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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 Goérniczo-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, Ronnskir, Sweden

Southern Peru Copper Corporation, Ilo, Peru

National Iranian Copper Industries Co., Khatoon Abad, Iran
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gl 55,610.63 11,987.83 12,472.05 14,775.74 3,874.74 3,884.60
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gy 52,036.43 13,633.73 10,834.85 13,826.08 4,773.02 3,320.77
NIV 51,549.41 12,391.78 6,654.69 13,696.68 4,009.28 1,971.76
39 )P 54,357.50 13,010.08 11,656.48 14,442.79 4,433.75 3,576.17
2po 36,368.52 12,063.72 12,213.27 9,663.12 4,096.43 3,830.32
olﬂ 52,452.16 11,293.41 12,364.85 13,936.54 3,782.73 3,872.05
).ST 48,137.64 11,640.48 12,263.35 12,790.17 3,905.28 3,811.99
WS> 50,796.78 13,603.33 11,137.00 13,496.70 4,351.74 3,464.84
gY.-Y 53,097.44 11,153.67 9,605.82 14,107.99 3,870.11 2,980.38
Qe 42,526.80 11,069.42 10,108.12 11,299.37 3,678.15 3,136.33
bowgio 50,539.13 12,370.88 11,082.15 13,428.25 4,151.49 3,441.77
Jlw Js 606,469.6 148,450.6 132,985.8 161,139.0 49,817.9 41,301.3
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ULJ 19,650.73 0.00 0.00 144,862.88 26,074.37 73,595.16 164,513.61 26,074.37 73,595.16
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Jlw Js 282,653.9 0.0 7,167.0 1,659,237.76 320,665.9 859,198.3 1,941,891.7 320,665.9 866,365.3
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éawl 12,159.17 12,116.61 4,134.97 4,120.50
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Jlw Js 177,905.5 177,282.8 86,275.8 85,973.8
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gl 277,256.81 119,810.18 19,511.23 24,876.00 302,132.81 144,686.18
NEyeS 282,585.01 123,854.28 18,616.01 24,210.00 306,795.01 148,064.28
By 272,577.75 121,614.67 18,963.48 23,443.20 296,020.95 145,057.87
NEPYS 233,812.16 122,916.24 17,065.85 25,106.40 258,918.56 148,022.64
93P 263,072.95 122,820.18 19,971.34 24,786.00 287,858.95 147,606.18
0 242,939.45 111,938.90 19,534.12 23,832.00 266,771.45 135,770.90
ol 254,202.47 89,499.55 19,698.95 20,088.00 274,290.47 109,587.55
)ST 268,366.51 127,930.69 20,290.92 23,774.40 292,140.91 151,705.09
WS> 268,701.62 138,670.99 19,877.58 24,483.60 293,185.22 163,154.59
OOpY 285,843.23 128,173.68 20,292.51 24,447.60 310,290.83 152,621.28
bl 268,320.99 102,347.91 19,614.57 18,360.00 286,680.99 120,707.91
buwgin 266,772.88 120,042.82 19,528.36 23,536.20 290,309.08 143,579.02
Jlw Js 3,201,274.5 1,440,513.9 234,340.4 282,434 4 3,483,708.9 1,722,948.3
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2599 14,503.46 7,849.78 19.55 16.68 1.44 3.19 21.28 19.87
gl 13,964.86 7,934.23 19.85 15.10 1.40 3.14 21.64 18.24
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g0 14,316.03 7,501.63 16.97 14.92 1.36 3.18 18.63 18.10
ULJ 14,710.39 4,084.71 17.28 21.91 1.34 4.92 18.65 26.83
)51 15,973.84 8,043.90 16.80 15.90 1.27 2.96 18.29 18.86
WS> 16,002.00 7,696.54 16.79 18.02 1.24 3.18 18.32 21.20
OOp 17,004.31 8,205.51 16.81 15.62 1.19 2.98 18.25 18.60
el 12,116.61 4,120.50 2214 24 .84 1.62 4.46 23.66 29.29
buwgin 14,773.57 7,164.48 18.15 17.29 1.33 3.40 19.75 20.69
Jlw Js 177,282.8 85,973.8 18.06 16.76 1.32 3.29 19.65 20.04
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20,9,8 17,002.1 99.99 17,000.43 11,157.0 419.15 500.0 12.46 6,636,180.00 431.60 11,488.55
Sl 16,760.6 99.99 16,758.94 10,560.0 396.72 750.0 18.68 6,437,980.00 415.40 11,057.33
ols = 16,780.8 99.99 16,779.07 8,507.0 319.59 170.0 4.23 6,585,228.33 323.83 8,619.73
B 16,780.2 99.99 16,778.51 7,438.0 279.43 430.0 10.71 6,362,903.33 290.14 7,723.13
ols e 16,770.4 99.99 16,768.73 6,983.0 262.34 0.0 0.00 6,183,623.33 262.34 6,983.00

9D 16,769.5 99.99 16,767.85 8,030.0 301.67 100.0 2.49 6,642,030.00 304.16 8,096.31

o 16,760.9 99.99 16,759.20 8,989.0 337.70 100.0 2.49 6,474,615.00 340.19 9,055.31
bl 16,605.2 99.99 16,603.49 9,856.0 370.27 3,500.0 87.19 6,616,396.67 457 .46 12,176.85
L3 17,141.8 99.99 17,140.05 11,001.0 413.29 5,000.0 124.56 6,396,982.50 537.84 14,316.50
G 17,505.5 99.99 17,503.78 11,661.0 438.08 200.0 4.98 6,557,358.33 443.06 11,793.62
e 17,520.8 99.99 17,519.00 11,048.0 415.05 200.0 4.98 6,727,253.33 420.04 11,180.62
i 16,612.7 99.99 16,611.08 10,810.0 406.11 0.0 0.00 6,521,013.33 406.11 10,810.00
bowgio 16,917.54 99.99 16,915.84 9,670.00 363.28 1,095.00 27.28 6,511,797.01 386.02 10,275.08
J s 203,010.4 -- 202,990.1 116,040.0 4,359.4 10,950.0 272.8 78,141,564.2 4,632.2 123,301.0
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sl 16,758.94 24.79 384.15 1,382.95 1,407.73
als 5 16,779.07 19.30 392.47 1,412.88 1,432.18
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N 17,140.05 31.38 373.22 1,343.59 1,374.97
o 17,503.78 25.31 374.63 1,348.65 1,373.96
Crode 17,519.00 23.98 384.00 1,382.39 1,406.37
Scde] 16,611.08 24 .45 392.57 1,413.25 1,437.70
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S diged e goize Sized (Brae sl il 5 g aibiale jLel VE-F Jgu
oo Sadgi wlS U0 (Sgieo 90 s2ub ;8 a0 Juig;8 9,00 Gy d\l:;ii)yl
(Ton) ,laéo | (%) ke Ton NCM GJ Lit GJ KWh GJ
2599 555.8 99.99 555.70 43,053.0 1,617.42 0.0 0.00 2,211,294.0 1,617.42
Cadiup sl 543.8 99.99 543.78 25,787.0 968.77 0.0 0.00 2,319,863.0 968.77
NEyeS 559.8 99.99 559.72 21,694.0 815.00 0.0 0.00 2,401,467.0 815.00
By 632.7 99.99 632.66 14,286.0 536.70 0.0 0.00 2,384,348.0 536.70
S50 642.3 99.99 642.20 14,286.0 536.70 0.0 0.00 2,347,769.0 536.70
39 )P 622.6 99.99 622.56 21,694.0 815.00 0.0 0.00 2,258,848.0 815.00
2p0 628.0 99.99 627.98 25,787.0 968.77 0.0 0.00 2,242,584.0 968.77
oLJ 625.3 99.99 625.25 43,053.0 1,617.42 0.0 0.00 2,307,011.0 1,617.42
)57 545.7 99.99 545.64 703,816.0 26,441.07 28,000.0 697.52 2,244,402.0 27,138.59
WS> 571.6 99.99 571.51 102,448.0 3,848.78 0.0 0.00 2,288,680.0 3,848.78
PP 573.8 99.99 573.72 103,852.0 3,901.53 0.0 0.00 2,234,985.0 3,901.53
idwl 5421 99.99 542.07 73,816.0 2,773.13 0.0 0.00 2,038,843.0 2,773.13
buwgio 586.96 99.99 586.90 99,464.33 3,736.69 28,000.00 697.52 2,273,341.17 3,794.82
Jlw Js 7,043.5 7,042.8 1,193,572.0 44,840.3 28,000.0 697.5 27,280,094.0 45,537.8
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Ton MJ/Ton KWh/Ton MJ/Ton M]/Ton
257959 555.70 2,910.60 3,979.28 14,325.42 17,236.02
Caidip >l 543.78 1,781.56 4,266.20 15,358.31 17,139.87
NEyES 559.72 1,456.10 4,290.51 15,445.83 16,901.94
g 632.66 848.33 3,768.79 13,567.63 14,415.96
S50 642.20 835.72 3,655.83 13,160.98 13,996.71
)9 P 622.56 1,309.12 3,628.33 13,062.01 14,371.13
20 627.98 1,542.67 3,571.10 12,855.96 14,398.64
ol.gT 625.25 2,586.84 3,689.74 13,283.08 15,869.92
)ST 545.64 49,736.95 4,113.32 14,807.95 64,544.90
S> 571.51 6,734.45 4,004.64 14,416.71 21,151.16
PP 573.72 6,800.39 3,895.59 14,024.13 20,824.51
Jodwl 542.07 5,115.79 3,761.20 13,540.31 18,656.10
bowgin 586.90 6,804.88 3,885.38 13,987.36 20,792.24
Jlw Js 7,042.8 6,465.88 3,873.48 13,944.54 20,410.42
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S5 diges o alime slaasly adgs LT N E-Y Jgo
Ton Ton Ton Ton Ton Ton Ton MWh Ton
85959 2,070,128.0 54,781.0 0.00 14,554 .4 17,0021 0.00 555.8 66,626.6 17,557.9
Sl d)| 2,059,472.0 55,610.6 0.00 14,013.9 16,760.6 0.00 543.8 58,008.6 17,304.4
als > 2,051,325.0 54,755.2 0.00 14,963.0 16,780.8 0.00 559.8 58,880.3 17,340.5
5 1,998,075.0 52,036.4 0.00 15,012.5 16,780.2 0.00 632.7 55,812.6 17,412.9
3l o 1,812,796.0 51,549.4 0.00 14,366.3 16,770.4 0.00 642.3 57,170.0 17,412.7
9 2,036,900.0 54,357.5 0.00 14,555.6 16,769.5 0.00 622.6 59,601.2 17,392.1
e 1,616,584.0 36,368.5 0.00 14,366.3 16,760.9 0.00 628.0 54,340.3 17,388.9
okl 1,870,830.0 52,452.2 0.00 14,7621 16,605.2 0.00 625.3 54,729.8 17,230.5
N 2,137,953.0 48,137.6 0.00 16,029.9 17,141.8 0.00 545.7 55,979.6 17,687.5
06O 1,978,013.0 50,796.8 0.00 16,058.2 17,505.5 0.00 571.6 56,551.7 18,077.1
oo 2,070,333.0 53,097.4 0.00 17,064.0 17,520.8 0.00 573.8 56,190.6 18,094.5
Al 1,935,796.0 42,526.8 0.00 12,159.2 16,612.7 0.00 542 .1 52,502.3 17,154.9
b gio 1,969,850.42 50,539.13 0.00 14,825.45 16,917.54 0.00 586.96 57,199.48 17,504.49
Jw s 23,638,205.0 606,469.6 0.0 177,905.5 203,010.4 0.0 7,043.5 686,393.7 210,053.9
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)#wsuw)bwwﬁgﬁwsb»b 5 L;;].S.” tﬁjf'ﬁé)‘)’ ‘5))-’“5-‘5‘“4-“5)]" e.é,a.a (SR .\V—VJﬁ.A.?

o e e o o S5yl S pae S5y S pae
O (5551 O pao Bolis' 65,51 O pao <95 &35! S pao oYl 551 S pao o .
S339Ib0g S5390log yuun
. 55l 55l 55l ol 55l ol
oo So» €354 i « Il o i | « ) S et (€354 Sor €354 Il o Sor Sl o
‘5.’.)|)> éi)-&” SVl CEY u;iirﬂ SHy eI Sor nsi'f&-] Sor @)')’ C’S"]&” @)')’ u;iirﬂ SHy @)'P Gii,.SJ SHy
GJ kWh GJ kWh GJ kWh GJ kWh GJ kWh GJ kWh
S diges | 781,699.49 | 23631243.9 | 282,653.90 |460,899,746.50 | 3,201,274.51 | 65,094,596.52 | 4,632.19 | 281,309.63 | 4,270,260.1 | 627,767,213.3 | 45,537.82 | 27,280,116.27
95 dige | 316,074.11 | 891,100.71 0 89,073,940.70 . - . . . . .
o> diges | 497,730.97 | 1,405,462.24 | 7,167.03 | 238,666,390.93 - - - - - - -
s - . . - 1,440,513.89 | 78,454,062.76 - - - - - -
olpl  |1,595,504.58|25,927,806.85 | 289,820.93 |788,640,078.13 | 4,641,788.40 | 143,548,659.28 | 4,632.19 | 281,309.63 | 4,270,260.1 | 627,767,213.3 | 45,537.82 | 27,280,116.27
23S e Lo maizme ;S e dg Alises slaasls o (6551 Sran gunger VAT 5o
. e (55,51 B pae Ll 65,0 Byae <93 555 B pae oYl 55l Spo | 65,e0leg g5 Brae | (65,00leg a0m (5550 B e
: GJ GJ GJ GJ GJ GJ
S diged 866,771.90 1,941,891.66 3,435,614.87 5,644.90 6,530,220.25 143,746.16
90 digod 319,282.07 320,665.93 - - - -
BUEON 502,790.63 866,365.35 - - - -
Gt digal - - 1,722,948.29 - - -
Oyl 1,688,844.61 3,128,922.94 5,158,563.16 5,644.90 6,530,220.25 143,746.16
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S50l gy 5 (55)9lliag i b9y 50 b oad (VL e B SIS 5l 55l e adgi slaansl ) (6550 055 B rae gongex VAT Jgu

(GI/tON) yans g5, o529 B pan GIJEON) Lakis 55,1 o305 5y <95 55, o398 e oYl Siflegrm | &5y9lleg o

olo (GJ/ton) GJ/tony | (GI/ton) (GJ/ton)

S Liges | g | ez dge | Sadise | ol | Lz dge | Shdise | Cule diges | Sodigel | S diges Sy diges
5,0 3.80 6.57 9.72 10.50 3.56 20.01 21.28 19.87 1.43 37.00 17.24
i) 3.75 5.70 9.73 9.96 3.64 23.01 21.64 18.24 1.41 36.75 17.14
ols = 3.58 5.17 10.09 9.01 5.01 22.61 20.58 18.64 1.43 34.60 16.90
pe 3.75 0.06 11.39 8.89 4.71 21.95 19.79 20.88 1.38 33.81 14.42
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Mining

Open pit 5.68

Underground 046

Smelting 9.56 672
Refining

Electro-refining 1.18 341
Electro-winning

Sulphuric acid plant 141

Services 1.05 32
Others 0.38
Total {open pit mining) 20,06 6 006

Motes 1.14% copper are grade, 309 copper content in the concentrates:
Source: Alvarado, ar al, 2002
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Refined Copper Production by Country: Top 20 Countries in 2012

Thousand metric tonnes

Source: IC5G
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Copper Mine Production by Country: Top 20 Countries in 2012
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Refined Copper Production by Country: Top 20 Countries in 2012

Thousand metric tonnes

Source: IC5G
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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 80 156 330 325 613 %100 6.0x10 021
hydro 20 645 6.16

Nickel pyro &0 1.66 1135 1145 242 x10° 22x10° 0.08
hrydro 40 193.8 16.08

Lead BF 89 3.55 19.6 207 75x10° 78x10° 0.03
ISP 11 325 318 _

Zinc electrolytic a0 105 484 461 495 % 10° 4.7 %10 0.16
ISP 10 38 334

Aluminium 100 38 2115 2181 8.0x 10° 8.3x10° 29

Steel BF/BOF 70 924 27 219 21x10" 20x10° 7.0

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

*Global annual production of CO2z from fossil fuel sources = 28 962 Mt (IEA, 2009)
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» Global Primary Copper Production, 2004

Production Share Cumulative

Australia 044 47 B6.3
Korea 0.38 35 69.8

Peru 0.32 3.0 728

Cermany 0.28 6 80.7
Bmgana 923 Gl Aol 2] E:zg o,
Spain 0.22 2 B4.9
Indonesia oz1 20 889
Brazil 021 19 0.8

DmE; R ,;}gg. e g.] R ......l.{.mﬂ G

Total 10,78 1000

Source: LS Gealogical Survey, 2006h
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Energy-Intensive Specific Annugl% Annung
Industrial Sector En.ergy . 1138 Yoo Yoed Decline Decline
Intensity Unit 1995-2000 | 2000-2005

Iron and Steel GlJ/ton TYvLY LY Y- -\ - 0.
Copper Gl/ton AEA YV,0 Yf.8 -1,07. -\,
Aluminum kWh/t A ARd AARE VYA - - 4. - ¥
Synthetic GJ/ton AAAS £ TY,0 -1y, V8
Cement Clinker GlJ/ton 7 0,0 A -\, -5
Synthetic Fabrics kWh/t ARTAN VO YO -0,Y7. =Y,V
Oil Refining GlJ/ton 0 -0 ¥ -V YA
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Energy Consumption Intensity at Smelters and
Refineries (fuel + electricity)

1G] per 1on of reélined cogper praduced)
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Table 2.10: Specific energy consumption

At the Pin:l-:ap site in MWhi't ﬂftﬂpper produced
23 19 1.3

2000 2002 2004 2006 2008
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18, Executive Board Business Unit Primery Copper Grup Environmental Protection
19, Lunen

20, Pridop

21, Aurubis Bulgaria

22, Best Available Techniques

23, BAT Reference Documents
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Fuel Electricity | Energy Coy Energy | Prices C&stfor[ﬂlnalhwnneeg'
Primary intensity | intensity | cost
copper .
prﬂﬁutlinn (Gley) [ (Gl (GEey) (Eltey) | (EfRgy) Euro | Percentage | Percentage
(teonteu) of energy | of product
(Eftey | cost (%) price (%)
)
Mining f.l n.d. f.l 0.4 50 n.4. b n.a. n.a.
Refining ™ | 144 21.6 36.0 35 423 4075 | 70 16.5 LT
{01/2007)
"integrated" | 20.5 216 42.1 39 473 4075 # | 78 16.5 1.9
Primary {01:2007)
Copper
Production ¥

Source: Energy consumption for primary copper production (TEA (2007 .

(1} Mining refiars to energy usas in the open pit and underpground.

{2} Refining refers to the processes from concentrating, over smelting and electro-refining to the final product "copper
cathode” (99.99% Cu).

{3} Assuming energy cost and COz-emission-factors for the consumed fiel correspond to the erithmetic average of gas
oil and natural pas.

(4) Copper traded in January 2007 with 53500 per tonne, assuming an exchange rate of €1 = 51 35 results in €24073 per
tonne.

(53 The "integrated” primary copper production accounts for the sum of the Mining and Refining procsss.

o l,d 0 oolaiwl 0,50 adgl eole jle o 0dgs 10 (65,5l 059 B ran (e 10 Fie sla,eSl 5l S
55 Ol onl el 0¥ (6551 JoslS ¥ ogum Vw5 4Bl Bl e (5 o a5 sl Bl oo e O
oS 00 5 g3l Ve 4 ¥ )5 5 (4o 5l f L) Y S L plbadl 3L e o5 S a5 sl
See b G sl g Jo3lS A AL g0 wo)3) Jle b (S 51 e (5 SG ol L anali ) sy o0 38
Lov]cad s 5,0 Jas5d YA+ 0s,50.3

oo Siws 51T e slaalg) S adgi (6550l 0y B pan Dl s Wiy (i VooV JSE loges o

24, International Energy Agency
25, rolled copper tubes

YO



4 . G5 G e i 50 0l 5 ol dsliie 5 e Corio 5y
nergyenergy.r

LovTeat oads ools isles Lo ados cilies slodig, sl cyome Siw e oliol o ydne

300

\ = Pyrometallurgy, High
= Pyrometallurgy, Low

==Hydrometallurgy, High

=> +Hydrometallurgy, Low

N N
o N
o o
/

-
(=4
o

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

0.0 0.5 1.0 1.5 2.0 25 3.0
Grade of Ore (% copper)

um&dﬁ))lﬂ.‘ wb‘fwum&w)‘wélbtdgj d%u\t]y 6)).:‘ 0)95 d).a.c U‘M ..\.:5) Y‘—VJS.MJ

G- il Oliass 35 ol e S ;0 09290 o Cdale e 4 e g8 sl o3 (655 e

Ol VA=Y Sl o dny 1) e S hale bl oo e 095 (e Ll Dladions S0

\Y#

.’ Mbs‘o



4 . G5 G e i 50 0l 5 ol dsliie 5 e Corio 5y
nergyenergy.r

£ 1] 2500
& Aeal data set
=#=Init Exergy Cost

20 | y=40.74x2% =—Concentration Energy [GI] | ..
-
=
AT | o

-,
IFE 1500 a
- >
5 an
s 150 | b
c
= i}
s | Rty -
S w00} =
£ a A £ + * s
S N
.“'\""‘- S0
50 —— -
s b
o o
e Y 1.0 1% ) 2.5 40 3.5

Ore Grade[%]

e Byan 5l LS o) s cralod iato o Sgpain jl o il s Sledlbl ulul

Loy ay adld Sl osliial b e o o adsi (sl 4wl o J55I8S FO s U5 51 e o5 S o5
Lo¥]atl oo 515 (6550 Jss8aS Yo 390> (i (6551 0l 3l (oot

L o5l 5l s s sl o9 Jpame Gl & (Brae 5551 4 by e LMLV F-Y Jgoz 5o

5 sl losliiwl Ly e 0dsi 5 (55 90lg e (59, b (g1 G 51 oo s 63550 0g 5 9,

Lesl e ot a8l)1 1S5 0] oo aolio

50 0] e i ;0 Calises (slody, b e ads sl (65500 o525 Bpme lno NE-Y

Copper Recovery Method Enezi[y Jl/ieglélgnent Caga((:)g;(t)%tﬁ;mt
Pyrometallurgy from Ore Concentarte I \,Y0
Hydrometallurgy from Oxide Ores Y0,0 V.0V
Secodary Production from Scarp A A

10.8 sga> i ol 5l aS sl 009y 5 oo 15.8 ol Yoo F Jl jo Lod e odgd ol JS

gl gy 5015105 Gaees 19 5 S me Sle 10T 08 Ggeken Y g 00 2l G751 05 (pgekes
e S5 5 (5551 025 Brae Gl 8 e slassiSl ) (y 0)S 0,1 e 45 wisSilen 295 o0 a5
ool aily S5 ke a4 Tagas 65,50 o3g B pae ail o e Sds5 AT )3 0 oolanal 8590 adsl oole JLe
Sl 551 nl g adlige Jo3S Ve vgam a0 15 Jle b SB35 <SG adg Sz 5L 550 (6551

[0flan; oo Jo3ES VYO 5l Gin 4 00,3 0.5 JLe b SIS
VY




4 . G5 G e i 50 0l 5 ol dsliie 5 e Corio 5y

a5l an oSy (ad (6553l 05y Bpa ot Lo T Jitery Ll Lawg 48,5 500 Gidod 40
Yo Jlo LAY Jlow 5l (s o molio 10 S5 51 e 0 g5 0T )3 calises slpiisn o &il8lo

[o0] el oot 6511 V=Y Jgaz 5 VO-Y Joom

26, PIMENTEL, SARA
VYA



S5l L e i 53 Gl 5 Olpl dmalie 5 e Cunio (52

nergyenergy.ir

Voo BAAY Lo 5l (Ll e mlio oy anl b it Gleton (ewd 555 o5y B pae VOV Jsor

199 | 144F | 194F | 1990 | 149F | vaay [ haaa [ veaas | oyee.

OPEN PIT
(MJ/Tonne of fine FEFY Y0 BB fYOA \ARAE fiva YO \fais TaAD
copper in mineral)

UNDERGROUND
MINE

(MJ/Tonne of fine
copper in mineral)

OVY oYY ovy OAY OYd Yo TAY IATARS Yoy

BENEFICIATION
(MJ/Tonne of fine
copper in
concentrates

IARIA Yay VoY YTy AR yan Yy YA Vay

OXIDES
TRREAMENT
(MJ/Tonne of fine ) A-A ars Y-a4 yavy Y¥av Yf.# Yeoe. Yoay
copper in EW
cathodes)

SMELTER
(MJ/Tonne of fine YVFAY | VNEYY | NI | VeRYY | AN avaA APY Yovy YyvYy
copper in Blister)

REFINERY
(MJ/Tonne of fine
copper in ER
Cathodes)

VYFY e -ay Vo ¥Y VY0 YZA Ao VoYY ARRR

SERVICES
(MJ/Tonne of total V- AY fEY Yo- TV yay AR R £y £y Yy
fine copper)

yva




S5l 0L e aie 50 ez 5 lpl dvslie § e Cato (B pme

nergyenergy.ir

Yoo BRAY Jlo gl (s e o g sl b chlis leise (S50 55,0 ety S o APV Jpu

EE A LT A LY I v B L C T BT C (2 IR E C VA IR CCU N PP

OPEN PIT
(MJ/Tonne of fine RIS Yo YA Yo- AR OAN OAF RN foy

copper in mineral)

UNDERGROUND
MINE

(MJ/Tonne of fine
copper in mineral)

ARYAN ARRIA Y- Y VoYY avy q-Y ary ARIANS 1140

BENEFICIATION
(MJ/Tonne of fine
copper in
concentrates

OYAY OfY- AR OOYY OYY IR OFOA OMYF ZIFY

OXIDES
TRREAMENT
(MJ/Tonne of fine IRARK Adq- arfy 44y AAYA DY AOAA AATFY \.-qf7
copper in EW
cathodes)

SMELTER
(MJ/Tonne of fine YFYY YY#- Yary YAVS ARAR) YAQ¥ ARYN YYyY \RFd1

copper in Blister)

REFINERY
(MJ/Tonne of fine
copper in ER
Cathodes)

YYD \YFF \YOY VYAY ay AR AR \YY-. VYT

SERVICES
(MJ/Tonne of total g4 oFy IATAR oYs bar NG Y- FaA \ald

fine copper)

YA




4 . S8 G, h e a0 ez g ol dslin g e Caio (B yae

114 e bwgio Ly GUS 5l o s anTd ilizes gl jo (B pan 65530 @jer VY-V gaz o

Loflecl oot I Yoo ¥ Jlo yo et o olio 5o auo o

Voot o 5o (e e oo al55 anls calises e 19 sodss e sl 4 Bpae (5350 @iss AV Jpor

Fuel Use Electricity Use
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Mining

ngﬂt 558
quergnmd 045
Cmce.ﬁamﬂ T U USROS ORI 0| | 2 ng
Smemg 9555?2
Ref_mg e
Eemuefﬂmg ] ]S 34]
Eenwmn,qg1gszm1
Sumqumacﬂ Da,ﬁ ................................................................................... ]4] ....................
SEWCES 1,35 32
Dt5135038
Total (open pit mining) 20.06 6 006

MNote: 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 2006 2007 2008
Open Pit 44424 | 41964 | 44650 | 5119.6 | 5634.4
(M J/MTF ore)
Underground 1,000.6 | 1,333.1 1,563.%9 1,808.5 | 1,297.6
(MJ/MTF ore)
Mina (1 39329 | 3799.9 | 40846 | 47029 | 5186.4
(MJ/MTF ore)
Concentrating Plant 176.2 215.8 185.4 188.4 233.4
IMJ/MTF concentrate)
Smelter 46998 | 49653 | 48279 | 49649 | 5170.3
(MJ/MTF anodes)
Refinery 1,475.2 17517 1,603.7 1,504.0 1,195.1
(M J/MTF EW cathodes)
LX-SX-EW 2,669.1 29055 | 2893.8 | 3094.6 | 3,080.1
(IMJ/MTF SX-EW cathodes)
Services 318.6 278.3 280.0 266.1 256.7
(MJ/MTF tatal production)

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

(2) MTF: Metric ton refined copper

ks e il g a1 s St (Sl (55l oy Bran VAV gur

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 cre)
Underground 1,257.9 1,558.5 | 1.693.5 | 1,692.3 | 2099.4
(MJ/MTF are)
Mina (1) 689.1 770.0 758.5 757.3 808.2
[MJ/MTF ore)
Concentrating Plant 89427 | 72409 | 74246 | 78627 | 82085
[MJ/MTF concentrate)
Smelter 3834.2 | 3771.7 | 3778.7 | 3887.1 3,692.1
(M J/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 5159 576.1 502.5 443.2 558.0
(MJ/MTF total production)

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

(2) MTF: Metric ton refined copper
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1.353,5 7.037,8 3.836,2 1.265,2

(MJ f TMF) (MJ /| TMF) (MJ [ TMF) (MJ / TMF)

1
Underground . | 2
F’m S

-k = o e e e =

- ol

|

|

-+ Open Pit b
Extraction

579,7 10.428,6
(MJ | TMF) (MJ | TMF)

MJ/TMF: Megajoule/Metric ton refined copper
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(KW)
88 95.4 | 0.99 | 3030 3300 6600 Primary Ball Milll 1
88 95.4 | 095 | 3040 3300 6600 Primary Ball Mill2 2
88 95.4 | 0.97 | 3040 3300 6600 Primary Ball Mill3 3
87 954 | 097 | 3020 3300 6600 Primary Ball Mill5 4
91 954 | 098 | 3160 3300 6600 Primary Ball Mill6 5
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92 957 1 099 | 3194 3300 6600 Primary Ball Mill8 6
71 95 0.88 3080 4103 6600 Sag Milll 7
76 95.1 | 0.92 3270 4103 6600 Sag Mill2 8
79 95.1 | 0.92 3400 4103 6600 Ball Mill2 9
74 95 | 0.86 980 1250 6600 Regrind Ball Milll 10
95 946 | 0.85 | 1855 185 380 Flotation Air Blower No. 1 11
72 945 | 0.83 | 141.5 185 380 Flotation Air Blower No. 4 12
84 96.1 | 0.90 | 1952.3 | 2237 6600 Plant Air Compressor 2 13
79 91.8 | 0.83 | 384.6 447 6600 Circulating Water Pump 2 14
73 944 |1 0.89 | 1152 149 380 Boiler Feed Pump 1 15
83 945 | 0.88 | 131.2 149 380 Boiler Feed Pump 2 16
78 93.6 | 0.86 93 112 380 Cooling Tower Exhauster 1 17
75 93.5 | 0.85 88 112 380 Cooling Tower Exhauster 2 18
75 935 | 0.83 | 4194 520 6600 Mill Water Pump No.1 Vertical | 19
99 933 | 0.87 | 5535 520 6600 Mill Water Pump No.2 Vertical | 20
75 93.5 | 0.83 420 520 6600 Mill Water Pump No.3 Vertical | 21
85 93.5 | 0.85 473 520 6600 Mill Water Pump No.5 Vertical | 22
74 94.8 | 0.80 194 250 380 Return Water Pump Station2 23
74 94.8 | 0.80 195 250 380 Return Water Pump Station3 24
85 96.4 | 0.93 2260 2600 6600 Water Pump 25
77 92 0.75 90 110 380 Belt Conv.No. 9 26
75 92 | 0.75 89 110 380 Dust Collector Fan North End 27
70 92 0.72 68 90 380 Snap Air Blower No. 1 28
74 91 0.82 89 112 380 Jaw Crusher 29
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75 92 | 0.82 75 93 380 Anod Cooling Water Pump 1 30
99 91 | 0.85 80 75 380 Closed Cooling Water Pump 1 | 31
73 90 | 0.82 72 90 380 Air Compressor #1 32
99 iged @ WS (5l 3509 SUI VN - g
KW 35 ojlil Sledb|
’ olewily g ) = . . .
&I95 5L %) b SGrao plg gl 5Ly e Olasio @3,
(%) ° oles (KW) (KV)
71 943 | 0.76 2,536 6.6 Sag Mill Motorl 1
92 96.1 | 0.92 962 6.6 Main Motor Pump1 2
70 96 0.94 146 0.4 Rougher Column Feed 3
Pump
73 90 0.65 4'3 0.4 Flotation, Svedala RCS-50 | 4
Cld digad gd Al 5 a WIS slogige Y-V e Jooo
oy G5 ojluil Ll e
5 Lous! 3
&S, “’(o;; | ocars | oy bugie N P ’ (SVC)JM e Glasio @3
&
(%) ° ole | (KW) S pae ’ (kw)
91 |95.6| 0.75 1340  |90/05/10|2240| 6600 C.F blower a 1
86 93.2| 0.87 268 90/05/10| 288 | 6600 Air Compressor-A 2
85 93.2| 0.86 262 90/05/10] 288 | 6600 Air Compressor-B 3
83 193.1| 09 222 90/05/10( 250 | 6600 Feed water pump A 4
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(%) oy | KW) Gpal 7 (kw)
81 93.1| 0.88 218 90/05/10| 250 | 6600 Feed water pump B 5
86 93.1| 0.88 230 90/05/11| 250 | 6600 Water pump num.3 6
86 93.1| 0.89 232 90/05/11| 250 | 6600 Water pump num.2 7
86 93.1| 0.88 122 90/05/10| 132 400 SETTLER BLOWER A 8
75 93.9| 0.84 159 90/05/10( 200 400 W.H.B CIRC. PUMP 9
83 94.6| 0.83 141 90/05/11| 160 400 Exhauster Fan 0801-08 10
84 94 0.83 178 90/05/11| 200 400 |Pump For Reclaimed Water A.F| 11
74 91 0.82 48 90/05/11| 60 380 PUMP A(PUMP STATION) | 12
72 91 0.79 43 90/05/10| 55 400 Rotary dryer 13
79 91 0.80 47 90/05/10| 55 400 Exhaust for E.F 14
71 92.5| 0.83 83 90/05/10( 100 400 Converting furnace 15
77 92 | 0.81 62 90/05/11| 75 400 Roll Crusher 16
ez geid WS slaygige TV - Jouxr
&5 03Il Sl
‘»a.),a 0“"“1) . b“w 0|’: CJA“ a 3)
619556 - w;w ?‘y ol b 5Ldg s wlaside s
(%) ol | Prae (KW) | (KV)
(KW)
84 962 | 0.79 396 90/05/24 | 450 6.9 TAILINGS LINE A PUMP1 1
83 962 | 0.78 | 388.9 | 90/0524 | 450 6.9 TAILINGS LINE A PUMP2 2
81 962 | 0.77 | 3822 | 90/0524 | 450 6.9 TAILINGS LINE A PUMP3 3
84 962 | 0.78 | 3952 | 90/0524 | 450 6.9 TAILINGS LINE A PUMP4 4
79 96.1 | 091 | 3932 | 90/0525 | 450 6.9 WATER PUMP NO.2 5
78 96.1 | 0.89 | 366.5 | 90/0525 | 450 6.9 WATER PUMP NO.3 6
92 95.1 | 0.74 | 3977.1 | 90/05/25 | 4103 6.9 SAG MILL1 7
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91 95.1 | 0.74 | 3923.7 | 90/05/25 | 4103 | 6.9 SAG MILL2 8
80 92.7 | 0.55 | 81.35 | 90/05/25 250 0.4 Compressor No.1 9
80 93.7 0.6 112 90/05/25 250 0.4 Compressor No.3 10
81 95 0.84 | 208.1 | 90/0525 | 250 0.4 Compressor No.5 11
71 94 | 0.74 56 90/05/25 75 0.4 FLOTATION AIR BLOWERNO.5 | 12
81 935 | 0.71 78 90/05/25 90 0.4 | PRESSFILTER NO.1 FEED PUMP | 13
78 | 935 | 08 | 6 | 900526 | 75 | 04 SECQINDARY CLEANER 14
COLUMN SPARGER PUMP NO.1
70 | 935 | 078 | 60 | 900526 | 75 | 04 | PRIMARY CLEANER COLUMN | s
NO.1 SEEPAGE PUMP NO.1

80 935 | 0.82 112 90/05/24 | 132 0.4 Rougher flotation, cell No.1 agitator | 16
70 933 | 081 98 90/05/24 | 132 0.4 Rougher flotation, cell No.2 agitator | 17
79 935 | 0.82 110 90/05/24 | 132 0.4 Rougher flotation, cell No.3 agitator | 18
75 935 | 0.81 105 90/05/24 132 0.4 Rougher flotation, cell No.5 agitator | 19
77 935 | 0.81 108 90/05/24 132 0.4 Rougher flotation, cell No.6 agitator | 20
79 935 | 0.82 111 90/05/24 | 132 0.4 Rougher flotation, cell No.9 agitator | 21
72 933 | 081 101 90/05/24 | 132 0.4 | Rougher flotation, cell No.11 agitator | 22
70 935 | 0.81 98 90/05/24 | 132 0.4 | Rougher flotation, cell No.12 agitator | 23
73 925 073 59 90/05/25 75 0.4 Cleaner scavanger flotation, cell 24

No.13 agitator
77 925 0.74 62 90/05/25 75 0.4 Cleaner scavanger flotation, cell 25

No.14 agitator
905 072 57 90/05/25 75 0.4 Cleaner scavanger flotation, cell 2%

71 No.15 agitator

Pri 1 \ No.1
70 B I 56 90/05/26 75 04 rimary cleaner, column No.1 sparger |
pump No.1
S Wgad e gaizme b M sloygise BV ¢ Jou

‘ | Slowily | @il el | oly | 5425 el s,
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61 90 0.75 73.7 110 | 380 Dust Collector 1
56 i 055 | 2637 643 | 440 Coarse Ore Ha}llage Conv. Main )
Drive #2
58 ) 067 731 643 | 440 Coarse Ore Ha}llage Conv. Main 3
Drive #3
53 93.2 | 0.64 390 675 | 6600 Regrind Ball Mill2 4
53 93.2 0.65 386 675 | 6600 Regrind Ball Mill3 5
63 94.8 0.68 2720 4103 | 6600 Ball Mill1l 6
57 94 0.81 112 185 | 380 Flotation Air Blower No. 2 7
65 934 | 0.89 76.7 112 | 380 | Cooling Water Cooling Pumps1 8
64 95.5 | 0.93 1959 | 2983 | 6600 Converter Air Blower 4 9

44 949 | 0.84 185 400 | 380 Return Water Pump Stationl 10

50 91 0.78 49 90 380 Apron Feeder #1 11
64 92 0.77 52 75 380 84" Collecting Conveyor #1 12
69 92 0.8 55 75 380 Dust Collector System No. 1 13
53 91.5 0.79 43 75 380 Collecting Sump Transfer Pump 14
68 93 0.75 158 220 | 440 Belt Conv.No.11 Drive No.1 15
63 91.5 0.75 74 110 | 440 Belt Conv.No.11 Drive No.2 16
50 92.5 [ 075 | 118 | 220 | 380 | Secondary %B?fvec)mh“ No.2 17
75 92 0.75 89 110 | 380 Dust Collector Fan North End 18
62 92 0.73 50 75 380 Concentrate Transfer Pump # 1 19
68 92 0.72 55 75 380 Concentrate Transfer Pump # 2 20
58 93 0.81 200 322 | 380 Ball Mill Cyclone Feed Pump?2 21
58 93 0.79 198 322 | 380 Ball Mill Cyclone Feed Pump3 22
58 93 0.81 200 322 | 380 Ball Mill Cyclone Feed Pump4 23
58 93 0.8 197 322 | 380 Ball Mill Cyclone Feed Pump5 24
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61 93 0.79 208 322 380 Ball Mill Cyclone Feed Pump6 25
65 93 0.82 224 322 | 380 Ball Mill Cyclone Feed Pump? 26
52 92 0.79 140 250 | 380 Regrind Cyclone Feed Pumpl 27
54 92 0.8 145 250 | 380 Regrind Cyclone Feed Pump2 28
52 92 0.82 140 250 | 380 Regrind Cyclone Feed Pump4 29
65 92 0.81 105 150 | 380 Compressor Vacum Pump 30
58 92 0.75 116 186 380 Induced Draft Fan 31
68 92 0.8 110 150 | 380 Short Head Cone Crusher 32
99 2ige b S sl g3 2SI + Jgor
KW G5 ojluil Gledb|
ML | gl . X o . 29)
(%) w2 | Prae ol bugh | 5y e Slasde 7
¢ ° Ol (KW) (KV)
(%)
68 94.4 | 0.76 2,376 6.6 Sag Mill Motor2 1
68 94.4 | 0.83 2,146 6.6 Ball Mill Motorl 2
68 944 | 0.84 2,155 6.6 Ball Mill Motor2 3
60 94.9 | 0.99 507 0.69 Slurry Pump 4
55 95 0.78 260 6.6 Air Compressor2 5
63 93.3 | 0.79 270 6.6 Process Water Pumpl 6
52 93.8 | 0.78 246 6.6 Belt Conveyor Crusher 7
69 94.4 | 0.81 117 0.4 Flotation Air Blower3 8
55 91 0.77 38 0.4 Rock breaker, Hydraulic pump 9
64 92 0.79 76 0.4 Wet dust collecting system 10
65 93 0.81 138 0.4 Wet dust collecting system Lime | 11
65 9205 | 0.82 51 0.4 Belt conveyor from stockpile to 12
SACNA
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) o | Py OlF bwge | 5l e Slasiine r
] ° ol (KW) (KV)
(%)
63 91 0.78 73 0.4 SAG Mill, Inching device 13
53 9205 | 0.66 47 0.4 Flotation, Svedala RCS-50 14
(aonns
58 90 0.61 37 0.4 Centrifugal Slurry pump 15
60 9] 0.77 38 0.4 Tailings thickener underflow 16
65 95 0.77 226 6.6 Air Compressorl 17
Coid digai b S (slo gige V=) ¢ Jgan
G5 ojluil Gledb|
oo 5 b ol
yLows! 3lg5 g k)
i |2 s |7 b | s e Slasiee iy,
(%) (%) s S pan &b (kw) V)
(J . w
oly KW)
54 194.3]|0.82 358 190/05/10| 630 | 6600 F.F blower a 1
61 [93.8/0.78 324 190/05/10| 500 | 6600 C.F exhaust fan 2
50 |94.6|0.73 519  190/05/10| 1000 | 6600 F.F exhaust fan 3
55 195.40.95 93  90/05/10{ 160 | 400 |Pump For Reclaimed Water E.F| 4
54 193.8|0.68 76 [90/05/11| 132 | 400 Exhauster Fan 0803-04 5
52 192.6|0.76 50  |90/05/11| 90 | 400 Fan For Combustion 6
AIR COMPRESSOR
53 93 10.80 91 90/05/11} 160 | 400 (FOR INSTRUMENT -A ) 7
66 93 | 0.81 112 |90/05/10f 160 | 400 Exhauster fan 801 8
69 192.5/0.79 96  [90/05/11| 132 | 400 Exhauster fan 803 9
oz 4903 b S slajgige AN - Jgax
&5 03101 Sl
ty g ol | o
sy | O | e g3 6 ) et laseine >
(Ol (%) 5 e cj>9" b < 5Ldg 2 P
(%) ol | Pree (KW) | (KV)
(KW)
68 94.9 0.83 | 898.6 | 90/05/25 | 1250 6.9 REGRIIND MILL 1
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(%) oly | PEyae KW) | (KV)
(KW)
57 946 | 0.79 35563~ 90/05/25 | 5968 | 6.9 BALL MILL 2
67 94.7 0.97 141.4 | 90/05/25 200 0.4 Flotation Air Blower No.2 3
67 94.7 0.97 141.3 | 90/05/25 200 0.4 Flotation Air Blower No.4 4
56 95 0.95 352.3 | 90/05/26 600 0.69 Pontoon Pump1 5
PRIMARY CLEANER COLUMN NO.2
64 93.5 0.77 59 90/05/26 75 0.4 SEEPAGE PUMP NO.2 6
66 93.1 0.8 92 90/05/24 | 132 0.4 Rougher flotation, cell No.4 agitator 7
69 933 0.8 96 90/05/24 132 0.4 Rougher flotation, cell No.7 agitator 8
64 93.1 0.79 89 90/05/24 132 0.4 Rougher flotation, cell No.8 agitator 9
68 93.3 0.81 95 90/05/24 | 132 0.4 Rougher flotation, cell No.10 agitator 10
68 95 0.72 55 90/05/25 75 0.4 Cleaner scavanger flotation, cell No.16 1
agitator
68 93 0.79 180 | 90/05/26 250 0.4 Dry dust collecting system 12
67 94.5 0.78 112 | 90/05/25 | 160 0.4 Regrind mill, cyclone feed pump No.1 13
54 92 0.71 43 90/05/25 75 0.4 Apron feeder 14
Pri 1 1 No.1
64 935 | 077 | 51 |90/0526 | 75 0.4 fmaty cleancr, coumi No. & Spager - o
pump No.2

Al 13 b WS sy j0 (6,138 L L 5l easl ool ST A-Y e Jgax B 0=V Jgam 0 aS olesige
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& 5031l Sl
KW3%) b gio oly
T S o o ol¥ b e e Clasulio 9,
% \'}
o | W | V)
(KW)
26 91.9 027 123 450 6600 Gyratory Primary 1
Crusher
24 94 0.25 112 444 6600 Belt Conveyor-03 2
42 929 | 0.54 309 675 6600 Regrind Ball Milll 3
Combustion Air
38 89.1 0.67 1 1
77 86 380 Blower 4(reverb) 4
47 89 5 0.76 293 56 320 Combustion Air Blowr 5
1(anod)
Sootblower
43 94.9 0.76 | 665.5 | 1491 6600 6
Compressor 1
44 | 949 | 084 | 185 | 400 380 Return Water Pump |,
Stationl
37 92 0.75 47 120 380 Belt Conv.No. 4 9
47 94 0.75 129 260 440 Belt Conv.No. 7 10
Secondary Cone Crusher
46 92.5 0.75 109 220 380 No.1 (Drive) 11
Secondary Cone Crusher
46 92.5 0.75 109 220 380 No3 (Drive) 12
Tertiary Cone Crusher
44 92.5 0.75 104 220 380 No.1 (Drive) 13
Tertiary Cone Crusher
41 92 0.75 99 220 380 No.2 (Drive) 14
Tertiary Cone Crusher
39 92 0.75 94 220 380 No.3 (Drive) 15
Tertiary Cone Crusher
46 92.5 0.75 109 220 380 No.4 (Drive) 16
Tertiary Cone Crusher
41 92.5 0.75 99 220 380 No.5 (Drive) 17
Tertiary Cone Crusher
44 92.5 0.75 104 220 380 No.6 (Drive) 18
49 | 915 | 075 | 79 150 380 Dust Collector N. 19
Tertiary Crushing
48 | 925 | 08 | 163 | 322 380 Ball Mill Cyclone Feed | 5
Pumpl1
47 | 915 | 081 | 125 | 250 380 Regrind Cyclone Feed |~ 5,
Pump3
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99 Wigad € S (gl g9 iSIl N - =)+ Joo

KW G5 ojlail leMb| b
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&195 5L (%) s | (Praeply bgle 5Ly e Olaseieo @)
(%) ’ ol (KW) (KV)
43 94 .4 0.70 339 6.6 Regrind Mill 1
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unigue cog design permits
fexibility that enables the belt to bend
mare easily around the pulley. it runs
cooler. And less heat means longer belt
ife. uses less pawer, too

Standard and cogged V-belts. Source: Dayco CPT, www.cptbelts.com
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Note: The first few seconds at start up were ignored due to motor inrush.
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STANDARD vs HIGH EFFICIENCY MOTORS
(Typical 3-Phase Induction Motor)
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Efficiency (%)
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522,971 270,286 629 0.12 1.31 1.43 84 77 1.1

549,620 284,058 661 0.13 1.79 1.91 84 78.5 1.5

813,140 420,253 977 0.19 2.51 2.70 87.5 81.5 2.2

762,310 393,982 916 0.17 4.57 4.74 87.5 84.3 4
1,496,232 773,293 1798 0.34 6.15 6.49 89.5 84.8 5.5
1,677,206 866,825 2016 0.38 8.38 8.76 89.5 85.6 7.5
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12,638,402 6,531,867 15190 2.88 157.89 | 160.77 95 933 150
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K (KVAR/ KW) g iymass 5=V + o

final cosgp
initial cosp | 0.80 0.85 0.90 0.81 n.g2 0.92 0.94 0.95 026 0.97 nos 0.99 1
0.60 0583 [ 0714 0.849 0.878 0.907 0.938 0.970 1.005 1.042 1.083 1.130 1191 1.333
0.61 0.549 | 0679 0.815 0.843 0.873 0.904 0.936 0.970 1.007 1.048 1.096 1.157 1.299
0.62 0.515 [ 0648 0.781 0.810 0.838 0.870 0.903 0.937 0.974 1015 1.062 1.123 1.265
0.63 0483 [ 0613 0.748 0.777 0.807 0.837 0.870 0.904 0.941 0.982 1.030 1.090 1.233
0.64 0.451 | 0.581 0.716 0.745 0.775 0.805 0.838 0.872 0.908 0.950 0,992 1.058 1.201
0.65 0.419 [ 0549 0.685 0.714 0.743 0.774 0.806 0.840 0.877 0919 0.966 1.027 1.169
0.66 0288 [ 0519 0.654 0.683 0.712 0.743 0.775 0.810 0.847 0.888 0.935 0.996 1.138
0.67 0358 | 0.488 0.624 0.652 0.682 0.713 0.745 0.779 0.816 0.857 0.905 0.966 1.108
0.68 0.328 | 0.459 0.594 0.623 0.652 0.683 0715 0.750 0.787 0.828 0.875 0.936 1.078
0.69 0.209 [ 0.429 0.565 0.583 0.623 0.654 0.686 0.720 0.767 0.798 0.846 0.907 1.049
0.70 0.270 | 0.400 0.536 0.565 0.594 0.625 0.657 0.682 0.729 0.770 0.817 0.878 1.020
071 0242 [ 0372 0.508 0.536 0.566 0.597 0.629 0.663 0.700 0.74 0.789 0.849 0.992
072 0214 | 0.344 0.480 0.508 0.538 0.569 0.601 0.835 0.672 0.713 0.761 0.821 0.964
0.73 0186 [ 0318 0.452 0.481 0.510 0.541 0573 0.608 0.645 0.686 0.733 0.794 0.936
0.74 0158 [ 0.289 0.425 0.453 0.483 0.514 0.546 0.580 0617 0.658 0.706 0.766 0,909
0.75 0132 | o262 0.398 0.426 0.456 0.487 0519 0.553 0.590 0.631 0.679 0.739 0.882
0.76 0.106 | 0.235 0.371 0.400 0.429 0.460 0.492 0.526 0.563 0.605 0.662 0.713 0.855
0.77 0.072 [ 0.209 0.344 0.373 0.403 0.433 0.466 0.500 0.637 0.578 0.626 0686 0.829
0.78 0052 [ 0183 0.318 0.347 0.376 0.407 0.439 0.474 0.511 0.552 0,599 0.860 0.802
0.79 0.026 [ 0156 0.292 0.320 0.350 0.381 0.413 0.447 0.484 0.525 0573 0.534 0.7786
0.80 0.130 0.266 0.294 0.324 0.355 0.387 0.421 0.458 0.493 0.547 0.608 0.750
0.81 0.104 0.240 0.268 0.298 0.329 0.361 0.395 0.432 0.473 0.521 0.581 0.724
0.82 0078 0.214 0.242 0.272 0.303 0.335 0.369 0.406 0.447 0.495 0.556 0.698
0.83 0.052 0188 0216 0.246 0277 0.309 0.343 0.380 0.421 0.469 0.530 0.672
0.84 0.026 0162 0.190 0.220 0.251 0.283 0.317 0.354 0.395 0.443 0.503 0.646
0.85 0.135 0.164 0.194 0.225 0.2567 0.291 0.328 0.369 0417 0.477 0.620
0.86 0.108 0.138 0.167 0.198 0.230 0.265 0.302 0.243 0.390 0.451 0.593
0.87 0.082 0.111 0141 0.172 0.204 0.23a 0.275 0216 0.364 0.424 0.567
0.88 0.055 0.084 0114 0.145 0177 0.211 0.248 0.289 0.337 0.397 0.540
0.89 0.028 0.057 0.086 0117 0.149 0.184 0.221 0.262 0.309 0.370 0.512
0.90 0.029 0.058 0.089 o121 0.156 0.193 0.234 0.281 0.342 0.484
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