
1��+RXEDN��QLHOV�KRXEDN#PHN�GWX�GN ���

6,08/$7,21�$1'�237,0,=$7,21�2)�$1�,17(*5$7('�(1(5*<�6<67(0
.��+RVWUXS��1��+RXEDN

'HSDUWPHQW�RI�(QHUJ\�(QJLQHHULQJ��7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN
$%675$&7&RJHQHUDWLRQ� RI� HOHFWULF� SRZHU� DQG� KHDW� LV� D� WUDGLWLRQDO�ZD\� WR� XWLOLVH� 
ZDVWH
� KHDW�� ,Q� WKLV� SDSHU� DQ� HQHUJ\� V\VWHP�FRXSOLQJ�WKH�SURGXFWLRQ�RI�SRZHU��IUHVK�ZDWHU�DQG�LFH�EORFNV�LQ�WULJHQHUDWLRQ�LV�DQDO\VHG��2QH�RI�WKH�DGYDQWDJHV�RI�WKLV�V\VWHP�LV�WKH�FRXSOLQJ�RI���GLIIHUHQW�RXWSXWV�ZKHUH���RI�WKH�RXWSXWV��ZDWHU�DQG�LFH�EORFNV��FDQ�HDVLO\�EH�VWRUHG� $OO�WKH�FRPSRQHQWV�RI�WKH�V\VWHP�DUH�ZHOO�NQRZQ�EXW�WKH�FRXSOLQJ�RI�WKH�FRPSRQHQWV�PDNHV�WKH�V\VWHP�FRPSOH[��7KH�V\VWHP�KDV�EHHQ�PRGHOOHG�DQG�VLPXODWHG�G\QDPLFDOO\�DQG�DQ�RSWLPLVDWLRQ�RI�WKH�V\VWHP�KDV�EHHQ�SHUIRUPHG��$�VSHFLDO�IHDWXUH�RI�WKLV�V\VWHP�LV�WKDW�WKH�VDOLQH�ZDWHU�LV�XVHG�ERWK�IRU�GHVDOLQDWLRQ�DQG�IRU�IUHH]LQJ�LFH�EORFNV�
.(<:25'67ULJHQHUDWLRQ��HQHUJ\�V\VWHP��GHVDOLQDWLRQ��LFH�EORFN�SODQW��VDOLQH�ZDWHU

� ,1752'8&7,21$W�UHPRWH�ORFDWLRQV�IXUWKHU�GHYHORSPHQW�FRXOG�UHTXLUH�DFFHVV�WR�HOHFWULFDO�SRZHU��IUHVK�ZDWHU�DQG�FRROLQJ�FDSDFLW\�DV�DQ�H[DPSOH�WDNH�DQ�LVODQG�ZLWK�D�VPDOO�ILVKLQJ�LQGXVWU\�$Q� HQHUJ\� VXSSO\� IRU� DQ� LVODQG�� ZKHUH� ILVKLQJ� LV� WKH�PDLQ� SDUW� RI� WKH� RXWFRPH�� LV� GHVFULEHG��2Q� WKH� LVODQG�WKHUH�LV�D�JHQHUDO�QHHG�IRU�SRZHU�EXW�DOVR�D�QHHG�IRU�LFH�EORFNV�IRU�WKH�ILVKLQJ�ERDWV�DQG�IRU�GULQNLQJ�ZDWHU��7KH�GULQNLQJ� ZDWHU� FRXOG� EH� SURGXFHG� E\� GHVDOLQDWLRQ� RI�VHDZDWHU�� ,Q� WKLV� SURMHFW� WKH� XVH� RI� ZDVWH� KHDW� IRU�GHVDOLQDWLRQ�KDV� EHHQ� FRQVLGHUHG��:LWK� WKHVH� QHHGV� WR�EH�IXOILOOHG�D�FRPELQHG�HQHUJ\�V\VWHP�ZRXOG�EH�D�JRRG�VROXWLRQ� DV� WKH� ZDWHU� FRXOG� EH� SURGXFHG� IURP� ZDVWH�KHDW� DQG� ERWK� WKH� LFH�EORFNV� DQG� WKH� ZDWHU� FDQ� EH�VWRUHG��
� 6<67(0�'(6,*1$� V\VWHP� LV� GHVLJQHG� WKDW� LV� DEOH� WR� IXOILO� WKH� QHHGV�GHVFULEHG�DERYH��7KH�V\VWHP�FRQVLVWV�RI�D�GLHVHO�HQJLQH�ZLWK� D� JHQHUDWRU�� DQ� LFH� EORFN� SODQW� ZLWK� VWRUDJH�� D�GHVDOLQDWLRQ� SODQW� DQG� VRPH� DX[LOLDU\� HTXLSPHQW� VXFK�DV�D�KHDW�SXPS��KHDW�H[FKDQJHUV�DQG�SXPSV��$�PRGHO�RI�WKH�SODQW�LV�VKRZHG�LQ�)LJXUH ���)URP�WKH�ILJXUH�LWFDQ� EH� REVHUYHG� WKDW� WKH� RQO\� HQHUJ\� LQSXW� WR� WKH�V\VWHP� LV� WKH� IXHO� IRU� WKH� GLHVHO� HQJLQH�� 7KH� HQJLQH�GHOLYHUV�HOHFWULF�SRZHU�WR�WKH�ORFDO�SRZHU�JULG��WKH�LFH�EORFN�SODQW�DQG�WKH�KHDW�SXPS��7KH�ZDVWH�KHDW��H[KDXVW�DQG�MDFNHW�FRROLQJ��IURP�WKH�HQJLQH�ZLOO EH�XVHG�LQ�WKH�GHVDOLQDWLRQ� SODQW�� 7KH� UHPDLQLQJ� SDUW� RI� WKH� KHDW� IRU�GHVDOLQDWLRQ� LV� SURYLGHG� E\� WKH� KHDW� SXPS�� ZKLFK�FRQYHUWV� ZDVWH� KHDW� IURP� WKH� GHVDOLQDWLRQ� SODQW� LWVHOI�DQG�WKH�LFH�EORFN�SODQW��6HDZDWHU�LV�XVHG�LQ�WKH�SURFHVV�RI� GHVDOLQDWLRQ� IRU� IUHH]LQJ� DQG� IRU� FRROLQJ� LQ� WKH�FRQGHQVHU�LQ�WKH�LFH�EORFN�SODQW�
��� 0DWKHPDWLFDO�PRGHOOLQJ7KH�PRGHOOLQJ�LV�PDLQO\�EDVHG�RQ�FRQVHUYDWLRQ�RI�PDVV�DQG� HQHUJ\�� 7KH� WXUER� FKDUJHG� GLHVHO� HQJLQH� LV�

PRGHOOHG�E\�D�FRQVWDQW� IXHO�DLU�UDWLR�DQG�DQ�HIILFLHQF\�GHSHQGLQJ� RQ� WKH� ORDG�� 7KH� KHDW� SXPS� DQG� WKH� LFH�EORFN� SODQW� KDYH� EHHQ� PRGHOOHG� E\� D� WHPSHUDWXUH�GHSHQGHQW� &23�YDOXH�� 7KH� GHVDOLQDWLRQ� SODQW� LV� D�PXOWL�HIIHFW� SODQW� DQG� FRQVLVWV� RI� �� IODVKHV� DQG� D�FRROLQJ� VWHS� DV� GHVFULEHG� LQ� >�@�� ,Q� WKH� ILUVW� IODVK��SUHKHDWHG� VHDZDWHU� LV� HYDSRUDWHG� DW� D� SUHVVXUH�FRUUHVSRQGLQJ� WR� D� ERLOLQJ� WHPSHUDWXUH� RI� ���&�� 7KH�KHDW�QHFHVVDU\�IRU�WKH�HYDSRUDWLRQ�FRPHV�IURP�WKH�KHDW�SXPS� DQG� WKH� FRROLQJ� ZDWHU� IURP� WKH� HQJLQH�� ,Q� WKH�VHFRQG�IODVK�WKH�SUHVVXUH�LV� ORZHUHG�DQG�LW�FRUUHVSRQG�WR�D�ERLOLQJ�WHPSHUDWXUH�RI����&��7KH�FRQGHQVDWLRQ�RI�WKH� YDSRXU� IURP� WKH� ILUVW� IODVK� SURYLGHV� KHDW� IRU� WKH�VHFRQG� IODVK�� $IWHU� WKH� ODVW� VWHS�� WKH� YDSRXU� IURP� WKH�VHFRQG�IODVK�LV�FRQGHQVHG�XVLQJ�VHDZDWHU��7KH�SUHVVXUH�RI� WKH� ODVW� HYDSRUDWLRQ� IODVK� GHSHQGV� RQ� WKH�WHPSHUDWXUH� RI� WKH� FRROLQJ� ZDWHU�� 7KH� �� VWHSV� DUH�EDVLFDOO\�PRGHOOHG�DV�KHDW�H[FKDQJHUV�ZLWK�HYDSRUDWLRQ�DQG� FRQGHQVDWLRQ�� 7KH� KHDW� H[FKDQJHUV� DUH� PRGHOOHG�E\�D�FRQVWDQW�YDOXH�RI�8Â$�DQG�D�PD[LPXP�HIILFLHQF\���7KH�SXPSV�DUH�PRGHOOHG�ZLWK�D�FRQVWDQW�HIILFLHQF\�DQG�WKH�ZRUN�WKH\�KDYH�WR�GHOLYHU�GHSHQGV�RI�WKH�OHQJWK�RI�WKH�SLSHV�DQG�WKH�SUHVVXUH�ORVV� LQ�WKH�KHDW�H[FKDQJHUV��,W�DOVR�DSSHDUV�IURP�)LJXUH���WKDW�HDFK�FRPSRQHQW�KDV�FRQQHFWLRQV�WR�PRVW�RI�WKH�RWKHU�FRPSRQHQWV��$�VHW�RI�FRXSOHG� GLIIHUHQWLDO� DQG� DOJHEUDLF� HTXDWLRQV� LV� VHW� XS�XVLQJ�WKH�DERYH�DVVXPSWLRQV�WR�EH�DEOH�WR�VLPXODWH�WKH�EHKDYLRXU�RI�WKH�V\VWHP�GXULQJ���GD\��
��� 6ROYLQJ�WKH�HTXDWLRQV7R� LQYHVWLJDWH� WKH� GHWDLOHG� RSHUDWLRQ� RI� WKH� SODQW� LW� LV�QHFHVVDU\�WR�VROYH�WKH�HTXDWLRQV�G\QDPLFDOO\�EXW�PXFK�XVHIXO� LQIRUPDWLRQ� DERXW� WKH� V\VWHP� FRXOG� EH� IRXQG�ZLWK� D� VWDWLF� VROXWLRQ�� 7KLV� LV� REWDLQHG� XVLQJ� ((6��(QJLQHHULQJ� (TXDWLRQ� 6ROYHU��� )RU� WKH� G\QDPLF�VROXWLRQ�D�G\QDPLF�VROYHU�ZULWWHQ�LQ�)RUWUDQ�ZDV�XVHG��7KH� HTXDWLRQV� ZLOO� IRUP� D� FRXSOHG� V\VWHP� RI� ERWK�GLIIHUHQWLDO� DQG� DOJHEUDLF� HTXDWLRQV� �D� VR�FDOOHG� '$(�V\VWHP��� 7KH� 
OVRGL
� VROYHU� IURP�/DZUHQFH� /LYHUPRUH��VHH�
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KWWS���VXQVLWH�GRF�LF�DF�XN�FRPSXWLQJ�JHQHUDO�QHWOLE�RGHSDFN�LQGH[�KWPO��KDV�EHHQ�XVHG�ZLWK�QHFHVVDU\�FDUH�RQ�LQLWLDO� JXHVVHV�� VROXWLRQ� PHWKRG� HWF�� 7KH� OVRGL� VROYHU�XVHV�D�%')��EDFNZDUG�GLIIHUHQWLDWLRQ�IRUPXOD��PHWKRG�>�@�,Q�WKLV�FDVH�WKH�VROYHU�ZDV�IRUFHG�RQO\�WR�XVH�D�ILUVW�RUGHU�%')�PHWKRG��D�EDFNZDUG�(XOHU�PHWKRG��EHFDXVH�KLJKHU�RUGHU�FRXOG�FDXVH� WURXEOH�ZLWK�ERWK�GLIIHUHQWLDO�DQG�DOJHEUDLF�HTXDWLRQV��
� 6$/,1(�:$7(57KH�VDOLQH�ZDWHU�LV�XVHG�ERWK�IRU�PDNLQJ�LFH�EORFNV�DQG�LW�LV�GHVDOLQDWHG�WR�JHW�GULQNLQJ�ZDWHU��7KH�VDOLQH�ZDWHU�LV� WKHUPRG\QDPLFDOO\� KDQGOHG� DV� D� WR�FRPSRQHQW�VROXWLRQ�� 7KH� ELJ� DGYDQWDJH� LQ� IUHH]LQJ� VDOLQH� ZDWHU�LQVWHDG� RI� SXUH� ZDWHU� LV� WKH� VDYLQJ� RI� WKH� HQHUJ\� IRU�GHVDOLQDWLRQ� EHIRUH� IUHH]LQJ�� 7KH� LFH� EORFNV� QHHG� QRW�EH� RI� GULQNLQJ� ZDWHU� TXDOLW\� VLQFH� LW� LV�� XVHG� IRU�NHHSLQJ�ILVK�FROG�� �7KH�IUHH]LQJ�SRLQW�IRU�VDOLQH�ZDWHU�LV� ORZHU� WKDQ� IRU� QRUPDO� ZDWHU� DQG� LW� GHFUHDVHV� IRU�LQFUHDVLQJ�VDOLQLW\��7KH�VDOLQH�ZDWHU�IUHH]HV�E\�IUHH]LQJ�RXW� SXUH� ZDWHU�� WKLV� LQFUHDVHV� WKH� VDOLQLW\� DQG� WKXV�IXUWKHU� GHFUHDVHV� WKH� IUHH]LQJ� SRLQW� LQ� WKH� UHPDLQLQJ�VROXWLRQ��,Q�WKLV�ZD\�WKH�IUHH]LQJ�EHFRPHV�D�FRQWLQXRXV�SURFHVV� ZKHQ� WKH� WHPSHUDWXUH� LV� ORZHUHG� LQ� WKH�LFHER[HV��7KLV�PDNHV�LW�SRVVLEOH�WR�PRGHO�WKH�IUHH]LQJ�E\�D�WHPSHUDWXUH�GHSHQGHQW�KHDW�FDSDFLW\��6XFK�D�JUDSK�KDV� EHHQ�PDGH� LQ� >�@� IURP� HQWKDOS\�PHDVXUHPHQWV� RI�WKH�PHOWLQJ� RI� WKH� LFH�� ,Q� >�@� WKHUH� DUH� RQO\� D� OLPLWHG�QXPEHU�RI�PHDVXUHPHQWV�LQ�WKH�]RQH�ZKHUH�PRVW�RI�WKH�PHOWLQJ�DSSHDUV��)URP�WKH�HQWKDOS\�PHDVXUHPHQWV�LW�LV�SRVVLEOH� WR� FRQVWUXFW� D� JUDSK� ZLWK� WKH� KHDW� FDSDFLW\��FS��� DV� D� IXQFWLRQ� RI� WKH� WHPSHUDWXUH� LQFOXGLQJ� WKH�HQHUJ\�UHTXLUHG�IRU�FRROLQJ��7KH�LQWHJUDWLRQ�RI�WKH�KHDW�FDSDFLW\�FXUYH� VKRZV� WKDW� QRW� DOO� RII� WKH� ULVH� LQ�HQWKDOS\� IURP� WKH� PHDVXUHPHQWV� KDV� EHHQ� LQFOXGHG��7KHUHIRUH�D�QHZ�DQDO\VLV�RI�WKH�PHDVXUHPHQWV�KDV�EHHQ�GRQH��DQG�WKH�QHZ�JUDSK�RI�KHDW�FDSDFLW\�DV�D�IXQFWLRQ�RI� WHPSHUDWXUH� FDQ� EH� VHHQ� LQ� )LJXUH� ��� ,I� WKH�WHPSHUDWXUH� LV� ORZHUHG� EHORZ� ±���&� WKH� VDOLQH� ZDWHU�VROXWLRQ�ZLOO�IRUP�VRPH�HXWHFWLF��EXW�WKLV�LV�QRW�WUHDWHG�IXUWKHU�LQ�WKLV�SDSHU�7KH� IUHH]LQJ� RI� WKH� VDOLQH� ZDWHU� UHTXLUHV� D� ORZHU�WHPSHUDWXUH�WKDQ�IUHH]LQJ�RI�SXUH�ZDWHU�LQ�RUGHU�WR�JHW�D� UHDVRQDEOH� DPRXQW� RI� LFH�� 7KH� DPRXQW� RI� XQIUR]HQ�ZDWHU�FDQ�EH�IRXQG�E\�WKH�VDOLQLW\�RI�VDOLQH�ZDWHU�ZLWK�D�IUHH]LQJ�SRLQW�DW�WKH�JLYHQ�WHPSHUDWXUH�DQG�WKHQ�XVLQJ�PDVV�EDODQFHV��$Q�DQDO\VLV�XVLQJ�WKLV�PRGHO�VKRZV�WKDW�WKH� VROXWLRQ�DW�QR�SRLQW� LV� QHDU� VDWXUDWLRQ��7KH�HQHUJ\�XVHG� IRU� FRROLQJ� WKH� FRQFHQWUDWHG� VDOLQH� ZDWHU� WKDW� LV�OHIW�RYHU�LV�RII�FRXUVH�ORVW����
� 3ODQW�&RQGLWLRQV7KH�GHVLJQ�RI� WKH�SODQW� LV�EDVHG�RQ�LQIRUPDWLRQ�RI� WKH�QHHGV�RI�D� µW\SLFDO¶� LVODQG�DV�GHVFULEHG EHIRUH�DQG� WKH�SODQW�FRQGLWLRQV�DUH�DVVXPHG� WR�EH� WKH�VWDQGDUG� LQ�KRW�DUHDV��VHD�ZDWHU����&�DQG�D�VDOLQLW\�RI�����J�NJ�DQG�WKH�WHPSHUDWXUH� RI� WKH� DLU� LV� ���&�� $� SDUDPHWHU� YDULDWLRQ�DURXQG� WKHVH� YDOXHV� KDV� EHHQ� SHUIRUPHG�� 7KH� KLJK�WHPSHUDWXUHV�UHTXLUH�PRUH HQHUJ\�ERWK�IRU�FRROLQJ�DQG�IRU�GHVDOLQDWLRQ��WKH�WHPSHUDWXUH�RI�WKH�FRROLQJ�ZDWHU�LV�KLJK��

� 6,08/$721�2)�7+(�23(5$7,21�2)�7+(�3/$177KH� RSHUDWLRQ� RI� WKH� SODQW� DLPV� DW� IXOILOOLQJ� D� JLYHQ�QHHG� RI� SRZHU�� GULQNLQJ� ZDWHU� DQG� LFH� EORFNV�� 7KH�SRZHU� GHPDQG� LV� JLYHQ� IRU� HDFK� KRXU� DQG� OLQHDU�LQWHUSRODWLRQ� LV� XVHG� IRU� LQWHUPHGLDWH� YDOXHV�� 7KH�GHPDQG�IRU�LFH�EORFNV�DQG�ZDWHU�KDV�WR�EH�IXOILOOHG�RQ�D�GDLO\�EDVLV��'LIIHUHQW�ZD\V�RI�FRXSOLQJ�WKH�FRPSRQHQWV�WRJHWKHU�DQG�ZD\V�WR�FRQWURO�WKH�V\VWHP�DUH�FRQVLGHUHG��7KH�JRDO LV�D�KLJK�JDLQ�LQ�V\QHUJHWLF�HIIHFW��$Q�RYHUDOO�FRQWURO�VWUDWHJ\�IRU�WKH�V\VWHP�L�H��ZLWK�UHVSHFW�WR�KRZ�PXFK�SRZHU�WKH�HQJLQH�VKRXOG�GHOLYHU��DQG�KRZ�PXFK�SRZHU� HYHU\� FRPSRQHQW� VKRXOG� JHW�� LV� FRQVLGHUHG�� ��GLIIHUHQW�FRQWURO�VWUDWHJLHV�DUH�LQYHVWLJDWHG��2QH�ZD\�LV�ILUVW� WR� IXOILO� WKH� GHPDQG� IRU� SRZHU� VXSSO\� DQG� WKHQ�VKDUH�WKH�UHVW�RI�WKH�SRZHU�EHWZHHQ�WKH�LFH�EORFN�SODQW�DQG� WKH�KHDW�SXPS�� ,I� WKH� LFH�EORFN�SODQW�GRHVQ
W�QHHG�WKDW�PXFK�HQHUJ\�WKH�HQJLQH�ZLOO�EH�WXUQHG�GRZQ��7KH�RWKHU�ZD\� LV� WR�GHOLYHU�SRZHU IRU� WKH� VXSSO\�DQG� WKHQ�GHOLYHU� WR� WKH� KHDW� SXPS� GHSHQGLQJ� RQ� KRZ� PXFK�SRZHU� LV� QHHGHG� DQG� KRZ� WKH� HQJLQH� LV� UXQQLQJ�� 7KH�UHPDLQLQJ�SRZHU�ZLOO� WKHQ�EH�XVHG� IRU�SXPSV�DQG� IRU�WKH�LFH�EORFN�SODQW��)RU�VXFK�D�VWUDWHJ\�WKH�DOORFDWLRQ�RI�SRZHU� IRU� WKH� WKUHH� FRQVXPHUV�� 3RZHU� VXSSO\�� KHDW�SXPS�DQG�LFH�EORFN�SODQW��FDQ�EH�VHHQ�LQ�)LJXUH����
� 5(68/767KH�V\VWHP�LV�PDLQO\�HYDOXDWHG�RQ�WKH�EDVLV�RI�HQHUJ\�VDYLQJV� FRPSDUHG� WR� D� V\VWHP� FRQVLVWLQJ� RI� VHSDUDWH�SURGXFWLRQV�� �$OVR�WKH�ZD\�RI�FRQWURO�DQG�WKH�FKDQJHV�LQ�WKH�H[WHUQDO�FRQGLWLRQV�KDV�EHHQ�FRQVLGHUHG�7KH� SURILW� RI� WKH� ZKROH� SODQW� ZLOO� EH� KLJKHVW� LI� WKH�GULQNLQJ� ZDWHU� FRXOG� EH� SURGXFHG� ZLWKRXW� XVLQJ� WKH�KHDW� SXPS� DQG� VROHO\� E\� ZDVWH� KHDW� IURP� WKH� HQJLQH��7KLV� FDQ
W�EH�REWDLQHG� LQ� WKLV� VLWXDWLRQ�� DQG� LQ�JHQHUDO�WKH SRVVLELOLWLHV� ZRXOG� EH� VPDOO�� %\� DGGLQJ� WKH� KHDW�SXPS�� WKH� V\VWHP� JHWV� PXFK� PRUH� IOH[LEOH�� DQG� LW� LV�VWLOO�EHWWHU�WKDQ�XVLQJ�DQ�HOHFWULF�KHDW�VRXUFH�GLUHFWO\�IRU�WKH�GHVDOLQDWLRQ�7KH� ILUVW� HYDOXDWLRQ� LV� DQ� RYHUDOO� FRPSDULVRQ� RI� RWKHU�ZD\V� RI� JDLQLQJ� WKH� VDPH� SURGXFWV�� ZDWHU�� LFH� EORFNV�DQG� HOHFWULFLW\� ZLWK� WKH� V\VWHP� GHVFULEHG� DERYH�� ,Q�7DEOH� ,���� WHVW� FDVHV�DUH�FRPSDUHG�RQ� WKH�EDVLV�RI� WKH�HQHUJ\� FRQVXPSWLRQ� LQ� �� GD\� IRU� IXOILOOLQJ� WKH� QHHGV�DERYH���7KH�ILUVW�RQH��FROXPQ��LV�WKH�V\VWHP�GHVFULEHG�LQ� WKLV� DUWLFOH�� WKH� IROORZLQJ� WZR� DUH� IRU� WKH� HQHUJ\�FRQVXPSWLRQ� RI� WKH� FRPSRQHQWV� LI� WKH\� ZKHUH� QRW�FRQQHFWHG� WR� HDFK� RWKHU��1XPEHU� WZR�ZLWK� DQ� RYHUDOO�HIILFLHQF\� IURP� KHDW� WR� HOHFWULFDO� SRZHU� RI� ���� DQG�QXPEHU� WKUHH� �ZLWK� DQ�RYHUDOO� HIILFLHQF\� IURP� KHDW� WR�HOHFWULF� SRZHU� RI� ����� ,Q� WKH� ODVW� FDVH� WKH� HQHUJ\�FRQVXPSWLRQ� LV� HVWLPDWHG� LI� WKH� LFH� KDG� WR� EH� PDGH�IURP� IUHVK� �DQG� WKHUHIRUH� GHVDOLQDWHG�� ZDWHU�� 7KH�HQHUJ\� UHTXLUHPHQW� IRU� WKH� GHVDOLQDWLRQ� LV� WDNHQ� IURP�>�@�WR�EH�����0-�NJ�RI�IUHVK�ZDWHU�,W� LV� VHHQ� WKDW� XVLQJ� DQ� LQWHJUDWHG� V\VWHP� FRXOG� VDYH�PRUH�WKDQ�����RI�WKH�LQSXW�RI�HQHUJ\��,I�WKH�V\VWHP�LV�FRPSDUHG�ZLWK�RQH�ZKHUH�WKH�LFH�EORFNV�ZKHUH�IUR]HQ�IURP� GHVDOLQDWHG� ZDWHU� PRUH� WKDQ� ��� �� RI� FRXOG� EH�VDYHG�� 7KLV� LV� D� QHZ� WHFKQLTXH� DQG� UHTXLUHV� VRPH�UHVHDUFK�LQ�WKH�IUHH]LQJ�PHFKDQLVP�
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