
 

&XUYH�QRLVH��UHVHDUFK�ZLWKRXW�DQ�HQG"�
'U�)ULHGULFK�.U�JHU�

6789$��'�������&RORJQH��(PDLO��I�NUXHJHU#VWXYD�GH�
�
�
�� ,QWURGXFWLRQ�
&XUYH� VTXHDO� LV� E\� IDU� WKH� ORXGHVW� QRLVH� SURGXFHG� E\� UDLO�
YHKLFOHV��)LJXUH����7KLV�LV�D�ZHOO�NQRZQ�IDFW�DQG�DV�D�UHVXOW�
FRQVLGHUDEOH�UHVHDUFK�KDV�EHHQ�±�DQG�LQGHHG�FRQWLQXHV�WR�EH�
±�FRQGXFWHG�ZRUOGZLGH��7KHUH�DUH�WRR�PDQ\�SXEOLFDWLRQV�LQ�
WKLV�ILHOG�WR�EH�IDPLOLDU�ZLWK�DQG�DSSURSULDWHO\�HYDOXDWH�DOO�RI�
WKHP��7KHUH�LV�JHQHUDO�FRQVHQVXV��KRZHYHU��RQ�WKH�FDXVH�RI�
FXUYH� VTXHDO��QDPHO\� WKH� IDFW� WKDW� ODWHUDO�GLVSODFHPHQW�RI�D�
ULJLGO\� FRXSOHG�ZKHHOVHW� LQ� D� FXUYH� FDXVHV� IULFWLRQDO� IRUFHV�
EHWZHHQ�WKH�ZKHHO�UROOLQJ�RQ�WKH�LQQHU�UDLO�DQG�WKH�LQQHU�UDLO�
LWVHOI��)LJXUH�����7KH�ZKHHO�UROOLQJ�RQ�WKH�RXWVLGH�LV�JXLGHG�
RYHU� WKH� IODQJH�RQ� WKH� RXWVLGH� UDLO� DQG� IULFWLRQ�KHUH� RFFXUV�
RQO\�EHWZHHQ�WKH�IODQJHV�RI�WKH�ZKHHO�DQG�UDLO��7KH�UHVXOWLQJ�
QRLVH�LV�D�VFUHHFKLQJ�VRXQG��7KH�IULFWLRQDO�IRUFHV�LQ�WXUQ�DF�
WLYDWH�WKH�QDWXUDO�IUHTXHQFLHV�RI�WKH�ZKHHO�DQG�UDLO��7KHUH�LV�
DOVR�DJUHHPHQW�WKDW�DGMXVWLQJ�IULFWLRQ�OHYHOV�DOWHUV�WKH�ODWHUDO�
JOLGH�DQG� WKHUHE\� UHGXFHV� VTXHDO�QRLVH��6R�ZK\� LV� UHVHDUFK�
VWLOO�EHLQJ�FDUULHG�RXW�LI�ZH�NQRZ�ZKDW�WKH�VROXWLRQV�DUH"�
7KLV�DUWLFOH�RXWOLQHV�RQH�RU�LGHDV�DV�WR�KRZ�WR�SXW�WKHVH�VROX�
WLRQV�LQWR�SUDFWLFH��:KHWKHU�WKHVH�PHDVXUHV�HOLPLQDWH�VTXHDO�
RQ�FXUYHG�WUDFNV�ZLOO�GHSHQG�ODUJHO\�RQ�WKRVH�UHVSRQVLEOH�IRU�
LPSOHPHQWLQJ�WKHP���
�

�� 6ROXWLRQV�
7KHUH�DUH�WKUHH�SRVVLEOH�DSSURDFKHV�ZKHQ�VHHNLQJ�WR�UHGXFH�
VTXHDO�QRLVH�RQ�WLJKW�FXUYHV��
���� 6ROXWLRQ�$��3UHYHQW�ODWHUDO�GLVSODFHPHQW�
,I� ODWHUDO� GLVSODFHPHQW� LV� SUHYHQWHG� WKHQ� QR� IULFWLRQ� RFFXUV�
DQG� QR� IUHTXHQFLHV� DUH� DFWLYDWHG�� 1XPHURXV� VWXGLHV� KDYH�
EHHQ�FDUULHG�RXW�LQ�DQ�DWWHPSW�WR�DFKLHYH�WKLV�EXW�VR�IDU�RQO\�
D�IHZ�VXFFHVVIXO�DSSOLFDWLRQV�RI�WKH�VROXWLRQ�KDYH�IRXQG�WKHLU�
ZD\� LQWR� SUDFWLFDO� XVH��/DWHUDO� GLVSODFHPHQW� FDQ�EH� ODUJHO\�
HOLPLQDWHG�E\�SRVLWLRQLQJ� WKH�ZKHHOVHWV� LQ� WKH�FXUYHG� WUDFN�
UDGLDOO\�� WKH� DLP� EHLQJ� WR� DFKLHYH� DQ� DQJOH� RI� DWWDFN� DS�
SURDFKLQJ� ]HUR��)LJXUH� �� �VHH� DOVR�)LJXUH� ��� VKRZV� VRPH�
W\SLFDO� DQJOHV� RI� DWWDFN� GXULQJ� WUDYHO� LQ� FXUYHV�� 9DULRXV�
WHFKQLFDO� VROXWLRQV� KDYH� EHHQ� GHYHORSHG� DQG� WHVWHG� ZLWK�
YDU\LQJ�GHJUHHV�RI� VXFFHVV�� >�@�7KLV�SRWHQWLDO� VROXWLRQ� DOVR�
HQWDLOV�DOWHULQJ�WKH�IODQJH�JHRPHWU\�DQG�VHWWLQJ�GLIIHUHQW�LQ�
FOLQDWLRQV�RQ�WKH�LQQHU�DQG�RXWHU�UDLOV��
���� 6ROXWLRQ�%��5HGXFH�IULFWLRQDO�IRUFHV�
$QRWKHU�ZD\�LQ�ZKLFK�WR�SUHYHQW�IULFWLRQDO�IRUFHV�LV�WR�DOWHU�
WKH�IULFWLRQDO�VWDWXV�RI�WKH�ZKHHO�DQG�WKH�UDLO��,W�HPHUJHG�YHU\�
HDUO\�RQ�WKDW�OLWWOH�RU�QR�VTXHDO�RFFXUV�LQ�UDLQ\�ZHDWKHU��1X�
PHURXV� VWXGLHV�ZHUH� WKHUHIRUH� FRQGXFWHG� WR� UHSOLFDWH� UDLQ\�
FRQGLWLRQV�E\�DSSO\LQJ�DSSURSULDWH�VXEVWDQFHV�VXFK�DV�DUWLIL�
FLDO� UDLQ�� OXEULFDQW� DQG� EXLOG�XS� ZHOGLQJ�� :KHQ� DSSO\LQJ�
VXFK�VROXWLRQV�FDUH�PXVW�EH�WDNHQ�WR�HQVXUH�WKDW�WKH\�GR�QRW�

H[WHQG� WKH� YHKLFOH
V� VWRSSLQJ� GLVWDQFH� EH\RQG� SHUPLVVLEOH�
OLPLWV��
$OOR\� FRPSRQHQWV� KDYLQJ� D� 
OXEULFDWLQJ
� HIIHFW� ZLWKLQ� WKH�
ZKHHO� DQG� UDLO�PDWHULDOV� OLNHZLVH� LQIOXHQFH� IULFWLRQ�EXW� XQ�
IRUWXQDWHO\�DOVR�SURPRWH�ZHDU��
���� 6ROXWLRQ�&��5HGXFH�VWUXFWXUH�ERUQH�QRLVH�

FUHDWHG�LQ�ZKHHO�DQG�UDLO�
$QRWKHU�VROXWLRQ�LV�WR�FRQYHUW�WKH�YLEUDWLRQ�HQHUJ\�SURGXFHG�
LQWR�KHDW�WKURXJK�DSSURSULDWH�WHFKQLFDO�DSSOLFDWLRQV��'HYLFHV�
IRU� DEVRUELQJ� ZKHHO� DQG� VWUXFWXUH�ERUQH� QRLVH� KDYH� EHHQ�
GHYHORSHG�IRU� WKLV�SXUSRVH�DQG�KDYH�SURYHG�H[WUHPHO\�VXF�
FHVVIXO��2Q� WKH�RWKHU�KDQG��DOO�GDPSLQJ�PHDVXUHV� WHVWHG�RQ�
WKH�UDLO�VR�IDU�KDYH�EHHQ�RQO\�PRGHUDWHO\�VXFFHVVIXO�>�@��>�@��
DPRQJ� RWKHU� WKLQJV� EHFDXVH� WKH�ZKHHO� ±� DW� OHDVW� LQ� XUEDQ�
WUDQVSRUW�YHKLFOHV�±�LV�WKH�SULPDU\�VRXUFH�RI�QRLVH��
���� 5HFRJQLVHG�EXW�QRW�LPSOHPHQWHG�
,Q�SULQFLSOH��DOO�VROXWLRQV�XVHG�LQ�SUDFWLFH�DUH�EDVHG�WR�VRPH�
GHJUHH�RQ�WKH�WKUHH�SULQFLSOHV�RXWOLQHG�DERYH��WKH�DFWXDO�PD�
WHULDOV� XVHG� DQG� GHVLJQV� IROORZHG� GLIIHULQJ� WR� D� JUHDWHU� RU�
OHVVHU�H[WHQW��
7KH�DFWLYDWLRQ�PHFKDQLVPV�DQG�SRVVLEOH�VROXWLRQV�KDYH�EHHQ�
NQRZQ�DERXW� IRU�DW� OHDVW����\HDUV�\HW�YLUWXDOO\�DOO� WUDQVSRUW�
FRPSDQLHV� VWLOO� HQFRXQWHU� VTXHDO� LQ� XUEDQ� WUDQVSRUW� DW� RQH�
WLPH�RU�DQRWKHU��:K\�LV�WKLV�VR�DQG�ZKDW�FDQ�EH�GRQH�WR�SUH�
YHQW�LW"�7KLV�LV�WKH�ILUVW�TXHVWLRQ�WR�EH�DVNHG�ZKHQ�RQH�FRQ�
VLGHUV� KRZ�PXFK� UHVHDUFK� DQG� GHYHORSPHQW� KDV� EHHQ� FRQ�
GXFWHG� SUHFLVHO\� WR� UHGXFH�ZKDW� LV� D� GLVWXUELQJ�QRLVH��$W� D�
GLVWDQFH�RI�����P�IURP�WKH�FHQWUH�RI�WKH�WUDFN��PHDVXUHPHQWV�
\LHOG� D� PD[LPXP� DFRXVWLF� SUHVVXUH� OHYHO� LQ� WKH� RUGHU� RI�
/S$)PD[� �����G%�$���)RU�WKRVH�OLYLQJ�ZLWKLQ�WKLV�UDGLXV��WKLV�
LV�D�MXVWLILDEOH�UHDVRQ�IRU�FRPSODLQW��
,W�VKRXOG�EH�QRWHG�KHUH�WKDW�UXEEHU�VXVSHQVLRQ�ZKHHOV�GR�QRW�
SUHYHQW� VTXHDO� DOWRJHWKHU� EXW� VLPSO\� UHVXOW� LQ� GLIIHUHQW� IUH�
TXHQFLHV�EHLQJ�DFWLYDWHG��
�

�� 6WUDWHJLHV�
6R�LI�DOO�WKLV�LQIRUPDWLRQ�LV�NQRZQ��ZK\�KDV�LW�QRW�EHHQ�DS�
SOLHG"�3HRSOH� OLYLQJ� DORQJVLGH� UDLOZD\� WUDFNV� DUH� � FHUWDLQO\�
DVNLQJ� WKLV� TXHVWLRQ�� DV� DUH�� WR� VRPH� H[WHQW�� SDVVHQJHUV� ��
:KDW�±�FUHGLEOH�±�DQVZHU�FDQ�EH�JLYHQ"�
,W� LV� ZRUWK� HPSKDVLVLQJ� WKDW� WKURXJKRXW� WKH� ZRUOG� PDQ\�
WUDQVSRUW� FRPSDQLHV� KDYH� PDGH� FRQVLGHUDEOH� HIIRUWV� WR� UH�
GXFH� VTXHDO� WR� D� JUHDW� H[WHQW� DQG� DOO� WKH� ODUJHU� RQHV�� FHU�
WDLQO\��KDYH�DOUHDG\�WHVWHG�RXW�RQH�RU�RWKHU�RI�WKH�WKUHH�SULQ�
FLSOHV�GHWDLOHG�DERYH��
,W�VKRXOG�DOVR�EH�PDGH�FOHDU�±�DV�D�JHQHUDO�SRLQW�DQG�QRW�RQO\�
WR� WKRVH� LQGLYLGXDOV� GLUHFWO\� DIIHFWHG� ±� WKDW� HYHQ� WKH� VROX�
WLRQV�ZH� DUH� FXUUHQWO\� IDPLOLDU�ZLWK� FDQQRW� HOLPLQDWH� QRLVH�
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FRPSOHWHO\��$OO� DGGLWLRQDO�PHDVXUHV��ZKHWKHU� LQYROYLQJ� WKH�
YHKLFOH��ERJLH��ZKHHO���WKH�ZKHHO�UDLO�FRQWDFW�DUHD��RU�WKH�UDLO�
LWVHOI� UHTXLUH�ERWK�PDWHULDO� DQG�SHUVRQQHO��QHLWKHU�RI�ZKLFK�
FRPHV� FKHDS��5HVHDUFK� DQG�GHYHORSPHQW� WR� GDWH�PD\�KDYH�
\LHOGHG�VROXWLRQV��EXW�WKXV�IDU��ZLWK�WKH�H[FHSWLRQ�RI�QDWXUDO�
UDLQ�� DOO� DUH� FRVWO\� GHVSLWH� WKH� VXEVWDQWLDO� UHVHDUFK� IXQGV�
VSHQW��+HUH� WRR�� WKH� TXHVWLRQ� FHUWDLQO\� DULVHV� DV� WR�ZKHWKHU�
IXUWKHU�UHVHDUFK�EDVHG�RQ�WKH�H[LVWLQJ�ZKHHO�UDLO�V\VWHP�FDQ�
DFKLHYH�DQ\WKLQJ�PRUH�� ,W�PXVW�EH�FOHDU� LQ� WKLV�FRQWH[W� WKDW�
WKH� ZKHHO�UDLO� V\VWHP� KDV� OLPLWV� ZKLFK� PXVW� EH� REVHUYHG�
XQOHVV�WKH�HQWLUH�V\VWHP�LV�WR�EH�FDOOHG�LQWR�TXHVWLRQ��
,Q�WHUPV�RI�FRVWV��WKHQ��ZKDW�PLJKW�KHOS�WR�ORZHU�WKHP"�2QH�
SRVVLELOLW\�PLJKW�ZHOO� EH� WR� VWDQGDUGLVH�PHDVXUHV�� ,Q� DGGL�
WLRQ��VHWWLQJ�RXW�XQLIRUP�VWDQGDUGV�PLJKW�DOVR�EH�FRQVLGHUHG�
DV� PLJKW� ODUJHU�VFDOH� SURGXFWLRQ� UXQV�� )RU� H[DPSOH�� LQ� >�@�
WKH�DXWKRU�FDOOV�IRU�DOO�QHZ�ORFDO�UDLO�WUDQVSRUW�YHKLFOHV�WR�EH�
ILWWHG�ZLWK�ZKHHO�VRXQG�DEVRUEHUV��,QGHHG��QXPHURXV�SUDFWL�
FDO� H[DPSOHV� >�@�� >�@� KDYH� GHPRQVWUDWHG� WKDW� ZLWK� SURSHU�
GHVLJQ�VXFK�D�VROXWLRQ�FDQ�ODUJHO\�DOOHYLDWH�WKH�SUREOHP��<HW�
GHVSLWH� WKHVH� DEVRUEHUV�� XQGHU� FHUWDLQ� JHQHUDO� FRQGLWLRQV�
ORZ�OHYHO� VTXHDO� PD\� VWLOO� RFFXU� DQG� DGGLWLRQDO� VWHSV�PXVW�
WKHUHIRUH� EH� WDNHQ�� WKHVH� FDQ� EH� VSHFLILFDOO\� VHOHFWHG� DQG�
DSSOLHG�RQFH� WKH�QRLVH�RFFXUV��$�FDWDORJXH�RI�PHDVXUHV�>�@�
LQ� WKLV� UHJDUG� LV� DOUHDG\�DYDLODEOH�DQG�5	'�VKRXOG�VHHN� WR�
RSWLPLVH�DQG�VWDQGDUGLVH�WKHVH��
$QRWKHU�JHQHUDO�TXHVWLRQ�PXVW�EH�VHWWOHG�WRR��QDPHO\�ZKR�LV�
WR�EODPH�IRU�WKH�QRLVH"�&DQ�WKH�SXEOLF�WDNH�WKHPVHOYHV�RXW�RI�
WKH�HTXDWLRQ�DQG�VD\�WKDW�WKH�WUDQVSRUW�FRPSDQ\�DORQH�LV�UH�
VSRQVLEOH�IRU�WKH�QRLVH�SURGXFHG�E\�UDLO�WUDIILF"�2U�DUH�WKH\��
ERWK� DV� SDVVHQJHUV� DQG� DV� WKRVH� GHPDQGLQJ� WKH� FDUULDJH�RI�
JRRGV�DQG�SHRSOH��QRW�DOVR�SDUWO\�UHVSRQVLEOH"�6LQFH�LQ�PDQ\�
FRXQWULHV� PHDVXUHV� WR� SUHYHQW� QRLVH� DUH� ILQDQFHG� WKURXJK�
WD[HV��WKH�SXEOLF�LQGLUHFWO\�DVVXPHV�WKLV�UHVSRQVLELOLW\��DOEHLW�
RIWHQ�QRW�HQWLUHO\�YROXQWDULO\���&RQVLGHUDWLRQ�PXVW�EH�JLYHQ�
WR�ZKHWKHU�VRPH�VRUW�RI� 
QRLVH�SUHYHQWLRQ
�WD[�VKRXOG�EH�LQ�
WURGXFHG� WR� ILQDQFH� WKH� PHDVXUHV� UHTXLUHG� WR� UHGXFH� KLJK�
OHYHOV�RI�FXUYH�QRLVH��DV�ZHOO�DV�RWKHU�QRLVH�DQG�YLEUDWLRQV����
�

�� :KDW�LV�WR�EH�GRQH"�
6HFWLRQ���VHWV�RXW�D�UDQJH�RI�RSWLRQV�IRU�WUDQVODWLQJ�WKH�ILQG�
LQJV�RI�5	'�LQ�SUDFWLFH��6RPH�RI�WKHVH�DUH�QREOH�ZLVKHV�WKDW�
ZLOO� EH� LPSRVVLEOH� WR� LPSOHPHQW�ZLWKRXW� SROLWLFDO� LQWHUYHQ�
WLRQ�� *LYHQ� WKH� IUHH� FLUFXODWLRQ� RI� JRRGV� ZLWKLQ� WKH� (8��
ODUJHO\�XQLIRUP�UHTXLUHPHQWV�PXVW�EH�SURGXFHG��
7KH�IROORZLQJ�VSHFLILF�VWHSV�FRXOG�SURYH�XVHIXO��
��� 6HWWLQJ�RXW�XQLIRUP�HYDOXDWLRQ�FULWHULD�IRU�FXUYH�QRLVHV��
��� GHWDLOLQJ�D�XQLIRUP�SURFHGXUH�IRU�PHDVXULQJ��HYDOXDWLQJ�

DQG�UHFRUGLQJ�WKH�VSHFLILF�QRLVH�RFFXUULQJ�LQ�D�FXUYH��
��� OLVWLQJ� WKH� JHQHUDO� FRQGLWLRQV� XQGHU� ZKLFK� PHDVXUH�

PHQWV� DUH� WR� EH� SHUIRUPHG�� D� VSHFLDO� VHFWLRQ� RXWOLQLQJ�
WKH�JHQHUDO�FRQGLWLRQV�DSSOLFDEOH�RU�D�FRUUHVSRQGLQJ�WHVW�
EHG�YLD�ZKLFK�FULWLFDO�VLWXDWLRQV�FDQ�EH�H[DPLQHG�PLJKW�
EH�XVHG�IRU�WKLV�SXUSRVH��

��� GHWHUPLQLQJ� WKH� XQGHUO\LQJ� WHFKQLFDO� UHTXLUHPHQWV� RI�
PHDVXUHV�WR�UHGXFH�FXUYH�QRLVH��

��� VWDQGDUGLVLQJ�PHDVXUHV��GHILQLQJ�VWDQGDUGV���
��� VHWWLQJ�RXW�UXOHV�RQ�KRZ�WR�DSSO\�WKH�PHDVXUHV��
��� PRQLWRULQJ� FRPSOLDQFH� ZLWK� WKH� UHTXLUHG� QRLVH�

HPLVVLRQV�OHYHOV�LQ�FXUYHV��%RWK�RQERDUG�DQG�IL[HG�V\V�
WHPV�FDQ�EH�XVHG�IRU�WKLV�>�@��

7HVW�FRQGLWLRQV�FDSDEOH�RI�\LHOGLQJ�FOHDU� UHVXOWV�DUH�FULWLFDO�
WR� DFFXUDWHO\� HYDOXDWLQJ� WKH� PHDVXUHV� XVHG�� )RU� H[DPSOH��
6789$�RSHUDWHV� D� WHVW� FLUFXLW�ZKLFK� KDV� EHHQ� VSHFLILFDOO\�
FRQYHUWHG� WR�EH�DEOH� WR� UHSOLFDWH� WKH�JHQHUDO� FRQGLWLRQV�GH�
WDLOHG� >�@�� 7KLV� IDFLOLW\� DOORZV� 
FOLPDWH
� FRQGLWLRQV� WR� EH�
DGDSWHG�WR�DQ\�JLYHQ�FULWLFDO�VLWXDWLRQ��7KH�V\VWHP�LWVHOI�FRQ�
VLVWV� RI� D� URWDWLQJ�� ��P�ORQJ� WXEH� WR�ZKLFK� D�ZKHHO� FDQ�EH�
DWWDFKHG�DW� HDFK�HQG��$V�VXFK��RULJLQDO�ZKHHOV�FDQ�EH�XVHG�
DQG�YDULRXV�PHDVXUHV�DSSOLHG�WR�WKHP�WR�WHVW�WKHLU�HIIHFWLYH�
QHVV�LQ�SUHYHQWLQJ�QRLVH�HPLVVLRQV�LQ�FXUYHV��
7KH�VLPSOHVW�VROXWLRQ�IRU�PRQLWRULQJ�QRLVH�HPLVVLRQV�LV�WR�ILW�
YHKLFOHV� ZLWK� VLPSOH� DQG� LQH[SHQVLYH� PLFURSKRQHV�� 7KHVH�
DUH�SRVLWLRQHG�LQ�HDFK�ERJLH��7KH�QRLVH�VLJQDOV�WKH\�SLFN�XS�
FDQ� WKHQ� EH� UHFRUGHG� DQG� DVVHVVHG� EDVHG� RQ� VHFWLRQ� GDWD�
�DQG��LQ�WKH�RSHQ�DLU��XVLQJ�*36�FRRUGLQDWHV��ZKHQ�D�SUHGH�
WHUPLQHG� OHYHO� RU� RWKHU� FULWHULD� DUH� H[FHHGHG�� 7KLV� RSWLRQ�
RIIHUV�VHYHUDO�EHQHILWV�DV�GHWDLOHG�EHORZ��
��� 7KH� HQWLUH� VHFWLRQ� LQ� TXHVWLRQ� �FXUYHV�� FDQ� EH� SHUPD�

QHQWO\��PRQLWRUHG���
��� 3UREOHPDWLF�FXUYHV�FDQ�EH�LGHQWLILHG��
��� &OHDU�GDWD�DUH�SURGXFHG�ZKLFK�FDQ�VHUYH�DV�HYLGHQFH�LQ�

WKH�HYHQW�RI�FRPSODLQWV�E\�ORFDO�UHVLGHQWV��
��� 7DUJHWHG� PHDVXUHV� FDQ� EH� DGRSWHG�� IRU� H[DPSOH�� WKH�

PHDVXUHPHQW�GDWD�FDQ�EH�XVHG�WR�PDQDJH�WKH�XVH�RI�IULF�
WLRQ�DOWHULQJ�PDWHULDOV�RQ�WKH�UDLO��WKHUHE\�HQVXULQJ�WKDW�
WKH�SUHFLVH�DPRXQW�UHTXLUHG�LV�DSSOLHG��

��� 6XFK�GDWD�FDQ�DOVR�EH�XVHG�WR�JDLQ�D�GHHSHU�XQGHUVWDQG�
LQJ�RI�KRZ�QRLVH�LV�FUHDWHG�DQG�� WKHUHIRUH��RI�KRZ�EHVW�
WR�UHGXFH�LW��7KLV�LV�HVSHFLDOO\�WUXH�DV�UHJDUGV�WKH�LPSDFW�
RI�ZHDWKHU�DQG��FRXSOHG�ZLWK�GDWD�FROOHFWLRQ�LQ�WKH�YHKL�
FOH��IXUWKHU�FRQFOXVLRQV�DV�WR�WKH�HIIHFWV�RI�JHQHUDO�YHKL�
FOH�FRQGLWLRQV��7KLV�DOVR�LQFOXGHV�WKH�PXFK�GRFXPHQWHG�
FKDQJHV�LQ�WKH�PRGDO�EHKDYLRXU�RI�WKH�ZKHHOV�FDXVHG�E\�
ZHDU�DQG�UH�SURILOLQJ�RQ�XQGHUIORRU�ODWKHV��:KDW�LPSDFW�
GRHV�WKLV�KDYH�DQG�KRZ�FDQ�LW�EH�DGDSWHG�LQWR�D�VXLWDEOH�
VROXWLRQ"�

��� 6RPH� WUDQVSRUW� FRPSDQLHV� UHSRUW� WKDW� LQ� SUDFWLFDO� XVH�
WKH�ZKHHO� DEVRUEHUV�EUHDN�RII��7KLV�KDV�EHHQ�REVHUYHG�
VSHFLILFDOO\� ZLWK� WUDPZD\V�� ZKHUH� LQ� FHUWDLQ� DUHDV� WKH�
DEVRUEHUV�KLW�WKH�SDYLQJ�VWRQHV�SURMHFWLQJ�DERYH�WKH�WRS�
RI� WKH� UDLO�� )URP� WKH� SRLQW� RI�YLHZ� ILWWLQJ� DEVRUEHUV� WR�
YHKLFOHV�RQ�D�EURDG�VFDOH� �VHH�DERYH��� LW�PLJKW�ZHOO�EH�
SRVVLEOH� WR� VROYH� WKLV� SUREOHP� E\� GHVLJQLQJ� WKH�ZKHHO�
DQG�WKH�PRXQWLQJ�WKH�DEVRUEHUV�DSSURSULDWHO\��7KHUH�DUH�
FHUWDLQO\� SUDFWLFDO� H[DPSOHV� RI� VROXWLRQV� ZKHUH� VXFK�
SUREOHPV�DUH�QRW�HQFRXQWHUHG��

,W� LV� FULWLFDO� WKDW� PHDVXUHV� DGDSWHG� WR� WKH� UHOHYDQW� UHTXLUH�
PHQWV�DUH�DSSOLHG�FRQVLVWHQWO\�DQG�LQ�D�WDUJHWHG�IDVKLRQ��'H�
SHQGLQJ�RQ�WKH�JHQHUDO�FRQGLWLRQV��D�SDUWLFXODU�PHDVXUH�PD\�
SURYH�VXFFHVVIXO�HLWKHU�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�RWKHUV��
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�� 6XPPDU\�DQG�2XWORRN�
7KH�FDXVHV�RI� FXUYH�VTXHDO�DQG� WKH�PDLQ�VROXWLRQV� IRU�SUH�
YHQWLQJ� VXFK�QRLVH�DUH�RXWOLQHG�DERYH��3UDFWLFDO�H[SHULHQFH�
KDV�VKRZQ�WKDW�WKH�PHDVXUHV�DSSOLHG�DFKLHYH�D�JRRG�GHJUHH�
RI� VXFFHVV� DQG� LW� LV� TXHVWLRQDEOH� ZKHWKHU� IXUWKHU� LQWHQVLYH�
UHVHDUFK� DORQH� ZLOO� KHOS� WR� VROYH� WKH� SUREOHP� GHILQLWLYHO\��
5HVHDUFK� LQ� WKLV� ILHOG� KDV� DOUHDG\� EHHQ� FRQGXFWHG� RYHU� IDU�
WRR� ORQJ� D�SHULRG�±� UHVHDUFK�ZKLFK� IUHTXHQWO\� VHUYHV� WR�GR�
QRWKLQJ� PRUH� WKDQ� FRQILUP� ZKDW� KDV� ORQJ� EHHQ� NQRZQ�� ,�
WKHUHIRUH� SURSRVH� WKDW� DFWLRQ� EH� WDNHQ� WR� LPSOHPHQW� RQ� D�
FRQVLVWHQW�EDVLV�WKH�WULHG�DQG�WHVWHG�VROXWLRQV�ZLWK�ZKLFK�ZH�
DUH�DOUHDG\�IDPLOLDU�����
�

7KH�EHVW�WKLQJ�WR�GR�LV����MXVW�GR�LW��
�IUHHO\�DGDSWHG�IURP�D�TXRWDWLRQ�E\�(ULFK�.lVWQHU��

�

�� /LWHUDWXUH�
>�@� %XJDUFLF��+���0RUDGL��0��� %LHUNH��$�� DQG� 6FKPLGW� /��

0���(QWZLFNOXQJ�XQG�(USUREXQJ�GHU� ]XU�9HUEHVVHUXQJ�
GHV�%RJHQODXIYHUKDOWHQV�GLHQHQGHQ�VFKZHQNEDUHQ�5DG�
SDDUH� LQQHUKDOE� GHV� 'UHKJHVWHOOV� HLQHU� 6WDGWEDKQ�
*HOHQNZDJHQNRQVWUXNWLRQ� >'HYHORSPHQW� DQG� WHVWLQJ� RI�
WKH� SLYRWLQJ� ZKHHO� SDLU� VHUYLQJ� WR� LPSURYH� WKH� FXUYH�
ULGH�RI�WKH�ERJLH�RI�D�OLJKW�UDLO�DUWLFXODWHG�FRDFK�GHVLJQ@��
5HVHDUFK�SURMHFW�E\� WKH�)HGHUDO�0LQLVWHU� IRU�7UDQVSRUW�
1R������������'HFHPEHU��������

>�@� +HUEVW�� :�� DQG� :DVVPDQQ�� 5��� 8QWHUVXFKXQJHQ� ]XU�
(QWZLFNOXQJ� JHUlXVFKGlPSIHQGHU� 6FKLHQHQEHIHVWLJXQ�
JHQ� >6WXGLHV� WR� GHYHORS� QRLVH�GDPSLQJ� UDLO�IDVWHQLQJ�
V\VWHPV@�� 5RWKH� (UGH�6FKPLHGDJ� $*�� 'RUWPXQG� �'H�
FHPEHU�������� UHSRUW���� IURP� WKH�%0)7�UHVHDUFK�SUR�
JUDPPH�RQ�UHGXFLQJ�XUEDQ�WUDIILF�QRLVH���9HUPLQGHUXQJ�
GHV�9HUNHKUVOlUPV�LQ�6WlGWHQ�XQG�*HPHLQGHQ���7HLOSUR�
JUDPP�6FKLHQHQQDKYHUNHKU��>5HGXFLQJ� WUDIILF�QRLVH� LQ�
WRZQV�DQG�FRPPXQLWLHV�±�/RFDO�UDLO�WUDQVSRUW@��

>�@� .U�JHU�� )��� .XUYHQTXLHWVFKHQ� XQG� VHLQH� 0LQGHUXQJ�
GXUFK� 6FKLHQHQGlPSIXQJVHOHPHQWH�� *UXQGODJHQ�� $Q�
RUGQXQJVRSWLPLHUXQJ� XQG� YRUEHUHLWHQGH� 8QWHUVXFKXQ�
JHQ�I�U�HLQHQ�)HOGYHUVXFK�>&XUYH�VTXHDO�DQG�LWV�UHGXFWL�
RQ�WKURXJK�UDLO�GDPSLQJ��IXQGDPHQWDOV��RSWLPLVLQJ�FRQ�
ILJXUDWLRQ�DQG�SUHSDUDWRU\�VWXGLHV�IRU�D�ILHOG�WHVW@��9HU�
NHKU�XQG�7HFKQLN�������9RO�����SS�����������

>�@� .U�JHU�� )�� HW� DO��� +DQGOXQJVHPSIHKOXQJHQ� ]XU� /lUP�
PLQGHUXQJ� LP� LQQHUVWlGWLVFKHQ� 6FKLHQHQSHUVRQHQQDK�
YHUNHKU� >5HFRPPHQGHG� DFWLRQV� IRU� QRLVH�DEDWHPHQW� LQ�
LQQHU�FLW\� UHJLRQDO� SDVVHQJHU� WUDQVSRUW@�� 8%$� 3URMHFW�
������������'HFHPEHU��������

>�@� 5DTXHW��(���8QWHUVXFKXQJ�]XP�(LQIOXVV�GHU�%HWULHEVEH�
GLQJXQJHQ� YRQ� VFKDOOJHGlPSIWHQ� 5lGHUQ� �DEVRUEHUJH�
GlPSIW��>6WXG\�RI�WKH�LQIOXHQFH�RQ�RSHUDWLQJ�FRQGLWLRQV�
RI� VLOHQFHG�ZKHHOV� �DEVRUEHU�GDPSHQHG�@��.UXSS� 6WDKO�
$*��%RFKXP��$XJXVW��������UHSRUW����IURP�WKH�%0)7�
UHVHDUFK� SURJUDPPH� RQ� UHGXFLQJ� XUEDQ� WUDIILF� QRLVH�
�9HUPLQGHUXQJ� GHV� 9HUNHKUVOlUPV� LQ� 6WlGWHQ� XQG�*H�

PHLQGHQ� �� 7HLOSURJUDPP� 6FKLHQHQQDKYHUNHKU�� >5HGX�
FLQJ�WUDIILF�QRLVH�LQ�WRZQV�DQG�FRPPXQLWLHV�±�/RFDO�UDLO�
WUDQVSRUW@��

>�@� 5DTXHW��(��8QWHUVXFKXQJHQ�]XU�6FKDOOPLQGHUXQJ�GXUFK�
DEVRUEHUJHGlPSIWH� 5lGHU� >6WXGLHV� RI� QRLVH� DEDWHPHQW�
E\� DEVRUEHU�GDPSHQHG� ZKHHOV@�� .UXSS� 6WDKO� $*�� %R�
FKXP� �2FWREHU� ������� UHSRUW� ��� IURP� WKH� %0)7� UH�
VHDUFK� SURJUDPPH� RQ� UHGXFLQJ� XUEDQ� WUDIILF� QRLVH�
�9HUPLQGHUXQJ� GHV� 9HUNHKUVOlUPV� LQ� 6WlGWHQ� XQG�*H�
PHLQGHQ� �� 7HLOSURJUDPP� 6FKLHQHQQDKYHUNHKU�� >5HGX�
FLQJ�WUDIILF�QRLVH�LQ�WRZQV�DQG�FRPPXQLWLHV�±�/RFDO�UDLO�
WUDQVSRUW@��

>�@� .U�JHU��)���/HQ]��8��HW�DO���+DQGEXFK���+DQGOXQJVHPS�
IHKOXQJHQ� ]XU�9HUPLQGHUXQJ�GHU� LQ�*OHLVE|JHQ�DXIWUH�
WHQGHQ� *HUlXVFKH� >+DQGERRN�� 5HFRPPHQGHG� VWHSV� WR�
UHGXFH�QRLVH�RFFXUULQJ�LQ�WUDFN�FXUYHV@��0DUFK��������

>�@� .U�JHU�� )��� (QWZLFNOXQJ� HLQHU� 3U�IVWUHFNH� I�U� GLH� *H�
UlXVFKW\SSU�IXQJ�YRQ�6FKLHQHQIDKU]HXJHQ�GHV�1DKYHU�
NHKUV� >'HYHORSPHQW�RI�D� WHVW� VHFWLRQ� IRU�QRLVH�W\SH� LQ�
VSHFWLRQ�RI�ORFDO�WUDQVSRUW�UDLO�YHKLFOHV@��8%$�UHVHDUFK��
).=������������������������

>�@� .U�JHU�� )���$PHQGH��'���0DUWLQL��.��� 6WHFNHO�� /���85�
%$1�75$&.�±�7HVWV�RQ�D�WHVW�FLUFXLW�DQG�K\GUR�SXOVH�
IDFLOLW\�IRU�HPEHGGHG�WUDFNV��6HSWHPEHU��������

�

�
)LJXUH����1RLVH� OHYHO�/S$)PD[�DW�����P�EHVLGH�WKH�WUDFN�
FHQWUH�OLQH������P�RYHU�UDLO�OHYHO�

�

:KHHO�IODQJH

'DPSLQJ�
PDWHULDO�
�SDGV��

)

6OHHSHU

)

5LP��
:KHHO�W\UH

5DLO

5DLO
IDVWHQHU

�����
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�

�
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�

2XWVLGH,QVLGH
�

6WUHVV
�)ULFWLRQ�

FXUYHG�WUDFN��UXQQLQJ�GLUHFWLRQ

� JXLGLQJ�SRLQW

�

�

'LUHF�
WLRQ

�
)LJXUH����)RUZDUG�ZKHHO�VHW�LQ�WKH�FXUYHG�WUDFN��5LJKW��
JXLGDQFH� RQ� WKH� IODQJH�� /HIW�� ODWHUDO�PRYHPHQW� WR� WKH�
FXUYH�FHQWUH��IULFWLRQ�FDXVHV�VTXHDO��
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'ULYLQJ�GLUHFWLRQ

DQJOH�RI�DWWDFN

/DVHU

DQJOH�RI
DWWDFN

�
)LJXUH� ��� $QJOH� RI� DWWDFN� RI� ZKHHOV� LQ� WKH� FXUYHG� WUDFN��
RXWHU� UDLO� �QR� UDGLDO� FRQILJXUDWLRQ� RI� WKH� ZKHHO�VHWV����
5� ���P�
�

:

RXWVLGH
UDLO

9

LQVLGH
UDLO

& ')( * +-,). '-/ * 0�1
* 2�'3* 4�57698;:�< =�>">�* >-?�@

VWLFN�VOLS

UXQ�RQ�WKH
ZKHHO�IODQJH

5

D
30

D
E�!����

/DVHU

���

9LEUDWLRQ

�
)LJXUH� ��� &XUYH� SDVVDJH� RI� D� ERJLH�ZLWK� QRQ� FRQWUROODEOH�
ZKHHO�VHWV���
D�� VWULNLQJ�DQJOH��ZKHHO�UDLO�DQJOH�RI�DWWDFN��
:�� ZKHHO�EDVH�
5� WUDFN�FXUYH�UDGLXV�
9� WUDLQ�YHORFLW\�
VLQ � �: 5D  �
7ZR�PRYHPHQWV��
��� 5XQQLQJ�RI�WKH�ZKHHO�IODQJH�RQWR�WKH�UDLO�KHDG��
��� 5RWDWLRQ�RI�WKH�ERJLH�DURXQG�WKH�FHQWUH�SRLQW�30��
�
�
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