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0��5RKNDPS���$��5DEO���-��%HQGO���%��*LRFDVWUR���0��5��6DUDML�%R]RUJ]DG���$��+XSIHU���7��$GDP��

�8QLYHUVLW\�RI�WKH�%XQGHVZHKU�0XQLFK��:HUQHU�+HLVHQEHUJ�:HJ������������1HXELEHUJ���7HFKQLFDO�8QLYHUVLW\�RI�0XQLFK�
%ROW]PDQQVWUD�H�����������*DUFKLQJ��*HUPDQ\�

,Q WKLV SUHVHQWDWLRQ� H[SHULPHQWDO GDWD RQ WKH UHGXFWLRQ RI QRQ�&2� HPLVVLRQV LV SUHVHQWHG� EDVHG RQ WKH XVH RI QHDW DQG
EOHQGHG VXVWDLQDEOH �+()$�63.� DQG V\QWKHWLF �)7�63.� DYLDWLRQ IXHOV LQ FRPSDULVRQ WR -HW $��� 7KHVH ILQGLQJV DUH
GHULYHG IURP PHDVXUHPHQW FDPSDLJQV FRQGXFWHG EHWZHHQ ���� DQG ���� >���@ RQ D WXUERVKDIW HQJLQH �$OOLVRQ ����&��%�
XVHG�IRU�KHOLFRSWHUV�

)RU DOO IXHOV� WKH HPLVVLRQ LQGLFHV �(,V� IRU JDVHRXV FRPSRXQGV GHFUHDVHG DW KLJKHU RSHUDWLQJ FRQGLWLRQV� GULYHQ E\
HQKDQFHG FRPEXVWLRQ FKDPEHU HIILFLHQF\ UHVXOWLQJ IURP LPSURYHG IXHO DWRPL]DWLRQ� EHWWHU IXHO�DLU PL[LQJ� DQG KLJKHU
WHPSHUDWXUHV� :KLOH WKH GLIIHUHQFHV LQ JDVHRXV HPLVVLRQV EHWZHHQ +()$�63. DQG -HW $�� ZHUH QHJOLJLEOH IRU DOO ,&$2�
UHJXODWHG SROOXWDQWV �&2� 8+&� 12[�� )7�63. H[KLELWHG GLVWLQFW EHKDYLRU� 6SHFLILFDOO\� WKH XVH RI )7�63. OHG WR
VLJQLILFDQW UHGXFWLRQV LQ (,&2 ����� DQG (,8+& ����� FRPSDUHG WR ERWK -HW $�� DQG +()$�63.� $ VLPLODU WUHQG ZDV
REVHUYHG�IRU�YRODWLOH�RUJDQLF�FRPSRXQGV��92&V��LQ�WKH�&��&��UDQJH�

,Q DGGLWLRQ� QRQ�YRODWLOH SDUWLFXODWH PDWWHU �QY30� HPLVVLRQV DOVR YDULHG VLJQLILFDQWO\� 8VLQJ ]HUR�DURPDWLF DQG KLJKHU
K\GURJHQ�FRQWDLQLQJ IXHOV UHVXOWHG LQ VXEVWDQWLDO FKDQJHV LQ WKH QXPEHU� PDVV� SURSHUWLHV� DQG IRUPDWLRQ EHKDYLRU RI VRRW
SDUWLFOHV� 1XPEHU FRQFHQWUDWLRQV ZHUH UHGXFHG E\ XS WR ��� ZLWK ���� +()$�63. FRPSDUHG WR -HW $��� $GGLWLRQDOO\�
GXH WR FKDQJHV LQ SDUWLFOH GLDPHWHU� WKH SDUWLFOH PDVV GHFUHDVHG E\ XS WR ���� 6XVWDLQDEOH DQG V\QWKHWLF IXHOV VKLIWHG WKH
PRGH RI WKH SDUWLFOH QXPEHU VL]H GLVWULEXWLRQ �316'� E\ ��� LQ GLDPHWHU >�@� )RU D GHWDLOHG FRPSDULVRQ RI VRRW SDUWLFOHV�
ZKLFK ZHUH FRUUHFWHG IRU VL]H�GHSHQGHQW ORVVHV� WKH QXPEHU (,QXP(3�� DQG PDVV (,PDVV(3�� FRQFHQWUDWLRQV DV ZHOO DV VL]H
GLVWULEXWLRQV��6036�'06��ZHUH�DQDO\]HG�

7KHVH HPLVVLRQV LPSURYHPHQWV FDQ EH DWWULEXWHG SULPDULO\ WR IXHO FRPSRVLWLRQ� 8QOLNH -HW $��� +()$� DQG )7�63. ODFN
DURPDWLFV DQG FRQVLVW PDLQO\ RI Q� DQG LVR�DONDQHV� (YHQ PLQRU GLIIHUHQFHV LQ K\GURFDUERQ FODVV FRPSRVLWLRQV �H�J��
EHWZHHQ +()$� DQG )7�63.� FDQ VLJQLILFDQWO\ LQIOXHQFH WKH IRUPDWLRQ RI QRQ�&2� HPLVVLRQV� 7KLV UHVHDUFK XQGHUVFRUHV
WKH HQYLURQPHQWDO DGYDQWDJHV RI 6$)V LQ UHGXFLQJ ERWK JDVHRXV DQG SDUWLFXODWH HPLVVLRQV� RIIHULQJ YDOXDEOH LQVLJKWV IRU
DGYDQFLQJ�FOHDQHU�DYLDWLRQ�WHFKQRORJLHV�
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*�PPHU DQG $� +XSIHU� ����� 'HWDLOHG *DVHRXV DQG 3DUWLFXODWH (PLVVLRQV RI DQ $OOLVRQ ����&��% 7XUERVKDIW (QJLQH�
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'HWHUPLQDWLRQ�RI�DLUFUDIW�JDV�WXUELQH�QY30�FKDUJH�VWDWH�DQG�LWV�LPSDFW�RQ�VDPSOLQJ�V\VWHP�ORVVHV�

)��/LGVWRQH�/DQH���3��:LOOLDPV���(��'XUDQG���$��/HD�/DQJWRQ���0��-RKQVRQ���$��&UD\IRUG���'��.LOLF�

�8QLYHUVLW\�RI�0DQFKHVWHU���&DUGLII�8QLYHUVLW\���5ROOV�5R\FH�

$LUFUDIW JDV WXUELQH HQJLQHV SURGXFH LRQV WKURXJK FKHPL�LRQLVDWLRQ DQG WKHUPDO LRQLVDWLRQ OHDGLQJ WR FKDUJHG QRQ�YRODWLOH
3DUWLFXODWH 0DWWHU �QY30� HPLVVLRQV>�@� ,Q W\SLFDO FRPEXVWLRQ V\VWHPV� QY30 FKDUJLQJ UHVXOWV LQ D ELSRODU HTXLOLEULXP
FKDUJH GLVWULEXWLRQ>�@� +RZHYHU� GXH WR KLJK WHPSHUDWXUHV DQG SUHVVXUHV REVHUYHG LQ DQ DLUFUDIW HQJLQH FRPEXVWRU� DLUFUDIW
QY30 LV SUHGLFWHG WR KDYH D QRQ�HTXLOLEULXP FKDUJH GLVWULEXWLRQ>�@� ,I DLUFUDIW QY30 GRHV FDUU\ D QRQ�HTXLOLEULXP FKDUJH
GLVWULEXWLRQ� WKLV FRXOG KDYH VHYHUDO IDU UHDFKLQJ LPSOLFDWLRQV� LQFOXGLQJ� HQKDQFHPHQW RI FRQWUDLO IRUPDWLRQ>�@� DQG
XQDFFRXQWHG�IRU�DGGLWLRQDO�SDUWLFOH�ORVVHV�IRU�UHJXODWRU\�PHDVXUHPHQWV�

7KLV VWXG\ DLPHG WR TXDQWLI\ WKH FKDUJH VWDWH RI DLUFUDIW QY30 IRU WKUHH GLIIHUHQW HQJLQHV UXQQLQJ RQ IRXU GLIIHUHQW
FRPPHUFLDOO\ XVHG IXHOV �WZR -HW$�� DQG WZR ��� EOHQGHG 6$)�� RYHU D UDQJH RI HQJLQH FRQGLWLRQV IURP LGOH �ORZ SRZHU�
WR QHDU WDNH�RII �KLJK SRZHU�� )RU WKLV VWXG\� WKH FKDUJH VWDWH ZDV TXDQWLILHG IRU DOO HQJLQHV� SRZHUV� DQG IXHOV E\
GHWHUPLQLQJ�WKH�FKDUJH�IUDFWLRQ�DQG�PHDQ�FKDUJH�SHU�SDUWLFOH�

)URP )LJXUH���D� LW ZDV REVHUYHG WKDW DV WKH HQJLQH SRZHU �H[KDXVW WHPSHUDWXUH� LQFUHDVHG� PRUH RI WKH SDUWLFOHV
EHFDPH FKDUJHG � XS WR ��� DW QHDU WDNH�RII SRZHU� 7R DGG WR WKLV� D VPDOO IXHO GHSHQGHQFH ZDV REVHUYHG ZKHUH -HW$��
SURGXFHG PRUH FKDUJH QY30 WKDQ 6$)� )URP WKH PHDQ FKDUJH SHU SDUWLFOH SORW �)LJXUH���E�� LW ZDV REVHUYHG WKDW DW ORZ
HQJLQH SRZHUV� WKH FKDUJH GLVWULEXWLRQ ZDV VOLJKWO\ ELDVHG WRZDUGV QHJDWLYH SRODULW\� ZKLFK IOLSSHG WR SRVLWLYH DV WKH HQJLQH
SRZHU LQFUHDVHG� 7KLV UHVXOW FRQILUPV WKH WKHRUHWLFDO SUHGLFWLRQV WKDW DLUFUDIW QY30 FKDUJH GLVWULEXWLRQV DUH QRQ�HTXLOLEULXP�
ZKLFK�DUH�SDUWLFXODUO\�HYLGHQW�DW�KLJK�HQJLQH�SRZHUV�

�

�

)LJXUH��� &KDUJH VWDWH RI DLUFUDIW HQJLQH QY30 DV D IXQFWLRQ RI HQJLQH H[KDXVW WHPSHUDWXUH IRU IRXU GLIIHUHQW IXHOV� D�� LV WKH
FKDUJH�IUDFWLRQ�DQG�E���LV�WKH�PHDQ�FKDUJH�SHU�SDUWLFOH�

%\ XVLQJ WKH PHDQ FKDUJH SHU SDUWLFOH PHDVXUHPHQW� DQ HVWLPDWH RI DGGLWLRQDO XQTXDQWLILHG SDUWLFOH ORVVHV KDV EHHQ
GHYHORSHG� $VVXPLQJ WKDW DOO SDUWLFOHV FDUU\ RQH FKDUJH� DQG FRUUHFWLQJ IRU GLIIXVLRQDO ORVVHV DQG V\VWHP GLOXWLRQ IURP
VDPSOLQJ SUREH WR PHDVXUHPHQW LQVWUXPHQWDWLRQ� WKH LRQ FRQFHQWUDWLRQV FDQ EH FDOFXODWHG� )URP WKLV� D SUHGLFWLRQ RI WKH
FKDUJHG QY30 ORVVHV WKURXJK VDPSOLQJ V\VWHPV FDQ EH SUHGLFWHG� 7KLV HVWLPDWLRQ SUHGLFWV WKDW WKHUH FRXOG EH DQ DGGLWLRQDO
XQTXDQWLILHG QY30 ORVV RI XS WR ��� LQVLGH VDPSOLQJ V\VWHPV IRU KLJK HQJLQH SRZHUV� 7KHUHIRUH� WKLV VWXG\ VKRZV WKDW LW
PD\ EH QHFHVVDU\ WR DGRSW QHZ FKDUJHG QY30 FRUUHFWLRQ PHWKRGRORJLHV LQ VDPSOLQJ V\VWHPV WR DFFXUDWHO\ GHWHUPLQH WKH
DLUFUDIW�QY30�HPLVVLRQV�
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