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2XWOLQH
Ɣ 1HZ�3URMHFW�'LUHFWRU
Ɣ :KDW�LV�QHZ�VLQFH�WKH�0D\�&ROODERUDWLRQ�0HHWLQJ
Ɣ 7LPHOLQH�DQG�EXGJHW�UHTXHVWV
Ɣ $QDO\VLV�RI�$OWHUQDWLYHV�DQG�QH[W�VWHSV��
Ɣ 6XPPDU\

�
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Ɣ -RLQHG�WKH�/%1/�VWDII�DQG�WKH�&0%�6��3URMHFW�RQ�-XO\���������
Ɣ 3UHYLRXVO\�D�)HUPLODE�'LVWLQJXLVKHG�6FLHQWLVW��ZKHUH�KH�ZRUNHG�

VLQFH�����
Ɣ 3ULRU�H[SHULHQFH�LQFOXGHV

ż 'HSXW\�3URMHFW�0DQDJHU�IRU�WKH�&DORULPHWHU�(QGFDS��+*&$/��
IRU�WKH�&06�XSJUDGH�IRU�WKH�+/�/+&�DW�&(51

ż 3URMHFW�'LUHFWRU�RI�WKH�/RQJ�%DVHOLQH�1HXWULQR�([SHULPHQW
ż +HDG�RI�)HUPLODE¶V�3DUWLFOH�3K\VLFV�'LYLVLRQ
ż 3URJUDP�OHDGHU�IRU�WKH�86�/DUJH�+DGURQ�&ROOLGHU�$FFHOHUDWRU�

5HVHDUFK�3URJUDP��/$53�
ż 3URMHFW�PDQDJHU�IRU�WKH�86�/+&�$FFHOHUDWRU�3URMHFW

Ɣ :LOO�VSOLW�WLPH�EHWZHHQ�/%1/��'2(�KHDGTXDUWHUV��DQG�8�&KLFDJR�
�16)�KHDGTXDUWHUV��

-LP�6WUDLW�3URMHFW�'LUHFWRU��:KR�DP�,"�
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Ɣ 6WURQJ�VXSSRUW�IURP�6QRZPDVV�IRU�&0%�6�
Ɣ 3RVLWLYH�IHHGEDFN�IURP�16)�DQG�'2(�UHJDUGLQJ�WKH�$R$�DQG�WKH�DOWHUQDWLYHV�

XQGHU�FRQVLGHUDWLRQ�
Ɣ &+,36���6FLHQFH�DXWKRUL]DWLRQ�ELOO�SDVVHG�ZLWK�D�JRRG�'2(�IXQGLQJ�SURILOH�

IRU�&0%�6��

Ɣ )<���DSSURSULDWLRQ�UHSRUWV�IURP�+RXVH�DQG�6HQDWH�(QHUJ\�DQG�:DWHU�
VXEFRPPLWWHHV�
ż +RXVH��³,QFOXGHV�IXQGLQJ�IRU�&0%�6��´�EXW�QR�DPRXQW�VSHFLILHG
ż 6HQDWH��³1RW�OHVV�WKDQ���0´

Ɣ ,QIODWLRQ�5HGXFWLRQ�$FW�DSSURSULDWHV�����0�IRU�+(3�FRQVWUXFWLRQ�SURMHFWV��
DYDLODEOH�QRZ�
ż 'RHVQ¶W�GLUHFWO\�DIIHFW�&0%�6���EXW�VKRXOG�UHGXFH�EXGJHW�SUHVVXUH�RQ�+(3��ZKLFK�ZLOO�KHOS�XV�

�

0DQ\�SRVLWLYH�GHYHORSPHQWV�VLQFH�WKH�0D\�
&ROODERUDWLRQ�0HHWLQJ

)<�� )<�� )<�� )<�� )<��
���0 ���0 ���0 ���0 ���0
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6QRZPDVV�VXPPDU\�SUHVHQWDWLRQ��
6WURQJ�FRPPXQLW\�VXSSRUW�IRU�WKH�
LPSRUWDQFH�RI�WKH�&RVPLF�)URQWLHU�
DQG�IRU�&0%�6��LQ�VSHFLILF�

7KLV�LV�WKDQNV�WR�WKH�&0%�6��
&ROODERUDWLRQ�KDYLQJ�PDGH�D�VWURQJ�
FDVH�WKURXJK�WKH�ZKROH�SURFHVV�
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3�

&0%�6��PXVW�EH�SUHSDUHG�WR�PDNH�WKH�FDVH�WR�3��DERXW�
WKH�LPSRUWDQFH�DQG�H[FLWHPHQW�DERXW�WKH�VFLHQFH�DQG�WR�
SUHVHQW�D�VROLG��ZHOO�FRQVLGHUHG�DQG�UHDOL]DEOH�SURMHFW�SODQ�

�3DUWLFOH�3K\VLFV�3URMHFWV�3ULRULWL]DWLRQ�3DQHO�
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3RVLWLYH�IHHGEDFN�IURP�16)�DQG�'2(�UHJDUGLQJ�WKH�$R$
Ɣ ,Q�-XQH��ZH�SUHVHQWHG�WR�'2(�DQG�16)�D�VQDSVKRW�RI�WKH�VWDWH�RI�GHYHORSPHQW�RI�

DOWHUQDWLYH�FRQILJXUDWLRQV�WKDW�PHHW�WKH�VFLHQFH�JRDOV�DQG�ILW�ZLWKLQ�RXU�XQGHUVWDQGLQJ�
RI�FXUUHQW�6RXWK�3ROH�FRQVWUDLQWV

Ɣ 6HQLRU�UHSUHVHQWDWLYHV�IURP�ERWK�$JHQFLHV�ZHUH�HQJDJHG�DQG�JDYH�HQFRXUDJLQJ�
LQIRUPDO�IHHGEDFN�

Ɣ %RWK�'2(�DQG�16)�UHFRJQL]HG�WKDW�ZH�KDYH�RSWLRQV�WKDW�ZLOO�HQDEOH�WKH�VFLHQFH�JRDOV�
WR�EH�DFKLHYHG�ZLWKLQ�WKH�6RXWK�3ROH�FRQVWUDLQWV�

Ɣ 16)�WROG�XV�WKDW�WKH\�DUH�ZRUNLQJ�WRZDUG�PDNLQJ�&0%�6��D�FDQGLGDWH�SURMHFW�IRU�
05()&�IXQGLQJ��

Ɣ %HFRPLQJ�D�FDQGLGDWH�05()&�SURMHFW�ZLOO�WULJJHU�DQ�16)�&'5�UHYLHZ��
Ɣ 2XU�XQGHUVWDQGLQJ�LV�RQFH�&0%�6��LV�D�FDQGLGDWH�05()&�SURMHFW��233�ZLOO�ZRUN�RQ�

6RXWK�3ROH�SODQQLQJ�IRU�&0%�6��
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&0%�6��$JHQF\�0LOHVWRQH�&KDUW 'DWHG��-XO\���������

Ɣ 7LPHOLQH�FRQVWUXFWHG�ZLWK�LQSXW�IURP�WKH�$JHQFLHV�LWHUDWHG�WKURXJK�VHYHUDO�PHHWLQJV�ZLWK�WKHP��
Ɣ '2(�16)�-RLQW�2YHUVLJKW�*URXS��-2*��FRQFXUV�WKDW�WKLV�LV�UHDVRQDEOH�IRU�SODQQLQJ�SXUSRVHV�DW�WKLV�WLPH�
Ɣ 2XU�SODQQLQJ�LV�EDVHG�RQ�WKLV�VHW�RI�PDMRU�PLOHVWRQHV�
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&RPSOHWLQJ�WKH�$R$�DQG�VHOHFWLQJ�D�QHZ�EDVHOLQH�FRQILJXUDWLRQ�LV�WKH�WRS�SULRULW\�RI�WKH�3URMHFW��ZKLFK�LV�
QHFHVVDU\�WR�DOORZ�WKH�SURMHFW�WR�UHIRFXV�RQ�D�ZHOO�GHILQHG�FRQILJXUDWLRQ���
:H�QHHG�WR�FRPSOHWH�WKH�SURFHVV�WKLV�)DOO�WR�VXSSRUW�WKH�SODQQHG�WLPHOLQH�RI�SURMHFW�DSSURYDO�UHYLHZV�

7KH�VHOHFWHG�DOWHUQDWLYH�PXVW�
Ɣ EH�FDSDEOH�RI�DFKLHYLQJ�DOO�RI�WKH�VFLHQFH�JRDOV�DQG�
Ɣ EH�FRPSDWLEOH�ZLWK�WKH�6RXWK�3ROH�FRQVWUDLQWV

�7KH�DOWHUQDWLYHV�DUH�EHLQJ�HYDOXDWHG�ZLWK�UHVSHFW�WR��
�� WKH�VFLHQFH�SRWHQWLDO�RI�HDFK�RSWLRQ�LQ�FRPSDULVRQ�WR�WKH�JRDOV�DUWLFXODWHG�LQ�WKH�3UHOLPLQDU\�

%DVHOLQH�'HVLJQ�5HSRUW>�@�DQG�WKH�3URJUDP�/HYHO�5HTXLUHPHQWV>�@��
�� D��WKH�WLPH�QHHGHG�WR�EXLOG�DQG�GHSOR\�WKH�WHOHVFRSHV�DQG�VXSSRUWLQJ�LQIUDVWUXFWXUH�DQG�

E��WKH�UHTXLUHG�REVHUYDWLRQ�WLPH�WR�PHHW�WKH�VFLHQFH�JRDOV��L�H��WKH�RYHUDOO�WLPH�QHHGHG�WR�FRPSOHWH�
WKH�VFLHQWLILF�SURJUDP�

�� WKH�6RXWK�3ROH�LQIUDVWUXFWXUH�DQG�ORJLVWLFV�UHTXLUHG�UHODWLYH�WR�ZKDW�FDQ�EH�UHDVRQDEO\�H[SHFWHG�WR�
EH�DYDLODEOH��

�� WKH�HVWLPDWHG�FDSLWDO��RSHUDWLQJ�DQG�OLIH�F\FOH�FRVWV�RI�HDFK�RI�WKH�RSWLRQV�
�� VFLHQWLILF�DQG�WHFKQLFDO�ULVNV�

�

$QDO\VLV�RI�$OWHUQDWLYHV

BBBBBBBBBBBBBBBBB
>�@�&0%6��GRF����
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2XWOLQH�IRU�$R$�VOLGHV
Ɣ :K\�ZH�DUH�GRLQJ�WKLV��D�UHPLQGHU
Ɣ &RQVLGHUDWLRQV�IRU�DOWHUQDWLYH�6RXWK�3ROH�FRQILJXUDWLRQV
Ɣ &RQVLGHUDWLRQV�IRU�GRLQJ�U�VFLHQFH�IURP�&KLOH
Ɣ 6QDSVKRW�RI�WKH�$R$�VWDWXV�SUHVHQWHG�WR�WKH�DJHQFLHV�LQ�-XQH
Ɣ &XUUHQW�VWDWXV�DQG�QH[W�VWHSV�
Ɣ 3ODQ�IRU�YHWWLQJ�E\�3URMHFW�DQG�&ROODERUDWLRQ
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%DFNJURXQG��$�UHYLHZHG�$R$�GRFXPHQW�IRU�ZKLFK�WKH�DOWHUQDWLYHV�WR�EH�DQDO\]HG�
DUH�DJUHHG�WR�LQ�DGYDQFH�ZLWK�WKH�'2(�LV�D�UHTXLUHPHQW�IRU�&'�����,W�FRYHUV�
VFLHQFH�UHDFK��FRQVWUXFWLRQ�DQG�OLIHF\FOH�FRVWV��VFKHGXOH��DQG�ULVNV��ERWK�VFLHQFH�
DQG�WHFKQLFDO���6HH�'2(�*����������$R$�JXLGH�

,QLWLDOO\�WKLV�&0%�6��$R$�GRFXPHQW�ZDV�WR�FRYHU�WKH�IROORZLQJ�RSWLRQV��
Ɣ 1R�QHZ�WHOHVFRSHV�
Ɣ 7HOHVFRSHV�RQO\�LQ�&KLOH
Ɣ 7HOHVFRSHV�RQO\�LQ�6RXWK�3ROH
Ɣ &0%�6��%DVHOLQH�'HVLJQ�&RQILJXUDWLRQ

��

5HPLQGHU�RI�5DWLRQDOH�IRU�$QDO\VLV�RI�$OWHUQDWLYHV��$R$�

https://www.directives.doe.gov/directives-documents/400-series/0413.3-EGuide-22/@@images/file
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+RZHYHU��DIWHU�$VWUR�����UHFRPPHQGDWLRQ�DQG�EHIRUH�WKH�'2(�2IILFH�RI�3URMHFW�
$VVHVVPHQW��23$��UHYLHZ�VFKHGXOHG�IRU�)HEUXDU\�

Ɣ 16)�VWDWHG�WKDW�WKH�6RXWK�3ROH�VFRSH�RI�RXU�EDVHOLQH�GHVLJQ�FRQILJXUDWLRQ�ZDV�
QRW�VXSSRUWDEOH��DW�WKLV�WLPH�

Ɣ 7KLV�LV�WKH�UHDVRQ�WKH�)HEUXDU\�'2(�23$�UHYLHZ�ZDV�SRVWSRQHG��

Ɣ ,QVWHDG��16)�UHTXHVWHG�WKDW�ZH�DQDO\]H�DOWHUQDWLYH�6RXWK�3ROH�RSWLRQV�WKDW�ILW�
ZLWKLQ�WKH�FXUUHQW�63�ORJLVWLFDO�LQIUDVWUXFWXUH��IRU�ZKLFK�D�SULPDU\��EXW�QRW�VROH�
FRQVWUDLQW��LV�VWDWLRQ�SRZHU�JHQHUDWLRQ��

Ɣ )XWXUH�16)�IXQGLQJ�DQG�HQJDJHPHQW��ZKLFK�LV�DOVR�QHHGHG�IRU�'2(�IXQGLQJ��
UHVWHG�RQ�VKRZLQJ�WKDW�WKHUH�LV�D�VXSSRUWDEOH�SDWK�IRUZDUG�IRU�16)�DW�6RXWK�
3ROH��RU�WKDW�DQ�DOO�&KLOH�FRQILJXUDWLRQ�LV�YLDEOH��

��

5HPLQGHU�RI�5DWLRQDOH�IRU�$QDO\VLV�RI�$OWHUQDWLYHV��$R$�
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Ɣ 7KHUHIRUH��LQ�DGGLWLRQ�WR�WKH�LQLWLDO�'2(�$R$�RSWLRQV�ZH�DUH�GHYHORSLQJ�DQG�
DQDO\]LQJ�DOWHUQDWLYH�6RXWK�3ROH��63��FRQILJXUDWLRQV��ZKLFK�PD\�UHTXLUH�
DGGLWLRQDO�VFRSH�LQ�&KLOH��

Ɣ 7KH�6RXWK�3ROH�VFRSH�LV�SULPDULO\�GLUHFWHG�WR�DFKLHYH�WKH�U�VFLHQFH�JRDOV��VR�
WKHUHIRUH�WKH�$R$�HIIRUWV�DUH�IRFXVHG�RQ�WKH�U�VFLHQFH�

Ɣ ,Q�FRQVLGHULQJ�WKH�DOWHUQDWLYH�FRQILJXUDWLRQV�WR�DFKLHYH�WKH�U�VFLHQFH�JRDOV�
ż 7KH�PDLQ�LVVXH�IRU�WKH�6RXWK�3ROH�LV�WKH�ORJLVWLFDO�VXSSRUW�
ż 7KH�PDLQ�LVVXHV�LQ�&KLOH�DUH�QRW�ORJLVWLFDO��EXW�LQVWHDG�WKH�FKDOOHQJHV�WR�GULOOLQJ�

GHHS�RQ�D�WDUJHWHG�ILHOG�IURP�D�PLG�ODWLWXGH�VLWH��DQG�WKH�PLWLJDWLRQ�RI�WKH�KLJKHU�
³VN\´�QRLVH��

3OHDVH�QRWH���:H�DUH�QRW�UHOD[LQJ�RXU�OHYHO���VFLHQFH�JRDO�IRU�U���7KH�VXFFHVV�
RI�WKH�H[SHULPHQW�UHVWV�RQ�DFKLHYLQJ�LW��

��

5HPLQGHU�RI�5DWLRQDOH�IRU�$QDO\VLV�RI�$OWHUQDWLYHV��$R$�
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Ɣ 3URJUDPPDWLF�IRXQGDWLRQ�
ż &RQILJXUDWLRQV�WR�ILW�ZLWKLQ�RXU�XQGHUVWDQGLQJ�RI�WKH�H[LVWLQJ�ORJLVWLFDO�FDSDFLW\��SRZHU��FDUJR��HWF��
ż 2SHUDWLRQDO�GHPDQGV�DW�WKH�6RXWK�3ROH�VKRXOG�EH�RI�D�VFDOH�VLPLODU�WR�H[LVWLQJ�IDFLOLWLHV
ż 6FLHQFH�ULVNV�QHHG�WR�EH�XQGHUVWRRG�DQG�LQFOXGH�IHDVLEOH�PLWLJDWLRQ�SODQV��WUXH�IRU�&KLOH�WRR��

Ɣ 6FLHQWLILF�IRXQGDWLRQ�
ż &0%�6��,QIODWLRQ�VFLHQFH�JRDO��³U´�PXVW�EH�DFKLHYDEOH�ZLWK�KLJK�SUREDELOLW\�DQG�ORZ�ULVN
ż 2EVHUYLQJ�GXUDWLRQ�VKRXOG�EH�UHDVRQDEOH
ż %XLOG�RQ�6WDJH���H[SHULPHQW�VXFFHVVHV

Ɣ 6FLHQWLILF�RSSRUWXQLWLHV�
ż $GYDQFHV�LQ�JDSOHVV�PLUURU�IDEULFDWLRQ�IRU�63/$7�DQG�GHPRQVWUDWHG�LPSURYHPHQW�RI�637��*�

ORZ�HOO�QRLVH��LQFOXGLQJ�WKH�SRVVLEOH�PLWLJDWLRQ�RI�YDULDEOH�SRODUL]HG�DWPRVSKHULF�VLJQDO��LQGLFDWHV�
GDWD�IURP�63/$7�PD\�EH�DEOH�WR�SURYLGH�VLJQLILFDQW�ORZ�HOO�VHQVLWLYLW\�IRU�³U´

ż 8VH�RI�%,&(3�$UUD\�GDWD

$OWHUQDWLYH�6RXWK�3ROH�&RQILJXUDWLRQV
%DVLV�IRU�FRQVLGHUDWLRQV�RI�63�RSWLRQV

��
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Ɣ &XUUHQW�&0%�SRZHU�WRWDOV�����N:��
�SODQ�LV�WR�WXUQ�RII�WKHVH�WHOHVFRSHV�ZKHQ�&0%�6��WXUQV�RQ�
ż 637 � ����N:�
ż %,&(3� � ����N:
ż %,&(3�$UUD\ ����N:
ż 1RW�LQFOXGLQJ�FRQWLQXHG�IXHO�SRZHU�IRU�'6/�DQG�0$32�ODERUDWRU\�EXLOGLQJV

Ɣ &XUUHQW�&0%�6��63�FRQILJXUDWLRQ�SRZHU�HVWLPDWHV��
ż 3UHOLPLQDU\�%DVHOLQH�'HVLJQ��UHGXFHG�³VFUXEEHG´�SRZHU�HVWLPDWH��a����N:��VWLOO�WRR�KLJK�WR�

DFFRPPRGDWH�ZLWK�H[LVWLQJ�63�SRZHU�SODQW�
ż $OWHUQDWLYH������6$7V���63/$7�������N:
ż $OWHUQDWLYH������6$7V�������N:

Ɣ :H�EHOLHYH�WKH�FXUUHQW�SRZHU�JHQHUDWLRQ�FDSDELOLW\�KDV�a���N:�KHDGURRP�IRU�VWHDG\�VWDWH�
63�SRZHU�JHQHUDWLRQ��EXW�ZH�KDYH�QRW�\HW�UHFHLYHG�JXLGDQFH�IURP�16)

Ɣ $OWHUQDWH�SRZHU�JHQHUDWLRQ�RSWLRQV�FRXOG�EH�LQYHVWLJDWHG��LQFOXGLQJ�PRGHUQ�VRODU�DQG�RU�
ZLQG�SRZHU��

3RZHU�DVVXPSWLRQV�IRU�6RXWK�3ROH��63��6LWH�
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Ɣ :H�VWXGLHG�DQG�GRFXPHQWHG�WKH�RSWLRQ�
RI�6$7V�LQ�&KLOH�WR�DFKLHYH�WKH�OHYHO���U�
JRDO�LQ�WKH�DSSHQGL[�RI�WKH�'HFDGDO�
6XUYH\�5HSRUW��DQG�LQ�RXU�UHIHUHHG������
$S-�SDSHU��

Ɣ 7KHVH�GHPRQVWUDWHG�WKH�HIILFLHQF\�RI�
GRLQJ�WKH�U�VFLHQFH�DW�WKH�6RXWK�3ROH

Ɣ 7KHVH�VWXGLHV�UHVXOWHG�LQ�RXU�EDVHOLQH�
GHVLJQ�FRQILJXUDWLRQ�RI���6$7V����[��� �
���WHOHVFRSHV��DQG���63/$7�DW�WKH�6RXWK�
3ROH��DV�GHWDLOHG�LQ�WKH�3UHOLPLQDU\�
%DVHOLQH�'HVLJQ�5HSRUW����

��

$R$�EXLOGV�RQ�RXU�SUHYLRXV�ZRUN

https://arxiv.org/pdf/1907.04473.pdf
https://arxiv.org/pdf/1907.04473.pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ac1596/pdf
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Ɣ :H�DUH�QRZ�GHYHORSLQJ�WKLV�FRPSDULVRQ�IXUWKHU�WR�DUULYH�DW�D�PRUH�
FRPSUHKHQVLYH�GHWHUPLQDWLRQ�RI�WKH�UHTXLUHG�&KLOHDQ�VFRSH��6$7V�DQG�/$7V��

Ɣ 7KLV�LV�D�YHU\�IUDXJKW�SUREOHP�LQ�WKDW�WKHUH�LV�QR�FRPSDUDEOH�&KLOHDQ�6$7�
H[SHULPHQW�WR�VFDOH�IURP�LWV�DFKLHYHG�SHUIRUPDQFH��

Ɣ )XUWKHUPRUH��DE�LQLWLR�VHQVLWLYLW\�FDOFXODWLRQV�KDYH�JUHDWO\�RYHUHVWLPDWHG�WKH�
SHUIRUPDQFH�RI�GHJUHH�VFDOH��ORZ�HOO��&0%�H[SHULPHQWV�

Ɣ 2XU�IRUHFDVWLQJ�WKHUHIRUH�XVHV�VLPXODWLRQV�FRXSOHG�WR�VFDOLQJV�IURP�
SHUIRUPDQFH�DFKLHYHG�E\�6RXWK�3ROH�6$7V��

��

$R$�DFWLYLWLHV�WR�DVVHVV�U�VFLHQFH�IURP�&KLOH



&0%�6��&ROODERUDWLRQ�0HHWLQJ��$XJXVW������������

Ɣ :H�DUH�LQYHVWLJDWLQJ�WKH
ż ,PSDFW�RI�PRUH�UHDOLVWLF�VXUYH\�VFDQ�VWUDWHJLHV�IRU�&KLOH��DQG�LPSDFW�RI�KDYLQJ�WR�

XVH�KLJKHU�IRUHJURXQG�UHJLRQV�RI�WKH�VN\�IURP�&KLOH

ż 5HTXLUHG�GH�OHQVLQJ�HIIRUW��DQG�/$7V�QHHGHG�WR�DFKLHYH�LW

ż ,PSDFW�RI�REVHUYLQJ�HIILFLHQF\�GLIIHUHQFHV�EHWZHHQ�VLWHV

ż 6HQVLWLYLW\�LPSDFW�RI�XVLQJ�KDOI�ZDYH�SODWHV�LQ�&KLOH��WR�PLWLJDWH�³VN\�QRLVH´

Ɣ $OVR�QHHG�WR�ZHLJK�WKH
ż 6\VWHPDWLF�DQG�VLGHOREH�ULVNV�RI�GLIIHUHQW�6$7�FRQILJXUDWLRQV

ż 5HTXLUHPHQWV�IRU�VRODU�DQG�JURXQG�VFUHHQLQJ��WKH�LPSDFW�RI����KRXU�VRODU�GLXUQDO�
KHDWLQJ�FRROLQJ

ż 7HFKQLFDO�5LVNV�DQG�UHTXLUHG�5	'

��

$R$�DFWLYLWLHV�WR�DVVHVV�U�VFLHQFH�IURP�&KLOH
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Ɣ &ROODERUDWLRQ�6FLHQFH�&RXQFLO¶V�ORZ�HOO�%%�$QDO\VLV�:RUNLQJ�*URXS
ż %XLOGLQJ�RQ�ZRUN�IRU�WKH�'HFDGDO�6XUYH\�5HSRUW��DQG�RXU�$S-�SDSHU�

Ɣ $G�+RF�³7LJHU�7HDP´�VSDQQLQJ�DOO�WKH�QHFHVVDU\�DUHDV�RI�H[SHUWLVH�
ż )RUHFDVWLQJ�FRGHV��'DYLG�$ORQVR��&ROLQ�%LVFKRII��9LFWRU�%X]D��-RVTXLQ�(UUDUG
ż 6XUYH\�VWUDWHJLHV�	�DWPRVSKHULF�PRGHOLQJ��5HLMR�.HVNLWDOR
ż 2EVHUYLQJ�HIILFLHQFLHV��6DUD�6LPRQ
ż )RUHJURXQGV��6XVDQ�&ODUN��%UDQGRQ�+HQVOH\
ż 'HOHQVLQJ��5DSKDHO�)ODXJHU��0DULXV�0LOHD
ż ,QVWUXPHQW�SHUIRUPDQFH�PRGHOLQJ��-HII�0F0DKRQ��-RKQ�5XKO
ż 'DWD�SUHVHQWDWLRQ��&RRSHU�-DFREXV
ż &RRUGLQDWLRQ��-XOLDQ�%RUULOO��-RKQ�&DUOVWURP

��

2QJRLQJ�$R$�IRUHFDVWLQJ�HIIRUW

https://arxiv.org/pdf/1907.04473.pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ac1596/pdf
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6QDSVKRW�RI�$R$�VWDWXV�SUHVHQWHG�WR�16)�DQG�'2(�RQ�
-XQH���WK��ZLWK�ORWV�RI�FDYHDWV��

�6QD
SVK

RW�R
I�WKH

�HYR
OYLQJ

�$R$
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Ɣ $JHQF\�UHSUHVHQWDWLYHV�ZHUH�HQJDJHG�DQG�JDYH�HQFRXUDJLQJ�LQIRUPDO�
IHHGEDFN�

Ɣ 16)�LV�QRZ�ZRUNLQJ�WRZDUG�PDNLQJ�&0%�6��D�FDQGLGDWH�SURMHFW�IRU�05()&�
IXQGLQJ��

Ɣ %HFRPLQJ�D�FDQGLGDWH�05()&�SURMHFW�ZLOO�WULJJHU�DQ�16)�&'5�UHYLHZ��
Ɣ 2XU�XQGHUVWDQGLQJ�LV�RQFH�&0%�6��LV�D�FDQGLGDWH�05()&�SURMHFW��233�ZLOO�

ZRUN�RQ�6RXWK�3ROH�SODQQLQJ�IRU�&0%�6��

7KH�DERYH�DUH�H[FHOOHQW�GHYHORSPHQWV���:H�QRZ�QHHG�WR�IXOO\�GHYHORS��YHW�DQG�
UHYLHZ�WKH�DOWHUQDWLYHV��

��

-XQH�$R$�$JHQF\�%ULHILQJ�)HHGEDFN�DQG�5HFHQW�
'HYHORSPHQWV
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�DQDO\VHG�DQG�WKHQ�VFDOHG�WR�GHWHUPLQH�WKH�QXPEHUV�RI�WHOHVFRSHV�
UHTXLUHG�WR�PHHW�VFLHQFH�JRDOV

��

&RQILJXUDWLRQV�FXUUHQWO\�EHLQJ�HYDOXDWHG
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Ɣ ��LQVWUXPHQW�PRGHOV��5XKO�
ż ��636$7�PRGHOV��EDVHOLQH��DJJUHVVLYH�
ż ��&+6$7�PRGHOV��EDVHOLQH��EDVHOLQH�VFDOHG�RSWLFV�ZLWK�+:3��DJJUHVVLYH�+:3�
ż ��&+/$7�PRGHOV��&'�
ż ��63/$7�PRGHOV��70$�

Ɣ ��VXUYH\�VWUDWHJLHV��.HVNLWDOR�
ż ��636$7�VXUYH\��GHHS�
ż ��&+6$7�VXUYH\V��62�OLNH��6��OLNH�
ż ��&+/$7�VXUYH\V��ZLGH��62�OLNH��6��OLNH��63�OLNH��K\EULG�
ż ��63/$7�VXUYH\��GHHS�

Ɣ ���LQVWUXPHQW�PRGHO�[�VXUYH\�VWUDWHJ\��6LPRQ��.HVNLWDOR�

Ɣ ��IRUHJURXQG�PRGHOV��&ODUN��+HQVOH\�
ż 2SWLPLVWLF��%HVW�*XHVV��3HVVLPLVWLF��GHVFULSWLRQ�KHUH��SJ����

��

6LPXODWLRQV��,QSXWV

https://docs.google.com/presentation/d/169AqI_xV86lKGxbko7Qnx2YUR2_KTPITh1Kh94NxuJo/edit%23slide=id.g1262a58d975_0_89
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%DVHOLQH�2SWLFV %DVHOLQH�2SWLFV
ZLWK�PRUH��VPDOOHU��KRUQV��

WR�PDWFK�62�VSLOORYHU

&ROG�VWRS

6P
DO
OH
U�K
RU
Q�
�

P
RU
H�
VS
LOOR

YH
U

6RXWK�3ROH��QR�+:3�
%DVHOLQH� $JJUHVVLYH�

+:3

6FDOHG�2SWLFV��
�VDPH�I���

VR��IHZHU��KRUQV

6PDOOHU�DSHUWXUH��
�KLJKHU�I����

ZLWK�PRUH��VPDOOHU��KRUQV��
WR�PDWFK�62�VSLOORYHU

+:3

&KLOH���ZLWK�+:3�
%DVHOLQH�6FDOHG�2SWLFV $JJUHVVLYH

��

6$7�LQVWUXPHQW�PRGHOV



&0%�6��&ROODERUDWLRQ�0HHWLQJ��$XJXVW������������

Ɣ ��6$7�VXUYH\V�ZLWK���GHOHQVLQJ�FRQILJXUDWLRQV
ż &+6$7�62�OLNH�VXUYH\

Ŷ &+/$7�ZLGH���62�OLNH�VXUYH\V
ż &+6$7�6��OLNH�VXUYH\

Ŷ &+/$7�ZLGH���6��OLNH�VXUYH\V
ż 636$7�GHHS�VXUYH\

Ŷ 63/$7�GHHS�VXUYH\
Ŷ &+/$7�ZLGH���63�OLNH�VXUYH\V
Ŷ &+/$7�K\EULG�VXUYH\

��

'HOHQVLQJ�3URMHFWLRQV
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Ɣ ��[�636$7�����[�63/$7����[�&+6$7�����[�&+/$7
ż ��PRGHO�[���VXUYH\�[���IRUHJURXQGV�[���GHOHQVLQJ� ��

Ɣ ��[�636$7�����[�63/$7����[�&+6$7�������	���[�&+/$7V
ż ��PRGHO�[���VXUYH\�[���IRUHJURXQGV�[���GHOHQVLQJ� ���

Ɣ ��[�636$7�����[�63/$7���
�[�&+6$7����
�[�&+/$7
ż ��PRGHO�[���VXUYH\�[���IRUHJURXQGV�[���GHOHQVLQJ� ���

,Q�HDFK�FDVH�DQDO\]H��L��VWDQGDORQH���LL��ZLWK�DGGLWLRQDO�GDWD��632�62��63/$7�ORZ�HOO�


�UHVFDODEOH�SRVW�KRF�WR�RWKHU�QXPEHUV�RI�WHOHVFRSHV

��

$QDO\VHV
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'RFXPHQWDWLRQ

'RFXPHQWDWLRQ�RQ
�FRQIOXHQFH���H�J���

https://cmb-s4.atlassian.net/wiki/spaces/XPI/pages/1072627758/Analysis+of+Alternatives
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'RFXPHQWDWLRQ

'RFXPHQWDWLRQ�RQ
�FRQIOXHQFH���H�J���

https://cmb-s4.atlassian.net/wiki/spaces/XPI/pages/1072627758/Analysis+of+Alternatives
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'RFXPHQWDWLRQ�RQ
�FRQIOXHQFH���H�J���

'RFXPHQWDWLRQ

https://cmb-s4.atlassian.net/wiki/spaces/XPI/pages/1072627758/Analysis+of+Alternatives


&0%�6��&ROODERUDWLRQ�0HHWLQJ��$XJXVW������������ ��

'UDIW�$JHQGD�IRU�6HS����WK�YHWWLQJ�

https://docs.google.com/spreadsheets/d/1vEXd5MxVhBEkEhfdVEHgUi80oh6mMVxfDOQ0jETXLhk/edit%23gid=608430646
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7KH�FRVW�RI�HDFK�DOWHUQDWLYH�LV�EDVHG�RQ�3URMHFW�SODQV�RULJLQDOO\�GHYHORSHG�IRU�WKH�'2(�6WDWXV�
5HYLHZ�WKDW�ZDV�SODQQHG�IRU�)HEUXDU\������

Ɣ %DVHG�RQ�WKRURXJK�VFRSH�GHILQLWLRQ�DQG�D�ZHOO�GHILQHG�SURMHFW�RUJDQL]DWLRQDO�VWUXFWXUH

Ɣ 'HWDLOHG�HQJLQHHULQJ��SURGXFWLRQ��WHVWLQJ��VKLSSLQJ��DQG�LQVWDOODWLRQ�VFKHGXOH

Ɣ 6RXWK�3ROH�HQHUJ\�DQG�DFFRPPRGDWLRQ�FRVWV�GHSHQG�RQ�WHOHVFRSH�FRXQWV�DQG�DUH�LQFOXGHG

Ɣ 5HYLHZHG�E\�H[SHULHQFHG�FRPPLWWHHV��16)�6WDWXV�5HYLHZ�DQG�'LUHFWRU¶V�5HYLHZ�

Ɣ 3DUDPHWULF�PRGHOV�GHYHORSHG�WR�HYDOXDWH�WKH�FRQVWUXFWLRQ�FRVW�WKH�DOWHUQDWLYH�VFHQDULRV�
EDVHG�RQ�HDFK�VSHFLILF�FRQILJXUDWLRQ�

Ɣ $QQXDO�RSHUDWLQJ�FRVWV�DUH�HVWLPDWHG�LQ�D�VLPLODU�ZD\���7KH\�ZLOO�EH�PXOWLSOLHG�E\�WKH�HVWLPDWHG�
QXPEHU�RI�REVHUYDWLRQ�\HDUV�UHTXLUHG�IRU�HDFK�DOWHUQDWLYH�WR�DFKLHYH�WKH�VFLHQFH�JRDOV�

��

(VWLPDWLQJ�WKH�FRVWV�RI�WKH�GLIIHUHQW�DOWHUQDWLYHV
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Ɣ 6HSWHPEHU����
ż 9HWWLQJ�RI�DQDO\VLV�RI�DOWHUQDWLYHV��E\�WKH�3URMHFW�7HFKQLFDO�:RUNLQJ�*URXSV�DQG�WKH�

FROODERUDWLRQ�$QDO\VLV�:RUNLQJ�*URXSV

Ɣ 6HSWHPEHU������
ż ,QWHUQDO�UHYLHZ�RI�WKH�$R$�E\�H[WHUQDO�H[SHUWV��FKDLUHG�E\�6WHYH�.DKQ

Ɣ 2FWREHU
ż %ULHI�DJHQFLHV�	�UHTXHVW�DJHQF\�JXLGDQFH

Ɣ )DOO
ż 3URMHFW�SURSRVHV�SUHIHUUHG�DOWHUQDWLYH�DQG�SODQ�ZLWK�LQSXW�IURP�3URMHFW��7:*���&ROODERUDWLRQ�

�6&�$:*V���UHYLHZ�SDQHO�UHSRUW��DQG�DJHQFLHV�
ż $OO�+DQGV�PHHWLQJ�IRU�GLVFXVVLRQ���LQSXW��DQG�SRVVLEOH�LWHUDWLRQ�WR�ILQG�FRQVHQVXV�

Ɣ )<��
ż &RQFHSW�GHYHORSPHQW�DQG�SUHSDUDWLRQV�IRU�16)�&'5�DQG�'2(�23$�6WDWXV�UHYLHZV

Ɣ )<��
ż 4��16)�&'5�DQG�'2(�23$�UHYLHZV

Ɣ
��

1H[W�VWHSV�IRU�$R$
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&KDUJH

7KH�UHYLHZ�FRPPLWWHH�LV�DVNHG�WR�DVVHVV�ZKHWKHU�WKH�DQDO\VHV�SUHVHQWHG�DUH�VXIILFLHQWO\�FRPSUHKHQVLYH�LQ�WKH�
VHOHFWLRQ�RI�RSWLRQV��DSSURSULDWH�LQ�GHSWK�RI�DVVHVVPHQW�IRU�HDFK�RSWLRQ��DQG�XQELDVHG��DQG�ZKHWKHU�WKH�HVWLPDWHV�
RI�FRVW��VFKHGXOH�DQG�ULVN�DUH�FUHGLEOH�DQG�DGHTXDWHO\�GRFXPHQWHG�IRU�WKLV�VWDJH�RI�WKH�SURMHFW���,Q�FRQGXFWLQJ�WKH�
UHYLHZ��WKH�FRPPLWWHH�LV�UHTXHVWHG�WR�UHVSRQG�VSHFLILFDOO\�WR�WKH�IROORZLQJ�FKDUJH�TXHVWLRQV�

�� +DV�WKH�&0%�6��WHDP�FRQVLGHUHG�DQ�DSSURSULDWH�UDQJH�RI�DOWHUQDWLYHV�WR�EH�SUHVHQWHG�WR�WKH�$JHQFLHV"��
�� +DYH�WKH�DSSURSULDWH�DVVXPSWLRQV��KDUGZDUH�FRQILJXUDWLRQV��DQG�XQFHUWDLQWLHV�EHHQ�LGHQWLILHG�DQG�FOHDUO\�

SUHVHQWHG"
�� +DV�WKH�VFLHQFH�SRWHQWLDO�RI�HDFK�RSWLRQ�EHHQ�DGHTXDWHO\�DVVHVVHG�DQG�SUHVHQWHG�DW�WKH�OHYHO�QHHGHG�IRU�

WKH�FRPSDUDWLYH�DQDO\VLV"�$UH�WKH�DOWHUQDWLYHV�FDSDEOH�RI�DFKLHYLQJ�HDFK�RI�WKH�VFLHQFH�JRDOV�RI�WKH�
H[SHULPHQW"

�� $UH�D��WKH�UHODWLYH�FRQVWUXFWLRQ�DQG�RSHUDWLQJ�FRVWV��E��WKH�UHODWLYH�FRQVWUXFWLRQ�WLPHV��DQG�F��UHTXLUHG�
VXUYH\�GXUDWLRQV�RI�WKH�GLIIHUHQW�DOWHUQDWLYHV�ZHOO�HQRXJK�XQGHUVWRRG�WR�KHOS�LQIRUP�GHFLVLRQV�DPRQJ�WKHP"��

�� +DYH�VFLHQWLILF�DQG�WHFKQLFDO�ULVNV�EHHQ�LGHQWLILHG�DQG�HYDOXDWHG�DGHTXDWHO\�IRU�WKLV�VWDJH�RI�WKH�SURMHFW�IRU�
HDFK�RSWLRQ�WR�VXSSRUW�WKH�FRPSDUDWLYH�DQDO\VLV"

7KH�FRPPLWWHH�LV�UHTXHVWHG�WR�SURYLGH�DQ�LQIRUPDO�FORVHRXW�UHSRUW�WR�WKH�&0%�6��WHDP�DW�WKH�HQG�RI�WKH�UHYLHZ�
PHHWLQJ��DQG�D�ILQDO�ZULWWHQ�UHSRUW�ZLWKLQ���ZHHNV�DIWHU�WKH�UHYLHZ�

��

$R$�5HYLHZ�E\�H[WHUQDO�H[SHUWV
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3URFHVV�WR�FRPH�WR�FRQFOXVLRQV
Ɣ )RUPDOO\�WKH�GHFLVLRQ�LV�WKH�UHVSRQVLELOLW\�RI�WKH�3URMHFW�'LUHFWRU��ZKR�LV�UHVSRQVLEOH�WR�WKH�)XQGLQJ�

$JHQFLHV�IRU�WKH�H[HFXWLRQ�RI�WKH�3URMHFW���
ż 'HFLVLRQ�ZLOO�EH�GHYHORSHG�ZRUNLQJ�LQ�FORVH�FRQVXOWDWLRQ�ZLWK�WKH�3URMHFW�6FLHQWLVWV��WKH�/��WHDP��

WKH�$:*V�DQG�WKH�$R$�7LJHU�7HDP��
ż 7KH�H[DFW�GHFLVLRQ�SURFHVV�LV�XQGHU�GHYHORSPHQW�

Ɣ )XOO�HQJDJHPHQW�E\�DQG�LQSXW�IURP�WKH�&ROODERUDWLRQ�LV�HVVHQWLDO�LQ�GHYHORSLQJ�WKH�GHFLVLRQ�
ż 7KH�3URMHFW�ZLOO�ZRUN�ZLWK�WKH�&ROODERUDWLRQ�([HFXWLYH�7HDP�WR�HQVXUH�WKDW�LQSXW�LV�REWDLQHG�IURP�

WKH�6FLHQFH�&RXQFLO�DQG�WKURXJK�LW�IURP�WKH�$QDO\VLV�:RUNLQJ�*URXSV�
ż 3RVVLEOH�DOO�KDQGV�PHHWLQJ�IRU�GLVFXVVLRQ���LQSXW��DQG�SRVVLEOH�LWHUDWLRQ�WR�ILQG�FRQVHQVXV�

Ɣ 7KH�DLP�LV�WR�KDYH�D�FRQVHQVXV�FRQFOXVLRQ�DV�WR�ZKLFK�DOWHUQDWLYH�ZH�ZLOO�FKRRVH�JRLQJ�IRUZDUG�
Ɣ 5HPDLQLQJ�XQFHUWDLQWLHV�PD\�UHTXLUH�WKDW�ZH�PDLQWDLQ�D�³EDFNXS´�DOWHUQDWLYH�LQ�FDVH�VXEVHTXHQW�

LQIRUPDWLRQ��H�J���IURP�233�RU�HQJLQHHULQJ�UHDOLWLHV��EULQJ�RXU�SUHIHUUHG�RSWLRQ�LQWR�TXHVWLRQ�
Ɣ 2QFH�D�FRQFOXVLRQ�LV�UHDFKHG��ZH�ZLOO�EULHI�16)�DQG�'2(�DQG�VHHN�WKHLU�IHHGEDFN�DQG�DSSURYDO�
Ɣ +RSH�WR�FRPSOHWH�WKLV�SURFHVV�QR�ODWHU�WKDQ�ILUVW�SDUW�RI�1RYHPEHU�
Ɣ 7KHQ�FRQWLQXH�GHYHORSPHQW�RI�WKH�SURMHFW�RQ�WKH�EDVLV�RI�WKH�QHZ�FRQILJXUDWLRQ��
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Ɣ 0DQ\�SRVLWLYH�GHYHORSPHQWV�LQ�WKH�SDVW�VHYHUDO�PRQWKV�
ż 6WURQJ�VXSSRUW�IURP�WKH�+(3�FRPPXQLW\�YLD�WKH�6QRZPDVV�SURFHVV
ż )DYRUDEOH�EXGJHW�QHZV�IURP�&RQJUHVV
ż 5HQHZHG�HQJDJHPHQW�E\�16)�DQG�SRVLWLYH�IHHGEDFN�IURP�ERWK�)XQGLQJ�$JHQFLHV
ż 3ODQQLQJ�WLPHOLQH�DJUHHG�ZLWK�16)�DQG�'2(

Ɣ &RPSOHWLQJ�WKH�$R$�LV�WKH�WRS�3URMHFW�SULRULW\�
ż $FWLYH�ZRUN�XQGHUZD\�E\�WKH�&ROODERUDWLRQ�$:*V�DQG�WKH�WLJHU�WHDP
ż 6XSSRUWLQJ�HIIRUW�RQ�FRQVWUXFWLRQ�DQG�RSHUDWLRQV�FRVWV�
ż ��GD\�YHWWLQJ�PHHWLQJ�SODQQHG�IRU�6HSWHPEHU����
ż ,QWHUQDO�UHYLHZ�E\�FRPPLWWHH�RI�H[WHUQDO�H[SHUWV�SODQQHG�IRU�6HSWHPEHU������
ż $LP�IRU�FRQVHQVXV�FRQFOXVLRQ�DV�WR�WKH�SUHIHUUHG�DOWHUQDWLYH�WKDW�ZLOO�IRUP�WKH�EDVLV�IRU�WKH�SURMHFW�

JRLQJ�IRUZDUG�
ż +RSH�WR�FRPSOHWH�WKLV�SURFHVV�E\�WKH�ILUVW�SDUW�RI�1RYHPEHU�DQG�SURFHHG�ZLWK�WKH�SURMHFW�

Ɣ 7KH�MRE�IRU�WKH�FRPLQJ�\HDU�ZLOO�EH�WR�SUHSDUH�IRU�WKH�XSFRPLQJ�SURMHFW�DSSURYDO�UHYLHZV��

��

6XPPDU\


