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,QWURGXFWLRQ
7UDGLWLRQDOO\��KXOO�OLQHV�DUH�GHYHORSHG�

E\� VSHFLDOL]HG� K\GURG\QDPLFLVWV� �ZLWK�
OLWWOH� RU� QR� VKLS\DUG� HQJLQHHULQJ DQG�
SURGXFWLRQ� H[SHULHQFH�� RSWLPLVLQJ� WKH�
KXOO� ZLWK� UHVSHFW� WR� UHVLVWDQFH� DQG�
SURSXOVLRQ� FKDUDFWHULVWLFV�� %XW� VKLS� KXOO�
IRUP� GHVLJQ� VKRXOG� FRQVLGHU�
K\GURG\QDPLF� DQG SURGXFLELOLW\� DVSHFWV�
DQG� ILQG� D� DFFHSWDEOH� FRPSURPLVH��
+\GURG\QDPLF� DVSHFWV�� HVSHFLDOO\�
PLQLPL]DWLRQ� RI� SRZHU� UHTXLUHPHQWV��
OHDG� WR� UDWKHU� VWUHDPOLQHG� KXOO� VKDSHV�
WKDW� DUH� UHODWLYHO\� H[SHQVLYH� WR�SURGXFH��
'HVLJQHUV�VKRXOG�LQFRUSRUDWH�SURGXFWLRQ�
DVSHFWV� WKDW� UHGXFH� ZRUN� FRQWHQW�
VLJQLILFDQWO\� ZLWK� VPDOO�� LI� DQ\�� DGYHUVH�
LPSDFW�RQ�K\GURG\QDPLF�DQG�SURSXOVLRQ�
HIILFLHQF\�� 7KLV� LV� SRVVLEOH� DV� H[DPSOHV�
LQ�WKH�OLWHUDWXUH�VKRZ��
$� EDVLF� NQRZOHGJH� RI� WKH� SURGXFWLRQ�
SURFHVVHV� LV� HVVHQWLDO� WR� GLVFXVV� GHVLJQ�
IRU� SURGXFWLRQ� �')3��� 3DUVRQV� HW� DO��
�������� 7KH� FRVW� RI� SURGXFLQJ� VWLIIHQHG�
KXOO�SDQHOV� LV� UHODWHG WR� WKH�FXUYDWXUH�RI�
WKH� KXOO� VXUIDFH� DQG� WKDW� FXUYDWXUH
V�
RULHQWDWLRQ� UHODWLYH� WR� WKH� SULQFLSDO�
VWLIIHQHUV� RI� WKH� VXUIDFH��7KH� DPRXQW� RI�
FXUYDWXUH� GHWHUPLQHV� ZKHWKHU� WKH� SODWH�
ZLOO� EH� UROOHG�� SUHVVHG�� IODPH� EHQW�� HWF��
7KH� RULHQWDWLRQ� RI� FXUYDWXUH� UHODWLYH WR�
WKH� SULQFLSDO� IUDPHV� �WUDQVYHUVH� RU�
ORQJLWXGLQDO�� GHWHUPLQHV� ZKHWKHU� RU� QRW�
WKH� IUDPHV� PD\� KDYH� WR� EH� FXUYHG� DV�
ZHOO�� 7KH� FRQVWUXFWLRQ� RI� VWHHO� VKLSV�
LQYROYHV� D� ODUJH� QXPEHU� RI� VWHHO� SODWHV�

ZKLFK� IRUP� WKH� KXOO� VXUIDFH� SDQHOV��
7KHVH� SODWHV� DQG� VKDSHV� UHTXLUH� XVXDOO\�
VSHFLDO� VKDSLQJ�� XQOHVV� WKH\� DUH� LQ� D�
UHJLRQ�RI� WKH�VKLS�ZKHUH� WKH�KXOO� LV� IODW��
DV� H�J�� LQ� SDUWV� RI� WKH� ERWWRP� RU� VLGH�
SODWLQJ� LQ� WKH� SDUDOOHO� PLGERG\� RI� WKH�
KXOO�� 3ODWHV� WKDW� QHHG� WR� EH� VKDSHG� LQ�
RQO\� RQH� GLUHFWLRQ� �VLQJOH� FXUYDWXUH�� RU�
ZLWK�RQO\�D�VOLJKW�DPRXQW�RI�EDFNVHW�FDQ�
EH� IRUPHG� XVLQJ� UROOV�� 7KHVH� ODUJH�
PDFKLQHV� W\SLFDOO\� FRQVLVW� RI� D� ODUJH�
GLDPHWHU�WRS�UROO�DQG�WZR�VPDOO�GLDPHWHU�
ERWWRP� UROOV�� 3ODWHV� ZLWK� FRPSOH[�
�UHYHUVH�� FXUYDWXUH� RU� ODUJH� FXUYDWXUH� LQ�
ERWK� GLUHFWLRQV� �GRXEOH� FXUYDWXUH�� DUH�
IDEULFDWHG� XVLQJ� ODUJH� K\GUDXOLF� SUHVVHV��
3UHVVHV� DUH� DOVR� XVHG� LI� WKH� IDEULFDWHG�
PDWHULDO
V� VWUHQJWK�� WKLFNQHVV�� DQG�RU�
OHQJWK�H[FHHG�WKH�FDSDFLW\�RI� WKH� UROOLQJ�
PDFKLQH�� 3UHVVLQJ� LV� DOVR� XVHG� LQ�
FRQMXQFWLRQ�ZLWK�UROOV�WR�SURGXFH�FXUYHG�
VWLIIHQHUV�� 'HSHQGLQJ� RQ� WKH� VKLS\DUG�
IDEULFDWLRQ�IDFLOLWLHV��WKH�W\SHV�RI�SUHVVHV�
XVHG�DQG�WKH�ZD\V�LQ�ZKLFK�WKH\�DUH�XVHG�
PD\�YDU\��$� VWDQGDUG� OLQH�SUHVV�PD\�EH�
XVHG� IRU�PRGHUDWH� GRXEOH� FXUYDWXUH� DQG�
D� ULQJ� SUHVV� PD\� EH� XVHG� IRU� VHYHUH�
GRXEOH� DQG� UHYHUVH� FXUYDWXUH��2IWHQ� WKH�
UHTXLUHG� VKDSH� H[FHHGV� WKH� FDSDFLW\� RI�
FROG� IRUPLQJ� WHFKQLTXHV�� ,Q� WKHVH� FDVHV��
WKHUPDO� IRUPLQJ� �OLQH� KHDWLQJ��
WHFKQLTXHV� FDQ� EH� XVHG� DORQH� RU� LQ�
FRQMXQFWLRQ� ZLWK� FROG� IRUPLQJ� WR�
SURGXFH� WKH� GHVLUHG� FXUYDWXUH� ZKLOH�
NHHSLQJ� UHVLGXDO� VWUHVVHV�LQ� WKH�PDWHULDO�
DW�DQ�DFFHSWDEOH�OHYHO��(YHQ�LQ�IXOO�IRUP�
KXOOV� WKH� ZRUN� FRQWHQW� LQ� IRUPLQJ� WKH�
FXUYHG� VKHOO� SODWHV� DQG� ILWWLQJ� WKHP� WR�
WKH� LQWHUQDO� VWUXFWXUH� LV� D� VLJQLILFDQW�
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SRUWLRQ�RI�WKH�WRWDO�VWUXFWXUDO�PDQ�KRXUV��
EHFDXVH� SODWH� IRUPLQJ� LV� VWLOO� ODUJHO\� D�
PDQXDO�SURFHVV�UHTXLULQJ�KLJK�VNLOO��,W�LV�
QRW�D�UHSHDWDEOH�SURFHVV�DQG�VXIIHUV�IURP�
LQDFFXUDF\��
7KH� ORFDO� FXUYDWXUH� RI� WKH� KXOO�
GHWHUPLQHV� WR� D� ODUJH� H[WHQW� WKH�
SURGXFWLRQ� SURFHVV� QHHGHG� DQG� WKXV� WKH�
FRVW� RI� SURGXFLQJ� D� SDUWLFXODU� KXOO�
VHJPHQW�� 6RPH� FRQFHSWV� RI� KXOO� GHVLJQ�
IRU� SURGXFLELOLW\� WKXV� IROORZV� GLUHFWO\�
IURP� DQ� DQDO\VLV� RI� KXOO� FXUYDWXUH�
SURSHUWLHV�� 7KH� PHWDO� XVHG� IRU� WKH�
FRQVWUXFWLRQ� RI� WKLQ� FXUYHG� VKHOO�
VWUXFWXUHV� VXFK� DV� VKLSV� �EXW� DOVR�
DXWRPRELOHV� DQG� DLUFUDIW�� LV� RULJLQDOO\�
SURGXFHG�DV WKLQ��IODW�VKHHWV��SODWHV���7KH�
IRUPDWLRQ� RI� FXUYHG� VWUXFWXUHV� IURP� IODW�
VKHHW� PDWHULDO� LQHYLWDEO\� LQYROYHV� VRPH�
GHJUHH� RI� SODVWLF� GHIRUPDWLRQ� RI� WKH�
PDWHULDO� RI� WKH� SODWH�� 7KHUH� LV� D� VSHFLDO�
FODVV� RI� VXUIDFHV�� NQRZQ� DV�
µGHYHORSDEOH¶� VXUIDFHV�� ZKLFK� FDQ� EH�
UHDGLO\� IDEULFDWHG� IURP� VKHHW� PDWHULDO�
EHFDXVH�WKH\�UHTXLUH�RQO\�EHQGLQJ�RI�WKH�
VKHHW�� UDWKHU� WKDQ� DQ\� GHJUHH� RI�
VWUHWFKLQJ�� VKULQNLQJ�� RU� RWKHU� LQ�SODQH�
GHIRUPDWLRQ�� 'HYHORSDEOH� VXUIDFHV� DUH�
PXFK�HDVLHU�WR�SURGXFH�DQG�FRQVHTXHQWO\�
KLJKO\�SUHIHUUHG�LQ�GHVLJQ�IRU�SURGXFWLRQ��
/HWFKHU� HW� DO�� ��������/HWFKHU� ��������$�
QXPEHU� RI� VPDOO� VKLSV� KDYH� EHHQ�
GHVLJQHG� ZLWK� FRPSOHWHO\� GHYHORSDEOH�
KXOO� VXUIDFHV��7KH�*DXVVLDQ� FXUYDWXUH�.
LV� GHILQHG� DV� WKH� SURGXFW� RI� WKH� WZR�
SULQFLSDO� FXUYDWXUHV��. !� �� � FRQYH[� RU�
FRQFDYH� VXUIDFH�� .  � �� � GHYHORSDEOH�
VXUIDFH�� . �� �� � VDGGOH�VKDSHG� VXUIDFH�
�UHYHUVH� FXUYDWXUH��� 'HYHORSDEOH�
VXUIDFHV� DUH� UXOHG� VXUIDFHV�� ZKHUH� DOO�
SRLQWV�RI�WKH�VDPH�JHQHUDWRU�OLQH�VKDUH�D�
FRPPRQ� WDQJHQW� SODQH�� SODQH� �WULYLDO�
FDVH��� FRQLFDO�� F\OLQGULFDO� RU� WDQJHQW�
VXUIDFHV�RI�D�FXUYH��RU�D�FRPSRVLWLRQ�RI�
WKHVH�W\SHV��.LOJRUH��������GHYHORSHG�DQ�
RIWHQ� UHIHUHQFHG� JUDSKLFDO� PHWKRG� WR�

GHWHUPLQH� GHYHORSDEOH� VXUIDFHV� EHWZHHQ�
WZR� FXUYHV� LQ� VSDFH�� 5DWLRQDO� %H]LHU� RU�
%�6SOLQHV� FDQ� EH� XVHG� WR� SURGXFH�
GHYHORSDEOH� FXUYHV�� H�J�� %RGGXOXUL� DQG�
5DYDQL� ������������� 1RODQ� �������
SUHVHQWV� D� FRPSXWHU�DLGHG� PHWKRG� WR�
GHWHUPLQH� GHYHORSDEOH� VXUIDFHV�
IROORZLQJ� LQ� SULQFLSOH� .LOJRUH¶V�
DSSURDFK�� EXW� XVLQJ�7KHLOKHLPHU� VSOLQHV�
WR� DXWRPDWH� WKH� SURFHVV�� &OHPHQWV�
������������SUHVHQWV�D�FRPSXWHU�PHWKRG�
WR�GHYHORS�DUELWUDU\�GHYHORSDEOH�VXUIDFHV�
IRU� SDWFKHV� RQ� VKLSV� �LQ� KLV� DSSOLFDWLRQ�
SODQLQJ� KXOOV��� 7KH� FRUUHVSRQGLQJ�
VRIWZDUH� LV� FRPPHUFLDOO\� DYDLODEOH��
ZZZ�GDO�FD�aQXWHFK�WHFKV�WWF���KWPO��
.RQHVN\� ����������DE�� LPSURYHG� WKH�
DOJRULWKP� RI� 1RODQ�� ZKLFK� GRHV� QRW�
DOZD\V� ILQG� D� VROXWLRQ�� 7KH� UHVXOWLQJ�
VRIWZDUH� LV� DYDLODEOH� DV� $XWR'HY6XUI��
$OVR�WKH�)DLUZD\�SURJUDP��ZZZ�VDUF�QO��
LV� EDVHG� RQ� WKH� 1RODQ�&OHPHQW� WKHRU\�
ZLWK� VRPH� PRGLILFDWLRQV� IRU� WKH� VKLS�
HQGV��2GHQVH�6WHHO� 6KLS\DUG� FRRSHUDWHG�
ZLWK� 78�:LHQ� WR� GHYHORS� D� PHWKRG� WR�
DSSUR[LPDWH� D� JLYHQ� VXUIDFH� E\� D�
GHYHORSDEOH� VXUIDFH��&KHQ� HW� DO�� ��������
6|GLQJ��������GHVFULEHV�D�PHWKRG�IRU�WKH�
GHYHORSPHQW�RI�GRXEO\�FXUYHG�SODWHV�IRU�
*HUPDQ� VKLS\DUGV�� ,Q� SUDFWLFH�� D� VPDOO�
DPRXQW� RI� GRXEOH� FXUYDWXUH� �WZLVW�� LV�
DFFHSWDEOH�� EXW� OLWHUDWXUH� GRHV� QRW�
TXDQWLI\�ZKDW�LV�µVPDOO¶��
+LVWRULFDO� UHYLHZ� RI� VLPSOLILHG�
KXOO�IRUPV
%HUWUDP� ��������%HUWUDP� DQG�(O�0RFWDU�
������� JLYH� PRUH� H[WHQVLYH� KLVWRULFDO�
OLWHUDWXUH� UHYLHZV� RI� GHVLJQ� IRU�
SURGXFWLRQ� IRU� VKLS� KXOOV�� ZKLFK� LV�
UHSURGXFHG� LQ� SDUW� E\� /DPE� ��������
7KHUHIRUH� LW� VXIILFHV� WR� JLYH� KHUH� MXVW� D�
VKRUW� UHYLHZ�� 5HVHDUFK� LQWR� WKH� ����V�
IRFXVHG� RQ� VLPSOLILHG� KXOO� VKDSHV�
LQWURGXFLQJ� XVXDOO\� RQH� RU� VHYHUDO�
NQXFNOH� OLQHV�� 2FFDVLRQDO� FODLPV� RI�

�
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K\GURG\QDPLF�SHUIRUPDQFH�HTXLYDOHQW�WR�
WKDW� RI� IDLUHG� KXOOV� DSSHDU� H[DJJHUDWHG��
EXW� -RKQVRQ� ������� VKRZHG� LQ� PRGHO�
WHVWV� WKDW� PRGHUDWH� KXOO� VLPSOLILFDWLRQV�
PD\� DFWXDOO\� LPSURYH� K\GURG\QDPLF�
SHUIRUPDQFH��ZKLOH� ODUJHU� VLPSOLILFDWLRQ�
OHDG� WR� XQDFFHSWDEOH� K\GURG\QDPLF�
SHQDOWLHV��7KH�3LRQHHU�IRUP�RI�%ORKP�	�
9RVV�IHDWXUHG�RQO\�IODW�SODWHV�RQ�WKH�KXOO�
H[FHSW� IRU� WKH� UHJLRQV� RQ� WKH� VKLS� HQGV��
)LJ���� *DOOLQ� �������� 7KH� FRQFHSW� KDV�
DOUHDG\�PDQ\�PRGHUQ�LGHDV�RI�GHVLJQ�IRU
SURGXFWLRQ�� UHGXFWLRQ� RI� GLIIHUHQW� SDUWV�
WR� H[SORLW� HFRQRPLHV� RI� VFDOH� IRU� WKH�
VLQJOH� SDUWV�� PRGXODU� DSSURDFK� WR� RIIHU�
IDPLO\� RI� VKLSV� �ODWHU� VXFFHVVIXOO\�
LPSOHPHQWHG�LQ�WKH�0HNR�IULJDWH�V\VWHP�
RI� %ORKP	9RVV��� 7KLV� LQWURGXFHG� D�
PXOWLWXGH� RI� NQXFNOHV�� &RQWUDU\� WR� WKH�
H[SHFWDWLRQ�RI�WKH�GHVLJQHUV��WKLV�UHVXOWHG�
LQ�D�PRUH�GLIILFXOW�DVVHPEO\�SURFHVV�GXH�
WR� ILWWLQJ� SUREOHPV�� )DWLJXH� VWUHQJWK�
SUREOHPV� DSSHDUHG� DIWHU� VRPH� \HDUV� RI�
RSHUDWLRQ� LQ� WKHVH� VKLSV�� .LVV� �������
FRQFOXGHG� � WKDW� WKH� VDYLQJV� LQ� KXOO�
FRQVWUXFWLRQ�ZRXOG�QRW�EH�DEOH�WR�RIIVHW�
WKH� FRVW� IRU� IXHO� DQG� SRZHU� SODQW�
LQFUHDVHV�� +RZHYHU�� WKHUH� ZHUH� PDQ\�
JRRG� LGHDV� LQ� WKH� 3LRQHHU� VKLS� OLNH�

PRGXODU�GHVLJQ�RI�D�IDPLO\�RI�VKLSV��ODWHU�
VXFFHVVIXOO\ LPSOHPHQWHG� LQ WKH� %ORKP�
	9RVV�0H.R�SURJUDPPH��
)URP� ����� WR� ������ ,+&�+ROODQG�
SURGXFHG�D�IDLUO\�ODUJH�QXPEHU�RI�KRSSHU�
GUHGJHUV�� ZLWK� DOO� VKHOO� SODWHV�
GHYHORSDEOH��)LJ����7KRVH�YHVVHOV�UDQJHG�
IURP� ��� WR� ���� P� LQ� OHQJWK��
+\GURG\QDPLF� VWXGLHV� LQ� WKH� ����V�
VKRZHG� WKDW� � ZLWK� SURSHUO\� FKRVHQ�
FKLQHV� � WKH� UHVLVWDQFH� LQFUHDVH� RI� D�
GHYHORSDEOH� VXUIDFH� ZDV� RQO\� PDUJLQDO��
FRPSDUHG�ZLWK� D�GRXEO\�FXUYHG� VXUIDFH��
7KH� \DUG� HYHQ� H[SHULPHQWHG� ZLWK�
VWUDLJKW�VWLIIHQHUV�RQ�WKH�VKHOO�SODWH�LQ�WKH�
GLUHFWLRQ� RI� WKH� UXOLQJV�� LQVWHDG� RI�
YHUWLFDO� IUDPHV�� +RZHYHU�� LW� DSSHDUHG�
WKDW�WKH�VDYLQJV�RQ�WKH�ODFN�RI�EHQGLQJ�RI�
WKH� VWLIIHQHU� ZHUH� ORVW� E\� D� PRUH�
FRPSOH[� HQG�FRQQHFWLRQ� RI� WKH�
VWLIIHQHUV��$IWHU� WKH�\HDU������� µIDVKLRQ¶�
FKDQJHG�DQG�WRGD\�WKH\�EXLOG�LQ�PDMRULW\�
YHVVHOV� ZLWK� GRXEO\� FXUYHG� SODWHV�� 7KH�
H[DFW� UHDVRQ� LV� XQNQRZQ�� �SHUVRQDO�
FRPPXQLFDWLRQ� RI� +HUEHUW� .RHOPDQ�
�6$5&���

)LJ��� 3LRQHHU�VKLS )LJ��� ,+&�GUHGJHU�KXOO

)LJ��� 6KLS�KXOO�FRPSRVHG�RQO\�RI�GHYHORSDEOH�VXUIDFHV��VRXUFH��6FKHQ]OH��+69$
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6FKHQ]OH¶V� ')3 KXOO�� )LJ���� IRUP�
FRQVLVWV� DOPRVW� H[FOXVLYHO\� RI� VLQJOH�
FXUYDWXUH� DQG� IODW� SODWHV�� 7KLV� KXOO�
IHDWXUHV�EXOERXV�ERZ�DQG�VWHUQ�EXOE�DQG�
VKRZV� WKDW� GHVLJQ� IRU� SURGXFWLRQ� KXOOV�
DUH� IHDVLEOH� ZLWKRXW� VDFULILFLQJ�
K\GURG\QDPLFV�
6HYHUDO� GHVLJQV� ZLWK� GHYHORSDEOH�
VXUIDFHV�KDYH�EHHQ�GHYHORSHG�IRU�VPDOOHU�
VKLSV�ZKLFK�IRUP�D�SDUWLFXODU�LQWHUHVWLQJ�
PDUNHW��7KH\� DUH� XVXDOO\� EXLOW� LQ� VHULHV��
VR� WKH� UDWLR� RI� SURGXFWLRQ� FRVW� WR�
GHYHORSPHQW� FRVW� LV� KLJKHU� WKDQ� IRU� ELJ�
RQH�RI�D�NLQG� VKLSV�� $OVR� ELJJHU� VKLSV�
KDYH� QDWXUDOO\� PRUH� IODW� SODWHV� DQG�
GHYHORSDEOH�VXUIDFHV�WKDQ�VPDOOHU�VKLSV��
*HQHUDO� SULQFLSOHV� LQ� VKLS� KXOO�
GHVLJQ�IRU�SURGXFWLRQ

*OREDO� ')3� DVSHFWV� FRQFHUQ� WKH�
PDLQ� GLPHQVLRQV�� 6FKQHHNOXWK� DQG�
%HUWUDP��������
x 0D[LPL]H� IODW� RI� ERWWRP� DQG� IODW� RI�

VLGH�
x $� VPDOO� /�% UHGXFHV WKH� QXPEHU� RI�

IUDPHV� DQG� UHGXFHV� WKH� KXOO� VWHHO�
ZHLJKW��

x $� ORQJ� SDUDOOHO� PLGERG\ LQFUHDVHV�
WKH�DPRXQW�RI�IODW�SODWHV�DQG�UHGXFHV�
WKH�QXPEHU�RI�GLIIHUHQW�IUDPH�VKDSHV��
7KH� QXPEHU� RI� UHSHDWHG� SDUWV� DQG�
VHFWLRQV�LV�LQFUHDVHG��

x $Q� ODUJH� EORFN� FRHIILFLHQW LQFUHDVHV�
WKH�DPRXQW�RI�IODW�SODWHV�

x 6HOHFW�D�ELOJH�UDGLXV�VR�WKDW�RQH�SODWH�
ZLGWK�FDQ�KDQGOH� WKH�ELOJH� VWUDNH��$�
VPDOO� ELOJH� UDGLXV� UHGXFHV� WKH�
DPRXQW� RI� EHQGLQJ� IRU� IUDPHV� DQG�
SODWHV�� 7KH� ELOJH� UDGLXV� VKRXOG� EH�
VHOHFWHG� VR� WKDW� WKH� VLGH� EORFN�
HUHFWLRQ�MRLQW�LV�DERYH�WKH�WDQJHQW�RI�
WKH�VKLS
V�VLGH�WR�WKH�ELOJH�UDGLXV��DQG�
DERYH�WKH�WDQN�WRS�

/RFDO�DVSHFWV��VPDOO�FKDQJHV�LQ�WKH�KXOO��
FDQ� DOVR� LPSURYH� WKH� SURGXFLELOLW\� RI� D�

VKLS�� 7KH� VXUIDFHV� RI� PRGHUQ� KXOO�
JHRPHWULHV� IHDWXUH� RYHU� ZLGH� DUHDV� D�
YHU\� VPDOO� YDOXH� IRU� WKH� VPDOOHU� RI� WKH�
WZR� SULQFLSDO� FXUYDWXUHV�� 7KDW� LV�� WKH�
VXUIDFH� LV� DOPRVW� GHYHORSDEOH� DQG� PRVW�
SODWHV� FDQ� EH� FROG� IRUPHG�� 2QO\� VPDOO�
FKDQJHV�LQ�WKH�KXOO�IRUP�PD\�EH�UHTXLUHG�
WR�JLYH�GHYHORSDEOH�KXOOV��(VSHFLDOO\� WKH�
LQWHUPHGLDWH� DUHDV� EHWZHHQ� IODW� UHJLRQV�
LQ�ERWWRP�DQG�VLGHV�WR�WKH�VKLS�HQGV�FDQ�
EHQHILW� IURP� VXFK� VOLJKW� PRGLILFDWLRQV�
ZKLFK� PD\� KDYH� RQO\� QHJOLJLEOH� HIIHFWV�
RQ� WKH� SRZHU� UHTXLUHPHQWV�� 7KH�
IROORZLQJ�OLVW�LV�WDNHQ�ODUJHO\�IURP�.DLQH�
DQG�,QJYDVRQ��������
x $YRLG� H[FHVVLYH� FXUYDWXUH� LQ�

VXUIDFHV� RQ� WKH� KXOO�� $OO� DYDLODEOH�
VKLSEXLOGLQJ� &$'�&$0� V\VWHPV�
KDYH� IDLULQJ� SURJUDPV� WKDW� LQFOXGH�
WRROV� WKDW� VKRZ� WKH� H[WHQW� RI�
FXUYDWXUH�� 7KHVH� FDQ� HQVXUH� WKDW� WKH�
GHVLJQHG� KXOO� IRUP� RQO\� FRQWDLQV�
VXUIDFHV� ZLWK� FXUYDWXUH� ZLWKLQ� WKH�
PDQXIDFWXULQJ� DQG� HFRQRPLF�
FDSDELOLW\�RI�D�JLYHQ�VKLS\DUG�

x $YRLG� GRXEOH�FXUYDWXUH VXUIDFHV� LQ�
KXOO� SODWLQJ�� 0DQ\� RI� WKH� KXOO� OLQHV�
FDQ� EH� VWUDLJKW� LQ� RQH� GLUHFWLRQ�
ZLWKRXW� ORVV� RI� K\GURG\QDPLF�
SHUIRUPDQFH� RU� DSSHDUDQFH�� $�
GRXEOH�FXUYDWXUH� SODWH� ZLOO� XVXDOO\�
UHTXLUH� KHDW� WUHDWPHQW� DQG LQFUHDVHG�
ZRUN� LQSXW� WR� DFKLHYH� WKH� UHTXLUHG�
VKDSH�� 6LQJOH�FXUYDWXUH� SODWHV� OHDG�
DOVR� WR� OHVV� VFUDS�� ,Q� DQ\� FDVH��
FXUYDWXUHV� RI� SODWHV� VKRXOG� EH� NHSW�
VPDOO� HQRXJK� WR� DYRLG� FDVWLQJV� DV�
WKHVH�PDNH�WKH�VWUXFWXUDO�GHWDLO�WKUHH�
WR�IRXU�WLPHV�PRUH�H[SHQVLYH�

x $YRLG�VKDSHV�WKDW�UHTXLUH�FDVWLQJV�LQ�
VWHP�DQG�VWHUQ�

x 6WUDLJKW�VHFWLRQV�DQG�VLQJOH�FXUYDWXUH�
SODWHV� LPSURYH� ZHOGLQJ� SURGXFWLYLW\�
�PRUH� DXWRPDWLF�ZHOGLQJ��� HOLPLQDWH�
EHQGLQJ�� DQG� UHGXFH� WKH� QXPEHU� RI�
GLIIHUHQW� SDUWV� �PRUH� UHSHWLWLRQ� RI�

�
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IUDPHV�� WR�EH�PDQXIDFWXUHG�� WUDFNHG��
DVVHPEOHG�DQG�LQVWDOOHG��

x .HHS� WKH� LQQHU� VWUXFWXUH� VWUDLJKW��
(YHQ� WKRXJK� WKH� KXOO� OLQHV� DUH�
FXUYHG�� WKHUH� LV�QR�QHHG� WR�EULQJ� WKH�
H[WHULRU� KXOO� VKDSH� LQWR� WKH� LQWHULRU�
KXOO� VWUXFWXUH�� 7KH� LQWHUQDO� VWUXFWXUH�
WKHQ� VHUYHV� DV� D� WUDQVLWLRQ� EHWZHHQ
WKH�FXUYHV�RI�WKH�KXOO�H[WHULRU�DQG�WKH�
VWUDLJKW� OLQHV�DQG�IODW�VXUIDFHV�RI� WKH�
LQWHULRU�

x .QXFNOHV QHFHVVDU\�WR�DFKLHYH�D� OHVV�
FRPSOLFDWHG� FXUYDWXUH� VKRXOG� EH�
ORFDWHG� DW� XQLW� EUHDNV��'R� QRW� SODFH�
NQXFNOHV� HLWKHU� DW� RU� EHWZHHQ�
EXONKHDGV� DQG� GHFNV�� EXW� ��FP WR�
��FP� IURP� WKH� EXONKHDGV� RU� GHFNV�
ZKHUH� WKH� EUHDNV� ZLOO� EH� PDGH��
.QXFNOHV�DERYH�WKH�ZDWHUOLQH�GR�QRW�
LQIOXHQFH� WKH� K\GURG\QDPLF�
SHUIRUPDQFH�� +RZHYHU�� WKH� IDWLJXH�
VWUHQJWK� RI� WKH� NQXFNOHV� VKRXOG� EH�
LQYHVWLJDWHG�� $� ODUJH� QXPEHU� RI�
NQXFNOHV� PD\� OHDG� WR� SUREOHPV� LQ�
ILWWLQJ�GXULQJ�DVVHPEO\�DQG�LQ�IDWLJXH�
VWUHQJWK�� 7KLV� PD\� PRUH� WKDQ�
FRPSHQVDWH� WKH� DGYDQWDJHV� RI�
UHGXFLQJ�FXUYDWXUH�RI�SDUWV��

x (VWDEOLVK� XQLW� EUHDNV HDUO\� LQ� WKH�
GHVLJQ� SURFHVV� DQG� ORFDWH� WKHP� IRU�
UHSHWLWLYH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�
WKH� XQLWV�� 7KH� ORFDWLRQ� RI� WKH� XQLW�
EUHDNV� FDQ� EH� FULWLFDO� WR� FRVW�
UHGXFWLRQ�� )RU� VRPH� VKLSV�� VXFK� DV�
WDQNHUV� DQG� EXON� FDUULHUV�� PXFK� RI�
WKH�VWUXFWXUH� LV� UHSHWLWLYH��%\�FDUHIXO�
ORFDWLRQ�RI� WKH�XQLW� EUHDNV�� WKH�XQLWV�
WR�EH�IDEULFDWHG�FDQ�EH�EXLOW�IURP�RQH�
VHW�RI�SODQV�ZLWK�UHVXOWDQW�VDYLQJV�LQ�
HQJLQHHULQJ� DQG� SURGXFWLRQ� PDQ�
KRXUV�� 7KLV� QRW� RQO\� DOORZV� IRU�
DVVHPEO\�OLQH� W\SH� FRQVWUXFWLRQ�ZLWK�
WKH� FRVW� EHQHILWV� RI� OLQH� SURGXFWLRQ��
EXW� DOVR� UHGXFHV� WKH� PDQ�KRXUV�
UHTXLUHG�WR�GHVLJQ�WKH�VKLS��7KH�HDUO\�
ORFDWLRQ� RI� XQLW� EUHDNV� SURYLGHV�
DQRWKHU� EHQHILW� E\� SHUPLWWLQJ� WKH�

GHVLJQHU� WR� ORFDWH� WKH� YDULRXV� LWHPV�
RI� PDFKLQHU\� DQG� HTXLSPHQW� LQ�
SRVLWLRQV� ZKLFK� IDFLOLWDWH� XQLW�
RXWILWWLQJ�� $Q\� HTXLSPHQW� ZKLFK�
KDSSHQV�WR�EH�ORFDWHG�DFURVV�D�EUHDN�
FDQQRW� EH� LQVWDOOHG� XQWLO� DIWHU� WKH�
XQLWV�KDYH�EHHQ�HUHFWHG�ZKLFK�PDNHV�
LW� PRUH� FRVWO\�� -RLQLQJ� WKH� VKHOO� RI�
WZR�XQLWV� LV�HDVLHU� LI� WKH�MRLQW� LQ�RQH�
GLUHFWLRQ� LV� VWLII� �QHDU� D� ULJLG�
WUDQVYHUVH� VWUXFWXUH��DQG� WKH�RWKHU� LV�
IOH[LEOH��GLVWDQW�IURP�ULJLG�WUDQVYHUVH�
VWUXFWXUH����

x 0LGVKLS� FURVV� VHFWLRQV� ZLWK� ULVH� RI�
IORRU� IRU� GLVSODFHPHQW� VKLSV� DUH�
RXWGDWHG��0RGHUQ�VKLSV�DUH�GHVLJQHG�
ZLWK�ODUJH�IODW�ERWWRPV��7KH�VKLS\DUG�
PD[LPXP�SODWH�ZLGWK�VKRXOG�EH�XVHG�
DV�WKH�IODW�NHHO�ZLGWK��

x &XUYHG�VWHPV�PD\�ORRN�QLFH��EXW�DUH�
FRVWO\��(YHQ�VOLJKW�GHSDUWXUHV�IURP�D�
VWUDLJKW�OLQH� VWHP� ZLOO� DGG� WR� WKH�
GLIILFXOW\� LQ� IDEULFDWLQJ� LW�� 7KH�
VLPSOHVW� VWHP� JHRPHWU\� LV� IRUPHG�
IURP� FRQH� VHJPHQWV�� 7KLV� ZLOO� JLYH�
HOOLSWLFDO� ZDWHUOLQH� HQGLQJV�� QRW�
FLUFXODU��DV�PDQ\�GHVLJQHUV¶�XVH���

x %XOERXV� ERZV� DUH� QHYHU� HDV\� RU�
FKHDS�WR�EXLOG�DQG�WKH�RYHUDOO�GHVLJQ�
IROORZV� SXUHO\� K\GURG\QDPLF�
FRQVLGHUDWLRQV�� +RZHYHU�� EXOEV� FDQ�
EH� FRQVWUXFWHG� IURP� �QHDUO\��
GHYHORSDEOH� SDWFKHV�� DQG� DGGLQJ�
EXOEV� ZLWK� DSSURSULDWHO\� ORFDWHG�
NQXFNOHV� OLQHV� EHWZHHQ� EXOE� DQG�
IRUHERG\� XVXDOO\� LPSURYHV�
SURGXFLELOLW\��

x 7KH� WHUP µVWHUQ¶� XVXDOO\� FRYHUV� WZR�
LPSRUWDQW� LQGHSHQGHQW�EXW�REYLRXVO\�
FRQQHFWHG� LWHPV�� QDPHO\� WKH�
SURSHOOHU� DSHUWXUH� DQG� WKH� UXGGHU�
DUUDQJHPHQW�� DQG� WKDW� SRUWLRQ�ZKLFK�
LV�PRVWO\�DERYH� WKH�GHVLJQ�ZDWHUOLQH�
DIW�RI�WKH�UXGGHU�VWRFN�FHQWUHOLQH��7KH�
XSSHU� VWHUQ� GHYHORSPHQW� SURFHHGHG�
IURP� WKH� FRXQWHU� VWHUQ� WR� WKH� FUXLVHU�
DQG� WKHQ� WUDQVRP�� 0HUFKDQW� VKLS�
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GHVLJQHUV� DGRSWHG� WKH� WUDQVRP� VWHUQ�
EHFDXVH�RI� LWV�REYLRXV�HFRQRP\��EXW�
DOVR� DV� LW�PDLQWDLQHG� GHFN�ZLGWK� DIW�
ZKLFK� ZDV� LPSRUWDQW� LQ� GHFN� FDUJR�
VKLSV�� VXFK� DV� FRQWDLQHU� VKLSV� DQG�
VKLSV� ZLWK� DIW� GHFNKRXVHV�� 7UDQVRP�
VWHUQV�VKRXOG�EH�GHVLJQHG�DV�YHUWLFDO�
IODW�SODWH�

x 7KH� DIWERGLHV� RI� VLQJOH�VFUHZ�
VKLSV� RIWHQ� IHDWXUH� UHJLRQV� ZLWK�
UHYHUVH� FXUYDWXUH�� 7KLV� UHYHUVH�
FXUYDWXUH� FDQ� EH� HOLPLQDWHG� E\�
FDUHIXOO\� ORFDWLQJ� SODWH� VHDPV� DQG�
EXWWV� DW� WKH� WUDQVIHU� OLQHV� IURP�
FRQYH[� GRXEOH� FXUYDWXUH� SODWHV� WR�
FRQFDYH� SODWHV�� +RZHYHU�� WKH� ZRUN�
FRQWHQW�LV�VWLOO�VLJQLILFDQW��7KHUH�DUH�
WZR� RSWLRQV� LQ� WKLV� FDVH�� /DPE�
�������
�� )ROORZ�WKH�QRUPDO�VLQJOH�VFUHZ�

KXOO� IRUP�DV�FORVHO\�DV�SRVVLEOH�
E\� LQFRUSRUDWLQJ� RQH� RU� PRUH�
FKLQHV�� MRLQHG� E\� VWUDLJKW� OLQHV�
RU� VLPSOH� VHFWLRQV�� 7KH� FKLQHV�
VKRXOG� OLH� LQ� IORZ� OLQHV� WR�
SUHYHQW� FURVV� IORZV�DV�PXFK�DV�
SRVVLEOH��

�� 'HVLJQ�WKH�DIWERG\�DV�SUDP�W\SH�
ZLWK� D� VNHJ� DGGHG�� 7KLV�
DSSURDFK� KDV� WKH� OHDVW� ZRUN�
FRQWHQW�

8QGHUVWDQGLQJ� WKH� TXDOLWDWLYH OHYHUV� WR�
LQFUHDVH� SURGXFLELOLW\� LV� DQ� LPSRUWDQW�
VWHS� IRU� WKH� GHVLJQ� HQJLQHHU�� 7KH� QH[W�
VWHS� LV� WR� TXDQWLI\ WKH� SURGXFWLRQ� FRVW��
$SSURDFKHV� LQ� WKLV� GLUHFWLRQ� DUH�
GLVFXVVHG�LQ�WKH�QH[W�FKDSWHU�

(YDOXDWLQJ� SURGXFLELOLW\� RI� KXOO�
IRUPV

(VWLPDWLQJ�WKH�SURGXFWLRQ�FRVW�LV�D�
IXQGDPHQWDO� SDUW� RI� VKLS� GHVLJQ�� 7KH�
RSWLRQ�IRU�HVWLPDWLQJ�WKH�SURGXFWLRQ�FRVW�
GLIIHU�LQ�WKH�UHTXLUHG�LQIRUPDWLRQ�IRU�WKH�

LQSXW� GDWD�� 7KH� OHVV� LQIRUPDWLRQ� LV�
QHHGHG�� WKH� HDUOLHU� D� PHWKRG� FDQ� EH�
HPSOR\HG� LQ� WKH� GHVLJQ� SURFHVV�� 7KH�
PRUH� LQIRUPDWLRQ� LV� XVHG�� WKH� ILQHU�
GLIIHUHQFHV� EHWZHHQ� GHVLJQ� DOWHUQDWLYHV�
FDQ� EH� DQDO\VHG�� 7KH� PHWKRGV� IRU�
HVWLPDWLQJ�SURGXFWLRQ�FRVW� DUH� FODVVLILHG�
LQWR� WRS�GRZQ� �PDFUR�� FRVW�GRZQ� RU�
KLVWRULFDO�� DSSURDFKHV� DQG� ERWWRP�XS�
�PLFUR�� FRVW�XS� RU� HQJLQHHULQJ� DQDO\VLV��
DSSURDFKHV��
7KH� WRS�GRZQ DSSURDFK GHWHUPLQHV� WKH�
SURGXFWLRQ� FRVW� IURP� JOREDO� SDUDPHWHUV�
VXFK�DV�WKH�ZHLJKW�RI�WKH�KXOO��WKH�EORFN�
FRHIILFLHQW�� WKH� VKLS� OHQJWK� HWF���
6FKQHHNOXWK� DQG� %HUWUDP� �������� 7KH�
UHODWLRQV� EHWZHHQ� FRVW� DQG� JOREDO�
SDUDPHWHUV� DUH� IRXQG� E\� HYDOXDWLRQ� RI�
SUHYLRXV� VKLSV�� 7KXV�� WKH� WRS�GRZQ�
DSSURDFK� LV� RQO\� DSSOLFDEOH� LI� WKH� QHZ�
GHVLJQ�LV�VLPLODU�WR�WKHVH�SUHYLRXV�VKLSV��
$OVR�� WKH� FRVW� HVWLPDWLRQ� IDFWRUV� LQ� WKH�
DSSURDFK� UHIOHFW� SDVW� SUDFWLFHV� DQG�
H[SHULHQFH�� 'HVSLWH� LWV� SRSXODULW\� DQG�
IUHTXHQW�UHIHUHQFHV�LQ�WKH�OLWHUDWXUH�� WRS�
GRZQ� DSSURDFKHV� KDYH� VHULRXV�
GLVDGYDQWDJHV� ZKLFK� DUH� RIWHQ�
RYHUORRNHG�RU�FRQFHDOHG�
x 7KH� DSSURDFK� XVHV� RQO\� JOREDO�

LQIRUPDWLRQ� DQG� LV� WKXV� LQFDSDEOH� RI���
UHIOHFWLQJ� ORFDO� IRUP� FKDQJHV� RU�
GHWDLOV� RI� WKH� GHVLJQ� LPSURYLQJ�
SURGXFLELOLW\��

x 7KH� DSSURDFK� LV� EDVHG� RQ� ZHLJKW��
$Q\� FKDQJH� ZKLFK� LQFUHDVHV� ZHLJKW�
ZLOO� DXWRPDWLFDOO\� LQFUHDVH� WKH� FRVW�
HVWLPDWH� UHJDUGOHVV�RI� WKH� UHDO� HIIHFW�
RQ� FRVW�� ([WUHPH� OLJKW�ZHLJKW�
GHVLJQV� PD\� GUDVWLFDOO\� LQFUHDVH� WKH��
QXPEHU� RI� UHTXLUHG� KRXUV�� ZKLOH�
ODUJH� IUDPH� VSDFLQJ� PD\� LQFUHDVH�
ZHLJKW�� EXW�GHFUHDVH�QHFHVVDU\�PDQ�
KRXUV�� 7KLV� LV� QRW� UHIOHFWHG� LQ� WKH�
IRUPXODH�

�
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x 7KH� DSSURDFK� LV� EDVHG� RQ� KLVWRULFDO�
GDWD�� L�H�� KLVWRULFDO� GHVLJQV� DQG�
KLVWRULFDO� SURGXFWLRQ� PHWKRGV�� ,Q�
YLHZ�RI� WKH� VRPHWLPHV� UHYROXWLRQDU\�
FKDQJHV� LQ� SURGXFWLRQ� WHFKQRORJ\�
RYHU� WKH� ODVW� GHFDGH�� WKH� GDWD� DQG�
IRUPXODH� PD\� VRPHWLPHV� EH� FDOOHG�

SUHKLVWRULF
��7KH\�GR�QRW�UHIOHFW�QHZ�
DSSURDFKHV� LQ� VWUXFWXUDO� GHVLJQ� RU�
SURGXFWLRQ�WHFKQRORJ\����

x 7KH�DSSURDFKHV�ZHUH�SUREDEO\�EDVHG�
RQ� LQDFFXUDWH� GDWD� HYHQ� DW� WKH� WLPH�
WKH\� ZHUH� GHULYHG�� 6KLS\DUGV� DUH�
WUDGLWLRQDOO\� SRRU� VRXUFHV� RI� FRVW�
LQIRUPDWLRQ�� 7KH� GDWD� DUH� IUHTXHQWO\�
VNHZHG� UHIOHFWLQJ� SUHVVXUHV� RI� WKH�
ILUVW�OLQH�PDQDJHUV�DQG�RWKHU�IDFWRUV��

7KH� DOWHUQDWLYH� ERWWRP�XS DSSURDFK
EUHDNV�GRZQ�WKH�SURMHFW�LQWR�HOHPHQWV�RI�
ZRUN� DQG�EXLOGV�XS� D� FRVW� HVWLPDWH� LQ� D�
GHWDLOHG� HQJLQHHULQJ� DQDO\VLV�� 7KLV�
DSSURDFK�DOVR�XVHV�FRVW�IDFWRUV��EXW� WKH\�
DUH� EDVHG� RQ� ZRUN� VWXGLHV� RI� µDWRPLF¶�
HOHPHQWV�RI� WKH�RSHUDWLRQ�� VXFK� DV�PDQ�
KRXUV� SHU� ZHOG� OHQJWK� XVLQJ D� FHUWDLQ�
ZHOGLQJ� WHFKQLTXH� DQG� SRVLWLRQ�� 7KHVH�
HOHPHQWDU\� DFWLRQV� DUH� VXSSRVHG� WR� EH�
LQGHSHQGHQW� RI� DSSOLFDWLRQ�� ,Q� UHDOLW\��
WKH\� PD\� ZHOO� GLIIHU� EHWZHHQ� GLIIHUHQW�
ZHOGHUV� �H[SHULHQFH�� ZRUN� HWKLFV��� GD\V�
�ZRUNORDG��FOLPDWH���HWF��7KH\�DUH�WKHQ�WR�
EH� GHWHUPLQHG� DQG� LQWHUSUHWHG� DV� D�
VWDWLVWLFDO�DYHUDJH�
7DEOH� ,� VKRZV� D� VLPSOH� H[DPSOH� RI� D�
SRVVLEOH�ERWWRP�XS�FDOFXODWLRQ�RI� ODERXU�
FRVW� DQG� PDWHULDO� FRVW� IRU� KXOO�
SURGXFWLRQ�� )RU� HDFK� ZRUN� SURFHVV� WKH�
QXPEHU� RI� QHFHVVDU\� PDQ�KRXUV� LV�
FRPSXWHG�� 7KLV� LV� GRQH� E\� PXOWLSO\LQJ�
WKH�DYHUDJH�PDQ�KRXUV�SHU�XQLW�ZLWK� WKH�
QXPEHU� RI� XQLWV� IRU� WKLV� ZRUN� SURFHVV��
8QLWV� IRU� D� ZRUN� SURFHVV� FRXOG� EH��

QXPEHU� RI� IUDPHV� DQG� SODWHV� UHTXLULQJ�
EHQGLQJ
�� 
PHWHUV� RI�ZHOG
� HWF�� 7KH� WRWDO�
QXPEHU� RQ� QHFHVVDU\�PDQ�KRXUV� LV� WKHQ�

WKH� VXP� RI� DOO� PDQ�KRXUV� IRU� WKH�
LQGLYLGXDO� ZRUN� SURFHVVHV�� 7KH� PDQ�
KRXUV� DUH� FRQYHUWHG� LQWR� FRVW� E\�
PXOWLSOLFDWLRQ�RI�WKH�PDQ�KRXUV�IRU�HDFK�
ZRUN� SURFHVV�ZLWK� WKH� VKLS\DUG� VSHFLILF�
FRVW�IDFWRU��PRQHWDU\�XQLW�PDQ�KRXU��IRU�
WKLV�ZRUN� SURFHVV��$JDLQ� WKH� VXP�RI� DOO�
ZRUN SURFHVVHV�JLYH�WKH�WRWDO�ODERXU�FRVW��
6LPLODUO\�WKH�PDWHULDO�FRVW�DUH�HVWLPDWHG��
7KH� GHSWK� RI� GLIIHUHQWLDWLRQ� RI� WKH�
LQGLYLGXDO� ZRUN� SURFHVVHV� LV� FKRVHQ�
DSSURSULDWHO\�
7KH� ERWWRP�XS� DSSURDFK� UHTXLUHV� PRUH�
HIIRUW� DQG� GHWDLOHG� LQIRUPDWLRQ� WKDQ� WKH�
WRS�GRZQ DSSURDFK�� EXW� XQOLNH� WKH� WRS�
GRZQ�DSSURDFK�� WKH�ERWWRP�XS�DSSURDFK�
FDSWXUHV� DOVR� GLIIHUHQFHV� LQ� GHVLJQ�
GHWDLOV��&KDQJLQJ�WKH�ORFDO�KXOO�JHRPHWU\�
KDV� H�J�� DQ� LQIOXHQFH� RQ� WKH� QXPEHU� RI�
IUDPHV�ZKLFK�UHTXLUH�EHQGLQJ�� WKH�HIIRUW�
LQ�SODWH�EHQGLQJ�DQG� WKH�GHJUHH�RI�ZHOG�
DXWRPDWLRQ� ZKLFK� GHSHQGV� RQ� WKH�
FXUYDWXUH� RI� WKH� ZHOG� MRLQWV�� $OO� WKHVH�
HIIHFWV� DUH� UHIOHFWHG� E\� DQ� DSSURSULDWH�
GHFRPSRVLWLRQ�RI� WKH� WRWDO�ZRUN�SURFHVV�
LQWR�LWV�LQGLYLGXDO�FRPSRQHQWV��7KH�PRVW�
DGYDQFHG� DSSOLFDWLRQ� LQ� WKLV� ILHOG�
HPSOR\LQJ� IRUPDO� RSWLPLVDWLRQ� DQG�
ERWWRP�XS�DSSURDFK�LV�WKH�ZRUN�RI�5LJR�
IRU� VKLS� VWUXFWXUHV� XVLQJ� KLV� /%5���
V\VWHP�� 5LJR� �����D�E�����D�E��� 5LJR�
DQG� )OHXU\� �������� .DUU� HW� DO�� ��������
7KLV� LV� SUREDEO\� WKH� RQO\� VXFK� V\VWHP�
ZKLFK� KDV� EHHQ� DSSOLHG� LQ� VKLS\DUG�
DSSOLFDWLRQ��
5DWKHU� WKDQ� HPSOR\LQJ� IRUPDO�
RSWLPLVDWLRQ� ZLWK� DVVRFLDWHG�
VRSKLVWLFDWHG� PRGHOV�� FDOFXODWLRQV� LQ�
SUDFWLFH� ZLOO� PRUH� RIWHQ� EH� EDVHG� RQ�
VLPSOH�VSUHDGVKHHWV�DV�VKRZQ�LQ�7DEOH�,��
7KHVH� VSUHDGVKHHWV� FDQ� TXLFNO\� EH�
PRGLILHG� IRU� QHZ� VKLS� GHVLJQ� SURMHFWV�
DQG� IHHGEDFN IURP� SURGXFWLRQ� FDQ�
TXLFNO\� EH� LQFRUSRUDWHG�� 7KH� ERWWRP�XS�
DSSURDFK�GHVFULEHG�LQ�7DEOH�,� UHTXLUHV�D�
VLJQLILFDQW� DPRXQW� RI� GHWDLOHG�
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LQIRUPDWLRQ�DERXW�WKH�SURGXFW�DQG�KRZ�LW�
FDQ� RU� ZLOO� EH� FRQVWUXFWHG�� 7KH� PDMRU�
DGYDQWDJH� RI� WKDW� WHFKQLTXH� LV� WKDW� LW�
VSHFLILFDOO\� FRQVLGHUV� WKH� DFWXDO� ZRUN�
FRQWHQW� RI� WKH� SURGXFW� DQG� SURYLGHV� D�
UHDOLVWLF� FRVW� HVWLPDWH� IRU� WKH�
FRQVWUXFWLRQ� HIIRUW�� $W� SUHVHQW�� WKLV�
DSSURDFK� LV� QRW� DYDLODEOH� LQ� PRVW�
VKLS\DUGV�� QHLWKHU� DUH� KLVWRULFDO�
GDWDEDVHV� IURP� ZKLFK� LW� FRXOG� EH�
GHYHORSHG�� ,W� LV� WKHQ� QHFHVVDU\� WR�
GHYHORS� DQ� DSSURSULDWH� DSSURDFK�� DQG�
FROOHFW�WKH�GDWD�UHTXLUHG���

8QWLO� VXFK� DQ� DSSURDFK� LV� IXOO\�
GHYHORSHG� IRU� DOO� SURFHVVHV�� D� OHVV�
SUHFLVH� EXW� VLPLODU� DSSURDFK� FRXOG� EH�
XVHG� E\� DSSO\LQJ� NQRZQ� GDWD� DQG�
µJXHVVWLPDWHV¶� WR� WKH�YDULRXV GHVLJQ�DQG�
SURGXFWLRQ� IDFWRUV� IRU� HDFK� GHVLJQ�
DOWHUQDWLYH�� 7KH� FDOFXODWLRQ� LV� WKHQ�
SURJUDPPHG�DQG� LQWHUIDFHG� WR� VWUXFWXUDO�
GHVLJQ� &$'� V\VWHPV�� DV� VKRZQ� E\�
6DVDNL� ������� IRU� 0LWVXELVKL� +HDY\�
,QGXVWULHV�� 7KH� FRVW� HVWLPDWLRQ� IXQFWLRQ�
LQ� WKH� &$33� �FRPSXWHU� DLGHG� SURFHVV�
SODQQLQJ�� V\VWHP� RI� 0LWVXELVKL�
PXOWLSOLHV� ZHOG� OHQJWK� E\� SRVWXUH� E\� D�
IDFWRU�UHIOHFWLQJ�WKH�ZRUN�GLIILFXOW\��H�J��
�� IRU� GRZQZDUG�� �� IRU� XSZDUG�� ���� IRU�
KRUL]RQWDO��

&SURGXFWLRQ  �6 �:FRQYHUVLRQ�u &XQLWFRQVW�
:FRQYHUVLRQ� �:UHDO u .&SURGXFWLRQ LV� WKH� FRVW� IRU� SURGXFWLRQ� RI�
RQH� EORFN�� :FRQYHUVLRQ� FRQYHUWHG� ZHOGLQJ�OHQJWK� �FRQVLGHULQJ� WKH� GLIIHUHQW�
GLIILFXOW\� RI� ZHOGLQJ� GHSHQGLQJ� RQ�
SRVWXUH���&XQLWFRQVW�WKH�FRVW�WR�ZHOG��P�IRU�HDFK� SRVWXUH�� :UHDO WKH� DFWXDO� ZHOGLQJ�OHQJWK��DQG�.�D�FRHIILFLHQW�WR�H[SUHVV�WKH�
GLIILFXOW\� RI� WKH� ZHOGLQJ� ZRUN�� 7KH�
V\VWHP�DOORZV� WKXV� WR� FRPSDUH� GLIIHUHQW�

VWUXFWXUDO� GHVLJQV� RU� FRQVWUXFWLRQ�
PHWKRGV��

)RU�WKH�VHOHFWLRQ�RI�WKH�EHVW�RI�D�QXPEHU�
RI�DOWHUQDWLYHV� �RSWLPLVDWLRQ���D� UHODWLYH�
FRPSDULVRQ LV� VXIILFLHQW� DQG� HDVLHU� WR�
SHUIRUP�� $OVR�� WKH� FRPSDULVRQ� FDQ� EH�
OLPLWHG� WR� WKRVH� UHJLRQV� ZKHUH� GHVLJQ�
DOWHUQDWLYHV� GLIIHU��:LONLQV� HW� DO�� �������
GHVFULEH�VXFK�D�WHFKQLTXH��$OWKRXJK�WKLV�
DOWHUQDWLYH� PHWKRG� SURYLGHV� RQO\� D�
UHODWLYH� FRPSDULVRQ� RI� YDULRXV� GHVLJQ�
DOWHUQDWLYHV�� DV� RSSRVHG� WR� WKH� DEVROXWH�
TXDQWLWDWLYH� HYDOXDWLRQ� GHVFULEHG� DERYH��
LW� PD\� EH� DFFRPSOLVKHG� ZKHQ� OHVV� GDWD�
DUH� DYDLODEOH�� 7KLV� UHODWLYH� HYDOXDWLRQ�
PHWKRG� LV� EDVHG� RQ� WKH� 
$QDO\WLF�
+LHUDUFK\� 3URFHVV
� �$+3�� RI� 6DDW\�
�������

�7KH� ILUVW� VWHS� LQYROYHV� EUHDNLQJ� GRZQ�
WKH� VLWXDWLRQ� WR� EH� HYDOXDWHG� LQWR� WKRVH�
FULWHULD� ZKLFK� DIIHFW� WKH� SURFHVV� XQGHU�
HYDOXDWLRQ�� (DFK� RI� WKHVH� FULWHULD� DUH�
IXUWKHU�EURNHQ�GRZQ�LQWR�WKH�VXE�FULWHULD�
ZKLFK� DIIHFW� WKHP�� 7KLV� SURFHVV�
FRQWLQXHV� XQWLO� WKH� PRVW� EDVLF� HOHPHQWV�
ZKLFK� FRQWURO� WKH� FULWHULD� DUH� LGHQWLILHG��
,Q�WKLV�ZD\��WKH�KLHUDUFKLF�RUGHU�RI�DOO�RI�
WKH� VLJQLILFDQW� YDULDEOHV� DUH� GHWHUPLQHG��
,Q�WKH�QH[W�VWHS��WKH�UHODWLYH�ZHLJKW�WR�EH�
JLYHQ� WR� HDFK� RI� WKH� YDULDEOHV� LV�
GHWHUPLQHG�� 7KLV� LV� DFFRPSOLVKHG� E\�
SDLUZLVH� FRPSDULVRQV� RI� UHODWHG� FULWHULD�
>���@�� ,Q� DFFRPSOLVKLQJ� WKLV� VWHS�� WKH�
LQWXLWLYH� NQRZOHGJH� RI� H[SHULHQFHG�
LQGLYLGXDOV�LV�WDNHQ�LQWR�DFFRXQW��DV�ZHOO�
DV�VSHFLILF�LQIRUPDWLRQ�DYDLODEOH���

,Q� GRLQJ� HDFK� SDLUZLVH� FRPSDULVRQ�� D�
VFDOH�RI���WR���LV�XVHG��ZKHUH�D���PHDQV�
ERWK� SDUDPHWHUV� DUH� HTXDOO\� LPSRUWDQW�
DQG� D� �� PHDQV� WKDW� WKH� FRUUHVSRQGLQJ�

�
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SDUDPHWHU� LV�PXFK�PRUH� LPSRUWDQW� WKDQ�
�DFWXDOO\�� �� WLPHV� DV� LPSRUWDQW� DV�� WKH�
RWKHU�� 7KLV� UHODWLYH� FRPSDULVRQ� RI� WKH�
LPSRUWDQFH� RI� WKH� FULWHULD� LV� FRQYHUWHG�
LQWR� ZHLJKLQJ� IDFWRUV� IRU� WKH� LQGLYLGXDO�
SDUDPHWHUV� VXFK� WKDW� WKH� VXP� RI� DOO�
ZHLJKLQJ� IDFWRUV� LV� �� �RU� �������:KLOH�
WKLV�SURFHVV�PD\�DSSHDU�WHGLRXV��LW�KDV�WR�
EH� SHUIRUPHG� RQO\� RQFH� IRU� D� VSHFLILF�
VKLS�SURMHFW� DQG�GHVLJQ�SKDVH��2QFH� WKH�
FULWHULD� WR� EH� HYDOXDWHG� KDYH� EHHQ�
GHWHUPLQHG� DQG� WKHLU� ZHLJKWLQJ� YDOXHV�
FDOFXODWHG�� WKH\� DUH� XVHG� IRU� HYDOXDWLQJ�
HDFK� VHW� RI� GHVLJQ� DOWHUQDWLYHV�� $JDLQ��
ZH�XVH� D� VFDOH� RI� �� WR� ��� RQO\� WKLV� WLPH�
IRU�WKH�UHODWLYH�PHULW��)RU�HDFK�FULWHULRQ��
WKH�ZRUVH�DOWHUQDWLYH�JHWV�WKH�YDOXH����WKH�
EHWWHU� DOWHUQDWLYH� D� YDOXH� RI� �� WR� �
LQGLFDWLQJ� WKH�GHJUHH�RI� LPSURYHPHQW� LQ�
SURGXFLELOLW\��:KHQ�KDUG�GDWD��H�J��ZHOG�
OHQJWKV�� DUH� DYDLODEOH�� WKH\� FDQ� EH�
HQWHUHG�GLUHFWO\�� WDNLQJ� FDUH� WR� HQWHU� WKH�
GDWD� VXFK� WKDW� WKH� SUHIHUUHG� DOWHUQDWLYH�
UHFHLYHV� WKH�KLJKHU�YDOXH�DQG�YDOXHV�DUH�
DSSURSULDWHO\�QRUPDOL]HG��7KH�HYDOXDWLRQ�
IDFWRUV� DUH� WKHQ� PXOWLSOLHG� E\� WKH�
ZHLJKWLQJ�IDFWRUV�DQG�VXPPHG�WR�D�WRWDO��
7KH� DOWHUQDWLYH� ZKLFK� LV� HDVLHU� � WKXV�
FKHDSHU�� WR�SURGXFH�ZLOO�KDYH�WKH�KLJKHU�
QXPEHU� LQ� WRWDO� HYDOXDWLRQ�� 7DEOH� ,,�
LOOXVWUDWH� WKH� SURFHVV� RI� UHODWLYH�

HYDOXDWLRQ� IRU� WZR� DOWHUQDWLYHV�� 7KH�
FULWHULD�OLVWHG�LQ�7DEOH�,,�DUH�RQH�SRVVLEOH�
VHW� RI� FULWHULD� GHHPHG� DSSURSULDWH� WR�
HYDOXDWH� WKH� SURGXFLELOLW\� RI� KXOO�
GHVLJQV��

7KH� SRVVLELOLW\� WR� FRPELQH� KDUG��
TXDQWLILDEOH� GDWD� ZLWK� VRIW�� UHODWLYH�
HYDOXDWLRQ RI�TXDOLWDWLYH�DVSHFWV� LV�D�ELJ�
DGYDQWDJH� RI� WKH� UHODWLYH� FRPSDULVRQ��
7KLV� DSSURDFK� LV� VWLOO� FDSDEOH� RI�
FDSWXULQJ�GHVLJQ�GHWDLOV�� EXW� WKH� UHODWLYH�
FRPSDULVRQ�FDQ�RI�FRXUVH�RQO\�GHWHUPLQH�
ZKLFK�DOWHUQDWLYH�LV�HDVLHU� WR�SURGXFH�� ,W�
FDQQRW�GLUHFWO\�TXDQWLI\�WKH�GLIIHUHQFH�LQ�
SURGXFWLRQ�FRVW��

5RVV� ������������� 5RVV� HW� DO�� ��������
5RVV� DQG� +D]HQ� ������� SURSRVHG� D�
VLPSOH� FRVW� HVWLPDWH� PHWKRG�
LPSOHPHQWHG� LQ� D� XVHU�IULHQGO\� PRGXOH�
ZKLFK� DOORZV� FRVW� HVWLPDWHV� DW� YDULRXV�
OHYHOV�RI�GHVLJQ�ZLWK�DVVRFLDWHG�OHYHOV�RI
FRQILGHQFH� DQG� GHWDLO� RI� LQSXW�� 7KH�
PHWKRG� DSSHDUV� WR� FRPELQH� H[DFW� GDWD�
�H�J�� IRU� FHUWDLQ� HTXLSPHQW�� ZLWK�
UHJUHVVLRQ�DQDO\VLV�RI�SDVW�FRVW� VWDWLVWLFV�
IRU�FHUWDLQ�VKLS�W\SHV��
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7DEOH�,��%RWWRP�XS�DSSURDFK�IRU�HVWLPDWLQJ�SURGXFWLRQ�FRVW

7DEOH�,,��&RVW�HVWLPDWLQJ�IRUP
5HODWLYH PHULW�������� HYDOXDWLRQ 5HODWLYH YDOXH

DOWHUQDWLYH�$ DOWHUQDWLYH�% )DFWRU����������� DOWHUQDWLYH�$ DOWHUQDWLYH�%
QXPEHU�RI�IUDPHV
IUDPH�FXUYDWXUH
QXPEHU�RI�SODWHV
SODWH�FXUYDWXUH
ZHOG�OHQJWK
GHJUHH�RI�ZHOG�DXWRPDWLRQ
727$/ ����

5HODWLYH� FRVW� HVWLPDWH� EDVHG� RQ�
H[SHUW�RSLQLRQ

3DUVRQV� HW� DO�� ������� GHVFULEH� D�
VLPLODU� DSSURDFK� WR� HVWLPDWH�SURGXFWLRQ�
FRVW� RI� KXOOV� VXLWDEOH� IRU� UHODWLYH�
FRPSDULVRQV�� 7KLV� DSSURDFK� DWWHPSWV� WR�
TXDQWLI\� WKH� UHODWLYH� LPSURYHPHQW�
EHWZHHQ� DOWHUQDWLYHV�� (LJKW� W\SHV� RI�
SODWHV� �IURP� IODW�� QR� IDEULFDWLRQ� WR� KLJK�
UHYHUVH�GRXEOH�FXUYDWXUH��ZHUH�HYDOXDWHG�
ZLWK� UHODWLYH� FRVW� IDFWRUV� IROORZLQJ�
H[SHUW� RSLQLRQ� �RI� 3URI�� 7KRPDV� /DPE��
8QLY�� RI� 0LFKLJDQ��� 7KH� FODVVLILFDWLRQ�
UHTXLUHV� RQO\� WKH� HYDOXDWLRQ� RI� D� QRQ�
GLPHQVLRQDO���EDFNVHW���UDWLR����ZKLFK����LV�

UHODWLYHO\� HDV\� WR� GHWHUPLQH� LQ� &$'�
V\VWHPV�� 7KH� EDFNVHW� LV� GHILQHG� DV� WKH�
ULVH� RI� WKH� SODWH� DERYH� D� IODW� SODQH�
GLYLGHG� E\� WKH� OHQJWK� RI� WKH� SODWH�� 7KH�
ORQJLWXGLQDO�EDFNVHW�UDWLR�LV�GHQRWHG�DV�E�
 �$����/�ZKHUH�����LPSOLHV�WKDW�WKH�SODWH�
LV�EHQW�GRZQZDUG��WKH�WUDQVYHUVH�EDFNVHW�
UDWLR� LV� GHILQHG� FRUUHVSRQGLQJO\� DORQJ�
WKH� WUDQVYHUVH� GLUHFWLRQ�� 7KHQ� WKH� SODWH�
FXUYDWXUH�FDQ�EH�LV�H[SUHVVHG�LQ�WHUPV�RI�
E��� WKH� EDFNVHW� UDWLR� LQ� WKH� ODUJHVW�SULQFLSDO�FXUYDWXUH�GLUHFWLRQ��DQG�E��� WKH�EDFNVHW�UDWLR�LQ�WKH�RUWKRJRQDO�GLUHFWLRQ��

ZRUN�SURFHVV PDQ�
K�XQLW

XQLWV PDQ�K (XUR�PDQ�
K

(XUR
EHQGLQJ�IUDPHV
EHQGLQJ�SODWHV��VLQJOH�
FXUY��
EHQGLQJ�SODWHV��GRXEOH�
FXUY��
PDQXDO�ZHOGLQJ
DXWRPDWLF�ZHOGLQJ
727$/��ODERU�
0DWHULDO XQLWV (XUR�XQLW (XUR
)UDPHV
3ODWHV
ZHOGLQJ�PDWHULDO
727$/��PDWHULDO�
727$/��ODE��PDW��

��
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3DUVRQV�HW�DO���������GHULYH�WKHQ�D�VFDODU�
PHWULF� �YDOXH�� IRU� WKH� KXOO� SURGXFLELOLW\�
E\� LQWHJUDWLQJ� WKH� ORFDO� FRVW� DV� IXQFWLRQ�
RI� WKH� ORFDO�FXUYDWXUH�RYHU� WKH�KXOO��7KH�
ORFDO� FXUYDWXUH� LV� JLYHQ� HDVLO\� E\�
FRPPRQ� &$'� V\VWHPV�� 7KH� DFWXDO� KXOO�
SURGXFWLRQ�ZLOO�LQYROYH�WKH�IRUPDWLRQ�RI�
D� ILQLWH� QXPEHU� RI� SODWHV� RI� VWDQGDUG�
VL]HV�IRU�D�SDUWLFXODU�VKLS\DUG��+RZHYHU��
3DUVRQV� HW� DO�� DVVXPH� WKDW� WKH� DJJUHJDWH�
RU�LQWHJUDO�RI�WKH�ORFDO�RU�GLIIHUHQWLDO�DUHD�
FXUYDWXUH� LQIRUPDWLRQ� ZLOO� HIIHFWLYHO\�
UHSUHVHQW� WKH� RYHUDOO� FRVW� RI� KXOO� SODWH�
IRUPLQJ��7KLV�VLPSOLILHV� WKH�SUREOHP�� ,Q�
UHDOLW\�� FKRRVLQJ� DSSURSULDWH� SODWH�
VHFWLRQV� FDQ� UHGXFH� FRQVLGHUDEO\� WKH�
SURGXFWLRQ� ZRUN� IRU� WKH� KXOO� VKHOO�
SODWLQJ�� +RZHYHU�� WKH� VLQJOH�� HDV\� WR�
FRPSXWH� PHWULF� IRU� SURGXFLELOLW\� LV�
YDOXDEOH�IRU�HDUO\�GHVLJQ�DQG�HGXFDWLRQDO�
SXUSRVHV�� 7KH� PHWULF� FDQ� EH� LQFOXGHG�
TXLFNO\� LQ� GHVLJQ� V\VWHPV� VWLPXODWLQJ�

VWXGHQWV� WR� DSSUHFLDWH� WKH� SURGXFLELOLW\�
LPSOLFDWLRQV� RI� WKHLU� KXOO� IRUP� GHVLJQ�
FKRLFHV�
$Q� DSSURDFK� IRU� D� TXDQWLWDWLYH�
WUDGH�RII�RI�VKLS�KXOO�IRUP

.DHGLQJ� DQG� %HUWUDP� ��������
%HUWUDP� ������� SUHVHQW� D� VLPSOLILHG�
DSSURDFK� IRU� D� WUDGH�RII� EHWZHHQ� VKLS�
KXOO� SURGXFWLRQ� DVSHFWV� DQG�
K\GURG\QDPLF� DVSHFWV�� DSSO\LQJ� WKH�
PHWKRG�WR�D�6HULHV����KXOO�� L�H��D�VLPSOH�
DQG� RXWGDWHG� KXOO� JHRPHWU\�� )RU� D�
TXDQWLWDWLYH� WUDGH�RII� EHWZHHQ�
SURGXFWLRQ� FRVW� DQG� RSHUDWLRQDO� FRVW��
RQO\� WKH� FRVW� GLIIHUHQFHV� EHWZHHQ�
DOWHUQDWLYHV�QHHG� WR� EH� FRPSXWHG��7DEOH�
,,,� VKRZV� DV� WKH� VSUHDGVKHHW� XVHG� WR�
GHWHUPLQH� DEVROXWH� GLIIHUHQFH� FRVW�
EHWZHHQ�WZR�DOWHUQDWLYHV��

7DEOH�,,,��(VWLPDWH�RI�SURGXFWLRQ�FRVW
$OWHUQDWLYH�$ $OWHUQDWLYH�%

ZRUN�SURFHVV 0DQ�K�XQLW (XUR�PDQ�K XQLWV PDQ�K (XUR XQLWV PDQ�K (XUR
EHQGLQJ�IUDPHV
EHQGLQJ�SODWHV��VLQJOH�FXUY��
EHQGLQJ�SODWHV��GRXEOH�FXUY��

PDQ�K�P (XUR�PDQ�K PHWHU PDQ�K (XUR PHWHU PDQ�K (XUR
PDQXDO�ZHOGLQJ
DXWRPDWLF�ZHOGLQJ
727$/��ODERXU�
PDWHULDO� FRVW�>(XUR�W@ PDVV>W@ (XUR PDVV>W@ (XUR
)UDPHV
3ODWHV
ZHOGLQJ�PDWHULDO
727$/��PDWHULDO�
727$/��ODE��PDW��
GLIIHUHQFH�FRVW�WR�DOWHUQ��$
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7DEOH�,9��5HODWLYH FRVW�HVWLPDWH
UHO� PHULW HYDO� UHO� HYDO�

&ULWHULRQ DOWHUQ��$ DOWHUQ��% DOWHUQ��$ DOWHUQ��% IDFWRU DOWHUQ��$ DOWHUQ��%
D E F G H I FH J GH

QXPEHU�RI�SODWHV
� IODW E��D�E� D��D�E� �������
� VLQJOH�FXUY� E��D�E� D��D�E� �������
� WRWDO D��D�E� E��D�E� �������
ZHOG�PHWHU
� DXWRPDWHG E��D�E� D��D�E� �������
� WRWDO D��D�E� E��D�E� �������
727$/ �������

7KH� DEVROXWH� HVWLPDWH� RI� SURGXFWLRQ� GLIIHUHQFH� FRVW� UHTXLUHV� WKH� NQRZOHGJH� RI� WKH�
TXDQWLW\�
PDQ�KRXUV�XQLW
�IRU�WKH�LQGLYLGXDO�XQLWV��7KLV�LV�QRW�DYDLODEOH�WR�DFDGHPLD�DQG�
RIWHQ� DOVR� QRW� DYDLODEOH� WR� VKLS\DUGV� XQOHVV� DQ� DSSURSULDWH� PDQDJHPHQW� LQIRUPDWLRQ�
V\VWHP�PRQLWRUV�WKHVH�YDOXHV��7KHUHIRUH�.DHGLQJ�XVHG�LQVWHDG�WKH�UHODWLYH�FRVW�HVWLPDWH��
:LONHQV� HW� DO�� ������� JLYH� FULWHULD� IRU� WKH� HYDOXDWLRQ� RI� VKLS� GHVLJQ� DOWHUQDWLYHV� DQG�
QHFHVVDU\�IDFWRUV��7KHVH�IDFWRUV�QHHG�W\SLFDOO\�EH�GHWHUPLQHG�IRU�LQGLYLGXDOO\�VWUXFWXUHV�
DQG� VKLS\DUGV��6R� DQ� H[WHQVLRQ� WR� UHDO�OLIH� DSSOLFDWLRQV�PD\�DJDLQ� LQYROYH�PRQLWRULQJ�
DQG�FRHIILFLHQW� ILWWLQJ� WR� FDVH�KLVWRULHV��6HOHFWLQJ�RQO\� WKRVH� FULWHULD�ZLWK� UHOHYDQFH� WR�
KXOO�GHVLJQ�.DHGLQJ�GHULYHV�7DEOH�,9��
7KHUH�LV�QR�FULWHULRQ�WR�HYDOXDWH�GLUHFWO\�WKH�FXUYDWXUH�RI�IUDPHV��%XW�DV�SODWH�FXUYDWXUH�
DQG�IUDPH�FXUYDWXUH�DUH�UHODWHG��WKH�FRQVLGHUDWLRQ�RI�SODWH�FXUYDWXUH�LPSOLFLWO\�OHDGV�WR�D�
FRQVLGHUDWLRQ�DOVR�RI�IUDPH�FXUYDWXUH�LQ�HYDOXDWLQJ�SURGXFLELOLW\��7KH�QXPEHU�RI�IUDPHV�
ZLOO�EH�NHSW�FRQVWDQW�ZKHQ�MXVW�FRQVLGHULQJ�ORFDO�KXOO�IRUP�DOWHUQDWLYHV��%XW�WKH�QXPEHU�
RI�SODWHV�FDQ�YDU\�LI�LQ�RQH�DOWHUQDWLYH�WKH�FXUYDWXUH�LV�VXFK�WKDW�RQO\�VPDOOHU�SODWHV�FDQ�
EH�SURFHVVHG��
2QO\� WKH�FROXPQV� 
DOWHUQDWLYH�$
�DQG� 
DOWHUQDWLYH�%
�XQGHU� 
LQSXW
� LQ�7DEOH� ,9�DUH� WR�EH�
VXSSOLHG�E\�WKH�XVHU��+HUH�WKH�GLUHFW�KDUG�GDWD�IRU�QXPEHU�RI�SODWHV�DQG�ZHOG�OHQJWK�DUH�
GLUHFWO\� ILOOHG� LQ�� 7KLV� YHUVLRQ� RI� D� VSUHDGVKHHW� HYDOXDWHV� WKH� SURGXFWLRQ� FRVW�� L�H�� WKH�
EHWWHU� DOWHUQDWLYH� ZLOO� IHDWXUH� D� ORZHU� UHODWLYH� HYDOXDWLRQ� FRUUHVSRQGLQJ� WR� ORZHU�
SURGXFWLRQ�FRVW��7KLV� LV�FRQVLGHUHG� LQ� WKH�FKRLFH�RI� WKH� 
UHODWLYH�PHULW
� IDFWRU� (�J��� DQ�
DOWHUQDWLYH� ZLWK� IHZHU� IODW� SODWHV� � WKXV� LPSOLFLWO\� PRUH� SODWHV� UHTXLULQJ� FRPSOLFDWHG�
EHQGLQJ�� ZLOO�KDYH�D�KLJKHU�IDFWRU�IRU�
UHODWLYH�PHULW
���6LPLODUO\��LW�ZRXOG�EH�SRVVLEOH�WR�
VHW�XS�D�VSUHDGVKHHW�WKDW�HYDOXDWHV�DV�
PHULW
�WKH�SURGXFLELOLW\�DQG�QRW�WKH�EXLOGLQJ�FRVW��
L�H��LQYHUW�WKH�PHULW��7KHQ�WKH�
PHULW�IDFWRUV
�ZRXOG�KDYH�WR�EH�VZLWFKHG�EHWZHHQ�FROXPQV�
$� DQG� %��� 1RWH� WKDW� WKH� 
PHULW� IDFWRUV
� DUH� QRQ�GLPHQVLRQDO� DQG� QRUPDOL]HG�� 7KLV� LV�
QHFHVVDU\�WR�HQVXUH�FRPSDUDELOLW\�RI�YDULRXV�VFDOHV�DQGXQLWV�LQ�WKH�RULJLQDO�FULWHULD��
7KH� DSSOLFDWLRQ� XVHG� D� PDQXDO� SODWH� DUUDQJHPHQW� RQ� WKH� VKLS� KXOO�� $Q� µLQWHJUDO¶�
HYDOXDWLRQ�RI�FXUYDWXUH�RYHU�WKH�KXOO�PD\�EH�XVHG�ZKHQ�WKH�KXOO�VKDSH�LV�GHWHUPLQHG�LQ�
WKH�&$'�V\VWHP��6XFK�DQ�DSSURDFK�EDVHG�RQ�WKH�µPDJLF�FRHIILFLHQWV¶�RI�3DUVRQV�HW�DO��
������� KDV� EHHQ� LPSOHPHQWHG� LQ� WKH� VKLS� GHVLJQ� V\VWHP� XVHG� DW� WKH� 8QLYHUVLW\� RI�
0LFKLJDQ��WR�UDLVH�VWXGHQWV¶�DZDUHQHVV�RI�SURGXFWLRQ�DVSHFWV�LQ�HDUO\�GHVLJQ��DV�WKH�KXOO�

��
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VKDSH� LV�PRGLILHG�� DQ� LQGLFDWRU�RQ� WKH� VFUHHQ� VKRZV�ZKHWKHU� SURGXFLELOLW\� JRHV� XS� RU�
GRZQ��DQG�ZLWKLQ�WKH�)$17$67,&�UHVHDUFK�SURMHFW��RSWLPLVDWLRQ�RI�VKLS�KXOOV�ZLWK�D�
VLPSOH�SURGXFLELOLW\�FULWHULD���
,Q� WKH�DFDGHPLF�FDVH�VWXG\�RI�.DHGLQJ��PRGHUDWH�VLPSOLILFDWLRQV� VKRZHG�QR� LQFUHDVHG�
UHVLVWDQFH�DW�GHVLJQ�VSHHG�LQ�&)'��FRPSXWDWLRQDO�IOXLG�G\QDPLFV��DQDO\VHV���7KH�ZDYH�
UHVLVWDQFH� ZDV� VOLJKWO\� LQFUHDVHG�� WKH� IULFWLRQDO� UHVLVWDQFH� VOLJKWO\� GHFUHDVHG��� 7KH�
SURGXFWLRQ�FRVW�IRU�WKH�KXOO�DQG�VWLIIHQHUV�DORQH�ZDV�HVWLPDWHG�WR�EH�DSSUR[LPDWHO\�����
OHVV�IRU�WKH�DOWHUQDWLYH�ZLWK�VWUDLJKWHQHG�VHFWLRQV�
&RQFOXVLRQ

$WWHPSWV� WR� LQWURGXFH� VLPSOLILHG� KXOOV� LQ� VKLS� GHVLJQ� KDYH� D� ORQJ� KLVWRU\�� $�
FDUHIXO� EDODQFH� KDV� WR� EH� IRXQG� EHWZHHQ� SURGXFWLRQ� DVSHFWV� DQG� RSHUDWLRQDO� DVSHFWV��

'HVLJQ� IRU� 3URGXFLELOLW\
� DORQH� LV� D� WRR� QDUURZ� DSSURDFK� IRU� VKLS� GHVLJQ�� %XW� LQ� D�

'HVLJQ� IRU�;
��ZKHUH�;� VWDQGV� IRU� D�YDULHW\�RI�GHVLJQ�JRDOV�� SURGXFLELOLW\�ZLOO� SOD\� D�
PDMRU� UROH�� ([WUHPH� VLPSOLILFDWLRQ� KDV� QHYHU� EHHQ� VXFFHVVIXO� LQ� WKH� KLVWRU\� RI� VKLS�
GHVLJQV��EXW�PDQ\�VKLS�GHVLJQ�XQWLO�WRGD\�FRXOG�EHQHILW�IURP�PRGHUDWH�VLPSOLILFDWLRQV��,W�
LV�LPSRUWDQW�WKDW�GHVLJQHUV�UHDOL]H�WKDW�WKH�
RSWLPXP
�KXOO�FKDQJHV�ZLWK�WLPH��HVSHFLDOO\�
DV�QHZ�SURGXFWLRQ� WHFKQRORJLHV� DUH� LQWURGXFHG��6LPSOH� HVWLPDWHV�PD\� KHOS� LQ� FRPLQJ�
FORVH� WR� DQ� RSWLPXP�� EXW� WKHVH� HVWLPDWHV� UHTXLUH�PRQLWRULQJ� SURGXFWLRQ� FRVW�ZLWKLQ� D�
VKLS\DUG�� +RZHYHU�� QR� (XURSHDQ� VKLS\DUG� KDV� DW� SUHVHQW� WKH� QHFHVVDU\� GHWDLOHG� GDWD�
IURP� PRQLWRULQJ� SURGXFWLRQ� SURFHVVHV�� 'HWDLOHG� PRQLWRULQJ� DV� LQ� VRPH� -DSDQHVH�
VKLS\DUGV� � SHUKDSV� HPEHGGHG� LQ� D� UHVHDUFK� SURMHFWV�� FRXOG� FKDQJH� WKLV� VLWXDWLRQ��$�
ILQDO�QRWH��:KLOH�VDYLQJ�SRWHQWLDO�LQ�GHVLJQLQJ�WKH�KXOO�PD\�QRW�EH�LJQRUHG��WKH�ODUJHVW�
SRWHQWLDO�IRU�FRVW�UHGXFWLRQ�E\�LQFUHDVHG�SURGXFLELOLW\�OLHV�LQVLGH�WKH�VKLS��

5HIHUHQFHV
��%(575$0�� 9�� �������� 6KLS� KXOO� GHVLJQ� IRU� SURGXFLELOLW\�� :(*(07� 6FKRRO� 
0RGHUQ� 6KLS�
'HVLJQ
��1HZFDVWOH�
��%(575$0��9���(/�02&7$5��2����������'HVLJQ�IRU�SURGXFWLRQ�LQ�VKLS�KXOO�GHVLJQ��:(*(07�
6FKRRO�µ$GYDQFHG�6KLSEXLOGLQJ�DQG�6KLSSLQJ¶��0DGULG�
��%2''8/85,��5�0�&���5$9$1,��%�� ��������*HRPHWULF� GHVLJQ� DQG� IDEULFDWLRQ� RI� GHYHORSDEOH�
VXUIDFHV��$60(�$GY��'HVLJQ�$XWRP�����SS���������
��%2''8/85,�� 5�0�&��� 5$9$1,�� %�� �������� 'HVLJQ� RI� GHYHORSDEOH� VXUIDFHV� XVLQJ� GXDOLW\�
EHWZHHQ�SODQH�DQG�SRLQW�JHRPHWULHV��&RPSXWHU�DLGHG�GHVLJQ��������SS���������
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RIIVHWV��0DULQH�7HFKQRORJ\�������SS���������
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SS���������
��*$//,1�� &�� �������� ,QYHQWLYHQHVV� LQ� VKLS� GHVLJQ�� 7UDQV�� 1RUWK� (DVW� &RDVW� ,QVWLWXWLRQ� RI�
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