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6LJQLILFDQW�(YHQWV�LQ�����������
:LWK�D�SDUWLFXODU�IRFXV�RQ�QXWULWLRQ��KHDOWK�DQG�ZHOOQHVV��RXU�FRPPLWPHQWV�DOVR�FRYHU�ZDWHU�

DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\��DQG�KLJKOLJKW�RWKHU�WRSLFV�LQFOXGLQJ�UHVSRQVLEOH�VRXUFLQJ��

SHRSOH�DQG�FRPSOLDQFH�

7KHUH�DUH�GLYHUVH�QXWULWLRQ�FKDOOHQJHV�SHRSOH�IDFH�LQ�WKH�0LGGOH�(DVW��IURP�RYHU�QXWULWLRQ�WR�

XQGHU�QXWULWLRQ�DQG�PLFURQXWULHQW�GHILFLHQFLHV��(OHYHQ�RI�RXU����FRPPLWPHQWV�DUH�IRFXVHG�

RQ�QXWULWLRQ��JHDUHG�WRZDUGV�EXLOGLQJ�QXWULWLRQ�NQRZOHGJH�ZLWK�VFLHQFH�DQG�UHVHDUFK��RIIHULQJ�

WDVWLHU�DQG�KHDOWKLHU�SURGXFW�FKRLFHV��DQG�LQVSLULQJ�SHRSOH�WR�OHDG�KHDOWKLHU�DQG�KDSSLHU�OLYHV��

ZLWK�VSHFLILF�IRFXV�RQ�FKLOGUHQ�

,Q�WKLV�GRFXPHQW��ZH�VKDUH�RXU�FRPPLWPHQWV�IRU�������EULHIO\��:H�KDYH�WKH�FDSDFLW\��DQG�

PRUH�LPSRUWDQWO\��WKH�GHWHUPLQDWLRQ�WR�SOD\�D�SRVLWLYH�UROH�LQ�VRFLHW\�

6XPPDU\�RI�RXU�&RPPLWPHQWV�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ

1XWULWLRQ

���%XLOG�NQRZOHGJH�OHDGHUVKLS�LQ�FKLOGUHQ¶V�QXWULWLRQ

���)XUWKHU�SURYLGH�QXWULWLRQDOO\�VRXQG�SURGXFWV�GHVLJQHG�IRU�FKLOGUHQ

���+HOS�UHGXFH�WKH�ULVN�RI�XQGHU�QXWULWLRQ�WKURXJK�PLFURQXWULHQW��
����IRUWLILFDWLRQ

���5HGXFH�VDOW��VXJDU��DQG�VDWXUDWHG�IDWV�LQ�RXU�SURGXFWV

���,QFUHDVH�YHJHWDEOHV��JUDLQV��SXOVHV��QXWV�DQG�VHHGV�LQ�RXU�IRRGV�DQG�EHYHUDJHV

���6LPSOLI\�RXU�LQJUHGLHQWV�OLVW�DQG�UHPRYH�DUWLILFLDO�FRORXUV

���'HOLYHU�QXWULWLRQ�LQIRUPDWLRQ��DGYLFH�DQG�SRUWLRQ�JXLGDQFH

���3URPRWH�KHDOWK\�K\GUDWLRQ�DV�SDUW�RI�D�KHDOWK\�OLIHVW\OH

���3URPRWH�KHDOWK\�GLHWV�DQG�OLIHVW\OH

����(QVXUH�UHVSRQVLEOH�PDUNHWLQJ�FRPPXQLFDWLRQ�WR�FKLOGUHQ

����0DUNHW�EUHDVW�PLON�VXEVWLWXWHV�UHVSRQVLEO\

����,PSOHPHQW�UHVSRQVLEOH�VRXUFLQJ�LQ�RXU�VXSSO\�FKDLQ

5HVSRQVLEOH�
6RXUFLQJ

����:RUN�WR�DFKLHYH�ZDWHU�HIILFLHQF\�DQG�VXVWDLQDELOLW\�DFURVV�RXU���
������RSHUDWLRQV

:DWHU



��

:H�DW�1HVWOp�WRXFK�ELOOLRQV�RI�OLYHV�ZRUOGZLGH��IURP�WKH�IDUPHUV�ZH�ZRUN�ZLWK�WR�WKH�LQGLYLGXDOV�DQG�IDPLOLHV�ZKR�HQMR\�RXU�SURGXFWV��WKH�

FRPPXQLWLHV�ZKHUH�ZH�OLYH�DQG�ZRUN��DQG�WKH�QDWXUDO�HQYLURQPHQW�XSRQ�ZKLFK�ZH�DOO�GHSHQG��7KHLU�FKDOOHQJHV�DUH�RXU�FKDOOHQJHV��7KHLU�VXFFHVV�LV�D�

VXFFHVV�ZH�DOO�VKDUH��

$V�SDUW�RI�RXU�FRPPLWPHQWV�DQG�RXU�SXUSRVH�WR�HQKDQFH�TXDOLW\�RI�OLIH�DQG�FRQWULEXWH�WR�D�KHDOWKLHU�IXWXUH��1HVWOp�,UDQ�KDV�FRPPLVVLRQHG�SURMHFW�5,6(�

�5HVSRQVH�,QGXFLQJ�6XVWDLQDELOLW\�(YDOXDWLRQV��ZLWK�WKH�VWURQJ�FROODERUDWLRQ�RI�%HUQ�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��$JULFXOWXUDO�-LKDG�2UJDQL]DWLRQ��

DQG�ORFDO�PLON�IDUPV��5,6(�PDNHV�VROLG�FRQWULEXWLRQV�LQ�PHHWLQJ�1HVWOp�,UDQ¶V�FRPPLWPHQW�WR�HDFK�RI�ILYH�FDWHJRULHV�PHQWLRQHG�SUHYLRXVO\�

�1XWULWLRQ��5HVSRQVLEOH�6RXUFLQJ��:DWHU��(QYLURQPHQWDO�6XVWDLQDELOLW\�DQG�2XU�3HRSOH�	�&RPSOLDQFH��DQG�ZLOO�SURYLGH�VXSSRUW�WR�DGGUHVV�VXVWDLQDEOH�

SHUIRUPDQFH�LVVXHV�LQ�WKH�IDUPV��2XU�5,6(�VWUDWHJ\�IRFXVHV�RQ�PDQ\�DUHDV�LQFOXGLQJ�0LON�4XDOLW\��$QLPDO�:HOIDUH��:DWHU�8VH��:RUNLQJ�&RQGLWLRQV��

(FRQRPLF�9LDELOLW\��$QLPDO�+XVEDQGU\��DQG�4XDOLW\�RI�/LIH�DPRQJVW�RWKHUV��$V�D�UHVXOW��WKH�5,6(�VWUDWHJ\�H[SORUHV�VHYHQ�VSHFLILF�FDWHJRULHV��ZKLFK�IDOO�

XQGHU�WKH�WKUHH�PDLQ�SLOODUV�ZKLFK�ORRN�DW�ZKDW�ZRUNV�EHVW�IRU�RXU�FRQVXPHUV��RXU�FRPPXQLWLHV��DQG�RXU�SODQHW�

2XU�&RPPLWPHQWV�DQG�WKH�ULVH�RI�5,6(

(QYLURQPHQWDO�
6XVWDLQDELOLW\

����3URYLGH�FOLPDWH�FKDQJH�OHDGHUVKLS

����,PSURYH�WKH�HQYLURQPHQWDO�SHUIRUPDQFH�RI�RXU�SDFNDJLQJ

����5HGXFH�IRRG�ORVV�DQG�ZDVWH

2XU�3HRSOH�	�
&RPSOLDQFH

����)RVWHU�FDUHHU�RSSRUWXQLWLHV�IRU�\RXWK�LQ�WKH�0LGGOH�(DVW

����(QKDQFH�JHQGHU�EDODQFH

����(QVXUH�WKDW�DOO�1HVWOp�HPSOR\HHV�DUH�FRYHUHG�E\�D�FHUWLILHG�VDIHW\�DQG�KHDOWK����
PDQDJHPHQW�V\VWHP

����3URYLGH�&69��QXWULWLRQ��14���	�HQYLURQPHQWDO�VXVWDLQDELOLW\�WUDLQLQJ�IRU�RXU�
HPSOR\HHV

(QKDQFHG�
1XWULWLRQ

:DWHU
$LU�4XDOLW\�	�
&OLPDWH

)DUPLQJ�	�/RFDO�
/LYHOLKRRGV

$VVXUHG�
4XDOLW\

:DVWH�	�
1DWXUDO�&DSLWDO

$QLPDO�
:HOIDUH

)25�285�
&21680(56

)25�285�
&20081,7,(6

)25�285
3/$1(7

%HQHILWV�RI�
GDLU\�EDVHG�
QXWULWLRQ

5HVHDUFK�DQG�
GHYHORSPHQW

0LFURQXWULHQW�
IRUWLILFDWLRQ

7UDQVSDUHQF\�
EDFN�WR�WKH�
IDUP

4XDOLW\�
FRQWURO��IRRG�
VDIHW\

)DUPHU�
VXSSRUW

&RPPXQLW\�
HQKDFHPHQW

5HGXFLQJ�
ZDWHU�XVDJH�
LQ�IDFWRULHV

6KDULQJ�EHVW�
SUDFWLFHV�
ZLWK�IDUPHUV

+HDOWK\�FRZV 5HGXFLQJ�
HPLVVLRQV�LQ�
IDFWRULHV

5HGXFLQJ�
HPLVVLRQV�RQ�
IDUPV

5HGXFLQJ�
ZDVWH�LQ�
IDFWRULHV

1DWXUDO�
FDSLWDO�RQ�
IDUPV

3DFNDJLQJ�
GHVLJQ
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,Q�������ZH�SXEOLVKHG�
WKH�ILUVW�1HVWOp�LQ�6RFLHW\�
5HSRUW�IRU�WKH�0LGGOH�(DVW��
RXWOLQLQJ�RXU����&UHDWLQJ�
6KDUHG�9DOXH�FRPPLWPHQWV�
LQ�WKH�DUHDV�RI�1XWULWLRQ��
5HVSRQVLEOH�6RXUFLQJ��3HRSOH�
	�&RPSOLDQFH��:DWHU�DQG�
(QYLURQPHQWDO�6XVWDLQDELOLW\�

6LJQLILFDQW�(YHQWV�LQ�����������
:LWK�D�SDUWLFXODU�IRFXV�RQ�QXWULWLRQ��KHDOWK�DQG�ZHOOQHVV��RXU�FRPPLWPHQWV�DOVR�FRYHU�ZDWHU�

DQG�HQYLURQPHQWDO�VXVWDLQDELOLW\��DQG�KLJKOLJKW�RWKHU�WRSLFV�LQFOXGLQJ�UHVSRQVLEOH�VRXUFLQJ��

SHRSOH�DQG�FRPSOLDQFH�

7KHUH�DUH�GLYHUVH�QXWULWLRQ�FKDOOHQJHV�SHRSOH�IDFH�LQ�WKH�0LGGOH�(DVW��IURP�RYHU�QXWULWLRQ�WR�

XQGHU�QXWULWLRQ�DQG�PLFURQXWULHQW�GHILFLHQFLHV��(OHYHQ�RI�RXU����FRPPLWPHQWV�DUH�IRFXVHG�

RQ�QXWULWLRQ��JHDUHG�WRZDUGV�EXLOGLQJ�QXWULWLRQ�NQRZOHGJH�ZLWK�VFLHQFH�DQG�UHVHDUFK��RIIHULQJ�

WDVWLHU�DQG�KHDOWKLHU�SURGXFW�FKRLFHV��DQG�LQVSLULQJ�SHRSOH�WR�OHDG�KHDOWKLHU�DQG�KDSSLHU�OLYHV��

ZLWK�VSHFLILF�IRFXV�RQ�FKLOGUHQ�

,Q�WKLV�GRFXPHQW��ZH�VKDUH�RXU�FRPPLWPHQWV�IRU�������EULHIO\��:H�KDYH�WKH�FDSDFLW\��DQG�

PRUH�LPSRUWDQWO\��WKH�GHWHUPLQDWLRQ�WR�SOD\�D�SRVLWLYH�UROH�LQ�VRFLHW\�

6XPPDU\�RI�RXU�&RPPLWPHQWV�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ

1XWULWLRQ

���%XLOG�NQRZOHGJH�OHDGHUVKLS�LQ�FKLOGUHQ¶V�QXWULWLRQ

���)XUWKHU�SURYLGH�QXWULWLRQDOO\�VRXQG�SURGXFWV�GHVLJQHG�IRU�FKLOGUHQ

���+HOS�UHGXFH�WKH�ULVN�RI�XQGHU�QXWULWLRQ�WKURXJK�PLFURQXWULHQW��
����IRUWLILFDWLRQ

���5HGXFH�VDOW��VXJDU��DQG�VDWXUDWHG�IDWV�LQ�RXU�SURGXFWV

���,QFUHDVH�YHJHWDEOHV��JUDLQV��SXOVHV��QXWV�DQG�VHHGV�LQ�RXU�IRRGV�DQG�EHYHUDJHV

���6LPSOLI\�RXU�LQJUHGLHQWV�OLVW�DQG�UHPRYH�DUWLILFLDO�FRORXUV

���'HOLYHU�QXWULWLRQ�LQIRUPDWLRQ��DGYLFH�DQG�SRUWLRQ�JXLGDQFH

���3URPRWH�KHDOWK\�K\GUDWLRQ�DV�SDUW�RI�D�KHDOWK\�OLIHVW\OH

���3URPRWH�KHDOWK\�GLHWV�DQG�OLIHVW\OH

����(QVXUH�UHVSRQVLEOH�PDUNHWLQJ�FRPPXQLFDWLRQ�WR�FKLOGUHQ

����0DUNHW�EUHDVW�PLON�VXEVWLWXWHV�UHVSRQVLEO\

����,PSOHPHQW�UHVSRQVLEOH�VRXUFLQJ�LQ�RXU�VXSSO\�FKDLQ

5HVSRQVLEOH�
6RXUFLQJ

����:RUN�WR�DFKLHYH�ZDWHU�HIILFLHQF\�DQG�VXVWDLQDELOLW\�DFURVV�RXU���
������RSHUDWLRQV

:DWHU



��

$W�1HVWOp��ZH�EHOLHYH�WKDW�EXVLQHVV�UHVXOWV�DQG�SRVLWLYH�
VRFLHWDO�LPSDFW�VKRXOG�EH�PXWXDOO\�UHLQIRUFLQJ��7R�EH�
VXFFHVVIXO�LQ�WKH�ORQJ�WHUP��ZH�PXVW�FUHDWH�YDOXH�IRU�ERWK�
RXU�VKDUHKROGHUV�DQG�RXU�VRFLHW\��:H�FDOO�WKLV�DSSURDFK�WR�
EXVLQHVV�&UHDWLQJ�6KDUHG�9DOXH�DQG�LW�LV�DQ�LQWHJUDO�SDUW�RI�
RXU�EXVLQHVV�VWUDWHJ\��

,PSURYLQJ�WKH�QXWULWLRQ��KHDOWK��DQG�ZHOOQHVV�SURILOH�RI�RXU�
IRRGV�DQG�EHYHUDJHV�LV�DW�WKH�KHDUW�RI�ZKDW�ZH�GR��:H�ZDQW�
WR�FRQWULEXWH�WR�KHDOWKLHU�OLYHV��ZLWK�D�SDUWLFXODU�HPSKDVLV�RQ�
FKLOGKRRG�QXWULWLRQ��2XW�1HVWOp�IRU�+HDOWKLHU�.LGV�LQLWLDWLYH�
EULQJV�WRJHWKHU�DOO�RXU�HIIRUWV�ă�IURP�SURGXFW�UHIRUPXODWLRQ�
WR�VXSSRUWLQJ�SDUHQWV�DQG�FDUHJLYHUV�

:H�DUH�DOVR�GULYHQ�WR�SRVLWLYHO\�FRQWULEXWH�WR�WKH�
FRPPXQLWLHV�ZKHUH�ZH�OLYH�DQG�ZRUN��:KHQ�LW�FRPHV�WR�
DGGUHVVLQJ�JOREDO�VXVWDLQDELOLW\�FKDOOHQJHV��RQH�RI�RXU�NH\�
DPELWLRQV�LV�WR�OHDG�WKH�ZD\�LQ�VKDSLQJ�D�ZDVWH�IUHH�IXWXUH��

3URWHFWLQJ�ZDWHU�DV�D�VFDUFH�UHVRXUFH�LV�D�FOHDU�SULRULW\�
IRU�1HVWOp�,UDQ�DQG�WKH�,UDQLDQ�*RYHUQPHQW��:H�DLP�
WR�FRQWULEXWH�WR�:DWHU�6WHZDUGVKLS�WKURXJK�RXU�ZDWHU�
HIILFLHQF\�SURMHFWV�DQG�ZDVWHZDWHU�WUHDWPHQW�IDFLOLWLHV�LQ�RXU�
RZQ�IDFWRU\�RSHUDWLRQV��DQG�LQ�GDLU\�DQG�DJULFXOWXUDO�IDUPV�
ZH�ZRUN�ZLWK�

<YHV�0DQJKDUGW��&KDLUPDQ�DQG�&(2�RI�1HVWOp�0LGGOH�(DVW�)=(

0HVVDJH�IURP�RXU�&KDLUPDQ�DQG�
&(2�1HVWOp�0LGGOH�(DVW�)=(

³:H�DUH�H[HFXWLQJ�RQ�RXU�1XWULWLRQ��+HDOWK��DQG�:HOOQHVV�
VWUDWHJ\�DQG�FUHDWLQJ�VXVWDLQHG�YDOXH�IRU�VRFLHW\�RYHU�WKH�
VKRUW�DQG�ORQJ�WHUP�´



��

,Q�DGGLWLRQ��1HVWOp�,UDQ�ZLOO�FRQWLQXH�HQJDJLQJ�LQGXVWULHV��
LQVWLWXWHV��DQG�DXWKRULWLHV�WKURXJK�ZRUNVKRSV�FRQIHUHQFHV�
WR�FRQWULEXWH�WR�GULYLQJ�:DWHU�6WHZDUGVKLS�LQ�,UDQ�

2YHUDOO��RXU�DFWLRQV�LQ�&UHDWLQJ�6KDUHG�9DOXH�ZRXOG�QRW�EH�
WKH�VXFFHVV�WKH\�DUH��QRU�VXVWDLQDEOH�ZLWKRXW�WKH�VXSSRUW�
DQG�WUXVW�RI�WKH�YDULRXV�LQVWLWXWLRQV��JRYHUQPHQWV��DQG�
RWKHU�HQWLWLHV�ZH�ZRUN�ZLWK�LQ�WKH�UHJLRQ��:H�EHOLHYH�WKDW�
FRQFHUWHG�FROOHFWLYH�HIIRUWV�FDQ�WUXO\�FUHDWH�D�SRVLWLYH�LPSDFW�
LQ�VRFLHW\�

:H�ZHOFRPH�\RXU�IHHGEDFN�RQ�WKLV�UHSRUW��RXU�
FRPPLWPHQWV��DQG�RXU�SHUIRUPDQFH�DQG�ORRN�IRUZDUG�WR�
PDQ\�PRUH�\HDUV�OLYLQJ�XS�WR�RXU�SXUSRVH�RI�HQKDQFLQJ�
TXDOLW\�RI�OLIH�DQG�FRQWULEXWLQJ�WR�D�KHDOWKLHU�IXWXUH��

<YHV�0DQJKDUGW
&KDLUPDQ�DQG�&(2�

1HVWOp�0LGGOH�(DVW�)=( &KDLUPDQ�DQG�&(2�RI�1HVWOp�0LGGOH�(DVW��<YHV�0DQJKDUGW��YLVLWLQJ��
GDLU\�IDUPV��SDUWQHUV�RI�1HVWOp�IDFWRU\�LQ�4D]YLQ�SURYLQFH�

1HVWOp�LQ�6RFLHW\���&UHDWLQJ�
6KDUHG�9DOXH�DQG�PHHWLQJ�RXU�

FRPPLWPHQWV��������0LGGOH�(DVW
KWWS���ZZZ�QHVWOH�PH�FRP�HQ�FVY

1HVWOp�LQ�6RFLHW\���&UHDWLQJ�6KDUHG�
9DOXH�3URJUHVV�DQG�&RPPLWPHQWV�

�������0LGGOH�(DVW
KWWS���ZZZ�QHVWOH�PH�FRP�HQ�FVY



��

1HVWOp�LV�WKH�ODUJHVW�IRRG�DQG�EHYHUDJH�FRPSDQ\�ZRUOGZLGH�
DQG�ZH�FRQWLQXRXVO\�VWULYH�WR�XVH�RXU�YDVW�VL]H�DQG�EXVLQHVV�
QHWZRUN�WR�EH�D�SRVLWLYH�LQIOXHQFH�LQ�WKH�OLYHV�RI�DOO�SHRSOH��
HYHU\ZKHUH��7R�HQVXUH�RXU�ORQJ�WHUP�VXFFHVV�DQG�EXVLQHVV��
ZH�ZRUN�DORQJVLGH�SDUWQHUV�DQG�FRQWULEXWH�ZKROHKHDUWHGO\�
WR�WKH�VRFLHW\�DQG�WKH�HQYLURQPHQW�LQ�ZKLFK�ZH�ZRUN��DQG�
DUH�LPPHQVHO\�SURXG�WR�KDYH�EHHQ�D�UHDO�DQG�FRQWLQXRXV�
FRQWULEXWRU�WR�WKH�,UDQLDQ�VRFLHW\�RYHU�WKH�\HDUV�

(YHU�VLQFH�1HVWOp¶V�IRXQGHU��+HQUL�1HVWOp��LQYHQWHG�)DULQH�
/DFWpH�LQIDQW�FHUHDO��ZH�KDYH�SXW�DOO�RXU�HIIRUWV�WR�OLYH�XS�WR�
RXU�SXUSRVH�RI�HQKDQFLQJ�TXDOLW\�RI�OLIH�DQG�FRQWULEXWLQJ�WR�
D�KHDOWKLHU�IXWXUH��'XULQJ�1HVWOp¶V�MRXUQH\�RI�PRUH�WKDQ�����
\HDUV��ZH�KDYH�FRPH�WR�XQGHUVWDQG�KRZ�ZH�FDQ�XVH�RXU�
EXVLQHVV�DV�D�³)RUFH�IRU�*RRG´�E\�VXFFHVVIXOO\�LPSOHPHQWLQJ�
RXU�FRPPLWPHQWV�WR�VRFLHW\�DURXQG�WKH�JOREH�

2XU�OLVW�RI�KRZ�ZH�KDYH�XVHG�RXU�EXVLQHVV�DV�D�IRUFH�IRU�JRRG�
LQ�RUGHU�WR�&UHDWH�6KDUHG�9DOXH�DQG�FRQWULEXWH�WR�WKH�ORFDO�
VRFLHW\�RYHU�WKH�\HDUV�LV�ORQJ�DQG�XQLQWHUUXSWHG��2XU�DFWLYLWLHV�
DUH�FHQWUHG�DURXQG�RXU�SXUSRVH�WR�HQKDQFH�TXDOLW\�RI�OLIH�DQG�
FRQWULEXWH�WR�D�KHDOWKLHU�IXWXUH�DQG�WKH�UHVXOWLQJ�FRPPLWPHQWV�
ZH�KDYH�PDGH�WR�WKH�VRFLHW\�ă�GHWDLOV�RI�ZKLFK�FDQ�EH�IRXQG�LQ�
WKLV�YHU\�ERRN�

$PRQJ�RXU�FRPPLWPHQWV��ZDWHU�KDV�DOZD\V�KDG�DQ�
H[FHSWLRQDO�SODFH��7KLV�UHVRXUFH�KDV�D�IXQGDPHQWDO�UROH�LQ�
FRPPXQLWLHV�DURXQG�WKH�JOREH�DQG�DOVR�SOD\V�D�IRXQGDWLRQDO�
SDUW�LQ�1HVWOp¶V�SURGXFWLRQ�FKDLQ��7KH�HOL[LU�RI�OLIH��ZDWHU�LV�
QHHGHG�IURP�WKH�YHU\�EHJLQQLQJ�LQ�RXU�SURGXFWLRQ�FKDLQ��IURP�
ZKHQ�ZH�SODQW�WKH�VHHGV�LQ�RXU�IDUPV��WR�ZKHQ�ZH�GHOLYHU�WKH�
HQG�SURGXFW�WR�WKH�FRQVXPHUV��:DWHU�LV�DOVR�DQ�HVVHQWLDO�SDUW�
RI�WKH�GDLU\�IDUP�SURGXFWLRQ�SURFHVV�

7KURXJKRXW�,UDQ¶V�KLVWRU\��JLYHQ�WKH�HQYLURQPHQW�RI�WKH�
FRXQWU\��ZDWHU�FRQVXPSWLRQ�PDQDJHPHQW�KDV�DOZD\V�EHHQ�
D�FKDOOHQJH�IRU�WKLV�VRFLHW\��D�FKDOOHQJH�VXFFHVVIXOO\�WDFNOHG�
VR�IDU�E\�WKH�SHRSOH��:H�ILQG�RXUVHOYHV�FRPPLWWHG�WR�WKH�

�)RFXVLQJ�RQ�VDIHJXDUGLQJ�QDWXUDO�UHVRXUFHV�

QDPHO\�ZDWHU��LV�KRZ�1HVWOp�,UDQ�H[SUHVVHV�LWV�REOLJDWLRQ

WR�WKH�VRFLHW\�DQG�LWV�FRPPLWPHQWV��

0HVVDJH�IURP�1HVWOp�,UDQ�
&RXQWU\�0DQDJHU

*LXVHSSH�&DUHOOD��1HVWOp�,UDQ�&RXQWU\�0DQDJHU



��

VDIHJXDUGLQJ�RI�WKLV�UHVRXUFH�LQ�WKH�FRXQWU\�DQG�DUH�DOVR�
FRQWLQXRXVO\�LQYHVWLQJ�LQ�VWDWH�RI�WKH�DUW�WHFKQRORJLHV�WR�
DFKLHYH�KLJK�ZDWHU�HIILFLHQF\�DQG�VXVWDLQDELOLW\�WR�PLQLPL]H�
WKH�LPSDFW�RI�RXU�RSHUDWLRQV�RQ�QDWXUDO�ZDWHU�UHVRXUFHV��:H�
EHOLHYH�LW�LV�LPSRUWDQW�WR�VKDUH�RXU�NQRZ�KRZ�LQ�WKHVH�ILHOGV�
ZLWK�WKH�FRPPXQLW\�WR�HQJDJH�DQG�HPSRZHU�HYHU\ERG\�WR�
FRQWULEXWH�PRUH�

2YHU�WKH�FRXUVH�RI�WKH�SDVW���\HDUV��ZH�KDYH�PDQDJHG�WR�
VLJQLILFDQWO\�GHFUHDVH�ZDWHU�FRQVXPSWLRQ�LQ�RXU�IDFWRULHV��
7KURXJK�WKH�FRRSHUDWLRQ�RI�1HVWOp�,UDQ�DQG�&KDOWDVLDQ�IDUP��
WKLV�IDUP�DFTXLUHG�NQRZKRZ�ZKLFK�KHOSHG�LW�FRQVLGHUDEO\�
FXW�EDFN�RQ�LWV�ZDWHU�FRQVXPSWLRQ��VXFFHHG�LQ�UHGXFLQJ�WKH�
FRQVXPSWLRQ�RI�FKHPLFDO�IHUWLOL]HUV��DQG�QRWDEO\�LQFUHDVH�IDUP�
\LHOG�DV�ZHOO�

$V�D�SURMHFW�VWHPPLQJ�RXW�RI�3URMHFW�5,6(��WKH�:DVWH�:DWHU�
0DQDJHPHQW�SURMHFW�SURYLGHV�UHFRPPHQGDWLRQV�WR�VXSSRUW�
GDLU\�DQG�DJULFXOWXUH�IDUPV�WR�EH�HFRQRPLFDOO\��VRFLDOO\��DQG�
HQYLURQPHQWDOO\�VXVWDLQDEOH��ZKLOH�GHOLYHULQJ�KLJK�TXDOLW\�IRU�
WKH�FRQVXPHUV��,W�LV�RQO\�E\�ZRUNLQJ�WRJHWKHU�WKDW�ZH�FDQ�
XWLOL]H�RXU�NQRZKRZ�WR�IXUWKHU�VDIHJXDUG�WKLV�YDOXDEOH�UHVRXUFH�
DQG�PRYH�WRZDUGV�&UHDWLQJ�6KDUHG�9DOXH�LQ�WKH�,UDQLDQ�VRFLHW\��
:LWK�FRRSHUDWLRQ�EHWZHHQ�1HVWOp�,UDQ��&KDOWDVLDQ�IDUP��DQG�
ORFDO�DXWKRULWLHV��WKH�:DVWH�:DWHU�0DQDJHPHQW�SURMHFW�KDV�
QRZ�EHFRPH�D�PRGHO�IRU�RWKHU�GDLU\�IDUPV�LQ�WKH�FRXQWU\�WR�
IROORZ�

2XU�GHGLFDWLRQ�WR�WKH�SHRSOH�DQG�VRFLHW\�RI�WKH�,VODPLF�
5HSXEOLF�RI�,UDQ�EHJDQ�DOPRVW����\HDUV�DJR��KDV�QHYHU�FHDVHG��
DQG�ZLOO�EH�FRQWLQXHG�ZLWK�HYHQ�KLJKHU�OHYHOV�RI�HQWKXVLDVP�
JRLQJ�IRUZDUG��,W�LV�WKLV�FRQWLQXRXV�WUDQVIHU�RI�WHFKQRORJ\�
DQG�NQRZOHGJH��GHYRWHG�WR�TXDOLW\�DQG�VXVWDLQDELOLW\��WKDW�
GHPRQVWUDWHV�1HVWOp¶V�VWURQJ�FRPPLWPHQW�WR�WKH�IXWXUH�

�

*LXVHSSH�&DUHOOD
&RXQWU\�0DQDJHU�
1HVWOp�,UDQ�3-6&R

1HVWOp�LQ�6RFLHW\
5HVSRQVLEOH�6RXUFLQJ�
&UHDWLQJ�6KDUHG�9DOXH

����

1HVWOp�LQ�6RFLHW\
5HVSRQVLEOH�6RXUFLQJ�
&UHDWLQJ�6KDUHG�9DOXH�

����

*LXVHSSH�&DUHOOD��YLVLWLQJ�GDLU\�IDUPV�ZLWK�WKH�H[HFXWLYH�ERDUG�PHPEHUV�
RI�1HVWOp�6�$�

��

1HVWOp�LV�WKH�ODUJHVW�IRRG�DQG�EHYHUDJH�FRPSDQ\�ZRUOGZLGH�
DQG�ZH�FRQWLQXRXVO\�VWULYH�WR�XVH�RXU�YDVW�VL]H�DQG�EXVLQHVV�
QHWZRUN�WR�EH�D�SRVLWLYH�LQIOXHQFH�LQ�WKH�OLYHV�RI�DOO�SHRSOH��
HYHU\ZKHUH��7R�HQVXUH�RXU�ORQJ�WHUP�VXFFHVV�DQG�EXVLQHVV��
ZH�ZRUN�DORQJVLGH�SDUWQHUV�DQG�FRQWULEXWH�ZKROHKHDUWHGO\�
WR�WKH�VRFLHW\�DQG�WKH�HQYLURQPHQW�LQ�ZKLFK�ZH�ZRUN��DQG�
DUH�LPPHQVHO\�SURXG�WR�KDYH�EHHQ�D�UHDO�DQG�FRQWLQXRXV�
FRQWULEXWRU�WR�WKH�,UDQLDQ�VRFLHW\�RYHU�WKH�\HDUV�

(YHU�VLQFH�1HVWOp¶V�IRXQGHU��+HQUL�1HVWOp��LQYHQWHG�)DULQH�
/DFWpH�LQIDQW�FHUHDO��ZH�KDYH�SXW�DOO�RXU�HIIRUWV�WR�OLYH�XS�WR�
RXU�SXUSRVH�RI�HQKDQFLQJ�TXDOLW\�RI�OLIH�DQG�FRQWULEXWLQJ�WR�
D�KHDOWKLHU�IXWXUH��'XULQJ�1HVWOp¶V�MRXUQH\�RI�PRUH�WKDQ�����
\HDUV��ZH�KDYH�FRPH�WR�XQGHUVWDQG�KRZ�ZH�FDQ�XVH�RXU�
EXVLQHVV�DV�D�³)RUFH�IRU�*RRG´�E\�VXFFHVVIXOO\�LPSOHPHQWLQJ�
RXU�FRPPLWPHQWV�WR�VRFLHW\�DURXQG�WKH�JOREH�

2XU�OLVW�RI�KRZ�ZH�KDYH�XVHG�RXU�EXVLQHVV�DV�D�IRUFH�IRU�JRRG�
LQ�RUGHU�WR�&UHDWH�6KDUHG�9DOXH�DQG�FRQWULEXWH�WR�WKH�ORFDO�
VRFLHW\�RYHU�WKH�\HDUV�LV�ORQJ�DQG�XQLQWHUUXSWHG��2XU�DFWLYLWLHV�
DUH�FHQWUHG�DURXQG�RXU�SXUSRVH�WR�HQKDQFH�TXDOLW\�RI�OLIH�DQG�
FRQWULEXWH�WR�D�KHDOWKLHU�IXWXUH�DQG�WKH�UHVXOWLQJ�FRPPLWPHQWV�
ZH�KDYH�PDGH�WR�WKH�VRFLHW\�ă�GHWDLOV�RI�ZKLFK�FDQ�EH�IRXQG�LQ�
WKLV�YHU\�ERRN�

$PRQJ�RXU�FRPPLWPHQWV��ZDWHU�KDV�DOZD\V�KDG�DQ�
H[FHSWLRQDO�SODFH��7KLV�UHVRXUFH�KDV�D�IXQGDPHQWDO�UROH�LQ�
FRPPXQLWLHV�DURXQG�WKH�JOREH�DQG�DOVR�SOD\V�D�IRXQGDWLRQDO�
SDUW�LQ�1HVWOp¶V�SURGXFWLRQ�FKDLQ��7KH�HOL[LU�RI�OLIH��ZDWHU�LV�
QHHGHG�IURP�WKH�YHU\�EHJLQQLQJ�LQ�RXU�SURGXFWLRQ�FKDLQ��IURP�
ZKHQ�ZH�SODQW�WKH�VHHGV�LQ�RXU�IDUPV��WR�ZKHQ�ZH�GHOLYHU�WKH�
HQG�SURGXFW�WR�WKH�FRQVXPHUV��:DWHU�LV�DOVR�DQ�HVVHQWLDO�SDUW�
RI�WKH�GDLU\�IDUP�SURGXFWLRQ�SURFHVV�

7KURXJKRXW�,UDQ¶V�KLVWRU\��JLYHQ�WKH�HQYLURQPHQW�RI�WKH�
FRXQWU\��ZDWHU�FRQVXPSWLRQ�PDQDJHPHQW�KDV�DOZD\V�EHHQ�
D�FKDOOHQJH�IRU�WKLV�VRFLHW\��D�FKDOOHQJH�VXFFHVVIXOO\�WDFNOHG�
VR�IDU�E\�WKH�SHRSOH��:H�ILQG�RXUVHOYHV�FRPPLWWHG�WR�WKH�

�)RFXVLQJ�RQ�VDIHJXDUGLQJ�QDWXUDO�UHVRXUFHV�

QDPHO\�ZDWHU��LV�KRZ�1HVWOp�,UDQ�H[SUHVVHV�LWV�REOLJDWLRQ

WR�WKH�VRFLHW\�DQG�LWV�FRPPLWPHQWV��

0HVVDJH�IURP�1HVWOp�,UDQ�
&RXQWU\�0DQDJHU

*LXVHSSH�&DUHOOD��1HVWOp�,UDQ�&RXQWU\�0DQDJHU



��

:HOFRPH�WR�WKLV������1HVWOp�LQ�6RFLHW\��5HVSRQVLEOH�
6RXUFLQJ�DQG�&UHDWLQJ�6KDUHG�9DOXH�UHSRUW�IURP�1HVWOp�
,UDQ��:H¶UH�SURXG�WR�LVVXH�RXU�VHFRQG�1HVWOp�,Q�6RFLHW\�
UHSRUW�IURP�1HVWOp�,UDQ��D�FRQWLQXDWLRQ�RI�WKH�ZRUN�GRQH�
ORFDOO\�YLD�RXU�ORQJ�WHUP�JRDOV�IRU�WKH�1HVWOp�µ5,6(¶�SURMHFW��
D�FROODERUDWLRQ�ZLWK�%HUQ�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�LQ�
6ZLW]HUODQG�

$V�SDUW�RI�RXU�UHVSRQVLEOH�VRXUFLQJ�FRPPLWPHQW��WKH�
DLP�RI�SURMHFW�µ5,6(¶�LV�WR�KHOS�EXLOG�VXVWDLQDEOH�GDLU\�
DQG�DJULFXOWXUDO�IDUPLQJ�LQ�,UDQ��WKURXJK�FUHDWLQJ�ORFDO�
SDUWQHUVKLSV�WR�GHFUHDVH�HQYLURQPHQWDO�KDUP�E\�FRQWUROOLQJ�
WKH�FRQVXPSWLRQ�RI�HQHUJ\�DQG�ZDWHU��FRQWUROOLQJ�ZDVWH��
DQG�HIILFLHQWO\�PDQDJLQJ�OLYHVWRFN�

,Q�RXU�VHFRQG�LQVWDOPHQW�RI�WKH�1HVWOp�,Q�6RFLHW\�UHSRUW�IRU�
1HVWOp�,UDQ��ZH�DUH�SURXG�WR�OD\�RXW�WKH�VWHSV�ZH�KDYH�WDNHQ�
LQ�SDUWQHUVKLS�ZLWK�YDULRXV�LQVWLWXWLRQV��JRYHUQPHQWV��DQG�
RWKHU�HQWLWLHV�ZH�ZRUN�ZLWK�LQ�WKH�UHJLRQ�ă�VSHFLILFDOO\�LQ�WKH�
DUHDV�RI�ZDVWHZDWHU�PDQDJHPHQW��

³2XU�SXUSRVH�DW�1HVWOp�LV�WR�HQKDQFH�TXDOLW\�RI�OLIH�DQG�
FRQWULEXWH�WR�D�KHDOWKLHU�IXWXUH�´

0HVVDJH�IURP�1HVWOp�,UDQ
)DFWRU\�0DQDJHU��4D]YLQ

=XOILTDU�$OL���)DFWRU\�0DQDJHU��1HVWOp�,UDQ



��

$V�D�NH\�JOREDO�DQG�ORFDO�FRPPLWPHQW�IRU�1HVWOp��ZDWHU�
PDQDJHPHQW�DQG�VDIHJXDUGLQJ�WKLV�PRVW�SUHFLRXV�UHVRXUFH�
LV�KLJK�RQ�RXU�OLVW�RI�SULRULWLHV��DQG�LW�LV�KXPEOLQJ�WR�VHH�WKH�
SRVLWLYH�HIIHFWV�RI�WKLV�SURMHFW�WDNH�VKDSH�LQ�WKH�,VODPLF�
5HSXEOLF�RI�,UDQ��:H�DUH�LQGHEWHG�WR�RXU�SDUWQHUV��ZLWKRXW�
ZKRP�QRQH�RI�WKLV�ZRXOG�EH�SRVVLEOH�

7KLV�UHSRUW�VWDQGV�DV�D�WHVWDPHQW�WR�KRZ�ZRUNLQJ�WRJHWKHU��
ZH�FDQ�ZRUN�WR�HQKDQFH�TXDOLW\�RI�OLIH�DQG�FRQWULEXWH�WR�D�
KHDOWKLHU�IXWXUH�KHUH�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ��DQG�ZH�
DUH�SURXG�WR�EH�D�SDUW�RI�LW�

�

=XOILTDU�$OL
)DFWRU\�0DQDJHU

1HVWOp�,UDQ

=XOILTDU�$OL��KRVWLQJ�D�GHOHJDWLRQ�
RI�&XVWRP�$XWKRULW\�JXHVWV�DW�
WKH�1HVWOp�4D]YLQ�PDQXIDFWXULQJ�
IDFLOLW\

:LQQHU�2I�,��5��,UDQ
V�
1DWLRQDO�$ZDUG�IRU�
&RUSRUDWH�6RFLDO�
5HVSRQVLELOLW\

1HVWOp�LQ�6RFLHW\
&UHDWLQJ�6KDUHG�9DOXH

3RUJUHVV�DQG�
&RPPLWPHQWV�����



��

&UHDWLQJ�6KDUHG�9DOXH�DW�1HVWOp
&UHDWLQJ�6KDUHG�9DOXH�LV�WKH�IXQGDPHQWDO�ZD\�

1HVWOp�GRHV�EXVLQHVV�DFURVV�WKH�HQWLUH�YDOXH�

FKDLQ��DQG�WKH�ZD\�ZH�FRQQHFW�ZLWK�VRFLHW\�DW�

ODUJH��,W�EHJLQV�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�IRU�

RXU�EXVLQHVV�WR�SURVSHU�RYHU�WKH�ORQJ�WHUP��WKH�

FRPPXQLWLHV�ZH�VHUYH�PXVW�DOVR�SURVSHU��,W�

HQWDLOV�EXVLQHVVHV�FUHDWLQJ�FRPSHWLWLYH�DGYDQ�

WDJH��ZKLFK�LQ�WXUQ�ZLOO�GHOLYHU�EHWWHU�UHWXUQV�IRU�

VKDUHKROGHUV��WKURXJK�DFWLRQV�WKDW�VXEVWDQWLDOO\�

DGGUHVV�D�VRFLDO�RU�HQYLURQPHQWDO�FKDOOHQJH��,W�

LV�EXLOW�RQ�VWURQJ�IRXQGDWLRQV�RI�FRPSOLDQFH�DQG�

VXVWDLQDEOH�EXVLQHVV�SUDFWLFHV�WR�SUHVHUYH�WKH�

HQYLURQPHQW�IRU�IXWXUH�JHQHUDWLRQV��

$V�D�FRPSDQ\��ZH�DUH�EHVW�SRVLWLRQHG�WR�

FUHDWH�VKDUHG�YDOXH�LQ�WKUHH�DUHDV��QXWULWLRQ��

ZDWHU�DQG�UXUDO�GHYHORSPHQW��

$�NH\�SLOODU�LQ�RXU�&UHDWLQJ�6KDUHG�9DOXH�VWUDW�

HJ\�LV�QXWULWLRQ�EHFDXVH�IRRG�DQG�QXWULWLRQ�DUH�

WKH�EDVLV�RI�KHDOWK�DQG�RI�RXU�EXVLQHVV�ă�LW¶V�

WKH�UHDVRQ�ZK\�ZH�H[LVW��1HVWOp¶V�PLVVLRQ�LV�

WR�HQKDQFH�WKH�TXDOLW\�RI�OLIH�RI�RXU�FRQVXPHUV�

E\�SURYLGLQJ�WDVWLHU�DQG�KHDOWKLHU�IRRG�DQG�EHY�

HUDJH�FKRLFHV��DQG�VHUYLFHV�WKDW�KHOS�SHRSOH�

LPSURYH�WKHLU�QXWULWLRQ��KHDOWK�DQG�ZHOOQHVV�

2XU�IRFXV�RQ�ZDWHU�DQG�UXUDO�GHYHORSPHQW�LV�

GULYHQ�E\�WKHLU�FULWLFDO�LPSRUWDQFH�QRW�RQO\�WR�

RXU�EXVLQHVV�EXW�DOVR�WR�RXU�HPSOR\HHV��IDUP�

HUV��VXSSOLHUV��GLVWULEXWRUV�DQG�FRPPXQLWLHV�

ZKHUH�ZH�RSHUDWH�

:H�OLYH�XS�WR�RXU�FRPPLWPHQWV�WR�HQYLURQPHQ�

WDO��VRFLDO�DQG�HFRQRPLF�VXVWDLQDELOLW\�WKURXJK�

EXVLQHVV�SUDFWLFHV�HPEHGGHG�DW�WKH�FRUH�RI�RXU�

RSHUDWLRQV��7KHVH�DLP�WR�GHOLYHU�EHWWHU�ILQDQFLDO�

UHVXOWV�IRU�RXU�VKDUHKROGHUV�E\�LPSURYLQJ�

ZRUNLQJ�FRQGLWLRQV�IRU�RXU�VXSSOLHUV��LQVWLOOLQJ�

HQYLURQPHQWDO�SUDFWLFHV�WKDW�ERWK�EHQHILW�WKH�

SODQHW�DQG�FXW�FRVWV��DQG�HQKDQFLQJ�SURGXFWV�WR�

PHHW�WKH�VSHFLILF�QHHGV�RI�RXU�FXVWRPHUV�

7KLV�LQYROYHV�VXEVWDQWLDO�WUDLQLQJ�DQG�HGXFDWLRQ�

RI�SHRSOH�LQVLGH�DQG�RXWVLGH�RI�1HVWOp��DV�ZHOO�

DV�ODUJH�LQYHVWPHQWV�LQ�WHFKQRORJ\�ZLWK�ORZHU�

HQYLURQPHQWDO�LPSDFW��:H�DUH�DOVR�RQH�RI�WKH�

IRXQGLQJ�PHPEHUV�RI�WKH�81�*OREDO�&RPSDFW�

/HDG�ă�DQ�LPSRUWDQW�SODWIRUP�IRU�FRUSRUDWH�

VXVWDLQDELOLW\�OHDGHUVKLS�

&UHDWLQJ�6KDUHG�9DOXH�UHTXLUHV�FRPSOLDQFH�

ZLWK�WKH�KLJKHVW�VWDQGDUGV�RI�EXVLQHVV�SUDF�

WLFH��LQFOXGLQJ�LQWHUQDWLRQDO�FRGHV�DQG�VWDQG�

DUGV�DV�ZHOO�DV�RXU�RZQ�&RGH�RI�%XVLQHVV�

&RQGXFW��&RUSRUDWH�%XVLQHVV�3ULQFLSOHV��DQG�

0DQDJHPHQW�DQG�/HDGHUVKLS�3ULQFLSOHV�

5HDG�PRUH�DERXW�&69�RQ�

KWWS���ZZZ�QHVWOH�FRP�FVY

2XU�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV��IRXQGD�

WLRQ�RI�&UHDWLQJ�6KDUHG�9DOXH

,W�LV�HVVHQWLDO�WKDW�ZH�EXLOG�RXU�EXVLQHVV�RQ�

FOHDU�SULQFLSOHV�DQG�VRXQG�JRYHUQDQFH��7KH�

1HVWOp�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV�UXOH�WKH�

ZD\�ZH�GR�EXVLQHVV�DQG�IRUP�WKH�EDVLV�RI�RXU�

FXOWXUH�DQG�YDOXHV��7KH����SULQFLSOHV��ZKLFK�

SURYLGH�WKH�IRXQGDWLRQV�IRU�RXU�FRPPLWPHQWV�

DQG�RXU�&UHDWLQJ�6KDUHG�9DOXH�VWUDWHJ\��LQFRU�

SRUDWH�WKH����8QLWHG�1DWLRQ�*OREDO�&RPSDFW�

�81*&��3ULQFLSOHV��GLYLGHG�LQWR�ILYH�DUHDV��

FRQVXPHUV��KXPDQ�ULJKWV�DQG�ODERXU�SUDFWLFHV��

RXU�SHRSOH��VXSSOLHUV�DQG�FXVWRPHUV��DQG�WKH�

HQYLURQPHQW�

:K\�DUH�WKH\�LPSRUWDQW"

:H�EHOLHYH�WKDW�LW�LV�HVVHQWLDO�WR�KDYH�FOHDU�

SULQFLSOHV�DQG�YDOXHV�WKDW�DUH�EXLOW�XSRQ�UH�

VSHFW�IRU�RXU�FRQVXPHUV��RXU�SHRSOH��VXSSOLHUV��

FXVWRPHUV�DQG�WKH�HQYLURQPHQW��DQG�D�VWURQJ�

FRPSOLDQFH�FXOWXUH�WKDW�LV�IXOO\�HPEHGGHG�LQ�

RXU�EXVLQHVV��'HPRQVWUDWLQJ�RXU�DGKHUHQFH�

EXLOGV�WUXVW�DPRQJ�RXU�VWDNHKROGHUV��HQVXULQJ�

WKH\�KDYH�FRQILGHQFH�LQ�1HVWOp�EUDQG�DQG�ZKDW�

LW�VWDQGV�IRU��ERWK�QRZ�DQG�LQ�WKH�IXWXUH�

+RZ�DUH�WKH\�DSSOLHG"

$OO�RXU�HPSOR\HHV�DUH�UHTXLUHG�WR�FRPSO\�ZLWK�

1HVWOp¶V�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV�DQG�ZH�

FRQWLQXRXVO\�PRQLWRU�WKHLU�DSSOLFDWLRQ�DQG�HI�

IHFWLYHQHVV��2XU�SULQFLSOHV� � DUH� LPSOHPHQWHG�

WKURXJK�UHOHYDQW�EXVLQHVV�FRGHV��SROLFLHV��SUR�

FHVVHV�DQG�WRROV��ZKLFK�KDYH�EHHQ�GHYHORSHG�

WR�HQVXUH�WKH\�DUH�SUDFWLFHG�HYHU\�VLQJOH�GD\��

DFURVV�WKH�&RPSDQ\��:H�VHW�KLJK�VWDQGDUGV��

DOZD\V�IROORZLQJ�1HVWOp�&RUSRUDWH�%XVLQHVV�

3ULQFLSOHV�ZKHUHYHU�ZH�RSHUDWH�ă�HYHQ�LI�ORFDO�

ODZV�DUH�PRUH�OHQLHQW�RU�QRQ�H[LVWHQW�

3URWHFW�WKH�IXWXUH

/DZV��EXVLQHVV�
SULQFLSOHV��FRGHV�RI�
FRQGXFW

6XVWDLQDELOLW\

&RPSOLDQFH

1XWULWLRQ��ZDWHU��DQG�
UXUDO�GHYHORSPHQW��DUH
RXU�IRFXV�DUHDV

&UHDWLQJ��
6KDUHG�9DOXH

&UHDWLQJ�6KDUHG�9DOXH

* 7R�UHDG�WKH�JOREDO�UHSRUW��KWWS���ZZZ�QHVWOH�FRP�FVY
���7R�NQRZ�PRUH�DERXW�WKH�JOREDO�FRPPLWPHQWV��FKHFN�WKH�LQWHUDFWLYH�JUDSKLFV��KWWS���ZZZ�QHVWOH�FRP�FVY�ZKDW�LV�FVY�FRPPLWPHQWV



��

7KH�1HVWOp�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV
7KH�GLDJUDP�EHORZ�JLYHV�DQ�RYHUYLHZ�RI�WKH����1HVWOp�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV�DQG�ZKDW�ZH�ZDQW�WR�DFKLHYH�WKURXJK�WKHP�

&RQVXPHUV

�
1XWULWLRQ��KHDOWK�DQG�
ZHOOQHVV

:H�DLP�WR�HQKDQFH�WKH�TXDOLW\�RI�FRQVXPHUV¶�OLYHV�E\�RIIHULQJ�WDVWLHU�DQG�
KHDOWKLHU�IRRG�DQG�GULQNV�DQG�HQFRXUDJLQJ�D�KHDOWK\�OLIHVW\OH�

�
4XDOLW\�DVVXUDQFH�DQG�
SURGXFW�VDIHW\

:H�ZDQW�WR�HQVXUH�WKDW��HYHU\ZKHUH�LQ�WKH�ZRUOG��WKH�1HVWOp�QDPH�UHSUHVHQWV�
WKH�KLJKHVW�OHYHOV�RI�SURGXFW�VDIHW\�DQG�TXDOLW\�

� &RQVXPHU�FRPPXQLFDWLRQ
:H�DUH�FRPPLWWHG�WR�UHVSRQVLEOH�DQG�UHOLDEOH�FRPPXQLFDWLRQ�WKDW�LQIRUPV�
FRQVXPHUV��SURPRWHV�KHDOWKLHU�GLHWV�DQG�UHVSHFWV�FRQVXPHU�SULYDF\�

+XPDQ�ULJKWV�DQG�
ODERXU�SUDFWLFHV

�
+XPDQ�ULJKWV�LQ�RXU�
EXVLQHVV�DFWLYLWLHV

:H�IXOO\�VXSSRUW�WKH�81*&¶V�SULQFLSOHV�RQ�KXPDQ�ULJKWV�DQG�ODERXU��DQG�DLP�
WR�VHW�DQ�H[DPSOH�RI�JRRG�KXPDQ�ULJKWV�DQG�ODERXU�SUDFWLFHV�WKURXJKRXW�RXU�
EXVLQHVV�DFWLYLWLHV�

2XU�SHRSOH

�
/HDGHUVKLS�DQG�SHUVRQDO�
UHVSRQVLELOLW\

:KLOH�IRVWHULQJ�D�FXOWXUH�RI�UHVSHFW�DQG�GLJQLW\��ZH�SURYLGH�RXU�SHRSOH�ZLWK�
HTXDO�RSSRUWXQLWLHV�IRU�GHYHORSPHQW��SURWHFW�WKHLU�SULYDF\�DQG�GR�QRW�WROHUDWH�
DQ\�IRUP�RI�KDUDVVPHQW�RU�GLVFULPLQDWLRQ�DJDLQVW�WKHP��$W�WKH�VDPH�WLPH��
ZH�H[SHFW�RXU�HPSOR\HHV�WR�EH�UHVSRQVLEOH��PRWLYDWHG��DQG�WR�OLYH�XS�WR�RXU�
YDOXHV�

� 6DIHW\�DQG�KHDOWK�DW�ZRUN

:H�DUH�FRPPLWWHG�WR�SUHYHQWLQJ�ZRUN�UHODWHG�DFFLGHQWV��LQMXULHV�DQG�LOOQHVVHV��
DQG�WR�SURWHFWLQJ�HPSOR\HHV��FRQWUDFWRUV�DQG�RWKHUV�LQYROYHG�DORQJ�WKH�YDOXH�
FKDLQ�

6XSSOLHUV�DQG�
FXVWRPHUV

�
6XSSOLHU�DQG�FXVWRPHU�
UHODWLRQV

:H�UHTXLUH�RXU�VXSSOLHUV��DJHQWV��VXEFRQWUDFWRUV�DQG�WKHLU�HPSOR\HHV�WR�
GHPRQVWUDWH�KRQHVW\��LQWHJULW\�DQG�IDLUQHVV��DQG�WR�DGKHUH�WR�RXU�QRQ�
QHJRWLDEOH�VWDQGDUGV�

�
$JULFXOWXUH�DQG�UXUDO�
GHYHORSPHQW

:H�DLP�WR�KHOS�UXUDO�FRPPXQLWLHV�EHFRPH�PRUH�HQYLURQPHQWDOO\�VXVWDLQDEOH�
E\�FRQWULEXWLQJ�LQ�D�UDQJH�RI�DUHDV��LQFOXGLQJ�DJULFXOWXUDO�SURGXFWLRQ�DQG�WKH�
VRFLDO�DQG�HFRQRPLF�VWDWXV�RI�IDUPHUV�

7KH�HQYLURQPHQW

� (QYLURQPHQWDO�VXVWDLQDELOLW\

:H�DUH�FRPPLWWHG�WR�HQYLURQPHQWDOO\�VXVWDLQDEOH�EXVLQHVV�SUDFWLFHV�DQG�
VWULYH�WR�XVH�QDWXUDO�UHVRXUFHV�HIILFLHQWO\��DFKLHYH�]HUR�ZDVWH�DQG�XVH�
VXVWDLQDEO\�PDQDJHG�UHQHZDEOH�UHVRXUFHV�

�� :DWHU
7KH�ZRUOG�IDFHV�D�JURZLQJ�ZDWHU�FKDOOHQJH��DQG�ZH�DUH�FRPPLWWHG�WR�XVLQJ�
ZDWHU�VXVWDLQDEO\�DQG�LPSURYLQJ�RXU�ZDWHU�PDQDJHPHQW�

��

&UHDWLQJ�6KDUHG�9DOXH�DW�1HVWOp
&UHDWLQJ�6KDUHG�9DOXH�LV�WKH�IXQGDPHQWDO�ZD\�

1HVWOp�GRHV�EXVLQHVV�DFURVV�WKH�HQWLUH�YDOXH�

FKDLQ��DQG�WKH�ZD\�ZH�FRQQHFW�ZLWK�VRFLHW\�DW�

ODUJH��,W�EHJLQV�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�IRU�

RXU�EXVLQHVV�WR�SURVSHU�RYHU�WKH�ORQJ�WHUP��WKH�

FRPPXQLWLHV�ZH�VHUYH�PXVW�DOVR�SURVSHU��,W�

HQWDLOV�EXVLQHVVHV�FUHDWLQJ�FRPSHWLWLYH�DGYDQ�

WDJH��ZKLFK�LQ�WXUQ�ZLOO�GHOLYHU�EHWWHU�UHWXUQV�IRU�

VKDUHKROGHUV��WKURXJK�DFWLRQV�WKDW�VXEVWDQWLDOO\�

DGGUHVV�D�VRFLDO�RU�HQYLURQPHQWDO�FKDOOHQJH��,W�

LV�EXLOW�RQ�VWURQJ�IRXQGDWLRQV�RI�FRPSOLDQFH�DQG�

VXVWDLQDEOH�EXVLQHVV�SUDFWLFHV�WR�SUHVHUYH�WKH�

HQYLURQPHQW�IRU�IXWXUH�JHQHUDWLRQV��

$V�D�FRPSDQ\��ZH�DUH�EHVW�SRVLWLRQHG�WR�

FUHDWH�VKDUHG�YDOXH�LQ�WKUHH�DUHDV��QXWULWLRQ��

ZDWHU�DQG�UXUDO�GHYHORSPHQW��

$�NH\�SLOODU�LQ�RXU�&UHDWLQJ�6KDUHG�9DOXH�VWUDW�

HJ\�LV�QXWULWLRQ�EHFDXVH�IRRG�DQG�QXWULWLRQ�DUH�

WKH�EDVLV�RI�KHDOWK�DQG�RI�RXU�EXVLQHVV�ă�LW¶V�

WKH�UHDVRQ�ZK\�ZH�H[LVW��1HVWOp¶V�PLVVLRQ�LV�

WR�HQKDQFH�WKH�TXDOLW\�RI�OLIH�RI�RXU�FRQVXPHUV�

E\�SURYLGLQJ�WDVWLHU�DQG�KHDOWKLHU�IRRG�DQG�EHY�

HUDJH�FKRLFHV��DQG�VHUYLFHV�WKDW�KHOS�SHRSOH�

LPSURYH�WKHLU�QXWULWLRQ��KHDOWK�DQG�ZHOOQHVV�

2XU�IRFXV�RQ�ZDWHU�DQG�UXUDO�GHYHORSPHQW�LV�

GULYHQ�E\�WKHLU�FULWLFDO�LPSRUWDQFH�QRW�RQO\�WR�

RXU�EXVLQHVV�EXW�DOVR�WR�RXU�HPSOR\HHV��IDUP�

HUV��VXSSOLHUV��GLVWULEXWRUV�DQG�FRPPXQLWLHV�

ZKHUH�ZH�RSHUDWH�

:H�OLYH�XS�WR�RXU�FRPPLWPHQWV�WR�HQYLURQPHQ�

WDO��VRFLDO�DQG�HFRQRPLF�VXVWDLQDELOLW\�WKURXJK�

EXVLQHVV�SUDFWLFHV�HPEHGGHG�DW�WKH�FRUH�RI�RXU�

RSHUDWLRQV��7KHVH�DLP�WR�GHOLYHU�EHWWHU�ILQDQFLDO�

UHVXOWV�IRU�RXU�VKDUHKROGHUV�E\�LPSURYLQJ�

ZRUNLQJ�FRQGLWLRQV�IRU�RXU�VXSSOLHUV��LQVWLOOLQJ�

HQYLURQPHQWDO�SUDFWLFHV�WKDW�ERWK�EHQHILW�WKH�

SODQHW�DQG�FXW�FRVWV��DQG�HQKDQFLQJ�SURGXFWV�WR�

PHHW�WKH�VSHFLILF�QHHGV�RI�RXU�FXVWRPHUV�

7KLV�LQYROYHV�VXEVWDQWLDO�WUDLQLQJ�DQG�HGXFDWLRQ�

RI�SHRSOH�LQVLGH�DQG�RXWVLGH�RI�1HVWOp��DV�ZHOO�

DV�ODUJH�LQYHVWPHQWV�LQ�WHFKQRORJ\�ZLWK�ORZHU�

HQYLURQPHQWDO�LPSDFW��:H�DUH�DOVR�RQH�RI�WKH�

IRXQGLQJ�PHPEHUV�RI�WKH�81�*OREDO�&RPSDFW�

/HDG�ă�DQ�LPSRUWDQW�SODWIRUP�IRU�FRUSRUDWH�

VXVWDLQDELOLW\�OHDGHUVKLS�

&UHDWLQJ�6KDUHG�9DOXH�UHTXLUHV�FRPSOLDQFH�

ZLWK�WKH�KLJKHVW�VWDQGDUGV�RI�EXVLQHVV�SUDF�

WLFH��LQFOXGLQJ�LQWHUQDWLRQDO�FRGHV�DQG�VWDQG�

DUGV�DV�ZHOO�DV�RXU�RZQ�&RGH�RI�%XVLQHVV�

&RQGXFW��&RUSRUDWH�%XVLQHVV�3ULQFLSOHV��DQG�

0DQDJHPHQW�DQG�/HDGHUVKLS�3ULQFLSOHV�

5HDG�PRUH�DERXW�&69�RQ�

KWWS���ZZZ�QHVWOH�FRP�FVY

2XU�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV��IRXQGD�

WLRQ�RI�&UHDWLQJ�6KDUHG�9DOXH

,W�LV�HVVHQWLDO�WKDW�ZH�EXLOG�RXU�EXVLQHVV�RQ�

FOHDU�SULQFLSOHV�DQG�VRXQG�JRYHUQDQFH��7KH�

1HVWOp�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV�UXOH�WKH�

ZD\�ZH�GR�EXVLQHVV�DQG�IRUP�WKH�EDVLV�RI�RXU�

FXOWXUH�DQG�YDOXHV��7KH����SULQFLSOHV��ZKLFK�

SURYLGH�WKH�IRXQGDWLRQV�IRU�RXU�FRPPLWPHQWV�

DQG�RXU�&UHDWLQJ�6KDUHG�9DOXH�VWUDWHJ\��LQFRU�

SRUDWH�WKH����8QLWHG�1DWLRQ�*OREDO�&RPSDFW�

�81*&��3ULQFLSOHV��GLYLGHG�LQWR�ILYH�DUHDV��

FRQVXPHUV��KXPDQ�ULJKWV�DQG�ODERXU�SUDFWLFHV��

RXU�SHRSOH��VXSSOLHUV�DQG�FXVWRPHUV��DQG�WKH�

HQYLURQPHQW�

:K\�DUH�WKH\�LPSRUWDQW"

:H�EHOLHYH�WKDW�LW�LV�HVVHQWLDO�WR�KDYH�FOHDU�

SULQFLSOHV�DQG�YDOXHV�WKDW�DUH�EXLOW�XSRQ�UH�

VSHFW�IRU�RXU�FRQVXPHUV��RXU�SHRSOH��VXSSOLHUV��

FXVWRPHUV�DQG�WKH�HQYLURQPHQW��DQG�D�VWURQJ�

FRPSOLDQFH�FXOWXUH�WKDW�LV�IXOO\�HPEHGGHG�LQ�

RXU�EXVLQHVV��'HPRQVWUDWLQJ�RXU�DGKHUHQFH�

EXLOGV�WUXVW�DPRQJ�RXU�VWDNHKROGHUV��HQVXULQJ�

WKH\�KDYH�FRQILGHQFH�LQ�1HVWOp�EUDQG�DQG�ZKDW�

LW�VWDQGV�IRU��ERWK�QRZ�DQG�LQ�WKH�IXWXUH�

+RZ�DUH�WKH\�DSSOLHG"

$OO�RXU�HPSOR\HHV�DUH�UHTXLUHG�WR�FRPSO\�ZLWK�

1HVWOp¶V�&RUSRUDWH�%XVLQHVV�3ULQFLSOHV�DQG�ZH�

FRQWLQXRXVO\�PRQLWRU�WKHLU�DSSOLFDWLRQ�DQG�HI�

IHFWLYHQHVV��2XU�SULQFLSOHV� � DUH� LPSOHPHQWHG�

WKURXJK�UHOHYDQW�EXVLQHVV�FRGHV��SROLFLHV��SUR�

FHVVHV�DQG�WRROV��ZKLFK�KDYH�EHHQ�GHYHORSHG�

WR�HQVXUH�WKH\�DUH�SUDFWLFHG�HYHU\�VLQJOH�GD\��

DFURVV�WKH�&RPSDQ\��:H�VHW�KLJK�VWDQGDUGV��

DOZD\V�IROORZLQJ�1HVWOp�&RUSRUDWH�%XVLQHVV�

3ULQFLSOHV�ZKHUHYHU�ZH�RSHUDWH�ă�HYHQ�LI�ORFDO�

ODZV�DUH�PRUH�OHQLHQW�RU�QRQ�H[LVWHQW�

3URWHFW�WKH�IXWXUH

/DZV��EXVLQHVV�
SULQFLSOHV��FRGHV�RI�
FRQGXFW

6XVWDLQDELOLW\

&RPSOLDQFH

1XWULWLRQ��ZDWHU��DQG�
UXUDO�GHYHORSPHQW��DUH
RXU�IRFXV�DUHDV

&UHDWLQJ��
6KDUHG�9DOXH

&UHDWLQJ�6KDUHG�9DOXH

* 7R�UHDG�WKH�JOREDO�UHSRUW��KWWS���ZZZ�QHVWOH�FRP�FVY
���7R�NQRZ�PRUH�DERXW�WKH�JOREDO�FRPPLWPHQWV��FKHFN�WKH�LQWHUDFWLYH�JUDSKLFV��KWWS���ZZZ�QHVWOH�FRP�FVY�ZKDW�LV�FVY�FRPPLWPHQWV



��

1XWULWLRQ�KDV�EHHQ�WKH�FRUQHUVWRQH�RI�1HVWOp�VLQFH�

�����ZKHQ�+HQUL�1HVWOp�GHYHORSHG�KLV�ILUVW�LQIDQW�

FHUHDO�WR�VDYH�WKH�OLIH�RI�KLV�QHLJKERXU¶V�FKLOG�

ZKR�ZDV�XQDEOH�WR�EUHDVWIHHG�DQG�VXIIHUHG�IURP�

PDOQXWULWLRQ���

)RXQGHG�LQ�6ZLW]HUODQG��1HVWOp�RSHUDWHV�LQ�DOPRVW�

����FRXQWULHV�DQG�HPSOR\V�DOPRVW���������SHRSOH�

DOO�RYHU�WKH�ZRUOG�

*OREDOO\��1HVWOp�KDV�WKH�ODUJHVW�UHVHDUFK�DQG�

GHYHORSPHQW��5	'��RUJDQLVDWLRQ�FRPSDUHG�ZLWK�

DQ\�RWKHU�IRRG�FRPSDQ\��ZLWK�DERXW�������SHRSOH�

LQYROYHG�LQ�5	'��DV�ZHOO�DV�D�QXPEHU�RI�UHVHDUFK�

SDUWQHUVKLSV�ZLWK�EXVLQHVVHV�DQG�XQLYHUVLWLHV��7KH�

&RPSDQ\�KDV����5	'�DQG�3URGXFW�7HFKQRORJ\�

&HQWUHV�DURXQG�WKH�ZRUOG��ZKLFK�GHYHORS�

LQQRYDWLYH�WHFKQRORJLHV�DQG�PDQXIDFWXULQJ�

SURFHVVHV�WKDW�IRUP�WKH�EDVLV�RI�QHZ�SURGXFW�

GHYHORSPHQW��DQG�DUH�DSSOLHG�LQ�RSHUDWLRQV��7KH�5	'�FHQWUHV�

KDYH�ERWK�JOREDO�DQG�ORFDO�UROHV��E\�PHHWLQJ�UHJLRQDO�QHHGV�DQG�

SURYLGLQJ�WHFKQLFDO�H[SHUWLVH�LQ�VSHFLILF�DUHDV�

)RU�QHDUO\�����\HDUV��1HVWOp�KDV�EHHQ�FRPPLWWHG�WR�HQKDQFLQJ�

SHRSOH¶V�OLYHV�ZKHUHYHU�WKH\�PD\�OLYH�E\�RIIHULQJ�WKH�KLJKHVW�

TXDOLW\�RI�WDVW\�DQG�KHDOWK\�IRRG�DQG�EHYHUDJH�FKRLFHV�DW�DOO�VWDJHV�RI�

OLIH�DQG�DW�DOO�WLPHV�RI�WKH�GD\��

7KH�:RUOG¶V�/HDGLQJ�
1XWULWLRQ��+HDOWK�DQG�
:HOOQHVV�&RPSDQ\

2XU�KHULWDJH�LQ�WKH�0LGGOH�(DVW�JRHV�EDFN�RYHU����

\HDUV�WR������ZKHQ�WKH�ILUVW�LPSRUW�RSHUDWLRQ�ZDV�

VHW�XS�LQ�/HEDQRQ��%XLOGLQJ�D�IRXQGDWLRQ�RI�WUXVW�

DPRQJ�FRQVXPHUV�KDV�VLQFH�PDGH�XV�WKH�UHJLRQ¶V�

OHDGLQJ�1XWULWLRQ��+HDOWK�DQG�:HOOQHVV�&RPSDQ\��

7RGD\��1HVWOp�RZQV�DQG�RSHUDWHV����IDFWRULHV�

WKDW�FDWHU�WR�WKH�UHJLRQ��DQG�SURYLGHV�GLUHFW�

HPSOR\PHQW�WR�PRUH�WKDQ��������SHRSOH��PRUH�

WKDQ�KDOI�RI�ZKRP�ZRUN�IRU�1HVWOp�:DWHUV��1HVWOp�

DOVR�SURYLGHV�LQGLUHFW�HPSOR\PHQW�WR�VHYHUDO�

WKRXVDQG�PRUH�

7KH�1HVWOp�0LGGOH�(DVW�HQWLW\�LWVHOI�ZDV�IRUPHG�

LQ�������ZLWK�KHDGTXDUWHUV�LQ�WKH�8QLWHG�$UDE�

(PLUDWHV��FRQVROLGDWLQJ�WKH�&RPSDQ\¶V�SUHVHQFH�

LQ�WKH�*XOI�&RRSHUDWLRQ�&RXQFLO��%DKUDLQ��.XZDLW��

2PDQ��4DWDU��6DXGL�$UDELD��DQG�WKH�8QLWHG�$UDE�

(PLUDWHV���/HYDQW��/HEDQRQ��-RUGDQ��3DOHVWLQH��DQG�

6\ULD���,UDQ��,UDT�DQG�<HPHQ�ă�FRYHULQJ�D�SRSXODWLRQ�RI�RYHU�����

PLOOLRQ��:LWK�WRWDO�LQYHVWPHQWV��RI�86������PLOOLRQ�RYHU�WKH�ODVW�

ILYH�\HDUV��IRU�1HVWOp��WKH�0LGGOH�(DVW�PHDQV�JURZWK��IXWXUH�

SRWHQWLDO��WDOHQW��DQG�LQQRYDWLRQ��,W�DOVR�PHDQV�D�FKDOOHQJLQJ�

EXVLQHVV��FRQVLGHULQJ�VHFXULW\�DQG�SROLWLFDO�YRODWLOLW\�LQ�WKH�

UHJLRQ��ZKLFK�UHIOHFWV�GLUHFWO\�RQ�WKH�ZHOOEHLQJ�RI�LWV�SHRSOH��

2QH�ZRUG�WKDW�OLNHO\�VXPV�WKH�UHJLRQ�XS�IRU�XV�LV�³GLYHUVLW\´��EHFDXVH�

WKDW�LV�ZKDW�WKH�0LGGOH�(DVW�LV�DERXW�LQ�HYHU\�ZD\��KRPH�WR�GHYHORSHG�

DQG�HPHUJLQJ�HFRQRPLHV�ZLWK�DIIOXHQW�SRSXODWLRQV�DV�ZHOO�DV�PDQ\�

ZKR�KDYH�YHU\�OLWWOH��D�PDMRULW\�RI�\RXQJ�SRSXODWLRQ�PL[LQJ�ZLWK�JURZLQJ�

1HVWOp�LQ�WKH�0LGGOH�
(DVW

+HQUL�1HVWOp

1HVWOp�+HDGTXDUWHUV�LQ�9HYH\��6ZLW]HUODQG�



��

1HVWOp�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ
1HVWOp�,UDQ�ZDV�UHJLVWHUHG�LQ�������$IWHU�UHFHLYLQJ�WKH�LQYHVWPHQW�

GHFUHH�RQ���6HSWHPEHU�������1HVWOp�RIILFLDOO\�EHJDQ�LWV�DFWLYLW\�LQ�WKH�

,�5�,UDQ��,Q�0D\�������1HVWOp�,UDQ�VWDUWHG�WKH�PDQXIDFWXULQJ�DQG�VDOHV�RI�

1HVWOp�&(5(/$&���<HDU�DIWHU�\HDU��1HVWOp�,UDQ�WULHG�WR�JURZ�LWV�EXVLQHVV�

LQ�,�5�,UDQ���,Q�'HFHPEHU�������1HVWOp�,UDQ�LPSRUWHG�DQG�ODXQFKHG�

1(6&$)e��DQG�&2))((�0$7(��DQG�OHVV�WKDQ�D�\HDU�ODWHU�LQ�6HSWHPEHU�

������WKH�FRPSDQ\�LPSRUWHG�DQG�ODXQFKHG�0$**,��%RXLOORQ��6RXSV�DQG�

0L[HV�

,Q�������1HVWOp�,UDQ�DFKLHYHG�DQRWKHU�PLOHVWRQH��SURGXFWLRQ�RI�1$1��

ZLWK�WKH�PRVW�DGYDQFHG�WHFKQRORJ\�DQG�EDVHG�RQ�WKH�ODWHVW�IRUPXODWLRQ��

/RFDO�PDQXIDFWXULQJ�RI�LQIDQW�IRUPXOD�KHOSHG�VXSSO\�WKH�PDMRU�QHHG�RI�

WKH�PDUNHW��1HVWOp�,UDQ�VXFFHHGHG�WR�H[SRUW�LWV�ZHOO�NQRZQ�LQWHUQDWLRQDO�

EUDQGV��1$1�DQG�&(5(/$&�RXW�RI�LW¶V�4D]YLQ�IDFWRU\�WR�WKH�3HUVLDQ�*XOI�

FRXQWULHV��

,Q�WKH�VDPH�\HDU�1HVWOp�,UDQ�WRRN�DQRWKHU�VWHS�WR�SURPRWH�LWV�EXVLQHVV�

LQ�WKH�FRXQWU\��,PSRUWDWLRQ�RI�1HVWOp�%UHDNIDVW�&HUHDOV�),71(66���&251�

)/$.(6��1(648,.���DQG�&+2&$3,&��

,Q������1HVWOp�LQYHVWHG�LQ�WKH�ERWWOHG�ZDWHU�LQGXVWU\�DQG�VWDUWHG�WKH�

SURGXFWLRQ�RI�1HVWOp�3XUH�/LIH��LQ�,UDQ��'XULQJ�����������1HVWOp�VWDUWHG�

PDQXIDFWXULQJ�DQG�H[SRUWLQJ�1$1��DQG�*8,*2=��,QIDQW�)RUPXOD�DQG�

LQFUHDVHG�LWV�H[SRUW�DFWLYLWLHV�

,Q�������1HVWOp�LQYHVWHG�LQ�D�QHZ�IDFWRU\�WR�SURGXFH�1(648,.��

�FKRFRODWH�SRZGHU��DQG�1(6&$)e�����LQ����,Q�������1HVWOp�PDGH�D�QHZ�

LQYHVWPHQW�WR�VRXUFH�KLJK�TXDOLW\�PLON�IURP�ORFDO�VXSSOLHUV��WKLV�LQFOXGHV�

WKH�IUHVK�PLON�UHFHSWLRQ�VLWH�DQG�5,6(�VWXG\�

1HVWOp�,UDQ�KDV�FRQWLQXHG�LWV�GHYHORSPHQW�GHVSLWH�PDQ\�ORFDO�DQG�

LQWHUQDWLRQDO�FKDOOHQJHV�DQG�ORRNV�IRUZDUG�WR�IXUWKHU�JURZWK�LQ�WKH�,VODPLF�

5HSXEOLF�RI�,UDQ��1HVWOp�LV�SURXG�WR�FRQWULEXWH�SRVLWLYHO\�WR�WKH�HFRQRPLF�

GHYHORSPHQW�RI�WKH�FRXQWU\�E\�LQYHVWLQJ�PRUH�WKDQ�86������PLOOLRQV�LQ�LWV���

IDFWRULHV�DQG�SURYLGLQJ�GLUHFW�MRE�RSSRUWXQLWLHV�IRU�RYHU�����SHRSOH��

QXPEHUV�RI�HOGHUO\��DQG�FRPSOHWHO\�GLIIHUHQW�FXOWXUDO�GHPRJUDSKLFV�

HQFRPSDVVLQJ�YHU\�VWURQJ�WUDGLWLRQDO�VRFLHWLHV�DV�ZHOO�DV�YHU\�PRGHUQ�

OLIHVW\OHV��,W¶V�DOVR�D�UHJLRQ�RI�KHDOWK�LVVXHV�ZKHUH�REHVLW\�DQG�

PDOQXWULWLRQ�FRH[LVW��VRPHWLPHV�ZLWKLQ�WKH�VDPH�FRPPXQLW\��

1HVWOp�XQGHUVWDQGV�WKH�KHDOWK�FKDOOHQJHV�RI�WKH�UHJLRQ�DQG�HQVXUHV�WKDW�

RXU�SURGXFWV�FDWHU�WR�WKH�ODWHVW�QXWULWLRQ�UHFRPPHQGDWLRQV�IRU�KHDOWK\�

OLYLQJ��1HVWOp¶V�PLVVLRQ�LV�WR�HQKDQFH�SHRSOH¶V�TXDOLW\�RI�OLIH�ZLWK�JRRG�

IRRG�DQG�EHYHUDJHV�HYHU\ZKHUH��,Q�WKH�0LGGOH�(DVW��ZH�VWULYH�WR�GR�

WKDW�E\�RIIHULQJ�DQ�DUUD\�RI�WDVW\�DQG�KHDOWK\�SURGXFWV�WKDW�PHHW�ORFDO�

QHHGV�IRU�TXDOLW\��VDIHW\��WDVWH�DQG�SOHDVXUH�ă�ZKLOH�DGGUHVVLQJ�VSHFLILF�

QXWULWLRQDO�UHTXLUHPHQWV�WR�KHOS�DFKLHYH�KHDOWK\�DQG�EDODQFHG�GLHWV�

DFURVV�DOO�OLIH�VWDJHV�

1HVWOp�,UDQ�)DFWRU\��4D]YLQ

��

1XWULWLRQ�KDV�EHHQ�WKH�FRUQHUVWRQH�RI�1HVWOp�VLQFH�

�����ZKHQ�+HQUL�1HVWOp�GHYHORSHG�KLV�ILUVW�LQIDQW�

FHUHDO�WR�VDYH�WKH�OLIH�RI�KLV�QHLJKERXU¶V�FKLOG�

ZKR�ZDV�XQDEOH�WR�EUHDVWIHHG�DQG�VXIIHUHG�IURP�

PDOQXWULWLRQ���

)RXQGHG�LQ�6ZLW]HUODQG��1HVWOp�RSHUDWHV�LQ�DOPRVW�

����FRXQWULHV�DQG�HPSOR\V�DOPRVW���������SHRSOH�

DOO�RYHU�WKH�ZRUOG�

*OREDOO\��1HVWOp�KDV�WKH�ODUJHVW�UHVHDUFK�DQG�

GHYHORSPHQW��5	'��RUJDQLVDWLRQ�FRPSDUHG�ZLWK�

DQ\�RWKHU�IRRG�FRPSDQ\��ZLWK�DERXW�������SHRSOH�

LQYROYHG�LQ�5	'��DV�ZHOO�DV�D�QXPEHU�RI�UHVHDUFK�

SDUWQHUVKLSV�ZLWK�EXVLQHVVHV�DQG�XQLYHUVLWLHV��7KH�

&RPSDQ\�KDV����5	'�DQG�3URGXFW�7HFKQRORJ\�

&HQWUHV�DURXQG�WKH�ZRUOG��ZKLFK�GHYHORS�

LQQRYDWLYH�WHFKQRORJLHV�DQG�PDQXIDFWXULQJ�

SURFHVVHV�WKDW�IRUP�WKH�EDVLV�RI�QHZ�SURGXFW�

GHYHORSPHQW��DQG�DUH�DSSOLHG�LQ�RSHUDWLRQV��7KH�5	'�FHQWUHV�

KDYH�ERWK�JOREDO�DQG�ORFDO�UROHV��E\�PHHWLQJ�UHJLRQDO�QHHGV�DQG�

SURYLGLQJ�WHFKQLFDO�H[SHUWLVH�LQ�VSHFLILF�DUHDV�

)RU�QHDUO\�����\HDUV��1HVWOp�KDV�EHHQ�FRPPLWWHG�WR�HQKDQFLQJ�

SHRSOH¶V�OLYHV�ZKHUHYHU�WKH\�PD\�OLYH�E\�RIIHULQJ�WKH�KLJKHVW�

TXDOLW\�RI�WDVW\�DQG�KHDOWK\�IRRG�DQG�EHYHUDJH�FKRLFHV�DW�DOO�VWDJHV�RI�

OLIH�DQG�DW�DOO�WLPHV�RI�WKH�GD\��

7KH�:RUOG¶V�/HDGLQJ�
1XWULWLRQ��+HDOWK�DQG�
:HOOQHVV�&RPSDQ\

2XU�KHULWDJH�LQ�WKH�0LGGOH�(DVW�JRHV�EDFN�RYHU����

\HDUV�WR������ZKHQ�WKH�ILUVW�LPSRUW�RSHUDWLRQ�ZDV�

VHW�XS�LQ�/HEDQRQ��%XLOGLQJ�D�IRXQGDWLRQ�RI�WUXVW�

DPRQJ�FRQVXPHUV�KDV�VLQFH�PDGH�XV�WKH�UHJLRQ¶V�

OHDGLQJ�1XWULWLRQ��+HDOWK�DQG�:HOOQHVV�&RPSDQ\��

7RGD\��1HVWOp�RZQV�DQG�RSHUDWHV����IDFWRULHV�

WKDW�FDWHU�WR�WKH�UHJLRQ��DQG�SURYLGHV�GLUHFW�

HPSOR\PHQW�WR�PRUH�WKDQ��������SHRSOH��PRUH�

WKDQ�KDOI�RI�ZKRP�ZRUN�IRU�1HVWOp�:DWHUV��1HVWOp�

DOVR�SURYLGHV�LQGLUHFW�HPSOR\PHQW�WR�VHYHUDO�

WKRXVDQG�PRUH�

7KH�1HVWOp�0LGGOH�(DVW�HQWLW\�LWVHOI�ZDV�IRUPHG�

LQ�������ZLWK�KHDGTXDUWHUV�LQ�WKH�8QLWHG�$UDE�

(PLUDWHV��FRQVROLGDWLQJ�WKH�&RPSDQ\¶V�SUHVHQFH�

LQ�WKH�*XOI�&RRSHUDWLRQ�&RXQFLO��%DKUDLQ��.XZDLW��

2PDQ��4DWDU��6DXGL�$UDELD��DQG�WKH�8QLWHG�$UDE�

(PLUDWHV���/HYDQW��/HEDQRQ��-RUGDQ��3DOHVWLQH��DQG�

6\ULD���,UDQ��,UDT�DQG�<HPHQ�ă�FRYHULQJ�D�SRSXODWLRQ�RI�RYHU�����

PLOOLRQ��:LWK�WRWDO�LQYHVWPHQWV��RI�86������PLOOLRQ�RYHU�WKH�ODVW�

ILYH�\HDUV��IRU�1HVWOp��WKH�0LGGOH�(DVW�PHDQV�JURZWK��IXWXUH�

SRWHQWLDO��WDOHQW��DQG�LQQRYDWLRQ��,W�DOVR�PHDQV�D�FKDOOHQJLQJ�

EXVLQHVV��FRQVLGHULQJ�VHFXULW\�DQG�SROLWLFDO�YRODWLOLW\�LQ�WKH�

UHJLRQ��ZKLFK�UHIOHFWV�GLUHFWO\�RQ�WKH�ZHOOEHLQJ�RI�LWV�SHRSOH��

2QH�ZRUG�WKDW�OLNHO\�VXPV�WKH�UHJLRQ�XS�IRU�XV�LV�³GLYHUVLW\´��EHFDXVH�

WKDW�LV�ZKDW�WKH�0LGGOH�(DVW�LV�DERXW�LQ�HYHU\�ZD\��KRPH�WR�GHYHORSHG�

DQG�HPHUJLQJ�HFRQRPLHV�ZLWK�DIIOXHQW�SRSXODWLRQV�DV�ZHOO�DV�PDQ\�

ZKR�KDYH�YHU\�OLWWOH��D�PDMRULW\�RI�\RXQJ�SRSXODWLRQ�PL[LQJ�ZLWK�JURZLQJ�

1HVWOp�LQ�WKH�0LGGOH�
(DVW

+HQUL�1HVWOp

1HVWOp�+HDGTXDUWHUV�LQ�9HYH\��6ZLW]HUODQG�



��

&UHDWLQJ�6KDUHG�9DOXH���1HVWOp�0LGGOH�(DVW�������

1HVWOp�0DQXIDFWXULQJ�LQ�WKH�0LGGOH�(DVW�

)RRG�)DFWRULHV
1HVWOp�'XEDL�0DQXIDFWXULQJ�LQ�7HFKQR�3DUN

0LON�3RZGHU�DQG�&KRFRODWH�

1HVWOp�,UDQ�0DQXIDFWXULQJ�LQ�4D]YLQ
,QIDQW�&HUHDOV��,QIDQW�)RUPXOD��3RZGHUHG

%HYHUDJHV��&RIIHH�0L[HV�DQG�&XOLQDU\�3URGXFWV��

$O�0DKD�)DFWRU\�LQ�'XEDL�6RXWK
&XOLQDU\�3URGXFWV��&RIIHH�0L[HV

:DWHU�IDFWRULHV

86������0LOOLRQ

����

,QYHVWPHQW�LQ�,�5��,UDQ
6LQFH�����

)DFWRULHV�$FURVV�WKH�&RXQWU\(PSOR\HHV�DFURVV�WKH�&RXQWU\

&UHDWLQJ
6KDUHG�9DOXH
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2XU�3XUSRVH
(QKDQFLQJ�TXDOLW\�RI�OLIH

DQG�FRQWULEXWLQJ�WR�D�KHDOWKLHU�IXWXUH

��

&UHDWLQJ�6KDUHG�9DOXH���1HVWOp�0LGGOH�(DVW�������

1HVWOp�0DQXIDFWXULQJ�LQ�WKH�0LGGOH�(DVW�

)RRG�)DFWRULHV
1HVWOp�'XEDL�0DQXIDFWXULQJ�LQ�7HFKQR�3DUN

0LON�3RZGHU�DQG�&KRFRODWH�

1HVWOp�,UDQ�0DQXIDFWXULQJ�LQ�4D]YLQ
,QIDQW�&HUHDOV��,QIDQW�)RUPXOD��3RZGHUHG

%HYHUDJHV��&RIIHH�0L[HV�DQG�&XOLQDU\�3URGXFWV��

$O�0DKD�)DFWRU\�LQ�'XEDL�6RXWK
&XOLQDU\�3URGXFWV��&RIIHH�0L[HV

:DWHU�IDFWRULHV

86������0LOOLRQ

����

,QYHVWPHQW�LQ�,�5��,UDQ
6LQFH�����

)DFWRULHV�$FURVV�WKH�&RXQWU\(PSOR\HHV�DFURVV�WKH�&RXQWU\

&UHDWLQJ
6KDUHG�9DOXH
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1HVWOp
V�-RXUQH\�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ

1995 2001 2003 2004 2005 2007 2008 2010 2011

•   Importation and sales 
of MAGGI® Culinary 
and PETCARE® Pet 
Food

•   Importation and 
sales  of 
NESCAFÉ® & 
COFFEE-MATE®

•   Production and 
sales of NESTLÉ 
CERELAC®  infant 
cereal

•   Production and 
sales of NESTLÉ 
GUIGOZ® infant 
formula in Qazvin 
province

•   Received 
investment 
decree on 9WK  
September

•   The presense of Nestlé 
products in the I.R. Iran 
go back to past decades

•   Nestlé was registered in 
the Islamic Republic of 
Iran

•   Production and sales of NESTLÉ NAN® 
infant formula

•   Exportation of NESTLÉ NAN® and NESTLÉ 
CERELAC®

•   Importation and sales of Nestlé Breakfast 
Cereals; NESTLÉ FITNESS®, NESTLÉ CORN 
FLAKES®, NESTLÉ CHOCAPIC® and 
LION®

•   Nestlé Waters S.A France invested in 
bottled water and started the production of 
NESTLÉ PURE LIFE®

•  Entry of NESTLÉ 
PROFESSIONAL®

•   Exportation of 
NESTLÉ NAN3® 
infant formula to 
Middle East 
Countries
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2012 2014 2015 2016 2017 2018 2019 2020

•   Started the responsible 
sourcing journey with 
the aim of sourcing 
milk from local 
suppliers.

•  Through this project, 
Nestlé Iran invested in 
a fresh milk reception 
site in Qazvin province.

sales of NESTLÉ 
GUIGOZ® infant 
formula in Qazvin 

•   Export of NESTLÉ GUIGOZ®  
infante formula

•   NUTRIBITES® Project
•   Launch of Nestlé Sales 

Academy
•   Production and sales of NESTLÉ 

NANKID® infant formula
•   Winner of I.R. Iran's national 

award for Corporate Social 
Responsibility

•   Started the Manure 
Management project in dairy 
farms

•   Reduction of plastic in the 
bottled water packaging

•   Investment in production and 
packaging site for NESCAFÉ® 
coffee and MAGGI® culinary 
products and its production site 
groundbreaking

•   Production and sales 
of NESQUIK® 
Chocolate Powder 
and NESCAFÉ® 
Instant Coffee 
powder in Qazvin 
province

•   Top exporter of Qazvin province
•   Inauguration of fresh milk 

reception facilities at Nestlé 
factory

•   Fresh milk local sourcing
•   Launch of YOUth initiative with 

Tehran University, Management 
Faculty

•   Importation and sales of 
PERRIER® Sparkling Mineral 
Water

•   Importation and 
sales of NESTLÉ 
HEALTH 
SCIENCE®

•   Opening of the 
production unit for 
culinary, cooking aid 
and ready-made 
food products at 
Nestlé factory in 
Qazvin province 

•   Unveiling of the 
second responsible 
sourcing book, 
wastewater 
management in the 
husbandry industry

•   Started invesment on the 
“Going Beyond Zero” Project 

•   Entering into Dairy Industry 
and local production of 
Flavored UHT milk

•   Launch of WET Project
•   Started CRP 2.0 for the 

communities around Polour 
factory and installing Siah Chal 
tank

•   Unveiling of the Responsible 
Sourcing (RISE) Book

•   Nestlé Iran launches efforts in 
line with its water stewardship 
commitments

•   Perspolis Distribution Project for 
the improvement of service 
provision towards consumers 

•   Production and sales of SMA® 
infant formula

•   Nestlé Iran's attempts in line 
with its water stewardship 
commitments

•   “Alliance for YOUth” Project
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���6WRUDJH�DQG�SURFHVVLQJ�LQ�WKH�IRUP�RI�DQDHURELF�OLTXLG��LQ�GHHS�WDQNHUV��ZKHUH�

WKH�PDQXUH�ZLOO�EH�DEOH�WR�IHUPHQW�LQ�WKH�DEVHQFH�RI�R[\JHQ�

���$�PL[�RI�WKH�VLPXOWDQHRXV�FRQVXPSWLRQ�PHWKRG��OLTXLG�VWRUDJH��

DQG�WUDQVLWLRQ�VXUSOXV�WR�WUHDWPHQW�SKDVH�DQG�UHF\FOLQJ��,W�LV�ZRUWK�

PHQWLRQLQJ�WKDW�WKLV�PHWKRG�KDV�EHHQ�LPSOHPHQWHG�LQ�6DOHKL�DQG�

6DIIDUL�GDLU\�IDUP��&KDOWDVLDQ���7KLV�PHWKRG�LV�RI�JUHDW�KHOS�WR�WKH�

GDLU\�IDUPV¶�VHZDJH��ZDVWHZDWHU�DQG�ZDVWH�PDQDJHPHQW��DV�

ZHOO�DV�UHGXFLQJ�SURGXFWLRQ�FRVWV��DQG�LQFUHDVLQJ�VXVWDLQDELOLW\�LQ�

DJULFXOWXUDO�SURGXFWLRQ����,QVWUXFWLRQ
:DWHU�KDV�EHHQ�RQH�RI�WKH�PDMRU�UHDVRQV�EHKLQG�WKH�IRUPDWLRQ�RI�

KXPDQ�FRPPXQLWLHV��,UDQ�LV�RQH�RI�WKH�FRXQWULHV�ZKHUH�VXSSO\LQJ�

ZDWHU�IRU�YDULRXV�SXUSRVHV�LV�DPRQJ�DXWKRULWLHV¶�PDMRU�FRQFHUQV��LQ�

OLQH�ZLWK�WKHLU�VXVWDLQDEOH�GHYHORSPHQW�FRPPLWPHQWV��$�FRQVLGHUDEOH�

DPRXQW�RI�,UDQ¶V�ZDWHU�UHVRXUFHV�LV�FXUUHQWO\�QRW�XVHG�GXH�WR�LWV�ORZ�

TXDOLW\��GXH�WR�WKH�SHQHWUDWLRQ�RI�ZDVWHZDWHU���DQG�QRQ�FRPSOLDQFH�ZLWK�

HQYLURQPHQWDO�UHJXODWLRQV��,W�LV�EHOLHYHG�WKDW�WKH�SDUWV�RI�WKHVH�UHVRXUFHV�

ZLWK�IHZHU�TXDOLW\�SUREOHPV�DQG�FDSDEOH�RI�EHLQJ�WUHDWHG�XVLQJ�SURSHU�

PHWKRGV��VKRXOG�EH�LQFOXGHG�LQ�:DWHU�5HVRXUFHV�'HYHORSPHQW�DQG�

(IILFLHQF\�SURJUDPV��,I�ZH�FRQVLGHU�ZDVWHZDWHU�DQG�VHZDJH�GLVSRVDO�

LQ�WKH�HQYLURQPHQW�DV�D�FDXVH�RI�SROOXWLRQ��SODQQLQJ�IRU�WKHLU�WUHDWPHQW�

FDQ�EH�UHJDUGHG�DV�RQH�RI�WKH�VXEMHFWV�UHODWHG�WR�$UWLFOH����RI�WKH�

&RQVWLWXWLRQ��8VLQJ�FKHPLFDO�IHUWLOL]HUV��LV�RQH�RI�WKH�ZD\V�RI�IHHGLQJ�

FURSV��EXW�FRQVLGHULQJ�WKH�ULVH�LQ�WKHLU�SULFH�DV�ZHOO�DV�WKHLU�HQYLURQPHQWDO�

GLVDGYDQWDJHV�UHVXOWLQJ�IURP�WKHLU�LQDSSURSULDWH�DSSOLFDWLRQ��WKH�WHQGHQF\�

WRZDUGV�XVLQJ�RUJDQLF�IHUWLOL]HUV�KDV�LQFUHDVHG����

7KHUHIRUH��XVLQJ�D�PL[WXUH�RI�FKHPLFDO�IHUWLOL]HUV�DQG�RUJDQLF�UHVRXUFHV�

FDQ�UHVXOW�LQ�OHVV�UHOLDQFH�IURP�WKH�VLGH�RI�SURGXFWLRQ�VHFWLRQ�RQ�FKHPLFDO�

IHUWLOL]HUV�DQG�D�KLJKHU�VXVWDLQDELOLW\�LQ�SURGXFWLRQ�DV�ZHOO�DV�D�ERRVW�LQ�WKH�

VWUXFWXUDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�VRLO��&RQVHTXHQWO\��LQ�OLQH�ZLWK�

LPSOHPHQWLQJ�D�PL[HG�QXWULWLRQ�RI�FURSV��XVLQJ�YDULRXV�RUJDQLF�PDWHULDOV�VXFK�

DV�OLTXLG�OLYHVWRFN�IHUWLOL]HUV�GHULYHG�IURP�GDLU\�IDUP�VHSDUDWRUV�LV�QHFHVVDU\��

/LYHVWRFN�PDQXUH��FRQWDLQV�FRQVLGHUDEOH�DPRXQWV�RI�QXWULWLRQDO�IDFWRUV��

WKH�SURWHFWLRQ�RI�ZKLFK�IURP�ZKHUH�LW�LV�SURGXFHG�WR�ZKHUH�LW�LV�VXSSOLHG�

WR�FURSV��LV�ERWK�HFRQRPLFDOO\�DQG�HQYLURQPHQWDOO\�LPSRUWDQW��

/LYHVWRFN�PDQXUH�LV�UHJDUGHG�QRW�DV�ZDVWH�EXW�DV�DQ�HFRQRPLFDO�JRRG�

�0RUDGL�	�$PLQLDQ���������'XULQJ�WKH�SDVW�\HDUV��VHYHUDO�H[SHULPHQWV�KDYH�

EHHQ�FRQGXFWHG�RQ�WKH�HIIHFW�RI�VROLG�PDQXUH�EHLQJ�XVHG�DV�D�IHUWLOL]HU�

RQ�WKH�SHUIRUPDQFH�RI�DJULFXOWXUDO�SURGXFWV�VXFK�DV�ZKHDW��6KDKED]LDQ�

	�FROOHDJXHV���������VXJDU�EHHW��-DYDKHUL�	�FROOHDJXHV���������FRWWRQ�

�*KDUDQMLNL���������UDSHVHHG��3RX]HVK�6KLUD]L�	�FROOHDJXHV���������WRPDWR�

�.KRXJDU���������FDQWDORXSH��6LOHVSRXU���������DQG�RQLRQ��%D\�ERUGL��������

:KHQ�OLYHVWRFN�DUH�NHSW�LQ�HQFORVHG�SODFHV��PDQDJLQJ�PDQXUH�JDLQV�D�

VLJQLILFDQW�SRVLWLRQ��,Q�JHQHUDO�ILYH�PDQDJHPHQW�V\VWHPV�DUH�HPSOR\HG�IRU�

XVLQJ�OLYHVWRFN�IHUWLOL]HUV�

���'DLO\�FROOHFWLRQ�DQG�GLVWULEXWLRQ�RI�PDQXUH�ZKLFK�LV�XVXDOO\�QRW�

LPSOHPHQWHG�

���&ROOHFWLRQ�DQG�FRPSDFWLRQ�RI�PDQXUH�LQ�SLOHV��ZKHUH�WKH�FKDQFH�RI�

GHFRPSRVLWLRQ�SDUWO\�LQFUHDVHV��SULRU�WR�GLVWULEXWLRQ�

���6WRUDJH�DQG�SURFHVVLQJ�LQ�SRROV�HTXLSSHG�ZLWK�YHQWLODWLRQ��ZKHUH�WKH�

R[LGDWLRQ�RI�RUJDQLF�PDWHULDO�LV�SURYLGHG��RU�R[\JHQ�LV�FRPELQHG�ZLWK�

OLTXLG�PDQXUH�

'LVFODLPHU�
7KLV�LV�D�JXLGHERRN��QRW�D�UXOHERRN��7KHUHIRUH��QRQH�RI�WKH�OHJDO�

FRQGLWLRQV�FDQ�EH�FKDQJHG�RU�UHSODFHG��7KH�LQIRUPDWLRQ�LQ�WKLV�

JXLGHERRN�FDQQRW�EH�FRQVLGHUHG�DV�UXOHV��
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���7KH�1HFHVVLW\�RI�8VLQJ�0DQXUH�LQ�
$JULFXOWXUDO�)DUPV
7KH�LQFUHDVLQJ�XVH�RI�FKHPLFDO�IHUWLOL]HUV��IDLOLQJ�WR�UHWXUQ�SODQW�UHVLGXHV�

WR�WKH�VRLO�DQG�EXUQLQJ�WKHVH�UHVLGXHV��KDV�UHVXOWHG�LQ�D�FRQVLGHUDEOH�

GHFUHDVH�LQ�WKH�VPDOO�DPRXQW�RI�RUJDQLF�PDWHULDO�SUHVHQW�LQ�WKH�VRLO�RQ�

DQ�DQQXDO�EDVLV��7KLV�DOVR�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�QRQ�FXOWLYDWLQJ�VRLO�

OXPSV��8VLQJ�DSSURSULDWH�PDQDJHPHQW�PHWKRGV��EDVHG�RQ�WKH�UHJLRQ¶V�

FOLPDWH��DQG�XVLQJ�RUJDQLF�FRUUHFWLQJ�PDWHULDOV�FDQ�KHOS�DPHOLRUDWH�

VXFK�FRQGLWLRQV��7KH�SUHVHQWHG�VWDWLVWLFV�LQ�WKH�UHFHQW�\HDUV��VKRZ�D�

FRQVLGHUDEOH�GHFUHDVH�RI�RUJDQLF�PDWWHU�LQ�,UDQ¶V�DJULFXOWXUDO�VRLO��0RUH�

WKDQ����SHUFHQW�RI�,UDQ¶V�VRLO��RQO\�KDV�OHVV�WKDQ���SHUFHQW�RI�RUJDQLF�

FDUERQ��%HODOL�	�&ROOHDJXHV���������7KH�DYHUDJH�RI�RUJDQLF�PDWWHU�

SUHVHQW�LQ�,UDQ¶V�VRLO�LV�DSSUR[LPDWHO\�����SHUFHQW��DQG�LQ�VRPH�UHJLRQV�

PXFK�ORZHU�WKDQ�WKDW��7KLV�LV�ZKLOH�KLJK�TXDOLW\�VRLO�VKRXOG�FRQWDLQ

��SHUFHQW�RI�RUJDQLF�FDUERQ�LQ�WKH�VRLO�VXUIDFH��6DPDYDW��������

6XFK�FRQGLWLRQV�LQ�WKH�VRLO�RI�RXU�FRXQWU\�FDQ�GRXEWOHVVO\�UHGXFH�WKH�

IHUWLOLW\�RI�VRLO�DQG�UHQGHU�DQ�LQFUHDVH�LQ�SURGXFWLRQ�DQG�VXVWDLQDELOLW\�

IDUIHWFKHG�RU�DOPRVW�XQDFKLHYDEOH��,Q�WKH�UHVLVWLYH�HFRQRP\�SURJUDP�

LQ�WKH�ILHOG�RI�DJULFXOWXUH��WKH�LQFUHDVH�RI�VRLO¶V�RUJDQLF�PDWWHU�FRQWHQW�

LV�VXJJHVWHG�DV�D�VROXWLRQ�IRU�REWDLQLQJ�VXVWDLQDELOLW\�LQ�WKH�IHUWLOLW\�

RI�VRLO�DQG�DJULFXOWXUDO�SURGXFWV��7KH�UHVXOWV�IURP�UHVHDUFKHV�VKRZ�

WKDW�PXFK�RI�WKH�DJULFXOWXUDO�VRLOV�LQ�WKH�ZRUOG�DOVR�KDYH�IHUWLOLW\�

SUREOHPV��WKH�PDLQ�UHDVRQ�RI�ZKLFK�LV�WKHVH�ODQGV¶�ORZ�RUJDQLF�PDWWHU�

FRQWHQW��2Q�WKH�RWKHU�KDQG��WKH�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLO�LV�

GLUHFWO\�UHODWHG�WR�SODQWV¶�SHUIRUPDQFH��+RZHYHU��WKH�FRQGLWLRQV�RI�

DOPRVW�DOO�DJULFXOWXUDO�ODQGV�RI�WKH�FRXQWU\�DUH�FULWLFDO�LQ�WHUPV�RI�WKHLU�

RUJDQLF�PDWWHU�FRQWHQW��DQG�SD\LQJ�DWWHQWLRQ�WR�WKLV�LVVXH�FDQ�KDYH�D�

FRQVLGHUDEOH�UROH�LQ�WKH�LQFUHDVH�RI�SURGXFWLRQ�SRWHQWLDO�LQ�DJULFXOWXUDO�

IDUPV��6DPDYDW���������,Q�DJULFXOWXUDO�HFRV\VWHPV��ZDWHU�DQG�IHUWLOL]HUV�

DUH�WZR�NH\�GHWHUPLQDQW�IDFWRUV��DIIHFWLQJ�WKH�JURZWK�DQG�SHUIRUPDQFH�

RI�DJULFXOWXUDO�SURGXFWV��,Q�PDQ\�GHYHORSLQJ�FRXQWULHV��WKH�FRQVWDQW�

H[SORLWDWLRQ�RI�SODQWV�IURP�VRLO¶V�QXWULWLRQDO�VXSSOLHV��ZLWKRXW�DQ\�

SURSHU�RU�VXIILFLHQW�VXEVWLWXWLRQ�KDV�UHVXOWHG�LQ�D�GHFUHDVH�LQ�WKH�VRLO¶V�

IHUWLOLW\��,Q�VXFK�FRQGLWLRQV��XVLQJ�FKHPLFDO�IHUWLOL]HUV�DV�WKH�IDVWHVW�ZD\�

WR�FRPSHQVDWH�IRU�WKH�QXWULWLRQDO�VKRUWDJHV�DQG�VRLO�IHUWLOLW\��VHHPV�

HVVHQWLDO��%XW�WKH�KLJK�FRVWV�RI�FKHPLFDO�IHUWLOL]HUV�LQ�WKH�SURSRVHG�

SRUWLRQV��DV�ZHOO�DV�WKH�UHVXOWLQJ�VRLO�DQG�ZDWHU�FRQWDPLQDWLRQ�IURP�

PDQ�PDGH�FKHPLFDOV��KDV�JLYHQ�ZD\�WR�DQ�LQFUHDVLQJ�GHPDQG�IRU�

RUJDQLF�IHUWLOL]HUV��%UXVDUG�DQG�)HUUHUD�&HQDWR���������&RQWUDU\�WR�WKHLU�

VLJQLILFDQW�HIIHFW�RQ�VRLO¶V�IHUWLOLW\�DQG�ERRVW�RI�DJULFXOWXUDO�SURGXFWV��LI�

XVHG�LQ�DQ�XQFRQWUROOHG�DQG�QRQ�VFLHQWLILF�ZD\��WKH\�FDQ�FDXVH�D�GURS�

LQ�WKH�TXDOLW\�DQG�D�GLVUXSWLRQ�LQ�WKH�IXQFWLRQLQJ�RI�DJULFXOWXUDO�VRLOV��

DQG�FRQVHTXHQWO\�D�GHFUHDVH�LQ�WKH�JURZWK�RI�SODQWV�DQG�DJULFXOWXUDO�

SURGXFWV��%ODLVH�DW�DO����������(YHQ�WKRXJK�XVLQJ�PLQHUDO�IHUWLOL]HUV�

VHHPV�WR�EH�WKH�IDVWHVW�DQG�PRVW�UHOLDEOH�ZD\�RI�LQFUHDVLQJ�WKH�VRLO¶V�

IHUWLOLW\��KLJK�FRQVXPSWLRQ�FRVWV�DQG�WKH�SROOXWLRQ�DQG�GHVWUXFWLRQ�

FDXVHG�WR�WKH�HQYLURQPHQW�DQG�VRLO��DUH�ZRUU\LQJ�VXEMHFWV��$FFRUGLQJO\��

D�IXOO�XVH�RI�WKH�H[LVWLQJ�UHQHZDEOH�DQG�RUJDQLF�QXWULWLRQDO�VRXUFHV�

�RUJDQLF�DQG�ELRORJLFDO���DORQJ�ZLWK�DQ�RSWLPXP�XVH�RI�PLQHUDO�PDWWHUV��

FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�PDLQWDLQLQJ�WKH�VRLO¶V�IHUWLOLW\��VWUXFWXUH�

DQG�YLWDO�DFWLYLWLHV��=RXOHK���������1HYHUWKHOHVV��FKHPLFDO�IHUWLOL]HUV�

FDQQRW�EH�RPLWWHG�IURP�DJULFXOWXUDO�HFRV\VWHPV�DW�RQFH��7KH�PHWKRG�RI�

XVLQJ�UHQHZDEOH�DQG�QDWXUDO�PDWHULDOV�ZLWK�RUJDQLF�RULJLQV��DORQJ�ZLWK�

DQ�RSWLPL]HG�XVH�RI�FKHPLFDO�IHUWLOL]HUV��DUH�VLJQLILFDQWO\�HIIHFWLYH�LQ�

PDLQWDLQLQJ�WKH�IHUWLOLW\��VWUXFWXUH��ELRORJLF�DFWLYLWLHV��FDWLRQLF�H[FKDQJH�

FDSDFLW\��ZDWHU�VWRUDJH�FDSDFLW\��DQG�ILQDOO\�WKH�FKHPLFDO�DQG�SK\VLFDO�

VWUXFWXUH�RI�VRLO��'DPRGDU�HW�DO���������

$W�SUHVHQW��LQ�DOO�LQGXVWULDO�GDLU\�IDUPV��FRQVLGHUDEOH�DPRXQWV�RI�OLTXLGV�

FRQWDLQLQJ�QXWULWLRQDO�HOHPHQWV�DUH�SURGXFHG�RQ�D�GDLO\�EDVLV��7KLV�

OLTXLG�LV��LQ�IDFW��WKH�VROLG�H[WUDFW�RI�PDQXUH��XULQH��DQG�WKH�OLTXLGV�IURP�

OLYHVWRFN�EHGGLQJ�ZDVK��DV�ZHOO�DV�WKH�OLTXLG�IURP�PLONLQJ�KDOOV�ZDVK��

ZKLFK�LV�XQGHUWDNHQ�E\�VHSDUDWRUV��$W�PRVW�GDLU\�IDUPV��WKLV�OLTXLG�LV�

UHOHDVHG�LQ�QDWXUH��DQG�GXH�WR�LWV�KLJK�%2'�DQG�&2'�FRQWHQW��WKH�DFW�RI�

GLVSRVLQJ�LW�LQ�WKH�HQYLURQPHQW�DQG�LQWR�VXUIDFH�ZDWHUV�ZLWKRXW�SK\VLFDO�

DQG�FKHPLFDO�WUHDWPHQW�LV�FRQVLGHUHG�LOOHJDO�DQG�VXEMHFW�WR�KHDY\�

SXQLVKPHQW��2Q�WKH�RWKHU�KDQG��WKH�UHVXOWV�REWDLQHG�IURP�FKHPLFDO�

DQDO\VLV�KDYH�VKRZQ�WKDW�WKLV�OLTXLG�FRQWDLQV�QXWULWLRQDO�HOHPHQWV��

DQG�FDQ�EH�UHXVHG�LQ�WKH�SURGXFWLRQ�F\FOH��KHOSLQJ�LPSURYH�WKH�SODQWV�

SHUIRUPDQFH��3DUW�RI�WKLV�ZDVWHZDWHU�LV�DOVR�UHF\FODEOH�

���$�6WXG\�RI�/RFDO�DQG�,QWHUQDWLR�
QDO�&DVH�6WXGLHV�RI�8VLQJ�:DVWH�
DQG�5HF\FODEOH�:DWHU�LQ�$JULFXOWXUH
����/RFDO�6WXGLHV
%HIRUH�VWDUWLQJ�WKH�GLVFXVVLRQ��LW�LV�HVVHQWLDO�WR�NQRZ�WKDW�VLQFH�WKHUH�

LV�QR�PRGHO�RI�XVLQJ�UHF\FOHG�ZDWHU�LQ�WKH�LQGXVWU\�RI�DQLPDO�KXVEDQGU\�

LQ�,UDQ��IRU�WKH�DQDO\VLV�RI�ORFDO�VWXGLHV��WKH�UHFRUGV�IURP�XUEDQ�DQG�

LQGXVWULDO�VHZDJH�ZHUH�XWLOL]HG���

6LQFH�D�YHU\�ORQJ�WLPH�DJR��KXPDQ�EHLQJV�XVHG�UHF\FOHG�ZDWHU�DQG

ZDVWHZDWHUV�LQ�DJULFXOWXUH��7KH�H[LVWLQJ�GDWD�VKRZV�WKDW�LQ�WKH�WHQWK�

FHQWXU\��LQ�WKH�VXEXUEV�RI�WKH�FLW\�RI�,VIDKDQ��ZDVWHZDWHU�ZDV�XVHG�



��

KDYH�VWDUWHG�LQ�WKH�UHFHQW�RQH�RU�WZR�GHFDGHV��,Q�D�VHFWLRQ�RI�WKHVH�

VWXGLHV��WKH�PDLQ�IRFXV�LV�RQ�WKH�HQYLURQPHQWDO�HIIHFWV�RI�XVLQJ�WKHVH�

UHVRXUFHV��DQG�LQ�RWKHU�UHVHDUFKHV�WKH�LQIOXHQFH�RI�XVLQJ�WKHP�RQ�

WKH�TXDOLW\�DQG�TXDQWLW\�RI�FURSV�LV�DQDO\]HG��,Q�WKH�IROORZLQJ�WDEOH�D�

VXPPDU\�RI�WKH�VFLHQWLILF�DQG�UHVHDUFK�H[SHULHQFHV�RI�XVLQJ�ZDVWH�DQG�

UHF\FOHG�ZDWHUV�LQ�GLIIHUHQW�SDUWV�RI�,UDQ�VKRZ�WKDW�XVLQJ�WKLV�UHVRXUFH��

LPSURYHV�SODQWV�SHUIRUPDQFH��ZLWKRXW�KDYLQJ�DQ\�QHJDWLYH�LQIOXHQFH�RQ�

VRLO�FKDUDFWHULVWLFV�DQG�SHUPHDELOLW\��

LQ�DJULFXOWXUH��,Q�WKH�SDVW��XVLQJ�ZDVWHZDWHU�ZDV�PDMRUO\�GRQH�ZLWK�

WKH�DLP�RI�LPSURYLQJ�WKH�IHUWLOLW\�RI�ODQGV��ZKLOH�DW�SUHVHQW�WKH�PDLQ�

PRWLYDWLRQ�LV�ZDWHU�VKRUWDJH��

&RQVLGHULQJ�WKH�H[WHQW�RI�ZHOFRPH�DQG�DOVR�WKH�QHHG�IRU�XVLQJ�

UHF\FOHG�DQG�ZDVWHZDWHU�LQ�DJULFXOWXUH��DW�SUHVHQW�PRVW�VHZDJH�

WUHDWPHQW�SODQWV�LQ�WKH�FRXQWU\�DUH�GHVLJQHG�DQG�IXQFWLRQ�ZLWK�WKH�DLP�

RI�UHXVLQJ�WUHDWHG�ZDWHUV�LQ�DJULFXOWXUH�VHFWLRQ��'HVSLWH�WKH�KLVWRU\�

RI�XVLQJ�ZDVWHZDWHU�LQ�,UDQ��UHVHDUFKHV�RQ�WKH�HIIHFWV�RI�WKLV�DFWLRQ�

7DEOH�1R�����$�VXPPDU\�RI�VFLHQWLILF�DQG�UHVHDUFK�H[SHULHQFHV�IURP�XVLQJ�ZDVWH�DQG�UHF\FOHG�ZDWHUV�LQ�GLIIHUHQW�SDUWV�RI�,UDQ�

6XEMHFW 5HVXOW

,QYHVWLJDWLQJ�WKH�FRQVHTXHQFHV�IURP�LUULJDWLQJ�WKH�ILHOGV�ZLWK�
ZDVWHZDWHU�RQ�WKH�FKHPLFDO�IHDWXUHV�RI�VRLO�LQ�WKH�UHJLRQ�RI�
%RUNKDU��,VIDKDQ��DQG�WKH�DFFXPXODWLRQ�RI�D�IHZ�HOHPHQWV�LQ�
DOIDOID��>��@

7KH�UHVHDUFK�SURYHG�WKDW�VHYHQ�\HDUV�RI�LUULJDWLRQ�ZLWK�ZDVWHZDWHU�KDV�OHG�WKH�VDOLQH�DQG�
VRGLXP�VRLO�LQ�WKH�UHJLRQ�WR�WXUQ�LQWR�ORDP��UHJDUGOHVV�RI�DQ\�IXUWKHU�WUHDWPHQW��0RUHRYHU��
VXFK�PHDVXUHV�GHFUHDVHG�WKH�RYHUDOO�VRGLXP�OHYHO�RI�WKH�VRLO�DQG�WKH�VDOLQLW\�RI�VROXEOH�
VRGLXP�E\�D�VLJQLILFDQW�DPRXQW��7KLV�LV�ZKLOH��LUULJDWLRQ�ZLWK�ZDVWHZDWHU�SURYHG�WKDW�LW�ZLOO�
QRW�KHOS�WKH�YLVFRVLW\�RI�KHDY\�PHWDO�FRQWDPLQDQWV�LQ�SODQWV�ULVH�WR�KD]DUGRXV�OHYHOV�

,QYHVWLJDWLQJ�WKH�QXPHURXV�WHFKQLTXHV�DQG�V\VWHPV�IRU�VHZDJH�
UHF\FOLQJ�DQG�XWLOL]DWLRQ�LQ�ODQG�UHYLWDOL]DWLRQ�DQG�DJULFXOWXUH��>��@

([KLELWV�WKH�IDYRUDEOH�UROH�D�V\VWHPDWLF�XVH�RI�ZDVWHZDWHU�FRXOG�KDYH��DORQJVLGH�WKH�
VLJQLILFDQW�SDUW�VRLO�DQG�ODQG�SOD\�LQ�UHILQLQJ�VHZDJH�

,QYHVWLJDWLQJ�WKH�UROH�RI�VLJQLILFDQW�IDFWRUV��LQ�HPSOR\LQJ�VHZDJH�
IRU�LUULJDWLRQ�SXUSRVHV��>��@

'LVSOD\V�WKH�DGGLWLRQDO�EHQHILWV�RI�VWDEOH�SRQGV�DQG�WKH�VLJQLILFDQW�UROH�WKH\�FDQ�
SRUWUD\�LQ�VHZDJH�UHXVH��6WXG\LQJ�VWDEOH�SRQGV�KDV�JUDQWHG�XV�ZLWK�WKH�EDVLFV�RQ�
GHVLJQLQJ�D�VWUXFWXUH�ZH�FRXOG�XVH�LQ�UHXVLQJ�ZDVWHZDWHU�KDUYHVWHG�IURP�DJULFXOWXUH�
RSHUDWLRQV�

6WXG\LQJ�WKH�UHVXOWV�IURP�HPSOR\LQJ�UHILQHG�XUEDQ�VHZDJH�DV�
LUULJDWLRQ�ZDWHU��RQ�WKH�IXQFWLRQV�RI�WRPDWR��OHWWXFH��FDUURW��DQG�
FXFXPEHU�SODQWV��>��@

,W�ZDV�UHFRUGHG�E\�WKH�VWXG\�WKDW�HPSOR\LQJ�ZDVWHZDWHU�KDV�OHG�WR�D�VLJQLILFDQW�
LQFUHDVH�LQ�WKH�IXQFWLRQDOLW\�RI�WKHVH�SODQWV��FRPSDUHG�WR�WKH�FRQWURO�JURXS��7KLV�LV�
ZKLOH��WKHUH�ZHUH�QR�VLJQV�RI�QHJDWLYH�HIIHFWV�RQ�VRLO��SDUWLFXODUO\�LWV�SHUPHDELOLW\�
RQ�QHLWKHU�RI�WKH�WUHDWPHQWV��)XUWKHUPRUH��QR�VLJQLILFDQW�JDS�ZDV�IRXQG�EHWZHHQ�
WKH�WUHDWPHQWV�UHJDUGLQJ�TXDOLW\�DQG�WKH�DFFXPXODWLRQ�RI�KHDY\�PHWDOV��&RQWUDU\�WR�
WRPDWR�DQG�FXFXPEHU�SODQWV��LUULJDWLRQ�ZLWK�ZDVWHZDWHU�LV�QRW�UHFRPPHQGHG�IRU�
FDUURW�RU�OHWWXFH�SODQWV��IURP�D�K\JLHQLF�SRLQW�RI�YLHZ�

6WXG\LQJ�WKH�HIIHFWV�RI�UHXVLQJ�7HKUDQ¶V�UHILQHU\�ZDVWHZDWHU��IRU�
LUULJDWLRQ�SXUSRVHV�LQ�WKH�IRUHVW�VXUURXQGLQJ�WKH�UHILQHU\��>��@

,W�ZDV�REVHUYHG�WKDW�ERWK�WKH�S+�OHYHO�DQG�WKH�(OHFWULFDO�&RQGXFWLYLW\��(&��LQ�WKH�IRUHVW�
VRLO��FRPSDUHG�WR�WKH�VRLO�SULRU�WR�WKH�ZDVWHZDWHU�LUULJDWLRQ��KDG�LQFUHDVHG��7KH�UHVXOWV�
REWDLQHG�DOVR�KLQWHG�WKDW�PRVW�RI�WKH�FRQWDPLQDQWV�LQ�7HKUDQ¶V�UHILQHU\�ZDVWHZDWHU�
DPRXQW�WR�VXFK�OHYHOV�WKDW�UHQGHU�WKLV�ZDVWHZDWHU�LQDSSURSULDWH�IRU�XVH�IRU�LUULJDWLRQ�
SXUSRVHV�LQ�IRUHVWV�RU�HYHQ�WR�EH�UHXVHG�LQ�WKH�UHILQHU\�IDFLOLW\�

,QYHVWLJDWLQJ�WKH�HIIHFWV�RI�WUHDWHG�XUEDQ�VHZDJH�RQ�WKH�
IXQFWLRQV�RI�FXFXPEHU�DQG�FDUURW�SODQWV�DQG�WKDW�RI�WUHDWHG�VRLO�
LQ�DUDEOH�FRQGLWLRQV��>��@

,W�ZDV�REVHUYHG�WKDW�HPSOR\LQJ�ZDVWHZDWHU�ZRXOG�UHVXOW�LQ�DQ�LQFUHDVH�LQ�WKH�
IXQFWLRQ�RI�WKH�SODQWV��ZKLFK�ZRXOG�DOVR�OHDG�WR�WKH�DFFXPXODWLRQ�RI�ERWK�PLFUR��DQG�
PDFURQXWULHQWV�LQ�WKH�VWRPDV�RI�FXFXPEHU�DQG�FDUURW�SODQWV��7KLV�ZRXOG�DOVR�FDXVH�
DQ�LQFUHDVH�LQ�WKH�YLVFRVLW\�RI�PLFUR�DQG�PDFUR�HOHPHQWV��,W�PXVW�EH�PHQWLRQHG�
WKDW�HPSOR\LQJ�ZDVWHZDWHU�DOVR�KHOSHG�LQFUHDVH�WKH�PLFURELDO�FRQWDPLQDWLRQ�LQ�WKH�
SURGXFWV�

,QYHVWLJDWLQJ�WKH�HIIHFWV�RI�WUHDWHG�XUEDQ�VHZDJH�RQ�WKH�
IXQFWLRQV�RI�WRPDWR�DQG�OHWWXFH�SODQWV��>��@

7KH�UHVXOWV�REWDLQHG�SURYHG�WKDW�LUULJDWLQJ�IDUP�ILHOGV�XVLQJ�VHZDJH�LQFUHDVHG�WKH�YLVFRVLW\�
RI�PLFUR�DQG�PDFUR�HOHPHQWV�LQ�DOO�WKH�VWRPDV�DQG�URRWVWRFNV�RI�WRPDWR�DQG�FDUURW�SODQWV��
ZKLOH�OHDYLQJ�QR�QHJDWLYH�RU�XQGHVLUDEOH�HIIHFWV�RQ�VRLO�IHDWXUHV���

$�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VWXG\�RQ�WRUUHQWV�RI�VHZDJH�LQ�
VRXWK�RI�7HKUDQ�DQG�WKHLU�WUHDWPHQW�PHWKRGRORJ\�XVLQJ�WKH�
VWDEOH�SRQGV�V\VWHP��>��@

7KH�UHVXOWV�IURP�WKH�VWXG\�LQGLFDWHG�VHZDJH�XVDELOLW\�DQG�WKH�DSSOLFDWLRQ�RI�ZDVWHZDWHU�
IRU�OLPLWHG�DQG�QRQ�OLPLWHG�LUULJDWLRQ�SXUSRVHV�

,QYHVWLJDWLQJ�WKH�FKHPLFDO��SK\VLFDO��DQG�HQYLURQPHQWDO�
FRQVHTXHQFHV�RI�D�QLQH�\HDU�ZDVWHZDWHU�LUULJDWLRQ�H[SHULPHQW�
RQ�VRLO��ZKLFK�HPSOR\HG�ZDVWHZDWHU�IURP�QRUWK�RI�,VIDKDQ��>��@

7KH�UHVXOWV�REWDLQHG�VLJQLI\�WKDW�ZDVWHZDWHU�LUULJDWLRQ�IRU�D�SHULRG�RI�QLQH�\HDUV�KDV�
UHVXOWHG�LQ�D�GHFUHDVH�LQ�WKH�DSSDUHQW�VSHFLILF�ZHLJKW�RI�VRLO��LWV�SHUPHDELOLW\��DQG�DQ�
LQFUHDVH�LQ�WKH�PRLVWXUH�OHYHO�RI�WKH�IDUP�ILHOG�FDSDFLW\��WKH�IXQFWLRQ�DQG�TXDOLW\�RI�WKH�
KDUYHVWHG�SURGXFWV��FRPSDUHG�WR�D�ILHOG�QRW�UHFHLYLQJ�ZDVWHZDWHU��

��

���7KH�1HFHVVLW\�RI�8VLQJ�0DQXUH�LQ�
$JULFXOWXUDO�)DUPV
7KH�LQFUHDVLQJ�XVH�RI�FKHPLFDO�IHUWLOL]HUV��IDLOLQJ�WR�UHWXUQ�SODQW�UHVLGXHV�

WR�WKH�VRLO�DQG�EXUQLQJ�WKHVH�UHVLGXHV��KDV�UHVXOWHG�LQ�D�FRQVLGHUDEOH�

GHFUHDVH�LQ�WKH�VPDOO�DPRXQW�RI�RUJDQLF�PDWHULDO�SUHVHQW�LQ�WKH�VRLO�RQ�

DQ�DQQXDO�EDVLV��7KLV�DOVR�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�QRQ�FXOWLYDWLQJ�VRLO�

OXPSV��8VLQJ�DSSURSULDWH�PDQDJHPHQW�PHWKRGV��EDVHG�RQ�WKH�UHJLRQ¶V�

FOLPDWH��DQG�XVLQJ�RUJDQLF�FRUUHFWLQJ�PDWHULDOV�FDQ�KHOS�DPHOLRUDWH�

VXFK�FRQGLWLRQV��7KH�SUHVHQWHG�VWDWLVWLFV�LQ�WKH�UHFHQW�\HDUV��VKRZ�D�

FRQVLGHUDEOH�GHFUHDVH�RI�RUJDQLF�PDWWHU�LQ�,UDQ¶V�DJULFXOWXUDO�VRLO��0RUH�

WKDQ����SHUFHQW�RI�,UDQ¶V�VRLO��RQO\�KDV�OHVV�WKDQ���SHUFHQW�RI�RUJDQLF�

FDUERQ��%HODOL�	�&ROOHDJXHV���������7KH�DYHUDJH�RI�RUJDQLF�PDWWHU�

SUHVHQW�LQ�,UDQ¶V�VRLO�LV�DSSUR[LPDWHO\�����SHUFHQW��DQG�LQ�VRPH�UHJLRQV�

PXFK�ORZHU�WKDQ�WKDW��7KLV�LV�ZKLOH�KLJK�TXDOLW\�VRLO�VKRXOG�FRQWDLQ

��SHUFHQW�RI�RUJDQLF�FDUERQ�LQ�WKH�VRLO�VXUIDFH��6DPDYDW��������

6XFK�FRQGLWLRQV�LQ�WKH�VRLO�RI�RXU�FRXQWU\�FDQ�GRXEWOHVVO\�UHGXFH�WKH�

IHUWLOLW\�RI�VRLO�DQG�UHQGHU�DQ�LQFUHDVH�LQ�SURGXFWLRQ�DQG�VXVWDLQDELOLW\�

IDUIHWFKHG�RU�DOPRVW�XQDFKLHYDEOH��,Q�WKH�UHVLVWLYH�HFRQRP\�SURJUDP�

LQ�WKH�ILHOG�RI�DJULFXOWXUH��WKH�LQFUHDVH�RI�VRLO¶V�RUJDQLF�PDWWHU�FRQWHQW�

LV�VXJJHVWHG�DV�D�VROXWLRQ�IRU�REWDLQLQJ�VXVWDLQDELOLW\�LQ�WKH�IHUWLOLW\�

RI�VRLO�DQG�DJULFXOWXUDO�SURGXFWV��7KH�UHVXOWV�IURP�UHVHDUFKHV�VKRZ�

WKDW�PXFK�RI�WKH�DJULFXOWXUDO�VRLOV�LQ�WKH�ZRUOG�DOVR�KDYH�IHUWLOLW\�

SUREOHPV��WKH�PDLQ�UHDVRQ�RI�ZKLFK�LV�WKHVH�ODQGV¶�ORZ�RUJDQLF�PDWWHU�

FRQWHQW��2Q�WKH�RWKHU�KDQG��WKH�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VRLO�LV�

GLUHFWO\�UHODWHG�WR�SODQWV¶�SHUIRUPDQFH��+RZHYHU��WKH�FRQGLWLRQV�RI�

DOPRVW�DOO�DJULFXOWXUDO�ODQGV�RI�WKH�FRXQWU\�DUH�FULWLFDO�LQ�WHUPV�RI�WKHLU�

RUJDQLF�PDWWHU�FRQWHQW��DQG�SD\LQJ�DWWHQWLRQ�WR�WKLV�LVVXH�FDQ�KDYH�D�

FRQVLGHUDEOH�UROH�LQ�WKH�LQFUHDVH�RI�SURGXFWLRQ�SRWHQWLDO�LQ�DJULFXOWXUDO�

IDUPV��6DPDYDW���������,Q�DJULFXOWXUDO�HFRV\VWHPV��ZDWHU�DQG�IHUWLOL]HUV�

DUH�WZR�NH\�GHWHUPLQDQW�IDFWRUV��DIIHFWLQJ�WKH�JURZWK�DQG�SHUIRUPDQFH�

RI�DJULFXOWXUDO�SURGXFWV��,Q�PDQ\�GHYHORSLQJ�FRXQWULHV��WKH�FRQVWDQW�

H[SORLWDWLRQ�RI�SODQWV�IURP�VRLO¶V�QXWULWLRQDO�VXSSOLHV��ZLWKRXW�DQ\�

SURSHU�RU�VXIILFLHQW�VXEVWLWXWLRQ�KDV�UHVXOWHG�LQ�D�GHFUHDVH�LQ�WKH�VRLO¶V�

IHUWLOLW\��,Q�VXFK�FRQGLWLRQV��XVLQJ�FKHPLFDO�IHUWLOL]HUV�DV�WKH�IDVWHVW�ZD\�

WR�FRPSHQVDWH�IRU�WKH�QXWULWLRQDO�VKRUWDJHV�DQG�VRLO�IHUWLOLW\��VHHPV�

HVVHQWLDO��%XW�WKH�KLJK�FRVWV�RI�FKHPLFDO�IHUWLOL]HUV�LQ�WKH�SURSRVHG�

SRUWLRQV��DV�ZHOO�DV�WKH�UHVXOWLQJ�VRLO�DQG�ZDWHU�FRQWDPLQDWLRQ�IURP�

PDQ�PDGH�FKHPLFDOV��KDV�JLYHQ�ZD\�WR�DQ�LQFUHDVLQJ�GHPDQG�IRU�

RUJDQLF�IHUWLOL]HUV��%UXVDUG�DQG�)HUUHUD�&HQDWR���������&RQWUDU\�WR�WKHLU�

VLJQLILFDQW�HIIHFW�RQ�VRLO¶V�IHUWLOLW\�DQG�ERRVW�RI�DJULFXOWXUDO�SURGXFWV��LI�

XVHG�LQ�DQ�XQFRQWUROOHG�DQG�QRQ�VFLHQWLILF�ZD\��WKH\�FDQ�FDXVH�D�GURS�

LQ�WKH�TXDOLW\�DQG�D�GLVUXSWLRQ�LQ�WKH�IXQFWLRQLQJ�RI�DJULFXOWXUDO�VRLOV��

DQG�FRQVHTXHQWO\�D�GHFUHDVH�LQ�WKH�JURZWK�RI�SODQWV�DQG�DJULFXOWXUDO�

SURGXFWV��%ODLVH�DW�DO����������(YHQ�WKRXJK�XVLQJ�PLQHUDO�IHUWLOL]HUV�

VHHPV�WR�EH�WKH�IDVWHVW�DQG�PRVW�UHOLDEOH�ZD\�RI�LQFUHDVLQJ�WKH�VRLO¶V�

IHUWLOLW\��KLJK�FRQVXPSWLRQ�FRVWV�DQG�WKH�SROOXWLRQ�DQG�GHVWUXFWLRQ�

FDXVHG�WR�WKH�HQYLURQPHQW�DQG�VRLO��DUH�ZRUU\LQJ�VXEMHFWV��$FFRUGLQJO\��

D�IXOO�XVH�RI�WKH�H[LVWLQJ�UHQHZDEOH�DQG�RUJDQLF�QXWULWLRQDO�VRXUFHV�

�RUJDQLF�DQG�ELRORJLFDO���DORQJ�ZLWK�DQ�RSWLPXP�XVH�RI�PLQHUDO�PDWWHUV��

FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�PDLQWDLQLQJ�WKH�VRLO¶V�IHUWLOLW\��VWUXFWXUH�

DQG�YLWDO�DFWLYLWLHV��=RXOHK���������1HYHUWKHOHVV��FKHPLFDO�IHUWLOL]HUV�

FDQQRW�EH�RPLWWHG�IURP�DJULFXOWXUDO�HFRV\VWHPV�DW�RQFH��7KH�PHWKRG�RI�

XVLQJ�UHQHZDEOH�DQG�QDWXUDO�PDWHULDOV�ZLWK�RUJDQLF�RULJLQV��DORQJ�ZLWK�

DQ�RSWLPL]HG�XVH�RI�FKHPLFDO�IHUWLOL]HUV��DUH�VLJQLILFDQWO\�HIIHFWLYH�LQ�

PDLQWDLQLQJ�WKH�IHUWLOLW\��VWUXFWXUH��ELRORJLF�DFWLYLWLHV��FDWLRQLF�H[FKDQJH�

FDSDFLW\��ZDWHU�VWRUDJH�FDSDFLW\��DQG�ILQDOO\�WKH�FKHPLFDO�DQG�SK\VLFDO�

VWUXFWXUH�RI�VRLO��'DPRGDU�HW�DO���������

$W�SUHVHQW��LQ�DOO�LQGXVWULDO�GDLU\�IDUPV��FRQVLGHUDEOH�DPRXQWV�RI�OLTXLGV�

FRQWDLQLQJ�QXWULWLRQDO�HOHPHQWV�DUH�SURGXFHG�RQ�D�GDLO\�EDVLV��7KLV�

OLTXLG�LV��LQ�IDFW��WKH�VROLG�H[WUDFW�RI�PDQXUH��XULQH��DQG�WKH�OLTXLGV�IURP�

OLYHVWRFN�EHGGLQJ�ZDVK��DV�ZHOO�DV�WKH�OLTXLG�IURP�PLONLQJ�KDOOV�ZDVK��

ZKLFK�LV�XQGHUWDNHQ�E\�VHSDUDWRUV��$W�PRVW�GDLU\�IDUPV��WKLV�OLTXLG�LV�

UHOHDVHG�LQ�QDWXUH��DQG�GXH�WR�LWV�KLJK�%2'�DQG�&2'�FRQWHQW��WKH�DFW�RI�

GLVSRVLQJ�LW�LQ�WKH�HQYLURQPHQW�DQG�LQWR�VXUIDFH�ZDWHUV�ZLWKRXW�SK\VLFDO�

DQG�FKHPLFDO�WUHDWPHQW�LV�FRQVLGHUHG�LOOHJDO�DQG�VXEMHFW�WR�KHDY\�

SXQLVKPHQW��2Q�WKH�RWKHU�KDQG��WKH�UHVXOWV�REWDLQHG�IURP�FKHPLFDO�

DQDO\VLV�KDYH�VKRZQ�WKDW�WKLV�OLTXLG�FRQWDLQV�QXWULWLRQDO�HOHPHQWV��

DQG�FDQ�EH�UHXVHG�LQ�WKH�SURGXFWLRQ�F\FOH��KHOSLQJ�LPSURYH�WKH�SODQWV�

SHUIRUPDQFH��3DUW�RI�WKLV�ZDVWHZDWHU�LV�DOVR�UHF\FODEOH�

���$�6WXG\�RI�/RFDO�DQG�,QWHUQDWLR�
QDO�&DVH�6WXGLHV�RI�8VLQJ�:DVWH�
DQG�5HF\FODEOH�:DWHU�LQ�$JULFXOWXUH
����/RFDO�6WXGLHV
%HIRUH�VWDUWLQJ�WKH�GLVFXVVLRQ��LW�LV�HVVHQWLDO�WR�NQRZ�WKDW�VLQFH�WKHUH�

LV�QR�PRGHO�RI�XVLQJ�UHF\FOHG�ZDWHU�LQ�WKH�LQGXVWU\�RI�DQLPDO�KXVEDQGU\�

LQ�,UDQ��IRU�WKH�DQDO\VLV�RI�ORFDO�VWXGLHV��WKH�UHFRUGV�IURP�XUEDQ�DQG�

LQGXVWULDO�VHZDJH�ZHUH�XWLOL]HG���

6LQFH�D�YHU\�ORQJ�WLPH�DJR��KXPDQ�EHLQJV�XVHG�UHF\FOHG�ZDWHU�DQG

ZDVWHZDWHUV�LQ�DJULFXOWXUH��7KH�H[LVWLQJ�GDWD�VKRZV�WKDW�LQ�WKH�WHQWK�

FHQWXU\��LQ�WKH�VXEXUEV�RI�WKH�FLW\�RI�,VIDKDQ��ZDVWHZDWHU�ZDV�XVHG�



��

6XEMHFW 5HVXOW

,QYHVWLJDWLQJ�WKH�TXDOLWDWLYH�FKDQJHV��VHZDJH�LPSRVHV�RQ�
VHDVRQDO�ULYHUV�ZDWHUFRXUVH�LQ�6KLUD]��>�@

,W�ZDV�REVHUYHG�WKDW�WKH�YLVFRVLW\�RI�&U��9,��LQ�WKH�ZDWHUFRXUVH�RI�D�QXPEHU�RI�VWDWLRQV�
H[FHHGHG�WKH�,UDQLDQ�VWDQGDUGV�DQG�DOVR�WKRVH�RI�WKH�:RUOG�)RRG�DQG�$JULFXOWXUH�
2UJDQL]DWLRQ��)$2���+RZHYHU��WKH�DPRXQWV�RI�/HDG��&KURPLXP��&RSSHU��&DGPLXP��1LFNOH��
DQG�=LQF�ZHUH�HTXDO�RU�LQ�VRPH�FDVHV�OHVV�WKDQ�WKH�UHFRPPHQGHG�DPRXQWV�

,QYHVWLJDWLQJ�WKH�SURVSHFW�RI�UHXVLQJ�WKH�ZDVWHZDWHU�IURP�
0DVKKDG¶V�VHZDJH�WUHDWPHQW�SODQW�LQ�DJULFXOWXUH��>�@

%DVHG�RQ�WKH�UHVXOWV�REWDLQHG��UHXVLQJ�WKH�ZDVWHZDWHU�IURP�0DVKKDG¶V�VHZDJH�WUHDWPHQW�
SODQW�IRU�DJULFXOWXUDO�SXUSRVHV�DQG�VXEVWLWXWLQJ�LW�ZLWK�IDUP�ZHOOV�IRU�XUEDQ�FRQVXPSWLRQ�
FRXOG�EH�SURSRVHG�DV�D�VROXWLRQ�WR�WKH�FLW\¶V�ZDWHU�VFDUFLW\�

$�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�LQYHVWLJDWLRQ�RQ�WKH�WUHDWHG�
ZDVWHZDWHU�RI�7HKUDQ¶V�VHZDJH�WUHDWPHQW�SODQW�DQG�WKH�
SURVSHFW�RI�LWV�UHXVH�LQ�WKH�LUULJDWLRQ�RI�SDUNV�DQG�WKH�FLW\¶V�
JUHHQVSDFH��>�@

,W�ZDV�REVHUYHG�WKDW�WKH�TXDOLWDWLYH�SDUDPHWHUV�RI�ZDVWHZDWHU��H[FHSW�IURP�1LWURJHQ��
%LFDUERQDWH��DQG�&ROLIRUP��IRU�WKH�SXUSRVH�RI�JUHHQVSDFH�LUULJDWLRQ��DUH�LQ�WKH�VDIH�
]RQH�

$VVHVVLQJ�WKH�TXDOLW\�RI�ZDVWHZDWHU�IURP�WKH�WUHDWPHQW�
SODQW�LQ�QRUWK�,VIDKDQ��WR�EH�XVHG�LQ�DJULFXOWXUH��>��@���������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������
�������������������������

$FFRUGLQJ�WR�WKH�REWDLQHG�UHVXOWV��WKH�$]RWH��3KRVSKRUXV��3RWDVVLXP��DQG�VROXEOH�
VDOW�UDWHV�LQ�WKH�ZDVWHZDWHU��PHW�WKH�VWDQGDUGV�IRU�XVH�LQ�IDUPLQJ��+RZHYHU��
IRU�WKH�ZDVWHZDWHU�WR�EH�UHOHDVHG�LQ�JURXQGZDWHU��WKH�DPRXQWV�RI�IORDWLQJ�VROLG�
SDUWLFOHV��3KRVSKRURXV�DQG�1LWURJHQ�FRQWDLQHG�LQ�WKH�ZDVWHZDWHU�PXVW�ILUVW�
EH�GUDVWLFDOO\�GHFUHDVHG��$OVR��WKH�OHYHOV�RI�$]RWH��&KORULQH��6RGLXP��DQG�PRVW�
VSHFLILFDOO\�6RGLXP�%LFDUERQDWH��FRPSDUHG�WR�WKH�)$2�VWDQGDUGV�ZHUH�VLJQLILFDQWO\�
KLJK�DQG�FRXOG�EH�KDUPIXO�EDVHG�RQ�WKH�DFTXLUHG�LUULJDWLRQ�V\VWHPV�DQG�W\SHV�RI�
SODQWV������

,QVSHFWLQJ�WKH�HIIHFWLYH�IDFWRUV�DQG�DSSURDFKHV�LQ�GHFUHDVLQJ�
IDUP�ZDVWHZDWHU�FRQWDPLQDWLRQ��>�@

)DFWRUV�VXFK�DV�DSSO\LQJ�DFFXUDWH�PDQDJHPHQW�RI�WKH�IDUP�LQ�LQFUHDVLQJ�LUULJDWLRQ�
HIILFLHQF\��HIILFLHQW�FRQVXPSWLRQ�RI�IHUWLOL]HUV�DQG�SHVWLFLGHV��DFFRPSDQLHG�E\�D�FKDQJH�
LQ�WKH�IDUP¶V�LUULJDWLRQ�V\VWHPV��KDYH�EHHQ�DSSRLQWHG�DV�WKH�PRVW�HIIHFWLYH�IDFWRUV�
LQ�FRQWULEXWLQJ�WR�D�VLJQLILFDQW�GHFUHDVH�RI�ZDVWHZDWHU�FRQWDPLQDWLRQ��2WKHU�VXFK�
VROXWLRQV��HIIHFWLYH�LQ�GHFUHDVLQJ�FRQWDPLQDWLRQ�DQG�SROOXWLRQ�LQ�IDUP�ILHOGV��ZHUH�DOVR�
SXW�IRUZDUG��LPSOHPHQWLQJ�WKH�KHOS�RI�ERWK�QDWXUDO�DQG�DUWLILFLDO�SRROV��JUDVV��VZDPSV�
DQG�ZHWODQGV��UHWDLQLQJ�ZDOOV��IRGGHU�FKDQQHOV��VRLO�ILOWHU��DQG�FRUUHODWLQJ�SODQWDWLRQ�DQG�
FXOWLYDWLRQ�ZLWK�WKH�TXDOLW\�RI�ZDVWHZDWHU�

,QVSHFWLQJ�WKH�HIIHFWV�RI�LQVWDOOHG�UHWDLQLQJ�ZDOOV�LQ�,VIDKDQ¶V�
VWHHO�FRPSDQ\��5RRGDVKW��DQG�6DJ]L��RQ�=D\DQGHUXG¶V�
ZDWHUFRXUVH��>��@

7KH�PRVW�VLJQLILFDQW�RI�HIIHFWV�VXFK�UHWDLQLQJ�ZDOOV�KDYH�RQ�WKH�TXDOLW\�RI�=D\DQGHUXG¶V�
ZDWHU��ZRXOG�EH�DQ�LQFUHDVH�LQ�LWV�VDOLQLW\�OHYHOV�WR�WKH�H[WHQW�ZKLFK�ZRXOG�UHQGHU�WKLV�
ZDWHU�DV�XQXVDEOH�IRU�DQ\�SXUSRVH�

7KH�LPSDFWV�HPSOR\LQJ�6KDKLQVKDKU¶V�WUHDWPHQW�SODQW�
ZDVWHZDWHU��IRU�LUULJDWLQJ�EHHWURRW��FRUQ��DQG�VXQIORZHU�SODQWV�
ZRXOG�KDYH�RQ�WKHLU�IXQFWLRQV��>��@

5HVXOWV�REWDLQHG�KLQWHG�DW�D�GLVWLQFW�GHFUHDVH�LQ�VDWXUDWHG�K\GUDXOLF�FRQGXFWLYLW\�DQG�DQ�
LQFUHDVH�LQ�WKH�VRLO¶V�DSSDUHQW�VSHFLILF�ZHLJKW��,UULJDWLRQ�V\VWHPV�GLUHFWO\�LPSDFW�WKH�SDFH�
RI�ZDWHU�SHUPHDELOLW\�LQ�WKH�VRLO�DQG�D�GHFUHDVH�RI�VRLO�SRUHV�

&RQWDPLQDWLRQ�FDXVHG�E\�HPSOR\LQJ�XQWUHDWHG�VHZDJH�LQ�WKH�
ODQGV�RI�%RUNKDU�0HDGRZ��>��@

,W�ZDV�REVHUYHG�WKDW�1LWUDWH�OHYHOV�LQ����SHUFHQW�RI�WKH�ZHOOV�ZHUH�DERYH�VWDQGDUG��:KLOH��
WKH�YLVFRVLW\�RI�KHDY\�PHWDOV��H[FHSW�IURP�&REDOW��ZDV�OHVV�WKDQ�WKH�VWDQGDUG�DJULFXOWXUDO�
FRQVXPSWLRQ�

,QYHVWLJDWLQJ�WKH�DFFXPXODWLRQ�RI�KHDY\�PHWDOV�LQ�VRLO��ZKHDW��
FRUQ�DQG�FXFXPEHU�SODQWV��DQG�DOIDOID��ZKLFK�ZHUH�LUULJDWHG�ZLWK�
VHZDJH�ZDWHU�IRU�D�SHULRG�RI�HLJKW�\HDUV��>��@

$FFRUGLQJ�WR�WKH�REWDLQHG�UHVXOWV��WKH�YLVFRVLW\�RI�KHDY\�PHWDOV�LQ�ERWK�WKH�VRLO�DQG�SODQW�
VDPSOHV�WDNHQ�IURP�ILHOGV�LUULJDWHG�ZLWK�VHZDJH�ZDV�MXVW�D�IHZ�OHYHOV�KLJKHU�WKDQ�VDPSOHV�
WDNHQ�IURP�ILHOGV�LUULJDWHG�ZLWK�ZHOO�ZDWHU��7KLV�LV�ZKLOH��WKHUH�ZDV�QR�OLPLWV�UHJDUGLQJ�WKH�
DPRXQW�RI�DFFXPXODWHG�KHDY\�PHWDOV�LQ�LUULJDWLQJ�WKHVH�SODQWV�XVLQJ�VHZDJH�ZDWHU�

6WXG\LQJ�WKH�TXDOLW\�RI�VHZDJH�RXWOHW�LQ�$KYD]�0HWDO�,QGXVWULHV��
>�@

%DVHG�RQ�WKH�REWDLQHG�UHVXOWV��WKH�YLVFRVLW\�RI�ERWK�IDW�DQG�RLO�SDUDPHWHUV��IORDWLQJ�
VROLGV��&2'��&KORULQH��DQG�6XOIDWH�ZHUH�DERYH�WKH�VWDQGDUG�OHYHOV�WR�EH�UHOHDVHG�LQ�WKH�
HQYLURQPHQW��+RZHYHU��WKH�UHTXLUHG�2[\JHQ�OHYHO�IRU�ELRFKHPLFDO�%2'��/HDG��=LQF��DQG�
&DGPLXP�ZDV�ORZHU�WKDQ�WKH�,UDQLDQ�VWDQGDUGV�UHTXLUH�

,QYHVWLJDWLQJ�WKH�LPSDFWV�RI�LUULJDWLRQ�ZLWK�UDZ�DQG�WUHDWHG�
VHZDJH�RQ�WKH�JURZWK�DQG�DEVRUSWLRQ�OHYHOV�RI�KHDY\�PHWDOV�LQ�
&RUQ�SODQWV��>��@

7KH�UHVXOWV�VKRZ�WKDW�WKH�DFFXPXODWLRQ�RI�/HDG��&DGPLXP��&RSSHU��1LFNHO��DQG�&REDOW�LQ�
WKH�VWRPDV�RI�SODQWV�ZDV�ORZHU�WKDQ�VWDQGDUG�OHYHOV�DQG�D�FRPELQDWLRQ�UDWLR�RI����SHUFHQW�
IRU�UDZ�VHZDJH�DQG�D����SHUFHQW�IRU�ZHOO�ZDWHU�ZHUH�DQQRXQFHG�DV�WKH�EHVW�DYDLODEOH�
FRPELQDWLRQ�UDWLR�LQ�UHJDUG�WR�WKH�DFFXPXODWLRQ�RI�KHDY\�PHWDOV�



��

6RXUFH��%XOOHWLQ�RI�HQYLURQPHQWDO�UHJXODWLRQV�IRU�UHXVH�RI�UHF\FOHG�DQG�ZDVWHZDWHUV��1R��������������

6XEMHFW 5HVXOW

,QYHVWLJDWLQJ�WKH�LPSDFWV�RI�ZDVWHZDWHU�IURP�XUEDQ�VHZDJH�
WUHDWPHQW�SODQW�RQ�WKH�RUJDQLF�PDWWHU�RI�VRLO��>��@

7KH�UHVXOWV�REWDLQHG�VKRZFDVHG�WKH�IDFW�WKDW�ZLWK�DQ�LQFUHDVH�LQ�WKH�RUJDQLF�PDWWHU�
DYDLODEOH�LQ�VHZDJH�ZDWHU�XVHG�WR�LUULJDWH�WRPDWR��SDUVOH\�DQG�FDUURW�SODQWV��DGGV�WR�WKH�
DPRXQW�RI�RUJDQLF�PDWWHU�DYDLODEOH�LQ�WKH�VRLO�

,QYHVWLJDWLQJ�WKH�HIIHFWV�ZDVWHZDWHU�IRU�LUULJDWLRQ�SXUSRVHV�
ZRXOG�KDYH�WKURXJK�GULS��VXUIDFH�LUULJDWLQJ��VXE�LUULJDWLRQ�DQG�
PLFUR�LUULJDWLRQ�RQ�VRLO�FRQWDPLQDQWV��>��@

,W�ZDV�REVHUYHG�WKDW�LUULJDWLRQ�ZLWK�VHZDJH�ZDVWHZDWHU�KDV�KDG�WKH�PRVW�SROOXWHG�FRQWH[W�
DQG�FRQGLWLRQ��ZKLOH�GULS�DQG�VXE�LUULJDWLRQ�LV�VXJJHVWHG��LQ�FDVH�RI�UHXVLQJ�XUEDQ�VHZDJH�
ZDVWHZDWHU���

,QYHVWLJDWLQJ�WKH�LPSDFWV��ODFN�RI�6&6��6HZDJH�&ROOHFWLRQ�
6\VWHP��ZRXOG�KDYH�RQ�WKH�HQYLURQPHQW�RI�6KLUD]��>��@

7KH�UHVXOWV�SURYHG�WKDW�WKH�LQFUHDVHG�OHYHOV�RI�KHDY\�PHWDOV�YLVFRVLW\��&KORULGH�LRQV�
DQG�6XOIDWH�LQ�JURXQGZDWHU�UHVRXUFHV�LQ�VRXWKHUQ�DQG�VRXWKHDVWHUQ�UHJLRQV�RI�6KLUD]��
WR�VRPH�H[WHQW�H[FHHG�WKH�VWDQGDUG�OHYHOV�UHTXLUHG�IRU�LUULJDWLRQ�SXUSRVHV���

,QYHVWLJDWLQJ�O\VLPHWHULF�FXOWLYDWLRQ��HPSOR\LQJ�UDZ�VHZDJH�DV�
WKH�PDLQ�LUULJDWLRQ�VRXUFH�IRU�FRUQ�SODQWV�DQG�XVLQJ�WKH�GUDLQDJH�
IRU�LUULJDWLQJ�VR\�DQG�XOWLPDWHO\�HPSOR\LQJ�WKH�VR\�GUDLQDJH�LQ�
WKH�LUULJDWLRQ�RI�SDUVOH\�SODQWV��>�@

,W�ZDV�REVHUYHG�WKDW�WKH�VR\�DQG�FRUQ�SODQWV�LUULJDWHG�ZLWK�WKH�REWDLQHG�GUDLQDJH��
FRPSDUHG�WR�WKRVH�LUULJDWHG�ZLWK�ZHOO�ZDWHU��KDG�D�VLJQLILFDQW�LQFUHDVH�LQ�WKHLU�
IXQFWLRQV��7KLV�LV�ZKLOH��WKHUH�ZHUH�QR�VLJQV�RI�VHULRXV�FKDQJH�LQ�WKH�IXQFWLRQ�RI�
SDUVOH\�SODQWV�LUULJDWHG�ZLWK�WKH�REWDLQHG�GUDLQDJH�LQ�FRPSDULVRQ�WR�WKRVH�LUULJDWHG�
ZLWK�ZHOO�ZDWHU��7KH�DFFXPXODWHG�DPRXQWV�RI�&DGPLXP�LQ�VR\�DQG�FRUQ�SODQWV�
LUULJDWHG�ZLWK�VHZDJH�GLG�QRW�GLIIHU�IURP�WKRVH�UHFHLYLQJ�ZHOO�ZDWHU�

,QYHVWLJDWLQJ�)LUX]DEDG¶V�ZDWHUFRXUVH�TXDQWLWDWLYH�DQG�
TXDOLWDWLYH�FKDQJHV�DQG�LWV�ZDWHU�VHOI�SXULILFDWLRQ��WR�EH�XVHG�
IRU�LUULJDWLRQ�SXUSRVHV��>��@�

7KH�REWDLQHG�UHVXOWV�SRLQWHG�WR�WKH�OLPLWHG�DPRXQWV�RI�KHDY\�PHWDOV�DQG�PLQHUDO�
VXEVWDQFHV�LQ�)LUX]DEDG¶V�ZDWHUFRXUVH��

6WXG\LQJ�WKH�DPRXQW�RI�DEVRUEHG�&DGPLXP�IURP�WKH�
VXUURXQGLQJV�RI�WKH�SODQWV¶�VWHDP�DQG�LWV�DFFXPXODWLRQ�LQ�WKH�
VWRPD�RI�FURSV��>��@

7KH�UHVXOWV�RI�WKH�VWXG\�VKRZFDVHG�WKDW�WKH�YDULRXV�SODQWV�VWXGLHG��YDU\�LQ�FDSDELOLW\�
WR�DEVRUE�DQG�DFFXPXODWHG�&DGPLXP�LQ�WKHLU�VWRPDV��,W�ZDV�DOVR�UHSRUWHG�WKDW�OHDI\�
YHJHWDEOHV�DUH�EHWWHU�DW�ERWK�DEVRUELQJ�DQG�DFFXPXODWLQJ�&DGPLXP�LQ�WKHLU�VWRPDV��
SDUWLFXODUO\�WKHLU�HGLEOH�SDUWV�

��

6XEMHFW 5HVXOW

,QYHVWLJDWLQJ�WKH�TXDOLWDWLYH�FKDQJHV��VHZDJH�LPSRVHV�RQ�
VHDVRQDO�ULYHUV�ZDWHUFRXUVH�LQ�6KLUD]��>�@

,W�ZDV�REVHUYHG�WKDW�WKH�YLVFRVLW\�RI�&U��9,��LQ�WKH�ZDWHUFRXUVH�RI�D�QXPEHU�RI�VWDWLRQV�
H[FHHGHG�WKH�,UDQLDQ�VWDQGDUGV�DQG�DOVR�WKRVH�RI�WKH�:RUOG�)RRG�DQG�$JULFXOWXUH�
2UJDQL]DWLRQ��)$2���+RZHYHU��WKH�DPRXQWV�RI�/HDG��&KURPLXP��&RSSHU��&DGPLXP��1LFNOH��
DQG�=LQF�ZHUH�HTXDO�RU�LQ�VRPH�FDVHV�OHVV�WKDQ�WKH�UHFRPPHQGHG�DPRXQWV�

,QYHVWLJDWLQJ�WKH�SURVSHFW�RI�UHXVLQJ�WKH�ZDVWHZDWHU�IURP�
0DVKKDG¶V�VHZDJH�WUHDWPHQW�SODQW�LQ�DJULFXOWXUH��>�@

%DVHG�RQ�WKH�UHVXOWV�REWDLQHG��UHXVLQJ�WKH�ZDVWHZDWHU�IURP�0DVKKDG¶V�VHZDJH�WUHDWPHQW�
SODQW�IRU�DJULFXOWXUDO�SXUSRVHV�DQG�VXEVWLWXWLQJ�LW�ZLWK�IDUP�ZHOOV�IRU�XUEDQ�FRQVXPSWLRQ�
FRXOG�EH�SURSRVHG�DV�D�VROXWLRQ�WR�WKH�FLW\¶V�ZDWHU�VFDUFLW\�

$�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�LQYHVWLJDWLRQ�RQ�WKH�WUHDWHG�
ZDVWHZDWHU�RI�7HKUDQ¶V�VHZDJH�WUHDWPHQW�SODQW�DQG�WKH�
SURVSHFW�RI�LWV�UHXVH�LQ�WKH�LUULJDWLRQ�RI�SDUNV�DQG�WKH�FLW\¶V�
JUHHQVSDFH��>�@

,W�ZDV�REVHUYHG�WKDW�WKH�TXDOLWDWLYH�SDUDPHWHUV�RI�ZDVWHZDWHU��H[FHSW�IURP�1LWURJHQ��
%LFDUERQDWH��DQG�&ROLIRUP��IRU�WKH�SXUSRVH�RI�JUHHQVSDFH�LUULJDWLRQ��DUH�LQ�WKH�VDIH�
]RQH�

$VVHVVLQJ�WKH�TXDOLW\�RI�ZDVWHZDWHU�IURP�WKH�WUHDWPHQW�
SODQW�LQ�QRUWK�,VIDKDQ��WR�EH�XVHG�LQ�DJULFXOWXUH��>��@���������������������������������������������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������������������������������������������������
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$FFRUGLQJ�WR�WKH�REWDLQHG�UHVXOWV��WKH�$]RWH��3KRVSKRUXV��3RWDVVLXP��DQG�VROXEOH�
VDOW�UDWHV�LQ�WKH�ZDVWHZDWHU��PHW�WKH�VWDQGDUGV�IRU�XVH�LQ�IDUPLQJ��+RZHYHU��
IRU�WKH�ZDVWHZDWHU�WR�EH�UHOHDVHG�LQ�JURXQGZDWHU��WKH�DPRXQWV�RI�IORDWLQJ�VROLG�
SDUWLFOHV��3KRVSKRURXV�DQG�1LWURJHQ�FRQWDLQHG�LQ�WKH�ZDVWHZDWHU�PXVW�ILUVW�
EH�GUDVWLFDOO\�GHFUHDVHG��$OVR��WKH�OHYHOV�RI�$]RWH��&KORULQH��6RGLXP��DQG�PRVW�
VSHFLILFDOO\�6RGLXP�%LFDUERQDWH��FRPSDUHG�WR�WKH�)$2�VWDQGDUGV�ZHUH�VLJQLILFDQWO\�
KLJK�DQG�FRXOG�EH�KDUPIXO�EDVHG�RQ�WKH�DFTXLUHG�LUULJDWLRQ�V\VWHPV�DQG�W\SHV�RI�
SODQWV������

,QVSHFWLQJ�WKH�HIIHFWLYH�IDFWRUV�DQG�DSSURDFKHV�LQ�GHFUHDVLQJ�
IDUP�ZDVWHZDWHU�FRQWDPLQDWLRQ��>�@

)DFWRUV�VXFK�DV�DSSO\LQJ�DFFXUDWH�PDQDJHPHQW�RI�WKH�IDUP�LQ�LQFUHDVLQJ�LUULJDWLRQ�
HIILFLHQF\��HIILFLHQW�FRQVXPSWLRQ�RI�IHUWLOL]HUV�DQG�SHVWLFLGHV��DFFRPSDQLHG�E\�D�FKDQJH�
LQ�WKH�IDUP¶V�LUULJDWLRQ�V\VWHPV��KDYH�EHHQ�DSSRLQWHG�DV�WKH�PRVW�HIIHFWLYH�IDFWRUV�
LQ�FRQWULEXWLQJ�WR�D�VLJQLILFDQW�GHFUHDVH�RI�ZDVWHZDWHU�FRQWDPLQDWLRQ��2WKHU�VXFK�
VROXWLRQV��HIIHFWLYH�LQ�GHFUHDVLQJ�FRQWDPLQDWLRQ�DQG�SROOXWLRQ�LQ�IDUP�ILHOGV��ZHUH�DOVR�
SXW�IRUZDUG��LPSOHPHQWLQJ�WKH�KHOS�RI�ERWK�QDWXUDO�DQG�DUWLILFLDO�SRROV��JUDVV��VZDPSV�
DQG�ZHWODQGV��UHWDLQLQJ�ZDOOV��IRGGHU�FKDQQHOV��VRLO�ILOWHU��DQG�FRUUHODWLQJ�SODQWDWLRQ�DQG�
FXOWLYDWLRQ�ZLWK�WKH�TXDOLW\�RI�ZDVWHZDWHU�

,QVSHFWLQJ�WKH�HIIHFWV�RI�LQVWDOOHG�UHWDLQLQJ�ZDOOV�LQ�,VIDKDQ¶V�
VWHHO�FRPSDQ\��5RRGDVKW��DQG�6DJ]L��RQ�=D\DQGHUXG¶V�
ZDWHUFRXUVH��>��@

7KH�PRVW�VLJQLILFDQW�RI�HIIHFWV�VXFK�UHWDLQLQJ�ZDOOV�KDYH�RQ�WKH�TXDOLW\�RI�=D\DQGHUXG¶V�
ZDWHU��ZRXOG�EH�DQ�LQFUHDVH�LQ�LWV�VDOLQLW\�OHYHOV�WR�WKH�H[WHQW�ZKLFK�ZRXOG�UHQGHU�WKLV�
ZDWHU�DV�XQXVDEOH�IRU�DQ\�SXUSRVH�

7KH�LPSDFWV�HPSOR\LQJ�6KDKLQVKDKU¶V�WUHDWPHQW�SODQW�
ZDVWHZDWHU��IRU�LUULJDWLQJ�EHHWURRW��FRUQ��DQG�VXQIORZHU�SODQWV�
ZRXOG�KDYH�RQ�WKHLU�IXQFWLRQV��>��@

5HVXOWV�REWDLQHG�KLQWHG�DW�D�GLVWLQFW�GHFUHDVH�LQ�VDWXUDWHG�K\GUDXOLF�FRQGXFWLYLW\�DQG�DQ�
LQFUHDVH�LQ�WKH�VRLO¶V�DSSDUHQW�VSHFLILF�ZHLJKW��,UULJDWLRQ�V\VWHPV�GLUHFWO\�LPSDFW�WKH�SDFH�
RI�ZDWHU�SHUPHDELOLW\�LQ�WKH�VRLO�DQG�D�GHFUHDVH�RI�VRLO�SRUHV�

&RQWDPLQDWLRQ�FDXVHG�E\�HPSOR\LQJ�XQWUHDWHG�VHZDJH�LQ�WKH�
ODQGV�RI�%RUNKDU�0HDGRZ��>��@

,W�ZDV�REVHUYHG�WKDW�1LWUDWH�OHYHOV�LQ����SHUFHQW�RI�WKH�ZHOOV�ZHUH�DERYH�VWDQGDUG��:KLOH��
WKH�YLVFRVLW\�RI�KHDY\�PHWDOV��H[FHSW�IURP�&REDOW��ZDV�OHVV�WKDQ�WKH�VWDQGDUG�DJULFXOWXUDO�
FRQVXPSWLRQ�

,QYHVWLJDWLQJ�WKH�DFFXPXODWLRQ�RI�KHDY\�PHWDOV�LQ�VRLO��ZKHDW��
FRUQ�DQG�FXFXPEHU�SODQWV��DQG�DOIDOID��ZKLFK�ZHUH�LUULJDWHG�ZLWK�
VHZDJH�ZDWHU�IRU�D�SHULRG�RI�HLJKW�\HDUV��>��@

$FFRUGLQJ�WR�WKH�REWDLQHG�UHVXOWV��WKH�YLVFRVLW\�RI�KHDY\�PHWDOV�LQ�ERWK�WKH�VRLO�DQG�SODQW�
VDPSOHV�WDNHQ�IURP�ILHOGV�LUULJDWHG�ZLWK�VHZDJH�ZDV�MXVW�D�IHZ�OHYHOV�KLJKHU�WKDQ�VDPSOHV�
WDNHQ�IURP�ILHOGV�LUULJDWHG�ZLWK�ZHOO�ZDWHU��7KLV�LV�ZKLOH��WKHUH�ZDV�QR�OLPLWV�UHJDUGLQJ�WKH�
DPRXQW�RI�DFFXPXODWHG�KHDY\�PHWDOV�LQ�LUULJDWLQJ�WKHVH�SODQWV�XVLQJ�VHZDJH�ZDWHU�

6WXG\LQJ�WKH�TXDOLW\�RI�VHZDJH�RXWOHW�LQ�$KYD]�0HWDO�,QGXVWULHV��
>�@

%DVHG�RQ�WKH�REWDLQHG�UHVXOWV��WKH�YLVFRVLW\�RI�ERWK�IDW�DQG�RLO�SDUDPHWHUV��IORDWLQJ�
VROLGV��&2'��&KORULQH��DQG�6XOIDWH�ZHUH�DERYH�WKH�VWDQGDUG�OHYHOV�WR�EH�UHOHDVHG�LQ�WKH�
HQYLURQPHQW��+RZHYHU��WKH�UHTXLUHG�2[\JHQ�OHYHO�IRU�ELRFKHPLFDO�%2'��/HDG��=LQF��DQG�
&DGPLXP�ZDV�ORZHU�WKDQ�WKH�,UDQLDQ�VWDQGDUGV�UHTXLUH�

,QYHVWLJDWLQJ�WKH�LPSDFWV�RI�LUULJDWLRQ�ZLWK�UDZ�DQG�WUHDWHG�
VHZDJH�RQ�WKH�JURZWK�DQG�DEVRUSWLRQ�OHYHOV�RI�KHDY\�PHWDOV�LQ�
&RUQ�SODQWV��>��@

7KH�UHVXOWV�VKRZ�WKDW�WKH�DFFXPXODWLRQ�RI�/HDG��&DGPLXP��&RSSHU��1LFNHO��DQG�&REDOW�LQ�
WKH�VWRPDV�RI�SODQWV�ZDV�ORZHU�WKDQ�VWDQGDUG�OHYHOV�DQG�D�FRPELQDWLRQ�UDWLR�RI����SHUFHQW�
IRU�UDZ�VHZDJH�DQG�D����SHUFHQW�IRU�ZHOO�ZDWHU�ZHUH�DQQRXQFHG�DV�WKH�EHVW�DYDLODEOH�
FRPELQDWLRQ�UDWLR�LQ�UHJDUG�WR�WKH�DFFXPXODWLRQ�RI�KHDY\�PHWDOV�



��

,UULJDWLRQ��XVLQJ�ZDVWHZDWHU��LV�QRW�UHFRPPHQGHG�IRU�WXEHURXV�SODQWV��

VROHO\�IURP�D�VDQLWDU\�SHUVSHFWLYH��EXW�LV�UHFRPPHQGHG�IRU�WRPDWR�DQG�

FXFXPEHU��7KHUHIRUH��LQ�FDVH�RI�XVLQJ�ZDVWHZDWHU�IRU�WKH�LUULJDWLRQ�RI�

QLJKWVKDGH�SODQWV��WKH�UHTXLUHG�FRRUGLQDWLRQ�VKRXOG�EH�PDGH�ZLWK�WKH�

'HSDUWPHQW�RI�(QYLURQPHQW�DQG�ORFDO�ZDWHU�FRPSDQLHV��,W�LV�ZRUWK�

PHQWLRQLQJ�WKDW�WKH�DERYH�WDEOH�LV�QRW�D�FRQILUPDWLRQ�RU�GHFOLQH�RI�XVLQJ�

ZDVWHZDWHU��EXW�D�FRQFOXVLRQ�RI�WKH�RXWVWDQGLQJ�UHVHDUFKHV�FRQGXFWHG�

LQ�WKH�ILHOG�LQ�WKH�,VODPLF�5HSXEOLF�RI�,UDQ��

����,QWHUQDWLRQDO�6WXGLHV
7KH�DUHD�RI�WKH�ODQGV�LUULJDWHG�XVLQJ�VHZDJH�DQG�ZDVWHZDWHU�LQ�WKH�ZRUOG�

LV�HVWLPDWHG�DERXW�����PLOOLRQ�+HFWDUHV��ZKLFK�LV���SHUFHQW�RI�WKH�ZDWHU�

LUULJDWHG�DJULFXOWXUDO�ODQGV��7KH�UHVXOWV�REWDLQHG�IURP�UHVHDUFKHV�VKRZ�

WKDW�WKH�UDWH�RI�OLTXLG�PDQXUH�XVHG�LV�D�IXQFWLRQ�RI�WKH�VRLO¶V�FKHPLFDO�

FKDUDFWHULVWLFV�DQG�SODQW¶V�QXWULWLRQDO�QHHGV��%XW�EDVHG�RQ�WKH�RSLQLRQ�RI�

UHVHDUFKHUV��ZKHQ�WKHUH�LV�QR�LQIRUPDWLRQ�DYDLODEOH�LQ�WKLV�UHJDUG��EHWZHHQ�

���WR����VTXDUH�PHWHUV�SHU�KHFWDUH�LV�VXJJHVWHG�IRU�FRUQ�SODQWDWLRQ�XVLQJ�

FRPPRQ�WLOODJH��DQG�EHWZHHQ����WR�����VTXDUH�PHWHUV�SHU�KHFWDUH�IRU�FRUQ�

SODQWDWLRQ�ZLWKRXW�WLOODJH��.RQ]HQ���������,QGLDQ�IDUPHUV�DOVR�XVHG�OLTXLG�

PDQXUH�LQ�WKH�YHJHWDWLYH�DQG�UHSURGXFWLYH�SKDVHV�RI�VHYHUDO�DJULFXOWXUDO�

SURGXFWV��QDPHO\�YHJHWDEOHV��IRU�FRQVHFXWLYH�\HDUV��-DZDO�HW�DO���������

/LTXLG�PDQXUH�LV�PDMRUO\�XVHG�LQ�WKH�SURGXFWLRQ�RI�FHUHDOV��DQG�IHZHU�

VFLHQWLILF�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�UHJDUGLQJ�XVLQJ�WKHP�RQ�RWKHU�

FURSV��7KH�UHVXOWV�IURP�VWXGLHV�VKRZ�WKDW�OLTXLG�PDQXUH�LV�PRVWO\�XVHG�LQ�

WZR�IRUPV��,W�LV�HLWKHU�DGGHG�WR�WKH�VRLO�EHIRUH�SODQWDWLRQ�RU�VSUD\HG�RQ�WKH�

SODQW¶V�IROLDJH�DIWHU�GLOXWLRQ��*URRW�DQG�%RJGDQVNL��������

,Q�RQH�RI�WKH�VWXGLHV��WKH�HIIHFW�RI�GLIIHUHQW�RUJDQLF�UHVRXUFHV��IRU�LQVWDQFH�

WKH�OLTXLG�SKDVH�IURP�GDLU\�IDUP�VHSDUDWRUV��VROLG�PDQXUH��DQG�WKH�RUJDQLF�

ZDVWH�IURP�WKH�ELRJDV�PDFKLQH��ZDV�VWXGLHG�RQ�WKH�SHUIRUPDQFH�RI�FHUHDO�

JUDLQV��WXEHURXV�FURSV��FRUQ�DQG�SHDV��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�LV�QR�

PHDQLQJIXO�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�GLIIHUHQW�RUJDQLF�PDWWHU�VRXUFHV�

LQ�WKH�FXOWLYDWLRQ�RI�FURSV��0ROOHU�HW�DO����������,Q�DQRWKHU�VWXG\�RQ�SRWDWRHV�

LQ�WKH�$QGHV��YDULRXV�RUJDQLF�IHUWLOL]HUV�LQFOXGLQJ�OLTXLG�PDQXUH��VROLG�

PDQXUH��FRPSRVWHG�IRU���GD\V��DV�ZHOO�DV�D�PL[WXUH�RI�WKH�WZR�ZHUH�DGGHG�

WR�WKH�VRLO��7KH�FRPSDULVRQ�RI�WKH�FRQWURO�JURXS�ZLWK�WKH�JURXS�WUHDWHG�E\�

OLTXLG�PDQXUH�VKRZHG�D����SHUFHQW�LPSURYHPHQW�LQ�SRWDWR�\LHOG���*DUJ�HW�

DO���������

,Q�DQRWKHU�VWXG\��WKH�SHUIRUPDQFH�RI�ZKHDW�ZDV�PRQLWRUHG�DQG�FRPSDUHG�

LQ�WKUHH�FRQWURO�JURXSV��XVLQJ�OLTXLG�PDQXUH�DQG�DVK��7KH�UHVXOWV�VKRZHG�

WKDW�XVLQJ�OLTXLG�PDQXUH��KDV�WKH�JUHDWHVW�HIIHFW�RQ�WKH�SHUIRUPDQFH�

RI�ZKHDW�JUDLQ��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�XVLQJ�DVK�GLG�QRW�PDNH�DQ\�

PHDQLQJIXO�GLIIHUHQFH�LQ�WKH�SHUIRUPDQFH�RI�WKH�JUDLQV��*DUJ�HW�DO���

�������&RPSDUHG�WR�FKHPLFDO�IHUWLOL]HUV��VDWLVI\LQJ�UHVXOWV�KDYH�DOVR�EHHQ�

REWDLQHG�IURP�DSSO\LQJ�OLTXLG�PDQXUH�WR�OHWWXFH�SODQWDWLRQ��:HQNH�HW�DO���

�������6LPLODU�UHVXOWV�KDYH�EHHQ�DFKLHYHG�IURP�XVLQJ�OLTXLG�PDQXUH�RQ�

ULFH��VKRZLQJ�WKH�SRVLWLYH�HIIHFW�RI�WKLV�RUJDQLF�UHVRXUFH��%KDUGH�HW�DO���

�������3RVLWLYH�UHVXOWV�KDYH�DOVR�EHHQ�UHSRUWHG�IURP�WKH�DSSOLFDWLRQ�RI�

VROLG�PDQXUH�RQ�WKH�LQFUHDVH�RI�VRLO¶V�RUJDQLF�PDWWHU��1DJKDYL�HW�DO���������

7KH�LPSOHPHQWHG�UHVHDUFKHV�DQG�VWXGLHV��VKRZ�WKDW�VLPLODU�WR�PDQXUH��

WKH�LQFUHDVH�RI�RUJDQLF�PDWWHU��FDXVHV�D�JURZWK�LQ�WKH�PLFURELDO�SRSXODWLRQ�

�IXQJL�DQG�EDFWHULD���DV�ZHOO�DV�PLFURELDO�DFWLYLWLHV��6DPDYDW���������,Q�

WKH�VDPH�UHJDUG��DV�UHSRUWHG�E\�GLIIHUHQW�UHVHDUFKHUV��QRW�RQO\�LV�OLTXLG�

PDQXUH�DQ�RUJDQLF�DQG�HQYLURQPHQWDO�IULHQGO\�UHVRXUFH��EXW�LV�FRQVLGHUHG�

DV�D�SHUIHFW�VRXUFH�RI�QXWULWLRQ�IRU�SODQWV��6WXGLHV�VKRZ�WKDW�LQ�PDQ\�

$VLDQ�FRXQWULHV��LQFOXGLQJ�&KLQD��XVLQJ�RUJDQLF�OLTXLG�PDQXUH�LV�LQFUHDVLQJ�

�$EUDKDP�HW�DO���������

,Q�������WKH�SURGXFWLRQ�RI�OLTXLG�PDQXUH�LQ�&KLQD�ZDV�DERXW�����PLOOLRQ�

WRQV��0HDQZKLOH��XVLQJ�RUJDQLF�UHVLGXHV��OLNH�SODQW�UHPDLQV��VROLG�PDQXUH�

DQG�GLIIHUHQW�W\SHV�RI�FRPSRVW��FDQ�FRUUHFW�WKH�VRLO��LQFUHDVH�LWV�IHUWLOLW\��

DQG�XOWLPDWHO\�LPSURYH�WKH�SURGXFWLRQ�RI�FURSV�WKURXJK�DGMXVWLQJ�WKH�

VRLO¶V�PHFKDQLFDO��FKHPLFDO��DQG�ELRORJLF�FKDUDFWHULVWLFV��SURYLGLQJ�D�PRUH�

GHVLUDEOH�DPRXQW�RI�QXWULWLRQ�WR�SODQWV��6WRQH�DQG�(OLRII��������

7KH�UHVXOWV�IURP�VWXGLHV�VKRZ�WKDW�OLTXLG�PDQXUH��GDLU\�IDUPV�

VHSDUDWRU�OLTXLG�SKDVH���FRQWDLQV�ODUJH�DPRXQWV�RI�QXWULWLRQDO�

HOHPHQWV��ZKLFK�FDQ�EH�HDVLO\�DEVRUEHG�E\�SODQWV��DQG�XVHG�LQ�

WKH�IRUP�RI�IROLDU�DSSOLFDWLRQ��DV�D�EDVLF�IHUWLOL]HU�RU�WRSGUHVVLQJ�RQ�

WKH�IDUP��0LNOHG�HW�DO����������,W�KDV�DOVR�EHHQ�UHSRUWHG�WKDW�OLTXLG�

PDQXUH��FRQWDLQV�����SHUFHQW�RI�1LWURJHQ�LQ�WKH�IRUP�RI�$PPRQLXP��

ZKLFK�FDQ�EH�HDVLO\�DEVRUEHG�E\�WKH�SODQW��.DUNL��������

7KH�UHVXOWV�IURP�RWKHU�UHVHDUFKHV�VKRZ�WKH�SRVLWLYH�DQG�VXFFHVVIXO�UHVXOWV�

IURP�WKH�DSSOLFDWLRQ�RI�SLJ¶V�OLTXLG�PDQXUH�WR�DJULFXOWXUDO�ODQGV�LQ�%UD]LO��SRRU�

LQ�RUJDQLF�PDWWHU���7KH�IHUWLOL]LQJ�SRWHQWLDO�RI�WKLV�UHVRXUFH�GHSHQGV�RQ�WKH�

FRQFHQWUDWLRQ�RI�QXWULHQWV�SUHVHQW�LQ�WKH�VRLO��HVSHFLDOO\�1LWURJHQ��&HUWD��

������*LDFRPQL�DQG�$LWD��������*LDFRPQL�HW�DO���������

&RQVLGHULQJ�WKH�VWXGLHV�FRQGXFWHG�RQ�ORFDO�DQG�IRUHLJQ�UHVRXUFHV��6DOHKL�DQG�

6DIIDUL�GDLU\�DQG�DJULFXOWXUDO�IDUP��&DKOWDVLDQ���XVHV�VLPXOWDQHRXV�PHWKRGV��

VWRUDJH�DQG�FRPSRVWLQJ��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�GHWDLO�ODWHU�RQ�LQ�WKLV�VWXG\��



��

69,��6OXGJH�9ROXPH�,QGH[��ZKLFK�LV�XVHG�IRU�PHDVXULQJ�WKH�

VHGLPHQWDWLRQ�SURSHUWLHV��PO�JU��RI�WKH�PL[HG�OLTXLG�RU�WKH�DFWLYH�

VOXGJH�LQ�DQ�DFWLYH�VOXGJH�SURFHVV�

(&��(OHFWULFDO�&RQGXFWLYLW\��LV�WKH�UHIHUHQFH�UHDJHQW�IRU�D�VROXWLRQ¶V�

LRQLF�VWUHQJWK�IRU�WUDQVPLWWLQJ�HOHFWULFDO�FXUUHQW��

S+��3RWHQWLDO�RI�+\GURJHQ��LV�D�ORJDULWKPLF�TXDQWLW\�ZKLFK�VSHFLILHV�WKH�

DFLGLW\�RU�DONDOLQLW\�RI�D�VROXWLRQ�

'2��'LVVROYHG�2[\JHQ��LV�WKH�DPRXQW�RI�GLVVROYHG�R[\JHQ�LQ�ZDWHU��

0RQLWRULQJ��,W�LV�WKH�V\VWHPDWLF�REVHUYDWLRQ��PHDVXUHPHQW��DQG�

FDOFXODWLRQ�RI�FRQGLWLRQV��VHZDJH�WUHDWHG�VHZDJH�HQYLURQPHQW��

DJULFXOWXUH�OLYHVWRFN�DQG�HWF���IRU�WKH�HYDOXDWLRQ�RI�HQYLURQPHQWDO�

FRQGLWLRQV�DQG�HIIHFWV�RI�XVLQJ�WKHVH�UHVRXUFHV�

$QDHURELF�GLJHVWLRQ��,W�LV�WKH�SURFHVV�RI�WUHDWPHQW�ZLWK�DQDHURELF�

EDFWHULD�

$HURELF�GLJHVWLRQ��,W�LV�WKH�SURFHVV�RI�WUHDWPHQW�ZLWK�DHURELF�

EDFWHULD��

$FWLYH�VOXGJH��,W�LV�WKH�DFFXPXODWHG�ELRORJLF�PDVV�LQ�DFWLYH�VOXGJH�

VHZDJH�WUHDWPHQW�V\VWHPV��ZKLFK�LV�D�UHVXOW�RI�EDFWHULD�DQG�RWKHU�

PLFURVFRSLF�RUJDQLVP�JURZWK�LQ�WKH�SUHVHQFH�RI�R[\JHQ�

���7HUPV�DQG�'HILQLWLRQV�
1XWULWLRQDO�IDFWRUV��1��1LWURJHQ��3��3KRVSKRUXV�DQG�.��3RWDVVLXP�

5HXVH��$Q\�FRPPRQ�XVH�IURP�ZDVWH�DQG�UHF\FOHG�ZDWHUV��5HXVHV�LQ�

WKLV�VWXG\�LQFOXGH�LUULJDWLRQ�DQG�LQGXVWULDO�SXUSRVHV�

%2'���%LRFKHPLFDO�2[\JHQ�'HPDQG��LV�WKH�UDWH�RI�R[\JHQ�FRQVXPSWLRQ�

LQ�ZDWHU�E\�PLFURRUJDQLVPV�

&2'��&KHPLFDO�2[\JHQ�'HPDQG��LV�WKH�DPRXQW�RI�R[\JHQ�UHTXLUHG�

IRU�WKH�R[LGDWLRQ�RI�WKH�WRWDO�PDWWHU�SUHVHQW�LQ�ZDWHU�

72&��7RWDO�2UJDQLF�&DUERQ��VKRZV�WKH�WRWDO�RUJDQLF�FDUERQ�DPRXQW��

7KHUHIRUH��LW�LV�FRQVLGHUHG�D�YHU\�DSSURSULDWH�LQGH[�IRU�HVWLPDWLQJ�

RUJDQLF�PDWWHUV��

7'6��7RWDO�'LVVROYHG�6ROLGV��LV�WKH�WRWDO�DPRXQW�RI�VROLGV�LQ�D�

VROXWLRQ��:DWHU�GLVVROYDEOH�PDWWHUV�PD\�EH�³RUJDQLF´�RU�³PLQHUDO´�

E\�QDWXUH�

766��7RWDO�6XVSHQGHG�6ROLGV��LV�WKH�WRWDO�DPRXQW�RI�VXVSHQGHG�PDWWHUV�

LQ�D�ZDWHU�RU�VHZDJH�VDPSOH�

0/66��0L[HG�/LTXRU�6XVSHQGHG�6ROLGV��LV�WKH�DPRXQW�RI�VXVSHQGHG�

VROLG�PDWWHUV��

0/966��0L[HG�/LTXRU�9RODWLOH�6XVSHQGHG�6ROLGV��LV�WKH�DPRXQW�RI�

VXVSHQGHG�YRODWLOH�VROLG�PDWWHUV�LQ�WKH�PL[HG�OLTXLG

��

,UULJDWLRQ��XVLQJ�ZDVWHZDWHU��LV�QRW�UHFRPPHQGHG�IRU�WXEHURXV�SODQWV��

VROHO\�IURP�D�VDQLWDU\�SHUVSHFWLYH��EXW�LV�UHFRPPHQGHG�IRU�WRPDWR�DQG�

FXFXPEHU��7KHUHIRUH��LQ�FDVH�RI�XVLQJ�ZDVWHZDWHU�IRU�WKH�LUULJDWLRQ�RI�

QLJKWVKDGH�SODQWV��WKH�UHTXLUHG�FRRUGLQDWLRQ�VKRXOG�EH�PDGH�ZLWK�WKH�
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(MWPS, 18-1 2004)

Table No. 5: Daily produced manure per cattle heads.
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����+RQH\�9DF
,Q�WKLV�V\VWHP��WKH�PDQXUH�LV�FROOHFWHG�IURP�FRUULGRUV�XVLQJ�WKH�YHKLFOH�

DV�SHU�,PDJH�1R�����7KLV�LV�GRQH�XVLQJ�YDFXXP�V\VWHPV�LQVLGH�WKH�

PDFKLQH��ZKHUH�WKH�PDQXUH�LV�WKHQ�VWRUHG��7KH�VSHHG�RI�WKLV�PHWKRG�

LV�ORZHU�LQ�FRPSDULVRQ�ZLWK�WKH�VFUDSHU��DQG�DW�VWDOOV�ZKHUH�WKH�UDWLR�

RI�PLONLQJ�FRZV�GRHV�QRW�FRUUHVSRQG�ZLWK�WKH�VWDOO¶V�FDSDFLW\��LW�LV�QRW�

DSSOLFDEOH��,PDJH�1R�����

����$XWRPDWLF�6FUDSHU
7KH�PDMRU�DGYDQWDJH�RI�WKLV�PHWKRG�LV�WKDW�LW�LV�SRVVLEOH�WR�FROOHFW�

PDQXUH�LQ�WKH�SUHVHQFH�RI�OLYHVWRFN��,Q�WKLV�V\VWHP��PDQXUH�FDQ�EH�
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,W�LV�DOVR�IHDVLEOH�LQ�WHUPV�RI�K\JLHQH�DQG�GHFUHDVH�RI�ZRUN�IRUFH��8VLQJ�

WKLV�V\VWHP��WKH�TXDOLW\�RI�WKH�HTXLSPHQW�XVHG�VKRXOG�EH�WDNHQ�LQWR�

DFFRXQW��IRU�D�ORZ�TXDOLW\�RI�WKHVH�IDFLOLWLHV�ZLOO�LQFUHDVH�FRVWV���,PDJH�

1R�������

Table No. 6: Calculating the amount of manure produced based on the milk yield.

Image No. 7: Overview of the automatic scraper function.Image No. 5: Collecting manure using 
tractor.

Image No. 4: Collecting manure using 
a shovel.

.RFLJ�3T�����,WTT[JI�HTSHWJYJ�ļTTWNSL Image No. 8: Honey VacamountImage No. 6: Automatic Scraper 
at Salehi and Saffarian (Chaltasian) 

Dairy Farm.

Shaver, Midwest Manure Summit, 2017
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Table No. 5: Daily produced manure per cattle heads.
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����)OXVKLQJ�6\VWHP
,Q�WKLV�PHWKRG��KLJK�SUHVVXUH�ZDWHU�LV�SXPSHG�LQ�WKH�LQWHQGHG�SDWKV�DQG�

FRUULGRUV��ZDVKLQJ�LWV�ZD\�WKURXJK��,Q�RUGHU�WR�LPSOHPHQW�WKLV�PHWKRG�

WKH�IORRULQJ�VKRXOG�KDYH�D�JUDGLHQW�RI�DW�OHDVW���SHUFHQW��7KLV�JUDGLHQW�

FDQ�FDXVH�SUREOHPV��,PDJH�1R�����

���6HSDUDWLQJ�6ROLGV��6HSDUDWRU�
,Q�RUGHU�WR�VHSDUDWH�WKH�VROLG�PDQXUH��D�PDFKLQH�LV�XVHG��FDOOHG�WKH�

VHSDUDWRU��6HSDUDWRU�LV�D�WRRO�ZKLFK�VHSDUDWHV��:LWK�DQ�LQFUHDVH�LQ�

WKH�QXPEHU�RI�OLYHVWRFN�DW�GDLU\�IDUPV��RQH�RI�WKH�PDMRU�LVVXHV�LV�

WKH�WRWDO�YROXPH�RI�PDQXUH�SURGXFHG��,Q�ODUJH�GDLU\�IDUPV��PDQXUH�

PDQDJHPHQW�LV�FRQVLGHUHG�DV�FUXFLDO��2QH�RI�WKH�EHVW�ZD\V�IRU�

VHSDUDWLQJ�WKH�WZR�VROLG�DQG�OLTXLG�SKDVHV�RI�PDQXUH�LV�XVLQJ�D�

VHSDUDWRU��,PDJH�1R������

6FUHZ�3UHVV�VHSDUDWRU�FRQVLVWV�RI�DQ�XJDU��ZKLFK�JXLGHV�WKH�PDQXUH�

LQIORZ�WKURXJK�WKH�ERG\�RI�WKH�PDFKLQH��7KH�PDQXUH��XULQH�DQG�IHFHV��

FROOHFWHG�IURP�WKH�OLYHVWRFN�VWDOOV�LV�KRPRJHQL]HG�XVLQJ�D�PL[HU�LQ�

ODJRRQV��DQG�SXPSHG�WR�VHSDUDWRUV�DIWHUZDUGV��,Q�WKH�VHSDUDWRU�D�

FRQVLGHUDEOH�SRUWLRQ�RI�WKH�VROLG�PDWWHU�LV�VHSDUDWHG�IURP�WKH�OLTXLG�
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&RQVLGHULQJ�&KDUW�1R�������WKH�KXPLGLW\�SHUFHQWDJH�DQG�QXWULWLRXV�

PDWWHU�DPRXQW�GLIIHUV�EDVHG�RQ�WKH�VHSDUDWRU�W\SH�

$W�WKLV�GDLU\�IDUP�XQLW�D�VFUHZ�SUHVV�VHSDUDWRU�LV�XWLOL]HG��

Image No. 10: A schema of manure production, collection 
and separation. 

Image No. 9: Flushing System. Image No. 11: Screw Press Separator.
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Chart No. 1: The humidity of the solid manure from the 
separator according to the separator type. 

Chart No. 2: The amount of Phosphorus in the liquid and 
solid phases based on the separator type. 

Chart No. 3: The amount of Nitrogen in the liquid and solid 
phases based on the separator type.

Chastain, et al. 2001 Chastain, et al. 2001

Chastain, et al. 2001
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Image No. 10: A schema of manure production, collection 
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Image No. 9: Flushing System. Image No. 11: Screw Press Separator.
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VKRXOG�EH�QRWLFHG�WKDW�WKH�VHOHFWHG�VDPSOHV�DUH�RI�HTXDO�YROXPH�IRU�WKH�

SUHSDUDWLRQ�RI�FRPSRXQG�VDPSOHV��VR�WKDW�WKH�UDWLRV�GR�QRW�FKDQJH�DIWHU�

PL[LQJ�WKH�VDPSOHV��,PSOHPHQW�WKH�VDPSOLQJ�DW�WKH�WLPH�RI�ILOOLQJ�WKH�

WDQNHUV�IRU�EHLQJ�WUDQVIHUUHG�WR�IDUPV��RU�IURP�VSHFLILF�VSRWV�LQ�WKH�OLTXLG�

PDQXUH�VWRUDJH�WDQNHU�

,Q�WKH�QH[W�VWDJH��WKH�W\SH�RI�FURS�SODQQHG�WR�EH�JURZQ��DORQJ�ZLWK�WKH�

H[SHFWHG�YROXPH�RI�WKH�KDUYHVW�VKRXOG�EH�VSHFLILHG�

$IWHU�WKH�VSHFLILFDWLRQ�RI�WKH�FURS�W\SH�DQG�OLTXLG�PDQXUH�DQDO\VLV��WKH�

FURS¶V�3KRVSKRUXV�QHHG�VKRXOG�EH�FDOFXODWHG�VR�WKDW�WKH�UHTXLUHG�YROXPH�

RI�OLTXLG�PDQXUH�SHU�KHFWDUH�LV�HVWLPDWHG��'XH�WR�WKH�IDFW�WKDW�

3KRVSKRUXV�LV�DPRQJ�WKH�LQDFWLYH�HOHPHQWV��DQG�LWV�DFFXPXODWLRQ�FDQ�

FDXVH�VRLO�SRLVRQLQJ��WKH�DPRXQW�RI�OLTXLG�PDQXUH�FRQVXPSWLRQ�SHU�

KHFWDUH�LV�HVWLPDWHG�EDVHG�RQ�WKH�FURS¶V�QHHG�WR�WKLV�HOHPHQW��7DEOHV�

1R���������

:KHQ�OLTXLG�PDQXUH�FDQ¶W�EH�XVHG�

�� �'XULQJ�IURVWV�

�� �'XULQJ�UDLQIDOOV�

�� �'XULQJ�SHDNV�RI�VRLO�KXPLGLW\�

�� �,Q�DUHDV�ZKHUH�WKHUH�LV�D�ULVN�RI�VXUIDFH�ZDWHU�SROOXWLRQ��RQ�������

�����ULYHUEDQNV��DORQJ�ZDWHUZD\V�DQG�VLPLODU�SODFHV��

�� �,Q�DUHDV�ZKHUH�D�OHDNDJH�RI�OLTXLG�IHUWLOL]HU�LQWR�XQGHUJURXQG�ZDWHU�LV�

������SRVVLEOH�

,PDJH�1R������0HWKRGV�RI�XVLQJ�OLTXLG�PDQXUH�RQ�IDUPV�

7DEOH�1R������7KH�PDFUR�HOHPHQWV�LQ�OLTXLG�PDQXUH�EDVHG�RQ�WKH�DPRXQW�RI�GU\�PDWWHU�

7DEOH�1R������*XLGHOLQH�WR�WKH�YROXPH�RI�PDQXUH�XVHG�EDVHG�RQ�VRLO�WHVW�

�6RXUFH��8:(;�$����������

1. Surface Spraying and Mixing at intervals longer than 3 days. 
2. Mixing with soil between 1 hour to 3 days after spraying.
3. Mixing the sprayed manure with soil in less than an hour.
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1. Surface Spraying and Mixing at intervals longer than 3 days. 
2. Mixing with soil between 1 hour to 3 days after spraying.
3. Mixing the sprayed manure with soil in less than an hour.
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)LOOLQJ�WKH�0DQXUH�
6SUD\HU�6WRUDJH�

7DQN

&DUU\LQJ�WKH
�7DQNHU�WR�WKH�)DUP

6SUHDGLQJ�0DQXUH
�RQ�(YHQ�*URXQG
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,PDJH�1�������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�PDQXUH�XVLQJ�UDLQ�JXQ�VSULQNOHU�V\VWHP��

,PDJH�1R������6SUD\LQJ�OLTXLG�PDQXUH�DW�&KDOWDVLDQ�FRPSOH[�

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�OLTXLG�PDQXUH�LQ�IRUDJH�SODQWV�VXFK�DV�DOIDOID��

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�DORQJ�ZLWK�PL[LQJ�WKH�VRLO��

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�PDQXUH�XVLQJ�UDLQ�JXQ�VSULQNOHU�V\VWHP��



��

EHIRUH��&RQVLGHULQJ�WKH�QDWXUH�RI�WKHVH�ZDVWHZDWHUV��FRQWDLQLQJ�ORZ�

DPRXQWV�RI�%2'�DQG�&2'��WKH\�FDQ�HDVLO\�EH�WUHDWHG�XVLQJ�FRPPRQ�

PHWKRGV��,PDJH�1R������

%��7UHDWPHQW�DQG�5HF\FOLQJ�RI�/LTXLG�0DQXUH�
6XUSOXV
,Q�OLTXLG�PDQXUH�PDQDJHPHQW��FRQVLGHULQJ�WKH�FKDUDFWHULVWLFV�RI�WKLV�

SURGXFW��WKH�WLPH�FRQVXPLQJ�DQG�H[SHQVLYH�SURFHVV�RI�WUHDWPHQW�DQG�

UHF\FOLQJ�RQ�WKH�RQH�KDQG��DQG�WKH�KLJK�DPRXQW�RI�QXWULWLRQDO�DQG�RUJDQLF�

HOHPHQWV�SUHVHQW�LQ�WKH�PDQXUH�RQ�WKH�RWKHU��LW�FDQ�EH�VXFFHVVIXOO\�XVHG�

LQ�DJULFXOWXUH��:LWK�UHJDUGV�WR�WKHVH�SRLQWV��XVLQJ�PDQXUH�LQ�DJULFXOWXUH�

FDQ�UHGXFH�DQG�RU�HOLPLQDWH�WKH�DSSOLFDWLRQ�RI�FKHPLFDO�IHUWLOL]HUV��HQKDQFH�

WKH�VRLO¶V�RUJDQLF�PDWWHU�DQG�VXVWDLQDELOLW\�RI�SURGXFWLRQ�RQ�IDUPV��,Q�FDVH�

OLTXLG�PDQXUH�LV�QRW�XVHG�LQ�DJULFXOWXUH��LQVWHDG�RI�UHOHDVLQJ�LW�LQ�QDWXUH��LW�LV�

VXJJHVWHG�WKDW�LW�LV�WUDQVIHUUHG�WR�UHF\FOLQJ�DQG�WUHDWPHQW�VHFWLRQV�

��%�6WRUDJH�DQG�3UHVHUYDWLRQ
,Q�RUGHU�WR�VWRUH�OLTXLG�PDQXUH��LW�LV�UHTXLUHG�WKDW�WKH�VWRUDJH�VWUXFWXUH�LV�

GHVLJQHG�LQ�D�ZD\�WKDW�WKHUH�ZRXOG�EH�QR�FKDQFH�RI�ZDWHU�SHQHWUDWLRQ�LQWR�

WKH�JURXQG��,Q�WKH�VWRUDJH�SURFHVV��GHSHQGLQJ�RQ�WKH�GHSWK�RI�VWRUDJH�WDQNV�

RU�ODJRRQV��DQ�DQDHURELF�UHDFWLRQ�PD\�RFFXU��7KH�RQVHW�RI�DQ�DQDHURELF�

UHDFWLRQ�IDFLOLWDWHV�WKH�SURFHHGLQJ�VWDJHV�RI�WKH�WUHDWPHQW�SURFHVV��ZKLFK�

ZLOO�EH�GLVFXVVHG�ODWHU�RQ��2QH�RI�WKH�RWKHU�DGYDQWDJHV�RI�VWRUDJH�LV�WKDW�

WKH�DJULFXOWXUH�VHFWLRQ�ZLOO�EH�DEOH�WR�DSSO\�OLTXLG�PDQXUH�WR�WKH�IDUP�WKURXJK�

ZLWKGUDZDO�IURP�ODJRRQV�LQ�WLPHV�RI�HPHUJHQF\��ZLWKRXW�LQWHUUXSWLRQ��,PDJH�1R��

����

�����0HWKRGV�RI�8VLQJ�/LTXLG�0DQXUH�RQ�)DUPV
&RQVLGHULQJ�WKH�VWXGLHV�FRQGXFWHG�RQ�LQWHUQDWLRQDO�FDVHV�DQG�

H[SHULHQFHV��DV�ZHOO�DV�WKH�UHVXOWV�IURP�6DOHKL�DQG�6DIIDUL�

�&KDOWDVLDQ��GDLU\�DQG�DJULFXOWXUDO�IDUPV��DSSO\LQJ�OLTXLG�PDQXUH�LV�

GRQH�SULRU�WR�SODQWDWLRQ�LQ�WKH�IRUP�RI�����VTXDUH�PHWHUV�PL[HG�

ZLWK�WKH�VRLO��DQG����VTXDUH�PHWHUV�LQ�WKH�IRUP�RI�VSUD\LQJ�RQ�

SODQWV��EHIRUH������VTXDUH�PHWHUV�RI�OLTXLG�PDQXUH�LV�DOVR�DSSOLHG�

WR�DOIDOID��DIWHU�HDFK�KDUYHVW��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�LQ�RUGHU�WR�

DFKLHYH�EHWWHU�UHVXOWV��VFLHQWLILF�H[SHULPHQWV�LQ�WKH�IRUP�RI�VWDWLVWLFDO�

SURJUDPV�DUH�FXUUHQWO\�EHLQJ�FRQGXFWHG�LQ�FROODERUDWLRQ�ZLWK�7HKUDQ�

$JULFXOWXUDO�DQG�1DWXUDO�5HVRXUFHV�5HVHDUFK�&HQWHU�RQ�WKH�WKUHH�

SODQWV�RI�IRUDJH�FRUQ��DOIDOID�DQG�ZKHDW��7KHVH�SURJUDPV�KDYH�EHHQ�

FRPSLOHG�LQ�WKH�IRUP�RI�DQ�028��,PDJH�1R������

����:DWHU�7UHDWPHQW�DQG�5HF\FOLQJ
$IWHU�FROOHFWLQJ�DQG�VHSDUDWLQJ�GDLU\�IDUP�PDQXUH�DQG�ZDVWHZDWHU��

IROORZHG�E\�SODQQLQJ�IRU�LWV�VWRUDJH�DQG�DSSOLFDWLRQ�WR�WKH�IDUP��ZH�

ZLOO�WKHQ�PRYH�RQ�WR�WUHDWLQJ�WKH�VXUSOXV�RI�WKHVH�OLTXLGV�ZLWK�WKH�

DLP�RI�PHHWLQJ�HQYLURQPHQWDO�UHTXLUHPHQWV�DQG�FRPSHQVDWLQJ�IRU�

ZDWHU�VKRUWDJH�LVVXHV�

$��7UHDWPHQW�DQG�5HF\FOLQJ�RI�6RIW�:DVWHZDWHU
$V�LW�KDV�EHHQ�PHQWLRQHG�LQ�SUHYLRXV�VHFWLRQV��DERXW����SHUFHQW�RI�

GDLU\�IDUPV¶�PDQXUH�DQG�ZDVWHZDWHU�LV�PDGH�XS�RI�VRIW�ZDVWHZDWHU��

WKH�SK\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�ZKLFK�KDYH�EHHQ�GHVFULEHG�

,PDJH�1R������6DOHKL�DQG�6DIIDUL��&KDOWDVLDQ��IDUP�VRIW�ZDVWHZDWHU�WUHDWPHQW�SODQW�

,PDJH�1R������6WDJHV�RI�FRQVWUXFWLQJ�OLTXLG�PDQXUH�VWRUDJH�IDFLOLWLHV�

��

,PDJH�1�������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�PDQXUH�XVLQJ�UDLQ�JXQ�VSULQNOHU�V\VWHP��

,PDJH�1R������6SUD\LQJ�OLTXLG�PDQXUH�DW�&KDOWDVLDQ�FRPSOH[�

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�OLTXLG�PDQXUH�LQ�IRUDJH�SODQWV�VXFK�DV�DOIDOID��

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�DORQJ�ZLWK�PL[LQJ�WKH�VRLO��

,PDJH�1R������0HWKRGV�RI�DSSO\LQJ�OLTXLG�PDQXUH�RQ�IDUPV�

�GLVWULEXWLRQ�RI�PDQXUH�XVLQJ�UDLQ�JXQ�VSULQNOHU�V\VWHP��
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��%�)ORZ�0RGLILHU

$�IORZ�PRGLILHU�LV�XVHG�LQ�RUGHU�WR�DFKLHYH�D�IDLUO\�FRQVWDQW�IORZ�UDWH�

LQ�VHZDJH�WUHDWPHQW�SODQWV��ERWK�IRU�XUEDQ�DQG�LQGXVWULDO�VHZDJHV�

8VLQJ�D�IORZ�PRGLILHU��DIWHU�SUHOLPLQDU\�WUHDWPHQW��VFUHHQLQJ�DQG�

HWF���SURYLGHV�D�IDLUO\�FRQVWDQW�IORZ�UDWH�IRU�WKH�IROORZLQJ�WUHDWPHQW�

RSHUDWLRQV�DQG�SURFHVVHV��WKHUHIRUH�LQFUHDVLQJ�WKH�HIILFLHQF\�RI�

WUHDWPHQW��1RW�RQO\�GRHV�D�PRGLILHU�DGMXVW�WKH�IOXFWXDWLRQV�LQ�WKH�

GDLO\�IORZ��EXW�DOVR�FKDQJHV�LQ�WKH�FRQFHQWUDWLRQ�RI�%2'���VXVSHQGHG�

VROLGV�DQG�WKH�OLNH�

,Q�WKH�H[LVWLQJ�WUHDWPHQW�SODQWV��XVLQJ�D�IORZ�PRGLILHU�KDV�LQFUHDVHG�

WKH�DPRXQW�RI�VXVSHQGHG�VROLGV�UHPRYDO�LQ�WKH�LQLWLDO�VHGLPHQWDWLRQ�

XQLWV��7KH�ELRORJLFDO�WUHDWPHQW�HIILFLHQF\�DOVR�LPSURYHV�VLJQLILFDQWO\�

ZLWK�WKH�XVH�RI�D�PRGLILHU��EHFDXVH�WKH�VXGGHQ�ORDGLQJV�UHDFK�WKH�

ORZHVW�OHYHO�DQG�WKH�IORZ�UDWH�LV�DOVR�VWDEOH��ZKLFK�LQ�WXUQ�LV�EHQHILFLDO�

IRU�ELRORJLFDO�XQLWV�DQG�XOWLPDWH�FODULILHUV��,PDJH�1R������

��%�IORZ�PRGLILHU�DW�WUHDWPHQW�SODQWV
���3URSHU�EDODQFH�LQ�RUJDQLF�PDWWHU�IOXFWXDWLRQV��LQ�RUGHU�WR�SUHYHQW�

VKRFNV�WR�WKH�ELRORJLFDO�V\VWHP�

���5HGXFLQJ�WKH�LQIORZ�VKRFN�WR�SK\VLFDO�DQG�FKHPLFDO�WUHDWPHQW�

V\VWHPV�DV�PXFK�DV�SRVVLEOH�

���3URSHU�IHHG�RI�WKH�ELRORJLFDO�V\VWHPV��ZKHQ�WKH�WUHDWPHQW�SODQW�KDV�

QR�LQSXW�

���&UHDWLQJ�WKH�UHTXLUHG�IDFLOLWLHV�IRU�WKH�XQFRQWUROOHG�GUDLQDJH�RI�

VHZDJH�LQWR�WKH�V\VWHP�IRU�WKH�GLVWULEXWLRQ�RI�PRUH�EDODQFHG�

ORDGLQJV��

���3UHYHQWLQJ�WKH�LQIOX[�RI�KLJK�FKHPLFDO�FRQFHQWUDWLRQV�LQWR�WKH�

ELRORJLFDO�SURFHVV�

��%�$QDHURELF�GLJHVWLRQ
$QDHURELF�GLJHVWLRQ��WKH�PRVW�FRPPRQO\�XVHG�VOXGJH�WUHDWPHQW�

PHWKRG��FDQ�EH�GHILQHG�DV�WKH�ELRORJLFDO�GHFRPSRVLWLRQ�RI�

ELRGHJUDGDEOH�RUJDQLF�VOXGJH�ZLWK�WKH�LQYROYHPHQW�RI�PLFUREHV�

LQ�DQDHURELF�FRQGLWLRQV��0LFUREHV�LQYROYHG�LQ�DQDHURELF�GLJHVWLRQ�

JURZ�ZHOO�LQ�DQ�HQYLURQPHQW�IUHH�RI�R[\JHQ�DQG�ULFK�LQ�RUJDQLF�

PDWWHU��7KHVH�PLFUREHV�IHHG�RQ�WKH�RUJDQLF�PDWWHU��$V�D�UHVXOW�

RI�WKLV�SURFHVV��VROLGV�DUH�GLJHVWHG�DQG�FRQYHUWHG�LQWR�VROXEOH�

PDWHULDO��7KH�ILQDO�SURGXFWV�RI�WKLV�VHFWLRQ�DUH�PLQHUDO�VDOWV��

PHWKDQH�JDV�DQG�FDUERQ�GLR[LGH��,PDJH�1R������

��%�$HURELF�SURFHVV
7KH�DQDHURELF�SURFHVV�RXWSXW�JRHV�LQWR�WKH�DHURELF�VHFWLRQ��,Q�WKH�

DHURELF�SURFHVV��ELRORJLFDO�DJHQWV��ZKLFK�DUH�PDLQO\�KHWHURSKLOLF��

GHFRPSRVH�RUJDQLF�PDWWHU�LQ�D�ELRFKHPLFDO�UHDFWLRQ��,Q�WKLV�UHDFWLRQ��

PLFURRUJDQLVPV�R[LGL]H�RUJDQLF�PDWWHU�DQG�SURGXFH�JDV��ZDWHU�DQG�

HQHUJ\�DV�WKH�ILQDO�SURGXFW��%DFWHULD�DOVR�FRQVXPH�WKH�HQHUJ\�IURP�

WKH�SURFHVV�ZLWK�QXWULHQWV�VXFK�DV�SKRVSKRUXV�DQG�QLWURJHQ�IRU�

V\QWKHVLV�DQG�UHSURGXFWLRQ��,PDJHV�1R�����	�����

2UJDQLF�0DWWHU���2� &�+�2�1��1HZ�%DFWHULXP�&HOO�

$V�WKH�DPRXQW�RI�QXWULWLRXV�HOHPHQWV�LQ�WKH�HQYLURQPHQW�GURSV��

EHLQJ�DQ�RUJDQLF�PDWWHU��WKH�EDFWHULDO�FHOO�LV�GHFRPSRVHG�DQG�

GHVWUR\HG�

,Q�WKHLU�VHOI�GHVWUXFWLYH�PRGH��PLFUREHV�UHTXLUH�OLWWOH�HQHUJ\��EHFDXVH�

WKH�OHYHO�RI�WKHLU�UHSURGXFWLRQ�DQG�PRYHPHQW�LV�YHU\�ORZ��,Q�WKLV�

PHFKDQLVP��R[\JHQ�DFWV�DV�DQ�HOHFWURQ�UHFHSWRU��,PDJH�1R������

3URWRSODVP���2�� �&2��+�2

'XH�WR�WKH�UROH�WKDW�R[\JHQ�SOD\V�LQ�WKH�DHURELF�SURFHVV��LW�

PXVW�EH�SURYLGHG�IRU�WKH�UHVSLUDWLRQ�RI�PLFURRUJDQLVPV��)RU�WKLV�

SXUSRVH��HTXLSPHQW�VXFK�DV�EORZHUV��GLIIXVHUV�DQG�VLPLODU�GHYLFHV�

DUH�XWLOL]HG�

,PDJH�1R������7KH�IORZ�PRGLILHU�DW�6DOHKL�DQG�6DIIDUL�

�&KDOWDVLDQ��GDLU\�IDUP�

,PDJH�1R������$QDHURELF�EDVLQV�DW�6DOHKL�DQG�6DIIDUL��&KDOWDVLDQ��GDLU\�IDUP�



��

��%�S+

7KH�UDQJH�RI�S+�FKDQJHV�LQ�ELRORJLFDO�VHZDJH�WUHDWPHQW�V\VWHPV�VKRXOG

EH�NHSW�ZLWKLQ����������%DFWHULD�FDQ�VXUYLYH�LQ�S+�UDQJH�RI�� �����EXW�LI�

WKH�S+�LV�UHGXFHG��WKH�SRSXODWLRQ�RI�RWKHU�PLFURRUJDQLVPV�ZLOO�RYHUFRPH�

WKH�QXPEHU�RI�EDFWHULD�DQG�WUHDWPHQW�ZLOO�QRW�EH�GHVLUDEOH��:KHQ�WKH�

S+�OHYHO�LV�KLJK��WKH�EDFWHULD�FDQQRW�DFFHVV�QXWULWLRXV�HOHPHQWV�DQG�WKH�

WUHDWPHQW�ZLOO�QRW�EH�SHUIRUPHG�GHVLUDEO\��7KH�RSWLPXP�S+�UDQJH�IRU�

EDFWHULDO�DFWLYLW\�LV�EHWZHHQ���DQG�����

��%�(IIHFWLYH�3DUDPHWHUV�LQ�$FWLYH�6OXGJH
3URFHVV

7KHVH�SDUDPHWHUV�LQFOXGH�S+��PLQHUDOV��RUJDQLF�PDWWHU��

WHPSHUDWXUH��GLVVROYHG�R[\JHQ��'2���FRORU��QXWULHQW�FRQFHQWUDWLRQ��

VOXGJH�YROXPH��69,���)�0�UDWLR��IRDP�SURGXFWLRQ���DJH�RI�VOXGJH��

0/66�DQG�0/966��DV�ZHOO�DV�WKH�GDLO\�PLFURVFRSLF�REVHUYDWLRQ�RI�

WKH�VOXGJH�VDPSOH�

,PDJH�1R������$HUDWLRQ�EDVLQV� ,PDJH�1R�������$HUDWLRQ�EDVLQV�DW�6DOHKL�DQG�6DIIDUL��&KDOWDVLDQ��

GDLU\�IDUP�

,PDJH�1R������7KH�EORZHU�DQG�GLIIXVHU�VDPSOHV�XVHG�LQ�6DOHKL�DQG�6DIIDUL��&KDOWDVLDQ��GDLU\�IDUP�

��

��%�)ORZ�0RGLILHU

$�IORZ�PRGLILHU�LV�XVHG�LQ�RUGHU�WR�DFKLHYH�D�IDLUO\�FRQVWDQW�IORZ�UDWH�

LQ�VHZDJH�WUHDWPHQW�SODQWV��ERWK�IRU�XUEDQ�DQG�LQGXVWULDO�VHZDJHV�

8VLQJ�D�IORZ�PRGLILHU��DIWHU�SUHOLPLQDU\�WUHDWPHQW��VFUHHQLQJ�DQG�

HWF���SURYLGHV�D�IDLUO\�FRQVWDQW�IORZ�UDWH�IRU�WKH�IROORZLQJ�WUHDWPHQW�

RSHUDWLRQV�DQG�SURFHVVHV��WKHUHIRUH�LQFUHDVLQJ�WKH�HIILFLHQF\�RI�

WUHDWPHQW��1RW�RQO\�GRHV�D�PRGLILHU�DGMXVW�WKH�IOXFWXDWLRQV�LQ�WKH�

GDLO\�IORZ��EXW�DOVR�FKDQJHV�LQ�WKH�FRQFHQWUDWLRQ�RI�%2'���VXVSHQGHG�

VROLGV�DQG�WKH�OLNH�

,Q�WKH�H[LVWLQJ�WUHDWPHQW�SODQWV��XVLQJ�D�IORZ�PRGLILHU�KDV�LQFUHDVHG�

WKH�DPRXQW�RI�VXVSHQGHG�VROLGV�UHPRYDO�LQ�WKH�LQLWLDO�VHGLPHQWDWLRQ�

XQLWV��7KH�ELRORJLFDO�WUHDWPHQW�HIILFLHQF\�DOVR�LPSURYHV�VLJQLILFDQWO\�

ZLWK�WKH�XVH�RI�D�PRGLILHU��EHFDXVH�WKH�VXGGHQ�ORDGLQJV�UHDFK�WKH�

ORZHVW�OHYHO�DQG�WKH�IORZ�UDWH�LV�DOVR�VWDEOH��ZKLFK�LQ�WXUQ�LV�EHQHILFLDO�

IRU�ELRORJLFDO�XQLWV�DQG�XOWLPDWH�FODULILHUV��,PDJH�1R������

��%�IORZ�PRGLILHU�DW�WUHDWPHQW�SODQWV
���3URSHU�EDODQFH�LQ�RUJDQLF�PDWWHU�IOXFWXDWLRQV��LQ�RUGHU�WR�SUHYHQW�

VKRFNV�WR�WKH�ELRORJLFDO�V\VWHP�

���5HGXFLQJ�WKH�LQIORZ�VKRFN�WR�SK\VLFDO�DQG�FKHPLFDO�WUHDWPHQW�

V\VWHPV�DV�PXFK�DV�SRVVLEOH�

���3URSHU�IHHG�RI�WKH�ELRORJLFDO�V\VWHPV��ZKHQ�WKH�WUHDWPHQW�SODQW�KDV�

QR�LQSXW�

���&UHDWLQJ�WKH�UHTXLUHG�IDFLOLWLHV�IRU�WKH�XQFRQWUROOHG�GUDLQDJH�RI�

VHZDJH�LQWR�WKH�V\VWHP�IRU�WKH�GLVWULEXWLRQ�RI�PRUH�EDODQFHG�

ORDGLQJV��

���3UHYHQWLQJ�WKH�LQIOX[�RI�KLJK�FKHPLFDO�FRQFHQWUDWLRQV�LQWR�WKH�

ELRORJLFDO�SURFHVV�

��%�$QDHURELF�GLJHVWLRQ
$QDHURELF�GLJHVWLRQ��WKH�PRVW�FRPPRQO\�XVHG�VOXGJH�WUHDWPHQW�

PHWKRG��FDQ�EH�GHILQHG�DV�WKH�ELRORJLFDO�GHFRPSRVLWLRQ�RI�

ELRGHJUDGDEOH�RUJDQLF�VOXGJH�ZLWK�WKH�LQYROYHPHQW�RI�PLFUREHV�

LQ�DQDHURELF�FRQGLWLRQV��0LFUREHV�LQYROYHG�LQ�DQDHURELF�GLJHVWLRQ�

JURZ�ZHOO�LQ�DQ�HQYLURQPHQW�IUHH�RI�R[\JHQ�DQG�ULFK�LQ�RUJDQLF�

PDWWHU��7KHVH�PLFUREHV�IHHG�RQ�WKH�RUJDQLF�PDWWHU��$V�D�UHVXOW�

RI�WKLV�SURFHVV��VROLGV�DUH�GLJHVWHG�DQG�FRQYHUWHG�LQWR�VROXEOH�

PDWHULDO��7KH�ILQDO�SURGXFWV�RI�WKLV�VHFWLRQ�DUH�PLQHUDO�VDOWV��

PHWKDQH�JDV�DQG�FDUERQ�GLR[LGH��,PDJH�1R������

��%�$HURELF�SURFHVV
7KH�DQDHURELF�SURFHVV�RXWSXW�JRHV�LQWR�WKH�DHURELF�VHFWLRQ��,Q�WKH�

DHURELF�SURFHVV��ELRORJLFDO�DJHQWV��ZKLFK�DUH�PDLQO\�KHWHURSKLOLF��

GHFRPSRVH�RUJDQLF�PDWWHU�LQ�D�ELRFKHPLFDO�UHDFWLRQ��,Q�WKLV�UHDFWLRQ��

PLFURRUJDQLVPV�R[LGL]H�RUJDQLF�PDWWHU�DQG�SURGXFH�JDV��ZDWHU�DQG�

HQHUJ\�DV�WKH�ILQDO�SURGXFW��%DFWHULD�DOVR�FRQVXPH�WKH�HQHUJ\�IURP�

WKH�SURFHVV�ZLWK�QXWULHQWV�VXFK�DV�SKRVSKRUXV�DQG�QLWURJHQ�IRU�

V\QWKHVLV�DQG�UHSURGXFWLRQ��,PDJHV�1R�����	�����

2UJDQLF�0DWWHU���2� &�+�2�1��1HZ�%DFWHULXP�&HOO�

$V�WKH�DPRXQW�RI�QXWULWLRXV�HOHPHQWV�LQ�WKH�HQYLURQPHQW�GURSV��

EHLQJ�DQ�RUJDQLF�PDWWHU��WKH�EDFWHULDO�FHOO�LV�GHFRPSRVHG�DQG�

GHVWUR\HG�

,Q�WKHLU�VHOI�GHVWUXFWLYH�PRGH��PLFUREHV�UHTXLUH�OLWWOH�HQHUJ\��EHFDXVH�

WKH�OHYHO�RI�WKHLU�UHSURGXFWLRQ�DQG�PRYHPHQW�LV�YHU\�ORZ��,Q�WKLV�

PHFKDQLVP��R[\JHQ�DFWV�DV�DQ�HOHFWURQ�UHFHSWRU��,PDJH�1R������

3URWRSODVP���2�� �&2��+�2

'XH�WR�WKH�UROH�WKDW�R[\JHQ�SOD\V�LQ�WKH�DHURELF�SURFHVV��LW�

PXVW�EH�SURYLGHG�IRU�WKH�UHVSLUDWLRQ�RI�PLFURRUJDQLVPV��)RU�WKLV�

SXUSRVH��HTXLSPHQW�VXFK�DV�EORZHUV��GLIIXVHUV�DQG�VLPLODU�GHYLFHV�

DUH�XWLOL]HG�

,PDJH�1R������7KH�IORZ�PRGLILHU�DW�6DOHKL�DQG�6DIIDUL�

�&KDOWDVLDQ��GDLU\�IDUP�

,PDJH�1R������$QDHURELF�EDVLQV�DW�6DOHKL�DQG�6DIIDUL��&KDOWDVLDQ��GDLU\�IDUP�



��

��%�3UHVHQFH�RI�0LQHUDOV
2FFDVLRQDOO\��GXH�WR�WKH�SUHVHQFH�RI�PLQHUDOV�VXFK�DV�VXOILGH��VXOIDWH��

VXOIXU��QLWULWH��QLWUDWH�DQG�DPPRQLXP��WKH�ELRORJLFDO�HIILFLHQF\�PD\�

GHFUHDVH�DQG�XQGHVLUDEOH�HIIHFWV�PD\�RFFXU�

��%�$PRXQW�RI�GLVVROYHG�R[\JHQ��'2�
7R�HQVXUH�WKDW�WKHUH�LV�HQRXJK�R[\JHQ�LQ�WKH�V\VWHP��LW�LV�QHFHVVDU\�

WR�NHHS�WKH�R[\JHQ�FRQWHQW�LQ�WKH�DHUDWLRQ�EDVLQ�EHWZHHQ�����PJ�O�

2EYLRXVO\��IDFWRUV�VXFK�DV�KRW�DQG�FROG�ZHDWKHU�DV�ZHOO�DV�WKH�WLPH�

RI�RSHUDWLRQ�FRPPHQFHPHQW��DOVR�DIIHFW�WKH�DPRXQW�RI�R[\JHQ�

LQSXW��7KH�WHPSHUDWXUH�KDV�D�UHYHUVH�UHODWLRQVKLS�ZLWK�WKH�R[\JHQ�

GLVVROXWLRQ�

���%�7HPSHUDWXUH
7KH�RSWLPXP�WHPSHUDWXUH�IRU�VHZDJH�WUHDWPHQW�V\VWHPV�LV�

EHWZHHQ���R&�DQG���R&��$W�WKLV�WHPSHUDWXUH��EDFWHULD�KDYH�WKH�

KLJKHVW�DFWLYLW\�HIILFLHQF\��$W�KLJKHU�WHPSHUDWXUHV��EDFWHULD�DUH�

PRUH�DFWLYH�DQG�OHVV�DFWLYH�DW�ORZHU�WHPSHUDWXUHV��7HPSHUDWXUH�

SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�DFWLYH�VOXGJH��,Q�FROG�

UHJLRQV��ZKHUH�WKH�WHPSHUDWXUH�LV�EHORZ����GHJUHHV�&HOVLXV�LQ�D�

QXPEHU�RI�VHDVRQV��PRUH�WKDQ�D�PRQWK�LV�QHHGHG�IRU�WKH�IRUPDWLRQ�

RI�VOXGJH��,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH�HDUO\�VWDJHV�RI�WKH�

ELRORJLFDO�V\VWHP��WKH�GXUDWLRQ�RI�VOXGJH�IRUPDWLRQ�LV�HVWLPDWHG�WR�

EH�DERXW�����ZHHNV�

���%�+\GUDXOLF�VWD\�WLPH
7KH�WLPH�RI�D�K\GUDXOLF�VWD\�LV�WKH�SHULRG�RI�WLPH�GXULQJ�ZKLFK�WKH�

VOXGJH�UHPDLQV�LQ�WKH�DHUDWLRQ�EDVLQ��7KH�WLPH�RI�PLFURELDO�VWD\�LV�

WKH�SHULRG�GXULQJ�ZKLFK�PLFURRUJDQLVPV�HQWHU�WKH�VHGLPHQWDWLRQ�

XQLW�IURP�WKH�DHUDWLRQ�XQLW�DQG�WKHQ�UH�HQWHU�WKH�DHUDWLRQ�EDVLQ�LQ�

WKH�IRUP�RI�UHWXUQHG�VOXGJH�

���%�)�0�5DWLR��)RRG�0LFURRUJDQLVP�
7KH�UDWLR�RI�IRRG�WR�PLFURRUJDQLVPV�LQGLFDWHV�WKH�DPRXQW�RI�QXWULHQWV�

HQWHULQJ�WKH�DFWLYH�VOXGJH�SURFHVV�DQG�WKH�DPRXQW�RI�PLFURRUJDQLVPV�

�EDFWHULD��SUHVHQW�LQ�WKH�DHUDWLRQ�EDVLQ��7KH�)�0�UDWLR�PD\�IOXFWXDWH�

WKURXJKRXW�WKH�\HDU��GHSHQGLQJ�RQ�FKDQJHV�LQ�RSHUDWLQJ�FRQGLWLRQV�VXFK�DV�

LQGXVWULDO�GUDLQV��GLVFKDUJH�UHJXODWLRQV�RU�VHDVRQDO�VHZDJH�WHPSHUDWXUHV��

7KH�)�0�UDWLR�UDQJH�PD\�YDU\�DFFRUGLQJ�WR�GLIIHUHQW�VHDVRQV��IRU�H[DPSOH��

WKH�)�0�UDWLR�LV�KLJK�LQ�VXPPHU�DQG�LV�ORZHU�GXULQJ�ZLQWHU�

7KH�DPRXQW�RI�IRRG��)��WKDW�HQWHUV�WKH�DFWLYH�VOXGJH�SURFHVV�LV�WKH�

VDPH�DV�WKH�DPRXQW�RI�%2'��LQ�PJ�O��LQWURGXFHG�LQWR�WKH�DHUDWLRQ�

EDVLQV�DQG�WKH�DPRXQW�RI�PLFURRUJDQLVPV��0��SUHVHQW�LQ�WKH�DFWLYH�

VOXGJH�SURFHVV��LV�WKH�VDPH�DV�WKH�PL[HG�OLTXRU�YRODWLOH�VXVSHQGHG�

VROLGV��0/966��SUHVHQW�LQ�WKH�DHUDWLRQ�EDVLQV�WKURXJK�WKH�SURFHVV�

���%�)RUPDWLRQ�RI�)RDP�
7KH�SURGXFWLRQ�RI�IRDP�LV�D�FRPPRQ�SUREOHP�FDXVLQJ�FRPSOLFDWLRQV�LQ�

PDQ\�VHZDJH�WUHDWPHQW�SODQWV�DURXQG�WKH�ZRUOG�

7KH�W\SHV�RI�IRDP�DQG�VXUIDFH�IRXQG�LQ�DFWLYH�VOXGJH�LQFOXGH�

�8QEURNHQ�VXUIDFH�DFWLYH�RUJDQLF�FRPSRXQGV�

�'HWHUJHQWV�

�6XUIDFHV�FDXVHG�E\�ULVLQJ�VOXGJH�GXH�WR�GHQLWULILFDWLRQ�LQ�FOHDULQJ�

�7KH�EURZQ�VXUIDFH�FDXVHG�E\�WKH�ZLGH�JURZWK�RI�DFWLQRP\FHWHV

���,PDJH�1R������

���%�3UREOHPV�FDXVHG�GXH�WR�WKH�IRUPDWLRQ�RI�
IRDP
�6OLSSHU\�FRUULGRUV�

�/HDNDJH�RI�IRDP�LQWR�WKH�DFWLYH�VOXGJH�ZDVWHZDWHU�DQG�LQFUHDVH�RI��

��%2'�DV�ZHOO�DV�VXVSHQGHG�VROLGV�

�3UREOHPV�LQ�DQDHURELF�GLJHVWLRQ�V\VWHPV�

�$QQR\LQJ�RGRUV��HVSHFLDOO\�LQ�ZDUP�DUHDV��

�3RVVLELOLW\�RI�LQIHFWLRQV�LQ�VHZDJH�ZRUNHUV�GXH�WR�WKH�H[LVWHQFH�RI�������

��SDWKRJHQLF�DFWLQRP\FHWHV�VXFK�DV�1RFDUGLD�DQG�VLPLODU�IDFWRUV�

���%�)RDP�FRQWURO�
�&KORULQDWLRQ�RI�IRDP�DQG�DFWLYH�VOXGJH�

�,QFUHDVLQJ�VOXGJH�GLVFKDUJH�

�8VLQJ�ELRORJLFDO�VHOHFWRU�

�'HFUHDVLQJ�DHUDWLRQ�

�'HFUHDVLQJ�WKH�S+�OHYHO�

�$GGLQJ�GLJHVWLYH�VXUIDFH�OLTXLG�WR�WKH�DQDHURELF�EDVLQ��

�6SUD\LQJ�ZDWHU�

�8VLQJ�DQWL�IRDP�DJHQWV�DQG�LURQ�VDOWV��

�3UHYHQWLQJ�WKH�DFFXPXODWLRQ�RI�IRDP�LQ�DUHDV�ZLWK�ORZ�WXUEXOHQFH�

�8VLQJ�FRXQWHU�RUJDQLVPV�

,PDJH�1R������3URGXFWLRQ�RI�IRDP�E\�EDFWHULD�LQ�ELRORJLFDO�WUHDWPHQW�SODQWV�



��

���%�&RDJXODWLRQ�DQG�IORFFXODWLRQ

$W�WKH�HQG�RI�WKH�DHURELF�SURFHVV��LWV�RXWSXW�HQWHUV�WKH�FRDJXODWLRQ�DQG�

IORFFXODWLRQ�VWDJH��,Q�IORFFXODWLRQ�DQG�FRDJXODWLRQ��D�FKHPLFDO�VXEVWDQFH�

LV�H[SRVHG�WR�FROORLGDO�VROLGV��WKDW�FDQQRW�VHWWOH��DQG�VXVSHQGHG�

VROLGV�ZLWK�D�ORZ�VHGLPHQWDWLRQ�UDWH�VR�WKDW�FORWV�ZLWK�H[WUHPHO\�ORZ�

VHGLPHQWDWLRQ�UDWHV�DUH�IRUPHG��7KH�PDLQ�FRDJXODQWV�XVHG�IRU�ZDWHU�

WUHDWPHQW�LQFOXGH�DOXPLQXP�DQG�LURQ�VDOWV��DOWKRXJK�SRO\HOHFWURO\WHV�DUH�

DOVR�XVHG�LQ�VRPH�VLWXDWLRQV��)RU�VHZDJH�WUHDWPHQW��DOXPLQXP�DQG�LURQ�

VDOWV�DV�ZHOO�DV�SRO\HOHFWURO\WHV�DUH�XVHG�

2QH�RI�WKH�SUREOHPV�LQ�FRDJXODWLRQ�DQG�IORFFXODWLRQ�LV�WKH�SUHVHQFH�RI�

FROORLGDO�SDUWLFOHV��ZKLFK�FDQ�EH�REYLDWHG�XVLQJ�FRDJXODQWV��,I�WKH�QDWXUDO�

DONDOLQLW\�LV�QRW�DSSURSULDWH�IRU�VHZDJH�SURGXFWLRQ��LQFUHDVLQJ�DONDOLQH�

OHYHOV�LV�QHFHVVDU\�WR�KHOS�FRDJXODQWV��/LPH�LV�XVXDOO\�LQMHFWHG�LQWR�WKH�

DERYH�VROXWLRQ�LQ�WKH�IRUP�RI�K\GUDWHG�OLPH��'XH�WR�LWV�KLJKHU�SULFH�DV�

FRPSDUHG�WR�K\GUDWHG�OLPH��6RGLXP�%LFDUERQDWH�LV�XVHG�OHVV�RIWHQ��

3RO\HOHFWURO\WHV�DUH�DOVR�XVHG�IRU�RSWLPDO�FRDJXODWLRQ�

���%�6HGLPHQWDWLRQ

6HGLPHQWDWLRQ�LV�D�XQLW�RI�RSHUDWLRQ��LQ�ZKLFK�JUDYLW\�LV�XVHG�IRU�

VHSDUDWLQJ�VXVSHQGHG�VROLGV��7KH�VHGLPHQWDWLRQ�SURFHVV�LV�XVXDOO\�XVHG�

LQ�ZDWHU�WUHDWPHQW��FRQYHQWLRQDO�WUHDWPHQW��DV�ZHOO�DV�DGYDQFHG�VHZDJH�

WUHDWPHQW�

���%�6HGLPHQWDWLRQ�LQ�VHZDJH�WUHDWPHQW�LV�
DSSOLHG�LQ�WKH�IROORZLQJ�SURFHVVHV�

�6HGLPHQWDWLRQ�RI�WKH�FRDJXODWHG�FORWV�LQ�ZDWHU�SULRU�WR�WKH�VDQG�ILOWHU�

�5HPRYDO�RI�GLUW�DQG�VDQG�

�5HPRYDO�RI�VXVSHQGHG�VROLGV�LQ�WKH�LQLWLDO�FODULILFDWLRQV�

�5HPRYDO�RI�ELRORJLFDO�FORWV�LQ�VHFRQGDU\�FODULILFDWLRQ�XQLWV�RI�WKH��DFWLYH��

��VOXGJH�SURFHVV�

�,Q�DGYDQFHG�VHZDJH�WUHDWPHQW��WKH�PDLQ�SXUSRVH�RI�VHGLPHQWDWLRQ�LV�WR�

��UHPRYH�WKH�FKHPLFDOO\�FRDJXODWHG�FORWV�EHIRUH�ILOWUDWLRQ�

���%�)LOWUDWLRQ
)LOWUDWLRQ�LV�GHILQHG�DV�WKH�VROLG�OLTXLG�VHSDUDWLRQ��LQ�ZKLFK�WKH�IOXLG�

SDVVHV�WKURXJK�D�SRURXV�PHGLXP�RU�PDWHULDO�LQ�RUGHU�WR�VHSDUDWH�LWV�

VXVSHQGHG�VROLGV�DV�PXFK�DV�SRVVLEOH��,Q�RUGHU�WR�DFKLHYH�D�KLJKHU�

TXDOLW\�ZDWHU��WKLV�SURFHVV�LV�XVHG�LQ�ZDWHU�WUHDWPHQW�WR�ILOWHU�WKH�ZDWHUV�

LQ�ZKLFK�FKHPLFDO�FORWWLQJ�KDV�RFFXUUHG�DQG�FORWV�KDYH�EHHQ�VHWWOHG�

����6HZDJH�2XWOHW�6WDQGDUGV
7KHVH�VWDQGDUGV�DUH�GUDIWHG�DFFRUGLQJ�WR�$UWLFOH�1R����RI�WKH�:DWHU�

3ROOXWLRQ�3UHYHQWLRQ�JXLGHOLQH��DV�ZHOO�DV�WKH�VDPH�JXLGHOLQH¶V�$UWLFOH�

1R�����LQ�FRRSHUDWLRQ�ZLWK�0LQLVWULHV�RI�+HDOWK��0HGLFDO�(GXFDWLRQ��

3RZHU��,QGXVWULHV��+HDY\�,QGXVWULHV��0LQHV��0HWDOV��DQG�$JULFXOWXUH��E\�

,UDQ¶V�'HSDUWPHQW�RI�(QYLURQPHQW��

0HWKRGV�IRU�PHDVXULQJ�WKH�FRQWDPLQDWLQJ�SDUDPHWHUV�ZLOO�EH�EDVHG�RQ�

WKH�PHWKRGV�PHQWLRQHG�LQ�WKH�6WDQGDUG�0HWKRGV�IRU�WKH�([DPLQDWLRQ�RI�

:DWHU�DQG�:DVWHZDWHU�ERRN��7DEOH�1R������

7DEOH�1R������6HZDJH�2XWOHW�6WDQGDUGV�

&RQWDPLQDQWV 6XUIDFH�:DWHU�'LVFKDUJH��O�PJ�

1LWULWH��12�� ��

1LWUDWH��12�� ��

3KRVSKDWH���3KRVSKRUXV �

6XOILGH�6+� �

6XOILWH��62� �

6XOIDWH��62� �����$SSHQGL[�,�

2LO�IDW ��

$%6�'HWHUJHQW ���

%2'� ����0RPHQWDU\����

&2' ����0RPHQWDU\�����

'LVVROYHG�2[\JHQ��PLQLPXP��'2 �

7RWDO�'LVVROYHG�6ROLGV��7'6� ��������$SSHQGL[�,�

7RWDO�6XVSHQGHG�6ROLGV��766� ����0RPHQWDU\����

6HGLPHQWDEOH�6ROLGV��66� �

S+ ����������

5DGLRDFWLYH�PDWHULDO �

:DWHU�7UDQVSDUHQF\��2SDFLW\�8QLW� ��

&RORU��&RORU�8QLW� ��

7HPSHUDWXUH��7�� $SSHQGL[�,9

(QWHULF�&ROLIRUP��4XDQWLW\�LQ�����
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���

7KH�HQWLUHW\�RI�&ROLIRUPV��4XDQWLW\�LQ�
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��%�3UHVHQFH�RI�0LQHUDOV
2FFDVLRQDOO\��GXH�WR�WKH�SUHVHQFH�RI�PLQHUDOV�VXFK�DV�VXOILGH��VXOIDWH��

VXOIXU��QLWULWH��QLWUDWH�DQG�DPPRQLXP��WKH�ELRORJLFDO�HIILFLHQF\�PD\�

GHFUHDVH�DQG�XQGHVLUDEOH�HIIHFWV�PD\�RFFXU�

��%�$PRXQW�RI�GLVVROYHG�R[\JHQ��'2�
7R�HQVXUH�WKDW�WKHUH�LV�HQRXJK�R[\JHQ�LQ�WKH�V\VWHP��LW�LV�QHFHVVDU\�

WR�NHHS�WKH�R[\JHQ�FRQWHQW�LQ�WKH�DHUDWLRQ�EDVLQ�EHWZHHQ�����PJ�O�

2EYLRXVO\��IDFWRUV�VXFK�DV�KRW�DQG�FROG�ZHDWKHU�DV�ZHOO�DV�WKH�WLPH�

RI�RSHUDWLRQ�FRPPHQFHPHQW��DOVR�DIIHFW�WKH�DPRXQW�RI�R[\JHQ�

LQSXW��7KH�WHPSHUDWXUH�KDV�D�UHYHUVH�UHODWLRQVKLS�ZLWK�WKH�R[\JHQ�

GLVVROXWLRQ�

���%�7HPSHUDWXUH
7KH�RSWLPXP�WHPSHUDWXUH�IRU�VHZDJH�WUHDWPHQW�V\VWHPV�LV�

EHWZHHQ���R&�DQG���R&��$W�WKLV�WHPSHUDWXUH��EDFWHULD�KDYH�WKH�

KLJKHVW�DFWLYLW\�HIILFLHQF\��$W�KLJKHU�WHPSHUDWXUHV��EDFWHULD�DUH�

PRUH�DFWLYH�DQG�OHVV�DFWLYH�DW�ORZHU�WHPSHUDWXUHV��7HPSHUDWXUH�

SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�IRUPDWLRQ�RI�DFWLYH�VOXGJH��,Q�FROG�

UHJLRQV��ZKHUH�WKH�WHPSHUDWXUH�LV�EHORZ����GHJUHHV�&HOVLXV�LQ�D�

QXPEHU�RI�VHDVRQV��PRUH�WKDQ�D�PRQWK�LV�QHHGHG�IRU�WKH�IRUPDWLRQ�

RI�VOXGJH��,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH�HDUO\�VWDJHV�RI�WKH�

ELRORJLFDO�V\VWHP��WKH�GXUDWLRQ�RI�VOXGJH�IRUPDWLRQ�LV�HVWLPDWHG�WR�

EH�DERXW�����ZHHNV�

���%�+\GUDXOLF�VWD\�WLPH
7KH�WLPH�RI�D�K\GUDXOLF�VWD\�LV�WKH�SHULRG�RI�WLPH�GXULQJ�ZKLFK�WKH�

VOXGJH�UHPDLQV�LQ�WKH�DHUDWLRQ�EDVLQ��7KH�WLPH�RI�PLFURELDO�VWD\�LV�

WKH�SHULRG�GXULQJ�ZKLFK�PLFURRUJDQLVPV�HQWHU�WKH�VHGLPHQWDWLRQ�

XQLW�IURP�WKH�DHUDWLRQ�XQLW�DQG�WKHQ�UH�HQWHU�WKH�DHUDWLRQ�EDVLQ�LQ�

WKH�IRUP�RI�UHWXUQHG�VOXGJH�

���%�)�0�5DWLR��)RRG�0LFURRUJDQLVP�
7KH�UDWLR�RI�IRRG�WR�PLFURRUJDQLVPV�LQGLFDWHV�WKH�DPRXQW�RI�QXWULHQWV�

HQWHULQJ�WKH�DFWLYH�VOXGJH�SURFHVV�DQG�WKH�DPRXQW�RI�PLFURRUJDQLVPV�

�EDFWHULD��SUHVHQW�LQ�WKH�DHUDWLRQ�EDVLQ��7KH�)�0�UDWLR�PD\�IOXFWXDWH�

WKURXJKRXW�WKH�\HDU��GHSHQGLQJ�RQ�FKDQJHV�LQ�RSHUDWLQJ�FRQGLWLRQV�VXFK�DV�

LQGXVWULDO�GUDLQV��GLVFKDUJH�UHJXODWLRQV�RU�VHDVRQDO�VHZDJH�WHPSHUDWXUHV��

7KH�)�0�UDWLR�UDQJH�PD\�YDU\�DFFRUGLQJ�WR�GLIIHUHQW�VHDVRQV��IRU�H[DPSOH��

WKH�)�0�UDWLR�LV�KLJK�LQ�VXPPHU�DQG�LV�ORZHU�GXULQJ�ZLQWHU�

7KH�DPRXQW�RI�IRRG��)��WKDW�HQWHUV�WKH�DFWLYH�VOXGJH�SURFHVV�LV�WKH�

VDPH�DV�WKH�DPRXQW�RI�%2'��LQ�PJ�O��LQWURGXFHG�LQWR�WKH�DHUDWLRQ�

EDVLQV�DQG�WKH�DPRXQW�RI�PLFURRUJDQLVPV��0��SUHVHQW�LQ�WKH�DFWLYH�

VOXGJH�SURFHVV��LV�WKH�VDPH�DV�WKH�PL[HG�OLTXRU�YRODWLOH�VXVSHQGHG�

VROLGV��0/966��SUHVHQW�LQ�WKH�DHUDWLRQ�EDVLQV�WKURXJK�WKH�SURFHVV�

���%�)RUPDWLRQ�RI�)RDP�
7KH�SURGXFWLRQ�RI�IRDP�LV�D�FRPPRQ�SUREOHP�FDXVLQJ�FRPSOLFDWLRQV�LQ�

PDQ\�VHZDJH�WUHDWPHQW�SODQWV�DURXQG�WKH�ZRUOG�

7KH�W\SHV�RI�IRDP�DQG�VXUIDFH�IRXQG�LQ�DFWLYH�VOXGJH�LQFOXGH�

�8QEURNHQ�VXUIDFH�DFWLYH�RUJDQLF�FRPSRXQGV�

�'HWHUJHQWV�

�6XUIDFHV�FDXVHG�E\�ULVLQJ�VOXGJH�GXH�WR�GHQLWULILFDWLRQ�LQ�FOHDULQJ�

�7KH�EURZQ�VXUIDFH�FDXVHG�E\�WKH�ZLGH�JURZWK�RI�DFWLQRP\FHWHV

���,PDJH�1R������

���%�3UREOHPV�FDXVHG�GXH�WR�WKH�IRUPDWLRQ�RI�
IRDP
�6OLSSHU\�FRUULGRUV�

�/HDNDJH�RI�IRDP�LQWR�WKH�DFWLYH�VOXGJH�ZDVWHZDWHU�DQG�LQFUHDVH�RI��

��%2'�DV�ZHOO�DV�VXVSHQGHG�VROLGV�

�3UREOHPV�LQ�DQDHURELF�GLJHVWLRQ�V\VWHPV�
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���,QFUHDVLQJ�WKH�VXUSOXV�VOXGJH�GLVFKDUJH

Release of H2O gas and smell in the secondary 
sedimentation basin

���8QZILJ�ļTYFYNTS�TS�YMJ�XJHTSIFW^�XJINRJSYFYNTS�
basin

2. Bulking phenomenon

���8VLQJ�FRDJXODQWV�VXFK�DV�OLPH�LQ�WKH�VHFRQGDU\�

VHGLPHQWDWLRQ�EDVLQ
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���,QFUHDVH�LQ�VOXGJH�SDUWLFOH�HVFDSH

���'HFUHDVH�LQ�WKH�HIILFLHQF\�RI�WUHDWPHQW

���,QFUHDVLQJ�WKH�VXUSOXV�VOXGJH�GLVFKDUJH

Release of H2O gas and smell in the secondary 
sedimentation basin

���8QZILJ�ļTYFYNTS�TS�YMJ�XJHTSIFW^�XJINRJSYFYNTS�
basin

2. Bulking phenomenon

���8VLQJ�FRDJXODQWV�VXFK�DV�OLPH�LQ�WKH�VHFRQGDU\�

VHGLPHQWDWLRQ�EDVLQ
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���3LQNLVK�FRORU�RI�DHUDWLRQ�EDVLQ�ERWWRP
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