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(Sustainable Development of Iranian Copper Industries; Optimum
Capacity selection for Copper Mineral processing & Smelter plants)
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Presentation for: 4th Iran Non-Ferrous Industries market & related technologies Conference & Expo
March 7 - 9, 2022, Olympic Hotel,Tehran, lran
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Row PROCESS NAME Row PROCESS NAME
1 AUSMELT 11

2 12 TBRC

3 ELECTRIC FURNACE 13 KIVCET

4 INCO FLASH 14 ROTARY FURNACE
5 ISASMELT 15 BOLIDEN

6 16

7 NORANDA 17 BAIYIN FURNACE
8 OUTOKUMPU FLASH 18 SKS

9 REVERBERATORY 19 DSB

10 20 SLS + SLCR
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Trends in Copper Smelting Capacity, 2000 and 2024

Percentage share of total capacity, by technology type
Source: ICSG Directory of Copper Mines and Plants — March 2021 Edition

2000 2024
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The use of Flash/Continuous technology accounted for 59% in total copper smelting capacity in 2000. This share rose to 65% in 2020. It is
expected to remain around this level until 2024. There has also been a rapid expansion of Chinese technology, which first emerged in

2004. It now accounts for around 18% of total copper smelting capacity.

Note: Capacity data reflects production capabilities not necessarily production forecasts
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Bottom Blowing Continuous
Copper Smelting Process
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SLS + SLCR

Core of Fangyuan phase Il project:

Feed,'n gs

Sealed conduit

Wg wheels
Anode copper

(Cu=99.3%)

» Mixed feedings are continuously charged into SLS to produce the sub-white metal (75-78%Cu).
> Molten sub-white metal from SLS’s siphon hole is discharged into two SLCRs alternately via a sealed conduit.

» The qualified anode copper is made by SLCR after sulfur and impurity removal, then and final reduction.

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division




FANGYUAN SUBMERGED LANCE SMELTING,
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Fangyuan two-step smelting process:

The 1st production line of two-step process has been operating at the 3rd
Industrial Park of Fangyuan since 2015.
Product acid for sale s _— m _*n:::;tan::::r
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Ref: KeqinTan; Dongying Fangyuan Nonferrous Metals Co., Ltd, August 02, 2018
Tailings for sale
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(Million USD) 100 Kt/y cud 3 &

No. Items SKS/BCC DSB Flash Ausmelt
1 Materials preparation 11.73 5.85 19.52 9.65
2 Pyrometallurgy system 68.04 50.55 116.33 67.72
3 Electrorefining 46.52 30.93 30.93 30.93
4 Oxygen station 17.25 14 12.6 14.96
5 Acid making 40.32 27.27 33.04 31.5
6 Waste acid water treatment 2.17 2.84 3.96 3.45
7 Wasgt:ntiziiﬁzwer 4.97 5.96 4.72 5.21
8 Slag flotation 9.32 6.45 16.26 14.73
9 Auxiliary facilities 20.02 40.05 57.63 41.5
10 Other cost 8.4 28.62 37.01 35.1
11 Contingency(12%) 26.44 24.73 39.84 30.57

12 Total CAPEX 255.18 371.84 285.32
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(USD/ton Anodic Copper)100 Kt/y

No. Items SKS DSB Flash Ausmelt
1 Auxiliary materials
1.1 Quartz 2.28 3.8 3.96 3.145
1.2 Refractory 12.03 4.03 6.77 3.89
1.3 Coal . 11.61 . 6.7
1.4 Electrode and paste . 2.79 3.45 3.55
1.5 Others 1.35 1.35 1.35 1.35
Subtotal 15.66 23.58 15.53 21.635
2 Fuel
2.1 Heavy oil 13.24 13.24 54.5 27.85
04’ Diesel 2.5 2.5 7.74 16.54
Subtotal 15.74 15.74 62.24 44.39
3 Power
3.1 Electricity 57.4 52.1 61.29 61.29
3.2 Fresh water 4.25 1.76 4.39 4.35
3.3 Oxygen 32.9 33.55 30.65 32.37
Subtotal 94.55 87.41 96.33 98.0

4 Labor cost 42.74 42.74 45.87 45.87
5 Depreciation 117.03 88.87 160.24 120.7
6 Maintenance 21.12 9.35 45.29 55.26
7

Total OPEX 310.11 425.5 385.87
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No. Items SKS DSB Flash
1 Recovery:
Cu 98.6% 98.5% 98.2%
Au 97.5% 96% 96%
Ag 96.5% 97% 95%
S 98.0% 98.5% 95.8%
2 Copper grade in anode 99.3% 99.5% 99.45%
3 Oxygen consumption 15374m3/h 15053m3/h 8492m3/h
4 Oxygen concentration 73% s, 40%c 70-90% 95%
5 Copper grade in matte 70-74% 55-60% 50-65%
6 Rate of dust 1.8-2% 0.8-1.5% 6-8%
7 Copper in smelting slag 2-2.5% 0.5-0.75% 2.5-4%
8 Fe/Si0O; in slag 1.8-2.2 1.05-1.25 1.15-1.25
9 SO, content in smelting gas 32-36%s, 30-34%c¢ 23-26% 24.5-26.5%
10 Power loaded 61827kW 53841kW 72000kW
11 Fresh water consumption 8647m3/d 5686m3/d 7503m3/d
12 Manpower quota 430 430 420

13  Gnl Energy Consumption/ton 210~230g ce 210~230g ce 280~300g ce
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PROCESS (Mj/Ton Conc) &} 5! S yaw
FLASH 2824
MITSUBISHI 3803

4303

6993

4442
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[ e g Cu Cathode

PROCESS YEAR PRODUCTION
(Kt/a)

= | = | )

1 FLASH 1998(Q1) 100
2 FLASH(EXP.) | 2001(APR) 180
3 | AUSMELT(3F) | 2003(AUG) 70

4 MITSUBISHI | 2005(MID) 250
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YEAR 2006 2007 2008 2015
PRODUCTION(Kt/a) 310 360 470 500

WORLD RANKING 10 8 & 4
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PROCESS | YEAR [ PRODUCTION REMARKS
| (Ktla) |

1 FLASH 1998 90 360Kt H2S04

2 FLASH(EXP) | 1999 200 800Kt H2S04

3 FLASH(EXP.) | 2002 300 -

4 FLASH(EXP.) | 2005 400 -

5 ROTARY F. 2003 100

6

7 NEW FLASH | 2007 300
TOTAL - 2008 850 1810Kt H2S04
TOTAL g 2015 1,020
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YEAR 2006 2007 2008 2015
PRODUCTION(Kt/a) 450 545 850 -
WORLD RANKING 3 1 1 -
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PROCESS | YEAR | PRODUCTION(Kt/a) | REMARKS
| ] | ] ] |

FLASH 1997 95 F1

F1
FLASH(EXP.) | 2005 210

F1
FLASH(EXP.) | 2007 350
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YEAR 2006 2007 2008
PRODUCTION(Kt/a) 210 260 400
WORLD RANKING 27 19 10
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PROCESS | YEAR |PRODUCTION REMARKS
(Kt/a)
FLASH 1970 80 F1
FLASH 1973 80 F2
FLASH(EXP) | 1990 330 F1,F2
FLASH(EXP) | 1997 350 F1
FLASH(EXP) | 1998 450 F1
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PRODUCTION [ DUST 02
PROCESS YEAR (T/D) (%) (%)
1 FLASH 1980 385 10 21
2 FLASH(EXP.) 1989 652 5.5 39
3 FLASH(EXP.) 1994 818 3.9 45
4 FLASH(EXP.) 1998 2300 - -
PROCESS YEAR PRODUCTION(Kt/a)
YEAR 2006 2007 2008 2015
PRODUCTION(Kt/a) 370 410 450 450
WORLD RANKING
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PROCESS YEAR | PRODUCTION | o evARKS
(Kt/a)
| ol | | |
MITSUBISHI 1998 160 1Mt/a CONC.
FLASH 2000 153 220 REFINERY
MITSUBISHI 2000 214 186 REFINERY
FLASH(EXP) | 2010 225 i
MITSUBISHI(EXP.) | 2010 355 i




Yanggu Xiangguang Copper Industry Company

40ka cathode opber
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Smelting

Converting

Anode
Refining

Anode
Casting

EQ. QTY 12 7 5
Capacity (Kt/a) 200 120 400
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QUICK RESUME

Basic original design QOUTOTEC
SAG Units 1 1
Power 2x3T7S50Kw 26000 Kw
DMTPH 1300 1670
Size 9,144x3,965 9,75=x6,10
P80 2mm ra
Pebble crusher units 1 2
BALL MILL Units 2 3
Power per unit TS00KwW 000 Kw
DMTPH per unit 650 556
Size 6,0x9,144 6,1=9,05
P80 in mm 0,100 0,08
F20 in mm 0,8-1,1 0,5-0.8
Plant hours per year FO20 T920
Performance 1300 1670
TOTAL PER YEAR IN MTOMNS 10296000 13226400
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®* Two Primary Gyratory Crushers
* 2MP2500 Cone Crushers
* 2xSAG
* 2xPebble crushers
* 2 BallMills
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OPTIMUM MINE THROUGHPUT;
D.A. Singer, W.D. Menzie and K.R. Long 1998 - 41 Au-Ag open pits, Long 2009 - 342 open phl :
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——D.A. Singer, W.D. Menzie, K.R. Long 1998 ~—LONG, 342 OPEN PITS 2009
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36 x 19.5ft, 13500kW Primary SAG Mill
and a new 22 x 34ft, 8500kW Ball Mill.

) -. NCP secured the order from Swakop
- Uranium to supply the new Grinding Mill
~ package for the Husab project in 2013, the




Giant Plants limited in Manufacturing of parts/equipment

https:\\ Geartechnology.com
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of 13.2 meters and weighing 735 tonmes.

March/fiprl 3013 | GEARTECHNOLOGY 4?
Ref: NIOMEX, Mr. Peter Heintel with Many thanks.




Giant Plants limited in Manufacturing of parts/equipment

Gear manufacturing limitation is the most important parameter that imposes on the size of a gigantic mill

4
MY GEAR is Bigger than YOUR GEAR

Industry Battles it Out for World's Largest GearTitle

Matthew Jaster, Senior Editor

In 2009, scientists at the
Institute of Materials Research
and Engineering, Singapore,
developed a working molecular-
sized gear that could be fully
controlled, rotating both clock-
wise and counter-clockwise. This
was made possible by “nudging” the gear
with the probe of a scanning, tunneling
microscope. According to the Guinness
Book of World Records, it is the smallest
working gear in the world

In an attempt to locate the LARGEST
gear in the Guinness Book of World
Records, this author fell incredibly
short. Theres no mention of, for exam-
ple, some of Rexnord/Falk’s mining
girth gears or the single-helical SAG mill
girth gear from David Brown (England)

delivered in 2008 for a mining opera-
tion in Armenia. (A gear that weighed
more than 65,000 kilograms [143 300,30
Ibs] boasted 362 teeth, 0.75 DF, 863.6
mm face width, 124m OD and a 10.5
m diameter bore). At that time, David
Erown had daimed the size record.

Mot to take anything away from the
engineers and scientists in Singapore,
but looking at a molecular gear through
4 microscope isn't nearly as impressive
as secing a GIGANTIC piece of metal
getting the job done in a copper mine
or a sugar mill. It's true what they say
about engineering and manufacturing:
Size does matter.

So why can't an interested engineering
geek find any information twoday on the

Ref: NIOMEX, Mr. Peter Heintel with Many thanks.
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worlds LARGEST gear and why hasn't
anyone talked 1o Guinness about it?

Opening a HUGE Can of Worms
The world's largest gear is kind of a sore
spot for some manufacturing organiza-
tions. It can become a rather contentious
subject particularly if you get engineers
from competing firms discussing the
topic. “This was brought up at a recent
SME meeting.” says William Rhody,
marketing manager, mill products at
Rexnord. “Some companies will down-
play the capabilities of their competitors
or assume that they have the biggest or
the best equipment without doing the
rescarch. Theres a lot of misinforma-
tion out there so it’s nice to set the record
straight.”
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® Aluminium Bahrain B.S.C. (Alba) - the world’s largest aluminium smelter ex-
China - closes 2020 by beating its Production Target of 1,540,000 metric tonnes
ﬁer annum (mtpa) to top a breakthrough record of 1,548,500 metric tonnes, the
ighest-ever achieved in 50-years of commercial operations . thanks to Alba’s
dedicated workforce, employees and contractors’ employees who rose to such
challenges while remaining fully committed to Alba’s motto of ‘Safety First,
Safety Always’.

° Albais one of the largest industrial companies in the Middle East and is the
world’s biggest aluminium smelter outside the People’s Republic of China.
Originally incorporated in 1968, the company is based in Bahrain and 84% of its
total workforce are Bahraini nationals. It began operations in 1971 with a
120,000 metric ton annual capacity. Modernization bumped the output up to
450,000 metric tons in 1992. In the spring of 2005, Alba opened Line 5, raising
output by 860,000 metric tons per year. In 2019 Alba’s smelter produced
1,365,005 metric tons of primary aluminium.
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Company Capacity(Ktly) Location
1 Calcimin Group 89 Zanjan, Qeshm,Bandar Abbas
2 1ZMDC ( Ex. Calcimin) 75 Zanjan, Bafgh
3 Khales Sazan Industrial 40.65 Zanjan
group
4 Sadid Zanjan Zinc 8.5 Zn Ingot Zanjan
Smelter
5 Asia Zarin Madan R e Zanjan
6 Zanjan Sane Zinc Co. 1 1 Zanjan
7 Saba Zinc smelter 12 Zanjan
8 Tal zinc smelter 10.29 Qazvin
9 Kavoushkar Madan 8 Qazvin
10  Zangan Novinpajohan 8 Zanjan
Shams

11 Sazand Zinc 7.5 Zanjan




Ve1d sl 595 9 &0 pw QUWGS W o 31 (oI el
-———

Zarrin Roui Zanjan
1 3 RouiParvar 7.5 Zanjan
14 Shoukohieh parsoxid 7.2 Zanjan
15 Loushan Rouigardan 7.168 Loushan

Industries

16 Roui Godaz 6 Zanjan
17 Mihan Zinc ingot 5.65 Zanjan
18 Kavoushgran Roui 5.2 Zanjan
19 Khamseh zinc industries 5.1 Zanjan
20 Pegah Roui Qarab 5 Kermanshah
21 Parsoxid 5 Delijan

22 Isfahan Zinc smelter 5 Qazvin
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Shemshsazan 4.85 Zanjan
24 Zanjan Zinc smelter 4.5 Zanjan
25 Milad Roui 4.3 Zanjan
26 Kimia Zinc ingot 4.22 Ivanaki
27 Azar chimi 4.2 Isfahan
28 Kermanshah Simab 4 Zanjan
29 Samen Miad 4 Zanjan
30 Zangan Sadra Roui 4 Zanjan
31 Others 80

‘There are more than 80 small zinc producers in Iran with total 450 Kt/y
production capacity based on production license which has been issued
by government. Also there are more than 32 units for lead production with
annual capacity of 324 ktl/y).
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1897 Archaeological discoveries

1972

Established (Kerman Copper Mines) 1974 Pre-Stripping Operation

Changing name to NICICo

1967 First Exploration Activities 1973 Construction Of Sarcheshmeh
@ 1982 @® 2004 2048 —
Sarcheshmeh ConcentratopRiang Miduk Copper Complex Chehel Koureh mifies&.concentrator
Sarcheshmeh Smelter Plant Khatoun Abad Smelter Combined — Cycle Power Plant
® 1983 BESR ([ s sy -
Sarcheshmeh Molybdenum-Plant Sungun Copper Complex - Khatoun Abad Smelter Expansion
@ 1984 ‘ 2012 Khatoun Abad Oxygen Plant

Sarcheshmeh Refinery Plant -
O 1986 '
Sarcheshmeh Castmg Plant
@ 1997 o
Sarcheshmeh Leaching Plant

® 2004
Sarcheshmeh Concentrator Expansion (Phase I)

°

Miduk Leaching PIant
Sungun Molybdenum Plant

@ 2015

Sarcheshmeh Concentrator Expansion.(Pha:
' Sungun Concentrator ExpanS|on (Phase H=) ==

‘l __ 8

2016 k.
(GE AbaaLReﬁnery —

2017
Sarcheshmeh Smelter Expansion

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division

-Khatoun Abad Acid Plant __
Sarcheshmeh AC’rGL P=Iant == .}

o :"i:‘;i_ = 2
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NICICo Subsidiaries ——
Sungun Copper Complex - e —
Cutoffgrade: 0.15% and "
Measured: 1328 million ton (0.57%) New Mines

Indicated: 809 million ton (0.51%)

Sarcheshmeh Copper Complex
Cutoff grade: 0.15%
Measured: 1885 million ton (0.48%)
Indicated: 1240 million ton (0.31%)
Mineable: 2724 million ton (0.42%)

: et

Shahre-Babak Copper Complex
Cutoffgrade: 0.15%
Measured: 479 million ton (0.65%)
Indicated: 314 million ton (0.69%)
Mineable: 327 million ton (0.54%)

a

SR —4—.’ &

ChP"neI Kureh ’;- &
: - - .

S

Nicico Total Reserves
Cutoffgrade : 0.15%

Measured & Indicated & Indicated: 17106
million ton (0.40%) 11 Bt & 0/41%

Mineable: 7968 million ton (0.45%)
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NICICO Copper Mine Resource

46 M tons Copper Content (5/3 % of world Cu Reserve) out of 870 M tons

H Southern Copper (ex SPCC)

H F-McM Copper & Gold

i Codelco

H Anglo American plc

H BHP Billiton

H KGHM Polska Miedz

i Rio Tinto

i National Iranian Copper Ind. Co.
i Xstrata AG

HVALE

H Antofagasta plc

H Inmet Mining

i1 Barrick Gold Corp NICICo. 53 %

U First Quantum Minerals

L others

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division
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Iran’s recent ranking for mine production at Asia and world-wide

Year 2005 | 2006 | 2007 | 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
% = World (kt) 156,061 15,210/ 15,608 | 15,519 | 15,896 | 16,036 | 15,624 | 16,464 | 17,747 | 18,227 | 19,122 | 20,100 | 20,158 | 20,642 | 20,710 | 20,6074
.§ 2 Asia (kt) 2,947 [2,897| 2,995 | 2,920 | 3,371 | 3,316 | 3,126 | 3,292 | 3,487 | 3,512 | 3,915 | 4,164 4,438 4,296 | 4,071 | 4,231
a 3 Iran (kt) 164 216 249 248 263 257 259 245 222 204 250 289 302 316 312 314
év Rank in World 15 13 13 12 13 13 14 14 15 16 16 16 15 15 15 15
Rank in Asia 4 4 4 4 4 4 4 4 4 5 5 5 4 4 4 4
Iran’s recent ranking for smelter production at Asia and world-
= Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 | 2018 | 2019 | 2020
:‘E 5 World (kt) 12,406 | 12,856 | 13,209 | 13,135 | 13,280 | 13,440 | 13,709 | 13,797 | 14,398 | 15,248 | 16,239 | 16,849 | 17,053 |16,931(17,266|18,033
3 2 Asia (kt) 5,645 | 5,943 | 6,346 | 6,562 | 6,826 | 6,979 | 6,986 | 7,321 7,628 | 8,398 | 9,090 | 9,822 | 9,999 (10,609 11,235|11,326
% £ Iran (kt) 227 244 249 248 262 279 270 269 224 233 236 226 185 304 310 351
Ev Rank in World 19 17 17 17 17 15 16 15 19 19 19 20 22 15 14 12
@ Rankin Asia 7 6 7 7 7 7 6 6 7 7 6 7 8 6 6 5

Iran’s recent ranking for refined production at Asia and world-wide

Year 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
c
(=]
8 _ World (kt) 16,540 (17,201| 18,066 | 18,131 | 18,134 | 18,821 | 18,811 | 19,872 | 20,608 |21,655| 22,035 | 22,578 | 22,908 | 23,397 |23,474|23,297
3 3
30
2e Asia (kt) 6,409 |7,038| 7,721 | 7,797 | 8,000 | 8,594 | 8,698 | 9,638 | 10,013 |10,853| 11,423 | 12,327 | 12,716 | 13,513 [13,902|13,707
&
Ei& Iran (kt) 178 | 201 204 201 210 | 220 | 227 | 226 | 191 | 198 | 187 201 160 | 239 | 261 | 279
‘E Rank in World 21 21 21 21 20 22 20 19 23 23 23 23 24 20 18 | 19

Rank in Asia 7 7 7 7 7 7 7 6 7 7 7 7 8 7 7 7
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' Smelter Plants
Concentration Plants (Cu Anode & Sulfuric Acid)
(Cu & Mo)

Refinery Plants

(Cu & Precious metals)

Cu Billet

Cu Wire Rod
Standards:
> Copper Cathode LME Grade A ASTM B115
> 8 mm Wire Rod ASTM B49

> Slab and Billet ASTM B5
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)Source: Copper Market Outlook, CRU, April 2021(
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2021 2020 2019 2018 2017 2016 2015 2014 2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 2006

(€ 9315 6184 6005 6526 6163 4854.9 5502 6880 7326 7949 | 8819 | 7539 | 5164 | 6952 | 7126 | 6731 Cu
M‘!‘Bﬁ 2480 1701 1790 2109.5 | 1963.2 | 1592.3 1665 1867 1847 2012 | 2403 | 2173 | 1668 | 2571 2639 | 2567 Al
- g 2205 1824 1998 2247.8 | 2325.7 | 1869.9 1784 2096 2140 2062 | 2403 | 2148 | 1726 | 2085 2595 | 1287 Pb
S9) 3005 2376 2549 2890.4 | 2890.6 | 2089.2 1928 2164 1910 1946 | 2205 | 2159 | 1659 | 1870 3250 | 3273 Zn
JS-Q 18478 13773 13907 13183.7 104703 | 9603.3 11863 16893 15033 17532 | 22884 21809 14700 21027 37181 24287 Ni
oY g9 NA | NA | NA | NA | NA | NA | NA | NA | NA | 5732 | wmas | sses | na | NA | NA | Ste
élé 32594 17135 18671 20065.8 | 199909 | 17968.6 | 16067 21899 | 22282 | 20982 | 26103 20447 13593 18499 14536 8763 Sn
W 1800 1770 1392 1289.3 | 1260.1 | 1251.1 1160 1266 1412 1669 | 1568 | 1225 973 872 697 604 Au
°}a 25 20.5 16/2 15.9 17.0 17.15 15.72 19.07 23.85 31.16 | 35.26 | 20.20 [ 14.69 | 15.00 [ 13.41 | 11.57 | Ag
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2020 World Copper Reserves & Mine Production v/

(undiscovered resources not including deep sea nodules and land-based and
submarine massive sulfides - contained copper)

Total Resources - ~
(identified and undiscovered)
5,600 million tonnes (Mt)

Identified Resources
2,100 Mt

Reserves

870 Mt

Mine Capacity
24.8 Mt

Mine
Production
20.6 Mt

not to scale)

1/ Source: USGS (resources/reserves data) and IC5G (capacity/production data)
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Copper Mine Production by Country: Top 20 Countries in 2020

Chile

Peru

China
Congo
United States
Australia
Russian fed.
Zambia
Mexico
Kazakhstan
Canada
Indonesia
Poland
Brazil

Iran
Mengolia
Panama
Spain
Myanmar
Bulgaria

(Thousand metric tonnes copper)
Source: ICSG

0 1,000 2,000 3,000 4,000 5,000 6,000

Chile accounted for almost a third of world copper mine production in 2020 with mine output of 5.7 million tonnes copper. Peru, which

has seen a sharp increase in output since 2015, accounted for 10% of world mine production.
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Top 20 Copper Mines by Capacity (basis 2021)

Thousand metric tonnes copper

Source: |ICSG Directory of Copper Mines and Plants — March 2021 Edition

Rank Mine Country Owner(s) Source Capacity
1 Escondida Chile BHP Billiton (57.5%), Rio Tinto Corp. (30%), Japan Escondida (12.5%) Concs & SXEW 1,510
. PT Freeport Indonesia (PT Inalum and the provincial'regional government 51.2%
2 Grasberg Indonesia and Freeport-McMoRan Inc 48.8%) Concentrates 700
3 Collahuasi Chile Anglo American (44%), Glencore plc (44%), Mitsui (8.4%), JX Holdings (3.6%) Concs & SXEW 610
Buenawvista del Cobre (former _ )
4 Cananea) Mexico Grupo Mexico Concs & SX-EW 525
5 Morenci United States Freeport-McMoRan Inc 72%, 28% affiliates of Sumitomo Corporation Concs & SXEW 520
; Freeport-McMoRan Copper & Gold Inc. 54%, Compania de Minas Buenaventura
B Cemo Verde Il {Sulphide) Peru 19.58% Sumitomo 21% Concentrates 500
7 :?;; Diision (Norisk/ Tainakh |y resia Morilsk Nickel Concentrates 450
7 Antamina Pen Egsgfhllllun (33.75%), Teck (22.5%), Glencore plc (33.75%), Mitsubishi Corp. Concentrates 450
MMG (62.5%), Guoxin Intemational Inestment Corporation Limited (22.5%),
9 Las Bambas Peru CITIC Metal Co., Lid. (15%) Concentrates 400
10 El Teniente Chile Codelco Concs & SXEW 399
1 Los Pelambres Chile: Antofagasta Plc (80%), Nippon Mining (25%), Mitsubishi Materials (15%) Concentrates 370
12 Chiuquicamata Chile Codelco Concs & SXEW 360
First Quantum Minerals Ltd 90%, Korea Panama Mining Corp. (LS-Nikko Copper
13 Cobre P P Concentrat 350
e Fanama anama Inc. and Korean Resources Corporation) 10% centraies
14 Kansanshi Zambia First Quantum Minerals Ltd (80%), ZCCM (20%) Concs & SX-EW 340
14 Los Bronces Chile: Anglo Amercian 50.1%, Mitsubishi Corp. 20.4%, Codelco 20%, Mitsui 9.5% Concs & SX-EW 340
14 Radomiro Tomic Chile: Codelco Concs & SX-EW 340
7 Kamoto Congo Katanga Mining Lid {86.33% Glencore pic) 75%, Gecamines 25% SXEW 300
7 Sentinel Zambia First Quantum Minerals Ltd Concentrates 300
17 Toromocho Peru Chinalco Concentrates 300
20 Bingham Canyon United States HKennecott Concentrates 280

Note: Capacity data reflects production capabilities not necessarily production forecasts
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Copper Smelter Production by Country: Top 20 Countries in 2020
Thousand metric tonnes copper
Source: ICSG
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In 2020, China accounted for almost 50% of world copper smelter production, followed by Japan (8%%), Chile (6%6) and Russian Federation (5%5).

Note: Capacity data reflects production capabilities not necessarily production forecasts

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division
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Top 20 Copper Smelters by Capacity (basis 2021)

Thousand metric tonnes copper
Source: IC5G Directory of Copper Mines and Plants — March 2021 Edition

Rank Smelter Country Operator/Owner(s) Process Capacity
1 Guixi (smelter) China Jiangxi Copper Corp. Outokumpu Flash 600
2 Birla Copper {Dahej) India Birla Group (Hidalco) Outokumpu Flash, Ausmelt, Mitsubishi Continuous 500
3 Chuquicamata (smelter) Chile Codelco Outokumpw’ Teniente Comnverter 4350
3 |Jrcha 4 (Fangchenggang China Jinchuan Non-Ferrous Metal Co. Flash smefter 450
3 Hamburg Germainy Aurubis Outokumpu, Contimelt, Electric 450
3 Besshi/ Ehime (Toyo) Japan Sumitomo Metal Mining Co. Lid. Outokumpu Flash 4350
3 Saganocsekil Ooita {smelter) Japan JX Mippon Mining & Metals Co., Lid. Outokumpu Flash 450
8 El Teniente (Caletones) Chile Codelco Reverberatory! Teniente Conv. 400

; a Chifeng Jinfeng (Yurnan Copper 45%, Taisheng 45%, i
8 Chifeng China Jinfeng Copper 10%) Side-Blown 400
g [“wico Southomst Copper oy, Chinalco Flash Smekter 400
{smelter)

8 Jinguan {smelter) China Tongling Mon-Ferrous Metals Group Flash Smelter 400

8 Xiangguang copper (smelter) China Yanggu Xiangguang Copper Co Outokumpu Flash 400

B Sterlite Smelter (Tuticorin) India Vedanta Isasmelt Process 400

8 Morilsk (Mikelevy, Medmy) Russia Morilsk Mickel Rewverb, Electric, Vanyukowv 400

15 |Pirdop (smelter) Bulgaria Aurubis (99.77%) Outokumpu Flash 360
Southern Copper Corp (Grupo Mexico 88.9%,

15 |llo Smelter Peru intemational § et munity 11.1%) Isasmelt Process 360
Mitsubishi Materials Corp. (55.714%), Dowa Metak &

17 |Onahama’ Fukushima Japan Mining Co. Ltd.{31.621%), Furukawa Metals & Mitsubishi’ Reverb. 354
Resources Co. Litd. (12.665%)

_ _ Jiangxi Copper Corp. [ Zhejiang Jiangtong Fuye Heding (..
18 |Heding Copper China Copper Co., Lid.) Side-Blown 350
' . Tongling Monferrous Metals Corp. {57_4%), Sumitomo
18  |Jinlong {Tongdu) China (35%}, Pingguo Aluminium Co. Flash Smelter 350
18 ?fr:;:zs'ﬂ oh Copper CompeX  |iran Mational Iranian Copper Industry Co. Flash Smelter 350

Note: Capacity data reflects production capabilities not necessarily production forecasts
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Refined Copper Production by Country: Top 20 Countries in 2020
Thousand metric tonnes copper
Source: ICSG
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In 2020, China accounted for 41% of world copper refined production, followed by Chile (10%), Japan (6%) and Congo (5%).
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Top 20 Copper Refineries by Capacity (basis 2021)

Thousand metric tonnes copper
Source: IC5G Directory of Copper Mines and Plants — March 2021 Edition

Rank Refinery Country Owner(s) Process Capacity

1 Guixi China Jiangxi Copper Corporation Electrolytic 1100
2 Shandong Fangyuan China Dongying, Shandong Electrolytic 700
3 |Dayel Hubei (refinery) China Daye Non-Ferrous Metals Co. Electrolytic 600
3 Jinchuan China Jinchuan Non Ferrous Co. Electrolytic 600
5 Yunnan Copper China Yunnan Copper Industry Group (64.8%) Electrolytic 500
5 |Bira India Birla Group (Hidalco) Electrolytic 500
7 Sterlite Refinery India Vedanta Electrolytic 460
7 Pyshma Refinery Russia UMMC (Urals Mining & Metallurgical Co.) Electrolytic 460
g Jinchuan (Fangchenggang  |China Jinchuan Non-Ferrous Metal Co. Electrolytic 450
g Toyo/Niihama (Besshi) Japan Sumitomo Metal Mining Co. Ltd. Electrolytic 450
g |Amarillo United States Grupo Mexico Electrolytic 450
g Chuguicamata Refinery Chile Codelco Electrolytic 450
13 |Onsan Refineryl Korean Republic |LS-Nikko Co. (LS, Nippon Mining) Electrolytic 440
14 |Hamburg (refinery) Germany Aurubis Electrolytic 416
15 |ElIPaso (refinery) United States Freeport-McMoRan Copper & Gold Inc. Electrolytic 415
16 |Las Ventanas Chile Codelco Electrolytic 410
17 |Baiyin China Baiyin Nonferrous Metals Electrolytic 400
17 [Jinguan (refinery) China Tongling Non-Ferrous Metals Group Electrolytic 400
17  |Jinlong (Tongdu) (refinery) China Tongling NonFerrous Metal Corp. 52 %, Sharpline Electrolytic 400
17 |djin China Zijin Mining Company 50%, Minxi Xinghang 50% Electrolytic 400

Note: Capacity data reflects production capabilities not necessarily production forecasts
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Copper and Copper Alloy Semis Production Capacity by Country:

Top 20 Countries, 2018
Thousand metric tonnes
Source: CSG Directory of Copper and CopperAlloyFabricators 2018
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Note: Capacity dota refiects production copabilities not necessarily production forecasts
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NICICo’s Copper Concentrate Production (Kt/a)
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NICICo’s Copper Anode Production (Kt/a)
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NICICo’s Copper Cathode Production (Kt/a)
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Productio:: :‘ ct:al ti Nominal Capacity Nominal Capacity
Product °a2%32°0' y '"°2(;‘2°0'°" 2026P 2030P
(Ton/Year) (Ton/Year) ST, ST,
Copper Concentrate 1,200,000 1,200,300 2,500,000 4,370,000
Anode Copper
(Serap Excluded) | 402,000 355,600 666,000 1,060,000
Cathode Copper
(Eelict::;zﬁ;\ed 452,500 280,300 550,000 1,020,000
Molybdenum
Conanntrate 7,000 8,000 15,000 30,000
Sulfuric Acid 1,500,000 480,000 2,000,000 3,820,000
Phosphoric Acid 0 0 360,000 720,000
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http://www.nicico.com/products/p.html

() w0 Jomdo 0l yolo Aldly LS5 awslio

3500
Cu 8 mm Rod TS (o y)
Bpo 3023

3000
2642

2500

2000

1500

1000

500



http://www.nicico.com/products/m.html

4000

3500

3000

2500

2000

1500

1000

500

o ey 90 Y gazeo Wi yolo L5 A lio

3547 Molybdenum Export ( K/'Y)

~

y4

1481 o

1235 1276 69
1060 1040 1073
734
i ; ;
=

1385 1386 1387 1388 1389 1390 1391 1392 1393 1394 1395 1396 1397 1398 1399 1400

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division

116



http://www.nicico.com/products/mo.html
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http://www.nicico.com/products/mo.html
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Healthy margins at copper mines in 2017 . _.
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... with only 2% of copper mines loss-making at the 2017 average price
2017 CRU Cash Costs $/t Cu
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Copper margins robust but below the levels of the past decade

Producer margins at 90th, 75th & 50th centiles of CRU Cash Cost curve, 2017 %/t
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Cu in Concentrate

Cu Concentrate

Net of By-Product

Mine Region Country . CRU Cash
Production (Kt) Grade Costs($/ton)
Escondida (Concs) Chile 666 29.00% 2,466
Collahuasi (Concs) Chile 516 26.80% 2,670
Cerro Verde (Concs) | Central and South Peru 478 25.00% 3,439
America
Las Bambas Peru 445 37.00% 2,336
Antamina Peru 420 29.00% 613
. . Democratic o
Frontier Africa Republic of Congo 120 25.00% 2,676
Batu Hijau e Indonesia 162 28.50% 2,933
sia
Oyu Tolgoi Mongolia 152 21.70% 4,289
Buenavista (Concs) Mexico 312 25.00% 1,614
Morenci (Concs) North America United States 203 33.00% 1,827
Highland Valley Canada 85 30.00% 3,446
Aitik Sweden 90 24.50% 1,984
Europe
Mikheevsky Russia 63 18.00% 2,321
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Chuquicamata-UG Chile 366 3816 2019

1 Codelco . El Teniente-Nuevo Nivel
5 5 extension

2  FreeportMcMoRan El Abra Mill Chile 300 5,000 2022

ey S8 i pU e pl

KOV Whole Ore Leach 1 Congo 165 437 2018

3 Glencore

_ : Mopani Deeps Zambia 50 800 © 2017
4 BHP Billiton Spence Mill 4 Chile 200 2200 2020
: : Cuajone Mill exp Peru 72 658 . 2023

5 SouthernCopper . Angansu 0 T — TR s — R £ — 2018

. Los Chancas SxEw / Mill Peru 100 1,200 2025

- TR S KUCExt1 oo usa T 35 T 660 2019
' OyuTolgoi Phase Il Mongolia 500 5400 . 2019
7 Anglo American Quellaveco Peru 275 4700 2022

Encuentro Oxides Chile 50 636 . 2016

8 Antofagasta Centinela Concentrator 2 Chile 140 2700 2020
5 : Phase I : : : :

Los Pelambres Exp Chile 95 1200 : 2019

Cobre Panama Panama 320 5,950 2018

9 First Quantum Minerals
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=y (USSM) 2013)
Gresik or Turban | Indonesia | PT Indovasi 225 2017 1500 6666
Maros, South | 1 jonesia | PT Indosmelt 100 2017-2018 700 7000

Sulawesi

Gresik, East Java | Indonesia | PT Nusantara 225 2019 1200 5333
Empalme Mexico Grupo Mexico 238 2022 1200 5042
Wauxin copper China Wuxin copper 100 2020 2380* 3660
Guanxi Nanguo China |Southern Copper 150 2017 3590* 3682
Pasar expansion | Phillipines |Glencore Xstrata 135 2019 600 4444

*Local currency( Million Yuan)
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National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division
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National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division
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Zinc ore & concentrate Import Potentials to

Ira
Since most of lranian zinc sme Qers including 1ZMDC & Calcimin's

smelters ( Qeshm, Bandar Abbas, Bafgh, Dandi, Faravari, Zanjan &
NILZ) are working with less than 40% utilization rate, there will be
huge potentials for Zinc ore & zinc concentrate producers in the
region for exporting to Iran.

As per data from Mineral Research and Exploration Institute (MTA)
and General Directorate of Mining Affairs (MIGEM) of Turkey, during
2010 to 2013, Turkish zinc mining producers has exported averagely
about 370 Kt/y mainly to Belgium, China, Thailand,,...

Most part of Turkish zinc mining production could be exported to
Iranian zinc smelters due to close distance of Turkish zinc mine in
Hakkari region( The biggest Zinc ore producers in Turkey with
Capacity of about 100 Kt/y)) & Zanjan zinc smelters in lran.

Turkish zinc mine owners & lranian zinc smelters may have
opportunities for mutual investment in Turkish zinc mine specially in
@ reglon which is close to the countrles boundarles




Turkish Zinc ore export during 2010 to 2013 (WMT)

391 392 390
; | ! !

201 0 201 1 201 2 201 3 Data: Turkish Statistical

Institute

Kty
400

350
300
250
200
150
100

50

National Iranian Copper Industries Co. (NICICO) — Development & Exploration Division




Turkish Zinc ingot import during 2010 to 2013
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Commons between lran & Turkey

® Iran & Turkey as two important countries in the region have
below commons:

1. Both countries are member of D8 countries

2. Both countries are member of Economic Cooperation
Organization(ECO).

Common Boundaries

3.
4. Excellent Government & people relationship during last 400
years
5.

Iran is the biggest Zinc ingot producer and exporter & at the
same time Turkey is the biggest Zinc ingot consumer &
impo|rter in the region. Both countries may complete the
puzzle.
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