
�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

&KDUDFWHUL]DWLRQ�DQG�0RQLWRULQJ�IRU�'LIIHUHQW
7\SHV�RI�%LRFKDUV

-DHO�(VWUDGD��'LPLWULRV�1WDUODJLDQQLV

'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH��5XWJHUV�8QLYHUVLW\��1HZDUN��1HZ�-HUVH\������

�

35(6(17('�$7�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

,1752'8&7,21
%LRFKDU�LV�WKH�FDUERQ�ULFK�SURGXFW�RI�RUJDQLF�ZDVWH�S\URO\VLV�XQGHU�R[\JHQ�IUHH�RU�ORZ�R[\JHQ
FRQGLWLRQV �

�

%LRFKDU�SURSHUWLHV�DUH�LQKHULWHG�IURP�WKH�UDZ�PDWHULDOV�XVHG�DQG�FDQ�EH�HQKDQFHG�ZLWK
SURGXFWLRQ�PHWKRGV ��7KH�YHUVDWLOLW\�RI�WKH�UDZ�PDWHULDOV��DORQJ�ZLWK�WKH�WZHDNV�LQ�SURGXFWLRQ
PHWKRGV��HQDEOH�ELRFKDUV�WR�KDYH�D�ZLGHO\�YDULHG�UDQJH�RI�SURSHUWLHV�WKDW�PDNH�LW�VXLWDEOH�IRU�D
PXOWLWXGH�RI�DSSOLFDWLRQV �ɾ

�

,Q�UHFHQW�\HDUV��ELRFKDU�KDV�JHQHUDWHG�UHVHDUFK�LQWHUHVW�EHFDXVH�RI�LWV�SRWHQWLDO�YDOXH�LQ
HQYLURQPHQWDO�DQG�DJULFXOWXUDO�SXUSRVHV�

�

$GYDQWDJHV�RI�%LRFKDU�

�

0XOWL�SXUSRVH�PDWHULDO�IRU�SDVVLYH�DSSOLFDWLRQV �ɾ

6RLO�DPHQGPHQW

(QYLURQPHQWDO�PDQDJHPHQW

&RQWDPLQDQW�WUHDWPHQW

&DUERQ�VHTXHVWUDWLRQ

8QLTXH�VXUIDFH�SURSHUWLHV

+LJK�VRUSWLRQ�FDSDFLW\

/RQJ�WHUP�VWDELOLW\

9HUVDWLOLW\

$GDSWDEOH�IRU�GLIIHUHQW�HQYLURQPHQWV �

�

/LPLWDWLRQV�RI�%LRFKDU�

9HUVDWLOLW\

8QLIRUP�DSSOLFDWLRQ

/DUJH�VFDOH�FKDUDFWHUL]DWLRQ

�

�

�

�

�

�

�

�

�

�

�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

0(7+2'6
$OO�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�D�FRQWUROOHG�ODERUDWRU\�HQYLURQPHQW�

�

&ROXPQ�6HW�8S

6DPH�SURWRFRO�ZDV�XWLOL]HG�IRU�DOO�FROXPQV

,GHQWLFDO�H[SHULPHQWDO�FROXPQV

�

&RQWURO�&ROXPQ��3OD\�6DQG

$FWLYH�&ROXPQ�����3OD\�6DQG�DQG����%LRFKDU���%:�

�$ɾFRQFHQWUDWLRQ�VXJJHVWHG�IRU�HIILFLHQW�FRQWDPLQDQW�UHPRYDO ɾ�������

�

&ROXPQV�ZHUH�ZHW�SDFNHG
����SRUH�YROXPH�IORZ��ERWWRP�XS��WR�HQVXUH�FRPSOHWH�VDWXUDWLRQ�

+RPRJHQL]HG�ELRFKDU�VDQG�SRURXV�PHGLD

�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

)LJXUH����$Q�LPDJH�RI�WKH�KRPRJHQL]HG�ELRFKDU�VDQG�SRURXV�PHGLD�

�

6DWXUDWLQJ�VROXWLRQ������X6�FP��1D&O�LQ�',:�

�

)LJXUH����$Q�LPDJH�RI�WKH�FROXPQ�DIWHU�EHLQJ�ZHW�SDFNHG�DQG�VDWXUDWHG�ɾ

�

6,3�6HW�8S



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

)LJXUH����$�VFKHPDWLF�RI�WKH�FROXPQ�VKRZLQJ�WKH�EDVLF�HOHPHQWV�IRUɾ6,3�PHDVXUHPHQWV�ɾ

�

6,3�PHDVXUHPHQWV

,QVWUXPHQW��36,3��E\�2QWDKV�	�(UPDF�
'XSOLFDWH�PHDVXUHPHQW
)UHTXHQF\�UDQJH���� WR��� �+]�

�

�

�

��� �



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

5(68/76

7DEOH����0DLQ�FKDUDFWHULVWLFV�RI�WKH�%LRFKDU�VDPSOHV�

�

)LJXUH����3KDVHɾGDWD�IRU�DOO�ELRFKDU�VDPSOHV��%&��%&���DQG�WKH�FRQWURO�VDQG�FROXPQV�

�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

)LJXUH����5HDO�FRQGXFWLYLW\�GDWD�IRU�DOO�ELRFKDU�VDPSOHV��%&��%&���DQG�WKH�FRQWURO�VDQG
FROXPQV�

�

)LJXUH����,PDJLQDU\�FRQGXFWLYLW\�GDWD�IRU�DOO�ELRFKDU�VDPSOHV��%&��%&���DQG�WKH�FRQWURO�VDQG
FROXPQV�

�

7KH�6,3�GDWD�VKRZ�VRPH�LQWHUHVWLQJ�FKDUDFWHULVWLFV�ɾ

3KDVH�GDWD��)LJXUH����VKRZ�XQLTXH�SHDNV�IRU�HDFK�ELRFKDU�VDPSOH
%&����%&��VKRZ�KLJK�SKDVH�YDOXHV��XS�WR�����PUDG���ZLWK�VPRRWK�SHDNV�DW�GLIIHUHQW
IUHTXHQF\�UDQJHV
%&��KLJK�SHDN�LV�QRW�IXOO\�FDSWXUHG��RXW�RI�IUHTXHQF\�UDQJH�XVHG�
%&��VKRZV���VPRRWK�SHDNV
%&��VKRZ�QR�FKDUDFWHULVWLF�SHDN�SUREDEO\�DVVRFLDWHG�WR�WKH�ELJ�VL]H�RI�WKH�VDPSOH
�!��PP�

5HDO�FRQGXFWLYLW\�GDWD��)LJXUH����KLJKOLJKW�WKH�KLJK�FRQGXFWLYLW\�RI�ELRFKDU�LQ�JHQHUDO
%&��%&��VKRZ�VWURQJ�IUHTXHQF\ɾGHSHQGHQFHɾ
ORRVHO\�IROORZV�FDUERQ�FRQWHQW�RI�VDPSOHV

%&��FRQGXFWLYLW\�LV�DOVR�HOHYDWHG��EXW�QR�IUHTXHQF\ɾGHSHQGHQFHɾ
ODUJHU�VL]H�DQG�ORZHVW�FDUERQ�FRQWHQW

,PDJLQDU\�FRQGXFWLYLW\�GDWD��)LJXUH����DOVR�VKRZ�FKDUDFWHULVWLF�SHDNV
%&��VKRZV�GLIIHUHQW�EHKDYLRXU
UHVXOW�RI�KLJK�UHDO�FRQGXFWLYLW\ɾDQG�UHDO�FRQGXFWLYLW\�GHSHQGHQFHɾ�KLJKHVW
FDUERQ�FRQWHQW�HIIHFW"�

�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

027,9$7,21
7KH�VDPHɾSURSHUWLHV��QDPHO\�KLJK�VXUIDFH�DUHD�DFWLYLW\�DQG�KLJK�FDUERQ�FRQWHQW��WKDW�PDNH
ELRFKDU�DQ�H[FHOOHQW�VRLO�DPHQGPHQW�DQG�FRQWDPLQDQW�WUHDWPHQW�WRRO�ɾUHQGHU�LW�D�SULPH
JHRSK\VLFDO�WDUJHW �

�

7KH�VSHFWUDO�LQGXFHG�SRODUL]DWLRQ��6,3��LVɾDQ�HVWDEOLVKHG�JHRSK\VLFDO�H[SORUDWLRQ�PHWKRG�WKDW�LV
LQFUHDVLQJO\�XVHG�LQ�HQYLURQPHQWDO�PDQDJHPHQW�DSSOLFDWLRQV��3UHYLRXV�UHVHDUFKɾFRQILUPHG�WKDW
6,3�LV�VHQVLWLYH�WR�WKH�SRURXV�PHGLD�LQWHUIDFLDO�SURSHUWLHV�DORQJ�ZLWK�WKH�EXON�HOHFWULFDO
SURSHUWLHV �

�

6,3�PRQLWRULQJ�FDQ�HQDEOH�SHUIRUPDQFH�PRQLWRULQJ�HYHQ�DW�WKH�ILHOG�VFDOH���DOO�LQ�UHDO�WLPH�DQG
HQYLURQPHQWDOO\�IULHQGO\��6,3�LV�D�UDSLG��FRVW�HIIHFWLYH�DQG�D�QRQ�LQYDVLYH�RSHUDWLRQ�ɾ

�

7KH�REMHFWLYHV�RI�WKLV�VWXG\�DUH�WZR�IROG�

�D��GHYHORS�TXDQWLWDWLYH�OLQNV�EHWZHHQ�6,3�DQG�WKH�SK\VLFDO�SURSHUWLHV�RI�ELRFKDU�
DQG

�E��XQGHUVWDQG�KRZ�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�ELRFKDU�LQIOXHQFH�WKH�6,3
UHVSRQVH�ɾ

�

�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH ����

',6&866,21���&21&/86,216
$OO�ELRFKDU�VDPSOHV�VKRZ�XQLTXH�6,3�FKDUDFWHULVWLFV
$OO�ELRFKDU�VDPSOHV�KDYH�XQLTXH�6,3�VLJQDWXUHV
HDVLO\�GLVWLQJXLVKDEOHɾIURP�WKH�EDFNJURXQG��DW�OHDVW�RQH�6,3�SDUDPHWHU�
GLIIHUHQW�VSHFWUDO�VKDSHV�EHWZHHQ�GLIIHUHQW�ELRFKDUV

6,3�SDUDPHWHUV�DVVRFLDWHG�WR�ELRFKDU�FKDUDFWHULVWLFV
5HDO�FRPSRQHQW���FDUERQ�FRQWHQW��"�
3KDVH���JUDLQ�VL]H���FDUERQ�FRQWHQW��"�

)XUWKHU�UHVHDUFK�QHHGHG�WR�LGHQWLI\�DQG�FKDUDFWHUL]H�OLQNV�RI�6,3�SDUDPHWHUV�WR�ELRFKDU
SURSHUWLHV

�

1H[W�VWHSV�

6,3�PHDVXUHPHQWV�RQ�WKH�VDPH�JUDLQ�IUDFWLRQ�RI�DOO�ELRFKDUV
6,3�PHDVXUHPHQWV�ELRFKDUV�ZLWK�GLIIHUHQW�FDUERQ�FRQWHQW
XVH��������������ELRFKDU�%�:

6,3�PHDVXUHPHQWV�RQ�ELRFKDUV�XVLQJ�VDPH�UDZ�PDWHULDOV��EXW�GLIIHUHQWɾS\URO\VLV
FRQGLWLRQV
6,3�PHDVXUHPHQWV�RQ�ELRFKDUV�XVLQJ�GLIIHUHQW�UDZ�PDWHULDOV��EXW�VLPLODU�S\URO\VLV
FRQGLWLRQV



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH �����

',6&/2685(6
:H�ZRXOG�OLNH�WR�WKDQN�%LRUIRUFHWHFK��2UHJRQ�%LRFKDU�6ROXWLRQV�ɾDQG�RWKHU�FRPSDQLHV��IRU
SURYLGLQJ�XV�ZLWK�WKH�ELRFKDU�VDPSOHV�WKDW�PDGH�WKLV�UHVHDUFK�SRVVLEOH�

�

7KLV�ZRUN�LV�VXSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��*UDQW�+5'���������ɾ



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH �����

$%675$&7
%LRFKDU�LV�WKH�FDUERQ�ULFK�SURGXFW�RI�RUJDQLF�ZDVWH�S\URO\VLV�XQGHU�R[\JHQ�IUHH�FRQGLWLRQV��%LRFKDU
SURSHUWLHV�DUH�LQKHULWHG�IURP�WKH�UDZ�PDWHULDOV�XVHG�DQG�FDQ�EH�HQKDQFHG�ZLWK�SURGXFWLRQ
PHWKRGV��7KH�YHUVDWLOLW\�RI�WKH�UDZ�PDWHULDOV��DORQJ�ZLWK�WKH�WZHDNV�LQ�SURGXFWLRQ�PHWKRGV��HQDEOH
ELRFKDUV�WR�KDYH�D�ZLGHO\�YDULHG�UDQJH�RI�SURSHUWLHV��WKDW�PDNH�LW�VXLWDEOH�IRU�D�PXOWLWXGH�RI
DSSOLFDWLRQV��7KLV�YHUVDWLOLW\��LQ�WXUQ��PDNHV�FKDUDFWHUL]DWLRQ��DQG�SHUIRUPDQFH�PRQLWRULQJ
FKDOOHQJLQJ�HVSHFLDOO\�LQ�ODUJH�VFDOH�DSSOLFDWLRQV��W\SLFDO�RI�ELRFKDU�XVH��%LRFKDUV�KDYH�XQLTXH
HOHFWULFDO�SURSHUWLHV�WKDW�FRXOG�EH�XVHG�WR�ILOO�WKLV�JDS��7KH�FRPSOH[�HOHFWULFDO�SURSHUWLHV�RI�ELRFKDU
UHPDLQ�ODUJHO\�XQVWXGLHG��WKLV�ZRUN�H[SORUHV�WKHP�IRU�GLIIHUHQW�W\SHV�DQG�FRQFHQWUDWLRQV�RI�ELRFKDU
LQ�SRURXV�PHGLD��(DUO\�PHDVXUHPHQWV�RQ�WKH�FRPSOH[�FRQGXFWLYLW\�VLJQDWXUHV�RI�ELRFKDUV��VKRZ
SURPLVLQJ�UHVXOWV�IRU�ERWK�FKDUDFWHUL]DWLRQ�DQG�PDVV�YROXPH�HVWLPDWLRQ��%LRFKDU�VXUIDFH�SURSHUWLHV
DSSHDU�KDYH�D�SURIRXQG�HIIHFW�RQ�FRPSOH[�FRQGXFWLYLW\�VLJQDOV��VXJJHVWLQJ�WKH�SRWHQWLDO�XVH�RI�VXFK
PHWKRGV�DV�FKDUDFWHUL]DWLRQ�DQG�PRQLWRULQJ�WRROV��HYHQ�LQ�ODUJH�VFDOH�RSHUDWLRQV�



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH �����

5()(5(1&(6
���1WDUODJLDQQLV��'��.DOGHULV��'��6RXSLRV��3��������*HRSK\VLFDO�0HWKRGV�IRU�&RQWDPLQDQW
0DQDJHPHQW��WKH�&DVH�IRU�%LRFKDU��)DVW7,0(6����������������

���.LUPL]DNLV��3��.DOGHULV��'��1WDUODJLDQQLV��'��6RXSLRV��3��������3UHOLPLQDU\�DVVHVVPHQW�RQ�WKH
DSSOLFDWLRQ�RI�ELRFKDU�DQG�VSHFWUDO��LQGXFHG�SRODUL]DWLRQ�IRU�ZDVWHZDWHU�WUHDWPHQW��1HDU�6XUIDFH
*HRSK\VLFV�����������������

ɾ���*DR��=��+DHJHO��)�+��+XLVPDQ��-$��(VVHU��2��=LPPHUPDQQ��(��9HUHHFNHQ��+��������6SHFWUDO
LQGXFHG�SRODUL]DWLRQ�IRU�WKH�FKDUDFWHULVDWLRQ�RI�ELRFKDU�LQ�VDQG��1HDU�6XUIDFH�*HRSK\VLFV��������
��������



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH �����



�������������30 $*8���L3RVWHU6HVVLRQV�FRP��DJX�YP���

KWWSV���DJX����IDOOPHHWLQJ�DJX�LSRVWHUVHVVLRQV�FRP�'HIDXOW�DVS["V ���(���������������%�����$�)��'�����)(�&���)�%(	SGISULQW WUXH	JXHVWYLHZ WUXH �����

/,1.�72�$�6859(<

(QWHU�\RXU�VXUYH\�85/�KHUH

6XEPLW

'HOHWH

KWWSV���H[DPSOH�FRP


