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(NICICO’s Sustainable Development for production of one million tons

Copper content; through using the Modern Copper Mineral Processing &
Smelter technologies with the highest accessible capacities)
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Presentation for: 5t Iran Non-Ferrous Industries market & related technologies Conference & Expo
10 May, Olympic Hotel, Tehran, Iran
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Row PROCESS NAME Row PROCESS NAME

1 AUSMELT 1 VANYUKOV

2 BLAST FURNACE 12 TBRC

3 ELECTRIC FURNACE 13 KIVCET

4 INCO FLASH 14 ROTARY FURNACE

5 ISASMELT 15 BOLIDEN

6 MITSUBISHI 16 KENNECOTT OUTOKUMPU
7 NORANDA 17 BAIYIN FURNACE

8 OUTOKUMPU FLASH 18 SKS

9 REVERBERATORY 19 DSB

10 TENIENTE CONVERTER 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

20%

o Flash/Continuous M Reverb/Blast/Rotary
m Modified Reverb/Convert 1 Electric
Chinese Technology m Other/Unknown

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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SLS + SLCR

Core of Fangyuan phase Il project: ]

Feedin 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.




FANGYUAN SUBMERG
CONVERTING & REE 3 PROCESS

Fangyuan two-step smelting process:

The 1st production line of two-step process has been operating at the 3rd Industrial Park of

ACID PLANT
EFFLUENT PURIFICATION PLANT

Fangyuan since 2015.

Product acid for sale

Arsenate for
treatment

B8i, Cd, Pb, Cu
and ZnSO

e

Dust
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Power generation by
waste heat
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Liguid anode

——

Blending system
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: Oxygen and air T sSLS Anode plate
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e e M o Onll,
PRECIOUS METAL PLANT TANK HOUSE

m

Natural gas station

Slag concentrate
FLOTATION PLANT

Tailings for sale

vValuable metals High purity
such as Au, Ag, Se, cathodes for sale

Pt and Pd, etc

Ref: KeginTan; Dongying Fangyuan Nonferrous Metals Co., Ltd, August 02, 2018
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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 217 2.84 3.96 3.45
7 Waste heat power generation 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 255.18 230.80 371.84 285.32
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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
2.2 Diesel 2.5 2.5 7.74 16.54
Subtotal 156.74 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 310.11 267.69 425.5 385.87
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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 16374m3/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 Fel/SiO: in slag 1.8-2.2 1.05-1.25 1.15-1.25
9 SOz 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 | YEAR | ppclucatnede
FLASH 1998(Q1) 100
FLASH(EXP.) 2001(APR) 180
AUSMELT(3F) 2003(AUG) 70
MITSUBISHI 2005(MID) 250
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YEAR 2006 2007 2008 2015
PRODUCTION(KVa) 310 360 470 500
WORLD RANKING 10 8 4 4
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- PROCESS I YEAR " PRODUCTION [T REMARKS
_d e o (Kva) | —
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 SCRAP&BLISTER
6 FLASH(EXP.) 2007 450
7 NEW FLASH 2007 300
TOTAL - 2008 850 1810Kt H2S04
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YEAR 2006 2007 2008 2015
PRODUCTION(KV/a) 450 545 850 -
WORLD RANKING 3 E : .
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PROCESS YEAR PRODUCTION(Kt/a) REMARKS
1 FLASH 1997 95 F1
F1
2 FLASH(EXP.) 2005 210
F1
3 FLASH(EXP) 2007 350
TOTAL - 2008 400 Fi+scrap
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YEAR 2006 2007 2008
PRODUCTION(Kt/a) 210 260 400
WORLD RANKING 27 19 10
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r PROCESS YEAR oo C IO REMARKS
. _ ol (Kv/a) _ A
1 FLASH 1970 80 F1
2 FLASH 1973 80 F2
FLASH(EXP.
3 SH( ) 1990 330 F1,F2
4 FLASH(EXP.) 1997 350 F1
F1
5 FLASH(EXP.) 1998 450
TOTAL - 2003 475 F1
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o " PRODUCTION | DUST | 02
PROCESS YEAR : :
> tl - o) | (%) | (%) |
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)
FLASH(EXP.) 2002 300
2 FLASH(EXP.) 2006 450
YEAR 2006 2007 2008 2015
PRODUCTION(Kt/a) 370 410 450 450
WORLD RANKING 7 6 6 ©
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PROCESS YEAR PRODUCTION(Kt/a) REMARKS
= — . o o

1 MITSUBISHI 1998 160 1Mt/a CONC.

2 FLASH 2000 153 220 REFINERY

2 MITSUBISHI 2000 214 186 REFINERY

3 FLASH(EXP) 2003 170 220 REFINERY

3 MITSUBISHI(EXP.) 2003 260 230 REFINERY

4 FLASH(EXP.) 2010 225 -

4 MITSUBISHI(EXP.) 2010 355 -




Yanggu Xiangguang Copper Industry Company

; : il <t ]
Desugned capacnty 400kt/a cathode copper, with 200kt/a cathode copper

and 680kt sulphuric acid in phase |. The second smelter in the world to use
flash smelting and flash converting to produce cathode copper with fresh

concentrate as feed.
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Sarcheshmeh Khatoun abad World Typical Latest Chinese Tech. Latest FS / FC Tech.
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Typical Copper mineral processing
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QUIICK RESUMNME
Basic original design OUTOTEC
SAG Units 1 .
Power 237 SO Kw 2= G000 Kw
DoDMNMTPH 1300 1670
Size D, 1443 965 D 75=6,. 10
80O Z2rmim Cs
Pebble crusher units a 2
BALL PMILL Units 2 =2
Power per unit ZSO0OKwW SO0 Kw
DMTPH per unit S50 556
Size 6, 0=<9. 14949 G, 1=9 05
PEO in rmarnm 0,100 0. 08
FSO im rmarm o.8-1.1% O.5-0.8
Plant hours per year 7920 7920
Porforrmance 13200 A670
JOTAL PER YEAR IN PNMITO NS 10296000 1323226400
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® Two Primary Gyratory Grushers
® 2 MP2500 Cone Grushers

® 2 xSAG
® 2 xPebble crushers
¢ 2 Ball Mills
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ol | ole R\ Y Million g oo pb | 9,
KWHItOn | seiso | soime | %' st saise | ™' |stasi|tons/a|TON/daY
MW | MW | D*L MW | D*L
4 70 4wy ) Russia
4 2 60 oSl | Uzbekistan
: : - : 4| - : 2 | 60 |182,000| Ch”q::ama 3
; ; ~ | 79128 | 4| 24 | 122%6.7 | 2 | 4719 | 143000| L& |Quebrada |,
Blanca
- - - 7.9*12.2 | 2 24 12.2*6.7 2 46.20 | 140,000 9 Las Bambas 5
Collahuasi
344 | 97 [13.7%823| 2 | 75 i 2 (° iﬁ;"
15.15 46.20 | 140,000 | C'TI 6
54 | 155 [13.7*8.23| 2 | 23 i 1 oranuasl
(333 b>)
1235 | 807 | 71 [6.4*1021 6 | 12.7 |1097*5.8| 3 | 4455 | 135,000 | L= 7
plembres
14.60 73 22 2 1 IsGLs Casino 8

8.53*13.4

120,000
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KWH/ton|_2#% | 189 Slai|_ 19990 slasi [tons / a y
MW MW D*L MW D*L
1283 | 615 | 105 | 73%*93 | 4 | 195 | 11.6*58| 1 | 37.95 | 115,000 | s3sl G(rfsf:)rg 9
- - - 7.62 3 - 11.58 1 36.30 | 110,000 | & |LagunaSeca| 10
1196 | 54.8 | 16.4 | 7.92*122 | 2 | 22 |122*762| 1 | 36.30 |110000| Lt |LosTortolas| 11
13.62 | 59.68 |18.64|8.23*13.72| 2 | 22.4 [122*793| 1 | 34.65 |105000| L& | Centinela | 12
22 | 85%134 | 2 | 28 |122*79]| 1 30 olidl;s | Bozshakol | 13
Cobre
26.70 89 16.5 - 2 28 - 2 Panama 14
() =3

26.40 | 80,000 | Wl

Cobre

15.00 50 22 - 1 28 - 1 Panama 15
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ol | ol st olg steof Million | Ton/ | ,eus oo el | 9,
KWH/ton| ,¢5¢0 | 39990 : Sluri| 49990 : oMuxi [tons/a| day
MW | MW D*L MW | D*L
1470 | 464 | 56 | 6.0%*9.0 12 |11.0*46]| 2 25 [75750| W& | Candaleria | 16
2 25 obwslyd | Aktogay 17
8.22 25 | 125 | 7.3*12.2 125 | 104*58 | 1 | 24.09 |73,000| J:5» | Chapada | 18
16.60 | 4358 | 108 | 70*11.0 | 3 |559| 85*43 | 2 | 21.00 |63.000| L& |- 2;‘;““*5 19
; ; - |5.03*883| 4 | - |9.75*4.72| 2 | 2050 |62,000]| Istts Lornex 20
934 |23.35(6.375| 6.1*93 | 2 [106[104*52| 1 | 19.80 | 60,000| sl G'(r?sj'::;g g
3752 | 8.76 | 6.7*10.97 | 2
27.33 20 |12.2*6.1 1 15.51 |[47,000| Wlswl |CadiaValley| 23
16 16 | 7.9%12.80 | 1
16.11 |26.845|6.711(6.096¥10.21| 2 [13.423|10.97*5.8 1 | 13.20 |40,000| sys+l | BatuHijau | 24
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ol | old | N | Million | Ton/ | 9% | oaxepeb | w9,
KWH/ton| 199 | 199 ' SMuni| 990 ' duxitons/a| day
MW | MW | D*L MW | D*L
3150 | 42 | 14 |7.321128] 1 | 28 | 12.2%6.86 | 1 | 1056 |32.000| .1 | NorthMet |
Project
1703 | 215 | 45 |55%932| 2 | 13 | 102*52 | 1 | 10.00 |30,300| el Ray 26
1432 | 179 | 8.95 |6.741097| 1 | 8.95 |10.36*457| 1 | 9.90 |30000| Istts Keg‘;iftas‘t 27
23.76 24 12 |73*105| 1 | 12 [1036*4.7| 1 | 8.00 |24.240| Wizl Pr°r|:i'|'|‘e“t 28
29
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100.0 D.A. Singer, W.D. Menzie and K.R. Long 1998 - 41 Au-Ag open pm,mw-mgm& e
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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 project was installed a year later



Giant Plants limited in Manufacturing of parts/equipment

https:\\ Geartechnology.com
Gear manufacturing limitation is the most important parameter that imposes on the size of a gigantic mill
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Hotmanmn Engineenng re shipped a gear boasting an outside diameter -
of 132 meters and weighing 735 tonnes




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

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
controlied, rotating both clock-
wise and counter-clockwise. This
was made possible by “nudging” the gear
with the probe of a scanning, tunncling
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 singic-helical SAG mill
girth gear from David Brown (England)

delivered in 2008 for a mining opecra-
tion in Armenia. (A gear that weighed
more than 65,000 kilograms [143.300,30
Ibs] boasted 362 tecth, 0.75 DP, 863.6
mm face width, 124m OD and a 10.5
m diameter bore). At that time, David
Brown had daimed the size record.

Not to take anything away from the
engincers and scicntists in Singapore,
but looking at a molecular gear through
a microscope isn't nearly as impressive
as sccing a GIGANTIC picce of metal
getting the job done in a2 copper mine
or a sugar mill. It's truc what they say
about engincering and manufacturing:
Size docs matter

So why can’t an interested enginecring
geek find any information today on the

world’s LARGEST gear and why hasn't
anyone talked to Guinness about 1t?

Opening a HUGE Can of Worms

The world’s largest gear is kind of a sorc
spot for some manufacturing organiza-
tions. It can became a rather contentious
subject particularly if you get engincers
from competing firms discussing the
topic. “This was brought up at a recent
SME mecting.” says William Rhody,
markcting manager, miil products at
Rexnord. “Some companics will down-
play the capabilitics of their competitors
or assumec that they have the biggest or
the best equipment without doing the
rescarch. There’s a lot of misinforma-
tion out there so it’s nice to sct the record

straight”
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Main Capacity Capacity Capacity Motor Motor Each
Projects Equipment Qty. Specification (Normal) (Normal) (Design) (Qty Per Nominal
(m) DMTPH Million Tons / a DMTPH Eachset) Power (kW)
SAGMill | 1 9.75* 4.57 900 1035 2 8,206
Sarcheshmeh | 7
Ball Mill 1 3150 3622/5 2 8,206
SAG Mill | 1 9.75*4.87 900 1035 2 7,400
Sarcheshmeh Il 7
Ball Mill 2 3150 3622/5 2 0
SAGMill | 1 9.7*4.57 900 1000 1 4,103
Sungun | 7
Ball Mill 2 6.1*10.5 900
SAG Mill | 1 900 1000 2 4,100
Sungunll 7
Ball Mill 2 900 1750 2 6,000
SAG Mill | 1 9.75*3.88 627 723 2 6,662
Miduk | 5
Ball Mill 2 | 5.03*7.62 627 723 1 5,968
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Main Capacity Capacity Capacity Motor Each Motor
Projects Equipment Qty. Specification (Normal) (Normal) (Design) (Qty Per Nominal
(m) DMTPH Million Tons / a DMTPH Eachset) Power (kW)
SAG Mill 1 11*6.1 1035 2 9,000
Sarcheshmeh 3 ,I 2,350 18
Ball Mill 2 |7.92*12.19 3622/5 2 8,000
SAG Mill | 1 11*6.1 1035 2 9,000
Sarcheshmeh 4 2,350 18
Ball Mill 2 (7.92*12.19 3622/5 2 8,000
SAG Mill 1 12.2* 6.5 1000 2 10,500
Sungun 3 - 2,700 21
Ball Mill 2 8.2*14 2 10,500
SAG Mill | 1 12.2*6.5 1000 2 10,500
Sungun 4 2,700 21
& Ball Mill 2 8.2*14 1750 2 10,500
SAG Mill 1 [9.144 *3.962 723 2 7,500
Miduk 2 900 7
i BallMill | 2 |6.096%9.144 723 2 7,500
SAG Mill | 1 723 2
Miduk 3 2,000 16
e BallMill | 2 723 2
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Figure 1: Typical mechanical mill configurations
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Metso QdX4™ Mill Drive
system
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Drive pinion of the COMBIFLEX® drive: the self-aligning
drive pinions compensate wobbling of the girth gear.
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“OVERVIEW OF GRINDING SYSTEMS aJlis 3oLl

s 0 AND MV DRIVE TECHNOLOGIES IN MINES”
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Ns = Syncronous speed (RPM)
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To completely eliminate the
risks associated with large,
under designed gearboxes, NCP
provide a very low risk solution
as follows:

We remove the gearbox
completely from the drive

)yl b).:)ls L.J')Lu‘ 9 l.;g)' ‘WS train

* We include a robust
synchronous motor with soft
starting and control VSD
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* The drive is protected by a
simple but robust torque
limiting coupling
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= Mechanical soft starting

" Mechanical smoothness required

" Frozen charge detection

" Frozen charge remover

" Controlled roll back

" Inching, creeping

" Automatic positioning

" Dual pinion: very accurate load sharing
" Electrical soft starting

" Variable speed
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Figure 9: Smooth starting of dual pinion mill drive system (Copper Mountain Ball Mill 1)
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(based on change in mill volume, does not consider charge motion)

* Worn (75 mm) * New (150 mm)

8+ Gluluw L Lo SIS cpl 4y azgi b

S man Olgs Lewl sla Y (sa0,d

-~ 1.1 1.1
LLLLL Pousr Linit
. . - Torque Linit I Motor design point Tareue Linis
- - IR 1 [30% ball doad "overload condition" 4. {20 ball load
w' ulﬁ U"":’.l)sl M)b f 39» ‘L~"~'\”| Z2000T |sa2 vali 1ot 308 Fillingl iy NP Rl | E U bid
308 Filling . 30% Fillipg
0% Fillihg
20000- <S¢ Filling & 2 20000+ oo u
% Los 3 R - esEillipgy.s | B
= % / 25% fiXlln p
g i g / | € g
18000 4 4 _ 18000+ R
- S b -]
: ~o.8 F b= 0.8 | F
- l‘z = 8
] @
& 16000 ¢ 16000+
3 e 0.7 3' b 0.7
: 5
£ 140004 ;9: 14000 -
b~ 0.6 P 0.6
120004 12000 +
k- 0.5 0.5
10000 1 + + v + + + 10000 t t t t : t t
S 55 60 65 70 s 80 85 S0 el S5 60 65 70 s a0 85 a0
Mill Speed, ¥%Critical Mill Speed., %Critical




LT 4o ) WIS s S A
il 19990 &g R ity (5 5 A0
50 J5 4 Ssb 4 Al (o0 S e s (5 SILAB] (195 Ogriny 43 M0 (T o 995 U9 5] S smms e (SlgKa Ve Olg3 S Ta> b sl sl
519 295 Ogslea YOA JsLao GEARLESS  piuusas 31 (JLuw ¥ o St b 53 Juo Jb ol 5 Jro Koo 0500 (51,) plsns (2l (sl 5 5,135 a3lo oo (sl
P bl (o 09,5 i Sl 5 Gl Sl 4 09, T i Olisebl Clil 5 sl ) J2¥5 41 Iy el 5 ol S35 Ogalee VUl U9 ;S e
2956 a3l Ol pas 9 s 1S (sl 035 Canglie (5 bzl Cudgamme Juld 43 9 09 ,SiwT i YU 193 LhalS (sl puS 25 )l o3liiwl Cipgpd 4 azgi b L)
] 9 poe Al Csly 538 Byl 53 S S 4 Jlosl HolisS oudly sla 430 9 Ll alsl (DlglSe 1§ SV slabuw] (sl yuC a8 Jsl Olys b b
33,5 oo rimesns (3] Olisabl Culsls alS A )5 5 pu S plSR9)5 (S92
T ot (812 2ol pmanasiio Sloas 3l esliiul 5 (SYsb Oley B o 1 5L 9 b S (S Ol uali Y aizja .Y
RTY M BETST OIS < Y1 IVEPVIONE] Py HERPRN S EU IR SUISTSW SR
53,5 (o i Oligebl g o SRLS ey 5 4210 1) 25 Jamilly < pedane Gl 5 ol5 61K 4 5L Judd s (G35 STL g (g 5Tl 1t el L F
(A28l (0 09, Kiw £95 51 s SalwT Clel g uo CS 1 53 o ot SlalowT 4lS) o S 1o 55 g ST giansnw 1 03Litwl (S 4y o5 pae .0
3o ablas (G35 STb g eS8 1 56 0397 09yl Sl Ay cpansns (255 4i2 30 (oS 09y s A1 @1 B3 9 09 ;ST s garly Olisobl Syl 4 a3
399 ol b bl oo YL 09, Kawl 51 Y5 Ogelen Vo Usles Jlo ¥ o Dde )5 09w piausns Sl 42 30 JS Azl 3929 b 14 by (oo 15,95 2 (2 ¥ Olisebl B
s bl Il 5,50es uandd sgbite s 9 (g iUl 5131 ol 9 (G315 STL (oSS 1S Jold) Ll S om0 winsun Sl 03 0Ll Sass s 3 Sl B> sl »d

£33,5 (o0 gy o O b Soime we (F Ogeles S drwgi s z b sl sl 09 Kiw S




LT 59390 & 95 LRI st (5 o Ao

Olgs Cud )b HgiS 1 inl331 OlSal pas g Ll (sld 0253 Clur (5591955 Sy 3gamme Jubd a3 SlglKa ¥ o 51 533G 0lgi b slalew] (sl 52
o3l Jolb Ju93 Ogaiay s ()35 Sl ps 53 (esnss 43 03,l9 H9lidS (s Sl 43 0 5 L)L LI Jooi (512 5L 3,90) b 055
Ogsiay ez 9 195909 iUl 2l 93 43 jeome QUAD  piesw Ahozr Sl 33 o piwsw sl L GEARLESS (s 51 (s ls 9 0395
ez 9 29909 58Ul oiws ez 41 e Combiflex v b 9 (SIEMENS 9 METSO sla oS i l) Luwl azg 93 53 adlg
35,5 oslizwl (ThyssenKrupp S i Jgamae) bl a9 5z 53 @dly Ogsin

Jolao el (25 5 Cae i (G bl (Gl Olg5 03905 dingr sgbiie 43 9 Lol Ay 5 L ,00Y @ jow < 565 51 6,5 sl sl
bl o (VFD)abgs 5o S om0 sg5ga9 55Ul 595 Ui misms 41 i Jue Sowr lowl 554285 p3kis ol (al 53959 S (e 5 Slaseie

ool Sl (S 39 plo 5l bl Gis 2 S pw i 9 p 5 5101 ol) Sl 4 ogde (Suusly (995 U S s 41 o slaluw] 4SS
Controlled Frozen charge remover Frozen charge detection .4a_L.> ;| Lwl J,uS 59, 4 9 i sla i (01501

Lol ,ls 95 Automatic positioning ; very accurate load sharing (nching-creeping roll back




LT 5 3200 s € 93 L1 iy 2ol

PAPER # “UPDATES ON GEARED VS GEARLESS DRIVE SOLUTIONS FOR GRINDING MILLS”

R. Kalra, CITIC-HIC Pty Ltd, Sydney, NSW, Australia J. Jiangang, CITIC Heavy Industries Co., Ltd, Luoyang, Henan, China |I. Druce, CITIC-HIC
Pty Ltd, Sydney, NSW, Australia M. Rauscher, CITIC-HIC Pty Ltd, Sydney, NSW, Australia, SME Annual Meeting Feb. 24 - 27, 2013, Denver, CO

PAPER # “OVERVIEW OF GRINDING SYSTEMS AND MV DRIVE TECHNOLOGIES IN MINES”
International Journal of Engineering Applied Sciences and Technology, 2021 Vol. 6, Issue 4, ISSN No. 2455-2143, Pages 171-194 Published
Online August 2021 in IJEAST (http://www.ijeast.com) 171

PAPER # “USE OF THE LATEST TECHNOLOGY TO OVERCOME THE DEMANDS OF MILL OPERATION”

Tatiana Ravani von Ow, M.Sc., Sales Manager Ring-geared Mill Drives Leandro Bomvisinho, M. Sc., Sales Manager Gearless Mill Drives ABB
Switzerland Ltd Center of Excellence Mining Process

PAPER # “Choosing the Right Motors for your Mills”

Procemin10, Alex Doll and Derek Barratt, DJB Consultants, Inc., Canada,

PAPER # “COPPER MOUNTAIN: OVERVIEW ON THE GRINDING MILLS AND THEIR DUAL PINION MILL DRIVES”
1-ABB Switzer/and Ltd(*Corresponding author: maarten.vijfeijken@ch.abb.com), 2-F.L.Smidth Inc.

NCP Co. Powerpoint File “HIGH POWERED MILL DRIVES”
COMPARISON OF NCP DIRECT DRIVE VS GEARBOX (DMG2) DRIVE
Metso Presentation File“ Metso QdX4TM Mill Drive system”

PAPER # “INCREASING THROUGHPUT, REDUCING ENERGY CONSUMPTION AND MINIMIZING WEAR ON GRINDING MILLS

WITH AN ADVANCED RING-GEARED MILL DRIVE CONTROL”
M. Perrucci, M. Pischtschan, J. Ferreau, ABB, Segelhofstrasse 9P, Baden-Daettwil, CH-5405, Switzerland

* With special thanks to Mr. Farzad Mortazavi, Integrated Power Supply Project Manager of NIC/Co.
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Renewable generation capacity 2017 Renewable generation capacity 2022




Share of new electricity generating capacity
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Renewable share of annual power capacity expansion
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Capacity change 2015-2020
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2018 2050 - Where we need to be (1.5-S)

3 7 8 EJ Total Final Energy Consumption 3 48 EJ Total Final Energy Consumption

Renewable share

Renewable share Renewable share
in district heat: 9%
TFEC (%) £

in hydrogen: in district heat:
66% 90%

3% District heat

Modern biomass

o0 w

0™ 3®
o
o

other renewables 3°

Traditional biomass

18%

Maodern biomass

51%

(direct)

25% 90%

Renewable share in electricity Renewable share in electricity

National lranian Copper Industries Co. (NICICO) — Development & Exploration Division
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PV PENETRATION PER CAPITA IN 2019
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MW Net capacity change (MW) MW Net capacity change (MW)
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Installed Capacity (MW)

250,000

200,000

150,000

100,000

50,000

© IRENA

China

America

United States of

Japan

India

=
£
S

Top 10 Countries/areas

Italy

Australia

=
el
=
-
22
-

Republic of Korea

Spain




Yo¥e 0le> 30 o wudd (Gt 395 (S L20L g i Cud 3B (Jlod Wby Wig

600K Show by

e — Installed Capacity
Country/area

500K All
g_ Technology
= Solar
S
a 400K
S Sub-technology
-
£ All
o
2
= 300K — B solar Thermal

Solar Photovoltaic
V—
200K
100K —
0K

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

©IRENA..




YoV (YN JLH )' 44;)3 )392; L @M}? 6'& °lf9}.'." W KCH 439) )‘ésﬂ

Installed Capacity Trends
Navigate through the filters to explore trends in renewable energy
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Installed Capacity Trends
Navigate through the filters to explore trends in renewable energy
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Simplified LCOE Calculation

2:" I, + M, + F

&e=7 (1+1r) £
>
e—7 (1+1r)°
I, = Investment expenditures 1in year t (including financing)
M, = Opecrations and maintenance expenditures in year t
F, = Fuel expenditures in year t
E, = Electricity generation in year t
r = Discount rate
n = Life of the system
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Results | Nox+CO2
. Combined | Combined .
. PV Annual | PVOPEX/| V" I\wind OPEX| Cycle Gas | Cycle | ComPined Total LCOE/
Case Annual Cycle OPEX (Us Ib/mmBTU
A ) CAPEX/ ($)| ($/Year) CAPEX/ ($) | ($/Year) | Fuel Cost/ | Annual /($/Year) | Cent/kWh)
($/Year) |CAPEX/($)
1 550MW_CCPP_Sirjan ) ) ) ) 79,567,187 (10,010,000|11,000,000 2.4200 Yes
2 550MW_CCPP_Meymand ) ) ) ) 79,512,849 14,300,000 |11,000,000| 2.5237 Yes
3 550MW_CCPP_Sungun ) ) ) ) 80,490,939 14,300,000|11,000,000/ 2.5163 Yes
4 550MW_CCPP_Rafsanjan ) ) ) ) 80,017,742 (14,300,000 (11,000,000| 2.5198 Yes
5 [300MW_PV_Sungun 7,200,000 | 2,700,000 ) ) ) ) ) 2.0004 No
6  |[S00MW_PV_SarCheshmeh 12,000,000 4,500,000 ) ) ) _ _ 1.6791 No
7 ROOMW_PV+100MW Wind Meyma| 9,600,000 | 3,600,000 | 4,152,000 | 3,300,000 | ) ) 1.7895 No
g ZOOMW_PVESOMW. Wind Meyman 4 800,000 | 1,800,000 | 2,076,000 | 1,650,000 | ) ) 1.7895 No
500MW_PV_SarCheshmeh+300M
9 \W_PV Sungun 19,200,000 7,200,000 0 1.7867 No
10 500MW_PV_SarCheshmeh+300M 0 16,000,000| 2.5360 Yes

W_PV_Sungun

20,800,000
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S Cgw 4 50 9 (Opex)slils Shlee sl 4 adCapex)silasS ale pw 4 5o duy e
(Y5 Ogkee) SlolKa B+ + Aslie Casd b ds 855 5 Slasl (gl 0

Type S 5SS CRVe T b

CAPEX 325 300 517

OPEX per annual 10 4.5 16.5
Fuel per annual 80 0 0

S 43 30 & godno 103 16.5 37
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Name

Pavagada Solar ark
Tengger Desert Solar Park
Bhadla Solar Park

Benban Solar Park

Noor Abu Dhabi

Kurnool Ultra Mega Solar Park
Datong Solar Power Top Runner Base
LongyangXxia Dam Solar Park
Villanueva Solar Park

Rewa Ultra Mega Solar

Charanka Solar Park

Kamuthi Solar Power Project

Mohammed bin Rashid Al Maktoum Solar Park

Solar Star I and 11
Copper Mountain Solar Facility

Country

India
China
India
Eaypt
United

Arab
Emirates

India
China
China
Mexico
India
India
India
United

Arab
Emirates

USA
USA

Grid
in

2019
2016
2019
2019

2019

2017
2016
2015
2018
2018
2012
2016

2019

2015
2016

Capacity Annual

MWp or
MWAC
)

2,050
1,547
1,515
1,500

1,177

1,000
1,000
850
828
750
690
648

613

579>
552>

Output
GWh

158
456

1.700
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TAQA, Masdar, EDF, JinkoSolar ink deal for 2 GW PV plant in Abu Dhabi
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Kalyon Karapinar 1.354GW Solar P.F
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: Hy-N,
o 29.1 kg/h
4
— = 20 °C; 2.5 bar
________________________ 95.5wt. % H
O —————————————————————————————————— . ————— - -~ ?
.ty |
I
Raw material transport | 221.5kg/h
’-‘ k s
. \ 7
f H ’( H J ’( 7,/4/%‘ )_
UQu?d storage | HX HX,y * REF :
25°C; 10bar  31kg/h : I
"7 .C; 1-2 blf 25 oc 538 oc |
: : Cons I
5°C '
1 e e v T e '
. : ;' Reaction heat NH
Air , | -697 Mi/h "s N;-H,
- ,D —H)— | » g 1 | Hot flue gas 192.4 kg/h
| | 1014 °C; 1183 kg/h 20°C:2.5ba
Ca | Gas burner | Kesapongd
| 0y;mol% > 10 94 wt. % N
991 kg/h ' ' :
47 °C; 1.2 bar NH; e : | De "
22kg/h, | _’;’6' "2“°M", Ih“' ADSHNH, 1ec
| 310°C ? 31°C
I
|
I
NH, adsorbent |
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m Refining w Ammonia m Other pure m Methanol = DRI m Other mixed

Notes: DRI = direct reduced iron steel production. Refining, ammonia and “other pure” represemt demand for specific applications
that require hydrogen with only small levels of additives or contaminants tolerated. Methanol, DRI and “other mixed” represent
demand for applications that use hydrogen as part of a mixture of gases, such as synthesis gas, for fuel or feedstock.

Source: IEA 2019. All rights reserved.

Around 70 MtH, /yr is used today in pure form, mostly for oil refining and ammonia manufacture for
fertilisers; a further 45 MtH, is used in industry without prior separation from other gases.
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Materials Heat value | Heatvalue | Density | Generation | Generation
(STP) (MJ/Kg) (MJImS) (Kg/m3) | KWh/Nm3 KWh/Kg

Natural Gas 55.6 0.72 4.7* 6.5*
Hydrogen 142 12.4 0.09 3 33
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Electrolysis Green Hydrogen

Gray Hydrogen (from Natural Gas)

Fossil Fuels L
Brown Hydrogen (from Gasification of Coal)

_ Gray Hydrogen
Blue Hydrogen (with Carbon Capturing) Brown Hydrogen
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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 per annum (mtpa) to top
a breakthrough record of 1,548,500 metric tonnes, the highest-ever achieved in 50-years
of commercial operations . thanks to Alba’s dedicated workforce, employees and
contractors’ emplo ees who rose to such challenges while remaining fully committed to
Alba’s motto of ‘Safety First, Safety Always’.

® Alba is 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 out{)ut 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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CaICImIn Group Zanjan, Qeshm,Bandar Abbas
2 IZMDC ( Ex. Calcimin) 75 Zanjan, Bafgh
3 Khales Sazan Industrial group 40.65 Zanjan
4 Sadid Zanjan Zinc Smelter 8.5 Zn Ingot Zanjan
5 ASia Zarln Madan 265Kt Zn & 36 Kt Pb Concentrates Zanjan
6 Zanjan Sane Zinc Co. N[ E—— Zanjan
7 Saba Zinc smelter 12 Zanjan
8 Tal zinc smelter 10.29 Qazvin
9 Kavoushkar Madan 8 Qazvin
10 Zangan Novinpajohan Shams 8 Zanjan

11 Sazand Zinc 7.5 Zanjan
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Zarrin Roui Zanjan
13 RouiParvar 7.5 Zanjan
14 Shoukohieh parsoxid 7.2 Zanjan
15 Loushan Rouigardan Industries 7.168 Loushan
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

) ~ e 4-l~ * QL;' 3_} e _t— 126
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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 lvanaki
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 8o 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 kt/y).
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NICICO’s History & Operation Time schedule

Pre-Stripping Operation

1897 Archaeological discoveries 1972  Established (Kerman Copper Mines) 1974 Changing name to NICICo
1967  First Exploration Activities 1973 Construction Of Sarcheshmeh
@ 1982 @® 2004 @ 2018
Sarcheshmeh Concentrator. Plant Miduk Copper Complex Chehel Koureh mine & concentrator
Sarcheshmeh Smelter Plant Khatoun Abad Smelter Combined — Cycle Power Plant
® 1983 ® 2006 @ 2019
Sarcheshmeh Molybdenum Plant Sungun Copper Complex Khatoun Abad Smelter Expansion
® 1984 @ 2012 Khatoun Abad Oxygen Plant
; Miduk Leaching Plant Khatoun Abad Acid Plant
Sarcheshmeh Refinery Plant
Y Sungun Molybdenum Plant Sarcheshmeh Acid Plant
® 1986 ® 2015 G
Sarcheshmeh Casting Plant Sarcheshmeh Concentrator Expansion (Phase II) .
9 Sungun Concentrator Expansion (Phase II) S_ungun Lime Plant
@ 1997 C? Ijou Concentrator Plant .
Sarcheshmeh Leaching Plant 2016 _ ® 2022
@ 2004 @—adtonsad RERHy Sarcheshmeh Smelter Slag
Sarcheshmeh Concentrator Expansion (Phase I) 2017 Floatation Plant
Sarche

) §

shmeh Smelter Expansion

A . S -
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New Mines

Sungun Copper Complex
Cut offgrade: 0.15%
Measured: 1926 million ton (0.51%)
Indicated: 1123 million ton (0.48%)
Mineable: 2340 million ton (0.51%)

00N

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

Shahre-Babak Copper Complex
Cut off grade : 0.15%
Measured: 479 million ton (0.65%)
Indicated: 314 million ton (0.69%)
Mmeable 418 mllllon ton (0 59%)

&0

s

WOUN

Nicico Total Reserves
Cutoff grade : 0.15%

Measured & Indicated & Inferred: 19179
million ton (0.4%)

Mineable: 9063 million ton (0.44%)

300N

WOUN
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NICICO Copper Mine Resource

51 M tons Copper Content (5.7 % of world Cu Reserve) out of 890 M tons

m Southern Copper (ex SPCC)
u F-McM Copper & Gold

u Codelco

m Anglo American plc

u BHP Billiton

u KGHM Polska Miedz

u Rio Tinto

u National Iranian Copper Ind. Co.
u Xstrata AG

s VALE

m Antofagasta plc

u Inmet Mining
- Barrick Gold Corp NICICo. 5.7%
- First Quantum Minerals

- others
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Iran’s recent ranking for mine production in Asia and world-wide

g Year 2005 2006 | 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
'ﬁ =) World (kt) 16,061 |15,210| 15,608 | 15,5619 | 15,896 | 16,036 | 15,624 | 16,464 | 17,747 | 18,227 | 19,122 | 20,100 20,158 20,642 | 20,710 | 20,607 | 21,261 | 21,972
=}
'g 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 4,491
E -S Iran (kt) 164 216 249 248 263 257 259 245 222 204 250 289 302 316 312 314 340 345
g \xf Rank in World 15 13 13 12 13 13 14 14 15 16 16 16 15 15 15 15 14 14
E Rank in Asia 4 4 4 4 4 4 4 4 4 5 5 5 4 4 4 4 4 4
, [ 3 [ ] ] (3
Iran’s recent ranking for smelter production in Asia and world-wide
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
'C_J E g 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 | 19,116
)
% g c Asia (kt) 5,545 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 | 12,107
e '§ -9' Iran (kt) 227 244 249 248 262 279 270 269 224 233 236 226 185 304 310 351 361
«® o 5 Rank in World 19 17 17 17 17 15 16 15 19 19 19 20 22 15 14 12 14
Rank in Asia 7 6 7 7 7 7 6 6 7 7 6 7 8 6 6 5 6
’ o [ 3 o o
Iran’s recent ranking for refined production in Asia and world-wide
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | 2020 | 2021 2022
o S :)5 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 | 24,340 | 24,686
Q =
é ‘:’ g 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 | 14,535
T
& 2 ; Iran (kt) 178 201 204 201 210 220 227 226 191 198 187 201 160 239 261 279 303 307
a =~ Rank in World 21 21 21 21 20 22 20 19 23 23 23 23 24 20 18 19 17 17
Rank in Asia 7 7 7 7 7 7 7 6 7 7 7 7 8 7 7 7 6
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~ Smelter Plants
Concentration Plants (Cu Anode & Sulfuric Acid)
(Cu & Mo)

Refinery Plants

(Cu & Precious metals)

Standards:

> Copper Cathode LME Grade A ASTM B115
> 8 mm Wire Rod ASTM B49
> Slab and Billet ASTM B5

Cu Billet
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(SIT)V VY GYeo? sledlu 53( 0¥ 55 St 90,8 b g) 4l O30 Sile> Cuond Al

2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006
(€ 8797 9315 6184 6005 6526 6163 4854.9 5502 6880 7326 7949 8819 7539 5164 6952 7126 6731 Cu
oo g3 T 2705 2480 1701 1790 2109.5 1963.2 1592.3 1665 1867 1847 2012 2403 2173 1668 2571 2639 2567 Al
- g 2150 2205 1824 1998 2247.8 2325.7 1869.9 1784 2096 2140 2062 2403 2148 1726 2085 2595 1287 Pb
S 3481 3005 2376 2549 2890.4 2890.6 2089.2 1928 2164 1910 1946 2205 2159 1659 1870 3250 3273 Zn
J“..s 25834 18478 13773 13907 13183.7 10470.3 9603.3 11863 16893 15033 17532 22884 21809 14700 21027 37181 24287 Ni
SYgd N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 573.2 474.9 350.8 N/A N/A N/A Steel
@5 31335 32594 17135 18671 20065.8 19990.9 17968.6 16067 21899 22282 20982 26103 20447 13593 18499 14536 8763 Sn
W 1801 1800 1770 1392 1289.3 1260.1 1251.1 1160 1266 1412 1669 1568 1225 973 872 697 604 Au
0 38 21.8 25 20.5 16.2 159 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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ploi cod il | JU Y 0 Sl cuod (il | AL S Ogu dnil> Jbl 5392 90
Lo ouki IR ($/Ton) (L) A& LME (Kt)
2010 (YeYY=Y+ep) 6 May 2023
($/Ton) ($/Ton)
Cu 2800 6,931 4,131 148 68 -
Al + 2,103 + <30 563 weizog!T
Pb 1550 2,056 506 33 33 ey
Zn 1500 2,450 905 63 52 $9)
Ni 15000 18,145 3,145 21 40 S5
Steel + 469" + <30 Jekk *8Y g8
Sn N/A 20,055 - - - &
Au N/A 1.295 ek ek - Mo
Ag N/A 19.6 *kk *kk *kk 0 4%
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2020 World Copper Reserves & Mine Production ¥/

(undiscovered resources not including deep sea nodules and land-based and
submarine massive sulfides - contained copper)
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Copper Mine Production by Country: Top 20 Countries in 2020
(Thousand metric tonnes copper)
Source: ICSG
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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

1 Escondida Chile BHP Billiton (57.5%), Rio Tinto Corp. {(30%), Japan Escondida (12.5%) Concs & SX-EW 4.510
: PT Freeport Indonesia (PT Inalum and the provincial/regional government 51.2%9%
2 Grasberg Indonesia e port_McMoRan Inc 48_8%) Concentrates 700
3 Collahuasi Chiie Anglo Amernican (44%), Glencore pic (44%), Mitsui (8.4% ), JX Holdings (3.6%) Concs & SX-EW 610
Buenavista del Cobre (former _ _
- Cananea) Mexico Grupo Mexico Concs & SX-EW 525
S Morenci United States Freeport-McMoRan Inc 729%, 28% affiliates of Sumitomo Corporation Concs & SX-EW 520
6 Cerro V se Il (Sulphide) Peru Freepo’d-McNI.oRan Copper & Goid Inc. 549, Compania de Minas Buenaventua Concentrates s00
19.58% ., Sumitomo 21%
7 :;?I'.:'; EhSInn: (R Re k] Tt | i Noriisk Nickel Concentrates 450
- e Pero 2HPO% )Billiton (33.75%), Teck (22.5%%). Giencore pic (33.75%). Mitsubishi Corp. Concentrates 450
MMG (62 5% ), Guoxin Intemational Investment Corporation Limited (22.5%),
2 L D s CITIC Metal Co.. Ltd. (15%) SOneR o s
10 El Teniente Chile Codeico Concs & SX-EW 399
11 Los Pelambres Chile Antofagasta Plc (60%), Nippon Mining (25%6), Mitsubishi Materials (15%:) Concentrates 370
12 Chuquicamata Chile Codeico Concs & SX-EW 360
Cot First Quantum Minerals Ltd 90%, Korea Panama Mining Corp. (LS-Nikko Copper c 350
= s - i = inc. and Korean Resources Corporation) 10 A
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 Chite Codeico Concs & SXEW 340
17 Kamoto Congo Katanga Mining Ltd (86.33% Glencore pic) 75%, Gecamines 25% SXEW 300
17 Sentinel Zambia First Quantum Minerals Ltd Concentrates 300
17 TJoromocho Peru Chinailco Concentrates 300
20 Bingham Canyon United States Kennecott 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%6), Chile (62) and Russian Federation (5%).

Note: Capacity data reflects production capabilities not necessarily production forecasts
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Top 20 Copper Smelters by Capacity (basis 2021)

Thousand metric tonnes copper

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

Rank Smelter Country Operator/fOwner(s) Process Capacity
1 Guixi (smeiter) China Jiangxi Copper Corp. Outokumpu Flash 600
2 Birta Copper (Dahej) India Bria Grouwp (Hidalco) Outokumpu Flash, Ausmelt, Mitsubishi Continuous S00
3 Chuguicamata (smelter) Chile Codelco Outokumpuw’ Teniente Converter 450
3 ;m"mlm (Fangchenggang China Jinchuan Non-Ferrous Metal Co. Fiash smelter 450
3 Hambuwrg Germany Aurubis Outokumpu, Contimeit, Electric 450
3 Besshi/ Ehime (Toyo) Japan Sumitomo Metal Mining Co. Lid. Outokumpu Flash 450
3 Saganoseki Ooita (smeiter) Japan JX Nippon Mining & Metals Co., Lid. Outokumpu Flash 450
8 El Teniente (Caletones) Chile Codelco Reverberatory/ Teniente Conwv. 400

. _ Chifeng Jinfeng (Yurnnan Copper 45%, Taisheng 45%, gn
8 Chefeng China Jinfeng C 10%) Side-Blown 400
3 Southeast 3 -
g [Shwico Copper China Chinalco Flash Smelter 400
(smefier)

38 Jinguan (smeiter) China Tongling Non-Ferrous Metals Group Fiash Smefter 400

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

8 Sterfite Smelter (Tuticorin) India Vedanta Isasmeilt Process 400

8 Noriisk (Nekelevy, Medny) Russia Norilsk Necke! Reverb,. Electric, Vanyukov 400

15 Pirdop (smeiter) Bulgaria Aurubis (99.77%) Outokumpu Flash 360
Saouthern Copper Corp (Grupo Mexico 88.9%,

15 o Smelter Peru international investment community 11.1%) Isasmelt Process 360
Mitsubishi Materials Corp. (55.714%), Dowa Metals &

17 Onahama/ Fukushima Japan Mining Co. Ltd (31.621%), Furukawa Metails & Mitsubishi/ Reverb. 354
Resources Co. Lid. (12.665%)

: = Jiangxi Copper Corp. ( Zhejiang Jiangtong Fuye Heding
18 Heding Copper China Copper Co.. Ltd.) Side-Blown 350
. Tongling Nonferrous Metals Corp. (57.49%), Sumitomo
18 Jirnfong {(Tongdu) China (35%), Pi Al inium Co. Flash Smeflter 350
18 (ss:'rrnel:ers E) B Cops e e lran National lramian Copper Industry Co. Flash Smefter 350

Note: Capacity data refiects 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 (626) and Congo (5%).
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Top 20 Copper Refineries by Capacity (basis 2021)

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

Refinery Country Owner(s) Capacity
1 Guixi China Jiangxi Copper Corporation Electrolytic 1100
2 Shandong Fangyuan China Dongying, Shandong Electrolytic 700
3 |Daye/ 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 Birla India Birla Group (Hidalco) Electrolytic 500
7 Sterlite Refinery India Vedanta Electrolytic 460
7 Pyshma Refinery Russia UMMC (Urals Mining & Metallurgical Co.) Electrolytic 460
9 Jinchuan (Fangchenggang China Jinchuan Non-Ferrous Metal Co. Electrolytic 450
g Toyo/Niihama (Besshi) Japan Sumitomo Metal Mining Co. Lid. Electrolytic 450
g Amarillo United States Grupo Mexico Electrolytic 450
9 Chuquicamata Refinery Chile Codelco Electrolytic 450
13 Onsan Refinery | Korean Republic |LS-Nikko Co. (LS, Nippon Mining) Electrolytic 440
14 Hamburg (refinery) Germany Aurubis Electrolytic 416
15 El Paso (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
7 Jinguan (refinery) China Tongling Non-Fermrous Metals Group Electrolytic 400
17 Jinlong (Tongdu) (refinery) China Tongling NonFerrous Metal Corp. 52 %, Sharpline Electrolytic 400
17 Zijin China Zijin Mining Company 50%, Minx 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: ICSG Directory of Copper and CopperAlloyFabricators 2018
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Healthy margins at copper mines in 2017. ..
2017 CRU Cash Costs S/t Cu
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... with only 29% 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 & S0th centiles of CRU Cash Cost curve, 2017 $/1
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Cu in Concentrate

Cu Concentrate

Net of By-Product CRU

Ml Region Sellizy Production (Kt) Grade Cash 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

Frontier Africa Democratic Republic of 120 25.00% 2,676

Congo
Batu Hijau - 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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Codelco

Chuquicamata-UG Chile 366 3816 2019

El Teniente-Nuevo Nivel extension Chile 306 4929 2017

Freeport McMoRan

El Abra Mill Chile 300 5,000 2022

Glencore

KOV Whole Ore Leach1 Congo 165 437 2018

El Pachon Argentina 280

BHP Billiton

Mopani Deeps Zambia 50 800 2017
Spence Mill 4 Chile 200 2200 2020

Southern Copper

Cuajone Mill exp Peru 72

La Caridad exp Mexico 40

Los Chancas SxEw / Mill Peru 100 1,200 2025

KUC Ext 1 USA 35 660 2019

Rio Tinto

Oyu Tolgoi Phase II Mongolia 500 5400 2019

Anglo American

Quellaveco Peru 275 4700 2022

Antofagasta

Encuentro Oxides Chile 50 636 2016

Los Pelambres Exp

First Quantum Minerals

Cobre Panama

Zambia

Haquira Peru




Lo 39 o 98 059 99 W (5310 Ao g 4 3B Awslio

(Source: WM)

. vge . . . e s g Y 105 Qlo g J5' 202 Investment
Gresik or Turban Indonesia PT Indovasi 225 2017 1500 6666
Maros, South Sulawesi Indonesia PT Indosmelt 100 2017-2018 700 7000
Gresik, East Java Indonesia PT Nusantara 225 2019 1200 5333
Empalme Mexico Grupo Mexico 238 2022 1200 5042
Wuxin 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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NICICO Cu Scrap Import (Kt/Y)
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Zinc ore & concentrate Import Potentials to Iran

® Since most of Iranian zinc smelters including IZMDC & 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 Iran.

® Turkish zinc mine owners & Iranian zinc smelters may have opportunities for mutual investment in Turkish
zinc mine specially in the region which is close to the countries boundaries.




Turkish Zinc ore export during 2010 to 2013 (WMT)
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Turkish Zinc ingot import during 2010 to 2013

Kt/Y

. 215
250 | 198

178 182

200
150

100

2010 2011 2012 2013, ..o i




Commons between Iran & Turkey

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

1
2
3
4.
5
6

4 AL ol 015300 Jauidly o 5130 Voe 3900 30 pINS B (59 9 mamoglT o Jolb T b S T il 36 Aw 095 53 Tl
JSN0 e 9 5 g0 (SB ) 30 il ¢ )9S 9O >l Taslg g o gls 03 )10 9929 A 3T youS A Jlw 30 4YO O Hldo VoD (BT i ) o

Both countries are member of D8 countries

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

Excellent Government & people relationship during last 400 years

Iran is the biggest Zinc ingot producer and exporter & at the same time Turkey is the biggest Zinc
ingot consumer & importer in the region. Both countries may complete the puzzle.
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Complex / Projects Cor?;urrrﬁ;r)]:ion Estimatce:};lpc;f(:il?yequired Available Capacity Required Capacity
Sarcheshmeh 120 640 640
Sungun 55 385 126 259

Shahr e Babk 64 235 40 195

Taft 50 50

5 New Mines 50 50

Kerver 20 20
Kahang 15 15
Phosphoric Acid 40 40

Chehel Koureh Zahedan 1 0 0
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FRESH WATER (MMPY)

Existing Plants & Projects New Projects with New Projects with Sum with Sum with

Location with

1 | Sarcheshmeh 27.0 43.5 27.5 71 55
2 Darezar 6.0 0.0 0.0 6 6
3 |Seridoun 0.0 42.4 17.4 42 17
4 | Shahr e Babak 6.0 30.2 17.0 36 23
5 | Chahfiroozeh 2.5 0.0 0.0 3 3
6 |Darealoo 3.5 0.0 0.0 4 4
7 |5 New Mines 0.0 6.2 2.7 6 3
8 Kerver 0.0 3.0 1.4 3 1
9 |Kahang 0.0 1.8 0.9 2 1
10 | Taft 0.0 4.5 2.0 5 2
11 | Phosphoric Acid 0.0 14.0 14.0 14 14
12 | Sungun
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Location

Qo g b Qoixo S 039 33 o

Project Name

Goals (need to be finalized)

Mine Preparation for Sarcheshmeh Concentrator Plant

Capacity

Unit of
Measurement

Estimated Capital
Investment (MEuro)

Last Status

Feasibility studies have been

1 Sarcheshmeh Sarcheshmeh Mine Expansion Phase 3 & 4 248 done
300,000 tons Conc, at 24% average grade, estimated Feasibility studies have been
2 Sarcheshmeh Sarcheshmeh Concentrator Plant Phase 3 blant Ore input is 18 MTPY with ore grade about 0.49% 300,000 Tons 392 done
3 Sarcheshmeh Sarcheshmeh Concentrator Plant Phase 4 Sarcheshmeh Concentrator Plant Phase 4 300,000 Tons 367 Feambllltglez:]uggensehave not
. 300,000 tons Conc, at 24% average grade, estimated Pre Feasibility studies have
4 Sarcheshmeh Seridoun Concentrator Plant Phase 1 blant Ore input is 22 MTPY with ore grade about 0.35% 300,000 Tons 528.5 been done
5 Sarcheshmeh Seridoun Concentrator Plant Phase 2 Seridoun Concentrator Plant Phase 2 300,000 Tons 528.5 Feasibility s’;juodr:zs have been
. . Extraction of copper and other valuable metals in - .
6 Sarcheshmeh Extraction of copperandiothien _v_aluable el Sarcheshmeh concentrators tailings (120,000 tons 120,000 Tons 90 Feisll ey Sl s lehe e
Sarcheshmeh concentrators tailings been done
concentrate)
7 Sarcheshmeh Sarches_hmeh $me|ter, Oxygen & Acid Plant Increasing capacity from 170 k tons to 400 k tons 400,000 Tons 445 Feasibility studies are
Expansion (Existing) underway
8 Sarcheshmeh Sa_rcheshmeh New Refinery Plant (instead of 400,000 tons of cathode copper 400,000 Tons 344 Feasibility studies are
Existing Plant) underway
9 Sarcheshmeh Sarches_hmeh floatation Chemical reagents Plant & Chemical reagents for Nicico Concentrator plant 28 Feasibility studies have been
CS2 project done
10 Sarcheshmeh SEEnESE e Q;‘gﬁ"me& rbEEtEel e 40 KTPY of Quick Lime and 270 KTPY of Hydrated Lime ;7%0(;)000 Tons 38 eIy s;uodr:gs ITERVE (e
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Estimated Capital

Location Project Name Goals (need to be finalized) Capacity  Unitof Measurement | Co " 0 MEuro) Last Status

1 Shahr-e-Babak Miduk Mine Expansion Mine Preparation for Miduk Concentrator Plant Phase 2 200 Feasibility sguodrzgs have been
2 Shahr-e-Babak Miduk Concentrator Plant Phase 2 ;f;)n(t)%)ntaolrr]fp‘uiﬁgc? :‘At.l_zs:;ﬁj V;\,:ﬁ ?I%eggr;?ieég;ﬂ%ég%g % 150,000 Tons 210 In progress

3 Shahr-e-Babak Miduk Concentrator Plant Phase 3 ?r?p?u??(s) ;%n;?;\z(it/?tﬁ\;i;ag?agreagg’oifgggzzd plant Ore 300,000 Tons 300 Feasmﬂ:}g:&g;es are

4 Shahr-e-Babak Miduk Mine Expansion Phase 2 w:geli;?gﬁrnaéig‘n Mf?drul\l/|<i;i/|lijrl1<eczc;ncentrator Plant Phase 4 200 Feasibilitg/e:;ugf:ehave not
5 Shahr-e-Babak Miduk Concentrator Plant Phase 4 ?r?p?u(t)?g :tlin’a.ﬁg\z(swo/?tﬁzi;agfaggaggbiftégggzd plant Ore 300,000 Tons 390 Feasibili':)yez:]ug;ensehave not
6 Shahr-e-Babak Khatoon Abad Slag Concentrator 36,000 tons Conc, at 22% average grade 36,000 Tons 60 In progress

1| samesama  [tectonof conper sndotner valatle meais i Exacton o copper and ether vluae metae MUK | 5000 o
8 Shahr e Babak Khatoon Abad smelter & Acid plant Expansion Increasing capacity from 120 k tons to 200 k tons 200,000 Tons 317 Feasibilig/ezzug:)er?ehave not
| e [Satoun A e Quek Limed e Lime ana 2 TP QuckLimei 28 TE Mt Lime and 16 | g so mprogres
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Estimated Capital

Location Project Name Goals (need to be finalized) Capacity ~ Unitof Measurement | 0 o nt (MEuro) Last Status
1 Sungun Sungun Mine Expansion Phase 1 Mine Preparation for Sungun Concentrator Plant Phase 3 220 Fea3|blllg/e2tnug§nsehave not
450,000 tons Conc, at 24% average grade, estimated Feasibility studies have been
2 Sungun Sungun Concentrator Plant Phase 3 plant Ore input is 21 MTPY with ore grade about 0.58% 450,000 Tons 523 done
3 Sungun Sungun Mine Expansion Phase 2 Mine Preparation for Sungun Concentrator Plant Phase 4 480 Fea3|blllg/e2tnug§nsehave not
450,000 tons Conc, at 24% average grade, estimated Feasibility studies have not
4 Sungun Sungun Concentrator Plant Phase 4 plant Ore input is 21 MTPY with ore grade about 0.58% 450,000 Tons 500 been done
Extraction of copper and other valuable metals in Extraction of copper and other valuable metals in Feasibility studies have not
5 Sungun - - 50,000 Tons 60
Sungun concentrators tailings Sungun concentrators tailings (50,000 tons concentrate) been done
Sungun Copper Cathode (Smelter, Acid, Oxygen, 50,000 Feasibility studies have not
6 Sungun Refinery & Slag Concentrator) Phase 1 200,000 tons of cathode copper 200,000 Tons 566 been done
Sungun Copper Cathode (Smelter, Acid, Oxygen, 50,000 Feasibility studies have not
! LIl Refinery & Slag Concentrator) Phase 2 ALLED s @l e CerpEy 200,000 Uit 2= been done
8 Sungun Phosphoric Acid Plant 360,000 tons Phosphoric Acid 360,000 Tons 600 Feas'b"'tg’ezaugfrfeha"e not
9 Ahar lAhar lime Quick Lime Plant (Phase 2) 150 TPD of Quick Lime 50 Kt/a 13 In progress




Location
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Project Name

Goals (need to be finalized)

Capacity

Unit of
Measurement

Estimated Capital
Investment (MEuro)

LLast Status

Yazd/Taft

TAFT mine & Concentrator Plant

106,000 tons Conc, at 26% average grade,
estimated plant Ore input is 7 MTPY with ore

106,000

Tons

260

Feasibility studies have

grade about 0.45% been done
36,000 tons Conc, at 23% average grade, Pre-feasibility studies have
Esfahan/Kahang |Kahang mine & Concentrator Plant estimated plant Ore input is 2.5 MTPY with ore 36,000 Tons 180 Y
been done
grade about 0.40%
50,000 tons Conc, at 25% average grade, Pre-feasibility studies have
Kerman/Kerver |[Kerver mine & Concentrator Plant estimated plant Ore input is 4.2 MTPY with ore 50,000 Tons 250 Y
been done
grade about 0.33%
Nochun, Delfard, Bondar e Hanza, Sarmeshk, . . L - .
Kerman Sarkooh, Bagh e Khoshk & Bab Shamil mines Mine Preparation & concentrate production in 150,000 Tons 600 Pre-feasibility studies have
each plant been done
& Concentrators
Bandar Abbas |Phosphoric Acid Plant Phase 1 360,000 tons Phosphoric Acid 360,000 Tons 300 Fea5|bg:atg/nsguodr:2$ have
Bandar Abbas [Phosphoric Acid Plant Phase 2 36(.)’.000 LB Ph(_)sphorlc e & [P TSR TR 360,000 Tons 600 el [I87SNEIES IS et
fertilizers and animal feed (DCP) been done
Sarcheshmeh,
Shahr- e Babak, |Integrated Water and Tail Management Plan  |Water Supply and tailings management 2300 In progress
Sungun
Sarcheshmeh,
Shahr- e Babak, |Integrated Power Master Plant Power Supply and transfer 360 In progress
Sungun
Sarcheshmeh, Purchase of required Mining Machines to achieve 993 Dump Truck
Shahr- e Babak, [Purchasing Mining Machines extracting 173 MT Ore from NICICOs Mine 199 Shovel 2573 Infrastructure

Sungun




Location

2L g0 Sb 039 5 po!

Project Name

Goals (need to be finalized)

Capacity

Unit of Measurement

Estimated Capital
Investment (MEuro)

Last Status

Pre Feasibility studies have

Sungun Sungun Renewable power plant 300 MW Electricity (solar and wind) 300 MW 202 been done

Sungun Sungun Renewable Emergency power plant 25 MW Electricity (solar) 25 MW 18 Pre Feasli)beitlei;ydsotzgies have
Sarcheshmeh Sarcheshmeh Renewable power plant 300 MW Electricity (solar and wind) 300 MW 232 I FeasLl:éi(lei:]y dscfzgies ke
Sarcheshmeh Sarcheshmeh Emergency power plant 25 MW Electricity (solar) 25 MW 18 Pre FeasLt;i(leirt]ydsotrL]Jgies have

kerman Renewable power plant for new plants 150 MW Electricity (solar and wind) 150 MW 90 Pre Feasli)teu}i(leirt]y dsot::gies have
Bandar Abbas Photovoltaic Panels Plant Implementation of Photovoltaic panels Plant 1,000 MW 230 pre Feastijbei‘leirt]ydsotrL]Jgies have
Shahr-e-Babak  [Shahr-e-Babak Renewable power plant 300 MW Electricity (solar and wind) 300 MW 142 Pre Feas[i)tgéi;ydsotﬁgies have
Shahr-e-Babak  [Shahr-e-Babak Renewable Emergency power plant [25 MW Electricity (solar) 25 MW 29 Pre Feasibility studies have

been done
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