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$FNQRZOHGJHPHQWV
,� ZRXOG� OLNH� WR� WKDQN�'DYLG� 3DOPHU� IRU� LQLWLDWLQJ� WKH� SURMHFW� DQG� &ROLQ� &ODUNH� IRU�VXSHUYLVLQJ� WKH� SURMHFW�� ERWK� IURP� &DUEUDH� &RQVXOWLQJ� (QYLURQPHQWDO� (QJLQHHUV��*ODVJRZ�� � ,�ZRXOG�DOVR� OLNH� WR� WKDQN�3DXO�6WUDFKDQ�DV�P\�DFDGHPLF�VXSHUYLVRU��DQG�P\�IDPLO\�DQG�IULHQGV�IRU�WKHLU�VXSSRUW�
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$EVWUDFW
7KH�DLP�RI�WKLV�SURMHFW�LV�WR�DVVHVV�WKH�SURYLVLRQ�RI�KHDWLQJ�DQG�KRW�ZDWHU�IURP�VRODU�HQHUJ\�IRU�D�ODUJH�GZHOOLQJ�KRXVH���7KH�GHVLJQ�KDV�LQFRUSRUDWHG�WKH�EXLOGLQJV�KHDWLQJ�DQG� GRPHVWLF� KRW ZDWHU� ORDGV�� WKH� VRODU� HQHUJ\� DYDLODEOH�� FRQVLGHUDWLRQ� IRU� 39�SRZHUHG�SXPSLQJ��DQG�WKH�DQDO\VLV�RI�FRVWV�WKURXJK�VDYLQJV�DQG�SD\EDFN�IRU�WKH�VRODU�FROOHFWRU�V\VWHP���
,Q� DVVHVVLQJ� WKH� V\VWHP� WKH� LQFOXVLRQ� RI� EDFNJURXQG� LQIRUPDWLRQ� RQ� D� QHZ� ERLOHU�V\VWHP� D�µWDQN�LQ�WDQN¶�V\VWHP��DV�WKLV�LV�SURSRVHG�IRU�WKH�KHDWLQJ�V\VWHP�DQG�ZLOO�EH�WKH�DX[LOLDU\�SRZHU�IRU�WKH�KRXVH���)XUWKHUPRUH��WKLV�LV�RQH�SURSRVDO�GHULYHG�IURP�WKH�PHWKRG�RI�FDOFXODWLRQ�SURYLGLQJ�DQ�HIIHFWLYH�DQG�HIILFLHQW�V\VWHP���0RUHRYHU��DOO�WKH�ZRUN�GRQH�LV�IURP�WKH�SODQ�GUDZLQJV�RI�WKH�KRXVH�DV�QR�VLWH�YLVLW�ZDV�XQGHUWDNHQ�
,Q� DGGLWLRQ�� WKURXJK� WKLV� FDVH� VWXG\� LW� ZLOO� EH� SURYHG� WKDW� VRODU� ZDWHU� KHDWLQJ� LQ� D�1RUWKHUQ� FOLPDWH� VXFK� DV� WKH�:HVW�RI�6FRWODQG� LV� SUDFWLFDO� DQG� LQ� WKLV�FLUFXPVWDQFH�SURYHV SURILWDEOH� RYHU� WKH� OLIHWLPH� RI� WKH� FROOHFWRU� SURSRVHG�� � )XUWKHUPRUH�� WKH� 39�SXPSLQJ�DUUDQJHPHQW�ZLOO�SURYLGH�DQ�LQVLJKW�LQWR�WKH�RXWFRPH�DQG�FRQVLGHUDWLRQV�RI�LQWURGXFLQJ� VXFK� D� V\VWHP�� �+RZHYHU�� WKH� LQFOXVLRQ� RI� D� 39�SXPSLQJ� DUUDQJHPHQW��SURYHG�WR�EH�GHWULPHQWDO�WR�WKH�RYHUDOO�VDYLQJV�EXW�VWLOO�LV�D�YDOXH�DGGLWLRQ�WR�D�FORVHG�ORRS�VRODU�KHDWLQJ�FLUFXLW�
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,QWURGXFWLRQ
7KH� UHQHZDEOH� HQHUJ\�PDUNHW� LV� LQ� D� SHULRG� RI� KLJK� JURZWK� WKURXJK� WKH� LQFUHDVLQJ�GHPDQGV� RQ� HQHUJ\� FRLQFLGLQJ� ZLWK� WKH� LQFUHDVH� LQ� JOREDO� ZDUPLQJ� DQG� ORQJ�WHUP�GDPDJH� RQ� WKH� HQYLURQPHQW�� � ,W� LV� WKURXJK� JRYHUQPHQWV¶� DFWLYH� DFWLRQ� DQG� SXEOLF�RSLQLRQ� LQ� WKHVH�DUHDV� WKDW�KDV�EURXJKW�DERXW�FKDQJHV�DQG�FRPPLWPHQWV�� �+RZHYHU��WKHVH�DFWLRQV�GR�GLIIHU�ZRUOGZLGH�DW�SUHVHQW�ZLWK�(XURSH�OHDGLQJ�WKH�ZD\����
7KH�5HQHZDEOH (QHUJ\�IXWXUH��

:RUOG�9LHZ$� YDULHW\� RI� VWXGLHV� KDYH� VKRZQ� KRZ� WKH� SRWHQWLDO� JOREDO� PDUNHW� IRU� UHQHZDEOHV� PD\�GHYHORS��7KHVH�KDYH�EHHQ�FDUULHG�RXW�E\�RUJDQLVDWLRQV� VXFK�DV� WKH� ,QWHUQDWLRQDO�(QHUJ\�$JHQF\� �,($��� WKH� :RUOG� (QHUJ\� &RXQFLO� �:(&�� DQG� WKH� 8QLWHG� 1DWLRQV� �81��� 7KH�JHQHUDO� RSLQLRQ� LV� WKDW� UHQHZDEOHV�ZLOO�PDNH� DQ� LQFUHDVLQJ� FRQWULEXWLRQ� LQ� WKH�PHGLXP�WHUP�DQG�SOD\�D�YHU\�VXEVWDQWLDO�UROH�LQ�WKH�ORQJ�WHUP�(XURSHDQ�9LHZ7KH�(XURSHDQ�&RPPLVVLRQ
V�:KLWH�3DSHU�RQ�5HQHZDEOHV�SURSRVHV�D� WDUJHW�RI�GRXEOLQJ�WKH� UHQHZDEOHV
� FRQWULEXWLRQ� IURP�PHHWLQJ���� WR�����RI�(XURSH
V� WRWDO�SULPDU\�HQHUJ\�UHTXLUHPHQWV�E\�������7KH�&RXQFLO�RI�0LQLVWHUV�KDV�DGRSWHG�D�5HVROXWLRQ�DJUHHLQJ�WKDW�WKHUH�LV�QHHG�WR�SURPRWH�D�VXVWDLQHG�DQG�VXEVWDQWLDOO\�LQFUHDVHG�XVH�RI�UHQHZDEOH VRXUFHV�RI�HQHUJ\�WKURXJKRXW�WKH�(XURSHDQ�8QLRQ��(8���7KH�5HVROXWLRQ�DOVR�XUJHV�(8�0HPEHU�6WDWHV� WR� SXUVXH� QDWLRQDO� VWUDWHJLHV� IRU� WKH� SURPRWLRQ� RI� UHQHZDEOHV� ZLWK� D� YLHZ� WR�EULQJLQJ�DERXW�D�VXEVWDQWLDO�LQFUHDVH�JXLGHG�E\�WKH�:KLWH�3DSHU
V�LQGLFDWLYH�����WDUJHW�8.¶V�&XUUHQW�3RVLWLRQ5HQHZDEOH� HQHUJ\� WHFKQRORJLHV� LQ� WKH� 8.� DUH� QRZ� HVWDEOLVKLQJ� WKHPVHOYHV� DV� YLDEOH��FUHGLEOH� FRQWULEXWRUV� WR� HQHUJ\� VXSSOLHV�� 7KH\� DOUHDG\�PHHW� RYHU� ��� RI� WKH�8.
V� WRWDO�HOHFWULFLW\�QHHGV�
7KH� FRVW� RI� HQHUJ\� IURP� UHQHZDEOHV� LV� JHQHUDOO\� KLJKHU� WKDQ� WKDW� SURGXFHG� E\�FRQYHQWLRQDO� HQHUJ\� VRXUFHV� GXH� WR� KLJK� LQLWLDO� FRVWV�� � +RZHYHU�� DV� UHQHZDEOHV�EHFRPH�PRUH�HVWDEOLVKHG�DQG�WKH�EHQHILWV�RI�PDVV�SURGXFWLRQ�WDNH�HIIHFW��WKH�JDS�ZLOO�UHGXFH���,QGHHG��LQ�WKH�FDVHV�RI�ZLQG�SRZHU�DQG�VRODU�KHDWLQJ�V\VWHPV�DV�ZHOO�DV�RWKHU�WHFKQRORJLHV��WKLV�LV�DOUHDG\�KDSSHQLQJ���
7KH� PDUNHW� IRU� VRODU� SDQHOV� KDV� ORQJ� EHHQ� HVWDEOLVKHG� ZLWK� ODUJH� UHVHDUFK� DUHDV�VWXGLHG�ZRUOGZLGH�ZLWK� QHZ� GHYHORSPHQWV� HDFK� \HDU� DV�PRUH� DQG�PRUH� FRPSDQLHV�
� 7DNHQ�IURP�WKH�'7,¶V�ZHE�VLWH�
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KDYH� WDNHQ� LQWHUHVW�� � 7KH� VRODU� SRZHU� KDV� HYROYHG� IURP� WKH� QRYHOW\� DQG� LQHIILFLHQW�V\VWHPV�RI�WKH�HDUO\�VHYHQWLHV�WR�DQ�HIIHFWLYH�RSWLRQ��DFFHVVLEOH�E\�WKH�PDMRULW\�RI�WKH�PDUNHW� SODFH� ZLWK� KLJK� FRPSHWLWLRQ� ZLWK� PDQXIDFWXUHUV� DQG� VXSSOLHUV�� � 7KH�FRQVHTXHQFHV� RI� WKLV� DUH� VKRZQ� LQ� WKH�SULFH�GHFUHDVH�ZKHUH� WKH�SULFHV� IRU� D� V\VWHP�ZKLFK� RQFH� ZDV� DURXQG� ������ QRZ� FRVWLQJ� ������ � ,W� LV� REYLRXV� WKHUHIRUH� WKDW� WKH�JHQHUDO�LQFUHDVH�LQ�UHQHZDEOHV�ZLWK�RIILFLDO�EDFNLQJ�ZLOO�IXUWKHU�LPSURYH�WKH�RSWLRQV�DYDLODEOH�DQG�KHOS�SURWHFW�WKH�HQYLURQPHQW��ZKLFK�FDQ�RQO\�SURYH�SRVLWLYH�
7KURXJK� WKH� SURYLVLRQ� RI� D� VRODU� ZDWHU� KHDWLQJ� V\VWHP� IRU� D� ODUJH� GZHOOLQJ� WKH�REMHFWLYH�RI�WKLV�FDVH�VWXG\�LV�WR�SUHGLFW�WKH�HIIHFWLYHQHVV�RI�VXFK�D�V\VWHP�LQ�WKH�:HVW�RI�6FRWODQG���)XUWKHUPRUH��WKH�H[SDQGLQJ�XVH�RI�XVLQJ�39�FHOOV�WR�GULYH�D�SXPS�LQ�D�FORVHG� FLUFXLW� DUUDQJHPHQW� LV� LQFUHDVLQJ�� � 7KHUHIRUH�� IXUWKHU� LQYHVWLJDWLRQ� LQWR� WKH�VRODU� KHDWLQJ� DUUDQJHPHQW� ZLOO� LQFRUSRUDWH� WKH� SRVVLEOH� XVH� RI� D� 39� GULYHQ� SXPS�V\VWHP�
7KH� KRXVH� LWVHOI� LV� ORFDWHG� DW�.LOFUHJJDQ�� QHDUE\� WR�*ODVJRZ� WRZDUGV�+HOHQVEXUJK��DQG�LV�QRW�LQ�D�EXLOW�XS�DUHD���7KH�RZQHU�RI�WKH�KRXVH�LQLWLDOO\�LQVWLJDWHG�WKH�SURMHFW��ZKHQ� WKH� SHUPLVVLRQ� DQG� GHWDLOV� RI� WKH� H[WHQVLRQ� KDG� EHHQ� JUDQWHG�� � $� SURMHFW� RI�ZRUNV� IRU� WKH� KRXVH� LV� GHDOW� ZLWK� VHSDUDWHO\� ZLWK� SODQQHG� FRQVWUXFWLRQ� DOUHDG\�FRQILUPHG�� �)XUWKHUPRUH�� LW�ZDV�WKURXJK�&DUEUDH�/WG�� WKDW� WKH�SURMHFW�HYROYHG�WR�WKH�HDUO\� VWDJH� RI� D� IHDVLELOLW\� DVVHVVPHQW� LQWR� WKH� SRVVLEOH� RXWFRPHV� RI� D� VRODU� ZDWHU�KHDWLQJ�V\VWHP���7KHLU�DLP�ZDV�IRU�WKH�VRODU�KHDWLQJ�WR FRPSOLPHQW�WKH�KHDWLQJ�V\VWHP�DQG�UHGXFH�WKH�FRVWV�RI�EX\LQJ�LQ�JDV�
7KH�VRODU�KHDWLQJ�V\VWHP�XVHG�IRU�WKH�DVVHVVPHQW�ZDV�D�IODW�SODWH�FROOHFWRU�LQ�D�FORVHG�ORRS�DUUDQJHPHQW�UHTXLULQJ�WKH�LQFOXVLRQ�RI�D�39�GULYHQ�'&�SXPS��D�KHDW�H[FKDQJHU��DQG� UHOHYDQW� FRQWUROV� IRU� WKH� SXPS�� � 7KH� RXWSXW� RI� WKH� V\VWHP� ZLOO� HQDEOH� WKH�HYDOXDWLRQ�RI�VRODU�KHDWLQJ�LQ� WHUPV�RI�DQ�LQGLFDWLRQ�RI�FRVWV�DQG�SHUIRUPDQFH�LQ�WKH�:HVW�RI�6FRWODQG�
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&KDSWHU���± 6RODU�+HDWLQJ
6RODU� KHDWLQJ� LV� DYDLODEOH� WZR� PDLQ� ZD\V�� 3DVVLYH� VRODU� KHDWLQJ� DQG� $FWLYH� VRODU�KHDWLQJ�� � 3DVVLYH� 6RODU� KHDWLQJ� LV� WKH� DEVRUSWLRQ� RI� VRODU� HQHUJ\� GLUHFWO\� LQWR� WKH�EXLOGLQJ�� WR� UHGXFH� WKH� HQHUJ\� WR�KHDW� D� VSDFH�� �7KLV� LV� QRUPDOO\� LQWHJUDWHG� LQWR� WKH�EXLOGLQJ� GXULQJ� WKH� GHVLJQ� VWDJH� IRU� WKH� EHVW� UHVXOWV�� � +RZHYHU�� LW� LV� SRVVLEOH� WR�LQWHJUDWH� WKHVH�LQWR�H[WHQVLRQV�RU�HYHQ�DOWHU�D�ZDOO�DUUDQJHPHQW��VKRZQ�LQ�ILJXUH�����EHORZ�>�@

)LJXUH� �����'UDZLQJ� RI� D� KHDW� VLQN� EXLOW� RQ� WKH� VLGH� RI� EXLOGLQJ� ± 3DVVLYH�6RODU�KHDWLQJ
$FWLYH� VRODU� KHDWLQJ� LQYROYHV� D� VRODU� FROOHFWRU� XVXDOO\�PRXQWHG�RQ� D� URRI��ZKHUH� LW�JDWKHUV�WKH�VRODU�UDGLDWLRQ�DQG�SURGXFHV�KHDW�DW�ORZ�WHPSHUDWXUHV������q&��DQG�PRUH�RIWHQ� XVHG� IRU�ZDWHU� KHDWLQJ�� VKRZQ� LQ� ILJXUH� ���� EHORZ�� � ,Q� WKLV� FDVH�� DFWLYH� VRODU�KHDWLQJ�LV�WKH�LQWHUHVW�LQ�RUGHU�WR�VXSSO\�HQHUJ\�IRU�KRW�ZDWHU�KHDWLQJ�����
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)LJXUH������3LFWXUH�VKRZLQJ�VRODU�ZDWHU�KHDWLQJ�FROOHFWRU�± $FWLYH�6RODU�+HDWLQJ
���� $FWLYH�6RODU�+HDWLQJ
����� &ROOHFWRU�7\SHV7KHUH� DUH� WKUHH� EDVLF� W\SHV�� IODW�SODWH�� HYDFXDWHG�WXEH�� DQG� FRQFHQWUDWLQJ� EHLQJ� WKH�PRVW FRPPRQ� ZD\� IRU� KHDWLQJ�� � 7KH\� DUH� VLPSO\� QDPHG� DIWHU� WKH� PDLQ� IHDWXUH� RI�KHDWLQJ�ZDWHU�RU�DTXHRXV�VROXWLRQ�
$�IODW�SODWH�FROOHFWRU��WKH�PRVW�FRPPRQ��LV�DQ�LQVXODWHG�ZHDWKHUSURRI�ER[�FRQWDLQLQJ�D�GDUN� DEVRUEHU�SODWH�XQGHU�RQH�RU�PRUH� WUDQVSDUHQW�RU� WUDQVOXFHQW�FRYHUV�� �7KH� IODW�FROOHFWRU� LV� SDUWLFXODUO\� DWWUDFWLYH� GXH� WR� LWV� FRPSHWLWLYH�SULFH�� �7KH�KLJKO\� VHOHFWLYH�FRDWLQJ�RQ� WKH� FRSSHU� DEVRUSWLRQ�SODWH� DQG� WKH�YHU\�HIILFLHQW�� OLJKW�SHUPHDEOH��JODVV�FRYHU�� � 7KH� KLJKO\� WUDQVSDUHQW� JODVV� HQDEOHV� RSWLPDO� DEVRUSWLRQ� RI� WKH� HQHUJ\�DYDLODEOH�� VR� WKDW� LW� FDQ� EH� XVHG� WR�PDNH� KRW�ZDWHU�� HYHQ� XQGHU� WKH� ORZ� OLJKW� OHYHO�FRQGLWLRQV�RI�ZLQWHU�>�@
(YDFXDWHG�WXEH�FROOHFWRUV�DUH�PDGH�RI�URZV�RI�SDUDOOHO��WUDQVSDUHQW�JODVV�WXEH���8QGHU�WKH�KLJKO\�DEVRUEHQW�SODWH� OLHV�D�KHDW SLSH��ZKLFK�ZRUNV�VLPLODUO\� WR�D� WKHUPRPHWHU���7KH� WHPSHUDWXUH� VHQVLWLYH� OLTXLG� LQ� WKH� WXEH� FKDQJHV� WR� D�JDV� DQG� H[SDQGV�XSZDUGV�LQWR�D�FRQGHQVHU�XQLW���+HUH�WKH�JDV�ORVHV�WHPSHUDWXUH�UHYHUWLQJ�EDFN�WR�D�OLTXLG�DQG�DW�



��

WKH� VDPH� WLPH� JHQHUDWHV� HQHUJ\� LQ� WKH IRUP� RI� KHDW�� 7KLV� F\FOH� WKHQ� FRQWLQXDOO\�UHSHDWV�>�@
&RQFHQWUDWLQJ�FROOHFWRUV�IRU�UHVLGHQWLDO�DSSOLFDWLRQV�DUH�SDUDEROLF�VKDSHG�WKURXJK�WKH�XVH�RI�PLUURUHG�VXUIDFHV�WR�FRQFHQWUDWH�WKH�VXQ¶V�HQHUJ\�RQ�DQ�DEVRUEHU�WXEH��ZKLFK�LV�FDOOHG�WKH�UHFHLYHU�FRQWDLQLQJ�WKH�KHDW�WUDQVIHU�IOXLG���7KHVH�RIWHQ�DUH�SDFNDJHG�ZLWK�D�WUDFNHU� V\VWHP��DV�FRQFHQWUDWRU�FROOHFWRUV�GR�QRW�SRVVHVV� WKH� VDPH�DELOLW\� WR�FRQYHUW�GLIIXVH�DQG�EHDP�LUUDGLDQFH��EXW�WKDW�RQO\�RI�EHDP�>�@�
����� 6\VWHP�7\SH6RODU�ZDWHU� KHDWHUV� FDQ� DOVR� EH� HLWKHU� DFWLYH� RU� SDVVLYH�� �$Q� DFWLYH� V\VWHP� XVHV� DQ�HOHFWULF� SXPS� WR� FLUFXODWH� WKH� IOXLG�� D� SDVVLYH� V\VWHP� KDV� QR� SXPS�� FDOOHG� D�7KHUPRV\SKRQ� V\VWHP�� � 7KH� DPRXQW� RI� KRW� ZDWHU� D� VRODU� ZDWHU� KHDWHU� SURGXFHV�GHSHQGV�RQ� WKH� W\SH�DQG�VL]H�RI� WKH� V\VWHP�� WKH�DPRXQW�RI� VXQ�DYDLODEOH�DW� WKH� VLWH��SURSHU� LQVWDOODWLRQ�� DQG� WKH� WLOW� DQJOH� DQG� RULHQWDWLRQ� RI� WKH� FROOHFWRUV�� � 6RODU�ZDWHU�KHDWHUV�DUH�DOVR�FKDUDFWHULVHG�DV�RSHQ� ORRS��GLUHFW��RU�FORVHG� ORRS�� LQGLUHFW��$Q�RSHQ�ORRS� V\VWHP�FLUFXODWHV�KRXVHKROG�ZDWHU� WKURXJK� WKH� FROOHFWRU��$�FORVHG� ORRS� V\VWHP�XVHV�D�KHDW�WUDQVIHU�IOXLG�OLNH�GLOXWHG�DQWLIUHH]H�WR�FROOHFW�KHDW�DQG�D�KHDW�H[FKDQJHU�WR�WUDQVIHU�WKH�KHDW�WR�WKH�KRXVHKROG�ZDWHU��
��������$FWLYH�6\VWHPV�$FWLYH�V\VWHPV�XVH�HOHFWULF�SXPSV��YDOYHV��DQG�FRQWUROOHUV�WR FLUFXODWH�ZDWHU�RU�RWKHU�KHDW�WUDQVIHU� IOXLGV� WKURXJK� WKH� FROOHFWRUV�� 7KH\� DUH� XVXDOO\� PRUH� H[SHQVLYH� WKDQ�SDVVLYH� V\VWHPV� EXW� JHQHUDOO\� PRUH� HIILFLHQW�� � $FWLYH� V\VWHPV� DUH� XVXDOO\� HDVLHU� WR�UHWURILW� WKDQ�SDVVLYH� V\VWHPV�EHFDXVH� WKHLU� VWRUDJH� WDQNV�GR�QRW QHHG� WR�EH� LQVWDOOHG�DERYH�RU�FORVH�WR�WKH�FROOHFWRUV�� �'XH�WR�WKH�JUHDWHU�FRPSOH[LW\�RI�WKH�V\VWHP��DFWLYH�V\VWHPV�PD\�EH�PRUH�SURQH�WR�EUHDNGRZQV�WKDQ�SDVVLYH�V\VWHPV��
2SHQ� ORRS� DFWLYH� V\VWHPV� XVH� SXPSV� WR� FLUFXODWH� KRXVHKROG� ZDWHU� WKURXJK� WKH�FROOHFWRUV���7KLV�GHVLJQ�LV�HIILFLHQW�DQG�ORZHUV�RSHUDWLQJ�FRVWV�EXW�LV�QRW�DSSURSULDWH�LI�WKH� ZDWHU� LV� KDUG� RU� DFLGLF� EHFDXVH� VFDOH� DQG� FRUURVLRQ� ZLOO� TXLFNO\� GLVDEOH� WKH�V\VWHP�� � 2SHQ� ORRS� DFWLYH� V\VWHPV� DUH� SRSXODU� LQ� UHJLRQV� WKDW� GR� QRW� H[SHULHQFH�VXE]HUR� WHPSHUDWXUHV�� � )ODW� SODWH� RSHQ� ORRS� V\VWHPV� VKRXOG� QHYHU� EH� LQVWDOOHG� LQ�FOLPDWHV� WKDW� H[SHULHQFH� VXVWDLQHG� SHULRGV� RI� VXE]HUR� WHPSHUDWXUHV�� H�J��� ,FHODQG���
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7KH\� PD\� EH� LQVWDOOHG� LQ� PLOG� FOLPDWHV� WKDW� H[SHULHQFH� RFFDVLRQDO� VXE]HUR�WHPSHUDWXUHV�� EXW� IUHH]H� SURWHFWLRQ� PXVW� EH� LPSOHPHQWHG�� � $OWKRXJK� RSHQ� IORZ�HYDFXDWHG� WXEHV� DUH� DOVR� DQ� RSHQ� ORRS� V\VWHP�� WKH\� FDQ� EH� XVHG� LQ� PLOG� VXE]HUR�FRQGLWLRQV� DV� WKH� YDFXXP� EHWZHHQ� WKH� WZR� JODVV� WXEHV� SUHYHQWV� FRQGXFWLYH� DQG�FRQYHFWLYH�KHDW�ORVV���
5H�FLUFXODWLRQ� V\VWHPV� DUH D� VSHFLILF� W\SH� RI� RSHQ�ORRS� V\VWHP� XVHG�ZLWK� IODW� SODWH�FROOHFWRUV� WKDW� GR� SURYLGH� IUHH]H� SURWHFWLRQ�� 7KH\� XVH� WKH� V\VWHP�SXPS� WR� FLUFXODWH�ZDUP� ZDWHU� IURP� VWRUDJH� WDQNV� WKURXJK� FROOHFWRUV� DQG� H[SRVHG� SLSLQJ� ZKHQ�WHPSHUDWXUHV� DSSURDFK� IUHH]LQJ�� � 5H�FLUFXODWLRQ� V\VWHPV� DUH� VXLWDEOH� ZKHUH� PLOG�VXE]HUR�WHPSHUDWXUHV�RFFXU�QR�PRUH�WKDQ�RQFH�RU�WZLFH�D�\HDU���
,I�WKHUH�LV�D�SRZHU�RXWDJH�GXULQJ�D�SHULRG�RI�VXE]HUR�WHPSHUDWXUHV��WKH�SXPS�ZLOO�QRW�IXQFWLRQ� DQG� WKH� V\VWHP� ZLOO� IUHH]H�� � 7R� JXDUG� DJDLQVW� WKLV�� D� IUHH]H� YDOYH� FDQ� EH�LQVWDOOHG� WR� SURYLGH� DGGLWLRQDO� SURWHFWLRQ� LQ� WKH� HYHQW� WKH� SXPS� GRHV� QRW� RSHUDWH���'XULQJ�VXE]HUR�WHPSHUDWXUHV��WKH�YDOYH�GULEEOHV�ZDUP�ZDWHU�WKURXJK�WKH�FROOHFWRU�WR�SUHYHQW�IUHH]LQJ�
$FWLYDWLQJ� WKH� IUHH]H�SURWHFWLRQ� IUHTXHQWO\�ZDVWHV�HOHFWULFLW\�DQG�VWRUHG�KHDW�� �6RPH�RSHQ�ORRS�V\VWHPV�DOVR�SURYLGH�VDIHW\�YDOYHV��ZKLFK�RSHQ�DV�WKH�RXWVLGH�WHPSHUDWXUH�DSSURDFKHV�IUHH]LQJ�SRLQW�� �:DWHU�FDQ�GUDLQ�IURP�WKH�V\VWHP�SUHYHQWLQJ�WKH�SUHVVXUH�IURP�EXLOGLQJ�XS�DQG�FUDFNLQJ�WKH�SLSHV�
+LJK� TXDOLW\� KHDW� SLSH� HYDFXDWHG� WXEH� FROOHFWRU� V\VWHPV� GR� QRW� VXIIHU� IURP� WKH�GLVDGYDQWDJHV� DVVRFLDWHG� ZLWK� IODW� SODWH� RSHQ� ORRS� DFWLYH� V\VWHPV�� �:DWHU� GRHV� QRW�SDVV�WKURXJK�WKH�HYDFXDWHG�WXEHV��VR�WKH�V\VWHPV�FDQ�EH�XVHG�VDIHO\�LQ�DOO�FOLPDWHV�
&ORVHG� ORRS�$FWLYH� 6\VWHPV� SXPS� KHDW� WUDQVIHU� IOXLGV� WKURXJK� WKH� FROOHFWRU�� � +HDW�H[FKDQJHUV� WUDQVIHU� WKH� KHDW� IURP� WKH� IOXLG� WR� WKH� KRXVHKROG�ZDWHU� WKDW� LV� VWRUHG� LQ�WDQNV�� � 'RXEOH�ZDOOHG� KHDW� H[FKDQJHUV� SUHYHQW� FRQWDPLQDWLRQ� RI� KRXVHKROG� ZDWHU����6RPH� VWDQGDUGV� UHTXLUH� GRXEOH�ZDOOV�ZKHQ� WKH� KHDW�WUDQVIHU� IOXLG� LV� DQ\WKLQJ� RWKHU�WKDQ�KRXVHKROG�ZDWHU���
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&ORVHG�ORRS� JO\FRO� V\VWHPV� DUH� SRSXODU� LQ� DUHDV� VXEMHFW� WR� H[WHQGHG� VXE]HUR�WHPSHUDWXUHV�EHFDXVH� WKH\�RIIHU�JRRG� IUHH]H�SURWHFWLRQ�� �+RZHYHU��JO\FRO�DQWLIUHH]H�V\VWHPV�DUH�PRUH� H[SHQVLYH� WR�SXUFKDVH�DQG� LQVWDOO� DQG� WKH�JO\FRO�PXVW�EH�FKHFNHG�HDFK�\HDU�DQG�FKDQJHG�HYHU\��� WR����\HDUV��GHSHQGLQJ�RQ�JO\FRO�TXDOLW\�DQG�V\VWHP�WHPSHUDWXUHV�>�@�
7KH�'UDLQEDFN� V\VWHPV� XVH�ZDWHU� DV� WKH� KHDW� WUDQVIHU� IOXLG� LQ� WKH� FROOHFWRU� ORRS��$�SXPS�FLUFXODWHV� WKH�ZDWHU� WKURXJK�WKH�FROOHFWRUV�� �7KH�ZDWHU�GUDLQV�E\�JUDYLW\�WR�WKH�VWRUDJH� WDQN� DQG� KHDW� H[FKDQJHU�� WKHUHIRUH� WKHUH� DUH� QR� YDOYHV� WR� IDLO�� � :KHQ� WKH�SXPSV� DUH� WXUQHG� RII�� WKH� FROOHFWRUV� DUH� HPSW\��ZKLFK� DVVXUHV� IUHH]H�SURWHFWLRQ� DQG�DOVR�DOORZV�WKH�V\VWHP�WR�WXUQ�RII�LI�WKH�ZDWHU�LQ�WKH�VWRUDJH�WDQN�EHFRPHV�WRR�KRW�
��������3DVVLYH�6\VWHPV3DVVLYH� V\VWHPV�PRYH� KRXVHKROG� ZDWHU� RU� D� KHDW� WUDQVIHU� IOXLG� WKURXJK� WKH� V\VWHP�ZLWKRXW� SXPSV�� � 3DVVLYH� V\VWHPV� KDYH� WKH� DGYDQWDJH� WKDW� HOHFWULFLW\� RXWDJH� DQG�HOHFWULF�SXPS�EUHDNGRZQ�DUH�QRW�LVVXHV���7KLV�PDNHV�SDVVLYH�V\VWHPV�JHQHUDOO\�PRUH�UHOLDEOH�� HDVLHU� WR�PDLQWDLQ�� DQG�SRVVLEO\� ORQJHU� ODVWLQJ� WKDQ� DFWLYH� V\VWHPV��3DVVLYH�V\VWHPV�DUH�RIWHQ�OHVV�H[SHQVLYH�WKDQ�DFWLYH�V\VWHPV��
$�7KHUPRV\SKRQ� V\VWHP� UHOLHV�RQ�ZDUP�ZDWHU� ULVLQJ� WR� FLUFXODWH�ZDWHU� WKURXJK� WKH�FROOHFWRUV�DQG�WR�WKH�WDQN���,Q�WKLV�W\SH�RI�LQVWDOODWLRQ��WKH�WDQN�PXVW�EH�ORFDWHG�DERYH�WKH� FROOHFWRU�� �$V�ZDWHU� LQ� WKH�FROOHFWRU�KHDWV�� LW�EHFRPHV� OLJKWHU�DQG�QDWXUDOO\� ULVHV�LQWR� WKH� WDQN� DERYH� :KLOVW�� FRROHU� ZDWHU� LQ� WKH� WDQN� IORZV� GRZQZDUGV� LQWR� WKH�FROOHFWRU��FDXVLQJ�FLUFXODWLRQ�WKURXJKRXW�WKH�V\VWHP���)RU�VPDOO�V\VWHPV��WKH�WDQN�FDQ�EH� LQFRUSRUDWHG� LQWR� WKH� FROOHFWRU�� � /DUJH� WDQNV�PXVW� EH� ORFDWHG� QH[W� WKH� FROOHFWRU���7KHVH� V\VWHPV� DUH� UHOLDEOH� DQG� UHODWLYHO\� LQH[SHQVLYH� EXW� UHTXLUH� FDUHIXO� SODQQLQJ�GXULQJ�LQVWDOODWLRQ�EHFDXVH�WKH�ZDWHU�WDQNV�DUH�KHDY\���
%DWFK� KHDWHUV� DUH� VLPSOH� SDVVLYH� V\VWHPV� FRQVLVWLQJ� RI� RQH� RU� PRUH� VWRUDJH� WDQNV�SODFHG� LQ� DQ� LQVXODWHG� ER[� WKDW� KDV� D� JOD]HG� VLGH� IDFLQJ� WKH� VXQ�� �%DWFK�KHDWHUV� DUH�LQH[SHQVLYH� DQG� KDYH� IHZ� FRPSRQHQWV�� WKHUHIRUH� PLQLPDO� PDLQWHQDQFH� DQG� IHZHU�IDLOXUHV���$�EDWFK�KHDWHU�LV�PRXQWHG�RQ�WKH�JURXQG�RU�RQ�WKH�URRI��LI�WKH�URRI�VWUXFWXUH�LV�VWURQJ�HQRXJK�WR�VXSSRUW�LW���
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6RPH�EDWFK�KHDWHUV�XVH��VHOHFWLYH��VXUIDFHV�RQ� WKH� WDQN�� �7KHVH�VXUIDFHV�DEVRUE�VXQ�ZHOO� EXW� LQKLELW� UDGLDWLYH� ORVVHV�� � ,Q� DUHDV� ZKLFK� H[SHULHQFH� VXE]HUR� WHPSHUDWXUHV��EDWFK�KHDWHUV�PXVW�HLWKHU�EH�SURWHFWHG� IURP�IUHH]LQJ�RU�GUDLQHG� IRU� WKH�ZLQWHU�� �7KH�FRPSRQHQWV�WKDW�DUH�PRUH�YXOQHUDEOH�WR�IUHH]LQJ�DUH�WKH�SLSHV�WKDW�FDUU\�ZDWHU�WR�WKH�VRODU� KHDWHU�� DOWKRXJK�� LI� WKHVH� SLSHV� DUH� ZHOO� LQVXODWHG�� WKH� ZDUPWK� IURP� WKH� WDQN�VKRXOG� SUHYHQW� IUHH]LQJ�� � &HUWLILHG� V\VWHPV� FOHDUO\� VWDWH� WKH� WHPSHUDWXUH� DW� ZKLFK�GDPDJH� LV� FDXVHG�� � ,Q� DGGLWLRQ�� D KHDW� WDSH� FDQ� EH� LQVWDOO�� HOHFWULFDO� SOXJ�LQ� WDSH� WR�ZUDS� DURXQG� WKH�SLSHV� WR�NHHS� WKHP� IURP� IUHH]LQJ�� LQVXODWH� H[SRVHG�SLSHV�� RU�ERWK���+RZHYHU��KHDW�WDSH�UHTXLUHV�HOHFWULFLW\��VR�WKH�FRPELQDWLRQ�RI�IUHH]LQJ�ZHDWKHU�DQG�D�SRZHU�RXWDJH�FDQ�OHDG�WR�EXUVW�SLSHV�
����$GYDQWDJHV�RI�6RODU�:DWHU�+HDWLQJ7KHUH� DUH�PDQ\� EHQHILWV� WR� RZQLQJ� D� VRODU�ZDWHU� KHDWHU�� WKH� SULPDU\� RQH� EHLQJ� WKH�HFRQRPLF�VDYLQJV���7KH�RYHUDOO�FRVW�RI�VRODU�ZDWHU�KHDWLQJ�FRPSDUHV�IDYRXUDEO\�ZLWK�HOHFWULF�ZDWHU�KHDWHUV���$OWKRXJK�WKH�FRVW�EHQHILWV�DUH�QRW�VR�JUHDW�ZKHQ�FRPSDUHG�WR�JDV�KHDWLQJ�� WKH�HQYLURQPHQWDO�EHQHILWV�DUH�FOHDU�� �6RODU�ZDWHU�KHDWLQJ�DOVR�KDV� ORQJ�WHUP� EHQHILWV�� VXFK� DV� UHGXFHG� LPSDFW� IURP� IXWXUH� IXHO� VKRUWDJHV� DQG� JDV�HOHFWULFLW\�SULFH�LQFUHDVHV���)RU�WKH�HQYLURQPHQWDOO\�PLQGHG��VRODU�ZDWHU�KHDWLQJ�LV�QRZ�D�YLDEOH�DQG�FRVW�HIIHFWLYH�DOWHUQDWLYH�WR�JDV�RU�HOHFWULF�KRW�ZDWHU�V\VWHPV�
0DQ\�KRPH�EXLOGHUV�FKRRVH HOHFWULF�ZDWHU�KHDWHUV�RU�JDV�ZDWHU�KHDWHUV�EHFDXVH� WKH\�DUH�HDV\� WR� LQVWDOO�DQG�UHODWLYHO\� LQH[SHQVLYH� WR�SXUFKDVH�� +RZHYHU�� UHVHDUFK�VKRZV�WKDW�DQ�DYHUDJH�KRXVHKROG�ZLWK�DQ�HOHFWULF�RU�JDV�ZDWHU�KHDWHU�VSHQGV�DERXW�����RI�LWV�KRPH� HQHUJ\� H[SHQGLWXUH� RQ� KHDWLQJ� ZDWHU >�@�� ,W� PDNHV� HFRQRPLF� VHQVH� WR� WKLQN�EH\RQG�WKH�LQLWLDO�SXUFKDVH�SULFH�DQG�FRQVLGHU�OLIHWLPH�HQHUJ\�FRVWV�� �,W LV IRXQG�WKDW�VRODU� ZDWHU� KHDWHUV� RIIHUHG� WKH� ODUJHVW� SRWHQWLDO� VDYLQJV�� ZLWK� VRODU� ZDWHU� KHDWHU�RZQHUV�VDYLQJ�DV�PXFK�DV�����WR�����DQQXDOO\�RQ�WKHLU�XWLOLW\�ELOOV�RYHU�WKH�FRVW�RI�HOHFWULF� ZDWHU� KHDWLQJ >�@�� � )XUWKHUPRUH�� VRODU� ZDWHU� KHDWHU� FDQ� DGG� WR� DQ� H[LVWLQJ�KRPH� UDLVLQJ� WKH� UHVDOH� YDOXH� E\� WKH� HQWLUH� FRVW RI� WKH� V\VWHP�� � +RZHYHU�� LQ� WKLV�LQVWDQFH�FRPSDULVRQV�DUH�GRQH�ZLWK�JDV�UDWKHU�HOHFWULF�KHDWLQJ�
$FWLYH� 6RODU� +HDWLQJ� FDQ� EH� LPSOHPHQWHG� VHYHUDO� GLIIHUHQW� ZD\V� WR� PHHW� WKH�UHTXLUHPHQWV� RI WKH� V\VWHP�� � ,Q� WKLV� FDVH�� WKH� FROOHFWRU� ZLOO� EH� UHTXLUHG� WR� KHDW� DQ�
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H[LVWLQJ� ZDWHU� WDQN� ZLWK� D� JDV� IXHOOHG� µ7DQN� LQ� 7DQN¶� ERLOHU� DV� WKH� VXSSOHPHQWDU\�KHDWLQJ�PHGLXP�� � )RU� WKLV� FDVH�� LW� ZLOO� EH� D� IODW� EHG� FROOHFWRU�� VKRZQ� LQ� ILJXUH� ����EHORZ��,W�LV�QHFHVVDU\�WR�ORRN�DW�WKH�OD\RXW�RI�WKH�V\VWHP��LWV�SHUIRUPDQFH��DQG�WKH�FRVW�HIIHFWLYHQHVV�RI�WKH�V\VWHP���,Q�RUGHU�WR�VHH�WKH�DFWXDO�EHQHILWV�LW�LV�QHFHVVDU\�WR�DVVHVV�WKHVH�SDUDPHWHUV���

)LJXUH������$�W\SLFDO�6RODU�)ODW�SODWH�FROOHFWRU�
��� 7KH�FROOHFWRU7KH�FKRVHQ�IODW�SODWH�FROOHFWRU�ZDV�FKRVHQ�EHWZHHQ�WZR�PDLQ�PDQXIDFWXUHUV��DOWKRXJK�WKHUH� DUH� PDQ\� GLVWULEXWRUV� DQG� D� IHZ� PRUH� PDQXIDFWXUHUV�� � 7KH� WZR� PDLQ�PDQXIDFWXUHUV�WKDW�ZKHUH�FKRVHQ�GXH�WR�WKH�KLJK�UHVXOWV�IURP�WKH�KLJK�HIILFLHQF\�IODW�SODWH� FROOHFWRUV� DUH� $(6� DQG� 67,(%(/� (/7521�� � 7KH� FKRLFHV� RI� WKHVH� SDUWLFXODU�FROOHFWRUV� DUH� GRH� WR� WKHP� EHLQJ� HVWDEOLVKHG� DQG� SURYLGH� WKH� WZR�PDLQ� GLIIHUHQFHV�DYDLODEOH�DW�SUHVHQW�EHWZHHQ�JODVV�DQG�SODVWLF�FRYHUV�



��

����� $(68VLQJ� PRGHUQ� DOXPLQLXP� DQG� SODVWLF� PDQXIDFWXULQJ� WHFKQLTXHV�� WKH� SDQHO� LV�OLJKWZHLJKW�DQG�XVHV�QR�JODVV� VR� LV�QRW�RQO\�HDV\� WR�SXW�RQ�D� URRI�EXW� VDIHU� WR� ILW�DW�JURXQG� OHYHO� WRR�� �7KH� IUDPH� LV� QRUPDOO\�PDGH� LQ�PXOWLSOHV�RI� VTXDUH�PHWUHV�� �7KH�$(6�µOLJKW�SDQHO¶�PDQXIDFWXUHG�DW�)LQGKRUQ��QHDU�,QYHUQHVV���

)LJXUH������$(6�)ODW�SODWH�FROOHFWRU
1HW�DEVRUEHU�DUHD��P�� ��� ��� ���
7RWDO�ZHLJKW��NJ� �� �� ��
:DWHU�FDSDFLW\��O� ��� ��� ���
2YHUDOO� GLPHQVLRQV� �PP��Z�E\�K �����E\����� �����E\����� �����E\�����
)LJXUH������$(6�)ODW�SODWH 'LPHQVLRQV
����� 67,(%(/�(/75217KH� KLJK� SHUIRUPDQFH� IODW� FROOHFWRU� KDV� D� KLJKO\� VHOHFWLYH� FRDWLQJ� RQ� WKH� FRSSHU�DEVRUSWLRQ� SODWH� ZLWK� OLJKW� SHUPHDEOH�� JODVV� FRYHU�� � 7KH� KLJKO\� WUDQVSDUHQW� JODVV�HQDEOHV�RSWLPDO�DEVRUSWLRQ�RI�WKH�HQHUJ\�DYDLODEOH�
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)LJXUH������67,(%(/�(/7521�)ODW�SODWH�FROOHFWRU
1HW�DEVRUEHU�DUHD��P�� ��� ��� ����
7RWDO�ZHLJKW��NJ� �� �� ��
:DWHU�FDSDFLW\��O� ��� ��� ���
2YHUDOO�GLPHQVLRQV��PP��Z�E\�K �����E\����� �����E\����� �����E\�����
)LJXUH������67,(%(/�(/7521�IODW�SODWH�GLPHQVLRQV
7KH�FKRLFH�EHWZHHQ�WKH�WZR�LV�YHU\�OLWWOH�LQ�WHUPV�RI�SHUIRUPDQFH�DQG�RYHUDOO�FROOHFWRU�HIILFLHQF\�� �7KH�GLPHQVLRQV�RI�ERWK�FROOHFWRUV�� VKRZQ�DERYH� LQ� WDEOHV����������DOORZ�IRU� WKH�ZDWHU�FDSDFLW\�DQG�WKH�ZHLJKW�RI�WKH�V\VWHPV���7KH�PDLQ GLIIHUHQFHV�OD\�ZLWK�WKH� ZHLJKW�� ZLWK� $(6� VXSSO\LQJ� �P� FROOHFWRU� OHVV� WKDQ� WKH� VPDOOHVW� 67,(%(/�(/7521� FROOHFWRU�� � 7KLV� GLIIHUHQFH� LV� GXH� WR� WKH� JOD]LQJ�PDWHULDO�� � 7KH� 67,(%(/�(/7521�FROOHFWRU�XVHV�D�JODVV�FRYHU�ZKHUH�DV� WKH�$(6�FROOHFWRU�XVHV�D�7HGODU�DQG�7HIORQ�)LOP���
7KH� $(6� SDQHO� ZRXOG� EH� WKH� EHWWHU� FKRLFH� LQ� WKLV� FLUFXPVWDQFH� DV� WKH� WRWDO� DUHD�UHTXLUHG� LV� OLNHO\� WR� EH� DERYH� �P� DQG� VR� ZRXOG� UHTXLUH� PRUH� WKDQ� RQH� SDQHO���)XUWKHUPRUH��SDQHOV� WHQG�WR�EH�LQVWDOOHG�LQ�SDLUV�JLYHQ�PRUH�YDULDWLRQV�LQ�WKH�VL]H�RI�WKH�SDQHOV�WKDW�FDQ�EH�LQVWDOOHG�WKURXJK�WKH�$(6�FROOHFWRUV�DV�ZHOO�DV�WKH�ZHLJKW�DQG�HDVH�RI�LQVWDOODWLRQ�



��

����� (QHUJ\�)ORZ�RI�)ODW�3ODWH�&ROOHFWRU7KH�PDWHULDOV�DQG�WKH�SURSHUWLHV�RI�WKH�FROOHFWRU�GHWHUPLQH�KRZ�ZHOO�LW�SHUIRUPV���7KH�SURSHUWLHV� WKDW� KDYH� PRVW� EHDULQJ� DUH�� 7UDQVPLVVLRQ�� W�� 5HIOHFWDQFH�� U�� DQG�$EVRUSWDQFH��D�� ,GHDOO\��IRU�D�PDWHULDO�WKH�VXP�RI�WKHVH�SURSHUWLHV�VKRXOG�EH�DV�FORVH�WR� RQH� DV� SRVVLEOH�� W�U�D ��� � )RU� DQ\� DEVRUEHU� VXUIDFH�� WKH� FROOHFWRU� SODWH� KDV� WR�PD[LPLVH� WKH� DPRXQW� RI� VRODU� HQHUJ\� FROOHFWHG� IRU� ZKLFK� LW� UHTXLUHV� D� KLJK�DEVRUSWDQFH��QR�WUDQVPLVVLRQ�DQG�D�YHU\�ORZ�UHIOHFWDQFH���
,W� LV� WKHVH�SURSHUWLHV� WKDW�DOORZ�IRU� WKH�FROOHFWRU� WR�EH�DVVHVVHG�� �7KLV�DOORZV�IRU� WKH�HQHUJ\�FDSWXUH�E\�WKH�VRODU�FROOHFWRU���7KH�DEVRUEHG�SRZHU��43��LV�JLYHQ�E\�

43  �*$WFDS
:KHUH�*� �WRWDO�LUUDGLDQFH��:�P��$� �DUHD�RI�FROOHFWRU��P��WF  �WUDQVPLVVLRQ�RI�WKH�FRYHUDS  �DEVRUSWDQFH�RI�FROOHFWRU�SODWH
+RZHYHU�� WKH� XVHIXO� SRZHU� IURP� WKH� FROOHFWRU� DOVR� FRQVLGHUV� WKH� ORVVHV� IURP� WKH�FROOHFWRU���7KH�SRZHU�ORVV�RI�WKH�FROOHFWRU��4/��LV�JLYHQ�E\�

4/  �8$��7F ± 7D�
:KHUH�8� �FROOHFWRU�8�YDOXH��:�P� .�7F  �WHPSHUDWXUH�RI�FROOHFWRU�SODWH��.�7D  �DPELHQW�DLU�WHPSHUDWXUH��.�
7KHUHIRUH��WKH�WRWDO�XVHIXO�HQHUJ\�VXSSOLHG��46��LV�JLYHQ E\��
� +RWWHO�:KLOOLHU�HTXDWLRQ



��

46  �43 � 4/
2U� 46  �*$WFDS � 8$��7F ± 7D�

)LJXUH������(QHUJ\�IORZ�RI�IODW�SODWH�FROOHFWRU
7KH�XVHIXO� SRZHU� FDQ�EH� FDOFXODWHG� IRU� DQ\�JLYHQ� WLPH� WKLV�ZD\�� � ,W�ZLOO� HQDEOH� WKH�FROOHFWRU¶V�SHUIRUPDQFH�IRU�D�SHULRG�RI�WLPH��QRUPDOO\�RYHU�D�PRQWK�RI�D�W\SLFDO�\HDU���2QH�ZD\�WKDW�XVHV�WKLV�WR�FDOFXODWH�WKH�XVHIXO�SRZHU�DJDLQVW�WKH�DFWXDO�ORDG�UHTXLUHG�LV�WKH�I�FKDUW�PHWKRG��LQ�ZKLFK�WKH�VRODU�IUDFWLRQ��I��LV�JLYHQ�DV�WKH�XVHIXO�VRODU�GLYLGHG�E\�WKH�WRWDO�ORDG�>�@���7KLV�PHWKRG�ZLOO�EH�VKRZQ�ZKHQ�DVVHVVLQJ�WKH�SHUIRUPDQFH�WKDW�ZLOO�IROORZ�ODWHU���
,W� LV� DOVR� SRVVLEOH� WR� KDYH� VLPXODWLRQ� WHFKQLTXHV� OLNH� WKH� ZHOO�NQRZQ� 75<16<6���:KHUH�WKH\�DUH�FRPSXWDWLRQ�VLPXODWLRQV�RI�PRUH�VLPSOLILHG�DQG�PRUH�UHJXODU�GDWD�LV�XVHG�� � +RZHYHU�� WKH� PHWKRG� IRU� DVVHVVLQJ� WKLV� FDVH� VWXG\� LV� WKURXJK� WKH� GHVLJQ�FDOFXODWLRQV� ZLWK� DYHUDJHG� GDWD�� � :KLOVW�� WKH� GHVLJQ� PHWKRG� LQFRUSRUDWHV� DYHUDJH�PRQWKO\� KHDWLQJ� GDWD� DQG� UDGLDWLRQ�� DV� ZLOO� EH� VKRZQ�� WKHVH� DUH� SUHFLVH� HQRXJK� WR�DVVHVV�WKH�UHTXLUHPHQWV�DQG�RXWSXWV�RI�D�VRODU�KHDWLQJ�V\VWHP�LQ�WKH�ORQJ�WHUP���
7KH� VLPXODWLRQ� WHFKQLTXHV� RIWHQ� UHTXLUH� KRXUO\� PHWHRURORJLFDO� GDWD� DV� ZHOO� DV� WKH�LQIOXHQFH� RI� WKH� KHDWLQJ� ORDGV�� OLNH� WKH� ORFDWLRQ� RI� WKH� EXLOGLQJ�� LW¶V� GHVLJQ��RULHQWDWLRQ�� FRQVWUXFWLRQ� DQG� RFFXSDQF\� SDWWHUQV�� � +RZHYHU�� IRU� WKLV� FDVH� VWXG\� WKH�SODQ�GUDZLQJV�JLYH�WKH�EXLOGLQJ�PDWHULDOV�DQG�ORFDWLRQ��WKH\�GR�QRW�HQDEOH�SUHGLFWLRQ�RI� WKH� FDVXDO� JDLQV� DQG� ILQHU� GHWDLOV� WKDW� DUH� RIWHQ� UHTXLUHG� E\� WKH� FRPSXWDWLRQDO�

*$WFDS � 8$��7F ± 7D� 6RODU� 3RZHU�$EVRUEHG3RZHU�/RVVHV
8VHIXO�3RZHU

6RODU�&ROOHFWRU *$WFDS

8$��7F ± 7D�



��

VLPXODWLRQ�� �0RUHRYHU�� WKH�JHQHUDWLRQ�RI�FRPSOLFDWLQJ�WKH�FDOFXODWLRQV�XQQHFHVVDULO\�IRU�D�PRUH�GHWDLOHG�DVVHVVPHQW�ZLOO�QRW�KDYH�PXFK�RI�DQ�DGYDQWDJH�RQ�WKH�ORQJ�WHUP�SHUIRUPDQFH�RI�WKH�V\VWHP�DV�WKH�DYHUDJHG�YDOXHV�XVHG�DUH�DFWXDO�PHDVXUHG�YDOXHV��DV�ZHOO�DV�WKH�DYDLODELOLW\�RI�WKH�UHTXLUHG�GDWD���
,QVWHDG� RI� WKH� VLPXODWLRQ� WHFKQLTXHV�� WKH� GHVLJQ� PHWKRG� RI� XVLQJ� DQ� DYHUDJHG�SUHGLFWHG� VHW� RI�YDOXHV� IRU�ERWK� WKH� UHTXLUHPHQWV� DQG� WKH� LQSXWV�RI� WKH� FROOHFWRU� DUH�XVHG�� � +RZHYHU�� IRU� WKH� KHDWLQJ� ORDGV� D� SURJUDP�ZLOO� EH� XVHG� WR� FDOFXODWH� WKH� KHDW�ORVVHV�RI�WKH�EXLOGLQJ�IURP�WKH�GHVLJQ�DQG�ZLOO�EH�WKH�EDVLV�IRU�DOO�FDOFXODWLRQV�LQ�WKH�ILQDO�DVVHVVPHQW�GLVFXVVHG�LQ�VHFWLRQ�����



��

&KDSWHU���± µ7DQN�LQ�7DQN¶�+HDWLQJ�>�@
7KHUH�DUH�WZR�PDMRU�W\SH�RI�F\OLQGHU��WKRVH�ZLWK�FRLOV�DQG�WKH�WZLQ�ZDOOHG�WDQNV���7KH�
7DQN�LQ�7DQN
 GRHV�QRW�IDOO�ZLWKLQ�HLWKHU�RI�WKHVH�FDWHJRULHV���7KH�GLIIHUHQFH�EHWZHHQ�WKH� F\OLQGHUV� DQG� WKRVH�ZLWK�FRLOV� LV� FOHDU� VLQFH� LQ� WKH�FRLO� DUUDQJHPHQW� WKH�SULPDU\�IOXLG�KHDWV�WKH�GRPHVWLF�KRW�ZDWHU�IURP�WKH�RXWVLGH�LQ�ZKLOVW�WKH�RWKHU�KHDWV�LW�IURP�WKH�LQVLGH RXW���2Q�WKH�RWKHU�KDQG�WKH�WZLQ�ZDOOHG�F\OLQGHUV�KDYH�DQ�DUHD�QHDU�WKH�ERWWRP��ZKLFK� LV� QRW� KHDWHG�� DV� WKH� KHDW� WUDQVIHU� VXUIDFH� LV� VPDOOHU� XQOLNH� D� µ7DQN� LQ�7DQN¶�DUUDQJHPHQW���

)LJXUH������µ7DQN�LQ�7DQN¶�%RLOHU
��� µ7DQN�LQ�7DQN¶�IHDWXUHV7KH��7DQN�LQ�7DQN��DOVR�SURWHFWV�WKH�XVHU�DJDLQVW�IORRGLQJ���,Q�FDVHV�RI�WKH�KRW�ZDWHU�WDQN�UXSWXULQJ�WKH�ZDWHU�ZLOO�VLPSO\�MRLQ�WKH�KHDWLQJ�FLUFXLW���7KH�RQO\�FRQVHTXHQFH�RI�WKLV�ZLOO�EH�D�KLJKHU�WKDQ�QRUPDO�SUHVVXUH�LQ�WKH�SULPDU\�FLUFXLW���'HVSLWH�DOO�WKLV�WKH�PRVW� LPSRUWDQW� FKDUDFWHULVWLFV� RI� WKH� �7DQN� LQ� 7DQN�� DUH� LWV� FDSDELOLW\� IRU� VHOI�GHVFDOLQJ� DQG� LWV� ORQJ� OLIH H[SHFWDQF\� FRPELQHG�ZLWK� WKH� ODFN� RI� D� UHTXLUHPHQW� IRU�UHJXODU�PDLQWHQDQFH���
����� ,QQHU�7DQN7KH�KHDWLQJ�VXUIDFH�RI�D�F\OLQGHU� LV�RQH�RI� WKUHH�SDUDPHWHUV� WKDW�JRYHUQ�WKH�OHYHO�RI�GRPHVWLF�KRW�ZDWHU�VWUDWLILFDWLRQ�� �7KH�RWKHU� WZR�DUH� WKH�YROXPH�RI�ZDWHU�VWRUHG�DQG�WKH�ZDWHU�VWRUDJH� WHPSHUDWXUH�� �7KH�µ7DQN� LQ�7DQN¶�V\VWHP�KDV�DQ�DGYDQWDJH�DV�� WKH�ODUJHU�WKH�KHDWLQJ�VXUIDFH�WKH�TXLFNHU�WKH�WDQN�ZLOO�EH�UHKHDWHG���,Q�DGGLWLRQ��WKH�PRUH�

http://www.acv.be/English/EnconLongevite.html
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LQFUHDVH�LQ�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�WKH�PRUH�WKH�LQFUHDVH�WKH�ULVN�RI�OLPH�EXLOGLQJ�XS�RQ�WKH�KHDW�H[FKDQJHU�EXW��WKH�PRUH�WKH�LQFUHDVH�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�WKHUH�LV��WKH�ZLGHU�EHFRPH�WKH�YDULDWLRQV�LQ�SUHVVXUH���+RZHYHU��WKH�ZLGHU�WKH�YDULDWLRQV�LQ�SUHVVXUH�� WKH�PRUH� F\OLQGHUV�RI� WKH� µ7DQN� LQ�7DQN¶�GHVLJQ�H[SDQG�DQG�FRQWUDFW�DQG��WKH�PRUH�WKH�F\OLQGHUV�H[SDQG�DQG�FRQWUDFW��WKH�OHVV�FKDQFH�OLPHVFDOH�KDV�WR�EXLOG�XS���)LJXUH�����VKRZQ�EHORZ��LOOXVWUDWHV�WKH�WDQN�LQVLGH�WKH�WDQN�WKDW�KROGV�WKH�ZDWHU���7KH�FRUUXJDWLRQ�RQ� WKH�PDLQ�ERG\�DOORZ� IRU� WKH�H[SDQGLQJ�DQG�FRQWUDFWLQJ�DQG�DUH�RQO\�UHVWUDLQHG�DW�RQH�HQG���

)LJXUH������,QQHU�WDQN�RI�WKH�µWDQN�LQ�WDQN¶�V\VWHP�
6WDLQOHVV�VWHHO LV�WKH�PDWHULDO�XVHG�IRU�WKH�WDQNV�DQG�KDV�WKH�IROORZLQJ�DGYDQWDJHV��x ,W�LV�FDSDEOH�RI�RSHUDWLQJ�DW�KLJK�WHPSHUDWXUHV�x 6WDLQOHVV�VWHHO�LV�UHVLVWDQW�WR�FRUURVLRQ�x 7KH�SURWHFWLYH�FRDWLQJ�LQ�DQ�HQDPHOOHG�VWHHO�WDQN�FDQ�EH�GDPDJHG�E\�D�NQRFN��WKLV�GRHV�QRW�KDSSHQ�ZLWK�VWDLQOHVV�VWHHO�x $�VWDLQOHVV�VWHHO�WDQN�GRHV�QRW�QHHG�D�VDFULILFLDO�DQRGH�x 6WDLQOHVV� VWHHO� LV� XQLYHUVDOO\� UHFRJQLVHG� IRU� LWV� K\JLHQLF� SURSHUWLHV�� � ,W� LV�ZLGHO\� XVHG� LQ� WKH� IRRG� LQGXVWU\� DQG� LQ� WKH� PDQXIDFWXUH� RI� VXUJLFDO�LQVWUXPHQWV�
����� ,QVXODWLRQ7KH� LQVXODWLRQ� RI� WKH� WDQNV� V\VWHP� LV� E\� D� WKLFN� OD\HU� RI� ULJLG� SRO\XUHWKDQH� IRDP�GLUHFWO\� IRUPHG� RQWR� WKH� ERG\� RI� WKH� F\OLQGHUV�� 7KLV� SRO\XUHWKDQH� PRXVVH� KDV� D�/DPEGD� FRHIILFLHQW� RI� ����� DQG� LV� DW� OHDVW� WZLFH� DV� HIIHFWLYH� DV� D� VLPLODU� WKLFNQHVV�
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OD\HU�RI�URFNZRRO�DV�XVHG�RQ�WKH�PDMRULW\�RI�DSSOLDQFHV��:LWK�WKH�IRDP�LQVXODWLRQ�WKH�VWDQGLQJ�ORVVHV�DUH�UHGXFHG�WR�D�ORZHU�OHYHO�WKDQ�QRUPDO�������� 7DQN�5DQJHV7KH�µWDQN�LQ�WDQN¶�V\VWHP�LV�DYDLODEOH�LQ�PDQ\�VSHFLILFDWLRQV��DQG�FRPH�LQ�WKUHH�PDLQ�UDQJHV�RI�LQWHUHVW��WKH�*/��WKH�+5��DQG�WKH�+5�'XSOH[�
�������*/�UDQJH7KH� */� 5DQJH� LV� LQVXODWHG� ZLWK� ��PP� RI� WKH� 3RO\XUHWKDQH� PRXVVH� DQG� KDV� WKH�VWDLQOHVV� VWHHO� WDQN�� � ,W� LV� IXOO\� DUJRQ� DUF� ZHOGHG� IROORZLQJ� WKH� 7XQJVWHQ� ,QHUW�*DV�WHFKQLTXH�� � %HIRUH� DVVHPEO\� WKH� GRPHG� HQGV� RI� WKH� WDQN� DUH� GHJUHDVHG� WR� LPSURYH�WKHLU� FRUURVLRQ� UHVLVWDQFH�� ,W� DOVR� KDV� WKH� EHQHILWV� GHVFULEHG� SUHYLRXV� ZLWK� WKH�FRUUXJDWHG�ERG\�$�VWRYH�HQDPHOOHG�MDFNHW�FRQWDLQV�WKH�FRPSOHWH�DVVHPEO\�DQG�LV�ILWWHG�ZLWK�D�FRQWURO�SDQHO� WKDW� LQFOXGHV� WKH� KHDWLQJ� DQG� GRPHVWLF� KRW� ZDWHU� FRQWURO� WKHUPRVWDWV��)XUWKHUPRUH��LW�LV�ZLUHG�WR�HQDEOH�D�GRPHVWLF�KRW�ZDWHU�SURJUDPPHU���$OVR�RSWLRQDO�LV�D�NLW�WR�FRQQHFW�WKH�F\OLQGHU�ZLWK�WKH�ERLOHU��SUH�DVVHPEOHG�DQG�LQFOXGHV�WKH�SLSH�ZRUN�DQG�FRQQHFWLRQV�DV�ZHOO�DV�WKH�SXPS�*/���� */���� */���� */���� */����2XWSXW����������������������N:�� �� �� �� �� ��+HDWLQJ�IOXLG�IORZ��P��K�� ��� ��� ��� ��� ���+HDWLQJ�VXUIDFH����P��� ���� ���� ���� ���� ����7RWDO�ZDWHU�FDSDFLW\����O�� ��� ��� ��� ��� ���+HDWLQJ�IOXLG�FDSDFLW\��O�� �� �� �� �� ��3UHVVXUH�GURS�������PEDU�� �� �� �� �� ��:HLJKW�HPSW\������������NJ�� �� �� �� ��� ���0D[LPXP�2SHUDWLQJ�3UHVVXUH�����������EDU� � � � � �
0D[LPXP�RSHUDWLQJ�SUHVVXUH��VDQLWDU\�������EDU� �� �� �� �� ��
0D[LPXP�WHPSHUDWXUH���&� �� �� �� �� ��7DEOH������*/�UDQJH�RI�SURSHUWLHV



��

*/���� */���� */���� */���� */����3HDN� RXWSXW� LQ� ��� PLQ�DW����&��O����PLQ� ��� ��� ��� ��� ���3HDN� RXWSXW� LQ� ��� PLQ�DW����&��O����PLQ� ��� ��� ���� ���� ����&RUUHFWLRQ� FRHIILFLHQWV�ZKHQ�RSHUDWLQJ�DW����& ��� ��� ��� ��� ���&RUUHFWLRQ� FRHIILFLHQWV�ZKHQ�RSHUDWLQJ�DW����& ��� ��� ��� ��� ���7DEOH������*/�RSHUDWLQJ�SURSHUWLHV
&RUUHFWLRQ� FRHIILFLHQWV�ZLOO� DOORZ� WKH�SHDN�RXWSXW�RI� WKH� V\VWHP�DW� KLJKHU�RSHUDWLQJ�WHPSHUDWXUHV��L�H���WKH�RXWSXW�DW���q&�LV��������OLWUHV�IRU�DQ�KRXU�
������� +5�)ORRU�6WDQGLQJ�UDQJH7KH� +5� 5DQJH� LV� LQVXODWHG� ZLWK� ��PP� RI� WKH� 3RO\XUHWKDQH� PRXVVH� DQG� KDV� WKH�VWDLQOHVV�VWHHO�WDQN���/LNH�DOO�WKH�µWDQN�LQ�WDQN¶�V\VWHPV�WKH�+5�UDQJH�LW�LV�IXOO\�DUJRQ�DUF�ZHOGHG�IROORZLQJ�WKH�7XQJVWHQ�,QHUW�*DV�WHFKQLTXH���%HIRUH�DVVHPEO\�WKH�GRPHG�HQGV�RI� WKH� WDQN�DUH�GHJUHDVHG�DQG�SDFLILHG� WR� LPSURYH� WKHLU�FRUURVLRQ� UHVLVWDQFH�� ,W�DOVR� KDV� WKH� EHQHILWV� GHVFULEHG� SUHYLRXV� ZLWK� WKH� FRUUXJDWHG� ERG\�� � $V�ZHOO� DV� WKH�VDPH� IHDWXUHV� RI� FRQWURO� DQG� SURJUDPPHUV�� WKLV� V\VWHP� LQFRUSRUDWHV� DQ� RQ�RII�LPPHUVLRQ�KHDWHU���



��

+5���� +5���� +5���� +5���� +5����2XWSXW����������������������N:�� �� �� �� �� ��+HDWLQJ�IOXLG�IORZ��P��K�� ��� ��� ��� � ���+HDWLQJ�VXUIDFH���������P��� ��� ��� ��� ���� ���7RWDO�ZDWHU�FDSDFLW\����O�� ��� ��� ��� ��� ���+HDWLQJ�IOXLG�FDSDFLW\��O�� �� �� �� �� ��3UHVVXUH�GURS�������PEDU�� �� �� �� �� ��:HLJKW�HPSW\��NJ�� �� �� �� ��� ���0D[LPXP�2SHUDWLQJ�3UHVVXUH�������������������EDU� � � � � �
0D[LPXP�RSHUDWLQJ�SUHVVXUH��VDQLWDU\�������EDU� �� �� �� �� ��
0D[LPXP�WHPSHUDWXUH���&� �� �� �� �� ��7DEOH������+5�UDQJH�RI�SURSHUWLHV

+5���� +5���� +5���� +5���� +5����3HDN� RXWSXW� LQ� ��� PLQ�DW����&��O����PLQ� ��� ��� ��� ��� ���3HDN� RXWSXW� LQ� ��� PLQ�DW����&��O����PLQ� ��� ��� ���� ���� ����&RUUHFWLRQ� FRHIILFLHQWV�ZKHQ�RSHUDWLQJ�DW����& ��� ��� ��� ��� ���&RUUHFWLRQ� FRHIILFLHQWV�ZKHQ�RSHUDWLQJ�DW����& ��� ��� ��� ��� ���7DEOH������+5�RSHUDWLQJ�SURSHUWLHV
�������+5�'XSOH[7KH� LV� DQ� DPHQGHG�YHUVLRQ�RI� WKH�+5� UDQJH�DERYH� IRU� WKH�SXUSRVH�RI�KLJK�FKORULQH�FRQWHQW� ZDWHU�� GH�LRQLVHG� ZDWHU� RU� SURFHVV� DSSOLFDWLRQV�� DQG� KLJK� SUHVVXUH�DSSOLFDWLRQV�� � ,W�KDV�D KDUG�MDFNHW�ZLWK�SRZGHU�FRDWLQJ�LV�VXLWDEOH�WR�DQ\�FRPPHUFLDO�RU�UHVLGHQWLDO�FRQILJXUDWLRQV��LW�DOVR�KDV����PP�ZDWHU�EDVH�SRO\XUHWKDQH�LQVXODWLRQ�



��

+5���� +5���� +5����2XWSXW��N:�� �� �� ��7RWDO�FDSDFLW\��O� ��� ��� ���+HDW�H[FKDQJH�VXUIDFH��P�� ��� ���� ����3HDN�IORZ�/���
�#�����& ��� ��� �����VW�+RXU�UHFRYHU\�/�#����& ���� ���� ����&RQWLQXRXV�IORZ�/�#����& ���� ���� ����0D[LPXP�2SHUDWLQJ�3UHVVXUH��EDU� � � �0D[LPXP�RSHUDWLQJ�SUHVVXUH��VDQLWDU\��EDU� �� �� ��0D[LPXP�WHPSHUDWXUH���&� �� �� ��7DEOH������+5�'XSOH[�UDQJH�RI�SURSHUWLHV



��

&KDSWHU���± 6RODU�3XPS
7KH� SXUSRVH� RI� D� VRODU� SXPS� LV� WKDW� D� 39�PRGXOH� VXSSOLHV� WKH� HQHUJ\� UHTXLUHG� IRU�SXPSLQJ�LQ�WKH�VPDOO�FORVHG�ORRS�RI�D�VRODU�ZDWHU�KHDWLQJ�V\VWHP���7KH�SXPS�XVHV�D�'&�PRWRU�LQVWHDG�RI�D�PDLQV�$&�PRWRU��VR XWLOLVHV�WKH�HQHUJ\�SURGXFHG�IURP�WKH�39�PRGXOH���,QVWDOOLQJ�D�39�SDQHO�WR�RSHUDWH�WKH�SXPS�ZLOO�DOORZ�RSHUDWLRQ�HYHQ�GXULQJ�D�SRZHU�FXW�
��� 7KH�3XPS7KH� SXPS� LV� D� EUDVV� ERG\�� YDQH� SXPS�� ZLWK� VSHFLDO� FOHDUDQFHV� DQG� VHDOV� IRU� KLJK�WHPSHUDWXUH�SURWHFWLRQ�WR���q&��'&�3XPS�IHDWXUHV�DUH�x $�PD[LPXP�SUHVVXUH�ULVH�LV�����N3Dx 6OLGLQJ�YDQH�EUDVV�SXPS�ZLWK�LQWHJUDO�VWUDLQHU������PHVK�����PLFURQx '&�PRWRU�FRPSOHWH�ZLWK�PRXQWLQJ�IHHWx 3XPS�PRWRU�9�EDQG�FRXSOLQJx ��DPSHUH�OLQHDU�FXUUHQW�ERRVWHUx )ORZ�UDWH�UDQJH�RI�����O�PLQ�WR�����O�PLQx 2SHUDWHV�HYHQ�DW�39�UDGLDWLRQ�RI����:�P�

)LJXUH������$�'&�3XPS
7KH�'&�SXPS�KDV�QR�SDUWV�DUH�VXEMHFW�WR�FRUURVLRQ��DOO�ZHWWHG�SDUWV�DUH�VWDLQOHVV�VWHHO��EUDVV�DQG�FDUERQ���7KH�6RODU�3XPS LV�D�SRVLWLYH�GLVSODFHPHQW�SXPS��PHDQLQJ�QR�WLPH�RU�HTXLSPHQW�LV�UHTXLUHG�WR�SXUJH�DLU�IURP�WKH�FLUFXODWLRQ�ORRS���,W�LV�DOVR�VHOI�SULPLQJ��ZLWK�D�PD[LPXP�VXFWLRQ�OLIW�RI�� PHWUHV�



��

��� '&�0RWRU7KH�'&�3XPS PRWRU�LV�ODUJHU�WKDQ�PRWRUV�GHVLJQHG�WR�RSHUDWH�DW�����WR�����YROWV�$&���8QOLNH� VWDQGDUG� PRWRUV� WKDW� XVH� HOHFWULFDO� FRLOV� DQG� HOHFWULF� FXUUHQW� WR� FUHDWH� WKH�PDJQHWLF�ILHOG��WKH\�XVH�HIIHFWLYH�SHUPDQHQW�PDJQHWV���7R�SURGXFH�WKH�WRUTXH�UHTXLUHG�WR� ERRVW� WKH� SUHVVXUH� RI� WKH� SXPSHG�ZDWHU� WKH� XVH� RI� D� KHDY\�GXW\�� ODUJH�GLDPHWHUDUPDWXUH�ZLWK�WKLFN�FRSSHU�ZLQGLQJV�WR�UHGXFH�SDUDVLWLF�SRZHU�FRQVXPSWLRQ���(YHQ�LQ�YHU\�ZHDN� VXQ� WKH�PRWRU� SURGXFHV� HQRXJK� SRZHU� WR� VWDUW� WKH� SXPS�� � 7KH�PRWRU� LV�GXUDELOLW\� DQG� UHOLDELOLW\� DV� WKH� EUXVKHV� DQG� FRPPXWDWRUV� DUH� GHVLJQHG� VR� WKDW� WKH\�ZLOO�QRW UHTXLUH�UHSODFHPHQW�ZKHQ�GULYHQ�E\�D�39�PRGXOH�XQGHU����ZDWWV�SHDN�SRZHU�
��� 39�0RGXOH�5HTXLUHPHQW'HSHQGLQJ�RQ� WKH� IORZ�DQG�SUHVVXUH�UHTXLUHPHQWV�RI� WKH�DSSOLFDWLRQ�D����WR����ZDWW�39�PRGXOH�ZLOO� SRZHU� WKH�'&�3XPS�� �$�39�PRGXOH�ZLWK�PD[LPXP�SHDN�YROWDJH��9PS� RI� ������ YROWV� LV� UHTXLUHG��ZKLFK� LV� W\SLFDO� RI� 39�PRGXOHV�ZLWK� ��� FU\VWDOOLQH�FHOOV�RU����DPRUSKRXV�FHOOV���
��� 2WKHU�FRQVLGHUDWLRQ6WDUWLQJ� DQG� UXQQLQJ� WKH� SXPS� LV� WKH� RQO\� FRQFHUQ� LQ� XVLQJ� D� GLUHFW� 39� WR� SXPS�FRQQHFWLRQ��GXH�WR�WKH�DPRXQW�RI�WRUTXH�QHHGHG�WR�VWDUW�WKH�SXPS���7KH�PRWRU�SXPS�XQLW� LV� VXSSRVHG� WR� VWDUW� URWDWLQJ�ZKHQ� VRODU� IOX[� UHDFKHV� ����:�P��� �:KHQ�DW� ����:�P��� D� W\SLFDO PRGXOH� VKRXOG� GHOLYHU� MXVW� RYHU� ���� DPSHUHV� WR� WKH� OLQHDU� FXUUHQW�ERRVWHU� �/&%��� ZKLFK� UHVXOWV� LQ� FXUUHQW� WR� WKH� PRWRU� IURP� WKH� /&%� RI� DERXW� ����DPSHUHV���7KLV�VKRXOG�EH�VXIILFLHQW�WR�VWDUW�WKH�SXPS�
$�OLQHDU�FXUUHQW�ERRVWHU��/&%� SXUSRVH�LV�WR�PD[LPLVH WKH�SRZHU�GHOLYHU\�RI�WKH�39�PRGXOH�WR�WKH�'&�PRWRU�� �$W�IXOO�VXQ�WKH�39�PRGXOH�GULYHV�WKH�PRWRU�DW�IXOO�VSHHG�$W�ORZHU�VXQOLJKW�OHYHOV�WKH�/&%�FRQYHUWV�39�SRZHU�LQWR�KLJK�PRWRU�FXUUHQW�WR�VWDUW�WKH�PRWRU�DQG�NHHS�LW�UXQQLQJ�DW�ORZ�530���7KLV�FRQWURO�VWUDWHJ\�SURYLGHV�D�IORZ�UDWH�SURSRUWLRQDO�WR�WKH�LQWHQVLW\�RI�WKH�VRODU�UDGLDWLRQ���
����� 3XPS�DGYDQWDJHV7KHUH DUH� D� VPDOO� QXPEHU� RI� DGYDQWDJHV� WKDW� FRPH�ZLWK� RSHUDWLQJ� D�39�GULYHQ�'&�SXPS�



��

x 4XLHW��PDLQWHQDQFH�IUHH�RSHUDWLRQx 6HOI�SULPLQJ��SRVLWLYH�GLVSODFHPHQWx /LIH�H[SHFWDQF\�RI�PRUH�WKDQ����\HDUVx (DV\�DQG�LQH[SHQVLYH�WR�LQVWDOOx %HQHILWV�RI�UHQHZDEOH�SRZHUx /HVV�H[SRVXUH�WR�HOHFWURPDJQHWLF�ILHOGV



��

&KDSWHU���± &KDUDFWHULVWLFV��'DWD�DQG�5HTXLUHPHQWV
,QWURGXFWLRQ7KH� ILUVW� VWDJH� RI� VL]LQJ� D� V\VWHP� IRU� D� SDUWLFXODU� ORFDWLRQ� LV� UHWULHYLQJ� DV� PXFK�LQIRUPDWLRQ�DV�SRVVLEOH�� �,Q�RUGHU�WR�DVVHVV�WKH�FLUFXPVWDQFHV�LW�LV�QHFHVVDU\�WR�ZRUN�IURP� WKH� GHWDLOHG� GUDZLQJV� RI� WKH� KRXVH�� DV� QR� VLWH� YLVLW�ZDV�SRVVLEOH�� DQG� WKH�GDWD�SURYLGHG�E\�PDQXIDFWXUHUV�
,Q�WKH�FDVH�RI�WKH�KRW�ZDWHU�QHHGV�DQ�HVWLPDWHG�XVDJH�IRU�HDFK�SRLQW�LV�GHVFULEHG��ZLWK�WKH�H[FHSWLRQ�RI�WKH�EDWK���7KH�XVH�RI�WKH EDWK�LV�RIWHQ�LUUHJXODU�DQG�VR�KHDWLQJ�HQRXJK�ZDWHU� IRU� WKH�EDWK�ZRXOG� OHDG� WR� DQ� DGGLWLRQDO���N:�RI� FDSDFLW\��� � ,QVWHDG� WKH� WLPH�WDNHQ� IRU�KRW�ZDWHU� WR�EH� VXSSOLHG� IRU� D�EDWK�ZLOO� EH�JLYHQ�� �7KHUHIRUH�� SULRU� WR� WKH�HYHQW�WKH�ZDWHU�FDQ�EH�SODFHG�RQ�IRU�WKH�UHTXLUHG�WLPH�
��� 6RODU�'DWD
����� 'LUHFWLRQ�DQG�$QJOH�RI�FROOHFWRU1DWXUDOO\��WKH�FROOHFWRU�VKRXOG�UHFHLYH�WKH�PD[LPXP�DPRXQW�RI�VXQOLJKW�HDFK�GD\�DQG�WKURXJKRXW�WKH�\HDU���$V�D�JHQHUDO�UXOH�LI�\RX�DUH�LQ�WKH�1RUWKHUQ�+HPLVSKHUH�WKHQ�WKH�FROOHFWRU� VKRXOG IDFH� 6RXWK� DQG� LI� \RX� DUH� LQ� WKH� 6RXWKHUQ� +HPLVSKHUH� WKHQ� WKH�FROOHFWRU�VKRXOG�IDFH�QRUWK���)XUWKHUPRUH��WKH�DQJOH�DW�ZKLFK�WKH�FROOHFWRU�LV�PRXQWHG�VKRXOG� URXJKO\� FRUUHVSRQG� WR� WKH� ODWLWXGH� RI� WKH� ORFDWLRQ�� LQ� WKLV� FDVH�� ������1RUWK��7KHUHIRUH��VKRXOG�EH PRXQWHG�DW���q 6RXWK���
7KLV�GRHV�QRW�KDYH�WR�EH�H[DFW�DQJOH�IRU�PRXQWLQJ�WKH�FROOHFWRU���,QVWHDG��D�URRI�RI������R RI� WKH�ODWLWXGH�ZRXOG�DOORZ�IRU�VRODU�FROOHFWRU�IODW�DJDLQVW�WKH�URRI
V�VXUIDFH��7KH�DGGHG�WURXEOH�RI�DGMXVWLQJ�WKH�FROOHFWRU�WR�D�SUHFLVH DQJOH�ZRXOG�QRW�EH�ZDUUDQWHG��DV�LW�ZLOO�QRW�UHVXOW�LQ�D�JUHDW�GLIIHUHQFH�LQ�HIILFLHQF\���7KH�FROOHFWRUV�ZLOO�EH�SRVLWLRQHG�DW�D���q WLOW�RQ�WKH�VRXWK�IDFLQJ�URRI���

� 6HH�$SSHQGL[�,



��

����� 6RODU�5DGLDWLRQ�RQ�&ROOHFWRU,W�LV�QHFHVVDU\�WR�UHWULHYH�WKH�DPRXQW�RI�GDLO\�UDGLDWLRQ�WKDW�ZLOO�IDOO�RQ�WKH�FROOHFWRU¶V�VXUIDFH���7KLV�LV�QRUPDOO\�SXEOLVKHG�DV�DFWXDO�PHDVXUHG�GDWD��DQG�IRU�WKLV�FDVH�VWXG\��LV�WKH�GDLO\�PRQWKO\�DYHUDJH�RI�UDGLDWLRQ�SHU�PHWUH�DUHD��N:K�P� ± 'D\������7KH�YDOXHV�IRU�WKH�DYHUDJH�GDLO\�UDGLDWLRQ�RQ�WKH�FROOHFWRU�IRU�HDFK�PRQWK�LQ�*ODVJRZ�DW���q DQJOH�DUH�VKRZQ�EHORZ�LQ�7DEOH�����>�@�
0RQWK 'DLO\�5DGLDWLRQ��N:K�P� � 'D\�-DQXDU\ �����)HEUXDU\ �����0DUFK �����$SULO �����0D\ �����-XQH �����-XO\ �����$XJXVW �����6HSWHPEHU �����2FWREHU �����1RYHPEHU �����'HFHPEHU �����7DEOH������$YHUDJH�GDLO\�UDGLDWLRQ�RQ�D�FROOHFWRU�LQ�*ODVJRZ�DW���qq��IDFLQJ�VRXWK�

��� &ROOHFWRU�&KDUDFWHULVWLFV,Q�RUGHU�WR�FDOFXODWH�DFWXDO�DPRXQWV�RI�HQHUJ\�FDSWXUHG�E\�WKH�FROOHFWRU�DUUDQJHPHQW�LW�LV�QHFHVVDU\� WR�SRVVHVV� WKH� IROORZLQJ�YDOXHV�� VKRZQ�EHORZ�LQ�7DEOH������ �+RZHYHU��WZR�IXUWKHU�SURSHUWLHV�RI�WKH�FROOHFWRU�V\VWHP�DUH�DOVR�UHTXLUHG���)LUVWO\�LV�WKH�FROOHFWRU�KHDW�UHPRYDO�HIILFLHQF\�IDFWRU��)5��LV�WKH�UDWLR�RI�WKH�XVHIXO�HQHUJ\�JDLQ�WR�WKH�HQHUJ\�JDLQ�LI�WKH�FROOHFWRU�ZDV�DW�WKH�VDPH�WHPSHUDWXUH�RI�WKH�LQOHW�IOXLG���7KH�VHFRQG�LV�WKH�&ROOHFWRU�KHDW�H[FKDQJHU�FRUUHFWLRQ�IDFWRU���)5¶��)5���ZKLFK�LV�DQ�LQGH[�RI�WKH�SHQDOW\�LQFXUUHG� E\� XVLQJ� D� KHDW� H[FKDQJHU� LQ� WKH� FORVHG� ORRS�� � 7KHVH� YDOXHV� DUH� IURP� WKH�PDQXIDFWXUHU¶V�VSHFLILFDWLRQV��$(6¶�+LJK�(IILFLHQF\�)ODW�3ODWH�&ROOHFWRU�>�@�

� 3UHYLRXVO\�H[SODLQHG�LQ�&KDSWHU��



��

3URSHUW\ 9DOXH&ROOHFWRU�8�9DOXH ��:�P� .&ROOHFWRU�$EVRUSWDQFH��DD� ����7UDQVPLVVLYLW\�RI�FRYHU��WW� ����&ROOHFWRU�+HDW�UHPRYDO�(IILFLHQF\�)DFWRU��)5� ���&ROOHFWRU�KHDW�H[FKDQJHU�FRUUHFWLRQ�IDFWRU��)5¶��)5� ���'HVLJQ�7HPSHUDWXUH�'LIIHUHQFH��qq&� ��7DEOH������&ROOHFWRU�&KDUDFWHULVWLFV
��� +HDWLQJ�UHTXLUHPHQWV,Q� RUGHU� WR� FDOFXODWH� ZKDW� LV� UHTXLUHG� RI� WKH� V\VWHP� DQG� VL]LQJ� WKH� V\VWHP�� LW� LV�QHFHVVDU\� WR�KDYH� WKH�KHDW� ORVV� IURP�WKH�EXLOGLQJ�DQG� WKH�GRPHVWLF�KRW�ZDWHU�QHHGV���7KH� KHDW� ORVVHV� ZLOO� DOORZ� WKH� VL]LQJ� RI� UDGLDWRUV� JLYHQ� WKH� ERLOHU� VL]H� IRU� WKLV�RSHUDWLRQ�� �7KH� KRW�ZDWHU� QHHGV�ZLOO� DOVR� KDYH� WR� EH� LQFOXGHG� WR�JLYH� D� WRWDO� ERLOHU�FDSDFLW\�
����� 6SDFH�+HDWLQJ7KH� VSDFH� KHDWLQJ� UHTXLUHPHQWV� KDYH� WR� EH� WKHRUHWLFDOO\� FDOFXODWHG�� DV� SDUW� RI� WKH�EXLOGLQJ�LV�QHZ��VR�QR�DFWXDO�FRQVXPSWLRQV�DUH�DYDLODEOH���)XUWKHUPRUH��WKH�ROG�V\VWHP�ZLOO�EH�UHSODFHG��DOO�QHZ�SDUWV���7KHUHIRUH��WKH�FDSDFLW\�RI�WKH�KHDWLQJ�V\VWHP�UHTXLUHG�LV� FDOFXODWHG� IURP� WKH� VXP� RI� WKH� IDEULF� DQG� YHQWLODWLRQ� ORVVHV�� � 8VLQJ� DQ� DFFXUDWH�+HDWORVV�0DQDJHU�SURJUDP�WKH�UHTXLUHG�KHDW�RXWSXW�IRU�HDFK�URRP�FDQ�EH�WRWDOOHG�DQG�JLYH�WKH�FDSDFLW\��DV�VKRZQ�EHORZ�LQ�7DEOH�������
7KH�+HDWORVV�PDQDJHU�SURJUDP�IURP�µ0\VRQ�+HDWLQJ�6HUYLFHV¶�>�@�XVHV�WKH�EXLOGLQJ�IDEULF¶V�8�YDOXHV�WR�FDOFXODWH�WKH�KHDW�ORVVHV�DV�ZHOO�DV�WKH�YHQWLODWLRQ�ORVVHV�IURP�WKH�DLU�FKDQJH�UDWH�RI�HDFK�URRP���7KH�SURJUDP�ZLOO�IXUWKHU�FDOFXODWH�SUHGLFWHG�ORVVHV�LQ�DQ\�V\VWHP�JLYLQJ�DQ�DFFXUDWH�SLFWXUH�RI WKH�KHDW�IORZV�RI�WKH�EXLOGLQJ���7KLV�SURJUDP�ZRUNV� RQ� WKH� EDVLV� RI� WKH� KHDWLQJ� UHTXLUHG� WR� KHDW� LQGLYLGXDO� URRPV� WR� D� GHVLUHG�WHPSHUDWXUH���7KXV��DOORZLQJ�WKH�FDSDFLW\�RI�WKH�V\VWHP�WR�EH�VL]HG�IURP�WKH�UHTXLUHG�UDGLDWRU�RXWSXW���7KH�GHWDLOV�RI�WKH�SURJUDPV�RXWFRPH�FDQ�EH�VHHQ�LQ�$SSHQGL[�9�



��

5RRP 5HTXLUHG�+HDW2XWSXW��:� 5DGLDWRU�5DWLQJ��N:�'RZQVWDLUV�%HGURRP ���� �'RZQVWDLUV�7RLOHW ��� �'LQLQJ�5RRP ���� �(QWUDQFH�+DOO ��� �0DLQ�+DOO ��� �6LWWLQJ�5RRP ���� �.LWFKHQ ���� �*\P ��� �*DPHV 5RRP ��� �8WLOLW\�5RRP ��� �8SVWDLUV�%HGURRP�� ��� �8SVWDLUV�%HGURRP�� ���� �8SVWDLUV�%HGURRP�� ��� �8SVWDLUV�%HGURRP�� ���� �8SVWDLUV�%DWKURRP ���� �8SVWDLUV�+DOO ��� �2IILFH ��� �8SVWDLUV�%HGURRP�HQ�6XLWH ���� �8SVWDLUV�/LYLQJ�5RRP ���� �7RWDO ������ ��7DEOH������%XLOGLQJ�KHDW�ORVVHV�DQG�KHDWLQJ�FDSDFLW\�
����� +RW�:DWHU,Q� DGGLWLRQ� WR� WKH� KHDWLQJ� UHTXLUHPHQWV�� WKH� GRPHVWLF� KRW� ZDWHU� FRQVXPSWLRQV� DOVR�KDYH� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� � 7KLV� ZDV� FDOFXODWHG� XVLQJ� WKH� UHFRPPHQGHGW\SLFDO�HVWLPDWHG�XVDJH�>�@��VKRZQ�EHORZ�LQ�7DEOH�����

:DWHU�3RLQWV 3HRSOH�8VLQJ $YHUDJH�&RQVXPSWLRQ�SHU�SHUVRQ��O� &RQVXPSWLRQ�RI�+RW�ZDWHU��O�0DLQ�6KRZHU � ��� ���(Q�VXLWH�6KRZHU � ��� ����.LWFKHQ�6LQN � ��� ���7ZR�%DWKURRP�6LQNV � ��� ���(Q�VXLWH�6LQN � ��� ���7RWDO�&RQVXPSWLRQ ����OLWUHV�SHU�GD\7DEOH������$YHUDJH�KRW�ZDWHU�FRQVXPSWLRQ�7KH�SRZHU�UHTXLUHG�IRU�WKH�ERLOHU�WR�KHDW�WKH�UHTXLUHG�KRW�ZDWHU�LV����N:�LQ�WRWDO���



��

����� 7RWDO�:DWHU�+HDWLQJ�5HTXLUHPHQWV1RUPDOO\�� WKH� UHTXLUHG� ERLOHU� RXWSXW�ZRXOG� EH� WKH� WRWDO� KHDW� ORVV� IURP� WKH� EXLOGLQJ�SOXV� LQWHUPLWWHQW� FRUUHFWLRQ� >�@�� ����� DV� ZHOO� DV� WKH� GRPHVWLF� KRW� ZDWHU�� WKHQ� DQ�DGGLWLRQDO� ���� IRU� SLSH� ORVVHV�� � 7KLV� PHWKRG� JLYHV� D� ERLOHU� RXWSXW� RI� ����� N:���+RZHYHU��WKLV�ZRXOG�QRW�WDNH�LQWR�FRQVLGHUDWLRQ�IRU�EDG�ZHDWKHU���$�ERLOHU�RI����N:�ZRXOG�EH�DGHTXDWH�IRU�WKLV�LQVWDQFH���+RZHYHU��DV�GHVFULEHG�HDUO\��WKH�µ7DQN�LQ�7DQN¶�V\VWHP�KDV�EHHQ�SURSRVHG��VR�WKH�QHDUHVW�WR�RXU�FDOFXODWHG�FDSDFLW\�ZLOO�EH�FKRVHQ���,Q�WKLV� FDVH� WKH�*/����ZLWK� DQ� RXWSXW� RI� ��N:�ZRXOG� EH� WKH� FORVHVW�PDWFK� DOWKRXJK�VOLJKWO\�RYHU�FDSDFLW\�



��

&KDSWHU���± 6RODU�+HDWLQJ�6\VWHP
,QWURGXFWLRQ$V�DOUHDG\�H[SODLQHG�LQ�D�SUHYLRXV�FKDSWHU��WKHUH�DUH�PDQ\�FKRLFHV�H[LVWLQJ�WRGD\�LQ�WHUPV�RI�WKH�FROOHFWRU�DQG�RSHQ�RU�FORVHG�ORRS�V\VWHPV�� 7KH�ODWWHU�RI�WKHVH�LV�LGHDO�IRU�WKH�6FRWWLVK�FOLPDWH��DQG�WKH�QHFHVVLW\�RI�DQ�DQWLIUHH]H�V\VWHP��$OWKRXJK�ERWK��FORVHG�DQG� RSHQ� ORRS� DUUDQJHPHQW�� KDYH� WKH� RSSRUWXQLW\� RI� XWLOLVLQJ� WKUHH� PDLQ� V\VWHPV��HYDFXDWHG� WXEHV�� IODW� SODWH�� DQG� WUDFNHU� FRQFHQWUDWRUV�� � )RU� WKLV� FDVH� D� IODW� SODWH�FROOHFWRU� ZLOO� EH� XVHG� DV� SURSRVHG�� � )XUWKHUPRUH�� WKH� GHWDLOV� RI� WKH� SXPS� ZLOO� EH�GLVFXVVHG� LQ� WKH� SUHYDLOLQJ� FKDSWHU� DORQJ� ZLWK� WKH� SRVVLEOH� UHSODFHPHQW� RI� WKH�GLIIHUHQWLDO�FRQWUROOHU�ZLWK�D OLQHDU�FXUUHQW�ERRVWHU���
7KH� OD\RXW� RI� WKH� VRODU�ZDWHU� KHDWLQJ� V\VWHPV�ZLWK� D� FORVHG� ORRS� FDQ� EH� H[SODLQHG�ZLWK�WKH�DLG�RI�WKH�GLDJUDP��VKRZQ�EHORZ�LQ�ILJXUH������DQG�DOVR�WKURXJK�H[SODQDWLRQV�RI� WKH� FRPSRQHQWV� LQ� WKH� VRODU� ORRS� RI� WKH� V\VWHP�� � 7KH� ILQDOLVHG� V\VWHP� ZLOO� EH�DFKLHYHG�GHSHQGLQJ�RQ�WKH�SHUIRUPDQFH�RI�WKH�FROOHFWRUV�DW�GLIIHUHQW�DUHDV����� 6\VWHP�/D\RXW�DQG�&RPSRQHQWV
����� 6RODU�/RRS�/D\RXW

)LJXUH������/D\RXW�RI�FORVHG�ORRS�V\VWHP�ZLWK�DX[LOLDU\�ERLOHU



��

7KH�ZD\�LQ�ZKLFK�WKH�V\VWHP�ZRUNV�LV�LQ�IRXU�VWDJHV�� 7KH�FROOHFWRU SDQHOV�DUH�KHDWHG�E\�WKH�VRODU�HQHUJ\�DQG�KHDW�WKH�VROXWLRQ�RI�ZDWHU�DQG�*O\FRO�� 7KH�SXPS�LV�VZLWFKHG�RQ�E\�WKH�GLIIHUHQWLDO�FRQWURO�ZKHQ�WKH�WHPSHUDWXUH�DW�WKH�FROOHFWRU�RXWOHW�LV���q&�PRUH�WKDQ�WKDW�RI�WKH�KHDW�H[FKDQJHU�WDQN�� 7KLV�SXPSV�WKH�KRW�VROXWLRQ�IURP�WKH�FROOHFWRU�WKURXJK�WKH�KHDW�H[FKDQJHU��ZKLFK�KHDWV�WKH�ZDWHU�� :KHQ� WKH�ZDWHU� LV� GUDZQ�RII� WKURXJK� WKH�KRW� WDSV�RU�KHDWLQJ�V\VWHP�� WKH�FROG� ZDWHU� IURP� WKH� VWRUDJH� FLVWHUQ� IRUFHV� WKH� KRW� ZDWHU� IURP� WKH� KHDW�H[FKDQJHU� WR� WKH�DX[LOLDU\�ERLOHU�� �5HGXFLQJ�WKH�KHDW�UHTXLUHG�WR�UDLVH�WKH�WHPSHUDWXUH�RI�WKH�FRQYHQWLRQDO�ERLOHU�DV�WKH�ZDWHU�LV�SUH�KHDWHG�VRPHZKDW�DOUHDG\�� � 7KH� H[SDQVLRQ� YHVVHO� WDNHV� DQ\� H[SDQVLRQ� LQ� WKH� DQWLIUHH]H�FROOHFWRU�ORRS�
����� &ORVHG�/RRS�&RPSRQHQWV
������� ([SDQVLRQ�9DOYH7KH� H[SDQVLRQ� GHYLFH� LV� VL]HG� LQ� VXFK� D�ZD\�� WKDW� HYHQ� DIWHU� DQ� LQWHUUXSWLRQ� RI� WKH�SRZHU�VXSSO\�WR�WKH�FLUFXODWLRQ�SXPS�LQ�WKH�FROOHFWRU�ORRS�MXVW�ZKHQ�VRODU�LUUDGLDQFH�LV�PD[LPXP��RSHUDWLRQ�FDQ�EH�UHVXPHG�DXWRPDWLFDOO\�ZKHQ�SRZHU�LV�DJDLQ�DYDLODEOH���
)RU�VPDOO�FORVHG�V\VWHPV�ZKLFK�DUH�SURYLGHG�ZLWK�D�PHPEUDQH�H[SDQVLRQ�GHYLFH�DQG�LQ� ZKLFK� WKH� KHDW� WUDQVIHU� PHGLXP� FDQ� HYDSRUDWH� XQGHU� VWDJQDWLRQ� FRQGLWLRQV�� WKH�YROXPH�RI�H[SDQVLRQ�WR�EH�FRPSHQVDWHG�E\�WKH�H[SDQVLRQ�GHYLFH�VKRXOG�EH�HTXDO�WR�WKH� WRWDO� KHDW� WUDQVIHU� PHGLXP� FRQWHQWV� RI� WKH� ZKROH� FROOHFWRU� DUUD\� LQFOXGLQJ� WKH�FRQQHFWLRQ�SLSHV�EHWZHHQ�WKH�FROOHFWRUV��SOXV�����WR�DFFRXQW�IRU�WKH�H[SDQVLRQ�RI�WKH�KHDW�WUDQVIHU�PHGLXP�LWVHOI���
������� 'UDLQ�9DOYHV7KH� GUDLQ� YDOYHV� DUH� SRVLWLRQHG� WR� DOORZ� IRU�PDLQWHQDQFH� WR� WKH� V\VWHP�� �7KH�PRVW�DSSDUHQW�RI�WKHVH�LV�WKH�FKHFNLQJ�RI�WKH�*O\FRO�VROXWLRQ�DQG�UHSODFLQJ�LQ�WLPH���7KH\�DUH�DOVR�SRVLWLRQHG�HLWKHU�VLGH�RI�WKH�SXPS�DQG�KHDW�H[FKDQJHU�WR�DOORZ�IRU�LVRODWLRQ�



��

RI�HDFK�FRPSRQHQW��VR�WKDW� LQ�OLQH�FRPSRQHQWV�FDQ�EH�UHPRYHG�ZLWKRXW�GUDLQLQJ�WKH�HQWLUH�ORRS�
�������2WKHU�9DOYHV7KH�DLU�YDOYH�DQG�SUHVVXUH�UHOLHI��VDIHW\��YDOYH�LV�SUHFDXWLRQDU\�ZKHUH�WKHUH�LV�D�EXLOG�XS� RI� SUHVVXUH� FDXVHG� E\� DLU� DQG� RWKHU� EORFNDJHV�� � %ORFNDJHV� DUH� SRVVLEOH� WKURXJK�H[FHVV�KHDWLQJ�RI�WKH�*O\FRO�VROXWLRQ� 7KHVH�DUH�QRUPDOO\�LQ�WKH�IRUP�RI�VPDOO�EODFN�FDUERQ�GHSRVLWV�� QRW� WRR� VLPLODU� WR�D� VPDOO�PHOWHG� VZHHW�� �7KLV�YDOYH�FDQ�VLPSO\�EH�EOHG�ZKHQ�ILOOLQJ� WKH�V\VWHP�RU� WRSSLQJ�XS� WR�UHOLHYH�SUHVVXUH�� �+RZHYHU��EORFNDJHV�VKRXOG� EH� UHPRYHG�� � $� IXUWKHU� LQVWDQFH� RI� WKLV� LV�ZKHQ� WKH� KHDWLQJ�PHGLXP� LQ� WKH�FROOHFWRU� HYDSRUDWHV� LQ� FDVHV� RI� VWDJQDWLRQ�� VWHDP� PD\� UHDFK� KLJK� YHORFLWLHV� DQG�SUHVVXUH� SHDNV� PD\� RFFXU�� � )XUWKHUPRUH�� WKH� SUHVVXUH� UHOLHI� YDOYH� SUHYHQWV�FRPSRQHQWV�EHLQJ�SXW�XQGHU�PRUH�SUHVVXUH�WKDQ�DUH�VSHFLILHG�
7KH�QRQ�UHWXUQ�YDOYHV�DUH�VLPSO\�WR�SUHYHQW�EDFNZDUGV�IORZ�DW�WKH�ILOOLQJ�SRLQW�DQG�DW�WKH�HQWUDQFH�RI�WKH�FROOHFWRU��UHYHUVH�IORZ�SUHYHQWLRQ����7KDW�LV��LW�SUHYHQWV�KHDW�IURP�WKH�WDQN�ULVLQJ�WRZDUGV�WKH�FROOHFWRU�VKRXOG�WKH�WDQN�EH�ZDUPHU��L�H���DW�QLJKW�
������� )LOOLQJ�3RLQW7KH�ILOOLQJ�SRLQW�LV�ZKHUH�WKH�WRSSLQJ�XS�RU�ILOOLQJ�WKH�V\VWHP�ZLWK�WKH�*O\FRO�VROXWLRQ�FDQ�WDNH�SODFH���$�VHSDUDWH�ILOOLQJ�SRLQW�FDQ�EH�SODFHG�LQ�WKH�FLUFXLW�DW�RWKHU�SRLQWV�IRU�HDVH�DQG�DFFHVV��EXW�VKRXOG�UHPDLQ�LQ�WKH�V\VWHP�DV�D�VHSDUDWH�SRLQW���7KLV�ZLOO�DOORZ�IRU�IOXVKLQJ� WKH�V\VWHP�ZKHQ�UHTXLUHG�
������� &ROG�:DWHU�6WRUDJH�&LVWHUQ7KH�FROG�ZDWHU�VWRUDJH�LV�WKH�IHHG�WR�WKH�KHDW�H[FKDQJHU���7KLV�PXVW�EH�HQWHULQJ�DW�WKH�ERWWRP�ZKHUH�WKHUH�LV�OHVV�KHDW�DQG�VWUDWLILFDWLRQ���$OORZLQJ�IRU�WKH�KRWWHU�ZDWHU�WR�EH�GUDZQ�IURP�WKH� WRS�DQG� WKH�FROG�ZDWHU�DW� WKH�ERWWRP��DV�DQ\ZD\�HOVH�ZLOO�DIIHFW� WKH�SHUIRUPDQFH��DV�PRUH�PL[LQJ�ZLOO�RFFXU�� �$Q�H[DPSOH�RI�WKLV�LV�VKRZQ�LQ�ILJXUH�����EHORZ�� DOWKRXJK� WKH� GHILQHG� OD\HUV� DUH� QRW� SUHVHQW� LQ� SUDFWLFH�� DV� VWUDWLILFDWLRQ� GRHV�QRW�RFFXU�VR�ZHOO�GHILQHG�
� 6HH�VHFWLRQ�RQ�����PDLQWHQDQFH



��

)LJXUH������$Q�H[DPSOH�RI�VWUDWLILFDWLRQ
������� ,PPHUVLRQ�+HDWHU7KH� LPPHUVLRQ�KHDWHU� LV� LQFOXGHG� LQ� WKH�FLUFXLW� IRU� WKH� WLPHV�ZKHUH� WKH� V\VWHP�PD\�QRW�EH�KHDWLQJ�WKH�WDQN�WR�D�KLJK�HQRXJK�WHPSHUDWXUH��PRVW�OLNHO\�LQ�ZLQWHU�� �7KLV�LV�FRPPRQSODFH� RQ� PRVW� ERLOHUV�� DQG� WKH� 
7DQN� LQ� 7DQN
� V\VWHP� KDV� LW� LQFOXGHG� DV�QRUPDO�
������� +HDW�([FKDQJHU$�KHDW�H[FKDQJHU�LV�UHTXLUHG�LQ�DOO�FORVHG�ORRS�V\VWHPV�DQG�DOORZV�IRU�WKH�SRLVRQRXV�*O\FRO�VROXWLRQ�WR�EH�NHSW�VHSDUDWH�IURP�WKH�ZDWHU�V\VWHP���7KH�KHDW�H[FKDQJHU�LQ�WKLV�FDVH� KDV� RQH� FRLO�� FRQWDLQLQJ� WKH� KHDWLQJ� PHGLXP� RI� WKH� *O\FRO� VROXWLRQ�� � 3DVVLQJ�WKURXJK� WKH� FROG�ZDWHU� DW� WKH� ERWWRP�RI� WKH� WDQN� IURP� WKH� VWRUDJH� FLVWHUQ�� �7KH�KRW�ZDWHU�ULVHV�WR�WKH�WRS�DQG�LV�GUDZQ�RII�LQWR�WKH�DX[LOLDU\�ERLOHU���7KH�SHUIRUPDQFH�RI�WKH� KHDW� H[FKDQJHU� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ� ZKHQ� DVVHVVLQJ� WKH� RXWSXW� IURP� WKH�V\VWHP�� � +RZHYHU�� WKH� KHDW� H[FKDQJHU� ZLOO� QRW� VLJQLILFDQWO\� UHGXFH� WKH� FROOHFWRU�HIILFLHQF\�ZLWK�LQFUHDVLQJ�WKHLU�RSHUDWLQJ�WHPSHUDWXUH���
������� 'LIIHUHQWLDO�&RQWUROOHU$Q� HOHFWURQLF� GLIIHUHQWLDO� FRQWUROOHU� LV� GHVLJQHG� VSHFLILFDOO\� WR� UHJXODWH� WKH� VRODU�ORRS¶V� RSHUDWLRQ�� � ,WV� EDVLF� IXQFWLRQ� LV� WR� PRQLWRU� WKH� FROOHFWRU� DQG� VWRUDJH�



��

WHPSHUDWXUHV�� WKHQ� WR� DXWRPDWLFDOO\� WXUQ� WKH� FLUFXODWLRQ� SXPS� 21� RU� 2))� DW� WKH�DSSURSULDWH�WHPSHUDWXUH�GLIIHUHQFH��|r�q&�
��� 0DLQWHQDQFH$OWKRXJK�PDLQWHQDQFH�RI�WKH�VRODU�ZDWHU�KHDWLQJ�FORVHG�ORRS�V\VWHP�LV�UHODWLYHO\�ORZ��WKHUH�DUH�VRPH�DVSHFWV�WKDW�DUH�UHTXLUHG�DQG�PRQLWRUHG�RI�LQYROYLQJ�WKH�V\VWHP���
����� $QWLIUHH]H�6ROXWLRQ�± 3URS\OHQH�*O\FRO�>�@3HULRGLF�PDLQWHQDQFH�RI�*O\FRO�V\VWHPV�PXVW�DGGUHVV�WZR�WKLQJV��WKH�FRQGLWLRQ�RI�WKH�VROXWLRQ�DQG�WKH�KDUGQHVV�RI�WKH�ZDWHU���
������� S+�/HYHOV*O\FRO� VROXWLRQV� FDQ� WXUQ� DFLGLF� DIWHU� D� IHZ�\HDUV�RI�XVH�� �7KH�S+�RI� WKH�SURS\OHQH�*O\FRO��ZDWHU�VROXWLRQ�VKRXOG�EH�FKHFNHG�DQQXDOO\���7KH�VROXWLRQ�FDQ�EH�FKHFNHG�ZLWK�/LWPXV� SDSHU� RU� D� S+�PHWHU�� � 7RR� DFLGLF� VROXWLRQV� VKRXOG� EH� GUDLQHG�� SXUJHG�ZLWK�ZDWHU� DQG� UHILOOHG� ZLWK� D� QHZ� VROXWLRQ�� � ,I� WKH� V\VWHP� LV� QRW� XVHG� IRU� DQ� H[WHQGHG�SHULRG�RI� WLPH�� WKH�FROOHFWRU� ORRS�VKRXOG�EH�GUDLQHG�DQG�WKH�IOXLG�VWRUHG�RU�FRYHULQJ�WKH� FROOHFWRU� JOD]LQJ�� �2YHUKHDWLQJ� LQ� WKH� ORRS� DERYH� �������q&�XVXDOO\� FDXVHV� WKH�DFLGLF�VROXWLRQ�
������� )RUHLJQ�SDUWLFOHV�LQ�VRODU�ORRS7KLV� FDXVHV� KLJK� VRODU� FROOHFWRU� WHPSHUDWXUHV� RQ� KRW�� VXQQ\� GD\V� DQG� WKLV�� RYHU� D�SHULRG�RI� WLPH��FDXVHV�D�EUHDNGRZQ�LQ� WKH�*O\FRO�� � ,W�PD\�EHFRPH�EODFN��GXH�WR� WKH�FDUERQ�SDUWLFOHV��DV�ZHOO�DV�YHU\�DFLGLF���7KH�EODFN�SDUWLFOHV�FDQ�DFFXPXODWH�DW�D EHQG�RU�FUHYLFH�LQ�WKH�FROOHFWRU�ORRS�DQG�FDXVH�EORFNDJH�RI�IORZ���$�EORFNHG�FROOHFWRU�ORRS�FDQ�FDXVH�WKH�SXPS�WR�RYHUKHDW��ZKLFK�PD\�GHVWUR\�WKH�VHDOV��DQG�*O\FRO�WKHQ�OHDNV�IURP� WKH� SXPS�� � $FLGLF� *O\FRO� FDQ� HURGH� WKH� EUDVV� DQG� FRSSHU� FRPSRQHQWV� LQ� WKH�VRODU�ZDWHU�KHDWHU�
������� 6ROXWLRQ�PL[7KH� VROXWLRQ� PL[� VKRXOG� EH� RI� ���� 3URS\OHQH� *O\FRO� E\� YROXPH� ZLWK� ZDWHU���5HGXFWLRQ� LQ� WKLV� FDQ� OHDG� WR� IUHH]LQJ� LQ� VRPH� SDUWV� RI� WKH� V\VWHP� ZKHQ� WKH�WHPSHUDWXUH�LV�ORZ�RXWVLGH���3ODFLQJ�D�VDPSOH�YROXPH�LQWR�D�IUHH]HU�FRPSDUWPHQW�DQG�PHDVXULQJ� WKH� WHPSHUDWXUH� DW�ZKLFK� WKH� VDPSOH�EHFRPHV� D� VOXVK\� FRQVWLWXHQF\�PD\�



��

WHVW� WKH� KHDW� WUDQVIHU� IOXLG� IRU� WKLV�� � $�PRUH� DFFXUDWH� WHVWLQJ� UHTXLUHV� WKH� XVH� RI� D�UHIUDFWRPHWHU�� �7KH�FRPSDQ\�WKDW� LQVWDOOHG�WKH�V\VWHP�FDQ�RIWHQ�SHUIRUP�WKLV�VHUYLFH�IRU�D�VPDOO�IHH�
����� 3UHVVXUH�/RVV7KH�SUHVVXUH�LQ�WKH�V\VWHP�PD\�VKRZ�D�VOLJKW�IDOO�DIWHU�WKH�LQLWLDO�SHULRG�RI�RSHUDWLRQ��7KLV� LV� QRUPDO� DV� WKH� DHUDWHG� ZDWHU� JLYHV� RII� LWV� GLVVROYHG� JDVHV�� � 8QGHU� QRUPDO�RSHUDWLRQ�WKH�H[SDQVLRQ�YHVVHO�RU�PDNH�XS�FLVWHUQ�ZLOO�PDNH�XS�IRU�DQ\�SUHVVXUH�ORVV�GXH�WR�DHUDWHG�VROXWLRQ�RU�JDVVLQJ���+RZHYHU��LI�WKHUH�LV�D�VLJQLILFDQW�GURS�LQ�SUHVVXUH�RU�IOXLG�OHYHO�LW�PD\�EH�RQH�RI�WKH�IROORZLQJ��x 2YHUKHDWLQJ�PD\�RFFXU�GXULQJ�D�SHULRG�RI�KRW�ZHDWKHU�LI��IRU�VRPH�UHDVRQ��WKH�SXPS� LVQ
W� RSHUDWLQJ�� DQG� WKH� KHDW� WUDQVIHU� IOXLG� LV� WKHUHIRUH� QRW� EHLQJ�FLUFXODWHG�� � 7KHUPDO� HQHUJ\� LV� QRW� EHLQJ� UHPRYHG� IURP� WKH� FROOHFWRU� VR� WKH�ZDWHU� WHPSHUDWXUH� ZLOO� ULVH�� KHQFH� ZDWHU� YROXPH� DQG� V\VWHP� SUHVVXUH� ZLOO�LQFUHDVH�� � 7KLV� FRXOG� UHVXOW� LQ� WKH� UHOHDVH� RI� KRW� ZDWHU� RU� VWHDP� IURP� WKH�SUHVVXUH�UHOLHI�YDOYH�RU� WKH�DXWRPDWLF�PDQXDO�YHQW�� �:KHQ�WKH�V\VWHP�UHWXUQV�WR�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�WKH�SUHVVXUH�ZLOO�UHGXFH�GXH�WR�WKH�ORVV�LQ�IOXLG�YROXPH�x ,I� ZDWHU� LV� HVFDSLQJ� IURP� WKH� V\VWHP� WKH� YROXPH� RI� ZDWHU� LQ� WKH� V\VWHP�GHFUHDVHV�DQG�KHQFH�WKH�SUHVVXUH�IOXLG�OHYHO�ZLOO�GURS���,I�WKHUH�LV�D�OHDN�LQ�WKH�V\VWHP�LW�PD\�UHTXLUH�D�GUDLQ�GRZQ�DQG�UHSDLU�UHSODFH�IDXOW\�FRPSRQHQW��
,W�LV�XQOLNHO\�WKDW�DQ�H[SDQVLRQ�YHVVHO��LI�ILWWHG��ZLOO�GHYHORS�D�IDXOW���7KH�YHVVHOV�DUH�QRUPDOO\� IDFWRU\� FKDUJHG� WR� ���� EDUV� DQG� ZRXOG� EH� GRXEOH�FKHFNHG� SULRU� WR�LQVWDOODWLRQ�� � 7KH\� FDQ� EH� UHFKHFNHG�� LI� VXVSHFW�� ZLWK� D� VWDQGDUG� W\UH� JDXJH� E\�UHPRYLQJ�WKH�EODFN�FDS�RQ�WKH�HQG�RI�WKH�YHVVHO���7KLV�WHVW�VKRXOG�RQO\�EH�FDUULHG�RXW�ZKHQ� WKH�V\VWHP�LV�FRRO�DV� WKHUH� LV�D�GDQJHU�RI�VFDOGLQJ�VKRXOG�WKH�YHVVHO�EH�IDXOW\���$Q\� IOXLG�HVFDSLQJ�IURP�WKH� WHVW�YDOYH� LQGLFDWHV�D� OHDNLQJ�GLDSKUDJP�DQG� WKH�YHVVHO�VKRXOG�EH�UHSODFHG�
����� )OXVKLQJ,I� WKHUH� LV�D�KDUG�ZDWHU�FRQWHQW�UXQQLQJ�WKURXJK�WKH�KHDW�H[FKDQJHU�� WKH�WXEHV�LQVLGH�ZLOO�HYHQWXDOO\�VFDOH�XS��UHGXFLQJ�WKH�KHDW�WUDQVIHU�VXUIDFH�DUHD���$OWKRXJK�WKLV�VKRXOG�QRW�EH�WRR�PXFK�RI�D�SUREOHP�WKH�KHDW�H[FKDQJHU�VKRXOG�EH�FOHDQHG���,I�LW�LV�QRW�WDNLQJ�



��

DSDUW�� LW� LV� SRVVLEOH� WR� IOXVK� WKURXJK� DQG FRUUHFWHG� E\� D� OLJKW� DFLGLF� VROXWLRQ�� L�H���YLQHJDU�RU�7UL�6RGLXP�3KRVSKDWH���7KLV�VKRXOG�EH�FLUFXODWHG�XQWLO�WKH�DQ\�GHSRVLWV�DUH�JRQH�
����� 2WKHU�&RQVLGHUDWLRQV$SDUW�IURP�WKH�WZR�PDLQ�DUHDV�RI�FKHFNV��WKHUH�DUH�REVHUYDWLRQV�WKDW�FDQ�EH�PDGH�WKDW�ZLOO DOORZ�DOHUW�DQ\�FLUFXPVWDQFHV�DIIHFWLQJ�WKH�SHUIRUPDQFH�
������� ([WHUQDO�REVHUYDWLRQV2EVHUYDWLRQV�RI�WKH�V\VWHP�DV�VHHQ�IURP�RXWVLGH��,W�PD\�QRW�EH�QHFHVVDU\�WR�XVH�D�ODGGHU�IRU�WKLV�EXW�IURP�D�JRRG�YDQWDJH�SRLQW�ZLWK�RU�ZLWKRXW�ELQRFXODUV�

x 7KH�JOD]LQJ�VHDOV DUH�ZHDWKHU�WLJKW�x $OO�WKH�LQVXODWLRQ�LV�ILUPO\�DWWDFKHG�x 7KDW�WKHUH�LV�QR�HYLGHQFH�RI�VHULRXV�FRUURVLRQ�RU�SHUVLVWHQW�FRQGHQVDWLRQ�x $OO�FRYHUV��IL[LQJ�VFUHZV��HWF���DUH�LQ�SODFH�DQG�WKH�SDQHO�LV�VHFXUH�x 7KH�SDQHO�VHQVRU�LV�VHFXUH�LQ�WKH�SRFNHW�SURYLGHG�
������� ,QWHUQDO�2EVHUYDWLRQV2EVHUYDWLRQ�RI�WKH�LQWHUQDOO\�ZRUNLQJ�V\VWHP�FDQ�EH�OHVV�REYLRXV�EH�MXVW�DV�LPSRUWDQW�x $OO� DLU� KDV� EHHQ� H[SHOOHG� IURP� WKH� V\VWHP� �QRQH� REVHUYHG� LQ� IORZ�PHWHU�ZLQGRZ�RU�DXGLEOH�LQ�SXPS��x $OO�LQVXODWLRQ�LV�ILUPO\�LQ�SODFH�x 7KHUH�LV�QR�GDPDJH�WR�SLSH�ZRUN�x 7KHUH�LV�QR�HYLGHQFH�RI�OHDNV�x 7KH�V\VWHP�LV�DW�WKH�FRUUHFW�SUHVVXUHx (OHFWULFDO� FRQWUROV� DQG�RSHUDWLRQDO� LQGLFDWRUV� DUH�ZRUNLQJ�FRUUHFWO\�� UHIHUULQJ�WR�WKH�XVHU�PDQXDOx 7KH�VHQVRUV�DUH�VHFXUHO\�ILWWHG�LQWR�WKH�SRFNHWV�SURYLGHG�LQ�WKH�F\OLQGHU�x $OO�FRPSRQHQWV�DUH�VHFXUHO\�IL[HG�DQG�WKDW�DOO�FRYHUV��IL[LQJ�VFUHZV��HWF���DUH�SUHVHQW�x 7KH�SUHVVXUH�UHOLHI�YDOYH�UHOHDVHV�IOXLG�ZKHQ�EULHIO\�WZLVWHG�



��

��� /HJDO�5HTXLUHPHQWV7KH� IROORZLQJ� LV� D� OLVW� RI� UHOHYDQW� OHJDO� DVSHFWV� WR� FRQVLGHU�� DOWKRXJK� WKHVH� DUH� QRW�REVWUXFWLYH�WKH\�KDYH�WR�EH�FRQVLGHUHG���,Q�WKLV�FDVH�GXH�WR�WKH�ORFDWLRQ�DQG�SHUPLVVLRQ�IRU�DQ�H[WHQVLRQ�DOUHDG\�JUDQWHG��WKHUH�LV�QR�FDXVH�IRU�FRQFHUQV�
����� ,QVXUDQFH0RVW� GRPHVWLF� VRODU� ZDWHU� KHDWLQJ� V\VWHPV� DUH� DXWRPDWLFDOO\� LQFOXGHG� LQ� JHQHUDO�KRXVHKROG�SROLFLHV� DSDUW� IURP� IURVW� GDPDJH��+RZHYHU� LW� LV� UHFRPPHQG� WKDW� LQVXUHUV�DUH�EHVW�LQIRUPHG�LQ�ZULWLQJ�LQ�DQ\�FDVH�
����� 3ODQQLQJ0RVW� V\VWHPV� ILWWHG� WR� H[LVWLQJ� EXLOGLQJV� GR� QRW� QHHG� WR� LQYROYH� SODQQLQJ� FRQWUROV���7KH�H[FHSWLRQV�DUH LQ�FRQVHUYDWLRQ�DUHDV��QDWLRQDO�SDUNV�DQG�OLVWHG�EXLOGLQJV���,Q�WKHVH�FDVHV�WKH�ILUVW�VWHS�LV�WR�WDON�ZLWK�WKH�UHOHYDQW�ORFDO�SODQQLQJ�RIILFHU���7\SLFDOO\�LI�URRI�DHULDOV�� VDWHOOLWH� GLVKHV� RU� VN\OLJKWV� DUH� SHUPLWWHG� WKHQ� VR� WRR� FDQ� VRODU� FROOHFWRUV��6RPHWLPHV�WKH�SODQQLQJ�RIILFHUV�DUH�VLPSO\�XQDZDUH�RI�WKH�QHZ�GHVLJQV�DQG�SRVVLEOH�ORFDWLRQV�IRU�VRODU�FROOHFWRUV�
3ODQQHUV�QRUPDOO\�ZLOO�FRQVLGHU�WKH�IROORZLQJ��x $SSHDUDQFH�DQG�YLVXDO�LPSDFW�x ,PSDFW�FKDUDFWHU�RI�DUHD�x 9LVLELOLW\�IURP�URDG�x $UHD�LQ�UHODWLRQ�WR URRI�x 1HZ�EXLOGLQJV�QRUPDOO\�LQFOXGH�WKH�VRODU�V\VWHPV�DV�SDUW�RI�WKH�ZKROH�SODQQLQJ�DSSOLFDWLRQ�IRU�WKH�GHYHORSPHQW�x 7RZQ�	�&RXQWU\�SODQQLQJ��*3'2�������6FKHGXOH����3DUW����&ODVV�%��&�RU�(x 7RZQ�	�&RXQWU\�SODQQLQJ��*'2�������6FKHGXOH����3DUW��
3ROLF\�*XLGDQFH7KHUH�LV�LQFUHDVLQJ�RIILFLDO�SURPRWLRQ�RI�UHQHZDEOH�HQHUJ\�VRXUFHV�LQ�WKH�8.�DQG�(XURSHDQ�8QLRQ�'2(�33*���)HE�����'2(�33*���)HE������DQG�DQQH[HV�2&7�����
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(8�&RXQFLO�UHJXODWLRQV���������DQG���������5HVROXWLRQ����&��������5HFRPPHQGDWLRQ��������((&81�)UDPHZRUN�&RQYHQWLRQ�RQ�FOLPDWH�FKDQJH�����
5HOHYDQW�VWDQGDUGV%6�������������'RPHVWLF�KRW�ZDWHU�V\VWHPV+6&�$&23�/HJLRQHOORVLV�&RQWURO������&,%6(�PHPRUDQGD�µ0LQLPLVLQJ�WKH�ULVN�RI�/HJLRQDULHV¶�'LVHDVH������
(QIRUFHDEOH�OHJLVODWLRQ*��%XLOGLQJ�5HJ��������VRRQ�WR�EH�XSGDWHG/RFDO�ZDWHU�E\HODZV��7KH�ZDWHU�VXSSO\�UHJXODWLRQ������	������DPHQGPHQW�+HDOWK�6DIHW\�DW�ZRN�$FW������&RQWURO�RI�VXEVWDQFHV�� +D]DUGRXV�WR�+HDOWK�5HJXODWLRQV������



��

&KDSWHU���± 6RODU�3XPS
,W�LV�DSSDUHQW�WKDW�WKH�'&�HOHFWULFLW\�LV�XVHG�IRU�WKH�SXPS�DQG�LV�JRLQJ�WR�EH�SURGXFHG�E\� D� 39� FHOO�� � (YHQ� WKRXJK� WKLV� WDVN� LV� UHODWLYHO\� VLPSOH�� LW� LV� VWLOO� QHFHVVDU\� WR�FDOFXODWH�WKH�DPRXQW�RI�HQHUJ\�SURGXFHG�E\�WKH�39�FHOO�PDWFKHV�WKH�SXPS���7KH�'&�SXPS�FDQ�UXQ�EHWZHHQ����DQG����ZDWWV�DV�GHVFULEHG�HDUOLHU���+RZHYHU��WKLV�ZLOO�KDYH�WR�EH�PHW�E\�WKH�RXWSXW�RI�WKH�FHOO�� �7KHUHIRUH��ZH�FDQ�FDOFXODWH�WKH�39�RXWSXW�IURP�WKH� GDLO\� UDGLDWLRQ� GDWD�� � )XUWKHUPRUH�� LI� WRR� PXFK� LV� SURGXFHG� E\� WKH� 39� FHOO�� D�EXIIHULQJ� DUUDQJHPHQW� LQYROYLQJ� D�EDWWHU\�PD\�EH�QHFHVVDU\�� �$W� WKH� VDPH� WLPH� WKLV�ZLOO�DGGUHVV�WKH�XVH�RI�D�/LQHDU�&XUUHQW�%RRVWHU�
��� 39�&HOO8VLQJ� WKH� UHFRPPHQGHG� 39� FHOO� RI� VL]H� ��:�� ��9�� � ,W� LV� IHDVLEOH� WR� FDOFXODWH� WKH�HQHUJ\�IORZ�IURP�WKH�FHOO�� �7KLV�ZLOO�FRPH�RI�QR�FRQVHTXHQFH�LI� WKH�XVH�RI�D /LQHDU�&XUUHQW�%RRVWHU�LV�XVHG���+RZHYHU��LI�D�EDWWHU\�LV�XVHG�WR�EXIIHU�WKH�FROOHFWHG�RXWSXW�DOWKRXJK� WKLV� LV�QRW�D�XVXDO�PHWKRG�RI� LQFOXGLQJ�D�'&�SXPS�VLPSO\�GXH�WR� WKH�KLJK�FRVW�RI�D�EDWWHU\�
5HTXLUHG�HQHUJ\�IRU�HLJKW�KRXUV�UXQQLQJ�DW�WKH�QRUPDO���:��H[FOXGLQJ�VWDUW�XS�
4� ������� �����:
(QHUJ\�SURGXFHG�E\�39�FHOO�IRU�KRXUV�IRU�DQ�DYHUDJH�LQSXW�RI�����N:K�P�GD\���
4� �������� �����:
&KHFNLQJ�WKH�FXUUHQW�LQ�WKH�6\VWHP�
$V  �/RDG�������(+6:KHUH�� ���� DFFRXQWV� IRU� WKH� ORVVHV� DQG� (+6� LV� WKH� (TXLYDOHQW� KRXUV� RI� VXQVKLQH�N:K�P��GD\��
$V  ������������� ������$PSV



��

7KLV�ZLOO�EH�WKH�DSSUR[LPDWH�UXQQLQJ�FXUUHQW�RI�WKH�SXPS�7KHUH�LV�QR�FDVH�IRU�WR�LQFOXGLQJ�D�EDWWHU\�DORQJ�ZLWK�WKH�39�FHOO���7KH�PDLQ�UHDVRQ�LV�WKDW� WKH�RXWSXW�IRU� WKH�DYHUDJH�UXQQLQJ�ZLOO�EH�HQRXJK�DQG�WKH�LQFOXVLRQ�RI�WKH�/&%�ZLOO� HQDEOH� WKH� SXPS� WR� VWDUW� DQG� UHJXODWH� WKH� IORZ�� � 7KH� DGGLWLRQ� RI� D� YROWDJH�UHJXODWRU�ZLOO�SUHYHQW�EXUQLQJ�RXW�WKH�SXPS�RQ�VXQQ\�GD\V�
$Q�H[DPSOH�RI� WKH�/&%�UROH� LV�ZKHUH�WKH�YROWDJH�RQ�WKH�PRWRU�GURSV�GXH�WR�ODFN�RI�VRODU� SRZHU�� WKH� FXUUHQW� IURP� WKH� VRODU� SDQHOV� LQFUHDVHV� E\� DOPRVW� WKH� H[DFW� VDPH�SHUFHQWDJH�DV�WKH�GURS�LQ�YROWDJH�IURP�WKH�SDQHO�PD[LPXP�SRZHU�SRLQW�YROWDJH���7KLV�LV�/LQHDU�&XUUHQW�%RRVWLQJ�SOD\LQJ�LWV�SDUW���7KLV�FDQ�EH�LOOXVWUDWHG��ZKHUH�WKH�SXPS LV�UXQQLQJ�LQ�SDUWLDO�VXQ�DW���9�IURP�WKH�SDQHO�WKDW�KDV�D�0D[LPXP�SHDN�RI����9���PRWRU�DW� ���� SDQHO� YROWDJH�� WKH� FXUUHQW� ZLOO� EH� �� ;� WKH� SDQHO� FXUUHQW�� � ,I� WKH� SDQHO� LV�SURGXFLQJ� �� DPS� DW� UHGXFHG� VXQOLJKW�� WKH� PRWRU� FXUUHQW� ZLOO� EH� �� DPSV� SURYLGLQJ�TXDOLW\�WRUTXH�WR�NHHS�SXPSLQJ��HYHQ�LQ�WKH�UHGXFHG�VXQOLJKW����
����� &HOO�&KDUDFWHULVWLFV7KH�FHOO�SURSRVHG�LV� WKH�ZLGHO\�XVHG�%3�39�FHOO��%3����� �7KH�FKDUDFWHULVWLFV�RI�WKH�FHOO�FDQ�EH�VHHQ�EHORZ�LQ�WDEOH�����

&XUUHQW ����$3HDN�3RZHU ����:DWWV ��:/HQJWK �����PP:LGWK ����PP'HSWK ���PP:HLJKW ����NJ7DEOH������39�FHOO�FKDUDFWHULVWLFV



��

&KDSWHU���± 6\VWHP�3HUIRUPDQFH
7KH�SHUIRUPDQFH�RI� WKH� V\VWHP�ZLOO� EH� DVVHVVHG� IURP� WKH�HQHUJ\�DYDLODEOH� IURP� WKH�FROOHFWRU�DQG� WKH� WRWDO� UHTXLUHPHQW�� �)XUWKHUPRUH�� WKH�SHUIRUPDQFH�RI� WKH�SXPS�ZLOO�EH�DVVHVVHG�E\�WKH�WRWDO�HQHUJ\�SURGXFHG�IURP�WKH�39�FHOOV�DQG�WKH�HQHUJ\�UHTXLUHG�E\�WKH�SXPS���
,Q�DGGLWLRQ�WR�WKLV��WKH�µWDQN�LQ�WDQN¶�V\VWHP�ZLOO�QRW�EH�DVVHVVHG�IRU�DQ\�PRQH\�VDYHG�IRU� WZR�UHDVRQV�� LW� LV�SDUW�RI�D�VHSDUDWH�V\VWHP��DQG�WKHUH�LV�QR�DGGLWLRQDO�FRVWV�IURP�WKH� KHDWLQJ� V\VWHP� LWVHOI� DV� WKH� ERLOHU� WR� WKH� UDGLDWRUV� ZRXOG� EH� ILWWHG� UHJDUGOHVV���&RQVHTXHQWO\��LW�LV�WKH�YDOXH�RI�DGGLQJ�D�VRODU�ZDWHU�KHDWLQJ�V\VWHP�DQG�WKH�RSWLRQ�RI�D�39�GULYHQ�'&�SXPS�WKDW�LW�ZLOO�EH�MXGJHG�RQ���7KH�DGYDQWDJHV�WKDW�WKH�µWDQN�LQ�WDQN¶�V\VWHP�ZLOO�EH�LQVWHDG�GLVFXVVHG��DV�ZLOO�DQ\�MRLQW�EHQHILWV���
��� &ROOHFWRU�3HUIRUPDQFH
����� I�FKDUW�PHWKRG�>�@7KH�SHUIRUPDQFH�RI�WKH�V\VWHP�ZLOO�EH�DQDO\VHG�WKURXJK�WKH�DQQXDO�VDYLQJ�LQ�HQHUJ\�DQG� WKH� PRQH\� LW� ZLOO� VDYH�� � $QDO\VLV� RI� WKH� FROOHFWRU� SHUIRUPDQFH� KDV� EHHQ� GRQH�XVLQJ� WKH� I�FKDUW�PHWKRG�� GHYLVHG� E\�6RODU�(QHUJ\�/DERUDWRU\� DQG� LV� D�ZLGHO\�XVHG�PHWKRG�� � 7KH� I�FKDUW�PHWKRG� LV� WKH� VRODU� IUDFWLRQ� RI� XVHIXO� HQHUJ\� DJDLQVW� WKH� WRWDO�ORDG�� � 7KH� FDOFXODWLRQV� RI� XVLQJ� WKH� I�FKDUW� PHWKRG� DQG� WKH� ZRUNVKHHWV� XVHG� WR�FDOFXODWH� WKH� VRODU� IUDFWLRQ�FDQ�EH� VHHQ� LQ� WKH�DSSHQGLFHV�� �)LJXUHV����� WR�����EHORZ�VKRZ� WKH� SHUIRUPDQFH� RI� WKH� VRODU� FROOHFWRU� LQ� WHUPV� RI� WKH� VRODU� IUDFWLRQ� DQG� WKH�ORDGV�� �7DEOH�����EHORZ��VKRZV�WKH�DFWXDO�XVHIXO�RXWSXW�RI� WKH�FROOHFWRU�IRU�D� W\SLFDO�\HDU�� � 7KH� 'HJUHH� 'D\� ILJXUHV� ZHUH� WDNHQ� DV� WKH� WHQ�\HDU� DYHUDJH� IRU� WKH�:HVW� RI�6FRWODQG�� � 7KH� FDOFXODWLRQ� DOVR� WDNHV� WKH� JHQHUDOLVDWLRQ� WKDW� DYDLODEOH� UDGLDWLRQ� LV�FRQVWDQW�IRU�HDFK�GD\���+RZHYHU��IRU�VRODU�ZDWHU�KHDWLQJ�DVVHVVPHQWV�WKLV�DUUDQJHPHQW�LV�DFFHSWDEOH���7KH�VRODU�IUDFWLRQ��I��FDQ�EH�JLYHQ�E\�
I� �8VHIXO�6RODU�(QHUJ\�7RWDO�/RDG



��

2U�I� ������<�± �����;�± �����<� ���������;� ± ������<� IRU���<���DQG���;���
:KHUH�;�DQG�<�DUH�GLPHQVLRQOHVV�JURXS��DQG�DUH��UDWLR�RI� WKH�WRWDO�HQHUJ\�DEVRUEHG�RQ�WKH�FROOHFWRU�VXUIDFH�WR�WKH�WRWDO�KHDWLQJ�ORDG��DQG�UDWLR�RI�D�UHIHUHQFH�FROOHFWRU�ORVV�WR�WKH�WRWDO�KHDWLQJ�ORDG�UHVSHFWLYHO\�
;� �)58/�)5¶�)5��75() ± 7D�'7�$�/�<� �)5�WD�Q�)5¶��)5�>�WD����WD�Q@+7�$�/�

>�N:K�PRQWK�@0RQWK ��P� ��P� ��P� ��P�-DQXDU\ �����(�� �����(�� �����(�� �����(��)HEUXDU\ �����(�� �����(�� �����(�� �����(��0DUFK ���(�� ���(�� ���(�� ���(��$SULO ���(�� ���(�� ���(�� ���(��0D\ ���(�� ���(�� ���(�� ���(��-XQH ���(�� ���(�� ���(�� ���(��-XO\ ���(�� ���(�� ���(�� ���(��$XJXVW ���(�� ���(�� ���(�� ���(��6HSWHPEHU ���(�� ���(�� ���(�� ���(��2FWREHU �����(�� ���(�� ���(�� ���(��1RYHPEHU �����(�� �����(�� �����(�� �����(��'HFHPEHU �����(�� �����(�� �����(�� �����(��7DEOH������&ROOHFWRU�XVHIXO�2XWSXW



��

6RODU�)UDFWLRQ�IRU�D�W\SLFDO�\HDU�

����������������������������������������

-DQXDU\)HEUXD
U\ 0DUFK $SULO 0D\ -XQH -XO\ $XJXVW6HSWHP

EHU2FWREH
U

1RYHP
EHU
'HFHP

EHU
0RQWK

6RODU
�)UDF

WLRQ�

��P� ��P� ��P� ��P�
)LJXUH������6RODU�)UDFWLRQ�IRU�D�W\SLFDO�\HDU

$QQXDO�/RDG�)UDFWLRQ�DQG�FROOHFWRU�$UHD

����������������������������

�� �� �� �� �� ��&ROOHFWRU�$UHD�P�

$QQX
DO�/R

DG�)U
DFWLR

Q�
VXSS

OLHG�E
\�6RO

DU�(Q
HUJ\

)LJXUH������$QQXDO�ORDG�IUDFWLRQ�IRU�FROOHFWRU�DUHD



��

$FWXDO�/RDG�YHUVXV�3UHGLFWHG�/RDG

����(�������(�������(�������(�������(�������(�������(�������(�������(���

-DQXDU\ )HEUXD
U\ 0DUFK $SULO 0D\ -XQH -XO\ $XJXVW6HSWHP

EHU 2FWREH
U
1RYHP

EHU
'HFHP

EHU
0RQWK

N:K�
0WK

��P� ��P� ��P� ��P� 7RWDO�/RDG 'RPHVWLF�:DWHU�/RDG
)LJXUH�����$FWXDO�ORDGV�DQG�SUHGLFWHG�ORDGV�RI�FROOHFWRUV
$V� ZRXOG� EH� H[SHFWHG� WKH� SHDN� VRODU� IUDFWLRQ� RFFXUV� LQ� PLG�VXPPHU�� ZKHUH� OHVV�KHDWLQJ�LV�UHTXLUHG���+RZHYHU��WKH�SORW�RI�WKH�KHDWLQJ�V\VWHP�IRU�WKLV�SHULRG�ZRXOG�EH�VWLOO�FDOFXODWHG�EXW�JHQHUDOO\�WKH�6FRWWLVK�KHDWLQJ�VHDVRQ�LV�RQO\����ZHHNV�RI�WKH�\HDU���7KXV��ZH�FDQ�H[SHFW�WKH�KHDWLQJ�WR�EH�WXUQHG�RII�IRU�WKLV�SHULRG�DQG�RQO\�GRPHVWLF�KRW�ZDWHU� ZRXOG� EH� UHTXLUHG�� � 7KHUHIRUH�� LW� ZLOO� EH� QHFHVVDU\� WR� FKHFN� WKDW� WKH� VRODU�FROOHFWRU� ZLOO� QRW� H[FHHG� LWV� PD[LPXP� WHPSHUDWXUH� DW� WKH� SHDN� RI� VXPPHU� LI� QRW�HQRXJK�KRW�ZDWHU�LV�GUDZQ�RII���)XUWKHUPRUH��LW�FDQ�EH�VHHQ�WKDW�WKH�HIILFLHQF\�RI�WKH�FROOHFWRU� VL]H� GHWHULRUDWHV� VOLJKWO\�� � 7KLV� LV� GXH� WR� WKH� FDSDFLW\� RI� WKH� ODUJHU�DUUDQJHPHQWV�QRW�EHLQJ�PHW�IRU�WKH�ORQJ ZLQWHU�PRQWKV���&RQVHTXHQWO\��WKH�FROOHFWRU�VL]H�FKRVHQ�ZLOO�DFFRPPRGDWH�IRU�WKLV�DV�ZHOO�DV�WKH�VDYLQJ�DQG�SD\EDFN�
����� )XUWKHU�FRQVLGHUDWLRQ&KHFN�WKDW�PD[LPXP�WHPSHUDWXUH�GRHV�QRW�H[FHHG�OLPLWV
0HWKRG
7KH�PD[LPXP�VWDJQDWLRQ�WHPSHUDWXUH:KHQ�VWDJQDWLRQ�RFFXUV�WKH�RXWSXW�LV�HTXDO�WR�]HUR��



��

:KHUH�2XWSXW� �,QSXW�± /RVVHV�$QG� ,QSXW� �*$WD/RVVHV� �8$�7F ± 7D�7KHUHIRUH�,QSXW� �/RVVHV�*$WD  �8$�7F ± 7D�7KH�FROOHFWRU�WHPSHUDWXUH�7F FDQ�EH�FDOFXODWHG�IRU�DQ\�FRUUHVSRQGLQJ�GDWD�

:KHUH�8� �FROOHFWRU�8�YDOXH7D �DPELHQW�DLU�WHPSHUDWXUH
&DOFXODWLRQ)RU�WKH�ILUVW�KRXU��

$QG�UHSHDWLQJ�IRU�WKH�DGGLWLRQDO�VHYHQ�KRXUO\�UHDGLQJV�
&ROOHFWRU�7HPSHUDWXUH+RXU �qq&�� ������ ������ ������ ������ ������ ������ �����7DEOH������&ROOHFWRU�WHPSHUDWXUH�GXULQJ�SHDN�UDGLDWLRQ�OHYHOV

DF
DF

7�82.* 7
7�8$2.*$ 7

&7
78*7

F
DF

q � 
� 

������� ��������������
WD
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$IWHU� WKH� HLJKW� KRXUV� WKH� FROOHFWRU� WHPSHUDWXUH� VWDUWV� WR� GURS�� � )XUWKHUPRUH�� WKH�PD[LPXP� WHPSHUDWXUH� RI� �����q&� LV� QRW� DERYH� WKH� OLPLW� RI� WKH� FROOHFWRU�� ZKLFK� LV����q&�7KH�RYHUDOO��HIILFLHQF\�RI�FROOHFWRU�V\VWHP�LV�JLYHQ E\�
K&  �2XWSXW  �8VHIXO�2XWSXW,QSXW ,QSXW�5HTXLUHG�
7KH� LQSXW� LV�JLYHQ�DV� WKH� UHTXLUHG� LQSXW� IRU� WKH�V\VWHP��VKRZLQJ�ZKDW�SHUFHQWDJH�RI�HQHUJ\�LW�LV�FRQWULEXWLQJ�WR�WKH�ZKROH�V\VWHP��)RU�H[DPSOH���P��
K&  �����(��  ����� ����������(��
7KLV� DOVR� FRUUHVSRQGV� WR� WKH� VRODU� IUDFWLRQ� DV� WKH� XVHIXO� HQHUJ\� DJDLQVW� WKH� LQSXW�UHTXLUHG��WRWDO�ORDG��

��P� ���P� ���P� ���P�(IILFLHQF\ ��� ��� ��� ���
��� )LQDQFLDO�EHQHILWV�7KH�EHQHILWV�RI� WKH�V\VWHP�ZLOO�EH�FDOFXODWHG�IURP�WKH�VDYLQJV�PDGH�IURP�XVLQJ� WKH�VRODU�HQHUJ\�LQVWHDG�RI� WKH�JDV�SURYLGLQJ�WKH�HQHUJ\���7KH�FRVW�RI�WKH�V\VWHP�ZLOO�EH�DVVHVVHG�WR�JLYH�D�SD\EDFN�SHULRG��ZKHUH�WKH�V\VWHP�ZLOO�VWDUW�PDNLQJ�D�SURILW�IRU�WKH�RZQHUV�
����� 6DYLQJV7KH� VDYLQJV� IURP� LQVWDOOLQJ� WKH� V\VWHP�ZLOO� EH� FDOFXODWHG� IURP� WKH�GLVSODFHG�JDV� WR�SURGXFH�WKH�VDPH�DPRXQW�RI�HQHUJ\�
6DYLQJV� �HQHUJ\�GLVSODFHG��FRVW�RI�WKH�JDV� �WRWDO�HQHUJ\��I��FRVW��P� 6DYLQJV� ���������������������� �����



��

��P�  ��������������������� �������
��P�  ���������������������� ������
��P�  ��������������������� �������
39�&HOO
7KH� VDYLQJV� IURP� WKH� 39� LV� VLPSO\� WKH� HOHFWULFLW\� UHTXLUHG� WR� UXQ� WKH� SXPS��WKURXJKRXW�WKH�\HDU���(VWLPDWLQJ�WKH�SXPS�WLPH�RI���KRXUV�SHU�GD\�ZLOO�JLYH�
6DYLQJV� �WRWDO�HQHUJ\�XVHG� FRVW�RI�HOHFWULFLW\� �������������S�N:K
6DYLQJV� ������
7KLV� ILJXUH�LV�KLJK�GXH�WR� WKH�SXPS�QRW�RQ�FRQWLQXRXV�XVH�ZKHQ�VXSSOLHG�E\�DQ�$&�VXSSO\�DV� WKH�GLIIHUHQWLDO�FRQWUROOHU�RSHUDWHV� WKH�SXPS�� �7KHUHIRUH�� WDNLQJ�WKH�ZLQWHU�VXQVKLQH�RI���KRXUV� LQ� WRWDO�DQG���KRXUV� IRU�VXPPHU�SHULRG�� �7KHUHIRUH�� WKH�VDYLQJV�FDQ�EH�JLYHQ�DV�
6DYLQJV� ���������������������
6DYLQJV� �������
����� 6\VWHP�&RVWV6RODU�FROOHFWRU�V\VWHP
&ROOHFWRUV�RI��P� # ��������������SHU��P� WKHUHDIWHU

��P� ���P� ���P� ���P�7RWDO�&RVWV ������ ������ ������ ������



��

39�&HOO
39�&HOO �����/&%�	�9ROWDJH�5HJXODWRU ����
7RWDO�&RVW �����
����� 3D\EDFN
7KH�SD\EDFN� �7RWDO�&RVW���$QQXDO�VDYLQJV�
6RODU�V\VWHP ��P� ���P� ���P� ���P�3D\EDFN ����\HDUV ����\HDUV ����\HDUV �����\HDUV
:LWK�39�3XPS

��P� ���P� ���P� ���P�3D\EDFN ����\HDUV ����\HDUV �����\HDUV �����\HDUV
,W�LV�QRWLFHDEOH�WKDW�WKH�SD\EDFN�LV�VOLJKWO\�PRUH�ZLWK�WKH�DGGLWLRQ�RI�WKH�39�SRZHUHG�SXPS���7KLV�LV�EHFDXVH�WKH�SD\EDFN�SHULRG�IRU�WKH�SXPS�LV���\HDUV���+RZHYHU��DOO�WKH�V\VWHPV�ZLOO� SD\� IRU� WKHPVHOYHV� LQ� WKHLU� OLIHWLPH�ZLWK� WKH� W\SLFDO� IODW�SODWH�FROOHFWRU�ODVWLQJ����\HDUV���)XUWKHUPRUH��VHOHFWLQJ�WKH�ILQDO�VL]H�RI�WKH�FROOHFWRU�V\VWHP�LW�VHHPV�WKDW� WKH� VRODU� IUDFWLRQ� DV�ZHOO� DV� HIILFLHQF\� KDYH� UXOHG� RXW� WKH� ODUJHVW� FROOHFWRU� DUHD�FDOFXODWHG���0RUHRYHU��LW�KDV�OHIW�D�QDUURZ�FKRLFH�EHWZHHQ�WKH�QH[W�WZR�VL]HV�DV�ERWK�KDYH�DOPRVW�UHFHLYHG�WKH�VDPH�UHVXOWV���
/LIH�7LPH�VDYLQJV�����\HDUV�
/LIH�WLPH�VDYLQJ� ������ SD\EDFN���������I�
��P���/LIH�WLPH�VDYLQJV� �����������N:K



��

��P���/LIH�WLPH�VDYLQJV� ���������N:K
7KHUHIRUH�� DIWHU� ORRNLQJ�DW� WKH� ORQJ�WHUP�SHUIRUPDQFH� LW�ZRXOG�EH�D�EHWWHU�FKRLFH� WR�RSW�IRU�WKH���P� FROOHFWRU�DQG�UHFHLYH�D�OLIHWLPH�JDLQ�RI�����RYHU�WKH���P��7KH�ILQDO�DUUDQJHPHQW�IRU�WKH�VRODU�FLUFXLW�FDQ�EH�VHHQ�LQ�ILJXUH�����

)LJXUH������)LQDOLVHG�VRODU�FLUFXLW�OD\RXW



��

&RQFOXVLRQ
5HQHZDEOH�HQHUJ\�JHQHUDWLRQ�KDV�HYROYHG�DQG�PDWXUHG�VLQFH�WKH�HDUO\�SURWRW\SHV�DQG�DUH�VWDUWLQJ�WR�VLJQLILFDQWO\�FRQWULEXWH� WR�WKH�8.¶V�HQHUJ\�VXSSO\���+RZHYHU��WKHUH�LV�VXEVWDQWLDO�SRWHQWLDO�LQ�WKLV�FRXQWU\�EXW�WKDW�KDV�\HW�WR�EH�UHFRJQLVHG���7KLV�KDV�VKRZQ�WKURXJK� JHQHUDO� REVHUYDWLRQ� ZLWK� RWKHU� FRXQWULHV�� L�H��� 'HQPDUN� DQG� 6ZHGHQ� >��@���:KHUH� WKH\� KDYH� GHYHORSHG� WKLV� WHFKQRORJ\�ZLWK� JUHDW� VXFFHVV� E\� EHQHILWLQJ� LQ� WKH�ORQJ�WHUP�EXGJHW�DQG�KHDOWK�RI�WKH�FRXQWU\���,W�ZRXOG�DSSHDU�WKDW�WKH�JRYHUQPHQW�KDV�WR�FRQWLQXH�LWV�VXSSRUW��ZKLFK�LW�FDQQRW�GR�WR�GXH�WR�FRPPLWPHQWV�DQ\ZD\��DQG�VKRZ�FOHDUO\�WKH�ZD\�WR�JR���,W�LV�LQFUHDVLQJO\�UHFRJQLVHG�WKDW�UHQHZDEOH�HQHUJ\�VRXUFHV�FDQ�KDYH� D� QXPEHU� RI� SRVLWLYH� EHQHILWV� LQFOXGLQJ� WKH� HQYLURQPHQW�� WKH� HFRQRP\� DQG�FRPSHWLWLYHQHVV��
7KH� HQYLURQPHQWDO� EHQHILWV� DUH� ZHOO� NQRZQ� ZLWK� UHODWLYHO\� ORZ� HQYLURQPHQWDO�LPSDFWV�� DQG� LQ� WKHLU� RSHUDWLRQ� WKH\� SURGXFH� OLWWOH� WR� QR� HPLVVLRQ� RI� WKH SROOXWLQJ�JDVHV�LQ�SDUWLFXODU�&2� DQG�RWKHU�JUHHQKRXVH�JDVHV���7KH�HFRQRPLF�EHQHILWV�DUH�RIWHQ�ORQJ�WHUP��JUHDWHU�WKDQ�ILYH�\HDU��EXW�D�UHFHQW�VWXG\�VKRZHG�WKDW�DQ\�UHQHZDEOHV�DGGHG�WR�D�KRXVH�LPPHGLDWHO\�JDLQ�WKH�YDOXH�RI�WKH�FRQVWUXFWLRQ�WR�SURSHUW\�SULFH�>�@���7KH�EHQHILW� IRU� GHYHORSLQJ� FRXQWULHV� DOVR�� DV� LW� DOORZV� IRU� VXSSO\� WR� RFFXU� ORFDOO\� DQG�SUHYHQW�EX\LQJ�LQ�
7KH�FRPSHWLWLYHQHVV�RI�D�PDUNHW�SODFH�GULYHV�GRZQ�WKH�SULFH�RI�V\VWHP�EXW�DOVR�ZLWK�UHQHZDEOHV� EULQJ� VHFXULW\� DV�ZHOO� DV� GLYHUVLW\� RI� WKH� VXSSO\� WKURXJK� D� UHGXFWLRQ� RQ�LPSRUWV�� � ,Q� DGGLWLRQ� WR� WKLV� WKH� FRPSHWLWLYHQHVV� DOVR� RSHQV� RSSRUWXQLW\� IRU� MRE�SURVSHFWV�DV�ZHOO�DV�H[SRUWLQJ�WR�FRXQWULHV�WKDW�DUH�HYHQ�IXUWKHU�EHKLQG�LQ�UHQHZDEOHV�&RQVHTXHQWO\�� WKHUH� DUH� EDUULHUV� WKDW� QHHG� WR� EH� RYHUFRPH� EHIRUH� WKH� WUXH� EHQHILWV�UHDFK� WKHLU� SRWHQWLDO�� � 7KHVH� LQFOXGH� WKH� VRFLDO�� WHFKQLFDO�� HFRQRPLF� DQG� OHJLVODWLYH�KXUGOHV�� �$V�ZLWK�WKH�ODFN�RI�H[SHULHQFH�LQ�FRPSO\LQJ�ZLWK�SODQQLQJ�UHJXODWLRQV�DQG�JDLQLQJ�SXEOLF�DFFHSWDQFH�VWURQJO\�LQIOXHQFHV�WKH�LQLWLDO�PDUNHW�VXFFHVV���)XUWKHUPRUH��WKH� QHHG� WR� LPSURYH� WKH� WHFKQLFDO� DQG� ILQDQFLDO� SHUIRUPDQFHV� LQ� VXFK� DUHD� DV�FRQYHUVLRQ�HIILFLHQF\��UHOLDELOLW\�DQG�WKHLU�LQWHJUDWLRQ�WR�WKH�JULG��WR�QDPH�D�IHZ��FDQ�RQO\�EXW�KHOS�WKHLU�SURPRWLRQ�DQG�SRVLWLRQ�LQ�WKH�IXWXUH���



��

7KH� JRYHUQPHQW� LV� GLUHFWO\� LQIOXHQFLQJ� WKH� RWKHU� IDFWRUV� PHQWLRQHG�� HFRQRPLF� DQG�OHJLVODWLYH� EDUULHUV�� DV� WKH\� KDYH� FRQWURO� RYHU� WKH� VXEVLGLHV� DQG� WKH� H[WHUQDO� FRVWV�LQYROYHG��ZKLFK�WR�DIIHFW�WKH�SULFHV�REWDLQDEOH�WKURXJK�UHQHZDEOH�HQHUJ\���)LQDOO\��WKH�OHJLVODWLYH�EDUULHU�LV�FDXVHG�E\�ODFN�RI�LQIRUPDWLRQ�DQG�KLJK�WUDQVDFWLRQ�FRVWV�
&RQWUDU\�WR�WKLV��UHQHZDEOH�HQHUJ\�WHFKQRORJ\�LV�H[SHFWHG�WR�JDLQ�PDUNHW�SODFH�WR�WKH�H[WHQW� WKDW� E\� WHQ� \HDUV� WLPH� ����RI� WKH�8.¶V� HQHUJ\� XVH�ZLOO� EH� IURP� UHQHZDEOHV�ZLWK�D�FXUUHQW�SRVLWLRQ�RI�DURXQG����DQG����LQ�����>��@�� �7KLV�PD\�VORZ�RQFH�WKLV�WDUJHW� KDV� EHHQ� DFKLHYHG� WKURXJK� RXU� JRYHUQPHQW� DFWLYH� QXFOHDU� SURJUDP� WKDW�JXDUDQWHHV�GHPDQG�XQWLO� WKHLU�HQG�OLIH� LV�QHDU�DQG�DOVR�ODFN�LQ�SDVW�DGYDQFHV�EH\RQG�QHHG���
7KLV� SURMHFW� KDV� VKRZQ� WKDW� UHQHZDEOH� WHFKQRORJ\� FDQ� EH� XWLOLVHG� WKURXJK� JHQHUDO�KRXVHKROG�QHHGV���+RZHYHU��LW�DOVR�VKRZV�WKH�IHDVLELOLW\�RI�VXFK�RSWLRQV�DQG�KRZ�WKH\�DUH� UHVWULFWLYH� LQ� VRPH� FLUFXPVWDQFHV� EXW� PDLQO\� WKURXJK� FRVW� UDWKHU� WKDQ� DWWLWXGH���7KLV�DVVHVVPHQW�RI�D�VRODU�KHDWLQJ�DUUDQJHPHQW�KDV�PDQ\�DGYDQWDJHV�WKDW�DUH�UHOHYDQW�WR�DFFHVVLQJ�VRODU�ZDWHU�KHDWLQJ�DQG�UHQHZDEOH�WHFKQRORJ\�
,Q�WKLV�SDUWLFXODU�FDVH��WKH�SD\EDFN�RI�WKH�V\VWHP�LV�RQH�TXDUWHU�RI�LWV�H[SHFWHG�OLIH�����\HDUV�� � 7KLV� V\VWHP�ZLOO� SURYLGH� SURILW�� H[FOXVLYH� RI� DQ\� YDOXH� RQ� WKH� KRXVH�� � 7KLV�V\VWHP� ZLOO� KDYH� D� UHWXUQ� RI� WKUHH� WLPHV� WKH� LQLWLDO� LQYHVWPHQW� IRU� D� ���\HDU� OLIH���7KHUHIRUH�� WKH� V\VWHP� ZLOO� QRW� RQO\� GHOLYHU� VDYLQJV� EXW� DOVR� SURILW� IRU� WKH� RZQHUV���0RUHRYHU��WKLV�VKRZV�WKDW�D�VRODU�ZDWHU�KHDWLQJ�V\VWHP�IRU�WKH�:HVW�&HQWUDO�6FRWODQG�LV�YHU\�YLDEOH�GXH�WR�LWV�HIIHFWLYHQHVV�DQG�SURILWDELOLW\�
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5HIHUHQFHV�DQG�%LEOLRJUDSK\�
5HIHUHQFHV>�@ 5HQHZDEOH�(QHUJ\��$�3RZHU�IRU�D�6XVWDLQDEOH�)XWXUH9DULRXV�&RQWULEXWRU¶V (GLWHG�E\�*RGIUH\�%R\OH7KH 2SHQ�8QLYHUVLW\�	�2[IRUG�8QLYHUVLW\�3UHVV ����>�@ ZZZ�WKHUPRPD[�FRP>�@ ZZZ�HUHQ�GRH�JRY>�@ 6RODU�KHDWLQJ�GHVLJQ�E\�I�FKDUW�PHWKRG%HFNPDQ��.OHLQ�DQG�'XIILH� 'HYLVHG�E\�WKH�6RODU�(QHUJ\�/DERUDWRU\-RKQ�:LOH\�DQG�6RQV ����>�@ ZZZ�DFY�EH>�@ ZZZ�PHWRIILFH�FRP>�@ $(6��6FRWODQG>�@ ZZZ�P\VRQ�FRP>�@ %XLOGLQJ�6HUYLFHV�DQG�(TXLSPHQW)��+DOO9ROXPH�2QH��7ZR�DQG�7KUHH/RQJPDQ�6FLHQWLILF�	�7HFKQLFDO>��@ 1HZ�	�5HQHZDEOH�(QHUJ\��3URVSHFWV�IRU�WKH���VW &HQWXU\'HSDUWPHQW�RI�WUDGH�DQG�,QGXVWU\ ����>��@ ZZZ�GWL�JRY�XN
%RRNV��%URFKXUHV�DQG�$UWLFOHV
6RODU�5DGLDWLRQ�DQG�'D\OLJKW�0RGHOV�IRU�WKH�(QHUJ\�(IILFLHQW�'HVLJQ�RI�%XLOGLQJV7��0XQHHU%XWWHUZRUWK�+HLQHQPDQQ ����
5HQHZDEOH�(QHUJ\�5HVRXUFHV-RKQ�7ZLQGHOO�DQG�7RQ\�:HLU(��	�)��1��6RQ�/WG ����

http://www.dti.gov.uk/
http://www.myson.com/
http://www.metoffice.com/
http://www.acv.be/
http://www.eren.doe.gov/
http://www.thermomax.com/


��

,QIRUPDWLRQ�6RXUFHV�LQ�(QHUJ\�7HFKQRORJ\9DULRXV�&RQWULEXWRU¶V (GLWHG�E\�/��-��$QWKRQ\%XWWHUZRUWK�	�&R�/WG ����
$GYDQFHV�LQ�6RODU�(QHUJ\��$Q�$QQXDO�5HYLHZ�RI�5HVHDUFK�DQG�'HYHORSPHQW�9ROXPH���9DULRXV�&RQWULEXWRU¶V (GLWHG�E\�.DUO�:��%|HU$PHULFDQ�6RODU�(QHUJ\�6RFLHW\��,QF� ����
*HQHUDWLQJ�(OHFWULFLW\�IURP�WKH�6XQ9DULRXV�&RQWULEXWRU¶V (GLWHG�E\�)UHG�&��7UHEOH3HUJDPRQ�3UHVV ����
5HQHZDEOH�(QHUJ\��$�3RZHU�IRU�D�6XVWDLQDEOH�)XWXUH9DULRXV�&RQWULEXWRU¶V (GLWHG�E\�*RGIUH\�%R\OH7KH�2SHQ�8QLYHUVLW\�	�2[IRUG�8QLYHUVLW\�3UHVV ����
(QHUJ\�IURP�WKH�6XQ�����(DV\�6RODU�3URMHFWV,VDDF�5��+ROVWURHPQ7$%�%RRNV�,QF� ����
$SSOLHG�6RODU�(QHUJ\'DYLG�.XW�	�*HUDUG�+DUH%XWWHUZRUWKV ����
<RXU�6RODU�(QHUJ\�+RPH'��+RZHOO3HUJDPRQ�3UHVV ����
1HZ�/RZ�&RVW�6RXUFHV�RI�(QHUJ\�IRU�WKH�+RPH3HWHU�&OHJJ*DUGHQ :D\ ����



��

,QYHVWPHQW�LQ�5HQHZDEOH�(QHUJ\2UJDQLVHG�E\�WKH�(QHUJ\�&RPPLWWHH�RI�WKH�,QVWLWXWH�RI�0HFKDQLFDO�(QJLQHHUV3URIHVVLRQDO�(QJLQHHULQJ�3XEOLVKLQJ ����
(QHUJ\��6RFLHW\�DQG�(QYLURQPHQW��7HFKQRORJ\�IRU�D�6XVWDLQDEOH�)XWXUH'DYLG�(OOLRW5RXWOHGJH�/RQGRQ�DQG�1HZ�<RUN ����
7KH�'HYHORSPHQW�DQG�7HVWLQJ�RI�D�)UHH]H�7ROHUDQW�6RODU�:DWHU�+HDWHU3UHVHQWDWLRQ�3DSHU�E\�.HUU�0DF*UHJRU��1DSLHU�8QLYHUVLW\ ����3UHVHQWHG�DW�1257+�681���
&OHDQ�(QHUJ\�IRU�D�6XVWDLQDEOH�)XWXUH1DWLRQDO�:LQG�3RZHU7HFKQLFDO�%URFKXUH%URFKXUH
/HFWXUH�1RWHV�± 6RODU�:DWHU�+HDWLQJ0RGXOH�± %XLOGLQJ�DQG�(QYLURQPHQWDO�(QJ���%/HFWXUHU��.HUU�0DF*UHJRU
7KH�'HVLJQ�DQG�6L]LQJ�RI�6RODU�7KHUPDO�6\VWHPV7��$JDPL�5HGG\2[IRUG�6FLHQFH�3XEOLFDWLRQV
%XLOGLQJ�6HUYLFHV�DQG�(TXLSPHQW)��+DOO9ROXPH�2QH��7ZR�DQG�7KUHH/RQJPDQ�6FLHQWLILF�	�7HFKQLFDO
6RODU�5HWURILW�± $GGLQJ�6RODU�WR�\RXU�+RPH'DQLHO�.��5HLI%ULFN�+RXVH�3XEOLVKLQJ



��

6RODU�(QHUJ\�LQ�%XLOGLQJ�5HQRYDWLRQ,QWHUQDWLRQDO�(QHUJ\�$JHQF\-DPHV�DQG�-DPHV�/WG
(QHUJ\�(IILFLHQW�'RPHVWLF�:HW�&HQWUDO�+HDWLQJ�6\VWHPV'HSDUWPHQW�RI�(QHUJ\&URZQ�3XEOLVKLQJ
:HE�6LWHV�ZZZ�SURYHQHQHUJ\�FRP
ZZZ�FUHVW�FRP
KWWS���VROVWLFH�FUHVW�RUJ
ZZZ�DOWHQHUJ\V\V�FRP
ZZZ�HUHQ�GRH�JRY
ZZZ�HQHUJ\VRXUFHJXLGHV�FRP
ZZZ�DOPDF�FR�XN
ZZZ�DWD�RUJ�DX
ZZZ�QUHO�JRY
ZZZ�JUHHQEXLOGHU�FRP
ZZZ�ZODNH�FRP
ZZZ�HQHUJ\�ZVX�HGX
ZZZ�YDVFRVRODU�FRP
ZZZ�VRODU�WHF�FRP
ZZZ�UQS�RUJ
ZZZ�HOGHUV�FRP
ZZZ�VRODUVHUYLFHV�FRP
ZZZ�VRODUSROLV�GH

http://www.solarpolis.de/
http://www.solarservices.com/
http://www.elders.com/
http://www.rnp.org/
http://www.solar-tec.com/
http://www.vascosolar.com/
http://www.energy.wsu.edu/
http://www.wlake.com/
http://www.greenbuilder.com/
http://www.nrel.gov/
http://www.ata.org.au/
http://www.almac.co.uk/
http://www.energysourceguides.com/
http://www.eren.doe.gov/
http://www.altenergysys.com/
http://solstice.crest.org/
http://www.crest.com/
http://www.provenenrgy.com/
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ZZZ�WKHUPR�G\QDPLFV�FRP
ZZZ�WKHUPRPD[�FRP
ZZZ�P\VRQ�FRP
ZZZ�DFY�XN�FRP
ZZZ�PHWRIILFH�FRP
ZZZ�GWL�JRY�XN

http://www.dti.gov.uk/
http://www.metoffice.com/
http://www.acv-uk.com/
http://www.myson.com/
http://www.thermomax.com/
http://www.thermo-dynamics.com/
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$GGUHVVHV
3URYHQ�(QJLQHHULQJ�3URGXFWV�/WG�0RRUILHOG�,QGXVWULDO�(VWDWH.LOPDUQRFN$U\VKLUH.$���%$7HOHSKRQH��������������)D[���������������(�PDLO��JSURYHQ#SURYHQHQHUJ\�FRP
$(6�/WG$(6�%XLOGLQJ��/HD�5G)RUUHV0RUD\VKLUH,9����$87HOHSKRQH��������������)D[��������������(�PDLO��DHV#IUHHQHW�FR�XN
$&9�8.�/WG6W��'DYLG¶V�%XV�3DUN'DOJHW\�%D\)LIH.<����3)7HOHSKRQH��������������)D[��������������(�PDLO��LQIRUPDWLRQ#DFY�XN�FRP

mailto:gproven@provenenergy.com
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$SSHQGL[�,�± &DOFXODWLRQV�	�:RUNLQJV
(QHUJ\�UHTXLUHG�IRU�D�KRW�ZDWHU�EDWK�RI����OLWUHV�&KDSWHU���± ,QWURGXFWLRQ� �

N:44
N:7P&4 S

� ���� ������������
  

' 

(QHUJ\�UHTXLUHG�IRU�WKH�DYHUDJH�KRW�ZDWHU�FRQVXPSWLRQ�&KDSWHU���± ������+RW�:DWHU� �
N:44

N:7P&4 S

����� ���� ������������
  

' 

7KH�WRWDO�FDSDFLW\�UHTXLUHG�RI�WKH�ERLOHU�&KDSWHU���± ������7RWDO�:DWHU�+HDWLQJ�5HTXLUHPHQWV7RWDO�+HDW�ORVV�IURP�WKH�EXLOGLQJ �������:,QWHUPLWWHQW�&RUUHFWLRQ������KHDW�ORVVHV� ������:'RPHVWLF�+RW�ZDWHU �������:3LSH�/RVVHV������RI�WRWDO� ������:
5HTXLUHG�%RLOHU�2XWSXW �������:
([FOXVLYH�RI�DQ\�VHYHUH�KHDWLQJ�UHTXLUHPHQWV�QHHGHG��L�H���XQH[SHFWHG�EDG�ZHDWKHU�
$OWHUQDWLYHO\�&DSDFLW\�RI�WKH�ERLOHU� �WRWDO�KHDWLQJ�FDSDFLW\���WRWDO�GRPHVWLF�KHDWLQJ�ORDG ����N:������N: ����N:
,QFOXVLYH�RI�DQ\�VHYHUH�KHDWLQJ�UHTXLUHPHQWV�



��

I�FKDUW�PHWKRG�RI�FROOHFWRU¶V�SHUIRUPDQFH&KDSWHU���± ����&ROOHFWRU�3HUIRUPDQFH
6RODU�+HDWLQJ�'HVLJQ�%\�I�� &KDUW�0HWKRG+HDWLQJ�/RDGV

:DWHU�8VDJH� $PRXQW�XVHG� 6SHFLILF�+HDW &KDQJH�LQ�7�SHU�GD\ [ &DSDFLW\ [ �7Z�� 7P�  -�'D\
'HVLJQ�6SDFH�+HDWLQJ�/RDG�>:@ ������8$� 'HVLJQ�7HPSHUDWXUH�'LIIHUHQFH�>qq&`  ��  �������:�qq&

:DWHU�8VDJH� $PRXQW�XVHG� 6SHFLILF�+HDW &KDQJH�LQ�7�  SHU�GD\ [ &DSDFLW\ [ �7Z�� 7P� -�'D\
:DWHU�8VDJH� ��� �� �����(���>OLWUHV�GD\@����� [ ���� [ >-�OLWUH@�  >-�'D\@

0RQWK 'RPHVWLF�:DWHU�/RDG�>-�0RQWK@ 'D\V�SHU�0RQWK-DQXDU\ ����(��� ��)HEUXDU\ ����(��� ��0DUFK ����(��� ��$SULO ����(��� ��0D\ ����(��� ��-XQH ����(��� ��-XO\ ����(��� ��$XJXVW ����(��� ��6HSWHPEHU ����(��� ��2FWREHU ����(��� ��1RYHPEHU ����(��� ��'HFHPEHU ����(��� ��7RWDO ����(��� ���



��

6RODU�+HDWLQJ�'HVLJQ�%\�I�� &KDUW�0HWKRG,WHPV�PDNLQJ�;�DQG�<
)58/ �)
5�)5�  ���  ���  ����
)5�WWDD�1�)
5�)5�  ����

0RQWK 6HF�PWK �����7$��>&@ ;�$>O�P�@ �WD���WD�1 'DLO\�5DGLDWLRQ�RQ�FROOHFWRU>-�P��'D\@ <�$�>O�P�@-DQXDU\ ����(��� ���� ���� ���� ����(��� ������)HEUXDU\ ����(��� ���� ���� ���� ����(��� ������0DUFK ����(��� ���� ���� ���� ����(��� ������$SULO ����(��� ���� ���� ���� ����(��� ������0D\ ����(��� ���� ���� ���� ����(��� ������-XQH ����(��� ���� ���� ���� ����(��� ������-XO\ ����(��� ���� ���� ���� ����(��� ������$XJXVW ����(��� ���� ���� ���� ����(��� ������6HSWHPEHU ����(��� ���� ���� ���� ����(��� ������2FWREHU ����(��� ���� ���� ���� ����(��� ������1RYHPEHU ����(��� �� ���� ���� ����(��� ������'HFHPEHU ����(��� ���� ���� ���� ����(��� ������



��

6RODU�+HDWLQJ�'HVLJQ�%\�I�� &KDUW�0HWKRG6RODU�+HDWLQJ�/RDG�)UDFWLRQ
&RUUHFWHG &RUUHFWHG $UHD� ����>P�@ 6RODU�/RDG $UHD� ����>P�@ 6RODU�/RDG0RQWK ;�$ <�$ ; < I >N:K@ ; < I >N:K@-DQXDU\ ���� ������ ���� ���� ���� �����(�� ���� ���� ���� �����(��)HEUXDU\ ���� ������ ���� ���� ���� �����(�� ���� ���� ���� �����(��0DUFK ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��$SULO ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��0D\ ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��-XQH ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��-XO\ ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��$XJXVW ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��6HSWHPEHU ���� ������ ���� ���� ���� ���(�� ���� ���� ���� ���(��2FWREHU ���� ������ ���� ���� ���� �����(�� ���� ���� ���� ���(��1RYHPEHU ���� ������ ���� ���� ���� �����(�� ���� ���� ���� �����(��'HFHPEHU ���� ������ ���� ���� ���� �����(�� ���� ���� ���� �����(��7RWDO ����(��� ����(���

$QQXDO�)UDFWLRQV�E\�VRODU� � ����� �����



��

$SSHQGL[�,,�± 'HJUHH�'D\�,QIRUPDWLRQ
7HQ�\HDU�DYHUDJH�PRQWKO\�GHJUHH�GD\�YDOXHV���������������������������������������������������������������������������������������������+HDWLQJ������������ &RROLQJ0RQWK��������5HJLRQ������ ����&� ����&� ����&�������&� ���&� �����&���������������������������������������������������������������������������������������������-DQ���((2��:�6FRWODQG������ ������ ������ ��������������� ����� ���)HE���((2��:�6FRWODQG������ ������ ������ ��������������� ����� ���0DU���((2��:�6FRWODQG������ ����� ������ ��������������� ����� ���$SU���((2��:�6FRWODQG������ ������ ������� ��������� ���� ������ ���0D\���((2��:�6FRWODQG������ ������ ������� �������� ����� ������ ���-XQ���((2��:�6FRWODQG����� ������� ������ �������� ����� ������ ���-XO���((2��:�6FRWODQG������ ������� ������� ������� ����� ����� ����$XJ���((2��:�6FRWODQG������ ������� ������� ������� ����� ����� ����6HS���((2��:�6FRWODQG������ ������ ������� �������� ����� ������ ���2FW���((2��:�6FRWODQG������ ������ ������� ��������� ���� ����� ���1RY���((2��:�6FRWODQG������ ������ ������ ��������������� ����� ���'HF���((2��:�6FRWODQG������ ������ ������ ��������������� ����� ������������������������������������������������������������������������������������������������



��

$SSHQGL[�,,,�± *ORVVDU\
$EVRUEHU� 3ODWH ± WKH� VXUIDFH� LQ� D� IODW�SODWH� FROOHFWRU� XSRQ� ZKLFK� LQFLGHQW� VRODU�UDGLDWLRQ�LV�DEVRUEHG�
$EVRUSWDQFH ± WKH�UDWLR�RI�WKH�UDGLDWLRQ�DEVRUEHG�E\�D�VXUIDFH�WR�WKDW�LQFLGHQW�RQ�WKH�VXUIDFH�
$FWLYH� 6RODU� +HDWLQJ� 6\VWHP ± D� VRODU� KHDWLQJ� V\VWHP� ZKLFK� XVHV� HTXLSPHQW� WR�FROOHFW��VWRUH�DQG�GLVWULEXWH�VRODU�KHDW�
$QQXDO� /RDG� )UDFWLRQ ± IUDFWLRQ� RI� WKH� DQQXDO� KHDWLQJ� QHHGV� VXSSOLHG� E\� VRODU�HQHUJ\�
$X[LOLDU\�(QHUJ\ ± HQHUJ\�VXSSOLHG�IRU�KHDWLQJ�E\�VRPH�PHDQ�RWKHU�WKDQ�VRODU�
%HDP�5DGLDWLRQ ± VRODU� UDGLDWLRQ�ZKLFK� LV� QRW� VFDWWHUHG�E\�GXVW��ZDWHU�GURSOHWV� RU�FORXGV�
%XLOGLQJ�2YHUDOO�(QHUJ\�/RVV�&RHIILFLHQW�$UHD�3URGXFW ± WKH�IDFWRU�ZKLFK�ZKHQ�PXOWLSOLHG�E\�WKH�PRQWKO\�GHJUHH�GD\V�\LHOGV�WKH�PRQWKO\�VSDFH�KHDWLQJ�ORDG�
&ROOHFWRU�(IILFLHQF\ ± WKH�UDWLR�RI�WKH�XVHIXO�HQHUJ\�JDLQ�IRU�D�WLPH�SHULRG�WR�WKH�VRODU�HQHUJ\�LQFLGHQW�RQ�WKH�VXUIDFH�GXULQJ�WKH�VDPH�WLPH�SHULRG�
&ROOHFWRU�+HDW�([FKDQJHU�&RUUHFWLRQ�)DFWRU��)5¶�)5 ± DQ� LQGH[� UDQJLQJ� LQ�YDOXH�IURP���WR���LQGLFDWLQJ�WKH�SHQDOW\�LQ�XVHIXO�HQHUJ\�FROOHFWLRQ�UHVXOWLQJ�IURP�XVLQJ�KHDW�H[FKDQJHU�EHWZHHQ�WKH�FROOHFWRU�DQG�WKH�VWRUDJH�WDQN�LQ�OLTXLG�VRODU�WDQN�KHDW�V\VWHPV�
&ROOHFWRU� +HDW� 5HPRYDO� (IILFLHQF\� )DFWRU�� )5 ± WKH� UDWLR� RI� WKH� DFWXDO� XVHIXO�HQHUJ\�JDLQ�RI�D�IODW�SODWH�VRODU�FROOHFWRU�WR�WKH�HQHUJ\�JDLQ�LI�WKH�HQWLUH�FROOHFWRU�SODWH�ZHUH�DW�WKH�WHPSHUDWXUH�RI�WKH�LQOHW�IOXLG�



��

&ROOHFWRU� 2YHUDOO� (QHUJ\� /RVV� &RHIILFLHQW�� 8/ ± D� SDUDPHWHU� FKDUDFWHULVLQJ� WKH�HQHUJ\�ORVVHV�RI�WKH�FROOHFWRU�WR�WKH�VXUURXQGLQJV�
'HJUHH�'D\V �0RQWKO\��± WKH� VXP�RI� WKH�GLIIHUHQFHV�EHWZHHQ�����q&�DQG� WKH�PHDQ�GDLO\�WHPSHUDWXUH�IRU�HDFK�GD\�RI�WKH�PRQWK���
'HVLJQ�+HDWLQJ�/RDG ± PD[LPXP�SUREDEOH�VSDFH�KHDWLQJ�QHHGV�RI�D�EXLOGLQJ�
'HVLJQ� 7HPSHUDWXUH� 'LIIHUHQFH ± WKH PD[LPXP� SUREDEOH� GLIIHUHQFH� EHWZHHQ� WKH�LQGRRU�DQG�WKH�DPELHQW�WHPSHUDWXUHV�
'LIIXVH�5DGLDWLRQ ± VRODU� UDGLDWLRQ�ZKLFK� LV�VFDWWHUHG�E\�DLU�PROHFXOHV��GXVW��ZDWHU�GURSOHWV�DQG�FORXGV�EHIRUH�UHDFKLQJ�WKH�JURXQG�DQG�QRW�FDSDEOH�RI�EHLQJ�IRFXVHG�
'LPHQVLRQOHVV�9DULDEOH ± D�TXDQWLW\�ZKLFK�GRHV�QRW�KDYH�D�GLPHQVLRQDO�XQLWV�DQG�LV�WKHUHIRUH�KDV�WKH�VDPH�YDOXH�LQ�DQ\�V\VWHP�
'RPHVWLF�+RW�:DWHU ± KRW�ZDWHU� XVHG� IRU� FRQYHQWLRQDO� SXUSRVHV� VXFK� DV�ZDVKLQJ�DQG�EDWKLQJ�
I�FKDUW ± D� FRUUHODWLRQ�� SUHVHQWHG� JUDSKLFDOO\ DQG� DQDO\WLFDOO\�� ZKLFK� H[SUHVVHV� WKH�PRQWKO\� ORDG� IUDFWLRQ� VXSSOLHG� E\� VRODU� HQHUJ\� LQ� WHUPV� RI� WZR� GLPHQVLRQOHVV�YDULDEOHV� ZKLFK� LQFOXGH� PHDVXUHG� FROOHFWRU� SDUDPHWHUV� DQG� PRQWKO\� DYHUDJH�PHWHRURORJLFDO�FRQGLWLRQV�
)ODW�3ODWH�&ROOHFWRU ± WKH�EDVLF�KHDW�FROOHFWLRQ�GHYLFH�XVHG�LQ�VRODU�KHDWLQJ�V\VWHPV��FRQVLVWLQJ�RI�D�EODFN�SODWH��LQVXODWHG�RQ�WKH�ERWWRP�DQG�HGJHV��DQG�FRYHUHG�E\�RQH�RU�PRUH�WUDQVSDUHQW�FRYHUV�
,QFLGHQFH�DQJOH ± WKH�DQJOH�EHWZHHQ�WKH�SHUSHQGLFXODU�WR�D�VXUIDFH�DQG�WKH�GLUHFWLRQ�RI�WKH�VRODU�UDGLDWLRQ�



��

/LTXLG�EDVHG�6RODU�+HDWLQJ ± VRODU�KHDWLQJ�V\VWHP�LQ�ZKLFK�OLTXLG��HLWKHU�ZDWHU�RU�DQWLIUHH]H�VROXWLRQ��LV�KHDWHG�LQ�WKH�VRODU�FROOHFWRU�
/RDG ± VSDFH� RU� GRPHVWLF�ZDWHU� KHDWLQJ� QHHGV�ZKLFK� LV� WR� EH� VXSSOLHG� E\� VRODU� RU�FRQYHQWLRQDO�HQHUJ\�
0HDQ� 'DLO\� 7HPSHUDWXUH ± DYHUDJH� RI� WKH� PLQLPXP� DQG� PD[LPXP� GDLO\�WHPSHUDWXUHV�XVHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�GHJUHH�GD\V�
5HIOHFWDQFH ± WKH� UDWLR� RI� UDGLDWLRQ� UHIOHFWHG� IURP� WKH� VXUIDFH� WR� WKH� WRWDO� UDGLDWLRQ�LQFLGHQW�RQ�WKH�VXUIDFH�
6HOHFWLYH�6XUIDFH ± D�VXUIDFH�ZKLFK�KDV�D�KLJK�DEVRUSWDQFH�IRU�VRODU�UDGLDWLRQ��EXW�D�ORZ�HPLWWDQFH�IRU�WKHUPDO�ORQJ�ZDYH�UDGLDWLRQ�
6RODU�6DYLQJV ± WKH�OLIH�F\FOH�FRVW�RI�FRQYHQWLRQDO�KHDWLQJ�PLQXV�WKH�OLIH�F\FOH�FRVW�RI�VRODU�KHDWLQJ�
7UDQVPLWWDQFH ± WKH�UDWLR�RI�WKH�UDGLDWLRQ�SDVVLQJ�WKURXJK�D�PDWHULDO�WR�WKH�UDGLDWLRQ�LQFLGHQW�RQ�WKH�XSSHU�VXUIDFH�RI�WKDW�PDWHULDO�
8VHIXO�(QHUJ\�*DLQ ± WKH�HQHUJ\�FROOHFWHG�E\�D�VRODU�FROOHFWRU�ZKLFK�LV�QRW� ORVW� WR�WKH�VXUURXQGLQJV�DQG�FDQ�XOWLPDWHO\�EH�XVHG�IRU�VSDFH�RU�ZDWHU�KHDWLQJ�



��

$SSHQGL[�,9�± 0\VRQ�+HDWORVV�3URJUDP
%XLOGLQJ�2YHUYLHZ

5RRP 1R 2XWSXW�6KDUH���� 5HT��2XWSXW��:� 9DULDQFH����'RZQVWDLUV�%HGURRP � ��� ������� ����'RZQVWDLUV�7RLOHW � ��� ������ ����'LQLQJ�5RRP � ��� ������� ����(QWUDQFH�+DOO � ��� ������ ����0DLQ�+DOO � ��� ������� ����6LWWLQJ�5RRP � ��� ������� ����.LWFKHQ � ��� ������� ����*\P � ��� ������� ����*DPHV�5RRP � ��� ������ ����8WLOLW\�5RRP � ��� ������ ����8SVWDLUV�%HGURRP�� � ��� ������� ����8SVWDLUV�%HGURRP�� � ��� ������� ����8SVWDLUV�%HGURRP�� � ��� ������� ����8SVWDLUV�%HGURRP�� � ��� ������� ����8SVWDLUV�%DWKURRP � ��� ������ ����8SVWDLUV�+DOO � ��� ������ ����2IILFH � ��� ������� ����8SVWDLUV�%HGURRP�HQ�6XLWH � ��� ������� ����8SVWDLUV�/LYLQJ�5RRP � ��� ������� ����
%XLOGLQJ�6XPPDU\
+($7/2667RWDO�+HDWORVV�IURP�%XLOGLQJ ������:'RPHVWLF�+RW�:DWHU ������:,QWHUPLWWHQW�&RUUHFWLRQ������ �����:7RWDO ������:
3LSH�/RVVHV�DW����� �����:
5HTXLUHG�%RLOHU�2XWSXW ������:
%8,/',1*�'(7$,/6([WHUQDO�7HPSHUDWXUH ��q&0HDQ�:DWHU�7HPSHUDWXUH ��q&'RPHVWLF�+RW�:DWHU ������:&RUUHFWLRQ�)DFWRU ����,QWHUPLWWHQW�)DFWRU ����3LSH�/RVVHV� ����



��

'RZQVWDLUV�%HGURRP
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�$UHD�� ��� � ��� ������$UHD�� ��� ���� ��� �����
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�%HGUP��GLQLQJ :RRG�URFNZRRO�« ��� ��� ���� �� �����%HGUP��KDOO :RRG�URFNZRRO�« ���� ��� ���� �� ���%HGUP��RXW %ORFN�&DYLW\ � ��� ��� �� ������:LQGRZ :,1�839&� ��� ��� ��� �� �����%HGUP��RXW %ORFN�&DYLW\ ���� ��� ��� �� ������
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'RZQ�EHGUP 7-�7%�����PP« � ���� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'RZQ�EHGUP )ORRUERDUGV � ���� ���� �� ������
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ����� ������:DOOV � ����� ����� ������:LQGRZV � ���� ���� �����&HLOLQJV � ���� ���� �����)ORRUV � ���� ���� ������



��

'RZQVWDLUV�7RLOHW
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV���SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�7RLOHW � ���� ��� ����
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�7RLOHW�EHGUP ,QQHUOHDI � ��� ���� �� �7RLOHW�EHGUP ,QQHUOHDI ���� ��� ���� �� �7RLOHW�KDOO ,QQHUOHDI ���� ��� ���� �� �7RLOHW�RXW :LQ6WDQGDUG � ��� ��� �� �����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�7RLOHW�&HLOLQJ 7-�7%�����PP« � ���� ���� �� �
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'RZQ�WRLOHW )ORRUERDUGV � ���� ���� �� ����
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ���� ����� ����:DOOV � ����� ����� �����:LQGRZV � ���� ����� �����&HLOLQJV � ���� � �)ORRUV � ���� ���� ����



��

(QWUDQFH�+DOO
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�(QWUDQFH�+DOO ���� ��� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�(QWU�KDOO�RXW :LQ6WDQGDUG ���� ��� ��� �� ������(QWU�KDOO�GLQ ,QQHUOHDI ��� ��� ���� �� ���(QWU�KDOO�VLW ,QQHUOHDI ��� ��� ���� �� ���(QWU�KDOO�LQ ,QQHUOHDI ���� ��� ���� �� ����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�7RLOHW�&HLOLQJ 7-�7%�����PP« ���� ��� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'RZQ�WRLOHW :LQIORRU ���� ��� ���� �� �����
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ���� ����� ������:DOOV � ����� ����� ���&HLOLQJV � ���� ���� �����)ORRUV � ���� ���� �����



��

'LQLQJ�5RRP
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�'LQLQJ�5RRP ��� ��� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'LQLQJUP�LQ ,QQHUOHDI ��� ��� ���� �� ������'LQLQJUP�LQ ,QQHUOHDI ��� ��� ���� �� ������&RPELQHG�:LQGRZ :,1�839& ���� ��� ��� �� �����'LQLQJUP�RXW :LQVWDQGDUG ��� ��� ��� �� �����'LQLQJUP�RXW :LQ6WDQGDUG ��� ��� ��� �� �����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�'LQLQJURRP�F�� )ORRUERDUGV ��� ��� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 89DOXH 7HPS���q&� +HDWORVV��:�'LQLQJ�URRP�I�� :LQ�IORRU ��� ��� ���� �� ������
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ����� ������:DOOV � ����� ����� ������:LQGRZV � ���� ���� �����&HLOLQJV � ���� ���� �����)ORRUV � ���� ���� ������



��

0DLQ�+DOO
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�0DLQ�+DOO ���� ���� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�0DLQ�KDOO�RXW :LQ6WDQGDUG ���� ��� ��� �� ������+DOO�GLQ�EGUP ,QQHUOHDI ���� ��� ���� �� �����+DOO�VLW�NLW ,QQHUOHDI ���� ��� ���� �� �����0DLQ�HQWU�LQ ,QQHUOHDI ���� ��� ���� �� ����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ 7-�7%�����PP« ���� ���� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU :LQIORRU ���� ���� ���� �� ������
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ����� ������:DOOV � ����� ����� ������&HLOLQJV � ����� ���� �����)ORRUV � ����� ����� ������



��

6LWWLQJ�5RRP
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�6LWLQJ�5RRP ��� ��� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�6LW�KDOO :LQ6WDQGDUG ��� ��� ���� �� �6LW�ZDOO�RXW :,1�6WDQGDUG ��� ��� ��� �� ������:LQGRZ :,1�839& ��� ��� ��� �� ������6LW�J\P :,1�6WDQGDUG ��� ��� ��� �� �����6LW�NLW ,QQHUOHDI ��� ��� ���� �� �
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ 7-�7%�����PP« ��� ��� ���� �� ������
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU :LQIORRU ��� ��� ���� �� ������
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ���� ����� ������:DOOV � ����� ����� ������:LQGRZV � ���� ���� ������&HLOLQJV � ����� ���� ������)ORRUV � ����� ����� ������



��

.LWFKHQ
,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV���SHU�KRXU

$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�.LWFKHQ ��� ���� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�.LW�VLW ,QQHUOHDI ��� ��� ���� �� �.LWFKHQ�ZDOO�� :,1�6WDQGDUG ��� ��� ��� �� ������:LQGRZ :,1�839& ���� ��� ��� �� �����.LW�JDPHV :,1�6WDQGDUG ���� ��� ��� �� �����.LW�KDOO ,QQHUOHDI ���� ��� ���� �� �
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ 7-�7%�����PP« ��� ���� ���� �� ����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU :LQIORRU ��� ���� ���� �� ������
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:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�2IILFH�KDOO ,QQHUOHDI ��� ��� ���� �� �2IILFH�EGUP� ,QQHUOHDI ��� ��� ���� �� �%GUP��RIILFH :LQ�6WDQGDUG ��� ��� ��� �� ������2IILFH�RXW :LQ�6WDQGDUG ��� ��� ��� �� ������
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ ([LWLQJFHLOLQJ�ORIW ��� ��� ���� �� ������
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU 7-�7%�����PP« ��� ��� ���� �� �
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ���� �����:DOOV � ����� ����� ������:LQGRZV � ���� ���� �����&HLOLQJV � ����� ����� ������)ORRUV � ����� � �



��

%HGURRP���HQ�VXLWH,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV���SHU�KRXU
$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�%HGURRP���HQVXLWH ��� ���� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�%HGUP��HQ«� ,QQHUOHDI ��� ��� ���� �� �����%HGUP��RIILFH :LQ�6WDQGDUG ���� ��� ��� �� �����%HGUP��RXW :LQ�6WDQGDUG ��� ��� ���� �� ����%HGUP���RXW :LQ�6WDQGDUG ���� ��� ���� �� �����:LQGRZ :,1�839& � ��� ��� �� ����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ ([LWLQJFHLOLQJ�ORIW ��� ���� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU 7-�7%�����PP« ��� ���� ���� �� ������
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ����� ������:DOOV � ����� ����� ������:LQGRZV � ��� ���� ����&HLOLQJV � ����� ���� �����)ORRUV � ����� ���� ������



��

/LYLQJ�5RRP,QWHUQDO�7HPSHUDWXUH������q&$LU�&KDQJHV�����SHU�KRXU
$5($6'HVFULSWLRQ /HQJWK��P� :LGWK��P� +HLJKW��P� +HDWORVV��:�/LYLQJ�5RRP ��� ��� ��� ������
:$//6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� +HLJKW��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�/LYLQJ�EGUP� :LQ�6WDQGDUG ��� ��� ��� �� ������/LYLQJ�RXW :LQ�6WDQGDUG ��� ��� ���� �� �����:LQGRZ :,1�839& � ��� ��� �� �����/LYLQJ�RXW :LQ�6WDQGDUG ���� ��� ���� �� �����/LYLQJ�EGUP� ,QQHUOHDI� ��� ��� ���� �� ����
&(,/,1*6�522)6'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�&HLOLQJ OYJUPURRI ��� ���� ���� �� �����
)/2256'HVFULSWLRQ &RQVWUXFWLRQ /HQJWK��P� :LGWK��P� 8�9DOXH 7HPS���q&� +HDWORVV��:�IORRU 7-�7%�����PP« ��� ���� ���� �� �����
+($7/266 1XPEHU 6L]H +HDWORVV���� +HDWORVV��:�$UHDV � ����� ����� ������:DOOV � ����� ����� ������:LQGRZV � � ���� �����&HLOLQJV � ����� ���� �����)ORRUV � ����� ���� �����


	Acknowledgements
	Abstract
	Contents

