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The U.S. Department of Energy 
and the Aluminum Industry 

of the Future

The U.S. Department of Energy’s (DOE’s)
Office of Industrial Technologies has formed a
partnership with the U.S. aluminum industry to
accelerate the development of technologies
and processes that will improve the industry’s
energy efficiency and environmental
performance.  This report is intended to
support the DOE/Aluminum Industry
Partnership.

2YHUYLHZ

1.1  Cornerstone of an Energy-
Efficient U.S. Economy

$OXPLQXP LV ZLGHO\ XVHG WKURXJKRXW WKH 8�6�

HFRQRP\� SDUWLFXODUO\ LQ WKH WUDQVSRUWDWLRQ�

SDFNDJLQJ� DQG FRQVWUXFWLRQ LQGXVWULHV� $V D

OLJKW�ZHLJKW� KLJK�VWUHQJWK� DQG UHF\FODEOH

VWUXFWXUDO PHWDO� DOXPLQXP KDV DQG ZLOO FRQWLQXH

WR SOD\ DQ LPSRUWDQW UROH LQ D KHDOWK\ HFRQRP\ DV

DSSOLFDWLRQV DUH H[WHQGHG LQ WKH LQIUDVWUXFWXUH�

DHURVSDFH� DQG GHIHQVH LQGXVWULHV�

$OXPLQXP©V EHQHILWV KDYH OHG WR LWV JURZLQJ XVH

WKURXJKRXW ZRUOG PDUNHWV� :RUOG DOXPLQXP

FRQVXPSWLRQ GRXEOHG HYHU\ GHFDGH EHWZHHQ ����

DQG ����� RYHU WKH ODVW WKUHH GHFDGHV DORQH� LWV

FRQVXPSWLRQ LQ :HVWHUQ FRXQWULHV KDV LQFUHDVHG

IRXUIROG�

7KH DOXPLQXP LQGXVWU\ HQMR\HG FRQVLGHUDEOH

VWDELOLW\ LQ WHUPV RI GHPDQG DQG SULFHV WKURXJK

WKH HDUO\ ����V� 6LQFH WKHQ� KRZHYHU� FRQWLQXLQJ

HFRQRPLF IOXFWXDWLRQV KDYH EHFRPH WKH QRUP� ,Q

SDUWLFXODU� WKH WUDQVLWLRQ RI WKH LQGXVWU\ WR

FRPPRGLW\ SULFLQJ RQ WKH /RQGRQ 0HWDOV

([FKDQJH �/0(� LQ WKH ODWH ����V �ILUVW IRU LQJRW

DQG VXEVHTXHQWO\ IRU VHPLIDEULFDWHG SURGXFWV

EDVHG RQ LQJRW SULFLQJ� KDV FRQWULEXWHG WR SULFH

LQVWDELOLW\�

The Industry Is Recovering from Market
Imbalances of the Early 1990s

7KH ZRUOG DOXPLQXP LQGXVWU\ LV VWLOO FRPLQJ RXW

RI D SDLQIXO DGMXVWPHQW WR GUDPDWLF FKDQJHV LQ WKH

ZRUOG PDUNHW DQG SROLWLFDO FOLPDWH IROORZLQJ WKH

FROODSVH RI WKH IRUPHU 6RYLHW 8QLRQ LQ ���� �

���� �%RUQ ������ 7KURXJKRXW WKH HDUO\ ����V�

LQGXVWU\ VXSSO\ DQG GHPDQG ZHUH VHYHUHO\ RXW RI

EDODQFH� ODUJHO\ EHFDXVH RI H[FHVV PHWDO IURP WKH

&RPPRQZHDOWK RI ,QGHSHQGHQW 6WDWHV �&,6� DQG
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UHGXFHG &,6 GHPDQG IRU PLOLWDU\ DQG DHURVSDFH

UHTXLUHPHQWV�

,Q ���� DQG ����� WKH ZRUOG DOXPLQXP PDUNHW

XQGHUZHQW DGMXVWPHQWV WR EULQJ WKH 5XVVLDQ

DOXPLQXP LQGXVWU\ LQWR WKH ZRUOG PDUNHW� 'XULQJ

WKLV SHULRG� IXQGDPHQWDO GHPDQG IRU DOXPLQXP LQ

:HVWHUQ PDUNHWV LQFUHDVHG� PDNLQJ ���� DQ

H[WUDRUGLQDU\ \HDU IRU WRWDO FRQVXPSWLRQ �%RUQ

������ 7KH LQGXVWU\ DSSHDUV WR KDYH PDGH WKH

QHFHVVDU\ DGMXVWPHQWV DQG LQYHQWRULHV KDYH

UHWXUQHG WR PRUH UHDVRQDEOH OHYHOV�

7RGD\� :HVWHUQ GHPDQG IRU SULPDU\ DOXPLQXP

FRQWLQXHV WR H[FHHG :HVWHUQ SURGXFWLRQ� EXW WKH

PDUNHW LV LQ EHWWHU EDODQFH EHFDXVH 5XVVLDQ PHWDO

KDV EHHQ LQWHJUDWHG LQWR WKH V\VWHP� *URZLQJ

PDUNHW GHPDQG KDV DEVRUEHG WKH H[FHVV &,6

PHWDO� DQG &KLQD©V KXJH LQFUHDVHV LQ DOXPLQXP

GHPDQG KDYH EHHQ PHW SULPDULO\ E\ WKDW

FRXQWU\©V RZQ SURGXFWLRQ �%RUQ ������ ,Q VSLWH

RI WKHVH LPSURYHG PDUNHW FRQGLWLRQV� LQYHQWRULHV

RQ WKH /RQGRQ 0HWDO ([FKDQJH UHPDLQ DW

UHODWLYHO\ KLJK OHYHOV� DQG SURGXFHU SULFHV DUH

ORZ�

7KH VDPH IRUFHV WKDW KDYH LQIOXHQFHG WKH SULPDU\

VHFWRU �RYHUFDSDFLW\ LQ ZRUOG PDUNHWV DQG

HFRQRPLF FRQGLWLRQV� KDYH DOVR KDG DQ LPSDFW RQ

SURGXFHUV RI VHPLIDEULFDWHG SURGXFWV� 6XSSO\ IRU

VHPLIDEULFDWHG SURGXFWV KDV H[FHHGHG GHPDQG

DURXQG WKH ZRUOG LQ UHFHQW \HDUV� 7KH UHVXOWLQJ

JOREDO FRPSHWLWLRQ KDV FUHDWHG VXEVWDQWLDO

SUHVVXUH RQ 8�6� IDEULFDWLQJ SODQWV�

7KURXJKRXW ����� SURGXFHUV UHVSRQGHG WR

FRPSHWLWLYH SUHVVXUHV E\ ZRUNLQJ WR VWUHDPOLQH

WKHLU RSHUDWLRQV DQG FXW RSHUDWLQJ FRVWV� 6RPH

FRQVLGHU ���� D ¦UHWRROLQJ§ \HDU� DV IODW�UROOHG

DOXPLQXP SURGXFHUV PDGH DGMXVWPHQWV LQ WKHLU

RSHUDWLRQV WR JDUQHU ODUJHU PDUNHW VKDUHV�

SDUWLFXODUO\ LQ WKH DXWRPRWLYH PDUNHW�

7KH 8�6� DOXPLQXP PDUNHW©V VHQVLWLYLW\ WR WKH

JOREDO PDUNHWSODFH FDQ EH WUDFHG WR WKH

FRPPRGLW\ QDWXUH RI DOXPLQXP� H[FKDQJH SULFH�

VHWWLQJ� DQG H[WHQVLYH LQGXVWU\ JOREDOL]DWLRQ�

'HVSLWH IOXFWXDWLRQV LQ VSHFLILF PDUNHWV� RYHUDOO

GRPHVWLF FRQVXPSWLRQ OHYHOV KDYH UHPDLQHG

UHODWLYHO\ VWDEOH� KHOSLQJ WR RIIVHW JOREDO WUHQGV�

*URZWK LQ DOXPLQXP FDQV� RWKHU SDFNDJLQJ� DQG

WUDQVSRUWDWLRQ�EDVHG HQG XVHV KDYH FRPSHQVDWHG

IRU D VOLJKW GHFOLQH LQ WKH FRQVWUXFWLRQ PDUNHW�

ZKLFK WHQGV WR EH F\FOLFDO�

Major Sectors Include Raw Materials,
Semifabricated, and Finished Products

7KH DOXPLQXP LQGXVWU\ LV FRPSULVHG RI WKUHH

SULQFLSDO VHFWRUV�

� 7KH UDZ PDWHULDOV VHFWRU SURGXFHV

DOXPLQD IURP EDX[LWH �WKH RUH RI

DOXPLQXP� DQG SULPDU\ DQG VHFRQGDU\

�VFUDS�EDVHG� PROWHQ PHWDO DQG LQJRW�

� 7KH VHPLIDEULFDWHG VHFWRU SURGXFHV

VKHHW� SODWH� IRLO� IRUJLQJV� FDVWLQJV� ZLUH�

URG� EDU� H[WUXVLRQV� HOHPHQWDO DQG

DOOR\HG SRZGHUV� DQG DOXPLQD�EDVHG

FKHPLFDO SURGXFWV�

� 7KH ILQLVKHG SURGXFWV VHFWRU XVHV

SURGXFWV IURP WKH ILUVW WZR VHFWRUV WR

PDQXIDFWXUH D ZLGH YDULHW\ RI

FRQVXPHU�FRPPHUFLDO SURGXFWV�

LQFOXGLQJ DLUFUDIW� DXWRPRELOHV� EXLOGLQJ

FRPSRQHQWV� DQG SDFNDJLQJ IRU IRRG

SURGXFWV�

Primary Aluminum Production Is
Concentrated in the Pacific Northwest
and Ohio River Valley

$OXPLQXP LV SURGXFHG E\ WKH HOHFWURO\VLV RI

DOXPLQD WKURXJK D FRQVXPDEOH FDUERQ DQRGH LQ

WKH +DOO�+HURXOW SURFHVV� $OXPLQD LV LWVHOI

H[WUDFWHG IURP EDX[LWH� D QDWXUDO RUH� E\ WKH

%D\HU SURFHVV� 7KH DOXPLQXP LQGXVWU\ SURGXFHV

LQJRWV RI SXUH �JUHDWHU WKDQ ���� DOXPLQXP WKDW

VHUYH DV IHHGVWRFN IRU RWKHU PDWHULDOV DQG

SURFHVVHV�

7KH GRPHVWLF SULPDU\ DOXPLQXP VPHOWLQJ

LQGXVWU\ �6,& ����� FRQVLVWV RI �� IDFLOLWLHV

RSHUDWHG E\ �� ILUPV ZLWK D WRWDO ZRUNIRUFH RI

DSSUR[LPDWHO\ ������ �VHH 7DEOH ����� 7KH

VHFRQGDU\ VPHOWLQJ LQGXVWU\ RSHUDWHV DQ

HVWLPDWHG �� SODQWV HPSOR\LQJ ����� SHRSOH�

7KHVH ILJXUHV KDYH UHPDLQHG IDLUO\ VWDEOH VLQFH
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Table 1-1.  Number of Aluminum Manufacturing
Facilities in the United States (as of 1992)

Product Number of Plants

Primary Ingot 23

Secondary Ingot 68

Sheet & Plate 48

Foil 21

Wire, Bare, Conductor, & Non-
conductor

21

Steel-Reinforced Aluminum
Stranded Conductor (ACSR) and
Aluminum Cable, Bare

14

Wire & Cable, Insulated or Covered 37

Extruded Products 190

Powder & Paste 16

Forgings 47

Impacts 13

6RXUFH� $OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����

����� UHIOHFWLQJ WKH LQGXVWU\©V VWUHQJWK IROORZLQJ

UHVWUXFWXULQJ LQ WKH HDUO\ ����V �(3$ ������

2YHUDOO� WKH 8�6� DOXPLQXP LQGXVWU\ HPSOR\V

PRUH WKDQ ������� SHRSOH� GLUHFWO\ FRQWULEXWLQJ

PRUH WKDQ ��� ELOOLRQ WR WKH 8�6� *URVV 'RPHVWLF

3URGXFW�

7RWDO SULPDU\ DOXPLQXP LQVWDOOHG FDSDFLW\ LQ WKH

8QLWHG 6WDWHV ZDV ����� WKRXVDQG PHWULF WRQV

������ WKRXVDQG WRQV RU ����� PLOOLRQ SRXQGV� LQ

����� $V VKRZQ LQ 7DEOH ��� DQG )LJXUH ���� WKH

8QLWHG 6WDWHV DFFRXQWHG IRU ����� ������

WKRXVDQG PHWULF WRQV� RI WKH ZRUOG©V SULPDU\

DOXPLQXP SURGXFWLRQ RI ������ WKRXVDQG PHWULF

WRQV ������� WKRXVDQG WRQV� WKDW \HDU�

7KH PDMRULW\ RI SULPDU\ DOXPLQXP SURGXFHUV LQ

WKH 8QLWHG 6WDWHV DUH ORFDWHG HLWKHU LQ WKH 3DFLILF

1RUWKZHVW �DSSUR[LPDWHO\ ��� RI FDSDFLW\� RU

WKH 2KLR 5LYHU 9DOOH\ �DERXW ��� RI FDSDFLW\��

0RVW VHFRQGDU\ DOXPLQXP VPHOWHUV �SDUW RI 6,&

����� WHQG WR EH ORFDWHG LQ WKH *UHDW /DNHV

5HJLRQ DQG 6RXWKHUQ &DOLIRUQLD �VHH )LJXUH �����

3ULPDU\ DQG VHFRQGDU\ DOXPLQXP SURGXFWLRQ

IDFLOLWLHV DUH ORFDWHG LQ GLIIHUHQW UHJLRQV EHFDXVH

RI WKH HOHFWULFLW\�LQWHQVLYH QDWXUH RI SULPDU\

DOXPLQXP SURGXFWLRQ� 3ULPDU\ VPHOWHUV SUHIHU WR

ORFDWH LQ UHJLRQV ZKHUH K\GURSRZHU LV DEXQGDQW

DQG HOHFWULFLW\ UDWHV DUH ORZHU� 6HFRQGDU\

VPHOWHUV W\SLFDOO\ ORFDWH QHDU PDMRU LQGXVWULDO DQG

FRQVXPHU FHQWHUV WR WDNH DGYDQWDJH RI WKH

DYDLODELOLW\ RI ODUJH DPRXQWV RI VFUDS �(3$

������

%DX[LWH� WKH VRXUFH RI DOXPLQD LQ SULPDU\

SURGXFWLRQ� LV LPSRUWHG IURP $XVWUDOLD� -DPDLFD�

DQG RWKHU FRXQWULHV� ,W LV UHILQHG LQ WKLV FRXQWU\

DW ILYH %D\HU SODQWV ZLWK DQ HVWLPDWHG FRPELQHG

FDSDFLW\ RI ��� PLOOLRQ PHWULF WRQV ���� PLOOLRQ

WRQV�� 7KHVH SODQWV DUH PRVWO\ VLWXDWHG LQ WKH

*XOI UHJLRQ EHFDXVH RI SUR[LPLW\ WR SRUW

IDFLOLWLHV�
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Source: The Aluminum Association, Inc.
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Figure 1-1.  World Primary Aluminum Production

Table 1-2.  World Primary Aluminum Production - 1995

Country/Continent
Production

(thousand metric tons)
Percentage (%) of 
World Production

Africa 639 3.3

North America
  Canada
  United States

5,547
2,172
3,375

28.5
11.2
17.3

Latin America 2,020 10.4

Asia 3,400 17.5

European Union 2,113 10.9

Russia 2,722 14.0

Other Europe 1,431 7.3

Oceania 1,570 8.1

TOTAL WORLD 19,442 100.0

6RXUFH� $OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����
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Primary

Secondary

Source: The Aluminum Association, Inc.

Figure 1-2.  Distribution of Aluminum Plants in the United States

7KH 8�6� DOXPLQXP PLOO SURGXFWV LQGXVWU\� ZKLFK

SURGXFHV ZURXJKW RU IDEULFDWHG SURGXFWV DQG

FDVWLQJV� LV WKH ODUJHVW LQ WKH ZRUOG� $V FDQ EH

GHWHUPLQHG IURP 7DEOH ���� DSSUR[LPDWHO\ ���

IDFLOLWLHV LQ WKH 8QLWHG 6WDWHV SURGXFH DOXPLQXP

PLOO SURGXFWV� ,Q DGGLWLRQ� DQ HVWLPDWHG ��� RU

VR IDFLOLWLHV SURGXFH DOXPLQXP GLH FDVWLQJV�

,QWHJUDWHG IDEULFDWRUV �� FRPSDQLHV WKDW

HQFRPSDVV ERWK SURGXFWLRQ RI WKH SULPDU\ RU

VHFRQGDU\ DOXPLQXP DQG IDEULFDWLRQ RI SURGXFWV

�� DFFRXQWHG IRU DSSUR[LPDWHO\ WZR�WKLUGV RI

8�6� SURGXFWLRQ RI DOXPLQXP PLOO SURGXFWV LQ

���� �,7& ������ 7KH UHPDLQLQJ WKLUG ZDV

SURGXFHG E\ LQGHSHQGHQW IDEULFDWRUV ZKR

SXUFKDVH SULPDU\ IRUPV RI DOXPLQXP DQG WKHQ

UROO� H[WUXGH� FDVW� RU IRUJH WKHP LQWR ILQLVKHG

SURGXFWV

Recycled Aluminum Comprises One-
Third of Total Market

5HF\FOLQJ LV D FULWLFDO FRPSRQHQW RI WKH

DOXPLQXP LQGXVWU\ EDVHG RQ LWV IDYRUDEOH

HFRQRPLF LPSDFW RQ SURGXFWLRQ DV ZHOO DV LWV

FRQWULEXWLRQ WR WKH HQYLURQPHQW� $OXPLQXP

UHF\FOLQJ KDV QHDUO\ GRXEOHG LQ WKH ODVW WHQ \HDUV�

UHF\FOHG DOXPLQXP FXUUHQWO\ UHSUHVHQWV RQH�WKLUG

RI WKH WRWDO 8�6� DOXPLQXP VXSSO\�

6HFRQGDU\ UHILQHUV UHFRYHU DOXPLQXP IURP ERWK

SXUFKDVHG QHZ DQG ROG DOXPLQXP VFUDS� 1HZ

�LQGXVWULDO� VFUDS LV JHQHUDWHG E\ SODQWV PDNLQJ

HQG SURGXFWV� ZKLOH ROG �FRQVXPHU� VFUDS FRPHV

IURP PHWDO SURGXFWV WKDW KDYH EHHQ GLVFDUGHG E\

FRQVXPHUV�

,Q ����� ����� WKRXVDQG PHWULF WRQV ������

WKRXVDQG WRQV� RI PHWDO YDOXHG DW PRUH WKDQ ��

ELOOLRQ ZHUH UHFRYHUHG IURP ERWK QHZ DQG ROG

DOXPLQXP VFUDS� 2I WKLV WRWDO� DSSUR[LPDWHO\

��� ������ WKRXVDQG PHWULF WRQV� ZDV UHFRYHUHG

IURP ROG VFUDS� ZLWK WKH UHPDLQLQJ ��� ������

WKRXVDQG PHWULF WRQV� IURP QHZ VFUDS �$$ ������
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5QWTEG� 'UVKOCVGF D[ VJG #NWOKPWO #UUQEKCVKQP 5VCVKUVKECN CPF /CTMGV 4GUGCTEJ %QOOKVVGG VJTQWIJ ����� (TQO ����
HQTYCTF� HKIWTGU CTG DCUGF QP LQKPV UWTXG[ EQPFWEVGF D[ VJG #NWOKPWO #UUQEKCVKQP CPF VJG +PUVKVWVG QH 5ETCR 4GE[ENKPI
+PFWUVTKGU 
+54+�� $GIKPPKPI KP ����� 7$% FCVC KPENWFGU GUVKOCVGU QH GZRQTVGF ECP UETCR�
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Figure 1-3.  Aluminum Can Reclamation Data, 1985 - 1995

5HFODPDWLRQ RI XVHG DOXPLQXP EHYHUDJH FDQV

FRQWLQXHV WR EH D PDMRU VRXUFH RI VXSSO\ IRU WKH

8�6� DOXPLQXP LQGXVWU\� $V VKRZQ LQ )LJXUH ����

WKH UHF\FOLQJ UDWH IRU DOXPLQXP EHYHUDJH

FRQWDLQHUV ZDV DSSUR[LPDWHO\ ��� ��� ELOOLRQ

FDQV� LQ ����� \LHOGLQJ ��� WKRXVDQG PHWULF WRQV

RI DOXPLQXP �$$ ������

5HF\FOLQJ RI DOXPLQXP LV KLJKO\ EHQHILFLDO�

VDYLQJ DSSUR[LPDWHO\ ��� RI WKH HQHUJ\ UHTXLUHG

IRU SURGXFLQJ SULPDU\ DOXPLQXP� 5HFRYHU\ DQG

UHF\FOLQJ DOVR UHVXOW LQ ORZHU RULJLQDWLRQ DQG

WUDQVSRUWDWLRQ FRVWV�

1.2  Market Trends and Statistics

Primary and Secondary Production Are
Supplemented by Imports

7KH 8QLWHG 6WDWHV© VXSSO\ RI DOXPLQXP LV

FDOFXODWHG DV WKH VXP RI GRPHVWLF SULPDU\

SURGXFWLRQ� LPSRUWV RI SULPDU\ DQG PLOO SURGXFWV�

DQG PHWDO UHFRYHUHG IURP VFUDS� 6LQFH ����� WKH

WRWDO VXSSO\ KDV H[SDQGHG DW WKH DYHUDJH UDWH RI

���� SHU \HDU� ,Q ���� SULPDU\ SURGXFWLRQ

LQFUHDVHG WR ����� RI WRWDO VXSSO\� LPSRUWV

GHFOLQHG WR ������ DQG VHFRQGDU\ UHFRYHU\

DFFRXQWHG IRU ������

,Q ���� WKH QDWLRQ©V WRWDO DOXPLQXP VXSSO\ ZDV

����� WKRXVDQG PHWULF WRQV ������� WKRXVDQG

WRQV� RU DERXW ������ PLOOLRQ SRXQGV� �$$ ������

7DEOH ��� VKRZV WRWDO 8�6� DOXPLQXP VXSSO\ IRU

WKH SHULRG ���� WR ����� 7KH FRQWULEXWRUV WR WKH

���� WRWDO �LQ WKRXVDQG PHWULF WRQV� ZHUH DV

IROORZV�

� SULPDU\ SURGXFWLRQ �� �����

� SULPDU\ LPSRUWV � �����

� LPSRUWV RI PLOO SURGXFWV �� ���

� VHFRQGDU\ UHFRYHU\ �� �����

)LJXUH ��� FRPSDUHV WRWDO DOXPLQXP VXSSO\ E\

VRXUFH IRU ���� DQG ����� )LJXUH ���

VXPPDUL]HV SULPDU\ DOXPLQXP SURGXFWLRQ IRU WKH

SHULRG ���� WR ����� 7RWDO SULPDU\ SURGXFWLRQ
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Table 1-3.  Total U.S. Aluminum Supply, 1970 - 1996
(thousand metric tons)

Year

Domestic
Primary

Production

Total
Secondary
Recovery

Imports

TOTAL
SUPPLYPrimary

Mill
Products

Total
Imports

1970 3,607 937 318 88 406 4,950

1975 3,519 1,121 394 59 453 5,093

1980 4,653 1,577 527 76 603 6,833

1985 3,500 1,762 869 463 1,332 6,594

1990 4,048 2,390 962 459 1,421 7,863

1991 4,121 2,286 1,029 369 1,398 7,805

1992 4,042 2,756 1,164 409 1,573 8,371

1993 3,695 2,944 1,850 477 2,327 8,966

1994 3,299 3,086 2,536 600 3,136 9,520

1995 3,375 3,188 1,976 726 2,701 9,265

1996 3,577 NA NA NA NA NA

1$ 'DWD QRW \HW DYDLODEOH�

6RXUFHV� $OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����

¦3ULPDU\ $OXPLQXP 3URGXFWLRQ�§ 7KH $OXPLQXP $VVRFLDWLRQ ZHE VLWH� 0DUFK ����� 

26.7%

53.1%

7.0%

13.2%

1995 = 6,594

Primary
Production

3,500

Primary
Imports

869
Imports of Mill

Products
463

Secondary
Recovery

1,762

1995 = 9,265

Primary
Imports
1,976

34.4%

21.3%

7.8%

36.4%
Primary

Production
3,375

Secondary
Recovery

3,188

Imports of Mill
Products

726

Source:  The Aluminum Association, Inc., Aluminum Statistical review for 1995.

Figure 1-4.  Total U.S. Aluminum Supply, 1985 and 1995
(thousand metric tons)
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Figure 1-5.  U.S. Primary Aluminum Production, 1985 - 1995

LQ ���� ZDV UHSRUWHG WR EH ����� WKRXVDQG PHWULF

WRQV �$$ ������

Total Net Shipments Are About 21 Billion
Pounds

7DEOH ��� VXPPDUL]HV NH\ DOXPLQXP LQGXVWU\

GDWD IRU ���� DQG ����� LQFOXGLQJ SURGXFWLRQ�

LPSRUWV� H[SRUWV� DQG VKLSPHQWV� 3UHOLPLQDU\

$OXPLQXP $VVRFLDWLRQ ILJXUHV IRU ���� LQGLFDWH

WKDW LQGXVWU\ VKLSPHQWV� LQFOXGLQJ H[SRUWV�

WRWDOHG DQ HVWLPDWHG ����� WKRXVDQG PHWULF WRQV

������� PLOOLRQ SRXQGV�� GRZQ ���� IURP WKH

���� WRWDO RI ����� WKRXVDQG PHWULF WRQV �������

PLOOLRQ SRXQGV�� 7KH WRWDO YDOXH RI VKLSPHQWV IRU

����� WKH PRVW UHFHQW \HDU IRU ZKLFK WKHVH ILJXUHV

DUH DYDLODEOH� ZDV ������ ELOOLRQ �$$ ����D��

)LJXUH ��� VKRZV WKH GLVWULEXWLRQ RI DOXPLQXP

QHW VKLSPHQWV E\ PDMRU PDUNHW�

8�6� H[SRUWV RI DOXPLQXP LQJRW DQG PLOO SURGXFWV

ZHUH UHSRUWHG DW ����� WKRXVDQG PHWULF WRQV

������ PLOOLRQ SRXQGV� GXULQJ ����� ULVLQJ OHVV

WKDQ �� IURP WKH ���� WRWDO RI ����� WKRXVDQG

PHWULF WRQV ������ PLOOLRQ SRXQGV�� ,PSRUWV IHOO

DOPRVW �� IURP ����� WKRXVDQG PHWULF WRQV

������ PLOOLRQ SRXQGV� WR ����� WKRXVDQG PHWULF

WRQV ������ PLOOLRQ SRXQGV��

)RU WKH IXOO \HDU ����� GRPHVWLF VKLSPHQWV

WRWDOHG DQ HVWLPDWHG ����� WKRXVDQG PHWULF WRQV

������� PLOOLRQ SRXQGV�� GRZQ ���� IURP �����

0LOO VKLSPHQWV ZHUH UHSRUWHG DW ����� WKRXVDQG

PHWULF WRQV ������� PLOOLRQ SRXQGV�� GRZQ ����

IURP ����� WKRXVDQG PHWULF WRQV ������� PLOOLRQ

SRXQGV� LQ �����

6KLSPHQWV RI DOXPLQXP LQ WKH 8QLWHG 6WDWHV LQ

���� LQFOXGHG WKH QHJDWLYH HIIHFWV RI LQYHQWRU\

GHVWRFNLQJ WKDW \HDU� ,Q VSLWH RI WKLV�

FRQVXPSWLRQ RI DOXPLQXP ZDV XS PDUJLQDOO\

IURP SUHYLRXV \HDUV� D UHVSHFWDEOH SHUIRUPDQFH

FRQVLGHULQJ WKH LQGXVWU\©V VWURQJ VKRZLQJ LQ

�����

2Q WKH WUDGH VLGH� 8�6� SURGXFHUV LQFUHDVHG

H[SRUWV E\ FORVH WR ��� LQ ERWK LQJRW DQG PLOO

SURGXFWV LQ ����� $OWKRXJK WRWDO LPSRUWV ZHUH

GRZQ DERXW ���� UHIOHFWLQJ ZHDNHU 8�6�

HFRQRPLF JURZWK� WKH\ DUH VWLOO UHVSRQVLEOH IRU

PRUH WKDQ RQH�TXDUWHU RI WKH WRWDO 8�6� DOXPLQXP

VXSSO\� ,PSRUWV RI PLOO SURGXFWV ZHUH DFWXDOO\

XS� EXW UHSUHVHQW RQO\ RQH�WKLUG RI WKH YROXPH RI

LQJRW LPSRUWV� ,QJRW LPSRUWV GURSSHG RII VKDUSO\

IURP ���� EHFDXVH RI VORZHU HFRQRPLF JURZWK

DQG WKH ZHDNHU 8�6� GROODU �%RUQ ������
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Figure 1-6.  Distribution of Aluminum Net Shipments by Major Market - 1995

Table 1-4.  Capsule Review of the U.S. Aluminum Industry - 1995

Measure
Thousand Metric Tons [million pounds]

1995 1996a

SUPPLY
  Primary Production
  Imports
  Secondary Recovery
TOTAL

3,375 [7,441]
2,702 [5,956]
3,188 [7,028]

9,265 [20,425]

3,577 [7,884]
2,573 [5,671]

NA
NA

PRIMARY CAPACITY
(year end)

4,184 [9,222] NA

NET DOMESTIC
SHIPMENTS TO MAJOR
MARKETS
  Building & Construction
  Transportation
  Consumer Durables
  Electrical
  Machinery & Equipment
  Containers & Packaging
  Other
TOTAL

1,216 [2,679]
2,602 [5,736]
621 [1,368]
657 [1,448]
569 [1,255]

2,309 [5,088]
279 [615]

8,253 [18,189]

NA
NA
NA
NA
NA
NA
NA

8,138 [17,936]

EXPORTSb 1,307 [2,881] 1,311 [2,889]

TOTAL NET SHIPMENTS 9,560 [21,070] 9,449 [20,825]

1$ 'DWD QRW \HW DYDLODEOH�

D 3UHOLPLQDU\ GDWD�

E (VWLPDWHG�

6RXUFHV� $OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����

'DWD UHSRUWHG RQ 7KH $OXPLQXP $VVRFLDWLRQ ZHE VLWH�
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7KH PDMRULW\ RI 8�6� DOXPLQXP PHWDO LPSRUWV

FRPH IURP &DQDGD ���� LQ ����� EHFDXVH RI LWV

SUR[LPLW\ DQG H[WHQVLYH WLHV WR 8�6� RSHUDWLRQV

�H�J�� $OFDQ DQG 5H\QROGV�� $QRWKHU ��� RI

���� LPSRUWV FDPH IURP 5XVVLD� 9HQH]XHOD LV DQ

LQJRW VRXUFH� DQG 0H[LFR DQG 9HQH]XHOD DUH

VHFRQGDU\ VFUDS VRXUFHV� 2I WKH ��� FRXQWULHV

UHFHLYLQJ DOXPLQXP SURGXFWV IURP WKH 8QLWHG

6WDWHV LQ ����� ��� RI WKH WRWDO ZHQW WR &DQDGD

DQG DERXW ��� WR -DSDQ�

Transportation Sector Is Largest Market
for Aluminum

7KH ODUJHVW FRQFHQWUDWLRQ RI GRPHVWLF DOXPLQXP

VKLSPHQWV LV WR WKH WUDQVSRUWDWLRQ� FRQWDLQHU DQG

SDFNDJLQJ� DQG EXLOGLQJ DQG FRQVWUXFWLRQ

PDUNHWV� &RPELQHG� WKHVH WKUHH PDUNHWV DFFRXQW

IRU DOPRVW WZR�WKLUGV RI LQGXVWU\ FRQVXPSWLRQ

�VHH )LJXUH

����� 7KH QH[W ODUJHVW JURXSLQJ LQFOXGHV

HOHFWULFDO� FRQVXPHU GXUDEOHV� DQG PDFKLQHU\ DQG

HTXLSPHQW� ([SRUWV DFFRXQW IRU WKH UHPDLQLQJ

������

7KH WUDQVSRUWDWLRQ VHFWRU FRQWLQXHV DV WKH ODUJHVW

PDUNHW IRU DOXPLQXP� UHSUHVHQWLQJ ����� RI WRWDO

GRPHVWLF VKLSPHQWV LQ ����� ,QFOXGHG LQ WKLV

PDUNHW DUH SDVVHQJHU FDUV� WUXFNV DQG EXVHV� DQG

WUDLOHUV DQG VHPL�WUDLOHUV� 7KLV PDUNHW KDV JURZQ

PRUH WKDQ ��� RYHU WKH ODVW GHFDGH� SULPDULO\

GXH WR LQFUHDVHG XVH RI DOXPLQXP LQ SDVVHQJHU

FDUV�

$OXPLQXP©V XVH LQ YHKLFOHV LV UDSLGO\ LQFUHDVLQJ�

ZKHUH LWV FRVW SHU SRXQG FDQ EH MXVWLILHG RQ WKH

EDVLV RI ZHLJKW UHGXFWLRQ DQG SHUIRUPDQFH� )URP

DERXW ��� OE�FDU RQ DYHUDJH LQ ����� FXUUHQW

PRGHOV DYHUDJH DERXW ��� OE�FDU� $OXPLQXP FDQ

SURYLGH D ZHLJKW VDYLQJV RI XS WR ��� FRPSDUHG

WR DQ HTXLYDOHQW VWHHO VWUXFWXUH� ZKLOH PDWFKLQJ

RU H[FHHGLQJ FUDVKZRUWKLQHVV VWDQGDUGV RI D

VLPLODUO\ VL]HG VWHHO VWUXFWXUH �$$ ������

$W ����� RI WRWDO GRPHVWLF VKLSPHQWV� WKH

FRQWDLQHUV DQG SDFNDJLQJ LQGXVWU\ LV WKH VHFRQG

ODUJHVW PDUNHW IRU DOXPLQXP� 5HSUHVHQWDWLYH

SURGXFWV LQFOXGH PHWDO FDQV� VHPL�ULJLG IRRG

FRQWDLQHUV� DQG KRXVHKROG DQG LQVWLWXWLRQDO IRLOV�

7R D ODUJH GHJUHH� WKH VWUHQJWK RI WKLV PDUNHW FDQ

EH DWWULEXWHG WR WKH UHF\FODELOLW\ RI DOXPLQXP

FDQV� DERXW WZR�WKLUGV RI WKH DOXPLQXP FDQV

SURGXFHG WRGD\ DUH UHF\FOHG DW PRUH WKDQ ������

UHF\FOLQJ FHQWHUV QDWLRQZLGH�

7KH EXLOGLQJV DQG FRQVWUXFWLRQ PDUNHW DFFRXQWHG

IRU ����� RI WRWDO VKLSPHQWV LQ ����� D GHFUHDVH

RI DERXW ��� IURP ���� VKLSPHQWV� 7KLV PDUNHW

LQFOXGHV UHVLGHQWLDO� LQGXVWULDO� FRPPHUFLDO� IDUP�

DQG KLJKZD\ DSSOLFDWLRQV DV ZHOO DV PRELOH

KRPHV�

2WKHU VLJQLILFDQW PDUNHWV LQFOXGH�

� HOHFWULFDO �$&65 DQG LQVXODWHG ZLUH DQG

FDEOH SURGXFWV�

� FRQVXPHU GXUDEOHV �ODUJH DSSOLDQFHV DQG

DLU FRQGLWLRQLQJ HTXLSPHQW�

� QRQ�HOHFWULFDO PDFKLQHU\ DQG HTXLSPHQW

�DJULFXOWXUDO� FRQVWUXFWLRQ DQG LQGXVWULDO

PDFKLQHU\� LUULJDWLRQ SLSH� ODGGHUV�

IDVWHQHUV� HWF��

7RWDO GHPDQG IRU DOXPLQXP LV GULYHQ E\ WKH

VWUHQJWK RI GHPDQG LQ WKHVH HQG�XVH VHFWRUV DQG

E\ WKH DELOLW\ RI WKH PHWDO WR VXEVWLWXWH IRU RWKHU

PDWHULDOV� EDVHG RQ FRVW DQG GHVLJQ

FRQVLGHUDWLRQV� 7KH LQWHJUDWHG SULPDU\ DOXPLQXP

SURGXFHUV DUH DOVR WKH SULQFLSDO VXSSOLHUV RI

IDEULFDWHG DOXPLQXP SURGXFWV� 2WKHU SXUFKDVHUV

RI DOXPLQXP UDZ PDWHULDOV LQFOXGH LQGHSHQGHQW

IDEULFDWRUV� GLVWULEXWRUV� DQG PHWDO WUDGHUV�

1.3  Energy and Materials
Consumption

Primary Production Is Very Electricity-
Intensive

7KH SURGXFWLRQ RI SULPDU\ DOXPLQXP UHOLHV RQ DQ

HOHFWURO\WLF SURFHVV DQG LV WKXV YHU\ HOHFWULFLW\�

LQWHQVLYH� ,Q IDFW� WKH DOXPLQXP LQGXVWU\ VSHQGV

PRUH WKDQ �� ELOOLRQ DQQXDOO\ RQ HQHUJ\� WKH

PDMRULW\ RI ZKLFK LV IRU HOHFWULFLW\� 2QH�WKLUG RI

WKH DYHUDJH FRVW RI DOXPLQXP LV IRU WKH HQHUJ\

UHTXLUHG WR PDNH LW �(YDQV ������

0DMRU HQHUJ\ VDYLQJV DUH DFKLHYHG WKURXJK WKH

UHF\FOLQJ RI VFUDS DOXPLQXP� 5HXVLQJ DOXPLQXP

E\ UHPHOWLQJ DQG FDVWLQJ UHTXLUHV RQO\ � WR �� RI
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WKH RULJLQDO HQHUJ\ LQSXW RI DOXPLQXP SURGXFHG

IURP EDX[LWH �+XJOHQ DQG .YDQGH ������

,QFUHDVHG XVH RI DOXPLQXP LQ WUDQVSRUWDWLRQ DQG

HOVHZKHUH KDYH DOVR KHOSHG UHGXFH HQHUJ\ DQG

IXHO FRQVXPSWLRQ �$$ ������

7KH FXUUHQW 8�6� DYHUDJH HQHUJ\ FRQVXPSWLRQ IRU

DOXPLQXP UHGXFWLRQ LQ DQ HOHFWURO\WLF FHOO LV

HVWLPDWHG WR EH ����� N:K�NJ ���� N:K�OE� RI

DOXPLQXP �5LFKDUGV ������ +RZHYHU� WKH PRVW

HIILFLHQW VPHOWHUV RSHUDWH ZLWK DQ HQHUJ\

FRQVXPSWLRQ RI DERXW �� N:K�NJ ���� N:K�OE��

7KH DYHUDJH HQHUJ\ FRQVXPSWLRQ RI DOXPLQXP

UHGXFWLRQ ZLOO FRQWLQXH WR GHFUHDVH DV ROG DQG

REVROHWH VPHOWHUV DUH VKXW GRZQ� H[LVWLQJ

VPHOWHUV DUH UHWURILWWHG DQG PRGHUQL]HG� DQG QHZ

FHOOV OLQHV ZLWK PRGHUQ WHFKQRORJ\ DUH EXLOW�

7KLV WHFKQRORJ\ UHQHZDO SURFHVV LV VORZ�

SDUWLFXODUO\ EHFDXVH RI WKH KLJK LQYHVWPHQW FRVWV

RI QHZ FDSDFLW\� +RZHYHU� LW ZLOO JLYH D VPDOO

EXW VWHDG\ UHGXFWLRQ LQ WKH ¦LQGXVWULDO DYHUDJH§

HQHUJ\ FRQVXPSWLRQ �+XJOHQ DQG .YDQGH ������

/DUJH HQHUJ\ VDYLQJV IURP WKH +DOO�+HURXOW

HOHFWURO\WLF SURFHVV DUH QRW H[SHFWHG� KRZHYHU�

XQOHVV VRPH WHFKQRORJLFDO EUHDNWKURXJKV DUH

DFKLHYHG �H�J�� WKH LQWURGXFWLRQ RI GLPHQVLRQDOO\

VWDEOH DQRGHV DQG ¦ZHWWDEOH§ FDWKRGHV��

Primary Production Relies Heavily on
Hydroelectric Power

7KH SULPDU\ VRXUFH RI HOHFWULF SRZHU DQG WKH

SRZHU RZQHUVKLS DUH YHU\ LQIOXHQWLDO RQ WKH SULFH

RI WKH SRZHU XVHG DQG WKHUHIRUH RQ WKH HFRQRPLFV

RI DOXPLQXP SURGXFWLRQ� ,Q WKH 8QLWHG 6WDWHV�

SULPDU\ DOXPLQXP SURGXFWLRQ IDFLOLWLHV DUH

FRQFHQWUDWHG LQ DUHDV ZLWK VLJQLILFDQW

K\GURSRZHU UHVRXUFHV EHFDXVH RI WKH ORZHU

HOHFWULFLW\ FRVWV DVVRFLDWHG ZLWK WKLV W\SH RI

SRZHU �)LJXUH ��� VKRZHG WKH JHRJUDSKLF

GLVWULEXWLRQ RI ERWK SULPDU\ DQG VHFRQGDU\

DOXPLQXP SURGXFWLRQ SODQWV LQ WKH 8QLWHG 6WDWHV��

,Q FDVHV ZKHUH DQ LQGXVWU\ LV GLVWULEXWHG PRUH RU

OHVV HYHQO\ DURXQG WKH FRXQWU\� WKH IXHO PL[ IRU

WKH QDWLRQDO JULG FDQ EH XVHG� PDNLQJ

FDOFXODWLRQV HDVLHU ZLWKRXW VDFULILFLQJ DFFXUDF\�

+RZHYHU� HOHFWURSURFHVV LQGXVWULHV VXFK DV

DOXPLQXP VPHOWLQJ DUH QRW GLVWULEXWHG XQLIRUPO\

DURXQG WKH FRXQWU\� VR D QDWLRQDO HOHFWULFLW\ JULG

LV QRW D UHDVRQDEOH DSSUR[LPDWLRQ RI WKHLU HQHUJ\

XVH �+XQW HW DO� ������ $OXPLQXP VPHOWHUV DUH

FRQFHQWUDWHG KHDYLO\ LQ WKH 3DFLILF 1RUWKZHVW

ZKHUH HOHFWULF SRZHU LV UHODWLYHO\ LQH[SHQVLYH�

WKHUHIRUH� VSHFLILF UHJLRQDO JULGV DUH XVHG WR

FDOFXODWH VPHOWLQJ HQHUJ\ XVH�

7DEOH ��� VKRZV WKH JULG DVVXPSWLRQV IRU WKH

8QLWHG 6WDWHV DV D ZKROH DQG IRU WKH 8�6�

DOXPLQXP VPHOWLQJ FDSDFLW\� 7KHVH DVVXPSWLRQV

ZHUH XVHG WR �� FDOFXODWH WKH HQHUJ\ HIILFLHQF\ RI

WKH HOHFWULFLW\ JHQHUDWLQJ DQG GHOLYHU\ V\VWHP�

DQG �� FDOFXODWH FRPEXVWLRQ�UHODWHG HPLVVLRQV

DVVRFLDWHG ZLWK PDMRU DOXPLQXP SURFHVVHV�

%DVHG RQ WKH GDWD LQ 7DEOH ���� WKH FRQYHUVLRQ

IDFWRUV XVHG IRU HOHFWULFLW\ �LQFOXGLQJ ORVVHV�

ZHUH ����� NM�N:K ������ %WX�N:K� IRU

SULPDU\ DOXPLQXP VPHOWLQJ� DQG ��������

NM�N:K ������� %WX�N:K� IRU DOO UHPDLQLQJ

LQGXVWU\ SURFHVVHV �5LFKDUGV ������

+\GURSRZHU LV FRXQWHG DW LWV WKHRUHWLFDO HQHUJ\

HTXLYDOHQFH RI ����� NM�N:K ������ %WX�N:K�

ZLWK QR SUHFRPEXVWLRQ LPSDFWV LQFOXGHG� 7KHVH

LPSDFWV DUH QRW DVVXPHG IRU K\GURSRZHU EHFDXVH

ZDWHU GRHV QRW KDYH DQ LQKHUHQW HQHUJ\ YDOXH

IURP ZKLFK OLQH WUDQVPLVVLRQ ORVVHV� HWF� FDQ EH

VXEWUDFWHG �+XQW HW DO� ������

Energy to Produce Al from Scrap Is 5 to
8% of that Required for Primary
Production

7DEOH ��� VXPPDUL]HV WKH XQLW HQHUJ\

UHTXLUHPHQWV RI WKH SULPDU\ DOXPLQXP SURGXFWLRQ

SURFHVVHV RI DOXPLQD UHILQLQJ� DQRGH

PDQXIDFWXUH� DOXPLQXP VPHOWLQJ� DQG LQJRW

FDVWLQJ� 7DEOH ��� VXPPDUL]HV WKH VDPH

LQIRUPDWLRQ IRU VFUDS SUHWUHDWPHQW� VHFRQGDU\

PHOWLQJ�UHILQLQJ� DQG KRW DQG FROG UROOLQJ� 7DEOH

��� SUHVHQWV WKH SHUFHQWDJH XVH RI HDFK IXHO IRU

DOO RI WKH SURFHVVHV JLYHQ LQ 7DEOHV ��� DQG ����

$V QRWHG SUHYLRXVO\� UHXVLQJ DOXPLQXP E\

UHPHOWLQJ DQG FDVWLQJ UHTXLUHV RQO\ � WR �� RI WKH

RULJLQDO HQHUJ\ LQSXW RI DOXPLQXP SURGXFHG IURP

EDX[LWH �+XJOHQ DQG .YDQGH ������ 7KH GDWD LQ

7DEOHV ��� DQG ��� FRQILUP WKLV UDWLR� $FFRUGLQJ
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Table 1-5.  Fuel Mix for Estimates of Emissions and Energy Loss Conversion Factors
(Percent)

Area Coal-Fired Hydro Natural Gas Nuclear Oil Other

U.S. Aluminum Smelting 50.0 48.0 0.5 1.5 0.0 0.0

U.S. National Grid 56.0 9.8 9.2 20.9 3.6 0.4

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

Table 1-6.  Estimated Specific Energy Consumption (by Energy Source) 
of Primary Aluminum Production Processes

(MJ/metric ton of primary aluminum, except as noted)

Energy
Source

Specific Energy Consumption
[106 Btu/ton]

Alumina
Refining a

Coke
Produc-
tion b,c

Pitch
Produc-
tion c,d

Anode
Production

c

Aluminum
Production
(Smelting)

Primary
Ingot

Casting e

Electricity 462 [0.40] 35 [0.03] 0.00 826 [0.72] 115,330 [99.85] 1,910 [1.65]

Natural Gas 23,336
[20.20]

763 
[0.66]

20
 [0.02]

696 
[0.60]

752 
[0.65]

2,417 
[2.09]

Distillate Oil -- 327 [0.28] 8 [0.01] 149 [0.13] 20 [0.02] 698 [0.61]

Residual Oil 243f [0.21] -- -- -- 5 [0.005] 698 [0.61]

Propane/LPG -- -- -- 149 [0.13] 8 [0.01] 465 [0.40]

Coal 729 [0.63] -- -- -- -- --

Gasoline -- -- -- -- 5 [0.005] 372 [0.32]

Carbon
Anodes

-- -- -- -- 17,325 [15.00] --

TOTAL 24,770
[21.44]

1,125 
[0.97]

28
 [0.03]

1,820
 [1.58]

133,445
[115.54]

6,560 
[5.68]

D $VVXPHV ����� NJ RI DOXPLQD SHU PHWULF WRQ RI DOXPLQXP ������ OE�WRQ��

E $VVXPHV DYHUDJH DQRGH FRNH FRQWHQW RI ����

F $VVXPHV DQ DYHUDJH RI ���� PHWULF WRQ RI DQRGH SHU PHWULF WRQ RI SULPDU\ DOXPLQXP SURGXFHG �:HOFK ������ 7RWDO

VKRZQ LV IRU SUHEDNHG DQRGHV �XVHG LQ ��� RI SURGXFWLRQ�� 6RGHUEHUJ DQRGHV DUH EDNHG LQ�VLWX DQG XVH RQO\ HOHFWULFLW\�

G $VVXPHV DYHUDJH DQRGH SLWFK FRQWHQW RI ����

H (QHUJ\ SHU WRQ RI SULPDU\ DOXPLQXP LQJRW FDVW�

I ,QFOXGHV VRPH GLVWLOODWH RLO�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV

GHYHORSHG LQ �����

¦$ 0RGHO IRU 3HWUROHXP &RNH 5HDFWLYLW\�§ :HOFK HW DO�� /LJKW 0HWDOV �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����
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Table 1-7.  Estimated Specific Energy Consumption (by Energy Source) of Secondary
Aluminum Production Processes and Aluminum Semi-Fabrication Processes

(MJ/metric ton of aluminum processed, except as noted)

Energy Source

Specific Energy Consumption
[106 Btu/ton]

Scrap
Pretreatment a

Secondary
Melting/

Refining b,c
Hot Rolling -

Softer Alloys d
Hot Rolling -

Harder Alloys e Cold Rolling

Electricity 300 [0.26] 1,521 [1.31] 3,530 [3.05] 3,800 [3.29] 5,390 [4.67]

Natural Gas 1,300 [1.13] 4,247 [3.68] 2,536 [2.20] 1,766 [1.53] 2,349 [2.03]

Distillate Oil/Diesel -- 44 [0.04] 29 [0.03] 20 [0.02] 27 [0.02]

Residual Oil -- 44 [0.04] -- -- --

Lube Oil -- -- 146 [0.12] 102 [0.09] 135 [0.12]

Propane and LPG -- 66 [0.06] 29 [0.03] 20 [0.02] 27 [0.02]

Coal -- -- 146 [0.12] 102 [0.09] 135 [0.12]

Gasoline -- -- 29 [0.03] 20 [0.02] 27 [0.02]

TOTAL 1,600 [1.39] 5,922 [5.13] 6,445 [5.58] 5,830 [5.05] 8,090 [7.00]

D (QHUJ\ SHU PHWULF WRQ RI VFUDS LQSXW�

E (QHUJ\ SHU PHWULF WRQ RI VFUDS PHOWHG�

F ,QFOXGHV FDVWLQJ HQHUJ\ UHTXLUHPHQWV�

G 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

H +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV

GHYHORSHG LQ �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

WR 7DEOH ���� WKH VSHFLILF HQHUJ\ UHTXLUHPHQWV WR

SURGXFH RQH PHWULF WRQ RI SULPDU\ DOXPLQXP

�LQFOXGLQJ LQJRW FDVWLQJ� DUH DSSUR[LPDWHO\

������� 0- �FRUUHVSRQGLQJ WR DERXW ����� ���

%WX�WRQ��

)URP 7DEOH ���� WKH VSHFLILF HQHUJ\ UHTXLUHPHQWV

WR SURGXFH RQH PHWULF WRQ RI VHFRQGDU\ DOXPLQXP

�LQFOXGLQJ VFUDS SUHWUHDWPHQW� PHOWLQJ� UHILQLQJ�

DQG FDVWLQJ� DUH DSSUR[LPDWHO\ ����� 0- ���� ���

%WX�WRQ�� $FFRUGLQJ WR WKHVH ILJXUHV� WKH HQHUJ\

UHTXLUHPHQWV RI SURGXFLQJ DOXPLQXP IURP VFUDS

DUH WKHUHIRUH DERXW �� WKRVH RI SURGXFLQJ

DOXPLQXP IURP EDX[LWH�

U.S. Primary Production Consumed Close
to Half a Quad of Energy in 1995

7DEOH ��� SUHVHQWV DQ HVWLPDWH RI WKH WRWDO 8�6�

HQHUJ\ FRQVXPSWLRQ DVVRFLDWHG ZLWK WKH

SURGXFWLRQ RI PROWHQ SULPDU\ DOXPLQXP LQ �����

7KH HQHUJ\ XVHG LQ UHGXFWLRQ FHOOV �VPHOWLQJ�

UHSUHVHQWV DSSUR[LPDWHO\ ��� RI WKH WRWDO �����

��� 0- ������ ���� WULOOLRQ %WX�� $OXPLQD

UHILQLQJ DFFRXQWV IRU DQRWKHU ��� RI WRWDO HQHUJ\

UHTXLUHPHQWV DQG DQRGH PDQXIDFWXUH WKH

UHPDLQLQJ ��� &DVWLQJ� UROOLQJ� DQG RWKHU VHPL�

IDEULFDWLRQ VWHSV DUH QRW LQFOXGHG LQ WKHVH ILJXUHV�

7KH PRVW UHFHQW $OXPLQXP $VVRFLDWLRQ LQGXVWU\

HQHUJ\ VXUYH\� ZKLFK ZDV FRQGXFWHG LQ �����

UHSRUWHG D WRWDO RI ����� ��� 0- ������ ���� %WX�

IRU WKH VDPH SULPDU\ DOXPLQXP SURGXFWLRQ VWHSV

�$$ ������ :KHQ WKLV WRWDO LV DGMXVWHG WR XVH WKH

VDPH HOHFWULFLW\ FRQYHUVLRQ IDFWRUV XVHG LQ WKH
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Table 1-8.  Estimated Percentage Use of Each Energy Source by Major Process

Process

Energy Source (%)

Elec-
tricity a

Natural
Gas

Dist. 
Oil

Resid.
Oil

Lube
Oil

Propane
& LPG Coal

Gaso-
line

Carbon
Anodes b

Alumina
Refining

1.8 94.2 0.0 1.0 0.0 0.0 3.0 0.0 0.0

Anode
Productionc,d

45.3 38.2 8.25 0.0 0.0 8.25 0.0 0.0 0.0

Aluminum
Production 

85.9 0.2 0.2 0.0 0.0 0.1 0.0 0.1 13.5

Ingot Casting 29.1 36.9 10.6 10.6 0.0 7.1 0.0 5.7 0.0

Scrap
Pretreat

18.8 81.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Scrap
Melting/
Refining

25.7 71.7 0.75 0.75 0.0 1.1 0.0 0.0 0.0

Hot Rollinge 65.2 30.3 0.3 0.0 1.8 0.3 1.8 0.3 0.0

Cold Rolling 66.7 29.0 0.3 0.0 1.7 0.3 1.7 0.3 0.0

D ,QFOXGHV ORVVHV XVLQJ FRQYHUVLRQ IDFWRU RI ����� NM�N:K ������ %WX�N:K� IRU DOXPLQXP VPHOWLQJ DQG ��������

NM�N:K ������� %WX�N:K� IRU DOO RWKHU SURFHVVHV�

E $SSUR[LPDWHO\ ��� RI HQHUJ\ FRQWHQW RI DQRGH LV IURP SHWUROHXP FRNH� RWKHU ��� LV IURP SLWFK�

F 'RHV QRW LQFOXGH HPERGLHG HQHUJ\ RI DQRGH� WKLV LV LQFOXGHG XQGHU DOXPLQD UHGXFWLRQ�

G 1RQ�HOHFWULF IXHO SHUFHQWDJHV DUH HVWLPDWHG EDVHG RQ GDWD VXSSOLHG E\ 5LFKDUGV �5LFKDUGV ������

H +DUGHU DOOR\V UHSUHVHQWHG E\ �����

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

FXUUHQW VWXG\� WKH WRWDO FRPHV WR ����� ��� 0-

������ ���� %WX�� 7KH ���� WRWDO ZDV EDVHG RQ D

WRWDO SULPDU\ DOXPLQXP SURGXFWLRQ RI �������

WKRXVDQG PHWULF WRQV �������� WKRXVDQG WRQV�� WKH

���� SURGXFWLRQ RI ������� WKRXVDQG PHWULF WRQV

�������� WKRXVDQG WRQV� UHSUHVHQWV D ���

GHFUHDVH IURP WKH HDUOLHU OHYHO� +RZHYHU� WKH

WRWDO HQHUJ\ XVH GHFUHDVHG ��� EHWZHHQ ����

DQG ����� LQGLFDWLQJ VRPH LPSURYHPHQW LQ

HQHUJ\ HIILFLHQF\ GXULQJ WKDW WLPH SHULRG�

6SHFLILFDOO\� WKH XQLW HQHUJ\ UHTXLUHPHQWV RI WKH

UHGXFWLRQ SURFHVV GHFUHDVHG IURP ����� ���

0-�PHWULF WRQ ������ ��� %WX�WRQ� LQ WKH ����

VXUYH\ �XVLQJ DQ DGMXVWHG HOHFWULFLW\ FRQYHUVLRQ

IDFWRU� WR ����� ��� 0-�PHWULF WRQ ������ ���

%WX�WRQ� LQ ����� DQ �� GURS� 6LPLODUO\� WKH XQLW

HQHUJ\ UHTXLUHPHQWV RI DOXPLQD SURGXFWLRQ

GHFUHDVHG IURP ���� ��� 0-�PHWULF WRQ ����� ���

%WX�WRQ� RI SULPDU\ DOXPLQXP WR ���� ���

0-�PHWULF WRQ ����� ��� %WX�WRQ� RI SULPDU\

DOXPLQXP� D �� LPSURYHPHQW�

7KH $OXPLQXP $VVRFLDWLRQ©V ���� VXUYH\ DOVR

UHSRUWHG D WRWDO RI ����� ��� 0- ������ ���� %WX�

XVHG IRU WKH SURFHVVHV RI KROGLQJ� PHOWLQJ� DQG

FDVWLQJ� PLOO SURGXFWV �VHPL�IDEULFDWLRQ�� DQG

RWKHU IDEULFDWLRQ� $GMXVWLQJ WKHVH WRWDOV ZLWK WKH

HOHFWULFLW\ FRQYHUVLRQ IDFWRUV XVHG LQ WKLV VWXG\

\LHOGV ����� ��� 0- ������ ���� %WX�� 1HDUO\

WZR�WKLUGV RI WKLV WRWDO ZDV DWWULEXWHG WR PLOO

SURGXFWV� DQG QHDUO\ RQH�WKLUG WR KROGLQJ�

PHOWLQJ� DQG FDVWLQJ�
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Table 1-9.  Estimated Total Industry Energy Use Associated with Primary Aluminum
Production - 1995 a

Process
Estimated Total

Production - 1995
(thousand metric tons)

Estimated Industry Energy Use

109 MJ 1012 Btu

Alumina Refining 4,970.0 65.5 62.4

Anode Manufactureb 1,518.8 6.3 6.0

Primary Aluminum
Production (Smelting)

3,375.2 450.4 428.9

TOTAL -- 522.2 497.3

D &RYHULQJ SURFHVV VWHSV XS WR DQG LQFOXGLQJ WKH SURGXFWLRQ RI PROWHQ PHWDO LQ UHGXFWLRQ FHOOV�

E 3UHEDNHG DQRGHV DUH DVVXPHG WR EH XVHG IRU ��� RI SULPDU\ DOXPLQXP SURGXFWLRQ� 6RGHUEHUJ IRU ��� �(3$ ������

$Q DYHUDJH DQRGH UHTXLUHPHQW RI ���� PHWULF WRQ SHU PHWULF WRQ RI SULPDU\ DOXPLQXP SURGXFHG LV DVVXPHG �:HOFK

������ ,QFOXGHV HQHUJ\ XVH DVVRFLDWHG ZLWK FRNH DQG SLWFK SURGXFWLRQ� DVVXPLQJ DQ DYHUDJH ��� FRNH DQG ��� SLWFK

FRQWHQW�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

$OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����

¦:RUOG %DX[LWH DQG $OXPLQD 3URGXFWLRQ &DSDFLW\ LQ WKH 0LG�����V�§ (� 6HKQNH� /LJKW 0HWDOV �����

3ULPDU\ $OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW 'RFXPHQW IRU 3URSRVHG 0$&7 6WDQGDUGV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� -XO\ �����

¦$ 0RGHO IRU 3HWUROHXP &RNH 5HDFWLYLW\�§ :HOFK HW DO�� /LJKW 0HWDOV �����

6LPLODU LQGXVWU\�ZLGH HQHUJ\ HVWLPDWHV FRXOG QRW

UHOLDEO\ EH PDGH IRU ���� EHFDXVH RI WKH ODFN RI

GDWD RQ WKH DPRXQWV RI DOXPLQXP �LQFOXGLQJ

VFUDS� LQJRW� HWF�� XQGHUJRLQJ HDFK RI WKH

SURFHVVHV� 7KH ODUJH GLIIHUHQFHV LQ WKH DPRXQWV

RI VHFRQGDU\ PHWDO UHFRYHU\ DQG LPSRUWV �RI ERWK

SULPDU\ DOXPLQXP LQJRW DQG PLOO SURGXFWV�

PHDQWWKDW H[WUDSRODWLRQ RI WKH ���� GDWD WR ����

FRXOG QRW UHOLDEO\ EH SHUIRUPHG�

7DEOH ���� SUHVHQWV HVWLPDWHV RI WRWDO 8�6�

DOXPLQXP LQGXVWU\ HQHUJ\ XVH �ERWK SULPDU\ DQG

VHFRQGDU\ SURGXFWLRQ� ZKHUH SRVVLEOH� IURP

VHYHUDO VRXUFHV IRU WKH \HDUV ����� ����� DQG

�����

7RWDO HQHUJ\ XVH IRU WKH HQWLUH LQGXVWU\ �LQFOXGLQJ

SULPDU\ DQG VHFRQGDU\ SURFHVVLQJ� ZDV UHSRUWHG

E\ 7KH $OXPLQXP $VVRFLDWLRQ WR EH ����� ���

0- ������ ���� %WX� LQ ���� �$$ ������

$SSO\LQJ WKH HOHFWULFLW\ FRQYHUVLRQ IDFWRUV XVHG

LQ WKLV VWXG\ IRU SXUSRVHV RI FRPSDULVRQ \LHOGV DQ

DGMXVWHG WRWDO RI ����� ��� 0- ������ ���� %WX��

7KH PRVW UHFHQW (QHUJ\ ,QIRUPDWLRQ

$GPLQLVWUDWLRQ 0DQXIDFWXULQJ &RQVXPSWLRQ RI

(QHUJ\ 6XUYH\ �0(&6�� ZKLFK ZDV IRU WKH \HDU

����� JDYH WRWDOV RI ��� ��� 0- ���� ���� %WX�

IRU WRWDO SULPDU\ DOXPLQXP LQGXVWU\ �6,& �����

HQHUJ\ FRQVXPSWLRQ DQG �� ��� 0- ��� ���� %WX�

IRU DOXPLQXP VKHHW� SODWH� DQG IRLO �6,& ������

%RWK RI WKHVH WRWDOV H[FOXGHG ORVVHV DVVRFLDWHG

ZLWK HOHFWULFLW\ JHQHUDWLRQ� WUDQVPLVVLRQ DQG

GLVWULEXWLRQ� :KHQ ORVVHV DUH IDFWRUHG LQWR WKH

0(&6 GDWD �DSSO\LQJ WKH FRQYHUVLRQ IDFWRUV XVHG

LQ WKH FXUUHQW VWXG\�� WKH UHVSHFWLYH WRWDOV DUH ���

��� 0- ���� ���� %WX� DQG �� ��� 0- ��� ����

%WX�� IRU D FRPELQHG WRWDO RI ��� ��� 0- ����

���� %WX�� 7KH ���� 0(&6 LQGXVWU\ WRWDO LV

VLJQLILFDQWO\ ORZHU WKDQ WKH ���� $$ LQGXVWU\

WRWDO LQ VSLWH RI WKH IDFW WKDW ���� DOXPLQXP

SURGXFWLRQ OHYHOV �ERWK SULPDU\ DQG VHFRQGDU\�

ZHUH VRPHZKDW KLJKHU� ,Q DGGLWLRQ WR WKH

SUREOHPV ZLWK FRPSDULQJ GLIIHUHQW \HDUV�

GLVFUHSDQFLHV DULVH IURP GLIIHUHQFHV LQ GDWD

FROOHFWLRQ DQG HVWLPDWLRQ PHWKRGV� DQG LQ WKH

SURFHVVHV DQG W\SHV RI IDFLOLWLHV WKDW ZHUH

FRYHUHG�



16

Table 1-10.  Total U.S. Aluminum Industry Energy Use - Recent Estimates
(109 MJ)

Process/Energy Source

Estimated Annual Energy Use [10 12 Btu]

Aluminum Association
Survey (1989) MECS Survey (1991) a Current Study (1995)

Primary Productionb

   Non-Electric
   Electricc

   Electric Lossesd

SUBTOTAL

139.1 [132.5]
245.0 [233.3]
278.8 [265.5]
662.9 [631.3]

70.4 [67.0]
241.5 [230.0]
270.8 [257.9]

582.7e,f [554.9]

131.5 [125.2]
184.1 [175.3]
206.6 [196.8]
522.2 [497.3]

Semi-Fabrication
   Non-Electric
   Electric
   Electric Losses
SUBTOTAL

124.2 [118.3]
31.1 [29.6]
69.1 [65.8]

224.4 [213.7]

48.3 [46.0]
15.2 [14.5]
33.9 [32.3]
97.4g [92.8]

NA
NA
NA
NA

TOTAL 887.3 [845.0] 680.1 [647.7] NA

1$ 'DWD QRW DYDLODEOH�

D 0(&6 GDWD LV QRW EHOLHYHG WR FRYHU DV PDQ\ SURFHVVHV DQG W\SHV RI IDFLOLWLHV DV WKH ���� $$ VXUYH\�

E ,QFOXGLQJ DOXPLQD UHILQLQJ� DQRGH PDQXIDFWXULQJ� DQG VPHOWLQJ�

F $W ����� NM�N:K ������ %WX�N:K��

G 8VLQJ DGMXVWHG FRQYHUVLRQ IDFWRUV IURP FXUUHQW VWXG\ �� ����� NM�N:K ������ %WX�N:K� IRU UHGXFWLRQ� ��������

NM�N:K ������� %WX�N:K� IRU DOO RWKHU SURFHVVHV�

H ,QFOXGHV FDVWLQJ�

I $VVXPHV WKH VDPH UDWLR RI DOXPLQD UHILQLQJ HQHUJ\ XVH WR VPHOWLQJ HQHUJ\ XVH IRXQG LQ WKH ���� $$ VXUYH\�

J 5HSUHVHQWV 6,& ����� $OXPLQXP 6KHHW� 3ODWH� DQG )RLO�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

0DQXIDFWXULQJ &RQVXPSWLRQ RI (QHUJ\ ����� (QHUJ\ ,QIRUPDWLRQ $GPLQLVWUDWLRQ� '2(�(,$����������� 'HFHPEHU

�����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � ������ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

Table 1-11.  Breakdown of Aluminum Production Costs 
for Several Major Producers  - 1989

(cents/pound)

Country Labor
Alumina/
Supplies Energy Overhead Transport Net Costs

Australia 8.4 23.4 12.4 4.2 0.8 49.2

Brazil 5.0 28.3 18.0 4.9 0.4 56.6

Canada 11.2 25.8 5.4 3.9 0.6 46.9

United States 12.8 21.5 20.7 6.5 0.7 62.2

6RXUFHV� ¦$OXPLQXP $YDLODELOLW\ DQG 6XSSO\� $ 0LQHUDOV $YDLODELOLW\ $SSUDLVDO�§ :LOEXUQ DQG :DJQHU� ,QIR� &LUFXODU �����

8�6� %XUHDX RI 0LQHV� �����

¦(OHFWULFLW\ LQ WKH 3URGXFWLRQ RI 0HWDOV� )URP $OXPLQXP WR =LQF�§ -� (YDQV� 0HWDOOXUJLFDO DQG 0DWHULDOV

7UDQVDFWLRQV� 9RO� ��%� $SULO �����
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Higher Electricity Costs Affect U.S.
Competitiveness

7KH 8QLWHG 6WDWHV LV DW D FRQVLGHUDEOH

GLVDGYDQWDJH FRPSDUHG ZLWK &DQDGD� 9HQH]XHOD�

$XVWUDOLD� DQG RWKHU FRXQWULHV LQ WHUPV RI WKH

FRVWV RI HOHFWULFLW\ IRU SULPDU\ DOXPLQXP� 7DEOH

����� DQ H[DPLQDWLRQ RI WKH FRVWV RI DOXPLQXP

SURGXFWLRQ LQ YDULRXV FRXQWULHV� UHYHDOV ZLGH

YDULDWLRQ LQ ODERU FRVWV DQG HYHQ ZLGHU GLVSDULWLHV

LQ HQHUJ\ FRVWV� 7KLV YDULDWLRQ RFFXUV LQ VSLWH RI

WKH IDFW WKDW WKHUH LV OLWWOH GLIIHUHQFH LQ WKH HQHUJ\

UHTXLUHG WR SURGXFH D WRQ RI DOXPLQXP LQ WKH

PDMRU :HVWHUQ SURGXFLQJ FRXQWULHV �(YDQV ������

6RPH H[SHUWV IHHO WKDW ORZ�FRVW K\GURHOHFWULF

SRZHU� FRXSOHG ZLWK ORZ ODERU FRVWV DQG WKH

VWUDWHJLF LPSRUWDQFH RI DOXPLQXP� ZLOO FRQWLQXH

WR OHDG FRXQWULHV RXWVLGH WKH 8QLWHG 6WDWHV WR

VXEVLGL]H DOXPLQXP VPHOWLQJ FDSDFLW\�

PDLQWDLQLQJ PHWDO SURGXFWLRQ HYHQ GXULQJ SHULRGV

RI ORZ GHPDQG �(YDQV ������

Variety of Materials Are Used to Produce
Primary, Secondary Metal

7KH SULPDU\ DOXPLQXP LQGXVWU\ LPSRUWV EDX[LWH

RUH DQG UHILQHV WKH RUH WR H[WUDFW DOXPLQXP R[LGH

�NQRZQ DV DOXPLQD�� $OXPLQD LV VXEVHTXHQWO\

UHGXFHG LQ HOHFWURO\WLF FHOOV WR SURGXFH PROWHQ

DOXPLQXP� ,Q ����� WKH ODVW \HDU IRU ZKLFK WKH

8�6� %XUHDX RI 0LQHV FROOHFWHG GDWD� WRWDO 8�6�

DOXPLQD SURGXFWLRQ ZDV ���� PLOOLRQ PHWULF WRQV

����� PLOOLRQ WRQV� �6HKQNH ������ ([WUDSRODWLQJ

WKLV GDWD WR ���� EDVHG RQ WRWDO SULPDU\

DOXPLQXP SURGXFWLRQ �DQG DVVXPLQJ WKH VDPH

SURSRUWLRQV RI LPSRUWHG DOXPLQD DQG DOXPLQD

SURGXFHG GRPHVWLFDOO\� \LHOGV ���� PLOOLRQ PHWULF

WRQV ����� PLOOLRQ WRQV� RI DOXPLQD SURGXFHG

GRPHVWLFDOO\�

$VVXPLQJ WKDW DSSUR[LPDWHO\ ��� PHWULF WRQV RI

EDX[LWH DUH UHTXLUHG WR SURGXFH RQH PHWULF WRQ RI

DOXPLQD� WKH WRWDO ���� EDX[LWH UHTXLUHPHQW LV

HVWLPDWHG WR EH DSSUR[LPDWHO\ �� WR ���� PLOOLRQ

PHWULF WRQV�

$V VKRZQ LQ 7DEOH ���� DQ HVWLPDWHG �������

WKRXVDQG PHWULF WRQV RI FDUERQ DQRGHV ZHUH

FRQVXPHG LQ WKH HOHFWURO\WLF UHGXFWLRQ RI DOXPLQD

WR DOXPLQXP LQ ����� $W DYHUDJH DQRGH FRQWHQWV

RI ��� DQG ���� FRQVXPSWLRQ RI SHWUROHXP FRNH

DQG SHWUROHXP SLWFK �RU FRDO WDU� LV HVWLPDWHG DW

VOLJKWO\ RYHU ��� WKRXVDQG PHWULF WRQV DQG ���

WKRXVDQG PHWULF WRQV� UHVSHFWLYHO\�

,Q DGGLWLRQ WR UHF\FOLQJ FRQVXPHU VFUDS� WKH

DOXPLQXP LQGXVWU\ UHF\FOHV VFUDS JHQHUDWHG DW LWV

RZQ SURGXFWLRQ IDFLOLWLHV� VFUDS WKDW LQFOXGHV D

PDWHULDO NQRZQ DV ¦GURVV�§ 'URVV� D E\SURGXFW RI

DOXPLQXP PHOWLQJ RSHUDWLRQV� FRQVLVWV RI D

PL[WXUH RI DOXPLQXP DQG R[LGHV WKDW IORDW WR WKH

VXUIDFH RI WKH PROWHQ DOXPLQXP� :KLWH GURVV LV

SURGXFHG DW SULPDU\ DOXPLQXP VPHOWHUV DQG

VHPL�IDEULFDWLQJ IDFLOLWLHV� ZKLOH EODFN GURVV LV

JHQHUDWHG E\ VHFRQGDU\ DOXPLQXP VPHOWHUV DQG

RWKHU UHF\FOHUV� :KLWH GURVV W\SLFDOO\ KDV D

KLJKHU DOXPLQXP FRQWHQW �IURP �� WR ���� WKDQ

EODFN GURVV �XVXDOO\ ���� DOXPLQXP��

7KH WRWDO DPRXQW RI GURVV SURGXFHG DW VHFRQGDU\

VPHOWHUV HDFK \HDU KDV EHHQ HVWLPDWHG WR EH

������� WRQV �������� PHWULF WRQV� �'H6DUR

������ 'URVV LV WUHDWHG WR UHFRYHU WKH YDOXDEOH

DOXPLQXP PHWDO FRQWHQW� PHWDO UHFRYHU\ IURP

EODFN GURVV LV W\SLFDOO\ � WR ��� �$$ ����E��

7KH UHFRYHUHG DOXPLQXP LV UHF\FOHG E\

VHFRQGDU\ VPHOWHUV�

1.4  Environmental Overview

Industry Spends Millions of Dollars
Annually on Pollution Control and
Abatement

7KH DOXPLQXP LQGXVWU\ KDV PDQDJHG LWV SROOXWLRQ

FRQWURO HIIRUWV WR SUHYHQW� UDWKHU WKDQ SDVVLYHO\

UHVSRQG WR� HQYLURQPHQWDO LVVXHV� 7KH LQGXVWU\

KDV SURPRWHG HQHUJ\ FRQVHUYDWLRQ DQG HIIHFWLYH

ZDVWH UHGXFWLRQ ZLWKLQ WKH LQGXVWU\� WRGD\�

DOXPLQXP LV RQH RI WKH PRVW FRPPRQO\ UHF\FOHG

PHWDOV LQ WKH ZRUOG�

0DQ\ DOXPLQXP FRPSDQLHV SDUWLFLSDWHG LQ WKH

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\©V �����

SURJUDP WR UHGXFH WR[LF DLU SROOXWDQWV� DQG DUH

DFWLYHO\ LQYROYHG ZLWK RWKHU (3$�VSRQVRUHG

SROOXWLRQ SUHYHQWLRQ SURJUDPV VXFK DV *UHHQ

/LJKWV� :DVWH :LVH� DQG WKH 9ROXQWDU\

$OXPLQXP ,QGXVWULDO 3DUWQHUVKLS�
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&DSLWDO DQG RSHUDWLQJ FRVWV KDYH LQFUHDVHG IRU

PDQ\ 8�6� LQGXVWULHV� LQFOXGLQJ WKH DOXPLQXP

LQGXVWU\� WR PHHW LQFUHDVLQJO\ VWULQJHQW

HQYLURQPHQWDO VWDQGDUGV� ,Q ����� WKH SULPDU\

DOXPLQXP LQGXVWU\ VSHQW QHDUO\ ��� PLOOLRQ RQ

FDSLWDO H[SHQGLWXUHV IRU SROOXWLRQ FRQWURO

HTXLSPHQW� RQ WRS RI PRUH WKDQ ��� PLOOLRQ WKH

SUHYLRXV \HDU� 7KH DOXPLQXP VKHHW� SODWH� DQG

IRLO LQGXVWU\ DOVR VSHQW ��� PLOOLRQ LQ ���� DQG

DQRWKHU ��� PLOOLRQ LQ ����� ZKLOH WKH H[WUXGHG

SURGXFWV VHFWRU VSHQW DQRWKHU �� PLOOLRQ LQ HDFK

\HDU �'2& ���� DQG ������ 0RUH WKDQ KDOI RI

WKHVH H[SHQGLWXUHV ZHUH IRU DLU SROOXWLRQ FRQWURO

HTXLSPHQW�

7KH ���� $PHQGPHQWV WR WKH &OHDQ $LU $FW

�&$$�� WKH 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\

$FW �5&5$�� DQG WKH &OHDQ :DWHU $FW KDYH DOO

LPSDFWHG WKH DOXPLQXP LQGXVWU\� 7KH &OHDQ $LU

$FW� ZKLFK UHJXODWHV HPLVVLRQV RI YDULRXV

SROOXWDQWV IURP DOXPLQXP RSHUDWLRQV� KDV

SHUKDSV KDG WKH PRVW LPSDFW�

7DEOH ���� VXPPDUL]HV WKH HPLVVLRQV� HIIOXHQWV�

DQG E\SURGXFWV DQG VROLG ZDVWHV DVVRFLDWHG ZLWK

SULPDU\ DQG VHFRQGDU\ DOXPLQXP SURGXFWLRQ DQG

VHPL�IDEULFDWLRQ SURFHVVHV�

Emissions Generated in Fuel Combustion
and Manufacturing Processes

7KHUH DUH WZR EDVLF W\SHV RI HPLVVLRQV GLVFXVVHG

LQ WKLV SURILOH�

� FRPEXVWLRQ HPLVVLRQV DVVRFLDWHG ZLWK WKH

FRPEXVWLRQ RI IXHOV� LQFOXGLQJ IXHOV XVHG

LQ WKH JHQHUDWLRQ RI SXUFKDVHG HOHFWULFLW\

� SURFHVV HPLVVLRQV DVVRFLDWHG ZLWK

PDQXIDFWXULQJ SURFHVVHV

&RPEXVWLRQ HPLVVLRQV IRU DOXPLQXP FDQ EH

FDOFXODWHG RQ D XQLW EDVLV IURP WKH HQHUJ\ GDWD

UHSRUWHG LQ 7DEOHV ��� DQG ���� 7KHVH HPLVVLRQV

DUH VKRZQ LQ 7DEOH ���� IRU WKH SURFHVVHV RI

Table 1-12.  Summary of Emissions, Effluents, Byproducts and Solid Wastes from
Primary and Secondary Aluminum Production

Process Air Emissions a Effluents
Byproducts and Solid

Wastes

Alumina Refining Particulate Wastewater containing
starch, sand, and caustic

Red mud, sodium oxalate

Anode Production Particulate, fluorides,
polycyclic organic matter,

SO2

Wastewater containing
suspended solids,

fluorides, and organics

Carbon dust, tar,
refractory waste

Aluminum Production
(Smelting)

CO2, CO, SO2, fluorides
(gaseous and particulate), 

perfluorocarbons (CF4,
C2F6), polycyclic organic

matter

Wet air pollution control
(APC) effluents (if

applicable)

Spent potlining (RCRA-
listed K088),

environmental abatement
wastes (e.g., wet APC

sludge)

Scrap Pretreatment Particulate, organics,
chlorides

Wet air pollution control
effluents (if applicable)

Environmental abatement
wastes

Scrap Smelting/Refining Particulate (including
trace metals), organics,

chlorides, fluorides

Magnesium removal
("demagging") effluents

Dross, salt cake

Semi-Fabrication Particulate, chlorides,
organic droplets and

vapors

Cast water blowdown,
cooling water blowdown,

roll coolant waste, coating
line waste

Oils, greases

D ([FOXGLQJ FRPEXVWLRQ�UHODWHG HPLVVLRQV�
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Table 1-13.  Combustion-Related Air Emissions for Major Aluminum Industry
Processes a,b

(kg/metric ton of aluminum, except as noted)

Process

Emission Factor 
[lb/ton]

SOx NOx CO2 COc Particulate VOCs d Organics c

Alumina Refining 1.09
[2.18]

1.80
[3.60]

1,251.1
[2,502.2]

1.0 
[2.0]

0.34 
[0.68]

0.063
[0.126]

3.60 
[7.20]

Anode Productione 0.56
[1.12]

0.30
[0.60]

137.72
[275.44]

ND 0.15 
[0.30]

0.005
[0.010]

ND

Aluminum Production
(Smelting)f

62.41
[124.82]

24.11
[48.22]

5,514.0
[11,028]

1.30
[2.60]

17.98
[35.96]

0.127
[0.254]

0.70 
[1.40]

Primary Ingot Casting 1.72
[3.44]

0.80
[1.60]

372.5
[745.0]

0.20
[0.40]

0.36 
[0.72]

0.028
[0.056]

0.75 
[1.50]

Scrap Pretreatmentg 0.18
[0.36]

0.15
[0.30]

81.06
[162.12]

ND 0.05 
[0.10]

<0.01
[<0.01]

ND

Secondary
Melting/Casting

0.96
[1.92]

0.63
[1.26]

304.51
[609.02]

0.21
[0.42]

0.27 
[0.54]

0.013
[0.026]

0.85 
[1.70]

Hot Rollingh 2.43
[4.86]

1.06
[2.12]

318.05
[636.10]

ND 0.70 
[1.40]

0.011
[0.022]

ND

1' 1RW GHWHUPLQHG�

D (OHFWULFLW\�EDVHG HPLVVLRQV EDVHG RQ WKH IXHO PL[HV LQ 7DEOH ��� �8�6� 1DWLRQDO *ULG XVHG IRU DOO SURFHVVHV H[FHSW

VPHOWLQJ�� &RPEXVWLRQ HPLVVLRQV IDFWRUV XVHG �LQ OE�PLOOLRQ %WX� ZHUH DV IROORZV� 1DWXUDO *DV�3URSDQH�/3* �62[ �

���� 12[ � ����� &2� � ������ 3DUWLFXODWH � ������ 92&V � ������� 'LVWLOODWH 2LO �62[ � ����� 12[ � ����� &2� � ������

3DUWLFXODWH � ����� 92&V � ������� 5HVLGXDO 2LO �62[ � ����� 12[ � ����� &2� � ������ 3DUWLFXODWH � ����� 92&V �

������� *DVROLQH �62[ � ����� 12[ � ����� &2� � ������ 3DUWLFXODWH � ����� 92&V � ������� &RDO �62[ � ����� 12[ �

����� &2� � ������ 3DUWLFXODWH � ����� 92&V � ������� +\GUR DQG QXFOHDU � QR FRPEXVWLRQ HPLVVLRQV� )RU WKH 8�6�

VPHOWLQJ JULG� WKH HOHFWULFLW\ FRQYHUVLRQ IDFWRUV LQ OE�PLOOLRQ %WX ZHUH FDOFXODWHG WR EH� 62[ � ������ 12[ � �������

&2� � ������ 3DUWLFXODWH � ������ 92&V � ������� )RU WKH 8�6� QDWLRQDO JULG� WKH HOHFWULFLW\ FRQYHUVLRQ IDFWRUV LQ

OE�PLOOLRQ %WX ZHUH FDOFXODWHG WR EH� 62[ � ������ 12[ � ������ &2� � ������ 3DUWLFXODWH � ������� 92&V � �������

E &DOFXODWLRQV RI FRPEXVWLRQ HPLVVLRQ IDFWRUV EDVHG RQ HQHUJ\ XVH GDWD E\ IXHO W\SH SUHVHQWHG LQ 7DEOHV ��� DQG ����

F (PLVVLRQ IDFWRUV UHSRUWHG E\ 1RODQ 5LFKDUGV�

G 9RODWLOH 2UJDQLF &RPSRXQGV�

H 3UHEDNHG DQRGHV DUH DVVXPHG WR EH XVHG IRU ��� RI SULPDU\ DOXPLQXP SURGXFWLRQ� DQG 6RGHUEHUJ IRU ��� �(3$

������ $Q DYHUDJH DQRGH UHTXLUHPHQW RI ���� PHWULF WRQ SHU PHWULF WRQ RI SULPDU\ DOXPLQXP SURGXFHG LV DVVXPHG

�:HOFK ������ ,QFOXGHV HPLVVLRQV IURP FRNH DQG SLWFK SURGXFWLRQ �DVVXPHV DQ DYHUDJH DQRGH FRQWHQW RI ��� FRNH

DQG ��� SLWFK��

I 'RHV QRW LQFOXGH HPLVVLRQV UHODWHG WR DQRGH FRQVXPSWLRQ�

J (PLVVLRQ IDFWRUV SHU WRQ RI VFUDS LQSXW�

K +DUGHU DOOR\V �H�J�� ����� VFDOSHG� VRDNHG RU SUHKHDWHG� DQG UROOHG WR IRUP FRLO�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � ������ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

(PLVVLRQV RI *UHHQKRXVH *DVHV LQ WKH 8QLWHG 6WDWHV� (QHUJ\ ,QIRUPDWLRQ $GPLQLVWUDWLRQ� '2(�(,$������ 1RYHPEHU

�����

DOXPLQD UHILQLQJ� DQRGH SURGXFWLRQ �LQFOXGLQJ

FRNH DQG SLWFK SURGXFWLRQ�� SULPDU\ DOXPLQXP

VPHOWLQJ� SULPDU\ LQJRW FDVWLQJ� VFUDS

SUHWUHDWPHQW� VHFRQGDU\ PHOWLQJ�FDVWLQJ� DQG KRW

UROOLQJ� 8VLQJ WKH GDWD LQ 7DEOH ����� LQGXVWU\�
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Table 1-14.  Estimated Industry-Wide Combustion Emissions Associated with Primary
Aluminum Production - 1995 a,b

 (thousand metric tons)

Process
Pollutant [thousand tons]

SOx NOx CO2 CO Particulate VOCs Organics

Alumina
Refining

3.68
[4.05]

6.08
 [6.69]

4,222.71
[4,645.00]

3.37
[3.71]

1.15
[1.26]

0.21
[0.23]

12.15
[13.36]

Anode
Production c

1.89
[2.08]

1.01
[1.11]

464.83
[511.32]

ND 0.40
[0.44]

0.02
[0.02]

ND

Aluminum
Production
(Smelting)d

210.65
[231.71]

81.38 
[89.51]

18,610.85
[20,471.94]

4.39 
[4.83]

60.69 
[66.75]

0.43
[0.47]

2.36 
[2.60]

TOTAL 216.22
[237.84]

88.47 
[97.32]

23,298.39
[25,628.23]

7.76 
[8.54]

62.24
[68.46]

0.66
[0.72]

14.51
[15.96]

1' 1RW GHWHUPLQHG�

D (VWLPDWHV EDVHG RQ WKH GDWD LQ 7DEOH ���� DQG RQ D ���� SURGXFWLRQ OHYHO RI ������� ��� PHWULF WRQV RI SULPDU\

DOXPLQXP�

E ,QGXVWU\�ZLGH HVWLPDWHV FDQQRW UHOLDEO\ EH PDGH IRU KROGLQJ� PHOWLQJ� FDVWLQJ� VHPL�IDEULFDWLRQ� DQG RWKHU IDEULFDWLRQ

SURFHVVHV EHFDXVH RI WKH ODFN RI GDWD RQ WKH DPRXQWV RI PHWDO XQGHUJRLQJ HDFK SURFHVV�

F ,QFOXGHV SUHEDNHG DQRGHV RQO\� ZKLFK DUH DVVXPHG WR EH XVHG IRU ��� RI SULPDU\ DOXPLQXP SURGXFWLRQ �(3$ ������

$Q DYHUDJH DQRGH UHTXLUHPHQW RI ���� PHWULF WRQ SHU PHWULF WRQ RI DOXPLQXP SURGXFHG LV DVVXPHG �:HOFK ������

G 'RHV QRW LQFOXGH HPLVVLRQV UHODWHG WR DQRGH FRQVXPSWLRQ�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

3ULPDU\ $OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW 'RFXPHQW IRU 3URSRVHG 0$&7 6WDQGDUGV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� -XO\ �����

¦$ 0RGHO IRU 3HWUROHXP &RNH 5HDFWLYLW\�§ :HOFK HW DO�� /LJKW 0HWDOV �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � ������ 7KH $OXPLQXP $VVRFLDWLRQ�

$XJXVW �����

ZLGH FRPEXVWLRQ HPLVVLRQV DVVRFLDWHG ZLWK

SULPDU\

DOXPLQXP SURGXFWLRQ �LQFOXGLQJ DOXPLQD

UHILQLQJ� DQRGH PDQXIDFWXUH� DQG VPHOWLQJ� LQ

���� DUH HVWLPDWHG LQ 7DEOH ����� (PLVVLRQV

UHODWHG WR DQRGH FRQVXPSWLRQ GXULQJ VPHOWLQJ DUH

QRW LQFOXGHG LQ WKHVH ILJXUHV EHFDXVH WKH\ DUH

FRQVLGHUHG SURFHVV HPLVVLRQV�

7DEOH ���� SUHVHQWV D VXPPDU\ RI HPLVVLRQV IURP

YDULRXV DOXPLQXP PDQXIDFWXULQJ SURFHVVHV�

LQFOXGLQJ IRU DOXPLQD UHILQLQJ� DQRGH

PDQXIDFWXUH� SULPDU\ DOXPLQXP VPHOWLQJ�

SULPDU\ LQJRW FDVWLQJ� VFUDS SUHWUHDWPHQW�

VHFRQGDU\ PHOWLQJ�UHILQLQJ� DQG KRW DQG FROG

UROOLQJ� 7KHVH HPLVVLRQV LQFOXGH &2
�
� &2� 62[�

SDUWLFXODWH� RUJDQLFV� DQG IOXRULGHV IURP PHOWLQJ

DQG DQRGH PDQXIDFWXUH� DQG SDUWLFXODWH� RUJDQLFV�

DQG FKORULGHV IURP VHFRQGDU\ RSHUDWLRQV� 7KHVH

HPLVVLRQV DUH GLVFXVVHG LQ JUHDWHU GHWDLO LQ

6HFWLRQV � WKURXJK �� $ GLVFXVVLRQ RI PDMRU

FRQFHUQV UHODWHG WR DLU HPLVVLRQV DQG RWKHU

HQYLURQPHQWDO LVVXHV DVVRFLDWHG ZLWK WKH

DOXPLQXP LQGXVWU\ IROORZV�

The Industry Complies with Numerous
Environmental Regulations

7KH PDMRU )HGHUDO VWDWXWHV DQG UHJXODWLRQV WKDW

DSSO\ WR WKH DOXPLQXP LQGXVWU\ LQFOXGH

� WKH &OHDQ $LU $FW�

� WKH &OHDQ :DWHU $FW� DQG

� WKH 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\

$FW �5&5$��
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Table 1-15.  Process-Related Air Emissions for Major Aluminum Industry Processes
(kg/metric ton of aluminum, except as noted)

Process

Emission Factor 
[lb/ton]

SOx NOx CO2 COc Particulate Organics Chlorides Fluorides

Alumina
Refining

-- -- -- -- 0.5 
[1.0]

-- -- --

Coke
Productiona

0.81
[1.62]

0.18
[0.36]

-- 0.37
[0.74]

0.40 
[0.80]

0.29
[0.58]

-- 0.0004
[0.0008]

Anode
Productiona

0.70
[1.40]

0.16
[0.32]

-- 0.25
[0.50]

0.63 
[1.26]

0.20
[0.40]

-- 0.25 
[0.50]

Aluminum
Production
(Smelting)

18.0
[36.0]

2.9 
[5.8]

1,400.0
[2,800.0]

125.0
[250.0]

4.2
 [8.4]

0.13
[0.26]

-- 1.3 
[2.6]

Primary Ingot
Casting

-- -- -- -- 0.10 
[0.20]

-- 0.0078
[0.0156]

--

Scrap
Pretreatment
b

-- -- -- -- 0.20 
[0.40]

0.05
[0.10]

0.20
[0.40]

--

Secondary
Melting/
Casting

-- -- -- -- 0.19 
[0.38]

0.05
[0.10]

0.17
[0.34]

--

Hot Rolling
Softer alloyc

Harder alloyd 

-- -- -- --
0.8 [1.6]
1.2 [2.4]

1.0 [2.0]
0.3 [0.6]

-- --

Cold Rolling
  

-- -- -- -- 0.42 
[0.84]

1.80
[3.60]

-- --

D (PLVVLRQ IDFWRUV SHU XQLW RI DQRGH SURGXFHG�

E (PLVVLRQ IDFWRUV SHU XQLW RI VFUDS LQSXW�

F 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

G +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV

GHYHORSHG LQ ������

2WKHU UHJXODWLRQV WKDW DIIHFW WKH LQGXVWU\ WR

YDU\LQJ GHJUHHV DUH

� WKH &RPSUHKHQVLYH (QYLURQPHQWDO

5HVSRQVH� &RPSHQVDWLRQ� DQG /LDELOLW\

$FW �&(5&/$� �FRPPRQO\ NQRZQ DV

6XSHUIXQG��

� WKH 7R[LF 6XEVWDQFHV &RQWURO $FW

�76&$�� DQG

� WKH (QGDQJHUHG 6SHFLHV $FW�

The Clean Air Act Limits Emissions of a
Wide Range of Pollutants

7KH &OHDQ $LU $FW �&$$� DQG LWV DPHQGPHQWV�

LQFOXGLQJ WKH &OHDQ $LU $FW $PHQGPHQWV

�&$$$� RI ����� GLUHFW WKH (QYLURQPHQWDO

3URWHFWLRQ $JHQF\ �(3$� WR HVWDEOLVK QDWLRQDO

VWDQGDUGV IRU DPELHQW DLU TXDOLW\ DQG IRU (3$ DQG

WKH VWDWHV WR LPSOHPHQW� PDLQWDLQ� DQG HQIRUFH

WKHVH VWDQGDUGV WKURXJK D YDULHW\ RI PHFKDQLVPV�
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,Q WKH ILUVW VHFWLRQ� RU ¦WLWOH§ RI WKH &$$� (3$

KDV HVWDEOLVKHG QDWLRQDO DPELHQW DLU TXDOLW\

VWDQGDUGV

�1$$46V� WR OLPLW OHYHOV RI ¦FULWHULD SROOXWDQWV�§

LQFOXGLQJ FDUERQ PRQR[LGH� QLWURJHQ GLR[LGH�

OHDG� SDUWLFXODWH PDWWHU� R]RQH� DQG VXOIXU

GLR[LGH� 7LWOH , DOVR DXWKRUL]HV (3$ WR HVWDEOLVK

1HZ 6RXUFH 3HUIRUPDQFH 6WDQGDUGV �1636V��

XQLIRUP QDWLRQDO HPLVVLRQ VWDQGDUGV IRU QHZ

VWDWLRQDU\ VRXUFHV IDOOLQJ ZLWKLQ SDUWLFXODU

LQGXVWULDO FDWHJRULHV� $ WRWDO RI ILYH SRWOLQHV DW

IRXU SODQWV DUH VXEMHFW WR WKH 1636�

7LWOH , RI WKH &$$ DOVR GLUHFWV (3$ WR HVWDEOLVK

DQG HQIRUFH 1DWLRQDO (PLVVLRQ 6WDQGDUGV IRU

+D]DUGRXV $LU 3ROOXWDQWV �1(6+$3V�� XQLIRUP

QDWLRQDO VWDQGDUGV RULHQWHG WRZDUGV FRQWUROOLQJ

SDUWLFXODU KD]DUGRXV DLU SROOXWDQWV �+$3V�� 7LWOH

,,, RI WKH &$$$ IXUWKHU GLUHFWHG (3$ WR GHYHORS

D OLVW RI VRXUFHV WKDW HPLW DQ\ RI ��� +$3V� DQG

WR GHYHORS UHJXODWLRQV IRU WKHVH FDWHJRULHV RI

VRXUFHV� 7KH HPLVVLRQ VWDQGDUGV ZLOO EH

GHYHORSHG IRU ERWK QHZ DQG H[LVWLQJ VRXUFHV

EDVHG RQ ¦PD[LPXP DFKLHYDEOH FRQWURO

WHFKQRORJ\§ �0$&7�� 7KH 0$&7 LV GHILQHG DV

WKH FRQWURO WHFKQRORJ\ DFKLHYLQJ WKH PD[LPXP

GHJUHH RI UHGXFWLRQ LQ WKH HPLVVLRQ RI WKH +$3V�

WDNLQJ LQWR DFFRXQW FRVW DQG RWKHU IDFWRUV�

,Q DGGLWLRQ WR JHQHUDO &$$ UHTXLUHPHQWV� VSHFLILF

VWDQGDUGV DSSO\ WR SULPDU\ DOXPLQXP UHGXFWLRQ

SODQWV� 7KH 6WDQGDUGV RI 3HUIRUPDQFH IRU

3ULPDU\ $OXPLQXP 5HGXFWLRQ 3ODQWV ��� &)5

3DUW ��� 6XESDUW 6� DUH DSSOLFDEOH WR SRWURRP

JURXSV DQG DQRGH EDNH SODQWV WKDW FRPPHQFH

FRQVWUXFWLRQ DIWHU 2FWREHU ��� ����� 7KHVH

VWDQGDUGV UHJXODWH HPLVVLRQV RI WRWDO IOXRULGHV

DQG WKH RSDFLW\ RI HPLVVLRQV IURP SULPDU\

DOXPLQXP SURGXFWLRQ�

7KH SULPDU\ UHJXODWRU\ PHFKDQLVP XVHG WR

LPSOHPHQW VRXUFH HPLVVLRQ UHTXLUHPHQWV XQGHU

WKH &$$ LV WKH 6WDWH ,PSOHPHQWDWLRQ 3ODQ �6,3��

ZKLFK SURYLGH WKH 6WDWHV ZLWK WKH DXWKRULW\ DQG

GLVFUHWLRQ WR HVWDEOLVK D VWUDWHJ\ WR DWWDLQ SULPDU\

1$$46 OHYHOV�

Carbon Dioxide Emissions Are a Major
Industry Concern

*OREDO FOLPDWH FKDQJH DQG LWV FRQVHTXHQFHV KDYH

UHFHLYHG ZLGHVSUHDG SXEOLF DWWHQWLRQ VLQFH WKH

����V� &DUERQ GLR[LGH �&2
�
� LV RQH RI WKH

ODUJHVW FRQWULEXWRUV WR WKH VR�FDOOHG ¦JUHHQKRXVH

HIIHFW§ WKDW DEVRUE DQG UH�UDGLDWH HQHUJ\ EDFN

WRZDUGV WKH (DUWK©V VXUIDFH�

%HWZHHQ ���� DQG ����� HPLVVLRQV RI FDUERQ

GLR[LGH IURP DOXPLQXP SURGXFWLRQ LQ WKH 8QLWHG

6WDWHV GHFUHDVHG E\ DSSUR[LPDWHO\ RQH�WKLUG

EHFDXVH RI IDFWRUV VXFK DV WKH IROORZLQJ �)RUUHVW

DQG 6]HNHO\ ������

� UHGXFHG XVH RI FRDO

� JUHDWHU XVH RI UHF\FOHG DOXPLQXP VFUDS

� RWKHU HIILFLHQF\ LPSURYHPHQWV

7KH EHQHILWV RI VFUDS UHF\FOLQJ DUH HVSHFLDOO\

GUDPDWLF LQ UHJDUGV WR UHGXFLQJ JUHHQKRXVH JDV

HPLVVLRQV� ,W KDV EHHQ HVWLPDWHG WKDW D VDYLQJV RI

���� PHWULF WRQV ����� WRQV� RI FDUERQ HTXLYDOHQW

LV DFKLHYHG IRU HDFK PHWULF WRQ RI VFUDS

DOXPLQXP VXEVWLWXWHG IRU UDZ RUH SURGXFW

�)RUUHVW DQG 6]HNHO\ ������

,Q WKH SDVW� WKH PDLQ FRQFHUQ IRU WKH HQYLURQPHQW

ZDV LQ WKH YLFLQLW\ RI VPHOWHUV� ZLWK IRFXV RQ WKH

IOXRULGH HPLVVLRQV IURP WKH UHGXFWLRQ FHOOV� 7KH

LQGXVWU\ KDV PDGH VLJQLILFDQW DFKLHYHPHQWV LQ

UHGXFLQJ WKHVH HPLVVLRQV� 6LQFH WKH ����V�

HPLVVLRQV RI WRWDO DQG JDVHRXV IOXRULGHV IURP

ERWK SUHEDNH DQG 6RGHUEHUJ FHOOV KDYH EHHQ

UHGXFHG E\ PRUH WKDQ ��� �VHH 7DEOH ������

:LWK WKH SURJUHVV PDGH LQ UHGXFLQJ IOXRULGH

HPLVVLRQ� WKH IRFXV RI FRQFHUQ KDV VKLIWHG WR &2
�

HPLVVLRQV� &DUERQ GLR[LGH LV WKH PDLQ

FRPSRQHQW RI WKH JDV FUHDWHG GXULQJ HOHFWURO\VLV

RI DOXPLQD WR IRUP DOXPLQXP� )XUWKHU

LPSURYHPHQWV LQ H[LVWLQJ FHOO WHFKQRORJ\ FDQQRW

EH H[SHFWHG WR UHGXFH WKH &2
�
IRUPDWLRQ GXULQJ

VPHOWLQJ XQOHVV LQHUW DQRGHV EHFRPH WHFKQLFDOO\

IHDVLEOH �+XJOHQ DQG .YDQGH ������

&DUERQ GLR[LGH HPLVVLRQV DUH DOVR VWURQJO\

GHSHQGHQW RQ WKH VRXUFH RI HOHFWULF SRZHU� $

FRQVLGHUDEOH UHGXFWLRQ LQ &2
�
HPLVVLRQV PD\ EH
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Table 1-16.  Aluminum Industry Improvements in 
Fluoride and Particulate Emissions - 1970s to 1990s a

(kg/metric ton)

Pollutant
Average Emission Factor 

1970s 1990s Improvement (%)

Total Fluoride
  Prebaked Cellsb

  Soderberg Cellsc
3.4 ±2.4

3.1
1.65 ±.095

1.2 ±1.4
52
61

Gaseous Fluoride
  Prebaked Cellsb

  Soderberg Cellsc
1.15 ±1.2

1.26 ±0.65
0.57 ±0.28
0.32 ±0.21

50
75

Particulate
  Prebaked Cellsb

  Soderberg Cellsc
10.8 ±0.7
13.0 ±4.0

4.4 ±1.6
5.9 ±1.8

60
55

D 5HSUHVHQWLQJ VHYHQ :DVKLQJWRQ VWDWH DOXPLQXP VPHOWHUV�

E )RU SUHEDNHG FHOOV LQ ����V� FRQWUROV ZHUH GU\ VFUXEEHUV DQG QR FRQWUROV RQ URRI YHQWV�

F )RU 6RGHUEHUJ FHOOV LQ ����V� RQH SODQW KDG ZHW VFUXEEHUV RQ GXFWHG FDSWXUH V\VWHPV DQG QR URRI VFUXEEHUV� DQG WZR

SODQWV KDG GU\ VFUXEEHUV RQ GXFWHG FDSWXUH V\VWHP �DQG RQH RI WKHVH KDG ZHW VFUXEEHUV RQ URRI YHQWV��

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

DFKLHYHG E\ FRQYHUVLRQ IURP FRDO�ILUHG WR

K\GURHOHFWULF SRZHU JHQHUDWLRQ�

7RWDO SURFHVV DLU HPLVVLRQV �H[FOXGLQJ

FRPEXVWLRQ HPLVVLRQV� IRU VPHOWLQJ DQG DQFLOODU\

SURFHVVHV IRU UHSUHVHQWDWLYH WHFKQRORJLHV DUH

DERXW ���� NJ�NJ RI DOXPLQXP� RI ZKLFK ��� ����

NJ� LV &2
�
�5LFKDUGV ������

7RWDO &2
�
UHOHDVHV �FRPEXVWLRQ�UHODWHG DQG IURP

PDQXIDFWXULQJ� IRU WKH XQLW SURFHVVHV RI EDX[LWH

PLQLQJ WKURXJK WKH SURGXFWLRQ RI PROWHQ

DOXPLQXP LQ D FUXFLEOH� UHSUHVHQWLQJ D EOHQG RI

WHFKQRORJLHV LQ 1RUWK $PHULFD� KDYH EHHQ

HVWLPDWHG DW ���� NJ &2
�
�NJ RI DOXPLQXP� 2QO\

��� NJ RI WKLV WRWDO LV DVVRFLDWHG ZLWK WKH DFWXDO

VPHOWLQJ SURFHVV �H[FOXGLQJ JHQHUDWLRQ RI

HOHFWULFLW\�� ,QFOXVLYH RI &2
�
IURP IXHO

FRPEXVWLRQ DQG WUDQVSRUWDWLRQ� WRWDO &2
�

HPLVVLRQV DUH GLVWULEXWHG DV IROORZV �5LFKDUGV

������

� EDX[LWH PLQLQJ � ����

� DOXPLQD SURGXFWLRQ � �����

� VPHOWLQJ � �����

3RZHU IRU VPHOWLQJ DW WKH PL[ RI WKH 1RUWK

$PHULFDQ VPHOWLQJ JULG �VKRZQ LQ 7DEOH ����

DFFRXQWV IRU ��� RI WKH WRWDO &2
�
� 7KXV�

UHGXFLQJ &2
�
HPLVVLRQV IURP WKH DOXPLQXP

LQGXVWU\ LV SUHGRPLQDQWO\ DIIHFWHG E\ WKH VRXUFH

RI SRZHU �5LFKDUGV ������

&RQYHUVLRQ WR LQHUW� QRQ�FRQVXPDEOH DQRGHV

ZRXOG GHFUHDVH &2
�
E\ ��� NJ�PHWULF WRQ RI

DOXPLQXP PLQXV DQ\ &2
�
JHQHUDWHG GXULQJ WKH

SURGXFWLRQ RI VXFK QHZ DQRGHV� 7KLV VXEVWLWXWLRQ

ZRXOG DOVR UHGXFH IOXRULQH UHOHDVHV IURP EHWWHU

KRRGLQJ DQG HOLPLQDWLRQ RI DQRGH EDNLQJ� DQG

GUDVWLFDOO\ UHGXFH RUJDQLF HPLVVLRQV �5LFKDUGV

������

Proposed Air Standards Would Be More
Stringent, Cover More Processes

,Q DGGLWLRQ WR WKH &$$ UHTXLUHPHQWV DOUHDG\

PHQWLRQHG� (3$ LV FXUUHQWO\ ZRUNLQJ RQ VHYHUDO

UHJXODWLRQV WKDW ZLOO GLUHFWO\ DIIHFW WKH DOXPLQXP

LQGXVWU\� 6SHFLILFDOO\� PDQ\ RI WKH SURSRVHG

VWDQGDUGV ZLOO OLPLW WKH DLU HPLVVLRQV IURP

YDULRXV LQGXVWULHV E\ SURSRVLQJ VWDQGDUGV EDVHG

RQ WKH 0D[LPXP $FKLHYDEOH &RQWURO 7HFKQRORJ\

�0$&7�� VWDQGDUGV WKDW ZLOO VHW OLPLWV RQ
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HPLVVLRQV EDVHG XSRQ FRQFHQWUDWLRQV LQ WKH ZDVWH

VWUHDP�

3ULPDU\ DOXPLQXP SURFHVVRUV PD\ EH D PDMRU

VRXUFH RI RQH RU PRUH KD]DUGRXV DLU SROOXWDQWV

�+$3V�� $V D FRQVHTXHQFH� D 0$&7�EDVHG

UHJXODWRU\ SURJUDP LV EHLQJ GHYHORSHG E\ (3$�

7KH 0$&7�EDVHG SHUIRUPDQFH VWDQGDUGV ZHUH

SURSRVHG LQ 6HSWHPEHU ���� DQG DUH H[SHFWHG WR

EHFRPH ILQDO LQ ODWH ���� RU HDUO\ ����� 7KH

SURSRVHG VWDQGDUGV ZRXOG DSSO\ WR HPLVVLRQV RI

+)� PHDVXUHG XVLQJ WRWDO IOXRULGHV �7)� DV D

VXUURJDWH� DQG SRO\F\FOLF RUJDQLF PDWWHU �320��

DV PHDVXUHG E\ PHWK\OHQH FKORULGH H[WUDFWDEOHV�

7KH DOXPLQXP LQGXVWU\� WKURXJK 7KH $OXPLQXP

$VVRFLDWLRQ� UHVSRQGHG WR WKH SURSRVHG UXOHV LQ

ODWH ����� 7KH UXOHV ZRXOG JR LQWR HIIHFW

DSSUR[LPDWHO\ WKUHH \HDUV DIWHU SURPXOJDWLRQ�

(3$ KDV GHWHUPLQHG WKDW WKH VHFRQGDU\ DOXPLQXP

LQGXVWU\ PD\ UHDVRQDEO\ EH DQWLFLSDWHG WR HPLW

VHYHUDO RI WKH ��� +$3V OLVWHG LQ 6HFWLRQ ����E�

RI WKH &OHDQ $LU $FW� $V D UHVXOW� (3$ LV

ZRUNLQJ WRZDUG GHYHORSLQJ HPLVVLRQV IDFWRUV

EDVHG RQ DFWXDO RSHUDWLQJ GDWD� DQG H[SHFWV WR

SURSRVH 0$&7�EDVHG SHUIRUPDQFH VWDQGDUGV IRU

VHFRQGDU\ DOXPLQXP LQ WKH VXPPHU RU IDOO RI

����� ,QGXVWU\ ZLOO KDYH �� GD\V WR FRPPHQW�

WKH UXOHV ZRXOG EH SURPXOJDWHG DSSUR[LPDWHO\

RQH \HDU ODWHU�

7KH QHZ UXOHV ZRXOG FRYHU WKH IROORZLQJ DUHDV�

� VKUHGGLQJ

� GU\LQJ�GHODFTXHULQJ

� DOO IXUQDFH RSHUDWLRQV �PHOWLQJ DQG

UHILQLQJ�

� GURVV FRROLQJ

� LQ�OLQH IOX[LQJ

$OXPLQD SURFHVVLQJ KDV DOVR EHHQ OLVWHG E\ (3$

DV D VRXUFH FDWHJRU\� 7KH LQGXVWU\� WKURXJK 7KH

$OXPLQXP $VVRFLDWLRQ� LV LQ GLVFXVVLRQ ZLWK

(3$ RYHU ZKHWKHU DOXPLQD SURFHVVLQJ� EHFDXVH

RI LWV KHDY\ UHOLDQFH RQ QDWXUDO JDV UDWKHU WKDQ

RLO� LV DFWXDOO\ D PDMRU FDQGLGDWH IRU 0$&7�

7KH ,QWHJUDWHG &RPEXVWLRQ &RPELQHG 5XOH

�,&&5� 0$&7 UXOH WKDW LV H[SHFWHG WR JR LQWR

HIIHFW LQ WKH \HDU ���� ZLOO DIIHFW HPLVVLRQV IURP

ERLOHUV DQG SURFHVV KHDWHUV� 7KH $OXPLQXP

$VVRFLDWLRQ LV IROORZLQJ WKH GHYHORSPHQW RI WKLV

UHJXODWLRQ� DV ZHOO DV SURSRVHG FRLO�FRDWLQJ

0$&7 UHJXODWLRQ�

Industry Working with EPA to Reduce
Emissions of CO 2, Other Pollutants

,Q ���� WKH SULPDU\ DOXPLQXP LQGXVWU\ HQWHUHG

LQWR D YROXQWDU\ SDUWQHUVKLS ZLWK (3$ WR UHGXFH

HPLVVLRQV RI SHUIOXRURFDUERQV �3)&V� IURP

DOXPLQXP VPHOWLQJ E\ ��� E\ WKH \HDU ����

IURP ���� OHYHOV� 7KH 9ROXQWDU\ $OXPLQXP

,QGXVWULDO 3DUWQHUVKLS �9$,3� 3URJUDP KDV QHDUO\

XQDQLPRXV LQGXVWU\ SDUWLFLSDWLRQ ��� RI �� 8�6�

FRPSDQLHV� UHSUHVHQWLQJ ��� RI GRPHVWLF

SURGXFWLRQ� DQG LV DOUHDG\ DKHDG RI UHGXFWLRQ

VFKHGXOHV�

$W (3$©V UHTXHVW� WKH LQGXVWU\ LV FXUUHQWO\

FRQVLGHULQJ DGGLQJ &2
�
WR WKH YROXQWDU\ SURJUDP�

7KH LQGXVWU\ LV KROGLQJ GLVFXVVLRQV ZLWK (3$ WR

GHWHUPLQH KRZ WKH SURJUDP FRXOG EH H[SDQGHG WR

FRYHU WKHVH DGGLWLRQDO HPLVVLRQV�

7KH LQGXVWU\ LV DOVR LQYROYHG LQ GLVFXVVLRQV ZLWK

(3$ RYHU WKH DJHQF\©V 1RYHPEHU ���� SURSRVDO

IRU R]RQH DQG SDUWLFXODWH PDWWHU� $ SRWHQWLDO

LPSOHPHQWDWLRQ UHTXLUHPHQW IRU SDUWLFXODWH

PDWWHU ��� PLFURQV LQ GLDPHWHU RU OHVV IURP

EDJKRXVHV LV FDXVLQJ FRQVLGHUDEOH FRQFHUQ LQ WKH

LQGXVWU\� &XUUHQW EDJKRXVHV W\SLFDOO\ RSHUDWH DW

DERXW WKH ���PLFURQ OHYHO� EHORZ WKLV� WKH

HIILFLHQF\ RI WKH EDJKRXVHV PD\ GHFUHDVH�

7KH $OXPLQXP $VVRFLDWLRQ LV DOVR LQ WKH SURFHVV

RI UHVSRQGLQJ WR DQ (3$ SURSRVDO WR WHVW

K\GURJHQ IOXRULGH DQG FDUERQ\O VXOILGH XQGHU WKH

7R[LF 6XEVWDQFHV &RQWURO $FW �76&$�� 76&$

JLYHV (3$ WKH DXWKRULW\ WR FUHDWH D UHJXODWRU\

IUDPHZRUN WR FROOHFW GDWD RQ FKHPLFDOV LQ RUGHU

WR HYDOXDWH� DVVHVV� PLWLJDWH� DQG FRQWURO ULVNV WKDW

PD\ EH SRVHG E\ WKHLU PDQXIDFWXUH� SURFHVVLQJ�

DQG XVH� 7KH $OXPLQXP $VVRFLDWLRQ LV UHYLHZLQJ

WHVW SURFHGXUHV DQG ZLOO PDNH UHFRPPHQGDWLRQV

RQ WHVWV WR (3$�

,Q 1RYHPEHU RI ����� 7KH $OXPLQXP

$VVRFLDWLRQ ILOHG D SHWLWLRQ IRU (3$ WR GHOLVW WKH
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QRUPDO DONDQHV XVHG LQ UROOLQJ PLOOV� H[HPSWLQJ

WKHP IURP (3$©V 92& UHTXLUHPHQWV� 7KH

LQGXVWU\ GRHV QRW FRQVLGHU WKHVH VXEVWDQFHV WR EH

UHDFWLYH R]RQH�IRUPLQJ FKHPLFDOV EHFDXVH RI

WKHLU ORZ UHDFWLYLW\�

Effluents Are Regulated Under the Clean
Water Act

7KH &OHDQ :DWHU $FW UHJXODWHV WKH DPRXQW RI

FKHPLFDOV�WR[LQV UHOHDVHG E\ LQGXVWULHV YLD GLUHFW

DQG LQGLUHFW ZDVWHZDWHU�HIIOXHQW GLVFKDUJHV� ,I D

IDFLOLW\ LV GLVFKDUJLQJ GLUHFWO\ LQWR D ERG\ RI

ZDWHU� LW PXVW REWDLQ D 1DWLRQDO 3ROOXWLRQ

'LVFKDUJH (OLPLQDWLRQ 6\VWHP �13'(6� SHUPLW�

,I LW LV GLVFKDUJLQJ WR D SXEOLFO\ RZQHG WUHDWPHQW

ZRUNV �327:�� LW PXVW DGKHUH WR VSHFLILHG

SUHWUHDWPHQW VWDQGDUGV�

7KH $OXPLQXP )RUPLQJ 3RLQW 6RXUFH &DWHJRU\

��� &)5 3DUW ���� LV DSSOLFDEOH WR ZDVWHZDWHU

IURP WKHVH RSHUDWLRQV�

� UROOLQJ ZLWK QHDW RLOV

� UROOLQJ ZLWK HPXOVLRQV

� H[WUXVLRQ

� IRUJLQJ

� GUDZLQJ ZLWK QHDW RLOV

� GUDZLQJ ZLWK HPXOVLRQV

(3$ KDV EHHQ GHYHORSLQJ HIIOXHQW JXLGHOLQHV IRU

PHWDO SURGXFWV DQG PDFKLQH SURFHVVHV WKDW PD\

LQFOXGH RSHUDWLRQV SHUIRUPHG DW DOXPLQXP

LQGXVWU\ SODQWV� $ SURSRVDO LVVXHG LQ ���� ZDV

FRPPHQWHG RQ E\ D FRDOLWLRQ RI LQGXVWULHV�

LQFOXGLQJ 7KH $OXPLQXP $VVRFLDWLRQ�

Solid and Hazardous Wastes Are
Managed Under RCRA

7KH 5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW

�5&5$� ZDV SDVVHG LQ ���� DV DQ DPHQGPHQW WR

WKH 6ROLG :DVWH 'LVSRVDO $FW WR HQVXUH WKDW VROLG

ZDVWHV DUH PDQDJHG LQ DQ HQYLURQPHQWDOO\ VRXQG

PDQQHU� $ PDWHULDO LV FODVVLILHG XQGHU 5&5$ DV

D KD]DUGRXV ZDVWH LI WKH PDWHULDO PHHWV WKH

GHILQLWLRQ RI VROLG ZDVWH DQG WKDW VROLG ZDVWH

PDWHULDO H[KLELWV RQH RI WKH FKDUDFWHULVWLFV RI D

KD]DUGRXV ZDVWH RU LV VSHFLILFDOO\ OLVWHG DV D

KD]DUGRXV ZDVWH�

6SHQW SRWOLQLQJ IURP SULPDU\ DOXPLQXP

UHGXFWLRQ LV D 5&5$�OLVWHG KD]DUGRXV ZDVWH

GHVLJQDWHG ¦.����§ (3$ HVWLPDWHV WKDW DERXW

������� PHWULF WRQV �������� WRQV� RI .��� DUH

JHQHUDWHG DQQXDOO\ �(3$ ����E��

$V SDUW RI (3$©V JURXQGZDWHU SURWHFWLRQ

VWUDWHJ\� 5&5$ SURKLELWV WKH ODQG GLVSRVDO RI

PRVW KD]DUGRXV ZDVWHV XQWLO WKH\ PHHW D ZDVWH�

VSHFLILF WUHDWPHQW VWDQGDUG� 2I SDUWLFXODU

VLJQLILFDQFH WR WKH DOXPLQXP LQGXVWU\ LV D 3KDVH

,,, ODQG GLVSRVDO UHVWULFWLRQV �/'5� UXOH WKDW

UHVWULFWV WKH ODQG GLVSRVDO RI VSHQW DOXPLQXP

SRWOLQLQJ� &XUUHQWO\� DERXW ��� RI WKLV ZDVWH LV

GLVSRVHG LQ 6XEWLWOH & ODQGILOOV� ZLWK WKH

UHPDLQGHU UHF\FOHG RU LQFLQHUDWHG �(3$ ����E��

EPA Currently Developing Several New
Guidelines That Affect Aluminum Industry

7KH LQGXVWU\ LV FXUUHQWO\ ZRUNLQJ ZLWK WKH

DXWRPRWLYH DQG FRLO FRDWLQJ LQGXVWU\ RQ WKH LVVXH

RI DOXPLQXP FRQYHUVLRQ FRDWLQJ� $ 5&5$

KD]DUGRXV ZDVWH FRGH� )���� OLVWV WKH VOXGJH

JHQHUDWHG IURP WKLV SURFHVV DV KD]DUGRXV ZDVWH�

UHJDUGOHVV RI WKH FKHPLFDO FRQVWLWXHQWV SUHVHQW�

6LQFH WKH ZDVWH FRGH ZDV OLVWHG� FKURPLXP DQG

F\DQLGH KDYH EHHQ UHSODFHG IURP FKHPLFDO

FRQYHUVLRQ FRDWLQJ IRUPXODWLRQV� 7KH LQGXVWU\ LV

SHWLWLRQLQJ (3$ WR UHGHILQH WKH ZDVWH FRGH OLVWLQJ

WR UHIOHFW RQO\ WKRVH VOXGJHV JHQHUDWHG IURP

FKURPLXP� DQG�RU F\DQLGH�EDVHG IRUPXODWLRQV�

Potential Re-Engineering of RCRA of
Concern to Industry

7KH LQGXVWU\ LV FRQFHUQHG RYHU WKH SRWHQWLDO IRU

UH�HQJLQHHULQJ RI 5&5$� $OWKRXJK WKLV LV XQGHU

FRQVLGHUDWLRQ E\ (3$� WKH WLPHWDEOH KDV EHHQ

UHSHDWHGO\ SXVKHG EDFN� $ VSHFLILF DUHD RI

FRQFHUQ LV WKH SRWHQWLDO IRU 5&5$ WR EH DSSOLHG

WR UHF\FOHG DOXPLQXP� GHILQLQJ WKLV SURFHVV DV D

ZDVWH WUHDWPHQW UDWKHU WKDQ D PDQXIDFWXULQJ

SURFHVV�

,Q $SULO ���� (3$ SURPXOJDWHG WUHDWPHQW

VWDQGDUGV IRU KD]DUGRXV ZDVWHV IURP SULPDU\

DOXPLQXP SURGXFWLRQ XQGHU 3KDVH ,,, RI LWV /DQG

'LVSRVDO 5HVWULFWLRQV �/'5� SURJUDP� $V RI -XO\

����� SULPDU\ DOXPLQXP SURGXFHUV ZLOO KDYH WR
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VKLS DQG WUHDW VSHQW SRWOLQHU� +D]DUGRXV

FRQVWLWXHQWV LQ WKHVH ZDVWHV ZLOO DOVR EH UHTXLUHG

WR PHHW XQLYHUVDO WUHDWPHQW VWDQGDUGV �876�

EHIRUH GLVSRVDO LQ D ODQG�EDVHG XQLW�

,QGXVWU\ DFWLRQ ZLWK UHJDUG WR 6XSHUIXQG /DZV

LQFOXGHV UHVROYLQJ UHWURDFWLYH DV ZHOO DV MRLQW DQG

VHYHUDO OLDELOLW\ FODLPV� DQG DVVXULQJ WKDW QDWXUDO

UHVRXUFH GDPDJH LVVXHV GR QRW LPSRVH DQ RYHUO\

KHDY\ ILQDQFLDO EXUGHQ RQ WKH LQGXVWU\�

Industry Experts See Need for
Involvement in Policy at the International
Level

5HFRJQL]LQJ WKDW LW LV SDUW RI D ZRUOGZLGH PDUNHW�

WKH 8�6� DOXPLQXP LQGXVWU\ KDV FRQVLVWHQWO\

VXSSRUWHG ORZHULQJ WDULIIV DQG RSHQLQJ PDUNHWV

IRU SULPDU\ PHWDO DV ZHOO DV IRU VHPLIDEULFDWHG

SURGXFWV�

$FFRUGLQJ WR $OOHQ %RUQ� &KDLUPDQ DQG &(2 RI

$OXPD[� ,QF�� WKH SXEOLF SROLFLHV WKDW WKH

DOXPLQXP LQGXVWU\ LV JRLQJ WR KDYH WR OLYH ZLWK

DUH EHLQJ HVWDEOLVKHG DW D VXSUDQDWLRQDO OHYHO�

)RU H[DPSOH� LQVWHDG RI FRQIURQWLQJ D SURSRVHG

%78 WD[ LQ WKH 8QLWHG 6WDWHV� D FDUERQ WD[

GHVLJQHG WR DFFRPSOLVK LQWHUQDWLRQDOO\ DJUHHG�

XSRQ REMHFWLYHV IRU D JOREDO�FOLPDWH WUHDW\ FRXOG

EH LPSRVHG� 7KH DOXPLQXP LQGXVWU\ KDV

FRQFHUQV WKDW XQLYHUVDO HQYLURQPHQWDO DQG HQHUJ\

SROLFLHV FRXOG EH DEXVHG E\ VRPH FRXQWULHV WR

SURWHFW GRPHVWLF LQGXVWU\ IURP FRPSHWLWLRQ �%RUQ

������

8QGHU WKH %DVHO &RQYHQWLRQ� WKH UHF\FOLQJ RI

DOXPLQXP VFUDS DQG GURVV �ZLWK DQ DOXPLQXP

FRQWHQW OHVV WKDQ ���� KDV EHFRPH FODVVLILHG DV

KD]DUGRXV ZDVWH WUHDWPHQW LQ PDQ\ RWKHU

FRXQWULHV� ,Q WKLV FRXQWU\� WKH (3$ KDV

FRQILUPHG WKDW VFUDS PHWDO LV QRW JRLQJ WR EH

UHJXODWHG DV D ZDVWH RI DQ\ NLQG XQGHU WKH

5HVRXUFH &RQVHUYDWLRQ DQG 5HFRYHU\ $FW�

+RZHYHU� WKLV GRHV QRW DSSO\ WR GURVV DW WKH

LQWHUQDWLRQDO OHYHO �%RUQ ������

&XUUHQW LQGXVWU\ SUDFWLFHV PD\ H[SRVH SURGXFHUV

WR WKH ULVN RI VLJQLILFDQW OLDELOLWLHV DVVRFLDWHG ZLWK

ZDVWH GLVSRVDO DQG WKH SRWHQWLDO IRU IXWXUH

UHPHGLDWLRQ PDQGDWHG E\ FRQGLWLRQV WKDW RIWHQ OLH

RXWVLGH WKHLU LPPHGLDWH FRQWURO �5RR\ ������

7KH ,QWHUQDWLRQDO 6WDQGDUGV 2UJDQL]DWLRQ �,62� LV

FXUUHQWO\ GHYHORSLQJ HQYLURQPHQWDO VWDQGDUGV

EDVHG RQ OLIH�F\FOH DQDO\VLV� 7KHUH LV FRQFHUQ LQ

WKH LQGXVWU\ WKDW� XQGHU FHUWDLQ FLUFXPVWDQFHV�

VRPH FRXQWULHV FRXOG XVH ,62 WR GLFWDWH ZKDW

SURGXFWLRQ RU SURFHVV PHWKRGV PXVW EH XVHG LQ

RUGHU WR JLYH WKHLU GRPHVWLF LQGXVWULHV D

FRPSHWLWLYH DGYDQWDJH �%RUQ ������

)RU PDQ\ UHDVRQV� WKHUHIRUH� WKH LQGXVWU\ PXVW

FRQFHUQ LWVHOI ZLWK SXEOLF SROLF\ GHYHORSPHQW DW

WKH LQWHUQDWLRQDO OHYHO� EHFRPLQJ HQJDJHG

ZKHQHYHU SRVVLEOH�
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�
$OXPLQD

3URGXFWLRQ

2.1  Process Overview

Alumina is Extracted from Bauxite by the
Bayer Process 

$OXPLQD LV H[WUDFWHG IURP EDX[LWH RUH XVLQJ WKH

%D\HU SURFHVV� ZKLFK FRQVLVWV RI WKH IROORZLQJ

ILYH PDMRU VWHSV�

� FUXVKLQJ�EOHQGLQJ

� GLJHVWLQJ

� FODULILFDWLRQ

� SUHFLSLWDWLRQ

� FDOFLQDWLRQ

0RVW UHILQHULHV XVH D PL[WXUH RI EOHQGHG EDX[LWHV

WR SURYLGH D IHHGVWRFN ZLWK FRQVLVWHQW SURSHUWLHV�

&UXGH EDX[LWH RUH LV ILUVW GULHG� ILQHO\ FUXVKHG LQ

EDOO PLOOV� DQG EOHQGHG ZLWK UHF\FOHG SODQW OLTXRU

WR IRUP D VOXUU\� 7KLV OLTXRU FRQWDLQV GLVVROYHG

VRGLXP FDUERQDWH DQG VRGLXP K\GUR[LGH �FDXVWLF

VRGD� UHFRYHUHG IURP SUHYLRXV H[WUDFWLRQ F\FOHV�

DQG VXSHUQDWDQW OLTXRU UHF\FOHG IURP WKH UHG�PXG

KROGLQJ SRQGV� /LPH �&D2� LV DGGHG WR WKH VOXUU\

LQ PL[HUV WR FRQWURO SKRVSKRUXV FRQWHQW DQG WR

LPSURYH WKH VROXELOLW\ RI DOXPLQD�

7KH VOXUULHG RUH LV WKHQ KHDWHG DQG SXPSHG WR

GLJHVWHUV �KHDWHG SUHVVXUH WDQNV�� ZKHUH LW LV

UHDFWHG DW D KLJK WHPSHUDWXUH XQGHU VWHDP

SUHVVXUH� 7KH UHVXOW LV D PL[WXUH RI GLVVROYHG

DOXPLQXP R[LGHV �VRGLXP DOXPLQDWH� 1D$O2
�
�

DQG LQVROXEOH EDX[LWH UHVLGXHV NQRZQ DV UHG PXG�

6RGLXP R[DODWH DQG RWKHU VDOWV DUH DOVR IRUPHG�

7LPH� WHPSHUDWXUH� SUHVVXUH� DQG FRQFHQWUDWLRQ

DUH DOO FORVHO\ FRQWUROOHG WR PD[LPL]H WKH DPRXQW

RI DOXPLQD WKDW ZLOO HYHQWXDOO\ EH UHFRYHUHG�

'XULQJ WKH GLJHVWLRQ UHDFWLRQ D PDMRULW\ RI WKH

LPSXULWLHV VXFK DV VLOLFRQ� LURQ� WLWDQLXP� DQG

FDOFLXP R[LGHV GURS WR WKH ERWWRP RI WKH GLJHVWHU

DQG IRUP D VOXGJH RI UHG PXG� 7R VHSDUDWH WKH

UHG PXG IURP WKH DOXPLQDWH VROXWLRQ� WKH SUHVVXUH

LV UHGXFHG DQG WKH PL[WXUH LV VHQW WR FODULILFDWLRQ�

7KH UHPDLQLQJ VRGLXP DOXPLQDWH VOXUU\ LV WKHQ

IODVK FRROHG E\ HYDSRUDWLRQ IURP QHDUO\ ���R&

����R)� WR DERXW ��R& ����R)� DQG VHQW IRU

FODULILFDWLRQ� 7KH VWHDP SURGXFHG GXULQJ

IODVKLQJ LV XVHG WR SUHKHDW WKH FDXVWLF OLTXRU LQ

KHDW H[FKDQJHUV UXQQLQJ FRXQWHU�FXUUHQW WR WKH

IODVK WDQNV�

'XULQJ FODULILFDWLRQ� VDQG� LURQ R[LGH� DQG UHG

PXG DUH UHPRYHG LQ D VHULHV RI VHWWOLQJ�

WKLFNHQLQJ� DQG ILOWUDWLRQ XQLWV� 7KH VOXUU\ LV ILUVW

VHQW WKURXJK HLWKHU D JUDYLW\ VHSDUDWRU �H�J��

VHWWOLQJ WDQN� RU D ZHW F\FORQH WR UHPRYH FRDUVH

VDQG SDUWLFOHV� $ IORFFXODWLQJ DJHQW �W\SLFDOO\
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V\QWKHWLF SRO\PHUV DQG�RU VWDUFK� LV DGGHG WR

LQFUHDVH WKH VHWWOLQJ UDWH RI WKH UHG PXG�

7\SLFDOO\� JUHDWHU WKDQ ��� RI WKH PXG VROLGV DUH

UHPRYHG GXULQJ VHWWOLQJ �0DOLWR ������ 7KH

RYHUIORZ IURP WKH VHWWOLQJ WDQN FRQWDLQV WKH

DOXPLQD LQ VROXWLRQ� ZKLFK LV IXUWKHU SXULILHG E\

ILOWUDWLRQ �XVXDOO\ SUHVVXUH ILOWUDWLRQ EXW

RFFDVLRQDOO\ VDQG ILOWUDWLRQ� WR UHPRYH DQ\ ILQH

LPSXULWLHV� 7KHVH LPSXULWLHV DQG WKH UHG PXG DUH

VHQW WR WUHDWPHQW DQG GLVSRVDO XQLWV �VHH 6HFWLRQ

�����

7KH ILOWHUHG DOXPLQDWH VROXWLRQ LV WKHQ IHG LQWR D

SUHFLSLWDWLRQ WDQN� ZKHUH LW LV VHHGHG ZLWK D

VPDOO DPRXQW RI ILQH DOXPLQXP K\GUR[LGH

FU\VWDOV� 7KHVH ¦VHHGV§ VWLPXODWH WKH DOXPLQD WR

LQLWLDWH WKH SUHFLSLWDWLRQ RI VROLG FU\VWDOV RI

DOXPLQXP K\GUR[LGH� 7KH VROXWLRQ LV VWLUUHG

FRQWLQXRXVO\ DQG VORZO\ FRROHG IRU

DSSUR[LPDWHO\ �� KRXUV� 8QGHU WKHVH FRQGLWLRQV�

FU\VWDOV RI DOXPLQD WULK\GUDWH DUH IRUPHG� VORZO\

LQFUHDVLQJ LQ VL]H� 7HPSHUDWXUH DQG RWKHU

YDULDEOHV DUH FDUHIXOO\ FRQWUROOHG VR WKDW WKH

FU\VWDOV IRUPHG FDQ EH PRUH HDVLO\ ILOWHUHG�

8S WR WZR�WKLUGV RI WKH DOXPLQXP FRQWHQW IRUPV

LQWR K\GUDWH FU\VWDOV GXULQJ WKH SUHFLSLWDWLRQ

SURFHVV� 7KH DOXPLQXP K\GUR[LGH FU\VWDOV VHWWOH

WR WKH WDQN ERWWRP DQG DUH UHPRYHG� 7KH FU\VWDOV

DUH VHSDUDWHG LQWR ILQH DQG FRDUVH FU\VWDO

IUDFWLRQV� 7KH FRDUVH FU\VWDOV DUH ZDVKHG WR

UHPRYH DQ\ FDXVWLF VRGD UHVLGXHV� YDFXXP

GHZDWHUHG� DQG VHQW RQ IRU FDOFLQDWLRQ� 7KH ILQHV

DUH XVHG WR VHHG IXWXUH FKDUJHV� 7KH UHPDLQLQJ

DOXPLQDWH VROXWLRQ LV W\SLFDOO\ UHF\FOHG WR WKH

VWDUW RI WKH %D\HU SURFHVV WR UHFRYHU WKH FDXVWLF

VRGD DQG DOXPLQD YDOXHV�

,Q WKH FDOFLQHUV �D W\SH RI NLOQ�� WKH DOXPLQXP

K\GUR[LGH LV URDVWHG DW DERXW ���R& �����R)��

7ZR W\SHV RI NLOQV DUH FXUUHQWO\ XVHG LQ DOXPLQD

UHILQHULHV� 7KH IOXLG�EHG RU VWDWLRQDU\ NLOQ LV

QHZHU DQG PRUH HQHUJ\ HIILFLHQW� URWDU\ NLOQV

KDYH KLJKHU HQHUJ\ UHTXLUHPHQWV� .LOQV DUH ILUHG

PDLQO\ E\ QDWXUDO JDV DQG OHVV FRPPRQO\ E\ RLO�

7KH KHDW LQ WKH FDOFLQDWLRQ SURFHVV GULYHV RII WKH

UHPDLQLQJ ZDWHU �ERWK FKHPLFDOO\ FRPELQHG DQG

DEVRUEHG ZDWHU�� OHDYLQJ DOXPLQXP R[LGH

�DOXPLQD RU $O
�
2

�
� WKDW LV DERXW ����� SXUH� 7KH

DOXPLQD LV VXEVHTXHQWO\ UHGXFHG WR DOXPLQXP LQ

HOHFWURO\WLF FHOOV�

7KH SURGXFWLRQ RI RQH PHWULF WRQ RI DOXPLQD

UHTXLUHV DSSUR[LPDWHO\ ���� PHWULF WRQV ������

SRXQGV� RI EDX[LWH �RU D GU\ ZHLJKW RI ����

PHWULF WRQV RU ����� SRXQGV� �2DN 5LGJH

1DWLRQDO /DERUDWRU\ ������ ,Q ����� WRWDO 8�6�

DOXPLQD SURGXFWLRQ ZDV ���� PLOOLRQ PHWULF WRQV

����� WRQV� �6HKQNH ������

2.2  Summary of Inputs/Outputs

,QSXWV� %DX[LWH

6RGLXP K\GUR[LGH �1D2+�

/LPH �&D2�

6WDUFK RU RWKHU IORFFXODWLQJ DJHQW

3URFHVV ZDWHU

)XHO

6WHDP

2XWSXWV� $OXPLQXP R[LGH �DOXPLQD� $O
�
2

�
�

3DUWLFXODWH

5HG PXG

6RGLXP R[DODWH

(IIOXHQWV IURP UHG PXG ZDVKLQJ

)LJXUH ��� LOOXVWUDWHV WKH %D\HU DOXPLQD UHILQLQJ

SURFHVV ZLWK LWV PDMRU LQSXWV DQG RXWSXWV�

2.3  Energy Requirements

7DEOH ��� VKRZV WKH HQHUJ\ UHTXLUHPHQWV IRU

DOXPLQD SURGXFWLRQ� 7KLV WDEOH VKRZV WKH

VSHFLILF HQHUJ\ UHTXLUHPHQWV RI DOXPLQD UHILQLQJ

SHU XQLW RI DOXPLQD SURGXFHG DQG LQ SHU XQLW RI

SULPDU\ DOXPLQXP� 7KH HQHUJ\ UHTXLUHPHQWV RI

EDX[LWH PLQLQJ DUH QRW LQFOXGHG� WKH YDVW PDMRULW\

RI EDX[LWH XVHG E\ WKH 8�6� DOXPLQXP LQGXVWU\ LV

LPSRUWHG IURP RWKHU FRXQWULHV� 7KH ODWWHU

FDOFXODWLRQV DVVXPH WKH QHHG IRU ���� PHWULF WRQV

RI DOXPLQD WR SURGXFH RQH PHWULF WRQ RI

DOXPLQXP �RU ���� WRQV SHU WRQ� �5LFKDUGV ������

7KH GDWD LQ 7DEOH ��� DUH EDVHG RQ WKH UHVXOWV RI D

���� LQGXVWU\ VXUYH\ RI 1RUWK $PHULFDQ SODQWV

�5LFKDUGV ������ ,Q HVWLPDWLQJ WKH GDWD LQ 7DEOH

���� D �� LPSURYHPHQW LQ HQHUJ\ HIILFLHQF\ ZDV

DVVXPHG WR KDYH RFFXUUHG EHWZHHQ ���� DQG

����� 7KLV DVVXPSWLRQ ZDV EDVHG RQ UHFHQW
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Key Energy and Environmental Facts - Alumina Production

Energy Emissions Effluents Byproducts

Energy Use:

  13,176 MJ/metric ton of       
      Al2O3 (11.41 106 Btu/ton)

  24,770 MJ/metric ton of Al   
       (21.44 106 Btu/ton)
  

Major Pollutant - Particulate

Largest Source - Aluminum
hydroxide calcining and
bauxite grinding

Typical Generation - 0.5 
kg/metric ton (1.0 lb/ton)

Largest Source - Mud
washing 

Typical Process Water
Volume - 4,950 kg/metric ton
(9,180 lb/ton) of alumina

Red mud - avg. of 1.0 to
1.6 metric tons of mud per
metric ton of alumina
extracted (or 1.0 to 1.6 tons
per ton) 

Figure 2-1.  Alumina Production Flow Diagram
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Table 2-1.  Process Energy Use in Alumina Refining 

Energy Source

Specific Energy Use per
Ton of Alumina a

Specific Energy Use per
Ton of Primary Aluminum a,b

Estimated Total 1995
Industry Energy Use c

MJ/metric
ton d

106

Btu/ton
MJ/metric

ton d
 106

Btu/ton 10 9 MJd 
1012 
Btu

Electricitye 246 0.21 462 0.40 1.22 1.15

Natural Gas 12,413 10.75 23,336 20.20 61.69 58.77

Oil (Residual and
Distillate)

129 0.11 243 0.21 0.64 0.60

Coal 388 0.34 729 0.63 1.93 1.86

TOTAL 13,176 11.41 24,770 21.44 65.48 62.38

D 7KH SHUFHQWDJH XVH RI HDFK QRQ�HOHFWULF IXHO LV DVVXPHG WR EH WKH VDPH DV WKH SHUFHQWDJH XVH IRXQG LQ 7KH

$OXPLQXP $VVRFLDWLRQ©V ���� LQGXVWU\ HQHUJ\ VXUYH\� QDWXUDO JDV ������ RLO ����� DQG FRDO �����

E %DVHG RQ ���� PHWULF WRQV RI DOXPLQD SHU PHWULF WRQ RI DOXPLQXP�

F %DVHG RQ DQ HVWLPDWHG ���� 8�6� DOXPLQD SURGXFWLRQ RI ����� ��� PHWULF WRQV ������ ��� WRQV� �(VWLPDWLRQ

EDVHG RQ GDWD IURP 6HKQNH ���� DQG 7KH $OXPLQXP $VVRFLDWLRQ ������

G 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

H &RQYHUVLRQ IDFWRU RI �������� NM�N:K ������� %WX�N:KU� �5LFKDUGV ������

6RXUFHV� Data reported by Nolan Richards, 1997.   (Note: the date refers to the release of the information, some of
which was developed in 1991)
"World Bauxite and Alumina Production Capacity in the Mid-1990s," E. Sehnke, Light Metals 1996.
Aluminum Statistical Review for 1995, The Aluminum Association, 1996.
"Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989," The Aluminum
Association, August 1991.

HTXLSPHQW DQG RSHUDWLQJ FKDQJHV PDGH LQ

VHYHUDO RI WKH SODQWV SDUWLFLSDWLQJ LQ WKH VXUYH\�

LQFOXGLQJ WKH UHSODFHPHQW RI D URWDU\ NLOQ E\ D

VWDWLRQDU\ FDOFLQHU DW RQH SODQW�

7DEOH ��� DOVR VKRZV DQ HVWLPDWH RI WKH WRWDO

8�6� HQHUJ\ XVH DVVRFLDWHG ZLWK DOXPLQD

UHILQLQJ LQ ����� 7KLV HVWLPDWH �� ����� ��� 0-

MRXOHV ������ ���� %WX� �� DVVXPHV D FRQVWDQW

UDWLR EHWZHHQ DOXPLQD DQG DOXPLQXP

SURGXFWLRQ IURP ���� WR ����� $OXPLQD

SURGXFWLRQ LQ ���� LV WKHUHIRUH HVWLPDWHG DW

���� PLOOLRQ PHWULF WRQV ����� PLOOLRQ WRQV�� DQ

LQFUHDVH RI DERXW ���� RYHU ���� SURGXFWLRQ�

7KH YDOXHV VKRZQ LQ 7DEOH ��� DUH FRQVLVWHQW

ZLWK RWKHU DOXPLQD UHILQLQJ HQHUJ\ HVWLPDWHV

IRXQG LQ WKH OLWHUDWXUH� 7KH VSHFLILF HQHUJ\ XVH

RI ���� ��� %WX�WRQ RI DOXPLQXP IURP 7DEOH ���

FRPSDUHV ZLWK YDOXHV RI ���� DQG ���� ���

%WX�WRQ RI DOXPLQXP TXRWHG LQ WKH OLWHUDWXUH

IURP ���� �<RVKLNL�*UDYHOVLQV HW DO� ���� DQG

<DPDGD ������

7KH GDWD DUH DOVR FRQVLVWHQW ZLWK GDWD SXEOLVKHG

LQ WKH PRVW UHFHQW $OXPLQXP $VVRFLDWLRQ

LQGXVWU\ HQHUJ\ VXUYH\ LQ ����� )RU WKDW \HDU�

WKH $$ VXUYH\ HVWLPDWHG DQ DOXPLQD UHILQLQJ

HQHUJ\ XVH RI ���� 0-�NJ ������ %WX�OE� RI

DOXPLQD� 7KH FRUUHVSRQGLQJ YDOXH GHULYHG IURP

WKH GDWD SUHVHQWHG LQ 7DEOH ��� LV ���� 0-�NJ�

������ %WX�OE�� D ���� GHFUHDVH IURP WKH ����

GDWD� ,W LV DERXW ��� OHVV WKDQ WKH ���� 0-�NJ

������ %WX�OE� RI DOXPLQD UHSRUWHG LQ DQ HDUOLHU

$OXPLQXP $VVRFLDWLRQ VXUYH\ FRQGXFWHG LQ

�����
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7KH VLJQLILFDQW UHGXFWLRQV LQ HQHUJ\ SHU XQLW RI

DOXPLQD WKDW KDYH EHHQ DFKLHYHG RYHU WKH SDVW

�� \HDUV KDYH EHHQ WKH UHVXOW RI VHYHUDO IDFWRUV�

LQFOXGLQJ JUHDWHU XVH RI KLJKHU SUHVVXUHV LQ

GLJHVWHUV �ZKLFK DOORZV PRUH HIIHFWLYH

H[WUDFWLRQ IURP SUHYLRXVO\ PDUJLQDO RUHV� DQG

WKH XVH RI IOXLGL]HG�EHG RU IODVK FDOFLQHUV�

7KHVH FDOFLQHUV XVH D PXFK KLJKHU IUDFWLRQ RI

WKH KRW JDV� DOPRVW KDOYLQJ WKH HQHUJ\ QHHGHG

IRU FDOFLQDWLRQ�

2.4  Emissions

Most Particulate Generated During
Grinding and Calcining Is Collected

%DX[LWH JULQGLQJ� K\GUDWHG DOXPLQXP R[LGH

FDOFLQLQJ� DQG PDWHULDOV KDQGOLQJ RSHUDWLRQV

JHQHUDWH SDUWLFXODWH� 9DULRXV GU\ GXVW

FROOHFWLRQ GHYLFHV �FHQWULIXJDO FROOHFWRUV�

PXOWLSOH F\FORQHV� RU HOHFWURVWDWLF SUHFLSLWDWRUV

DQG�RU ZHW VFUXEEHUV� KDYH EHHQ XVHG WR FRQWURO

WKHVH HPLVVLRQV� /DUJH DPRXQWV RI SDUWLFXODWH

DUH JHQHUDWHG GXULQJ WKH FDOFLQLQJ RI K\GUDWHG

DOXPLQXP R[LGH� EXW WKH HFRQRPLF YDOXH RI WKLV

GXVW OHDGV WR WKH XVH RI H[WHQVLYH FRQWUROV WKDW

UHGXFH HPLVVLRQV WR UHODWLYHO\ VPDOO TXDQWLWLHV

�(3$ ����D��

7DEOH ��� OLVWV (3$©V HPLVVLRQ IDFWRUV IRU

VHYHUDO PDMRU DLU SROOXWDQWV IRU EDX[LWH JULQGLQJ

DQG RUH GU\LQJ� 7DEOH ��� OLVWV SDUWLFXODWH

HPLVVLRQV IDFWRUV IRU DOXPLQXP K\GUR[LGH

FDOFLQLQJ� ,Q DGGLWLRQ� D OLIH�F\FOH VWXG\ WKDW

LQFOXGHG D VXUYH\ RI RSHUDWLQJ UHILQHULHV

\LHOGHG DQ DYHUDJH SDUWLFXODWH HPLVVLRQ UDWH RI

��� NJ�PHWULF WRQ ���� OE�WRQ� RI DOXPLQD

�5LFKDUGV ������

2.5  Effluents

Red Mud Washing Has High Process
Water Requirements

7KH %D\HU SURFHVV UHTXLUHV D FRQVLGHUDEOH

DPRXQW RI SURFHVV ZDWHU IRU ZDVKLQJ DQG

ILOWHULQJ WKH UHG PXG DQG WKH DOXPLQD� 0XG

ZDVKLQJ ZDWHU UHTXLUHPHQWV KDYH EHHQ

HVWLPDWHG WR EH DV KLJK DV ����� NJ�PHWULF WRQ

������� OE�WRQ� RI DOXPLQD SURGXFHG� DOXPLQD

ZDVKLQJ DQG ILOWHULQJ ZDWHU UHTXLUHPHQWV DUH

DERXW RQH WRQ SHU WRQ RI DOXPLQD �2DN 5LGJH

1DWLRQDO /DERUDWRULHV ������ 7KH UHVXOWV RI WKH

���� LQGXVWU\ VXUYH\ PHQWLRQHG LQ 6HFWLRQ ���

\LHOGHG DQ HVWLPDWHG WRWDO SURFHVV ZDWHU

UHTXLUHPHQWV RI ����� NJ RI ZDWHU SHU PHWULF

WRQ ������ OE�WRQ� RI DOXPLQD SURGXFHG

�5LFKDUGV ������

Table 2-2.  Emission Factors for Bauxite Grinding/Drying
(kg/metric ton of bauxite processed)

Source
Total

Particulate
[lb/ton]

PM10a

[lb/ton]
CO

[lb/ton]
SOx

[lb/ton]

Uncontrolled 3.0 [6.0] 2.55 [5.1] 0.0 0.0

Spray tower 0.9 [1.8] -- -- --

Floating bed scrubber 0.85 [1.7] -- -- --

Quench tower and spray screen 0.5 [1.0] -- -- --

Bauxite drying oven 0.6 [1.2] 0.35 [0.7] -- 0.7 [1.4]

D 3DUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV LQ GLDPHWHU�

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU

3ROOXWDQWV� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����
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Table 2-3.  Particulate Emission Factors for
Aluminum Hydroxide Calcining

(kg/metric ton of alumina produced)

Source
Total Particulate

[lb/ton]

Uncontrolled 100.0 [200.0]

Spray tower 30.0 [60.0]

Floating bed scrubber 28.0 [56.0]

Quench tower 17.0 [34.0]

Electrostatic precipitator 2.0 [4.0]

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,�

6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV� 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG

(PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU 3ROOXWDQWV� 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ �������������

0DUFK �����

(IIOXHQW OLPLWDWLRQ JXLGHOLQHV IRU DOXPLQD

UHILQLQJ DUH WKH VDPH IRU ERWK WKH EHVW

SUDFWLFDEOH WHFKQRORJ\ FXUUHQWO\ DYDLODEOH

�%37� FDVH DQG WKH EHVW DYDLODEOH WHFKQRORJ\

HFRQRPLFDOO\ DFKLHYDEOH �%$7� FDVH� 7KH ILUVW

OLPLWDWLRQ LV WKDW WKHUH VKDOO EH QR GLVFKDUJH RI

SURFHVV ZDVWHZDWHU SROOXWDQWV WR QDYLJDEOH

ZDWHUV� 7KH VHFRQG OLPLWDWLRQ UHVWULFWV WKH

YROXPH RI SURFHVV ZDVWHZDWHU WKDW PD\ EH

GLVFKDUJHG IURP WKH RYHUIORZ RI D SURFHVV

ZDVWHZDWHU LPSRXQGPHQW�

7DEOH ��� OLVWV W\SLFDO DPRXQWV RI WRWDO

VXVSHQGHG VROLGV� RLO�JUHDVH� DQG RWKHU

SROOXWDQWV FRQWDLQHG LQ DOXPLQD SURGXFWLRQ

ZDVWHZDWHU�

2.6  Byproducts

7KH PDMRU E\SURGXFW DVVRFLDWHG ZLWK FRQYHUWLQJ

EDX[LWH WR DOXPLQD LV UHG PXG� RWKHU E\SURGXFWV

LQFOXGH R[DODWHV DQG PLVFHOODQHRXV ZDVWHV VXFK

DV EULFNV DQG SDFNDJLQJ�

Sodium Oxalates Are Removed from
Bayer Liquor

7KH UHPRYDO RI VRGLXP R[DODWH DQG RWKHU VDOWV

IURP %D\HU OLTXRU UHVXOWV LQ DQ R[DODWH�VDOW

FDNH� %HFDXVH VRGLXP R[DODWH FDQ FU\VWDOOL]H LQ

WKH SUHFLSLWDWLRQ FLUFXLW DQG FDXVH SUREOHPV� LW

LV W\SLFDOO\ FRQWUROOHG E\ VHHGHG SUHFLSLWDWLRQ LQ

D VHSDUDWH XQLW RU E\ GHHS HYDSRUDWLRQ RI VSHQW

OLTXRU� 7KH ODWWHU SURFHVV UHVXOWV LQ D PL[WXUH RI

FU\VWDOOL]HG VDOWV� 7KLV ZDVWH LV HLWKHU ODQG

GLVSRVHG� FDOFLQHG ZLWK EDX[LWH WR IRUP VRGLXP

DOXPLQDWH� KHDWHG DQG FDXVWLFL]HG WR IRUP

VRGLXP K\GUR[LGH� RU ELR�R[LGL]HG WR IRUP

VRGLXP ELFDUERQDWH� (DFK RI WKH PHWKRGV

H[FHSW ODQG GLVSRVDO DOORZV WKH UHFRYHU\ RI

HLWKHU DOXPLQXP RU VRGLXP�

7KH VDQG DQG ILQH UHVLGXHV WKDW DUH VHSDUDWHG

IURP WKH VRGLXP DOXPLQDWH VOXUU\ LQ WKH %D\HU

SURFHVV DUH HLWKHU GLVSRVHG RI ZLWK WKH UHG PXG

RU LQ VHSDUDWH SRQGV� GHSHQGLQJ RQ GLVSRVDO

VWUDWHJ\�
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Table 2-4.  Estimated Average Pollutants Contained in
Alumina Production Effluents

(kg/metric ton of alumina)

Pollutant
Amount
[lb/ton]

Total Suspended Solids 0.3 [0.6]

Oils/grease 0.0013 [0.0026]

Other Dissolved Metals 0.005 [0.010]

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH

RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

([FOXGLQJ UHG PXG DQG LWV DVVRFLDWHG

E\SURGXFWV� WKH DYHUDJH DPRXQW RI VROLG ZDVWHV

JHQHUDWHG GXULQJ DOXPLQD SURGXFWLRQ KDV EHHQ

HVWLPDWHG IURP DFWXDO SODQW GDWD WR EH ���

NJ�PHWULF WRQ ���� OE�WRQ� IRU SDFNDJLQJ DQG ���

NJ�PHWULF WRQ ���� OE�WRQ� IRU DOO RWKHU ZDVWHV

FRPELQHG �5LFKDUGV ������

Large Quantities of "Red Mud" Are
Produced

5HG PXG LV WKH LURQ�ULFK UHVLGXH IURP WKH

GLJHVWLRQ RI EDX[LWH� ,Q JHQHUDO� DERXW ���

PHWULF WRQV RI EDX[LWH DUH UHTXLUHG IRU HDFK

PHWULF WRQ RI DOXPLQD� DQG IURP ��� WR ���

PHWULF WRQV �ZLWK DQ DYHUDJH RI DERXW ��� PHWULF

WRQV� RI UHG PXG DUH JHQHUDWHG SHU PHWULF WRQ RI

DOXPLQD H[WUDFWHG �RU ��� WRQ RI UHG PXG SHU WRQ

RI DOXPLQD� �3LJD HW DO� ������ $QRWKHU

HVWLPDWHG DYHUDJH �EDVHG RQ WKH VXUYH\ RI ��

UHILQHULHV� ZDV ���� PHWULF WRQV RI UHG PXG SHU

PHWULF WRQ RI DOXPLQD H[WUDFWHG �RU ���� WRQV RI

UHG PXG SHU WRQ RI DOXPLQD� �5LFKDUGV ������ ,W

LV HVWLPDWHG WKDW QHDUO\ �� PLOOLRQ PHWULF WRQV

��� PLOOLRQ WRQV� RI UHG PXG DUH JHQHUDWHG

ZRUOGZLGH HDFK \HDU �3LJD HW DO� ������

5HG PXG UHVLGXHV FRQVLVW SDUWO\ RI PLQHUDOV WKDW

GR QRW GLVVROYH GXULQJ WKH FDXVWLF WUHDWPHQW RI

WKH EDX[LWH �H�J�� KHPDWLWH� DQDWDVH� UXWLOH� DQG

TXDUW]� DQG SDUWO\ RI GHVLOLFDWLRQ SURGXFW

�'63�� '63 FRQWDLQV VLOLFD �6L2
�
� DQG

FRQVLGHUDEOH TXDQWLWLHV RI XQUHFRYHUDEOH

DOXPLQD DQG FDXVWLF VRGD �3LJD HW DO� ������ $

W\SLFDO '63 FRQWDLQV HTXDO SDUWV VLOLFD DQG

DOXPLQD DQG ��� SDUW 1D
�
2 �2HEHUJ ������

2Q DQ HOHPHQWDO EDVLV� UHG PXG QRUPDOO\

FRQWDLQV WKH IROORZLQJ�

� LURQ ��� WR ����

� DOXPLQXP ��� WR ����

� VLOLFRQ ��� WR ����

� FDOFLXP ��� WR ����

� VRGLXP ��� WR ����

5HG PXG PD\ DOVR FRQWDLQ WUDFH DPRXQWV RI

HOHPHQWV VXFK DV EDULXP� ERURQ� FDGPLXP�

FKURPLXP� FREDOW� JDOOLXP� YDQDGLXP�

VFDQGLXP� DQG OHDG� DV ZHOO DV UDGLRQXFOLGHV

�(3$ ������ 7KH W\SHV DQG FRQFHQWUDWLRQV RI

PLQHUDOV SUHVHQW LQ WKH PXG GHSHQGV RQ WKH

FRPSRVLWLRQ RI WKH RUH DQG WKH RSHUDWLQJ

FRQGLWLRQV LQ WKH GLJHVWHUV� 5HG PXG KDV QRW

EHHQ IRXQG WR H[KLELW DQ\ RI WKH FKDUDFWHULVWLFV

RI KD]DUGRXV ZDVWH�

7KH UHG PXG LV UHPRYHG IURP WKH VHWWOLQJ WDQNV

E\ ILOWHULQJ WKH VRGLXP DOXPLQDWH XQGHU

SUHVVXUH WKURXJK KHDY\ FDQYDV ILOWHU SUHVVHV�

:DVKLQJ GRHV QRW HQVXUH WKH FRPSOHWH UHFRYHU\

RI WKH DOXPLQDWH� ZKLFK LV WKH FDXVH RI WKH

DONDOLQLW\ RI WKH UHG PXG�

5HG PXG LV PDQDJHG RQ VLWH LQ VXUIDFH

LPSRXQGPHQWV� WKH PRVW FRPPRQ RI ZKLFK LV D

GLNHG LPSHUYLRXV DUHD FDOOHG D SRQG RU ODJRRQ�

7KH PXG VOXUU\ LV SXPSHG WR WKH SRQGV VLWXDWHG

FORVH WR WKH EDX[LWH UHILQHU\� $OO SRQGV DW 8�6�

EDX[LWH UHILQHULHV DUH XQGHUODLQ E\ FOD\�

7KH UHG PXG DFFXPXODWHV DQG VHWWOHV LQ WKH

SRQG� 7KH VXSHUQDWDQW ZDWHU FRQWDLQLQJ FDXVWLF
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VRGD DQG VRGLXP DOXPLQDWH LV UHFLUFXODWHG LQWR

WKH SODQW� 7KH UHPDLQLQJ SDUW RI WKH VRGD DQG

VRGD VDOWV SUHVHQW LQ WKH PXG DV HQWUDLQHG OLTXRU

FDXVHV WR[LFLW\ LQ WKH ZDWHU�

,Q RUGHU WR UHGXFH DONDOL SROOXWLRQ WKURXJK UHG

PXG� D QXPEHU RI GHZDWHULQJ PHWKRGV XVLQJ

GUDLQDJH� GHFDQWDWLRQ� VWDFNLQJ� DQG VSHFLDO

WHFKQLTXHV VXFK DV GU\ GLVSRVDO KDYH EHHQ

GHYHORSHG� $OWKRXJK GU\ GLVSRVDO FDQ FRQVHUYH

WKH ODQG WR D FRQVLGHUDEOH H[WHQW� LW GRHV QRW

FRQVHUYH PLQHUDOV� 6HWWOHPHQW DQG QDWXUDO

HYDSRUDWLRQ FDQ UHVXOW LQ WKH PXG EHLQJ

GHZDWHUHG WR ��� VROLGV DW D GHSWK RI ���

PHWHUV ���� IHHW� �3LJD HW DO� ������

2QH 8�6� EDX[LWH UHILQHU\ JHQHUDWHV D UHVLGXH

WKDW LV GLIIHUHQW LQ FRORU DQG LV FRPPRQO\ FDOOHG

EURZQ PXG� 7KH FKHPLFDO FKDUDFWHULVWLFV RI

EURZQ PXG DUH QRW VXEVWDQWLDOO\ GLIIHUHQW IURP

UHG PXG�

Attempts to Develop Uses for Red Mud
Have Had Limited Success

0DQ\ DWWHPSWV KDYH EHHQ PDGH LQ WKH SDVW WR

XWLOL]H WKH UHG PXG DV UDZ PDWHULDOV IRU

SURGXFWLRQ RI FHPHQW� EULFNV� DJJUHJDWH WR PDNH

FRQFUHWH� DQG RWKHU EXLOGLQJ SURGXFWV� 7KH XVH

RI UHG PXG DV D IORFFXODQW IRU WKH WUHDWPHQW DQG

FODULILFDWLRQ RI ZDVWHZDWHUV DQG DV D UXEEHU

ILOOHU KDV DOVR EHHQ LQYHVWLJDWHG �3LJD HW DO�

������

6HYHUDO SURFHVVHV KDYH EHHQ GHYHORSHG WR

UHFRYHU LURQ IURP WKH UHG PXG UHVLGXHV� DQG WKH

SRWHQWLDO H[LVWV WR XVH UHG PXG DV D UDZ PDWHULDO

LQ WKH LURQ DQG VWHHO LQGXVWU\ �(3$ ������

2WKHU VXEVWDQFHV IRU ZKLFK UHFRYHU\ SURFHVVHV

DUH WHFKQLFDOO\ IHDVLEOH LQFOXGH DOXPLQD�

WLWDQLXP GLR[LGH� DQG RWKHU UDUH PHWDOV VXFK DV

JDOOLXP� YDQDGLXP� DQG VFDQGLXP� 3URFHVVLQJ

IRU UHFRYHU\ RI PHWDOV RWKHU WKDQ LURQ� KRZHYHU�

LV QRW HFRQRPLFDOO\ YLDEOH DW SUHVHQW �(3$

������

2.7  Hazardous Wastes

7KHUH DUH QR 5&5$�OLVWHG KD]DUGRXV ZDVWHV

DVVRFLDWHG ZLWK WKH DOXPLQD UHILQLQJ SURFHVV�

+RZHYHU� VLJQLILFDQW TXDQWLWLHV RI DFLGV DQG

FDXVWLF PDWHULDOV �RXWVLGH WKH %D\HU SURFHVV

LWVHOI� DQG LQ VRPH FDVHV� VROYHQWV� DUH XVHG DW

UHILQHULHV� 7KHUHIRUH� PRVW UHILQHULHV KDYH

VRPH DPRXQW RI KD]DUGRXV ZDVWHV WKDW PXVW EH

GLVSRVHG�
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�
$QRGH

3URGXFWLRQ

3.1  Process Overview

7KH HOHFWURO\VLV RI DOXPLQXP R[LGH �DOXPLQD� WR

IRUP DOXPLQXP UHOLHV RQ WKH DSSOLFDWLRQ RI

HOHFWULF FXUUHQW WR VHSDUDWH WKH R[\JHQ IURP WKH

DOXPLQXP� $Q HOHFWURO\WLF SURFHVV UHTXLUHV DQ

DQRGH DQG D FDWKRGH� LQ WKH HOHFWURO\VLV RI

DOXPLQD� FDUERQ DQRGHV DUH XVHG WR SDVV WKH

HOHFWULF FXUUHQW LQWR WKH ¦SRW§ ZKHUH WKH SURFHVV

LV WDNLQJ SODFH�

Petroleum Coke Is the Main Ingredient in
Carbon Anodes 

7KH PDMRU LQJUHGLHQW LQ FDUERQ DQRGHV LV

SHWUROHXP FRNH� 3HWUROHXP FRNH LV W\SLFDOO\

FDOFLQHG LQ D URWDU\ NLOQ DW WHPSHUDWXUHV EHWZHHQ

����� DQG �����R& ������ WR �����R)�� 7R DYRLG

DLUEXUQLQJ RQFH LW H[LWV WKH NLOQ� WKH FRNH LV

XVXDOO\ VSUD\HG ZLWK D PLQLPDO DPRXQW RI ZDWHU

WR UHGXFH LWV WHPSHUDWXUH WR DSSUR[LPDWHO\ ���R&

����R)�� 'HSHQGLQJ RQ WKH GLVVROYHG VROLGV

FRQWHQW RI WKH TXHQFKLQJ ZDWHU� YDU\LQJ DPRXQWV

RI LPSXULWLHV FDQ UHPDLQ RQ WKH FRNH�

$ QXPEHU RI GLIIHUHQW FRNHV ZLWK YDU\LQJ VXOIXU

FRQWHQWV DQG RWKHU SURSHUWLHV DUH XVHG LQ DQRGH

SURGXFWLRQ� 7KH SURSHUWLHV RI WKH FDOFLQHG FRNH

KDYH D VLJQLILFDQW HIIHFW RQ DQRGH SURSHUWLHV DQG

RQ FDUERQ FRQVXPSWLRQ�

Carbon Anodes May Be Prebaked or
Paste

7ZR W\SHV RI FDUERQ DQRGHV PD\ EH XVHG GXULQJ

WKH UHGXFWLRQ SURFHVV �� DQ DQRGH SDVWH RU D SUH�

EDNHG DQRGH� 7KH DQRGH SDVWH SODQW� RU ¦JUHHQ

PLOO�§ SURGXFHV DQRGH SDVWH RU EULTXHWWHV IRU

6RGHUEHUJ FHOOV DQG JUHHQ SUHVVHG DQRGHV �ZKLFK

DUH VXEVHTXHQWO\ EDNHG LQ DQ DQRGH IXUQDFH� IRU

SUHEDNH FHOOV� 6HYHQWHHQ RI WKH SULPDU\

DOXPLQXP SODQWV LQ WKH 8�6� XVH SUHEDNHG DQRGHV�

WKH RWKHU VL[ XVH DQRGH SDVWH�

,Q WKH SUHEDNH SURFHVV� PXOWLSOH DQRGHV DUH

IRUPHG DQG EDNHG SULRU WR WKHLU XVH LQ UHGXFWLRQ

FHOOV� 7KHVH SUHEDNHG EORFNV� HDFK RI ZKLFK

PD\ ZHLJK XS WR ����� NJ ������ OE�� PXVW EH

UHSODFHG DIWHU WZR WR WKUHH ZHHNV RI VHUYLFH �(3$

���� DQG (PDG ������ $ ODUJH VPHOWHU ZLOO

FRQVXPH VHYHUDO WKRXVDQG DQRGH EORFNV HDFK

ZHHN�

,Q WKH 6RGHUEHUJ SURFHVV� D VLQJOH PDVV RI SDVWH

RU EULTXHWWHV IRUPV WKH DQRGH� %HFDXVH WKH DQRGH

LV EDNHG LQ VLWX LQ WKH UHGXFWLRQ FHOO� VHSDUDWH

DQRGH EDNH IXUQDFHV DUH QRW UHTXLUHG�



��

Prebaked Anodes Predominate

7KH XVH RI SUHEDNHG DQRGHV UHTXLUHV WKDW D

SUHEDNHG DQRGH IDEULFDWLQJ SODQW EH ORFDWHG RQ

VLWH RU ZLWKLQ D UHDVRQDEOH GLVWDQFH� 0RVW

DOXPLQXP UHGXFWLRQ SODQWV PDQXIDFWXUH DQRGH

EORFNV RQ VLWH� +RZHYHU� DQ LQFUHDVLQJ

SURSRUWLRQ ¦EX\V LQ§ DQRGHV DQG VKLSV EDFN

FOHDQHG ¦EXWWV§ IRU UHF\FOLQJ �5LFKDUGV ������

1RW DOO WKH DQRGH FDUERQ LV FRQVXPHG LQ WKH FHOO

LQ RUGHU WR DYRLG FRQWDPLQDWLQJ WKH DOXPLQXP

ZLWK LURQ IURP WKH HOHFWULFDO FRQWDFWV �VWXEV� LQ

WKH DQRGH �(PDG HW DO� ������ 7KH FDUERQ WKDW LV

QRW FRQVXPHG LV UHF\FOHG WR WKH DQRGH

PDQXIDFWXULQJ SURFHVV DV DQRGH EXWWV�

7\SLFDO SUHEDNHG DQRGHV IRU DOXPLQXP

SURGXFWLRQ FRQVLVW RI WKH IROORZLQJ �5LFKDUGV

������

� �� WR ��� FDOFLQHG SHWUROHXP FRNH

� �� WR ��� UHF\FOHG DQRGH EXWWV

� ��� FRDO WDU RU SHWUROHXP SLWFK

7KH SLWFK LV SURGXFHG IURP WKH UHILQLQJ RI FRDO

WDU DQG LV UHFRYHUHG DV D �� WR ��� ERWWRPV

IUDFWLRQ RI KHDY\ RUJDQLFV ZLWK YHU\ KLJK ERLOLQJ

SRLQWV�

$SSUR[LPDWHO\ ��� RI DQRGH SURGXFWLRQ LV

SUHEDNHG DQRGHV� WKH UHPDLQLQJ ��� LV DQRGH

SDVWH IRU 6RGHUEHUJ FHOOV �(3$ ������

Prebaked Anodes Are Formed, Then
Baked

7KH IRXU PDLQ VWHSV LQ SUHEDNH DQRGH

PDQXIDFWXULQJ DUH

� SUHSDUDWLRQ DQG IRUPXODWLRQ RI GU\

DJJUHJDWH �H�J�� FUXVKLQJ DQG FODVVLI\LQJ��

� PL[LQJ GU\ DJJUHJDWH ZLWK SLWFK�

� IRUPLQJ JUHHQ DQRGH EORFNV E\

YLEURFRPSDFWLQJ RU SUHVVLQJ LQ PROGV�

DQG

� EDNLQJ JUHHQ DQRGHV LQ DQ DQRGH EDNLQJ

IXUQDFH�

7R PDNH SUHEDNH DQRGH SDVWH� WKH FDOFLQHG FRNH

DQG DQRGH EXWWV DUH FUXVKHG DQG FODVVLILHG LQWR

IRXU IUDFWLRQV SULRU WR EHLQJ FRQYH\HG WR RLO�

KHDWHG FRQWLQXRXV PL[HUV WR EH EDOO PHOWHG� 7KH

GLIIHUHQW IUDFWLRQV DUHPL[HG LQ FHUWDLQ

SURSRUWLRQV ZLWK KRW OLTXLG FRDO WDU ELQGHU SLWFK

DW DERXW ���R& ����R)� LQ RUGHU IRU WKH SLWFK WR

ZHW WKH ILOOHU FRNH� ,I WKH UHVXOWLQJ JUHHQ SDVWH LV

WR EH XVHG LQ SUHEDNH FHOOV� LW LV FRPSDFWHG DQG

VKDSHG E\ SUHVVLQJ RU YLEURIRUPLQJ WR \LHOG DQ

DQRGH EORFN�

0ROGHG DQRGH EORFNV IRU SUHEDNH FHOOV DUH EDNHG

LQ D IXUQDFH DW DERXW �����R& ������R)� LQ RUGHU

WR FDUERQL]H WKH SLWFK DQG DFKLHYH RSWLPXP

SURSHUWLHV� +RZHYHU� OLNH WKH VKDSLQJ� VL]LQJ�

DQG PL[LQJ RSHUDWLRQV� YDULDELOLW\ LQ EDNLQJ

WHPSHUDWXUHV DOVR RFFXUV� 7KH QHW HIIHFW LV WR

KDYH WKH GHQVLWLHV RI ILQLVKHG DQRGHV YDU\ E\

DOPRVW ���� WKH HOHFWULFDO UHVLVWLYLWLHV YDU\ E\ XS

WR ���� DQG WKH RFFXUUHQFH RI ORFDO GHIHFWV

�(PDG ������

1HDUO\ DOO RI WKH DQRGHV SURGXFHG IRU SUHEDNH

SODQWV DUH EDNHG LQ D ULQJ�ILUHG� RSHQ� RU FORVHG�

WRS IXUQDFH� 7KHVH IXUQDFHV FRQVLVW RI D QXPEHU

RI LQGLUHFWO\ ILUHG VXQNHQ RYHQV RU RSHQ�WRSSHG

EULFN SLWV� 7KH SLWV DUH ILOOHG ZLWK JUHHQ DQRGHV�

SHWUROHXP FRNH RU RWKHU LQVXODWLQJ PDWHULDO LV

WKHQ SODFHG RYHU WKH DQRGHV� 1DWXUDO JDV RU RWKHU

IXHO LV LQMHFWHG LQWR WKH IXUQDFH IOXH DQG LJQLWHG

E\ WKH KLJK DLU WHPSHUDWXUH� ,Q WKH EDNLQJ

SURFHVV� WKH DQRGHV DUH KHDWHG WR DERXW �����R&

������R)�� SDUWO\ E\ WKH KHDW IURP WKH IOXHV DQG

SDUWO\ E\ WKH FDOFLQLQJ RI YRODWLOHV UHOHDVHG IURP

WKH ELQGHU SLWFK LQ WKH DQRGHV� 7KH DQRGHV DUH

EDNHG IRU �� WR �� KRXUV� DIWHU ZKLFK WKH\ VSHQG

XS WR �� GD\V FRROLQJ�

$IWHU ILULQJ DQG FRROLQJ� WKH SDFNLQJ FRNH LV

UHPRYHG IURP WKH SLWV E\ YDFXXPLQJ RU RWKHU

PHDQV DQG UHXVHG �(3$ ����D DQG 5LFKDUGV

������ 7KH FXUHG DQRGHV DUH IL[HG WR VWXEV DQG

PD\ EH VSUD\�FRDWHG ZLWK D OD\HU RI DOXPLQXP WR

SURWHFW WKH H[SRVHG FDUERQ VXUIDFHV IURP DLU�

EXUQLQJ LQ WKH SRWV�
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Anode Paste Has No Baking
Requirements

$QRGH SDVWH IRU 6RGHUEHUJ FHOOV LV PDGH IURP

SHWUROHXP FRNH �IRXU VL]H IUDFWLRQV� DQG SLWFK� QR

UHF\FOHG EXWWV DUH XVHG� $QRGHV IRU 9HUWLFDO 6WXG

6RGHUEHUJ �966� FHOOV W\SLFDOO\ FRQWDLQ ���

SLWFK� ZKLOH DQRGHV IRU +RUL]RQWDO 6WXG

6RGHUEHUJ �+66� FHOOV FRQWDLQ ��� SLWFK�

7KH SUHPL[HG GU\ FRNH DJJUHJDWH LV PL[HG LQ

VWHDP� RU RLO�KHDWHG EOHQGHUV �FRQWLQXRXV RU

EDWFK�� )RU 966 DQRGHV� WKH SDVWH LV IHG WR D

EULTXHWWHU RU H[WUXGHU�FKRSSHU� DQG WKH EULTXHWWHV

DUH TXHQFKHG LQ ZDWHU� )URP WKHUH WKH\ DUH GULHG�

VWRUHG� DQG XOWLPDWHO\ WUDQVSRUWHG WR WKH FHOO�

3DVWH IRU +66 DQRGHV LV GXPSHG LQWR D VSHFLDO

KRSSHU DQG GLUHFWO\ WUDQVIHUUHG WR WKH SRWURRPV�

3.2  Summary of Inputs/Outputs

,QSXWV� 3HWUROHXP FRNH

%LQGHU SLWFK

5HF\FOHG DQRGH EXWWV

)XHO �RLO DQG QDWXUDO JDV�

(OHFWULFLW\

2XWSXWV� &DUERQ DQRGHV RU DQRGH SDVWH

(PLVVLRQV RI RUJDQLF FRPSRXQGV

7UDFHV RI IOXRULGHV

6XOIXU GLR[LGH �62
�
�

&RPEXVWLRQ HPLVVLRQV

&DUERQ GXVW

3LWFK IXPHV

2WKHU SDUWLFXODWH PDWWHU

%XWW FOHDQLQJ GXVW

$OXPLQD IURP EDNH IXUQDFH GU\

DGVRUSWLRQ XQLWV

(OHFWURVWDWLF SUHFLSLWDWRU WDU

%XUQ�RIIV �FRQWDPLQDWHG DQRGH

PDWHULDO�

5HIUDFWRU\ ZDVWH

6FUXEELQJ ZDWHU

)LJXUH ��� LOOXVWUDWHV D W\SLFDO SUHEDNH DQRGH

SURGXFWLRQ SURFHVV ZLWK LWV PDMRU LQSXWV DQG

RXWSXWV�

3.3  Energy Requirements

7DEOH ��� SUHVHQWV HQHUJ\ UHTXLUHPHQWV IRU

PDQXIDFWXULQJ WKH FRNH DQG SLWFK XVHG LQ DQRGHV�

7DEOH ��� VKRZV WKH SURFHVV HQHUJ\ UHTXLUHPHQWV

RI DQRGH SURGXFWLRQ LWVHOI LQ WHUPV RI HQHUJ\ SHU

WRQ RI DQRGH DQG HQHUJ\ SHU WRQ RI SULPDU\

DOXPLQXP� 7KH VSHFLILF SURFHVV HQHUJ\

UHTXLUHPHQWV IRU DQRGH SURGXFWLRQ DUH HVWLPDWHG

WR EH ����� 0-�PHWULF WRQ RI DQRGH ����� ���

%WX�WRQ�� 7KH FRVW RI WKLV HQHUJ\ UHSUHVHQWV DQ

HVWLPDWHG �� RI WKH WRWDO FRVW RI DQRGH

SURGXFWLRQ �5LFKDUGV ������

,Q WHUPV RI DOXPLQXP SURGXFHG� WKH VSHFLILF

HQHUJ\ UHTXLUHPHQWV DUH HVWLPDWHG WR EH �����

0-�PHWULF WRQ RI DOXPLQXP ����� ��� %WX�WRQ��

7KLV DVVXPHV WKDW ���� PHWULF WRQ RI DQRGH LV

UHTXLUHG LQ WKH SURGXFWLRQ RI ��� PHWULF WRQ RI

SULPDU\ DOXPLQXP �RU ���� WRQ SHU WRQ� �:HOFK HW

DO� ������

$ VXEVWDQWLDO SHUFHQWDJH RI WKH WRWDO HQHUJ\ XVHG

LQ WKH DQRGH EDNLQJ SURFHVV FRPHV IURP WKH

DQRGH ELQGHU SLWFK �(3$ ������ 7KH HPERGLHG

HQHUJ\ RI WKH DQRGH LV QRW VKRZQ LQ 7DEOH ��� EXW

LV DFFRXQWHG IRU LQ 7DEOH ���� ZKLFK VKRZV

HQHUJ\ XVH LQ WKH UHGXFWLRQ SURFHVV�

9HU\ OLWWOH HQHUJ\ LV QHHGHG WR SURGXFH DQRGHV IRU

6RGHUEHUJ FHOOV� 966 DQRGH SDVWH EULTXHWWHV DUH

SULPDULO\ GULHG ZLWK WKHLU UHVLGXDO HQWKDOS\

�5LFKDUGV ������

3.4  Emissions

Anode Manufacture Generates Several
Types of Emissions, Including Hazardous
Air Pollutants

0RVW HPLVVLRQV DVVRFLDWHG ZLWK DQRGH

PDQXIDFWXULQJ DUH JHQHUDWHG GXULQJ DQRGH

EDNLQJ� (PLVVLRQV IURP DQRGH EDNH RYHQV

LQFOXGH

� KLJK ERLOLQJ RUJDQLFV IURP WKH

FUDFNLQJ� GLVWLOODWLRQ� DQG R[LGDWLRQ RI

SDVWH ELQGHU SLWFK�
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Cooling/
Quenching

Prebaked
Carbon
Anodes

Mixing

Pressing/
Vibroforming

Baking

Electrostatic
Precipitator Tar

WastewaterWater

Fuel

Calcined Coke
Anode Butts Crushing and

Classifying

Carbon 
Dust

Electricity

Binder 
Pitch

Off-gas

Burn-offs

Particulate
Fluorides (Gaseous and Particulate)
SO  , CO2

Anode 
Paste

Particulate

Polycyclic Organic Matter

Key Energy and Environmental Facts - Anode Production

Energy Emissions Effluents Byproducts

Energy Use
 4,045 MJ/metric ton anode
 (3.51 106 Btu/ton anode)

 1,820 MJ/metric ton Al
 (1.58 106 Btu/ton Al)
  

Largest Source - Bake ovens

Particulate, fluorides,
polycyclic organic matter,
and SO2

Largest Source -Bake plant
wet air pollution control

Typical Process Water 
Volume - 3,215 kg/metric ton
(6,430 lb/ton) of anode
produced

ESP tar, carbon dust, burn-
offs, refractory bricks

Total generation of
carbonaceous wastes - 14
kg/metric ton (28 lb/ton) of
Al produced

Figure 3-1.  Anode Production Flow Diagram
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Table 3-1.  Process Energy Use in Coke and Pitch Production a

Energy Source

Coke Production b Pitch Production b

MJ/metric 
ton of coke c

106 Btu/ton of
coke

MJ/metric 
ton of pitch c

106 Btu/ton of
pitch

Electricityd 130 0.11 0 0.0

Natural Gas 2,825 2.45 297 0.26

Distillate Oil 1,210 1.04 124 0.10

NET TOTAL 4,165 3.60 421 0.36

D 3URFHVV HQHUJ\ RQO\� (QHUJ\ FRQWHQW RI DQRGHV LV DFFRXQWHG IRU LQ 7DEOH ����

E 1RQ�HOHFWULF IXHO XVH LV HVWLPDWHG WR EH ��� QDWXUDO JDV� ��� GLVWLOODWH RLO� �5LFKDUGV ������

F 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

G &RQYHUVLRQ IDFWRU RI �������� NM�N:K� RU ������ %WX�N:K �5LFKDUGV ������

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI

ZKLFK ZDV GHYHORSHG LQ �����

Table 3-2.  Process Energy Use in Anode Production a

Energy Source
MJ/metric ton

of anode b,c
106 Btu/ton of

anode b

Total Specific Energy Use
 per Ton of Aluminum d 

MJ/metric ton c 106 Btu/ton

Electricitye 1,835 1.59 826 0.72

Natural Gas 1,548 1.34 696 0.60

Distillate Oil 331 0.29 149 0.13

Propane & LPG 331 0.29 149 0.13

NET TOTAL 4,045 3.51 1,820 1.58

D 3URFHVV HQHUJ\ RQO\� (QHUJ\ FRQWHQW RI DQRGHV LV DFFRXQWHG IRU LQ 7DEOH ����

E 1RQ�HOHFWULF IXHO XVH LV HVWLPDWHG WR EH ��� QDWXUDO JDV� ��� GLVWLOODWH RLO� DQG ��� SURSDQH �5LFKDUGV

������

F 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

G $VVXPLQJ DYHUDJH RI ���� PHWULF WRQ RI DQRGH SHU PHWULF WRQ RI SULPDU\ DOXPLQXP SURGXFHG �:HOFK

������

H &RQYHUVLRQ IDFWRU RI �������� NM�N:K� RU ������ %WX�N:KU �5LFKDUGV ������

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI

ZKLFK ZDV GHYHORSHG LQ �����

¦$ 0RGHO IRU 3HWUROHXP &RNH 5HDFWLYLW\�§ :HOFK HW DO�� /LJKW 0HWDOV �����
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� VXOIXU GLR[LGH IURP WKH VXOIXU LQ FDUERQ

SDVWH� SULPDULO\ IURP WKH SHWUROHXP FRNH�

� IOXRULGHV IURP UHF\FOHG DQRGH EXWWV�

� RWKHU SDUWLFXODWH PDWWHU� DQG

� WKH SURGXFWV RI IXHO FRPEXVWLRQ�

&RQFHQWUDWLRQV RI XQFRQWUROOHG 62
�
HPLVVLRQV

IURP DQRGH EDNLQJ IXUQDFHV UDQJH IURP � WR ��

SDUWV SHU PLOOLRQ �EDVHG RQ �� VXOIXU LQ FRNH�

�(3$ ����D��

,Q DGGLWLRQ WR DQRGH EDNLQJ� DLU HPLVVLRQV DUH

JHQHUDWHG GXULQJ DQRGH SDVWH PL[LQJ� WUDQVIHU�

DQG DQRGH IRUPLQJ� 7KHVH HPLVVLRQV LQFOXGH

FRNH ILQHV� SDUWLFXODWH PDWWHU� DQG RUJDQLF

FRPSRXQGV�

7KH FRNH FDOFLQDWLRQ SURFHVV JHQHUDWHV VXOIXU

HPLVVLRQV� ZKLFK DUH UHOHDVHG ZLWK YRODWLOH

PDWWHU GXULQJ WKHUPDO GHYRODWLOL]DWLRQ� 6XOIXU LV

DOVR ORVW RU EXUQHG LQ DVVRFLDWLRQ ZLWK FRNH

HQWUDLQPHQW RU

FRPEXVWLRQ LQ WKH NLOQ FRNH EHG DQG LQ WKH NLOQ

H[KDXVW� $GGLWLRQDO VXOIXU LV WKHUPDOO\

GLVVRFLDWHG IURP WKH FRNH GXULQJ FDOFLQDWLRQ

�*DUEDULQR DQG 7RQWL ������

7KH K\GURJHQ IOXRULGH �+)� DQG SRO\F\FOLF

RUJDQLF PDWWHU �320� HPLWWHG IURP WKH DQRGH

EDNH IXUQDFH VWDFN DUH GHVLJQDWHG E\ WKH (3$ DV

KD]DUGRXV DLU SROOXWDQWV �+$3V�� 6HFWLRQ ���

RI WKH &OHDQ $LU $FW DV DPHQGHG UHTXLUHV WKH

GHYHORSPHQW RI 1DWLRQDO (PLVVLRQ 6WDQGDUGV

IRU +D]DUGRXV $LU 3ROOXWDQWV �1(6+$3V� IRU

WKH FRQWURO RI HPLVVLRQ RI +$3V IURP ERWK QHZ

DQG H[LVWLQJ VRXUFHV� 7KH VWDWXWH UHTXLUHV WKH

VWDQGDUG WR UHIOHFW WKH PD[LPXP GHJUHH RI

UHGXFWLRQ LQ HPLVVLRQV WKDW LV DFKLHYDEOH WDNLQJ

LQWR FRQVLGHUDWLRQ WKH FRVW RI DFKLHYLQJ WKH

UHGXFWLRQ� DQ\ QRQ�DLU KHDOWK DQG HQYLURQPHQWDO

UHGXFWLRQ� DQG HQHUJ\ UHTXLUHPHQWV� 7KLV OHYHO

RI FRQWURO LV UHIHUUHG WR DV WKH PD[LPXP

DFKLHYDEOH FRQWURO WHFKQRORJ\ �0$&7��

Recycling Anode Butts Generates
Hydrogen Fluoride Emissions

+\GURJHQ IOXRULGH �+)� HPLVVLRQV RULJLQDWH

IURP WKH UHF\FOLQJ RI DQRGH EXWWV ZKHQ

IOXRULGHV QRW UHPRYHG GXULQJ FOHDQLQJ RI WKH

EXWWV DUH YRODWLOL]HG LQ WKH IXUQDFH DQG UHPRYHG

ZLWK WKH IOXH JDV VWUHDP� 7KH DPRXQW RI +)

HPLWWHG GHSHQGV RQ WKH TXDQWLW\ RI DQRGH EXWWV

UHF\FOHG� WKH FOHDQOLQHVV RI WKH EXWWV� DQG WKH

HIILFLHQF\ RI WKH HPLVVLRQ FRQWURO GHYLFH� LI DQ\�

WKDW ZDV XVHG �(3$ ����D��

7KH DPRXQW RI SDUWLFXODWH PDWWHU HPLWWHG FDQ

YDU\ ZLGHO\ GHSHQGLQJ RQ WKH W\SH RI IXUQDFH�

IXHO XVHG� DQG RWKHU IDFWRUV� 7KH SDUWLFXODWH

PDWWHU UHOHDVHG FRQVLVWV PDLQO\ RI FRQGHQVHG

WDU DWWDFKHG WR GXVW UHOHDVHG WKURXJK RSHQLQJV

LQ WKH RYHQ EULFNZRUN� RU IURP WKH SODFHPHQW

DQG UHPRYDO RI SDFNLQJ FRNH �(3$ ����D��

$QRGH EDNH IXUQDFHV HPLW DERXW ��� PHWULF

WRQV�\HDU ���� WRQV�\HDU � RI WRWDO IOXRULGH �7)��

WKH YDVW PDMRULW\ RI ZKLFK LV JDVHRXV RU

K\GURJHQ IOXRULGH IURP XQFRQWUROOHG EDNH

IXUQDFHV �(3$ ����D�� (3$©V 1HZ 6RXUFH

3HUIRUPDQFH 6WDQGDUGV �1636�� ZKLFK DSSO\ WR

IDFLOLWLHV WKDW FRPPHQFHG FRQVWUXFWLRQ RU

PRGLILFDWLRQ DIWHU 2FWREHU ��� ����� OLPLW

HPLVVLRQV RI 7) IURP DQRGH EDNH IXUQDFHV WR

���� NJ�PHWULF WRQ ���� OE SHU WRQ� RI DOXPLQXP

HTXLYDOHQW DQG RSDFLW\ WR ���� 1R VWDWHV KDYH

7) OLPLWV IRU WKH DQRGH EDNH IXUQDFH IRU

H[LVWLQJ IDFLOLWLHV QRW VXEMHFW WR WKH 1636�

)OXRULGHV DOVR HYROYH IURP WKH IXUQDFH�

RULJLQDWLQJ IURP UHVLGXDO EDWK PDWHULDOV WKDW

DGKHUH WR WKH UHF\FOHG DQRGH EXWWV� %HFDXVH RI

UHVLGXDO PRLVWXUH DQG WKH HOHYDWHG WHPSHUDWXUHV

LQ WKH IXUQDFH� PRVW RI WKH IOXRULGH �DERXW ����

WKDW LV HYROYHG LV K\GURJHQ IOXRULGH �(3$

������

Polycyclic Organic Matter (POM) Is
Released from Binder Pitch

3RO\F\FOLF RUJDQLF PDWWHU �320� UHIHUV WR

RUJDQLF FRPSRXQGV ZLWK PRUH WKDQ RQH EHQ]HQH

ULQJ DQG WKDW KDYH D ERLOLQJ SRLQW JUHDWHU WKDQ RU

HTXDO WR ���R& ����R)�� 320 HPLVVLRQV

RULJLQDWH IURP WKH FRDO WDU SLWFK XVHG DV WKH

ELQGHU� DQG HYROYH DV WKH JUHHQ DQRGH LV EDNHG

LQ WKH IXUQDFH� 320V DUH DOVR JHQHUDWHG GXULQJ

WKH SURGXFWLRQ RI 6RGHUEHUJ DQRGH SDVWH�
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$QRGH EDNH IXUQDFHV HPLW DERXW ��� PHWULF

WRQV ���� WRQV� RI 320 DQQXDOO\� PHDVXUHG DV

PHWK\OHQH FKORULGH H[WUDFWDEOHV �(3$ ����D��

7HVWV DW WZR EDNH IXUQDFHV VKRZHG WKDW WKH ��

WDUJHWHG 320 FRPSRXQGV ZHUH JHQHUDWHG DW D

UDWH RI ���� WR ���� NJ�PHWULF WRQ ���� WR ���

OE�WRQ� RI DQRGH SULRU WR FRQWURO E\ GU\ DOXPLQD

VFUXEEHUV� 7RWDO DQQXDO 320 HPLVVLRQV IURP

SDVWH SURGXFWLRQ SODQWV LQ WKH 8�6� KDYH EHHQ

HVWLPDWHG DW ��� PHWULF WRQV ���� WRQV� �(3$

����D��

Dry Coke Scrubber Can Collect Up To
99.8% of POM Emissions  

320 HPLVVLRQV JHQHUDWHG GXULQJ DQRGH SDVWH

SURGXFWLRQ DUH RIWHQ FROOHFWHG ZLWK KRRGV RU

VLPLODU GHYLFHV DQG URXWHG WR D EDJKRXVH� GU\

FRNH VFUXEEHU� GU\ DOXPLQD VFUXEEHU� RU ZHW

VFUXEEHU� 7KH GU\ FRNH VFUXEEHU LV WKH PRVW

HIIHFWLYH PHWKRG IRU FRQWUROOLQJ 320

HPLVVLRQV IURP DQRGH SDVWH SURGXFWLRQ� 7KLV

W\SH RI VFUXEEHU� ZKLFK LV FXUUHQWO\ XVHG DW ILYH

SODQWV� KDV EHHQ VKRZQ WR DFKLHYH XS WR �����

FDSWXUH RI 320 HPLVVLRQV� $ EDJKRXVH LV DOVR

XVHG WR FRQWURO ILQH SDUWLFXODWH PDWWHU DQG WR

UHPRYH FRNH ILQHV� 7KH FRNH FDQ EH UHWXUQHG

GLUHFWO\ WR WKH SDVWH SURGXFWLRQ RSHUDWLRQ�

2WKHU SODQWV XVH YDULRXV W\SHV RI FRQWUROV IRU

VSHFLILF HPLVVLRQ SRLQWV LQ SDVWH SURGXFWLRQ

�(3$ ������

(PLVVLRQV RI JDVHRXV DQG SDUWLFXODWH IOXRULGHV

DQG 320 IURP DQRGH EDNH IXUQDFHV DUH

FRQWUROOHG PRVW FRPPRQO\ �DQG HIIHFWLYHO\�

ZLWK GU\ DOXPLQD VFUXEEHUV� ,Q WKLV W\SH RI

VFUXEEHU� WKH DOXPLQD DFWV DV DQ DGVRUEHQW IRU

WKH +) JDV DQG SURYLGHV FRQGHQVDWLRQ VXUIDFHV

IRU WDUV �D 320�� $ EDJKRXVH LV XVHG WR FRQWURO

ILQH SDUWLFXODWH PDWWHU FRQWDLQLQJ IOXRULGHV DQG

RWKHU 320V�

7KH GU\ DOXPLQD VFUXEEHU KDV EHHQ VKRZQ WR

DFKLHYH ���� WR ����� FRQWURO RI 7) HPLVVLRQV

DQG �� WR ��� FRQWURO RI 320 HPLVVLRQV �(3$

����D�� 2I WKH �� DQRGH EDNH IXUQDFHV LQ WKH

8QLWHG 6WDWHV� �� XVH GU\ DOXPLQD VFUXEEHUV�

2QH 8�6� DQRGH EDNH SODQW XVHV D ZHW VFUXEEHU�

DQG DQRWKHU XVHV DQ HOHFWURVWDWLF SUHFLSLWDWRU WR

FRQWURO +) DQG SDUWLFXODWH� 7KUHH SODQWV

FXUUHQWO\ DUH QRW HTXLSSHG ZLWK HPLVVLRQV

FRQWURO GHYLFHV�

%HFDXVH RI LWV SHUIRUPDQFH FDSDELOLW\� WKH GU\

DOXPLQD VFUXEEHU KDV EHHQ LGHQWLILHG DV WKH

0$&7 IORRU WHFKQRORJ\ IRU DQRGH EDNH

IXUQDFHV ORFDWHG DW D SULPDU\ DOXPLQXP SODQW�

)RU WKH EDNH IXUQDFH WKDW LV QRW ORFDWHG DW VXFK D

SODQW� WKH 0$&7 IORRU WHFKQRORJ\ LV DQ

HOHFWURVWDWLF SUHFLSLWDWRU�

7KH RUJDQLF YDSRUV WKDW HYROYH IURP WKH DQRGHV

DV WKH\ DUH EDNLQJ DUH SXOOHG LQWR WKH KRW IOXH

JDV V\VWHP ZKHUH WKH\ FDQ EH EXUQHG DW D

WHPSHUDWXUH RI DERXW �����R& ������R)�� 7KH

GHJUHH RI GHVWUXFWLRQ RI WKHVH RUJDQLF

FRPSRXQGV GHSHQGV RQ DQ DGHTXDWH VXSSO\ RI

R[\JHQ� VXIILFLHQW UHVLGHQFH WLPH DW

WHPSHUDWXUH� DQG DGHTXDWH PL[LQJ �(3$ ������

3LWFK IXPHV IURP VWRUDJH WDQNV DQG SLWFK

PHOWHUV DUH FRQWUROOHG WKURXJK WKH XVH RI

VFUXEEHUV RU DIWHUEXUQHUV� 7KH VFUXEEHU

HIIOXHQW FDQ WKHQ EH UHF\FOHG RU WUHDWHG DV D

FKHPLFDO ZDVWH�

7DEOHV ��� DQG ��� OLVW (3$©V HPLVVLRQ IDFWRUV

IRU VHYHUDO PDMRU DLU SROOXWDQWV IRU DQRGH EDNH

IXUQDFHV� 7DEOH ��� OLVWV WZR VHWV RI SURFHVV�

UHODWHG HPLVVLRQ IDFWRUV IRU FRNH DQG DQRGH

SURGXFWLRQ� 7KH ILUVW VHW ZDV FDOFXODWHG DV SDUW

RI D ���� VXUYH\ RI HOHYHQ VPHOWHUV� 7KHVH

IDFWRUV UHSUHVHQW ZHLJKWHG DYHUDJH IDFWRUV IURP

DFWXDO SODQWV ZLWK YDULRXV HPLVVLRQV FRQWURO

WHFKQRORJLHV� 7KH VHFRQG VHW RI GDWD �DQRGH

SURGXFWLRQ RQO\� LV WKH UHVXOW RI D ���� VXUYH\

RI �� (XURSHDQ VPHOWHUV�

3.5  Effluents

Process Water Recycled or Treated
Before Leaving Plant

3ULRU WR EDNLQJ WKH ZDUP� JUHHQ DQRGH EORFNV

DUH FRQYH\HG LQ D WDQN RI FROG ZDWHU WKDW FRROV

WKHP DQG UHGXFHV GHIRUPDWLRQ� 7KLV ZDWHU KDV

WR EH ERWK UHF\FOHG DQG WUHDWHG LI UHOHDVHG�

/LPH�VDQG WUHDWPHQW LV JHQHUDOO\ XVHG WR

UHPRYH WUDFHV RI RUJDQLFV �5LFKDUGV ������
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Table 3-3.  Emission Factors for Anode Baking Furnace
(kg/metric ton of molten Al)

Source

Total
Particulate

[lb/ton]
PM10a

[lb/ton]

Gaseous
Fluoride
[lb/ton]

Particulate
Fluoride
[lb/ton]

CO
[lb/ton]

SOx
[lb/ton]

Uncontrolled 1.5 [3.0] 1.4 [2.8] 0.45 [0.90] 0.05 [0.10] 33.0 [66.0] 1.35 [2.7]

Fugitive ND -- ND ND -- --

Spray tower 0.375 [0.75] -- 0.02 [0.04] 0.015 [0.03] -- --

Electrostatic precipitator 0.375 [0.75] -- 0.02 [0.04] 0.015 [0.03] -- --

Dry alumina scrubber 0.03 [0.06] -- 0.0045
[0.009]

0.001 [0.002] -- --

1' 1RW GHWHUPLQHG�

D 3DUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV LQ GLDPHWHU�

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU 3ROOXWDQWV �

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����

Table 3-4.  Emission Factors for Anode Baking Furnace
(kg/metric ton of anode)

Source
Total Fluoride

[lb/ton]
Gaseous Fluoride

[lb/ton]

Polycyclic Organic
Matter (POM)

[lb/ton]

Uncontrolled 1.5 [3.0] 1.5 [3.0] 1.0 [2.0]

Electrostatic precipitator 0.075 [0.015] 0.075 [0.15] 0.2 [0.4]

Dry alumina scrubber 0.01 [0.02] 0.005 [0.01] 0.045 [0.09]

6RXUFH� 3ULPDU\ $OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW 'RFXPHQW IRU 3URSRVHG 0$&7 6WDQGDUGV � 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 2IILFH RI $LU 4XDOLW\ 3ODQQLQJ DQG 6WDQGDUGV� -XO\ �����

7KH QHW SURFHVV ZDWHU FRQVXPSWLRQ IRU DQRGH

SURGXFWLRQ �H[FOXGLQJ IXHO�UHODWHG ZDWHU XVH� LV

HVWLPDWHG DW ����� NJ�PHWULF WRQ ������ OE�WRQ�

RI DQRGH �5LFKDUGV ������

7DEOH ��� SUHVHQWV (3$©V HIIOXHQW OLPLWDWLRQV

IRU DQRGH EDNLQJ XVLQJ EHVW SUDFWLFDEOH FRQWURO

WHFKQRORJ\ FXUUHQWO\ DYDLODEOH �%37�� 7DEOH ��

� SUHVHQWV HIIOXHQW OLPLWDWLRQV XVLQJ WKH EHVW

DYDLODEOH WHFKQRORJ\ HFRQRPLFDOO\ DFKLHYDEOH

�%$7� IRU DQRGH FRQWDFW FRROLQJ DQG EULTXHWWH

TXHQFKLQJ� 7DEOH ��� VKRZV %$7 OLPLWDWLRQV

IRU DQRGH SDVWH SODQW DQG DQRGH EDNH SODQW ZHW

DLU SROOXWLRQ FRQWURO�

7DEOH ��� VKRZV HVWLPDWHG DYHUDJH OHYHOV RI

766� IOXRULGHV� DQG RUJDQLFV FRQWDLQHG LQ

W\SLFDO DQRGH PDQXIDFWXULQJ SURFHVV

ZDVWHZDWHU EDVHG RQ WKH ���� VXUYH\�
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Table 3-5.  Typical Emission Factors for Coke and Anode Production
(kg/metric ton of anode)

Pollutant

Amount [lb/ton]

Coke
Production

Anode Production

N. American Survey a European Survey b

Particulate 0.40 [0.80] 0.63 [1.26] 0.15c [0.30]

SOx 0.81 [1.62] 0.70 [1.40] 0.90 [1.80]

NOx 0.18 [0.36] 0.16 [0.32] 0.24 [0.48]

CO 0.37 [0.74] 0.25 [0.50] NA

CO2 0.00 [0.00] 0.00 [0.00] NA

Organics 0.29 [0.58] 0.20 [0.40] 0.06d [0.12]

Fluorides 0.0004 [0.0008] 0.25 [0.50] 0.10 [0.20]

1$ 'DWD QRW DYDLODEOH

D :HLJKWHG DYHUDJH FRPSRVLWH YDOXHV IURP �� 1� $PHULFDQ VPHOWHUV SDUWLFLSDWLQJ LQ D ���� VXUYH\�

E :HLJKWHG DYHUDJH FRPSRVLWH YDOXHV IURP �� (XURSHDQ VPHOWHUV SDUWLFLSDWLQJ LQ D ���� VXUYH\�

F 5HSRUWHG DV GXVW�

G 5HSRUWHG DV SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+��

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI

ZKLFK ZDV GHYHORSHG LQ �����

���� (QYLURQPHQWDO 6XUYH\ IRU (OHFWURO\VLV 3ODQWV� SUHVHQWHG DW 3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\� VSRQVRUHG E\ 7KH $OXPLQXP $VVRFLDWLRQ� 1RYHPEHU �����

Table 3-6.  Anode Bake Plant Effluent BPT a

Limitations - Average of  Daily Values for 30
Consecutive Days

(kg/metric ton, or lbs per 
1,000 lbs of product)

Pollutant BPT Limitation 

Fluoride 1.0

Total Suspended Solids 1.5

pH 6-9

D %HVW 3UDFWLFDEOH &RQWURO 7HFKQRORJ\ &XUUHQWO\ $YDLODEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV�

�� &)5 3DUW ������� %XUHDX RI 1DWLRQDO $IIDLUV� �����
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Table 3-7.  Anode Contact Cooling and
Briquette Quenching BAT a Effluent

Limitations - Average of  Daily Values 
for 30 Consecutive Days

(mg/kg, or lbs per 10 6 lbs of anodes cast)

Pollutant
Anode Contact Cooling and

Briquette Quenching

Benzo(a)pyrene 0.003

Antimony 0.180

Nickel 0.077

Aluminum 0.566

Fluoride 5.518

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV

0HWDOV� �� &)5 3DUW ������� %XUHDX RI 1DWLRQDO $IIDLUV�

�����

Table 3-8.   Anode Paste and Bake Plant Wet Air Pollution Control 
BATa Effluent Limitations - 

Average of  Daily Values for 30 Consecutive Days
(mg/kg, or lbs per 10 6 lbs of anodes baked or paste produced)

Pollutant

Anode and
Cathode Paste

Plant

Closed Top
Ring

Furnace

Open Top
Ring Furnace

with Spray
Tower Only

Open Top Ring
Furnace with
Wet ESP and
Spray Tower

Tunnel 
Kiln

Benzo(a)pyrene 0.002 0.067 0.001 0.011 0.018

Antimony 0.117 3.719 0.043 0.628 0.979

Nickel 0.050 1.600 0.019 0.270 0.421

Aluminum 0.369 11.720 0.136 1.979 3.084

Fluoride 3.591 114.200 1.320 19.270 35.050

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW ������� %XUHDX RI 1DW� $IIDLUV� �����

3.6  Byproducts

Anode Manufacturing Generates Many 
Byproducts But Most Are Recycled

7KH SURGXFWLRQ RI FDUERQ DQRGHV JHQHUDWHV

VHYHUDO E\SURGXFW VWUHDPV FRQWDLQLQJ FDUERQ

FRQWDPLQDWHG ZLWK HOHFWURO\WH PDWHULDOV� 0RVW

RI WKHVH E\SURGXFW VWUHDPV DUH UHF\FOHG EDFN

LQWR DQRGH FDUERQ RU RWKHU XVHV� DQG RQO\ D IHZ

DUH GLVSRVHG RI DV ZDVWH �VHH 7DEOH ������
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Table 3-9.  Typical Anode
Manufacturing Effluents 

Pollutant
Quantity (mg/kg or lbs

per 10 6 lbs) 

Fluoride 4.8

Total Suspended
Solids

3.9

Organics 5.0

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH

GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH

RI ZKLFK ZDV GHYHORSHG LQ �����

Table 3-10.  Byproducts from Anode Manufacturing
(kg/metric ton of anodes)

Byproduct

Pollution
Abatement

Method

Quantity
[lbs/ton 

of anodes]
Method of Reuse/

Disposal

Carbon dust from dry
aggregate preparation

Bag filters -- Recycling in anodes

Butt cleaning dust Bag filters Avg: 17 [34]
Range: 5 - 42

[10 - 84]

Partially recycled in
anodes; partially
chemical waste

Carbon dust from bake furnace
dry adsorption units with lime
as additive for F removal

Bag filters Range: 40 - 50
[80 - 100]

Used as fuel in the
cement industry

Alumina from bake furnace dry
adsorption units

Bag filters Range: 50 -
200

[100 - 400]

Recycled to aluminum
reduction

Carbon dust from bake furnace
cranes

Bag filters Range: 2 - 3
[4 - 6]

Used as fuel in the
cement industry or as

carburizer

Bake furnace ESP tar Electrostatic
precipitator

Avg: 4 [8]
Range: 1 - 16

[2 - 32]

Reused in aromatics
refineries or as a fuel;
sometimes incinerated

Burn-offs -- Avg: 4 [8]
Range: 0.2 - 30

[0.4 - 60]

Recycled in anodes or
used as carburizer

Refractory bricks -- Avg: 18 [36]
Range: 4 - 40

[8 - 80]

Landfilled or recycled

6RXUFH� ¦:DVWH 0DWHULDOV LQ $QRGH 0DQXIDFWXULQJ� $Q 2YHUYLHZ�§ )HOL[ .HOOHU� SUHVHQWHG DW /LJKW 0HWDOV �����
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5HF\FOLQJ FDUERQ PDWHULDOV FRQWDLQLQJ VRGLXP

KDV D GHOHWHULRXV HIIHFW RQ DQRGH UHDFWLYLW\ WR

FDUERQ GLR[LGH DQG RQ WKH OLIH RI DQRGH EDNLQJ

IXUQDFH UHIUDFWRULHV �6DGOHU DQG 6DOLVEXU\

������

'XULQJ DQRGH EDNLQJ� DSSUR[LPDWHO\ ��� RI WKH

SLWFK LV YRODWLOL]HG� $W SODQWV ZLWK HOHFWURVWDWLF

SUHFLSLWDWRUV �(63V�� WKH PDMRU SDUW RI

XQFRPEXVWHG YRODWLOHV LV FROOHFWHG DV WDU� 7KH

FROOHFWHG WDU PD\ DPRXQW WR � WR � NJ�PHWULF WRQ

�� WR � OE�WRQ� RI EDNHG DQRGHV� GHSHQGLQJ RQ

WKH FRPEXVWLRQ HIILFLHQF\� 7UDGLWLRQDOO\ WKH WDU

KDV EHHQ GHDOW ZLWK E\ GHSRVLWLRQ� UHF\FOLQJ

GXULQJ FDUERQ EORFN SURGXFWLRQ� RU FRPEXVWLRQ

�)RRVQDHV HW DO� ������ :DVWH WDU FRPEXVWLRQ

V\VWHPV KDYH EHHQ GHYHORSHG WKDW DOORZ (63 WDU

WR EH XVHG DV D IXHO� VXEVWLWXWLQJ IRU RLO RU JDV LQ

WKH DQRGH EDNLQJ IXUQDFH�

$ ZRUOGZLGH VXUYH\ VSRQVRUHG E\ WKH

$OXPLQXP &RPPLWWHH RI WKH 0LQHUDOV� 0HWDOV�

	 0DWHULDOV 6RFLHW\ �706� IRXQG WKDW

FDUERQDFHRXV ZDVWH PDWHULDOV IURP SUHEDNHG

DQRGH SURGXFWLRQ DUH JHQHUDWHG RQ WKH RUGHU RI

�� NJ�PHWULF WRQ ��� OE�WRQ� RI DOXPLQXP

SURGXFHG� 5HIUDFWRU\ ZDVWHV IURP DQRGH

EDNLQJ IXUQDFHV DUH RQ WKH RUGHU RI �� NJ SHU

PHWULF WRQ ��� OE SHU WRQ� RI DOXPLQXP �.HOOHU

������

7KH UHVXOWV RI WKH 706 VXUYH\ DUH VKRZQ LQ

7DEOH ����� ZKLFK SUHVHQWV WKH PDMRU VROLG

ZDVWH PDWHULDOV IURP DQRGH SURGXFWLRQ�

WRJHWKHU ZLWK WKH JHQHUDOO\ DFFHSWHG SROOXWLRQ

DEDWHPHQW PHWKRG �LI DYDLODEOH�� WKH TXDQWLW\

�DYHUDJH DQG UDQJH� RI SRWHQWLDOO\ FULWLFDO ZDVWH

PDWHULDOV� DQG WKH PHWKRG RI UHXVH RU GLVSRVDO�

$ FHUWDLQ DPRXQW RI WKH FDUERQDFHRXV ZDVWHV

IURP DQRGH PDQXIDFWXULQJ LV UHF\FOHG LQ WKH

SURFHVV� +RZHYHU� WKHUH LV HYLGHQFH WKDW

SHWUROHXP FRNH DQG SLWFK TXDOLW\ ZLOO

GHWHULRUDWH LQ WKH IXWXUH� PDNLQJ UHF\FOLQJ OHVV

DFFHSWDEOH IRU GLVSRVLQJ RI FDUERQ ZDVWHV

�.HOOHU ������

3.7  Hazardous Wastes

7KHUH DUH QR 5&5$�OLVWHG KD]DUGRXV ZDVWHV

DVVRFLDWHG ZLWK DQRGH PDQXIDFWXULQJ�
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�
$OXPLQXP

3URGXFWLRQ

4.1  Process Overview

Alumina Is Reduced to Aluminum in
Electrolytic Cells

$OXPLQXP LV SURGXFHG E\ WKH HOHFWURO\VLV RI

DOXPLQD GLVVROYHG LQ D PROWHQ FU\ROLWH�EDVHG

HOHFWURO\WH� WKH +DOO�+HURXOW SURFHVV� ,Q WKLV

SURFHVV� HOHFWULF FXUUHQW LV XVHG WR VHSDUDWH WKH

DOXPLQD LQWR DOXPLQXP DQG R[\JHQ� 7KH R[\JHQ

UHDFWV ZLWK WKH FDUERQ DQRGH WR IRUP &2
�
WKDW LV

OLEHUDWHG IURP WKH FHOO� $ W\SLFDO PRGHUQ

DOXPLQXP UHGXFWLRQ FHOO� FRPPRQO\ FDOOHG D SRW�

FRQVLVWV RI D UHFWDQJXODU VWHHO VKHOO OLQHG ZLWK

UHIUDFWRU\ WKHUPDO LQVXODWLRQ� :LWKLQ WKLV LV DQ

LQQHU OLQLQJ RI FDUERQ �WKH FDWKRGH� WKDW FRQWDLQV

WKH KLJKO\ FRUURVLYH PROWHQ IOXRULGH HOHFWURO\WH�

)URP ��� WR DV PDQ\ DV ��� FHOOV RU SRWV DUH

HOHFWULFDOO\ FRQQHFWHG LQ VHULHV WR IRUP D SRWOLQH�

7KH SRWV PD\ EH OLQHG XS VLGH�E\�VLGH RU HQG�WR�

HQG LQ RQH RU PRUH URZV� )URP ��� WR ����� NJ

���� WR ����� OE� RI DOXPLQXP PHWDO DUH SURGXFHG

SHU GD\ LQ HDFK SRW�

Prebake and Soderberg Are Two Major
Reduction Processes

3ULPDU\ DOXPLQXP RSHUDWLRQV DUH GLIIHUHQWLDWHG

E\ WKH W\SH RI DQRGH XVHG DQG WKH PHWKRG E\

ZKLFK

WKH SRW LV ZRUNHG RU WKH DQRGH LV LQWURGXFHG LQWR

WKH FHOO� 7KH WZR PDMRU WHFKQRORJLHV DUH SUHEDNH

DQG 6RGHUEHUJ� 7KH SRWV LQ SUHEDNH FHOOV XVH

PXOWLSOH DQRGHV WKDW DUH IRUPHG DQG EDNHG SULRU

WR FRQVXPSWLRQ LQ WKH SRWV� 6RGHUEHUJ SRWV XVH D

VLQJOH� FRQWLQXRXV DQRGH WKDW LV VKDSHG DQG EDNHG

LQ SODFH GLUHFWO\ LQ WKH SRW �(3$ ������

6HYHQWHHQ RI WKH �� SULPDU\ DOXPLQXP SODQWV LQ

WKH 8�6� XVH SUHEDNH WHFKQRORJ\� ZLWK WKH QXPEHU

RI SRWOLQHV VKRZQ LQ 7DEOH ���� $OWKRXJK WKH

PDLQ GLIILFXOW\ DVVRFLDWHG ZLWK 6RGHUEHUJ

WHFKQRORJ\ LV LWV HPLVVLRQV RI RUJDQLFV �GLVFXVVHG

LQ 6HFWLRQ ����� WKLV SUREOHP LV FRQVLGHUHG WR EH

RIIVHW E\ WKH DGYDQWDJH RI QRW QHHGLQJ DQ DQRGH

EDNLQJ IXUQDFH �DQG LWV DWWHQGDQW FRQWUROV��

%RWK SUHEDNH DQG 6RGHUEHUJ SRWV KDYH WZR

YDULDWLRQV� 7KH SRWV LQ SUHEDNH SODQWV DUH

FODVVLILHG DV FHQWHU�ZRUNHG SUHEDNH �&:3%�

RU VLGH�ZRUNHG SUHEDNH �6:3%�� GHSHQGLQJ RQ

ZKHUH WKH SRW ZRUNLQJ �FUXVW EUHDNLQJ DQG

DOXPLQD DGGLWLRQ� WDNHV SODFH� 6RGHUEHUJ SRWV DUH

GLIIHUHQWLDWHG E\ WKH SRVLWLRQLQJ RI WKH FXUUHQW�

FDUU\LQJ VWXGV LQ WKH DQRGHV� WKH WZR W\SHV DUH

9HUWLFDO 6WXG 6RGHUEHUJ �966� DQG +RUL]RQWDO

6WXG 6RGHUEHUJ �+66��

,Q FHOOV XVLQJ SUHEDNHG DQRGH WHFKQRORJ\�

EHWZHHQ �� DQG �� DQRGHV ILWWHG ZLWK VWHHO VWXEV

RU URGV DUH



48

Table 4-1.  U.S. Primary Aluminum 
Potlines

Plant Type Number of Potlines

Prebake
 CWPB
 SWPB

69
64
5

Soderberg
 HSS
 VSS

22
12
10

TOTAL 91

6RXUFH� 3ULPDU\ $OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW

'RFXPHQW IRU 3URSRVHG 0$&7 6WDQGDUGV� 8�6�

(3$� -XO\ �����

VXVSHQGHG IURP D[LDO EXVEDUV WKDW IXQFWLRQ DV WKH

SRVLWLYH HOHFWULFDO FRQQHFWLRQ� 7KH DQRGH EORFNV

DUH FRQVXPHG XQWLO WKH\ FDQ QR ORQJHU

EH XVHG ZLWKRXW DWWDFN RQ WKH VWXEV� DW ZKLFK

SRLQW WKH\ DUH UHSODFHG�

3RLQW IHHGHUV DGG IUHTXHQW VPDOO GRVHV RI DOXPLQD

LQWR WKH FHOO WR PDLQWDLQ D FHUWDLQ FRQFHQWUDWLRQ LQ

WKH EDWK� 3UDFWLFDOO\ DOO SRWOLQHV DUH HTXLSSHG

ZLWK DXWRPDWLF FRPSXWHU FRQWURO RI WKH IHHGLQJ

IUHTXHQF\ DQG RI WKH FHOO YROWDJH�

6RGHUEHUJ FHOOV XVH D VLQJOH DQRGH FRQWDLQHG LQ D

VWHHO VKHOO VXVSHQGHG DERYH WKH SRW� :KLOH

GHVFHQGLQJ WKURXJK WKH VKHOO� WKH SDVWH EDNHV DQG

IRUPV FDUERQ WR UHSODFH WKH FDUERQ EHLQJ

FRQVXPHG DW WKH ERWWRP� $GGLWLRQDO SDVWH LV

DGGHG SHULRGLFDOO\ DV WKH DQRGH LV FRQVXPHG�

&XUUHQW IURP WKH EXVHV HQWHUV WKH DQRGH WKURXJK

URZV RI SLQV LQVHUWHG LQWR WKH DQRGH� 7KH SLQV DUH

SHULRGLFDOO\ UHSRVLWLRQHG DV WKH FRQVXPDEOH

DQRGH SURJUHVVHV LQWR WKH SRW�

,Q 966 FHOOV� WKH SDVWH LV VSUHDG RQ WRS RI WKH

PRQROLWKLF DQRGH FDVLQJ DERXW HYHU\ GD\� NHHSLQJ

WKH FDVLQJ FRQVLVWHQWO\ IXOO� )RU +66 FHOOV� SDVWH

LV GXPSHG DERXW HYHU\ VHYHQ WR WHQ GD\V RQ WKH

H[LVWLQJ VHPL�KDUG PDVV RI XQEDNHG FDUERQ LQ WKH

DQRGH ER[� 7KLV PDVV RI FDUERQ� RYHU ZKLFK

WKHUH LV D WKHUPDO JUDGLHQW RI ���R& WR ��R&

������ WR ��R)� DPELHQW WHPSHUDWXUH�� LV

FRQVXPHG DW WKH UDWH RI ��� FP�GD\ ����

LQFK�GD\�� ,W WDNHV DSSUR[LPDWHO\ �� WR �� GD\V

IRU WKH SDVWH RQ WKH WRS WR UHDFK WKH ERWWRP DQG

EH FRQVXPHG �5LFKDUGV ������

,Q ERWK SUH�EDNHG DQG 6RGHUEHUJ FHOOV� WKH

GLVWDQFH EHWZHHQ WKH DQRGH DQG WKH PROWHQ

DOXPLQXP �WKH DQRGH�FDWKRGH GLVWDQFH� UDQJHV

IURP ��� WR ��� FHQWLPHWHUV ���� WR ��� LQFKHV��

6WHHO FXUUHQW�FROOHFWRU EDUV� MRLQHG LQWR WKH

FDUERQ OLQLQJ� FDUU\ WKH HOHFWULF FXUUHQW IURP WKH

FHOO� $ OD\HU RI WKH FDWKRGH RI DOXPLQD FRYHUV

ERWK WKH IUHH VXUIDFH RI WKH EDWK DQG WKH DQRGHV�

$OXPLQXP LV HOHFWURFKHPLFDOO\ GHSRVLWHG IURP

GLVVROYHG DOXPLQD LQWR WKH PROWHQ DOXPLQXP SRRO

DW WKH ERWWRP RI WKH FHOO� ,W LV UHPRYHG XVLQJ

YDFXXP VLSKRQLQJ RU JUDYLW\ VHSDUDWLRQ LQWR FDVW�

LURQ SRWV IRU WUDQVSRUW WR WKH FDVWKRXVH�

7KH R[\JHQ UHOHDVHG IURP WKH DOXPLQD LV DWWUDFWHG

WR DQG FRQVXPHV WKH FHOO©V FDUERQ DQRGHV�

SURGXFLQJ &2
�
� 7KH DOXPLQXP PHWDO SURGXFHG

W\SLFDOO\ KDV D SXULW\ RI DERXW ������ E\ PDVV

�.YDQGH HW DO� ������ $SSUR[LPDWHO\ ����� NJ RI

DOXPLQD DUH UHTXLUHG SHU PHWULF WRQ RI DOXPLQXP

������ OE�WRQ� �5LFKDUGV ������

Additives Improve Cell Efficiency and
Performance

0ROWHQ FU\ROLWH �1D
�
$O)

�
� LV WKH PDMRU

FRPSRQHQW RI WKH HOHFWURO\WH� RU EDWK� DOXPLQXP

IOXRULGH �$O)
�
� LV WKH PRVW FRPPRQ DGGLWLYH�

7KHVH WZR FRPSRXQGV PDLQWDLQ WKH GHVLUHG UDWLR

RI VRGLXP WR DOXPLQXP IOXRULGH DQG UHSODFH

IOXRULGHV ORVW IURP WKH FHOO LQWR SRW OLQLQJV RU

WKURXJK YRODWLOL]DWLRQ� &U\ROLWH KDV D KLJK

VROXELOLW\ RI DOXPLQD EXW UHTXLUHV KLJK RSHUDWLQJ

WHPSHUDWXUH� $GGLWLYHV DUH WKHUHIRUH XVHG WR

LPSURYH WKH FXUUHQW HIILFLHQF\ E\ UHGXFLQJ PHWDO

VROXELOLW\ DQG HQDEOLQJ D ORZHU RSHUDWLQJ

WHPSHUDWXUH�

$OWKRXJK $O)
�
LV WKH PRVW ZLGHO\ XVHG EDWK

DGGLWLYH� &D)
�
� /L)� DQG 0J)

�
PD\ DOVR EH XVHG

WR LPSURYH FHOO SHUIRUPDQFH� 0RVW PRGHUQ

SODQWV XVH D ORZ�UDWLR EDWK FRQWDLQLQJ � WR ���

$O)
�
DQG � WR �� $O

�
2

�
� DQG GR QRW W\SLFDOO\ XVH

/L) DQG 0J)
�
� &U\ROLWH LV QRW FRQVXPHG� DQG FDQ

EH UHFRYHUHG DQG UHF\FOHG ZLWK VPDOO PDNH�XS�
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'HSHQGLQJ RQ WKH SRW FKHPLVWU\ DQG RWKHU

IDFWRUV� WKH RSWLPXP RSHUDWLQJ WHPSHUDWXUH RI WKH

FHOO LV EHWZHHQ ���R& DQG ���R& ������ WR

�����R)�� 8VLQJ GLUHFW FXUUHQW� FHOOV RSHUDWH DW

������ WR RYHU ������� DPSHUHV� DOWKRXJK WKH

PDMRULW\ RI SODQWV KDYH ������ WR ������� DPSHUH

FHOOV� $QRGH FXUUHQW GHQVLWLHV UDQJH IURP ��� WR

��� DPSHUHV SHU VTXDUH IRRW� 7KH YROWDJH GURS

DFURVV D VLQJOH FHOO LV ��� WR ��� YROWV� DQG PD\

UHDFK ����� YROWV DFURVV DQ HQWLUH SRWOLQH �(3$

������ 3RWV SURGXFH DQ HVWLPDWHG ��� NJ�GD\

����� OE�GD\� RI DOXPLQXP IRU HDFK NLODPSHUH RI

FXUUHQW� &HOO HIILFLHQF\ LV GLVFXVVHG LQ 6HFWLRQ

���� (QHUJ\ 5HTXLUHPHQWV�

4.2  Summary of Inputs/Outputs

,QSXWV� $OXPLQD

&DUERQ DQRGHV RU DQRGH SDVWH

&U\ROLWH �1D
�
$O)

�
�

$OXPLQXP IOXRULGH �$O)
�
�� FDOFLXP

IOXRULGH �&D)
�
�� DQG RWKHU DGGLWLYHV

(OHFWULFLW\

)XHO

3URFHVV ZDWHU

5HIUDFWRULHV� FDUERQ FHOO OLQLQJ

2XWSXWV� 0ROWHQ DOXPLQXP

'XVW

&DUERQ GLR[LGH �&2
�
� DQG FDUERQ

PRQR[LGH �&2�

*DVHRXV IOXRULGHV �+)� 6L)
�
�&)

�
DQG

&
�
)
�
�

3DUWLFXODWH IOXRULGHV �PDLQO\ 1D$O)
�
�

3RO\F\FOLF RUJDQLF PDWWHU �320��

LQFOXGLQJ SRO\F\FOLF DURPDWLF

K\GURFDUERQV �3$+V�

6XOIXU R[LGHV �62[� DQG QLWURJHQ

R[LGHV �12[�

(IIOXHQWV

:HW VFUXEEHU�(63 VOXGJH

6SHQW SRWOLQLQJ �5&5$�OLVWHG .����

)LJXUH ��� LOOXVWUDWHV WKH WZR PDMRU W\SHV RI

DOXPLQXP SURGXFWLRQ FHOOV� WKH SUHEDNHG FHOO DQG

WKH 6RGHUEHUJ FHOO�

4.3  Energy Requirements

Aluminum Production Is Very Electricity-
Intensive

7KH WKHRUHWLFDO PLQLPXP HQHUJ\ FRQVXPSWLRQ LQ

DOXPLQXP HOHFWURO\VLV LV ���� N:K�NJ RI $O ����

N:K�OE� �*UMRWKHLP HW DO� ������ 7KH ORZHVW
HQHUJ\ FRQVXPSWLRQ WKDW FDQ EH DFKLHYHG WRGD\ LV

DERXW ���� N:K�NJ RI $O ���� N:K�OE� IRU D

ZKROH OLQH RI PRGHUQ� KLJK�DPSHUDJH DOXPLQD

UHGXFWLRQ FHOOV� \LHOGLQJ D EHVW SRVVLEOH HQHUJ\

HIILFLHQF\ RI DERXW ����

3URGXFWLRQ FHOOV QRUPDOO\ KDYH FXUUHQW

HIILFLHQFLHV UDQJLQJ IURP �� WR ���� /DUJH�

PRGHUQ UHGXFWLRQ FHOOV RSHUDWH ZLWK FXUUHQW

HIILFLHQFLHV RI �� WR ��� DQG D VSHFLILF HQHUJ\

FRQVXPSWLRQ RI �� WR �� N:K�NJ ���� WR ���

N:K�OE� RI DOXPLQXP �7DEHUHDX[ HW DO� ������

7KHVH PRGHUQ FHOOV RSHUDWH HIILFLHQWO\ EHFDXVH RI

WKH LPSURYHPHQWV PDGH LQ WKH PDJQHWLF GHVLJQ RI

WKH HOHFWULFDO FRQGXFWRU EXV FRPSRQHQWV�

DSSOLFDWLRQ RI VWDWH�RI�WKH�DUW FRPSXWHU V\VWHPV

IRU FRQWURO DQG PDQDJHPHQW RI FHOO RSHUDWLRQV

ZLWK DOXPLQD SRLQW IHHGHU V\VWHPV� DQG RSHUDWLRQ

ZLWK D ORZ�UDWLR $O)
�
HOHFWURO\WH FKHPLVWU\

�7DEHUHDX[ HW DO� ������

2OGHU SUHEDNH FHOOV KDYH FXUUHQW HIILFLHQFLHV LQ

WKH UDQJH RI �� WR ���� ZKLOH WKH ROGHVW FHOOV RI

WKLV W\SH� DV ZHOO DV WKH EHVW SHUIRUPLQJ +66 DQG

966 6RGHUEHUJ FHOOV W\SLFDOO\ KDYH HIILFLHQFLHV

EHWZHHQ �� DQG ���� 2OGHU 6RGHUEHUJ VPHOWHUV

DUH OHVV HIILFLHQW� W\SLFDOO\ �� WR ��� �)RUEHUJ

������

'HSHQGLQJ RQ FHOO GHVLJQ DQG RSHUDWLRQ� VSHFLILF

HQHUJ\ FRQVXPSWLRQ IRU WKH HOHFWURO\VLV SURFHVV

FDQ EH DV KLJK ���� N:K�NJ RI $O ���� N:K�OE�

�+XJOHQ DQG .YDQGH ������ 8VLQJ DYDLODEOH

GDWD� LW KDV EHHQ FDOFXODWHG WKDW� RQ D WRQQDJH�

ZHLJKWHG EDVLV� WKH PRVW HIILFLHQW WKLUG RI WKH

ZRUOG©V VPHOWHUV RSHUDWH ZLWK DQ DYHUDJH HQHUJ\

FRQVXPSWLRQ RI ���� N:K�NJ RI $O ���� N:K�OE��

WKH PHGLXP�HIILFLHQF\ WKLUG DW ���� N:K�NJ RI $O

���� N:K�OE�� DQG WKH OHDVW HIILFLHQW WKLUG DW ����

N:K�NJ RI $O ���� N:K�OE� �+XJOHQ DQG .YDQGH

������
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Key Energy and Environmental Facts - Aluminum Production

Energy Emissions Effluents Byproducts

Electricity - 15.18 kWh/kg Al 
  (115,330 MJ/metric ton, or   
   99.85 106 Btu/ton)
Non-Electric - 790 MJ/metric  
   ton, or 0.69 106 Btu/ton
Anode Energy Content -        
   17,325 MJ/metric ton of Al  
     (15.0 106 Btu/ton)
 
Total Industry Energy Use     
    (1995) - 450.40 109 MJ      
      (428.95 1012 Btu)

Normal cell operation: CO2    
  and CO
Anode effects: CF4 and C2F6

HAPS: HF, polycyclic
organic matter (POM)

Generation:
 CO2 - 1.4 metric tons/metric  
    ton of Al
 Total CF4 and C2F6 - 2,700    
    metric ton/yr (2,970 ton/yr)
Total Fluoride - 5,820 metric  
      ton/yr (6,400 ton/yr)
Total POM - 3,200 metric       
    ton/yr (2,910 ton/yr)

Typical Process Water Use - 
   5.2 kg/metric ton of Al

Typical Wastewater 
Volume - 0.0009 kg/metric     
   ton (0.0018 lb/ton) of Al

Spent Potliner - RCRA-
listed waste K088

   Generation  - up to 50       
      kg/metric ton (100
lb/ton)        of Al
   Total Generation -             
      109,100 metric tons       
        (120,000 tons) per
year

Figure 4-1.  Alumina Reduction Cells
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Table 4-2.  Current Average Specific Energy 
Consumption of U.S. Reduction Cells

Cell Type

Specific Energy Consumption a

kWh/kg of Al kWh/lb of Al

Prebake 14.94 6.79

Soderberg 16.07b 7.30

All (composite) 15.18 6.90

D :HLJKWHG DYHUDJH YDOXHV�

E ,QFOXGHV HQHUJ\ IRU EDNLQJ DQRGHV LQ WKH SRW�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

7DEOH ��� VKRZV WKH FXUUHQW DYHUDJH VSHFLILF

HQHUJ\ FRQVXPSWLRQ IRU ERWK SUHEDNH DQG

6RGHUEHUJ UHGXFWLRQ FHOOV� 7KH FXUUHQW DYHUDJH

VSHFLILF HQHUJ\ FRQVXPSWLRQ IRU DOO 8�6�

UHGXFWLRQ FHOOV LV HVWLPDWHG WR EH ����� N:K�NJ

���� N:K�OE� �5LFKDUGV ������ 7DEOH ��� VKRZV

VPHOWLQJ HQHUJ\ XVH E\ HQHUJ\ VRXUFH� E\ IDU WKH

PDMRU HQHUJ\ VRXUFH XVHG LV HOHFWULFLW\�

$OWKRXJK WKH DYHUDJH XQLW HQHUJ\ UHTXLUHPHQWV

IRU 6RGHUEHUJ FHOOV VKRZQ LQ 7DEOH ��� DUH KLJKHU

WKDQ WKH FRUUHVSRQGLQJ UHTXLUHPHQWV IRU SUHEDNH

FHOOV� LW VKRXOG QRW EH FRQFOXGHG WKDW 6RGHUEHUJ

WHFKQRORJ\ LV OHVV HQHUJ\ HIILFLHQW WKDQ SUHEDNH

WHFKQRORJ\� $OO RI WKH HQHUJ\ IRU EDNLQJ WKH

DQRGHV LV LQFOXGHG LQ WKH XQLW HQHUJ\ IRU

6RGHUEHUJ WHFKQRORJ\� IRU SUHEDNH WHFKQRORJ\�

DQRGH EDNLQJ HQHUJ\ LV VHSDUDWH �VHH 7DEOH �����

,Q PRGHUQ DOXPLQD UHGXFWLRQ FHOOV� DSSUR[LPDWHO\

��� RI WKH HQHUJ\ LQSXW LV ORVW DV KHDW JLYHQ RII

WR WKH VXUURXQGLQJV� $ERXW KDOI RI WKLV KHDW ORVV

LV IURP WKH SRW VKHOO DQG KDOI IURP WKH DQRGHV DQG

FUXVW �(LND HW DO� ������ 6SHFLILF KHDW ORVV

PHFKDQLVPV LQFOXGH UDGLDWLRQ� WKHUPDO

FRQGXFWDQFH WKURXJK HOHFWURGH FRQQHFWLRQV�

H[KDXVW JDVHV DQG WDSSHG PHWDO� DQG HOHFWURGHV

UHPRYHG IURP WKH FHOO �(3$ ������

$QRGH FKDQJLQJ LQ SUHEDNH FHOOV LV WKH URXWLQH

RSHUDWLRQ WKDW LQWURGXFHV WKH ODUJHVW VLQJOH

WKHUPDO GLVWXUEDQFH LQ WKH FHOO� FDXVLQJ D

VLJQLILFDQW HQHUJ\ GUDLQ� )RU D PRGHUQ DQRGH

ZHLJKLQJ DERXW RQH PHWULF WRQ� WKLV GUDLQ

FRUUHVSRQGV WR DQ HQHUJ\ ORVV RI DERXW ����

N:K�NJ RI DOXPLQXP ����� N:K�OE� �$XQH HW DO�

�����

7KH DSSOLFDWLRQ RI QHZ WHFKQRORJ\�

LPSURYHPHQWV WR H[LVWLQJ HTXLSPHQW� DQG WKH

DGRSWLRQ RI JRRG KRXVH NHHSLQJ PHDVXUHV FRXOG

UHGXFH WKH ¦LQGXVWULDO DYHUDJH§ HQHUJ\

FRQVXPSWLRQ RI ���� N:K�NJ RI $O ���� N:K�OE�

E\ ��� �+XJOHQ DQG .YDQGH ������ %H\RQG

WKDW� LW LV EHOLHYHG WKDW RQO\ D WHFKQRORJLFDO

EUHDNWKURXJK �VXFK DV LQHUW DQRGH�FDWKRGH

V\VWHPV� FRXOG OHDG WR VLJQLILFDQW UHGXFWLRQV LQ

HOHFWURO\VLV HQHUJ\ FRQVXPSWLRQ�

4.4  Emissions

Emissions of PFCs, Fluorides and Other
HAPs Are of Concern

7KH PDLQ JDVHV HPLWWHG IURP DOXPLQD UHGXFWLRQ

FHOOV DUH

� FDUERQ GLR[LGH �&2
�
��

� FDUERQ PRQR[LGH �&2�� DQG

� JDVHRXV DQG SDUWLFXODWH IOXRULGHV�

*DVHRXV IOXRULGHV HPLWWHG LQFOXGH WZR

SHUIOXRURFDUERQ JDVHV �� FDUERQ WHWUDIOXRULGH

�&)
�
� DQG FDUERQ KH[DIOXRULGH �&

�
)
�
� �� DV ZHOO DV

K\GURJHQ IOXRULGH �+)� DQG VLOLFRQ WHWUDIOXRULGH

�6L)
�
�� 3DUWLFXODWH IOXRULGH FRQVLVWV PDLQO\ RI
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Table 4-3.  Energy Use in Aluminum Production - 1995  

Energy Source

Specific Energy Use a Total Industry Use b

MJ/metric ton
of Al c

 106 Btu/ton 
of Al 10 9 MJc 1012 Btu

Electricityd,e 115,330 99.85 389.26 370.72

Natural Gas 752 0.65 2.54 2.42

Distillate Oil 20 0.02 0.07 0.07

Residual Oil 5 0.005 0.01 0.01

Propane & LPG 8 0.01 0.03 0.03

Gasoline 5 0.005 0.01 0.01

SUBTOTAL
(excluding energy
content of anodes)

116,120 100.54 391.92 373.26

Carbon Anodesf 17,325 15.00 58.48 55.69

TOTAL 133,445 115.54 450.40 428.95

D 7KH SHUFHQWDJH XVH RI HDFK QRQ�HOHFWULF IXHO LV DVVXPHG WR EH WKH VDPH DV WKH SHUFHQWDJH XVH IRXQG LQ 7KH

$OXPLQXP $VVRFLDWLRQ©V ���� LQGXVWU\ HQHUJ\ VXUYH\� QDWXUDO JDV ������ SURSDQH 	 /3* ����� GLVWLOODWH RLO

����� UHVLGXDO RLO ����� DQG JDVROLQH �����

E %DVHG RQ WRWDO ���� 8�6� SURGXFWLRQ RI ������� ��� PHWULF WRQV RI SULPDU\ DOXPLQXP �7KH $OXPLQXP

$VVRFLDWLRQ ������

F 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

G %DVHG RQ WKH 8�6� DYHUDJH IRU DOO SODQWV RI ����� N:K�NJ RI DOXPLQXP �5LFKDUGV ������

H &RQYHUVLRQ IDFWRU LV ����� NM�N:K ������ %WX�N:K� �5LFKDUGV ������

I (QHUJ\ FRQWHQW RI FDUERQ DQRGHV EDVHG RQ ������� %WX�OE RI DOXPLQXP �SLWFK� DQG ������� %WX�OE RI

DOXPLQXP �SHWUROHXP FRNH� �7KH $OXPLQXP $VVRFLDWLRQ ������ 1RODQ 5LFKDUGV UHSRUWV DQ DQRGH HQHUJ\

FRQWHQW RI ������ 0-�PHWULF WRQ RI DOXPLQXP�

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI

ZKLFK ZDV GHYHORSHG LQ �����

$OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU ����� 7KH $OXPLQXP $VVRFLDWLRQ� �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU �����§ SUHSDUHG E\ 7KH

$OXPLQXP $VVRFLDWLRQ� $XJXVW �����

HQWUDLQHG DQG YRODWLOL]HG EDWK �1D$O)
�
�� ,Q

DGGLWLRQ� DOXPLQD DQG FDUERQ GXVW ZLOO VRUE +)

DQG WKHUHIRUH FRQWULEXWH WR SDUWLFXODWH IOXRULGH

�+DXSLQ DQG .YDQGH ������

+\GURJHQ IOXRULGH� GHVLJQDWHG E\ WKH (3$ DV D

KD]DUGRXV DLU SROOXWDQW �+$3�� LV HPLWWHG IURP

ERWK SUHEDNH DQG 6RGHUEHUJ FHOOV� ,Q DGGLWLRQ�

6RGHUEHUJ FHOOV HPLW SRO\F\FOLF RUJDQLF PDWWHU

�320�� DOVR D +$3� 2WKHU +$3 FRPSRXQGV

DVVRFLDWHG ZLWK SULPDU\ DOXPLQXP SURGXFWLRQ

LQFOXGH EHQ]HQH� F\DQLGH� PHWDO FRPSRXQGV�

SKHQRO� WROXHQH� DQG [\OHQH�

6HFWLRQ ��� RI WKH &OHDQ $LU $FW DV DPHQGHG

UHTXLUHV WKH GHYHORSPHQW RI 1DWLRQDO (PLVVLRQ

6WDQGDUGV IRU +D]DUGRXV $LU 3ROOXWDQWV

�1(6+$36� IRU WKH FRQWURO RI HPLVVLRQV RI

+$3V IURP ERWK QHZ DQG H[LVWLQJ VRXUFHV� 7KH

VWDWXWH UHTXLUHV WKH VWDQGDUG WR UHIOHFW WKH

PD[LPXP GHJUHH RI UHGXFWLRQ LQ HPLVVLRQV WKDW
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LV DFKLHYDEOH WDNLQJ LQWR FRQVLGHUDWLRQ WKH FRVW

RI DFKLHYLQJ WKH UHGXFWLRQ� DQ\ QRQ�DLU KHDOWK

DQG HQYLURQPHQWDO UHGXFWLRQ� DQG HQHUJ\

UHTXLUHPHQWV� 7KLV OHYHO RI FRQWURO LV UHIHUUHG

WR DV WKH PD[LPXP DFKLHYDEOH FRQWURO

WHFKQRORJ\ �0$&7��

CO2, CO, Perfluorocarbons (PFCs) Are
Emitted During Electrolysis

'XULQJ QRUPDO FHOO RSHUDWLRQ� WKH DQRGH JDV

HPLWWHG GXULQJ HOHFWURO\VLV FRQWDLQV �� WR ���

&2
�
� �� WR ��� &2� DQG D VPDOO DPRXQW RI

6L)
�
� GHSHQGLQJ RQ WKH VLOLFD FRQWHQW RI WKH

DQRGHV� 7KH H[DFW UDWLR EHWZHHQ WKH DPRXQWV RI

&2
�
DQG &2 JHQHUDWHG LV EHOLHYHG WR EH D

IXQFWLRQ RI WKH FXUUHQW HIILFLHQF\ RI WKH SRWV�

+RZHYHU� WKH DPRXQW RI &2
�
UHOHDVHG GXULQJ

VPHOWLQJ XVLQJ SUHEDNHG FDUERQ DQRGHV LV

HVWLPDWHG DW ��� PHWULF WRQV SHU PHWULF WRQ RI

DOXPLQXP ���� WRQV SHU WRQ� �5LFKDUGV ���� DQG

������ +XJOHQ DQG .YDQGH HVWLPDWH ��� PHWULF

WRQV RI &2
�
SHU PHWULF WRQ RI DOXPLQXP IURP

WKH EHVW FHOOV� DQG DQ DYHUDJH RI ���� PHWULF

WRQV RI &2
�
SHU WRQ RI DOXPLQXP �+XJOHQ DQG

.YDQGH ������

(VWLPDWHV RI &2 HPLVVLRQV UDQJH IURP ���

NJ�PHWULF WRQ RI DOXPLQXP WR ��� NJ�PHWULF WRQ

�5LFKDUGV ���� DQG +XJOHQ DQG .YDQGH ������

7KH KLJKHU QXPEHU FRPHV ZLWK WKH H[SODQDWLRQ

WKDW PRVW RI WKH &2 HYROYHG IURP 6RGHUEHUJ

FHOOV ZLOO EH R[LGL]HG WR &2
�
LQ VHSDUDWH EXUQHUV

EHIRUH OHDYLQJ WKH VWDFNV� DQG WKH &2 HPLVVLRQV

ZLOO WKHQ EH VPDOO� $OVR� &2 IURP SUHEDNHG

DQRGH FHOOV LV SUREDEO\ R[LGL]HG UDSLGO\� DQG

WKH DFWXDO &2 HPLVVLRQV ZLOO EH PXFK VPDOOHU�

'XULQJ DQ DQRGH HIIHFW �$(�� WKH DQRGH JDV

FRPSRVLWLRQ FKDQJHV WR � WR ��� &2
�
� �� WR

��� &2� � WR ��� &)
�
� DQG PLQRU DPRXQWV RI

&
�
)
�
�+DXSLQ ������ $QRGH HIIHFWV PRVW RIWHQ

RFFXU ZKHQ WKH DOXPLQD FRQFHQWUDWLRQ LQ WKH

EDWK LV QHDUO\ GHSOHWHG �OHVV WKDQ ��� UDWKHU

WKDQ WKH QRUPDO � WR ���� OHDGLQJ WR DQRGH

RYHUYROWDJH ��� YROWV RU PRUH�� 7KLV FDXVHV

ODUJH EXEEOHV WR IRUP� HYHQWXDOO\ IRUPLQJ D

VLQJOH ODUJH EXEEOH WKDW FRYHUV PRVW RI WKH

DQRGH VXUIDFH� 7KH RYHUYROWDJH LQFUHDVHV HYHQ

PRUH� OHDGLQJ WR WKH SURGXFWLRQ RI IOXRULQH�

FDUERQ FRPSRXQGV �SHUIOXRURFDUERQV� RQ WKH

DQRGH� $QRGH HIIHFWV RFFXU DW D UDWH RI RQH SHU

GD\ SHU SRW WR RQH SHU ZHHN DW EHWWHU�FRQWUROOHG

SODQWV�

7KHUH LV FXUUHQWO\ DJUHHPHQW DPRQJ PRVW

UHVHDUFKHUV WKDW SHUIOXRURFDUERQV �3)&V� DUH

QRW HPLWWHG GXULQJ QRUPDO HOHFWURO\VLV� (3$

HVWLPDWHV WKDW DQQXDO 3)& HPLVVLRQV IURP 8�6�

DOXPLQXP VPHOWLQJ DUH DERXW ����� PHWULF WRQV

� ����� WRQV� �*LEEV DQG -DFREV ������ 7KH

SULPDU\ DOXPLQXP LQGXVWU\ KDV WHDPHG ZLWK

(3$ WR UHGXFH 3)& HPLVVLRQV WKURXJK WKH

9ROXQWDU\ $OXPLQXP ,QGXVWULDO 3DUWQHUVKLS

�9$,3� SURJUDP� 7KH SDUWLFLSDWLQJ FRPSDQLHV

KDYH DJUHHG WR UHGXFH WKH IUHTXHQF\ RI DQRGH

HIIHFWV E\ XS WR ��� E\ WKH \HDU ���� IURP D

���� EDVHOLQH� ,W LV KRSHG WKDW WKLV ZLOO UHGXFH

DQQXDO 3)& HPLVVLRQV IURP 8�6� DOXPLQXP

VPHOWHUV E\ �� WR ��� �RU DQ DYHUDJH ����

IURP ���� OHYHOV�

7\SLFDO &)
�
HPLVVLRQV YDOXHV KDYH SUHYLRXVO\

EHHQ HVWLPDWHG DV KLJK DV ��� NJ�PHWULF WRQ ����

OE�WRQ� RI DOXPLQXP SURGXFHG� 0RUH UHFHQW

GDWD� KRZHYHU� LQGLFDWH WKDW PXFK OHVV &)
�
LV

EHLQJ HYROYHG� 5HFHQW PHDVXUHPHQWV IURP RQH

FRPSDQ\©V VPHOWHUV VKRZ DYHUDJH HPLVVLRQ

YDOXHV RI ���� DQG ��� NJ RI &)
�
SHU PHWULF WRQ

����� DQG ��� OE�WRQ� RI DOXPLQXP SURGXFHG

IURP SUHEDNH DQG 6RGHUEHUJ FHOOV� UHVSHFWLYHO\

�+XJOHQ DQG .YDQGH ������ 5LFKDUGV UHSRUWV

DQ DYHUDJH YDOXH RI ��� NJ�PHWULF WRQ ����

OE�WRQ� RI DOXPLQXP �5LFKDUGV ������

*DVHRXV &
�
)
�
LV DOVR IRUPHG GXULQJ DQRGH

HIIHFWV� EXW LQ VPDOOHU DPRXQWV� ,W KDV EHHQ

HVWLPDWHG WKDW &
�
)
�
HPLVVLRQV DUH DERXW � WR

��� RI WKH DPRXQW RI &)
�
�+XJOHQ DQG .YDQGH

������

Hydrogen Fluoride Emitted in Both
Gaseous and Particulate Form

*DVHRXV K\GURJHQ IOXRULGH �+)� LV SURGXFHG E\

K\GURO\VLV RI EDWK DQG K\GURO\VLV RI SRW YDSRU�

(PLVVLRQV RI +) WKDW DUH QRW FROOHFWHG E\ WKH

SULPDU\ V\VWHP DUH UHOHDVHG LQ WKH SRWURRP

ZKHUH WKH\ PL[ ZLWK WKH YHQWLODWLRQ DLU DQG

HVFDSH WKURXJK WKH URRI PRQLWRU DW PRVW SODQWV�
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DOWKRXJK VRPH SODQWV KDYH URRI VFUXEEHUV�

6HFRQGDU\ +) HPLVVLRQV DUH JHQHUDWHG GXULQJ

FKDUJLQJ DOXPLQD WR WKH EDWK� UHPRYLQJ

�WDSSLQJ� WKH PROWHQ DOXPLQXP� UHSODFLQJ

DQRGHV� DQG FRUUHFWLQJ DQRGH HIIHFWV�

+LVWRULFDOO\� WKH FRPELQDWLRQ RI JDVHRXV DQG

SDUWLFXODWH IOXRULGHV HPLWWHG IURP DOXPLQXP

SODQWV KDYH EHHQ PHDVXUHG DQG UHJXODWHG DV

HPLVVLRQV RI WRWDO IOXRULGH� RU ¦7)§� 7) KDV

WKHUHIRUH DFWHG DV D VXUURJDWH WR UHSUHVHQW WKLV

PL[WXUH� DQG PRVW HPLVVLRQV GDWD FXUUHQWO\

DYDLODEOH UHVXOW IURP VDPSOLQJ DQG DQDO\VLV IRU

7)�

%DVHOLQH HPLVVLRQV IURP SRWOLQHV DW WKH ��

SULPDU\ DOXPLQXP SODQWV LQ WKH 8�6� DUH

HVWLPDWHG DW ����� PHWULF WRQV ������ WRQV� RI

7) DQQXDOO\� ZKLFK LQFOXGHV DERXW ����� PHWULF

WRQV ������ WRQV� RI JDVHRXV IOXRULGH �(3$

������ %DVHG RQ ���� SULPDU\ DOXPLQXP

SURGXFWLRQ OHYHOV� WKLV ZRUNV RXW WR

DSSUR[LPDWHO\ ��� NJ RI 7)�PHWULF WRQ ����

OE�WRQ� RI DOXPLQXP� 5LFKDUGV UHSRUWV DQ

DYHUDJH YDOXH RI ��� NJ RI IOXRULGHV�PHWULF WRQ

���� OE�WRQ� RI DOXPLQXP �5LFKDUGV ������

(PLVVLRQV IURP SUHEDNH FHOOV DUH DSSUR[LPDWHO\

��� WKRVH IURP 6RGHUEHUJ FHOOV RQ D XQLW EDVLV

�+XJOHQ DQG .YDQGH ������

0RVW RI WKH IOXRULGH FRQWHQW RI +) JDV DQG RI

SDUWLFXODWH UHOHDVHG ZLWK FHOO JDV LV FDSWXUHG E\

WKH FHOO©V KRRGLQJ DQG IXPH WUHDWPHQW V\VWHP�

ZKLFK LV W\SLFDOO\ �� WR ��� HIILFLHQW �+DXSLQ

DQG .YDQGH ������ 6RPH SODQWV KDYH

PHFKDQL]HG EDU EUHDNHUV DQG DOXPLQXP KRSSHUV

ZLWKLQ KRRGV WKDW KDYH UHVXOWHG LQ HYHQ PRUH

HIILFLHQW IXPH FDSWXUH �5LFKDUGV ������ 7KRVH

IOXRULGHV WKDW HVFDSH FDSWXUH UHSUHVHQW IOXRULGH

HPLVVLRQV�

'U\ VFUXEELQJ V\VWHPV XVHG WRGD\ DUH FDSDEOH

RI UHFRYHULQJ PRUH WKDQ ��� RI WKH IOXRULGHV LQ

WKH FROOHFWHG FHOO JDVHV� 'U\ VFUXEELQJ LV EDVHG

RQ FKHPLVRUSWLRQ RI JDVHRXV +) RQ DOXPLQD�

ZLWK VXEVHTXHQW IRUPDWLRQ RI $O)
�
GXULQJ LWV

UHWXUQ WR WKH FHOO� 7KLV VLJQLILFDQWO\ ORZHUV WKH

FRQVXPSWLRQ RI DOXPLQXP IOXRULGH �*UMRWKHLP

HW DO� ������ :HW VFUXEELQJ V\VWHPV DUH DOVR

XVHG WR FRQWURO HPLVVLRQV IURP UHGXFWLRQ FHOOV�

0RVW RI WKH SDUWLFXODWH IOXRULGH HYROYHG IURP

+DOO�+HURXOW FHOOV UHVXOWV IURP YDSRUL]DWLRQ RI

WKH FU\ROLWH EDWK� 2WKHU FRQWULEXWRUV WR

SDUWLFXODWH HPLVVLRQV LQFOXGH DOXPLQD DQG

FDUERQ IURP DQRGH GXVWLQJ� DV ZHOO DV

DOXPLQXP IOXRULGH� FDOFLXP IOXRULGH� FKLROLWH

�1D
�
$O

�
)
��
� DQG IHUULF R[LGH �(3$ ������

7KH 6WDQGDUGV RI 3HUIRUPDQFH IRU 3ULPDU\

$OXPLQXP 5HGXFWLRQ 3ODQWV ��� &)5 3DUW ���

6XESDUW 6�� RU 1HZ 6RXUFH 3HUIRUPDQFH

6WDQGDUGV �1636�� DUH DSSOLFDEOH WR SRWURRP

JURXSV WKDW FRPPHQFH FRQVWUXFWLRQ DIWHU

2FWREHU ��� ����� 7KHVH VWDQGDUGV UHTXLUH WKDW

DIIHFWHG IDFLOLWLHV FRQWURO GLVFKDUJHV WR WKH

OLPLWV VKRZQ LQ 7DEOH ����

Table 4-4.  New Source Performance
Standards for Aluminum Production

(kg/metric ton of Al)

Plant Type
Total Fluoride
[lb/ton of Al]

Prebake 0.95 [1.9]

Soderberg 1.0 [2.0]a

D :LWK H[FHSWLRQV�

6RXUFH� %DVLV DQG 3XUSRVH 'RFXPHQW IRU WKH 'HYHORSPHQW RI 3URSRVHG

6WDQGDUGV IRU WKH 3ULPDU\ $OXPLQXP ,QGXVWU\� 8�6� (3$� -XO\ �����
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,Q DGGLWLRQ WR WKH OLPLWV VKRZQ LQ 7DEOH ���� QR

HPLVVLRQV PD\ EH GLVFKDUJHG LI WKH\ H[KLELW

JUHDWHU WKDQ ��� RSDFLW\ IURP DQ\ SRWOLQH

�(3$ ������ 7KH 1636 DSSOLHV WR ILYH 8�6�

SRWOLQHV� ([LVWLQJ IDFLOLWLHV DUH VXEMHFW WR

YDU\LQJ VWDWH HPLVVLRQV UHJXODWLRQV IRU 7)�

Other HAPs Include Polycyclic Organic
Matter (POM)

3RO\F\FOLF RUJDQLF PDWWHU �320� LV GHILQHG DV

RUJDQLF FRPSRXQGV ZLWK PRUH WKDQ RQH EHQ]HQH

ULQJ DQG WKDW KDYH D ERLOLQJ SRLQW JUHDWHU WKDQ RU

HTXDO WR ���R& ����R)�� $V VXFK� 320

LQFOXGHV FRDO WDU SLWFK YRODWLOHV� ZKLFK DUH KLJK�

PROHFXODU�ZHLJKW� SRO\F\FOLF �IRXU� ILYH� RU VL[

EHQ]HQH ULQJV� FRPSRXQGV ZKRVH QRUPDO VWDWH

LV SDUWLFXODWH UDWKHU WKDQ JDVHRXV� (PLVVLRQ WHVW

UHVXOWV UHYHDO WKDW 320 FRPSRXQGV IURP

DOXPLQXP SURGXFWLRQ PD\ LQFOXGH D

FRPELQDWLRQ RI NQRZQ +$3V VXFK DV

DQWKUDFHQH� EHQ]R�D�S\UHQH� DQG QDSKWKDOHQH�

DPRQJ RWKHUV�

0DQ\ RI WKH FRPSRXQGV IRXQG LQ 320 DUH DOVR

NQRZQ �DQG VRPHWLPHV PHDVXUHG� DV SRO\F\FOLF

DURPDWLF K\GURFDUERQV �3$+V�� 3$+V DUH D

JURXS RI FKHPLFDOV WKDW DUH IRUPHG GXULQJ WKH

LQFRPSOHWH EXUQLQJ RI FRDO� RLO� JDV� JDUEDJH�

DQG RWKHU RUJDQLF VXEVWDQFHV� 3$+V� ZKLFK DUH

HPLWWHG PDLQO\ IURP 6RGHUEHUJ DQRGHV� KDYH

EHHQ WKH IRFXV RI PXFK DWWHQWLRQ LQ WKH

DOXPLQXP LQGXVWU\ GXULQJ WKH ODVW GHFDGH� 7KH

3$+ SUREOHP LV PDLQO\ UHODWHG WR WKH XVH RI

FRDO WDU SLWFK DV D ELQGHU SKDVH LQ WKHVH FDUERQ

PDWHULDOV� %HFDXVH WKH DQRGH LV EDNHG LQ WKH

UHGXFWLRQ FHOO DV SDUW RI WKH 6RGHUEHUJ SURFHVV�

ODUJHU TXDQWLWLHV RI RUJDQLF FRPSRXQGV VXFK DV

3$+V DUH HPLWWHG IURP 6RGHUEHUJ FHOOV� 7KH

PRUH WR[LF 3$+ FRPSRXQGV IRXQG LQFOXGH

IOXRUHQH� DQWKUDFHQH� SKHQDQWKUHQH�

IOXRUDQWKHQH� S\UHQH� EHQ]R�D�DQWKUDFHQH�

FKU\VHQH� DQG RWKHUV�

320 HPLVVLRQV �PHDVXUHG DV PHWK\OHQH

FKORULGH H[WUDFWDEOHV� DUH HVWLPDWHG DW �����

WRQV�\HDU ������ PHWULF WRQV� IRU WKH 8�6�

SULPDU\ DOXPLQXP LQGXVWU\ �(3$ ������

Sulfur Dioxide Also Emitted During the
Reduction Process 

7KH PDMRULW\ RI VXOIXU HPLVVLRQV IURP

HOHFWURO\VLV DUH PDLQO\ LQ WKH IRUP RI VXOIXU

R[LGHV� EXW VRPH FDUERQ\O VXOILGH �&26� LV DOVR

W\SLFDOO\ JHQHUDWHG� 6XOIXU R[LGH HPLVVLRQV

RULJLQDWH IURP VXOIXU LQ WKH DQRGH FRNH DQG

SLWFK� &RQVHTXHQWO\� PRVW SODQWV OLPLW 62
�

HPLVVLRQV E\ OLPLWLQJ WKH VXOIXU FRQWHQW WKH\

ZLOO DFFHSW LQ WKHVH UDZ PDWHULDOV� (PLVVLRQV

IURP +DOO�+HURXOW SODQWV XVXDOO\ KDYH 62
�

FRQFHQWUDWLRQV UDQJLQJ IURP �� WR �� SDUWV SHU

PLOOLRQ �(3$ ������ 6RPH SODQWV XVH 62
�

VFUXEEHUV IROORZLQJ WKH GU\ DOXPLQD VFUXEEHUV

RI WKH SULPDU\ FRQWURO V\VWHP WR REWDLQ

DGGLWLRQDO 62
�
FRQWURO� 6HYHUDO SODQWV XVH ZHW

URRI VFUXEEHUV WKDW SURYLGH VRPH FRQWURO RI 62
�

LQ VHFRQGDU\ �IXJLWLYH� HPLVVLRQV� 7KH ZHW

V\VWHPV XVHG E\ D IHZ SODQWV IRU SULPDU\

FRQWURO RI IOXRULGHV� 320� DQG SDUWLFXODWH DOVR

FRQWURO 62
�
�

7KH XVH RI SUHEDNHG DQRGHV YLUWXDOO\ HOLPLQDWHV

K\GURFDUERQ HPLVVLRQV IURP HOHFWURO\VLV� 7KH

VHSDUDWH SURGXFWLRQ RI WKHVH DQRGHV HQVXUHV WKDW

WKHLU JDVHRXV SURGXFWV DUH FRPEXVWHG DQG WKDW�

GXULQJ HOHFWURO\VLV� WKHUH ZLOO EH QR

K\GURFDUERQ HYROXWLRQ�

Emission Factors Have Been
Determined Through Surveys

7DEOH ��� OLVWV (3$©V HPLVVLRQ IDFWRUV IRU

VHYHUDO PDMRU DLU SROOXWDQWV �WRWDO SDUWLFXODWH

DQG JDVHRXV DQG SDUWLFXODWH IOXRULGH� IRU

DOXPLQXP SURGXFWLRQ XVLQJ SUHEDNH FHOOV� 7DEOH

��� VKRZV WKHVH IDFWRUV IRU 6RGHUEHUJ FHOOV�

7DEOH ��� VKRZV (3$©V HPLVVLRQ IDFWRUV IRU

30�� �SDUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV

LQ GLDPHWHU�� 62[� &2� DQG 92&V IURP ERWK

SUHEDNH DQG 6RGHUEHUJ FHOOV�

7DEOH ��� VKRZV DYHUDJH SURFHVV�UHODWHG

HPLVVLRQ IDFWRUV RI SDUWLFXODWH� RUJDQLFV�

IOXRULGHV� DQG RWKHU SROOXWDQWV IURP WZR

VXUYH\V� 7KH ILUVW VHW RI IDFWRUV UHSUHVHQWV GDWD

PHDVXUHG DW HOHYHQ RSHUDWLQJ 1RUWK $PHULFDQ
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Table 4-5.  Emission Factors for Alumina Reduction (Prebake Cell)
(kg/metric ton of hot metal)

Source

Total
Particulate

[lb/ton]

Gaseous
Fluoride
[lb/ton]

Particulate
Fluoride
[lb/ton]

Uncontrolled 47.0 [94.0] 12.0 [24.0] 10.0 [20.0]

Fugitive 2.5 [5.0] 0.6 [1.2] 0.5 [1.0]

Emissions to collector 44.5 [89.0] 11.4 [22.8] 9.5 [19.0]

Multiple cyclones 9.8 [19.6] 11.4 [22.8] 2.1 [4.2]

Dry alumina scrubber 0.9 [1.8] 0.1 [0.2] 0.2 [0.4]

Dry ESP plus spray tower 2.25 [4.5] 0.7 [1.4] 1.7 [3.4]

Spray tower 8.9 [17.8] 0.7 [1.4] 1.9 [3.8]

Floating bed scrubber 8.9 [17.8] 0.25 [0.5] 1.9 [3.8]

Coated bag filter dry scrubber 0.9 [1.8] 1.7 [3.4] 0.2 [0.4]

Crossflow packed bed 13.15 [26.3] 3.35 [6.7] 2.8 [5.6]

Dry plus secondary scrubber 0.35 [0.7] 0.2 [0.4] 0.15 [0.3]

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU

3ROOXWDQWV� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����

PHOWHUV WDNLQJ SDUW LQ D ���� VXUYH\� 7KH GDWD

UHIOHFW WKH XVH RI D YDULHW\ RI HPLVVLRQ FRQWURO

HTXLSPHQW� 7KH VHFRQG VHW RI IDFWRUV FRPHV

IURP D ���� VXUYH\ RI (XURSHDQ VPHOWHUV�

7DEOH ��� VKRZV WKH DYHUDJH HPLVVLRQ OHYHO

DIWHU WKH 0$&7 OHYHO RI FRQWURO� ZKLFK LQFOXGHV

XVLQJ GU\ DOXPLQD VFUXEEHUV WR DGVRUE JDVHRXV

SROOXWDQWV DQG EDJKRXVHV WR UHPRYH SDUWLFXODWH

SROOXWDQWV DQG WKH DOXPLQD� 7DEOH ����

VXPPDUL]HV WKH 0$&7 HPLVVLRQ OLPLWV

SURSRVHG E\ (3$ LQ 6HSWHPEHU �����

Dry Scrubbers Are Most Common
Control Method for Primary Emissions

7R FRQWURO SROOXWLRQ� IXPHV HYROYHG IURP WKH

FHOOV GXULQJ HOHFWURO\VLV DUH UHPRYHG E\ D

FROOHFWLRQ V\VWHP IROORZHG LQ PRVW FDVHV E\ D

GU\ VFUXEEHU� ZKHUH WKH IOXRULGHV DUH DGVRUEHG

E\ DOXPLQD WKDW LV VXEVHTXHQWO\ UHF\FOHG WR WKH

SRWOLQHV� :HW VFUXEEHUV RU HOHFWURVWDWLF

SUHFLSLWDWRUV DUH XVHG DW D IHZ SODQWV�

7KH KRRGLQJ XVHG WR FDSWXUH HPLVVLRQV IURP WKH

UHGXFWLRQ FHOO FDQQRW WRWDOO\ HQFORVH WKH FHOO DW

DOO WLPHV EHFDXVH RI WKH QHHG WR DGG DOXPLQD

DQG DGGLWLYHV� UHSODFH DQRGHV� FRUUHFW DQRGH

HIIHFWV�

DQG UHPRYH PROWHQ DOXPLQXP� 3ULPDU\ FDSWXUH

HIILFLHQFLHV RI ODUJH &:3% FHOOV �ZLWK

DPSHUDJHV RI ������ RU PRUH SHU SRWOLQH� DUH

W\SLFDOO\ �� WR ���� FRPSDUHG WR D �� WR ���

IRU VPDOO &:3% FHOOV� 6:3% SRWOLQHV DUH

FDSDEOH RI DFKLHYLQJ D SULPDU\ FROOHFWLRQ

HIILFLHQF\ RI QR KLJKHU WKDQ ���� DOWKRXJK

H[FHSWLRQV KDYH EHHQ UHSRUWHG �(3$ ������

+RUL]RQWDO VWXG 6RGHUEHUJ �+66� SRWOLQHV DUH

FDSDEOH RI DFKLHYLQJ WRWDO IOXRULGH SULPDU\

FDSWXUH HIILFLHQFLHV RI �� WR ���� HIILFLHQFLHV

IRU 966 SRWOLQHV DUH LQ WKH UDQJH RI �� WR ���

�(3$ ������ ,Q 966 FHOOV� D JDV FROOHFWLRQ VNLUW
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Table 4-6.  Emission Factors for Alumina Reduction (Soderberg Cell)
(kg/metric ton of hot metal)

Source

Vertical (VSS) Horizontal (HSS)

Total
Particulate

[lb/ton]

Gaseous
Fluoride
[lb/ton]

Particulate
Fluoride
[lb/ton]

Total
Particulate

[lb/ton]

Gaseous
Fluoride
[lb/ton]

Particulate
Fluoride
[lb/ton]

Uncontrolled 39.0 [78.0] 16.5 [33.0] 5.5 [11.0] 49.0 [98.0] 11.0 [22.0] 6.0 [12.0]

Fugitive 6.0 [12.0] 2.45 [4.9] 0.85 [1.7] 5.0 [10.0] 1.1 [2.2] 0.6 [1.2]

Emissions to collector 33.0 [66.0] 14.05 [28.1] 4.65 [9.3] 44.0 [88.0] 9.9 [19.8] 5.4 [10.8]

Spray tower 8.25 [16.5] 0.15 [0.3] 1.15 [2.3] 16.0 [32.0] 3.75 [7.5] 1.35 [2.7]

Venturi scrubber 1.3 [2.6] 0.15 [0.3] 0.2 [0.4] -- -- --

Multiple cyclones 16.5 [33.0] 14.05 [28.1] 2.35 [4.7] -- -- --

Dry alumina scrubber 0.65 [1.3] 0.15 [0.3] 0.1 [0.2] 0.9 [1.8] 0.2 [0.4] 0.1 [0.2]

Scrubber plus ESP, spray
screen

3.85 [7.7] 0.75 [1.5] 0.65 [1.3] -- -- --

Floating bed scrubber -- -- -- 9.7 [19.4] 0.2 [0.4] 1.2 [2.4]

Scrubber plus wet ESP -- -- -- 0.9 [1.8] 0.1 [0.2] 0.1 [0.2]

Wet ESP -- -- -- 0.9 [1.8] 0.5 [1.0] 0.1 [0.2]

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU

3ROOXWDQWV� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����

Table 4-7.  Emission Factors (PM10, SOx, CO, VOCs) 
for Alumina Reduction

(kg/metric ton of hot metal)

Cell Type
 PM10a

[lb/ton]
SOx

[lb/ton]
CO

[lb/ton]
VOCs

[lb/ton]

Prebake 27.25 [54.5] 28.65 [57.3] 184.5 [369.0] 0.05 [0.1]

Horizontal Stud Soderberg 28.4 [56.8] 5.0 [10.0] 122.0 [244.0] 0.5 [1.0]

Vertical Stud Soderberg 35.9 [71.8] 8.5 [17.0] 174.5 [349.0] 0.5 [1.0]

D 3DUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV LQ GLDPHWHU�

6RXUFH� $,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU

3ROOXWDQWV� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����
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Table 4-8.  Typical Emission Factors for Aluminum
Production (Smelting)

(kg/metric ton of aluminum)

Pollutant

Amount

N. American Survey a

[lb/ton]
European Survey b

[lb/ton]

Particulate 4.2 [8.4] 3.0c [6.0]

SOx 18.0 [36.0] 10.0 [20.0]

NOx 2.9 [5.8] 1.0 [2.0]

CO 125.0 [250.0] 101.0 [202.0]

CO2 1,400.0 [2,800.0] 1,873.0 [3,746.0]

Organics 0.13 [0.26] 0.05d [0.10]

Fluorides 1.3 [2.6] 1.1 [2.2]

D :HLJKWHG DYHUDJH FRPSRVLWH UHSUHVHQWLQJ GDWD IURP �� 1RUWK $PHULFDQ

VPHOWHUV� LQFOXGLQJ � SUHEDNHV �� PRGHUQ� DQG � 966 SODQWV�

E :HLJKWHG DYHUDJH FRPSRVLWH UHSUHVHQWLQJ GDWD IURP �� (XURSHDQ VPHOWHUV�

LQFOXGLQJ ��� SUHEDNHV ���� PRGHUQ� DQG ��� 966 E\ FDSDFLW\�

F 5HSRUWHG DV GXVW�

G 5HSRUWHG DV SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+V��

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH

LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

���� (QYLURQPHQWDO 6XUYH\ IRU (OHFWURO\VLV 3ODQWV� SUHVHQWHG DW 3ROOXWLRQ 3UHYHQWLRQ

LQ WKH $OXPLQXP ,QGXVWU\� VSRQVRUHG E\ 7KH $OXPLQXP $VVRFLDWLRQ� 1RYHPEHU �����

LV LQVWDOOHG EHWZHHQ WKH DQRGH FDVLQJ DQG WKH

EDWK� FROOHFWLQJ JDVHV WKDW DUH GXFWHG WR EXUQHUV

ZKHUH FDUERQ PRQR[LGH� WDUV� DQG RWKHU

K\GURFDUERQV DUH EXUQHG SULRU WR WKH SULPDU\

FRQWURO GHYLFH� %HFDXVH WKH GHVLJQ RI +66 FHOOV

UHVWULFWV WKH LQVWDOODWLRQ RI D JDV FROOHFWLRQ

GHYLFH� WKH FROOHFWHG JDVHV IURP WKHVH FHOOV DUH

WRR GLOXWH WR EH FRPEXVWHG �(3$ ����D��

'U\ DOXPLQD VFUXEEHUV DUH WKH PRVW FRPPRQ

SULPDU\ HPLVVLRQV FRQWURO GHYLFH LQ WKH 8�6��

DQG DUH XVHG RQ �� RXW RI �� ����� GRPHVWLF

SRWOLQHV� 7KHVH VFUXEEHUV XVH DOXPLQD

IHHGVWRFN WR DGVRUE JDVHRXV SROOXWDQWV DQG D

EDJKRXVH WR FDSWXUH ILQH SDUWLFXODWH SROOXWDQWV�

7KH DOXPLQD LV WKHQ F\FOHG WR WKH SRWOLQHV DQG

WKH FOHDQHG JDVHV DUH UHOHDVHG WKURXJK D VWDFN�

7ZR EDVLF W\SHV RI GU\ VFUXEEHUV DUH XVHG ��

IOXLGL]HG�EHG ��� SRWOLQHV� DQG LQMHFWLRQ ���

SRWOLQHV�� :KHQ RSHUDWLQJ SURSHUO\� WKH

DOXPLQD VFUXEEHU�EDJKRXVH FRPELQDWLRQ KDV D

FRQWURO HIILFLHQF\ IRU WRWDO IOXRULGH LQ H[FHVV RI

��� DQG �� WR ��� IRU 320 HPLVVLRQV �(3$

���� DQG ����D�� 7KHUHIRUH� WKH GU\ DOXPLQD

VFUXEEHU KDV EHHQ GHVLJQDWHG WKH 0$&7 IORRU

WHFKQRORJ\ DQG WKH EHVW FRQWURO IRU SULPDU\

HPLVVLRQV�

)RXU RI �� SULPDU\ DOXPLQXP SODQWV LQ WKH 8�6�

XVH ZHW VFUXEEHUV WR FRQWURO HPLVVLRQV IURP

UHGXFWLRQ FHOOV� WKUHH RI WKHVH SODQWV DOVR XVH DQ

HOHFWURVWDWLF SUHFLSLWDWRU LQ VHULHV ZLWK WKH

VFUXEEHU� 7KH UHPRYDO HIILFLHQFLHV RI WKHVH

V\VWHPV DUH PXFK ORZHU WKDQ WKRVH RI GU\

DOXPLQD VFUXEEHUV� W\SLFDOO\ �� WR ��� IRU WRWDO

IOXRULGH� +RZHYHU� SODQWV XVLQJ ZHW VFUXEEHUV

FDQ SURGXFH D KLJKHU SXULW\ DOXPLQXP EHFDXVH

FRQWDPLQDQW LPSXULWLHV DUH QRW UHF\FOHG WR WKH

FHOOV�
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Table 4-9.  MACT Emission Factors for Aluminum Production a

(kg/metric ton of hot metal)

Potline Type

Total
Fluoride
[lb/ton]

Gaseous
Fluoride
[lb/ton]

Polycyclic
Organic Matter

[lb/ton]

CWPB
 Large, modern potlines
 Older potlines, smaller cells
 Potlines using wet scrubbers for   
    primary emissions control

0.55 [1.1]
1.05 [2.1]
1.0 [2.0]

0.2 [0.4]
0.45 [0.9]
0.4 [0.8]

0.15 [0.3]
0.55 [1.1]
0.5 [1.0]

SWPB 0.5 [1.0] 0.1 [0.2] 0.15 [0.3]

HSS 1.0 [2.0] 0.4 [0.8] 1.3 [2.6]

VSS
 No freezing problems
 Freezing problems

0.65 [1.3]
1.05 [2.1]

0.1 [0.2]
0.45 [0.9]

0.2 [0.4]
0.3 [0.6]

D 7KHVH HPLVVLRQ IDFWRUV DUH DSSUR[LPDWLRQV RI WKH DYHUDJH OHYHO RI HPLVVLRQV RQ D QDWLRQZLGH EDVLV IRU

WKH 0$&7 OHYHO RI FRQWURO �GU\ VFUXEEHUV IROORZHG E\ EDJKRXVHV�� (PLVVLRQV PD\ YDU\ VLJQLILFDQWO\

IURP SRWOLQH WR SRWOLQH EDVHG RQ VLWH�VSHFLILF GLIIHUHQFHV�

6RXUFH� 3ULPDU\ $OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW 'RFXPHQW IRU 3URSRVHG 0$&7 6WDQGDUGV � 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 2IILFH RI $LU 4XDOLW\ 3ODQQLQJ DQG 6WDQGDUGV� -XO\ �����

Table 4-10.  Proposed MACT Emission Limits for Aluminum
Production - Existing Sources 

(kg/metric ton of hot metal)

Potline Type
Total Fluoride

[lb/ton]
Polycyclic Organic Matter

[lb/ton]  

CWPB
 Large, modern potlines
 Older potlines, smaller cells
 Potlines using wet scrubbers for   
    primary emissions control

0.95 [1.9]
1.5 [3.0]

1.25 [2.5]

--
--
--

SWPB 0.8 [1.6] --

HSS 1.35 [2.7] 2.35 [4.7]

VSS
 No freezing problems
 Freezing problems

1.1 [2.2]
1.35 [2.7]

1.2 [2.4]
1.85 [3.7]

6RXUFH� )HGHUDO 5HJLVWHU� 9RO� ��� 1R� ���� �� &)5 3DUW ��� 1DWLRQDO (PLVVLRQ 6WDQGDUGV IRU

+D]DUGRXV $LU 3ROOXWDQWV� 3ULPDU\ $OXPLQXP 5HGXFWLRQ 3ODQWV� 3URSRVHG 5XOH� 8�6�

(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 7KXUVGD\� 6HSWHPEHU ��� �����
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Secondary Emissions Are Mainly
Controlled Through Operating Practices
6HFRQGDU\ HPLVVLRQV DUH WKRVH IXJLWLYH

HPLVVLRQV WKDW HVFDSH FDSWXUH E\ WKH SULPDU\

FRQWURO V\VWHP IRU WKH FHOO� )RU H[DPSOH� SODQWV

XVLQJ SUHEDNH FHOOV PXVW SHULRGLFDOO\ UHPRYH

DQG UHSODFH VSHQW DQRGHV� OHDGLQJ WR VHFRQGDU\

HPLVVLRQV� 2OGHU DQG VPDOOHU FHOOV KDYH PRUH

IUHTXHQW DQRGH FKDQJHV SHU WRQ RI DOXPLQXP

WKDQ QHZHU DQG ODUJHU FHOOV� OHDGLQJ WR JUHDWHU

TXDQWLWLHV RI HPLVVLRQV�

$W PRVW SULPDU\ DOXPLQXP SODQWV� VHFRQGDU\

HPLVVLRQV HVFDSH WKURXJK WKH URRI PRQLWRU DQG

DUH FRQWUROOHG E\ RSHUDWLQJ� PDLQWHQDQFH� DQG

ZRUN SUDFWLFHV� +RZHYHU� IRXU 8�6� SODQWV

FRQWURO VHFRQGDU\ HPLVVLRQV XVLQJ ZHW URRI

VFUXEEHUV�

4.5  Effluents

Alumina Reduction Requires Little
Process Water

7RWDO SURFHVV ZDWHU XVDJH LQ DOXPLQD UHGXFWLRQ

LV VPDOO� DYHUDJLQJ ��� NJ�PHWULF WRQ �����

OE�WRQ� RI DOXPLQXP� 7RWDO HIIOXHQWV DYHUDJH

������ NJ�PHWULF WRQ RI DOXPLQXP �������

OE�WRQ� �5LFKDUGV ������

3ODQWV ZLWK ZHW VFUXEEHUV KDYH D ZDVWHZDWHU

VWUHDP IURP WKH ZHW VFUXEEHU EORZ GRZQ� $

ZHW SULPDU\ FRQWURO V\VWHP �ZHW VFUXEEHU RU

ZHW (63� JHQHUDWHV ���� NJ RI IOXRULGH DQG ���

NJ RI WRWDO VXVSHQGHG VROLGV SHU PHWULF WRQ RI

DOXPLQXP ���� DQG ��� OE�WRQ� UHVSHFWLYHO\�

�(3$ ����D��

7DEOH ���� SUHVHQWV (3$©V HIIOXHQW OLPLWDWLRQV

IRU SULPDU\ DOXPLQXP VPHOWLQJ XVLQJ EHVW

SUDFWLFDEOH FRQWURO WHFKQRORJ\ FXUUHQWO\

DYDLODEOH �%37�� 7DEOHV ���� DQG ���� SUHVHQW

HIIOXHQW OLPLWDWLRQV XVLQJ WKH EHVW DYDLODEOH

WHFKQRORJ\ HFRQRPLFDOO\ DFKLHYDEOH �%$7��

7DEOH ���� FRQWDLQV JXLGHOLQHV IRU FDWKRGH

�FU\ROLWH EDWK� UHSURFHVVLQJ RSHUDWHG ZLWK GU\

SRWOLQH VFUXEELQJ� DQG ZLWK RU ZLWKRXW

FRPPLQJOLQJ RI ZDVWHZDWHUV ZLWK RWKHU SURFHVV

RU QRQ�SURFHVV ZDVWHZDWHUV�

Table 4-11.  Primary Aluminum Smelting BPT a

Effluent Limitations - Average of  Daily Values
for 30 Consecutive Days

(kg/metric ton, or lbs per 1,000 lbs 
of molten aluminum)

Pollutant BPT Limitation 

Fluoride 1.0

Total Suspended Solids 1.5

pH 6-9

D %HVW 3UDFWLFDEOH &RQWURO 7HFKQRORJ\ &XUUHQWO\ $YDLODEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV�

�� &)5 3DUW ������� %XUHDX RI 1DWLRQDO $IIDLUV� �����
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Table 4-12.  Cathode Reprocessing BAT a Effluent Limitations - Average of 
Daily Values for 30 Consecutive Days

(mg/kg, or lbs per 10 6 lbs of cryolite recovered)

Pollutant

Dry Potline
Scrubbing/No
Commingling

Dry Potline
Scrubbing/

Commingling 
Wet Potline
Scrubbing 

Benzo(a)pyrene 0.547 0.547 --

Antimony 189.2000 30.120 0.000

Cyanide 70.060 70.060 0.000

Nickel 35.030 12.960 0.000

Aluminum 122.600 94.930 0.000

Fluoride 13,310 924.800 0.000

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW ������� %XUHDX RI 1DWLRQDO

$IIDLUV� �����

Table 4-13. Potline Wet Air Pollution Control BAT a Effluent Limitations - 
Average of  Daily Values for 30 Consecutive Days

(lbs per 10 6 lbs, or mg/kg of molten aluminum)

Pollutant
No Cathode

Reprocessing

Cathode
Reprocess/

No Commingling

Cathode
Reprocess/

Commingling

Potroom
Wet Air

Pollution
Control

Potline SO 2

Emissions 
Control

Benzo(a)pyrene 0.013 0.013 0.013 0.026 0.021

Antimony 0.721 4.525 0.721 1.428 1.153

Cyanide -- 1.676 1.676 -- --

Nickel 0.310 0.838 0.310 0.614 0.496

Aluminum 2.271 2.933 2.271 4.499 3.634

Fluoride 22.130 318.500 22.130 43.830 35.400

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW ������� %XUHDX RI 1DWLRQDO $IIDLUV�

�����

7DEOH ���� OLVWV JXLGHOLQHV IRU SRWOLQH ZHW DLU

SROOXWLRQ FRQWURO� RSHUDWHG ZLWK RU ZLWKRXW

FDWKRGH UHSURFHVVLQJ� DQG ZLWK RU ZLWKRXW

FRPPLQJOLQJ RI ZDVWHZDWHUV� (IIOXHQW

JXLGHOLQHV IRU SRWURRP ZHW DLU SROOXWLRQ FRQWURO

DQG SRWOLQH 62
�
HPLVVLRQV ZHW DLU SROOXWLRQ

FRQWURO DUH DOVR JLYHQ� (3$©V GLVFKDUJH UXOHV

UHTXLUH HLWKHU OLPH WUHDWPHQW RI D EOHHG VWUHDP

RII WKH VFUXEEHU ORRS RU FU\ROLWH UHFRYHU\ ZLWK

OLPH WUHDWPHQW RI WKH FU\ROLWH EOHHG VWUHDP LI

ZHW FRQWURO WHFKQRORJ\ LV XVHG�
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4.6  Solid Wastes and Byproducts

Wastes Generated Include Dust and Wet
Air Pollution Control Sludge

'XVW �PDLQO\ ILQH�JUDLQHG DOXPLQD� DULVHV

GXULQJ WUDQVSRUWDWLRQ RI DOXPLQD WR WKH FHOO DQG

IHHGLQJ LW WR WKH EDWK� 6ROLG ZDVWH LV JHQHUDWHG

E\ ZHW DLU HPLVVLRQ FRQWURO GHYLFHV� VXFK DV ZHW

VFUXEEHUV DQG ZHW (63V� DQG WKH DVVRFLDWHG

ZDVWHZDWHU WUHDWPHQW� 'U\ DOXPLQD VFUXEELQJ

GRHV QRW JHQHUDWH WKHVH ZDVWHV EHFDXVH WKH

FDSWXUHG VROLGV DUH UHF\FOHG WR WKH SURFHVV� :HW

VFUXEEHUV DQG ZHW (63V JHQHUDWH �� WR ��

NJ�PHWULF WRQ RI DOXPLQXP ���� WR ��� OE�WRQ�

RI VROLG ZDVWH� ZKLFK UHVXOWV LQ ����� WR ������

PHWULF WRQV�\HDU ������ WR ������ WRQV�\HDU� RI

VROLG ZDVWH SHU SODQW� GHSHQGLQJ RQ LWV VL]H

�(3$ ����D�� 7DEOH ���� SUHVHQWV HVWLPDWHV RI

VHYHUDO W\SHV RI VROLG ZDVWHV JHQHUDWHG GXULQJ

DOXPLQXP UHGXFWLRQ EDVHG RQ WKH ���� VXUYH\

SUHYLRXVO\ PHQWLRQHG�

:KLWH GURVV� D VODJ�OLNH PDWHULDO FRQWDLQLQJ

R[LGHV RI DOXPLQXP� LV DOVR SURGXFHG DW SULPDU\

VPHOWHUV� :KLWH GURVV KDV D KLJK PHWDOOLF

FRQWHQW� W\SLFDOO\ �� WR ���� 

4.7  Hazardous Wastes

About 120,000 Tons of Spent Potlining
Are Generated Annually in the U.S.   

$OWKRXJK WKH FDUERQ SRWOLQLQJ XVHG WR KROG WKH

DOXPLQD�FU\ROLWH VROXWLRQ GXULQJ HOHFWURO\WLF

UHGXFWLRQ FDQ KDYH D XVHIXO OLIH H[FHHGLQJ WHQ

\HDUV� LW HYHQWXDOO\ FUDFNV DQG QHHGV WR EH

UHSODFHG� 6SHQW SRWOLQLQJ ZDV OLVWHG E\ (3$ RQ

6HSWHPEHU ��� ���� ��� )HG� 5HJ� ������ DV D

KD]DUGRXV ZDVWH XQGHU 7LWOH �� &RGH RI )HGHUDO

5HJXODWLRQV �&)5�� 3DUW ���� 6XESDUW '�

EHFDXVH LW FRQWDLQV VLJQLILFDQW DPRXQWV RI

OHDFKDEOH IOXRULGH� LURQ F\DQLGH FRPSOH[HV� DQG

IUHH F\DQLGHV� DV ZHOO DV OHVVHU DPRXQWV RI

3$+V DQG RWKHU RUJDQLFV�

,Q $SULO ���� (3$ SURPXOJDWHG D 3KDVH ,,,

/DQG 'LVSRVDO 5HVWULFWLRQ �/'5� UXOH WKDW VHWV

FRQFHQWUDWLRQ�EDVHG WUHDWPHQW VWDQGDUGV IRU

.���� +D]DUGRXV FRQVWLWXHQWV LQ WKLV ZDVWH DUH

DOVR UHTXLUHG WR PHHW XQLYHUVDO WUHDWPHQW

VWDQGDUGV �876� EHIRUH GLVSRVDO LQ D ODQG�EDVHG

XQLW�

7DEOH ���� VKRZV WKH W\SLFDO FRPSRVLWLRQ RI

VSHQW SRWOLQLQJ� 7KLV ZDVWH LV JHQHUDWHG DW D

Table 4-14.  Estimated Average Solid Wastes - Aluminum
Production a

(kg/metric ton of aluminum)

Waste
Amount
[lb/ton]

Liquid (e.g., waste oils, grease) 0.22 [0.44]

Packaging 0.40 [0.80]

Environmental Abatement (e.g., landfilled
waste, spent baghouse bags)

0.30 [0.60]

Other 3.75 [7.50]

D ([FOXGLQJ VSHQW SRWOLQLQJ�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����
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Table 4-15.  Typical Spent Potlining
Composition

Constituent Range of Composition (%)

Carbon 9.6 - 51.0

Sodium 7.0 - 20.0

Aluminum 4.7 - 22.1

Fluoride 6.0 - 18.9

Calcium 1.1 - 2.9

Lithium 0.3 - 1.1

Magnesium 0.3 - 0.9

Silicon 0.0 - 12.3

Iron 0.3 - 2.1

Sulfur 0.1 - 0.3

Cyanide 0.02 - 0.44

6RXUFH� ¦6SHQW 3RWOLQLQJ 7UHDWPHQW 8VLQJ WKH 5H\QROGV 0HWDOV© /RZ

7HPSHUDWXUH 3URFHVV�§ *UHJ )HOOLQJ DQG 3DXO :HEE� �����

UDWH RI XS WR �� NJ�PHWULF WRQ ���� OE�WRQ� RI

SULPDU\ DOXPLQXP SURGXFHG �3DZOHN ������

7KH ���� VXUYH\ \LHOGHG DQ DYHUDJH RI �� NJ RI

VSHQW SRWOLQHU JHQHUDWHG SHU PHWULF WRQ RI

DOXPLQXP ��� OE�WRQ� �5LFKDUGV ������ (3$

HVWLPDWHV D WRWDO 8�6� JHQHUDWLRQ RI ������� WR

������� PHWULF WRQV �������� WR ������� WRQV�

RI .��� DQQXDOO\ �(3$ ����E�� $ERXW ��� RI

WKLV ZDVWH LV GLVSRVHG LQ 6XEWLWOH & ODQGILOOV DW

SUHVHQW� ZLWK UHPDLQGHU UHF\FOHG RU LQFLQHUDWHG

�(3$ ����E��

(3$ KDV LGHQWLILHG VHYHUDO RSWLRQV IRU

WUHDWPHQW� UHF\FOLQJ� UHFODPDWLRQ DQG UHXVH RI

.���� $OWKRXJK WKH $JHQF\ SUHIHUV WKRVH

WHFKQRORJLHV WKDW UHF\FOH RU UHFODLP VSHQW

PDWHULDO� LW UHFRJQL]HV WKDW OLPLWHG GDWD DUH

DYDLODEOH RQ WKH HIIHFWLYHQHVV RI WKHVH

WHFKQRORJLHV� (3$ WKHUHIRUH KDV VHW QXPHULFDO

WUHDWPHQW VWDQGDUGV IRU WKLV ZDVWH WR EH

ODQGILOOHG� DQG DQ\ WHFKQRORJ\ WKDW PHHWV WKHVH

VWDQGDUGV LV DFFHSWDEOH �(3$ ����E��

Methods of Reusing Spent Potlining Are
Being Investigated

$OWKRXJK WKHUH DUH D QXPEHU RI PHWKRGV IRU

UHFRYHULQJ XVHIXO PDWHULDOV IURP VSHQW

SRWOLQLQJ� PDQ\ RI WKHVH PHWKRGV DUH QRW

HFRQRPLFDOO\ IHDVLEOH� 7KHUHIRUH� WKH PRVW

FRPPRQ PHWKRG RI GLVSRVLQJ RI WKLV PDWHULDO

KDV EHHQ LQ SLOHV DW WKH VPHOWHUV� RU LQ ODQGILOOV�

+RZHYHU� H[SHQVLYH� FDUHIXOO\ FRQVWUXFWHG DQG

PDLQWDLQHG ODQGILOOV DUH UHTXLUHG WR SUHYHQW

OHDFKLQJ RI HQYLURQPHQWDOO\ XQDFFHSWDEOH

VSHFLHV IURP VSHQW SRWOLQLQJ� )RU WKHVH UHDVRQV�

UHXVH RI WKLV ZDVWH LV DQ DWWUDFWLYH DOWHUQDWLYH

�%HOLWVNXV ������

$ QXPEHU RI WHFKQLTXHV IRU WUHDWLQJ VSHQW

SRWOLQLQJ KDYH EHHQ LQYHVWLJDWHG� LQFOXGLQJ LWV

XVH

DV D VXEVWLWXWH IRU IOXRUVSDU DGGLWLRQV WR VWHHO

IXUQDFH VODJV DQG DV D IOX[ DGGLWLYH LQ FXSROD

SURGXFWLRQ RI JUD\ LURQ� 2WKHU RSWLRQV LQFOXGH
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XVLQJ VSHQW SRWOLQLQJ DV D FHPHQW NLOQ IXHO
VXSSOHPHQW RU DV D PLQHUDO ZRRO FXSROD IXHO

VXSSOHPHQW� ERWK RI ZKLFK DSSHDU WR EH FDSDEOH

RI UHVXOWLQJ LQ D ]HUR�UHVLGXDOV SURGXFW�

5HFRYHU\ RI FU\ROLWH DQG�RU FDUERQ� ZKLOH

WHFKQLFDOO\ �DQG SRWHQWLDOO\ HFRQRPLFDOO\�

IHDVLEOH� FRXOG UHVXOW LQ D GLVSRVDO SUREOHP ZLWK

WKH EODFN PXG UHVLGXH�

7KH PRVW UHFHQWO\ GHYHORSHG PHWKRGV WR WUHDW

VSHQW SRWOLQLQJ FDQ EH VHSDUDWHG LQWR ORZ�

WHPSHUDWXUH OHDFKLQJ PHWKRGV� JDV�WUHDWPHQW

SURFHVVHV �DSSOLFDWLRQ RI PRGHUDWH

WHPSHUDWXUHV�� DQG WKHUPDO WUHDWPHQW SURFHVVHV

WKDW WDNH SODFH DW KLJK WHPSHUDWXUHV �3DZOHN

������ 6RPH RI WKHVH SURFHVVHV DUH LQ WKH SLORW�

SODQW VWDJH� ZKLOH RWKHUV DUH LQ RSHUDWLRQ RQ DQ

LQGXVWULDO VFDOH�

7KH SULPDU\ DOXPLQXP LQGXVWU\ LV LQWHUHVWHG LQ

GHWR[LI\LQJ RU UHQGHULQJ LQHUW VSHQW SRWOLQLQJ

HIILFLHQWO\ LQ RUGHU WR EH DEOH WR GLVFKDUJH WKH

WUHDWHG PDWHULDO LQ RSHQ ODQGILOOV� $ IXUWKHU

DGYDQWDJH LV DFFUXHG LI DOXPLQXP IOXRULGH

DQG�RU FU\ROLWH FDQ EH UHFRYHUHG� +RZHYHU�

ZKHQ WUHDWLQJ VSHQW SRWOLQLQJ WKHUPDOO\ RQO\ WR

GHWR[LI\ RU UHQGHU LQHUW� WKH YROXPH RI ZDVWH WR

EH ODQGILOOHG PD\ EH LQFUHDVHG VXEVWDQWLDOO\

EHFDXVH RI WKH DGGLWLRQ RI DGGLWLRQDO

FRPSRXQGV VXFK DV OLPHVWRQH �3DZOHN ������

Reynolds Metals Thermal Treatment
Process Is Already in Commercial Use

2QH RI WKH WKHUPDO WUHDWPHQW SURFHVVHV

UHFHLYLQJ FRQVLGHUDEOH LQGXVWU\ DWWHQWLRQ LV WKH

5H\QROGV 0HWDOV LQHUWL]DWLRQ SURFHVV� 5H\QROGV

0HWDOV KDV GHYHORSHG D FRPPHUFLDO SURFHVV WR

WUHDW VSHQW SRWOLQLQJ� \LHOGLQJ D E\SURGXFW WKDW

LV D QRQ�KD]DUGRXV UDZ PDWHULDO �GHOLVWHG LQ

'HFHPEHU ����� ZLWK SRWHQWLDO XVHV�

,Q WKH 5H\QROGV SURFHVV� D EOHQG RI SUH�VL]HG

VSHQW SRWOLQLQJ� OLPHVWRQH� DQG EURZQ VDQG LV

IHG WR D URWDU\ NLOQ DQG WKHUPDOO\ WUHDWHG� 7KH

F\DQLGHV DUH GHVWUR\HG E\ R[LGDWLRQ DW WKH

HOHYDWHG WHPSHUDWXUHV DQG WKH VROXEOH IOXRULGH

VDOWV UHDFW ZLWK WKH OLPHVWRQH WR IRUP FDOFLXP

IOXRULGH� D VWDEOH DQG UHODWLYHO\ LQVROXEOH IRUP

RI IOXRULGH� 7KH EURZQ VDQG LV EOHQGHG ZLWK WKH

VSHQW SRWOLQLQJ DQG OLPHVWRQH LQ DQ DPRXQW

VXIILFLHQW WR SUHYHQW WKH DJJORPHUDWLRQ RI WKH

VROLGV DV WKH\ SDVV WKURXJK WKH NLOQ� 7KH NLOQ

GLVFKDUJH FRQWDLQV VXFK ORZ OHYHOV RI F\DQLGHV

DQG VROXEOH IOXRULGHV WKDW LW TXDOLILHV DV D QRQ�

KD]DUGRXV E\SURGXFW �)HOOLQJ DQG :HEE ������

(3$ KDV HVWLPDWHG WKH FRVW RI WUHDWPHQW DW WKH

5H\QROGV 0HWDOV IDFLOLW\ LQ $UNDQVDV WR EH ����

WR ���� SHU WRQ �LQFOXGLQJ DVK GLVSRVDO��

GHSHQGLQJ RQ WKH TXDQWLW\ RI ZDVWH GHOLYHUHG

DQG RWKHU IDFWRUV� (3$ DOVR HVWLPDWHV DQ

DYHUDJH WUDQVSRUWDWLRQ FRVW WR WKLV IDFLOLW\ RI

���� SHU WRQ� )RU FRPSDULVRQ� (3$ KDV

HVWLPDWHG WKDW GLVSRVDO RI .��� DW D 6XEWLWOH &

ODQGILOO ZRXOG FRVW ���� SHU WRQ� LQFOXGLQJ

WUDQVSRUWDWLRQ �(3$ ����E��

6HYHUDO RI WKH WHFKQRORJLHV XQGHU GHYHORSPHQW

IRU UHFRYHULQJ PDWHULDOV IURP VSHQW SRWOLQHU

PD\ EH OHVV H[SHQVLYH WKDQ WKH 5H\QROGV

WKHUPDO WUHDWPHQW SURFHVV� 3UHFLVH FRVW

HVWLPDWHV RI XVLQJ WKHVH WHFKQRORJLHV DUH QRW \HW

DYDLODEOH� +RZHYHU� LW LV DQWLFLSDWHG WKDW D ODUJH

SRUWLRQ RI WKHLU SRWHQWLDO FRVW VDYLQJV FRXOG

FRPH IURP UHGXFHG WUDQVSRUWDWLRQ FRVWV VLQFH DW

OHDVW VRPH RI WKHVH WHFKQRORJLHV FRXOG EH

ORFDWHG FORVHU WR WKH DOXPLQXP SURGXFWLRQ

IDFLOLWLHV WKDW JHQHUDWHG WKHP �(3$ ����E��
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�
6HFRQGDU\

$OXPLQXP

3URGXFWLRQ�

6FUDS�3UHWUHDWPHQW

5.1  Process Overview

Aluminum Scrap Characterized by Many
Grade Variations and Quality Levels 

6HFRQGDU\ DOXPLQXP SURGXFHUV UHF\FOH

DOXPLQXP IURP DOXPLQXP�FRQWDLQLQJ VFUDS

SXUFKDVHG IURP UHF\FOHUV� EURNHUV� RU VFUDS \DUGV�

7KLV VFUDS FRPHV IURP D YDULHW\ RI VRXUFHV�

¦1HZ§ VFUDS LV JHQHUDWHG E\ SUH�FRQVXPHU

VRXUFHV VXFK DV GULOOLQJ DQG PDFKLQLQJ RI

DOXPLQXP FDVWLQJV� VFUDS IURP DOXPLQXP

IDEULFDWLRQ DQG PDQXIDFWXULQJ� DQG DOXPLQXP�

EHDULQJ UHVLGXDO PDWHULDO �GURVV� VNLPPHG RII

PROWHQ DOXPLQXP GXULQJ VPHOWLQJ RSHUDWLRQV�

¦2OG§ VFUDS LV PDWHULDO WKDW KDV EHHQ XVHG E\ WKH

FRQVXPHU DQG GLVFDUGHG VXFK DV DSSOLDQFHV�

DOXPLQXP IRLO� DXWRPRELOH DQG DLUSODQH SDUWV� DQG

EHYHUDJH FDQV�

)RU PDUNHWLQJ SXUSRVHV� VFUDS LV FODVVLILHG LQWR

VHYHUDO JUDGHV�

� UHPHOW VFUDS LQJRW

� VHJUHJDWHG EULTXHWWHV RU WRR KHDY\ WR

EULTXHWWH

� VHJUHJDWHG� EDOHG� RU SDFNDJHG

� VHJUHJDWHG ORRVH

� QRQVHJUHJDWHG

� ERULQJV DQG WXUQLQJV

� VNLPPLQJV

:HOO�VHJUHJDWHG VFUDS LV PRVW HDVLO\ XVHG�

UHPHOWLQJ DQG LQJRW FDVWLQJ IDFLOLWLHV DUH WKXV

JHQHUDOO\ ORFDWHG DW D ODUJH IDEULFDWLQJ SODQW

�%URQG\NH DQG 0F&RUPLFN ������ 7KH KHDYLHU

JUDGHV RI VFUDS RU WLJKWO\ EULTXHWWHG PDWHULDO�

ZKLFK FDQ EH VXEPHUJHG LQ PROWHQ DOXPLQXP

ZLWKRXW VSHFLDO HIIRUW� DUH SUHIHUUHG EHFDXVH RI

PLQLPXP R[LGDWLRQ RFFXUULQJ GXULQJ WKH PHOWLQJ

RSHUDWLRQV� 7XUQLQJV DQG ERULQJV DQG YDULRXV

JUDGHV RI ILQHO\ GLYLGHG VFUDS DUH UHODWLYHO\ SRRU

PDWHULDOV IRU UHF\FOLQJ SXUSRVHV EHFDXVH WKH\

KDYH D ODUJH VXUIDFH DUHD SHU XQLW PDVV� ZKLFK

LQFUHDVHV R[LGDWLRQ GXULQJ PHOWLQJ�

3UHWUHDWPHQW RSHUDWLRQV LQFOXGH VRUWLQJ�

VKUHGGLQJ� DQG FOHDQLQJ VFUDS SULRU WR VPHOWLQJ

DQG UHILQLQJ� 3UHSURFHVVLQJ WKH VFUDS SULRU WR

PHOWLQJ UHGXFHV DOXPLQXP ORVV ZLWKLQ WKH IXUQDFH

ZKLOH UHGXFLQJ IXUQDFH HPLVVLRQV RI KD]DUGRXV

DLU SROOXWDQWV DQG RWKHU WR[LF VXEVWDQFHV�
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Sorting and Shredding Separate
Aluminum from Other Scrap

$OPRVW DOO VFUDS DOXPLQXP �ZLWK WKH H[FHSWLRQ RI

VRZV� LQJRWV� DQG YHU\ VPDOO VFUDSV� LV VRUWHG DQG

VKUHGGHG EHIRUH EHLQJ FKDUJHG LQWR D PHOWLQJ

IXUQDFH� 7KHVH SURFHVVHV� ZKLFK SK\VLFDOO\

VHSDUDWH DOXPLQXP IURP RWKHU VFUDS� DUH

VRPHWLPHV UHIHUUHG WR DV PHFKDQLFDO FOHDQLQJ�

6KUHGGLQJ LV WKH WHDULQJ� ULSSLQJ� DQG FUXVKLQJ RI

DOXPLQXP VFUDS GRZQ WR VPDOO� PDQDJHDEOH VL]HV�

,W LQFUHDVHV WKH VXUIDFH DUHD RI WKH DOXPLQXP�

SURPRWLQJ TXLFNHU PHOWLQJ LQ WKH IXUQDFH�

$OXPLQXP VKUHGGLQJ LV SHUIRUPHG E\ KDPPHU

PLOOV RU ULQJ FUXVKHUV� 7KH VFUDS LV IHG LQWR WKH

V\VWHP DIWHU EHLQJ SLFNHG RYHU WR HOLPLQDWH

RYHUVL]H PDWHULDOV DQG WR UHPRYH QRQ�DOXPLQXP

FRPSRQHQWV VXFK DV LURQ� ]LQF� PDJQHVLXP�

VWDLQOHVV VWHHO� DQG RWKHU FRQWDPLQDQWV� 6\VWHPV

UDQJH IURP ����� WR RYHU ������ NJ�KU ������ WR

RYHU ������ OE�KU� �(3$ ������ 7KHUH DUH

DSSUR[LPDWHO\ �� FUXVKLQJ DQG VKUHGGLQJ

RSHUDWLRQV LQ WKH 8QLWHG 6WDWHV �(3$ ����F��

2WKHU EHQHILFLDWLQJ SURFHVVHV LQFOXGH YLEUDWRU\

VFUHHQV DQG DLU FODVVLILHUV�

Cleaning Processes Remove Oils,
Organic Coatings, and Other
Contaminants

,I VFUDS LV FRQWDPLQDWHG ZLWK PRUH WKDQ WKH

QRUPDO GLUW� R[LGH� RU PLVFHOODQHRXV PDWHULDOV QRW

HDVLO\ VHSDUDWHG DQG QRW FRQGXFLYH WR WKH

SURGXFWLRQ RI KLJK�TXDOLW\ LQJRW� VRPH

SUHOLPLQDU\ FOHDQLQJ SURFHVV PXVW XWLOL]HG� 2LOV

DQG YDULRXV RUJDQLF FRYHULQJ PDWHULDOV VXFK DV

LQVXODWLQJ FRDWLQJV RQ FDEOH RU KHDY\ HQDPHO

SDLQW RQ VKHHW VWRFN FDQ EH UHPRYHG E\ FDUHIXOO\

FRQWUROOHG EXUQLQJ �S\URPHWDOOXUJLFDO� SURFHVVHV�

RU LQ VRPH FDVHV XVLQJ K\GURPHWDOOXUJLFDO

WHFKQLTXHV� ,I WKH VFUDS GRHV QRW FRQWDLQ WKHVH

W\SHV RI FRQWDPLQDQWV� LW LV UHDG\ WR EH FKDUJHG WR

WKH PHOWLQJ IXUQDFH�

3\URPHWDOOXUJLFDO �RU GU\LQJ� WHFKQLTXHV VXFK DV

URDVWLQJ DQG VZHDWLQJ XVH KHDW WR VHSDUDWH

DOXPLQXP IURP RLOV DQG RUJDQLF DQG PHWDO

FRQWDPLQDQWV�

,Q URDVWLQJ� DOXPLQXP VFUDS WKDW FRQWDLQV

RUJDQLF FRQWDPLQDQWV LV FUXVKHG WR D XQLIRUP

VPDOO VL]H DQG KHDWHG LQ URWDU\ GU\HUV WR

WHPSHUDWXUHV KLJK HQRXJK WR YDSRUL]H RU

FDUERQL]H RUJDQLF FRQWDPLQDQWV� EXW QRW KLJK

HQRXJK WR PHOW DOXPLQXP �L�H�� OHVV WKDQ WKH

PHOWLQJ WHPSHUDWXUH RI VRPH DOXPLQXP DOOR\V�

DERXW ���R& RU ���R)�� $IWHU OHDYLQJ WKH GU\HU�

WKH FKLSV FURVV D PDJQHWLF VHSDUDWLRQ V\VWHP WR

UHPRYH DQ\ IHUURXV PDWHULDOV�

)RU H[DPSOH� RLO\ VFUDS VXFK DV PDFKLQH FKLSV�

WXUQLQJV� DQG ERULQJV PD\ EH GULHG WR UHPRYH WKH

OXEULFDQWV DQG�RU FRRODQWV WKDW PD\ FRPSULVH XS

WR ��� RI WKHLU WRWDO ZHLJKW� &KLS DQG WXUQLQJ

GU\HUV DUH XVHG WR UHPRYH WKH PDFKLQLQJ RLOV�

JUHDVH� DQG PRLVWXUH IURP ERULQJV� WXUQLQJV� DQG

FKLSV UHWXUQHG IURP DOXPLQXP PDQXIDFWXULQJ

RSHUDWLRQV� 7KHUH DUH DSSUR[LPDWHO\ ��

DOXPLQXP VFUDS GU\HUV LQ WKH 8�6� �(3$ ����F��

'HODFTXHULQJ RI XVHG EHYHUDJH FDQV �8%&V� LV D

URDVWLQJ SURFHVV� %HYHUDJH FRQWDLQHUV� ZKLFK

FRPSULVH D PDMRU SRUWLRQ RI UHF\FOHG DOXPLQXP

VFUDS� DUH FRYHUHG ZLWK ERWK ODFTXHUV DQG VHDOHUV�

8%&V DUH URXWLQHO\ ¦GHODFTXHUHG§ SULRU WR

PHOWLQJ LQ RUGHU WR LQFUHDVH WKH HQHUJ\ HIILFLHQF\

RI PHOWLQJ DQG WR PLQLPL]H PHWDO ORVV GXH WR

SUHPHOW EXUQLQJ� 7KH GHODFTXHULQJ LV GRQH DW

WHPSHUDWXUHV EHORZ WKH VRIWHQLQJ SRLQW RI 8%&V

�SDUWLFXODUO\ WKH OLG ���� KLJK�0J DOOR\��

W\SLFDOO\ DURXQG ���R& ����R)�� 7KHUH DUH

DSSUR[LPDWHO\ �� 8%& GHODFTXHULQJ RSHUDWLRQV

LQ WKH 8QLWHG 6WDWHV �(3$ ����F��

,Q VZHDWLQJ� DOXPLQXP VFUDS WKDW FRQWDLQV RWKHU

PHWDOV LV KHDWHG LQ D VZHDW IXUQDFH WR

WHPSHUDWXUHV DERYH WKH PHOWLQJ WHPSHUDWXUH RI

DOXPLQXP EXW EHORZ WKDW RI WKH RWKHU PHWDO� 7KLV

FDXVHV DOXPLQXP WR PHOW DQG WULFNOH GRZQ LQWR

FROOHFWLQJ SRWV� OHDYLQJ WKH KLJKHU�PHOWLQJ

PDWHULDOV LQ WKH IXUQDFH� +LJK�LURQ�FRQWHQW VFUDS

LV W\SLFDOO\ VZHDWHG WR UHFODLP WKH DOXPLQXP

FRQWHQW VR WKDW H[FHVV LURQ GRHV QRW JHW LQWR WKH

PROWHQ DOXPLQXP EDWK� 7KHUH DUH DSSUR[LPDWHO\

QLQH VZHDWLQJ IXUQDFHV LQ WKH 8QLWHG 6WDWHV �(3$

����F��
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$ FDWDO\WLF WHFKQLTXHPD\ EH XVHG WR FOHDQ

DOXPLQXP GURVV� WKH OD\HU RI LPSXULWLHV DQG VHPL�

VROLG IOX[ WKDW KDV EHHQ VNLPPHG IURP WKH VXUIDFH

RI WKH PROWHQ DOXPLQXP� ,Q WKLV SURFHVV� WKH

GURVV LV EDWFK�IOX[HG ZLWK D VDOW�FU\ROLWH PL[WXUH

LQ D EDUUHO IXUQDFH� 7KH FU\ROLWH DFWV DV D

FDWDO\VW� DFFHOHUDWLQJ WKH VHSDUDWLRQ DQG

DJJORPHUDWLRQ RI DOXPLQXP IURP WKH RWKHU

PDWHULDOV�

+\GURPHWDOOXUJLFDO WHFKQLTXHV VXFK DV OHDFKLQJ

DQG KHDY\ PHGLD VHSDUDWLRQ XVH ZDWHU WR FOHDQ

DQG SURFHVV DOXPLQXP VFUDS� /HDFKLQJ LV XVHG

WR UHFRYHU\ DOXPLQXP IURP GURVV� IXUQDFH

VNLPPLQJV� DQG VODJ� /HDFKLQJ LQYROYHV ZHW

PLOOLQJ� VFUHHQLQJ� GU\LQJ� DQG PDJQHWLF

VHSDUDWLRQ WR UHPRYH IOX[LQJ VDOWV DQG RWKHU

ZDVWH SURGXFWV IURP WKH DOXPLQXP�

+HDY\ PHGLD VHSDUDWLRQ VHSDUDWHV KLJK GHQVLW\

PHWDO IURP ORZ GHQVLW\ PHWDO XVLQJ D YLVFRXV

PHGLXP� 7KLV WHFKQLTXH KDV EHHQ XVHG WR

FRQFHQWUDWH DOXPLQXP UHFRYHUHG IURP VKUHGGHG

FDUV�

5.2  Summary of Inputs/Outputs

,QSXWV� %XON VFUDS

(OHFWULFLW\

)XHO �QDWXUDO JDV� IXHO RLO�

3URFHVV ZDWHU IRU ZHW DLU SROOXWLRQ

FRQWURO

6DOW�FU\ROLWH FDWDO\VW

2XWSXWV� 3UHWUHDWPHQW FRQWDPLQDQWV �H�J�� RWKHU

PHWDOV� GLUW� RLO� SODVWLFV� SDLQW�

8QGLVVROYHG VDOWV

'XVW DQG ILQHV

3DUWLFXODWH HPLVVLRQV �LQFOXGLQJ

FKORULGHV DQG IOXRULGHV�

2UJDQLF YDSRUV

&RPEXVWLRQ HPLVVLRQV �LQFOXGLQJ &2
�
�

62[� 12[� DQG 92&V�

:HW DLU SROOXWLRQ FRQWURO VOXGJH

)LJXUH ��� LOOXVWUDWHV DOXPLQXP VFUDS

SUHWUHDWPHQW RSHUDWLRQV ZLWK LWV PDMRU LQSXWV DQG

RXWSXWV�

6RPH RI WKH VWHSV VKRZQ LQ )LJXUH � �� PD\ EH

FRPELQHG RU UHRUGHUHG� GHSHQGLQJ RQ VFUDS

TXDOLW\� VRXUFH RI VFUDS� DQG DX[LOLDU\ HTXLSPHQW

DYDLODEOH� 3ODQW FRQILJXUDWLRQ� VFUDS W\SH XVDJH�

DQG SURGXFW RXWSXW YDULHV WKURXJKRXW WKH

VHFRQGDU\ DOXPLQXP LQGXVWU\ �(3$ ������

5.3  Energy Requirements

Natural Gas Fires UBC Delacquering
Systems

7DEOH ��� VKRZV WKH VSHFLILF HQHUJ\ UHTXLUHPHQWV

DVVRFLDWHG ZLWK VFUDS SUHWUHDWPHQW� LQFOXGLQJ

8%& GHODFTXHULQJ� 7KH YDSRUL]HG

ODFTXHU�SDLQW�RLO SURYLGH PRVW RI WKH IXHO YDOXH�

EXW VXSSOHPHQWDO QDWXUDO JDV LV DOVR UHTXLUHG�

7KH ����� 0-�PHWULF WRQ ����� ��� %WX�WRQ� RI

LQSXW VKRZQ LQ 7DEOH ��� LV WKH HQHUJ\ UHTXLUHG

IRU WKH URDVWLQJ �GHODFTXHULQJ� SURFHVV� )LJXUHV

LQ WKH UDQJH RI ��� WR ��� 0-�NJ ���� WR ���

%WX�OE� RI LQSXW KDYH EHHQ UHSRUWHG LQ WKH

OLWHUDWXUH IRU GHODFTXHULQJ V\VWHPV WKDW

LQFRUSRUDWH FRPEXVWLRQ DLU SUHKHDWLQJ� ,Q HLWKHU

FDVH� WKH KRW VKUHGV DUH XVXDOO\ FRQYH\HG GLUHFWO\

WR WKH UHFODPDWLRQ PHOWHU RU IXUQDFH�

7KH RYHUDOO HQHUJ\ UHTXLUHPHQWV RI WKH WZR W\SHV

RI V\VWHPV DUH QRW VLJQLILFDQWO\ GLIIHUHQW�

KRZHYHU� ZKHQ GRZQVWUHDP SURFHVVHV DUH

FRQVLGHUHG� 7KH VKUHGV DUH KRWWHU LQ V\VWHPV

ZLWKRXW FRPEXVWLRQ DLU SUHKHDWLQJ� WKHUHE\

FRQVHUYLQJ HQWKDOS\ DQG UHGXFLQJ GRZQVWUHDP

HQHUJ\ UHTXLUHPHQWV FRPSDUHG ZLWK DOWHUQDWLYH

V\VWHPV ZKHUH WKH VKUHGV DUH QRW DV KRW �5LFKDUGV

������

5.4  Emissions

Pyrometallurgical Cleaning Emits
Chlorides, Organics

(PLVVLRQV IURP VHFRQGDU\ DOXPLQXP

SUHWUHDWPHQW RSHUDWLRQV FRQVLVW PDLQO\ RI

SDUWLFXODWH �LQFOXGLQJ WUDFH PHWDOV�� JDVHRXV

RUJDQLFV RU YRODWLOH +$3V� DQG DFLG JDV

HPLVVLRQV� 7KH PDMRU VRXUFHV RI HPLVVLRQV IURP

VFUDS SUHWUHDWPHQW SURFHVVHV DUH

� VFUDS KDQGOLQJ �LQFOXGLQJ FUXVKLQJ DQG

VFUHHQLQJ RSHUDWLRQV��
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Particulate SOx, NOx, VOCs

Wet Air Pollution 
Control

Effluents

Delacquering

Water

Shredding/ 
Classifying MeltingUBCs

Sweating

Smoke, 
Fumes

Emissions

Fuel

Fuel

Roasting
Fuel

High-Iron Scrap

Foil

Shredding/ 
Classifying

Cable

Pretreated
Aluminum

Scrap

Bulk
Scrap

Sorting

Burning/ 
Drying

Crushing/ 
Screening

Effluents Particulate

Borings
Turnings

Water Fuel

Emissions
Water

Wet Air Pollution 
Control

Effluents

Water
Leaching

Particulate Effluents

Dry Milling

Dust

Residues

Hot Dross
Processing

Dust, Fumes

Fuel
Flux

Key Energy and Environmental Facts - Scrap Pretreatment

Energy Emissions Effluents Byproducts

Energy Use

 1,600 MJ/metric ton of scrap 
      input (1.39 106 Btu/ton)
  

Particulate, organics,
chloride

Largest Source - Roasting     
   (inc. delacquering),
sweating 
Generation:
  Particulate - 0.2 kg/metric    
    ton (0.4 lb/ton)
 Chloride - 0.2 kg/metric ton   
   (0.4 lb/ton)

Largest Source - Wet air
pollution control

Baghouse fines from
delacquering/decoating
processes
 Amount generated -     
112,422 - 181,820 metric     
  tons/yr (102,016 - 200,000 
   tons/yr)

Figure 5-1.  Scrap Pretreatment Flow Diagram
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Table 5-1.  Process Energy Use in Scrap Pretreatment a        

Energy Source

Specific Energy Use

MJ/metric ton of 
scrap input b

 106 Btu/ton of 
scrap input

Electricityc 300 0.26

Natural Gas 1,300 1.13

NET TOTAL 1,600 1.39

D ,QFOXGHV VRUWLQJ� VKUHGGLQJ� DQG URDVWLQJ �8%& GHODFTXHULQJ��

E 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

F &RQYHUVLRQ IDFWRU LV �������� NM�N:K ������� %WX�N:K� �5LFKDUGV ������

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH

LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

� VFUDS GU\HUV�

� VZHDWLQJ IXUQDFHV� DQG

� 8%& GHODFTXHULQJ V\VWHPV�

6FUDS KDQGOLQJ� LQFOXGLQJ UHFHLYLQJ DQG

VWRUDJH RI ORRVH RU EDOHG VFUDS� JHQHUDWHV

PLQLPDO TXDQWLWLHV RI IXJLWLYH HPLVVLRQV�

XVXDOO\ PHWDOOLF DOXPLQXP WKDW RFFXU PRVW

IUHTXHQWO\ GXULQJ EDOH�EUHDNLQJ RSHUDWLRQV�

,Q GU\ PLOOLQJ� ODUJH DPRXQWV RI GXVW DUH

JHQHUDWHG IURP WKH FUXVKLQJ� PLOOLQJ� VFUHHQLQJ�

DLU FODVVLILFDWLRQ� DQG PDWHULDOV WUDQVIHU VWHSV�

0HFKDQLFDO FOHDQLQJ WHFKQLTXHV� LQFOXGLQJ

FUXVKLQJ� VKUHGGLQJ� DQG VFUHHQLQJ� SURGXFH

PHWDOOLF DQG QRQPHWDOOLF SDUWLFXODWH� /HDFKLQJ

RSHUDWLRQV PD\ SURGXFH SDUWLFXODWH HPLVVLRQV

GXULQJ GU\LQJ�

6FUDS GU\LQJ �LQFOXGLQJ URDVWLQJ DQG VZHDWLQJ�

HPLWV SDUWLFXODWH DQG RUJDQLF YDSRUV� 8%&

GHODFTXHULQJ IXUQDFHV HPLW YRODWLOH RUJDQLF

FRPSRXQGV DV ZHOO DV +&O� SDUWLFXODWH FKORULGHV

DQG IOXRULGHV UHVXOWLQJ IURP GHVWUXFWLRQ RI

KDORJHQ�FRQWDLQLQJ FRDWLQJV� DQG PHWDO DQG

PHWDO�R[LGH SDUWLFXODWH� $Q\ RI WKH DOXPLQXP

DOOR\LQJ DQG FRQWDPLQDQW PHWDOV PD\ EH

SUHVHQW� LQFOXGLQJ DQWLPRQ\� DUVHQLF� EHU\OOLXP�

FDGPLXP� FKURPLXP� FRSSHU� OHDG� PDQJDQHVH�

QLFNHO� VHOHQLXP� WLQ� DQG ]LQF� 2UJDQLF

FRPSRXQGV PD\ LQFOXGH IRUPDOGHK\GH� RWKHU

DOGHK\GHV� EHQ]HQH DQG WROXHQH IURP QDWXUDO

JDV FRPEXVWLRQ� DQG IXUDQV DQG GLR[LQV IURP

WKH FRPEXVWLRQ RI WKH FKORULQDWHG FRDWLQJV

�-DFNVRQ HW DO� ������

2WKHU JDVHV WKDW PD\ EH HPLWWHG IURP URDVWLQJ

DQG VZHDWLQJ� GHSHQGLQJ RQ WKH FRPSRVLWLRQ RI

WKH FRQWDPLQDQWV� LQFOXGH FKORULGHV� IOXRULGHV�

DQG VXOIXU R[LGHV� 6SHFLILF HPLVVLRQV

IDFWRUV IRU WKHVH JDVHV DUH QRW DYDLODEOH IURP

(3$�

2[LGL]HG DOXPLQXP ILQHV EORZQ RXW RI WKH GU\HU

E\ WKH FRPEXVWLRQ JDVHV FRQWDLQ SDUWLFXODWH

HPLVVLRQV� 3DUWLFXODWH HPLVVLRQV IURP URDVWLQJ

UHVXOW IURP WKH FKDUULQJ RI FDUERQDFHRXV

PDWHULDOV �DVK��

(PLVVLRQV IURP VZHDWLQJ IXUQDFHV YDU\ ZLWK

WKH IHHG VFUDS FRPSRVLWLRQ� 6PRNH PD\ UHVXOW

IURP LQFRPSOHWH FRPEXVWLRQ RI RUJDQLF

FRQWDPLQDQWV

�H�J�� UXEEHU� RLO DQG JUHDVH� SODVWLFV� SDLQW�

FDUGERDUG� SDSHU� WKDW PD\ EH SUHVHQW� )XPHV

FDQ UHVXOW IURP WKH R[LGDWLRQ RI PDJQHVLXP DQG

]LQF FRQWDPLQDQWV DQG IURP IOX[HV LQ UHFRYHUHG

GURVV DQG VNLPV�
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Table 5-2.  Emission Factors for Scrap Pretreatment
(kg/metric ton of hot metal)

Source
Total

Particulate
[lb/ton]

PM10a

[lb/ton]
SOx

[lb/ton]
NOx

[lb/ton]
VOC

[lb/ton]
CO

[lb/ton]

Sweating furnace
  Uncontrolled
  Baghouse
  Electrostatic precipitator

7.25 [14.5]
1.65 [3.3]

ND

6.65 [13.3] 1.75 [3.5] 0.3 [0.6] 1.2 [2.4] --

Crushing/screening -- -- 0.0 0.0 0.0 0.0

Burning/drying -- -- 1.5 [3.0] 0.25 [0.5] 16.0 [32.0] --

D 3DUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV LQ GLDPHWHU�

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU 3ROOXWDQWV �

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����

7DEOH ��� OLVWV (3$©V HPLVVLRQ IDFWRUV IRU

VHYHUDO PDMRU DLU SROOXWDQWV IRU

FUXVKLQJ�VFUHHQLQJ� EXUQLQJ�GU\LQJ� DQG VZHDW

IXUQDFHV� $OWKRXJK HDFK VWHS LQ VFUDS WUHDWPHQW

LV D SRWHQWLDO VRXUFH RI HPLVVLRQV� (3$ KDV QRW

\HW VXIILFLHQWO\ FKDUDFWHUL]HG DQG GRFXPHQWHG

HPLVVLRQ IDFWRUV IRU WKHVH SURFHVVHV �(3$

������

7DEOH ��� SUHVHQWV HVWLPDWHG W\SLFDO HPLVVLRQV

RI SDUWLFXODWH� RUJDQLFV� DQG FKORULGH IURP VFUDS

SUHWUHDWPHQW SURFHVVHV �LQFOXGLQJ 8%&

GHODFTXHULQJ� EDVHG RQ D ���� VXUYH\ RI

RSHUDWLQJ IDFLOLWLHV� 7KHVH GDWD UHIOHFW WKH XVH

RI YDULRXV HPLVVLRQ FRQWURO WHFKQRORJLHV�

Small Concentrations of Hazardous Air
Pollutants Emitted

*HQHUDO VHFRQGDU\ DOXPLQXP SODQW HPLVVLRQV

KDYH EHHQ IRXQG WR LQFOXGH KD]DUGRXV DLU

SROOXWDQWV �+$3V� VXFK DV DQWLPRQ\� FREDOW�

VHOHQLXP� FDGPLXP� DQG DUVHQLF� 6SHFLILF

HPLVVLRQ IDFWRUV IRU WKHVH +$3V DUH QRW

DYDLODEOH IURP (3$� +RZHYHU� 7DEOH ���

SUHVHQWV D OLVWLQJ RI PHDVXUHG FRQFHQWUDWLRQV RI

VRPH RI WKHVH WR[LFV� DV ZHOO DV RWKHUV� HPLWWHG

E\ W\SLFDO GHODFTXHULQJ RSHUDWLRQV�

Control Methods Include Baghouses,
Afterburners

%DJKRXVHV DUH W\SLFDOO\ XVHG WR FRQWURO

SDUWLFXODWH HPLVVLRQV IURP VKUHGGLQJ DQG

FUXVKLQJ RSHUDWLRQV� $IWHUEXUQHUV� RU WKHUPDO

LQFLQHUDWRUV� DUH IUHTXHQWO\ XVHG WR FRQYHUW

XQEXUQHG 92&V IURP S\URPHWDOOXUJLFDO

FOHDQLQJ WR FDUERQ GLR[LGH DQG ZDWHU YDSRU�

$IWHUEXUQHUV DUH XVHG VSHFLILFDOO\ ZLWK GU\HUV�

GHODFTXHULQJ NLOQV� DQG VZHDW IXUQDFHV WR

FRQWURO WKH RUJDQLF HPLVVLRQV JHQHUDWHG E\ WKH

WKHUPDO UHPRYDO RI RLOV� SDLQWV� ODFTXHUV� DQG

RWKHU FRDWLQJV RU LPSXULWLHV IURP WKH IHHGVWRFN�

3DUWLFXODWH FRQWURO V\VWHPV VXFK DV EDJKRXVHV

�RU RFFDVLRQDOO\ ZHW VFUXEEHUV� DUH VRPHWLPHV

XVHG LQ FRQMXQFWLRQ ZLWK DIWHUEXUQHUV IRU

IXJLWLYH ORVV FRQWURO IURP GU\HUV DQG 8%&

GHODFTXHULQJ RSHUDWLRQV� 6ZHDWLQJ IXUQDFHV

W\SLFDOO\ XVH RQO\ D EDJKRXVH� DOWKRXJK WKH

SURSRVHG 0$&7 IRU QHZ VRXUFHV LQFOXGHV ERWK

DQ DIWHUEXUQHU DQG D EDJKRXVH �(3$ ����F��

(PLVVLRQV RI DFLG JDVHV �VSHFLILFDOO\ IURP

GU\LQJ� GHODFTXHULQJ� DQG VZHDWLQJ� DUH

FRQWUROOHG XVLQJ LQMHFWLRQ RI D VFUXEELQJ DJHQW�

XVXDOO\ OLPH� SULRU WR WKH EDJKRXVH�
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Table 5-3.  Typical Emission Factors for
Scrap Pretreatment

(kg/metric ton of input)

Pollutant
Amount
[lb/ton]

Particulate 0.20 [0.40]

Organics 0.05 [0.10]

Chlorides 0.20 [0.40]

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH

UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK

ZDV GHYHORSHG LQ �����

Table 5-4.  Emission Concentrations of Toxic Elements/Compounds 
from Delacquering Operations a

(ug/dscm, except as noted) b

Element/Compound Concentration Element/Compound Concentration

Antimony 3.0 Mercury 32

Arsenic 0.1 Nickel 7.4

Beryllium Not detected Phosphorus 23

Cadmium 0.5 Selenium 3.2

Chromium 30.0 Hydrogen chloride 50 - 400c

Lead 4.0 Dioxins/Furans 0.05 - 0.21d

Manganese 3.4

D 'DWD EDVHG RQ 6HFRQGDU\ $OXPLQXP 0$&7 WHVWLQJ IRU V\VWHPV ZLWK DIWHUEXUQHUV DQG OLPH�LQMHFWHG EDJKRXVHV�

E 0LFURJUDPV SHU GDLO\ VWDQGDUG FXELF PHWHU�

F 8QLWV DUH SSPY �SDUWV SHU PLOOLRQ YROXPH��

G 8QLWV DUH QJ 7(4�GVFP� ZKHUH QJ LV QDQRJUDP DQG 7(4 LV ��������7HWUDFKORURGLEHQ]R�S�GLR[LQ HTXLYDOHQWV�

6RXUFHV� ¦(PLVVLRQ 7HVWLQJ IRU $LU 7R[LFV DQG 2WKHU $LU &RQWDPLQDQWV�§ 0� -DFNVRQ DQG RWKHUV� 7KH 3URFHHGLQJV RI WKH �WK

,QWHUQDWLRQDO $OXPLQXP 6KHHW DQG 3ODWH &RQIHUHQFH� �����

'DWD VXSSOLHG E\ %RE 6WULHWHU� 7KH $OXPLQXP $VVRFLDWLRQ� �����

5.5  Effluents

7KHUH DUH QR SURFHVV ZDWHU UHTXLUHPHQWV IRU

VFUDS SUHWUHDWPHQW RWKHU WKDQ WKRVH DVVRFLDWHG

ZLWK ZHW DLU SROOXWLRQ FRQWURO PHWKRGV

�5LFKDUGV ������

7DEOH ��� SUHVHQWV HIIOXHQW OLPLWDWLRQV XVLQJ WKH

EHVW DYDLODEOH WHFKQRORJ\ HFRQRPLFDOO\

DFKLHYDEOH �%$7� IRU VFUDS GU\LQJ ZHW DLU

SROOXWLRQ FRQWURO� VFUDS VFUHHQLQJ DQG PLOOLQJ�

DQG GHODFTXHULQJ ZHW DLU SROOXWLRQ FRQWURO�

5.6  Byproducts

6ROLG ZDVWHV IURP WKH FDSWXUH DQG WUHDWPHQW RI

GHODFTXHULQJ IXPHV LQ EDJKRXVHV DUH ODQGILOOHG�

7DEOH ��� VKRZV HVWLPDWHG DYHUDJH SURFHVV�

UHODWHG VROLG ZDVWHV DVVRFLDWHG ZLWK VFUDS
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Table 5-5.  Secondary Aluminum Processing BAT a Effluent
Limitations - Average of  Daily Values for 30 Consecutive Days

(mg/kg, or lbs per 10 6 lbs of scrap/dross processed)

Pollutant

Scrap Drying Wet
Air Pollution

Control
Scrap Screening

and Milling

Delacquering Wet
Air Pollution

Control

Lead 0.000 0.000 0.043

Zinc 0.000 0.000 0.140

Aluminum 0.000 0.000 0.903

Ammonia (as N) 0.000 0.000 19.514

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW �������

%XUHDX RI 1DWLRQDO $IIDLUV� �����

Table 5-6.  Estimated Average Solid
Wastes - Scrap Pretreatment

(kg/metric ton of input)

Waste
Amount
[lb/ton]

Packaging 0.4 [0.8]

Environmental
Abatement

7.0 [14.0]

Other 2.2 [4.4]

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� �����

SUHWUHDWPHQW EDVHG RQ D ���� VXUYH\ RI

VHFRQGDU\ DOXPLQXP IDFLOLWLHV� 7KH

HQYLURQPHQWDO DEDWHPHQW ZDVWHV LQFOXGH VXFK

LWHPV DV VSHQW EDJV IRU EDJKRXVHV DQG RWKHU

ODQGILOOHG ZDVWHV� 7KH WRWDO DPRXQW RI

EDJKRXVH ILQHV JHQHUDWHG E\

GHODFTXHULQJ�GHFRDWLQJ SURFHVVHV DQQXDOO\ LQ

WKH 8�6� KDV EHHQ HVWLPDWHG WR EH DSSUR[LPDWHO\

������� PHWULF WRQV �������� WRQV� DQQXDOO\

'H6DUR ������ $QRWKHU VRXUFH HVWLPDWHV D

DOXH RI �� NJ�PHWULF WRQ ��� OE�WRQ�� \LHOGLQJ D

WRWDO RI ������� PHWULF WRQV �������� WRQV� IRU

���� �7D\ORU ������

 5.7  Hazardous Wastes

7KHUH DUH QR 5&5$�OLVWHG KD]DUGRXV ZDVWHV

DVVRFLDWHG ZLWK WKH VFUDS SUHWUHDWPHQW

RSHUDWLRQV GHVFULEHG DERYH�
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�
6HFRQGDU\

$OXPLQXP

3URGXFWLRQ�

6PHOWLQJ�5HILQLQJ

6.1  Process Overview

Scrap is Melted, Cleaned of Impurities,
Alloyed Prior to Casting 

$IWHU DOXPLQXP VFUDS KDV EHHQ SUHWUHDWHG� LW LV

VHQW IRU VPHOWLQJ DQG UHILQLQJ� 6PHOWLQJ DQG

UHILQLQJ RSHUDWLRQV LQFOXGH

� FKDUJLQJ DQG PHOWLQJ�

� IOX[LQJ�

� PDJQHVLXP UHPRYDO �GHPDJJLQJ��

� GHJDVVLQJ�

� DOOR\LQJ� DQG

� VNLPPLQJ DQG SRXULQJ�

Melting Technology Used Depends on the
Charge

3UHWUHDWHG VFUDS LV FKDUJHG LQWR D PHOWLQJ IXUQDFH

ZLWK IOX[ PDWHULDOV WKDW FRPELQH ZLWK

FRQWDPLQDQWV DQG IORDW WR WKH VXUIDFH� WUDSSLQJ

LPSXULWLHV DQG SURYLGLQJ D EDUULHU WKDW UHGXFHV

R[LGDWLRQ RI WKH PHOWHG DOXPLQXP� 6FUDS PD\ EH

FKDUJHG DV KLJK�GHQVLW\ EDOHV� ORRVHO\ SDFNHG

EDOHV� RU DV GU\ VKUHGGHG VFUDS�

7KH WKUHH EDVLF REMHFWLYHV RI PHOWLQJ DOXPLQXP

DOOR\V DUH

� WR DGMXVW WKH FRPSRVLWLRQ WR WKDW GHVLUHG

IRU WKH ILQDO SURGXFW�

� WR FKDQJH WR WKH IRUP VXLWDEOH IRU

VXEVHTXHQW UHPHOWLQJ DQG FDVWLQJ RU

IDEULFDWLQJ LQWR WKH GHVLUHG SURGXFW� DQG

� WR LPSURYH WKH PHWDO TXDOLW\ ZLWK UHVSHFW

WR UHGXFWLRQ RI JDV DQG QRQPHWDOOLF

LQFOXVLRQV�

$ QXPEHU RI PHOWLQJ WHFKQRORJLHV DUH DYDLODEOH�

WKH FKDUDFWHULVWLFV RI WKH VFUDS WR EH SURFHVVHG

GLFWDWH WKH W\SH FKRVHQ� )XUQDFH RSHUDWLRQV FDQ

EH SODFHG LQ WKUHH VXEFDWHJRULHV�

� KLJK�HPLWWLQJ IXUQDFHV

� ORZ�HPLWWLQJ IXUQDFHV

� GURVV�RQO\ IXUQDFHV

$ IRXUWK VXEFDWHJRU\ �� VZHDW IXUQDFHV �� ZDV

GLVFXVVHG LQ 6HFWLRQ �� 7KH WRWDO QXPEHU RI

PHOWLQJ DQG KROGLQJ IXUQDFHV �H[FOXGLQJ VZHDW

IXUQDFHV� LQ WKH 8�6� VHFRQGDU\ DOXPLQXP

LQGXVWU\ LV DSSUR[LPDWHO\ ��� �(3$ ����F��
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+LJK�HPLWWLQJ IXUQDFHV XVH HLWKHU GLUW\ VFUDS

DQG�RU FKORULQH �RU RWKHU +$3�FRQWDLQLQJ JDV� IRU

GHPDJJLQJ�GHJDVVLQJ� 'LUW\ VFUDS LV GHILQHG DV

VFUDS FRQWDLQLQJ SDLQW� RLO� OXEULFDQWV� FRDWLQJV�

DQG�RU DQ\ +$3�FRQWDLQLQJ VXEVWDQFH �(3$

������ 7\SLFDO W\SHV RI GLUW\ VFUDS LQFOXGH

LQVXODWHG ZLUH� RLO\ ERULQJV DQG WXUQLQJV� FRDWHG

XVHG EHYHUDJH FDQV �8%&V�� DQG FRDWHG�SDLQWHG

DOXPLQXP IRLO� %RWK UHYHUEHUDWRU\ PHOWHUV ZLWK D

VLGH�FKDUJH ZHOO DQG URWDU\ EDUUHO IXUQDFHV ZRUN

ZHOO ZLWK VPDOOHU� GLUWLHU W\SHV RI VFUDS�

7KH VWDQGDUG UHYHUEHUDWRU\ PHOWLQJ IXUQDFH LV WKH

PRVW FRPPRQ PHWKRG RI VPHOWLQJ DQG UHILQLQJ LQ

VHFRQGDU\ DOXPLQXP SURGXFWLRQ� :LWK FDSDFLWLHV

UDQJLQJ XS WR �� PHWULF WRQV ��� WRQV� DQG

PHOWLQJ UDWHV RI ����� NJ�KRXU ������� OE�KRXU� RU

PRUH� UHYHUEHUDWRU\ IXUQDFHV DUH JHQHUDOO\

HPSOR\HG WR PHOW ODUJH YROXPHV RI PHWDO� ,Q WKLV

W\SH RI IXUQDFH� KHDW ULVLQJ IURP LJQLWHG IXHO LV

UHIOHFWHG EDFN GRZQ IURP WKH FXUYHG IXUQDFH URRI

DQG LQWR WKH PHOWHG FKDUJH� 7KH PROWHQ PHWDO LV

W\SLFDOO\ FLUFXODWHG XVLQJ SXPSV RU RWKHU

PHWKRGV WR LQFUHDVH SURGXFWLYLW\� UHGXFH IXHO

FRQVXPSWLRQ� DQG HQKDQFH KRPRJHQHLW\�

/RZ�HPLWWLQJ� RU ¦FOHDQ§ IXUQDFHV DUH GHILQHG

DV DQ\ IXUQDFH GHVLJQ SURFHVVLQJ FOHDQ VFUDS

RQO\� HPSOR\LQJ QR IOX[LQJ� DQG XVLQJ QRQ�+$3

DJHQWV IRU GHPDJJLQJ DQG GHJDVVLQJ �(3$ ������

7\SLFDO W\SHV RI FOHDQ VFUDS LQFOXGH GHODFTXHUHG

8%&V� GULHG ERULQJV DQG WXUQLQJV� XQFRDWHG

DOXPLQXP VLGLQJ� XQFRDWHG�XQSDLQWHG DOXPLQXP

IRLO� VRZV� VZHDWHG DOXPLQXP� DQG SULPDU\

DOXPLQXP�

'LUHFW FKDUJLQJ WR WKH KHDUWK� VXFK DV

UHYHUEHUDWRU\ PHOWLQJ IXUQDFHV DQG URXQG�WRS

PHOWHUV� ZRUNV YHU\ ZHOO IRU ODUJHU �VSHFLILFDOO\�

PRUH VXUIDFH DUHD�� FOHDQHU VFUDS� ,QGXFWLRQ

IXUQDFHV ZRUN ZHOO IRU VFUDS WKDW KDV OHVV VXUIDFH

DUHD \HW LV VWLOO UHODWLYHO\ FOHDQ� /RZ�IUHTXHQF\

FRUHOHVV LQGXFWLRQ IXUQDFHV DUH XVHG IRU UHPHOWLQJ

ILQH VFUDS� LQFOXGLQJ IRLO� VFDOSHU FKLSV� DQG

WXUQLQJV� 6XFK IXUQDFHV DUH LQ XVH ZLWK FDSDFLWLHV

UDQJLQJ IURP ����� WR ����� NJ ������ WR ������

OE� RI DOXPLQXP�

'URVV�RQO\ IXUQDFHV DUH WKRVH WKDW UHFRYHU

DOXPLQXP IURP FRROHG� JURXQG� DQG VFUHHQHG

GURVV IHHGVWRFN PDWHULDO �DGGLWLRQDO GLVFXVVLRQ LQ

6HFWLRQ ����� 7KLV RSHUDWLRQ LV FDUULHG RXW LQ

URWDU\ EDUUHO IXUQDFHV �DOVR NQRZQ DV VDOW

IXUQDFHV� DQG URWDU\ SODVPD IXUQDFHV�

2WKHU PHOWLQJ PHWKRGV LQFOXGH WRZHU PHOWHUV�

YRUWH[ PHOWHUV� DQG IORWDWLRQ PHOWHUV� $V WKH

VFUDS JHWV VPDOOHU DQG GLUWLHU� WKH FRVW RI

SURFHVVLQJ LQFUHDVHV DQG WKH PHWDO UHFRYHU\

GHFUHDVHV �3HWHUVRQ ������

7KH FUXFLEOH VPHOWLQJ�UHILQLQJ SURFHVV LV XVHG WR

PHOW VPDOO EDWFKHV RI DOXPLQXP VFUDS� 7KH

LQGXFWLRQ VPHOWLQJ DQG UHILQLQJ SURFHVV LV

GHVLJQHG WR SURGXFH DOXPLQXP DOOR\V ZLWK

LQFUHDVHG VWUHQJWK DQG KDUGQHVV E\ EOHQGLQJ

DOXPLQXP DQG KDUGHQLQJ DJHQWV LQ DQ HOHFWULF

LQGXFWLRQ IXUQDFH� 7KH SURFHVV VWHSV LQFOXGH

FKDUJLQJ VFUDS� PHOWLQJ� DGGLQJ DQG EOHQGLQJ WKH

KDUGHQLQJ DJHQW �H�J�� PDQJDQHVH� VLOLFRQ��

VNLPPLQJ� SRXULQJ� DQG FDVWLQJ�

7KH UHFRPPHQGHG WHPSHUDWXUH UDQJH IRU PHOWLQJ

DQG KROGLQJ YDULHV E\ DOOR\ EXW UDUHO\ H[FHHGV

���R& ������R)��

Fluxing Helps Removes Impurities

6RPH PHWKRGV RI PHOWLQJ DOXPLQXP VFUDS

LQYROYH WKH DGGLWLRQ RI D PROWHQ VDOW IOX[� 7KH

VDOW LV XVXDOO\ D PL[WXUH RI 1D&O DQG .&O� ZLWK D

XVXDO FRPSRVLWLRQ RI ��� 1D&O DQG ��� .&O�

:LWK VXIILFLHQW DJLWDWLRQ DQG D VXIILFLHQWO\ IOXLG

IOX[� WKH PROWHQ VDOW ZHWV WKH LPSXULWLHV LQ WKH

VFUDS DQG LQ GRLQJ VR FDXVHV WKH DOXPLQXP WR

VHSDUDWH IURP ERWK WKH IOX[ DQG LPSXULWLHV� 7KH

IOX[ DOVR SURWHFWV WKH PHOWHG DOXPLQXP�

SUHYHQWLQJ LW IURP EHFRPLQJ R[LGL]HG LQ WKH

IXUQDFH LWVHOI� 7KH VHSDUDWHG DOXPLQXP IRUPV

GURSOHWV WKDW FRDOHVFH WR IRUP D OLTXLG DOXPLQXP

SRRO EHQHDWK WKH PROWHQ VDOW �6KHWK HW DO� ������

)OX[LQJ LV XVXDOO\ SHUIRUPHG ZLWK VWDQGDUG

UHYHUEHUDWRU\ PHOWLQJ IXUQDFHV� )OX[LQJ LV QRW

SHUIRUPHG ZLWK LQGXFWLRQ IXUQDFHV�
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Demagging Adjusts  Magnesium Content
of the Charge

5HPRYDO RI PDJQHVLXP� RQH RI WKH PRVW FULWLFDO

LPSXULWLHV LQ VFUDS� LV LPSRUWDQW LQ WKH SURGXFWLRQ

RI ORZ�PDJQHVLXP DOOR\V IRU VDQG� SHUPDQHQW

PROG� DQG GLH FDVWLQJ DSSOLFDWLRQV� 6HFRQGDU\

DOXPLQXP VPHOWHUV DOPRVW DOZD\V XVH D EOHQG RI

VFUDS PDWHULDOV �H�J�� EHYHUDJH FRQWDLQHUV DQG

ZURXJKW DOOR\V XVHG DV EXLOGLQJ FRPSRQHQWV��

VRPH RI ZKLFK FDQ FRQWDLQ UHODWLYHO\ KLJK OHYHOV

RI PDJQHVLXP� 7KHUHIRUH� VRPH DPRXQW RI

PDJQHVLXP PXVW RIWHQ EH UHPRYHG GXULQJ

VHFRQGDU\ UHILQLQJ LQ RUGHU WR UHDFK WKH ILQDO

VSHFLILFDWLRQ OHYHO�

'HPDJJLQJ UHGXFHV WKH PDJQHVLXP FRQWHQW RI WKH

PROWHQ FKDUJH IURP DSSUR[LPDWHO\ ���� WR DERXW

����� 7KH PRVW FRPPRQ PDWHULDOV XVHG LQ

GHPDJJLQJ RSHUDWLRQV DUH FKORULQH DQG DOXPLQXP

IOXRULGH�

,Q FKORULQH GHPDJJLQJ� FKORULQH JDV LV LQMHFWHG

LQWR WKH WXUEXOHQW IORZ RI WKH PROWHQ DOXPLQXP�

ZKHUH LW UHDFWV ZLWK WKH PDJQHVLXP WR IRUP D

VROLG WKDW IORDWV WR WKH VXUIDFH RI WKH PROWHQ

DOXPLQXP DQG LV WUDSSHG LQ WKH IOX[ OD\HU� 2WKHU

FKORULQDWLQJ DJHQWV RU IOX[HV� VXFK DV DQK\GURXV

DOXPLQXP FKORULGH RU FKORULQDWHG RUJDQLFV� FDQ

DOVR EH XVHG� ,Q IOXRULGH GHPDJJLQJ� DOXPLQXP

IOXRULGH LV UHDFWHG ZLWK WKH PDJQHVLXP WR

SURGXFH D PDJQHVLXP IOXRULGH VDOW� 6XOIXU

KH[DIOXRULGH LV DQRWKHU RSWLRQ WR XVLQJ FKORULQH

JDV RU FKORULQH PL[WXUHV �(3$ ������

7KH JDV LQMHFWLRQ�FLUFXODWLRQ SXPS XVLQJ FKORULQH

KDV EHFRPH WKH PDLQVWD\ IRU GHPDJJLQJ LQ

DOXPLQXP UHPHOW RSHUDWLRQV XVLQJ UHYHUEHUDWRU\

IXUQDFHV� 7KLV SXPS WHFKQRORJ\ KDV D FKHPLFDO

UHDFWLRQ HIILFLHQF\ H[FHHGLQJ ��� DQG� ZKHQ

RSHUDWHG SURSHUO\� YLUWXDOO\ HOLPLQDWHV DQ\

HPLVVLRQV DVVRFLDWHG ZLWK FKORULQDWLRQ GXULQJ

GHPDJJLQJ �1HII DQG &RFKUDQ ������

Hydrogen Gas Removed by Degassing
Operations

'HJDVVLQJ LV SHUIRUPHG WR UHPRYH K\GURJHQ JDV

EXEEOHV� ZKLFK FDXVH LQFOXVLRQV DQG XQGHVLUDEOH

SRURVLW\ LQ VROLG�SKDVH DOXPLQXP� ,Q GHJDVVLQJ�

WKH PROWHQ DOXPLQXP LV DJLWDWHG XVLQJ KLJK�

SUHVVXUH LQHUW JDVHV �FKLHIO\ QLWURJHQ RU DUJRQ��

FDXVLQJ DQ\ HQWUDLQHG JDVHV DQG VROLG SDUWLFOHV WR

ULVH WR WKH VXUIDFH DQG EH DEVRUEHG LQ WKH IORDWLQJ

IOX[� ([SRVXUH WR R[\JHQ LQ WKH DWPRVSKHUH

FDXVHV WKH PROWHQ DOXPLQXP WR R[LGL]H� DQG WKH

IORWDWLRQ RI WKH LPSXULWLHV WR WKH VXUIDFH DORQJ

ZLWK DQ\ VDOW IOX[ FUHDWHV D VHPL�VROLG NQRZQ DV

EODFN GURVV� 7KH GURVV LV WKHQ VNLPPHG IURP WKH

VXUIDFH RI WKH PHOW �VHH GLVFXVVLRQ RI VNLPPLQJ

EHORZ��

,Q�OLQH GHJDVVLQJ� ZKLFK LV RIWHQ SHUIRUPHG ZKHQ

WKH TXDOLW\ UHTXLUHPHQWV RI WKH DOXPLQXP DUH

YHU\ KLJK� LV EHFRPLQJ LQFUHDVLQJO\ ZLGHVSUHDG�

,Q�OLQH GHJDVVLQJ RSHUDWLRQV LQFOXGH

� VSLQQLQJ QR]]OH LQHUW IORWDWLRQ GHJDVVLQJ�

� WKH $OFRD GHJDVVLQJ SURFHVV�

� WKH $/385 SURFHVV�

� WKH 0,17 V\VWHP� DQG

� WKH '8), V\VWHP�

$IWHU WKH VFUDS KDV EHHQ PHOWHG DQG WKH

LPSXULWLHV DQG HQWUDLQHG JDVHV UHPRYHG� WKH

PROWHQ DOXPLQXP LV W\SLFDOO\ SXPSHG RU JUDYLW\�

IHG IURP WKH UHYHUEHUDWRU\ IXUQDFH LQWR VPDOOHU

KROGLQJ IXUQDFHV� ZKHUH LW LV DOOR\HG DQG�RU

IXUWKHU UHILQHG EDVHG RQ WKH ILQDO SURGXFW

VSHFLILFDWLRQV�

Alloying Tailors the Metal’s Properties to
the User’s Needs

$OOR\LQJ FRPELQHV WKH PROWHQ DOXPLQXP ZLWK

]LQF� FRSSHU� PDQJDQHVH� PDJQHVLXP� VLOLFRQ� RU

RWKHU DJHQWV LQ RUGHU WR SURGXFH DOOR\V RI WKH

GHVLUHG FRPSRVLWLRQ DQG TXDOLW\� FKDQJLQJ WKH

VWUHQJWK DQG GXFWLOLW\ RI WKH DOXPLQXP�

7KH DOOR\LQJ HOHPHQWV ZLWK PHOWLQJ WHPSHUDWXUHV

QHDU RU EHORZ WKDW RI DOXPLQXP ���R& ������R)�

DUH JHQHUDOO\ DGGHG DV SXUH PHWDOV� 7KHVH

HOHPHQWV LQFOXGH ELVPXWK� OHDG� PDJQHVLXP� WLQ�

DQG ]LQF� 7ZR RWKHU PDMRU DOOR\LQJ HOHPHQWV�

FRSSHU DQG VLOLFRQ� PD\ EH DGGHG HLWKHU DV SXUH

PHWDOV RU DV ULFK DOOR\V� $OOR\LQJ HOHPHQWV ZLWK

KLJK PHOWLQJ SRLQWV� VXFK DV FKURPLXP� LURQ�

PDQJDQHVH� DQG QLFNHO� DUH DGGHG LQ WKH IRUP RI

ULFK DOOR\ LQJRW �DOOR\LQJ HOHPHQWV FRPELQHG ZLWK
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DOXPLQXP� RU PDVWHU DOOR\V� LI DGGHG GLUHFWO\ WR

WKH PHOW� WKHVH HOHPHQWV GLVVROYH DW H[FHHGLQJO\

VORZ UDWHV�

,Q DGGLWLRQ� FHUWDLQ VSHFLDO PDWHULDOV DUH DGGHG DV

FKDUJH FRPSRQHQWV IRU WKH SXUSRVHV RI JUDLQ

UHILQLQJ� 7LWDQLXP LV WKH PRVW HIIHFWLYH JUDLQ

UHILQHU� RWKHUV LQFOXGH YDQDGLXP� ]LUFRQLXP� DQG

FROXPELXP� 7LWDQLXP RU WLWDQLXP ZLWK ERURQ

JHQHUDOO\ LV DGGHG DV D ULFK DOOR\�

Skimming Removes Surface Oxide Film
Prior to Pouring

6NLP� DQ DFFXPXODWLRQ RI R[LGH ZLWK HQWUDSSHG

PHWDO� LV IRUPHG RQ WKH PHWDO VXUIDFH DIWHU

PHOWLQJ IURP R[LGH ILOPV LQWURGXFHG DV VXUIDFH

R[LGHV RQ DOO FKDUJH FRPSRQHQWV� 6NLP LV DOVR

IRUPHG IURP R[LGHV JHQHUDWHG RQ QHZ PHWDO

VXUIDFHV H[SRVHG WR WKH DWPRVSKHUH GXULQJ

PHOWLQJ� 0RVW RI WKHVH PHWDO R[LGHV KDYH DQ

DSSDUHQW GHQVLW\ OHVV WKDQ WKDW RI PROWHQ

DOXPLQXP DQG IORDW WR WKH VXUIDFH� ZKHUH WKH\ DUH

SHULRGLFDOO\ UHPRYHG E\ VNLPPLQJ� 7KH UHFRYHU\

RI PHWDO IURP VNLP LV GLVFXVVHG LQ 6HFWLRQ ����

$IWHU VRPH FRPELQDWLRQ RI WKH DERYH VWHSV� WKH

UHILQHG PROWHQ DOXPLQXP LV HLWKHU FDVW LQWR D

YDULHW\ RI IRUPV �VHH 6HFWLRQ �� RU LV WUDQVIHUUHG

WR DQRWKHU IDFLOLW\ LQ PROWHQ VWDWH IRU IXUWKHU

SURFHVVLQJ�

6.2  Summary of Inputs/Outputs

,QSXWV� 3UHWUHDWHG VFUDS

$OOR\LQJ DQG KDUGHQLQJ DJHQWV

)OX[LQJ DJHQW �H�J�� VDOW�

)XHO

(OHFWULFLW\

3URFHVV ZDWHU

&KORULQH RU IOXRULQH JDV

,QHUW JDVHV VXFK DV QLWURJHQ DQG DUJRQ

2XWSXWV� 0ROWHQ DOXPLQXP DOOR\V

8QGLVVROYHG VDOWV

'XVW DQG ILQHV

%ODFN GURVV

5HFODLPHG VDOW IOX[

3DUWLFXODWH HPLVVLRQV

&RPEXVWLRQ HPLVVLRQV �H�J�� &2
�
� 62[�

12[� DQG 92&V�

&KORULQH HPLVVLRQV

(IIOXHQWV

)LJXUH ��� LOOXVWUDWHV DOXPLQXP VFUDS

VPHOWLQJ�UHILQLQJ RSHUDWLRQV ZLWK LWV PDMRU LQSXWV

DQG RXWSXWV� 6RPH RI WKH VWHSV VKRZQ LQ )LJXUH

��� PD\ EH FRPELQHG RU UHRUGHUHG GHSHQGLQJ RQ

VFUDS TXDOLW\� VRXUFH RI VFUDS� DX[LOLDU\

HTXLSPHQW DYDLODEOH� IXUQDFH GHVLJQ� DQG SURGXFW

VSHFLILFDWLRQV� 3ODQW FRQILJXUDWLRQ� VFUDS W\SH

XVDJH� DQG SURGXFW RXWSXW YDULHV WKURXJKRXW WKH

VHFRQGDU\ DOXPLQXP LQGXVWU\ �(3$ ������

6.3  Energy Requirements

Newer or Modified Furnaces Consume
Significantly Less Energy

0RVW PHOWLQJ IXUQDFHV DUH JDV�ILUHG �DOWKRXJK D

IHZ DUH RLO�ILUHG�� WKH URWDU\ SODVPD IXUQDFH LV D

VSHFLDOO\ GHVLJQHG URWDU\ IXUQDFH WKDW LV KHDWHG

E\ D SODVPD DUF JDV KHDWHU LQVWHDG RI D UHJXODU

JDV EXUQHU�

7DEOH ��� VKRZV WKH DYHUDJH SURFHVV HQHUJ\

UHTXLUHPHQWV RI VHFRQGDU\ DOXPLQXP PHOWLQJ DQG

UHILQLQJ �WKH GDWD DOVR LQFOXGH WKH HQHUJ\

UHTXLUHPHQWV RI FDVWLQJ� ZKLFK LV FRYHUHG LQ

6HFWLRQ ��� 7KHVH GDWD ZHUH GHULYHG IURP D ����

VXUYH\ RI VHFRQGDU\ DOXPLQXP IDFLOLWLHV� D ���

LPSURYHPHQW LQ HQHUJ\ SHUIRUPDQFH ZDV DSSOLHG

WR WKH QXPEHUV WR UHIOHFW LQFUHDVHG HIILFLHQF\

EHWZHHQ ���� DQG WKH SUHVHQW �5LFKDUGV ������

7DEOH ��� SUHVHQWV VRPH W\SLFDO HQHUJ\

UHTXLUHPHQWV RI VHYHUDO W\SHV RI PHOWLQJ IXUQDFHV

XVHG LQ WKH VHFRQGDU\ DOXPLQXP LQGXVWU\� 7KHVH

UHTXLUHPHQWV DUH H[SUHVVHG DV UDQJHV IRU VRPH RI

WKH WHFKQRORJLHV� 7KH KLJKHU HQHUJ\

UHTXLUHPHQWV UHIOHFW ROGHU� OHVV HIILFLHQW IXUQDFHV�

ZKLOH WKH ORZHU QXPEHUV UHIOHFW QHZHU IXUQDFHV

RU WKRVH WKDW KDYH EHHQ PRGLILHG ZLWK HQHUJ\�

VDYLQJ IHDWXUHV�

$V VKRZQ LQ 7DEOH ���� URWDU\ VDOW IXUQDFHV XVHG

WR UHFRYHU WKH PHWDO FRQWHQW RI GURVV JHQHUDOO\

FRQVXPH DERXW ��� 0-�NJ ������ %WX�OE� RI GURVV

FKDUJHG� 7KHVH IXUQDFHV FDQ UHFRYHU DERXW ���

RI WKH GURVV© PHWDO FRQWHQW� $VVXPLQJ D ���

PHWDO FRQWHQW LQ WKH GURVV� WKH VSHFLILF HQHUJ\
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Skimming

Molten 
Al
to 

Casting

Magnesium
Removal

Degassing

Alloying

Post
Processing

Recovered
Metal

Skim/
Dross

Alloying or
Hardening

Agents

Pretreated
Scrap

Smelting
Hazardous Air Pollutants

Emissions of Cl or F CompoundsChlorine 
or

Fluorine
Flux

Metal
Recovery

Slag

Salt
Cake

Recovered
Metal

Recovered
Salts

Inert
Gas

Hydrochloric Acid, Corrosive Fumes
Fluoride Dusts
Effluents

CO  , CO, SOx, NOx, VOCs2

ParticulateFlux

Fuel or
Electricity

Key Energy and Environmental Facts - Scrap Smelting/Refining

Energy Emissions Effluents Byproducts

Energy Use (includes
casting):

 5,922 MJ/metric ton of input  
    (5.13 106 Btu/ton)
  

Major Emissions -
Particulate, organics,
chloride

Largest Source - Demagging

Generation:
 Particulate - 0.19 kg/metric   
    ton (0.38 lb/ton)
Chlorides - 0.17 kg/metric
ton    (0.34 lb/ton)

Largest Sources -
Demagging; wet method
residue processing

Typical Process Water 
Volume - 320 kg/metric ton
of    Al

Dross - 154,500 metric        
    tons/yr (170,000 tons/yr)

Salt Cake - 657,900 to      
727,270 metric tons/yr      
(725,000 to 800,000      
tons/yr)

Figure  6-1.  Scrap Smelting/Refining Flow Diagram
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Table 6-1.  Process Energy Use in Secondary Melting/Refining a

Energy Source MJ/metric ton b,c 106 Btu/ton c

Electricityd 1,521 1.31

Natural Gas 4,247 3.68

Distillate Oil/Diesel 44 .04

Residual Oil 44 .04

Propane & LPG 66 .06

TOTAL 5,922 5.13

D ,QFOXGHV FDVWLQJ HQHUJ\ UHTXLUHPHQWV� &DVWLQJ LV GLVFXVVHG LQ 6HFWLRQ ��

E 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

F 7KH SHUFHQWDJH XVH RI HDFK QRQ�HOHFWULF IXHO LV DVVXPHG WR EH WKH VDPH DV SHUFHQWDJH

XVH LQ 7KH $OXPLQXP $VVRFLDWLRQ©V ���� LQGXVWU\ HQHUJ\ VXUYH\� QDWXUDO JDV ������

GLVWLOODWH RLO ����� UHVLGXDO RLO ����� SURSDQH 	 /3* �����

G &RQYHUVLRQ IDFWRU LV �������� NM�N:K� RU ������ %WX�N:K �5LFKDUGV ������

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH

LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§

7KH $OXPLQXP $VVRFLDWLRQ� $XJXVW �����

Table 6-2.  Energy Requirements of Scrap Melting Processes

Process/Equipment

Typical Range or Value

MJ/metric ton a 106 Btu/ton

Standard reverberatory
furnace

2,888 - 5,775 2.5 - 5.0

Coreless induction furnace 3,465 - 4,620 3.0 - 4.0

Tower melter 2,310 2.0

Flotation melter 2,310 2.0

Rotary salt furnaceb 7,392 6.4

D 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

E 9DOXH LV SHU WRQ RI GURVV FKDUJHG�

6RXUFHV� ¦(IIHFW RI /RZ 12[ %XUQHU 0RGLILFDWLRQ RQ 0HOWHU 3HUIRUPDQFH�§ '� :KLSSOH� SUHVHQWHG DW

$OXPLQXP ,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,� VSRQVRUHG E\ 7KH $OXPLQXP $VVRFLDWLRQ�

1RYHPEHU �����

¦,Q�3ODQW 3URFHVVLQJ RI $OXPLQXP 0HOWLQJ )XUQDFH 'URVV�§ 5� 5REHUWV� SUHVHQWHG DW $OXPLQXP

,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,� VSRQVRUHG E\ 7KH $OXPLQXP $VVRFLDWLRQ� 1RY� �����

¦&RUHOHVV ,QGXFWLRQ 0HOWLQJ RI $OXPLQXP�§ +� +HLQH DQG -� *RUVV� SUHVHQWHG DW $OXPLQXP ,QGXVWU\

(QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,� VSRQVRUHG E\ 7KH $OXPLQXP $VVRFLDWLRQ� 1RYHPEHU �����
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FRQVXPSWLRQ RI PHWDO UHFRYHU\ IURP GURVV LV

DSSUR[LPDWHO\ ���� 0-�NJ ������ %WX�OE� RI

DOXPLQXP UHFRYHUHG �5REHUWV ������

$W W\SLFDO PHOWLQJ IXUQDFH WHPSHUDWXUHV RI

����� WR �����R& ������ WR �����R)�� RQO\ DERXW

RQH�WKLUG RI WKH HQHUJ\ LQWURGXFHG LV XWLOL]HG LQ

WKH IXUQDFH� ZLWK WKH UHPDLQGHU OHDYLQJ LQ WKH

IRUP RI IOXH JDV ORVVHV �:HFKVOHU DQG *LWPDQ

������

0HWDO ORVVHV IURP R[LGDWLRQ GXULQJ PHOWLQJ LQ

ORZ�IUHTXHQF\ LQGXFWLRQ IXUQDFHV DUH YHU\ ORZ�

ODUJHO\ EHFDXVH KHDW LV JHQHUDWHG LQ WKH PHWDO

LWVHOI�

6.4  Emissions

Particulate, Organics, and Chlorides Are
Emitted from Secondary
Smelting/Refining Processes

3URFHVV HPLVVLRQV �H[FOXGLQJ FRPEXVWLRQ

HPLVVLRQV� IURP VHFRQGDU\ DOXPLQXP VPHOWLQJ

RSHUDWLRQV FRQVLVW PDLQO\ RI SDUWLFXODWH

�LQFOXGLQJ WUDFH PHWDOV�� JDVHRXV RUJDQLFV RU

YRODWLOH +$3V� DQG DFLG JDV HPLVVLRQV �(3$

������

$OWKRXJK HDFK VWHS LQ VFUDS VPHOWLQJ�UHILQLQJ LV

D SRWHQWLDO VRXUFH RI HPLVVLRQV� (3$ KDV QRW \HW

VXIILFLHQWO\ FKDUDFWHUL]HG DQG GRFXPHQWHG

HPLVVLRQ IDFWRUV IRU WKHVH SURFHVVHV �(3$

������ )RU H[DPSOH� FKORULQH HPLVVLRQV �LQ WKH

IRUP RI FKORULGH FRPSRXQGV� UHVXOWLQJ IURP

FKORULQH DOXPLQXP GHPDJJLQJ SURFHVVHV KDYH

QRW \HW EHHQ GRFXPHQWHG E\ (3$�

7DEOH ��� OLVWV (3$©V HPLVVLRQ IDFWRUV IRU

VHYHUDO PDMRU DLU SROOXWDQWV IRU VHYHUDO W\SHV RI

IXUQDFHV� GHPDJJLQJ SURFHVVHV� DQG RWKHU

SURFHVVHV� 7DEOH ��� VKRZV HVWLPDWHG SURFHVV�

UHODWHG HPLVVLRQV RI SDUWLFXODWH� RUJDQLFV� DQG

FKORULGHV DVVRFLDWHG ZLWK VHFRQGDU\ PHOWLQJ

FRPELQHG ZLWK VHFRQGDU\ LQJRW FDVWLQJ �FDVWLQJ

LV GHVFULEHG LQ 6HFWLRQ ��� 7KH GDWD LQ 7DEOH ��

� ZHUH FDOFXODWHG IURP WKH UHVXOWV RI D ����

VXUYH\ RI D QXPEHU RI VHFRQGDU\ DOXPLQXP

IDFLOLWLHV XVLQJ D YDULHW\ RI HPLVVLRQV FRQWURO

HTXLSPHQW�

Sources Include Charging, Fluxing, and
Demagging

6SHFLILF VRXUFHV RI HPLVVLRQV LQFOXGH

� IXUQDFH FKDUJLQJ DQG RSHUDWLRQ�

� IOX[LQJ� DQG

� GHPDJJLQJ�

(PLVVLRQV IURP UHYHUEHUDWRU\ IXUQDFHV

UHSUHVHQW D VLJQLILFDQW IUDFWLRQ RI WKH WRWDO

SDUWLFXODWH DQG JDVHRXV HIIOXHQW JHQHUDWHG LQ WKH

VHFRQGDU\ DOXPLQXP LQGXVWU\� (PLVVLRQV IURP

WKH FKDUJLQJ ZHOO FRQVLVW RI FDUERQ GLR[LGH DQG

RUJDQLF DQG LQRUJDQLF SDUWLFXODWH� DV ZHOO DV

XQEXUQHG RUJDQLF YDSRUV IURP SDUWLDO

FRPEXVWLRQ RI RLO DQG FRDWLQJV RQ WKH FKDUJH�

1DWXUDO JDV FRPEXVWLRQ JHQHUDWHV QLWURJHQ

R[LGHV� FDUERQ PRQR[LGH� DOGHK\GHV� EHQ]HQH�

DQG WROXHQH� (PLVVLRQV IURP IXUQDFH EXUQHUV

FRQWDLQ FDUERQ PRQR[LGH� FDUERQ GLR[LGH�

VXOIXULF R[LGH� DQG QLWURJHQ R[LGH� )XUQDFH

EXUQHU HPLVVLRQV DUH XVXDOO\ VHSDUDWHG IURP

SURFHVV HPLVVLRQV �VHH 6HFWLRQ �����

(PLVVLRQV IURP IOX[LQJ RSHUDWLRQV DUH

GHSHQGHQW XSRQ ERWK WKH W\SH RI IOX[LQJ DJHQWV

DQG WKH DPRXQW UHTXLUHG� ZKLFK DUH D IXQFWLRQ

RI VFUDS TXDOLW\� (PLVVLRQV PD\ LQFOXGH

FRPPRQ IOX[LQJ VDOWV VXFK DV VRGLXP FKORULGH�

SRWDVVLXP FKORULGH� DQG FU\ROLWH� $OXPLQXP

DQG PDJQHVLXP FKORULGH PD\ EH JHQHUDWHG IURP

WKH IOX[LQJ PDWHULDOV EHLQJ DGGHG WR WKH PHOW�

)OX[LQJ UHDFWLRQV DOVR SURGXFH IXPH� 6WXGLHV

KDYH VXJJHVWHG WKDW IOX[LQJ SDUWLFXODWH

HPLVVLRQV DUH W\SLFDOO\ OHVV WKDQ RQH PLFURQ LQ

GLDPHWHU� (3$ GRHV QRW KDYH VSHFLILF

HPLVVLRQV IDFWRUV IRU WKHVH FRPSRXQGV�

,Q WKH SDVW� GHPDJJLQJ HPLVVLRQV UHSUHVHQWHG

RQH RI WKH PRVW VHYHUH HPLVVLRQV SUREOHPV LQ

WKH VHFRQGDU\ DOXPLQXP LQGXVWU\� $OWKRXJK

QHZHU FKORULQH GHPDJJLQJ SURFHVVHV KDYH

UHGXFHG WKHVH HPLVVLRQV� FKORULQH HPLVVLRQV

KDYH QRW EHHQ HOLPLQDWHG� 7RWDO FKORULQH

HPLVVLRQV DUH GLUHFWO\ UHODWHG WR WKH DPRXQW RI

GHPDJJLQJ HIIRUW DQG SURGXFW VSHFLILFDWLRQV�

$OVR� DV WKH PDJQHVLXP SHUFHQWDJH GHFUHDVHV
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Table 6-3.  Emission Factors for Scrap Smelting/Refining
(kg/metric ton of hot metal)

Source
Total

Particulate
[lb/ton]

PM10a

[lb/ton]
SOx

[lb/ton]
NOx

[lb/ton]
VOC

[lb/ton]
CO

[lb/ton]

Smelting furnace - crucible
   Uncontrolled
   Baghouse
   Electrostatic precipitator

0.95 [1.9]
ND
ND

0.85 [1.7]
--
--

1.25 [2.5]
--
--

0.85 [1.7]
--
--

1.25 [2.5]
--
--

--
--
--

Smelting furnace - reverberatory
   Uncontrolled
   Baghouse
   Electrostatic precipitator

2.15 [4.3]
0.65 [1.3]
0.65 [1.3]

1.3 [2.6]
--
--

0.45 [0.9]
--
--

0.4 [0.8]
--
--

0.1 [0.2]
--
--

--
--
--

Chlorine demagging
   Uncontrolled
   Baghouse
   Electrostatic precipitator

500 [1,000]
25 [50]

ND

262.0 [532.0]
--
--

0.0
0.0
0.0

0.0
--
--

0.0
--
--

0.0
--
--

Aluminum fluoride demagging -- -- 0.0 0.0 0.0 --

Degassing -- -- 0.0 0.0 0.0 --

Hot dross processing 0.11 [0.22] 0.1 [0.2] 0.0 0.0 0.0 0.0

1' 1RW GHWHUPLQHG�

D 3DUWLFXODWH PDWWHU OHVV WKDQ ���� PLFURQV LQ GLDPHWHU�

6RXUFHV� &RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG $UHD 6RXUFHV � 8�6� (QYLURQPHQWDO

3URWHFWLRQ $JHQF\� $3���� )LIWK (GLWLRQ� -DQXDU\ �����

$,56�)DFLOLW\ 6XEV\VWHP 6RXUFH &ODVVLILFDWLRQ &RGHV DQG (PLVVLRQ )DFWRU /LVWLQJ IRU &ULWHULD $LU 3ROOXWDQWV �

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� (3$ ������������� 0DUFK �����

Table 6-4.  Typical Emission Factors for Secondary
Melting/Casting a

(kg/metric ton)

Pollutant
Amount
[lb/ton]

Particulate 0.19 [0.38]

Organics 0.05 [0.10]

Chlorides 0.17 [0.34]

D 'DWD DOVR UHIOHFW WKH XQLW SURFHVV RI GHODFTXHULQJ DW WKH DSSURSULDWH

ZHLJKWHG DYHUDJH RI LQSXWV�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR

WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ

�����
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GXULQJ GHPDJJLQJ� D GLVSURSRUWLRQDO LQFUHDVH LQ

HPLVVLRQV UHVXOWV IURP WKH GHFUHDVHG HIILFLHQF\

RI WKH VFDYHQJLQJ SURFHVV�

%RWK WKH FKORULQH DQG DOXPLQXP IOXRULGH

GHPDJJLQJ SURFHVVHV FUHDWH KLJKO\ FRUURVLYH

HPLVVLRQV� &KORULQH GHPDJJLQJ UHVXOWV LQ WKH

IRUPDWLRQ RI PDJQHVLXP FKORULGH WKDW

FRQWULEXWHV WR IXPHV OHDYLQJ WKH GURVV� ([FHVV

FKORULGH FRPELQHV ZLWK DOXPLQXP WR IRUP

DOXPLQXP FKORULGH� D YDSRU DW IXUQDFH

WHPSHUDWXUHV� EXW RQH WKDW FRQGHQVHV LQWR

VXEPLFURPHWHU IXPHV DV LW FRROV� $OXPLQXP

FKORULGH KDV DQ H[WUHPHO\ KLJK DIILQLW\ IRU

ZDWHU DQG FRPELQHV ZLWK ZDWHU YDSRU WR IRUP

K\GURFKORULF DFLG� )UHH FKORULQH WKDW GRHV QRW

IRUP FRPSRXQGV PD\ DOVR HVFDSH IURP WKH

IXUQDFH DQG EHFRPH DQ HPLVVLRQ�

$OXPLQXP IOXRULGH �$O)
�
� GHPDJJLQJ UHVXOWV LQ

WKH IRUPDWLRQ RI PDJQHVLXP IOXRULGH DV D

E\SURGXFW� ([FHVV IOXRULQH FRPELQHV ZLWK

K\GURJHQ WR IRUP K\GURJHQ IOXRULGH� 7KH

SULQFLSDO HPLVVLRQ UHVXOWLQJ IURP DOXPLQXP

IOXRULGH GHPDJJLQJ LV D KLJKO\ FRUURVLYH IXPH

FRQWDLQLQJ DOXPLQXP IOXRULGH� PDJQHVLXP

IOXRULGH� DQG K\GURJHQ IOXRULGH� 7KH XVH RI

$O)
�
UDWKHU WKDQ FKORULQH LQ GHPDJJLQJ UHGXFHV

GHPDJJLQJ HPLVVLRQV� )OXRULGHV DUH HPLWWHG DV

JDVHRXV IOXRULGHV �K\GURJHQ IOXRULGH� DOXPLQXP

DQG PDJQHVLXP IOXRULGH YDSRUV� DQG VLOLFRQ

WHWUDIOXRULGH� RU DV GXVWV�

Some Furnace Emissions Are
Hazardous Air Pollutants

$FFRUGLQJ WR WKH 29&�30 6SHFLDWH 'DWD %DVH

0DQDJHPHQW 6\VWHP� WKH IROORZLQJ KD]DUGRXV

DLU SROOXWDQWV �+$3V� KDYH EHHQ IRXQG LQ

HPLVVLRQV IURP UHYHUEHUDWRU\ IXUQDFHV�

� FKORULQH

� FRPSRXQGV RI PDQJDQHVH

� FRPSRXQGV RI QLFNHO

� FRPSRXQGV RI OHDG

� FRPSRXQGV RI FKURPLXP

,Q DGGLWLRQ WR WKH +$3V OLVWHG IRU UHYHUEHUDWRU\

IXUQDFHV� JHQHUDO VHFRQGDU\ DOXPLQXP SODQW

HPLVVLRQV KDYH EHHQ IRXQG WR LQFOXGH +$3V

VXFK DV DQWLPRQ\� FREDOW� VHOHQLXP� FDGPLXP�

DQG DUVHQLF� 7DEOH ��� VKRZV WKH FRPSRQHQWV

RI W\SLFDO VFUDS VPHOWLQJ�UHILQLQJ IXUQDFH RII�

JDVHV�

Table 6-5.  Components of
Typical Furnace Off-Gases

Combustion products
Chlorine
Hydrogen chloride
Zinc chlorides
Magnesium chlorides
Aluminum chlorides
Aluminum oxide
Various metals and metal compounds

6SHFLILF HPLVVLRQ IDFWRUV IRU WKHVH +$3V DUH

QRW DYDLODEOH IURP (3$� +RZHYHU� 7DEOH ���

SUHVHQWV D OLVWLQJ RI DYHUDJH PHDVXUHG

FRQFHQWUDWLRQV RI DLU WR[LF FRPSRXQGV HPLWWHG

E\ PHOWLQJ RSHUDWLRQV� DVVXPLQJ WKH XVH RI

FRQWURO V\VWHPV QRUPDO IRU WKH LQGXVWU\� ,Q

DGGLWLRQ WR WKHVH GDWD� HPLVVLRQV DVVRFLDWHG

ZLWK IOX[LQJ RSHUDWLRQV KDYH DQ DYHUDJH

K\GURJHQ FKORULGH FRQFHQWUDWLRQ RI ��� PJ�P�

�-DFNVRQ HW DO� ������

1RQ�PHWDO +$3V DUH JHQHUDWHG IURP GURVV

FRROLQJ DQG PHOWLQJ� IOX[LQJ� GHPDJJLQJ� DQG

GHJDVVLQJ� 7KHVH +$3V LQFOXGH &O
�
� +&O� +)�

DQG RWKHUV� )RU H[DPSOH� GURVV KDQGOLQJ

RSHUDWLRQV SURGXFH DFLGLF FKORULGH HPLVVLRQV RI

PHWDO VDOWV DQG K\GURJHQ FKORULGH �-DFNVRQ HW

DO� ������

Dross Processing Generates Dust,
Some Gases

0HFKDQLFDOO\ JHQHUDWHG GXVW IURP URWDWLQJ

EDUUHO GURVV IXUQDFHV FRQVWLWXWHV WKH PDLQ DLU

HPLVVLRQ RI KRW GURVV SURFHVVLQJ� 7KLV GXVW� DV

ZHOO DV IXPH� LV JHQHUDWHG ZKHQ GURVV LV

WKHUPLWWLQJ� D UHDFWLRQ WKDW RFFXUV ZKHQ KRW

GURVV LV H[SRVHG WR DLU�

7KH GURVV PD\ DOVR FRQWDLQ DOXPLQXP FDUELGHV

DQG QLWULGHV WKDW FDQ UHDFW ZLWK DWPRVSKHULF

PRLVWXUH WR SURGXFH DOXPLQXP R[LGH� OLEHUDWLQJ

PHWKDQH DQG DPPRQLD JDVHV �5REHUWV ������
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Table 6-6.  Emission Concentrations of Toxic Elements/Compounds for Melting a

Element/Compound (mg/m 3) Element/Compound (mg/m 3)

Arsenic 0.02 Manganese 0.01

Cadmium 0.02 Mercury 0.0002

Chromium (total) 0.002 Nickel 0.02

Chromium (hexavalent) 0.001 Selenium 0.02

Copper 0.15 Zinc 0.8

Lead 0.03 Hydrogen chloride 55.0

D 'DWD DUH DYHUDJH YDOXHV IRU SURFHVVHV KDYLQJ FRQWURO V\VWHPV QRUPDO IRU WKH LQGXVWU\�

6RXUFH� (PLVVLRQ 7HVWLQJ IRU $LU 7R[LFV DQG 2WKHU $LU &RQWDPLQDQWV� 0� -DFNVRQ DQG RWKHUV� 7KH 3URFHHGLQJV RI WKH �WK

,QWHUQDWLRQDO $OXPLQXP 6KHHW DQG 3ODWH &RQIHUHQFH�

Hoods, Baghouses, Cyclone Used to
Capture and Control Emissions

$ QXPEHU RI PHWKRGV DUH XVHG WR FDSWXUH

HPLVVLRQV IURP VHFRQGDU\ DOXPLQXP VPHOWLQJ

RSHUDWLRQV� 7KHVH LQFOXGH FDQRS\ KRRGV� FORVH

FDSWXUH KRRGV� DQG FRPSOHWH IXUQDFH HQFORVXUH�

&DQRS\ KRRGV DUH W\SLFDOO\ XVHG WR FDSWXUH

HPLVVLRQV IURP IXUQDFH RSHUDWLRQV� LQFOXGLQJ

UHYHUEHUDWRU\ IXUQDFHV� URWDU\ IXUQDFHV� DQG

IURQW�FKDUJH PHOWLQJ DQG KROGLQJ IXUQDFHV�

7KHVH KRRGV DUH XVHG WR FDSWXUH ERWK IXJLWLYH

DQG SURFHVV HPLVVLRQV� 3DUWLWLRQ ZDOOV DQG

FXUWDLQV DUH XVHG WR UHGXFH WKH HIIHFWV RI FURVV�

GUDIWV DQG WR LPSURYH WKH IORZ RI HPLVVLRQV WR

WKH FDQRS\ KRRGV �(3$ ������

3DUWLDO HQFORVXUHV� DOVR UHIHUUHG WR DV FORVH

FDSWXUH KRRGV� DUH VLPLODU WR FDQRS\ KRRGV EXW

ZLWK WKH DGGLWLRQ RI ZDOOV RQ WKH VLGHV RI WKH

IXUQDFH FKDUJLQJ ZHOO� &RPSOHWH HQFORVXUH RI

WKH IXUQDFH LV DQRWKHU WHFKQLTXH WR FRQWDLQ DOO

WKH FKDUJLQJ� PHOWLQJ� DQG UHILQLQJ HPLVVLRQV�

,QGXFWLRQ IXUQDFHV JHQHUDWH QR FRPEXVWLRQ

JDVHV� DQG WKHUHIRUH QR JDV KDQGOLQJ V\VWHP LV

QHHGHG�

7KH PRVW FRPPRQ HPLVVLRQ FRQWURO GHYLFHV

XVHG LQ VHFRQGDU\ DOXPLQXP VPHOWLQJ DUH

EDJKRXVHV DQG F\FORQHV� ZKLFK DUH XVHG WR

FRQWURO SDUWLFXODWH HPLVVLRQV� )RU H[DPSOH�

DIWHU IXJLWLYH HPLVVLRQV IURP GURVV IXUQDFHV DUH

FDSWXUHG E\ KRRG V\VWHPV� WKH\ DUH GXFWHG WR D

EDJKRXVH�

(PLVVLRQV RI DFLG JDVHV �VSHFLILFDOO\ IURP KLJK�

HPLWWLQJ IXUQDFHV� GURVV FRROLQJ� DQG GURVV

IXUQDFHV� DUH FRQWUROOHG XVLQJ LQMHFWLRQ RI D

VFUXEELQJ DJHQW� XVXDOO\ OLPH� SULRU WR WKH

EDJKRXVH�

&\FORQHV DUH XVHG WR UHPRYH ODUJHU SDUWLFXODWH

PDWWHU IURP KRW YHQW VWUHDPV DQG�RU IURP

VWUHDPV WKDW ZLOO EH VXEVHTXHQWO\ EH VHQW WR

EDJKRXVHV IRU SDUWLFXODWH UHPRYDO�

)XUQDFH RII�JDV HPLVVLRQV� PDLQO\ IOX[LQJ VDOW

IXPH� DUH RIWHQ FRQWUROOHG E\ D YHQWXUL

VFUXEEHU� 9HQWXUL VFUXEEHUV DUH DOVR XVHG IRU

JDVHRXV IOXRULGH HPLVVLRQ FRQWURO IURP

DOXPLQXP IOXRULGH GHPDJJLQJ�

6.5  Effluents

Process Water Requirements Are
Relatively Small

7KH SURFHVV ZDWHU UHTXLUHPHQWV DVVRFLDWHG ZLWK

VHFRQGDU\ PHOWLQJ �LQFOXGLQJ FDVWLQJ� KDYH

EHHQ HVWLPDWHG DW ��� NJ�PHWULF WRQ ���� OE�WRQ�

RI DOXPLQXP �5LFKDUGV ������ ,Q DGGLWLRQ�

WKHUH PD\ EH ZDWHU UHTXLUHPHQWV DVVRFLDWHG

ZLWK DOXPLQXP GURVV FRROLQJ�
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Table 6-7. Scrap Smelting/Refining BPT a Effluent
 Limitations - Average of  Daily Values

 for 30 Consecutive Days

Pollutant

Chlorine-Based
Magnesium Removal

(kg/met ton, or lbs/1,000
lbs Mg removed)

Wet Method Residue
Processing 

(kg/met ton, or lbs/1,000
lbs of product)

Total Suspended Solids 175 1.5

Fluoride -- 0.4

Ammonia (as N) -- 0.01

Aluminum -- 1.0

Copper -- 0.003

CODb 6.5 1.0

D %HVW 3UDFWLFDEOH &RQWURO 7HFKQRORJ\ &XUUHQWO\ $YDLODEOH�

E &KHPLFDO R[\JHQ GHPDQG�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW ������� %XUHDX RI

1DWLRQDO $IIDLUV� �����

7DEOH ��� SUHVHQWV (3$©V HIIOXHQW OLPLWDWLRQV

IRU FKORULQH�EDVHG PDJQHVLXP UHPRYDO

�¦GHPDJJLQJ§� DQG ZHW�PHWKRG UHVLGXH

SURFHVVLQJ XVLQJ EHVW SUDFWLFDEOH FRQWURO

WHFKQRORJ\ FXUUHQWO\ DYDLODEOH �%37�� ,Q

DGGLWLRQ WR WKHVH OLPLWDWLRQV� WKH S+ PXVW EH LQ

WKH UDQJH RI ��� WR ���� 7KH %37 OLPLWDWLRQ IRU

SURFHVVHV WKDW XVH ZDWHU IRU PHWDO FRROLQJ� DQG

IRU DOXPLQXP�IOXRULGH�EDVHG PDJQHVLXP

UHPRYDO SURFHVVHV� LV WKDW WKHUH VKDOO EH QR 
GLVFKDUJH RI SURFHVV ZDVWHZDWHU SROOXWDQWV WR

QDYLJDEOH ZDWHUV�

7DEOH ��� SUHVHQWV HIIOXHQW OLPLWDWLRQV XVLQJ WKH

EHVW DYDLODEOH WHFKQRORJ\ HFRQRPLFDOO\

DFKLHYDEOH �%$7� IRU GURVV ZDVKLQJ DQG

GHPDJJLQJ ZHW DLU SROOXWLRQ FRQWURO� 7DEOH ���

SUHVHQWV HVWLPDWHG DPRXQWV RI WRWDO VXVSHQGHG

VROLGV� RLOV�JUHDVH� DQG ELRORJLFDO R[\JHQ

GHPDQG �%2'� FRQWDLQHG LQ HIIOXHQWV IURP

VHFRQGDU\ PHOWLQJ �LQFOXGLQJ FDVWLQJ��

6.6  Byproducts

Metal and Salts Are Recovered from
Dross and Salt Cake

6NLP LV WKH PL[WXUH RI R[LGHV� HQWUDLQHG PHWDO�

DQG HQWUDLQHG JDVHV WKDW IRUPV ZKHQ PROWHQ

DOXPLQXP LV H[SRVHG WR WKH DWPRVSKHUH�

$OXPLQXP UHDFWV ZLWK WKH R[\JHQ DQG QLWURJHQ

LQ WKH DLU �R[LGL]HV�� IRUPLQJ DOXPLQXP R[LGHV

DQG QLWULGHV�

'URVV LV WHFKQLFDOO\ VNLP ZKLFK KDV EHHQ

WUHDWHG RU SURFHVVHG WR UHGXFH PHWDOOLF FRQWHQW

WKURXJK WKH XVH RI VROLG IOX[HV� DFWLYH JDV

IOX[HV� RU E\ SRVW�IXUQDFH WUHDWPHQW� 7KH WHUPV

VNLP DQG GURVV KDYH EHFRPH LQFUHDVLQJO\

LQWHUFKDQJHDEOH DQG DUH QRZ QHDUO\

V\QRQ\PRXV �5RR\ ������ $Q HVWLPDWHG

������� WR ������� PHWULF WRQV �������� WR

������� WRQV� RI GURVV�VDOW FDNH DUH JHQHUDWHG

DQQXDOO\ LQ WKH 8QLWHG 6WDWHV �7D\ORU ���� DQG

$1/ ������

0HWKRGV WKDW PHOW DOXPLQXP LQ WKH VFUDS ZKLOH

WKH VFUDS LV LQ FRQWDFW ZLWK D PROWHQ VDOW IOX[�

VXFK DV VRPH UHYHUEHUDWRU\ PHOWHUV� SURGXFH D

GDUN�FRORUHG E\SURGXFW NQRZQ DV EODFN GURVV�

,Q DGGLWLRQ WR FRQWDLQLQJ DOXPLQXP R[LGHV�

EODFN GURVV FRQWDLQV D PL[WXUH RI WKH UHPRYHG

LPSXULWLHV DQG WKH FOHDQLQJ DJHQWV WKDW ZHUH

XVHG WR UHPRYH WKHP� $OVR� VDOW IOX[ ZLOO PL[



84

Table 6-8.  Scrap Smelting/Refining BAT a Effluent
Limitations - Average of  Daily Values 

for 30 Consecutive Days
(mg/kg, or lbs per 10 6 lbs of scrap/dross processed)

Pollutant Dross Washing
Demagging Wet Air

Pollution Control

Lead 1.413 0.100

Zinc 4.565 0.324

Aluminum 29.450 2.090

Ammonia (as N) 636.900 45.180

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU ,URQ DQG 6WHHO 0DQXIDFWXULQJ�

�� &)5 3DUW ������� %XUHDX RI 1DWLRQDO $IIDLUV� �����

Table 6-9. Estimated Average Pollutants
Contained in Secondary Scrap Melting/

Casting Effluents a

(kg/metric ton)

Pollutant
Amount
[lb/ton]

Total Suspended Solids 0.035 [0.07]

Oils/grease 0.01 [0.02]

BODb 0.03 [0.06]

D 'DWD DOVR UHIOHFW WKH XQLW SURFHVV RI GHODFTXHULQJ DW WKH

DSSURSULDWH ZHLJKWHG DYHUDJH RI LQSXWV�

E %LRORJLFDO R[\JHQ GHPDQG�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV

WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG

LQ �����

ZLWK LPSXULWLHV �GLUW RU RWKHU IRUHLJQ PDWHULDO�

DQG EHFRPH SDUW RI WKH GURVV �(3$ ������

7KH GURVV SURGXFWLRQ RI PHOWHU LQVWDOODWLRQV

YDULHV JUHDWO\ GHSHQGLQJ RQ IDFWRUV VXFK DV

IXUQDFH WHPSHUDWXUH� FKDUJH PDWHULDO� DQG

FRQWDPLQDQWV LQ WKH FKDUJH� &DVWKRXVHV PHOWLQJ

RQO\ SULPDU\ DOXPLQXP DQG FOHDQ LQ�KRXVH

VFUDS PD\ KDYH GURVV JHQHUDWLRQ RI ��� WR ����

RI WKH PHWDO PHOWHG� 7KRVH LQVWDOODWLRQV PHOWLQJ

GLUW\� SDLQWHG� RU OLJKW�JDXJH VFUDS PD\ SURGXFH

GURVV LQ TXDQWLWLHV RI JUHDWHU WKDQ ��� RI WKH

FKDUJH PDWHULDOV �5REHUWV ���� DQG 0F0DKRQ

������ 7DEOH ���� VKRZV VRPH W\SLFDO UDQJHV

RI PHWDO ORVVHV IRU GLIIHUHQW RSHUDWLRQV�

%HFDXVH DOXPLQXP R[LGH �$O
�
2

�
� KDV D PXFK

KLJKHU PHOWLQJ SRLQW WKDQ SXUH DOXPLQXP ��

�����R& ������R)� YHUVXV ���R& ������R)� �� WKH

GURVV VWD\V LQ WKH VROLG SKDVH� 'URVV YDULHV

ZLGHO\ IURP SODQW WR SODQW DQG HYHQ IURP

IXUQDFH WR IXUQDFH ZLWKLQ D SODQW� ,W FDQ YDU\

IURP D VOXGJ\ PDWHULDO� KLJK LQ PHWDOOLF

DOXPLQXP FRQWHQW DQG UHODWLYHO\ ORZ LQ
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Table 6-10. Typical Furnace Melt Loss

Charge Material
Melt Loss

(% of the metal melted)

Primary aluminum or clean
scrap

0.5 - 1.0%

Heavy mill scrap,
unalloyed ingot

1.5 - 3.0%

RSIa, painted scrap,
UBCsb

5.0 - 10.0%

D 5HPHOW 6HFRQGDU\ ,QJRW�

E 8VHG %HYHUDJH &DQV�

6RXUFH� 'URVV &RROLQJ DQG (QHUJ\ 6DYLQJV� SUHVHQWHG DW WKH $OXPLQXP

,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ :RUNVKRS� VSRQVRUHG E\ 7KH

$OXPLQXP $VVRFLDWLRQ� 1RYHPEHU �����

WHPSHUDWXUH� WR D GU\� IULDEOH PDWHULDO WKDW LV

YHU\ KRW �5REHUWV ������ 'URVV PXVW EH

VNLPPHG DZD\ IURP WKH VXUIDFH DIWHU PHOWLQJ LV

FRPSOHWH�

2Q D SHUFHQWDJH EDVLV� EODFN GURVV W\SLFDOO\

FRQVLVWV RI DSSUR[LPDWHO\ ��� VDOW �D PL[WXUH

RI �� WR ��� VRGLXP FKORULGH DQG �� WR ���

SRWDVVLXP FKORULGH�� ��� DOXPLQXP R[LGH DQG

RWKHU R[LGHV� DQG DERXW ��� DOXPLQXP PHWDOV

ILQHV �6KHWK HW DO� ������ 7KH $OXPLQXP

$VVRFLDWLRQ UHSRUWV D UDQJH RI DOXPLQXP

FRQWHQW RI � WR ��� �$$ ����E��

 Salt Fluxes Used to Help Recover Metal
from Skim and Dross

6RPH PHWDO LV DOZD\V HQWUDSSHG LQ WKH VNLP DQG

VKRXOG EH UHFRYHUHG� 7KH XVH RI IOXRULGH DQG

FKORULGH VDOW IOX[HV WR GHZHW DQG DEVRUE R[LGHV�

DQG SURPRWH FRDOHVFHQFH DQG GUDLQDJH RI PHWDO

IURP WKH VNLP� LV FRPPRQ SUDFWLFH� *DVHRXV

IOX[HV� LQFOXGLQJ UHDFWLYH JDVHV� DUH DOVR XVHG�

$QRWKHU VWUDWHJ\ IRU WUHDWLQJ VNLP DYRLGV WKH

XVH RI IOX[HV� ,Q WKLV FDVH� D PHWDO�ULFK VNLP �DV

PXFK DV ��� UHFRYHUDEOH PHWDO� LV UHPRYHG IRU

VHFRQGDU\ SURFHVVLQJ�

0HFKDQLFDO SURFHVVHV XVHG WR WUHDW �FRRO� VNLP

DIWHU LWV ZLWKGUDZDO IURP WKH IXUQDFH DOVR

UHGXFH PHWDO FRQWHQW� OHDYLQJ D PHWDO�GHSOHWHG

GURVV IRU VXEVHTXHQW WUHDWPHQW LQ D URWDU\ VDOW RU

URWDU\ SODVPD IXUQDFH RU IRU GLVSRVDO �5RR\

������ 7KHVH SURFHVVHV LQFOXGH VNLP FKLOOLQJ LQ

VNLP SDQV RU EXLOGLQJV �DQ LQHIILFLHQW SURFHVV

WKDW UHGXFHV WKH PHWDO FRQWHQW RI WKH GURVV��

FKDUJLQJ KRW VNLP WR D URWDU\ FRROHU IRU

TXHQFKLQJ DQG VHSDUDWLRQ LQWR PHWDOOLF DQG QRQ�

PHWDOOLF IUDFWLRQV� DQG FKDUJLQJ KRW VNLP WR D

K\GUDXOLFDOO\ SUHVVXUL]HG FRQWDLQHU WKH

VHSDUDWHV PHWDO IURP VNLP� 7KHUH DUH

DSSUR[LPDWHO\ �� GURVV FRROLQJ RSHUDWLRQV LQ

WKH 8QLWHG 6WDWHV �(3$ ����F��

%RWK GURVV SDQV DQG GURVV EXLOGLQJV DFKLHYH

FRROLQJ E\ H[SRVLQJ WKH PHWDOOLF DOXPLQXP LQ

WKH GURVV WR R[\JHQ LQ WKH VXUURXQGLQJ DLU ZKLOH

VWLOO DW KLJK WHPSHUDWXUH� 7KLV FDQ UHVXOW LQ D

UHDFWLRQ NQRZQ DV ¦WKHUPLWWLQJ�§ ZKLFK UHVXOWV

LQ WKH UHGXFWLRQ RI WKH PHWDO FRQWHQW RI WKH

GURVV E\ FRQYHUWLQJ PHWDOOLF DOXPLQXP WR

DOXPLQXP R[LGH�

7KHUPLWWLQJ GRHV QRW WDNH SODFH LQ URWDU\ GURVV

FRROHUV� ,QVWHDG� WKH GURVV LV SODFHG LQ DQ

R[\JHQ�VWDUYHG HQYLURQPHQW ZLWKLQ D ZDWHU�

FRROHG GUXP� 7KH WXPEOLQJ DFWLRQ RI WKH GUXP

SURPRWHV UDSLG FRROLQJ RI WKH GURVV� ZKLFK LV

VXEVHTXHQWO\ SUHSDUHG IRU XVH DV D IHHGVWRFN WR

DQ DOXPLQXP UHFRYHU\ IXUQDFH�

0RVW VHFRQGDU\ VPHOWHUV DQG VRPH SULPDU\

DOXPLQXP VPHOWHUV HPSOR\ IDFLOLWLHV GHGLFDWHG

WR WKH UHFRYHU\ RI DOXPLQXP IURP GURVV� 7KH

PRVW FRPPRQ PHWKRG RI WUHDWPHQW LV WKH
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SUHYLRXVO\ PHQWLRQHG URWDU\ VDOW IXUQDFH�

UDQJLQJ LQ FDSDFLW\ IURP VHYHUDO WR DERXW ��

PHWULF WRQV �XS WR ������ SRXQGV�� 7KH

SURGXFWV RI WKLV IXUQDFH DUH 56, �5HPHOW

6HFRQGDU\ ,QJRW� DQG VDOW FDNH� D PL[WXUH RI

VSHQW VDOWV� R[LGHV� DQG UHVLGXDO PHWDO�

,Q DGGLWLRQ WR WKH URWDU\ VDOW IXUQDFH� WKHUH DUH

RWKHU WHFKQRORJLHV DYDLODEOH IRU VHFRQGDU\

DOXPLQXP SURGXFWLRQ DQG IRU VHSDUDWLQJ WKH

PHWDO IURP WKH GURVV� 7KHVH LQFOXGH URWDU\

EDUUHOV� PHFKDQLFDO SURFHVVHV VXFK DV LPSDFW

PLOOLQJ� DQG D SODVPD SURFHVV WKDW LV VLPLODU WR

WKH URWDU\ VDOW IXUQDFH H[FHSW WKDW LW RSHUDWHV

ZLWKRXW VDOW�

7KH W\SLFDO UDQJH RI PHWDO UHFRYHU\ IURP EODFN

GURVV LV � WR ��� �$$ ����E�� 7KH DOXPLQXP

FRQWHQW RI VDOW FDNH LV W\SLFDOO\ ORZHU WKDQ WKDW

RI EODFN GURVV� W\SLFDOO\ IURP � WR ���

DOXPLQXP E\ ZHLJKW �5RWK ������ $ ZHOO

PDQDJHG SURFHVV \LHOGV D W\SLFDO VDOW FDNH RI QR

PRUH WKDQ � WR �� IUHH PHWDO� �� WR ���

PHWDOOLF R[LGHV� DQG WKH EDODQFH VDOWV �5RR\

���� DQG $1/ ������ 7KH DOXPLQXP ORVV IURP

GURVV DW VHFRQGDU\ VPHOWHUV LV HVWLPDWHG WR EH

������� PHWULF WRQV �������� WRQV� SHU \HDU

�'H6DUR ������

Residual Salt Cake May Undergo
Additional Processing

$IWHU UHFRYHULQJ WKH PROWHQ DOXPLQXP� WKH

UHVLGXDO VDOW FDNH LV W\SLFDOO\ GLVSRVHG LQ

VSHFLDOO\ FRQVWUXFWHG DQG PRQLWRUHG ODQGILOOV

WKDW FRQIRUP ZLWK HQYLURQPHQWDO VWDQGDUGV�

7KH SRWHQWLDO IRU HQYLURQPHQWDO FRQWDPLQDWLRQ

UHPDLQV� KRZHYHU� IURP WKH 1D&O DQG�RU .&O RI

WKH VDOW� $OVR� WKH VDOW VODJ LQ FRQWDFW ZLWK

ZDWHU UHOHDVHV KDUPIXO JDVHV VXFK DV K\GURJHQ�

DPPRQLD� PHWKDQH� DQG VPDOOHU DPRXQWV RI

K\GURJHQ VXOILGH DQG SKRVSKLQH �6KHWK HW DO�

������

%HFDXVH RI VXFK HQYLURQPHQWDO FRQFHUQV� VDOW

FDNH DQG VDOW�ULFK GURVVHV LQFUHDVLQJO\ DUH VHQW

IRU WHUWLDU\ RU SRVW�SURFHVVLQJ WR FDSWXUH WKH

PHWDO XQLWV DV ZHOO DV WKH VDOW FRQWHQW�

5HFRYHUHG VRGLXP DQG SRWDVVLXP VDOWV FDQ EH

UHXVHG RU VROG� HQDEOLQJ FKHDSHU� XQOLQHG

ODQGILOOV WR EH XVHG IRU WKH VODJ� $Q HVWLPDWHG

������ WR ������� PHWULF WRQV�\HDU �������� WR

������� WRQV�\HDU� DUH FXUUHQWO\ UHF\FOHG LQ WKH

8QLWHG 6WDWHV �$1/ ������ +RZHYHU� WKH

PDMRULW\ RI VDOW FDNH UHVLGXHV LQ WKLV FRXQWU\ DUH

VWLOO ODQGILOOHG ZLWKRXW DGGLWLRQDO SURFHVVLQJ�

,Q VDOW UHFRYHU\ SODQWV� WKH GURVV DQG VDOW FDNH

DUH FUXVKHG DQG GLVVROYHG LQ ZDWHU� $OXPLQXP

IUDFWLRQV DUH VHSDUDWHG E\ VFUHHQLQJ� DQG QRQ�

PHWDOOLF IUDFWLRQV �PDLQO\ DOXPLQXP R[LGH ZLWK

RWKHU PHWDOOLF R[LGHV� DUH ILOWHUHG IURP WKH

EULQH� 6DOWV PD\ EH UHFRYHUHG IURP WKH OLTXRU

E\ SUHFLSLWDWLRQ RU E\ GU\LQJ XVLQJ FU\VWDOOL]HUV�

NLOQV� RU VRODU ILHOGV� 7KH EULQH LV HYDSRUDWHG

DQG WKHQ UHF\FOHG WR WKH VPHOWLQJ SURFHVV� DQG

WKH LQVROXEOH� QRQ�PHWDOOLF SURGXFW �103� LV

ODQGILOOHG�

,QGXVWU\ HIIRUWV FRQWLQXH LQ WKH VHDUFK IRU

IHDVLEOH DSSOLFDWLRQV RI 103� WKH LQDELOLW\ WR

ILQG XVHV IRU WKLV PDWHULDO KDV KDPSHUHG WKH

HFRQRPLFV RI VDOW FDNH UHF\FOLQJ� $W OHDVW RQH

FRPSDQ\ ZRUNLQJ LQ WKLV DUHD KDV UHSRUWHG

ILQGLQJ DSSOLFDWLRQV IRU 103 LQ WKH SURGXFWLRQ

RI DEUDVLYHV� UHIUDFWRU\� DQG ILEHU LQVXODWLRQ

�$1/ ������

Other Solid Wastes Include Spent
Baghouse Content

7KH WRWDO TXDQWLW\ RI VROLG ZDVWH DVVRFLDWHG ZLWK

VHFRQGDU\ PHOWLQJ �LQFOXGLQJ VHFRQGDU\ LQJRW

FDVWLQJ� KDV EHHQ HVWLPDWHG DW �� NJ�PHWULF WRQ

��� OE�WRQ� RI DOXPLQXP EDVHG RQ D ���� VXUYH\

�5LFKDUGV ������ 7KLV ILJXUH DOVR UHIOHFWV WKH

XQLW SURFHVV RI GHODFTXHULQJ DW WKH DSSURSULDWH

ZHLJKWHG DYHUDJH RI LQSXWV� 7KH VXUYH\ DOVR

HVWLPDWHG DQ DYHUDJH VROLG ZDVWH JHQHUDWLRQ RI

��� NJ�PHWULF WRQ ����� OE�WRQ� RI DOXPLQXP

UHODWHG WR HQYLURQPHQWDO FRQWURO �H�J�� VSHQW

EDJV IRU EDJKRXVHV� �5LFKDUGV ������

 
6.7  Hazardous Wastes

7KHUH DUH QR 5&5$�OLVWHG KD]DUGRXV ZDVWHV

DVVRFLDWHG ZLWK WKH VFUDS PHOWLQJ�UHILQLQJ

SURFHVVHV GHVFULEHG DERYH� XQOHVV

GURVV�VDOWFDNH WHVWV FKDUDFWHULVWLF EDVHG RQ

DOOR\V VXFK DV OHDG RU FKURPLXP�
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�
Product Definitions

Product Cross-Section Thickness a

Plate Rectangular >0.250"
Sheet Rectangular 0.006 - 0.249"
Foil Rectangular <0.006"
Tube/Pipe Circular      --
Wire Rod Numerous 0.125 - 0.375"
Wire Numerous <0.125"

a - diameter for wire rod and wire

6HPL�

)DEULFDWLRQ

7.1  Process Overview

Many Shaping and Treating Processes
Required to Yield Wide Variety of
Aluminum Products

$IWHU DOOR\LQJ DQG UHILQLQJ LQ D KROGLQJ IXUQDFH�

WKH PROWHQ SULPDU\ RU VHFRQGDU\ DOXPLQXP

XQGHUJRHV VRPH FRPELQDWLRQ RI WKH IROORZLQJ

VWHSV�

� FDVWLQJ

� VFDOSLQJ

� SUHKHDWLQJ

� KRW UROOLQJ

� FROG UROOLQJ

� DQQHDOLQJ

� VKHHW ILQLVKLQJ

� GUDZLQJ

� H[WUXGLQJ

7KH PROWHQ DOXPLQXP LV HLWKHU FDVW LQWR LQJRWV�

ZKLFK DUH XVHG DV WKH EDVLF FKDUJH FRPSRQHQWV LQ

VXEVHTXHQW UHPHOWLQJ RU PHFKDQLFDO RSHUDWLRQV�

RU LV FRQWLQXRXVO\ FDVW DQG IHG GLUHFWO\ LQWR D

UROOLQJ PLOO� )URP WKHUH� WKH DOXPLQXP LV UROOHG

LQWR SODWH� VKHHW� RU IRLO XVLQJ D YDULHW\ RI KRW DQG

FROG UROOLQJ SURFHVVHV� RU LV GUDZQ RU H[WUXGHG

LQWR WXEH� ZLUH� RU RWKHU VLPLODU SURGXFWV �VHH

ER[��

(DFK IODW�UROOHG SURGXFW RZHV LWV ILQDO SURSHUWLHV

QRW MXVW WR WKH UROOLQJ SURFHVV LWVHOI EXW WR WKH

SUHSDUDWRU\ VWHSV RI DOOR\LQJ� FDVWLQJ� VFDOSLQJ�

DQG SUH�KHDWLQJ� LQWHUPHGLDWH DQQHDOLQJ� DQG VXFK

ODWHU ILQLVKLQJ VWHSV DV VROXWLRQ KHDW WUHDWPHQW RU

ILQDO DQQHDOLQJ� VWUHWFKLQJ� VOLWWLQJ� HGJH�

WULPPLQJ� DQG DJLQJ �$$ ������

Both Ingot and Continuous Casting Are
Used  

$OXPLQXP FDQ EH FDVW �� VROLGLILHG IURP WKH

PROWHQ VWDWH �� HLWKHU LQWR LQJRWV RU GLUHFWO\ DQG

FRQWLQXRXVO\ LQWR SODWH RU VKHHW� ,QJRW FDVWLQJ LV

PXFK PRUH FRPPRQ WKDQ FRQWLQXRXV FDVWLQJ�

,QJRW FDVWLQJ LV XVHG WR SURGXFH VKHHW LQJRW

VXLWDEOH IRU UROOLQJ� 7�LQJRW� SLJV DQG VRZV IRU

UHPHOWLQJ� F\OLQGULFDO ELOOHW IRU H[WUXVLRQ� DQG D

IRUP RI URG IRU ZLUH SURGXFWV�
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7KHUH DUH VHYHUDO W\SHV RI LQJRW FDVWLQJ� 7KH

PRVW FRPPRQ PHWKRG LV WKH VHPL�FRQWLQXRXV

YHUWLFDO GLUHFW FKLOO �9'&� FDVWLQJ� LQ ZKLFK

PROWHQ PHWDO LV SRXUHG WKURXJK D UHIUDFWRU\ VSRXW

LQWR D VKRUW PHWDO PROG� 7KH IORZ LV FRQWUROOHG

E\ D IORDWLQJ EDIIOH RU QRQ�FRQWDFW VHQVRU� 0ROG

FRROLQJ LV SURYLGHG E\ ZDWHU UXQQLQJ WKURXJK

FKDQQHOV LQ WKH PROG� $V WKH PHWDO VROLGLILHV� WKH

LQJRW LV ORZHUHG IURP WKH ERWWRP RI WKH PROG E\ D

K\GUDXOLF SODWIRUP� PDLQWDLQLQJ D FRQVWDQW

PROWHQ PHWDO KHDG LQ WKH PROG�

7KH UHVXOWLQJ VKHHW LQJRW PD\ EH FDVW LQWR D ORQJ

OHQJWK DQG WKHQ VDZHG WR SURGXFH WKH VL]H

GHVLUHG� RU FDVW LQWR WKH OHQJWK UHTXLUHG IRU

UROOLQJ� ,I WKH DOOR\ LV WR EH XVHG IRU YDULRXV KRW

ZRUNLQJ DQG FROG ZRUNLQJ RSHUDWLRQV LW LV FDVW

LQWR VXLWDEOH VL]H DQG VKDSH IRU VKHHW� URG RU EDU

UROOLQJ� H[WUXVLRQ� RU IRUJLQJ� ,Q WKLV FDVH� WKH

SURGXFW LV FDOOHG IDEULFDWLQJ LQJRW�

$OXPLQXP DOOR\V GHVWLQHG IRU XVH LQ IRXQGULHV

FDQ EH GLUHFW FKLOO �'&� FDVW DV ¦7§ LQJRWV RU FDQ

EH FDVW LQ LURQ RU VWHHO PROGV DV SLJV RU VRZV�

5LFK DOOR\ LQJRW� RU KDUGHQHU LQJRW� LV D

FRPELQDWLRQ RI DOXPLQXP DQG UHODWLYHO\ KLJK

SHUFHQWDJHV RI WKH KLJKHU�PHOWLQJ HOHPHQWV XVHG

IRU DOOR\LQJ� VXFK DV FKURPLXP� LURQ� PDQJDQHVH�

DQG�RU QLFNHO� 5LFK DOOR\ LQJRWV DUH XVHG DV SDUW

RI WKH FKDUJH WR D KROGLQJ IXUQDFH WR SURGXFH

DOOR\V FRQWDLQLQJ WKHVH HOHPHQWV�

Ingots for Rolling Into Sheet and Plate
Are Produced Using Vertical Direct Chill
Casting

9'& FDVWLQJ LV FRPPRQO\ XVHG IRU WKH

SURGXFWLRQ RI LQJRW�EORFN WR EH XVHG IRU UROOLQJ

LQWR VKHHW DQG SODWH� %ORFNV FDQ UDQJH LQ VL]H

IURP ����� WR ������ NJ ������� WR ������ OEV��

$ W\SLFDO FURVV�VHFWLRQ PLJKW EH ��� WR ��� FP

��� WR �� LQFKHV� ZLGH E\ �� WR �� FP ��� WR ��

LQFKHV� WKLFN� ZLWK D OHQJWK RI ��� WR ��� FP ����

WR ��� LQFKHV� DQG D ZHLJKW RI DERXW �� PHWULF

WRQV ��� WRQV�� *HQHUDOO\ WZR WR DV PDQ\ DV ILYH

EORFNV DUH FDVW DW WKH VDPH WLPH� %LOOHWV IRU DQ

H[WUXVLRQ RSHUDWLRQ DUH FDVW LQ WKH VDPH ZD\�

7KH 9'& SURFHVV UXQV WKH LQJRWV�EORFNV GRZQ

LQWR D SLW� ZKLFK PDNHV WKH SURFHVV VHPL�

FRQWLQXRXV� 6WULS FDVWLQJ DQG KRUL]RQWDO GLUHFW

FKLOO �+'&� PHWKRGV DUH FRQWLQXRXV LQ WKDW WKHVH

SURFHVVHV FDQ UXQ PDQ\ KHDWV RI PHWDO EHIRUH

EHLQJ VKXW GRZQ IRU PDLQWHQDQFH� 7KHVH

SURFHVVHV PD\ UXQ IRU GD\V� ZKLOH WKH 9'&

RSHUDWLRQ UXQV IRU RQH WR WZR KRXUV SHU ¦FDVW�§

+RUL]RQWDO GLUHFW FKLOO �+'&� FDVWLQJ LV DOVR

XVHG� DOWKRXJK LW LV OHVV FRPPRQ WKDQ 9'&

FDVWLQJ� $OWKRXJK +'& LQJRWV GR QRW KDYH WKH

OHQJWK UHVWULFWLRQV RI 9'& LQJRWV� JUDYLW\ FDQ

FDXVH D SUREOHP ZLWK PHWDO PLFURVWUXFWXUH�

Airslip and Electromagnetic Casting Are
Variations of VDC Casting

7KHUH DUH VHYHUDO YDULDWLRQV RI WKH VWDQGDUG 9'&

FDVWLQJ SURFHVV WKDW DUH XVHG WR SURYLGH VPRRWKHU

LQJRW�EORFN VXUIDFHV WKDQ D FRQYHQWLRQDO '&

LQJRW� 7KLV UHGXFHV WKH QHHG IRU PDFKLQLQJ RU

VFDOSLQJ RI WKH DV�FDVW LQJRW WR HQVXUH DFFHSWDEOH

VXUIDFH TXDOLW\ RQ WKH ILQLVKHG VKHHW DQG SODWH�

7KH WZR PDMRU YDULDWLRQV DUH ¦$LUVOLS§ RU WKH

:DJVWDII SURFHVV� DQG ¦(0§ RU HOHFWURPDJQHWLF

FDVWLQJ�

,Q ERWK $LUVOLS DQG (0 FDVWLQJ WKH PROGV XVHG

IRU WKH 9'& SURFHVV DUH PRGLILHG WR FKDQJH WKH

ZD\ WKH PHWDO VROLGLILHV� $ WKLUG YDULDWLRQ RI '&

FDVWLQJ� NQRZQ DV WKH LQHUW JDV�ZDWHU PHWKRG�

PL[HV LQHUW JDV RU DLU ZLWK WKH FRROLQJ ZDWHU WR

FKDQJH WKH FRROLQJ UDWH DW WKH VXUIDFH RI WKH

VROLGLI\LQJ LQJRW�

,Q WKH $LUVOLS SURFHVV� DLU LV IRUFHG EHWZHHQ WKH

PROG DQG WKH PROWHQ PHWDO� WKHUHE\ PRGLI\LQJ

WKH FRROLQJ DW WKH VXUIDFH� 7KH JDS EHWZHHQ WKH

PROG DQG WKH PHWDO LV FULWLFDO� HVSHFLDOO\ LQ WKH

HDUO\ VWDJHV RI VROLGLILFDWLRQ ZKHUH WKH WKLQ VNLQ

RI VROLGLILHG PHWDO LV ZHDN�

,Q (0 FDVWLQJ� DQ HOHFWURPDJQHWLF ILHOG LV XVHG WR

VKDSH DQG FRQWDLQ WKH PHWDO LQ D VSHFLDO PROG�

7KH PROWHQ PHWDO LV KHOG DZD\ IURP WKH PROG

ZDOO E\ WKH ILHOG� WKHUHE\ FRQWUROOLQJ WKH

PROG�PHWDO JDS� +RZHYHU� (0 FDVWLQJ LV PRUH

VHQVLWLYH WR RSHUDWH� UHTXLUHV PRUH VRSKLVWLFDWHG

FRQWUROV� DQG LV PRUH FDSLWDO LQWHQVLYH WKDQ D

FRQYHQWLRQDO GLUHFW FKLOO FDVWHU� 7KH DGYDQWDJHV

DUH VPRRWKHU VXUIDFHV DQG UHGXFWLRQ RU

HOLPLQDWLRQ RI WKH QHHG IRU VFDOSLQJ EHIRUH

UROOLQJ�
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6FDOSLQJ LV SHUIRUPHG RQ DQ LQJRW WR UHPRYH DQ\

LUUHJXODULWLHV RU XQGHVLUDEOH FKHPLFDO

FRPSRVLWLRQV �VXFK DV H[FHVV R[LGHV RU

FRQFHQWUDWHG DOOR\LQJ HOHPHQWV� OHIW RQ WKH

VXUIDFH E\ LQJRW FDVWLQJ� ,Q VFDOSLQJ� WKH

EURDGHVW VLGHV RI WKH LQJRW DUH VKDYHG E\ D

PDFKLQH ZLWK URWDWLQJ EODGHV FDOOHG D VFDOSHU�

Continuous (Direct) Casters Produce
Strip or Slab

)RU VRPH DSSOLFDWLRQV� DOXPLQXP FDQ EH FDVW

GLUHFWO\ LQWR VKHHW RU SODWH LQ VSHFLDO PDFKLQHV

VXFK DV UROO FDVWHUV� EHOW FDVWHUV� RU EORFN FDVWHUV�

&RQWLQXRXV FDVWHUV FDQ DOVR EH GHVFULEHG E\ WKH

W\SH RI SURGXFW WKH\ \LHOG �� VWULS �FRQWLQXRXV

VKHHW� RU VODE �FRQWLQXRXV SODWH� FDVWHUV�

6WULS FDVWHUV FDQ SURGXFH FRQWLQXRXV DOXPLQXP

VKHHW WKLQ HQRXJK WR EH FRLOHG LPPHGLDWHO\ DIWHU

FDVWLQJ ZLWKRXW DGGLWLRQDO KRW UROOLQJ� 6ODE

FDVWHUV SURGXFH FRQWLQXRXV DOXPLQXP SURGXFWV LQ

WKH SODWH WKLFNQHVV UDQJH� W\SLFDOO\ EHWZHHQ �� WR

��� FP ��� DQG �� LQFKHV� ZLGH� DW OLQHDU VSHHGV

DURXQG

� P�PLQ ��� IW�PLQ� �$$ ������

%HFDXVH LW LV PXFK WKLQQHU WKDQ LQJRW� GLUHFW�FDVW

VKHHW RU SODWH FRROV DQG VROLGLILHV PXFK IDVWHU

WKDQ '& LQJRW DQG WKHUHIRUH WKH DV�FDVW VWUXFWXUH

GLIIHUV PHWDOOXUJLFDOO\� &RQWLQXRXVO\ FDVW VODE LV

XVXDOO\ KRW UROOHG GLUHFWO\ DIWHU FDVWLQJ WR D

WKLFNQHVV FRPSDWLEOH ZLWK WKH FROG�UROOLQJ

SURFHVV� 6WULS FDVWHUV SURYLGH VWULS WKDW LV UHDG\

IRU FROG UROOLQJ GLUHFWO\�

Preheating Ingots Improves Their
Metallurgical Properties

3ULRU WR KRW ZRUNLQJ� LQJRWV DQG ELOOHWV DUH

XVXDOO\ KRPRJHQL]HG DW HOHYDWHG WHPSHUDWXUHV WR

UHGXFH DOOR\ VHJUHJDWLRQ DQG JLYH D PRUH XQLIRUP

FRPSRVLWLRQ� ,QJRWV WKDW DUH WR EH KRW UROOHG PXVW

EH SUHKHDWHG IRU D QXPEHU RI UHDVRQV� LQFOXGLQJ�

� SUHYHQWLQJ VWUDLQ KDUGHQLQJ GXULQJ WKH

UROOLQJ RSHUDWLRQ

� VSKHURLGL]LQJ LQVROXEOH FRQVWLWXHQWV

� VRIWHQLQJ WKH LQJRW

� UHOLHYLQJ VWUHVVHV LQ WKH LQJRW

� SXWWLQJ DOO VROXEOH DOOR\ FRQVWLWXHQWV LQWR

VROLG VROXWLRQ

,QJRWV DUH SUHKHDWHG WR ��� WR ���R& ���� WR

�����R)� LQ WHPSHUDWXUH�FRQWUROOHG IXUQDFHV�

/DUJH LQJRWV DUH FDUULHG WKURXJK ZDONLQJ�EHDP

IXUQDFHV� ZKLOH VPDOOHU LQJRWV DUH KHDWHG LQ EULFN�

OLQH VRDNLQJ SLWV�

Hot Rolling Reduces Thickness, Changes
Properties

6KHHWV DQG VWULS FDQ HLWKHU EH KRW UROOHG GLUHFWO\

WR WKH GHVLUHG WKLFNQHVV RU KRW UROOHG WR DQ

LQWHUPHGLDWH WKLFNQHVV DQG WKHQ FROG UROOHG WR WKH

ILQDO WKLFNQHVV� 7KH ODWWHU SURFHVV LV XVHG LI

LPSURYHG VXUIDFH ILQLVK RU VSHFLDO WHPSHU DQG

SURSHUWLHV DUH GHVLUHG� $OXPLQXP SODWH DQG VODE

SURGXFWV DUH UROOHG DQG ILQLVKHG E\ SURFHGXUHV

VLPLODU WR WKRVH GHVFULEHG EHORZ IRU VKHHW DQG

VWULS�

+RW UROOLQJ GHIRUPV WKH PHWDO LQ D WHPSHUDWXUH

UDQJH WKDW LV XVXDOO\ DERYH WKH UHFU\VWDOOL]DWLRQ

WHPSHUDWXUH RI WKH PHWDO� 7KLV SURFHVV YLUWXDOO\

HOLPLQDWHV VWUDLQ KDUGHQLQJ� WKXV PDNLQJ KHDY\

UHGXFWLRQV LQ VHFWLRQ UHODWLYHO\ HDV\� &ROG UROOLQJ

PHDQV UROOLQJ WKH PHWDO DW D WHPSHUDWXUH ORZ

HQRXJK IRU VWUDLQ�KDUGHQLQJ WR RFFXU� +RW PLOOV

FXUUHQWO\ UROO VKHHW DW UDWHV RI DERXW ��� P�PLQ

������ IW�PLQ�� FROG PLOOV FDQ UROO VKHHW DW UDWHV

H[FHHGLQJ ����� P�PLQ ������ IW�PLQ� �$$

������

$OXPLQXP LV KRW UROOHG WR UHGXFH WKLFNQHVV DQG

UHILQH WKH DV�FDVW VWUXFWXUH� 7KH ZURXJKW

PLFURVWUXFWXUH LV PRUH ZRUNDEOH DQG PRUH

DGDSWDEOH WR VXEVHTXHQW KRW RU FROG ZRUNLQJ

RSHUDWLRQV�

7KH PRVW EDVLF SDUWV RI D UROOLQJ PLOO DUH WZR

PRWRU�GULYHQ F\OLQGHUV FDOOHG ZRUN UROOV� 7KHVH

URWDWLQJ UROOV GUDZ WKH DOXPLQXP WKURXJK DQG

UHGXFH LWV WKLFNQHVV WR WKH ZLGWK RI WKH JDS

EHWZHHQ WKHP� $ WKLFN LQJRW FDQ EH UHGXFHG WR

WKLQ VKHHW HLWKHU E\ SDVVLQJ LW UHSHDWHGO\ EHWZHHQ

WKH VDPH ZRUN UROOV DQG QDUURZLQJ WKH JDS HDFK

WLPH� RU E\ SDVVLQJ LW WKURXJK D VHULHV RI UROOV

ZLWK SURJUHVVLYHO\ VPDOOHU JDSV� $ PLOO ZLWK RQH

VHW RI ZRUN UROOV LV D ¦VLQJOH�VWDQG§ UROOLQJ PLOO�
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VHYHUDO VHWV RI ZRUN UROOV LQ D FRRUGLQDWHG VHULHV

IRUP D ¦PXOWLSOH�VWDQG§ RU ¦WDQGHP§ PLOO�

0RVW DOXPLQXP SODWH DQG VKHHW UROOLQJ UHTXLUHV

VR PXFK IRUFH WKDW LW LV GLIILFXOW WR DYRLG

H[FHVVLYH IOH[LQJ ZLWK RQO\ WZR ZRUN UROOV� 7R

GHDO ZLWK WKLV IRUFH� HDFK ZRUN UROO LV W\SLFDOO\

EDFNHG XS E\ D ODUJHU UROO SUHVVLQJ DJDLQVW LW WR

NHHS LW VWUDLJKW� $ VWDQG ZLWK WZR ZRUN UROOV SOXV

WZR EDFN�XS UROOV LV FDOOHG D ¦IRXU�KLJK§ VWDQG RU

PLOO� $OWKRXJK VRPH PLOOV RSHUDWH WKUHH�� ILYH��

RU VL[�KLJK UROO FRPELQDWLRQV� WKH IRXU�KLJK PLOO

LV WKH PRVW ZLGHO\ XVHG IRU UROOLQJ DOXPLQXP�

6RPH PLOOV DUH GHVLJQHG WR UROO LQ RQO\ RQH

GLUHFWLRQ� ZKLOH RWKHUV �FDOOHG UHYHUVLQJ PLOOV�

FDQ UROO SURGXFW EDFN DQG IRUWK�

7KH ILUVW UROOLQJ PLOO HQFRXQWHUHG E\ DQ

DOXPLQXP LQJRW HQWHULQJ WKH UROOLQJ OLQH LV FDOOHG

WKH ¦EUHDNGRZQ PLOO�§ 7KH EUHDNGRZQ PLOO LV

XVXDOO\ D VLQJOH�VWDQG� IRXU�KLJK UHYHUVLQJ KRW

UROOLQJ PLOO ZKRVH PDLQ IXQFWLRQ LV WR UHGXFH WKH

LQJRW©V WKLFNQHVV WR WKDW RI SODWH SURGXFW�

)RU VRPH SXUSRVHV WKH EUHDNGRZQ PLOO DORQH FDQ

SURGXFH ILQDO SURGXFW WKLFNQHVV� )RU RWKHUV� WKH

SURGXFW RI WKH EUHDNGRZQ PLOO LV IHG WKURXJK

DGGLWLRQDO UROOLQJ PLOOV IRU IXUWKHU WKLFNQHVV

UHGXFWLRQ DQG�RU VXUIDFH ILQLVKLQJ�

,I DGGLWLRQDO KRW UROOLQJ LV UHTXLUHG �DV IRU VWULS RU

VKHHW SURGXFWV�� WKH SODWH�WKLFNQHVV VODE LV

W\SLFDOO\ WUDQVIHUUHG WR D WDQGHP VKHHW�UROOLQJ

PLOO� 7KHUH� VHYHUDO WKLFNQHVV UHGXFWLRQV WDNH

SODFH VLPXOWDQHRXVO\ DV WKH VKHHW SDVVHV EHWZHHQ

VHYHUDO VHWV RI ZRUN UROOV ZLWK VPDOOHU DQG

VPDOOHU JDSV� $ W\SLFDO SURGXFW RI WKH KRW PLOO

ZRXOG KDYH D WKLFNQHVV RI DERXW ���� FP ����

LQFK�� 6KHHW GHVWLQHG IRU FROG UROOLQJ WR

WKLFNQHVVHV XQGHU DERXW ���� FP ����� LQFK� LV

XVXDOO\ KRW UROOHG WR DERXW ���� WR ���� FP �����

WR ���� LQFK� EHIRUH FROG UROOLQJ�

$ OXEULFDQW LV XVHG EHWZHHQ WKH DOXPLQXP VXUIDFH

DQG WKH UROOV WR UHGXFH IULFWLRQDO IRUFHV GXULQJ

UROOLQJ� )RU PRVW KRW UROOLQJ RSHUDWLRQV� ODUJH

YROXPHV RI D ZDWHU�VROXEOH RLO HPXOVLRQ DUH XVHG

WR SURYLGH OXEULFDWLRQ DV ZHOO DV UROO FRROLQJ� $V

VKHHW HPHUJHV IURP WKH KRW PLOO� LW LV UROOHG XS

LQWR D FRLO WKDW PD\ EH DV PXFK DV ��� P �� IW� LQ

GLDPHWHU� 7KH VKHHW FDQ EH HGJH�WULPPHG SULRU WR

FRLOLQJ�

Cold Rolling Imparts Specific Properties
to the Product

$OXPLQXP LV FROG ZRUNHG IRU RQH RU PRUH RI WKH

IROORZLQJ UHDVRQV�

� LQFUHDVH VWUHQJWK DQG KDUGQHVV �EXW DW WKH

H[SHQVH RI GXFWLOLW\�

� UHILQH JUDLQ VWUXFWXUH

� VWUDLJKWHQ RU IODWWHQ WKH SURGXFW

� LQFUHDVH WKH DFFXUDF\ RI GLPHQVLRQV

�JDXJH WROHUDQFH�

� LPSURYH VXUIDFH DSSHDUDQFH

� FRQWURO FKDUDFWHULVWLFV RI PHWDO IORZ

GXULQJ VXEVHTXHQW IRUPLQJ RSHUDWLRQV

3ULRU WR WKH FROG PLOO� WKH FRLOV PD\ EH DQQHDOHG

WR JLYH WKH PHWDO WKH ZRUNDELOLW\ IRU GRZQVWUHDP

SURFHVVLQJ� 6RPH SODQWV KDYH PRYHG WRZDUGV

VHOI�DQQHDOLQJ� ZKLFK UHTXLUHV QR DGGLWLRQDO

HQHUJ\ LQYHVWPHQW EXW PRUH FDUHIXO FRQWURO RI WKH

KRW UROOLQJ SURFHVV� 7KH FRLOV DUH WKHQ SDVVHG

WKURXJK FROG UROOLQJ PLOOV WR UHGXFH WKH JDXJH WR

WKH GHVLUHG WKLFNQHVV�

$OXPLQXP FDQ EH FROG UROOHG GRZQ WR WKLFNQHVVHV

RI DURXQG ���� PP ������ LQFK�� 3XUH �ORZ�

DOOR\� DOXPLQXP FDQ EH FROG UROOHG LQWR IRLO DV

WKLQ DV ������ PP ������� LQFK�� $ W\SLFDO

WKLFNQHVV RI VPDOO�JDXJH FRLO LV LQ WKH UDQJH RI

���� WR ���� PP ������ WR ����� LQFK�� ,I WKH

SURGXFW LV FRLO IRU EHYHUDJH FDQ PDQXIDFWXULQJ�

WKH JDXJH LV UHGXFHG WR ���� PP ������ LQFK��

7KHUH DUH QXPHURXV W\SHV RI HTXLSPHQW IRU

SHUIRUPLQJ WKH FROG UHGXFWLRQ� )RU QDUURZ

ZLGWKV �� OHVV WKDQ �� FP ��� LQFKHV� �� WKH

UHGXFWLRQV FDQ EH SHUIRUPHG RQ WZR�KLJK PLOOV�

EXW IRU WKH JUHDWHU ZLGWKV� WKH IRXU�KLJK PLOO LV

W\SLFDOO\ XVHG�

7KH DPRXQW RI FROG UHGXFWLRQ SHUIRUPHG GHSHQGV

ODUJHO\ RQ WKH DSSOLFDWLRQ WKDW LV EHLQJ

FRQVLGHUHG� ,QFUHDVLQJ DPRXQWV RI FROG UHGXFWLRQ

ZLOO WHQG WR PDNH WKH UHVXOWLQJ SURGXFW ILQHU

JUDLQHG DQG KDUGHU DIWHU DQQHDOLQJ� /XEULFDQWV

XVHG IRU FROG UROOLQJ DUH XVXDOO\ FRPSRVHG RI DQ

+�3 DGGLWLYH LQ D OLJKW SHWUROHXP GLVWLOODWH RLO�
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Annealing Improves Metal Properties and
Performance

%HIRUH� DIWHU� RU EHWZHHQ FROG UROOLQJ SDVVHV WKH

VKHHW PD\ EH IXOO\ RU SDUWLDOO\ DQQHDOHG E\

KHDWLQJ DQG WKHQ VORZ FRROLQJ� $QQHDOLQJ LV XVHG

WR LPSURYH WKH SURSHUWLHV� SHUIRUPDQFH� DQG

GXUDELOLW\ RI WKH SURGXFW� 7KLV SURFHVV VRIWHQV

WKH DOXPLQXP DQG FRXQWHUDFWV WKH VWUDLQ

KDUGHQLQJ DQG DJLQJ WKDW KDV DOUHDG\ WDNHQ SODFH�

7KHUH DUH D QXPEHU RI DQQHDOLQJ RSHUDWLRQV XVHG

LQ WKH SURGXFWLRQ RI VKHHW DQG VWULS� 7KH PRVW

LPSRUWDQW DUH IXOO DQQHDOLQJ� SDUWLDO DQQHDOLQJ�

DQG VWDELOL]DWLRQ DQQHDOLQJ�

)XOO DQQHDOLQJ KHDWV WKH DOOR\ KRW HQRXJK DQG

ORQJ HQRXJK WR VRIWHQ WKH SURGXFW FRPSOHWHO\�

DFKLHYLQJ IXOO UHFU\VWDOOL]DWLRQ� )RU IXOO

DQQHDOLQJ RI KHDW� WUHDWDEOH ZURXJKW DOXPLQXP

DOOR\V� WKH PHWDO LV W\SLFDOO\ ¦VRDNHG§ IRU DERXW

WZR KRXUV DW D WHPSHUDWXUH LQ WKH UDQJH RI ��� WR

���R& ���� WR ���R)� WR UHPRYH FROG ZRUN� RU

��� WR ���R& ���� WR ���R)� WR FRXQWHUDFW

SUHFLSLWDWLRQ KDUGHQLQJ� 7KH PHWDO LV WKHQ FRROHG

VORZO\ WR SHUPLW PD[LPXP FRDOHVFHQFH RI

SUHFLSLWDWLQJ SDUWLFOHV� PLQLPL]LQJ KDUGQHVV �$$

������

3DUWLDO DQQHDOLQJ VWRSV VKRUW RI IXOO DQQHDOLQJ DQG

LQVWHDG DSSOLHV SDWWHUQV RI WHPSHUDWXUH DQG WLPH

WR VWUDLQ�KDUGHQHG� QRQ�KHDW�WUHDWDEOH ZURXJKW

DOOR\V LQ RUGHU WR GHYHORS SURSHUWLHV LQ EHWZHHQ

IXOO\ VRIW DQG IXOO\ ZRUN�KDUGHQHG SURGXFW� ,W LV

W\SLFDOO\ SHUIRUPHG DIWHU WKH FRPSOHWLRQ RI FROG

UROOLQJ�

6WDELOL]DWLRQ DQQHDOLQJ LV XVHG WR SUHYHQW IXUWKHU

DJH�VRIWHQLQJ �JUDGXDO ORVV RI VRPH VWUHQJWK RYHU

WLPH� RI FHUWDLQ QRQ�KHDW�WUHDWDEOH DOXPLQXP�

PDJQHVLXP DOOR\V� ,W LV DFFRPSOLVKHG E\ KHDWLQJ

WKH SURGXFWV WR DERXW ���R& ����R)��

Finishing Operations Include Solution
Heat-Treating, Slitting, Coating, Cutting

:KHQ UROOLQJ LV FRPSOHWHG� WKH VKHHW JRHV

WKURXJK VHOHFWHG ILQLVKLQJ SURFHVVHV� LQFOXGLQJ�

� VROXWLRQ KHDW�WUHDWLQJ

� DUWLILFLDO RU QDWXUDO DJLQJ

� VOLWWLQJ

� WHQVLRQ�OHYHOLQJ

� FRDWLQJ DQG PDUNLQJ

� FXWWLQJ WR OHQJWK

� VWUHWFKLQJ�OHYHOLQJ

� SDFNDJLQJ DQG VWRUDJH

+HDW�WUHDWDEOH DOOR\V PD\ EH VROXWLRQ KHDW�

WUHDWHG LQ EDWFK RU FRQWLQXRXV IXUQDFHV WR

GLVVROYH DOOR\LQJ HOHPHQWV PRUH FRPSOHWHO\�

7KHVH DOOR\V DUH WKHQ TXHQFKHG WR IUHH]H LQ WKDW

PLFURVWUXFWXUH� 7KH PHWDO LV VWUHQJWKHQHG ZKHQ

WKH VROXWLRQL]HG SURGXFW LV DJHG�

$JLQJ RI VROXWLRQL]HG VKHHW LV XVHG WR SUHFLSLWDWH

LQWHUPHWDOOLF SKDVHV WKDW VWUHQJWKHQ WKH PHWDO�

1DWXUDO DJLQJ RFFXUV DW URRP WHPSHUDWXUH� ZKLOH

DUWLILFLDO DJLQJ LV FDUULHG RXW DW WHPSHUDWXUHV RI

�� WR ���R& ���� WR ���R)�� 3HDN DJLQJ LV

GHYHORSHG LQ D VKRUWHQHG WLPH IUDPH LQ DUWLILFLDO

DJLQJ�

,Q VOLWWLQJ� FLUFXODU NQLYHV DUH XVHG WR WULP WKH

HGJHV RI WKH FRLOHG VKHHW VWUDLJKW� %HIRUH RU DIWHU

VOLWWLQJ� WKH VKHHW PD\ DOVR JR WKURXJK D WHQVLRQ�

OHYHOHU WR IOH[ DQG VWUHWFK WKH PHWDO WR UHPRYH

DQ\ EXFNOLQJ DQG WR JLYH LW D XQLIRUP IODWQHVV�

&RDWLQJV RU GHFRUDWLRQV PD\ EH VSUD\HG RU UROOHG

RQ DW WKH PLOO� DOWKRXJK WKLV W\SH RI ILQLVKLQJ LV

RIWHQ GRQH HOVHZKHUH�

:KHQ VHSDUDWH IODW VKHHWV DUH UHTXLUHG� FRLOHG

VKHHW LV VHQW WR D ¦FXW�WR�OHQJWK§ OLQH ZKHUH LW LV

XQFRLOHG DQG FXW WR WKH VSHFLILHG OHQJWKV� ,I

QHFHVVDU\� FXW VKHHWV DUH VWUHWFKHG WR IODWWHQ

WKHP� )LQDOO\� WKH ILQLVKHG VKHHW LV SDFNDJHG

DQG VWRUHG IRU VKLSSLQJ�

Rods Are Drawn to Form Wire

'UDZLQJ LV XVHG WR SURGXFH ZLUH� D WHUP WKDW LV

DSSOLHG WR DQ\ WKUHDG RU ILODPHQW� RU WR DQ\

VOHQGHU URG RU EDU WKDW KDV D XQLIRUP FURVV

VHFWLRQ� $ JUHDW PDQ\ SURGXFWV VKDSHG E\

SXOOLQJ PHWDO WKURXJK D GLH DUH FDOOHG ZLUH� 7KH

OLPLWV IRU GUDZQ ZLUH UDQJH IURP ������ WR

DSSUR[LPDWHO\ ��� FP ������ WR DSSUR[LPDWHO\ �

LQFK� LQ GLDPHWHU�
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7R SURGXFH ZLUH� WKH URG LV ILUVW KRW UROOHG DQG

FRLOHG� 7KH URG �RU ZLUH� LV WKHQ GUDZQ WKURXJK D

VXFFHVVLRQ RI GLHV WR UHGXFH LWV GLDPHWHU� 7R

LPSURYH GUDZLQJ TXDOLW\ DQG WR PHHW VSHFLDO

UHTXLUHPHQWV RI PHFKDQLFDO SURSHUWLHV� PDQ\

VL]HV DQG JUDGHV RI ZLUH DUH KHDW WUHDWHG DV URG

GXULQJ SURFHVV RU LQ ILQLVKHG VL]HV�

Pipe, Tube, and Other Products Are Made
Via Extrusion Processes

,Q H[WUXVLRQ� DQ LQJRW RU ELOOHW LV IRUFHG WR IORZ

XQGHU SUHVVXUH WKURXJK D GLH RSHQLQJ WR IRUP DQ

HORQJDWHG VKDSH RU WXEH� ([WUXVLRQ SURFHVVHV XVH

K\GUDXOLF SUHVVHV� ZKLFK LQFOXGH D FRQWDLQHU WR

KROG WKH LQJRW� WKH GLH� DQG D UDP WKDW DSSOLHV WKH

H[WUXVLRQ SUHVVXUH�

([WUXVLRQ SURFHVVHV FDQ EH GLUHFW RU LQGLUHFW� ,Q

GLUHFW H[WUXVLRQ� WKH LQJRW PRYHV UHODWLYH WR WKH

FRQWDLQHU ZDOO� LQ WKH LQGLUHFW SURFHVV� WKH GLH

PRYHV� ([WUXVLRQ LV SHUIRUPHG ERWK KRW DQG

FROG� DOWKRXJK PRVW FRPPHUFLDO H[WUXVLRQ LV GRQH

KRW EHFDXVH RI WKH UHGXFHG UHVLVWDQFH RI WKH PHWDO

WR GHIRUPDWLRQ DW HOHYDWHG WHPSHUDWXUHV� &ROG

H[WUXVLRQ� ZKLFK UHTXLUHV YHU\ KLJK SUHVVXUHV DQG

VWURQJHU WRROLQJ� LV OLPLWHG WR VPDOO LQJRWV DQG

VLPSOH VKDSHV VXFK DV URG DQG EDU� ,W LV

FRQGXFWHG DW PXFK KLJKHU VSHHGV� ZLWK VKRUWHU

F\FOH WLPHV SHU LQJRW� DQG GHYHORSV FORVHU

GLPHQVLRQDO WROHUDQFHV WKDQ KRW H[WUXVLRQ�

+\GUDXOLF H[WUXVLRQ SUHVVHV DUH HLWKHU KRUL]RQWDO

RU YHUWLFDO� 9HUWLFDO SUHVVHV� ZKLFK VHOGRP

H[FHHG ����� PHWULF WRQV ������ WRQV� FDSDFLW\

�WKH DPRXQW RI IRUFH WKDW FDQ EH H[HUWHG RQ WKH

LQJRW�� DUH IRU VSHFLDOL]HG XVHV VXFK DV WKLQ�ZDOO

WXEH� +RUL]RQWDO SUHVVHV FDQ KDYH FDSDFLWLHV DV

KLJK DV ������ PHWULF WRQV ������� WRQV��

DOWKRXJK WKH PRVW FRPPRQ FDSDFLWLHV DUH LQ WKH

UDQJH RI ����� WR ����� PHWULF WRQV ������ WR

����� WRQV��

7KH XVXDO VWRFN IRU H[WUXVLRQ LV DQ LQJRW FDVW E\

WKH GLUHFW�FKLOO PHWKRG� DOWKRXJK LQJRWV FDVW LQ

ZDWHU�FRROHG PHWDO PROGV DQG UROOHG URG ELOOHWV RI

VPDOO GLDPHWHU DUH RFFDVLRQDOO\ XVHG� %DVHG RQ

FURVV�VHFWLRQDO FRQILJXUDWLRQ� H[WUXVLRQV DUH

FODVVLILHG DV URG� EDU� VROLG VKDSHV� VHPL�KROORZ

VKDSHV� KROORZ VKDSHV� VWUXFWXUDO DQG VWHSSHG

VKDSHV� RU WXEH�

5RG� EDU� DQG VROLG DQG VHPL�KROORZ VKDSHV DUH

H[WUXGHG IURP VROLG LQJRWV WKURXJK FRQYHQWLRQDO

GLHV� 6WHSSHG H[WUXGHG VKDSHV LQYROYLQJ WZR RU

PRUH FRQVHFXWLYH FURVV VHFWLRQV LQ D VLQJOH OHQJWK

DUH SURGXFHG LQ VSOLW GLHV� 0RVW KROORZ VKDSHV

DQG VRPH WXEH DUH SURGXFHG IURP VROLG LQJRW

HPSOR\LQJ SRUWKROH RU EULGJH GLHV� 3LSH� UHGUDZ

WXEH VWRFN� WXEH� DQG VRPH KROORZ VKDSHV DUH

SURGXFHG DV VHDPOHVV SURGXFWV IURP KROORZ LQJRW

E\ WKH GLH DQG PDQGUHO SURFHVV�

3ULRU WR H[WUXVLRQ RSHUDWLRQV� LQJRWV DUH UHKHDWHG

LQ JDV� RU RLO�ILUHG IXUQDFHV RU HOHFWULF LQGXFWLRQ

IXUQDFHV� $GGLWLRQDOO\� IXUQDFHV DUH XVHG WR KHDW

GLHV DQG WRROV EHIRUH LQVHUWLRQ LQWR WKH SUHVV� )RU

KRW H[WUXVLRQ� WKH LQJRW DQG WRROLQJ DUH KHDWHG WR

WHPSHUDWXUHV EHWZHHQ ��� DQG ���R& ���� DQG

�����R)� WR IDFLOLWDWH H[WUXVLRQ DW DYDLODEOH SUHVV

FDSDFLW\� )RU FROG H[WUXVLRQ� WKH LQJRW� FRQWDLQHU�

DQG WRROLQJ DUH KHDWHG QR KLJKHU WKDQ DERXW

���R)� )XUQDFHV DUH DOVR XVHG IRU VROXWLRQ KHDW

WUHDWPHQW RI H[WUXVLRQV� 1R OXEULFDQWV DUH QHHGHG

IRU H[WUXVLRQ H[FHSW RQ WKH VXUIDFH RI WKH

PDQGUHOV IRU WKH H[WUXVLRQ RI KROORZ EORRPV�

7.2  Summary of Inputs/Outputs

,QSXWV� 0ROWHQ SULPDU\ DOXPLQXP

0ROWHQ VHFRQGDU\ DOXPLQXP

$OOR\LQJ HOHPHQWV �H�J�� PDJQHVLXP�

PDQJDQHVH� FRSSHU� VLOLFRQ�

&KORULQH RU FKORULQH�QLWURJHQ JDV

/XEULFDQWV

(OHFWULFLW\

)XHO �H�J�� QDWXUDO JDV� RLO�

3URFHVV ZDWHU

2XWSXWV� $OXPLQXP VHPL�IDEULFDWHG SURGXFWV

6FUDS �H�J�� FKLSV�

'URVV

3DUWLFXODWH HPLVVLRQV

&KORULGH HPLVVLRQV

2UJDQLF PLVW DQG YDSRU

&RPEXVWLRQ HPLVVLRQV �&2
�
� 62[�

12[�

(IIOXHQWV

5HFRYHUHG RLO DQG RLO�ODGHQ VROLGV

5HVLGXHV IURP FRDWLQJ WUHDWPHQW

)LJXUHV ���� ���� DQG ��� LOOXVWUDWH WKH FDVWLQJ DQG

VHPL�IDEULFDWLRQ SURFHVVHV DVVRFLDWHG ZLWK WKH
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VOCs, Effluents
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Furnace

Heat Treating
Furnace

Quench
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Furnace

Alloying Materials
Aluminum Ingot

Aluminum Scrap
Molten Aluminum
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Castings

Cast 
& Trim

Alloying
Furnace Scalper Heating 

Furnace

Hot 
Reversing 

Mill

Alloying Materials
Aluminum Ingot

Aluminum Scrap
Molten Aluminum

Sheet & 
Plate

DC Ingot 
Caster

End
Shear

Edge
Shear Coiler
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Furnace
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Mill
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Shear
Heat Treating Furnace
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Reducing
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Mill

Coil 
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Figure 7-1.  Semi-Fabrication Flow Diagram: Castings, Sheet & Plate, Foil
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Figure 7-2.  Semi-Fabrication Flow Diagram: Forgings, Drawn Bar and Rod, and Wire
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Alloying
Furnace Saw

Alloying Materials
Aluminum Ingot
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Molten Aluminum

Energy

DC Hollow 
Ingot Caster

Heating 
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Press
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Chlorides Effluents

Key Energy and Environmental Facts - Semi-Fabrication

Energy Emissions Effluents Byproducts

Energy Use (MJ/metric ton)
  Primary Ingot Casting -        
     6,560 (5.68 106 Btu/ton)
 Hot Rolling (softer alloys) -    
    6,445 (5.59 106 Btu/ton)
 Hot Rolling (harder alloys) -  
     5,830 (5.06 106 Btu/ton) 
 Cold Rolling - 8,090 (7.00
106     Btu/ton)
 
  

Major Emissions -
Particulate, chlorides,
organic droplets and vapors

Largest Source - Rolling mill
oil mist and vapors

Largest Source  - Primary
ingot casting

Other Sources - Secondary
casting, roll cooling

Typical Primary Casting
Process Water Volume -        
  10,800 kg/metric ton
(21,600     lb/ton) of Al cast

Oils, grease associated
with casting and rolling
 Casting - 0.038 kg/metric    
   ton (0.076 lb/ton)
 Rolling - 2.1 to 5.6               
   kg/metric ton (4.2 to 11.2  
     lb/ton)

Packaging, effluent and air
pollution control wastes

Figure 7-3.   Semi-Fabrication Flow Diagram: Extruded Shapes and Tube, Drawn Tube
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SURGXFWLRQ RI DOXPLQXP VKHHW� SODWH� IRLO� DQG

GUDZQ DQG H[WUXGHG SURGXFWV�

7.3  Energy Requirements

Electricity, Natural Gas Are Major Fuels
Used in Casting and Rolling

7KH HQHUJ\ UHTXLUHPHQWV RI FROG UROOLQJ DUH

KLJKHU WKDQ KRW UROOLQJ EHFDXVH LW WDNHV PRUH

HQHUJ\ WR UROO FROG PHWDO WKDQ PHWDO WKDW KDV EHHQ

VRIWHQHG DW KLJK WHPSHUDWXUHV�

7DEOH ��� VKRZV WKH SURFHVV HQHUJ\ UHTXLUHPHQWV

RI SULPDU\ LQJRW FDVWLQJ E\ IXHO W\SH� 7DEOH ���

VKRZV WKHVH UHTXLUHPHQWV IRU KRW DQG FROG

UROOLQJ� 7ZR VHWV RI KRW UROOLQJ GDWD DUH

SUHVHQWHG� WKH ILUVW VHW LV IRU VRIWHU DOOR\V �VXFK DV

������ DQG WKH VHFRQG LV IRU KDUGHU DOOR\V �VXFK

DV ������

,Q DGGLWLRQ WR LQJRW FDVWLQJ� WKH GDWD LQ 7DEOH ���

LQFOXGH WKH SURFHVV HQHUJ\ UHTXLUHPHQWV RI

SUHWUHDWPHQW �H�J�� GHJDVVLQJ�� KROGLQJ LQ D

KROGLQJ IXUQDFH� DQG IOX[LQJ� 7KH UROOLQJ GDWD LQ

7DEOH ��� LQFOXGH WKH SURFHVV HQHUJ\

UHTXLUHPHQWV RI LQJRW VFDOSLQJ DQG LQJRW VRDNLQJ

RU SUHKHDWLQJ LQ DGGLWLRQ WR UROOLQJ�

$ KLJKHU SURSRUWLRQ RI LQJRW LV FXUUHQWO\

SURGXFHG E\ HOHFWURPDJQHWLF FDVWLQJ WKDQ LQ ����

ZKHQ WKH GDWD LQ 7DEOH ��� ZHUH GHYHORSHG�

%HFDXVH HOHFWURPDJQHWLF FDVWLQJ UHTXLUHV

VRPHZKDW OHVV HQHUJ\ WKDQ GLUHFW FKLOO FDVWLQJ�

WKHUH FRXOG EH PLQRU GHFUHDVHV LQ WKH SURFHVV

HQHUJ\ UHTXLUHPHQWV JLYHQ LQ 7DEOH ����

7.4  Emissions

Rolling Mill Is Typically Largest Source of
Emissions in Semi-Fabrication

&RQWLQXRXV SODWH RU LQJRW FDVWLQJ RSHUDWLRQV

WKHPVHOYHV JHQHUDWH LQVLJQLILFDQW TXDQWLWLHV RI DLU

HPLVVLRQV �-DFNVRQ HW DO� ������ 7KH PDLQ DLU

HPLVVLRQV IURP LQJRW FDVWLQJ SURFHVVHV DUH &2
�

Table 7-1.  Process Energy Use in Primary Ingot Casting a

Energy Source

Specific Energy Requirements b

MJ/metric ton c 106 Btu/ton

Electricityd 1,910 1.65

Natural Gas 2,417 2.09

Distillate Oil 698 0.61

Residual Oil 698 0.61

Propane & LPG 465 0.40

Gasoline 372 0.32

TOTAL 6,560 5.68

D ,QFOXGHV SUHWUHDWPHQW WR UHPRYH DONDOL PHWDOV� KROGLQJ� DQG IOX[LQJ�

E 1RQ�HOHFWULF IXHO SHUFHQWDJH XVH LV DVVXPHG WR EH WKH IROORZLQJ� QDWXUDO JDV � ����

GLVWLOODWH RLO ���� UHVLGXDO RLO ���� SURSDQH 	 /3* ���� JDVROLQH �� �5LFKDUGV ������

F 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

G &RQYHUVLRQ IDFWRU LV �������� MRXOHV�ZDWW�KRXU ������� %WX�N:K� �5LFKDUGV ������

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH

LQIRUPDWLRQ� VRPH RI ZKLFK ZDV GHYHORSHG LQ �����
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Table 7-2.  Process Energy Use in Hot and Cold Rolling a

Energy Source

Hot Rolling - Softer
Alloys b,c

Hot Rolling - Harder
Alloys b,d Cold Rolling b

MJ/met
ton e

106 Btu/
ton

MJ/met
ton e

106 Btu/
ton

MJ/met
ton e

106 Btu/
ton

Electricityf 3,530 3.06 3,800 3.29 5,390 4.67

Natural Gas 2,536 2.20 1,766 1.53 2,349 2.03

Distillate Oil 29 0.03 20 0.02 27 0.02

Lube Oil 146 0.12 102 0.09 135 0.12

Propane & LPG 29 0.03 20 0.02 27 0.02

Gasoline 29 0.03 20 0.02 27 0.02

Coal and Misc. 146 0.12 102 0.09 135 0.12

TOTAL 6,445 5.59 5,830 5.06 8,090 7.00

D ,QFOXGHV VFDOSLQJ DQG VRDNLQJ RU SUHKHDWLQJ LQ DGGLWLRQ WR UROOLQJ�

E 7KH SHUFHQWDJH XVH RI HDFK QRQ�HOHFWULF IXHO LV DVVXPHG WR EH WKH VDPH DV WKH SHUFHQWDJH XVH LQ 7KH

$OXPLQXP $VVRFLDWLRQ©V ���� LQGXVWU\ VXUYH\� QDWXUDO JDV ���� GLVWLOODWH RLO ��� OXEH RLO ��� SURSDQH

	 /3* ��� JDVROLQH ��� FRDO DQG PLVFHOODQHRXV ���

F 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

G +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

H 0- LV RQH PHJDMRXOH� RU ��� MRXOHV�

I (OHFWULFLW\ FRQYHUVLRQ IDFWRU LV DVVXPHG WR EH �������� NM�N:K ������� %WX�N:K� �5LFKDUGV ������

6RXUFHV� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI

ZKLFK ZDV GHYHORSHG LQ �����

¦3DWWHUQV RI (QHUJ\ DQG )XHO 8VDJH LQ WKH 8�6� $OXPLQXP ,QGXVWU\� )XOO <HDU � �����§ SUHSDUHG E\ 7KH

$OXPLQXP $VVRFLDWLRQ� $XJXVW �����

IURP WKH FRPEXVWLRQ RI IXHO DQG FKORULGHV IURP

WKH IOX[LQJ RSHUDWLRQ� 7KH FKORULGHV� LQFOXGLQJ

FKORULQH DQG K\GURJHQ FKORULGH� DUH SURGXFHG

E\ WKH DVVRFLDWHG FKORULQH� RU IUHRQ�EDVHG

IOX[LQJ V\VWHPV� (PLVVLRQV IURP WKH

FRPEXVWLRQ RI QDWXUDO JDV RFFXU ZKHUH PHWDO LV

KHOG GXULQJ WKH FDVWLQJ RSHUDWLRQ�

Table 7-3 presents estimated typical process air
emissions of particulate and chloride associated
with ingot casting.  These data, which are
weighted averages based on the results of a
1991 industry survey, reflect the use of a
variety of emissions control equipment.  

$QQHDOLQJ RSHUDWLRQV DVVRFLDWHG ZLWK UROOLQJ

PLOOV SURGXFH QLWURJHQ R[LGH� FDUERQ PRQR[LGH�

EHQ]HQH� IRUPDOGHK\GH� DQG WROXHQH HPLVVLRQV�

5ROOLQJ PLOOV WKHPVHOYHV SURGXFH IXJLWLYH DQG

FRQWDLQHG HPLVVLRQV RI RLO PLVW DQG YDSRUV�

PHWDO DQG PHWDO R[LGHV� DQG UROOLQJ IOXLG

DGGLWLYHV �-DFNVRQ HW DO� ������

$OXPLQXP FROG UROOLQJ OXEULFDQWV WUDGLWLRQDOO\

FRPSULVH D VROXWLRQ RI DQ +�3 DGGLWLYH LQ D EDVH

RLO WKDW LV XVXDOO\ D OLJKW SHWUROHXP GLVWLOODWH�

2Q FRQWDFW ZLWK KRW UROOV WKH ORZHU ERLOLQJ

IUDFWLRQV DUH HYDSRUDWHG DQG H[KDXVWHG WR WKH

DWPRVSKHUH� )RU H[DPSOH� FROG UROOLQJ

RSHUDWLRQV FDQ HPLW QRQ�PHWDO +$3V VXFK DV

������WULFKORURHWKDQH DQG RWKHUV�
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Table 7-3.  Typical Emission Factors for
Primary Ingot Casting

(kg/metric ton)

Pollutant
Amount
[lb/ton]

Particulate 0.1 [0.2]

Chlorides 0.0078 [0.0156]

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH

UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK

ZDV GHYHORSHG LQ �����

,Q DGGLWLRQ WR 92&V LQ YDSRU IRUP� WKH PLOOV

DOVR HPLW DQ\ZKHUH IURP � WR ��� OLTXLG

DHURVROV RU GURSOHWV �%RGG\ ������ 7KH H[DFW

UDWLR EHWZHHQ WKH GURSOHW�SKDVH DQG WKH JDV�

SKDVH HPLVVLRQV YDULHV DFFRUGLQJ WR PLOO

SDUDPHWHUV� )RU H[DPSOH� RQ D KLJK�VSHHG IRLO

PLOO XS WR ��� RI WKH WRWDO HPLVVLRQV FDQ EH

JDV�SKDVH �.RKOUDXVFK ������

Table 7-4 presents a listing of sample measured
concentrations of organic droplets and vapors
emitted by a typical rolling mill of a secondary
aluminum plant.  Table 7-5 shows average
process-related emissions of particulate and
organics associated with hot and cold rolling
according to a 1991 industry survey.

Tight Control Measures Are Used to
Handle VOC Emissions

5ROOLQJ PLOO HPLVVLRQV� LQFOXGLQJ PLVW DQG

YDSRU SKDVHV� UHTXLUH FDSWXUH DQG FRQWDLQPHQW

E\ PLOO DQG KRRGLQJ FORVXUH V\VWHPV

VSHFLILFDOO\ GHVLJQHG IRU WKLV DSSOLFDWLRQ�

&RPPRQ FRQWDLQPHQW WHFKQRORJLHV LQFOXGH D

YDULHW\ RI KRRGV� LQFOXGLQJ VORWWHG SHULPHWHU

KRRGV DQG DLU FXUWDLQ KRRGV�

$IWHU FROOHFWLRQ� IXPHV IURP ERWK KRW DQG FROG

UROOLQJ RSHUDWLRQV DUH WUHDWHG XVLQJ RQH RI

VHYHUDO DYDLODEOH SDUWLFXODWH FRQWURO

WHFKQRORJLHV WR UHGXFH WKH FKDQFH RI 92&V

HVFDSLQJ WR WKH DWPRVSKHUH� 3DUWLFXODWH

FROOHFWRUV FDQ EH FDWHJRUL]HG DV PHFKDQLFDO

VHSDUDWRUV �VXFK DV F\FORQLF VHSDUDWRUV�

LPSLQJHPHQW YDQH VHSDUDWRUV� GHHS�EHG PLVW

HOLPLQDWRUV� SXULILFDWLRQ V\VWHPV XVLQJ VKDOORZ

EHG HOHPHQWV� ZHW VFUXEEHUV� DQG VWDFN

VNLPPHUV� DQG HOHFWURVWDWLF SUHFLSLWDWRUV

�3HUU\PDQ HW DO� ������ 6RPH RSHUDWLRQV VWLOO

RQO\ H[KDXVW WKH FROOHFWHG IXPHV XVLQJ ELJ IDQV

�.RKOUDXVFK ������

,QHUWLDO RU F\FORQLF VHSDUDWRUV DUH WKH PRVW

FRPPRQ W\SH RI OLTXLG SDUWLFXODWH FROOHFWRU LQ

WKH DOXPLQXP LQGXVWU\� $OWKRXJK ZHW VFUXEEHUV

DUH QRW D QHZ GHVLJQ DSSURDFK� WKHLU XVH LQ

UROOLQJ PLOO DSSOLFDWLRQV UHSUHVHQWV D QHZ

DSSURDFK� 6WDFN VNLPPHUV� ZKLFK FROOHFW

FRQGHQVHG RU DJJORPHUDWHG SDUWLFXODWH IURP

V\VWHP H[KDXVW SRLQWV� DUH FRPPRQ LQ PRVW QHZ

V\VWHPV �3HUU\PDQ HW DO� ������

7KH DERYH GHYLFHV UHPRYH RLO GURSOHWV ZKLOH

GLVFKDUJLQJ RLO YDSRU XQDEDWHG� 6RPH QHZ

FRQWURO V\VWHPV DUH FDSDEOH RI DFKLHYLQJ

HPLVVLRQ FDSWXUH HIILFLHQFLHV DV KLJK DV ���

�3HUU\PDQ HW DO� ������ +RZHYHU� WKHVH W\SHV

RI PHFKDQLFDO GHYLFHV DUH QRW H[SHFWHG WR EH

DEOH WR PHHW WKH DQWLFLSDWHG YDSRU UHPRYDO

JXLGHOLQHV VHW RXW E\ WKH (3$ �%RGG\ ������

:KLOH WKH\ DUH VXLWDEOH IRU WKH UHPRYDO RI

GURSOHWV DQG DHURVROV IURP WKH H[KDXVW VWUHDPV�

WKH\ DUH QRW HIIHFWLYH DW UHPRYLQJ WKH FRRODQW LQ

YDSRU IRUP EHFDXVH RI WKH VPDOOHU SDUWLFOH VL]H�

+RZHYHU�

WHFKQRORJ\ LV DYDLODEOH IRU FRQWURO RI RLO YDSRU

FRPSRQHQWV �-DFNVRQ HW DO� ������
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Table 7-4.  Emission Concentrations of Toxics
for Secondary Aluminum Rolling Mill a

(mg/m 3)

Pollutant Concentration

Organic droplets 8.0

Organic vapors 150

D 'DWD UHSRUWHG DUH DYHUDJH YDOXHV IRU SURFHVVHV KDYLQJ

FRQWURO V\VWHPV QRUPDO IRU WKH LQGXVWU\�

6RXUFH� (PLVVLRQ 7HVWLQJ IRU $LU 7R[LFV DQG 2WKHU $LU &RQWDPLQDQWV�

0� -DFNVRQ DQG RWKHUV� 7KH 3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO

$OXPLQXP 6KHHW 	 3ODWH &RQIHUHQFH� 9ROXPH �� �����

Table 7-5.  Typical Emission Factors for Hot and Cold Rolling
(kg/metric ton of aluminum rolled)

Pollutant

Amount [lb/ton]

Hot Rolling
(Softer

Alloys) a,b

Hot Rolling
(Harder Alloys) a,c Cold Rolling d 

Particulate 0.80 [1.60] 1.20 [2.40] 0.42 [0.84]

Organics 1.00 [2.00] 0.34 [0.68] 1.80 [3.60]

D &RPSRVLWH SURFHVV WR IRUP FRLOV WKDW LQFOXGHV VRDNLQJ RU SUHKHDWLQJ DQG PD\ LQFOXGH VFDOSLQJ�

E 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

F +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

G &ROG PLOOV WR IRUP VPDOO�JDXJH FRLO �H�J�� ����� WR ����� LQFK�� &RPSRVLWH SURFHVV WKDW PD\

LQFOXGH DQQHDOLQJ� FRDWLQJ� VOLWWLQJ� $OVR LQFOXGHV ERWK KDUG DQG VRIW DOOR\V�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ�

VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

7.5  Effluents

Process Water Used for Cooling During
Casting and Rolling

7KH SULPDU\ XVH RI ZDWHU LQ WKH FDVWKRXVH LV IRU

WKH FRROLQJ RI PROWHQ DOXPLQXP DV LW LV IRUPHG

LQWR LQJRWV LQ WKH FDVWLQJ SURFHVV� ,Q UHILQLQJ

DQG FDVWLQJ� SURFHVV ZDWHU LV UHTXLUHG WR PDNH

XS HYDSRUDWLYH ORVVHV IURP WKH FRROLQJ ZDWHU

V\VWHP� 1HW SURFHVV ZDWHU FRQVXPSWLRQ IRU

SULPDU\ LQJRW FDVWLQJ KDV EHHQ HVWLPDWHG DW

������ NJ�PHWULF WRQ ������� OE�WRQ� RI

DOXPLQXP �5LFKDUGV ������

)RU VHFRQGDU\ FDVWLQJ �LQFOXGLQJ PHOWLQJ��

SURFHVV ZDWHU UHTXLUHPHQWV ZHUH HVWLPDWHG WR

EH ��� NJ�PHWULF WRQ ���� OE�WRQ� RI DOXPLQXP

�5LFKDUGV ������ 2QH H[SODQDWLRQ RI WKH ODUJH

GLIIHUHQFH EHWZHHQ WKH WZR LV WKDW PRVW SULPDU\

SODQWV XVH ¦RQFH WKURXJK§ ZDWHU� ZKHUHDV

VHFRQGDU\ SODQWV FDQ EH FRXSOHG WR PLOOV ZKHUH

DOO SURFHVV ZDWHU LV UHF\FOHG VHYHUDO WLPHV

�5LFKDUGV ������

3URFHVV ZDWHU UHTXLUHPHQWV IRU KRW UROOLQJ KDYH

EHHQ HVWLPDWHG DW �� NJ�PHWULF WRQ ���� OE�WRQ�

RI SURGXFW IRU KDUGHU DOOR\V� DQG ��� NJ�PHWULF

WRQ ���� OE�WRQ� RI SURGXFW IRU VRIWHU DOOR\V

�5LFKDUGV ������ $YHUDJH SURFHVV ZDWHU



100

UHTXLUHPHQWV IRU FROG PLOOV XVHG WR IRUP VPDOO�

JDXJH FRLO KDYH EHHQ HVWLPDWHG DW ��� NJ�PHWULF

WRQ ������ OE�WRQ� RI SURGXFW� ZLWK D UDQJH RI

DERXW ��� WR ����� NJ�PHWULF WRQ ���� WR �����

OE�WRQ� �5LFKDUGV ������ :DVWHZDWHU VWUHDPV

LQFOXGH FDVW ZDWHU EORZGRZQ� FRROLQJ ZDWHU

EORZGRZQ� UROO FRRODQW ZDVWH� DQG FRDWLQJ OLQH

ZDVWH�

7KH PDMRU HQYLURQPHQWDO FKDOOHQJH IRU ERWK WKH

KRW DQG FROG UROOLQJ PLOOV KDV KLVWRULFDOO\ EHHQ

UHODWHG WR WKH UHTXLUHPHQW IRU OXEULFDWLRQ LQ WKH

PLOOLQJ RSHUDWLRQV� 0ROG OXEULFDQWV VXFK DV

FDVWRU RLO DUH DOVR XVHG LQ SULPDU\ LQJRW FDVWLQJ

WR SUHYHQW WKH PHWDO IURP VWLFNLQJ WR WKH VLGHV

RI WKH PROGV� 7KH LQGXVWU\ KDV FRQFHQWUDWHG RQ

UHXVLQJ ZDWHU DQG OXEULFDQWV E\ LPSURYLQJ WKH

ILOWUDWLRQ DQG FOHDQ XS RI WKH OXEULFDQW V\VWHPV�

5HF\FOLQJ RI FOHDQHG SURFHVV ZDWHU LV QRZ

VWDQGDUG RSHUDWLRQ� :DWHU WKDW PXVW EH

GLVFKDUJHG LV WUHDWHG WR HQVXUH WKDW LW PHHWV VWDWH

DQG IHGHUDO VWDQGDUGV�

7DEOHV ��� DQG ��� UHVSHFWLYHO\ SUHVHQW (3$©V

HIIOXHQW OLPLWDWLRQV IRU VHYHUDO UHILQLQJ DQG

FDVWLQJ SURFHVVHV IRU SULPDU\ DQG VHFRQGDU\

DOXPLQXP SURGXFWLRQ� 7KHVH WDEOHV SUHVHQW

HIIOXHQW OLPLWDWLRQV XVLQJ WKH EHVW DYDLODEOH

WHFKQRORJ\ HFRQRPLFDOO\ DFKLHYDEOH �%$7��

7DEOH ��� SUHVHQWV HVWLPDWHG DPRXQWV RI WRWDO

VXVSHQGHG VROLGV DQG WKH ELRORJLFDO R[\JHQ

GHPDQG �%2'� FRQWDLQHG LQ SULPDU\ LQJRW

FDVWLQJ HIIOXHQWV� 7DEOH ��� SUHVHQWV HVWLPDWHV

RI WKHVH VDPH SROOXWDQWV LQ KRW DQG FROG UROOLQJ

PLOO HIIOXHQWV� 7KH GDWD LQ 7DEOHV ��� DQG ���

DUH ERWK GHULYHG IURP WKH UHVXOWV RI D ����

VXUYH\ RI RSHUDWLQJ IDFLOLWLHV�

7.6  Byproducts

Oils, Coatings Are Separated from
Effluents

2LO FRQWDLQHG LQ SULPDU\ LQJRW FDVWLQJ

ZDVWHZDWHU LV VHSDUDWHG IURP WKH ZDWHU �XVLQJ

DQ LQGXFHG DLU IORWDWLRQ V\VWHP� IRU H[DPSOH��

7KH RLO DQG RLO�ODGHQ VROLGV DUH FROOHFWHG IRU

IXWXUH UHFRYHU\ RI WKH RLO�

5ROOLQJ PLOO HIIOXHQWV DUH WUHDWHG WR VHSDUDWH WKH

RLOV� VXVSHQGHG VROLGV� DQG GLVVROYHG VROLGV

IURP

WKH SURFHVV ZDWHU� )RU H[DPSOH� KHDW DQG

SRO\PHUV FDQ EH DSSOLHG WR VHSDUDWH WKH RLO�

Table 7-6.  Primary Aluminum Production - Refining and Casting
BATa Effluent Limitations - 

Average of  Daily Values for 30 Consecutive Days
(mg/kg, or lbs per 10 6 lbs of aluminum product)

Pollutant

Degassing Wet
Air Pollution

Control

Direct Chill
Casting
Contact
Cooling

Continuous Rod
Casting Contact

Cooling

Stationary
Casting or Shot
Casting Contact

Cooling

Benzo(a)pyrene 0.000 0.000 0.000 0.000

Antimony 2.244 1.143 0.089 0.000

Nickel 0.965 0.492 0.038 0.000

Aluminum 7.071 3.602 0.282 0.000

Fluoride 68.880 35.090 2.746 0.000

D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU 1RQIHUURXV 0HWDOV� �� &)5 3DUW ������� %XUHDX RI

1DWLRQDO $IIDLUV� �����
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Table 7-7.  Secondary Aluminum Production - Refining and Casting
BATa Effluent Limitations - 

Average of  Daily Values for 30 Consecutive Days
(mg/kg, or lbs per 10 6 lbs of aluminum product)

Pollutant

Direct Chill
Casting
Contact
Cooling

Ingot
Conveyor
Casting
Contact
Cooling b

Ingot
Conveyor
Casting
Contact
Cooling c

Stationary
Casting
Contact
Cooling

Shot
Casting
Contact
Cooling

Lead 0.173 0.009 0.000 0.000 0.000

Zinc 0.558 0.028 0.000 0.000 0.000

Aluminum 3.602 0.182 0.000 0.000 0.000

Ammonia (as N) 77.880 3.926 0.000 0.000 0.000

      D %HVW $YDLODEOH 7HFKQRORJ\ (FRQRPLFDOO\ $FKLHYDEOH�

E :KHQ FKORULGH GHPDJJLQJ ZHW DLU SROOXWLRQ FRQWURO LV QRW SUDFWLFHG RQ VLWH

F :KHQ FKORULGH GHPDJJLQJ ZHW DLU SROOXWLRQ FRQWURO LV SUDFWLFHG RQ VLWH

      6RXUFH� (3$ (IIOXHQW *XLGHOLQHV DQG 6WDQGDUGV IRU ,URQ DQG 6WHHO 0DQXIDFWXULQJ� �� &)5 3DUW �������

%XUHDX RI 1DWLRQDO $IIDLUV� �����

Table 7-8. Estimated Amounts of
Pollutants Contained in Primary Ingot 

Casting Effluents
(mg/kg, or lbs per 10 6 lbs 

of aluminum cast)

Pollutant Amount

Total Suspended Solids 0.002

BODa 0.0016

D %LRORJLFDO R[\JHQ GHPDQG�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH

GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH

ZKLFK ZDV GHYHORSHG LQ �����

ZKLFK LV WKHQ VWRUHG IRU HYHQWXDO VKLSPHQW RII�

VLWH IRU XVH DV D IXHO� ,I D FRDWLQJ OLQH LV XVHG�

WKH ZDVWHZDWHU LV ILUVW SURFHVVHG WR UHPRYH

IOXRULGHV DQG DPPRQLD�

7KH ZDVWHZDWHU LV WKHQ W\SLFDOO\ VHQW WR D VHWWOHU

IRU VHSDUDWLRQ RI VROLGV� 7KLV JHQHUDWHV D VOXGJH

WKDW LV DGGLWLRQDOO\ GHZDWHUHG DQG ODQGILOOHG�

(DFK FDVWLQJ� H[WUXVLRQ� DQG ILQLVKLQJ SURFHVV

DOVR SURGXFHV VROLG ZDVWH DOXPLQXP VFUDS�

ZKLFK LV FROOHFWHG DQG UHPHOWHG�

7KH JHQHUDWLRQ RI SURFHVV�UHODWHG VROLG ZDVWHV

DVVRFLDWHG ZLWK SULPDU\ LQJRW FDVWLQJ LV VKRZQ

LQ 7DEOH ����� 7DEOH ���� OLVWV WKH ZDVWHV

DVVRFLDWHG ZLWK KRW DQG FROG UROOLQJ� 7KH GDWD

LQ ERWK WDEOHV ZHUH GHULYHG IURP WKH UHVXOWV RI

WKH ���� VXUYH\ SUHYLRXVO\ PHQWLRQHG�
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Table 7-9.  Estimated Amounts of Pollutants Contained in 
Hot and Cold Rolling Effluents

(kg/metric ton of aluminum rolled)

Pollutant

Amount [lb/ton] 

Hot Rolling
(Softer

Alloys) a,b

Hot Rolling
(Harder Alloys) a,c Cold Rolling d 

Total Suspended Solids 0.043 [0.086] 0.048 [0.096] 0.076 [0.152]

Oils/Grease 0.028 [0.056] 0.04 [0.08] 0.036 [0.072]

BODe -- 0.14 [0.28] 0.24 [0.48]

D &RPSRVLWH SURFHVV WR IRUP FRLOV WKDW LQFOXGHV VRDNLQJ RU SUHKHDWLQJ DQG PD\ LQFOXGH VFDOSLQJ�

E 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

F +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

G &ROG PLOOV WR IRUP VPDOO�JDXJH FRLO �H�J�� ����� WR ����� LQFK�� &RPSRVLWH SURFHVV WKDW PD\ LQFOXGH

DQQHDOLQJ� FRDWLQJ� VOLWWLQJ� $OVR LQFOXGHV ERWK KDUG DQG VRIW DOOR\V�

H %LRORJLFDO R[\JHQ GHPDQG�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH

LQIRUPDWLRQ�

VRPH RI ZKLFK ZDV GHYHORSHG LQ �����

Table 7-10. Estimated Average Solid Waste
Generation - Primary Ingot Casting 

(kg/metric ton of aluminum cast)

Waste
Amount
 [lb/ton]

Liquid (e.g., oils, grease) 0.038 [0.076]

Packaging 4.7 [9.4]

Other (e.g., bricks) 2.1 [4.2]

Environmental Control
(e.g., spent bags)

1.0 [2.0]

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH

UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ� VRPH RI ZKLFK

ZDV GHYHORSHG LQ �����

7.7  Hazardous Wastes

7KHUH DUH QR 5&5$�OLVWHG KD]DUGRXV ZDVWHV

DVVRFLDWHG ZLWK VHPL�IDEULFDWLRQ SURFHVVHV�

+RZHYHU� WKH VOXGJH JHQHUDWHG IURP WKH

FRQYHUVLRQ FRDWLQJ RI DOXPLQXP LQ WKH

DXWRPRWLYH DQG FRLO FRDWLQJ LQGXVWU\ LV 5&5$�

OLVWHG ZDVWH )����
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Table 7-11.  Estimated Average Solid Waste Generation - 
Hot and Cold Rolling

(kg/metric ton of aluminum rolled)

Waste

Amount 
[lb/ton]

Hot Rolling
(Softer

Alloys) a,b

Hot Rolling
(Harder Alloys) a,c Cold Rolling d 

Liquid (e.g., oils, grease) 2.1 [4.2] 5.6 [11.2] 5.0 [10.0]

Packaging 0.1 [0.2] 0.2 [0.4] 3.7 [7.4]

Effluent Treatment Wastes 8.0 [16.0] 10.0 [20.0] 0.8 [1.6]

Air Pollution Control
Wastes

-- -- 3.6 [7.2]

Other -- -- 1.1 [2.2]

D &RPSRVLWH SURFHVV WR IRUP FRLOV WKDW LQFOXGHV VRDNLQJ RU SUHKHDWLQJ DQG PD\ LQFOXGH VFDOSLQJ�

E 6RIWHU DOOR\V DUH UHSUHVHQWHG E\ �����

F +DUGHU DOOR\V DUH UHSUHVHQWHG E\ �����

G &ROG PLOOV WR IRUP VPDOO�JDXJH FRLO �H�J�� ����� WR ����� LQFK�� &RPSRVLWH SURFHVV WKDW PD\ LQFOXGH

DQQHDOLQJ� FRDWLQJ� VOLWWLQJ� $OVR LQFOXGHV ERWK KDUG DQG VRIW DOOR\V�

6RXUFH� 'DWD UHSRUWHG E\ 1RODQ 5LFKDUGV� ����� �1RWH� WKH GDWH UHIHUV WR WKH UHOHDVH RI WKH LQIRUPDWLRQ�

VRPH RI ZKLFK ZDV GHYHORSHG LQ �����
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Notes

$$� ����� 7KH $OXPLQXP 6LWXDWLRQ DQG RWKHU

PDWHULDO IURP WKH $$ ZHE VLWH�

$$� ����� $OXPLQXP 6WDWLVWLFDO 5HYLHZ IRU

�����

$$� ����D� ¦$OXPLQXP �� .QRZ WKH )DFWV�§

$$� ����E� *XLGHOLQHV 	 'HILQLWLRQV�

$$� ����� 5ROOLQJ $OXPLQXP� )URP WKH 0LQH

WKURXJK WKH 0LOO�

$1/� ����� ¦3DUWQHUV LQ ,QQRYDWLRQ� 5HF\FOLQJ

$OXPLQXP 6DOW &DNH�§

$XQH� )UDQN HW DO� ����� ¦7KHUPDO (IIHFWV RI

$QRGH &KDQJLQJ LQ 3UHEDNH 5HGXFWLRQ

&HOOV�§ /LJKW 0HWDOV �����

%HOLWVNXV� 'DYLG� ����� ¦%HQFK 6FDOH 7HVWV RQ

5HXVH RI 6SHQW 3RWOLQLQJ LQ &DWKRGHV�§

/LJKW 0HWDOV �����

%RGG\� &KDUOHV� ����� ¦5ROOLQJ 0LOO (PLVVLRQV

&RQWURO $EVRUSWLRQ 6\VWHPV�§ SUHVHQWHG

DW WKH �WK ,QWHUQDWLRQDO $OXPLQXP 6KHHW

	 3ODWH &RQIHUHQFH�

%RUQ� $OOHQ� ����� ¦7KH *OREDO $OXPLQXP

,QGXVWU\� 3ROLF\ DQG 0DUNHW ,VVXHV�§

-20�

%URQG\NH DQG 0F&RUPLFN� ����� ¦&KDSWHU ��

0HOWLQJ� 5HPHOWLQJ� 'HJDVVLQJ� )OX[LQJ

DQG +DQGOLQJ�§ IURP $OXPLQXP � 9RO�

,,,� )DEULFDWLRQ DQG )LQLVKLQJ� SXEOLVKHG

E\ $60�

'H6DUR� 5� ����� ¦,QQRYDWLYH (TXLSPHQW WR

'HFRDW 6FUDS $OXPLQXP�§ SUHVHQWHG DW

3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\�

'2&� ����� 3ROOXWLRQ $EDWHPHQW &RVWV DQG

([SHQGLWXUHV� �����§

'2&� ����� ¦3ROOXWLRQ $EDWHPHQW &RVWV DQG

([SHQGLWXUHV� �����§

(PDG� )DZ]L HW DO� ����� ¦,Q�/LQH ,QVSHFWLRQ RI

&DUERQ $QRGHV IRU 8VH LQ $OXPLQXP

3URGXFWLRQ�§ /LJKW 0HWDOV �����

(3$� ����� 3ULPDU\ $OXPLQXP ,QGXVWU\�

7HFKQLFDO 6XSSRUW 'RFXPHQW IRU

3URSRVHG 0$&7 6WDQGDUGV�

(3$� ����D� %DVLV DQG 3XUSRVH 'RFXPHQW IRU

WKH 'HYHORSPHQW RI 3URSRVHG 6WDQGDUGV

IRU WKH 3ULPDU\ $OXPLQXP ,QGXVWU\�

(3$� ����E� 5HJXODWRU\ ,PSDFW $QDO\VLV RI WKH

3KDVH ,,, /DQG 'LVSRVDO 5HVWULFWLRQ

)LQDO 5XOH�
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(3$� ����F� 8�6� (QYLURQPHQWDO 3URWHFWLRQ

$JHQF\� ¦6HFRQGDU\ $OXPLQXP

1(6+$3 � ,QGXVWU\ 6XPPDU\ DQG

0$&7 $SSURDFK %ULHILQJ�§

(3$� ����� 3URILOH RI WKH 1RQIHUURXV 0HWDOV

,QGXVWU\� (3$ ����5��������

(3$� ����D� &RPSLODWLRQ RI $LU 3ROOXWDQW

(PLVVLRQ )DFWRUV� 9RO� ,� 6WDWLRQDU\

3RLQW DQG $UHD 6RXUFHV� $3����

(3$� ����� 7KH 6HFRQGDU\ $OXPLQXP ,QGXVWU\�

GUDIW FKDSWHU�

(3$� ����� ¦5HSRUW WR &RQJUHVV RQ 6SHFLDO

:DVWHV IURP 0LQHUDO 3URFHVVLQJ �

6XPPDU\ DQG )LQGLQJV�§

(YDQV� -�:� ����� ¦(OHFWULFLW\ LQ WKH

3URGXFWLRQ RI 0HWDOV� )URP $OXPLQXP WR

=LQF�§0HWDOOXUJLFDO DQG 0DWHULDOV

7UDQVDFWLRQV�

)HOOLQJ� *UHJ DQG 3DXO :HEE� ����� ¦5H\QROGV

&ORVHV WKH /RRS WR 6ROYH 63/

(QYLURQPHQWDO &KDOOHQJH�§ /LJKW 0HWDO

$JH� $XJXVW �����

)RUEHUJ� +HOJH� ����� ¦8QWDSSHG 2SSRUWXQLWLHV

IRU ,PSURYLQJ 3HUIRUPDQFH DQG

,QFUHDVLQJ 6PHOWHU 3URGXFWLRQ�§ /LJKW

0HWDOV �����

)RUUHVW DQG 6]HNHO\� ����� ¦*OREDO :DUPLQJ

DQG WKH 3ULPDU\ 0HWDOV ,QGXVWU\�§ -20�

*LEEV� 0LFKDHO DQG &LQG\ -DFREV� �����

¦5HGXFLQJ 3)& (PLVVLRQV IURP 3ULPDU\

$OXPLQXP 3URGXFWLRQ LQ WKH 8QLWHG

6WDWHV�§ /LJKW 0HWDO $JH�

*UMRWKHLP� .DL HW DO� ����� ¦.H\ ,PSURYHPHQWV

WR +DOO�+HURXOW 6LQFH WKH HQG RI :RUOG

:DU ,,�§ -20�

+DXSLQ� :DUUHQ (� ����� ¦3ULQFLSOHV RI

$OXPLQXP (OHFWURO\VLV�§ /LJKW 0HWDOV

���

+DXSLQ� :DUUHQ DQG +DOYRU .YDQGH� �����

¦0DWKHPDWLFDO 0RGHO RI )OXRULGH

(YROXWLRQ IURP +DOO�+HURXOW &HOOV�§

/LJKW 0HWDOV �����

+XJOHQ DQG .YDQGH� ����� ¦*OREDO

&RQVLGHUDWLRQV RI $OXPLQXP (OHFWURO\VLV

RQ (QHUJ\ DQG WKH (QYLURQPHQW�§ /LJKW

0HWDOV �����

+XQW HW DO� ����� ¦5HVRXUFH DQG (QYLURQPHQWDO

3URILOH $QDO\VLV� $ /LIH &\FOH

(QYLURQPHQWDO $VVHVVPHQW IRU 3URGXFWV

DQG 3URFHGXUHV�§ (OVHYLHU 6FLHQFH

3XEOLVKLQJ &RPSDQ\�

-DFNVRQ� 0HU\O� HW DO� ����� ¦(PLVVLRQ 7HVWLQJ

IRU $LU 7R[LFV DQG 2WKHU $LU

&RQWDPLQDQWV�§ SUHVHQWHG DW WKH �WK

,QWHUQDWLRQDO $OXPLQXP 6KHHW 	 3ODWH

&RQIHUHQFH�

.HOOHU� )HOL[� ����� ¦:DVWH 0DWHULDOV LQ $QRGH

0DQXIDFWXULQJ� $Q 2YHUYLHZ�§ /LJKW

0HWDOV �����

.RKOUDXVFK� $UQW� ����� ¦:RUOGZLGH

([SHULHQFH ZLWK $LUSXUH 3ROOXWLRQ

&RQWURO DQG 2LO 5HF\FOLQJ�§ SUHVHQWHG DW

WKH �WK ,QWHUQDWLRQDO $OXPLQXP 6KHHW 	

3ODWH &RQIHUHQFH�

/DEDUUH� 0LFKHO� ¦���� (QYLURQPHQWDO 6XUYH\

IRU (OHFWURO\VLV 3ODQWV�§ SUHVHQWHG DW

3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\� 1RYHPEHU �����

0DOLWR� -RKQ� ����� ¦,PSURYLQJ WKH 2SHUDWLRQ

RI 5HG 0XG 3UHVVXUH )LOWHUV�§ /LJKW

0HWDOV �����

0F0DKRQ� -RKQ�� ����� ¦'URVV &RROLQJ DQG

(QHUJ\ 6DYLQJV�§ SUHVHQWHG DW WKH

$OXPLQXP ,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ

:RUNVKRS ;,�

1HII DQG &RFKUDQ� ����� ¦&KORULQDWLRQ

7HFKQRORJ\ LQ $OXPLQXP 5HF\FOLQJ�§

/LJKW 0HWDOV �����



107

2DN 5LGJH $VVRFLDWHG 8QLYHUVLWLHV� �����

,QGXVWULDO (QHUJ\ 8VH 'DWD %RRN�

SUHSDUHG IRU WKH 8�6� 'HSDUWPHQW RI

(QHUJ\�

2HEHUJ� 1�� DQG (� 6WHLQOHFKQHU� ����� ¦5HG

0XG DQG 6DQGV +DQGOLQJ � 1HZ

7KRXJKWV RQ DQ 2OG 3UREOHP�§ /LJKW

0HWDOV �����

3DZOHN� 5� ����� ¦5HFHQW 'HYHORSPHQWV LQ WKH

7UHDWPHQW RI 6SHQW 3RWOLQLQJ�§ -20�

3HUU\PDQ� 5LFKDUG DQG :LOOLDP )UDQN� �����

¦&XUUHQW 3UDFWLFH IRU 5ROOLQJ 0LOO

+RRGLQJ� (QFORVXUH DQG 0LVW

&ROOHFWLRQ�§ SUHVHQWHG DW WKH �WK

,QWHUQDWLRQDO $OXPLQXP 6KHHW 	 3ODWH

&RQIHUHQFH�

3HWHUVRQ� 5D\� ����� ¦,VVXHV LQ WKH 0HOWLQJ DQG

5HFODPDWLRQ RI $OXPLQXP 6FUDS�§ -20�

3LJD� /� HW DO� ����� ¦5HFRYHULQJ 0HWDOV IURP

5HG 0XG *HQHUDWHG GXULQJ $OXPLQD

3URGXFWLRQ�§ -20�

5LFKDUGV� 1RODQ� ����� 3HUVRQDO

FRPPXQLFDWLRQ�

5LFKDUGV� 1RODQ� ����� ¦6WUDWHJLHV IRU

'HFUHDVLQJ WKH 8QLW (QHUJ\ DQG

(QYLURQPHQWDO ,PSDFW RI +DOO +HURXOW

&HOOV�§ /LJKW 0HWDOV �����

5REHUWV� 5LFKDUG� ����� ¦,Q�3ODQW 3URFHVVLQJ RI

$OXPLQXP 0HOWLQJ )XUQDFH 'URVV�§

SUHVHQWHG DW WKH $OXPLQXP ,QGXVWU\

(QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,�

5RR\� (OZLQ� ����� ¦$OXPLQXP 'URVV �

/LDELOLW\ LQWR 2SSRUWXQLW\�§ /LJKW 0HWDO

$JH�

6DGOHU DQG 6DOLVEXU\� ����� ¦,PSDFW RI 5HF\FOHG

$QRGH :DVWH 0DWHULDOV RQ $QRGH

4XDOLW\�§ /LJKW 0HWDOV �����

6HKQNH� (UURO� ����� ¦:RUOG %DX[LWH DQG

$OXPLQD 3URGXFWLRQ &DSDFLW\ ,Q WKH 0LG�

����
V�§ /LJKW 0HWDOV �����

6KHWK� $�� HW DO� ����� ¦5HF\FOLQJ RI 6DOW &DNH

DQG %ODFN 'URVV 0DWHULDO�§ SUHVHQWHG DW

3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\�

7DEHUHDX[� $� HW DO� ����� ¦/LWKLXP�0RGLILHG

/RZ 5DWLR (OHFWURO\WH &KHPLVWU\ IRU

,PSURYHG 3HUIRUPDQFH LQ 0RGHUQ

5HGXFWLRQ &HOOV�§ /LJKW 0HWDOV �����

7D\ORU� &DWK\� ����� 3HUVRQDO FRPPXQLFDWLRQ�

7HLVVLHU�GX&URV� $QGUH� ����� ¦1HZ

WHFKQRORJ\ WR WKH UHVFXH IRU DOXPLQXP�§

&KHPWHFK�

,7&� ����� ,QGXVWU\ 	 7UDGH 6XPPDU\ �

$OXPLQXP� 86,7& 3XEOLFDWLRQ �����

:HFKVOHU� 7KRPDV DQG *UHJRU\ *LWPDQ� �����

¦8VH RI WKH 3\UHWURQ 9DULDEOH 5DWLR

$LU�2[\JHQ�)XHO %XUQHU 6\VWHP IRU

$OXPLQXP 0HOWLQJ�§ SUHVHQWHG DW WKH

$OXPLQXP ,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ

:RUNVKRS ;,�

:HOFK HW DO� ����� ¦$ 0RGHO IRU 3HWUROHXP

&RNH 5HDFWLYLW\�§ /LJKW 0HWDOV �����

<DPDGD� .RLFKL� ����� ¦3RVVLELOLW\ RI 5HGXFLQJ

&2� (PLVVLRQV IURP $OXPLQD DQG

$OXPLQXP ,QGXVWULHV�§ /LJKW 0HWDOV

�����

<RVKLNL�*UDYHOVLQV� .� HW DO� ����� ¦0HWDOV

3URGXFWLRQ� (QHUJ\� DQG WKH

(QYLURQPHQW� 3DUWV , DQG ,,�§ -20�
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+HQGHUVRQ� 5� HW DO�� ¦$ 1HZ (OHFWURPDJQHWLF

&LUFXODWLRQ 3XPS IRU $OXPLQXP

5HYHUEHUDWRU\ )XUQDFHV�§ /LJKW 0HWDOV

�����

+ROODQGHUV� 0� DQG (� %RRP� ¦&DOFLQDWLRQ RI

6RGLXP 2[DODWH�%DX[LWH 0L[WXUHV�§

/LJKW 0HWDOV �����

+XJOHQ� 5HLGDU DQG +DOYRU .YDQGH� ¦*OREDO

&RQVLGHUDWLRQV RI $OXPLQXP (OHFWURO\VLV

RQ (QHUJ\ DQG WKH (QYLURQPHQW�§ /LJKW

0HWDOV �����

+XQW� 5REHUW *�� HW DO�� ¦5HVRXUFH DQG

(QYLURQPHQWDO 3URILOH $QDO\VLV� $ /LIH

&\FOH (QYLURQPHQWDO $VVHVVPHQW IRU

3URGXFWV DQG 3URFHGXUHV�§ (OVHYLHU

6FLHQFH 3XEOLVKLQJ &RPSDQ\� �����

-DFNVRQ� 0HU\O� HW DO�� ¦(PLVVLRQ 7HVWLQJ IRU $LU

7R[LFV DQG 2WKHU $LU &RQWDPLQDQWV�§

SUHVHQWHG DW WKH �WK ,QWHUQDWLRQDO

$OXPLQXP 6KHHW 	 3ODWH &RQIHUHQFH�

-XQH �����

.HOOHU� )HOL[� ¦:DVWH 0DWHULDOV LQ $QRGH

0DQXIDFWXULQJ� $Q 2YHUYLHZ�§ /LJKW

0HWDOV �����

.QXWVVRQ� /DJH DQG *RVWD 6MREHUJ� ¦$OXPLQXP

%HYHUDJH &DQ 5HF\FOLQJ LQ 6ZHGHQ�§

$60 ,QWHUQDWLRQDO� 0D\ �����

.RKOUDXVFK� $UQW� ¦:RUOGZLGH ([SHULHQFH ZLWK

$LUSXUH 3ROOXWLRQ &RQWURO DQG 2LO

5HF\FOLQJ�§ SUHVHQWHG DW WKH �WK

,QWHUQDWLRQDO $OXPLQXP 6KHHW 	 3ODWH

&RQIHUHQFH� -XQH �����

.YDQGH� +DOYRU� ¦5HWURILWWLQJ 2OGHU $OXPLQXP

5HGXFWLRQ &HOOV /LQHV � $ :D\ WR ([WHQG

3URGXFWLYH /LIH�§ -20� )HEUXDU\ �����

/DEDUUH� 0LFKHO� ¦���� (QYLURQPHQWDO 6XUYH\

IRU (OHFWURO\VLV 3ODQWV�§ SUHVHQWHG DW

3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\� 1RYHPEHU �����

0DOLWR� -RKQ� ¦,PSURYLQJ WKH 2SHUDWLRQ RI 5HG

0XG 3UHVVXUH )LOWHUV�§ /LJKW 0HWDOV

�����

0F+HQU\� (� $QG :� 6DYHU� ¦/DERUDWRU\ 3LWFKHV

3$+ DQG 320 6WXG\�§ /LJKW 0HWDOV

�����

0F0DKRQ� -RKQ� ¦'URVV &RROLQJ DQG (QHUJ\

6DYLQJV�§ SUHVHQWHG DW WKH $OXPLQXP

,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ :RUNVKRS

;,� 1RYHPEHU �����

0LKHOLFK� -RKQ� ¦&DVWLQJ RI $OXPLQXP

,QJRWV�%ORFN IRU 6KHHW DQG 3ODWH

5ROOLQJ�§ GUDIW� 'HFHPEHU �����

1HII� 'DYLG DQG %ULDQ &RFKUDQ� ¦&KORULQDWLRQ

7HFKQRORJ\ LQ $OXPLQXP 5HF\FOLQJ�§

/LJKW 0HWDOV �����
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2DN 5LGJH $VVRFLDWHG 8QLYHUVLWLHV� ,QGXVWULDO

(QHUJ\ 8VH 'DWD %RRN� SUHSDUHG IRU WKH

8�6� 'HSDUWPHQW RI (QHUJ\� *DUODQG

6730 3UHVV� �����

2HEHUJ� 1�� DQG (� 6WHLQOHFKQHU� ¦5HG 0XG DQG

6DQGV +DQGOLQJ � 1HZ 7KRXJKWV RQ DQ

2OG 3UREOHP�§ /LJKW 0HWDOV �����

2\H� +DUDOG� ¦&DUERQ &DWKRGH 0DWHULDOV�

$SSURYDO DQG 4XDOLW\ &RQWURO

3URFHGXUHV�§ -20� )HEUXDU\ �����

3DZOHN� 5�� ¦5HFHQW 'HYHORSPHQWV LQ WKH

7UHDWPHQW RI 6SHQW 3RWOLQLQJ�§ -20�

1RYHPEHU �����

3HUU\� 2� +DUU\� ¦'HODFTXHULQJ 3ODQW�§ SUHVHQWHG

DW WKH $OXPLQXP ,QGXVWU\ (QHUJ\

&RQVHUYDWLRQ :RUNVKRS ;,� 1RYHPEHU

�����

3HUU\PDQ� 5LFKDUG DQG :LOOLDP )UDQN� ¦&XUUHQW

3UDFWLFH IRU 5ROOLQJ 0LOO +RRGLQJ�

(QFORVXUH DQG 0LVW &ROOHFWLRQ�§

SUHVHQWHG DW WKH �WK ,QWHUQDWLRQDO

$OXPLQXP 6KHHW 	 3ODWH &RQIHUHQFH�

-XQH �����

3HWHUVRQ� 5D\� ¦,VVXHV LQ WKH 0HOWLQJ DQG

5HFODPDWLRQ RI $OXPLQXP 6FUDS�§ -20�

)HEUXDU\ �����

3LJD� /� HW DO�� ¦5HFRYHULQJ 0HWDOV IURP 5HG 0XG

*HQHUDWHG GXULQJ $OXPLQD 3URGXFWLRQ�§

-20� 1RYHPEHU �����

¦3ULPDU\ $OXPLQXP 6PHOWHUV RI WKH :RUOG�§

/LJKW 0HWDO $JH� )HEUXDU\ �����

5LFKDUGV� 1RODQ� SHUVRQDO FRPPXQLFDWLRQ� �����

5LFKDUGV� 1RODQ� ¦6WUDWHJLHV IRU 'HFUHDVLQJ WKH

8QLW (QHUJ\ DQG (QYLURQPHQWDO ,PSDFW

RI +DOO +HURXOW &HOOV�§ /LJKW 0HWDOV

�����

5RDFK� *� $QG &� &DUGLOH� ¦=HROLWH 3URGXFWLRQ

IURP '63 LQ 5HG 0XG )HHGVWRFN�§ /LJKW

0HWDOV �����

5REHUWV� 5LFKDUG� ¦,Q�3ODQW 3URFHVVLQJ RI

$OXPLQXP 0HOWLQJ )XUQDFH 'URVV�§

SUHVHQWHG DW WKH $OXPLQXP ,QGXVWU\

(QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,�

1RYHPEHU �����

5RR\� (OZLQ� ¦$OXPLQXP 'URVV � /LDELOLW\ LQWR

2SSRUWXQLW\�§ /LJKW 0HWDO $JH� -XQH

�����

6DGOHU� %� $QG &� 6DOLVEXU\� ¦,PSDFW RI 5HF\FOHG

$QRGH :DVWH 0DWHULDOV RQ $QRGH

4XDOLW\�§ /LJKW 0HWDOV �����

6HKQNH� (UURO '�� ¦:RUOG %DX[LWH DQG $OXPLQD

3URGXFWLRQ &DSDFLW\ ,Q WKH 0LG�����
V�§

/LJKW 0HWDOV �����

6KHWK� $�� HW DO�� ¦5HF\FOLQJ RI 6DOW &DNH DQG

%ODFN 'URVV 0DWHULDO�§ SUHVHQWHG DW

3ROOXWLRQ 3UHYHQWLRQ LQ WKH $OXPLQXP

,QGXVWU\� 1RYHPEHU �����

6KHWK� $� HW DO�� ¦5HF\FOLQJ 6DOW�&DNH 6ODJ 8VLQJ

D 5HVLQ�%DVHG 2SWLRQ�§ -20� $XJXVW

�����

6WULHWHU� 7KH $OXPLQXP $VVRFLDWLRQ� SHUVRQDO

FRPPXQLFDWLRQ� �����

7DEHUHDX[� $� HW DO�� ¦/LWKLXP�0RGLILHG /RZ

5DWLR (OHFWURO\WH &KHPLVWU\ IRU ,PSURYHG

3HUIRUPDQFH LQ 0RGHUQ 5HGXFWLRQ

&HOOV�§ /LJKW 0HWDOV �����

7D\ORU� &DWK\� 5H\QROGV 0HWDOV &RPSDQ\�

SHUVRQDO FRPPXQLFDWLRQ� �����

7HLVVLHU�GX&URV� $QGUH� ¦1HZ WHFKQRORJ\ WR WKH

UHVFXH IRU DOXPLQXP�§ &KHPWHFK� -XQH

�����

8QJHU� 5REHUW� ¦0HWDO %XOOHWLQ©V ��WK

,QWHUQDWLRQDO $OXPLQXP &RQIHUHQFH�§

/LJKW 0HWDO $JH� -XQH �����

8QJHU� 5REHUW� ¦0HWDOV :HHN $OXPLQXP

6\PSRVLXP�§ /LJKW 0HWDO $JH� 2FWREHU

�����
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8�6� 'HSDUWPHQW RI &RPPHUFH� ¦3ROOXWLRQ

$EDWHPHQW &RVWV DQG ([SHQGLWXUHV�

�����§ 0D\ �����

8�6� 'HSDUWPHQW RI &RPPHUFH� ¦3ROOXWLRQ

$EDWHPHQW &RVWV DQG ([SHQGLWXUHV�

�����§ �����

8�6� 'HSDUWPHQW RI (QHUJ\� (QHUJ\ ,QIRUPDWLRQ

$GPLQLVWUDWLRQ� (PLVVLRQV RI *UHHQKRXVH

*DVHV LQ WKH 8QLWHG 6WDWHV� ���� � �����

'2(�(,$������ 1RYHPEHU �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 3ULPDU\

$OXPLQXP ,QGXVWU\� 7HFKQLFDO 6XSSRUW

'RFXPHQW IRU 3URSRVHG 0$&7

6WDQGDUGV� -XO\ �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� %DVLV

DQG 3XUSRVH 'RFXPHQW IRU WKH

'HYHORSPHQW RI 3URSRVHG 6WDQGDUGV IRU

WKH 3ULPDU\ $OXPLQXP ,QGXVWU\� -XO\

�����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�

¦6HFRQGDU\ $OXPLQXP 1(6+$3 �

,QGXVWU\ 6XPPDU\ DQG 0$&7 $SSURDFK

%ULHILQJ�§ �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�

5HJXODWRU\ ,PSDFW $QDO\VLV RI WKH 3KDVH

,,, /DQG 'LVSRVDO 5HVWULFWLRQ )LQDO 5XOH�

)HEUXDU\ �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 3URILOH RI

WKH 1RQIHUURXV 0HWDOV ,QGXVWU\� (3$

����5�������� 6HSWHPEHU �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�

&RPSLODWLRQ RI $LU 3ROOXWDQW (PLVVLRQ

)DFWRUV� 9RO� ,� 6WDWLRQDU\ 3RLQW DQG

$UHD 6RXUFHV� $3���� -DQXDU\ �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 7KH

6HFRQGDU\ $OXPLQXP ,QGXVWU\� GUDIW

FKDSWHU� �����

8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� ¦5HSRUW

WR &RQJUHVV RQ 6SHFLDO :DVWHV IURP

0LQHUDO 3URFHVVLQJ � 6XPPDU\ DQG

)LQGLQJV 0HWKRGV DQG $QDO\VHV

$SSHQGLFHV�§ -XO\ �����

8�6� ,QWHUQDWLRQDO 7UDGH &RPPLVVLRQ� ,QGXVWU\ 	

7UDGH 6XPPDU\ � $OXPLQXP� 86,7&

3XEOLFDWLRQ ����� $SULO �����

9DQ /LQGHQ� -DQ� ¦$XWRPRWLYH $OXPLQXP

5HF\FOLQJ &KDQJHV $KHDG�§ /LJKW 0HWDOV

�����

:HFKVOHU� 7KRPDV DQG *UHJRU\ *LWPDQ� ¦8VH RI

WKH 3\UHWURQ 9DULDEOH 5DWLR

$LU�2[\JHQ�)XHO %XUQHU 6\VWHP IRU

$OXPLQXP 0HOWLQJ�§ SUHVHQWHG DW WKH

$OXPLQXP ,QGXVWU\ (QHUJ\ &RQVHUYDWLRQ

:RUNVKRS ;,� 1RYHPEHU �����

:HOFK� %DUU\ -�� +XPH� 6� HW DO�� ¦$ 0RGHO IRU

3HWUROHXP &RNH 5HDFWLYLW\�§ /LJKW

0HWDOV �����

:KLSSOH� 'RQDOG� ¦(IIHFW RI /RZ 12[ %XUQHU

0RGLILFDWLRQ RQ 0HOWHU 3HUIRUPDQFH�§

SUHVHQWHG DW WKH $OXPLQXP ,QGXVWU\

(QHUJ\ &RQVHUYDWLRQ :RUNVKRS ;,�

1RYHPEHU �����

<DPDGD� .RLFKL� ¦3RVVLELOLW\ RI 5HGXFLQJ &2�

(PLVVLRQV IURP $OXPLQD DQG $OXPLQXP

,QGXVWULHV�§ /LJKW 0HWDOV �����

<H� -LDQ HW DO�� ¦(IIHFW RI ,PSXULWLHV LQ ,QGXVWULDO

6DOWV RQ $OXPLQXP 6FUDS 0HOWLQJ�§ /LJKW

0HWDOV �����

<RVKLNL�*UDYHOVLQV� .� HW DO�� ¦0HWDOV 3URGXFWLRQ�

(QHUJ\� DQG WKH (QYLURQPHQW� 3DUWV , DQG

,,�§ -20� 0D\ DQG $XJXVW �����

=KX[LDQ� 4� HW DO�� ¦/DERUDWRU\�6FDOH 5HILQLQJ RI

$OXPLQXP E\ WKH 7KUHH�/D\HU 3URFHVV�§

/LJKW 0HWDOV �����

=LFN� (� HW DO�� ¦7KH :HWODQGV �� 5HF\FOLQJ

1DWXUH©V :D\�§ SUHVHQWHG DW 3ROOXWLRQ

3UHYHQWLRQ LQ WKH $OXPLQXP ,QGXVWU\�

1RYHPEHU �����
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