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$EVWUDFW

.H\ZRUGV�
JUHHQKRXVH��
K\GURJDQLF��VRODU�
HQHUJ\��IRRG�
VDIHW\

7KH� GHYHORSPHQW� RI� WKH� FLW\� KDV� PDGH� D� ORW� RI� DJULFXOWXUDO� ODQG�
WXUQHG� LQWR� UHVLGHQWLDO� ODQG� DQG� RWKHU� XUEDQ� IDFLOLWLHV� VR� WKDW�
DJULFXOWXUDO�ODQG�EHFRPHV�LQFUHDVLQJO\�QDUURZ�VR�WKDW�LW�FDQ�ZHDNHQ�
WKH� IRRG� VDIHW\� SURJUDP��$QRWKHU�ZD\� LV� QHHGHG� WR� XWLOL]H� QDUURZ�
ODQG�LQ�DQ�HIIRUW�WR�GHYHORS�DJULFXOWXUDO�SURGXFWV��QDPHO\�E\�IDUPLQJ�
DQG�PDLQWDLQLQJ�ILVK�K\GURJDQLF��+\GURJDQLF�FRPHV�IURP�WKH�ZRUGV�
�+\GUR�� DQG� �2UJDQLF�� ZKLFK� DUH� GHILQHG� DV� RUJDQLF� FXOWLYDWLRQ�
V\VWHPV�E\�FRPELQLQJ�WKH�K\GUR�V\VWHP�DQG�WKH�RUJDQLF V\VWHP��7KH�
UHVHDUFK� PHWKRG� XVHV� D� GHVFULSWLYH� TXDOLWDWLYH� PHWKRG�� EHJLQQLQJ�
ZLWK�WKH�GHVLJQ��WKH�FUHDWLRQ�RI�DQ�,QGHSHQGHQW�(QHUJ\�+\GURJDQLF�
*UHHQKRXVH� DQG� WKH� SODQWLQJ� RI� YHJHWDEOHV� DQG� ILVK� VWRFNLQJ��
5HWULHYDO� RI�GDWD� LQ� WKH� IRUP�RI� REVHUYDWLRQV� DQG�GRFXPHQWDWLRQ�RI�
SKRWRV� DQG� YLGHRV� RQ� DFWLYLWLHV�� 7KURXJK� WKLV� SURJUDP� WKH�
FRQVWUXFWLRQ� RI� D� WXQQHO�VKDSHG� JUHHQKRXVH�ZLWK� EDPERR� VWUXFWXUH�
KDV� EHHQ� FDUULHG� RXW� VXFFHVVIXOO\�� �� �WZR�� K\GURJDQLF� IDUPLQJ�
IDFLOLWLHV� FRPSOHWH� ZLWK� ILVK� SRQGV�� �� �RQH�� VRODU� SRZHU� JHQHUDWLRQ�
XQLW�FRQVLVWLQJ�RI���VRODU�SDQHOV�HDFK�ZLWK�D�FDSDFLW\�RI�����ZS�ZLWK�
HQHUJ\�VWRUDJH�LQ�WKH�IRUP�RI�D�����$+����9�EDWWHU\�DQG�D������:+�
LQYHUWHU�LQ�VXQQ\�FRQGLWLRQV�SURGXFLQJ�D�PLQLPXP�RI������$PS�������
9�FDQ�PHHW�WKH�HQHUJ\�QHHGV�WR�GULYH�WKH ZDWHU�FLUFXODWLRQ�SXPS�DQG�
JUHHQKRXVH� OLJKWLQJ� ODPSV� DQG� WKH� VXUURXQGLQJ� HQYLURQPHQW��
3ODQWLQJ� VOD� DQG� PXVWDUG� JUHHQV� DV� ZHOO� DV� VSUHDGLQJ� FDWILVK� DQG�
WLODSLD�LQ�PLG�$XJXVW�������OHWWXFH�YHJHWDEOHV�FDQ�EH�KDUYHVWHG�DW�WKH�
HQG�RI�6HSWHPEHU�������

#������7KH�$XWKRUV��3XEOLVKHG�E\�*.$.�810(5�0DODQJ
&RUUHVSRQGLQJ�$XWKRU��KHU\�EXGL\DQWR#XQPHU�DF�LG
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�� ,QWURGXFWLRQ

$JULFXOWXUH�LV�D�YHU\�LPSRUWDQW�VHFWRU�IRU�WKH�SHRSOH�RI�,QGRQHVLD��7KH�DJULFXOWXUDO�
VHFWRU� LV� D� VRXUFH� RI� LQFRPH� IRU� VRPH� SHRSOH�� EHFDXVH� PRVW� RI� ,QGRQHVLD
V� WHUULWRU\� LV�
DJULFXOWXUDO� ODQG�� )DUPHUV� XVXDOO\� XVH� ODQG� IRU� JURZLQJ� PHGLD�� EXW� DORQJ� ZLWK� WKH�
GHYHORSPHQW�RI� WKH� FLW\�� D� ORW� RI� DJULFXOWXUDO� ODQG�KDV�EHHQ� WXUQHG� LQWR� UHVLGHQWLDO ODQG�
DQG� RWKHU� XUEDQ� IDFLOLWLHV� VR� WKDW� DJULFXOWXUDO� ODQG� EHFRPHV� LQFUHDVLQJO\� QDUURZ�� 7R�
RYHUFRPH�WKLV�SUREOHP��PDQ\�WKRXJKW�WR�XWLOL]H�OLPLWHG�ODQG�LV�GRQH��RQH�RI�ZKLFK�LV�WKH�
FRQFHSW� RI� 8UEDQ� )DUPLQJ�� QDPHO\� DJULFXOWXUH� ZLWK� QDUURZ� ODQG� XVH� RU� ODQG�
LQWHQVLILFDWLRQ�� WR�PHHW� WKH� QHHGV� RI� IUHVK� YHJHWDEOHV� DQG� IUXLW� HYHU\� GD\� IRU� SHRSOH� LQ�
XUEDQ�DUHDV��3UDWLZL��<,��DW�DO���������6R�QRZ�WKHUH�LV�DQRWKHU�ZD\�WR�XVH�QDUURZ�ODQG�DV�DQ�
HIIRUW� WR�GHYHORS�DJULFXOWXUDO�SURGXFWV��QDPHO\�E\�SODQWLQJ�ZLWK�D�K\GURSRZHU�V\VWHP��
+\GURJDQLF�FRPHV�IURP�WKH�ZRUGV��+\GUR��DQG��2UJDQLF��ZKLFK�DUH�GHILQHG�DV�RUJDQLF�
FXOWLYDWLRQ�V\VWHPV�E\�FRPELQLQJ�K\GUR�V\VWHPV�DQG�RUJDQLF�V\VWHPV��7KH�PDLQ�VRXUFH�RI�
QXWULHQWV� IURP�K\GURJDQLF� LV�REWDLQHG� IURP�VROLG�DQG� OLTXLG�RUJDQLF� IHUWLOL]HU�DQG�SRQG�
ZDWHU�ZKLFK�LV�WUHDWHG�DV�SODQW�QXWULWLRQ��7KHUH�DUH���LPSRUWDQW�FRPSRQHQWV�LQ�K\GUDXOLFV�
DSSOLFDWLRQV��QDPHO\�� ���3RQGV����� RUJDQLF� IHUWLOL]HU� �DV� D�SODQWLQJ�PHGLXP���DQG���� D[LV�
V\VWHP�VHULHV��<HQLDUWD���������7KH�DGYDQWDJHV�RI�IDUPLQJ�LQ�D�K\GURSRZHU�V\VWHP�DUH�����
+LJKHU�\LHOGV�DQG�FURS�TXDOLW\�����0RUH�IUHH�IURP�SHVWV�DQG�GLVHDVHV�����8VH�RI�ZDWHU�DQG�
IHUWLOL]HU� PRUH� HIILFLHQWO\�� ��� $EOH� WR� RYHUFRPH� ODQG� SUREOHPV�� ��� &DQ� RYHUFRPH� WKH�
SUREOHP� RI� ODQG� OLPLWDWLRQV��:KLOH� WKH� EHQHILWV� DUH�� ���1R� WLOODJH�� ��� 1R� QHHG� IRU� FURS�
URWDWLRQ�����8QLIRUP�UHVXOWV�����&OHDQ����+LJK�\LHOGV�����/DERU�OHVV��HIILFLHQW������(DVLHU�WR�
PDLQWDLQ�� ��� ,W
V� HDVLHU� WR� UHSODFH� D� QHZ� IDFWRU\�� ���&DQ� EH� D� SODFH� DQG�ZD\� WR� LPSURYH�
SODQW�TXDOLW\

,Q� (DVW� -DYD�� WKH� +\GURJDQLF 6\VWHP� ZDV� GHYHORSHG� E\� WKH� 0LQL� 0D[L� -RLQW�
%XVLQHVV� *URXS�ZKLFK� IRUPHG� WKH� �'UHDP�:RUNVKRS�� DVVRFLDWLRQ� LQ� .DQLJRUR�9LOODJH��
3DJHODUDQ� 'LVWULFW�� 0DODQJ� 'LVWULFW�� DQG� WKHQ� ZDV� ZLGHO\� VWXGLHG� DQG� GLVVHPLQDWHG�
WKURXJK� WUDLQLQJ� DQG� GLVVHPLQDWLRQ� LQ� YDULRXV� FLWLHV� LQ� -DYD� DQG� RXWVLGH� -DYD� �� 7KH�
+\GURJDQLF� 7HFKQRORJ\� 'LVVHPLQDWLRQ� 3URJUDP� ZLWK� LQGHSHQGHQW� HOHFWULFLW\� VRXUFHV�
IURP� VRODU� SRZHU� SODQWV� KDV� EHHQ� FDUULHG� RXW� LQ� *UDQJVLO� +DPOHW�� -DPEDQJDQ� 9LOODJH��
'DPSLW�'LVWULFW��0DODQJ�5HJHQF\��&RPPXQLWLHV�WKDW�DUH�WKH�DFWRUV�RI�WKH�DFWLYLWLHV�DUH�WKH�
�.DPSRHQJ%RHQJD*UDQJVLO��7RXULVP�$ZDUHQHVV�*URXS�DQG�WKH��6\DNXUD�$UXP��)DUPHU�
:RPHQ
V� *URXS�� 7KLV� DFWLYLW\� LV� SDUW� RI� FRPPXQLW\�EDVHG� GHYHORSPHQW� ZLWK� WKH�
LQYROYHPHQW� RI� FRPPXQLW\� SDUWLFLSDWLRQ� ZKLFK� KDV� QRZ� EHFRPH� D� SROLF\� RI� UXUDO�
GHYHORSPHQW� SODQQLQJ�� &RPPXQLW\� SDUWLFLSDWLRQ� LQ� WKH� SURFHVV� RI� SODQQLQJ� DQG�
FRQVWUXFWLQJ� DJULFXOWXUDO� IDFLOLWLHV� LV� EDVHG� RQ� FRPPXQLW\� QHHGV�� SULRULWLHV� DQG�
DIIRUGDELOLW\��ZKLFK�FDQ�UHVXOW� LQ�PRUH�UHDOLVWLF�DQG�EHWWHU�GHVLJQV��SODQV�DQG�SURJUDPV��
3DUWLFLSDWRU\� FRPPXQLW\� DSSURDFKHV� LQ� GHYHORSLQJ� HFRWRXULVP� YLOODJHV� FDQ� UHGXFH�
IXQGLQJ�� LQFUHDVH� WKH� XVH� RI� ORFDO� UHVRXUFHV�� DQG� HPSRZHU� FRPPXQLW\� VRFLDO� FDSLWDO�
�:LNDQWL\RVR��5�� DW�DO�� ������*UDQJVLO�+DPOHW�� -DPEDQJDQ�9LOODJH��0DODQJ�5HJHQF\� LV� D�
IORZHU�EDVHG�KDPOHW�ZLWK�FKDUDFWHU�ZKLFK�KDV�D�KLJK�ZRUN�HWKLF�DQG�D�YHU\�KLJK�PXWXDO�
FRRSHUDWLRQ�FRPPXQLW\�

�� /LWHUDWXUH�5HYLHZ�

��� )RRG�6DIHW\

)RRG� VDIHW\� KDV� ILYH� HOHPHQWV� WKDW� PXVW� EH� PHW�� �D�� +RXVHKROG� DQG� LQGLYLGXDO�
RULHQWHG�� �E�� 7LPH� GLPHQVLRQ� DW� DQ\� WLPH� ZKHQ� IRRG� LV� DYDLODEOH� DQG� DFFHVVLEOH�� �F��
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(PSKDVLV�RQ�KRXVHKROG�DQG� LQGLYLGXDO� IRRG�DFFHVV��ERWK�SK\VLFDO��HFRQRPLF�DQG�VRFLDO��
�G��RULHQWHG�WRZDUGV�IXOILOOLQJ�QXWULWLRQ��DQG��H��$LPHG�DW�KHDOWK\�DQG�SURGXFWLYH�OLYLQJ�
�6XKDU\DQWR�� ������� 2QH� DVSHFW� WKDW� FDQ� HQFRXUDJH� LQFUHDVHG� IRRG� VDIHW\� LV� WKH� XVH� RI�
\DUGV�

8WLOL]DWLRQ�RI� D�\DUG�RU� D� OLPLWHG�KRPH�SDJH� FDQ�KDYH�PD[LPXP�DGGHG�YDOXH� LI�
GRQH�SURSHUO\�DQG�KDV�D�FOHDU�FRQFHSW��7KH�H[LVWLQJ�SORWV�RI�ODQG�DUH�JHQHUDOO\�QRW�XWLOL]HG�
WR�PHHW�IRRG�QHHGV��HYHQ�LI�LPSOHPHQWHG��DUH�VWLOO�SDUW�WLPH�RU�IUHH�WLPH��3XVSLWDVDUL��������
VWDWHV� WKDW� LW� LV� QHFHVVDU\� WR� GHVLJQ� D� PRUH� FRPSUHKHQVLYH� \DUG� XWLOL]DWLRQ� SODQ� WR�
RSWLPL]H�WKH�UROH�RI�WKH�SORW�DV�D�EXIIHU�IRU�KRXVHKROG�IRRG�VDIHW\��<DUG�ZLWK�GLYHUVLW\�LQ�LW�
DOVR�KDV�D�JUHDW�SRWHQWLDO�WR�LQFUHDVH�WKH�FDUU\LQJ�FDSDFLW\�RI�WKH�HQYLURQPHQW��7KH�XUEDQ�
DJULFXOWXUH� PRYHPHQW� FDQ� EH� WKH� EDFNERQH� LQ� LQFUHDVLQJ� FRPPXQLW\� LQGHSHQGHQFH��
HVSHFLDOO\�PDLQWDLQLQJ�IRRG�VDIHW\�DW�WKH�KRXVHKROG�VFDOH��7KH�OLPLWHG�ODQG�DUHD�JDYH�ULVH�
WR�WKH�FKRLFH�RI�IDUPLQJ�ZLWK�D�K\GURSRQLF�V\VWHP�

��� %DPERR�6WUXFWXUH�RI�*UHHQKRXVH

*UHHQKRXVH� EXLOGLQJV� DUH� XVHG� WR� FUHDWH� RSWLPDO� FRQGLWLRQV� LQ� FURS� FXOWLYDWLRQ�
DFWLYLWLHV� LQ�D�FRQWUROOHG�HQYLURQPHQW��$QDGLD��1DILOD��DW�DO���������7KH�SODVWLF�PDWHULDO� LV�
QHHGHG�IRU�WKH�FXOWLYDWLRQ�RI�K\GURSRQLF�SODQWV��7KH�IXQFWLRQ�RI�D�SODVWLF�PDWHULDO�LV�DV�D�
UHJXODWRU� RI� VRODU� UDGLDWLRQ� WKDW� HQWHUV� WKH� JUHHQKRXVH�� EHVLGHV� WKDW� LW� DOVR� VHUYHV� DV� D�
SURWHFWLRQ�DJDLQVW�SODQWV�IURP�LQVHFWV�DQG�ELUGV��+HQGUD��������

%DPERR� LV� D� ORFDO� PDWHULDO� WKDW� LV� ZLGHO\� DYDLODEOH� WKURXJKRXW� ,QGRQHVLD� DQG�
HVSHFLDOO\� LQ� UXUDO� DUHDV�� :LWK� FDUHIXO� DQG� SHUIHFW� SURFHVVLQJ� �SUHVHUYLQJ�� HIIRUWV�� WKH�
PDWHULDO� IURP� WKLV�EDPERR�PDWHULDO� FDQ�EHFRPH�D� FRQVWUXFWLRQ�PDWHULDO�ZLWK� HPXOVLRQV�
WKDW�DUH� VWURQJ� HQRXJK���KDUG�DQG�GXUDEOH� �GXUDEOH��� VR� WKDW� LW� FDQ�EH�XVHG� IRU�YDULRXV�
W\SHV�RI�SUDFWLFDO�EHQHILWV��+DQGRNR����������%DPERR�LV�DOVR�DQ�HFRORJLFDO�PDWHULDO�WKDW�LV�
HDVLO\� UHMXYHQDWHG� DQG� ORDGHG� ZLWK� YDULRXV� EHQHILWV�� $OO� WKH� HOHPHQWV� WKDW� H[LVW� LQ� WKH�
EDPERR�EDVH� �UDQJLQJ� IURP�� VWHPV�� OHDYHV�� HYHQ� WR�JHW� WKH� URRWV�� FDQ�EH�ZLGHO\�XVHG� LQ�
YDULRXV�DFWLYLWLHV�LQ�GDLO\�FRPPXQLW\�OLIH�

��� +\GURJDQLF�$JULFXOWXUH�6\VWHP�

+\GURJDQLF�FRPHV� IURP�WKH�ZRUGV� �+\GUR��DQG��2UJDQLF��ZKLFK�DUH�GHILQHG�DV�
RUJDQLF�FXOWLYDWLRQ�V\VWHPV�E\�FRPELQLQJ�WKH�K\GUR�V\VWHP�DQG�WKH�RUJDQLF�V\VWHP��7KH�
PDLQ� VRXUFH� RI� QXWULWLRQ� IURP� K\GURJDQLF� LV� REWDLQHG� IURP� VROLG� DQG� OLTXLG� RUJDQLF�
IHUWLOL]HU�DQG�SRQG�ZDWHU�ZKLFK�LV�WUHDWHG�DV�SODQW�QXWULWLRQ��<HQLDUWD��������

)LJXUH���+\GURJDQLF�V\VWHP

��� 3KRWRYROWDLF�6RODU�(QHUJ\�6\VWHPV

7KH�PDLQ�FRPSRQHQW�RI�D�6RODU�(QHUJ\�6\VWHP�LV�D�SKRWRYROWDLF�FHOO�WKDW�FRQYHUWV�
VRODU�UDGLDWLRQ�LQWR�HOHFWULFLW\�GLUHFWO\��GLUHFW�FRQYHUVLRQ��FDSWXUHG�E\�WKH�6RODU�$UUD\��D�
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%DODQFH� RI� 6\VWHP� �%26�� UHTXLUHG� LQFOXGHV� D� FKDUJH� FRQWUROOHU� DQG� LQYHUWHU�� DQ� HQHUJ\�
VWRUDJH� XQLW� �EDWWHU\�� DQG� RWKHU� VXSSRUWLQJ� HTXLSPHQW� �:LGD\DQD�� ������� 7KLV� HQHUJ\�
V\VWHP�ZLOO� VXSSRUW� WKH� HOHFWULFLW\� QHHGV� RI� FLUFXODWLQJ� ZDWHU� SXPSV� WKDW� SXPS�ZDWHU�
IURP�SRQGV�WR�WKH�SLSH�SLSHV�ZKHUH�K\GURSRZHU�YHJHWDEOHV�DUH�SODQWHG�

)LJXUH��� 3KRWRYROWDLF�6RODU�(QHUJ\�6\VWHPV
6RXUFH�:LGD\DQD������

��� 5HVHDUFK�0HWKRGV�

7KLV�VWXG\�XVHV�GHVFULSWLYH�TXDOLWDWLYH�PHWKRGV�DQG�DFWLRQ�UHVHDUFK�LQ�WKH�IRUP�RI�
PDNLQJ�D�SURWRW\SH�RI�D�JUHHQKRXVH�IRU�K\GURJDQLF�SODQWV��FRQGXFWLQJ�D�WULDO�RI�JURZLQJ�
YHJHWDEOHV�� 7KH� PHWKRG� RI� LPSOHPHQWLQJ� WHFKQRORJ\� GLVVHPLQDWLRQ� DFWLYLWLHV� WR� WKH�
FRPPXQLW\� XVHG� LQ� WKLV� DFWLYLW\� DUH�� D�� OHFWXUHV� DQG� GLVFXVVLRQV�� QDPHO\� SURYLGLQJ�
NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�KRZ�WR�JURZ�D�K\GURJDQLF�V\VWHP�DQG�LWV�EHQHILWV�DQG�
EHQHILWV��GLVFXVVLRQ�DQG�TXHVWLRQV�DQG�DQVZHUV��WKH�SUDFWLFH�RI�K\GURSRZHULF�IDUPLQJ��E��
SUDFWLFH�RI�PDNLQJ�EDPERR�VWUXFWXUHV�JUHHQKRXVHV��F��WKH�SUDFWLFH�RI�LQVWDOOLQJ�K\GUDXOLF�
SODQWV�� G�� WKH� SUDFWLFH� RI� LQVWDOOLQJ� VRODU� SRZHU� SODQWV�� H�� WKH� SUDFWLFH� RI� SODQWLQJ� DQG�
PDLQWDLQLQJ�YHJHWDEOH�SODQWV� LQ�D�K\GURJDQLF�PDQQHU�� 7KH� LPSOHPHQWDWLRQ�ZDV� FDUULHG�
RXW�LQ�PXWXDO�FRRSHUDWLRQ�E\�WKH�SHRSOH�RI�*UDQJVLO��-DPEDQJDQ�9LOODJH��'DPSLW�'LVWULFW��
0DODQJ�5HJHQF\��/HFWXUHV� DQG�GLVFXVVLRQV�ZHUH�KHOG� LQ� VHYHUDO�SODFHV� DFFRUGLQJ� WR� WKH
9LOODJH�+HDG�� LQ�WKH�*UHHQKRXVH��DQG�DW�WKH��'UHDP�:RUNVKRS���ZLWK�WKH�KHOS�RI�SRZHU�
SRLQW�PHGLD�DQG�YLGHR��ZKLOH�WKH�SUDFWLFH�RI�JURZLQJ�YHJHWDEOHV�DQG�VSUHDGLQJ�ILVK�VHHGV�
XVLQJ�K\GURJDQLF�HTXLSPHQW�

3ULPDU\�GDWD� LQ� WKLV� VWXG\�ZHUH� WDNHQ�ZLWK�D�YDULHW\�RI�REVHUYDWLRQV��QDPHO\��D��
*UHHQKRXVH� GHVLJQ�� E�� VSHHG� RI� JUHHQKRXVH� FRQVWUXFWLRQ�� F�� VSHHG� RI� LQVWDOODWLRQ� RI�
K\GURJDQLF� LQVWDOODWLRQV�� G�� 6SHHG� RI� VRODU� SRZHU� SODQ� LQVWDOODWLRQ� H��� 7KH� ZRUNVKRS�
SURFHVV�7KH�SURFHVV�RI�SODQWLQJ�DQG�PDLQWDLQLQJ�YHJHWDEOHV�

�� 5HVXOWV�DQG�'LVFXVVLRQ

��� 'HVLJQ

7KH�GHVLJQ�RI�+\GURJDQLF�9HJHWDEOH�)DUP�*UHHQKRXVH�ZLWK�6RODU�(QHUJ\�6\VWHP�
ZDV�FDUULHG�RXW�E\�WKH�&RQVWUXFWLRQ�7HDP�IRU����GD\V��7KH�VKDSH�RI�WKH�EXLOGLQJ�XVHV�D�
WXQQHO� VKDSH� WKDW� PDNHV� LW� HDV\� IRU� WKH� FRPPXQLW\� WR� EXLOG� LW�� :KLOH� WKH� EXLOGLQJ�
VWUXFWXUH�XVHV�EDPERR�PDWHULDO��UHPHPEHU�WKDW� LQ�*UDQJVLO�DUHD�WKHUH�DUH�PDQ\�EDPERR�
SODQWV�IRU�EXLOGLQJ�FRQVWUXFWLRQ�
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7KH�IROORZLQJ�ILJXUH�VKRZV�D�WXQQHO�VKDSHG�JUHHQKRXVH�GHVLJQ�XVLQJ�EDPERR�VWUXFWXUHV�
ZLWK�SKRWRYROWDLF�LQGHSHQGHQW HQHUJ\�

)LJXUH����'HVLJQ�RI�D�EDPERR�JUHHQKRXVH�IRU�VRODU�HQHUJ\�K\GURJDQLF�DJULFXOWXUH�����GD\V�

��� &RQVWUXFWLRQ

����� &RQVWUXFWLRQ�RI�D�*UHHQKRXVH

7KH� FRQVWUXFWLRQ� RI� D� JUHHQKRXVH� ZLWK� D� EDPERR� VWUXFWXUH� ZDV� FDUULHG� RXW�
FRRSHUDWLYHO\� E\� WKH� *UDQJVLO� KDPOHW� FRPPXQLW\� DVVLVWHG� E\� 8QPHU� 0DODQJ� VWXGHQWV�
ZKR�ZHUH�GRLQJ�D�5HDO�:RUN�/HFWXUH��,W� WDNHV����GD\V�WR�FRPSOHWH�WKH�FRQVWUXFWLRQ�RI�D�
JUHHQKRXVH�ZLWK�D�EDPERR�VWUXFWXUH�

)LJXUH��� &RQVWUXFWLRQ�RI�D�*UHHQKRXVH�����GD\V�

����� +\GURJDQLF�,QVWDOODWLRQ

+\GURJDQLF� LQVWDOODWLRQ�ZLWK�PDWHULDOV�� DOXPLQXP� IUDPH�� SDUDORQ� SLSH�� DVEHVWRV�
ZDYH��WDUSDXOLQ��7KH�LPSOHPHQWDWLRQ�ZDV�FDUULHG�RXW�E\�WKH�-DPEDQJDQ�FRPPXQLW\�DQG�
0DODQJ� 8QPHU� &RPPXQLW\� 6HUYLFH� VWXGHQWV� ZLWK� GLUHFWLRQ� IURP� WKH� 8QPHU� 0DODQJ�
&RPPXQLW\�6HUYLFH�7HDP�DQG�K\GURJDQLF�H[SHUWV�IURP��'UHDP�:RUNVKRS��,QVWDOODWLRQ�RI�
WKLV�IDFLOLW\�WDNHV���GD\V�



7KH�%DPERR�*UHHQKRXVH�7HFKQRORJ\�IRU�+\GURJDQLF�3ODQWV�ZLWK�,QGHSHQGHQW�3KRWRYROWDLF�
(QHUJ\�LQ�WKH�)RRG�6DIHW\�3URJUDP

+HU\�%XGL\DQWR��0XQDQWR�+DULV��$ULHV�%RHGL�6HWLDZDQ��(OWD�6RQDOLWKD�0XKDPPDG�,TED

)LJXUH����+\GURJDQLF�,QVWDOODWLRQ����GD\V�

����� 6RODU�3RZHU�3ODQ�,QVWDOODWLRQ

,QVWDOODWLRQ�RI�6RODU�3RZHU�3ODQ�LQVWDOODWLRQV�LQFOXGH��VRODU�SDQHOV��EUDFNHWV��VRODU�
FRQWUROOHUV��EDWWHULHV�� LQYHUWHUV��DQG�FDEOH�QHWZRUNV�OHDGLQJ�WR�ZDWHU�SXPSV�DQG�OLJKWLQJ�
ODPSV�FDUULHG�RXW�E\�WKH�8QPHU�0DODQJ�&RPPXQLW\�6HUYLFH�7HDP�DVVLVWHG�E\�WKH�SHRSOH�
RI�-DPEDQJDQ�9LOODJH��,QVWDOODWLRQ�LV�FDUULHG�RXW�ZLWKLQ���GD\V�

)LJXUH����3/76�,QVWDOODWLRQ����GD\V�

��� 6RFLDOL]DWLRQ�DQG�&RRUGLQDWLRQ�

����� &RRUGLQDWLRQ

'LVFXVVLRQV� LQ� WKH� IRUP� RI� DQG� FRRUGLQDWLRQ�ZHUH� FDUULHG� RXW� LQ� WKH� ILHOG�ZKHUH�
K\GURSRZHU�ZDV�SODQWHG�DQG�LQ�WKH�KRXVH�RI�WKH�+HDG�RI�*UDQJVLO�+DPOHW�

)LJXUH��� 6RFLDOL]DWLRQ�RI�+\GURJDQLF�$JULFXOWXUH
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)LJXUH��� &RRUGLQDWLRQ�RI�WKH�+\GURJDQLF�0DQDJHPHQW�7HDP

��� +\GURJDQLF�$JULFXOWXUH�:RUNVKRS

+\GURJDQLF� DJULFXOWXUH� ZRUNVKRSV� LQFOXGH�� DQ� XQGHUVWDQGLQJ� RI� K\GURJDQLF�
IDUPLQJ��KRZ�WR�PDNH�K\GURJDQLF�PHGLD��KRZ�WR�SODQW�DQG�PDLQWDLQ�K\GURSRZHU�SODQWV�
FDUULHG� RXW� DW� WKH� �'UHDP� :RUNVKRS�� LQ� .DQLJRUR� 9LOODJH�� 3DJHODUDQ� 'LVWULFW�� 0DODQJ�
5HJHQF\�

)LJXUH���+\GURJDQLF�$JULFXOWXUH�:RUNVKRS

��� 3ODQWLQJ�DQG�+DUYHVWLQJ�

3ODQWLQJ� OHWWXFH� DQG�PXVWDUG JUHHQV� DV�ZHOO� DV� VSUHDGLQJ� FDWILVK� DQG� WLODSLD� LQ�
PLG�$XJXVW������� OHWWXFH�YHJHWDEOHV�FDQ�EH�KDUYHVWHG�DW�WKH�HQG�RI�6HSWHPEHU�������7KH�
VXFFHVV� WKDW� FDQ� EH� VHHQ� LV� WKDW�ZKHQ� IDUPHUV� FDQQRW� JURZ� YHJHWDEOHV� LQ� GU\� ODQG�� WKH�
YHJHWDEOH�SODQWV�LQ�WKLV�K\GURJDQLF�JUHHQKRXVH�UHPDLQ�IHUWLOH�DQG�KHDOWK\�EHFDXVH�ZDWHU�
FLUFXODWLRQ�RFFXUV�FRQWLQXRXVO\��7XQQHO�VKDSHG�JUHHQKRXVH�ZLWK�EDPERR�VWUXFWXUH�XVLQJ�
LQGHSHQGHQW�HQHUJ\�IRU�K\GURSRQLF�IDUPLQJ�LV�YHU\�SUDFWLFDO��HIILFLHQW�DQG�TXLFN�WR�EXLOG�
DQG�FDQ�EH�SODQWHG�ZLWK YHJHWDEOHV�DQG�VSUHDG�ILVK�WKURXJKRXW�WKH�\HDU�ZLWKRXW�SDXVH�LV�
H[SHFWHG�WR�EH�D�SURWRW\SH�RI�PRGHUQ�DJULFXOWXUDO�DQG�ILVKHU\�IDFLOLWLHV�ZLWKRXW�UHO\LQJ�RQ�
WKH� UDLQ\� RU� GU\� VHDVRQ� LQ� WKH� IUDPHZRUN� RI� WKH� SURJUDP� LQFUHDVH� QDWLRQDO� VFDOH� IRRG�
VDIHW\�

)LJXUH���� )LUVW�+DUYHVW�RI�/HWWXFH�9HJHWDEOH
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(QHUJ\�LQ�WKH�)RRG�6DIHW\�3URJUDP

+HU\�%XGL\DQWR��0XQDQWR�+DULV��$ULHV�%RHGL�6HWLDZDQ��(OWD�6RQDOLWKD�0XKDPPDG�,TED

��� 3KRWRYROWDLF�VRODU�HQHUJ\�WHVWLQJ�

7KH�UHVXOWV�RI�WHVWLQJ�RI�HDFK�VRODU�SDQHO�����ZS�DUH�DV�IROORZV�

)LJXUH�����*UDSK�RI�&XUUHQW�DQG�9ROWDJH�RI�6RODU�3DQHOV

,Q� VXQQ\�ZHDWKHU�� D� ����:3� VRODU� SDQHO� FDQ� SURGXFH� DQ� DYHUDJH� RI� ����$PSHUH�
�����9ROWV��ZKHUHDV�ZKHQ�WKH�ZHDWKHU�LV�FORXG\�WKH�FXUUHQW�GURSV�WR�����$PSHU������9ROWV��
(OHFWULFDO� HQHUJ\� VWRUHG� LQ� EDWWHULHV� FDQ� DOUHDG\� EH� XVHG� WR� GULYH� ZDWHU� SXPSV� ZLWK� D�
SRZHU�RI����:DWW�HDFK�����9ROW�YROWDJH�DQG�OLJKWLQJ�ODPSV�ERWK�LQ�WKH�JUHHQKRXVH�DQG�LQ�
WKH�VXUURXQGLQJ�HQYLURQPHQW�

�� &RQFOXVLRQV�DQG�6XJJHVWLRQV

��� &RQFOXVLRQV

D� 7KH�*UHHQKRXVH�SURWRW\SH�ZLWK�WXQQHO�VKDSH�DQG�EDPERR�VWUXFWXUH�PDWHULDO�LV�
D� FKRLFH� RI� EHDXWLIXO�� VWXUG\�� DQG� FRPIRUWDEOH� EXLOGLQJ� IRUPV� XVHG� IRU�
K\GURJDQLF� IDUPLQJ�� +\GURJDQLF� DJULFXOWXUH� LV� DQ� H[DPSOH� RI� DQ� HIIRUW� WR�
VXFFHHG� LQ�D�SURJUDP�WR� LPSURYH� IRRG�VDIHW\�E\�XWLOL]LQJ� LQFUHDVLQJO\�QDUURZ�
DJULFXOWXUDO�ODQG�

E� 3ODQWLQJ� YHJHWDEOHV DV�ZHOO� DV� VSUHDGLQJ� ILVK�� FDQ� EH� KDUYHVWHG�DW� WZR�PRQWK�
DIWHU�SODQWLQJ��7KH�VXFFHVV� WKDW�FDQ�EH�VHHQ� LV� WKDW�ZKHQ� IDUPHUV�FDQQRW�JURZ�
YHJHWDEOHV� LQ� GU\� ODQG�� WKH� YHJHWDEOH� SODQWV� LQ� WKLV� K\GURJDQLF� JUHHQKRXVH�
UHPDLQ�IHUWLOH�DQG�KHDOWK\�EHFDXVH�ZDWHU�FLUFXODWLRQ�RFFXUV�FRQWLQXRXVO\��

F� 7XQQHO�VKDSHG� JUHHQKRXVH�ZLWK� EDPERR� VWUXFWXUH� XVLQJ� LQGHSHQGHQW� HQHUJ\�
IRU�K\GURSRQLF�IDUPLQJ�LV�YHU\�SUDFWLFDO��HIILFLHQW�DQG�TXLFN�WR�EXLOG�DQG�FDQ�EH�
SODQWHG�ZLWK�YHJHWDEOHV�DQG�VSUHDG� ILVK�WKURXJKRXW� WKH�\HDU�ZLWKRXW�SDXVH� LV�
H[SHFWHG�WR�EH�D�SURWRW\SH�RI�PRGHUQ�DJULFXOWXUDO�DQG�ILVKHU\�IDFLOLWLHV�ZLWKRXW�
UHO\LQJ� RQ� WKH� UDLQ\� RU�GU\� VHDVRQ� LQ� WKH� IUDPHZRUN� RI� WKH� SURJUDP� LQFUHDVH�
QDWLRQDO�VFDOH�IRRG�VDIHW\��

G� +\GURJDQLF�DJULFXOWXUH�ZLWK�VRODU�HQHUJ\�LQGHSHQGHQW�HOHFWULFLW\�LV�DQ�H[DPSOH�
RI� D� YHU\� HIILFLHQW� IDUPLQJ� V\VWHP� DQG� WKH� XVH� RI� LQGHSHQGHQW� HQHUJ\�� 7KLV�
WHFKQRORJ\� LV� YHU\� VXLWDEOH� IRU� WKH� QHHGV� RI� PRGHUQ� DJULFXOWXUH�� (OHFWULFDO�
HQHUJ\�UHTXLUHPHQWV�IRU�ZDWHU�SXPSV�DQG�OLJKWLQJ�FDQ�EH�PHW�E\���SKRWRYROWDLF�
VRODU�FHOO�SDQHOV��LQ�VXQQ\�ZHDWKHU�LW�SURGXFHV������$PSHUHV�RI HOHFWULFLW\�������
9ROWV��VR�LW�GRHVQ
W�QHHG�D�JHQHUDWRU�RU�3/1�HOHFWULFLW\��7KLV�LQGHSHQGHQW�HQHUJ\�
K\GURJDQLF� JUHHQKRXVH� EXLOGLQJ� FDQ� EHFRPH� D� ZLGHVSUHDG� SURWRW\SH� DV� D�
JUHHQKRXVH�EXLOGLQJ�WKDW�LV�TXLFNO\�EXLOW�ZLWK�LQGHSHQGHQW�HQHUJ\�
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��� 6XJJHVWLRQV

D� 3URWRW\SH� RI� *UHHQKRXVH� $JULFXOWXUH� +\GURJDQLF� VRODU� HQHUJ\� LQGHSHQGHQW�
HOHFWULFLW\�FDQ�EH�GXSOLFDWHG�RQ�D�EURDGHU�VFDOH�

E� )XUWKHU� UHVHDUFK� FDQ� EH� GRQH� RQ� WKH� DXWRPDWLRQ� V\VWHP� LQ� VHYHUDO� SDUWV� WR�
IDFLOLWDWH�WKH�K\GURJDQLF�RSHUDWLRQ��LQFOXGLQJ�VHWWLQJ�WKH�WLPH�IRU�ILVK�IHHG�DQG�
ZDWHU�FLUFXODWLRQ�

F� )XUWKHU�UHVHDUFK�FDQ�DOVR�EH�FDUULHG�RXW�RQ�WKH�XVH�RI�EDPERR�DV�D�VXEVWLWXWH�IRU�
SDUDORQ�SLSHV�IRU�K\GURJDQLF�IDUPLQJ��

5HIHUHQFHV

$QDGLD�� 1DILOD�� DW�DO�� �������� ´*UHHQKRXVH� 6WUXFWXUH� DQG� )XQFWLRQDO� $QDO\VLVµ�7HNQRWDQ�
-RXUQDO 9RO�� ��� 1R�� ��� $SULO� ������ 3� �� ,661�� ����������� (� �� ,661�� �����������
%DQGXQJ��)DFXOW\�RI�$JULFXOWXUDO�,QGXVWU\�7HFKQRORJ\��3DGMDGMDUDQ�8QLYHUVLW\�

+DQGRNR��������� %DPERR� %XLOGLQJ� 'HVLJQ�� :RUVKLS� )DFLOLWLHV� IRU� 3�6� 7DQL0DQGLUL� )DUPHU�
&RPPXQLW\�&LERGDV�9LOODJH��/HPEDQJ�'LVWULFW��%DQGXQJ�5HJHQF\��&RPPXQLW\�6HUYLFH�
*UDQW��%DQGXQJ��/330�3DUDK\DQJDQ�&DWKROLF�8QLYHUVLW\�

+HQGUD��)DLODVXI�+HUPDQ����������'HVLJQLQJ�+\GURSRQLF�SODQW�FXOWLYDWLRQ�IDFLOLWLHV�ZLWK�D�
ELRFOLPDWLF� DSSURDFK�1DWLRQDO� 6HPLQDU� RQ� $SSOLHG� 6FLHQFH� DQG� 7HFKQRORJ\ ,,,� �����
,6%1�������������������$GKL�7DPD�,QVWLWXWH�RI�7HFKQRORJ\�6XUDED\D

3UDWLZL�� <�� ,��� $OL�� 0��� 6HWLDZDQ�� 0�� ,��� %XGL\DQWR�� +��� 	6XFDK\R�� %�� 6�� �������8UEDQ�
$JULFXOWXUH�7HFKQRORJ\� WR� 6XSSRUW�8UEDQ�7RXULVP� $'5,�,QWHUQDWLRQDO�-RXUQDO�2I�
$JULFXOWXUH�������� ��²���� 5HWULHYHG� IURP� KWWS���HMRXUQDO�S�
DGUL�RUJ�LQGH[�SKS�LMDJ�DUWLFOH�YLHZ����

3XVSLWDVDUL�� $JQHV�� �������� +\GURSRQLF� $JULFXOWXUDO� 8WLOL]DWLRQ� WR� 2YHUFRPH� WKH�
/LPLWDWLRQV� RI� $JULFXOWXUDO� /DQG� LQ�8UEDQ�$UHDV�1DWLRQDO� 6HPLQDU� RQ�&RPPXQLW\�
6HUYLFH�2SHQ�8QLYHUVLW\��6HSWHPEHU����������

6XKDU\DQWR��+HUL��������)RRG�6HFXULW\��-RXUQDO�RI�6RFLDO�+XPDQLWLHV��9RO����1R����1RYHPEHU�
�����

<HQLDUWD��������%%33�.HWLQGDQ�'HYHORSV�2UJDQLF�9HJHWDEOHV�ZLWK��+\GURJDQLFV���2UJDQLF�
+\GURSRQLFV��� $JULFXOWXUH� $UWLFOHV�1R�� ���� 2FWREHU� ������ 7KH� &HQWHU� IRU�
$JULFXOWXUDO�5HVHDUFK��%%33��.HWLQGDQ�0DODQJ�5HJHQF\�

:LGD\DQD�� *HGH�� �������� 8WLOL]DWLRQ� RI� 6RODU� (QHUJ\�-RXUQDO� RI� 7HFKQRORJ\� DQG�9RFDWLRQDO�
(GXFDWLRQ��*DQHVKD�8QLYHUVLW\�RI�(GXFDWLRQ��9RO�� QR���������

:LNDQWL\RVR��5���&DK\DQLQJVLK��'��6���6XODNVRQR��$��*���	:LGD\DWL��6����������6XVWDLQDEOH�
&RPPXQLW\� %DVHG� (FRWRXULVP� 'HYHORSPHQW�� *UDQJVLO� )ORZHU� 9LOODJH� 7RXULVP�
3DUN��'DPSLW�'LVWULFW��0DODQJ�5HJHQF\��,Q 636'������&RQIHUHQFH�636'�3UHVV�


