underground mining of two
‘reefs’, Merensky and UG2 each
approximately 1m thick

Crushing circa 11 million tonnes
of ore brought to surface to

the consistency of talc, circa

75 microns

Separation of metalliferous
particles from silicate host rock
using basic physical chemistry

Output measurement

Millions of tonnes

Millions of tonnes

Kilogrammes of PGMs
in concentrate

Effectiveness measures

Tonnes hoisted
Ore reserves

Tonnes milled

PGMs in concentrate (kgs)
Recovery rate (% of contained
PGMs recovered)

Quality measures

Underground head grade, per
ore type (grammes per tonne)

Milled head grade
(grammes per tonne)

Concentrate grade
(grammes per tonne)

Efficiency measures

Cost per ounce

Cost per tonne milled

Cost per ounce recovered




Smelter

MINERAL PROCESSING
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Base Metal
Refinery

Precious Metal
Refinery

Markets

Further separation of metals
(‘matte’) from silicate host rock
(‘slag’) using electrically-
generated heat

Chemical and electro-chemical
separation of base metals

(for sale in finished or semi-
finished form) from PGMs
within the matte

Chemical separation of the
individual PGMs contained in
BMR matte and refining to
purity of 99.995% or better for
sale in various finished forms

Two principal customers for
PGMs, both global corporations.
Six customers for base metals

Kilogrammes of PGMs
in smelter matte

Troy ounces of PGMs
in BMR matte

Troy ounces of finished metals

Troy ounces of finished metals
purchased

Primary tonnes smelted
Recovery rate (% of contained
PGMs recovered)

Recovery rate (% of contained
PGMs recovered)

PGMs in saleable form
Recovery rate (% of contained
PGMs recovered)

Revenues per PGM ounce
achieved relative to price
in spot market

Convertor matte grade
(grammes per tonne)
Recovery rate (% of contained
PGMs recovered)

* Base metal Purity (%)

* PGM %

Recovery rate (% of contained
PGMs recovered)

Purity (%0)

Quality of product confirmed
by customer as complying
with specification

Cost per tonne smelted

Cost per refined ounce

Cost per refined ounce

First pass recoveries (% of each

metal recovered)
Throughput time

Days from delivery of PGMs
to cash settlement
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ECONOMICS

J.P. Morgan Platinum Industry Break-even Analyser

J.PMorgan CAZENOVE

AT

Allan Cooke"" Abhishek Tiwar
: (27 11] 507 0363

prhorgan com abhishek = thwanidjprmorgan com
0% 10% 20% B0% G0% 100%
3,000
CY16 Break Even Platinum Price (Cash Cost + Maintenance Capex)

2,500

Price ($oz)

Average Break-Eve

Motatobn
Two Rivers
Modikwa
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WHMINE

Merensky Melanorite

MERENSKY REEF

Merensky Chromitite

Pegmatoidal Melanorite

Footwall
Leuconorite
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WHMINE
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Platinum Group Metals

Advanced Manufacturing & Automation
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MINING MERENSKY ORES

Spot the
Braggite
Crystal?




Advanced Manufacturing & Automation: Platinum Group Metals
MINING PLATINUM ORES

BASE METAL SULPHIDES
Pyrrhotite FegSq
Chalcopyrite CuFeS,
Pentlandite NiFeS,

PGM
Braggite (Pt, Pd, Ni) S

50
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NORMAL TYPE MERENSKY REEF: NORTHAM PLATINUM

. e o .-
| gy |
j X ¥ \¥
), -

MINERAL
PROCESSING

Interstitial Plagioclase —er—' r; ' §
| b

/(, - y AF e L { ; 5 \'{4
4 R BMS
': ‘ e T.‘ 3 > ‘T '
i )

Use of XRCT to search

For PGM rich zones




I\/I I N E R L Advanced Manufacturing & Automation: Platinum Group Metals

PROCESSING
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MINERAL
PROCESSING

Use of XRCT to search ‘
For PGM rich zones -
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0.00000 mm Scene




MINERAL
PROCESSING
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MINERAL
PROCESSING
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MINERAL MERENSKY CHROWITITE |
PROCESSING ‘ S
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MINERAL PROCESSING
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MINERAL S——
PROCESSING

Arsenides
'Y

Platinum- roup TRP 260 TRP 256
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2.2, Top chromitite seam
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MINING & MINERAL
PROCESSING




