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� 7KH� ELRVXUIDFWDQWV� DUH� XVHG� E\� VHYHUDO� LQGXVWULDO� VHFWRUV� VXFK� DV� SHWUROHXP�� DJULFXOWXUH�� IRRG� SURGXFWLRQ��
FKHPLVWU\��FRVPHWLFV��DQG�SKDUPDFHXWLFDOV��%HFDXVH�RI �WKHLU�K\GURSKRELF�DQG�K\GURSKLOLF�PRLHWLHV��WKH\�KDYH�SRWHQF\�
WR�UHGXFH�VXUIDFH�WHQVLRQ��LQWHUIDFLDO�WHQVLRQ�EHWZHHQ�ZDWHU�K\GURFDUERQ�V\VWHPV��DQG�ORZ�PLFHOOH�FRQFHQWUDWLRQ��
7KHLU�FKDUDFWHULVWLFV�VWURQJO\�GHSHQG�RQ�WKH�SURGXFHU�VWUDLQ�DV�ZHOO�DV�RQ�WKH�PHGLXP�FRPSRVLWLRQ��VXFK�DV�FDUERQ�DQG�
QLWURJHQ�VRXUFHV��7KLV�VWXG\�ZDV�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI �GLIIHUHQW�VRXUFHV�RI �FDUERQ��Q�KH[DGHFDQH��
JO\FHURO�DQG�JOXFRVH��DQG�QLWURJHQ��XUHD��1+ &O�DQG�1D12 ��IRU�WKH�SURGXFWLRQ�RI �ELRVXUIDFWDQWV�E\�D�QHZ�VWUDLQ�RI �� �

3VHXGRPRQDV�DHUXJLQRVD�%����LVRODWHG�IURP�D�UKL]RVSKHUH�RI �3DUDVHULDQWKHV�IDOFDWDULD�/��1LHOVHQ��D�KDUGZRRG�SODQW�VSHFLHV�
DW�D�SK\WRUHPHGLDWLRQ�ILHOG��7KH�ELRVXUIDFWDQW�FKDUDFWHULVWLFV�RI �WKH�VWUDLQ�ZHUH�HYDOXDWHG��SDUWLFXODUO\�LWV�VXUIDFH�DFWLYH�
SURSHUWLHV� DQG� SRWHQWLDO� WR� UHPRYH� K\GURFDUERQ��*O\FHURO� ZDV� IRXQG� WR� EH� WKH� RSWLPXP� FDUERQ� VRXUFH�� ZLWK�
UKDPQRVH�FRQFHQWUDWLRQ��HPXOVLILFDWLRQ�LQGH[��DQG�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ��&0&��RI �����PJ�/�������DQG����
P1�P�� UHVSHFWLYHO\�� 6RGLXP� QLWUDWH� �1D12 �� ZDV� REVHUYHG� DV� WKH� RSWLPXP� QLWURJHQ� VRXUFH�� ZLWK� UKDPQRVH��

FRQFHQWUDWLRQ��HPXOVLILFDWLRQ�LQGH[��DQG�&0&�RI �����PJ�/�������DQG����P1�P��UHVSHFWLYHO\��7KHVH�ELRVXUIDFWDQWV�
HIILFLHQWO\�UHGXFHG�VXUIDFH�WHQVLRQ�RI �FXOWXUH�EURWK�IURP����P1�P�WR����P1�P�IRU�WKH�JO\FHURO�WUHDWPHQW�DQG�IURP�
���P1�P�WR����P1�P�IRU�WKH�VRGLXP�QLWUDWH�WUHDWPHQW��7KH�FUXGH�ELRVXUIDFWDQWV�IURP�WKH�JO\FHURO�DQG�VRGLXP�
QLWUDWH�WUHDWPHQWV�DOVR�UHPRYHG�������DQG������UHVSHFWLYHO\��RI �FUXGH�RLO�IURP�VDQG��7KHVH�UDWHV�ZHUH�KLJKHU�WKDQ�
WKRVH�RI �WKH�FKHPLFDO�VXUIDFWDQWV��6'6�DQG�7ULWRQ�;�������7KHVH�ILQGLQJV�LQGLFDWH�WKDW�WKH�ELRVXUIDFWDQWV�SURGXFHG�E\�
WKH�VWUDLQ�IURP�ERWK�JO\FHURO�DQG�1D12 �WUHDWPHQWV�FDQ�HIILFLHQWO\�GHFUHDVH�WKH�LQWHUIDFLDO�WHQVLRQ�RI �FXOWXUH�EURWK��

GLOXWLRQ�DQG�KDYH�D�KLJK�HPXOVLRQ�LQGH[��WKXV�KROG�SURPLVH�LQ�K\GURFDUERQ�ELRUHPHGLDWLRQ�DSSOLFDWLRQ��

� .H\ZRUGV��ELRUHPHGLDWLRQ��ELRVXUIDFWDQW��JO\FHURO��1D12 ��RSWLPXP�

,1752'8&7,21

%LRVXUIDFWDQWV� DUH� DPSKLSKDWLF� FRPSRXQGV�
SURGXFHG� E\� D�ZLGH� YDULHW\� RI �PLFURRUJDQLVPV�
WKDW�HLWKHU�DGKHUH�WR�FHOO�VXUIDFH�RU�DUH�H[FUHWHG�
H[WUDFHOOXODU�LQ�WKH�JURZWK�PHGLXP��$O�%DKU\� ��HW�DO
������ *HHWKD� �� ������� 7KH\� FRQWDLQ�HW� DO
K\GURSKRELF�DQG�K\GURSKLOLF�PRLHWLHV�WKDW�UHGXFH�
VXUIDFH�WHQVLRQ��LQWHUIDFLDO�WHQVLRQ�EHWZHHQ�ZDWHU�
K\GURFDUERQ� V\VWHPV�� DQG� ORZ� PLFHOOH�
FRQFHQWUDWLRQ��=G]LHQQLFND�	�-D>F]XN��������$V�
VXFK��ELRVXUIDFWDQWV�DUH�XVHG�E\�VHYHUDO�LQGXVWULDO�

VHFWRUV� VXFK� DV� SHWUROHXP�� DJULFXOWXUH�� IRRG�
SURGXFWLRQ�� FKHPLVWU\� � FRVPHWLFV� � DQG�
SKDUPDFHXWLFDOV� �/DL� �� ������ 3DFZD�HW� DO
3ORFLQLF]DN� ���������7KH\�FRXOG�EH�XVHG�DOVR�WR�HW�DO
UHPRYH� K\GURFDUERQ� FRQWDPLQDWLRQ� �0QLI � 	�
*KULEL�������0D� ��������HW�DO
%LRVXUIDFWDQWV�DUH�FRPSRVHG�RI �OLSRSHSWLGHV��

JO\FROLSLGV�� SKRVSKROLSLGV�� IDWW\� DFLGV�� QHXWUDO�
OLSLGV��DQG�SRO\PHULF�ELRVXUIDFWDQWV� �0R\D� HW�DO��
������� 2IWHQ� SURGXFHG� GXULQJ� WKH� VWDWLRQDU\�
SKDVH� RI � EDFWHULDO� JURZWK�� WKH\� H[KLELW�
FRQVLGHUDEOH� VXEVWUDWH� VSHFLILFLW\� �&DOYR� HW� DO��
�������7KHLU� FKDUDFWHULVWLFV� VWURQJO\� GHSHQG� RQ�
WKH� SURGXFHU� VWUDLQ� DV� ZHOO� DV� RQ� WKH� PHGLXP�
�&RUUHVSRQGLQJ�DXWKRU��HQGDKU#XJP�DF�LG
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FRPSRVLWLRQ��VXFK�DV�FDUERQ�DQG�QLWURJHQ�VRXUFHV�
�-DQHN�HW�DO��������/LX�HW�DO��������
0LFURELDO�VWUDLQV�EHORQJLQJ�WR�VSHFLHV�%DFLOOXV�

VS���%DUDNDW� ��������� ��5XILQR�HW�DO &DQGLGD�OLSRO\WLFD HW�
DO 5KRGRFRFFXV� HW� DO�� ������� VS�� �6KDYDQGL� �� �������
3VHXGRPDV� HW�DO HW�DOVS���7KDYDVL� ��������6DNWKLSUL\D� ��
������DQG ��%XUJRV�'LD]��6SKLQJREDFWHULXP�GHWHUJHQV HW�
DO�� ������ KDYH� EHHQ� UHSRUWHG� WR� SURGXFH�
ELRVXUIDFWDQWV�� 2I � WKHVH�� WKH� UKDPQROLSLGV�
ELRVXUIDFWDQWV�SURGXFHG�E\� �VS��LV�RI �3VHXGRPRQDV
LQWHUHVW� LQ� WKDW� LW� FRXOG� UHPRYH� K\GURFDUERQ�
FRQWDPLQDWLRQ��'HHSLND� ��������0D� ��������HW�DO HW�DO
0D� ���������'XH�WR�HFRQRPLF�FRQVLGHUDWLRQV�LQ�HW�DO
WKH�LQGXVWU\��ELRVXUIDFWDQWV�DUH�FRPPRQO\�DSSOLHG�
DV�ZKROH�FHOOV�FXOWXUH�RU�FUXGH�ELRVXUIDFWDQW��$V�
UHSRUWHG� E\� 3DWRZDU\� �� �������� SXULILFDWLRQ�HW� DO
SURFHVV�RI �ELRVXUIDFWDQWV�FRQVXPHG�DOPRVW�����
RI �WKH�WRWDO�SURGXFWLRQ�FRVWV�
$�SK\WRUHPHGLDWLRQ�ILHOG�LQ�%DOLNSDSDQ��(DVW�

.DOLPDQWDQ�� ,QGRQHVLD�� XVHV� 3DUDVHULDQWKHV�
IDOFDWDULD�/��1LHOVHQ��D�KDUGZRRG�SODQW�VSHFLHV��IRU�
K\GURFDUERQ�UHPRYDO��3UHYLRXV�VWXGLHV�VKRZ�WKDW�
SODQWV� IRU� SK\WRUHPHGLDWLRQ� FRXOG� UHPRYH�
K\GURFDUERQ� SROOXWDQWV� WKURXJK� PHFKDQLVPV�
VXFK� DV� ELRGHJUDGDWLRQ�� SK\WRYRODWLOL]DWLRQ��
DFFXPXODWLRQ�� DQG� WUDQVIRUPDWLRQ� �.RQJ� ��HW� DO
������*XR� �� �������:KHQ� VRLO� K\GURFDUERQ�HW� DO
FRQFHQWUDWLRQ�LQ�WKH�SK\WRUHPHGLDWLRQ�ILHOG�ZDV�
PHDVXUHG�LQ�0D\�������LW�ZDV�IRXQG�WKDW�WKH�SODQWV�
UHPRYHG� ���� RI � WKH� K\GURFDUERQ� SROOXWLRQ�
ZLWKLQ���PRQWKV��,Q�FRPSDULVRQ��RWKHU�KDUGZRRG�
SODQWV��VXFK�DV� �DQG� ��7HFWRQD�JUDQGLV *PHOLQD�DUERUHD
DUH� UHSRUWHG� WR� UHPRYH� RQO\� ���� DQG� �����
UHVSHFWLYHO\��$JERJLGL� ��������<HQQ� ���������HW�DO HW�DO
7KH� GLIIHUHQFHV� LQ� WKH� K\GURFDUERQ� UHPRYDO�
DELOLW\�DUH�LQIOXHQFHG�E\�WKH�SODQW�VSHFLHV��ZKLFK�
FUHDWH� XQLTXH� KDELWDWV� IRU� WKH� VRLO� PLFURELDO�
SRSXODWLRQ��&ULVWDOGL� ���������7KDW�LV��WKH�VRLO�HW�DO
PLFURELDO�SRSXODWLRQ�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�
SODQW�VSHFLHV�XVHG�IRU�SK\WRUHPHGLDWLRQ�
7KH� SURFHVV� RI � UHPRYLQJ� K\GURFDUERQ� LQ� D�

SK\WRUHPHGLDWLRQ�ILHOG�UHVXOWV�IURP�WKH�FRPSOH[�
LQWHUDFWLRQ� EHWZHHQ� URRWV�� UKL]RVSKHUH� DQG� VRLO�
PLFURRUJDQLVPV� �.KDQ� �� ������ )DWLPD� ��HW� DO HW� DO
������� 7KHVH� DVVRFLDWLRQ� LQGXFH� WKH� SDUWLFXODU�
SK\VLRORJ\� DQG� ELRFKHPLVWU\� RI � SODQW� URRWV��
UHVXOWLQJ�LQ�WKH�SURFHVV�RI �K\GURFDUERQV�UHPRYDO��
$V� VXFK�� SK\WRUHPHGLDWLRQ� SURFHVVHV� FDQ�PDNH�
QXWULHQWV�DYDLODEOH�� VXFK�DV�FDUERQ�DQG�QLWURJHQ�
�+RX� �� �������*OXFRVH�� D� FDUERQ� VRXUFH�� LV�HW� DO
SURGXFHG� GXULQJ� SKRWRV\QWKHVLV�� DQG� LV� H[XGHG�
LQWR�WKH�VRLO�E\�SODQW�URRWV��.KDQ� ���������2Q�HW�DO

RWKHU� KDQG�� WKH� GHJUDGDWLRQ� SURFHVV� RI �
K\GURFDUERQ� FRQWDPLQDWLRQ� LQ� WKH� VRLO�
HQYLURQPHQW�LQGXFHV�Q�KH[DGHFDQH�DQG�JO\FHURO��
ZKLFK� DUH� FDUERQ� VRXUFHV� DOVR� �9DUMDQL� �������
'XULQJ�WKH�SK\WRUHPHGLDWLRQ�SURFHVV��DGGLQJ�1�
IHUWLOL]HU� �H�J��� XUHD�� 1+ &O�� 1D12 �� HQKDQFHV�� �

K\GURFDUERQ� GHJUDGDWLRQ� EHFDXVH� QLWURJHQ�
EHFRPHV� DYDLODEOH� WR� ERWK� SODQW� DQG� VRLO�
PLFURRUJDQLVP�
$�VWUDLQ�RI �3VHXGRPRQDV�DHUXJLQRVD�%�����ZKLFK�

ZDV�LVRODWHG�IURP�WKH�UKL]RVSKHUH�RI �3DUDVHULDQWKHV�
IDOFDWDULD� /�� 1LHOVHQ�� SUREDEO\� KDV� XQLTXH�
FKDUDFWHUV��DV�VKRZQ�E\�7KDYDVL�HW�DO���������DQG�
6DNWKLSUL\D� HW� DO�� �������� HVSHFLDOO\� LQ� WHUPV� RI �
ELRVXUIDFWDQW� SURGXFWLRQ�� ,Q� WKLV� UHJDUG�� LW� LV�
LPSRU WDQW� WR� LQYHVW LJDWH� WKH� PHGLXP�
FRPSRVLWLRQV� LQYROYLQJ� YDULDWLRQV� LQ� FDUERQ�
VRXUFHV��Q�KH[DGHFDQH��JO\FHURO��DQG�JOXFRVH��DQG�
QLWURJHQ�VRXUFHV��XUHD��1+ &O�DQG�1D12 ��IRU�� �

WKH�SURGXFWLRQ�RI �ELRVXUIDFWDQWV�E\�3VHXGRPRQDV�
DHUXJLQRVD�%�����7KH�FKDUDFWHULVWLFV�RI �WKH�VWUDLQ�
ZHUH� HYDOXDWHG�� SDUWLFXODUO\� LWV� VXUIDFH�DFWLYH�
SURSHUWLHV�DQG�SRWHQWLDO�WR�UHPRYH�K\GURFDUERQV�

0$7(5,$/6�$1'�0(7+2'6

%LRVXUIDFWDQW�SURGXFLQJ�%DFWHULDO�6WUDLQ

� $� ELRVXUIDFWDQW�SURGXFLQJ� EDFWHULDO� VWUDLQ�
EHORQJLQJ� WR� 3VHXGRPRQDV� DHUXJLQRVD� %���� ZDV�
LVRODWHG� IURP� D� K\GURFDUERQ� SK\WRUHPHGLDWLRQ�
ILHOG�LQ�%DOLNSDSDQ��(DVW�.DOLPDQWDQ��,QGRQHVLD��
7KH� VWUDLQ� ZDV� LVRODWHG� DQG� VFUHHQHG� XVLQJ�
PHWKRGV� GHVFULEHG� E\� +DVVDQVKDKLDQ� DQG�
(PLWD]L� �������� ,W� ZDV� LGHQWLILHG� IROORZLQJ� WKH�
PHWKRGV�GHVFULEHG�LQ�%HUJH\
V�0DQXDO�6\VWHPDWLF�
RI � %DFWHULRORJ\� �%UHQQHU� HW� DO�� ������� 7KLV�
EDFWHULDO� LVRODWH�ZDV�WKHQ�VXE�FXOWXUHG�RQ�/XULD�
%HUWDQL� PHGLXP� DJDU� WXEHV� DV� D� VWRFN� FXOWXUH�
EHIRUH�XVH�DV�LQRFXOXP�

,QRFXOXP�3URSDJDWLRQ

� 3��DHUXJLQRVD7KH�VWUDLQ�VWRFN�FXOWXUH�RI � �%����
ZDV� LQRFXODWHG� LQWR� D� SODWH� FRQWDLQLQJ� /XULD�
%HUWDQL�DQG� LQFXEDWHG�DW����&��$IWHU����K��RQH�
ORRS�RI �FXOWXUH�ZDV�LQRFXODWHG�WR����P/�RI �6WRQH�
0LQHUDO�6DOW�6ROXWLRQ��6066��PHGLXP�LQ�D�����P/�
(UOHQPH\HU�IODVN��7KH�FXOWXUH�ZDV�WKHQ�LQFXEDWHG�
DW� ���&� IRU� ��� K� DQG� DJLWDWHG� DW� ���� USP� LQ� D�
VKDNLQJ� LQFXEDWRU� �7KRUVHQ� �� �������$W� WKH�HW� DO
HQG�RI � WKH� LQFXEDWLRQ�SHULRG�� D� FXOWXUH� VDPSOH�

���

%LRVXUIDFWDQWV�SURGXFHG�E\�3VHXGRPRQDV�DHUXJLQRVD�%����²�5HWQDQLQJUXP�DQG�:LORSR



SUHSDUHG� XVLQJ� GLIIHUHQW� FRQFHQWUDWLRQV� RI �
UKDPQRVH��9LQRJUDGRY�HW�DO��������

(PXOVLILFDWLRQ�,QGH[��(���

� 7KH� HPXOVLILFDWLRQ� LQGH[� RI � WKH� FXOWXUH�
VDPSOHV� ZDV� GHWHUPLQHG� XVLQJ� WKH� PHWKRG�
GHVFULEHG� E\� 3DQMLDU� HW� DO�� �������� 7ZR� PO� RI �
KH[DGHFDQH�DQG���PO�RI �WKH�FHOO�IUHH�VXSHUQDWDQW�
ZHUH�PL[HG�LQ�D�WHVW�WXEH�DQG�KRPRJHQL]HG�LQ�D�
YRUWH[�DW�������USP�KLJK�VSHHG�IRU���PLQ��7KH�
HPXOVLILFDWLRQ�VWDELOLW\�ZDV�PHDVXUHG�DIWHU����K��
7KH� HPXOVLILFDWLRQ� LQGH[� ZDV� FDOFXODWHG� DV�
IROORZV�

(��� � �[�����+HLJKW�RI �HPXOVLRQ�IRUPHG��FP�
��������������� 7RWDO�KHLJKW�RI �VROXWLRQ��FP�

6XUIDFH�7HQVLRQ�0HDVXUHPHQW

� 7KH� VXUIDFH� WHQVLRQ� RI � WKH� FHOO�IUHH�
VXSHUQDWDQW�ZDV�PHDVXUHG� LQ� D�.�� WHQVLRPHWHU�
�6KLPDG]X���XVLQJ�WKH�GX�1RX\�ULQJ�PHWKRG��7KH�
YDOXHV� UHSRUWHG� DUH� WKH� PHDQ� RI � WKUHH�
PHDVXUHPHQWV��-RVKL�	�6KHNKDZDW�������

&ULWLFDO�0LFHOOH�&RQFHQWUDWLRQ��&0&�

� &HOO�IUHH� FXOWXUH� PHGLD� RI � GLIIHUHQW� FDUERQ�
DQG� QLWURJHQ� VRXUFHV�ZHUH� GLOXWHG� LQWR� YDULRXV�
H[WHQWV�ZLWK�VWHULOH�PHGLXP�WR�DQDO\]H�IRU�VXUIDFH�
WHQVLRQ��������������������������������ô��ó��DQG�
����7KH�GLOXWLRQV�DW�ZKLFK�D�VXUIDFWDQW�EHJLQV�WR�
DJJUHJDWH� DQG� KDG� QR� IXUWKHU� VLJQLILFDQW�
UHGXFWLRQ� LQ� VXUIDFH� WHQVLRQ� ZHUH� DVVHVVHG� DV�
&0&V�� 7KHVH� PHDVXUHPHQWV� ZHUH� HVWLPDWHG�
JUDSKLFDOO\�E\�SORWWLQJ�WKH�VXUIDFH�WHQVLRQ�YDOXHV�
YHUVXV� WKH�FXOWXUH�EURWK�GLOXWLRQ�YDOXHV� �&KHQJ�
������

+\GURFDUERQ�5HPRYDO�$ELOLW\

� 7KH� SRWHQWLDO� RI � WKH� FUXGH� ELRVXUIDFWDQW� WR�
UHPRYH� K\GURFDUERQV� IURP� FRQWDPLQDWHG� VDQG�
ZDV�HYDOXDWHG�XVLQJ�WKH�PHWKRGRORJ\�GHVFULEHG�
E\�$SDUQD�HW�DO����������6DQG\�VRLO�VDPSOHV�ZHUH�
FROOHFWHG�IURP�WKH�3DUDQJWULWLV�%HDFK��,QGRQHVLD��
WKH�VDPSOHV�ZHUH�DLU�GULHG�DQG�WKHQ�VLHYHG�XVLQJ�D�
��PP�PHVK��)XUWKHUPRUH��VDPSOHV�ZHUH�PL[HG�
ZLWK�WDS�ZDWHU�XS�WR�WKH�PRLVWXUH�FRQWHQW������
�Y�Z���6RLO�VDPSOHV�����J�HDFK��ZHUH�SROOXWHG�E\���
J� RI � FUXGH� RLO� �3HUWDPLQD�� %DORQJDQ�� &LODFDS��
,QGRQHVLD��� WKHQ� WUDQVIHUUHG� WR� ����P/�
(UOHQPH\HU�IODVNV�� �7KH�IODVN�ZDV�DGGHG�ZLWK����
P/� RI � WKH� FHOO�IUHH� IHUPHQWHG� EURWK� DQG� WKHQ�

ZDV�WDNHQ�DQG�DGMXVWHG�ZLWK�VWHULOH�6066�PHGLXP�
LQ�RUGHU� WR�REWDLQ�D�FHOO� VXVSHQVLRQ�RI �����2'�
� RS W L F D O � G H Q V L W \ � � � G H W H U P L Q HG � E\ � D �
VSHFWURSKRWRPHWHU��7KH�QXPEHU�RI �EDFWHULDO�FHOOV�
FRUUHVSRQGHG� WR� DQ� LQRFXOXP� RI � �� � &)8�PO���

7KH�6066�PHGLXP�XVHG� IRU� WKHVH� H[SHULPHQWV�
FRQVLVWHG�RI �WKH�IROORZLQJ��J�/ ���������.+ 32 ����
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DQG��������)H62 ��+ 2��WKH�S+�ZDV�DGMXVWHG�WR�� �
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2SWLPL]DWLRQ� RI � 0HGLXP� DQG� &XOWLYDWLRQ�
&RQGLWLRQ

� 7KH�LQIOXHQFH�RI �FDUERQ�DQG�QLWURJHQ�VRXUFHV�
RQ�WKH�ELRVXUIDFWDQW�\LHOG�DQG�LWV�SURSHUWLHV�ZDV�
VWXGLHG�LQ�WKH�6066�PHGLXP�VXSSOHPHQWHG�ZLWK�
��� �Y�Y��RI � WKHLU� VRXUFHV��7KH� FDUERQ� VRXUFHV�
ZHUH� Q�KH[DGHFDQH�� JO\FHURO�� DQG� JOXFRVH�� 7KH�
QLWURJHQ�VRXUFHV�ZHUH�XUHD��1+ &O�DQG�1D12 ��� �

$����FHOO�VXVSHQVLRQ�RI �����2'�DW�����QP�ZDV�
LQRFXODWHG�LQWR�D�����PO�IODVN�FRQWDLQLQJ�����P/�
6066�PHGLXP��7KH�FXOWXUH�ZDV�WKHQ�LQFXEDWHG�DW�
���&�XQGHU�DJLWDWLRQ�RI �����USP��$IWHU����KRXUV�
RI �LQFXEDWLRQ��FXOWXUH�VDPSOHV�ZHUH�FROOHFWHG�DQG�
IXUWKHU� HYDOXDWHG� IRU� EDFWHULDO� ELRPDVV� DQG�
ELRVXUIDFWDQW�FKDUDFWHULVWLFV�

%LRPDVV�DQG�%LRVXUIDFWDQW�&KDUDFWHULVWLFV

� 7KH�FXOWXUH�VDPSOHV�FROOHFWHG�SUHYLRXVO\�ZHUH�
FHQWULIXJHG�DW��������J��WHPSHUDWXUH�RI ���&�IRU� � � �
��K��7KH�SHOOHW�FHOOV�ZHUH�GULHG�RYHUQLJKW�DW�����&�
DQG� WKHQ� ZHLJKHG� WR� PHDVXUH� WKH� 3VHXGRPRQDV�
DHUXJLQRVD�%����ELRPDVV��7KH�FUXGH�ELRVXUIDFWDQWV�
LQ� WKH� FHOO�IUHH� FXOWXUH� PHGLXP� REWDLQHG� ZHUH�
FKDUDF WHU L]HG � LQ � WH UPV� RI � UKDPQRVH �
FRQFHQWUDWLRQ� DQG� VXUIDFH�DFWLYH� SURSHUWLHV��
LQFOXGLQJ� HPXOVLILFDWLRQ� LQGH[� �(����� VXUIDFH�
WHQVLRQ��DQG�FULWLFDO�PLFHOOH�FRQFHQWUDWLRQ��&0&��

5KDPQRVH�&RQFHQWUDWLRQ

� 5KDPQRVH� FRQFHQWUDWLRQ� LQ� WKH� FHOO�IUHH�
FXOWXUH�PHGLXP�ZDV�PHDVXUHG�XVLQJ�WKH�SKHQRO�
VXOSKXULF�PHWKRG��6HHGHYL�HW�DO���������2QH�P/�RI �
WKH�FHOO�IUHH�FXOWXUH�EURWK�ZDV�PL[HG�ZLWK�����P/�
RI � ���� SKHQRO� DQG� ���� PO� RI � FRQFHQWUDWHG�
VXOSKXULF�DFLG��$IWHU� WKH�PL[WXUH�ZDV� LQFXEDWHG�
IRU����PLQ�DW�URRP�WHPSHUDWXUH��WKH�DEVRUEDQFH�
ZD V � P H D V X U H G � D W � � � � � QP � X V L Q J � D �
VSHFWURSKRWRPHWHU��7KH�UKDPQRVH�FRQFHQWUDWLRQ�
ZDV� WKHQ� FDOFXODWHG� XVLQJ� D� VWDQGDUG� FXUYH�

���
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LQFXEDWHG�DW����&�XQGHU�DJLWDWLRQ�RI �����USP�LQ�D�
VKDNLQJ� LQFXEDWRU�� $IWHU� ��� K� LQFXEDWLRQ�� WKH�
VDPSOH � ZDV � DGGHG� ZL WK � ��� � P/� RI �
GLFKORURPHWKDQH� DV� WKH� H[WUDFWLQJ� VROYHQW�� WKHQ�
FHQWULIXJHG�DW�������ïJ�IRU����PLQ��7KH�DPRXQW�
RI � UHVLGXDO� K\GURFDUERQ� LQ� WKH� VDPSOH� ZDV�
GHWHUPLQHG�E\�JUDYLPHWULF�DQDO\VLV��9LOODORERV�HW�
DO�� ������� )RU� FRPSDULVRQ�� WKH� K\GURFDUERQ�
UHPRYDO�DELOLW\�RI �6'6��7ULWRQ�;�����DQG�GLVWLOOHG�
ZDWHU��FRQWURO��ZDV�DOVR�DQDO\]HG�XQGHU�WKH�VDPH�
FRQGLWLRQV�

6WDWLVWLFDO�$QDO\VLV

� $OO� VWDWLVWLFDO� DQDO\VHV�ZHUH� SHUIRUPHG� XVLQJ�
6WDW�9LHZ�IRU�:LQGRZV��6$6�,QVWLWXWH��&DU\��1&��
86$�� EDVHG� RQ� 3������� 7KH� HIIHFWV� RI � WKH�
WUHDWPHQWV� DQG� WKHLU� GLIIHUHQFHV� ZHUH� DVVHVVHG�
XVLQJ�DQDO\VLV�RI �YDULDQFH��$129$��DQG�'XQFDQ�
0XOWLSOH� 5DQJH� 7HVW� �'057�� PHWKRG��
UHVSHFWLYHO\�

5(68/76�$1'�',6&866,21

%DFWHULDO�6WUDLQ�,GHQWLILFDWLRQ

� 7DEOH��� OLVWV� WKH�PRUSKRORJLFDO��FXOWXUDO��DQG�
ELRFKHPLFDO�FKDUDFWHULVWLFV�RI �WKH�EDFWHULDO�VWUDLQ�
VHOHFWHG�IRU�WKLV�VWXG\��7KLV�LVRODWH�GHYHORSHG�SDOH�
JUHHQ� SLJPHQWDWLRQ� RQ� DVSDUDJLQH�PHGLXP� DQG�
UHOHDVHG�D�VZHHW�JUDSH�OLNH�RGRU�� ,WV�FRORQ\�ZDV�
VPDOO�� URXJK��DQG�FRQYH[��7KH� LVRODWH�ZDV�JUDP�
QHJDWLYH�DQG�VKRZHG�PRWLOLW\�XQGHU�PLFURVFRSH�
LQYHVWLJDWLRQ�� 7KH� ELRFKHPLFDO� DQDO\VLV� VKRZHG�
WKDW� LW� KDG� DELOLWLHV� RQ� GHQLWULILFDWLRQ�� JHODWLQ�
OLTXHIDFWLRQ�� DQG� VWDUFK� K\GURO\VLV�� ,W� VKRZHG�
SRVLWLYH�UHVXOWV�LQ�WKH�R[LGDVH�DQG�FDWDODVH�WHVWV��,W�
FRXOG� XVH� JOXFRVH�� IUXFWRVH�� DQG� PDQQLWRO� DV�
FDUERQ� VRXUFH� WR� IHUPHQW�� UHVXOWLQJ� LQ� DFLG�
SURGXFWLRQ��,Q�DGGLWLRQ��WKH�LVRODWH�FRXOG�JURZ�LQ�D�
WHPSHUDWXUH�UDQJH�RI ����&�WR����&�DQG�LQ�D�S+�

UDQJH�RI ������$FFRUGLQJ�WR�%HUJH\
V�0DQXDO�RI �
6\VWHPDWLF�%DFWHULRORJ\��DORQJ�ZLWK�WKH�UHVXOWV�RI �
WKH� DQDO\VHV�� WKH� LVRODWH� ZDV� LGHQWLILHG� DV�
3VHXGRPRQDV�DHUXJLQRVD HW�DO ���%UHQQHU� �������

(IIHFW� RI � &DUERQ� RQ� 6WUDLQ� %LRPDVV� DQG�
%LRVXUIDFWDQW�3URSHUWLHV

� 7DEOH���SUHVHQWHG� WKH�EDFWHULDO�ELRPDVV� DQG�
FKDUDFWHULVWLFV�RI �WKH�ELRVXUIDFWDQW�SURGXFHG�E\�
3VHXGRPRQDV�DHUXJLQRVD�%����XVLQJ�GLIIHUHQW�FDUERQ�
VRXUFHV�� VXFK� DV� JO\FHURO�� JOXFRVH� DQG� Q�

&KDUDFWHULVWLF 2EVHUYDWLRQ
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� �&RORQ\�FRORU

�
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�
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�
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�
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�

�
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�
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�
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�
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�

�
&DWDODVH�WHVW

�

�
&DUERQ�XWLOL]DWLRQ

�

*OXFRVH

�

�
)UXFWRVH

�

�
0DQQLWRO

�

�
&XOWXUH

�

7HPSHUDWXUH

�

��Ü& �
��Ü& �
��Ü& �

S+
� �
� �
� �
� �

7DEOH���0RUSKRORJLFDO�� ELRFKHPLFDO� DQG� FXOWXUDO�
FKDUDFWHULVWLFV�RI �WKH�VHOHFWHG�VWUDLQ�%���
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7DEOH��� (IIHFW�RI �FDUERQ�VRXUFH�RQ�FHOO�JURZWK��UKDPQROLSLG�FRQFHQWUDWLRQ��HPXOVLRQ�LQGH[���VXUIDFH�WHQVLRQ�DQG�ILQDO�S+�
GXULQJ�ELRVXUIDFWDQW�SURGXFWLRQ�E\�3VHXGRPRQDV�DHUXJLQRVD�%���

&DUERQ�VRXUFH �
%LRPDVV�
�J�/�
 �

S+
 �
5KDPQRVH�
�PJ�/�
 �

(PXOVLRQ�LQGH[�
��� �

6XUIDFH�WHQVLRQ�
�P1�P�
 �

Q�KH[DGHFDQH � ��������E � ��������D � ������F � ���������E � ������F �
*O\FHURO � ��������D � ��������F � ������G � ������D � ������E �
*OXFRVH � ��������F � ��������E � ������D � �������F � ������D �
&RQWURO ���G ��������G ���E ���G ����G
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KH[DGHFDQH��$V�REVHUYHG��WKH�VWUDLQ�ZDV�DEOH�WR�
XVH�DOO�WKH�HYDOXDWHG�FDUERQ�VRXUFHV�WR�JURZ�DQG�
SURGXFH� ELRVXUIDFWDQWV�� $OO� WKH� FDUERQ� VRXUFHV�
ZHUH� IRXQG� WR� KDYH� VLJQLILFDQWO\� LQIOXHQFHG�
EDFWHULDO�ELRPDVV��S+�� UKDPQRVH�FRQFHQWUDWLRQ��
HPXOVLRQ�LQGH[�DQG�VXUIDFH�WHQVLRQ�
� $PRQJ�WKH�WHVWHG�FDUERQ�VRXUFHV��JO\FHURO�ZDV�
IRXQG� WR� EH� WKH� RSWLPXP� IRU� ELRVXUIDFWDQW�
SURGXFWLRQ�RI �WKH�VWUDLQ��,WV�\LHOG�ZDV�KLJKHU�WKDQ�
WKRVH�UHSRUWHG�E\�SUHYLRXV�UHVHDUFKHUV�ZKR�DOVR�
XVHG�3VHXGRPRQDV� VS� DQG� REWDLQHG� UKDPQROLSLGV�
�$PDQL� HW� DO�� ������ 6RGDJDUL� HW� DO�� ������� 7KH�
KLJKHVW�FHOO�ELRPDVV�DQG�UKDPQRVH�FRQFHQWUDWLRQ�
DPRQJ� WKH� REVHUYDWLRQV� ZHUH� ���� J�/� DQG� ����
PJ�/��UHVSHFWLYHO\��7KHVH�UHVXOWV�ZHUH�H[SHFWHG�
VLQFH�JO\FHURO�DV�D�FDUERQ�VRXUFH�LV�WDNHQ�XS�PRUH�
HDVLO\�WKDQ�WKH�RWKHUV��2Q�RWKHU�KDQG��WKH�XVH�RI �Q�
KH[DGHFDQH�� ZKLFK� LV� D� YHU\� FRPSOH[� DQG�
KHWHURJHQHRXV� FDUERQ� VRXUFH�� UHVXOWHG� LQ� WKH�
ORZHVW�ELRPDVV�DQG�ELRVXUIDFWDQW�\LHOG��0RUHRYHU��
WKH�ELRVXUIDFWDQW�\LHOG�ZDV�ORZHU�WKDQ�WKH�UHVXOWV�
REWDLQHG� E\� 9DUMDQL� DQG� 8SDVDQL� ������� ZKR�
UHSRUWHG� WKDW� WKH� 3VHXGRPRQDV� DHUXJLQRVD� 1&,0�
�����VWUDLQ�SURGXFHG�������PJ�/�RI �UKDPQROLSLG�
ZKHQ�JO\FHURO�ZDV�DGGHG�DW����Z�Y�DV�FDUERQ�DQG�
HQHUJ\�VRXUFH�
� )XUWKHU�� WKH� ELRVXUIDFWDQW� SURGXFHG� E\� WKH�
VWUDLQ� XVLQJ� JO\FHURO� KDG� WKH� KLJKHVW� VLJQLILFDQW�
UHGXFWLRQ�LQ�VXUIDFH�WHQVLRQ�DQG�IRUPHG�D�VWDEOH�
HPXOVLRQ�RQ�FXOWLYDWLRQ�PHGLD�FRPSDUHG�ZLWK�Q�
KH[DGHFDQH� DQG� JOXFRVH� �3�������� 7KH� VXUIDFH�
WHQVLRQ�DQG�HPXOVLRQ�LQGH[�YDOXHV�ZHUH����P1�P�
DQG�������UHVSHFWLYHO\��7KH�XVH�RI �JO\FHURO�DOVR�

VWDELOL]HG�WKH�S+�FRQGLWLRQ��ZKHUHDV�WKH�XVH�RI �
JOXFRVH�DQG�Q�KH[DGHFDQH�UHVXOWHG�LQ�D�GHFUHDVHG�
S+��7KLV�ORZHU�S+�YDOXH�ZDV�SUREDEO\�GXH�WR�WKH�
SURGXFWLRQ�RI �VHFRQGDU\�PHWDEROLF�DFLG��0�OOHU�
HW�DO��������
� &ULWLFDO�PLFHOOH� FRQFHQWUDWLRQ� �&0&���ZKLFK�
LQGLFDWHV� WKH� HIILFLHQF\� RI � D� VXUIDFWDQW�� LV�
DQRWKHU� LPSRUWDQW� FKDUDFWHULVWLF� WR� FRQVLGHU��
7R� PHDVXUH� WKH� &0&V� RI � WKH� ELRVXUIDFWDQW�
XQGHU�VWXG\��FXOWXUH�EURWKV�RI � WKUHH� WUHDWPHQWV�
�Q�KH[DGHFDQH��JO\FHURO��JOXFRVH��ZHUH�GLOXWHG�WR�
YDULRXV� H[WHQWV� ZLWK� D� VWHULOH� PHGLXP� DQG�
DQDO\]HG� IRU� VXUIDFH� WHQVLRQV� �)LJ�� ���� 7KH�
SRLQW� RI � LQIOHFWLRQ� RI � WKH� FXUYH�� ZKLFK� ZDV�
REWDLQHG� E\� PHDVXULQJ� WKH� VXUIDFH� WHQVLRQV�
RI � WKH� YDULRXV� GLOXWLRQV�� FRUUHVSRQGV� WR� WKH�
VXUIDFWDQW�FRQFHQWUDWLRQ�HTXDO�WR�&0&��$QDO\VLV�
RI � WKH� &0&V� YDOXHV� RI � WKH� JO\FHURO�� JOXFRVH��
DQG� Q²KH[DGHFDQH� WUHDWPHQWV�ZHUH� ���P1�P��
���P1�P��DQG����P1�P��UHVSHFWLYHO\��3��������
7KH� ORZHU� &0&� YDOXH� RI � JO\FHURO� WUHDWPHQW�
LQGLFDWHV�WKDW�JO\FHURO�LV�WKH�PRVW�HIILFLHQW�FDUERQ�
VRXUFH� DPRQJ� WKH� WKUHH� VRXUFHV� WHVWHG�
�.âRVRZVND�&KRPLF]HZVND� �� �������HW� DO
0RQWHLUR� ���������UHSRUWHG�WKDW�JO\FHURO�FRXOG�HW�DO
EH� REWDLQHG� DEXQGDQWO\� DQG� FKHDSO\� DV� D� E\�
SURGXFW� RI � ELRGLHVHO� IURP� DQLPDO� IDWV� DQG�
YHJHWDEOH� RLO� SURGXFWLRQ�� *O\FHURO� FRXOG� EH�
REWDLQHG� DOVR� IURP� WUDQV�HVWHULILFDWLRQ� RI �
YHJHWDEOH� RLOV� DQG� IRVVLO� VRXUFHV� �SHWUROHXP��
QDWXUDO� JDV�� FRDO��� 7KHUHIRUH�� JO\FHURO� LV� D�
SURPLVLQJ� DQG� DEXQGDQW� VXEVWUDWH� IRU�
ELRVXUIDFWDQW�SURGXFWLRQ�

)LJXUH��� &KDQJHV�LQ�VXUIDFH�WHQVLRQ�LQ�FXOWXUH�EURWKV�RI �3VHXGRPRQDV�DHUXJLQRVD�%����DW�YDULRXV�GLOXWLRQV�XVLQJ�WKUHH�FDUERQ�
VRXUFHV��$UURZV�FRUUHVSRQG� WR� WKH�GLOXWLRQ�YDOXHV� WKDW� DUH�HTXDO� WR�&0&V��9HUWLFDO�EDUV� LQGLFDWH���VWDQGDUG�
GHYLDWLRQ�RI �PHDQV��Q ���
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(IIHFW�RI �1LWURJHQ�6RXUFHV�RQ�6WUDLQ�%LRPDVV�
DQG�%LRVXUIDFWDQW�3URSHUWLHV

� 6RGLXP�QLWUDWH�ZDV� IRXQG� WR�EH� VLJQLILFDQWO\�
PRUH�HIIHFWLYH�WKDQ�XUHD�DQG�DPPRQLXP�FKORULGH�
�3��������7DEOH�����7KH�GDWD�REWDLQHG�LPSO\�WKDW�
WKH�XVH�RI �VRGLXP�QLWUDWH�DV�QLWURJHQ�VRXUFHV�LV�
EHWWHU�IRU�VXSSRUWLQJ�WKH�JURZWK�RI �WKH�VWUDLQ�DQG�
VWDELOL]LQJ� WKH� S+� RI � WKH� FXOWLYDWLRQ� PHGLXP��
7KHVH� FRQGLWLRQV� LQGXFHG� D� VLJQLILFDQWO\� KLJKHU�
VXUIDFH�WHQVLRQ�UHGXFWLRQ�DQG�WKH�IRUPDWLRQ�RI �D�
VWDEOH� HPXOVLRQ� RQ� WKH� FXOWLYDWLRQ� PHGLD� XVLQJ�
VRGLXP�QLWUDWH�WUHDWPHQW�FRPSDUHG�ZLWK�WKH�XUHD�
DQG� DPPRQLXP� FKORULGH� WUHDWPHQWV� �3��������
7KH� UHVXOWV� ZHUH� LQ� DFFRUGDQFH� ZLWK� SUHYLRXV�
VWXGLHV��0D�HW�DO��������
� $FFRUGLQJ� WR� .U\DFKNR� HW� DO�� � �������� WKH�
EDFWHULD� FHOO� XVHV� QLWUDWHV�� DPPRQLD�� DQG� DPLQR�
DFLGV� DV� QLWURJHQ� VRXUFHV� WR� SURGXFH�

�ELRVXUIDFWDQW��'XULQJ� WKHVH�SURFHVVHV�� WKH�12 ��
�KDYH�WR�EH�UHGXFHG�WR�12 �DQG�WKHQ�WR�1+ ��7KH�� �

1+ � FDQ� EH� DVVLPLODWHG� HLWKHU� E\� JOXWDPDWH��

GHK\GURJHQDVH� WR� SURGXFH� JOXWDPDWH� RU�� ZLWK�
JOXWDPLQH�� E\� JOXWDPLQH� V\QWKHWDVH� WR� SURGXFH�
JOXWDPLQH�� *OXWDPLQH� DQG� ¡�NHWRJOXWDUDWH� DUH�
WKHQ�WUDQVIRUPHG�WR�JOXWDPLQH�E\�O�JOXWDPLQH���

R[RJOXWDUDWH� DPLQRWUDQVIHUDVH�� 7KHUHIRUH�� LQ�
�FRPSDULVRQ�ZLWK�1+ ��WKH�DVVLPLODWLRQ�RI �12 �DV�� �

D�QLWURJHQ�VRXUFH�LV�VORZHU��VLPXODWLQJ�D�QLWURJHQ�
OLPLWLQJ� FRQGLWLRQ� WKDW� LV� IDYRUDEOH� WR�
ELRVXUIDFWDQW�SURGXFWLRQ��5L]]R�HW�DO��������
� 7KH� HYDOXDWLRQ�RI � WKH�&0&V�RI � WKH� FXOWXUH�
EURWKV�RI �WKUHH�WUHDWPHQWV��VRGLXP�QLWUDWH��XUHD��
DQG� DPPRQLXP� FKORULGH�� VKRZV� VLJQLILFDQW�
GLIIHUHQFHV�DPRQJ�WKH�WUHDWPHQWV��3��������)LJ��
����7KH�&0&�YDOXHV�RI � WKH� WUHDWPHQWV�ZHUH����
P1�P�IRU� VRGLXP�QLWUDWH�����P1�P�IRU�XUHD��
DQG����P1�P�IRU�DPPRQLXP�FKORULGH�
� 7KH�UHGXFWLRQ�LQ�VXUIDFH�WHQVLRQ�DQG�&0&�RI �
WKH�ELRVXUIDFWDQWV�LV�XVHG�DV�SULPDU\�FULWHULRQ�IRU�
VH O HF W LRQ � RI � E LRVXU IDF WDQW �SURGXF LQJ �
PLFURRUJDQLVPV� �7KDYDVL� ������� 7KLV� UHVHDUFK�
GHPRQVWUDWHG� WKDW� WKH� FUXGH� ELRVXUIDFWDQW�
SURGXFHG�E\�WKH�VWUDLQ�XVLQJ�JO\FHURO�DQG�VRGLXP�
QLWUDWH�DV�VXEVWUDWHV�GHFUHDVHG�VXUIDFH�WHQVLRQ�RI �
WKH� FXOWLYDWLRQ� PHGLD� E\� PRUH� WKDQ��� P1�P��
WKXV� WKH\� FDQ� EH� FRQVLGHUHG� JRRG� VXUIDFWDQWV�
�9LMD\DNXPDU�	�6DUDYDQDQ��������$V�SUHVHQWHG�LQ�
)LJ����DQG����VXUIDFH�WHQVLRQ�GHFUHDVHG�IURP����
P1�P�WR�D�PLQLPXP�YDOXH�RI ����P1�P�IRU�WKH�
JO\FHURO� WUHDWPHQW� DQG� IURP� ��� P1�P� WR� ��

7DEOH��� (IIHFW�RI �QLWURJHQ�VRXUFH�RQ�FHOO�JURZWK��UKDPQROLSLG�FRQFHQWUDWLRQ��HPXOVLRQ�LQGH[��VXUIDFH�WHQVLRQ�DQG�ILQDO�S+�
GXULQJ�ELRVXUIDFWDQW�SURGXFWLRQ�E\�3VHXGRPRQDV�DHUXJLQRVD�%���

1LWURJHQ�VRXUFH�
%LRPDVV�
�J�/�
�

S+
 �
5KDPQRVH�
�PJ�/�
 �

(PXOVLRQ�LQGH[�
���
 �

6XUIDFH�WHQVLRQ�
�P1�P�
 �

8UHD� ��������D� ��������D � ������F � �������D � �������D �
1+�&O��

��������E
�

��������E
�

�����G
�

������E
�

������E
�

1D12�
�

��������F
�

��������F
�

������D
�

������F
�

������F
�&RQWURO ���G ��������F ���E ���G ����G

)LJXUH��� &KDQJHV�LQ�WKH�VXUIDFH�WHQVLRQ�RI �FXOWXUH�EURWKV�RI �3VHXGRPRQDV�DUXJLQRVD�%����DW�YDULRXV�GLOXWLRQV�XVLQJ�WKUHH�
QLWURJHQ�VRXUFHV��$UURZV�FRUUHVSRQG� WR� WKH�GLOXWLRQ�YDOXHV� WKDW� DUH�HTXDO� WR�&0&V��9HUWLFDO�EDUV� LQGLFDWH���
VWDQGDUG�GHYLDWLRQ�RI �PHDQV��Q ���

���

1RWH��
'DWD�LQ�WKLV�WDEOH�DUH�SUHVHQWHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ��7KHLU�YDOXHV�ZLWK�GLIIHUHQW�VXSHUVFULSWV�LQ�WKH�VDPH�FROXPQ�DUH�VLJQLILFDQWO\�GLIIHUHQW�
�3��������

%LRVXUIDFWDQWV�SURGXFHG�E\�3VHXGRPRQDV�DHUXJLQRVD�%����²�5HWQDQLQJUXP�DQG�:LORSR



P1�P�IRU�WKH�VRGLXP�QLWUDWH�WUHDWPHQW��7KHVH�
FDSDFLWLHV� DUH� FRPSDUDEOH� WR� WKH� RXWFRPHV� RI �
VLPLODU�SUHYLRXV�UHVHDUFK�ZKHUHLQ�VXUIDFH�WHQVLRQ�
ZDV�UHGXFHG�WR�D�PLQLPDO�YDOXH�RI �������P1�P�
�3HWULNRY� �� ������� 2WKHU� VWXGLHV� KDG� EHHQ�HW� DO
FDUULHG�RXW�DOVR�RQ�ELRVXUIDFWDQWV�E\� �� ��3 IOXRUHVFHQV
IRU�ZKLFK� WKH�PLQLPDO�YDOXH�RI � VXUIDFH� WHQVLRQ�
ZDV������P1�P��ùNL]OHU� ���������7KHUHIRUH��HW�DO
WKLV�VWXG\�VKRZHG�WKDW�ERWK�JO\FHURO�DQG�VRGLXP�
QLWUDWH�DUH�HIILFLHQW�DQG�SURPLVLQJ�VXEVWUDWHV�IRU�
ELRVXUIDFWDQW� SURGXFWLRQ� IURP� �3VHXGRPRQDV
DUXJLQRVD�%����

$SSOLFDWLRQ� RI � %LRVXUIDFWDQWV� LQ� +\GUR�
FDUERQ�5HPRYDO

� $Q� LQFUHDVLQJ� QXPEHU� RI � VLWHV� KDYH� EHHQ�
SROOXWHG� E\� K\GURFDUERQV� EHFRPH� D� VHULRXVO\�
HIIHFW�WR�HFRV\VWHP�DQG�KXPDQ�KHDOWK�FULWLFDO��)RU�
UHPRYLQJ� WKHVH�SROOXWLRQV�� HQYLURQPHQWDOO\� DQG�
ORZ�FRVW�WHFKQRORJ\�ZDV�KLJKO\�UHTXLUHG��%HFDXVH�
RLO� KDV� ORZ� ZDWHU� VROXELOLW\�� ZKLFK� LQFUHDVH� LWV�
VRUSWLRQ�E\�VRLO�SDUWLFOHV��UHVHDUFKHUV�KDYH�EHHQ�
H[SORULQJ�WKH�XVH�RI �ELRVXUIDFWDQWV�WR�DFFHOHUDWH�
K\GURFDUERQ� UHPRYDO� IURP� WKH� FRQWDPLQDWHG�
VLWHV��$UVODQ� ��������HW�DO
� 7KH� XVH� RI � FUXGH� ELRVXUIDFWDQW� WR� UHPRYH�
K\GURFDUERQ� FRQWDPLQDQWV� LV� FRPPRQ� LQ�
ELRUHPHGLDWLRQ� WHFKQRORJLHV�� 7KHUHIRUH�� WKLV�
VWXG\� LQYHVWLJDWHG� WKH� DSSOLFDWLRQ� RI � WKH�
ELRVXUIDFWDQW�IURP� �%����LQ�LWV�FUXGH�3��DHUXJLQRVD
IRUP�� ZLWKRXW� SULRU� FRVWO\� H[WUDFWLRQ� RU�
SXULILFDWLRQ�VWHSV��7KH�H[SHULPHQW�XVHG�FHOO�IUHH�
VXSHUQDWDQW� FRQWDLQLQJ� WKH� FUXGH� ELRVXUIDFWDQW�
DQG�FKHPLFDO�VXUIDFWDQWV��6'6�DQG�7ULWRQ�;������
WR�YHULI\�WKH�IRUPHU
V�FDSDFLW\�WR�UHPRYH�FUXGH�RLO�
IURP�VDQG�VDPSOHV�
� 7KH�ELRVXUIDFWDQW�SURGXFHG� �%�����3��DHUXJLQRVD
6'6��7ULWRQ�;������DQG�GLVWLOOHG�ZDWHU��FRQWURO��
VKRZHG� VLJQLILFDQWO\� GLIIHUHQW� �3�������
FDSDELOLWLHV� LQ� UHPRYLQJ� FUXGH� RLO� IURP�
FRQWDPLQDWHG� VDQG� �7DEOH� ���� 7KH� FUXGH

ELRVXUIDFWDQWV� IURP� ERWK� JO\FHURO� DQG� VRGLXP�
QLWUDWH� WUHDWPHQWV� \LHOGHG�KLJKHU� YDOXHV� �������
DQG� ����� UHVSHFWLYHO\��� EXW� QR� VLJQLILFDQW�
GLIIHUHQFH��3�������ZDV�REVHUYHG�EHWZHHQ�WKHP��
7KH�UHPRYDOV�REWDLQHG�E\�6'6�DQG�7ULWRQ�;�����
DV�V\QWKHWLF�VXUIDFWDQWV�DW�WKH�VDPH�FRQFHQWUDWLRQ�
ZHUH�ORZHU������DQG��������UHVSHFWLYHO\���ZKLFK�
WKDW�RI �GLVWLOOHG�ZDWHU��FRQWURO��ZDV�RQO\��������
7KH� UHVXOWV� LPSO\� WKDW� WKH�FHOO�IUHH� VXSHUQDWDQW�
FRQWDLQLQJ�WKH�FUXGH�ELRVXUIDFWDQW�ZDV�SUDFWLFDOO\�
DV� HIIHFWLYH� DV� WKH� LVRODWHG� ELRVXUIDFWDQW� LQ�
UHPRYLQJ�FUXGH�RLO��LQGLFDWLQJ�WKH�SRVVLEOH�XVH�RI �
WKH� XQSXULILHG� ELRVXUIDFWDQW� WR� PLQLPL]H�
SURGXFWLRQ�FRVWV�
� 7KH�DELOLW\�RI �ELRVXUIDFWDQWV�WR�UHPRYH�FUXGH�
RLO� FDQ� EH� H[SODLQHG� DV� IROORZV�� ELRVXUIDFWDQWV�
SURPRWH� WKH� WUDQVSRUW� RI � K\GURSKRELF�
FRQWDPLQDQWV�WRZDUG�DQ�DTXHRXV�SKDVH�WKURXJK�
VRPH� SDUWLFXODU� LQWHUDFWLRQV�� UHVXOWLQJ� LQ�
HPXOVLILFDWLRQ�DQG�PLFHOOL]DWLRQ��WKXV�OHDGLQJ�WR�
WKHLU�UHPRYDO��&RVWD� ���������7KH�UHVXOWV�RI �HW�DO

WKH�H[SHULPHQWV�LQGLFDWH�WKDW�WKHVH�ELRVXUIDFWDQWV�
DUH� PRUH� HIIHFWLYH� LQ� RLO� UHFRYHU\� WKDQ� WKH�
FKHPLFDO� VXUIDFWDQWV� �6'6� RU� 7ULWRQ� ;�������
7KHVH�UHVXOWV�ZHUH�LQ�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�
RI � /DL� �� ������� ZKR� REVHUYHG� WKDW�HW� DO

ELRVXUIDFWDQWV�VXFK�DV�UKDPQROLSLGV�DQG�VXUIDFWLQ�
DUH�PRUH�HIILFLHQW�LQ�UHPRYLQJ�K\GURFDUERQ�WKDQ�
7ZHHQ����� DQG�7ULWRQ�;������7KHUHIRUH�� WKHVH�
ELRVXUIDFWDQWV� LQGLFDWH� JRRG� SURVSHFWV� IRU�
DSSOLFDWLRQV��HVSHFLDOO\�IRU�ELRUHPHGLDWLRQ�

&21&/86,21

� 7KH� ELRVXUIDFWDQW� SURGXFHG� E\� 3VHXGRPRQDV�
DHUXJLQRVD�%����ZDV�IRXQG�WR�SURGXFH�WKH�KLJKHVW�
ELRPDVV� DQG� WKH� EHVW� VXUIDFH�DFWLYLWLHV� DQG�
HPXOVLILFDWLRQ� SURSHUWLHV� ZKHQ� JO\FHURO� DQG�
VRGLXP�QLWUDWH�ZHUH�XVHG�DV�FDUERQ�DQG�QLWURJHQ�
VRXUFHV�� UHVSHFWLYHO\�� 7KH� FUXGH� ELRVXUIDFWDQWV�

7DEOH��� &RPSDULVRQ�RI � WKH�K\GURFDUERQ� UHPRYDO� DELOLW\�RI � WKH� FUXGH�EDFWHULDO� ELRVXUIDFWDQW�� 6'6��7ULWRQ�;����� DQG�
GLVWLOOHG�ZDWHU��FRQWURO�

6DPSOH � &UXGH�RLO�UHPRYDO���� �

&UXGH�EDFWHULDO�ELRVXUIDFWDQW�IURP�JO\FHURO�WUHDWPHQW � ������G �
&UXGH�EDFWHULDO�ELRVXUIDFWDQW�IURP�1D12� �WUHDWPHQW �� ����D ��G �
6'6� ������E �
7ULWRQ�;����� ������F �
'LVWLOOHG�ZDWHU��FRQWURO� ������D

1RWH��
�'DWD�LQ�WKLV�WDEOH�DUH�SUHVHQWHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ��7KHLU�YDOXHV�ZLWK�GLIIHUHQW�VXSHUVFULSWV�LQ�WKH�VDPH�FROXPQ�DUH�VLJQLILFDQWO\�GLIIHUHQW�
�3���������

���
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SURGXFHG� E\� WKH� VWUDLQ� ZHUH� DEOH� WR� HIILFLHQWO\�
GHFUHDVH� WKH� LQWHUIDFLDO� WHQVLRQ�RI �FXOWXUH�EURWK�
GLOXWLRQ�� 7KHVH� ELRVXUIDFWDQWV� ZHUH� FDSDEOH� RI �
HIILFLHQWO\�UHPRYLQJ�FUXGH�RLO�IURP�VDQG�VDPSOHV��
SHUIRUPLQJ�EHWWHU�WKDQ�FKHPLFDO�VXUIDFWDQWV��WKXV�
KROG� SURPLVH� IRU� K\GURFDUERQ� ELRUHPHGLDWLRQ�
DSSOLFDWLRQ�

$&.12:/('*(0(176

� :H� DFNQRZOHGJH� ILQDQFLDO� VXSSRUW� IURP�
%2371� ����� 5HVHDUFK� *UDQW� RI � )DFXOW\� RI �
%LRORJ\�� 8QLYHUVLWDV� *DGMDK� 0DGD�� <RJ\DNDUWD��
,QGRQHVLD� �&RQWUDFW� 1XPEHU�� 8*0�%,�������
80���������$XWKRUV�DOVR�WKDQN�0V�6RILDQLQJW\DV�
IRU�KHU�KHOS�LQ�SUHSDULQJ�WKH�VWUDLQ�

5()(5(1&(6

$JERJLGL�02��'RORU�('��2NHFKXNZX�(0��������(YDOXDWLRQ�
RI � ��/LQQ���DQG� ��5R[E���7HFWRQD�JUDQGLV *PHOLQD�DUERUHD
IRU�SK\WRUHPHGLDWLRQ�LQ�FUXGH�RLO�FRQWDPLQDWHG�VRLOV��
$JULF�&RQVSHF�6FL��������������

$O�%DKU\�61��$O�:DKDLEL�<0��(OVKDILH�$(��$O�%HPDQL�$6��
-RVKL� 6-��$O�0DNKPDUL�+6��$O�6XODLPDQL�+6�� ������
%LRVXUIDFWDQW�SURGXFWLRQ�E\�%DFLOOXV�VXEWLOLV�%���XVLQJ�
GDWH�PRODVVHV�DQG�LWV�SRVVLEOH�DSSOLFDWLRQ�LQ�HQKDQFHG�
RLO�UHFRYHU\��,QW�%LRGHWHULRU�%LRGHJUDGDWLRQ����������

$PDQL� +�� 0�OOHU� 00�� 6\OGDWN� &�� +DXVPDQQ� 5�� ������
3URGXFWLRQ�RI �PLFURELDO�UKDPQROLSLG�E\�3VHXGRPRQDV�
DHUXJLQRVD�00�����IRU�H[�VLWX�HQKDQFHG�RLO�UHFRYHU\��
$SSO�%LRFKHP�%LRWHFKQRO�������������

$SDUQD�$��6ULQLNHWKDQ�*��6PLWKD�+��������3URGXFWLRQ�DQG�
FKDUDFWHUL]DWLRQ� RI � ELRVXUIDFWDQW� SURGXFHG� E\� D�
QRYHO�3VHXGRPRQDV�VS���%��&ROORLGV�6XUI �%���������

$UVODQ�*��.LSFDN�(��'LULN�&��$NWX�7��3HNHU�6��������6XUIDFH�
DGVRUSWLRQ� DQG� VSRQWDQHRXV� DJJUHJDWLRQ� RI �
UKDPQROLSLG�PL[WXUHV�LQ�DTXHRXV�VROXWLRQV��&ROORLGV�
6XUIDFHV�$�3K\VLFRFKHP�(QJ�$V������������

%DUDNDW� .0�� +DVVDQ� 6:0�� 'DUZHVK� 20�� ������
%LRVXUIDFWDQW�SURGXFWLRQ�E\�KDORDONDOLSKLOLF� �%DFLOOXV
VWUDLQV�LVRODWHG�IURP�5HG�6HD��(J\SW��(J\SW�-�$TXDW�
5HV�����������

%UHQQHU�'-��.ULHJ�15�� 6WDOH\� -5�� ������%HUJH\
V�PDQXDO�
V\VWHPDWLF�EDFWHULRORJ\��1HZ�<RUN��86���6SULQJHU�

%XUJRV�'tD]� &�� 3RQV� 5�� 7HUXHO� -$�� $UDQGD� )-�� 2UWL]� $��
0DQUHVD�$0��0DUTXpV�-��������7KH�SURGXFWLRQ�DQG�
SK\VLFRFKHPLFDO� SURSHUWLHV� RI � D� ELRVXUIDFWDQW�
PL[WXUH� REWDLQHG� IURP� �6SKLQJREDFWHULXP� GHWHUJHQV �
&ROORLG�,QWHUIDFH�6FL������������

&DOYR�&��0DQ]DQHUD�0��6LOYD�&DVWUR�*$��8DG�,��*RQ]iOH]�
/ySH]�-��������$SSOLFDWLRQ�RI �ELRHPXOVLILHUV�LQ�VRLO�

RLO�ELRUHPHGLDWLRQ�SURFHVVHV��)XWXUH�SURVSHFWV�6FL�
7RWDO�(QYLURQ�������������

&KHQJ�)��������&KDUDFWHUL]DWLRQ�RI �D�EOHQG�ELRVXUIDFWDQW�
RI �JO\FROLSLG�DQG� OLSRSHSWLGH�SURGXFHG�E\�%DFLOOXV�
VXEWLOLV� 78�� LVRODWHG� IURP� XQGHUJURXQG� RLO�
H[WUDFWLRQ� ZDVWHZDWHU�� -� 0LFURELRO� %LRWHFKQRO�
���������

&RVWD�6*9$2��1LWVFKNH�0��/pSLQH�)��'p]LHO�(��&RQWLHURD�-��
������ 6WUXFWXUH�� SURSHUWLHV� DQG� DSSOLFDWLRQV� RI �
UKDPQROLSLGV�SURGXFHG�E\� �/��3VHXGRPRQDV�DHUXJLQRVD
�� IURP� FDVVDYD� ZDVWHZDWHU�� 3URFHVV� %LRFKHP�
����������

&ULVWDOGL� $�� &RQWL�*2�� -KR�(+��=XFFDUHOOR� 3��*UDVVR$��
&RSDW�&�� )HUUDQWH�0�� ������ 3K\WRUHPHGLDWLRQ� RI �
FRQWDPLQDWHG� VRLOV� E\�KHDY\�PHWDOV� DQG�3$+V��$�
EULHI �UHYLHZ��(QYLURQ�7HFKQRO�,QQRY����������

'HHSLND�.9��.DODP�6��6ULGKDU�35��3RGLOH�$5��%UDPKDFKDUL�
39�� ������ 2SWLPL]DWLRQ� RI � UKDPQROLSLG�
ELRVXUIDFWDQW� SURGXFWLRQ� E\� PDQJURYH� VHGLPHQW�
EDFWHULXP� �.9'�+5���XVLQJ�3VHXGRPRQDV�DHUXJLQRVD
UHVSRQVH� VXUIDFH� PHWKRGRORJ\�� %LRFDWDO� $JULF�
%LRWHFKQRO���������

)DWLPD�.�� ,PUDQ�$��$PLQ� ,��.KDQ�40��$I]DO�0�� ������
6XFFHVVIXO� SK\WRUHPHGLDWLRQ� RI � FUXGH�RLO�
FRQWDPLQDWHG� VRLO� DW� DQ� RLO� H[SORUDWLRQ� DQG�
SURGXFWLRQ�FRPSDQ\�E\�SODQWV�EDFWHULDO�V\QHUJLVP��
,QW�-�3K\WRUHPHGLDWLRQ�����������

*HHWKD� 6-�� %DQDW� ,0�� -RVKL� 6-�� ������ %LRVXUIDFWDQWV��
3URGXFWLRQ�DQG�SRWHQWLDO�DSSOLFDWLRQV�LQ�PLFURELDO�
HQKDQFHG� RLO� UHFRYHU\� �0(25��� %LRFDW� $JULF�
%LRWHFKQRO����������

*XR�0��*RQJ�=��0LDR�5��5RRNHV�-��&DKLOO�'��=KXDQJ�-��
������ 0LFURELDO� PHFKDQLVPV� FRQWUROOLQJ� WKH�
UKL]RVSKHUH� HIIHFW� RI � U\HJUDVV� RQ� GHJUDGDWLRQ� RI �
SRO\F\FOLF� DURPDWLF� K\GURFDUERQV� LQ� DQ� DJHG�
FRQWDPLQDWHG� DJULFXOWXUDO� VRLO�� 6RLO� %LRO� %LRFKHP�
�����������

+DVVDQVKDKLDQ�0��(PLWD]L�*��������,QYHVWLJDWLRQ�RI �DONDQH�
ELRGHJUDGDWLRQ� XVLQJ� WKH�PLFURWLWHU� SODWH�PHWKRG�
DQG� FRUUHODWLRQ� EHWZHHQ� ELRILOP� IRUPDWLRQ��
ELRVXUIDFWDQW� SURGXFWLRQ� DQG� FUXGH� RL O �
ELRGHJUDGDWLRQ��,QW�%LRGHWHULRU�%LRGHJUDG��������
��

+RX�-��/LX�:��:DQJ�%��:DQJ�4��/XR�<��)UDQNV�$(��������
3*35� HQKDQFHG� SK\WRUHPHGLDWLRQ� RI � SHWUROHXP�
FRQWDPLQDWHG� VRLO� DQG� UKL]RVSKHUH� PLFURELDO�
FRPPXQLW\�UHVSRQVH��&KHPRVSKHUH�����������

ùNL]OHU�%��$UVODQ�*��.LSFDN�(��'LULN�&Ý�dHOHQN�'��$NWXøOX�7��
«� 3HNHU� 6�� ������ 6XUIDFH� DGVRUSWLRQ� DQG�
VSRQWDQHRXV�DJJUHJDWLRQ�RI �UKDPQROLSLG�PL[WXUHV�
LQ� DTXHRXV� VROXWLRQV�� &ROORLGV� DQG� 6XUIDFHV� $��
3K\VLFRFKHP�(QJ�$VSHFWV������������

-DQHN�7��/XNDV]HZLF]�0��5H]DQND�0��.UDVRZVND�$��������
,VRODWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI � WZR� QHZ�
OLSRSHSWLGH�ELRVXUIDFWDQWV�SURGXFHG�E\�3VHXGRPRQDV�
IOXRUHVFHQV� %'�� LVRODWHG� IURP� ZDWHU� IURP� $UFWLF�
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$UFKLSHODJR� RI � 6YDOGEDUG�� %LRUHV� 7HFKQRO�
������������

-RVKL�3$��6KHNKDZDW�'%��������6FUHHQLQJ�DQG�LVRODWLRQ�RI �
ELRVXUIDFWDQW� SURGXFLQJ� EDFWHULD� IURP� SHWUROHXP�
FRQWDPLQDWHG�VRLO��(XU�-�([S�%LRO���������

.KDQ�6��$I]DO�0��,TEDO�6��.KDQ�40��������3ODQW²EDFWHULD�
SDUWQHUVKLSV� IRU� WKH� UHPHGLDWLRQ� RI � K\GURFDUERQ�
FRQWDPLQDWHG�VRLOV��&KHPRVSKHUH������������

.âRVRZVND�&KRPLF]HZVND�,(��0�GU]\FND�.��+DOOPDQQ�(��
.DUSHQNR� (�� 3RN\QEURGD� 7�� 0DFLHU]DQND� $��
-XQJQLFNHO�&��������5KDPQROLSLG�&0&�SUHGLFWLRQ��-�
&ROORLG�,QWHUIDFH�6F����������

.RQJ�4��:DQJ�=��1LX�3��0LDR�0��������*UHHQKRXVH�JDV�
HPLVVLRQ�DQG�PLFURELDO�FRPPXQLW\�G\QDPLFV�GXULQJ�
VLPXOWDQHRXV� QLWULILFDWLRQ� DQG� GHQLWULILFDWLRQ�
SURFHVV��%LRUHVRXU�7HFKQRO������������

.U\DFKNR�<��6HPOHU�'��9RJULQHW]�-��/HPNH�0��/LQNV�0*��
0FFDUWK\� (/�� «� +HPPLQJVHQ� 60�� ������
(QULFKPHQW� DQG� LGHQWLILFDWLRQ� RI � ELRVXUIDFWDQW�
SURGXFLQJ� RLO� ILHOG� PLFURELRWD� XWLOL]LQJ� HOHFWURQ�
DFFHSWRUV� RWKHU� WKDQ� R[\JHQ� DQG� QLWUDWH�� -�
%LRWHFKQRO����������

/DL�&��+XDQJ�<&��:HL�<+��&KDQJ�-6��������%LRVXUIDFWDQW�
HQKDQFHG�UHPRYDO�RI �WRWDO�SHWUROHXP�K\GURFDUERQV�
IURP�FRQWDPLQDWHG�VRLO��-�+D]DUG�0DWHU������������

/LX�4��/LQ�-��:DQJ�:��+XDQJ�+��/L�6��������3URGXFWLRQ�RI �
VXUIDFWLQ� LVRIRUPV�E\� �%6����DQG� LWV�%DFLOOXV� VXEWLOLV
DSSOLFDELOLW\� WR� HQKDQFHG� RLO� UHFRYHU\� XQGHU�
ODERUDWRU\�FRQGLWLRQV��%LRFKHP�(QJ�-���������

0D�.<��6XQ�0<��'RQJ�:��+H�&4��&KHQ�)/��0D�</��������
(IIHFWV� RI � QXWULWLRQ� RSWLPL]DWLRQ� VWUDWHJ\� RQ�
UKDPQROLSLG�SURGXFWLRQ� LQ�D� �3VHXGRPRQDV�DHUXJLQRVD
VWUDLQ�'1��IRU�ELRUHPHGLDWLRQ�RI �FUXGH�RLO��%LRFDWDO�
$JULF�%LRWHFKQRO����������

0D�=��/LX� -��'LFN�53��/L�+��6KHQ�'��*DR�<�� ����/LQJ�:��
������ 5KDPQROLSLG� LQIOXHQFHV� ELRVRUSWLRQ� DQG�
ELRGHJUDGDWLRQ�RI �SKHQDQWKUHQH�E\�SKHQDQWKUHQH�
GHJUDGLQJ�VWUDLQ� �VS��3K���(QYLURQ�3ROO�3VHXGRPRQDV
�����������

0QLI � ,�� *KULEL� '�� ������ +LJK� PROHFXODU� ZHLJKW�
ELRHPXOVLILHUV�� PDLQ� SURSHUWLHV� DQG� SRWHQWLDO�
HQYLURQPHQWDO�DQG�ELRPHGLFDO�DSSOLFDWLRQV��:RUOG�-�
0LFURELRO�%LRWHFKQRO������������

0RQWHLUR�05��.XJHOPHLHU�&/��3LQKHLUR�56��%DWDOKD�02��GD�
6LOYD� &pVDU� $�� ������ *O\FHURO� IURP� ELRGLHVHO�
SURGXFWLRQ��7HFKQRORJLFDO� SDWKV� IRU� VXVWDLQDELOLW\��
5HQHZ�6XVWDLQ�(QHUJ\�5HY������������

0R\D�5,��7VDRXVL�.��5XGGHQ�0��0DUFKDQW�5��$ODPHGD�(-��
*DUFtD� 50�� %DQDW� ,0�� ������ 5KDPQROLSLG� DQG�
VXUIDFWLQ�SURGXFWLRQ�IURP�ROLYH�RLO�PLOO�ZDVWH�DV�VROH
FDUERQ�VRXUFH��%LRUHVRXU�7HFKQRO�����������

0�OOHU�00��.�JOHU�-+��+HQNHO�0��*HUOLW]NL�0��+|UPDQQ�
%�� 3|KQOHLQ� 0�� «� +DXVPDQQE� 5�� ������
5KDPQROLSLGV²1H[W� *HQHUDWLRQ� 6XUIDFWDQWV"� -�
%LRWHFKQRO������������

3DFZD�3âRFLQLF]DN� 0�� 3âD]D� *$�� 3LRWURZVND�6HJHW� =��
&DPHRWUD�66��������(QYLURQPHQWDO�DSSOLFDWLRQV�RI �
ELRVXUIDFWDQWV�� 5HFHQW� DGYDQFHV�� ,QW� -� 0RO� 6FL�
����������

3DQMLDU� 1�� 6DFKDQ� 6*�� 6DFKDQ� $�� ������ 6FUHHQLQJ� RI �
ELRHPXOVLILHU�SURGXFLQJ� PLFURRUJDQLVPV� LVRODWHG�
IURP�RLO�FRQWDPLQDWHG�VLWHV��$QQ�PLFURELDO��������
���

3DWRZDU\� 5�� 3DWRZDU\� .�� &KDQGUD� .DOLWD� 0�� 'HND� 6��
������ $SSOLFDWLRQ� RI � ELRVXUIDFWDQW� IRU�
HQKDQFHPHQW�RI �ELRUHPHGLDWLRQ�SURFHVV�RI �FUXGH�
RLO� FRQWDPLQDWHG� VRLO�� ,QW� %LRGHWHULRU� %LR�
GHJUDGDWLRQ�����������

3HWULNRY�.��'HOHJDQ�<��6XULQ�$��3RQDPRUHYD�2��3XQWXV�,��
)LORQRY� $�� %RURQLQ� $�� ������ *O\FROLSLGV� RI �
3VHXGRPRQDV 5KRGRFRFFXV� DQG� � RLO�GHJUDGLQJ� EDFWHULD�
XVHG� LQ� ELRUHPHGLDWLRQ� SUHSDUDWLRQV�� )RUPDWLRQ�
DQG�VWUXFWXUH��3URFHVV�%LRFKHP���������

5L]]R�0*��&KLQHV�9��)UDQFR�'��1LFROz�06��*XJOLHOPLQR�
633�� ������ 7KH� UROH� RI � JOXWDPLQH� LQ� 3VHXGRPRQDV�
PHGLWHUUDQHD� LQ� ELRWHFKQRORJLFDO� SURFHVVHV�� 1HZ�
%LRWHFKQRO�����������

5XILQR� 5'�� /XQD� -0�� 6DUXEER� /$�� 5RGULJXHV� /50��
7HL[HLUD� -$&�� &DPSRV�7DNDNL� *0�� ������
$QWLPLFURELDO� DQG� DQWL�DGKHVLYH� SRWHQWLDO� RI � D�
ELRVXUIDFWDQW�5XILVDQ�SURGXFHG�E\� �&DQGLGD�OLSRO\WLFD
8&3�������&ROORLGV�6XUI �%��������

6DNWKLSUL\D�1��'REOH�0��6DQJZDL�-6��������%LRVXUIDFWDQW�
IURP� � VSHFLHV� ZLWK� ZD[HV� DV� FDUERQ�3VHXGRPRQDV
VRXUFH� ²� 7KHLU� SURGXFWLRQ�� PRGHOLQJ� DQG�
SURSHUWLHV��-�,QG�(QJ�&KHP�����������

6HHGHYL� 3�� 0RRYHQGKDQ� 0�� 6XGKDUVDQ� 6�� 6LYDVDQNDU� 3��
6LYDNXPDU�/��9DLUDPDQL�6��6KDQPXJDP�$�� �������
,VRODWLRQ�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI �UKDPQRVH�
HQULFKHG�SRO\VDFFKDULGH�IURP�*UDWHORXSLD� OLWKRSKLOD��
&DUERK\GU�3RO\P������������

6KDYDQGL�0��0RKHEDOL�*��+DGGDGL�$��6KDNDUDPL�+��1XKL�
$�� ������ (PXOVLILFDWLRQ� SRWHQWLDO� RI � D� QHZO\�
LVRODWHG� ELRVXUIDFWDQW�SURGXFLQJ� EDFWHULXP��
5KRGRFRFFXV�VS��VWUDLQ�7$���&ROORLGV�6XUI �%��������
���

6RGDJDUL�0��,QYDOO\�.��-X�/.��������0D[LPL]H�UKDPQROLSLG�
SURGXFWLRQ� ZLWK� ORZ� IRDPLQJ� DQG� KLJK� \LHOG��
(Q]\PH�0LFURE�7HFKQRO�����������

7KDYDVL� 5�� ������ 0LFURELDO� ELRVXUIDFWDQWV�� )URP� DQ�
HQYLURQPHQWDO� DSSOLFDWLRQ� SRLQW� RI � YLHZ�� -�
%LRUHPHGLDW�%LRGHJUDG����������

7KDYDVL�5��6KDUPD�6��-D\DODNVKPL�6��������(YDOXDWLRQ�RI �
VFUHHQLQJ� PHWKRGV� IRU� WKH� LVRODWLRQ� RI �
ELRVXUIDFWDQW� SURGXFLQJ� PDULQH� EDFWHULD�� -� 3HW�
(QYLURQ�%LRWHFKQRO�6������

7KRUVHQ�0.��%UDQGW�..��1\EURH�2�� ������$EXQGDQFH�
DQG� GLYHUVLW\� RI � FXOWXUDEOH� � FRQVWLWXWH�3VHXGRPRQDV
VHQVLWLYH� LQGLFDWRUV� IRU� DGYHUVH� ORQJ�WHUP� FRSSHU�
LPSDFWV�LQ�VRLO��6RLO�%LRO�%LRFKHP����������
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9DUMDQL� 6-�� ������ 0LFURELDO� GHJUDGDWLRQ� RI � SHWUROHXP�
K\GURFDUERQV��%LRUHVRXU�7HFKQRORJ\������������

9DUMDQL�6-��8SDVDQL�91��������&DUERQ�VSHFWUXP�XWLOL]DWLRQ�
E\� DQ� LQGLJHQRXV� VWUDLQ� RI � �3VHXGRPRQDV� DHUXJLQRVD
1&,0� ������ 3URGXFWLRQ�� FKDUDFWHUL]DWLRQ� DQG�
VXUIDFH�DFWLYH�SURSHUWLHV�RI �ELRVXUIDFWDQW��%LRUHVRXU�
7HFKQRORJ\�����������

9LOODORERV�0��$YLOD�)RUFDGD�$3��*XWLHUUH]�5XL]�0(��������
,PSURYHG� JUDYLPHWULF� PHWKRG� WR� GHWHUPLQH� WRWDO�
SHWUROHXP� K\GURFDUERQV� LQ� FRQWDPLQDWHG� VRLOV��
:DWHU�$LU�6RLO�3ROOXW������������

9LQRJUDGRY�(��6DGRYVND\D�,��*UDUG�7��&KDSRW�&KDUWLHU�03��
������6WUXFWXUDO� VWXGLHV�RI � WKH� UKDPQRVH�ULFK� FHOO�

ZDOO� SRO\VDFFKDULGH� RI � � %/����/DFWREDFLOOXV� FDVHL
&DUERK\GU�5HV������������

9LMD\DNXPDU� 6�� 6DUDYDQDQ� 9�� ������ %LRVXUIDFWDQWV�W\SHV��
VRXUFHV�DQG�DSSOLFDWLRQV��5HVHDUFK�-�0LFURELRORJ\�
����������

<HQQ�5��%RUDK�0��%RUXDK�+'��5R\�$6��%DUXDK�5��6DLNLD�1��
7DPXOL�$.��������3K\WRUHPHGLDWLRQ�RI �DEDQGRQHG�
FUXGH�RLO�FRQWDPLQDWHG�GULOO�VLWHV�RI �DVVDP�ZLWK�WKH�
DLG� RI � D� K\GURFDUERQ�GHJUDGLQJ� EDFWHULDO�
IRUPXODWLRQ��,QW�-�3K\WRUHPHGLDWLRQ�����������

=G]LHQQLFND� $�� -D>F]XN� %�� ������ :HWWLQJ� DQG� DGKHVLRQ�
SURSHUWLHV� RI � UKDPQROLSLG� DQG� VXUIDFWLQ�� ,QW� -�
$GKHVLRQ�$GKHVLYHV�����������
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