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$V�D�UHVXOW��VLJQLILFDQW�LPPHGLDWH�DQG�QHDU�WHUP�RSSRUWXQLWLHV�IRU�QDWXUDO�JDV�DQG�LQWHJUDWHG�FRROLQJ�V\VWHPV�WKURXJK�'2(¶V�%&+3�LQLWLDWLYH�HIIRUWV�KDYH�HYROYHG��1DWXUDO�JDV�EDVHG�'*� WHFKQRORJLHV�VXFK�DV�IXHO�FHOOV��PLFUR�WXUELQHV��JDV�WXUELQHV�DQG�UHFLSURFDWLQJ�HQJLQHV�KDYH�WKH�SRWHQWLDO�WR�DFFRXQW�IRU����SHUFHQW�RI�WKH�HOHFWULFLW\�JHQHUDWHG�LQ�WKH�QDWLRQ�E\�������$GGLWLRQDOO\��WKH�HIILFLHQF\�DQG�FXVWRPHU�EHQHILWV�RI�'*� LQVWDOODWLRQV�FDQ�EH�VLJQLILFDQWO\�HQKDQFHG�WKURXJK�GLUHFWLQJ�ZDVWH�KHDW�VWUHDPV�WR�FRROLQJ�DQG�RU�GHKXPLGLILFDWLRQ�HTXLSPHQW�FRQILJXUHG�DV�LQWHJUDWHG�V\VWHPV��� DOORZLQJ�LPSURYHG�HQHUJ\�HIILFLHQF\��FRVW�HIIHFWLYHQHVV�LQ�FRPELQDWLRQ�ZLWK�WKH�IXOO�SRWHQWLDO�RI�ERWK�'*�DQG�FRROLQJ�WHFKQRORJLHV��0LGZHVW�0HGLFDO�&RPSOH[
$V�LV RIWHQ�WKH�FDVH�LQ�GHVLJQLQJ�D�PDMRU�PHGLFDO�IDFLOLW\��SODQV�DQG�FLUFXPVWDQFHV�LQHYLWDEO\�FKDQJH��6XFK�ZDV�WKH�FDVH�ZLWK�D�QHZ�7ROHGR��2KLR��86$�PHGLFDO�FRPSOH[��� WKDW�XQGHU�3KDVH�,,�LQFOXGHG�DORQJ�ZLWK�HDUOLHU�GHVFULEHG�KRVSLWDO�DQG�PHGLFDO�RIILFH�WRZHU� D�VHFRQG����VWRU\�PHGLFDO�RIILFH�WRZHU�WKDW�ZRXOG�RSHUDWH�ZLWK�DQ�HVWLPDWHG�FRPELQHG�DQQXDO�EXGJHW�RI����PLOOLRQ��86��
7KH�$�(¶V�ILUP�RULJLQDOO\�UHWDLQHG�E\�RXU�FOLHQW�SURSRVHG�WKUHH�VHSDUDWH�FHQWUDO�KHDWLQJ��YHQWLODWLRQ�DQG�
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DLU�FRQGLWLRQLQJ��+9$&��SODQWV�IRU�WKH�QRPLQDO���������VT��PHWHU�PHGLFDO�IDFLOLW\��$IWHU�'%6�SHUIRUPHG�D�YDOXH�HQJLQHHULQJ�DQDO\VLV�RI�&OLHQW�$�(¶V�3KDVH�,�SURSRVDO��LW�UHFRPPHQGHG�WKH�LQVWDOODWLRQ�RI�D�FHQWUDO�%&+3�SODQW�HPSOR\LQJ�D�JDV�WXUELQH�DQG�HOHFWULF�FHQWULIXJDO�FKLOOHUV� WKHUHE\�HOLPLQDWLQJ�WKUHH�VHSDUDWH�PHFKDQLFDO�HTXLSPHQW�URRPV�DQG�IUHHLQJ�XS�RSHUDWLQJ�VWDII�ZKLOH�SURYLGLQJ�PRUH�XVDEOH�EXLOGLQJ�VSDFH�
)RUWXQDWHO\��FRQVWUXFWLRQ�RI�WKH�3KDVH�,�SODQW�ZDV�GHOD\HG�DQG�LQ�WLPH��RXU�FOLHQWV�GHFLGHG�WR�LQFRUSRUDWH�DQ�DGGLWLRQDO�PHGLFDO�RIILFH�WRZHU��:KHQ�DVNHG�WR�UHHYDOXDWH�WKH�RULJLQDO�3KDVH�,�GHVLJQ��'%6�GHWHUPLQHG�WKDW�WKH�QHZ�PHGLFDO�WRZHU�ZRXOG�UHTXLUH�DQ�DGGLWLRQDO������.-�V�RI�FRROLQJ�������0-�V�RI�JDV�ILUHG�VSDFH�KHDWLQJ�DQG�����0-�V�RI�GRPHVWLF�KRW�ZDWHU�KHDWLQJ�FDSDFLW\� :KHQ�'%6�UH�GUDIWHG�SODQV�IRU�WKH�3KDVH�,,�%&+3�SODQW�GHVLJQ��LW�LQFRUSRUDWHG�D�LQQRYDWLYH�KRW�RLO�KLJK�WHPSHUDWXUH�HQHUJ\�UHFRYHU\�V\VWHP�DOVR�LQFRUSRUDWLQJ�D�ORZ�FRVW�+56*�UHSODFHPHQW�ZLWKLQ�WKH�SUHIDEULFDWHG�JDV�WXUELQH�GULYHQ�JHQHUDWLRQ�XQLW�LOOXVWUDWHG�LQ�)LJXUH���5HGUDZLQJ�WKH�3ODQV
7KH�DERYH�UHIHUHQFHG�KRW�RLO�+7�KHDW�UHFRYHU\�V\VWHP�HPSOR\HG�D�+27)��WKDW�UHPDLQV�DQ�RLO�ZKHQ�UDWHG�IRU�RSWLPDO�VHUYLFH�DW����Û�&��DV�VKRZQ�LQ�)LJXUHV���DQG����DQG�DOORZHG�UHSODFLQJ�HDUOLHU�SURSRVHG�FRQYHQWLRQDO�+56*� VKRZQ�LQ�)LJXUH���ZLWK�D�ORZHU�FRVW��DQG�WKH�PRUH�HIILFLHQW�³PRGLILHG´�+56*��LOOXVWUDWHG�LQ�)LJXUH���
7KH�+27)�SODQQHG� IRU�XVH� LQ� WKH�GLDJUDP� �LOOXVWUDWHG�LQ�)LJXUHV���DQG���� LV� UDWHG� IRU� VHUYLFH� WR����Û&�� ,W� LV�KLJKO\� HIILFLHQW�� WKHUPDOO\� VWDEOH� DQG� FRVW�HIIHFWLYH�� ,W�LV�QRQ�WR[LF�DQG�VDIH�WR�XVH��HDV\�WR�GLVSRVH�DQG�VDIH�WR�KDQGOH� DFFRUGLQJ� WR� LWV� PDQXIDFWXUHU�� D� NH\� IDFWRU� LQ�VHOHFWLQJ�LW�IRU�WKLV�DSSOLFDWLRQ�
8QOLNH� FRQYHQWLRQDO� KHDW� WUDQVIHU� IOXLGV�� WKH� +27)�VHOHFWHG� ZLOO� QRW� FDXVH� KDUG� FDUERQ� IRUPDWLRQ� RQ�KHDWHG�VXUIDFHV��0RVW�FRQYHQWLRQDO�KHDW�WUDQVIHU�IOXLGV��ZKHQ�VHYHUHO\�RYHUKHDWHG��SURGXFH�VRRW\�FDUERQ�DW�WKH�ILUP� OD\HU�� � 0XFK� RI� WKLV� FDUERQ� WKXV� IRUPHG� WKHQ�DGKHUHV� WR� WKH�KHDWHG�VXUIDFH�DQG�EDNHV�RQ�� IRUPLQJ�D�FUXVW�� $V� OD\HU�XSRQ�OD\HU� EXLOGV XS�� KHDW� WUDQVIHU�VXIIHUV� DQG� LQ� PDQ\� FDVHV� IORZ� LV� DOVR� LPSDLUHG���$OWKRXJK� TXLWH� GLIILFXOW� WR� UHPRYH� ZLWKRXW� VFUDSLQJ��VDQGEODVWLQJ� RU� XVLQJ� FKORULQDWHG� VROYHQWV�� FUXVWHG�FDUERQ� WKXV� IRUPHG� FDQ� XOWLPDWHO\� EUHDN� ORRVH�� DQG�ODUJH� FKXQNV� FDQ� FLUFXODWH� WKURXJK� WKH� V\VWHP�LPSHQGLQJ� IORZV� DQG� IRXOLQJ� FRPSRQHQWV�� HWF��:KHUH�IRXOLQJ� LV� H[WUHPH�� KHDWHU� WXELQJ� DQG� HOHFWULFDO�HOHPHQWV�FDQ�VWUHVV�DQG�SUHPDWXUHO\�IDLO��8QGHU�VLPLODU�H[WUHPH� RYHUKHDW� FRQGLWLRQV�� WKH� VHOHFWHG� +27)��KRZHYHU�� HYROYHV� VPDOO� FDUERQ� JUDQXOHV� DQG� ZKLOH�WKHVH� JUDQXOHV� UHPDLQ� LQ� VXVSHQVLRQ� DQG� DUH� HDVLO\�ILOWHUHG�RXW�
)LQDOO\� WKH� DERYH� UHIHUHQFHG� +27)� RSHUDWHV� D� ORZ�YDSRU�SUHVVXUH���L�H���DSSUR[LPDWHO\�OHVV�WKDQ�����RI�DQ�

DWPRVSKHUH�� HWF��� DW� LWV� PD[LPXP� RSHUDWLQJ�WHPSHUDWXUH� RI� ���Û&�� 7KLV� IHDWXUH� WRJHWKHU� ZLWK� LWV�IOXLG¶V� FKDUDFWHULVWLF� ORZ� SUHVVXUH� GURS� FRPELQH� WR�SURYLGH�WKH�%&+3�SODQW�GHVLJQHU�FRQVLGHUDEOH�ODWLWXGH�LQ� WKH� VHOHFWLRQ� RI� ORZHU� RYHUDOO� FRVW� K\EULG� +�;�� DV�FRPSDUHG� ZLWK� HPSOR\LQJ� WKH� PRUH� FRVWO\� +56*�ERLOHU� WXEH� VKHHW� VXUIDFH� FRQILJXUDWLRQ� LOOXVWUDWHG� LQ�)LJXUH���
+\EULG�6WHDP�*HQHUDWRU�
&RQGLWLRQV� WKDW� MXVWLI\� VHOHFWLRQ� RI� D� K\EULG� KHDW�H[FKDQJHU� LOOXVWUDWHG� LQ� )LJXUH� �� YHUVXV� FRQYHQWLRQDO�+56*�VWHDP�JHQHUDWRUV�LQFOXGH�WKH�IROORZLQJ�
x +LJK� RSHUDWLQJ� SUHVVXUHV� UHTXLUHG� ± 3UHVVXUH� LQ�H[FHVV�RI����WR����NJ�FP��
x )XOO� PRGXODWLRQ� ZLWK� UDSLGO\� IOXFWXDWLQJ� ORDGV� ±ZKHUH� IXOO� PRGXODWLRQ� RI� VWHDP� RXWSXW�� QRW� MXVW�IXHO�LV�GHVLUHG��DQG�IXOO�UDQJH�UHVSRQVH�WLPH�RI�WKH�K\EULG�KHDW�H[FKDQJHU�VWHDP�JHQHUDWRU�DUUDQJHG�DV�VKRZQ�LQ�)LJXUH����LV ZLWKLQ����VHFRQGV�V��RU�OHVV��&RQYHQWLRQDO� +56*� XQLWV� KDYLQJ� PRUH� WKHUPDO�PDVV� RIWHQ� UHTXLUH� FRQVLGHUDEO\� PRUH� UHVSRQVH�WLPH�
x +LJK�RXWSXW� WXUQGRZQ� UDWLR� ± K\EULG� +;� VWHDP�JHQHUDWRU� JHQHUDOO\� RIIHU� WXUQGRZQ� UDWLRV� DV� KLJK�DV�������:LWK�ZLGH�ORDG�VZLQJV�H[SHFWHG��WKLV�FDQ�SURYLGH�DQ�LPSRUWDQW�DGYDQWDJH�
x 5DSLG�VWDUWXS�± IRU�WKRVH�DSSOLFDWLRQV�ZKHUH�LW�LV�DGYDQWDJHRXV�WR�JR�IURP�FROG�VWDUW�WR�IXOO�VWHDP�RXWSXW�LQ�W\SLFDOO\���PLQXWHV��WKH�SURSRVHG�K\EULG�+;�VWHDP�JHQHUDWRUV�TXLFN�VWHDPLQJ�FDSDELOLW\�SURYLGHV�DGYDQWDJHV�XQPDWFKHG�ZLWK�FRQYHQWLRQDO�+56*¶V�
x 6PDOO� VL]H�� ORZ� ZHLJKW� ± SHUKDSV� WKH� JUHDWHVW�DGYDQWDJHV� WKH� K\EULG� +;� VWHDP� JHQHUDWRU�SURYLGHV� RYHU� +76*¶V� LQ� %&+3� VWHDP� KHDWLQJ�DSSOLFDWLRQV�DUH�LWV�FRPSDFW�VL]H��ZKLFK�DORQJ�ZLWK�PRGXODU� FRQVWUXFWLRQ�� SHUPLWV� VXEVWDQWLDO� VDYLQJV�LQ�ERWK�FRQVWUXFWLRQ�DQG�LQVWDOODWLRQ�FRVWV�IRU�ERWK�UHWURILW�DQG�QHZ�IDFLOLWLHV�3KDVH�,,�0HGLFDO�2IILFH�7RZHU
$GGLWLRQDOO\��D�QRPLQDO������.-�V�VLQJOH�HIIHFW�OLWKLXP�EURPLGH��/L%U��DEVRUSWLRQ�FKLOOHU�LV�XWLOL]HG�DV�D�ERWWRPLQJ�F\FOH�IRU�D�VWHDP�WXUELQH�LQGXFWLRQ�PRWRU�W\SH�JHQHUDWRU�LQ�OLHX�RI�WKH�RULJLQDOO\�SURSRVHG�FRQGHQVLQJ�VWHDP�WXUELQH�GULYLQJ�D�V\QFKURQRXV�JHQHUDWRU��7KH�UHPDLQLQJ�PDMRU�HTXLSPHQW�W\SHV�HPSOR\HG�XQGHU�WKH�RULJLQDO�3KDVH�,�GHVLJQ�UHPDLQHG�WKH�VDPH�H[FHSW�IRU�VL]LQJ�DQG�LQFOXGHG��WKH�GHDHUDWRU��KRW�DQG�FKLOOHG�7(6�JDV�ILUHG�KHDWLQJ�DQG�GRPHVWLF�VHUYLFH�ERLOHUV��RQ�VLWH�FRROLQJ�WRZHUV�DQG�UHODWHG�DSSXUWHQDQFHV��6L]LQJ�FRQVLGHUDWLRQV�RQ�VRPH�FRPSRQHQWV��KRZHYHU��ZHUH�UHYLVHG�VR�WKDW�WKH�
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UHGHVLJQHG�3KDVH�,,�GHVLJQ�FDQ�VDWLVI\�KHDWLQJ�DQG�FRROLQJ�ORDGV�EHORZ�D�SHDN�RI������.:��
2SHUDWLRQDO�2XWORRN
7KH�RULJLQDOO\�GHVLJQHG�3KDVH�,�GULYHQ�FHQWULIXJDO�FKLOOHU�UHPDLQHG�D�QRPLQDO������.-�V�XQLW��GULYHQ�E\�D�JDV�WXUELQH�WKDW�SURGXFHV������.:�DW�DQ�LQOHW�DLU�WHPSHUDWXUH RI���Û�&��7KLV�WHPSHUDWXUH�LV�DFKLHYHG�E\�PHDQV�RI�D�SUHFRROLQJ�FKLOOHG�ZDWHU�FRLO��QRW�VKRZQ��ORFDWHG�LQ�WKH�LQOHW�WXUELQH�DLU�GXFW��7KH�FKLOOHU�RSHUDWHV�ZLWK�D�VWDQGDUG����Û�&�WHPSHUDWXUH�DFURVV�WKH�DEVRUEHU�FRQGHQVHU��7ZR�QRPLQDO������.-�V�FRROLQJ�WRZHUV�VHUYH�ERWK�WKH�JDV�WXUELQH�GULYHQ�DQG�VWHDP�WXUELQH�PRWRU�GULYHQ�FHQWULIXJDO�FKLOOHUV�
$YDLODEOH�FKLOOHU�WXUELQH�H[KDXVW�KHDW�LV�GXFWHG�WR�WKH�KRW�RLO�+56*�VHFWLRQ�RI�WKH�JDV�WXUELQH�FRJHQHUDWLRQ�XQLW�DV�LOOXVWUDWHG�LQ�)LJXUH����7KH�UHVXOWLQJ�VXSHUKHDWHG�VWHDP�WKHQ�GULYHV�DQ�LQGXFWLRQ�PRWRU�JHQHUDWRU�ZLWK�D�SRZHU�RXWSXW�RI������.:�DOVR�FRQQHFWHG�LQ�WDQGHP�ZLWK�D�FKLOOHU�VWHDP�WXUELQH��$OWHUQDWLYHO\��WKH�LQGXFWLRQ�PRWRU�FDQ�DOVR�GULYH�WKH�FHQWULIXJDO�LFH�FKLOOHU�WKURXJK�FOXWFKLQJ�DUUDQJHPHQWV��QRW�VKRZQ� ZKLFK�VHUYH�WR�GHFRXSOH�VKDIW�IURP�WKH�VWHDP�WXUELQH�DQG�XWLOL]H�LW�WR�GULYH�WKH�QRPLQDO�����WRQ�FHQWULIXJDO�LFH�FKLOOHU��ZKHQ�QHFHVVDU\�
7KH�PRGLILHG�SDFNDJHG�FRJHQHUDWLRQ�XQLW�FRQVLVWV�RI�D�JDV�WXUELQH��D�JHQHUDWRU��D�WXUELQH�H[KDXVW�V\VWHP�DQG�D�KRW�RLO�KHDWHG�+56*�LQWHUFRQQHFWHG�ZLWK�H[WUDFWLRQ�FRLO�ORFDWHG�GXFW�H[KDXVW�JDV�DV�VKRZQ�LQ�)LJXUH���
7KH�QRPLQDO�����0:�JHQHUDWRU� UHPDLQHG� WKH�VDPH�DV�RULJLQDOO\� SODQQHG� XQGHU� 3KDVH� ,��� ZLWK� H[KDXVW� JDVHV�FRPELQHG� GLUHFWO\� ZLWK� WKRVH� DYDLODEOH� IURP� WKH� JDV�WXUELQH� GULYHQ� FHQWULIXJDO� FKLOOHU� �QRW� VKRZQ��� 7KH�FRQILJXUDWLRQ� LV� XVHG� WR� SURGXFH� VXSHUKHDWHG� VWHDP�HPSOR\LQJ� WKH� FORVHG�FLUFXLW� KRW�RLO�+7�KHDW�UHFRYHU\�V\VWHP�+56*�
%\�XVLQJ�D�FRPSDFW�KRW�RLO�KHDWHG�KHDW�H[FKDQJH�PHDQV�DV�VKRZQ�LQ�)LJXUHV������DQG���HWF���'%6�ZDV�DEOH�WR�UHSODFH�D�PRUH�H[SHQVLYH�FRQYHQWLRQDO�+56*�ZLWK�D�VXEVWDQWLDOO\�ORZHU�FRVW�K\EULG�KHDW�H[FKDQJHU��VHH�)LJXUH�����7KH�EDFNSUHVVXUH�RQ�ERWK�JDV�WXUELQH�GULYHUV�DW�WKHLU�SRLQW�RI�GLVFKDUJH�VKRZQ�LQ�)LJXUH���ZDV�DOVR�UHGXFHG�E\�PHDQV�RI�D ORZHU�SUHVVXUH�ORVV�FRPSDQLRQ�IOXH�JDV�KRW�RLO�H[WUDFWLRQ�KHDW�H[FKDQJHU�DV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOWHG�LQ�D�KLJKHU�QHW�DYDLODEOH�JDV�WXUELQH�RXWSXW�VKDIW�KS�WKDQ�DYDLODEOH�XQGHU�WKH�3KDVH�,�SODQW�GHVLJQ��
5HIHUULQJ�WR�)LJXUH����QRWLFH�WKDW�WKH�WXUELQH�H[KDXVW�V\VWHP�LQFRUSRUDWHV�D�IORZ�GLYHUWHU�YDOYH�DQG�VXSSOHPHQWDU\�GLUHFW�JDV�ILUHG�GXFW�EXUQHU�ORFDWHG�XSVWUHDP�RI�WKH�KRW�RLO�VWHDP�JHQHUDWRU��6XSHUKHDWHG�VWHDP�SURGXFHG�DW�������.J�KU��LQ�WKH�+56*��LV�SLSHG�WR�WKH�VWHDP�WXUELQH�JHQHUDWRU�WKDW�JHQHUDWHV�D�SRZHU�RXWSXW�RI������.-�V���

7KH�QRPLQDO������.-�V�FRROLQJ�WRZHU�\LHOGV�����O�V�RI�FRROLQJ�ZDWHU�DW���Û�&�IRU�WKH�VLQJOH�VWDJH�DEVRUSWLRQ�FKLOOHU�FRQGHQVHU�WKDW�RSHUDWHV�DW����Û�&��WR�SHUPLW�KLJKHU�HIILFLHQFLHV�IRU�WKH�FRPELQHG�FKLOOHU��$OVR�WKH�VHULDO�IORZ�FKLOOHG�ZDWHU�UHWXUQ�WR�WKH�%&+3�SODQW�ZDV�GHVLJQHG�WR�ILUVW�HQWHU�WKH�VLQJOH�HIIHFW�DEVRUSWLRQ�FKLOOHU��SULRU�WR�GLVFKDUJLQJ�WR�WKH�WXUELQH�GULYHQ�FHQWULIXJDO�FKLOOHU��HWF���7KH�GHDHUDWRU�VHUYHV�WR�UHPRYH�R[\JHQ�DQG�FDUERQ�GLR[LGH�IURP�PDNH�XS�ZDWHU�DQG�FRQGHQVDWH�DQG��KHQFH��UHGXFHV�FRUURVLRQ���&RRO�6WRUDJH
7KH�7(6�V\VWHP�DOVR�UHPDLQHG�WKH�VDPH�VL]H�DQG�W\SH�DV�RULJLQDOO\�SODQQHG�XQGHU�3KDVH�,�DQG�HPSOR\HG�D�SODWH�DQG�IUDPH�KHDW�H[FKDQJHU�DQG�WZR�7(6�WDQNV�±����P�LQ�GLDPHWHU�DQG�����P�KLJK��HDFK�ZLWK�D�QRPLQDO�YROXPH�RI������������7KH�WDQNV�DUH�ILOOHG�ZLWK�³LFH�EDOOV´�FRPSULVLQJ���LQFK�GLDPHWHU�SODVWLF�VSKHUHV�ILOOHG�ZLWK�ZDWHU�DQG�D�IUHH]H�SRLQW�HQKDQFLQJ�QXFOHDWLQJ�DJHQW��'XULQJ�WKH�QLJKW��7(6�EXLOG�F\FOH�LFH�FRROV�WKH�JO\FRO�ZDWHU�VROXWLRQ�WR����Û&��:DWHU�ZLWKLQ�WKH�DERYH�UHIHUHQFHG�SODVWLF�VSKHUH�IUHH]HV��VWRULQJ�FRROLQJ�HQHUJ\�
'XULQJ�WKH�GD\�GLVFKDUJH�F\FOH�WKH�7(6�JO\FRO�VROXWLRQ�LV�ZDUPHG�E\�UHWXUQ�ZDWHU�WKDW�KDV�SDVVHG�WKURXJK�WKH�KHDW�H[FKDQJHU��FRROLQJ�WKH�JO\FRO�IRU�XVH�LQ�SUH�FRROLQJ�LQOHW�WXUELQH�DLU�DQG�IRU�FRROLQJ�EXLOGLQJ�RFFXSDQFLHV��6XSSRUW�7(6�HTXLSPHQW�LQFOXGHV�DQ�LFH�LQYHQWRU\�FRQWURO�V\VWHP��D������.-�V�FRROLQJ�WRZHU�DQG�FKLOOHG�ZDWHU��JO\FRO�DQG�FRQGHQVHU�SXPSV��
6WHDP�JHQHUDWHG�IRUP�WKH�FORVHG�FLUFXLW�+27)�KHDW�UHFRYHU\�V\VWHP�VHUYHV�WKH�VLQJOH�HIIHFW�QRPLQDO������.-�V�DEVRUSWLRQ�FKLOOHU��HQDEOLQJ�LW�WR�JHQHUDWH�FRROLQJ�IRU�WKH�DGGLWLRQDO�RIILFH�WRZHUV��,Q�DGGLWLRQ��LWV�XVH�RIIHUV�UHGXQGDQF\�IRU�VFKHGXOHG�PDLQWHQDQFH�QHHGV�RI�WKH�VHULDO�IORZ�LQWHUFRQQHFWHG�QRPLQDO������.-�V�WXUELQH�GULYHQ�FHQWULIXJDO�FKLOOHU��:KHQ�GHPDQG�GURSV�EHORZ�������.:��RQO\�WKH�PRGLILHG�JDV�WXUELQH�FRJHQHUDWLRQ�XQLW�RSHUDWHV��:KHQ�WKH�ORDG�LV�JUHDWHU�WKDQ�������.:��WKH�VWHDP�WXUELQH�LQGXFWLRQ�PRWRU�JHQHUDWRU�FRPHV�DXWRPDWLFDOO\�RQ�OLQH��:KHQ�LQVXIILFLHQW�KHDW�LV�DYDLODEOH�WR�SURGXFH�VWHDP�IRU�WKH�DGGLWLRQDO�SRZHU��WKH�JDV�WXUELQH�XQLW¶V�LQWHJUDO�VXSSOHPHQWDU\�GXFW�EXUQHU�ILUHV�DQG�JHQHUDWHV�UHTXLUHG�KHDW��7KH�EXUQHU�ZLOO�RQO\�ILUH�LI�WKH�DPRXQW�RI�VWHDP�DYDLODEOH�LV�LQDGHTXDWH�
$QRWKHU�LPSRUWDQW�SLHFH�RI�WKH�V\VWHP�LV�D�GLYHUWHU�YDOYH��VHH�)LJXUH����ORFDWHG�LQ�WKH�H[KDXVW�JDV�GXFWZRUN�GRZQVWUHDP�RI�WKH�JDV�WXUELQH�XQLW��7KH�GLYHUWHU�YDOYH�LV�HTXLSSHG�ZLWK�DQ�H[KDXVW�VLOHQFHU�DQG�LWV�RZQ�E\SDVV�VWDFN�WR�H[KDXVW�WKH�FRPELQHG�JDVHV�RI�ERWK�WXUELQHV�ZKHQHYHU�QHFHVVDU\��([KDXVW�JDVHV�DUH�GLYHUWHG�WR�WKH�DWPRVSKHUH�WKURXJK�WKH�E\SDVV�VWDFN�GXULQJ�KHDW�UHFRYHU\�HTXLSPHQW�PDLQWHQDQFH��DOORZLQJ�WKH�WXUELQH�JHQHUDWRU�LOOXVWUDWHG�LQ�)LJXUH���WR�UHPDLQ�LQ�VHUYLFH��7KH�GLYHUWHU�YDOYH�FDQ�DOVR�PRGXODWH�H[KDXVW�JDVHV�LQWR�+27)�KHDW�UHFRYHU\�JHQHUDWRU�WR�PDWFK�VWHDP�JHQHUDWLRQ�ZLWK�SRZHU�GHPDQG��
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7KH�VSHFLILHG�VWHDP�WXUELQH�JHQHUDWRU�LV�H[SHFWHG�WR�SURGXFH�DSSUR[LPDWHO\�������.:�DW��������.J�KU��RI�KHDWHG�VWHDP�LQSXW��,Q�WKH�VXPPHU��WKH�JHQHUDWRU�UHFRYHUV�KHDW�IURP�ERWK�WKH�FHQWULIXJDO�FKLOOHU�DQG�WKH�FRJHQHUDWLRQ�XQLW�WR�SURGXFH�LWV�UDWHG�SRZHU�RXWSXW��,Q�WKH�ZLQWHU��WKH�JHQHUDWRU�SURGXFHV�RQO\����SHUFHQW�RI�LWV�UDWHG�RXWSXW��7KHUHIRUH��ZKHQ�WKH�FRPELQHG�ORDG�H[FHHGV������.:��LQFUHPHQWDO�SRZHU�KDV�WR�EH�SXUFKDVHG�IURP�ORFDO�XWLOLW\��7KH�UHDO�FRVW�VDYLQJV��KRZHYHU��FRPHV�IURP�UHGXFHG�HOHFWULFDO�GHPDQG�FKDUJHV�UHVXOWLQJ�IURP�WKH�H[SDQGHG�%&+3�SODQW�XWLOL]LQJ�WKH�LQGLUHFW�KHDWHG�VLQJOH�VWDJH�DEVRUSWLRQ�FKLOOHU��$SSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�UHTXLUHG�DQQXDO�HOHFWULFDO�SRZHU�ZLOO�EH�SURGXFHG�RQ�VLWH�E\�WKH�FRPELQHG�F\FOH�FRJHQHUDWLRQ�%&+3�SODQW�DQG�D�PHUH����SHUFHQW�ZLOO�KDYH�WR�EH�SXUFKDVHG�IURP�WKH�VRRQ�WR�EH�GHUHJXODWHG�RXWVLGH�XWLOLW\��7KLV�PL[�VWLOO�UHVXOWV�LQ�D�IDYRUDEOH�FRPELQHG�DQQXDO�%&+3�RSHUDWLRQDO�FRVW��7KHUHIRUH�QR�VXSSOHPHQWDO�RQ�VLWH�JHQHUDWRU�FDSDFLW\�ZDV�DGGHG�WR�IXOO\�VDWLVI\�WKH�DGGLWLRQDO�3KDVH�,,�PHGLFDO�RIILFH�WRZHU�,Q�6XPPDU\
$OWKRXJK�QHLWKHU�WKH�KRW�ZDWHU�FRQYHUWHU�FDSDFLW\�QRU�WKH�VWHDP�WXUELQH�JHQHUDWRU�XQLW�ZHUH�RSWLPL]HG��VLPSOH�SD\EDFN�IRU�WKH�H[WHQGHG�%&+3�IDFLOLW\�ZDV�VOLJKWO\�ORZHU�WKDQ�RULJLQDO�3KDVH�,�SURMHFWLRQ�RI�����\HDUV�
7KH�UHGHVLJQHG�3KDVH�,,�%&+3�SODQW�FRQWDLQHG�IHDWXUHV�DOVR�LQWHQGHG�WR�UHGXFH�DQQXDO�RSHUDWLQJ�DQG�PDLQWHQDQFH�FRVWV�ZKLOH�DFKLHYLQJ�VLJQLILFDQW�ILUVW�FRVW�VDYLQJV�DQG�VDWLVI\LQJ�FOLHQW�UHGXQGDQF\�FRQFHUQV��8VH�RI�3DUDWKHUP�1)�IOXLG�RIIHUV�D�QXPEHU�RI�EHQHILWV�DV�SRLQWHG�RXW�HDUOLHU��6XFK�IOXLGV�DUH�KLJKO\�HIILFLHQW��WKHUPDOO\�VWDEOH��FRVW�HIIHFWLYH��QRQWR[LF��VDIH�WR�XVH�DQG�HDV\�WR�GLVSRVH�RI�
8QOLNH�PRVW�FRQYHQWLRQDO�KHDW�WUDQVIHU�IOXLGV��3DUDWKHUP�1)�GRHV�QRW�FDXVH�KDUG�FDUERQ�IRUPDWLRQ�RQ�KHDWHG�VXUIDFHV��:LWKRXW�OD\HUV�RI�FDUERQ�EXLOGLQJ�XS��WKH�FRPPRQ�SUREOHPV�RI�KHDW�WUDQVIHU�DQG�IORZ�LPSDLUPHQW�DUH�HOLPLQDWHG��
$V�IRU�WKH�XVXDO�SUREOHPV�RI�FDUERQ�FKXQNV�EUHDNLQJ�ORRVH��FLUFXODWLQJ�WKURXJK�WKH�V\VWHP��LPSHGLQJ�IORZV�DQG�IRXOLQJ�FRPSRQHQWV�DUH�DOVR�DYRLGHG��$OWKRXJK�WKH�IOXLG�HYROYHV�VPDOO�FDUERQ�JUDQXOHV�ZKHQ�RYHUKHDWHG��WKHVH�JUDQXOHV�UHPDLQ�LQ�VXVSHQVLRQ�DQG�FDQ�EH�HDVLO\�ILOWHUHG�RXW��$GGLWLRQDOO\��WKH�VHOHFWHG�IOXLG�RSHUDWHV�DW�D�ORZ�YDSRU�SUHVVXUH��ZKLFK�LV�DSSUR[LPDWHO\�OHVV�WKDQ�RQH�WKLUG�RI�DQ�DWPRVSKHUH��DW�LWV�PD[LPXP�RSHUDWLQJ�WHPSHUDWXUH�RI����Û�&��
7KLV�IHDWXUH��WRJHWKHU�ZLWK�WKH�IOXLG¶V�FKDUDFWHULVWLF�ORZ�SUHVVXUH�GURS��FRPELQH�WR�SURYLGH�WKH�%&+3�SODQW�GHVLJQHU�FRQVLGHUDEOH�ODWLWXGH�LQ�EHLQJ�DEOH�FKRRVH�ORZHU�RYHUDOO�FRVW�HTXLSPHQW�DV�RSSRVHG�WR�HPSOR\LQJ�FRQYHQWLRQDO�KHDW�WUDQVIHU�VWHDP�JHQHUDWRUV�
7KH�UHVXOWV�RI�FRPSDUDWLYH�DQDO\VLV�RI�DERYH�UHIHUHQFHG�3KDVH�,�%&+3�IRU�0LGZHVW��86$��KRVSLWDO�

DQG�PHGLFDO�RIILFH�FRPSOH[�FRPSULVLQJ�RI�WKUHH�EXLOGLQJV��D VL[�VWRU\�KRVSLWDO�DQG�WZR�LGHQWLFDO����VWRU\�RIILFH�WRZHUV�SUHVHQWHG�LQ�DQ�HDUOLHU�VWXG\�GHPRQVWUDWHG�VXEVWDQWLDO�EHQHILWV�LQ�IDYRU�RI�%&+3��DQ�HVWLPDWHG�LQVWDOOHG�ILUVW�FRVW�VDYLQJV�RI�����������86��DQG�D�VL]DEOH�UHGXFWLRQ��RI�86����������LQ�DQQXDO�PDLQWHQDQFH�FRVW�UHVXOWHG�IURP�UHSODFLQJ�IRXU�VHSDUDWH�PHFKDQLFDO�HTXLSPHQW�URRPV�ZLWK�D�VLQJOH�LQWHJUDWHG�%&+3�SODQW�����
$V�PDUNHWV� RSHQ� DQG� JHQHUDWLRQ� DVVHWV� FKDQJH� KDQGV��RQ�OLQH� HQHUJ\� WUDGLQJ� WKURXJK� WKH� ,QWHUQHW� LV� DOVR�SURMHFWHG� WR� VRDU�� � 0RVW� RQOLQH� HQHUJ\� SOD\HUV� KDYH�FRQFHQWUDWHG�RQ�WUDGLQJ�ZKROHVDOH�SRZHU�DQG�JDV���7KH�RYHUDOO� HOHFWURQLF� HQHUJ\� WUDGLQJ� PDUNHW�� KRZHYHU�� LV�HVWLPDWHG� WR� JURZ� WR� DERXW� ����ELOOLRQ� �86��E\�������XS� IURP� ����� ELOOLRQ� �86�� LQ� ������ � )RU� EX\HUV� DQG�FXVWRPHUV� DOLNH�� D PDMRU� DWWUDFWLRQ� RI� WKH� RQOLQH�V\VWHPV� LV� WKH� SRWHQWLDO� IRU� ORZHU� WUDQVDFWLRQ� FRVWV���:LWK� VXFK� ORZHU� FRVWV�� DQG� SUREOHPV� ZLWK� GHOD\LQJ�FRQVWUXFWLRQ� RI� HOHFWULF� XWLOLW\� SODQWV� GXH� WR� ORFDO�HQYLURQPHQWDO� FRQFHUQV�� WKH� IXWXUH� RI� %&+3� SODQWV�ZLWKLQ�WKH�86�QRZ�ORRNV�EULJKWHU�WKDQ�HYHU�5HIHUHQFHV
>�@�$SSOLFDWLRQ�(QJLQHHULQJ�0DQXDO�IRU�,QWHJUDWHG�6\VWHPV�'HVLJQ��$PHULFDQ�*DV�&RROLQJ�&HQWHU��$*&&���:DVKLQJWRQ�'&��2FWREHU�����
>�@�7HFKQRORJ\�7UDQVIHU�:RUNERRN�:RUNVKRS��,QWHJUDWHG�6\VWHP�'HVLJQ��$PHULFDQ�*DV�&RROLQJ�&HQWHU��$*&&���:DVKLQJWRQ�'&��2FWREHU������
>�@�&KHOOLQL��5REHUWR�1HZ�6LHPHQV�$SSURDFK�WR�'*�0DUNHWSODFH��'LVWULEXWHG�3RZHU��'LHVHO�DQG�*DV�7XUELQH�3XEOLFDWLRQV��:DXNHVKD��:,��86$��1RYHPEHU�'HFHPEHU������
>�@�0HFNOHU��0LOWRQ�5HDO�7LPH�6DYLQJV��&RQVXOWLQJ�6SHFLI\LQJ�(QJLQHHU��&KLFDJR��,/��86$��-XO\�������
>�@�0F1HHO\��0DUN�� +RVSLWDO�&RJHQHUDWHV�IRU�6DYLQJV��5HOLDELOLW\��'LVWULEXWHG�3RZHU��'LHVHO�DQG�*DV�7XUELQH�3XEOLFDWLRQV��:DXNHVKD��:,��86$��1RYHPEHU�'HFHPEHU������
>�@�0HFNOHU��0LOWRQ�� &RRO�3UHVFULSWLRQ��&RQVXOWLQJ�6SHFLI\LQJ�(QJLQHHU��&KLFDJR��,/��86$��$SULO��������1RPHQFODWXUH���P�� � PHWHUV�  ��OLWHUV��V�� ��OLWHUV�VHFRQG.-�V�� ��NLORMRXOHV�VHFRQG0-�V�� ��PHJDMRXOHV�VHFRQG�&� ��GHJUHHV�FHQWLJUDGH�.:�� ��NLORZDWWV.J�FP��� ��NLORJUDPV�VTXDUH�FHQWLPHWHUV0:�� ��PHJDZDWW'%6�� ��'HVLJQ�%XLOG�6\VWHPV$�(�� ��DUFKLWHFW�HQJLQHHU
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+56*�� ��+HDW�UHFRYHU\�VWHDP�JHQHUDWRU'2(�� ��86�'HSDUWPHQW�RI�(QHUJ\+9$&�� ��+HDWLQJ��9HQWLODWLQJ��DQG�$LU�&RQGLWLRQLQJ'*�� ��'LVWULEXWHG�SRZHU�JHQHUDWLRQ+;  ��+HDW�H[FKDQJHU+7�� � +LJK�WHPSHUDWXUH

7(6�� � 7KHUPDO�HQHUJ\�VWRUDJH%&+3�� ��%XLOGLQJ�&RROLQJ�+HDWLQJ�3RZHU+27)�� ��+RW�2LO�7UDQVIHU�)OXLG��

6WHDP�*HQHUDWRU+RW�2LO�+\EULG

*HQHUDWRU

,QGXFWLRQ�0RWRU�*HQHUDWRU%DFN�3UHVVXUH
6WHDP7XUELQH

*DV�)ORZ�&RPELQHG�7XUELQH([KDXVW� +LJK�7HPSHUDWXUH

,QGLUHFW�)LUHG�6LQJOH6WDJH�$EVRUSWLRQ�&KLOOHU&RQGHQVHU*HQHUDWRU

+HDW+RW�2LO([FKDQJHU+HDW([FKDQJHU

0LVFHOODQHRXV
6XSHUKHDWHU

6WHDP�8VH

)ORZ*DV 6WHDP

0L[WXUH

0L[WXUH
7R�&RROLQJ�7RZHU

0L[WXUH&RQGHQVHU

&RVWUXFWLRQ�'HWDLO6HH�)LJXUH���IRU

:DWHU�6XSSO\

'HDHUDWLRQ�6WHDP

+RW�:DWHU*HQHUDWRU ([FKDQJHU+HDW

&RQGHQVHU:DWHU�5HWXUQ

7DQN
0DNH�8S

+HDW�([FKDQJHU(FRQRPL]HU

&RROLQJ�7RZHU

'HDHUDWRU
)HHG3XPS

)URP

)LJXUH����&RPELQHG�&RROLQJ��+HDWLQJ�3ODQW� $�K\EULG�VWHDP�JHQHUDWRU�HQDEOHV�WKH�PHGLFDO�FRPSOH[
V�FRJHQHUDWLRQ�SODQW�WR�RSHUDWH�PRUH�HIILFLHQWO\��7KH�GHWDLO��DERYH��VKRZV�KRZ�WKH�K\EULG�XQLW�LV�FRQQHFWHG�WR�WKH�RYHUDOO�SODQW��OHIW��DW�ERWWRP��

)LJXUH����+\EULG�6WHDP�*HQHUDWRU

mailto:mmeckler@pacbell.net
mailto:mmeckler@pacbell.net


0��0HFNOHU��PPHFNOHU#SDFEHOO�QHW ���

)LJXUH����&RQYHQWLRQDO�*DV�7XUELQH��&RJHQHUDWLRQ�8QLW

)LJXUH����0RGLILHG�*DV�7XUELQH��&RJHQHUDWLRQ�8QLW
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