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$EVWUDFW

7KH WKHVLV H[SORUHV WKH LPSRUWDQFH RI NQRZOHGJH FR�SURGXFWLRQ SUDFWLFHV LQ DJURHFRORJLFDO
QHWZRUNV DQG WKHLU SRWHQWLDO FRQWULEXWLRQV WR VRLO KHDOWK UHJHQHUDWLRQ� 7KH UHVHDUFK IRFXVHV RQ
WKUHH FDVH VWXGLHV� 5HWH +XPXV� DQ ,WDOLDQ DJURHFRORJLFDO QHWZRUN� 1DYGDQ\D� D ZRPHQ
IDUPHUV DQG HDUWK�FHQWULF 1*2 LQ ,QGLD� DQG WKH 6RLO /LYLQJ /DEV DQG 6RLO /LJKWKRXVHV (8
6RLO 0LVVLRQ LPSOHPHQWDWLRQ LQ (XURSH� 7KH UHVHDUFK EULQJV LQVLJKWV LQWR WZR PDLQ TXHVWLRQV�
:KDW SDUWLFLSDWRU\ DSSURDFKHV H[LVW WR VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ" :KDW DUH WKH
HOHPHQWV RI VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV" 7KH WKHVLV LQYHVWLJDWHV� IRU HDFK
FDVH VWXG\� WKH UHVHDUFK DLPV DQG PHWKRGRORJLHV� SUREOHP IUDPLQJV DQG FRQWULEXWLQJ
NQRZOHGJH KROGHUV� DV ZHOO DV WKH DSSURDFK WR SDUWLFLSDWLRQ� ,W DOVR DQDO\VHV WKH NQRZOHGJH
FUHDWLRQ SURFHVV DQG WKH RXWSXWV� RXWFRPHV� DQG WKH XVDELOLW\ RI WKH SURGXFHG NQRZOHGJH WR
SURYLGH D QXDQFHG XQGHUVWDQGLQJ RI WKHLU SRWHQWLDO FRQWULEXWLRQV WR WKH KHDOWK RI WKH VRLO� 7KH
UHVXOWV KLJKOLJKW WKH LPSRUWDQFH RI SDUWLFLSDWRU\ SUDFWLFHV WR VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ EDVHG RQ GLYHUVH W\SHV RI NQRZOHGJH DQG IDUPHU�FHQWULF DSSURDFKHV WKDW FUHDWH
HPDQFLSDWRU\ SURFHVVHV HQDEOLQJ WKH WUDQVLWLRQ WR PRUH MXVW DQG HFRORJLFDO IRRG V\VWHPV�
$GGLWLRQDOO\� WKH UHVHDUFK UHYHDOV KRZ SDUWLFLSDWRU\ WRROV FDQ VHUYH DV FRPPXQLFDWLRQ
VWUDWHJLHV IRU ELRGLYHUVLW\ DQG VRLO KHDOWK� VSDUNLQJ WKH DGRSWLRQ RI DJURHFRORJ\ DQG VRLO
UHJHQHUDWLRQ� 2YHUDOO� NQRZOHGJH FR�FUHDWLRQ LQ DJURHFRORJ\ RIIHUV D SURPLVLQJ DSSURDFK WR
DGGUHVVLQJ WKH FRPSOH[ FKDOOHQJHV RI WUDQVIRUPLQJ IRRG V\VWHPV DQG KHDOLQJ RXU VRLOV�
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&KDSWHU �� /LWHUDWXUH 5HYLHZ��������������������������������������������������������������������������������������������������
&KDSWHU �� &RQFHSWXDO DQG DQDO\WLFDO IUDPHZRUN� WKH NQRZOHGJH FR�SURGXFWLRQ
SURFHVV��������������������������������������������������������������������������������������������������������������������������������� ��
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&KDSWHU �� 5HVXOWV������������������������������������������������������������������������������������������������������������������
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&DVH �� 6RLO /LYLQJ /DEV DQG /LJKWKRXVHV����������������������������������������������������������������������� ��

&KDSWHU �� 'LVFXVVLRQ��������������������������������������������������������������������������������������������������������� ��
&KDSWHU �� &RQFOXVLRQV������������������������������������������������������������������������������������������������������� ��
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$QQH[ �� 5HVHDUFK LQWHUYLHZ JXLGH IRU 1DYGDQ\D DQG 5HWH +XPXV������������������������������� ��
$QQH[ �� 5HVHDUFK LQWHUYLHZ JXLGH IRU (12//������������������������������������������������������������������
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$FNQRZOHGJHPHQWV

, ZRXOG OLNH WR WKDQN P\ SDUHQWV DQG VLVWHU ZKR KDYH DOZD\V EHHQ WKHUH WR VXSSRUW PH
WKURXJK WKLV MRXUQH\� $QRWKHU KHDUWIHOW WKDQN \RX WR P\ VXSHUYLVRU� $OHVVLR� IRU KLV
FRQWLQXRXV HQFRXUDJHPHQW DQG KHOS LQ ILQGLQJ LQWHUHVWLQJ FDVH VWXGLHV DQG SHRSOH WR
LQWHUYLHZ� 0RVW LPSRUWDQWO\� , DP GHHSO\ JUDWHIXO WR WKH SDUWLFLSDQWV RI WKH LQWHUYLHZV DQG WKH
DJURHFRORJLFDO DQG VRLO KHDOWK QHWZRUNV WKDW DUH PDNLQJ D VLJQLILFDQW GLIIHUHQFH LQ WKH ZRUOG
DQG WR WKH WHDP IURP 6DYH WKH 6RLO FDPSDLJQ ZKR JDYH PH WKH RSSRUWXQLW\ WR SDUWLFLSDWH LQ
WKHLU LQVLJKWIXO ZRUNVKRSV� , DOVR ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR P\ IHOORZ 67H'H�
-RKDQQHVEXUJ 8QLYHUVLW\ DQG 8$6% FODVVPDWHV� ZLWKRXW ZKRP WKLV H[SHULHQFH ZRXOG KDYH
QRW EHHQ WKH VDPH� $QG ILQDOO\� WKDQNV WR &KULVWRS IRU DOZD\V VKDULQJ ZLWK PH KLV XQZDYHULQJ
SRVLWLYH HQHUJ\�
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*ORVVDU\

(8� (XURSHDQ 8QLRQ
6//� 6RLO /LYLQJ /DEV
/+V� /LJKW +RXVHV
&$3� &RPPRQ $JULFXOWXUDO 3ROLF\
62&� 6RLO RUJDQLF FDUERQ� ³6RLOV FRQWDLQ FDUERQ LQ RUJDQLF DQG LQRUJDQLF IRUPV� 7KH
PDMRULW\ RI FDUERQ LQ PRVW VRLOV LV VWRUHG DV VRLO RUJDQLF FDUERQ LQ WKH IRUP RI VRLO RUJDQLF
PDWWHU� FRPSRVHG RI GHFD\LQJ SODQW� DQLPDO� IXQJDO DQG EDFWHULDO PDWWHU �6FKDUOHPDQQ HW DO��
����� S����´�
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&KDSWHU �� ,QWURGXFWLRQ

7KH VXUYLYDO� SURVSHULW\ DQG VHFXULW\ RI RXU FLYLOL]DWLRQ GHSHQGV XSRQ D OLYLQJ VRLO� 7KH VRLO LV
D OLYLQJ RUJDQLVP� LQ IDFW� D KDQGIXO RI VRLO FRQWDLQV PRUH OLYLQJ FUHDWXUHV WKDQ WKHUH DUH
KXPDQV RQ WKH SODQHW �9HHUPDQ� ������ +HDOWK\ VRLOV DUH GHWHUPLQHG E\ FRQGLWLRQV LQ ZKLFK
OLYLQJ RUJDQLVPV VXFK DV IXQJL� EDFWHULD DQG ZRUPV FDQ WKULYH �9HHUPDQ� ������ 6RLO KHDOWK LV
DFWXDOO\ HVVHQWLDO WR WKH OLIH RI SODQHW (DUWK� DV ��� RI RXU IRRG JURZV LQ WKH VRLO �)$2�
������ 6RLO DOVR SURYLGHV PDQ\ RWKHU HFRV\VWHP IXQFWLRQV VXFK DV WKH QXWULHQWV DQG SK\VLFDO
VWUXFWXUHV HQDEOLQJ SODQW JURZWK DQG ELRGLYHUVLW\� UHWDLQLQJ DQG SXULI\LQJ WKH ZDWHU ZH GULQN�
UHJXODWLQJ IORRGLQJ DQG DFWLQJ DV D EXIIHU DJDLQVW SROOXWLRQ DQG VRLO HURVLRQ �+HDG HW DO��
������ )XUWKHUPRUH� VRLOV FDSWXUH FDUERQ IURP WKH DWPRVSKHUH DQG VWRUH LW LQ WKH JURXQG� WKXV�
EHFRPLQJ D FDUERQ VLQN DQG WDFNOLQJ FOLPDWH FKDQJH �/DO� ����� 6FKDUOHPDQQ HW DO�� ������
:KLOH XQFHUWDLQW\ H[LVWV DURXQG VRLO RUJDQLF FDUERQ �62&� HVWLPDWLRQV� VRLOV DQG VXUIDFH
OLWWHU FRQWDLQ DW OHDVW WZR WR WKUHH WLPHV DV PXFK FDUERQ DV LV VWRUHG LQ YHJHWDWLRQ DQG WKH
DWPRVSKHUH �6FKDUOHPDQQ HW DO�� ������

+RZHYHU PRUH WKDQ ��� RI RXU VRLOV JOREDOO\ DUH FODVVLILHG DV XQKHDOWK\ �)$2� ����� DQG
WKDW ILJXUH HOHYDWHV WR 䍐������ LQ (XURSH �9HHUPDQ HW DO�� ������ 7KH LQWHQVLILFDWLRQ RI
LQGXVWULDO IDUPLQJ DIWHU WKH ³JUHHQ UHYROXWLRQ´� KDV OHG WR WKH WUDQVJUHVVLRQ RI VHYHUDO
SODQHWDU\ ERXQGDULHV� DV ZHOO DV GHSOHWLQJ QDWXUDO UHVRXUFHV WR WKH GHJUHH RI GHJUDGLQJ OLIH
VXSSRUW V\VWHPV DQG ZLGHQLQJ LQHTXDOLWLHV �&DPSEHOO HW DO�� ������ ,QGXVWULDO DJULFXOWXUH OHG
WR WKH RXWVRXUFLQJ RI NQRZOHGJH� WHFKQRORJLHV DQG UHVRXUFHV VXFK DV HQHUJ\� ZDWHU RU ODERXU
�DPRQJ RWKHUV�� FRQWULEXWLQJ WR WKH GHJUDGDWLRQ RI QDWXUDO DQG KXPDQ HFRV\VWHPV �,3(6 IRRG
DQG (7& *URXS� ������ 7KH QHHG WR UHYHUVH WKHVH SURFHVVHV FDOOV IRU WKH UHLQWHJUDWLRQ RI
WKHVH HOHPHQWV EDFN LQWR IRRG V\VWHPV�

7R DGGUHVV WKLV� LW LV LQFUHDVLQJO\ UHFRJQLVHG WKDW PRUH VXVWDLQDEOH DQG DSSOLFDEOH RXWFRPHV
RFFXU ZKHQ DJULFXOWXUDO NQRZOHGJH LV FR�SURGXFHG DV RSSRVHG WR WUDQVIHUUHG WKURXJK D
WRS�GRZQ PHFKDQLVP �8WWHU HW DO�� ������ :KLOH PRUH KLHUDUFKLFDO VWUXFWXUHV KDYH RIWHQ
VKDSHG LQGXVWULDO DJULFXOWXUDO UHVHDUFK� OHVV KLHUDUFKLFDO NQRZOHGJH VWUXFWXUHV KDYH HPHUJHG
ZLWKLQ WKH HPHUJLQJ ILHOG RI DJURHFRORJ\ ZKLFK DLPV WR DFKLHYH D WUDQVGLVFLSOLQDU\ DSSURDFK
RI SXUVXLQJ HSLVWHPLFDOO\ LQFOXVLYH VFLHQFH �:DUQHU� ����� &XHOODU�3DGLOOD DQG &DOOH�&ROODGR�
����� .HOLQVN\�-RQHV� ������

7KHVH SDUWLFLSDWRU\ DSSURDFKHV WR VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV FDQ HQDEOH
PRUH VRFLDOO\ DQG HFRORJLFDOO\ UREXVW NQRZOHGJH� ZKLFK LV PRUH VXLWDEOH IRU VLWXDWLRQV ZLWK
PRUH FRPSOH[ LQWHUDFWLRQV� FKDUDFWHULVWLF RI ZLFNHG SUREOHPV� SDUWLFLSDWRU\ DQG
IDUPHU�FHQWUHG SURFHVVHV DQG RXWFRPHV LQ DJURHFRORJ\ �FI� 5RVVHW 	 $OWLHUL� ����� 0pQGH]
	 0RUULV� ������ .QRZOHGJH FR�SURGXFWLRQ FDQ DOVR LPSURYH VRLO JRYHUQDQFH SURFHVVHV

� 7KH WHUP ³JUHHQ UHYROXWLRQ´ UHIHUV WR D EXQGOH RI PRGHUQ LQGXVWULDO DJULFXOWXUH WHFKQRORJLHV �HJ� K\EULG VHHGV�
FKHPLFDO IHUWLOLVHUV� ZKLFK ZHUH H[SRUWHG IURP WKH 8QLWHG 6WDWHV WR WKH JOREDO VRXWK FRXQWULHV� LQ WKH GHFDGHV RI
WKH ��V DQG ��V� OHDYLQJ LPSRUWDQW QHJDWLYH FRQVHTXHQFHV LQ WHUPV RI WKH H[DFHUEDWLRQ RI LQHTXDOLWLHV DQG ORVV RI
HFRV\VWHP SURGXFWLYH FDSDFLW\ �3DWHO ������
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�3UDJHU 	 0F.HH� ������ DV ZHOO DV WKH HPHUJHQFH RI LQWHUGLVFLSOLQDU\ �FRPELQLQJ VHYHUDO
GLVFLSOLQHV� DQG WUDQVGLVFLSOLQDU\ �JRLQJ EH\RQG GLVFLSOLQHV� FROODERUDWLRQV ZLWK GLYHUVH
VRFLHWDO VWDNHKROGHUV� ,W FDQ DOVR DGYDQFH IRRG V\VWHP WUDQVIRUPDWLRQ VXVWDLQDELOLW\ DQG
HTXLWDEO\ WKURXJK WKH SULRULWLVDWLRQ RI HSLVWHPLF LQFOXVLRQ �.HOLQVN\�-RQHV� ������ (SLVWHPLF
LQFOXVLRQ UHIHUV WR WKH SUDFWLFH RI ³NQRZOHGJH�ZLVGRP GLDORJXHV´ RU ³GLiORJRV GH VDEHUHV´�
LQFOXVLRQ RI GLYHUVH W\SHV RI NQRZOHGJH VXFK DV LQGLJHQRXV� ORFDO DQG DQFHVWUDO WR QDPH D
IHZ� 7KH LQFOXVLRQ RI LQGLJHQRXV DQG ORFDO NQRZOHGJH V\VWHPV LV HVVHQWLDO WR WKH
WUDQVIRUPDWLRQ RI IRRG V\VWHPV WRZDUGV PRUH VRFLDOO\ MXVW DQG HFRORJLFDOO\ VRXQG IRRG
V\VWHPV �&DURODQ� ����� :DUQHU� ����� &XpOODU�3DGLOOD DQG &DOOH�&ROODGR� ����� 0pQGH] HW
DO�� ����� 9DQGHUPHHU DQG 3HUIHFWR� ����� 0pQGH] HW DO�� ����� +HOHED HW DO�� ����� 8WWHU HW
DO�� ������ :KHQ IDUPHUV HQJDJH LQ FR�SURGXFWLRQ RI NQRZOHGJH WKH\ DUH LGHQWLILHG DV
LQQRYDWRUV ZKR LQVSLUH DQG OHDG ERWWRP�XS WUDQVLWLRQV ZLWKLQ WKHLU FRPPXQLWLHV �&KDPEHUV
DQG *KLOG\DO� ����� 8WWHU HW DO�� ������ WKXV FUHDWLQJ D EDVLV IRU D PRUH LQFOXVLYH UHVHDUFK
DSSURDFK �.LQGRQ HW DO�� ������

7KH XQGHUVWDQGLQJ DQG XVDJH RI WKH WHUP ³NQRZOHGJH FR�SURGXFWLRQ´� ZKLFK LV KHUH XVHG
LQWHUFKDQJHDEO\ ZLWK ³NQRZOHGJH FR�FUHDWLRQ´� LV QRW DOZD\V FOHDU DQG KDV RIWHQ EHHQ
PLVXVHG �8WWHU HW DO�� ������ , XVH WKH WHUP ³NQRZOHGJH´ LQ LWV EURDGHU FRQILJXUDWLRQ�
LQFOXGLQJ GDWD� LQIRUPDWLRQ DQG ZLVGRP� ZKLOH WKHUH FDQ EH GLIIHUHQFHV DPRQJ WKH WHUPV
EDVHG RQ WKHLU DFTXLVLWLRQ SURFHVVHV DQG FRQWH[WXDOL]DWLRQ �-DVDQRII� ����� 8WWHU HW DO�� ������
.QRZOHGJH FR�SURGXFWLRQ FDQ EH XQGHUVWRRG DV ³D FROODERUDWLYH SURFHVV LQYROYLQJ WZR RU
PRUH DFWRUV ZKR DUH LQWHQWLRQDOO\ LQWHJUDWLQJ WKHLU NQRZOHGJH DQG OHDUQLQJ� UHVXOWLQJ LQ WKH
GHYHORSPHQW RI LQVLJKWV DQG VROXWLRQV WKDW ZRXOG QRW RWKHUZLVH EH UHDFKHG LQGHSHQGHQWO\´
�8WWHU HW DO�� ����� S� ��� 7KLV JRHV EH\RQG ³SDVVLYH PHUJLQJ� LQFRUSRUDWLQJ DQG�RU
H[FKDQJLQJ GLIIHUHQW NQRZOHGJH� UDQJLQJ IURP VFLHQWLILF GDWD WR FXOWXUDO XQGHUVWDQGLQJ´
�8WWHU HW DO�� ����� S� ���

7KLV FDQ OHDG WR WKH GLDORJXH RI GLIIHUHQW W\SHV RI NQRZOHGJH� DQG WKXV FR�SURGXFLQJ
NQRZOHGJH� ,W LV LPSRUWDQW WR HQVXUH WKDW LQ WKLV SURFHVV� WKLV ORFDO NQRZOHGJH LV QRW
UH�EUDQGHG DV VRPHWKLQJ QHZ� DQG WKDW WKH GLVFRYHU\ RI H[LVWLQJ NQRZOHGJH DQG ZLVGRP
DFNQRZOHGJHV LWV RULJLQV� LQ D ZD\ WKDW LV UHVSHFWIXO DQG KDV REWDLQHG WKH FRQVHQW IRU VKDULQJ
�8WWHU HW DO�� ������ (VSHFLDOO\ LQ WKH FRQWH[W RI DJULFXOWXUH� IDUPHUV DUH DFWLYHO\ UHVHDUFKLQJ
DQG H[SHULPHQWLQJ LQ WKH ILHOG WR LPSURYH DJULFXOWXUDO SUDFWLFHV DQG RXWFRPHV �0LOJURRP HW
DO�� ������ 7KLV WKHVLV H[SORUHV KRZ SDUWLFLSDWRU\ VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ
SURFHVVHV FDQ HQDEOH WKH DJURHFRORJLFDO WUDQVLWLRQ WRZDUGV PRUH HFRORJLFDO DQG VRFLDOO\ MXVW
IRRG V\VWHPV DQG FRQWULEXWH WR WKH KHDOLQJ DQG UHJHQHUDWLRQ RI VRLOV�

7KLV WKHVLV H[SORUHV WKUHH HOHPHQWV � VHWWLQJV� V\QWKHVLV DQG GLIIXVLRQ � ZKLFK FKDUDFWHULVH
SDUWLFLSDWRU\ VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV LQ DJURHFRORJLFDO QHWZRUNV
�0DOPERUJ HW DO�� ������ 7KH GLPHQVLRQ ³VHWWLQJV´ ORRNV LQWR WKH UHVHDUFK DLPV DQG
PHWKRGRORJLHV� SUREOHP IUDPLQJ DQG FRQWULEXWLQJ NQRZOHGJH KROGHUV RI WKH NQRZOHGJH
FR�SURGXFWLRQ SURFHVV� ³V\QWKHVLV´ DQDO\VHV WKH SURFHVV DQG ³GLIIXVLRQ´ ORRNV LQWR WKH
NQRZOHGJH RXWSXWV� RXWFRPHV DQG WKHLU XVDELOLW\ �0DOPERUJ HW DO�� ������ 7R FDUU\ RXW WKLV

�



UHVHDUFK� , DQDO\VH WKUHH FDVH VWXGLHV ORFDWHG LQ ,QGLD� ,WDO\� DQG WKH (XURSHDQ 8QLRQ� 7KH
WLPHIUDPH RI UHVHDUFK VWDUWV ZLWK WKH FUHDWLRQ RI WKH FDVH VWXGLHV XQWLO $XJXVW ����� RIIHULQJ D
FRPSUHKHQVLYH SHUVSHFWLYH RQ WKH HOHPHQWV FRQIRUPLQJ WR WKH SURFHVVHV RI NQRZOHGJH
FR�SURGXFWLRQ HYROXWLRQ HOHPHQWV HYROXWLRQ RI SDUWLFLSDWRU\ DSSURDFKHV� :KLOH WKH EHQHILWV RI
NQRZOHGJH FR�SURGXFWLRQ KDYH EHHQ VRPHZKDW UHVHDUFKHG �0HDGRZ HW DO�� ����� WKH
SURFHVVHV RI NQRZOHGJH FR�SURGXFWLRQ UHPDLQ OHVV XQGHUVWRRG �8WWHU HW DO�� ����� DQG
HVSHFLDOO\ LQ WKH FRQWH[W RI DJURHFRORJ\ DQG VRLO KHDOWK�

7KH RYHUDUFKLQJ JRDO RI WKLV WKHVLV LV WR H[SORUH WKH YDULRXV SDUWLFLSDWRU\ DSSURDFKHV XVHG LQ
WKH FR�SURGXFWLRQ RI VRLO KHDOWK NQRZOHGJH ZLWKLQ DJURHFRORJLFDO QHWZRUNV� 7R DFKLHYH WKLV
JRDO� WKH WKHVLV VHHNV WR DGGUHVV WZR FHQWUDO UHVHDUFK TXHVWLRQV�

�� :KDW SDUWLFLSDWRU\ DSSURDFKHV H[LVW WR VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
DJURHFRORJLFDO QHWZRUNV"

�� :KDW DUH WKH HOHPHQWV �VHWWLQJV� V\QWKHVLV DQG GLIIXVLRQ� RI WKH VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ SURFHVVHV ZLWKLQ WKHVH DJURHFRORJLFDO QHWZRUNV"

7KH VWXG\ HPSOR\V D TXDOLWDWLYH UHVHDUFK GHVLJQ� DSSO\LQJ D FRPSDUDWLYH FDVH VWXG\ DQDO\VLV
WR H[SORUH WKH SDUWLFLSDWRU\ DSSURDFKHV DQG FR�SURGXFWLRQ HOHPHQWV ZLWKLQ WKH VHOHFWHG
DJURHFRORJLFDO QHWZRUNV DQG RWKHU VRLO�UHOHYDQW NQRZOHGJH FR�FUHDWLRQ LQLWLDWLYHV� 7KURXJK
VHPL�VWUXFWXUHG LQWHUYLHZV� GDWD FROOHFWLRQ DQG WKHPDWLF DQDO\VLV� WKH UHVHDUFK DLPV WR
SURYLGH D QXDQFHG XQGHUVWDQGLQJ RI KRZ SDUWLFLSDWRU\ WRROV DUH HPSOR\HG� WKH FKDOOHQJHV
IDFHG� DQG WKH SRWHQWLDO IRU WUDQVIRUPDWLYH FKDQJH�

7KLV FKDSWHU VHWV WKH VWDJH IRU WKH H[SORUDWLRQ RI SDUWLFLSDWRU\ NQRZOHGJH FR�SURGXFWLRQ VRLO
KHDOWK NQRZOHGJH LQ DJURHFRORJLFDO QHWZRUNV� 7KH LQWHUFRQQHFWHGQHVV RI VRLO KHDOWK�
SDUWLFLSDWRU\ DSSURDFKHV� DQG ,QGLJHQRXV NQRZOHGJH ZLWKLQ WKH FRQWH[W RI D VLJQLILFDQW
GHJUDGDWLRQ RI WKH VRLO JOREDOO\ HPSKDVLVHV WKH VLJQLILFDQFH RI WKLV UHVHDUFK� $V WKH WKHVLV
XQIROGV� VXEVHTXHQW FKDSWHUV ZLOO ILUVW UHYLHZ WKH OLWHUDWXUH RQ NQRZOHGJH FR�SURGXFWLRQ LQ
DJURHFRORJ\� VLWXDWLQJ LW LQ D EURDGHU FRQWH[W RI HPHUJLQJ SDUWLFLSDWRU\ UHVHDUFK DSSURDFKHV
LQ VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ , WKHQ SUHVHQW WKH DQDO\WLFDO IUDPHZRUN WKURXJK
ZKLFK WKH IROORZLQJ UHVXOWV VHFWLRQ ZLOO DQDO\VH WKH FDVH VWXGLHV IHDWXULQJ YDULRXV VRLO KHDOWK
NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV� (DFK FDVH VWXG\ LV URRWHG LQ GLIIHUHQW VHWWLQJV DQG VFDOHV�
WKH FRPPRQ GHQRPLQDWRU LV KRZHYHU� WKH FRPPLWPHQW WR FROODERUDWH ZLWK YDULRXV
VWDNHKROGHUV WR FR�SURGXFH NQRZOHGJH DURXQG VRLO KHDOWK WR DFKLHYH WKH UHJHQHUDWLRQ RI WKH
VRLO DQG FRQWULEXWH WR WKH DJURHFRORJLFDO WUDQVLWLRQ IRRG V\VWHPV WUDQVIRUPDWLRQ� ,Q HDFK FDVH�
WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV LV SUHVHQWHG EDVHG RQ DQ DQDO\VLV RI VHYHUDO GDWD
VRXUFHV� LQWHUYLHZV� ILHOG QRWHV DQG GHVN UHVHDUFK� )URP WKHVH FDVHV� , GUDZ LQVLJKWV IURP
UHVHDUFK FRQGXFWHG LQ WKH FRQWH[W RI VRLO KHDOWK DQG WKH DJURHFRORJLFDO SDUDGLJP� 7KH WKHVLV
FRQFOXGHV DSSURDFKHV� FR�SURGXFWLRQ HOHPHQWV� DQG WKHLU LPSOLFDWLRQV IRU VXVWDLQDEOH VRLO
KHDOWK NQRZOHGJH FR�SURGXFWLRQ ZLWKLQ GLYHUVH DJURHFRORJLFDO QHWZRUNV�

�



&KDSWHU �� /LWHUDWXUH 5HYLHZ

7KLV FKDSWHU SURYLGHV D OLWHUDWXUH UHYLHZ RQ SDUWLFLSDWRU\ VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ LQ DJURHFRORJLFDO QHWZRUNV� 7KLV OLWHUDWXUH UHYLHZ DLPV WR SURYLGH DQ RYHUYLHZ
RI WKH VWDWH RI WKH DUW LQ WHUPV RI WKH PDLQ FRQFHSWXDO GRPDLQV� ³VRLO KHDOWK´� ³DJURHFRORJ\´
DQG ³DJURHFRORJLFDO WUDQVLWLRQ´� ³NQRZOHGJH FR�SURGXFWLRQ´� � 7KHUH ZDV QR OLPLWDWLRQ E\
\HDU LQ WKH VHDUFK� WR HQVXUH ERWK UHFHQW DQG VHPLQDO ZRUNV ZHUH FRQVLGHUHG� $ FRPELQDWLRQ
RI DFDGHPLF GDWDEDVHV DQG JUH\ OLWHUDWXUH ZDV FRQVXOWHG WR HQVXUH D FRPSUHKHQVLYH UHYLHZ RI
WKH UHOHYDQW OLWHUDWXUH� 'DWDEDVHV LQFOXGHG :HE RI 6FLHQFH� 6FRSXV� DQG *RRJOH 6FKRODU ZHUH
DOVR H[SORUHG� ,Q DGGLWLRQ WR DFDGHPLF VRXUFHV� JUH\ OLWHUDWXUH IURP LQWHUQDWLRQDO
RUJDQLVDWLRQV� JRYHUQPHQW DJHQFLHV� DQG 1*2V ZHUH FRQVLGHUHG WR FDSWXUH D GLYHUVH UDQJH RI
SHUVSHFWLYHV�

6RLO KHDOWK
6RLO KHDOWK LV HVVHQWLDO WR VXVWDLQ OLIH RQ (DUWK� EXW WZR WKLUGV RI VRLOV LQ (XURSH DUH LQ EDG
FRQGLWLRQ �(&$� ����� DQG PRUH WKDQ ��� JOREDOO\ �)$2� ������ +HDOWK\ VRLOV VWUHQJWKHQ
UHVLOLHQFH WR QDWXUDO GLVDVWHUV� PLWLJDWH DQG DGDSW WR FOLPDWH FKDQJH� UHYHUW ELRGLYHUVLW\ ORVV
DQG GHVHUWLILFDWLRQ �)$2� ������ 7KH UHJHQHUDWLRQ RI VRLO KHDOWK LV LQGHHG D ZLFNHG
VXVWDLQDELOLW\ SUREOHP HPEHGGHG LQ WKH FKDOOHQJH RI WUDQVIRUPLQJ�WUDQVLWLRQLQJ RXU IRRG
V\VWHP WRZDUGV D PRUH MXVW DQG HFRORJLFDO V\VWHP�

�



)LJXUH ���� 2YHUYLHZ RI WKH VXVWDLQDEOH GHYHORSPHQW JRDOV OLQNHG WR VRLO� 6RXUFH� (XURSHDQ
&RXUW RI $XGLWRUV �������

$V )LJXUH ���� VKRZV� DW WKH JOREDO OHYHO� WKH 81 6XVWDLQDEOH 'HYHORSPHQW *RDOV DUH GLUHFWO\
DQG LQGLUHFWO\ GHSHQGHQW RQ OLYLQJ VRLOV WR DFKLHYH WKH JRDOV VXFK DV ]HUR KXQJHU �6'* ���
KHDOWK\ OLYHV �6'* ��� FOHDQ ZDWHU �6'* ��� FOLPDWH DFWLRQ �6'* ���� VXVWDLQDEOH
FRQVXPSWLRQ DQG SURGXFWLRQ �6'* ��� DQG OLIH RQ ODQG �6'* ��� �(XURSHDQ &RXUW RI
$XGLWRUV� ������

6RLO KHDOWK
7KLV VHFWLRQ FDSWXUHV WKH GHEDWHV DURXQG WKH GHILQLWLRQ RI VRLO KHDOWK� ³6RLO KHDOWK´ LV D
FRQFHSW WKDW UHPDLQV DPELJXRXV LQ WKH OLWHUDWXUH� $V )LJXUH ��� VKRZV� VHYHUDO FRQFHSWV KDYH
EHHQ XVHG WR DGGUHVV VRLO KHDOWK� VXFK DV IHUWLOLW\ RU TXDOLW\� WKHVH WHUPV KDYH RIWHQ EHHQ XVHG
LQWHUFKDQJHDEO\� WKXV� WKH ERXQGDULHV DUH QRW DOZD\V GLVWLQFW DQG RSHUDWLRQDO SURFHGXUHV DUH
EHLQJ GHYHORSHG �%RQIDQWH� %DVLOH DQG %RXPD� ������

+RZHYHU� WKLV FRQFHSWXDOL]DWLRQ DQG QXDQFH RI WKHVH WHUPV FDQ EH D XVHIXO DSSURDFK WR EHWWHU
XQGHUVWDQG WKHP� 7KH ILJXUH FUHDWHV ERXQGDULHV EHWZHHQ WKH FRQFHSWV GLVWLQJXLVKLQJ EHWZHHQ
LWV TXDQWLWDWLYH DQG TXDOLWDWLYH DVVHVVPHQW DV ZHOO DV WKH OHYHO RI WUDQVGLVFLSOLQDULW\ UHTXLUHG
IRU LWV VWXG\�

)LJXUH ���� 6RLO FRQFHSWV DQG UDQJH RI HFRV\VWHP IXQFWLRQV FRQVLGHUHG�

1RWH� -DQ]HQ HW DO�� �������

��



,Q WKLV UHVHDUFK , KDYH IROORZHG WKH GHILQLWLRQ E\ -DQ]HQ HW DO� ������� ³VRLO KHDOWK LV WKH
YLWDOLW\� RI D VRLO LQ VXVWDLQLQJ� WKH VRFLR�HFRORJLFDO IXQFWLRQV� RI LWV HQIROGLQJ ODQG��´ 7KLV
GHILQLWLRQ DFNQRZOHGJHV QRW RQO\ WKH FRPSRVLWLRQ RI VRLO� EXW DOVR WKH IXQFWLRQV RI WKH ODQG
DQG LWV HFRV\VWHPV LQ D SDUWLFXODU SODFH DQG WLPH� 3XUVXLQJ VRLO KHDOWK JRHV EH\RQG FDSWXULQJ
QXPHULFDOO\ WKH ³JRRGQHVV RI VRLO´� DQG WULHV WR JHQHUDWH XQGHUVWDQGLQJ RI WKH UHODWLRQDO
PHFKDQLVPV WKDW QXUWXUH DWWULEXWHV RI VRLO ZKLFK FDWDO\VH YDOXHG IXQFWLRQV LQ WKH SUHVHQW DQG
IXWXUH�

7KHUH LV QRW DQ RYHUDUFKLQJ RSHUDWLRQDOL]DWLRQ RI WKH GHILQLWLRQ RI D KHDOWK\ VRLO DV VRLO KHDOWK
LV FRQWH[W VSHFLILF DQG PXVW EH SODFHG ZLWKLQ D G\QDPLF� ORFDWLRQ�VSHFLILF IHHGEDFN V\VWHP
WDNLQJ LQWR DFFRXQW ELRSK\VLFDO� HFRQRPLF� VRFLDO DQG SROLWLFDO HOHPHQWV �%HQQHWW HW DO�� �����
%RXPD DQG 0F%UDWQH\� ����� DQG WKHUHIRUH� WKH SURSHUWLHV FRQIHUULQJ KHDOWK WR WKH VRLO YDU\
IURP SODFH WR SODFH� WKXV WKH LPSRUWDQFH RI ORFDO NQRZOHGJH �1J DQG =KDQJ� ������
)XUWKHUPRUH� VRLO KHDOWK HQWDLOV D YDOXH MXGJHPHQW� WKXV UHTXLULQJ VRFLHWDO HQJDJHPHQW LQ WKH
GHILQLWLRQ RI ZKLFK NLQG RI VRLO ZH ZDQW� �&ODUN� ������ ZKLFK LV KDUG WR UHIOHFW WKURXJK WKH
VFLHQWLILF PHDVXUHPHQWV DORQH� )LJXUH ���� 6KRZV D GLDJUDP LQ ZKLFK VRLO KHDOWK SHUVSHFWLYHV
DUH LQIHUUHG IURP VRLO PHDVXUHPHQWV �LQGLFDWRUV� DQG SURMHFWHG WKURXJK OHQVHV RI ODQG
IXQFWLRQV DQG VRFLHWDO YDOXHV� WKH HOHPHQWV ZLWKLQ HDFK VHFWLRQ DUH H[DPSOHV DQG GR QRW DLP
WR EH FRPSUHKHQVLYH�

� 6\QRQ\P WR HFRV\VWHPV �-DQ]HQ HW DO�� ����� S� ���

� ³7KH IXQFWLRQV VRLO SHUIRUPV LV WR SURPRWH XWLOLW\� QRW MXVW ³VHUYLFHV´ ZKLFK XVXDOO\ LPSO\ GLUHFW KXPDQ EHQHILW� EXW DOVR
SURFHVVHV PDLQWDLQLQJ WKH LQWHJULW\ DQG VWDELOLW\ RI WKH ELRVSKHUH� 6RLO¶V IXQFWLRQV DUH G\QDPLF DQG GHVFULEH SHUIRUPDQFH DQG
EHKDYLRXU� +HDOWK FDQ EH XQGHUVWRRG RU HYDOXDWHG DQG QRW MXVW PHDVXUHG E\ WKH FRPSRVLWLRQ RI VRLO� EXW E\ REVHUYLQJ KRZ
ZHOO LWV HFRV\VWHP WKULYHV �-DQ]HQ HW DO�� ����� S� ��´�

�³6RLO KHDOWK LV QRW D FOLPDWLF VWDWH RU HYHU IXOO\ DFKLHYHG� VRLO KHDOWK GHSHQGV RQ LWV FDSDELOLW\ WR VXVWDLQ WKH UHOHYDQW
IXQFWLRQV RI LWV HFRV\VWHP GHVSLWH RQJRLQJ VWUHVVHV DQG XSKHDYDOV� WKXV LW LV FRQQHFWHG WR UHVLOLHQFH �-D]HQ HW DO�� ����� S�
��´��

�³7KH VRLO LV D OLYLQJ V\VWHP FRPSRVHG RI PDQ\ LQWHUFRQQHFWHG SURFHVVHV PHGLDWHG E\ WKRXVDQGV RI RUJDQLVPV� PDQ\ RI
WKHP QDPHOHVV ELRWD �-D]HQ HW DO�� ����� S� ��´�

��



)LJXUH ���� 6RLO KHDOWK SHUVSHFWLYHV DUH LQIHUUHG IURP VRLO PHDVXUHPHQWV �LQGLFDWRUV� DQG
SURMHFWHG WKURXJK OHQVHV RI ODQG IXQFWLRQV DQG VRFLHWDO YDOXHV�

1RWH� -DQ]HQ HW DO�� �������

6RLOV DUH OLYLQJ HQYLURQPHQWV WKDW KRVW DQ DEXQGDQFH RI GLYHUVH PLFURELRPHV DQG IDXQD�
%LRORJLFDO IXQFWLRQLQJ KDV GLUHFW LPSDFWV RQ VRLO KHDOWK� DQG WKHUHIRUH� SODQW JURZWK DQG
HFRV\VWHP KHDOWK �/HPDQFHDX HW DO�� ������ 3UDFWLFHV WKDW YDOXH ODQG VWHZDUGVKLS DQG
FRQVHUYDWLRQ RI DJURELRGLYHUVLW\ VXFK DV WKRVH LQYROYLQJ DJURHFRORJ\ VKRZ KLJKHU PHWDEROLF
HIILFLHQF\ LQ FRPSDULVRQ WR FRQYHQWLRQDO V\VWHPV �&KDYDUULD HW DO�� ������ %ULQJLQJ
ELRGLYHUVLW\ EDFN WR IRRG V\VWHPV DQG WKH VRLO LV RQH RI WKH SULQFLSDO VWUDWHJLHV DJURHFRORJ\
SURSRVHV WR LQGXFH VHOI UHJXODWLRQ DQG DFKLHYH VXVWDLQDEOH EDODQFHV LQ WKH IRRG
DJURHFRV\VWHP� $JURHFRORJ\ LV EDVHG RQ UHVLOLHQW� HQHUJHWLFDOO\ HIILFLHQW� ELRGLYHUVH� VRFLDOO\
MXVW IRRG V\VWHPV� SURYLGLQJ JURXQG IRU HPDQFLSDWRU\ VWUDWHJLHV RQ IRRG� HQHUJ\ DQG VHHGV
�$OWLHUL HW DO�� ������

&RQYHQWLRQDO DJULFXOWXUH LV RIWHQ EDVHG LQ WUDQVJHQLF FURSV GHYHORSHG IRU SHVW FRQWURO XVLQJ
DJURFKHPLFDOV� ZKLFK KDYH IUHTXHQWO\ IDLOHG WR FRQWURO LQVHFW SHVWV� SDWKRJHQV DQG ZHHGV�
DFFHOHUDWLQJ WKH HYROXWLRQ RI UHVLVWDQW SODJXHV �$OWLHUL DQG 1LFKROOV� ����� 7DEDVKQLN DQG
&DUULqUH� ������ 0RUH LPSRUWDQWO\� FXOWXUDO PHWKRGV VXFK DV FURS IHUWLOLVDWLRQ FDQ DIIHFW WKH
VXVFHSWLELOLW\ RI SODQWV WR LQVHFW SHVWV E\ DOWHULQJ SODQW WLVVXH QXWULHQW OHYHOV� 5HVHDUFK KDV
VKRZQ WKDW RSWLPDO SK\VLFDO� FKHPLFDO DQG PRVWO\ ELRORJLFDO SURSHUWLHV RI WKH VRLO GHWHUPLQH
WKH DELOLW\ RI D FURS SODQW WR UHVLVW RU WROHUDWH LQVHFW SHVWV DQG GLVHDVHV �$OWLHUL DQG 1LFKROOV�
������ 7KLV UHIOHFWV WKH QHHG IRU DOWHUQDWLYH IRRG V\VWHPV�

7KHVH W\SHV RI SUREOHPV UHTXLUH QHZ DSSURDFKHV ZKLFK DUH PRUH SDUWLFLSDWRU\� LQWHUDQG
WUDQVGLVFLSOLQDU\� DV ZHOO DV LQFOXVLYH RI GLIIHUHQW W\SHV RI NQRZOHGJH VXFK DV ORFDO�
LQGLJHQRXV DQG DQFHVWUDO NQRZOHGJH� ,Q WKLV FRQWH[W� DJURHFRORJ\ KDV RIWHQ HPHUJHG DV WKH
H[HPSODU\ H[DPSOH RI VXFK DQ DSSURDFK� 7KH DJURHFRORJLFDO WUDQVLWLRQ LQ RXU IRRG V\VWHPV

��



KDV HPHUJHG DV DQ DOWHUQDWLYH RU YDULRXV DOWHUQDWLYHV WR WKH FXUUHQW GRPLQDQW LQGXVWULDO
DJULIRRG V\VWHP ZKLFK KDV EHHQ SLQSRLQWHG DV D PDMRU GULYHU LQ WKH ORVV RI VRLO KHDOWK�

$JURHFRORJ\ DQG DJURHFRORJ\ WUDQVLWLRQ

7KH GHILQLWLRQ RI DJURHFRORJ\ KDV HYROYHG IURP LWV IUDPLQJ LQ WKH ����V IRFXVHG RQ
HFRORJLFDO VFLHQFH LQ VXVWDLQDEOH DJULFXOWXUH WR WKH PRUH UHFHQW GHILQLWLRQ RI DJURHFRORJ\ DV D
VFLHQFH� SUDFWLFH DQG PRYHPHQW �:H]HO HW DO�� ������ $V D VFLHQFH DQG SUDFWLFH� DJURHFRORJ\
DGYRFDWHV IRU WKH XVH RI GLYHUVH WHFKQLTXHV WKDW SURWHFW DQG UHVSHFW ORFDO HFRV\VWHPV�
ELRGLYHUVLW\ DQG IRVWHUV WKH ELRGLYHUVLW\ LQ RXU IRRG V\VWHPV �+ROW�*LPpQH]� ����� %HUJTXLVW
HW DO�� ����� 6LPRQ HW DO�� ������

7KHVH SUDFWLFHV� ZKLOH UHGXFLQJ GHSHQGHQFH RQ H[WHUQDO LQSXWV� LQFUHDVH WKH UHVLOLHQFH WR
FOLPDWH FKDQJH DQG HQYLURQPHQWDO GHJUDGDWLRQ� FRQWULEXWLQJ WR WKH GHYHORSPHQW RI
VXVWDLQDEOH OLYHOLKRRGV E\ UHVWRULQJ HFRV\VWHPV DQG LPSURYLQJ HFRORJLFDO VHUYLFHV LQ
DJURHFRV\VWHPV �/DQND HW DO�� ����� 6LPRQ HW DO�� ������ 7UDGLWLRQDO IDUPHUV KDYH XVHG WKHVH
SUDFWLFHV IRU FHQWXULHV� FUHDWLQJ GLYHUVH DQG ORFDOO\ DGDSWHG DJULFXOWXUDO V\VWHPV ZKLFK RIWHQ
UHVXOW LQ FRPPXQLW\ IRRG VHFXULW\ DQG WKH FRQVHUYDWLRQ RI DJURELRGLYHUVLW\� PLQLPLVLQJ ULVNV�
SURPRWLQJ GLYHUVH DQG QXWULWLRXV GLHWV DQG PD[LPLVLQJ UHWXUQV E\ XVLQJ ORZ OHYHOV RI
WHFKQRORJ\ DQG OLPLWHG UHVRXUFHV �1LFKROOV HW DO�� ������

$W WKH KHDUW RI DJURHFRORJ\ WKHUH DUH NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV JLYLQJ ZD\ WR WKH
WUDQVIRUPDWLRQ RI RXU IRRG V\VWHPV WKURXJK LWV UHGHVLJQ ILUVW DW WKH OHYHO RI DJURHFRV\VWHPV
DQG ODWHU ZLWK WKH VRFLHW\ DW ODUJH� E\ EHFRPLQJ SDUW RI VRFLDO PRYHPHQWV WKURXJK HGXFDWLRQ
DQG FROOHFWLYH DFWLRQ �/RSH]�*DUFLD HW DO�� ������ ,Q WKLV ZD\� IDUPHUV UHDOLVH WKHLU LQIOXHQFH
LQ WKH IRRG V\VWHPV DQG GHYHORS DJHQF\ WR PDNH GHFLVLRQV LQ WKH IRRG V\VWHP� WKXV�
HPSRZHULQJ VPDOO�VFDOH IDUPHUV WR KDYH FROOHFWLYH DFWLRQ DQG JDLQ DJURHFRORJ\ HPSRZHUV
IDUPHUV E\ UHDOLVLQJ WKHLU LQIOXHQFH LQ WKH IRRG V\VWHP �*LUDOGR DQG 5RVVHW� ������
$JURHFRORJ\¶V DSSURDFK GLIIHUV WR WKDW IURP FRQYHQWLRQDO DJULFXOWXUH DQG ³WHFKQRFUDWLF
IDUPLQJ´ IRFXVHG RQ IRRG FRPPRGLWL]DWLRQ� DQG GUDZV DWWHQWLRQ WR VWUXFWXUDO SUREOHPV LQ
DJULFXOWXUH VXFK DV LQSXW VXEVWLWXWLRQ� FURS�OLYHVWRFN VSHFLDOLVDWLRQ� DJUDULDQ FODVV FRQIOLFWV�
JHQGHU LQHTXDOLW\ RU GHPRFUDWLF SURFHVVHV �/RSH]�*DUFLD HW DO�� ����� *LUDOGR DQG 5RVVHW�
������

7KH DJURHFRORJLFDO WUDQVLWLRQ DLPV WR UHVWUXFWXUH VRFLRHFRQRPLF DQG SROLWLFDO DVSHFWV LQ IRRG
V\VWHPV WR DFKLHYH D KHDOWK\� KXPDQ�ULJKWV�EDVHG� DQG GHPRFUDWLF GHFLVLRQ�PDNLQJ SURFHVV�
WKXV HQDEOLQJ IRRG VRYHUHLJQW\ �$QGHUVRQ HW DO�� ������ *OLHVVPDQ ������� SXWV IRUZDUG D
IUDPHZRUN WR FODVVLI\ WKH ³OHYHOV´ RI IRRG V\VWHP FKDQJH ZKLFK FDQ VHUYH DV D URDGPDS IRU
JOREDO IRRG V\VWHPV WUDQVIRUPDWLRQ�

�� /HYHO �� ,QFUHDVH WKH HIILFLHQF\ RI LQGXVWULDO DQG FRQYHQWLRQDO SUDFWLFHV LQ RUGHU WR
UHGXFH WKH XVH DQG FRQVXPSWLRQ RI FRVWO\� VFDUFH RU HQYLURQPHQWDOO\ GDPDJLQJ LQSXWV�

�� /HYHO �� 6XEVWLWXWH DOWHUQDWLYH SUDFWLFHV IRU LQGXVWULDO�FRQYHQWLRQDO LQSXWV DQG
SUDFWLFHV�

��



�� /HYHO �� 5HGHVLJQ WKH DJURHFRV\VWHP VR WKDW LW IXQFWLRQV RQ WKH EDVLV RI D QHZ VHW RI
HFRORJLFDO SURFHVVHV�

�� /HYHO �� 5H�HVWDEOLVK D PRUH GLUHFW FRQQHFWLRQ EHWZHHQ WKRVH ZKR JURZ RXU IRRG DQG
WKRVH ZKR FRQVXPH LW�

�� /HYHO �� 2Q WKH IRXQGDWLRQ FUHDWHG E\ WKH VXVWDLQDEOH IDUP�VFDOH DJURHFRV\VWHPV
DFKLHYHG DW /HYHO �� DQG WKH QHZ UHODWLRQVKLSV RI VXVWDLQDELOLW\ RI /HYHO �� EXLOG D
QHZ JOREDO IRRG V\VWHP� EDVHG RQ HTXLW\� SDUWLFLSDWLRQ� GHPRFUDF\ DQG MXVWLFH� WKDW LV
QRW RQO\ VXVWDLQDEOH EXW KHOSV UHVWRUH DQG SURWHFW HDUWK¶V OLIH VXSSRUW V\VWHPV XSRQ
ZKLFK ZH DOO GHSHQG�

.QRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJ\
7KH OLWHUDWXUH RQ NQRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJ\ KDV HQJDJHG LQ VHYHUDO FDVH
VWXGLHV RQ SDUWLFLSDWRU\ PHWKRGV ZKLFK RIWHQ IUDPH DJURHFRORJ\ DV D VHW RI SUDFWLFHV DQG DV D
PRYHPHQW ZLWKLQ WKH VRFLDO VFLHQFHV� ZKHUHDV WKH OLIH�QDWXUDO VFLHQFHV IRFXV PRUH RQ WKH
VFLHQFH DQG VHW RI SUDFWLFHV IUDPH �6DFKHW HW DO�� ����� S� ��� 2WKHU SDUWLFLSDWRU\ PHWKRGV
LQFOXGH SDUWLFLSDWRU\ UXUDO DSSUDLVDO� UDSLG UXUDO DSSUDLVDO� SDUWLFLSDWRU\ OHDUQLQJ DQG
SDUWLFLSDWRU\ DFWLRQ UHVHDUFK �3$5� ZKLFK RIWHQ ORRN LQWR WKH WRSLF RI WKH DJURHFRORJLFDO
WUDQVLWLRQ �6DFKHW HW DO�� ����� S� ���

7UDQVIRUPDWLYH NQRZOHGJH FR�SURGXFWLRQ LV OLQNHG WR FROOHFWLYH DFWLRQ DQG GHFLVLRQ�PDNLQJ
LQ HFRV\VWHP PDQDJHPHQW E\ DQG IRU WKH FRPPXQLWLHV �+ROW�*LPpQH]� ����� $SJDU HW DO��
������ 7KLV PHDQV WKDW UHVHDUFKHUV EHFRPH SDUW RI D VSHFLILF VRFLR�KLVWRULFDO FRQWH[W�
FRQVHTXHQWO\� WKH UHVHDUFK GHVLJQ PXVW EH UHIOH[LYH DQG DOVR WUDQVGLVFLSOLQDU\� JRLQJ EH\RQG
DFDGHPLFV� WKHUHIRUH� LW PXVW LQFOXGH QRQ�DFDGHPLFV �/RSH]�*DUFLD HW DO�� ������

, DUJXH KHUH WKDW DJURHFRORJLFDO QHWZRUNV KDYH D XQLTXH DSSURDFK WR XQGHUVWDQGLQJ WKH
SUREOHPV WKDW VRLO KHDOWK FKDOOHQJHV EULQJ DQG SXW IRUZDUG GLVWLQFW VROXWLRQV WKDW KDYH WKH
SRWHQWLDO WR EH PRUH LPSDFWIXO� 7KLV UHTXLUHV D GHHSHU LQYHVWLJDWLRQ LQWR WKH GLIIHUHQW
HOHPHQWV RI WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV� 7KH DJURHFRORJLFDO WUDQVLWLRQ UHTXLUHV
GLIIHUHQW SHGDJRJLFDO DSSURDFKHV WR OHDUQLQJ DQG NQRZOHGJH FR�SURGXFWLRQ LQ DJULFXOWXUH�
7KLV LV EHFDXVH DJURHFRORJ\ JRHV EH\RQG WKH SURPRWLRQ RI QHZ WHFKQRORJLHV RU SUDFWLFHV� EXW
UDWKHU� SURPRWHV ³WUDQVIRUPDWLYH DJURHFRORJ\ OHDUQLQJ EDVHG RQ KRUL]RQWDOLVP� GLiORJR GH
VDEHUHV �ZLVGRP GLDORJXHV�� FRPELQLQJ SUDFWLFDO DQG SROLWLFDO NQRZOHGJH� DQG EXLOGLQJ VRFLDO
PRYHPHQW QHWZRUNV´ �$QGHUVRQ HW DO�� ����� 0DUWtQH]�7RUUHV DQG 5RVVHW� ������ 7KH FXUUHQW
OLWHUDWXUH KDV QRW ORRNHG LQWR WKH NQRZOHGJH FR�FUHDWLRQ SURFHVVHV IRU VRLO KHDOWK NQRZOHGJH
FR�FUHDWLRQ LQ DJURHFRORJLFDO QHWZRUNV� WKXV WKLV WKHVLV ZLOO FRQWULEXWH WR ILOOLQJ WKLV JDS E\
H[SORULQJ WKUHH FDVH VWXGLHV UHODWHG WR VRLO KHDOWK� WZR ZLWKLQ DJUR HFRORJLFDO QHWZRUNV DQG
RQH ZLWKLQ DQ HPHUJLQJ VRLO QHWZRUN�

��



&KDSWHU �� $QDO\WLFDO IUDPHZRUN� WKH NQRZOHGJH FR�SURGXFWLRQ
SURFHVV

7KLV FKDSWHU SURYLGHV WKH OHQVHV XSRQ ZKLFK VXEVHTXHQW UHVHDUFK LV EXLOW� ,W FRYHUV H[LVWLQJ
OLWHUDWXUH RQ NQRZOHGJH FR�SURGXFWLRQ DQG GHYHORSV RQ WKH HOHPHQWV WKDW FRQIRUP WKH
SURFHVV� 7KURXJK WKLV DQDO\WLFDO IUDPHZRUN� WKH UHVHDUFK TXHVWLRQV DUH DGGUHVVHG E\
SURYLGLQJ WKH IUDPH IRU WKH FDVH VWXGLHV� ,Q RUGHU WR FRPSDUH NQRZOHGJH FR�SURGXFWLRQ
SURFHVVHV� , KDYH IROORZHG WKH DQDO\WLFDO IUDPHZRUN XVHG E\ 0DOPERUJ HW DO�� ���� ZKLFK LV
VXPPDULVHG LQ WKLV VHFWLRQ� 7KLV DQDO\WLFDO IUDPHZRUN DOORZV WKH LGHQWLILFDWLRQ RI WHQVLRQV
DQG LQVLJKWV LQWR WKH GHVLJQ RI NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV DQG LQIRUP IXWXUH UHVHDUFK
DLPLQJ WR FR�SURGXFH XVDEOH NQRZOHGJH WR FRQWULEXWH WR VRLO KHDOWK�

.QRZOHGJH FR�SURGXFWLRQ FDQ EH XQGHUVWRRG DV DQ µ,WHUDWLYH DQG FROODERUDWLYH SURFHVV
LQYROYLQJ GLYHUVH W\SHV RI H[SHUWLVH� NQRZOHGJH DQG DFWRUV WR SURGXFH FRQWH[W�VSHFLILF
NQRZOHGJH DQG SDWKZD\V WRZDUGV D VXVWDLQDEOH IXWXUH�¶ �1RUVWU|P HW DO�� ������ 7KH VWXG\ RI
WKLV SURFHVV LQ GHSWK LQ WKH DJURHFRORJLFDO FRQWH[W LV FKRVHQ� DV DJURHFRORJ\ KDV RIWHQ EHHQ
GHVFULEHG DV DQ LGHDO FRQWH[W HQDEOLQJ KLJK TXDOLW\ IDUPHU SDUWLFLSDWLRQ LQ UHVHDUFK� ,Q IDFW� D
FHQWUDO WHQHW RI DJURHFRORJ\ LV WKH FR�FUHDWLRQ DQG VKDULQJ RI NQRZOHGJH �)$2� ������ DV ZHOO
DV YDOXLQJ ³DOO IRUPV RI NQRZOHGJH DQG H[SHULHQFH LQ IRRG V\VWHPV FKDQJH´ �*OLHVVPDQ�
������

$JURHFRORJLFDO NQRZOHGJH UHVHDUFK KDV PRVWO\ H[SORUHG VSHFLILF SUDFWLFHV DQG SULQFLSOHV
�0DXJKDQ DQG $QGHUVRQ� ����� $OWLHUL� ����� 5LFKDUGVRQ HW DO�� ������ DV LW UHIOHFWV LWV
³HPHUJHQW DQG FRXQWHU�KHJHPRQLF VWDWXV´� ORZ UDWHV RI IXQGLQJ DQG WKH PDLQVWUHDP SROLWLFV
RI NQRZOHGJH WRJHWKHU ZLWK WKH ORFN�LQ RI WKH DJUR�LQGXVWULDO IRRG V\VWHP �0DXJKDQ DQG
$QGHUVRQ� ������ 7KLV FDOOV WR ORRN LQWR WKHVH SURFHVVHV LQ WKH FRQWH[W RI VRLO KHDOWK DQG
DJURHFRORJ\� ,W LV LPSRUWDQW WR QRWH WKDW DJURHFRORJ\ DLPV WR LPSURYH DJULFXOWXUDO VFLHQFH� EXW
DOVR DFWLYHO\ FRQWHVWV DQG DLPV WR WUDQVIRUP WKH GRPLQDQW NQRZOHGJH UHJLPH� D FKDOOHQJH
ZKLFK PD\ WDNH GHFDGHV RU FHQWXULHV WR RYHUWXUQ �/HYLGRZ HW DO�� ������

)LJXUH �� $QDO\WLFDO IUDPHZRUN IRU FRPSDULQJ NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV IURP 0DOERUJ HW DO�� �����

��



�� )LUVW GLPHQVLRQ� VHWWLQJV
7KLV GLPHQVLRQ FRYHUV WKUHH RYHUODSSLQJ HOHPHQWV� )LUVW UHVHDUFK DLPV DQG PHWKRGRORJLHV
LQFOXGLQJ WKH H[SOLFLW UHVHDUFK DLPV IRU WKH SURMHFW� WKHRU\� DSSURDFK RU PHWKRGRORJLHV
JXLGLQJ WKH GHVLJQ DQG WRROV� 7KH DLPV WKDW GULYH FR�SURGXFWLRQ HIIRUWV VWURQJO\ VKDSH WKHP
�/|YEUDQG� ����� YDQ GHU +HO� ������ 7KHVH FDQ EH TXLWH GLYHUVH� UDQJLQJ IURP WU\LQJ WR VROYH
SUHGHILQHG SUREOHPV E\ ILOOLQJ NQRZOHGJH JDSV WR UHIUDPLQJ SUREOHPV WR VSDUN PRUH GLYHUVH
DQG LQQRYDWLYH SRVVLELOLWLHV �&KDPEHUV HW DO�� ������

6HFRQG� WKH &RQWULEXWLQJ NQRZOHGJH�KROGHUV DQG DSSURDFK WR SDUWLFLSDWLRQ UHIHUV WR WKH
FDWHJRULHV RI NQRZOHGJH�KROGHUV� IRU LQVWDQFH� DFWRUV ZLWK DFDGHPLF� SUDFWLFDO DQG ORFDO
NQRZOHGJH �7HQJ| HW DO�� ����� DQG WKH PRWLYDWLRQ WR LQYLWH WKHP� 7KLV KDV LPSOLFDWLRQV LQ
WHUPV RI WKH SRZHU UHODWLRQV WKDW DUH UHIOHFWHG LQ ZKLFK SDUWLFLSDQWV HQJDJH ZLWK WKH SURFHVV�
)RU LQVWDQFH� WKH SURFHVV FDQ IRFXV RQ HPSRZHULQJ PDUJLQDOLVHG DFWRUV VXFK DV JUDVVURRW
JURXSV RU ORFDO RIILFLDOV RU UDWKHU IRFXV RQ LQIOXHQFLQJ SRZHUIXO DFWRUV VXFK DV LQWHUQDWLRQDO
SROLF\ PDNHUV RU FRUSRUDWLRQV WR \LHOG SRZHU �&KDPEHUV HW DO�� ������

7KH OHYHOV RI HQJDJHPHQW UDQJH IURP FRPPXQLFDWLRQ DQG FRQVXOWDWLRQ WR GHOLEHUDWLRQ DQG
FR�SURGXFWLRQ �5HHG HW DO� ������ 7R IXUWKHU GLVWLQJXLVK EHWZHHQ W\SHV RI FRQWULEXWLRQ� D
WKLUG HOHPHQW LV WKH H[WHQW WR ZKLFK SDUWLFLSDQWV QHHG WR HQVXUH WKH XVHIXOQHVV DQG XVDELOLW\ RI
WKH SURGXFHG NQRZOHGJH� 8VHIXOQHVV GHVFULEHV WKH SRWHQWLDO YDOXH RI WR WKH XVHU� ZLWKRXW
FRQVLGHULQJ KRZ HDVLO\ SLFNHG�XS DQG LQWHJUDWHG LQWR GHFLVLRQ PDNLQJ �/HPRV HW DO�� ������
8VDELOLW\ FRQVLGHUV KRZ HDVLO\ FDQ LW EH XVHG WR LQIRUP GHFLVLRQ PDNLQJ �&ODUN HW DO�� �����
DQG QHHGV WR EH FUHGLEOH �YDOLG DQG UHOLDEOH�� VDOLHQW �UHOHYDQW�� OHJLWLPDWH �UHVSHFWIXO RI WKH
GLYHUVH YDOXHV RI LWV LQWHQGHG XVHUV� �&DVK HW DO�� ����� DQG IHDVLEOH �UHVRXUFHV UHTXLUHG DUH
DYDLODEOH� �&ODUN HW DO�� ������

$QG ILQDOO\� WKH WKLUG HOHPHQW� SUREOHP�IUDPLQJ ORRNV LQWR WKH VXVWDLQDELOLW\ FKDOOHQJH
DGGUHVVHG� 7KLV FDQ EH VWXGLHG E\ D WHDP RI LQWHUGLVFLSOLQDU\ UHVHDUFKHUV� LQ FROODERUDWLRQ
ZLWK SDUWLFLSDQWV RU E\ WKH SDUWLFLSDQWV WKHPVHOYHV�

�� 6HFRQG GLPHQVLRQ� V\QWKHVLV �NQRZOHGJH FUHDWLRQ SURFHVV�
7KLV GLPHQVLRQ ORRNV LQWR WKH NQRZOHGJH FUHDWLRQ SURFHVV WKDW V\QWKHVLVHV DQG�RU LQWHJUDWHV
NQRZOHGJH FR�SURGXFHG �7HQJ| HW DO� ������ ,W FRYHUV WKH SURFHVV GHVLJQ �IRUPDW� DQG WKH
DFWLYLWLHV �PHWKRGV� �/DP HW DO� ������ 6RPH H[DPSOHV RI DFWLYLWLHV DUH LQWHUGLVFLSOLQDU\
ZRUNVKRSV� LQWHUYLHZV� VXUYH\V� GDWD DQDO\VLV DQG PRGHOOLQJ �/DP HW DO� ������

�� 7KLUG GLPHQVLRQ� GLIIXVLRQ
7KLV GLPHQVLRQ UHSUHVHQWV WKH WUDQVIHUDEOH NQRZOHGJH UHVXOWLQJ IURP WKH SURFHVV �/DQJ HW DO��
������ .QRZOHGJH RXWSXWV DQG RXWFRPHV IURP NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV FDQ EH
GLYHUVH �6FKQHLGHU HW D�� ����� 7XUQKHLP HW DO�� ������ 6RPH H[DPSOHV DUH FUHDWLQJ VFLHQWLILF
NQRZOHGJH DV D SURGXFW WKDW LV H[SHFWHG WR VKDSH SROLF\ RU SUDFWLFH RU WKURXJK WKH
GHYHORSPHQW RI NQRZOHGJH GLDORJXHV� UHODWLRQV DQG ZD\V RI ³GRLQJ´ WRJHWKHU� 7KHVH FDQ EH
WDQJLEOH RXWSXWV DQG RXWFRPHV VXFK DV DFDGHPLF MRXUQDO DUWLFOHV RU SROLF\ UHSRUWV IRU SROLF\

��



DQG SUDFWLFH RU LQWDQJLEOH� VXFK DV IRFXVLQJ RQ LQWHUDFWLYH GLDORJXHV DQG VKDULQJ SUDFWLFDO
H[SHULHQFHV RI LQYROYHG DFWRUV �&KULVWLH HW DO�� ����� &KDUOL�-RVHSK HW DO�� ����� &KDWWHUWRQ HW
DO�� ������

3RWHQWLDO XVDELOLW\ RI NQRZOHGJH RXWSXWV ORRNV LQWR KRZ WKH NQRZOHGJH UHDFKHV WKH XVHUV DQG
KRZ LW ZLOO EH DSSOLHG� 8VDELOLW\ ZLOO EH DVVHVVHG EDVHG RQ ZKR WKH LQWHQGHG XVHUV DUH� WKH
NQRZOHGJH W\SH FR�SURGXFHG DQG ZKHWKHU LW DGGUHVVHV WKH VXVWDLQDELOLW\ FKDOOHQJHV IURP WKH
XVHU¶V VWDQGSRLQW �%DUWRQ HW DO�� ������ 7KLV FDQ EH DFKLHYHG WKURXJK WKH HDUO\ LQYROYHPHQW RI
XVHUV QRW RQO\ LQ WKH FR�SURGXFWLRQ RI NQRZOHGJH EXW DOVR LQ WKH GHILQLWLRQ RI WKH UHVHDUFK
DLPV �0DUUH DQG %LOOp� ������ E\ WKH LQFRUSRUDWLRQ RI LQVLJKWV IURP SUHYLRXV SURMHFWV
�%ODFNVWRFN HW DO� ����� :DOO HW DO� ����� DQG WKURXJK WKH LQFUHDVH RI WUXVW RYHU WLPH E\ WKH
UHVHDUFKHUV �/HPRV HW DO�� ������ 7KH XVDELOLW\ RI NQRZOHGJH RXWSXWV FDQ EH LPSURYHG
WKURXJK D SDUWLFLSDWRU\ DSSURDFK ZKHUH WKH HPSKDVLV LV SODFHG RQ WKH SURFHVV UDWKHU WKDQ WKH
RXWFRPHV� WKXV HQDEOLQJ D PXFK PRUH HIIHFWLYH DSSURDFK WR KHDOLQJ WKH VRLOV E\�
5HGLVWULEXWLQJ GHFLVLRQ PDNLQJ SRZHU WKURXJK WKH FDSDFLWDWLRQ RI FLWL]HQV LQ HYLGHQFH EDVHG
GHFLVLRQ PDNLQJ� 3URYLGLQJ WRROV IRU FLWL]HQV WR SDUWLFLSDWH DQG KDYH WKHLU RZQ LQGHSHQGHQW
YRLFH �ZLWK PRUH LQGHSHQGHQFH IURP FHUWDLQ PDUNHW LQWHUHVWV
�� (QDEOLQJ H[SRQHQWLDO UHDFK
WR DOO LQWHUHVWHG SDUWLHV WR SURYLGH ORFDOO\ UHOHYDQW NQRZOHGJH LQ D WLPHO\ PDQQHU DQG VKDUH LW
JOREDOO\ WR LQIRUP EHWWHU SROLF\ PDNLQJ � WKXV� VSHHGLQJ XS WKH UHJHQHUDWLRQ RI WKH VRLO� $OVR
IRPHQWLQJ WKH UHVLOLHQFH RI FRPPXQLWLHV�

��



&KDSWHU �� 0HWKRGRORJ\

5HVHDUFK VHWWLQJ DQG GHVLJQ
7KH UHVHDUFK LV EDVHG RQ D FDVH VWXG\ DSSURDFK ZKLFK LV VXLWDEOH IRU UHVHDUFK WKDW VHHNV WR
H[SODLQ D SKHQRPHQRQ ³LQ�GHSWK´ DQG H[WHQVLYHO\ �<LQ� ����� S� ���� 7KH FDVH VWXG\ GHVLJQ ,
ZLOO DSSO\ LV D PXOWLSOH DQG HPEHGGHG FDVH VWXG\� VHH )LJXUH ��� �<LQ� ������ %\ FRPSDULQJ
PXOWLSOH SDUWLFLSDWRU\ VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV� PRUH FODULW\ DQG
XQGHUVWDQGLQJ RQ WKHLU PHFKDQLVPV DQG SRVVLEOH RXWFRPHV FDQ EH DFKLHYHG� 7KH UHVHDUFK
WRRN SODFH EHWZHHQ 0DUFK ���� WR -XQH �����

)LJXUH ���� 0XOWLSOH DQG HPEHGGHG FDVH VWXG\ UHVHDUFK GHVLJQ� 6RXUFH� <LQ� �����

,GHQWLILFDWLRQ DQG VHOHFWLRQ RI DJURHFRORJLFDO QHWZRUNV WR EH LQFOXGHG LQ WKH VWXG\

, VHOHFWHG 5HWH +XPXV� 1DYGDQ\D DQG (8 VRLO OLYLQJ ODEV DV FDVH VWXGLHV� 7KLV VHOHFWLRQ ZDV
EDVHG RQ WKH RSSRUWXQLW\ IRU LQWHUDFWLRQ ZLWK WKH GLIIHUHQW DFWRUV� DV ZHOO DV WKH SDUWLFXODU
IRFXV RQ VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ WKH DJURHFRORJLFDO FRQWH[W DJURHFRORJLFDO
QHWZRUNV� , DOVR LQFOXGHG RQH NQRZOHGJH FR�SURGXFWLRQ SURFHVV� WKH (8 VRLO OLYLQJ ODEV�
ZKLFK GRHV QRW IRFXV RQ DJURHFRORJLFDO QHWZRUNV LQ RUGHU WR SURYLGH PRUH LQVLJKWV WR WKHVH
SURFHVVHV�

7KH GDWD FROOHFWLRQ PHWKRG IROORZHG LQFOXGHG VHPL�VWUXFWXUHG LQWHUYLHZV� REVHUYDWLRQV LQ WKH
ILHOG ZKHQ SRVVLEOH DQG GHVN UHVHDUFK� 7KH GDWD DQDO\VLV PHWKRGV LQFOXGH TXDOLWDWLYH PHWKRGV
LQ RUGHU WR H[SORUH WKH VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV� 7KH DQDO\VLV
XQGHUZHQW DQ LQGXFWLYH DSSURDFK E\ FRQQHFWLQJ WKH FDVH DQG LQWHUYLHZ GDWD WR WKH DQDO\WLFDO
IUDPHZRUN SUHVHQWHG LQ &KDSWHU �� 7KH UHOLDELOLW\ DQG YDOLGLW\ RI WKH GDWD ZHUH WDNHQ LQWR
DFFRXQW WKURXJKRXW WKH ZKROH UHVHDUFK SURFHVV� 7R DGGUHVV UHOLDELOLW\� DQ LQWHUYLHZ JXLGH ZDV
GHYHORSHG WR JDWKHU LQIRUPDWLRQ IURP GLYHUVH VWDNHKROGHUV EDVHG RQ WKH DQDO\WLFDO

��



IUDPHZRUN� )XUWKHUPRUH� FRQWHQW YDOLGLW\ ZDV DGGUHVVHG WKURXJK FDUHIXOO\ GHVLJQHG
LQWHUYLHZ SURWRFROV� 7KLV H[SHUW LQSXW HQVXUHG WKDW WKH TXHVWLRQV DFFXUDWHO\ FDSWXUHG WKH
HVVHQWLDO GLPHQVLRQV RI VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ� &RQVWUXFW YDOLGLW\ ZDV VRXJKW
WKURXJK WULDQJXODWLRQ� ZKHUHLQ PXOWLSOH VRXUFHV RI GDWD ZHUH XVHG WR FRUURERUDWH ILQGLQJV�
7KLV LQYROYHG LQWHUYLHZV DQG ILHOG REVHUYDWLRQV DQG DFDGHPLF SXEOLFDWLRQV�

/LPLWDWLRQV
6RPH OLPLWDWLRQV RI WKLV UHVHDUFK LQFOXGH WLPH FRQVWUDLQWV WR FRQGXFW PRUH LQ GHSWK UHVHDUFK
DQG SDUWLFLSDWRU\ UHVHDUFK� WR LQFOXGH PRUH LQWHUYLHZHHV UHSUHVHQWLQJ PRUH SHUVSHFWLYHV� ,W LV
LPSRUWDQW WR WDNH LQWR DFFRXQW WKDW WKHVH FDVH VWXGLHV GR QRW DLP WR SURGXFH JHQHUDOL]DEOH
ILQGLQJV IRU EURDGHU FRQWH[WV� EXW UDWKHU VKDUH LQVLJKWV LQWR WKH GLIIHUHQW G\QDPLFV WKDW DUH
HPHUJLQJ�

��



&KDSWHU �� 5HVXOWV

7KLV FKDSWHU SUHVHQWV WKH ILQGLQJV UHODWHG WR WKH GLYHUVH SDUWLFLSDWRU\ DSSURDFKHV HPSOR\HG
ZLWKLQ VRLO KHDOWK SDUWLFLSDWRU\ DSSURDFKHV� LQ SDUWLFXODU LW ORRNV LQWR WKUHH FDVH VWXGLHV
LQYROYLQJ WZR DJURHFRORJLFDO QHWZRUNV� 5HWH +XPXV� LQ ,WDO\ DQG 1DYGDQ\D� LQ ,QGLD DQG RQH
VRLO KHDOWK QHWZRUN LQ GHYHORSPHQW� WKH (8 6RLO /LYLQJ /DEV DQG /LJKWKRXVHV� 7KURXJK
LQ�GHSWK DQDO\VLV RI LQWHUYLHZV� WKLV FKDSWHU LOOXPLQDWHV WKH YDULRXV GLPHQVLRQV RI WKH
NQRZOHGJH FR�SURGXFWLRQ SURFHVV XVHG WR HQJDJH VWDNHKROGHUV LQ WKH FR�SURGXFWLRQ RI VRLO
KHDOWK NQRZOHGJH�

&DVH �� 5HWH +XPXV

7DEOH ����� (OHPHQWV RI WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV� 5HWH +XPXV�

1RWH� RZQ HODERUDWLRQ EDVHG RQ 5HWH +XPXV �������

5HWH +XPXV LV D VRFLDO QHWZRUN IRU ,WDOLDQ ELRDJULFXOWXUH ORFDWHG LQ WKH ³8QLRQH 7HUUH GL
&DVWHOOL� ,WDO\´� 7KH RYHUDOO DLP RI WKH QHWZRUN LV WR GHILQH DQG VKDUH JRRG SUDFWLFHV LQ
DJUR�ELRORJLFDO SURGXFWLRQ DQG UHODWHG SURGXFW XWLOLVDWLRQ EDVHG RQ SULQFLSOHV DQG
UHTXLUHPHQWV RI HQYLURQPHQWDO DQG VRFLDO UHVSRQVLELOLW\� ZLWK WKH REMHFWLYH RI IRVWHULQJ
VXVWDLQDELOLW\ DQG VROLGDULW\ DPRQJ WKH GLIIHUHQW VWDNHKROGHUV �5HWH +XPXV� ������

$LPV DQG PHWKRGRORJ\�
7KH SURMHFW DLPV WR GHILQH VKDUHG JXLGHOLQHV IRU D SDUWLFLSDWRU\ ELRGLYHUVLW\ PRQLWRULQJ
V\VWHP� ,W LV D UHVHDUFK SURMHFW VKDUHG ZLWK IDUPHUV WR FDSWXUH WKH VRLO FKDUDFWHULVWLFV
DORQJVLGH WR VRFLDO DQG FXOWXUDO FKDUDFWHULVWLFV VXFK DV ODERXU HPSOR\HG� WUDLQLQJ DQG
SURIHVVLRQDO GHYHORSPHQW DFWLRQV� VWUDWHJLHV IRU ODERXU LQFOXVLRQ RI GLVDGYDQWDJHG SHRSOH�
SHRSOH ZLWK GLVDELOLWLHV� PDUJLQDOLVDWLRQ DQG LPPLJUDQWV RU DV\OXP VHHNHUV� DFWLYLW\ LQ WKH

��



WHUULWRU\ DQG ORFDO FRPPXQLW\ DV ZHOO DV WKHLU LQYROYHPHQW LQ WHUULWRULDO VKRUW VXSSO\ FKDLQV
DQG ORFDO HFRQRP\ QHWZRUNV�

7KH PHWKRGRORJ\ DSSOLHG LV ³SDUWLFLSDWRU\ PRQLWRULQJ´ ZKLFK JDWKHUV GDWD DW WKH IDUP OHYHO
RQ WKH ELRGLYHUVLW\ RI IDUPV� 7KH GDWD JDWKHUHG UHODWHV WR WKH IDUP� LWV DJULFXOWXUDO SURGXFWLRQ�
VXVWDLQDEOH IDUPLQJ SUDFWLFHV� DSLFXOWXUH� TXDOLW\ RI WKH SURGXFW� DJURWRXULVP DQG FDWHULQJ� WKH
UHVSRQVLELOLW\ DQG MXVWLFH DQG ILQDOO\ WKH ³VKRYHO WHVW´� ZKLFK LV EDVHG RQ WKH ³0DQXDO RI DXWR
HYDOXDWLRQ RI VRLO´ DYDLODEOH LQ ,WDOLDQ �&DUERQ RQ IDUP� ������ 7KLV WHVW LV LQVWUXFWHG WR EH
FDUULHG RXW RQ D SORW RI WKH PRVW LPSRUWDQW FURS RQ WKH IDUP� LQ WHUPV RI VSDWLDO DQG HFRQRPLF
VL]H� ZKLFK LV UHSUHVHQWDWLYH RI WKH VRLO DQG FOLPDWLF FRQGLWLRQV RI WKH DUHD� :KHUH WKHUH DUH
PDQ\ IDUP YDULDELOLWLHV ZLWKLQ WKH IDUP� VHYHUDO WHVWV DQG VDPSOLQJV FDQ EH FDUULHG RXW� 7KLV
PHWKRG RI HYDOXDWLQJ D VRLO VDPSOLQJ ZLWK D VKRYHO LV EDVHG RQ D YLVXDO DVVHVVPHQW RI VRLO
TXDOLW\ EDVHG RQ WKH REVHUYDWLRQ RI D WRS VRLO VDPSOH UHPRYHG ZLWK D VKRYHO� 7KH VRLO VOLFH
QHHGV WR EH H[WUDFWHG LQWDFW DQG GHSHQGLQJ RQ WKH FRQGLWLRQV� WKH VDPSOH VKRXOG EH ����� FP
GHHS DQG ����� FP ZLGH� DV WKLV GHSWK LV WKH PRVW LPSRUWDQW ]RQH IRU URRW GHYHORSPHQW DQG
SODQW JURZWK� DV ZHOO DV WKH DUHD ZLWK WKH JUHDWHVW SRWHQWLDO IRU QHJDWLYH HIIHFWV RQ ZDWHU
LQILOWUDWLRQ� FDUERQ ORVVHV RQ WKH VRLO HWF �&DUERQ RQ IDUP� ����� S� ���

7KH EDVLF LGHD LV WR XVH D PHWKRG RI VHOI�HYDOXDWLRQ RI VRLO IURP WKH IDUPHUV ZKR DUH ZRUNLQJ
RQ WKH ODQG� )LUVW� LW LV DQ HDV\ DQG VLPSOH PHWKRG� FDSDEOH RI JLYLQJ LQGLFDWRUV RI GDLO\
DFWLYLWLHV� $QG VHFRQG� DJJUHJDWLQJ WKH UHVXOWV� ZKLFK DUH QRW DOZD\V SHUIHFW� 7KXV� XVLQJ WKH
SULQFLSOHV RI FLWL]HQ VFLHQFH� EDVHG RQ WKH QXPEHU RI REVHUYDWLRQV� FUHDWH VWDWLVWLFDO LQIHUHQFHV
�5HWH +XPXV &RRUGLQDWRU� ������

&RQWULEXWLQJ NQRZOHGJH�KROGHUV DQG DSSURDFK WR SDUWLFLSDWLRQ�

)LJXUH ����� 5HWH +XPXV�

1RWH� 5HWH +XPXV� �����

5HWH KXPXV LV D ³VRFLDO QHWZRUN´ ZKHUH D KRUL]RQWDO DJJUHJDWLRQ RI HFRQRPLF RUJDQLVDWLRQV
DQG FLYLO VRFLHW\ DVVRFLDWLRQV� ZKLFK LV DOVR RSHQ WR WKH LQGLYLGXDO H[SHUW FRQWULEXWLRQ LQ
RUGHU WR JLYH ULVH WR QHZ V\VWHPV RI SDUWLFLSDWLRQ RI YDULRXV SURWDJRQLVWV LQ WKH DIIDLUV RI

��



RUJDQLF IDUPLQJ DQG WKH UXUDO WHUULWRU\� 7KLV WKH PDLQ NQRZOHGJH FRQWULEXWRUV DUH IDUPHUV�
WUDGH DVVRFLDWLRQV� ORFDO HFRQRPLF RSHUDWRUV� LQVWLWXWLRQV� DVVRFLDWLRQV DQG VFKRROV�
WHFKQLFLDQV DV ZHOO DV FLWL]HQV �HJ� ELR EOLW]� DQG RWKHU VWDNHKROGHUV LQ DJULFXOWXUH DQG
ELRGLYHUVLW\�

7KH DSSURDFK WR SDUWLFLSDWLRQ KDV D QHWZRUNHG DSSURDFK� EDVHG RQ FR�SURGXFWLRQ SULQFLSOHV LQ
ZKLFK YDULRXV RUJDQLVDWLRQV RSHUDWLQJ LQ ,WDOLDQ RUJDQLF DJULFXOWXUH FRPH WRJHWKHU WR
FR�GHVLJQ VKDUHG JXLGHOLQHV IRU D SDUWLFLSDWRU\ ELRGLYHUVLW\ PRQLWRULQJ V\VWHP� 7KH
DVVHVVPHQW RI WKH HQYLURQPHQWDO SHUIRUPDQFH RI WKH IDUP WDNHV SODFH WKURXJK WKH GHWHFWLRQ RI
VSHFLILF ELR�LQGLFDWRUV LQ WKH ILHOG DQG WKH GHWHUPLQDWLRQ RI DSSURSULDWH DLU� ZDWHU DQG VRLO
ELRGLYHUVLW\ LQGLFHV� DFFRUGLQJ WR WKH SULQFLSOH �WKH PRUH OLIH WKHUH LV LQ D WHUULWRU\� WKH OHVV
VWDWH WKH LPSDFW RI KXPDQ DFWLYLWLHV RQ LW �5HWH +XPXV� �����´� 2Q WKHVH EDVHV� IDUPHUV�
WHFKQLFLDQV DQG FRPPLWWHG FLWL]HQV FDQ GHWHUPLQH� DOVR WRJHWKHU ZLWK ORFDO LQVWLWXWLRQV� D
SURFHVV RI JUDGXDO DQG SDUWLFLSDWRU\ LPSURYHPHQW RI WKH HQYLURQPHQWDO SHUIRUPDQFH RI WKH
DJUR�V\VWHP� JXDUDQWHHLQJ TXDOLW\ DJULFXOWXUDO SURGXFWV DQG KLJKO\ QDWXUDO WHUULWRULHV �5HWH
+XPXV� �����´

³:KHQ FRQGXFWLQJ WKH WHVWV� WKHUH DUH WZR RU WKUHH SHRSOH� D UHSUHVHQWDWLYH IURP 5HWH +XPXV�
D WHFKQLFLDQ ZKR EHORQJV WR D VHFRQG OHYHO RUJDQLVDWLRQ RWKHU WKDQ WKH IDUPHU RUJDQLVDWLRQ
�UHJLRQDO RU ORFDOO\ EDVHG� DQG WKH IDUPHU �5HWH +XPXV &RRUGLQDWRU� �����´�

3UREOHP IUDPLQJ�
7KH QHWZRUN SDUWLFLSDQWV ³IHHO SDUW RI D JHQHUDWLRQ WKDW JUHZ XS DQG PDWXUHG LQ WKH FXOWXUDO
LPSXOVH DQG LGHDO RI DQ ,WDOLDQ RUJDQLF DJULFXOWXUH �LQ WKH EURDGHU (XURSHDQ FRQWH[W�´ �5HWH
+XPXV� ������ 7KLV PRYHPHQW JDYH ZD\ WR SURGXFWLYH� GLVWULEXWLYH DQG FXOWXUDO�UHODWLRQDO
FRQWH[WV DQG LV EHFRPLQJ DZDUH RI D UHDOLW\ WKDW LV H[FHVVLYHO\ JRYHUQHG E\ SXEOLF SROLFLHV
DQG PDUNHW LQWHUHVWV� LQ ZKLFK UHIHUHQFH YDOXHV DUH LQ GDQJHU RI GLVSHUVLQJ� YDOXHV IURP
ZKLFK WKH UHVXOWV DFKLHYHG VR IDU GHULYH �5HWH +XPXV� ������

5HWH +XPXV LV SDUW RI DQ HPHUJLQJ VXVWDLQDEOH DQG VROLGDULW\ HFRQRP\ GLIIHUHQW IURP WKH
GRPLQDQW ³PDVV FRQVXPSWLRQ´ HFRQRP\ �5HWH +XPXV� ������ 7KH QHWZRUN HPHUJHG WR WKLQN
WRJHWKHU DERXW WKH IXWXUH RI RUJDQLF IDUPLQJ LQ WKH FRXQWU\ DQG DJUHHG LQ WKH GLUHFWLRQ RI
VWUHQJWKHQLQJ WKH SULQFLSOHV DQG FRQVWLWXWLYH YDOXHV RI ,WDOLDQ ELRDJULFXOWXUH� WKHQ WUDQVODWLQJ
WKHP LQWR ZRUNLQJ PHWKRGV DQG WRROV� VKDUHDEOH E\ WKH ILQDO UHFLSLHQWV� WKH FRQVXPHUV �5HWH
+XPXV� ������

(YHQ WKH DGRSWLRQ RI YROXQWDU\ VWDQGDUGV DQG JXLGHOLQHV GHVLJQHG DQG GHYHORSHG LQ WKH
FRXQWULHV RI H[SRUW RI WKH SURGXFWV DUH QRW DSSURSULDWH� EHFDXVH WKH\ GR QRW DGKHUH WR WKH
,WDOLDQ UHDOLW\ DQG DUH QRW DEOH WR GHWHUPLQH EURDG DQG ZLGHVSUHDG VKDULQJ LQ RXU VRFLHW\ �5HWH
+XPXV� ������

7KHUH LV DQ LQFUHDVLQJ WUHQG LQ WKH JURZWK RI PDUNHWV RI RUJDQLF DQG IDLU WUDGH SURGXFWV
JOREDOO\� WDNLQJ LQWR DFFRXQW QRW RQO\ WKH LQWULQVLF TXDOLW\ RI WKH SURGXFWV� EXW DOVR WKH
HQYLURQPHQWDO DQG VRFLDO VXVWDLQDELOLW\ RI FRPSDQLHV DQG WKHLU SURGXFWV� 7KHUH LV DQ
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RSSRUWXQLW\ LQ WKH HPHUJLQJ QHZ UHJXODWRU\ V\VWHPV DQG LQVWUXPHQWV WKDW IDYRXU VPDOO IRUPV
RI DJULFXOWXUH� 7KH ULVN FRQFHUQV WKH VHFWRU EHLQJ DQ REMHFW VWLOO RI D EXUHDXFUDWLF DQG
PLQLPDOLVW YLVLRQ� PRUH DWWHQWLYH WR WKH IRUPDO DVSHFWV UDWKHU WKDQ WKH UHDO FRQWHQW
�HQYLURQPHQWDO� VRFLDO� KHDOWK«�� UHGXFLQJ WKH FRQWURO RI ILHOG DFWLYLWLHV WR D UHVLGXDO SUDFWLFH
�5HWH +XPXV� ������

.QRZOHGJH FUHDWLRQ SURFHVV�
)LUVW� WKH PDQXDO WR REWDLQ WKH VRLO DVVHVVPHQW FKDUDFWHULVWLFV ZDV GHYHORSHG DV SDUW RI WKH
SURMHFW /,)( &DUE2Q)DUP LQ WKH FRQWH[W RI WKH /,)(� (XURSHDQ IXQGLQJ SURJUDP ZKLFK ZDV
IRFXVHG RQ VDIHJXDUGLQJ WKH HQYLURQPHQW DQG WHUULWRU\ WKURXJK WKH SURWHFWLRQ DQG VDIHJXDUG
RI VRLO UHVRXUFHV WKURXJK WKH DGRSWLRQ RI VXVWDLQDEOH SUDFWLFHV IRU WKH PDQDJHPHQW RI RUJDQLF
PDWWHU LQ DJULFXOWXUDO VRLO� ,W ZDV GHYHORSHG E\ D VFLHQWLILF ZRUNLQJ JURXS DQG VXSSRUWHG E\
ILYH SDUWQHUV� UHSUHVHQWLQJ WKH XQLYHUVLW\ RI 1DSOHV )HGHULFR ,,� WKH 8QLYHUVLW\ RI %DVLOLFDWD�
WKH 8QLYHUVLW\ RI 7XULQ� 5HJLRQH &DPSDQLD� 3ULPD /XFH � DQ DJULFXOWXUDO RUJDQLVDWLRQ�
&5($�2) � WKH &RXQFLO IRU 5HVHDUFK LQ $JULFXOWXUH DQG $QDO\VLV RI $JUDULDQ (FRQRP\
�,WDOLDQ $JULFXOWXUDO 0LQLVWU\� DQG WKH $JHQ]LD /XFDQD IRU GHYHORSPHQW DQG LQQRYDWLRQ LQ
DJULFXOWXUH�

7KH NQRZOHGJH FUHDWLRQ SURFHVV FRQVLVWHG RI WKH RUJDQLVDWLRQ RI SDUWLFLSDWRU\ PRQLWRULQJ RI
ELRGLYHUVLW\� IDUPLQJ DQG WKH WHUULWRU\ WKURXJK WKH DSSOLFDWLRQ RI ELR EOLW]� DQG FLWL]HQ VFLHQFH�
)LUVW� WKHUH ZHUH DURXQG �� SLORW WHVWV DQG WKH LQVWUXPHQW ZDV DGDSWHG� ,W KDV HQJDJHG XS XQWLO
QRZ ��� FRRSHUDWLYHV� SHDVDQWV DQG HQWHUSULVHV LQ WKH VRLO WHVW �5HWH +XPXV &RRUGLQDWRU�
������

.QRZOHGJH RXWSXWV DQG RXWFRPHV�
$FFRUGLQJ WR *OLHVVPDQ ������¶V IUDPHZRUN� 5HWH +XPXV LV QRZ UHDFKLQJ /HYHO �� DV LW LV
VWDUWLQJ WR FRQQHFW FLWL]HQV DQG ORFDO VROLGDULW\ HFRQRPLHV ZLWK WKHLU SDUWLFLSDWRU\ VRLO
PRQLWRULQJ�

2XWSXWV� 7KH HYLGHQFH FUHDWHG WKURXJK WKH TXHVWLRQQDLUH RI ZKDW WKH IDUPHUV KDYH REVHUYHG
LQ WKH VRLO� ZKLFK DQ HQDEOH DQRWKHU RXWFRPH RI KDYLQJ D EDVH IRU DQ H[WHUQDO WR HYDOXDWH �
REWDLQ LQIRUPDWLRQ �HJ� FRQVXPHU� �5HWH +XPXV� ������ $QRWKHU NQRZOHGJH RXWSXW LV WKH
+XPPXV *XDUDQWHH IRU WKH SURGXFWV� ZKLFK ZRXOG XSOLIW IDUPHUV IURP �UG SDUW\ JXDUDQWHHV
WKDW LPSRVH RQ IDUPHUV H[FHVVLYH EXUHDXFUDWLF EXUGHQV� 7KH UHVXOWV RI WKH IDUPHU¶V VHOI
HYDOXDWLRQ TXHVWLRQQDLUH RQ VRLO TXDOLW\ KDV QRW EHHQ \HW SXEOLVKHG� 6RPH SUHOLPLQDU\
REVHUYDWLRQV VKRZ WKDW WKH DYHUDJH FDUERQ LQ WKH VRLO LV ODUJHU WKDQ WKH ,WDOLDQ DYHUDJH DQG WKH
ELRGLYHUVLW\ OHYHOV DUH VLJQLILFDQWO\ KLJKHU WKDQ WKH DYHUDJH �5HWH +XPXV &RRUGLQDWRU� ������

2XWFRPHV� 7KLV PHWKRG DOVR HPSRZHUV WKH QHWZRUN WR EHWWHU XQGHUVWDQG WKH ELRORJLFDO
GLYHUVLW\ VWDWXV RI DJULFXOWXUDO DUHDV� IDUPV DQG WHUULWRU\ DV ZHOO DV WKH LPSDFWV RI KXPDQ
DFWLYLWLHV RQ WKH HQYLURQPHQW �5HWH +XPXV� ������ 2XW RI WKLV SURFHVV� 5HWH +XPXV LV
GHYHORSLQJ LWV RZQ GHPRQVWUDWLRQ IDUP IRU WUDLQLQJ DQG UHVHDUFK� DV ZHOO DV GHPRQVWUDWLRQ�

� 3HULRGV RI LQWHQVH VXUYH\LQJ IRU WKH UHFROOHFWLRQ RI ELRORJLFDO GDWD LQ D JLYHQ DUHD�
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)XUWKHUPRUH� DJURQRPLF HYLGHQFH LV FUHDWHG� SURYLGLQJ WKH SRVVLELOLW\ RI GHYHORSLQJ DQ
HQJDJHPHQW SURFHVV IRU LPSURYHPHQW RI WKH HYLGHQFH DQG WKHUHIRUH HQDEOLQJ EHWWHU SODQQLQJ
RI FXOWLYDWLRQ SUDFWLFHV DQG WKHLU PRQLWRULQJ �5HWH +XPXV &RRUGLQDWRU� ������ 7KLV WRRO
WKHUHIRUH FDQ HQDEOH IDUPHUV� WHFKQLFLDQV DQG FLWL]HQV WR SDUWLFLSDWH LQ WKH VXVWDLQDEOH
JRYHUQDQFH RI WKH UXUDO DQG DJULFXOWXUDO WHUULWRU\ �5HWH +XPXV� ������ FUHDWLQJ DQ RSSRUWXQLW\
IRU IDUPHUV WR KDYH D YRLFH DW WKH SROLWLFDO OHYHOV�

8VDELOLW\ RI SURGXFHG NQRZOHGJH�
&LWL]HQV PLJKW EH LQWHUHVWHG LQ HQYLURQPHQWDO LVVXHV� JRRG SUDFWLFHV� DQG JRRG DQG KHDOWK\
SURGXFWV� 7KH\ FDUH DERXW WKH IRRG V\VWHPV DQG DOVR OHDUQ DERXW WKH VRLO IURP D FRQVXPHU
SHUVSHFWLYH� DV WKURXJK WKLV SURFHVV� FLWL]HQV FDQ EH EHWWHU LQIRUPHG DERXW SURGXFWV WKURXJK
WKH FHUWLILFDWH RI JXDUDQWHH�

)DUPHUV RQ WKH RWKHU KDQG� FDQ FRPPXQLFDWH EHWWHU WKHLU HIIRUWV LQ VRLO UHJHQHUDWLRQ DQG
RYHUDOO HFRORJLFDO SUDFWLFHV� )DUPHUV DUH DOVR XVXDOO\ TXLWH SURXG RI WKHLU UHVXOWV DQG PD\
HQJDJH ZLWK WKH VFLHQWLVWV LQ D GLVFXVVLRQ RQ ZKDW LV KDSSHQLQJ RQ WKH VRLO ZKLFK FDQ JR TXLWH
LQ�GHSWK�

7KH SURFHVV SUHVHQWV VRPH ZHDNQHVVHV DQG WKUHDWV LQ WHUPV RI WKH XVDELOLW\ RI NQRZOHGJH
SURGXFHG� 7KLV PHWKRG UHTXLUHV D VWURQJ SDUWLFLSDWLRQ RI WKH +XPXV 1HWZRUN� 7KHUH LV D QHHG
IRU VWURQJ FRPPLWPHQW� ZKLFK LV XVXDOO\ SUHVHQW RQ WKH VHFRQG OHYHO �FRQVXPHUV� SURGXFHUV«
RUJDQLVDWLRQV� EXW QRW DOZD\V DW WKH IDUPHU
V OHYHO� )XUWKHUPRUH� WKH SURGXFHU � FRQVXPHU
UHODWLRQVKLS LV DLPHG DW EHLQJ GHYHORSHG� EXW WKH SDUWLFLSDWRU\ V\VWHP LV QRW \HW UHDG\
H[SHULPHQWHG RU RSHUDWLYH �5HWH +XPXV &RRUGLQDWRU� ������

2Q WKH RWKHU KDQG� WKHUH DUH VHYHUDO RSSRUWXQLWLHV DULVLQJ VXFK DV LQFUHDVLQJ WKH UHODWLRQVKLS
ZLWK WKH ³5HWWH GH (FRQRPLD 6ROLGDULD´ �5HWH +XPXV &RRUGLQDWRU� ������ DQG WKH YDOXH
DGGHG RI D &HUWLILFDWH RI *XDUDQWHH� LQ ZKLFK IDUPHUV FDQ VKRZFDVH WKHLU ZRUN� ZKLFK LV QRW
YDOXHG LQ WKH FXUUHQW V\VWHP� DV WKH RUJDQLF FHUWLILFDWLRQ GRHV QRW YDOXH FHUWDLQ JRRG
DJURHFRORJLFDO SUDFWLFHV \HW� 7KLV UHVHDUFK SURFHVV FDQ DOVR EHFRPH XVHIXO LQ WKH FUHDWLRQ RI
WUXVW UHODWLRQV DPRQJ QHWZRUN PHPEHUV � ³3HRSOH DUH FRQILGHQW DERXW ZKDW +XPXV LV GRLQJ
DQG +XPXV LV FRQILGHQW WKDW LW FDQ KDYH D YRLFH DW WKH SROLWLFDO OHYHO´ �5HWH +XPXV
&RRUGLQDWRU� ������ 7KH QHWZRUN DQG UHVHDUFK SURMHFW LV DOVR XVHIXO IRU WKRVH ZKR DUH ORRNLQJ
IRU D SROLWLFDO IUDPHZRUN ZKLFK VXSSRUWV WKHLU SUDFWLFH DQG FRPPLWPHQW�

7KH VWUHQJWKV RI WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV UHODWH WR WKH VLPSOLFLW\ DQG HDVH RI XVH
RI WKH WRRO DQG PHWKRG� EDVHG RQ SUDFWLFDOLWLHV DQG OHDUQLQJ E\ GRLQJ� )XUWKHUPRUH� WKH
PHWKRG LV VFLHQWLILFDOO\ YDOLGDWHG� DQG SUDFWLFDO DQG SURYLGHV LPPHGLDWH UHVXOWV ZKLFK FDQ EH
GLUHFWO\ GLVFXVVHG ZLWK WKH IDUPHUV DQG�RU SDUWLFLSDQWV� $Q RSHQ TXHVWLRQ HPHUJHG RQ ZKDW WR
SULRULWLVH� WKH SUDFWLFH DQG VFLHQFH RU WKH RUJDQLVDWLRQ RI WKH SROLWLFDO YRLFH IRU WKH
DJURHFRORJLFDO PRYHPHQW �PHWKRG YV SROLWLFDO YRLFH�" �5HWH +XPXV &RRUGLQDWRU� ������

)HHGEDFN PHFKDQLVPV HQVXULQJ ILW�IRU�SXUSRVH NQRZOHGJH FR�SURGXFWLRQ
)HHGEDFN LV HPEHGGHG WKURXJKRXW WKH ZKROH SURFHVV E\ PHDQV RI WKH GHVLJQ RI WKH SURFHVV�
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&DVH �� 1DYGDQ\D

7DEOH ������ (OHPHQWRV RI WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV� 1DYGDQ\D

$LPV DQG PHWKRGRORJ\�
7KH DLP RI WKH SDUWLFLSDWRU\ DSSURDFK WR NQRZOHGJH FR�FUHDWLRQ LV WKH SURWHFWLRQ RI
%LRORJLFDO DQG &XOWXUDO GLYHUVLW\ E\ UHFODLPLQJ WKH &RPPRQV� 6HHG 6RYHUHLJQW\� )RRG
6RYHUHLJQW\ DQG (DUWK 'HPRFUDF\ �1DYGDQ\D� ������

7KH PHWKRGRORJ\ DSSOLHG LQ WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV LQYROYHV WKH FRQVHUYDWLRQ
DQG UHFXSHUDWLRQ RI LQGLJHQRXV SUDFWLFHV RI ELRGLYHUVLW\ IDUPLQJ FHQWUHG LQ QDWXUH WR
UHFXSHUDWH ³OLYLQJ VHHGV� OLYLQJ VRLO DQG OLYLQJ IRRG´� 7KHVH SUDFWLFHV LQ DOLJQPHQW ZLWK
QDWXUH¶V F\FOHV� FDQ IRVWHU IRRG VHFXULW\ DQG VRLO VHFXULW\� LQ ZKLFK WKHUH LV GLYHUVLW\ RI VHHGV
�DGDSWHG WR WKH ORFDO FOLPDWLF FRQGLWLRQV� SODQWHG DQG PLQLPDO GHVWUXFWLRQ RI QDWXUH ZKLFK
FUHDWHV PRUH UHVLOLHQFH LQ WKH IRRG V\VWHP� ,W LV EDVHG RQ WKH XQGHUVWDQGLQJ WKDW DOO OLYLQJ KDV
YDOXH ZLWKLQ LWVHOI� WKXV D OLYHOLKRRG IRU DOO OLYLQJ VSHFLHV VKRXOG EH SXUVXHG �7KHUQVM|� ������
$OVR� QR DUWLILFLDO FKHPLFDOV QRU PDFKLQHV IRU SORXJKLQJ DUH DSSOLHG� )DUPHUV DUH HQFRXUDJHG
WR XVH RUJDQLF IDUPLQJ PHWKRGV WKDW UHJHQHUDWH WKH VRLO� ,Q RUGHU WR UHJHQHUDWH DQG PDLQWDLQ D
OLYLQJ VRLO� VRPH RI WKH PHWKRGV DUH WR DGG JUHHQ PDQXUH �7KHUQVM|� ������ WKH XVH RI
YHUPLFRPSRVW � FRPSRVW LQ ZKLFK \RX LQWURGXFH RUJDQLVPV VXFK DV ZRUPV �� WKH
GHYHORSPHQW DQG XVH RI RUJDQLF IHUWLOLVHUV� OLTXLG IHUWLOLVHUV FRPLQJ IURP WKH DQLPDO PDQXUH�
DQG FORVLQJ WKH QXWULHQW F\FOH E\ XVLQJ WKH RUJDQLF ZDVWH �PDQXUH� OHDYHV«� WKDW FRPHV IURP
IUDPLQJ DFWLYLWLHV WR EXLOG WKHLU VRLO VR WKDW WKH KDELWDW IRU RUJDQLVPV LV IDYRXUDEOH DQG SODQWV
FDQ JURZ EHWWHU �1DYGDQ\D &RRUGLQDWRU� ������ )XUWKHUPRUH LQLWLDWLYHV VXFK DV VHHG EDQNV
DQG PLFURILQDQFH JURXSV DOVR VXSSRUW WKH SURFHVV�

��



&RQWULEXWLQJ NQRZOHGJH�KROGHUV DQG DSSURDFK WR SDUWLFLSDWLRQ�

7KH FRQWULEXWLQJ NQRZOHGJH�KROGHUV DUH WKH IDUPHUV� WKH 1DYGDQ\D WHDP DV ZHOO DV 1DWXUH
DQG WKH SHRSOH ZKR KROG LQGLJHQRXV NQRZOHGJH RQ IDUPLQJ� 7KH DSSURDFK WR SDUWLFLSDWLRQ LV
OHG E\ WKH IDUPHUV WKHPVHOYHV ZLWK WKH VXSSRUW RI 1DYGDQ\D� 3HRSOH ZKR ZRUN ZLWK
1DYGDQ\D WHDFK RWKHU SHRSOH DERXW 1DYGDQ\D DQG LWV ZRUN� DV ZHOO DV SURPRWLQJ 1DYGDQ\D¶V
DLP� %\ HPSRZHULQJ IDUPHUV WR UHJHQHUDWH WKHLU VRLO� LW EHFRPHV D SDUWLFLSDWRU\ SURFHVV LQ
LWVHOI� )DUPHUV FDQ OHDUQ E\ DSSO\LQJ WKHVH GLIIHUHQW WHFKQLTXHV �1DYGDQ\D &RRUGLQDWRU�
������

3UREOHP IUDPLQJ�
1DYGDQ\D SXWV WKH IRFXV RQ WKH GRPLQDQW LQGXVWULDO DJULFXOWXUH DQG IRRG V\VWHP ZKLFK LV
EDVHG XSRQ DJULFXOWXUDO LQWHQVLILFDWLRQ DQG SURILW UDWKHU WKDQ WKH DYDLODELOLW\ RI IRRG� LWV
UHGLVWULEXWLRQ DQG WKH OLYHOLKRRG RI IDUPHUV �7KHUQVM|� ������ )XUWKHUPRUH� WKHUH LV D GHILFLHQW
VHFXULW\ QHW IRU VPDOO IDUPHUV ZKHQ H[WUHPH ZHDWKHU HYHQWV FDXVH ORVV RI \LHOG DQG VRLO
HURVLRQ �7KHUQVM|� ������ )RRG LV QRW D FRPPRGLW\ SURGXFHG ZLWK WR[LF DQG DUWLILFLDO
FKHPLFDOV SXVKLQJ VSHFLHV WR H[WLQFWLRQ� GULYLQJ FOLPDWH FKDQJH DQG VSUHDGLQJ GLVHDVH DQG
SDQGHPLFV �1DYGDQ\D� ������ )RRG LV OLIH� KHDOWK� *URZLQJ WKH IRRG HFRORJLFDOO\ LV FDUH IRU
WKH (DUWK DQG UHJHQHUDWLRQ RI VRLO� ZDWHU DQG ELRGLYHUVLW\ �1DYGDQ\D� ������ 0LFUREHV VXFK
DV IXQJL� EDFWHULD� DFWLQRP\FHWHV« DQG HQ]\PHV DUH RUJDQLVPV ZKR SURFHVV DQG IL[ QXWULHQWV
LQ WKH VRLO� RUJDQLF DJULFXOWXUH SURYLGHV EHWWHU HQYLURQPHQWV IRU WKH RUJDQLVPV WR WKULYH� LQ
UHWXUQ� WKH KHDOWK RI WKH VRLO LV EHWWHU WKDQ XQGHU FKHPLFDO IDUPLQJ �5DWKRUH HW DO�� ������

.QRZOHGJH FUHDWLRQ SURFHVV�
7KH NQRZOHGJH FUHDWLRQ SURFHVV FRQVLVWV RI SUDFWLFDO ZRUNVKRSV DQG WUDLQLQJ RQ WKH
UHJHQHUDWLRQ RI WKH VRLO� WRJHWKHU ZLWK NQRZOHGJH RQ OLYLQJ VHHGV DQG OLYLQJ IRRG� ZLWK WKH
IDUPHUV LQ WKH FRQWHVW RI WKHLU ILHOGV� 7KH WUDLQLQJ KDV EHHQ UXQ RYHU �� \HDUV LQ �� ,QGLDQ
VWDWHV�

³:H KDYH GHYHORSHG D VPDOO SURRI W\SH IDUP� 7KH VRLO ODQG ZH KDYH KHUH VHUYHV IRU GRLQJ VRLO
WHVWLQJ� GDWD DQDO\VLV� PLFURRUJDQLVPV� VRLO WHPSHUDWXUH« (YHU\ \HDU WKHUH LV D QHZ UHSRUW�
HJ WHVWV RQ HDUWKZRUPV FDVWLQJ� $QG WKHUH DUH D ORW RI H[SHULPHQWV RI PL[HG FURSSLQJ RI �� ��
�� FURSV« VR WKDW WKH IDUPHUV FDQ JHW WKH EHVW RXWFRPHV �1DYGDQ\D &RRUGLQDWRU� �����´

³,Q HDFK UHJLRQ� WKHUH DUH ORFDO FRRUGLQDWRUV� ZKR ZRUN GLUHFWO\ ZLWK WKH IDUPHUV� ZKR
DOUHDG\ WHQG WR WDON DPRQJ WKHPVHOYHV� 7KH ORFDO FRRUGLQDWRUV ZRUN ZLWK GLIIHUHQW JURXSV
ZKLFK DUH VHOI�UHOLDQW� :H VXSSRUW WKHP WR WDNH WKH H[WUDFWLYH HFRQRP\ RXW� LQ ZKLFK HYHU\
�WK SHUVRQ LQ WKH IDPLO\ KDV FDQFHU� \RX UHO\ RQ EX\LQJ VHHGV DQG FKHPLFDOV« DQG OHW WKH
FLUFXODU HFRQRP\ LQ� DQ HFRQRP\ LQ ZKLFK WKH\ GRQ¶W KDYH WR EX\ H[WHUQDO LQSXWV VXFK DV
VHHGV� FKHPLFDOV« DQG ZH KHOS WKHP ZLWK WKH UHMXYHQDWLRQ RI WKH VRLO �PL[HG FURSSLQJ�
FRPSRVW«� SHUPDFXOWXUH� QDWXUDO IDUPLQJ� RUJDQLF IDUPLQJ� ELRG\QDPLF IDUPLQJ« GHSHQGV
RQ WKH DUHD RI ,QGLD � DV LW LV D VXEFRQWLQHQW DQG HYHU\ DUHD LV YHU\ GLIIHUHQW� �1DYGDQ\D
&RRUGLQDWRU� �����´�
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³/RFDO FRRUGLQDWRUV SURYLGH UHSRUWV DQG UHTXHVW WKH WUDLQLQJV WKH\ QHHG DQG KRZ RIWHQ �HJ�
HFRIHPLQLVP� VRLO� HDUWK GHPRFUDF\«� DQG 1DYGDQ\D KDV D IHZ IULHQGV ZKR SURYLGH WKH
WUDLQLQJ DFFRUGLQJ WR ZKDW WKH\ QHHG� ,I HYHU\RQH QHHGV WUDLQLQJ RQ D VSHFLILF WRSLF �HJ�
RUJDQLF IDUPLQJ� ZH JDWKHU DERXW �� SHRSOH IURP DOO DFURVV WKH FRXQWU\� FRYHULQJ WKH
DFFRPRGDWLRQ DQG WUDYHO FRVW� 7KH\ WUDLQ WKHP ZLWK HYHU\WKLQJ� VWDUWLQJ ZLWK WKH VHHGV� KRZ
WR EUHHG WKHP� WUHDW WKHP« DOVR ZH OHW WKHP WDNH VRLO VDPSOHV DQG ORRN DW WKHP WKURXJK WKH
PLFURVFRSH DQG WHDFK WKHP ZKDW LW ORRNV OLNH� ,W LV YHU\ IDVFLQDWLQJ IRU WKHP DW WKH VDPH WLPH
�1DYGDQ\D &RRUGLQDWRU� �����´�

³,I WKHUH LV D IDUPHU ZKR ZDQWV WR FKDQJH IURP FKHPLFDO WR RUJDQLF� +RZ PXFK WLPH GRHV LW
WDNH WR UHJHQHUDWH WKH VRLO" :KDW DUH WKH WHFKQLTXHV WR UHJHQHUDWH WKH VRLO" :H KDYH D IHZ
ODEV DOO DFURVV WKH FRXQWU\ DV ZH KDYH IULHQGV ZKR DUH WHVWLQJ WKH VRLO� %XW WKH SDUWLFLSDWRU\
DSSURDFK LV QRW VR PXFK DERXW WHFKQLFDO DVVHVVPHQW RI WKH VRLO� WKHUH DUH PDQ\ WHFKQLTXHV�
)RU H[DPSOH� \RX FDQ VHH ZLWK \RXU H\HV� ,I \RX DGG VRPH ZDWHU WR WKH VRLO DQG \RX PDNH D
EDOO� LI \RX PRXOG LW DQG LW NHHSV RQ JHWWLQJ ORQJ� \RX KDYH WRR PXFK FOD\� ,I LW EUHDNV GRZQ�
\RX KDYH WRR PXFK VDQG� $QG LI LW LV LQ EHWZHHQ� WKHQ \RX KDYH D JRRG EDODQFH EHWZHHQ ERWK�
ZKLFK LV QHHGHG� $QG DOVR� LI WKH WRSVRLO KDV EHHQ ZDVKHG DZD\� KRZ FDQ ZH UHMXYHQDWH WKH
WRSVRLO" �1DYGDQ\D &RRUGLQDWRU� �����´

$V D FHQWUDO SDUW RI WKH NQRZOHGJH FR�FUHDWLRQ SURFHVV DUH WKH VHHG EDQNV� 1DYGDQ\D KDV
KHOSHG VHW XS PRUH WKDQ ��� VHHG EDQNV LQ �� RXW RI �� RI ,QGLD ZLWKLQ WKLUW\ \HDUV DQG KDV
WUDLQHG DQG FUHDWHG DZDUHQHVV DPRQJVW ������� IDUPHUV �1DYGDQ\D� ������ 7KURXJK WKHVH
EDQNV� PRUH WKDQ ���� ULFH YDULHWLHV DQG IRUJRWWHQ IRRG FURSV VXFK DV PLOOHWV� SVHXGR FHUHDOV
DQG SXOVHV KDYH EHHQ FROOHFWHG� VDYHG DQG FRQVHUYHG E\ 1DYGDQ\D LQ WKH ODVW �� \HDUV
�1DYGDQ\D� ������ ,Q WKH EHJLQQLQJ D JURXS RI IDUPHUV LV RUJDQLVHG WR FROOHFW� PXOWLSO\ DQG
H[FKDQJH WUDGLWLRQDO VHHGV DQG LQGLJHQRXV NQRZOHGJH VXFK DV WKH NQRZ�KRZ RQ FXOWLYDWLRQ�
UDLVLQJ WKH VHHGV DQG RUJDQLF SHVW PDQDJHPHQW EDVHG RQ WKHP� WKH PHPEHUV DUH UHVSRQVLEOH
IRU WKH FRQVHUYDWLRQ RI LQGLJHQRXV FURS YDULHWLHV EHFRPLQJ 6HHG .HHSHUV �1DYGDQ\D� ������
7KH IDUPHU PHPEHUV FROOHFW DYDLODEOH VHHGV LQ WKHLU YLOODJH� 1DYGDQ\D VXSSRUWV WKH WDVN RI
REWDLQLQJ VHHGV DQG PDQDJLQJ WKH VHHG EDQN IURP IDUPHUV ZKR FXOWLYDWH WKHP LQ WKH
VXUURXQGLQJ YLOODJHV RU H[LVWLQJ VHHG EDQNV IURP VLPLODU DJUR�FOLPDWLF UHJLRQV� DQG ODWHU RQ
WKH\ UXQ LQGHSHQGHQWO\� ,Q WKH FRPPXQLW\� IDUPHUV GRQ¶W KDYH WR EX\ WKH VHHGV� 7KH\ MXVW
KDYH WR DVN IRU WKHP � PRQWKV LQ DGYDQFH� ,Q WKH IROORZLQJ KDUYHVW� WKH IDUPHU KDV WR UHWXUQ
WKH VDPH DPRXQW DQG DGG ��� PRUH� 7KHVH VHHGV DUH JLYHQ WR RWKHU IDUPHUV LQ WKH QH[W
VHDVRQ WR PXOWLSO\ DQG LQFUHDVH WKH PHPEHUVKLS �1DYGDQ\D� ����� :RPHQ IDUPHUV DOVR WU\
WR FKDQJH WKH ZKROH FRPPXQLW\� HQDEOLQJ WKDW HYHU\RQH EHFRPHV RUJDQLF DQG WUDLQV HYHU\RQH
LQ WKHLU WRZQV� 7KH\ JHW ��� \HDUV WUDLQLQJ WR WUDLQ RWKHU SHRSOH LQ RUJDQLF IDUPLQJ �1DYGDQ\D
&RRUGLQDWRU� ������

³:LWK UHJDUGV WR VRLO WHVWLQJ� :H FROOHFW GLIIHUHQW VRLO VDPSOHV� ERWK IURP « ZH GLVFXVV ZLWK
IDUPHUV WKH W\SHV RI QXWULHQWV QHHGHG E\ WKH VRLO� +RZ WR LPSURYH QLWURJHQ IL[DWLRQ ZLWKRXW
FKHPLFDOV WKURXJK JUHHQ PDQXULQJ� FRPSRVW« �1DYGDQ\D 6RLO 6FLHQWLVW� �����´� ,Q WKH
ODERUDWRU\� 1DYGDQ\D PHDVXUHV WKH FKHPLFDO DQG SK\VLFDO FKDUDFWHULVWLFV RI WKH VRLO E\ XVLQJ
WRROV VXFK DV SK PHWUH� UDSLG PHWUHV� PHDVXULQJ WKH 13. �QLWURJHQ� SKRVSKRUXV DQG
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SRWDVVLXP�� VRLO¶V HOHFWULFDO FRQGXFWLYLW\� SKRWR IUDPH PHWUH� FRORXU PHWUH� WLWUDWLRQ PHWKRG
IRU RUJDQLF FDUERQ« ³7KH IDUPHUV GRQ¶W NQRZ DERXW WKH WHVWLQJ� EXW ZH VSHDN WKH IDUPHUV¶
ODQJXDJH� 7KH IDUPHUV RIWHQ NQRZ ZKHQ WKH VRLO LV DOLYH RU GHDG� ,W LV DOLYH LI \RX FDQ EUHDN
WKH VRLO ZLWKRXW DQ\ WRROV RU E\ KDQG� LW LV TXLWH VRIW� %XW \RX ZLOO QHHG ELJ PDFKLQHV LI WKH
VRLO LV GHDG� LW LV FRPSDFWHG� OLNH VWRQH� 2WKHU LQGLFDWRUV DUH WKH SUHVHQFH RI HDUWKZRUPV DQG
HDUWKZRUP FDVWLQJV� SROOLQDWRUV DURXQG \RXU FURSV �EHHV� EXWWHUIOLHV«�� 2XU IDUPHUV GR
RUJDQLF IDUPLQJ� EXW QRW DOO RI WKHP NQRZ WKDW WKH VRLO LV OLYLQJ� 7KH PLFURVFRSH DOORZV WKHP
WR VHH WKH EDFWHULD� QHPDWRGHV« WKH VRLO KDV OLIH DQG OHDUQ WKH IXQFWLRQV RI EDFWHULD WKDW KHOS
GHFRPSRVH RUJDQLF PDWHULDOV� DEVRUE QXWULHQWV IURP WKH DWPRVSKHUH� LPSURYH VRLO LPPXQLW\�
VRLO WHPSHUDWXUH« DQG WKDW IXQJL FDQ WUDQVSRUW IRRG IRU H[DPSOH� 6FLHQWLILF WHVWLQJ LV VWLOO
YHU\ LPSRUWDQW IRU WKH IDUPHUV� DV WKH\ OHDUQ DERXW WKH GHILFLHQF\ RI VSHFLILF QXWULHQWV RQ WKH
VRLO� 6FLHQWLVWV DQG H[SHUWV GLVFXVV ZLWK IDUPHUV KRZ WR LPSURYH QLWURJHQ LQ WKH VRLO WKURXJK
JURZLQJ PL[HG FURSSLQJ� DV WKH\ DEVRUE GLIIHUHQW QXWULHQWV� IRU H[DPSOH� SRWDWR IL[HV
SRWDVVLXP �1DYGDQ\D 6RLO 6FLHQWLVW� �����´�

.QRZOHGJH RXWSXWV DQG RXWFRPHV�
$FFRUGLQJ WR *OLHVVPDQ ������¶V IUDPHZRUN� 1DYGDQ\D KDV UHDFKHG WKH KLJKHVW OHYHO�
QXPEHU � ZKLFK FDQ EH UHIOHFWHG RQ ZKDW WKH\ FDOO (DUWK 'HPRFUDF\ �1DYGDQ\D� ������

2XWSXWV� 6RPH NQRZOHGJH RXWSXWV DUH WKH ERRNOHWV GHYHORSHG LQ WKH ZRUNVKRSV ZLWK WKH
IDUPHUV ZKLFK IHHG LQWR 1DYGDQ\D¶V SXEOLFDWLRQV WKDW FDQ EH ODWHU XVHG DV PDQXDOV
�1DYGDQ\D &RRUGLQDWRU� ������ 1DYGDQ\D JRHV YLOODJH WR YLOODJH DQG FROOHFWV VXFFHVV VWRULHV
DQG VKDUHV WKHP� DQG IDUPHUV RIWHQ JLYH VRPH LQIRUPDWLRQ DERXW WUDGLWLRQDO VHHGV �1DYGDQ\D
6RLO 6FLHQWLVW� ������

2XWFRPHV� )DUPHUV DOUHDG\ KDYH DQ LQQDWH VHQVH DERXW WKH VRLO E\ ORRNLQJ DW WH[WXUH� WKH
QXPEHU RI OLYLQJ RUJDQLVPV LQ WKH VRLO«� WKH\ PLJKW QRW QHFHVVDULO\ UHTXLUH WR XVH WKH VRLO
ODE DV VXFK� %\ XVLQJ WKHVH PHWKRGV RI UHJHQHUDWLRQ� WKH IDUPHUV WKHPVHOYHV FDQ DOUHDG\ WHOO
WKH GLIIHUHQFHV EHWZHHQ WKH FKHPLFDOO\ WUHDWHG VRLO DQG WKH UHJHQHUDWLYH VRLO �1DYGDQ\D
&RRUGLQDWRU� ������

$QRWKHU RXWFRPH LV WKH DSSOLFDWLRQ DQG FRQVHUYDWLRQ RI LQGLJHQRXV NQRZOHGJH RQ WKH
UHLQFRUSRUDWLRQ RI RUJDQLF PDWWHU �HJ� YHUPLFRPSRVW� OLTXLG IHUWLOLVHUV� FORVLQJ WKH QXWULHQW
F\FOH�� 7KLV NQRZOHGJH FRPHV IURP D WUDGLWLRQDO NQRZOHGJH RQ KRZ WR ZRUN ZLWK WKH ODQG�
ZLWK WKH ZDWHU« 7KLV LV ³IDUPLQJ ZLWK QDWXUH´� 7KLV NQRZOHGJH KDV EHHQ VRPHZKDW ORVW GXH
WR WKH JUHHQ UHYROXWLRQ DQG WKH LQGXVWULDOL]DWLRQ RI DJULFXOWXUH� $Q LPSRUWDQW SDUW LV WR OLQN
WKHP EDFN WR WKLV NQRZOHGJH DQG JLYH WKHP WKH WRROV WR HPSRZHU WKHPVHOYHV� %HFDXVH WKH\
NQRZ� EXW WKH\ DUH QRW DEOH WR LPSOHPHQW LW EXW WKH\ DUH VWXFN GXH WR VRFLR�HFRQRPLF UHDVRQV
RU EHFDXVH WKH V\VWHP LV VXFK WKDW WKH\ JHW VWXFN LQ WKH F\FOH RI NHHSLQJ XVLQJ WKH FKHPLFDOV�
:KHQ WKH\ DUH JLYHQ EDFN WKH PHWKRGV DQG HPSRZHUHG WR XVH WKHP� WKH\ FDQ VWDUW WR ZRUN RQ
LW �1DYGDQ\D &RRUGLQDWRU� ������
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8VDELOLW\ RI SURGXFHG NQRZOHGJH�
1DYGDQ\D¶V NQRZOHGJH RXWSXWV DQG RXWFRPHV DUH DQ RSSRUWXQLW\ WR HDW KHDOWK\ IRRG� SUHYHQW
LOOQHVVHV� IRVWHU VRYHUHLJQW\ RI 6HHGV DQG LQGHSHQGHQFH IURP WKH XVH RI FKHPLFDOV� DQG
IDUPHUV EHFRPH VHOI�UHOLDQW� )XUWKHUPRUH� IDUPHUV FDQ IHHG WKH IDPLO\ ILUVW� WKHQ VHOO WKH
FURSV� 7KH\ FDQ DOVR EHFRPH RUJDQLF FHUWLILHG� 7KH LQGLJHQRXV NQRZOHGJH �IURP
JUDQGPRWKHUV� IDWKHUV«� LV VKDUHG �1DYGDQ\D &RRUGLQDWRU� ������

)XUWKHUPRUH� ³LQ ,QGLD� PRVW ZRPHQ DUH KHOG EDFN EDVHG RQ \RXU JHQGHU� 7KURXJK WKH
NQRZOHGJH FR�SURGXFWLRQ SURFHVV� WKDW NLQG RI VWHUHRW\SH KDV EHHQ EURNHQ� ZRPHQ EHFRPH
VHOI�UHOLDQW EH\RQG WKH IRRG WKH\ KDYH� EXW DOVR LQ PDNLQJ WKHLU RZQ GHFLVLRQV� 7KH\ VWDUW
ZRUNLQJ ZLWK RWKHU ZRPHQ� FUHDWLQJ D JURXS� JRLQJ RXW DQG VKDULQJ NQRZOHGJH� SULFLQJ WKH
JRRGV« 7KH\ EHFRPH ILQDQFLDOO\ LQGHSHQGHQW IURP WKHLU KXVEDQGV DQG DUH DEOH WR VXSSRUW
WKH IDPLO\� 0HQ RIWHQ GHFLGH ZKDW WR VHOO� KRZ PXFK WR VHOO DQG IRU KRZ PXFK� ,Q 5DMDVWKDQ�
ZRPHQ GRQ¶W FRPH RXW RI WKHLU KRPHV� DIWHU WKH WUDLQLQJ� WKH\ FRPH RXW RI WKHLU KRPHV DQG
PRVW RI WKHP DUH HOHFWHG DV WKH ORFDO JRYHUQLQJ ERGLHV HJ� KHDG RI WKH YLOODJH� :H KDYH JLYHQ
WKHP VWUHQJWKV DQG WRROV RQ KRZ WR FRXQWHUDFW WKDW LQ D QRQYLROHQW ZD\ IRU WKH EHWWHUPHQW RI
WKHLU IXWXUH �1DYGDQ\D &RRUGLQDWRU� �����´�

7KH VWUHQJWKV DQG XVHIXOQHVV RI WKLV SURFHVV DOVR WUDQVODWHV LQWR WKH FUHDWLRQ RI PLFURILQDQFH
JURXSV RI DERXW WZHQW\ ZRPHQ IDUPHUV HDFK DQG WKH VHHG EDQNV H[SODLQHG DERYH� )DUPHUV
FDQ DGG DQ\ DPRXQW LQ DQ DFFRXQW� 7KHUH LV D JRYHUQLQJ ERG\ HOHFWHG HYHU\ \HDU E\ WKH
WZHQW\ ZRPHQ ZLWK WKH UROHV RI WUHDVXUHU� D ILQDQFH RIILFHU� SUHVLGHQW DQG YLFH SUHVLGHQW�
:KHQ VRPHRQH JHWV D ORDQ� WKHUH LV DQ LQWHUHVW WKDW \RX SD\� ,I VRPHRQH ZRXOG OLNH WR EX\ D
FRZ WKH\ FDQ DVN IRU WKH PRQH\ DQG WKHQ UHWXUQ LW� 7KH LQWHUHVW LV �� DQG LW JRHV WR WKH VDPH
DFFRXQW� 7KLV FDQ EH XVHG IRU PDUULDJHV DV ZHOO� 7KH\ GRQ
W KDYH WR GHSHQG RQ WKH KXVEDQG WR
JHW WKHLU GDXJKWHUV PDUULHG� 0RUHRYHU� ZH KDYH ZRPHQ ZKR JURZ IRRG� $URXQG WKH ZRUOG
WKH\ ZRUN ZLWK ³VHHGV RI KRSH´� IRU H[DPSOH� WKH\ ZHUH VHOI�UHOLDQW DQG GXULQJ WKH &RYLG���
SDQGHPLF� WKH\ HYHQ VXSSRUWHG WKH IRRG VXSSO\ RI WKHLU FRPPXQLWLHV�

2Q WKH RWKHU KDQG� VRPH ZHDNQHVVHV KDG WR GR PRUH ZLWK WKH VWDUW RI WKH DFWLYLWLHV� ³LQ WKH
EHJLQQLQJ \RX KDYH D ORW RI SUHVVXUH RQ ZRPHQ IURP WKH FRPPXQLW\ RU D PDOH ILJXUH ZKR
GRHVQ¶W DOORZ WKHP WR JHW LQYROYHG´ EXW 1DYGDQ\D ZRUNV ZLWK ZRPHQ WR FUHDWH PRUH
RSSRUWXQLWLHV� ,W LV DOVR KDUGHU LGHQWLI\LQJ SHRSOH� PDNLQJ VXUH ZH XQGHUVWDQG ZKDW WKH\ ZDQW�
DQG PDNLQJ WKHP XQGHUVWDQG ZKDW ZH ZDQW WR KHOS WKHP ZLWK« �1DYGDQ\D &RRUGLQDWRU�
������

1DYGDQ\D¶V ZD\ RI GRLQJ LV WKDW ZH GRQ¶W IRUFH DQ\WKLQJ RQWR DQ\RQH� 1DYGDQ\D LV SDUW RI
HYHU\ ELJ PRYHPHQW DURXQG WKH ZRUOG� %XW 1DYGDQ\D GRHVQ¶W ZDQW WR SUHVVXUH DQ\RQH WR
FKDQJH� :H DUH RQO\ KHUH WR VXSSRUW�

:ULWLQJ SURMHFW SURSRVDOV LV QRW HIIHFWLYH DV WKH\ KDYH PRVWO\ VKRUW WHUP SURJUDPV� ,Q WKH HQG
LQ WKHVH VSDFHV \RX KDYH WR EH ILJKWLQJ DJDLQVW WKH ELJ FRUSRUDWLRQV� 7KH ZKROH DJULFXOWXUH
JHWV GHVWUR\HG ZKHQ \RX JHW LQYROYHG� :H KDG WR FRPH ZLWK VRPHWKLQJ GLIIHUHQW� :H VWXG\
WKH FLUFXODU HFRQRP\ LQ JURXSV� IRU H[DPSOH� �� IDUPHUV� �� RI WKHP FRPH WR 'HKUDGXQ� ��
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DVN TXHVWLRQV� � WKLQN YHU\ PXFK DERXW LW� � RU � ZLOO DSSO\ ZKDW WKH\ KDYH OHDUQW� 7KHVH �
ZLOO PDNH FKDQJHV IRU WKH JHQHUDWLRQV WR FRPH� 7KLV LV D YHU\ VORZ SURFHVV� :LWK PRQH\ \RX
FDQ FUHDWH PDQ\ WKLQJV TXLFNO\ DQG HDVLO\� EXW WKH\ FROODSVH IDVW� ,I \RX ZULWH SURMHFWV IRU
IXQGLQJ� \RX DUH WLHG XS� \RX GHVWUR\ WKH UHODWLRQV RI WKH SHRSOH \RX DUH ZRUNLQJ ZLWK«
EHFDXVH \RX DVN IRU PRUH WKLQJV IURP WKHP� .HHSLQJ LW DV IUHH DV SRVVLEOH� \RX JHW EHWWHU
UHVXOWV �1DYGDQ\D &RRUGLQDWRU� ������ 1DYGDQ\D ZRUNV ZLWK VPDOO IDUPHUV LQ D ORQJ WHUP
SURFHVV IRU WKH IXWXUH DQG IXWXUH JHQHUDWLRQV� 1DYGDQ\D SURPRWHV WKDW LI \RX KDYH D OLWWOH
JDUGHQ� \RX FDQ JURZ \RXU RZQ IRRG� VR \RX DUH VXVWDLQHG �1DYGDQ\D 6RLO 6FLHQWLVW� ������

6RPH JHQHUDO WKUHDWV DUH FOLPDWH GLVDVWHU VXFK DV H[WUHPH IORRGV RU GURXJKWV DQG WKH JHQHUDO
WKUHDWV WKDW FRPH IURP LQRUJDQLF IDUPLQJ VXFK DV LVVXHV ZLWK WKH VHHGV� WKH ODQG� LOOQHVVHV�
HYHU\RQH VHOOLQJ WKH VDPH WKLQJ DQG QRW JHWWLQJ WKH ULJKW SULFHV� :KHQ SUDFWLVLQJ RUJDQLF
IDUPLQJ� WKHVH WKUHDWV DUH UHGXFHG VLJQLILFDQWO\ �1DYGDQ\D &RRUGLQDWRU� ������ 7KH EORRPLQJ
RI PDQ\ IORZHUV XVXDOO\ KDSSHQHG DW WKH HQG RI )HEUXDU\� EHJLQQLQJ RI 0DUFK EXW GXH WR
FOLPDWH FKDQJH� LW QRZ KDSSHQV DW WKH EHJLQQLQJ RI -DQXDU\� WKLV OHDGV WR FURSV EHLQJ
GDPDJHG GXH WR WKH ODFN RI UDLQ DQG LPSRUWDQW ZLOG IORUD DQG IDXQD ZKLFK SURYLGH IRGGHU�
HGLEOH DQG PHGLFLQDO SODQWV LV GDPDJHG DV ZHOO �1DYGDQ\D 6RLO 6FLHQWLVW� �������

6RPH SRZHU G\QDPLFV DIIHFWLQJ WKH XVDELOLW\ RI WKH NQRZOHGJH SURGXFHG DUH WKDW PHQ KDYH
PRUH GHFLVLRQ PDNLQJ SRZHU RYHU WKH ODQG DQG ZKHQ ZRUNLQJ LQ JURXSV� WKHUH LV DOZD\V
VRPHRQH ZKR KDV PRUH VD\ RQ ZKDW LV GRQH ZLWK WKH FROOHFWLYH IXQGV �1DYGDQ\D
&RRUGLQDWRUV� ������ ,Q WKH DUHD RI VRLO KHDOWK UHJHQHUDWLRQ� IDUPHUV NQRZ DERXW VRLO DQG
IDUPLQJ� EXW WKH QHZ JHQHUDWLRQ GRQ¶W NQRZ DQG DUH QRW LQWHUHVWHG LQ IDUPLQJ� 1DYGDQ\D
HQFRXUDJHV FKLOGUHQ� \RXWK DQG XQLYHUVLW\ VWXGHQWV WR JR WR WKHLU JUDQGSDUHQWV WR FROOHFW
WUDGLWLRQDO NQRZOHGJH� VXFK DV KRZ WR PDLQWDLQ VRLO PRLVWXUH" 0XOFKLQJ� WUDQVSODQWLQJ PRUH
WUHHV RQ WKH ILHOG ERUGHU«� ZKDW ZHUH WKH WUDGLWLRQDO VHHGV DQG WKHLU WHFKQLFDO NQRZ�KRZ�
ZKDW ZHUH WKH KRPH UHPHGLHV« 7KLV NQRZOHGJH WKHQ LV ZULWWHQ LQ WKH FRPPXQLW\
ELRGLYHUVLW\ UHJLVWHU ZKLFK FRQWDLQV D ³1DWXUH SKDUPDFRSLD´ IRU PHGLFLQDO SODQWV DQG
³1DWXUH KDUYHVW´ IRU VHHGV DQG IRRG SODQWV �1DYGDQD\D 6RLO 6FLHQWLVW� ������

)HHGEDFN PHFKDQLVPV HQVXULQJ ILW�IRU�SXUSRVH NQRZOHGJH FR�SURGXFWLRQ
7KHVH DUH LQWHJUDWHG LQ WKH SURFHVV LWVHOI� DV WKH IDUPHUV WKHPVHOYHV DUH WKH RQHV GULYLQJ WKH
SURFHVV EDVHG RQ WKHLU QHHGV�
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&DVH �� 6RLO /LYLQJ /DEV DQG /LJKWKRXVHV

7DEOH ������ (OHPHQWV RI WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVV� 6RLO /LYLQJ /DEV DQG
/LJKWKRXVHV

7KH (XURSHDQ &RPPLVVLRQ �(8� KDV HVWDEOLVKHG DV RQH RI LWV ILYH PLVVLRQV ³6RLO +HDOWK DQG
)RRG´ LQ LWV ³6RLO 'HDO IRU (XURSH´ DV SDUW RI WKH QHZ +RUL]RQ (XURSH )UDPHZRUN 3URJUDP
RI 5HVHDUFK DQG ,QQRYDWLRQ IRU WKH SHULRG ���� WR ����� 7KLV PLVVLRQ OLQNV WR WKH 6'*V� WKH
(XURSHDQ *UHHQ 'HDO DQG WKH (8 6RLO 6WUDWHJ\ �(&� ������ 7KH +RUL]RQ (XURSH 0LVVLRQ� ³$
VRLO GHDO IRU (XURSH´ GHILQHV 6RLO KHDOWK DV ³WKH FRQWLQXHG FDSDFLW\ RI VRLOV WR VXSSRUW
HFRV\VWHP VHUYLFHV� LQ OLQH ZLWK WKH 6XVWDLQDEOH 'HYHORSPHQW *RDOV DQG WKH *UHHQ 'HDO´
�9HHUPDQ HW DO�� ������

)LJXUH ���� (XURSHDQ &RPPLVVLRQ
V WLPHOLQH� 3URSRVDO IRU D 6RLO 0RQLWRULQJ /DZ�

��



1RWH� (XURSHDQ &RPPLVVLRQ ������

$V VKRZQ LQ )LJXUH ���� RQ WKH �WK RI -XO\� WKH (& SUHVHQWHG WKH ILUVW SURSRVDO WR UHJXODWH WKH
PRQLWRULQJ RI SURWHFWHG VRLOV E\ SURYLGLQJ D ³KDUPRQLVHG GHILQLWLRQ´ DQG D PRQLWRULQJ
IUDPHZRUN IRU VRLO XVLQJ (8 GDWD� 7KLV SURSRVDO GRHV QRW FRQWDLQ ELQGLQJ SURWHFWLRQ
PHDVXUHV PHQWLRQHG LQ WKH VWUDWHJ\ IURP ����� DQG WKH (XURSHDQ &RXUW RI $XGLWRUV ODEHOOHG
(8 HIIRUWV IRU VXVWDLQDEOH VRLO PDQDJHPHQW ³XQDPELWLRXV VWDQGDUGV DQG OLPLWHG WDUJHWLQJ´
�(&$� ������

7KH (XURSHDQ &RPPLVVLRQ �(&� KDV SUHVHQWHG WKH 0LVVLRQ FRQFHSW WKDW UHTXLUHV MRLQW
OHDUQLQJ EHWZHHQ IDUPHUV� VFLHQWLVWV DQG FLWL]HQV� ,W LV D ZD\ WR GLUHFWO\ FUHDWH FRQFUHWH
VROXWLRQV WR VRPH RI RXU ELJJHVW VRFLHWDO FKDOOHQJHV� EHLQJ WKH UHVWRUDWLRQ RI VRLO KHDOWK� RQH
RI WKHP �(XURSHDQ &RPPLVVLRQ� ������ )RU WKH VRLO PLVVLRQ� ³OLYLQJ ODEV´ DUH SURSRVHG WKDW
VKRXOG HYROYH LQWR ³OLJKWKRXVHV´ ZKHQ HQYLURQPHQWDO WKUHVKROGV IRU HDFK RI DW OHDVW VL[
ODQG�UHODWHG HFRV\VWHP VHUYLFHV DUH PHW� 7KLV SUHVHQWV ³ZLFNHG´ SUREOHPV WKDW FDQ EH
³WDPHG´ E\ PHDVXULQJ LQGLFDWRUV IRU HFRV\VWHP VHUYLFHV WKDW DUH DVVRFLDWHG ZLWK WKH
ODQG�UHODWHG 6'*V LQ D JLYHQ OLYLQJ ODE �%RXPD� ������

7KUHVKROGV ZLWK D FKDUDFWHU WKDW LV RFFDVLRQDOO\ UHJLRQDO DUH QHHGHG WR VHSDUDWH WKH ³JRRG´
IURP WKH ³QRW \HW JRRG HQRXJK´� &RQWULEXWLRQV E\ WKH VRLO WR HFRV\VWHP VHUYLFHV FDQ EH
H[SUHVVHG E\ DVVHVVLQJ VRLO KHDOWK� %\ LQWURGXFLQJ WKH PLVVLRQ FRQFHSW� WKH SROLF\ DUHQD
FKDOOHQJHV WKH UHVHDUFK FRPPXQLW\ WR ULVH WR WKH RFFDVLRQ E\ GHYHORSLQJ HIIHFWLYH LQWHUDFWLRQ
PRGHOV ZLWK IDUPHUV DQG FLWL]HQV WKDW FDQ EH WKH IRXQGDWLRQ IRU LQQRYDWLYH DQG HIIHFWLYH
HQYLURQPHQWDO UXOHV DQG UHJXODWLRQV �%RXPD� ������

7KH PLVVLRQ¶V JRDO� $ 6RLO 'HDO IRU (XURSH LV WR LPSOHPHQW ��� OLYLQJ ODEV DQG OLJKWKRXVHV WR
OHDG WKH WUDQVLWLRQ WR KHDOWK\ VRLOV E\ ���� ZKLFK LV SDUW RI WKH (8¶V DPELWLRQ WR UHDFK ����
RI KHDOWK\ VRLOV� E\ ���� �(XURSHDQ &RPPLVVLRQ� ������ 7KLV JRDO LV DFFRPSDQLHG E\ HLJKW
VSHFLILF REMHFWLYHV DQG WKHLU WDUJHW EDVHOLQHV DQG VRLO KHDOWK LQGLFDWRUV ZKLFK FDQ EH IRXQG LQ
7DEOH ������� LQFOXGLQJ WKH UHGXFWLRQ RI ODQG GHJUDGDWLRQ GXH WR GHVHUWLILFDWLRQ� FRQVHUYLQJ
DQG LQFUHDVLQJ VRLO RUJDQLF FDUERQ VWRFNV� VWRSSLQJ WKH LQFUHDVH RI VRLO VHDOLQJ DQG WKH
LQFUHDVH RI UHXVH RI XUEDQ VRLOV� WKH UHGXFWLRQ RI VRLO SROOXWLRQ DQG UHVWRUDWLRQ HQKDQFHPHQW�
WKH SUHYHQWLRQ RI HURVLRQ� WKH LPSURYHPHQW RI VRLO VWUXFWXUH� WKH UHGXFWLRQ RI (8¶V JOREDO
IRRWSULQW RQ VRLOV DQG WKH LQFUHDVH RI VRLO OLWHUDF\ LQ VRFLHW\ DFURVV 0HPEHU 6WDWHV�

� 6RLO KHDOWK LV GHILQHG LQ WKH ,PSOHPHQWDWLRQ 3ODQ DV ³WKH FRQWLQXHG FDSDFLW\ RI VRLOV WR VXSSRUW HFRV\VWHP VHUYLFHV �(&�
����� ZKHUHDV HFRV\VWHP VHUYLFHV DUH ³XQGHUVWRRG DV WKH VHUYLFHV SURYLGHG DQG WKH EHQHILWV SHRSOH GHULYH IURP WKHVH
VHUYLFHV� ERWK DW WKH HFRV\VWHP DQG DW WKH ODQGVFDSH VFDOH� LQFOXGLQJ SXEOLF JRRGV UHODWHG WR WKH ZLGHU HFRV\VWHP IXQFWLRQLQJ
DQG VRFLHW\ ZHOO�EHLQJ´ �+DLQHV�<RXQJ DQG 3RWVFKLQ ����� 0$ ������

��



7DEOH ������ 7KH PLVVLRQ¶V VSHFLILF REMHFWLYHV� WDUJHWV DQG SURSRVHG VRLO KHDOWK LQGLFDWRUV

��



1RWH� (XURSHDQ &RPPLVVLRQ� ����� SS�������

8S XQWLO QRZ WKHUH KDYH EHHQ IXQGLQJ FDOOV IRU VRLO OLYLQJ ODEV IRU FDUERQ IDUPLQJ VSHFLILFDOO\
DQG D JHQHUDO FDOO IRU 6//V� 7KH (XURSHDQ $JURHFRORJ\ /LYLQJ /DE DQG 5HVHDUFK
,QIUDVWUXFWXUH 1HWZRUN �$//�5HDG\� LV LQ LWV SUHSDUDWLRQ SKDVH IRU WKH DJURHFRORJLFDO
SDUWQHUVKLS VWDUWLQJ LQ ���� DV SDUW RI WKH +RUL]RQ (XURSH ���� �$//�5($'<� ������

7KHUH DUH WHQ PDLQ SURMHFWV LQ WKH DUHD RI VRLO� ZKLFK DUH SUHSDULQJ WKH JURXQG IRU WKH
LPSOHPHQWDWLRQ RI WKH 6RLO 0LVVLRQ� 7KHVH DUH WKH +X086 SURMHFW �&25',6� ����� DLPLQJ
WR HQJDJH PXQLFLSDOLWLHV DQG UHJLRQV WKURXJK WKH FUHDWLRQ RI VSDFHV IRU GLDORJXH RQ VRLO
KHDOWK� LQFOXGLQJ PDUJLQDOLVHG DQG YXOQHUDEOH SDUWV RI VRFLHW\� 1DWL��QV LV WKH KHOS GHVN WKDW
VXSSRUWV IXQGLQJ DSSOLFDWLRQV IRU WKH 6RLO 0LVVLRQ �1DWL��QV� ������ 62/2 DLPV WR FR�FUHDWH
DQG LGHQWLI\ NQRZOHGJH JDSV� %(1&+0$5.6 DQG $,�6RLO+HDWK ZLOO YDOLGDWH DQG IXUWKHU

��



GHYHORS LQGLFDWRUV WR PHDVXUH� PRQLWRU DQG DVVHVV VRLO KHDOWK DQG IXQFWLRQV XVLQJ LQWHJUDWHG
IUDPHZRUNV DQG $UWLILFLDO ,QWHOOLJHQFH �5($� ������ 62,/ 2�/,9( ZLOO H[SORUH WKH
FRQQHFWLRQV EHWZHHQ VRLO KHDOWK DQG QXWULWLRQDO DQG VDIH IRRG ZKHUHDV ,1%(6762,/ ZLOO WHVW
WKH LQFRUSRUDWLRQ RI DQ HFRQRPLF YDOXDWLRQ V\VWHP RI HFRV\VWHP VHUYLFHV EDVHG RQ ILYH
EXVLQHVV PRGHOV� 129$62,/ ZLOO IRFXV RQ VWXG\LQJ IRXU EXVLQHVV PRGHOV DOORZLQJ WKH
FUHDWLRQ RI QHZ LQFHQWLYHV IURP KHDOWK\ VRLOV DQG 62,/9$/8(6 ZLOO H[SORUH ILQDQFLDO
PHFKDQLVPV VXFK DV HTXLW\ LQYHVWPHQW RU FRPSHQVDWLRQ IRU ULVN RU FRVW UHGXFWLRQ� DV ZHOO DV
K\EULG LQFHQWLYH VFKHPHV DQG GHYHORS DW OHDVW VL[ EXVLQHVV PRGHOV WR KHOS ODQG PDQDJHV WR
PDNH GHFLVLRQV �5($� ������ 1%6RLO ZLOO VXSSRUW WKH QH[W JHQHUDWLRQ RI VRLO DGYLVRUV
WKURXJK D OHDUQLQJ SURJUDP RQ D KROLVWLF DSSURDFK WR VRLO KHDOWK WKURXJK QDWXUH�EDVHG
VROXWLRQV �5($� ������ )LQDOO\ 35(362,/ KDV EHHQ SUHSDULQJ WKH JURXQG IRU WKH 0LVVLRQ�
KHDOWK\ VRLOV DQG EXLOGLQJ FDSDFLWLHV IRU HQJDJHPHQW� RXWUHDFK DQG NQRZOHGJH �5($� ������

$ JRRG H[DPSOH RI D /LYLQJ /DE LV g0.L� DQ RQ�IDUP UHVHDUFK QHWZRUN ZKLFK FDUULHV
LQQRYDWLYH H[SHULPHQWV RQ +XQJDULDQ RUJDQLF IDUPV� HVWDEOLVKHG LQ ���� LW LV EDVHG RQ WKH
DFWLYH SDUWLFLSDWLRQ RI IDUPHUV UHVHDUFKLQJ WRSLFV VXFK DV LQWHU�URZ FRYHU FURS VHHG WHVWV�
FHUHDO YDULHWLHV WHVWV DQG UHPRWH VHQVLQJ �g0.L� ������

$LPV DQG PHWKRGRORJ\�
7KH DLPV IRFXV RQ LQQRYDWLQJ� FR�FUHDWLQJ DQG DFKLHYLQJ IRUPDO OHDUQLQJ� FRQWULEXWLQJ WR
VRFLHWDO FKDOOHQJHV� DQG LPSURYLQJ VRLO KHDOWK DQG UHODWHG HFRV\VWHP VHUYLFHV DV ZHOO DV WKH
PLVVLRQ REMHFWLYHV �(&� ����� S� ����

)LJXUH ������ 6FKHPDWLF YLHZ RI WKH PLVVLRQ¶V LQWHUYHQWLRQ ORJLF�

1RWH� (XURSHDQ &RPPLVVLRQ� ����� S����

��



7KH VHFRQG WUDQVYHUVDO RSHUDWLRQDO REMHFWLYH UHODWHV WR WKH /LYLQJ /DEV �//V� DQG
/LJKWKRXVHV �/+V�� VHH )LJXUH ������ ZKLFK DUH D PHWKRGRORJ\ DLPHG DW ³DFFHOHUDWLQJ WKH
FUHDWLRQ DQG XSWDNH RI VROXWLRQV WR PHHW WKH VSHFLILF REMHFWLYHV DFURVV IUDPHV� IRUHVW�
ODQGVFDSHV DQG XUEDQ VHWWLQJV LQ D GLYHUVLW\ RI JHRJUDSKLFDO DQG VRFLR�HFRQRPLF FRQWH[W´
�(&� ����� S� ���� 6RLO +HDOWK /LYLQJ /DEV DUH GHILQHG DV ³XVHU�FHQWUHG� SODFH�EDVHG� DQG
WUDQVGLVFLSOLQDU\ UHVHDUFK DQG LQQRYDWLRQ HFRV\VWHPV� ZKLFK LQYROYH ODQG PDQDJHUV�
VFLHQWLVWV� DQG RWKHU UHOHYDQW SDUWQHUV LQ V\VWHPLF UHVHDUFK DQG FRGHVLJQ� WHVWLQJ� PRQLWRULQJ
DQG HYDOXDWLRQ RI VROXWLRQV� LQ UHDO�OLIH VHWWLQJV� WR LPSURYH WKHLU HIIHFWLYHQHVV IRU VRLO KHDOWK
DQG DFFHOHUDWH DGRSWLRQ� 7KHVH /LYLQJ /DEV DUH FROODERUDWLRQV EHWZHHQ PXOWLSOH SDUWQHUV
WKDW RSHUDWH DW UHJLRQDO RU VXE�UHJLRQDO OHYHO DQG FRRUGLQDWH H[SHULPHQWV RQ VHYHUDO VLWHV
ZLWKLQ D UHJLRQDO RU VXE�UHJLRQDO DUHD �RU ZRUNLQJ ODQGVFDSHV� �(&� �����
S����´�³/LJKWKRXVHV´ DUH GHILQHG DV ³SODFHV IRU GHPRQVWUDWLRQ RI VROXWLRQV� WUDLQLQJ DQG
FRPPXQLFDWLRQ WKDW DUH H[HPSODU\ LQ WKHLU SHUIRUPDQFH LQ WHUPV RI VRLO KHDOWK
LPSURYHPHQW´� 7KH\ DUH ORFDO VLWHV �RQH IDUP� RQH IRUHVW H[SORLWDWLRQ� RQH LQGXVWULDO VLWH� RQH
XUEDQ FLW\ JUHHQ DUHD� HWF�� WKDW FDQ EH LQFOXGHG LQ D OLYLQJ ODE DUHD RU EH VLWXDWHG RXWVLGH D
OLYLQJ ODE DUHD �(&� ����� S�����

)LJXUH ������ 9LVXDOLVDWLRQ RI VFDOHV DQG DFWLYLWLHV RI OLYLQJ ODEV DQG OLJKWKRXVHV

1RWH� (XURSHDQ &RPPLVVLRQ� ����� S����

7KH WKUHH PDLQ DFWLYLWLHV DUH ILUVW� WR FDUU\ RXW HQJDJHPHQW VHVVLRQV ZLWK 0HPEHU 6WDWHV DQG
UHJLRQV WR EXLOG FDSDFLWLHV IRU OLYLQJ ODEV DQG OLJKWKRXVHV� 6HFRQG� WR FUHDWH DQ (8 VXSSRUW
VWUXFWXUH IRU WKH QHWZRUN RI VRLO KHDOWK OLYLQJ ODEV DQG OLJKWKRXVHV DQG WKLUG� WR FUHDWH
WUDQVQDWLRQDO FOXVWHUV RI OLYLQJ ODEV�

&RQWULEXWLQJ NQRZOHGJH�KROGHUV DQG DSSURDFK WR SDUWLFLSDWLRQ�
7KHVH DUH SXEOLF�SULYDWH�SHRSOH SDUWQHUVKLSV� UHDO XVHUV VXFK DV VRLO PDQDJHUV FRQQHFWHG ZLWK
EURDG DUUD\ RI VWDNHKROGHUV DQG GHFLVLRQ PDNHUV DQG WKH ZLGHU SXEOLF� SROLF\ DUHQD� (,3 DQG
UHOHYDQW QHWZRUNV �0F3KHH HW DO�� ������ WKDW LV ZKDW LV RIWHQ FDOOHG WKH TXLQWXSOH KHOL[
UHSUHVHQWLQJ DFDGHPLD� LQGXVWU\� JRYHUQPHQW� FLYLO VRFLHW\ DQG WKH QDWXUDO HQYLURQPHQW
�&DUD\DQQLV HW DO�� ������

��



7KH DSSURDFK WR SDUWLFLSDWLRQ LV EDVHG RQ D PXOWLGLVFLSOLQDULW\� WUDQVGLVFLSOLQDULW\ DQG
PXOWL�VFDOH DSSURDFK WR PHWKRGV� DQG GLPHQVLRQV �HFRQRPLF� WHFKQLFDO DQG VRFLDO� �(&�
������ ,I WKH //V DUH ZHOO LPSOHPHQWHG WKDW OHDGV WR WUXH HQJDJHPHQW� ZKLFK LV VXSSRUWHG E\
OHJDO FROODERUDWLRQ IUDPHZRUNV ZKLFK DUH ILQDQFLDOO\ DQG SROLWLFDOO\ VXSSRUWHG VXFK DV LW LV
WKH FDVH IRU HQHUJ\ FRPPXQLWLHV LQ VSHFLILF WHUULWRULHV �(12// 5XUDO /LYLQJ /DE� ������

3UREOHP IUDPLQJ�
������ RI (XURSHDQ VRLOV DUH GHJUDGHG� WR DFKLHYH ���� KHDOWK\ VRLOV E\ ����� ��� //V 	
/+V VKRXOG EH FR�FUHDWHG�

.QRZOHGJH FUHDWLRQ SURFHVV�
,W LV EDVHG RQ WKH FR�GHVLJQ� FR�GHYHORSPHQW DQG H[SHULPHQWDWLRQ RI LQQRYDWLRQV LPSURYLQJ
VRLO KHDOWK DQG UHODWHG (FRV\VWHP 6HUYLFHV �(66� DV ZHOO DV WKH GHYHORSPHQW RI UHVHDUFK RQ
LPSDFW RI LQQRYDWLYH SUDFWLFHV RQ HFRV\VWHPV� WKH HVWDEOLVKPHQW RI QHWZRUNLQJ DQG
NQRZOHGJH H[FKDQJH DQG WKURXJK GHPRQVWUDWLRQ RI EHVW SUDFWLFHV �/+V��

&XUUHQWO\� WKH VRLO QHHGV DUH EHLQJ FDUULHG RXW LQ �� (XURSHDQ UHJLRQV UHSUHVHQWLQJ D YDULHW\
RI VRLO QHHGV EDVHG RQ WKH ODQG XVH W\SHV� DJULFXOWXUDO� XUEDQ�LQGXVWULDO� IRUHVWU\�QDWXUH DQG
PL[HG ODQG XVH� 7KHVH ZHUH VHOHFWHG EDVHG RQ WKH XQVXVWDLQDEOH ODQG XVHV �3UHSVRLO� ������
35(362,/ LV WKH FRQWLQXDWLRQ RI WKH 6RLO 0LVVLRQ 6XSSRUW SURMHFW� ZKLFK GHYHORSHG D
V\VWHPV IUDPHZRUN IRU WKH FROOHFWLRQ RI NQRZOHGJH QHHGV RQ VRLO KHDOWK DW WKH (XURSHDQ OHYHO
�/|EPDQQ HW DO�� ������ )LJXUHV ����� DQG ����� SURYLGH WKH V\VWHPF UHODWLRQVKLSV EHWZHHQ
VRLO FKDOOHQJHV UHODWHG WR VRLO DQG ODQG DV ZHOO DV WKH V\VWHPLF UHODWLRQVKLS EHWZHHQ
NQRZOHGJH W\SHV �/|EPDQQ HW DO�� ������

.QRZOHGJH RXWSXWV DQG RXWFRPHV�
$FFRUGLQJ WR *OLHVVPDQ ������¶V IUDPHZRUN� WKH 6//V DQG /+V¶ OHYHO LQ WKH DJURHFRORJLFDO
WUDQVLWLRQ ZLOO GHSHQG RQ WKH OLYLQJ ODE LWVHOI� 7KH LQWHUYLHZV UHYHDO WKDW QR SDUWLFXODU 6RLO //
IRFXVHG RQ VRLOV VSHFLILFDOO\� +RZHYHU� WKHUH DUH DJURHFRORJLFDO //V ZKLFK

2XWSXWV� ³��� //V FUHDWHG LQ DW OHDVW ��� UHJLRQV� HDFK // EHLQJ FRPSRVHG RI �����
LQGLYLGXDO H[SHULPHQWDO VLWHV DQG DW OHDVW RQH OLJKWKRXVH� FRYHULQJ DOO ODQG�XVH W\SHV� VXFK DV
IDUPV� XUEDQ DQG LQGXVWULDO VRLO GHOLYHULQJ NQRZOHGJH RQ VRFLR�HFRQRPLF� FXOWXUDO DQG
EHKDYLRXUDO GULYHUV RI WKH DGRSWLRQ RI LQQRYDWLRQV RU EHQHILFLDO SUDFWLFHV� WHVW DQG YDOLGDWH
ODQG RU VRLO PDQDJHPHQW SUDFWLFHV ZLWK VLJQLILFDQW VRLO KHDOWK LPSURYHPHQW DQG XSWDNH
SRWHQWLDO� SUDFWLVH SURRI PRQLWRULQJ WHFKQRORJLHV DQG LQGLFDWRUV DQG FUHDWLQJ GHPRQVWUDWLRQ
DFWLYLWLHV DQG HYHQWV RQ OLJKWKRXVH DQG RWKHU H[SHULPHQWDO VLWHV LQ UXUDO DQG XUEDQ DUHDV DV
ZHOO DV SURYLGLQJ LQSXW UHVHDUFK DQG LQQRYDWLRQ QHHGV IRUP SUDFWLWLRQHUV DQG FLWL]HQV �(&�
�����´�

³2QH (XURSHDQ VRLO KHDOWK OLYLQJ ODE DQG OLJKWKRXVH QHWZRUN SURYLGLQJ PHWKRGRORJLFDO
VXSSRUW RQ WKH FUHDWLRQ RI //V� DQ LQWHUDFWLYH PDS VKRZFDVLQJ WKH QHWZRUN� NQRZOHGJH
H[FKDQJH DFWLYLWLHV RQ PLVVLRQ REMHFWLYHV DQG WUDLQLQJ DQG GLVVHPLQDWLRQ PDWHULDO WR VSXU

��



XSWDNH DQG VFDOH�XS RI EHQHILFLDO SUDFWLFHV E\ ODQG PDQDJHUV LQ DQG EH\RQG WKH OLYLQJ ODE
DUHQDV �(&� ����� S����´�

2XWFRPHV� ³,PSURYHG DZDUHQHVV E\ ODQG PDQDJHUV RI VRLO KHDOWK FKDOOHQJHV �REMHFWLYHV ����
DQG XSWDNH RI LQQRYDWLYH VROXWLRQV LQ OLYLQJ ODE DUHDV DQG EH\RQG� 0HDVXUDEOH LPSURYHPHQW
RI VRLO KHDOWK� DW OHDVW LQ WKH OLYLQJ ODE DUHDV� DV PDQLIHVWHG E\ FULWHULD GHYHORSHG XQGHU WKH
VRLO KHDOWK PRQLWRULQJ SURJUDPPH IRU PLVVLRQ REMHFWLYHV ���� ,QFUHDVHG VRFLDO FDSLWDO �QRUPV�
QHWZRUNV� UHODWLRQV EHWZHHQ DFWRUV� LQ UHJLRQV ZKHUH OLYLQJ ODEV KDYH EHHQ GHYHORSHG�
WULJJHULQJ IXUWKHU SRVLWLYH ORQJ�WHUP GHYHORSPHQWV LQ VRLO KHDOWK DQG HFRV\VWHP VHUYLFHV
UHODWHG GRPDLQV� ,PSURYHG FLWL]HQ DZDUHQHVV LQ WKH UHJLRQV ZKHUH OLYLQJ ODEV KDYH EHHQ
GHYHORSHG �RXWFRPH DFKLHYHG LQ FRRSHUDWLRQ ZLWK DFWLYLWLHV XQGHU RSHUDWLRQDO REMHFWLYH ��
�(&� ����� S����´�

8VDELOLW\ RI SURGXFHG NQRZOHGJH�
7KH NQRZOHGJH FR�SURGXFWLRQ SURFHVV WDNHV SODFH LQ D FRQFUHWH SODFH DQG UHDO�OLIH FRQWH[W
DQG LV VXSSRUWHG E\ D VFLHQWLILF VHWXS IRU HFRV\VWHP DVVHVVPHQW� 7KLV DSSURDFK HQVXUHV WKDW
WKH GDWD UHTXLUHG WR IHHG WKH SROLF\ SURFHVV DV ZHOO DV WKH (8 6RLO 2EVHUYDWRU\ LV DYDLODEOH�
ZKLOH EDODQFLQJ DQG UHVSRQGLQJ WR WKH QHHGV RI VSHFLILF 6//V�

2Q WKH VLGH RI VWUHQJWKV� WKH PHWKRGRORJ\ LV UREXVW LI ZHOO DSSOLHG �(12// 5XUDO /LYLQJ
/DE� ������ ,Q WHUPV RI ZHDNQHVVHV� WKH 6//V 	 /+V ZLOO IHHG GDWD LQWR WKH (8 6RLO
2EVHUYDWRU\� 7KHVH DUH UHODWLYHO\ QHZ LQLWLDWLYHV DV FRPSDUHG WR RWKHU (8 PLVVLRQV� VRLO LV D
QHZ ILHOG� 7KH ILUVW SURMHFW IXQGHG RQ VRLO LV WKH (XURSHDQ -RLQW 3URJUDPPH 6RLO ZKLFK RQO\
VWDUWHG LQ ���� �(12// 3URMHFW 0DQDJHU� ������ +HQFH� WKH TXDOLW\ DQG TXDQWLW\ RI VRLO
NQRZOHGJH LV QRW RI HQRXJK TXDOLW\ DQG VRLO GDWD LV QRW KDUPRQLVHG GHVSLWH LQLWLDWLYHV IRU
RSHQ OLQNHG GDWD �(12// 5XUDO /LYLQJ /DE� ������ 7KLV LV GXH WR WKH VLJQLILFDQW GLVSDULW\
EHWZHHQ FDUWRJUDSKLF V\VWHPV DPRQJ PHPEHU VWDWHV DQG WKH FRPSOH[LW\ RI VRLOV �(12//
5XUDO /LYLQJ /DE� ������ 7KH //V UHTXLUH VXVWDLQDELOLW\ LQ WLPH� WKDW LV� WKDW LW FRQWLQXHV
EH\RQG WKH ILQDQFLQJ RI WKH SURMHFW� 7KLV LV TXLWH UDUH DW WKH QDWLRQDO DQG UHJLRQDO OHYHOV�
KRZHYHU� WKH ORFDO OHYHOV RIWHQ FRQWLQXH ZLWK RU ZLWKRXW WKH SURMHFW DV WKH\ KDYH FRPPXQLWLHV
OLQNHG WR WKH WHUULWRU\ WR EDFN WKHP XS� ,W LV LPSRUWDQW QRW WR NHHS UHLQYHQWLQJ WKH ZKHHO DQG
VWDUW XVLQJ WKH VROXWLRQV� EXW WKHUH LV D FXOWXUDO EDUULHU� //V KDYH WKH SRWHQWLDO WR VXSSRUW EHWWHU
GHFLVLRQ PDNLQJ� E\ FDWDO\VLQJ FROOHFWLYH OHDUQLQJ DQG FROOHFWLYH GHFLVLRQ PDNLQJ IRU RSWLPDO
GHFLVLRQV�

6HYHUDO RSSRUWXQLWLHV IRU WKH 6//V KDYH WR GR ZLWK WKH QHHG IRU SDUWLFLSDWRU\ DSSURDFKHV WR
VXVWDLQDELOLW\ FKDOOHQJHV VXFK DV ZKDW LV KDSSHQLQJ LQ WKH 0DU 0HQRU GXH WR WKH LQWHQVLYH
DJULFXOWXUH QHDUE\� LQ 6SDLQ� 7KH H[FHVVLYH XVH RI IHUWLOLVHUV KDV KDG DQ LPSDFW LQ WKH 0DU
0HQRU LQ ZKLFK WKH VHD ZDWHU LV XQGHUJRLQJ HXWURSKLVDWLRQ� WKXV NLOOLQJ WKH PDULQH
HFRV\VWHPV �(12// 5XUDO /LYLQJ /DE� ������

7KH 6//V 	 /+V VKRXOG DLP DW KDYLQJ VRPH FRQYHUJHQFH DQG LQWHURSHUDELOLW\� DOVR ZLWK
RWKHU SROLF\ WRROV DQG LQLWLDWLYHV VXFK DV WKH &RPPRQ $JULFXOWXUDO 3ROLF\ �&$3�� ZKLFK LV IRU

��



LQVWDQFH� DOUHDG\ UHTXLULQJ WKH PRQLWRULQJ RI WKH ODQG DQG WKH IROORZ XS RI IHUWLOLVDWLRQ
VFKHPHV �(12// 5XUDO /LYLQJ /DE� ������

)RU WKH NQRZOHGJH WR EH XVDEOH� LW LV HVVHQWLDO WR KDYH WKH SURSRUWLRQDO UHSUHVHQWDWLRQ DQG
UHSUHVHQWDWLYLW\ RI VWDNHKROGHUV WR WKH SDUW RI WKH VRFLHW\ LW DLPV WR HQJDJH LQ FR�SURGXFWLRQ
HIIRUWV �(12// 5XUDO /LYLQJ /DE� ������ 7KDW PHDQV WKDW HDFK RI WKH VWDNHKROGHUV QHHGV WR
EH SUHVHQW DQG XVH WKH // WRJHWKHU� )RU H[DPSOH� LQFOXGLQJ JUDQGSDUHQWV RU IDUPHUV ZKR FDQ
DOVR ODWHU RQ SDVV WKH NQRZOHGJH WR WKHLU RZQ VRFLDO QHWZRUNV �(12// 5XUDO /LYLQJ /DE�
������

)XUWKHUPRUH� GDWD LV WKH JROG RI WKH IXWXUH� KRZHYHU PDQ\ IDUPHUV KDYH WR WUXVW ZKHQ
DSSURDFKHG E\ WKHVH W\SHV RI SURMHFWV� :KHQ HVWDEOLVKLQJ SDUWQHUVKLSV IDUPHUV QHHG WR EH
HQJDJHG IURP WKH RQVHW� DOVR LQ WKH GHILQLWLRQ RI SURMHFW REMHFWLYHV DQG WKHLU WLPH DQG
NQRZOHGJH QHHGV WR EH UHFRJQLVHG� UHVSHFWHG DQG YDOXHG WKURXJK HFRQRPLF FRPSHQVDWLRQ RI
WKHLU WLPH� SURYLVLRQ RI IUHH VHUYLFHV IRU H[DPSOH �(12// 5XUDO /LYLQJ /DE� ������

6RPH SRWHQWLDO WKUHDWV IRU WKH //V DUH� ,W LV DOVR UHDOO\ LPSRUWDQW WR VWLOO DGDSW WR WKH FXOWXUDO
KHULWDJH RI IRRG DQG DJULFXOWXUH LQ /DWLQ $PpULFD DQG PDQ\ PHGLWHUUDQHDQ FRXQWULHV� ,W LV
LPSRUWDQW WR ORRN LQWR WKH FXOWXUDO FDVHV RI WKH FRXQWU\ WR VHH KRZ FROOHFWLYH GHFLVLRQ PDNLQJ
WRRN SODFH DQG VWLOO WDNHV SODFH LQ VHWWLQJV OLNH QHLJKERXUKRRG FRPPXQLWLHV� FRPPXQLW\
QHWZRUNV« DQG LI WKHVH VWUXFWXUHV VWLOO H[LVW� WKH\ VKRXOG EH UHLQIRUFHG WKURXJK DFWLYH
SDUWLFLSDWLRQ� :LWK WKH XVH RI ,&7 SDUWLFLSDWLRQ RI WKH FRPPXQLW\ LQ GHFLVLRQ PDNLQJ HYHQ LI
LW LV QRW DOO WKH WLPH LQ WKH WHUULWRU\ LV SRVVLEOH �(12// 5XUDO /LYLQJ /DE� ������

7KH ORFDO FRPPXQLW\ PXVW DOVR NQRZ DERXW WKH 6//V �(12// 5XUDO /LYLQJ /DE� ������
)DUPHUV KDYH D ORW RI NQRZOHGJH RQ WUDGLWLRQDO VROXWLRQV WKDW KDYH EHHQ XVHG WKURXJKRXW
KLVWRU\� EXW WKLV LV EHLQJ ORVW GXH WR WKH JHQHUDWLRQDO FKDQJH�

:LWK WKH &RPPRQ $JULFXOWXUDO 3ROLF\� IDUPHUV QHHG WR PDNH D IROORZ XS RI WKH IHUWLOLVDWLRQ
RI WKH ODQG� &RSHUQLFXV LV D (XURSHDQ $JHQF\ WKDW PRQLWRUV WKH (DUWK DQG HQYLURQPHQW
WKURXJK D FRQVWHOODWLRQ RI VDWHOOLWHV PDNLQJ GDLO\ REVHUYDWLRQV DQG PDNLQJ XVH RI D JOREDO
QHWZRUN RI ODQG� DLU DQG PDULQH�EDVHG VHQVRUV� 7KLV DOORZV XV WR PDNH LQIHUHQFHV WKURXJK
DUWLILFLDO LQWHOOLJHQFH RQ WKH VWDWH RI WKH SODQWV� ZDWHU DQG VRLO FRPSRQHQWV� WKH FDOFXODWLRQ RI
FDUERQ EDODQFHV� QLWURJHQ EDODQFH DQG PDQ\ RWKHUV ZKLFK DOORZV PDNLQJ GHFLVLRQV� 7KHUH LV
DOVR D VLJQLILFDQW ULVN WR GHHSHQ WKH GLJLWDO GLYLGH WKDW DOUHDG\ H[LVWV �(12// 5XUDO /LYLQJ
/DE� ������

)HHGEDFN PHFKDQLVPV HQVXULQJ ILW�IRU�SXUSRVH NQRZOHGJH FR�SURGXFWLRQ
:KLOH WKHVH PHFKDQLVPV DUH QRW DOZD\V XVHG� WKH\ FDQ WDNH WKH IRUP RI IHHGEDFN ZRUNVKRSV
DQG YDOLGDWLRQ VHVVLRQV RU TXHVWLRQQDLUHV �(12// 5XUDO /LYLQJ /DE� ������

&RQFOXVLRQ
7KLV FKDSWHU XQYHLOV WKH PXOWLIDFHWHG HOHPHQWV WKDW JXLGH WKH FR�SURGXFWLRQ RI VRLO KHDOWK
NQRZOHGJH ZLWKLQ GLIIHUHQW VRLO�UHODWHG QHWZRUNV� 7KH NQRZOHGJH FR�SURGXFWLRQ SURFHVV
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GLIIHUV VLJQLILFDQWO\ EHWZHHQ WKH WZR DJURHFRORJLFDO QHWZRUNV DQG WKH QRQ�DJURHFRORJLFDO
QHWZRUN� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV DUH VWLOO HPHUJLQJ EXW WKH
SUHOLPLQDU\ LQVLJKWV UHYHDO WKH LPSRUWDQFH RI FRPPXQLWLHV DV DFWRUV ZLWK DJHQF\ LQ WKH
WUDQVLWLRQ RI D IRRG V\VWHP WKDW LV PRUH VRFLDOO\ MXVW DQG HFRORJLFDO� $V WKH H[SORUDWLRQ
FRQWLQXHV� WKH VXEVHTXHQW FKDSWHU HQJDJHV LQ D GLVFXVVLRQ RI WKH UHVHDUFK ILQGLQJV� RIIHULQJ
LQVLJKWV LQWR WKH LPSOLFDWLRQV DQG LQWHUFRQQHFWHGQHVV RI WKHVH HOHPHQWV�
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&KDSWHU �� &URVV�&DVH $QDO\VLV DQG 'LVFXVVLRQ

7KH ILQGLQJV RI WKLV WKHVLV VKHG OLJKW RQ WKH VLJQLILFDQFH RI SDUWLFLSDWRU\ DSSURDFKHV LQ
FR�SURGXFLQJ VRLO KHDOWK NQRZOHGJH� 7KURXJK WKH FDVH VWXGLHV� LW EHFDPH HYLGHQW WKDW WKH
LQWHJUDWLRQ RI LQGLJHQRXV ZLVGRP� FRPPXQLW\ HQJDJHPHQW� DQG VFLHQWLILF LQVLJKWV FDQ OHDG WR
D KROLVWLF XQGHUVWDQGLQJ RI VRLO KHDOWK� 7KH ILQGLQJV XQGHUVFRUHG WKH SRWHQWLDO RI VRLO OLYLQJ
ODEV LQ EULGJLQJ WKH JDS EHWZHHQ WUDGLWLRQDO HFRORJLFDO NQRZOHGJH DQG FRQWHPSRUDU\ VRLO
VFLHQFH�

$QVZHULQJ WKH ILUVW UHVHDUFK TXHVWLRQ� :KDW SDUWLFLSDWRU\ DSSURDFKHV H[LVW WR VRLO KHDOWK
NQRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJLFDO QHWZRUNV" 7KH UHVXOWV IURP WKH LQ GHSWK DQDO\VLV
RI VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ 5HWH +XPXV� 1DYGDQ\D DQG WKH 6RLO // DQG
/LJKWKRXVHV UHYHDO WKH GLYHUVLW\ RI SDUWLFLSDWRU\ DSSURDFKHV WKDW H[LVW UDQJLQJ IURP
SDUWLFLSDWRU\ ELRGLYHUVLW\ PRQLWRULQJ� DJURHFRORJLFDO WUDLQLQJV RQ UHLQFRUSRUDWLQJ RUJDQLF
PDWWHU LQWR WKH VRLO� UHFRYHU\ VDIHJXDUG DQG DSSOLFDWLRQ RI LQGLJHQRXV DQG DQFHVWUDO
NQRZOHGJH� VHHG EDQNV� VRLO OLYLQJ ODEV DQG OLJKWKRXVHV DQG PDQ\ PRUH�

7KH VHFRQG TXHVWLRQ DVNV ZKDW DUH WKH HOHPHQWV �VHWWLQJV� V\QWKHVLV DQG GLIIXVLRQ� RI WKH VRLO
KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV ZLWKLQ WKHVH DJURHFRORJLFDO QHWZRUNV" ,Q
VXPPDU\� WKH TXHVWLRQ UHYHDOV WKH P\ULDG RI DJURHFRORJLFDO FRQVWHOODWLRQV DQG VRLO KHDOWK
SDUWLFLSDWRU\ WRROV DYDLODEOH� DQG SURYLGH D IHUWLOH JURXQG WR UHIOHFW RQ WKH IDFWRUV DQG
SURFHVVHV WKDW PDNH FR�SURGXFWLRQ XVHIXO� ,W DOVR DOORZV XV WR EHWWHU XQGHUVWDQG WKH SUDFWLFDO
FKDOOHQJHV DQG RSSRUWXQLWLHV WR GHHSHQ WKH FR�SURGXFWLRQ RI NQRZOHGJH LQ JHQHUDO DQG LQ WKH
FRQWH[W RI VRLO KHDOWK� 7KH XQGHUO\LQJ PRWLYDWLRQV DQG PRGHV RI HQJDJHPHQW� :KLFK
SUREOHPV DUH EHLQJ DGGUHVVHG� KRZ DQG WR ZKDW HIIHFW" $QG KRZ FDQ ZH LPSURYH WKH
NQRZOHGJH FR�SURGXFWLRQ SURFHVV"

$ VXPPDU\ RI WKH PDLQ HOHPHQWV FDQ EH IRXQG EHORZ WKURXJK D FURVV�FDVH FRPSDULVRQ RI WKH
UHVXOWV� ,W LV LPSRUWDQW WR DFNQRZOHGJH WKH GLIIHUHQFH RI FRQWH[WV DQG VFDOHV� WKH FURVV�FDVH
FRPSDULVRQ LV GRQH ZLWK WKH SXUSRVH RI JDLQLQJ GHHSHU XQGHUVWDQGLQJ RQ GLIIHUHQW IHDWXUHV
DQG FKDUDFWHULVWLFV RI HDFK RI WKH FDVH VWXGLHV�

)LVW GLPHQVLRQ� VHWWLQJV
5HVHDUFK DLPV DQG PHWKRGRORJLHV
7KH DLPV ZHUH UDWKHU DOLJQHG EHWZHHQ WKH DJURHFRORJLFDO QHWZRUNV� IRFXVLQJ RQ DFKLHYLQJ
GLIIHUHQW OHYHOV RI IDUPHU¶V HPDQFLSDWLRQ� )RU 5HWH +XPXV� IURP EXUHDXFUDWLF KXUGOHV RI
&HUWLILFDWHV RI *XDUDQWHH RI RULJLQ DQG GHILQLQJ JRRG SUDFWLFHV LQ WKH ELR�RUJDQLF DJULFXOWXUDO
SURGXFWLRQ RI WKH QHWZRUN DQG IRU 1DYGDQ\D KROLVWLFDOO\ HPDQFLSDWH IURP DQ H[WUDFWLYLVW
HFRQRP\ WR D FLUFXODU RQH EDVHG RQ IRRG� VHHGV DQG (DUWK 'HPRFUDF\� 2Q WKH RWKHU KDQG� WKH
6//V DQG /+V OHIW URRP IRU WKH GHILQLWLRQ RI WKH PDLQ DLPV� JLYHQ WKDW DW WKH PRPHQW LW LV D
WUDQVQDWLRQDO VRLO QHWZRUN LQ GHYHORSPHQW�
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7KH PHWKRGRORJLHV DFURVV FDVHV ZHUH DOVR TXLWH GLIIHUHQW� IURP SDUWLFLSDWRU\ PRQLWRULQJ RI
ELRGLYHUVLW\ DQG VRFLR�FXOWXUDO SUDFWLFHV LQ 5HWH +XPXV WR WKH HFRIHPLQLVW DJURHFRORJLFDO
WUDLQLQJV� VHHG EDQNV DQG PLFURILQDQFH JURXSV RI 1DYGDQ\D WR 6//V DQG /LJKWKRXVHV ZLWK
H[DPSOHV RI SDUWLFLSDWRU\ UHVHDUFK�

&RQWULEXWLQJ NQRZOHGJH�KROGHUV DQG DSSURDFK WR SDUWLFLSDWLRQ
7KH WKUHH FDVH VWXGLHV HQJDJHG D EURDG UDQJH RI VRFLHWDO VWDNHKROGHUV� IRU 5HWH +XPXV�
SUHGRPLQDQWO\ IDUPHUV� UHVHDUFKHUV DQG RWKHU FLYLO VRFLHW\ RUJDQLVDWLRQV� ZLWK WKH LQLWLDWLRQ RI
LQYROYLQJ FLWL]HQV DQG LQ 5HWH +XPXV� :H FDQ REVHUYH D NQRZOHGJH FR�SURGXFWLRQ SURFHVV
ZKLFK LV PRVWO\ OHG E\ UHVHDUFKHUV� ZLWK KLJK OHYHOV RI HQJDJHPHQW IURP FLYLO VRFLHW\
RUJDQLVDWLRQV DQG WR D OHVVHU H[WHQW IDUPHUV� ,Q 1DYGDQ\D ZH REVHUYH D IDUPHU�WR�IDUPHU W\SH
RI G\QDPLF ZLWK WKH VXSSRUW RI WKH 1DYGDQ\D WHDP� 7KH SURFHVV LV FOHDUO\ GULYHQ E\ IDUPHUV
WKHPVHOYHV� ZKR VHOI RUJDQLVH DQG HPSRZHU WKHPVHOYHV WKURXJK WKH QHWZRUN� 6LJQLILFDQWO\
GLIIHUHQW DSSURDFK FDQ EH IRXQG LQ WKH 6//V DQG /+V IRU LQVWDQFH DUH WKH RQHV ZKR PRUH
VWURQJO\ LQYROYH JRYHUQPHQWDO LQVWLWXWLRQV� DV WKH DUH SDUW RI D (XURSHDQ &RPPLVVLRQ�OHG
PLVVLRQ� LW LV DOVR UHIOHFWHG LQ WKH EDODQFHG DSSURDFK EHWZHHQ UHVHDUFKHUV� JRYHUQPHQW�
DFDGHPLD� EXVLQHVVHV� FLYLO VRFLHW\ DQG WKH QDWXUDO HQYLURQPHQW� :KLOH VWLOO DGYRFDWLQJ IRU
KLJK SDUWLFLSDWLRQ RQ WKH JURXQG� WKH GHVLUH WR SURYLGH IHHGEDFN WR SROLF\ LV D XQLTXH IHDWXUH
DPRQJ WKHVH WKUHH FDVHV�

3UREOHP IUDPLQJ
5HWH +XPXV DQG 1DYGDQ\D KDG D FOHDU IRFXV RQ UHIUDPLQJ WKH SUREOHP DQG VROXWLRQV SODFLQJ
WKH FXUUHQW LQGXVWULDO DJULFXOWXUH IRRG V\VWHP DV WKH GULYLQJ IRUFH EHKLQG VRLO KHDOWK ORVV� 2Q
WKH RWKHU KDQG WKH 6RLO /LYLQJ /DEV DQG /LJKWKRXVHV IRFXV RQ IUDPLQJ WR ILQG VROXWLRQV WR VRLO
KHDOWK GHJUDGDWLRQ�

6HFRQG GLPHQVLRQ� V\QWKHVLV
:LWK UHJDUGV WR WKH NQRZOHGJH FUHDWLRQ SURFHVV� WKH V\QWKHVLV RI NQRZOHGJH WDNHV SODFH
WKURXJK D TXHVWLRQQDLUH IRU 5HWH +XPXV� ZLWK WKH LQYROYHPHQW RI D UHSUHVHQWDWLYH RI 5HWH
+XPXV� D IDUPHU DQG VRPHWLPHV D FLYLO VRFLHW\ UHSUHVHQWDWLYH� )RU 1DYGDQ\D WKH NQRZOHGJH
V\QWKHVLV WDNHV SODFH GXULQJ ZRUNVKRSV DQG LQWHUDFWLRQV ZLWK IDUPHUV� FRPPXQLW\ HOGHUV DQG
WKH FRPPXQLW\ DW ODUJH� )LQDOO\� IRU WKH 6//V DQG /+V� WKH V\QWKHVLV GHSHQGV RQ HDFK FDVH�
)RU D JRRG SUDFWLFH // LQYROYHG LQ RUJDQLF DJULFXOWXUH LW KDSSHQHG WKURXJK WKH WHVW RI
GLIIHUHQW W\SHV RI FURSV DQG FURS PL[WXUHV DV ZHOO DV WKURXJK WKH HQJDJHPHQW LQ PRQLWRULQJ
IRU WKLV UHVHDUFK�

7KLUG GLPHQVLRQ� GLIIXVLRQ
.QRZOHGJH RXWSXWV DQG RXWFRPHV
7KH NQRZOHGJH RXWSXWV DQG RXWFRPHV DUH YHU\ GLYHUVH� )RU 5HWH +XPXV� RQH RI WKH PRVW
UHOHYDQW RXWSXWV LV WKH FHUWLILFDWH RI RULJLQ DQG WKH DFWLYDWLRQ RI WKH QHWZRUN LQ NQRZOHGJH
FR�SURGXFWLRQ DQG VKDULQJ� )RU 1DYGDQ\D RQH RI WKH PRVW VLJQLILFDQW RXWFRPHV LV WKH
HPDQFLSDWLRQ RI IDUPHUV IURP H[WUDFWLYLVW HFRQRPLHV� EXW DOVR WKH HPDQFLSDWLRQ RI ZRPHQ�
ZKLFK LQ WKH ,QGLDQ FRQWH[W LV TXLWH D FKDOOHQJH� 6RPH RWKHU RXWSXWV DUH WKH DJURHFRORJ\
PDQXDOV FR�FUHDWHG ZLWK WKH IDUPHUV LQ WKHLU WUDLQLQJ DQG H[FKDQJHV RI JRRG SUDFWLFHV� ,Q WKH
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6// 	 /+V� WKH RXWSXWV DQG RXWFRPHV GLIIHU IURP FDVH WR FDVH� IRU WKH // DSSO\LQJ RUJDQLF
DJULFXOWXUH VRPH NQRZOHGJH RXWSXWV KDYH WR GR ZLWK WKH EHWWHU XQGHUVWDQGLQJ RI ZKLFK VHHGV
GR EHWWHU ZKHUH DQG KRZ WKH\ VKRXOG EH FRPELQHG�

3RWHQWLDO XVDELOLW\ RI NQRZOHGJH RXWSXWV
7KH XVDELOLW\ RI NQRZOHGJH RXWSXWV GHSHQGV RQ WKH HQG XVHU DQG LWV DSSOLFDWLRQ� 7R GDWH�
VRPH NQRZOHGJH RXWSXWV DUH VWLOO LQ GHYHORSPHQW� VXFK DV WKH &HUWLILFDWH RI 2ULJLQ IRU 5HWH
+XPXV� 7KH SDUWLFLSDWRU\ PRQLWRULQJ V\VWHP FUHDWHV D TXHVWLRQQDLUH ZKLFK FDQ EH XVHIXO WR
FLWL]HQV LQWHUHVWHG LQ WKHVH WRSLFV DQG MRLQLQJ D FRQVXPSWLRQ JURXS� DQG LW FDQ DOVR EH XVHIXO
IRU IDUPHUV WR EHWWHU XQGHUVWDQG WKHLU VRLO� OHDUQ DERXW QHZ SUDFWLFHV DQG VKDUH WKHLU UHVXOWV
ZLWK WKH ORFDO VRFLDO DQG VROLGDULW\ QHWZRUNV� 1DYGDQ\D¶V NQRZOHGJH RXWSXWV DOORZ
FRPPXQLWLHV WR HDW KHDOWK\ IRRG� SUHYHQW LOOQHVVHV� DFKLHYH IRRG DQG VHHGV VRYHUHLJQW\ DQG
PD\ SURYLGH VRPH ILQDQFLDO LQGHSHQGHQFH IRU ZRPHQ ZKLOH SUHVHUYLQJ LQGLJHQRXV ZLVGRP�
1DYGDQ\D¶ FDVH VWXG\ UHYHDOV KRZ VFLHQWLILF NQRZOHGJH RQ VRLO KHDOWK FDQ EH RI XVH WR
IDUPHUV WR OHDUQ PRUH DERXW WKH QXWULWLRQ QHHGV RI WKHLU VRLO� +RZHYHU UHFRJQL]LQJ KRZ
NQRZOHGJHDEOH IDUPHUV DOUHDG\ DUH RQ WKHLU VRLO� DQG DOVR UHDOLVLQJ WKDW HYHQ ZLWKRXW WKH
VFLHQWLILF WRROV� IDUPHUV FDQ NQRZ DERXW WKH KHDOWK RI WKH VRLO� 7KLV LV DOVR FRUURERUDWHG E\
WKH W\SH RI PHWKRGV UHO\LQJ RQ YLVXDO DVVHVVPHQW RI VRLO GHSOR\HG E\ 5HWH +XPXV� /RRNLQJ
LQWR WKH WH[WXUH RI WKH VRLO� LW
V PDFUR RUJDQLVPV �HJ� ZRUPV� FDQ DOUHDG\ JLYH D ORW RI
LQIRUPDWLRQ DERXW WKH KHDOWK RI WKH VRLO� $QG WKHQ ZKDW EHFRPHV UHOHYDQW LV WR LQWURGXFH
SUDFWLFHV WKDW DUH UHJHQHUDWLYH IRU WKH VRLO� VXFK DV WKH LQWURGXFWLRQ RI RUJDQLF PDWWHU YLD
FRPSRVWLQJ� JUHHQ PDQXULQJ� YHUPLFRPSRVW� LQWHUPL[LQJ FURSV WR IL[DWH GLIIHUHQW QXWULHQWV WR
WKH VRLO� DQG PDQ\ RWKHU WHFKQLTXHV� )RU WKH 6//V 	 /+V� WKH XVDELOLW\ GHSHQGV RQ WKH
GLIIHUHQW FDVHV� XVLQJ WKH H[DPSOH RI WKH RUJDQLF // WKH NQRZOHGJH FDQ FUHDWH PRUH
HFRORJLFDO UHVLOLHQFH LQ WKH IDUPV� ORFDO HFRORJ\ DQG WKHLU FRPPXQLWLHV�

)HHGEDFN PHFKDQLVPV HQVXULQJ ILW�IRU�SXUSRVH NQRZOHGJH FR�SURGXFWLRQ
7KH IHHGEDFN PHFKDQLVPV DUH LPSRUWDQW DV SDUW RI D FRPSUHKHQVLYH SURFHVV ZKLFK LV DEOH WR
UHGLUHFW LWVHOI�

,PSURYHPHQWV WR WKH VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVV
7KH FDVH VWXGLHV DOVR UHYHDO PXOWLSOH SRVVLEOH LPSURYHPHQWV IRU WKH SURFHVV� 2QH RI WKH PDLQ
FKDOOHQJHV WKDW FRXOG EH WDNHQ LQWR DFFRXQW LV WKH SRWHQWLDO ORVV RI WKH NQRZOHGJH RXWSXWV LI
WKH\ DUH QRW YDOXHG HQRXJK GXH WR WKH JHQHUDWLRQDO FKDQJH� )XUWKHUPRUH� NQRZOHGJH RXWSXWV
DQG RXWFRPHV DUH VKDSHG E\ WKH W\SHV RI HQJDJHPHQW QHHGV DQG FDSDFLWLHV RI UHVHDUFKHUV DQG
SDUWLFLSDQWV DQG VKRXOG WKHUHIRUH EH GHVLJQHG DFFRUGLQJO\� 3ODFLQJ ORFDO FRPPXQLWLHV DW WKH
KHDUW RI WKH SURFHVV FDQ VXSSRUW LWV ORQJHYLW\ LQ WKH ORQJ WHUP� EH\RQG WKH FXUUHQW VKRUW�WHUP
SURMHFW OLIHF\FOH� 7KH UHSUHVHQWDWLYH LQFOXVLRQ RI DOO UHOHYDQW VWDNHKROGHUV GXULQJ WKH
NQRZOHGJH FUHDWLRQ SURFHVVHV HQDEOHV PRUH LPSDFW DQG XVDELOLW\ RI NQRZOHGJH RXWSXWV�

/LPLWDWLRQV
6RPH OLPLWDWLRQV RI WKH SUHVHQW VWXG\ LQFOXGH WKH SRWHQWLDO ELDV LQWURGXFHG E\ WKH UHVHDUFKHU
V
LQWHUSUHWDWLRQ DQG WKH FRQWH[WXDO VSHFLILFLW\ RI WKH FDVHV� WKH PLVVLQJ SHUVSHFWLYHV GXH WR D
VKRUW SHULRG RI UHVHDUFK� $QG FRQVWUDLQWV OLQNHG WR WKH DYDLODELOLW\ RI UHVRXUFHV� WLPH
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OLPLWDWLRQV� DQG ODFN RI RSSRUWXQLWLHV WR LPSOHPHQW DQ DFWLRQ UHVHDUFK DSSURDFK� )XUWKHU
UHVHDUFK VKRXOG EH FRQGXFWHG IURP ILUVW KDQG H[SHULHQFH RI IDUPHUV� 7KHVH OLPLWDWLRQV UHTXLUH
HQJDJHPHQW LQ UHIOHFWLRQ� LQTXLU\ DQG GRFXPHQWDWLRQ RI FR�SURGXFWLRQ SURFHVVHV WR IRVWHU
PRUH FROODERUDWLYH DQG HTXLWDEOH NQRZOHGJH GHYHORSPHQW�

,PSOLFDWLRQV
7KH UHVHDUFK RIIHUV VHYHUDO QRWHZRUWK\ LPSOLFDWLRQV� .QRZOHGJH FR�FUHDWLRQ LV SDUWLFXODUO\
VXLWDEOH IRU WKH VFLHQFH� SUDFWLFH� DQG PRYHPHQW RI DJURHFRORJ\� JLYHQ WKH LPSRUWDQFH RI
SDUWLFLSDWRU\ DQG IDUPHU�FHQWUHG SURFHVVHV DQG RXWFRPHV �8WWHU HW DO�� ������ )LUVWO\� WKH
DGDSWDELOLW\ RI NQRZOHGJH FR�SURGXFWLRQ VWUDWHJLHV EDVHG RQ ORFDO FRQWH[W ZDV KLJKOLJKWHG�
7KH FDVH VWXGLHV GHPRQVWUDWHG WKDW WDLORULQJ SDUWLFLSDWRU\ PHWKRGV WR WKH VSHFLILF QHHGV DQG
SUHIHUHQFHV RI HDFK QHWZRUN HQKDQFHV HQJDJHPHQW DQG WKH UHOHYDQFH RI NQRZOHGJH RXWSXWV�

6HFRQGO\� HQDEOLQJ DQ DJURHFRORJLFDO WUDQVLWLRQ FDQ LPSURYH WKH KHDOWK RI WKH VRLO E\
LQWURGXFLQJ PRUH HFRORJLFDO SUDFWLFHV LQ DJULFXOWXUH RQ WKH RQH KDQG� EXW DOVR JRLQJ EH\RQG
WKH IDUP� $V WKH 1DYGDQ\D FDVH VKRZV� WKH HPDQFLSDWLRQ IURP DQ H[WUDFWLYH HFRQRP\
WRZDUGV D FLUFXODU RQH WULFNOHV RWKHU HIIHFWV DOORZLQJ IRU WKH HPDQFLSDWLRQ RI WKH ZRPHQ
IDUPHUV WKHPVHOYHV� :KLOH PXOWLSOH DJURHFRORJLHV H[LVWV� WKH XQGHUO\LQJ SULQFLSOHV
VLJQLILFDQWO\ GLIIHU RQ WKH H[WHQW WR ZKLFK WKH\ FKDOOHQJH DQG VHHN WR WUDQVIRUP SRZHU
VWUXFWXUHV� ILJKW IRU ODQG DQG WKH GHIHQFH RI WKH WHUULWRU\� GHSDWULDUFKDOL]LQJ DQG GHFRORQL]LQJ
�*LUDOGR DQG 5RVVHW� ������

7KLUGO\� WKH LPSRUWDQFH RI DQFHVWUDO� LQGLJHQRXV DQG WUDGLWLRQDO NQRZOHGJH WKDW LV ORFDOLVHG LV
HQRUPRXV� HVSHFLDOO\ LQ WKH FRQWH[W RI VRLO UHJHQHUDWLRQ JLYLQJ LWV FRPSOH[LW\ DQG GLYHUVLW\�
7KH FDVH VWXGLHV VKRZ WKDW WKH ORVV RI WKLV W\SH RI NQRZOHGJH FRXOG EH LUUHYHUVLEOH� DQG WKDW
VWUDWHJLHV WR FRQVHUYH LW DUH QHHGHG� $LPLQJ WR LQFUHDVH WKH DXWRQRP\ RI DJURHFRORJ\ DOVR
WUDQVODWHV LQWR PRUH VHOI�JRYHUQDQFH E\ FRPPXQLWLHV� DQG WKHUHIRUH PRUH GHPRFUDWLF
GHFLVLRQ�PDNLQJ�

)RXUWKO\� NQRZOHGJH FR�SURGXFWLRQ RQ VRLO ZLWKLQ DJURHFRORJLFDO QHWZRUNV DOVR VXSSRUWV
HQJDJHPHQW ZLWK WKH FRPPXQLW\ LQ ORFDO PDUNHWV DQG VRFLDO DQG VROLGDULW\ HFRQRPLHV�
)XUWKHUPRUH� WKHVH W\SHV RI SURFHVVHV KDYH WKH SRWHQWLDO WR DFWLYDWH DQG VWUHQJWKHQ FROOHFWLYH
SUREOHP VROYLQJ� YDOXHV VRXUFHV RI ZHDOWK WKDW FDQQRW EH PRQHWL]HG� (QDEOH WKH GLDORJXH RI
GLIIHUHQW W\SHV RI NQRZOHGJH LQ D UDWKHU KRUL]RQWDO DQG SHHU�WR�SHHU DSSURDFK DQG IRVWHU
ZRUOGYLHZV WKHUH DUH PRUH LQ HTXLOLEULXP ZLWK QDWXUH� DOORZLQJ IRU WKH GHYHORSPHQW RI
FRQQHFWLRQ WR WKH ODQG DQG WKH SHRSOH�

,Q FRQFOXVLRQ� WKLV UHVHDUFK GHPRQVWUDWHV WKDW LQVSLULQJ DQG XVHIXO LQVLJKWV FDQ EH GUDZQ IURP
5HWH +XPXV� 1DYGDQ\D DQG WKH 6//V� EXW SDUWLFXODU WUDQVIRUPDWLYH RXWFRPHV DQG NQRZOHGJH
RXWSXWV DUH FKDUDFWHULVWLF RI WKH DJURHFRORJLFDO QHWZRUNV� 7KH QHWZRUNV FR�SURGXFH VRLO
KHDOWK NQRZOHGJH DQG XVH LW WR WUDQVIRUP WKH IRRG V\VWHPV LQ D ZD\ WKDW LW DOVR LPSDFWV WKH
ZD\ ZH UHODWH WR RQH DQRWKHU DQG SHUKDSV HYHQ WKH ZD\ ZH VHH WKH ZRUOG� 7KH ILQGLQJV FDOO
IRU WKH SULRULWLVDWLRQ RI SURWHFWLQJ� UHVSHFWLQJ DQG UHFXSHUDWLQJ GLIIHUHQW W\SHV RI NQRZOHGJH�
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%\ SODFLQJ ORFDO FRPPXQLWLHV DW WKH KHDUW RI VRLO KHDOWK NQRZOHGJH� FR�SURGXFWLRQ SUDFWLFHV
FDQ EH LPSURYHG� FRQWULEXWLQJ WR WKH UHJHQHUDWLRQ RI VRLO KHDOWK� WKH SURWHFWLRQ RI ELRGLYHUVLW\�
HFRV\VWHPV DQG VRFLHWDO KHDOWK� IRU WKH FXUUHQW JHQHUDWLRQV DQG WKRVH \HW WR FRPH�
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&KDSWHU �� &RQFOXVLRQV

/LIH RQ (DUWK GHSHQGV RQ D OLYLQJ VRLO� ,I ZH DUH WR UHJHQHUDWH RXU VRLO DQG EULQJ LW EDFN WR
OLIH� ZH ZLOO FHUWDLQO\ UHTXLUH SDUWLFLSDWRU\ WRROV OLNH WKH RQHV H[SORUHG LQ WKHVH WKHVLV� 7KLV
WKHVLV KDV H[DPLQHG WKH SURFHVVHV RI VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ ZLWKLQ
DJURHFRORJLFDO DQG VRLO QHWZRUNV� ,Q SDUWLFXODU� , KDYH DQDO\VHG WKUHH FDVH VWXGLHV� 5HWH
+XPXV� 1DYDQ\D DQG WKH 6RLO /LYLQJ /DEV DQG /LJKWKRXVHV UHYHDOLQJ WKHLU DSSURDFKHV WR
SDUWLFLSDWLRQ LQ WKH FRQWH[W RI VRLO UHJHQHUDWLRQ DQG WKH GLIIHUHQW HOHPHQWV WKDW FRQIRUP WKHP�
7KLV ILQDO FKDSWHU VXPPDULVHV WKH SULPDU\ ILQGLQJV DQG XQGHUOLQHV WKH GLVWLQFW FRQWULEXWLRQ
WKDW DJURHFRORJ\ FDQ EULQJ WR VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV WR VXSSRUW WKH
WUDQVIRUPDWLRQ RI RXU IRRG V\VWHPV WRZDUGV PRUH MXVW� KHDOWK\ DQG VXVWDLQDEOH RQHV� 7KH
ILQGLQJV GHULYHG IURP WKLV UHVHDUFK FDOO IRU IXUWKHU LQYHVWLJDWLQJ VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ LQ DJURHFRORJLFDO QHWZRUNV VSDQQLQJ GLIIHUHQW JHRJUDSKLFDO UHJLRQV DQG FDVH
VWXGLHV�

7KH ILUVW UHVHDUFK TXHVWLRQ DVNHG ³:KDW SDUWLFLSDWRU\ DSSURDFKHV H[LVW WR VRLO KHDOWK
NQRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJLFDO QHWZRUNV"´ LQ YLHZ WR H[SORUH ZKHUH WKH\ WDNH
SODFH� WKHLU FKDUDFWHULVWLFV� WKH FRQGLWLRQV IRU WKHLU HPHUJHQFH DQG WKH FKDOOHQJHV WKDW DULVH
ZLWKLQ WKHP �8WWHU HW DO�� ������ 7KH UHVXOWV RI WKH WKUHH FDVH VWXGLHV UHYHDO WKH GLYHUVLW\ RI
SDUWLFLSDWRU\ DSSURDFKHV WR VRLO�KHDOWK NQRZOHGJH FR�SURGXFWLRQ HQFRPSDVVLQJ SDUWLFLSDWRU\
VRLO ELRGLYHUVLW\ PRQLWRULQJ� DJURHFRORJLFDO WUDLQLQJ RQ VRLO UHJHQHUDWLYH SUDFWLFHV VXFK DV
UHLQFRUSRUDWLQJ RUJDQLF PDWWHU LQWR WKH VRLO� WKH UHFRYHU\� VDIHJXDUG DQG DSSOLFDWLRQ RI
LQGLJHQRXV DQG DQFHVWUDO NQRZOHGJH� VHHG EDQNV� VRLO OLYLQJ ODEV DQG OLJKWKRXVHV DPRQJ
RWKHUV� 7KHVH DSSURDFKHV VKRZFDVH WKH VLJQLILFDQW GLYHUVLW\ RI PHWKRGV� HDFK FDUHIXOO\
WDLORUHG WR GLVWLQFW FRQWH[WV DQG REMHFWLYHV RI WKHLU UHVSHFWLYH QHWZRUNV�

7KH VHFRQG TXHVWLRQ DVNHG DERXW WKH HOHPHQWV �VHWWLQJV� V\QWKHVLV DQG GLIIXVLRQ� RI WKH VRLO
KHDOWK NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV ZLWKLQ WKHVH DJURHFRORJLFDO QHWZRUNV" 7KH DLP
ZDV WR JR GHHSHU LQWR WKH XQGHUVWDQGLQJ RI WKH HOHPHQWV LQ VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ SURFHVVHV ZLWK D YLHZ WR REVHUYH ZKLFK OHYHO RI IRRG V\VWHP WUDQVIRUPDWLRQ LV
DFWLYDWHG E\ WKH SURFHVV� 7KH FDVH VWXGLHV UHYHDO WKDW SDUWLFLSDWRU\ VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ LQ DJURHFRORJLFDO QHWZRUNV LV D PHWKRGRORJ\ ZLWK VLJQLILFDQW WUDQVIRUPDWLYH
SRWHQWLDO ZKLFK FDQ DFWLYDWH HPDQFLSDWRU\ VRFLDO SURFHVVHV DQG FDWDO\VH WKH DJURHFRORJLFDO
WUDQVLWLRQ DW LWV KLJKHVW OHYHOV �� DQG �� �*OLHVVPDQ� ������ 7KH DJURHFRORJLFDO WUDQVLWLRQ
ZRXOG EH WKHQ OLQNHG WR WKH LPSOHPHQWDWLRQ RI UHJHQHUDWLYH VRLO SUDFWLFHV�

7KH FDVH VWXGLHV KDYH DOVR UHYHDOHG SUDFWLFDO FKDOOHQJHV� 7UDQVIRUPLQJ IRRG V\VWHPV LV QRW D
PLQRU HQGHDYRXU DQG UHTXLUHV D ORQJ WHUP YLVLRQ ZKLFK RIWHQ OLQNV WR WKH FRQVWUXFWLRQ RI IRRG
VRYHUHLJQW\ LQ WKH WHUULWRU\ �0DUWtQH]�7RUUHV DQG 5RVVHW� ������ WKLV PHDQV WKDW WKH SURFHVVHV
ZRUN EHWWHU ZLWK DFWLYH ORFDO FRPPXQLWLHV� VR WKDW WKH\ FDQ VXVWDLQ WKH SURMHFWV LQWR WKH
IXWXUH� $QRWKHU FKDOOHQJH KDV WR GR ZLWK WKH QHHG RI FUHDWLQJ LQFOXVLYH DQG UHSUHVHQWDWLYH
VSDFHV IRU FROODERUDWLRQ� ZKHUH WKH UHOHYDQW VWDNHKROGHUV DUH UHSUHVHQWHG LQ QXPEHUV VLPLODU
WR SURSRUWLRQ RI WKH SRSXODWLRQ WKH\ UHSUHVHQW �(12// 5XUDO //� ������ $GGUHVVLQJ WKLV
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FKDOOHQJH FDQ VXSSRUW WKH PDQDJHPHQW RI HPHUJHQW SRZHU G\QDPLFV� )XUWKHUPRUH� WKHUH LV DQ
XUJHQW QHHG WR JRLQJ EH\RQG ZKDW 6RXVD 6DQWRV� ������ GHQRPLQDWHV� ³PRQRFXOWXUHV RI
NQRZOHGJH´� ZKHUHE\ WKH PRGHUQ ZRUOG XWLOLVHV WKH IRUPDO� LQVWUXPHQWDO DQG HFRQRPLF
UDWLRQDOLW\ DV D WRRO WR GRPLQDWH� FRQWURO� WKH ³HIILFLHQF\´ DQG PHUFDQWLOLVDWLRQ RI WKH ZRUOG�
7KDW LPSOLHV HQJDJLQJ LQ ZLVGRP GLDORJXHV WKDW UHFRJQLVH� UHLYLQGLFDWH DQG YDOXH
DXWRFWRQRXV� ORFDO RU WUDQGLWLRQDO NQRZOHGJH �/HII� ����� WR FDWDO\VH WKH EHVW RXWFRPHV WR
UHJHQHUDWH VRLO KHDOWK� ,Q WKLV ZD\� WKH NQRZOHGJH FR�SURGXFWLRQ SURFHVVHV HQDFW PRUH
HTXLWDEOH DQG FROODERUDWLYH NQRZOHGJH GHYHORSPHQW� $QRWKHU LPSRUWDQW IDFWRU WR WDNH LQWR
DFFRXQW LV WKH DGDSWDWLRQ RI WKH PHWKRGRORJLHV DQG SURFHVVHV WR WKH QHHGV DQG FDSDELOLWLHV RI
WKH FRPPXQLW\ DQG UHVHDUFKHUV EHLQJ VHQVLWLYH WR WKH ORFDO SROLWLFDO FRQWH[WV� )XUWKHUPRUH�
WKH DQDO\VLV DOVR UHYHDOV SRWHQWLDO FKDOOHQJHV ZKLFK FDQ DULVH� VXFK DV WKH FXUUHQW VKRUW�WHUP
SURMHFW�EDVHG VFLHQFH DSSURDFK ZKLFK LV DW RGGV ZLWK WKH QHHGV RI DQ DJURHFRORJLFDO
WUDQVLWLRQ �3LPEHUW HW DO�� ������ 6LPLODU WR RWKHU UHVHDUFK� VKRUW�WHUPLVP LV IRXQG WR EH
GHWULPHQWDO WR SDUWLFLSDWRU\ DSSURDFKHV� DV WKHVH UHTXLUH ORQJ�WHUP UHODWLRQVKLSV RI WUXVW �DQG
UHFLSURFLW\� EHWZHHQ IDUPHUV DQG UHVHDUFKHU�DFWLYLVWV �+ROW�*LPpQH]� ����� 0pQGH] HW DO��
����� 6DFKHU HW DO�� ������ 7KH FDVH VWXGLHV DOVR UHYHDOHG WKDW FXOWXUH FDQ EH DQ LPSRUWDQW
EDUULHU IRU VXFFHVVIXO DSSOLFDWLRQ RI FHUWDLQ SDUWLFLSDWRU\ PHWKRGRORJLHV�

7KLV UHVHDUFK PDNHV D YDOXDEOH FRQWULEXWLRQ WR WKH H[LVWLQJ OLWHUDWXUH RQ VRLO KHDOWK�
DJURHFRORJ\� DQG SDUWLFLSDWRU\ NQRZOHGJH FR�SURGXFWLRQ� ,W H[WHQGV WKH GLVFRXUVH E\
VKHGGLQJ OLJKW RQ WKH WUDQVIRUPDWLYH SRWHQWLDO RI SDUWLFLSDWRU\ DSSURDFKHV ZLWKLQ
DJURHFRORJLFDO QHWZRUNV� VKRZFDVLQJ KRZ WKH LQWHJUDWLRQ RI LQGLJHQRXV ZLVGRP� FRPPXQLW\
HQJDJHPHQW� DQG VFLHQWLILF LQVLJKWV FDQ OHDG WR D KROLVWLF XQGHUVWDQGLQJ RI VRLO KHDOWK� %\
H[SORULQJ YDULRXV GLPHQVLRQV RI VRLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ� LQFOXGLQJ VHWWLQJV�
V\QWKHVLV� DQG GLIIXVLRQ� WKLV UHVHDUFK SURYLGHV D QXDQFHG SHUVSHFWLYH RQ WKH PXOWLIDFHWHG
QDWXUH RI SDUWLFLSDWRU\ SURFHVVHV ZLWKLQ DJURHFRORJLFDO QHWZRUNV� $GGLWLRQDOO\� WKLV VWXG\
XQGHUVFRUHV WKH DGDSWDELOLW\ RI NQRZOHGJH FR�SURGXFWLRQ VWUDWHJLHV WR ORFDO FRQWH[WV DQG
KLJKOLJKWV WKH SRWHQWLDO RI DQ DJURHFRORJLFDO WUDQVLWLRQ QRW RQO\ WR HQKDQFH VRLO KHDOWK EXW DOVR
WR HPSRZHU FRPPXQLWLHV� SDUWLFXODUO\ ZRPHQ� DQG FKDOOHQJH H[LVWLQJ SRZHU VWUXFWXUHV� ,W
DOVR XQGHUVFRUHV WKH LPSRUWDQFH RI DQFHVWUDO� LQGLJHQRXV� DQG WUDGLWLRQDO NQRZOHGJH LQ VRLO
UHJHQHUDWLRQ� DGYRFDWLQJ IRU LWV FRQVHUYDWLRQ DQG UHFRJQLWLRQ ZLWKLQ WKH DJURHFRORJLFDO
PRYHPHQW� 2YHUDOO� WKLV UHVHDUFK RIIHUV IUHVK LQVLJKWV DQG SUDFWLFDO LPSOLFDWLRQV IRU
UHVHDUFKHUV� SROLF\PDNHUV� DQG SUDFWLWLRQHUV VHHNLQJ WR DGYDQFH WKH DJURHFRORJLFDO WUDQVLWLRQ�

)XWXUH UHVHDUFK
6RLO UHVHDUFK KDV EHHQ XQGHUIXQGHG DQG VRLO LWVHOI KDV EHHQ XQGHUYDOXHG� 5DLVLQJ DZDUHQHVV
DERXW WKH LPSRUWDQFH RI WKH VRLO LV HVVHQWLDO� EXW DZDUHQHVV DORQH LV QRW HQRXJK� DFWLRQV DUH
UHTXLUHG WR XQGR WKH GDPDJH WKDW KDV EHHQ GRQH LQ D WLPHO\ PDQQHU� DV IDLOXUH WR DFW QRZ ZLOO
UHVXOW LQ PRUH VHYHUH ORVVHV RI OLYLQJ VRLO DV LW LV D QRQ�UHQHZDEOH UHVRXUFH� 7KLV LV ZK\
XQGHUVWDQGLQJ FDVHV OLNH 5HWH +XPXV DQG 1DYGDQ\D QDUUDWH VWRULHV RI DFWLRQ DQG SURFHVVHV
RI HPSRZHUPHQW ZKLFK HOXFLGDWH ZD\V DQG SUDFWLFHV WR LQVSLUH XV WR ILQG DQG VWDUW RXU RZQ
SURFHVVHV RI WUDQVIRUPDWLRQ LQ RXU IRRG V\VWHPV DQG LQ VRFLHW\ DV D ZKROH� :KLOH VWUXFWXUDO
EDUULHUV H[LVW� FROOHFWLYH DFWLRQ DQG RUJDQLVDWLRQ FDQ WDNH XV IXUWKHU DQG FORVHU WR QHWZRUNV
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DQG VRFLDO PRYHPHQWV WKDW FUHDWH WKH QHZ UHJHQHUDWLYH VWUXFWXUHV QHHGHG WR UHDOO\ DGGUHVV WKH
VXVWDLQDELOLW\ FKDOOHQJH RI KHDOLQJ RXU VRLOV�

$V PDQ\ RWKHU UHVHDUFKHUV KDYH DOUHDG\ SRLQWHG RXW �6DFKHU HW DO�� ����� 8WWHU� $� HW DO�
������ WKHUH LV D VLJQLILFDQW UHVHDUFK JDS LQ XQGHUVWDQGLQJ WKH VSHFLILF FRQWH[WV DQG
SHUVSHFWLYHV WKDW DOORZ WKH LPSOHPHQWDWLRQ RI DQ DJURHFRORJLFDO WUDQVLWLRQ DFURVV
JHRJUDSKLFDO VFDOHV� ERWK LQ WHUPV RI WKH UHVHDUFK RQ DJURHFRORJ\ DV ZHOO DV IRU SDUWLFLSDWRU\
NQRZOHGJH FR�FUHDWLRQ SURFHVVHV� 7KLV W\SH RI UHVHDUFK UHTXLUHV DQ HQYLURQPHQW LQ ZKLFK
PRUH GHPRFUDWLF GHFLVLRQ PDNLQJ DSSURDFKHV DUH IRVWHUHG �3LPEHUW� ������ ZKLFK IDFLOLWDWH
WKH GHYHORSPHQW RI ORQJ�WHUP YLVLRQV DQG FROOHFWLYH DFWLRQ� $OORZLQJ IRU WKH FUHDWLRQ RI
SURFHVVHV DQG VSDFHV ZKHUH DJURHFRORJLFDO UHVHDUFK FDQ WDNH SODFH DQG LQ ZKLFK IRRG
V\VWHPV WUDQVIRUPDWLRQ FDQ EH FDWDO\VHG LQ WKH ORQJ UXQ�

)XUWKHU UHVHDUFK VKRXOG FRQWLQXH VWXG\LQJ WKH HPDQFLSDWRU\ SURFHVVHV RI NQRZOHGJH
FR�SURGXFWLRQ LQ VRLO KHDOWK ZLWKLQ DJURHFRORJLFDO QHWZRUNV DFURVV GLIIHUHQW JHRJUDSKLFDO
DUHDV DQG VFDOHV� .QRZOHGJH FR�SURGXFWLRQ SURFHVVHV IRU VRLO KHDOWK NQRZOHGJH
FR�SURGXFWLRQ FDQ JHQHUDWH XVDEOH NQRZOHGJH IRU VRLO KHDOWK UHJHQHUDWLRQ� 7KHVH SURFHVVHV
UHTXLUH D FDUHIXO DQG WUDQVSDUHQW GHVLJQ ZLWK FOHDU JRDOV DQG DGDSWDEOH SURFHGXUHV LQ RUGHU WR
SURGXFH NQRZOHGJH RXWSXWV ZKLFK PHHW WKH QHHGV RI WKH LQWHQGHG GHFLVLRQ PDNHUV�
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%LEOLRJUDSK\

&KDSWHU �
$OWLHUL� 0� $�� 	 1LFKROOV� &� ,� ������� $SSO\LQJ DJURHFRORJLFDO FRQFHSWV WR GHYHORSPHQW RI
HFRORJLFDOO\ EDVHG SHVW PDQDJHPHQW VWUDWHJLHV� 3URIHVVLRQDO 6RFLHWLHV DQG (FRORJLFDOO\
%DVHG 3HVW 0DQDJHPHQW� 1DWLRQDO $FDGHP\ 3UHVV� :DVKLQJWRQ� '&� ������

$OWLHUL� 0� $�� )XQHV�0RQ]RWH� )� 5�� 	 3HWHUVHQ� 3� ������� $JURHFRORJLFDOO\ HIILFLHQW
DJULFXOWXUDO V\VWHPV IRU VPDOOKROGHU IDUPHUV� FRQWULEXWLRQV WR IRRG VRYHUHLJQW\� $JURQRP\
IRU VXVWDLQDEOH GHYHORSPHQW� ��� �����

$QGHUVRQ� &� 5�� 0DXJKDQ� &�� 	 3LPEHUW� 0� 3� ������� 7UDQVIRUPDWLYH DJURHFRORJ\
OHDUQLQJ LQ (XURSH� EXLOGLQJ FRQVFLRXVQHVV� VNLOOV DQG FROOHFWLYH FDSDFLW\ IRU IRRG
VRYHUHLJQW\� ,Q &ULWLFDO DGXOW HGXFDWLRQ LQ IRRG PRYHPHQWV �SS� ������� &KDP� 6SULQJHU
1DWXUH 6ZLW]HUODQG�

&DURODQ� 0� 6� ������� 6XVWDLQDEOH DJULFXOWXUH� VFLHQFH DQG WKH FR�SURGXFWLRQ RI µH[SHUW¶
NQRZOHGJH� 7KH YDOXH RI LQWHUDFWLRQDO H[SHUWLVH� /RFDO HQYLURQPHQW� ������ ��������

&DPSEHOO� %� 0�� %HDUH� '� -�� %HQQHWW� (� 0�� +DOO�6SHQFHU� -� 0�� ,QJUDP� -� 6� ,�� -DUDPLOOR�
)�� HW DO� ������� $JULFXOWXUH SURGXFWLRQ DV D PDMRU GULYHU RI WKH (DUWK V\VWHP H[FHHGV
SODQHWDU\ ERXQGDULHV� (FRO� 6RF� ��� �� GRL� ��������(6��������������

&KDPEHUV� 5�� 	 *KLOG\DO� %� 3� ������� $JULFXOWXUDO UHVHDUFK IRU UHVRXUFH�SRRU IDUPHUV� WKH
IDUPHU�ILUVW�DQG�ODVW PRGHO� $JULFXOWXUDO DGPLQLVWUDWLRQ� ������ �����

&KDYDUULD� '� 1�� 3pUH]�%UDQGDQ� &�� 6HUUL� '� /�� 0HULOHV� -� 0�� 5HVWRYLFK� 6� %�� $QGULXOR�
$� (�� ��� 	 9DUJDV�*LO� 6� ������� 5HVSRQVH RI VRLO PLFURELDO FRPPXQLWLHV WR DJURHFRORJLFDO
YHUVXV FRQYHQWLRQDO V\VWHPV RI H[WHQVLYH DJULFXOWXUH� $JULFXOWXUH� (FRV\VWHPV 	
(QYLURQPHQW� ���� ����

%RXPD� -� ������� 7UDQVIRUPLQJ OLYLQJ ODEV LQWR OLJKWKRXVHV� D SURPLVLQJ SROLF\ WR DFKLHYH
ODQG�UHODWHG VXVWDLQDEOH GHYHORSPHQW� 6RLO� ����� ��������

(XURSHDQ &RPPLVVLRQ� 'LUHFWRUDWH�*HQHUDO IRU 5HVHDUFK DQG ,QQRYDWLRQ� �������
&RPPXQLFDWLRQ DQG FLWL]HQ HQJDJHPHQW LQLWLDWLYHV LQ OLQH ZLWK WKH +RUL]RQ (XURSH 0LVVLRQ
$ 6RLO 'HDO IRU (XURSH� 5HSRUW RQ GLVVHPLQDWLRQ DQG H[SORLWDWLRQ SUDFWLFHV LQ 0HPEHU 6WDWHV
DQG DVVRFLDWHG FRXQWULHV�

(XURSHDQ &RPPLVVLRQ� 'LUHFWRUDWH�*HQHUDO IRU 5HVHDUFK DQG ,QQRYDWLRQ� ������� 6RLO KHDOWK
DQG IRRG� )RUHVLJKW RQ GHPDQG EULHI LQ VXSSRUW RI WKH +RUL]RQ (XURSH PLVVLRQ ERDUG�
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+HDG� -� 6�� &URFNDWW� 0� (�� 'LGDUDOL� =�� :RRGZDUG� 0� -�� 	 (PPHWW� %� $� ������� 7KH
UROH RI FLWL]HQ VFLHQFH LQ PHHWLQJ 6'* WDUJHWV DURXQG VRLO KHDOWK� 6XVWDLQDELOLW\� �������
������

,3(6 IRRG DQG (7& *URXS ������� $ /RQJ )RRG 0RYHPHQW� 7UDQVIRUPLQJ )RRG 6\VWHPV E\
����� ,3(6�)RRG� $YDLODEOH RQOLQH DW� KWWS���ZZZ�LSHV�IRRG�RUJ�SDJHV� /RQJ)RRG0RYHPHQW
�DFFHVVHG -XQH �� ������

-DVDQRII� 6� �(G��� ������� 6WDWHV RI NQRZOHGJH� WKH FR�SURGXFWLRQ RI VFLHQFH DQG WKH VRFLDO
RUGHU� 5RXWOHGJH�

.HOLQVN\�-RQHV� /� 5� ������� $JURHFRORJ\� DGYDQFLQJ LQFOXVLYH NQRZOHGJH FR�SURGXFWLRQ
ZLWK VRFLHW\� $JULFXOWXUH DQG +XPDQ 9DOXHV� ������ ����������

.LQGRQ� 6�� 3DLQ� 5�� 	 .HVE\� 0� �(GV��� ������� 3DUWLFLSDWRU\ DFWLRQ UHVHDUFK DSSURDFKHV
DQG PHWKRGV� &RQQHFWLQJ SHRSOH� SDUWLFLSDWLRQ DQG SODFH�

/DO� 5� ������� $JULFXOWXUDO DFWLYLWLHV DQG WKH JOREDO FDUERQ F\FOH� 1XWULHQW F\FOLQJ LQ
DJURHFRV\VWHPV� ��� ��������

/HPDQFHDX� 3�� 0DURQ� 3� $�� 0D]XULHU� 6�� 0RXJHO� &�� 3LYDWR� %�� 3ODVVDUW� 3�� ��� 	 :LSI� '�
������� 8QGHUVWDQGLQJ DQG PDQDJLQJ VRLO ELRGLYHUVLW\� D PDMRU FKDOOHQJH LQ DJURHFRORJ\�
$JURQRP\ IRU 6XVWDLQDEOH 'HYHORSPHQW� ��� ������

/|EPDQQ� 0� 7�� 0DULQJ� /�� 3URNRS� *�� %ULOV� -�� %HQGHU� -�� %LVSR� $�� 	 +HOPLQJ� .�
������� 6\VWHPV NQRZOHGJH IRU VXVWDLQDEOH VRLO DQG ODQG PDQDJHPHQW� 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW� ���� �������

0DXJKDQ� &�� 	 $QGHUVRQ� &� 5� ³$ VKDUHG KXPDQ HQGHDYRXU´� IDUPHU SDUWLFLSDWLRQ DQG
NQRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJLFDO UHVHDUFK� )URQWLHUV LQ 6XVWDLQDEOH )RRG 6\VWHPV�
�� ��������

0pQGH]� 9� (�� %DFRQ� &� 0�� 	 &RKHQ� 5� ������� $JURHFRORJ\ DV D WUDQVGLVFLSOLQDU\�
SDUWLFLSDWRU\� DQG DFWLRQ�RULHQWHG DSSURDFK� $JURHFRORJ\ DQG 6XVWDLQDEOH )RRG 6\VWHPV�
������ �����

0pQGH]� 9� (�� &DVZHOO� 0�� *OLHVVPDQ� 6� 5�� 	 &RKHQ� 5� ������� ,QWHJUDWLQJ DJURHFRORJ\
DQG SDUWLFLSDWRU\ DFWLRQ UHVHDUFK �3$5�� /HVVRQV IURP &HQWUDO $PHULFD� 6XVWDLQDELOLW\� �����
����

0DOPERUJ� .�� :DOOLQ� ,�� %UXNDV� 9�� 'R� 7�� /RGLQ� ,�� 1HVHW� 7� 6�� ��� 	 7RQGHUVNL� .�
������� .QRZOHGJH FR�SURGXFWLRQ LQ WKH +HOJH n FDWFKPHQW� D FRPSDUDWLYH DQDO\VLV�
(FRV\VWHPV DQG 3HRSOH� ������ ��������

��



1RUVWU|P� $� 9�� &YLWDQRYLF� &�� /|I� 0� )�� :HVW� 6�� :\ERUQ� &�� %DOYDQHUD� 3�� ��� 	
gVWHUEORP� +� ������� 3ULQFLSOHV IRU NQRZOHGJH FR�SURGXFWLRQ LQ VXVWDLQDELOLW\ UHVHDUFK�
1DWXUH VXVWDLQDELOLW\� ����� ��������

3DWHO� 5� ������� 7KH ORQJ JUHHQ UHYROXWLRQ� 7KH -RXUQDO RI 3HDVDQW 6WXGLHV� ������ �����

3UDJHU� .�� 	 0F.HH� $� ������� &R�SURGXFWLRQ RI NQRZOHGJH LQ VRLOV JRYHUQDQFH�
,QWHUQDWLRQDO -RXUQDO RI 5HJLRQDO� 5XUDO DQG 5HPRWH /DZ DQG 3ROLF\� ���� ������

3UDJHU� .�� 	 0F.HH� $� ������� &R�SURGXFWLRQ RI NQRZOHGJH LQ VRLOV JRYHUQDQFH�
,QWHUQDWLRQDO -RXUQDO RI 5HJLRQDO� 5XUDO DQG 5HPRWH /DZ DQG 3ROLF\� ���� ������

6FKDUOHPDQQ� -� 3�� 7DQQHU� (� 9�� +LHGHUHU� 5�� 	 .DSRV� 9� ������� *OREDO VRLO FDUERQ�
XQGHUVWDQGLQJ DQG PDQDJLQJ WKH ODUJHVW WHUUHVWULDO FDUERQ SRRO� &DUERQ PDQDJHPHQW� �����
������

6FKQHLGHU� &�� '|KOHU� 6�� 2KPDQQ� /�� 	 :ROOVFKOlJHU� 8� ������ 0D\�� &DQ ZH XVH FLWL]HQ
VFLHQFH WR XSVFDOH VRLO GDWD FROOHFWLRQ"� ,Q (*8 *HQHUDO $VVHPEO\ &RQIHUHQFH $EVWUDFWV �S�
�������

6KLYD� 9�� /RFNKDUW� &�� 	 6KURII� 5� ������� 7HUUD 9LYD� RXU VRLO RXU FRPPRQV RXU IXWXUH
0DQLIHVWR RI VHHG IUHHGRP� 1DYGDQ\D ,QWHUQDWLRQDO�

7DEDVKQLN� %� (�� 	 &DUULqUH� <� ������� 6XUJH LQ LQVHFW UHVLVWDQFH WR WUDQVJHQLF FURSV DQG
SURVSHFWV IRU VXVWDLQDELOLW\� 1DWXUH %LRWHFKQRORJ\� ������� ��������

8WWHU� $�� :KLWH� $�� 0pQGH]� 9� (�� 	 0RUULV� .� ������� &R�FUHDWLRQ RI NQRZOHGJH LQ
DJURHFRORJ\� (OHP 6FL $QWK� ����� ������

9DQGHUPHHU� -�� 	 3HUIHFWR� ,� ������� &RPSOH[ WUDGLWLRQV� ,QWHUVHFWLQJ WKHRUHWLFDO
IUDPHZRUNV LQ DJURHFRORJLFDO UHVHDUFK� $JURHFRORJ\ DQG 6XVWDLQDEOH )RRG 6\VWHPV� ������
������

9HHUPDQ� &� 3� ������� $FWLYLW\ XSGDWH RI WKH 0LVVLRQ %RDUG RI (XURSHDQ 8QLRQ RQ 6RLO
+HDOWK DQG )RRG� 6RLO 	 (QYLURQPHQWDO +HDOWK� �������

&KDSWHU �

$OWLHUL� 0� $�� 	 1LFKROOV� &� ,� ������� 6RLO IHUWLOLW\ PDQDJHPHQW DQG LQVHFW SHVWV�
KDUPRQL]LQJ VRLO DQG SODQW KHDOWK LQ DJURHFRV\VWHPV� 6RLO DQG 7LOODJH 5HVHDUFK� ������
��������

��



$QGHUVRQ� &� 5�� 0DXJKDQ� &�� 	 3LPEHUW� 0� 3� ������� 7UDQVIRUPDWLYH DJURHFRORJ\
OHDUQLQJ LQ (XURSH� EXLOGLQJ FRQVFLRXVQHVV� VNLOOV DQG FROOHFWLYH FDSDFLW\ IRU IRRG
VRYHUHLJQW\� ,Q &ULWLFDO DGXOW HGXFDWLRQ LQ IRRG PRYHPHQWV �SS� ������� &KDP� 6SULQJHU
1DWXUH 6ZLW]HUODQG�

%HUJTXLVW� '� $�� &DYDOHWW� 2�� 	 5\GEHUJ� 7� ������� 3DUWLFLSDWRU\ HPHUJ\ V\QWKHVLV RI
LQWHJUDWHG IRRG DQG ELRIXHO SURGXFWLRQ� D FDVH VWXG\ IURP %UD]LO� (QYLURQPHQW� 'HYHORSPHQW
DQG 6XVWDLQDELOLW\� ��� ��������

&RROVDHW� %� ������� 7RZDUGV DQ DJURHFRORJ\ RI NQRZOHGJH� 5HFRJQLWLRQ� FRJQLWLYH MXVWLFH
DQG IDUPHUV¶ DXWRQRP\ LQ )UDQFH� -RXUQDO RI 5XUDO 6WXGLHV� ��� ��������

%HQQHWW� /� 7�� 0HOH� 3� 0�� $QQHWW� 6�� 	 .DVHO� 6� ������� ([DPLQLQJ OLQNV EHWZHHQ VRLO
PDQDJHPHQW� VRLO KHDOWK� DQG SXEOLF EHQHILWV LQ DJULFXOWXUDO ODQGVFDSHV� DQ $XVWUDOLDQ
SHUVSHFWLYH� $JULFXOWXUH� (FRV\VWHPV 	 (QYLURQPHQW� ��������� �����
%RQIDQWH� $�� %DVLOH� $�� 	 %RXPD� -� ������� 7DUJHWLQJ WKH VRLO TXDOLW\ DQG VRLO KHDOWK
FRQFHSWV ZKHQ DLPLQJ IRU WKH 8QLWHG 1DWLRQV 6XVWDLQDEOH 'HYHORSPHQW *RDOV DQG WKH (8
*UHHQ 'HDO� 6RLO� ����� ��������

%RXPD� -�� 	 0F%UDWQH\� $� ������� )UDPLQJ VRLOV DV DQ DFWRU ZKHQ GHDOLQJ ZLWK ZLFNHG
HQYLURQPHQWDO SUREOHPV� *HRGHUPD� ���� ��������

&ODUN� :� &� ������� 0DQDJLQJ SODQHW HDUWK� ,Q *OREDO &OLPDWH &KDQJH� 7KH (FRQRPLF &RVWV
RI 0LWLJDWLRQ DQG $GDSWDWLRQ �SS� ������� 'RUGUHFKW� 6SULQJHU 1HWKHUODQGV�

'H 6RXVD 6DQWRV� %� ������� 8QD HSLVWHPRORJtD GHO VXU� OD UHLQYHQFLyQ GHO FRQRFLPLHQWR \ OD
HPDQFLSDFLyQ VRFLDO� 6LJOR [[L�

'RUDQ� -� :� ������� 6RLO KHDOWK DQG JOREDO VXVWDLQDELOLW\� WUDQVODWLQJ VFLHQFH LQWR SUDFWLFH�
$JULFXOWXUH� HFRV\VWHPV 	 HQYLURQPHQW� ������ ��������

)RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV� ������� *OREDO 6RLO 3DUWQHUVKLS�
)$2� KWWS���ZZZ�IDR�RUJ�JOREDO�VRLO�SDUWQHUVKLS� �$FFHVVHG $XJXVW ��� �����

)UDQFLV� &�� /LHEOHLQ� *�� *OLHVVPDQ� 6�� %UHODQG� 7� $�� &UHDPHU� 1�� +DUZRRG� 5�� ��� 	
3RLQFHORW� 5� ������� $JURHFRORJ\� 7KH HFRORJ\ RI IRRG V\VWHPV� -RXUQDO RI VXVWDLQDEOH
DJULFXOWXUH� ������ �������

*LUDOGR� 2� )�� 	 5RVVHW� 3� 0� ������� (PDQFLSDWRU\ DJURHFRORJLHV� VRFLDO DQG SROLWLFDO
SULQFLSOHV� 7KH -RXUQDO RI 3HDVDQW 6WXGLHV� ������ ��������

*OLHVVPDQ� 6� ������� 7UDQVIRUPLQJ IRRG V\VWHPV ZLWK DJURHFRORJ\� $JURHFRORJ\ DQG
VXVWDLQDEOH IRRG V\VWHPV� ������ ��������

��



*OLHVVPDQ� 6� 5�� 0pQGH]� 9� (�� ,]]R� 9� 0�� 	 (QJOHV� (� :� ������� $JURHFRORJ\� /HDGLQJ
WKH WUDQVIRUPDWLRQ WR D MXVW DQG VXVWDLQDEOH IRRG V\VWHP� &5& 3UHVV�

*OLHVVPDQ� 6� 5� ������� 'HILQLQJ DJURHFRORJ\� $JURHFRO 6XVWDLQ )RRG 6\VW ��� ���±����

*RQ]iOH] /DJR� 0� ������� 5H�,PDJLQLQJ VRLOV VXVWDLQDEOH IXWXUHV� D FULWLFDO LQTXLU\ DW WKH
VFLHQFH�SROLF\ LQWHUIDFH IRU VRLOV UH�SROLWLFLVDWLRQ �'RFWRUDO GLVVHUWDWLRQ��

+HDG� -� 6�� &URFNDWW� 0� (�� 'LGDUDOL� =�� :RRGZDUG� 0� -�� 	 (PPHWW� %� $� ������� 7KH
UROH RI FLWL]HQ VFLHQFH LQ PHHWLQJ 6'* WDUJHWV DURXQG VRLO KHDOWK� 6XVWDLQDELOLW\� �������
������

+ROW�*LPpQH]� (� ������� 0HDVXULQJ IDUPHUV¶ DJURHFRORJLFDO UHVLVWDQFH DIWHU +XUULFDQH
0LWFK LQ 1LFDUDJXD� D FDVH VWXG\ LQ SDUWLFLSDWRU\� VXVWDLQDEOH ODQG PDQDJHPHQW LPSDFW
PRQLWRULQJ� $JULFXOWXUH� (FRV\VWHPV 	 (QYLURQPHQW� �������� �������

-DQ]HQ� +� +�� -DQ]HQ� '� :�� 	 *UHJRULFK� (� *� ������� 7KH µVRLO KHDOWK¶PHWDSKRU�
,OOXPLQDWLQJ RU LOOXVRU\"� 6RLO %LRORJ\ DQG %LRFKHPLVWU\� ���� �������

.LEEOHZKLWH� 0� *�� 5LW]� .�� 	 6ZLIW� 0� -� ������� 6RLO KHDOWK LQ DJULFXOWXUDO V\VWHPV�
3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO 6FLHQFHV� ���������� ��������

/DO� 5�� +RUQ� 5�� 	 .RVDNL� 7� ������� 6RLO DQG VXVWDLQDEOH GHYHORSPHQW JRDOV�

/HII� (� ������� $YHQWXUDV GH OD (SLVWHPRORJtD $PELHQWDO� 'H OD DUWLFXODFLyQ GH &LHQFLDV DO
'LiORJR GH 6DEHUHV� 6LJOR ;;,�

/HKPDQQ� -�� %RVVLR� '� $�� .|JHO�.QDEQHU� ,�� 	 5LOOLJ� 0� &� ������� 7KH FRQFHSW DQG
IXWXUH SURVSHFWV RI VRLO KHDOWK� 1DWXUH 5HYLHZV (DUWK 	 (QYLURQPHQW� ������ ��������

/RFRQWR� $� 0�� 	 )RXLOOHX[� (� ������� 'HILQLQJ DJURHFRORJ\� ([SORULQJ WKH FLUFXODWLRQ RI
NQRZOHGJH LQ )$2¶V *OREDO 'LDORJXH� 7KH ,QWHUQDWLRQDO MRXUQDO RI VRFLRORJ\ RI DJULFXOWXUH
DQG IRRG� ������ ��������
6FRRQHV� ,� ������� 7UDQVIRUPLQJ VRLOV� 7UDQVGLVFLSOLQDU\ SHUVSHFWLYHV DQG SDWKZD\V WR
VXVWDLQDELOLW\� &XUUHQW 2SLQLRQ LQ (QYLURQPHQWDO 6XVWDLQDELOLW\� ��� ������

/RSH]�*DUFLD� '�� &XHOODU�3DGLOOD� 0�� GH $]HYHGR 2OLYDO� $�� /DUDQMHLUD� 1� 3�� 0pQGH]� 9�
(�� \ 3DUDGD� 6� 3�� ��� 	 7HQGHUR�$FtQ� *� ������� %XLOGLQJ DJURHFRORJ\ ZLWK SHRSOH�
&KDOOHQJHV RI SDUWLFLSDWRU\ PHWKRGV WR GHHSHQ WKH DJURHFRORJLFDO WUDQVLWLRQ LQ GLIIHUHQW
FRQWH[WV� -RXUQDO RI 5XUDO 6WXGLHV� ��� ��������

0DUWtQH] 7RUUHV� 0� (�� 	 5RVVHW� 3� 0� ������� 'LiORJR GH VDEHUHV� /D FRQVWUXFFLyQ
FROHFWLYD GH OD VREHUDQtD DOLPHQWDULD \ OD DJURHFRORJtD HQ /D 9tD &DPSHVLQD� 6REHUDQtD
$OLPHQWDULD� XQ GLiORJR FUtWLFR� ��������

��



0DXJKDQ� &�� 	 $QGHUVRQ� &� 5� ������� ³$ VKDUHG KXPDQ HQGHDYRU´� IDUPHU SDUWLFLSDWLRQ
DQG NQRZOHGJH FR�SURGXFWLRQ LQ DJURHFRORJLFDO UHVHDUFK� )URQWLHUV LQ 6XVWDLQDEOH )RRG
6\VWHPV� �� ��������

0F%UDWQH\� $�� )LHOG� '� -�� 	 .RFK� $� ������� 7KH GLPHQVLRQV RI VRLO VHFXULW\� *HRGHUPD�
���� ��������

0pQGH]� 9� (�� 	 0RUULV� .� ������� &R�FUHDWLRQ RI NQRZOHGJH LQ DJURHFRORJ\� (OHP 6FL
$QWK� ����� ������

0LVUD� 0� ������� 0RYLQJ DZD\ IURP WHFKQRFUDWLF IUDPLQJ� DJURHFRORJ\ DQG IRRG
VRYHUHLJQW\ DV SRVVLEOH DOWHUQDWLYHV WR DOOHYLDWH UXUDO PDOQXWULWLRQ LQ %DQJODGHVK� $JULFXOWXUH
DQG +XPDQ 9DOXHV� ��� ��������

1LFKROOV� &� ,�� $OWLHUL� 0� $�� 'H]DQHW� $�� /DQD� 0�� )HLVWDXHU� '�� 	 2XULTXHV� 0� ������� $
UDSLG� IDUPHU�IULHQGO\ DJURHFRORJLFDO PHWKRG WR HVWLPDWH VRLO TXDOLW\ DQG FURS KHDOWK LQ
YLQH\DUG V\VWHPV� %LRG\QDPLFV� ������

1RUVWU|P� $� 9�� &YLWDQRYLF� &�� /|I� 0� )�� :HVW� 6�� :\ERUQ� &�� %DOYDQHUD� 3�� ��� 	
gVWHUEORP� +� ������� 3ULQFLSOHV IRU NQRZOHGJH FR�SURGXFWLRQ LQ VXVWDLQDELOLW\ UHVHDUFK�
1DWXUH VXVWDLQDELOLW\� ����� ��������

0RQWDQDUHOOD� /�� %DGUDRXL� 0�� &KXGH� 9�� %DSWLVWD &RVWD� ,� '� 6�� 0DPR� 7�� <HPHIDFN� 0��
��� 	 0F.HQ]LH� 1� ������� 6WDWXV RI WKH ZRUOG¶V VRLO UHVRXUFHV 0DLQ 5HSRUW�

1RUULV� &� (�� %HDQ� *� 0�� &DSSHOOD]]L� 6� %�� &RSH� 0�� *UHXE� .� /�� /LSW]LQ� '�� ��� 	
+RQH\FXWW� &� :� ������� ,QWURGXFLQJ WKH 1RUWK $PHULFDQ SURMHFW WR HYDOXDWH VRLO KHDOWK
PHDVXUHPHQWV� $JURQRP\ -RXUQDO� ������� ����������

1J� (� /�� 	 =KDQJ� -� ������� 7KH VHDUFK IRU WKH PHDQLQJ RI VRLO KHDOWK� /HVVRQV IURP
KXPDQ KHDOWK DQG HFRV\VWHP KHDOWK� 6XVWDLQDELOLW\� ������� �����

3HDNH� /�� 	 5REE� &� ������� 6DYLQJ WKH JURXQG EHQHDWK RXU IHHW� (VWDEOLVKLQJ SULRULWLHV DQG
FULWHULD IRU JRYHUQLQJ VRLO XVH DQG SURWHFWLRQ� 5R\DO 6RFLHW\ 2SHQ 6FLHQFH� ������ �������

3LQR� 9�� 0F%UDWQH\� $�� 2
%ULHQ� (�� 6LQJK� .�� 	 3R]]D� /� ������� &LWL]HQ VFLHQFH 	 VRLO
FRQQHFWLYLW\� :KHUH DUH ZH"� 6RLO 6HFXULW\� �� �������

3UDJHU� .�� 	 0F.HH� $� ������� &R�SURGXFWLRQ RI NQRZOHGJH LQ VRLOV JRYHUQDQFH�
,QWHUQDWLRQDO -RXUQDO RI 5HJLRQDO� 5XUDO DQG 5HPRWH /DZ DQG 3ROLF\� ���� ������

��



6DFKHW� (�� 0HUW]� 2�� /H &RT� -� )�� &UX]�*DUFLD� *� 6�� )UDQFHVFRQL� :�� %RQLQ� 0�� 	
4XLQWHUR� 0� ������� $JURHFRORJLFDO WUDQVLWLRQV� $ V\VWHPDWLF UHYLHZ RI UHVHDUFK DSSURDFKHV
DQG SURVSHFWV IRU SDUWLFLSDWRU\ DFWLRQ PHWKRGV� )URQWLHUV LQ 6XVWDLQDEOH )RRG 6\VWHPV� ��
�������

6KLYD� 9�� 	 /HX� $� ������� %LRGLYHUVLW\� $JURHFRORJ\� 5HJHQHUDWLYH 2UJDQLF $JULFXOWXUH�
6XVWDLQDEOH 6ROXWLRQV IRU +XQJHU� 3RYHUW\ DQG &OLPDWH &KDQJH� :HVWYLOOH 3XEOLVKLQJ +RXVH�

6LPRQ� 6�� /HVXHXU�-DQQR\HU� 0�� 3OpQHW� '�� /DXUL� 3� e�� 	 /H %HOOHF� )� �������
0HWKRGRORJ\ WR GHVLJQ DJURHFRORJLFDO RUFKDUGV� /HDUQLQJV IURP RQ�VWDWLRQ DQG RQ�IDUP
H[SHULHQFHV� (XURSHDQ -RXUQDO RI $JURQRP\� ��� ��������

8WWHU� $�� :KLWH� $�� 0pQGH]� 9� (�� 	 0RUULV� .� ������� &R�FUHDWLRQ RI NQRZOHGJH LQ
DJURHFRORJ\� (OHP 6FL $QWK� ����� ������

:DGRX[� $� 0� &�� 	 0F%UDWQH\� $� %� ������� 3DUWLFLSDWRU\ DSSURDFKHV IRU VRLO UHVHDUFK
DQG PDQDJHPHQW� $ OLWHUDWXUH�EDVHG V\QWKHVLV� 6RLO 6HFXULW\� �������

:H]HO� $�� %HOORQ� 6�� 'RUp� 7�� )UDQFLV� &�� 9DOORG� '�� 	 'DYLG� &� ������� $JURHFRORJ\ DV D
VFLHQFH� D PRYHPHQW DQG D SUDFWLFH� $ UHYLHZ� $JURQRP\ IRU VXVWDLQDEOH GHYHORSPHQW� ���
��������

:RRG� 0�� 	 /LWWHULFN� $� 0� ������� 6RLO KHDOWK±:KDW VKRXOG WKH GRFWRU RUGHU"� 6RLO 8VH
DQG 0DQDJHPHQW� ������ ��������

&KDSWHUV � DQG �

$OWLHUL� 0� $� ������� 'HYHORSLQJ DQG SURPRWLQJ DJURHFRORJLFDO LQQRYDWLRQV ZLWKLQ FRXQWU\
SURJUDP VWUDWHJLHV WR DGGUHVV DJURHFRV\VWHP UHVLOLHQFH LQ SURGXFWLRQ ODQGVFDSHV� D JXLGH�
%HUNHOH\� &$� 8QLYHUVLW\ RI &DOLIRUQLD�

&DVK� '� :�� &ODUN� :� &�� $OFRFN� )�� 'LFNVRQ� 1� 0�� (FNOH\� 1�� *XVWRQ� '� +�� ��� 	
0LWFKHOO� 5� %� ������� .QRZOHGJH V\VWHPV IRU VXVWDLQDEOH GHYHORSPHQW� 3URFHHGLQJV RI WKH
QDWLRQDO DFDGHP\ RI VFLHQFHV� �������� ����������

&KDWWHUWRQ� 3�� 2ZHQ� $�� &XWWHU� -�� '\PVNL� *�� 	 8QVZRUWK� 5� ������� 5HFDVWLQJ XUEDQ
JRYHUQDQFH WKURXJK /HHGV &LW\ /DE� 'HYHORSLQJ DOWHUQDWLYHV WR QHROLEHUDO XUEDQ DXVWHULW\ LQ
FR䇲SURGXFWLRQ ODERUDWRULHV� ,QWHUQDWLRQDO -RXUQDO RI 8UEDQ DQG 5HJLRQDO 5HVHDUFK� ������
��������

&KDUOL�-RVHSK� /�� 6LTXHLURV�*DUFLD� -� 0�� (DNLQ� +�� 0DQXHO�1DYDUUHWH� '�� 	 6KHOWRQ� 5�
������� 3URPRWLQJ DJHQF\ IRU VRFLDO�HFRORJLFDO WUDQVIRUPDWLRQ� (FRORJ\ DQG 6RFLHW\� ������

��



&KDPEHUV� -� 0�� :\ERUQ� &�� .OHQN� 1� /�� 5\DQ� 0�� 6HUEDQ� $�� %HQQHWW� 1� -�� ��� 	
5RQGHDX� 5� ������� &R�SURGXFWLYH DJLOLW\ DQG IRXU FROODERUDWLYH SDWKZD\V WR VXVWDLQDELOLW\
WUDQVIRUPDWLRQV� *OREDO (QYLURQPHQWDO &KDQJH� ��� �������

&KDPEHUV� -� 0�� :\ERUQ� &�� 5\DQ� 0� (�� 5HLG� 5� 6�� 5LHFKHUV� 0�� 6HUEDQ� $�� ��� 	
3LFNHULQJ� 7� ������� 6L[ PRGHV RI FR�SURGXFWLRQ IRU VXVWDLQDELOLW\� 1DWXUH 6XVWDLQDELOLW\�
������ ��������

&KULVWLH� 3�� %HQQHWW� 1� -�� *UD\� 1� -�� :LOKHOP� 7� $�� /HZLV� 1� $�� 3DUNV� -�� ��� 	
)ULHGODQGHU� $� 0� ������� :K\ SHRSOH PDWWHU LQ RFHDQ JRYHUQDQFH� ,QFRUSRUDWLQJ KXPDQ
GLPHQVLRQV LQWR ODUJH�VFDOH PDULQH SURWHFWHG DUHDV� 0DULQH 3ROLF\� ��� ��������

&ODUN� :� &�� 9DQ .HUNKRII� /�� /HEHO� /�� 	 *DOORSLQ� *� &� ������� &UDIWLQJ XVDEOH
NQRZOHGJH IRU VXVWDLQDEOH GHYHORSPHQW� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV�
�������� ����������

%ODFNVWRFN� .� /�� .HOO\� *� -�� 	 +RUVH\� %� /� ������� 'HYHORSLQJ DQG DSSO\LQJ D
IUDPHZRUN WR HYDOXDWH SDUWLFLSDWRU\ UHVHDUFK IRU VXVWDLQDELOLW\� (FRORJLFDO HFRQRPLFV� ������
��������

)RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV� ������� $JURHFRORJ\ 2YHUYLHZ�
KWWS���ZZZ�IDR�RUJ�DJURHFRORJ\�RYHUYLHZ�HQ� �$FFHVVHG 6HSWHPEHU �� ������

+DUYH\� %�� &RFKUDQH� /�� 	 9DQ (SS� 0� ������� &KDUWLQJ NQRZOHGJH FR䇲SURGXFWLRQ
SDWKZD\V LQ FOLPDWH DQG GHYHORSPHQW� (QYLURQPHQWDO 3ROLF\ DQG *RYHUQDQFH� ������
��������

0DOPERUJ� .�� :DOOLQ� ,�� %UXNDV� 9�� 'R� 7�� /RGLQ� ,�� 1HVHW� 7� 6�� ��� 	 7RQGHUVNL� .�
������� .QRZOHGJH FR�SURGXFWLRQ LQ WKH +HOJH n FDWFKPHQW� D FRPSDUDWLYH DQDO\VLV�
(FRV\VWHPV DQG 3HRSOH� ������ ��������

6FKQHLGHU� )�� *LJHU� 0�� +DUDUL� 1�� 0RVHU� 6�� 2EHUODFN� &�� 3URYLGROL� ,�� ��� 	 =LPPHUPDQQ�
$� ������� 7UDQVGLVFLSOLQDU\ FR�SURGXFWLRQ RI NQRZOHGJH DQG VXVWDLQDELOLW\ WUDQVIRUPDWLRQV�
7KUHH JHQHULF PHFKDQLVPV RI LPSDFW JHQHUDWLRQ� (QYLURQPHQWDO 6FLHQFH 	 3ROLF\� ����
������

0DUUH� -� %�� 	 %LOOp� 5� ������� $ GHPDQG�GULYHQ DSSURDFK WR HFRV\VWHP VHUYLFHV HFRQRPLF
YDOXDWLRQ� /HVVRQV IURP 3DFLILF LVODQG FRXQWULHV DQG WHUULWRULHV� (FRV\VWHP 6HUYLFHV� ���
�������

/DQJ '-� :LHN $� %HUJPDQQ 0� 6WDXIIDFKHU 0� 0DUWHQV 3� 0ROO 3� 6ZLOOLQJ 0� 7KRPDV &-�
����� 7UDQVGLVFLSOLQDU\ UHVHDUFK LQ VXVWDLQDELOLW\ VFLHQFH� SUDFWLFH� SULQFLSOHV� DQG
FKDOOHQJHV� 6XVWDLQ 6FL� �������±��� GRL��������� V���������������[�

��



/|YEUDQG� (� ������� &R�SURGXFLQJ (XURSHDQ FOLPDWH VFLHQFH DQG SROLF\� D FDXWLRQDU\ QRWH
RQ WKH PDNLQJ RI XVHIXO NQRZOHGJH� 6FLHQFH DQG SXEOLF SROLF\� ������ ��������

2EHUODFN� &�� %UHX� 7�� *LJHU� 0�� +DUDUL� 1�� +HUZHJ� .�� 0DWKH]�6WLHIHO� 6� /�� ��� 	
6FKQHLGHU� )� ������� 7KHRULHV RI FKDQJH LQ VXVWDLQDELOLW\ VFLHQFH� 8QGHUVWDQGLQJ KRZ FKDQJH
KDSSHQV� *$,$�(FRORJLFDO 3HUVSHFWLYHV IRU 6FLHQFH DQG 6RFLHW\� ������ ��������

5HHG� 0� 6�� 9HOOD� 6�� &KDOOLHV� (�� 'H 9HQWH� -�� )UHZHU� /�� +RKHQZDOOQHU䇲5LHV� '�� ��� 	
YDQ 'HOGHQ� +� ������� $ WKHRU\ RI SDUWLFLSDWLRQ� ZKDW PDNHV VWDNHKROGHU DQG SXEOLF
HQJDJHPHQW LQ HQYLURQPHQWDO PDQDJHPHQW ZRUN"� 5HVWRUDWLRQ HFRORJ\� ��� 6��6���

5LFKDUGVRQ� 0�� &RH� 5�� 'HVFKHHPDHNHU� .�� +DXVVPDQQ� %�� :HOODUG� .�� 0RRUH� 0�� ��� 	
1HOVRQ� 5� ������� )DUPHU UHVHDUFK QHWZRUNV LQ SULQFLSOH DQG SUDFWLFH� ,QWHUQDWLRQDO -RXUQDO
RI $JULFXOWXUDO 6XVWDLQDELOLW\� ������ ��������

7HQJ|� 0�� %URQGL]LR� (� 6�� (OPTYLVW� 7�� 0DOPHU� 3�� 	 6SLHUHQEXUJ� 0� ������� &RQQHFWLQJ
GLYHUVH NQRZOHGJH V\VWHPV IRU HQKDQFHG HFRV\VWHP JRYHUQDQFH� WKH PXOWLSOH HYLGHQFH EDVH
DSSURDFK� $PELR� ��� ��������

7XUQKHLP� %�� %HUNKRXW� )�� *HHOV� )�� +RI� $�� 0F0HHNLQ� $�� 1\NYLVW� %�� 	 YDQ 9XXUHQ� '�
������� (YDOXDWLQJ VXVWDLQDELOLW\ WUDQVLWLRQV SDWKZD\V� %ULGJLQJ DQDO\WLFDO DSSURDFKHV WR
DGGUHVV JRYHUQDQFH FKDOOHQJHV� *OREDO HQYLURQPHQWDO FKDQJH� ��� ��������

YDQ GHU +HO� 6� ������� 1HZ VFLHQFH IRU JOREDO VXVWDLQDELOLW\" 7KH LQVWLWXWLRQDOLVDWLRQ RI
NQRZOHGJH FR�SURGXFWLRQ LQ )XWXUH (DUWK� (QYLURQPHQWDO VFLHQFH 	 SROLF\� ��� ��������

:DOO� 7� 8�� 0HDGRZ� $� 0�� 	 +RUJDQLF� $� ������� 'HYHORSLQJ HYDOXDWLRQ LQGLFDWRUV WR
LPSURYH WKH SURFHVV RI FRSURGXFLQJ XVDEOH FOLPDWH VFLHQFH� :HDWKHU� &OLPDWH� DQG 6RFLHW\�
����� �������

<LQ 5� .� ������� &DVH 6WXG\ 5HVHDUFK� 'HVLJQ DQG 0HWKRGV� �WK (GLWLRQ� /RV $QJHOHV� 6DJH
3XEOLFDWLRQV� ��� S� ,6%1� �������������

&KDSWHU ���
5HWH +XPXV� ������� 5HWH +XPXV� 5HWH VRFLDOH SHU OD ELR DJULFXOWXUD ,WDOLDQD�
KWWS���ZZZ�UHWHKXPXV�LW�

5HWH +XPXV &RRUGLQDWRU� ������ )HEUXDU\ ��WK�� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
5HWH +XPXV� ,� (OYLUD �,QWHUYLHZHU��

&DUERQ )DUP� ������� 0DQXDOH GL $XWRYDOXWD]LRQH 6XROR� 5HWULHYHG IURP
KWWS���ZZZ�FDUERQIDUP�HX�GRF�PDQXDOHBDXWRYDOXWD]LRQHBVXROR�SGI �$FFHVVHG 6HSWHPEHU ��
������

��



&KDSWHU ���

5DWKRUH� ,�� 6KLYD� 9�� 7KRPDV� (�� 	 7DUDIGDU� -� $� ������� $ &RPSDULVRQ RQ VRLO ELRORJLFDO
KHDOWK RQ FRQWLQXRXV RUJDQLF DQG LQRUJDQLF IDUPLQJ� +RUWLFXOW ,QW -� ����� ��������

6KLYD� 9�� $*267,1,� ,�� %DVVH\� 1�� %XLDWWL� 0�� %DUDQHV� $�� %UXQRUL� *�� ��� 	 YDQ GHU
3ORHJ� -� '� ������� 7HUUD 9LYD� 2XU 6RLO� 2XU &RPPRQV� 2XU )XWXUH� $ QHZ YLVLRQ IRU
3ODQHWDU\ &LWL]HQVKLS�

6KLYD� 9�� 	 /HX� $� ������� %LRGLYHUVLW\� $JURHFRORJ\� 5HJHQHUDWLYH 2UJDQLF $JULFXOWXUH�
6XVWDLQDEOH 6ROXWLRQV IRU +XQJHU� 3RYHUW\ DQG &OLPDWH &KDQJH� :HVWYLOOH 3XEOLVKLQJ +RXVH�

7KHUQVM|� 7� ������� ,I \RX VKDOO FULWLTXH VRPHWKLQJ� WKHQ \RX KDYH WR FUHDWH DQ DOWHUQDWLYH� $
HWKQRJUDSKLF VWXG\ RI 1DYGDQ\D %LRGLYHUVLW\ &RQVHUYDWLRQ )DUP¶V SUDFWLFHV RI IDUPLQJ ZLWK
QDWXUH�

1DYGDQ\D 6RLO 6FLHQWLVW� ������ )HEUXDU\ ��WK�� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
1DYGDQ\D� ,� (OYLUD �,QWHUYLHZHU��

1DYGDQ\D &RRUGLQDWRU� ������ )HEUXDU\ ��WK�� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
1DYGDQ\D� ,� (OYLUD �,QWHUYLHZHU��

&KDSWHU ���

%yGL� =�� 'H /RV 5tRV :KLWH� 0�� 	 (QUtTXH]� /� ������� 5(:$,6( /LYLQJ /DE
0HWKRGRORJ\ DQG RQOLQH KDQGERRN� 5(:$,6(� KWWSV���UHZDLVH�HX�OLYLQJ�ODEV�

%RXPD� -�� 	 9HHUPDQ� &� 3� ������� 'HYHORSLQJ 0DQDJHPHQW 3UDFWLFHV LQ�³/LYLQJ /DEV´
7KDW 5HVXOW LQ +HDOWK\ 6RLOV IRU WKH )XWXUH� &RQWULEXWLQJ WR 6XVWDLQDEOH 'HYHORSPHQW� /DQG�
������� �����

%RXPD� -� ������� 7UDQVIRUPLQJ OLYLQJ ODEV LQWR OLJKWKRXVHV� D SURPLVLQJ SROLF\ WR DFKLHYH
ODQG�UHODWHG VXVWDLQDEOH GHYHORSPHQW� 6RLO� ����� ��������

&DUD\DQQLV� (� *�� %DUWK� 7� '�� 	 &DPSEHOO� '� )� ������� 7KH 4XLQWXSOH +HOL[ LQQRYDWLRQ
PRGHO� JOREDO ZDUPLQJ DV D FKDOOHQJH DQG GULYHU IRU LQQRYDWLRQ� -RXUQDO RI LQQRYDWLRQ DQG
HQWUHSUHQHXUVKLS� �� �����

'
+DXZHUV� 5�� +HUUHJRGWV� $� /�� *HRUJHV� $�� &RRUHYLWV� /�� 6FKXXUPDQ� '�� 5LWV� 2�� 	
%DOORQ� 3� ������� 2YHUFRPLQJ EDUULHUV WR H[SHULPHQWDWLRQ LQ EXVLQHVV�WR�EXVLQHVV OLYLQJ ODEV�
7HFKQRORJ\ ,QQRYDWLRQ 0DQDJHPHQW 5HYLHZ� ����� ������

��



(12// 3URMHFW 0DQDJHU� ������ $XJXVW ��WK�� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
(12//� ,� (OYLUD �,QWHUYLHZHU��

(12// 5XUDO /LYLQJ /DE� ������ $XJXVW ��WK�� 6RLO KHDOWK NQRZOHGJH FR�SURGXFWLRQ LQ
(12//� ,� (OYLUD �,QWHUYLHZHU��

(XURSHDQ 6RLO 'DWD &HQWUH �(6'$&�� HVGDF�MUF�HF�HXURSD�HX� (XURSHDQ &RPPLVVLRQ� -RLQW
5HVHDUFK &HQWUH

6FKDIIHUV� +�� *X]PiQ� -� *�� GH OD &UX]� 0� 1�� 	 0HU]� &� ������� /LYLQJ ODEV IRU UXUDO
GHYHORSPHQW� 5HVXOWV IURP WKH &# 5 LQWHJUDWHG SURMHFW�

+HXVHU� ,� ������� 6RLO *RYHUQDQFH LQ FXUUHQW (XURSHDQ 8QLRQ /DZ DQG LQ WKH (XURSHDQ
*UHHQ 'HDO� 6RLO 6HFXULW\� �� �������

/|EPDQQ� 0� 7�� 0DULQJ� /�� 3URNRS� *�� %ULOV� -�� %HQGHU� -�� %LVSR� $�� 	 +HOPLQJ� .�
������� 6\VWHPV NQRZOHGJH IRU VXVWDLQDEOH VRLO DQG ODQG PDQDJHPHQW� 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW� ���� �������

0F3KHH� &�� %DQFHU]� 0�� 0DPEULQL�'RXGHW� 0�� &KUpWLHQ� )�� +X\JKH� &�� 	 *UDFLD�*DU]D�
-� ������� 7KH GHILQLQJ FKDUDFWHULVWLFV RI DJURHFRV\VWHP OLYLQJ ODEV� 6XVWDLQDELOLW\� ������
�����

0DULQJ� /�� +HOPLQJ� .�� /RHEPDQQ� 0�� ,WWQHU� 6�� 	 .HHVVWUD� 6� ������� 6RLO 0LVVLRQ
6XSSRUW� &R�FUHDWLQJ WKH (XURSHDQ 5RDGPDS IRU /DQG DQG 6RLO 5HODWHG 5HVHDUFK DQG
,QQRYDWLRQ�

1DYDUUR� 0�� 	 6iH]� $� ������ ,163,5( DQG 6RFLDO (PSRZHUPHQW IRU (QYLURQPHQWDO
6XVWDLQDELOLW\�

3DQDJRV� 3�� 9DQ /LHGHNHUNH� 0�� %RUUHOOL� 3�� .|QLQJHU� -�� %DOODELR� &�� 2UJLD]]L� $�� /XJDWR�
(�� /LDNRV� /�� +HUYDV� -�� -RQHV� $� 0RQWDQDUHOOD� /� ������� (XURSHDQ 6RLO 'DWD &HQWUH ����
6RLO GDWD DQG NQRZOHGJH LQ VXSSRUW RI WKH (8 SROLFLHV� (XURSHDQ -RXUQDO RI 6RLO 6FLHQFH�
������ H������ '2,� ��������HMVV������

3DQDJRV 3�� 9DQ /LHGHNHUNH 0�� -RQHV $�� 0RQWDQDUHOOD /�� ³(XURSHDQ 6RLO 'DWD &HQWUH�
5HVSRQVH WR (XURSHDQ SROLF\ VXSSRUW DQG SXEOLF GDWD UHTXLUHPHQWV´� ������ /DQG 8VH 3ROLF\�
�� ���� SS� �������� GRL���������M�ODQGXVHSRO������������

6FKXXUPDQ� '� ������� %ULGJLQJ WKH JDS EHWZHHQ 2SHQ DQG 8VHU ,QQRYDWLRQ"� H[SORULQJ WKH
YDOXH RI /LYLQJ /DEV DV D PHDQV WR VWUXFWXUH XVHU FRQWULEXWLRQ DQG PDQDJH GLVWULEXWHG
LQQRYDWLRQ �'RFWRUDO GLVVHUWDWLRQ� *KHQW 8QLYHUVLW\��

��



9HHUPDQ� &� 3� ������� $FWLYLW\ XSGDWH RI WKH 0LVVLRQ %RDUG RI (XURSHDQ 8QLRQ RQ 6RLO
+HDOWK DQG )RRG� 6RLO 	 (QYLURQPHQWDO +HDOWK� �������

&KDSWHU � \ �

*LUDOGR� 2� )�� 	 5RVVHW� 3� 0� ������� $JURHFRORJ\ DV D WHUULWRU\ LQ GLVSXWH� %HWZHHQ
LQVWLWXWLRQDOLW\ DQG VRFLDO PRYHPHQWV� 7KH -RXUQDO RI 3HDVDQW 6WXGLHV� ������ ��������

*LUDOGR� 2� )�� 	 5RVVHW� 3� 0� ������� (PDQFLSDWRU\ DJURHFRORJLHV� VRFLDO DQG SROLWLFDO
SULQFLSOHV� 7KH -RXUQDO RI 3HDVDQW 6WXGLHV� ������ ��������

3LPEHUW� 0� 3� �(G��� ������� )RRG VRYHUHLJQW\� DJURHFRORJ\ DQG ELRFXOWXUDO GLYHUVLW\�
&RQVWUXFWLQJ DQG FRQWHVWLQJ NQRZOHGJH� 5RXWOHGJH�

:HE OLQNV
$//�5($'<� ������� $ERXW $//�5HDG\� :HEVLWH� KWWSV���ZZZ�DOO�UHDG\�SURMHFW�HX�
�$FFHVVHG 6HSWHPEHU �WK� ������

&25',6� ������� +HDOWK\ 0XQLFLSDO 6RLOV� KWWSV���FRUGLV�HXURSD�HX�SURMHFW�LG����������
�$FFHVVHG 6HSWHPEHU �WK� �����

(XURSHDQ &RXUW RI $XGLWRUV� ������� 6SHFLDO UHSRUW �������� (8 HIIRUWV IRU VXVWDLQDEOH VRLO PDQDJHPHQW ±
8QDPELWLRXV VWDQGDUGV DQG OLPLWHG WDUJHWLQJ� 5HWULHYHG IURP
KWWSV���ZZZ�HFD�HXURSD�HX�HQ�SXEOLFDWLRQV�65���������IQ��� $FFHVVHG -XO\ ��� �����

(XURSHDQ &RPPLVVLRQ� ������� (XURSHDQ 0LVVLRQV� $ 6RLO 'HDO IRU (XURSH � ��� /LYLQJ /DEV $QG /LJKWKRXVHV
WR /HDG WKH 7UDQVLWLRQ 7RZDUGV +HDOWK\ 6RLOV E\ ���� � ,PSOHPHQWDWLRQ 3ODQ� 5HWULHYHG IURP
KWWSV���UHVHDUFK�DQG�LQQRYDWLRQ�HF�HXURSD�HX�V\VWHP�ILOHV���������VRLOBPLVVLRQBLPSOHPHQWDWLRQBSODQBILQDOBIRU
BSXEOLFDWLRQ�SGI� $FFHVVHG $XJXVW ��� �����

1DWL��QV� ������� 6XSSRUWLQJ WKH (8 0LVVLRQ �$ 6RLO 'HDO IRU (XURSH� DFURVV QDWLRQDO
FRPPXQLWLHV� KWWSV���QDWL��QV�HX� �$FFHVVHG 6HSWHPEHU �WK� �����

1DYGDQ\D� ������� ZZZ�QDYGDQ\D�RUJ� $FFHVVHG $XJXVW ��� �����

g0.L� ������ 2Q�)DUP UHVHDUFK QHWZRUN� KWWSV���ZZZ�ELRNXWDWDV�KX�HQ�SDJH�VKRZ�RQIDUP
�$FFHVVHG 6HSWHPEHU �WK� �����

3UHSVRLO� ������� 5HJLRQDO VRLO QHHGV ZRUNVKRSV� 5HWULHYHG IURP
KWWSV���SUHSVRLO�HX�UHJLRQDO�VRLO�QHHGV�ZRUNVKRSV �$FFHVVHG 6HSWHPEHU �WK� �����

5($� ������
KWWSV���UHD�HF�HXURSD�HX�QHZV�HX�PLVVLRQ�VRLO�GHDO�HXURSH�WHQ�QHZ�SURMHFWV�SUHSDUH�JURXQG�W
UDQVLWLRQ�WRZDUGV�KHDOWK\�VRLOV����������������BHQ �$FFHVVHG 6HSWHPEHU �WK� �����

��



��



$QQH[HV

��



$QQH[ �� 5HVHDUFK LQWHUYLHZ JXLGH IRU 1DYGDQ\D DQG 5HWH +XPXV

�� 6RLO WHVWV LQWURGXFWLRQ
���� :KDW LV WKH UDWLRQDOH IRU +XPXV¶ SDUWLFLSDWRU\ VRLO WHVWV"
���� :KDW LV WKH PHWKRG XVHG"
���� :K\ ZDV WKLV PHWKRG FKRVHQ"
���� :KDW DUH WKH �PDLQ� UHVXOWV RI 1DYGDQ\D¶V
 VRLO WHVWV"

�� &DQ ZH FUHDWH D 6:27 RQ WKLV PHWKRG GUDZLQJ IURP ERWK WKH ILHOG H[SHULHQFH DQG WKH
ODERUDWRU\�XQLYHUVLW\ DQDO\VLV"

�� .QRZOHGJH FR�SURGXFWLRQ HOHPHQWV
���� :KR DUH WKH DFWRUV LQYROYHG LQ WKH SURFHVV"
���� :KDW DUH WKH IDFWRUV VKDSLQJ WKH FR�FUHDWLRQ SURFHVV DQG RXWFRPHV"
���� :KDW LV WKH PRWLYDWLRQ IRU IDUPHU DQG FLWL]HQ HQJDJHPHQW"
���� :KDW DUH WKH SRZHU G\QDPLFV \RX FDQ REVHUYH LQ WKH SURFHVV"
���� +RZ FDQ WKLV PHWKRG HQFRXUDJH SHDVDQWV LQ WKH 1DYGDQ\D QHWZRUN WR KDYH D �YRLFH�

WKDW FDQ EH KHDUG DW WKH VRFLDO DQG SROLWLFDO OHYHOV"

�� $UH WKHUH DQ\ SUHVHQW DQG IXWXUH SODQV�RSSRUWXQLWLHV IRU PH WR MRLQ�REVHUYH�GRFXPHQW WKH
ILHOGZRUN"

��



$QQH[ �� 5HVHDUFK LQWHUYLHZ JXLGH IRU (12//

�� $UH WKHUH DQ\ 6RLO /LYLQJ /DEV �6//� DQG /LJKWKRXVHV IRFXVLQJ RQ WKH DJURHFRORJLFDO
WUDQVLWLRQ"
���� ,I \HV� FRXOG \RX VSHFLI\ ZKLFK" :RXOG LW EH SRVVLEOH WR REWDLQ D FRQWDFW WR

UHDFK RXW WR WKHP"
���� :KDW DUH WKH WUDQVIRUPDWLYH SRWHQWLDO DQG SDWKZD\V IRU FKDQJH WKDW FDQ EH

IDFLOLWDWHG E\ D VRLO PRQLWRULQJ IUDPHZRUN LQIRUPHG E\ FLWL]HQ VFLHQFH DQG
DJURHFRORJLFDO LQLWLDWLYHV"

�� $UH WKHUH DQ\ UREXVW FLWL]HQ VFLHQFH DSSURDFKHV WR PRQLWRULQJ VRLO KHDOWK ZLWKLQ WKH
/LYLQJ /DEV DQG /LJKWKRXVHV" ,I VR� ZKLFK RQHV"

6HWWLQJ
�� :KDW DUH WKH GULYHUV DQG EDUULHUV \RX KDYH REVHUYHG IRU WKH HQJDJHPHQW RI HDFK NH\

VWDNHKROGHU� LQ 6// DQG /LJKWKRXVHV"
�� :KDW VRLO GDWD�LQIRUPDWLRQ QHHGV GR GLIIHUHQW XVHUV KDYH DQG ZKDW EDUULHUV GR WKH\

SHUFHLYH WR DFFHVVLQJ DQG XVLQJ VRLO GDWD�LQIRUPDWLRQ"

6\QWKHVLV� .QRZOHGJH FUHDWLRQ SURFHVV
�� +RZ GR SRZHU G\QDPLFV DQG VRFLDO LQHTXDOLWLHV VKDSH DFFHVV WR LQIRUPDWLRQ�

GHFLVLRQ�PDNLQJ SURFHVVHV� DQG WKH GLVWULEXWLRQ RI EHQHILWV DQG ULVNV LQ 6// DQG
/LJKWKRXVHV"

�� +RZ FDQ D VRLO PRQLWRULQJ IUDPHZRUN LQWHJUDWH GLYHUVH IRUPV RI NQRZOHGJH�
LQFOXGLQJ LQGLJHQRXV DQG ORFDO NQRZOHGJH V\VWHPV� WR FDSWXUH WKH FRPSOH[LW\ RI VRLO
KHDOWK DQG SURPRWH PRUH HPDQFLSDWRU\� LQFOXVLYH DQG FRQWH[W�VSHFLILF PRQLWRULQJ
DSSURDFKHV"

'LIIXVLRQ�
.QRZOHGJH RXWSXWV DQG RXWFRPHV

�� $UH VRLO GDWDVHWV IURP FLWL]HQ VFLHQFH SURMHFWV RI VXIILFLHQW TXDQWLW\ DQG TXDOLW\ WR EH
XVHG LQ (8 GHFLVLRQ PDNLQJ"

8VDELOLW\ RI WKH SURGXFHG NQRZOHGJH
�� +RZ FDQ FLWL]HQV DQG IDUPHUV HIIHFWLYHO\ FRQWULEXWH WR VKDSLQJ WKH QDWLRQDO DQG (8

PRQLWRULQJ IUDPHZRUN IRU VRLOV"
�� :KDW VWUDWHJLHV DQG PHFKDQLVPV FDQ EH HPSOR\HG ZLWKLQ 6// 	 /LJKW KRXVHV WR

HPSRZHU PDUJLQDOLVHG FRPPXQLWLHV DQG HQVXUH WKHLU PHDQLQJIXO SDUWLFLSDWLRQ LQ
GHFLVLRQ�PDNLQJ SURFHVVHV"

� 6WDNHKROGHUV VWDWHG LQ ³&RXWXUH� ,VDEHOOH� 	 *UERYLü� 9ODGLVODYD� ������ -XQH ���� /LYLQJ /DE (VVHQWLDOV 	
+RZ WR VHW XS D /LYLQJ /DE� =HQRGR� KWWSV���GRL�RUJ���������]HQRGR��������´� $FDGHPLD� LQGXVWU\� FLWL]HQV DQG
JRYHUQPHQW�

��



��� :KDW DUH WKH IHHGEDFN PHFKDQLVPV WR HQVXUH ILW�IRU�SXUSRVH NQRZOHGJH
FR�SURGXFWLRQ LQ 6// DQG /LJKWKRXVHV"

��


