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³/RZHU�'DQXEH´�8QLYHUVLW\�RI�*DODWL�5RPDQLD��6WU�'RPQHDVFD�QU����������*DODWL��5RPDQLD$%675$&77KH�SDSHU�GHDOV�ZLWK�FRVW�WR�TXDOLW\�UDWLR��DV�PRVW�FRPSUHKHQVLYH�RSWLPL]DWLRQ�FULWHULRQ�RI�WKH�KHDW�SRZHUHG�V\VWHPV��,W�LV�HPSKDVLVHG�HVSHFLDOO\�WKH�UROH�RI�WKH�FR�JHQHUDWLRQ�V\VWHPV�DPRQJ�KHDW�SRZHUHG�V\VWHPV�7KH�PDWWHU�RI�WKH�SDSHU�GHYHORSV�FRVW�WR�TXDOLW\�UDWLR�FRQFHSW��7KH�DXWKRU�FRQVLGHUV�WKDW�LW�LV�QRW�HQRXJK�WR�RSWLPLVH�D�KHDW�SRZHUHG�V\VWHP�XVLQJ�LWV�WKHUPRG\QDPLF�HIILFLHQF\��0RVW�FRPSOHWHO\�LV�WR�XVH�HFRQRPLF�HIILFLHQF\��WKLV�WKH�ODVW�WDNLQJ�LQWR�FRQVLGHUDWLRQ�QRW�RQO\�WKH�FRVW�RI�WKH�FRQVXPHG�IXHO��EXW�DOVR�WKH�LQYHVWPHQW�FRVW�DQG�RSHUDWLRQ�PDLQWHQDQFH�FRVW�$OO�WKLV�VWXG\�LV�DFFRPSOLVKHG�XVLQJ�RQO\�WKH�H[HUJ\�EDVHG�DQDO\VLV�.(<:25'6([HUJ\�DQDO\VLV��H[HUJR�HFRQRPLFV��FRVW�WR�TXDOLW\�RSWLPLVDWLRQ��FR�JHQHUDWLRQ�V\VWHPV��WUL�JHQHUDWLRQ�V\VWHPV�
�� ,1752'8&7,21,W� LV� ZHOO� NQRZQ� WKDW� WR� RSWLPL]H� D� PDWKHPDWLFDO�IXQFWLRQ��LQ�RXU�FDVH�VRPHWKLQJ�DERXW�WKH�VWXGLHG�WKHUPDO�V\VWHP�� ZH� QHHG� WR� HVWDEOLVK� RQO\� RQH� YDOXH� RI�RSWLPL]DWLRQ� DQG� QRW� VHYHUDO�� OLNH� WKHUPDO� HIILFLHQF\��ZHLJKW�� VL]H�� FRVW� DQG� VR� RQ�� ,Q� WKH� ILHOG� RI� WKH� KHDW�SRZHUHG� V\VWHPV� DQDO\VLV� RIWHQ� LV� XVHG� WKHUPDO�HIILFLHQF\� DV� PDLQ� RSWLPL]LQJ� FULWHULRQ�� %XW� KRZ� DERXW�VRODU�KHDWHU�ZKHUH�WKH�VRODU�HQHUJ\�EHLQJ�IUHH��ZH�DUH�QRW�VR�PXFK�LQWHUHVWHG�WR�REWDLQ�WKH�KLJKHVW�YDOXH�RI�WKHUPDO�HIILFLHQF\� RI� WKLV� V\VWHP"� ,Q� WKLV� FDVH� ZH� DUH� PRUH�LQWHUHVWHG�WR�KDYH�VPDOOHU�LQYHVWPHQW�FRVW�DQG�RSHUDWLRQ�PDLQWHQDQFH�FRVW��,Q�RWKHU�ZRUGV��WKH�VRODU�HQHUJ\�LV�IUHH�EXW�WR�XVH�LW�LQ�DQ�LQGXVWULDO�RU�GRPHVWLF�SODQW�ZH�KDYH�WR�SD\� IRU� VRPH� ODQG� RI� SODFLQJ� DQG� IRU� UDLVLQJ� RI� WKH�LQGXVWULDO� RU� GRPHVWLF� SODQW� DQG� WKHQ� WR� H[SORLW� DQG�PDLQWDLQ�LW�LQ�UXQQLQJ�FRQGLWLRQV�7KLV� LQWURGXFWLRQ� OHDGV� XV� WR� FRQFOXVLRQ� WKDW� LW� LV�QHFHVVDU\� WR� FRPELQH� WKHUPRG\QDPLF� DQDO\VLV� ZLWK�HFRQRPLF� DQDO\VLV�� VR� WR� REWDLQ� PLQLPXP� FRVW� RI�FRQVWUXFWLRQ� DQG� RSHUDWLRQ� RI� D� KHDW� SRZHUHG� V\VWHP�ZKLFK�LV�SURGXFLQJ�KHDW��HOHFWULFLW\�RU�FRROLQJ��� 7+(�48$/,7<�2)�7+(�(1(5*<)XUWKHUPRUH��ZH�PXVW�KDYH�LQ�YLHZ�WKDW�DQ\�RI�WKH�KHDW��HOHFWULFLW\� RU� IUHH]H� SURGXFHG� LV� D� JRRG� RU� VHUYLFH��XQDYRLGDEO\�FKDUDFWHULVHG�E\�LWV�TXDOLW\�7KH� KHDW� LV� GHOLYHUHG� WR� EHQHILFLDU\� XVLQJ� D� PDWWHU� RU�VXEVWDQFH�FDOOHG�WKHUPDO�DJHQW�OLNH�ZDWHU��VWHDP�RU�RWKHU�IOXLG�� 7KLV� IOXLG� LV� DOZD\V� FKDUDFWHULVHG� E\� LWV�WHPSHUDWXUH� DQG� SUHVVXUH�� 7KHVH� WZR� WKHUPRG\QDPLF�SDUDPHWHUV�FDQ�YHU\�ZHOO�GHILQH�WKH�H[HUJ\��DV�TXDOLWDWLYH�PHDVXUH�RI�WKH�HQHUJ\�7KH�H[HUJ\�RI� WKH� KHDW� LV�GHILQHG�DV� WKH�KHDW�ZKLFK�FDQ�SURGXFH� ZRUN�� VR� ZH� FDQ� HYDOXDWH� LW� XVLQJ� VR�FDOOHG�
&DUQRW� IDFWRU� ¸̧¹

·¨̈©
§ � 77� R �� ZKHUH� 7R DQG� 7� >.@� DUH�

HQYLURQPHQWDO�DQG�VRXUFH�WHPSHUDWXUH��UHVSHFWLYHO\�

¸̧¹
·¨̈©

§ � 77�4( R�� ���
5HODWLRQ� ���� VKRZV� WKDW� LI� ZH� KDYH� DW� RXU� GLVSRVDO� WKH�KHDW� IORZ� UDWH� 4� >:@�� RQO\� D� SDUW� RI� LW� LV� XVHIXO� WR�SURGXFH�ZRUN�DQG�WKLV�LV�WKH�H[HUJ\�IORZ�UDWH� (�%XW��ZH�NQRZ�WKDW�HOHFWULFLW\�LV�SXUH�H[HUJ\�:H�NQRZ�DOVR�WKDW�FRROLQJ�LV�SURGXFHG�E\�HOHFWULFLW\��RU�E\� KHDW� DW� WHPSHUDWXUHV� KLJKHU� WKDQ� WKH� HQYLURQPHQWDO�RQH�� WKDW� LV�� WR� SURGXFH� FRROLQJ� ZH� KDYH� WR� FRQVXPH�H[HUJ\�&DUQRW� IDFWRU� ���7R�7�� RQ� WKH� ULJKW� VLGH� RI� (T��� VKRZV�H[DFWO\�WKH�TXDOLW\�RI�WKH�KHDW�LQSXW�3ORWWLQJ�WKH�H[HUJ\�RI� WKH�KHDW� LQSXW� �7�7��4 R�� YHUVXV�7�DQG�URWDWLQJ�WKH�ILJXUH�LQ�D�FRQYHQLHQW�ZD\��ZH�REWDLQ�)LJXUH� ���ZKLFK� UHSUHVHQWV� WZR� GLVWLQFW� HQHUJHWLF� ]RQHV��ZKLFK�DUH�VHSDUDWHG�E\�WKH�&DUQRW�IDFWRU�FXUYH�� 7KH�XSSHU� OHIW�KDQG�]RQH� LV� WKH�H[HUJ\�]RQH��ZKHUH�HQHUJ\�LV�DYDLODEOH�DQG�LV�DEOH�WR�SURGXFH�ZRUN��7KH�KLJKHU� WKH� WHPSHUDWXUH� RI� WKH� ZRUNLQJ� IOXLG�� WKH�ODUJHU�LWV�H[HUJ\� (� ��FI��(T���� 7KH�ORZHU�ULJKW�KDQG�]RQH�LV�WKH�DQHUJ\�]RQH��ZKHUH�WKH�HQHUJ\�VXSSO\�FDQ�EH� VL]HDEOH��EXW� LW� LV�QRW�DEOH�WR� SURGXFH� ZRUN�� LWV� TXDOLW\� EHLQJ� XQVDWLVIDFWRU\��7KLV�DUHD�LV�GHILQHG�E\�HTXDWLRQ�

774$ R��  >N:@ ���)RU�DQ\�WHPSHUDWXUH�7�!�7R ZH�KDYH� $(4 ��� � ��%HORZ�7R DOO�WKH�HQHUJ\�LV�DQHUJ\�:KHQ�7� �7R ZH�KDYH� (�  ���DQG� $4 ��  �,Q�WKH�OLPLW�7�o f��ZH�QRWH� (� o 4� ��ZKLFK�PHDQV�WKDW�HQWLUH�HQHUJ\�LV�DYDLODEOH��7KH�KLJKHU�WKH�7��WKH�PRUH�WKH�HQHUJ\� LV� DYDLODEOH� DQG� WKH� KLJKHU� LWV� TXDOLW\�� ,Q� RWKHU�ZRUGV�� WKH� WHPSHUDWXUH� 7� LV� WKH� TXDOLWDWLYH� LQGLFDWRU� RI�WKH� HQHUJ\�TXDOLW\� DQG� WKH�7� D[LV� RI� WKH� )LJXUH� �� LV� WKH�VFDOH�RI�HQHUJ\�TXDOLW\�7R�VKRZ�WKH�XVHIXOQHVV�RI�WKH�TXDOLW\�VFDOH�RI�WKH�HQHUJ\��LQ� WKH� )LJXUH� �� ZHUH� GUDZQ� WKH� TXDOLW\� VFDOHV� RI� WKH�
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HQHUJ\� ]RQHV� RI� WKH� VWHDP� WXUELQHV� F\FOH�� JDV� WXUELQHV�F\FOH�DQG�FRPELQHG�VWHDP�DQG�JDV�WXUELQH�F\FOH��)RU�WKLV�WKH�DXWKRU�XVHG�WKH�YDOXHV�RI�WKH�UHIHUHQFH�>�@��,Q�WKH�ILUVW�JUDSK� �67��ZH�FDQ� VHH� WKDW� VWHDP� WXUELQH�F\FOH� LV�XVLQJ�RQO\� WKH� ORZHU� SDUW� RI� WKH� H[HUJ\� ]RQH�� 7KLV� ZD\� WKH�H[HUJ\�GHVWUXFWLRQ�WKURXJK�KHDW�WUDQVIHU�LV�YHU\�ODUJH�,Q�WKH�VHFRQG�JUDSK��*7��RI�WKH�JDV�WXUELQH�F\FOH�LV�XVHG�RQO\�WKH�XSSHU�SDUW�RI�WKH�TXDOLW\�VFDOH�RI�WKH�HQHUJ\��7KH�ORZHU�SDUW�RI�LW��EHORZ�����«����R&�UHPDLQV�XQXWLOLVHG�2QO\�LQ WKH�WKLUG�JUDSK��&&6*7���WKH�TXDOLW\�VFDOH�RI�WKH�HQHUJ\� VKRZV� XV� KRZ� XVHIXO� LV� WKH� FRPELQHG� F\FOH� RI�VWHDP�DQG�JDV�WXUELQH��DV�ZH�DOUHDG\�NQRZ�IURP�SUDFWLFH��,�ZRXOG� OLNH� WR� JR� QH[W� XQGHUOLQLQJ� WKDW� WKH� HQG� XVHU� LV�ZLOOLQJ� WR�SD\�RQO\� WKH�XVHIXO�SDUW�RI� WKH�HQHUJ\�� WKDW� LV�WKH�H[HUJ\��� 7+(�&267�2)�(;(5*<'HSHQGLQJ�RQ�WHPSHUDWXUH�DV�TXDOLWDWLYH�LQGLFDWRU��(T����H[HUJ\� KDV� D� FRVW��7KHUH� LV� D� GLUHFW� FRQQHFWLRQ�EHWZHHQ�H[HUJ\�DQG�LWV�FRVW�/RRNLQJ�DW�H[HUJ\�DV�D�SURGXFW�WKDW�PXVW�EH�SURYLGHG��ZH�FDQ� XVH� WKH� HFRQRPLF� DQDO\VLV� PDGH� E\� 7VDWVDURQLV��������LQ�WKH�UHIHUHQFH�>�@� IRU�RQH�FR�JHQHUDWLRQ�V\VWHP�IRU�KHDW� DQG�SRZHU��([WHQGLQJ� WKH�DQDO\VLV� WR�DQ\�FR�RU�WUL�JHQHUDWLRQ� V\VWHP�� ZH� FDQ� VSHDN� DERXW� KHDW� RU�HOHFWULFLW\� DV� GHOLYHULQJ� SURGXFWV� RU� DERXW� FRROLQJ� RU�FKLOOLQJ�DV�VRPH�VHUYLFHV�GRQH�IRU�DQ�HQG�XVHU�7KH�WRWDO�FRVW�RI�DQ�HQHUJHWLF�SURGXFW�OLNH�KHDW�RU�SRZHU�RU�RI�D�FRROLQJ�VHUYLFH��LV�H[SUHVVHG�E\�WKH�HTXDWLRQ3&�  � )&� � &,=� � 20=� >��K@ ���
3&� >��K@�± WKH�FRVW� UDWH�RI� WKH�HQHUJ\�SURGXFW� OLNH�KHDW�RU� SRZHU� RU� RI� D� WKHUPDO� VHUYLFH� DV� DLU�FRQGLWLRQLQJ��FRROLQJ�RU�KHDWLQJ�)&� >��K@� ± WKH� FRVW� UDWH� RI� WKH� IXHO� RU� HOHFWULFLW\�FRQVXPHG� WR� SURGXFH DQ� HQHUJ\� SURGXFW� RU� D� WKHUPDO�VHUYLFH�7KH� YDOXHV� 3&� DQG� )&� DUH� UHODWHG� WR� H[HUJ\�� WKH\� DUH�H[HUJHWLF�YDOXHV�&,=� >��K@� ± WKH� FRVW� UDWH� RI� WKH� FDSLWDO� LQYHVWPHQW�H[SHQGLWXUHV�� FDOFXODWHG� E\� PHDQV� RI� OLNH� F\FOH� RI� WKH�SODQW��RU�RI�WKH�HQJLQH�20=� >��K@�± WKH�FRVW�UDWH�RI�WKH�H[SHQGLWXUHV�PDGH�ZLWK�� RSHUDWLRQ�DQG�PDLQWHQDQFH�RI�WKH�SODQW�RU�HQJLQH�� WKH� WD[HV� DQG� IHHV� SDLG� EHFDXVH� RI� LQIULQJHPHQW� RI�WKH�HQYLURQPHQWDO�SURWHFWLRQ UXOHV�7KH�YDOXHV� &,=� DQG� 20=� DUH�QRW�GHSHQGLQJ�GLUHFWO\�RI�H[HUJ\��WKH\�DUH�FRQVLGHUHG�>�@�QRQ�H[HUJHWLF�YDOXHV�)URP�(T���ZH� FDQ� VHH� WKDW� WKHUPDO� HIILFLHQF\� LV� UHODWHG�RQO\�ZLWK� WKH�YDOXH� )&� �� WKH�RWKHU� WZR�YDOXHV� � &,=� DQG�20=� ��QRW�EHLQJ�DW�DOO�LQIOXHQFHG�E\�LW�7R� DUJXH� WKDW� LV� EHWWHU� WR� XVH� DQ� HQJLQHHULQJ�HFRQRPLF�DSSURDFK�� OHW¶V� WDNH� WKH� VWXG\�RI�D�PDULQH�FR�JHQHUDWLRQ�V\VWHP�PDGH�E\�*RJDQ�>�@�LQ�KHU�GRFWRUDO�WKHVLV�%HIRUH� WKLV� ZH� KDYH� WR� PHQWLRQ� WKH� )LJXUH� �� ±7KHUPRG\QDPLF� HIILFLHQFLHV� RI� GLIIHUHQW� KHDW� SRZHUHG�

F\FOHV�� ���±VWHDP� WXUELQHV�� ���±FRPELQHG� F\FOHV� RI�VWHDP� DQG� JDV� WXUELQHV�� ��JDV� WXUELQHV�� D�JDV� RU� OLTXLG�IXHO��E�FRDO�7KH�PDLQ�FRQFOXVLRQ�IURP�WKLV�ILJXUH�LV�WKDW�JDV�WXUELQHV�F\FOHV� DUH� ZRUNLQJ� ZLWK� KLJK� WHPSHUDWXUHV�� WKDW� LV� ZLWK�ODUJH�H[HUJLHV��WKDW�LV�LQ�FRVWO\�FRQGLWLRQV��KDYLQJ�LQVWHDG�ORZHU�RU�ORZHVW�HIILFLHQFLHV��7KLV�LV�RXU�FRQFOXVLRQ�LI�ZH�DUH� DSSO\LQJ� RQO\� WKHUPRG\QDPLF� FRQVLGHUDWLRQV�� 7KH�H[HUJRHFRQRPLF� VWXG\�PDGH�E\�*RJDQ� >�@� UHYHDOHG� WKDW�DPRQJ� ILYH� GLIIHUHQW� 'LHVHO�SRZHUHG� VKLS� YDULDQWV� �WKH�FDVHV�%&��$��%��&��'�LQ�WKH�)LJXUH����DQG�WKH�JDV�WXUELQH�SRZHUHG� VKLS� YDULDQW� �WKH� FDVH� (��� WKLV� WKH� ODVW� LV� PRVW�HFRQRPLF�� WKH� WRWDO� FRVW RI� KHDW�� HOHFWULFLW\� DQG�SURSXOVLRQ� ZRUN� SURGXFHG� E\� JDV�WXUELQH� F\FOH�UHSUHVHQWLQJ� ������� RI� WKH� WRWDO� FRVW� IRU� WKH� EDVH� FDVH�%&��'LHVHO�SURSXOVLRQ��7KLV� DERYH�PHQWLRQHG� VWXG\� LV� RQH� RI� WKH� QXPHURXV�DUJXPHQWV� RI� H[HUJRHFRQRPLF� DQDO\VLV� DSSO\LQJ�DGYDQWDJH��� 7+(�&267�72�48$/,7<�5$7,2��&45�)ROORZLQJ� WKH� LGHD� WR� KDYH� D� PRVW� FRPSUHKHQVLYH�HYDOXDWLRQ� RI� WKH� HIIRUWV� PDGH� WR� REWDLQ� DQ� HQHUJ\�SURGXFW�RU�VHUYLFH��ZH�KDYH�WR�PHQWLRQ�WKDW�RQO\�WKH�FRVW�RI�D�SURGXFW� LV�QRW�HQRXJK� WR�EH�XVHG�DV�FRPSUHKHQVLYH�FULWHULRQ��$Q\ERG\�NQRZV�WKDW�D�KLJKHU�TXDOLW\�SURGXFW�LV�PRUH�H[SHQVLYH�WKDW�RQH�RI�ORZHU�TXDOLW\��7KH�UHDGHU�FDQ�ILQG�D�JUDSK�FRVW�WR�TXDOLW\�LQ�WKH�UHIHUHQFH�>�@�7KH� YDOXH� WKDW� H[SUHVVHV� WKH� JOREDO� DPRXQW� RI� WKH�IHDWXUHV�RI�D�SURGXFW��LV�WKH�FRVW�WR�TXDOLW\�UDWLR
4&&45 3� ���,Q�(T���WKH�YDOXH�4�UHSUHVHQWV�WKH�TXDOLW\�RI�WKH�SURGXFW��)RU� HQHUJ\� SURGXFWV� OLNH� KHDW� RU� SRZHU�� WKH� TXDOLW\� LV�ZHOO� H[SUHVVHG� E\� WKHLU� H[HUJ\� �N-� IRU� KHDW� RU� N:K� IRU�SRZHU��� WKH� DYDLODEOH� SDUW� RI� WKH� HQHUJ\� WKH\� DUH�FRQWDLQLQJ�7KHUHIRUH�� IRU� KHDW� SURGXFWV� OLNH� ZDUP� ZDWHU� RU� VWHDP��&45� LV� PHDVXUHG� LQ� >��N-@�� ZKLOH� IRU� HOHFWULFLW\� WKLV�YDOXH�LV�H[SUHVVHG�LQ�>��N:K@��+HUH�ZH�KDYH�WR�UHFRJQL]H�MXVW� WKH� WD[DWLRQ� ZD\V� WKDW� DUH� XVHG� QRZ� LQ� SUDFWLFH��ZKLFK�HQFRXUDJH�XV�WR�JR�WKLV ZD\�IRU�RWKHU�DSSOLFDWLRQV��FRROLQJ�IRU�H[DPSOH�7KH�UHIULJHUDQW�SODQWV�RU�GHYLFHV�DUH�GHOLYHULQJ�D�VHUYLFH��ZKLFK�FRQVLVWV�LQ�H[WUDFWLQJ�KHDW�IURP�VRPH�SURGXFWV�DQG�PDLQWDLQLQJ� WKHP� DW� D� FRQVWDQW� WHPSHUDWXUH�� EHOORZ� WKH�HQYLURQPHQWDO�RQH��,Q�WKLV�FDVH�WKH�TXDOLW\�RI�WKH�VHUYLFH�LV� H[SUHVVHG� LQ� WKH� FRROLQJ� SDUDPHWHUV�� XVXDOO\� WKH�VWRUDJH�WHPSHUDWXUH��7R�GR�WKLV��WKH�UHIULJHUDWLQJ�SODQW�LV�FRQVXPLQJ� HOHFWULFLW\� RI� VRPH� N:� DPRXQW�� 7KLV� RQH� LV�MXVW� WKH� TXDOLW\� 4� RI� WKH� GHOLYHUHG� VHUYLFH�� 7KH� FRVW� RI�WKLV� VHUYLFH� 3&� >��K@� FDQ� EH� HYDOXDWHG� XVLQJ� (T����7KHUHIRUH� WKH� FRVW�WR�TXDOLW\� UDWLR� RI� WKLV� VHUYLFH� LV�&45 4�&3� >��N:K@��7KLV�YDOXH� LV�QRW�D�QRYHOW\��ZH�FDQ�HDVLO\�UHFRJQL]H�LQ�LW� WKH�XQLWDU\�FRVWV��DQG�ORQJ�DJR�
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SUDFWLFHG LQ� RXU� HQJLQHHULQJ�HFRQRPLF� HYDOXDWLRQV��6RPHKRZ�QHZ�LV�RQO\�WKH�DSSURDFK�WR�FRQGXFW�WKH�HQHUJ\�RSWLPL]DWLRQ�XVLQJ�&45�DV�PDLQ�FULWHULRQ�)RU� LQVWDQFH�� XVLQJ� WKH� RSHUDWLRQ� SDUDPHWHUV� DQG�FDOFXODWHG� GDWD� RI� WKH� FR�JHQHUDWLRQ� �KHDW� DQG� SRZHU��V\VWHP� VKRZQ� LQ� 0RUDQ� DQG� 6KDSLUR¶V� ERRN� >�@�� WKH�DXWKRU� REWDLQHG� WKH� )LJXUH� ��� LQ� ZKLFK� WKH�H[HUJRHFRQRPLF�SDUDPHWHUV�DUH�WKH�XQLWDU\�FRVW�RI�VWHDP�FVW  � ���� ��N:K� DQG� WKH� XQLWDU\� FRVW� RI� HOHFWULFLW\� FH�  ��������N:K��7KHVH� WZR� H[HUJRHFRQRPLF� HYDOXDWLQJ� UHVXOWV� GHSHQGVRQ�WKH�VSHFLILF�FRVW�RI�IXHO�F)  ��������N:K��LQYHVWPHQW�DQG�RSHUDWLRQ�PDLQWHQDQFH�FRVWV�RI�ERLOHU� E=�  ��������K�DQG�RI�WXUELQH� W=�  ������K�7R� RSWLPL]H� WKLV� FR�JHQHUDWLRQ� V\VWHP�PHDQV� WR� FKDQJH�PD\EH�WKH�IXHO�XQLWDU\�FRVW��F)���WR�LPSURYH�WKH�F\FOH�VR�WR� UHGXFH� E=� RU�DQG� W=� ��'RLQJ� OLNH� WKLV�� WKH� UHGXFWLRQ�RI�&45�IRU�VWHDP��FVW��DQG�IRU�HOHFWULFLW\��FH��FDQ�PD\EH�REWDLQHG�7KH�IXUWKHU�DSSURDFK� LV� WR�XVH�D�JHQHUDO�FRVW� UDWH�RI� WKH�RYHUDOO�F\FOH�>��K@� VWVWHHVWHWRW (F:F&&& ����� � � >��K@ ���DQG�WR�WU\�UHGXFLQJ�WKH�WRWDO�SHU�KRXU�FRVW�DQG�HYDOXDWLQJ�DQ� RSWLPDO� YDOXH� IRU� WKH� GHOLYHUHG� SRZHU� H:� DQG� KHDW�
VW(� �)RU�D�SODQW� LQ�XVH�WKH�YDOXHV� H:� DQG� VW(� IURP�(T���DUH�FRQVWDQW��WKH\�DUH�FRQWUDFW�UHTXLUHPHQWV�WKDW�PXVW�EH�NHSW�XQWRXFKHG�� ,Q�RUGHU� WR�RSWLPL]H� WKH�SODQW�RSHUDWLRQ�� WKDW�LV�WR�REWDLQ�PLQLPXP� WRW&� ��ZH�FDQ�ZULWH���FRQVWN�N�FNFN& ��VW�H�WRW  � � ���7R� UHGXFH� WKH� WRWDO� FRVW� WRW&� PDLQWDLQLQJ� WKH� VDPH�TXDOLW\�� ZH� KDYH� WR� DFFHSW� DOO� WKH� VROXWLRQV� GLUHFWHG� WR�UHGXFH�XQLWDU\�FRVWV�RI�HOHFWULFLW\�FH >��N:K@�RU�RI�VWHDP�FVW >��N-@��$PRQJ�WKHVH�VROXWLRQV�FRXOG�EH�� 7KH� LQFUHDVH� RI� WKH� OLIH� F\FOH� RI� WKH� FRPSRQHQWV��UHGXFLQJ�WKLV�ZD\�FDSLWDO�LQYHVWPHQWV� &,=� >��K@�� 7KH� LPSURYLQJ� RI� FRPEXVWLRQ� SURFHVVHV� DQG�UHGXFLQJ� WKLV� ZD\� RSHUDWLRQ�PDLQWHQDQFH�H[SHQGLWXUHV� 20=� >��K@�� 7KH� LQFUHDVH� RI� WKH� WKHUPDO� HIILFLHQF\� RI� WKH� SODQW�DQG�UHGXFLQJ�WKLV�ZD\�IXHO�H[SHQGLWXUHV� )&� >��K@�,�WKLQN�D�FRPSOHWH�OLVW�RI�WKH�DSSOLFDWLRQ�VROXWLRQV�LV�KDUG�WR�ZULWH��EXW�IURP�WKLV�HQXPHUDWLRQ�ZH�FDQ�VHH�WKDW�DQ\�RI�WKH� JRRG� VROXWLRQV� FRXOG� FRQWULEXWH� WR� WRWDO� FRVW� WRW&�ORZHULQJ�&45�FRQFHSW�RI�HYDOXDWLQJ�DQG�RSWLPL]DWLRQ�RI�WKH�KHDW�SRZHUHG�V\VWHPV�LV�QRW�GHQ\LQJ�ZKDW�LV�GRQH�QRZ��ZKHQ�LV�HYDOXDWLQJ�DQG�WU\LQJ�WR�PLQLPL]H�WKH�WRWDO�FRVW�RI�WKH�SURGXFHG� HQHUJ\�� 0RUH� RYHU�� WKH� SUHVWLJLRXV� ZRUNV� RI�6]DUJXW� >�@�7VDWVDURQLV� >�@��9DOHUR� >�@�PDNH�XVH� RI� WKLV�FRQFHSW�ZLWKRXW�FDOOLQJ�LW�ZKHQ�WKH\�DUH�XVLQJ�WKH�XQLWDU\�FRVWV�H[SUHVVHG�LQ���N:K�RU���N-��,Q�WKH�DERYH�PHQWLRQHG�

SDSHU� RI� 6]DUJXW� DV� LQ�PDQ\� RWKHUV�� WKH� UHDGHU� FDQ� ILQG�QXPHURXV�DUJXPHQWV�VXSSRUWLQJ�&45�FRQFHSW��HVSHFLDOO\�WKH�UHODWLRQ�����IRU�XQLWDU\�FRVW�RI�WKH�KHDW�SURGXFHG�7R�XQGHUVWDQG�EHWWHU�WKLV�FRQFHSW�WKH�UHDGHU�LV�LQYLWHG�WR�WKLQN� WKDW� WKH� TXDOLW\� RI� DQ\� HQHUJ\� SURGXFW� LV�XQDYRLGDEO\� FKDUDFWHUL]HG� E\� VRPH� FRQWUDFW� SDUDPHWHUV��DV� YROWDJH� �9�� DQG� IUHTXHQF\� �+]�� IRU� HOHFWULFLW\��SUHVVXUH� �3D�� DQG� WHPSHUDWXUH� >.@� RI� WKHUPDO� DJHQW� IRU�KHDW��WKH�FRROLQJ�VWRUDJH�WHPSHUDWXUH�>.@�IRU�UHIULJHUDWLRQ�VHUYLFH��$OO�WKHVH�SURGXFWV��HOHFWULFLW\�RU�KHDW��RU�VHUYLFHV�OLNH� UHIULJHUDWLRQ� DUH� DFFRPSOLVKLQJ� WKH� TXDOLW\�UHTXLUHPHQWV��GHOLYHULQJ�RU�FRQVXPLQJ�FHUWDLQ�DPRXQW�RI�H[HUJ\�� 7KDW� LV� MXVW� WKH� TXDOLW\� RI� WKH� GHOLYHUHG� RU�FRQVXPHG� HQHUJ\� VR� WR� REVHUYH� WKH� FRQWUDFW�UHTXLUHPHQWV�� 7KHVH� FRQWUDFW� UHTXLUHPHQWV�� DOO� RI� XV�NQRZ�� PXVW� EH� NHSW� FRQVWDQW� DQG� VWURQJO\� REVHUYHG�GXULQJ� WKH�SURGXFW�RU�VHUYLFH� LV�GHOLYHUHG��&45�FRQFHSW�LV�LQFOXGLQJ�DQDO\WLFDOO\�WKH�TXDOLW\�FRQWUDFW�UHTXLUHPHQWV�LQ�RXU�HQJLQHHULQJ�HFRQRPLF�HYDOXDWLRQV�� LQ�RUGHU�QRW� WR�QHHG� UHPLQG� WKHP� RXWVLGH� RI� PDWKHPDWLFDO� PRGHO� RI�SURGXFWLRQ�*HQHUDO� FRQFOXVLRQ� &45� FRQFHSW� LV� ZLGH�FRPSUHKHQVLYH�� LW� FDQ� EH� HDVLO\� XVHG� LQ� KHDW� SRZHUHG�V\VWHPV��ZKHUH� WKH�TXDOLW\�RI� WKH�SURGXFWV� �KHDW��SRZHU��ZRUN�� RU� RI� WKH� VHUYLFHV� �KHDWLQJ�� YHQWLODWLQJ�� DLU�FRQGLWLRQLQJ�� FDQ� EH� ZHOO� H[SUHVVHG� E\� WKH� H[HUJ\��FRQVXPHG�WR�GHOLYHU�WKHP�
$FNQRZOHGJHPHQW7KH� DXWKRU� H[SUHVVHV� DOO� KLV� JUDWLWXGH� WR� 3URIHVVRU�0LFKDHO� 0RUDQ�� 2KLR� 6WDWH� 8QLYHUVLW\�� 86$�� IRU�ZRQGHUIXO� )XQGDPHQWDOV� RI� (QJLQHHULQJ�7KHUPRG\QDPLFV� ERRN� ������� KH� ZURWH� DQG� SUHVHQWHG�KLP�
5HIHUHQFHV>�@ 0RWRLX�&��'DULH�*��*RORYDQRY�1��*RLD�0�/��³&UHVWHUHD� HILFLHQWHL� vQ� SURGXFHUHD�� WUDQVSRUWXO� úL�GLVWULEXWLD� HQHUJLHL´� �7KH� HIILFLHQF\� LPSURYLQJ� RI� WKH�HQHUJ\�SURGXFWLRQ�� WUDQVIHU� DQG�GLVWULEXWLRQ��3ULQFLSLL�GH�PDQDJHPHQW� HQHUJHWLF� �3ULQFLSOHV� RI� HQHUJ\�PDQDJHPHQW�� (GLWXUD� 7HKQLFD�� %XFXUHVWL�� SS����������5RPDQLD��������,6%1���������������>�@ %HMDQ�$�7VDWVDURQLV�*��0RUDQ�0�� ³7KHUPDO� 'HVLJQ�DQG�2SWLPL]DWLRQ´�-RKQ�:LOH\	6RQV��1HZ�<RUN��������>�@ *RJDQ�$�(�� ³7KHUPRHFRQRPLF� $QDO\VLV� DQG�2SWLPL]DWLRQ� RI� 0DULQH� &RJHQHUDWLRQ� 6\VWHPV´�� 3K�'�WKHVLV� ³/RZHU� 'DQXEH´� 8QLYHUVLW\� RI� *DODWL�� 5RPDQLD���������>�@ ,RQLWD�&�,�� ³$ERXW� WKH� $SSOLFDWLRQ� RI� ([WHQGHG�([HUJ\� $QDO\VLV� WR� WKH� 2SWLPL]DWLRQ� RI� ,QGXVWULDO�6\VWHPV� 8VLQJ� &RVW�4XDOLW\� 5DWLR´� (&26� �����3URFHHGLQJV�� 7ZHQWH�� 1HGHUODQG�� SS���������� ,6%1��������������������>�@ 0RUDQ�0��6KDSLUR�+��³)XQGDPHQWDOV�RI�(QJLQHHULQJ�7KHUPRG\QDPLFV´� -RKQ� :LOOH\� 	� 6RQV�� ,QF�� ,6%1� ��������������1HZ�<RUN�������>�@ 6]DUJXW�-��³&RJHQHUDWLRQ�RI�1HWZRUN�+HDW�LQ�WKH�6HW�RI� D� +XPLG� $LU� 7XUELQH´� (&26� ����� 3URFHHGLQJV��
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7ZHQWH�� 1HGHUODQG�� SS���������� ,6%1� �������������������>�@ 7VDWVDURQLV�*�� ³'HVLJQ� 2SWLPL]DWLRQ� 8VLQJ�([HUJRHFRQRPLFV´� 7KHUPRG\QDPLF� 2SWLPL]DWLRQ� RI�&RPSOH[�(QHUJ\� 6\VWHPV� �$��%HMDQ� DQG�(�0DPXW� HGV�������.OXZHU�$FDGHPLF�3XEOLVKHUV��SS����������,6%1��������������>�@ 9DOHUR�$��&RUUHDV�,�DQG� 6HUUD�/�� 2Q�OLQH� WKHUPRH�FRQRPLF� GLDJQRVLV� RI� WKHUPDO� SRZHU� SODQWV´��7KHUPRG\QDPLF� 2SWLPL]DWLRQ� RI� &RPSOH[� (QHUJ\�6\VWHPV� �$�� %HMDQ� DQG� (� 0DPXW� HGV�� ����� .OXZHU�$FDGHPLF�3XEOLVKHUV��SS����������,6%1���������������>�@ 8QLWHG� 1DWLRQV� (FRQRPLF� DQG� 6RFLDO &RPPLVVLRQ�IRU� $VLD� DQG� 3DFLILF�� *XLGHERRN� RQ� &RJHQHUDWLRQ� DV� D�0HDQV� RI� 3ROOXWLRQ� &RQWURO� DQG� (QHUJ\� (IILFLHQF\� LQ�$VLD�KWWS�ZZZ�XQHVFDS�RUJ�HQUG�HQHUJ\�FR�JHQ�
1RPHQFODWXUH7R ± HQYLURQPHQWDO�WHPSHUDWXUH��>.@�7�± VRXUFH�WHPSHUDWXUH��>.@�(� � H[HUJ\�IORZ�UDWH��>N:@�4� � KHDW�IORZ�UDWH�>N:@�$� � DQHUJ\�IORZ�UDWH�>N:@�67�± VWHDP�WXUELQH�*7�± JDV�WXUELQH�&&6*7�± FRPELQHG�F\FOH�VWHDP�DQG�JDV�WXUELQHV�

3&� � WKH� FRVW� UDWH� RI WKH� HQHUJ\� SURGXFW�� OLNH� KHDW� RU�SRZHU�� RU� RI� D� WKHUPDO� VHUYLFH� DV� DLU�FRQGLWLRQLQJ��FRROLQJ�RU�IUHH]LQJ��>��K@�)&� � WKH� FRVW� UDWH� RI� WKH� IXHO� RU� HOHFWULFLW\� FRQVXPHG� WR�SURGXFH�DQ�HQHUJ\�SURGXFW�RU�D�WKHUPDO�VHUYLFH�>��K@�&,=� � WKH� FRVW� UDWH� RI� FDSLWDO� LQYHVWPHQW� H[SHQGLWXUHV��FDOFXODWHG� E\�PHDQV� RI� OLIH� F\FOH� RI� WKH� SODQW� RU� RI� WKH�HQJLQH�>��K@�20=� � WKH�FRVW�UDWH�RI�WKH�H[SHQGLWXUHV�UHODWHG�WR�� RSHUDWLRQ� DQG� PDLQWHQDQFH� RI� WKH� SODQW�� HQJLQH� RUGHYLFH�� WKH�WD[HV�DQG�IHHV�SDLG�EHFDXVH�RI�LQIULJHPHQW�RI�WKH�HQYLURQPHQWDO�SURWHFWLRQ�UXOHV�&45�± FRVW�WR�TXDOLW\�UDWLR�>��N:K����N-@�4�± TXDOLW\�RI�WKH�HQHUJ\�SURGXFW�FVW ± XQLWDU\�FRVW�RI�VWHDP�>��N-@�FH��FHO ± XQLWDU\�FRVW�RI�HOHFWULFLW\�>��N:K@�)F� � XQLWDU\�FRVW�RI�WKH�IXHO�>��N:K@�=�  20&, == �� � � WKH� WRWDO� QRQ�H[HUJHWLF� FRVW� UDWH� RI�FDSLWDO� LQYHVWPHQWV� DQG� RSHUDWLRQ�PDLQWHQDQFH�H[SHQGLWXUHV�RI�WKH�SODQW��HQJLQH�RU�GHYLFH��>��K@�W=� � WKH�WRWDO�QRQ�H[HUJHWLF�FRVW�UDWH�RI�WXUELQH�>��K@�
E=� � WKH�WRWDO�QRQ�H[HUJHWLF�FRVW�UDWH�RI�ERLOHU�>��K@�
WRW&� � WKH�WRWDO�FRVW�UDWH�RI�WKH�FR�JHQHUDWLRQ�SODQW�>��K@�
H&� � WKH�FRVW�UDWH�RI�WKH�HOHFWULFLW\�SURGXFHG�>��K@�
VW&� � WKH�FRVW�UDWH�RI�WKH�VWHDP�SURGXFHG�>��K@�
H:� � WKH�SRZHU�RI�WKH�SODQW�>N:@�

VW(� � WKH�H[HUJ\�IORZ�UDWH�RI�WKH�VWHDP�SURGXFHG�>N-�K@�
6XSHUVFULSWV&,�± FDSLWDO�LQYHVWPHQWV20�± RSHUDWLRQ�PDLQWHQDQFH�6XEVFULSWV3�± SURGXFW�)�± IXHO�VW�± VWHDP�H��HO�± HOHFWULFLW\�W�± WXUELQH�E�± ERLOHU�WRW�± WRWDO
)LJXUH�&DSWLRQV)LJXUH���7KH�TXDOLW\�VFDOH�RI�WKH�HQHUJ\)LJXUH���7KH�TXDOLW\�VFDOH�RI�WKH�HQHUJ\�]RQHV�RI�VWHDP�WXUELQH�F\FOH��67���JDV�WXUELQH�F\FOH��*7��DQG�FRPELQHG�F\FOH�VWHDP�DQG�JDV�WXUELQH��&&6*7�)LJXUH����7KHUPRG\QDPLF�HIILFLHQFLHV�RI�GLIIHUHQW�KHDW�SRZHUHG�F\FOHV������VWHDP�WXUELQH�����FRPELQHG�F\FOHV�RI�VWHDP�DQG�JDV�WXUELQHV����JDV�WXUELQHV��D�JDV�RU�OLTXLG�IXHO��E�FRDO��WDNHQ�IURP�>�@��)LJXUH����&RVW�RI�DOO�SURGXFWV�&WRW >86���K@�IRU�D�PDULQH�WUL�JHQHUDWLRQ� V\VWHP� �%&�$�%�&�'�GLIIHUHQW��'LHVHO� � SRZHUHG� VKLS� YDULDQWV�� (�JDV� WXUELQH�SRZHUHG�VKLS�YDULDQW��>�@�)LJXUH����7KH�VFKHPDWLF�H[HUJRHFRQRPLF�IORZVKHHW�REWDLQHG�ZLWK�GDWD�RI�0RUDQ�DQG�6KDSLUR¶V�ERRN�>�@�IRU�D�VWHDP�WXUELQH�FR�JHQHUDWLRQ�V\VWHP�
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