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1DWXUH�RI�7KLV�5HSRUW

6DFUDPHQWR�(PHUJHQF\�&OHDQ�$LU�DQG�7UDQVSRUWDWLRQ�3LORW�3URJUDP��WKH�6(&$7�SURJUDP�
ZDV�FUHDWHG�E\�&DOLIRUQLD�$VVHPEO\�%LOO��$%�������WR�KHOS�DVVXUH�WKDW�WKH�6DFUDPHQWR�UHJLRQ
UHPDLQV�LQ�FRQIRUPLW\�ZLWK�LWV�6WDWH�,PSOHPHQWDWLRQ�3ODQ��6,3��IRU�DLU�TXDOLW\�DWWDLQPHQW�
*UDQW�IXQGLQJ�XQGHU�WKH�6(&$7�SURJUDP�LV�DYDLODEOH�WR�RIIVHW�WKH�FRVWV�RI�SURMHFWV�WKDW�UHGXFH
R[LGHV�RI�QLWURJHQ��12[��HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV�LQ�WKH�6DFUDPHQWR�IHGHUDO�R]RQH
QRQDWWDLQPHQW�DUHD���$�WRWDO�RI�����PLOOLRQ�LQ�IXQGLQJ�KDV�EHHQ�DOORFDWHG�IRU�JUDQWV�XQGHU�WKLV
SURJUDP��DQG�LW�LV�DQWLFLSDWHG�WKDW�WKHVH�IXQGV�ZLOO�EH�DZDUGHG�WKURXJK�VHYHUDO�URXQGV�RI
DSSOLFDWLRQV�DQG�DZDUGV�GXULQJ������DQG������

7KLV�UHSRUW�SUHVHQWV�WKH�UHVXOWV�RI�SUHOLPLQDU\�DQDO\VHV�LQWHQGHG�WR�DVVHVV�WKH�SURVSHFWLYH
IHDVLELOLW\�DQG�FRVW�HIIHFWLYHQHVV�RI�UHGXFLQJ�12[�HPLVVLRQV�IURP�RQ�URDG�PRWRU�YHKLFOHV�
7KLV�DQDO\VLV�ZDV�RULJLQDOO\�FDUULHG�RXW�GXULQJ�WKH�OHJLVODWLYH�FRQVLGHUDWLRQ�RI�$%�������LQ
RUGHU�WR�YHULI\�WKDW�WKH�HPLVVLRQ�UHGXFWLRQ�JRDOV�FRXOG�EH�UHDFKHG�JLYHQ�WKH�SURSRVHG�EXGJHW�
7KH�SUHVHQW��ILQDO�YHUVLRQ�RI�WKH�UHSRUW�LV�WKH�IRXUWK�GUDIW��HDUOLHU�YHUVLRQV�ZHUH�GDWHG�$SULO
����-XQH����DQG�-XQH������������&RPPHQWV�UHFHLYHG�IURP�UHYLHZHUV�RI�WKRVH�HDUOLHU�YHUVLRQV
KDYH�EHHQ�UHIOHFWHG�LQ�WKH�SUHVHQW�GRFXPHQW�

7KLV�UHYLVHG�UHSRUW�LV�EHLQJ�UHOHDVHG�DQG�GLVWULEXWHG�LQ�WKH�KRSH�WKDW�LW�ZLOO�EH�XVHIXO�WR
SURVSHFWLYH�SURMHFW�GHYHORSHUV�DQG�DSSOLFDQWV�IRU�JUDQW�IXQGLQJ�XQGHU�WKH�6(&$7�SURJUDP�
ILUVW�DV�DQ�LQGLFDWRU�RI�WKH�SRWHQWLDO�HPLVVLRQ�UHGXFWLRQV�DQG�FRVW�HIIHFWLYHQHVV�RI�GLIIHUHQW
WHFKQRORJLFDO�DSSURDFKHV��DQG�VHFRQG�DV�DQ�H[DPSOH�RI�KRZ�WKHVH�TXDQWLWLHV�FDQ�EH�FDOFXODWHG�
$V�ZLOO�EH�VWDWHG�UHSHDWHGO\�KHUH��WKLV�UHSRUW�LV�QRW�LQWHQGHG�WR�EH�HLWKHU�D�FRPSUHKHQVLYH
DVVHVVPHQW�RI�DOO�YLDEOH�12[�FRQWURO�PHDVXUHV�QRU�D�SUHVFULSWLRQ�RI�WKH�EHVW�FRPELQDWLRQ�RI
VXFK�PHDVXUHV���5DWKHU�LW�LV�DQ�H[DPLQDWLRQ�RI�D�VXEVHW�RI�YLDEOH�FRQWURO�WHFKQRORJLHV�WKDW
PLJKW�EH�DSSOLHG���2QH�ZRXOG�H[SHFW�WKDW�WKH�FROOHFWLYH�H[SHUWLVH�DQG�FUHDWLYLW\�RI�WKH
DXWRPRWLYH�DQG�HPLVVLRQ�FRQWURO�LQGXVWULHV�ZLOO�OHDG�WR�WKH�GHYHORSPHQW�RI�D�ZLGH�UDQJH�RI
PHDVXUHV�WR�UHGXFH�RQ�URDG�12[�HPLVVLRQV��ZKLFK�PD\�RU�PD\�QRW�LQFOXGH�PDQ\�RI�WKH
PHDVXUHV�HYDOXDWHG�KHUH�

%OXQWO\�VWDWHG��WKLV�UHSRUW�LV�IXHO�DQG�WHFKQRORJ\�´QHXWUDOµ���3URSRVDOV�SXW�IRUWK�IRU�IXQGLQJ
ZLOO�VXUHO\�EH�HYDOXDWHG�EDVHG�RQ�WKHLU�HIIHFWLYHQHVV�LQ�DFKLHYLQJ�WKH�QHHGHG�HPLVVLRQV
UHGXFWLRQV�LQ�D�FRVW�HIIHFWLYH�PDQQHU��UHJDUGOHVV�ZKHWKHU�WKH\�DUH�EDVHG�RQ�IXHO�FKDQJHV�
H[KDXVW�WUHDWPHQW�GHYLFHV��XVH�FKDQJHV��RU�HQJLQH�GHVLJQ�FKDQJHV��DQG�UHJDUGOHVV�RI�ZKHWKHU
WKH\�UHVHPEOH�WHFKQRORJLHV�HYDOXDWHG�LQ�WKLV�SUHOLPLQDU\�DQDO\VLV�

7KLV�UHSRUW�LV�D�VQDS�VKRW�LQ�WLPH�DQG�WKXV�LV�ERWK�LQWHULP�DQG�LQFRPSOHWH���,QWHULP�EHFDXVH�LW
UHSUHVHQWV�ZRUN�LQ�SURJUHVV�RQ�VHYHUDO�DUHDV�WKDW�RIIHU�SRWHQWLDO�IRU�DLU�SROOXWDQW�12[
HPLVVLRQV�UHGXFWLRQV���,QFRPSOHWH�EHFDXVH�DOO�SRWHQWLDO�FRQWURO�PHDVXUHV�KDYH�QRW�EHHQ
HYDOXDWHG���$V�UHTXHVWV�IRU�IXQGLQJ�DUH�UHFHLYHG�DQG�SURFHVVHG�XQGHU�WKH�6(&$7�HIIRUW��PRUH
XS�WR�GDWH�WHFKQLFDO�DQG�FRVW�LQIRUPDWLRQ�ZLOO�VXUHO\�EHFRPH�DYDLODEOH���)XWXUH�UHSRUWV�ZLOO
UHIOHFW�WKDW�LQIRUPDWLRQ�
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,Q�ODWHU�SRUWLRQV�RI�WKH�HIIRUW�EHLQJ�FDUULHG�RXW�E\�WKH�(19,521�WHDP�LQ�VXSSRUW�RI�WKH
6DFUDPHQWR�$UHD�&RXQFLO�RI�*RYHUQPHQWV��6$&2*���WKH�(19,521�WHDP�ZLOO�H[SORUH
DGGLWLRQDO�PHDVXUHV�WKDW�PD\�RIIHU�WKH�SRWHQWLDO�IRU�12[�HPLVVLRQV�UHGXFWLRQV��LQFOXGLQJ
WUDQVSRUWDWLRQ�FRQWURO�PHDVXUHV��7&0V��VXFK�DV�LPSURYHG�PDVV�WUDQVLW��VSHHG�OLPLWDWLRQV�
HSLVRGLF�FRQWUROV�GXULQJ�GD\V�RI�KLJK�R]RQH��VR�FDOOHG�´HSLVRGH�GD\Vµ���FDU�SRRO�RU�EXV�ODQHV�
DQG�VR�RQ���$OVR�LQ�ODWHU�SRUWLRQV�RI�ZRUN�WR�EH�FDUULHG�RXW�E\�WKH�(19,521�WHDP��WKH
IROORZLQJ�DGGLWLRQDO�DQDO\VHV�DUH�SODQQHG�

• ,GHQWLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI�WKH�HIIHFWV�RI�DOO�FRQWURO�PHDVXUHV�FRPPLWWHG�WR�LQ�WKH
�����6WDWH�,PSOHPHQWDWLRQ�3ODQ��EDVHG�RQ�DQ�DVVHVVPHQW�RI�FXUUHQW�LPSOHPHQWDWLRQ�OHYHOV�

• $QDO\VHV�WR�HQVXUH�WKDW�6$&2*�ZLOO�EH�DEOH�WR�GHIHQG�LWV������DQG�VXEVHTXHQW
´FRQIRUPLW\µ�DVVHVVPHQWV�

• 'HYHORSPHQW�RI�SXEOLF�LQIRUPDWLRQ�RU�RXWUHDFK�PDWHULDOV�WKDW�DVVLVW�LQ�WKH�LPSOHPHQWDWLRQ
RI�FOHDQHU�DLU�SURJUDPV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�WKRVH�GHVFULEHG�LQ�WKLV�UHSRUW�

7KXV��WKLV�UHSRUW�QDUURZO\�DGGUHVVHV�FHUWDLQ�FKDQJHV�LQ�WKH�RQ�URDG�KHDY\�GXW\�WUXFN�DQG�EXV
IOHHW���7KHVH�FKDQJHV�LQFOXGH�WKRVH�WKDW�UHGXFH�1�[�HPLVVLRQV�WKURXJK�WKH�XVH�RI�

• 'LHVHO�IXHO�RI�VSHFLDO�IRUPXODWLRQV

• ,QVWDOODWLRQ�RI�QHZHU�WHFKQRORJ\�HQJLQHV�LQ�ROGHU�YHKLFOHV

• 5HSODFHPHQW�RI�ROGHU�YHKLFOHV�ZLWK�QHZHU�YHKLFOHV

• ,QVWDOODWLRQ�RI�HPLVVLRQV�UHGXFWLRQ�GHYLFHV�RQ�H[LVWLQJ�YHKLFOHV

6HYHUDO�DOWHUQDWLYH�FRPELQDWLRQV�RI�VXFK�FDWHJRULFDO�FKDQJHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKLV
UHSRUW���7KH�FRPELQDWLRQ�RI�VXFK�FRQWUROV�DSSHDUV�WR�RIIHU�VXEVWDQWLDO�RSSRUWXQLW\�IRU�VXIILFLHQW
12[�HPLVVLRQV�UHGXFWLRQV�WR�PHHW�WKH�LPPHGLDWH�DQG�QHDU�WHUP�DLU�TXDOLW\�DQG�WUDQVSRUWDWLRQ
LVVXHV�IDFLQJ�WKH�6DFUDPHQWR�DUHD���,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�WKH�PHDVXUHV�GHVFULEHG
KHUH��DQG�WKH�FRPELQDWLRQV�RI�WKRVH�PHDVXUHV�WKDW�IRUP�FRQWURO�VWUDWHJLHV�WKDW�VKRZ�WKDW�WKH
OHYHO�RI�12[�HPLVVLRQV�UHGXFWLRQV�GHVLUHG�IRU�WKH�6DFUDPHQWR�UHJLRQ��DUH�QRW�PHDQW�WR�EH
SUHVFULSWLYH�RU�H[FOXVLYH���5DWKHU��WKH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR�SURYLGH�LQVLJKW�DQG�VRPH
FRQILGHQFH�WKDW�WKH�OHYHO�RI�HPLVVLRQV�UHGXFWLRQV�GHVLUHG�LV�DQ�DWWDLQDEOH�JRDO���+RZ�WKDW�JRDO
LV�VSHFLILFDOO\�DFKLHYHG�ZLOO�EH�WKH�UHVXOW�RI�VXEVHTXHQW�VXSSRUW�RI�VSHFLILF�DSSOLFDQW
WHFKQRORJLHV�WKDW�DUH�FKRVHQ�E\�6$&2*�DQG�RWKHU�FROODERUDWLQJ�DJHQFLHV�DV�RIIHULQJ�WKH�PRVW
OLNHO\�FRVW�HIIHFWLYH�PHWKRGV�IRU�12[�HPLVVLRQV�UHGXFWLRQV�

:KLOH�WKHVH�HPLVVLRQV�UHGXFWLRQV�VHHPLQJO\�PHHW�WKH�LPPHGLDWH�QHHGV�IRU�DFKLHYLQJ�DQ�RQ�
URDG�HPLVVLRQV�OHYHO�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�)HGHUDO�&OHDQ�$LU�$FW�DQG
UHJXODWLRQV�RI�WKH�8�6��(3$�DQG�)+:$��ZH�ZDQW�WR�HPSKDVL]H�WKDW�WKH�ORQJHU�WHUP�DLU
TXDOLW\�LVVXHV��DWWDLQLQJ�DQG�PDLQWDLQLQJ�DLU�TXDOLW\�WKDW�PHHWV�WKH�)HGHUDO�DQG�VWDWH�RI
&DOLIRUQLD�VWDQGDUGV��ZLOO�UHTXLUH�D�PRUH�LQ�GHSWK�DVVHVVPHQW�RI�WKH�HQWLUH�DLU�TXDOLW\�SODQQLQJ
HIIRUW�LQ�WKH�DUHD���7KLV�LV�EHVW�VHUYHG�WKURXJK�D�UHYLVLRQ�WR�WKH�6WDWH�,PSOHPHQWDWLRQ�3ODQ�
7KDW�SODQ��UHTXLUHG�XQGHU�WKH�)HGHUDO�&OHDQ�$LU�$FW��KDV�EHHQ�DGRSWHG�LQ�WKH�6DFUDPHQWR
UHJLRQ�LQ�WKH�IRUP�RI�D������UHYLVLRQ���)XUWKHU�UHYLVLRQ�RI�WKDW�SODQ�LV�WKH�PRVW�DSSURSULDWH
SURFHVV�IRU�WKH�GHYHORSPHQW�RI�D�VXVWDLQDEOH�EDODQFH�EHWZHHQ�DLU�TXDOLW\�JRDOV�DQG�HFRQRPLF
H[SDQVLRQ�RI�WKH�6DFUDPHQWR�DUHD�

0DQ\�GHFLVLRQV�JR�LQWR�WKH�VHOHFWLRQ�RI�WKH�PRVW�DSSURSULDWH�PHDVXUHV�WR�EH�ORRNHG�WR�IRU
UHGXFLQJ�WKH�OHYHO�RI�DLU�SROOXWLRQ�LQ�XUEDQ�DUHDV���7KHVH�LQFOXGH�FRVW��HPLVVLRQV�UHGXFWLRQ



$XJXVW ����

3URMHFWV��6$&2*�3KDVH ��)LQDO 5HSRUW�)LQDO 5HSRUW��GRF LLL

SRWHQWLDO��DLU�TXDOLW\�HIIHFWV�RI�WKH�HPLVVLRQV�FKDQJH��SRSXODWLRQ�H[SRVXUH�G\QDPLFV��SROLWLFDO
DQG�RU�RWKHU�LPSOHPHQWDWLRQ�LVVXHV��DQG�WHFKQLFDO�IHDVLELOLW\���2I�WKHVH��WKLV�UHSRUW�RQO\
DGGUHVVHV�WKH�FRVW��HPLVVLRQV�UHGXFWLRQ�SRWHQWLDO��DQG�WHFKQLFDO�IHDVLELOLW\���$V�QRWHG�DERYH�
WKH�6,3�EHFRPHV�WKH�YHKLFOH�WR�H[DPLQH�PDQ\�RI�WKHVH�RWKHU�FRQVLGHUDWLRQV�

/DVWO\��ZKLOH�WKH�IRFXV�RI�WKH�ZRUN�EHLQJ�FDUULHG�RXW�IRU�6$&2*�DQG�GHVFULEHG�KHUH�LV�12[
HPLVVLRQV�UHGXFWLRQV��DOO�RI�WKH�VXJJHVWHG�PHDVXUHV�DOVR�UHGXFH��LQ�YDU\LQJ�GHJUHHV��HPLVVLRQV
RI�SDUWLFXODWH���7KLV�LV�HVSHFLDOO\�LPSRUWDQW�LQ�OLJKW�RI�FXUUHQW�UHVHDUFK�LQGLFDWLQJ�WKDW�KHDY\
GXW\�YHKLFOHV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�WKHVH�SDUWLFXODWHV��DQG�WKDW�VXFK�SDUWLFXODWHV�KDYH
EHHQ�GHWHUPLQHG�E\�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�WR�EH�SRWHQWLDO�FDQFHU�FDXVLQJ�DJHQWV�

7KH�IHGHUDO�&OHDQ�$LU�$FW�UHTXLUHV�WKDW�XUEDQ�DUHDV�WKDW�KDYH�QRW�DWWDLQHG�WKH�QDWLRQDO�DPELHQW
DLU�TXDOLW\�VWDQGDUGV��1$$46��PXVW�DGRSW�D�VWDWH�LPSOHPHQWDWLRQ�SODQ��6,3��IRU�DWWDLQLQJ�WKHVH
VWDQGDUGV�LQ�RUGHU�WR�EH�HOLJLEOH�WR�UHFHLYH�IHGHUDO�KLJKZD\�IXQGV���)XUWKHUPRUH��HDFK
PHWURSROLWDQ�DUHD�PXVW�GHPRQVWUDWH�WKDW�LW�LV�LQ�FRQIRUPLW\�ZLWK�WKH�HPLVVLRQV�EXGJHWV�DQG
RWKHU�SURYLVLRQV�HVWDEOLVKHG�LQ�WKH�6,3��RU�LW�PD\�ORVH�LWV�HOLJLELOLW\���7KH�6DFUDPHQWR�$UHD
&RXQFLO�RI�*RYHUQPHQWV��6$&2*��LV�WKH�DJHQF\�UHVSRQVLEOH�IRU�SODQQLQJ�WUDQVSRUWDWLRQ
SURJUDPV�DQG�IRU�DVVXULQJ�WKDW�WKHVH�SODQV�FRQIRUP�ZLWK�WKH�6,3���6$&2*�KDV�GHWHUPLQHG
WKDW��LQ�RUGHU�WR�DVVXUH�WKDW�WKH�6DFUDPHQWR�UHJLRQ�FRQWLQXHV�WR�FRQIRUP�WR�WKH�HPLVVLRQV
EXGJHW�VWDWHG�LQ�LWV�6,3��LW�PD\�EH�QHFHVVDU\�WR�XQGHUWDNH�DGGLWLRQDO�DLU�SROOXWLRQ�FRQWURO
PHDVXUHV�WR�UHGXFH�PRWRU�YHKLFOH�HPLVVLRQV�LQ�WKH�UHJLRQ�E\�DQ�DGGLWLRQDO�WZR�WRQV�RI�12[
SHU�GD\�E\�������DQG�WKUHH�WRQV�RI�12[�SHU�GD\�E\��������2WKHUZLVH��WKH�UHJLRQ�FRXOG�ORVH
HOLJLELOLW\�WR�UHFHLYH�IHGHUDO�IXQGV�IRU�KLJKZD\�GHYHORSPHQW�

$�FRQVXOWLQJ�WHDP�OHG�E\�(19,521�,QWHUQDWLRQDO�DQG�LQFOXGLQJ�(QJLQH��)XHO��DQG�(PLVVLRQV
(QJLQHHULQJ��,QF���()	((��DV�D�VXEFRQWUDFWRU�KDV�EHHQ�FRQWUDFWHG�E\�6$&2*�WR�DVVLVW�LW�LQ
LGHQWLI\LQJ��HYDOXDWLQJ��DQG�LPSOHPHQWLQJ�FRQWURO�PHDVXUHV�DGHTXDWH�WR�DFKLHYH�WKH�QHHGHG
UHGXFWLRQV�LQ�YHKLFXODU�12[�HPLVVLRQV���7KLV�YHUVLRQ�DQG�HDUOLHU�YHUVLRQV�RI�WKLV�UHSRUW�DUH�WKH
ILUVW�SURGXFWV�RI�WKDW�HIIRUW���,W�SURYLGHV�SUHOLPLQDU\�GHVFULSWLRQV��IHDVLELOLW\�HYDOXDWLRQV��DQG
FRVW�HIIHFWLYHQHVV�HYDOXDWLRQV�IRU�HLJKW�W\SHV�RI�PHDVXUHV�GHVLJQHG�WR�UHGXFH�12[�HPLVVLRQV
IURP�PRWRU�YHKLFOHV�

7KH�12[�FRQWURO�PHDVXUHV�HYDOXDWHG�LQ�WKLV�VWXG\�DUH�VXPPDUL]HG�LQ�7DEOH������$
´VWUDZPDQµ�VHW�RI�FRQWURO�PHDVXUHV�WKDW�ZH�WKLQN�ZRXOG�EH�IHDVLEOH�DQG�FRVW�HIIHFWLYH�WR
DFKLHYH�WKH�QHHGHG�WZR�WRQV�RI�12[�HPLVVLRQ�UHGXFWLRQV�IURP�RQ�URDG�YHKLFOHV�E\������DUH
VXPPDUL]HG�LQ�7DEOH����DQG�WKUHH�WRQV�E\������LQ�7DEOH������$JDLQ��ZH�HPSKDVL]H�WKDW�WKLV�LV
DQ�H[DPSOH���7KH�DFWXDO��PRVW�FRVW�HIIHFWLYH�PL[�RI�FRQWUROV�VHOHFWHG�WR�DWWDLQ�WKH�QHHGHG
HPLVVLRQV�UHGXFWLRQV�ZLOO�EH�D�UHVXOW�RI�IXWXUH�HYDOXDWLRQV�E\�6$&2*�DQG�FROODERUDWLQJ
DJHQFLHV�

7KH�UHDGHU�VKRXOG�EH�ZDUQHG�WKDW�WKH�HYDOXDWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�DUH�SUHOLPLQDU\�
0DQ\�RI�WKH�WHFKQRORJLHV�HYDOXDWHG�KHUH�KDYH�QHYHU�EHHQ�GHSOR\HG�RQ�D�ODUJH�VFDOH���7KH
GHPDQG�FUHDWHG�E\�WKH�SURSRVHG�12[�UHGXFWLRQ�SURJUDP�LV�DOUHDG\�GUDZLQJ�QHZ�WHFKQRORJLHV
LQWR�WKH�PDUNHW�DQG�OHDGLQJ�WR�LPSURYHPHQWV�DQG�UHILQHPHQWV�RI�H[LVWLQJ�WHFKQRORJLHV���0DQ\
RI�WKH�FRVWV�XVHG�LQ�WKH�DQDO\VHV�IRU�WKLV�UHSRUW�DUH�UHIOHFWLYH�RI�SURWRW\SH�RU�ORZ�YROXPH
SURGXFWLRQ�V\VWHPV��DQG�LW�LV�OLNHO\�WKDW�WKHVH�ZRXOG�EH�UHGXFHG�VXEVWDQWLDOO\�DV�SURGXFWLRQ
YROXPHV�LQFUHDVH�RYHU�WKH�OLIH�RI�WKH�SURJUDP�
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7KXV��ZKLOH�WKH�DQDO\VLV�LQ�WKLV�UHSRUW�LV�VXIILFLHQW�WR�GHPRQVWUDWH�WKH�SRWHQWLDO�IRU�DFKLHYLQJ
WKH�QHHGHG�12[�UHGXFWLRQV�ZLWKLQ�WKH�OHYHOV�RI�IXQGLQJ�DOORFDWHG��DQG�WR�LGHQWLI\�D�QXPEHU�RI
IHDVLEOH�PHWKRGV�IRU�DFKLHYLQJ�WKLV�UHGXFWLRQ��LW�LV�OLNHO\�WKDW�WKH�ILQDO�FRVWV�RI�WKH�SURJUDP
PD\�EH�VLJQLILFDQWO\�GLIIHUHQW��DQG�SUREDEO\�ORZHU��WKDQ�WKRVH�HVWLPDWHG�KHUH���$W�WKH�VDPH
WLPH��WKH�OLVW�RI�VSHFLILF�HPLVVLRQ�FRQWURO�PHDVXUHV�XOWLPDWHO\�HPSOR\HG�LQ�WKH�12[�UHGXFWLRQ
SURJUDP�LV�OLNHO\�WR�LQFOXGH�VRPH�QHZ�WHFKQRORJLHV�WKDW�DUH�QRW�HYDOXDWHG�KHUH��DQG�PD\�ZHOO
H[FOXGH�VRPH�RI�WKH�PHDVXUHV�WKDW�DUH�HYDOXDWHG�

&RQWURO�PHDVXUHV�HYDOXDWHG�LQ�WKLV�VWXG\�LQFOXGH�WKH�IROORZLQJ�

• &1*�6FKRRO�%XVHV

• &1*�7UDQVLW�%XVHV

• (PXOVLILHG�'LHVHO�)XHO

• /1*�*DUEDJH�7UXFNV

• /1*�7UDFWRUV

• 5HSRZHU�ZLWK���J�(OHFWURQLF�(QJLQHV

• 5HSRZHU�(OHFWULFDO�(QJLQHV�ZLWK�17(���J�(OHFWURQLF�(QJLQHV

• 5HSRZHU�0HFKDQLFDO�(QJLQHV�ZLWK�17(���J�(OHFWURQLF�(QJLQHV

• 5HWURILW�/HDQ�12[�&DWDO\VWV

• 5HWURILW�6&5�&DWDO\VWV

• 8OWUD�/RZ�6XOIXU�/RZ�$URPDWLF�'LHVHO�)XHO
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&217(176

���,1752'8&7,21���������������������������������������������������������������������������������������� �

���02725�9(+,&/(�12[�,19(1725< ����������������������������������������������������������� �

���',(6(/�)8(/�02',),&$7,216������������������������������������������������������������������ �

��� /RZ�6XOIXU�/RZ�$URPDWLF�'LHVHO�)XHO ���������������������������������������������������������� �
��� 'LHVHO�)XHO�(PXOVLRQV������������������������������������������������������������������������������� �

���$/7(51$7,9(�)8(/6 ����������������������������������������������������������������������������� ��

��� 1HZ�/1*�*DUEDJH�7UXFNV����������������������������������������������������������������������� ��
��� 1HZ�8/(9�/1*�7UDFWRUV�)RU�6KRUW�+DXO�6HUYLFH ����������������������������������������� ��
��� 1HZ�&1*�6FKRRO�%XVHV �������������������������������������������������������������������������� ��
��� 1HZ�&1*�7UDQVLW�%XVHV�������������������������������������������������������������������������� ��

���5(32:(5,1*�(;,67,1*�9(+,&/(6 �������������������������������������������������������� ��

��� 5HSRZHULQJ�2OGHU�7UXFNV�:LWK�0<������(QJLQHV������������������������������������������ ��
��� 5HSRZHULQJ�:LWK�0<�����������(QJLQHV ���������������������������������������������������� ��

���12[�$)7(575($70(17�6<67(06 ���������������������������������������������������������� ��

��� 5HWURILWWLQJ�2OGHU�7UXFNV�:LWK�6&5�&DWDO\VW�6\VWHPV ������������������������������������� ��
��� 5HWURILWWLQJ�:LWK�/HDQ�12[�&DWDO\VW�6\VWHPV������������������������������������������������ ��

���&21&/86,216���������������������������������������������������������������������������������������� ��

$33(1',;�� ������������������������������������������������������������������������������������������������ ��

(PLVVLRQ�)DFWRUV�IRU�+HDY\�'XW\�'LHVHO�9HKLFOHV�'HYHORSHG�EDVHG�RQ�(0)$&�)

5()(5(1&(6 ��������������������������������������������������������������������������������������������� ��
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7DEOH�����9HKLFOH�FDWHJRULHV�WDUJHWHG�IRU�HPLVVLRQ�UHGXFWLRQV� ��������������������������������������� �
7DEOH�����&RVW�HIIHFWLYHQHVV�RI��ORZ�HPLVVLRQV��GLHVHO�IXHO� ������������������������������������������ �
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�GLHVHO�HPXOVLRQ�IXHO� ��������������������������������������������������� �
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�/1*�LQ�JDUEDJH�WUXFNV� ��������������������������������������������� ��
7DEOH�����&RVW�HIIHFWLYQHVV�RI�/1*�WUDFWRUV�LQ�VKRUW�KDXO�VHUYLFH� �������������������������������� ��
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�SXUFKDVLQJ�&1*�VFKRRO�EXVHV�LQ�SODFH�RI�GLHVHO� �������������� ��
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�SXUFKDVLQJ�&1*�WUDQVLW�EXVHV�LQ�SODFH�RI�GLHVHO���������������� ��
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�HOHFWURQLF�HQJLQH�ZLWK�RQH

PHHWLQJ�FXUUHQW��VWDQGDUGV��������������������������������������������������������������������������� ��
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�PHFKDQLFDO�HQJLQH�ZLWK�DQ

HOHFWURQLF�HQJLQH�PHHWLQJ�FXUUHQW�VWDQGDUGV������������������������������������������������������ ��
7DEOH�����&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�HOHFWURQLF�HQJLQH�ZLWK�DQ

0<����������HQJLQH��D���J�EKS�KU�RI�12[�HQJLQH�� ������������������������������������������ ��
7DEOH������&RVW�HIIHFWLYHQHVV�RI�XUHD�6&5�V\VWHPV��������������������������������������������������� ��
7DEOH������&RVW�HIIHFWLYHQHVV�RI�UHWURILWWLQJ�OHDQ�12[�FDWDO\VW�V\VWHPV� ������������������������� ��
7DEOH������12[�FRQWURO�PHDVXUHV�LQ�RUGHU�RI�FRVW�HIIHFWLYHQHVV� ���������������������������������� ��
7DEOH������([DPSOH�RI�12[�FRQWURO�PHDVXUHV�WR�DFKLHYH�WZR�WRQV�GD\�UHGXFWLRQ�E\�������«��
7DEOH������([DPSOH�RI�FRPELQLQJ�HPLVVLRQ�FRQWURO�PHDVXUHV�WR�DFKLHYH

��WRQV�GD\�12[��UHGXFWLRQ�E\�����««««««««««««««««««««««����
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)LJXUH�����<HDU������12[�HPLVVLRQV�E\�YHKLFOH�FODVV� ������������������������������������������������ �
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5HFRJQL]LQJ�WKDW�PRWRU�YHKLFOHV�DUH�WKH�ODUJHVW�VRXUFH�RI�DLU�SROOXWLRQ�LQ�PRVW�PHWURSROLWDQ
DUHDV��WKH�IHGHUDO�&OHDQ�$LU�$FW�UHTXLUHV�WKDW�XUEDQ�DUHDV�WKDW�KDYH�QRW�DWWDLQHG�WKH�QDWLRQDO
DPELHQW�DLU�TXDOLW\�VWDQGDUGV��1$$46��PXVW�DGRSW�D�VWDWH�LPSOHPHQWDWLRQ�SODQ��6,3��IRU
DFKLHYLQJ�DWWDLQPHQW�LQ�RUGHU�WR�EH�HOLJLEOH�WR�UHFHLYH�IHGHUDO�KLJKZD\�IXQGV���)XUWKHUPRUH�
HDFK�PHWURSROLWDQ�DUHD�PXVW�GHPRQVWUDWH�WKDW�LW�LV�LQ�FRQIRUPLW\�ZLWK�WKH�HPLVVLRQV�EXGJHWV
DQG�RWKHU�SURYLVLRQV�HVWDEOLVKHG�LQ�WKH�6,3��RU�LW�PD\�ORVH�LWV�HOLJLELOLW\���7KH�6DFUDPHQWR�$UHD
&RXQFLO�RI�*RYHUQPHQWV��6$&2*��LV�WKH�DJHQF\�UHVSRQVLEOH�IRU�SODQQLQJ�WUDQVSRUWDWLRQ
SURJUDPV�DQG�IRU�DVVXULQJ�WKDW�WKHVH�SODQV�FRQIRUP�ZLWK�WKH�6,3�

7KH�VRXWKHUQ�6DFUDPHQWR�9DOOH\�KDV�KDG�D�ORQJ�KLVWRU\�RI�DGGUHVVLQJ�WKH�VHULRXV�DLU�SROOXWLRQ
SUREOHPV�UHVXOWLQJ�IURP�LWV�UDSLG�SRSXODWLRQ�JURZWK�DQG�SRRU�PHWHRURORJLFDO�DQG
WRSRJUDSKLFDO�VHWWLQJ���6LQFH�������D�VHULHV�RI�DLU�TXDOLW\�SODQV�KDYH�EHHQ�GHYHORSHG�DW�WKH
ORFDO��UHJLRQDO��6WDWH��DQG�HYHQ�)HGHUDO�OHYHO�WR�DWWHPSW�WR�EULQJ�WKH�DUHD�LQWR�DWWDLQPHQW�RI�WKH
YDULRXV�)HGHUDO�DQG�VWDWH�DLU�TXDOLW\�VWDQGDUGV�IRU�SURWHFWLQJ�SXEOLF�KHDOWK���:KLOH�FRQVLGHUDEOH
SURJUHVV�KDV�EHHQ�PDGH��WKH�DUHD�VWLOO�IDFHV�D�GLIILFXOW�FKDOOHQJH�LQ�UHDFKLQJ�WKHVH�VWDQGDUGV�E\
WKH�IHGHUDOO\�PDQGDWHG�GDWH�RI������

$�FRQVHTXHQFH�RI�WKH�OHQJWK�RI�WLPH�QHHGHG�IRU�6DFUDPHQWR�WR�DWWDLQ�WKH�R]RQH�1$$46�KDV
EHHQ�LQFUHDVLQJO\�VWULQJHQW�DQG�FRPSOH[�UHTXLUHPHQWV�LQ�ERWK�WKH�IHGHUDO�FOHDQ�DLU�DQG
WUDQVSRUWDWLRQ�IXQGLQJ�SURJUDPV���7KH�DELOLW\�RI�FLWL]HQV�WR�OLWLJDWH�RYHU�IDLOXUHV�WR�PHHW�DOO�WKH
UHTXLUHPHQWV�RI�ODZ�KDV�DOVR�KHLJKWHQHG�WKH�QHHG�IRU�DSSURYDEOH�DLU�TXDOLW\�DQG�WUDQVSRUWDWLRQ
SURJUDPV�

,Q�RUGHU�WR�DVVXUH�WKDW�WKH�6DFUDPHQWR�0HWURSROLWDQ�$UHD�FRQWLQXHV�WR�FRQIRUP�WR�WKH
HPLVVLRQV�EXGJHW�VWDWHG�LQ�WKH�6,3��6$&2*�KDV�GHWHUPLQHG�WKDW�LW�PD\�EH�QHFHVVDU\�WR
XQGHUWDNH�DGGLWLRQDO�DLU�SROOXWLRQ�FRQWURO�PHDVXUHV�WR�UHGXFH�RQ�URDG�HPLVVLRQV�LQ�WKH�UHJLRQ
E\�WZR�WRQV�RI�R[LGHV�RI�QLWURJHQ��12[��SHU�GD\�E\�������DQG�WKUHH�WRQV�RI�12[�SHU�GD\�E\
�������2WKHUZLVH��WKH�UHJLRQ�FRXOG�ORVH�HOLJLELOLW\�WR�UHFHLYH�IHGHUDO�IXQGV�IRU�KLJKZD\
GHYHORSPHQW���$�EXGJHWDU\�DOORFDWLRQ�RI�����PLOOLRQ�KDV�EHHQ�DSSURSULDWHG�E\�WKH�&DOLIRUQLD
OHJLVODWXUH�WR�IXQG�VXFK�DGGLWLRQDO�12[�FRQWURO�PHDVXUHV��DQG�DQRWKHU�����PLOOLRQ�LQ�IHGHUDO
&0$4�IXQGV�KDV�DOVR�EHHQ�DOORFDWHG���/HJLVODWLRQ��$%�������WR�FUHDWH�WKH�6DFUDPHQWR
(PHUJHQF\�&OHDQ�$LU�DQG�7UDQVSRUWDWLRQ�3LORW�3URJUDP��WKH�6(&$7�SURJUDP��KDV�SDVVHG�WKH
VWDWH�$VVHPEO\��DQG���DV�RI�WKLV�ZULWLQJ���LV�EHLQJ�FRQVLGHUHG�E\�WKH�7UDQVSRUWDWLRQ�&RPPLWWHH
RI�WKH�6WDWH�6HQDWH�

$�FRQVXOWLQJ�WHDP�OHG�E\�(19,521�,QWHUQDWLRQDO�DQG�LQFOXGLQJ�(QJLQH��)XHO��DQG�(PLVVLRQV
(QJLQHHULQJ��,QF��DV�D�VXEFRQWUDFWRU�KDV�EHHQ�FRQWUDFWHG�E\�6$&2*�WR�DVVLVW�LW�LQ�LGHQWLI\LQJ�
HYDOXDWLQJ��DQG�LPSOHPHQWLQJ�FRQWURO�PHDVXUHV�DGHTXDWH�WR�DFKLHYH�WKH�QHHGHG�UHGXFWLRQV�LQ
YHKLFXODU�12[�HPLVVLRQV���7KLV�UHSRUW�LV�RQH�RI�WKH�ILUVW�SURGXFWV�RI�WKDW�HIIRUW�

7KH�UHDGHU�VKRXOG�EH�ZDUQHG�WKDW�WKH�HYDOXDWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�DUH�SUHOLPLQDU\�
0DQ\�RI�WKH�WHFKQRORJLHV�HYDOXDWHG�KHUH�KDYH�QHYHU�EHHQ�GHSOR\HG�RQ�D�ODUJH�VFDOH���7KH
GHPDQG�FUHDWHG�E\�WKH�SURSRVHG�12[�UHGXFWLRQ�SURJUDP�LV�DOUHDG\�GUDZLQJ�QHZ�WHFKQRORJLHV
LQWR�WKH�PDUNHW�DQG�OHDGLQJ�WR�LPSURYHPHQWV�DQG�UHILQHPHQWV�RI�H[LVWLQJ�WHFKQRORJLHV���0DQ\
RI�WKH�FRVWV�XVHG�LQ�WKH�DQDO\VHV�IRU�WKLV�UHSRUW�DUH�UHIOHFWLYH�RI�SURWRW\SH�RU�ORZ�YROXPH
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SURGXFWLRQ�V\VWHPV��DQG�LW�LV�OLNHO\�WKDW�WKHVH�ZRXOG�EH�UHGXFHG�VXEVWDQWLDOO\�DV�SURGXFWLRQ
YROXPHV�LQFUHDVH�RYHU�WKH�OLIH�RI�WKH�SURJUDP�

7KXV��ZKLOH�WKH�DQDO\VLV�LQ�WKLV�UHSRUW�LV�VXIILFLHQW�WR�GHPRQVWUDWH�WKH�SRWHQWLDO�IRU�DFKLHYLQJ
WKH�QHHGHG�12[�UHGXFWLRQV�ZLWKLQ�WKH�OHYHOV�RI�IXQGLQJ�DOORFDWHG��DQG�WR�LGHQWLI\�D�QXPEHU�RI
IHDVLEOH�PHWKRGV�IRU�DFKLHYLQJ�WKLV�UHGXFWLRQ��LW�LV�OLNHO\�WKDW�WKH�ILQDO�FRVWV�RI�WKH�SURJUDP
PD\�EH�VLJQLILFDQWO\�GLIIHUHQW��DQG�SUREDEO\�ORZHU��WKDQ�WKRVH�HVWLPDWHG�KHUH���$W�WKH�VDPH
WLPH��WKH�OLVW�RI�VSHFLILF�HPLVVLRQ�FRQWURO�PHDVXUHV�XOWLPDWHO\�HPSOR\HG�LQ�WKH�12[�UHGXFWLRQ
SURJUDP�LV�OLNHO\�WR�LQFOXGH�VRPH�QHZ�WHFKQRORJLHV�WKDW�DUH�QRW�HYDOXDWHG�KHUH��DQG�PD\�ZHOO
H[FOXGH�VRPH�RI�WKH�PHDVXUHV�WKDW�DUH�HYDOXDWHG�

)ROORZLQJ�WKLV�LQWURGXFWLRQ�VHFWLRQ��6HFWLRQ���EULHIO\�GLVFXVVHV�WKH�PRWRU�YHKLFOH�12[
HPLVVLRQV�LQ�WKH�6DFUDPHQWR�0HWURSROLWDQ�$UHD���6HFWLRQV���WR���GLVFXVV�WKH�12[�HPLVVLRQ
FRQWURO�PHDVXUHV�WKDW�ZH�HYDOXDWHG��DV�ZHOO�DV�SUHVHQW�WKH�SUHOLPLQDU\�FRVW�HIIHFWLYHQHVV
UHVXOWV�IRU�WKHVH�PHDVXUHV���)LQDOO\��6HFWLRQ���SUHVHQWV�VRPH�SUHOLPLQDU\�FRQFOXVLRQV�EDVHG�RQ
WKHVH�DQDO\VHV�
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7KH�LQYHQWRU\�RI�12[�HPLVVLRQV�LQ�WKH�6DFUDPHQWR�QRQDWWDLQPHQW�DUHD�LV�GRPLQDWHG�E\
HPLVVLRQV�IURP�YHKLFOHV�DQG�RWKHU�PRELOH�VRXUFHV���2XW�RI�HVWLPDWHG������HPLVVLRQV�RI������
WRQV�RI�12[�SHU�GD\�LQ�WKH�6DFUDPHQWR�UHJLRQ��RQ�URDG�YHKLFXODU�VRXUFHV�ZHUH�HVWLPDWHG�WR
DFFRXQW�IRU������WRQV�SHU�GD\��RU������ZKLOH�QRQ�URDG�PRELOH�VRXUFHV�DFFRXQWHG�IRU�DQRWKHU
����RI�WRWDO�HPLVVLRQV�

)RU�SXUSRVHV�RI�DVVHVVLQJ�HOLJLELOLW\�IRU�IHGHUDO�KLJKZD\�IXQGV��DQ�DUHD�LV�FRQVLGHUHG�WR�EH�LQ
FRQIRUPLW\�ZLWK�LWV�6,3�LI�WKH�WRWDO�HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV�GR�QRW�H[FHHG�WKH�EXGJHW
HVWDEOLVKHG�LQ�WKH�6,3���5HGXFLQJ�HPLVVLRQV�IURP�VRXUFHV�RWKHU�WKDQ�RQ�URDG�YHKLFOHV�ZRXOG
QRW�DIIHFW�WKLV�FDOFXODWLRQ��DQG�WKXV�FRXOG�QRW�EH�XVHG�WR�GHPRQVWUDWH�FRQIRUPLW\�LQ�WKH�QHDU
WHUP���)RU�WKLV�UHDVRQ��RXU�VWXG\�IRFXVHG�RQO\�RQ�PHDVXUHV�WR�UHGXFH�RQ�URDG�YHKLFOH
HPLVVLRQV���$OWKRXJK�WKH�SRWHQWLDO�IRU�FRVW�HIIHFWLYH�HPLVVLRQ�UHGXFWLRQV�IURP�QRQ�URDG
VRXUFHV�LV�DOVR�YHU\�VXEVWDQWLDO��WKHVH�SRWHQWLDO�UHGXFWLRQV�ZHUH�QRW�HYDOXDWHG�LQ�WKLV�VWXG\�

/,*+7 '87< 3$66(1*(5 �����

/,*+7 '87< 758&.6 �����

0(',80 '87< 758&.6 ����

+($9< '87< *$6 758&.6 ����

+($9< '87< ',(6(/ 758&.6 �����

02725&<&/(6 ����

85%$1 %86(6 ����

Vehicle NOx Emissions in Sacramento

6RXUFH� $5% HPLVVLRQ LQYHQWRU\ HVWLPDWHV

)LJXUH�����<HDU������12[�HPLVVLRQV�E\�YHKLFOH�FODVV�

7KH�HVWLPDWHG�EUHDNGRZQ�RI�YHKLFXODU�12[�HPLVVLRQV�DPRQJ�GLIIHUHQW�YHKLFOH�FODVVHV�LV
VKRZQ�LQ�)LJXUH�����$V�WKLV�ILJXUH�VKRZV��OLJKW�GXW\�SDVVHQJHU�FDUV�DQG�OLJKW�GXW\�WUXFNV
DFFRXQW�IRU�WKH�OLRQV·�VKDUH�RI�12[�HPLVVLRQV��������DQG��������UHVSHFWLYHO\�LQ������
8QIRUWXQDWHO\��WKHVH�HPLVVLRQV�DUH�GLVWULEXWHG�DFURVV�D�YHU\�ODUJH�QXPEHU�RI�YHKLFOHV��HDFK
RQH�RI�ZKLFK�HPLWV�UHODWLYHO\�OLWWOH���7KXV��WR�DFKLHYH�DQ\�VLJQLILFDQW�IXUWKHU�12[�UHGXFWLRQ
IURP�WKHVH�YHKLFOHV�ZRXOG�UHTXLUH�GHDOLQJ�ZLWK�D�ODUJH�QXPEHU�RI�LQGLYLGXDO�YHKLFOHV�
)XUWKHU��ODWH�PRGHO�SDVVHQJHU�FDUV�DQG�OLJKW�GXW\�WUXFNV�DOUHDG\�LQFRUSRUDWH�KLJKO\�HIIHFWLYH
12[�FRQWUROV��VR�WKDW�WKH�SRWHQWLDO�IRU�ODUJH�IXUWKHU�UHGXFWLRQV�LV�YHU\�OLPLWHG���7KXV��ZLWK�WKH
H[FHSWLRQ�RI�FHUWDLQ�KLJK�PLOHDJH�YHKLFOH�FDWHJRULHV�VXFK�DV�WD[LFDEV��SROLFH�FDUV��DQG�DLUSRUW
VKXWWOHV��WKHUH�LV�OLWWOH�SRWHQWLDO�IRU�DFKLHYLQJ�ODUJH��FRVW�HIIHFWLYH�HPLVVLRQ�UHGXFWLRQV�IURP
OLJKW�GXW\�YHKLFOHV�
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7KH�RWKHU�ODUJH�VRXUFH�RI�12[�HPLVVLRQV�DPRQJ�PRWRU�YHKLFOHV�LV�WKH�KHDY\�GXW\�GLHVHO
FDWHJRU\���+HDY\�GXW\�GLHVHO�WUXFNV�DFFRXQW�IRU�DQ�HVWLPDWHG�������RI�WKH�RQ�URDG�YHKLFOH
LQYHQWRU\�LQ�WKH�6DFUDPHQWR�UHJLRQ��ZKLOH�WUDQVLW�EXVHV�DFFRXQW�IRU�DQRWKHU��������8QOLNH
OLJKW�GXW\�YHKLFOHV��KHDY\�GXW\�GLHVHO�WUXFNV�KDYH�UHODWLYHO\�ODUJH�12[�HPLVVLRQV�SHU�PLOH��DQG
XVXDOO\�RSHUDWH�PDQ\�PLOHV�SHU�\HDU���)XUWKHUPRUH��QHZ�WHFKQRORJLHV�QRZ�DSSHDULQJ�LQ�WKH
PDUNHWSODFH�FDQ�VXEVWDQWLDOO\�UHGXFH�GLHVHO�12[�HPLVVLRQV�FRPSDUHG�WR�FXUUHQW�OHYHOV���7KXV�
WKHUH�LV�D�KLJK�SRWHQWLDO�IRU�FRVW�HIIHFWLYH�UHGXFWLRQV�LQ�12[�HPLVVLRQV�IURP�WKLV�FDWHJRU\�RI
YHKLFOHV���)RU�WKLV�UHDVRQ��WKH�DQDO\VLV�LQ�WKH�VHFWLRQV�WKDW�IROORZ�IRFXVHV�SULPDULO\�RQ�KHDY\�
GXW\�GLHVHO�YHKLFOHV�

7DEOH�����9HKLFOH�FDWHJRULHV�WDUJHWHG�IRU�HPLVVLRQ�UHGXFWLRQV��

9HKLFOH $QQXDO &RQY� )DFWRU 12[ (PLVVLRQV

7\SH 0LOHDJH %KS�KU�PLOH J�EKS�KU J�PLOH WRQV�\U

7UXFN 7UDFWRU ² &DOLIRUQLD ������ ������� ��������� ���������� ���������

7UXFN 7UDFWRU ² )HGHUDO ������ ������� ��������� ����������� ���������

6FKRRO %XV ������ ��� ��� ���� ����

7UDQVLW %XV ������ ��� ��� ���� ����

)XHO XVDJH 12[ (PLVVLRQV

JDO J�JDO WRQV�\U

*DUEDJH 7UXFN ������ 1�$ ����� ����� ����

:LWKLQ�WKH�KHDY\�GXW\�YHKLFOH�FDWHJRU\��RXU�DQDO\VLV�IRFXVHV�SULPDULO\�RQ�WKH�FDWHJRULHV�RI
KHDY\�GXW\�GLHVHO�YHKLFOHV�OLVWHG�LQ�7DEOH����QDPHO\�WUXFN�WUDFWRUV��JDUEDJH�WUXFNV��WUDQVLW
EXVHV��DQG�VFKRRO�EXVHV���7KHVH�ZLOO�EH�EULHIO\�GHVFULEHG�LQ�WKH�VHFWLRQV�WKDW�IROORZ�

7UDFWRUV�²�7KH�WUDFWRU�LV�WKH�IURQW��SRZHUHG��SDUW�RI�D�WUDFWRU�WUDLOHU�FRPELQDWLRQ�²�FRPPRQO\
UHIHUUHG�WR�DV�DQ�´���ZKHHOHUµ�RU�´OLQH�KDXO�WUXFNµ���7KHVH�DUH�DPRQJ�WKH�PRVW�FRPPRQ�DQG
YHUVDWLOH�RI�DOO�WUXFN�W\SHV��DQG�DUH�DOVR�DPRQJ�WKH�PRVW�LQWHQVLYHO\�XVHG���1HZ�WUDFWRU�XQLWV
DUH�JHQHUDOO\�XVHG�IRU�ORQJ�KDXO�WUXFNLQJ��LQ�ZKLFK�LW�LV�QRW�XQXVXDO�IRU�WKHP�WR�DFFXPXODWH
PRUH�WKDQ���������PLOHV�SHU�\HDU���$V�WKH\�DJH�DQG�EHFRPH�OHVV�UHOLDEOH��WUDFWRU�XQLWV�WHQG�WR
JUDYLWDWH�PRUH�DQG�PRUH�WRZDUG�VKRUW�KDXO�DSSOLFDWLRQV�ZLWKLQ�D�VLQJOH�PHWURSROLWDQ�DUHD���7KH
ROGHVW��KLJKHVW�HPLWWLQJ�WUDFWRU�XQLWV�DUH�JHQHUDOO\�IRXQG�LQ�VKRUW�KDXO�RSHUDWLRQV�VXFK�DV
KDXOLQJ�VDQG�DQG�JUDYHO�WR�FRQVWUXFWLRQ�VLWHV�DQG�H[FDYDWHG�PDWHULDOV�IURP�WKHP��KDXOLQJ�EXON
FRPPRGLWLHV�VXFK�DV�ULFH�DQG�ZRRG�FKLSV�WR�WKH�3RUW�RI�6DFUDPHQWR��DQG�GUD\DJH�RI
LQWHUPRGDO�FRQWDLQHUV�WR�DQG�IURP�WKH�UDLO�LQWHUPRGDO�IDFLOLWLHV�LQ�6WRFNWRQ�DQG�0RGHVWR�DQG
WKH�SRUWV�RI�5LFKPRQG�DQG�2DNODQG�

%HFDXVH�WUDFWRU�XQLWV�JHQHUDOO\�VWDUW�WKHLU�OLYHV�LQ�LQWHUVWDWH�WUXFNLQJ��D�YHU\�KLJK�SHUFHQWDJH�RI
WKRVH�LQ�XVH�LQ�&DOLIRUQLD�ZHUH�RULJLQDOO\�FHUWLILHG�WR�IHGHUDO�UDWKHU�WKDQ�&DOLIRUQLD�HPLVVLRQ
VWDQGDUGV���8QWLO�������IHGHUDO�12[�VWDQGDUGV�ZHUH�PXFK�OHVV�VWULQJHQW�WKDQ�&DOLIRUQLD·V��VR
WKDW�PDQ\�WUDFWRU�XQLWV�EXLOW�EHIRUH�WKDW�\HDU�KDYH�HQJLQHV�FHUWLILHG�WR�������RU�HYHQ����JUDPV
RI�12[�SHU�EKS�KU��FRPSDUHG�WR���J�EKS�KU�IRU�PRVW�&DOLIRUQLD�HQJLQHV���7KLV��FRPELQHG�ZLWK
WKHLU�KLJK�IXHO�FRQVXPSWLRQ�SHU�PLOH�DQG�DQQXDO�PLOHDJH�HVWLPDWHG�DW��������SHU�\HDU�LQ�WKH
6DFUDPHQWR�DUHD�PDNH�WKHVH�WUXFNV�DWWUDFWLYH�WDUJHWV�IRU�PHDVXUHV�WR�UHGXFH�12[�HPLVVLRQV�

����������������������������������������
� &RPSOHWH OLVWV RI WKH PRGHO \HDU VSHFLILF HPLVVLRQ IDFWRUV IRU WKHVH YHKLFOH FDWHJRULHV GHYHORSHG EDVHG RQ

(0)$&�) FDQ EH IRXQG LQ WKH DSSHQGL[ RI WKH UHSRUW�
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)RU�WKLV�DQDO\VLV��ZH�XVHG�DQ�HPLVVLRQ�UDWH�EDVHG�RQ�WKH�DYHUDJH�KHDY\�GXW\�YHKLFOH��ZKLOH�D
WDUJHWHG�VWUDWHJ\�IRFXVLQJ�RQ�RQO\�WKH�KHDYLHVW�YHKLFOHV�ZRXOG�EH�PRUH�HIIHFWLYH�

*DUEDJH�WUXFNV�²�*DUEDJH�WUXFNV�DUH�DQRWKHU�WUXFN�FDWHJRU\�WKDW�UHFHLYHV�LQWHQVLYH�XVH�
$OWKRXJK�WKH\�DFFXPXODWH�RQO\�OLPLWHG�DQQXDO�PLOHDJH��WKHLU�XQLTXH�RSHUDWLQJ�F\FOH�UHVXOWV�LQ
YHU\�KLJK�IXHO�FRQVXPSWLRQ�DQG�HPLVVLRQV�SHU�PLOH���7KH�IDFW�WKDW�JDUEDJH�WUXFNV�WHQG�WR
RSHUDWH�LQ�ODUJH�IOHHWV��DQG�WKDW�PRVW�DUH�HLWKHU�SXEOLFO\�RZQHG�RU�RSHUDWH�XQGHU�IUDQFKLVH�IURP
SXEOLF�DJHQFLHV�DOVR�PDNHV�WKHP�DQ�DWWUDFWLYH�WDUJHW�IURP�DQ�DGPLQLVWUDWLYH�VWDQGSRLQW�

7UDQVLW�EXVHV�²�7UDQVLW�EXVHV�DUH�DQRWKHU�FDWHJRU\�RI�LQWHQVLYHO\�XVHG�KHDY\�GXW\�YHKLFOHV
WKDW�DUH�SXEOLFO\�RZQHG���)RU�WKLV�UHDVRQ��DQG�EHFDXVH�WKH\�WHQG�WR�RSHUDWH�LQ�FORVH�SUR[LPLW\
WR�SHRSOH��EXVHV�KDYH�KLVWRULFDOO\�EHHQ�VLQJOHG�RXW�IRU�VSHFLDO�DWWHQWLRQ�LQ�UHGXFLQJ�HPLVVLRQV�
7KH�PDMRULW\�RI�WUDQVLW�EXVHV�RSHUDWLQJ�LQ�WKH�6DFUDPHQWR�5HJLRQ�DOUHDG\�XVH�ORZ�HPLWWLQJ
FRPSUHVVHG�QDWXUDO�JDV�HQJLQHV��VR�WKH�RSSRUWXQLWLHV�IRU�IXUWKHU�HPLVVLRQ�UHGXFWLRQV�IURP�WKLV
VRXUFH�DUH�OLPLWHG�

6FKRRO�EXVHV�²�8QOLNH�WUDQVLW�EXVHV��PRVW�VFKRRO�EXVHV�DUH�QRW�LQWHQVLYHO\�XVHG��DQG�DQQXDO
12[�HPLVVLRQV�SHU�YHKLFOH�DUH�PXFK�OHVV�WKDQ�IRU�WKH�RWKHU�FDWHJRULHV�FRQVLGHUHG���+RZHYHU�
FRQFHUQV�DERXW�VFKRRO�FKLOGUHQ·V�H[SRVXUH�WR�GLHVHO�H[KDXVW�DQG�WKH�UHDG\�DYDLODELOLW\�RI�ILHOG�
SURYHQ�&1*�DOWHUQDWLYHV�PDNHV�WKHVH�VFKRRO�EXVHV�DQ�DWWUDFWLYH�WDUJHW�IRU�UHSODFHPHQW�ZLWK
ORZ�HPLWWLQJ�YHKLFOHV�
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6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�SURYLGH�WKH�LQFUHPHQWDO�FDSLWDO�FRVW�DQG�RU�RSHUDWLQJ�FRVW�IRU
YHKLFOH�IOHHWV�WR�XVH�´ORZ�HPLVVLRQµ�GLHVHO�IXHOV���7KHVH�LQFOXGH�XOWUD�ORZ�VXOIXU�DQG�ORZ�
DURPDWLF�SHWUROHXP�GHULYHG�GLHVHO�IXHO��H�J��$5&2�(&�'��DQG�HPXOVLILHG�GLHVHO�IXHO���:KLOH
V\QWKHWLF�GLHVHO�IXHOV��H�J��6\QWUROHXP��GHULYHG�IURP�QDWXUDO�JDV�VHHP�WR�EH�SURPLVLQJ�´ORZ�
HPLVVLRQµ�GLHVHO�IXHOV��OLPLWHG�WHFKQLFDO�GDWD�DQG�LQIRUPDWLRQ�KDYH�SUHFOXGHG�XV�IURP
LQFOXGLQJ�IXOO\�V\QWKHWLF�IXHOV�LQ�WKLV�DQDO\VLV�

��� /2:�68/)85 /2:�$520$7,& ',(6(/ )8(/

7DEOH���WDEXODWHV�WKH�SRWHQWLDO�12[�HPLVVLRQ�UHGXFWLRQ�DV�ZHOO�DV�WKH�FRVW�HIIHFWLYHQHVV�UHVXOWV
IRU�WKH�XVH�RI�XOWUD�ORZ�VXOIXU��ORZ�DURPDWLF�GLHVHO�IXHO���7KHVH�UHVXOWV��DV�ZHOO�DV�DVVXPSWLRQV
XVHG�LQ�WKH�DQDO\VLV��DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

7DEOH�����&RVW�HIIHFWLYHQHVV�RI��ORZ�HPLVVLRQV��GLHVHO�IXHO�

0RGHO <HDU ������� �����

%DVHOLQH 12[ �J�PLOH� ����� �����

)XHO (FRQRP\ �PSJ� ���� ����

$QQXDO 0LOHDJH ������ ������

%DVHOLQH )XHO 8VH �JDO�\HDU� ����� �����

%DVHOLQH )XHO &RVW ���\HDU� ������ ������

%DVHOLQH 12[ �WRQ�\HDU� ���� ����

(&�' )XHO 8VH �JDO�\HDU� ����� �����

(&�' )XHO &RVW ���\HDU� ������ ������

$GGHG )XHO &RVW ���\HDU� ������ ������

(&�' 12[ �WRQ�\HDU� ���� ����

12[ 5HGXFWLRQ �WRQ�\HDU� ���� ����

12[ 5HGXFWLRQ �WRQ�GD\� ������� �������

&RVW�(IIHFWLYHQHVV ���WRQ� ������� �������

(PLVVLRQV

(0)$&�I�12[�HPLVVLRQ�IDFWRUV�IRU�KHDY\�GXW\�WUXFNV�SURGXFHG�IURP������WR������YDU\�RQO\
VOLJKWO\��UDQJLQJ�IURP�������WR�������JUDPV�SHU�PLOH���)RU�WKLV�H[DPSOH��ZH�XVHG�WKH�HPLVVLRQ
IDFWRU�IRU�D�0<�����YHKLFOH��ZKLFK�ZDV�������J�PLOH���)RU������DQG�ODWHU�PRGHO�WUXFNV�WKH
12[�HPLVVLRQ�IDFWRUV�UDQJH�IURP������WR�������J�PLOH��DQG�ZH�XVHG�WKH�0<������YDOXH�RI
������J�PLOH���:H�QRWH�WKDW�WKH�DFWXDO�HPLVVLRQ�UHGXFWLRQ�FRXOG�EH�FRQVLGHUDEO\�PRUH��DV
(0)$&�)�GRHV�QRW�DFFRXQW�IRU�WKH�SUHYDOHQFH�RI�KLJKHU�HPLWWLQJ�IHGHUDO�VWDQGDUG�HQJLQHV
DPRQJ�SUH������YHKLFOHV��RU�WKH�RFFXUUHQFH�RI�12[�GHIHDW��GHYLFHV�DPRQJ�ODWHU�PRGHO
HQJLQHV�

����������������������������������������
� +HUH DQG LQ VHYHUDO RWKHU VHFWLRQV RI WKLV UHSRUW ZH PHQWLRQ WKH LPSOLFDWLRQV RI WKH GLHVHO HPLVVLRQV FRQWUROV

GHIHDW GHYLFHV� ,Q JHQHUDO� UHSODFLQJ ROGHU HQJLQHV �SUH������ ZLWK ODWHU HQJLQHV ����������� ZLOO UHVXOW LQ D

UHGXFWLRQ RI DFWXDO HPLVVLRQV WKDW LV JUHDWHU WKDQ VKRZQ E\ HPLVVLRQV PRGHOV� 7KLV LV VLJQLILFDQW VLQFH WKH YDVW

PDMRULW\ RI YHKLFOHV RQ WKH URDG RYHU WKH WLPHIUDPH RI ���������� WKH SHULRG RI LQWHUHVW LQ WKLV VWXG\� ZRXOG KDYH

HPLVVLRQV GHIHDW GHYLFHV�
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$5&2�KDV�VWDWHG�WKDW�D������12[�UHGXFWLRQ�FDQ�EH�DFKLHYHG�ZLWK�LWV�(&�'�IXHO���DQG�WKLV
LQIRUPDWLRQ�ZDV�XVHG�LQ�WKH�FRVW�HIIHFWLYHQHVV�FDOFXODWLRQ���)RU�LOOXVWUDWLYH�SXUSRVHV��ZH�KDYH
DVVXPHG�WKDW�WKH�IXHO�ZRXOG�EH�XVHG�LQ�D�VKRUW�KDXO�WUDFWRU�RSHUDWLQJ�LQ�DQG�DURXQG�WKH
6DFUDPHQWR�UHJLRQ��ZLWK�DQ�DVVXPHG�DQQXDO�WUDYHO�RI��������PLOHV�SHU�\HDU���6LQFH�WKH�FRVWV
DQG�HPLVVLRQ�UHGXFWLRQV�DUH�ERWK�SURSRUWLRQDO�WR�WKH�DPRXQW�RI�IXHO�FRQVXPHG��WKH�DFWXDO�FRVW�
HIIHFWLYHQHVV�ZRXOG�QRW�GHSHQG�VXEVWDQWLDOO\�RQ�W\SH�RI�YHKLFOH��DV�ORQJ�DV�YHKLFOH�RSHUDWLRQ
ZDV�FRQILQHG�WR�WKH�6DFUDPHQWR�UHJLRQ�

&RVW

1R�FKDQJHV�DUH�UHTXLUHG�WR�WKH�YHKLFOH�LQ�RUGHU�WR�XVH�XOWUD�ORZ�VXOIXU�DQG�ORZ�DURPDWLF�GLHVHO
IXHOV���)RU�(&�'��$5&2�KDV�LQGLFDWHG�WKDW�WKH�LQFUHPHQWDO�SURGXFWLRQ�FRVW�LV�DERXW������
FRPSDUHG�WR�H[LVWLQJ�&$5%�GLHVHO�IXHO��EXW�WKDW�IXHO�HFRQRP\�FDQ�DOVR�EH�H[SHFWHG�WR�LPSURYH
E\��������7KHVH�DVVXPSWLRQV�ZHUH�XVHG�IRU�WKH�FRVW�HIIHFWLYHQHVV�DQDO\VLV�

&RVW�HIIHFWLYHQHVV�FDOFXODWLRQV�DUH�SURSHUO\�EDVHG�RQ�VRFLDO�FRVWV��H[FOXGLQJ�WKH�HIIHFWV�RQ
WUDQVIHU�SD\PHQWV�VXFK�DV�IXHO�WD[���)RU�WKLV�FDOFXODWLRQ��ZH�DVVXPHG�D�VRFLDO�FRVW��L�H��SXPS
SULFH�OHVV�VWDWH�DQG�IHGHUDO�WD[HV��RI�������FHQWV�SHU�JDOORQ�RI�&DOLIRUQLD�GLHVHO��DQG�������SHU
JDOORQ�IRU�(&�'�RU�DQ�HTXLYDOHQW�IXHO�

(PLVVLRQ�5HGXFWLRQV

7KH�UHGXFWLRQ�LQ�12[�HPLVVLRQV�ZRXOG�GHSHQG�RQ�WKH�EDVHOLQH�12[�OHYHOV�RI�WKH�HQJLQH�XVLQJ
WKH�IXHO���)RU�DQ�HQJLQH�FHUWLILHG�WR�SUH������&DOLIRUQLD�HPLVVLRQ�VWDQGDUGV��WKH�12[�UHGXFWLRQ
ZRXOG�EH�DERXW������WRQV�SHU�\HDU��RU���������WRQV�GD\�IRU�(&�'�IXHO���)RU������DQG�ODWHU
HQJLQHV��WKH�UHGXFWLRQ�ZRXOG�EH�DERXW������WRQV�SHU�\HDU���+LJKHU�12[�UHGXFWLRQV�FRXOG�EH
DFKLHYHG�E\�XVLQJ�WKH�IXHO�LQ�SUH������WUXFNV�HTXLSSHG�ZLWK�IHGHUDO�HQJLQHV�FHUWLILHG�WR�KLJKHU
12[�OHYHOV�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�ZRXOG�GHSHQG�RQ�WKH�12[�OHYHO�RI�WKH�HQJLQH���)RU
&DOLIRUQLD�SUH������HQJLQHV��WKH�FRVW�HIIHFWLYHQHVV�ZRXOG�EH�DERXW���������SHU�WRQ�RI�12[
UHGXFHG��DQG�DERXW���������SHU�WRQ�IRU������DQG�ODWHU�PRGHO�HQJLQHV�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

7KH�IHDVLELOLW\�RI�UHTXLULQJ�+'�YHKLFOHV�WR�XVH�WKH�XOWUD�ORZ�VXOIXU��ORZ�DURPDWLF�GLHVHO�IXHO
ZRXOG�GHSHQG�RQ�WKH�IXHO�DYDLODELOLW\��DQG�WKH�GHPRQVWUDWLRQ�RI�WKH�IXHO�RQ�HQJLQHV�LQ�WHUPV�RI
IXHO�FRQVXPSWLRQ��SHUIRUPDQFH�DQG�SRWHQWLDO�HQJLQH�GXUDELOLW\�SUREOHPV���$OVR��WKHUH�LV�VWLOO�D
QHHG�WR�GHPRQVWUDWH�WKDW�WKLV�IXHO�ZRXOG�EH�DYDLODEOH�IRU�ODUJHU�VFDOH�FRPPHUFLDO�DSSOLFDWLRQV�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

8VLQJ�FOHDQ�GLHVHO�IXHOV�ZRXOG�GHSHQG�RQ�WKH�DFFHSWDQFH�RI�YHKLFOH�RZQHUV�RSHUDWRUV�RI�WKH
IXHOV�WKDW�SRWHQWLDOO\�ZRXOG�LQFUHDVH�WKH�IXHO�FRVWV�DQG�ZRXOG�DIIHFW�WKH�HQJLQH�SHUIRUPDQFH
DQG�GXUDELOLW\�
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,Q�WKLV�SURSRVHG�FRQWURO�PHDVXUH��VWDWH�IXQGV�ZRXOG�VXEVLGL]H�WKH�FRVWV�RI�XVLQJ�HPXOVLRQ
GLHVHO�IXHOV���6HYHUDO�FRPSDQLHV�DUH�QRZ�GHYHORSLQJ�IXHOV�FRPELQLQJ�GLHVHO�IXHO�LQ�DQ�HPXOVLRQ
ZLWK�ZDWHU�DQG�VRPHWLPHV�ZLWK�DOFRKROV���7KH�SHUFHQWDJH�RI�QRQ�GLHVHO�FRPSRQHQWV�LQ�WKH�IXHO
YDULHV�DPRQJ�WKH�GLIIHUHQW�HPXOVLRQ�V\VWHPV�XQGHU�GHYHORSPHQW��DV�GRHV�WKH�GHJUHH�RI
UHGXFWLRQ�LQ�12[���*HQHUDOO\��WKH�PRUH�QRQ�GLHVHO�FRPSRQHQWV��WKH�JUHDWHU�WKH�12[�EHQHILW�
EXW�WKH�JUHDWHU�WKH�SRWHQWLDO�HIIHFWV�RQ�HQJLQH�SRZHU�RXWSXW�DQG�GXUDELOLW\���7DEOH���VKRZV�WKH
FRVW�HIIHFWLYHQHVV�FDOFXODWLRQ�IRU�RQH�HPXOVLRQ�IXHO�V\VWHP�

7DEOH�����&RVW�HIIHFWLYHQHVV�RI�GLHVHO�HPXOVLRQ�IXHO�

������� (QJLQHV ����� (QJLQHV

%DVHOLQH Z� (PXOVLRQ )XHO %DVHOLQH Z� (PXOVLRQ )XHO

&HUWLILFDWLRQ 12[ ��� ��� ��� ���

$QQXDO 0LOHDJH �PLOHV� ������ ������ ������ ������

'LHVHO PLOHV�JDOORQ ���� ���� ���� ����

)XHO &RVW�PLOH ����� ����� ����� �����

)XHO &RVW�\HDU ������ ������ ������ ������

,QFUHPHQWDO )XHO &RVW�\HDU ������ ������

12[ J�PLOH ����� ����� ����� ����

12; WRQV�\HDU ���� ���� ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ���� ����

12[ 5HGXFWLRQ WRQV�GD\ ������ ������

&RVW�(IIHFWLYHQHVV ���WRQ� ������ ������

(PLVVLRQV

$V�QRWHG�HDUOLHU��(0)$&�)�12[�HPLVVLRQ�IDFWRUV�IRU�SUH������KHDY\�GXW\�WUXFNV�DUH�DERXW
�����J�PLOH���)RU������DQG�ODWHU�WUXFNV��WKH�12[�HPLVVLRQ�IDFWRU�LV�DERXW�������J�PLOH�
%DVHG�RQ�D�WHFKQLFDO�SUHVHQWDWLRQ�E\�/XEUL]RO���ZH�DVVXPHG�WKDW�WKH�XVH�RI�HPXOVLRQ�IXHO
ZRXOG�UHGXFH�12[�HPLVVLRQV�E\������ZKLOH�LQFUHDVLQJ�YROXPHWULF�IXHO�FRQVXPSWLRQ�E\�����

&RVW

/XEUL]RO�LQGLFDWHG�WKDW�WKH�XVH�RI�LWV�HPXOVLRQ�IXHO�ZRXOG�HQWDLO�QR�LQFUHPHQWDO�FDSLWDO�FRVW�
ZKLOH�WKH�IXHO�ZRXOG�VHOO�DW�WKH�VDPH�SULFH�DV�GLHVHO�RQ�D�YROXPHWULF�EDVLV���7KXV��WKH�RQO\�FRVW
ZRXOG�EH�GXH�WR�WKH�����LQFUHDVH�LQ�YROXPHWULF�IXHO�FRQVXPSWLRQ���7KHUHIRUH��WKH�DVVXPHG
SURILW�RI�WKH�IXHO�ZDWHU�HPXOVLRQ�VXSSOLHU�LV�DSSUR[LPDWHO\�������SHU�JDOORQ�RI�GLHVHO�IXHO�
ZKLFK�PD\�EH�D�VXEMHFW�RI�QHJRWLDWLRQ�

(PLVVLRQ�5HGXFWLRQV

7KH�HPLVVLRQ�UHGXFWLRQ�ZRXOG�EH�SURSRUWLRQDO�WR�WKH�DPRXQW�RI�IXHO�XVHG���)RU�LOOXVWUDWLYH
SXUSRVHV��ZH�KDYH�FDOFXODWHG�WKH�HIIHFW�RQ�HPLVVLRQV�IURP�D�KHDY\�GXW\�WUDFWRU�WUDYHOLQJ
�������PLOHV�SHU�\HDU���+LJKHU�12[�UHGXFWLRQV�FRXOG�EH�DFKLHYHG�LI�WKH�IXHO�ZHUH�WR�EH�XVHG
E\�YHKLFOHV�HTXLSSHG�ZLWK�IHGHUDO�HQJLQHV�FHUWLILHG�WR�KLJKHU�12[�OHYHOV�
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&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�ZRXOG�GHSHQG�RQ�WKH�EDVHOLQH�OHYHO�RI�12[�HPLVVLRQV�RI
WKH�HQJLQH���)RU������DQG�ODWHU�&DOLIRUQLD�HQJLQHV��WKH�FRVW�HIIHFWLYHQHVV�ZRXOG�EH�DERXW
��������SHU�WRQ�RI�12[�HOLPLQDWHG��DQG�IRU������DQG�HDUOLHU�HQJLQHV��DERXW���������SHU�WRQ�
)RU�ROGHU�IHGHUDO�HQJLQHV�FHUWLILHG�WR�12[�OHYHOV�LQ�WKH���WR����J�EKS�KU�UDQJH��WKH�FRVW�
HIIHFWLYHQHVV�ZRXOG�EH�SURSRUWLRQDOO\�EHWWHU�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

7KH�IHDVLELOLW\�RI�UHTXLULQJ�YHKLFOHV�WR�XVH�WKH�HPXOVLRQ�IXHO�ZRXOG�GHSHQG�RQ�WKH�IXHO
DYDLODELOLW\��DQG�GHPRQVWUDWHG�HIIHFWV�RI�WKH�HPXOVLRQ�IXHO�RQ�IXHO�FRQVXPSWLRQ��SHUIRUPDQFH
DQG�HQJLQH�GXUDELOLW\���:LWKRXW�HQJLQH�DGMXVWPHQW��ZKLFK�LV�QRW�OLNHO\�IHDVLEOH��WKH�XVH�RI
IXHO�ZDWHU�HPXOVLRQV�ZLOO�UHVXOW�LQ�D�UHGXFWLRQ�RI�WKH�PD[LPXP�SRZHU�RI�WKH�HQJLQH�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

$JDLQ��XVLQJ�FOHDQ�GLHVHO�IXHOV�ZRXOG�GHSHQG�RQ�WKH�DFFHSWDQFH�RI�YHKLFOH�RZQHUV�RSHUDWRUV�RI
WKH�IXHOV�WKDW�SRWHQWLDOO\�ZRXOG�LQFUHDVH�WKH�IXHO�FRVWV�DQG�ZRXOG�DIIHFW�WKH�HQJLQH�SHUIRUPDQFH
DQG�GXUDELOLW\�
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�� $/7(51$7,9(�)8(/6

��� 1(: /1*�*$5%$*( 758&.6

:H�DQDO\]HG�WZR�VFHQDULRV���,Q�WKH�ILUVW�RQH��6WDWH�IXQGV�ZRXOG�SD\�WKH�HQWLUH�FRVW�RI�EX\LQJ
QHZ�/1*�JDUEDJH�WUXFNV�WR�UHSODFH�H[LVWLQJ�GLHVHO�WUXFNV���7KLV�WHQGV�WR�RYHUVWDWH�WKH�FRVW�SHU
WRQ��VLQFH�LW�GRHV�QRW�DFFRXQW�IRU�WKH�UHVLGXDO�YDOXH�RI�WKH�GLHVHO�WUXFN�EHLQJ�UHSODFHG��QRU�IRU
WKH�IDFW�WKDW�D�FHUWDLQ�QXPEHU�RI�GLHVHO�WUXFNV�PXVW�EH�UHSODFHG�HDFK�\HDU�LQ�DQ\�FDVH���,Q�WKH
VHFRQG�VFHQDULR��6WDWH�IXQGV�ZRXOG�EH�XVHG�RQO\�WR�SD\�WKH�LQFUHPHQWDO�FRVW�RI�EX\LQJ�QHZ
GHGLFDWHG�/1*�JDUEDJH�WUXFNV�LQVWHDG�RI�QHZ�WUXFNV�XVLQJ�GLHVHO�HQJLQHV���7KH�&RXQW\
6DQLWDWLRQ�'HSDUWPHQW�RU�SULYDWH�JDUEDJH�FROOHFWLRQ�VHUYLFH�ZRXOG�EH�UHVSRQVLEOH�IRU�DQ
DPRXQW�HTXDO�WR�WKH�FRVW�RI�D�QHZ�GLHVHO�WUXFN��EXW�ZRXOG�H[SHULHQFH�VLJQLILFDQW�VDYLQJV�LQ�IXHO
FRVW���&RVW�HIIHFWLYHQHVV�DQDO\VHV�IRU�WKHVH�WZR�VFHQDULRV�DUH�VKRZQ�LQ�7DEOH���

7DEOH�����&RVW�HIIHFWLYHQHVV�RI�/1*�LQ�JDUEDJH�WUXFNV�

'LHVHO /1*

%DVHOLQH ZKROH WUXFN LQFUHPHQWDO FRVW

&HUWLILFDWLRQ 12[ 6WDQGDUG ��� ��� ���

&DSLWDO &RVW � ������� ������

8VHIXO /LIH �\HDUV� ��� ��� ���

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� � ������ �����

'DLO\ IXHO FRQVXPSWLRQ �JDO� ���� ���� ����

$QQXDO )XHO &RQVXPSWLRQ �JDO� ����� ������ ������

)XHO &RVW�\HDU ������ ������ ������

1HW &RVW�<HDU ������� ������

12[ J�JDOORQ ����� ����� �����

12[ WRQV�\HDU ���� ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ����� �����

12[ 5HGXFWLRQ WRQV�GD\ ������� �������

&RVW�(IIHFWLYHQHVV ���WRQ� ������� ������

(PLVVLRQV

:H�DVVXPH�WKDW�D�QHZ�GLHVHO�JDUEDJH�WUXFN�ZRXOG�EH�FHUWLILHG�WR�WKH����������J�EKS�KU
VWDQGDUGV��DQG�ZRXOG�KDYH�DFWXDO�(0)$&�)�12[�HPLVVLRQV�RI�DERXW������J�JDO�RI�IXHO�XVHG�
%HFDXVH�RI�WKHLU�XQLTXH�RSHUDWLQJ�F\FOH��JDUEDJH�WUXFNV�FRQVXPHU�PXFK�PRUH�IXHO�DQG
SURGXFH�PXFK�PRUH�HPLVVLRQV�SHU�PLOH�WKDQ�GR�PRVW�RWKHU�W\SHV�RI�KHDY\�GXW\�YHKLFOHV���)RU
WKLV�UHDVRQ��IXHO�FRQVXPSWLRQ�LV�D�EHWWHU�LQGLFDWRU�RI�HPLVVLRQV�WKDQ�LV�PLOHDJH�

7KH�QHZ�/1*�JDUEDJH�WUXFNV�DUH�DVVXPHG�WR�EH�FHUWLILHG�WR�D�����J�EKS�KU�VWDQGDUG��ZLWK�DQ
DYHUDJH�12[�HPLVVLRQ�IDFWRU�RI�������JUDP�JDO�RI�/1*���'DWD�SURYLGHG�E\�WKH�6DFUDPHQWR
JRYHUQPHQW�RSHUDWRUV�LQGLFDWHG�WKDW�WKH�DYHUDJH�GDLO\�IXHO�XVDJH�IRU�WKHLU�JDUEDJH�WUXFNV�LV
DERXW����JDOORQV�RU�DERXW�������JDOORQV�SHU�\HDU���8VLQJ�WKHVH�YDOXHV��WKH�12[�HPLVVLRQV�LQ
WRQ�SHU�\HDU�ZHUH�FDOFXODWHG�
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&RVW

7KH�FRVW�RI�D�GLHVHO�JDUEDJH�WUXFN�ZDV�HVWLPDWHG�DW�����������ZKLOH�WKH�LQFUHPHQWDO�FRVW�IRU
DQ�/1*�WUXFN�ZDV�HVWLPDWHG�DW���������EDVHG�RQ�LQIRUPDWLRQ�SURYLGHG�E\�0DFN�7UXFNV���7KH
/1*�RSWLRQ�FRVW�ZLOO�OLNHO\�GHFOLQH�RYHU�WLPH�²�IRU�H[DPSOH��WKH�LQFUHPHQWDO�FRVW�RI�D�&1*
VFKRRO�EXV��ZLWK�D�VLPLODU�HQJLQH�DQG�PRUH�H[SHQVLYH�IXHO�V\VWHP��LV�OHVV�WKDQ�����������7KH
LQFUHPHQWDO�FRVW�IRU�D�GXDO�IXHO�/1*�GLHVHO�HQJLQH��/1*�IXHO�V\VWHP��DQG�FDWDO\WLF�FRQYHUWHU
ZRXOG�EH�DERXW�����������7KH����������FRVW�ZDV�XVHG�IRU�WKLV�DQDO\VLV���:H�DOVR�DVVXPH
HQHUJ\�FRQVXPSWLRQ�����JUHDWHU�IRU�WKH�/1*�WUXFN�WKDQ�D�VLPLODU�GLHVHO�

(PLVVLRQ�5HGXFWLRQV

12[�HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�DERXW�����FRPSDUHG�WR�GLHVHO�OHYHOV��ZKLOH�30
HPLVVLRQV�ZRXOG�EH�UHGXFHG�����RU�PRUH���3RWHQWLDO�HPLVVLRQ�UHGXFWLRQV�DPRXQW�WR������WRQV
RI�12[�SHU�\HDU�SHU�YHKLFOH�RU���������WRQV�RI�12[�SHU�GD\�SHU�YHKLFOH�

&RVW�HIIHFWLYHQHVV

7KH�FRVWV�SHU�WRQ�IRU�WKH�ILUVW�VFHQDULR�DUH�UDWKHU�KLJK�DW����������SHU�WRQ�RI�12[�HOLPLQDWHG�
DV�WKLV�FDOFXODWLRQ�IDLOV�WR�DFFRXQW�IRU�WKH�EHQHILW�RI�WKH�QHZ�WUXFN�WR�WKH�XVHU���,I�RQO\�WKH
LQFUHPHQWDO�FDSLWDO�FRVW�IRU�WKH�/1*�V\VWHP�LV�FRQVLGHUHG��L�H������������WKH�FRVWV�SHU�WRQ�DUH
PXFK�ORZHU���7KH�LQFUHPHQWDO�FDSLWDO�FRVW�IRU�WKH�/1*�HQJLQH�DQG�IXHO�V\VWHP�ZRXOG�EH
ODUJHO\�RIIVHW�E\�WKH�IXHO�FRVW�VDYLQJV�WR�WKH�XVHU��JLYLQJ�D�QHW�FRVW�RI�DERXW���������SHU�WRQ�RI
12[�HOLPLQDWHG���7KH�FRVW�HIIHFWLYHQHVV�ZRXOG�EH�VXEVWDQWLDOO\�UHGXFHG��E\�DERXW�KDOI��LI�WKH
HPLVVLRQ�UDWH�SHU�PLOH�ZHUH�LQ�IDFW�KLJKHU�WKDQ�DVVXPHG�KHUH�XVLQJ�WKH�ORZHU�FRQYHUVLRQ
IDFWRU�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

/1*�WUXFNV�XVLQJ�ERWK�GHGLFDWHG�DQG�GXDO�IXHO�HQJLQHV�KDYH�RSHUDWHG�VXFFHVVIXOO\�IRU�VHYHUDO
\HDUV���(QJLQH�VXSSOLHUV�LQGLFDWH�WKDW�WKH�DVVXPHG�����J�EKS�KU�12[�OHYHO�LV�DFKLHYDEOH�ZLWK
SUHVHQW�WHFKQRORJ\���$OVR��HQJLQH�RSHUDWRUV�DUH�H[SHFWHG�WR�EHQHILW�IURP�WKH�IXHO�FRVW�VDYLQJV
ZLWKRXW�DGGLWLRQDO�LQYHVWPHQW�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

:LGHVSUHDG�XVH�RI�/1*�PD\�SRVH�VRPH�VDIHW\�FRQFHUQV�IRU�WKH�SXEOLF��EXW�WKHVH�DUH
FRQVLGHUHG�WR�EH�PDQDJHDEOH���3DUWLFLSDWLRQ�E\�WUXFN�RSHUDWRUV�ZRXOG�EH�YROXQWDU\��VR�VKRXOG
PHHW�OLWWOH�UHVLVWDQFH�

��� 1(: 8/(9 /1* 75$&7256 )25 6+257�+$8/ 6(59,&(

6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�SXUFKDVH�D�IOHHW�RI�´FLW\µ�WUXFN�WUDFWRUV�GHVLJQHG�IRU�OLTXHILHG
QDWXUDO�JDV��/1*��IXHO���(QJLQHV�ZRXOG�EH�FHUWLILHG�WR�12[�DQG�30�OHYHOV�DW�OHDVW�����EHORZ
FXUUHQW�VWDQGDUGV���/1*�IXHO�ZRXOG�EH�SURYLGHG�E\�VPDOO�OLTXHIDFWLRQ�SURMHFWV�DOUHDG\�XQGHU
GHYHORSPHQW���7KH�WUXFNV�ZRXOG�EH�OHDVHG�WR�VWDWH�DQG�IHGHUDO�DJHQFLHV��WUXFNLQJ�IOHHWV��DQG
RZQHU�RSHUDWRUV�IRU�XVH�LQ�VKRUW�KDXO�SLFNXS�DQG�GHOLYHULHV�IRU�FDUJR�VXFK�DV�PDLO��LQWHUPRGDO
FRQWDLQHUV��ZRRG�FKLSV�DQG�EXON�DJULFXOWXUDO�SURGXFWV�WR�DQG�IURP�WKH�3RUW�RI�6DFUDPHQWR�
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VDQG�DQG�JUDYHO�IRU�FRQVWUXFWLRQ��HWF���/HDVH�WHUPV�ZRXOG�EH�VWUXFWXUHG�WR�EH�DWWUDFWLYH�WR
WUXFNHUV�ZKR�SUHVHQWO\�XVH�ROGHU�WUXFNV�ZLWK�KLJKHU�12[�DQG�30�HPLVVLRQV��RQ�WKH�FRQGLWLRQ
WKDW�WKHVH�WUXFNV�DUH�WR�EH�GLVSRVHG�RI�RXWVLGH�&DOLIRUQLD�

7DEOH�����&RVW�HIIHFWLYQHVV�RI�/1*�WUDFWRUV�LQ�VKRUW�KDXO�VHUYLFH�

'LHVHO 'HGLFDWHG /1* 'XDO )XHO

%DVHOLQH ZKROH WUXFN LQFUHPHQWDO FRVW ZKROH WUXFN LQFUHPHQWDO FRVW

&HUWLILFDWLRQ 12[ ���� ���� ���� ���� ����

$QQXDO 0LOHDJH �PLOHV� ������ ������ ������ ������ ������

,QFUHPHQWDO &DSLWDO &RVW � ������� ������ ������� ������

8VHIXO /LIH ����� ����� ����� ����� �����

$QQXDOL]HG &DSLWDO &RVW ���\U� � ������ ����� ������ �����

'LHVHO JDO�PLOH ���� ���� ���� ���� ����

/1* JDO�PLOH ���� ���� ���� ���� ����

)XHO &RVW�PLOH ����� ����� ����� ����� �����

)XHO &RVW�\HDU ������� ������� ������� ������� �������

1HW &RVW�<HDU ������� ������ ������ ����

12[ J�PLOH ���� ���� ���� ���� ����

12; WRQ�\HDU ���� ���� ���� ���� ����

12[ 5HGXFWLRQ WRQ�\HDU ���� ���� ���� ����

12[ 5HGXFWLRQ WRQ�GD\ ������ ������ ������ ������

&RVW�(IIHFWLYHQHVV ���WRQ� ������ ������ ������ �����

(PLVVLRQV

$�12[�HPLVVLRQ�IDFWRU�RI������J�PLOH�ZDV�XVHG�DV�WKH�EDVHOLQH�HPLVVLRQ�IDFWRU�IRU�QHZ�GLHVHO
YHKLFOHV�LQ��������,W�VKRXOG�EH�QRWHG�WKDW�WKH�DFWXDO�HPLVVLRQ�UHGXFWLRQ�FRXOG�EH�FRQVLGHUDEO\
PRUH��DV�(0)$&�)�GRHV�QRW�DFFRXQW�IRU�WKH�RFFXUUHQFH�RI�12[�GHIHDW�GHYLFHV�DPRQJ�ODWHU�
PRGHO�HQJLQHV���,W�FRXOG�DOVR�EH�PXFK�KLJKHU�WDUJHWLQJ�RQO\�WKH�KHDYLHU�YHKLFOHV���7KH�QHZ
/1*�WUDFWRUV�WR�EH�SXUFKDVHG�DUH�DVVXPHG�WR�EH�FHUWLILHG�WR�D�����J�%+3�KU�VWDQGDUG�
HTXLYDOHQW�WR�DERXW������JUDPV�SHU�PLOH���7KH�SURJUDP�ZRXOG�WDUJHW�KHDYLO\�XVHG�VKRUW�KDXO
WUXFNV�RSHUDWLQJ�LQ�DQG�DURXQG�WKH�FLWLHV��ZLWK�DQ�DVVXPHG�DQQXDO�WUDYHO�RI��������PLOHV�SHU
\HDU�

&RVW

7KH�FRVW�RI�D�IXOO�VL]H�GLHVHO�WUDFWRU�LV�TXRWHG�DW�DERXW�����������7KH�LQFUHPHQWDO�FRVW�IRU�D
GHGLFDWHG�/1*�GLHVHO�HQJLQH��/1*�IXHO�V\VWHP��DQG�FDWDO\WLF�FRQYHUWHU�DUH�HVWLPDWHG�YHU\
FRQVHUYDWLYHO\�DW�����������7KLV�HVWLPDWH�UHIOHFWV�VKRUW�WHUP��ORZ�YROXPH�SULFLQJ�IRU�WKH�/1*
HQJLQH��DQG�WKH�LQFUHPHQWDO�FRVWV�DUH�H[SHFWHG�WR�GHFOLQH�VXEVWDQWLDOO\�LQ�WKH�IXWXUH���(QHUJ\
FRQVXPSWLRQ�IRU�WKH�/1*�HQJLQH�LV�DVVXPHG�WR�EH�����KLJKHU�WKDQ�WKH�GLHVHO���'XDO�IXHO
HQJLQHV��DUH�DOVR�DYDLODEOH��DW�DQ�LQFUHPHQWDO�FRVW��LQVWDOOHG��RI�DURXQG���������

����������������������������������������
� 'XDO�IXHO HQJLQHV KDYH WKH DGYDQWDJH RI EHLQJ OHVV GHSHQGHQW XSRQ IXHO DYDLODELOLW\ OLPLWDWLRQV� +RZHYHU� WKH\

I UHTXLUH VRPH PHWKRG WR DVVXUH WKDW WKH KLJKHU HPLWWLQJ GLHVHO IXHO LV QRW XVHG ZKHQ WKH ORZHU HPLWWLQJ /1*

VKRXOG EH� 6LQFH /1* LV FKHDSHU WKDQ GLHVHO� WUXFNHUV ZRXOG EH LQFHQWHG WR XVH LW ZKHUHYHU SRVVLEOH� $GGLWLRQDO

LQFHQWLYHV IRU /1* XVH FDQ QRZ EH SURJUDPPHG LQWR WKH GXDO�IXHO HQJLQHV
 FRQWURO V\VWHPV� )RU WKH SXUSRVHV RI

WKLV VWXG\� ZH KDYH DVVXPHG WKDW WKH HPLVVLRQV DUH FKDUDFWHULVWLF RI /1* IXHO RQO\�
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(PLVVLRQ�5HGXFWLRQV

12[�HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�����DQG�30�HPLVVLRQV�E\�DERXW�����FRPSDUHG�WR�SUH�
�����GLHVHO�OHYHOV���3RWHQWLDO�HPLVVLRQ�UHGXFWLRQV�DPRXQW�WR������WRQV�SHU�\HDU�RI�12[�DQG
����SRXQGV�RI�30�SHU�\HDU�SHU�YHKLFOH�UHSODFHG���7KH�HIIHFW�RQ�PDVV�RI�92&�HPLVVLRQV�LV
XQFHUWDLQ��EXW�92&�UHDFWLYLW\�DQG�WR[LFLW\�ZRXOG�EH�UHGXFHG�

&RVW�HIIHFWLYHQHVV

7KH�QHW�FRVWV�RI�WKLV�PHDVXUH�WR�WKH�6WDWH�ZRXOG�GHSHQG�RQ�WKH�WHUPV�RI�WKH�OHDVH���(DFK�WUDFWRU
ZRXOG�FRVW�DERXW�����������DPRUWL]HG�DFURVV����\HDUV�DW����LQWHUHVW�WKLV�ZRXOG�FRPH�WR
��������SHU�\HDU���,I�XVH�RI�WKH�WUXFN�ZHUH�JLYHQ�WR�WKH�RSHUDWRU�IUHH�RI�FKDUJH��WKLV�ZRXOG
FRPH�WR�DERXW���������SHU�WRQ�RI�12[���,I�WKH�RSHUDWRU�ZHUH�ZLOOLQJ�WR�SD\�D�PDMRU�SRUWLRQ�RI
WKH�FXUUHQW�GLHVHO�WUXFN�OHDVH�UDWHV�RI��������SHU�PRQWK��WKH�6WDWH�ZRXOG�SRWHQWLDOO\�PDNH
PRQH\�RQ�WKH�GHDO�GHSHQGLQJ�RQ�WKH�SD\�EDFN�SHULRG��L�H��WKHUH�ZRXOG�EH�QHJDWLYH�FRVW����7R
HQWLFH�RZQHUV�RI�SUH������WUDFWRUV�WR�VHOO�WKHP�DQG�OHDVH�/1*�XQLWV��LW�PLJKW�EH�QHFHVVDU\�WR
RIIHU�WKHVH�DW�D�FRVW�FRPSDUDEOH�WR�WKH�FDUU\LQJ�FRVW�RI�ROGHU�WUDFWRUV�²�HVWLPDWHG�DW��������SHU
\HDU���&RVW�HIIHFWLYHQHVV�LQ�WKLV�FDVH�ZRXOG�EH�DERXW��������RI�FRVW�WR�WKH�VWDWH�SHU�WRQ�RI�12[
HOLPLQDWHG���1HW�VDYLQJV�WR�WKH�WUXFN�RSHUDWRU�ZRXOG�H[FHHG�WKH�FRVW�WR�WKH�VWDWH��VR�WKDW�WKH�QHW
VRFLDO�FRVWV�RI�WKLV�PHDVXUH�ZRXOG�VWLOO�EH�QHJDWLYH�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

/1*�WUXFNV�XVLQJ�ERWK�GHGLFDWHG�DQG�GXDO�IXHO�HQJLQHV�KDYH�RSHUDWHG�VXFFHVVIXOO\�IRU�VHYHUDO
\HDUV���(QJLQH�VXSSOLHUV�LQGLFDWH�WKDW�WKH�DVVXPHG�����J�EKS�KU�12[�OHYHO�LV�DFKLHYDEOH�ZLWK
SUHVHQW�WHFKQRORJ\�IRU�ERWK�GHGLFDWHG�DQG�GXDO�IXHO�HQJLQHV�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

:LGHVSUHDG�XVH�RI�/1*�PD\�SRVH�VRPH�VDIHW\�FRQFHUQV�IRU�WKH�SXEOLF��EXW�WKHVH�DUH
FRQVLGHUHG�WR�EH�PDQDJHDEOH���3DUWLFLSDWLRQ�E\�WUXFN�RSHUDWRUV�ZRXOG�EH�YROXQWDU\��VR�VKRXOG
PHHW�OLWWOH�UHVLVWDQFH�

��� 1(: &1*�6&+22/ %86(6

6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�SD\�WKH�LQFUHPHQWDO�FRVW�RI�EX\LQJ�QHZ�GHGLFDWHG�&1*�VFKRRO
EXVHV�LQVWHDG�RI�QHZ�EXVHV�XVLQJ�GLHVHO�HQJLQHV���7KH�&RXQW\�6FKRRO�'LVWULFWV�ZRXOG�EH
UHVSRQVLEOH�IRU�DQ�DPRXQW�HTXDO�WR�WKH�FRVW�RI�D�QHZ�VFKRRO�EXV��EXW�ZRXOG�H[SHULHQFH
VLJQLILFDQW�VDYLQJV�LQ�IXHO�FRVW�

7DEOH���WDEXODWHV�WKH�FRVW�HIIHFWLYHQHVV�UHVXOWV�RI�WKLV�PHDVXUH�

(PLVVLRQV

%DVHG�RQ�(0)$&�)��D�PHGLXP�+''9��OLNH�D�VFKRRO�EXV��ZLWK�D�GLHVHO�HQJLQH�PHHWLQJ�����
����J�EKS�KU�VWDQGDUGV�ZRXOG�KDYH������12[�HPLVVLRQV�RI�����J�PLOH�
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7KH�QHZ�&1*�VFKRRO�EXVHV�DUH�DVVXPHG�WR�EH�FHUWLILHG�WR�D�����J�EKS�KU�VWDQGDUG��ZLWK�DQ
HPLVVLRQ�IDFWRU�RI������J�PLOH�

8VLQJ�WKH�UHVXOWV�IURP�D�VWXG\�GRQH�E\�WKH�2DN�5LGJH�1DWLRQDO�/DERUDWRU\���DQ�DQQXDO�WUDYHO
RI��������PLOHV�SHU�\HDU�IRU�VFKRRO�EXVHV�LV�XVHG�LQ�WKLV�DQDO\VLV�

7DEOH�����&RVW�HIIHFWLYHQHVV�RI�SXUFKDVLQJ�&1*�VFKRRO�EXVHV�LQ�SODFH�RI�GLHVHO�

'LHVHO &1*

&HUWLILFDWLRQ 6WDQGDUG ���� ����

$QQXDO 0LOHDJH �PLOHV� ������ ������

,QFUHPHQWDO &DSLWDO &RVW � ������

8VHIXO /LIH ����� �����

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� � �����

&RQYHUVLRQ )DFWRU � %+3�KU � PL ���� ����

'LHVHO JDO�PLOH ���� ����

1* JDO�PLOH ���� ����

)XHO &RVW�PLOH ����� �����

)XHO &RVW�\HDU ������ ������

1HW &RVW�<HDU ������

12[ J�PLOH ���� ����

12; WRQV�\HDU ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ����

12[ 5HGXFWLRQ WRQV�GD\ �������

&RVW�(IIHFWLYHQHVV ���WRQ� ������

&RVW

7KH�LQFUHPHQWDO�FRVW�RI�D�GHGLFDWHG�&1*�VFKRRO�EXV�FRPSDUHG�WR�D�VLPLODU�GLHVHO�ZDV
HVWLPDWHG�WR�EH�DERXW�����������:H�DOVR�DVVXPH�HQHUJ\�FRQVXPSWLRQ�����JUHDWHU�IRU�WKH
&1*�EXV�WKDQ�D�VLPLODU�GLHVHO���7KLV�LV�FRQVLVWHQW�ZLWK�LQ�XVH�H[SHULHQFH��DOWKRXJK�VRPH
UHFHQW�GDWD�VKRZ�HTXDO�HQHUJ\�FRQVXPSWLRQ�EHWZHHQ�GLHVHO�DQG�WKH�ODWHVW�WHFKQRORJ\�&1*
VFKRRO�EXVHV�

(PLVVLRQ�5HGXFWLRQV

12[�HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�DERXW�����FRPSDUHG�WR�GLHVHO�OHYHOV��ZKLOH�30
HPLVVLRQV�ZRXOG�EH�UHGXFHG�����RU�PRUH���3RWHQWLDO�HPLVVLRQ�UHGXFWLRQV�DPRXQW�WR������WRQV
RI�12[�SHU�\HDU�SHU�YHKLFOH�RU���������WRQV�RI�12[�SHU�GD\�SHU�YHKLFOH�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�IRU�WKLV�PHDVXUH�LV�UDWKHU�KLJK�DW�DERXW���������GXH�WR�WKH�ORZHU�12[
UHGXFWLRQ�SRWHQWLDO�UHVXOWLQJ�IURP�WKH�UHODWLYHO\�ORZ�YHKLFOH�PLOHDJH�WUDYHOHG�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

&1*�VFKRRO�EXVHV�KDYH�RSHUDWHG�VXFFHVVIXOO\�LQ�&DOLIRUQLD�IRU�D�QXPEHU�RI�\HDUV�
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3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

:KLOH�PDQ\�6FKRRO�'LVWULFWV�KDYH�VRPH�H[SHULHQFH�ZLWK�&1*�EXVHV�GXH�WR�WKH�&DOLIRUQLD
(QHUJ\�&RPPLVVLRQ·V�&OHDQ�6FKRRO�%XV�3URJUDP��ZLGHVSUHDG�XVH�RI�&1*�PD\�SRVH�VRPH
VDIHW\�FRQFHUQV�IRU�WKH�SXEOLF��EXW�WKHVH�DUH�FRQVLGHUHG�WR�EH�PDQDJHDEOH�

��� 1(: &1*�75$16,7 %86(6

6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�SD\�WKH�LQFUHPHQWDO�FRVW�RI�EX\LQJ�QHZ�GHGLFDWHG�&1*�WUDQVLW
EXVHV�LQVWHDG�RI�QHZ�EXVHV�XVLQJ�GLHVHO�HQJLQHV���7KH�&RXQW\�7UDQVLW�$XWKRULWLHV�ZRXOG�EH
UHVSRQVLEOH�IRU�DQ�DPRXQW�HTXDO�WR�WKH�FRVW�RI�D�QHZ�WUDQVLW�EXV��EXW�ZRXOG�H[SHULHQFH
VLJQLILFDQW�VDYLQJV�LQ�IXHO�FRVW���7DEOH���WDEXODWHV�WKH�FRVW�HIIHFWLYHQHVV�UHVXOWV�IRU�WKLV
PHDVXUH�

7DEOH�����&RVW�HIIHFWLYHQHVV�RI�SXUFKDVLQJ�&1*�WUDQVLW�EXVHV�LQ�SODFH�RI�GLHVHO�

'LHVHO &1*

&HUWLILFDWLRQ 6WDQGDUG ��� ���

$QQXDO 0LOHDJH �PLOHV� ������ ������

,QFUHPHQWDO &DSLWDO &RVW � ������

8VHIXO /LIH �\HDUV� ����� �����

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� � �����

&RQYHUVLRQ )DFWRU � %+3�KU � PL ���� ����

'LHVHO JDO�PLOH ���� ����

1* JDO�PLOH ���� ����

)XHO &RVW�PLOH ����� �����

)XHO &RVW�\HDU ������� �������

1HW &RVW�<HDU ������

12[ J�PLOH ����� ����

12[ WRQ�\HDU ���� ����

12[ 5HGXFWLRQ WRQ�\HDU �����

12[ 5HGXFWLRQ WRQ�GD\ ������

&RVW�(IIHFWLYHQHVV ���WRQ� �������

(PLVVLRQV

%DVHG�RQ�(0)$&�I��D�WUDQVLW�EXV�ZLWK�D�GLHVHO�HQJLQH�PHHWLQJ����������J�EKS�KU�VWDQGDUGV
ZRXOG�KDYH������12[�HPLVVLRQV�RI�������J�PLOH�

7KH�QHZ�&1*�WUDQVLW�EXVHV�DUH�DVVXPHG�WR�EH�FHUWLILHG�WR�D�����J�EKS�KU�VWDQGDUG��ZLWK�12[
HPLVVLRQV�RI������J�PLOH�

8VLQJ�WKH�UHVXOWV�IURP�D�VWXG\�GRQH�E\�WKH�2DN�5LGJH�1DWLRQDO�/DERUDWRU\���DQQXDO�WUDYHO�RI
�������PLOHV�SHU�\HDU�IRU�WUDQVLW�EXVHV�LV�XVHG�LQ�WKLV�DQDO\VLV�

&RVW

7KH�LQFUHPHQWDO�FRVW�RI�D�GHGLFDWHG�&1*�WUDQVLW�EXV�FRPSDUHG�WR�D�VLPLODU�GLHVHO�ZDV
HVWLPDWHG�WR�EH�DERXW�����������:H�DOVR�DVVXPH�HQHUJ\�FRQVXPSWLRQ�����JUHDWHU�IRU�WKH
&1*�EXV�WKDQ�D�VLPLODU�GLHVHO�
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(PLVVLRQ�5HGXFWLRQV

12[�HPLVVLRQV�ZRXOG�EH�UHGXFHG�E\�DERXW�����FRPSDUHG�WR�GLHVHO�OHYHOV��ZKLOH�30
HPLVVLRQV�ZRXOG�EH�UHGXFHG�����RU�PRUH���3RWHQWLDO�HPLVVLRQ�UHGXFWLRQV�DPRXQW�WR������
WRQV�RI�12[�SHU�\HDU�SHU�YHKLFOH�RU�������WRQV�RI�12[�SHU�GD\�SHU�YHKLFOH�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�IRU�WKLV�PHDVXUH�LV�YHU\�DWWUDFWLYH�DW���������

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

&1*�WUDQVLW�EXVHV�KDYH�RSHUDWHG�VXFFHVVIXOO\�IRU�VHYHUDO�\HDUV��LQFOXGLQJ�WKH�5HJLRQDO�7UDQVLW
LQ�WKH�6DFUDPHQWR�&RXQW\�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

:KLOH�PDQ\�WUDQVLW�DXWKRULWLHV�KDYH�VRPH�H[SHULHQFH�ZLWK�&1*��ZLGHVSUHDG�XVH�RI�&1*�PD\
SRVH�VRPH�VDIHW\�FRQFHUQV�IRU�WKH�SXEOLF��EXW�WKHVH�DUH�FRQVLGHUHG�WR�EH�PDQDJHDEOH�DV�SURYHQ
LQ�WKH�6DFUDPHQWR�5HJLRQDO�7UDQVLW�
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�� 5(32:(5,1*�(;,67,1*�9(+,&/(6

��� 5(32:(5,1*2/'(5 758&.6:,7+0< �����(1*,1(6

6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�UHSODFH�WKH�H[LVWLQJ�KLJK�12[�HQJLQHV�RQ�ROGHU�WUDFWRU�WUDLOHU�ULJV
ZLWK�QHZ�HOHFWURQLF�HQJLQHV�FHUWLILHG�WR�D�����J�EKS�KU�VWDQGDUG���5HSODFHPHQWV�ZRXOG�EH
SHUIRUPHG�DW�WKH�WLPH�WKDW�WKH�H[LVWLQJ�HQJLQH�ZRXOG�UHTXLUH�DQ�RYHUKDXO�LQ�DQ\�HYHQW���7R�EH
HOLJLEOH�IRU�SXUFKDVH��WKH�QHZ�HQJLQHV�ZRXOG�DOVR�KDYH�WR�PHHW�QRW�WR�H[FHHG�OLPLWV�RI����
J�%+3�KU�DQ\ZKHUH�LQ�WKHLU�QRUPDO�RSHUDWLQJ�UDQJH�

1HZ�HQJLQHV�GHVLJQHG�WR�PHHW�WKH�����J�EKS�KU�VWDQGDUG�DOO�XVH�HOHFWURQLF�FRQWUROV���7KH
GLHVHO�HQJLQHV�IRXQG�LQ�H[LVWLQJ�KHDY\�GXW\�WUDFWRUV�LQFOXGH�ERWK�PHFKDQLFDOO\�FRQWUROOHG�DQG
HOHFWURQLFDOO\�FRQWUROOHG�PRGHOV���(OHFWURQLF�FRQWUROV�ZHUH�LQWURGXFHG�E\�'HWURLW�'LHVHO�RQ�LWV
6HULHV����HQJLQHV�LQ�WKH�PLG�¶��V��DQG�E\�&DWHUSLOODU�RQ�LWV������DQG������3((&�HQJLQHV�LQ
WKH�ODWH�����V���%HFDXVH�RI�GLIIHUHQFHV�LQ�HQJLQH�LQVWUXPHQWDWLRQ��JDXJHV��DQG�RWKHU�HOHFWURQLF
FRPSRQHQWV��LW�LV�PRUH�FRVWO\�WR�UHSODFH�D�PHFKDQLFDOO\�FRQWUROOHG�HQJLQH�ZLWK�DQ�HQJLQH
KDYLQJ�HOHFWURQLF�FRQWURO�WKDQ�WR�UHSODFH�RQH�HOHFWURQLFDOO\�FRQWUROOHG�HQJLQH�ZLWK�DQRWKHU�
+RZHYHU��VRPH�GLHVHO�UHSDLU�VKRSV�KDYH�H[SHULHQFH�LQ�PDNLQJ�WKHVH�UHSODFHPHQWV��DQG�FDQ�GR
VR�DW�D�PRGHUDWH�DGGLWLRQDO�FRVW����1HZ�HOHFWURQLF�V\VWHPV�KDYH�DOVR�EHHQ�GHYHORSHG�E\
DIWHUPDUNHW�VXSSOLHUV�VSHFLILFDOO\�WR�LQWHUIDFH�QHZ�HOHFWURQLF�HQJLQHV�WR�H[LVWLQJ�LQVWUXPHQW
FOXVWHUV�GHVLJQHG�IRU�PHFKDQLFDO�HQJLQH�LQSXWV�

7DEOH�����&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�HOHFWURQLF�HQJLQH�ZLWK�RQH�PHHWLQJ�FXUUHQW
VWDQGDUGV�

&DOLIRUQLD )HGHUDO (QJLQHV'LHVHO 17(

���J ����� ����� ����

&HUWLILFDWLRQ 12[ /HYHO ��� ��� ���� ���

12[ J�PLOH ���� ����� ����� �����

$QQXDO 0LOHDJH �PLOHV� ������ ������ ������ ������

,QFUHPHQWDO &DSLWDO &RVW ������ ����� ����� �����

8VHIXO /LIH � � � �

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� ����� ����� ����� �����

12[ WRQV�\HDU ���� ���� ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ���� ���� ����

12[ 5HGXFWLRQ WRQV�GD\ ������ ������ ������

&RVW�(IIHFWLYHQHVV ���WRQ� ������ ����� �����

%RWK�H[LVWLQJ�HOHFWURQLF�DQG�PHFKDQLFDO�HQJLQHV�ZRXOG�EH�HOLJLEOH�IRU�UHSODFHPHQW�XQGHU�WKH
SURSRVHG�SURJUDP���5HWURILWWLQJ�WKH�IRUPHU�ZRXOG�FRVW�OHVV��EXW�WKH�30�EHQHILWV�ZRXOG�DOVR�EH
OHVV��DV�30�HPLVVLRQV�WHQG�WR�EH�ORZHU�IURP�HOHFWURQLF�HQJLQHV���7DEOH���VKRZV�WKH�FRVW�
HIIHFWLYHQHVV�FDOFXODWLRQ�IRU�UHSODFLQJ�DQ�ROGHU�HOHFWURQLF�HQJLQH�ZLWK�RQH�PHHWLQJ�FXUUHQW
VWDQGDUGV���7DEOH���WDEXODWHV�WKH�FRVW�HIIHFWLYHQHVV�UHVXOWV�RI�UHSODFLQJ�D�PHFKDQLFDO�HQJLQH
ZLWK�RQH�PHHWLQJ�FXUUHQW�VWDQGDUGV���,Q�ERWK�FDVHV��WKH�SULPDU\�IRFXV�ZRXOG�EH�RQ�UHSODFLQJ
SUH������IHGHUDO�HQJLQHV�WKDW�KDG�EHHQ�FHUWLILHG�WR�KLJKHU�12[�HPLVVLRQ�OHYHOV���7\SLFDO
FHUWLILFDWLRQ�12[�OHYHOV�IRU�WKH�KHDY\�KHDY\�GXW\�HQJLQHV�XVHG�LQ�WUDFWRUV�UDQJHG�IURP���WR���
JUDP�SHU�EKS�KU�
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7DEOH�����&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�PHFKDQLFDO�HQJLQH�ZLWK�DQ�HOHFWURQLF�HQJLQH
PHHWLQJ�FXUUHQW�VWDQGDUGV�

)HGHUDO (QJLQHV'LHVHO 17(

��� J

&DOLIRUQLD

����� ����� ����

&HUWLILFDWLRQ 12[ /HYHO ��� ��� ���� ���

12[ J�PLOH ���� ����� ����� �����

$QQXDO 0LOHDJH �PLOHV� ������ ������ ������ ������

,QFUHPHQWDO &DSLWDO &RVW ������ ����� ����� �����

8VHIXO /LIH � � � �

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� ����� ����� ����� �����

12[ WRQV�\HDU ���� ���� ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ���� ���� ����

12[ 5HGXFWLRQ WRQV�GD\ ������ ������ ������

&RVW�(IIHFWLYHQHVV ���WRQ� ������ ����� �����

(PLVVLRQV

$JDLQ��ZH�XVHG�WKH�HPLVVLRQ�IDFWRU�RI�������J�PLOH�IRU�����������YHKLFOHV���)RU������DQG
ODWHU�PRGHO�WUXFNV��ZH�XVHG�WKH�HPLVVLRQ�IDFWRU�IRU�0<������YHKLFOHV��������J�PLOH���7KH
QHZ�HOHFWURQLF�HQJLQHV�DUH�DVVXPHG�WR�EH�FHUWLILHG�WR�DQ�17(�����J�+%3�KU�VWDQGDUG��ZLWK�DQ
HPLVVLRQ�IDFWRU�HTXLYDOHQW�WR������JUDPV�SHU�PLOH���$JDLQ��WKH�SURJUDP�ZRXOG�WDUJHW�WKH
KLJKO\�XVHG�VKRUW�KDXO�WUXFNV�LQ�DQG�DURXQG�WKH�FLWLHV��ZLWK�DQ�DVVXPHG�DQQXDO�WUDYHO�RI�������
PLOHV�SHU�\HDU�

&RVW

7KH�FRVW�RI�LQVWDOOLQJ�D�QHZ�HOHFWURQLF�HQJLQH�LQ�SODFH�RI�DQ�ROG�RQH�LQ�WKH�����WR�����KS�UDQJH
ZDV�HVWLPDWHG�WR�EH�DERXW����������ZKLOH�WKH�DYRLGHG�FRVW�RI�RYHUKDXOLQJ�WKH�H[LVWLQJ�HQJLQH
ZDV�HVWLPDWHG�DW����������7KH�FRVW�WR�LQVWDOO�DQ�HOHFWURQLF�HQJLQH�LQ�SODFH�RI�DQ�H[LVWLQJ
PHFKDQLFDO�HQJLQH�ZDV�HVWLPDWHG�WR�EH�DERXW����������RU�DERXW��������PRUH�WKDQ�UHSODFLQJ�DQ
HOHFWURQLF�HQJLQH�

(PLVVLRQ�5HGXFWLRQV

7KH�UHGXFWLRQ�LQ�12[�HPLVVLRQV�ZRXOG�GHSHQG�RQ�WKH�12[�OHYHOV�RI�WKH�H[LVWLQJ�HQJLQH�WKDW�LV
UHSODFHG���)RU�DQ�HQJLQH�PHHWLQJ�&DOLIRUQLD�HPLVVLRQ�VWDQGDUGV��DQG�QRW�HTXLSSHG�ZLWK�GHIHDW
GHYLFHV���WKH�UHGXFWLRQ�ZRXOG�EH�PLQLPDO�²�DERXW������WRQV�SHU�\HDU���+RZHYHU��PDQ\�ROGHU
WUDFWRU�ULJV�DUH�HTXLSSHG�ZLWK�IHGHUDO�HQJLQHV�GHVLJQHG�WR�PXFK�KLJKHU�12[�OHYHOV���6LQFH
PRVW�HOHFWURQLF�HQJLQHV�RI�WKLV�YLQWDJH�DUH�HTXLSSHG�ZLWK�GHIHDW�GHYLFHV��WKHLU�UHDO�ZRUOG
HPLVVLRQV�DUH�PXFK�KLJKHU�WKDQ�FHUWLILFDWLRQ�OHYHOV��DQG�WKH�SRWHQWLDO�EHQHILWV�RI�UHSRZHULQJ
DUH�DOVR�FRUUHVSRQGLQJO\�ODUJH�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�ZRXOG�GHSHQG�RQ�WKH�12[�HPLVVLRQV�RI�WKH�HQJLQH�EHLQJ
UHSODFHG���)RU�UHSRZHULQJ�ROGHU�HOHFWURQLF�HQJLQHV��WKH�FRVW�HIIHFWLYHQHVV�ZRXOG�UDQJH�IURP
�������WR�����������)RU�UHSRZHULQJ�PHFKDQLFDO�HQJLQHV��WKH�UDQJH�LV�IURP�DERXW��������WR
��������SHU�WRQ���%\�VHOHFWLQJ�RQO\�HQJLQHV�ZLWK�PRGHUDWHO\�KLJK�12[�HPLVVLRQV��LW�VKRXOG�EH
SRVVLEOH�WR�HQVXUH�WKDW�FRVW�HIIHFWLYHQHVV�ZRXOG�IDOO�LQWR�WKH�ORZHU�UDQJH���$OVR��WKH�FRVW
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HIIHFWLYHQHVV�FDQ�EH�LPSURYHG�E\�WDUJHWLQJ�RQO\�WKH�PRVW�KHDYLO\�XVHG�YHKLFOHV��UDWKHU�WKDQ�WKH
DYHUDJH�KHDY\�GXW\�WUXFNV�

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

7KH�IHDVLELOLW\�RI�UHSRZHULQJ�ROGHU�WUXFNV�ZLWK�QHZ�HQJLQHV�LV�ZHOO�HVWDEOLVKHG��DQG�VXFK
PRGLILFDWLRQV�DUH�QRW�XQFRPPRQ���6SHFLDO�WHFKQRORJLHV�KDYH�DOVR�EHHQ�GHYHORSHG�WR�DGDSW�WKH
RXWSXWV�IURP�QHZ�HOHFWURQLF�HQJLQHV�WR�PDWFK�WKH�LQVWUXPHQW�SDQHOV�RI�ROGHU�WUXFNV�GHVLJQHG
IRU�PHFKDQLFDO�HQJLQH�VLJQDOV�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

5HSRZHULQJ�ZLWK�D�QHZ�HQJLQH�LQVWHDG�RI�RYHUKDXOLQJ�WKHLU�H[LVWLQJ�HQJLQH�ZRXOG�RIIHU�WUXFN
RZQHUV�WKH�SRVVLELOLW\�WR�VDYH�FRQVLGHUDEO\�RQ�PDLQWHQDQFH��DQG�SRVVLEO\�IXHO�FRVWV���,I�WKH
LQFUHPHQWDO�FRVWV�RI�WKLV�UHSRZHULQJ�ZHUH�FRYHUHG�E\�WKH�6WDWH��LW�LV�OLNHO\�WKDW�WKLV�ZRXOG�EH
DQ�DWWUDFWLYH�RSWLRQ�IRU�WUXFN�RZQHUV�DQG�RSHUDWRUV�

��� 5(32:(5,1*:,7+0< ����������(1*,1(6

8QGHU�WKH�WHUPV�RI�WKH�FRQVHQW�GHFUHH�WKDW�VHWWOHG�WKH�´GHIHDW�GHYLFHµ�ODZVXLW�E\�$5%�DQG
(3$�DJDLQVW�WKH�SULQFLSDO�GLHVHO�HQJLQH�PDQXIDFWXUHUV��WKHVH�PDQXIDFWXUHUV�DUH�UHTXLUHG�WR
EULQJ�WR�PDUNHW�E\�2FWREHU�������GLHVHO�HQJLQHV�WKDW�ZLOO�PHHW�WKH������HPLVVLRQ�VWDQGDUGV�
7KHVH�HPLVVLRQ�VWDQGDUGV�FDOO�IRU�12[�10+&�HPLVVLRQV�RI�����JUDPV�SHU�EKS�KU���6LQFH
10+&�IURP�GLHVHOV�DUH�ORZ��DQG�FDQ�EH�UHGXFHG�IXUWKHU�E\�FDWDO\WLF�DIWHUWUHDWPHQW��ZH
HVWLPDWH�WKDW�12[�HPLVVLRQV�IURP�WKHVH�0<�����������HQJLQHV�ZLOO�EH�DERXW�����J�EKS�KU�
5HWURILWWLQJ�WKHVH�ORZ�HPLVVLRQ�GLHVHO�HQJLQHV�WR�H[LVWLQJ�WUXFNV�ZRXOG�UHVXOW�LQ�VXEVWDQWLDOO\
JUHDWHU�12[�UHGXFWLRQV�SHU�YHKLFOH�WKDQ�ZRXOG�UHWURILW�RI�SUHVHQW�����J�EKS�KU�HQJLQHV�
'HSHQGLQJ�RQ�WKH�LQFUHPHQWDO�FRVWV�DQG�IXHO�HIILFLHQF\�RI�WKH�0<�����������HQJLQH��WKH�FRVW�
HIIHFWLYHQHVV�RI�VXFK�UHWURILWV�ZRXOG�OLNHO\�EH�VXEVWDQWLDOO\�EHWWHU�WKDQ�IRU�SUHVHQW�GLHVHO
HQJLQHV�

'HYHORSLQJ�GHWDLOHG�FRVW�HIIHFWLYHQHVV�FDOFXODWLRQV�IRU�WKLV�PHDVXUH�DUH�TXLWH�FKDOOHQJLQJ�DV
GDWD�RQ�WKH�FRVWV��IXHO�HIILFLHQF\��DQG�GDWHV�RI�DYDLODELOLW\�RI�WKHVH�DGYDQFHG��ORZ�HPLWWLQJ
HQJLQHV�DUH�QRW�\HW�DYDLODEOH���%DVHG�RQ�WKH�LQIRUPDWLRQ�ZH�REWDLQHG�IURP�WKH�LQGXVWU\��WKH
0<�����������HQJLQHV�DUH�QRW�OLNHO\�WR�EH�DYDLODEOH�LQ�WKH�PDUNHW�LQ�WLPH�WR�FRQWULEXWH�WR
DFKLHYLQJ�WKH�QHHGHG�WZR�WRQV�RI�12[�UHGXFWLRQ�SHU�GD\�LQ��������+RZHYHU��WKLV�PHDVXUH
ZRXOG�FRQWULEXWH�WR�WKH�DGGLWLRQDO�RQH�WRQV�RI�12[�UHGXFWLRQ�SHU�GD\�LQ��������7KHUHIRUH��ZH
HVWLPDWHG�WKH�FRVW�HIIHFWLYHQHVV�UHVXOWV�EDVHG�RQ�YHU\�URXJK�HVWLPDWHV�RI�WKH�HQJLQH�FRVW�DQG
HPLVVLRQV�EHQHILW���7KHVH�HVWLPDWHV�DUH�VKRZQ�LQ�7DEOH������$V�WKLV�WDEOH�VKRZV��WKH�SRWHQWLDO
FRVW�HIIHFWLYHQHVV�IRU�UHSODFLQJ�SUHVHQW�����J�EKS�KU�12[�HQJLQHV�ZRXOG�EH�PRGHUDWHO\
DWWUDFWLYH���UDQJLQJ�IURP���������WR���������SHU�WRQ�
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7DEOH������&RVW�HIIHFWLYHQHVV�RI�UHSODFLQJ�DQ�ROGHU�HOHFWURQLF�HQJLQH�ZLWK�DQ�0<���������
HQJLQH��D���J�EKS�KU�RI�12[�HQJLQH��

0<������ &DOLIRUQLD (QJLQHV

����� �����

&HUWLILFDWLRQ 12[ /HYHO ��� ��� ���

12[ J�PLOH ���� ����� �����

$QQXDO 0LOHDJH �PLOHV� ������ ������ ������

,QFUHPHQWDO &DSLWDO &RVW ������ ����� �����

8VHIXO /LIH � � �

$QQXDOL]HG ,QFUHPHQWDO &DSLWDO &RVW ���\U� ����� ����� �����

12[ WRQV�\HDU ���� ���� ����

12[ 5HGXFWLRQ WRQV�\HDU ���� ����

12[ 5HGXFWLRQ WRQV�GD\ ������ ������

&RVW�(IIHFWLYHQHVV ���WRQ� ������ ������
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6. NOx AFTERTREATMENT SYSTEMS

$IWHUWUHDWPHQW�WHFKQRORJLHV�WR�UHGXFH�GLHVHO�12[�DQG�30�HPLVVLRQV�KDYH�EHHQ�WKH�VXEMHFWV�RI
LQWHQVH�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV�IRU�PRUH�WKDQ�WZR�GHFDGHV��EXW�KDYH�RQO\�UHFHQWO\
UHDFKHG�WKH�SRLQW�ZKHUH�ZLGHVSUHDG�GHSOR\PHQW�LQ�YHKLFOHV�DSSHDUV�IHDVLEOH����%HFDXVH�GLHVHO
HQJLQHV�W\SLFDOO\�RSHUDWH�ZLWK�YHU\�OHDQ�DLU�IXHO�UDWLRV��WKH�WKUHH�ZD\�FDWDO\WLF�FRQYHUWHU
V\VWHPV�XVHG�WR�FRQWURO�12[�HPLVVLRQV�IURP�VSDUN�LJQLWLRQ�HQJLQHV�DUH�LQHIIHFWLYH���/HDQ�12[
FDWDO\VWV�ZRUN�WR�UHGXFH�12[�GHVSLWH�WKH�RYHUDOO�R[LGL]LQJ�QDWXUH�RI�GLHVHO�H[KDXVW�E\�UHDFWLQJ
WKH�12[�ZLWK�XQEXUQHG�K\GURFDUERQV��+&���ZKLFK�VHUYH�DV�WKH�UHGXFWDQW���12[�DGVRUEHUV
�12[�WUDSV��FDSWXUH�12[�FKHPLFDOO\�XQGHU�OHDQ�FRQGLWLRQV��DQG�PXVW�EH�UHJHQHUDWHG
SHULRGLFDOO\�XQGHU�ULFK�FRQGLWLRQV�WR�UHPRYH�DQG�UHGXFH�WKH�WUDSSHG�12[���6HOHFWLYH�FDWDO\WLF
UHGXFWLRQ��6&5��V\VWHPV�UHDFW�12[�ZLWK�DPPRQLD�WR�SURGXFH�QLWURJHQ�DQG�ZDWHU�
$�QXPEHU�RI�FRPSDQLHV�KDYH�QRZ�GHYHORSHG�12[�DIWHUWUHDWPHQW�V\VWHPV�IRU�KHDY\�GXW\
GLHVHO�YHKLFOHV���3URPLVLQJ�WHFKQRORJLHV�LQFOXGH�6&5�DQG�OHDQ�12[�FDWDO\VW�V\VWHPV�

��� 5(752),77,1*2/'(5 758&.6:,7+ 6&5�&$7$/<67 6<67(06

6WDWH�IXQGV�ZRXOG�EH�XVHG�WR�UHWURILW�ROGHU�WUXFNV�ZLWK�6&5�V\VWHPV�XVLQJ�DTXHRXV�XUHD�DV�WKH
UHGXFWDQW���)XQGLQJ�ZRXOG�DOVR�EH�QHHGHG�IRU�LQFHQWLYHV�WR�WUXFN�RSHUDWRUV�VXIILFLHQW�WR�RIIVHW
WKH�LQFUHPHQWDO�FRVWV�RI�WKH�UHGXFWDQW�DQG�DGGLWLRQDO�PDLQWHQDQFH�UHTXLUHG�E\�WKH�V\VWHP�
7DEOH����VKRZV�WKH�HVWLPDWHG�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�

(PLVVLRQV

6LPLODU�WR�SUHYLRXV�PHDVXUHV��WKH�HPLVVLRQ�IDFWRUV�RI������WR������J�PLOH�JHQHUDWHG�IURP
(0)$&�)�ZHUH�XVHG�DV�WKH�EDVHOLQH�12[�HPLVVLRQV�IRU�&DOLIRUQLD�WUXFNV���$JDLQ��WKH�DFWXDO
HPLVVLRQ�UHGXFWLRQ�FRXOG�EH�FRQVLGHUDEO\�PRUH��DV�(0)$&�)�GRHV�QRW�DFFRXQW�IRU�WKH
RFFXUUHQFH�RI�12[�GHIHDW�GHYLFHV�DPRQJ�ODWHU�PRGHO�HQJLQHV���)RU�WKLV�DQDO\VLV��ZH�DVVXPHG
WKDW�WKH�6&5�FDWDO\VW�V\VWHP�ZRXOG�EH�����HIIHFWLYH�LQ�UHGXFLQJ�12[�HPLVVLRQV���7KLV�LV�D
YHU\�FRQVHUYDWLYH�HVWLPDWH�IRU�DQ�RSHQ�ORRS�6&5�V\VWHP���ORZHU�WKDQ�WKH�SHUIRUPDQFH
GRFXPHQWHG�LQ�D�SXEOLVKHG�UHSRUW�E\�6LHPHQV�DQG�0DFN�7UXFNV����$JDLQ��WKH�SURJUDP�ZRXOG
WDUJHW�LQWHQVLYHO\�XVHG�VKRUW�KDXO�WUXFNV�LQ�DQG�DURXQG�WKH�FLWLHV��ZLWK�DQ�DVVXPHG�DQQXDO
WUDYHO�RI��������PLOHV�SHU�\HDU�

&RVW

7KH�FRVW�WR�EX\�DQG�LQVWDOO�DQ�6&5�V\VWHP�RQ�DQ�H[LVWLQJ�GLHVHO�WUXFN�ZDV�HVWLPDWHG�DW
����������,Q�WKH�ORQJ�UXQ��SULFHV�DUH�OLNHO\�WR�EH�ORZHU��()	((�KDV�HVWLPDWHG�WKH�FRVW�RI�D
6&5�V\VWHP�LQ�ODUJH�YROXPH�IRU�QHZ�WUXFNV�DW�DERXW��������HDFK����$OVR��FRVW�LQIRUPDWLRQ�IRU
6&5�V\VWHPV�SURYLGHG�E\�LQGXVWU\�UDQJHG�IURP��������WR�����������,Q�DGGLWLRQ�WR�WKH�FDSLWDO
FRVW��HDFK�V\VWHP�ZDV�DVVXPHG�WR�UHTXLUH�PDLQWHQDQFH�DPRXQWLQJ�WR������SHU�\HDU���7KH�6&5
V\VWHP�ZDV�DOVR�DVVXPHG�WR�UHTXLUH�XUHD�DW�������SHU�JDOORQ��DW�D�UDWH�HTXDO�WR����RI�WKH�IXHO
FRQVXPSWLRQ�UDWH�
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7DEOH������&RVW�HIIHFWLYHQHVV�RI�XUHD�6&5�V\VWHPV�

&DOLIRUQLD (QJLQHV )HGHUDO (QJLQHV

����� ����� ����� ����

&HUWLILFDWLRQ 12[ /HYHO ��� ��� ���� ���

%DVHOLQH 12[ JUDPV�PLOH ���� ���� ���� ����

12[ Z 6&5 6\VWHP �J�PLOH� ��� ��� ���� ����

12[ UHGXFWLRQ �WRQV�\U� ���� ���� ���� ����

12[ UHGXFWLRQ �WRQV�GD\� ������ ������ ������ ������

6&5 &RVW ������� ������� ������� �������

8VHIXO /LIH �\U� � � � �

$QQXDOL]HG &DSLWDO &RVW ������ ������ ������ ������

$QQXDO 0LOHDJH ������ ������ ������ ������

)XHO &RQVXPSWLRQ �03*� ��� ��� ��� ���

%DVHOLQH )XHO 8VH �JDO�\U� ����� ����� ����� �����

8UHD &RVW ��\HDU ��� ��� ��� ���

([WUD 0DLQW &RVW ��\HDU ��� ��� ��� ���

7RWDO DGGHG FRVW�\HDU ������ ������ ������ ������

&RVW HIIHFWLYHQHVV ��WRQ ������� ������� ������ ������

(PLVVLRQ�5HGXFWLRQV

7KH�UHGXFWLRQ�LQ�12[�HPLVVLRQV�ZRXOG�GHSHQG�RQ�WKH�12[�OHYHOV�RI�WKH�HQJLQH�LQVWDOOHG�LQ�WKH
UHWURILWWHG�YHKLFOH���)RU�DQ�HQJLQH�PHHWLQJ�&DOLIRUQLD�HPLVVLRQ�VWDQGDUGV��DQG�QRW�HTXLSSHG
ZLWK�GHIHDW�GHYLFHV���WKH�UHGXFWLRQV�UDQJH�IURP�����WR�����WRQV�SHU�\HDU���+RZHYHU��PDQ\
ROGHU�WUDFWRU�ULJV�DUH�HTXLSSHG�ZLWK�IHGHUDO�HQJLQHV�GHVLJQHG�WR�PXFK�KLJKHU�12[�OHYHOV���)RU
IHGHUDO�HQJLQHV�ZLWK�W\SLFDO�12[�OHYHOV�UDQJLQJ�IURP���WR����J�EKS�KU��WKH�HPLVVLRQ�UHGXFWLRQ
ZRXOG�EH�DERXW�����WRQV�SHU�\HDU���6LQFH�PRVW�HOHFWURQLF�HQJLQHV�RI�WKLV�YLQWDJH�DUH�HTXLSSHG
ZLWK�GHIHDW�GHYLFHV��WKHLU�UHDO�ZRUOG�HPLVVLRQV�DUH�PXFK�KLJKHU�WKDQ�FHUWLILFDWLRQ�OHYHOV��DQG
WKH�SRWHQWLDO�EHQHILWV�RI�DGGLQJ�12[�FRQWUROV�DUH�FRUUHVSRQGLQJO\�ODUJH�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�ZRXOG�GHSHQG�RQ�WKH�12[�HPLVVLRQV�RI�WKH�HQJLQH
LQVWDOOHG�LQ�WKH�YHKLFOH��DQG�WKHVH�YDOXHV�UDQJH�IURP�DERXW��������WR���������

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

6&5�V\VWHPV�IRU�KHDY\�GXW\�WUXFNV�DUH�XQGHU�DFWLYH�UHVHDUFK�DQG�GHYHORSPHQW��DQG�D�QXPEHU
RI�V\VWHPV�KDYH�HQWHUHG�WKH�SUHOLPLQDU\�GHPRQVWUDWLRQ�VWDJH���$W�WKLV�SRLQW�LW�DSSHDUV�OLNHO\
WKDW�VXLWDEO\�GXUDEOH��UHOLDEOH��DQG�VDIH�V\VWHPV�ZLOO�EH�FRPPHUFLDOO\�DYDLODEOH�ZLWKLQ�D�\HDU
RU�WZR�²�HVSHFLDOO\�VLQFH�&DOLIRUQLD�KDV�FUHDWHG�D�SRWHQWLDO�PDUNHW�IRU�VXFK�V\VWHPV�E\�IXQGLQJ
12[�UHWURILW�SURJUDPV���,Q�DGGLWLRQ��WKH�UHFHQW�(3$�DQQRXQFHPHQW�RI�LWV�9ROXQWDU\�5HWURILW
3URJUDP�IRU�+'�YHKLFOHV�ZRXOG�DOVR�DFFHOHUDWH�WKH�FRPPHUFLDO�GHSOR\PHQW�RI�WKHVH
WHFKQRORJLHV���7KH�JRDO�RI�WKH�(3$�9ROXQWDU\�5HWURILW�3URJUDP�LV�WR�UHWURILW��������YHKLFOHV
E\�WKH�HQG�RI������
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3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

7KH�DGGLWLRQ�RI�WKH�6&5�V\VWHP�ZRXOG�SURYLGH�QR�EHQHILW�WR�WKH�WUXFN�RZQHU��ZKLOH�DGGLQJ
VRPH�FRVWV�LQ�PDLQWHQDQFH�DQG�XUHD���7KHUHIRUH��WUXFN�RZQHUV�DUH�XQOLNHO\�WR�YROXQWHHU�XQOHVV
FRPSHQVDWHG�LQ�VRPH�ZD\���6XFK�FRPSHQVDWLRQ�FRXOG�LQFOXGH�FDVK�SD\PHQWV��OLQNHG�WR
FRQWLQXLQJ�FKHFNV�WKDW�WKH�12[�FRQWURO�V\VWHP�ZDV�ZRUNLQJ���SUHIHUHQWLDO�FRQVLGHUDWLRQ�IRU
FRQWUDFWLQJ�RSSRUWXQLWLHV��RU�VLPLODU�LQFHQWLYHV���$V�ORQJ�DV�WKH�LQFHQWLYHV�DUH�QRW�VHHQ�DV
FRHUFLYH��WKLV�DSSURDFK�VKRXOG�UDLVH�OLWWOH�RSSRVLWLRQ�

��� 5(752),77,1*:,7+ /($1 12; &$7$/<67 6<67(06

6WDWH�IXQGV�FRXOG�EH�XVHG�WR�UHWURILW�ROGHU�WUXFNV�ZLWK�OHDQ�12[�FDWDO\VW�V\VWHPV���/LNH�6&5
V\VWHPV��WKHVH�V\VWHPV�DUH�D�VXEMHFW�RI�DFWLYH�FRPPHUFLDO�GHYHORSPHQW��DQG�LW�LV�OLNHO\�WKDW
FRPPHUFLDO�V\VWHPV�ZLOO�EH�DYDLODEOH�LQ�ORZ�YROXPH�SURGXFWLRQ�LQ�WKH�QHDU�IXWXUH���7DEOH���
WDEXODWHV�WKH�HVWLPDWHG�FRVW�HIIHFWLYHQHVV�IRU�WKLV�PHDVXUH�

7DEOH������&RVW�HIIHFWLYHQHVV�RI�UHWURILWWLQJ�OHDQ�12[�FDWDO\VW�V\VWHPV�

&DOLIRUQLD (QJLQHV )HGHUDO (QJLQHV

����� ����� ����� ����

&HUWLILFDWLRQ 12[ /HYHO ��� ��� ���� ���

%DVHOLQH 12[ JUDPV�PLOH ���� ���� ���� ����

12[ Z /HDQ 12[ 6\VWHP �J�PLOH� ���� ��� ���� ����

12[ UHGXFWLRQ �WRQV�\U� ���� ���� ���� ����

12[ UHGXFWLRQ �WRQV�GD\� ������ ������ ������ ������

/HDQ 12[ V\VWHP FRVW ������ ������ ������ ������

8VHIXO /LIH �\U� � � � �

$QQXDOL]HG &DSLWDO &RVW ������ ������ ������ ������

$QQXDO 0LOHDJH ������ ������ ������ ������

)XHO &RQVXPSWLRQ �03*� ���� ���� ���� ����

%DVHOLQH )XHO 8VH �JDO�\U� ����� ����� ����� �����

)XHO &RQVXPSWLRQ 3HQDOW\ ���� ��� ��� ��� ���

([WUD )XHO &RVW ��\HDU ��� ��� ��� ���

7RWDO DGGHG FRVW�\HDU ������ ������ ������ ������

&RVW HIIHFWLYHQHVV ��WRQ ������� ������� ������ ������

(PLVVLRQV

6LPLODU�WR�SUHYLRXV�PHDVXUHV��WKH�HPLVVLRQ�IDFWRU�RI������WR������J�PLOH�JHQHUDWHG�IURP
(0)$&�)�ZDV�XVHG�DV�WKH�EDVHOLQH�IRU�&DOLIRUQLD�WUXFNV���$JDLQ��WKH�DFWXDO�HPLVVLRQ
UHGXFWLRQ�FRXOG�EH�FRQVLGHUDEO\�PRUH��DV�(0)$&�)�GRHV�QRW�DFFRXQW�IRU�WKH�RFFXUUHQFH�RI
12[�GHIHDW�GHYLFHV�DPRQJ�ODWHU�PRGHO�HQJLQHV���)RU�WKLV�DQDO\VLV��ZH�DVVXPHG�WKH�OHDQ�12[
FDWDO\VW�V\VWHPV�WR�EH�����HIIHFWLYH�LQ�UHGXFLQJ�12[�HPLVVLRQV��ZLWK�D����IXHO�FRQVXPSWLRQ
SHQDOW\�IRU�WKH�IXHO�LQMHFWHG�WR�DFW�DV�WKH�UHGXFWDQW���$JDLQ��WKH�SURJUDP�ZRXOG�WDUJHW�WKH
KLJKO\�XVH�VKRUW�KDXO�WUXFNV�LQ�DQG�DURXQG�WKH�FLWLHV��ZLWK�DQ�DVVXPHG�DQQXDO�WUDYHO�RI�������
PLOHV�SHU�\HDU�

7KH�FRVW�WR�EX\�D�OHDQ�12[�FDWDO\VW�V\VWHP�ZDV�TXRWHG�E\�RQH�GHYHORSHU�DW���������WR�ZKLFK
ZH�DGGHG������IRU�WKH�FRVW�RI�LQVWDOOLQJ�LW�RQ�DQ�H[LVWLQJ�YHKLFOH���,Q�WKH�ORQJ�UXQ��SULFHV�DUH
OLNHO\�WR�EH�ORZHU���()	((�KDV�HVWLPDWHG�WKH�FRVW�RI�OHDQ�12[�FDWDO\VW�V\VWHPV�LQ�ODUJH
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YROXPH�IRU�QHZ�WUXFNV�DW�DERXW��������HDFK���$JDLQ��WKH�IXHO�UHTXLUHG�IRU�WKH�FDWDO\VW
UHJHQHUDWLRQ�ZDV�HVWLPDWHG�WR�DGG����WR�WRWDO�IXHO�FRQVXPSWLRQ�

(PLVVLRQ�5HGXFWLRQV

7KH�UHGXFWLRQ�LQ�12[�HPLVVLRQV�ZRXOG�GHSHQG�RQ�WKH�12[�OHYHOV�RI�WKH�HQJLQH�LQVWDOOHG�LQ�WKH
UHWURILWWHG�YHKLFOH���)RU�DQ�HQJLQH�PHHWLQJ�&DOLIRUQLD�HPLVVLRQ�VWDQGDUGV��WKH�UHGXFWLRQ�ZRXOG
UDQJH�IURP������WR������WRQV�SHU�\HDU���+RZHYHU��PDQ\�ROGHU�WUDFWRU�ULJV�DUH�HTXLSSHG�ZLWK
IHGHUDO�HQJLQHV�GHVLJQHG�WR�PXFK�KLJKHU�12[�OHYHOV���)RU�)HGHUDO�HQJLQHV�ZLWK�12[�OHYHOV
UDQJLQJ�IURP���WR����J�EKS�KU��WKH�HPLVVLRQ�UHGXFWLRQ�ZRXOG�EH�DERXW�����WRQV�SHU�\HDU�
6LQFH�PRVW�HOHFWURQLF�HQJLQHV�RI�WKLV�YLQWDJH�DUH�HTXLSSHG�ZLWK�GHIHDW�GHYLFHV��WKHLU�UHDO�ZRUOG
HPLVVLRQV�DUH�PXFK�KLJKHU�WKDQ�FHUWLILFDWLRQ�OHYHOV��DQG�WKH�SRWHQWLDO�EHQHILWV�RI�DGGLQJ�12[
FRQWUROV�DUH�FRUUHVSRQGLQJO\�ODUJH�

&RVW�HIIHFWLYHQHVV

7KH�FRVW�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH�ZRXOG�GHSHQG�RQ�WKH�12[�HPLVVLRQV�RI�WKH�HQJLQH
LQVWDOOHG�LQ�WKH�YHKLFOH��UDQJLQJ�IURP�DERXW��������WR���������

7HFKQLFDO�,PSOHPHQWDWLRQ�)HDVLELOLW\�DQG�5DQNLQJ

$�QXPEHU�RI�OHDQ�12[�FDWDO\VW�V\VWHPV�KDYH�HQWHUHG�WKH�SUHOLPLQDU\�GHPRQVWUDWLRQ�VWDJH���$W
WKLV�SRLQW�LW�DSSHDUV�WKDW�VRPH�FRPPHUFLDO�V\VWHPV�DUH�DYDLODEOH�QRZ�²�HVSHFLDOO\�LI�&DOLIRUQLD
FUHDWHV�D�PDUNHW�IRU�VXFK�V\VWHPV�E\�IXQGLQJ�12[�UHWURILWV�RI�WKLV�QDWXUH���,Q�DGGLWLRQ��WKH
(3$·V�UHFHQW�DQQRXQFHPHQW�RI�LWV�9ROXQWDU\�5HWURILW�3URJUDP�IRU�+'�YHKLFOHV�ZLOO�WHQG�WR
DFFHOHUDWH�WKH�FRPPHUFLDO�GHSOR\PHQW�RI�WKHVH�WHFKQRORJLHV�

3ROLWLFDO�6RFLDO�3XEOLF�$FFHSWDQFH

7KH�DGGLWLRQ�RI�WKH�OHDQ�12[�FDWDO\VW�V\VWHP�ZRXOG�SURYLGH�QR�EHQHILW�WR�WKH�WUXFN�RZQHU�
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7KH�SUHOLPLQDU\�DQDO\VHV�SUHVHQWHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV�VKRZ�WKDW�D�ZLGH�YDULHW\�RI�FRVW�
HIIHFWLYH�PHDVXUHV�DUH�SRWHQWLDOO\�DYDLODEOH�WR�UHGXFH�12[�HPLVVLRQV�IURP�H[LVWLQJ�YHKLFOHV�
$V�DQ�H[DPSOH��VRPH�RI�WKH�PHDVXUHV�HYDOXDWHG�DUH�OLVWHG�LQ�7DEOH������$PRQJ�WKH�PRVW�FRVW�
HIIHFWLYH�PHDVXUHV�LGHQWLILHG�DUH��SXUFKDVLQJ�8/(9�QDWXUDO�JDV�WUDFWRUV�DQG�EXVHV��ZKHQ
FRQVLGHUHG�RQ�DQ�LQFUHPHQWDO�FRVW�EDVLV���UHWURILWWLQJ�12[�FDWDO\VW�V\VWHPV�VXFK�DV�6&5�RU
OHDQ�12[�FDWDO\VWV�WR�H[LVWLQJ�KLJK�12[�YHKLFOHV��DQG�UHSRZHULQJ�H[LVWLQJ�YHKLFOHV�ZLWK�ORZ�
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GD\�LQ�������LW�ZLOO�PRVW�OLNHO\�EH�QHFHVVDU\�WR�FRPELQH�VHYHUDO�HPLVVLRQ�FRQWURO�PHDVXUHV
IURP�WKH�OLVW�LQ�7DEOH������7KH�XOWLPDWH�FRPELQDWLRQ�RI�PHDVXUHV�VHOHFWHG�ZLOO�QR�GRXEW�EH
EDVHG�SDUWO\�RQ�FRQVLGHUDWLRQV�RI�FRVW�HIIHFWLYHQHVV��DQG�SDUWO\�RQ�RWKHU�FRQFHUQV�VXFK�DV�WKH
GHVLUH�WR�UHGXFH�VFKRRO�FKLOGUHQ·V�H[SRVXUH�WR�GLHVHO�SDUWLFXODWH�PDWWHU��DV�ZHOO�DV�SROLWLFDO
FRQVLGHUDWLRQV���2QH�RI�WKH�PDQ\�SRVVLEOH�FRPELQDWLRQV�RI�PHDVXUHV�WR�DFKLHYH�WKH�QHHGHG
HPLVVLRQ�UHGXFWLRQV�DUH�VKRZQ�IRU������LQ�7DEOH����DQG������LQ�7DEOH����
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H[FOXGH�VRPH�RI�WKH�PHDVXUHV�WKDW�DUH�HYDOXDWHG�
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APPENDIX:
EMISSION FACTORS FOR HEAVY-DUTY DIESEL

VEHICLES DEVELOPED BASED ON EMFAC7F
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Emission Factors for Different HD Vehicle Types developed based on EMFAC7F

California Heavy Heavy-Duty Trucks (Class 8)
MY Cert. Std Engine NOx Det. Rate Conv. Factor Zero Mile, Veh. Det. Rate Accum. Miles Fuel Econ. Base E.F. Fuel Tampering Smoke I/M 2002 E.F. 2002 E.F.

(g/bhp-hr) (g/bhp-hr) Engine (bhp-hr/mi) (g/mi) Vehicle Jan, 2002 (mpg) (g/mi) C.F. C.F. C.F. (g/mi) (g/gal)

1977 7.5 7.93 0.00 2.87 22.76 0.00 852954 4.93 22.76 0.93 1.029 0.999 21.75 107.22
1978 7.5 7.93 0.00 2.86 22.68 0.00 838883 4.96 22.68 0.93 1.030 0.999 21.69 107.61
1979 7.5 7.93 0.00 2.84 22.52 0.00 824812 4.99 22.52 0.93 1.029 0.999 21.53 107.44
1980 6 7.93 0.00 2.82 22.36 0.00 810741 5.02 22.36 0.93 1.032 0.997 21.40 107.42
1981 6 7.93 0.00 2.81 22.28 0.00 796670 5.05 22.28 0.93 1.030 0.998 21.31 107.60
1982 6 7.93 0.00 2.78 22.05 0.00 782599 5.09 22.05 0.93 1.032 0.997 21.08 107.29
1983 6 7.93 0.00 2.77 21.97 0.00 768528 5.12 21.97 0.93 1.033 0.996 21.01 107.58
1984 4.5 3.93 0.02 2.75 10.81 0.06 753086 5.15 14.95 0.93 1.031 0.998 14.31 73.67
1985 4.5 3.93 0.02 2.74 10.77 0.05 736140 5.18 14.80 0.93 1.033 0.997 14.17 73.40
1986 4.5 3.93 0.02 2.72 10.69 0.05 717543 5.21 14.59 0.93 1.035 0.997 14.00 72.95
1987 6 3.93 0.02 2.70 10.61 0.05 697135 5.24 14.38 0.93 1.034 0.996 13.77 72.13
1988 6 3.93 0.02 2.72 10.69 0.05 674739 5.27 14.36 0.93 1.008 0.999 13.45 70.87
1989 6 3.93 0.02 2.71 10.65 0.05 650161 5.3 14.17 0.93 1.008 0.999 13.28 70.36
1990 6 3.93 0.02 2.69 10.57 0.05 623189 5.33 13.92 0.93 1.008 0.999 13.04 69.50
1991 5 3.93 0.02 2.71 10.65 0.05 593590 5.36 13.87 0.90 1.080 0.999 13.47 72.20
1992 5 3.93 0.02 2.69 10.57 0.05 561107 5.39 13.59 0.90 1.090 0.999 13.32 71.81
1993 5 3.93 0.02 2.68 10.53 0.05 525460 5.42 13.35 0.90 1.090 0.999 13.09 70.92
1994 5 3.93 0.02 2.68 10.53 0.05 486341 5.45 13.14 1.00 1.119 0.999 14.69 80.07
1995 5 3.93 0.02 2.66 10.45 0.05 443411 5.48 12.81 1.00 1.119 0.999 14.33 78.52
1996 4 3.93 0.02 2.65 10.41 0.05 396300 5.51 12.51 1.00 1.120 0.999 14.00 77.12
1997 4 3.93 0.02 2.63 10.34 0.05 344600 5.54 12.15 1.00 1.120 0.999 13.59 75.27
1998 4 3.14 0.02 2.63 8.27 0.05 287863 5.54 9.78 1.00 1.120 0.999 10.94 60.61
1999 4 3.14 0.02 2.63 8.27 0.05 225600 5.54 9.46 1.00 1.120 0.999 10.57 58.58
2000 4 3.14 0.02 2.63 8.27 0.05 157272 5.54 9.10 1.00 1.120 0.999 10.17 56.36
2001 4 3.14 0.02 2.63 8.27 0.05 82288 5.54 8.70 1.00 1.120 0.999 9.73 53.91
2002 4 3.14 0.02 2.63 8.27 0.05 0 5.54 8.27 1.00 1.120 0.999 9.25 51.23
2003 2.5 1.57 0.02 2.63 4.13 0.05 0 5.54 4.13 1.00 1.120 0.999 4.62 25.62

2002 NGV 2 1.57 0.02 2.63 4.13 0.05 0 2.96 4.13 1.00 1.120 0.999 4.62 13.70

Transit Buses
Model Year Cert. Std Engine NOx Det. Rate Conv. Factor Zero Mile, Veh. Det. Rate Accum. Miles Fuel Econ. Base E.F. Fuel Tampering Smoke I/M 2002 E.F. 2002 E.F.

(g/bhp-hr) (g/bhp-hr) Engine (bhp-hr/mi) (g/mi) Vehicle Jan, 2002 (mpg) (g/mi) C.F. C.F. C.F. (g/mi) (g/gal)

1977 7.5 7.93 0 4.3 34.10 0.00 915380 3.29 34.10 0.93 1.029 0.999 32.59 107.22
1978 7.5 7.93 0 4.3 34.10 0.00 892290 3.30 34.10 0.93 1.030 0.999 32.62 107.61
1979 7.5 7.93 0 4.3 34.10 0.00 869200 3.30 34.10 0.93 1.029 0.999 32.60 107.44
1980 6 7.93 0 4.3 34.10 0.00 844886 3.29 34.10 0.93 1.032 0.997 32.63 107.42
1981 6 7.93 0 4.3 34.10 0.00 819347 3.30 34.10 0.93 1.030 0.998 32.60 107.60
1982 6 7.93 0 4.3 34.10 0.00 792583 3.29 34.10 0.93 1.032 0.997 32.60 107.29
1983 6 7.93 0 4.3 34.10 0.00 764594 3.30 34.10 0.93 1.033 0.996 32.62 107.58
1984 4.5 3.93 0.02 4.3 16.90 0.09 735380 3.29 23.22 0.93 1.031 0.998 22.22 73.19
1985 4.5 3.93 0.02 4.3 16.90 0.09 704941 3.30 22.96 0.93 1.033 0.997 21.98 72.55
1986 4.5 3.93 0.02 4.3 16.90 0.09 673278 3.30 22.69 0.93 1.035 0.997 21.77 71.74
1987 6 3.93 0.02 4.3 16.90 0.09 640390 3.29 22.41 0.93 1.034 0.996 21.46 70.60
1988 6 3.93 0.02 4.3 16.90 0.09 606277 3.33 22.11 0.93 1.008 0.999 20.71 69.03
1989 6 3.93 0.02 4.3 16.90 0.09 570939 3.34 21.81 0.93 1.008 0.999 20.43 68.23
1990 6 3.93 0.02 4.3 16.90 0.09 534376 3.33 21.49 0.93 1.008 0.999 20.13 67.11
1991 5 3.93 0.02 4.3 16.90 0.09 496589 3.38 21.17 0.9 1.080 0.999 20.56 69.47
1992 5 3.93 0.02 4.3 16.90 0.09 457487 3.37 20.83 0.9 1.090 0.999 20.42 68.86
1993 5 3.93 0.02 4.3 16.90 0.09 417250 3.38 20.49 0.9 1.090 0.999 20.08 67.84
1994 5 3.93 0.02 4.3 16.90 0.09 375788 3.40 20.13 1 1.119 0.999 22.51 76.46
1995 5 3.93 0.02 4.3 16.90 0.09 333101 3.39 19.76 1 1.119 0.999 22.10 74.92
1996 4 3.93 0.02 4.3 16.90 0.09 289190 3.40 19.39 1 1.120 0.999 21.68 73.62
1997 4 3.93 0.02 4.3 16.90 0.09 244054 3.39 19.00 1 1.120 0.999 21.25 71.99
1998 4 3.14 0.02 4.3 13.52 0.09 197693 3.39 15.22 1 1.120 0.999 17.02 57.67
1999 4 3.14 0.02 4.3 13.52 0.09 150107 3.39 14.81 1 1.120 0.999 16.56 56.12
2000 4 3.14 0.02 4.3 13.52 0.09 101296 3.39 14.39 1 1.120 0.999 16.09 54.53
2001 4 3.14 0.02 4.3 13.52 0.09 51260 3.39 13.96 1 1.120 0.999 15.61 52.90
2002 4 3.14 0.02 4.3 13.52 0.09 0 3.39 13.52 1 1.120 0.999 15.12 51.23
2003 2.5 1.57 0.02 4.3 6.76 0.09 0 3.39 6.76 1 1.120 0.999 7.56 25.62

2002 NGV 2 1.57 0.02 4.3 6.76 0.09 0 1.81 6.76 1.00 1.120 0.999 7.56 13.70
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Emission Factors for Different HD Vehicle Types developed based on EMFAC7F
School Buses
Model Year Cert. Std Engine NOx Det. Rate Conv. Factor Zero Mile, Veh. Det. Rate Accum. Miles Fuel Econ. Base E.F. Fuel Tampering Smoke I/M 2002 E.F. 2002 E.F.

(g/bhp-hr) (g/bhp-hr) Engine (bhp-hr/mi) (g/mi) Vehicle Jan, 2002 (mpg) (g/mi) C.F. C.F. C.F. (g/mi) (g/gal)

1977 7.5 7.93 0 2.29 18.16 0.00 211110 6.53 18.16 0.93 1.029 0.999 17.35 113.32
1978 7.5 7.93 0 2.29 18.16 0.00 207074 6.54 18.16 0.93 1.030 0.999 17.37 113.61
1979 7.5 7.93 0 2.28 18.08 0.00 203038 6.55 18.08 0.93 1.029 0.999 17.29 113.22
1980 6 7.93 0 2.28 18.08 0.00 199002 6.56 18.08 0.93 1.032 0.997 17.30 113.49
1981 6 7.93 0 2.27 18.00 0.00 194966 6.57 18.00 0.93 1.030 0.998 17.21 113.08
1982 6 7.93 0 2.27 18.00 0.00 190930 6.58 18.00 0.93 1.032 0.997 17.21 113.25
1983 6 7.93 0 2.27 18.00 0.00 186894 6.59 18.00 0.93 1.033 0.996 17.22 113.48
1984 4.5 3.93 0.02 2.26 8.88 0.05 182523 6.6 9.71 0.93 1.031 0.998 9.29 61.30
1985 4.5 3.93 0.02 2.26 8.88 0.05 177789 6.61 9.69 0.93 1.033 0.997 9.27 61.28
1986 4.5 3.93 0.02 2.26 8.88 0.05 172663 6.62 9.66 0.93 1.035 0.997 9.27 61.37
1987 6 3.93 0.02 2.25 8.84 0.05 167111 6.63 9.59 0.93 1.034 0.996 9.19 60.91
1988 6 3.93 0.02 2.26 8.88 0.05 161099 6.64 9.61 0.93 1.008 0.999 9.00 59.76
1989 6 3.93 0.02 2.25 8.84 0.05 154588 6.65 9.54 0.93 1.008 0.999 8.93 59.41
1990 6 3.93 0.02 2.25 8.84 0.05 147536 6.66 9.51 0.93 1.008 0.999 8.90 59.29
1991 5 3.93 0.02 2.27 8.92 0.05 139899 6.67 9.56 0.9 1.080 0.999 9.28 61.92
1992 5 3.93 0.02 2.27 8.92 0.05 131629 6.68 9.52 0.9 1.090 0.999 9.33 62.33
1993 5 3.93 0.02 2.26 8.88 0.05 122673 6.7 9.44 0.9 1.090 0.999 9.25 61.98
1994 5 3.93 0.02 2.27 8.92 0.05 112973 6.72 9.43 1 1.119 0.999 10.55 70.89
1995 5 3.93 0.02 2.27 8.92 0.05 102433 6.74 9.39 1 1.119 0.999 10.50 70.75
1996 4 3.93 0.02 2.26 8.88 0.05 91057 6.76 9.29 1 1.120 0.999 10.39 70.26
1997 4 3.93 0.02 2.25 8.84 0.05 78737 6.78 9.20 1 1.120 0.999 10.29 69.74
1998 4 3.14 0.02 2.25 7.07 0.05 65395 6.78 7.37 1 1.120 0.999 8.24 55.87
1999 4 3.14 0.02 2.25 7.07 0.05 50946 6.78 7.30 1 1.120 0.999 8.17 55.38
2000 4 3.14 0.02 2.25 7.07 0.05 35298 6.78 7.23 1 1.120 0.999 8.09 54.84
2001 4 3.14 0.02 2.25 7.07 0.05 18352 6.78 7.16 1 1.120 0.999 8.00 54.27
2002 4 3.14 0.02 2.25 7.07 0.05 0 6.78 7.07 1 1.120 0.999 7.91 53.64
2003 2.5 1.57 0.02 2.25 3.54 0.05 0 6.78 3.54 1 1.120 0.999 3.96 26.82

2002 NGV 2 1.57 0.02 2.25 3.54 0.05 0 3.63 3.54 1 1.120 0.999 3.96 14.34

Federal Heavy Heavy-Duty Trucks (Class 8) used in California
Model Year Cert. Std Engine NOx Det. Rate Conv. Factor Zero Mile, Veh. Det. Rate Accum. Miles Fuel Econ. Base E.F. Fuel Tampering Smoke I/M 2002 E.F. 2002 E.F.

(g/bhp-hr) (g/bhp-hr) Engine (bhp-hr/mi) (g/mi) Vehicle Jan, 2002 (mpg) (g/mi) C.F. C.F. C.F. (g/mi) (g/gal)

1977 16 8 0.06 2.87 22.96 0.17 852954 4.93 37.65 0.93 1.029 0.999 35.98 177.37
1978 16 8 0.06 2.86 22.88 0.17 838883 4.96 37.28 0.93 1.030 0.999 35.66 176.86
1979 10 7.93 0.00 2.84 22.52 0.00 824812 4.99 22.52 0.93 1.029 0.999 21.53 107.44
1980 10 7.93 0.00 2.82 22.36 0.00 810741 5.02 22.36 0.93 1.032 0.997 21.40 107.42
1981 10 7.93 0.00 2.81 22.28 0.00 796670 5.05 22.28 0.93 1.030 0.998 21.31 107.60
1982 10 7.93 0.00 2.78 22.05 0.00 782599 5.09 22.05 0.93 1.032 0.997 21.08 107.29
1983 10 7.93 0.00 2.77 21.97 0.00 768528 5.12 21.97 0.93 1.033 0.996 21.01 107.58
1984 10.7 7.93 0.00 2.75 21.81 0.00 753086 5.15 21.81 0.93 1.031 0.998 20.87 107.47
1985 10.7 7.93 0.00 2.74 21.73 0.00 736140 5.18 21.73 0.93 1.033 0.997 20.80 107.74
1986 10.7 7.93 0.00 2.72 21.57 0.00 717543 5.21 21.57 0.93 1.035 0.997 20.70 107.82
1987 10.7 7.93 0.00 2.7 21.41 0.00 697135 5.24 21.41 0.93 1.034 0.996 20.50 107.44
1988 6 7.93 0.00 2.72 21.57 0.00 674739 5.27 21.57 0.93 1.008 0.999 20.20 106.45
1989 6 7.93 0.00 2.71 21.49 0.00 650161 5.3 21.49 0.93 1.008 0.999 20.13 106.68
1990 6 4.74 0.02 2.69 12.75 0.05 623189 5.33 16.10 0.93 1.008 0.999 15.08 80.37
1991
1992
1993
1994
1995
1996 SAME AS CALIFORNIA EMISSION FACTORS 
1997
1998
1999
2000
2001
2002
2003
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