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DV�RIWHQ��WKH�WHFKQLFDO�MXVWLILFDWLRQ�IRU�WLJKW�FKHPLFDO�VSHFL�
ILFDWLRQ�LV�PLVVLQJ�RU�IRUJRWWHQ��7LJKW�FKHPLFDO�VSHFLILFD�
WLRQV�FDQ�JUHDWO\�LQFUHDVH�WKH�GLIILFXOW\�DQG�FRVW�RI�PDQX�
IDFWXULQJ�WKH�DOOR\��&XUUHQW�VSHFLILFDWLRQV�IRU�WKH�QLRELXP
WLWDQLXP�DOOR\�OLPLW�LURQ�FRQWHQW�WR�����SDUWV�SHU�PLOOLRQ�E\
ZHLJKW�RU�OHVV��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�SURYLGH�D�WHFK�
QLFDO�MXVWLILFDWLRQ�IRU�D�EURDGHQLQJ�RI�WKH�OLPLW�WR�KLJKHU
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LURQ�DV�DQ�DOOR\�LQJUHGLHQW�WR�LPSURYH�WKH�IDEULFDELOLW\�DQG
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UHDFWLRQ�YHVVHO�OLIH��,W�LV�HDVLHU�WR�ILQG�ORZ�QLFNHO��ORZ
FKURPH�DQG�KLJK�LURQ�WKDQ�LW�LV�WR�ILQG�ORZ�LURQ��ORZ�QLFNHO
DQG�ORZ�FKURPH�
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DWRPLF���LURQ�LQ�7L����DW���1E���DW���=U���7KH�FULWLFDO
WHPSHUDWXUH��7F��RI�WKH�DOOR\�ZDV�UDLVHG�WR����.�IURP���.
ZLWK�WKH�LURQ��7KH�DOOR\�VKRZHG�WZR�WUDQVLWLRQV�DQG�ZDV�QRW
IXOO\�VXSHUFRQGXFWLQJ�XQWLO���.��,W�LV�SRVVLEOH�WKDW�WKH�LURQ
FDXVHG�SUHFLSLWDWLRQ�RI�7L)H�OHDYLQJ�D�QLRELXP�HQULFKHG
UHJLRQ�FORVHU�WR�7L����DW�1E��1E����ZW��7L��ZKLFK�ZRXOG
EH�VXSHUFRQGXFWLQJ�DW����.��1LVKLPXUD�DQG�=ZLFNHU�LQYHV�
WLJDWHG�WKH�HIIHFW�RI�LURQ�DQG�QLRELXP�RQ�WKH�VXSHUFRQGXFW�
LQJ�SURSHUWLHV�RI�WLWDQLXP�DQG�FRQFOXGHG�WKDW�DOOR\V�ZLWK
KLJK�QLRELXP�DQG�ORZ�LURQ��OHVV�WKDQ���DW����VKRZHG�DQ
LQFUHDVH�LQ�7F�ZKHQ�DQQHDOHG�LQ�WKH�UDQJH�����WR����E&
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$OOR\V�ZLWK�ORZ�QLRELXP�DQG�KLJK�LURQ�VKRZHG�D�GHFUHDVH
LQ�7F��1HLWKHU�RI�WKHVH�VWXGLHV�DGGUHVVHG�WKH�VROXELOLW\�RI
LURQ�LQ�1E����7L�QRU�GLG�WKH\�LQYHVWLJDWH�WKH�IDEULFDELOLW\�RU
GHYHORSPHQW�RI�FULWLFDO�FXUUHQW�GHQVLW\�

��'U��$QQ�:HVW�DQG�'U��'DYLG�/DUEDOHVWLHU�RQFH�GLG�D�VWXG\
RI�WKH�HIIHFW�RI�,URQ�RQ�FULWLFDO�WUDQVLWLRQ�WHPSHUDWXUH�RI�1E�
���7L�EXW�WKH�UHVXOW�WR�ZDV�QHYHU�SXEOLVKHG���,URQ�OHYHOV
DERYH�����ZW���ZHUH�QHHGHG�WR�VHH�D�VLJQLILFDQW�GHFUHDVH�LQ
7F��7KH�ZRUN�GHPRQVWUDWHG�WKDW�WKH�LURQ�UHPDLQHG�LQ�VROX�
WLRQ�DQG�WKDW�HQRXJK�LURQ�VORZO\�FDXVHG�WKH�7F�WR�GURS�
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EURDGHQHG�VSHFLILFDWLRQ�DQG�ZLGHQLQJ�WKH�DYDLODELOLW\�RI
WLWDQLXP�VSRQJH�IRU�DOOR\�SURGXFWLRQ��D�SODQ�ZDV�FUHDWHG�WR
GHWHUPLQH�WKH�SRWHQWLDO�IRU�LPSURYHPHQW��LQYROYH�FXVWRPHUV
LQ�WKH�SURFHVV�DQG�H[SORUH�WKH�SUDFWLFDO�OLPLWV�WR�D�QHZ
VSHFLILFDWLRQ��,QLWLDOO\��VPDOO�FRQVXPDEOH�HOHFWURGH�DUF�FDVW
LQJRWV������PP�GLDPHWHU��OHVV�WKDQ����NJ��ZLWK�LQFUHDVHG
LURQ�OHYHO�ZHUH�SURGXFHG�XVLQJ�3UDWW�DQG�:KLWQH\�����(
JUDGH�VSRQJH�DV�ZHOO�DV�FRQWUROV�ZLWK�QRUPDO�FKHPLVWU\�DQG
WKHVH�ZHUH�SURFHVVHG�LQWR�PXOWLILODPHQWDU\�ZLUH��6DPSOHV
ZHUH�WDNHQ�GXULQJ�SURFHVVLQJ�DQG�WKH�PHFKDQLFDO�DQG�VX�
SHUFRQGXFWLQJ�SURSHUWLHV�WHVWHG�IRU�FRPSDULVRQ�

��7KH�VXFFHVV�RI�WKLV�ZRUN�OHG�WR�WKH�FDVWLQJ�RI�D�IXOO�VL]H
SURGXFWLRQ�LQJRW�XVLQJ�WKH�VDPH�LQSXW�PDWHULDOV��JUHDWHU
WKDQ������NJ��DQG�GLVWULEXWLRQ�RI�ELOOHWV�WR�YDULRXV�ZLUH
PDQXIDFWXUHUV�WR�EH�SURFHVVHG�LQWR�QRUPDO�SURGXFWLRQ�VW\OH
PXOWLILODPHQWDU\�ELOOHWV��$W�WKH�VDPH�WLPH��D�GHVLJQHG�H[�
SHULPHQW��IXOO�IDFWRULDO��ZDV�LQLWLDWHG�WR�H[SORUH��LQGHSHQG�
HQWO\��WKH�HIIHFW�RI�R[\JHQ��WLWDQLXP�DQG�LURQ�RYHU�D�EURDGHU
UDQJH�RQ�WKH�KDUGHQLQJ�UDWH�EHKDYLRU�RI�ELQDU\�DOOR\V�XVLQJ
EXWWRQV�PHOWHG�LQ�D�WXQJVWHQ�HOHFWURGH��LQHUW�JDV��DUF�IXU�
QDFH�
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��6DPSOHV�ZHUH�WDNHQ�DIWHU�FDVWLQJ�DQG�H[WUXVLRQ�DQG�DW
YDULRXV�VWHSV�LQ�WKH�ZLUH�GUDZLQJ�SURFHVV��7KH�VDPSOHV
ZHUH�PRXQWHG�DQG�SROLVKHG�XVLQJ�QRUPDO�SURFHGXUHV��
+DUGQHVV�YDOXHV�IRU�WKH�EXWWRQ�VDPSOHV�ZHUH�WDNHQ�XVLQJ�D
:LOVRQ�7XNRQ�+DUGQHVV�WHVWHU�DQG�WKH�DYHUDJH�RI�WKUHH�SR�
VLWLRQV��HGJH��PLG�UDGLXV�DQG�FHQWHU��UHSRUWHG��'DWD�IRU�WKH

PRQRILODPHQWV�PDGH�IURP�WKH�EXWWRQV�ZHUH�REWDLQHG�DW
ODUJH�VL]HV�XVLQJ�WKH�7XNRQ�DQG�DW�VPDOOHU�VL]HV�XVLQJ�D
/(&2�0����'���/RZ�KDUGQHVV�YDOXHV�ZHUH�GLVPLVVHG
ZKHQ�SRURVLW\�ZDV�VLPXOWDQHRXVO\�REVHUYHG�DQG�WKHVH�ZHUH
QRW�LQFOXGHG�LQ�WKH�DYHUDJHV�
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ODERUDWRU\�DW�7:&��7KH�EXWWRQ�PHOWV�ZHUH�WHVWHG�IRU�WXQJ�
VWHQ�DQG�IRXQG�WR�EH�FRQWDPLQDWHG��%HWZHHQ�PHOWV��WKH
EXWWRQV�ZHUH�UDGLRJUDSKHG�DQG�LQFOXVLRQV�QRWHG�ZHUH�UH�
PRYHG�E\�GULOOLQJ��:KLOH�VRPH�WXQJVWHQ�LV�EHOLHYHG�WR�EH�LQ
VROXWLRQ��WKH�DQDO\WLFDO�UHVXOWV�GR�QRW�GLVWLQJXLVK�EHWZHHQ
GLVVROYHG�DQG�LQFOXGHG�PDWHULDO��7KH�ODUJH�YDULDELOLW\�LQ�WKH
WXQJVWHQ�OHYHO�LV�D�UHVXOW�RI�WKH�QXPEHU�RI�LQFOXVLRQV�VDP�
SOHG��0HWDOOLF�DQDO\VHV�ZHUH�UXQ�RQ�WXUQLQJV�DQG�LQWHUVWLWLDO
DQDO\VHV�ZHUH�UXQ�RQ�VROLG�SLHFHV�
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PHWKRG�LV�GHVFULEHG�HOVHZKHUH����$OO�WHVWV�ZHUH�UXQ�DW
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IDFWXUHU¶V�ODERUDWRULHV�XVLQJ�WKHLU�VWDQGDUG�SUDFWLFHV��DOVR�DW
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��7KH�LQLWLDO�WHVW�RI�WKH�����PP�GLDPHWHU�DUF�FDVW�LQJRWV�ZHUH
PDGH�E\�FRQVWUXFWLQJ����ILODPHQW�ELOOHWV��7KH�LQJRWV�ZHUH
PDFKLQHG�WR�H[WUXVLRQ�GLDPHWHU��H[WUXGHG�DQG�GUDZQ�WR�URG�
7KH�URG�ZDV�DLU�DQQHDOHG�DQG�ZDWHU�TXHQFKHG�DIWHU�D�WRWDO
VWUDLQ�IURP�FDVWLQJ�RI������7KH�URGV�ZHUH�GUDZQ�WR�VL]H��D
IXUWKHU�VWUDLQ�RI������DQG�WKHQ�LQVHUWHG�LQ�KH[DJRQDO�VKDSHG�
URXQG�LQQHU�GLDPHWHU�SXUH�FRSSHU�WXEHV��7KHVH�ZHUH�VWDFNHG
ZLWK�D�ILOOHU�URG�LQ�D�FRSSHU�FDQ�DQG�H[WUXGHG�WR�PXOWLILOD�
PHQWDU\�URG��7KH�FRPSRVLWHV�UHFHLYHG�IRXU�KHDW�WUHDWPHQWV�
VSDFHG�DW�VWUDLQ�LQWHUYDOV�RI������RI����KRXUV�DW������&�HDFK�
6DPSOHV�ZHUH�WDNHQ�EHIRUH�DQG�DIWHU�HDFK�KHDW�WUHDWPHQW�IRU
KDUGQHVV�WHVWLQJ�DQG�DW�VWUDLQV�RI�������������������������DQG
����DIWHU�WKH�IRXUWK�DQG�ILQDO�KHDW�WUHDWPHQW�

��7KH�SURGXFWLRQ�ELOOHWV�ZHUH�FRQVWUXFWHG�DFFRUGLQJ�WR�VWDQ�
GDUG�GHVLJQV�RI�WKH�ZLUH�PDQXIDFWXUHUV��,*&�FRQVWUXFWHG�D
����ILODPHQW��QRPLQDO�����FRSSHU�WR�VXSHUFRQGXFWRU�UDWLR
FRPSRVLWH�DQG�267�FRQVWUXFWHG�D�SURGXFWLRQ�VL]H�FRPSRVLWH
ZLWK�D�UHODWLYHO\�ORZ�FRSSHU�WR�VXSHUFRQGXFWRU�UDWLR��'HWDLOV
RI�WKH�SURFHVVLQJ�DUH�QRW�JLYHQ�KHUH�EXW�WKH\�ZHUH�XQ�
FKDQJHG�IURP�WKH�QRUPDO�SURFHVVLQJ�RI�ORZ�LURQ�DOOR\�ZLWKLQ
HDFK�VKRS�

��7KH�KHDW�WUHDWPHQW�DQG�FROG�ZRUNLQJ�KLVWRU\�RI�WKH�DOOR\
GXULQJ�SURFHVVLQJ�DW�7:&�LV�VSHFLILF�WR�HDFK�FXVWRPHU�DQG
LV�GLIIHUHQW�EHWZHHQ�WKH�WZR�FDVHV�KHUH��7KH�PXOWL�ILODPHQW
ELOOHW�SURFHVVLQJ�DW�WKH�PDQXIDFWXUHUV�DUH�DOVR�VLJQLILFDQWO\
GLIIHUHQW��7KH�KLVWRU\�RI�WKH�KLJK�LURQ�WULDO�PDWHULDO�ZDV�QRW
GLIIHUHQW��KRZHYHU��IURP�QRUPDO�ORZ�LURQ�PDWHULDO�DW�HLWKHU
7:&�RU�WKH�FXVWRPHU�DFFRUGLQJ�WR�WKHLU�VSHFLILF�SURFHVVHV�

���������0RQRILODPHQW�%LOOHWV

��7KH�GHVLJQHG�H[SHULPHQW�ELOOHWV�ZHUH�FDVW�DV�EXWWRQV�DQG
WKHQ�VXEVHTXHQWO\�GURS�FDVW�LQWR�����FP�GLDPHWHU�LQJRWV�RI
DSSUR[LPDWHO\�����NJ��7KH�FDVWLQJV�ZHUH�VDPSOHG�IRU�FKHP�
LVWU\�DQG�PDFKLQHG�WR�����FP�GLDPHWHU�IRU�GUDZLQJ��7KH
PDFKLQHG�LQJRWV�ZHUH�LQVHUWHG�LQ�SXUH�FRSSHU�WXEHV�DQG
VZDJHG�WR�����FP��7KHQ�WKH�PRQRILODPHQWV�ZHUH�GUDZQ�WR
�����FP�WDNLQJ�VDPSOHV�DW�VWUDLQ�LQWHUYDOV�RI�����EHWZHHQ����
DQG������7KH�VWUDLQ�ZDV�FDOFXODWHG�IURP�WKH�ZLUH�GLDPHWHU
DQG�WKH�QRQ�FRSSHU�IUDFWLRQ�PHDVXUHG�XVLQJ�LPDJH�DQDO\VLV�

���������(OHFWURQ�0LFURVFRS\

��6FDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��ZDV�SHUIRUPHG�RQ
WKH�IRXUWK�KHDW�WUHDWPHQW�VDPSOHV�RI�WKH�VPDOO�VFDOH�PXOWL�
ILODPHQW�ELOOHWV�XVLQJ�WKH�WHFKQLTXH�RI�)DVVH��RQ�D�-2(/
��&�6(0��6DPSOHV�ZHUH�WKHQ�VOLFHG�IURP�WKHVH�VSHFLPHQV
IRU�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0���6DPSOHV�ZHUH
SUHSDUHG�IRU�7(0�IURP�ERWK�WKH�ILUVW�KHDW�WUHDWPHQW�DQG�WKH
IRXUWK�KHDW�WUHDWPHQW�E\�MHW�HOHFWUR�SROLVKLQJ�ZLWK�D�VROXWLRQ
RI���YRO���+IDT����YRO���+�6���DT��DQG����YRO���PHWKDQRO�DW
�����&�XVLQJ�D�UDSLGO\�F\FOLQJ�SROLVKLQJ�FXUUHQW�GHQVLW\���

7(0�ZDV�SHUIRUPHG�RQ�D�-2(/�����&;�7(0�67(0�DW
����.9��7KH�LPDJHV�ZHUH�SURFHVVHG�RQ�D�0HJDYLVLRQ
����;0�V\VWHP�XVLQJ�HQKDQFHG�DWRPLF�QXPEHU�FRQWUDVW
FRPSRVLWH�LPDJHV�FUHDWHG�E\�FRPELQLQJ�PXOWLSOH�LPDJHV
WDNHQ�DW�VPDOO�WLOW�YDULDWLRQV�DERXW�WKH�$�����GUDZLQJ�D[LV
����,PDJH�DQDO\VLV�WR�GHWHUPLQH�WKH�SUHFLSLWDWH�YROXPH��ZDV
SHUIRUPHG�XVLQJ�6LJPD6FDQ�3UR�VRIWZDUH�E\�-DQGHO�

,,,��5HVXOWV

���������0XOWLILODPHQWDU\�%LOOHWV���5HVHDUFK�6FDOH

7KH�LQLWLDO�����PP�GLDPHWHU�LQJRWV�ZHUH�GHVLJQDWHG�+)��

)LJXUH�����+DUGQHVV�RI�1E��7L�ILODPHQWV��DYHUDJH�RI�WHQ
LPSUHVVLRQV��LQ�D����ILODPHQW�FRPSRVLWH�DV�D�IXQFWLRQ�RI
VWUDLQ�DIWHU�H[WUXVLRQ��6DPSOHV�ZLWK�LURQ�DERXW�����SSP
��+)���m�+)����DUH�FRPSDUHG�WR�VDPSOHV�ZLWK�LURQ�OHVV
WKDQ�����SSP��n�6WDQGDUG��l+L+R��

)LJXUH��������&ULWLFDO�FXUUHQW�GHQVLW\�RI����ILODPHQW�FRP�
SRVLWHV��7KH�+)���VDPSOH��m��ZLWK�LURQ�DERXW�����SSP�LV
FRPSDUHG�WR�WKH�KLJK�KRPRJHQHLW\�VDPSOH��l��ZLWK�LURQ
OHVV�WKDQ�����SSP��7KH�FXUUHQW�GHQVLW\�DW���7HVOD�ZDV
KLJKHVW�IRU�ERWK�ZLUHV�DW�D�VWUDLQ�RI�����DIWHU�WKH�ODVW�KHDW
WUHDWPHQW�



���

DQG�+)����7KH�FKHPLVWU\�IRU�WKHVH�LQJRWV�DUH�OLVWHG�LQ�7DEOH
,�DORQJ�ZLWK�WKH�FKHPLVWU\�IRU�D�QRUPDO�SURGXFWLRQ�KHDW�RI
1E��7L�DQG�WKH�66&�VSHFLILFDWLRQ�IRU�DOOR\��7KH�FRSSHU
FRQWHQW�RI�WKH����NJ�LQJRWV�ZHUH�VOLJKWO\�HOHYDWHG�UHODWLYH�WR
QRUPDO�SURGXFWLRQ�H[SHULHQFH�DQG�WKLV�LV�DQ�DUWLIDFW�RI�WKH
VPDOO�LQJRW�SURFHVV�

��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�QRWHG�LQ�WKH�SURF�
HVVLQJ�RI�WKH�PXOWLILODPHQW�ZLUHV�WKDW�FRXOG�EH�FRQWULEXWHG

WR�WKH�LURQ�FRQWHQW��6DPSOHV�ZHUH�WDNHQ�DIWHU�H[WUXVLRQ��EH�
IRUH�DQG�DIWHU�DOO�IRXU�KHDW�WUHDWPHQWV�RI����KRXUV�DW������&
DQG�DW�D�VWUDLQ�RI�����DIWHU�WKH�ODVW�KHDW�WUHDWPHQW��7KH�KDUG�
QHVV�GDWD�IRU�WZR�ELOOHWV�ZLWK�QRUPDO�ORZ�LURQ�PDWHULDO��RQH
VWDQGDUG�DQG�RQH�D�KLJK�KRPRJHQHLW\�JUDGH��DUH�SORWWHG
DORQJ�ZLWK�WKH�ELOOHWV�PDGH�IURP�+)���DQG�+)���LQ�ILJXUH
���:LWKLQ�WKH�VWDWLVWLFDO�YDULDWLRQ�RI�WKH�QXPEHUV��WKHUH�LV�QR
REVHUYDEOH�GLIIHUHQFH�RQ�WKH�KDUGHQLQJ�FKDUDFWHULVWLFV�ZLWK
LURQ�DV�WKH�PDLQ�YDULDEOH�

)LJXUH�������7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSKV�RI�WKH�ORZ�LURQ��KLJK�KRPRJHQHLW\��������SSP������ILODPHQW�ZLUH�DIWHU�WKH
ILUVW�KHDW�WUHDWPHQW��OHIW��DQG�DIWHU�WKH�IRXUWK�KHDW�WUHDWPHQW��ULJKW���7KH�VFDOH�PDUNHU�IRU�WKH�OHIW�PLFURJUDSK�LV�RQH�PL�
FURQ��DQG�WKH�PDUNHU�IRU�WKH�ULJKW�LV�����QP�

)LJXUH�������7UDQVPLVVLRQ�HOHFWURQ�PLFURJUDSKV�RI�WKH�KLJK�LURQ��+)����DERXW�����SSP������ILODPHQW�ZLUH�DIWHU�WKH�ILUVW
KHDW�WUHDWPHQW��OHIW���DQG�DIWHU�WKH�IRXUWK�KHDW�WUHDWPHQW��ULJKW���7KH�VFDOH�PDUNHU�IRU�WKH�OHIW�PLFURJUDSK�LV�RQH�PLFURQ�
DQG�WKH�PDUNHU�IRU�WKH�ULJKW�LV�����QP�



���

��&ULWLFDO�FXUUHQW�PHDVXUHPHQWV�ZHUH�PDGH�RYHU�WKH�DS�
SOLHG�ILHOG�UDQJH�RI���WR���7HVOD��ILJXUH�����7KH�FULWLFDO�FXU�
UHQW�GHQVLW\�ZDV�PRQLWRUHG�DV�D�IXQFWLRQ�RI�VWUDLQ�WR�ORRN
IRU�WKH�SHDN�DW�YDULRXV�ILHOGV��7KH�FXUUHQW�GHQVLW\�DW���7HVOD
SHDNHG�IRU�ERWK�WKH�KLJK�DQG�ORZ�LURQ�PDWHULDOV�DW�D�VWUDLQ
RI�����DIWHU�WKH�ODVW�KHDW�WUHDWPHQW��7KLV�ZDV�H[SHFWHG�IRU
WKH�ZLUH�GHVLJQ�DQG�WKHUPR�PHFKDQLFDO�SURFHVVLQJ��,W�ZDV
QRWHG�WKDW�WKH�FULWLFDO�FXUUHQW�GHQVLW\�EHJDQ�WR�GHYHORS
VRRQHU��KLJKHU�FULWLFDO�FXUUHQW�GHQVLW\�DW�ORZHU�VWUDLQV��LQ
WKH�KLJK�LURQ�PDWHULDO�DQG�IHOO�RII�PRUH�VWHHSO\�DIWHU�WKH
SHDN�WKDQ�WKH�ORZ�LURQ�PDWHULDO��7KH�ZLUHV�ZHUH�FKHFNHG
IRU�H[WULQVLF�HIIHFWV�DQG�QRQH�ZHUH�IRXQG��7KH�KLJK�LURQ
PDWHULDO�SHUIRUPHG�VLJQLILFDQWO\�EHWWHU�DW�KLJKHU�ILHOGV�
1RUPDOL]HG�-�î�%�FXUYHV�LQGLFDWHG�WKDW�WKH�H[WUDSRODWHG
+F��YDOXHV�ZHUH�LQFUHDVHG�IRU�WKH�KLJK�LURQ�KHDWV�E\�DV
PXFK�DV�D�TXDUWHU�7HVOD��:KHWKHU�WKLV�LV�D�UHDO�FKDQJH�LQ
+F���D�FKDQJH�LQ�WKH�LUUHYHUVLEOH�PDJQHWL]DWLRQ�ILHOG�RU�MXVW
UDQGRP�YDULDELOLW\�LV�QRW�FXUUHQWO\�NQRZQ��$OO�WKH�KLJK�LURQ
FDVHV��UHVHDUFK�RU�SURGXFWLRQ��KDYH�VOLJKWO\�KLJKHU�FXUUHQW
GHQVLW\�DERYH���7HVOD�WKDQ�ORZ�LURQ�PDWHULDO��KRZHYHU�

��)LJXUHV���DQG���VKRZ�WKH�7(0�PLFURJUDSKV�DIWHU�WKH�ILUVW
DQG�IRXUWK�KHDW�WUHDWPHQWV��7KH�KLJK�LURQ�PDWHULDO�SURGXFHV
D�ILQHU��PRUH�XQLIRUP�GLVWULEXWLRQ�RI�SUHFLSLWDWHV��\HW�WKH
DYHUDJH�VL]H�LV�SUDFWLFDOO\�WKH�VDPH��ERWK�YHUVLRQV�\LHOG�ORJ
QRUPDO�VL]H�GLVWULEXWLRQV�����:KDW�LV�LQWHUHVWLQJ�LV�WKDW�WKH
KLJK�LURQ�ELOOHWV�KDYH�OHVV�WRWDO�YROXPH�DOSKD�WLWDQLXP�SUH�
FLSLWDWHG��������YHUVXV�������IRU�WKH�ORZ�LURQ�\HW�WKH�FXU�
UHQW�GHQVLWLHV�DUH�YHU\�VLPLODU��7KH�6(0�EDFN�VFDWWHUHG
LPDJHV�ZHUH�VWULNLQJ�LQ�WKH�GLIIHUHQFH�RI�KRZ�PXFK�DOSKD
KDG�SUHFLSLWDWHG�EXW�IDLOHG�WR�SURGXFH�TXDQWLWDWLYH�UHVXOWV�

��������0XOWLILODPHQWDU\�%LOOHWV���3URGXFWLRQ

7KH�FKHPLVWU\�IRU�WKH�IXOO�VFDOH�SURGXFWLRQ�LQJRW�LV
OLVWHG�LQ�7DEOH�,�DV�+)����+)���ZDV�FRQVWUXFWHG�RI�WKH
VDPH�ORWV�RI�PDWHULDO�DV�+)���DQG�+)����7KH�RQO\�YDULDWLRQ
IURP�WKH�QRUPDO�SURFHVVLQJ�RI�D�KLJK�KRPRJHQHLW\�1E��7L
KHDW�ZDV�WKH�VRXUFH�RI�WKH�WLWDQLXP�VSRQJH�DQG�LWV�FKHPLV�
WU\��$V�FXVWRPHUV�ZHUH�HQOLVWHG�WR�SDUWLFLSDWH�LQ�HYDOXDWLQJ
WKH�PDWHULDO��VHFWLRQV�RI�WKH�LQJRW�ZHUH�SURFHVVHG�ZLWK�WKH
VWDQGDUG�PHWKRGV�WR�WKH�FXVWRPHU¶V�QRUPDO�SURGXFWLRQ
ELOOHW�GLPHQVLRQV��7KH�PLQLPXP�DPRXQW�UHFHLYHG�IRU
HYDOXDWLRQ�E\�D�FXVWRPHU�ZDV�����NJ��1HLWKHU�,*&�QRU
267�UHSRUWHG�DQ\�DEQRUPDO�ZLUH�SURFHVVLQJ�SUREOHPV�DQG
ERWK�SURGXFHG�FRPPHUFLDO�TXDQWLWLHV�RI�ZLUH�ZLWK�WKH�PD�
WHULDO��7KH�FULWLFDO�FXUUHQW�SHUIRUPDQFHV�IRU�WKH�SURGXFWLRQ
ZLUHV�DUH�SORWWHG�LQ�ILJXUHV���DQG����7KH�SURFHVVLQJ�RI�WKH
DOOR\�E\�7:&��WKH�FRQVWUXFWLRQ�RI�WKH�PXOWLILODPHQW�ELOOHWV
E\�WKH�PDQXIDFWXUHUV�DQG�WKH�ZLUH�GHVLJQV�FKRVHQ�DUH�DOO
VLJQLILFDQWO\�GLIIHUHQW��,Q�ERWK�FDVHV��WKH�KLJK�LURQ�PDWHULDO
DSSHDUV�WR�SHUIRUP�EHWWHU�WKDQ�WKH�QRUPDO�SURFHVV�GDWD��EXW
WKHVH�GDWD�DUH�VWLOO�ZLWKLQ�WKH�QRUPDO�SURFHVV�YDULDWLRQV�
7KH�,*&�ZLUH�KDG�D�KLJK�FRSSHU�WR�VXSHUFRQGXFWRU�UDWLR
DQG�LQGH[��³Q´��YDOXHV�ZHUH�REWDLQHG�IRU�WKH�WHVWV�DQG�D�-F
FULWHULD�RI������SFP�ZDV�XVHG��7KH�³Q´�YDOXHV�ZHUH�DV
JRRG�RU�EHWWHU�WKDQ�VWDQGDUG�SURGXFWLRQ��7KH�267�-F�FULWH�
ULD�ZDV������9�FP�

��,*&�SHUIRUPHG�6(0�WHVWV�RQ�WKHLU�KHDW�WUHDWHG�ZLUH�DQG
REVHUYHG�WKH�VDPH�ILQHU�SDWWHUQ�LQ�WKH�SURGXFWLRQ�PDWHULDO
DV�ZDV�REVHUYHG�LQ�WKH�����PP�LQJRWV�UHODWLYH�WR�QRUPDO
SURGXFWLRQ�

��������0RQRILODPHQWV���'HVLJQHG�([SHULPHQW

����7KH�VXFFHVV�RI�WKH�LQLWLDO�LQJRWV�UDLVHG�WKH�TXHVWLRQ�DV�WR
KRZ�PXFK�LURQ�FRXOG�EH�DGGHG�DQG�KRZ�GLG�LW�DIIHFW�WKH
PHFKDQLFDO�SURSHUWLHV�DV�WKH�R[\JHQ�DQG�WLWDQLXP�OHYHOV
YDULHG��$�IXOO�IDFWRULDO�H[SHULPHQW�ZDV�GHVLJQHG�LQ�ZKLFK
WKH�WLWDQLXP�ZDV�YDULHG�IURP����WR����ZHLJKW�SHUFHQW��R[\�
JHQ�IURP�����WR������SSP�DQG�WKH�LURQ�IURP�����WR�����

)LJXUH������&RPSDULVRQ�RI�KLJK�LURQ�PDWHULDO�LQ�SURGXFWLRQ
ZLWK�QRUPDO��ORZ�LURQ�PDWHULDO��'DWD�WDNHQ�DW�����.�DQG
�����9�FP��:LUH�GDWD�FRXUWHV\�RI�2[IRUG�6XSHUFRQGXFWLQJ
7HFKQRORJ\�

)LJXUH������&RPSDULVRQ�RI�KLJK�LURQ�PDWHULDO�LQ�SURGXFWLRQ
ZLWK�QRUPDO��ORZ�LURQ�PDWHULDO��'DWD�WDNHQ�DW�����.�DQG
������SFP��:LUH�GDWD�FRXUWHV\�RI�,QWHUPDJQHWLFV�*HQHUDO�



���

SSP��$�WRWDO�RI����WULDOV�ZHUH�UXQ����SDLUV����WULSOHW�DQG��
FRQWURO��7KH�DV�FDVW�FKHPLVWU\�KDUGQHVV�ZDV�PHDVXUHG�DQG
WKHQ��WKH�EXWWRQV�ZHUH�GURS�FDVW�LQWR�D�F\OLQGULFDO�VKDSH�
7KH�FKHPLVWULHV�IRU�WKH�EXWWRQV�DUH�OLVWHG�LQ�7DEOH�,,�

7KH�VPDOO�FDVWLQJV�ZHUH�PDFKLQHG��LQVHUWHG�LQ�FRSSHU
WXEHV��VZDJHG�DQG�WKHQ�GUDZQ�ZLWKRXW�KHDW�WUHDWPHQW��7KH
DV�FDVW�VWUXFWXUH�GLG�QRW�UHPDLQ�FLUFXODU�LQ�FURVV�VHFWLRQ
ZLWKLQ�WKH�FRSSHU�VKHDWK��$�UHSUHVHQWDWLYH�SORW�LV�JLYHQ�LQ
ILJXUH���DQG�VKRZV�D�SHDN�LQ�KDUGQHVV�EHWZHHQ�DQ�LQLWLDO
GUDZLQJ�VWUDLQ�RI�����DQG������$OO�VDPSOHV�H[KLELWHG�WKLV
SHDN�WR�VRPH�H[WHQW��,W�ZDV�PRUH�SURQRXQFHG�ZLWK�KLJKHU
R[\JHQ�DQG�WLWDQLXP�OHYHOV��7KH�GDWD�EHWZHHQ�VWUDLQV�RI
�����DQG������ZHUH�ILW�WR�D�OLQHDU�FXUYH�WR�VPRRWK�WKH�GDWD�
)LJXUH����$���'��VKRZ�WKH�HIIHFW�RI�FKHPLVWU\�RQ�ERWK�WKH
KDUGQHVV�DQG�WKH�KDUGHQLQJ�UDWH�DV�R[\JHQ��LURQ�DQG�WLWD�
QLXP�YDU\�RYHU�WKH�UDQJHV�VWXGLHG�

��%RWK�WKH�KDUGQHVV�VORSH��UDWH��DQG�WKH�]HUR�VWUDLQ�LQWHU�
FHSW��,QLWLDO�+DUGQHVV��FRXOG�EH�ILW�WR�WKH�FKHPLVWU\�ZLWK
WKH�IROORZLQJ�H[SUHVVLRQV�

5DWH� ���������2[\JHQ������������,URQ���������
��7LWDQLXP������������7XQJVWHQ���������

DQG

,QLWLDO�+DUGQHVV� ���������2[\JHQ������������,URQ���������
��7LWDQLXP������������7XQJVWHQ���������

ZKHUH�������+DUGQHVV��,� �������������� �,QLWLDO�+DUGQHVV���5DWH�î�6WUDLQ

$V�FDQ�EH�VHHQ�IURP�WKHVH�UHODWLRQV��WKH�LURQ��UHODWLYH�WR�WKH
R[\JHQ��SOD\V�D�GLIIHUHQW�UROH�LQ�WKH�UDWH�WKDQ�LW�GRHV�LQ�WKH
LQLWLDO�KDUGQHVV��7KH�7LWDQLXP�FRPSRQHQW�SOD\V�WKH�GRPL�
QDQW�UROH�LQ�ERWK�H[SUHVVLRQV��$V�WKH�R[\JHQ�OHYHO�LQ�
FUHDVHV�WKH�HIIHFW�RI�WKH�LURQ�FKDQJHV��$W�ORZ�R[\JHQ�OHY�
HOV��WKH�LURQ�LQFUHDVHV�WKH�RYHUDOO�KDUGQHVV��$W�KLJK�R[\JHQ

OHYHOV��WKH�LURQ�GHFUHDVHV�WKH�RYHUDOO�KDUGQHVV�

���7KH�QH[W�VWHS�LV�WR�PRQLWRU�WKH�KDUGHQLQJ�UDWH�DV�WKH
VDPSOHV�DUH�KHDW�WUHDWHG�DQG�SURFHVVHG�

,9��'LVFXVVLRQ

��7KH�PRVW�IDVFLQDWLQJ�SDUW�RI�WKLV�SURJUDP�LV�WKDW�WKH�FULWL�
FDO�FXUUHQW�GHYHORSPHQW�LQ�WKH�1E���7L�DOOR\�GHYLDWHV�IURP
WKH�DFFHSWHG�DQG�ZHOO�HVWDEOLVKHG�UHODWLRQVKLS�EHWZHHQ
YROXPH�SHUFHQW�DOSKD�7L�SUHFLSLWDWH�DQG�FXUUHQW�GHQVLW\����
3HUKDSV�WKLV�LV�DQ�DUWLIDFW�RI�WKH�ROGHU�GDWD��ZKLFK�LV�DOPRVW
H[FOXVLYHO\�SURGXFHG�ZLWK�PDWHULDOV�KDYLQJ�LURQ�FRQWHQWV
EHORZ�����SSP��7KLV�ZRUN�GHPRQVWUDWHV�WKDW�LURQ�LQIOX�
HQFHV�WKH�VL]H�GLVWULEXWLRQ�ZLWKRXW�FKDQJLQJ�WKH�PLGGOH�RI
WKH�GLVWULEXWLRQ��7KH�GLIIHUHQFH�EHWZHHQ�WKH�KLJK�DQG�ORZ
LURQ�LV�RQ�WKH�H[WUHPHV�RI�WKH�GLVWULEXWLRQ�DQG�VLQFH�WKH
FULWLFDO�FXUUHQW�GHQVLW\�ZLOO�EH�GHSHQGHQW�RQ�WKH�VL]H����DV
ZHOO�WKH�WRWDO�QXPEHU�RI�ULJKW�VL]HG�SUHFLSLWDWHV��WKH�PLVV�
LQJ�SUHFLSLWDWLRQ�LQ�WKH�KLJK�LURQ�PDWHULDO�GRHV�QRW�KDUP
WKH�FULWLFDO�FXUUHQW�GHQVLW\��7KH�PXFK�ILQHU�SUHFLSLWDWLRQ
GXULQJ�WKH�ILUVW�KHDW�WUHDWPHQW�H[SODLQV�WKH�HDUOLHU�FULWLFDO
FXUUHQW�GHYHORSPHQW�LQ�WKH�KLJK�LURQ�ELOOHWV��VLQFH�WKH
VPDOOHVW�SUHFLSLWDWHV�ZLOO�EH�ULJKW�VL]HG�DW�ORZHU�GUDZLQJ
VWUDLQ��7KH�VKDUSHU�SHDN�LQ�FULWLFDO�FXUUHQW�GHQVLW\�ZLWK
VWUDLQ�DOVR�LV�D�UHVXOW�RI�QRW�KDYLQJ�WKH�ODUJHU�SUHFLSLWDWHV
DYDLODEOH�

��7KH�EDODQFLQJ�HIIHFW�WKH�LURQ�KDV�RQ�WKH�KDUGHQLQJ�UDWH
UHODWLYH�WR�R[\JHQ�PD\�EH�GXH�WR�ORFDO�YDULDWLRQV�LQ�WKH
R[\JHQ�FRQWHQW��:KHQ�LURQ�KDV�D�VLJQLILFDQW�SUHVHQFH�
JUHDWHU�WKDQ�����SSP��WKH�ORFDO�YDULDWLRQ�LQ�R[\JHQ�FRQWHQW
ZLOO�EH�OHVV�LPSRUWDQW�DQG�D�PRUH�XQLIRUP�SUHFLSLWDWLRQ
ZLOO�RFFXU��,*&�UHSRUWHG�PRUH�FRQVLVWHQW�UHVXOWV�EHWZHHQ
ELOOHWV�WKDQ�WKH\�QRUPDOO\�VHH��7KLV�FRXOG�EH�D�PDFURVFRSLF
UHIOHFWLRQ�RI�ZKDW�WKH�7(0�DQG�KDUGQHVV�GDWD�LQGLFDWH�

��7KH�LPSHWXV�IRU�WKLV�ZRUN�ZDV�ERWK�HFRQRPLF�DQG�WHFKQL�
FDO�DV�D�UHVXOW�RI�FKDQJHV�LQ�WKH�WLWDQLXP�LQGXVWU\��7KRXJK
LURQ�OHYHOV�LQ�WLWDQLXP�VSRQJH�ORWV�YDU\�VLJQLILFDQWO\�IURP
SURGXFHUV��LURQ�FDQ�EH�DOOR\HG�LQ��,W�FDQ�QRW�EH�DOOR\HG�RXW�
7KH�UHIUDFWRU\�PHWDOV�QLRELXP�DQG�WLWDQLXP�ERWK�KDYH�D
KLJK�DIILQLW\�IRU�R[\JHQ�PDNLQJ�FRQWURO�RI�R[\JHQ�SLFN�XS
DQG�XQLIRUPLW\�GLIILFXOW�LQ�WKH�FRQVROLGDWLRQ�SURFHVV��,Q�
FUHDVLQJ�WKH�LURQ�FRQWHQW�E\�VSRQJH�FKHPLVWU\�DQG�DOOR\LQJ
FRXOG�EH�EHQHILFLDO�WR�SURGXFWLRQ�FRQWURO�DQG�YDULDELOLW\�

��6R�IDU��DOO�WKH�PXOWLILODPHQW�ZLUH�PDGH�ZLWK�KLJK�LURQ
OHYHOV�KDYH�EHHQ�SURFHVVHG�WR�UHODWLYHO\�ODUJH�ILODPHQW
VL]HV��7KH�LQLWLDO����ILODPHQW�ELOOHWV�XVLQJ�+)���DQG�+)��
KDG�ILODPHQW�GLDPHWHUV�DERXW����PLFURQV�DW�WKH�SHDN�VWUDLQ
RI������%RWK�WKH�SURGXFWLRQ�ZLUHV�KDG�ILODPHQWV�VL]HV�RI
QRPLQDOO\����PLFURQV�

��:H�SURSRVH�WKDW�WKH�LURQ�OLPLW�IRU�1E��7L�DOOR\V�EH�LQ�
FUHDVHG�IURP�����SSP�WR�����SSP��DW�OHDVW�IRU�DSSOLFDWLRQV
ZLWK�ILODPHQW�GLDPHWHUV�ODUJHU�WKDQ����PLFURQV��VLQFH�LW�GRHV
QRW�KDYH�DQ\�GHOHWHULRXV�LPSDFW�RQ�FULWLFDO�FXUUHQW�GHQVLW\�RU
IDEULFDELOLW\��&RQWUROOLQJ�WKH�LURQ�FRQWHQW�FRXOG�EH�D

)LJXUH�������+DUGQHVV�GDWD��DYHUDJH�RI�WKUHH�LPSUHVVLRQV�
IRU�PRQRILODPHQW�GDWD�WDNHQ�IURP�WULDOV���DQG����FRPSDUHG
WR�WKH�FRQWURO�VDPSOH��7ULDOV���DQG����KDG�WKH�VDPH�DLP
SRLQWV�IRU�FKHPLVWU\�



���

)LJXUH���$����/RZ�R[\JHQ��ORZ�WLWDQLXP�GDWD�VHWV��$FWXDO
GDWD�KDV�EHHQ�VPRRWKHG�E\�OLQHDU�UHJUHVVLRQ�WR�VKRZ�WUHQG�
+LJK�LURQ�DLP�ZDV������SSP��ORZ�LURQ�DLP�ZDV�����SSP
DQG�FRQWURO�LURQ�ZDV����SSP�

)LJXUH���'���+LJK�R[\JHQ��KLJK�WLWDQLXP�GDWD�VHWV��$FWXDO
GDWD�KDV�EHHQ�VPRRWKHG�E\�OLQHDU�UHJUHVVLRQ�WR�VKRZ�WUHQG�
+LJK�LURQ�DLP�ZDV������SSP��ORZ�LURQ�DLP�ZDV�����SSP
DQG�FRQWURO�LURQ�ZDV����SSP�

)LJXUH���&��+LJK�R[\JHQ��ORZ�WLWDQLXP�GDWD�VHWV��$FWXDO
GDWD�KDV�EHHQ�VPRRWKHG�E\�OLQHDU�UHJUHVVLRQ�WR�VKRZ�WUHQG�
+LJK�LURQ�DLP�ZDV������SSP��ORZ�LURQ�DLP�ZDV�����SSP
DQG�FRQWURO�LURQ�ZDV����SSP�

)LJXUH���%����/RZ�R[\JHQ��KLJK�WLWDQLXP�GDWD�VHWV��$FWXDO
GDWD�KDV�EHHQ�VPRRWKHG�E\�OLQHDU�UHJUHVVLRQ�WR�VKRZ�WUHQG�
+LJK�LURQ�DLP�ZDV������SSP��ORZ�LURQ�DLP�ZDV�����SSP
DQG�FRQWURO�LURQ�ZDV����SSP�

7DEOH�,,��&KHPLVWU\�$LP�$FWXDO�IRU�WKH�'HVLJQHG�([SHULPHQW

$,0 $&78$/ $,0 $&78$/ $,0 $&78$/ $,0 $&78$/
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7ULDO����ZDV�EXWWRQ�PHOWHG�IURP�D�VOLFH�RI�D�SURGXFWLRQ�LQJRW�
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5()(5(1&(6

��� (��:��&ROOLQJV��$SSOLHG�6XSHUFRQGXFWLYLW\��0HW�
DOOXUJ\�DQG�3K\VLFV�RI�7LWDQLXP�$OOR\V��9ROXPHV
��DQG����3OHQXQ�3UHVV��1HZ�<RUN������

��� 66&�0$*�����$��³6SHFLILFDWLRQ�IRU�1LRELXP
7LWDQLXP�$OOR\�IRU�WKH�6XSHUFRQGXFWLQJ�6XSHU
&ROOLGHU�

��� 5+,&�0$*�����$��³6SHFLILFDWLRQ�IRU�1LRELXP
7LWDQLXP�$OOR\�IRU�WKH�5HODWLYLVWLF�+HDY\�,RQ
&ROOLGHU�

��� �,��,��.LUVKHQLQD��%��1��7UHW
<DNRY��/��,��%HORYD
DQG�9��$��7RNPDNRYD��3K\VLFV�RI�0HWDOV�DQG
0HWDOORJUDSK\���������������������

��� 9RQ�7DNDVKL�1LVKLPXUD�XQG�8OULFK�=ZLFNHU�
=HLWVFKULIW�)XU�0HWDOONXQGH�����������������

��� '��&��/DUEDOHVWLHU��8QLYHUVLW\�RI�:LVFRQVLQ��
0DGLVRQ���SULYDWH�FRPPXQLFDWLRQ�

��� 3��(��'DQLHOVRQ�DQG�'��%��6PDWKHUV��$GY��LQ�&U\R
(QJ������������������

��� 0��%��6LGGDOO�DQG�'��%��6PDWKHUV��,(((�7UDQV
0$*�������������������

��� .��-��)DDVH��:��+��:DUQHV��3��-��/HH�DQG�'��&�
/DUEDOHVWLHU��,(((�7UDQVDFWLRQV�RQ�$SSOLHG�6X�
SHUFRQGXFWLYLW\����������

���� 3��-��/HH��86�3DWHQW������������2FWREHU����������
���� 3��-��/HH��3URF��2I�(06$�����������������
���� 3��-��/HH��'��&��/DUEDOHVWLHU�DQG�3��'��-DEORQVNL�

,(((�7UDQVDFWLRQV�RQ�$SSOLHG�6XSHUFRQGXFWLYLW\
���������������

���� 3��-��/HH��-�&��0F.LQQHOO�DQG�'��&��/DUEDOHVWLHU�
$GY��,Q�&U\R�(QJ�����������������

���� 3��-��/HH�DQG�'��&��/DUEDOHVWLHU��,(((�7UDQVDF�
WLRQV�RQ�$SSOLHG�6XSHUFRQGXFWLYLW\���������������

ZD\�WR�LPSURYH�WKH�DFKLHYDEOH�FXUUHQW�GHQVLW\�LI�WKH
WKHUPR�PHFKDQLFDO�SURFHVVLQJ�LV�RSWLPL]HG�ZKHQ�LURQ�LV
FRQVLGHUHG��$IWHU�ILQH�ILODPHQW�SURFHVVLQJ�GHPRQVWUDWHV
WKH�VDPH�EHKDYLRU��WKH�VSHFLILFDWLRQ�FRXOG�EH�LQFUHDVHG�IRU
DSSOLFDWLRQV�GRZQ�WR�ILYH�PLFURQV�

:RUN�LV�LQ�SURJUHVV�WR�GHWHUPLQH�WKH�HIIHFW�RI�LURQ�RQ
WKH�SUHFLSLWDWLRQ�DQG�KDUGQHVV�RI�1E7L�DOOR\V�ZLWK�WKHUPR�
PHFKDQLFDO�SURFHVVLQJ�

9��&RQFOXVLRQV

C ,URQ�XS�WR�����SSP�E\�ZHLJKW�LQ�QLRELXP����ZHLJKW��
WLWDQLXP�GRHV�QRW�LPSDFW�WKH�IDEULFDWLRQ�RU�FULWLFDO�FXU�
UHQW�GHYHORSPHQW�ZKHQ�SURFHVVHG�LGHQWLFDOO\�WR�WKH
VDPH�DOOR\�ZLWK�OHVV�WKDQ�����SSP�LURQ��7KH�VSHFLILFD�
WLRQ�OLPLW�VKRXOG�EH�LQFUHDVHG�WR�����SSP�

C� 7KH�SUHVHQFH�RI�,URQ�DW�OHYHOV�DERYH�����SSP�PRGHU�
DWHV�WKH�HIIHFW�RI�R[\JHQ�YDULDWLRQ�DQG�HQFRXUDJHV�D
PRUH�XQLIRUP�SUHFLSLWDWLRQ�

C� +LJKHU�WLWDQLXP�DOOR\V�VKRXOG�EHQHILW�IURP�LURQ�DGGL�
WLRQ�DV�ZHOO�

C 7KH�HIIHFW�RI�KHDW�WUHDWPHQW�QHHGV�WR�EH�VWXGLHG�IRU
RWKHU�FKHPLVWULHV��KLJK�DQG�ORZ�WLWDQLXP��

$FNQRZOHGJPHQWV

��7KH�DXWKRUV�DUH�SOHDVHG�WR�DFNQRZOHGJH�WKH�FRQWLQXHG
VXSSRUW�RI�7HOHG\QH�:DK�&KDQJ��3DXO�'DQLHOVRQ��*�/
+DQVHQ��5DQG\�+LFNPDQ��3DXO�-DEORQVNL��-LP�0F.LQQHOO
DQG�-DFN�*HQR���7KH�8QLYHUVLW\�RI�:LVFRQVLQ�
0DGLVRQ�$SSOLHG�6XSHUFRQGXFWLYLW\�&HQWHU�DQG�7KH�8QL�
YHUVLW\�RI�2UHJRQ���0LFKDHO�7LPPRQV���6HQLRU�3URMHFW��
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