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Funukawa Co Lid., Ashio, Japan ItI:,I|.|.-I amaltn
DmBbInEiul Chimico Metaluroic, Bas Mare, Fomsanks ameiting
P Diowwa Miring Co Ltd,, Hasska, Japan |Cu smeiting
Hizpan H!nna Co Lid., Eugmehj. Japan | T liig]
mitomae Matal Mining Co Lid., Toye, Ja Ilgu smaiing
Hindustan Copper Lid., Ghalsia, India [Cu smedling
o Wallsend Metals Lid, Mounl Morgan, Austialia JCu smedting
ibi Kyodo Smelting Co Lid., Tamano, Japan [Cu =meiting
Mordda utsche Affinene AG, Hamburg, Germany [Cu smedting

IM.FE.-. Mining Co Lid_ Hitachi, Japan |Cu smelling
redaniz Bakir Isletmebari AS, Samsun, Turkey |Cu smalting

Wallsend Melals Lid,, Teowesl Coces Sarsialia
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E smeiling
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[Cu smelting

@ Minenyg & Srwdling Gao Lba,, Crsan, Soulh Korea [Cu smenng

|Cu smedting
|Cu smciting 7 8

|Cu smelting | D8

orisk Mining & Metafurgicsl Co, Norlsk, Russs |Cu emeiting

ﬁmiha Metais SA, Camacan, Brazl [Cu smelling
lippine Associaled Smelling & Refining Co., Isabel, the Philippines  |Cu smelling

Corparation, Guin, Chirs Cu smedling
EXiCana lj&' Canlw e -Eu'l., El T.:‘lju Hl-_'al.lu.l Jcu E-IIE“]rIH

[Cu smeliing

|Cu smedting

[Cu smedting

_ Gall Lake USa
necot Litah Copper L:urp., Sall Lake City, USA Cu convening
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Hinlang Copper Co Lid., Tangling, China |Cu =melting
Indo-Gulf Ferilisers & Chemcal Lid, Gugarat, Inds [Cu smelting
MC Resources Lid, ﬂlympu: Diam, Australia |Cu smsiting ! DR

iden Mineral AR, Ronnskiir, Sweden [Cu smedting

Soathem Pam Copper Corporation, o, Peng Igu smEling
Bouitherm Paruy Copper Corporalion, llo, Pana Jou convering

Bfional Iranian Copper Indusines Co_ Fhaloon Abad, iran [Eu smatting 2004

Shandong, China | [&1) smeiling 2006
|Cu converting 2006

Cou amedling DB 2008
. smelting |
’EEII'IE:I:I Copper Corporation, Guisk, Chens L g meed IJHE 2oov
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Reverberatory Chitokmmpn Tnea Mirsubishi
farnace finsl smelting {eonilnmous)
{green batch)
Energy consumpiion [314 Cn) 1545 15.4 14.2 7.2
Caopper content in the matte [wt.«%} L 6% 54 G5
Croygen feed rate [kg't Cu) ] 480 T 390
Supplementary fuel [GI'1 Cu] T 5.8 33 o7
Offegas rate [m*'t Cu) 17.700 5. 3041 3,800 5100
S0 concentration | [%a] 1.8 13 el 14

Mire recent aperating resalts mdicate ilee dollowing cftegas compositions, dependmg alwo on the percentage
of ipress airt Chaakoniapn up 1o abourt 30 %, Toee up fo abour 80 %5, Mitsubichi up roabour 20 % S0,

Source: Langoer [43]
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Reverberatory | Ourokumpis Tien Mitsubishi
farnsce flash cmelting {contimnaias)
{green hatch)
Energy cormumption [l Cu]l S 25.47 24.7 231

Couvamer slag is reeyeled 1o the flash soslter

aloo lowl g Ly 31 e Jlots oIS pol (>lg 5o ol QI oaisS g (b ;588 lee ol )0 a5 08 o plaxil 5V IS el
(i (5,928 4y Sl 0 5lasS Y Gl yal 5 arwgildl (2l 5 ol ln Lo i W liee g e gl Olie

Wl 03,51 Fo) Jgaz 55 S ol 50 asmb 12 40 0dds Laseiie 00iiS odg (oS [V Vg oo ol 5 5 s



S35 e AL 5 55005555 i izl i 5 L8 e i (S 15T gl
é nergyenergyir

Afmwmm A Pty s radkatien ¢ F
. : W Mining

[Fllss calize blie 10 e Bpas 5 ods (ome gl il sla e Y- JSS

[F] Y-) JS8 0 o aseive 4l o slo )5S solul F-1 Jsor

Fegion Couutriss
Morth America Camada, Unxted States of Amernica
Lanin Amnerica Mevico and Central America. Souwth Anerica

Europs Westemn Ewrops, Bulgarin, Cypres, Magsdonin, Poland, Bomania, Serbia, Slovakia
Central Azin Fussia, Indin, Anmne=nia, Greargan, Iran, Kazakhetun, Owmean, 5, Aralaa, Turkey. Uzbelkectan
Enst Azl Cluna, Mongolin, Wepal, Jopan, South East Asian and Pacific Rin conntrizs

Africa All of Africa

Clgeamia Anstralia, Papua New Guanga, New Zealand
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(Thousand Metrnic Tons)

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)
5 | Ausliglia (859) India (625) Russian Fed. (943)
6 | Indonesia (816) Germany (540) Germany [662)
7 | Russian Fed. (675) 2oland (525) India (625)
8 | Canada (607) Canada (521) Korean Rep. (575)
9 | Zambia (509) United States (501) Poland (556)
10 | Poland (497) <orean Rep. (484) P=ru (508)
11 | Kazakhstan (434) <azakhstan (426) Canada (500)
12 | Mexico (338) Peru (381) Zambia (461)
12 | Iran {216) Australia (277) Auctralia (420)
14 | Papua New Guinea (194) | Zambia (290) Kazakhstan (428)
15 | Argentina (180) Spain (264) Balgium-Lux. (391)
16 | Biacil (143) Mexivw (257 Mexioo (318)
17 | Congo (134) Iran (244) Spain (256)
18 | Mongolia (132) Sulgaria [241) Brazil (220)
19 | Bulgana (110) Philppines (240) Indonesia (218)
20 | South Africa (90) 3razil (220) Iran (201}
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(Reference : Copper Smelters Cost & Commercial Analysis 2000 Edition, Brock Hunt)
OSX-EW Producton B Smelter Refinery Productibn
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COMPAPY MAME Bumitom Motal  Migpan Mining and  Smaling and His Kyada Dowa Misubishi
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Annual Procucion 200,000 AT 65 1, DA ZI0, B0 L] 202
Fype of Smeting Fumrace Fian Flash resETEarmoTy ::E'; "'H-I Flash MK Corinums
himber of unils i i z 1 i i

[2] L 008 a3 (slo 98 plos g el 50 o s Carndg dulie V=) Jgomr

Japan Chile W.Europe China India Average
Operating ratio (%) 92 30 93 28 92 83
Cu recovery (%) 98 a7 98 g7 a7 97
S02 recovery (¥) a3 29 @29 83 83 84
Productivity (tonne/100 personnel) a7 32 29 18 16 20
Labor cost, unit {US8/h) 318 10.6 20.7 1.5 0.8 13.1
Electricity price { ¢ /kWh) 6.1 32 ay 43 6.7 a9
Production rate of the world (%) 13 13 9 a 3 100
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Year 1985 2003 2007 (plan)

OPERATING CONDITION

concentrate charge (ton/hour) 445 90 164.6

dust gzneration ratio(%) 11.8 51 40

Q5 enrichment in Reaction Air 32.1 49.5 2.1

matte grade 56.0 635 65.0
HEAT INPUT and PRODUCTION (GJ/hour)  (GJihour) (%)

heat of matte and SO» production 800 W 1729 34 3825 99

heat for decompositior of dust 241 -15 220 -1 -328 9

sensikle heat of ore 25 2 5 2 10.1 3

sensible heat of reaction air 171 11 150 7 87 2

oil anc pulvernzed coal 81.1 52 353 17 171 4

heat input total 156.7 100 206.4 100 3855 100
HEAT OUTPUT{GJ/hour)

sensikle heat of matte and slag 459 29 103.2 50 2095 54

sensitle heat of gas 731 47 654 32 "M74 30

sensitle heat of dust i5 b 74 4 159 4

heat losses 247 18 250 12 33 g

others bt 3 53 3 97 3

heat output total '56.7 100 206.4 100 3856 100
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The Index of Energy Consumption
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- Copper Production and Consumption in China in 1991-2007
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Ooe pls <t Source of copper ek )
(thousands of metric tons)
Morenci Arizona Copper ore, leached 390
Bingham Canyon Utah Copper-molybdenum ore, 300
concentrated
. Copper ore, concentrated and

Ray Arizona leached 170

Bacdad Arizona Copper-molybdenum ore, 100
pagcad Al1zona concentrated and leached
. New Copper-molybdenum ore,

El Chino Mexico concentrated and leached 125
. . Copper-molybdenum ore,

Rl Anizona concentrated and leached 100
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Energy Requirements for Copper Production
Pyrometallurgical Hydrometallurgical
[missf"gzg] ' Mining
Benefication
41.8MMkg

¥
Solvent Extraction {SX)
-15Mikg Roasting Acid Leaching

106 Smelting Electrowinning
0.5% Cu}

16.9MUg 2aMJAg 64Mkg
N X +1.5 Mikg (from CuSore
Fire Reﬁmng 2.8Mlkg acid piant 2% Cu)
) Electrorefining 3.5MJfkg ¥ v

o gy anT)d alisre lpdidu jLis,ge o550V F-Y IS

57.3ulkg
£0.5% Cu ore)

47.0MMkg| 19.1MM%g
{Boliden {Europe)
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1, Secondary Production

2. Primary Production

3, Brookhaven Energy Science and Technology Department
4, United States Department of Energy
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Annual % Annual %
Energy-Intensive Specific Energy Decline Decline
Industrial Sector Intensity Unit 1995 2000 2005 1995-2000 2000-2005
Iron and Steel GJ/ton 333 31.7 30.9 -1.0% -0.5%
Copper GJ/ton 40.4 37.5 34.6 -1.5% -1.6%
Aluminum kWh/t 14736 14100 | 13800 -0.9% -0.4%
Synthetic Ammonia GlJ/ton 433 40.6 37.5 -1.3% -1.6%
Cement Clinker GJ/ton 6.0 55 53 -1.8% -0.6%
Synthetic Fabrics kWh/t 1955 1500 1350 -5.2% -2.1%
Oil Refining Gl/ton 0.5 0.5 04 0.7% -0.8%

o dntd = VoA VAR Jlo 5l VL 5 0gd Gid 90 (65,31 B pae Dol Sl i aig, V0-) S loged 5o

Ivylecd oas sols Liules

Energy Consumption Intensity at Smelters and
Refineries (fuel + electricity)

1G] et of relined copper praduced)

25

20.7
20

15
13.5 13.6 13.5

1990 L 2007 2008 2009 gy
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Table 2.10: Specific energy consumption

At the Pirdop site in MWh/t of copper produced
3.1 23 19 1.9

3.0 23

2000 2002 2004 2006 2008 2009

Verdb Ve ledlo (b oo e goizme (55500 oy Bran Slyatd Wy, (wyy VPSS

3590 ssaezme Sy Slylas plie () Baa b |y cilizes St Yo sgu gl Sogll S35 5 (6 S e
i Ly amlio BAT 5l s bate ool 00,5 yiie “BAT ol b ool o yo S Canio o (5l 5 ol 00l 15 aslllas
o adole Sledlblan bonyo glie wdlbioe plys BB (So5diss g olatdl Lalyd Cov sy oz 5l CBli> s
g oo 00uweli "BREFs lgie L BAT cponi g
Db 5 JesES Ve B VF o BREFS lawg S5 B o 65lecS 51 e 095 al,8 (gl o0l iy ya5 009050

o a5l el ools 5y 55T BV 1 U5 51 o g gy 918 IS (65,0 B yae s TEA Slalllas ula

1, Executive Board Business Unit Primery Copper Grup Environmental Protection
2, Lunen

3. Pridop

4. Aurubis Bulgaria

5. Best Available Techniques

6. BAT Reference Documents

7. International Energy Agency

Yy



S5 Brane arli 5 G395 (Dl an ] g S LSS e Cantio Sirea i1 L

nergyenergyir

ooy (g5, o5mrg s sl 0318 @) (05 1 JSESNY ) |y g 3VL s s0s oo ylosl (gl 4285 ploxil anlllas

IVEl el oael V1Y Joam ;o YooV Jlo [0 TEA Lawg oo &3] (o (2aVh 5 (yome) S 5 e oy (sas] )

YooV JL»J )«) IEA -Ia..ua.’ 0 d:ab‘ (U‘“A qulJ 9 u».\.bc) L5>l5 )‘ = ».\.Jy C;».\.u‘)ﬁ 6[2»\}‘9 6)}" O).lj ‘.9).«44 A \—\Js»

Fuel Electricity | Energy Ciny Energy | Prices Cmtﬁ:-r(‘ﬂlanlhwnneea'z
Primary intensity | intensitv | cost
Copper .
rESunti:m (Gl | (Gdigy) (Gl 1ty) {Eftey) (€ey) Euro | Percentage | Percentage
P (Lena'te ) of energy | of product
(Efte,, | cost (%) price (%)
)
Mining f.1 n.d. il 0.4 50 n.d. B n.a. n.a.
Refining @ | 144 21.6 36.0 13 423 075 ™ | 70 16.5 1.7
(012007
"integrated" | 20.5 216 42.1 39 473 4075 # | 78 6.5 1.9
Primary {01:2007)
Copper
Production ¥

Source: Energy consumption for primary copper proguction (TEA (2007 }).

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

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

{3} Assuming enargy cost and COs-emission-factors for the consumed fire! correspond to the arithmetic averape of gas
oil and natural gas.

(4} Copper traded in January 2007 with 33500 per tonne, assuming an exchange rate of €1 = 51.33 results in €4073 per
onne.

{5} The "integrated” primary copper production accounts for the sum of the Mining and Refining process.
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1, rolled copper tubes
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= Pyrometallurgy, Low
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Primary Energy (GJ/t of copper)
&
o

0.0 0.5 1.0 1.5 2.0 25 3.0
Grade of Ore (% copper)
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LS 51 o Osaee 10.8 590 e ol 51145 ol 0390 (53 ygabes 158 5 Yoo F Jlo 55 (Lt oo g3 olee JS
o)l S S aisSilen 095 o ag gl S3g, 51 0T 51 0 s 1.9 5 UK e e 51 5T 55 (pgabee ¥ g o0 ] St

e g Al o ool l 5,50 adsl ool s e wdsi 55 (55l oy Brae Gl 50 e layeSl Sl (S oS

Yo



8551 Srae (als 5 39555 sl il B s S I LSs e Curio (a1 01T gL
é nergyenergyk

ao 15 Jlae Ly (oS 5l e o S5 58 g 5L 50 (5550 ol adly 5 e e s (65,30 o505 B yae il o

IvV]as, oo Jo3 S VY 51 o 40 00,0 0.5 e b S5 sl 65,30 cnl 5wl oo Jo3l5S Yo sg0>
Slet o alilaz ok 4 (Sl (hd 6551 05 Brpas o Lawgte | Jiieny Ll g 4285 & 50 3055 5
oo 4l VF-Y Jgas g VY=Y Joom jo Veoe Jlw L1AAY Jlo 5l (et e golio 10 SIT 51 e gy a8 aliseo

IvAlec

1. PIMENTEL, SARA
02



S35 e AL 5 55005555 i izl i i L8 e i (S 15T gl
e nergyenergyir

Yoo BARAY o o e golio sulss a8 Gl (sl e (5551 0325 Sy 1T Jou
1942 1993 1994 1945 1996 1997 1996 1949 2000
EJF‘EN PIT 4,443 4. 305 5111 4,758 4,403 4,138 4,255 3,643 3,985

MJiTanne of fine
opper in mineral)

UNDERGROUND 514 532 T 587 525 425 442 550) 753

MINE

M Tonne of fine
opper in mineral)

BEMEFICIATION 505 383 153 342 259 291 21 21B| 192

MJ! Tanne of fine

351 0B 66| 3.089) 2877 2457 2406 36500 3,587

MJTanne of fine
opper in Blistar)
REFINERY 1,142 1.140| 1,092 1,042 1.025 768 &0OOy  1.033 1,011
MJi'tonne of fine
apper in ER
athodes)
EER?IGEE 1.0E84 447 350 370 287 321 402 403| 427

EH‘IELTER 11,497 11477 11,200 10,632 9831 9,398 8621 T.577| T.07TH

MJiTanne of total
e Copper)

MJ: Magajoule

Source: Deta procassed by tha Chileen Coppar Commission

Yy



S5 Sran als 5 395 (S ] 95 S SIS s Sorio (e 1SS ol
é nergyenergy

Yoos BGAAY Jlo ) (hd e lio 055 anT,3 Gilise sl (o (55, 0325 e N F-) Jor

I 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1993 | 2000
“DPEN PIT 956 775 781 750 710 581 586 505 452

(MJ/Tonne of fine
copper in mineral)
“UNDERGROUND 1,051 1,105 1,102| 1,023 972 802 932 1,152 1,195

MINE

(MJ/ Tonne of fine
copper in mineral)
“BENEFICIATION 5384| 5,470 5,749| 5,572 5,032| 5,075 5,458 5,816 6,144

(MJ/ Tonne of fine
copper in
concentrates)
“GXIDES 10,210 8,990 9,647 9,921| 9,878 9,512 9,588| 9,842| 10,096

TREATMENT
(MJ/Tonne of fine
copper in EW
cathodes)
“EMELTER 2,633| 2,760 2,967| 2,816/ 2,719| 2,896| 3,081| 3,432 3,464

(MJ/Tonne of fine
copper in Blister)
“REFINERY 1,325 1,266] 1,252 1,182 1,192 1,1%5] 1,201 1,230] 1,241

(MJ/tonne of fine
copper in ER
cathodes)
‘LSERVICES 566 563 559 536 596 567 630 498 476
(

MJ/Tonne of total
ine copper)
Source: Data processed by the Chilean Copper Commissian
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Fuel Use Electricity Use
Gl/t kWh,/t

Mining

Dﬁeq;},t 558
querg,ound 045
Cmceqtramﬂ A A P A R SN AP 2 ng Siingnssdiss
Smemg 955 5?2
Refqmg PSR
Eeﬁm_,efﬂmg ] ]8 A S SRS 34] TR
Eectruwgmzqg]ﬂaz?g]
Smmumacﬂ Eh a,ﬁ ...................................................................................... ]4] ....................
SEWCES ]DS 32 S
mhe5038

Total (open pit mining) 20.06 6 006

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

2004 2005 2006 2007 2008
Open Pit 4,442 4 | 41964 | 4465.0 | 5119.6 | 5,434.4
(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
[MU/MTF arg)
Concentrating Plant 176.2 2158 185.4 188.6 233.4
(MJ/MTF concentrate)
Smelter 4699.8 | 49653 | 48279 | 49649 | 51703
(MJ/MTF anodes)
Refinery 14752 | 1,751.7 1,603.7 1,504.0 | 1,195.1
[MJ/MTF EW cathodes)
LX-SX-EW 2,669.1 29055 | 28938 | 3094.6 | 3,080.1
(MJ/MTE 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 reporfs.

(2) MTE: Metric ton refined copper

et e b adgs anl b il ety (S S s5 5l 0y Spae AV Jour

Electricity Consumption Unit Ratios
(Refined ton in final product)

2004 2005 2006 2007 2008
Open Pit 585.4 639.7 614.3 819.9 654.8
(M J/MTF ore)
Underground 1,257.9 | 1.558.5 | 1.693.5 | 16923 | 2,099.4
(MJ/WTF are)
Mina (1 689 .1 770.0 758.5 757.3 808.2
(M J/MTF ore)
Concentrating Plant 6942.7 | 72409 | 74246 | 7862.7 | 8208.5
(M J/MTF concentrate)
Smelter 38362 | 3771.7 | 37787 | 3887.1 3,692.1
(M J/MTF anodes)
Refinery 1,276.8 1,26%.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 | 10,47%.6 | 10,702.3
(M J/MTF SX-EW cathodes)
Services 515.9 576.1 502.5 4432 558.0
(M J/MTF total production)

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

(2) MTF: Metric ton refined copper
Sl i e ol 0y o] it slpdsu 0 alflax job 4 (SO Sl g Lewd (65,0 oy B pan lawgle
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1.265.2
(MJ { TMF) (MJ /| TMF) (MJ [ TMF) (MJ /| TMF)

_______________________ '
Underground ; 1 :
m S

ra

1.353.,5 7.037,8 3.836,

o

1
1
1
I
1
Geology :
I
I
I
I
I

1

I

& Open Pit b
Extraction

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

|

MJ/TMF: Megajoule/Metric ton refined copper
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Source: Metalytics - INCSG Energy and climate change policy seminar, Lishon 2009,
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4] X Lub Exploratory (5-30 HJ/c) (0.4-2 MJ/fe)
1 tonnes Drilling: et
.56% Cu (25-250 MJ/¢e) CONVEYOR 3
N S opmfe Ao Open Pit (2-8 M1/t)
Drilling:
i (2-20 H1/e)
Rlasting:
N (1-20 MJ/¢)
H
WATER
PUMPING:
(5-20 Mift
rock)
PRODUCT BASE AND SULPHIDE CRUSHING TO
M | PREPARATION PRECIONS METAL FLOTATION 15 mm. gre——ccc—
Dhewnber ing: < pyprobuct RECOVERY[Y(100-180 Mi/t) |<T HEATING
1 | (5-25 M)/t ore) (n.d.) ore) (20-50 MJ/t)
Filtration: ore <p LIGHTING
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M]/Ton KWh/Ton M]/Ton M]/Ton
measurement 3419 115 414 3833
VYAV 3892 119 428 4320
VWAA 3830 116 417 4247
YYAQ 4205 109 392 4597
Best practice? 3158 61 218 3376
[ro] 5680 - - -
[rs/ 4400 194 700 5100
3, [rv/ 5000 167 600 5600
5 [rA] 5200 139 500 5700
[ri/ - 161 580 -
lor] 4500 208 750 5250
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M]/Ton M]/Ton M]/Ton M]/Ton M]/Ton
measurement 1225 9902 12367 10597 11822
\YAY 1680 10451 11503 11171 12851
\YAA 1581 9978 10406 10482 12063
\YAQ 2130 10912 11133 11167 13297
.Y
Best practice 1222 9393 8777 9930 11152
[ra] 1130" 7304 7304 7304
[/ 300 5500 5500 5500 5800
3, [rv] 200 7500 7500 7500 7750
) [FA] 200 8000 8000 8000 8200
[ra] - 7038 7038 7038 -
[or] 250 5500 5500 5500 5750
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M]/Ton KWh/Ton M]/Ton M]/Ton
measurement 16800 438 1578 18378




VYAY 18310 398 1434 19744
VYAA 18057 367 1322 19379
YYAQ 17890 373 1341 19231

Best practice' 16072 331 1192 17264

[ra] 9560 672 2419 11979

[r#] 9800 778 2800 12600
—;} [ev] 5000 1042 3750 8750

[ra] - 1066 3836

lor] 10000 833 3000 13000
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M]/Ton KWh/Ton M]/Ton M]/Ton
measurement 195 468 1684 1879
VYAV 230 375 1348 1578
VYAA 230 385 1386 1616
YYAQ 320 365 1313 1633
Best practice' 160 334 1201 1361
[ra] 1180 341 1228 2308
[re] 1000 333 1200 2200
3, [rv] 1400 347 1250 2650
& [ral 500 167 600 1100
[ri/ - 351 1265 -
lor] 1000 347 1250 2250
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. M]/Ton KWh/Ton M]/Ton M]/Ton
measurement 4680 2339 8420 13100
\YAY 6232 3821 13756 19988
YYAA 6466 3873 13944 20410
YYAQ 2772 3769 13569 16341
Best practice' 836 3376 12155 12991
[ra] - - - 11100

[rs/ 2500 2778 10000 12500

3. [rv/ 2900 2917 10500 13400
& [rA] 2800 2833 10200 13000
[¥4] - - - 10428

lar] 2000 2778 10000 12000

2bbon anllhae 9,90 Jlo dw (o wiliale o9 Bpas 05 ol Hekiie

A

Jlw aw b 5l o e bl s g 6 S oslail ey 1o (65, 059 B ran aile l Jols bl anslas b
L Lraxly ol 0 515 Loyl 3 09250 (slo,Lro b Jla5 0550 (o goizee Sipord 9 ooVl j0 YWAQ L AYAY

30,5 oo b, o

20 00 ;S8 s geoizme 40 Slo (639,9 Slge g Sl (>g,5 SV game 580 Ll 5l eMbl pas o 4

B an 7yt 090G o a0 )l 0529 (65,50 059 Bran 380 Al Gl dilale ygo 4y 5 )15S
J5 0509 B ran lbaslg 05 Blao &9’“"“’)‘ PRV SRl e Sl lasly 059 B jlas wxly o o
Sraxly (55,0l o3y B pan fgeme | ez pu o gaize JS (65,50 059 B pae I ad algE aculoe il

Sloe DY game o, 5 5 9955 7,5 el 13U Bdo i) cul el 5 (S 05800 il o] 3

Iyvlasl s

Lo o ailise Lns sloasly o329 G pan b a5 890 (o aiizns (65,50 0529 B pan dnglio YF-1 Jgu

$5y9log

$5r9llieg o

°}.’.9 J).a.n
ol

S5 oy B pane

S

S35 S5 oy B ran

SVl 5 9 (65,5l o5y B pan

S35 S5 oy B ran

Y




GJ/ton MWh/ton | G]/ton | GJ/ton % ke GJ/ton from GJ/ton
measurement 21.6 4.0 14.38 35.91 0.82 20.3 Concentration 13.10
\YAY 24.1 3.78 13.61 38.49 0.90 21.3 Concentration 19.99
YYAA 23.7 3.95 14.21 37.31 0.82 21.0 Concentration 20.41
1YAQ 24.5 3.48 12.54 38.76 0.79 20.9 Concentration 16.34
Best practice 20.6 4.0 14.38 33.15 0.82 18.6 Concentration 12.99
20.5 6.0 21.6 42.1 14 -20 .
[42] Concentration
130
[46] 14.1 3.61 13.0 27.1 13.7
[47] 17.7 4.22 15.2 32.9 13.8
[48] 12.1 3.86 13.9 26.0 13.1
[49] 3.53 10.4
33 3
41.8
[37] 57.3 0.5 24
16.9 Concentration
6.3 Scrap
[38] 25-30
5| [39] 34.6
QJ [40] 13.5 Concentration
[41] 10 Concentration
80 — 90 1 4 Scrap gradel
[43] 20 Scrap grade2
180 0.3
50 Scrap grade3
[44] 45 20 Scrap
30 1.5
[45] 125 0.5
20.1 6.01 21.6 41.7 1.14 11.1
[50] 35 1-3 20 Concentration
[53] 12
[54] 25.2
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