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Disclaimer
The information contained in this publication is intended for general use, to assist public 
knowledge and discussion, and to help improve the sustainable management of land, 
water and vegetation.  It includes general statements based on scientific research.  readers 
are advised and need to be aware that this information may be incomplete or unsuitable for 
use in specific situations.  before taking any action or decision based on the information in 
this publication, readers should seek expert professional, scientific and technical advice.

To the extent permitted by law, the Commonwealth of Australia, Land & Water Australia 
(including its employees and consultants), the authors, the Cooperative Centre for Irrigation 
Futures and the National Program for Sustainable Irrigation and its partners do not assume 
liability of any kind whatsoever resultuing from a person’s use or reliance upon the content 
of this publication.

The National Program for Sustainable Irrigation focuses research on the development 
and adoption of sustainable irrigation practices in Australian agriculture.  The aim is to 
address critical emerging environmental management issues while generating long-term 
economic and social benefits that ensure irrigation has a viable future.  The Program has 
14 funding partners who are: Land & Water Australia (Managing Partner); Sunwater, 
Queensland; Horticulture Australia Ltd; Goulburn-Murray Water, Victoria; Cotton Research 
and Development Corporation; Harvey Water, Western Australia; Lower Murray Water 
Authority, Victoria; Wimmera Mallee Water, Victoria; Ord Irrigation Cooperative, Western 
Australia; Australian Government Department of Agriculture, Fisheries and Forestry; 
Department of Natural Resources and Mines, Queensland; Department of Primary 
Industries and Resources, South Australia; Department of Environment Water and 
Catchment, Western Australia; and Department of Agriculture, Western Australia.

Submitted to the National Program for Sustainable Irrigation in March 2005 by the 
Cooperative Research Centre for Irrigation Futures, Toowoomba.

© Land & Water Australia 2005.

Material from this publication may not be used unless prior written approval has been 
obtained from the Cooperative Research Centre for Irrigation Futures or the National 
Program for Sustainable Irrigation.

This document should be cited as follows:

Durack, M., Malana, H., Schmidt, E., Khan, S., Thompson, C., Steele, A., Standen, 
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7DEOH���� 6WXG\�$SSURDFK�DQG�7LPHOLQHV
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�WK )HEUXDU\ 7HOHFRQIHUHQFH�WR�FRQILUP�UHSRUW�VWUXFWXUH��FRQWHQW�DQG�UHVSRQVLELOLWLHV�
�WK )HEUXDU\ &LUFXODWH�±�&KDSWHU�KHDGLQJV�DQG�RXWOLQH�RI�FRQWHQW�WR�WHDP�PHPEHUV�DQG�DOVR

136,�&R�&RRUGLQDWRU��0XUUD\�&KDSPDQ��
��WK )HEUXDU\ ,QFRUSRUDWH�FRPPHQWV�IURP�0XUUD\�&KDSPDQ�LQWR�GRFXPHQW�
��WK )HEUXDU\�±���WK )HEUXDU\ 7HDP�PHPEHUV�ZRUN�RQ�WKHLU�FKDSWHUV�
��WK )HEUXDU\ &LUFXODWLRQ�RI�GUDIW�FKDSWHUV�WR�WHDP�DQG�WHOHFRQIHUHQFH�
��WK ±���VW )HEUXDU\ 7HDP�PHPEHUV�ZRUN�RQ�FKDSWHUV�
��VW ±���UG )HEUXDU\ ,QWHJUDWLRQ�RI�FKDSWHUV�LQWR�WKLV�UHSRUW�
��UG )HEUXDU\ &LUFXODWLRQ�RI�GUDIW�UHSRUW�IRU�FRPPHQW�WR�&5&�,)�WHDP�PHPEHUV�
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�VW 0DUFK 3URYLGH�GUDIW�UHSRUW�WR�136,�IRU�FRPPHQW
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7KH�VWXG\�WHDP�IRU�WKH�&5&�,)�ZDV��
0DWWKHZ�'XUDFN ±�7RWDO�6\VWHP�+DUPRQLVDWLRQ�3URGXFWLYH�DQG�(QYLURQPHQW�2SSRUWXQLWLHV�
+HFWRU�0DODQR ±�2II�)DUP�6\VWHP�7HFKQRORJ\�DQG�+\GUDXOLF�0RGHOOLQJ�
(ULF 6FKPLGW �ZLWK�6WHYH�5DLQH��±�2Q�)DUP�6\VWHP�7HFKQRORJ\�
6KDKED]�.KDQ ±�'HPDQG�0DQDJHPHQW�0RGHOOLQJ�DQG�$OWHUDWLRQ�)DUPLQJ�6\VWHPV�
50�&RQVXOWLQJ�*URXS �&KDUOHV�7KRPSVRQ�DQG�$QGUHD�6WHHOH��±�9DOXH�&KDLQ�,PSDFWV
50�&RQVXOWLQJ�*URXS �5RJHU�6WDQGHQ��±�,QVWLWXWLRQDO�,VVXHV�DQG�:DWHU�6HUYLFH�3URYLGHU�5HODWLRQVKLSV�
3OXV� VXSSRUW� IURP� SRVW� JUDGXDWH� VWXGHQWV�� $UPJDUG� (OPDKGL� �VHDVRQDO� IORZ� PRGHOOLQJ�� DQG� 0DWWKHZ
%HUULVIRUG��K\GUDXOLF�PRGHOOLQJ���3URMHFW�PDQDJHPHQW�ZRUN�XQGHUWDNHQ�E\�50&*��&KDUOHV�7KRPSVRQ��

��� ,QWURGXFWLRQ�WR�+DUPRQLVDWLRQ

+DUPRQLVDWLRQ� LV� D� WHUP� LQFUHDVLQJO\� XVHG� LQ� ERWK� JRYHUQPHQW� DQG� EXVLQHVV� FLUFOHV� ERWK� QDWLRQDOO\� DQG
LQWHUQDWLRQDOO\�WR�GLVFXVV�D�SURFHVV�RI�RSWLPLVDWLRQ�ZKLFK�UHTXLUHV�FURVV�RUJDQLVDWLRQDO�FROODERUDWLRQ�
5HIHUHQFH�FDQ�EH�IRXQG�WR�WKH�WHUP�LQ�WKH�IROORZLQJ�FRQWH[W�
� ,QWHUQDWLRQDO�7UDGH�/DZ�³+DUPRQLVDWLRQ´�±�D�NH\�IHDWXUH�RI�FXUUHQW�:72�GLVFXVVLRQV�
� +DUPRQLVDWLRQ�RI�FURVV�VWDWH�OHJLVODWLYH�SURFHGXUHV�±�WKH�1DWLRQDO�:DWHU�,QLWLDWLYH�UHFRJQLVHV�WKLV�QHHG

EXW�GRHV�QRW�XWLOLVH�WKH�WHUP�LWVHOI�
� 6XSSO\�&KDLQ�+DUPRQLVDWLRQ�±�PDMRU�FRUSRUDWLRQV�VXFK�DV�0F'RQDOGV�DQG�:RROZRUWKV�VHHNLQJ�WR�FXW

FRVWV�IURP�OLQNHG�FRPPRGLW\�VXSSO\�DUUDQJHPHQWV�
$� VHDUFK� RI� WKH� JUH\� OLWHUDWXUH� RQ� WKH� XVH� RI� WKH� WHUP� ZLWK� VSHFLILF� UHIHUHQFH� WR�:DWHU� 6HUYLFH� 3URYLGHU
FRPPHUFLDO�RU�SXELF�JRRG�VHUYLFH�FDSDFLW\�GRHV�QRW�UHYHDO�DQ\�HYLGHQFH�RI�LWV�XVH���7KLV�LV�GHVSLWH�WKH�IDFW
WKDW� DV� D� WHUP� LW� ZDV� SUREDEO\� ILUVW� GHILQHG� LQ� VRPH� HDUO\� UHVHDUFK� UHTXHVW� SURSRVDOV� IURP� WKH� 1DWLRQDO
3URJUDP� IRU� ,UULJDWLRQ�5HVHDUFK�DQG�'HYHORSPHQW� LQ� WKH�HDUO\�����¶V� �'HUHN�3RXOWRQ�)HEUXDU\� �����3HUV
&RP���
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VRPH� GHWDLO� DW� D� &5&� ,)� :RUNVKRS� �$SULO� ������ DQG� VXEVHTXHQWO\� GHYHORSHG� LQWR� D� WDUJHWHG� UHVHDUFK
LQYHVWPHQW�SURSRVDO�E\�WKH�8QLYHUVLW\�RI�0HOERXUQH�DQG�67,�9LFWRULD��������
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3HUIRUPDQFH�RI�WKH�V\VWHP�DQG�LWV�UHVSRQVLYHQHVV�WR�HQG�XVHU�DQG�HQYLURQPHQWDO�GHPDQGV�
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ZLWK�WKH�XVH�RI�WKH�WHUP�

7RWDO�6\VWHP�+DUPRQLVDWLRQ���+RZ�GR�\RX�DFKLHYH�DQ�LUULJDWLRQ�V\VWHP�ZLWKLQ�D�UHJLRQ�WKDW�LV�DEVROXWHO\
UHVRXUFH�HIILFLHQW��UHVRXUFHV� �QDWXUDO��KXPDQ��HFRQRPLF�"

7KLV� VHFWLRQ� RI� WKH� GRFXPHQW� VHHNV� WR� GHILQH� WKH� HIIHFWLYH� ERXQGDULHV� RI� WKLV� UHVHDUFK� ILHOG� DQG� FULWLFDOO\
HYDOXDWH�WKH�YDOXH�RI�JURXSLQJ�LQGHSHQGHQW�UHVHDUFK�DFWLYLWLHV�ZLWKLQ�WKH�FRQWH[W�RI�WKLV�UHVHDUFK�FROOHFWLYH�
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WKH�V\VWHP��WKH�SURFHVV�QHHGV�WR�LQFRUSRUDWH�WKH�YLHZV��YDOXHV�DQG�XOWLPDWHO\�HQWKXVLDVP�RI�DOO�WKRVH�FDSWXUHG
ZLWKLQ�WKH�ZDWHU�PDQDJHPHQW�F\FOH�
$�UHVHDUFK�DSSURDFK�LQFRUSRUDWLQJ�WKLV�EURDG�FRQFHSW�RI�76+�UXQV�WKH�ULVN�RI�EHLQJ�FRQIXVHG�ZLWK�D�UDQJH�RI
SODQQLQJ� DQG� UHVRXUFH� PDQDJHPHQW� SURFHVVHV� FXUUHQWO\� EHLQJ� XQGHUWDNHQ� E\� FDWFKPHQW� PDQDJHPHQW
RUJDQLVDWLRQV�DQG�VWDWH�SODQQLQJ�DXWKRULWLHV�
,I� RQ� WKH� RWKHU� KDQG� WKH� IRFXV� LV� QDUURZHG� WR� LQFRUSRUDWH� RQO\� WKRVH� SURFHVVHV� VXEMHFW� WR� VRPH� IRUP� RI
³&RUSRUDWH� &RQWURO´� OHDYLQJ� WKH� EURDGHU� FRPPXQLW\� SHUFHSWLRQ� DQG� SODQQLQJ� IUDPHZRUNV� WR� LQIRUP� WKH
RSHUDWLQJ�HQYLURQPHQW��D�FOHDUHU�SLFWXUH�RI�UHVHDUFK�RSSRUWXQLWLHV�DULVHV�
7KLV�GHILQLWLRQ�GRHV�QRW�UHGXFH�WKH�H[SRVXUH�RI�WKH�UHVHDUFK�DFWLYLWLHV�WR�HQYLURQPHQWDO�REMHFWLYHV�JLYHQ�WKH
LQFUHDVLQJ�µFRUSRUDWLVDWLRQ´�RI�FDWFKPHQW�EDVHG�HQYLURQPHQWDO�REMHFWLYHV�ZLWKLQ�WKH�EXVLQHVV�SODQV�RI�ZDWHU
VHUYLFH�SURYLGHUV�DQG�WKHLU�FXVWRPHUV�DQG�WKH�LQFUHDVLQJ�XVH�RI�PDUNHW�EDVHG�LQVWUXPHQWV�WR�DFKLHYH�FKDQJH�
,W�GRHV�DOORZ�WKH�UHVHDUFK�WR�IRFXV�RQ�D�VHW�RI�VWDNHKROGHUV�ZLWK�LQFUHDVLQJO\�DOLJQHG�EXVLQHVV�SURFHVVHV�DQG
REMHFWLYHV�
7KLV� FRQFHSW� RI� WKH� SURFHVV� DOORZV� WKH� ZRUN� RI� 3RUWHU� ������� DQG� RWKHUV� RQ� 9DOXH� &KDLQV� ±� DQG� WKH
LPSRUWDQFH� RI� HPEHGGLQJ� D� FRQWLQXRXV� YDOXH� DGGLQJ� SURFHVV� LQWR� DOO� VHJPHQWV� RI� WKH� FKDLQ� WR� EH� XVHG� LQ
GHILQLQJ�RXU�REMHFWLYHV��&KDSWHU���� EXLOGV�RQ�WKLV�OLQNDJH�DQG�UHFRJQLVHV�WKH�LQKHUHQW�GLIILFXOW\�LQ�ZRUNLQJ
DORQJ�FKDLQV�ZLWK�VKDUHG�SULYDWH�DQG�SXEOLF�LQYHVWPHQW�
,Q�RUGHU�WR�SURYLGH�IRFXV�WR�WKH�GLVFXVVLRQ�DQG�UHWDLQ�WKH�YDOXH�RI�XVLQJ�WKHVH�WHUPV�DV�³UHVHDUFK�FROOHFWLYHV´
ZH�KDYH�SURSRVHG�WKH�IROORZLQJ�ERXQGDULHV�EH�SODFHG�DURXQG�WHUPV�ZLWKLQ�WKLV�SDSHU�
± 6\VWHP�+DUPRQLVDWLRQ�±�IRFXVHV�KHDYLO\�RQ�WKH�:DWHU�6HUYLFH�3URYLGHU�±�(QG�8VHU�UHODWLRQVKLSV�DQG

WKH�RSSRUWXQLWLHV�IRU�FROODERUDWLYH�VWUDWHJLF��VHDVRQDO�DQG�RSHUDWLRQDO�GHFLVLRQ�PDNLQJ��WDUJHWLQJ
RSWLPLVHG�SURGXFWLYH�DQG�HQYLURQPHQWDO�ZDWHU�XVH�RXWFRPHV�

± 7RWDO�6\VWHP�+DUPRQLVDWLRQ±�FRQILQHG�WR�WKH�FRUSRUDWH�RU�SULYDWLVHG�HOHPHQWV�RI�WKH�V\VWHP�EXW
EURDGO\�WDUJHWLQJ�RSSRUWXQLWLHV�IRU�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�DW�DOO�SRLQWV�LQ�WKH�YDOXH�FKDLQ�ERWK
ZLWKLQ�WKH�ZDWHU�PDQDJHPHQW�F\FOH�DQG�H[WHUQDO�WR�LW�LQ�RUGHU�WR�RSWLPLVH�WKH�SHUIRUPDQFH�RI�DOO
LUULJDWLRQ�UHODWHG�DFWLYLWLHV�LQ�WKH�UHJLRQ�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

)LJXUH���� 7RWDO�6\VWHP�+DUPRQLVDWLRQ�±�D�KROLVWLF�SURFHVV�LQFRUSRUDWLQJ�LQSXW�IURP�DOO�VHFWRUV�RI
FRPPXQLW\�DQG�EXVLQHVV�

(YHQ�XVLQJ�WKHVH�GHILQLWLRQV�WKH�WHUPV�WKUHDWHQ�WR�EHFRPH�VR�DOO�HQFRPSDVVLQJ�WKH\�ORVH�YDOXH�DV�D�³5HVHDUFK
&ROOHFWLYH´���$V�QRWHG�ZLWKLQ�WKH�EULHI�WKH�EHQHILWV�RI�7RWDO�6\VWHP�+DUPRQLVDWLRQ�DFFUXH�XS�DQG�GRZQ�WKH
LUULJDWLRQ�LQGXVWU\¶V�YDOXH�FKDLQV�QRW�RQO\�ZLWKLQ�WKH�ZDWHU�PDQDJHPHQW�VHFWRU�EXW�RXWVLGH�LW�LQ�DUHDV�VXFK�DV
HQHUJ\�PDQDJHPHQW�� LQSXW� ORJLVWLFV� DQG� WUDQVSRUW�� � ,Q� DGGLWLRQ� LW� FDQ� UHODWH� WR�PDQDJHPHQW� RU� LQYHVWPHQW
GHFLVLRQV�DW�D�UDQJH�RI�WHPSRUDO�DQG�JHRJUDSKLF�VFDOHV�
7DEOH���� VHWV�RXW�WZR�GLPHQVLRQV�RI�WKH�V\VWHP�ZLWK�GHFLVLRQV�SRLQWV�EHLQJ�WHPSRUDOO\�GHILQHG�DV�VWUDWHJLF
RU� RSHUDWLRQDO� DQG� WKH� JHRJUDSKLF� OLPLWV� RI� WKH� V\VWHP� UDQJLQJ� IURP� IDUP� WR� FDWFKPHQW� VFDOH�� � 7KHUH� DUH
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6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

VWURQJ�RSSRUWXQLWLHV�WR�DGG�YDOXH�WKURXJK�³&ROODERUDWLYH�'HFLVLRQ�0DNLQJ´�DW�DOO�SRLQWV�LQ�WKLV�PDWUL[���7KH
WDEOH�KHOSV�WR�GHILQH�VXEVHWV�RI�WKHVH�DFWLYLWLHV�ZLWKLQ�WKLV�IUDPHZRUN�
7DEOH���� 7RWDO�6\VWHP�+DUPRQLVDWLRQ�±�7KH�H[WHQW�RI�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�RSSRUWXQLWLHV
DFURVV�D�UDQJH�RI�WHPSRUDO�DQG�VSDWLDO�VFDOHV�

7,0(�6&$/( *(2*5$3+,&�6&$/(

&$7&+0(17 6&+(0( )$50 352&(66,1* 0$5.(7

675$7(*,& $OORFDWLRQ
'HFLVLRQV

2UJDQLVDWLRQDO
6WUXFWXUH

)DUP
0DQDJHPHQW

3ODQV

2UJDQLVDWLRQDO
6WUXFWXUH�DQG

5LVN
0DQDJHPHQW

,PDJH�DQG
%UDQGLQJ

5HVRXUFH
2SHUDWLQJ�3ODQV

3URGXFW�DQG
6HUYLFH

6SHFLILFDWLRQ

)DUP
0DQDJHPHQW

6\VWHP

3URGXFWLRQ
3ODQQLQJ

0DUNHW
'HILQLWLRQ

2Q�*URXQG
:RUNV

,QIUDVWUXFWXUH
,QYHVWPHQW

&URSSLQJ�0L[
6HOHFWLRQ

,QIUDVWUXFWXUH
,QYHVWPHQW

3URPRWLRQ

0RQLWRULQJ &RPPXQLFDWLRQ
V�3URWRFROV

$JURQRPLF
3URJUDP

3URFHVVLQJ
6FKHGXOH

2UGHU
&ROOHFWLRQ

23(5$7,21$/ (QYLUR�)ORZ
0DQDJHPHQW

6HUYLFH�'HOLYHU\ 6FKHGXOLQJ 'LVSDWFK 'LVWULEXWLRQ

/LJKW�*UH\� FHOOV ±� 6PDUW� 6\VWHPV� ±� SK\VLFDO� DQG� WHFKQLFDO� DLGV� WR� LPSURYH� LQIUDVWUXFWXUH� DQG�DJURQRPLF
SHUIRUPDQFH

/LJKW�*UH\ ��'DUN�JUH\±�6\VWHP�+DUPRQLVDWLRQ�±� LQFRUSRUDWLQJ�EURDGHU� UDQJH�RI� FRRSHUDWLYH� GHFLVLRQV
DLPHG�DW�RSWLPLVLQJ�WKH�ZDWHU�PDQDJHPHQW�F\FOH�

/LJKW�*UH\ ��'DUN�*UH\ ��&OHDU� ±�7RWDO�6\VWHP�+DUPRQLVDWLRQ�±�RSWLPLVLQJ�DOO� HOHPHQWV�RI� WKH� V\VWHP
ZLWKLQ�DQG�H[WHUQDO�WR�WKH�ZDWHU�PDQDJHPHQW�F\FOH�

$�FULWLFDO�HOHPHQW�RI�WKH�IROORZLQJ�FKDSWHUV�ZLOO�EH�DQ�DWWHPSW�WR�GHILQH�ZKHUH�WKH�JUHDWHVW�RSSRUWXQLWLHV�OLH�±
DQG�ZKHUH�WKH�OHYHUDJH�DYDLODEOH�WKURXJK�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�RXWZHLJKV�WKH�FRPSOH[LW\�RI�V\VWHP
ZLGH�WKLQNLQJ�
$OWKRXJK� WKH� WHUP�6\VWHP�+DUPRQLVDWLRQ�PD\�EH� UHODWLYHO\�QHZ� LQ� WKH� FRQWH[W� RI� LUULJDWLRQ� WKHUH� LV� FOHDU
HYLGHQFH�RI�LWV�DSSOLFDWLRQ�LQ�PDQ\�RI�RXU�FXUUHQW�UXUDO�ZDWHU�VHUYLFH�SURYLGHUV�LQFOXGLQJ�
� &HQWUDO�,UULJDWLRQ�7UXVW�±�:DWHU�8VH�(IILFLHQF\�5HSRUWLQJ�DQG�DWWHPSWV�DW�SUHGLFWLYH�GHPDQG

DQWLFLSDWLRQ�
� *RXOEXUQ�0XUUD\�:DWHU�DQG�&ROHDPEDOO\�,UULJDWLRQ�7UXVW�±�WULDO�LQVWDOODWLRQ�RI�7RWDO�&KDQQHO�&RQWURO

6\VWHPV�DQG�WKH�GHVLUH�WR�XVH�WKHVH�V\VWHPV�IRU�LPSURYHG�FXVWRPHU�VHUYLFH�DV�ZHOO�DV�LQWHUQDO�OHDNDJH
PDQDJHPHQW�DQG�FRQWURO�RSWLPLVDWLRQ��DQG



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

� +DUYH\�:DWHU�/WG�±�LQVWDOODWLRQ�RI�RQ�GHPDQG�SUHVVXUL]HG�V\VWHP�WR�HQFRXUDJH�VKLIW�IURP�VXUIDFH
LUULJDWLRQ�WR�/DUJH�0RELOH�,UULJDWRUV�VXFK�DV�SLYRWV�DQG�ODWHUDO�PRYHV�

$Q�H[DPLQDWLRQ�RI�GHYHORSPHQWV�LQ�RWKHU�XWLOLW\�SURYLGHUV�RYHU�WKH�SDVW����\HDUV�SURYLGHV�VRPH�FOXHV�DV�WR
WKH�IXWXUH�GHYHORSPHQWV�LQ�WKLV�DUHD�
� 7KH�HQHUJ\�VHFWRU�QRZ�VXSSRUWV�D�WKULYLQJ�SULYDWH�VHFWRU�FRQVXOWDQF\�LQGXVWU\�ZKLFK�VHHNV�WR�RSWLPLVH

RQ�VLWH�GHPDQG�ZLWK�V\VWHP�VXSSO\�FKDUDFWHULVWLFV�ZLWK�WKH�DLP�RI�UHGXFLQJ�RYHUDOO�HQHUJ\�FRVWV�±�WKLV�LV
VXSSRUWHG�E\�D�UDQJH�RI�PDUNHW�EDVHG�LQFHQWLYHV�LQFOXGLQJ�GLIIHUHQWLDO�SULFLQJ�VWUDWHJLHV�EDVHG�RQ
VXSSO\�WLPLQJ�DQG�PD[LPXP�FXUUHQW�ORDGLQJ�

� 7HOHFRPPXQLFDWLRQ�FRPSDQLHV�QRZ�RIIHU�WKH�PRVW�EHZLOGHULQJ�DUUD\�RI�VHUYLFHV�ZKLFK�DUH�SULPDULO\
DLPHG�DW�SURYLGLQJ�LPSURYHG�FXVWRPHU�VHUYLFH�DV�ZHOO�DV�RSWLPLVHG�LQIUDVWUXFWXUH�XWLOLVDWLRQ�

7KH�ZDWHU�LQGXVWU\�LV�\HW�WR�GHYHORS�WKH�VRSKLVWLFDWHG�DUUD\�RI�SURGXFW�DQG�VHUYLFH�RIIHU�SDFNDJHV�DYDLODEOH�LQ
WKHVH�VHFWRUV��LQQRYDWLRQ�LQ�RXU�LQGXVWU\�LQ�WKLV�FRQWH[W�LV�MXVW�EHJLQQLQJ���7KH�RSSRUWXQLW\�WR�OHDUQ�IURP�WKH
DOWHUQDWLYH�IXWXUHV�GHYHORSHG�E\�RWKHU�XWLOLW\�RUJDQLVDWLRQV�PD\�SURYLGH�D�SRZHUIXO�JXLGH�DV�WR�WKH�QDWXUH�RI
WKH�ZDWHU�VHUYLFH�SURYLGHU�FXVWRPHU�VHUYLFH�FRPPXQLW\�RI�WKH�IXWXUH�
6XPPDU\�RI��³+DUPRQLVDWLRQ´�UHVHDUFK�RSSRUWXQLWLHV

� ³+DUPRQLVDWLRQ´�±�LQ�WHUPV�RI�FURVV�RUJDQL]DWLRQ�FROODERUDWLRQ�WR�PDNH�WRWDO�UHVRXUFH�XVH�PRUH
SURGXFWLYH�LV�LQFUHDVLQJO\�UHFRJQLVHG�DV�D�NH\�RSSRUWXQLW\�

� ³7RWDO�6\VWHP�+DUPRQLVDWLRQ´�DFURVV�WKH�HQWLUH�YDOXH�FKDLQ�LV�D�EURDG�FRQFHSW��ZKLFK�UXQV�WKH�ULVN�RI
ODFNLQJ�IRFXV�DV�D�UHVHDUFK�DUHD�DQG�ZLOO�QHHG�D�WLJKW�IRFXV�LQ�RUGHU�WR�DFKLHYH�SRVLWLYH�RXWFRPHV�IRU�WKH
LUULJDWLRQ�LQGXVWU\�

� ³+DUPRQLVDWLRQ´�±�LQ�WHUPV�RI�K\GURORJ\�DQG�K\GUDXOLFV�KDV�ORQJ�EHHQ�UHFRJQLVHG�DV�LPSRUWDQW�ZLWKLQ
WKH�LUULJDWLRQ�LQGXVWU\�DQG�LV�EHLQJ�DGGUHVVHG�ZLWK�QHZ�WHFKQRORJ\�GHYHORSPHQW�DQG�VKRXOG�EH
HQFRXUDJHG�

� 2WKHU�XWLOLW\�SURYLGHUV�KDYH�UHVSRQGHG�WR�WKH�V\VWHP�KDUPRQLVDWLRQ�FKDOOHQJH�E\�UHFRJQLVLQJ�WKH
YDULDELOLW\�LQ�LUULJDWRU�GHPDQGV�DQG�SURYLGLQJ�D�ZLGH�UDQJH�RI�QHZ�SURGXFWV�DQG�VHUYLFHV��7KLV�LV�OLNHO\
WR�EH�DSSOLFDEOH�WR�WKH�LUULJDWLRQ�LQGXVWU\�

0RUH�GHWDLOHG�DQDO\VLV�RI�WKH�VSHFLILF�UHVHDUFK�RSSRUWXQLWLHV�DUH�SURYLGHG�LQ�&KDSWHUV������DQG����6HFWLRQ����
EHORZ� SURYLGHV� WKH� UHFRPPHQGHG� UHVHDUFK� SURJUDP� WKDW� KDV� EHHQ� FRQVWUXFWHG� DV� D� UHVXOW� RI� WKLV� GHWDLOHG
DQDO\VLV�

��� 5HFRPPHQGHG�5HVHDUFK�3URJUDPV

7KLV�VHFWLRQ�VXPPDULVHV�WKH�UHVHDUFK�SULRULWLHV�UHIHUHQFHG�WKURXJKRXW�WKH�SURFHHGLQJ�DQDO\VLV�LQ�UHVSRQVH�WR
WKH�NH\�TXHVWLRQ�SRVHG�E\�WKH�136,�EULHI��RXWOLQHG�EHORZ��

:KDW�VKRXOG�EH�WKH�IRFXV�RI�UHVHDUFK�E\�WKH�6XVWDLQDEOH�,UULJDWLRQ�3URJUDP�WR�DFKLHYH�WKH�WRROV�WKDW
ZLOO�JXLGH�DQG�HQDEOH�7RWDO�6\VWHP�+DUPRQLVDWLRQ���76+�"

*LYHQ� WKH� ODFN� RI� HYLGHQFH� RI� VSHFLILF� UHVHDUFK� LQ� WKLV� DUHD� WKHUH� LV� D� QHHG� IRU� H[WHQVLYH� FDSDFLW\
GHYHORSPHQW���7KLV�DOVR�PHDQV�WKDW�LGHQWLILFDWLRQ�RI�DSSURSULDWH�UHVHDUFK�SURSRQHQWV�DW�WKLV�VWDJH�LV�GLIILFXOW
JLYHQ�WKH�JHQHUDO�ODFN�RI�DFWLYLW\�LQ�WKH�DUHD�
7KH�VWURQJO\�DSSOLHG�QDWXUH�RI�UHVHDUFK�UHTXLUHG�ZRXOG�GLFWDWH�WKH�IROORZLQJ�SULQFLSOHV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

� $OO�UHVHDUFK�SURMHFWV�VKRXOG�EH�GRQH�LQ�FORVH�DVVRFLDWLRQ�ZLWK�DSSURSULDWH�SULYDWH�VHFWRU�RU�LQGXVWU\
SDUWQHUV�

� (DUO\�VWDJH�UHVHDUFK�SURMHFWV�DQG�ZRUN�RI�D�JHQHULF�QDWXUH�ZLOO�QHHG�WR�EH�VXSSRUWHG�E\�QRQ�LQGXVWU\
IXQGLQJ�LQ�RUGHU�WR�SURPRWH�WKH�YDOXH�RI�IXUWKHU�LQGXVWU\�LQYHVWPHQW�

� ,QGXVWU\�LQYHVWPHQW�LQ�WKH�DSSOLHG�VWDJH�RI�UHVHDUFK�SURMHFWV�VKRXOG�EH�UHODWLYHO\�KLJK�LQ�RUGHU�WR
FRQILUP�WKH�UHOHYDQFH�RI�WKH�UHVHDUFK�ZRUN�

� 7KH�KROLVWLF�QDWXUH�RI�WKH�UHVHDUFK�HIIRUW�GRHV�UHTXLUH�D�PXOWL�GLVFLSOLQDU\�DSSURDFK�WR�DQ\�DFWLYLW\�LQ
WKLV�DUHD�DQG�DV�VXFK�LW�LV�XQOLNHO\�WKDW�DQ\RQH�UHVHDUFK�SURYLGHU�LQ�WKHLU�RZQ�ULJKW�ZRXOG�KDYH�WKH�VNLOOV
QHFHVVDU\�WR�DFKLHYH�VLJQLILFDQW�VXFFHVV�ZLWKLQ�DQ\�RI�WKH�SURJUDP�DUHDV�GHVFULEHG�EHORZ�

� $OWKRXJK�WKHUH�LV�OLWWOH�HYLGHQFH�RI�VLPLODUO\�WHUPHG�UHVHDUFK�LQ�WKH�LQWHUQDWLRQDO�DUHQD�LW�LV�FOHDUO\�D
UHVHDUFK�DUHD�ZKRVH�WLPH�KDV�FRPH�DQG�DV�VXFK�RQH�ZRXOG�H[SHFW�VLJQLILFDQW�LQWHUQDWLRQDO�DFWLYLW\�WR�EH
XQGHUZD\�IDLUO\�TXLFNO\���7KH�LQGXVWU\�DV�D�ZKROH�QHHGV�WR�HQVXUH�WKDW�DSSURSULDWH�OLQNDJHV�DUH�LQ�SODFH
WR�EHQHILW�IURP�WKLV�ZRUN�

7KH�DVVHPEOHG�UHVHDUFK�WHDP�EHOLHYHV�WKH�RYHUDOO�REMHFWLYH�RI�D�UHVHDUFK�SURJUDP�EXLOW�DURXQG�WKLV�WRSLF�DUHD
VKRXOG�EH�WR�

7R�GHYHORS�WKH�VNLOOV��FDSDFLW\��WRROV�DQG�WHFKQRORJLHV�ZLWKLQ�WKH�$XVWUDOLDQ�,UULJDWLRQ�&RPPXQLW\�WR
RSWLPLVH� WKH� SHUIRUPDQFH� RI� RXU� FXUUHQW� DQG� IXWXUH� LUULJDWLRQ� LQYHVWPHQWV� ERWK� RQ� DQG� RII� IDUP
WKURXJK� LPSURYHG� FURVV� RUJDQLVDWLRQDO� FRPPXQLFDWLRQ� DQG� V\VWHP� ZLGH� PDQDJHPHQW� LQ� RUGHU� WR
PD[LPLVH�SURGXFWLYH�UHWXUQV�DQG�PLQLPLVH�HQYLURQPHQWDO�LPSDFWV�

%DVHG�RQ�HDUOLHU�FKDUDFWHULVDWLRQ�RI�WKH�RYHUDOO�UHVHDUFK�SRUWIROLR�DQG�WKH�GHWDLOHG�DQDO\VLV�RI�H[LVWLQJ�ZRUN
DQG�IXWXUH�RSSRUWXQLWLHV�ZH�KDYH�SURSRVHG�WKH�IROORZLQJ�5HVHDUFK�3URJUDPV�DQG�KDYH�VHW�RXW�PRUH�GHWDLOHG
REMHFWLYHV�IRU�HDFK�LQ�WKH�WDEOHV�EHORZ�
� 6PDUW�6\VWHPV�DQG�,QIUDVWUXFWXUH�'HYHORSPHQW�5HVHDUFK�SURJUDP�±�DW�D�6FKHPH�6FDOH��ZKHUH�D

6FKHPH�FDQ�YDU\�IURP�EHLQJ�D�GLVWULFW��ZLWK�PDQ\�PDQDJHUV��WR�D�VFKHPH�PDGH�XS�RI�VLQJOH�PDQDJHU�
ZKR�LV�D�SULYDWH�GLYHUWHU�ZLWK�WKHLU�RZQ�GLVWULEXWLRQ�V\VWHP��,W�VKRXOG�EH�QRWHG�WKDW�LQ�$XVWUDOLD�PRVW
LUULJDWLRQ�ZDWHU�LV�XVHG�E\�SULYDWH�GLYHUWHUV�

� 6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�SURJUDP�±�DW�D�&DWFKPHQW�6FDOH��DQG
� 7RWDO�6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�3URJUDP�±�DW�D�9DOXH�&KDLQ�6FDOH�
7KH�IRFXV�IRU�UHVHDUFK�EURDGHQV�IURP�WHFKQLFDO�DW�D�VFKHPH�OHYHO�WR�PRUH�LQVWLWXWLRQDO�DW�WKH�FDWFKPHQW�DQG
YDOXH�FKDLQ�OHYHOV��7KH�FURVV�GLVFLSOLQDU\�DQG�PXOWL�SDUWQHU�EDVLV�IRU�PRVW�RI�WKH�ZRUN�ZLOO�UHTXLUH�136,�WR
EH�D�FR�LQYHVWRU�ZLWK�RWKHUV�LQ�D�EURDGHU�UHVHDUFK�SURJUDP���7KHUH�GR�DSSHDU�WR�EH�D�QXPEHU�RI�FULWLFDO�UROHV
ZKLFK�DUH�EHWWHU�VXLWHG�WR�WKH�VWUXFWXUH�DQG�UHVRXUFHV�RI�WKH�136,�SURJUDP�
�����&DVH�6WXGLHV�DQG�'HPRQVWUDWLRQ�6LWHV�
5HIHUHQFH�LV�PDGH�WR�WKH�QHHG�IRU�DFWLYH�GHPRQVWUDWLRQ�RI�6\VWHP�+DUPRQLVDWLRQ�&RQFHSWV�DW�D�UDQJH�RI
VFDOHV�LQ�WKH�GHWDLOHG�UHVHDUFK�SURSRVDO�DQDO\VLV�XQGHUWDNHQ�EHORZ�IRU�DOO�SURJUDP�DUHDV���136,�SDUWQHU
RUJDQLVDWLRQV�UHSUHVHQW�LGHDO�ORFDWLRQV�IRU�WKHVH�HYHQWV��2QH�RU�D�IHZ�JRRG�³LQWHJUDWHG�FDVH�VWXGLHV´�ZRXOG
SURYLGH�PRUH�YDOXH�WKDQ�D�ODUJH�QXPEHU�RI�PRUH�OLPLWLQJ�RQHV�
5HVHDUFK�RUJDQLVDWLRQV�VXFK�DV�&5&�,)�DQG�:DWHU�FDQ�SURYLGH�VXSSRUW�LQ�WHUPV�RI�FDVH�VWXG\�HVWDEOLVKPHQW
DQG�HYDOXDWLRQ�DQG�LPSRUWDQWO\�XVH�WKHVH�VLWHV�DV�JURXQG�WUXWKLQJ�RSSRUWXQLWLHV�IRU�WKHLU�PRUH�WKHRUHWLFDO�RU
EOXH�VN\�UHVHDUFK�HIIRUWV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

7KHUH�ZRXOG�EH�REYLRXV�V\QHUJLHV�LQ�HQVXULQJ�WKDW�VFKHPH��FDWFKPHQW�DQG�YDOXH�FKDLQ�VFDOH�FDVH�VWXGLHV
ZHUH�OLQNHG�LQ�VRPH�ZD\�±�DOWKRXJK�GLVWULEXWLRQ�RI�\RXU�HIIRUWV�LQ�WKLV�UHJDUG�DOVR�EURDGHQV�WKH�H[WHQW�RI
HQJDJHPHQW�
��� 5HVHDUFK�&RRUGLQDWLRQ�
$V�QRWHG�UHVHDUFK�DFWLYLW\�LQ�WKLV�DUHD�UHTXLUHV�DQ�H[WUHPHO\�EURDG�UDQJH�RI�GLVFLSOLQHV�DQG�SDUWQHUV�±�EURDGHU
WKDQ�WKH�WUDGLWLRQDO�ERXQGDULHV�RI�RXU�H[LVWLQJ�&5&¶V���136,�LQYHVWPHQW�LQ�D�SURFHVV�LQYROYLQJ�DW�WKH�YHU\
OHDVW�D�QXPEHU�RI�QDWLRQDO�DQG�LQWHUQDWLRQDO�ZRUNVKRSV�FRQIHUHQFHV�RQ�WKH�WRSLF�ZRXOG�KHOS�JUHDWO\�LQ�WKHVH
HDUO\�IRUPDWLYH�VWDJHV�
&XUUHQWO\�WKH�UHVHDUFK�DUHD�ODFNV�REYLRXV�VHQLRU�UHVHDUFK�FKDPSLRQV�ZLWK�D�PDQGDWH�WR�FRPPLW�VLJQLILFDQW
WLPH�DQG�HQHUJ\�WR�KHOS�FRQVROLGDWH�H[LVWLQJ�GLVSDUDWH�UHVHDUFK�HIIRUWV�DQG�GULYH�DSSURSULDWH�QHZ�UHVHDUFK
LQLWLDWLYHV���-RLQW�LQYHVWPHQW�ZLWK�UHVHDUFK�SURYLGHUV�DQG�LQGXVWU\�LQ�D�FROODERUDWLYH�UHVHDUFK�SURJUDP�WKDW
OLQNV�WKH�NH\�UHVHDUFK�SURYLGHUV��HJ��&5&�,)��H:DWHU��HWF���ZRXOG�SURYH�WR�EH�D�YHU\�HIIHFWLYH�VWLPXOXV��)RU
H[DPSOH��E\�FUHDWLQJ�D�VHQLRU�SRVLWLRQ�LQ�:DWHU�6\VWHP�+DUPRQLVDWLRQ�6WXGLHV�
�����6SHFLILF�5HVHDUFK�,QYHVWPHQW�
7KH�WDEOHV�EHORZ�LGHQWLI\�D�UDQJH�RI�VSHFLILF�UHVHDUFK�LQYHVWPHQW�RSSRUWXQLWLHV���7KH�DXWKRUV�RI�WKLV
GRFXPHQW�EHOLHYH�WKDW�SULRULWLVDWLRQ�RI�FULWLFDO�136,�LQYHVWPHQW�DW�WKLV�OHYHO�LV�EHVW�OHIW�WR�WKH�3URJUDP
0DQDJHPHQW�&RPPLWWHH�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV �

7DEOH���� 6PDUW�6\VWHPV�DQG�,QIUDVWUXFWXUH�5HVHDUFK�DQG�'HYHORSPHQW�3URJUDP

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN
WR�&KDSWHU��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

29(5$//
2%-(&7,9(

'HYHORSPHQW�RI�QHZ�KDUGZDUH�DQG�VRIWZDUH�DQG
LQFRUSRUDWLRQ�RI�H[LVWLQJ�SURGXFWV�LQ�WR�DQ�LQWHJUDWHG
PRQLWRULQJ�DQG�FRQWURO�V\VWHP�ZKLFK�PD[LPLVHV�V\QHUJLHV
EHWZHHQ�FKDQQHO�DXWRPDWLRQ�DQG�RQ�IDUP�RSHUDWLRQV�DW�D
VFKHPH�OHYHO�

5HFRPPHQGDWLRQV
�������

D��� &RQILUPDWLRQ�RI�WKH�PRVW�DSSURSULDWH
FRPPXQLFDWLRQV�SURWRFRO IRU�XVH�EHWZHHQ�HOHPHQWV
RI�WKH�V\VWHP�DQG�SURPRWLRQ�RI�WKLV�V\VWHP�LQGXVWU\
ZLGH��7KH�XOWLPDWH�JRDO�EHLQJ�GHYHORSPHQW�DQG
DGRSWLRQ�RI�D�³&$1%86´�OLNH�SURWRFRO�VLPLODU�WR
WKDW�XVHG�LQ�HTXLSPHQW�DXWRPDWLRQ�IRU�WKH�LUULJDWLRQ
LQGXVWU\���7KLV�PD\�XWLOLVH�H[LVWLQJ�6&$'$
SURWRFROV�RU�RWKHU�H[LVWLQJ�UHJXODWRU\�VWDQGDUGV

5HFRPPHQGDWLRQV
�����

&5&�,)�LQ�FRQMXQFWLRQ�ZLWK�WKH�DSSURSULDWH�LQGXVWU\�ERGLHV
VXFK�DV�$1&,'��$:$�DQG�,$$���$OWKRXJK�&5&�,)
KDV�QRW�FRQILUPHG�LWV�RZQ�6WDJH�,,�,QYHVWPHQW�3ODQ
WKLV�LV�D�FULWLFDO�LVVXH�RI�LQGXVWU\�UHVHDUFK�FROODERUDWLRQ
ZKLFK�IDOOV�VTXDUHO\�ZLWKLQ�LWV�DUHD�RI�UHVSRQVLELOLW\�
7KLV�PD\�UHSUHVHQW�D�JRRG�DUHD�IRU�&5&�,)�±�136,�FR�
LQYHVWPHQW�±�DW�OHDVW�LQ�VXSSRUWLQJ�WKH�QDWLRQ�ZLGH
IRUXPV�ZKLFK�ZRXOG�EH�UHTXLUHG�WR�LQLWLDWH�VXFK�D
SURFHVV�

'LUHFW�OLQNDJH�ZLWK�SURSRVHG�ZRUN�KHDGHG�XS�E\
-RKQ�/DQJIRUG�DQG�WKH�67,�9LFWRULD�DQG�WKH
8QLYHUVLW\�RI�0HOERXUQH�DV�ZHOO�DV�DOO�RWKHU
FDVH�VWXG\�VLWHV�

.(<
5(6($5&+
2%-(&7,9(6

E��� &RQWLQXHG�GHPRQVWUDWLRQ� RI�WKH�ZDWHU�VDYLQJ�DQG
SURGXFWLYH�YDOXH�RI�WKHVH�V\VWHPV�LQ�KLJKO\�UHJXODWHG
VFKHPHV�DV�ZHOO�DV�WKHLU�SRWHQWLDO�LQ�XQUHJXODWHG
V\VWHPV�RU�VLQJOH�IDUP�RSHUDWLRQV�� $�VHULHV�RI
OLQNHG�FDVH�VWXGLHV $XVWUDOLD�ZLGH�DOO�DVVHVVHG
DJDLQVW�D�FRPSOHWH�VHW�RI�7%/�LQGLFDWRUV�DQG
EXLOGLQJ�RQ�WKH�ZRUN�XQGHUZD\�LQ�PRVW�VWDWHV�LQ�WKLV
JHQHUDO�DUHD�

5HFRPPHQGDWLRQ�� 136,�±�.H\�DUHD�IRU�LQYHVWPHQW�±�LGHQWLILFDWLRQ�RI�NH\
VLWHV�FRXOG�EH�EDVHG�RQ�FRPSHWLWLYH�ELG�E\�:DWHU
6HUYLFH�3URYLGHUV�DQG�HQG�XVHUV�LQ�WKH�ILUVW�LQVWDQFH
IROORZHG�E\�DVVHVVPHQW�RI�DQ�DSSURSULDWH�UHVHDUFK
SDUWQHU �

'3,�9LFWRULD�LQ�FRQMXQFWLRQ�ZLWK�*RXOEXUQ�0XUUD\
:DWHU�KDYH�LQLWLDWHG�D�PDMRU�SURMHFW�LQ�WKLV�DUHD
±�ZLWK�WKH�SULPDU\�IRFXV�EHLQJ�WKH
GHPRQVWUDWLRQ�RI�WKH�RQ�IDUP�YDOXH�RI�FKDQQHO
DXWRPDWLRQ�

0DWWKHZ�%HUULVIRUG�DV�D�3K'�WKURXJK�WKH�&5&�,)
ZLOO�EH�GHYHORSLQJ�D�PRGHO�IRU�0XUUD\
,UULJDWLRQ�RQ�WKH�YDOXH�RI�RII�VWUHDP�VWRUDJH
GHYHORSPHQW�

6XQ�:DWHU�KDYH�GRQH�VRPH�LQLWLDO�LQYHVWLJDWLRQV�DQG
LQYHVWPHQW�LQ�FKDQQHO�DXWRPDWLRQ�LQ�(PHUDOG�

+DUYH\�:DWHU�±�WKH�H[SHULHQFH�KHUH�FRXOG�SURYLGH
DQ�LQWHUHVWLQJ�EDVLV�IRU�FRPSDULVRQ�DV�ZRXOG
ZRUN�LQ�RWKHU�SLSHG�VFKHPHV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN
WR�&KDSWHU��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

F����'HYHORSPHQW�RI�D�VLQJOH�RU�EURDGHU�UDQJH�RI�GHFLVLRQ
VXSSRUW�V\VWHPV FDSDEOH�RI�LQFRUSRUDWLQJ�ERWK
FKDQQHO�VXSSO\�DQG�RQ�IDUP�GHPDQG�PRQLWRULQJ�	
SUHGLFWLRQ�LQWR�WKH�RQH�VRIWZDUH�HQYLURQPHQW�
7DUJHWHG�HQG�XVH�ZRXOG�EH�WR�VXSSRUW�LQLWLDO
IHDVLELOLW\�VWXGLHV�LQ�JLYHQ�V\VWHPV�DV�ZHOO�DV�V\VWHP
GHVLJQ�DQG�XOWLPDWHO\�FUHDWLQJ�WKH�SRWHQWLDO�IRU
DXWRPDWHG�GHFLVLRQ�VXSSRUW�PDQDJHPHQW�V\VWHPV�

5HFRPPHQGDWLRQV
�������

&5&�,)�DQG�H:DWHU�DW�OHDVW�VKRXOG�DWWHPSW�WR�EXLOG�D
FROODERUDWLYH�UHVHDUFK�EDVH�LQ�WKLV�DUHD���6SHFLILF
LQYHVWPHQW�E\�136,�DW�WKLV�VWDJH�PD\�EH�SUH�HPSWLYH
ZLWK�VPDOO�VFDOH�SURMHFWV�UXQQLQJ�WKH�ULVN�RI�EHLQJ�RYHU
UXQ�E\�V\VWHP�RU�WHFKQRORJ\�FKDQJHV�

7KH�NH\�UROH�IRU�136,�LQ�WKLV�FRQWH[W�PD\�EH�WR�VXSSRUW
HIIRUWV�WR�EULQJ�WKH�SDUWLHV�WRJHWKHU�DQG�IDFLOLWDWH
HIIHFWLYH�FR�LQYHVWPHQW�

&5&�,)�6FRSLQJ�VWXG\�SURMHFWV�RQ�VRIWZDUH�IRU�EHVW
XVH�RI�ZDWHU�RQ�IDUP�SURYLGHV�DQ�LQLWLDO
FRPSLODWLRQ�RI�RQ�IDUP�WRROV�

7KHUH�LV�DOVR�REYLRXV�VWUHQJWKV�LQ�WKH�SULYDWH�VHFWRU
ZLWK�$:0�DQG�5XELFRQ�DV�ZHOO�DV�VRPH�RI�WKH
PRUH�JHQHULF�SDFNDJHV�XVHG�E\�:63¶V�EDVHG
RQ�6&$'$�FRQWURO�V\VWHPV�

G����8QGHUVWDQGLQJ�WKH�FULWLFDO�JDSV�LQ�RXU�FXUUHQW�VHQVRU
DQG�FRQWURO�V\VWHP�KDUGZDUH�DQG�VRIWZDUH DQG
DVVRFLDWHG�FRPPXQLFDWLRQ�QHWZRUNV�WKURXJK
SUDFWLFDO�H[SHULHQFH�DQG�DQ�XQGHUVWDQGLQJ�RI�WKH
PRGHOOHG�HQYLURQPHQW���7KLV�LQIRUPDWLRQ�FDQ�EH
XVHG�WR�IRFXV�SXEOLF�DQG�SULYDWH�VHFWRU�UHVHDUFK
SURJUDPV�DOUHDG\�LQYROYHG�LQ�WKLV�DUHD�

5HFRPPHQGDWLRQV
�����

&5&�,)�WKURXJK�LWV�H[LVWLQJ�ZRUN�ZLOO�EH�KLJKOLJKWLQJ�VRPH
RI�WKH�JDSV�LQ�WKH�V\VWHP�±�WKLV�DORQJ�ZLWK�FRQWLQXHG
JDS�DQDO\VLV�ZRUN�WR�EH�FDUULHG�RXW�LQ�FRQMXQFWLRQ�ZLWK
WKH�FDVH�VWXG\�VLWHV�QHHGV�WR�EH�HIIHFWLYHO\�GLUHFWHG�WR
WKH�SULYDWH�VHFWRU�ZLWK�VXIILFLHQW�GHWDLOV�RI�WKH�PDUNHW
RSSRUWXQLW\�WR�VXSSRUW�WKHLU�GLUHFW�LQYHVWPHQW�LQ�5	'
WR�PHHW�WKHVH�PDUNHW�QHHGV�

$�NH\�UROH�IRU�136,�FRXOG�EH�FRRUGLQDWLQJ�FR�LQYHVWPHQW�E\
SULYDWH�VHFWRU

&5&�,)�7RROV�DQG�7HFKQLTXHV�6FRSLQJ�VWXGLHV�ZLOO
LGHQWLI\�PDMRU�JDSV�LQ�WKLV�PDUNHW�

$Q\�FDVH�VWXG\�VW\OH�ZRUN�VXFK�DV�WKDW�EHLQJ
XQGHUWDNHQ�LQ�9LFWRULD�ERWK�E\�'3,�9LF�DQG
0HOERXUQH�8QLYHUVLW\�ZLOO�LGHQWLI\�IXUWKHU�JDSV
LQ�WKLV�PDUNHW�

&ROODERUDWLRQ�ZLWK�SULYDWH�VHFWRU�VXSSOLHUV�WR
HYDOXDWH�FXUUHQW�WHFKQRORJLHV�DYDLODEOH�LQ�WKLV�DUHD�

,QGLFDWLYH
&RVWLQJ

D��� �������

E����6LWH�6SHFLILF

F��� ����������.

G�� �������

.H\�LQYHVWPHQWV�

D����1DWLRQDO�)RUXP�DQG�FRQVXOWDQW�GULYHQ�FRQVHQVXV
SURFHVV�
E��� &R�LQYHVWPHQW�ZLWK�FDVH�VWXG\�SDUWQHU�LQ�RSSRUWXQLW\
DVVHVVPHQW�DQG�SHUIRUPDQFH�DVVHVVPHQW
F����3ULPDULO\�VRIWZDUH�GHYHORSPHQW�±�EXW�ZLWK�D�VWURQJ
HQGXUHV�LQWHUIDFH�LQYHVWPHQW
G����1HHGV�WR�EH�DQ�RQJRLQJ�SURFHVV�VD\�HYHU\���\HDUV

,QGLFDWLYH�7LPH
)UDPH

D��� �����PWKV�±�ZLWK�RQJRLQJ�LQGXVWU\�VXSSRUW
E����2Q�*RLQJ
F��� ��<HDUV



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN
WR�&KDSWHU��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

G��� ����PWKV�±�UHSHDWHG�HYHU\���\HDUV

7DEOH���� 6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�DQG�'HYHORSPHQW�3URJUDP

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN�WR
VHFWLRQ��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

29(5$//
2%-(&7,9(

7R�DFKLHYH�RSWLPLVDWLRQ�ZLWKLQ�WKH�VWRUDJH��VXSSO\�DQG
RQ�IDUP�GHPDQG�V\VWHP�IRU�SURGXFWLYH�DQG
HQYLURQPHQWDO�JDLQ�DW�D�&DWFKPHQW�6FDOH�

5HFRPPHQGDWLRQV������������

.(<�5(6($5&+
2%-(&7,9(6

D��� 7R�HVWDEOLVK�D�QHWZRUN�RI�³+DUPRQLVHG´
VXSSO\�GHPDQG�GHPRQVWUDWLRQ�VLWHV WKURXJKRXW
$XVWUDOLD�XVLQJ�H[LVWLQJ�WHFKQRORJ\�DQG
PRGHOOLQJ�H[SHULHQFH���7KLV�ZRXOG�UHTXLUH
XWLOLVDWLRQ�RI�WKH�PRGHOOLQJ�WRROV�WR�GHPRQVWUDWH
SRWHQWLDO�RSSRUWXQLWLHV�DQG�WR�HVWDEOLVK�DJUHHG
DOWHUQDWLYH�PDQDJHPHQW�UHJLPHV�LQ�RUGHU�WR
DFKLHYH�D�VHW�RI�VKDUHG�HQYLURQPHQWDO�DQG
SURGXFWLYH�RXWFRPHV�DQG�DOORZ�HFRQRPLF
DVVHVVPHQW�RI�FRVWV�DQG�EHQHILWV���3UDFWLFDO
LPSOHPHQWDWLRQ�RI�WKH�FRQFHSW�XVLQJ�H[LVWLQJ
WHFKQRORJ\�ZRXOG�VWDUNO\�KLJKOLJKW�WKH
OLPLWDWLRQV�RI�RXU�H[LVWLQJ�NQRZOHGJH�DQG�GULYH
PRUH�IRFXVHG�UHVHDUFK�

5HFRPPHQGDWLRQV
�����������

.H\�LQYHVWPHQW�IRU�136,�±�DORQJ�VLPLODU�OLQHV�WR
WKH�6PDUW�6\VWHP�&DVH�6WXGLHV�EXW�LQYROYLQJ
HLWKHU�D�PRUH�FRPSOH[�V\VWHP�RU�D�PRUH�KROLVWLF
DSSURDFK�WR�V\VWHP�PDQDJHPHQW�

7KLV�UHSUHVHQWV�D�VLJQLILFDQW�HYROXWLRQDU\�VWHS�LQ
WKH�FRPPLWPHQW�RI�WKH�RUJDQLVDWLRQV�LQYROYHG�±
SDUWLFXODUO\�ZLWK�UHVSHFW�WR�LQFRUSRUDWLQJ
HQYLURQPHQWDO�IORZ�SHUIRUPDQFH�LVVXHV�LQWR�WKH
HTXDWLRQ�

7KH�KROLVWLF�QDWXUH�RI�WKHVH�LQYHVWLJDWLRQV�ZRXOG�UHTXLUH
D�PRUH�FURVV�GLVFLSOLQDU\�UHVHDUFK�WHDP�LQFRUSRUDWLQJ
VRFLDO��LQVWLWXWLRQDO�DQG�HFRORJLFDO�UHVHDUFK�DV�ZHOO�DV
WKH�UHTXLUHG�HQJLQHHULQJ�LQSXWV�

3RWHQWLDO�FDVH�VWXG\�SDUWQHUV�ZRXOG�LQFOXGH�PDQDJHG
VFKHPH�RSHUDWRUV�DV�ZHOO�DV�VXEFDWFKPHQW�ZLGH
FROOHFWLRQV�RI�SULYDWH�GLYHUWHUV�

7KH�1HZ�&5&�IRU�&RWWRQ�&DWFKPHQWV�DQG�&RPPXQLWLHV
KDV�D�GLUHFW�LQWHUHVW�LQ�WKLV�DUHD���6LPLODU�VXSSRUW�PD\EH
DYDLODEOH�IURP�RWKHU�UHJLRQDO�RU�FRPPRGLW\�JURXSV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN�WR
VHFWLRQ��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

E��� 7R�GHYHORS�HIIHFWLYH�GHPDQG�SUHGLFDWLRQ�WRROV
VXLWDEOH�IRU�XVH�LQGXVWU\�ZLGH�ZKLFK�SURYLGH�QRW
RQO\�VKRUW�WHUP������GD\��EXW�DOVR�DOORZV
VHDVRQDO�SUHGLFDWLRQV�RI�WRWDO�ZDWHU�FURS�ZDWHU
GHPDQG�EDVHG�RQ�VWDQGDUG�FOLPDWH�SUHGLFDWLRQ
PRGHOV���7KLV�ZRUN�ZRXOG�EXLOG�RQ�(72�ZRUN
XQGHUZD\�ZLWKLQ�WKH�&5&�,)�DV�ZHOO�DV�GHPDQG
SUHGLFWLRQ�PRGHOV�GHYHORSHG�E\�D�QXPEHU�RI
ZDWHU�VHUYLFH�SURYLGHUV

5HFRPPHQGDWLRQV���	�� 136,�PD\�KDYH�LQGLUHFWO\�LQYHVWHG�LQ�WKLV�W\SH
RI�UHVHDUFK�LQ�VRPH�RI�WKH�SUHYLRXVO\�VXJJHVWHG
FDVH�VWXGLHV���7KH�&5&�,)�DQG�H:DWHU�DORQJ
ZLWK�DSSURSULDWH�LQGXVWU\�DQG�UHVHDUFK�SDUWQHUV
QHHG�WR�ZRUN�DW�FUHDWLQJ�D�JHQHULF�PRGHOOLQJ
HQYLURQPHQW�ZKLFK�VXSSRUWV�WKLV�SURFHVV�QDWLRQ
ZLGH�

136,�LQYHVWPHQW�LQ�WKH
GHYHORSPHQW�FRPPHUFLDOLVDWLRQ�VWDJH�RI�WKHVH
SURFHVVHV�PD\�EH�DSSURSULDWH�

7KHUH�DUH�D�ODUJH�QXPEHU�RI�VXSSO\�SUHGLFWLRQ�PRGHOV�LQ
H[LVWHQFH���7KHUH�DUH�IHZHU�UREXVW�GHPDQG�SUHGLFWLRQ
PRGHOV�DOWKRXJK�DW�OHDVW�*0:��0,�DQG�&,7�DUH�DFWLYH
LQ�WKLV�DUHD�

&DWFKPHQW�+\GURORJ\¶V�7RRO�.LW�PDWHULDO�SURYLGHV�D
UHYLHZ�RI�K\GUDXOLF�PRGHOV��DQG�SURSRVHG�ZRUN�E\
H:DWHU�&5&�RQ�6RIWZDUH�IRU�5LYHU�6\VWHP�0DQDJHPHQW
ZLOO�DOO�QHHG�WR�EH�FRPELQHG�WR�VXSSRUW�DW�OHDVW�D
FRPPRQ�VRIWZDUH�SODWIRUP�DQG�LQWHUIDFH�

&5&�,)�LQ�FRQMXQFWLRQ�ZLWK�WKH�150�6,/2�SURMHFW�KDV
GHYHORSHG�WKH�FDSDFLW\�WR�SURYLGH�(7R�SUHGLFWLRQ�DQG
ZLOO�EH�EXLOGLQJ�RQ�WKLV�WR�SURYLGH�UHJLRQDO�(7F
SUHGLFWLRQ�FDSDFLW\�

16:�'3,�DOVR�KDV�GHYHORSHG�D�FDWFKPHQW�VFDOH�(7F
SUHGLFWLRQ�FDSDFLW\�

F���� 7R�LQWHJUDWH�H[LVWLQJ�VWUHDP�IORZ�DQG�V\VWHP
VXSSO\�SUHGLFWLRQ�PRGHOV ZLWK�QHZO\
GHYHORSHG�LUULJDWLRQ�GHPDQG�SUHGLFWLRQ�PRGHOV
WR�RSWLPLVH�WKH�RSHUDWLRQ�RI�ULYHU�V\VWHPV�IRU
SURGXFWLYH�DQG�HQYLURQPHQWDO�REMHFWLYHV�

5HFRPPHQGDWLRQ����� $JDLQ�WKH�FULWLFDO�LVVXH�KHUH�LV�HIIHFWLYH
FROODERUDWLRQ�EHWZHHQ�WKH�SULPDU\�UHVHDUFK
SURYLGHUV�LQ�H:DWHU��&5&�,)�DQG�WKH�:63¶V
WKHPVHOYHV�WR�HQVXUH�LQWHJUDWLRQ���136,
LQYHVWPHQW�LQ�VXSSRUWLQJ�WKLV�FURVV
RUJDQLVDWLRQDO�FROODERUDWLRQ�PD\�EH�XVHIXO�

$WWHPSWV�DUH�EHLQJ�PDGH�E\�VRPH�:63¶V�VXFK�DV�5LYHU
0XUUD\�:DWHU��0XUUD\�,UULJDWLRQ�/LPLWHG�DQG�*RXOEXUQ
�0XUUD\�:DWHU�WR�DFKLHYH�WKLV�LQ�VRPH�DUHDV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN�WR
VHFWLRQ��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

G���� 7R�LQFRUSRUDWH�V\VWHP�ZLGH�HQYLURQPHQWDO�IORZ
GHPDQGV�LQWR�WKH�PRGHOOLQJ�HQYLURQPHQW�LQ
RUGHU�WR�H[DPLQH�V\VWHP�ZLGH�RSWLRQV�IRU
HQYLURQPHQWDO�DQG�SURGXFWLYH�V\QHUJ\�ZLWK
UHVSHFW�WR�VXSSO\�RSWLRQV�DQG�SURGXFWLYH�DQG
HQYLURQPHQWDO�GHPDQG�PDQDJHPHQW�LQ�WKH�VKRUW
WHUP��LQWUD�VHDVRQDO��DQG�WKH�ORQJ�WHUP
�LQWHUVHDVRQDO��� 7KLV�PD\�QRW�EH�SRVVLEOH�LQ�D
JHQHULF�VHQVH�DQG�PD\�QHHG�WR�EH�VLWH�VSHFLILF�

5HFRPPHQGDWLRQ����� 136,�LQYHVWPHQW�LQ�DSSURSULDWH�FDVH�VWXGLHV
FRXOG�SURYLGH�D�VRXQG�EDVLV�IRU�D�PRUH
WKHRUHWLFDO�DSSURDFK�WR�WKLV�LVVXH�WKURXJK�&5&
,)�±�H:DWHU�DQG�RWKHUV

H:DWHU�DQG�DVVRFLDWHG�RUJDQLVDWLRQV�LQYROYHG�LQ�)UHVK
:DWHU�(FRORJLFDO�UHVHDUFK�XQLWV�WKURXJKRXW�$XVWUDOLD�

H���� 7R�LGHQWLI\�WKH�LQVWLWXWLRQDO�DQG�SHUVRQDO
EDUULHUV�WR��DQG�RSSRUWXQLWLHV�IRU�DGRSWLRQ RI
D�KDUPRQLVHG�DSSURDFK�WR�GHPDQG�DQG�VXSSO\
PDQDJHPHQW�LQ�RXU�LUULJDWLRQ�GLVWULFWV�DQG
FDWFKPHQWV��LQFOXGLQJ�DVVHVVPHQW�RI
KDUPRQLVDWLRQ�PRGHOV�GHYHORSHG�LQ�RWKHU
XWLOLWLHV���7KLV�ZRXOG�EXLOG�RQ�VRPH�RI�WKH�ZRUN
DOUHDG\�XQGHUWDNHQ�E\�ZDWHU�VHUYLFH�SURYLGHUV
RQ�VKDULQJ�GHOLYHU\�FDSDFLW\��FDUU\RYHU
SURYLVLRQV�DQG�WUDGH�RXW�H[LW�IHHV�ZLWK�DW�OHDVW
RQH�DLP�EHLQJ�WKH�GHYHORSPHQW�RI�D�EURDGHU
UDQJH�RI�PDUNHW�EDVHG�DQG�FRQVXPHU�WDUJHWHG
ZDWHU�VHUYLFH�SURYLGHU�SURGXFW�DQG�VHUYLFH
RSWLRQV�ZKLFK�GHOLYHU�LPSURYHG�RXWFRPHV�DFURVV
WKH�FDWFKPHQW�

5HFRPPHQGDWLRQ�� .H\�RSSRUWXQLW\�IRU�136,�WR�EXLOG�RQ�LWV
H[LVWLQJ�OLQNV�ZLWK�$1&,'�WKURXJK�WKH�³.QRZ
WKH�)ORZ´�SURFHVV�WR�H[DPLQH�VRPH�RI�WKHVH
QHZ�RSSRUWXQLWLHV�

$�UHFHQW�FRQVXOWDQF\�FDOO�E\�'$))�RQ�WKLUG�SDUW\�DFFHVV
WR�ZDWHU�VHUYLFH�LQIUDVWUXFWXUH�DORQJ�ZLWK�VLPLODU�ZRUN
XQGHUWDNHQ�LQ�WKH�FRPPLVVLRQ�ZRXOG�EH�XVHIXO�

([LVWLQJ�VXUYH\�ZRUN�EHLQJ�XQGHUWDNHQ�E\�-HQQLIHU
0F.D\�LQ�WKH�&5&�,)�ZLOO�SURYLGH�D�XVHIXO�EDFNJURXQG
WR�WKLV�DUHD�

3DUWQHUVKLSV�QHHG�WR�EH�IRUPHG�ZLWK�UHVHDUFK
RUJDQLVDWLRQV�ZKR�KDYH�ZRUNHG�LQ�RWKHU�XWLOLW\
FRUSRUDWLRQV�LQ�RUGHU�WR�H[SORUH�WKH�IXOO�JDPXW�RI
RSSRUWXQLW\�LQ�WKLV�UHJDUG�

,QGLFDWLYH�%XGJHW D��� 6LWH�6SHFLILF
E��� ��������
F�	�G��� �������
H������������

.H\�,QYHVWPHQWV�

D��� &R�LQYHVWPHQW�LQ�FDVH�VWXG\
E����3RVVLEOH�SURGXFW�GHYHORSPHQW�
FRPPHUFLDOLVDWLRQ
F�	G��&RRUGLQDWLRQ�UROH�±�QDWLRQDO�ZRUNV�HWF
H��� ,QGXVWU\�OHDG�FRRSHUDWLYH�SURMHFW
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN�WR
VHFWLRQ��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

,QGLFDWLYH�7LPH
)UDPH

D����2Q�*RLQJ
E��� ��PWKV
F�	�G���$QQXDO�HYHQW
H������\HDUV



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

7DEOH���� 7RWDO�6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�3URJUDP

'HVFULSWLRQ 5DWLRQDOH�OLQN�EDFN�WR
VHFWLRQ��

3ULRULW\�DQG�IRU�ZKRP 3RVVLEOH�$UHDV�RI�&ROODERUDWLRQ

29(5$//
2%-(&7,9(

7R�H[SORUH�WKH�RSSRUWXQLW\�RI�HVWDEOLVKLQJ�D�SODQQLQJ�DQG
RSHUDWLRQDO�IUDPHZRUN�GHVLJQHG�WR�RSWLPLVH�DOO�HOHPHQWV�RI�DQ
LUULJDWLRQ�GLVWULFW�ERWK�ZLWKLQ�WKH�ZDWHU�F\FOH�DQG�H[WHUQDO�WR�LW�DW
D�ZKROH�RI�YDOXH�FKDLQ�VFDOH�

5HFRPPHQGDWLRQV������

D����6FHQDULR�$QDO\VLV WDUJHWLQJ�D�SDUWLFXODU�GLVWULFW�DLPHG�DW
GHPRQVWUDWLQJ�WKH�SRWHQWLDO�YDOXH RI�WKLV�DSSURDFK���7KLV
FRXOG�EH�XQGHUWDNHQ�LQ�RQH�RI�WKH�H[LVWLQJ�136,�UHVHDUFK
DUHDV���,W�ZRXOG�LQYROYH�D�PXFK�PRUH�REMHFWLYH�DQDO\VLV�RI
SDUWLFXODU�RSWLRQV�WKDQ�WKH�FXUUHQW�FRPPXQLW\�HQJDJHPHQW
SURFHVVHV�XQGHUZD\�

5HFRPPHQGDWLRQV����� 136,�LV�ZHOO�SODFHG�WR�EXLOG�RQ�SUHYLRXV
H[SHULHQFH�WKURXJK�WKH�*%)�WR
FRPPLVVLRQ�WKLV�ZRUN�

7KH�VWURQJ�OLQNDJHV�EHWZHHQ�WKLV�ZRUN�DQG�ZRUN
FDUULHG�RXW�LQ�WKH�FRUSRUDWH�VHFWRU�RQ�YDOXH
FKDLQ�DQDO\VLV�±�PD\�VXJJHVW�WKDW�XVH�RI�D
QRQ�WUDGLWLRQDO�UHVHDUFK�WHDP�IURP�WKH
EXVLQHVV�GLVFLSOLQHV�RU�SULYDWH�FRQVXOWLQJ
SUDFWLFH�PD\�EH�PRVW�DSSURSULDWH�

.(<�5(6($5&+
2%-(&7,9(6

E��� 5HYLHZ�WKH�SRWHQWLDO�YDOXH�RI�WKLV�DSSURDFK�LQ�WHUPV�RI
LPSURYLQJ�LQIUDVWUXFWXUH�LQYHVWPHQWV�DQG�UHJLRQDO
GHYHORSPHQW�SODQV�PRUH�EURDGO\���7KH�NH\�UHVHDUFK
TXHVWLRQ�EHLQJ�³'RHV�ZDWHU�UHSUHVHQW�WKH�FULWLFDO�HOHPHQW
RI�D�UHJLRQDO�GHYHORSPHQW�VWUDWHJ\�DQG�DV�VXFK�VKRXOG
RSWLPLVHG�ZDWHU�PDQDJHPHQW�EH�WKH�GULYHU�WR�DOO�RWKHU
LQYHVWPHQW�LQ�D�UHJLRQ�

5HFRPPHQGDWLRQV������ :RUN�LQ�WKLV�DUHD�ZRXOG�UHTXLUH�D�WUXO\�ZKROH
RI�JRYHUQPHQW�DQG�FRPPXQLW\�DSSURDFK�
$V�VXFK�VLJQLILFDQW�FURVV�LQYHVWPHQW
ZRXOG�EH�UHTXLUHG���7KH�UHVXOWV�RI�WKH
VFHQDULR�DQDO\VLV�ZRXOG�EH�KHOSIXO�LQ
VXSSRUWLQJ�WKLV�LQYHVWPHQW�

$�VWURQJO\�FURVV�GLVFLSOLQDU\�WHDP�ZRXOG�EH
UHTXLUHG�LQFOXGLQJ�HOHPHQWV�RI�DOO�RI�WKH
UHVHDUFK�GLVFLSOLQHV�LGHQWLILHG�LQ�WKH
SUHYLRXV�WZR�SURJUDP�DUHDV�

,QGLFDWLYH�%XGJHW D��� ��������
E��� ��������

.H\�136,�,QYHVWPHQWV�
D����)RFXVHG�FRQVXOWDQF\�UHSRUW
E����3DUWQHU�LQ�D�PXFK�ODUJHU�UHVHDUFK�HIIRUW�

,QGLFDWLYH�7LPH
)UDPH

D��� ���PWKV
E��� �\UV



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� 'HWDLOHG�$QDO\VLV�RI�6\VWHP�+DUPRQLVDWLRQ�±�,UULJDWLRQ
6FKHPHV��)DUPV�DQG�&DWFKPHQWV

��� ,UULJDWLRQ�VFKHPHV�±PDQDJLQJ�ZDWHU�VXSSO\�IURP�VWRUDJH�WR�IDUP
����� 9LVLRQ

$�SHUIHFWO\�KDUPRQLVHG�VXSSO\�V\VWHP�LV�RQH�LQ�ZKLFK�IORZ�PDQDJHPHQW�LV�RSWLPLVHG�WR�PHHW�SURGXFWLYLW\
DQG�HQYLURQPHQWDO�RXWFRPHV�
0RUH� VSHFLILFDOO\�� PD[LPLVLQJ� SURGXFWLYLW\� HQWDLOV� D� V\VWHP� WKDW� FDQ� VXSSO\� ZDWHU� DW� WKH� KLJKHVW� OHYHO� RI
VHUYLFH�LQ�WKH�PRVW�FRVW�HIIHFWLYH�ZD\�ZKLOH�PHHWLQJ�DJUHHG�HQYLURQPHQWDO�REMHFWLYHV�

����� 6FRSH
7KHUH� DUH� WZR W\SHV� RI� V\VWHPV UHTXLULQJ� GLIIHUHQW� KDUPRQLVDWLRQ� DSSURDFKHV�� UHJXODWHG� DQG� XQUHJXODWHG
V\VWHPV
� ,Q�UHJXODWHG�V\VWHPV��KDUPRQLVDWLRQ�LQYROYHV�IORZ�PDQDJHPHQW�IURP�UHVHUYRLU�UHOHDVHV�WR�WKH�IDUP
� ,Q�XQUHJXODWHG�V\VWHPV��KDUPRQLVDWLRQ�LQYROYHV�IORZ�PDQDJHPHQW�IURP�VWUHDP�GLYHUVLRQV�WR�WKH�IDUP�
6\VWHP� KDUPRQLVDWLRQ� FDQ� RQO\� EH� DFKLHYHG� E\� D� FRPELQDWLRQ� RI� DSSURSULDWH WHFKQLFDO�� VWUXFWXUDO DQG
LQVWLWXWLRQDO RSWLRQV��7KLV�VHFWLRQ�GHDOV�ZLWK�WKH�PDLQ�VWUXFWXUDO DQG�WHFKQLFDO�RSWLRQV��6HFWLRQ���� GLVFXVVHV
LQVWLWXWLRQDO RSWLRQV�QHHGHG�WR�DFKLHYH�KDUPRQLVDWLRQ�RXWFRPHV�
0DLQ� VWUXFWXUDO DQG�WHFKQLFDO�RSWLRQV�IRU�V\VWHP�KDUPRQLVDWLRQDUH�
� &KDQQHO�DXWRPDWLRQ���6HH�$SSHQGL[���
� RQ�IDUP�RII�IDUP�VWRUDJHV����6HH�$SSHQGL[���
� &RQMXQFWLYH�VXUIDFH�JURXQGZDWHU�PDQDJHPHQW��6HH�6HFWLRQ�����
� &KDQJH�RI�FURS�PL[��6HH�6HFWLRQ�����
� ,QWHOOLJHQW�V\VWHPV �VHQVRUV��FRPPXQLFDWLRQ�	�GHFLVLRQ�VXSSRUW� WR�FROOHFW DQG LQWHJUDWH�RQ�IDUP�DQG

RII�IDUP�PRQLWRULQJ�GDWD�
����� 7DNH�KRPH�PHVVDJHV�IRU�136,�RQ�,UULJDWLRQ�6FKHPH��6WRUDJH�WR�)DUP��UHVHDUFK

,QWHJUDWLRQ�RI�RQ�IDUP�DQG�RII�IDUP�PRQLWRULQJ�GDWD� LQ�UHDO�WLPH

$W�SUHVHQW��RQ�IDUP�DQG�RII� IDUP�V\VWHPV�DUH�QRW� LQWHJUDWHG� DQG� WKH� OHYHO�RI� HFRQRPLF�EHQHILWV� QHHGHG� WR
MXVWLI\�FKDQQHO�LQIUDVWUXFWXUH�XSJUDGHV�FDQ�LQ�PRVW�FDVHV�RQO\�EH�DFKLHYHG�LI�VXIILFLHQW�EHQHILWV�DFFUXH�RQ�WKH
IDUP� 7KH�UHVSRQVH�WLPH�QHHGHG�WR�VXSSO\�ZDWHU�RQ�GHPDQG�RU�QHDU�RQ�GHPDQG�YDULHV�ZLWK�WKH�GLVWDQFH�IURP
UHVHUYRLU� WR� IDUP�� 7UDYHO� WLPH� LQ� VRPH� V\VWHPV� RQ� WKH� 0XUUD\� FDQ� EH� LQ� H[FHVV� RI� ��� GD\V� 5HDO�WLPH
RSHUDWLRQ�RI� WKH�V\VWHP�FDQ�EH�JUHDWO\�LPSURYHG�E\�XVLQJ�'66�VXSSRUW�V\VWHPV�WKDW�FDQ�IRUHFDVW�VKRUW�DQG
PHGLXP� WHUP� GHPDQG� EDVHG� RQ� VRLO� PRQLWRULQJ�� ZHDWKHU� IRUHFDVW� DQG� RWKHU� IDFWRUV�� :KLOVW� VHQVRUV� DUH
DYDLODEOH� WR� PRQLWRU� RQ�IDUP� VRLO� PRLVWXUH�� WKH\� DUH� VWLOO� H[SHQVLYH� DQG� GR� QRW� KDYH� ZLUHOHVV� FDSDELOLW\�
0RUHRYHU�� VHQVRU� FROOHFWHG� GDWD� DW� SUHVHQW� LV� RQO\� DYDLODEOH� WR� WKH� JURZHU� EXW� FDQQRW� EH� DFFHVVHG�DQG
LQWHJUDWHG�E\�LUULJDWLRQ�SURYLGHUV�
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

7KHUH� DUH� QR� '66� V\VWHPV� DYDLODEOH� IRU� VHUYLFH� SURYLGHUV� WR� PLQH� PRQLWRULQJ� GDWD� DQG� LQWHJUDWH� LW� ZLWK
ZHDWKHU� IRUHFDVWV� WR� DQWLFLSDWH� VKRUW� DQG� PHGLXP� WHUP� GHPDQG� �VLPLODU� WR� H[LVWLQJ� UREXVW� '66� V\VWHPV
GHYHORSHG� E\� WKH� SRZHU� LQGXVWU\��� $� SURSRVHG� 8QLYHUVLW\� RI� 0HOERXUQH�67,� 9LFWRULD� SURSRVDO� DLPV� WR
GHYHORS�D�ZLUHOHVV�VHQVRU�QHWZRUN�ZKLFK�ZRXOG�HQDEOH�ORZ�FRVW�VRLO�PRQLWRULQJ�DQG�HQDEOH�LQWHJUDWLRQ�ZLWK
FDQDO�IORZ�LQIRUPDWLRQ�DQG�OLQN�ZDWHU�GHPDQG�ZLWK�RSHUDWLRQ�RI�WKH�FKDQQHO�V\VWHP�DQG�UHVHUYRLU�UHOHDVHV�
7KH�PDLQ�UHVHDUFK�JDSV�LQ�WKLV�DUHD�DUH��/RZ�FRVW�ZLUHOHVV�VRLO�PRQLWRULQJ�VHQVRUV�DQG�'66�WR�LQWHJUDWH
RQ�IDUP� PRQLWRULQJ� DQG� RII�IDUP� FDQDO� RSHUDWLRQ� DQG� FRQWURO� 7KLV� VKRXOG� EH� DGGUHVVHG� E\� WKH
0HOERXUQH�67,�SURSRVDO�
6HOHFWLRQ�RI�RSWLPDO�PL[�RI�KDUPRQLVDWLRQ�WHFKQRORJLHV

3URFHVV�DQG�FULWHULD� WR�RSWLPLVH�D�SRUWIROLR�RI�KDUPRQLVDWLRQ� WRROV� LQFOXGLQJ�RQ�IDUP�DQG�RII� IDUP� VWRUDJH�
FKDQQHO�DXWRPDWLRQ��FURS�PL[�FKDQJHV��LQIUDVWUXFWXUH�PL[��FKDQQHO�	�SXPSV��DUH�QRW�DYDLODEOH��2SWLPLVDWLRQ
VKRXOG� RFFXU� DW� V\VWHP� DQG� FDWFKPHQW� OHYHOV�� )RU� LQVWDQFH��0,/� RQ�IDUP� VWRUDJH� SROLF\� �ODQG� DQG� ZDWHU
PDQDJHPHQW�SODQ��IRFXVHV�PDLQO\�RQ�VWRUDJH�VL]H�WR�DFFRPPRGDWH�WKH�ILUVW�IOXVK�RI�UDLQIDOO�UXQRII�DQG�����
RI�LUULJDWLRQ�UXQRII��+RZHYHU��WKHUH�DUH�DGGLWLRQDO�EHQHILWV�DQG�RSWLRQV�WKDW�PD\�DFFUXH�IURP�WKLV�WHFKQRORJ\
VXFK�DV�LPSURYHG�OHYHO�RI�VHUYLFH�WR�LUULJDWRUV��2Q�JRLQJ�UHVHDUFK�E\�&5&�,)�DLPV�WR�VWXG\�WKH�XVH�RI� WKH
VWRUDJH� RSWLRQ� WR� UDLVH� WKH� OHYHO� RI� VHUYLFH� GHOLYHU\� DQG� UHGXFH� WKH� LPSDFW� RI� WKH� RUGHU� UHMHFWLRQRQ� ULYHU
IORZV��DQG�RSWLRQV�IRU�DOWHULQJ�SUHYDLOLQJ�IORZ�GHPDQG�SDWWHUQV�
+RZHYHU� D FRPSUHKHQVLYH� IUDPHZRUN� IRU� HYDOXDWLRQ� RI� EHVW� PL[� RI� WRROV� IRU� DFKLHYLQJ� V\VWHP
KDUPRQLVDWLRQ LQFOXGLQJ�DXWRPDWLRQ�YV�VWRUDJHV��FDQDO�LQIUDVWUXFWXUH�YV�SXPSV��ULYHU�GLYHUVLRQ��LV�ODFNLQJ�
:LWK� LQFUHDVLQJ� DWWHQWLRQ� EHLQJ� SDLG� WR� FDUERQ� HPLVVLRQV�� VXFK� D� PRGHO� VKRXOG� GHDO� ZLWK� WKH�HQHUJ\
LPSOLFDWLRQV�RI�WKH�DOWHUQDWLYH�RSWLRQV��LQ�SDUWLFXODU�WKRVH�LQYROYLQJ�SXPSLQJ�RSWLRQV�
$OWHUQDWLYH�FDQDO�DQG�SLSHOLQH�PDWHULDOV

,Q� UHFHQW� \HDUV�� WKHUH� KDV� EHHQ� VLJQLILFDQW� SURJUHVV� LQ� WKH� GHYHORSPHQW� RI� QHZ� FDQDO� OLQLQJ� DQG� SLSHOLQH
PDWHULDOV�� ([SHULHQFH� LQ� WKH� DSSOLFDWLRQ� RI� JHRV\QWKHWLFV� LQ� VHYHUDO� FRXQWULHV� KDV� DPSO\� SURYHG� WKHLU
VXSHULRULW\�LQ�TXDOLW\��FRVW�DQG�VSHHG�RI�FRQVWUXFWLRQ�RYHU�WKH�WUDGLWLRQDO�KDUG�ULJLG�OLQLQJ�PDWHULDOV�VXFK�DV
FRQFUHWH�
6LPLODUO\��WKHUH�LV�DQ�DUUD\�RI�QHZ�SLSH�PDWHULDOV�ZKLFK�FDQ�SURYLGH�FRVW�HIIHFWLYH�DOWHUQDWLYH�WR�FRQYHQWLRQDO
WHFKQLTXHV��LQ�SDUWLFXODU�IRU�XVH�DV�VKRUW�WHUP�LQIUDVWUXFWXUH�
&RPSUHKHQVLYH�ILHOG�WHVWLQJ�RI�DOWHUQDWLYH�FDQDO�OLQLQJ�DQG�SLSH�WHFKQRORJLHV�IRU�SUHYDLOLQJ�$XVWUDOLDQ
FRQGLWLRQV�LV�ODFNLQJ�DW�WKLV�VWDJH�

��� ,UULJDWLRQ�)DUPV���PDQDJLQJ ZDWHU�GHPDQG�RQ�WKH�IDUP
����� %DFNJURXQG�DQG�FRQWH[W

2Q�IDUP�WRWDO�V\VWHP�KDUPRQLVDWLRQ�LQ�LWV�EURDGHVW�VHQVH�LPSOLHV�LQWHJUDWLRQ�DFURVV�DOO�HOHPHQWV�RI�WKH�IDUP
SURGXFWLRQ�UHVRXUFH�EDVH� �VRFLDO�� HFRQRPLF�� WHFKQLFDO�� HQYLURQPHQWDO�� WR�DFKLHYH�DQ�RSWLPXP� UHWXUQ�RQ�DOO
UHVRXUFHV��7KH�IRFXV�RI�WKLV�VHFWLRQ�LV�RQ�WRROV�DQG�V\VWHPV��WHFKQRORJLHV��WKDW�ZLOO�JXLGH�DQG�HQDEOH�RQ�IDUP
KDUPRQLVDWLRQ�RI�DOO�HOHPHQWV�RI� WKH�LUULJDWLRQ�V\VWHP��2Q�IDUP�HOHPHQWV�KDYH� WR�EH�V\QFKURQLVHG�ZLWK� WKH
RII�IDUP�ZDWHU�VXSSO\�
3HUIHFW� RQ�IDUP� LUULJDWLRQ� KDUPRQLVDWLRQ� LPSOLHV� WKH� LUULJDWLRQ� UHTXLUHPHQW� RI� WKH� FURS� FDQ� EH� PHW� E\� DOO
HOHPHQWV�RI�WKH�RQ�IDUP�GHOLYHU\�V\VWHP�DQG�WKDW�WKHUH�LV�D�EDODQFH�RI�WKH�IORZ�DFURVV�DOO�HOHPHQWV��,PEDODQFH
LQ�DQ\�HOHPHQW�ZLWK�UHVSHFW�WR�DQRWKHU�UHTXLUHV�D�³EXIIHU´�
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7KH�VPDOOHU� WKH�QXPEHU�RI� OLQNV�DQG�VKRUWHU� �LQ� WHUPV�RI� WLPH� ODJ��GHOLYHU\�FKDLQ�� WKH�EHWWHU� FDSDFLWLHV�DUH
PDWFKHG�� WKH�EHWWHU� WKH� FRPPXQLFDWLRQ� DQG� FRQWURO� DFURVV� OLQNV�� WKH� VPDOOHU�ZLOO� EH� WKH� ³EXIIHU´� UHTXLUHG�
7KH�EXIIHU� W\SLFDOO\� WDNHV� WKH� IRUP�RI� VWRUDJH�� EXW�PD\� DOVR� EH� H[FHVV� FDSDFLW\� �HJ� WR� FRQYH\� DQG� VXSSO\
ZDWHU��
3URYLGLQJ�³EXIIHU´�WR�FRPSHQVDWH�IRU�DQ�XQEDODQFHG�V\VWHP�LV�QRW�D�EDG�GHIDXOW�VWUDWHJ\�DQG�LV�XVHG�ZLGHO\
E\�IDUPHUV��HJ�ZKR�EXLOG�VWRUDJH���7KH�VRLO�LV�DOVR�DQ�LPSRUWDQW�EXIIHU�VWRUDJH��$�JRRG�VRLO�LV�JHQHUDOO\�RQH
ZLWK�WKH�KLJKHVW�VWRUDJH��EXIIHU���2SHQ�K\GURSRQLF�V\VWHPV�ZKLFK�HIIHFWLYHO\�UHPRYH�RU�JUHDWO\�UHGXFH�WKH
VRLO� VWRUDJH� DYDLODEOH� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� WKH�ZDWHU� GHPDQG� SURILOH� DQG� OHYHO� RI� VHUYLFH� UHTXLUHG
IURP�WKH�ZDWHU�SURYLGHU��6HH�DSSHQGL[�����3UREOHPV�RFFXU�ZKHQ�WKH�EXIIHU�UHVXOWV�LQ�LQFUHDVHG�ORVVHV�VXFK�DV
HYDSRUDWLRQ�RU�VHHSDJH�IURP�WKH�VWRUDJH�RU�UHTXLUHV�H[FHVVLYH�FDSLWDO��HJ�WR�RYHUVL]H�DQ�LUULJDWLRQ�DSSOLFDWLRQ
V\VWHP���2WKHU�VWUDWHJLHV�FDQ�EH�XVHG�WR�FRUUHFW�V\VWHP�LQHIILFLHQFLHV�VXFK�DV�WDLOZDWHU�UHF\FOLQJ�DOWKRXJK�WKLV
FRPHV�ZLWK�HFRQRPLF�LQHIILFLHQF\��HJ�GRXEOH�SXPSLQJ��
7KH�HOHPHQWV�PDNLQJ�XS�WKH�GHOLYHU\�V\VWHP��IURP�IDUP�JDWH� WR�FURS��DUH�GLYHUVH�DQG� WKXV�FRQVWUDLQWV�DQG
RSSRUWXQLWLHV�IRU�PDQDJLQJ�LUULJDWLRQ�ZDWHU�GHPDQG�VXSSO\��DQG�KHQFH�VFRSH�IRU�KDUPRQLVDWLRQ��DUH�YDULHG�DV
LQGLFDWHG�LQ�WKH�ILJXUH�EHORZ��2SSRUWXQLWLHV�WR�SURYLGH�D�³EXIIHU´�RFFXU�LQ�HDFK�HOHPHQW�RI�WKH�V\VWHP�

$Q\�RQH�RU�FRPELQDWLRQ�RI�WKH�DERYH�HOHPHQWV�FDQ�EH�PDQDJHG�WR�DFKLHYH�RQ�IDUP�KDUPRQLVDWLRQ��2Q�IDUP
HOHPHQWV�KDYH�WR�EH�V\QFKURQLVHG�ZLWK�WKH�RII�IDUP�ZDWHU�VXSSO\�ZKLFK�FDQ�YDU\�IURP�UHJXODWHG�VXSSO\�IURP
D�ZDWHU�VXSSO\�DXWKRULW\��H�J��YLD�FDQDO�SLSHOLQH���WR�XQFRQWUROOHG�ZDWHU�IURP�D�ULYHU��JURXQGZDWHU�RU�RYHUODQG
IORZ��:KHQ�VXSSO\�LV�YLD�D�ZDWHU�VXSSO\�DXWKRULW\��IDLOXUH�WR�DGHTXDWHO\�OLQN�RII�IDUP�ZDWHU�VXSSO\�VFKHGXOHV
WR�RQ�IDUP�GHPDQG�ZLOO�OLPLW�LQFHQWLYH�WR�LPSOHPHQW�RQ�IDUP�LPSURYHPHQWV��7\SLFDOO\�LQ�ODUJHU�VFKHPHV�WKH
FRQWURO�RI�ZDWHU�VXSSO\�KDV�EHHQ�LQ�WKH�KDQGV�RI�WKH�ZDWHU�VXSSO\�DXWKRULW\�DQG�WKLV�KDV�OLPLWHG�WKH�LQFHQWLYH
IRU� WKH� IDUPHU� WR� LQYHVW� LQ� DQG�PDQDJH� RQ�IDUP�ZDWHU� VXSSO\� H�J�� DGRSWLRQ� RI� GULS� LUULJDWLRQ� ZKHQ� ZDWHU
DYDLODELOLW\�IRU�KLJKO\�IUHTXHQW�DSSOLFDWLRQV�FDQQRW�EH�UHOLDEO\�SURYLGHG�E\�WKH�ZDWHU�VXSSOLHU�
$Q�H[DPSOH�RI�SHUIHFWO\�KDUPRQLVHG�RQ�IDUP�V\VWHP�LV�D�VLQJOH�ILHOG�&HQWUH�3LYRW�ZLWK�DGHTXDWH�FDSDFLW\�DQG
RSHUDWLQJ�RII�D�ERUH�DW�WKH�ILHOG�HGJH�ZLWK�QR�ZDWHU�VXSSO\�FRQVWUDLQWV��$�VLPSOH�V\VWHP�GRHV�QRW� WKHUHIRUH
QHHG�PDQ\�VPDUW WHFKQRORJLHV�IRU�KDUPRQLVDWLRQ�
$V� WKH� V\VWHP� EHFRPHV� PRUH� FRPSOH[� �0XOWLSOH� ILHOGV�� PXOWLSOH� FURSV�� PXOWLSOH� VRLOV�� YDULDELOLW\� ZLWKLQ
ILHOGV��PXOWLSOH�DSSOLFDWLRQ�V\VWHPV�VHUYHG�E\�D�UDQJH�RI�ZDWHU�FRQYH\DQFH�V\VWHPV��FDQDOV�DQG�SLSHOLQHV��WKH
DELOLW\�WR�EDODQFH�WKH�IORZV�EHFRPHV�PRUH�GLIILFXOW��7KLV�LQFUHDVHV�WKH�QHHG�IRU�WHFKQRORJ\�WR�DVVHVV�FXUUHQW
DQG�IXWXUH�FURS�ZDWHU�GHPDQG�DQG�DXWRPDWLRQ�WR�RSWLPLVH�ZDWHU�VXSSO\�WR�WKH�FURS���7KHVH�DUH�GLVFXVVHG�LQ
$SSHQGL[���
7KHUH� DUH�PDQ\� FKDOOHQJHV� LQ� DFKLHYLQJ� RQ�IDUP� KDUPRQLVHG� V\VWHPV�� $Q� XQIRUWXQDWH� WUHQG� KDV� EHHQ� WKH
DGRSWLRQ� RI� LPSURYHG� WHFKQRORJ\� RQO\� WR� WKHQ�PRYH� EDFNZDUGV� WR� VLPSOHU� V\VWHPV�ZKLFK� GR� QRW� VXSSRUW
KDUPRQLVDWLRQ� �HJ�PRYH� IURP�&DSDFLWDQFH� SUREH� WR� J\SVXP� EORFNV��PRYH� IURP�'ULS� V\VWHP� WR� RYHUKHDG
V\VWHPV��� 5HOHYDQW� LVVXHV� RQ� DGRSWLRQ� RI� LUULJDWLRQ� V\VWHP� KDUPRQLVDWLRQ� WHFKQRORJLHV� DUH� GLVFXVVHG� LQ
$SSHQGL[���
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����� %HQHILWV�RI�RQ�IDUP�KDUPRQLVHG�V\VWHPV
+DUPRQLVDWLRQ�LPSOLHV�WKDW�ILHOG�DXWRPDWLRQ�FDQ�EH�OLQNHG�ZLWK�WKH�IDUP�VXSSO\�SRLQW�ZKLFK�LV�LQ�WXUQ�OLQNHG
ZLWK� WKH� FKDQQHO� VXSSO\� V\VWHP�� %\� LQWHJUDWLQJ� WKHVH� FRPSRQHQWV� RI� WKH� VXSSO\� V\VWHP� WKHUH� LV� JUHDWHU
HIILFLHQF\� DQG� IOH[LELOLW\� WR�PHHW� GHOLYHU\� UHTXLUHPHQWV� DQG� UHGXFH� ORVVHV��:DWHU� RUGHULQJ� EHFRPHV� PRUH
SUHGLFWDEOH�DQG�RSSRUWXQLWLHV�IRU�XSJUDGLQJ�V\VWHPV�DQG�DGDSWLQJ�PDQDJHPHQW�VWUDWHJLHV�EHFRPH�HYLGHQW�
7KH�EHQHILWV�RI�RQ�IDUP�KDUPRQLVHG�V\VWHPV�ZLOO�UHODWH�WR�SURGXFWLRQ��SURILWDELOLW\�DQG�WKH�HQYLURQPHQW��$
GHWHUUHQW� ZLOO� EH� WKH� LQLWLDO� FDSLWDO� RXWOD\� DQG� WKH� PDQDJHPHQW� LQSXWV� UHTXLUHG� IRU� V\VWHP� FKDQJH� DQG
RSHUDWLRQ�
3URGXFWLRQ
� ,PSURYHG�\LHOG�DQG�FURS�TXDOLW\
� ,QFUHDVHG�DUHD�XQGHU�FURS�E\�FDSWXULQJ�ZDWHU�VDYLQJV
3URILWDELOLW\
� 5HGXFHG�RSHUDWLQJ�FRVWV�WKURXJK�ZDWHU�VDYLQJV�DQG�SXPSLQJ�FRVWV
� %HWWHU�SURGXFW�TXDOLW\��WLPH�WR�PDUNHW�DQG�SULFH
� %HWWHU�PDWFKLQJ�DQG�UDWLRQDOLVHG�LQIUDVWUXFWXUH�FRVWV
� 0DQDJHPHQW�RI�FDVK�IORZV�WKURXJK�DQG�DFURVV�VHDVRQV�
� :DWHU�WUDGLQJ�RSSRUWXQLWLHV
� $FFHVV�WR�IXQGLQJ�IURP�XSVWUHDP�GRZQVWUHDP�OLQNV�LQ�YDOXH�FKDLQ�
(QYLURQPHQW
� 5HGXFHG�ZDWHU�ZDVWDJH
� /LPLWHG�ZDWHU�WDEOH�LPSDFWV
� ,PSURYHG�ULYHULQH�IORZ�UHJLPH
� 5HGXFHG�RII�VLWH�ZDWHU�TXDOLW\�LPSDFWV��VRLO��QXWULHQW��FKHPLFDO�ZDVK�RII�

����� ��7DNH�KRPH�PHVVDJHV�IRU�136,�IRU�IDUP�UHVHDUFK
7KHUH�DUH�PDQ\�WHFKQRORJLHV�DYDLODEOH�WR�PHDVXUH�VRLO�PRLVWXUH��FURS�ZDWHU�UHTXLUHPHQW�DQG�IORZ�UDWHV�LQ�WKH
GHOLYHU\�V\VWHP��&RVW� LV�KRZHYHU�SURKLELWLYH�DQG�FRPPXQLFDWLRQ�EHWZHHQ�VHQVRUV� LV�D�SUREOHP��$�PLVVLQJ
OLQN�LV�LQWHJUDWLQJ�LQIRUPDWLRQ�DFURVV�ILHOGV�DQG�WKH�IDUP��FRPPXQLFDWLQJ�WKLV��FRVW�HIIHFWLYHO\��DQG�KDYLQJ�D
GHFLVLRQ�VXSSRUW�V\VWHP��'66��WR�RSWLPLVH�WKH�VROXWLRQ�EDVHG�RQ�D�UDQJH�RI�FRPSHWLQJ�GHPDQG�VHFWRUV�
0RUH�VSHFLILFDOO\�UHVHDUFK�RSSRUWXQLWLHV�LQFOXGH�
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6HQVRU�6\VWHPV
� 'HYHORSPHQW�RI�DIIRUGDEOH��UHOLDEOH��HDV\�WR�FDOLEUDWH�PHWKRGV��VHQVRUV�DQG�RU�WHFKQLTXHV�WR�FRQGXFW

ZLGH�DUHD��L�H��QRW�SRLQW�VSHFLILF��PHDVXUHPHQW�RI�FURS�ZDWHU�UHTXLUHPHQW�
� 'HYHORSPHQW�DQG�YDOLGDWLRQ�RI�DIIRUGDEOH�VHQVRUV�DQG�UHODWHG�WHFKQRORJ\�WR�PHDVXUH�ZDWHU�IORZV�DQG

VWRUDJH�OHYHOV�DFURVV�WKH�ZDWHU�VXSSO\�V\VWHP��SDUWLFXODUO\�LQ�RSHQ�FKDQQHO�V\VWHPV�DQG�RQ�IDUP
VWRUDJHV�

&RQWURO�6\VWHPV�IRU�,UULJDWLRQ�$SSOLFDWLRQ
� $XWRPDWHG�FRQWURO�RI�LUULJDWLRQ�VXSSO\�WR�WKH�ILHOG��SDUWLFXODUO\�LQWR�IXUURZ��EDVLQ��ERUGHU�DQG�EHG

V\VWHPV��,UULJDWRUV�JHQHUDOO\�KDYH�QR�ZD\�RI�FRQWUROOLQJ�YDULDEOH�LQIORZ�IURP�WKH�VXSSO\�FKDQQHO��7KLV
OLPLWV�DELOLW\�WR�PDQDJH�LQILHOG�ZDWHU�GLVWULEXWLRQ��,Q�PHFKDQLVHG�V\VWHPV��HJ�&HQWUH�3LYRWV��SUHFLVLRQ
LUULJDWLRQ�DSSOLFDWLRQ�WHFKQRORJLHV�DUH�DOUHDG\�LQ�SODFH�DQG�WKH�JDS�LV�UHODWHG�PRUH�WR�LQWHJUDWLRQ�RI
LQIRUPDWLRQ�IURP�ILHOG�VHQVRUV�WR�SURYLGH�UHDO�WLPH�VLJQDOV�WR�HPLWWHU�IORZ�FRQWURO�

&RPPXQLFDWLRQ�6\VWHPV
� $IIRUGDEOH�FRPPXQLFDWLRQ�QHWZRUNV�WR�OLQN�PXOWLSOH�VHQVRUV�IRU�UHSRUWLQJ�WR�D�EDVH�VWDWLRQ���1RWH�WKDW

FXUUHQW�WHFKQRORJ\�LV�DYDLODEOH��EXW�JHQHUDOO\�LV�QRW�DW�D�FRVW�ORZ�HQRXJK�WR�MXVWLI\�LQYHVWPHQW�IRU�ORZHU
YDOXH�EURDG�VFDOH�LUULJDWLRQ�DQG�LW¶V�PDQDJHPHQW�V\VWHPV���7KH�FRVW�RI�FRPPXQLFDWLRQ�QHWZRUNV�
UHOLDELOLW\�DQG�FRYHUDJH�LV�FXUUHQWO\�D�SUREOHP�DQG�V\VWHP�KDUPRQLVDWLRQ�ZLOO�UHTXLUH�D�JUHDWHU�DUUD\�RI
VHQVRUV�DQG�FRPPXQLFDWLRQ�UHTXLUHPHQWV�

� $GRSWLRQ�RI�DQ�LUULJDWLRQ�LQGXVWU\�VWDQGDUG�FRPPXQLFDWLRQ�SURWRFRO�WR�EH�XVHG�DFURVV�DOO�VHQVRU��FRQWURO
DQG�'66�SDFNDJHV��VLPLODU�WR�WKH�VWDQGDUG�FRPPXQLFDWLRQV�SURWRFROV�QRZ�LQ�SODFH�IRU�JXLGDQFH�V\VWHPV
�10($��DQG�YHKLFOH�FRQWURO��&$1%86��

'HFLVLRQ�6XSSRUW�6\VWHPV��'66�
� 'HYHORSPHQW�RI�'66¶V�WR�LQWHJUDWH�RQ�IDUP�LQIRUPDWLRQ�IURP�D�UDQJH�RI�ILHOG�VHQVRUV�WR�FDOFXODWH

FXUUHQW�DQG�IXWXUH�ZDWHU�GHPDQG�DW�ILHOG�VFDOHDQG�VLPXODWH�DOWHUQDWLYH�ZDWHU�PDQDJHPHQW�VWUDWHJLHV
DQG�VFHQDULRV��,QWHJUDWLRQ�RI�VRLO�PRLVWXUH�DQG�FURS�GDWD�ZLWK�ILHOG�ZDWHU�EDODQFH�VLPXODWLRQV��EDVHG�RQ
KLVWRULFDO�DQG�IXWXUH�ZHDWKHU�GDWD��ZRXOG�DOORZ�EHWWHU�ILHOG�VFDOH�ZDWHU�SODQQLQJ�VWUDWHJLHV�
9LVXDOLVDWLRQ�WRROV�ZRXOG�KHOS�VLJQLILFDQWO\�LQ�PDNLQJ�PDQDJHPHQW�GHFLVLRQV�

� 'HYHORSPHQW�RI�'66¶V�WR�LQWHJUDWH�LQIRUPDWLRQ�RQ�ZDWHU�GHPDQG�DW�ILHOG�VFDOH��DERYH��ZLWK�ZDWHU
VXSSO\�FRQVWUDLQWV��DW�FULWLFDO�SRLQWV�LQ�WKH�V\VWHPWR�RSWLPLVH�ZDWHU�VXSSO\�DFURVV�DOO�ILHOGV�DQG
VXSSO\�V\VWHPV��7KLV�LQIRUPDWLRQ�LV�HVVHQWLDO�WR�LQIRUP�GHFLVLRQ�PDNHUV�DQG�FRQWURO�LUULJDWLRQ
DSSOLFDWLRQ�DQG�VXSSO\�VWRUDJH�V\VWHPV��7KH�LQIRUPDWLRQ�QHHGV�WR�EH�GLVWLOOHG�LQWR�D�VLQJOH�SRLQW�RI
LQIRUPDWLRQ�WUDQVIHU�IURP�WKH�IDUP�WR�WKH�ZDWHU�VXSSO\�DXWKRULW\��&RQVLGHUDWLRQ�QHHGV�WR�EH�JLYHQ�WR�WKH
DSSURSULDWH�OHYHO�RI�DXWRPDWLRQ�DQG�QHHG�IRU�WKH�IDUPHU�WR�XQGHUVWDQG�DQG�DSSURYH�WKH�³RUGHU´�

��� &DWFKPHQWV���PDWFKLQJ�ZDWHU�VXSSO\�DQG�ZDWHU�GHPDQG�ZLWKLQ�D�FDWFKPHQW
����� 6\VWHP�KDUPRQLVDWLRQ�DW�WKH�&DWFKPHQW�/HYHO

7KH�KDUPRQLVHG�ZDWHU�GHPDQG�PDQDJHPHQW�DW�D�FDWFKPHQW�OHYHO�ZRXOG�
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�� $GMXVW�IRU�GLIIHUHQFHV�RU�LQFRQVLVWHQFLHV�EHWZHHQ�ZDWHU�GHPDQG�DQG�VXSSO\���7KLV�FDQ�EH
SUHVHQWHG�E\�WKH�IROORZLQJ�ILJXUH

�� 0DNH�UHVRXUFHV�PRUH�SURGXFWLYH�L�H��
� LQFUHDVH�DJULFXOWXUDO�SURGXFWLRQ�DQG�SURILWDELOLW\�
� PD[LPL]H�QHW�EHQHILWV�IURP�ULYHUV��VXUIDFH�DQG�JURXQGZDWHU�UHVRXUFHV�
� XVH�VXUIDFH�DQG�JURXQG�ZDWHU�DV�D�VLQJOH�UHVRXUFH�
� LPSOHPHQW�QHZ�WHFKQRORJ\�ZKHUH�HIIHFWLYH�

�� +DYH�WKH�DELOLW\�WR�DWWUDFW�DQG�RU�UHWDLQ�UHVRXUFHV�DQG�LQYHVWPHQW�IXQGV�
�� 0HHW�HQYLURQPHQWDO�SHUIRUPDQFH�VWDQGDUGV�IRU�ZDWHU��VRLO�DQG�VSHFLHV�SURWHFWLRQ�
�� 0HHW�IRRG�VDIHW\�DQG�RWKHU�VWDQGDUGV�IRU�FURS�SURGXFWLRQ�
�� +DYH�DSSURSULDWH�GDWD�DQG�LQIRUPDWLRQ�PDQDJHPHQW�V\VWHPV�WKDW�FDQ�EH�UHDGLO\�DFFHVVHG�DQG

FRPSLOHG��DQG�FODVVLILHG�LQ�D�FRPSDWLEOH�ZD\��$FKLHYLQJ�WKLV�LV�WKH�EDVLF�DLP�RI�KDUPRQLVDWLRQ
RI�GHPDQG�PDQDJHPHQW�

�� $FKLHYH�FRPSHWLWLYHQHVV�QRW�RQO\�RQ�QDWXUDO�FRPSDUDWLYH�DGYDQWDJH��EXW�DOVR�RQ�HQYLURQPHQWDO
SROLFLHV�ZLWKLQ�$XVWUDOLD�DQG�DEURDG�

�� +DYH�RSHUDWLQJ�UXOHV�IRU�GDPV�DQG�JURXQGZDWHU�VWRUDJHV�WR�PHHW�WKH�HQYLURQPHQWDO�DQG
FRQVXPSWLYH�ZDWHU�GHPDQG�

'HPDQG
6XSSO\

6KRUDWJH

([FHVV
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����� &KDQJLQJ�&URS�PL[�IRU�%HWWHU�'HPDQG�0DQDJHPHQW
0DQ\�ZDWHU� VXSSO\� FDWFKPHQWV� LQ� 6RXWK�(DVW�$XVWUDOLD� DUH� RYHU�DOORFDWHG� DQG� FDQQRW�PHHW� SHDN� GHPDQG�
7KHUHIRUH�FDWFKPHQWV�DUH�KDYLQJ�WR�DGMXVW�WR�ORZHU�ZDWHU�DYDLODELOLW\��2QH�RSWLRQ�LV�WR�FKDQJH�FURS�PL[�
7KH�LVVXHV�UHODWHG� WR�FKDQJLQJ�FURS�PL[� LQ�RUGHU� WR�DFKLHYH�GHPDQG� WKDW� LV�ZLWKLQ� WKH�FDWFKPHQW�DELOLW\� WR
VXSSO\�DUH�
� 5HGXFWLRQ�LQ�FURS�DUHD�DQG�IDUP�YLDELOLW\
� &KDQJLQJ�FURS�PL[�WR�JLYH�WKH�EHVW�HFRQRPLF�UHWXUQ�
� ,QFUHDVLQJ�HIILFLHQF\�RI�ZDWHU�XVH�IRU�LUULJDWLRQ�DQG�KDUPRQL]H�LW�ZLWK�WKH�FOLPDWLF�VLWXDWLRQ�
� &KDQJLQJ�LUULJDWLRQ�WHFKQLTXH��IRUP�RI�LUULJDWLRQ��WR�LPSURYH�HIILFLHQF\�DQG�LQWHUDFWLRQV�ZLWK�FURS�PL[�
� 6FKHGXOLQJ�SODQW�GHPDQG�XVLQJ�VRZLQJ�GDWH�

����� .H\�FKDOOHQJHV�WR�&DWFKPHQW�+DUPRQLVDWLRQ
7KH�NH\�FKDOOHQJHV�WR�FDWFKPHQW�KDUPRQLVDWLRQ�DUH�
� UDLQIDOO�UHMHFWLRQ��:KHUH�WKHUH�LV�D�ODUJH�UHGXFWLRQ�LQ�LUULJDWLRQ�GHPDQG�RYHU�D�ODUJH�DUHD�DQG�WKH�VXSSO\

V\VWHP�PXVW�GLVFKDUJH�EDFN�WR�WKH�ULYHU�V\VWHP�
� WKH�FRLQFLGHQFH�RI�GHPDQG�WKDW�UHVXOWV�LQ�SHDN�GHPDQGV�DFURVV�WKH�ZKROH�DUHD�
� WKH�UHODWLRQVKLS�EHWZHHQ�ZDWHU�UHOLDELOLW\��ZDWHU�\LHOG�DQG�KRZ�WKLV�LV�FRQYH\HG�LQ�SULFH�DQG�RWKHU

VLJQDOV�EHWZHHQ�LUULJDWRUV�DQG�V\VWHP�SURYLGHG�
� 0DWFKLQJ�FURS�PL[�ZLWK�ZDWHU�TXDOLW\�DYDLODEOH�
� 'URXJKW�PDQDJHPHQW�VWUDWHJLHV�ZKHQ�LUULJDWLRQ�ZDWHU�LV�LQ�VKRUW�VXSSO\��H�J��PLQLPLVLQJ�ORVVHV�E\

VWUDWHJLF�VKXW�GRZQV�RI�WKH�V\VWHP��H�J��NQRZOHGJH�RI�FULWLFDO�JURZWK�VWDJHV�RI�FURS�
� ,QWHJUDWLQJ�FRQVXPSWLYH��H�J��LUULJDWLRQ��GHPDQGV�ZLWK�HQYLURQPHQWDO�IORZV��)RU�H[DPSOH�ZLWK

HQYLURQPHQWDO�IORZV��)RU�H[DPSOH�UHOHDVLQJ�DQ�HQYLURQPHQWDO�IORZ�WKDW�FDQ�EH�VXEVHTXHQWO\�FDSWXUHG
DQG�XVHG�IRU�LUULJDWLRQ�L�H��DFKLHYH�WZR�REMHFWLYHV��7KLV�PD\�UHTXLUH�VWRUDJHV�GRZQVWUHDP�RI�WKH
HQYLURQPHQWDO�WDUJHW�

� 7UDGH�RII�DQDO\VLV�RI�PDQDJLQJ�VHDVRQDO GHPDQG�WKURXJK�HQ�URXWH�VWRUDJH�H�J��UHGXFWLRQ�LQ�LUULJDWLRQ
SHDNV�DQG�HQKDQFHG�ZDWHU�VHFXULW\ DQG�UHGXFHG�UDLQIDOO�UHMHFWLRQ��YHUVXV LQFUHDVHG ULVNV�RI�EOXH�JUHHQ
DOJDH�EORRP��LQFUHDVHG�VHHSDJH�DQG�HYDSRUDWLRQ�DQG�SRVVLEOH�GHWHULRUDWLRQ RI�ULYHU�ZDWHU�TXDOLW\�GXH�WR
LQFUHDVHG�VDOLQLW\�

� +DUPRQLVLQJ�VXUIDFH�DQG�JURXQG�ZDWHU�VWRUDJHV�ZLWK�ZDWHU�SROLF\�H�J��ZDWHU�WUDGLQJ
� 2SSRUWXQLWLHV�IRU�VHDVRQDO�GHPDQG�PDQDJHPHQW�WKURXJK�WUDQVIHU�RI�ZDWHU�EHWZHHQ�LUULJDWLRQ�DQG

HQYLURQPHQWDO�PDQDJHPHQW�DFWLYLWLHV±�WKLV�QHHGV�WR�LQWHJUDWH�FURS�VFLHQFH��GHPDQG�PDQDJHPHQW�DQG
HFRORJLFDO�VFLHQFHV

����� &URS�'LYHUVLILFDWLRQ�,VVXHV�DW�WKH�&DWFKPHQW�/HYHO
7KH� LVVXHV� DVVRFLDWHG� ZLWK� FURS� GLYHUVLILFDWLRQ� DW� D� FDWFKPHQW� OHYHO� DUH� SUHVHQWHG� LQ� $SSHQGL[� ��� &URS
GLYHUVLILFDWLRQ�ZLOO�KDYH�D�VLJQLILFDQW�FKDQJH�LQ�ZDWHU�GHPDQG�IRU�WKH�DUHDV�XQGHU�FRQVLGHUDWLRQV���0RGHOOLQJ
RI� VXFK� LVVXH� VKRXOG� FRQVLGHU� PDQ\� YDULDEOHV� VXFK� DV� QHZ� FURS� LQWHQVLW\�� QHZ� FURS� ZDWHU� UHTXLUHPHQWV�
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HFRQRPLF�DVSHFWV��SURGXFWLRQ��\LHOG��DQG�ORQJ�WHUP�LPSDFW�RI� WKH�QHZ�V\VWHP�RQ� WKH� VRLO�TXDOLW\� IRU� IXWXUH
ORQJ� WHUP�LPSDFW�� �$OVR��PRGHOOLQJ�RI�VXFK� LVVXHV�ZLOO� UHTXLUH� ILHOG�H[SHULPHQWV� IRU�PRGHO�FDOLEUDWLRQ�DQG
YHULILFDWLRQ�
7KH�NH\�LVVXH�LV�KRZ�ZDWHU�\LHOG�DQG�ZDWHU�UHOLDELOLW\�LV�PRVW�HIILFLHQWO\�FRPPXQLFDWHG�WR�LUULJDWRUV�VR�WKDW
WKH\� FDQ� PDNH� FURS� GLYHUVLILFDWLRQ� GHFLVLRQV� ZLWK� IXOO� NQRZOHGJH� RI� ULVNV�� VR� WKDW� FURS� GLYHUVLILFDWLRQ� LV
RSWLPLVHG�WR�FDWFKPHQW�ZDWHU�DYDLODELOLW\�DQG�UHOLDELOLW\�

����� .H\�/HVVRQV�IURP�WKH�3UDWW�:DWHU�6WXG\
7KH� 3UDWW� :DWHU� VWXG\� KDV� FRQFOXGHG� WKDW� HQ�URXWH� VWRUDJHV� RIIHU SRWHQWLDO� WR� KDUYHVW� PRUH� ZDWHU� IRU
SURGXFWLYH�XVH�DQG�IRU HQYLURQPHQWDO�IORZV��7KH�VWRUDJHV�RIIHU�D�VXVWDLQDEOH�DQG�SRWHQWLDOO\YLDEOH�RSWLRQ�WR
DGGUHVV�WKH�SRVVLEOH�VKRUWIDOO�RI�ZDWHU�VXSSO\�DQG�WKH�GDPDJH�WR�UHVWULFWHG�IORZ�FDSDFLW\�UHDFKHV��H�J��7XPXW
5LYHU� UHVXOWLQJ�IURP�WKH�FRQVWDQW�KLJK�IORZ�UDWHV�GXULQJ�SHULRGV�RI�SHDN�GHPDQG�
0DLQ�OHVVRQV�OHDUQW�IURP�WKH�3UDWW�UHSRUW�DUH�

�� %HWWHU�3ULFLQJ��1HHG�IRU�PDUNHW�GHPDQG�IRU�ZDWHU�WR�PHHW�SURGXFWLYH�XVH�UHTXLUHPHQWV�
SDUWLFXODUO\�GXULQJ�SHDN�VXPPHU�SHULRGV��DQG�ZLWK�WKDW��DQDFNQRZOHGJHPHQW�WKDW�WKH�DGGLWLRQDO
SULFH�SDLG�UHIOHFWV�WKH�DGGLWLRQDO�VHFXULW\DQG�HQYLURQPHQWDO�TXDOLW\� )RU�H[DPSOH�³DWWDFKLQJ�D
PRUH�UHDOLVWLF�FKDUJLQJ�UHJLPH�DQG�UHYHQXH�UHFRYHU\�SURFHVVHV�IRU�WKH�GHOLYHU\�DQG�VXSSO\�RI
ZDWHU��HIIHFWLYHO\�DGRSWLQJ�D�XVHU�SD\V�PRGHO �́�7KHUH�LV�D�QHHG�IRU�PDUNHW�EDVHG�PHFKDQLVPV
IRU�YDOXLQJ�HQKDQFHG�HQYLURQPHQWDO�IORZSDWWHUQV�

�� ,QVWLWXWLRQDO�,VVXHV��&ODULILFDWLRQ�RI�WKH�UROHV�RI�6WDWH�:DWHU�DQG�WKH�'HSDUWPHQW�RI
,QIUDVWUXFWXUH��3ODQQLQJ�DQG�1DWXUDO�5HVRXUFHV��SDUWLFXODUO\�DV�WKH\�UHODWH�WR�ZDWHU�DOORFDWLRQV�
DQG�WKH�SRWHQWLDO�IRU�DWWHQXDWLRQ�RI�ZDWHU�HQWLWOHPHQWV�XQGHU�FHUWDLQ�FLUFXPVWDQFHV��7KHUH�LV�D
QHHG�IRU�H[SOLFLW�DQG�SUHGLFWDEOH�FRRUGLQDWLRQ�RI�UHJXODWHG�DQGXQUHJXODWHG�ULYHU�PDQDJHPHQW
DQG�DFFXUDWH�PHDVXUHPHQW�DQG�PRQLWRULQJ�RI�ZDWHU�IORZV��*UHDWHU�FODULW\�RQ�WKH�FRQGLWLRQV
XQGHU�ZKLFK�WKH�OLPLWV�VHW�E\ WKH�0XUUD\�'DUOLQJ�%DVLQ�&RPPLVVLRQ�&DS�PD\�EH�DGMXVWHG�
7KHUH�LV�D�QHHG�WR�GHWHUPLQH�RZQHUVKLS�RI�ZDWHU�DFFHVV�DQG�ULJKWV�WKURXJK�DFHUWLILFDWLRQ�V\VWHP
DQG�RU�&RQFHVVLRQ�'HHG�

����� 7DNH�KRPH�PHVVDJHV�IRU�136,�UHJDUGLQJ�FDWFKPHQW�UHVHDUFK
5HVHDUFK�DUHDV�UHFRPPHQGHG�LQFOXGH��
� $�FRVW�EHQHILW�DQDO\VLV�RI�GRZQVWUHDP�VWRUDJHV�WR�HQDEOH�IORZV�WR�PHHW�ERWK�HQYLURQPHQWDO�DQG

LUULJDWLRQ�GHPDQG�SURILOHV��WKLV�LV�RI�PDMRU�LQWHUHVW�DQG�UHTXLUHV�HFRQRPLF��HQYLURQPHQWDO�DQG�ZDWHU
TXDOLW\�DVSHFWV�WR�EH�FRQVLGHUHG��7KLV�W\SH�RI�ZRUN�LV�EHLQJ�GRQH�E\�WKH�0XUUD\�'DUOLQJ�%DVLQ
&RPPLVVLRQ�DQG�RWKHUV�DV�SDUW�RI�WKH�/LYLQJ�0XUUD\�3URJUDP��EXW�DW�D�VLWH�VSHFLILF�OHYHO��7KH�UROH�IRU
136,�ZRXOG�EH�WR�SURYLGH�VRPH�RYHUDUFKLQJ�JHQHULF�SULQFLSOHV�IRU�WKLV�W\SH�RI�DQDO\VLV�

� 3ULFLQJ�VLJQDOV�DQG�ZDWHU�DOORFDWLRQ�VLJQDOV�WR�UHIOHFW�ERWK�ZDWHU�\LHOG�DQG�ZDWHU�UHOLDELOLW\�WR�LUULJDWRUV
DQG�WKH�LPSDFW�WKLV�KDV�RQ�FURS�PL[��7KLV�LV�EHFRPLQJ�LQFUHDVLQJO\�LPSRUWDQW�WR�XQGHUVWDQG�LQ�DQ
HQYLURQPHQW�ZKHUH�QHZ�ZDWHU�SURGXFWV�DUH�GHYHORSLQJ��ZDWHU�WUDGH�H[SDQGV��V\VWHP�FDSDFLW\�WUDGLQJ
GHYHORSV��FDUU\RYHU��DQG�ZDWHU�SURGXFW�WDJJLQJ�EHFRPHV�PRUH�FRPPRQSODFH�

� ,QVWLWXWLRQDO�FODULILFDWLRQ��VHH�&KDSWHU�����
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� $QDO\VLV�RI�7RWDO�6\VWHP�+DUPRQLVDWLRQ��%H\RQG�WKH�:DWHU
&\FOH

��� 7KH�9DOXH�&KDLQ
����� 'HILQLWLRQ

7KH� WHUP�YDOXH�FKDLQ�ZDV� ILUVW�XVHG�E\�0LFKDHO�3RUWHU� LQ�KLV�ERRN�³&RPSHWLWLYH�$GYDQWDJH��&UHDWLQJ�DQG
6XVWDLQLQJ�6XSHULRU�3HUIRUPDQFH��������7KH�YDOXH�FKDLQ�DQDO\VLV�GHVFULEHV�WKH�DFWLYLWLHV�RI�DQ�RUJDQL]DWLRQ
DQG�OLQNV�WKHP�WR�WKH�RUJDQLVDWLRQ¶V�FRPSHWLWLYH�SRVLWLRQ�
7KH�YDOXH�FKDLQ�FDQ�EH�GHILQHG�DV� ³$�VHULHV�RI�OLQNHG�EXVLQHVV�SURFHVVHV�WKDW�FUHDWH�YDOXH�LQ�ERWK�SURGXFWV
DQG�VHUYLFHV��ZKLFK�DUH�GHOLYHUHG�WR�WKH�FXVWRPHU�´
7KH�NH\�OLQNHG�EXVLQHVV�SURFHVVHV�FDQ�EH�GHILQHG�DV�WKH�SULPDU\�DQG�VHFRQGDU\�YDOXH�FKDLQV�DFFRUGLQJ�WR�WKH
GLDJUDP�EHORZ� ,Q�WKLV�FDVH�WKH�IDUP�JDWH�LV�WKH�ERXQGDU\�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�YDOXH�FKDLQV�
7KH�DELOLW\�WR�LQIOXHQFH�WKH�YDOXH�FKDLQ�RI�LUULJDWHG�SURGXFH�EH\RQG�WKH�IDUP�JDWH�LV�OLPLWHG�DV�WKH�FRPSOH[LW\
DQG� QXPEHU� RI� VWDNHKROGHUV� LQFUHDVHV� HQRUPRXVO\�� 7KH� FRRUGLQDWLRQ� RI� V\VWHPV� EH\RQG� WKH� IDUP� JDWH� LV
JHQHUDOO\�PDUNHW�GULYHQ�DQG�FRRUGLQDWLRQ�HIIRUWV�FDQ�EH�VHHQ�DV�FRPSURPLVLQJ�FRPSHWLWLRQ��ZKLFK�PD\�EH
FRXQWHU�WR�QDWLRQDO�FRPSHWLWLRQ�SROLF\�RU�LQWHUQDWLRQDO�DJUHHPHQWV�FRYHULQJ�IUHH�WUDGH��+DYLQJ�VDLG�WKLV�VRPH
LQGXVWULHV� VXFK� DV� WKH� ULFH� LQGXVWU\� KDYH� EHHQ� YHU\� VXFFHVVIXO� DW� FRRUGLQDWLQJ� YHUWLFDO� LQWHJUDWLRQ� RI
SURFHVVLQJ��GLVWULEXWLRQ�DQG�PDUNHWLQJ��7KH�VDPH�KDV�DOVR�EHHQ�DFKLHYHG�LQ�WKH�ZLQH�LQGXVWU\�XVLQJ�D�PL[�RI
ODUJH� FRUSRUDWH� FRPSDQLHV�� ZKLFK� DUH� YHUWLFDOO\� LQWHJUDWHG� WR� VHUYH� ODUJH� PDUNHWV�� DQG� VPDOOHU� FRPSDQLHV
VHUYLQJ�QLFKH�PDUNHWV�
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5DLQIDOO

�� :DWHU�KDUYHVWLQJ DQG
VWRUDJH LQFOXGLQJ DTXLIHUV

�� :DWHU GLVWULEXWLRQ

�� ,UULJDWLRQ

�� 3URFHVVLQJ

�� :KROHVDOLQJ � 'LVWULEXWLRQ
GRPHVWLF 	 H[SRUW

�� 5HWDLOLQJ

&XVWRPHU 3XUFKDVH 	
XVH�RI ,UULJDWHG 3URGXFW

2WKHU ,QSXWV
/DQG
/DERXU
7HFKQRORJ\
0DWHULDOV
7UDQVSRUW
,QIUDVWUXFWXUH
6HUYLFHV

,QGXVWULDO�
	�8UEDQ
5HFODLPHG�
:DWHU

(QYLURQPHQWDO IORZV�
�*RYW��3ROLF\�

5LYHUV
(VWXDULHV'UDLQDJH

5HXVH

3ULPDU\
9DOXH
&KDLQ

6HFRQGDU\
9DOXH
&KDLQ

7KH�9DOXH &KDLQÎ »/LQNHG�%XVLQHVV�3URFHVVHV WKDW FUHDWH�YDOXH
LQ�SURGXFWV�DQG VHUYLFHV WR WKH FXVWRPHUÏ

(DFK�RI� WKH� VL[� EXVLQHVV� SURFHVVHV� LGHQWLILHG� DERYH� FRXOG�EH� VSOLW� LQWR� D� QXPEHU� RI� SURFHVVHV�� EXWIRU� WKH
SXUSRVH�RI� WKLV�UHSRUW� WKH�VL[�SURFHVVHV�DUH�DGHTXDWH��7KH�IXQGDPHQWDO� LVVXH� LV� WKDW�VXFFHVV� LQ� WKH�YDOXH
FKDLQ�UHTXLUHV�DGHTXDWH� IHHGEDFN�DQG�UHVSRQVH� WR� WKH�QHHGV�DQG�ZDQWV�RI� WKH�QH[W� VWHS� LQ� WKH�YDOXH
FKDLQ�
7KHUHIRUH�³7RWDO�6\VWHP�+DUPRQLVDWLRQ´�LV�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�EXVLQHVV�SUDFWLFHV�ZKLFK�ERWK
FRPPXQLFDWH�DQG�UHVSRQG�WR�WKH�QHHGV�DQG�ZDQWV�RI�WKH�QH[W�VWHS�LQ�WKH�YDOXH�FKDLQ�7KLV�LV�IRU�WKH�SXUSRVH�RI
DFKLHYLQJ� HIILFLHQW� UHVRXUFH� XWLOLVDWLRQ� DFURVV� WKH� WRWDO� V\VWHP� �HQHUJ\�� ZDWHU�� ODQG�� SHRSOH�� LQIUDVWUXFWXUH�
HQYLURQPHQW�HWF��
$Q� H[SODQDWLRQ� RI� WKH� LVVXHV� WKDW� OLPLW� WKH� YDOXH� FKDLQ¶V� HIIHFWLYHQHVV� DQG� WKH� RSSRUWXQLWLHV� WR� LQFUHDVH
KDUPRQ\�DORQJ�WKH�YDOXH�FKDLQ�DUH�LQFOXGHG�LQ�$SSHQGL[���

����� 7DNH�+RPH�PHVVDJHV�IRU�136,�UHJDUGLQJ�9DOXH�&KDLQ�5HVHDUFK
$V�GHVFULEHG�LQ�$SSHQGL[���WKH�PRVW�DSSURSULDWH�UROH�IRU�136,�ZRXOG�EH�WR�IRFXV�RQ�LPSURYLQJ�EXVLQHVVHV
SURFHVVHV�ZLWKLQ�WKH�SULPDU\�YDOXH�FKDLQ�7KH�NH\�QHHGV�IRU�HDFK�RI�WKHVH�SURFHVVHV�DUH�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

7DEOH���� 5HVHDUFK�$UHDV�IRU�136,�DORQJ�WKH�9DOXH�&KDLQ
%XVLQHVV�SURFHVV ,QIRUPDWLRQ1HHGV 5HVHDUFK�5ROH�IRU�136,
���6WRUDJH � IHHGEDFN�DQG�LQWHJUDWLRQ�RI�ZDWHU�GHPDQG�IURP

PXOWLSOH�ZDWHU�GLVWULEXWRUV
� ZHDWKHU�IRUHFDVWLQJ�LQIRUPLQJ�VWRUDJH

PDQDJHPHQW
� HYDSRUDWLRQ�ORVVHV�IURP�VWRUDJH
� VWRUDJH�FRVW�DQG�DIIRUGDELOLW\�RI�LPSURYHG

V\VWHPV
� GDP�VDIHW\�±�FRPPXQLW\�VWDQGDUGV
� VHHSDJH�ORVVHV�±DIIRUGDEOH�ORVV�GHWHFWLRQ�DQG

SUHYHQWLRQ
� SURYLGLQJ�DGYLFH�DQG�IRUHFDVWV�WR�ZDWHU

GLVWULEXWRUV

<HV

<HV
1R��$OUHDG\�GRQH�E\�136,
1R��LV�VLWH�VSHFLILF

1R��ORWV�RI�ZRUN�GRQH�E\
$1&,'�$1&2/'
1R��ORWV�RI�ZRUN�GRQH�E\�$1&,'
1R��LV�VLWH�VSHFLILF

���:DWHU
'LVWULEXWLRQ

� IHHGEDFN�DQG�LQWHJUDWLRQ�RI�ZDWHU�GHPDQG�IURP
PXOWLSOH�XVHUV

� HYDSRUDWLRQ�ORVVHV�IURP�GLVWULEXWLRQ�V\VWHPV
� GLVWULEXWLRQ�V\VWHP�FRVWV�DQG�DIIRUGDELOLW\�RI

WHFKQRORJ\
� VHHSDJH�ORVVHV�±DIIRUGDEOH�ORVV�GHWHFWLRQ�DQG

SUHYHQWLRQ
� SURYLGLQJ�DGYLFH�	�IRUHFDVWV�WR�ZDWHU�XVHUV
� UH�HQJLQHHULQJ�RI�VXSSO\�V\VWHPV�WR�PHHW

FKDQJLQJ�LUULJDWLRQ�GHPDQG����IOH[LEOH��ORZ�FRVW�
VXSSO\�LQIUDVWUXFWXUH��

� HQHUJ\�XVH
� SULFH��ZDWHU�\LHOG�DQG�ZDWHU�UHOLDELOLW\�VLJQDOV

EHWZHHQ�VWRUDJH�DQG�LUULJDWRU�

<HV

1R��ORWV�RI�ZRUN�GRQH�E\�$1&,'
<HV

1R��ORWV�RI�ZRUN�GRQH�E\�$1&,'

1R��LV�VLWH�VSHFLILF
1R��LV�VLWH�VSHFLILF

<HV
<HV��OLQNV�ZLWK�13,5'�LUULJDWLRQ�ULVN
NLW

���,UULJDWLRQ � IHHGEDFN�DQG�LQWHJUDWLRQ�RI�DJULFXOWXUDO�PDUNHW
GHPDQGV�WR�LGHQWLI\�RSWLPXP�FURS�PL[��ZLWKLQ
WKH�DYDLODEOH�UHVRXUFHV�ZDWHU�DQG�RWKHU
FRQVWUDLQWV

� HIILFLHQF\�RI�FRQYH\DQFH�DQG�DSSOLFDWLRQ�RI
ZDWHU�WR�PHHW�FURS�ZDWHU�GHPDQG

� FURS�ZDWHU�GHPDQG�DVVHVVPHQW
� ZDWHU�RUGHULQJ�SURFHGXUHV
� DOWHUQDWLYH�ZDWHU�VRXUFHV
� LQWHJUDWLRQ�RI�ZDWHU�GHPDQG�DVVHVVPHQW�ZLWK

ZDWHU�GLVWULEXWLRQ
� DIIRUGDELOLW\�RI�WHFKQRORJ\
� HQHUJ\�XVH

1R��LV�PDUNHW�GULYHQ�GHFLVLRQ��RXWVLGH
VFRSH�RI�136,

<HV��QRWH�ORWV�RI�ZRUN�DOUHDG\�GRQH

<HV��QRWH�ORWV�RI�ZRUN�DOUHDG\�GRQH
1R��LV�VLWH�VSHFLILF
1R�LV�VLWH�VSHFLILF
<HV��QRWH�ORWV�RI�ZRUN�DOUHDG\�GRQH
<HV
<HV
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

��� ,PSOLFDWLRQV�IRU�,QVWLWXWLRQDO�$UUDQJHPHQWV
����� ,QVWLWXWLRQDO�DUUDQJHPHQWV�DQG�V\VWHP�KDUPRQLVDWLRQ

$Q� LQVWLWXWLRQ� UHIHUV� WR� DQ� RUJDQLVDWLRQ� IRXQGHG� IRU� D� VSHFLILF� SXUSRVH�� 7KHUH� DUH� D� QXPEHU� RI� GLIIHUHQW
LQVWLWXWLRQV�LQYROYHG�LQ�WRWDO�V\VWHP�KDUPRQLVDWLRQ�
7KH�PRVW�UHOHYDQW�DUHDV�IRU�136,�DUH�WKRVH�UHODWHG�WR�WKH�IXQFWLRQV�RI�ZDWHU�KDUYHVWLQJ��ZDWHU�GLVWULEXWLRQ�DQG
ZDWHU�XVH��WKH�SULPDU\�YDOXH�FKDLQ���,QVWLWXWLRQDO�DUUDQJHPHQW�DORQJ�WKH�VHFRQGDU\�YDOXH�FKDLQ�DUH�JHQHUDOO\
RXWVLGH�WKH�VSKHUH�RI�FRQWURO�DQG�LQIOXHQFH�RI�136,�
7KH� GLDJUDP� EHORZ� LOOXVWUDWHV� WKRVH� FRPSRQHQWV� ZKHUH� LQVWLWXWLRQDO� DUUDQJHPHQWV� LQIOXHQFH� WKH� SULPDU\
YDOXH�FKDLQ��$SSHQGL[���ORRNV�DW�WKH�LPSOLFDWLRQV�RI�HDFK�FRPSRQHQW�RQ�WRWDO�V\VWHP�KDUPRQLVDWLRQ�

�� :DWHU�KDUYHVWLQJ D� $OORFDWLRQ�3ROLF\
E� (QYLURQPHQWDO�IORZV
F� $QQXDO�DOORFDWLRQ�SROLFLHV

�� :DWHU�GLVWULEXWLRQ D� :DWHU�WUDGH
E� 7DULII
F� )OH[LELOLW\
G� 6HUYLFH�OHYHOV
H� 0HGLXP�WHUP�GHPDQG�FKDQJH
I� /DQG�XVH�SODQQLQJ
J� 2EOLJDWLRQ�WR�VXSSO\
K� ,QIRUPDWLRQ
L� &DSDFLW\�WR�FKDQJH
M� &RQMXQFWLYH�XVH
N� $OWHUQDWLYH�WHFKQRORJLHV
O� %XVLQHVV�6WUXFWXUHV

�� :DWHU�8VH��LUULJDWRUV�DQG�RWKHU�FXVWRPHUV�
�� 3URFHVVLQJ
�� :KROHVDOLQJ�'LVWULEXWLRQ�GRPHVWLF�DQG�H[SRUW
�� 5HWDLOLQJ

3ULPDU\
9DOXH
&KDLQ

6HFRQGDU\
9DOXH
&KDLQ
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

����� 7DNH�KRPH�PHVVDJHV�IRU�136,�RQ�,QVWLWXWLRQDO�,VVXHV�5HVHDUFK
7KHUH�LV�D�UDQJH�RI�LQVWLWXWLRQDO�DUUDQJHPHQWV�LQ�SODFH�DFURVV�$XVWUDOLD��0DQ\�RI�WKHVH�DUH�FKDQJLQJ�UDSLGO\
DQG�DUH�UHODWLYHO\�QHZ��7KH�LQIOXHQFH�WKHVH�DUH�KDYLQJ�RQ�WKH�DGRSWLRQ�RI�KDUPRQLVDWLRQ�RI�V\VWHPV�LV�XQFOHDU
DQG�LQ�VRPH�FDVHV�XQNQRZQ�
:LWKLQ�WKH�&5&�,)�-HQQLIHU�0F.D\�LV�XQGHUWDNLQJ�D�UHYLHZ�RI�LQVWLWXWLRQDO�VWUXFWXUHV�LQ�WKH�,UULJDWLRQ�:DWHU
6HUYLFH� 3URYLGHU� LQGXVWU\� DQG� WKHLU� LPSDFW� RQ� DGRSWLRQ� RI� VXVWDLQDEOH� SUDFWLFHV�� 7KLV� LV� OLNHO\� WR� KDYH
V\QHUJLHV� ZLWK� UHJDUG� WR� WKH� FDSDFLW\� WR� DGRSW� 6\VWHP� +DUPRQLVDWLRQ� 7HFKQRORJLHV�� 7KH�0XUUD\�'DUOLQJ
%DVLQ� &RPPLVVLRQ� :DWHUPDUN� 3URMHFWV� DOVR� KDYH� VRPH� NH\� OHVVRQV� WR� LQVWLWXWLRQDO� FDSDFLW\� WR� LPSURYH
LUULJDWLRQ�VXVWDLQDELOLW\�
$�PDMRU�LVVXH�WKDW�LQHYLWDEO\�DIIHFWV�DQ\�UHVHDUFK�LQWR�LQVWLWXWLRQDO�LVVXHV�LV�WKDW�WKH�LPSOHPHQWDWLRQ�RI�ZDWHU
UHIRUP� LV�DW�GLIIHUHQW� VWDJHV�ZLWKLQ�GLIIHUHQW� MXULVGLFWLRQV��7KLV�PHDQV� WKDW� WKH� LVVXHV�YDU\�ZLGHO\� DQG� LW� LV
GLIILFXOW� WR�FRPH�XS�ZLWK�VSHFLILF� UHFRPPHQGDWLRQV� WKDW�ZLOO�DSSO\� WR�DOO��7KHUHIRUH�136,�VKRXOG�IRFXV�RQ
WKRVH�LVVXHV�ZKLFK�DUH�OLNHO\�WR�EH�FRPPRQ�DQG�RI�ZLGH�DSSOLFDWLRQ�WR�PRVW�IRUPV�RI�LUULJDWLRQ��([DPSOHV�RI
WKLV�DUH�LQVWLWXWLRQDO�IUDPHZRUNV�WR�JRYHUQ�FRQMXQFWLYH�XVH�RI�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU��$QG�DOVR�WKH
IDFW�WKDW�QHZ�LQVWLWXWLRQDO�DUUDQJHPHQWV�IRU�XSSHU�FDWFKPHQW�ZDWHU�PDQDJHPHQW�DUH�QRZ�EHFRPLQJ�FULWLFDO�DV
FDSV�RU�ZDWHU�XVH�OLPLWV�WR�H[WUDFWLRQV�DUH�EHLQJ�DSSOLHG�FDWFKPHQW�ZLGH�
5HVHDUFK� LQ� LQVWLWXWLRQDO� DUUDQJHPHQWV� WKDW� DUH�PRUH� VSHFLILF� WR�HDFK� MXULVGLFWLRQ� DQG� DUH� FRYHUHG� LQ�ZDWHU
SROLF\�GHYHORSPHQW�SURJUDPV�DW�D�JRYHUQPHQW�OHYHO��UDWKHU�WKDQ�ZLWKLQ�WKH�VFRSH�RI�136,��KDYH�EHHQ�VFRUHG
DW�D�ORZHU�SULRULW\�EHORZ�
7KHUH�LV�D�FOHDU�UHVHDUFK�QHHG�LV�WR�FRQGXFW�DQ�DXGLW�RI�LQVWLWXWLRQDO�DUUDQJHPHQWV�DQG�DVVHVV�WKHLU�LPSDFW�RQ
V\VWHP�KDUPRQLVDWLRQ�LQ�WHUPV�RI�
� RZQHUVKLS�VWUXFWXUHV����ORZ�SULRULW\
� VFDOH�RI�FURVV�VXEVLGLVDWLRQ�±�ORZ�SULRULW\
� DYDLODEOH�WRROV�WR�PDQDJH�WHPSRUDO�DQG�VSDWLDO�HEE�DQG�IORZ�RI�GHPDQG�±�KLJK�SULRULW\
� WDULIIV�DQG�WKH�LQYHVWPHQW�PHVVDJHV�WKH\�FRQYH\�±�ORZ�SULRULW\
� FURVV�MXULVGLFWLRQDO�EDUULHUV�WR�FRQMXQFWLYH�XVH�RI�VXUIDFH�DQG�VXE�VXUIDFH�ZDWHU�XVH����KLJK�SULRULW\
� VXLWDEOH�WRROV�DQG�SURFHVVHV�WR�PRQLWRU�IDUP�DQG�RII�IDUP�V\VWHPV�DJDLQVW�WULSOH�ERWWRP�OLQH�±�KLJK

SULRULW\
� GHWHUPLQH�SURFHVVHV�WR�WUDFN�DQG�PRQLWRU�FKDQJHV�WR�WKHVH�DUUDQJHPHQWV�WR�HQVXUH�WKHLU�LPSDFWV��PDQ\

XQLQWHQGHG�XQIRUHVHHQ��DUH�DVVHVVHG��±�ORZ�SULRULW\
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

� 3ULRULWLHV�IRU�5HVHDUFK��VXPPDULVHG�IURP�DQDO\VLV
��� 'HWDLOHG�5HFRPPHQGDWLRQV

7KLV�VHFWLRQ�VXPPDULVHV�WKH�UHVHDUFK�SULRULWLHV�LGHQWLILHG�E\�WKH�DQDO\VLV�XQGHUWDNHQ�LQ�WKH�VFRSLQJ�VWXG\�
7KLV�VFRSLQJ�SDSHU�SURYLGHV�WKH�IROORZLQJ�UHFRPPHQGDWLRQVIRU�UHVHDUFK�DUHDV�
,UULJDWLRQ�6FKHPH�:DWHU�'LVWULEXWLRQ�6XSSO\
�� 1HZ�ZDWHU�VXSSO\�DQG�GUDLQDJH�SURGXFWVIRU�LUULJDWRUV��7KLV�LV�FRUH�EXVLQHVV�RI�ZDWHU

DXWKRULWLHV�VXSSOLHUV�DQG�VKRXOG�EH�GRQH�LQ�SDUWQHUVKLS�ZLWK�WKHVH�RUJDQLVDWLRQV�
�� +\GUDXOLF�KDUPRQLVDWLRQ�ZLWK�UHJDUG�WR�

± ZDWHU�VWRUDJH��RQ�IDUP��LQWHJUDWLRQ�LQWR�WKH�V\VWHP
± FKDQQHO�FRQWURO�DQG�DXWRPDWLRQ
± SLSHOLQH�FRQWURO�DQG�DXWRPDWLRQ
± ORZ�FRVW��ORZ�SUHVVXUH�KLJKO\�IOH[LEOH�VXSSO\�LQIUDVWUXFWXUH
± VHQVRU�PRQLWRULQJ�±�LQIRUP�LUULJDWLRQ�GHPDQG�VFKHGXOLQJ��,QWHJUDWLRQ�RI�RQ�IDUP�DQG�RII�IDUP

V\VWHPV�HJ��ORZ�FRVW�ZLUHOHVV�VRLO�PRQLWRULQJ�VHQVRUV�DQG�'66�WR�LQWHJUDWH�RQ�IDUP�PRQLWRULQJ
DQG�RII�IDUP�FDQDO�RSHUDWLRQ�DQG�FRQWURO�

± D�FRPSUHKHQVLYH�IUDPHZRUN�WR�HYDOXDWH�WKH�EHVW�PL[�RI�WRROV��'66��IRU�LPSURYLQJ�V\VWHP
KDUPRQLVDWLRQ�WR�RSWLPLVH�SURGXFWLYLW\�DQG�IXUWKHU�GHYHORSPHQW�RI�DSSURSULDWH�'66�WRROV�WR
LQWHJUDWH�RQ�IDUP�ZDWHU�GHPDQG�ZLWK�VXSSO\�FRQVWUDLQWVDQG�HQYLURQPHQWDO�REMHFWLYHV�

2Q�)DUP ,UULJDWLRQ
�� 7KH�GHYHORSPHQW�RI�LQH[SHQVLYH��UHOLDEOH��HDV\�WR�FDOLEUDWH�VHQVRUV�RI�FURS�ZDWHU�UHTXLUHPHQW�ZKLFK

FRPPXQLFDWHV�YLD�WKH�LUULJDWRU��RU�IDUP�PDQDJHU��WR�WKH�VXSSO\�V\VWHP�
�� 7HFKQRORJ\�WR�OLIW�WKH�XQLIRUPLW\�RI�IORZ�DQG�DSSOLFDWLRQ�WR�WKH�ILHOG�WKURXJK�ERWK�RII�IDUP�DQG�RQ�IDUP

V\VWHPV�
&DWFKPHQW
�� $�FRVW�EHQHILW�DQDO\VLV�RI�GRZQVWUHDP�VWRUDJHV�WR�HQDEOH�IORZV�WR�PHHW�ERWK�HQYLURQPHQWDO�DQG

LUULJDWLRQ�GHPDQG�SURILOHV�
�� 3ULFLQJ�VLJQDOV�DQG�ZDWHU�DOORFDWLRQ�VLJQDOV�WR�UHIOHFW�ERWK�ZDWHU�\LHOG�DQG�ZDWHU�UHOLDELOLW\�WR�LUULJDWRUV

DQG�WKH�LPSDFW�WKLV�KDV�RQ�FURS�PL[�
9DOXH�&KDLQ
�� )RFXV�RQ�LPSURYLQJ�SULPDU\�YDOXH�FKDLQ��6HFRQGDU\�YDOXH�FKDLQ�LV�PDUNHW�GULYHQ�DQG�LV�EH\RQG�WKH

LQIOXHQFH�RI�136,��136,�VKRXOG�ORRN�DW�UHGXFLQJ�LQSXW�FRVWV�RI�SULPDU\�YDOXH�FKDLQ�ZLWK�QHZ
WHFKQRORJ\��VHH�UHFRPPHQGDWLRQV�DERYH�

�� ,PSURYLQJ�IHHGEDFN�DQG�FRPPXQLFDWLRQ�DORQJ�WKH�HQWLUH�SULPDU\�DQG�VHFRQGDU\�FKDLQV�LV�HVVHQWLDO�
136,�FDQ�IRFXV�RQ�WKH�SULPDU\�FKDLQ��EXW�FDQ�KHOS�IDFLOLWDWH�WKLV�LQ�WKH�VHFRQGDU\�FKDLQ��)RU�H[DPSOH�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

LQIUDVWUXFWXUH�SODQQLQJ��HQHUJ\�XVH��VNLOO�UHTXLUHPHQW��WUDLQLQJ��TXDOLW\�DVVXUDQFH��HQYLURQPHQWDO
PDQDJHPHQW�V\VWHPV�FDQ�DOO�EH�GHYHORSHG�E\�D�SDUWQHUVKLS�RI�RUJDQLVDWLRQV�LQ�WKH�YDOXH�FKDLQ�IRU�PXWXDO
EHQHILW�

,QVWLWXWLRQDO�DUUDQJHPHQWV
�� &RQGXFW�DQ�DXGLW�RI�LQVWLWXWLRQDO�DUUDQJHPHQWV�DQG�DVVHVV�WKHLU�LPSDFW�RQ�V\VWHP�KDUPRQLVDWLRQ�LQ�WHUPV

RI�
� DYDLODEOH�WRROV�WR�PDQDJH�WHPSRUDO�DQG�VSDWLDO�HEE�DQG�IORZ�RI�ZDWHU�GHPDQG
� FURVV�MXULVGLFWLRQDO�EDUULHUV�WR�FRQMXQFWLYH�XVH�RI�VXUIDFH�DQG�VXE�VXUIDFH�ZDWHU�XVH��DQG
� VXLWDEOH�WRROV�DQG�SURFHVVHV�WR�PRQLWRU�IDUP�DQG�RII�IDUP�V\VWHPV�DJDLQVW�WULSOH�ERWWRP�OLQH

��� ,QWHJUDWHG�UHVHDUFK�SURJUDPV
%\�GHILQLWLRQ�� UHVHDUFK� LQWR� WRWDO� V\VWHP� KDUPRQLVDWLRQ�PXVW� EH� LQWHJUDWHG� DFURVV� FRPSRQHQWV� RI� WKH� WRWDO
V\VWHP��7KHUHIRUH��LW�LV�LPSRUWDQW�WKDW�UHVHDUFK�HIIRUWV�UHIHUUHG�WR�DERYH�EH�FRPELQHG�ZLWKLQ�VLQJOH�SURMHFWV�WR
HQVXUH�PD[LPXP�EHQHILW�
7KHUHIRUH�WKH�IROORZLQJ�WKUHH�SURJUDPV�DUH�UHFRPPHQGHG
� 6PDUW�6\VWHP�DQG�,QIUDVWUXFWXUH�'HYHORSPHQW�5HVHDUFK�3URJUDP�±�IRU�,UULJDWLRQ�6FKHPHV
� 6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�3URJUDP��IRU�&DWFKPHQWV
� 7RWDO�6\VWHP�+DUPRQLVDWLRQ�5HVHDUFK�3URJUDP���IRU�WKH�HQWLUH�YDOXH�FKDLQ
7KHVH�SURJUDPV�KDYH�EHHQ�GHWDLOHG�LQ�&KDSWHU���
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

� %LEOLRJUDSK\
$&,/� LQ�6HSW������ LQ� LWV� ³(FRQRPLF� ,PSDFWV�RI�'UDIW�:DWHU�6KDULQJ�3ODQV´� �TXRWHG� LQ�6.0������± 7KH
/LYLQJ�0XUUD\�0XUUXPELGJHH�:DWHU�5HFRYHU\�UHJLRQDO�6WXG\�2FWREHU�������
$&7�IXWXUH�ZDWHU�VXSSO\�VWUDWHJ\�±�VXPPDU\��$JULFXOWXUDO�DQG�)RRG�3ROLF\�6\VWHPV�,QIRUPDWLRQ�:RUNVKRSV
KWWS���ZZZ�IDUPIRXQGDWLRQ�RUJ�SGLFBZRUNVKRSV�KWP
$/7(51$7,9(� &5236� $1'� &8/7,9$56� )25� 1(:� 23325781,7,(6�� 0DKPXG� $�� 'XZD\UL�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�K�KWP�7RS2I3DJH
$1&,'�����������&KDQQHO�&RQWURO��+RZ�IDU�GR�\RX�JR"�
$1&,'�����������$1&,'�1HZVOHWWHU���$XJXVW������������
&DQDGLDQ�$VVRFLDWLRQ�RI�'LYLQJ�&RQWUDFWRUV��+DUPRQLVDWLRQ RI�2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK��5HJXODWLRQV
IRU�'LYLQJ�2SHUDWLRQV��%XOOHWLQ�1R���� &RPPRQ�3URYLVLRQV�IRU�'LYLQJ�2SHUDWLRQV

&DQDGLDQ� &RXQFLO�� RI� 0LQLVWHUV�� RI� WKH� (QYLURQPHQW�� $� &DQDGD�:LGH� $FFRUG�� 2Q� (QYLURQPHQWDO
+DUPRQLVDWLRQ

&KDUOHVZRUWK�� 3�%�� ������ ,UULJDWLRQ� ,QVLJKWV� �� ±� 6RLO� :DWHU� 0RQLWRULQJ�� �QG� (G��� 1DWLRQDO� 3URJUDP� IRU
6XVWDLQDEOH�,UULJDWLRQ��/DQG�DQG�:DWHU�$XVWUDOLD��&DQEHUUD
&KDYH]�0RUDOHV�� -��� 0DULQR�� 0�� $��� DQG� +RO]DSIHO�� (�� �������� �3ODQQLQJ� 6LPXODWLRQ� 0RGHO� RI� ,UULJDWLRQ
'LVWULFW���-RXUQDO�RI�,UULJDWLRQ�DQG�'UDLQDJH�(QJLQHHULQJ����������������
&RQVXOWDWLRQ� 'RFXPHQW��&KDUW� 6KRZLQJ� &KDQJHV� 0DGH� DQG� WKH� 'HJUHH� RI�+DUPRQLVDWLRQ $FKLHYHG� DQG
'LV+DUPRQLVDWLRQ ([DFHUEDWHG� E\� WKH� 6RQQ\� %RQR� &RS\ULJKW� 7HUP� ([WHQVLRQ� $FW� �&7($��� E\� 'HQQLV� 6�
.DUMDOD���&UHDWHG�0D\���������
&5&�,)�����D��7RROV�DQG� WHFKQRORJLHV� IRU� LPSURYLQJ� WKH�SUHFLVLRQ�RI� LUULJDWLRQ��&XUUHQW�&5&�,)� UHVHDUFK
SURMHFW��3URMHFW�����
&5&�,)�����E��6RIWZDUH�IRU�EHVW�XVH�RI�ZDWHU�RQ�IDUP��&XUUHQW�&5&�,)�UHVHDUFK�SURMHFW�������
&URS�'LYHUVLILFDWLRQ�LQ�0DOD\VLD��7XQNX�0DKPXG�%LQ�7XQNX�<DK\D�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H���KWP�7RS2I3DJH
&URS�'LYHUVLILFDWLRQ�LQ�1HSDO��.��&��6KDUPD�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H���KWP�7RS2I3DJH
&URS�'LYHUVLILFDWLRQ�LQ�7KH�3KLOLSSLQHV��5HQH�5DIDHO�&��(VSLQR�DQG�&HQRQ�6��$WLHQ]D�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�D�KWP�7RS2I3DJH
&URS�'LYHUVLILFDWLRQ�LQ�6UL�/DQND��6�6�%�'�*��D\DZDUGDQH
�DQG�/��$��:HHUDVHQD�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�E�KWP�7RS2I3DJH
&URS�'LYHUVLILFDWLRQ�LQ�7KDLODQG��&KDYDOYXW�&KDLQXYDWL
�DQG�:LWKD\D�$WKLSDQDQ�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�F�KWP�7RS2I3DJH
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

&URS�'LYHUVLILFDWLRQ�LQ�9LHWQDP��1JX\HQ�9DQ�/XDW�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�G�KWP�7RS2I3DJH
&,(������� ,PSOLFDWLRQV�RI�:DWHU�UHIRUPV�IRU�WKH�1DWLRQDO�(FRQRP\�)LQDO�5HSRUW�136,�
'HSHZHJ��+���DQG�8UTXLHWD��(��5�� ���������*,6�7RROV�DQG� WKH�'HVLJQ�RI� ,UULJDWLRQ�&DQDOV���,UULJDWLRQ�DQG
'UDLQDJH��LQ�SUHVV��LQ�SUHVV���LQ�SUHVV�
'6(�����������6HFXULQJ�RXU�ZDWHU�IXWXUH�*UHHQ�SDSHU�IRU�GLVFXVVLRQ���9LFWRULDQ�*RYHUQPHQW��'HSDUWPHQW�RI
6XVWDLQDELOLW\�DQG�(QYLURQPHQW��0HOERXUQH�
(QYLURQPHQW�$JUHHPHQWV�DQG��$JULFXOWXUH��3RWHQWLDO�,VVXHV�IRU��,QGRQHVLD��5DQG\�6WULQJHU�����
*OREDO�+DUPRQLVDWLRQ 7DVN�)RUFH��$QQXDO�5HSRUW�������±�������'HFHPEHU�����������7DLVXNH�+RMR��3K�'��
*+7)�&KDLU��DQG��'LUHFWRU��2IILFH�RI�0HGLFDO�'HYLFHV�(YDOXDWLRQ��3KDUPDFHXWLFDO�DQG�)RRG�6DIHW\�%XUHDX�
0LQLVWU\�RI�+HDOWK��/DERXU�DQG�:HOIDUH��-DSDQ
+DUPRQLVDWLRQ RI�(QYLURQPHQWDO�0HDVXUHPHQW��$1�,QWHUQDWLRQDO�MRXUQDO�RI�3K\VLFDO�DQG�%LRORJLFDO��6RFLDO�
DQG�(FRQRPLF�*HRJUDSK\� DQG�$SSOLFDWLRQ� LQ� HQYLURQPHQWDO�3ODQQLQJ� DQG�(FRORJ\��*HR-RXUQDO� ����� ����
�����Ï ������0DU� +DUPRQLVDWLRQ�
,QWHQVLILFDWLRQ� RI� &URS� 'LYHUVLILFDWLRQ� LQ� WKH� $VLD�3DFLILF� 5HJLRQ �� +�3�0�� *XQDVHQD�
KWWS���ZZZ�IDR�RUJ�'2&5(3�����;����(�[����H�H�KWP�7RS2I3DJH
,62�,(&� -7&��6&��� 6RIWZDUH� 	� 6\VWHP� (QJLQHHULQJ�� 6HFUHWDULDW�� &$1$'$� �6&&��� ,62�,(&� -7&��6&�
1������������������7LWOH�6WXG\�*URXS�5HSRUW�RQ�WKH�+DUPRQLVDWLRQ RI�,62�,(&������DQG�,62�,(&������
6RXUFH�-7&��6&��:*��
.HOOHU�� $��� 6DNWKLYDGLYHO�� 5��� DQG� 6HFNOHU�� '�� �������� �:DWHU� 6FDUFLW\� DQG� WKH� 5ROH� RI� 6WRUDJH� LQ
'HYHORSPHQW���,QWHUQDWLRQDO�:DWHU�0DQDJHPHQW�,QVWLWXWH��&RORPER�
/LVVRQ��6��1���%UHQQDQ��/��(���%ULVWRZ��.��/���.HDWLQJ��%��$��� DQG�+XJKHV��'��$�� �������� �'$0�($�<� �
VRIWZDUH� IRU� DVVHVVLQJ� WKH� FRVWV� DQG� EHQHILWV� RI� RQ�IDUP� ZDWHU� VWRUDJH� EDVHG� SURGXFWLRQ� V\VWHPV��
$JULFXOWXUDO�6\VWHPV������������
0DUHHOV��,���(��:H\HU�	�'���$XJKWRQ��������$GYDQFHG�FRQWURO�RI�&KDQQHO�6\VWHPV���$1&,'�&RQIHUHQFH��0W
*DPELHU����SDJHV�
0DUVGHQ� -DFRE� $VVRFLDWHV� �� ������ ,QVWLWXWLRQDO� DUUDQJHPHQWV� IRU� ZDWHU� DXWKRULWLHV� WR� GULYH� ZDWHU� XVH
HIILFLHQF\�IRU�/DQG�DQG�:DWHU�5HVRXUFHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ
16:�$JULFXOWXUH��������7KH�HFRQRPLF�,PSDFW�RI�LUULJDWHG�$JULFXOWXUH�LQ�16:
3RUWHU��0�����������&RPSHWLWLYH�$GYDQWDJH��&UHDWLQJ�DQG�6XVWDLQLQJ�6XSHULRU�3HUIRUPDQFH�
3OXVTXHOOHF��+�� �������� �,V� WKH�'DXWLQJ�&KDOOHQJH� RI� ,UULJDWLRQ�$FKLHYDEOH���,UULJDWLRQ� DQG�'UDLQDJH�� ���
��������
3UDLULH� ZDWHU� QHZV� ������ 'ULQNLQJ� :DWHU� 6DIHW\� �,VVXHV� IRU� WKH� 1LQHWLHV�� 9RO�� �� 1R�� �� 6SULQJ� �����
KWWS���ZZZ�TXDQWXPO\Q[�FRP�ZDWHU�EDFN�YRO�QR��SZQBY���KWPO�
3URFHGXUHV� IRU� +DUPRQL]LQJ�� $1&(� �� &6$� �� 8/� 6WDQGDUGV�� $VVRFLDWLRQ� RI� &DQDGLDQ� 6WDQGDUGV
8QGHUZULWHUV��6WDQGDUGL]DWLRQ�$VVRFLDWLRQ�/DERUDWRULHV�,QF���DQG�&HUWLILFDWLRQ��-DQXDU\���������
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4XUHVKL��$��6���7XUUDO��+���0DVLK��,��������6WUDWHJLHV�IRU�WKH�PDQDJHPHQW�RI�FRQMXQFWLYH�XVH�RI�VXUIDFH�ZDWHU
DQG�JURXQGZDWHU�UHVRXUFHV�LQ�VHPL�DULG�DUHDV��$�FDVH�VWXG\�IURP�3DNLVWDQ��5HVHDUFK�5HSRUW�����&RORPER�
6UL�/DQND��,:0,�
5HVSRQVLYHQHVV� RI� 'HPDQG� IRU� ,UULJDWLRQ� :DWHU�� $� )RFXV� RQ� WKH� 6RXWKHUQ� 0XUUD\�'DUOLQJ� %DVLQ� �
3URGXFWLYLW\��&RPPLVVLRQ��6WDII�:RUNLQJ�3DSHU�5HVSRQVLYHQHVV��RI�'HPDQG�IRU�,UULJDWLRQ�:DWHU���$�)RFXV
RQ� WKH�6RXWKHUQ�0XUUD\�'DUOLQJ�%DVLQ?��$XJXVW�������6WDII�:RUNLQJ�3DSHUV��DUH�QRW� IRU�TXRWDWLRQ�ZLWKRXW
WKH�SHUPLVVLRQ�RI�WKH�DXWKRUV���7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SDSHU�DUH�WKRVH�RI�WKH�VWDII�LQYROYHG�DQG�GR�QRW
QHFHVVDULO\�UHIOHFW�WKRVH�RI�WKH�3URGXFWLYLW\�&RPPLVVLRQ���'DYLG�$SSHOV��5REHUW�'RXJODV�*DYDQ�'Z\H�
6���� $� )LUVW� +DUPRQLVDWLRQ %LOO�� %\� 0DULH�1RsOOH� 3RXUEDL[��� /HJDO� &RXQVHO�� &LYLO� &RGH� 6HFWLRQ��
'HSDUWPHQW�RI�-XVWLFH�&DQDGD
6DNWKLYDGLYHO�� 5��� 1LKDO� )HUQDQGR�� DQG� -HIIUH\� %UHZHU�� ������5HKDELOLWDWLRQ� SODQQLQJ� IRU� VPDOO� WDQNV� LQ
FDVFDGHV�� $� PHWKRGRORJ\� EDVHG� RQ� UDSLG� DVVHVVPHQW��,:0,� 5HVHDUFK� 5HSRUW� ���� &RORPER�� 6UL� /DQND�
,QWHUQDWLRQDO�:DWHU�0DQDJHPHQW�,QVWLWXWH�
6DOHK��$��)��0���DQG�0RQGDO��0��6�����������3HUIRUPDQFH�(YDOXDWLRQ�RI�5XEEHU�'DP�3URMHFWV�RI�%DQJODGHVK
LQ�,UULJDWLRQ�'HYHORSPHQW���,UULJDWLRQ�DQG�'UDLQDJH��������������
6FKXXUV��0���DQG�:HJHQHU��0���)DUP�GDPV���DUH�WKH\�DQ�RSWLRQ�IRU� WKH�4XHHQVODQG�6XJDU�,QGXVWU\"����UG
$QQXDO� &RQIHUHQFH� RI� WKH� $XVWUDOLDQ� $JULFXOWXUDO� DQG� 5HVRXUFH� (FRQRPLFV� 6RFLHW\�� &KULVWFKXUFK�� 1HZ
=HDODQG�
6(*� �� 6\VWHPV� (QJLQHHULQJ� *ORVVDU\�� 3URYLGLQJ� D� JORVVDU\� RI� 6\VWHPV� (QJLQHHULQJ� WHUPV�
KWWS���ZZZ�LSVZLFKZDWHU�FRP�DX�DERXWBXV�SROLFLHV�HIIOXHQW�LQGH[�SKS
6.0� ������� :DWHUPDUN� 3URMHFW� /DQG� 8VH� 6XLWDELOLW\� DQG� &DSDELOLW\� *XLGHOLQHV� IRU� 1HZ� ,UULJDWLRQ
'HYHORSPHQW
6PLWK��$���DQG�0DKHVKZDUL��%��/�� ���������2SWLRQV� IRU�DOWHUQDWLYH� LUULJDWLRQ�ZDWHU�VXSSOLHV� LQ� WKH�0XUUD\�
'DUOLQJ�%DVLQ��$XVWUDOLD��D�FDVH�VWXG\�RI�WKH�6KHSSDUWRQ�,UULJDWLRQ�5HJLRQ���$JULFXOWXUDO�ZDWHU�PDQDJHPHQW�
����������
7KH� ,PSDFW� RI� 6XSSO\� DQG�'HPDQG�0DQDJHPHQW�� $SSURDFKHV� RQ� WKH� 6HFXULW\� RI� 6\GQH\¶V�:DWHU� 6XSSO\
�3HWHU�-��&RRPEHV���/LQGD�+RO]�DQG��*HRUJH�.XF]HUD
7KH� 3DUOLDPHQW� RI� WKH� &RPPRQZHDOWK� RI� $XVWUDOLD�� 7KH� 9DOXH� RI� :DWHU�� ,QTXLU\� LQWR� $XVWUDOLD¶V
PDQDJHPHQW�RI� XUEDQ�ZDWHU�5HSRUW�RI� WKH�6HQDWH�(QYLURQPHQW��&RPPXQLFDWLRQV�� ,QIRUPDWLRQ�7HFKQRORJ\
DQG�WKH�$UWV�5HIHUHQFHV�&RPPLWWHH��'HFHPEHU�����
:DWHU� 'HPDQG� 0DQDJHPHQW� :LWKLQ� WKH� ,QWHJUDWHG� 5HVRXUFH� 3ODQQLQJ� 3URFHVV� �� :LOOLDP� 2�� 0DGGDXV�
0DGGDXV�:DWHU�0DQDJHPHQW
:DWHU�5HF\FOLQJ�LQ�$XVWUDOLD��KWWS���ZZZ�DWVH�RUJ�DX�LQGH[�SKS"VHFWLRQLG �
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� $SSHQGL[�� 136,�%ULHI�IRU�6PDUW�6\VWHPV�DQG�6\VWHP
+DUPRQLVDWLRQ
+DUPRQLVDWLRQ���7KH�DGDSWDWLRQ�RI�SDUWV�WR�HDFK�RWKHU�LQ�DQ\�V\VWHP�RU�FRPELQDWLRQ�RI�WKLQJV�LQWHQGHG�WR
IRUP�D�FRQQHFWHG�ZKROH�

+RZ�GR�\RX�DFKLHYH�DQ� LUULJDWLRQ� V\VWHP�ZLWKLQ�D� UHJLRQ� WKDW� LV� DEVROXWHO\� UHVRXUFH�HIILFLHQW� �UHVRXUFHV� 
QDWXUDO��KXPDQ��HFRQRPLF�"
7RGD\�ZLWK� WKH� SUHVVXUHV� RQ�ZLVH� XVH� RI�ZDWHU�� IDOOLQJ� FRPPRGLW\� YDOXHV�� DQG� D� QHHG� WR� ZRUN� WRZDUGV� D
VXVWDLQDEOH�HQYLURQPHQW�WKHUH�LV�D�QHHG�WR�DFKLHYH�D�EHWWHU� UHWXUQ�RQ� WKH�UHVRXUFHV�GHSOR\HG��7KLV�PHDQV�D
WRWDO�V\VWHPV�DSSURDFK�WKDW�HYDOXDWHV�ERWK�ZDWHU�DQG�HQHUJ\�HIILFLHQF\�
5HVHDUFK�LQYHVWPHQW�LV�H[SHFWHG�WR�SURYLGH�HQYLURQPHQWDO�EHQHILW� WKURXJK�PRUH�HIIHFWLYH�XVH�RI�ZDWHU�DQG
OHVV� ULVN� WR� WKH� HQYLURQPHQW�� ,W� ZLOO� DOVR� LQIRUP� WKH� *RXOEXUQ� %URNHQ� )XWXUHV� DQG� 1RUWKHUQ� $XVWUDOLD
,UULJDWLRQ�)XWXUHV�SURMHFWV
7KH�6XVWDLQDEOH�,UULJDWLRQ�3URJUDP�UHTXHVWV�WKH�IROORZLQJ�TXHVWLRQ�EH�VFRSHG�
:KDW� VKRXOG� EH� WKH� IRFXV� RI� UHVHDUFK� E\� WKH� 6XVWDLQDEOH� ,UULJDWLRQ� 3URJUDP� WR� DFKLHYH� WKH� WRROV� WKDW�ZLOO
JXLGH�DQG�HQDEOH�7RWDO�6\VWHP�+DUPRQLVDWLRQ���76+�"
76+�ZLOO�UHTXLUH�WKH�XVH�RI�VPDUW�V\VWHPV�WKDW�PD\�RSHUDWH�LQGHSHQGHQWO\�EXW�DUH�DEOH�WR�EH�LQFRUSRUDWHG�LQWR
D�WRWDO�LUULJDWLRQ�V\VWHP�ZKHUH�ZDWHU�DXWKRULWLHV��IDUPV��PDQXIDFWXUHUV��HQHUJ\�VXSSOLHUV��ZHDWKHU�IRUHFDVWHUV�
DQG� HQYLURQPHQWDO� DJHQFLHV� DFKLHYH� D� VHHPOHVV� LUULJDWLRQ� SURGXFWLRQ� V\VWHP� WKDW�PLQLPLVHV� UHVRXUFHV� SHU
XQLW�RI�SURGXFWLRQ�DQG�ULVN�WR�WKH�DTXDWLF�HQYLURQPHQW�
$V�SDUW�RI�DQVZHULQJ�WKH�TXHVWLRQ�LW�LV�H[SHFWHG�WKDW�WKH�SDSHU�ZLOO�FRYHU�
�� 6PDUW� V\VWHP� WHFKQRORJLHV� WKDW� PD\� EH� XVHG� DQG� FXUUHQWO\� DYDLODEOH�� QHZ� WHFKQRORJLHV� EHLQJ

LQYHVWLJDWHG��DQG�W\SHV�RI�V\VWHPV�WKDW�QHHG�LQYHQWLQJ���IRU�H[DPSOH�WKH�FXUUHQW�UHVHDUFK�UHVXOWV�IURP
LQYHVWLJDWLRQV�LQWR�2SHQ�+\GURSRQLF�6\VWHPV�ZRXOG�EH�VXPPDULVHG�DQG�GLVFXVVHG��

�� 7KH� QHHG� IRU� GLVWULEXWLQJ� GHPDQG� IRU� ZDWHU� WKURXJK� WKH� LUULJDWLRQ�VHDVRQ� YLD� VWUDWHJLF� FURS
GLYHUVLILFDWLRQ�DQG�SRVVLEO\�PXOWLSOH�FURSV�SODQWLQJV� LQ� WKH�RQH�SDGGRFN��7KLV�ZRXOG�PHDQ� LQ� VRPH
LQVWDQFHV�OLPLWLQJ�WKH�W\SHV�DQG�ORFDWLRQ�RI�FURSV�WR�EH�JURZQ��+RZ�FORVHO\�LV� WKLV� OLNHO\� WR�DOLJQ�WR
YDOXH�DGGLQJ�RSSRUWXQLWLHV"

�� 0LFUR�LQGXVWU\�LQWHQVLILFDWLRQ�DQG�LGHQWLILFDWLRQ�RI�SULPDU\�DQG�VHFRQGDU\�LQGXVWU\�FKDLQV�WKDW�FRXOG
RIIHU� UHVRXUFH�HIILFLHQFLHV��+RZ�ZLOO� WKLV� KHOS�ZLWK� WKH�FXUUHQW� IUHH�PDUNHW� DSSURDFK� WRZDUGV�ZDWHU
RZQHUVKLS"

�� :KDW�WHFKQRORJLHV�DUH�PLVVLQJ�VR�WKDW�DOO�LUULJDWLRQ�V\VWHPV�ZLWKLQ�D�FDWFKPHQW�FDQ�EH�OLQNHG�LQWR�WKH
RQH�76+�

�� 7KH� FKDQJH� SURFHVV� IRU� H[LVWLQJ� LUULJDWLRQ� GLVWULFWV� ±� ZKDW� DUH� WKH� SULRULWLHV� WR� HQVXUH� WKDW� H[LVWLQJ
GLVWULFWV� FDQ� PRYH� WRZDUGV� 76+�� � )RU� H[DPSOH�� FRQVLGHUDWLRQ� LV� UHTXLUHG� RI� WKH� FXUUHQW� LUULJDWHG
DJULFXOWXUH�UHJLPHV�DQG�ZKHWKHU�WKHUH�DUH�VSHFLILF�EDUULHUV�WR�FRPPHQFLQJ�LPSOHPHQWDWLRQ�RI�76+

�� :KDW�DUH�WKH�KXPDQ��LQGLYLGXDO��FRPPXQLW\��HFRQRPLF��LVVXHV�WKDW�QHHG�WR�EH�DGGUHVVHG�WR�EXLOG�DQG
LPSOHPHQW�VXFK�V\VWHPV"

�� :KR� ZRXOG EH� WKH� PDLQ� EHQHILFLDULHV� DQG� ZKDW� LV� WKH� PRVW� DSSURSULDWH� IUDPHZRUN� IRU� HYDOXDWLQJ
EHQHILWV"
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7KH�SDSHU� VKRXOG�DOVR� LQFOXGH� UHIHUHQFH� WR� SRWHQWLDO� UHVHDUFKHUV� RU� JURXSV�RI� UHVHDUFKHUV� �ERWK�SXEOLF� DQG
SULYDWH��ZKR�FRXOG�XQGHUWDNH�WKH�UHVHDUFK�HLWKHU�DV�D�VLQJOH�HQWLW\�RU�DV�SDUW�RI�D�WHDP�
7KH� UHVHDUFK� WR� EH� GHYHORSHG� DQG� LPSOHPHQWHG� DV� D� UHVXOW� RI� WKLV� VFRSLQJ� VWXG\� ZLOO� LQIRUP� WKH� EURDGHU
VXEMHFW� DUHD� RI� ³6KDULQJ� /DQGVFDSHV´� ZKLFK� LV� DOVR� KDYLQJ� D� VFRSLQJ� VWXG\� XQGHUWDNHQ�� � %DFNJURXQG
LQIRUPDWLRQ�RQ�WKH�³6KDULQJ�/DQGVFDSHV´�SURMHFW�LV�DYDLODEOH�RQ�UHTXHVW�
$�GUDIW�UHSRUW�RI�DERXW����SDJHV��DSSHQGLFHV�DGGLWLRQDO��LV�UHTXLUHG�E\�)HEUXDU\����������
4XRWDWLRQ�&RQWDFW
0XUUD\�&KDSPDQ
3URJUDP�&RRUGLQDWRU
6XVWDLQDEOH�,UULJDWLRQ�3URJUDP
����������
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� $SSHQGL[��� 6WRUDJH�WR�)DUP�+\GUDXOLF�+DUPRQLVDWLRQ
����� &KDQQHO�DXWRPDWLRQ

&KDQQHO�FRQWURO�WHFKQRORJ\�LQ�$XVWUDOLDQ�V\VWHPV
0RVW�LUULJDWLRQ�V\VWHPV GHYHORSHG�ZRUOGZLGH�RYHU�WKH�ODVW�FHQWXU\�V\VWHPV�XVH�XSVWUHDP�FRQWUROOHG�V\VWHP
WHFKQRORJ\ E\� SODFLQJ�JDWH XQGHUVKRW� RU� RYHUVKRW�VWUXFWXUHV� LQ� WKH� FDQDOV� WR� FRQWURO� GLVFKDUJH� DQG� ZDWHU
OHYHO��7KH�VLPSOH�XVH�RI�WKHVH�VWUXFWXUHV�RSHUDWHG�RQ�DQ��RQ�RII´�EDVLV�LPSURYHGWKH�HIILFLHQW�XVH�RI�ZDWHU�LQ
PDQ\� FDVHV�� 6XEVHTXHQWO\�� WKH� LQWURGXFWLRQ� RI� ZDWHU� PHDVXUHPHQW� VWUXFWXUHV� ZLWK�JDWHV DOORZHG� WKH
V\VWHPDWLF�GLVWULEXWLRQ�RI�ZDWHU�E\�LUULJDWLRQ�SURYLGHUV�
6LQFH� WKH� LQWURGXFWLRQ� RI� WKH� GRZQVWUHDP� FRQWURO� FRQFHSW� LQ� WKH� ����V�� UDSLG� UHDFWLRQ� RI� WKH� V\VWHP� WR
LUULJDWRU¶V�GHPDQGV�LV�SRVVLEOH��7KHVH�V\VWHPV�UHDFW�WR�FKDQJHV�LQ�ZDWHU�GHPDQG�DXWRPDWLFDOO\�RIWHQ�ZLWKRXW
KXPDQ�LQWHUYHQWLRQ�
6LQFH�WKH�����V�� WHOHPHWU\��6&$'$�� WHFKQRORJ\�DOORZV�RSHUDWRUV� WR�FHQWUDOO\�FRQWURO� WKH� LQGLYLGXDO�FDQDO
UHDFKHV� DQG� WKH� FRPSXWHULVHG� FRQWURO� RQ� WKH�PDLQ� V\VWHP� DV�D�ZKROH� DOORZV� D� IXUWKHU� RSWLPLVDWLRQ� RI� WKH
GLVWULEXWLRQ�RI�LUULJDWLRQ�ZDWHU�
&KDQQHO�FRQWURO�WHFKQRORJ\�XVHG�LQ�$XVWUDOLDQ�V\VWHPV���0RVW��LI�QRW�DOO��$XVWUDOLDQ�V\VWHPV�ZHUH�GHVLJQHG
WR�RSHUDWH�DV�XSVWUHDP�FRQWURO�V\VWHPV��H�J��FKDQQHO�RSHUDWLRQ�WR�HIIHFW�RSHUDWLRQDO�FKDQJHV�SURJUHVVHV�LQ�WKH
GRZQVWUHDP�GLUHFWLRQ��,Q�WKH�HDUO\�GD\V�V\VWHPV�ZHUH�DOO�PDQXDOO\�RSHUDWHG�EXW�LQFUHDVLQJO\�WKH�PDLQ�FRQWURO
VWUXFWXUHV�KDYH�EHFRPH�6&$'$�FHQWUDOO\�FRQWUROOHG�
$XWRPDWHG� FKDQQHO� FRQWURO� LQ� $XVWUDOLD� 7KLV� WHFKQRORJ\� LQYROYHV� WKH� XVH� RI� LQWHOOLJHQW� FRQWURO� ORJLF� WR
UHVSRQG�WR�FKDQJHV�LQ�ZDWHU�OHYHO�LQ�WKH�FDQDO�SRROV�WKDW�UHVXOW�IURP�FKDQJLQJ�IORZ�UDWH�DQG�GHSWK��5XELFRQ
6\VWHPV�KDV�GHYHORSHG�DQG�WHVWHG�WKLV�WHFKQRORJ\�ZKLFK�FDQ�DFKLHYH�QHDU�RQ�GHPDQG�GHOLYHULHV��7KH�FRQWURO
ORJLF� LV� EDVHG� RQ� D� 6\VWHP� ,GHQWLILFDWLRQ� ZKLFK� PRGHOV� WKH� EHKDYLRXU� RI� WKH� V\VWHP� EDVHG� RQ� V\VWHP
REVHUYDWLRQ�GDWD�DQG�FDQ�DGMXVW�LW�WR�PDLQWDLQ�QHDU�FRQVWDQW�ZDWHU�OHYHOV�GHVSLWH�IOXFWXDWLRQV�LQ�GHPDQG�DQG
VXSSO\��7KLV�WHFKQRORJ\�DOORZV�VHUYLFH�SURYLGHUV�WR�UHWURILW�H[LVWLQJ�FDQDOV�GHVLJQHG�IRU�GRZQVWUHDP�FRQWURO
WR�GHOLYHU�D�KLJKHU�OHYHO�RI�VHUYLFH��$Q�DOWHUQDWLYH�DSSURDFK�WR�DFKLHYH�D�VLPLODU�OHYHO�RI�VHUYLFH�ZRXOG�EH�WR
UHGHVLJQ�WKH�FDQDO�V\VWHP�WR�RSHUDWH�LQ�GRZQVWUHDP�FRQWURO�PRGH��6XFK�D�FRQYHUVLRQ�LV�YHU\�H[SHQVLYH�VLQFH
LW�UHTXLUHV�GHDG�OHYHO�FDQDO�SRROV�
7KHUH� DUH� WZR�PDLQ� FRPSDQLHV� SURYLGLQJ� WKHVH�SURGXFWV�ZLWK� VOLJKWO\� GLIIHUHQW� IHDWXUHV��5XELFRQ�6\VWHPV
KDYH� GHVLJQHG� DQG� WHVWHG� D� KDUGZDUH�VRIWZDUH� V\VWHP� EDVHG� RQ� LQWHJUDWHG� FRQWURO� RI� FURVV� UHJXODWRUV� DQG
IDUP� RII� WDNHV� XVLQJ� D� SXUSRVH� GHVLJQHG� FRQWURO� ORJLF� EDVHG� RQ� V\VWHP� LGHQWLILFDWLRQ�� $:0$� VXSSOLHV
KDUGZDUH�IRU�FRQWURO�RI�FURVV�UHJXODWRUV�DQG�IDUP�RII�WDNHV�ZKLFK�FDQ�EH�ILWWHG�ZLWK�6&$'$�FRQWURO�
&ORVH�V\VWHPV��SLSHOLQHV�� 3LSH�V\VWHPV�FDQ�SURYLGH�RQ�GHPDQG�GHOLYHU\�ZLWKLQ�WKH�UHVWULFWLRQV�LPSRVHG�E\
WKHLU�GHVLJQ�FDSDFLW\��([LVWLQJ�FORVHG�V\VWHPV�LQ�$XVWUDOLD�DQG�ZRUOGZLGH�PDNH�XVH�RI�DGYDQFHG�IORZ�FRQWURO
WHFKQRORJ\ ZKLFK�ZDV�SULPDULO\�GHYHORSHG�IRU�FKHPLFDO�DQG�LQGXVWULDO�SURFHVVHV��7KH�PDLQ�RSSRUWXQLWLHV�IRU
HQKDQFLQJ�SHUIRUPDQFH� LQ� WKHVH� V\VWHPV� LV�E\� LPSURYHG� LQWHUOLQNV�EHWZHHQ� IDUP�PRQLWRULQJ�DQG� LUULJDWLRQ
SURYLGHUV�
/RZ�SUHVVXUH�SLSH�V\VWHPV�FDQ�SRWHQWLDOO\�SURYLGH�JUHDWHU�IOH[LELOLW\�IRU�FKDQJLQJ�DQG�DGDSWLQJ�WKH�GHOLYHU\
LQIUDVWUXFWXUH� WR� FKDQJHV� LQ� WKH� DJULFXOWXUDO� V\VWHPV�� 7UDGLWLRQDO� LQIUDVWUXFWXUH� OLIH� F\FOHV� XVXDOO\� VSDQ

� 6&$'$��VXSHUYLVRU\�FRQWURO�DQG�GDWD�DFTXLVLWLRQ
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

EHWZHHQ����DQG�����\HDUV�ZKLOH�DJULFXOWXUDO�PDUNHWV��FURSSLQJ�PL[�DQG�ZDWHU�PDUNHWV�FDQ�LQGXFH�FKDQJHV�RQ
D�PXFK�VKRUWHU�WLPH�VFDOH���1HZ�ORZ�FRVW�PDWHULDOV�VXFK�DV�3(�DQG�OD\IODW�DUH�HDVLHU�WR�LQVWDOO�DQG�KDYH�ORZHU
FRQVWUXFWLRQ� FRVWV�� $� FRPSOHWH� HYDOXDWLRQ� RI� PDWHULDOV� DQG� FULWHULD� IRU� XVH� RI� YDULRXV� ORZ� SUHVVXUH� SLSH
WHFKQRORJLHV�LV�ODFNLQJ�DW�SUHVHQW�
6\VWHP� XSJUDGH� 0RVW� LUULJDWLRQ� GLVWULEXWLRQ� V\VWHPV� LQ� $XVWUDOLD� UHTXLUH� VLJQLILFDQW� XSJUDGH� WR DFKLHYH
V\VWHP�KDUPRQLVDWLRQ�REMHFWLYHV�HLWKHU�E\�LPSOHPHQWLQJ�FKDQQHO�DXWRPDWLRQ�RU�SLSHOLQH WHFKQRORJ\�WRJHWKHU
ZLWK� DSSURSULDWH� LQWHOOLJHQW� PRQLWRULQJ� DQG� FRQWURO�V\VWHPV� 7KHVH� WHFKQRORJLHV�� KRZHYHU�� KDYH� QRW� EHHQ
ZLGHO\�DGRSWHG WR�GDWH��7KH�KLJK�FRVW� LQYROYHG�ZLWK�DQ\�RI� WKH� WHFKQRORJLHV� RIWHQ� FDQ�RQO\�EH� MXVWLILHG� LI
VLJQLILFDQW�EHQHILWV�DFFUXH�DW�WKH�IDUP�OHYHO LQ DGGLWLRQ�WR�LPSURYHG�OHYHO�RI�VHUYLFH�E\�LUULJDWLRQ�SURYLGHUV�
7KLV� FDQ� RQO\� EH� DFKLHYHG� E\� LPSURYLQJ� WKH� LQWHJUDWLRQ� EHWZHHQ� WKH� RQ�IDUP� DQG� RII�IDUP�ZDWHU� FRQWURO
V\VWHPV�WKURXJK�WKH�XVH�RI�H[WHQVLYH�RQ�IDUP�PRQLWRULQJ�DQG�FRPPXQLFDWLRQ�V\VWHPV�
6\VWHPV�PRGHOOLQJ
7KHUH�DUH�WZR�PDLQ�PRGHOOLQJ�DSSURDFKHV�WR�FDQDO�RSHUDWLRQ�
� +\GURG\QDPLF�PRGHOOLQJ��RU�WUDGLWLRQDO�K\GUDXOLF�
� 6\VWHP�LGHQWLILFDWLRQ�PRGHOOLQJ
7UDGLWLRQDO�K\GUDXOLF�PRGHOOLQJ�LV�EDVHG�RQ�ILUVW�SULQFLSOHV��6W�9HQDQW�IORZ�HTXDWLRQV���7KLV�DSSURDFK�LV�XVHG
IRU�V\VWHP�GHVLJQ�DQG�WUDLQLQJ�EXW�KDV�OLPLWHG�DSSOLFDWLRQ�LQ�FRQWURO� ORJLF��$�ODUJH�QXPEHU�RI�PRGHOV�KDYH
EHHQ� GHYHORSHG� LQ� WKH� SDVW� EDVHG� RQ� GLIIHUHQW� FRPSXWHU� DOJRULWKPV�� �6HH� $SSHQGL[� ���� 7KHVH� PRGHOV�
KRZHYHU��DUH GDWD�LQWHQVLYH�DQG�UHTXLUH�VSHFLDOLVHG�NQRZOHGJH�RI�K\GUDXOLFV�DQG�IOXLG�PHFKDQLFV��DQG PRUH
LPSRUWDQWO\�DUH�QRW�VXLWHG�IRU�UHDO�WLPH�FRQWURO�DQG�XVH�LQ�3/&V� EHFDXVH�RI�WKHLU�FRPSXWDWLRQDO�FRPSOH[LW\�
6\VWHP�,GHQWLILFDWLRQ�PRGHOV�DUH�FRQVWUXFWHG�IURP�REVHUYHG�V\VWHP�GDWD��7KH�PDLQ�DGYDQWDJH�LV�WKDW�WKH\�DUH
PXFK�VLPSOHU�WKDQ�PRGHOV�GHULYHG�IURP�ILUVW�SULQFLSOHV���'DWD�UDWKHU�WKDQ�IXQGDPHQWDO�HTXDWLRQV�GHILQH�WKH
V\VWHP��8QOLNH�K\GUDXOLF�PRGHOV��WKHVH�PRGHOV�FDQQRW�EH�JHQHUDOLVHG�EXW�FDQ�RQO\�EH�DSSOLHG�WR�WKH�V\VWHP
EHKDYLRXU� H[SORUHG� E\� WKH� PRGHO�� � 7KHVH� PRGHOV� DUH� ZHOO� VXLWHG� IRU� XVH� LQ� 3/&V� DQG� WKXV� RIIHU� JUHDWHU
RSSRUWXQLWLHV�IRU�IXWXUH�UHDO�WLPH�IORZ�FRQWURO�RQ�IDUP�DQG�RII�IDUP��,W�IRUPV�WKH�EDVLV�IRU�WKH�FRQWURO�ORJLF
XVHG�E\�5XELFRQ�6\VWHPV¶�7RWDO�&KDQQHO�&RQWURO¥�
$�QXPEHU�RI�SLSHOLQH�PRGHOV�DUH�DOVR�XVHG�WR�VFKHGXOH�LUULJDWLRQ�VXSSO\�DQG�GHPDQG�SDWWHUQV�+RZHYHU��UHDO�
WLPH�FRQWURO�RI�SLSHOLQH�V\VWHPV�UHOLHV�SULPDULO\�RQ�DGYDQFHG�SUHVVXUH�DQG�IORZ�VHQVRU�WHFKQRORJ\�LQWHJUDWHG
ZLWK�SXUSRVH�EXLOW�FRQWURO�ORJLF�

����� %XIIHU�VWRUDJHV��2Q�IDUP��2II�IDUP�DQG�JURXQGZDWHU
7KH� XVH� RI� EXIIHU� VWRUDJHV� FDQ� UHVXOW� LQ� LPSURYHG� FKDQQHO� GHOLYHU\� DQG� GLVWULEXWLRQ� RI� VHDVRQDO� GHPDQG�
%XIIHU� VWRUDJHV� SURYLGH� VHUYLFH� SURYLGHUV� DQG� IDUPHUV� ZLWK� DGGLWLRQDO� IOH[LELOLW\� WR� VWRUH� RII� SHDN� VHDVRQ
IORZV� IRU� XVH� GXULQJ� SHULRGV� RI� SHDN� GHPDQG�� $� WUDGH� RII� H[LVWV�� KRZHYHU�� LQ� WKDW� EXIIHU� VWRUDJHV� LQFXU
DGGLWLRQDO�HYDSRUDWLRQ�ORVVHV�
7KHUH�DUH D�QXPEHU�RI�H[DPSOHV LQ�ZKLFK�EXIIHU�VWRUDJHV�DUH�FXUUHQWO\�LQ�XVH�RU�FDQ�SRWHQWLDOO\�EH�XVHG��$
GLVWLQFWLRQ�PXVW EH�PDGH�EHWZHHQ�WKH�XVH�RI�EXIIHU�VWRUDJHV�LQ�FDQDO�VXSSOLHG�V\VWHPV VXFK�DV�WKRVH�LQ�WKH
VRXWKHUQ�0'%&��H�J��0XUUD\��0XUUXPELGJHH��&ROHDPEDOO\�DQG�ULYHU�GLYHUVLRQ�V\VWHPV�� 7KH�XVH�RI�EXIIHU

� 3/&��3URJUDPPDEOH�/RJLF�&RQWUROOHU
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

VWRUDJHV�LQ�WKHVH�V\VWHPV�LV�VWLOO�OLPLWHG��DOWKRXJK�LQ�VRPH�FDVHV��H�J��0XUUD\�,UULJDWLRQ�/WG��WKH\�KDYH�EHHQ
LQ�XVHG�IRU�SUHYHQWLRQ�RI�IDUP HIIOXHQWV�
2Q�IDUP�VWRUDJHV�DUH�ZLGHO\�XVHG�LQ�WKH�FRWWRQ�LQGXVWU\�WR�VWRUH�ZDWHU�GLUHFWO\�GLYHUWHG�IURP�ULYHU�FDUULHUV�
7KHVH�V\VWHPV�DUH�HLWKHU�XQUHJXODWHG��UXQ�RI�WKH�ULYHU��V\VWHPV�ZKHUH�JURZHUV�PXVW�UHO\�RQ�QDUURZ�ZLQGRZ
RSSRUWXQLWLHV WR� DEVWUDFW� ZDWHU�� RU� UHJXODWHG� V\VWHPV� LQ� ZKLFK� GLYHUVLRQV� DUH� EDVHG� RQ� ZDWHU� RUGHUV�H�J�
*Z\GLU��
%XIIHU� VWRUDJHV� FDQ� DOVR� EH� XVHG� LQ� WKH� LPSOHPHQWDWLRQ� RI� QHZ� LUULJDWLRQ� WHFKQRORJ\� VXFK� DV� RSHQ
K\GURSRQLFV� WR� PDWFK� WKH� ORZ�IORZ� GHPDQG� ZLWK� KLJK�IORZ� ZDWHU�VXSSO\ SUHYDLOLQJ� LQ� H[LVWLQJ FKDQQHO
V\VWHPV�
:DWHU�VWRUDJH�LQ�DTXLIHUV�SUHVHQWV�GLVWLQFW�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��7KH�PDLQ�DGYDQWDJH�LV�DYRLGDQFH
RI�HYDSRUDWLRQ�ORVVHV��)URP�D�EDVLQ�ZLGH�SHUVSHFWLYH�DUWLILFLDO�UHFKDUJH�FDQ�KDYH�YHU\�KLJK�OHYHOV��!�����RI
UHFRYHU\�� 7KH� PDLQ� OLPLWDWLRQV� DUH� VORZ� UHFKDUJH� UDWH�� ULVN� RI� JURXQGZDWHU� FRQWDPLQDWLRQ� DQG� JUHDWHU
H[WUDFWLRQ� FRVWV�� � &DWFKPHQWV� ZLWK� KLJK� FRQQHFWLYLW\� EHWZHHQ� JURXQGZDWHU� DQG� VXUIDFH� ZDWHU� DUH� PRUH
VXLWDEOH� WR� LPSOHPHQW� WKLV� VWRUDJH� RSWLRQ�� 7UDGHDEOH� HQWLWOHPHQWV� EHWZHHQ� VXUIDFH� DQG� JURXQGZDWHU� DUH
QHFHVVDU\�WR�DFKLHYH�WKH�EHQHILWV�RI�WKLV�RSWLRQ�
6WRUDJH� LPSDFWV� RQ� WKH� GHOLYHU\� V\VWHP� DQG� FDWFKPHQW� SHUIRUPDQFH� GHSHQG� RQ� WKH� ORFDO� SK\VLFDO� DQG
DJULFXOWXUDO�IHDWXUHV�RI�WKH�V\VWHP��7KH�GHJUHH�WR�ZKLFK�VWRUDJHV�FDQ�EH�XVHG�IRU�V\VWHP�KDUPRQLVDWLRQ�DQG
WKH�RSWLPDO�FRPELQDWLRQ�ZLWK�RWKHU�RSWLRQV� VXFK�DV� VPDUW� FKDQQHO�FRQWURO�PXVW�EH� HYDOXDWHG�RQ� D� FDVH�E\
FDVH�EDVLV�
7KH�XVH�RI�RQ�IDUP�DQG�RII�IDUP�VWRUDJHV�WR�GDWH�KDV�EHHQ�ODUJHO\�IRU�D�VLQJOH�SXUSRVH��H�J��WDLO�ZDWHU�UXQRII
FDSWXUH��UDLQIDOO�FDSWXUH��FDSWXUH RI�RII�DOORFDWLRQ�IORZV��HWF��+RZHYHU��YHU\�UDUHO\�EXIIHU�VWRUDJHV�KDYH�EHHQ
YLHZHG� DV� SDUW RI� DQ� LQWHJUDWHG� ZDWHU� PDQDJHPHQW� V\VWHP GHVLJQHG� WR� RSWLPLVH� WKH� XVH� RI� DOWHUQDWLYH
UHVRXUFHV� �VXUIDFH�� JURXQGZDWHU�� UHFODLPHG� ZDWHU�� DQG� RWKHU� V\VWHP� FRPSRQHQWV� �FDQDO� FRQWURODQG IDUP
ZDWHU�FRQWURO��
$W� SUHVHQW�� WKHUH� DUH� QR� JHQHUDO� FULWHULD RU� PRGHO WR� HYDOXDWH WUDGH� RIIV� EHWZHHQ� VWRUDJHV� DQG� RWKHU
WHFKQRORJLHV DQG�WKH�EHVW�GLVWULEXWLRQ�DQG�VL]H�RI�VWRUDJHV�

����� +DUPRQLVDWLRQ�EHQHILWV
%HQHILWV�IURP�KDUPRQLVHG�V\VWHPV�ZLOO�DFFUXH�DW�YDULRXV�OHYHOV�
� :DWHU�SURYLGHUV
� ,UULJDWRUV
� 7KH�HQYLURQPHQW
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

7DEOH���� :DWHU�SURYLGHUV�EHQHILWV�IURP�LPSURYHG V\VWHP�KDUPRQLVDWLRQ
7HFKQRORJ\ %HQHILW

6WRUDJHV��FKDQQHO�DXWRPDWLRQ�DQG�IDUP
PRQLWRULQJ�WHFKQRORJ\

$ELOLW\�WR�RSWLPLVH�GHOLYHU\�VHUYLFHV

6WRUDJHV 5HGXFWLRQ�LQ�SHDN�GHVLJQ�FDSDFLW\�DQG
FRVW�DULVLQJ�IURP�OHVV�FRQFHQWUDWHG�IORZ
GHPDQG

6WRUDJHV�SLSHOLQHV $ELOLW\�WR�SURYLGH�D�KLJKHU�OHYHO�RI
VHUYLFH�ZLWK�ORZHU�LQIUDVWUXFWXUH
LQYHVWPHQW���2Q�IDUP�DQG�RII�IDUP
UHVHUYRLUV�DV�DQ�DOWHUQDWLYH�WR�IXOO�FDQDO
DXWRPDWLRQ�
5HGXFHG�ORVVHV�GXH�WR�UDLQ�UHMHFWLRQV
DQG�RWKHU�VKRUW�WHUP�V\VWHP
DGMXVWPHQWV

6WRUDJHV�FKDQQHO�FRQWURO�SLSHOLQHV 0RUH�RSWLRQV�DYDLODEOH�WR�VDWLVI\
LUULJDWRUV�GHVLUH�IRU�KLJKHU�OHYHO�RI
VHUYLFH

6WRUDJHV (QKDQFH�DELOLW\�WR�PDQDJH�FRQMXQFWLYH
IORZV��VXUIDFH��JURXQGZDWHU��	
UHFODLPHG�ZDWHU�

:RUN�E\ *UDHPH�'DQG\�DQG�RWKHUV�DW�8QLYHUVLW\�6RXWK�$XVWUDOLD�RQ�RSWLPLVLQJ�XUEDQ�SLSH�QHWZRUNV�WR�PHHW
FRQVXPHU�QHHGV� 0D\�SURYLGH�OHVVRQV�IRU�LUULJDWLRQ�V\VWHPV� 7KLV�WHFKQRORJ\�KDV�QRW�EHHQ�DSSOLHG�GLUHFWO\
WR�UXUDO�VXSSO\�V\VWHPV�DQG�FRXOG�UHSUHVHQW�D�FULWLFDO�RSSRUWXQLW\�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUH ��

7DEOH���� ,UULJDWRU�EHQHILWV�IURP�LPSURYHG�V\VWHP�KDUPRQLVDWLRQ
7HFKQRORJ\ %HQHILW

6WRUDJHV�FKDQQHO�DXWRPDWLRQ�SLSHOLQHV )DVWHU�DQG�PRUH�IOH[LEOH�UHVSRQVH�WR
FURS�DQG�RQ�IDUP�PDQDJHPHQW�QHHGV�
,Q�SDUWLFXODU��EHWWHU�FDSDFLW\�WR�LUULJDWH
KLJK�YDOXH�FURSV��H�J��KRUWLFXOWXUH

6WRUDJHV 6WRUDJH�RI�XQXVHG�DOORFDWHG�ZDWHU�IURP
UDLQIDOO�UHMHFWLRQ�IORZV��RII�VHDVRQ
IORZV�DQG�RII�DOORFDWLRQ�IORZV

6WRUDJHV 7DNLQJ�DGYDQWDJH�RI�GLIIHUHQWLDO�SULFLQJ
EHWZHHQ�SHDN�DQG�RII�SHDN�VHDVRQ

6HQVRU�PRQLWRULQJ�WHFKQRORJ\�'66V ,PSURYHG�DELOLW\�WR�PRQLWRU�DQG�PDNH
LQIRUPHG�LUULJDWLRQ�PDQDJHPHQW
GHFLVLRQV��H�J��LUULJDWLRQ�VFKHGXOLQJ�DQG
DSSOLFDWLRQV��UHVXOWLQJ�LQ�LPSURYHG
LUULJDWLRQ�HIILFLHQF\�DQG�SURGXFWLYLW\

6WRUDJHV *UHDWHU�RSSRUWXQLW\�WR�FDSWXUH�UXQRII
DQG�UHF\FOH�WDLOZDWHU

6WRUDJHV $�PDQDJHPHQW�RSWLRQ�IRU�ZDWHU�TXDOLW\

7DEOH���� (QYLURQPHQWDO�EHQHILWV�IURP�LPSURYHG V\VWHP�KDUPRQLVDWLRQ
7HFKQRORJ\ %HQHILW

6WRUDJHV�FKDQJHG�FURS�PL[ ,PSURYHG�IORZ�UHJLPH�LQ�ULYHUV�IURP
FKDQJHV�LQ�VHDVRQDO�IORZ�GLVWULEXWLRQ�WR
PHHW�GRZQVWUHDP�HQYLURQPHQWDO�IORZ
GHPDQG

6WRUDJHV�FKDQQHO�DXWRPDWLRQ 5HGXFHG�HQYLURQPHQWDO�LPSDFWV��ODQG
	�ZDWHU��IURP�EHWWHU�RQ�IDUP
DSSOLFDWLRQ

6WRUDJHV� FKDQQHO�DXWRPDWLRQ 5HGXFWLRQ�LQ�XQGHVLUDEOH�SHDN�IORZV
IURP�UDLQIDOO�UHMHFWLRQ��H�J��0XUUD\
,UULJDWLRQ�DQG�WKH�%DUPDK�&KRNH
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6\VWHP�0RGHOV�IRU�&DQDO�2SHUDWLRQ�DQG�WKHLU�$SSOLFDWLRQ

0RGHO $XWKRUV $UWLFOH�<HDU 'HYHORSHUV $SSOLFDWLRQ 8VHV
&$1$/ 0HUNOH\�DQG�5RJHUV ���� 8WDK�6WDWH�8QLYHUVLW\������� ���SRROV�RI�WKH�&HQWUDO�$UL]RQD�3URMHFW 0RGHOLQJ�GDLO\�FDQDO�RSHUDWLRQV

&$5,0$ )RUUHVW�DQG�3DUULVK�,,, ���� &RQVXOWLQJ�HQJLQHHULQJ�JURXS�62*5($&+����������

&DO�3RO\�PRGHO�FDQDO��&DOLIRUQLD�3RO\WHFKQLF
,UULJDWLRQ�DQG�7UDLQLQJ�5HVHDUFK�&HQWHU��6DQ�/XLV
2ELVSR��&DOLIRUQLD���FDQDO�V\VWHPV�LQ�,UDT��WKH

5KRQH�5LYHU�K\GURSRZHU�FDVFDGHV��WKH�,PSHULFDO
,UULJDWLRQ�'LVWULFW��,PSHULDO��&DOLIRUQLD��7H[DV

)DUPV�,QF���$OYLQ��7H[�

8QVWHDG\�IORZ�SUREOHPV

&DQDO&$'

'8)/2: &OHPPHQV�DQG�+ROO\ ����
7KH�SXEOLF�ZRUNV�GHSDUWPHQW��5LMNVZDWHUVWDDW��LQ�7KH
1HWKHUODQGV��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��WKH

,QWHUQDWLRQDO�,QVWLWXWH�IRU�+\GUDXOLF�DQG�(QYLURQPHQWDO
(QJLQHHULQJ�������

&DO�3RO\�PRGHO�FDQDO��&DOLIRUQLD�3RO\WHFKQLF
,UULJDWLRQ�DQG�7UDLQLQJ�5HVHDUFK�&HQWHU��6DQ�/XLV

2ELVSR��&DOLIRUQLD��
6LPSOH�QHWZRUNV�RI�FKDQQHOV

ZLWK�VLPSOH�VWUXFWXUHV

0XWXD�DQG�0DODQR ���� 3\UDPLG�+LOO�1R���&KDQQHO��9LFWRULD

0,.(��� 0LVKUD�HW�DO� ���� 'DQLVK�+\GUDXOLF�,QVWLWXWH������� 5LJKW�%DQN�0DLQ�&DQDO�V\VWHP�RI�WKH�.DQJVDEDWL
SURMHFW��:HVW�%HQJDO��,QGLD

'HYHORSHG�DV�D�ULYHU�IORRG
PRGHO

0,.(����+' 'H�%LHYUH ���� 3DWRFRFKD�,UULJDWLRQ�6FKHPH��(FXDGRU 8QVWHDG\�IORZ�LQ�RSHQ�FKDQQHOV
RU�ULYHUV

02',6 6FKXXUPDQV ���� 'HIW�8QLYHUVLW\�RI�7HFKQRORJ\������� +\GUDXOLF�SHUIRUPDQFH�RI
FRQWUROOHG�LUULJDWLRQ�FDQDOV

860 5RJHUV�DQG�0HUNOH\ ���� 8�6��%XUHDX�RI�5HFODPDWLRQ &HQWUDO�$UL]RQD�3URMHFW�FDQDO�V\VWHP 8QVWHDG\��IORZ�FRQGLWLRQV�LQ
FDQDOV

,0623 0DODQR�HW�DO� ���� 8QLYHUVLW\�RI�0HOERXUQH ,UULJDWLRQ�6\VWHPV�LQ�9LHWQDP�DQG�&KLQD 6WHDG\�VWDWH�K\GUDXOLF�PRGHO

6,& 9DQ�:DLMMHQ ����
,UULJDWLRQ�'LYLVLRQ�RI�&HPDJUHI��WKH�)UHQFK�UHVHDUFK�FHQWHU

IRU�DJULFXOWXUDO�DQG�HQYLURQPHQWDO�HQJLQHHULQJ�
0RQWSHOOLHU��)UDQFH

3DNLVWDQ
V�3XQMDE

2$6,6 5RRVW�DQG�0XV\ �,Q�SUHVV� 5RRVW��6ZLVV�)HGHUDO�,QVWLWXWH�RI�7HFKQRORJ\��/DXVDQQH�
6ZLW]HUODQG������� /RZHU�<HOORZ�5LYHU�EDVLQ

0DQDJH�LUULJDWLRQ�ZDWHU�ZLWKLQ�D
EURDGHU�FRQWH[W�RI�EDVLQ�ZDWHU

UHVRXUFHV
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

0RGHO $XWKRUV $UWLFOH�<HDU 'HYHORSHUV $SSOLFDWLRQ 8VHV

0,.(��� .LQKLOO ���� 'DQLVK�+\GUDXOLF�,QVWLWXWH������� 0XOZDOD�&DQDO��0XUUD\�,UULJDWLRQ�/LPLWHG�
'HQLOLTXLQ��16:��$XVWUDOLD

:DWHU�EDODQFH 856 ���� 856 0XUUXPELGJHH�,UULJDWLRQ�$UHD
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� $SSHQGL[��� 2Q��)DUP�V\VWHP�+DUPRQLVDWLRQ
����� 7HFKQRORJLFDO�6ROXWLRQV

7HFKQRORJLFDO�VROXWLRQV�IRU�RQ�IDUP�V\VWHP�KDUPRQLVDWLRQ�FDQ�EH�FRQFHSWXDOLVHG�LQ�D�QXPEHU�RI�DUHDV��6HH
ILJXUH�EHORZ��DQG�DUH�DGGUHVVHG�EULHIO\�

����� 7HFKQRORJ\�IRU�DVVHVVLQJ�FXUUHQW�FURS�ZDWHU�UHTXLUHPHQW

7KHUH� LV�D�YDVW� UDQJH�RI� WHFKQRORJLHV� WR�PHDVXUH�FXUUHQW�ZDWHU� UHTXLUHPHQW�RI� WKH�FURS�DQG� IRUHFDVW� IXWXUH
ZDWHU�QHHGV��&XUUHQW�UHTXLUHPHQW�LV�EDVHG�RQ�WKH�SUHYDLOLQJ�VWDWXV�RI�FURS�DQG�VRLO�ZDWHU�DQG�XVXDOO\�REWDLQHG
WKURXJK� GLUHFW� PHDVXUHPHQW� RU� D� ZDWHU� EDODQFH� PRGHO� OLQNHG� WR� KLVWRULFDO� ZHDWKHU� GDWD� DQG� DSSURSULDWH
FURS�VRLO�GHVFULSWLRQV�

&KDUOHVZRUWK� �������KDV� UHYLHZHG�VRLO�ZDWHU�PRQLWRULQJ� WHFKQRORJ\� ZKLFK� LQFOXGHV� WHQVLRPHWHUV��J\SVXP
EORFNV��QHXWURQ�DQG�FDSDFLWDQFH�SUREHV��ZHWWLQJ�IURQW�GHWHFWRUV�DQG�JUDYLPHWULF�VRLO�VDPSOLQJ�&5&�,)�KDYH
FRPPLVVLRQHG�D�VFRSLQJ�VWXG\�RQ�PHDVXULQJ�DQG�PRQLWRULQJ�WRROV�DQG�WHFKQRORJLHV�IRU�SUHFLVLRQ� LUULJDWLRQ
�&5&,)� ����D��� ZKLFK� IRUPV� SDUW� RI� &5&� ,)� 3URMHFW� ����� ³7RROV� DQG� WHFKQRORJLHV� IRU� LPSURYLQJ� WKH
SUHFLVLRQ�RI�LUULJDWLRQ´��,Q�DGGLWLRQ�WR�VRLO�PRLVWXUH�PHDVXUHPHQW�WKLV�VWXG\�LGHQWLILHV�UHVHDUFK�RSSRUWXQLWLHV
IRU�SODQW�ZDWHU� XVH�PRQLWRULQJ�DQG�PHDVXULQJ�V\VWHPV� VXFK� DV�KHDW� EDODQFH� VHQVRUV�� FURS� JURZWK� VHQVRUV�
VSHFWUDO�LPDJHU\�DQG�FURS�ZDWHU�EDODQFH�PRGHOV�

0DMRU�FRQVWUDLQWV�LQ�WKHVH�WHFKQRORJLHV�DSSHDU�WR�EH

� 3RLQW�PHDVXUHPHQW�DQG�UHSUHVHQWDWLRQ�DFURVV�D�ILHOG�VFDOH�
� 5HOLDELOLW\�DQG�PDLQWHQDQFH�LVVXHV
� &RPPXQLFDWLRQV�DQG�WUDQVIHU�RI�GDWD
� &RVW�DQG�DIIRUGDELOLW\
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� 7LPH�DQG�VNLOO�UHTXLUHPHQWV
� &DOLEUDWLRQ�QHHGV
� 3URYLVLRQ�RI�VLPSOH�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ�

����� 7HFKQRORJ\�IRU�SUHGLFWLQJ�IXWXUH�FURS�ZDWHU�UHTXLUHPHQW

3UHGLFWLQJ�IXWXUH�FURS�ZDWHU�QHHG�W\SLFDOO\�UHTXLUHV�ZHDWKHU�IRUHFDVWV�DQG�D�FURS�PRGHO�WR�SUHGLFW�VRLO�ZDWHU
GHILFLW��%RWK�VKRUW�WHUP�����GD\V�DQG�ORQJHU�WHUP�VHDVRQDO�IRUHFDVWV�DUH�UHTXLUHG�IRU�RSHUDWLRQDO�DQG�VWUDWHJLF
GHFLVLRQV�

&5&�,)������E��KDYH�FRPPLVVLRQHG�D�UHYLHZ�RI�VRIWZDUH�IRU�EHVW�XVH�RI�RQ�IDUP�ZDWHU��3URMHFW��������� 7KH
SURMHFW� LV� UHYLHZLQJ� PRGHOV� WR� VXSSRUW� WDFWLFDO� DQG� VWUDWHJLF� GHFLVLRQV� UHJDUGLQJ� WKH� WLPLQJ� RI� ZDWHU
DSSOLFDWLRQV��OLPLWDWLRQV�RI�WKH�WHFKQRORJ\�DQG�EDUULHUV�WR�DGRSWLRQ�

0DMRU� FRQVWUDLQWV� LQ� WKHVH� PRGHOV� LV� HDVH� RI� DFFHVV� DQG� XVH�� QHHG� IRU� SURIHVVLRQDO� VXSSRUW�� LQSXW� GDWD
UHTXLUHPHQWV�DQG�OLPLWDWLRQV�LQ�UHJLRQ�RI�DSSOLFDWLRQ��:KLOH�LUULJDWLRQ�VFKHGXOLQJ�W\SLFDOO\�ORRNV�DW�GHFLVLRQV
DW�D�SRLQW��WKHUH�LV�D�QHHG�WR�DVVHVV�VFKHGXOLQJ�GHFLVLRQV�LQ�WKH�FRQWH[W�RI�WKH�ZKROH�IDUP�RSHUDWLRQ��6FDOLQJ
XS�WKH�LPSOLFDWLRQV�RI�GHFLVLRQV�RQ�LUULJDWLRQ�WLPLQJ�DQG�YROXPH�DSSOLHG�LV�WKXV�LPSRUWDQW�
7KHUH� KDV� W\SLFDOO\� QRW� EHHQ� ZLGHVSUHDG� DGRSWLRQ� RI� WKHVH� IRUHFDVWLQJ� WRROV� LQ� LUULJDWLRQ� RSHUDWLRQV� DQG
UHVHDUFK�LQWR�WKH�DGRSWLRQ�RI�WKHVH�HPHUJLQJ�WHFKQRORJLHV�ZLOO�EH�LPSRUWDQW�

����� 7HFKQRORJ\�WR�DXWRPDWH�DQG�RSWLPLVH�ZDWHU�VXSSO\�WR�WKH�FURS

0HHWLQJ�FURS�ZDWHU�UHTXLUHPHQW�LV�DV�PXFK�GHSHQGHQW�RQ�WKH�LUULJDWLRQ�V\VWHP�DQG�VXSSO\�FRQVWUDLQWV�DV�RQ
WKH�VRLO�SODQW�ZDWHU�VWDWXV��%RWK�RQ� IDUP�VWRUDJH��GLVWULEXWLRQ�V\VWHPV�DQG� WKH� LUULJDWLRQ�DSSOLFDWLRQ� V\VWHP
LWVHOI�DUH�LQWHJUDO�WR�RSWLPLVLQJ�ZDWHU�VXSSO\�
7KHUH� DUH� VRPH� H[DPSOHV� RI� OLQNLQJ� FURS� ZDWHU� UHTXLUHPHQW� LQIRUPDWLRQ� ZLWK� WKH� LUULJDWLRQ� DSSOLFDWLRQ
V\VWHP��HJ�OLQNLQJ�FDSDFLWDQFH�SUREH�WR�ILHOG�FRQWURO�DQG�YDULDEOH�VSHHG�SXPS�IRU�GULS�LUULJDWLRQ�RU�HPLWWHU
IORZ�FRQWUROOHU�IRU�FHQWUH�SLYRW�V\VWHP����7KHVH�H[DPSOHV�DUH�KRZHYHU�QRW�ZLGHVSUHDG�

)XUWKHUPRUH�FRQWURO�RI�WKH�EURDGHU�ZDWHU�VXSSO\�V\VWHP�LV�JHQHUDOO\�QRW�OLQNHG�WR�WKH�DSSOLFDWLRQ�V\VWHP�DQG
FURS� ZDWHU� UHTXLUHPHQW�� $� VLJQLILFDQW� WHFKQRORJLFDO� JDS� LV� WKXV� RXU� DELOLW\� WR� LQWHJUDWH�FRPPXQLFDWH� DQG
FRQWURO�DFURVV�DOO�HOHPHQWV�RI�WKH�GHOLYHU\�QHWZRUN�

����� 6WRUDJH�0DQDJHPHQW

:KHUH�GHPDQG�DQG�VXSSO\�HOHPHQWV�RI�DQ\�V\VWHP�DUH�QRW�PDWFKHG��VWRUDJH�LV� UHTXLUHG��7\SLFDOO\�RQ�IDUP
VWRUDJH�V\VWHPV�DUH�QRW�DFFXUDWHO\�VL]HG�RU�PDQDJHG�LQ�DFFRUGDQFH�ZLWK�WKHLU�FXUUHQW�DQG�IXWXUH�GHPDQG�DQG
VXSSO\�FRQVWUDLQWV���$XWRPDWLRQ�RI�VWRUDJH�PDQDJHPHQW�DQG�IORZ�FRQWURO�LV�DOVR�QRW�ZLGHO\�DGRSWHG�

6RPH�UHPRWH�DFWLYDWLRQ�KDV�EHHQ�LQVWDOOHG�RQ�SXPS�VHWV��ERWK�LQIORZ�DQG�RXWIORZ�WR�VWRUDJH��EXW�DXWRPDWHG
FRQWURO�RI�IORZV�LV�RIWHQ�OLPLWHG�WR�SXPS�VWDWLRQ�WLPHUV�
5HDO�WLPH�LQIRUPDWLRQ�RI�DYDLODEOH�ZDWHU�LQ�VWRUDJH�LV�FULWLFDO�IRU�V\VWHP�PDQDJHPHQW�DQG�KDUPRQLVDWLRQ�EXW
LV�VHOGRP�DYDLODEOH���6\VWHPV�FRPSULVLQJ�DFFXUDWH�ZDWHU�GHSWK�VHQVRUV�OLQNHG�WR�ORJJHUV�DQG�ZHDWKHU�VWDWLRQV
VKRZ� SRWHQWLDO� IRU� ERWK� GHWHUPLQLQJ� HYDSRUDWLRQ� DQG� VHHSDJH� ORVVHV� IURP� VWRUDJH� DQG� SURYLGLQJ� RQJRLQJ
ZDWHU� OHYHO� DFFRXQWV�� :KHQ� FRPELQHG� ZLWK� DFFXUDWH� GHSWK�� VWRUDJH� UHODWLRQVKLSV� �GHWHUPLQHG� IURP
FRQYHQWLRQDO�*36�VXUYH\V�RU�GHSWK�VRXQGHU�*36�LQVWUXPHQWDWLRQ��WKLV�DOORZV�FRQWLQXRXV�PRQLWRULQJ�RI�ZDWHU
YROXPH�DQG�SURYLGHV�WKH�EDVLV�IRU�DQ�RQ�IDUP�ZDWHU�EDODQFH���7KLV�WHFKQRORJ\�UHTXLUHV�IXUWKHU�GHYHORSPHQW
DQG�WHVWLQJ�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

����� 'LVWULEXWLRQ�6\VWHPV�0DQDJHPHQW

$XWRPDWLRQ� DQG� PRQLWRULQJ� RI� GLVWULEXWLRQ� V\VWHPV� LV� PRUH� RI� D� SUREOHP� IRU� FKDQQHO� V\VWHPV� WKDQ� IRU
SUHVVXULVHG�V\VWHPV��7KH�LVVXHV�DUH�VLPLODU� WR�RII�IDUP�FKDQQHO�DXWRPDWLRQGLVFXVVHG�LQ�VHFWLRQ�SUHYLRXVO\�
EXW�WKHUH�DUH�IHZ�V\VWHPV�FXUUHQWO\�EHLQJ�XVHG�LQ�WKH�RQ�IDUP�VLWXDWLRQ���&RQWURO�LV�JHQHUDOO\�OLPLWHG�WR�SXPS
WLPHU�DW�WKH�VWRUDJH�LQIORZ�SRLQW�
7\SLFDOO\� WKHUH� LV� QR�XVH�RI�GRZQVWUHDP�FRQWURO� VWUXFWXUHV� WR�PDLQWDLQ�KHDG�DQG�FKDQQHO�FRQGLWLRQV��/LWWOH
XVH�LV�PDGH�RI�YDULDEOH�UDWH�SXPSV�H[FHSW�IRU�KLJK�HQG�SUHVVXULVHG�GULS�V\VWHPV�FRQWUROOHG�IURP�LQ�ILHOG�]RQH
VHQVRUV��8SWDNH�RI�ERWK�YDULDEOH�SXPSV�DQG�GRZQVWUHDP�VWUXFWXUHV�ZRXOG�EHQHILW�PDQ\�VLWXDWLRQV�

����� $SSOLFDWLRQ�6\VWHPV�0DQDJHPHQW

7HFKQRORJLHV� WR�DXWRPDWH�DQG�FRQWURO� LUULJDWLRQ�DSSOLFDWLRQ� V\VWHPV�DUH�JHQHUDOO\�DYDLODEOH� IRU�SUHVVXULVHG
V\VWHPV� �HJ��8VLQJ� DXWRPDWHG�YDOYHV�� EXW� WKHUH� LV� D� GHDUWK�RI� WHFKQRORJLHV� IRU� LQIORZ� FRQWURO� LQWR� VXUIDFH
V\VWHPV��7KH�PDLQ�GLIILFXOW\� LV� LQ� DFFXUDWHO\�PHDVXULQJ� LQIORZ� LQWR� ED\�ERUGHU� V\VWHPV� DQG� WKLV� LV� D� KLJK
UHVHDUFK� SULRULW\�� � 6\VWHPV� KDYH� EHHQ� GHYHORSHG� �,UULPDWH70�� IRU�PHDVXULQJ� LQIORZ� LQ� VLSKRQV� XVLQJ� IORZ
PHWHUV� DQG� VRIWZDUH� �HJ� 6,502'�,1),/7�� LV� XVHG� WR� RSWLPLVH� IORZ�PDQDJHPHQW� VWUDWHJLHV��6RPH� VXUJH
LUULJDWLRQ� LV� SUDFWLFHG��HJ� LQ� VXJDUFDQH�SURGXFWLRQ��XVLQJ� VXUJH�YDOYHV� DQG� WKHUH� LV� VRPH� RQ�RII� FRQWURO� LQ
GDLU\�ERUGHU�FKHFN�ED\�LUULJDWLRQ�EDVHG�RQ�DLU�WXEH�SUHVVXUH�VHQVRUV�ORFDWHG�QHDU�WKH�HQG�RI�WKH�ED\��7KHUH�LV
KRZHYHU�QR�FRQWURO�LQ�VLSKRQ�V\VWHPV�DQG�SRRU�WHFKQRORJLHV�IRU�FRQWURO�LQ�OD\IODW�V\VWHPV�

:KLOH� DXWRPDWLRQ� DQG� FRQWURO� LV� DYDLODEOH� IRU� SUHVVXULVHG� V\VWHPV� �GULS� DQG� FHQWUH� SLYRW��� FRVWV� DUH
SURKLELWLYH�DQG�JHQHUDOO\�DGRSWLRQ�LV�RQO\� LQ�KLJK�HQG�FURSSLQJ�V\VWHPV�DQG� WKHUH�KDV�EHHQ�SRRU�XSWDNH� LQ
ORZHU�YDOXH�FURSV��&5&�,)�3URMHFW��������³7RROV�DQG�WHFKQRORJLHV�IRU�LPSURYLQJ�WKH�SUHFLVLRQ�RI�LUULJDWLRQ´
LV�VFRSLQJ�SULRULWLHV�IRU�GHYHORSPHQW�RI�QHZ�DQG�LPSURYHG�DSSOLFDWLRQ�V\VWHPV�IRU�SUHFLVLRQ�LUULJDWLRQ�

7KH� 5XELFRQ� V\VWHP� EHLQJ� WHVWHG� LQ� 9LFWRULD� ZLOO� VHH� VWDWH�RI�WKH�DUW� WHFKQRORJ\� HPSOR\HG� WR� LPSURYH
LUULJDWRUV
�ZDWHU� XVH� HIILFLHQF\�� ,W� LV� D� QHZ� WHFKQRORJ\� IRU� FRQWUROOLQJ�ZDWHU� GLVWULEXWLRQ� WKURXJK� LUULJDWLRQ
FKDQQHOV� EDVHG� RQ� HOHFWURQLFDOO\� FRQWUROOHG� FKDQQHO� JDWHV�� OLQNHG� WRJHWKHU� WKURXJK� UDGLR� WHOHPHWU\� DQG
FRPSXWHU�VRIWZDUH�WR�HQDEOH�WKH�ZKROH�FKDQQHO�QHWZRUN�WR�EH�RSHUDWHG�UHPRWHO\�DQG�LQ�D�G\QDPLF�PDQQHU�
+RZHYHU�WKH�FRVW�RI�WKH�V\VWHP�LV�KLJK�DQG�ORZ�FRVW�ILHOG�OHYHO�FRQWUROOHUV�DUH�UHTXLUHG�

����� &RPPXQLFDWLRQ�6\VWHPV�0DQDJHPHQW

0DLQ�GHYLFHV�DW�SUHVHQW�DUH�UDGLR��9+)��RU�WHOHSKRQ\�EDVHG�V\VWHPV��0DQ\�DUH�DSSOLFDWLRQ�VSHFLILF�DQG�GR
QRW� LQWHUIDFH�HDVLO\�ZLWK�RWKHU� V\VWHPV ZKLOH�FRVWV�DUH�KLJK�DQG V\VWHPV�ODFN� UREXVWQHVV�� �0DQ\� LUULJDWLRQ
DUHDV� DUH� QRW� FRYHUHG� E\� QDWLRQDOO\� WHOHSKRQ\� V\VWHPV� �HJ�� 7HOVWUD�� DQG� KHQFH� DUH� IRUFHG� WR� SXW� LQ� RZQ
LQIUDVWUXFWXUH���(YHQ�LQ�DUHDV�ZKHUH�WKHUH�LV�WHOHSKRQ\�FRYHU��WKH�FRVWV�RI�QHWZRUN�DFFHVV�FDQ�EH�SURKLELWLYH
IRU�D�ODUJH�QXPEHU�RI�GHYLFHV���������PWK�IRU�DFFHVV�XQGHU�PRVW�SODQV����'DWD�VSHHG�FDQ�DOVR�EH�D SUREOHP
IRU�GRZQORDGLQJ�VRPH�V\VWHPV�

$�UHVHDUFK�QHHG� LV� WR�GHYHORS� ORZ�FRVW�� UREXVW�FRPPXQLFDWLRQ�GHYLFHV�ZLWK� VWDQGDUG� LQWHUIDFLQJ�DQG� LQWHU�
RSHUDELOLW\� $�SURSRVHG�8QLYHUVLW\� RI�0HOERXUQH�67,�9LFWRULD� SURSRVDO� DLPV� WR� GHYHORS� D�ZLUHOHVV� VHQVRU
QHWZRUN� ZKLFK�ZRXOG�HQDEOH�LQWHJUDWLRQ�RI�ZDWHU�GHPDQG�DQG�VXSSO\�V\VWHPV�

����� 'HFLVLRQ�VXSSRUW�V\VWHPV

7KHUH�DUH�D�UDQJH�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�UDQJLQJ�IURP�ILHOG�OHYHO�LUULJDWLRQ�VFKHGXOLQJ��LPSURYHG�ZDWHU
XVH�HIILFLHQF\��V\VWHP�RSWLPLVDWLRQ�WR�VWUDWHJLF�GHFLVLRQ�PDNLQJ�RQ�VWRUDJH�DQG�V\VWHP�PDQDJHPHQW�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

:KROH�IDUP�ZDWHU�EDODQFH�V\VWHPV�DUH�DOVR�LPSRUWDQW�DQG�YDULRXV�VRIWZDUH�LV�DYDLODEOHW\SLFDOO\�LQ�WKH�IRUP
RI�LQ�KRXVH�FRQVXOWDQW VRIWZDUH�

&5&�,)������E��KDYH�FRPPLVVLRQHG�D�UHYLHZ�RI�VRIWZDUH�IRU�EHVW�XVH�RI�RQ�IDUP�ZDWHU��3URMHFW��������0DQ\
RI�WKHVH�PRGHOV�DOORZ�SUHGLFWLRQ�RI�IXWXUH�ZDWHU�UHTXLUHPHQW��$�OLVWLQJ�RI�VRPH�RI�WKH�PRGHOV�EHLQJ�UHYLHZHG
LV�JLYHQ�EHORZ�

0RGHO $SSOLFDWLRQ
)ORZFDVW� )RUHFDVWLQJ�VWUHDPIORZ

$J:,6( ,UULJDWLRQ�DQG�VDOW�PDQDJHPHQW

,UU0$; ,UULJDWLRQ�DQG�VDOW�PDQDJHPHQW

6:$*0$1 $VVHVV�IDUP�FURSSLQJ�RSWLRQV

0DL]HPDQ 5LVN�DQDO\VLV�DQG�VFKHGXOLQJ

+\GUR/2*,& 6FKHGXOLQJ�DQG�LPSURYHG�:8(

'DP(D�\ ,QYHVWPHQW�LQ�RQIDUP�VWRUDJH�DQG�LUULJDWLRQ

:DWHU6XSSO\ $VVHVV�ZDWHU�VXSSO\�RSWLRQV

:DWHUEDODQFH ,UULJDWLRQ�VFKHGXOLQJ

&DQHRSWLPLVHU ,UULJDWLRQ�VFKHGXOLQJ

6,502'�,1),/7 6XUIDFH�,UULJDWLRQ�RSWLPLVDWLRQ

7UDY*XQ 7UDYHOOLQJ�JXQ�LUULJDWRU�RSWLPLVDWLRQ�

0%RVV� &HQWUH�3LYRW�SHUIRUPDQFH�RSWLPLVDWLRQ�

,55,%$/ 2Q�IDUP�ZDWHU�EDODQFH

$TXDWHFK 2Q�IDUP�ZDWHU�EDODQFH

$�PLVVLQJ� OLQN�VHHPV� WR�EH� LQWHJUDWLRQ�RI�'66¶V� WR�GHOLYHU� WRWDO�RQ�IDUP�ZDWHU�PDQDJHPHQW� UHTXLUHPHQWV�
0DQ\�PRGHOV�DUH�WDVN�VSHFLILF��GLIILFXOW� WR�XVH�DQG�KDYH�VWULQJHQW� LQSXW�GDWD� UHTXLUHPHQWV�DQG�SURIHVVLRQDO
VXSSRUW�LV�JHQHUDOO\�UHTXLUHG�

3ULPDU\�UHVHDUFK�RSSRUWXQLWLHV�ZRXOG�DSSHDU�WR�OLH�LQ�GHYHORSPHQW�RI�'66¶V�WR�

� LQWHJUDWH�RQ�IDUP�LQIRUPDWLRQ�IURP�D�UDQJH�RI�ILHOG�VHQVRUV�WR�FDOFXODWH�FXUUHQW�DQG�IXWXUH�ZDWHU
GHPDQG�DW�ILHOG�VFDOH

� LQWHJUDWH�LQIRUPDWLRQ�RQ�ILHOG�VFDOH�ZDWHU�GHPDQG��DERYH��ZLWK�ZDWHU�VXSSO\�FRQVWUDLQWV�LQ�RUGHU�WR
RSWLPLVH�ZDWHU�VXSSO\�DFURVV�DOO�ILHOGV�DQG�VXSSO\�V\VWHPV�DQG�GHOLYHU�UHOHYDQW�ZDWHU�RUGHUV�WR�WKH�ZDWHU
VXSSO\�DXWKRULW\�

������ &KDOOHQJHV�LQ�0DQDJLQJ�,UULJDWLRQ

+DUPRQLVDWLRQ� RQ� WKH� IDUP� JRHV� EH\RQG� WKH� WHFKQLFDO� LVVXHV� DURXQG� FURS� ZDWHU� UHTXLUHPHQW� DQG� ZDWHU
VXSSO\��0DQDJHPHQW�RI�WKH�FURS�DQG�LUULJDWLRQ�ZLOO�YDU\�ZLWK�

� &URS�VHOHFWLRQ��&URS�VHOHFWLRQ�GHFLVLRQV�DUH�PRUH�GULYHQ�E\�SURGXFW�PDUNHWV�DQG�SULFHV�DQG�SURFHVVLQJ
FDSDFLW\�LQ�WKH�UHJLRQ�
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� $UHD�WR�EH�SODQWHG��ZDWHU�DYDLODELOLW\��HTXLSPHQW�DYDLODEOH�
� &XOWXUDO�SUDFWLFHV�±�IRU�H[DPSOH�LQ�D�GDLU\�IDUP�LUULJDWLRQ�PD\�EH�D�VHW�URWDWLRQ�DFFRUGLQJ�WR�JUD]LQJ

QHHGV�RU�ZLQH�JUDSHV�PD\�EH�KHOG�DW�GLIIHUHQW�VRLO�ZDWHU�GHILFLWV�DFFRUGLQJ�WR�YDULHW\�DQG�TXDOLW\
UHTXLUHG�

� &OLPDWH�FRQWURO�±�H�J��LUULJDWLRQ�IRU�FRROLQJ�RI�FURSV��H�J��OHWWXFH��RU�IURVW�SUHYHQWLRQ�
� 'LVHDVH�FRQWURO�
7KLV�UDLVHV�WKH�SRLQW�WKDW�HYHQ�WKH�EHVW�RQ�IDUP�PRQLWRULQJ�DQG�FRPPXQLFDWLRQ�OLQN�EDFN�WR�WKH�ZDWHU�VXSSO\
V\VWHP�ZLOO�EH�LQDGHTXDWH�WR�DFKLHYH�VLJQLILFDQW�LPSURYHPHQW�LQ�V\VWHP�KDUPRQLVDWLRQ��7KHUH�DUH�VLPSO\�WRR
PDQ\�YDULDEOHV�

7KH�GDWD�IORZ�IURP�VRLO�ZDWHU�VHQVRUV�DQG�IXWXUH�FURS�GHPDQG�PRGHOV�PXVW�EH�YLD�WKH�LUULJDWRU�EHIRUH�EHLQJ
XVHG�E\� WKH� VXSSO\� V\VWHP�PRGHO� IRU� SURYLGLQJ� IXWXUH� GHPDQG�$� UDQJH� RI� IDFWRUV�ZLOO� DIIHFW� WKH� IDUPHUV
DGRSWLRQ�RI�WKHVH�V\VWHPV��7KHVH�DUH�GLVFXVVHG�LQ�$SSHQGL[���

,UULJDWLRQV�FDQ�EH�EURXJKW�IRUZDUG�RU�GHOD\HG�IRU�D�ODUJH�QXPEHU�RI�UHDVRQV�WKDW�DUH�QRW�UHODWHG�WR�FURS�ZDWHU
GHPDQG�

$QRWKHU�PDMRU�LVVXH�WKDW�ZLOO�FRQVWUDLQ�WKH�XVH�RI�PRUH�VRSKLVWLFDWHG�RQ�IDUP�PRQLWRULQJ�LV�KLJK�YDULDELOLW\�
6RLO�PRLVWXUH�YDULDELOLW\�DQG�FURSV�ZDWHU�XVH�YDULHV� HQRUPRXVO\� HYHQ�ZLWK� KLJK�XQLIRUP�ZDWHU� DSSOLFDWLRQ
DQG�XQLIRUP�FURSV��7KLV�WKHQ�UHTXLUHV�D�ODUJH�QXPEHU�RI�VHQVRUV�WR�DFKLHYH�D�SLFWXUH�RI�DYHUDJH�GHPDQG�

,UULJDWRUV�FDQ�JHQHUDOO\�GHYHORS�D�SLFWXUH�RI�DYHUDJH�GHPDQG�ZLWK�WKHLU�NQRZOHGJH�RI�FURS�SHUIRUPDQFH�IRU
HDFK�VHQVRU��7KLV�ZRXOG�EH�D PDMRU�FKDOOHQJH�WR�DXWRPDWH��,W�PD\�ZHOO�EH�WKDW�(7�SUHGLFWLRQV�FRPELQHG�ZLWK
NQRZOHGJH�RI�KLVWRULF�GHPDQG�ZLOO�SURYLGH�WKH�PRVW�UHOLDEOH�SUHGLFWLRQ�RI�IXWXUH�ZDWHU�GHPDQG�UDWKHU� WKDQ
VPDUW�VHQVRUV�



6PDUW�6\VWHPV�DQG�6\VWHP�+DUPRQLVDWLRQ
6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

2SHQ�)LHOG�+\GURSRQLF�6\VWHPV�DQG�,PSOLFDWLRQV�IRU�6\VWHP�+DUPRQLVDWLRQ

2SHQ�+\GURSRQLFV� �2+��DUH�EHLQJ� WULDOOHG�DQG� DGRSWHG� LQ� KRUWLFXOWXUDO� ILHOG� FURSV� HJ�� FLWUXV� LQ�6XQUD\VLD�
5LYHUODQG�DQG�5LYHULQD��$OVR�LQ�DYRFDGRV�DQG�ZLQH�JUDSHV��6RPH�SURSRQHQWV�FODLP�D�GRXEOLQJ�RI�ZDWHU�XVH
HIILFLHQF\�LQ�W�0/�ZKHQ�FRPSDUHG�WR�FRQYHQWLRQDO�LUULJDWLRQ��0RVW�RI�WKLV�LV�WKURXJK�LQFUHDVHG�\LHOG�UDWKHU
WKDQ�UHGXFHG�ZDWHU�XVH�SHU�KD�

:KLOH� K\GURSRQLF� V\VWHPV� KDYH� EHHQ� XVHG� IRU� PDQ\� \HDUV� LQ� JUHHQKRXVH� VLWXDWLRQV�� WKHUH� LV� OLPLWHG
H[SHULHQFH�LQ�RSHQ�RU�ILHOG�K\GURSRQLF�V\VWHPV�LQ�$XVWUDOLD��7KHUH�LV�HYHQ� OHVV�NQRZOHGJH�DERXW�ZKDW� WKLV
FRXOG�PHDQ�IRU�IXWXUH�LUULJDWLRQ�VHUYLFH�QHHGV�IRU�LUULJDWLRQ�DXWKRULWLHV�

1HZ�K\GURSRQLF�WHFKQRORJ\�UHTXLUHV�D�FRQWLQXRXV�VXSSO\�RI�ZDWHU��ZLWK�PLQLPXP�ZDWHU�VWRUDJH�LQ�WKH�VRLO�
1XWULHQWV�DUH�DOVR�VXSSOLHG�RQ�D�FRQWLQXRXV�EDVLV��'ULS�LUULJDWLRQ�WHFKQRORJ\�FDQ�DOVR�EH�PDQDJHG�LQ�D�VLPLODU
ZD\�DQG�WKHUH�DUH�YDULRXV�OHYHOV�RI�UHOLDQFH�RQ�VRLO�ZDWHU�VWRUDJH�

$W�WKH�H[WUHPH��LW�PHDQV�WKDW� WKH�SHDN�GHPDQG�FDQQRW�EH�PHW�E\�GUDZLQJ�RQ�VRLO�PRLVWXUH� UHVHUYHV�DQG�VR
ZLOO�UHTXLUH�D�KLJKHU�VXSSO\�IORZ�WR�PDWFK�WKH�GHPDQG��7KHUH�LV�QR�EXIIHULQJ�RI�SHDN�GHPDQG�E\�VRLO�VWRUDJH
DV�LQ�FRQYHQWLRQDO�LUULJDWLRQ�

7KH�LVVXHV�DUH��

� WR�GHWHUPLQH�ZKDW�WKH�SHDN�IORZ�GHPDQG�ZLOO�EH�ZLWK�WKH�QHZ�WHFKQRORJ\�PDQDJHPHQW�V\VWHP�
� DQG�ZKDW�WKLV�PHDQV�IRU�WKH�GHVLJQ�FULWHULD�WR�EH�XVHG�LQ�WKH�UHKDELOLWDWLRQ�RI�KRUWLFXOWXUDO�GLVWULFWV�DQG

QHZ�GHYHORSPHQWV�
� HQYLURQPHQWDO�VXVWDLQDELOLW\��'UDLQDJH�QHHGV��QXWULHQW�DQG�VDOW�LPSOLFDWLRQV�DUH�XQFHUWDLQ�
,I�WKH�FXUUHQW�GHVLJQ�RI�GLVWULFW�V\VWHPV�LV�LQDGHTXDWH�IRU�IXWXUH�WHFKQRORJ\��WKLV�PD\�OHDG�WR�

� JURZHUV�QRW�DGRSWLQJ�WHFKQRORJ\��DQG�D�FHLOLQJ�SODFHG�RQ�SRWHQWLDO�ZDWHU�XVH�HIILFLHQF\�LPSURYHPHQWV�
� GLVWULFW�UXOHV�DSSOLHG�WR�JURZHUV�ZKLFK�OLPLW�DFFHVV�WR�SHDN�IORZV�DQG�OLPLW�DGRSWLRQ�RI�WHFKQRORJ\�

WKHUH�DUH�LPSOLFDWLRQV�IRU�WUDGHV�LQ�LQIUDVWUXFWXUH�FDSDFLW\�VKDULQJ�
� UHSODFHPHQW�RI�VRLO�ZDWHU�EXIIHU�ZLWK�GDP�ZDWHU�VWRUH��2Q�IDUP�VWRUDJH�GDPV�WR�SURYLGH�IRU�IOXFWXDWLRQV

LQ�GHPDQG��UHPRYH�SHDNV��FRXOG�UHGXFH�ZDWHU�XVH�HIILFLHQF\�WKURXJK�HYDSRUDWLRQ�DQG�VHHSDJH�ORVVHV�
7KHUH�LV�ORVV�RI�SURGXFWLYH�JURXQG�DQG�OLQHUV�PD\�EH�UHTXLUHG�

7KHUH�PD\�EH�D�WUDGH�RII�QHHGHG�EHWZHHQ�RQ�IDUP�VWRUDJH�FRVWV�YHUVXV�GHOLYHU\�FDSDFLW\�FRVWV�

2SHQ�K\GURSRQLFV�UHSUHVHQWV�WKH�H[WUHPH�FDVH�RI�QR�VRLO�ZDWHU�VWRUDJH��DQG�WKHUHIRUH�HQDEOHV�VFRSLQJ�RI�SHDN
UHTXLUHPHQWV�DFURVV�D�UDQJH�RI�WHFKQRORJLHV�DFFRUGLQJ�WR�DPRXQW�RI�VRLO�ZDWHU�VWRUDJH�

136,�KDYH�IXQGHG�D�&5&�LI�SURMHFW�PDQDJHG�E\�16:�$JULFXOWXUH�IRU�LQYHVWLJDWH�RSHQ�K\GURSRQLFV�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

,QLWLDO�UHVXOWV�IURP�&5&�,)�SURMHFW�DUH�

7KLV�SURMHFW�LQYHVWLJDWHG�WKH�LVVXH�RI�VXSSO\�V\VWHP�FRQVWUDLQWV��3UHOLPLQDU\�UHVXOWV��QRW�\HW�SXEOLVKHG��DUH�
2SHQ�+\GURSRQLFV�5HTXLUHPHQWV :DWHU�VXSSOLHUV�5HVSRQVHV
� ���KRXU�GD\�DFFHVV�WR�ZDWHU�HYHU\GD\�GXULQJ�SHDN

GHPDQG��FURSV�KDYH�UHGXFHG�URRW�]RQH�DQG�ORZ
EXIIHULQJ�DELOLW\�±�L�H���FDQQRW�VWDQG�ZDLWLQJ�IRU�ZDWHU�

� FDQQRW�JXDUDQWHH�VXSSO\
� DFFHVV�WR�ZDWHU�LV�WUHDWHG�HTXDOO\��'LVWULEXWLRQ�FDSDFLW\

VKDUHV�EHLQJ�LQYHVWLJDWHG�DQG�PD\�EH�DEOH�WR�EH�WUDGHG
WR�LQFUHDVH�DFFHVV�

� LUULJDWRUV�DUH�UHVSRQVLEOH�IRU�DVVHVVLQJ�WKHLU�RZQ�OHYHO
RI�ULVN���HJ�ORZHU�ULVN�RQ�PDLQ�FKDQQHOV��DQG�KLJKHU�ULVN
RQ�PLQRU�VSXUV�

� SURYLGHUV�FDQ�VXSSO\�ZDWHU�EHWZHHQ�����DQG�����RI
WKH�WLPH��'HSHQGLQJ�RQ�V\VWHP�GLVWULFW��0RVW�UHOLDEOH�LV
VXSSO\�WKURXJK�SULYDWH�GLYHUVLRQ�GLVWULFWV�

� 3HDN�UHTXLUHPHQW�RI�����PP�G�IRU�FLWUXV�LQ����KRXUV�DW
������0/�KD�KU�WR�������0/�KD�KU������WR�����PP�KU�
HJ�����KD�RUFKDUG�IRU����KRXUV

 ���;��������0/�KD�KU�;����KUV
 ������0/�LQ����KRXUV�RI�GD\OLJKW

� ZLOO�YDU\�IURP�VXSSO\�V\VWHP�WR�VXSSO\�V\VWHP
� FXUUHQWO\�GD\WLPH�GHPDQG�LV�ORZ�DV�LUULJDWRUV�SUHIHU

FKHDSHU�RII�SHDN�QLJKW�WLPH�DQG�ZHHNHQG�SXPSLQJ
HOHFWULFLW\�

7KHUHIRUH��WKHUH�LV�JHQHUDOO\�VRPH�VSDUH�FDSDFLW\�GXULQJ
DYHUDJH�VXPPHU�GD\V��DOWKRXJK�WKLV�FDQ�EHFRPH�RYHU
FRPPLWWHG�GXULQJ�SHDN�GHPDQG�HJ��DIWHU�UDLQ�VKXW�GRZQ�
7KHUHIRUH��WKHUH�ZLOO�EH�VRPH�RSSRUWXQLW\�IRU�PHHWLQJ�2+6
GHPDQG�ZKLOH�WKHUH�LV�OLPLWHG�DGRSWLRQ�GXULQJ�DYHUDJH
GHPDQG�SHULRGV�
%XW�WKHUH�ZRXOG�EH�SRWHQWLDO�SUREOHPV�GXULQJ�SHDN�GHPDQG
SHULRGV��HVSHFLDOO\�RQ�WLJKW�OLJKWV�
� 0RUH�PRGHUQ�SUHVVXULVHG�RQ�GHPDQG�VHUYLFHV�

JHQHUDOO\�KDYH�KLJKHU�VXSSO\�FDSDFLW\�DQG�ULVNV�DUH
ORZHU��+RZHYHU��WKHVH�ZRXOG�VWUXJJOH�WR�PHHW�GHPDQG
LI�WKHUH�ZDV������DGRSWLRQ��ZLWKRXW�RQ�IDUP�VWRUDJH�

&URSV�UHTXLULQJ�LUULJDWLRQ�DOO�\HDU�URXQG � 7KLV�LVVXH�LV�QRW�VSHFLILF�WR�RYHU�K\GURSRQLFV�V\VWHPV
� $FFHVV�EHWZHHQ�0D\�WR�$XJXVW�LQFOXVLYH�ZLOO�YDU\

EHWZHHQ�V\VWHPV��6RPH�KDYH�QR�DFFHVV��ZKLOH�RWKHUV
KDYH�VFKHGXOHG�µZLQWHU�UXQV¶

� 7KLV�LV�GLFWDWHG�E\�PDLQWHQDQFH�UHTXLUHPHQWV�
2Q�IDUP�VWRUDJH � 9DULRXV�DSSURYDOV�DUH�UHTXLUHG
3UHPLXP�ZDWHU�DFFHVV�VHUYLFH�±�GHOLYHU\�FDSDFLW\ � %HLQJ�H[SORUHG�LQ�ZDWHU�UHIRUP�SURFHVV�LQ�9LFWRULD

,Q�VXPPDU\�IRU�2+6�

� 6XSSO\�ULVN�DVVHVVPHQW�RI�2+6�LV�QHHGHG�LQ�WKH�SODQQLQJ�DQG�DSSURYDO�SURFHVV
� 0RVW�ULVNV�WR�VXSSO\�DUH�VLWH�VSHFLILF��EXW�ZLWK�LQFUHDVLQJ�DGRSWLRQ�RI�2+6�ZLWKLQ�D�VXSSO\�GLVWULFW�WKH

ULVN�LQFUHDVHV��DV�V\VWHP�SHDN�FDSDFLW\�LV�DSSURDFKHG�RU�H[FHHGHG�
� 6RPH�ZLOO�UHTXLUH�RQ�IDUP�EXIIHU�VWRUDJHV�WR�RIIVHW�WKH�ODFN�RI�VRLO�ZDWHU�VWRUDJH�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� $SSHQGL[����$GRSWLRQ�2I�2Q�)DUP�6\VWHP�+DUPRQLVDWLRQ
7HFKQRORJLHV
7KHUH�DUH�PDQ\� ³DGRSWLRQ� VWXGLHV´� WKDW� DUH� UHOHYDQW� WR� WHFKQRORJ\� WUDQVIHU� DQG�KDUPRQLVDWLRQ�RI� LUULJDWLRQ
ZDWHU� PDQDJHPHQW�� � 6RPH� SHUWLQHQW� PRGHOV� DUH� LQFOXGHG� EHORZ�� &RPELQDWLRQV� RI� H[WHUQDO�� SHUVRQDO�
RUJDQLVDWLRQDO�DQG�WHFKQRORJLFDO�IDFWRUV�DUH�OLNHO\�WR�LQIOXHQFH�DGRSWLRQ�RI�V\VWHPV�IRU�V\VWHP�KDUPRQLVDWLRQ�

)LJXUH�� &RQWH[WXDO�IDFWRUV�LQIOXHQFLQJ�WHFKQRORJ\�DGRSWLRQ

,QQRYDWLRQ
�7HFKQRORJ\�

&RQWH[WXDO )DFWRUV ,QIOXHQFLQJ 7HFKQRORJ\ $GRSWLRQ
([WHUQDO )DFWRUV
(FRQRPLF FOLPDWH
/HJLVODWLYH LQIOXHQFH
6RFLR�SROLWLFDO LQIOXHQFH
&OLPDWLF LPSDFW
&RPSHWLWLYH SUHVVXUH
*RYHUQPHQW VXSSRUW

2UJDQLVDWLRQDO
)DFWRUV
2UJDQLVDWLRQDO VWUXFWXUH DQG VL]H
,QWHU�RUJDQLVDWLRQDO LVVXHV
+HWHUR�KRPRJHQHLW\
/HDGHU�PDQDJHU VXSSRUW
)LQDQFLDO UHVRXUFHV 	 VXSSRUW
*RDO DOLJQPHQW

7HFKQRORJLFDO
)DFWRUV
5HODWLYH DGYDQWDJH
&RPSOH[LW\ 7ULDODELOLW\
2EVHUYDELOLW\ &RPSDWLELOLW\
([SHULHQFH 8VHU VXSSRUW
/HYHO RI NQRZOHGJH �VFLHQFH�
(DVH RI 8VH &RPSHWHQF\
3HUFHLYHG XVHIXOQHVV

3HUVRQDO )DFWRUV
(GXFDWLRQ ([SHULHQFH
$JH $WWLWXGLQDO IDFWRUV
7UDGLWLRQV &XOWXUH
5LVN DYHUVLRQ 0DQDJHPHQW DELOLW\
)LQDQFLDO 6RFLDO VWDWXV
7LPH KRUL]RQ 6HQVH RI FRPPXQLW\
,QIOXHQFH RI RWKHUV
7UDQVDFWLRQ FRVWV

6RPH�NH\�LVVXHV�KDYH�EHHQ�UDLVHG�LQ�WKH�FRQWH[W�RI�ODFN�RI�DGRSWLRQ�RI�KDUPRQLVHG�LUULJDWLRQ�V\VWHPV�
� $XWRPDWLRQ�DQG�VNLOOV�OHYHOV�RI�IDUPHU
� 5HSDLU�DQG�PDLQWHQDQFH�LVVXHV
� &RVW�RI�FRPPXQLFDWLRQ�V\VWHPV
� 3HUFHSWLRQ�RQ�SURILWDELOLW\
� $FFXUDF\�RI�PHDVXUHPHQW
� 5REXVWQHVV�RI�WHFKQRORJ\
� 6LPSOLFLW\�RI�WHFKQRORJ\
� 8VHU�VNLOO
� 7UDLQLQJ�DQG�VXSSRUW
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

$V�SDUW�RI�WKH�FXUUHQW�&5&�,)�SURMHFW�7RROV�DQG�WHFKQRORJLHV�IRU�LPSURYLQJ�WKH�SUHFLVLRQ�RI�LUULJDWLRQ��&5&
,)� �����D��� D� VFRSLQJ� VWXG\� LV� EHLQJ� XQGHUWDNHQ� RQ�LPSURYHG� SURPRWLRQ� RI� H[LVWLQJ� SUHFLVLRQ� LUULJDWLRQ
PHDVXUHPHQW�WHFKQRORJLHV�DQG�LGHQWLILHV�VHYHQ�REVWDFOHV�WR�DGRSWLRQ�
� (QWUHQFKHG�FXOWXUH
� 1RW�VHHLQJ�LPSRUWDQFH�RI�ZDWHU�PDQDJHPHQW
� ,QYHVWPHQW�QRW�SD\LQJ
� 'LIILFXOW\�LQ�JHWWLQJ�VWDUWHG
� &RPSOH[LW\�DQG�XQFHUWDLQW\
� 6FLHQFH�YV�IDUPHU�SHUVSHFWLYHV
� 3RRU�H[WHQVLRQ�PRGHOV�
2WKHU� NH\� LVVXHV� WKDW� ZLOO� DIIHFW� WKLV� DGRSWLRQ� HYHQ� LI� WKHVH� LQWHJUDWLRQ� DQG� FRPPXQLFDWLRQ� V\VWHPV�ZHUH
DYDLODEOH��VXFK�DV

� 7KH�XQVWDEOH�LUULJDWLRQ�HQYLURQPHQW
� 8QFHUWDLQW\�LUULJDWRUV�RSHUDWH�LQ��ULVNV�LPSRVHG�WKURXJK�+DUPRQLVDWLRQ�
� %URDG�IRFXV�RI�GHFLVLRQV��QRW�MXVW�WHFKQLFDO�L�H� KRZ�PXFK�ZDWHU�GR�,�QHHG�� EXW�VRFLDO��KRZ�LV�P\

PDQDJHPHQW�DIIHFWHG��KRZ�FRPSOH[�LV�WKLV��KRZ�GRHV�LW�ILW�ZLWK�P\�FXOWXUH�WUDGLWLRQV��ILQDQFLDO��LPSDFW
RQ�LQYHVWPHQW�DQG�FDVK�IORZV�

� &URVV���RUJDQLVDWLRQDO�LPSDFW
� $OVR�LPSRUWDQW�LV�ZKR�GULYHV�WKH�+DUPRQLVDWLRQ SURFHVV��WKH�QHHG�IRU�FOHDU�DQG�WUDQVSDUHQW�SURFHGXUHV

DQG�TXDQWLI\LQJ�ZKR�SD\V�DQG�ZKR�EHQHILWV�KRZ�PXFK�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

�� $SSHQGL[�� &RQFHSW�RI�&URS�'LYHUVLILFDWLRQ
&URS� GLYHUVLILFDWLRQ� FDQ� EH� D� XVHIXO� PHDQV� WR� LQFUHDVH� FURS� RXWSXW� XQGHU� GLIIHUHQW� VLWXDWLRQV�� &URS
GLYHUVLILFDWLRQ�FDQ�EH�DSSURDFKHG�LQ�WZR�ZD\V��7KH�PDLQ�IRUP�DQG�WKH�FRPPRQO\�XQGHUVWRRG�FRQFHSW�LV�WKH
DGGLWLRQ� RI� PRUH� FURSV� WR� WKH� H[LVWLQJ� FURSSLQJ� V\VWHP�� ZKLFK� FRXOG� EH� UHIHUUHG� WR� DV�KRUL]RQWDO
GLYHUVLILFDWLRQ��)RU�LQVWDQFH��FXOWLYDWLRQ�RI�ILHOG�FURSV�LQ�ULFH�ILHOGV�RU�JURZLQJ�YDULRXV�W\SHV�RI�RWKHU�FURSV�LQ
XSODQGV� KDYH� EHHQ� GHILQHG� DV� FURS� GLYHUVLILFDWLRQ�� +RZHYHU�� WKLV� W\SH� RI� FURS� GLYHUVLILFDWLRQ� PHDQV� WKH
EURDGHQLQJ�RI�WKH�EDVH�RI�WKH�V\VWHP��VLPSO\�E\�DGGLQJ�PRUH�FURSV�WR�WKH�H[LVWLQJ�FURSSLQJ�V\VWHP�XWLOL]LQJ
WHFKQLTXHV�VXFK�DV�PXOWLSOH�FURSSLQJ�WHFKQLTXHV�FRXSOHG�ZLWK�RWKHU�HIILFLHQW�PDQDJHPHQW�SUDFWLFHV�

7KH� RWKHU� W\SH� RI� FURS� GLYHUVLILFDWLRQ� LV�YHUWLFDO� FURS� GLYHUVLILFDWLRQ�� LQ� ZKLFK� YDULRXV� RWKHU� GRZQVWUHDP
DFWLYLWLHV� DUH� XQGHUWDNHQ�� 7KLV� FRXOG� EH� LOOXVWUDWHG� E\� XVLQJ� DQ\� FURS� VSHFLHV�� ZKLFK� FRXOG� EH� UHILQHG� WR
PDQXIDFWXUHG�SURGXFWV�� VXFK�DV� IUXLWV��ZKLFK�DUH�FDQQHG�RU�PDQXIDFWXUHG� LQWR� MXLFHV�RU� V\UXSV� DV� WKH� FDVH
PD\�EH��9HUWLFDO�FURS�GLYHUVLILFDWLRQ�ZLOO�UHIOHFW�WKH�H[WHQW�DQG�VWDJH�RI�LQGXVWULDOL]DWLRQ�RI�WKH�FURS�

,W�KDV�WR�EH�QRWHG�WKDW�FURS�GLYHUVLILFDWLRQ WDNHV�LQWR�DFFRXQW�WKH�HFRQRPLF�UHWXUQV�IURP�GLIIHUHQW�FURSV��7KLV
LV�YHU\�GLIIHUHQW�WR�WKH�FRQFHSW�RI�PXOWLSOH�FURSSLQJ�LQ�ZKLFK�WKH�FURSSLQJ�LQ�D�JLYHQ�SLHFH�RI�ODQG�LQ�D�JLYHQ
SHULRG�LV�WDNHQ�LQWR�DFFRXQW�

%HVLGHV� WKH� DERYH�� VRPH� RWKHU� WHUPLQRORJLHV� DUH� DOVR� XVHG� WR� GHILQH� FURS� GLYHUVLILFDWLRQ�� 7KHUH� DUH� WHUPV
VXFK�DV�³FURS�VXEVWLWXWLRQ´�DQG�³FURS�DGMXVWPHQW´��,W�LV�QHFHVVDU\�WR�LQGLFDWH�KHUH�WKDW�FURS�VXEVWLWXWLRQ�DQG
DGMXVWPHQW�DUH�OLQNHG�WR�WKH�PDLQ�FRQFHSW�RI�FURS�GLYHUVLILFDWLRQ�DQG�DUH�VWUDWHJLHV�RIWHQ�XVHG�WR�PD[LPL]H
SURILW�RI�JURZLQJ�YDULHWLHV�RI�FURSV��7KH� OHYHO�RI�GLYHUVLILFDWLRQ�ZLOO�DOVR�EH�GLIIHUHQW� LQ�YDULRXV�FRXQWULHV�
'LYHUVLILFDWLRQ�DW�IDUP�OHYHO�ZLOO�LQYROYH�JURZLQJ�RI�VHYHUDO�FURSV�IRU�DFKLHYLQJ�VHOI�VXIILFLHQF\��EXW�LW�PD\
EH�D�WRWDOO\�GLIIHUHQW�DSSURDFK�DW�WKH�QDWLRQDO�OHYHO��&URS�GLYHUVLILFDWLRQ�DW�QDWLRQDO�OHYHO�ZLOO�GHPDQG�PRUH
UHVRXUFHV�DQG�UHTXLUH�VHOHFWLRQ�DQG�PDQDJHPHQW�RI�D�VSHFLILF�FURS�RU�D�JURXS�RI�FURSV�VROG�IUHVKO\�RU�YDOXH
DGGHG�WR�DFKLHYH�KLJKHU�SURILWV�

7KHUH�DUH�VHYHUDO�DGYDQWDJHV�RI�FURS�GLYHUVLILFDWLRQ��ZKLFK�FRXOG�EH�OLVWHG�DV�IROORZV�

� &RPSDUDWLYHO\�KLJK�QHW�UHWXUQ�IURP�FURSV
� +LJKHU�QHW�UHWXUQV�SHU�XQLW�RI�ODERXU�
� 2SWLPLVDWLRQ�RI�UHVRXUFH�XVH�
� +LJKHU�ODQG�XWLOLVDWLRQ�HIILFLHQF\�
� ,QFUHDVHG�MRE�RSSRUWXQLWLHV�
,Q� RUGHU� WR� DFKLHYH� WKH� DERYH� EHQHILWV� WKH� SURFHVV� RI� GLYHUVLILFDWLRQ� VKRXOG� EH� FKDQJHG� IURP� YHU\� VLPSOH
IRUPV�RI�FURS�URWDWLRQV�� WR� LQWHQVLYH� V\VWHPV�VXFK�DV� UHOD\�FURSSLQJ�DQG� LQWHUFURSSLQJ�RU� VSHFLDOL]DWLRQ�E\
GLYHUVLI\LQJ�LQWR�YDULRXV�FURSV��ZKHUH�WKH�RXWSXW�DQG�SURFHVVLQJ�HWF���FRXOG�EH�GLIIHUHQW��7KLV�SURFHVV�FRXOG
EH�VLPLODU�DW�IDUP�OHYHO�DQG�QDWLRQDO�OHYHO�

7KHUHIRUH�� WKH� PDLQ� FRQFHSW� LPSOLHG� LQ� IDUP� GLYHUVLILFDWLRQ� �FURSV�� OLYHVWRFN� DQG� ILVKHULHV�� DQG� FURS
GLYHUVLILFDWLRQ�SURJUDPPHV�VKRXOG�EH�SODFHG�LQ�D�SURSHU�SHUVSHFWLYH�LQ�RUGHU�WR

� UHVSRQG�WR�WKH�REMHFWLYHV�DQG�JRDOV�RI�WKH�IDUPHUV�VXFK�DV�FRQVXPSWLRQ��KRXVHKROG�XWLOLWLHV��LQFRPH�HWF�
� LQFUHDVH�IDUP�LQFRPH�DQG�SURYLGH�D�FRQWLQXRXV�LQFRPH�IRU�IDUP�IDPLOLHV�
� UHGXFH�IDUPHUV
�ULVN�DQG�HQFRXUDJH�WKHP�WR�PDNH�WKHLU�RZQ�IDUP�SODQV�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� SURPRWH�YDULRXV�IDUP�HQWHUSULVHV�WR�DYRLG�DQ\�ULVN�DQG�XQFHUWDLQWLHV�IURP�QDWXUDO�GLVDVWHUV�DQG
PDUNHWLQJ�VHWEDFNV�

� HQFRXUDJH�WKH�IDUPHUV�WR�UHF\FOH�IDUP�ZDVWHV�DQG�LQWHJUDWH�IDUP�DFWLYLWLHV�VXFK�DV�FURSV��OLYHVWRFN�DQG
ILVKHULHV�

� PLQLPLVH�WKH�XVH�RI�H[WHUQDO�LQSXWV��DQG
� FRQVHUYH�WKH�QDWXUDO�UHVRXUFHV�DQG�EDODQFH�WKH�DJUR�HFRV\VWHPV�DW�WKH�IDUP�OHYHO�

&URS�'LYHUVLILFDWLRQ�ZLWKLQ�'LIIHUHQW�&RXQWULHV�

,Q�9LHWQDP��&URS�GLYHUVLILFDWLRQ�DV�XQGHUVWRRG�LV�GHILQHG�DV�WKH�VWUDWHJ\�RI�VKLIWLQJ� IURP�OHVV�SURILWDEOH� WR
PRUH�SURILWDEOH�FURSV��FKDQJLQJ�RI�YDULHW\�DQG�FURSSLQJ�V\VWHP�� LQFUHDVLQJ�H[SRUWV�DQG�FRPSHWLWLYHQHVV� LQ
ERWK�GRPHVWLF�DQG�LQWHUQDWLRQDO�PDUNHWV��SURWHFWLQJ�WKH�HQYLURQPHQW��DQG�PDNLQJ�FRQGLWLRQV�IDYRXUDEOH� IRU
FRPELQLQJ�$JULFXOWXUH�)LVKHU\�)RUHVWU\�/LYHVWRFN�

,Q�0DOD\VLD��KRUL]RQWDO�GLYHUVLILFDWLRQ RU�WKH�FXOWLYDWLRQ�RI�DQ�LQFUHDVLQJ�QXPEHU�RI�FURSV�DV�RSSRVHG�WR�RQH
RU�WZR�PDMRU�FURSV�LV�WKH�SUDFWLFH��2LO�SDOP��UXEEHU��FRFRD�DQG�ULFH�KDYH�EHHQ�DQG�FRQWLQXH�WR�EH�WKH�PDMRU
FURSV� JURZQ� E\� WKH� SULYDWH� DQG� SXEOLF� VHFWRUV�� +RZHYHU�� RWKHU� FURSV� VXFK� DV� FRFRQXW�� WURSLFDO� IUXLWV�
YHJHWDEOHV��IORZHUV��DQQXDO�FURSV�HWF���DUH�EHLQJ�JURZQ�E\�WKH�VPDOOKROGHUV�DQG�WKH�SULYDWH�VHFWRU�

9HUWLFDO�GLYHUVLILFDWLRQ LV�XVXDOO\�RFFXUV�ZKHQ�D�JRYHUQPHQW�RU�FRPSRQ\�GLYHUVLILHV�LQWR�D�QHZ�DUHD�ZKLFK�LV
RQH� VWHS� UHPRYHG� IURP� LWV� WUDGLWLRQDO� DUHD�� �9HUWLFDO� GLYHUVLILFDWLRQ� LQ� DJULFXOWXUH� DUHD� VWDUWV� IURP�SULPDU\
SURGXFWLRQ��IDUP�SURGXFWV� JRHV�WKURXJK�SULPDU\�DQG�VHFRQGDU\�SURFHVVLQJ�DQG�ILQDOO\�WKH�ILQLVKHG�SURGXFWV�
7KH� YHUWLFDO� YDULDQW� JLYHV� LQFUHDVLQJ� HPSKDVLV� WR� LQWUD� DQG� LQWHU�VHFWRU� OLQNDJHV� WKHUHE\� GHYHORSLQJ� WKH
UHOHYDQW�YDOXH�FKDLQ�LQ�RUGHU�WR�EH�FRPSHWLWLYH

,Q� 1HSDO�� &URS� GLYHUVLILFDWLRQ� UHSUHVHQWV� WKH� JURZLQJ� RI� D� YDULHW\� RI� DJULFXOWXUDO� FRPPRGLWLHV� WKDW� DUH
FRPPHUFLDOO\�YLDEOH�DQG�ORFDOO\�DFFHSWDEOH��7KH�IDUPHU�KDV�OLPLWHG�ODQG�ZKHUH�KH�ZDQWV�WR�JURZ�HYHU\WKLQJ
SRVVLEOH� IRU� KRPH� FRQVXPSWLRQ�� :KDWHYHU� PD\� EH� WKH� FURS� LQWHQVLW\�� WKLV� W\SH� RI� DSSURDFK� LV� QRW
FRPPHUFLDOO\�YLDEOH��7KHVH�GD\V�WKH�IDUPHU�KDV�WR�EH�FRPPHUFLDOLVHG�IRU�VXVWDLQHG�OLYHOLKRRG��&RPPRGLWLHV
KDYLQJ�KLJKHU�FRPSDUDWLYH�DGYDQWDJH�DQG�KLJKHU�PDUNHWDELOLW\�VKRXOG�EH�JURZQ�RQ�D�FRPPHUFLDO�EDVLV�� ,Q
RUGHU� WR� HQFRXUDJH� FRPPHUFLDOLVDWLRQ�� WKH� SURGXFWLRQ� SRFNHW� FRQFHSW� DQG� IDUPHUV� JURXS� DSSURDFK� DV
HQFRXUDJHG�E\�WKH�$JULFXOWXUH�3URVSHFWLYH�3ODQ��$33��VKRXOG�EH�IXOO\�LPSOHPHQWHG�

,Q� 3KLOLSSLQHV�� 7KH� JRYHUQPHQW� KDV� DGRSWHG� FURS� GLYHUVLILFDWLRQ� DV� D� VWUDWHJ\� WR� SURPRWH� DQG� KDVWHQ
DJULFXOWXUDO�GHYHORSPHQW��&URS�GLYHUVLILFDWLRQ�KDV�WZR�SHUVSHFWLYHV��RQH�DVSHFW�LV�SODQWLQJ�D�FDVK�FURS�DIWHU
WKH� PDLQ� FURS� DQG� WKH� RWKHU� LV� SODQWLQJ� LQWHUFURSV� �SHUPDQHQW� RU� FDVK� FURSV�� LQ�EHWZHHQ� WKH� PDLQ� FURS�
XVXDOO\�D�SHUPDQHQW�FURS��7KLV�VWUDWHJ\�KHOSV�DWWDLQ�WKH�JRDO�RI�WKH�'HSDUWPHQW�LQ�LQFUHDVLQJ�SURGXFWLYLW\�DQG
IDUP�LQFRPH�QRWZLWKVWDQGLQJ�WKH�EHQHILW�RI�HQYLURQPHQWDO�FRQVHUYDWLRQ�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

�� $SSHQGL[��� ,VVXHV�DQG�RSSRUWXQLWLHV�DORQJ�WKH�9DOXH�&KDLQ

���� ,VVXHV�LQ�WKH�LUULJDWLRQ�YDOXH�FKDLQ�WKDW�OLPLWV�LWV�HIIHFWLYHQHVV

������ 1XPEHU�RI�HQWLWLHV

,Q� VRPH� FDVHV� DOO� VL[� EXVLQHVV� SURFHVVHV� DUH� GRQH� E\� WKH� VDPH� HQWLW\� DQG� WKH� LVVXHV� DUH� LQWHUQDO� HJ�� DQ
LUULJDWRU�KDUYHVWLQJ�UDLQIDOO�DQG�UHWDLOLQJ�DW�WKH�IDUP�JDWH�

,Q�PRVW�FDVHV� WKH�VL[�VWHSV�DUH�PDQDJHG�E\� VHSDUDWH�HQWLWLHV��7KH� LVVXHV� LQ�DFKLHYLQJ�KDUPRQLVDWLRQ�RI� WKH
YDOXH�FKDLQ�DUH�IDU�PRUH�FRPSOH[�DQG�PRUH�FKDOOHQJLQJ�

3K\VLFDOO\�UHGXFLQJ�WKH�QXPEHU�RI�HQWLWLHV�UHGXFHV�WKH�QXPEHU�RI�RUJDQLVDWLRQV�LQYROYHG�E\�WKLV�RQO\�OHDGV�WR
LPSURYHPHQW�LI�FRPPXQLFDWLRQV�DUH�LPSURYHG�LQWHUQDOO\�

������ 'LVWDQFH

7KH� SK\VLFDO� GLVWDQFH� EHWZHHQ� HDFK� RI� WKH� VL[� VWHSV� LQFUHDVHV� WKH� FRPSOH[LW\� LQ� FRPPXQLFDWLRQ� DQG
XQGHUVWDQGLQJ�RI�QHHGV�DQG�ZDQWV�

������ 7LPHVFDOH

/RQJ� ODJ� WLPHV� IRU� GHOLYHU\� DQG� XVH� RI� SURGXFW� RIWHQ� PHDQV� WKDW� QHHGV� DQG� ZDQWV� DUH� QRW� PDWFKHG� DQG
FRPPXQLFDWLRQV�EHWZHHQ�RUJDQLVDWLRQV�DUH�RXW�RI�GDWH�

������ 5ROH�RI�*RYHUQPHQW�	�DELOLW\�RI�JRYHUQPHQWV�WR�UHVSRQG�WR�PDUNHW�VLJQDOV

7KH�VHFRQGDU\�YDOXH�FKDLQV�LV�JHQHUDOO\�PDUNHW�GULYHQ�DQG�LV�FRQWLQXDOO\�LPSURYHG�E\�FRPPHUFLDO�GULYHUV�
ZLWK�D�OLPLWHG�UROH�IRU�*RYHUQPHQW�

$OWKRXJK�� LQ� WKH� HDUO\� GD\V� RI� LUULJDWLRQ� JRYHUQPHQW� ZDV� PXFK� PRUH� DFWLYHO\� LQYROYHG� LQ� DFWLYHO\
HQFRXUDJLQJ�DQG�IXQGLQJ�WKHVH�SDUWV�RI�WKH�VXSSO\�FKDLQ�

,Q�UHFHQW�WLPHV��DQG�DV�D�UHVXOW�RQ�QDWLRQDO�FRPSHWLWLRQ�SROLF\��&2$*�UHIRUPV��JRYHUQPHQW�LQYROYHPHQW�LQ
WKH� VHFRQGDU\� FKDLQ� LV� JHQHUDOO\� OLPLWHG� WR� LPSURYLQJ� LQIUDVWUXFWXUH� VXFK� DV� URDGV�� SRZHU�� JDV� HWF� DQG� LQ
H[SRUW�PDUNHW�GHYHORSPHQW��H�J��WUDGH�PLVVLRQV��

:DWHU� KDUYHVWLQJ� DQG� GLVWULEXWLRQ� DUH� VWLOO� WKH� GRPDLQ� RI� JRYHUQPHQW� �WR� D� JUHDWHU� DQG� OHVVHU� H[WHQW��� EXW
&2$*� ZDWHU� UHIRUP� LV� LQFUHDVLQJO\� H[SRVLQJ� WKLV� VHFWRU� WR� PDUNHW� IRUFHV� HJ�� ZDWHU� WUDGH� DQG� IXOO� FRVW
UHFRYHU\�SULFLQJ�

'HVSLWH� WKLV� JRYHUQPHQW� RZQHUVKLS� DQG� PDQDJHPHQW� PD\� PDNH� WKHVH� HQWLWLHV� OHVV� UHVSRQVLYH� WR� PDUNHW
VLJQDOV�

2Q� WKH�RWKHU�KDQG�� LW� FDQ�DOVR�EH�DUJXHG� WKDW� WKH� ORQJ�DVVHW� OLIH�DQG� ODUJH� IL[HG� FRVWV� WKDW� DUH� D� IHDWXUH� RI
ZDWHU� VWRUDJH� DQG� ZDWHU� GLVWULEXWLRQ� ZKLFK� PHDQV� WKDW� WKH� DELOLW\� WR� UHVSRQG� WR� UDSLGO\� FKDQJLQJ� PDUNHW
IRUFHV�ZLOO�DOZD\V�EH�OLPLWHG��LUUHVSHFWLYH�RI�JRYHUQPHQW�LQYROYHPHQW�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

+RZHYHU��WKH�LQWHUIDFH�EHWZHHQ�SULYDWH�DQG�SXEOLFO\�PDQDJHG�SDUWV�RI�WKH�VXSSO\�FKDLQ�FDQ�EH�DQ�DUHD�ZKHUH
WKH�DELOLW\�WR�FRPPXQLFDWH�DQG�UHVSRQG�EUHDNV�GRZQ��7KLV�LV�WKH�FRPPXQLFDWLRQ�EHWZHHQ�LUULJDWRUV�DQG�WKH
ZDWHU�VXSSOLHU�DQG�VRPHWLPHV�EHWZHHQ�WKH�ZDWHU�VXSSOLHU�DQG�JRYHUQPHQW�

������ &RPSRXQGLQJ�V\VWHP�GLVKDUPRQ\

([DPSOHV�RI�V\VWHP�GLVKDUPRQ\�LVVXHV�WKDW�FDQ�FRPSRXQG�DQG�OHDG�WR�LQDSSURSULDWH�LQYHVWPHQW�PL[�DFURVV
WKH�VXSSO\�FKDLQ�DUH�LOOXVWUDWHG�EHORZ�

([DPSOHV�RI�V\VWHP�GLVKDUPRQ\�DUH�

������ 5HODWLYH�PDUNHW�SRZHU�RI�GLIIHUHQW�VHFWRUV�LQ�WKH�YDOXH�FKDLQ

:KHUH�DQ�HQWLUH�EXVLQHVV�SURFHVV��VWHSV���WR����LQ�FRQFHQWUDWHG�LQ�WKH�KDQGV�RI�D�VLQJOH�HQWLW\�WKHQ�WKH�UHODWLYH
PDUNHW�SRZHU�LV�PXFK�KLJKHU�DQG�WKLV�FDQ�UHVXOW�LQ�LQFUHDVLQJ�SUHVVXUH�RQ�RWKHU�VHFWRUV�
7KLV�LV�D�PDMRU�LVVXH�IRU�LUULJDWRUV�DV�WKH\�VHH�WKHLU�QXPEHUV�RI�GLUHFW�FXVWRPHUV��H�J��IRRG�SURFHVVRUV��EHLQJ
UHGXFHG�DQG�WKHLU�LQSXW�ZDWHU�FRVWV�DUH�RIWHQ�VXSSOLHG�E\�D�PRQRSRO\�
:KHUH�LUULJDWRUV�KDYH�RZQHUVKLS�RU�PDQDJHPHQW�LQSXW�LQWR�WKH�PRQRSRO\�WKLV�LVVXH�LV�PXFK�UHGXFHG�

������ +RZ�ELJ�DUH�WKH�PXOWLSOLHUV�DORQJ�WKH�YDOXH�FKDLQ"

3ULPDU\�LUULJDWLRQ�DFWLYLW\�FRQQHFWV�ZLWK�WKH�UHVW�RI�WKH�HFRQRP\�LQ�WKUHH�EDVLF�ZD\V��&,(�������

3URFHVVHG SURGXFW QRW EHLQJ�GHOLYHUHG WR�KLJKHVW�YDOXH PDUNHWV�
LQDSSURSULDWH�SURFHVVLQJ�LQIUDVWUXFWXUH�LQYHVWPHQW
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W :DWHU KDUYHVWLQJ 	 VWRUDJH�

� :DWHU�GLVWULEXWLRQ

(J� 2YHU�DOORFDWLRQ RI�ZDWHU� RU SRRU�ZDWHU�TXDOLW\

� ,UULJDWLRQ �FURS�PL[�

:DWHU VKRUWDJH� LQDSSURSULDWH VHUYLFH OHYHOV 	 UDWLRQLQJ

� 3URFHVVLQJ

3RRU FURS TXDOLW\� VKRUWIDOO LQ�SURGXFWLRQ� LQDSSURSULDWH FURS�PL[

� :KROHVDOLQJ�'LVWULEXWLRQ

�

/RVW�RSSRUWXQLW\� 1R�UHSHDW SXUFKDVH

5HWDLOLQJ

&XVWRPHU QHHGV 	�ZDQWV

LQDSSURSULDWH�GLVWULEXWLRQ LQIUDVWUXFWXUH LQYHVWPHQW
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� SXUFKDVLQJ�JRRGV�DQG�VHUYLFHV�IURP�RWKHU�LQGXVWULHV
� LUULJDWLRQ�H[SHQGLWXUH�RQ�FRQVXPSWLYH�JRRGV
� WUDQVSRUW��SURFHVVLQJ��PDUNHWLQJ��H[SRUWLQJ�RI�SULPDU\�LUULJDWHG�SURGXFWV
&,(��������HVWLPDWHG�WKDW�LQ���������LUULJDWHG�SURGXFWLRQ�JHQHUDWHG��������PLOOLRQ�JURVV�YDOXH�RI�SURGXFWLRQ
SOXV��������PLOOLRQ�RI�RWKHU�YDOXH�DGGHG�IURP�DERYH�

$&,/� LQ� 6HSW� ����� LQ� LWV� ³(FRQRPLF� ,PSDFWV� RI�'UDIW�:DWHU� 6KDULQJ� 3ODQV´� VXJJHVW� D� UHJLRQDO� DQG� VWDWH
PXOWLSOLHU�RI��� LV� UHOHYDQW� �6.0������� �TXRWHG� LQ�6.0������±�7KH�/LYLQJ�0XUUD\�0XUUXPELGJHH�:DWHU
5HFRYHU\�UHJLRQDO�6WXG\�2FWREHU�������

7KLV�FRQWUDVWV�ZLWK�HDUOLHU�ZRUN�ZKHUH��

� ,Q������3RZHOO�5HSRUW�RQ�5LFH�LQGLFDWHG�WKDW�IRU�HYHU\����RI�ULFH�SURGXFWLRQ����LV�JHQHUDWHG�LQ
DVVRFLDWHG�DFWLYLW\�

� ,Q������16:�$JULFXOWXUH�HVWLPDWHG�PXOWLSOLHUV�RI���IRU�LUULJDWLRQ�
� 7KH�PDLQ�GLIIHUHQFH�VHHPV�WR�EH�WKDW�PRUH�UHFHQW�HFRQRPLF�PRGHOOLQJ�WDNHV�LQWR�DFFRXQW�WKH

RSSRUWXQLW\�FRVW�RI�LUULJDWLRQ��HJ�ORVW�GU\ODQG�SURGXFWLRQ��ZKLOH�HDUOLHU�VWXGLHV�GLG�QRW�

���� 2SSRUWXQLWLHV�WR�,QFUHDVH�+DUPRQ\�ZLWKLQ�WKH�9DOXH�&KDLQ

������ 5HGXFH�LQSXW�FRVWV�ZLWK�QHZ�WHFKQRORJ\

7KLV�FRXOG�RFFXU�DW� DQ\� VWDJH� LQ� WKH�YDOXH�FKDLQ��EXW� LQ� WHUPV�RI�136,� LQWHUHVWV� WKH�PDLQ� IRFXV� VKRXOG�EH
ZLWKLQ�WKH�SULPDU\�FKDLQ��7KH�VHFRQGDU\�FKDLQ�LV�JHQHUDOO\�RXWVLGH�RI�136,�VSKHUH�RI�LQIOXHQFH�

������ ,PSURYH�IHHGEDFN�DQG�FRPPXQLFDWLRQ�OLQNV�EHWZHHQ�WKH�VL[�VWHSV

7KLV� LV� IXQGDPHQWDO�� $JDLQ� IRU�136,� DQG� LWV� LQWHUHVWV� WKLV� VKRXOG� EH� LQ� WKH� SULPDU\� FKDLQ� LQ� D� VLQJOH� FR�
RUGLQDWHG�V\VWHP�

+RZHYHU��D�UHJLRQDO�YDOXH�FKDLQ�FRXOG�EHQHILW�IURP�D�PXFK�ZLGHU�SURJUDP�WKDW� OLQNV�WKURXJK�WR�EUDQG�DW�D
UHWDLO�OHYHO��7KLV�ZRXOG�EH�D�FRPPHUFLDO�LQYHVWPHQW�GHFLVLRQ�IRU�D�UHJLRQ��UDWKHU��WKDQ�EH�D�UROH�IRU�136,�

������ ,QWHJUDWH�EXVLQHVV�SURFHVVHV

9HUWLFDO�LQWHJUDWLRQ�RFFXUV�ZKHQ�RQH�EXVLQHVV�SURFHVV�DORQJ�WKH�YDOXH�FKDLQ�FRPELQHV�ZLWK�LW¶V�XSVWUHDP�RU
GRZQVWUHDP�QHLJKERXU�LQ�RUGHU�WR�FDSWXUH�WKH�SURILW�PDUJLQ�RI�ERWK�VWHSV�

7KH�FODVVLF�H[DPSOH� LQ� WKH� LUULJDWLRQ� LQGXVWU\� LV� WKH� ULFH� LQGXVWU\��6XQ5LFH� LV� D� JURZHU�RZQHG�FRRSHUDWLYH
WKDW�SXUFKDVHV�DOO�ULFH�DQG�LV�UHVSRQVLEOH�IRU�LW¶V�SURFHVVLQJ��GLVWULEXWLRQ�DQG�PDUNHWLQJ�

$QRWKHU� H[DPSOH�� ZRXOG� EH� LI� D� GDLU\� SURFHVVRU� QHJRWLDWHV� D� EXON� ZDWHU� SXUFKDVHU� IRU� LWV� PLON
VXSSOLHUV�LUULJDWRUV�

+RZHYHU�� WKLV� FRXOG� EH� LQWHUSUHWHG� DV� D�PDUNHW� VLJQDO� IDLOXUH�� ,GHDOO\� WKH� GDLU\� IDFWRU\� VKRXOG� EH� DEOH� WR
DFKLHYH� WKH� VDPH� VHFXULW\� RI� VXSSO\� E\� RIIHULQJ� D� IL[HG� SULFH� IRU� D� FRQWUDFWHG� YROXPH� RI�PLON� VR� WKDW� LWV
IDUPHUV�FDQ�SXUFKDVH�ZDWHU�ZLWK�FRQILGHQFH�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

+RUL]RQWDO�LQWHJUDWLRQ�LV�ZKHUH�LQGLYLGXDO�EXVLQHVVHV�FDUU\LQJ�RXW�WKH�VDPH�SURFHVV�FRPELQH�IRU�WKH�SXUSRVH
RI�DFKLHYLQJ�HFRQRPLHV�RI�VFDOH�DQG�PDUNHW�SRZHU�7KLV�LQYROYHV�WKH�FRQVROLGDWLRQ�UDWLRQDOLVDWLRQ�RI�PDUNHW
VXSSOLHUV�DW�RQH�OHYHO��V��RI�WKH�VXSSO\�FKDLQ�H�J��SURGXFWLRQ�RU�GLVWULEXWLRQ�ORJLVWLFV�JHQHUDOO\�

7KH�WDEOH�EHORZ�LOOXVWUDWHV�WKH�UHODWLYH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�LQWHJUDWLRQ�

7DEOH����� )HDWXUHV�RI�,QWHJUDWLRQ�LQ�WKH�YDOXH�FKDLQ

/HYHO�RI�,QWHJUDWLRQ *HQHUDOLVHG�$GYDQWDJHV *HQHUDOLVHG�'LVDGYDQWDJHV

+LJK��9HUWLFDO�LQWHJUDWLRQ � 6WURQJ�5	'�LQYHVWPHQW
� 6WURQJ�EUDQG��+LJK�PDUNHWLQJ

DQG�DGYHUWLVLQJ�LQYHVWPHQW
� ([FHOOHQW�IRU�KLJK�YROXPH

PDUNHWV
� &DQ�LQYHVW�LQ�KLJK�RYHUKHDG

PDUNHW�GHYHORSPHQW��HJ�
([SRUWV�

� 6WURQJ�ORJLVWLFV
� +LJK�PDUNHW�SRZHU
� 6WURQJHU�XQGHUVWDQGLQJ�RI�WKH

HQWLUH�VXSSO\�FKDLQ�IURP
SURGXFWLRQ�GLVWULEXWLRQ

� 0DUNHW�SRVLWLRQ�VKRXOG�DOVR�EH
VWURQJHU�

� 3RROHG�UHVRXUFHV�����DQG�SHRSOH

� 5HTXLUHV�ODUJH�VFDOH�WR�DFKLHYH
DGYDQWDJHV

� 7UDQVIHU�SULFHV�DQG�LQWHUQDO�FRVWV
FDQ�EH�ORVW�XQOHVV�JRRG�LQWHUQDO
DFFRXQWLQJ

� &DQQRW�TXLFNO\�UHVSRQG�WR�ORZ
YROXPH�QLFKH�PDUNHWV

� 6XEMHFW�WR�VFUXWLQ\�IRU�DQWL�
FRPSHWLWLYH�EHKDYLRXU�IURP
1DWLRQDO�&RPSHWLWLRQ�3ROLF\�DQG
PD\�WKUHDWHQ�IUHH�WUDGH
SURYLVLRQV�IRU�PDUNHW�DFFHVV

+LJK�±�KRUL]RQWDO�LQWHJUDWLRQ � &R�RSHUDWLYH�DSSURDFK
� (FRQRPLHV�RI�VFDOH�HJ�

SXUFKDVLQJ�SRZHU�DQG�PDUNHWLQJ�
� /RZHU�FRVW�RI�SURGXFWLRQ
� &R�RSHUDWLYH�DSSURDFK WR

DFKLHYLQJ�UHGXFHG�FRVW�RXWFRPHV
H�J��PDUNHW�FR�RSV

� ,QQRYDWLRQ�PD\�EH�GHULYHG�IURP
EHLQJ�IRFXVHG�RQ�RQH�SDUW�RI�WKH
YDOXH�FKDLQ�

� 5HTXLUHV�FRQVLGHUDEOH�HIIRUW�LQ
PDLQWDLQLQJ�JRRG�UHODWLRQVKLSV
DQG�DFKLHYLQJ�DJUHHG�EXVLQHVV
VWUDWHJLHV

� 0D\�EH�D�VPDOO�VWHS�LQ�WKH�ZKROH
YDOXH�FKDLQ�SURFHVV�H�J��EHQHILWV
PD\�EH�VPDOO�YV�EHQHILW�GHULYHG
IURP�YHUWLFDO�LQWHJUDWLRQ

1R� ,QWHJUDWLRQ�UHJXODU� PDUNHW
SOD\HUV

� *RRG�IRU�ORZ�YROXPH�QLFKH
PDUNHWV

� 7UDQVIHU�SULFHV�VXEMHFW�WR
FRPSHWLWLRQ�ZKLFK�IRUFHV�FRVWV
GRZQ

� +LJK�UDQJH�RI�SURGXFWV�FKRLFH
� *RRG�OHYHO�RI�FRPSHWLWLRQ�±

NHHSV�SULFHV�LQ�OLQH�± VXSSO\�	
GHPDQG�WKHRU\

� *RRG�IRU�SOD\HUV�ZKLFK�GR�QRW
QHHG�D�FRPSOLFDWHG�VRSKLVWLFDWHG
GLVWULEXWLRQ��PDUNHWLQJ�FKDQQHO

� /RZ�PDUNHW�SRZHU
� +LJKHU�ULVN�RI�ORZ�SURILOH�EUDQGV
� 2YHUKHDG�FRVWV�DUH�GXSOLFDWHG�LQ

HYHU\�EXVLQHVV
� /RZ�5	'�LQYHVWPHQW
� /RZ�PDUNHWLQJ�	�DGYHUWLVLQJ

EXGJHWV
� 3RRU�SHQHWUDWLRQ�LQ�KLJK�FRVW

PDUNHWV
� /RZ�ORJLVWLFV�LQYHVWPHQW
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

/HYHO�RI�,QWHJUDWLRQ *HQHUDOLVHG�$GYDQWDJHV *HQHUDOLVHG�'LVDGYDQWDJHV
HWF� � 3ULFH�	�SURILW�HURVLRQ�GXH�WR�KLJK

FRPSHWLWLRQ�
� 2YHUKHDG�	�GLVWULEXWLRQ�FRVWV�DUH

GXSOLFDWHG�LQ�HYHU\�EXVLQHVV�
� 0D\�UHVXOW�LQ�RYHU�

VHUYLFHG�VXSSO\ PDUNHW
� $ELOLW\�WR�LQYHVW�LQ�5	'�DQG

PDUNHWLQJ�DGYHUWLVLQJ�LV�ORZHU�
� $FFHVV�WR�H[SRUW�PDUNHWV�PRUH

OLPLWHG

������ 6WUHQJWKHQ�UHWDLO�SURILOH�EUDQG

)RU�H[DPSOH�WKH�&RFD�&ROD�$PDWLO�SXUFKDVH�RI�63&�$UGPRQD�PD\�SURYLGH�DQ�RSSRUWXQLW\�WR�OLIW�WKH�LUULJDWHG
IUXLW�H[SRVXUH�WR�PRUH�FXVWRPHUV�DQG�SURYLGH�IRU�JUHDWHU�YDOXH�IURP�WKH�ZKROH�LUULJDWHG�YDOXH�FKDLQ�

(VWDEOLVKLQJ� UHJLRQDO� RU� FDWFKPHQW� EUDQGV� �HJ��*RXOEXUQ� YDOOH\�� IRU� D� UDQJH� RI� SURGXFWV� ZLWKLQ� WKH� VDPH
YDOXH�FKDLQ�PD\�DGG�YDOXH�WR�WKH�WRWDO�LUULJDWHG�VXSSO\�FKDLQ�

$QRWKHU� H[DPSOH� LV� WKH� ³SDGGRFN� WR� SODWH´� YDOXH� DGGHG� E\� HQYLURQPHQWDO�PDQDJHPHQW� V\VWHPV��5HJLRQDO
&DWFKPHQW�6WUDWHJLHV��IRRG�VDIHW\��DQG�TXDOLW\�DVVXUDQFH�VFKHPHV�

������ ,QFUHDVH�XQGHUVWDQGLQJ�RI�WKH�YDOXH�FKDLQ

$Q� H[DPSOH� RI� WKLV� WR� LQFUHDVH� LUULJDWRU� RZQHUVKLS� DQG� PDQDJHPHQW� RI� VXSSO\� V\VWHPV�� $OWKRXJK� LW� LV
LPSRUWDQW�WKDW�WKLV�LV�VXSSRUWHG�E\�D�KLJK�OHYHO�RI�H[HFXWLYH�DQG�WHFKQLFDO�VXSSRUW�DQG�ZLWK�VRPH�JRYHUQPHQW
VDIH�JXDUGV�

������ $GGUHVV�FRPPRQ�EXVLQHVV�SURFHVVHV�QHHGV�ZLWKLQ�WKH�YDOXH�FKDLQ

)RU� H[DPSOH� LPSURYH� URDG� DQG� SRZHU� QHWZRUNV� DQG� SURYLGH� SURJUDPV� WKDW� VNLOO� GHYHORSPHQW� FDQ� DFKLHYH
FRVW�VDYLQJV�WKURXJKRXW�WKH�YDOXH�FKDLQ�

������ ,PSOHPHQW�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�ZLWK�SOD\HUV�DORQJ�WKH�YDOXH�FKDLQ

7KLV�UHTXLUHV�D�SDUWQHUVKLS�RI�NH\�SOD\HUV�DORQJ� WKH�YDOXH�FKDLQ� WR�GHYHORS�D�FRPPRQ�YLVLRQ�DQG�EXVLQHVV
SODQ��)RU�H[DPSOH�WKH�*RXOEXUQ�%URNHQ�,UULJDWLRQ�)XWXUHV�3URMHFW�

������ 0RYH�WR�KLJKHU�YDOXH�SURGXFWV

6KLIWLQJ�ZDWHU�WR�KLJKHU�YDOXH�HQWHUSULVHV�FDQ�MXVWLI\�LQFUHDVHG�LQYHVWPHQW�DQG�LPSURYHPHQW�WKURXJKRXW�WKH
YDOXH�FKDLQ�
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&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

�� $SSHQGL[��� ,QVWLWXWLRQDO�$UUDQJHPHQWV�DQG�WKHLU�&RPSRQHQWV

���� :DWHU�KDUYHVWLQJ

D� $OORFDWLRQ�3ROLF\

7KHUH� LV�D�QHHG�IRU�D�SURFHVV� WR�GHWHUPLQH�EXON�HQWLWOHPHQWV� IRU�ZDWHU� KHOG� LQ� VWRUDJH�DQG� UXOHV� IRU
WLPHV� RI� VSLOO� DQG� UHVWULFWLRQV�� 7KLV� LV� JHQHUDOO\� FRYHUHG� E\� 6WDWH� *RYHUQPHQW� SURFHVVHV� DQG
LQYHVWPHQW�E\�136,�LV�XQOLNHO\�WR�DGG�YDOXH��H[FHSW�IRU�H[SORULQJ�KRZ�ORQJ�WHUP�ZDWHU�UHOLDELOLW\�LV
EHVW�FRPPXQLFDWHG�ZLWK�LUULJDWRUV�

E� (QYLURQPHQWDO�IORZV

+RZ� GRHV� FR�RUGLQDWLQJ� WKH� PDQDJHPHQW� RI� UHOHDVHV� IRU� K\GURHOHFWULFLW\�� FRQVXPSWLYH� XVH� DQG
HQYLURQPHQWDO�IORZV�RFFXU"�7KLV�EHFRPHV�D�PRUH�FULWLFDO�TXHVWLRQ�ZKHQ�D�UDQJH�RI� MXULVGLFWLRQV�DUH
LQYROYHG�

7KLV�LV�JHQHUDOO\�GRQH�E\�6WDWH�*RYHUQPHQWV�DQG�LQ�WKH�FDUH�RI�WKH�0XUUD\�'DUOLQJ�DQG�SDUWQHUVKLS�RI
JRYHUQPHQWV��LQYHVWPHQW�E\�136,�LV�XQOLNHO\�WR�DGG�YDOXH�

F� $QQXDO�DOORFDWLRQ�SROLFLHV

,V�LW�FOHDU�ZKR�GHWHUPLQHV�WKH�UXOHV�IRU�ZKDW�WKH�QRUPDO�DOORFDWLRQ�ZLOO�EH"

*HQHUDOO\�WKLV�LV�UHVSRQVLEOH�RI�JRYHUQPHQWV�DQG�WKH�ZDWHU�KDUYHVWLQJ�RUJDQLVDWLRQ��136,�DUH�XQOLNHO\
WR� EH� DEOH� WR� DGG� YDOXH� WR� WKLV� FRPSRQHQW� RI� WKH� V\VWHP�� ([FHSW� IRU� LGHQWLI\LQJ� KRZ� EHVW� WR
FRPPXQLFDWH�VHDVRQDO�\LHOG�DQG�UHOLDELOLW\�IRUHFDVWV�WR�LUULJDWRUV�

���� :DWHU�'LVWULEXWLRQ

D� :DWHU�WUDGH

:DWHU� WUDGH�QHHGV� WR� EH� D� FRPSOHWH� SDFNDJH� WR� JLYH� WKH� ULJKW� VLJQDOV� WR� XVHUV� HJ�� ODFN� RI� H[LW� IHHV
PDNHV�LW�WRR�HDV\�WR�VHOO�ZDWHU�DQG�UHWDLQ�DFFHVV�WR�WKH�V\VWHP�ZKLOH�OHDYLQJ�DQ�XQIDLU�EXUGHQ�RQ�WKH
UHPDLQLQJ� LUULJDWRUV�� 7KHUH� LV� D� GLVLQFHQWLYH� WR� LQYHVW� LQ� SDUWV� RI� WKH� V\VWHP� ZKHUH� ZDWHU� LV
WUDQVIHUULQJ�RXW��$Q� LQFRPSOHWH� WUDGH�SDFNDJH�GLVWRUWV� WKH�PHVVDJHV� WR� LQYHVWRUV��)RU�H[DPSOH� WUDGH
GRHV�QRW�FRQVLGHU�WRWDO�LQIUDVWUXFWXUH�LQYHVWPHQWV��RQO\�IDUP�LQYHVWPHQW�

5HVHDUFK�� UHYLHZ� WUDGLQJ� UXOHV� WR� LGHQWLI\� ZKHUH� PDUNHW� VLJQDOV� DUH� GLVWRUWHG� DQG� WKLV� FDQ� EH
RYHUFRPH�

E� :DWHU�&KDUJHV�	�7DULII

6HWWLQJ�ZDWHU�FKDUJHV�DQG�WDULIIV�WR�UHIOHFW�WKH�WUXH�FRVW�VWUXFWXUH�LV�QHHGHG�WR�JLYH�WKH�ULJKW�VLJQDOV�WR
WKH�FXVWRPHU�DQG�GHOLYHU\�DXWKRULW\�

H�J��LQFOXGLQJ�FKDQQHO�UHSODFHPHQW�FRVWV�LQ�UHQHZDOV�DQQXLWLHV�GLVWRUWV�WKH�FRVW��JRRG�PDLQWHQDQFH�RQ
FKDQQHOV� PHDQV� WKH\� PD\� QHYHU� QHHG� UHSODFLQJ�� XQOLNH� PRVW� VWUXFWXUHV�� WKDW� FDQ� LPSDLU� JRRG
LQYHVWPHQW�GHFLVLRQV�
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7KH�VFDOH�RI�DQ\�WUDQVSDUHQW�FURVV�VXEVLGLHV��VKRXOGQ¶W�EH�DQ\�KLGGHQ�RQHV��QHHGV�WR�PDWFK�D�VHQVLEOH
PDQDJHPHQW�XQLW�ZKHUH�UHVSRQVHV�FDQ�EH�PDQDJHG�

:KHUH�GLIIHUHQW� VHFXULW\�ZDWHU�SURGXFWV�DUH� DYDLODEOH�� WDULIIV� QHHG� WR� EH� WDLORUHG� WR�PDLQWDLQLQJ� WKH
YLDELOLW\�RI�ERWK�IDUP�DQG�RII�IDUP�LQIUDVWUXFWXUH��)RU�H[DPSOH�LQ�V\VWHPV�WKDW�PD\�RQO\�EH�XVHG� LQ
KLJK�DOORFDWLRQ�\HDUV�

5HVHDUFK�� GHWHUPLQH�ZKDW� WKH� LPSDFWV� DUH� RI� KDYLQJ� QR� ORZ�PHGLXP� XVHUV� LQ� D� V\VWHP�� GHWHUPLQH
ZKDW�FLUFXPVWDQFHV�QHHG�WR�H[LVW�IRU�WKHP�WR�EH�UHWDLQHG�HQFRXUDJHG�IRU�V\VWHP�YLDELOLW\�DQG�UHYLHZ
WDULIIV�WR�HQVXUH�WKH\�HQFRXUDJH�VHQVLEOH�LQYHVWPHQW�

F� )OH[LELOLW\

(DUO\�LUULJDWLRQ�V\VWHPV�ZHUH�GHVLJQHG�WR�ODVW����±�����\HDUV��:LWK�WKH�FKDQJLQJ�QDWXUH�RI� LUULJDWHG
LQGXVWULHV��WHFKQRORJ\��FRQWLQXHG�SUHVVXUH�RQ�HIILFLHQF\�DQG�FRPSHWLQJ�XVHV��LW�LV�UHDVRQDEOH�LQ�VRPH
DUHDV�WR�SODQ�IRU����± ���\HDUV��7KLV�ZLOO�LPSDFW�RQ�WKH�W\SH�RI�LQIUDVWUXFWXUH�LQVWDOOHG�LQ�UHIXUELVKLQJ
D�VXSSO\�V\VWHP�

5HVHDUFK�� ZKDW� UHSODFHPHQW� RU� PDLQWHQDQFH� VWUDWHJLHV� H[LVW� WR� PHHW� D� ��� ±� ��� \HDU� SODQQLQJ
KRUL]RQ"

G� 6HUYLFH�OHYHOV

7UDGLWLRQDOO\�VHUYLFH�OHYHOV�ZHUH�VHW�E\�WKH�ZDWHU�VXSSO\�$XWKRULW\��2IWHQ�WKLV�ZDV�D�VWULFW�URVWHU��2YHU
WLPH�WKLV�KDV�FKDQJHG�WR�ZDWHU�RQ�RUGHU��DQG�RQ�GHPDQG�V\VWHPV��ZLWK�PXFK�JUHDWHU�IOH[LELOLW\�

7KLV�KDV�EHHQ�D�PDMRU�EHQHILW� WR� WKH� LQGXVWU\�DQG� LWV�ZDWHU�XVH�HIILFLHQF\�DQG�QHHGV� WR� FRQWLQXH� WR
LPSURYH�

,QFUHDVHG�FXVWRPHU�LQYROYHPHQW�LQ�GHFLVLRQV�RQ�VHUYLFH�OHYHOV�UHGXFHV�WKH�ULVN�RI�JHWWLQJ�WKH�V\VWHP
ZURQJ�

7KHUH� DUH� GLIILFXOW� VLWXDWLRQV� ZKHUH� D� PL[WXUH� RI� ORZ� YROXPH�IUHTXHQW� LUULJDWLRQ� QHHGV� RI
KRUWLFXOWXUDOLVWV� DQG� KLJK� YROXPH�OHVV� IUHTXHQW� LUULJDWLRQ� QHHGV� RI� GDLU\� IDUPHUV� ZKHQ� RQ� WKH� RQH
V\VWHP�PDNH� LW�GLIILFXOW� WR�RSWLPLVH� WKDW� V\VWHP��)OH[LELOLW\� LQ� WDULIIV� WR�HQFRXUDJH�FXVWRPHUV� WR� VHW
WKHLU�RZQ�VHUYLFH�OHYHOV�PD\�EH�QHHGHG�

6HUYLFH�SURYLGHUV�QHHG�WR�EH�UHFHSWLYH�WR�DQG�KDYH�WKH�FDSDELOLW\�RI�GRLQJ�LQQRYDWLYH�WKLQJV�WR�PHHW
FXVWRPHU�GHPDQG�

HJ�� ZKHUH� WKH� GDLU\�KRUWLFXOWXUH� PL[� H[LWV�� UDWKHU� WKDQ� WU\� DQG� SLFN� D� ZLQQHU� �WKH� ORVHU� EHFRPHV
XQFRPSHWLWLYH��� RU� GR� QRWKLQJ� �DQG� ERWK� FXVWRPHU� JURXSV� JHW� IUXVWUDWHG� RU� ERWK� EHFRPH
XQFRPSHWLWLYH���D�VROXWLRQ�PD\�EH�WR�RIIHU�UHGXFHG�WDULII�WR�KRUWLFXOWXUDOLVWV�WR�WDNH�ZDWHU�ZKHQ�RWKHUV
GRQ¶W��DQG�HOLPLQDWH�RXWIDOOV���SXW�LW�LQWR�WKHLU�RZQ�VWRUDJH�WR�SURYLGH�WKH�VHUYLFH�WKH\�QHHG�DQG�PDNHV
WKH�VXSSO\�V\VWHP�YHU\�HIILFLHQW�

2WKHU� H[DPSOHV� LQFOXGH� µSLFNLQJ� WKH� ZLQQHU¶� RI� KRUWLFXOWXUH� DW� :RRULQHQ� WKDW� UHVXOWHG� LQ� PL[HG
IDUPHUV�FKDQJLQJ�HQWHUSULVH��VHOOLQJ�RXW�RU� LQ�D�FRXSOH�RI�FDVHV��RSWLQJ�RXW�RI� WKH� LUULJDWLRQ� V\VWHP�
7KLV�DUHD�ZDV�SUHGRPLQDQWO\�KRUWLFXOWXUH�DQG�QHHGHG�D�V\VWHP�UHIXUELVKPHQW�

$OVR�UXUDO�UHVLGHQWLDO�JURZWK�DQG�³WDNH�RYHU´�RI�LUULJDWLRQ�LQIUDVWUXFWXUH�FDQ�DIIHFW�VHUYLFH�OHYHOV�DQG
WDULIIV�
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5HVHDUFK�� LQYHVWLJDWH� ZKDW� WKH� RSWLRQV� DQG� LPSOLFDWLRQV� DUH� IRU� D� UDQJH� RI� LUULJDWLRQ� SURGXFWV� WR
VHUYLFH�HQWHUSULVH�PL[HV�ZLWKLQ�D�V\VWHP�WR�RSWLPLVH�WKH�YLDELOLW\�

H� 0HGLXP�WHUP�GHPDQG�FKDQJH

7KH�VKLIW�LQ�DFNQRZOHGJHPHQW�RI�FOLPDWH�FKDQJH�KDV�EHHQ�VLJQLILFDQW�RYHU�WKH�SDVW����\HDUV�

+RZ�UHDO�LV�WKH�����UHGXFHG�UDLQIDOO�LQ�VRXWK�ZHVW�:$"

:KDW� OHJLVODWLRQ� FKDQJHV�PD\� EH� QHHGHG� WR� HQDEOH� DJHQFLHV� �&0$V��ZDWHU� DXWKRULWLHV�� WR� DGDSW� WR
VWUHDP�IORZ�FKDQJHV�DQG�FURS�GHPDQGV�DV�D�UHVXOW�RI�FOLPDWH�FKDQJH"

5HVHDUFK��0RGHOOLQJ�RI�IXWXUH�LUULJDWLRQ�GHPDQG�IURP�H[LVWLQJ�ODQG�XVH�XQGHU�D�UDQJH�RI�VFHQDULRV�
,GHQWLI\�ZKDW�FKDQJHV�LQ�OHJLVODWLRQ�FRXOG�EH�UHTXLUHG�WR�PDQDJH�WKH�LPSOLFDWLRQV�RI�WKH�FKDQJHV�

I� /DQG�XVH�SODQQLQJ

)HZ�DUHDV� LQ�$XVWUDOLD�KDYH� LQVWLWXWLRQDO� V\VWHPV� LQ�SODFH� WKDW� JXLGH� LQYHVWPHQW� LQ� LUULJDWLRQ� WR� WKH
PRVW� VXVWDLQDEOH� SODFHV�� 7KHUH� DUH� D� QXPEHU� RI� H[FHSWLRQV�� EXW� WKHVH� WHQG� WR� EH� ZKHUH� WKHUH� DUH
VHULRXV�LVVXHV�DOUHDG\�DSSDUHQW��HJ�ORZHU�0XUUD\�VDOLQLW\�DQG�GHYHORSPHQW�]RQHV�WR�SURWHFW�WKH�ULYHU
IURP�PRUH�VDOW��

7KH� 0XUUD\� 'DUOLQJ� %DVLQ� &RPPLVVLRQ� :DWHUPDUN� SURMHFW� LQYHVWLJDWHG� ODQG� XVH� VXLWDELOLW\� DQG
FDSDELOLW\�JXLGHOLQHV�IRU�LUULJDWLRQ�GHYHORSPHQW���6.0�IRU�0'%&�LQ�������

&KDQJHV�LQ�HQWHUSULVH�YLDELOLW\�ZLOO�VHH�DQ�HEE�DQG�IORZ�RI�GHPDQG�IRU�ZDWHU�EHWZHHQ�LQGXVWULHV�WKDW
FDQ� RFFXU� RYHU� VHDVRQV� �HJ�� KLJK� SULFHV� IRU� ODPEV� UHVXOWLQJ� LQ� GHPDQG� IRU� ZDWHU�� RU� GHFDGHV� �HJ�
H[SDQVLRQ� LQ�ZLQH�JUDSH�SODQWLQJV� WKDW�FUHDWH�DQ�RYHU�VXSSO\�RI� WKH� LQGXVWU\�ZLWK�D�FRQVHTXHQFH�RI
UHGXFHG�SURGXFWLRQ��

:KDW�DUH�WKH�RSWLRQV�WR�KDYH�VXSSO\�³SXW�RQ�KROG´�IRU�YDULDEOH�SHULRGV�WR�DFFRPPRGDWH�WKHVH�FKDQJHV
�WHPSRUDU\�ZDWHU�WUDGH�LV�RQH�FOHDU�RSWLRQ��WKDW�PD\�KDYH�YDULDEOH�OHYHOV�RI�IRUPDOLW\"

5HVHDUFK��LQYHVWLJDWH�ZKHWKHU�WHPSRUDU\�WUDGH�DQG�SHUPDQHQW�WUDGH�LV�VXIILFLHQW�LQ�WHUPV�RI�WRROV�WR
PDQDJH�WKH�HEE�DQG�IORZ�RI�GHPDQG�RQ�D�V\VWHP�

J� 2EOLJDWLRQ�WR�VXSSO\

0RVW�ZDWHU�DXWKRULWLHV�KDYH�DQ�REOLJDWLRQ�WR�VXSSO\�DOO�SURSHUWLHV�ZLWKLQ�WKH�LUULJDWLRQ�V\VWHP�

:KDW� PHFKDQLVPV� DUH� QHHGHG� WR� HQDEOH� VXSSO\� WR� EH� GLVFRQWLQXHG� LI� LW� LV� GHHPHG� QHFHVVDU\� WR
KDUPRQLVH�WKH�V\VWHP"

9LFWRULD¶V� :KLWH� 3DSHU� LPSOHPHQWDWLRQ� SURFHVV� LV� H[SORULQJ� WKLV� LVVXH� ZLWK� FRPSXOVRU\� SXUFKDVH
SURYLVLRQV�

5HVHDUFK�� ,QYHVWLJDWH� ZKDW� OHJLVODWLYH� FKDQJHV� PD\� EH� UHTXLUHG� WR� HQDEOH� ZLWKGUDZDO� RI� VXSSO\
DFURVV�GLIIHUHQW�MXULVGLFWLRQV�

K� ,QIRUPDWLRQ

7KH�EHWWHU�LQIRUPHG�WKH�GHFLVLRQ�PDNHUV��WKH�EHWWHU�GHFLVLRQV�WKDW�DUH�OLNHO\�WR�EH�PDGH��([DPSOHV�RI
WKH�QHHG�IRU�JRRG�LQIRUPDWLRQ�DUH�ZLWK�
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

� LPSOLFDWLRQV�RI�WUDGH��HJ��QRW�NQRZLQJ�WKH�LPSDFW�RI�WUDGLQJ�ZLWKRXW�H[LW�IHHV�KDV�GLVWRUWHG�WKH
GHFLVLRQV�WR�WUDGH�RXW�

� SUREDELOLW\�RI�VHDVRQDO�DOORFDWLRQ�WR�HQDEOH�LQIRUPHG�GHFLVLRQV�DERXW�FURS�PL[�E\�IDUPHUV
+RZ�FRPSOHWH�LV�WKH�LQIRUPDWLRQ�DURXQG�V\VWHP�RSHUDWLRQ��VXSSO\��WDULIIV�HWF�DFURVV�WKH�FRXQWU\"

5HVHDUFK��%HVW�SUDFWLFH�LQIRUPDWLRQ�V\VWHPV�DFURVV�WKH�WRWDO�V\VWHP�

L� &DSDFLW\�WR�&KDQJH

7KH�KXPDQ�IDFWRU�LQ�FKDQJH�LV�SRWHQWLDOO\�ODUJHU�WKDQ�WKH�WHFKQLFDO�ZLWK�VRPH�QHZ�WHFKQRORJ\��6WDII
LQ�ZDWHU�GLVWULEXWLRQ�DJHQFLHV�FDQ�EHFRPH�QHUYRXV�ZKHQ�HIILFLHQFLHV�DUH�WKH�DLP�HJ��SKRQH�RUGHULQJ�
DXWRPDWLRQ�DQG�UHPRWH�PRQLWRULQJ�RI�FKDQQHO�VWUXFWXUHV�

,UULJDWRUV�DUH�HTXDOO\�VXVSLFLRXV�RI�QHZ�WHFKQRORJ\�ZKHUH�WKHUH�LVQ¶W�D�FOHDU�GHPRQVWUDWLRQ�WKDW�WKH\
ZLOO� QRW� EH� DGYHUVHO\� DIIHFWHG� �HJ�� UHSODFH� PHWHULQJ� GHYLFHV� ZLWK� PRUH� DFFXUDWH� PHWHUV� WKDW�PHDQ
IDUPHUV� JHW� OHVV� ZDWHU� IRU� WKH� XQLW� PHDVXUHPHQW�� RU� ZKHUH� UHOLDELOLW\� LV� XQFOHDU� �HJ�� DXWRPDWH� D
UHJXODWRU�DQG�IDUPHUV�ILQG�WKHLU�KHDG�OHYHO�GURSV�LQ�WKH�PLGGOH�RI�WKH�ILUVW�ZDWHULQJ�±�WKH\�ZRQ¶W�WUXVW
LW�IRU�D�ORQJ�WLPH��

6XIILFLHQW� UHVRXUFHV� QHHG� WR� EH� SXW� LQWR� VRFLDO� LPSOLFDWLRQV� RI� FKDQJH� DV� ZHOO� DV� WKH� WHFKQRORJ\
HIIHFWLYHQHVV�

5HVHDUFK��LGHQWLI\�JDSV�LQ�WKH�DYDLODEOH�WRROV�DQG�SURFHVVHV��WUDLQLQJ��WR�HTXLS�SHRSOH�WR�SDUWLFLSDWH
LQ�FKDQJH�

M� &RQMXQFWLYH�8VH

6XUIDFH�DQG�JURXQGZDWHU�V\VWHPV�DUH�LQWHUGHSHQGHQW��,Q�VRPH�FDVHV�WKHUH�LV�D�FOHDU�UHFRJQLWLRQ��HJ�
QRUWK�%XUGHNLQ�:DWHU�%RDUG�UHFKDUJLQJ�WKH�JURXQGZDWHU�VXSSOLHV�LQ�WKH�%XUGHNLQ�GHOWD�ZLWK�VXUIDFH
IORZV�IURP�WKH�%XUGHNLQ�5LYHU��

:KHUH� WKLV� UHFRJQLWLRQ� LV� QRW� VR� FOHDU�� KRZ� DUH� WKH� LQVWLWXWLRQDO� DUUDQJHPHQWV� PDGH� WR� SURWHFW
EHQHILFLDO�XVH�RI�ERWK�VXSSOLHV"

5HVHDUFK��'HWHUPLQH�WKH�LQVWLWXWLRQDO�DUUDQJHPHQWV�WKDW�DUH�QHHGHG�WR�SURWHFW�EHQHILFLDO�XVH�RI�ERWK
VXUIDFH�DQG�VXE�VXUIDFH�VXSSOLHV�

N� %XVLQHVV�6WUXFWXUHV

3ULYDWH� FRPSDQLHV� WKDW� RZQ� WKH� ZDWHU� WKH\� GHOLYHU� RQ� EHKDOI� RI� VKDUHKROGHUV� FDQ� IDFH� FRPSOH[
FKDOOHQJHV� DV� WKH\� DUH� REOLJHG�E\� ODZ� WR� FRQWLQXH� VHUYLFLQJ� WKH� QHHGV�RI� H[LVWLQJ� VKDUHKROGHUV�� EXW
WKHLU�RYHUDOO�VXUYLYDO�PD\�UHTXLUH�VHUYLFLQJ�D�SDUWLFXODU�JURXS�RI� WKHLU�VKDUHKROGHUV�RU�SRVVLEO\�QHZ
FXVWRPHUV�

:KHUH�WKHVH�VLWXDWLRQV�H[LVW��WKHUH�FDQ�EH�EDUULHUV�WR�FKDQJH�DV�LW�FDQ�DGYHUVHO\�DIIHFW�PDQ\�

5HVHDUFK��7KHUH�ZLOO�EH�SURV�DQG�FRQV�WR�HYHU\�EXVLQHVV�PRGHO�� LGHQWLI\LQJ�WKHVH�PD\�EH�XVHIXO�EXW
XOWLPDWHO\�WKH�EXVLQHVV�PRGHOV�VHOHFWHG�ZLOO�EH�GLFWDWHG�E\�JRYHUQPHQW�SROLF\�
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6FRSLQJ�6WXG\�IRU�136,�E\�WKH�&R�2SHUDWLYH�5HVHDUFK�&HQWUH�,UULJDWLRQ�)XWXUHV

&R�2SHUDWLYH�5HVHDUFK�&HQWUH�IRU�,UULJDWLRQ�)XWXUHV ��

���� :DWHU�8VH��LUULJDWRUV�DQG�RWKHU�FXVWRPHUV�

)DUP�3ODQQLQJ��RU�LUULJDWLRQ�DQG�'UDLQDJH�0DQDJHPHQW�3ODQQLQJ��LV� WKH�PRVW�ZLGHO\�XVHG�WRRO� WR�LQWHJUDWH
WKH�ZDWHU�GHPDQG�VXSSO\�V\VWHP�RQ�IDUP�DQG�PXFK�KDV�EHHQ�GRQH�WR�UHILQH�WKH�GHYHORSPHQW�RI�WKHVH�SODQV�
+RZHYHU�� WKHLU� UHPDLQV� D� JDS� WKDW� LV� EHLQJ� ORRNHG� DW� IURP� PDQ\� DUHDV� LQ� UHODWLRQ� WR� KRZ� D� IDUPHU
GHPRQVWUDWHV�WKDW�WKH�SODQ�LV�ZHOO�LPSOHPHQWHG�DQG�PDQDJHG�

+RZ�GR�WKH�UHVRXUFH�³JXDUGLDQV´�JDLQ�FRQILGHQFH�LQ�KRZ�WKH�UHVRXUFH�LV�EHLQJ�XVHG"�'RHV�IHHGEDFN�WR�WKH
VXSSOLHU�RI�ZDWHU�IURP�WKH�XVHUV�RI�ZDWHU�DERXW�WKH�LPSDFWV�RI�XVLQJ�WKH�ZDWHU�RFFXU"

)URP� DQ� LQVWLWXWLRQDO� SHUVSHFWLYH�� WKH� PRQLWRULQJ� RI� ZDWHU� XVH� DQG� DQ\� LPSDFWV� RI� WKDW� LQ� WHUPV� RI
HQYLURQPHQW��HFRQRPLFV�DQG�VRFLHW\�FRPPXQLW\�LV�WKH�DUHD�QHHGLQJ�PRUH�UHVHDUFK��0DQ\�SHRSOH�DUH�SLQQLQJ
WKHLU� KRSHV� RQ� (06� UHODWHG� V\VWHPV� RU� ZDWHU� XVH� OLFHQFH� REOLJDWLRQV� WR� GHOLYHU� WKH� DQVZHUV� IURP� DQ
HQYLURQPHQWDO�SRLQW��EXW�QRZKHUH�DUH�WKH�HFRQRPLF�RU�VRFLDO�LPSDFWV�PRQLWRUHG�DV�D�PDWWHU�RI�FRXUVH�

,Q������0DUVGHQ�-DFRE�FRPSOHWHG�DQ�LQYHVWLJDWLRQ�RI�WKH�SROLF\��OHJDO�DQG�RWKHU�LQVWLWXWLRQDO�IDFWRUV�ZKLFK
LQIOXHQFH� WKH� H[WHQW� WR�ZKLFK� LUULJDWLRQ� ZDWHU� SURYLGHUV� SURPRWH� RU� LPSHGH� ZDWHU� XVH� HIILFLHQF\� RQ�IDUP�
7KH\�LGHQWLILHG�D�UDQJH�RI�SULQFLSOHV�DQG�VWUDWHJLF�RSWLRQV�ZKLFK�FRXOG�EH�XVHG�WR�SURPRWH�VXVWDLQDEOH�ZDWHU
XVH��,Q�SDUWLFXODU��LW�LV�UHFRPPHQGHG�WKDW�LQVWLWXWLRQDO�PHDVXUHV�VKRXOG�WDUJHW�EHQHILFLDO�VDYLQJV��QRW�VDYLQJV
SHU�VH��:DWHU�8VH�HIILFLHQF\�SROLFLHV��SODQV��LQFHQWLYHV�DQG�OLFHQVLQJ�VKRXOG�EH�DLPHG�DW�WKH�IDUP�VLWXDWLRQ�
QRW� WKH� UHJLRQDO� OHYHO�� )XUWKHUPRUH�� ZDWHU� XVH� HIILFLHQF\� IUDPHZRUN� VKRXOG� EXLOG� RQ� SDVW� DFKLHYHPHQWV�
5HIRUPV� VKRXOG� QRW� EH� ERXQG� E\� LQFUHPHQWDO� WKLQNLQJ� EXW� LQFRUSRUDWH� ODWHUDO� VROXWLRQV�� %URDGHU
GLVVHPLQDWLRQ�RI�SRVLWLYH�SROLFLHV�DQG�SUDFWLFHV�FRXOG�DOVR�EH�HQFRXUDJH�JUHDWHU�XSWDNH�

5HVHDUFK��,QYHVWLJDWLRQ�RI�ZKDW�DUH�VXLWDEOH�WRROV�DQG�SURFHVVHV�PRQLWRU�DJDLQVW�WULSOH�ERWWRP�OLQH�

� (QYLURQPHQWDO�0DQDJHPHQW�6\VWHP
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