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1.0  Exploration  Exploration of 2050 Net Zero Pathways for the Korean Steel Industry
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Exploration of 2050 Net Zero Pathways
for the Korean Steel Industry 
Through Customized GCAM Modeling
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6HFRQG��D�GHFDUERQL]DWLRQ�SDWKZD\�IRU�WKH�VWHHO�LQGXVWU\�WKDW�ZLOO�KHOS�WKH�DFKLHYHPHQW�RI�WKH������

QDWLRQDO�FDUERQ�QHXWUDOLW\�WDUJHWV�VKRXOG�LQYROYH�WKH�DFFHOHUDWHG�LQWURGXFWLRQ�RI�K\GURJHQ�EDVHG�

HOHFWULF�DUF�IXUQDFHV�ZLWK�GLUHFW�UHGXFHG�LURQ��'5,�($)�+���DQG�'5,�($)�ZLWK�FDUERQ�FDSWXUH�DQG�

VWRUDJH�WHFKQRORJLHV��'5,�($)�&&6���WKHUHE\�DFFHOHUDWLQJ�WKH�VKLIW�DZD\�IURP�EODVW�IXUQDFHV�WKDW�

#!../4�#!0452%�!.$�34/2%�#!2"/.���$$)4)/.!,,8��4(%�.5-"%2�/&�%,%#42)#�!2#�&52.!#%3�6)4(�3#2!0�34%%,�

�($)�VFUDS��VKRXOG�DOVR�EH�HQODUJHG�FRQVLGHUDEO\�

7KLUG��ZKLOH�D�GHFUHDVH�LQ�VWHHO�SURGXFWLRQ�HQDEOHG�E\�KLJKHU�HFLHQF\�LQ�VWHHO�FRQVXPSWLRQ�ZLOO�QRW�

"8�)43%,&�$/�-5#(�4/�2%$5#%�����%-)33)/.3�&2/-�4(%�).$53428��)4�6),,�!4�,%!34�,%!$�4/�$%#2%!3%3�).�0/6%2�

JHQHUDWLRQ�DQG�K\GURJHQ�SURGXFWLRQ��7KLV�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�FRQVLGHULQJ�ZD\V�WR�LPSURYH�

VWHHO�FRQVXPSWLRQ�HFLHQF\�LQ�SODQQLQJ�LQYHVWPHQWV�IRU�WKH�SRZHU�DQG�K\GURJHQ�SURGXFWLRQ�VHFWRUV�

WR�DFKLHYH�FDUERQ�QHXWUDOLW\�

Executive Summary

1HW�]HUR�LV�XQDWWDLQDEOH�ZLWKRXW�WKH�GHFDUERQL]DWLRQ�RI�FDUERQ��DQG�HQHUJ\�LQWHQVLYH�LQGXVWULHV��

ZKLFK�HPLW�YDVW�YROXPHV�RI�JUHHQKRXVH�JDVHV��*+*V���,Q�.RUHD��WKH�LQGXVWULDO�VHFWRU��ZKLFK�UHPDLQV�

H[WUHPHO\�HQHUJ\�LQWHQVLYH�� LV� ODUJHO\�UHVSRQVLEOH�IRU�WKH�FRXQWU\ȆV�*+*�HPLVVLRQV�� ,Q�������IRU�

).34!.#%�� )43�%-)33)/.3�6%2%�-!4#(%$�/.,8�"8�4(/3%�/&� 4(%�%.%2'8�3500,8�3%#4/2���&� 4(%�-!.8�

).$5342)%3��34%%,�� ).�0!24)#5,!2��2%15)2%3�2!0)$�$%#!2"/.)9!4)/.���(%�34%%,� ).$53428�6!3�4(%�,!2'%34�

HPLWWHU�RI�*+*V�LQ�������DFFRXQWLQJ�IRU����SHUFHQW�RI�DOO�LQGXVWULDO�*+*�HPLVVLRQV�DQG������SHUFHQW�RI�

4(%�#/5.428<3�4/4!,�����%-)33)/.3�

7KH�6RXWK�.RUHDQ�JRYHUQPHQWȆV�UHFHQW������FDUERQ�QHXWUDOLW\�GHFODUDWLRQ�ZDV�IROORZHG�E\�DQ�

DQQRXQFHPHQW�RI�LWV�HQKDQFHG�QDWLRQDOO\�GHWHUPLQHG�FRQWULEXWLRQ��1'&��DQG�VHYHUDO�GHFDUERQL]DWLRQ�

VFHQDULRV��SUHFLSLWDWLQJ�GLVFXVVLRQV�RQ�KRZ�WR�FXUWDLO�*+*�HPLVVLRQV�IURP�WKH�VWHHO�LQGXVWU\�WR�GHOLYHU�

WKH�FRXQWU\ȆV������DQG������*+*�UHGXFWLRQ�WDUJHWV��*UDSSOLQJ�ZLWK�WKH�LVVXH��DFDGHPLD��LQGXVWU\��DQG�

FLYLF�JURXSV�KDYH�SXW�IRUZDUG�SROLF\�LGHDV�DQG�WHFKQRORJ\�GHYHORSPHQW�SODQV�IRU�LQGLYLGXDO�VXEVHFWRUV�

RI�WKH�VWHHO�LQGXVWU\��3ULRU�WR�WKLV�UHSRUW��QR�VWXGLHV�KDG�FRQGXFWHG�D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�

VWHHO�GHFDUERQL]DWLRQ�VFHQDULRV�EDVHG�RQ�DQ�LQWHJUDWHG�DVVHVVPHQW�PRGHO��,$0��FRPSUHKHQVLYHO\�

OLQNLQJ�DOO�RI�WKH�FRXQWU\ȆV�HFRQRPLF�DFWLYLWLHV�DQG�*+*�HPLVVLRQV��

7KLV�VWXG\�DSSOLHG�*&$0�.$,67������D�FXVWRPL]HG�YHUVLRQ�RI�*&$0�.$,67�����FUHDWHG�VSHFLFDOO\�IRU�

WKH�.RUHDQ�VWHHO�LQGXVWU\��WR�GHYHORS�LQWHUQDOO\�FRQVLVWHQW�*+*�HPLVVLRQ�VFHQDULRV�IRU�WKH�LQGXVWU\�

�*&$0�.$,67�EHLQJ�WKH�UVW�HYHU�LQWHJUDWHG�DQDO\VLV�PRGHO�IRU�6RXWK�.RUHD���7KLV�VWXG\�HYDOXDWHV�WKH�

#(!.'%3�4(!4�4(%�����)-0/3%3�/.�4(%�34%%,�).$53428�!.$�35''%343�4(%�&/,,/6).'�)-0,)#!4)/.3��

)LUVW��6RXWK�.RUHDȆV�DFKLHYHPHQW�RI�LWV������FDUERQ�QHXWUDOLW\�WDUJHWV�ZLOO�QRW�DXWRPDWLFDOO\�PHDQ�

4(!4�4(%�34%%,�).$53428�6),,�!,3/�2%!#(�.%4�9%2/�"8�4(!4�8%!2��3).#%�4(%�).$53428�6),,�34),,�"%�#/.35-).'�

HQHUJ\�IURP�FRDO�DQG�JDV��GLUHFWO\�JLYLQJ�RΊ�HPLVVLRQV��,PSURYHPHQWV�VKRXOG�EH�PDGH�VR�WKDW�WKRVH�

GLUHFW�HPLVVLRQV�IURP�WKH�LQGXVWU\�PD\�EH�VHW�RΊ�DV�PXFK�DV�UHTXLUHG�E\�FXWV�LQ�LQGLUHFW�HPLVVLRQV�

'%.%2!4%$�&/2�4(%�).$53428���,%#42)&)#!4)/.�/&�4(%�34%%,�).$53428�!.$�'2%!4%2�53%�/&�(8$2/'%.�!3�!.�

%.%2'8�3/52#%�6),,�0,!8�!�#25#)!,�2/,%�).�&!#),)4!4).'�4()3�$%#!2"/.)9!4)/.���()3�-%!.3�4(!4�.%4�9%2/�

FDQQRW�EH�UHDFKHG�ZLWKRXW�ORQJHU�WHUP�LQYHVWPHQWV�DLPHG�DW�LQFUHDVLQJ�UHQHZDEOH�HQHUJ\�SRZHU�

'%.%2!4)/.�!.$�'2%%.�(8$2/'%.�02/$5#4)/.�
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 1.1  ������	�&�$#���)(&�!�(+�
��!�&�(�$#��#���#��#�����
	

�(%��2!-%6/2+��#4�/.��!2"/.��%542!,)48�!.$��2%%.��2/64(��(%2%).!&4%2�4(%�=�2!-%6/2+��#4�/.�

&DUERQ�1HXWUDOLW\Ȋ��ZDV�HQDFWHG�LQ�6HSWHPEHU�������FORVH�WR�\HDU�DIWHU�WKH�6RXWK�.RUHDQ�3UHVLGHQWȆV�

2FWREHU������GHFODUDWLRQ�UHJDUGLQJ�WKH�FRXQWU\ȆV�DLP�WR�UHDFK�QHW�]HUR�E\������ ��%&%2%.#%�	��

*RYHUQPHQW�RI�WKH�5HSXEOLF�RI�.RUHD���������,Q�2FWREHU�������WKH������&DUERQ�1HXWUDOLW\�&RPPLVVLRQ�

�KHUHLQDIWHU�WKH�ȉ&DUERQ�1HXWUDOLW\�&RPPLVVLRQȊ��SURSRVHG�VHYHUDO�FDUERQ�QHXWUDOLW\�VFHQDULRV�

'XULQJ�WKH�VDPH�SHULRG�� WKH�JRYHUQPHQW�DOVR�DQQRXQFHG�DQ�HQKDQFHG�QDWLRQDOO\�GHWHUPLQHG�

FRQWULEXWLRQ��1'&�ȂQHW�HPLVVLRQV�RI�������PLOOLRQ�WRQV�E\�������ZKLFK�UHSUHVHQWV�D����SHUFHQW�

UHGXFWLRQ�IURP�WKH�WRWDO�������PLOOLRQ�WRQV�RI�*+*�HPLVVLRQV�LQ�������7KLV�DPELWLRXV�QHZ�1'&�ZDV�VHW�

).�#/.3)$%2!4)/.�/&�4(%�#!2"/.�.%542!,)48�3#%.!2)/3�!.$�4(%��2!-%6/2+��#4�/.��!2"/.��%542!,)48��!3�

6%,,�!3�).4%2.!4)/.!,�42%.$3�

7KH�HQKDQFHG�1'&�HQYLVLRQV�LQGXVWULDO�HPLVVLRQV�GHFOLQLQJ�WR�������PLOOLRQ�WRQV�E\������������SHUFHQW�

EHORZ�WKH������OHYHO�RI�������PLOOLRQ�WRQV��7KH�VWHHO�LQGXVWU\�LV�H[SHFWHG�WR�LQVWDOO�HOHFWULF�DUF�IXUQDFHV�

6(%.�%74%.$).'�%7)34).'�&!#),)4)%3�/2�"5),$).'�.%6�/.%3�!.$�4/�!##%,%2!4%�4(%�#/--%2#)!,)9!4)/.�/&�

QH[W�JHQHUDWLRQ�WHFKQRORJLHV��5HIHUHQFH����5HOHYDQW�PLQLVWULHV������D���5HIHUHQFH����0LQLVWU\�RI�7UDGH��

,QGXVWU\�DQG�(QHUJ\���������

 1.2 �����"�''�$#'��&$"��#�)'(&+��#���(��!���
���&������&���#���$*�($��!�'���"�''�$#'

7KH�LQGXVWULDO�VHFWRU�ZDV�UHVSRQVLEOH�IRU����SHUFHQW�RI�WKH�FRXQWU\ȆV�WRWDO�*+*�HPLVVLRQV�LQ������

H[FOXGLQJ� LWV� LQGLUHFW�HPLVVLRQV� �WKH�SHUFHQWDJH�ULVHV�WR�D�VWDJJHULQJ����SHUFHQW� LI� WKH� LQGLUHFW�

%-)33)/.3�!2%�).#,5$%$���25..).'�.%#+�!.$�.%#+�6)4(�4(%�%.%2'8�3%#4/2��/4(�&!#%�!.�52'%.4�#!,,�4/�

3,!3(�%-)33)/.3��5HIHUHQFH����0LQLVWU\�RI�(QYLURQPHQW�������� �

7KH�PDVVLYH� LQGXVWULDO�HPLVVLRQV�DUH� OLQNHG�WR� WKH�KHDY\�SUHVHQFH�RI�KLJKO\�HQHUJ\�LQWHQVLYH�

PDQXIDFWXULQJ�LQGXVWULHV�LQ�.RUHD��,Q�������VWHHO�JHQHUDWHG�������PLOOLRQ�WRQV�&2�%1�/&�����'!3%3��

IROORZHG�E\�SHWURFKHPLFDOV� ������PLOOLRQ�WRQV�&2�HT���FHPHQW� ������PLOOLRQ�WRQV�&2�%1���!.$�/),�

UHQLQJ�������PLOOLRQ�WRQV�&2�HT���7KHVH�IRXU�LQGXVWULHV�DFFRXQW�IRU�DERXW����SHUFHQW�RI�WRWDO�LQGXVWULDO�

%-)33)/.3���/4!",8��34%%,�!.$�-%4!,3��46/�).$5342)%3�./4/2)/53�&/2�()'(�����%-)33)/.3��2%02%3%.4�

'2%!4%2�%-)33)/.3�3(!2%�).�4(%��/2%!.�).$53428�4(!.�).�/4(%2�-!*/2�#/5.42)%3��5HIHUHQFH�����.,(7�

���������

$V�VKRZQ�LQ�)LJXUH����VWHHO�SURGXFWLRQ�SHU�FDSLWD�LV�PXFK�KLJKHU�LQ�6RXWK�.RUHD�WKDQ�HOVHZKHUH��

,Q�������WKH�FRXQWU\ȆV�VWHHO� LQGXVWU\�JHQHUDWHG�URXJKO\�����PLOOLRQ�WRQV�&2�%1�/&�����%-)33)/.3��

DFFRXQWLQJ�IRU����SHUFHQW�RI�DOO� LQGXVWULDO�HPLVVLRQV�DQG������SHUFHQW�RI�WKH�FRXQWU\ȆV�WRWDO�*+*�

%-)33)/.3��5HIHUHQFH����6ROXWLRQV�IRU�2XU�&OLPDWH���������

�$"/, ��������������.  '��,*�/�.$*)�� ,���+$.��$)���%*,��*/).,$ -�
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7KH�HQKDQFHG������1'&�DQG�WKH������FDUERQ�QHXWUDOLW\�VFHQDULRV��ERWK�DQQRXQFHG�LQ�2FWREHU�������

DVSLUH�WR�������PLOOLRQ�WRQV�&2�HT�RI�LQGXVWULDO�*+*�HPLVVLRQV�E\������DQG������PLOOLRQ�WRQV�&2�%1�

E\�������FRPSDUHG�WR�������PLOOLRQ�WRQV�&2�HT�LQ�������7KH�SULPDU\�PHDQV�WR�UHGXFH�*+*�HPLVVLRQV�

IURP�WKH�VWHHO�LQGXVWU\�LQFOXGH�K\GURJHQ�WHFKQRORJLHV��UDZ�PDWHULDO�UHF\FOLQJ��KLJKHU�HQHUJ\�HFLHQF\��

FDUERQ�GLR[LGH�FDSWXUH�DQG�VWRUDJH��ORZ�FDUERQ�IXHOV�DQG�UDZ�PDWHULDOV��DQG�FXWV�LQ�HPLVVLRQV�IURP�

).$5342)!,�02/#%33%3��5HIHUHQFH����(QHUJ\�7UDQVLWLRQ�.RUHD���������

1.0  Introduction  1.0  Introduction  
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�/54(��/2%!<3�.!4)/.!,�2/!$-!0�&/#53%3�/.�4(2%%�-!).�-%!.3�/&�$%#!2"/.)9).'�4(%�34%%,�3%#4/2
�

���� LQWURGXFLQJ�HOHFWULF�DUF�IXUQDFHV�ZKHQ�IDFLOLWLHV�DUH�H[SDQGHG�RU�QHZO\�EXLOW�ZKLOH�WXUILQJ�RXW�

DQWLTXDWHG�EODVW�IXUQDFHV������JUHDWHU�XVH�RI�HOHFWULF�DUF�IXUQDFHV�LQ�UHILQLQJ�VFUDS�VWHHO�IRU�FUXGH�

VWHHO�SURGXFWLRQ��DQG�����UHSODFLQJ�WKH�FDUERQ�EDVHG�EODVW�IXUQDFH�FRQYHUWHU�IXUQDFH�URXWH�E\�PHDQV�

RI�+'5,�WHFKQRORJLHV��)RU�WKH�FRXQWU\�WR�UHDFK�WKH������QHW�]HUR�WDUJHW��LW�LV�LPSRUWDQW�WR�HYDOXDWH�

WKH�HVVHQWLDO�FKDQJHV�IRU�WKH�VWHHO�VHFWRU��EHLQJ�ERWK�WKH�ODUJHVW�RYHUDOO�*+*�HPLWWHU�LQ�WKH�FRXQWU\�

DQG�ORFDO�LQGXVWU\��([SHUWV�KDYH�DOUHDG\�SURSRVHG�YDULRXV�WHFKQRORJ\�GHYHORSPHQW�SODQV�DQG�*+*�

UHGXFWLRQ�SROLFLHV�IRU�LQGLYLGXDO� LQGXVWULHV�WKDW�DUH�EHOLHYHG�WR�KHOS�SXVK�WKH�FRXQWU\�WRZDUG�WKH�

!44!).-%.4�/&�#!2"/.�.%542!,)48� �5HIHUHQFH����5HOHYDQW�PLQLVWULHV������D���5HIHUHQFH����5HOHYDQW�

PLQLVWULHV������E���5HIHUHQFH����0LQLVWU\�RI�7UDGH��,QGXVWU\�DQG�(QHUJ\�������� ���(%2%�)3�!,3/�,)4%2!452%�

WKDW�DQDO\]HV�WKH�FKDQJHV�WKDW�WKH�.RUHDQ�VWHHO�LQGXVWU\�QHHGV�WR�XQGHUJR�ZLWK�JOREDO�OHYHO�LQWHJUDWHG�

!.!,83)3�-/$%,3��5HIHUHQFH�����<X�6��HW�DO���������5HIHUHQFH����%DWDLOOH�HW�DO������������+RZHYHU��QR�UHSRUW�

(!3�"%%.�-!$%�/.�!�#/.3)34%.4�3#%.!2)/�!33%33-%.4�"8�!.�).4%'2!4%$�!33%33-%.4�-/$%,�4(!4�,).+3�!,,�

HFRQRPLF�DFWLYLWLHV��HQHUJ\�V\VWHPV�DQG�SROLFLHV��DQG�QDWLRQDO�*+*�HPLVVLRQV��7R�DGGUHVV�WKLV�JDS��WKH�

*&$0�.$,67�����LQWHJUDWHG�DQDO\VLV�PRGHO��GHYHORSHG�IRU�6RXWK�.RUHD��ZDV�FXVWRPL]HG�DQG�DSSOLHG�

WR�WKH�.RUHDQ�VWHHO�LQGXVWU\�DV�*&$0�.$,67������'UDZLQJ�XSRQ�WKH�PRGHOOLQJ�WRRO��WKLV�VWXG\�GHYHORSV�

4(2%%�����%-)33)/.�3#%.!2)/3�6)4(�).4%2.!,�#/.3)34%.#8��)$%.4)&)%3�6(!4�#(!.'%3�4(%�34%%,�).$53428�

QHHGV�WR�PDNH�IRU�WKH�QDWLRQDO�*+*�UHGXFWLRQ�WDUJHWV�WR�EH�GHOLYHUHG�DQG�PDNHV�VHYHUDO�SROLF\�

35''%34)/.3��3%%��00%.$)7�	����

 1.3 ��(&)�()&��$��(�����%$&(

%\�DVVHVVLQJ�VWHHO�LQGXVWU\�GHFDUERQL]DWLRQ�VFHQDULRV�WKDW�DUH�DOLJQHG�ZLWK�6RXWK�.RUHDȆV������FDUERQ�

.%542!,)48�4!2'%43��4()3�2%0/24�!)-3�4/�$%4%2-).%�4(%�#(!.'%3�4(%��/2%!.�34%%,�).$53428�3(/5,$�-!+%�).�

WKH�PLG�DQG�ORQJ�WHUP��7R�HQVXUH�LQWHUQDO�FRQVLVWHQF\�RI�WKH�*+*�VFHQDULRV�WKDW�LW�GHYHORSV��WKLV�VWXG\�

DSSOLHG�DQ�LQWHJUDWHG�DVVHVVPHQW�PRGHO��,$0���*&$0�.$,67������'HYHORSHG�EDVHG�RQ�WKH�*OREDO�

&KDQJH�$QDO\VLV�0RGHO��*&$0���ZKLFK�ZDV�XVHG�LQ�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��

DVVHVVPHQW�UHSRUWV��*&$0�.$,67�����UHΌHFWV�WKH�FRXQWU\ȆV�XQLTXH�HQHUJ\�V\VWHPV�DQG�SROLFLHV��

7KLV�UHSRUW�ILUVW�H[SODLQV�ZKDW�DVVXPSWLRQV�DUH�DSSOLHG�WR�GHYHORS�WKH�WKUHH�VFHQDULRV�XVHG�IRU�

DVVHVVPHQWȂ�VFHQDULR�&XU3RO��VFHQDULR�1=������DQG�VFHQDULR�1=����B(II��6HFRQG�� LW�IRUPXODWHV�

!�2%$5#4)/.�0!4(6!8�&/2�%!#(�/&�4(%�4(2%%�3#%.!2)/3�!.$�!33%33%3�4(%�"52$%.�/&�2%!#().'�.%4�9%2/�

&/2�%!#(�/&� 4(%�3%#4/23�#/.3)$%2%$���(%.�� 4(%�2%$5#4)/.3�!.$�%.%2'8�3834%-�42!.3)4)/.3�&/5.$�

WR�EH�UHTXLUHG�DUH�DQDO\]HG��7KH�DQDO\VLV�HYDOXDWHV�WKH�FKDQJHV�LQ�WKH�HQHUJ\�PL[�RI�WKH�HOHFWULF�

SRZHU�VHFWRU��ZKLFK�LV�FULWLFDO�WR�GHFDUERQL]DWLRQ��DQG�GLVFXVVHV�YLWDO�WUDQVLWLRQV�LQ�.RUHDQ�LQGXVWU\��

LQFOXGLQJ�LWV�VWHHO�VHFWRU��)LQDOO\��WKLV�UHSRUW�ZLOO�VXJJHVW�WKH�RYHUDOO�RULHQWDWLRQ�RI�WKH�VWHHO�LQGXVWU\ȆV�

WUDQVIRUPDWLRQ�DQG�SURYLGH�SROLF\�SURSRVDOV�EDVHG�RQ�WKH�VFHQDULR�DQDO\VLV�UHVXOWV��

1.0  Introduction  1.0  Introduction  
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2.0 Body

 2.1 ����#�&�$�
�'��#

�/-").).'�4%#(./,/')#!,�!.$�%#/./-)#�#/.3)$%2!4)/.3��4()3�345$8�02/*%#43�����%-)33)/.3�&2/-�

4(%��/2%!.�34%%,�).$53428�!.$�4(%2%"8�$%4%2-).%3�4(%�2%15)2%-%.43�&/2�)43�$%#!2"/.)9!4)/.�).�,).%�

ZLWK�WKH�QDWLRQDO�JRDO�RI�QHW�]HUR�FDUERQ�HPLVVLRQV�E\�������7R�WKDW�HQG��WKH�VWXG\�GHYHORSV�WZR�

VFHQDULRVȂ�GXEEHG�&XU3RO��ȅ&XUUHQW�3ROLF\Ȇ��DQG�1=������1HW�=HUR�����Ȇ�ȂDQG�WKHQ�FRQVWUXFWV�

DQRWKHU�VFHQDULRȂ1=����B(II� �ȅ1HW�=HUR������(IILFLHQF\Ȇ�ȂIRU�IXUWKHU�VHQVLWLYLW\�DQDO\VLV��7KH�

DVVXPSWLRQV�IRU�WKH�LQGLYLGXDO�VFHQDULRV�DUH�DV�IROORZV��

����(%�# 
��()3�3#%.!2)/�).#/20/2!4%3��/54(��/2%!<3�#522%.4�0/3)4)/.�).�34%%,-!+).'�4%#(./,/')%3��

$2!6).'�50/.�4(%�%.%2'8�!.$�#,)-!4%�0/,)#8� ).3425-%.43�02/0/3%$�"8�4(%��/2%!��.34)454%�&/2�

�.$5342)!,��#/./-)#3�!.$��2!$%��������4(!4�!2%�!,2%!$8�).�0,!#%�/2�3//.�4/�"%�)-0,%-%.4%$���(%�

SRZHU�IDFLOLW\�SODQV�DQG�SRZHU�JHQHUDWLRQ�IRUHFDVWV�IRU�WKH�\HDUV�WR�FRPH�XQWLO������WKDW�DUH�

LQGLFDWHG�LQ�WKH�QLQWK�3RZHU�6XSSO\�0DVWHU�3ODQ�DQG�WKH�IWK�1HZ�DQG�5HQHZDEOH�(QHUJ\�0DVWHU�

3ODQ�DUH�XVHG�WR�SURMHFW�PLG��DQG�ORQJ�WHUP�HQHUJ\�PL[�IRUHFDVWV�IRU�WKH�SRZHU�VHFWRU��ZKLOH�

WKH�SUHIHUDEOH�GHPDQG�VFKHGXOHV� IRU� WKH�WKUHH�PDMRU�HQHUJ\�FRQVXPLQJ�VHFWRUVȂEXLOGLQJ��

).$5342)!,��!.$�42!.30/24!4)/.;4(!4�!2%�%34)-!4%$�).�4(%�4()2$��.%2'8��!34%2��,!.�!2%�53%$�4/�

SURMHFW�PLG��DQG�ORQJ�WHUP�GHPDQG�IRU�HQHUJ\�QDWLRQZLGH�DQG�E\�VSHFLF�VHFWRUV��,Q�DGGLWLRQ��

����!.$�0/05,!4)/.�%34)-!4%3�!2%�-!$%�"!3%$�/.�&/2%#!343�&2/-�4(%������!.$��4!4)34)#3��/2%!��

�!0)4!,�%70%.$)452%3���!0�7��/&�%!#(�0/6%2�'%.%2!4)/.�3/52#%�!2%�%34)-!4%$�"!3%$�/.�&/2%#!343�

&2/-�,//-"%2'��%6��.%2'8��).!.#%�������!.$�4(%��!4)/.!,��%.%6!",%��.%2'8��!"/2!4/28�

�������

��������	�
��)+%��52�/,��4()3�3#%.!2)/�!335-%3�4(%�3!-%�0!2!-%4%23�&/2�4(%�#/5.428<3�0/3)4)/.�).�

34%%,-!+).'�4%#(./,/')%3�4/$!8��$2!6).'�50/.�4(%�����<3�34%%,�02/$5#4)/.�&/2%#!343��5HIHUHQFH�����

.,(7�������� �!.$�#/.3)$%2).'�4(%�%.%2'8�!.$�#,)-!4%�0/,)#8�).3425-%.43�4(!4�!2%�#522%.4,8�).�0,!#%��

2QH�NH\�GLΊHUHQFH�EHWZHHQ�WKH�WZR�VFHQDULRV�OLHV�LQ�WKH�PDQQHU�WKDW�HPLVVLRQV�GHFUHDVH�RYHU�WKH�

\HDUV��1=�����DVVXPHV�WKDW�DQQXDO�*+*�HPLVVLRQV�GHFOLQH�DW�D�XQLIRUP�UDWH�IURP�������<HDU����

XQWLO�QHW�]HUR�LV�DFKLHYHG�E\�������1=�����DOVR�LPSRVHV�FDUERQ�SULFHV��ZKLFK�DUH�QRW�FRQVLGHUHG�

LQ�&XU3RO��DQG�SUHVXPHV�WKDW�UHJXODWLRQ�RQ�*+*�HPLVVLRQV�OLQHDUO\�ZHDNHQV�IURP������WR�������,W�

3(/5,$�"%�./4%$�4(!4�4()3�3#%.!2)/�)-0/3%3�4(%�3!-%�#!2"/.�02)#%�/.�!,,�4(%�3%#4/23�#/.3)$%2%$��

-!+).'�4(%�-!2').!,�!"!4%-%.4�#/34� ������ )$%.4)#!,� &/2�!,,�/&�4(%-��6(),%�!,3/�!335-).'�4(%�

RQJRLQJ�FRVW�HΊHFWLYH�HQGHDYRUV�WR�UHGXFH�HPLVVLRQV��

����1=����B(Ί��7KLV�VFHQDULR�DGRSWV�WKH�VDPH�DVVXPSWLRQV�DV�1=������H[FHSW�WKDW�LW�SUHVXPHV�VWHHO�

SURGXFWLRQ�OLQHDUO\�GHFUHDVHV�E\����SHUFHQW�IURP������WR�������5HIHUHQFH�����<X�HW�DO�������� ���(%�

UHGXFWLRQ�LQ�SURGXFWLRQ�LV�HQDEOHG�E\�LQFUHDVHG�HFLHQF\�ȁ�VXFK�DV�WKH�H[WHQVLRQ�RI�WKH�OLIHVSDQV�RI�

EXLOGLQJV��EXLOGLQJ�GHVLJQ�LPSURYHPHQW�DQG�RSWLPL]DWLRQ��UHF\FOLQJ�RI�VWHHO��XVH�RI�OLJKWHU�PDWHULDOV�

XVLQJ�KLJK�VWUHQJWK�VWHHO�DOOR\V��DQG�KLJKHU�VWHHO�SURGXFWLRQ�HFLHQF\��

*&$0�.$,67�����LV�EDVHG�RQ�WKH�*&$0�GHYHORSHG�E\�3DFLF�1RUWKZHVW�1DWLRQDO�/DERUDWRU\��311/��

LQ�RUGHU�WR�GHYHORS�TXDQWLWDWLYH�VFHQDULRV�WKDW�DUH�LQWHUQDOO\�FRQVLVWHQW�DQG�H[SODLQDEOH��*&$0�LV�D�

UHSUHVHQWDWLYH�LQWHJUDWHG�DQDO\VLV�PRGHO�DQG�KDV�EHHQ�XVHG�LQ�FRQVHFXWLYH�,3&&�DVVHVVPHQW�UHSRUWV��

�4�)3�!.�!33%33-%.4�3834%-�4(!4�%70,!).3�(/6�#,)-!4%�#(!.'%�(!00%.3�$5%�4/�����%-)33)/.3�&2/-�

HFRQRPLF�DFWLYLWLHV�RI�FRXQWULHV�DURXQG�WKH�ZRUOG��GHULYHG�LQ�WHUPV�RI�SURGXFWLRQ�DQG�FRQVXPSWLRQ�

RI�GLYHUVH�JRRGV��PDUNHW�HTXLOLEULD�DQG�SULFHV��IXHO�UHSODFHPHQW��DQG�KRZ�WKH�HFRQRPLF�IHDVLELOLW\�RI�

WHFKQRORJLHV�DΊHFW�WKHLU�FRPSHWLWLYHQHVV��$�EULHI�H[SODQDWLRQ�RI�WKH�*&$0�PHWKRG�LV�DQQH[HG�WR�WKLV�

UHSRUW��VHH�$SSHQGL[�������7KH�OHYHOV�RI�VWHHO�SURGXFWLRQ�SHU�FDSLWD�WKDW�WKH�WKUHH�VFHQDULRV�DVVXPH�

DUH�IDU�KLJKHU�WKDQ�WKRVH�RI�RWKHU�DGYDQFHG�FRXQWULHV��7KLV� LV�GXH�WR�WKH�FRQVHUYDWLYH�DSSURDFK�

!$/04%$�"8�4()3�345$8�).�#!,#5,!4).'�2%$5#4)/.3�).�34%%,�02/$5#4)/.�!3�!�$%#!2"/.)9!4)/.�4//,���)'52%�

����7KLV�UHSRUW�FRPSDUHV�DQG�HYDOXDWHV�ZKDW�WKH�WKUHH�VFHQDULRV�GHPRQVWUDWH�DERXW�QDWLRQDO�*+*�

HPLVVLRQV��SULPDU\�DQG�QDO�HQHUJ\��WKH�SRZHU�JHQHUDWLRQ�DQG�K\GURJHQ�SURGXFWLRQ�VHFWRUV��DQG�WRWDO�

).$5342)!,�%.%2'8�#/.35-04)/.�!.$�%.%2'8�#/.35-04)/.�"8�4(%�34%%,�).$53428�
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 2.2 ��(��!"� �#������#$!$���'���%&�'�#(����+�(����$��!

�$"/, ����� +, - ).�.$*)-�*!��.  '(�&$)"�� �#)*'*"$ -��2�����������������

 

Steel

Blast Furnace

BF BF-CCS BF-H2 EAF-scrap DRI-EAF DRI-EAF-CCS DRI-EAF-H2

EAF with scrap EAF with DRI

Coal Oil Natural Gas Electricity Hydrogen Scrap

  
*&$0�.$,67�����FRYHUV�VHYHQ�VWHHOPDNLQJ�WHFKQRORJLHV��7KH\�PD\�EH�JURXSHG�LQWR�WKUHH�EURDG�

2/54%3
�4(%�",!34�&52.!#%�2/54%������4(%�%,%#42)#�!2#�&52.!#%�2/54%�53).'�3#2!0�34%%,������6)4(�3#2!0�/2�

($)�VFUDS���DQG�WKH�HOHFWULF�DUF�IXUQDFH�URXWH�XVLQJ�'5,��($)�ZLWK�'5,�RU�'5,�($)���7KH�EODVW�IXUQDFH�

URXWH�LV�GLYLGHG�LQWR�WKUHH��WKH�FRQYHQWLRQDO�EODVW�IXUQDFH�URXWH��WKH�EODVW�IXUQDFH�URXWH�ZLWK�D�FDUERQ�

FDSWXUH�DQG�VWRUDJH�V\VWHP��%)�&&6���DQG�WKH�EODVW�IXUQDFH�URXWH�WKDW�XVHV�K\GURJHQ�IRU�KHDWLQJ��%)�

�����($)�ZLWK�'5,�LV�DOVR�IXUWKHU�GLYLGHG��WKH�&&6��'5,�($)�&&6��URXWH�DQG�WKH�K\GURJHQ�'5,�WHFKQRORJ\�

�'5,�($)�+���URXWH��7KH�PRGHO�DOVR�LQFOXGHV�RQH�URXWH�LQYROYLQJ�WKH�XVH�RI�($)�VFUDS�WHFKQRORJ\��

6()#(�#!.�$2!6�50/.�#/!,��0%42/,%5-��'!3��%,%#42)#)48��!.$�/2�(8$2/'%.�!3�%.%2'8�3/52#%3���(%�-/$%,�

!,3/�3(/63�4(%�3425#452%�/&�3#2!0�#/.35-04)/.�&/2�%,%#42)#�!2#�&52.!#%3�4(!4�02/#%33�3#2!0�34%%,���(%�

DVVXPSWLRQV�IRU�HDFK�URXWH�DUH�WDNHQ�IURP�'HFDUERQL]LQJ�WKH�6WHHO�6HFWRU�LQ�3DULV�&RPSDWLEOH�3DWKZD\V��

D������UHSRUW�RQ�VWHHO�GHFDUERQL]DWLRQ�VFHQDULRV�E\�(�*�DQG�311/��5HIHUHQFH�����<X�HW�DO���������1�

1 ��(%�!335-04)/.�/&�4()3�2%0/24�!2%�02)-!2),8�"!3%$�/.�4(%�0!0%2�=�%#!2"/.)9).'��().!<3�)2/.�!.$�34%%,�).$53428�&2/-�4(%�3500,8�
!.$�$%-!.$�3)$%3�&/2�#!2"/.�.%542!,)48>��5HIHUHQFH�����5HQ�HW�DO����������!.$�4(%�2%0/24��2/.�!.$��4%%,��%#(./,/'8��/!$-!0
�
�/6!2$3�-/2%�3534!).!",%�34%%,-!+).'�"8�4(%������5HIHUHQFH�����,($���������

 2.3 ��#�!+'�'�$����(�$#�!����"�''�$#'�

�$"/, ����� �/�.$*)���.#0�2-��2��� )�,$*�
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*&$0�.$,67�����DQDO\VLV�UHVXOWV�VXJJHVW�WKDW�LI�WKH�FXUUHQW�SROLFLHV�DUH�PDLQWDLQHG��DV�SHU�VFHQDULR�

&XU3RO��ZKLFK�VWDQGV�IRU�ȉ&XUUHQW�3ROLFLHVȊ���*+*�HPLVVLRQV�ZRXOG�GHFUHDVH�RQO\�DERXW����SHUFHQW�

EHWZHHQ������DQG�������ZLWKRXW�UHDFKLQJ�WKH�QHW�]HUR�JRDO��)LJXUH�����,W� LV�WKHUHIRUH�HYLGHQW�WKDW��

ZLWKRXW�IDU�PRUH�DJJUHVVLYH�DQG�H[WHQVLYH�*+*�UHGXFWLRQ�DQG�FOLPDWH�SROLFLHV��WKH�FRXQWU\�ZRXOG�QRW�

EH�FDUERQ�QHXWUDO�E\�������
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LULUCF

DAC

7KH�SRZHU��LQGXVWULDO��DQG�WUDQVSRUWDWLRQ�VHFWRUV�DUH�DOO�H[SHFWHG�WR�SOD\�D�SLYRWDO�UROH�LQ�WKH�FRXQWU\ȆV�

HΊRUWV�WR�UHGXFH�*+*�HPLVVLRQV�EHFDXVH�WKH\�JHQHUDWH�VR�PXFK�DQG�WKXV�KDYH�WKH�SRWHQWLDO�IRU�JUHDW�

2%$5#4)/.3���)'52%�	����(%�"5),$).'�!.$�!'2)#5,452!,�3%#4/23�34!.$�/.�4(%�/00/3)4%�%.$�/&�4(%�30%#425-�

DQG�DUH�H[SHFWHG�WR�FRQWULEXWH�OLWWOH�WRZDUG�GULYLQJ�WKH�FRXQWU\�WR�QHW�]HUR��

,Q�WKH�&XU3RO�VFHQDULR��QDWLRQDO�*+*�HPLVVLRQV�SHDN�LQ������DQG�WKHQ�GHFOLQH�JUDGXDOO\��$�GHFUHDVH�LQ�

*+*�HPLVVLRQV�IURP�SRZHU�ZLOO�EH�RYHUVKDGRZHG�E\�DQ�LQFUHDVH�IURP�LQGXVWU\��EXW�HYHU\�RWKHU�VHFWRU�

4(!.�4(%3%�46/�2%02%3%.43�-/2%�/2�,%33�4(%�3!-%�0%2#%.4!'%�4(2/5'(�4(%�8%!23��

+RZHYHU��LI�WKH�FRXQWU\�UXQV�LQ�WKH�UDFH�WR�QHW�]HUR��DV�SHU�VFHQDULRV�1=�����RU�1=����B(Ί���*+*�

%-)33)/.3�!2%�&/2%#!34�4/�3(2).+�2!0)$,8� ).�4(%�0/6%2�� ).$5342)!,��!.$�42!.30/24!4)/.�3%#4/23�� �.�

DGGLWLRQ��*&$0�.$,67�����VXJJHVWV�WKDW�D�UDQJH�RI�QHJDWLYH�HPLVVLRQV�WHFKQRORJLHV��1(7V��VKRXOG�EH�

LQWURGXFHG�WR�RΊVHW�WKH�*+*�HPLVVLRQV�WKDW�ZLOO�LQHYLWDEO\�RFFXU�WR�D�GHJUHH�WKDW�LV�UHTXLUHG�IRU�WKH�

DWWDLQPHQW�RI�QHW�]HUR�E\�������7KHVH�1(7V�DUH�FRQQHFWHG�WR�ODQG�XVH��ODQG�XVH�FKDQJH�DQG�IRUHVWU\�

�/8/8&)���ELR�HQHUJ\�ZLWK�FDUERQ�FDSWXUH�DQG�VWRUDJH��%(&&6���DQG�GLUHFW�DLU�FDSWXUH��'$&���$V�

HYLGHQW�IURP�)LJXUHV�������DQG����WKH�PLQXWH�GLΊHUHQFHV�EHWZHHQ�WKH�WZR�QHW�]HUR�VFHQDULRV�VKRZ�WKDW�

D�UHGXFWLRQ�LQ�VWHHO�SURGXFWLRQ�IURP�PRUH�HFLHQW�VWHHO�FRQVXPSWLRQ�ZLOO�KDYH�RQO\�D�VOLJKW�LPSDFW�RQ�

*+*�HPLVVLRQV��PDSSHG�RXW�LQ�VFHQDULR�1=����B(Ί���

�$"/, �	����,�*)��$*1$� ��($--$*)-�!,*(�.# ��.  '��)�/-.,2�
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(electricity)
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emissions
(hydrogen)

6FHQDULR�&XU3RO�H[SHFWV�WKDW�FDUERQ�GLR[LGH�HPLVVLRQV�IURP�VWHHO�ZLOO�SHDN�LQ������DQG�WKHQ�GLPLQLVK�

E\�GHJUHHV�XQWLO�������,QGLUHFW�HPLVVLRQV�ZLOO�GHFOLQH�LQWR������DV�UHQHZDEOH�HQHUJ\�DQG�&&6�ZLOO�SOD\�D�

JUHDWHU�UROH�LQ�SRZHU�JHQHUDWLRQ��EXW�WKH�VKHHU�YROXPH�RI�HPLVVLRQV�ZLOO�UHPDLQ�SUREOHPDWLF�

7KH�1=�����DQG�1=����B(II�VFHQDULRV�IRUHFDVW�WKDW�FDUERQ�GLR[LGH�HPLVVLRQV�ZLOO�SOXPPHW�WR�ILYH�

SHUFHQW�RI�WKH�OHYHO�RI������E\�������7KLV�PHDQV�WKDW�6RXWK�.RUHDȆV�DFKLHYHPHQW�RI�LWV������FDUERQ�

QHXWUDOLW\�JRDO�GRHV�QRW�PHDQ�QHW�]HUR�FDUERQ�GLR[LGH�HPLVVLRQV�GLUHFWO\�IURP�WKH�VWHHO� LQGXVWU\��

+RZHYHU�� WKH�VFHQDULRV�SURMHFW� WKDW�PXFK�RI� WKH�GLUHFW�HPLVVLRQV� IURP�VWHHO�ZLOO�EH�RIIVHW�E\�

2%$5#4)/.3�).�).$)2%#4�%-)33)/.3�).�4(%�(8$2/'%.�02/$5#4)/.�!.$�0/6%2�3%#4/23�!442)"54!",%�4/�'2%!4%2�

#/.35-04)/.�/&�#,%!.�(8$2/'%.�!.$�#,%!.�0/6%2�).�34%%,-!+).'�
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7KH�&XU3RO�VFHQDULR�IRUHFDVWV�WKDW�SULPDU\�HQHUJ\�FRQVXPSWLRQ�ZLOO�FXOPLQDWH�DURXQG������DQG�

WKHQ�JUDGXDOO\�GHFOLQH��)LJXUH�����,Q�WKH�1=�����DQG�1=����B(Ί�VFHQDULRV��KRZHYHU��SULPDU\�HQHUJ\�

FRQVXPSWLRQ�EHJLQV�WR�GHFUHDVH�DERXW�WHQ�\HDUV�HDUOLHU�DV�ULVLQJ�FDUERQ�SULFHV�DUH�UHΌHFWHG�LQ�HQHUJ\�

02)#%3��,%!$).'�4/�#/.42!#4).'�#/!,�#/.35-04)/.�
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VRXUFHV��*UDGXDO�DEDWHPHQW�LQ�FRDO�DQG�SHWUROHXP�FRQVXPSWLRQ�FDQQRW�FKLS�DZD\�DW�WKH�RYHUDOO�IRVVLO�
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)LJXUH�����1HYHUWKHOHVV��VRODU��ZLQG��DQG�ELRPDVV�ZLOO�UHFRUG�JURZWK�RI�DERXW�VHYHQ�IROG�����IROG��DQG�

WKUHH�IROG��UHVSHFWLYHO\��IURP������WR������

2Q�WKH�FRQWUDU\��WKH�1=�����DQG�1=����B(Ί�VFHQDULRV�SDLQW�PRUH�SURPLVLQJ�SLFWXUHV�LQ�ZKLFK�WKH�

UDWLR�RI�IRVVLO�IXHOV�LQ�SULPDU\�HQHUJ\�VXSSO\�KDOYHV�IURP������WR������DQG�VRODU�DQG�ZLQG�VN\URFNHW�E\�

���WLPHV�DQG����WLPHV��UHVSHFWLYHO\��ZLWK�ELRPDVV�DOVR�LPSUHVVLYHO\�TXDGUXSOLQJ��)LJXUH����

Ⱦ
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:KDW�VWDQGV�RXW�ZLWK�WKH�HQHUJ\�PL[�LQ�RYHUDOO�SRZHU�JHQHUDWLRQ�LV�WKH�GUDVWLF�SKDVLQJ�RXW�RI�FRDO�LQ�

DFFRUGDQFH�ZLWK�WKH�QLQWK�3RZHU�6XSSO\�0DVWHU�3ODQ��)LJXUH�����+RZHYHU��WKH�SDFH�RI�FKDQJH�IRU�HDFK�

HQHUJ\�VRXUFH�LQ�WKH�HQHUJ\�PL[�YDULHV�DFURVV�VFHQDULRV��

*+*�HPLVVLRQV�IURP�SRZHU�JHQHUDWLRQ�DUH�IRUHFDVW�WR�PRUH�WKDQ�KDOYH�RYHU�WKH�QH[W����\HDUV��HYHQ�LQ�

4(%��52�/,�3#%.!2)/���()3�2%02%3%.43�!�-!*/2�#(!.'%�).�4(%�%.%2'8�-)7���(%�3#%.!2)/�!,3/�%70%#43�4(!4�

LPSOHPHQWDWLRQ�RI�WKH�QLQWK�3RZHU�6XSSO\�0DVWHU�3ODQ�ZLOO�EULQJ�GRZQ�WKH�UDWLR�RI�FRDO�E\����SHUFHQW�

IURP������WR�������ZLWK�UHQHZDEOH�HQHUJLHV�DQG�JDV�UHG�SRZHU�JHQHUDWLRQ�VRDULQJ�����SHUFHQW�DQG�

����SHUFHQW��UHVSHFWLYHO\�

7KH�1=�����DQG�1=����B(Ί�VFHQDULRV�VHH�FRDO�UHPRYHG�PRUH�UDSLGO\�IURP�SRZHU�JHQHUDWLRQ�DQG�VRODU��

ZLQG��DQG�ELRPDVV�JURZLQJ�PRUH�GUDPDWLFDOO\�WKDQ�LQ�&XU3RO��)LJXUH�����7KH�QHW�]HUR�VFHQDULRV�IRUHFDVW�

WKDW�WKH�SHUFHQWDJH�RI�FRDO�LQ�SRZHU�JHQHUDWLRQ�ZLOO�GURS�WR�D�PHUH�WHQ�SHUFHQW�E\������DQG�YLUWXDOO\�

]]OH�RXW��5HQHZDEOH�HQHUJLHV�ZLOO�JURZ�UDSLGO\ȂDERXW�VHYHQ�IROG�DQG�DERXW����IROGȂE\������DQG������

FRPSDUHG�WR�������OHDGLQJ�WR����SHUFHQW�JURZWK�LQ�WRWDO�SRZHU�JHQHUDWLRQ�FRPSDUHG�ZLWK�WRGD\�

,W� LV�WKXV�REYLRXV�WKDW�FOLPDWH�SROLF\�GULYHQ�GHFDUERQL]DWLRQ�RI�WKH�SRZHU�JHQHUDWLRQ�VHFWRU�FDQ�

KHOS�UHGXFH�*+*�HPLVVLRQV�WR�D�JUHDW�H[WHQW��7KH�1=�����DQG�1=����B(Ί�VFHQDULRV�FDQ�EHWWHU�FXW�
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HPLVVLRQV�IURP�WKH�VHFWRU�WKDQ�&XU3RO�����SHUFHQW�PRUH�E\������DQG�����SHUFHQW�PRUH�E\�������

*&$0�.$,67�����VHHV�WKH�XVH�RI�&&6�LQ�JDV�ILUHG�SRZHU�JHQHUDWLRQ�WDNLQJ�RII� LQ�������SURSHOOLQJ�

4(%�$%#!2"/.)9!4)/.�/&�4(%�3%#4/2���(%�-/$%,�!,3/�35''%343�4(!4�������6()#(�#/-").%3�")/-!33�

JHQHUDWLRQ�ZLWK�FDUERQ�FDSWXUH�DQG�VWRUDJH��ZLOO�HQDEOH�QHW�QHJDWLYH�HPLVVLRQV��11(�� LQ�SRZHU�

JHQHUDWLRQ�LQ������DQG�EH\RQG��*&$0�.$,67����ȆV�1=�����VFHQDULR�SUHGLFWV�D�FXPXODWLYH�YROXPH�RI�

FDUERQ�GLR[LGH�FDSWXUHG�LQ�WKH�VHFWRU�DW�����PLOOLRQ�WRQV�E\�������

,QWHUHVWLQJO\��DQQXDO�SRZHU�JHQHUDWLRQ�LV�DERXW�ILYH�SHUFHQW�ORZHU�LQ�1=����B(II�WKDQ�LQ�1=������

7KH�JDS�UHLWHUDWHV�WKH�QHHG�WR�FRQVLGHU�VWHHO�FRQVXPSWLRQ�HIILFLHQF\�LQ�GHFLVLRQ�PDNLQJ�RQ�SRZHU�

JHQHUDWLRQ�IDFLOLW\�LQYHVWPHQW��
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,Q�*&$0�.$,67������K\GURJHQ�LV�VXE�FODVVLHG�DV�JUH\�K\GURJHQ��K\GURJHQ�GHULYHG�IURP�QDWXUDO�JDV�� 

VWHDP�PHWKDQH�UHIRUPLQJ��605��RU�K\GURJHQ�REWDLQHG�DV�RΊ�JDV���EOXH�K\GURJHQ��JUH\�K\GURJHQ�EXW� 

6)4(�������!.$�'2%%.�(8$2/'%.��(8$2/'%.�!#15)2%$�4(2/5'(�6!4%2�%,%#42/,83)3�"8�2%.%6!",%�%,%#42)#)48�� 

7KH�&XU3RO�VFHQDULR�SUHGLFWV�WKDW�DERXW�RQH�PLOOLRQ�WRQV�RI�K\GURJHQ�ZLOO�EH�SURGXFHG�LQ�������PRVW�RI� 

LW�JUH\�DQG�WKH�UHPDLQGHU�JUHHQ��,Q�1=������PRUH�WKDQ�YH�PLOOLRQ�WRQV�RI�K\GURJHQ�ZLOO�EH�SURGXFHG� 

LQ������LQ�DOO�WKUHH�GLΊHUHQW�W\SHV��ZLWK�GRPLQDQFH�VKLIWLQJ�IURP�JUH\�WR�EOXH�DQG�WKHQ�JUHHQ�LQ������� 

)LQDOO\��1=����B(Ί�SUHGLFWV�D�VLPLODU�WUHQG�WR�WKDW�RI�1=�����ZLWK�RQH�QRWLFHDEOH�GLΊHUHQFH��ZKHUH�WKH� 

YROXPH�RI�K\GURJHQ�SURGXFWLRQ�LQ������LV�URXJKO\����SHUFHQW�OHVV�WKDQ�LQ�1=�����
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,Q�&XU3RO��QDO�HQHUJ\�FRQVXPSWLRQ�LQFKHV�XS�XQWLO�������WKHQ�EHJLQV�WR�GHFOLQH��,W�VKRXOG�UHDFK�DERXW�

���SHUFHQW�RI�WKH������OHYHO�E\������WKDQNV�WR�HYHU�LQFUHDVLQJ�HQHUJ\�HFLHQF\��)LJXUH�����8QGHU�WKLV�

VWDWXV�TXR�VFHQDULR��KRZHYHU��QR�VLJQLFDQW�FKDQJH�LV�H[SHFWHG�LQ�RYHUDOO�HQHUJ\�FRQVXPSWLRQ�

2Q�WKH�FRQWUDU\�� WKH�1=�����DQG�1=����B(II�VFHQDULRV�HQYLVLRQ�VWHHSHU� IDOOV� LQ� ILQDO�HQHUJ\�

FRQVXPSWLRQ�VWDUWLQJ�LQ�WKH�PLG�����V��HQGLQJ�XS�DW�DERXW����SHUFHQW�RI�WKH������OHYHO�LQ�������)LJXUH�

����WKDQNV�WR�KLJKHU�HQHUJ\�HFLHQF\�DQG�DFFHOHUDWLQJ�HOHFWULFDWLRQ�LQ�HDFK�HFRQRPLF�VHFWRU�

8QGHU� WKH�WZR�QHW�]HUR�VFHQDULRV��HOHFWULFLW\�ZLOO�DFFRXQW� IRU����SHUFHQW�RI� WRWDO� ILQDO�HQHUJ\�

FRQVXPSWLRQ�E\�������&RQVXPSWLRQ�RI�FRDO�DQG�SHWUROHXP�ZLOO�VWHDGLO\�VXEVLGH�DQG�UHSUHVHQW�DERXW�

ILYH�SHUFHQW�DQG����SHUFHQW�RI�WKH�WRWDO�PL[��UHVSHFWLYHO\��E\�������GULYLQJ�WKH�GHFDUERQL]DWLRQ�RI�

WKH�HQHUJ\�HQG�XVHU�VHFWRUV��7KH�WZR�QHW�]HUR�VFHQDULRV�E\�*&$0�.$,67������1=�����DQG�1=����B

(Ί��IRUHFDVW�K\GURJHQ�FRQVXPSWLRQ�WR�FRQWLQXH�H[SDQGLQJ��JURZLQJ�WR�UHSUHVHQW�DSSUR[LPDWHO\�WHQ�

SHUFHQW�RI�WRWDO�QDO�HQHUJ\�FRQVXPSWLRQ�E\������

,Q�SDUWLFXODU��HOHFWULFDWLRQ�RI�WKH�HQHUJ\�HQG�XVHU�VHFWRUV�DFFHOHUDWHG�E\�DJJUHVVLYH�FOLPDWH�SROLFLHV��

FRPELQHG�ZLWK�UDSLG�GHFDUERQL]DWLRQ�RI�WKH�SRZHU�VHFWRU��LV�H[SHFWHG�WR�SOD\�DQ�LQWHJUDO�UROH�LQ�GULYLQJ�

6RXWK�.RUHD�WRZDUG�LWV�1'&�DQG�PLG��DQG�ORQJ�WHUP�FDUERQ�QHXWUDOLW\�WDUJHWV��7KLV�XQGHUVWDQGLQJ�
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DOVR�LPSOLHV�WKDW�ZLWKRXW�GHFDUERQL]DWLRQ�RI�WKH�SRZHU�VHFWRU��WKH�FRXQWU\ȆV�HQGHDYRUV�WR�UHGXFH�*+*�

HPLVVLRQV�ZRXOG�EH�OHVV�HΊHFWLYH�
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)LQDO�HQHUJ\�GHPDQG�E\�WKH�LQGXVWULDO�VHFWRU��&XU3RO�VXJJHVWV��ZLOO�ULVH�XQWLO������DQG�WKHQ�JUDGXDOO\�

GHFOLQH�RZLQJ�WR�IDOOLQJ�HQHUJ\�LQWHQVLW\�LQ�DOO�HFRQRPLF�DFWLYLWLHV�DQG�LPSURYHG�LQGXVWULDO�HTXLSPHQW�

HFLHQF\��)LJXUH������,Q�WKLV�VFHQDULR��K\GURJHQ�IXHO�FRQVXPSWLRQ�ZLOO�PRUH�WKDQ�GRXEOH�EHWZHHQ������

DQG�������EXW�LWV�SHUFHQWDJH�LQ�WKH�HQWLUH�PL[�ZLOO�UHPDLQ�PLQXVFXOH�ZKLOH�WKH�UDWLR�RI�IRVVLO�IXHOV�ZLOO�

VWD\�QHDUO\�WKH�VDPH��UHVXOWLQJ�LQ�LQVLJQLFDQW�*+*�HPLVVLRQV�UHGXFWLRQV��

8QGHU�WKH�1=�����VFHQDULR��RQ�WKH�RWKHU�KDQG��LQGXVWULDO�FRQVXPSWLRQ�RI�IRVVLO�IXHOV�ZLOO�SOXPPHW��

!.$�&5%,�6),,�3()&4�4/6!2$�%,%#42)#�0/6%2�!.$�(8$2/'%.�!4�!�2!0)$�0!#%���%#!2"/.)9!4)/.�(!00%.3�!4�!�

VOLJKWO\�IDVWHU�UDWH�XQGHU�WKH�1=����B(Ί�VFHQDULR��ZKLFK�FRQVLGHUV�VWHHO�FRQVXPSWLRQ�HFLHQF\��%RWK�

QHW�]HUR�VFHQDULRV�VHH�FRDO�EHLQJ�YLUWXDOO\�SKDVHG�RXW�VWDUWLQJ�LQ�������
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6FHQDULR�&XU3RO�H[SHFWV�WKDW�VWHHO�SURGXFWLRQ�ZLOO� LQFUHDVH�XQWLO������DQG�WKHQ�JUDGXDOO\�GHFUHDVH�

�)LJXUH������2XWSXW�E\�WKH�EODVW�IXUQDFH�URXWH��%)��ZLOO�VWDUW�WR�VORZO\�GHFOLQH�LQ������DQG�UHDFK�DERXW�

���SHUFHQW�RI�WKH������OHYHO�E\�������7KLV�XQDPELWLRXV�VFHQDULR�SUHGLFWV�WKDW�RXWSXW�E\�WKH�HOHFWULF�DUF�

IXUQDFH�URXWH�SURFHVVLQJ�GLUHFW�UHGXFHG�LURQ��'5,�($)��ZLOO�PRUH�WKDQ�WULSOH�EHWZHHQ������DQG�������

8QGHU�1=������VWHHO�RXWSXW�E\�%)�EHJLQV�WR�GHFUHDVH�LQ�������YH�\HDUV�HDUOLHU�WKDQ�XQGHU�&XU3RO��DQG�

WKH�VORSH�JHWV�LQFUHDVLQJO\�VWHHS��ZLWK�RXWSXW�UHDFKLQJ����SHUFHQW�RI�WKH������OHYHO�E\�������$URXQG����

SHUFHQW�RI�WKH�PHDJHU�%)�RXWSXW�LQ������LV�H[SODLQHG�E\�WKH�EODVW�IXUQDFH�URXWH�ZLWK�D�FDUERQ�FDSWXUH�

DQG�VWRUDJH�V\VWHP��%)�&&6���0RUHRYHU��FDUERQ�SULFLQJ�WKURXJKRXW�WKH�HFRQRP\�ZLOO�DJJUHVVLYHO\�SXVK�

XS�WKH�HFRQRPLF�IHDVLELOLW\�RI�WKH�HOHFWULF�DUF�IXUQDFH�URXWH�SURFHVVLQJ�K\GURJHQ�EDVHG�GLUHFW�UHGXFHG�

LURQ��'5,�($)�+����$V�D�UHVXOW��'5,�($)�+��ZLOO�SURGXFH�PRUH�WKDQ����SHUFHQW�RI�VWHHO�RXWSXW�LQ������

�VHH�$SSHQGL[�������2Q�WKH�RWKHU�KDQG��LQ�������VWHHO�RXWSXW�E\�'5,�($)�ZLOO�EH����SHUFHQW�ORZHU�XQGHU�

1=�����WKDQ�XQGHU�&XU3RO��ZLWK�QHDUO\�����RI�LW�SURGXFHG�E\�'5,�($)�&&6��1=�����IRUHFDVWV�DERXW�

WKUHH�WLPHV�WKH�VWHHO�RXWSXW�E\�WKH�HOHFWULF�DUF�IXUQDFH�URXWH�SURFHVVLQJ�VWHHO�VFUDS��($)�VFUDS��LQ������

4(!.�4(%��52�/,�3#%.!2)/�

$V�GLVFXVVHG�HDUOLHU��VHH�VHFWLRQ�������VWHHO�SURGXFWLRQ�LQ������LV����SHUFHQW�ORZHU�XQGHU�VFHQDULR�

1=����B(Ί��ZKLFK�FRQVLGHUV�ERWK�QHW�]HUR�RULHQWHG�FOLPDWH�SROLF\�DQG�VWHHO�FRQVXPSWLRQ�HFLHQF\��
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PDNH�D�VLJQLFDQW�LPSDFW�RQ�WKH�RYHUDOO�VWHHOPDNLQJ�URXWH�PL[��
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