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Start-up Copper Smelting
1949 Outokumpu Oy, Harjavalta, Finland
1956 Furukawa Co. Ltd., Ashio, Japan
1966 Combinatul Chimico Metalurgic, Baia Mare, Romania
1967 The Dowa Mining Co. Ltd., Kosaka, Japan
1970 Nippon Mining Co. Ltd., Saganoseki, Japan
1971 Sumitomo Metal Mining Co. Ltd., Toyo, Japan
1971 Hindustan Copper Ltd., Ghatsila, India
1972 Peko Wallsend Metals Ltd., Mount Morgan, Australia
1972 Hibi Kyodo Smelting Co. Ltd., Tamano, Japan
1972 Norddeutsche Affinerie AG, Hamburg, Germany
1972 Nippon Mining Co. Ltd., Hitachi, Japan
1973 Karadeniz Bakir Isletmeleri AS, Samsun, Turkey
1973 Peko Wallsend Metals Ltd., Tennant Creek, Australia
1973 Nippon Mining Co. Ltd., Saganoseki, Japan
1974 Hindustan Copper Ltd., Khetri, India
1975 Rio Tinto Minera SA, Huelva, Spain
1976 Phelps Dodge Corporation, Playas, USA

Gécamines, Luilu, Zaire
1978 Kombinat Gérniczo-Hutniczy Miedzi, Glogow, Poland
1979 Korea Mining and Smelting Co. Ltd., Onsan, Korea
1981 Norilsk Mining and Metallurgical Comb., Norilsk, Russia
1982 Caraiba Metals SA, Camacari, Brazil
1983 Philippine Associated Smelting and Refining Co., Isabel, The Philippines
1985 Jiangxi Copper Corporation, Guixi, China
1986 Mexicana de Cobre SA, El Tajo, Mexico
1987 MDK G Damianov, Srednogorie, Bulgaria
1988 Codelco, Chuquicamata, Chile
1988 Magma Copper Co., San Manuel, USA
1988 Roxby Management Services Pty Ltd., Olympic Dam, Australia
1995 Compania Minera Disputada de las Condes SA, Chagres, Chile
1995 Kennecott Utah Copper Corporation, Utah, USA
1997 Jinlong Copper Co. Ltd., Tongling, China
1998 Indo-Gulf Fertilizers & Chemical Ltd., Gujarat, India
1999 WMC Resources Ltd., Olympic Dam, Australia
2000 Boliden Mineral AB, Ronnskér, Sweden

Southern Peru Copper Corporation, Ilo, Peru

National Iranian Copper Industries Co., Khatoon Abad, Iran
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» Global Primary Copper Production, 2004

United States 0.54 50 53.9

Source: LS Geological Survey, 20080
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» Energy Use for Copper Production in Chile

Fuel Use Electricity Use
Gl kwht

Mining

Dpenplt e 555 i

Undergroumnd 0.46

Cmcemmum zmg
Smelting 956 672

|:_ Imm‘zhmng ............................................... : 15 ........................................... 3 4T ...................
5u;phuncaudp|am ........................................................................... 141 .................
Senvices 1.05 32

mhﬂs A 035 e T

Total (open pit mining) 2006 6 D06

Moter 1.14% copper ore grade, 30% copper content in the concentrates.
Source: Alvaradn, ar at, 2002
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Copper Mine Production by Country: Top 20 Countries in 2012

(Thousand metric tonnes)
Source:ICSG
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Copper Production by Region

(Global concenlrate production, ‘000 MT/fyear)
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Refined Copper Production by Country: Top 20 Countriesin 2012

Thousand metric tonnes

Source: ICSG
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In % of energy Out % of enemy
Solid feed 967 Matte 16.0

Mat. gas to RS 14 Slag 47.4

MNat. gas tosettler | 1.9 (Gas to WHB 293
Airfgases 0.0 Heat losses 73

Total 100.0 Total 100.0
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ISmelter Process Year

[Outokumpu Oy, Harjavalta, Finland Cu smelting 1949
|Fumkawa Co Ltd., Ashio, Japan Cu smelting 1956
ICombinatul Chimico Metalurgic, Baia Mare, Romania Cu smelting 1966
IThe Dowa Mining Co Lid., Kosaka, Japan Cu smelting 1967
|Nippon Mining Co Ltd., Saganoseki, Japan Cu smelting 1970
ISumitomo Metal Mining Co Lid., Toyo, Japan Cu smelting 1971
[Hindustan Copper Ltd., Ghatsila, India Cu smelting 1971
IPeko Wallsend Metals Ltd., Mount Morgan, Australia Cu smelting 1972
[Hibi Kyodo Smelting Co Ltd., Tamano, Japan Cu smelting 1972
INorddeutsche Affinerie AG, Hamburg, Germany Cu smelting 1972
INippon Mining Co Ltd., Hitachi, Japan Cu smelting 1972
[Karadeniz Bakir Isletmeleri AS, Samsun, Turkey Cu smelting 1973
IPeko Wallsend Metals Ltd., Tennant Creek, Australia Cu smelting 1973
INippon Mining Co Ltd., Saganoseki, Japan Cu smelting 1972
|Hindustan Copper Ltd, Khetri, India Cu smelting 1974
|Rio Tinto Minera SA, Huelva, Spain Cu smelting 1975
IPhelps Dodge Corporation, Playas, USA Cu smelting 1976

IGécamines, Luilu, Zaire

Cu smelting / DB

[Kombinat Gérniczo-Hutniczy Miedz, Glogow, Poland Cu smelting / DB 1978
|Korea Mining & Smelting Co Ltd., Onsan, South Korea Cu smelting 1979
INorilsk Mining & Metallurgical Co, Norilsk, Russia Cu smelting 1981
|Caraiba Metais SA, Camacari, Brazil Cu smelting 1982
|Phi|ippineAssocialed Smelting & Refining Co., Isabel, the Philippines JCu smelting 1983
|Jiangxi Copper Corporation, Guixi, China Cu smelting 1985
Mexicana de Cobre SA, El Tajo, Mexico Cu smelting 1986
IMDK G Damianov, Srednogorie, Bulgaria Cu smelting 1987
ICodelco, Chuguicamata, Chile Cu smelting 1988
|Magma Copper Co., San Manuel, USA Cu smelting 1988
IRoxby Management Services Pty Ltd, Olympic Dam, Australia Cu smelting / DB 1988
[Compania Minera Disputada de las Condes SA, Chagres, Chile Cu smelting 1995
IKennecott Utah Copper Corp., Salt Lake City, USA Cu smelting 1995
IKennecott Utah Copper Corp., Salt Lake City, USA Cu converting 1995
|Jin|ong Copper Co Ltd., Tongling, China Cu smelting 1997
lindo-Guli Ferilisers & Chemical Lid, Gujarat, India Cu smelting 1998
IWMC Resources Ltd, Olympic Dam, Australia Cu smelting / DB 1999
|Boliden Mineral AB, Rénnskér, Sweden Cu smelting 2000
ISouthem Peru Copper Corporation, llo, Peru Cu smelting

|Southem Peru Copper Corporation, llo, Peru Cu converting

INational Iranian Copper Industries Co., Khatoon Abad, Iran Cu smelting 2004
Yanggu Xiangguang Copper, Shandong, China Cu smelting 2006
Yanggu Xiangguang Copper, Shandong, China Cu converting 2006
KGHM, Glogow, P_oland_ Cu smelting / D_B 2008
Konkola Copper Mines, Zambia Cu smelting / DB 2008
|Jiangxi Copper Corporation, Guixi, China Cu smelting 2007
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Reverberatory Outokumpu Inco Mitsubishi
furnace flash smelting (continuous)

(green batch)
Energy consumption [GI/t Cu] 256 16.4 14.2 17.2
Copper content in the matte [wt.-%] 35 62 54 65
Oxygen feed rate [kg/t Cu] 0 480 790 390
Supplementary fuel [GT/'t Cu] 20.7 6.9 3.3 9.7
Ott-gas rate [m’/t Cu] 17.700 5.300 3.800 5.100
SO, concentration [%%] 3.8 13 20 14

" More recent operating results indicate the following off-gas compositions. depending also on the percentage

of ingress air: Qutokumpu up to about 30 %. Inco up to about 80 %, Mitsubishi up to about 20 % SO,.

Source: Langner [49]

[YV] 0515 o Jgamen adgs b 5L33,50 (55,31 JS ¥-F g

Reverberatory Outokumpu Inco Mitsubishi
furnace flash smelting (continuous)
(green batch)
Energy consumption [GI/t Cu] 40.9 2347 247 231

7 Converter slag is recycled to the flash smelter
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Region Countries

North America  Canada. United States of America
Latin America Mexico and Central America. South America

Europe Western Europe, Bulgaria. Cyprus. Macedonia, Poland, Romania. Serbia. Slovakia
Central Asia Russia, India, Armenia, Georgia, Iran, Kazakhstan, Oman. S. Arabia, Turkey, Uzbekistan
East Asia China. Mongolia. Nepal. Japan. South East Asian and Pacific Rim countries

Africa All of Africa

Oceania Australia, Papua New Guinea, New Zealand

WS 0 0y 1y o 075LacS w095 L3 j50 et (el 5 GV plasl (sl e izmed 5 (2 )

Y LS el (imio 71aS (sloy5aS 1 (B sl g Ll o 5050l 0 5 tnio sloypiS gLl
Sloy9-55 5 Gone glin ol (slayg i85 oLdliz aje8 0 g0 alixdle o jsbilen 055 o (als
Srman 350 lie ;55192 0,5 e dnwgs b 55 sloygiS 45 (5 0k 4 el Sglite ouiiS B yas
3 Lis Jgl 598 Cnn (ol 0-F Joga 50 [YPIIYOlaisS o cuals 1) Jlods 0,5 od sinio (Lo a5
Llod 5l ogi oo alaxde a5 jghailan .ams oo lid 1) olREG YL 5 98 adss ¢ jome (idu 4w )0 o 38
(o 0 3liS gd a5 51l 1B LS g B ol plie )0 i & 50 9 ool (e e 55 (e
sloplie 1o i 4 (0l g (hed nz RV 5o g Lo pow U ol slaplie )0 cod i (b g 00l5 e

Lrvlss)ls 13 s pgw b sl

ar



551 0,08, b e Carin (B yro

nergyenerqgy.ir

[EVIYe P Jlo 50 oKVl 5 gd eipine it das ) o 008 adgi Jol 08 Gy O-F Jgor
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Mine Smelter Refinery
1 | Chile (5,361) China (2,517) China (3,003)
2 | United States (1,222) Japan (1.628) Chile (2,811)
3 | Peru (1,049) Chile (1,565) Japan (1,532)
4 | China (889) Russian Fed. (1,002) United States (1,250)
S | Australia (859) India (625) Russian Fed. (943)
& | Indonesia (816) Germany (540) Germany (662)
7 | Russian Fed. (675) Poland (525) India (625)
8 | Canada (607) Canada (521) Korean Rep. (575)
9 | Zambia (509) United States (501) Poland (556)
10 | Poland (497) Korean Rep. (484) Peru (508)
11 | Kazakhstan (434) Kazakhstan (426) Canada (500)
12 | Mexico (338) Peru (381) Zambia (461)
13 | Iran (216) Australia (377) Australia (429)
14 | Papua New Guinea (194) | Zambia (290) Kazakhstan (428)
15 | Argentina (180) Spain (264) Belgium-Lux. {391)
16 | Brazil {(143) Mexico (257) Mexico (318)
17 | Congo (134) Iran (244) Spain (256)
18 | Mongolia (132) Bulgaria (241) Brazil (220)
19 | Bulgaria (110} Philippines (240) Indonesia (218)
20 | South Africa (90) Brazil (220) Iran (201)
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(Reference : Copper Smelters Cost & Commercial Analysis 2000 Edition, Brook Hunf)
OSX-EW Productbn B Smelter Refhery Production
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{Reference : Copper Metal Service, Brook Hunt, 2003}
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Copper Mine Production by Country: Top 20 Countries in 2012

(Thousand metric tonnes)
Source:ICSG
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Refined Copper Production by Country: Top 20 Countriesin 2012

Thousand metric tonnes

Source: IC%GE

China
C i
Japan
United Staies
Ruszian Fed.
India
Garmanty
Flonean Rep.
Paland
Famibia
Australla
Cengo
Spain
Balgium
Meaiss
Kazakhstan
Peru
Canada
Bulgaria
Iran

0 1,000 i.000 3.009 4,009 $000 6000

YT Jlo 5o 0l 0 otV s oudss A-FUSE

s 33 s Cario Y-V

L aslio o a5 Coslodgy )9dS (ntads VY Jlo 53 (e 05 )58 Voo g gelos @iy odgi b (et
ool atils ol VY Jlo o o5 e YV 5 endis &0

plosil joi8" mal jo Lo e adgi Slas ;0 Ve sguo g Ceslids )0 e 00isS adgs (0 5555 (et
i o5 VT USCS s oo lis alidee sledlo jo 1y Lo e ag 0 (et 5588 e A-F USCE 098 0

B o i [ Ve e A Jlo jo (S05,9llieg o 5 (S5 0lleg 0ul gy 4 ee 395 50 598 (0l

Ve



~Creyerscays

(thousand metric tons of copper content)
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Global Copper Mine Production
2008
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Onahama
COMPANY NAME Sumitomo Metal Nippon Mining and  Smelting and Hibi Kyodo Dowa Mitsubishi
Mining Co. Ltd. Metals Co. Ltd. Refining Co. Ltd  Smelting Co. Ltd  Mining Co. Ltd  Materials Corp.
PLANT NAME Toyo Saganoseki Onahama Tamano Smelter Kosaka Maoshima
Annual Production 260,000 472,650 221,000 283,660 65,000 222,000
Type of Smelting Fumace Flash Flash reverberatory 2:22::3;2 Flash MMC Continuous
Number of units 1 1 2 1 1 1

[Y‘Y‘] e XLy .AJ}; 6L&b)5.w5 ).:L..J 9 ‘J"‘) 3O e “\.‘.Jﬁ’ wms A.M...;La..c V—fJﬁb

Japan Chile W._Europe China India Average
Operating ratio (%) 92 a0 a3 a4 92 a3
Cu recovery (%) 98 97 98 o7 a7 97
202 recovery (%) ag 29 o9 83 a3 a4
Productivity (tonne/100 personnel) ar a2 89 15 16 20
Labor cost, unit (US%/Mh) 319 106 207 1.5 0.8 131
Electricity price ( ¢ /kMh) 6:1 3.2 T 4.3 6.7 3.9
Production rate of the world (%) 13 13 g a8 3 100
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Year 1985 2003 2007{plan)

OPERATING CONDITION

concentrate charge (ton/hour) 445 a0 164.6

dust generation ratio(%) 1.8 51 40

0, enrichment in Reaction Air 321 495 721

matte grade 56.0 63.5 65.0
HEAT INPUT and PRODUCTION (GJ/hour)  (GJ/hour) (%)

heat of matte and SO; production 800 51 1729 84 3825 99

heat for decomposition of dust -24.1 -15 =220 -1 -328 9

sensible heat of ore 25 2 51 2 101 3

sensible heat of reaction air 171 1N 150 7 87 2

oil and pulverized coal 81.1 52 B3 T 171 4

heat input total 156.7 100 2064 100 385.5 100
HEAT OUTPUT(GJ/haur)

sensible heat of matte and slag 459 29 1032 50 2095 54

sensible heat of gas 731 47 654 32 1174 30

sensible heat of dust 75 5 74 4 159 4

heat losses 247 16 250 12 331 9

others 55 3 53 3 97 3

heat output total 156.7 100 2064 100 385.6 100
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- Copper Production and Consumption in China in 1991-2007
" 3000
4300 —*— Mine Cu —B— Blister ]
4000 Refined Cu Consumption
3500 —
2000
2300 -
2000 =
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Yunnan Copper

Tongling Nonferrous
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2wl RioTinto

Goae ol <t Source of copper
(thousands of metric tons)
Morenci Arizona Copper ore, leached 390
] Copper-molybdenum ore,
Bingham Canyon Utah 300
concentrated
) Copper ore, concentrated
Ray Arizona 170
and leached
) Copper-molybdenum ore,
Bagdad Arizona 100
concentrated and leached
] New Copper-molybdenum ore,
El Chino i 125
Mexico | concentrated and leached
o ] Copper-molybdenum ore,
Sierrita Arizona 100

concentrated and leached
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Energy Requirements for Copper Production

Pyrometallurgical Hydrometallurgical
te Streams for Copper Related Proc
33MJ/ -
[oreS‘}SCL:Jg) M'mn;g .
v Benefication
41.8MJkg L 4
- Solvent Extraction (SX)
57.3MJkg -15MJ/kg Roasting Acid Leaching
(0.5% Cu are) 10.6 ¥ Smelting Electrowinning
47.0Mikg| 19.1Mikg Copper Matte 16.9MJ/kg 24MJfkg 64M/kg
(Boliden (Europe) . +1.5 MVkg {from CusS ore
0.5% Cu) m_ Fire Refining 2.8MJ/kg acid plant 2% Cu)
¥ + Electrorefining 3.5Mkg v A 4

Cu Cathode

e Sgi a8 alisee slpddu Lo g0 55,50 N F-F Sl
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7. Secondary Production
8. Primary Production
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Tolal energy (MJ/kg metal)

Mining I Metal production
Beneficiation B Refining
250
200 F E— d=yrcirc
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Sz S g J1 5 CO2 Sl alsi Gliee Vo -F Jgor
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Metal % of total Global Embodied Tonnes Global Global % Global
global annual Energy CO, per annual annual  greenhouse
metal production (GJ per tonne energy CO, gas

production (Mt) tonne) metal cons{l(J}mJ}ption (tonnes)  production®
Copper pyro 80 156 330 325 E13x 100 60x10 0.21
hydro 20 645 6.16

Nickel pyro 60 1.66 1135 11.45 242 x10° 22x10 0.08
hydro 40 193.8 16.08

Lead BF 89 355 196 207 75x10 7.8x10° 0.03
ISP 1" 325 3.18

Zinc electrolytic 90 105 484 461 495x10°  47x10 0.16
ISP 10 358 334

Aluminium 100 38 2115 2181 8.0 x 107 83x10° 29

Steel BF/BOF 70 924 27 2.19 21x% 10" 20x10° 70

Cement 2 600 56 ~09 146x10"  23x10° 8.1

*Global annual production of CO2 from fossil fuel sources = 28 962 Mt {IEA, 2009)
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» Global Primary Copper Production, 2004

United States 054 5.0 539
Canada 0.45 4.1 581
Kazakhstan 0.44 4.1 B2.2

Australia 0.44 4.1 66.3

Germany 0.28 16 80.7
Bméa.ﬁ‘;...... LR o S e
|=|-||||ppmes ............................... ;}22 ............................ 2 g ............................ 359 ............
S R OB AL SR
B ra.zii . .21 . 1.9 . 508

.D.th.Ef. S R ugg EERT 91 R muﬂ R

Total 10.78 100.0

Sounce: LS Geological Sureey, 20060
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%. Brookhaven Energy Science and Technology Department
10, United States Department of Energy
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Specific
£ Intensi £ Annual% Annual5
nergy-Intensive ner
gy. g_y V4o Yoo Yool Decline Decline
Industrial Sector Intensity
) 1995-2000 | 2000-2005
Unit
Iron and Steel GJ/ton yYLy YY v-A -\ - 0.
Copper GJ/ton f-.f TV.0 \Ai'e -1,07. -\
Aluminum kWh/t VFvYe AR YA -9 A
Synthetic GJ/ton AL \E4 V.0 AR -\,7.
Cement Clinker GJ/ton e 0,0 o,y ALY -7
Synthetic Fabrics kWh/t ARTAA VO ‘YO -0,Y7. SAY
Oil Refining GJ/ton .0 .0 -f -V -\,
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Refineries (fuel + electricity)
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Table 2.10: Specific energy consumption

At the Pirdop site in MWh/t of copper produced
23 19 1.9

gl 3.0 23

2000 2002 2004 2006 2008 2009

Yee! LYoo LSLQJLMJG'&UBAJ)JWG«W&))J‘ og d}.a.n u‘fuuu Qg oy \i—stu.u

el 05,8 e PBAT sl U ool a0 5 Canio 12 (sl 5 ol 00l 1,8 anlllas 550 ¢ dasoes

JoB 595585 g (goladl Loyl Cod Gy lamms 5 Cblas w0 yiiin b oulbio BAT I jolate

11, Executive Board Business Unit Primery Copper Grup Environmental Protection
12 Lunen

13, Pridop

14 Aurubis Bulgaria

15, Best Available Techniques
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TeAl sl oual V¥-F Jgum o YooV Jlo o [EA Ly

YooV Jo o IBA Lawg oo a1 (eo G2aVh 5 Gome) SIS 51 eo adgs (a3 slaaxly (65,0 059 b pan NY-F Jgox

Fuel Electricity | Energy Coy Energy | Prices lefarCD;-allnwalmeg'
Primary intensity | intensity | cost
= a1
cop per
rlt::gucti:m (Gt ) (Gt (Gl (€M) (Eftey) Euro | Percentage | Percentage
p [t tey) of energy | of product
{Eftey | cost {%) price (%)
}
Mining 6.1 m.a. 6.1 0.4 50 n.a. b n.d. M.
Refining 2144 2.6 in 35 423 4075 | 70 6.5 1.7
(D E2007)
"integrated” | 205 216 42.1 i9 473 an7s ¥l 78 16.5 19
Primary {01/2007)
Copper
Production ¥

Source! Energy consumption for primary copper production (IEA (2007} 1

(1} Mining refers to energy uses in the open pit and undergroand.

(2} Refining refers 1o the processes from concentrating, over smelting and electro-refining o the finzl product "copper
cathede" (99.99% Cu),

(3} Assuming energy cost and CO-emission-factors for the consumed fiel correspond to the arithmetic average of gas
il and natureal gas.

{4} Copper traded n January 2007 with 35500 per tonne, assuming an exchanges rate of €1 = 51.35 results n €4073 par
tonne,

(5} The "integrated” primary copper production gocounts for the sum of the Mining and Refining process.

ATy 50 soliiul 0)50 adgl osle Sl o 355 50 (65,3l o3y Bras (lie 0 H5e sl eSSl (S
&5 Olie ol e 3 (6550 Jo3S ¥ ogam ) T 4l Bl e o S 0 sl adlior e g5
sS85 JoslieS Ve 4 ¥ )8 5 (oo 1 i JLe) VT L ploadl 31 e 05 G ads sl

e b G sl g Jo3las A0 B AL sgam a0 0) Lo b SI 5l e (5 o a9 b analiie ) o) o0 5

16, BAT Reference Documents
17, International Energy Agency

V%



4 . 551 0,08, b e Carin (B yro
ner’g YEHE‘I'Q?.‘

Tl s 65,50 Jssls YA+ 0s,30.3

e K 1M e slaalgd WS 055 (5,3 059 B jae Ol psS gy (st Voo F S Jloges 5o

L0+ Tl oo ools ol e adgs cilizes sl (sl cyome Siw Jle (wliolpp oo (oo

300

\ —Pyrometallurgy, High
= Pyrometallurgy, Low

——Hydrometallurgy, High

= -Hydrometallurgy, Low
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/

-
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Primary Energy (GJ/t of copper)
&
o

(3]
o

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Grade of Ore (% copper)
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Fuel Use Electricity Use
G/t kWh/t

Mining

Damﬂrt 558
queg,nuﬂd 045
Cmceqtamﬂ TN RO 0| | S —— 2 ng
Smemg 955 5?2
Hef,mg e
Eectm,efﬂmg G S A B ] ]8 B L AR 34] TP
Eectuwnn,]g1082?g1
Smmumam Da,ﬁ ..................................................................................... ]41 ....................
SEWCES ]D5 32 ——
Dﬁﬁma
Total (open pit mining) 20.06 6 006

Mote: 1.14% copper ore grade, 30% copper content in the concentrates.
Source: Alvarado, ef al, 2002
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Fuel Consumption Unit Ratios
{Refined ton in final product)

2004 2005 2004 2007 2008
Open Pit 44424 | 41964 | 4465.0 | 5119.6 | 54634.4
(MJ/MTF ore)
Underground 1,000.6 | 1,333.1 1,563.9 | 1,808.5 | 1,297.6
(MJ/MTF ore)
Mina 39329 | 3799.9 4084.6 | 47029 | 5186.4
[MJ/MTF ore)
Concentrating Plant 176.2 215.8 185.4 188.4 233.4
(MJ/MTF concentrate)
Smelter 4699.8 | 49653 | 48279 4964.9 | 5170.3
(MJ/MTF anodes)
Refinery 1,475.2 17517 1,603.7 1,504.0 1,195.1
[MJ/MTF EW cathodes)
LX-SX-EW 2,649.1 29055 | 28938 | 30%94.6 | 3,080.1
(MJ/MTF SX-EW cathodes)
Services 318.6 278.3 280.0 266.1 256.7
(M J/MTF total production)

(1] Weighted average of open pit and underground mining unit ratios.
Source: Cochilco, based on company reports,

(2) MTE: Metric ton refined copper

Lo o oo 0 gy ol 8 alisee glpiidn (SO STl (65,50 059 Bpae N A-F s

Electricity Consumption Unit Ratios
[Refined fon in final product)

2004 2005 2006 2007 2008
Open Pit 585.6 639.7 614.3 619.9 654.8
(M J/MTF ore)
Underground 1,257.9 1,558.5 | 1,693.5 | 14923 | 20994
(MJSMTF ore)
Mina (1 689.1 770.0 758.5 757.3 8o8.2
[M.J/MTF ore)
Concentrating Plant 89427 | 7,240.9 | 74246 | 78627 | 8208.5
(M J/MTF concentrate)
Smelter 3836.2 | 3771.7 | 3778.7 | 3887.1 3.692.1
(MJ/MTF anodes)
Refinery 1,276.8 | 1,269.9 1,233.4 1,221.2 | 1,285.1
[(MJ/MTF EW cathodes)
LX-SX-EW 10,429.0 | 10,082.3 | 10,128.7 | 10,479.6 | 10,702.3
(M J/MTF SX-EW cathodes)
Services 515.9 576.1 502.5 443.2 558.0
(MJ/MTF total production)

(1) Weighted average of cpen pit and underground mining unif ratios.
Source: Cochilco, based on company reporfs,

(2) MTE: Metric ton refined copper
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MJ/TMF: Megajoule/Metric ton refined copper
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Source: Metalytics - INCSG Energy and climate change policy seminar, Lisbon 2009.
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Overview of ranges for average energy use and energy benchmerk data

Ranges for average energy use in Energy benchmark data
Sectors (products i Intl. Last ‘Warst
Benchmark/ Dedle  Plant
Lowest EEI  Plant (or (or reglon)
region)

Pefroleur refineries (2o03F |1 EEl o.7-0.8 13-3.8 1.25 1 - - - 20
Chemical and petrochemical
High value chemicals® (2o05) | B & | | Glf1 HVC 12.6-18.3 | 171183 16.9 10.6 12,5 226 13.6 75
Ammonia® (z007) B & | [G)t NH3 33.2-36.2 | 35.9-46.5 1 73.5 L5 A3 58 100
Methanol* (2006) B & | | GIt MeOH 33.7-35.8 | 33.6-40.2 35.1 28.8 30 38.5 58 8o
Non-ferrous metals
Alumina production: (z007) |58 & | | G)/I alumina 10.0-15.5 | 10.5-24.5 16 ! 7.8 13 18.4 100
Aluminium smelling® (2007) |8 & | | MWh/t 14.8-15.8 | 146-15 15.5 13.4 142 171 20.8 w05

primary

aluminium
Copper 8 Gt copper 5 = 13.8 6.3 Talp 221 50.9 50
Zinc” (2006) I GJft zinc 15.2-19.7 | 16.7-37.2 23.6 - 15.2 - 372 100
Iron and steel (2o05) I EEl L16-L4 L1422 145 sk 116 = 2% 100
Non-metallic minerals
Clinker= {zoo7)} B & | | GJft dlinker 3342 31-6.2 3.5 2.9 3 By 6.6 100
Cement™ (z007) B & ! | kWhjt cement | 100-134 92-121 109 56 88 133 Lty 100
Lime® L G/t lime 3.6-13 513 - - 3.2 - - -
Glass® (~zo0008) B & | | Gt melt A0 5.8-7.8 6.5 3.4 2.6 5.7 7
Brick making* (~zo00s) I Mg fired 153 0.75-11 = 2 VSBK: 0.75 =

brick Tunnel: 1.5
Tileg* L Gt file 1973 3183 - - 19
Sanifanyware™ L Gt £.2-11.3 A.5-20 - - 4.2

sanifaryware

adgi MT)_Q VAAD ST 5o uedSSl slalS olKiils v ol algy o)l lawgl 4038 O s Gubod o

L0a](Y0-F ISyl ous &3,) idu 1o 30 e Sdsi St 50 50 (65,5 ol o s s 0,5l

(OVERIMIRDEN DRILLING LOADING TRANSPORT

VAW W W VN BLASTING BY SHUVEL:
M | ORE: ]:_‘:> $ p TRUCK ¢
(5-30 MJ/t) (0.4-2 MI/E)

4l X 10b Exploratory

E:> WASTE ROCK
DISPOSAL

1 1 onnes Drilling: e —
56T Cu (25-250 MJ/t) CONVEYOR :
N .3 gaft Au Open Pit (2-8 M1/t)
Drilling:
I (2-20 M)fe)
Rlasting:
N (3-20 MJ/e)
G
WATER
PIMPING:
(5-20 M/t
rock)
PRODUCT BASE AND SULPHIDE CRUSHING TO
M PREPARATION PREC1ONS METAL <Flﬂ1‘ATIUN I5 mm. —
Dewatering: < BYPRODUCT RECOVERY[](100-180 Mi/t) |<J HEATING
1 | (5-25 MI/t ore) (n.d.) ore) (20-50 MJ/t)
Filtration: are <!'__'l LIGHTING
It (25-100 Mi/t ore) v
Drying: (n.d.)
L (250-1500 MI/t) TAILINGS GRINDING
are) DISPUSAL 200 m to
I V2 (10-50 M1/t <:::3 25 m
tailings) (50-600 MI/t
[} TRANSPORT 10O ore)
SHELTER
[H (nai.)

23, Harold Rolf Schmitt
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Energy Consumption (GJ/ft Cu)
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