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0RYHPHQW��DFWLRQ�E\�DQ�RUJDQLVP�RU�SDUW�RI�DQ�RUJDQLVP
FDXVLQJ�D�FKDQJH�RI�SRVLWLRQ�RU�SODFH
5HVSLUDWLRQ��WKH�FKHPLFDO�UHDFWLRQV�WKDW�EUHDN�GRZQ
QXWULHQW�PROHFXOHV�LQ�OLYLQJ�FHOOV�WR�UHOHDVH�HQHUJ\
6HQVLWLYLW\��DELOLW\�WR�GHWHFW�RU�VHQVH�FKDQJHV�LQ�WKH
HQYLURQPHQW��VWLPXOL��DQG�WR�PDNH�UHVSRQVHV
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5HSURGXFWLRQ��SURFHVVHV�WKDW�PDNH�PRUH�RI�WKH�VDPH
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LQFOXGLQJ�UHVSLUDWLRQ��DQG�VXEVWDQFHV�LQ�H[FHVV�RI
UHTXLUHPHQWV
1XWULWLRQ��WDNLQJ�LQ�RI�QXWULHQWV�ZKLFK�DUH�RUJDQLF
VXEVWDQFHV�DQG�PLQHUDO�LRQV��FRQWDLQLQJ�UDZ�PDWHULDOV�RU
HQHUJ\�IRU�JURZWK�DQG�WLVVXH�UHSDLU��DEVRUELQJ�DQG
DVVLPLODWLQJ�WKHP
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2UJDQLVPV�FDQ�EH�FODVVLêHG�LQWR�JURXSV�E\�WKH�IHDWXUHV
WKDW�WKH\�VKDUH
&ODVVLêFDWLRQ�V\VWHPV�DLP�WR�UHëHFW�HYROXWLRQDU\
UHODWLRQVKLSV��FKDQJH�RI�DGDSWLYH�IHDWXUHV�RI�D�SRSXODWLRQ
RYHU�WLPH��DV�D�UHVXOW�RI�QDWXUDO�VHOHFWLRQ�
6SHFLHV��RUJDQLVPV�ZKLFK�FDQ�UHSURGXFH�VXFFHVVIXOO\
&ODVVLêFDWLRQ�LV�WUDGLWLRQDOO\�EDVHG�RQ�VWXGLHV�RI
PRUSKRORJ\�DQG�DQDWRP\
0RUSKRORJ\��WKH�RYHUDOO�IRUP�DQG�VKDSH�RI�WKHLU�ERGLHV
H�J��ZLQJV�RU�OHJV
$QDWRP\��WKH�GHWDLOHG�ERG\�VWUXFWXUH�GHWHUPLQHG�E\
GLVVHFWLRQ
%LQRPLDO�V\VWHP��D�V\VWHP�RI�QDPLQJ�VSHFLHV�LQ�ZKLFK�WKH
VFLHQWLêF�QDPH�RI�DQ�RUJDQLVP�LV�PDGH�XS�RI�WZR�SDUWV
VKRZLQJ�WKH�JHQXV��VWDUWLQJ�ZLWK�D�FDSLWDO�OHWWHU��DQG
VSHFLHV��VWDUWLQJ�ZLWK�D�ORZHU�FDVH�OHWWHU���ZULWWHQ�LQ�LWDOLFV
ZKHQ�SULQWHG��WKHUHIRUH�XQGHUOLQHG�ZKHQ�ZULWWHQ�
H�J��+RPR�VDSLHQV
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PROHFXOHV�FRQWDLQLQJ�IRXU�EDVHV
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7KH�PRUH�VLPLODU�WKH�EDVH�VHTXHQFH��WKH�PRUH�FORVHO\
UHODWHG�WKH�VSHFLHV�DUH�WR�RQH�DQRWKHU
2UJDQLVPV�ZKLFK�VKDUH�D�PRUH�UHFHQW�DQFHVWRU�KDYH
EDVH�VHTXHQFHV�LQ�'1$�WKDW�DUH�PRUH�VLPLODU�WKDQ�WKRVH
WKDW�VKDUH�RQO\�D�GLVWDQW�DQFHVWRU
7KH�VHTXHQFHV�RI�EDVHV�LQ�'1$�DQG�RI�DPLQR�DFLGV�LQ
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FODVVLêFDWLRQ��FODGLVWLFV�
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)XQJL��6LQJOH�FHOOHG�RU�PXOWL�FHOOXODU�KHWHURWURSKLF
RUJDQLVP�ZLWK�FHOO�ZDOO�QRW�PDGH�RI�FHOOXORVH��VSUHDG�E\
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'LFKRWRPRXV�NH\��XVHV�YLVLEOH�IHDWXUHV�WR�FODVVLI\
RUJDQLVPV��,W�LV�ZKLFK�JLYHV�\RX�D�FKRLFH�RI�WZR�IHDWXUHV
DQG�\RX�IROORZ�WKH�RQH�WKDW�DSSOLHV��HDFK�FKRLFH�OHDGV�WR
DQRWKHU�FKRLFH�XQWLO�WKH�RUJDQLVP�LV�QDUURZHG�GRZQ�WR�LWV
JHQXV�DQG�êQDOO\�VSHFLHV�
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GXXh
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7KLV�LV�WKH�PRYHPHQW�RI�PROHFXOHV�IURP�D�UHJLRQ�RI�KLJK
FRQFHQWUDWLRQ�WR�D�UHJLRQ�RI�ORZ�FRQFHQWUDWLRQ�GRZQ�WKH
FRQFHQWUDWLRQ�JUDGLHQW�
7KLV�UHVXOWV�LQ�UDQGRP�PRYHPHQW�RI�PROHFXOHV�XQWLO
HTXLOLEULXP�LV�UHDFKHG
7KH�GLéXVLRQ�RI�JDVHV�DQG�VROXWHV�LV�LPSRUWDQW�DV�ZLWKRXW
LW��PROHFXOHV�ZKLFK�DUH�QHHGHG�IRU�OLIH��IRU�H[DPSOH
JOXFRVH�DQG�R[\JHQ�IRU�UHVSLUDWLRQ��ZRXOG�QRW�EH�DEOH�WR
JHW�WR�WKH�SODFHV�WKH\�DUH�QHHGHG��:DWHU�LV�QHHGHG�DV�D
VROYHQW
)DFWRUV�LQëXHQFLQJ�IDVWHU�GLéXVLRQ�

/DUJHU�FRQFHQWUDWLRQ�JUDGLHQW
+LJKHU�WHPSHUDWXUH
6PDOOHU�VXUIDFH�DUHD
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0RYHPHQW�RI�ZDWHU�PROHFXOHV�IURP�D�UHJLRQ�RI�KLJK�
ZDWHU�SRWHQWLDO�WR�D�UHJLRQ�RI�ORZ�ZDWHU�SRWHQWLDO�
WKURXJK�D�SDUWLDOO\�SHUPHDEOH�PHPEUDQH
&RQF��RI�VROXWH�RXWVLGH�FHOO� �FRQF��LQVLGH�FHOO�ĺ�QR
FKDQJH�LQ�VL]H
&RQF��RI�VROXWH�RXWVLGH�FHOO�!�FRQF��LQVLGH�FHOO�ĺ�FHOO
VKULQNV��3ODVPRO\VLV�
&RQF��RI�VROXWH�RXWVLGH�FHOO���FRQF��LQVLGH�FHOO�ĺ�FHOO�VZHOOV
�7XUJLG�
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,Q�DQLPDOV�
,QFUHDVLQJ�VROXWH�FRQFHQWUDWLRQ�LQVLGH�RI�FHOO�FDQ
FDXVH�FHOO�WR�H[SORGH�DV�D�UHVXOW�RI�LW�KDYLQJ�WRR�PXFK
ZDWHU��FUHQDWLRQ�

,Q�SODQWV�
,QFUHDVLQJ�VROXWH�FRQFHQWUDWLRQ�LQVLGH�RI�FHOO�FDXVHV
FHOO�WR�EHFRPH�WXUJLG��YDFXROH�êOOV�XS�
'HFUHDVLQJ�VROXWH�FRQFHQWUDWLRQ�LQVLGH�RI�FHOO�FDXVHV
FHOO�WR�EHFRPH�ëDFFLG��ORVLQJ�ZDWHU�DQG�YDFXROH�JHWV
VPDOOHU��&HOO�ERG\�VKULQNV��SXOOLQJ�DZD\�IURP�FHOO�ZDOO
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0RYHPHQW�RI�SDUWLFOHV�WKURXJK�D�FHOO�PHPEUDQH��IURP�D
UHJLRQ�RI�ORZHU�FRQFHQWUDWLRQ�WR�D�UHJLRQ�RI�KLJKHU
FRQFHQWUDWLRQ�DJDLQVW�D�FRQFHQWUDWLRQ�JUDGLHQW��XVLQJ
HQHUJ\�UHOHDVHG�GXULQJ�UHVSLUDWLRQ
$FWLYH�WUDQVSRUW�LV�QHHGHG�ZKHQ�DQ�RUJDQLVP�ZDQWV�WR
RSWLPL]H�WKH�DPRXQW�RI�QXWULHQWV�LW�FDQ�WDNH�XS���LRQ
XSWDNH�E\�URRW�KDLUV�DQG�XSWDNH�RI�JOXFRVH�E\�HSLWKHOLDO
FHOOV�RI�YLOOL�

�¸Ö	O\X\MOC:XÖ�\XGCkXGh
&DUERK\GUDWHV��PDGH�IURP�&DUERQ��+\GURJHQ�DQG
2[\JHQ��&+2�
)DWV�DQG�RLOV��PDGH�IURP�&DUERQ��+\GURJHQ�DQG�2[\JHQ
�&+2�
3URWHLQV��PDGH�IURP�&DUERQ��+\GURJHQ��2[\JHQ�
1LWURJHQ�DQG�VRPHWLPHV�6XOIXU��&+21^6`�

%DVLF�XQLWV��PRQRPHUV� /DUJHU�PROHFXOHV��PDFURPROHFXOHV�

6LPSOH�VXJDUV 6WDUFK�DQG�JO\FRJHQ

)DWW\�DFLGV�DQG�JO\FHURO )DWV�DQG�RLOV

$PLQR�DFLGV 3URWHLQV
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6WDUFK��$GG�IHZ�GURSV�RI�LRGLQH���YH�UHVXOW� �EOXH�EODFN
FRORXU
5HGXFLQJ�VXJDUV��$GG�%HQHGLFWÍV�UHDJHQW��WKHQ�PL[WXUH�LV
KHDWHG�LQ�ZDWHU�EDWK�IRU���WR���PLQXWHV���YH�UHVXOW� 
EULFN�UHG�SUHFLSLWDWH���YH�UHVXOW� �UHPDLQV�EOXH
3URWHLQV��$GG�IHZ�GURSV�RI�%LXUHW�UHDJHQW���YH�UHVXOW� 
PDXYH�FRORXU
)DWV��(PXOVLRQ�WHVW��HWKDQRO�LV�DGGHG�WR�PL[WXUH��DQG�WKLV
LV�SRXUHG�LQWR�D�WHVW�WXEH�ZLWK�DQ�HTXDO�DPRXQW�RI
GLVWLOOHG�ZDWHU���YH�UHVXOW� �PLON\�ZKLWH�HPXOVLRQ
9LWDPLQ�&��'HFRORXULVDWLRQ�RI�'&3,3�VKRZV�WKDW�D�YLWDPLQ
&�LV�SUREDEO\�SUHVHQW�
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&KURPRVRPHV�DUH�PDGH�RI�D�PROHFXOH�FDOOHG�'1$

(DFK�FKURPRVRPH�LV�D�YHU\�ORQJ�PROHFXOH�RI�WLJKWO\�FRLOHG
'1$
7ZR�VWUDQGV�FRLOHG�WRJHWKHU�WR�IRUP�D�GRXEOH�KHOL[
(DFK�VWUDQG�FRQWDLQV�FKHPLFDOV�FDOOHG�EDVHV
&URVV�OLQNV�EHWZHHQ�VWUDQGV�DUH�IRUPHG�E\�SDLUV�RI�EDVHV
7KH�EDVHV�DOZD\V�SDLU�XS�LQ�WKH�VDPH�ZD\�

$�DQG�7
&�DQG�*

�¸Ö�ZvsYGh
&DWDO\VW��D�VXEVWDQFH�WKDW�VSHHGV�XS�D�FKHPLFDO�UHDFWLRQ
DQG�LV�QRW�FKDQJHG�E\�WKH�UHDFWLRQ
(Q]\PHV��SURWHLQV�WKDW�IXQFWLRQ�DV�ELRORJLFDO�FDWDO\VWV
(Q]\PHV�ORZHUV�DPRXQW�RI�HQHUJ\�QHHGHG�IRU�UHDFWLRQ�WR
WDNH�SODFH
(Q]\PH�ORZHUV�WKH�DFWLYDWLRQ�HQHUJ\�QHHGHG�IRU�UHDFWLRQ
WR�WDNH�SODFH
/RFN�DQG�NH\�WKHRU\�

6XEVWUDWH��WKH�PROHFXOH�V��EHIRUH�WKH\�DUH�PDGH�WR�UHDFW
3URGXFW��WKH�PROHFXOH�V��WKDW�DUH�PDGH�LQ�D�UHDFWLRQ
&DWDEROLF�UHDFWLRQ��PROHFXOHV�DUH�EURNHQ�GRZQ
$QDEROLF�UHDFWLRQ��PROHFXOHV�DUH�FRPELQHG

�¸�¸Ö�wGCjÖ\LÖ.GYdGg:jkgGÖ\ZÖ�ZvsYGh

(Q]\PHV�KDYH�DQ�RSWLPXP�WHPSHUDWXUH��WKH
WHPSHUDWXUH�DW�ZKLFK�WKH\�ZRUN�EHVW�JLYLQJ�WKH�IDVWHVW
UHDFWLRQ�§���r&�LQ�DQLPDOV
:KHQ�WHPSHUDWXUH�LQFUHDVHV��PROHFXOHV�PRYH�IDVWHU�VR
FROOLGH�ZLWK�DQ�HQ]\PH�LQ�OHVV�WLPH
+DYLQJ�PRUH�HQHUJ\�PDNHV�WKHP�PRUH�OLNHO\�WR�ELQG�WR
DFWLYH�VLWH�
,I�WHPSHUDWXUH�LV�WRR�KLJK��HQ]\PH�PROHFXOHV�YLEUDWH�WRR
YLJRURXVO\�DQG�HQ]\PH�LV�GHQDWXUHG��LW�ORVHV�LWV�VKDSH
DQG�ZLOO�QR�ORQJHU�ELQG�ZLWK�D�VXEVWUDWH�
:KHQ�WKH�WHPSHUDWXUH�LV�WRR�ORZ�WKHUH�LV�QRW�HQRXJK
NLQHWLF�HQHUJ\�IRU�WKH�UHDFWLRQ�VR�LW�UHDFWV�WRR�VORZO\�

�¸�¸Ö�wGCjÖ\LÖd�Ö\ZÖ�ZvsYGh

(Q]\PHV�DUH�VHQVLWLYH�WR�S+
6RPH�HQ]\PHV�ZRUN�EHVW�LQ�DQ�DFLG�DQG�RWKHUV�LQ�DQ
DONDOLQH
(Q]\PHV�ZRUN�EHVW�DW�WKHLU�RSWLPXP�S+
,I�WKH�S+�LV�FKDQJHG�WKHQ�WKH�HQ]\PH�ZLOO�GHQDWXUH�DQG
ZLOO�QR�ORQJHU�êW�ZLWK�VXEVWUDWH��QR�UHDFWLRQ�WDNHV�SODFH
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�¸�¸Ö�g:dNhÖL\gÖ
N:ZMGhÖOZÖ�ZvsYG
�CjOpOjs

(éHFW�RI�7HPSHUDWXUH (éHFW�RI�S+

�¸�¸Ö�ZvsYGhÖ:ZEÖjNGOgÖ/hGh

6HHGV�WR�JHUPLQDWH��WKH�HQ]\PHV�WXUQ�LQVROXEOH�IRRG
VWRUHV�WR�VROXEOH�
%LRORJLFDO�ZDVKLQJ�SRZGHUV��HQ]\PHV�DUH�DGGHG�WR
ZDVKLQJ�SRZGHUV�WR�KHOS�UHPRYH�VWDLQV�IRU�H[DPSOH�

/LSDVH�IRU�OLSLGV�IURP�IDWW\�IRRGV�DQG�JUHDV\
êQJHUSULQWV
3URWHDVH�IRU�SURWHLQV�IURP�EORRG�VWDLQV

)RRG�LQGXVWU\�
,VRPHUDVH�FRQYHUWV�JOXFRVH�WR�IUXFWRVH�ZKLFK�LV
VZHHWHU��VR�OHVV�LV�QHHGHG�WR�JLYH�D�VZHHW�WDVWH
3HFWLQDVH�KHOSV�EUHDN�GRZQ�FHOO�ZDOOV�LQ�IUXLW�MXLFH
SURGXFWLRQ�VR�LW�LQFUHDVHV�\LHOG��ORZHUV�YLVFRVLW\�DQG
UHGXFHV�FORXGLQHVV

�¸Ö)X:ZjÖ�kjgOjO\Z
3KRWRV\QWKHVLV��SURFHVV�E\�ZKLFK�SODQWV�PDQXIDFWXUH
FDUERK\GUDWHV�IURP�UDZ�PDWHULDOV�XVLQJ�HQHUJ\�IURP
OLJKW�

7KH�FDUERQ�GLR[LGH�GLéXVHV�WKURXJK�WKH�RSHQ�VWRPDWD�RI
WKH�OHDI�RI�D�SODQW�DQG�ZDWHU�LV�WDNHQ�XS�WKURXJK�URRWV�
&KORURSK\OO�LV�D�G\H��ZKLFK�WUDSV�OLJKW�HQHUJ\�DQG
FRQYHUWV�LW�LQWR�FKHPLFDO�HQHUJ\�IRU�WKH�IRUPDWLRQ�RI
FDUERK\GUDWHV�DQG�WKHLU�VXEVHTXHQW�VWRUDJH�

�¸�¸Ö
NX\g\dNsXXÖ�hÖ�GCGhh:gsÖL\g
)N\j\hsZjNGhOh

7DNH�D�SRWWHG�SODQW�ZLWK�YDULHJDWHG��JUHHQ�DQG�ZKLWH�
OHDYHV�
'HVWDUFK�WKH�SODQW�E\�NHHSLQJ�LW�LQ�FRPSOHWH�GDUNQHVV�IRU
DERXW����KRXUV�
([SRVH�WKH�SODQW�WR�WKH�VXQOLJKW�IRU�D�IHZ�GD\V�
/HDI�ERLOHG�LQ�ZDWHU�IRU���PLQXWHV�WR�EUHDN�GRZQ�FHOO
ZDOOV��GHQDWXUH�HQ]\PHV�DQG�DOORZ�IRU�HDVLHU�SHQHWUDWLRQ
E\�HWKDQRO�

:DUPHG�LQ�HWKDQRO�XQWLO�OHDI�LV�FRORXUOHVV�WR�H[WUDFW
FKORURSK\OO��ZKLFK�ZRXOG�PDVN�REVHUYDWLRQ
'LSSHG�LQ�ZDWHU�EULHë\��WR�VRIWHQ�OHDI
/HDI�LV�SODFHG�RQ�D�ZKLWH�WLOH�DQG�LRGLQH�LV�DGGHG��,I�VWDUFK
LV�SUHVHQW��FRORXU�ZLOO�EH�EOXH�EODFN�DQG�LI�DEVHQW��LW�ZLOO
UHPDLQ�RUDQJH

�¸�¸Ö�OMNjÖ�hÖ�GCGhh:gsÖL\g
)N\j\hsZjNGhOh

'HVWDUFK�WKH�SODQW�E\�NHHSLQJ�LW�LQ�GDUNQHVV�IRU���KUV
3ODFH�D�VWHQFLO�RYHU�SDUW�RI�D�OHDI
3ODFH�WKH�OHDI�LQ�VXQOLJKW�IRU�����KRXUV
5HPRYH�WKH�VWHQFLO�DQG�WHVW�IRU�VWDUFK
�YH�UHVXOW� �SDUWV�ZKLFK�UHFHLYHG�OLJKW�WXUQ�EODFN
�YH�UHVXOW� �SDUWV�ZKLFK�GLGQÍW�UHFHLYH�OLJKW�UHPDLQ
\HOORZ�EURZQ

�¸�¸Ö
:gB\ZÖ�O\rOEGÖOhÖ�GCGhh:gsÖL\g
)N\j\hsZjNGhOh

7DNH�WZR�GHVWDUFKHG�SRWWHG�SODQWV�
&RYHU�ERWK�WKH�SODQWV�ZLWK�EHOO�MDUV�DQG�ODEHO�WKHP�DV�$
DQG�%�
,QVLGH�$��NHHS� ��VRGLXP�ELFDUERQDWH���,W
SURGXFHV� �
,QVLGH�%��NHHS� ��6RGLXP�K\GUR[LGH���,W�DEVRUEV�

�
.HHS�ERWK�WKH�VHW�XSV�LQ�WKH�VXQOLJKW�IRU�DW�OHDVW���KRXUV�
3HUIRUP�WKH�VWDUFK�WHVW�RQ�ERWK�SODQWV�

7KH�OHDYHV�RI�3ODQW�$�ZLOO�WXUQ�EODFN�DIWHU�WKH�VWDUFK�WHVW
7KH�OHDYHV�RI�3ODQW�%�ZLOO�UHPDLQ�RUDQJH�EURZQ�DIWHU
VWDUFK�WHVW

�(9)65�06?0+,�$(;,9 �

30./;�*/636967/@33
�3<*6:,��?@.,5
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�¸�¸Ö�OYOjOZMÖ�:Cj\gh

/LPLWLQJ�IDFWRU��VRPHWKLQJ�SUHVHQW�LQ�WKH�HQYLURQPHQW�LQ
VXFK�VKRUW�VXSSO\�WKDW�LW�UHVWULFWV�OLIH�SURFHVVHV�

/LJKW�LQWHQVLW\

$V�WKH�DPRXQW�RI�OLJKW
LQFUHDVHV��WKH�UDWH�RI

SKRWRV\QWKHVLV�LQFUHDVHV��D�
E�

7KH�OLPLWLQJ�IDFWRU�LV�OLJKW

,QFUHDVLQJ�WKH�DPRXQW�RI
OLJKW�DIWHU�D�FHUWDLQ�SRLQW�KDV

QR�HéHFW�RQ�WKH�UDWH��F�

7KH�OLPLWLQJ�IDFWRU�LV�QRZ
FDUERQ�GLR[LGH�RU

WHPSHUDWXUH

�¸�¸Ö�X:hhN\khGÖ-shjGYh

7R�LQFUHDVH�WKH�FURS�\LHOG��IDUPHUV�FRQWURO�WKH�OLPLWLQJ
IDFWRUV�

&2��HQULFKPHQW��SDUDìQ�LV�EXUQW�WR�LQFUHDVH�&2�
FRQFHQWUDWLRQ�E\�WKUHH�WLPHV�WKH�RULJLQDO�DPRXQW�DQG
GRXEOLQJ�WKH�\LHOG
2SWLPXP�WHPSHUDWXUH��WKHUPRVWDWLFDOO\�FRQWUROOHG
KHDWHUV�PDNH�WKH�WHPSHUDWXUH�ULJKW�IRU�HQ]\PHV�WR�ZRUN
2SWLPXP�OLJKW��OLJKW�KDV�D�KLJK�LQWHQVLW\�IRU�PRUH
SKRWRV\QWKHVLV��WKH�FRUUHFW�ZDYHOHQJWKV��UHG�DQG�EOXH
QRW�JUHHQ��DQG�GXUDWLRQ�FRQWUROV�SURGXFWLRQ�RI�IUXLW

�¸�¸Ö�G:LÖ-jgkCjkgG

&XWLFOH��ZD[\�OD\HU�WKDW�SUHYHQWV�ZDWHU�ORVV�IURP�WRS�RI
WKH�OHDI
(SLGHUPLV��WUDQVSDUHQW�FHOO�WKDW�DOORZV�VXQOLJKW�WR�SDVV
WKURXJK�WR�WKH�SDOLVDGH�FHOO
3DOLVDGH��IRXQG�DW�WKH�WRS�RI�WKH�FHOO�DQG�FRQWDLQV�PDQ\
FKORURSODVWV�ZKLFK�DEVRUEV�VXQOLJKW�
6SRQJ\�PHVRSK\OO�OD\HU��LUUHJXODUO\�VKDSHG�FHOOV�ZKLFK
FUHDWH�DLU�VSDFHV�WR�DOORZ�JDVHRXV�H[FKDQJH�WR�WDNH
SODFH��GR�QRW�FRQWDLQ�PDQ\�FKORURSODVWV
9DVFXODU�%XQGOH��PDGH�XS�RI�[\OHP�DQG�SKORHP
;\OHP��YHVVHO�ZKLFK�WUDQVSRUWV�ZDWHU�DQG�GLVVROYHG
PLQHUDOV�DQG�KDV�OLJQLêHG�ZDOOV�PDGH�RI�FHOOXORVH
3KORHP��YHVVHO�ZKLFK�WUDQVSRUWV�QXWULHQWV

6WRPDWD��OLWWOH�KROHV�WKDW�RSHQV�DQG�FORVHV�WR�DOORZ
JDVHRXV�H[FKDQJH�WR�WDNH�SODFH��7KH�VWRPDWD�FORVH�WR
SUHYHQW�ZDWHU�ORVV�DQG�RSHQ�WR�OHW�JDVHV�FRPH�LQ�DQG�RXW�
:KHQ�JXDUG�FHOOV�ORVH�ZDWHU��WKH�VWRPD�FORVH��DW�QLJKW��
ZKLOH�WKH�VWRPD�RSHQ�ZKHQ�JXDUG�FHOOV�JDLQ�ZDWHU�	�VZHOO
�GXULQJ�WKH�GD\��

�¸�¸Ö6sXGY

8QLGLUHFWLRQDO�YHVVHO�ZKLFK�WUDQVSRUWV�ZDWHU�DQG
GLVVROYHG�PLQHUDOV�
:DOOV�DUH�PDGH�RXW�RI�ZDWHUSURRI�OLJQLQ�
:DWHU�PRYHV�XS�GXH�WR�WUDQVSLUDWLRQ�DQG�RVPRVLV

�¸�¸Ö)NX\GY

%LGLUHFWLRQDO�YHVVHO
&RQWDLQV�VLHYH�HOHPHQWV�ZKLFK�DOORZ�VXJDUV�WR�SDVV�IURP
RQH�FHOO�WR�QH[W�GRZQZDUGV
&RQWDLQV�FRPSDQLRQ�FHOOV�ZKLFK�SURYLGH�HQHUJ\�IRU�DFWLYH
WUDQVSRUW�RI�VXJDUV�DOO�RYHU�SODQW�
7UDQVORFDWLRQ�PRYHV�RUJDQLF�PROHFXOHV��VXJDUV��DPLQR
DFLGV��IURP�VRXUFH�WR�VLQN�
3KORHP�YHVVHOV�VWLOO�KDYH�FURVV�ZDOOV�FDOOHG�VLHYH�SODWHV
WKDW�FRQWDLQ�SRUHV�
&RPSDQLRQ�FHOOV�DFWLYHO\�ORDG�VXFURVH�LQWR�WKH�SKORHP�
:DWHU�IROORZV�KLJK�VROXWH�LQ�SKORHP�E\�RVPRVLV��$
SRVLWLYH�SUHVVXUH�SRWHQWLDO�GHYHORSV�PRYLQJ�PDVV�RI
SKORHP�VDS�IRUZDUG�
3KORHP�VWLOO�FRQWDLQV�VPDOO�DPRXQW�RI�F\WRSODVP�DORQJ
WKH�ZDOOV�EXW�WKH�RUJDQHOOH�FRQWHQW�LV�JUHDWO\�UHGXFHG�
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&RPSDQLRQ�FHOOV�DFWLYHO\�XQORDG��$73�XVHG��WKH�RUJDQLF
PROHFXOHV

�¸�~¸Ö�OZGg:XÖ,GfkOgGYGZjh

1LWURJHQ 0DJQHVLXP

1HHGHG�IRU�SURWHLQ�V\QWKHVLV
1HHGHG�IRU�FKORURSK\OO

V\QWKHVLV

'HêFLHQF\��VPDOO�SODQW��VORZ
JURZWK��WRS�OHDYHV�SDOH�
ERWWRP�OHDYHV�GHDG�DQG
URRWV�VOLJKWO\�DéHFWHG

'HêFLHQF\��SODQW�ODFN
FKORUSK\OO��OHDYHV�\HOORZ�EXW

QRUPDO�URRWV

1LWURJHQ�IHUWLOL]HUV��SURYLGH�QLWURJHQ�LQ�WKH�IRUP�RI
QLWUDWH�LRQV��QLWULWH�LRQV�RU�DPPRQLXP�LRQV��%XW�XVLQJ
IHUWLOLVHUV�FDQ�OHDG�WR�HXWURSKLFDWLRQ��ZKLFK�LV�ZKHQ�WKH
IHUWLOLVHU�LV�WUDQVSRUWHG�E\�UDLQ�DQG�OHDFKHV�LQWR�VWDJQDQW
ZDWHU�H�J��SRQG�RU�ULYHU

�¸Ö�kY:ZÖ�kjgOjO\Z
%DODQFHG�'LHW��JHWWLQJ�DOO�WKH�ULJKW�QXWULHQWV�LQ�FRUUHFW
SURSRUWLRQV
'LHW�UHODWHG�WR�DJH�VH[�DFWLYLW\�

&KLOGUHQ�%HORZ�����5HTXLUH�PRUH�FDOFLXP
7HHQDJHUV��+LJKHVW�FDORULH�,QWDNH
$GXOWV��%DODQFHG�PHDO�ZLWK�OHVV�FDORULHV
3UHJQDQW�:RPHQ��PRUH�LURQ��FDOFLXP�DQG�IROLF�DFLG
0DOHV��*HQHUDOO\��UHTXLUH�PRUH�HQHUJ\

�¸�¸Ö�:XZkjgOjO\Z

$�FRQGLWLRQ�FDXVHG�E\�HDWLQJ�DQ�XQEDODQFHG�GLHW��6HYHUDO
IRUPV�

2YHUQXWULWLRQ��EDODQFHG�GLHW�EXW�HDWLQJ�WRR�PXFK�RI
HYHU\WKLQJ
8QGHUQXWULWLRQ��KDYLQJ�WRR�OLWWOH�IRRG
(DWLQJ�IRRGV�LQ�LQFRUUHFW�SURSRUWLRQV

�¸�¸Ö�wGCjhÖ\LÖ�:XZkjgOjO\Z

6WDUYDWLRQ��ORVLQJ�VWUHQJWK�	�êQDOO\�G\LQJ�EHFDXVH�RI�ODFN
RI�IRRG
&RURQDU\�KHDUW�GLVHDVH��HDWLQJ�WRR�PXFK�IDWV�ZKLFK�DUH
ULFK�LQ�VDWXUDWHG�IDWW\�DFLGV�DQG�FKROHVWHURO��PD\�OHDG�WR
KHDUW�DWWDFN
&RQVWLSDWLRQ��ODFN�RI�URXJKDJHV�LQ�IRRG�FDXVHV
FRQVWLSDWLRQ�EHFDXVH�URXJKDJHV�DUH�LQGLJHVWLEOH�DQG
IRUP�EXONV��)ULFWLRQ�EHWZHHQ�EXONV�DQG�ZDOOV�RI�LQWHVWLQH
VWLPXODWH�WKH�SHULVWDOVLV
2EHVLW\��(DWLQJ�WRR�PXFK�IDWV�DQG�FDUERK\GUDWHV�OHDGV�WR
WKHLU�VWRUDJH�LQ�WKH�ERG\�PDLQO\�LQ�WKH�IRUPV�RI�IDWV�DQG
FDXVLQJ�DQ�LQFUHDVH�LQ�ERG\�ZHLJKW��7KLV�FDQ�FDXVH��KHDUW
DWWDFN��VWURNH��MRLQW�SDLQ��PRELOLW\�LPSDLUPHQW��KLJK�EORRG
SUHVVXUH

�¸�¸Ö/hGh

1XWULHQW 8VHV

&DUERK\GUDWHV (QHUJ\

)DWV
6RXUFH�RI�HQHUJ\��EXLOGLQJ�PDWHULDOV�
HQHUJ\�VWRUH��LQVXODWLRQ��EXR\DQF\�

PDNLQJ�KRUPRQHV

3URWHLQV
(QHUJ\��EXLOGLQJ�PDWHULDOV��HQ]\PHV�
KDHPRJORELQ��VWUXFWXUDO�PDWHULDO
�PXVFOH���KRUPRQHV��DQWLERGLHV

9LWDPLQ�&
3URWHFW�FHOOV�IURP�DJHLQJ��SURGXFWLRQ�RI

êEUHV

9LWDPLQ�' $EVRUSWLRQ�RI�FDOFLXP

&DOFLXP
'HYHORSPHQW�DQG�PDLQWHQDQFH�RI

VWURQJ�ERQHV�DQG�WHHWK

,URQ 0DNLQJ�KDHPRJORELQ

)LEHU
3URYLGHV�EXON�IRU�IDHFHV��KHOSV

SHULVWDOVLV

:DWHU
&KHPLFDO�UHDFWLRQV��VROYHQW�IRU

WUDQVSRUW

�¸�¸Ö�GzCOGZCOGh

9LWDPLQ�&��6FXUY\��ORVV�RI�WHHWK��SDOH�VNLQ�	�VXQNHQ�H\HV
9LWDPLQ�'��5LFNHWV��ZHDN�ERQHV�DQG�WHHWK
&DOFLXP��5LFNHWV��ZHDN�ERQHV�DQG�WHHWK��DOVR�SRRU�FORWWLQJ
RI�EORRG��VSDVPV
,URQ��$QDHPLD��)DWLJXH��OHVV�LURQ�ĺ�OHVV�KDHPRJORELQ�ĺ
OHVV�R[\JHQ�WUDQVSRUWHG�ĺ�OHVV�UHVSLUDWLRQ�ĺ�OHVV�HQHUJ\�

�¸�¸Ö�kY:ZÖ�XOYGZj:gsÖ
:Z:X

,QJHVWLRQ��WDNLQJ�VXEVWDQFHV��H�J��IRRG��GULQN��LQWR�WKH
ERG\�WKURXJK�WKH�PRXWK�
(JHVWLRQ��SDVVLQJ�RXW�RI�IRRG�WKDW�KDV�QRW�EHHQ�GLJHVWHG�
DV�IDHFHV��WKURXJK�WKH�DQXV�
'LJHVWLRQ��WKH�EUHDN�GRZQ�RI�ODUJH��LQVROXEOH�IRRG
PROHFXOHV�LQWR�VPDOO��ZDWHU�VROXEOH�PROHFXOHV�XVLQJ
PHFKDQLFDO�DQG�FKHPLFDO�SURFHVVHV
0RXWK��FRQWDLQV�WHHWK�XVHG�IRU�PHFKDQLFDO�GLJHVWLRQ�
DUHD�ZKHUH�IRRG�LV�PL[HG�ZLWK�VDOLYDU\�DP\ODVH�	�ZKHUH
LQJHVWLRQ�WDNHV�SODFH
6DOLYDU\�JODQGV��SURGXFH�VDOLYD�ZKLFK�FRQWDLQV�DP\ODVH
DQG�KHOSV�IRRG�VOLGH�GRZQ�RHVRSKDJXV
2HVRSKDJXV��WXEH�VKDSHG�RUJDQ�ZKLFK�XVHV�SHULVWDOVLV�WR
WUDQVSRUW�IRRG�IURP�PRXWK�WR�VWRPDFK
6WRPDFK��KDV�VSKLQFWHUV�WR�FRQWURO�PRYHPHQW�LQWR�DQG
DOVR�KDV�SHSVLQ��D�SURWHDVH��WR�EUHDN�GRZQ�SURWHLQV�LQWR
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SHSWLGHV��LW�DOVR�NLOOV�EDFWHULD�ZLWK�K\GURFKORULF�DFLG��7KH\
DOVR�KDYH�HODVWLF�ZDOOV�
6PDOO�LQWHVWLQH��WXEH�VKDSHG�RUJDQ�FRPSRVHG�RI�WZR
SDUWV�WKH�

'XRGHQXP��IDWV�DUH�HPXOVLêHG�E\�ELOH��DQG�GLJHVWHG
E\�SDQFUHDWLF�OLSDVH�WR�IRUP�IDWW\�DFLGV�DQG�JO\FHURO�
3DQFUHDWLF�DP\ODVH�DQG�WU\SVLQ��D�SURWHDVH��EUHDN
GRZQ�VWDUFK�DQG�SHSWLGHV�LQWR�PDOWRVH�DQG�DPLQR
DFLGV
,OHXP��0DOWDVH�EUHDNV�GRZQ�PDOWRVH�WR�JOXFRVH��7KLV
LV�ZKHUH�DEVRUSWLRQ�WDNHV�SODFH��DGDSWHG�E\�KDYLQJ
YLOOL�DQG�PLFURYLOOL�

3DQFUHDV��SURGXFHV�SDQFUHDWLF�MXLFH�ZKLFK�FRQWDLQV
DP\ODVH��WU\SVLQ�DQG�OLSDVH�DQG�K\GURJHQFDUERQDWH�
/LYHU��SURGXFHV�ELOH��VWRUHV�JOXFRVH�DV�JO\FRJHQ�
LQWHUFRQYHUWLQJ�WKHP�WR�NHHS�JOXFRVH�FRQFHQWUDWLRQ
FRQVWDQW��$OVR�FDUULHV�RXW�LQWHUFRQYHUVLRQ�RI�DPLQR�DFLGV
�WUDQVDPLQDWLRQ���GHDPLQDWLRQ�DQG�UHPRYDO�RI�ROG�UHG
EORRG�FHOOV�DQG�VWRUDJH�RI�WKHLU�LURQ��$OVR��VLWH�RI
EUHDNGRZQ�RI�DOFRKRO�DQG�RWKHU�WR[LQV�
*DOO�EODGGHU��VWRUHV�ELOH�IURP�OLYHU
%LOH��SURGXFHG�E\�OLYHU�DQG�VWRUHG�LQ�JDOO�EODGGHU��LWV�UROH
LV�WR�HPXOVLI\�IDWV��WR�LQFUHDVH�VXUIDFH�DUHD�IRU�WKH�DFWLRQ
RI�HQ]\PHV�
/DUJH�LQWHVWLQH��WXEH�VKDSHG�RUJDQ�FRPSRVHG�RI�WZR
SDUWV�

&RORQ��RUJDQ�IRU�DEVRUSWLRQ�RI�PLQHUDOV�DQG�YLWDPLQV�
DQG�UHDEVRUELQJ�ZDWHU�IURP�ZDVWH�WR�PDLQWDLQ�ERG\ÍV
ZDWHU�OHYHOV
5HFWXP��ZKHUH�IDHFHV�DUH�WHPSRUDULO\�VWRUHG

$QXV��ULQJ�RI�PXVFOH�ZKLFK�FRQWUROV�ZKHQ�IDHFHV�LV
UHOHDVHG�

�¸�¸Ö�O:ggN\G:

'LDUUKRHD��ZKHQ�QRW�HQRXJK�ZDWHU�LV�DEVRUEHG�IURP�WKH
IDHFHV
7R�FXUH�WKLV�LV�WR�JLYH�RUDO�UHK\GUDWLRQ�WKHUDS\
2QH�RI�WKHVH�LQIHFWLRXV�E\�D�EDFWHULXP�FDXVLQJ�WKH
GLVHDVHV�FKROHUD��VSUHDGV�UDSLGO\�
7KH�FKROHUD�EDFWHULXP�SURGXFHV�D�WR[LQ�WKDW�FDXVHV
VHFUHWLRQ�RI�FKORULGH�LRQV�LQWR�WKH�VPDOO�LQWHVWLQH��FDXVLQJ
RVPRWLF�PRYHPHQW�RI�ZDWHU�LQWR�WKH�JXW��FDXVLQJ
GLDUUKRHD��GHK\GUDWLRQ�DQG�ORVV�RI�VDOWV�IURP�WKH�EORRG

�¸�¸Ö.GGjN

,QFLVRU &DQLQH 3UHPRODU 0RODU

,QFLVRU &DQLQH 3UHPRODU 0RODU

5HFWDQJXODU
VKDSH��VKDUS
IRU�FXWWLQJ
DQG�ELWLQJ

6KDUS�SRLQWHG
IRU�KROGLQJ
DQG�FXWWLQJ

%OXQW�IRU
FKHZLQJ�DQG
FUXVKLQJ

%OXQW�FKHZLQJ
DQG�FUXVKLQJ�
7ZR�URRWV

�¸�¸Ö-jgkCjkgGÖ\LÖ:Ö.\\jN

(QDPHO��WKH�VWURQJHVW�WLVVXH�LQ�WKH�ERG\�PDGH�IURP
FDOFLXP�VDOWV
&HPHQW��KHOSV�WR�DQFKRU�WRRWK
3XOS�FDYLW\��FRQWDLQV�WRRWK�SURGXFLQJ�FHOOV��EORRG�YHVVHOV�
DQG�QHUYH�HQGLQJV�ZKLFK�GHWHFW�SDLQ�
'HQWLQH��FDOFLXP�VDOWV�GHSRVLWHG�RQ�D�IUDPHZRUN�RI
FROODJHQ�êEUHV

1HFN��LQ�EHWZHHQ�FURZQ�DQG�URRW��LW�LV�WKH�JXPV

�¸�~¸Ö.\\jNÖ�GC:s

�¸��¸Ö)gGpGZjO\Z

(DWLQJ�IRRG�ZLWK�ORZ�VXJDU�FRQWHQW
5HJXODU�DQG�HéHFWLYH�WHHWK�EUXVKLQJ�WR�UHPRYH�SODTXH
)LQLVKLQJ�D�PHDO�ZLWK�D�FULVS�YHJHWDEOH�DQG�D�JODVV�RI
ZDWHU

�¸��¸Ö
NGYOC:XÖ�OMGhjO\Z

:KHUH�HQ]\PHV�DUH�XVHG�WR�EUHDN�GRZQ�ODUJH�LQVROXEOH
VXEVWDQFHV�VXFK�DV�SURWHLQV�LQWR�VPDOOHU�VROXEOH
VXEVWDQFHV�OLNH�DPLQR�DFLGV�VR�WKDW�WKH\�FDQ�EH
DEVRUEHG�
$P\ODVH��EUHDNV�GRZQ�VWDUFK�LQWR�PDOWRVH��LW�LV�SURGXFHG
LQ�WKH�SDQFUHDV��EXW�DOVR�LQ�WKH�VDOLYDU\�JODQG�
3URWHDVH��EUHDNV�GRZQ�SURWHLQV�WR�SHSWLGHV��GRQH�E\
SHSVLQ��WKHQ�LQWR�DPLQR�DFLGV��GRQH�E\�WU\SVLQ���3HSVLQ
FRPHV�IURP�WKH�VWRPDFK�DQG�WU\SVLQ�FRPHV�IURP�WKH
SDQFUHDV�
/LSDVH��EUHDNV�GRZQ�OLSLGV�LQWR�IDWW\�DFLGV�DQG�JO\FHURO�
SURGXFHG�E\�WKH�SDQFUHDV�
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+\GURFKORULF�DFLG�LQ�JDVWULF�MXLFH�
'HQDWXULQJ�HQ]\PHV�LQ�KDUPIXO�PLFURRUJDQLVPV�LQ
IRRG
*LYLQJ�WKH�RSWLPXP�S+�IRU�SHSVLQ�DFWLYLW\

�¸��¸Ö�Bh\gdjO\Z

0RYHPHQW�RI�GLJHVWHG�IRRG�PROHFXOHV�WKURXJK�ZDOO�RI�WKH
LQWHVWLQH�LQWR�WKH�EORRG�RU�O\PSK�
7KH�VPDOO�LQWHVWLQH�LV�WKH�UHJLRQ�IRU�DEVRUSWLRQ�RI
GLJHVWHG�IRRG�
7KH�VPDOO�LQWHVWLQH�LV�IROGHG�LQWR�PDQ\�YLOOL�ZKLFK�LQFUHDVH
WKH�VXUIDFH�DUHD�IRU�DEVRUSWLRQ��2QH�YLOOXV�ZLOO�KDYH�WLQ\
IROGV�RQ�WKH�FHOOV�RQ�LWV�RXWVLGH�FDOOHG�PLFURYLOOL�
0RUH�VXUIDFH�DUHD�PHDQV�PRUH�DEVRUSWLRQ�FDQ�KDSSHQ
&DSLOODU\��WUDQVSRUWV�JOXFRVH�DQG�DPLQR�DFLGV
9HLQ��GHOLYHUV�DEVRUEHG�SURGXFWV�WR�OLYHU�YLD�KHSDWLF
SRUWDO�YHLQ�
*ODQG��SURGXFHV�HQ]\PHV
/DFWHDO��DEVRUEV�IDWW\�DFLG�DQG�JO\FHURO
(SLWKHOLXP��RQO\�RQH�FHOO�WKLFN�IRU�IDVWHU�WUDQVSRUW��7KH
FHOOV�RI�WKH�HSLWKHOLXP�DUH�IROGHG�WR�IRUP�PLFURYLOOL�
6PDOO�LQWHVWLQH�DQG�FRORQ�DEVRUE�ZDWHU

7KH�VPDOO�LQWHVWLQH�DEVRUEV��Ê���GP��SHU�GD\

7KH�FRORQ�DEVRUEV����Ê����GP��SHU�GD\

�¸Ö.g:Zhd\gjÖOZÖ)X:Zjh

�¸�¸Ö6sXGYÖ:ZEÖ)NX\GY

)XQFWLRQV�RI�[\OHP�DQG�SKORHP
7R�WUDQVSRUW�VXEVWDQFHV�IURP�VRXUFH��ZKHUH�WKH\�DUH
WDNHQ�LQ�RU�PDGH��WR�WKH�VLQNV��ZKHUH�WKH\�DUH�XVHG
7R�VXSSRUW�WKH�VWHP

�¸�¸Ö,\\jÖ�:OgÖ
GXX

)XQFWLRQ��WR�DEVRUE�ZDWHU�DQG�PLQHUDOV�IURP�WKH�VRLO
7KH\�KDYH�DQ�HORQJDWHG�VKDSH�IRU�PRUH�VXUIDFH�DUHD
ZKLFK�LQFUHDVHV�WKH�UDWH�RI�DEVRUSWLRQ�RI�ZDWHU�E\
RVPRVLV�DQG�LRQV�E\�DFWLYH�WUDQVSRUW

�¸�¸Ö):jNq:sÖ.:WGZÖBsÖ5:jGg
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:DWHU�HQWHUV�URRW�KDLU�FHOO�IURP�PRLVW�VRLO�YLD�RVPRVLV
EHFDXVH�ZDWHU�SRWHQWLDO�LV�KLJKHU�LQ�VRLO�WKDQ�LQ
F\WRSODVP�
:DWHU�SDVVHV�WKURXJK�WKH�FRUWH[�FHOOV�E\�RVPRVLV�EXW
PRVWO\�E\�ÏVXFWLRQÐ�
:DWHU�DQG�PLQHUDOV�DUH�IRUFHG�WR�FURVV�WKH�HQGRGHUPLV�
:DWHU�HQWHUV�[\OHP�WKHQ�OHDYHV�ZKHQ�LW�JHWV�WR�PHVRSK\OO
FHOOV

�¸�¸Ö.g:ZhdOg:jO\Z

7UDQVSLUDWLRQ��HYDSRUDWLRQ�RI�ZDWHU�DW�VXUIDFHV�RI�WKH
PHVRSK\OO�FHOOV�IROORZHG�E\�ORVV�RI�ZDWHU�YDSRXU�IURP
SODQW�OHDYHV��WKURXJK�VWRPDWD�
:DWHU�OHDYHV�PHVRSK\OO�FHOOV��LQWR�DLU�VSDFHV�FUHDWHG�E\
LUUHJXODU�VKDSH�RI�VSRQJ\�PHVRSK\OO�FHOOV��WKHQ�GLéXVHV
RXW�RI�WKH�VWRPDWD�
:LOWLQJ��RFFXUV�LI�ZDWHU�ORVV�LV�JUHDWHU�WKDQ�ZDWHU�XSWDNH�Ê
FHOOV�EHFRPH�ëDFFLG��WLVVXHV�EHFRPH�OLPS�DQG�SODQW�QR
ORQJHU�VXSSRUWHG

�¸�¸Ö/dj:WGÖ\LÖ5:jGg

&DXVHG�E\�ZDWHU�ORVV�LQ�OHDYHV�ZKLFK�ORZHUV�LWV�ZDWHU
SRWHQWLDO
:DWHU�PRYHV�IURP�[\OHP�WR�OHDI�WLVVXHV�YLD�RVPRVLV
:DWHU�PRYHV�XS�WKH�VWHP�LQ�WKH�[\OHP�GXH�WR�WHQVLRQ
�EHFDXVH�RI�FRKHVLRQ�RI�ZDWHU�PROHFXOHV�WR�HDFK�RWKHU�
FDXVHG�E\�ZDWHU�ORVV�IURP�WKH�OHDYHV
(QGV�ZLWK�WKH�JDLQ�RI�ZDWHU�WKURXJK�URRWV
7KLV�XSZDUG�ëRZ�RI�ZDWHU�LV�FDOOHG�WKH�WUDQVSLUDWLRQ
VWUHDP

�¸�¸Ö�:Cj\ghÖ�wGCjOZMÖ,:jGÖ\L
.g:ZhdOg:jO\Z

7HPSHUDWXUH��KLJKHU�WHPSHUDWXUHV�LQFUHDVH�ZDWHU�
KROGLQJ�FDSDFLW\�RI�DLU�DQG�LQFUHDVHV�WUDQVSLUDWLRQ�UDWH
+XPLGLW\��ORZ�KXPLGLW\�LQFUHDVHV�ZDWHU�SRWHQWLDO�JUDGLHQW
EHWZHHQ�OHDI�DQG�DWPRVSKHUH��LQFUHDVLQJ�WUDQVSLUDWLRQ
UDWH

/LJKW�LQWHQVLW\��KLJK�OLJKW�LQWHQVLW\�FDXVHV�VWRPDWD�WR
RSHQ��WR�DOORZ�PRUH�SKRWRV\QWKHVLV��ZKLFK�FDXVHV
LQFUHDVH�LQ�WUDQVSLUDWLRQ

�¸�¸Ö.g:ZhX\C:jO\Z

0RYHPHQW�RI�VXFURVH�DQG�DPLQR�DFLGV�LQ�SKORHP��IURP
UHJLRQV�RI�SURGXFWLRQ��VRXUFHV��WR�UHJLRQV�RI�VWRUDJH�RU�WR
UHJLRQV�RI�XWLOL]DWLRQ�LQ�UHVSLUDWLRQ�RU�JURZWK��VLQNV��
7UDQVORFDWLRQ�LQ�GLéHUHQW�VHDVRQV�

6SULQJ��VXFURVH�WUDQVSRUWHG�IURP�VWRUHV�LQ�URRWV�WR
OHDYHV
6XPPHU�	�HDUO\�DXWXPQ��VXFURVH�JRHV�IURP
SKRWRV\QWKHVL]LQJ�OHDYHV�WR�URRW�VWRUHV�

�¸Ö.g:Zhd\gjÖOZÖ�ZOY:Xh
&LUFXODWRU\�V\VWHP��V\VWHP�RI�WXEHV��YHLQV��FDSLOODULHV�
DUWHULHV��ZLWK�D�SXPS��KHDUW��DQG�YDOYHV��LQ�KHDUW�DQG
YHLQV��WR�HQVXUH�RQH�ZD\�ëRZ�RI�EORRG�

�¸�¸Ö.g:Zhd\gjÖ-shjGYh

6LQJOH�FLUFXODWLRQ�V\VWHP��êVK��
7ZR�KHDUW�FKDPEHUV
%ORRG�DEVRUEV�R[\JHQ�LQ�JLOOV
5HOHDVHG�LQ�ERG\�FHOOV�WKHQ�EDFN�WR�KHDUW

'RXEOH�FLUFXODWLRQ�V\VWHP�
)RXU�KHDUW�FKDPEHUV
%ORRG�SDVVHV�WKURXJK�KHDUW�WZLFH
2[\JHQDWHG�LQ�OXQJV��WR�KHDUW��WR�ERG\��EDFN�WR�KHDUW
$GYDQWDJH��GHOLYHUV�JUHDWHU�EORRG�ëRZ�UDWH�WR�WLVVXHV
DURXQG�WKH�ERG\�DV�WKH�KHDUW�SXPSV�WKH�R[\JHQDWHG
EORRG�WR�LW�IURP�WKH�OXQJV

�¸�¸Ö.NGÖ�G:gj

5LJKW�DWULXP��FROOHFW�GHR[\JHQDWHG�EORRG�	�SXPS�LW�WR
ULJKW�YHQWULFOH
5LJKW�YHQWULFOH��SXPSV�GHR[\JHQDWHG�EORRG�WR�OXQJV
3XOPRQDU\�DUWHU\��FDUULHV�GHR[\JHQDWHG�EORRG�IURP�ULJKW
YHQWULFOH�WR�OXQJV
6HSWXP��VHSDUDWHV�OHIW�DQG�ULJKW�VLGHV�RI�WKH�KHDUW
3XOPRQDU\�YHLQ��FDUU\�R[\JHQDWHG�EORRG�IURP�OXQJV�WR
OHIW�DWULXP

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ

ÎÎÎ͟Þkt¯*¢͟t�B



/HIW�DWULXP��FROOHFW�R[\JHQDWHG�EORRG�DQG�SXPS�LW�WR�OHIW
YHQWULFOH
/HIW�YHQWULFOH��SXPSV�R[\JHQDWHG�EORRG�WR�WKH�ERG\�YLD
WKH�DRUWD
$RUWD��FDUULHV�R[\JHQDWHG�EORRG�IURP�OHIW�YHQWULFOH�WR�UHVW
RI�ERG\
7ULFXVSLG�DQG�ELFXVSLG�YDOYHV��SUHYHQW�EDFNëRZ�RI�EORRG
LQWR�WKH�DWULD�ZKHQ�YHQWULFOHV�FRQWUDFW��DWULD�YHQWULFXODU
YDOYHV�
3XOPRQDU\�DQG�DRUWLF�YDOYHV��SUHYHQW�EDFNëRZ�RI�EORRG
IURP�WKH�DUWHULHV�LQWR�WKH�YHQWULFOHV��VHPL�OXQDU�YDOYHV�

�¸�¸Ö
:gEO:CÖ
sCXG

&DUGLDF�GLDVWROH�
DOO�FKDPEHUV�DUH
UHOD[HG��DQG

EORRG�ëRZV�LQWR
WKH�KHDUW

$WULDO�V\VWROH�
YHQWULFXODU�GLDVWROH�

DWULD�FRQWUDFW�
SXVKLQJ�EORRG�LQWR

WKH�YHQWULFOHV

$WULDO�GLDVWROH�
YHQWULFXODU�V\VWROH�
DIWHU�DWULD�UHOD[�

YHQWULFOHV�FRQWUDFW�
SXVKLQJ�EORRG�RXW

RI�KHDUW

3K\VLFDO�DFWLYLW\�PDNHV�WKH�KHDUW�EHDW�PRUH�TXLFNO\�DQG
PRUH�GHHSO\��IRU�DQ�LQFUHDVHG�FLUFXODWLRQ�RI�EORRG�VR�WKDW
PRUH�R[\JHQ�DQG�JOXFRVH�FDQ�JHW�WR�WKH�PXVFOHV�

�¸�¸Ö�
�Ö.g:CG

7KH�HOHFWULFDO�DFWLYLW\�RI�WKH�KHDUW�FDQ�EH�PRQLWRUHG�E\
WKH�HOHFWURFDUGLRJUDP��SXOVH�UDWH�DQG�OLVWHQLQJ�WR�WKH
VRXQGV�RI�WKH�YDOYHV�FORVLQJ
3K\VLFDO�DFWLYLW\�PDNHV�WKH�KHDUW�EHDW�PRUH�TXLFNO\�DQG
PRUH�GHHSO\��IRU�DQ�LQFUHDVHG�FLUFXODWLRQ�RI�EORRG�VR�WKDW
PRUH�R[\JHQ�DQG�JOXFRVH�FDQ�JHW�WR�WKH�PXVFOH

�¸�¸Ö
\g\Z:gsÖ�G:gjÖ�OhG:hG

&RURQDU\�DUWHU\�EHFRPHV�EORFNHG��LQWHUUXSWLQJ�WKH
VXSSO\�RI�EORRG�WR�WKH�KHDUW�PXVFOH�
7KH�KHDUW�PXVFOH�FHOOV�DUH�GHSULYHG�RI�R[\JHQ�	�JOXFRVH�
DQG�SRLVRQRXV�ZDVWHV�VXFK�DV�ODFWLF�DFLG�EXLOG�XS�
3DUW�RI�WKH�KHDUW�PXVFOH�VWRSV�FRQWUDFWLQJ��FDXVLQJ�D
KHDUW�DWWDFN
&DXVHG�E\�VWUHVV��VPRNLQJ��SRRU�GLHW��SRRU�OLIHVW\OH�	
JHQHWLFDOO\
&DQ�EH�SUHYHQWHG�E\�QRW�VPRNLQJ��DYRLGLQJ�IDWW\�IRRG�DQG
H[HUFLVLQJ�UHJXODUO\

7UHDWHG�E\�DVSLULQ�DQG�VXUJHU\��VWHQWV��DQJLRSODVW\�DQG
E\�SDVV�

�¸�¸Ö�gjGgOGh³Ö4GOZhÖ:ZEÖ
:dOXX:gOGh

9HVVHO )XQFWLRQ 6WUXFWXUH

$UWHU\
7UDQVSRUW�KLJK�SUHVVXUH
EORRG�DZD\�IURP�KHDUW

(ODVWLF�ZDOOV�H[SDQG�DQG
UHOD[�DV�EORRG�LV�IRUFHG

RXW��FDXVHV�SXOVH

7KLFN�ZDOOV�ZLWKVWDQG
KLJK�SUHVVXUH

5LQJV�RI�PXVFOH�QDUURZ
RU�ZLGHQ�DUWHU\�WR
FRQWURO�EORRG�ëRZ�

9HLQ
7UDQVSRUW�ORZ�SUHVVXUH

EORRG�WR�WKH�KHDUW

9DOYHV�SUHYHQW�EDFNëRZ
RI�EORRG�

%ORRG�LV�DW�ORZ�SUHVVXUH�
EXW�QHDUE\�PXVFOHV

VTXHH]H�YHLQV�DQG�KHOS
SXVK�EORRG�WR�WKH�KHDUW

/DUJH�GLDPHWHU�DQG�WKLQ
ZDOOV�UHGXFH�UHVLVWDQFH

WR�ëRZ�RI�EORRG

&DSLOODU\
$OORZ�VXEVWDQFHV�WR
GLéXVH�LQWR�FHOOV

2QH�FHOO�WKLFN�ZDOO�IRU
HDV\�GLéXVLRQ

+LJKO\�EUDQFKHG��ODUJH
VXUIDFH�DUHD

&DSLOODU\�EHGV�FRQVWDQWO\
VXSSOLHG�ZLWK�IUHVK
EORRG��VR�GLéXVLRQ

RFFXUV

�¸�¸Ö�sYdN:jOCÖ-shjGY

&LUFXODWLRQ�RI�ERG\�ëXLGV��DQG�WKH�SURGXFWLRQ�RI
O\PSKRF\WHV�
/\PSK�QRGH�FRQWDLQV�PDQ\�O\PSKRF\WHV�ZKLFK�êOWHU
O\PSK�
7LVVXH�ëXLG��PDGH�ZKHQ�SODVPD�LV�VTXHH]HG�RXW�RI
FDSLOODULHV�
6XEVWDQFHV�GLéXVH�EHWZHHQ�FHOOV�DQG�WLVVXH�ëXLG�
/\PSK�YHVVHOV�FROOHFW�O\PSK�DQG�UHWXUQ�LW�WR�WKH�EORRG�
7LVVXH�ëXLG�UHWXUQV�WR�WKH�FDSLOODULHV�E\�RVPRVLV�

�¸�¸Ö	X\\E

5HG�EORRG�FHOOV��KDHPRJORELQ�DQG�R[\JHQ�WUDQVSRUW
:KLWH�EORRG�FHOOV��SKDJRF\WRVLV�DQG�DQWLERG\�IRUPDWLRQ
3ODWHOHWV��FDXVLQJ�FORWWLQJ
3ODVPD��WUDQVSRUW�RI�EORRG�FHOOV��LRQV��VROXEOH�QXWULHQWV�
KRUPRQHV��FDUERQ�GLR[LGH��XUHD�DQG�SODVPD�SURWHLQV
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�¸�~¸Ö�YYkZGÖhshjGY

3KDJRF\WH /\PSKRF\WH

3KDJRF\WH�KDV�OREHG�QXFOHXV
DQG�YHVLFOHV�FRQWDLQLQJ
GLJHVWLYH�HQ]\PHV�

/\PSKRF\WHV�DUH�IRXQG�LQ
EORRG�DQG�LQ�O\PSK�QRGHV

3KDJRF\WRVLV��HQJXOI
SDWKRJHQ��YHVLFOHV�IXVH�ZLWK
YDFXROH��HQ]\PHV�GLJHVW

EDFWHULD�

/DUJH�QXFOHXV�DQG�WKH\
SURGXFH�DQWLERGLHV�

$QWLJHQ��SURWHLQ�
FDUERK\GUDWH�RQ�VXUIDFH�RI
SDWKRJHQ�ZKLFK�SURYRNHV

LPPXQH�V\VWHP

$QWLERGLHV��<�VKDSHG�SURWHLQ�
ELQG�WR�ODEHO�SDWKRJHQV�

7KHQ�HLWKHU�GHVWUR\HG�E\
EHLQJ�LQJHVWHG�E\

SKDJRF\WHV��RU�WKH�DQWLERGLHV
PD\�GR�LW�

�¸��¸Ö	X\\EÖ
X\jjOZM

5HGXFHV�EORRG�ORVV�DQG�NHHSV�SDWKRJHQV�RXW
)LEULQRJHQ��LQDFWLYH��WXUQV�WR�êEULQ��DFWLYDWHG���DQG�IRUPV
D�PHVK�WR�WUDS�UHG�EORRG�FHOOV��ZKLFK�HYHQWXDOO\�GULHV�WR
IRUP�D�VFDE�

�~¸Ö�OhG:hGhÖ:ZEÖ�YYkZOjs

�~¸�¸Ö):jN\MGZh

3DWKRJHQ��D�GLVHDVH�FDXVLQJ�RUJDQLVP�
7UDQVPLVVLEOH�GLVHDVH��D�GLVHDVH�LQ�ZKLFK�WKH�SDWKRJHQ
FDQ�EH�SDVVHG�IURP�RQH�KRVW�WR�DQRWKHU�
7KH�SDWKRJHQ�IRU�D�WUDQVPLVVLEOH�GLVHDVH�PD\�EH
WUDQVPLWWHG�HLWKHU�

'LUHFW�FRQWDFW�H�J��WKURXJK�EORRG��ERG\�ëXLGV
,QGLUHFWO\�H�J��IURP�FRQWDPLQDWHG�VXUIDFHV�IRRG��IURP
DQLPDOV��IURP�DLU

�~¸�¸Ö	\EsÖ�GLGZCGh

7KH�KXPDQ�ERG\�KDV�PDQ\�QDWXUDO�GHIHQFHV�DJDLQVW
SDWKRJHQV�
0HFKDQLFDO�EDUULHUV�

1RVWULOV�FRQWDLQ�KDLUV�WKDW�KHOS�WUDS�GXVW
6NLQ�KDV�D�WKLFN�RXWHU�OD\HU�RI�GHDG�FHOOV

&KHPLFDO�EDUULHUV�
6WLFN\�PXFXV�ZKLFK�FDQ�WUDS�SDWKRJHQV

,Q�WKH�VWRPDFK��K\GURFKORULF�DFLG�LV�VHFUHWHG�ZKLFK
NLOOV�PDQ\�RI�WKH�EDFWHULD�LQ�IRRG

&HOOV��3DWKRJHQV�WKDW�PDQDJH�WR�JHW�WKURXJK�DOO�WKHVH
GHIHQFHV�DUH�XVXDOO\�GHVWUR\HG�E\�ZKLWH�EORRG�FHOOV�

6RPH�RI�WKHVH�FHOOV�WDNH�LQ�DQG�GLJHVW�WKH�SDWKRJHQV
E\�SKDJRF\WRVLV
2WKHUV�SURGXFH�DQWLERGLHV�WKDW�LQFDSDFLWDWH�RU�NLOO�WKH
SDWKRJHQ
9DFFLQDWLRQ�DJDLQVW�GLVHDVH�KHOSV�DQWLERGLHV�WR
SURGXFH�YHU\�TXLFNO\

�~¸�¸Ö.NGÖ�YYkZGÖ-shjGY

$Q�DQWLERG\�LV�D�SURWHLQ�PROHFXOH�ZKLFK�êWV�LQWR�DQRWKHU
PROHFXOH
3DWKRJHQ�PROHFXOHV�DUH�FDOOHG�DQWLJHQV�
7R�GHVWUR\�D�SDWKRJHQ��DQWLERG\�PROHFXOHV�PXVW�EH
PDGH�ZKLFK�DUH�H[DFWO\�WKH�ULJKW�VKDSH�WR�êW�LQWR
PROHFXOHV��DQWLJHQV��RQ�WKH�RXWVLGH�RI�WKH�SDWKRJHQ�
$QWLERGLHV�ORFN�RQWR�DQWLJHQV�OHDGLQJ�WR�GHVWUXFWLRQ�RI
SDWKRJHQ���PDUNLQJ�RI�SDWKRJHQV�IRU�GHVWUXFWLRQ�E\
SKDJRF\WHV
,I�D�SDWKRJHQ�HQWHUV�WKH�ERG\��LW�PHHWV�D�ODUJH�QXPEHU�RI
O\PSKRF\WHV��2QH�RI�WKHVH�ZLOO�UHFRJQL]H�WKH�SDWKRJHQ
DQG�GLYLGH�UDSLGO\�E\�PLWRVLV
7KHVH�O\PSKRF\WHV�WKHQ�VHFUHWH�DQWLERG\��GHVWUR\LQJ�WKH
SDWKRJHQV
$FWLYH�LPPXQLW\��GHIHQFH�DJDLQVW�D�SDWKRJHQ�E\�DQWLERG\
SURGXFWLRQ�LQ�WKH�ERG\�
$FWLYH�LPPXQLW\�LV�JDLQHG�DIWHU�DQ�LQIHFWLRQ�E\�D
SDWKRJHQ�RU�E\�YDFFLQDWLRQ�
9DFFLQHV�LPPXQLVH�FKLOGUHQ�DJDLQVW�GLVHDVHV�FDXVHG�E\
SDWKRJHQV
3URFHVV�RI�YDFFLQDWLRQ�

+DUPOHVV�SDWKRJHQ�JLYHQ�ZKLFK�KDV�DQWLJHQV
$QWLJHQV�WULJJHU�DQ�LPPXQH�UHVSRQVH�E\�O\PSKRF\WHV
ZKLFK�SURGXFH�DQWLERGLHV
0HPRU\�FHOOV�DUH�SURGXFHG�WKDW�JLYH�ORQJ�WHUP
LPPXQLW\

,Q�FRQWUROOLQJ�WKH�VSUHDG�RI�GLVHDVH��LW�LV�LPSRUWDQW�WR
FRQVLGHU�K\JLHQLF�IRRG�SUHSDUDWLRQ��JRRG�SHUVRQDO
K\JLHQH��ZDVWH�GLVSRVDO�DQG�VHZDJH�WUHDWPHQW
3DVVLYH�LPPXQLW\��VKRUW�WHUP�GHIHQFH�DJDLQVW�D�SDWKRJHQ
E\�DQWLERGLHV�DFTXLUHG�IURP�DQRWKHU�LQGLYLGXDO��H�J�
PRWKHU�WR�LQIDQW
0HPRU\�FHOOV�DUH�QRW�SURGXFHG�LQ�SDVVLYH�LPPXQLW\
%DELHV�JHW�SDVVLYH�LPPXQLW\�E\�EUHDVW�IHHGLQJ�

%UHDVW�PLON�FRQWDLQV�DQWLERGLHV�IURP�WKH�PRWKHU
ZKLFK�DUH�SDVVHG�RQ�WR�KHU�EDE\�
8VHIXO�EHFDXVH�D�\RXQJ�EDE\ÍV�LPPXQH�V\VWHP�LV�QRW
ZHOO�GHYHORSHG�DQG�VR�WKH�PRWKHUÍV�DQWLERGLHV�FDQ
SURWHFW�LW�DJDLQVW�DQ\�GLVHDVHV�WR�ZKLFK�VKH�LV�LPPXQH
IRU�WKH�êUVW�IHZ�PRQWKV�RI�LWV�OLIH

6RPH�GLVHDVHV�DUH�FDXVHG�E\�WKH�LPPXQH�V\VWHP
WDUJHWLQJ�DQG�GHVWUR\LQJ�ERG\�FHOOV��7\SH���GLDEHWHV�

��¸Ö�:hÖ�rCN:ZMGÖOZÖ�kY:Zh
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��¸�¸Ö�:hÖ�rCN:ZMG

3URSHUW\�RI�VXUIDFH 5HDVRQ

7KLQ��RQH�FHOO�WKLFN� 6KRUW�GLVWDQFH�WR�GLéXVH

/DUJH�VXUIDFH�DUHD
0DQ\�PROHFXOHV�FDQ�GLéXVH�DW

RQFH

0RLVW &HOOV�GLH�LI�QRW�NHSW�PRLVW

:HOO�YHQWLODWHG

&RQFHQWUDWLRQ�JUDGLHQWV�IRU
R[\JHQ�DQG�FDUERQ�GLR[LGH�DUH
NHSW�XS�E\�UHJXODU�IUHVK�VXSSOLHV

RI�DLU

&ORVH�WR�EORRG�VXSSO\
*DVHV�FDQ�EH�FDUULHG�WR�IURP�WKH
FHOOV�WKDW�QHHG�SURGXFH�WKHP

��¸�¸Ö-jgkCjkgG

&DUWLODJH��LQ�WUDFKHD���SUHYHQWV�WKH�WUDFKHD�IURP
FROODSVLQJ�GXULQJ�DEVHQFH�RI�DLU�DQG�DOVR�WR�SURWHFW�LW
5LEV��WR�SURWHFW�YLWDO�RUJDQV�DQG�EORRG�YHVVHOV�DQG
H[SDQGV�DQG�FRQWUDFWV��DQG�HìFLHQW�EUHDWKLQJ�
,QWHUFRVWDO��LQWHUQDO�	�H[WHUQDO��PXVFOHV��VLWXDWHG
EHWZHHQ�WKH�ULEV�WKDW�FUHDWH�DQG�PRYH�WKH�FKHVW�ZDOO
'LDSKUDJP��SURGXFHV�YROXPH�DQG�SUHVVXUH�FKDQJHV�LQ
WKH�WKRUD[�OHDGLQJ�WR�WKH�YHQWLODWLRQ�RI�WKH�OXQJV

,QVSLUHG�$LU ([SLUHG�$LU

2[\JHQ ��� ���

&DUERQ�'LR[LGH ����� ��

1LWURJHQ ��� ���

:DWHU 9DULHV�WR�FOLPDWH 6DWXUDWHG�ZDWHU�YDSRXU

7HPSHUDWXUH 9DULHV�WR�FOLPDWH $OZD\V�ZDUP

7HVW�IRU�&2���%ORZ�&2��WKURXJK�OLPHZDWHU���YH�UHVXOW� 
WXUQ�FORXG\

��¸�¸Ö�wGCjÖ\LÖ)NshOC:XÖ�CjOpOjsÖ\Z
	gG:jNOZM

3K\VLFDO�DFWLYLW\�LQFUHDVHV�WKH�EUHDWKLQJ�UDWH�Ê�PRUH
EUHDWKV�SHU�PLQXWH��DQG�WKH�WLGDO�YROXPH�Ê�PRUH�DLU�SHU
EUHDWK

7KLV�LV�PHDVXUHG�ZLWK�D�VSLURPHWHU�WR�SURGXFH�D
VSLURJUDP�
'XULQJ�H[HUFLVH��WLVVXHV�UHVSLUH�DW�D�KLJKHU�UDWH��WKH
FKDQJH�LQ�EUHDWKLQJ�YROXPH�DQG�UDWH�KHOSV�WR�NHHS�&2�
FRQFHQWUDWLRQ�DQG�S+�DW�VDIH�OHYHOV�

��¸�¸Ö	gG:jNOZM

%UHDWKLQJ�,Q %UHDWKLQJ�2XW

([WHUQDO�LQWHUFRVWDO�PXVFOHV
FRQWUDFW�Ê�SXOOV�ULE�FDJH
XSZDUGV�DQG�RXWZDUGV

([WHUQDO�LQWHUFRVWDO�PXVFOHV
UHOD[�Ê�ULE�FDJH�IDOOV

GRZQZDUGV�DQG�LQZDUGV

'LDSKUDJP�PXVFOHV�FRQWUDFW
Ê�GLDSKUDJP�PRYHV

GRZQZDUGV

'LDSKUDJP�PXVFOHV�UHOD[�Ê
UHWXUQV�WR�GRPH�VKDSH

/XQJ�YROXPH�LQFUHDVHV�Ê�DQG
SUHVVXUH�IDOOV

/XQJ�YROXPH�GHFUHDVHV�Ê�DQG
SUHVVXUH�LQFUHDVHV

$LU�UXVKHV�LQ�WR�HTXDOLVH
SUHVVXUH

$LU�LV�IRUFHG�RXW

,QWHUQDO�LQWHUFRVWDO�PXVFOHV��DUH�XVHG�LQ�FRXJKLQJ�DQG
VQHH]LQJ�
0XFXV�	�FLOLD��JREOHW�FHOOV�SURGXFH�VWLFN\�PXFXV�WR�WUDS
DQG�HOLPLQDWH�SDUWLFXODWH�PDWWHU�DQG�PLFURRUJDQLVPV�
&LOLDWHG�FHOOV�KDYH�FLOLD��OLWWOH�KDLUV�ZKLFK�VZHHS�EDFN�DQG
IRUZDUG�LQ�D�FRRUGLQDWHG�ZD\�WR�EUXVK�PXFXV�XS�WKH
OXQJV�LQWR�WKH�PRXWK

��¸Ö,GhdOg:jO\Z
&KHPLFDO�UHDFWLRQV�WKDW�EUHDN�GRZQ�QXWULHQW�PROHFXOHV�LQ
OLYLQJ�FHOOV�WR�UHOHDVH�HQHUJ\�
8VHV�RI�HQHUJ\�LQ�WKH�ERG\�RI�KXPDQV��PXVFOH
FRQWUDFWLRQ��SURWHLQ�V\QWKHVLV��FHOO�GLYLVLRQ��DFWLYH
WUDQVSRUW��JURZWK��WKH�SDVVDJH�RI�QHUYH�LPSXOVHV�DQG�WKH
PDLQWHQDQFH�RI�D�FRQVWDQW�ERG\�WHPSHUDWXUH�
5HVSLUDWLRQ�LQYROYHV�WKH�DFWLRQ�RI�HQ]\PHV�LQ�FHOOV

��¸�¸Ö�Gg\BOCÖ,GhdOg:jO\Z
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5HOHDVH�RI�D�UHODWLYHO\�ODUJH�DPRXQW�RI�HQHUJ\�LQ�FHOOV�E\
WKH�EUHDNGRZQ�RI�IRRG�VXEVWDQFHV�LQ�WKH�SUHVHQFH�RI
R[\JHQ�

��¸�¸Ö�Z:Gg\BOCÖ,GhdOg:jO\Z

5HOHDVH�RI�D�UHODWLYHO\�VPDOO�DPRXQW�RI�HQHUJ\�E\�WKH
EUHDNGRZQ�RI�IRRG�VXEVWDQFHV�LQ�WKH�DEVHQFH�RI�R[\JHQ�
,Q�PXVFOHV�

,Q�\HDVW��VLQJOH�FHOO�IXQJL��

'LVDGYDQWDJHV�RI�DQDHURELF�UHVSLUDWLRQ�
2QO\�SURGXFHV������RI�WKH�HQHUJ\�SHU�JOXFRVH
PROHFXOH�WKDW�DHURELF�UHVSLUDWLRQ�ZRXOG
3URGXFHV�SRLVRQRXV�ODFWLF�DFLG

/DFWLF�DFLG�
7UDQVSRUWHG�LQ�EORRG�WR�KHDUW��OLYHU�DQG�NLGQH\V�
ZKLFK�R[LGL]H�LW
7KH�KHDUW��OLYHU�DQG�NLGQH\V�QHHG�H[WUD�R[\JHQ�WR�GR
WKLV�ZKLFK�FDXVHV�\RX�WR�FRQWLQXH�EUHDWKLQJ�KHDYLO\
DIWHU�H[HUFLVH�
7KH�H[WUD�R[\JHQ�LV�FDOOHG�WKH�R[\JHQ�GHEW�

��¸Ö�rCgGjO\ZÖOZÖ�kY:Zh
([FUHWLRQ��WKH�UHPRYDO�IURP�RUJDQLVPV�RI�WR[LF�PDWHULDOV�
WKH�ZDVWH�SURGXFWV�RI�PHWDEROLVP��FKHPLFDO�UHDFWLRQV�LQ
FHOOV�LQFOXGLQJ�UHVSLUDWLRQ��DQG�VXEVWDQFHV�LQ�H[FHVV�RI
UHTXLUHPHQWV�
6XEVWDQFHV�VKRXOG�LQFOXGH�FDUERQ�GLR[LGH��XUHD�DQG�VDOWV�

��¸�¸Ö�kZCjO\ZÖ\LÖ�OEZGs

5HPRYDO�RI�XUHD�DQG�H[FHVV�ZDWHU�DQG�WKH�UH�DEVRUSWLRQ
RI�JOXFRVH�DQG�VRPH�VDOWV
8UHD�LV�IRUPHG�LQ�WKH�OLYHU�IURP�H[FHVV�DPLQR�DFLGV
$OFRKRO��GUXJV�	�KRUPRQHV�DUH�EURNHQ�GRZQ�LQ�WKH�OLYHU

&RUWH[��FRQWDLQV�%RZPDQÍV�FDSVXOHV�DQG�FRLOHG�WXEXOHV
8UHWHU��FDUULHV�XULQH�IURP�NLGQH\�WR�EODGGHU
0HGXOOD��FRQWDLQV�ORRSV�RI�+HQO«�DQG�FROOHFWLQJ�GXFWV
/RRS�RI�+HQO«��VHOHFWLYHO\�DEVRUEV�ZDWHU�VROXWHV
&ROOHFWLQJ�GXFWV��UHDEVRUEV�ZDWHU�LQWR�EORRG�DQG�VWRUH
ZDVWHV�XQWLO�WKH\�DUH�SDVVHG�LQWR�XUHWHU
8UHWKUD��FDUULHG�XULQH�IURP�EODGGHU�WR�WKH�RXWVLGH�
%ODGGHU��VWRUHV�XULQH
5HQDO�FDSVXOH��êOWHUV�IURP�EORRG��ZDWHU��JOXFRVH��XUHD
DQG�VDOWV�
7XEXOH���\HOORZ��UHDEVRUEV������RI�JOXFRVH��PRVW�RI�WKH
ZDWHU�DQG�VRPH�VDOWV�EDFN�LQWR�WKH�EORRG��UHG���OHDGLQJ�WR
FRQFHQWUDWLRQ�RI�XUHD�LQ�WKH�XULQH�DV�ZHOO�DV�ORVV�RI
H[FHVV�ZDWHU�DQG�VDOWV�LQWR�WKH�WXEXOH�
5HQDO�DUWHU\��EULQJV�ZDVWHV�DQG�ZDWHU�IURP�EORRG
5HQDO�YHLQ��UHDEVRUEV�ZDWHU�DQG�XVHIXO�PROHFXOHV�DQG
OHDYHV�ZDVWHV�EHKLQG

��¸�¸Ö-jgkCjkgGÖ\LÖjNGÖ�OEZGs

���8OWUDêOWUDWLRQ��EORRG�IURP�UHQDO�DUWHU\�HQWHUV�WKH
JORPHUXOXV��:DWHU��XUHD��VDOWV�DQG�JOXFRVH�DUH�IRUFHG
LQWR�WKH�%RZPDQÍV�FDSVXOH��%ORRG�FHOOV�DQG�ODUJH
SURWHLQV�FDQQRW�SDVV�WKURXJK�

���6HOHFWLYH�UHDEVRUSWLRQ��LQ�WKH�SUR[LPDO�WXEXOH�WZR
WKLUGV�RI�WKH�VDOW�DQG�ZDWHU�DQG�DOO�WKH�JOXFRVH�PRYHV
RXW�RI�WKH�QHSKURQ��E\�DFWLYH�WUDQVSRUW��7KHVH
VXEVWDQFHV�DUH�UHDEVRUEHG�EDFN�LQWR�WKH�EORRG
FDSLOODU\�

���/RRS�RI�+HQO«��WKLV�SDUW�RI�WKH�ORRS�RI�+HQO«�LV
SHUPHDEOH�WR�ZDWHU�EXW�QRW�VDOW��:DWHU�LV�GUDZQ�RXW
RI�WKH�êOWUDWH�LQ�WKH�QHSKURQ�E\�RVPRVLV�EHFDXVH�RI
WKH�ORZ�ZDWHU�SRWHQWLDO�RI�WKH�PHGXOOD�WLVVXH�ëXLG�

���/RRS�RI�+HQO«��WKLV�SDUW�LV�SHUPHDEOH�WR�VDOW�EXW�QRW
ZDWHU��7KH�ORVV�RI�ZDWHU�IURP�WKH�êOWUDWH�LQ�WKH

�3<*6:,� 6?@.,5¤ *(9)65+06?0+,� >(;,9

� �� �� � �� �� � �� � ¤� ��� � �� �� ���

�3<*6:,¤ �(*;0*a�*0+
� �� �� � ¤� �� � �� �� �� �� � �

�3<*6:,¤ �;/(563 � �(9)65a�06?0+,
� �� �� � ¤� �� � �� �� ��� �� � ��� ��

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ

ÎÎÎ͟Þkt¯*¢͟t�B



SUHYLRXV�VWDJH�LQFUHDVHV�WKH�VDOW�FRQFHQWUDWLRQ��6RPH
VDOW�SDVVLYHO\�GLéXVHV�RXW�RI�WKH�ORRS�KHUH�

���&ROOHFWLQJ�GXFW��WKH�UHPDLQLQJ�VXEVWDQFHV�PRYH
WKURXJK�WKH�VHFRQG�FRLOHG�WXEXOH��GLVWDO�WXEXOH���LQWR
WKH�FROOHFWLQJ�GXFW��7KH�SHUPHDELOLW\�RI�WKLV�SDUW�RI�WKH
QHSKURQ�WR�ZDWHU�LV�FRQWUROOHG

��¸�¸Ö�O:XshOh

:KHQ�D�NLGQH\�PDFKLQH�WDNHV�D�SDWLHQWÍV�EORRG�DQG
FOHDQV�LW��WKHQ�UHWXUQV�WKH�EORRG�WR�FLUFXODWLRQ�
7KLV�LV�KRZ�LW�ZRUNV�

%ORRG�HQWHUV�PDFKLQH�IURP�SDWLHQW
7KH�SXPS�SDVVHV�WKH�EORRG�WKURXJK�WKH�GLDO\VLV
WXELQJ�ZKLFK�LV�VHPL�SHUPHDEOH�WKHUHIRUH�DFWLQJ�DV�D
êOWHU
7KH�VXUURXQGLQJ�OLTXLG�FRQWDLQV�VRPH�VDOWV��JOXFRVH
EXW�QR�XUHD�VR�ZDVWH�PDWHULDOV�SDVV�IURP�EORRG�E\
GLéXVLRQ�
7KH�ÌFOHDQHG
�EORRG�UHWXUQV�WR�SDWLHQW
V
FLUFXODWLRQ�ERG\

'LDO\VLV 7UDQVSODQW

0RUH�H[SHQVLYH�LQ�WKH�ORQJ
UXQ

/HVV�H[SHQVLYH�LQ�WKH�ORQJ
UXQ

9HU\�GLVUXSWLYH��WKUHH�����KUV
VHVVLRQV�SHU�ZHHN�

1RW�YHU\�GLVUXSWLYH��RQO\�KDYH
WR�WDNH�PHGLFDWLRQ�

'R�QRW�QHHG�WR�êQG�NLGQH\ 1HHG�D�NLGQH\

1HHG�D�PDFKLQH�	�PXVW�OLYH
QHDU�RQH

&DQ�JR�DQ\ZKHUH��DQ\WLPH

5LVN�RI�UHMHFWLRQ

��¸Ö
\\gEOZ:jO\ZÖ:ZE
,Ghd\ZhG

��¸�¸Ö�Ggp\khÖ
\Zjg\XÖOZÖ�kY:Zh

7KH�QHUYRXV�V\VWHP�FRQVLVWV�RI�WZR�SDUWV�
&HQWUDO�QHUYRXV�V\VWHP��&16��FRQVLVWLQJ�RI�WKH�EUDLQ
DQG�VSLQDO�FRUG��ZKLFK�DUH�WKH�DUHDV�RI�FRRUGLQDWLRQ
3HULSKHUDO�QHUYRXV�V\VWHP��316��PDGH�XS�RI�QHUYHV
DQG�QHXURQHV��ZKLFK�FRRUGLQDWH�DQG�UHJXODWH�ERGLO\
IXQFWLRQV�

,QYROXQWDU\�DFWLRQV��QRW�XQGHU�FRQVFLRXV�FRQWURO�H�J�
UHëH[�DFWLRQ
9ROXQWDU\�DFWLRQV��DUH�GRQH�LI�ZH�GHFLGH�WR�FDUU\�WKHP
RXW

��¸�¸Ö.sdGhÖ\LÖ�Gkg\Zh

1HUYH�LPSXOVH��DQ�HOHFWULFDO�VLJQDO�WKDW�SDVVHV�DORQJ
QHUYH�FHOOV�FDOOHG�QHXURQHV

0RWRU�1HXURQH�

6HQVRU\�1HXURQH�

5HOD\��FRQQHFWRU��QHXURQH�

��¸�¸Ö,G{GrÖ:gC

$�UHëH[�DFWLRQ�LV�DQ�LQYROXQWDU\��TXLFN�DFWLRQ�WR�UHVSRQG
WR�D�VWLPXOXV��LQ�RUGHU�WR�SURWHFW�WKH�ERG\�IURP�GDQJHU
(�J��TXLFNO\�UHPRYLQJ�\RXU�KDQG�IURP�KRW�PHWDO�VXUIDFH
7KH\�LQYROYH�WKUHH�QHXURQHV��D�VHQVRU\�QHXURQH��UHOD\
QHXURQH�DQG�PRWRU�QHXURQH�
7KH�JDS�EHWZHHQ�QHXURQHV�LV�FDOOHG�D�V\QDSVH�
+RZ�WKH�UHëH[�DUF�ZRUNV�

$�VWLPXOXV�DéHFWV�D�UHFHSWRU��FHOO�RU�RUJDQ�WKDW
FRQYHUWV�D�VWLPXOXV�LQWR�DQ�HOHFWULFDO�LPSXOVH�
$�VHQVRU\�QHXURQH�FDUULHV�LPSXOVH�IURP�WKH�UHFHSWRU
WR�WKH�&16
&RQQHFWRU�UHOD\�QHXURQH�FDUULHV�LPSXOVH�VORZO\
�EHFDXVH�LW�KDV�QR�P\HOLQ�VKHDWK��DFURVV�WKH�VSLQDO
FKRUG
0RWRU�QHXURQH�FDUULHV�LPSXOVH�IURP�WKH�&16�WR�WKH
HéHFWRU
(éHFWRU��HLWKHU�D�PXVFOH�RU�D�JODQG��FDUULHV�RXW�WKH
UHVSRQVH
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5HëH[�DFWLRQ��PHDQV�RI�DXWRPDWLFDOO\�DQG�UDSLGO\
LQWHJUDWLQJ�DQG�FRRUGLQDWLQJ�VWLPXOL�ZLWK�WKH�UHVSRQVHV�RI
HéHFWRUV��PXVFOHV�DQG�JODQGV�

��¸�¸Ö-sZ:dhGh

6\QDSVH��D�MXQFWLRQ�EHWZHHQ�WZR�QHXURQHV��FRQVLVWLQJ�RI
D�JDS�DFURVV�ZKLFK�LPSXOVHV�SDVV�E\�GLéXVLRQ�RI�D
QHXURWUDQVPLWWHU
6\QDSWLF�FOHIW��VPDOO�JDS�EHWZHHQ�HDFK�SDLU�RI�QHXURQHV
,QVLGH�WKH�QHXURQHV�D[RQ��WKHUH�DUH����V�RI�WLQ\�YDFXROHV
�YHVVLFOHV�HDFK�FRQWDLQ�D�FKHPLFDO�FDOOHG
QHXURWUDQVPLWWHU�
:KHQ�DQ�LPSXOVH�DUULYHV��WKH�YHVVLFOHV�PRYH�WR�WKH�FHOO
PHPEUDQH�DQG�HPSW\�WKHLU�FRQWHQW�LQWR�WKH�V\QDSWLF�FOHIW
7KH�QHXURWUDQVPLWWHU�TXLFNO\�GLéXVHV�DFURVV�WKH�WLQ\�JDS
DQG�DWWDFKHV�WR�UHFHSWRU�PROHFXOHV�LQ�WKH�FHOO�PHPEUDQH
RI�WKH�UHOD\�QHXURQH
7KLV�FDQ�KDSSHQ�EHFDXVH�WKH�VKDSH�RI�WKH
QHXURWUDQVPLWWHU�PROHFXOHV�LV�FRPSOLPHQWDU\�WR�WKH
VKDSH�RI�WKH�UHFHSWRU�PROHFXOH
0DQ\�GUXJV�H�J��KHURLQ�DFW�XSRQ�V\QDSVHV

��¸�¸Ö�Zj:M\ZOhjOCÖ�khCXG

$�PXVFOH�WKDW�RSSRVHV�WKH�DFWLRQ�RI�DQRWKHU��H�J��ELFHSV
DQG�WULFHSV�DUH�DQWDJRQLVWLF�PXVFOHV�RU�FLUFXODU�DQG�UDGLDO
PXVFOHV�LQ�WKH�H\H
$JRQLVW��D�PXVFOH�WKDW�FRQWUDFWV�ZKLOH�DQRWKHU�UHOD[HV�
H�J��ZKHQ�EHQGLQJ�WKH�HOERZ��WKH�ELFHSV�DUH�WKH�DJRQLVW
$QWDJRQLVW��D�PXVFOH�WKDW�UHOD[HV�ZKLOH�DQRWKHU�FRQWUDFWV�
H�J��ZKHQ�EHQGLQJ�WKH�HOERZ��WKH�WULFHSV�DUH�WKH
DQWDJRQLVW
6HQVH�RUJDQ��JURXSV�RI�UHFHSWRU�FHOOV�UHVSRQGLQJ�WR
VSHFLêF�VWLPXOL��OLJKW��VRXQG��WRXFK��WHPSHUDWXUH�DQG
FKHPLFDOV�

��¸�¸Ö.NGÖ�sG

7KH�VHQVH�RUJDQ�UHVSRQVLEOH�IRU�VLJKW

&RUQHD��UHIUDFWV�OLJKW
,ULV��FRQWUROV�KRZ�PXFK�OLJKW�HQWHUV�SXSLO
/HQV��IRFXVHV�OLJKW�RQWR�UHWLQD
5HWLQD��FRQWDLQV�OLJKW�UHFHSWRUV��VRPH�VHQVLWLYH�WR�OLJKW�RI
GLéHUHQW�FRORXUV
2SWLF�QHUYH��FDUULHV�LPSXOVHV�WR�WKH�EUDLQ

��¸�¸Ö�CC\Y\E:jO\Z

$GMXVWLQJ�IRU�QHDU�DQG�GLVWDQW�REMHFWV�

1HDU�2EMHFW 'LVWDQW�2EMHFW

&LOLDU\�PXVFOHV�FRQWUDFW &LOLDU\�PXVFOHV�UHOD[

/LJDPHQWV�UHOD[ /LJDPHQWV�DUH�WLJKW

/HQV�EHFRPHV�VKRUW�DQG�IDW /HQV�EHFRPHV�ORQJ�DQG�WKLQ

��¸�¸Ö)kdOXÖ,G{Gr

$GMXVWLQJ�IRU�KLJK�DQG�ORZ�OLJKW�LQWHQVLW\

/RZ�/LJKW�,QWHQVLW\ +LJK�/LJKW�,QWHQVLW\

5DGLDO�PXVFOHV��VWUDLJKW�OLQHV�
FRQWUDFW�DQG�EHFRPH�VKRUWHU
WR�SXOO�WKH�SXSLO��EODFN�GRW�
PDNLQJ�LW�ZLGHU��WR�OHW�PRUH
OLJKW�HQWHU��WR�IRUP�D�FOHDU

LPDJH�RQ�UHWLQD

&LUFXODU�PXVFOHV��FLUFXODU
OLQHV��FRQWUDFW�DQG�EHFRPH
VKRUWHU�WR�UHGXFH�WKH�VL]H�RI
WKH�SXSLO�WR�SURWHFW�UHWLQD

IURP�EOHDFKLQJ�

��¸�¸Ö,\EhÖ:ZEÖ
\ZGh

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ

ÎÎÎ͟Þkt¯*¢͟t�B



5RGV &RQHV

3URYLGH�ORZ�GHWDLO��EODFN�	
ZKLWH�LPDJHV��JRRG�IRU�VHHLQJ

LQ�ORZ�LQWHQVLW\�OLJKW��DW
QLJKW��

3URYLGH�GHWDLOHG��FRORXUHG
LPDJHV��WKH\�ZRUN�LQ�KLJK

OLJKW�LQWHQVLW\�

3DFNHG�PRVW�WLJKWO\�DURXQG
HGJH�RI�UHWLQD�VR�\RX�FDQ�VHH
WKLQJV�PRVW�FOHDUO\�ZKHQ�QRW
ORRNLQJ�GLUHFWO\�DW�WKHP�

0RVW�WLJKWO\�SDFNHG�DW�FHQWUH
RI�UHWLQD��VR�REMHFWV�DUH�VHHQ
PRVW�FOHDUO\�ZKHQ�EHLQJ

GLUHFWO\�ORRNHG�DW�

)RYHD�
3DUW�RI�WKH�UHWLQD�ZKHUH�WKH�UHFHSWRU�FHOOV�DUH�SXVKHG
PRVW�FORVOH\�WRJHWKHU
:KHUH�OLJKW�LV�IRFXVHG�ZKHQ�\RX�ORRN�VWUDLJKW�DW�DQ
REMHFW

��¸�~¸Ö�\gY\ZGh

$�FKHPLFDO�VXEVWDQFH��SURGXFHG�E\�D�JODQG��FDUULHG�E\
WKH�EORRG��ZKLFK�DOWHUV�WKH�DFWLYLW\�RI�RQH�RU�PRUH�VSHFLêF
WDUJHW�RUJDQV�DQG�LV�WKHQ�GHVWUR\HG�E\�WKH�OLYHU�

��¸��¸Ö�EgGZ:XOZG

$�KRUPRQH�VHFUHWHG�E\�WKH�DGUHQDO�JODQG�
,W�LQFUHDVHV�SXOVH�UDWH��PDNHV�WKH�JO\FRJHQ�LQ�PXVFOHV�LV
FRQYHUWHG�WR�JOXFRVH�DQG�UHOHDVHG�LQWR�EORRG��PDNHV�\RX
EUHDWKH�GHHSHU�DQG�PRUH�UDSLGO\��DLUZD\V�EHFRPH�ZLGHU�
DQG�PDNHV�VNLQ�EHFRPH�SDOH�DV�EORRG�LV�GLYHUWHG�DZD\�
,QFUHDVHV�EORRG�JOXFRVH�FRQFHQWUDWLRQ�IRU�UHVSLUDWLRQ�
$GUHQDOLQH�LV�VHFUHWHG�IRU�H[DPSOH��ZKLOH�EXQJHH
MXPSLQJ�RU�ULGLQJ�D�UROOHUFRDVWHU

*ODQG +RUPRQH )XQFWLRQ

$GUHQDO�JODQG $GUHQDOLQH
3UHSDUHV�ERG\�IRU�YLJRURXV

DFWLRQ

3DQFUHDV ,QVXOLQ
5HGXFHV�FRQF��RI�JOXFRVH�LQ

EORRG

7HVWLV 7HVWRVWHURQH
&DXVHV�GHYHORSPHQW�RI�PDOH

VH[XDO�FKDUDFWHULVWLFV

2YDU\ 2HVWURJHQ
&DXVHV�GHYHORSPHQW�RI�IHPDOH

VH[XDO�FKDUDFWHULVWLFV

��¸��¸Ö�Ggp\khÖ:ZEÖ�\gY\Z:XÖ-shjGYh

&RPSDULVRQ 1HUYRXV�V\VWHP (QGRFULQH�V\VWHP

6SHHG�RI�DFWLRQ 9HU\�UDSLG &DQ�EH�VORZ

1DWXUH�RI�PHVVDJH
(OHFWULFDO�LPSXOVHV�
WUDYHOOLQJ�DORQJ

QHUYHV

&KHPLFDO
PHVVHQJHU
�KRUPRQHV�
WUDYHOOLQJ�LQ
EORRGVWUHDP

'XUDWLRQ�RI
UHVSRQVH

8VXDOO\�ZLWKLQ
VHFRQGV

0D\�WDNH�\HDUV
�SXEHUW\�

&RPSDULVRQ 1HUYRXV�V\VWHP (QGRFULQH�V\VWHP

$UHD�RI�UHVSRQVH
/RFDOL]HG�UHVSRQVH
�RQO\�RQH�DUHD

XVXDOO\�

:LGHVSUHDG
UHVSRQVH��LQ�PDQ\

RUJDQV�

([DPSOH�RI�SURFHVV
FRQWUROOHG

5HëH[HV�VXFK�DV
EOLQNLQJ

'HYHORSPHQW�RI
UHSURGXFWLYH

V\VWHP

+RUPRQHV�DUH�XVHG�LQ�IRRG�SURGXFWLRQ��IRU�H[DPSOH
RHVWURJHQ�LV�XVHG�WR�ERRVW�JURZWK�UDWH�RI�FKLFNHQV�
$GYDQWDJH��FKLFNHQV�JURZ�TXLFNO\�PHDQLQJ�PRUH�SURêW�
'LVDGYDQWDJHV��WKLV�PD\�FDXVH�KXPDQ�PDOHV�WR�GHYHORS
IHPLQLQH�FKDUDFWHULVWLFV��DQG�LW�LV�XQQDWXUDO�

��¸��¸Ö�\YG\hj:hOh

7KH�PDLQWHQDQFH�RI�D�FRQVWDQW�LQWHUQDO�HQYLURQPHQW�
+RPHRVWDVLV�LV�WKH�FRQWURO�RI�LQWHUQDO�FRQGLWLRQV�ZLWKLQ
VHW�OLPLWV

��¸��¸Ö�GM:jOpGÖ�GGEB:CW

)HHGEDFN�FRQWUROV�WKH�SURGXFWLRQ�RI�KRUPRQHV�Ê�WKH
KRUPRQHV�UHJXODWH�WKHLU�RZQ�SURGXFWLRQ�
$�QHJDWLYH�IHHGEDFN�FRQWURO�LV�ZKHQ�WKH�FKDQJH�LQ
KRUPRQH�OHYHO�DFWV�DV�D�VLJQDO�WR�FDQFHO�RXW�WKDW�FKDQJH�
VR�ZKHQ�EORRG�KRUPRQH�OHYHO�LV�ORZ��KRUPRQH�SURGXFWLRQ
LV�VWLPXODWHG��ZKHQ�LW�LV�KLJK��LW�LV�LQKLELWHG�

��¸��¸Ö�XkC\gGMkX:jO\Z

%ORRG�JOXFRVH�OHYHOV�DUH�PRQLWRUHG�DQG�FRQWUROOHG�E\�WKH
SDQFUHDV
7KH�SDQFUHDV�SURGXFHV�DQG�UHOHDVHV�GLéHUHQW�KRUPRQHV
GHSHQGLQJ�RQ�WKH�EORRG�JOXFRVH�OHYHO
,QVXOLQ�LV�UHOHDVHG�ZKHQ�EORRG�JOXFRVH�OHYHOV�DUH�KLJK�Ê
WKH�OLYHU�VWRUHV�H[FHVV�JOXFRVH�DV�JO\FRJHQ
*OXFDJRQ�LV�UHOHDVHG�ZKHQ�EORRG�JOXFRVH�OHYHOV�DUH�ORZ�Ê
WKH�OLYHU�FRQYHUWV�VWRUHG�JO\FRJHQ�LQWR�JOXFRVH�DQG
UHOHDVHV�LW�LQWR�WKH�EORRG

:KHQ�WKH�FRQWURO�RI�EORRG�JOXFRVH�GRHV�QRW�ZRUN��D
SHUVRQ�LV�VDLG�WR�KDYH�GLDEHWHV
7\SH���GLDEHWHV�LV�FDXVHG�E\�WKH�GHDWK�RI�WKH�FHOOV�WKDW
VHFUHWH�LQVXOLQ

6\PSWRP��K\SHUJO\FDHPLD��IHHO�XQZHOO��GU\�PRXWK�
EOXUUHG�YLVLRQ�DQG�IHHO�WKLUVW\��RU�K\SRJO\FDHPLD
�WLUHG��VKRZ�FRQIXVLRQ�DQG�LUUDWLRQDO�EHKDYLRXU�
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7UHDWPHQW��HDWLQJ�OLWWOH�DQG�RIWHQ�DQG�DYRLGLQJ�ODUJH
DPRXQW�RI�FDUERK\GUDWHV��LQMHFWLQJ�LQVXOLQ�WR�UHGXFH
EORRG�JOXFRVH�FRQFHQWUDWLRQ

��¸��¸Ö.NGgY\gGMkX:jO\Z


\Zhj:ZjÖB\EsÖjGYdGg:jkgGÖOhÖY:OZj:OZGEÖBs²

,QVXODWLRQ��SURYLGHG�E\�IDWW\�WLVVXH�UHWDLQV�KHDW��+DLUV
EHFRPH�HUHFW�WR�WUDS�ZDUP�DLU�E\�FRQWUDFWLQJ�HUHFWRU
PXVFOHV�DQG�YLFH�YHUVD�
9DVRGLODWDWLRQ��ZKHQ�LW�LV�KRW��DUWHULROHV��ZKLFK�VXSSO\
EORRG�WR�WKH�VNLQ�VXUIDFH�FDSLOODULHV��GLODWH��EHFRPH
ZLGHU��WR�DOORZ�PRUH�EORRG�QHDU�WR�VNLQ�VXUIDFH�WR
LQFUHDVH�KHDW�ORVV��IDFH�UHGGHU�
9DVRFRQVWULFWLRQ��ZKHQ�LW�LV�FROG��DUWHULROHV��ZKLFK�VXSSO\
EORRG�WR�WKH�VNLQ�VXUIDFH�FDSLOODULHV��FRQVWULFW��EHFRPH
VPDOOHU��WR�DOORZ�OHVV�EORRG�QHDU�WR�VNLQ�VXUIDFH�WR
GHFUHDVH�KHDW�ORVV
6ZHDWLQJ��WKH�ZDWHU�HYDSRUDWHV�JLYLQJ�D�FRROLQJ�HéHFW
6NLQ�UHFHSWRUV��VHQVH�KHDW�DQG�VHQVRU\�QHXURQV�VHQG
LPSXOVHV�WR�WKH�K\SRWKDODPXV
6KLYHULQJ��PXVFXODU�DFWLYLW\�JHQHUDWHV�KHDW
7KHUPRUHJXODWRU\�FHQWUH��LQ�WKH�K\SRWKDODPXV��LW
FRQWUROV�WKH�XVH�RI�FRUUHFWLYH�PHFKDQLVPV��H�J��VZHDWLQJ
DQG�VKLYHULQJ��

��¸��¸Ö�\YG\hj:jOCÖ!gM:Zh

&HOOV��FKDQJH�FRPSRVLWLRQ�RI�EORRG�DV�WKH\�UHPRYH
QXWULHQWV�DQG�2��DQG�DGG�ZDVWHV�DQG�&2�
+HDUW��NHHSV�EORRG�SUHVVXUH�FRQVWDQW�WR�GHOLYHU�R[\JHQ
DQG�QXWULHQWV�DURXQG�ERG\
6NLQ��WR�PDLQWDLQ�KHDW�H[FKDQJH�ZLWK�H[WHUQDO
HQYLURQPHQW
.LGQH\V��UHJXODWH�ZDWHU�DQG�VDOW�OHYHOV��RVPRUHJXODWLRQ�
DQG�WKH�UHPRYDO�RI�ZDVWHV�OLNH�XUHD��H[FUHWLRQ�

/XQJV��UHJXODWH�JDV�H[FKDQJH
,QWHVWLQHV��VXSSO\�VROXEOH�QXWULHQWV�DQG�ZDWHU�WR�EORRG
/LYHU��UHJXODWHV�EORRG�VROXWHV�DQG�UHPRYHV�WR[LQV

��¸��¸Ö.g\dOCÖ,Ghd\ZhGh

$X[LQ�
3ODQW�KRUPRQHV�RU�JURZWK�VXEVWDQFHV
&RQWUROV�WURSLVPV
,W�LV�SURGXFHG�E\�FHOOV�DW�WKH�WLS�RI�URRWV�DQG�VKRRWV�RI
SODQWV

*UDYLWURSLVP��D�UHVSRQVH�LQ�ZKLFK�D�SODQW�JURZV�WRZDUGV
�SRVLWLYH��RU�DZD\��QHJDWLYH��IURP�JUDYLW\�
$X[LQVÍ�UROH�LQ�JUDYLWURSLVP�

7HQG�WR�VHWWOH�DW�WKH�ERWWRP�HQG�RI�WKH�URRW�
+RZHYHU��WKLV�GRHV�QRW�PDNH�WKH�FHOOV�RI�WKH�WLS�RI�WKH
URRW�JURZ�ORQJHU��DX[LQV�SUHYHQW�FHOOV�DW�ERWWRP�WLS�RI
URRW�IURP�JURZLQJ��PDNLQJ�FHOOV�DW�WRS�RI�URRW�JURZ
IDVWHU�
:KHQ�FHOOV�RI�WRS�RI�WKH�URRW�JURZ�IDVWHU��WKH\�SXVK
URRW�GHHSHU�LQWR�VRLO�DQG�URRW�JHWV�ORQJHU�
7KH�URRW�JURZV�LQ�GLUHFWLRQ�RI�WKH�JUDYLWDWLRQDO�SXOO�

3KRWRWURSLVP��D�UHVSRQVH�LQ�ZKLFK�D�SODQW�JURZV�WRZDUGV
�SRVLWLYH��RU�DZD\��QHJDWLYH��IURP�WKH�GLUHFWLRQ�IURP
ZKLFK�OLJKW�LV�FRPLQJ�
$X[LQVÍ�UROH�LQ�SKRWRWURSLVP�

,I�VXQ�VKLQHV�RQ�ULJKW�VLGH�RI�D�SODQWÍV�VKRRW��DX[LQV
ZLOO�DFFXPXODWH�RQ�GDUN�RSSRVLWH�OHIW�VLGH�
$X[LQV�DFFXPXODWLQJ�PDNHV�FHOOV�RQ�OHIW�VLGH�JURZ
IDVWHU�WKDQ�FHOOV�RQ�ULJKW�VLGH�
:KHQ�OHIW�VLGH�RI�VKRRW�VWDUWV�JURZLQJ�IDVWHU�WKDQ
ULJKW�VLGH��VKRRW�ZLOO�VWDUW�WR�EHQG�WR�ULJKW�VLGH
WRZDUGV�VXQOLJKW�

+RUPRQHV�FDQ�EH�XVHG�DV�ZHHG�NLOOHUV��VSUD\LQJ�ZLWK�KLJK
FRQFHQWUDWLRQV�RI�KRUPRQH������'��XSVHWV�QRUPDO�JURZWK
SDWWHUQV��,W�DéHFWV�GLéHUHQW�VSHFLHV�GLéHUHQWO\�VR�PLJKW
RQO\�NLOO�RQH�VSHFLHV�QRW�WKH�RWKHU��WKLV�LV�JRRG��

��¸Ö�gkMh
'UXJV��$Q\�VXEVWDQFH�WDNHQ�LQWR�WKH�ERG\�WKDW�PRGLêHV
RU�DéHFWV�FKHPLFDO�UHDFWLRQV�LQ�WKH�ERG\�

��¸�¸Ö�ZjOBO\jOCh

$QWLELRWLFV�ZRUN�E\�VWRSSLQJ�D�PHWDEROLF�SUDFWLFH
SHUIRUPHG�E\�WKH�EDFWHULD�\RX�DUH�WU\LQJ�WR�JHW�ULG�RI��EXW
QRW�SHUIRUPHG�E\�KXPDQ�FHOOV�
6RPH�EDFWHULD�DUH�UHVLVWDQW�WR�DQWLELRWLFV�ZKLFK�UHGXFHV
WKH�HéHFWLYHQHVV�RI�DQWLELRWLFV
'HYHORSPHQW�RI�UHVLVWDQW�EDFWHULD�VXFK�DV�056$�FDQ�EH
PLQLPLVHG�E\�OLPLWLQJ�XVH�RI�DQWLELRWLFV�RQO\�ZKHQ
HVVHQWLDO�DQG�HQVXULQJ�WUHDWPHQW�LV�FRPSOHWHG
$QWLELRWLFV�GRQÍW�ZRUN�RQ�YLUXVHV�EHFDXVH�WKH\�DUH�QRW
UHDOO\�OLYLQJ�DQG�WKH\�PDNH�WKH�KRVW�FHOO�SHUIRUP�WKH�WDVNV
IRU�WKHP�
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��¸�¸Ö�Gg\OZ

(éHFWV�RI�WKH�DEXVH�RI�KHURLQ��D�SRZHUIXO�GHSUHVVDQW

3UREOHPV�RI�DGGLFWLRQ
6HYHUH�ZLWKGUDZDO�V\PSWRPV��YRPLWLQJ��UHVWOHVVQHVV�
0DOQRXULVKPHQW�DV�GUXJ�GHSUHVVHV�DSSHWLWH
)LQDQFLDO�SUREOHPV�Ê�VWHDOLQJ��ORVV�RI�MRE
,QIHFWLRQ�IURP�VKDULQJ�QHHGOHV�H�J��+,9�$,'6
+HURLQ�DéHFWV�WKH�QHUYRXV�V\VWHP�E\�LWV�HéHFW�RQ�WKH
IXQFWLRQ�RI�V\QDSVHV

��¸�¸Ö�XC\N\X

(éHFWV�RI�H[FHVVLYH�FRQVXPSWLRQ�RI�DOFRKRO�ÊD�GHSUHVVDQW�

&DXVHV�FRURQDU\�KHDUW�GLVHDVHV
5HGXFHG�VHOI�FRQWURO
'HSUHVVLRQ
(éHFW�RQ�UHDFWLRQ�WLPHV
'DPDJH�WR�OLYHU�Ê�FLUUKRVLV

��¸�¸Ö-Y\WOZM

6RPH�HéHFWV�RI�WREDFFR�VPRNH�

'U\LQJ�HéHFW�DQG�KHDW�LUULWDWH�OXQJV�Ê�GHVWUR\V�FLOLD
1LFRWLQH�LV�DGGLFWLYH��LW�LV�DOVR�D�VWLPXODQW��LW�LQFUHDVHV
SXOVH�UDWH�DQG�QDUURZV�EORRG�YHVVHOV�ZKLFK�FDQ�FDXVH
GDPDJH
7REDFFR�VPRNLQJ�FDQ�FDXVH�FKURQLF�REVWUXFWLYH
SXOPRQDU\�GLVHDVH��&23'���OXQJ�FDQFHU�DQG�FRURQDU\
KHDUW�GLVHDVH
7DU�FDXVHV�FDQFHU��DQG�LV�DQ�LUULWDQW�VR�FDXVHV�FRXJKLQJ�
7KHUH�DUH�RWKHU�LUULWDQWV�LQ�WREDFFR�VPRNH�LQFOXGLQJ�
VPRNH�SDUWLFOHV��DPPRQLD��DQG�VXOSKXU�GLR[LGH
(PSK\VHPD��ZDOOV�EHWZHHQ�DOYHROL�EUHDN�PDNLQJ�ODUJH
VDFV��UHGXFLQJ�VXUIDFH�DUHD�PDVVLYHO\�DQG�PDNLQJ�\RX
EUHDWKOHVV�DIWHU�D�FRXSOH�RI�VWHSV
/RVV�RI�OLPEV�GXH�WR�SRRU�FLUFXODWLRQ��&+'�DQG�ORZHU
VSHUP�FRXQW
&DUERQ�PRQR[LGH�LUUHYHUVLEO\�ERQGV�ZLWK�KDHPRJORELQ
ZKLFK�FDQ�OHDG�WR�R[\JHQ�VWDUYDWLRQ
&DQFHU�RI�WKH�VWRPDFK��SDQFUHDV�DQG�EODGGHU�HWF�
/LYHU�LV�WKH�VLWH�RI�EUHDNGRZQ�RI�DOFRKRO�DQG�RWKHU�WR[LQV

��¸�¸Ö�\gY\ZGhÖ:ZEÖ-d\gjh

+RUPRQHV��FDQ�EH�XVHG�WR�LPSURYH�VSRUWLQJ�SHUIRUPDQFH
7HVWRVWHURQH

,PSURYHG�KDQG�H\H�FRRUGLQDWLRQ
,PSURYHG�ERG\�IDW�FRPSRVLWLRQ
,QFUHDVHG�PXVFOH�PDVV

$QDEROLF�$QGURJHQLF�6WHURLGV
$éHFWV�OLPELF�V\VWHP

0RRG�VZLQJV
,PSDLUHG�MXGJHPHQW

+LJK�EORRG�SUHVVXUH
.LGQH\�IDLOXUH

,QFUHDVHG�ULVNV�RI�SURVWDWH�FDQFHU��PDOH�
,QFRQVLVWHQFLHV�RI�PHQVWUXDO�F\FOH��IHPDOH�
&KDQJHV�LQ�EORRG�FKROHVWHURO

��¸Ö,Gdg\EkCjO\Z

��¸�¸Ö�hGrk:XÖ,Gdg\EkCjO\Z

7KH�SURFHVV�UHVXOWLQJ�LQ�WKH�SURGXFWLRQ�RI�JHQHWLFDOO\
LGHQWLFDO�RéVSULQJ�IURP�RQH�SDUHQW�
%DFWHULD�

5HSURGXFH�E\�ELQDU\�êVVLRQ��HDFK�EDFWHULXP�GLYLGHV
LQWR�WZR�
7KH�JHQHUDWLRQ�WLPH�LV�WKH�WLPH�WDNHQ�IRU�D�FHOO�WR
GLYLGH�LQWR���

)XQJL�
6LQJOH�FHOOHG�\HDVW�UHSURGXFHV�E\�ELQDU\�êVVLRQ�
$OO�RWKHU�IXQJL�SURGXFH�YLD�VSRUHV�
:KHQ�WKH�VSRUDQJLXP�EXUVWV�LW�VSUHDGV�WKH�VSRUHV�
6SRUHV�ODQG�DQG�JURZ�P\FHOLXP��URRWV��IRU�H[DPSOH
PXVKURRPV

3RWDWRHV�
7KH�VKRRW�IURP�D�SRWDWR�JRHV�EDFN�XQGHUJURXQG�DQG
WKH�VWHP�VZHOOV�WR�IRUP�D�QHZ�JHQHWLFDOO\�LGHQWLFDO
SRWDWR�
7KH�VZROOHQ�VWHP�DFWV�DV�D�VWRUDJH�RUJDQ�

$GYDQWDJHV 'LVDGYDQWDJHV

)DVW��QR�QHHG�WR�êQG�PDWH�
IHUWLOLVH�HWF�

1R�YDULDWLRQ

*RRG�FKDUDFWHULVWLFV�DUH�NHSW +DUPIXO�JHQHV�WUDQVIHUUHG

2YHUFURZGLQJ��êJKWLQJ�IRU
IRRG

��¸�¸Ö-Grk:XÖ,Gdg\EkCjO\Z

6H[XDO�UHSURGXFWLRQ��SURFHVV�LQYROYLQJ�WKH�IXVLRQ�RI�WKH
QXFOHL�RI�WZR�JDPHWHV��VH[�FHOOV��WR�IRUP�D�]\JRWH�DQG�WKH
SURGXFWLRQ�RI�RéVSULQJ�WKDW�DUH�JHQHWLFDOO\�GLéHUHQW�IURP
HDFK�RWKHU
)HUWLOLVDWLRQ��WKH�IXVLRQ�RI�JDPHWH�QXFOHL
1XFOHL�RI�JDPHWHV�DUH�KDSORLG�DQG�WKDW�WKH�QXFOHXV�RI�D
]\JRWH�LV�GLSORLG

$GYDQWDJHV 'LVDGDYQDWJHV

3URGXFHV�JHQHWLFDOO\�GLéHUHQW
RéVSULQJ

7DNHV�ORWV�RI�WLPH�DQG�HQHUJ\

GRQÍW�DOO�GLH�IURP�FKDQJH�LQ
WKH�HQYLURQPHQW

*RRG�FKDUDFWHULVWLFV�FDQ�EH
ORVW

(QHUJ\�RQ�LPSURYLQJ
DSSHDUDQFHV�RU�SROOHQ
YROXPH�IRU�SROOLQDWLRQ

�SODQWV�
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��¸�¸Ö-Grk:XÖ,Gdg\EkCjO\ZÖOZÖ)X:Zjh

,QVHFW�SROOLQDWHG��GLFRW\OHGRQRXV�ëRZHULQJ�SODQW�
IR[JORYH

:LQG�SROOLQDWHG�ëRZHU�VWUXFWXUH��JUDVV

��¸�¸Ö�kZCjO\Zh

6HSDO��SURWHFW�WKH�ëRZHU�EXG�
3HWDO��EULJKWO\�FRORXUHG�DQG�VFHQWHG�DQG�PD\�KDYH
QHFWDULQHV�ZKLFK�DUH�DOO�XVHG�WR�DWWUDFW�LQVHFWV��SHWDOV�LQ
ZLQG�SROOLQDWHG�ëRZHUV�DUH�WLQ\��DQG�XVHG�IRU�SXVKLQJ�WKH
EUDFWV��OHDI�OLNH�VWUXFWXUHV��DSDUW�WR�H[SRVH�VWDPHQV�DQG
VWLJPD
$QWKHU��KDV�SROOHQ�VDFV�ZLWK�SROOHQ�JUDLQV�ZKLFK�FRQWDLQ
WKH�PDOH�QXFOHXV��PDOH�JDPHWH��
6WLJPD��SODWIRUP�RQ�ZKLFK�SROOHQ�JUDLQV�ODQG
2YDU\��KROORZ�FKDPEHU��RYXOHV�JURZ�IURP�WKH�ZDOOV�

��¸�¸Ö)\XXOZ:jO\Z

3ROOLQDWLRQ��WUDQVIHU�RI�SROOHQ�JUDLQV�IURP�WKH�PDOH�SDUW�RI
WKH�SODQW��DQWKHU�RI�VWDPHQ��WR�WKH�IHPDOH�SDUW�RI�WKH
SODQW��VWLJPD��
$JHQWV�RI�SROOLQDWLRQ��LQVHFWV��ELUGV��PDPPDOV��ZDWHU�DQG
ZLQG

,QVHFW�3ROOLQDWHG :LQG�3ROOLQDWHG

/DUJH�FRORXUIXO�SHWDOV�Ê�DWWUDFW 'XOO�SHWDOV

6ZHHWO\�VFHQWHG 1R�VFHQW

1HFWDULHV 1R�QHFWDULHV

0RGHUDWH�DPRXQW�RI�SROOHQ +XJH�DPRXQW�RI�SROOHQ

3ROOHQ�LV�VSLN\�VWLFN\ 3ROOHQ�URXQG�DQG�VPRRWK

$QWKHU�	�VWLJPD�LQVLGH�ëRZHU $QWKHU�	�VWLJPD�KDQJV�RXW

6WLFN�VWLJPD 6WLJPD�KDLU\

)ORZHUV�KDYH�VWULSHV�ZKLFK�DFW
DV�JXLGH�OLQHV�IRU�LQVHFWV

3ROOHQ�WXEH��SROOHQ�JUDLQ�ODQGV�RQ�VWLJPD�DQG�FUHDWHV�D
WXQQHO�GRZQ�WKH�VW\OH��WKURXJK�WKH�PLFURS\OH��WR�WKH
RYXOHV�

6WUXFWXUH�RI�QRQ�HQGRVSHUPLF�VHHG�

)RUPDWLRQ�RI�D�VHHG��WKH�]\JRWH�GLYLGHV�PDQ\�WLPHV�E\
PLWRVLV�WR�IRUP�DQG�HPEU\R��7KH�FRW\OHGRQ�LV�WKH�IRRG
VWRUH��7KH�WHVWD�VWRSV�GU\LQJ�RXW�RI�HPEU\R�
:LQG�DQG�DQLPDO�GLVSHUVDO�DUH�XVHG�E\�SODQWV�WR�FRORQLVH
QHZ�DUHDV��GRQH�EHFDXVH�QHZ�DUHDV�KDYH�OHVV
FRPSHWLWLRQ�IRU�OLJKW��VSDFH�DQG�QXWULHQWV��VR�VHHGV�DUH
PRUH�OLNHO\�WR�GHYHORS�

:LQG�'LVSHUVHG�6HHG $QLPDO�'LVSHUVHG�6HHG

'DQGHOLRQ
$SSOH��LQWHUQDO�

6\FDPRUH %XU��H[WHUQDO�

��¸�¸Ö�GgYOZ:jO\Z

$�SURFHVV�FRQWUROOHG�E\�HQ]\PHV
:DWHU��DFWLYDWHV�HQ]\PHV�WR�WXUQ�LQVROXEOH�IRRG�VWRUHV
LQWR�VROXEOH�VXEVWDQFHV��DQG�PDNHV�WLVVXHV�VZHOO�VR�WKDW
WKH�WHVWD�VSOLWV
2[\JHQ��HQWHUV�WKURXJK�WKH�JDSV�LQ�WKH�WHVWD��DORQJ�ZLWK
ZDWHU���DQG�LV�XVHG�LQ�DHURELF�UHVSLUDWLRQ�
7HPSHUDWXUH��PXVW�EH�VXLWDEOH�IRU�HQ]\PHV�WR�ZRUN��DW
RSWLPXP�WHPSHUDWXUH��

��¸�¸Ö-Grk:XÖ,Gdg\EkCjO\ZÖ�ZÖ�kY:Zh

0DOH�UHSURGXFWLYH�V\VWHP�

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ
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7HVWHV��KDYH�PDQ\�FRLOHG�WXEHV�ZKLFK�SURGXFH�VSHUP�
DQG�WKH�FHOOV�EHWZHHQ�WXEHV�SURGXFH�WHVWRVWHURQH�
6FURWXP��KROGV�WHVWLFOHV
6SHUP�GXFW��FDUULHV�VSHUP�IURP�WHVWLFOHV�WR�XUHWKUD�
3URVWDWH�JODQG��PDNHV�VHPLQDO�ëXLG
8UHWKUD��FDUULHV�VHPHQ�IURP�VSHUP�GXFW�WR�WLS�RI�SHQLV
3HQLV��PDOH�VH[�RUJDQ��XVHG�WR�WUDQVIHU�VHPHQ�WR�WKH
IHPDOH�

)HPDOH�UHSURGXFWLYH�V\VWHP�

2YDU\��FRQWDLQV�IROOLFOHV�ZKLFK�GHYHORS�LQWR�WKH�RYD�DQG
SURGXFHV�SURJHVWHURQH�DQG�RHVWURJHQ
2YLGXFW��IDOORSLDQ�WXEH���FDUULHV�WKH�RYXP�WR�XWHUXV
8WHUXV��ZRPE���ZKHUH�WKH�IHWXV�GHYHORSV�
&HUYL[��QHFN�RI�XWHUXV��D�VWURQJ�ULJLG�PXVFOH��PRLVW�E\
PXFXV�ZLWK�D�VPDOO�RSHQLQJ
9DJLQD��UHFHLYHV�SHQLV�GXULQJ�LQWHUFRXUVH��DQG�ZD\�RXW�IRU
EDE\�DW�ELUWK��0RLVW�WXEH�RI�PXVFOH��ëH[LEOH�DQG�VHFUHWHV
PXFXV

��¸�¸Ö�GZhjgk:XÖ
sCXG

'D\���WR���
,Q�WKH�RYDU\��)6+�VHFUHWHG�E\�WKH�3LWXLWDU\�*ODQG�WR
VWLPXODWH�WKH�PDWXUDWLRQ�RI�21(�IROOLFOH�LQ�WKH�RYDU\�
,Q�WKH�XWHUXV��WKH�HQGRPHWULXP�EUHDNV�GRZQ�
PHQVWUXDWLRQ

'D\���WR����
,Q�WKH�RYDU\�WKH�IROOLFOH�NHHSV�PDWXULQJ
,Q�WKH�XWHUXV��RHVWURJHQ�LV�VHFUHWHG�E\�IROOLFOH�DQG�WKH
RYDULDQ�WLVVXHV�WR�SUHSDUH�WKH�HQGRPHWULXP

'D\����������
,Q�WKH�RYDU\��/+�LV�DOVR�VHFUHWHG�E\�WKH�3LWXLWDU\�*ODQG
WR�WULJJHU�WKH�UHOHDVH�RI�WKH�HJJ�IURP�IROOLFOH�LQWR�WKH
IDOORSLDQ�WXEH

'D\����WR����
,Q�WKH�RYDU\��/+�WULJJHUV�IRUPDWLRQ�RI�&RUSXV�/XWHXP
,Q�WKH�XWHUXV��SURJHVWHURQH�LV�VHFUHWHG�E\�&RUSXV
/XWHXP�WR�NHHS�HQGRPHWULXP�WKLFN��ZDLWLQJ�IRU
SRVVLEOH�HPEU\R�LPSODQW�

'D\����Ê�6FHQDULR����(JJ�QRW�IHUWLOL]HG
1R�LPSODQWDWLRQ�WDNHV�SODFH��WKH�&RUSXV�/XWHXP
GHJHQHUDWHV��FDXVLQJ�D�ODFN�RI�SURJHVWHURQH�
7KLV�PHDQV�WKDW�HQGRPHWULXP�LV�QR�ORQJHU�WKLFN��EDFN
WR�'D\��

'D\����Ê�6FHQDULR����(JJ�LV�IHUWLOL]HG
,PSODQWDWLRQ�RFFXUV�
7KLV�PDNHV�WKH�KRUPRQHV�WR�NHHS�WKH�&RUSXV�/XWHXP
PDLQWDLQHG�ZKLFK�PHDQV�WKDW�SURJHVWHURQH�LV�KLJK�
7KLV�NHHSV�WKH�(QGRPHWULXP�WKLFN�IRU�SUHJQDQF\

��¸�¸Ö�\gY\ZGhÖOZÖ�GZhjgk:XÖ
sCXG

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ
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2HVWURJHQ�LV�VHFUHWHG�E\�WKH�RYDULHV��,W�VWRSV�)6+�EHLQJ
SURGXFHG���VR�WKDW�RQO\�RQH�HJJ�PDWXUHV�LQ�D�F\FOH�DQG�LW
VWLPXODWHV�WKH�SLWXLWDU\�JODQG�WR�UHOHDVH�KRUPRQH�/+�
3URJHVWHURQH�LV�D�KRUPRQH�VHFUHWHG�E\�RYDULHV��,W
PDLQWDLQV�WKH�OLQLQJ�RI�WKH�XWHUXV�GXULQJ�WKH�PLGGOH�SDUW
RI�WKH�PHQVWUXDO�F\FOH�DQG�GXULQJ�SUHJQDQF\�
)ROOLFOH�VWLPXODWLQJ�KRUPRQH��)6+��LV�VHFUHWHG�E\�WKH
SLWXLWDU\�JODQG��,W�FDXVHV�DQ�HJJ�WR�PDWXUH�LQ�DQ�RYDU\
DQG�LW�VWLPXODWHV�RYDULHV�WR�UHOHDVH�KRUPRQH�RHVWURJHQ
/XWHLQL]LQJ�KRUPRQH��/+���LV�DOVR�VHFUHWHG�E\�SLWXLWDU\
JODQG�DQG�FDXVHV�PDWXUH�HJJ�WR�EH�UHOHDVHG�IURP�RYDU\�

��¸�~¸Ö-Grk:XÖ�ZjGgC\kghG

3HQLV�êOOV�ZLWK�EORRG�DQG�EHFRPHV�HUHFW
9DJLQD�ZDOOV�VHFUHWH�D�OXEULFDQW�
5XEELQJ�RI�WKH�JODQV��HQG�RI�SHQLV��DJDLQVW�WKH�YDJLQD�ZDOO
VHWV�RI�D�UHëH[�DFWLRQ��FDXVHV�VSHUP�WR�EH�UHOHDVHG�IURP
WKH�WHVWHV��DQG�LV�WUDQVSRUWHG�E\�SHULVWDOVLV�DORQJ�VSHUP
GXFWV�DQG�XUHWKUD��ZKHUH�VHPLQDO�ëXLG�LV�DGGHG�WR�PDNH
VHPHQ�
7KH�H[LW�RI�VHPHQ�IURP�WKH�SHQLV�LV�FDOOHG�HMDFXODWLRQ�
6SHUP�WKHQ�VZLP�WKURXJK�WKH�FHUYL[�DQG�RYLGXFWV�WR�WKH
êUVW�WKLUG�RI�WKH�RYLGXFW��IURP�WKH�RYDU\��ZKHUH�RQH
FRPELQHV�ZLWK�WKH�HJJ�

��¸��¸Ö�GgjOXOv:jO\Z

7KH�IXVLRQ�RI�DQ�RYXP�DQG�D�VSHUP�WR�IRUP�D�]\JRWH�
'HYHORSPHQW�RI�]\JRWH�

2QH�VSHUP�SHQHWUDWHV
2YXP�PHPEUDQH�DOWHUV�WR�IRUP�EDUULHU�DJDLQVW�VSHUP
+HDG�RI�VSHUP��PDOH�QXFOHXV��DSSURDFKHV�DQG�WKHQ
IXVHV�ZLWK�WKH�QXFOHXV�RI�WKH�RYXP�
=\JRWH�GLYLGHV�RYHU�DQG�RYHU��WR�PDNH�D�EDOO�RI�FHOOV
FDOOHG�DQ�HPEU\R�
,W�LPSODQWV�LWVHOI�LQ�WKH�ZDOO�RI�WKH�QXFOHXV
�LPSODQWDWLRQ��ZKLFK�LV�IROORZHG�E\�FRQFHSWLRQ

'HYHORSPHQW�RI�IRHWXV��]\JRWH�LV�FKDQJHG�WKURXJK
JURZWK��PLWRVLV��DQG�GHYHORSPHQW��RUJDQL]DWLRQ�RI�FHOOV
LQWR�WLVVXHV�DQG�RUJDQV�
8PELOLFDO�FRUG��FRQWDLQV�XPELOLFDO�DUWHU\�ZKLFK�FDUULHV
GHR[\JHQDWHG�EORRG�DQG�ZDVWH�SURGXFWV�IURP�IRHWXV�WR
SODFHQWD�DQG�XPELOLFDO�YHLQ�ZKLFK�FDUULHV�R[\JHQDWHG
EORRG�DQG�VROXEOH�IRRG�IURP�SODFHQWD�WR�IRHWXV���&RQWDLQV
IRHWXVÍ�EORRG�
3ODFHQWD��RUJDQ�IRU�H[FKDQJH�RI�VROXEOH�PDWHULDOV�VXFK�DV
IRRGV��ZDVWHV�DQG�R[\JHQ�EHWZHHQ�PRWKHU�DQG�IRHWXV�
SK\VLFDO�DWWDFKPHQW�EHWZHHQ�XWHUXV�DQG�IRHWXV�
�&RQWDLQV�PRWKHUÍV�EORRG�
$PQLRWLF�VDF��PHPEUDQH�ZKLFK�HQFORVHV�DPQLRWLF�ëXLG�
EURNHQ�DW�ELUWK�
$PQLRWLF�ëXLG��SURWHFWV�IRHWXV�DJDLQVW�PHFKDQLFDO�VKRFN�
GU\LQJ�RXW�DQG�WHPSHUDWXUH�ëXFWXDWLRQV

��¸��¸Ö�ZjGZ:j:XÖ
:gG²

&KDQJH�LQ�GLHW�
0RUH�SURWHLQV�ĺ�JURZWK�RI�IRHWXV
6OLJKWO\�PRUH�IDW�ĺ�WKH�QHZ�FHOOVÍ�FHOO�PHPEUDQH
0RUH�YLWDPLQ�&�DQG�'�ĺ�EORRG�YHVVHO�ZDOOV�DQG�ERQHV
,URQ�ĺ�KDHPRJORELQ
&DOFLXP�ĺ�JURZWK�RI�ERQHV�DQG�WHHWK

*XLGDQFH�RQ�PRWKHUKRRG
&KHFNV�RQ�IRHWXV�DQG�PRWKHU�LQFOXGLQJ��ZHLJKW�FKHFN�
EORRG�WHVWV��XULQH�WHVWV��EORRG�SUHVVXUH�FKHFNV�
XOWUDVRXQG�VFDQQLQJ�HWF�

��¸��¸Ö�:B\kgÖ:ZEÖ	OgjN

/DERXU��7KH�XWHULQH�PXVFXODU�ZDOO�FRQWUDFW�DQG�FHUYL[
WULHV�WR�UHOD[��WKHQ�FRQWUDFWLRQV�JHW�PRUH�IUHTXHQW�
&RQWUDFWLRQV�FDXVH�DPQLRWLF�PHPEUDQH�WR�EUHDN�DQG
UHOHDVH�DPQLRWLF�ëXLG�
([SXOVLRQ��3RZHUIXO�&RQWUDFWLRQ�SXVKHV�EDE\�RXW�
$IWHUELUWK��3ODFHQWD�LV�H[SXOVHG�RXW��$OO�FRQWUDFWLRQ�	�SDLQ
JRQH

*DPHWH 6L]H 0RELOLW\ 1XPEHU

6SHUP 6PDOOHU 9HU\�PRELOH�Ê�XVH�LWV�WDLO
0DQ\�PRUH
�������������

(JJ /DUJHU
,PPRELOH�Ê�PRYHG�E\

SHULVWDOVLV
)HZHU�DQG
OLPLWHG

_�'DPDJH�EHDXW\�_�_�1R�DGGLWLYHV��SUHVHUYDWLYHV�_�_�_�%XLOGV
PRWKHU�FKLOG�ERQG�_�_�_�1R�FRVW�SUHSDUDWLRQ�_�_�_�&DXVHV
GHFOLQH�LQ�XWHUXV�VL]H�_�_
%RWWOH�IHHGLQJ�

$GYDQWDJHV 'LVDGYDQWDJHV

/HVV�SDLQIXO 0RUH�OLNHO\�WR�GHYHORS�LOOQHVV

2WKHU�SHRSOH�FDQ�IHHG�EDE\ 5LVN�RI�ZURQJ�PL[WXUH

0D\�FRQWDLQ�VXSSOHPHQW
YLWDPLQV�DQG�PLQHUDOV

([SHQVLYH

��¸��¸Ö-GrÖ�\gY\ZGh

$W�SXEHUW\��WKH�SLWXLWDU\�JODQG�VWDUWV�WR�VWLPXODWH�WKH
SULPDU\�VH[�RUJDQV��WKH�WHVWHV�LQ�PDOHV�DQG�WKH�RYDULHV�LQ
IHPDOHV�
6H[�KRUPRQHV�Ê�WHVWRVWHURQH�LQ�PDOHV�DQG�RHVWURJHQ�LQ
IHPDOHV�DUH�UHOHDVHG�LQWR�WKH�EORRGVWUHDP�
7KH\�RQO\�DéHFW�WKH�WDUJHW�RUJDQV�ZKLFK�KDYH�UHFHSWRUV
ZKLFK�FDQ�UHFRJQL]H�WKHP�
&DXVHV�VHFRQGDU\�VH[XDO�FKDUDFWHULVWLFV�VXFK�DV�WKH
JURZWK�RI�SXELF�KDLU�DQG�PDWXUDWLRQ�RI�VH[XDO�RUJDQV�

��¸��¸Ö�GjN\EhÖ\LÖ	OgjNÖ
\Zjg\X

1DWXUDO�
$EVWLQHQFH��GRQÍW�KDYH�VH[
5K\WKP�PHWKRG��GRQÍW�KDYH�VH[�GXULQJ�WKH�IHUWLOH
SHULRG��RQO\�GXULQJ�WKH�VDIH�SHULRG

&KHPLFDO�

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ
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3URJHVWHURQH�RQO\�SLOO��SLOO�ZKLFK�DéHFWV�WKH�XWHUXV
DQG�PDNHV�LPSODQWDWLRQ�GLìFXOW
6SHUPLFLGH��D�FKHPLFDO�DSSOLHG�DV�D�JHO��FUHDP�RU
IRDP�ZKLFK�NLOOV�VSHUP��,W�LV�YHU\�XQUHOLDEOH�RQ�LWV�RZQ
EXW�PDNHV�EDUULHU�PHWKRGV�RI�FRQWUDFHSWLRQ�PRUH
HéHFWLYH�

0HFKDQLFDO�
&RQGRP��WKLQ�UXEEHU�FRYHULQJ�RYHU�SHQLV��LW�SURWHFWV
IURP�LPSUHJQDWLRQ�DQG�67'V��XVHG�E\�PDQ
'LDSKUDJP��XVHG�E\�ZRPDQ��SUHYHQW�VSHUP�HQWHULQJ
XWHUXV��UHOLDEOH��PXVW�VWD\�LQ�SODFH���KRXUV�DIWHU�VH[�
QHHGV�D�FRUUHFW�VL]H
)HPLGRP��FORVHG�HQG��KDV�D�ULQJ�ZKLFK�JHWV�SXVKHG
WKURXJK�FHUYL[�DQG�RSHQ�HQGÍV�ULQJ�OLHV�DJDLQVW�WKH
ODELD
,8'��SODVWLF�FRDWHG�FRSSHU�FRLO��FDQ�EH�OHIW�LQVLGH�IRU
PRQWKV�RU�HYHQ�\HDUV��KDV�D�VWULQJ�ZKLFK�LV�XVHG�WR
UHPRYH�LW�RXW�RI�WKH�YDJLQD��UHOLDEOH��LW�LUULWDWHV�XWHUXV
ZDOO�SUHYHQWLQJ�LPSODQWDWLRQ

6XUJLFDO�
9DVHFWRP\��VSHUP�GXFWV�DUH�FXW�DQG�WLHG
)HPDOH�VWHULOL]DWLRQ��RYLGXFWV�DUH�FXW�DQG�WLHG

��¸��¸Ö�gjOzCO:XÖ�ZhGYOZ:jO\Z

%\�GRQRU��PDQÍV�VSHUP�KDV�D�SUREOHP��PDNLQJ
LPSUHJQDWLRQ�LPSRVVLEOH��VR�D�GRQRU�JLYHV�KLV�VSHUP�
,Q�YLWUR�IHUWLOL]DWLRQ��DQ�RYXP�LV�IHUWLOL]HG�RXWVLGH�D
ZRPDQÍV�ERG\��7KH�IHUWLOL]HG�RYXP�LV�LPSODQWHG�LQWR�WKH
XWHUXV�
)HUWLOLW\�GUXJV��GUXJV�ZKLFK�HQKDQFH�UHSURGXFWLYH�IHUWLOLW\�
)RU�ZRPHQ��IHUWLOLW\�PHGLFDWLRQ�LV�XVHG�WR�VWLPXODWH
IROOLFOH�GHYHORSPHQW�RI�WKH�RYDU\��7KH�VLGH�HéHFW�LV
PXOWLSOH�SUHJQDQFLHV��7KH\�FRQWDLQ�YDU\LQJ�DPRXQW�RI
)6+�DQG�/+�

��¸��¸Ö�kY:ZÖ�YYkZ\EGzCOGZCsÖ4Ogkh
Å��4Æ

7UDQVPLVVLRQ��,QWHUFRXUVH��EORRG�WUDQVIXVLRQ��RUJDQ
WUDQVSODQW�RU�VKDULQJ�QHHGOH�ZLWK�LQIHFWHG�SHUVRQ
3UHYHQWLRQ�

$YRLG�LQWHUFRXUVH�ZLWK�PDQ\�SDUWQHUV
8VH�D�FRQGRP
'RQÍW�FRPH�LQ�FRQWDFW�ZLWK�RWKHU�SHRSOHÍV�EORRG

+RZ�LW�DéHFWV�WKH�LPPXQH�V\VWHP�
,QIHFWV�DQG�GHVWUR\V�O\PSKRF\WHV
'HFUHDVHV�HìFLHQF\�RI�LPPXQH�V\VWHP
%RG\�EHFRPHV�OLDEOH�WR�LQIHFWLRQ�E\�RWKHU�SDWKRJHQV

��¸Ö�ZNGgOj:ZCG
,QKHULWDQFH��7KH�WUDQVPLVVLRQ�RI�JHQHWLF�LQIRUPDWLRQ�IURP
JHQHUDWLRQ�WR�JHQHUDWLRQ

��¸�¸Ö
Ng\Y\h\YG

&KURPRVRPH��D�WKUHDG�OLNH�VWUXFWXUH�RI�'1$��PDGH�XS�RI
D�VWULQJ�RI�JHQHV
*HQH��D�OHQJWK�RI�'1$�WKDW�LV�WKH�XQLW�RI�KHUHGLW\�DQG
FRGHV�IRU�D�VSHFLêF�SURWHLQ��$�JHQH�PD\�EH�FRSLHG�DQG
SDVVHG�RQ�WR�WKH�QH[W�JHQHUDWLRQ
$OOHOH��DQ\�RI�WZR�RU�PRUH�DOWHUQDWLYH�IRUPV�RI�D�JHQH
+DSORLG�QXFOHXV��D�QXFOHXV�FRQWDLQLQJ�D�VLQJOH�VHW�RI
XQSDLUHG�FKURPRVRPHV��H�J��VSHUP�DQG�HJJ�
'LSORLG�QXFOHXV��D�QXFOHXV�FRQWDLQLQJ�WZR�VHWV�RI
FKURPRVRPHV��H�J��LQ�ERG\�FHOOV�
,QKHULWDQFH�RI�JHQGHU�LQ�KXPDQV��ZRPDQÍV�JDPHWH�FDQ
RQO\�FDUU\�DQ�Ï;Ð�FKURPRVRPH��DQG�D�PDOH�JDPHWH�FDQ
FDUU\�HLWKHU�DQ�Ï;Ð�RU�Ï<Ð�FKURPRVRPH��IHPDOHV�DUH�Ï;;Ð
ZKLOH�PDOHV�DUH�Ï;<Ð��7KHUH�LV�DOZD\V�D�����FKDQFH�RI
JHWWLQJ�D�ER\�DQG�YLFH�YHUVD�

��¸�¸Ö���ÖïÖ)g\jGOZÖ-sZjNGhOh

'1$��FRQWURO�FHOO�IXQFWLRQV�E\�FRQWUROOLQJ�SURGXFWLRQ�RI
SURWHLQV��DQWLERGLHV�DQG�UHFHSWRUV�IRU�QHXURWUDQVPLWWHUV
'1$�KDV���ORQJ�VWUDQGV�DQG���QXFOHRWLGHV��$7�DQG�&*
+RZ�SURWHLQV�DUH�PDGH�

0DGH�IURP�ORQJ�FKDLQV�RI�DPLQR�DFLGV�����
'1$�EDVHV�DUH�UHDG�DV�WULSOHWV
'1$�LV�IRXQG�LQ�WKH�QXFOHXV
3URWHLQ�V\QWKHVLV�KDSSHQV�RQ�ULERVRPH�LQ�F\WRSODVP
P51$�FDUULHV�LQIRUPDWLRQ�IURP�'1$�WR�ULERVRPH
:KHQ�D�SURWHLQ�LV�PDGH��P51$�LV�PDGH�LQ�WKH
QXFOHXV��FRS\LQJ�WKH�EDVH�VHTXHQFH
P51$�PRYHV�RXW�RI�WKH�QXFOHXV�LQWR�WKH�F\WRSODVP
DQG�DWWDFKHV�WR�WKH�ULERVRPH
ULERVRPH�DVVHPEOHV�DPLQR�DFLGV�LQWR�SURWHLQ
PROHFXOHV
WKH�VSHFLêF�RUGHU�RI�DPLQR�DFLGV�LV�GHWHUPLQHG�E\�WKH
VHTXHQFH�RI�EDVHV�LQ�WKH�P51$

$OO�ERG\�FHOOV�LQ�DQ�RUJDQLVP�FRQWDLQ�WKH�VDPH�JHQHV��EXW
PDQ\�JHQHV�LQ�D�SDUWLFXODU�FHOO�DUH�QRW�H[SUHVVHG�EHFDXVH
WKH�FHOO�RQO\�PDNHV�WKH�VSHFLêF�SURWHLQV�LW�QHHGV

��¸�¸Ö�Oj\hOh

7KH�QXFOHDU�GLYLVLRQ�JLYLQJ�ULVH�WR�JHQHWLFDOO\�LGHQWLFDO
FHOOV�LQ�ZKLFK�WKH�FKURPRVRPH�QXPEHU�LV�PDLQWDLQHG�E\
WKH�H[DFW�GXSOLFDWLRQ�RI�FKURPRVRPHV�
0LWRVLV�LV�QHHGHG�IRU�

*URZWK��LQ�DQLPDOV�HDFK�WLVVXH�SURYLGHV�LWV�RZQ�QHZ
FHOOV�ZKHQ�WKH\�DUH�QHHGHG�
5HSDLU�RI�GDPDJHG�WLVVXHV��IRU�H[DPSOH��ZKHQ�\RX�FXW
\RXU�VNLQ��PLWRVLV�SURYLGHV�QHZ�FHOOV�WR�FRYHU�XS�FXW�
5HSODFHPHQW�RI�ZRUQ�RXW�FHOOV
$VH[XDO�UHSURGXFWLRQ��LQ�SODQWV

6WHP�FHOOV��XQVSHFLDOL]HG�FHOOV�WKDW�GLYLGH�E\�PLWRVLV�WR
SURGXFH�GDXJKWHU�FHOOV�WKDW�FDQ�EHFRPH�VSHFLDOL]HG�IRU
VSHFLêF�IXQFWLRQV

��N*΄NB�¢*΄�NtatBÔ΄ͬ̅̋̆̅ͭ
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��¸�¸Ö�GO\hOh

5HGXFWLRQ�GLYLVLRQ�LQ�ZKLFK�WKH�FKURPRVRPH�QXPEHU�LV
KDOYHG�IURP�GLSORLG�WR�KDSORLG
*DPHWHV�DUH�WKH�UHVXOW�RI�PHLRVLV
0HLRVLV�UHVXOWV�LQ�JHQHWLF�YDULDWLRQ�VR�WKH�FHOOV�SURGXFHG
DUH�QRW�DOO�JHQHWLFDOO\�LGHQWLFDO�

��¸�¸Ö�\Z\NsBgOEÖ�ZNGgOj:ZCG

*HQRW\SH��JHQHWLF�PDNHXS�RI�DQ�RUJDQLVP�LQ�WHUPV�RI�WKH
DOOHOHV�SUHVHQW��H�J��7W�RU�**�
3KHQRW\SH��SK\VLFDO�RU�RWKHU�IHDWXUHV�RI�DQ�RUJDQLVP�GXH
WR�ERWK�LWV�JHQRW\SH�DQG�LWV�HQYLURQPHQW��H�J��WDOO�SODQW�RU
JUHHQ�VHHG�

JHQRW\SH���HQYLURQPHQW���UDQGRP�YDULDWLRQ�ĺ�SKHQRW\SH

+RPR]\JRXV��KDYLQJ�WZR�LGHQWLFDO�DOOHOHV�RI�D�SDUWLFXODU
JHQH��H�J��77�RU�JJ���7ZR�LGHQWLFDO�KRPR]\JRXV�LQGLYLGXDOV
WKDW�EUHHG�WRJHWKHU�ZLOO�EH�SXUH�EUHHGLQJ
+HWHUR]\JRXV��KDYLQJ�WZR�GLéHUHQW�DOOHOHV�RI�D�SDUWLFXODU
JHQH��H�J��7W�RU�*J���QRW�SXUH�EUHHGLQJ
'RPLQDQW��DQ�DOOHOH�WKDW�LV�H[SUHVVHG�LI�LW�LV�SUHVHQW��H�J��7
RU�*�
5HFHVVLYH��DQ�DOOHOH�WKDW�LV�RQO\�H[SUHVVHG�ZKHQ�WKHUH�LV
QR�GRPLQDQW�DOOHOH�RI�WKH�JHQH�SUHVHQW��H�J��W�RU�J�
3HGLJUHH�GLDJUDPV�

*HQHWLF�GLDJUDPV�
����0RQRK\EULG�&URVVHV

����0RQRK\EULG�&URVVHV

&R�GRPLQDQFH��ZKHQ�QHLWKHU�RI�WZR�DOOHOHV�LV�GRPLQDQW�WR
HDFK�RWKHU�
7KHUH�DUH�WKUHH�DOOHOHV�IRU�EORRG�JURXS�JLYHQ�E\�WKH

V\PEROV�,$��,%�DQG�,2�

,$�DQG�,%�DUH�FR�GRPLQDQW�JLYLQJ�EORRG�JURXS�$%�RU�,$,%�

DQG�ERWK�GRPLQDQW�WR�,2�
6H[�OLQNHG�FKDUDFWHULVWLF��D�FKDUDFWHULVWLF�LQ�ZKLFK�WKH
JHQH�UHVSRQVLEOH�LV�ORFDWHG�RQ�D�VH[�FKURPRVRPH�DQG
WKDW�WKLV�PDNHV�LW�PRUH�FRPPRQ�LQ�RQH�VH[�WKDQ�LQ�WKH
RWKHU

&RORXU�EOLQGQHVV�DV�DQ�H[DPSOH�RI�VH[�OLQNDJH

��¸Ö4:gO:jO\ZÖïÖ-GXGCjO\Z

��¸�¸Ö4:gO:jO\Z

9DULDWLRQ��GLéHUHQFHV�EHWZHHQ�LQGLYLGXDOV�RI�WKH�VDPH
VSHFLHV
3KHQRW\SLF�YDULDWLRQ�LV�FDXVHG�E\�ERWK�JHQHWLF�DQG
HQYLURQPHQWDO�IDFWRUV
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&RQWLQXRXV�YDULDWLRQ�LV�LQëXHQFHG�E\�JHQHV�DQG
HQYLURQPHQW��UHVXOWLQJ�LQ�D�UDQJH�RI�SKHQRW\SHV�EHWZHHQ
WZR�H[WUHPHV��H�J��KHLJKW�LQ�KXPDQV
'LVFRQWLQXRXV�YDULDWLRQ�LV�FDXVHG�E\�JHQHV�DORQH�DQG
UHVXOWV�LQ�D�OLPLWHG�QXPEHU�RI�GLVWLQFW�SKHQRW\SHV��H�J�
\RX�DUH�HLWKHU�EORRG�JURXS�2��$��%�RU�$%��QRWKLQJ�HOVH�
0XWDWLRQ��JHQHWLF�FKDQJH
*HQH�PXWDWLRQ��D�FKDQJH�LQ�WKH�EDVH�VHTXHQFH�RI�'1$
0XWDWLRQ�LV�WKH�ZD\�LQ�ZKLFK�QHZ�DOOHOHV�DUH�IRUPHG
,RQLVLQJ�UDGLDWLRQ�DQG�VRPH�FKHPLFDOV�LQFUHDVH�WKH�UDWH
RI�PXWDWLRQ
0XWDWLRQ�LV�D�VRXUFH�RI�YDULDWLRQ�H�J��LQ�'RZQÍV�V\QGURPH�
ZKHUH�D�SDUHQWÍV�FKURPRVRPHV�DUH�XQHYHQO\�GLVWULEXWHG
LQ�PHLRVLV��,Q�IHUWLOLVDWLRQ��D�]\JRWH�ZLWK�D�QXPEHU�RI
FKURPRVRPHV�WKDW�LV�QRW����LV�FUHDWHG��H�J�����������
&KDUDFWHULVWLFV��EURDG�IRUHKHDG��VKRUW�QHFN��GRZQZDUG�
VORSLQJ�H\HV��VKRUW�QRVH�DQG�PHQWDO�UHWDUGDWLRQ�

��¸�¸Ö-OCWXGÖ
GXXÖ�Z:GYO:

'LVHDVH�LQ�ZKLFK�WKH�UHG�EORRG�FHOO�KDV�D�VLFNOH�VKDSH
LQVWHDG�RI�D�URXQG�ELFRQFDYH�VKDSH��FRQWUROOHG�E\�D
UHFHVVLYH�DOOHOH��ZKLFK�FDXVHV�ZHDNQHVV��DFKLQJ�MRLQWV�DQG
SRRU�FLUFXODWLRQ�
7KH�IDFW�WKDW�LW�LV�UHFHVVLYH�PHDQV�WKDW�D�KHWHUR]\JRXV
SHUVRQ�FDQ�EH�D�FDUULHU��WKH\�KDYH�WKH�DOOHOH�EXW�LW�LV�QRW
H[SUHVVHG�
%HLQJ�D�FDUULHU�RI�VLFNOH�FHOO�DQDHPLD�PDNHV�\RX�UHVLVWDQW
WR�PDODULD
,Q�HTXDWRULDO�$IULFD��KDYLQJ�VLFNOH�FHOO�DQDHPLF�FDXVHV
GHDWK��0DODULD�DOVR�FDXVHV�GHDWK��%XW�WKH�FDUULHUV�KDYH
LPPXQLW\�WR�PDODULD�DQG�KDYH�VRPH�V\PSWRPV�RI
DQDHPLD��LQ�VHYHUH�FDVHV��WKH\�DUH�YHU\�ZHDN

��¸�¸Ö�E:djOpGÖ�G:jkgGh

$GDSWLYH�IHDWXUH�
LQKHULWHG�IHDWXUH�WKDW�KHOSV�DQ�RUJDQLVP�WR�VXUYLYH
DQG�UHSURGXFH�LQ�LWV�HQYLURQPHQW
WKH�LQKHULWHG�IXQFWLRQDO�IHDWXUHV�RI�DQ�RUJDQLVP�WKDW
LQFUHDVH�LWV�êWQHVV

)LWQHVV��WKH�SUREDELOLW\�RI�DQ�RUJDQLVP�VXUYLYLQJ�DQG
UHSURGXFLQJ�LQ�WKH�HQYLURQPHQW�LQ�ZKLFK�LW�LV�IRXQG
;HURSK\WHV��OLYH�LQ�GHVHUWV�ZKHUH�ZDWHU�LV�VFDUFH�DQG
HYDSRUDWLRQ�LV�UDSLG��RU�LQ�ZLQG\�KDELWDWV��7KHLU�IHDWXUHV
DUH�

'HHS�URRWV�WR�UHDFK�ZDWHU�IDU�XQGHUJURXQG
/HDYHV�UHGXFHG�VSLQHV�ZLWK�PLQLPXP�VXUIDFH�DUHD�IRU
WUDQVSLUDWLRQ
6KDOORZ�VSUHDGLQJ�URRWV�WR�FROOHFW�RFFDVLRQDO�UDLQ
5ROOHG�OHDYHV��OHDI�KDLUV�DQG�VWRPDWD�VXQN�LQ�SLWV�WR
WUDS�PRLVW�DLU
:D[\�OHDI�FXWLFOH��LPSHUPHDEOH�ZDWHU
6WRPDWD�RSHQLQJ�DW�QLJKW�DQG�FORVHG�DW�PLGGD\�ZKHQ
HYDSRUDWLRQ�LV�KLJKHVW
(�J��FDFWXV�DQG�PDUUDP�JUDVV

+\GURSK\WHV��OLYH�LQ�ZKROO\�RU�SDUWO\�VXEPHUJHG�LQ�ZDWHU�
7KHLU�IHDWXUHV�DUH�

/HDYHV�DUH�KLJKO\�GLYLGHG�WR�FUHDWH�ODUJH�VXUIDFH�DUHD
IRU�DEVRUSWLRQ�DQG�SKRWRV\QWKHVLV
9HU\�OLWWOH�FXWLFOH�IRUPDWLRQ
/DFN�RI�[\OHP�WXEHV��QR�VWRPDWD�XQGHUVLGH�RI�OHDYHV
6WRPDWD�LV�LQ�WKH�XSSHU�VXUIDFH��KDV�D�WKLFN�ZD[\�OD\HU
WR�UHSHO�ZDWHU�DQG�WR�NHHS�WKH�VWRPDWD�RSHQ�DQG
FOHDU
5RRWV�DUH�RIWHQ�UHGXFHG�DQG�URRW�KDLUV�DUH�RIWHQ
DEVHQW

��¸�¸Ö�:jkg:XÖ-GXGCjO\Z

7KH�JUHDWHU�FKDQFH�RI�SDVVLQJ�RQ�RI�JHQHV�E\�WKH�EHVW
DGDSWHG�RUJDQLVPV�
9DULDWLRQ�LV�QDWXUDO�RU�UDQGRP�FKDQJHV�LQ�DOO�OLYLQJ
RUJDQLVPV�
9DULDWLRQ�OHDGV�WR�VXUYLYDO�RI�WKH�êWWHVW�VLQFH�WKH
YDULDWLRQV�LQ�FHUWDLQ�RUJDQLVPV�DOORZ�WKDW�RUJDQLVP�WR
KDYH�DQ�DGYDQWDJH�RYHU�WKH�RWKHUV�LQ�LWV�VSHFLHV�LQ�WKDW
DUHD
7KH�VXUYLYLQJ�RUJDQLVPV�UHSURGXFH��VLQFH�WKH\�GRQÍW�JHW
HDWHQ�XS��VR�YDULDWLRQ�KDV�FDXVHG�WKH�VSHFLHV�WR�HYROYH�
(YROXWLRQ�LV�FDXVHG�E\�QDWXUDO�VHOHFWLRQ�ZKLFK�LV�FDXVHG
E\�D�FKDQJH�LQ�WKH�HQYLURQPHQW

��¸�¸Ö�gjOzCO:XÖ-GXGCjO\Z

,V�EUHHGLQJ�RUJDQLVPV�ZLWK�YDOXHG�FKDUDFWHULVWLFV
WRJHWKHU�LQ�RUGHU�WR�WU\�WR�SURGXFH�RéVSULQJ�ZKLFK�VKDUHV
WKRVH�XVHIXO�FKDUDFWHULVWLFV��VHOHFWLYH�EUHHGLQJ��
&DQ�EH�XVHG�WR�SURGXFH�RUJDQLVPV�ZKLFK�DUH�PRUH
HFRQRPLFDOO\�YDOXHG
)RU�H[DPSOH��FRZV�WKDW�SURGXFH�PRUH�PLON��ZKHDW�WKDW�LV
HDVLHU�WR�VHSDUDWH�IURP�JUDLQ��GRJV�ZKLFK�KDYH�EHWWHU
DSSHDUDQFH
6HOHFWLYH�EUHHGLQJ�

6HOHFWLQJ�E\�KXPDQV�RI�LQGLYLGXDOV�ZLWK�GHVLUDEOH
IHDWXUHV
&URVVLQJ�WKUHH�LQGLYLGXDOV�WR�SURGXFH�WKH�QH[W
JHQHUDWLRQ

��¸�¸Ö,GhOhj:ZjÖ�ZjOBO\jOC

6WUDLQV�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULD�DUH�GHYHORSLQJ�DV
WKH�XVH�RI�DQWLELRWLFV�LV�LQFUHDVLQJ�
,Q�D�JURXS�RI�PDQ\�EDFWHULD��RQH�PLJKW�PXWDWH�WR�EH
UHVLVWDQW�WR�WKH�DQWLELRWLF��DV�D�UHVXOW�LW�UHSURGXFHV�DQG
WKH�RWKHUV�GLH�PDNLQJ�D�QHZ�VWUDLQ�RI�EDFWHULD��ZKLFK�LV
UHVLVWDQW�WR�DQWLELRWLFV�
7KH�VXVFHSWLEOH��ZHDN��EDFWHULD�DUH�NLOOHG�êUVW
2QO\�UHVLVWDQW��VWURQJ��EDFWHULD�DUH�OHIW
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��¸Ö!gM:ZOhYhÖ:ZEÖjNGOg
�ZpOg\ZYGZj

��¸�¸Ö�\\EÖ
N:OZhÖ:ZEÖ�\\EÖ5GBh

7KH�VXQ�LV�WKH�SULQFLSDO�VRXUFH�RI�HQHUJ\�LQSXW�WR
ELRORJLFDO�V\VWHPV�
(QHUJ\�ëRZ�LV�QRW�D�F\FOH��LW�VWDUWV�IURP�WKH�VXQ�DQG�WKHQ
WKDW�HQHUJ\�LV�KDUQHVVHG�E\�SODQWV�ZKLFK�DUH�HDWHQ�E\
DQLPDOV�ZKLFK�DUH�HDWHQ�E\�RWKHU�DQLPDOV�
$W�HDFK�VWHS��HQHUJ\�LV�ORVW�WR�WKH�HQYLURQPHQW�
)RRG�FKDLQ��D�FKDUW�VKRZLQJ�WKH�ëRZ�RI�HQHUJ\��IRRG�
IURP�RQH�RUJDQLVP�WR�WKH�QH[W�EHJLQQLQJ�ZLWK�D
SURGXFHU��IRU�H[DPSOH�

)RRG�ZHE��VKRZLQJ�WKH�WUDQVIHU�RI�HQHUJ\�IURP�RQH
RUJDQLVP�WR�WKH�QH[W��EHJLQQLQJ�ZLWK�D�SURGXFHU

(QHUJ\�LV�WUDQVIHUUHG�EHWZHHQ�RUJDQLVPV�LQ�D�IRRG
FKDLQ�E\�LQJHVWLRQ

3URGXFHU��DQ�RUJDQLVP�WKDW�PDNHV�LWV�RZQ�RUJDQLF
QXWULHQWV��XVXDOO\�XVLQJ�HQHUJ\�IURP�VXQOLJKW��WKURXJK
SKRWRV\QWKHVLV
&RQVXPHU��DQ�RUJDQLVP�WKDW�JHWV�LWV�HQHUJ\�E\�IHHGLQJ�RQ
RWKHU�RUJDQLVPV
+HUELYRUH��DQ�DQLPDO�WKDW�JHWV�LWV�HQHUJ\�E\�HDWLQJ�SODQWV
&DUQLYRUH��DQ�DQLPDO�WKDW�JHWV�LWV�HQHUJ\�E\�HDWLQJ�RWKHU
DQLPDOV
'HFRPSRVHU��DQ�RUJDQLVP�WKDW�JHWV�LWV�HQHUJ\�IURP�GHDG
RU�ZDVWH�RUJDQLF�PDWWHU��L�H��D�VDSURWURSK�
(FRV\VWHP��D�XQLW�FRQWDLQLQJ�DOO�RI�WKH�RUJDQLVPV�DQG
WKHLU�HQYLURQPHQW��LQWHUDFWLQJ�WRJHWKHU��LQ�D�JLYHQ�DUHD
H�J��GHFRPSRVLQJ�ORJ�RU�D�ODNH
7URSKLF�OHYHO��SRVLWLRQ�RI�DQ�RUJDQLVP�LQ�D�IRRG�FKDLQ�
IRRG�ZHE�RU�S\UDPLG�RI�ELRPDVV��QXPEHUV�RU�HQHUJ\

3ULPDU\�FRQVXPHU��HDW�YHJHWDEOHV
6HFRQGDU\�FRQVXPHU��HDW�PHDW�GULQN�PLON
7HUWLDU\�FRQVXPHU��HDW�D�SUHGDWRU\�êVK��VDOPRQ

)RRG�FKDLQV�XVXDOO\�KDYH�IHZHU�WKDQ�êYH�WURSKLF�OHYHOV�
EHFDXVH�HQHUJ\�WUDQVIHU�LV�LQHìFLHQW�

6XQ�SURGXFHV�OLJKW��OHVV�WKDQ����RI�WKH�HQHUJ\�IDOOV�RQWR
OHDYHV�
3URGXFHUV�Ìê[Í�RQO\�DERXW������RI�WKDW�HQHUJ\��EHFDXVH�RI�
WUDQVPLVVLRQ��UHëHFWLRQ�DQG�LQFRUUHFW�ZDYHOHQJWK�
3ULPDU\�FRQVXPHU�RQO\�JHWV�EHWZHHQ�������EHFDXVH
VRPH�SDUWV�DUH�LQGLJHVWLEOH��H�J��FHOOXORVH��DQG�QRW�HDWLQJ
WKH�ZKROH�SODQW�
6HFRQGDU\�FRQVXPHU�JHWV�EHWZHHQ��������EHFDXVH
DQLPDO�PDWWHU�LV�PRUH�GLJHVWLEOH�	�KDV�KLJKHU�HQHUJ\
YDOXH
$W�HDFK�OHYHO�KHDW�LV�ORVW�E\�UHVSLUDWLRQ�

+XPDQV�HDWLQJ�SODQWV�LV�PRUH�HìFLHQW�WKDQ�KXPDQV�HDWLQJ
DQLPDOV�EHFDXVHÓ

:H�QHHG�RQO\�D�FRXSOH�RI�YHJHWDEOHV�WR�KDYH�RQH�PHDO�
EXW�WR�KDYH�PHDW�ZH�PXVW�IHHG�WKH�DQLPDO�D�ORW�RI�SODQW
PDWHULDO�LQ�RUGHU�WR�JHW�IDU�OHVV�PHDW�
,Q�WKH�SURFHVV�RI�UDLVLQJ�DQ�DQLPDO��SODQWV�ORVH�HQHUJ\�WR
HQYLURQPHQW��WKHQ�DQLPDO�ORVHV�HQHUJ\�WR�HQYLURQPHQW
DQG�GRHV�QRW�XVH�XS�DOO�WKH�SODQW�PDWHULDO�VR�LW�LV�YHU\
LQHìFLHQW�

3\UDPLG�RI�1XPEHUV 3\UDPLG�RI�%LRPDVV

6KRZV�QXPEHU�RI�HDFK
RUJDQLVP�LQ�D�IRRG�FKDLQ

3\UDPLG�ZKLFK�VKRZV�WKH
ELRPDVV

:KHQ�PRYLQJ�XS�S\UDPLG�
QXPEHU�RI�LQGLYLGXDOVÍ

GHFUHDVHV

�QXPEHU�RI�LQGLYLGXDOV���WKHLU
LQGLYLGXDO�PDVV�

��¸�¸Ö
:gB\ZÖ
sCXG

��¸�¸Ö�Ojg\MGZÖ
sCXG

1LWURJHQ�ê[LQJ�EDFWHULD�SURYLGH�XVDEOH�QLWURJHQ�IRU
SODQWV��WKHVH�PD\�H[LVW�LQ�WKH�URRW�QRGXOHV�ZKHUH�WKH\
OLYH�LQ�V\PELRVLV�ZLWK�WKH�SODQWV��QLWURJHQ�ê[DWLRQ���RU�WKLV
FDQ�KDSSHQ�EHFDXVH�RI�OLJKWQLQJ��RU�PLFURRUJDQLVPV
SURYLGH�WKHP�WKURXJK�GHFRPSRVLWLRQ�
1LWULI\LQJ�EDFWHULD�FRQYHUW�QLWURJHQ�FRQWDLQLQJ
VXEVWDQFHV�LQWR�EHWWHU�QLWURJHQ�FRQWDLQLQJ�VXEVWDQFHV�IRU
WKH�SODQWV��QLWULêFDWLRQ��
3ODQWV�DEVRUE�WKHVH�VXEVWDQFHV�DQG�FRQYHUW�WKHP�LQWR
SURWHLQV
3ULPDU\�FRQVXPHUV�HDW�WKH�SODQWV�DQG�FDQ�PDNH�WKHLU
RZQ�SURWHLQV��VHFRQGDU\�FRQVXPHUV�HDW�SULPDU\
FRQVXPHUV�DQG�VR�RQ�

0CJQICP[aVTGG ¤ ECVGTRKNNCT ¤ UQPIaDKTF ¤ JCYM
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'HDWK�DQG�GHFD\�KDSSHQV�DW�HDFK�WURSKLF�OHYHO�OHDGLQJ�WR
VWDJH�RQH
'HQLWULI\LQJ�EDFWHULD�FDUU\�RXW�GHQLWULêFDWLRQ��WKH\
FRQYHUW�QLWURJHQ�FRQWDLQLQJ�VXEVWDQFHV�LQWR�DWPRVSKHULF
QLWURJHQ

��¸�¸Ö5:jGgÖ
sCXG

0HWKRGV
2��FRQF�
LQ�DLU

&2��FRQF�
LQ�DLU

:K\"

&RPEXVWLRQ�RI
IRVVLO�IXHOV

'HFUHDVHV ,QFUHDVHV

%XUQLQJ�XVHV�XS
R[\JHQ��DQG

SURGXFHV�FDUERQ
GLR[LGH

'HIRUHVWDWLRQ 'HFUHDVHV ,QFUHDVHV

)HZHU�WUHHV�PHDQV
OHVV�SKRWRV\QWKHVLV

7UHHV�DUH�XVXDOO\
EXUQW��FRPEXVWLRQ�

'HFRPSRVLWLRQ�RI
WUHH�WUXQNV
�UHVSLUDWLRQ�

��¸�¸Ö)\dkX:jO\Z

3RSXODWLRQ��D�JURXS�RI�RUJDQLVPV�RI�RQH�VSHFLHV��OLYLQJ�LQ
WKH�VDPH�DUHD�DW�WKH�VDPH�WLPH
&RPPXQLW\��DOO�RI�WKH�SRSXODWLRQV�RI�GLéHUHQW�VSHFLHV�LQ
DQ�HFRV\VWHP
(FRV\VWHP��D�XQLW�FRQWDLQLQJ�WKH�FRPPXQLW\�RI�RUJDQLVPV
DQG�WKHLU�HQYLURQPHQW��LQWHUDFWLQJ�WRJHWKHU��H�J��D
GHFRPSRVLQJ�ORJ��RU�D�ODNH

��¸�¸Ö�:Cj\ghÖ�wGCjOZMÖ,:jGÖ\L
)\dkX:jO\ZÖ�g\qjN

)RRG�VXSSO\��TXDQWLW\�DQG�TXDOLW\��IRU�H[DPSOH�VQDLOV
QHHG�FDOFLXP�WR�UHSURGXFH�WR�PDNH�D�VKHOO��IRRG�TXDOLW\��
3UHGDWLRQ��LI�SUHGDWRU�SRSXODWLRQ�IDOOV��WKH�SUH\
SRSXODWLRQ�ZLOO�ULVH
'LVHDVH��FDXVHV�RUJDQLVPV�WR�GLH�VR�D�KLJK�GHDWK�UDWH
SDUWO\�FDQFHOV�RXW�ELUWK�UDWH�PHDQLQJ�OHVV�SRSXODWLRQ
JURZWK��HVSHFLDOO\�LI�WKH�RUJDQLVP�GLHV�EHIRUH�JLYLQJ�ELUWK�
RU�HYHQ�SRSXODWLRQ�GHFOLQH

��¸�¸Ö-OMY\OEÖ
kgpG

/DJ�SKDVH��QXPEHU�RI�PDWXUH��UHSURGXFLQJ�LQGLYLGXDOV�LV
ORZ�DQG�WKH\�PD\�EH�ZLGHO\�GLVSHUVHG
/RJ�SKDVH��H[SRQHQWLDO�JURZWK�RFFXUV��WKH�FRQGLWLRQV�DUH
LGHDO�DQG�PD[LPXP�JURZWK�UDWH�LV�UHDFKHG��/LPLWLQJ
IDFWRUV�GR�QRW�OLPLW�JURZWK�PXFK�
6WDWLRQDU\�SKDVH��OLPLWLQJ�IDFWRUV�VORZ�JURZWK�DV
SRSXODWLRQ�KDV�UHDFKHG�ÏFDUU\LQJ�FDSDFLW\Ð�RI�LWV
HQYLURQPHQW��ZKHQ�PRUWDOLW\�UDWH� �ELUWK�UDWH��FXUYH
OHYHOV�Ré�DQG�ëXFWXDWHV�DURXQG�WKLV�PD[LPXP
SRSXODWLRQ�VL]H�

��¸�¸Ö�kY:ZÖ)\dkX:jO\ZÖ�g\qjN

)DFWRUV�IDYRXULQJ�JURZWK )DFWRUV�FRQWUROOLQJ�JURZWK

/RZHU�LQIDQW�PRUWDOLW\ 'LVHDVH

+LJKHU�OLIH�H[SHFWDQF\ IDPLQH

%HWWHU�QXWULWLRQ :DU

%HWWHU�KRXVLQJ

%HWWHU�VDQLWDWLRQ

0HGLFLQH

9DFFLQDWLRQ

7KH�KXPDQ�SRSXODWLRQ�LV�EHFRPLQJ�VWDEOH��VWDJQDWLRQ�
GXH�WR�

EHWWHU�HGXFDWLRQ��SDUWLFXODUO\�IRU�ZRPHQ���VR�WKH\
ZRUN�LQVWHDG�RI�JHWWLQJ�PDUULHG�DQG�KDYLQJ�FKLOGUHQ
EHWWHU�OLYLQJ�FRQGLWLRQV��IHZHU�SHRSOH�GLH��IHZHU�ELUWKV
QHHGHG
FLWLHV��UHGXFHG�QHHG�IRU�SK\VLFDO�ODERXU�RQ�IDUPV
IDPLO\�SODQQLQJ

%XW�RYHUDOO�WKH�SRSXODWLRQ�LV�VWLOO�LQFUHDVLQJ�
6RFLDO�LPSOLFDWLRQV�RI�KXPDQ�JURZWK�

GHPDQGV�IRU�URDGV�DV�WKHUH�LV�DQ�LQFUHDVHV�QXPEHU�RI
FDUV
JUHDWHU�H[SHFWDWLRQ�IRU�D�YDULHW\�RI�IRRGV�DOO�\HDU
URXQG
VPDOOHU�IDPLOLHV�LQFUHDVH�GHPDQG�IRU�KRXVLQJ
JUHDWHU�GHPDQG�IRU�OHLVXUH�DQG�UHFUHDWLRQ�VSDFH

�~¸Ö	O\jGCNZ\X\MsÖïÖ�GZGjOC
�ZMOZGGgOZM

%DFWHULD�DUH�XVHIXO�LQ�ELRWHFKQRORJ\�DQG�JHQHWLF
HQJLQHHULQJ�GXH�WR�WKHLU�UDSLG�UHSURGXFWLRQ�UDWH�DQG
WKHLU�DELOLW\�WR�PDNH�FRPSOH[�PROHFXOHV
:K\�DUH�PLFURRUJDQLVPV�XVHG�

%DFWHULD�DQG�IXQJL�DUH�VPDOO�DQG�HDV\�WR�JURZ�LQ�D�ODE
7KH\�UHSURGXFH�TXLFNO\�DQG�GRQÍW�WDNH�XS�PXFK�VSDFH
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1R�HWKLFDO�LVVXHV�LQYROYHG
*HQHWLF�FRGH�LV�WKH�VDPH�IRU�EDFWHULD�DV�LW�LV�IRU
KXPDQ
%DFWHULD�KDYH�ORRSV�RI�'1$�FDOOHG�SODVPLGV�ZKLFK�DUH
HDV\�WR�WUDQVIHU�IURP�RQH�FHOO�WR�DQRWKHU

�~¸�¸Ö�:WOZMÖ	O\LkGX

8VH�SODQWV�WR�PDNH�VXJDUV�ZKLFK�\HDVW�WKHQ�EUHDNV�GRZQ
WR�PDNH�HWKDQRO
(WKDQRO�FDQ�WKHQ�EH�XVHG�DV�D�IXHO

0DL]H�LV�WUHDWHG�ZLWK�DP\ODVH�HQ]\PH��VWDUFK�WR
JOXFRVH�
$GG�\HDVW��JOXFRVH�XVHG�LQ�UHVSLUDWLRQ��DQG�PDNH�LW
UHVSLUH�DQDHURELFDOO\
(WKDQRO�WKDW�LV�SURGXFHG�LV�H[WUDFWHG�E\�GLVWLOODWLRQ
0L[HG�ZLWK�JDVROLQH�WR�LQFUHDVH�HQHUJ\�DQG�FDQ�EH
XVHG�LQ�FDUV

�~¸�¸Ö	gG:EÖ�:WOZM

)ORXU��VXJDU��ZDWHU�DQG�VDOW�DUH�PL[HG�ZLWK�\HDVW�WR�PDNH
WKH�GRXJK�
$P\ODVH�EUHDNV�GRZQ�VRPH�VWDUFK�WR�PDNH�PDOWRVH�DQG
JOXFRVH��7KLV�LV�XVHG�E\�\HDVW�LQ�UHVSLUDWLRQ
7KH�GRXJK�LV�NHSW�LQ�D�ZDUP��PRLVW�HQYLURQPHQW����rF��
<HDVW�IHUPHQWV�VXJDU�PDNLQJ�FDUERQ�GLR[LGH�ZKLFK
FUHDWHV�EXEEOHV��VR�EUHDG�ULVHV
&RRNLQJ��DW����rF��Ê�NLOOV�\HDVW��HYDSRUDWHV�DOFRKRO�DQG
KDUGHQV�RXWHU�VXUIDFH�

�~¸�¸Ö/hGhÖ\LÖ�ZvsYGh

3HFWLQDVH�

)UXLW�MXLFHV�DUH�H[WUDFWHG�XVLQJ�SHFWLQDVH��EUHDNV�GRZQ
SHFWLQ�
3HFWLQ�KHOSV�SODQW�ZDOOV�VWLFN�WRJHWKHU
,I�SHFWLQ�LV�EURNH�GRZQ��LWÍV�HDVLHU�WR�VTXHH]H�MXLFH�IURP
WKH�IUXLW
([WUDFWLRQ�RI�MXLFH�IURP�IUXLW��PDNLQJ�MXLFH�FOHDU�QRW
FORXG\

b
:DVKLQJ�SRZGHUV�

%LRORJLFDO�ZDVKLQJ�SRZGHUV�DQG�OLTXLGV�FRQWDLQ�HQ]\PH
WKDW�KHOS�UHPRYH�VWDLQ
7KH�HQ]\PHV�DUH�FRDWHG�ZLWK�D�VSHFLDO�ZD[�WKDW�PHOWV�LQ
WKH�ZDVK�UHOHDVLQJ�WKH�HQ]\PH
2QFH�WKH�VWDLQV�KDYH�EHHQ�EURNHQ�GRZQ��WKH\�DUH�HDVLHU
IRU�GHWHUJHQWV�WR�UHPRYH
3URWHDVHV�EUHDN�GRZQ�SURWHLQV�LQ�VWDLQV�H�J��JUDVV��EORRG
/LSDVHV�EUHDN�GRZQ�VWDLQV�FRQWDLQLQJ�IDWV�DQG�RLO
&DUERK\GUDVHV�EUHDN�GRZQ�FDUERK\GUDWH�EDVHG�VWDLQV�
VXFK�DV�VWDUFK

b

/DFWDVH�

(Q]\PH�WKDW�EUHDNV�GRZQ�ODFWRVH��VXJDU�IRXQG�LQ�PLON�
3HRSOH�FDQ�VWRS�PDNLQJ�ODFWDVH�QDWXUDOO\��WKHUHIRUH�FDQÍW
GLJHVW�ODFWRVH
0LON�FDQ�EH�WUHDWHG�ZLWK�ODFWDVH�WR�EUHDN�GRZQ�ODFWRVH
EHIRUH�D�SHUVRQ�GULQNV�LW
$OVR�SURGXFHV�JOXFRVH�	�JDODFWRVH��XVHG�LQ�VZHHWV

�~¸�¸Ö�:WOZMÖ)GZOCOXXOZ

3HQLFLOOLQ��DQ�DQWLELRWLF�SURGXFHG�E\�D�IXQJXV�FDOOHG
SHQLFLOOLXP�
6WDLQOHVV�VWHHO�IHUPHQWDWLRQ�YHVVHO�LV�êOOHG�ZLWK�PHGLXP
FRQWDLQLQJ�VXJDUV�DQG�DPPRQLXP�VDOWV�
3HQLFLOOLXP�LV�DGGHG�WR�SURGXFH�SHQLFLOOLQ��7KH\�XVH�VXJDU
IRU�UHVSLUDWLRQ�DQG�DPPRQLXP�VDOWV�WR�PDNH�SURWHLQ�DQG
QXFOHLF�DFLGV
7KH�IHUPHQWDWLRQ�YHVVHO�FRQVLVWV�RI�3$:6

3UREHV�PRQLWRU�WHPSHUDWXUH�DQG�S+
$LU�SURYLGHV�R[\JHQ�IRU�DHURELF�UHVSLUDWLRQ�LQ�IXQJXV
:DWHU�FRROHG�MDFNHW�UHPRYHV�KHDW�WR�PDLQWDLQ
WHPSHUDWXUH�RI���&�
6WLUUHU�NHHSV�WKH�PLFURRUJDQLVP�VXVSHQGHG��DOORZLQJ
DFFHVV�WR�QXWULHQWV�DQG�R[\JHQ��ZKLOH�PDLQWDLQLQJ�DQ
HYHQ�WHPSHUDWXUH�

)LOWHUHG�WR�UHPRYH�IXQJXV�DQG�WKHQ�FDQ�EH�FU\VWDOOL]HG�WR
PDNH�FDSVXOHV�

�~¸�¸Ö�GZGjOCÖ�ZMOZGGgOZM

*HQHWLF�HQJLQHHULQJ��FKDQJLQJ�WKH�JHQHWLF�PDWHULDO�RI�DQ
RUJDQLVP�E\�UHPRYLQJ��FKDQJLQJ�RU�LQVHUWLQJ�LQGLYLGXDO
JHQHV
([DPSOHV�RI�JHQHWLF�HQJLQHHULQJ�

WKH�LQVHUWLRQ�RI�KXPDQ�JHQHV�LQWR�EDFWHULD�WR�SURGXFH
KXPDQ�LQVXOLQ
WKH�LQVHUWLRQ�RI�JHQHV�LQWR�FURS�SODQWV�WR�FRQIHU
UHVLVWDQFH�WR�KHUELFLGHV
WKH�LQVHUWLRQ�RI�JHQHV�LQWR�FURS�SODQWV�WR�FRQIHU
UHVLVWDQFH�WR�LQVHFW�SHVWV
WKH�LQVHUWLRQ�RI�JHQHV�LQWR�FURS�SODQWV�WR�SURYLGH
DGGLWLRQDO�YLWDPLQV

b
+XPDQ�,QVXOLQ�LQ�%DFWHULD
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,VRODWLRQ�RI�WKH�'1$�PDNLQJ�XS�D�KXPDQ�JHQH�XVLQJ
UHVWULFWLRQ�HQ]\PHV��IRUPLQJ�VWLFN\�HQGV
&XWWLQJ�RI�EDFWHULDO�SODVPLG�'1$�ZLWK�WKH�VDPH
UHVWULFWLRQ�HQ]\PHV��IRUPLQJ�FRPSOHPHQWDU\�VWLFN\�HQGV
,QVHUWLRQ�RI�KXPDQ�'1$�LQWR�EDFWHULDO�SODVPLG�'1$�XVLQJ
'1$�OLJDVH�WR�IRUP�D�UHFRPELQDQW�SODVPLG�Ê�LQVHUWLRQ�RI
SODVPLG�LQWR�EDFWHULD
5HSOLFDWLRQ�RI�EDFWHULD�FRQWDLQLQJ�UHFRPELQDQW�SODVPLGV
ZKLFK�PDNH�KXPDQ�SURWHLQ�DV�WKH\�H[SUHVV�WKH�JHQH

�~¸�¸Ö�GZGjOC:XXsÖ�\EOzGEÖ
g\dh

$GYDQWDJHV 'LVDGYDQWDJHV

8QLIRUP�LQ�VKDSH�Ê�HDV\�WR
WUDQVSRUW��DSSHDO�FRQVXPHUV

1DWXUDO�VSHFLHV�PD\�GLH

*URZLQJ�VHDVRQ�VKRUWHU 7DVWH�RIWHQ�QRW�DV�JRRG

'URXJKW�UHVLVWDQW�Ê�OHVV�ZDWHU
/HDG�WR�GHYHORSPHQW�RI

VXSHU�ZHHGV�Ê�VWURQJHU�WKDQ
*0

+LJKHU�\LHOGV
1R�RQH�NQRZV�ORQJ�WHUP

HéHFW�RQ�KXPDQV

��¸Ö�kY:ZÖ�Z{kGZCGhÖ\Z
�C\hshjGYh

��¸�¸Ö�\\EÖ-kddXs

)RRG�SURGXFWLRQ�KDV�LQFUHDVHG�EHFDXVH�

,PSURYHG�PDFKLQHU\�PHDQV�OHVV�ODERXU�LV�QHHGHG
)HUWLOL]HUV�KHOS�FURSV�WR�JURZ�EHWWHU
,QVHFWLFLGHV��D�W\SH�RI�SHVWLFLGH�WKDW�NLOOV�LQVHFWV
+HUELFLGHV��D�W\SH�RI�SHVWLFLGH�WKDW�NLOOV�ZHHGV
$UWLêFLDO�VHOHFWLRQ�DQG�JHQHWLF�PRGLêFDWLRQ�PHDQV�WKDW
\LHOGV�DUH�LPSURYHG��FRZV�SURGXFH�PRUH�PLON��FRZV�DUH
PRUH�PXVFXODU�JLYLQJ�PRUH�PHDW��SODQW�FURSV�FDQ�UHVLVW
LQVHFWV�DQG�FROG�ZHDWKHU

b
:RUOG�)RRG�6XSSOLHV

1RW�HQRXJK�IRRG�DYDLODEOH�LQ�D�FRXQWU\�WR�IHHG�LWV�SHRSOH
EHFDXVH�

)DVW�LQFUHDVH�LQ�SRSXODWLRQ
,QFUHDVLQJ�XVH�RI�FURSV�IRU�IXHO
'HFUHDVH�RI�IDUPLQJ� �&OLPDWH�FKDQJH�8UEDQL]DWLRQ

)DPLQH��:LGH�VSUHDG�VFDUFLW\�RI�IRRG
7KH�PDLQ�FDXVHV�RI�IDPLQH�

7KH�UDSLG�UDWH�RI�SRSXODWLRQ�LQFUHDVH
/RQJ�WHUP�FOLPDWLF�FKDQJH
6RLO�HURVLRQ�DQG�GHVHUWLêFDWLRQ
(FRQRPLF�SUHVVXUH
8QHTXDO�GLVWULEXWLRQ�RI�IRRG
'URXJKW
)ORRG

0RQRFXOWXUH�LV�WKH�FRQWLQXRXV�SURGXFWLRQ�RI�RQH�W\SH�RI
FURS�WKDW�LV�RIWHQ�JHQHWLFDOO\�XQLIRUP�
1HJDWLYH�,PSDFWV�RI�0RQRFXOWXUH

,I�D�QDWXUDO�GLVDVWHU�ZHUH�WR�RFFXU��WKH�ZKROH�FURS
FRXOG�EH�ZLSHG�RXW�
,I�SHVWV�	�GLVHDVH�DWWDFNHG�FURS��LW�FRXOG�KDUP�LW�HDVLO\
8VLQJ�ODUJH�êHOGV�DQG�SHVWLFLGHV�UHGXFHV�WKH�YDULHW\�RI
VSHFLHV��7KLV�KLQGHUV�ELRGLYHUVLW\�

1HJDWLYH�,PSDFWV�RI�,QWHQVLYH�/LYHVWRFN�3URGXFWLRQ
:HOIDUH�LVVXHV�IRU�WKH�OLYHVWRFN
'LVHDVHV�FDQ�VSUHDG�HDVLO\�DPRQJ�WKHP
:DVWH�FDQ�SROOXWH�ODQG�DQG�ZDWHUZD\V�QHDUE\

��¸�¸Ö�:BOj:jÖ�GhjgkCjO\Z

5HDVRQ�IRU�KDELWDW�GHVWUXFWLRQ
,QFUHDVHG�DUHD�IRU�IRRG�FURS�JURZWK��OLYHVWRFN
SURGXFWLRQ�DQG�KRXVLQJ
([WUDFWLRQ�RI�QDWXUDO�UHVRXUFHV
0DULQH�SROOXWLRQ

7KURXJK�DOWHULQJ�IRRG�ZHEV��DQG�IRRG�FKDLQV��KXPDQV
FDQ�KDYH�D�QHJDWLYH�LPSDFW�RQ�KDELWDWV
(éHFWV�RI�GHIRUHVWDWLRQ

5HGXFHG�ELRGLYHUVLW\�GHVWUR\V�KDELWDWV�H[WLQFWLRQ
/RVV�RI�&2��ê[DWLRQ��WKXV�LQFUHDVH�LQ�&2���WKXV�JOREDO
ZDUPLQJ
6RLO�HURVLRQ��WUHH�URRWV�FDQQRW�UHWDLQ�VRLO��JRHV�LQWR
ULYHUV�PDNLQJ�WKH�ZDWHU�GLUW\�	�FDXVHV�EORFNDJHV��VRLO
EHFRPHV�OHVV�IHUWLOH
)ORRGLQJ��XVXDOO\�����RI�ZDWHU�LV�DEVRUEHG�E\�IROLDJH�
URRW�V\VWHPV�RU�HYDSRUDWHV��$IWHU�GHIRUHVWDWLRQ��ZDWHU
DFFXPXODWHV�LQ�YDOOH\V

��¸�¸Ö)\XXkjO\Z

:DWHU�DQG�DLU�SROOXWLRQ�

&KHPLFDO�ZDVWH�DQG�VHZDJH�LQ�ULYHUV�UHVXOWV�LQ�ZDWHU�QRW
EHLQJ�GULQNDEOH�DQG�HXWURSKLFDWLRQ�FDQ�RFFXU
6XOSKXU�GLR[LGH�GLVVROYHV�LQ�UDLQ��FDXVLQJ�DFLG�UDLQ�ZKLFK
LQFUHDVHV�DFLGLW\�RI�ODNHV�DQG�OHDFKHV�DOXPLQLXP�RXW�RI
WKH�VRLO�FDXVLQJ�

7KH�êVKHVÍ�JLOOV�DUH�GDPDJHG��HYHQWXDOO\�NLOOLQJ�WKHP�
7KLV�LV�ê[HG�E\�DGGLQJ�FDOFLXP�K\GUR[LGH��VODNHG�OLPH�
'HVWUR\V�WRS�RI�WUHHV�DQG�DOXPLQLXP�GDPDJHV�WUHH
URRWV� �GHDG�WUHH��LPSRUWDQW�QXWULHQWV�OHDFKHG�DZD\
62��SRVHV�KHDOWK�KD]DUGV�IRU�KXPDQV��DVWKPD
VXéHUHUV�
'DPDJHV�OLPHVWRQH�EXLOGLQJV�DQG�VFXOSWXUHV
)HZHU�FURSV�FDQ�EH�JURZQ�RQ�DQ�DFLGLF�êHOG��ê[HG�E\
DGGLQJ�OLPH�

b
3ROOXWLRQ�GXH�WR�SHVWLFLGHV�

,QVHFWLFLGHV��NLOO�LQVHFWV���PHDQW�WR�NLOO�LQVHFWV�ZKLFK�HDW
FURSV��EXW�FDQ�NLOO�RWKHU��XVHIXO�LQVHFWV�VXFK�DV�EHHV
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ZKLFK�DUH�SROOLQDWRUV��RU�E\�ELRDFFXPXODWLRQ��WKH�LQFUHDVH
LQ�GRVH�RI�WR[LQ�IURP�RQH�OHYHO�RI�WKH�IRRG�FKDLQ�WR�WKH
QH[W�
+HUELFLGHV��NLOO�ZHHGV���FDQ�EH�KDUPIXO�WR�DQLPDOV�ZKLFK
HDW�WKH�SODQWV

b
1XFOHDU�IDOO�RXW�

5DGLRDFWLYH�SDUWLFOHV�DUH�VSUD\HG�LQWR�WKH�DWPRVSKHUH�LQ
D�QXFOHDU�DFFLGHQW�RU�ERPELQJ�
7KHVH�SDUWLFOH�ÏUDLQÐ�EDFN�WR�HDUWK�IURP�FORXGV�
VRPHWLPHV�IDU�IURP�WKH�DFFLGHQW�VLWH�
7KH�UDGLRDFWLYLW\�GDPDJHV�'1$�DQG�FDXVHV�FDQFHU�DQG
UDGLDWLRQ�LOOQHVV�DW�HYHU\�OHYHO�RI�WKH�IRRG�FKDLQ�

b
1RQ�ELRGHJUDGDEOH�SODVWLFV�

&KRNH�ELUGV��êVK�DQG�RWKHU�DQLPDOV
)LOO�XS�WKH�DQLPDOVÍ�VWRPDFKV�VR�WKDW�WKH\�FDQÍW�HDW�IRRG
&ROOHFW�LQ�ULYHUV��DQG�JHW�LQ�WKH�ZD\�RI�êVK

b
$FLG�UDLQ�

&DXVHG�E\�VXOSKXU�GLR[LGH��EXUQLQJ�IRVVLO�IXHOV��DQG
QLWURJHQ�R[LGHV��QLWURJHQ�UHDFWLQJ�KRW�HQJLQHV���DV�WKH\
GLVVROYH�DQG�FDXVH�DFLG�UDLQ
'DPDJHV�WUHHV�DQG�SODQWV��DQG�NLOOV�êVK�DQG�RWKHU�ULYHU
OLIH
3UHYHQWLRQ��FDWDO\WLF�FRQYHUWHUV��LQ�IDFWRULHV�VODNHG�OLPH
QHXWUDOL]HV�WKHVH�DFLGLF�R[LGHV�DQG�XVH�RI�ëXH�JDV
GHVXOIXUL]DWLRQ

b
*OREDO�:DUPLQJ�

,QFUHDVH�LQ�DYHUDJH�WHPSHUDWXUH�RI�WKH�(DUWK
6WDUWHG�DW�WKH�VDPH�WLPH�DV�KXPDQV�EHJDQ�EXUQLQJ�IRVVLO
IXHOV
6FLHQWLVWV�EHOLHYH�IRVVLO�IXHOV�DUH�FDXVLQJ�WKLV�Ê�QRW�SURYHQ
\HW
,QFUHDVH�LQ�FDUERQ�GLR[LGH�DQG�PHWKDQH�FRQFHQWUDWLRQV
LQ�WKH�DWPRVSKHUH�FDXVH�DQ�HQKDQFHG�JUHHQKRXVH�HéHFW
WKH�OHDGV�WR�FOLPDWH�FKDQJH
1HJDWLYH�LPSDFW�RI�IHPDOH�FRQWUDFHSWLYH�KRUPRQHV�LQ
ZDWHU�FRXUVHV�
5HGXFHG�VSHUP�FRXQW�LQ�PHQ�DQG�IHPLQLVDWLRQ�RI�DTXDWLF
RUJDQLVPV

b
(XWURSKLFDWLRQ��ZKHQ�ZDWHU�SODQWV�UHFHLYH�WRR�PDQ\
QXWULHQWV�

)HUWLOLVHUV�SXW�LQ�VRLO�E\�IDUPHUV
)HUWLOLVHUV�ZLWK�QLWUDWHV���GHWHUJHQWV�ZLWK�SKRVSKDWHV
OHDFK�LQWR�ULYHUV�DQG�ODNHV�DIWHU�UDLQ
:DWHU�SODQWV�JURZ�PRUH�WKDQ�XVXDO
7KH\�EORFN�VXQOLJKW�DQG�NLOO�SODQWV�XQGHUQHDWK
7KH\�GLH�DQG�VLQN�WR�ERWWRP

%DFWHULD�IXQJL�GHFRPSRVH�UHPDLQV�XVLQJ�WKH�2��DQG
GHFUHDVLQJ�WKH�2��FRQFHQWUDWLRQ
)LVK�DQG�RWKHU�FUHDWXUHV�GLH�IURP�R[\JHQ�VWDUYDWLRQ

��¸�¸Ö
\ZhGgp:jO\Z

6XVWDLQDEOH�UHVRXUFH��RQH�ZKLFK�LV�SURGXFHG�DV�UDSLGO\�DV
LW�LV�UHPRYHG�IURP�WKH�HQYLURQPHQW�VR�WKDW�LW�GRHV�QRW
UXQ�RXW
6XVWDLQDEOH�GHYHORSPHQW��GHYHORSPHQW�SURYLGLQJ�IRU�WKH
QHHGV�RI�DQ�LQFUHDVLQJ�KXPDQ�SRSXODWLRQ�ZLWKRXW
KDUPLQJ�WKH�HQYLURQPHQW
6XVWDLQDEOH�GHYHORSPHQW�UHTXLUHV�

0DQDJHPHQW�RI�FRQëLFWLQJ�GHPDQGV
3ODQQLQJ�DQG�FR�RSHUDWLRQ�DW�ORFDO��QDWLRQDO�DQG
LQWHUQDWLRQDO�OHYHOV

6RPH�UHVRXUFHV�FDQ�EH�PDLQWDLQHG��OLPLWHG�WR�IRUHVWV�DQG
êVK�VWRFNV�
7KH\�FDQ�EH�VXVWDLQHG�XVLQJ�

(GXFDWLRQ
/HJDO�TXRWDV
5H�VWRFNLQJ

1DWXUDO�UHVRXUFHV�

:DWHU��XVHG�WR�JURZ�IRRG��NHHS�FOHDQ��SURYLGH�SRZHU�
FRQWURO�êUHV�DQG�WR�GULQN��:H�JHW�ZDWHU�FRQVWDQWO\
WKURXJK�UDLQIDOO�EXW�ZH�DUH�XVLQJ�XS�SODQHWÍV�IUHVK�ZDWHU
IDVWHU�WKDQ�LW�FDQ�EH�UHSOHQLVKHG�
)RVVLO�IXHOV��QHHG�WR�EH�FRQVHUYHG�DV�WKH\�ZLOO�VRRQ�UXQ
RXW��WKH\�VKRXOG�EH�WKHUHIRUH�UHSODFHG�ZLWK�JUHHQ�IRUPV
RI�HQHUJ\�

5HF\FOLQJ�

:DWHU��ZDWHU�IURP�VHZDJH�FDQ�EH�UHWXUQHG�WR
HQYLURQPHQW�IRU�KXPDQ�XVH�E\�VDQLWDWLRQ�DQG�VHZDJH
WUHDWPHQW
3DSHU��VHQW�WR�VSHFLDO�FHQWUHV�ZKHUH�LW�LV�SXOSHG�WR�PDNH
UDZ�PDWHULDOV�IRU�LQGXVWU\
3ODVWLF��IRVVLO�IXHOV��ERWWOHV� �ëHHFH�FORWKLQJ
0HWDO��PLQLQJ�WDNHV�D�ORW�RI�HQHUJ\�VR�UHF\FOLQJ�VDYHV
HQHUJ\

6SHFLHV�DQG�KDELWDWV��QHHG�WR�EH�FRQVHUYHG�EHFDXVH�

2UJDQLVPV�KDYH�YDOXH�LQ�WKHPVHOYHV��HWKLFDO�YDOXH�
9DOXH�WR�PHGLFLQH��QHZ�PROHFXOHV�IURP�H[RWLF�SODQWV� 
QHZ�GUXJV�
*HQHWLF�UHVRXUFHV�DUH�XVHIXO�WR�KXPDQV�DV�ZHOO�DQG�DUH
ORVW�ZKHQ�VSHFLHV�GLVDSSHDU��'1$�IRU�JHQHWLF
HQJLQHHULQJ�
(DFK�VSHFLHV�KDV�LWV�UROH�LQ�LWV�HFRV\VWHP��LI�LW�LV�UHPRYHG�
WKHQ�WKH�ZKROH�HFRV\VWHP�FRXOG�FROODSVH

¤
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(QGDQJHUHG�VSHFLHV�

+RZ�WKH\�EHFRPH�HQGDQJHUHG��FOLPDWH�FKDQJH��KDELWDW
GHVWUXFWLRQ��KXQWLQJ��SROOXWLRQ�DQG�LQWURGXFHG�VSHFLHV
,I�WKH�SRSXODWLRQ�VL]H�GURSV��YDULDWLRQ�GHFUHDVHV
(QGDQJHUHG�VSHFLHV�FDQ�EH�FRQVHUYHG�E\��PRQLWRULQJ�DQG
SURWHFWLQJ�VSHFLHV�DQG�KDELWDWV��HGXFDWLRQ��FDSWLYH
EUHHGLQJ�SURJUDPPHV�DQG�VHHG�EDQNV

&RQVHUYDWLRQ�SURJUDPPHV�LQFOXGH�
UHGXFLQJ�H[WLQFWLRQ
SURWHFWLQJ�YXOQHUDEOH�HQYLURQPHQWV
PDLQWDLQLQJ�HFRV\VWHP�IXQFWLRQV��E\�QXWULHQW�F\FOLQJ
DQG�UHVRXUFH�SURYLVLRQ��H�J��IRRG��GUXJV��IXHO�DQG
JHQHV
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