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&207(+ G�R�R�� .RþHYDUMHYD XOLFD �� 6,����� 1RYR PHVWR

9HVQD�9LWPDQ�
.UND� G�G�� âPDUMHãND FHVWD �� 6,����� 1RYR PHVWR

�
7KLV SDSHU LV GHGLFDWHG WR 3URIHVVRU 5RPDQ 0RGLF DW KLV ��

WK
ELUWKGD\

5HFHLYHG������������

$EVWUDFW�
8OWUDILOWUDWLRQ� QDQRILOWUDWLRQ DQG UHYHUVH RVPRVLV LQ VHULHV ZHUH WHVWHG LQ SLORW SODQWV DV WKH

SURSHU WUHDWPHQW IRU ZDWHU WR EH XVHG LQ SKDUPDFHXWLFDO LQGXVWU\� WKH IHHG EHLQJ WKH

PXQLFLSDO ZDWHU� 8OWUDILOWUDWLRQ HQVXUHG WKH UHPRYDO RI FROORLG SDUWLFOHV �ORZHU 6', YDOXH��

QDQRILOWUDWLRQ WKH UHPRYDO RI ZDWHU KDUGQHVV DQG UHYHUVH RVPRVLV WKH GHLRQL]DWLRQ RI ZDWHU�

7KH H[SHULPHQWDO GDWD REWDLQHG IURP WKH SLORW SODQW WHVWV FRXOG EH XVHG DV WKH EDVLV IRU WKH

GHVLJQ DQG SHUIRUPDQFH RI WKH LQGXVWULDO SODQW�

,QWURGXFWLRQ�

0HPEUDQH� SURFHVVHV� KDYH� D� ODUJH� UDQJH� RI� DSSOLFDWLRQ� DQG� WKHLU� XVH� KDV� JURZQ�

UDSLGO\�LQ�WKH�ODVW����\HDUV��7KH\�SOD\�D�NH\�UROH�LQ�PDQ\�LQGXVWULDO�DQG�KLJK�SXULW\�ZDWHU�

WUHDWPHQW� V\VWHPV� ±� ERWK� IRU� SUHWUHDWPHQW� DQG� DV� DQ� LQWHJUDO� SDUW� RI� WKH� GHLRQL]DWLRQ�

V\VWHPV�
�
� 0HPEUDQH� LV� D� SHUPHDEOH� RU� VHPLSHUPHDEOH� SKDVH� PDGH� IURP� SRO\PHU� RU�

DQRUJDQLF� PDWHULDO� RU� PHWDO�� WKDW� GLYLGHV� WKH� IHHG� VWUHDP� LQWR� SHUPHDWH� VWUHDP� �ZLWK�

ORZHU�FRQFHQWUDWLRQ��DQG�UHWHQWDWH�RU�FRQFHQWUDWH�VWUHDP��ZLWK�KLJKHU�FRQFHQWUDWLRQ����

7KHUH� DUH� VHYHUDO� GLIIHUHQW�PHPEUDQH� SURFHVVHV� IRU� GLIIHUHQW� SXUSRVHV�� WKH� WKUHH�

ZLGHO\�XVHG�DUH�XOWUDILOWUDWLRQ��QDQRILOWUDWLRQ�DQG�UHYHUVH�RVPRVLV��$OO�WKUHH�SURFHVVHV�DUH�

SUHVVXUH�GULYHQ��

8OWUDILOWUDWLRQ��8)��UHPRYHV�FRQWDPLQDQWV�ZLWK�PROHFXODU�ZHLJKW�FXWRII��0:&2��

RI������GDOWRQ±������GDOWRQ��,W�FDQ�EH�XVHIXO�WR�UHPRYH�VLOLFD��WDQQLQV��OLJQLQV��YLUXVHV�

DQG�HQGRWR[LQHV�IURP�ZDWHU��,Q�ZDWHU�V\VWHPV��8)�PD\�EH�IRXQG�ZLWKLQ�WKH�SUHWUHDWPHQW�
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SULRU�WR�UHYHUVH�RVPRVLV�RU�LRQ�H[FKDQJH��RU�HYHQ�DV�D�ILQDO�ZDWHU�SROLVKLQJ�ILOWHU�EHIRUH�

XVH�
�
�,W�XVHV�WKH�SUHVVXUH�GLIIHUHQFH�EHWZHHQ��EDU�DQG���EDU�

�

1DQRILOWUDWLRQ� �1)�� LV� VRPHWLPHV� FRPSDUHG� WR� UHYHUVH� RVPRVLV�� 1DQRILOWUDWLRQ�

HOHPHQWV�ZLOO�UHPRYH�FRQWDPLQDQWV�RI�0:&2����GDOWRQ±�����GDOWRQ��H[DPSOHV�ZRXOG�

LQFOXGH� HQGRWR[LQV� DQG� S\URJHQV�� YLUXVHV�� FROORLGDO� VLOLFD�� VXJDU�� SHVWLFLGHV� DQG�

KHUELFLGHV��7\SLFDO�DSSOLFDWLRQV�IRU�1)�DUH�ZDWHU�VRIWHQLQJ�DV�ZHOO�DV�IRRG��EHYHUDJH�DQG�

SRWDEOH�ZDWHU�WUHDWPHQW�
�
��

,Q� UHYHUVH� RVPRVLV� �52��� D� VHPLSHUPHDEOH� PHPEUDQH� LV� FKDOOHQJHG� ZLWK� D�

SUHVVXUL]HG� IHHG� FRQWDLQLQJ� D� VROXWH�� 7KH� SUHVVXUH� H[HUWHG� LV� JUHDWHU� WKDQ� WKH� RVPRWLF�

SUHVVXUH�RI�WKH�IHHG��FDXVLQJ�VROYHQW�WR�IORZ�WKURXJK�WKH�PHPEUDQH�
�
�,Q�WKH�52�XQLW��WKH�

SUHVVXUH�GLIIHUHQFH� LV� ELJJHU� WKDQ� LQ�8)�DQG�1)�DQG� LW� FDQ�EH�XS� WR����EDU�
�
�5HYHUVH�

RVPRVLV� UHPRYHV�FRQWDPLQDQWV�ZLWK�0:&2�XQGHU������([DPSOHV� LQFOXGH�VDOWV��PHWDO�

LRQV�� VXJDU�� SHVWLFLGHV� DQG� KHUELFLGHV�� 8VHV� IRU� 52� LQFOXGH� ERLOHU� IHHGZDWHU�� SRWDEOH�

ZDWHU��SKDUPDFHXWLFDO�ZDWHU��,W�LV�RQH�RI�WKH�SULPDU\�PHWKRGV�RI�ZDWHU�GHLRQL]DWLRQ�ZLWK�

WKH�RWKHU�WZR�EHLQJ�LRQ�H[FKDQJH�DQG�HOHFWURGHLRQL]DWLRQ�
�
���

7KHUH�LV�QR�VKDUS�GLVWLQFWLRQ�EHWZHHQ�WKHVH�WKUHH�SURFHVVHV��WKLV�LV�VKRZQ�LQ�)LJXUH�

���ZKHUH�WKH�VL]H�RI�WKH�VHSDUDWLRQ�DQG�IXUWKHU�H[DPSOHV�RI�WKHLU�XVH�DUH�DOVR�SUHVHQWHG��

)LJXUH����3UHVVXUH�EDVHG�PHPEUDQH�SURFHVVHV
�
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7KH�FRPPRQ�SUREOHP� WKDW�RFFXUV� LQ�PHPEUDQH�SURFHVVHV� LV�PHPEUDQH�IRXOLQJ��ZKLFK�

PD\�EH�GHILQHG�DV�LUUHYHUVLEOH�GHSRVLWLRQ�RI�UHWDLQHG�SDUWLFOHV��FROORLGV��PDFURPROHFXOHV��

HWF���DW� WKH�PHPEUDQH�VXUIDFH�RU� LQVLGH�WKH�PHPEUDQH�DW� WKH�SRUH�ZDOO��ZKLFK�FDXVHV�D�

FRQWLQXRXV� IOX[� GHFOLQH�� )RXOLQJ� RFFXUV� PDLQO\� LQ� PLFURILOWUDWLRQ� DQG� XOWUDILOWUDWLRQ�

ZKHUH�SRURXV�PHPEUDQHV�DUH�XVHG�
�
�6RPH�DXWKRUV�UHVHUYH�WKH�WHUP�IRXOLQJ�IRU�GHSRVLWV�

RI�ELRILOPV� �RUJDQLVPV���PHWDOOLF�R[LGHV��VLOLFD�DQG�YDULRXV�FROORLGV��6FDOLQJ� LV�VHHQ� LQ�

WKLV� GHILQLWLRQ� DV� D� GHSRVLWLRQ� RI�PDWHULDOV� WKDW� KDYH� WKHLU� JHQHVLV� LQ� WKH�52�SURFHVV�
�
�

7KH�PRVW�FRPPRQ�VFDOH�IRUPHUV�DUH�FDOFLXP�VDOWV��SDUWLFXODUO\�&D&2��DQG�&D62���2QH�

RI� WKH� SRVVLEOH� SUHYHQWLRQ� PHWKRGV� LV� ZDWHU� VRIWHQLQJ�� WKDW� FDQ� EH� DFKLHYHG� ZLWK�

QDQRILOWUDWLRQ���

0XQLFLSDO�ZDWHU�RIWHQ�FRQWDLQV�FROORLG�SDUWLFOHV� WKDW�FDXVH�IRXOLQJ�RQ�WKH�UHYHUVH�

RVPRVLV�PHPEUDQHV�ZKHQ�OHG�WR�WKHP�GLUHFWO\��7KH�SHUPHDWH�RI�WKH�52�XQLW�FDQ�EH�XVHG�

LQ�VHYHUDO�ZD\V�LQ�WKH�SKDUPDFHXWLFDO�RU�RWKHU�LQGXVWULHV����

7KLV� ZRUN� LQFOXGHV� VWXGLHV� RQ� WKH� GHVFULEHG� WKUHH� PHPEUDQH� SURFHVVHV�� WKH�

H[SHULPHQWDO� ZRUN� ZDV� GRQH� LQ� SLORW� SODQWV�� 7KXV� WKH� XVH� RI� XOWUDILOWUDWLRQ� �IRU� WKH�

UHPRYDO� RI� WKH� FROORLG� SDUWLFOHV�� IROORZHG� E\� QDQRILOWUDWLRQ� �IRU� UHPRYDO� RI� ZDWHU�

KDUGQHVV��ZKLFK� FDXVHV� VFDOLQJ�RQ� WKH� UHYHUVH�RVPRVLV�PHPEUDQHV��ZHUH� WHVWHG� DV� WKH�

SURSHU� SUHWUHDWPHQW� IRU� WKH� UHYHUVH� RVPRVLV� XQLW�� 6XFK� SUHWUHDWPHQW� FDQ� VLJQLILFDQOW\�

SURORQJ� WKH�VHUYLFH� OLIH�RI� WKH�52�XQLW��6RPH�H[SHULPHQWV�RQ�WKH�UHYHUVH�RVPRVLV�XQLW�

ZHUH�DOVR�PDGH��

�

([SHULPHQWDO�VHFWLRQ�

$� SLORW� SODQW� ZLWK� D� VLQJOH� WXEXODU�PRGXOH� ZLWK� ��PHPEUDQHV� IRU� XOWUDILOWUDWLRQ�

ZLWK� WKH� PROHFXODU� ZHLJKW� FXWRII� ������GDOWRQ� ZDV� XVHG�� 7KH� FRQWHQW� RI� WKH� FROORLG�

SDUWLFOHV�ZDV�PRQLWRUHG�E\�WKH�6',��VLOW�GHQVLW\�LQGH[��WHVW���

7KH� QDQRILOWUDWLRQ� ZDV� FDUULHG� RXW� ZLWK� D� VSLUDO� ZRXQG� PRGXOH� ZLWK� PROHFXODU�

ZHLJKW� FXWRII� ���GDOWRQ±���GDOWRQ�� XVLQJ� WKH� SHUPHDWH� IURP� WKH� XOWUDILOWUDWLRQ�

H[SHULPHQWV� DV� WKH� IHHG�� )RU� WKH� UHYHUVH� RVPRVLV� H[SHULPHQWV� D� VSLUDO�ZRXQG�PRGXOH�

ZLWK� D� FRPSRVLWH� PHPEUDQH� ZDV� DOVR� XVHG�� )RU� DOO� WKUHH� SURFHVVHV� WKH� UHF\FOH� IORZ�

HQDEOHG�KLJKHU� IOX[HV� DQG� UHFRYHU\� �SHUFHQWDJH�RI� WKH� IHHGZDWHU� WKDW�EHFRPHV�SURGXFW�
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ZDWHU��DQG�WKH�UHPRYDO�RI�PDWHULDO�IRUP�WKH�PHPEUDQH�VXUIDFH�ZKLFK�ZRXOG�RWKHUZLVH�

FDXVH�IRXOLQJ��FOHDQLQJ�RI�WKH�PHPEUDQH����

7KH�SLORW�SODQWV�IRU�1)�DQG�52�ZHUH�VLPLODU�WR�WKH�RQH�XVHG�IRU�XOWUDILOWUDWLRQ��

�)LJ������

�

�

�

�

�

�

�

�

�

�

�

)LJXUH����8OWUDILOWUDWLRQ�SLORW�SODQW�

�

7KH�H[SHULPHQWV�LQFOXGHG��

±� PHDVXUHPHQWV�RI�6',�DQG�WRWDO�KDUGQHVV�RI�PXQLFLSDO�ZDWHU�

±� GHSHQGHQFH�RI�SHUPHDWH�IOX[�RQ�WUDQVPHPEUDQH�SUHVVXUH��8)��1)��52��

±� GHSHQGHQFH�RI�SHUPHDWH�IOX[�RQ�D[LDO�YHORFLW\��8)��

±� PRQLWRULQJ�WKH�SHUPHDWH�IOX[�DQG�6',�YDOXH�DV�IXQFWLRQ�RI�WLPH��8)��

±� GHSHQGHQFH�RI�WRWDO�KDUGQHVV�RQ�WUDQVPHPEUDQH�SUHVVXUH��1)��

±� GHSHQGHQFH�RI�UHMHFWLRQ�RQ�SUHVVXUH��52��

�

5HVXOWV�DQG�GLVFXVVLRQ�

7HVWLQJ�RI�PXQLFLSDO�ZDWHU��

±� 6',�YDOXH��

7KH� 6',� YDOXH� ZDV�PHDVXUHG� GXULQJ� D� IRXU�PRQWK� SHULRG� DQG�ZH� QRWLFHG� WKDW� LWV�

YDOXH� GLG� QRW� FKDQJH� PXFK�� 7KH� DYHUDJH� YDOXH� ZDV� 6',ZDWHU ����� ZKLFK� LV� PXFK�
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KLJKHU� WKDQ�WKH�UHTXLUHG�YDOXH��6',IHHG����IRU� WKH�PRVW�RI� WKH�52�PHPEUDQHV�� WKXV�

WKH�SUHWUHDWPHQW�LV�REOLJDWRU\���

±� WRWDO�KDUGQHVV��

,WV�YDOXH�ZDV�PRQLWRUHG�GXULQJ�D� WZR�PRQWK�SHULRG�DQG� LW�GLG�QRW�FKDQJH�PXFK�DV�

ZHOO��7KH� DYHUDJH�YDOXH�ZDV������
R
1��ZKLFK� LQGLFDWHV� WKDW� WKH�KDUGQHVV� VKRXOG�EH�

UHPRYHG�EHIRUH�HQWHULQJ�WKH�52�SODQW��

�

8OWUDILOWUDWLRQ�

'HSHQGHQFH�RI�SHUPHDWH�IOX[�RQ�WKH�WUDQVPHPEUDQH�SUHVVXUH��

7KH�PHDVXUHPHQWV�VKRZ�WKDW�WKH�LQFUHDVH�RI�WUDQVPHPEUDQH�SUHVVXUH�LQFUHDVHG�WKH�

SHUPHDWH� IOX[�XS�WR�VRPH�OHYHO��ZKHUH�WKH�IOX[�EHFDPH�DOPRVW�FRQVWDQW��$IWHU� WKH�ILUVW�

H[SHULPHQW� WKH�PHPEUDQH�ZDV�FOHDQHG�XVLQJ�SHUPHDWH�DV� WKH�IHHG��DQG�WKH�H[SHULPHQW�

ZDV� UHSHDWHG� DW� WKH� VDPH� RSHUDWLQJ� FRQGLWLRQV�� 7KH� ULQVLQJ� HQDEOHG� KLJKHU� SHUPHDWH�

IOX[HV��6XFK�SHULRGLFDO�FOHDQLQJ�VKRXOG�DOVR�EH�XVHG�LQ�LQGXVWULDO�SODQWV���

�
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)LJXUH����'HSHQGHQFH�RI�SHUPHDWH�IOX[�RQ�WUDQVPHPEUDQH�SUHVVXUH�

�
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'HSHQGHQFH�RI�SHUPHDWH�IOX[�RQ�D[LDO�YHORFLW\�

7KH� H[SHULPHQWV� ZHUH� FDUULHG� RXW� DW� WKH� FRQVWDQW� WUDQVPHPEUDQH� SUHVVXUH�

'S ���EDU��7KH�KLJKHU�D[LDO�YHORFLW\�JDYH�KLJKHU�SHUPHDWH�IOX[HV��EHFDXVH�RI�WKH�EHWWHU�

ULQVLQJ�RI�WKH�PHPEUDQH��
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)LJXUH����,QFUHDVH�RI�SHUPHDWH�IOX[�ZLWK�D[LDO�YHORFLW\�

�

3HUPHDWH�IOX[�DQG�6',�YDOXH�FKDQJH�ZLWK�WLPH�

7KH� SHUPHDWH� IOX[� GLG� QRW� GHFUHDVH� VLJQLILFDQWO\� ZLWK� WLPH�� 7KH� 6',� YDOXH� GLG�

GHFUHDVH�ZLWK�WLPH��ERWK�FKDQJHV�FRXOG�EH�DWWULEXWHG�WR�WKH�GHSRVLWLRQ�RI�WKH�PDWHULDO�RQ�

WKH�PHPEUDQH� VXUIDFH� �IRXOLQJ��� ,W�ZRUNHG� DV� DQ� DGGLWLRQDO� UHVLVWDQFH�FDXVLQJ� WKH�6',�

YDOXH� DQG� SHUPHDWH� IOX[� GHFUHDVH�� 7KH� UHF\FOH� DQG� FRQFHQWUDWH� IORZ� ZHUH� FRQVWDQW�

GXULQJ�WKLV�PHDVXUHPHQW��DQG�WKH�SUHVVXUH�GLIIHUHQFH�ZDV�DOVR�FRQVWDQW�'S ���EDU���

7KH� 6',� YDOXH� RI� WKH� SHUPHDWH� ZDV� PRQLWRUHG� DOVR� GXULQJ� VHYHUDO� RWKHU�

H[SHULPHQWV��LQ�PRVW�FDVHV�LWV�YDOXH�ZDV�EHORZ�6',SHUP ��DQG�DOZD\V�EHORZ�WKH�GHVLUHG�

YDOXH�6',SHUP ���

�
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)LJXUH����'HFUHDVH�RI�SHUPHDWH�IOX[�DQG�6',SHUP�YDOXH�ZLWK�WLPH�

�

1DQRILOWUDWLRQ�

:DWHU�KDUGQHVV�UHPRYDO��

7KH�1)�PHPEUDQH�KDG�WKH�PROHFXODU�ZHLJKW�FXW�RII����GDOWRQ±���GDOWRQ��ZKLFK�

VKRXOG�SDUWO\�UHPRYH�ZDWHU�KDUGQHVV�LQ�RUGHU�WR�SUHYHQW�VFDOLQJ�RQ�WKH�52�PHPEUDQHV��

7KH�SHUPHDWH�IURP�WKH�XOWUDILOWUDWLRQ�ZDV�XVHG�DV�WKH�IHHG�IRU�WKH�QDQRILOWUDWLRQ��LWV�WRWDO�

KDUGQHVV�ZDV����
R
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)LJXUH����:DWHU�KDUGQHVV�UHPRYDO�
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$V� VHHQ� IURP� )LJ�� ��� WKH� KDUGQHVV� UHPRYDO� GHFUHDVHG�ZLWK� LQFUHDVLQJ� WUDQVPHPEUDQH�

SUHVVXUH��,W�ZDV��KRZHYHU��EHWZHHQ�����DQG�������

�

'HSHQGHQFH�RI�SHUPHDWH�IOX[�LQ�WUDQVPHPEUDQH�SUHVVXUH�

7KH�SHUPHDWH�IOX[�GLG�LQFUHDVH�ZLWK�WUDQVPHPEUDQH�SUHVVXUH�DV�QRWLFHG�DOVR�ZLWK�

WKH� 8)� H[SHULPHQWV� �)LJ�� ���� 7KH� 1)� PHPEUDQHV� HQDEOHG� KLJKHU� WUDQVPHPEUDQH�

SUHVVXUHV��WKXV�WKH�OHYHO�RI�FRQVWDQW�IOX[�ZDV�LQ�WKLV�H[SHULPHQW�QRW�UHDFKHG��
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)LJXUH����,QFUHDVH�RI�SHUPHDWH�IOX[�ZLWK�WUDQVPHPEUDQH�SUHVVXUH�

�

5HYHUVH�RVPRVLV�

$�VSLUDO�ZRXQG�PRGXOH�ZDV�XVHG��%HVLGHV�WKH�IHHG��UHF\FOH�DQG�FRQFHQWUDWH�IORZ��

WKH�FRQGXFWLYLW\�RI�WKH�SHUPHDWH�ZDV�DOVR�PHDVXUHG��,W�JDYH�WKH�GDWD�IRU�WKH�FDOFXODWLRQ�

RI�WKH�UHMHFWLRQ��7KH�IHHG�FRQGXFWLYLW\�ZDV����P6�FP�DQG�WKH�SHUPHDWH�FRQGXFWLYLW\�ZDV�

EHORZ���P6�FP��:H�ZHUH�XQDEOH�WR�XVH�QDQRILOWUDWLRQ�SHUPHDWH�DV�WKH�IHHG�IRU�WKH�52��

WKXV�DQ�LRQ�H[FKDQJH�XQLW�KDG�WR�HQVXUH�WKDW� WKH�ZDWHU�KDUGQHVV�ZDV�EHORZ�WKH�GHVLUHG�

YDOXH���

�
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'HSHQGHQFH�RI�SHUPHDWH�IORZ�RQ�WUDQVPHPEUDQH�SUHVVXUH�

'XULQJ�WKH�VDPH�H[SHULPHQW�WKH�UHMHFWLRQ�DQG�SHUPHDWH�IORZ�ZHUH�PHDVXUHG��WKH\�

LQFUHDVH�ZLWK�KLJKHU�SUHVVXUH��+RZHYHU�WKH�LQFUHDVH�LQ�UHMHFWLRQ�LV�RQO\�VOLJKW��

7KH�FRQFHQWUDWH�DQG�WKH�UHF\FOH�IORZ�ZHUH�NHSW�FRQVWDQW�GXULQJ�WKLV�H[SHULPHQW��
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)LJXUH����,QFUHDVH�RI�SHUPHDWH�IORZ�DQG�UHMHFWLRQ�ZLWK�WUDQVPHPEUDQH�SUHVVXUH�
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&DOFXODWLRQ�RI�SHUPHDELOLW\��

7KH� SHUPHDELOLW\� RI� WKH� 8)� DQG� 52� PHPEUDQHV� ZDV� FDOFXODWHG� IURP� WKH�

H[SHULPHQWDO�GDWD�DQG�FRPSDUHG�ZLWK�WKH�OLWHUDWXUH�UHSRUWHG�UDQJH��

7KH�SHUPHDELOLW\�FDQ�EH�FDOFXODWHG�IURP�WKH�HTXDWLRQ�
�

� �
O

3
.�S.- SHUP  S'�' � � � � � � � � ����

8OWUDILOWUDWLRQ�

([SHULPHQWDO�GDWD�� 0HPEUDQH�GDWD��
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7KH�RVPRWLF�SUHVVXUH�FDQ�EH�QHJOHFWHG�DQG�WKH�SHUPHDELOLW\�LV�

�KEDUP��O����.
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S

-
.

�

H[S�8)
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7KH��WKHRUHWLFDO��SHUPHDELOLW\�FRXOG�DOVR�EH�FDOFXODWHG�IRUP�WKH�PHPEUDQH�GDWD�DQG�WKH�

YLVFRVLW\�RI�ZDWHU��

�KEDUP��O����
3DV
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. ���
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SRUHSRUH

WKHRU�8)   
K

S
 �

�KEDUP��O����. �

WKHRU�8)  

7KHRUHWLFDO�SHUPHDELOLW\�ZDV�KLJKHU�WKDQ�WKH�H[SHULPHQWDO�RQH�VLQFH�LQ�WKH�FDOFXODWLRQ�RI�

WKH�WKHRUHWLFDO�SHUPHDELOLW\�WKH�WRUWXRVLW\�DQG�SOXJJLQJ�RI�SRUHV��HWF���ZHUH�GLVUHJDUGHG��

%RWK�YDOXHV��.8)�H[S�DQG�.8)�WKHRU��DUH�ZLWKLQ�WKH�UDQJH�UHSRUWHG�E\�WKH�OLWHUDWXUH��
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�
KEDU� ±������O��P
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KEDU���
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5HYHUVH�RVPRVLV�

7KH�RVPRWLF�SUHVVXUH�FDQ�DJDLQ�EH�QHJOHFWHG��7KH�DYHUDJH�H[SHULPHQWDO�GDWD�ZHUH�

XVHG�DQG�WKH�FDOFXODWLRQ�WKHQ�\LHOGV�

�KEDUP��O����. �

H[S�52  �

7KLV�YDOXH�LV�LQ�DJUHHPHQW�ZLWK�WKH�OLWHUDWXUH�GDWD�
�

&RQFOXVLRQV�

$� QXPEHU� RI� H[SHULPHQWV� LQ� WKH� 8)�� 1)� DQG� 52� SLORW� SODQWV� ZHUH� GRQH�� 7KH�

UHVXOWV�JDYH�WKH�EDVLF�HYDOXDWLRQ�RI�DSSOLFDELOLW\�RI�WKHVH�WKUHH�SURFHVVHV�DQG�WKH\�VKRZ�

WKDW� WKH\�DUH�XVHIXO�IRU� WKH�GHVLUHG�SXUSRVHV��WKH�8)�GHFUHDVHV�WKH�FRQFHQWUDWLRQ�RI�WKH�

FROORLG� SDUWLFOHV� �6',� YDOXH��� 1)� UHPRYHV� ZDWHU� KDUGQHVV� DQG� 52� UHPRYHV� WKH�

UHPDLQLQJ�LRQ�VSHFLHV�IURP�ZDWHU��7KH�UHVXOWV�JDYH�DOVR�WKH�EDVLF�RSHUDWLQJ�GDWD��7DEOH�

���WKDW�PD\�EH�RI�XVH�IRU�WKH�GHVLJQ�DQG�SHUIRUPDQFH�RI�WKH�LQGXVWULDO�SODQW���
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7DEOH����$YHUDJH�RSHUDWLQJ�GDWD�

� XOWUDILOWUDWLRQ� QDQRILOWUDWLRQ� UHYHUVH�RVPRVLV�

-SHUP�>O��P
�
K@� ���� ��� ISHUP ��O�K�

'S�>EDU@� ���� ���� ���

SHUP��TXDOLW\� 6',��� WRWDO�KDUGQHVV ���� UHMHFWLRQ!�����

�

7KH�UHFRYHU\��SHUPHDWH�IORZ���IHHG�IORZ��VKRXOG�EH�VXIILFLHQWO\�ODUJH��DERYH������

IRU� DOO� WKUHH� SURFHVVHV� VLQFH� WKH� ZDVWH� IORZ� RI� ZDWHU� UHSUHVHQWV� VLJQLILFDQW� HFRQRPLF�

FRVWV��7KXV�WKH�XVH�RI�UHF\FOH�LV�QHFHVVDU\��7KH�DGYDQWDJH�RI�LWV�XVH�LV�DOVR�WKH�SRVVLELOLW\�

RI�DFKLHYLQJ�VXIILFLHQWO\�KLJK�D[LDO�YHORFLWLHV�RQ� WKH�PHPEUDQH�VXUIDFH� �IRU�8)� LQ�RXU�

FDVH�DERYH��P�V���ZKLFK�SUHYHQWV�PHPEUDQH�IRXOLQJ�DQG�VFDOLQJ�LQ�ODUJH�H[WHQW���

$V�WKH�ILQDO�FULWHULD�ZKHWKHU� WKH�SURGXFW�ZDWHU�FDQ�EH�XVHG�LQ�WKH�SKDUPDFHXWLFDO�

LQGXVWU\� D� VHULHV� RI� IXUWKHU� DQDO\VLV� �72&�� FRQFHQWUDWLRQ� RI� FKORULGHV�� QLWUDWHV�� HWF���

PLFURELRORJLFDO�WHVWV��HWF���VKRXOG�EH�PDGH���
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1RPHQFODWXUH�

GSRUH� SRUH�GLDPHWHU��P�

-SHUP� SHUPHDWH�IOX[��O��P
�
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.� SHUPHDELOLW\��O��P
�
KEDU��

O� PHPEUDQH�WKLFNQHVV��P�

QSRUH� SRUH�GHQVLW\��P
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3� SHUPHDELOLW\�FRHIILFLHQW��O��PKEDU���P
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'S� WUDQVPHPEUDQH�SUHVVXUH��EDU�

6',� VLOW�GHQVLW\�LQGH[�

W�� WLPH��K�

YDNV� D[LDO�YHORFLW\��P�V�

'S� RVPRWLF�SUHVVXUH��EDU�

K� YLVFRVLW\��3DV�

ISHUP� SHUPHDWH�IORZ��O�K�
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5HIHUHQFHV�
�� +HQOH\� 0� 8OWUDSXUH :DWHU ����� ��� �� ������

�� 5DXWHQEDFK� 5� $OEUHFKW� 5� 0HPEUDQH 3URFHVVHV� -RKQ :LOH\ 	 6RQV /WG�� &KLFKHVWHU� �����

�� 1REOH� 5� '�� 6WHUQ� 6� $� 0HPEUDQH 6HSDUDWLRQV 7HFKQRORJ\� 3ULQFLSOHV DQG $SSOLFDWLRQV� (OVHYLHU

6FLHQFH %� 9�� $PVWHUGDP� �����

�� 6LQJK� 5� 8OWUDSXUH :DWHU ����� ��� �� ������

�� 0HOW]HU� 7� +� 3KDUPDFHXWLFDO :DWHU 6\VWHPV� 7DOO 2DNV 3XEOLVKLQJ� ,QF� /LWWOHWRQ� &RORUDGR� �����

�� :LQVWRQ +R� :� 6�� 6LUNDU� .� .� 0HPEUDQH +DQGERRN� 9DQ 1RVWUDQG 5HLQKROG� 1HZ <RUN� �����

�� 1XQHV� 6� 3�� 6IRUFD� 0� /�� 3HLQHPDQQ� .� 9� -� 0HPEU� 6FL� ����� ���� �� ������

�� 6FRWW� .� +DQGERRN RI ,QGXVWULDO 0HPEUDQHV� (OVHYLHU 6FLHQFH 3XEOLVKHUV /WG� $PVWHUGDP� �����
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3RY]HWHN�
6 SLORWQLPL SRVNXVL VPR SUHYHULOL XVWUH]QRVW SURFHVRY XOWUDILOWUDFLMH� QDQRILOWUDFLMH LQ

UHYHU]QH RVPR]H� YH]DQLK ]DSRUHGQR� ]D SULSUDYR YRGH Y IDUPDFHYWVNL LQGXVWULML� .RW

QDSDMDOQR YRGR VPR XSRUDELOL SLWQR YRGR L] YRGRYRGQHJD RPUHåMD� = XOWUDILOWUDFLMR VPR

]PDQMãDOL YVHEQRVW NRORLGQLK GHOFHY� ] QDQRILOWUDFLMR ]PDQMãDOL WUGRWR YRGH LQ ] UHYHU]QR

RVPR]R ]DJRWRYLOL GHLRQL]DFLMR YRGH� 3RGDWNL� GREOMHQL V SRVNXVL QD SLORWQLK QDSUDYDK� EL

ODKNR VOXåLOL NRW RVQRYD ]D QDþUWRYDQMH LQ YRGHQMH LQGXVWULMVNH QDSUDYH�
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