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$�UHYLHZ�RQ�RUJDQLF�OLTXLG�IHUWLOL]HUV�DQG�WKHLU�SRWHQWLDO�LPSDFWV�
RQ�WKH�JURZWK�DQG�\LHOG�RI�DJULFXOWXUDO�FURSV

3RVWJUDGXDWH�,QVWLWXWH�RI�$JULFXOWXUH��
8QLYHUVLW\�RI�3HUDGHQL\D��

6UL�/DQND
SDYLFUF#JPDLO�FRP

$EVWUDFW

QXWULHQW�ULFK�PDWHULDOV�IRU�VHYHUDO�GD\V�RU�ZHHNV�WR�IDFLOLWDWH�IHUPHQWDWLRQ�WKURXJK�

WR�VHUYH�DV�DQ�LPPHGLDWHO\�DYDLODEOH�VRXUFH�RI�QXWULHQWV�HQVXULQJ�IDVW�XSWDNH�DQG�

FRQWDLQV�QXWULHQWV�LQ�D�VROLG�IRUP�DQG�WKDW�QHHG�WR�EH�GLVVROYHG�RU�GHFRPSRVHG�
LQWR�VRLO�VROXWLRQ�EHIRUH�XSWDNHQ�E\�WKH�SODQWV��7KH�SUHVHQW�VWXG\�ZDV�FRQGXFWHG�

RQ�JURZWK�DQG�\LHOG�RI�FURSV�E\�UHYLHZLQJ�WKH�SXEOLVKHG�OLWHUDWXUH��7KH�UHYLHZ�
RI�OLWHUDWXUH�XQGHU�WKH�SUHVHQW�VWXG\�KDV�VKRZQ�WKDW�WKHUH�DUH�PDQ\�W\SHV�RI�/2)�

H[WUDFWHG�IURP�ZLGH�UDQJH�RI�PDWHULDOV�DQG�E\�PHWKRGV�HVSHFLDOO\�XVLQJ�ORFDOO\�
DYDLODEOH�PDWHULDOV��+HQFH��PRVW�RI�WKHP�FDQ�EH�KRPH�PDGH�DW�D�YHU\�PLQLPDO�

SURWHFWLRQ��)XUWKHU��WKHUH�DUH�VWXGLHV�WR�IRUPXODWH�DQG�WHVW�QHZ�IRUPV�RI�RUJDQLF�
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ZKLOH�PDNLQJ�PLQLPXP�LPSDFW�RQ�WKH�HQYLURQPHQW�

.H\ZRUGV�� 2UJDQLF�IDUPLQJ��OLTXLG�RUJDQLF�IHUWLOL]HU��FURS�JURZWK�
DQG�\LHOG�

��� ,QWURGXFWLRQ

2UJDQLF�IDUPLQJ�LV�D�KROLVWLF�ZD\�RI�IDUPLQJ�ZLWK�WKH�DLP�RI�FRQVHUYLQJ�WKH�QDWXUDO�UHVRXUFHV�
DQG�VDIHJXDUGLQJ�WKH�VRLO�IURP�IXUWKHU�GHWHULRUDWLRQ��$OL�HW�DO��������VWDWHG�WKDW�JHQHUDOO\��LW�

DQG�D�WRWDO�RI�DOPRVW�����PLOOLRQ�RUJDQLF�SURGXFHUV�DUH�HQJDJHG�LQ�IDUPLQJ��$PRQJ�WKDW��

7KH�ODUJHVW�QXPEHU�LV�UHSRUWHG�IURP�,QGLD�IROORZHG�E\�(WKLRSLD�DQG�0H[LFR�

RI�IRRG�IRU�PLFURRUJDQLVPV�OLYLQJ�LQ�WKH�VRLO�DQG�LQFUHDVHV�WKH�QXPEHU�DQG�DFWLYLW\�RI�WKRVH�
PLFURRUJDQLVPV��WKHUHIRUH��XOWLPDWHO\�PDNHV�WKH�ODQG�IHUWLOH��+DGLVXZLWR���������$W�WKH�VDPH�

WKH�ODVW�IHZ�GHFDGHV��$V�D�UHVXOW��SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�SURSHUWLHV�RI�VRLOV�KDYH�

DQG�LQFUHDVHV�WKH�FRVW�RI�SURGXFWLRQ��EXW�RUJDQLF�PDQXUH�PDLQWDLQV�WKH�VXVWDLQDELOLW\�DQG�

WR�WKH�FURSV�DV�WKH�RUJDQLF�PDWWHU�EUHDNV�GRZQ��2UJDQLF�PDWHULDOV�SDUWLFXODUO\�ULFH�VWUDZ��FRZ�
GXQJ��JUHHQ�PDQXUH��SRXOWU\�PDQXUH�DQG�FRPSRVW�KDYH�WUDGLWLRQDOO\�EHHQ�XVHG�E\�IDUPHUV�
LQ�RUJDQLF�DJULFXOWXUH��7KH�EXON\�RUJDQLF�PDQXUH�FRQWDLQV�ORZ�QXWULHQW�FRQFHQWUDWLRQV�EXW�
OLEHUDO�DQG�FRQWLQXRXV�DSSOLFDWLRQV�EXLOG�XS�WKH�RUJDQLF�PDWWHU�DQG�QXWULHQW�FRQWHQW�RI�VRLO�
DQG�LQFUHDVH�FURS�SURGXFWLRQ��

XVHG�WR�LPSURYH�WKH�ORQJ�WHUP�VRLO�IHUWLOLW\�LQ�PDQ\�SDUWV�RI�WKH�FRXQWU\��*HQHUDOO\�RUJDQLF�
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ϳϳ

IRUP�WKDW�ZLOO�QHHG�WR�EH�GLVVROYHG�RU�GHFRPSRVHG�LQWR�WKH�VRLO�VROXWLRQ�EHIRUH�WKH�QXWULHQWV�

KDYH�WKH�DELOLW\�WR�VHUYH�DV�DQ�DOWHUQDWLYH�WR�62)��:LWK�WKH�VSHFLDO�UHIHUHQFH��RUJDQLF�EDVHG�

ULFK�PDWHULDO��ZKLFK�LV�VRDNHG�LQ�ZDWHU�IRU�VHYHUDO�GD\V�RU�ZHHNV�WR�XQGHUJR�IHUPHQWDWLRQ��

:LWK� WKH� LPSURYHG�DJULFXOWXUDO� WHFKQRORJ\��RUJDQLF� IDUPHUV�DUH� LQWURGXFHG�ZLWK�YDULRXV�

DQG�KRPH�PDGH��0RVW�DUH�IDVW�UHOHDVH�QXWULHQW�VRXUFHV�WKDW�FDQ�EH�XVHG�DQ\WLPH�WKURXJKRXW�

WUDFH�PLQHUDOV�DQG�JURZWK�SURPRWLQJ�HOHPHQWV��7KHUHIRUH��WKH�SURSRVHG�UHYLHZ�ZDV�LQWHQGHG�

KDV�UHYHDOHG�DQG�HYDOXDWHG�WR�LGHQWLI\�WKH�SODQW�VSHFLHV�DQG�PHWKRGV�XVHG�WR�SUHSDUH�RUJDQLF�

RI�DJULFXOWXUDO�FURSV�

�� ,PSRUWDQFH�RI�/LTXLG�2UJDQLF�)HUWLOL]HUV��/2)�

VRLO�RUJDQLF�PDWWHU��LPSURYH�VRLO�VWUXFWXUH�DQG�SUHVHUYH�HVVHQWLDO�QXWULHQWV�WKDW�FURSV�QHHG�
LQ�RUGHU�WR�JURZ�ZHOO��

HOHPHQWV�DUH�ODFNLQJ��QRUPDO�SODQW�JURZWK�ZLOO�QRW�RFFXU��,W�LV�VXSSRUWHG�E\�WKH�VWDWHPHQW�RI�
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SK\VLFDO�SURSHUWLHV��)XUWKHUPRUH��LW�HQFRXUDJHV�LQVHFWV�DQG�ZRUPV�WR�EXUURZ�LQWR�WKH�JURXQG�
WKXV�LPSURYLQJ�SHUPHDELOLW\�WR�D�ODUJH�H[WHQW�

PLFURRUJDQLVPV�WKDW�KDYH�EHHQ�H[WUDFWHG�IURP�WKH�QDWXUDO�ZRUOG�DQG�FRH[LVW�KDUPRQLRXVO\�

HQYLURQPHQW�

SHVWLFLGH�DQG�IXQJLFLGH��

)XUWKHU��VRPH�VWXGLHV�FRQGXFWHG�RQ�WKH�DQWLIXQJDO�DQG�DQWLPLFURELDO�SURSHUWLHV�RI�*OLULFLGLD�
H[WUDFWV��SURYHG� LWV�DELOLW\� WR� LQKLELW� WKH�JURZWK�RI�VRPH�IXQJL��EDFWHULD�DQG�QHPDWRGHV��
)LQGLQJ�RI�*DQHVDQ��������UHYHDOHG�WKDW�WKH�IROLDJH�RI�*OLULFLGLD LV�KLJKHU�LQ�LWV�QXWULWLRQDO�
FRPSRVLWLRQ��$FFRUGLQJ�WR�&KDWWHUML���������6HDZHHG�H[WUDFWV�KDYH�QLWURJHQ��SKRVSKRUXV�
DQG�KLJKHU�DPRXQW�RI�ZDWHU�VROXEOH�SRWDVK��RWKHU�PLQHUDOV�DQG�WUDFH�HOHPHQWV�LQ�D�UHDGLO\�

JURZWK��0RUHRYHU��ZRUP\�ZDVK�LV�UHFRPPHQGHG�WR�VSUD\�LQ�WKH�GLOXWHG�IRUP��WR�IUXLW�FURSV�

:HHUDNRRQ��������

��� /LTXLG�2UJDQLF�)HUWLOL]HUV�DQG�WKHLU�FRPPRQ�PHWKRG�RI�SUHSDUDWLRQ

7KH�XVH� RI�/2)� LQ� DJULFXOWXUH� SOD\V� D� JUHDW� UROH� LQ� UHF\FOLQJ� HVVHQWLDO� SODQW� QXWULHQWV��

QHFHVVDU\�WR�ZDLW�IRU�ORQJ�WLPH��,Q�WKLV�FRQWH[W��VRPH�UHVHDUFKHUV�DQG�VFKRODUV�UHSRUWHG�DQG�

VKRZHG�WKDW�WKH�SUHSDUDWLRQ�RI�VRPH�/2)�LV�SRVVLEOH�IURP�ORFDOO\�DYDLODEOH�PDWHULDOV�LQ�
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ϳϵ

LQ�WKH�7DEOH����

7\SH 6RXUFH
&RPPRQ�PHWKRG�
RI�SUHSDUDWLRQ

/HDI�H[WUDFW /LRQHO�ZHHUDNRRQ�������

)HUPHQWDW LRQ� RI�
IUHVK�SODQW�PDWHULDOV�
LQ�ZDWHU�

:DWHU�K\DFLQWK�H[WUDFW
6LPEDUDVKH�*RYHUH�HW�DO���
����

*OOLULFLGLD�H[WUDFW
3HLULV�DQG�:HHUDNNRG\��

5XVVLDQ�FRPIUH\
6LPEDUDVKH�*RYHUH�HW�
DO�������

3LJ�ZHHG�UHG�URRW
6LPEDUDVKH�*RYHUH�HW�DO���
����

*UHHQ�WHD .HOO\�0DUWLQ������

/DZQ�DQG�ZHHG�
5REHUW�3DYOLV������

���5HDGLO\�
DYDLODEOH�IUHVK�
IRUP

&RZ�XULQH
1HOVRQ�/LFLQLR�&�GH�
2OLYHLUD�HW�DO��������� 8VH�DV�D�UHDGLO\�

DYDLODEOH�IUHVK�
IRUP�RU�GLOXWLRQ�
LV�GRQH�EHIRUH�
DSSOLFDWLRQ�RI�VRPH�
FURSV

)LVK�SRQG�ZDWHU
6WRQH��1�0��DQG�
7KRPIRUGH��+�.�������

+XPDQ�XULQH 5DQDVLQJKH�HW�DO
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)LVK�WRQLF /LRQHO�ZHHUDNRRQ�������

)HUPHQWDWLRQ�
SURFHVV��([WUDFWLQJ�
QXWULHQWV�DQG�
PLFUR�RUJDQLVPV�

)UXLW�WRQLF /LRQHO�ZHHUDNRRQ�������

-HHZDPUXWKD /LRQHO�ZHHUDNRRQ�������

%HHMDPUXWKD 6UHHQLYDVD�HW�DO�������

3DQFKDJDY\D 5DWKQD\DNH�HW�DO�������

$PXWKD�NDUDLNDO /LRQHO�ZHHUDNRRQ�������

&RPSRVW�WHD
0LQ�-HRQJ�.LP�HW�DO���

&RPSRVW�WHD�

)RRG�ZDVWH

6HDZHHG�H[WUDFW
*DQDSDWK\�VHOYDP�DQG�
6LYDNXPDU�������

:RUP\�ZDVK /LRQHO�ZHHUDNRRQ�������

/2)�IURP�VXJDUFDQH�
SXOS�DQG�VXJDUFDQH�VNLQ

-DMXN� +HUDZDWL� HW� DO���

6KULPS�H[WUDFW 5RQJWLQJ�-L�HW�DO

3RXOWU\�PDQXUH�H[WUDFW
3HLULV�DQG�:HHUDNNRG\��

��� 3ODQW�VSHFLHV�XVHG�LQ�SUHSDUDWLRQ�RI�/2)

XVHG�LQ�WKH�SUHSDUDWLRQ�RI�/2)��$W�WKH�VDPH�WLPH�OLWHUDWXUH�DQG�SDUWLFXODU�UHVHDUFKHV�DUH�

VHFWRU�ZKLFK�DUH�VKRZQ�LQ�WKH�7DEOH����

7DEOH�����3ODQW�VSHFLHV�XVHG�LQ�SURGXFWLRQ�RI�OLTXLG�RUJDQLF�IHUWLOL]HUV

3ODQW�6SHFLHV 6RXUFH

:DWHU�+\DFLQWK (LFKKRUQLD�FUDVVLSHV 6LPEDUDVKH�*RYHUH�HW�DO�������

3LJ�ZHHG 6LPEDUDVKH�*RYHUH�HW�DO�������

*OLULFLGLD *OLULFLGLD�VHSLXP *DQHVDQ������

5XVVLDQ�&RPIUH\ 6LPEDUDVKH�*RYHUH�HW�DO�������

6HDZHHG +\SQHD�PXVFLIRUPLV *DQDSDWK\�6HOYDP�DQG�6LYDNXPDU�������

6XJDUFDQH -DMXN�+HUDZDWL�HW�DO

0RULQJD 0RULQJD�ROHLIHUD 6DQMD\�6LQJK�HW�DO�������
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(XSDWRULXP (XSDWRULXP�SHUIROLDWXP 3DQGD�������

7LWKRQLD 7LWKRQLD�GLYHUVLIROLD DO��

(U\WKULQD (U\WKULQD�YDULHJDWH /LRQHO�ZHHUDNRRQ�������

/HXFDHQD /HXFDHQD�OHXFRFHSKDOD -D\DVXQGDUD�HW�DO��������

.DSSHWL\D &URWDODULD�UHWXVD 5DWKQD\DNH�HW�DO�������

/DQWDQD /DQWDQD�FDPDUD /LRQHO�ZHHUDNRRQ������

1HHP $]DGLUDFKWD�LQGLFD

3DSD\D &DULFD�SDSD\D /LRQHO�ZHHUDNRRQ�������

%DQDQD 0XVD�DFXPLQDWD /LRQHO�ZHHUDNRRQ�������

3XPSNLQ &XFXUELWD�PD[LPD /LRQHO�ZHHUDNRRQ�������

$OIDOID 0HGLFDJR�VDWLYD

&ORYHU 7ULIROLXP

+RUVHWDLO (TXLVHWXP�DUYHQVH

:LOORZ 6DOL[�DOED

'DQGHOLRQV

6WLQJLQJ�QHWWOH 8UWLFD�GLRLFD

&KLFRU\ &LFKRULXP�LQW\EXV

$GGLWLRQ�RI�RUJDQLF�PDWWHU� LQ� WKH� VRLO� LV� D�ZHOO�NQRZQ�SUDFWLFH� WR� LQFUHDVH� FURS�\LHOGV��

RI�UHVRXUFHV��KLJK�\LHOG�IRU�FURSV�ZLWKRXW�RYHU�UHOLDQFH�RQ�FRVWO\�LQSXWV��DQG�HQYLURQPHQWDO�
DQG�ELRGLYHUVLW\�SURWHFWLRQ��$OWKRXJK��PDQ\�UHVHDUFK�VWXGLHV�VKRZHG�SRVLWLYH�LPSDFWV�RI�

QXPEHU���RI�OLWHUDWXUH�LV�DYDLODEOH�DW�SUHVHQW��

5DWKQD\DNH�HW�DO����������UHYHDOHG�WKDW�ULFH�SODQWV�VSUD\HG�ZLWK�MHHZDPUXWKD�SURGXFHG�KLJKHVW�
FKORURSK\OO�FRQWHQW��SODQW�KHLJKW��QXPEHU�RI�WLOOHUV��SDQLFOH�LQLWLDWLRQ��SHUFHQWDJH�RI�WKRXVDQG�
JUDLQ�ZHLJKW�DQG�WRWDO�\LHOG��$V�D�UHVXOW��WKH\�FRQFOXGHG�WKDW�DSSOLFDWLRQ�RI�MHHZDPUXWKD�LV�

DQG�\LHOG�GXULQJ�UHSURGXFWLYH�DQG�PDWXULW\�VWDJHV�

OHWWXFH�FRPSDUHG�WR�&RPSRVW�WHD�DQG�3RXOWU\�PDQXUH�
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)XUWKHU��6XWKDUVDQ��1LVKDQWKL�DQG�6ULNULVKQDK��������UHSRUWHG�WKDW�6HDZHHG�H[WUDFW�ZLWK�

QXPEHU��IUXLW�\LHOG�SHU�KHFWDUH�DORQJ�ZLWK�7RWDO�6ROXEOH�6ROLGV�DQG�7RWDO�DFLGLW\�FRQWHQW�RI�

DQG�SRWDVVLXP��5DQDVLQJKH�HW�DO

WKH�KLJKHVW�LQFUHDVH�LQ�SODQW�KHLJKW��OHDI�DUHD��URRW�GU\�ZHLJKW�DQG�WRWDO�QLWURJHQ�FRQWHQW�RI�

VXEVWLWXWH�LQ�DJULFXOWXUDO�SURGXFWLRQ�

6LPEDUDVKH�*RYHUH�HW�DO

KLJK�.�FRQWHQWV��SDUWLFXODUO\�5XVVLDQ�&RPIUH\��3LJ�ZHHG�KDG�KLJK�OHYHOV�RI�&D��=Q�DQG�0J�

DV�OHJXPH�JUHHQ�PDQXUH�DQG�FDWWOH�PDQXUH�XVHG�LQ�=LPEDEZH��

-DMXN�+HUDZDWL�HW�DO��

EHWWHU�UHVXOW�RQ�JURZWK�DQG�VR\EHDQ�\LHOG�

9LMD\DQDQG�HW�DO��
RI�EURZQ�DOJD� �6DUJDVVXP�ZLJKWLL�� RQ� WKH�JURZWK��ELRFKHPLFDO� DQG�\LHOG�SDUDPHWHUV�RI�

RI�PLFUR�DQG�PDFUR�QXWULHQWV��YLWDPLQV��JURZWK�KRUPRQHV�DQG�RWKHU�FRQVWLWXHQWV��WKXV�WKH�
H[WUDFW�PLJKW�EH�YHU\�PXFK�XVHIXO�WR�WKH�FURSV�EXW�WKH�FRQFHQWUDWLRQ�VKRXOG�EH�DSSURSULDWH�
WR�HQKDQFH�JURZWK�DQG�SURGXFWLYLW\�
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ZDV�FRQGXFWHG�E\�FRQYHUVLRQ�RI�IRRG�ZDVWH�JHQHUDWHG�IURP�UHVWDXUDQWV��ZHGGLQJ�KDOOV�DQG�

VXJDUFDQH��EDQDQD��YHJHWDEOHV�DQG�FXUU\�OHDI�DQG�LW�ZDV�IRXQG�WKDW�LW�HQKDQFHG�WKH�JURZWK��

YHJHWDEOHV�DQG�IUXLWV��1DWDUDMDQ���������

5RQJWLQJ�-L�HW�DO
SURGXFHG�WKH�JUHDWHVW�LQFUHDVHV�LQ�URRW�GU\�ZHLJKW��WRWDO�OHQJWK��VXUIDFH�DUHD��YROXPH��WLSV��

1HOVRQ�/LFLQLR�&�GH�2OLYHLUD�HW�DO
DQG�\LHOG�RI�OHWWXFH��7KH�LQFUHDVH�LQ�FRZ�XULQH�FRQFHQWUDWLRQV�KDV�LQFUHDVHG�WKH�SHUIRUPDQFH�

UHVSHFWLYHO\�FRPSDUHG�WR�WKH�FRQWURO��

&DWHOOR�3DQH�HW�DO����������UHSRUWHG�WKDW�WKH�XVH�RI�FRPSRVW�WHD��&7��LV�EHFRPLQJ�LQWHUHVWLQJ�
IRU�DSSOLFDWLRQV�LQ�OHWWXFH�FXOWLYDWLRQ��'XH�WR�&7��FRPPHUFLDO�\LHOG�DQG�WKH�SK\VLRORJLFDO�
DQG�QXWULWLRQDO�VWDWXV�RI�WKH�OHWWXFH�SODQWV�LQFUHDVHG��DV�QRWLFHG�E\�IROLDU�FKORURSK\OO�FRQWHQW�
DVVHVVPHQW�PHDVXUHG�GXULQJ�FURS�F\FOHV��7KH�UHVXOWV�SURYLGHG�HQFRXUDJLQJ�LQGLFDWLRQV�DERXW�
WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�&7�LQ�KRUWLFXOWXUDO�RUJDQLF�IDUPLQJ�V\VWHP��

6LYDVDQJDUL 5DP\D�HW�DO���

SUDFWLFHV�WRZDUG�VXVWDLQDEOH�DJULFXOWXUH�
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GRXEOHG�WKH�VWLFN�\LHOG�EHVLGHV�JLYLQJ�UHVLVWDQFH�WR�SHVWV�DQG�GLVHDVHV���9LYHNDQDQGDQ����������

6RPDVXQGDUDP�HW�DO

DQG�HFRQRPLFV��

�DO����������IRXQG�WKDW�OHDI�H[WUDFW�RI�*OLULFLGLD VHSLXP�
VWLPXODWHG�WRPDWR�JURZWK�DQG�DOWHUHG�WKH�OHDI�DQG�IUXLW�FKDUDFWHULVWLFV��7KLV�ZDV�PRVW�OLNHO\�
GXH�WR�LWV�DFWLRQ�DV�D�JURZWK�UHJXODWRU�DQG�RU�DQ�LQGXFWRU�RI�FKDQJHV�LQ�WKH�WRPDWR�JURZWK�

*OLULFLGLD�VHSLXP�FRXOG�EH�XVHG�WR�VWLPXODWH�WRPDWR�GHYHORSPHQW�

0RKDQDODNVKPL� DQG�9DGLYHO� ������ UHYHDOHG� WKDW� DVKZDJDQGKD� SODQW� VSUD\HG�ZLWK�

��� &RQFOXVLRQV

7KH�FKDOOHQJHV�IDFHG�E\�WKH�2UJDQLF�$JULFXOWXUH�VHFWRU�DUH�LPPHQVH�WRGD\��7KH�JURZLQJ�

7KXV��LQ�WKH�OLJKW�RI�DERYH�DQDO\VLV�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�PDGH�IURP�WKLV�UHYLHZ�

WRQLF��IUXLW�WRQLF��ZRUP\�ZDVK�HWF�

7KH�DSSOLFDWLRQ�RI�/2)��HQKDQFHV�JURZWK�DQG�\LHOG�RI�DJULFXOWXUDO�FURSV�FRPSDUHG�
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PDQDJHG�PDQGDULQV��

3ODQW�JURZWK�VXEVWDQFHV�LQ�MHHYDPXUWKD�DQG�SDQFKDJDY\D�KHOS�WR�EULQJ�UDSLG�FKDQJHV�
LQ�SKHQRW\SHV�RI�SODQWV�DQG�DOVR�LPSURYH�WKH�JURZWK�RI�SODQWV�

3DQFKDJDY\D�� -HHYDPUXWK� DQG� %HHMDPUXWK� DUH� FKHDSHU� HFRIULHQGO\� RUJDQLF�
SUHSDUDWLRQV�PDGH�E\�FRZ�SURGXFWV�QDPHO\�GXQJ��XULQH��PLON��FXUG�DQG�JKHH��

3ODQW�JURZWK�VXEVWDQFHV�LQ�VHDZHHG�H[WUDFW��MHHYDPXUWKD�DQG�SDQFKDJDY\D�KHOS�WR�
EULQJ�UDSLG�FKDQJHV�LQ�SKHQRW\SHV�RI�SODQWV�DQG�DOVR�LPSURYH�WKH�JURZWK�RI�SODQWV�

6RPH�SODQW� VSHFLHV� �*OLULFLGLD��7LWKRQLD��(U\WKULQD��(XSDWRULXP��/HXFDHQD�� DQG�
/DQWDQD�� KDYH� LQVHFWLFLGDO�� UHSHOOHQW�� URGHQWLFLGDO�� DQWLIXQJDO� DQG� DQWL�PLFURELDO�
SURSHUWLHV�

�� 5HIHUHQFHV

$OL��0��1���*KDWDN��6���DQG�5DJXO��7����������%LRFKHPLFDO�DQDO\VLV�RI�3DQFKDJDY\D�DQG�6DQMLEDQL�DQG�

&RPSRVW�7HD�7UHDWPHQWV�RQ�3URGXFWLYLW\�RI�/HWWXFH�DQG�.RKOUDEL�6\VWHPV�XQGHU�2UJDQLF�
&URSSLQJ�0DQDJHPHQW�� >2QOLQH@��$YDLODEOH� DW�� KWWSV���ZZZ�DJURQRP\�LW�LQGH[� �SKS�DJUR�

WK�-XQH�����@�

&KDWWHUML��$���'KDUJDONDU��9�.���6UHHNXPDU��3�.���3DUDPHVZDUDQ��3�6���5RGULJXHV��5���DQG�.RWQDOD��

SURFHHGLQJ�RI�WKH������1DWLRQDO�6HPLQDU�RQ�1HZ�)URQWLHUV�LQ�0DULQH�%LRVFLHQFH�5HVHDUFK��
SS��������

'2$(�� ��������%LRH[WUDFW� �%�(����:HE� OLEUDU\� >,QWHUQHW@��'HSDUWPHQW� RI�$JULFXOWXUDO�([WHQVLRQ��
7KDLODQG��$YDLODEOH� DW�� KWWS���ZZZ�GRDH�JR�WK�/,%5$5<�KWPO�GHWDLO�ZDUWHU�� LQGH[�KWP
>$FFHVVHG���WK�0D\�����@��



-RXUQDO�RI �7URSLFDO�(QYLURQPHQW� 9RO�����,VVXH�,��-XQH�����

RQ�WKH�JURZWK�DQG�\LHOG�RI�$UDFKLV�K\SRJHD�/��DQG�WKHLU�HOHPHQWDO�FRPSRVLWLRQ�XVLQJ�6(0±

+DGLVXZLWR�6���������0HPEXDW�SXSXN�.RPSRV�&DLU��37��$JUR�0HGLD�3XVWDND��-DNDUWD�

DQG�HQYLURQPHQW��,QW��1DWXUH�)DUPLQJ�5HV��&HQWHU��,1)5&���$WDPL��-DSDQ�

,QWHUQDWLRQDO�)HGHUDWLRQ�RI�2UJDQLF�$JULFXOWXUH�0RYHPHQWV� �,)2$0���%RQQ�	�5HVHDUFK�

JURZWK�HQKDQFHPHQW�RI�$EHOPRVFKXV�HVFXOHQWXV��/���0RHQFK�DQG�$OWHUQDQWKHUD�VHVVLOLV��/���
'&��7URSLFDO�3ODQW�5HVHDUFK�����������±����

KWWSV���
��>$FFHVVHG���WK�$XJXVW�����@�

$YDLODEOH� DW�� KWWS���ZZZ�LVODQG�ON�LQGH[�SKS"SDJHBFDW DUWLFOH�GHWDLOV	SDJH�  DUWLFOH� ��
WK�0D\�����@�

0LQ�-HRQJ�.LP��&KDQJ�.L�6KLP��<RQJ�.L�.LP��6XQJ�-XQ�+RQJ��-RQJ�+R�3DUN��(XQ�-XQJ�+DQ��-LQ�

RI�/HWWXFH��6R\EHDQ��DQG�6ZHHW�&RUQ�LQ�2UJDQLF�&XOWLYDWLRQ��7KH�SODQW�SDWKRORJ\�MRXUQDO��



-RXUQDO�RI �7URSLFDO�(QYLURQPHQW� 9RO�����,VVXH�,��-XQH�����

DW� WK�0D\�����@�

DQG�\LHOG�RI�DVZDJDQGKD��,QW��-��$JULF��6FL���������������

1DWDUDMDQ��.����������3DQFKDJDY\D�$�0DQXYDO��2WKHU�,QGLDQ�3UHVV��0DSXVD��*RD��,QGLD��SS�������

+RUWLFXOWXUD�%UDVLOHLUD�

2QZXHPH��,�&�DQG�6LQKD��7�'����������)LHOG�&URS�3URGXFWLRQ�LQ�7URSLFDO�$IULFD��&7$�:DJHQLQJHQ�
1HWKHUODQGV��SS������

3HUIRUPDQFH�RI�/HDI�/HWWXFH��/DFWXFD�6DWLYD�/����,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$JULFXOWXUDO��

5DWKQD\DNH��5�0�6�-���'LVVDQD\DNH��'�0�3�6��� DQG�:HHUDNNRG\��:�-�6�.�� ��������(YDOXDWLRQ�RI�
2U\]D� VDWLYD�� XQGHU�2UJDQLF�

)DUPLQJ�&RQGLWLRQ��3URFHHGLQJV�RI���WK�$JULFXOWXUDO�5HVHDUFK�6\PSRVLXP��3S����������

DW�� ��>$FFHVVHG���WK�$XJXVW�����@�

KWWSV���
��

>$FFHVVHG���WK�-XQH�����@�

6DQMD\�6LQJK��6DW\D�3UDNDVK�0LVKUD��3DQNDM�6LQJK�� DQG�5DYL�6KDQNDU�3UDVDG�� ��������0RULQJD�
2OHLIHUD

�,-0(5����������������

6WRHFKRVSHUPXP�PDUJLQDWXP�RQ�JURZWK��ELRFKHPLFDO�DQG�\LHOG�
RI�6RODQXP�PHORQJHQD��,QWHUQDWLRQDO�-RXUQDO�RI�5HF\FOLQJ�RI�2UJDQLF�:DVWH�LQ�$JULFXOWXUH��
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6RPDVXQGDUDP��(���6DQNDUDQ�1���0HHQD��6���7KL\DJDUDMDQ��7�0���&KDQGDUDJLUL��.���DQG�3DQQHHUVHOYDP��

VSUD\��0DGUDV�$JULF��-���

.DUQDWDND�-��$JULF��6FL��

>2QOLQH@��$YDLODEOH�DW��KWWSV���ZZZ�XDH[�XDGD�HGX�SXEOLFDWLRQV�3')�)6$������SGI��>$FFHVVHG�
��WK�$XJXVW�����@�

/\FRSHUVLFRQ�HVFXOHQWXP�0LOO��
LQ�6DQG\�5HJRVRO�RI�%DWWLFDORD�'LVWULFW�6UL�/DQND��$PHULFDQ�(XUDVLDQ�-��$JULF��	�(QYLURQ��
6FL����������������������

=HD�PD\V�/����$*5,($67����������������

3URVRSLV�FKLOHQVLV��'LVVHUWDWLRQ�IRU�$ZDUG�RI�06F�'HJUHH�DW�6RNRLQH�8QLYHUVLW\�RI�$JULFXOWXUH��

9LYHNDQDQGDQ��3���������� 3DQFKDJDY\D�DGYDQFHV�SDGG\�KDUYHVW�E\����GD\V��$JUL�1HZV�����������

6DUJDVVXP�ZLJKWLL�RQ�JURZWK��ELRFKHPLFDO�DQG�\LHOG�SDUDPHWHUV�RI�FOXVWHU�EHDQ�SODQW��$VLDQ�


