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0RGHOOLQJ� DQG� 2SWLPLVDWLRQ� RI� 6WDELOLVDWLRQ� 3RQGV� 6\VWHP�IRU� WKH� 7UHDWPHQW� RI� 6ZLQH� :DVWHV�� 2UJDQLF� 0DWWHU�(YDOXDWLRQ
5HMDQH�+HOHQD�5LEHLUR�GD�&RVWD� DQG�:DOGLU�0HGUL�
��8QLYHUVLGDGH�)HGHUDO� GH� 6DQWD�&DWDULQD��'HSDUWDPHQWR� GH�(QJHQKDULD� 6DQLWiULD� H�$PELHQWDO��)ORULDQySROLV� �6&�� %UD]LO�����8QLYHUVLGDGH�(VWDGXDO�GH�/RQGULQD��'HSDUWDPHQWR�GH�0DWHPiWLFD�$SOLFDGD��&DPSXV�8QLYHUVLWiULR�������������/RQGULQD�� 35�� %UD]LO

$%675$&7
7KH� IDVW� LQFUHDVH� RI� WKH� VZLQH� SURGXFWLRQ�� VSHFLDOO\� LQ� WKH�ZHVW� UHJLRQ�RI� 6DQWD�&DWDULQD��%UD]LO�� GLG�QRW�KDYH�D�SDUDOOHO�SURJUDP�IRU�WKH�YDORULVDWLRQ�RI�LWV�GHMHFWLRQ��QRW�HYHQ�SURFHVVHV�IRU�WKH�WUHDWPHQW�RI�WKH�RUJDQLF�UHVLGXHV��0RVW�RI�WKH�SURGXFHUV�NHHS�WKHLU�DQLPDOV�FRQILQHG�LQ�VPDOO�DUHDV��KDYLQJ�DV�D�FRQVHTXHQFH�WKH�SURGXFWLRQ�RI�D�ODUJH�YROXPH�RI�ZDVWHV�LQ�WKH�VDPH�SODFH��7KLV�ZDVWH�LV�GLOXWHG�LQ�ZDWHU�XVHG�WR�FOHDQ�WKH�ED\V��UHVXOWLQJ�LQ�FRQWDPLQDWLRQ�RI� WKH�ZDWHUFRXUVH�� 7KXV�� LW� LV� QHFHVVDU\� WR� GHYHORS� WUHDWPHQW� SURFHVVHV� WR�PLQLPLVH� WKH�HQYLURQPHQWDO�SUREOHPV�FDXVHG�E\�WKH�VZLQH�EUHHGLQJ�DFWLYLWLHV��7KH�VWDELOLVDWLRQ�SRQGV�KDYH�EHHQ�XVHG�GXH�WR�LWV�H[FHOOHQW�HIILFLHQF\�LQ�WKH�UHPRYDO� RI� WKH� RUJDQLF� PDWWHUV�� VROLGV�� QXWULHQWV� DQG� IDHFDO� FROLIRUPV�� EHVLGHV� WKH� ORZ� LPSODQWDWLRQ� DQG�PDLQWHQDQFH�FRVWV��7KLV�ZRUN�ZDV�DVVLVWHG�LQ�D�VHULHV�RI�IRXU�VWDELOLVDWLRQ�SRQGV��UHDO�VFDOH��WUHDWLQJ�VZLQH�ZDVWHV�LQ�&RQFyUGLD�6&� DW� &136$�� 7KH� SRQGV� V\VWHP� ZDV� HYDOXDWHG� GXULQJ� D� SHULRG� RI� ��� PRQWKV�� REMHFWLQJ� WR� JHW� LWV�SULQFLSDO�ZRUN�SDUDPHWHUV��DV�ZHOO�DV� LQIRUPDWLRQ�DERXW� WKH�FDSLWDO�DQG�RSHUDWLRQDO�FRVWV�� LQ�RUGHU� WR�DGMXVW� WKH�HTXDWLRQV�WR�PRGHO�DQG�RSWLPLVH�WKH�V\VWHPV�DERXW�WKH�UHPRYDO�RI�WKH�RUJDQLF�PDWWHUV�
.H\�ZRUGV� 6WDELOLVDWLRQ�SRQGV��VZLQH�ZDVWHV��FRVWV��PRGHOV��RSWLPLVDWLRQ


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7KH� VZLQH�ZDVWHV� WUHDWPHQW� V\VWHPV�KDYH� D�JUHDW�VDQLWDU\�LPSRUWDQFH��EHFDXVH�GXH�WR�IDVW�LQFUHDVHG��LQ�WKH�VZLQH�EUHHGLQJ�DFWLYLW\�SDUW LFXODUO\�LQ�VPDOO�DUHDV�SURGXFWLRQ�RI�PDQXUH�KDV�LQFUHDVH��ZKLFK�LV�KLJKO\� SROOXWDQW� DQG� FDXVHV� HQYLURQPHQWDO�GHJUDGDWLRQV�� 7KH� YROXPH� RI� ZDVWH� SURGXFHG� LQ�WKH� IDUPV�� ZKLFK� LV� ULFK� LQ� QXWULHQWV� VXFK� DV�QLWURJHQ�DQG�SKRVSKRUXV��PRVW�RI�WLPHV�LV�QRW�XVHG�WR�IHUWLOLVH�WKH�ODQG��EHFDXVH�EUHHGHUV�GR�QRW�KDYH�HQRXJK�DUHD�WR�DEVRUE�DOO�WKH�ZDVWHV�SURGXFHG�

6DQWD�&DWDULQD��ZKLFK�KDV�WKH�HVWLPDWHG�QXPEHU�RI����� RI� VZLQH� �6XLQRFXOWXUD� ,QGXVWULDO�� �������SUHVHQWV� D� FULWLFDO� VLWXDWLRQ�� VSHFLDOO\� LQ� WKH�ZHVW�UHJLRQ��ZKHUH�WKH�VZLQH�SURGXFWLRQ�FRUUHVSRQGV�WR������� RI� WKH� QDWLRQDO� KHUG�� 7KXV�� WKURXJK� WKH�PRGHUQLVDWLRQ� RI� WKH� VZLQH� FRQILQHPHQW� V\VWHPV��WKHUH�ZDV�DQ�LQFUHDVH�LQ�WKH�XVH�RI�ZDWHU�WR�FOHDQ�WKH� ED\V��7KH� SXUSRVH� RI� XVLQJ�ZDWHU� LV� WR�GLOXWH�WKH�IDHFHV�DQG�XULQH�FRQFHQWUDWLRQV�DQG�WUHDW�WKHP�DV� OLTXLG� UHVLGXHV�� PDNLQJ� WKHP� HDV\� WR�PDQLSXODWH�� $QGUHDGDNLV� ������� UHSRUWHG� WKDW� LW�ZDV� SUREDEOH� WKDW� WKH� GLOXWLRQ� ZDV� QRW� DOZD\V�DYDLODEOH� EHFDXVH� LW� LQFUHDVHG� WKH� YROXPH� RI�
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���
UHVLGXH� DQG� FRXOG� UHSUHVHQW� GLIILFXOWLHV� LQ� WKH�WUHDWPHQW�7KH� VZLQH� ZDVWHV� WUHDWPHQW� SURFHVVHV� DUH� PRUH�GLYHUVH�� 1HYHUWKHOHVV�� DPRQJ� WKH� WHFKQRORJLHV�XVHG� LQ� WKH� UHJLRQ�� VWDELOLVDWLRQ� SRQGV� KDYH� EHHQ�XWLOLVHG�ZLWK�PRUH�IUHTXHQF\�E\�PHGLXP�DQG�JUHDW�SURGXFHUV� IRU� EHLQJ� D� VLPSOH� SURFHGXUH�ZLWK� ORZ�RSHUDWLRQDO� FRVW� DQG� JRRG� HIILFLHQF\�� VSHFLDOO\�ZKHUH�WKH�FOLPDWH�FRQGLWLRQV�DUH�SURSLWLRXV�DQG�WKH�JURXQG�DUHD�LV�DYDLODEOH��7KLV�ZRUN�SUHVHQWV�UHVXOWV�REWDLQHG�IURP�VHULHV�RI�VWDELOLVDWLRQ�SRQGV��GXULQJ�D�SHULRG�RI����PRQWKV��ORRNLQJ� IRU� WKH� DGMXVW� RI� WKH� FDS LWDO� DQG�RSHUDWLRQDO� HTXDWLRQV� IRU� WKH� RSWLPLVDWLRQ� RI�V\VWHP� LQ� HFRQRPLF� FRQFHSWLRQ�� LQ� RUGHU� WR�UHPRYH� WKH� RUJDQLF� PDWWHU� DQG� XWLOLVH� LW� LQ�DJULFXOWXUH�

0$7(5,$/6�$1'�0(7+2'6
7KH�H[SHULPHQWDO�SRQG�V\VWHP�IRU�WKH�VZLQH�ZDVWH�WUHDWPHQW� ZDV� LQVWDOOHG� LQ� &HQWUR� 1DFLRQDO� GH�3HVTXLVDV�GH�6XtQRV�H�$YHV�± &136$��DW�(PSUHVD�1DFLRQDO�GH�3HVTXLVD�$JURSHFXiULD�± (0%5$3$��&RQFyUGLD�6&��%UD]LO� 7KH�V\VWHP�FRQVLVWHG�RI�DQ�WDQN� IROORZHG� E\� D� VODW� GHFDQWHU�� WZR� DQDHURELF�SRQGV� �$3��� DQG� �$3���� D� IDFXOWDWLYH� SRQG� �)3��DQG D� ZDWHU� K\DFLQWK� SRQG� �:+3��� LQ� UHDO� VFDOH�DQG� FRQWLQXRXV� IOX[�� GLVSRVHG� LQ� VHULHV�� )LJXUH� ��SUHVHQWV�VFKHPDWLFDOO\�WKLV�V\VWHP�

)LJXUH�� � ([SHULPHQWDO�V\VWHP�IRU�WKH�WUHDWPHQW�RI�VZLQH�ZDVWHV
3K\VLFDO�DQG�RSHUDWLRQDO�FKDUDFWHULVWLFV�R I�WKH�SRQGV�DUH�SUHVHQWHG�LQ�7DEOH���
7DEOH� � 3K\VLFDO�DQG�RSHUDWLRQDO�FKDUDFWHULVWLFV�RI�WKH�SRQGV3DUDPHWHUV $3� $3� )3 :+37RS�VXUIDFH���������������������P �� ����� ����� ������ ������%RWWRP�VXUIDFH���������������P �� ����� ����� ����� �����'HSWK� �P� ���� ���� ���� ����9ROXPH����������������������������P�� ������ ������ ����� �����'LVFKDUJH���������������������P��G� ���� ���� ���� ����5HWHQWLRQ�WLPH������������������G� ����� ����� ����� �����
)HHGLQJ�6\VWHP
7KH�V\VWHP�ZDV�ILOOHG�GDLO\��'HMHFWLRQV�RI�WKH�ED\V�RI� VZLQH� ZHUH� WUDQVSRUWHG� WR� WKH� WDQN� DW�H[SHULPHQWDO�XQLW��,Q�WKH�WDQN��WKH�GHMHFWLRQV�ZHUH�KRPRJHQLVHG�E\�D�VXEPHUJHG�ERPE�DQG�GULYHQ�WR�GHFDQWHU� ZLWK� D� UDWH� RI� FRQVWDQW� IORZ� RI�DSSUR[LPDWHO\� ��� OLWWHUV�PLQ�� FRPSOHWLQJ� �P���

7KHVH� UHVLGXHV� ZHUH� VHQW� E\� JUDYLW\� WR� WKH�DQDHURELF�SRQG�$3��
0RQLWRULQJ�DQG�3K\VLFR�&KHPLFDO�$QDO\VLV
7KH�H[SHULPHQW�ZDV�FDUULHG�RXW�RYHU�WKH�SHULRGV�RI�-DQXDU\���� WR� $XJXVW���� LQ� SRQG� $3��� DQG�)HEUXDU\��0DUFK�DQG�2FWREHU�RI������ WR�$XJXVW�RI������ LQ� SRQGV� $3��� )3� DQG� :+3� UHVSHFWLYHO\��

ZDWHU�K\DFLQWK�SRQG�

$QDHURELF SRQG��'HFDQWHU $QDHURELF�SRQG��7DQN

)DFXOWDWLYH�SRQG



0RGHOOLQJ�DQG�2SWLPLVDWLRQ�RI�6WDELOLVDWLRQ�3RQGV�6\VWHP
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���
DIWHU� D� LQLWLDO� SKDVH�VWDWLRQDU\��7KH�VDPSOHV�ZHUH�FROOHFWHG�ZHHNO\� LQ� WKH� LQIOXHQWV� DQG�HIIOXHQWV�RI�HDFK� SRQG� DQG� VDPSOHV� IRU� &2'� ZHUH� FROOHFWHG�WZLFH� D� ZHHN� DQG� IROORZLQJ� SDUDPHWHUV� ZHUH�GHWHUPLQDWH�LQ�HDFK�VDPSOH��S+��7RWDO�6ROLGV��76���)L[HG� 6ROLGV� �)6��� 9RODWLOH� 6ROLGV� �96���%LRFKHPLFDO� 2[\JHQ� 'HPDQG� �%2'��� &KHPLFDO�2[\JHQ� 'HPDQG� �&2'��� 7RWDO� 1LWURJHQ� �1W���7RWDO�3KRVSKRUXV��3W���)DHFDO�&ROLIRUPV��)&��DQG�7HPSHUDWXUH� DFFRUGLQJ� WR� ³6WDQGDUG� 0HWKR GV´���������

5(68/76�$1'�',6&866,21
7KH� DYHUDJH�� PLQLPXP� DQG� PD[LPXP� YDOXHV�REWDLQHG� IURP� WKH� WUHDWPHQW� V\VWHP� DW� WKH�³([SHULPHQWDO�8QLW�RI�7UHDWPHQW�RI�6ZLQH�:DVWHV´�RI�WKH�&136$��DUH�SUHVHQWHG�LQ�7DEOH���,W� &DQ� EH� VHHQ� WKDW� WKH� FDUERQDFHRXV� SROOXWLRQ��%2'�DQG�&2'��ZDV� UHPRYHG�DERXW����� LQ� WKH�SULPDU\� DQDHURELF� SRQG� $3��� ZLWK� ��� GD\V�� 7KH�VHFRQGDU\� DQDHURELF� SRQG� $3��� ZKLFK� UHFHLYHG�HIIOXHQWV�IURP�$3���KDG�ODUJHU�UHWHQWLRQ�WLPH��EXW�WKH�HIILFLHQF\� LQ�WKH�UHPRYDO�RI�WKH�FDUERQDFHRXV�SROOXWLRQ�GHFUHDVHG�

7DEOH�� � 5HVXOWV�IURP�WKH�LQIOXHQWV�DQG�HIIOXHQWV�RI�HDFK�SRQG��WRWDO�GHWHQWLRQ�WLPH� �����GD\V�$YHUDJH�������������������������������������LQIOXHQWV����DQG�����HIIOXHQWV�����RI�����HDFK������SRQG0LQLPXP�DQG0D[LPXP�RI $3������������������������� $3��������������������������)3������������������������:+3���LQI��������������HI�����������LQI�������������HI������������LQI������������HI����������LQI������������HIS+ $Y�0LQ0D[
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,W�FRXOG�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�UHPDLQHG�SROOXWLRQ�ZDV�PRUH�UHVLVWDQW�WR�ELRGHJUDGDWLRQ�1LWURJHQ� ZDV� EHWWHU� UHPRYHG� LQ� WKH� IDFXOWDWLYH�SRQG��)3���DQG� WKH�UHPRYDO�FRUUHVSRQGHG� WR�����

RI� WKH� DYHUDJH� YDOXHV� �YDU\LQJ� EHWZHHQ� ��� DQG�����IRU�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV���7KH�SRQG� ZLWK� ZDWHU� K\DFLQWK� DOVR� FRQWULEXWHG� LQ� D�LPSRUWDQW� ZD\�� UHPRYLQJ� DERXW� ���� IURP� WKH�
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���
DYHUDJH� FRQFHQWUDWLRQV� �YDU\LQJ� EHWZHHQ� ��� DQG���� IRU�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV��$ERXW�����RI�WKH�SKRVSKRUXV�ZDV�UHPRYHG�LQ�WKH�ILUVW�DQDHURELF�SRQG�$3�� IURP� WKH� LQLWLDO�DYHUDJH�FRQFHQWUDWLRQV��ZKLOH�WKH�HQWLUH�DQDHURELF�SURFHVV��$3�� DQG� $3��� UHPRYHG� ���� DQG� WKH� DHURELF�SURFHVVHV� �)3� DQG� :+3�� UHPRYHG� ���� RI� WKH�UHPDLQHG� 3KRVSKRUXV� IURP� WKH� DQDHURELF�WUHDWPHQW�,Q� DOO�� WKH� WUHDWPHQW� V\VWHP� UHPRYHG� ����RI� WKH�WRWDO� QLWURJHQ� DQG� ���� RI� WKH� WRWDO� SKRVSKRUXV��ZKDW�UHSUHVHQWHG�D�YHU\�JRRG�LQGH[�RI�UHPRYDO�IRU�WKLV�W\SH�RI�ZDVWHV�
6<67(0�237,0,6$7,21
,Q VWDELOLVDWLRQ� SRQGV� V\VWHP�� WKH� RSWLPLVDWLRQ�FRQVLVWV�LQ�PLQLPLVLQJ�WKH�WRWDO�FRVW��FKDUDFWHULVHG�E\� WKH� VXP� RI� WKH� FDSLWDO� DQG� RSHUDWLRQDO� FRVWV��ZKLFK� DUH� LQKHUHQW� WR� WKH� GLVWULEXWLRQ� RI� WKH�RUJDQLF� FKDUJH� RI� HDFK� SRQG� �0HLVKHQJ� HW� DO���������.H]KDR��������DQG�REWDLQ�DQ�DGHTXDWH�ILQDO�HIIOXHQW� LQ� WHUPV� RI� RUJDQLF�PDWWHU��$FFRUGLQJ� WR�<DQJ� DQG� &KHQ� �������� WKH� FRVWV� LQYROYHG� DUH�FDSLWDO�� DQG� FDQ� EH� GLYLGHG� LQ� ODQG�� FRQVWUXFWLRQ��RSHUDWLRQDO� DQG� PDLQWHQDQFH� FRVWV�� 7KXV� LW� LV�QHFHVVDU\� WR� REWDLQ� WKH� PRGHO� F RVWV� RI� HDUWK��FRQVWUXFWLRQ�DQG�SRQG�PDLQWHQDQFH��%HVLGHV�WKHVH��WKLV� ZRUN� SUHVHQWV� WKH� PRGHO� FRVW� RI� SRQG�UHYHWPHQW� DQG� WKH� HIILFLHQF\� PRGHOV� RI� RUJDQLF�PDWWHU�
3RQG�(IILFLHQF\
7KH� DYHUDJH� UHVXOWV� REWDLQHG� DORQJ� WKH� IORZ� RI�HDFK�SRQG��DW�WKH�³([SHULPHQW DO�8QLW�RI�7UHDWPHQW�RI�6ZLQH�:DVWHV´�RI�&136$ VHHPHG�WR�EH�DOPRVW�LGHQWLFDO�� 6R� WKH� GHJUDGDWLRQ� FRHIILFLHQW� �N L�� RI�%2'�IRU� WKH�SRQGV�$3���$3���)3�DQG�:+3�ZDV�GHWHUPLQHG��DGPLWWLQJ�WKH�GHJUDGDWLRQ�UDWH�WKURXJK�WKH� ILUVW� RUGHU� NLQHWLF� DQG� XVLQJ� WKH� FRPSOHW H�PL[WXUH� PRGHO� �0HGUL�� ������� DOWKRXJK� WKH�JHRPHWULF�UHODWLRQ�OHQJWK�ZLGWK�WKDW�H[LVWV�EHWZHHQ�WKHP�&RQVLGHULQJ� WKH� DYHUDJH� FRQFHQWUDWLRQ� YDOXHV� RI�LQIOXHQWV� DQG� HIIOXHQWV� LQ� WHUPV� RI� %2'� RI� HDFK�SRQG�� WKH� PDWKHPDWLFDO� PRGHOV� RI� HIILFLHQF\� IRU�WKH� SRQGV� FDQ� EH� SUHVHQWHG� E\� WKH� IROORZLQJ�HTXDWLRQ�

LL
LLL WN� WN( � ���

ZKHUH��(L LV�WKH�UHPRYDO�HIILFLHQF\�RI�SRQG�L��WL LV�WKH�GHWHQWLRQ�WLPH���LQ�GD\��,W� ZDV� REVHUYHG� GXULQJ� WKH� H[SHULPHQW� WKDW� WKH�RUJDQLF� PDWWHU� �%2'� DQG� &2'�� ZDV� EHWWHU�UHPRYHG�LQ�WKH�DQDHURELF�SRQG�$3���DERXW�������7KH�UHPRYDO�RI�WKH�SRQGV�$3��ZDV������)3�ZDV�����DQG�:+3�ZDV������ZKDW�DGGHG�XS�����IRU�WKH�SRQG�VHULHV�$OWKRXJK� WKH� NLQHWLF� UHPRYDO� RI� %2'� ZHUH� WKH�VDPH�IRU� WKH�DQDHURELF�SRQGV�$3��DQG�$3�� �ILUVW�RUGHU�NLQHWLF���WKH�KLJKHU�ZDV�WKH�FRQFHQWUDWLRQ�RI�%2'�RI� WKH�PHGLXP�� WKH�KLJKHU�ZDV� WKH� UHPRYDO�UDWH�RI�%2'��7KH�DGMXVWHG�HIILFLHQF\�FXUYHV�RI�WKH�DQDHURELF� SRQGV� $3�� DQG� $3�� DUH� SUHVHQWHG� LQ�)LJXUHV���DQG����DQG�RI�WKH�IDFXOWDWLYH�SRQGV��)3��DQG�ZLWK�ZDWHU� K\DFLQWK� �:+3�� DUH� LQ�)LJXUHV� ��DQG���
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� �� �� �� ��W��GD\V�

(ILF��
$3�

)LJXUH� � � 5HODWLRQ� EHWZHHQ� WKH� %2'� HIILFLHQF\� DQG�GHWHQWLRQ�WLPH�LQ�WKH�SRQG�$3�

�
���
���
���

� �� �� �� ��W��GD\V�

(ILF��
$3�

)LJXUH� � � 5HODWLRQ� EHWZHHQ� WKH� %2'� HIILFLHQF\� DQG�GHWHQWLRQ�WLPH�LQ�WKH�SRQG�$3�
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���

�
���
���
���

� �� �� �� ��W��GD\V�

(ILF��
)3

)LJXUH� � � 5HODWLRQ� EHWZHHQ� WKH� %2'� HIILFLHQF\� DQG�GHWHQWLRQ�WLPH�LQ�WKH�SRQG�)3

����
������
���

� �� �� �� ��W��GD\V�

(ILF��
:+3

)LJXUH� � � 5HODWLRQ� EHWZHHQ� WKH� %2'� HIILFLHQF\� DQG�GHWHQWLRQ�WLPH�LQ�WKH�SRQG�:+3
5HWHQWLRQ�7LPH
7KH� UHWHQWLRQ� WLPH� RI� HDFK� VWDELOLVDWLRQ� SRQG� LV�H[SUHVVHG�E\�

49W LL  ���
ZKHUH�9L LV�WKH�YROXPH�RI�SRQG�L��LQ�P ���4�LV�WKH�V\VWHP�FDSDFLW\��LQ�P ��GD\�
/DQG�&RVW
7KH�ODQG�FRVW�FRQVLVWV�RI�WKH�SRQ G�DUHD�SOXV������RI� WKH� DGMDFHQW� DUHDV� IRU� SHRSOH� DQG� YHKLFOHV�FLUFXODWLRQ��$V�WKH�GHFLVLRQ�YDULDEOHV�DUH�WKH�SRQGV�HIILFLHQF\�� ZKLFK� DUH� WKH� YROXPH� IXQFWLRQ�� WKH�PDWKHPDWLFDO� PRGHO� WKDW� EHWWHU� FKDUDFWHULVH� WKH�ODQG�FRVW�LV�JLYHQ�E\�WKH�HTXDWLRQ�

&HL  �� JL�3H 9L ���
ZKHUH�&HL LV� WKH� FRVW� RI� WKH� ODQG� XVHG�ZLWK� SRQG� L�� DQG�DGMDFHQW�DUHDV��LQ�86���JL LV� WKH� UHODWLRQ� EHWZHHQ� WKH� VXUIDFH� DQG� WKH�YROXPH�RI�SRQG�L��LQ�P��P��3H LV�WKH�ODQG�SULFH��LQ�86���P��
&RQVWUXFWLRQ�&RVW
7KH�FRQVWUXFWLRQ�FRVW� LV�D�QRQ� OLQHDU�HTXDWLRQ�� LQ�ZKLFK� LQFOXGHV� WKH� FOHDQLQJ� RI� WKH� DUHD��PHFKDQLFDO� H[FDYDWLRQ� DQG� WUDQVSRUW� RI� WKH� ODQG�VXUSOXV�� 7KH� PDWKHPDWLFDO� PRGHO�� DGMXVWHG� DIWHU�WKH� FRQVWDQWV� WKDW� EHWWHU� H[SUHVV� WKH� SRQG�FRQVWUXFWLRQ� FRVWV�ZHUH� FDOFXODWHG�� LV� UHSUHVHQWHG�E\�WKH�H[SUHVVLRQ�

&FL �������9L����� ���
ZKHUH��&FL LV�WKH�FRQVWUXFWLRQ�FRVW�RI�SRQG�L��LQ�86���
3RQGV�5HYHWPHQW�&RVW
7KH� SRQGV� ZHUH� FRDWHG� ZLWK� IOH[LEOH� 39&��REWDLQLQJ� D� QRQ� OLQHDU� HTXDWLRQ�� 6R�� D IWHU� KDYLQJ�GHWHUPLQHG� WKH� FRQVWDQWV�� WKH� PRGHO� WKDW� EHWWHU�H[SUHVV�WKH�SRQGV�UHYHWPHQW�FRVW�LV�UHSUHVHQWHG�E\�WKH�HTXDWLRQ�

&UHL �������9L����� ���
ZKHUH��&UHL LV�WKH�UHYHWPHQW�FRVW�RI�SRQG�L��LQ�86���0DLQWHQDQFH�&RVW
7KH�PDLQWHQDQFH�RI�WKH�SRQGV�V\VWHP�LV�HVWLPDWHG�EDVHG� RQ� WKH� PLQLPXP� QXPEHU� RI� SHRSOH�QHFHVVDU\� WR� FOHDQ� WKH� DGMDFHQW� DUHDV�� $GPLWWLQJ�WKDW�WKH�PDLQWHQDQFH�DUHD�LV�DOLNH�WKH�SRQGV�DUHDV��WKH� V\VWHP� PDLQWHQDQFH� LV� FKDUDFWHULVHG� E\� WKH�VXP�RI�WKH�SRQGV�DUHDV�E\ WKH�HTXDWLRQ�

$W  �$����$� ��������$Q ¦  Q
L L$� ���

LQ�ZKLFK��$L  ��JL 9L ���
,W� LV� LPSRUWDQW� WR� HPSKDVLVH� WKDW� WKH� VZLQH�SURGXFHUV� ZLOO� KDYH� PRQWK� H[SHQVHV�� WKURXJKRXW�WKH� SODQLQJ� KRUL]RQ�� $UHD� UHVHDUFKHUV� DV� <DQJ������
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���
HW� DO�� �������� VWXG\LQJ� SRQGV� V\VWHP� IRU� WKH�WUHDWPHQW�RI�VZLQH�PDQXUH��VXJJHVW�D�SHULRG�RI�WHQ�\HDUV��7KHQ��DIWHU�WKH�REWDLQPHQW�RI�WKH�FRQVWDQWV��WKH�PRQWKV� FRVW�ZLOO� EH� DFFRXQWHG� LQ� WKH� GDWH� RI�WKH�LQYHVWPHQW�WKURXJK�WKH�IROORZL QJ�H[SUHVVLRQ�

�����
� �������� ¦ ) Q

L LLPD 9&W J ���
ZKHUH����� Q

QUU U ��� ���� � �� ) ���
&WPD LV� WKH� WRWDO� FRVW� RI� WKH� SRQG� V\VWHP�PDLQWHQDQFH��LQ�86���I LV�WKH�IDFWRU�RI�WKH�SUHVHQW�YDOXH�U�LV�WKH�LQWHUHVW�DQQXDO�UDWH�Q�LV�WKH�OLIH�WLPH�RI�WKH�SRQGV��LQ�\HDUV�
)URP�HTXDWLRQV�����WR������LW�LV�SRVVLEOH�WR�FDOFXODWH�WKH�SRQGV�FRVW�

&L  ���JL�3H 9L ��������9L����� ��������9L����� ����&PDL ����
)URP� HTXDWLRQV� � ���� WR� ����� LW� LV� SRVVLEOH� WR� KDYH�WKH�SRQGV�YROXPH�

9L  �4�(L >NL����� (L�@�� ����
6XEVWLWXWLQJ� HTXDWLRQ� ����� LQ� HTXDWLRQ� ������ LW�JLYHV�WKH�SRQGV�FRVW��

&L  ���JL��3H 4�(L�>NL ���� (L�@�� ��������^4�(L >NL����� (L�@��`����� �������^4�(L >NL����� (L�@��`����� �&PDL ����
ZKHUH���&L LV�WKH�FRVW�RI�SRQG�L��LQ�86���2EMHFWLYH�)XQFWLRQ
7KH� REMHFWLYH� IXQFWLRQ� LQ� WKH� RSWLPLVDWLRQ� RI� WKH�VWDELOLVDWLRQ� SRQGV� V\VWHP� LV� JLYHQ� E\� WKH�HTXDWLRQ�

HYQ
L L7 &&&0LQ � ¦ �

��
���

dd
t
L
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(

((WRV ����
ZKHUH��&7�LV�WKH�WRWDO�FRVW�RI�WKH�V\VWHP��LQ�86���&HY�LV�WKH�HYHQWXDO�FRVW��LQ�86���(R LV�WKH�HIILFLHQF\�REWDLQHG�LQ�WKH�V\VWHP��(G LV�WKH�HIILFLHQF\�ZLOOHG�LQ�WKH�V\VWHP��6R��WKH SUREOHP�FDQ�EH�IRUPXODWHG�DV�LW�LV�EHORZ�

HY LLLL
LLL
LLL

LLLHLQ
L7
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dd
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((WRV ����

3UDFWLFH�$SSOLFDWLRQ
5HVHDUFKHV� GHYHORSHG� E\� .DZDL� DQG� *ULHFR�������� LQ� SRQG�ZDWHU� K\DFLQWK� VKRZHG� WKDW� WKHVH�SODQWV� QHHGHG� IUHH� VSDFH� WR� JURZ� �DERXW� � �����RWKHU�ZLVH�WKHLU�SURGXFWLYLW\�GHFUHDVHG�DQG�VR�ZDVWKH�HIILFLHQF\�LQ�WKH�PDQXUH�WUHDWPHQW��$FFRUGLQJ�WR�WKH�DXWKRUV��WKH�JURZWK�UDWH�ZDV�LQ�RUGHU�RI����D� GD\�� VR� LQ� ��� GD\V�� ����RI� WKH� SODQWV�PXVW� EH�UHPRYHG�IURP�WKH�SRQG�5HVXOWV� RI� SUHVHQW� PDGH� LQ� W KH� ZDWHU� K\DFLQWK�SRQG�ZLWK�D�VXSHUILFLDO�DUHD�RI����P ���VKRZHG�WKDW�LW� LV� QHFHVVDU\� �� KRXUV� WR� UHPRYH� ��P � RI� WKHVH�SODQWV�� 7R� UHPRYH� WZR� WLPHV� LQ� D� PRQWK�� IRXU�KRXUV�ZHUH�QHFHVVDU\��,Q�D�VLPSOH�FRPSDULVRQ��WKH�PRGHO� FRVW� RI� SRQG� PDLQWHQDQFH� �HT�� ��� ZLWK�VHUYLWRU� KRXU� FRVW� IRU� WKH� SURGXFHU� �0HGUL� HW� DO���������� LW� ZDV� SRVVLEOH� WR� REVHUYH� WKDW� WKH�PDLQWHQDQFH�FRVW�RI�WKH�SRQG�ZLWK�ZDWHU�K\DFLQWK�ZDV�DSSUR[LPDWHO\� WKH�GRXEOH�RI�RWKHU�SRQG�ZLWK�WKH� VDPH� DUHD�� 7KXV�� LW� ZRXOG� EH� QHFHVVDU\� WR�PDNH�D�VWXG\�ZLWK�PRUH�GHWDLOV�DERXW�WKH�FRVW�WKH�UHPRYDO�RI�WKH�ZDWHU�K\DFLQWK�0DNLQJ� D� VWXG\� IRU� WHQ� \HDUV� DQG� DGPLWWLQJ� D�DQQXDO� LQWHUHVW� UDWH� RI� ����� WKH� IDFWRU� RI� WKH�SUHVHQW� YDOXH� I JLYHQ� E\� HTXDWLRQ� ���� ZRXOG� EH�DOLNH�������7KH�LQIRUPDWLRQ�DERXW�WKH�LQIOXHQW�DQG�
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���
HIIOXHQW� HYDOXDWHG� RI� WKH� SRQGV�� LQ� WHUPV� RI�GHJUDGDWLRQ�FRQVWDQWV�N��%2'��ZHUH��������G �� IRU�$3��ZLWK����GD\V�RI� UHWHQWLRQ��������G �� IRU�$3��ZLWK����GD\V�RI�UHWHQWLRQ��������G �� IRU�)3�ZLWK����GD\V�RI� UHWHQWLRQ� DQG�������G �� IRU�:+3�ZLWK����GD\V� RI� UHWHQWLRQ�� 7KH� YDOXHV� IRU� N� ZHUH�GHWHUPLQHG�ZLWK�DYHUDJH�WHPSHUDWXUH�RI����� �&�IRU�SRQG�$3��������&�IRU�SRQG�$3������� �&�IRU�SRQG�

)3� DQG� �����&� IRU� SRQG� :+3�� 7KH� UHODWLRQ�VXUIDFH�YROXPH�RI�HDFK�SRQG�LQ�WKLV�UHVHDUFK�LV�VR�WKDW��J� ������J�� �������J� ����H�J�  ������P��P����&RQVLGHULQJ� WKH� IRXU� SRQGV� $3��� $3��� )3� DQG�:+3� IRUP� &136$�� WKH� HTXDWLRQ� ����� FRXOG� EH�GHVFULEHG�DV�
0LQ�&H  ���[������3H 4�;���>���������� ;��@�� �������^4�;� >��������� ;��@��`����� ��������^4��;� >���������� ;��@��`������ �����[����� 3H 4�;��>���������� ;��@�� �������^4�;� >���������� ;��@��`����� ��������^4��;� >���������� ;��@��`������ ���[������3H 4�;��>���������� ;��@�� �������^4�;� >��������� ;��@��`����� ��������^4��;� >���������� ;��@��`������ ���[������3H 4�;��>����� ���� ;��@�� �������^4�;� >��������� ;��@��`����� ��������^4��;� >���������� ;��@��`������ ������[������^4>�����;������������ ;����� ������ ;������������� ;����� �����;������������� ;���������������� �����;�������������� ;�����@`�����
V��WR�� ���� ���± ;������± ;������± ;������± ;���t ;G

��d ;� d ������d ;� d ������d ;� d ������d ;� d �
7DEOH� � � SUHVHQWV� WKH� SK\VLFDO� FKDUDFWHULVWLFV� RI� WKH� SRQGV� DQG� WKH� FRVWV� RI� ODQG�� PHFKDQLFDO� H[FDYDWLRQ�� SRQG�UHYHWPHQW� DQG� V\VWHP� PDLQWHQDQFH�� VXSSRVLQJ� GLVFKDUJH� RI� ��� P��G�� ODQG� FRVW� 86� �� ��������KD� DQG� V\VWHP�HIILFLHQF\�RI�����3RQG�HIILFLHQF\ 5HWHQWLRQ�WLPH��GD\V� 3RQG�YROXPH�P�� 3RQG�DUHD�P��(�  ������(�  ������(�  ������(�  ������

W�  ���W�  ���W�  ���W�  ���
9�  ������9�  ������9�  ����9�  ����

$�  ������$�  ����$�  ����$�  ����/DQG�FRVW�86��� &RQVWUXFWLRQ�FRVW�86��� 5HYHWPHQW�FRVW�86��� 0DLQWHQDQFH�FRVW�86���&H�  �������&H�  �������&H�  �������&H�  �������
&F�  �������&F�  �������&F�  �������&F�  �������

&UH��  ���������&UH��� ���������&UH��  ���������&UH�  ���������
&PD�  ���������&PD�  ���������&PD�  ���������&PD�  ���������7RWDO��������� �������� ��������� ��������7RWDO�FRVW�RI�WKH�V\VWHP��86������������

,W� FRXOG EH� VHHQ� IURP 7DEOH� �� WKDW� WKH� DQDHURELF�SRQGV�PXVW� EH� FRQVWUXFWHG� LQ� ODUJHU� YROXPH� WKDQ�WKH�RWKHU�SRQGV��)3�DQG�:+3���DV�WKH�REMHFWLYH�RI�WKLV�ZRUN�ZDV� WR�RSWLPLVH� WKH�V\VWHP�FRQVLGHULQJ�RQO\� WKH�RUJDQLF�PDWWHU� �%2'���ZKLFK�ZDV�EHWWHU�UHPRYHG�LQ�WKHVH�SRQGV��VSHFLDOO\�LQ�$3���LQ�DERXW�����

&21&/86,21
7KH�UHVXOWV�REWDLQHG�IURP�WKH�H[SHULPHQWDO�V\VWHP�IRU� WUHDWPHQW� RI� VZLQH� ZDVWHV�� FRQVWLWXWHG� E\� D�GHFDQWHU�� WZR�DQDHURELF�SRQGV��D�IDFXOWDWLYH�SRQG�DQG�D�ZDWHU�K\DFLQWK�SRQG�LQ�VHULHV�RI�FRQWLQXRXV�IOX[��FRQFOXGH�WKDW�
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���
� WKH� WUHDWPHQW�RI�ZDVWHV�ZLWK�KLJK�FRQFHQWUDWLRQ�RI� RUJDQLF� PDWWHU� �%2'� a� ������ PJ�/�� &2'��������PJ�/�� DQG� VROLGV� ��������PJ�/�� FRXOG�EH�PDGH�WKURXJK�VWDELOLVDWLRQ�SRQGV�� WKH� FRPELQHG� UHPRYDO� HIILFLHQF\� RI� WKH� SRQG�V\VWHP� �$3��� $3��� )3� DQG� :+3�� ZDV�DSSUR[LPDWHO\� ���� RI� %2'�� &2'�� ����RI� 76������RI�96������RI�1W������RI�3W�DQG���XQLWV�ORJ�RI�)&��ZKHQ�WRWDO�GHWHQWLRQ�WLPH�ZDV�����GD\V�
7KH� UHPRYDO� RI� WKH� RUJDQLF� PDWWHU� �%2' � DQG�&2'��RFFXU� VSHFLDOO\� LQ� WKH� ILUVW� DQDHURELF�SRQG�/$���LQ�DERXW�����RI�HDFK�SDUDPHWHU�LQ����GD\V�7KH� WRWDO� FRVW� �FRVWV�� RI� ODQG�� FRQVWUXFWLRQ��UHYHWPHQW�DQG�PDLQWHQDQFH��RI� WKH�SRQGV�V\VWHP��WZR� DQDHURELF� �$3�� DQG�$3���� D� IDFXOWDWLYH� �)3��DQG� RQH� RI� ZDWHU� K\DFLQWK� �:+3�� ZDV� RI� 8������������ ZLWK� ���� RI� HIILFLHQF\� RI� %2' �� DQG�GLVFKDUJH� RI� ��P��G�� DGPLWWLQJ� ���� RI� DQQXDO�LQWHUHVW�GXULQJ�WHQ�\HDUV�
5(6802
2� PRGHOR� GH� SURGXomR� DGRWDGR� QD� VXLQRFXOWXUD�EUDVLOHLUD�� SULQFLSDOPHQWH� QD� 5HJLmR� 2HVWH� GH�6DQWD�&DWDULQD��p�IHLWD�FRP�RV�DQLPDLV�FRQILQDGRV�HP� SHTXHQDV� iUHDV�� WUD]HQGR� FRPR� FRQVHT�rQFLD�JUDQGH�SURGXomR�GH�GHMHWRV��(VWH�p�GLOXtGR��DWUDYpV�GR� XVR� GH� iJXD� SDUD� D� OLPSH]D� GDV� EDLDV��DXPHQWDQGR� VHX� YROXPH�� 6HX� ODQoDPHQWR� QRV�FXUVRV� G¶iJXD� GD� UHJLmR� HVWi� FRPSURPHWHQGR� D�TXDOLGDGH� GRV�PDQDQFLDLV� GHYLGR� D� FRQWDPLQDomR�EDFWHULROyJLFD�H SROXLomR�SRU�FRPSRVWRV�TXtPLFRV��'HVVD� IRUPD�� Ki� QHFHVVLGDGH� GH� SURFHVVRV� GH�WUDWDPHQWR� SDUD� PLQLPL]DU� RV� SUREOHPDV�DPELHQWDLV� JHUDGRV� SRU� HVVD� DWLYLGDGH��$V� ODJRDV�GH�HVWDELOL]DomR�WrP�VLGR�XWLOL]DGDV��SRU�DSUHVHQWDU�XP� H[FHOHQWH� GHVHPSHQKR� TXDQWR� j� HILF LrQFLD� GH�UHPRomR�GD�PDWpULD�RUJkQLFD�� GRV�QXWULHQWHV� H�GH�FROLIRUPHV� IHFDLV�� DOpP� GRV� EDL[RV� FXVWRV� GH�LPSODQWDomR� H� GH� PDQXWHQomR�� (VWH� WUDEDOKR�DSUHVHQWD� R�PRQLWRUDPHQWR� QXPD� VpULH� GH� TXDWUR�ODJRDV� GH� HVWDELOL]DomR�� HP� HVFDOD� UHDO�� WUDWDQGR�GHMHWRV�VXtQRV�HP�&RQFyUGLD�6&��%UDVLO��2�VLVWHPD�GH� ODJRDV� IRL� DYDOLDGR�GXUDQWH����PHVHV�� WHQGR�R�REMHWLYR� GH� EXVFDU� RV� SDUkPHWURV� SULQFLSDLV� GH�IXQFLRQDPHQWR�GDV�PHVPDV��EHP�FRPR�D�REWHQomR�GRV�GDGRV�GH�FXVWRV�GH�FDSLWDO�H�RSHUDFLRQDO��SDUD�DMXVWDPHQWR� GH� HTXDo}HV� SDUD� D� PRGHODJHP� H�RWLPL]DomR� GH� VLVWHPDV� TXDQWR� j� UHPRomR� GD�PDWpULD� RUJkQLFD�� 2� PRGHOR� GHVHQYROYLGR� p�IOH[tYHO�� VXD� DSOLFDomR� p� YiOLGD� SDUD� XWLOL]DomR�

FRPR� DGXER�GRV� GHVSHMRV� WUDWDGRV� HP�SODQWDo}HV�GH�PLOKR�H�RXWURV�FHUHDLV�
5()(5(1&(6
$QGUHDGDNLV�� $�� '��������� $QDHURELF� GLJHVWLRQ� RI�SLJJHU\�ZDVWHV��:DW��6FL��7HFK������������������.DZDL�� K�� 	� *ULHFR�� 9�� 0�� �������� 8WLOL]DomR� GR�DJXDSp� SDUD� WUDWDPHQWR� GR� HVJRWR� GRPpVWLFR��HVWDEHOHFLPHQWR� GH� FULWpULR� GH� GLPHQVLRQDPHQWR� GH�ODJRDV�GH�DJXDSpV�H�DERUGDJHP�GH DOJXQV�SUREOHPDV�RSHUDFLRQDLV��5HY��'$(���������������.H]KDR�� =�� �������� 3RQG� V\VWHP� RSWLPLVDWLRQ�� ,Q�,QWHUQDWLRQDO� &RQIHUHQFH�� $QDLV��� 6LQJDSRUH� 5DL����������0HGUL��:���&RVWD��5��+��5��DQG�3HUGRPR��&��&����������(VWXGR� HFRQ{PLFR� H� DYDOLDomR� SUHOLPLQDU� GH� VLVWHPD�GH� WUDWDPHQWR�� ODJRDV� DQDHUyELD� H� IDFXOWDWLYD� SDUD�GHMHWRV� VXtQRV�� ,Q� ��WK &RQJUHVR� ,QWHUDPHULFDQR� GH�,QJHQLHULD� 6DQLWDULD� \� $PELHQWDO� 7UDWDPLHQWR� GH�$JXDV�5HVLGXDUHV��0p[LFR��'��)�$,',6��SS����������0HGUL��:����������0RGHODJHP�H�RWLPL]DomR�GH�VLVWHPDV�GH�ODJRDV�GH�HVWDELOL]DomR�SDUD�WUDWDPHQWR�GH�GHMHWRV�VXtQR�� 7KHVLV�� 8QLYHUVLGDGH� )HGHUDO� GH� 6DQWD�&DWDULQD��)ORULDQySROLV��%UDVLO�0HLVKHQJ�� 1�� HW� DO�� �������� 6\VWHP� RSWLPLVDWLRQ�����������RI� VWDELOL]DWLRQ� SRQGV�� :DW�� 6FL�� 7HFK��� ��� �� �����������������6WDQGDUG� 0HWKRGV� IRU� WKH� ([DPLQDWLRQ� RI� :DWHU� DQG�:DVWHZDWHU� �������� ��WK� HG�� :DVKLQJWRQ�� '�� &���$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ�������SS��6XLQRFXOWXUD� ,QGXVWULDO� ��������$�IRUoD�GD�VXLQRFXOWXUD�EUDVLOHLUD�� 6mR� 3DXOR�� *HVVXOOL��$QXiULR�� �� �� �������������<DQJ�� 3�� <�� DQG� &KHQ�� +�� �������� $� ODQG�OLPLWHG�������DQG� HQHUJ\�VDYLQJ� WUHDWPHQW� V\VWHP� IRU� GLOXWH����VZLQH�ZDVWHZDWHU��%LRUHVRXUFH�7HFKQRORJ\���� �� �������������<DQJ�� 3�� <�� HW� DO�� �������� $� SURWRW\SH� VPDOO� VZLQH�ZDVWH� WUHDWPHQW� V\VWHP� IRU� ODQG� OLPLWHG� DQG� WURSLFDO�DSSOLFDWLRQ��:DW��6FL��7HFK����� ���������������
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