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:DWHUPDQ�*RUH�0	(�&RQVXOWLQJ�(QJLQHHUV��9HUVDLOOHV�&RXUW����3DULV�*DUGHQ��/RQGRQ�6(���1'��8.6RXWK�%DQN�8QLYHUVLW\��6RXWKZDUN�&DPSXV������%RURXJK�5RDG��/RQGRQ�6(���$$��8.$%675$&77KH�HQYLURQPHQWDO�LPSDFW RI�VRUSWLRQ�V\VWHPV�LV�UHODWHG�WR�WKH�ZD\�HOHFWULF�HQHUJ\�LV�SURGXFHG�LQ�HDFK�FRXQWU\��DQG�WR�WKH�V\VWHP�FRQILJXUDWLRQ�IRU�ZKLFK�VRUSWLRQ�V\VWHPV�DUH�GHVLJQHG��)RU�WKLV�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�WKHRUHWLFDO�OLPLWDWLRQV�RI�DEVRUSWLRQ�F\FOHV��DV�WKHUH�LV�D�FORVH�UHODWLRQVKLS�ZLWK�WKRVH�RI�UHDO�V\VWHPV��7KH�HQYLURQPHQWDO�LPSDFW�RI�HOHFWULFLW\� SURGXFWLRQ� LV� LWVHOI� D� FKDOOHQJH�� ZKHQ� VXFK� LVVXHV� VXFK� DV� QXFOHDU� ZDVWH�� DQG� RWKHU� FRQWDPLQDQWV� DUH�FRQVLGHUHG��LQ�FRQWUDVW�WR�UHQHZDEOH�IXHOV�DQG�K\GUR�HOHFWULFLW\��,Q�DGGLWLRQ�WR�WKLV��WKH�LPSDFW�RYHU�WKH�XVHIXO�OLIH�RI�D�VRUSWLRQ� V\VWHP�QHHGV� WR� EH� FRQVLGHUHG� LQ� WHUPV�RI� WKH� IXWXUH� WUHQGV�RI� UHGXFLQJ� WKH�HQYLURQPHQWDO� LPSDFW�RI�SRZHU�SURGXFWLRQ��7KHVH�LVVXHV�DUH�GLVFXVVHG�DQG�SURSRVDOV�DUH�PDGH�UHJDUGLQJ�OLIH�F\FOH�HQYLURQPHQWDO�LPSDFW�RI�VRUSWLRQ�V\VWHPV�� ,Q� DGGLWLRQ� WR� WKLV�� WKHUH� DUH� GLIIHUHQW� W\SHV� RI� VRUSWLRQ� WHFKQRORJ\� �DEVRUSWLRQ�� DGVRUSWLRQ�� FKLOOHUV�� KHDW�SXPSV�� KHDW� WUDQVIRUPHUV� DQG� K\EULG� V\VWHPV��� HDFK� RI� ZKLFK� KDV� GLIIHUHQW� HQHUJ\� UDWLRV� IRU� FRROLQJ� RU� KHDWLQJ�HQHUJLHV��DQG� WKHUHIRUH�DIIHFW�DQG� LPSDFW� WKH�HQYLURQPHQW� LQ�GLIIHUHQW�ZD\V��$� VLQJOH�HIIHFW�GLUHFW�ILUHG�FKLOOHU�KDV�D�YDVWO\�GLIIHUHQW� LPSDFW� WR�DQ�DEVRUSWLRQ�KHDW� WUDQVIRUPHU��RU�D�&+3�VWHDP�GULYHQ�DEVRUSWLRQ�FKLOOHU��7KHVH�ZRXOG�EH�YHU\�GLIIHUHQW�IRU�FRXQWULHV�ZKLFK�KDYH�SUHGRPLQDQWO\�QXFOHDU��RU�K\GURHOHFWULF�RU�FDUERQ�IXHOOHG�HOHFWULF�JHQHUDWLRQ��7KLV� SDSHU� DGGUHVVHV� WKH� WKHRUHWLFDO� DQG� SUDFWLFDO� LVVXHV� FRQVLGHULQJ� WKH� PDUNHW� GULYH� RI� H[LVWLQJ� DQG� IXWXUH�WHFKQRORJLHV�
.(<:25'6$EVRUSWLRQ UHIULJHUDWLRQ�� PXOWL�HIIHFW�� &DUQRW� F\FOHV�� FRPELQHG� KHDW� DQG� SRZHU� �&+3��� FRJHQHUDWLRQ�� HQYLURQPHQW��H[HUJ\��SULPDU\�HQHUJ\��WUL�JHQHUDWLRQ��
����,1752'8&7,21
$EVRUSWLRQ� FRROLQJ� LV� PDQ\� WLPHV� FODLPHG� DV� DQ�HQYLURQPHQWDOO\� IULHQGO\� DOWHUQDWLYH� WR� PHFKDQLFDO�FRPSUHVVLRQ� V\VWHPV�� ,Q� PDQ\� FDVHV� WKLV� LV� WUXH�� EXW�VSHFLDO�FDUH�VKRXOG�EH�WDNHQ�DV�WR�KRZ�WKHVH�DUH�DSSOLHG��'LUHFW�ILUHG� DEVRUSWLRQ� FKLOOHUV� RIIHU� HQYLURQPHQWDO�EHQHILWV�LQ�RQO\�VRPH�SDUWLFXODU�FDVHV���:KHQ�DSSOLHG�WR�KHDW� UHFRYHU\� V\VWHPV� WKHUH� DUH� LQ� PRVW� FDVHV�HQYLURQPHQWDO� EHQHILWV�� EXW� FDUH� VKRXOG� EH� WDNHQ� WR�DYRLG�JHQHUDOLVDWLRQV���
����$%6253721�5()5,*(5$7,21�,Q� RUGHU� WR� DSSUHFLDWH� WKH� LPSDFW� RI� PXOWL�HIIHFW�DEVRUSWLRQ�FKLOOHUV��ZKLFK�DUH�XVXDOO\�RI�WKH�GLUHFW�ILUHG�W\SH�� LW� LV� LPSRUWDQW WR� XQGHUVWDQG� WKHLU� WKHRUHWLFDO�OLPLWDWLRQV��,W�ZLOO�EH�VHHQ�ODWHU�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ� WKH� SHUIRUPDQFHV� RI� UHDO� DQG� WKHRUHWLFDO� LGHDO�F\FOHV�� DQG� WKHUHIRUH� LW� LV� XVHIXO� WR� XQGHUVWDQG� WKHVH�OLPLWDWLRQV��
����7KHUPRG\QDPLFV�RI�DEVRUSWLRQ�F\FOHV
7KH� LGHDO� DEVRUSWLRQ� F\FOH� FRQVLVWV� RI� D� GULYLQJ� F\FOH�DQG�RI�D�FRROLQJ�F\FOH�DV�GHVFULEHG�EHORZ������������
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)LJXUH��� ,GHDO�$EVRUSWLRQ�&\FOH
7KH�PDLQ�KHDW�WUDQVIHU�SURFHVVHV�RFFXU�LQ�WKH�JHQHUDWRU��FRQGHQVHU��DEVRUEHU�DQG�HYDSRUDWRU��
7KH� &RHIILFLHQW� RI� 3HUIRUPDQFH� �&23�� LV� HTXDO� WR� WKH�SURGXFW� RI� WKH� FRROLQJ�F\FOH�HIILFLHQF\�DQG� WKH�FRROLQJ�F\FOH�&23�

FFGF&23&23 K >�@
,I�H[SUHVVHG�LQ�WHUPV�RI�&DUQRW�HIILFLHQFLHV�

HD HJ
FJ 77 77 77&23 �� >�@
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$V� WKH� VDPH� PDVV� IORZ� UDWH� RI� UHIULJHUDQW� FLUFXODWHV�WKURXJK� ERWK� F\FOHV�� WKHVH� DUH� OLQNHG� E\� WKH� IROORZLQJ�DEVROXWH�WHPSHUDWXUH�FRQGLWLRQ�
FDJH 7777  >�@

6XEVWLWXWLQJ� WKH� WHPSHUDWXUH� UHODWLRQVKLS� HTXDWLRQ� LQWR�WKH�&23�HTXDWLRQ�DQG�VLPSOLI\LQJ�JLYHV�
D   JFDH 7777&23 >�@

)RU�GRXEOH�HIIHFW�F\FOHV�WKH�&23 LV�
�� DD � ¸̧¹·¨̈©§� DHDH 7777&23 >�@

)RU�WULSOH�HIIHFW�F\FOHV�WKH�&23�LV�
&23 77 77 77H
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)RU�1�QXPEHU�RI�HIIHFWV�WKH�&23�EHFRPHV�D�JHRPHWULFDO�VHULHV�
DDDDDDD �� ���� ���� 11&23 � >�@

)RU�LQILQLWH�QXPEHU�RI�HIIHFWV�WKH�&23�VLPSOLILHV�WR�WKH�&23� RI� WKH� UHYHUVH� &DUQRW� F\FOH� XVHG� IRU� PHFKDQLFDO�FRPSUHVVLRQ�V\VWHPV�
HD H77 7&23 � � DD� >�@

7KH� HTXDWLRQV� IRU� LGHDO� F\FOHV� FDQ� EH� XVHG� WR� HVWLPDWH�UHDO� &23¶V� EDVHG� RQ� WKH� UHDO� VLQJOH� HIIHFW�&23� � �����7KH� WDEOH� EHORZ� VXPPDULVHV� WKH� LGHDO� DQG� UHDO� &23¶V�IRU� VWDQGDUG� FRQGLWLRQV�� ZKLFK� LQGLFDWHV� D� JRRG�FRUUHODWLRQ�� 7KH�7DEOH� LV� EDVHG� RQ�7H� DQG�7D� HTXDO� WR���&�DQG����&�UHVSHFWLYHO\��,W�DOVR�LQGLFDWHV�WKH�UHGXFHG�EHQHILW�RI�LQFUHDVLQJ�WKH�QXPEHU�RI�HIIHFWV��
(IIHFW &23LGHDO &23UHDO 7JLGHDO 7JUHDO� ���� ��� �� ���� ���� ��� ��� ���� ���� ��� ��� ���� ���� ����� ��� �����f ��� 1�$� f 1�$�

7DEOH����&RPSDULVRQ�RI�UHDO�DQG�LGHDO�F\FOHV

$V�WKH�QXPEHU�RI�HIIHFWV�LQFUHDVHV��LQFUHDVLQJ�WKH�&23��VR� GRHV� WKH� UHTXLUHPHQW� IRU� KLJKHU� WHPSHUDWXUH� GULYLQJ�HQHUJ\� VRXUFHV�� )RU� LGHDO� F\FOHV� WKH� UHODWLRQVKLS� RI�WHPSHUDWXUHV�LV�JLYHQ�E\�WKH�IROORZLQJ�HTXDWLRQ�ZKHUH�1�LV�WKH�QXPEHU�RI�HIIHFWV�
1DF1HJ 7777  >�@

)RU�LQILQLWH�HIIHFWV�WKH�KHDW�VRXUFH�WHPSHUDWXUH�EHFRPHV�LQILQLWHO\�KLJK��ZLWK�DQ�H[HUJ\�YDOXH�HTXLYDOHQW�WR�WKDW�RI�ZRUN�UHTXLUHG�IRU�PHFKDQLFDO�FRPSUHVVLRQ�V\VWHPV��
����0XOWL�HIIHFW F\FOHV
,W� LV� FOHDU� IURP� WKH� DERYH� WKDW� DEVRUSWLRQ� V\VWHPV� DUH�HTXLYDOHQW� WR� PHFKDQLFDO� FRPSUHVVLRQ� V\VWHPV� LI� WKH�TXDOLW\� RI� WKH� HQHUJ\� VXSSOLHG� �KHDW� RU� ZRUN�� LV� WDNHQ�LQWR� DFFRXQW�� *LYHQ� WKDW� FRPEXVWLRQ� WHPSHUDWXUHV� DUH�OLPLWHG� IRU� GLUHFW�ILUHG� DEVRUSWLRQ� FKLOOHUV� DQG� WKH�DGGLWLRQDO�FRVWV�RI� LQFUHDVLQJ�WKH�QXPEHU�RI�HIIHFWV��IRU�WKH�HYHU�GHFUHDVLQJ�LQFUHPHQW�RI�&23��KLJK�PXOWL�HIIHFW�DEVRUSWLRQ� F\FOHV� FDQQRW� EH� UHFRPPHQGHG� IRU� GLUHFW�ILUHG�DSSOLFDWLRQV��
����35,0$5<�(1(5*<�5$7,26
$EVRUSWLRQ� FRROLQJ� V\VWHPV� RIIHU� WKH� SRVVLELOLW\� RI�HQYLURQPHQWDO�EHQHILWV��EXW�QRW�DOZD\V��*OREDO�:DUPLQJ�3RWHQWLDO��*:3��DQG�7RWDO�(TXLYDOHQW�:DUPLQJ�,PSDFW��7(:,�� UHODWH� WR� SULPDU\� HQHUJ\� FRQVXPSWLRQ�� $�SRSXODU� PHDVXUH� LV� DOVR� WKH� 3ULPDU\� (QHUJ\� 5DWLR��3(5��� GHILQHG� DV� WKH� UDWLR� RI� FRROLQJ� HQHUJ\� �N:�� WR�SULPDU\�HQHUJ\��N:���
6LPSOH� FDOFXODWLRQV� RQ� SULPDU\� HQHUJ\� UDWLRV� RI�DEVRUSWLRQ�FKLOOHUV�ZHUH�FDUULHG�RXW�DV�SDUW�RI�WKH�$QQH[����&RXQWU\�UHSRUWV���
7KH� IROORZLQJ� 7DEOH� JLYHV� SHUIRUPDQFH� GDWD� IRU� D�VHOHFWLRQ� RI� DEVRUSWLRQ� PDFKLQHV� IRU� WKH� 8.� FRXQWU\�UHSRUW��� 7KH� WDEOH� KDV� EHHQ� VRUWHG� LQ� RUGHU� RI� SULPDU\�HQHUJ\� UDWLR� �3(5��� ,W� VKRXOG� EH� QRWHG� WKDW�PHFKDQLFDO�FRPSUHVVLRQ� V\VWHPV� 3(5
V� ZRXOG� UDQJH� IURP�DSSUR[LPDWHO\������WR������EDVHG�RQ�&23V�RI�����WR�����7KH�DOORFDWLRQ�RI SULPDU\�HQHUJ\� WR�&+3�KHDW�VXSSOLHG�LV� EDVHG� RQ� WKH� WKHUPRHFRQRPLF� FRVW� WKHRU\� �XVLQJ�H[HUJ\���+RZHYHU��QRWH�WKDW�WKH�3(5�FDOFXODWLRQV�LQ�WKLV�FDVH� H[FOXGH� WKH�DGGLWLRQDO� HOHFWULF� HQHUJ\� UHTXLUHG� IRU�FRROLQJ� WRZHU� IDQV� DQG� FRQGHQVHU� ZDWHU� SXPSV�� ,W�VKRXOG EH� FRQVLGHUHG� LQ� DEVRUSWLRQ� PDFKLQH�FRPSDULVRQV�DQG�LV�DGGUHVVHG�ODWHU�LQ�WKLV�SDSHU��
3(5 &23 &RQGHQVHU�ZDWHU>�&@

&KLOOHG�ZDWHU>�&@
+HDW� VRXUFH�	�WHPS�>�&@
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��� ��� 2�'��DLU# ���& �����& 1DWXUDO�JDVGLUHFW�ILUHG���� ���� ������& �����& %RLOHU�VWHDP��EDU���� ���� # ������& # �����& +:�%RLOHU03+:���� ��� ������& �����& 6WHDP�%RLOHU��EDU� � # ������& �����& 1DWXUDO�JDVGLUHFW�ILUHG���� ���� ������& �����& +:�&+3��������&��� ���� ������& �����& +:�&+3������&��� ��� ������& �����& 6WHDP�&+3��EDU
7DEOH����$EVRUSWLRQ�0DFKLQHV�3HUIRUPDQFH�'DWD
7KH� FDVH� VWXG\� UHSRUWHG� E\� WKH� 8.� IRU� WKH� $QQH[� ���UHIHUUHG� WR� D� GRXEOH�HIIHFW� VWHDP�GULYHQ� DEVRUSWLRQ�FKLOOHU�XVHG�ZLWK�D�JDV�WXUELQH�&+3�V\VWHP��DSSOLHG�WR�D�SKDUPDFHXWLFDO� DSSOLFDWLRQ��� ,Q� WKLV� FDVH� WKH� DGGLWLRQDO�HOHFWULF� HQHUJ\� UHTXLUHG� IRU� WKH� FRROLQJ� WRZHU� IDQV� DQG�FRQGHQVHU� ZDWHU� SXPSV� ZDV� FRQVLGHUHG�� 7KH� 3(5�VDYLQJ� FDOFXODWLRQ� ZDV� EDVHG� RQO\� RQ� WKH� FKLOOHUV� DQG�H[FOXGHG�WKH�EHQHILWV�RI�WKH�&+3�VFKHPH��$OWKRXJK�WKH�3(5� UHGXFWLRQ� ZDV� DURXQG� ������ WKH� 3(5� EHQHILWV� RI�WKH�RYHUDOO�&+3�VFKHPH�ZDV�PXFK�PRUH�VLJQLILFDQW�� ,Q�WKLV� UHVSHFW�� LW� LV� LPSRUWDQW� WR� HQVXUH� WKDW� WKH� WHFKQLFDO�VROXWLRQ� SURSRVHG� LV� EHQHILFLDO� ZKHQ� VWXGLHG� LQ�LVRODWLRQ��
6SHFLDO�FDUH�VKRXOG�DOVR�EH�WDNHQ�ZLWK�IXWXUH�WUHQGV�DQG�WKH� LPSDFW� RI� LPSURYLQJ� WHFKQRORJ\� RQ� WKH� &23V� RI�DEVRUSWLRQ� DQG� HOHFWULF� FKLOOHUV�� DQG� WKH� HIILFLHQFLHV� RI�&+3�V\VWHPV�DQG�SRZHU�VWDWLRQV��)RU�H[DPSOH��RYHU�WKH�ODVW� \HDUV� WKH� DPPRQLD�ZDWHU� GLUHFW� ILUHG� FKLOOHUV� KDYH�LPSURYHG� WKHLU�&23V� IURP����� WR�DURXQG������ZLWK� WKH�LQWURGXFWLRQ�RI�*$;�WHFKQRORJ\��2Q�WKH�RWKHU�KDQG�WKH�HIILFLHQF\�RI�QDWLRQDO�HOHFWULF�VXSSO\�KDV�LQFUHDVHG�IURP����� ������� WR� ���� �������� $OWKRXJK� WKHUH� LV� OLPLWHG�VFRSH� IRU� LPSURYHPHQWV� ZLWK� FRQYHQWLRQDO� HOHFWULF�FKLOOHUV� DQG� KRW� ZDWHU� RU� VWHDP� GULYHQ� DEVRUSWLRQ�FKLOOHUV�� WKHUH� LV�VFRSH�IRU� LPSURYHPHQW� IRU�GLUHFW� ILUHG�DEVRUSWLRQ� FKLOOHUV� �WULSOH� HIIHFW�� *$;� YDULDQWV���+RZHYHU�� VLJQLILFDQW� LPSURYHPHQWV� FDQ� EH� H[SHFWHG�IURP� WKH� QDWLRQDO� HOHFWULF� JULG� ZHUH� PRGHUQ� SRZHU�VWDWLRQV�FDQ�KDYH�HIILFLHQFLHV�LQ�H[FHVV�RI������
&RVW� HIIHFWLYHQHVV� LV� UHODWHG� WR� LQFUHDVHG� V\VWHP�HIILFLHQF\�� DQG� RQH� ZD\� RI� DFKLHYLQJ� WKLV� LV� WR� DSSO\�DEVRUSWLRQ� FKLOOHUV� WR� ZDVWH� KHDW� DSSOLFDWLRQV� VXFK� DV�&+3� V\VWHPV�� +RZHYHU� WKH� FDOFXODWLRQV� WR� DOORFDWH�SULPDU\�HQHUJ\�RI WKH�&+3�SURGXFWV�UHTXLUHV�WKH�XVH�RI�WKHUPR�HFRQRPLF� WHFKQLTXHV���������� 7KLV� DOORFDWHV� FRVWV�RU� SULPDU\� HQHUJ\� LQ� SURSRUWLRQ� WR� WKH� H[HUJ\�

�XVHIXOQHVV� RI� HQHUJ\�� RI� LWV� SURGXFWV�� KHDW� DQG� SRZHU��([HUJ\� LV� HTXDO� WR� HQHUJ\� IRU� HOHFWULF� HQHUJ\�� KRZHYHU�IRU� WKHUPDO� HQHUJ\�� H[HUJ\� LV� FDOFXODWHG� DV� WKH� SURGXFW�RI� HQHUJ\� DQG� WKH�&DUQRW� IDFWRU� ���7R�7���ZKHUH�7R� LV�WKH�UHIHUHQFH�WHPSHUDWXUH��VD\����.�����&��DQG�7�LV�WKH�WHPSHUDWXUH�RI�WKH�KHDW�VRXUFH��.���
,I� VLPLODU� TXDOLWLHV� RI� FKLOOHG� ZDWHU� DUH� EHLQJ� DQDO\VHG�VD\� DW� DURXQG� ��&��� WKH� IROORZLQJ� 3(5V� FDQ� EH�GHULYHG����7KH�VXIIL[�E UHIHUV�WR�H[HUJ\��VRXUFH UHIHUV�WR�WKH� VRXUFH�RI� HQHUJ\� �HOHFWULF��RU�QDWXUDO�JDV���SURYLGHUUHIHUV� WR� LI� HQHUJ\� LV�VXSSOLHG� IURP�WKH�QDWLRQDO�JULG�RU�&+3�� DQG� XVHU UHIHUV� WR� WKH� ILQDO SODQW� WKDW� XVHV� WKH�HQHUJ\��FKLOOHU��SXPS��IDQ��HWF���$OWKRXJK�&23¶V�UHIHU�WR�WKH�PDLQ� UDWLR�RI� WKH�PDLQ�VRXUFH�RI�HQHUJ\�WR�D�FKLOOHU�LQ� WHUP�RI�WKH�FRROLQJ�FDSDFLW\��RWKHU�&23¶V�KDYH�EHHQ�LQWURGXFHG�WR�FRQVLGHU�RWKHU�VRXUFHV�RI�HQHUJ\�UHTXLUHG��)RU� H[DPSOH� WKH� VXIIL[�KGU �KHDW� GLVVLSDWLRQ� UDWLR�  �4�FRROLQJ� WRZHU� ��4� FKLOOHU�  � �� �� �� ��&23�� UHIHUV� WR� WKH�HQHUJ\� UHTXLUHG� E\� WKH� FRROLQJ� WRZHUV� DQG� FRQGHQVHU�ZDWHU�FLUFXLWV���6HH�$SSHQGL[�$��
0HFKDQLFDO�FRPSUHVVLRQ�FKLOOHU��HOHFWULF�
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SVFP :: 4)3)43(5 �  >��@
,Q�WKLV�FDVH�WKH�SURGXFW�IURP�WKH�SRZHU�VWDWLRQ�LV�HTXDO�WR�WKH�ZRUN�RI�WKH�FRPSUHVVRU�DQG�KHDW�GLVVLSDWLRQ�SODQW��

KGUZP

ZSVP &23&23
3(5 �� � K >��@
'LUHFW�ILUHG�DEVRUSWLRQ�FKLOOHU

FFQJ
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KGUDER FSV
SV

QJFSVF
GIDER )4)3:: 4)3)4)43(5 �� � 

>��@
,Q�WKLV�FDVH�WKH�SURGXFW�IURP�WKH�SRZHU�VWDWLRQ�LV�HTXDO�WR�WKH�ZRUN�RI�WKH�DEVRUSWLRQ�FKLOOHU�LQWHUQDO�SXPSV�DQG�KHDW�GLVVLSDWLRQ�SODQW��$OVR�WKH�QDWXUDO JDV�SURGXFW��QHW�DW� VLWH� GHVWLQDWLRQ�� LV� ZKDW� LV� JDV� HQHUJ\� FRQVXPHG� E\�WKH�DEVRUSWLRQ�FKLOOHU��

TDER

TQJ
ZKGUZDER

ZSVGIDER &23&23&23
3(5 ��� KK �� >��@
$EVRUSWLRQ�FKLOOHU�DSSOLHG�WR�&+3

KGUDERTDER FFKS
FKSFKSDER ::% 4)33(5 �� >��@
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,Q� WKLV� FDVH� WKH� SURGXFW� �LQ� WHUPV� RI� H[HUJ\�� IURP� WKH�&+3� SODQW� LV� HTXDO� WR� WKH� H[HUJ\� RI� WKHUPDO� HQHUJ\�UHTXLUHG�WR�GULYH�WKH�DEVRUSWLRQ�FKLOOHU��SOXV�ZRUN�RI�WKH�DEVRUSWLRQ� FKLOOHU� LQWHUQDO� SXPSV� DQG� KHDW� GLVVLSDWLRQ�SODQW��
HTXLYDOHQWDER

EFKS
ZKGUZDERTDER

FDUQRW
FDUQRWTFKSZFKSFKSDER &23&23&23&23I I3(5 ��� KKK  ��

� 
>��@

$QDO\VLQJ� WKH� SUHYLRXV� 3(5� FDVHV�� LW� LV� SRVVLEOH� WR�GHULYH�WKHVH�LQWR�WKH�IROORZLQJ�JHQHUDOLVHG�HTXDWLRQ�¦ ¦ VRXUFH EXVHU

ESURYLGHU3(5
K

K � >��@

���� ,17(*5$7('� 6<67(06¶�()),&,(1&<�
:KHQ� FRQVLGHULQJ� DQ� DEVRUSWLRQ� FKLOOHU� ZLWK� D� &+3�V\VWHP�� LW� LV� QHFHVVDU\� WR� DQDO\VH� WKH� HQWLUH� V\VWHP����+RZHYHU�� HDFK� RI� WKHVH� VKRXOG� EH� RSWLPLVHG� EHIRUH�LQWHJUDWLQJ�LQWR�RQH�V\VWHP��
����6RUSWLRQ�FKLOOHUV
7KHUH� LV� D� JHQHUDO� DQG� LQVWLQFWLYH� REMHFWLYH� WR� LQFUHDVH�WKH� &23� RI� WKH� DEVRUSWLRQ� F\FOH�� ZKLFK� GRHV� QRW�QHFHVVDULO\� PHDQ� WKDW� WKH� WKHUPRG\QDPLF� HIILFLHQF\�LPSURYHV����7KH�&23�FDQ�EH�LPSURYHG�E\�LQFUHDVLQJ�WKH�QXPEHU� RI� HIIHFWV�� EXW� WKHVH� DOVR� UHTXLUH� KLJKHU� JUDGH�HQHUJ\� WR� GULYH� WKHP�� ,Q� WHUPV� RI� H[HUJ\� HIILFLHQF\�GRXEOH� HIIHFW� PDFKLQHV� KDYH� ORZHU� HIILFLHQFLHV� WKDQ�VLQJOH�HIIHFW�PDFKLQHV��
$Q� DOWHUQDWLYH�ZD\� WR� LPSURYH� WKH� WKHUPRG\QDPLF� DQG�H[HUJ\�HIILFLHQF\�RI�DQ�DEVRUSWLRQ�PDFKLQH�LV�UHGXFH�LWV�LQWHUQDO� LUUHYHUVLELOLWLHV�� ZKLFK� ZLOO� LQ� WXUQ� UHGXFH� LWV�GULYLQJ�KHDW�VRXUFH�WHPSHUDWXUH��VD\�IURP����&�WR����&��
)XUWKHU� GHYHORSPHQW� RI� QHZ� JHQHUDWLRQ� DEVRUSWLRQ�FKLOOHUV�RSWLPLVHG�IRU�RSHUDWLRQ�LQ�FRJHQHUDWLRQ�SODQWV�LV�QHHGHG�� ,Q�RUGHU� WR�DFKLHYH� WKLV�� WKH�FODVVLFDO�GHVLJQ�RI�WKH�DEVRUSWLRQ�FKLOOHUV�VKRXOG�EH�UHYLHZHG�YHU\�FULWLFDOO\��L�H��E\�D�GHWDLOHG�DQDO\VLV�RI�WKH�LUUHYHUVLEOH�SKHQRPHQD�LQ�D�FKLOOHU���
7KLV�ZRXOG�SURYLGH� WKH�FKLOOHUV�RSWLPLVHG� WR�PDNH�EHVW�XVH� RI� WKH� KHDW� WUDQVIHU� DUHD� DQG� JLYH� KLJKHU� &23¶V�XVLQJ� YHU\� ORZ� ZDWHU� UHWXUQ� WHPSHUDWXUHV� �VD\� ���&���7KHVHV� WHPSHUDWXUHV� ZRXOG� RSHQ� XS� D� UDQJH� RI� QHZ�HQHUJ\�VRXUFHV�RQ�HQJLQHV�VXFK�DV��WKH�MDFNHW�FRROHU��RLO�FRROHU��LQWHU�FRROHUV�DQG�UHFRYHU\�ERLOHU���

%\� WKHLU� GHVLJQ� QDWXUH� DGVRUSWLRQ� FKLOOHU� DYRLG� PDQ\�LUUHYHUVLELOLWLHV�DEVRUSWLRQ�V\VWHPV�KDYH��KHDW�H[FKDQJH�LQ�GHVRUEHU�DQG�DGVRUEHU���DOWKRXJK�WKH\�KDYH�RWKHUV�WKDW�DEVRUSWLRQ�GR�QRW�KDYH��LQHUWLD�RI�GHVRUSWLRQ�EHGV���7KH�QHW�UHVXOW�VR�IDU�LV�WKDW�DOWKRXJK�DGVRUSWLRQ�V\VWHPV�KDYH�ORZHU�&23V�WKDQ�DEVRUSWLRQ�V\VWHPV��WKH\�FDQ EH�GULYHQ�E\�ORZHU�KHDW�VRXUFH�WHPSHUDWXUHV��VD\����&��WKDQ�PRVW�DEVRUSWLRQ�FKLOOHUV��ZLWK�YHU\�VPDOO�H[FHSWLRQV���
����&RPELQHG�+HDW�DQG�3RZHU��&+3�
:KHQ�GHVFULELQJ�WKH�HIILFLHQF\�RI�&+3�V\VWHPV��WKHUH�LV�D� WHQGHQF\� LQ� WKH�PDUNHW� WR� DGG� XS� WKH�ZRUN� DQG KHDW�RXWSXWV� WR�TXRWH�RYHUDOO�KLJK�HQHUJ\�HIILFLHQFLHV�RI�VD\������ 7KLV� LV� TXLWH� PLVOHDGLQJ�� EHFDXVH� ZLWK� WKLV�FRPSDULVRQ�D�VWHDP�WXUELQH�ZLWK�����HOHFWULF�HIILFLHQF\�DQG������WKHUPDO�HIILFLHQF\��LV�MXVW�DV�HIILFLHQW�DV�D�JDV�HQJLQH� ZLWK� ���� HOHFWULF� HIILFLHQF\� DQG� ���� WKHUPDO�HIILFLHQF\�� 7KLV� LV� REYLRXVO\� IDU� IURP� EHLQJ� D� IDLU�FRPSDULVRQ��
,I�WKH�GLIIHUHQW�HQHUJ\�TXDOLWLHV�LQYROYHG�LQ�WKH�ZRUN�DQG�KHDW� SURGXFHG� DUH�FRQVLGHUHG� WKH� UHVXOWV�ZRXOG�EH�EHVW�H[SUHVVHG� LQ� WHUPV� RI� H[HUJ\� HIILFLHQF\�� ,I� VR� WKH�HIILFLHQF\� RI� WKH� VWHDP� WXUELQH� ZRXOG� SUREDEO\� EH� �������RI�WKH�JDV�HQJLQH�&+3�V\VWHP��
7KLV�LV�D�FRQFHSW�YHU\�ZHOO�GHYHORSHG�E\�WKH�VFLHQFH�RI�7KHUPR�HFRQRPLFV��ZKLFK�XVHV� H[HUJ\� DV� WUXH�PHDVXUH�RI�XVHIXOQHVV�RI�HQHUJ\��([HUJ\��%��FDQ�EH�VLPSOLVWLFDOO\�GHILQHG�DV�(QHUJ\��4��WLPHV�WKH�&DUQRW�IDFWRU����7R�7���ZKHUH�7R�LV�WKH�UHIHUHQFH�WHPSHUDWXUH��VD\����.�����&���DQG�7�LV�WKH�WHPSHUDWXUH�RI�WKH�KHDW�VRXUFH���������

¸̧¹·¨̈©§ � 774% �� >��@
7KH�VDPH�EDVLF�FRQFHSW�ZDV�DGGUHVVHG�E\�WKH�8.�&+3�4XDOLW\� $VVXUDQFH� SURJUDP���� 7KH� SULQFLSOHV� SURSRVHG�E\�WKH�&+3�4$�DGGUHVV�WKH�FRQFHSW�RI�GLIIHUHQW�YDOXHV�IRU� WKHUPDO� DQG� HOHFWULF� HQHUJ\�� )RU� HDFK� W\SH� RI�&+3�SODQW�D�ZHLJKWLQJ�IDFWRU�³;´�DQG�³<´�LV�DOORFDWHG�WR�WKH�DQQXDO� HOHFWULF� DQG� WKHUPDO� HQHUJ\� HIILFLHQF\�UHVSHFWLYHO\�� 7KH� HOHFWULF� �RU� WKHUPDO�� HIILFLHQF\� LV� WKH�UDWLR�RI�DQQXDO�HOHFWULF��RU�WKHUPDO��HQHUJ\�SURGXFHG��WR�WKH�IXHO�HQHUJ\�FRQVXPHG�E\�WKH�&+3�SODQW��7KH�VXP�RI�WKHVH�ZHLJKWHG�HIILFLHQFLHV�KDV�WR�EH�RYHU�����WR�DFKLHYH�WKH�4XDOLW\�$VVXUDQFH�VWDQGDUG�UHTXLUHG��
7KH� IROORZLQJ� WDEOH� LOOXVWUDWHV� WKH� &DUQRW� IDFWRUV� IRU�GLIIHUHQW� KHDW� VRXUFH� WHPSHUDWXUHV� DQG� DOVR� WKH� UDWLR�RI�<�;� IDFWRUV� IURP� WKH�&+3�4$�GRFXPHQW��7KH� UDWLR� RI�<�;� LQGLFDWHV� E\� KRZ� PXFK� OHVV� YDOXDEOH� LV� WKHUPDO�HQHUJ\� FRPSDUHG� WR� HOHFWULF� HQHUJ\�� DQG� VKRXOG� LGHDOO\�EH�FRPSDUDEOH�WR�WKH�&DUQRW�IDFWRU��
+HDW�6RXUFH� &DUQRW�IDFWRU� &+3�4$5DWLR�RI &RPPHQWV
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7HPS���& ���7R�7� <���;
�� ������� ���� �����
 ��HIIHFW�DEVRUSWLRQ�FKLOOHU�&23 ������� ���� �����

 ��HIIHFW�DEVRUSWLRQ�FKLOOHU�&23 ������� ����
7DEOH����&DUQRW�IDFWRUV�DQG�&+3�4$�UDWLRV
1RWH��9DOXHV�IRU�<�DQG�;�IURP�&+3�4$�SURJUDP��5HFLSURFDWLQJ�HQJLQH�<�;� ��������� ����*DV�WXUELQH������0:H�<�;� �������� ����
����)8785(�75(1'6�
7KH�ZRUN�RI�WKH�,($�+33�$QQH[����KDV�EHHQ�FRQFOXGHG�ZLWK� WKH� SXEOLFDWLRQ� RI� WKH� ILQDO� UHSRUW� ³$E�VRUSWLRQ�PDFKLQHV� IRU� KHDWLQJ� DQG� FRROLQJ� LQ� IXWXUH� HQHUJ\�V\VWHPV´��������
0RVW� RI� WKH� VRUSWLRQ� PDUNHW� DW� WKLV� WLPH� FRPSULVHV�GLUHFW�ILUHG� DEVRUSWLRQ FKLOOHUV�� RU� KRW� ZDWHU� RU� VWHDP�DEVRUSWLRQ� FKLOOHUV� LQGLUHFWO\� GULYHQ� E\� GLUHFW�ILUHG�ERLOHUV�� ,Q� DGGLWLRQ�� WKH� UHSRUW� FRYHUV� DEVRUSWLRQ��UHYHUVLEOH�� KHDW� SXPSV�� DEVRUSWLRQ� KHDW� WUDQVIRUPHUV��FRPSUHVVLRQ�DEVRUSWLRQ� KHDW� SXPSV�� DQG� DGVRUSWLRQ�FKLOOHUV� DQG� KHDW� SXPSV�� $GVRUSWLRQ� V\VWHPV� WRJHWKHU�ZLWK�GHVLFFDQW�V\VWHPV�DUH�DOVR�DGGUHVVHG���
$Q�DQDO\VLV�RI�WKH�PDUNHW�IDFWRUV�VKRZV�WKDW�WKH�PDUNHW�SXOO� IDYRXUV� VRUSWLRQ� WHFKQRORJLHV� LQ� GLIIHUHQW� ZD\V��'LUHFW�ILUHG� DEVRUSWLRQ� FKLOOHUV� DUH� LQVWDOOHG� LQ� DUHDV�ZKHUH�WKHUH�LV�ODFN�RI�PDLQV�HOHFWULFLW\��RU�UHVWULFWLRQV�RQ�XVLQJ� LW� WR� SRZHU� HOHFWULF�GULYHQ� PHFKDQLFDO�FRPSUHVVLRQ� FKLOOHUV�� $� FKDUW� KDV� EHHQ� FRPSLOHG� �6HH�

)LJXUH����WR�LOOXVWUDWH�WKH�GLIIHUHQW�PDUNHW�SXOO�IDFWRUV��,W�VKRZV�� LQ�GHFUHDVLQJ�RUGHU�RI�PDUNHW�SXOO�>LQGLFDWHG�E\�KRUL]RQWDO�DUURZV�RQ� WKH� ULJKW�KDQG�VLGH�RI� WKH�)LJXUH@��WKH�IROORZLQJ�WHFKQRORJLHV�
'LUHFW�ILUHG� RU� ERLOHU�GULYHQ� DEVRUSWLRQ� FKLOOHUV�>LQGLFDWHG�DV�³&KLOOHU��')�´@��DQG$EVRUSWLRQ�FKLOOHUV�GULYHQ�E\�ZDVWH�KHDW��KHDW� UHFRYHU\�RU� FRPELQHG�KHDW� DQG�SRZHU� �&+3�� V\VWHPV� >LQGLFDWHG�DV�³&KLOOHU��+5�´@�
)DU�OHVV�SURPLQHQW�DUH�$EVRUSWLRQ� KHDW� SXPSV� >LQGLFDWHG� DV� ³$+3� �')�´@��FRPSHWLQJ� ZLWK� ERLOHUV� DQG� ZLWK� HOHFWULF� KHDW� SXPSV��WKHQ$EVRUSWLRQ� KHDW� WUDQVIRUPHUV� >LQGLFDWHG� DV� ³$+7��+5�´@��DQG�ILQDOO\$GVRUSWLRQ�FKLOOHUV�>QRW�LQGLFDWHG�LQ�WKH�)LJXUH@��
7KH�)LJXUH�VKRZV� WKDW�HQYLURQPHQWDO�EHQHILW� >LQGLFDWHG�GRZQZDUGV� RQ� WKH� YHUWLFDO� D[LV@� LV� LQYHUVHO\�SURSRUWLRQDO� WR� WKH� PDUNHW� SXOO� >LQGLFDWHG� XSZDUGV� RQ�WKH� YHUWLFDO� D[LV@� DQG� PDUNHW� VKDUH� RI� VRUSWLRQ�WHFKQRORJLHV�� $OWKRXJK� WKH� ODFN� RI� NQRZOHGJH� RI�VRUSWLRQ� WHFKQRORJ\� E\� WHFKQLFLDQV�� HQJLQHHUV�� DQG�SURIHVVLRQDOV� LV� DQ� LPSRUWDQW� EDUULHU�� WKH� PDLQ� PDUNHW�EDUULHU� LV�FRQVLGHUHG�WR�EH�WKH�UHODWLYHO\�KLJK�ILUVW�FRVWV�RI�VRUSWLRQ�SODQW��
,Q�SUDFWLFH��GLIIHUHQW� WHFKQRORJLHV�DUH� IRXQG� WR�EH�PRVW�VXLWDEOH� IRU� GLIIHUHQW� FRXQWULHV�� PDLQO\� GHSHQGLQJ� RQ�WKHLU� HQHUJ\� LQIUDVWUXFWXUH� DQG� SDUWLFXODUO\� RQ� KRZ� WKH�FRXQWU\¶V� HOHFWULFLW\� LV� SURGXFHG�� $Q� HQHUJ\�LQIUDVWUXFWXUH� EDVHG� PDLQO\� RQ� FRDO�ILUHG� JHQHUDWLRQ�VKRXOG� IDYRXU� VRUSWLRQ� RU� RWKHU� QRQ�HOHFWULF� V\VWHPV�RYHU� FRPSUHVVLRQ� V\VWHPV�� 2Q� WKH� RWKHU� VLGH� RI� WKH�VSHFWUXP� DUH� FRXQWULHV� WKDW� KDYH� D� PRUH� UHQHZDEOH�HQHUJ\� EDVLV�� ZKLFK� VKRXOG� IDYRXU� HOHFWULF�GULYHQ�V\VWHPV�� 7KH� KLVWRU\� RI� JHQHUDWLRQ� VKRZV� WKDW� HQHUJ\�SURGXFWLRQ�JHQHUDOO\� LPSURYHV�RYHU� WLPH��ZKLFK�DIIHFWV�WKH�EHQHILWV�VRUSWLRQ�WHFKQRORJ\�FDQ�RIIHU��
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62537,21�0$5.(7�	�(19,5210(1762537,21�0$5.(7�	�(19,5210(170DUNHW�3XOO
&+,//(5�')�

&+,//(5�+5�

$+3�')�

0DUNHW��6KDUH

$+7�+5�

(OHFWULFLW\�*HQHUDWLRQ
(QYLURQPHQWDO%HQHILW

$+3�')�

1XFOHDU
+<'52*$62,/&2$/

��(IIHFW�&KLOOHU
��(IIHFW�&KLOOHU

&RPSHWHZLWK�ERLOHUV

&RPSHWLQJ�ZLWKHOHFWULF�KHDW��SXPSV

&RPSHWLQJ�ZLWK�ERLOHUV

&RPSHWLQJ�ZLWKHOHFWULF�FKLOOHUV

&RPSHWLQJ�ZLWKHOHFWULF�FKLOOHUV

)LJXUH����6RUSWLRQ�PDUNHW�DQG�HQYLURQPHQW�


� 7KH� DUHD� RI� WKH� DUURZV� �FXUUHQW� PDUNHW� VKDUH�� PDUNHW�SXOO�� HQYLURQPHQWDO� EHQHILW�� LQGLFDWH� WKH� UHODWLYH�PDJQLWXGH� RI� WKH� YDULDEOHV�� 7KH� OHQJWK� DQG�ZLGWK� RI� WKH�DUURZV�GRHV�QRW�SURYLGH�DQ\�DGGLWLRQDO�LQIRUPDWLRQ��
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����&21&/86,216
$SSOLFDWLRQ� RI� VRUSWLRQ� WHFKQRORJ\� FDQQRW� DOZD\V� EH�FODLPHG�DV�WKH�EHVW�FKRLFH�IRU�WKH�HQYLURQPHQW�������
(QFRXUDJHPHQW� VKRXOG� EH� JLYHQ� WR� DEVRUSWLRQ� DQG�DGVRUSWLRQ� FKLOOHUV� XVLQJ� ZDVWH� KHDW�� KHDW� UHFRYHU\� RU�DSSOLHG�KHDW�6RUSWLRQ�FKLOOHUV�DSSOLHG�WR�&+3�V\VWHPV�KDYH�DQ�H[LVWLQJ�PDUNHW� SXOO�� DQG� EHQHILW� WKH� HQYLURQPHQW�� +RZHYHU�� WKH�RYHUDOO�HIILFLHQF\�KDV WR�EH�UHODWLYHO\�KLJK�ZLWK�UHVSHFW�WR�HDFK�QDWLRQ¶V�SRZHU�SURGXFWLRQ��WKURXJKRXW�WKH�OLIH�RI�WKH�V\VWHP��$EVRUSWLRQ�KHDW�SXPSV��LQFOXGLQJ�UHYHUVLEOH�KHDW�SXPSV��ZLOO�EH�DYDLODEOH�RQ�WKH�PDUNHW�LQ�WKH�VKRUW�WHUP��DQG�GXH�WR� WKHLU� HQYLURQPHQWDO� EHQHILWV� VKRXOG� EH� VWURQJO\�VXSSRUWHG��XQOHVV�HOHFWULF�KHDW�SXPSV�DUH�PRUH�EHQHILFLDO��DV� RFFXUV� LQ� FRXQWULHV� ZLWK� D� KLJK� SURSRUWLRQ� RI�K\GURHOHFWULFLW\�DQG�HYHQ�JDV�HQHUJ\��DQG�$EVRUSWLRQ�KHDW�WUDQVIRUPHUV�DQG�FRPSUHVVLRQ�DEVRUSWLRQ�KHDW� SXPSV� RIIHU� H[FHOOHQW� HQYLURQPHQWDO� EHQHILWV� IRU�LQGXVWU\�� +RZHYHU�� WKH� ODWWHU� DUH� OLNHO\� WR� KDYH� PRUH�PDUNHW�SXOO�LQ�WKH�PHGLXP�RU�ORQJ�WHUP�'LUHFW�ILUHG� FKLOOHUV� VKRXOG� EH� SKDVHG�RXW�ZKHUH� WKH\�GR�QRW�SURYH�WR�EH�HQYLURQPHQWDOO\�EHQHILFLDO��
7HFKQLFDOO\�� LW� LV� VXJJHVWHG� WKDW� WKH PDLQ� HPSKDVLV� RI�IXWXUH� ZRUN� FRXOG� EH� RQ� VRUSWLRQ� DSSOLFDWLRQV� RI� ZDVWH�KHDW� �� KHDW� UHFRYHU\� DQG� SURFHVV� KHDW�� EXW� RWKHU� IDFWRUV�QHHG�HTXDO�RU�JUHDWHU�DWWHQWLRQ��7KH\�LQFOXGH�WKH�VWXG\�RI�WKH� HIIHFW� RI� H[LVWLQJ� WD[HV�DQG�HFRQRPLF� LQFHQWLYHV�� DQG�IRUPXODWLRQ�RI�UHFRPPHQGDWLRQ�IRU�VXFK�PHDVXUHV��V\VWHP�FDSLWDO� FRVW� UHGXFWLRQ� VWXGLHV�� WKH� FORVHU� VWXG\� RI�HQYLURQPHQWDO�EHQHILWV�DQG�QHZ�SRWHQWLDO�PDUNHWV�
*LYHQ� WKDW� WKH� HQYLURQPHQWDO� EHQHILW� RI� VRUSWLRQ�WHFKQRORJ\� LV� LQYHUVHO\� SURSRUWLRQDO� WR� LWV� PDUNHW� VKDUH�SROLFLHV�VKRXOG�EH�VHW�XS�WR�WD[�WKRVH�OHVV�HQYLURQPHQWDOO\�IULHQGO\�WR�DVVLVW�LQ�ILQDQFLQJ�WKRVH�ZKHUH�PRUH�EHQHILWV�WR�WKH�HQYLURQPHQW�DUH�DFKLHYHG���
127$7,21
% 7KHUPDO�H[HUJ\��N:�&23 &RHIILFLHQW�RI�SHUIRUPDQFHHIOK (TXLYDOHQW�IXOO�ORDG�KRXUV��KRXUV�) )XHO��N:�+'5 +HDW�GLVVLSDWLRQ�UDWLRO &RQVWDQW�FRQFHQWUDWLRQ�OLQH����1 1XPEHU�RI�HIIHFWV�3 3URGXFH��N:�3(5 3ULPDU\�(QHUJ\�5DWLR����4 +HDW�RU�&RROLQJ��N:�U VDWXUDWHG�OLTXLG�OLQH6 (QWURS\��N-�.�7 $EVROXWH�WHPSHUDWXUH��.�: (OHFWULF�SRZHU���SRZHU��N:�

D 7KHUPRG\QDPLF�UDWLRK 3HUIRUPDQFH
6XEVFULSWVD DEVRUEHUDER DEVRUSWLRQ�FKLOOHUF FRROLQJ��FRQGHQVHUFDUQRW &DUQRW�IDFWRUFF FRROLQJ�F\FOHFKS FRPELQHG�KHDW�	�SRZHUGF GULYLQJ�F\FOHH HYDSRUDWRUJ JHQHUDWRUKGUKHDW�GLVVLSDWLRQ�UDWLRP PHFKDQLFDO�FKLOOHUSV SRZHU�VWDWLRQQJ QDWXUDO�JDV� UHIHUHQFH�VWDWH
6XSHUVFULSWVE ([HUJ\FKS &RPELQHG�KHDW�DQG�SRZHUGI 'LUHFW�ILUHG��FKLOOHU�T 7KHUPDO�HQHUJ\Z :RUN��HOHFWULF
5()(5(1&(6
>�@ $E�VRUSWLRQ� PDFKLQHV� IRU� KHDWLQJ� DQG� FRROLQJ� LQ�IXWXUH� HQHUJ\� V\VWHPV�� )LQDO� 5HSRUW�� ,($� +HDW� 3XPS�3URJUDP�� $QQH[� ��� 5HSRUW� 1R�+33�$1������ ,6%1� ������������;�
>�@ $ER� 1R� �� 1HZVOHWWHU�� (768� �� 'HSDUWPHQW� RI�(QHUJ\��7UDGH�DQG�5HJLRQV��8.��1RYHPEHU�������
>�@ (EHU� 1��� 'LH� GDUVWHOOXQJ� XQG� DQDO\VH� YRQ�DEVRUSWLRQVNUHLVSUR]HVVHQ� PLW� KLOIH� GHV� WHPSHUDWXU� �HQWURSLH� � GLDJUDPPHV�� 'LVV�� 1R� ������ 'RFWRU� WKHVLV� DW�WKH�)HGHUDO�7HFKQLFDO�+LJK�6FKRRO�LQ�=XULFK���������
>�@ (EHU� 1��� 5HFHQW� 'HYHORSPHQWV� LQ� WKH�7KHUPRG\QDPLFV� RI� $EVRUSWLRQ� 5HIULJHUDWLRQ�� 6DWU\HNXU�.\OWHNQLVN�7LGVNULIW�QU���6ZHGHQ���������
>�@ 7R]HU�5�0���$EVRUSWLRQ�5HIULJHUDWLRQ� �SULQFLSOHV��F\FOHV� DQG� DSSOLFDWLRQV� WR� FRJHQHUDWLRQ��� &RJHQHUDWLRQ�����0DGULG���������
>�@ 7R]HU� 5� DQG� -DPHV� 5:�� ³)XQGDPHQWDO�7KHUPRG\QDPLFV� RI� $EVRUSWLRQ� 5HIULJHUDWLRQ´�� SS�� ��������� ,QWHUQDWLRQDO�-RXUQDO�RI�5HIULJHUDWLRQ��YRO������1R�����������
>�@ 7R]HU� 5�� DQG� -DPHV� 5��� 7KHUPRG\QDPLFV� RI�$EVRUSWLRQ� 5HIULJHUDWLRQ� �,GHDO� &\FOHV��� ,QWO� $EVRUSWLRQ�+HDW�3XPS�&RQIHUHQFH�����/RXLVLDQD��86$��$60(�SXEO��,6%1����������������SDSHU�(���SS������������������
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>�@ $E�VRUSWLRQ� PDFKLQHV� IRU� KHDWLQJ� DQG� FRROLQJ� LQ�IXWXUH� HQHUJ\� V\VWHPV�� :RUNVKRS� 3URFHHGLQJV��0DDVWULFKW��7KH�1HWKHUODQGV��-XQH�������,($�+HDW�3XPS�3URJUDP�� $QQH[� ��� 5HSRUW� 1R�+33�$1������ ,6%1� ����������������������
>�@ $ER� 1R� �� 1HZVOHWWHU�� (768� �� 'HSDUWPHQW� RI�(QHUJ\��7UDGH�DQG�5HJLRQV��8.���-XQH�������
>��@ /R]DQR� 0�$�� DQG� 9DOHUR� $��� 7KHRU\� RI� WKH�H[HUJHWLF�FRVW��(QHUJ\�9RO������1R����SS������������������
>��@ Valero A. & Lozano M.A., An introduction to 
thermoeconomics in Developments in the Design of 
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>��@ 6KXQ�)X� /��� 6KHULI�� 6��� 6HFRQG�ODZ� DQDO\VLV� RI�PXOWL�HIIHFW�/LWKLXP�%URPLGH�:DWHU�$EVRUSWLRQ�&KLOOHUV��$6+5$(�3URFHHGLQJV��&+�����������������
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$33(1',;�$
+HDW�'LVVLSDWLRQ�5DWLR
7KH� +HDW� 'LVVLSDWLRQ� 5DWLR� �+'5�� LV� WKH� UDWLR� RI� KHDW�GLVVLSDWHG� IURP� WKH� FRROLQJ� WRZHU� �FRQGHQVHU� DQGDEVRUEHU� KHDW�� ZLWK� UHVSHFW� WR� WKH� FKLOOHG� ZDWHU��HYDSRUDWRU� KHDW�� ORDG�� 7KLV� UHODWLRQ� LV� QHFHVVDU\� WR�DQDO\VH�WKH�FRROLQJ�ZDWHU�UHTXLUHPHQWV�IRU�GLIIHUHQW�W\SHV�RI� DEVRUSWLRQ� DQG�PHFKDQLFDO� FRPSUHVVLRQ� �FHQWULIXJDO� ��VFUHZ���UHFLSURFDWLQJ��FKLOOHUV�
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7KH�KHDW�IORZV�FURVVLQJ�WKH�DEVRUSWLRQ�V\VWHP�ERXQGDULHV��HYDSRUDWRU��DEVRUEHU��FRQGHQVHU�DQG�JHQHUDWRU��DUH�
FDHJ 4444 � � >$�@

7KLV�HTXDWLRQ�QHJOHFWV�WKH�HQHUJ\�RI�WKH�DEVRUSWLRQ�FKLOOHU�UHIULJHUDQW�DQG�VROXWLRQ�SXPSV�� ,W� LV�D�YHU\�XVHIXO� WRRO� WR�YHULI\�GDWD�VXSSOLHG�E\�PDQXIDFWXUHUV��
7KH�&RHIILFLHQW�RI�3HUIRUPDQFH��&23��LV�GHILQHG�E\�

JH44&23  >$�@
7KHUHIRUH�WKH�$EVRUSWLRQ�&\FOH�+'5 LV�GHILQHG�DV�

&23+'5 ��� >$�@
,I� D� VLPLODU� DQDO\VLV� LV� EHHQ� GRQH� IRU� WKH� PHFKDQLFDO�FRPSUHVVRU� �YDSRXU� FRPSUHVVLRQ�� F\FOH�� WKH� VDPH�+'5HTXDWLRQ�LV�GHULYHG�
)URP� WKLV� VLPSOH� UHODWLRQVKLS� LW� FDQ� EH� VHHQ� WKDW� KLJK�&23V DV�ZLWK�PHFKDQLFDO� FRPSUHVVLRQ� V\VWHPV� KDYH� WKH�EHQHILW�RI�ORZHU�+HDW�'LVVLSDWLRQ�5DWLRV��WKHUHIRUH�RI�OHVV�FRROLQJ� ZDWHU� UHTXLUHPHQW�� 7KLV� LV� DQ� DGGLWLRQDO�DGYDQWDJH� IRU� WKH� GRXEOH� HIIHFW� XQLW� ZLWK� UHVSHFW� WR� WKH�VLQJOH�HIIHFW�DEVRUSWLRQ�F\FOH��7KLV�LQ�WXUQ��PHDQV�VPDOOHU�FRQGHQVHU�ZDWHU�SXPSV��GRPHVWLF�ZDWHU�SXPSV��FRQGHQVHU�ZDWHU� SLSHZRUN� DQG� FRROLQJ� WRZHUV� WRJHWKHU� ZLWK� OHVV�ZDWHU� ORVV GXH� WR� GULIW� DQG� HYDSRUDWLRQ� DQG� WKHUHIRUH�ORZHU�FKHPLFDO�UHTXLUHPHQWV��
%RWK� WKH� FDSLWDO� FRVWV� DQG� RSHUDWLQJ� FRVWV� RI� WKH� +HDW�'LVVLSDWLRQ� 5DWLRV� QHHG� WR� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ�FRQVLGHULQJ�WKH�HFRQRPLFV�RI�DEVRUSWLRQ�V\VWHPV��
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