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0DFURIXQJL� RI� WKH� RUGHU� 3RO\SRUDOHV� DUH� LPSRUWDQW� GHFRPSRVHUV� RI� ZRRG\�
GHEULV� DQG� SOD\� D� YHU\� LPSRUWDQW� UROH� LQ� UHF\FOLQJ� WKH� RUJDQLF� PDWWHU� LQ� IRUHVW�
HFRV\VWHPV�>����@��$W�WKH�VDPH�WLPH��SRO\SRUHV�FDXVH�HFRQRPLF�ORVVHV�E\�GHVWUR\LQJ�
WKH�ZRRG�LQ�OLYLQJ�WUHHV��ORJV�DQG�LQ�KDUYHVWHG�WLPEHU��0DQ\�RI�ZRRG�GHFD\LQJ�IXQJL�
VKRZ� VSHFLILFLW\� RU� SUHIHUHQFH� IRU� VXEVWUDWH� KDYLQJ� FHUWDLQ� FKDUDFWHULVWLFV�� IRU�
H[DPSOH��VXEVWUDWH�VL]H��GHVWUXFWLRQ�VWDJH�HWF��,Q�ERUHDO�DQG�WHPSHUDWH�DUHDV��QLFKHV�
RI� ZRRG�GHFD\LQJ� EDVLGLRP\FHWHV� DUH� GLIIHUHQWLDWHG� DFFRUGLQJ� WR� VXEVWUDWH� DQG�
KDELWDW� FRQGLWLRQV� >�·�@�� +RZHYHU�� WKHUH� LV� OLPLWHG� LQIRUPDWLRQ� RQ� VXEVWUDWH� DQG�
KDELWDW� SUHIHUHQFHV� DPRQJ� SRO\SRUHV� LQ� 7URSLFDO� $VLD� >�·�@�� +HUH�� ZH� H[DPLQH�
QLFKH� GLIIHUHQWLDWLRQ� RI� 0LFURSRUXV DIILQLV �%OXPH� 	� 7�� 1HHV�� .XQW]H� DQG� 0��
[DQWKRSXV �)U��� .XQW]H�� WZR� FRPPRQ� SDOHRWURSLFDO� JHQHUDOLVW� SRO\SRUHV�� ZLGHO\�
GLVWULEXWHG�LQ�PRVW�W\SHV�RI�WURSLFDO�IRUHVWV�RI�9LHWQDP�>��·��@�

���0$7(5,$/�$1'�0(7+2'6

7KH� PDWHULDO� ZDV� REWDLQHG� GXULQJ� H[SHGLWLRQV� LQ� 2FWREHU�1RYHPEHU� ������
$SULO�0D\� ����� DQG� 1RYHPEHU�'HFHPEHU� ����� LQ� WKH� QDWLRQDO� SDUNV� DQG� QDWXUH�
UHVHUYHV�RI�%X�*LD�0DS��%LQK�3KXRF���&DW�7LHQ��'RQJ�1DL���3KLD�2DF� � 3KLD�'HQ�
�&DR�%DQJ���6RQJ�7KDQK��4XDQJ�1DP��DQG�3X�+RDW��1JKH�$Q���$OO�RFFXUUHQFHV�RI�
0��DIILQLV DQG 0��[DQWKRSXV ZHUH�UHFRUGHG�DORQJ�WKH�URXWHV�LQ�YDULRXV�W\SHV�RI�IRUHVW�
FRPPXQLWLHV��0XOWLSOH� EDVLGLRPDWD� RI� WKH� VDPH� VSHFLHV� JURZLQJ� RQ� DQ� LQGLYLGXDO�
WUHH�RU�ORJ�ZHUH�FRQVLGHUHG�RQH�RFFXUUHQFH��)RU�HDFK�RFFXUUHQFH��XVLQJ�WKH�1H[W*,6�
0RELOH� DSSOLFDWLRQ� �KWWS���QH[WJLV�UX�QH[WJLV�PRELOH�� WKH� IROORZLQJ� VXEVWUDWH� DQG�
KDELWDW�UDQNHG�YDULDEOHV�ZHUH�HVWLPDWHG�DQG�UHFRUGHG�

� (OHYDWLRQ�DERYH�VHD�OHYHO��P��DVVLJQHG�WR�RQH�RI���KHLJKW�FODVVHV����� ������
P����� ��������P����� ��������P����� ���������P��DQG���� ����������P��

� 7KH� W\SH� RI� WKH�ZRRG\� GHEULV� �ZLQG�EURNHQ� WUHH�� ORJ�� VQDJ�� IDOOHQ� EUDQFK��
URRWV��

� 6L]H�FODVV�RI�ZRRG\�GHEULV���������FP��������FP��������FP��������FP���������
FP���������FP���������FP�����!����FP�

� 7KH� VWDJH� RI� ZRRG� GHVWUXFWLRQ� EDVHG� RQ� FODVVLILFDWLRQ� SURSRVHG� LQ� >�@�� ���
ZRRG� KDUG�� D� NQLIH� SHQHWUDWHV� RQO\� D� IHZ� PP� LQWR� WKH� ZRRG�� EDUN� LQWDFW�� WZLJV�
�GLDP����FP��LQWDFW�����ZRRG�UDWKHU�KDUG��D�NQLIH�SHQHWUDWHV�OHVV�WKDQ���FP�LQWR�WKH�
ZRRG��EDUN�VWDUWLQJ�WR�EUHDN�XS��WZLJV��ORVW��EUDQFKHV��GLDP�����FP��LQWDFW�����ZRRG�
GLVWLQFWO\� VRIWHQHG�� NQLIH� SHQHWUDWHV� FD�� ���� FP� LQWR� WKH� ZRRG�� EDUN� SDUWO\� ORVW��
EUDQFKHV��ORVW�� RULJLQDO� ORJ� FLUFXPIHUHQFH� LQWDFW�� ���ZRRG� VWURQJO\�GHFD\HG��NQLIH�
SHQHWUDWHV� FD�� ����� FP� LQWR� WKH� ZRRG�� EDUN� ORVW� LQ� PRVW� SODFHV�� RULJLQDO� ORJ�
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FLUFXPIHUHQFH�GLVLQWHJUDWLQJ�����ZRRG�YHU\� VWURQJO\�GHFD\HG�� HLWKHU� WR� D� YHU\� VRIW�
FUXPEO\�VXEVWDQFH��RU�EHLQJ�IODN\�DQG�IUDJLOH��NQLIH�SHQHWUDWHV�LQ�PRVW�SODFHV�PRUH�
WKDQ����FP�LQWR�WKH�ZRRG��RULJLQDO�ORJ�FLUFXPIHUHQFH�QRW�RU�KDUGO\�UHFRJQL]DEOH�

� ,QVRODWLRQ�RI�KDELWDWV�����QRW�SURWHFWHG�E\�DQ\WKLQJ�IURP�GLUHFW�VXQ�GXULQJ�PRVW�
RI� WKH�GD\OLJKW�KRXUV�����DW� OHDVW�KDOI�RI� WKH�GD\OLJKW�KRXUV�� WKH�VXEVWUDWH� LV� LQ�GLUHFW�
VXQ����� UDWKHU�EULJKW�GLIIXVH� OLJKWLQJ� IRU�PRVW�RI� WKH�GD\OLJKW�KRXUV�����ZHDN�GLIIXVH�
OLJKWLQJ�GXULQJ�PRVW�RI�WKH�GD\OLJKW�KRXUV�����DOPRVW�FRPSOHWH�DEVHQFH�RI�OLJKW�

7KH� QXPEHU� RI� VSHFLHV� RFFXUUHQFHV� SHU� HDFK� YDOXH� RI� DQ� HVWLPDWHG� YDULDEOH�
ZDV�FRXQWHG��DQG�PHDQ�VFRUH�WKHQ�ZDV�FDOFXODWHG�IRU�DOO�YDULDEOHV�H[FHSW�RI�WKH�W\SH�
RI� WKH�ZRRG\�GHEULV��0HDQV�ZHUH� FRPSDUHG� XVLQJ� WKH�6WXGHQW
V� W�WHVW��&RUUHODWLRQ�
EHWZHHQ�QXPEHU�RI�RFFXUUHQFHV�RI�0��DIILQLV DQG�0��[DQWKRSXV UHJDUGLQJ�HVWLPDWHG�
UDQNHG�YDULDEOHV�ZHUH�GHWHFWHG�E\�6SHDUPDQ
V�UDQN�FRUUHODWLRQ�FRHIILFLHQW�

���5(68/76�$1'�',6&866,21

%RWK�0� DIILQLV DQG�0�� [DQWKRSXV �)LJ�� ��� ZHUH� DPRQJ� WKH� PRVW� FRPPRQ�
ZRRG�GHFRPSRVHUV�LQ�VWXGLHG�DUHDV�

)LJ� �� %DVLGLRPDWD�RI�0LFURSRUXV�DIILQLV �$��DQG�0��[DQWKRSXV �%��LQ�VLWX

:H�UHFRUGHG ���RFFXUUHQFHV RI�0��DIILQLV DQG����RFFXUUHQFHV RI�0��[DQWKRSXV��
)RU� DGGLWLRQDO����RFFXUUHQFHV�RI�0��[DQWKRSXV IURP�&DW�7LHQ�1DWLRQDO�3DUN��RQO\�
HOHYDWLRQ��VXEVWUDWH�VL]H�FODVV�DQG�W\SH�RI�WKH�ZRRG\�GHEULV�ZHUH�HVWLPDWHG�

$V�FDQ�EH�VHHQ�IURP�)LJ����WKH�QXPEHU�RI�RFFXUUHQFHV�RI�0LFURSRUXV�DIILQLV ZDV�
KLJKHU�RQ�KLJK�HOHYDWLRQV�DQG�ORZHU�RQ�ORZODQGV��FRPSDUHG�ZLWK�0��[DQWKRSXV��0RVW�
UHFRUGV� RI�0��DIILQLV ZHUH� FRQILQHG� WR� ORJV� O\LQJ� RQ� RU� DERYH� WKH� JURXQG��ɨQ� IDOOHQ�
EUDQFKHV�LW�ZDV�REVHUYHG�WZLFH�OHVV�RIWHQ��0��[DQWKRSXV FOHDUO\�SUHIHUUHG�EUDQFKHV�WR
ORJV� ���� YV �� RFFXUUHQFHV��� 7KH� RSSRVLWH� WHQGHQFLHV� ZHUH� DOVR� UHYHDOHG� E\� WKH�
GLVWULEXWLRQ� RI� RFFXUUHQFHV� RI� WKHVH� VSHFLHV� DFFRUGLQJ� WR� WKH� VL]H� FODVVHV� RI� WKH�
VXEVWUDWH��7KH�SUHIHUHQFH�WR�VPDOO�VL]HG�VXEVWUDWD�ZDV�DOVR�VKRZQ�IRU�0��[DQWKRSXV LQ�
WURSLFDO�IRUHVWV�RI�SHQLQVXODU�0DOD\VLD�>�@�DQG�.HUDOD�6WDWH�RI�,QGLD�>����@��%RWK�VSHFLHV�
WHQGHG�WR�RFFXU�LQ�ZHOO�OLW�KDELWDWV�DQG�GLG�QRW�VKRZ�QRWLFHDEOH�SUHIHUHQFHV�LQ�WHUPV�RI�
ZRRG�GHVWUXFWLRQ�VWDJH�IRUPLQJ�EDVLGLRPDWD�RQ�VOLJKWO\�DV�ZHOO�DV�KLJKO\�GHFRPSRVHG�
ZRRG��WKRXJK�0��[DQWKRSXV�ZDV�PRUH�QXPHURXV�RQ�ODWHU�VWDJHV�RI�ZRRG�GHFD\�
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)LJ���� 6WDU�SORWV�RI�RFFXUUHQFHV�GLVWULEXWLRQ�RI�0LFURSRUXV�DIILQLV DQG�0��[DQWKRSXV
UHJDUGLQJ�HVWLPDWHG�YDULDEOHV

7KH� 6WXGHQW
V� W�WHVW� DW� VLJQLILFDQFH� OHYHO� ����� VKRZV� VWDWLVWLFDOO\� VLJQLILFDQW�
GLIIHUHQFHV� LQ�PHDQ�KDELWDW� HOHYDWLRQ�� VXEVWUDWH� VL]H� FODVV� DQG�GHVWUXFWLRQ�EHWZHHQ�
0�� DIILQLV DQG� 0�� [DQWKRSXV �7DEOH� ���� 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ�
SUHIHUDEOH� LQVRODWLRQ� OHYHO� EHWZHHQ� WZR� VSHFLHV�� 7KH� 6SHDUPDQ
V� UDQN� FRUUHODWLRQ�
FRHIILFLHQW� VKRZV� ZHDN� WR� PRGHUDWH� QHJDWLYH� FRUUHODWLRQ� LQ� GLVWULEXWLRQ� RI�
RFFXUUHQFHV�DPRQJ�SUHIHUDEOH�VXEVWUDWH�VL]H�FODVVHV�DQG�LQ�HOHYDWLRQ�FODVVHV��L�H��WKH�
RSSRVLWH�WHQGHQFLHV�LQ�IUHTXHQF\�RI�UHFRUGV�REVHUYHG�LQ�WKHVH�VSHFLHV��)RU�GHJUHH�RI�
VXEVWUDWH�GHFRPSRVLWLRQ�RU�LQ�OHYHO�RI�KDELWDW�LQVRODWLRQ��WKH�FRUUHODWLRQ�ZDV�SRVLWLYH��
ZKLFK� LQGLFDWHV� WKH�VLPLODULW\�RI� WKH� WUHQG� LQ� WKH�FKDQJH� LQ� WKH�RFFXUUHQFH�RI�ERWK�
VSHFLHV�GHSHQGLQJ�RQ�WKHVH�IDFWRUV��7DEOH����
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7DEOH����&RPSDULVRQ�RI�0LFURSRUXV�DIILQLV DQG�0��[DQWKRSXV ZLWK�UHJDUG�WR�
HVWLPDWHG�YDULDEOHV E\�WKH�6WXGHQW
V�W�WHVW��W��DQG�6SHDUPDQ
V�UDQN�FRUUHODWLRQ�

FRHIILFLHQW��UV��DW������VLJQLILFDQFH�OHYHO

+DELWDW�YDULDEOHV
0LFURSRUXV�DIILQLV

PHDQ VFRUH

0LFURSRUXV�
[DQWKRSXV�
PHDQ�VFRUH

W UV

(OHYDWLRQ�FODVV ��� ��� ���� �����

6L]H�FODVV ��� ��� ����� �����

'HJUHH�RI�
GHVWUXFWLRQ

��� ��� ���� �����

,QVRODWLRQ ��� ��� ���� ��

1RWH� 9DOXHV�LQ�EROG�GHQRWH�VWDWLVWLFDO�VLJQLILFDQFH�DW�WKH������OHYHO�

���&21&/86,21

:H� DQDO\]HG� QLFKH� GLIIHUHQWLDWLRQ� RI� WZR� FORVHO\� UHODWHG� ZRRG�GHFD\LQJ�
SRO\SRUHV�0LFURSRUXV�DIILQLV DQG�0��[DQWKRSXV DFFRUGLQJ�WR�D�QXPEHU�RI�VXEVWUDWH�
DQG�KDELWDW�YDULDEOHV��%DVHG�RQ�WKH�GDWD�FROOHFWHG�GXULQJ�ILHOG�VWXGLHV��GLIIHUHQFHV�LQ�
HFRORJLFDO�SUHIHUHQFHV�EHWZHHQ�WZR�VSHFLHV�RI�WKH�JHQXV�0LFURSRUXV ZLWK�UHVSHFW�WR�
WKH�VXEVWUDWH�VL]H�DQG�GHJUHH�RI�GHVWUXFWLRQ�DUH�VKRZQ�

� 0��[DQWKRSXV FRORQL]H�PRUH�VWURQJO\�GHFD\HG��VPDOO�WR�PHGLXP�VL]HG�ZRRG\�
GHEULV��VXFK�DV� IDOOHQ�EUDQFKHV�ZLWK�D�GLDPHWHU�RI�����FP��ZKLOH�0��DIILQLV SUHIHUV�
ODUJH�VL]HG�ORJV�RQ�HDUOLHU�VWDJHV�RI�GHFRPSRVLWLRQ�

� 7KH� WZR� VSHFLHV� DOVR� VKRZ� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKHLU�
GLVWULEXWLRQ� DORQJ� DOWLWXGLQDO� JUDGLHQW� ZLWK�0�� [DQWKRSXV� EHLQJ� PRUH� FRPPRQ� DW�
ORZHU�HOHYDWLRQ�LQ�ORZODQG�DQG�VXEPRQWDQH�IRUHVWV��ZKLOH�0��DIILQLV VKRZV�D�KLJKHU�
RFFXUUHQFH�UDWH�LQ�PRQWDQH�IRUHVWV��

� 7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�VSHFLHV�LQ�SUHIHUDEOH�OHYHO�
RI�KDELWDW�LQVRODWLRQ�

$FNQRZOHGJHPHQWV� :H�DUH�JUDWHIXO�WR�'UV��$QGUHL�1��.X]QHWVRY�DQG�1JX\HQ�
'DQJ�+RL��DQG�WR�6YHWODQD�3��.X]QHWVRYD��-RLQW�9LHWQDP�5XVVLDQ�7URSLFDO�5HVHDUFK�
DQG� 7HFKQRORJLFDO� &HQWUH�� +DQRL�� 9LHWQDP�� IRU� VXSSRUWLQJ� RXU� ILHOGZRUN� LQ�
9LHWQDP�� 7KH� VWXG\� ZDV� FDUULHG� RXW� LQ� WKH� FRQWH[W� RI� D� ORQJ�WHUP� SURMHFW� (�����
�7D[RQRPLF�DQG�HFRORJLFDO�GLYHUVLW\�RI�P\FRELRWD�LQ�WKH�9LHWQDPHVH�UDLQIRUHVW��E\�
-597&�DQG�ZLWKLQ� WKH� IUDPHZRUN RI� WKH� LQVWLWXWLRQDO� UHVHDUFK�SURMHFWV�QR��$$$$�
$�������������������%LRGLYHUVLW\��HFRORJ\�DQG�VWUXFWXUDO�DQG�IXQFWLRQDO� IHDWXUHV�
RI� IXQJL� DQG� PXVKURRP�OLNH� SURWLVWV�� RI� WKH� .RPDURY� %RWDQLFDO� ,QVWLWXWH� RI� WKH�
5XVVLDQ�$FDGHP\�RI�6FLHQFHV�
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5()(5(1&(6

�� Ƚɨɪɱɚɤɨɜɫɤɢɣ� ɉ�� Ʌ�� ɗɤɨɥɨɝɢɹ� ɩɪɨɰɟɫɫɨɜ� ɛɢɨɥɨɝɢɱɟɫɤɨUɨ� ɪɚɡɥɨɠɟɧɢɹ�
ɞɪɟɜɟɫɢɧɵ��ȿɤɚɬɟɪɢɧɛɭɪɝ��©ȿɤɚɬɟɪɢɧɛɭɪɝª������������F�

�� %RGG\�/���)XQJDO� FRPPXQLW\� HFRORJ\�DQG�ZRRG�GHFRPSRVLWLRQ�SURFHVVHV� LQ�
DQJLRVSHUPV�� IURP� VWDQGLQJ� WUHH� WR� FRPSOHWH� GHFD\� RI� FRDUVH�ZRRG\� GHEULV��
(FRORJLFDO�%XOOHWLQV�����������������

�� 5HQYDOO�3���&RPPXQLW\�VWUXFWXUH�DQG�G\QDPLFV�RI�ZRRG�URWWLQJ�%DVLGLRP\FHWHV
RQ�GHFRPSRVLQJ�FRQLIHU�WUXQNV�LQ�1RUWKHUQ�)LQODQG��.DUVWHQLD����������������

�� +HLOPDQQ�&ODXVHQ�-���$�JUDGLHQW�DQDO\VLV�RI� FRPPXQLWLHV�RI�PDFURIXQJL�DQG�
VOLPH� PRXOGV� RQ� GHFD\LQJ� EHHFK� ORJV�� 0\FRORJLFDO� 5HVHDUFK�� ������
���������������

�� +HLOPDQQ�&ODXVHQ�-���&KULVWHQVHQ�0���'RHV�VL]H�PDWWHU"��2Q�WKH� LPSRUWDQFH�
RI� YDULRXV� GHDG�ZRRG� IUDFWLRQV� IRU� IXQJDO� GLYHUVLW\� LQ�'DQLVK� EHHFK� IRUHVWV�
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW�����������������������

�� 7DNDKDVKL�.��+���.DJD\D�7���*XLOG� VWUXFWXUH�RI�ZRRG�URWWLQJ� IXQJL�EDVHG�RQ�
YROXPH�DQG�GHFD\�VWDJH�RI�FRDUVH�ZRRG\�GHEULV��(FRORJLFDO�5HVHDUFK��������
�����������

�� +DWWRUL�7���6HH�/��6���&RPPXQLW\�6WUXFWXUH�RI�:RRG�'HFD\LQJ�%DVLGLRP\FHWHV�
LQ� 3DVRK�� 3DVRK�� (FRORJ\� RI� D� /RZODQG� 5DLQ� )RUHVW� LQ� 6RXWKHDVW� $VLD��
6SULQJHU�-DSDQ��������S����������

�� ,TEDO� 0��� 9LG\DVDJDUDQ� .��� *DQHVK� 1��� ,QIOXHQFH� RI� VXEVWUDWH� IHDWXUHV� RQ�
GLVWULEXWLRQ� RI� SRO\SRUHV� �)XQJL�� %DVLGLRP\FRWD�� LQ FHQWUDO� SDUW� RI� 3HHFKL�
9D]KDQL�:LOGOLIH�6DQFWXDU\��.HUDOD��,QGLD� -RXUQDO�RI�7KUHDWHQHG�7D[D������D��
���������������

�� ,TEDO� $�� 0��� 9LG\DVDJDUDQ� .��� *DQHVK� 1��� +RVW� VSHFLILFLW\� RI� VRPH� ZRRG�
GHFD\LQJ�IXQJL� LQ� PRLVW� GHFLGXRXV� IRUHVWV� RI� .HUDOD�� ,QGLD�� -RXUQDO RI�
7KUHDWHQHG�7D[D������E�������������������

��� 7UӏQK� 7DP� %ҧR�� *UDHIH� 8��� 7UӏQK� 7DP�.LӋW��1JKLrQ� FͱX� FKL� Q̭P� {QJ� QK͗
0LFURSRUXV�ͧ 9L͏W�1DP��7ҥS�FKt�'L�WUX\ӅQ�KӑF�Yj�ӭQJ�GөQJ����������������

��� 7UӏQK�7DP�.LӋW��1̭P� OͣQ�ͧ 9L͏W� 1DP� �7̵S� ����1[E��.KRD� KӑF� Wӵ QKLrQ� Yj�
F{QJ�QJKӋ��+j�1ӝL������������WU�

��� 7UӏQK� 7DP�.LӋW��'DQK� OͭF�1̭P� OͣQ� ͧ 9L͏W� 1DP�� 1[E��Ĉ+4*+1��+j�1ӝL��
����������WU�
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:H�DQDO\]HG QLFKH�GLIIHUHQWLDWLRQ�RI�FORVHO\�UHODWHG�ZRRG�GHFD\LQJ�SRO\SRUHV�
0LFURSRUXV�DIILQLV DQG�0��[DQWKRSXV� LQ� WURSLFDO� IRUHVWV�RI�9LHWQDP��7KH�VWDWLVWLFDO�
DQDO\VLV� FRQILUPV� GLIIHUHQFHV� EHWZHHQ� 0�� DIILQLV DQG� 0�� [DQWKRSXV UHJDUGLQJ�
SUHIHUDEOH�VXEVWUDWH�VL]H��DYHUDJH�KDELWDW�HOHYDWLRQ�DERYH�WKH�VHD�OHYHO��DQG�GHJUHH�RI�
VXEVWUDWH� GHFRPSRVLWLRQ�� ZKLOH� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WZR�
VSHFLHV�LQ�SUHIHUDEOH�OHYHO�RI�KDELWDW�LQVRODWLRQ�

.H\ZRUGV� )XQJL��SRO\SRUHV��ZRRG��HFRORJ\��HFRORJLFDO�QLFKH�

1K̵Q�EjL�QJj\����WKiQJ���QăP�����

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP�����

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP�����

��� .RPDURY�%RWDQLFDO�,QVWLWXWH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV�
����-RLQW�9LHWQDP�5XVVLDQ�7URSLFDO�5HVHDUFK�DQG�7HFKQRORJLFDO�&HQWUH�
����0RVFRZ�6WDWH�/RPRQRVRY�8QLYHUVLW\��'HSDUWPHQW�RI�%LRORJ\


