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6WXG\�RI�2LO�&RQWHQW�LQ�)UXLWV�RI�:LOG�2OLYH��2OHD�FDVSLGDWD�
:DOO�([�*�'RQ��DQG�,WV�3RWHQWLDO�&RPPHUFLDOL]DWLRQ�LQ�1HSDO�

1HWUD�/DO�%KDQGDUL� ���.ULVKQD�%DKDGXU�.XQZDU�&KKHWUL����'XUJD�3UDVDG�3DQGH\����.DQFKDQ�.XPDU�
1D\DN��

�'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�
�.DWKPDQGX�)RUHVWU\�&ROOHJH��,QVWLWXWH�RI�)RUHVWU\��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�

�5HVHDUFK�&HQWHU�IRU�$SSOLHG�6FLHQFH�DQG�7HFKQRORJ\��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�
�'HSDUWPHQW�RI�)RRG�7HFKQRORJ\�DQG�4XDOLW\�&RQWURO��.DWKPDQGX��1HSDO�

(PDLO��QOEKDQGDUL#\DKRR�FRP�

$EVWUDFW�

7KLV�VWXG\�ZDV�DLPHG�WR�PHDVXUH�VRPH�RI�WKH�EDVLF�FKHPLFDO�SDUDPHWHUV�WR�DQDO\]H�WKH�RLO�FRQWHQW�LQ�
WKH�VHHGV�RI�ZLOG�ROLYH��2OHD�FXVSLGDWD��IUXLWV�FROOHFWHG�IURP�WKH�-DJDQQQDWK�.RWLOD�DQG�:DL�IRUHVWV�RI�WKH�
%DMXUD�GLVWULFW�RI�1HSDO��7KH�RLO�ZDV�REWDLQHG�E\�VROYHQW�H[WUDFWLRQ�SURFHVV�XVLQJ�VR[KOHW�DQG�DQDO\]HG�E\�
YDULRXV�WHFKQLTXHV��7KH�RLO�FRQWHQW�LQ�IUXLWV�ZDV�IRXQG�WR�EH������ZW�����RI�WKH�WRWDO�GU\�IUXLW�PDVV��7KH�
UHIUDFWLYH� LQGH[�� VDSRQLILFDWLRQ�� LRGLQH��DFLG�DQG�SHUR[LGH�YDOXHV� LQ� WKH�H[WUDFWHG�RLO�ZHUH� IRXQG� WR�EH�
FRPSDUDEOH�ZLWK� WKH� VWDQGDUG� UHSRUWHG�YDOXHV��7KH� UHVXOWV� VR� IDU�REWDLQHG�KLQWV�RQ�KLJK� IHDVLELOLW\� IRU�
FRPPHUFLDO�FXOWLYDWLRQ�RI�ROLYHV�LQ�WKH�%DMXUD�GLVWULFW�SURYLGHG�WKDW�WKH�SURSHU�PDQDJHPHQW�PHDVXUHV�DUH�
XQGHUWDNHQ���

.H\ZRUGV��2OLYH�RLO��UHIUDFWLYH�LQGH[��VDSRQLILFDWLRQ�YDOXH��

,QWURGXFWLRQ�

2OLYHV�QDPHG�DV�-DLWRRQ� LQ�6DQVNULW��$UDELF��+LQGL�� DQG�1HSDOL� LV� WKH� HYHUJUHHQ� WUHHV�QDWLYH� WR� WKH�
PHGLWHUUDQHDQ�UHJLRQ��,W�LV�IRXQG�QDWXUDOO\�LQ�%DMXUD��'ROSD��5XNXP��+XPOD�%DMKDQJ�DQG�0XJX�GLVWULFWV�
RI�1HSDO������'LIIHUHQW�VSHFLHV�RI�ROLYHV�DUH�IRXQG�LQ�1HSDO��7KH�2OHD�FXVSLGDWD�LV�D�VSHFLHV�ORFDOO\�NQRZQ�
DV�/RWWR� LQ�'ROSD�DQG�/DXQWKR� LQ�%DMXUD�GLVWULFWV�RI�1HSDO�DQG�.DKX� LQ�+LPDFKDO��-DPPX�	�.DVKPLU��
DQG�8WWDU�3UDGHVK�RI�,QGLD������2OLYH�EHORQJV�WR�WKH�WD[RQRPLFDO�RUGHU��/LJXXVWUDOHV�DQG�IDPLO\�2OHDFHDH��
7KH�FRPPRQ�ROLYH�LV�ERWDQLFDOO\�FDOOHG�2OHD�HXURSDHD�YDU��VDWLYD�ZKLFK�LV�WKH�PRVW�FXOWLYDWHG�ROLYH�WUHH�
LQ�WKH�ZRUOG�ZKHUHDV�2OHD�FXVSLGDWD��VXE�VSHFLHV�RI�HXURSDHD���LV�D�ZLOG�VSHFLHV�IRXQG�LQ�IRUHVW�RI�RXU�
VXEFRQWLQHQW�DQG�DOVR�LQ�1HSDO����� 2OHD�ZKLFK�KDV�DQ�DXWR�UHJHQHUDWLRQ�FDSDFLW\�IDOOV�XQGHU�WKH�UHJLPH�RI�
WKUHDWHQHG�SODQWV�LQ�1HSDO�DQG�NHSW�XQGHU�WKH�UDUH�FDWHJRU\�LQ�WKH�5HG�'DWD�%RRN�RI�,QWHUQDWLRQDO�8QLRQ�
IRU� 1DWXUH� &RQVHUYDWLRQ� �,8&1�� ����� 7KLV� VSHFLHV� KDV� QRW� EHHQ� FRPSUHKHQVLYHO\� VWXGLHG� LQ� WHUPV� RI�
JHRJUDSKLFDO�GLVWULEXWLRQ�LQ�1HSDO�������

,Q�1HSDO��ZLOG� ROLYHV�ZHUH� ILUVW� UHFRUGHG� DV�0DW\DOR� RI�%DMXUD� GLVWULFW� RQ� ERWK� WKH� GHIRUHVWHG� DQG�
FXOWLYDWHG�DUHDV�DORQJ�WKH�.DUQDOL�5LYHU�VLQFH�������$FFRUGLQJ�WR�WKH�OLWHUDWXUH�LW�KDV�EHHQ�VXSSRVHG�WR�EH�
LQWURGXFHG�VHYHUDO� WLPHV� LQ�1HSDO� IURP�,QGLD�� ,VUDHO�� ,WDO\��)UDQFH��6SDLQ��6\ULD�	�(J\SW� ������7KH�ROLYH�

&RUUHVSRQGLQJ�DXWKRU
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VHHGOLQJV�ZHUH�SODQWHG�LQ�*RGDYDUL�DUHD�RI�/DOLWSXU��&KLWODQJ�DUHD�RI�0DNDZDQSXU��.ULWLSXU�+RUWLFXOWXUH�
&HQWHU��-XSKDO�RI�'ROSD��*KDVD�RI�0XVWDQJ�DQG�'LVWULFW�$JULFXOWXUDO�'HYHORSPHQW�2IILFH�RI�'DGHOGKXUD
���������)RU�SODQW�PXOWLSOLFDWLRQ��D�VPDOO�EUHHGLQJ�XQLW�KDV�EHHQ�EXLOW�DW�*RGDYDUL�WR�VXSSO\�ROLYH�VDSOLQJV�WR�
PLG�KLOO�GLVWULFWV�RI�:HVWHUQ�'HYHORSPHQW�5HJLRQV��$�VWXG\�FRQGXFWHG�RQ�WKH�GLVWULEXWLRQ�SDWWHUQ�RI�ROLYH�
LQ� %DMXUD� GLVWULFW� RI� 1HSDO� UHYHDOHG� WKDW� WKH� VWDWXV� RI� ZLOG� ROLYH� KDV� FRQVSLFXRXV� SRWHQWLDOLW\� IRU� WKH�
IXUWKHU�SURPRWLRQ�������

5HFHQWO\��VHYHUDO�FRPPHUFLDO�SULYDWH�ROLYH�RUFKDUGV�KDYH�EHHQ�SUDFWLFHG�LQ�&KLWODQJ��0DNDZDQSXU���
.ROWL�DQG�:DL��%DMXUD���-KXSKDO��'ROSD��DQG�.LUWLSXU��.DWKPDQGX���ZKLFK�DUH�VXSSRUWHG�E\�WKH�)RRG�DQG�
$JULFXOWXUH�2UJDQL]DWLRQ��)$2��SURMHFW�XQGHU�
3URPRWLRQ�RI�ROLYH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�LQ�1HSDO
�
DQG�ILQDQFHG�E\�,WDOLDQ�0LQLVWU\�RI�)RUHLJQ�$IIDLUV�������,Q�1HSDO����IRUHVW��W\SHV�KDYH�EHHQ�LGHQWLILHG�DQG�
2OHD� UHFRUGHG� XQGHU� 7UDQV�+LPDOD\D� +LJK� $OSLQH� 9HJHWDWLRQ� EXW� QRW� LQFOXGHG� XQGHU� DQ\� IRUHVW�
FODVVLILFDWLRQ� ��� +RZHYHU�� LQ�0HGLFLQDO� 3ODQWV� RI� 1HSDO� SXEOLVKHG� E\�'HSDUWPHQW� RI� 3ODQW� 5HVRXUFHV�
�'35��LQ�������WKH�ROLYH�GLVWULEXWLRQ�UDQJH�KDV�EHHQ�OLVWHG�IURP����������PDVO�LQ�WKH�7UDQV�+LPDOD\DQ�
UHJLRQ�EXW�HVSHFLDOO\�GRFXPHQW�OLVWHG�.DOLJRG��.ROWL�DQG�%ROGKLN�ORFDOLW\�RI�%DMXUD�GLVWULFW�DW������PDVO�
DV�WKH�EHVW�VLWH�RI�ROLYH�GLVWULEXWLRQ�LQ�1HSDO���������1HSDO�KDV�MXVW�EHHQ�LQ�LQLWLDO�VWDJH�IRU�FXOWLYDWLRQ�DQG�
GRPHVWLFDWLRQ� RI� VRPH� SURJUDPV� LQYROYHG� LQ� 2OLYH� 3URJUDP� LQ� 1HSDO�� 7KH\� KDYH� LQWURGXFHG� ROLYH�
SODQWDWLRQ�LQ�VRPH�SDUWV�RI�WKH�FRXQWU\��1HSDO��WR�JLYH�VRPH�DVSLUDWLRQ�IRU�WKH�IXWXUH����

7KH�SHUFHQWDJH�RLO�DQG�FKHPLFDO�FRQVWLWXHQW�SOD\�NH\�UROH�LQ�VWDQGDUG�TXDOLW\�GHWHUPLQDWLRQ�RI�ROLYH�
SURGXFWV��ROLYH�RLO���7KLV�VWXG\�H[SORUHG�VRPH�LGHDV�WR�WDNH�GHFLVLRQ�RQ�ROLYH�SURPRWLRQ�LQ�1HSDO�LQ�WKH�
FRPPHUFLDO�VFDOH��7KH�LPSRUWDQFH�RI�ROLYH�SODQWV�LV�WR�SURGXFH�KLJK�TXDOLW\�RLO��ZKLFK�LV�XVHG�IRU�FRRNLQJ�
RLO��FRVPHWLFV��SKDUPDFHXWLFDOV��VRDS��ERG\�PDVVDJH�	�EHWWHU�UHVXOW�LQ�GLIIHUHQW�KXPDQ�GLVHDVH�WKURXJKRXW�
WKH� ZRUOG� ������ +RZHYHU�� WKH� YHU\� EDVLF� V\VWHPDWLF� GRFXPHQWDWLRQ� RI� SODQW� VSHFLHV� 	� WKHLU� FKHPLFDO�
FRQVWLWXHQWV�KDV�QRW�EHHQ�GRQH�\HW� LQ�1HSDO� ���� ,Q� WKLV�ZRUN��.DUQDOL�DQG� WKHLU�ZDWHUVKHG�PLFUR�FOLPDWH�
DUHDV�RI� WKH�%DMXUD�GLVWULFW�HOHYDWLQJ�IURP����������PDVO�ZDV�FRQVLGHUHG�DV�VWXG\�VLWHV�DQG�IUXLWV�ZHUH�
FROOHFWHG� IURP�ERDUGHU� VLGHV�RI� -DJDQDWK�.RWLOD� DQG�:DL� IRUHVWV� RI� WKH�GLVWULFW��7KH�ZHOO� ULSHQHG� IUXLWV�
ZHUH�REWDLQHG�LQ�2FWREHU�1RYHPEHU��,Q�-DQXDU\�)HEUXDU\�WKH�SODQW�EHFRPHV�SK\VLRORJLFDOO\�PDWXUHG�IRU�
WKH�QH[W�F\FOH������$Q�ROLYH�IUXLW�FRQVLVWV�RI�WKUHH�EDVLF�SDUWV��WKH�VNLQ��HSLFDUS���WKH�SXOS��PHVRFDUS���DQG�
WKH�VWRQH�RU�SLW��HQGRFDUS��ZKHUH�RLO�LV�SUHVHQW�LQ�DOO�SDUWV�EXW�KLJKHVW�FRQWHQW�RI�RLO�DERXW�����LV�LQ�WKH�
SXOS��ZKLFK�UHSUHVHQWV�DERXW����ZW�����RI�WKH�WRWDO�IUXLW�PDVV��2LO�FRQWHQW�LQ�ROLYH�IUXLW�DOVR�GHSHQGV�RQ�
WKH�VSHFLHV�YDULHW\�RI�SODQW��LWV�PDWXULW\�DQG�HIILFLHQF\�RI�H[WUDFWLRQ��'LIIHUHQW�JUDGHV�RI�RLO�DUH�H[WUDFWHG�
E\�YDULRXV�WHFKQLTXHV��7KH�SXUHVW�IRUP�RI�RLO�WKH�H[WUD�YLUJLQ�DQG�UHILQHG�JUDGH�RLOV�DUH�REWDLQHG�E\�FROG�
SUHVVLQJ�ZKHUHDV�WKH�ORZHU�JUDGHV�DQG�SRPDFH�RLO�DUH�H[WUDFWHG�E\�VROYHQW�H[WUDFWLRQ�IURP�WKH�UHVLGXH�OHIW�
DIWHU�WKH�FROG�SUHVVLQJ���������

:LWK�WKH�LQFUHDVH�LQ�:RUOG�SRSXODWLRQ�IRU�WKH�FRQVXPSWLRQ�RI�RLO�LWV�SURGXFWLRQ�LV�DOVR�LQFUHDVLQJ�GD\�
E\�GD\��3URGXFWLRQ�	� WUDQVDFWLRQ�RI�ROLYH�RLO�ZDV�����PLOOLRQ� WRQV� LQ������RYHU� WKH�ZRUOG��3URGXFWLRQ�
V\VWHP�DGDSWHG�UDQJH�IURP�ELJ�FRPPHUFLDO�SODQWDWLRQ�WR�LQGLYLGXDO�IDUPHUV��,WDO\��6SDLQ�DQG�*UHHFH�DUH�
WKH�FRXQWULHV�ZLWK�WKH�PDMRU�RLO�H[SRUWHU�DV�ZHOO�DV�FRQVXPHU�FRXQWULHV��,Q�$VLD��ROLYH�RLO�FRQVXPSWLRQ�	�
SURGXFWLRQ�LV�QRW�\HW�DV�QRWLFHDEOH�EXW�LQ�,QGLD��&KLQD�DQG�3DNLVWDQ�LW�KDV�DOUHDG\�EHHQ�LQ�SUDFWLFH��,QGLD�
LPSRUWHG������� WRQV�RI�ROLYH�RLO� LQ������������� WRQV� LQ�������DQG������� WRQV� LQ�������DQG� LQ������� WKH�
GHPDQG�ZLOO�EH�FORVH�WR��������WRQHV��1HSDO�KDV�DOVR�LPSRUWHG������OLWHUV�RI�ROLYH�RLO�DQQXDOO\�RI�ROLYH�RLO�
IURP�(XURSH��������$OUHDG\�IURP�������WKH�ZRUOGZLGH�FRQVXPSWLRQ�RI�ROLYH�RLO�GRXEOHG�DQG�H[SHFWHG�DV�
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WULSOH�EHWZHHQ������DQG�������+RZHYHU��WKH�YHU\�EDVLF�V\VWHPDWLF�GRFXPHQWDWLRQ�RI�SODQW�VSHFLHV�	�WKHLU�
FKHPLFDO�FRQVWLWXHQWV�KDV�QRW�EHHQ�GRQH�WLOO�\HW�LQ�1HSDO���

7KH�PDLQ�REMHFWLYH�RI� WKLV�VWXG\�LV� WR�UHYLHZ�DQG�DQDO\]H�WKH�RLO�REWDLQHG�IURP�WKH�ZLOG�ROLYH�2OHD�
FDVSLGDWD�IUXLWV�FROOHFWHG�IURP�-DJDQDWK�.RWLOD�DQG�:DL�IRUHVW�RI�%DMXUD�GLVWULFW�LQ�2FWREHU������DQG�DOVR�
H[SORUH�WKH�NQRZKRZ�IRU�WKH�SRWHQWLDO�IHDVLELOLW\�RI�LWV�FRPPHUFLDOL]DWLRQ�

([SHULPHQWDO�0HWKRGV�

6DPSOH�&ROOHFWLRQ�
'U\� DQG� PDWXUH� IUXLWV� RI� ZLOG� ROLYH� 2OHD� FDVSLGDWD� ZHUH� FROOHFWHG� E\� KDQGSLFNLQJ� IURP�

-DJDQDWK�.RWLOD�DQG�:DL�IRUHVW�RI�%DMXUD�GLVWULFW�RI�1HSDO�LQ�2FWREHU���������

2LO�H[WUDFWLRQ��
7KH�IUXLWV�ZHUH�GULHG�LQ�VKDGH�IRU����GD\V�DW���������&�IROORZHG�E\�JULQGLQJ�WR�SRZGHU�E\�LURQ�SHVWOH�

LQ� WKH� ODERUDWRU\�� ���� JUDP� SRZGHU�ZDV�ZUDSSHG� LQ� D� FHOOXORVH� SDSHU� DQG� SDFNHG� LQVLGH� D� WKUHH� OLWHU�
VR[KOHW�ILWWHG�ZLWK�FRQGHQVHU��7KH�H[WUDFWLRQ�ZDV�FDUULHG�RXW�DW�����&�IRU���KRXUV�IROORZLQJ�WKH�VWDQGDUG�
SURFHGXUH� RI� $2$&�� ������ IRU� WKUHH� GD\V� XVLQJ� SHWUROHXP� HWKHU� DV� VROYHQW�� )LQDOO\�� WKH� VROYHQW� ZDV�
HYDSRUDWHG� E\� XVLQJ� URWDU\� HYDSRUDWRU� DQG� WKH� RLO�ZDV� VHSDUDWHG� DQG� FROOHFWHG� LQ� D� FRQLFDO� IODVN�� 7KH�
ZHLJKW�RI�IUHVK�IUXLWV��GULHG�IUXLWV�DQG�WKH�H[WUDFWHG�RLO�IURP�ROLYH�ZDV�PHDVXUHG���

�$QDO\VLV�RI�EDVLF�FKHPLFDO�SDUDPHWHUV�RI�H[WUDFWHG�RLO�
7KH� H[WUDFWHG�RLO�ZDV� DQDO\]HG� DW�'HSDUWPHQW� RI�)RRG�7HFKQRORJ\� DQG�4XDOLW\�&RQWURO� �')74&���

.DWKPDQGX� DFFRUGLQJ� WR� WKH� VWDQGDUG� SURWRFRO� GHVFULEHG� LQ� WKH� PDQXDO�� 5HIUDFWLYH� LQGH[� �5,���
VDSRQLILFDWLRQ�YDOXH��69���LRGLQH�YDOXH��,9���DFLG�YDOXH��$9��DQG�SHUR[LGH�YDOXH��39��ZHUH�PHDVXUHG���

5HVXOWV�DQG�'LVFXVVLRQ�

7KH�DYHUDJH�RLO�FRQWHQW�LQ�WKH�IUXLWV�RI�WKH�ZLOG�ROLYH��2OHD�FXVSLGDWD��FROOHFWHG�IURP�%DMXUD�GLVWULFW�
RI�1HSDO� KDV� EHHQ� IRXQG� WR� EH� �����ZW����� RI� WKH� WRWDO� GU\� IUXLW�PDVV�ZKLFK� LV�PXFK� EHWWHU� WKDQ� WKDW�
UHSRUWHG�LQ�.HQ\DQ�VSHFLHV������ZW����� DQG�QHDU�FORVH�WR�WKDW�RI�WKH�3DNLVWDQL�VSHFLHV�������ZW�����>�����@��
7KH�SHUFHQWDJH�\LHOG�RI�RLO�IURP�GU\�ROLYH�IUXLWV�FROOHFWHG�IURP�1HSDO�LV�HQFRXUDJLQJ�WR�WKDW�RI�WKH�ROLYH�
FROOHFWHG�IURP�RWKHU�FRXQWULHV��7DEOH���VKRZV�WKH�HVWLPDWHG�HFRQRPLF�YDOXH�RI�FRPPHUFLDOL]DWLRQ�RI�ROLYH�
RLO�SURGXFWLRQ�LQ�%DMXUD�GLVWULFW��

7DEOH����$QQXDO�\LHOG�RI�H[LVWLQJ�ROLYH�RLO�LQ�-DJDQDWK�DQG�:DL�IRUHVWV��LQ�PRVW�SRWHQWLDO�VLWHV�LQ�GLIIHUHQW�
YLOODJH�GHYHORSPHQW�FRPPLWWHHV�RI�%DMXUD�GLVWULFW��DQG�LQ�ZHOO�PDQDJHG�RUFKDUG�>��@�

)RUHVW�
1DPH�

$UHD�LQ�
KHFWRU�

7RWDO�
WUHHV��
KHFWRU�

)UXLWV�
LQ�NJ�
�WUHH�

)UHVK�
IUXLW�

PDVV��NJ��

'U\�IUXLW�
PDVV��NJ��

(VWLPDWHG�
RLO��NJ��

5DWH�
�NJ�

�15V��

7RWDO�
15V��
PLOOLRQ�

-DJDQQDWK�
.RWLOD�
IRUHVW�

����� ���� �� ����� ����� ���� ����� �������

:DL�IRUHVW� ������ ���� �� ������ ����� ����� ����� �������

7RWDO� ���� � �� ������ ������ ����� � �������
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3RWHQWLDO�
VLWHV�LQ�VL[�
9'&V�

����� ���� �� ������� ������� ������� ����� ������
���

(VWLPDWHG�
\LHOG�LQ�ZHOO�
PDQDJHG�
RUFKDUG�SHU�
KHFWRU�

�� ���� ���� ������ ������ ����� ����� �������

,W� KDV�EHHQ� FOHDU� WKDW� WKH� WZR� IRUHVWV� �-DJDQDWK�.RWLOD�	�:DL�� FDQ� FRQWULEXWH�15V������PLOOLRQ�SHU�
DQQXP� ZKHUHDV� WKH� PRVW� SRWHQWLDO� VLWHV� XQGHU� VL[� 9LOODJH� 'HYHORSPHQW� &RPPLWWHHV� VXFK� DV� :DL��
-DJDQQDWK��.RWLOD��.ROWL��6DSDWD��%KDQGX��*RWUL��5XJLQ�	�-XNRW�IRUHVWV�RI�%DMXUD�GLVWULFW�FDQ�FRQWULEXWH�
WRWDO�15V�������PLOOLRQ�SHU�DQQXP�IURP�ZLOG�ROLYH�IUXLWV��+HQFH��%DMXUD�LV�SRWHQWLDOO\�YHU\�LPSRUWDQW�DUHD�
IRU�WKH�FXOWLYDWLRQ�DQG�SURGXFWLRQ�RI�ROLYH��7KH�SUHVHQW�VWDWXV�RI�HVWLPDWHG�TXDQWLW\�RI�ROLYH�SURGXFWLRQ�LQ�
-DJDQDWK�.RWLOD�DQG�:DL�IRUHVWV�KDV�DOVR�EHHQ�H[SUHVVHG�DV�D�EDU�GLDJUDP�LQ�)LJXUH�����

)LJXUH����3UHVHQW�VWDWXV�RI�HVWLPDWHG�TXDQWLW\�RI�ROLYHV�LQ�-DJDQWK�.RWLOD�DQG�:DL�IRUHVWV�����

7KHVH� UHVXOWV� VKRZ� WKDW� ROLYH� SODQWDWLRQ� DQG� FXOWLYDWLRQ� ZRXOG� SOD\� D� NH\� UROH� LQ� WKH� HFRQRP\� RI� WKH�
FRXQWU\��$IWHU�FRPPHUFLDOL]LQJ�WKH�ROLYH�SURGXFWLRQ�LQ�KLOO\�UHJLRQV�FDQ�SURYLGH�HPSOR\PHQW�RSSRUWXQLWLHV�LQ�
WKH�EDUH�KLOO\�PRXQWDLQV�ZKLFK� DUH�XQVXLWDEOH� IRU� WKH�RWKHU� FURSV� DV�ZHOO� DV�KHOSV� IRU� VRLO� FRQVHUYDWLRQ�E\�
UHGXFLQJ�SUREOHP�RI�HQYLURQPHQWDO�GHJUDGDWLRQ�DQG�GHIRUHVWDWLRQ��)XUWKHU��%DMXUD�GLVWULFW�LV�RQH�RI�WKH�PRVW�
SRWHQWLDO�DUHDV��HVWLPDWHG�WR�DERXW�15V�������PLOOLRQ�SHU�KHFWRU��IRU�WKH�ROLYH�SURPRWLRQ�DQG�SURGXFWLRQ�GXH�WR�
UHFRUGV� RI� ZLOG� ROLYH� LQ� ZLOG� IRUP� LQ� VLJQLILFDQW� TXDQWLW\�� 7KHVH� IDFWV� PRWLYDWH� WR� FRPPHUFLDOL]H� ROLYH�
SURGXFWLRQ�LQ�WKRVH�DUHDV�WKDW�FDQ�EDWWOH�DJDLQVW�WKH�IRRG�VHFXULW\�VLQFH�VHYHUDO�GHFDGHV���

)XUWKHU� WKH� ILYH� YHU\� EDVLF� SDUDPHWHUV� RI� WKH� H[WUDFWHG� ROLYH� RLO� VXFK� DV� WKH� UHIUDFWLYH� LQGH[��
VDSRQLILFDWLRQ�� LRGLQH��DFLG�DQG�SHUR[LGH�YDOXHV�ZHUH�PHDVXUHG��DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH����,W�
VKRZV� WKDW�� WKH� UHIUDFWLYH� LQGH[� YDOXH� �������� VDSRQLILFDWLRQ� YDOXH� ��������PJ�.2+�J� RLO�� DQG� LRGLQH�
YDOXH���������RI�ROLYH�RLO�VDPSOHV�ZHUH�IRXQG�WR�EH�ZLWKLQ�WKH�UDQJH�SUHVFULEHG�E\�WKH�QDWLRQDO�')74&�
DQG�LQWHUQDWLRQDO�,22&�VWDQGDUGV�IRU�WKH�ROLYH�RLO�IRU�KXPDQ�FRQVXPSWLRQ���
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7DEOH����9DOXHV�RI�ILYH�EDVLF�SDUDPHWHUV�LQ�H[WUDFWHG�ROLYH�RLO�FRPSDUHG�WR�WKH�,22&�DQG�')74&�VWDQGDUGV��

6�1� 3DUDPHWHUV 8QLW 6DPSOH�
ROLYH�RLO

,22&�VWDQGDUG ')74&�VWDQGDUG�

� 5HIUDFWLYH�
LQGH[

���� ������������� ���������������

� 6DSRQLILFDWLRQ�
9DOXH

PJ.2+�JP�RLO ������ ��������� ����������

� ,RGLQH�YDOXH :LMV ����� ������� ��������

� $FLG�9DOXH PJ.2+�JP�RLO ����� ��� ����

� 3HUR[LGH�
YDOXH

P�HT�NJ�RLO ����� �� ���

,22&� �,QWHUQDWLRQDO�2OLYH�2LO�&RXQFLO�

')74&� �'HSDUWPHQW�RI�)RRG�7HFKQRORJ\�DQG�4XDOLW\�&RQWURO�

7KH�VDSRQLILFDWLRQ�YDOXH�RI� WKH�ROLYH�RLO�ZDV�IRXQG�WR�EH�DOPRVW�VLPLODU� WR� WKDW�RI� WKH�VXQIORZHU�RLO�
DQG� OLQVHHG� RLO ZKHUH� DV� WKH� LRGLQH� YDOXH� RI� LW� LV� PXFK� ORZHU� WKDQ� RWKHUV� >�����@�� ,W� LQGLFDWHV� WKDW� WKH�
PROHFXODU�ZHLJKW�RI�WKH�H[WUDFWHG�ROLYH�RLO�ZDV�VLPLODU�WR�WKDW�RI�WKH�VXQIORZHU�RLO�DQG�WKH�OLQVHHG�RLO�EXW�
LW�ZDV�PRUH�VDWXUDWHG��FRQWDLQLQJ�PRUH�VDWXUDWHG�IDWW\�DFLGV��WKDQ�WKH�RWKHUV��)LJXUH���DOVR�UHSUHVHQWV�WKH�
EDU�GLDJUDP�IRU�ILYH�EDVLF�SDUDPHWHUV�RI�ROLYH�LQ�H[WUDFWHG�RLO�FRPSDUHG�WR�,22&�DQG�')74�VWDQGDUGV��

)LJXUH����)LYH�EDVLF�SDUDPHWHUV�RI�ROLYH�LQ�H[WUDFWHG�RLO�FRPSDUHG�WR�WKH�,22&�DQG�')74&�VWDQGDUGV�

)XUWKHUPRUH��WKH�DFLGLW\���������DQG�WKH�SHUR[LGH�YDOXH���������RI�WKH�H[WUDFWHG�RLO�ZHUH�IRXQG�WR�EH�
KLJKHU�WKDQ�WKH�QDWLRQDO�DQG�LQWHUQDWLRQDO�VWDQGDUG�YDOXHV��,W�PLJKW�EH�WKH�UHVXOWV�RI�R[LGDWLRQ��/LJKW�DQG�
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WKH�R[\JHQ�DUH�WKH�WZR�PDLQ�IDFWRUV�IRU�WKH�R[LGDWLRQ�DIWHU�KDUYHVWLQJ��7KH�OLWHUDWXUHV�VWXG\�DOVR�VXJJHVW�
WR�VWRUH�WKH�IUXLWV�DW�YHU\�ORZ�WHPSHUDWXUH�EHORZ������&�WKHQ�LW�FDQ�EH�VWRUHG�VDIHO\�IRU�DERXW�RQH�PRQWK�
RWKHUZLVH� LW� VKRXOG�EH�SUHVVHG�ZLWKLQ� WKH����KRXUV�RI�KDUYHVWLQJ� WR� UHGXFH� WKH� DFLGLW\�� ,W� KDV�QRW� EHHQ�
VWXGLHG�WLOO�\HW�DQG�ZRXOG�EH�WKH�DUHD�IRU�WKH�IXUWKHU�DQDO\VLV�DQG�VWXG\���

2OLYH� RLOV� DUH� GLVWLQFW� IURP� RWKHU� YHJHWDEOH� RLOV� EHFDXVH� WKH\�PD\� EH� FRQVXPHG�ZLWKRXW� H[WHQVLYH�
UHILQLQJ��)UHH�)DWW\�DFLG��))$��RI�DQ�ROLYH�RLO�FDQ�EH�XVHG�DV�D�PHDVXUH�RI�LWV�TXDOLW\��,Q�UHILQHG�YHJHWDEOH�
RLOV�� WKH� ORZHU� WKH� ))$� WKH�PRUH� DFFHSWDEOH� IRU� WKH� KXPDQ� FRQVXPSWLRQ�� 9LUJLQ� ROLYH� RLOV� FDQQRW� EH�
FDWHJRUL]HG�LQ�WKLV�ZD\�EHFDXVH�WKHLU�FKDUDFWHULVWLFV�IODYRU�LQYROYHV�D�VKDUS�FRPSRQHQW�WKDW�UHVXOWV�IURP�
WKH�))$�SUHVHQW��7KHUHIRUH��D�KLJKHU�))$�LV�DFFHSWDEOH�LQ�YLUJLQ�ROLYH�RLO�WKDQ�WKH�UHILQHG�RQH�

&RQFOXVLRQV�� �

)URP�WKLV�UHVHDUFK�VWXG\�LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�RLO�FRQWHQW�LQ�WKH�ZLOG�ROLYH�IUXLWV�FROOHFWHG�IURP�
%DMXUD�GLVWULFW�LV�LQ�FRQVLGHUDEO\�HQFRXUDJLQJ�DPRXQW�DV�FRPSDUHG�ZLWK�WKH�RWKHU�FRXQWULHV��7KXV�UHVHDUFK�
DUHD�LV�SRWHQWLDOO\�LPSRUWDQW�IRU�WKH�FXOWLYDWLRQ�DQG�SURGXFWLRQ�RI�ROLYHV��7KH�UHVXOWV�SXVK�WR�PRYH�IXUWKHU�
SURPRWLRQ� DQG� FRPPHUFLDOL]DWLRQ� RI� ROLYH�� ,W� ZRXOG� EH� RQH� RI� WKH� DOWHUQDWLYHV� WR� EDWWOH� DJDLQVW� IRRG�
VFDUFLW\�SDUWLDOO\�IRU�WKH�ORFDO�SHRSOH�E\�FRPSHQVDWLQJ�LQFRPH�IURP�ROLYH�HQWHUSULVH�LQ�IXWXUH�EHFDXVH�RQ�
SURSHU�PDQDJHPHQW�WKH�ROLYH�FDQ�FRQWULEXWH�DQ�LQFRPH�RI�15V������PLOOLRQ�SHU�DQQXP�SHU�KHFWRU�RI�ROLYH�
WUHHV� IURP�%DMXUD�GLVWULFW��7KHVH�SLFWXUHV�SUHVHQW� WKH�JRRG� VFHQDULR� IRU� WKH� IXUWKHU�SURPRWLRQ�RI�ROLYH�
EDVHG�HQWHUSULVH�LQ�WKH�GLVWULFW��7KH�H[WUDFWHG�RLO�IURP�WKH�ZLOG�ROLYH�UHTXLUHV�IXUWKHU�YHULILFDWLRQ�PDLQO\�
LQ� LWV� DFLGLW\�DQG�SHUR[LGH�YDOXH�EHIRUH� UHFRPPHQGDWLRQ� IRU� WKH�SXEOLF� FRQVXPSWLRQ�EXW� LW� KDV� D� IDLUO\�
JRRG�UDQJH�RI�UHIUDFWLYH�LQGH[�DV�ZHOO�DV�VDSRQLILFDWLRQ�DQG�WKH�LRGLQH�YDOXHV���

$FNQRZOHGJHPHQWV��

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�.DWKPDQGX�)RUHVWU\�&ROOHJH��.$)&2/���.DWKPDQGX�IRU�SURYLGLQJ�
ILQDQFLDO�VXSSRUW�WR�.��%��.��&KKHWUL�IRU�WKH�UHVHDUFK��7KDQNV�DOVR�JR�WR�'HSDUWPHQW�RI�3ODQW�5HVRXUFHV��
.DWKPDQGX� DQG� 'HSDUWPHQW� RI� )RRG� 7HFKQRORJ\� DQG� 4XDOLW\� &RQWURO� �')74&��� .DWKPDQGX� IRU�
SURYLGLQJ�ODERUDWRU\�DQG�WHFKQLFDO�VXSSRUW�IRU�WKH�DQDO\VLV�RI�FKHPLFDO�SDUDPHWHUV�LQ�ROLYH�RLO���

5HIHUHQFHV��

���� 3�� %DUWROXFFL�� DQG� %�� 5�� 'KDNDO�� 3URVSHFWV� IRU� 2OLYH� *URZLQJ� LQ� 1HSDO�� +LV� 0DMHVW\
V�
*RYHUQPHQW� 'HSDUWPHQW� RI� $JULFXOWXUH�� )UXLW� 'HYHORSPHQW� 'LYLVLRQ� 2OLYH� 3URGXFWLRQ�
'HYHORSPHQW� 3URMHFW�� 7&3�1(3������ DQG� )RRG� DQG� $JULFXOWXUH� 2UJDQL]DWLRQ� RI� WKH� 8QLWHG�
1DWLRQV��.DWKPDQGX��������

���� 'LVWULFW�SURILOH��&HQWUDO�%XUHDX�RI�6WDWLVWLF��&%6���'LVWULFW�2IILFH��0DUWDGKL��%DMXUD��������

���� $QQXDO�5HSRUW��,QGLDQ�2OLYH�$VVRFLDWLRQ��������
���� %�� 5�� 'KDNDO� DQG� 5HJPL� D�� -DLWRRQ� �1HSDOL� YHUVLRQ��� 3URPRWLRQ� RI� ROLYH� SURGXFWLRQ� DQG���

FRQVXPSWLRQ�LQ�1HSDO��.DWKPDQGX��1HSDO��������

���� 5HSRUW��'LVWULFW�)RUHVW�2IILFH��')2���0DUWDGL��%DMXUD�������������
���� 6��%��0DOOD��3��5��6KDN\D��%��5��.DUNL��7��5�0RUWHQVHQ�DQG�1��5� 6XEHGKL��$�VWXG\�RQ�QRQ�WLPEHU�

IRUHVW�SURGXFWV�LQ�%DMXUD�GLVWULFW�YROXPH�,��PDLQ�UHSRUW���&DUH�1HSDO��.DWKPDQGX��1HSDO���������

���� 7��%��6KUHVWKD�DQG�5��0��-RVKL��5DUH��HQGHPLF�DQG�HQGDQJHUHG�SODQWV�RI�1HSDO��::)�1HSDO
������� 3URJUDP��.DWKPDQGX��1HSDO���������
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�������*��0��%DOHVWUD��-��5�/DPLFKKDQH��0��%��.VKHWUL��$��0D]]DJOLD�DQG�/��9DUYDUR�3ODQW�3DWKRORJ\�
����������������

���� :��(��%XOO��7KH�ROLYH�LQGXVWU\�RI�6SDLQ��(FRQ��*HRJU������������������
����� :��%��7XULOO��:LOG�DQG�FXOWLYDWHG�ROLYHV��.HZ�%XOOHWLQ����������������
����� '��=RKDU\��7KH�RULJLQ�DQG�VSUHDG�RI�FXOWLYDWHG�SODQWV�LQ�:HVW�$VLD��(XURSH�DQG�WKH�1LOH�9DOOH\��

�&ODUHQGRQ�3UHVV��2[IRUG�������
��� ::)�6WUDWHJLF�3ODQ��������������:RUOG�:LOGOLIH�)XQG���::)�1HSDO���.DWKPDQGX��1HSDO���������
����� 0HGLFLQDO�SODQWV�RI�1HSDO��5HYLVHG����'HSDUWPHQW�RI�3ODQW�5HVRXUFHV��'35���%XOOHWLQ�RI�WKH�����
������� 'HSDUWPHQW�RI�3ODQW�5HVRXUFH�1R������.DWKPDQGX��1HSDO���������
����� .��%��.��&KKHWUL��$QDO\VLV�RI�RLO�FRQWHQW�DQG�VRPH�RI�WKH�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�LQ�

ZLOG�2OLYH�IUXLWV�IRXQG�LQ�%DMXUD�GLVWULFW�RI�1HSDO��%��6F��)RUHVWU\��7KHVLV��������
����� 0��*XOIUD]��'HWHUPLQDWLRQ�RI�HVVHQWLDO�RLO�FRQWHQW�RI�ZLOG�ROLYH�DQG�LWV�FRPSDULVLRQ�ZLWK�������ROLYH�

RLO����������
����� .��0XUZDQ��(��/��6DEDK�DQG�$��6��$��$ODPLQ��7KH�FRPSRVLWLRQDO�TXDOLW\�RI� VL[�UHILQHG�HGLEOH�

RLOV�LQ�.KDUWRXP�6WDWH��6XGDQ���������
����� 1��2XD]]DQL��5��/XPDUHW��3��9LXHPXU�DQG�)��'L�*XLWR��/HDI�DOORHQ]\PH�YDULDWLRQ�LQ�FXOWLYDWHG�
������ DQG�ZLOG�ROLYH�WUHHV��-RXUQDO�RI�+DUHG�����������������
����� $��%DKO�DQG�%��6��%DKO��$�WH[W�ERRN�RI�RUJDQLF�FKHPLVWU\��6��&KDQGD�DQG�&RPSDQ\�/7'���1HZ�

'HOKL��,QGLD������������


