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6FUHHQLQJ�RI�%LR�HWKDQRO�LQ�:DWHU�K\DFLQWK�

5DP�-HHZDQ�<DGDY
'HSDUWPHQW�RI�&KHPLVWU\��3ULWKYL�1DUD\DQ�&DPSXV��3RNKDUD��1HSDO�

(�PDLO��UDPMHHZDQ�\DGDY#JPDLO�FRP�

$EVWUDFW�

$V� WKH� VHDUFK� IRU� DOWHUQDWLYHV� WR� IRVVLO� IXHO� LQWHQVLILHV� LQ� WKLV� DJH� RI� PRGHUQL]DWLRQ� DQG�
LQGXVWULDOL]DWLRQ�� IXHOOHG� E\� LQFUHDVLQJ� HQHUJ\� FRVWV�� ZDWHU� K\DFLQWK�� ZRUOG¶V� PRVW� QRWRULRXV� DTXDWLF�
ZHHGV�� KROGV� D� VWURQJ� SURPLVH� LQ� WKH� ��VW� FHQWXU\� UHQHZDEOH� ELR�IXHO� LQGXVWU\�� %LR�HWKDQRO� FDQ� EH�
SURGXFHG� IURP� LQH[SHQVLYH� DQG� DEXQGDQW� OLJQRFHOOXORVLF� ELRPDVV� E\³�QG� JHQHUDWLRQ� ELR�HWKDQRO�
SURFHVVHV´� 0D[LPXP� HWKDQRO� FRXOG� EH� SURGXFHG� IURP� VDFFKDULILFDWLRQ� RI� ZDWHU� K\DFLQWK� E\� XVLQJ�
SURWHLQ� LVRODWHG� VWUDLQ�� ³(UDGLFDWLRQ� WKURXJK� XWLOL]DWLRQ´� VKRXOG� EH� WKH� VWUDWHJ\� IRU� FRQWUROOLQJ�ZDWHU�
K\DFLQWK�WKURXJK�D�VXVWDLQDEOH�ELRIXHO�WHFKQRORJ\��

.H\�ZRUGV��%LR�IXHO��5HQHZDEOH�HQHUJ\��:DWHU�K\DFLQWK��6DFFKDULILFDWLRQ�

,QWURGXFWLRQ�

�5HQHZDEOH� ELR�IXHOV� JHQHUDOO\� LQYROYH� FRQWHPSRUDU\�FDUERQ� IL[DWLRQ�� VXFK� DV� WKRVH� WKDW� RFFXU�
LQ�SODQWV�RU�PLFURDOJDH�WKURXJK� WKH� SURFHVV� RI� SKRWRV\QWKHVLV�� 2WKHU� UHQHZDEOH� ELR�IXHOV� DUH� PDGH�
WKURXJK� WKH� XVH� RU� FRQYHUVLRQ� RI� ELRPDVV��� 7KH� ELRPDVV� FRQYHUVLRQ� FDQ� UHVXOW� LQ� IXHO� LQ� VROLG�� OLTXLG�
RU�JDV�IRUP��%LR�IXHOV�DUH�VROLG��OLTXLG�RU�JDVHRXV�IXHOV�WKDW�DUH�SURGXFHG�IURP�ELRPDVV��%LR�IXHOV�FDQ�EH�
GHULYHG� GLUHFWO\� IURP� SODQWV�� RU� LQGLUHFWO\� IURP� DJULFXOWXUDO�� FRPPHUFLDO�� GRPHVWLF�� DQG�RU� LQGXVWULDO�
ZDVWHV���7KLV�QHZ�ELRPDVV�FDQ�DOVR�EH�XVHG�GLUHFWO\�IRU�ELR�IXHOV���7KH�ELRPDVV�RU�RUJDQLF�PDWWHU�WKDW�LV�
FRQYHUWHG� WR� ELR�IXHOV� PD\� LQFOXGH� IRRG� FURSV�� GHGLFDWHG� ELRHQHUJ\� FURSV�� DJULFXOWXUDO� UHVLGXHV��
ZRRG�IRUHVWU\�ZDVWH�DQG�E\�SURGXFWV��DQLPDO�PDQXUH�DQG�DOJDH��������

�7KH�SULPDU\�OLTXLG�ELR�IXHOV�XVHG�LQ�WKH�WUDQVSRUW�LQGXVWU\�RQ�D�FRPPHUFLDO�VFDOH�WRGD\�DUH�HWKDQRO��
PDGH� IURP� WKH� IHUPHQWDWLRQ�RI�VXJDU\�VWDUFK\�FURSV� VXFK�DV� VXJDU�FDQH�DQG�FRUQ��DQG�ELRGLHVHO��ZKLFK�
FDQ�EH�REWDLQHG�IURP�RLO�FURSV�VXFK�DV�RLO�SDOP�DQG�VR\EHDQV���%RWK�HWKDQRO�DQG�ELRGLHVHO�FDQ�EH�EOHQGHG�
ZLWK�FRQYHQWLRQDO�JDVROLQH�DQG�GLHVHO�DQG�XVHG�DV�OLTXLG�IXHOV�LQ�FRQYHQWLRQDO�HQJLQHV�IRU�WUDQVSRUWDWLRQ��
%LRJDV� LV�DOVR�D�FRPPRQO\�XVHG�ELR�IXHO� WKDW� LV�PDGH�IURP�WKH�DQDHURELF� IHUPHQWDWLRQ�RI�ELRPDVV�DQG�
XVHG�IRU�FRRNLQJ��KHDWLQJ��DQG�FDQ�EH�XVHG�LQ�QDWXUDO�JDV�YHKLFOHV�����

%LR�IXHOV�DUH�PRVW�LPSRUWDQW�LQ�WKH�SUHVHQW�ZRUOG¶V�VLWXDWLRQ�EHFDXVH�FXUUHQWO\��ZH�UHO\�RQ�LPSRUWHG�
RLO� WR�SURGXFH�JDVROLQH�IRU�YHKLFOHV��,Q�DGGLWLRQ������RI�RXU� WUDQVSRUWDWLRQ�IXHOV�FRPH�IURP�SHWUROHXP��
XQOLNH� RWKHU� HQHUJ\� VHFWRUV� ZKLFK� FDQ� UHO\� RQ� VHYHUDO� VRXUFHV� RI� HQHUJ\���� %LR� IXHOV� DUH� SURPLVLQJ�
DOWHUQDWLYH�IRU� OLTXLG� W\SH� WUDQVSRUWDWLRQ�IXHO� WKDW�KLVWRULFDOO\�FRPHV�IURP�SHWUROHXP��6LQFH�HWKDQRO� LV�D�
FOHDQ�EXUQLQJ�UHQHZDEOH� IXHO� WKDW�ZRUNV� LQ� WRGD\¶V�YHKLFOH� IOHHW�DQG�GHOLYHUV� VLJQLILFDQW�³*UHHQ�+RXVH�
*DV� �*+*�´� UHGXFWLRQV�� DQ� DYHUDJH� RI�PRUH� WKDQ����SHUFHQW�*+*� VDYLQJV� RYHU� IRVVLO� SHWURO� LQ� ������

&RUUHVSRQGLQJ�DXWKRU
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DFFRUGLQJ�WR�QHZ�FHUWLILHG�GDWD�IURP�(XURSHDQ�HWKDQRO�SURGXFHUV��%LR�IXHO�LV�H[SHFWHG�WR�VROYH�WKH�JOREDO�
ZDUPLQJ�SUREOHP E\�GHFUHDVLQJ� WKH�FDUERQ�GLR[LGH� OHYHOV� LQ� WKH�DWPRVSKHUH����%LR�HWKDQRO�� DV�D� FOHDQ��
VDIH�DQG�UHQHZDEOH�UHVRXUFH��LV�FRQVLGHUHG�DV�D�SRWHQWLDO�DOWHUQDWLYH�WR�IRVVLO�IXHOV��+RZHYHU��LW�LV�PDLQO\�
SURGXFHG�IURP�HLWKHU�VWDUFK��RU�VXJDU�ULFK�FURSV�WKDW�PD\�UDLVH�ODQG�FRPSHWLWLRQ�EHWZHHQ�IRRG�SURGXFWLRQ�
DQG�ELRPDVV�HQHUJ\�XWLOL]DWLRQ��DQG�FDQ�OHDG�WR�GHIRUHVWDWLRQ����

7KH�LQFUHDVLQJ�GHPDQG�RI�HWKDQRO�IRU�YDULRXV�LQGXVWULDO�SXUSRVHV�VXFK�DV�DOWHUQDWLYH�VRXUFH�RI�HQHUJ\��
LQGXVWULDO� VROYHQWV�� FOHDQVLQJ� DJHQWV� DQG� SUHVHUYDWLYHV� KDYH� QHFHVVLWDWHG� LQFUHDVHG� SURGXFWLRQ� RI� WKLV�
DOFRKRO����(WKDQRO�SURGXFWLRQ�LV�XVXDOO\�DFFRPSOLVKHG�E\�FKHPLFDO�V\QWKHVLV�RI�SHWURFKHPLFDO�VXEVWUDWHV�
DQG� PLFURELDO� FRQYHUVLRQ� RI� FDUERK\GUDWHV� SUHVHQW� LQ� DJULFXOWXUDO� SURGXFWV���� 3URGXFWLRQ� RI� HWKDQRO�
SURYLGHV� VHYHUDO� DGYDQWDJHV� RYHU� JDVROLQH� OLNH�� XWLOL]DWLRQ� RI� DEXQGDQW� DQG� LQH[SHQVLYH� UHQHZDEOH�
UHVRXUFHV��UHGXFWLRQ�LQ�JUHHQ�KRXVH�JDV�HPLVVLRQV�DQG�WR[LF�VXEVWDQFHV��PDFUR�HFRQRPLF�EHQHILWV�IRU�UXUDO�
FRPPXQLW\�� VRFLDO� DVSHFW� RI� VXVWDLQDELOLW\� DQG� SHUWDLQLQJ� LQ� QDWLRQDO� HQHUJ\� VHFXULW\�� 6RPH� RI� WKH�
LPSRUWDQW�VRXUFHV�IRU�ELR�IXHOV� OLVWHG�KHUH�DOO�KDYH�SRWHQWLDO��DQG�ZKHQ�XVHG�LQ�FRPELQDWLRQ�FRXOG�JR�D�
ORQJ�ZD\�WRZDUG�PHHWLQJ�RXU�HQHUJ\�QHHGV�LQ�WKH�FRPLQJ�GHFDGHV�������

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�:DWHU�K\DFLQWK�

:DWHU�K\DFLQWK�>(��FUDVVLSHV@��DSSUR[LPDWHO\����.J�RI�WKH�IUHVK�SODQW�ZDV�FROOHFWHG�IURP�)HZD�/DNH�
ORFDWHG� LQ� 3RNKDUD�/HNKDQDWK� PHWURSROLWDQ� FLW\� RI� .DVNL�� 1HSDO�� 7KH� FROOHFWHG� :DWHU� K\DFLQWK� ZDV�
ZDVKHG�ZLWK�WDS�ZDWHU�WR�UHPRYH�FOD\�DQG�XQZDQWHG�PDWHULDOV��/HDYHV�DQG�VWDONV�WRJHWKHU�ZLWK�URRWV�RI�
WKH�SODQW�ZHUH�GULHG�XQGHU�VXQOLJKW�IRU����GD\V��7KH�URRWV�RI�WKH�SODQW�ZHUH�UHPRYHG�DQG�WKH�UHPDLQLQJ�
SDUWV�RI�WKH�SODQW�ZHUH�FXW�LQWR�ILQH�SLHFHV��7KH�OHDYHV�DQG�SHWLROHV�ZHUH�ILUVW�FXW�LQWR�SDUWLFOH�VL]H�RI�DERXW�
����FP�DQG�WKHQ�GULHG��7KH�GULHG�SLHFHV�RI�:DWHU�K\DFLQWK�ZHUH�JURXQG�LQ�D�PL[HU�JULQGHU�WKHUHE\�UHGXFLQJ�WKH�
SDUWLFOH�VL]H�WR�IHZ�PP��7KH�JURXQG�VDPSOH�ZDV�WKHQ�VWRUHG�LQ�DLU�WLJKW�FRQWDLQHUV�DW�URRP�WHPSHUDWXUH��7KH�
VDPSOH�WKXV�SUHSDUHG�ZDV�VXEMHFWHG�WR�IXUWKHU�SURFHVVLQJ�LQ�WKH�3�1��&DPSXV�&KHPLVWU\�ODERUDWRU\��

$SSDUDWXV�DQG�&KHPLFDOV�XVHG�

:HLJKLQJ�EDODQFH��6\VWURQLFV���S+�PHWHU��6\VWURQLFV�7KHUPRPHWHU��UDQJH��R&�WR����R&���%XUQHU�DQG�
2YHQ��*ULQGLQJ�PLOO��7HPSHUDWXUH�FRQWUROOHG�ZDWHU�EDWK��5XEEHU�FRUN��&RQQHFWLQJ�WXEHV��

6RGLXP� K\GUR[LGH� �� 1D2+��� 6XOIXULF� DFLG� �+�62���� 8UHD� �1+�&21+���� <HDVW�� &DOFLXP� FKORULGH�
�&D&O����0DJQHVLXP�VXOSKDWH��0J62����)XPHULF�DFLG��&22+�&+ &+&22+���

3UHWUHDWPHQW�

3UHWUHDWPHQW�ZLWK�$FLG��

3UHWUHDWPHQW�ZDV�FDUULHG�RXW�LQ�(UOHQPH\HU�IODVNV������PO��E\�PL[LQJ��J�RI�WKH�GULHG�ZDWHU�K\DFLQWK�
ZLWK�GLIIHUHQW�DFLGV�L�H��+&O�+�62���+&22+����Y�Y��� 7KH�PL[WXUH�ZDV�DXWRFODYHG�DW�����

R&�����OEV�IRU�
���PLQ�DQG�IXUWKHU�FRROHG�GRZQ�WR�URRP�WHPSHUDWXUH��7KH�K\GURO\VDWH�ZDV�ILOWHUHG�XVLQJ�:KDWPDQ�ILOWHU�
SDSHU�1R����WR�UHPRYH�WKH�XQK\GURO\VHG�PDWHULDO��7KH�ILOWUDWH�ZDV�FROOHFWHG�DQG�DQDO\]HG�IRU�WKH�UHGXFLQJ�
VXJDU�FRQWHQW�E\�XVLQJ�'16�WHVW����

3UHWUHDWPHQW�ZLWK�$ONDOL��

3UHWUHDWPHQW�ZDV�FDUULHG�RXW�LQ�(UOHQPH\HU�IODVNV������PO��E\�PL[LQJ���J�RI�WKH�GULHG�ZDWHU�K\DFLQWK�
ZLWK�VRGLXP�K\GUR[LGH�L�H��1D2+����Y�Y�� 7KH�PL[WXUH�ZDV�DXWRFODYHG�DW�����&�����OEV�IRU����PLQ�DQG�
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IXUWKHU�FRROHG�GRZQ�WR�URRP�WHPSHUDWXUH��7KH�K\GURO\VDWH�ZDV�ILOWHUHG�XVLQJ�:KDWPDQ�ILOWHU�SDSHU�1R����
WR� UHPRYH� WKH� XQK\GURO\VHG� PDWHULDO�� 7KH� ILOWUDWH� ZDV� FROOHFWHG� DQG� DQDO\]HG� IRU� WKH� UHGXFLQJ� VXJDU�
FRQWHQW�E\�XVLQJ�'16�WHVW��6XQ��<���HW�DO���������=KDQJ��4���HW�DO��������������

3UHWUHDWPHQW�ZLWK�+�62��DW�GLIIHUHQW�&RQFHQWUDWLRQV��

3UH�WUHDWPHQW� ZDV� FDUULHG� RXW� LQ� (UOHQPH\HU� IODVNV� ����� PO�� E\� PL[LQJ� ��J� RI� WKH� GULHG� ZDWHU�
K\DFLQWK� ZLWK� +�62�� WUHDWPHQW� DW� GLIIHUHQW� FRQFHQWUDWLRQV� LH�� ���� ���� ��� DQG� ��� �Y�Y�� WR� REWDLQ� D�
FRQFHQWUDWLRQ�RI�+�62��WKDW�\LHOGHG�PD[LPXP�VXJDU����7KH�PL[WXUH�ZDV�DXWRFODYHG�DW������&�����OEV�IRU�
���PLQ�DQG�IXUWKHU�FRROHG�GRZQ�WR�URRP�WHPSHUDWXUH��7KH�K\GURO\VDWH�ZDV�ILOWHUHG�XVLQJ�:KDWPDQ�ILOWHU�
SDSHU�1R����WR�UHPRYH�WKH�XQK\GURO\VHG�PDWHULDO��7KH�ILOWUDWH�ZDV�FROOHFWHG�DQG�DQDO\]HG�IRU�WKH�UHGXFLQJ�
VXJDU�FRQWHQW�E\�XVLQJ�'16�WHVW���

(Q]\PDWLF�+\GURO\VLV��

�7KH�VROLG�UHVLGXH�DIWHU�SUHWUHDWPHQW�ZDV�FROOHFWHG�E\�¿OWUDWLRQ�DQG�ZDVKHG�H[WHQVLYHO\�ZLWK�GLVWLOOHG�
ZDWHU� XQWLO� QHXWUDO� S+�� 6XEVHTXHQWO\�� WKLV� SUHWUHDWHG�ZDWHU� K\DFLQWK�ZDV� GULHG� LQ� WKH� RYHQ� DW� ��R&� WR�
PDLQWDLQ� D� FRQVWDQW� ZHLJKW� WR� EH� XVHG� DV� WKH� VXEVWUDWH� IRU� HQ]\PDWLF� K\GURO\VLV�� &HOOXODVH� GRVDJH��
K\GURO\VLV�WHPSHUDWXUH�DQG�WLPH�ZHUH�VHOHFWHG�DV�WKUHH�IDFWRUV�IRU�VLQJOH�IDFWRU�H[SHULPHQW��7KH�UHGXFLQJ�
VXJDUV�LQ�K\GURO\VDWHV�ZHUH�GHWHFWHG�WR�GHWHUPLQH�DQ�RSWLPXP�HQ]\PDWLF�K\GURO\VLV�SURFHVV��$IWHU�WKDW�
WKH�PL[WXUH�ZDV�DXWRFODYHG�DW����R&�IRU����PLQ��DQG�����J�FHOOXODVH�ZLWK�����J�&D&O��ZHUH�DGGHG�WR�WKH�
SUHWUHDWHG�VDPSOH�WR�K\GURO\]H��0HDQZKLOH��\HDVW�LQRFXOXP�ZDV�DGGHG�LQWR�SUHWUHDWHG�VDPSOH�DFFRUGLQJ�
WR�WKH�H[SHULPHQWDO�GHVLJQ�DORQJ�ZLWK�����J�/�\HDVW�H[WUDFW������J�/��1+���+32��DQG������J�/�0J62����

6DFFKDULILFDWLRQ��

)RU�EHWWHU�\LHOG�RI�UHGXFLQJ�VXJDUV��WKH�K\GURO\VDWH�ZDV�H[SRVHG�WR�HQ]\PDWLF�VDFFKDULILFDWLRQ��,W�ZDV�
FDUULHG�RXW�LQ�UHDFWLRQ�PL[WXUH�FRQWDLQLQJ�WUHDWHG�ELRPDVV��0DQGHO�PHGLD�DQG�HQ]\PHV�FHOOXODVH���������
8�J��DQG�[\ODQDVH���������8�J��GLVVROYHG�LQ�FLWUDWH�EXIIHU��7KH�0DQGHO
V�PHGLXP�ZDV�SUHSDUHG�XVLQJ�WKH�
IROORZLQJ� FRPSRVLWLRQ� �J�/�� ����� J�� XUHD�� ����� SHSWRQH�� ������ \HDVW� H[WUDFW�� ������ �1+���62��� �����
.+�32��������&D&O��������0J62���+�2������DQG� WUDFH�HOHPHQWV� �PJ�O���)H62���+�2�����0Q62����+�2��
�����=Q62���+�2������DQG�&R&O���+�2��������0DQGHOV�HW�DO����������7KH�UHDFWLRQ�PL[WXUH�ZDV�LQFXEDWHG�
RQ�D�URWDWRU\�VKDNHU�DGMXVWHG�WR���R&�DQG����USP��7KH�VDPSOHV�ZHUH�ZLWKGUDZQ�DW�LQWHUYDOV�RI����K�XS�WR�
���K�IRU� UHGXFLQJ�VXJDU�DQG�[\ORVH�FRQWHQW�GHWHUPLQDWLRQ��$IWHU�FRPSOHWH�VDFFKDULILFDWLRQ�� WKH� UHDFWLRQ�
PL[WXUH�ZDV�KHDWHG�VOLJKWO\�IRU�GHDFWLYDWLRQ�RI�WKH�HQ]\PHV��)LQDOO\��WKH�VDFFKDULILHG�ELRPDVV�ZDV�ILOWHUHG�
XVLQJ�ILOWHU�SDSHU�DQG�WKH�K\GURO\VDWH�ZDV�VXEMHFWHG�WR�IHUPHQWDWLRQ��

)HUPHQWDWLRQ��

�)RU� IHUPHQWDWLRQ�� WKH� \HDVW� 3LFKLD� VWLSLWLV�� &DQGLGD� VKHKDWDH� DQG� 6DFFKDURP\FHV� FHUHYLVLDH� ZHUH�
XVHG��7KH�IXOO\�FXOWXUHG�\HDVW�ZDV�WUDQVIHUUHG�LQWR�DXWRFODYHG�EURWK�PHGLXP�%URWK�PHGLXP�ZDV�SUHSDUHG�
ZLWK�WKH�IROORZLQJ�FRPSRVLWLRQ��J�/�����P/��'�[\ORVH������*OXFRVH�����<HDVW�H[WUDFW�����0DOW�H[WUDFW�����
3HSWRQH�� ��� S+�� ����� 7KH\� ZHUH� FXOWXUHG� IRU� DERXW� ��� K� LQ� VKDNHU� LQFXEDWRU�� 7KH� EURWKV� ZHUH� WKHQ�
FHQWULIXJHG� DW� KLJK� VSHHG� IRU� ������ PLQ�� 7KH� DXWRFODYHG� \HDVW� ZDV� DGGHG� WR� VWHULOL]HG� K\GURO\VDWH�
REWDLQHG�DIWHU�VDFFKDULILFDWLRQ��6DPSOHV�IURP�HDFK�IODVN�ZHUH�FROOHFWHG�DQG�HVWLPDWHG�IRU�\LHOG�RI�HWKDQRO�
DW�D� WLPH� LQWHUYDO�RI���K����K�DQG� WKHUHDIWHU�DW�D� UHJXODU� LQWHUYDO�RI���K�XS� WR�ZKHQ� WKH�\LHOG�RI�HWKDQRO�
EHFDPH� DOPRVW� VWDJQDQW��'HWHUPLQDWLRQ� RI� GLIIHUHQW� VXJDU� FRQWHQWV�ZDV� GRQH�E\�'16� WHVW� �1LJDP� -1��
�������
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5HVXOWV�DQG�GLVFXVVLRQ�

,Q�WKH�SUHVHQW�VWXG\��ELR�IXHO�HWKDQRO�ZDV�REWDLQHG�E\�WKH�VDFFKDULILFDWLRQ�DQG�IHUPHQWDWLRQ�RI�:DWHU�
K\DFLQWK� ZKLFK� LV� DEXQGDQWO\� DQG� FKHDSO\� DYDLODEOH� UHQHZDEOH� FHOOXORVLF� VXEVWUDWH�� %DVHG� RQ� RXU�
H[SHULPHQWDO�ILQGLQJV��WKH�ZKROH�SODQW�RI�:DWHU�K\DFLQWK�SRVVHVVHV�KLJK�FHOOXORVH�FRQWHQW��7KHUHIRUH��IXOO�
XVH�RI�WKH�ZKROH�SODQW�ZDV�GRQH�WR�H[WUDFW�ELR�IXHO� %LR�IXHO�SURGXFWLRQ�IURP�FHOOXORVLF�PDWHULDOV�JUHDWO\�

GHSHQGV� RQ� WKH� GLVUXSWLRQ� RI� LWV� FRPSOH[� OLJQRFHOOXORVLF� VWUXFWXUH�� +HQFH� D� VXLWDEOH� DQG� H HFWLYH�

SUHWUHDWPHQW�PHWKRG�VKRXOG�EH�VHOHFWHG�IRU�GL HUHQW�FHOOXORVLF�VXEVWUDWHV��9DULRXV�NLQGV�RI�SUHWUHDWPHQW�

PHWKRGV�� LQFOXGLQJ� DFLG�� DONDOL�� ZLWK� GLIIHUHQW� FRQFHQWUDWLRQ� ZHUH� SHUIRUPHG� LQ� RXU� H[SHULPHQWV��

+RZHYHU�� DFLG� SUHWUHDWPHQW� ZDV� WKH� PRVW� H HFWLYH� PHWKRG� IRU� ELR�HWKDQRO� SURGXFWLRQ� IURP� ZDWHU�

K\DFLQWK� FRPSDUHG� WR� WKH� RWKHU� SUHWUHDWPHQW�PHWKRGV� LQ� WKLV� VWXG\�� 7KH� SRVVLEOH�PHFKDQLVP� LQYROYHV�
GLVVROXWLRQ�RI�KHPLFHOOXORVH�E\�ORRVHQLQJ�RI�WKH�VWUXFWXUH�RI�UDZ�PDWHULDO��ZKLFK�PDNHV�DFLG�SUHWUHDWPHQW�
DQ�LPSRUWDQW�PHWKRG�IRU�WKH�SURGXFWLRQ�RI�UHGXFLQJ�VXJDUV���

)7,5�$QDO\VLV�

7KH� FRPPRQ� XVHG� UHJLRQ� IRU� LQIUDUHG� DEVRUSWLRQ� VSHFWURVFRS\� LV� ����� a� ���� FP���EHFDXVH� WKH�
DEVRUSWLRQ�UDGLDWLRQ�RI�PRVW�RUJDQLF�FRPSRXQGV�DQG�LQRUJDQLF�LRQV�LV�ZLWKLQ�WKLV�UHJLRQ���

����������������������������������������������������������
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)XPHULF�DFLG�����

SRZGHU
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)LJXUH� ��� )7,5� RI� WKH� VDPSOH� HWKDQRO� SUHWUHDWHG� ZLWK� �D�� ��� +�62�� �E�� ��� )XPHULF� DFLG� �1$67��
.DWKPDQGX��

)URP� WKH� DEEUHYLDWHG� WDEOH� RI� JURXS� IUHTXHQFLHV� IRU� RUJDQLF� FRPSRXQG� �ZDGH�� -U��� /�*�� 2UJDQLF�
FKHPLVWU\��WK�HG��SHDUVRQ�HGXFDWLRQ�OQF�������WKH�IUHTXHQF\�UDQJH�EHWZHHQ�����������FP���LV�IRXQG�WR�EH�
WKH�K\GURJHQ ERQGHG�DOFRKROV��SKHQROV�ZKRVH�LQWHQVLW\�OLHV�WR�EH�YDULDEOH��)URP�WKH�JUDSK��WKH�IUHTXHQF\�
�������� FP��� OLHV� LQ� EHWZHHQ� WKH� UDQJH� ����������� ZKLFK� FRQILUPV� WKH� SUHVHQFH� RI� K\GURJHQ� ERQGHG�
DOFRKROV��SKHQROV��$OVR�WKH�IUHTXHQF\���������FP���VKRZV�WKDW�WKH�SUHVHQFH�RI�DONHQHV�ZKRVH�LQWHQVLW\�LV�
YDULDEOH�DQG�OLHV�ZLWKLQ�WKH�UDQJH�������������FP���

&RQFOXVLRQV�

$V� D� FRQYHQWLRQDO� LQYDVLYH� ZHHG�� ZDWHU� K\DFLQWK� SURYHG� LWV� IHDVLELOLW\� IRU� ELR�HWKDQRO� HQHUJ\�
SURGXFWLRQ��/LJQRFHOOXORVH�WR�HWKDQRO�ELRFRQYHUVLRQ�KROGV�JUHDW�SRWHQWLDO�DV�WKH�VXEVWUDWH�LV�DEXQGDQW�DQG�
UHODWLYHO\� RI� ORZ� FRVW�� +RZHYHU�� WKH� LQWHJUDWLRQ� RI� ORZ� FRVW� SUHWUHDWPHQWV� ZLWK� DGYDQFHG� HWKDQRO�
SURGXFLQJ� PLFURRUJDQLVPV� PD\� SOD\� D� FUXFLDO� UROH� LQ� ORZHULQJ� WKH� FRVW� RI� ELRPDVV� ELRFRQYHUVLRQ�
SURFHVVHV��6XOSKXULF�DFLG�JDYH�EHVW�UHVXOWV�IRU�WKH�\LHOG�RI�VXJDUV�DV�FRPSDUHG�WR�RWKHU�



-��1HSDO�&KHP��6RF���9RO����������

�����

5HIHUHQFHV�

�� '�� 0LVKLPD�� 0�� .XQLNL�� .�� 6HL�� 6�� 6RGD�� 0�� ,NH�� 	� 0�� )XMLWKD�� � (WKDQRO� SURGXFWLRQ� IURP�
FDQGLGDWH� HQHUJ\� FURSV��:DWHU� K\DFLQWK� �(LFKKRUQLDFUDVVLSHV�� DQG� ZDWHU� OHWWXFH��%LRUHVRXUFH�
7HFKQRO�����������������������

�� &&� *XQQDUVVRQ�� &0� 3HWHUVHQ�� :DWHU� K\DFLQWKV� DV� D� UHVRXUFH� LQ� DJULFXOWXUH� DQG� HQHUJ\�
SURGXFWLRQ��$�OLWHUDWXUH�UHYLHZ��:DVWH�0DQ���������������������

�� �-��*UHVVHO��7UDQVJHQLFV�DUH�LPSHUDWLYH�IRU�ELRIXHO�FURSV��3ODQW�6FL���������������������
�� .�3RGGDU��/�0DQGDO��*&�%DQHUMHH��6WXGLHV�RQ�ZDWHU�K\DFLQWK��(LFKKRUQLDFUDVVLSHV��±�&KHPLFDO�

FRPSRVLWLRQ�RI�WKH�SODQW�DQG�ZDWHU�IURP�GLIIHUHQW�KDELWDWV��,QG�9HW�-����������������������
�� 0�� *LDPSLHWUR�� 6�� 8OJLDWL�� DQG� '�� 3LPHQWHO�� )HDVLELOLW\� RI� /DUJH�6FDOH� %LRIXHO� 3URGXFWLRQ��

%LRVFLHQFH�����������������������
�� 0��$FNHUVRQ��=LREUR�0��*DGG\�-/� �7ZR�VWDJH�DFLG�K\GURO\VLV�RI�ELRPDVV��%LRWHFKQRO�%LRHQJ�

6\PS����������� ��������
�� 0�� &DUULTXLU\�� 8�6�� %LRGLHVHO� 3URGXFWLRQ�� 5HFHQW� 'HYHORSPHQWV� DQG� 3URVSHFWV�� ,RZD� $J�

5HYLHZ��������������������
�� 0�� &DUULTXLU\�� 8�6�� %LRGLHVHO� 3URGXFWLRQ�� 5HFHQW� 'HYHORSPHQWV� DQG� 3URVSHFWV�� ,RZD� $J�

5HYLHZ��������������������
�� 3�� -�� &UXW]HQ��� 0RVLHU�� $�� 5��� 6PLWK�� .�� $��� :LQLZDUWHU�� :� 1�2� UHOHDVH� IURP� DJUR�ELRIXHO�

SURGXFWLRQ� QHJDWHV� JOREDO� ZDUPLQJ� UHGXFWLRQ� E\� UHSODFLQJ� IRVVLO� IXHOV�� �$WPRV�� &KHP��
3K\V��������������±�����GRL���������DFS������������

��� +��'H�*RUWHU��� DQG�'��5�� -XVW��7KH�6RFLDO�&RVWV� DQG�%HQHILWV� RI�%LRIXHOV��7KH� ,QWHUVHFWLRQ�RI�
(QYLURQPHQWDO�� (QHUJ\� DQG� $JULFXOWXUDO� 3ROLF\�� $SSOLHG� (FRQRPLF� 3HUVSHFWLYHV� DQG� 3ROLF\��
�������������������

��� $��*DQJXO\��&KDWWHUMHH�3��.���DQG�'H\�$���6WXGLHV�RQ�HWKDQRO�SURGXFWLRQ�IURP�ZDWHU�K\DFLQWK²
$�UHYLHZ��5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV��������������������

��� 2��0DVDPL��8VXL�,��8UDQR�1��(WKDQRO�SURGXFWLRQ�IURP�WKH�ZDWHU�K\DFLQWK�(LFKKRUQLDFUDVVLSHV�E\�
\HDVW�LVRODWHG�IURP�YDULRXV�K\GURVSKHUHV��$IULFDQ��-RXUQDO�RI�0LFURELRORJ\�5HVHDUFK����������
��������

��� */�0LOOHU��8VH�RI�GLQLWURVDOLF\OLF�DFLG�UHDJHQW�IRU�WKH�GHWHUPLQDWLRQ�RI�UHGXFLQJ�VXJDUV�$QDO�
&KHP����������������

��� -1�1LJDP��%LRFRQYHUVLRQ�RI�ZDWHU�K\DFLQWK��(LFKKRUQLDFUDVVLSHV��KHPLFHOOXORVH�DFLG�
K\GURO\VDWH�WR�PRWRU�IXHO�HWKDQRO�E\�[\ORVH�IHUPHQWLQJ�\HDVW��-�%LRWHFKQRO�������������������

��� =-��3UHGRMHYLF��7KH�SURGXFWLRQ�RI�ELRGIXHO�IURP�ZDWHU�K\DFLQWK��)XHO���������������±�����
��� 5)�6HUYLFH��&HOOXORVLF�HWKDQRO���%LR�IXHO�UHVHDUFKHUV�SUHSDUH�WR�UHDS�D�QHZ�KDUYHVW��6FLHQFH�

����������������
��� 0%�6WLFNOHQ���3ODQW�JHQHWLF�HQJLQHHULQJ�IRU�%LR�IXHO�SURGXFWLRQ��WRZDUGV�DIIRUGDEOH�FHOOXORVLF�

HWKDQRO��1DW�5HY�*HQHW���������������������
��� <��6XQ��DQG�-��&KHQJ��+\GURO\VLV�RI�OLJQRFHOOXORVLF�PDWHULDOV�IRU�HWKDQRO�SURGXFWLRQ��D�UHYLHZ��

%LRUHVRXUFH�7HFKQRORJ\������������������
��� 4��=KDQJ���DQG�&DL��:��(Q]\PDWLF�K\GURO\VLV�RI�DONDOL�SUHWUHDWHG�ULFH�VWUDZ�E\�

7ULFKRGHUPDUHHVHL�=0��)���%LRPDVV�%LRHQHUJ\����������������±�����


