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UHSRUWV E\ WKH &KDLUPDQVKLS� 7KH 6HFUHWDULDW LV UHVSRQVLEOH IRU WKH VHULHV

RI :RUNLQJ 3DSHUV�

3HGHU $QGHUVHQ

+HDG RI 6HFUHWDULDW
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,PSHUIHFW &RPSHWLWLRQ LQ

WKH 1RUGLF (OHFWULFLW\ 0DUNHWV

0LNNHO 7� .URPDQQ

:RUNLQJ 3DSHU ������

$EVWUDFW�

,PSHUIHFW FRPSHWLWLRQ LQ D OLEHUDOL]HG 1RUGLF HOHFWULFLW\ PDUNHW LV

VLPXODWHG LQ D SDUWLDO HTXLOLEULXP PRGHO ZLWK HODERUDWHG GHPDQG DQG

VXSSO\ V\VWHPV� WKH ODWWHU DOVR LQFOXGLQJ EL�SURGXFWLRQ RI GLVWULFW KHDWLQJ�

,W LV IRXQG WKDW&RXUQRW FRPSHWLWLRQ FDQ IDFLOLWDWH VXUSULVLQJO\ ODUJH H[FHVV

SURILWV� HYHQ ZKHQ D FRPSHWLWLYH IULQJH LV DOORZHG� 7KH UHVXOWV LQGLFDWH

WKDW DZLGHO\ XVHG FRQFHQWUDWLRQPHDVXUH� WKH+LUVKPDQ�+HUILQGDKO LQGH[�

LV D SRRU JXLGH IRU UHYHDOLQJ PDUNHW SRZHU LQ HOHFWULFLW\ PDUNHWV� 7KLV LV

LQ DFFRUGDQFH ZLWK WKH ILQGLQJV RI RWKHU UHFHQW UHVHDUFK�

.H\ZRUGV� &RXUQRW FRPSHWLWLRQ� IULQJH VXSSO\� SRZHU PDUNHWV� GLVWULFW

KHDWLQJ� +LUVFKPDQ�+HUILQGDKO ,QGH[ �++,��
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7DEOH RI FRQWHQWV

� ,QWURGXFWLRQ ������������������������������������������������������������������������� �

� 3HUIHFW &RPSHWLWLRQ�������������������������������������������������������������� �

��� 6XSSO\ RI (OHFWULFLW\ DQG 'LVWULFW +HDWLQJ ������������������ �

��� 7KH 6\VWHP IRU 2WKHU 6XSSO\ DQG 'HPDQG ����������������� �

��� 6SHFL¿FDWLRQ RI ,PSHUIHFW &RPSHWLWLRQ ���������������������� �

��� 7KH 1RUGLF 0DUNHWV IRU 3RZHU LQ ��������������������������� �

��� 3URGXFHUV¶ 3UREOHP XQGHU 3HUIHFW &RPSHWLWLRQ����������� �

��� 6LPXODWLRQ ZLWK 3HUIHFW &RPSHWLWLRQ�������������������������� ��

� ,PSHUIHFW &RPSHWLWLRQ ���������������������������������������������������������� ��

��� 0RQRSROLVW 6XSSO\���������������������������������������������������� ��

��� &RXUQRW &RPSHWLWLRQ ������������������������������������������������ ��

��� &RXUQRW &RPSHWLWLRQ ZLWK )ULQJH 6XSSO\ ������������������� ��

��� ([LVWHQFH� 8QLTXHQHVV DQG 2SWLPDOLW\ RI (TXLOLEULXP� ��

��� 7KH $SSUR[LPDWHG 6ORSH RI 'HPDQG ������������������������� ��

� 6LPXODWLRQ 5HVXOWV���������������������������������������������������������������� ��

� 'LVFXVVLRQ ��������������������������������������������������������������������������� ��

$ 3HUIHFW &RPSHWLWLRQ 0RGHO ZLWK 6ROXWLRQ������������������������������� ��

% 0RQRSROLVW 0RGHO ���������������������������������������������������������������� ��

& &RXUQRW 2OLJRSRO\ 0RGHO ����������������������������������������������������� ��

' &RXUQRW 2OLJRSRO\ ZLWK )ULQJH���������������������������������������������� ��

( 3URRI RI ([LVWHQFH� 8QLTXHQHVV DQG 2SWLPDOLW\ RI (TXLOLEULXP ��



� ,QWURGXFWLRQ

,PSHUIHFW FRPSHWLWLRQ LQ WKH UHFHQWO\ GHUHJXODWHG HQHUJ\ PDUNHWV KDV HPHU�

JHG DV DQ LQWHUHVWLQJ LVVXH IRU HFRQRPLVWV� 'HUHJXODWLRQ KDV EHHQ PRWLYDWHG

E\ WKH EHOLHI WKDW FRVWV LQ D OLEHUDOL]HG PDUNHW ZRXOG EH ORZHU WKDQ WKH FRVWV

PLQLPL]HG E\ WKH UHJXODWLQJ DXWKRULWLHV� +RZHYHU� GHUHJXODWLRQ DOVR PHDQV

WKDW SRZHU SURGXFHUV VHW SULFHV DQG TXDQWLWLHV WR PD[LPL]H SUR¿WV� $V HQ�

WU\ LQWR WKH HQHUJ\ PDUNHW LV RIWHQ FRQVWUDLQHG E\ ODUJH VXQN FRVWV� ZRUULHV

WKDW LPSHUIHFW FRPSHWLWLRQ FRXOG UDLVH SULFHV VXEVWDQWLDOO\ DERYH FRVWV PD\

EH MXVWL¿HG� %HVLGHV FRPSDULQJ SULFH WR PDUJLQDO FRVW� DQ HYDOXDWLRQ RI WKH

GHUHJXODWLRQ WKXV DOVR QHHGV WR FRQVLGHU SULFHV XQGHU WKH SUHYLRXV UHJXODWLRQ

UHJLPH�

(FRQRPLF WKHRU\ LV QRW FRQFOXVLYH DERXW LPSHUIHFW FRPSHWLWLRQ ZLWK D VPDOO

QXPEHU RI SDUWLFLSDQWV LQ D PXOWLSOH SHULRG IUDPHZRUN� 2Q WKH RQH KDQG�

FRQWHVWDELOLW\ DQG ZDU RI DWWULWLRQ WKHRULHV VXJJHVW WKDW IUHH HQWU\ ZLOO HQ�

VXUH WKDW SULFHV VHWWOH DURXQG DYHUDJH FRVW� 2Q WKH RWKHU KDQG� WDFLW FROOXVLRQ

EHWZHHQ IHZ FRPSHWLWRUV� SUHGDWLRQ� UHSXWDWLRQ� RU OLPLW�SULFLQJ WKDW FUHDWHV

EDUULHUV WR HQWU\ FDQ IDFLOLWDWH DERYH�FRVW SULFHV� $Q RYHUYLHZ RI WKHVH WRSLFV

LV SUHVHQWHG E\ 7LUROH �������

$Q RIWHQ XVHG UHIHUHQFH SRLQW IRU LPSHUIHFW FRPSHWLWLRQ ZLWK SULFHV DERYH

FRVWV LV WKH SULFH�TXDQWLW\ SDLU DVVRFLDWHG ZLWK &RXUQRW FRPSHWLWLRQ� 7KLV

SDSHU GHVFULEHV D QXPHULFDO PRGHO WKDW SURYLGHV HVWLPDWHV IRU SULFHV LQ WKH

1RUGLF SRZHU PDUNHW XQGHU DVVXPSWLRQ RI &RXUQRW FRPSHWLWLRQ ZLWK DQ H[�

RJHQRXVO\ VSHFL¿HG QXPEHU RI LGHQWLFDO FRPSHWLWRUV� $V WKH DVVXPSWLRQ RI

LGHQWLFDOQHVV LV VWURQJ� WKH PRGHO DOVR SURYLGHV DQ RSSRUWXQLW\ IRU VHQVLWLYLW\

DQDO\VLV ZLWK D IULQJH RI VPDOO SULFH�WDNLQJ FRPSHWLWRUV WKDW DUH WRR VPDOO WR

KDYH DQ LQÀXHQFH RQ WKH PDUNHW SULFH RQ WKHLU RZQ� :H GR QRW PRGHO DQ\

WDFLW FROOXVLRQ� DQG DVVXPH WKDW LPSHUIHFW FRPSHWLWLRQ VWHPV IURP EDUULHUV WR

HQWU\�

2XU PRGHO KDV DQ HODERUDWH GHPDQG V\VWHP DQG LQFOXGHV WKH SURGXFWLRQ RI

GLVWULFW KHDWLQJ� ZKLFK SRVHV VLJQL¿FDQW FRQVWUDLQWV LQ WKH 1RUGLF HQHUJ\ PDU�

�� 7KLV ZRUNLQJ SDSHU LV D SDUW RI WKH 6HFUHWDULDW RI WKH 'DQLVK (FRQRPLF &RXQFLO¶V

SDUWLFLSDWLRQ LQ WKH 'DQLVK 6WUDWHJLF (QYLURQPHQWDO 5HVHDUFK 3URJUDPPH� ZKRVH ¿�

QDQFLDO VXSSRUW LV JUDWHIXOO\ DFNQRZOHGJHG� 7KH DXWKRU ZLVKHV WR WKDQN -HQV +DXFK

DQG -DQ 9� +DQVHQ� ZKR FRQWULEXWHG ZLWK FRPPHQWV� GLVFXVVLRQ� DQG VXJJHVWLRQV�

+HOSIXO FRPPHQWV IURP 3HWHU )ULVWUXS DOVR LPSURYHG WKLV SDSHU�

���



NHWV� +RZHYHU� LW GRHV QRW LQFOXGH VSDWLDO RZQHUVKLS VWUXFWXUHV� OLPLWDWLRQV RQ

WUDQVPLVVLRQ FDSDFLW\� DQG GDLO\ DQG VHDVRQDO YDULDWLRQ LQ GHPDQG� DOWKRXJK

ZH ZLOO GLVFXVV WKHVH IDFWRUV LQ SDVVLQJ�

:H ¿QG WKDW WKH SRWHQWLDO IRU H[FHVV SUR¿WV LV VXUSULVLQJO\ ODUJH ZKHQ FRP�

SDUHG WR D WUDGLWLRQDO PHDVXUH RI PDUNHW FRQFHQWUDWLRQ� QDPHO\ WKH +LUVFK�

PDQ�+HU¿QGDKO ,QGH[ �++,� DV XVHG E\ IRU H[DPSOH 8� 6� 'HSDUWPHQW RI -XV�

WLFH DQG 8� 6� )HGHUDO 7UDGH &RPPLVVLRQ ������� 0RUH ZRUN LQ WKLV DUHD LV

QHHGHG WR UHYHDO ZKHWKHU KRUL]RQWDO FRQFHQWUDWLRQ LV D VHYHUH SUREOHP LQ WKH

1RUGLF HOHFWULFLW\ PDUNHWV� 6XFK ZRUN PLJKW DOVR VXJJHVW PHDVXUHV WKDW FDQ

FRXQWHU WKH SHUYHUVH HIIHFWV RI KRUL]RQWDO FRQFHQWUDWLRQ LQ WKH 1RUGLF PDUNHWV

RU VSHFLI\ JXLGHOLQHV IRU HIIHFWLYH PHUJHU UHJXODWLRQ�

,Q VHFWLRQ � ZH SUHVHQW D SHUIHFW FRPSHWLWLRQ PRGHO RI WKH 1RUGLF HQHUJ\

PDUNHWV� )RU SHGDJRJLFDO SXUSRVHV ZH H[WHQG WKLV PRGHO WR PRQRSRO\ DQG

&RXUQRW FRPSHWLWLRQ LQ VHFWLRQ � EHIRUH ZH SUHVHQW RXU IXOO�VL]H &RXUQRW

FRPSHWLWLRQ ZLWK IULQJH VXSSO\ PRGHO� 7KH VLPXODWLRQ UHVXOWV FDQ EH IRXQG

LQ VHFWLRQ �� IROORZHG E\ D JHQHUDO GLVFXVVLRQ DQG FRQFOXVLRQ LQ VHFWLRQ ��

� 3HUIHFW &RPSHWLWLRQ

7KH RULJLQDO PRGHO LV D SDUWLDO HTXLOLEULXPPRGHO E\ +DXFK ������ GHVFULELQJ

VXSSO\ DQG GHPDQG IRU HQHUJ\ DQG RWKHU JRRGV DQG VHUYLFHV LQ 'HQPDUN�

)LQODQG� 1RUZD\ DQG 6ZHGHQ� 7KH PRGHO LV FDOLEUDWHG RQ GDWD IRU ���� DQG

LV DQ DQQXDO PRGHO� 7KXV� LW GRHV QRW DFFRXQW IRU VHDVRQDO RU GDLO\ YDULDWLRQ

LQ GHPDQG DQG VXSSO\�

(OHFWULFLW\ LV WUDGHG� DQG KRXVHKROGV RSWLPL]H WKHLU XWLOLW\ DQG SURGXFHUV WKHLU

SUR¿W� 7KH PRGHO LV D K\EULG PRGHO� $ ³ERWWRP�XS´ V\VWHP GHVFULEHV SUR�

GXFWLRQ RI HOHFWULFLW\ DQG GLVWULFW KHDWLQJ� ZKLOH D ³WRS�GRZQ´ V\VWHP RI SUR�

GXFWLRQ DQG XWLOLW\ IXQFWLRQV GHVFULEHV VXSSO\ RI RWKHU JRRGV DQG GHPDQG�

7KH ERWWRP�XS PRGHOOLQJ DOORZV D GHWDLOHG GHVFULSWLRQ RI HQHUJ\ SURGXFWLRQ�

ZKLFK LV RXU PDLQ SRLQW RI LQWHUHVW� ZKLOH WKH WRS�GRZQ V\VWHP LV D ZLGHO\

XVHG PHWKRG IRU PRGHOOLQJ HFRQRPLF DJJUHJDWHV�

���



��� 6XSSO\ RI (OHFWULFLW\ DQG 'LVWULFW +HDWLQJ

7KH VWHSZLVH PDUJLQDO FRVW VWUXFWXUH ZKLFK LV PRVW VXLWDEOH IRU WKLV IRUP RI

SURGXFWLRQ LV PRGHOOHG ZLWK D ERWWRP�XS V\VWHP� 7KH SURGXFWLRQ RI HOHFWULF�

LW\ DQG GLVWULFW KHDWLQJ FDQ EH GLYLGHG LQWR WR IRXU EURDG WHFKQRORJ\ W\SHV�

� &RQGHQVLQJ WHFKQRORJLHV SURGXFH @ � � HQHUJ\ XQLWV RI HOHFWULFLW\ IRU

HDFK HQHUJ\ XQLW RI IXHO LQSXW� @ LV ODEHOOHG WKH HQHUJ\ FRHI¿FLHQW� 7KH

HQHUJ\ ORVV �GXH WR H[FHVV KHDW� FDQQRW EH XWLOL]HG IRU GLVWULFW KHDWLQJ

SXUSRVHV� &RQGHQVLQJ WHFKQRORJLHV XVH RLO� FRDO DQG JDV DV IXHO LQSXWV�

,W LV FRQYHQLHQW DOVR WR PRGHO QXFOHDU� K\GUR DQG ZLQG SRZHU DV FRQ�

GHQVLQJ WHFKQRORJLHV� DV WKH HTXDWLRQV GHVFULELQJ WKHVH WHFKQRORJLHV

DUH LGHQWLFDO WR WKRVH RI JHQXLQH FRQGHQVLQJ WHFKQRORJLHV�

� %DFNSUHVVXUH WHFKQRORJLHV FDQ XWLOL]H WKH H[FHVV KHDW IURP HOHFWULFLW\

SURGXFWLRQ WR SURGXFH GLVWULFW KHDWLQJ� 7KH @¶V DVVRFLDWHG ZLWK EDFN�

SUHVVXUH WHFKQRORJLHV DFFRXQW IRU WKH VXP RI HOHFWULF DQG GLVWULFW KHDW�

LQJ HQHUJ\ SURGXFHG IURP RQH HQHUJ\ XQLW RI IXHO LQSXW� &P LV XVHG

WR GHVLJQDWH WKH HOHFWULFLW\�KHDW UDWLR� %DFNSUHVVXUH WHFKQRORJLHV DUH

IRXQG LQ ERWK VPDOO DQG ODUJH VFDOH DQG XVH RLO� FRDO� JDV DQG ELR IXHOV�

� ([WUDFWLRQ�FRQGHQVLQJ WHFKQRORJLHV UXQ LQ HLWKHU FRQGHQVLQJ RU EDFN�

SUHVVXUH PRGH� ([WUDFWLRQ�FRQGHQVLQJ WHFKQRORJLHV DUH RQO\ XVHG RQ

WKH ODUJH VFDOH DQG XVH RLO� FRDO DQG JDV DV IXHO LQSXWV�

� 3XUH GLVWULFW KHDWLQJ WHFKQRORJLHV GR QRW SURGXFH HOHFWULFLW\� ,W LV

DVVXPHG WKDW RQO\ ELR IXHOV DUH XVHG IRU WKLV WHFKQRORJ\� 7KH @�YDOXHV

DVVRFLDWHG ZLWK GLVWULFW KHDWLQJ DUH LQWHUSUHWHG DV WRWDO HQHUJ\ RXWSXW

IRU HDFK HQHUJ\ XQLW RI IXHO LQSXW�

'LVWULFW KHDWLQJ PXVW EH SRZHUHG E\ VPDOO VFDOH WHFKQRORJLHV ZKHQ WKH DUHDV

VXSSOLHG DUH WRR VSDUVHO\ SRSXODWHG WR VXSSRUW D ODUJH VFDOH SODQW� 6WULFWO\

VSHDNLQJ WKHUH DUH WZR VHSDUDWH PDUNHWV IRU GLVWULFW KHDWLQJ� EXW LW LV PRUH

FRQYHQLHQW WR PDNH WKH PRGHO VHQVLWLYH WR VFDOH DQG JHRJUDSK\ E\ IRUFLQJ

VRPH PLQLPXP VKDUH � n A n � RI GLVWULFW KHDWLQJ WR EH SRZHUHG E\ VPDOO

VFDOH WHFKQRORJLHV�� A FRUUHVSRQGV WR WKH REVHUYHG UDWLR EHWZHHQ ODUJH DQG

VPDOO VFDOH GLVWULFW KHDWLQJ�

�� 6PDOO VFDOH WHFKQRORJLHV FDQ DOVR VXSSO\ GHQVHO\ SRSXODWHG DUHDV�

���



:KHUHDV GLVWULFW KHDWLQJ PXVW EH GHOLYHUHG ORFDOO\� HOHFWULFLW\ FDQ EH WUDGHG

LQWHUQDWLRQDOO\� +DXFK ������ PRGHOV DQ LQWHUQDWLRQDO WUDQVPLVVLRQ V\VWHP

ZLWK FDSDFLW\ OLPLWV DQG WUDQVSRUWDWLRQ FRVWV� $VVXPLQJ WKDW WKH WUDQVPLVVLRQ

V\VWHP LV RSHUDWHG XQGHU SHUIHFW FRPSHWLWLRQ �HTXLYDOHQW WR SHUIHFW UHJXOD�

WLRQ� HOHFWULFLW\ LV WUDQVPLWWHG EHWZHHQ WKH FRXQWULHV LI WKH GLIIHUHQFH EHWZHHQ

SULFHV LV JUHDWHU WKDQ WKH WUDQVPLVVLRQ FRVW� 7KLV FDXVHV WKH QDWLRQDO GHPDQG

FXUYHV �H[SRUWV LQFOXGHG� IRU HOHFWULFLW\ WR EHFRPH NLQNHG�

)RU WKLV UHDVRQ ZH KHUH DVVXPH QR WUDQVSRUWDWLRQ FRVWV DQG FDSDFLW\ OLPLWV IRU

LQWHUQDWLRQDO WUDQVPLVVLRQ� DV WKH PRGHO ZLOO RWKHUZLVH EHFRPH WRR FRPSOL�

FDWHG�� 7UDQVPLVVLRQ V\VWHPV FDQ DOVR EH XVHG VWUDWHJLFDOO\ E\ FRQJHVWLQJ D

WUDQVPLVVLRQ OLQH� VHH IRU H[DPSOH &DUGHOO� +LWW DQG +RJDQ ������ DQG %RUHQ�

VWHLQ� %XVKQHOO DQG .QLWWHO ������� 2XU PRGHO¶V XQGHUO\LQJ GDWD LV WRR VSDUVH

WR GHVFULEH VWUDWHJLF LQWHUDFWLRQ WKURXJK WUDQVPLVVLRQ� )XUWKHUPRUH DV WKH

VFRSH LV D URXJK HVWLPDWH RI SRWHQWLDO PDUNHW SRZHU� WKH LQFOXVLRQ RI FRVWO\

DQG OLPLWHG WUDQVPLVVLRQ ZLWKRXW VWUDWHJLF LQWHUDFWLRQ FDQQRW MXVWLI\ WKH H[WUD

FRPSOLFDWLRQ ZKLFK WKLV ZRXOG FDXVH� )RU IXUWKHU HYDOXDWLRQ RI WKH 1RUGLF

PDUNHW IRU HOHFWULFLW\� WKLV LV DQ REYLRXV WRSLF WR LQYHVWLJDWH�

��� 7KH 6\VWHP IRU 2WKHU 6XSSO\ DQG 'HPDQG

)LYH VHFWRUV �WKH KHDY\� OLJKW� FKHPLFDO DQG IRRG�ZRRG LQGXVWULHV DQG WKH

VHUYLFH VHFWRU� SURGXFH JRRGV IRU FRQVXPSWLRQ XVLQJ HOHFWULFLW\ DQG GLVWULFW

KHDWLQJ� )XHO LQSXWV DUH VXSSOLHG E\ ZRUOG PDUNHW DW H[RJHQRXV SULFHV� $Q

DJJUHJDWH RI ³RWKHU LQSXWV WKDQ HQHUJ\´ UHSUHVHQWV WKH YDOXH DGGHG IURP RWKHU

FRPPRGLWLHV� 7KLV DJJUHJDWH FRYHUV �� SHUFHQW RI WKH LQSXWV XVHG� DQG WKLV LV

ZK\ WKH PRGHO FODLPV RQO\ WR EH D SDUWLDO HTXLOLEULXP PRGHO� 7KH LQGXVWULDO

LQSXW QHVW VWUXFWXUH LV VKRZQ LQ ¿JXUH ��

7KH RXWSXWV RI WKH ¿YH VHFWRUV DUH XVHG IRU KRXVHKROG FRQVXPSWLRQ� ZKLFK

DOVR LQFOXGHV WUDQVSRUWDWLRQ� HOHFWULFLW\ DQG KHDWLQJ� 7KH SULFH RI WUDQVSRUWD�

WLRQ LV SURSRUWLRQDO WR WKH RLO SULFH� VR WUDQVSRUWDWLRQ FDQ DOVR EH VDLG WR EH

VXSSOLHG LQHODVWLFDOO\ E\ WKH UHVW RI WKH ZRUOG� +HDWLQJ LV D QHVWHG XWLOLW\ IXQF�

WLRQ LQFOXGLQJ HOHFWULF DQG GLVWULFW KHDWLQJ� RLO� JDV DQG FRDO� $OO FRPPRGL�

�� %HFDXVH RI WKH VWHSZLVH FRVW VWUXFWXUH WKH GHPDQG FXUYH JHWV NLQNHG DV D UHVXOW

RI WKH LQWURGXFWLRQ RI IULQJH VXSSO\ ZKLFK ZLOO EH GLVFXVVHG ODWHU� ,Q VHFWLRQ ���

ZH VKRZ WKDW LW LV QHFHVVDU\ WR FKHFN HDFK NLQN VHSHUDWHO\ DV WKH\ PD\ UHSUHVHQW

RSSRUWXQLWLHV IRU H[WUD SUR¿W�

���



)LJXUH � ,QGXVWULDO LQSXW QHVW VWUXFWXUH

Output

GDP

Electricity

Energy

Other energy than electricity

Natural gas

Coal

Other

OilDistrict Heating

WLHV DUH SULFHG VHSDUDWHO\ IRU DOO IRXU FRXQWULHV LQ RUGHU WR DOORZ� IRU H[DPSOH�

GLIIHUHQW OHYHOV RI WD[DWLRQ� 7KH QHVWLQJ RI WKH KRXVHKROG XWLOLW\ IXQFWLRQ LV

VKRZQ LQ ¿JXUH ��

$V DOO XWLOLW\ DQG SURGXFWLRQ IXQFWLRQV DUH ZHOO�EHKDYHG �WKH IXQFWLRQV XVHG

DUH 6WRQH�*HDU\� &(6 DQG /HRQWLHII� WKH DJJUHJDWH XWLOLW\ IXQFWLRQ LV DOVR

ZHOO�EHKDYHG� 7KHQ WKH DJJUHJDWH GHPDQG IXQFWLRQ IRU HOHFWULFLW\ LV DOVR

FRQWLQXRXV� WZLFH GLIIHUHQWLDEOH DQG GHFUHDVLQJ LQ HOHFWULFLW\ SULFH�

)LJXUH � +RXVHKROG GHPDQG QHVW VWUXFWXUH

Total consumption

Heavy
industry

Light
industry

Chemical
industry

Food/wood
industry

ElectricityHeatTransportationService
Sector

District heatingOther heating

Electric heating CoalOilNatural gas

��� 6SHFL¿FDWLRQ RI ,PSHUIHFW &RPSHWLWLRQ

%HFDXVH RI .UHSV DQG 6FKHLQNPDQ ������� &RXUQRW FRPSHWLWLRQ LV RIWHQ

WKRXJKW DV DQ LQYHVWPHQW JDPH LQ ZKLFK QRQH RI WKH SURGXFHUV KDYH DQ\ LQL�

WLDO FDSDFLW\ DQG ZKHUH WKH\ DOO VLPXOWDQHRXVO\ GHFLGH RQ VRPH LQYHVWPHQW RQ

WKH EDVLV RQ WKH NQRZQ GHPDQG DQG WKH QXPEHU RI RWKHU SOD\HUV LQ WKH JDPH�

7KH LQYHVWPHQW LV D FUHGLEOH TXDQWLW\ FRPPLWPHQW �LW PLJKW WDNH VRPH WLPH

���



WR JHW WKH LQYHVWPHQW UHDG\ IRU SURGXFWLRQ� DQG WKH SOD\HUV FDQ WKHUHDIWHU JR

LQWR SULFH FRPSHWLWLRQ� :H DVVXPH VRPH EDUULHUV WR HQWU\ DQG WKXV DOORZ RQO\

DQ H[RJHQRXVO\ GHWHUPLQHG QXPEHU RI ¿UPV WR SDUWLFLSDWH LQ WKH LQYHVWPHQW

JDPH�

.OHPSHUHU DQG 0H\HU ������ LQWURGXFH WKH 6XSSO\ )XQFWLRQ (TXLOLEULXP

�6)(�� ZKLFK GHVFULEHV ROLJRSRO\ SULFH DQG TXDQWLW\ FKRLFH XQGHU XQFHU�

WDLQW\� 7KH 6)( FRQFHSW DSSOLHV ZHOO WR WKH HOHFWULFLW\ KRXU�E\�KRXU DXFWLRQV

XVHG LQ PDQ\ OLEHUDOL]HG HOHFWULFLW\ PDUNHWV� (OHFWULFLW\ SURGXFHUV VXEPLW ELG

VFKHGXOHV WR VXSSO\ D PDUNHW XQGHU XQFHUWDLQW\� DQG WKH ELGV VXEPLWWHG FDQ EH

XVHG DV FUHGLEOH TXDQWLW\ FRPPLWPHQWV� 7KLV RSHQV WKH SRVVLELOLW\ RI &RXUQRW

FRPSHWLWLRQ� DV WKH ZRUVW FDVH RXWFRPH RI WKH DXFWLRQV ZKHQ XQFHUWDLQW\ LV

YHU\ ORZ� $W KLJKHU XQFHUWDLQW\ WKH SULFH FRQYHUJHV WRZDUGV WKH %HUWUDQG

HTXLOLEULXP SULFH�

1HZEHU\ DQG *UHHQ ������� YRQ GHU )HKU ������� :ROIUDP ������ DQG RWK�

HUV KDYH FRQWULEXWHG RQ WKLV WRSLF IRU WKH HOHFWULFLW\ PDUNHWV� 7KH\ SRLQW RXW

WKDW D FRQVLGHUDEOH VKDUH RI WKH LQIUD�PDUJLQDO HOHFWULFLW\ VXSSO\ LV EDVHORDG

ZLWK ORZ PDUJLQDO FRVWV� ZKHUHDV WKH PDUJLQDO WHFKQRORJLHV KDYH VLJQL¿�

FDQWO\ KLJKHU PDUJLQDO FRVWV�� 7KXV� WKH SRVVLELOLW\ RI HDUQLQJ ODUJH SUR¿WV

RQ WKH LQIUD�PDUJLQDO EDVHORDG XQLWV LQ SHDNORDG KRXUV LV OLNHO\ WR LQFUHDVH

WKH SURGXFHUV¶ ELGV IRU PDUJLQDO XQLWV�

%RUHQVWHLQ� %XVKQHOO DQG .QLWWHO ������ FULWLFL]H WKH 6)( PRGHO EHFDXVH LW

KDV GLI¿FXOWLHV ZLWK LQFOXGLQJ D FRPSHWLWLYH IULQJH� ELODWHUDO FRQWUDFWV� VWDUW�

LQJ FRVWV� SODQWV UXQQLQJ LGOH IRU VWDQGE\ GLVSDWFKPHQW DQG RWKHU VKRUW WHUP

SKHQRPHQD� $V WKH\ ¿QG WKHVH FKDUDFWHULVWLFV PRUH LPSRUWDQW LQ WKH &DOLIRU�

QLDQ HOHFWULFLW\ PDUNHW WKDQ WKH 6)( PRGHOV¶ UHVHPEODQFH WR HOHFWULFLW\ DXF�

WLRQV DQG PDUNHW XQFHUWDLQW\� WKH\ GHSDUW IURP WKH 6)( FRQFHSW DQG PRGHO

WKH ZRUVW�FDVH� &RXUQRW�1DVK FRPSHWLWLRQ ZLWK QRQ�LGHQWLFDO SURGXFHUV DQG

D IULQJH VXSSO\� ZKHUH WKH SURGXFHUV DUH DOORZHG WR GHFODUH FDSDFLW\ ³XQGHU

PDLQWHQDQFH´ LQ RUGHU WR GLPLQLVK RXWSXW DQG UDLVH WKH SULFH�

7KH GDWD XQGHUO\LQJ RXU PRGHO GRHV QRW OHQG LWVHOI QDWXUDOO\ WR WKH 6)( DS�

SURDFK� 1HLWKHU LV LW DSSOLFDEOH WR WKH VKRUW�WHUP SKHQRPHQD GHVFULEHG E\

%RUHQVWHLQ� %XVKQHOO DQG .QLWWHO� ,W GRHV KRZHYHU DOORZ XV WR LQFOXGH D

�� *HQHUDOO\� WKHVH SODQWV KDYH WKH DGYDQWDJH WKDW WKHLU VWDUWLQJ DQG VWRSSLQJ FRVWV

DUH FRQVLGHUDEO\ ORZHU WKDQ EDVHORDG SODQWV� WKHUHE\ PDNLQJ WKHP ZHOO�VXLWHG IRU

SURGXFLQJ RQO\ LQ SHDNORDG KRXUV�
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FRPSHWLWLYH IULQJH ZLWK OLPLWHG SURGXFWLRQ FDSDFLWLHV�� 7KLV HDVHV WKH TXHV�

WLRQDEOH DVVXPSWLRQ RI LGHQWLFDO SURGXFHUV� $OVR� RXU VWUDWHJLFDOO\ DFWLQJ

ROLJRSROLVWV FDQ WDNH FDSDFLW\ RXW RI SURGXFWLRQ RU RPLW LQYHVWPHQWV�

7KH PDUNHW IRU GLVWULFW KHDWLQJ LV D QDWXUDO PRQRSRO\ EHFDXVH RI WKH ODUJH

FRVWV DQG FDSLWDO LQWHQVLW\ LQ WKH GLVWULEXWLRQ� DQG LW WKXV REYLRXVO\ OHQG LWVHOI

WR VRPH NLQG RI UHJXODWLRQ� :H DSSO\ D ¿[HG SULFH�TXDQWLW\ UHJXODWLRQ WKDW�

EHVLGHV VLPSOLI\LQJ WKH PRGHO� SUHYHQWV WKH HOHFWULFLW\ PDUNHW VWUDWHJLF LQWHU�

DFWLRQ�� 7KH SULFHV DQG TXDQWLWLHV FKRVHQ DUH WKRVH WKDW ZRXOG SUHYDLO XQGHU

SHUIHFW FRPSHWLWLRQ�

7R HQVXUH WKH H[LVWHQFH� XQLTXHQHVV DQG RSWLPDOOLW\ RI DQ HTXLOLEULXP LQ RXU

PRGHO LW LV DOVR QHFHVVDU\ WR GHSULYH WKH IULQJH RI WKH SRVVLELOLW\ RI H[WUDFWLRQ�

FRQGHQVLQJ SURGXFWLRQ �VHH DSSHQGL[ (�� 7KLV UDLVHV WKH SUREOHP RI FD�

SDFLW\ FRPSRVLWLRQ ZLWK UHVSHFW WR WHFKQRORJLHV EHWZHHQ WKH IULQJH DQG WKH

ROLJRSROLVWV� :H DUJXH WKDW IULQJH SURGXFHUV VKRXOG EH DVVLJQHG RQO\ VPDOO

VFDOH WHFKQRORJLHV� DV RZQHUV H[HUFLVLQJ PDUNHW SRZHU DUH OLNHO\ WR RZQ ODUJH

VFDOH SODQWV DQG QRW ERWKHU ZLWK VPDOO VFDOH WHFKQRORJLHV�

:HUH WKHUH QR UHVWULFWLRQ RQ IULQJH WHFKQRORJ\ FKRLFH� WKH VLPSOH VROXWLRQ

ZRXOG KDYH EHHQ WR DVVXPH WKDW IULQJH DQG ROLJRSROLVWV KDG LGHQWLFDO FRPSR�

VLWLRQV RI WHFKQRORJLHV� +RZHYHU� WKH UHTXLUHPHQW IRU QR VWUDWHJLF LQWHUDFWLRQ

WKURXJK GLVWULFW KHDWLQJ PDUNHWV OHDYHV XV ZLWK QR GHVLUDEOH DOWHUQDWLYH RWKHU

WKDQ DVVLJQLQJ DOO EDFNSUHVVXUH WHFKQRORJLHV WR WKH IULQJH DQG VXSSOHPHQW�

LQJ WKHVH ZLWK FRQGHQVLQJ FDSDFLW\ XQWLO WKH GHVLUHG IULQJH PDUNHW VKDUH� LV

UHDFKHG�

7KH DPRXQW RI GLVWULFW KHDWLQJ WKDW WKH IULQJH DQG WKH ROLJRSROLVWV DUH IRUFHG

WR VXSSO\ PXVW WKHQ EH FDOFXODWHG RQ WKH EDVLV RI SURGXFWLRQ GHFLVLRQV XQGHU

SHUIHFW FRPSHWLWLRQ� DQG WKH GHFHQWUDOL]HG GLVWULFW KHDWLQJ UHTXLUHPHQWV PXVW

EH DGMXVWHG WR UHÀHFW WKH DOWHUHG FDSDFLWLHV� (YHQ WKRXJK WKH PDUNHW FRQFHQ�

�� 7KXV� WKH IULQJH VXSSOLHUV FDQQRW LQYHVW LQ QHZ FDSDFLW\�

�� :LWK WKH SRVVLELOLW\ RI VWUDWHJLF LQWHUDFWLRQ D IULQJH VXSSOLHU FRXOG EH IRUFHG RXW

RI WKH PDUNHW LI WKH GLVWULFW KHDWLQJ SULFH IHOO EHORZ WKH SURGXFWLRQ FRVWV� 6XFK

LQWHUDFWLRQ VHHPV QRW YHU\ OLNHO\ ZKHQ WKH PDUNHW LV UHJXODWHG�

�� 7KH FDSDFLWLHV DVVLJQHG WR WKH IULQJH LQ WKH WZR IULQJH VFHQDULRV DUH FDOFXODWHG VR

WKDW WKH IULQJH XQGHU SHUIHFW FRPSHWLWLRQ VXSSOLHV �� DQG �� SHUFHQW RI WKH HOHFWULFLW\

PDUNHW UHVSHFWLYHO\�
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WUDWLRQ LV WKH VDPH XQGHU GLIIHUHQW FRPSRVLWLRQV RI FDSDFLW\ EHWZHHQ IULQJH

DQG ROLJRSROLVWV� WKHLU FRVW VWUXFWXUHD DUH VWLOO GLIIHUHQW�

��� 7KH 1RUGLF 0DUNHWV IRU 3RZHU LQ ����

+DXFK ������ VLPXODWHV �� DQQXDO SHULRGV ZKHUH WKH DJHQWV KDYH P\RSLF

H[SHFWDWLRQV� 7KLV LV GRQH E\ VROYLQJ WKH PRGHO IRU HDFK \HDU ZKLOH LQYHVW�

LQJ LQ DQG GHSUHFLDWLQJ HOHFWULFLW\ DQG GLVWULFW KHDWLQJ SURGXFWLRQ FDSDFLWLHV

�PHDVXUHG DV SRVVLEOH \HDUO\ IXHO LQSXW� DQG XSGDWLQJ UHDO LQFRPH�

$V PHQWLRQHG DERYH� WKHUH LV QR REYLRXV ZD\ WR PRGHO D PXOWL�SHULRG LQYHVW�

PHQW JDPH� VR LQVWHDG ZH PRGHO RQO\ RQH SHULRG ZLWK &RXUQRW FRPSHWLWLRQ

DV RXU LPSHUIHFW FRPSHWLWLRQ VSHFL¿FDWLRQ� $V OLEHUDOL]DWLRQ LV DVVXPHG WR

KDSSHQ LQ ���� ZH XVH ���� DV WKH EDVH \HDU� DV W\SLFDO SODQQLQJ DQG EXLOG�

LQJ RI D SRZHU SODQW WDNHV � \HDUV� 2XU EDVH \HDU GDWD DUH WKH ���� GDWD

H[WUDSRODWHG �� \HDUV DKHDG E\ GHSUHFLDWLQJ FDSDFLWLHV OLQHDUO\ DFFRUGLQJ WR

OLIHWLPH DQG XSGDWLQJ WKH UHDO LQFRPH ZLWK KLVWRULFDO JURZWK UDWHV� :H UHMHFW

WKH +RWHOOLQJ K\SRWKHVLV DQG DVVXPH QR UHDO HQHUJ\ SULFH LQFUHDVHV� ZKLFK LV

LQ OLQH ZLWK KLVWRULFDO GDWD IRU D ORQJ WLPH SHULRG�

,Q WDEOH � ZH VKRZ WKH SURGXFWLRQ FDSDFLWLHV �LQYHVWPHQWV LQFOXGHG� IRU GLV�

WULFW KHDWLQJ DQG HOHFWULFLW\ SURMHFWHG WR ���� XQGHU WKH DVVXPSWLRQ RI SHUIHFW

FRPSHWLWLRQ� %HFDXVH RI 'DQLVK UHJXODWLRQ� �� SHUFHQW RI DOO SRZHU FRQ�

VXPHG PXVW EH SURGXFHG E\ HQYLURQPHQW�IULHQGO\ WHFKQRORJLHV LQ ����� :H

DVVXPH WKDW WKLV ¿JXUH LV �� SHU FHQW LQ ����� DQG WKDW WKH WHFKQRORJ\ LV ZLQG

SRZHU� 7KXV �*:K RI ZLQG SRZHU LV DGGHG H[RJHQRXVO\ WR WKH DOUHDG\ LQ�

VWDOOHG FDSDFLW\ LQ ���� EHIRUH QHZ LQYHVWPHQWV�

2WKHU LQYHVWPHQWV DUH ��*:K RI 'DQLVK EDFNSUHVVXUH� DQG LQ ERWK 6ZHGHQ

DQG )LQODQG ��*:K RI H[WUDFWLRQ FDSDFLW\ LV LQYHVWHG� $V WKH IULQJH FDQQRW

LQYHVW� WKH 'DQLVK EDFNSUHVVXUH FDSDFLW\ LV DOVR DGGHG H[RJHQRXVO\� ,Q WKH

WDEOH WKH GHPDQG IRU HOHFWULFLW\ DQG GLVWULFW KHDWLQJ UHVXOWLQJ IURP D SHUIHFW

FRPSHWLWLRQ VLPXODWLRQ ZLWK WKHVH FDSDFLWLHV LV DOVR VKRZQ�

$V WKH PRGHO LV DQQXDO LW GRHV QRW WDNH SHDN ORDGV �HLWKHU GDLO\ RU VHDVRQDO�

LQWR DFFRXQW� ,QVWHDG� GHPDQG LV WKH WRWDO HOHFWULFLW\ XVH SHU \HDU� 7R DFFRXQW

IRU WKH GHPDQG ÀXFWXDWLRQV� WKH XWLOL]DWLRQ WLPH RI WKH LQVWDOOHG FDSDFLW\ KDV

EHHQ DGMXVWHG� %DFNSUHVVXUH WHFKQRORJLHV LQ SDUWLFXODU KDYH D ORZHU XWLOL]D�

���



7DEOH � 1RUGLF PDUNHWV IRU HOHFWULFLW\ DQG GLVWULFW KHDWLQJ� SURMHFWLRQ IRU

���� XQGHU WKH DVVXPSWLRQ RI SHUIHFW FRPSHWLWLRQ

'HQPDUN )LQODQG 1RUZD\ 6ZHGHQ

��������� *:K SURGXFWLRQ SHU \HDU ����������

&RQGHQVLQJ FDSDFLW\ ��� ���� ����

1XFOHDU FDSDFLW\ ���� ����

+\GUR�ZLQG FDSDFLW\ ��� ���� ����� ����

%DFNSUHVVXUH FDSDFLW\ ���� ���� ��� ����

([WUDFWLRQ FDSDFLW\ ���� ���� ����

7RWDO HOHFWULFLW\ FDSDFLW\ ���� ���� ����� �����

7RWDO HOHFWULFLW\ GHPDQG ���� ���� ���� �����

%DFNSUHVVXUH KHDWLQJ ���� ���� ����

([WUDFWLRQ KHDWLQJ ���� ���� ����

3XUH GLVWULQFW KHDWLQJ ���� ����

7RWDO GLVWULFW KHDWLQJ FDSDFLW\ ���� ���� �����

7RWDO GLVWULFW KHDWLQJ GHPDQG ���� ���� ����

6RXUFH� +DXFK ������ DQG RZQ FDOFXODWLRQV

WLRQ WLPH DV WKH GHPDQG IRU GLVWULFW KHDWLQJ KDV VLJQL¿FDQW VHDVRQDO ÀXFWXD�

WLRQV�

��� 3URGXFHUV¶ 3UREOHP XQGHU 3HUIHFW &RPSHWLWLRQ

:H KDYH IRXU FRXQWULHV DQG ZH DVVXPH WKDW DOO SURGXFHUV KDYH DQ HTXDO VKDUH

RI WKH FDSDFLWLHV IRU DOO WHFKQRORJLHV�� )RU HDFK WHFKQRORJ\ N DQG FRXQWU\ L �

/HW + E
N�L DQG +

S
N�L GHQRWH WKH KHDW RXWSXW IURP EDFNSUHVVXUH DQG SXUH GLVWULFW

KHDWLQJ SURGXFWLRQ UHVSHFWLYHO\� $OVR� OHW (E
N�L DQG (F

N�L GHQRWH WKH HOHFWULFLW\

RXWSXW IURP EDFNSUHVVXUH DQG FRQGHQVLQJ SURGXFWLRQ� /HW )E
N�L � )

F
N�L DQG )

S
N�L

GHQRWH WKH IXHO XVH� DQG . LQY
N�L GHQRWH DQ\ DGGHG FDSDFLW\� ZKLOH .

LQL
N�L LV WKH H[�

�� 1RWH WKDW WKRXJK WKH FDSDFLWLHV DUH DOVR VHSDUDWHG E\ FRXQWULHV� WKHUH LV QR QDWLRQDO

GLVWLQFWLRQ LQ RZQHUVKLS� WKH SURGXFHUV RZQ DQ LQWHUQDWLRQDO SRUWIROLR RI SURGXFWLRQ

FDSDFLW\�
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LVWLQJ FDSDFLW\� )RU VRPH WHFKQRORJLHV DQ XSSHU FDSDFLW\ OLPLW� .PD[
N�L � H[LVWV�

�

3+
L DQG 3 ( GHQRWH WKH SULFHV RI SURGXFHG KHDW DQG HOHFWULFLW\� DQG 3)

N�L LV

WKH SULFH RI WHFKQRORJ\�VSHFL¿F IXHO� 7KH SULFH RI FDSDFLW\ LV 3.
N�L � ZKLFK LV

H[RJHQRXVO\ VHW WR WKH FDSLWDO FRVW RI RQH IXHO XQLW LQSXW DW WKH JLYHQ LQWHUHVW

UDWH� ( � + O
L DQG + V

L DUH WKH WRWDO DPRXQW RI HOHFWULFLW\ SURGXFHG� DQG ODUJH�

DQG VPDOO�VFDOH GLVWULFW KHDWLQJ VXSSOLHG LQ HTXLOLEULXP UHVSHFWLYHO\� )LQDOO\�

OHW GN EH D ELQDU\ SDUDPHWHU DVVLJQHG WKH YDXOH � RU � IRU ODUJH� RU VPDOO�VFDOH

GLVWULFW KHDWLQJ WHFKQRORJLHV�

)RU FRQYHQLHQFH� WKHVH FDOFXODWLRQV DVVXPH WKDW HDFK WHFKQRORJ\ FDQ SURGXFH

LQ FRQGHQVLQJ� EDFNSUHVVXUH DQG SXUH GLVWULFW KHDWLQJ PRGH� 1R WHFKQRORJ\

FDQ LQ IDFW GR VR� EXW ZKHQ WKH DSSURSULDWH @¶V DUH VHW WR ]HUR� FRVW PLQLPL]D�

WLRQ ZLOO UXOH RXW WKH LPSRVVLEOH SURGXFWLRQ PRGHV� 7KH SURGXFHUV¶ SUR¿W

PD[LPL]DWLRQ SUREOHP LV�
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7KH SUREOHP LV FRQVWUDLQHG E\ WKH HQHUJ\ HI¿FLHQF\ LQ WKH WKUHH WHFKQRORJ\

W\SHV �HTXDWLRQV �� �� ��� WKH HOHFWULFLW\�KHDW UDWLR �HTXDWLRQ �� DQG WKH FD�

SDFLW\ OLPLWV �HTXDWLRQ ��� (TXDWLRQ � LV WKH GHFHQWUDOL]HG GLVWULFW KHDWLQJ

FRQGLWLRQ� DQG HTXDWLRQ � UHSUHVHQWV SRWHQWLDO OLPLWV LPSRVHG RQ WRWDO FDSDF�

LW\� 6XEVWLWXWLQJ HTXDWLRQV � WR � LQWR HTXDWLRQ � WKH SUREOHP FDQ EH VROYHG

ZLWK UHVSHFW WR IXHO DQG FDSLWDO LQSXWV �KHQFHIRUWK ZH UHIHU WR WKH WKUHH W\SHV

RI IXHO LQSXW DQG DGGHG FDSDFLW\ IRU DOO WHFKQRORJLHV DQG FRXQWULHV DV WKH LQSXW

YHFWRU� DV D .XKQ�7XFNHU� SUREOHP EHFDXVH WKH GHULYDWLYHV RI WKH SUR¿W IXQF�

WLRQ DQG WKH FRQVWUDLQWV ZLWK UHVSHFW WR WKH LQSXW YHFWRU DUH FRQWLQXRXV� 7KLV

\LHOGV WKH IROORZLQJ �IRU DOO N WHFKQRORJLHV DQG L FRXQWULHV� IRXU ¿UVW�RUGHU

FRQGLWLRQV DQG VHYHQ FRPSOHPHQWDU\ HTXDWLRQV�
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7KHUH DUH WKUHH VODFN YDULDEOHV� D
FDS

N�L LV WKH VKDGRZ YDOXH RI DQ\ DGGHG FDSDF�

LW\� ,I WKLV YDOXH LV HTXDO WR WKH FDSDFLW\ FRVW� LQYHVWPHQW LV PDGH� 7KXV WKH

VKDGRZ YDOXH IRU QHZ FDSDFLW\ LQ VRPH WHFKQRORJLHV FDQ RQO\ EH ODUJHU LQ WKH

FDVH WKDW WKH WHFKQRORJ\ KDV D FDSDFLW\ OLPLW��� +HUH� DPD[N�L LV WKH VKDGRZ YDOXH

RI H[SDQGLQJ WKLV FDSDFLW\ OLPLW� ,Q WKLV VHQVH D
FDS
N�L LV D JURVV VKDGRZ YDOXH

ZLWK UHVSHFW WR LQYHVWPHQW FRVW� ZKHUHDV DPD[N�L LV D QHW VKDGRZ YDOXH ZKLFK LV

DOZD\V ]HUR ZKHQ WKHUH DUH QR FDSDFLW\ OLPLWV�

)LQDOO\� DGHFN�L LV WKH VKDGRZ YDOXH RI WKH GHFHQWUDOL]HG GLVWULFW KHDWLQJ SURGXF�

WLRQ FRQVWUDLQW� )RU WKH UHDGHU¶V FRQYHQLHQFH� WKH HTXDWLRQV RI WKH SHUIHFW

FRPSHWLWLRQ PRGHO DUH JDWKHUHG LQ DSSHQGL[ $� $ WKRURXJK H[SODQDWLRQ RI

WKH VXSSO\ V\VWHP FDQ EH IRXQG LQ +DXFK �������

��� 6LPXODWLRQ ZLWK 3HUIHFW &RPSHWLWLRQ

:KHQ VWXG\LQJ LPSHUIHFW FRPSHWLWLRQ LW LV GHVLUDEOH WR FRPSDUH WKH UHVXOWV WR

WKH VLWXDWLRQ XQGHU SXEOLF UHJXODWLRQ� 7KRXJK SULFHV XQGHU LPSHUIHFW FRPSH�

WLWLRQ DUH KLJKHU WKDQ XQGHU SHUIHFW UHJXODWLRQ� UHJXODWLRQ LV VHOGRP SHUIHFW�

$V RXU PDLQ VLPXODWLRQV ZLOO UHODWH SULFHV XQGHU LPSHUIHFW FRPSHWLWLRQ WR

SHUIHFW FRPSHWLWLRQ SULFHV� LW LV XVHIXO WR FRPSDUH WKH DFWXDO SULFHV XQGHU

UHJXODWLRQ WR WKRVH RI VLPXODWHG SHUIHFW FRPSHWLWLRQ�

'HWDLOHG VWXGLHV DERXW UHJXODWLRQ DQG WKH DVVRFLDWHG LQHI¿FLHQF\ KDYH EHHQ

XQGHUWDNHQ E\ RWKHUV� IRU H[DPSOH 2OVHQ ������� 7R NHHS RXU VWXG\ VLPSOH ZH

FRPSDUH WKH DFWXDO ���� SULFHV RI HOHFWULFLW\ WR VLPXODWHG SHUIHFW FRPSHWLWLRQ

SULFHV� /LEHUDOL]DWLRQ KDV� KRZHYHU� QRW EHHQ LQWURGXFHG DW WKH VDPH WLPH LQ

WKH YDULRXV 1RUGLF FRXQWULHV� 1RUZD\ ZDV WKH ¿UVW WR OLEHUDOL]H HDUO\ LQ WKH

����V� IROORZHG E\ 6ZHGHQ DQG )LQODQG� ZKHUHDV WKH 'DQLVK GHUHJXODWLRQ

KDV WDNHQ SODFH RQO\ UHFHQWO\�

,W LV QRW SRVVLEOH IRU WKH PRGHO WR KDQGOH FRXQWU\�VSHFL¿F OLEHUDOL]DWLRQ DW

GLIIHUHQW SRLQWV LQ WLPH� ,QVWHDG� ZH UHSRUW WKUHH FRXQWHUIDFWXDO VFHQDULRV

ZKHUH OLEHUDOL]DWLRQ WDNHV SODFH LQ ����� ���� RU ���� UHVSHFWLYHO\� 7DEOH

� VKRZV LQGLFHV IRU SRWHQWLDO HI¿FLHQF\ JDLQ� 7KH LQGH[ LV FDOFXODWHG DV WKH

GLIIHUHQFH EHWZHHQ DFWXDO ���� DYHUDJH HOHFWULFLW\ SULFH DQG WKH VLPXODWHG

SHUIHFW FRPSHWLWLRQ SULFH LQ WKH UHOHYDQW \HDU UHODWLYH WR WKH DFWXDO ���� SULFH�

��� 2WKHUZLVH LQYHVWPHQW ZRXOG EH FDUULHG RXW XQWLO WKH LQFUHDVHG SURGXFWLRQ FDXVHG

WKH SRZHU SULFHV WR IDOO WR WKH SRLQW ZKHUH WKH LQYHVWPHQWV EUHDN HYHQ�

����



7DEOH � ,QGH[ IRU SRWHQWLDO HI¿FLHQF\ JDLQ GXH WR WUDGH DQG UHGXFHG FDSLWDO

LQWHQVLW\

'HQPDUN )LQODQG 1RUZD\ 6ZHGHQ

���� ����� ����� ������ �����

���� ����� ������ ������ �����

���� ����� ������ ������ ������

1RWH� 7KH LQGH[ LV FDOFXODWHG DV WKH GLIIHUHQFH EHWZHHQ DFWXDO ���� DYHUDJH HOHFWULFLW\

SULFHV DQG WKH VLPXODWHG SHUIHFW FRPSHWLWLRQ SULFHV LQ WKH UHOHYDQW \HDU UHODWLYH WR

WKH DFWXDO ���� SULFHV� ,Q WKHVH VLPXODWLRQV WKHUH LV QR ��\HDU ODJ LQ WKH LQYHVWPHQWV�

7KH UHOHYDQW FRPSDULVRQ ZLWK UHVSHFW WR LPSHUIHFW FRPSHWLWLRQ VLPXODWLRQV ODWHU LQ

WKH SDSHU LV WKXV �����

7KH LQGLFHV SUHVHQWHG DUH IRXQG E\ GHSUHFLDWLQJ FDSDFLWLHV DQG XSGDWLQJ QD�

WLRQDO LQFRPH DFFRUGLQJ WR WKH KLVWRULFDO LQFRPH JURZWK ¿JXUH� DQG WKHQ VLP�

XODWLQJ SHUIHFW FRPSHWLWLRQ�

7KHVH VFHQDULRV PXVW EH LQWHUSUHWHG YHU\ FDUHIXOO\� DV WKH PDUNHWV DUH QRW LQ

D ORQJ�UXQ HTXLOLEULXP� *HQHUDOO\ D ODUJH LQGH[ YDOXH PHDQV WKDW WKH DYHUDJH

SD\PHQW LV ZHOO DERYH ORQJ�UXQ PDUJLQDO FRVW� ZKLOH D VPDOO YDOXH LQGLFDWHV

D YHU\ HI¿FLHQW SRZHU VHFWRU�

7KHUH DUH VRPH QHJDWLYH YDOXHV LQ WKH WDEOH� 7KLV GRHV QRW LQGLFDWH WKDW SUR�

GXFHUV EHFRPH OHVV HI¿FLHQW ZLWK OLEHUDOL]DWLRQ� 5DWKHU� LW LQGLFDWHV WKDW WKH

FRPPRQ 1RUGLF PDUNHW HOHFWULFLW\ SULFH LV KLJKHU WKDQ WKH DFWXDO ���� SULFHV

ZKLFK� XQOLNH WKH FRPPRQ PDUNHW SULFH� DUH FRXQWU\ VSHFL¿F� )RU H[DPSOH�

WKH 1RUZHJLDQ FRQVXPHUV ZLOO SD\ PRUH IRU HOHFWULFLW\ FRPSDUHG WR DFWXDO

���� SULFHV� EXW ZLOO DOVR HDUQ VXEVWDQWLDOO\ ODUJHU SUR¿WV IURP WKHLU SRZHU

SURGXFHUV� :H SUHVHQW QR ZHOIDUH FRPSDULVRQV� KRZHYHU� DV RXU SDUWLDO HTXL�

OLEULXP PRGHO GRHV QRW RIIHU DGHTXDWH PHDVXUHV IRU WKLV�

,Q WKH WDEOH LW FDQ DOVR EH VHHQ WKDW HDUO\ OLEHUDOL]DWLRQV WHQG WR UHVXOW LQ ORZHU

SULFHV WKDQ ODWHU RQHV� 7KLV LV FDXVHG E\ RYHUFDSDFLW\� ZKLFK SRVWSRQHV LQ�

YHVWPHQWV� (OHFWULFLW\ SULFH ZLOO WKHQ EH HTXDO WR WKH VKRUW�UXQ PDUJLQDO FRVWV�

L�H� DURXQG WKH IXHO LQSXW SULFHV� +RZHYHU� DV FDSDFLW\ GHSUHFLDWLRQ FDXVHV

VXSSO\ WR VKULQN� DQG GHPDQG ULVHV EHFDXVH RI ODUJHU LQFRPH� LQYHVWPHQWV

WDNH SODFH ZKHQ WKH SULFH KDV ULVHQ HQRXJK WR FRYHU WKHLU FDSLWDO FRVWV�

2QH RI WKH SHULOV RI WKH 'DQLVK UHJXODWLRQ LQ SDUWLFXODU� ZDV WKDW FDSLWDO LQWHQ�

VLW\ ZDV QRW GHFLGHG E\ WKH PDUNHW LQWHUHVW UDWH� 5DWKHU� D QRQ�SUR¿W SULQFLSOH

DSSOLHG� DQG WKLV OHG WR RYHU�DFFXPXODWLRQ RI FDSLWDO� ,W LV QRWHZRUWK\ WKDW WKH

����



'DQLVK FDSDFLW\ LQ ���� ZDV VR ODUJH WKDW �� \HDUV RI GHSUHFLDWLRQ DQG LQ�

FRPH JURZWK ZDV QHHGHG WR EULQJ WKH OLEHUDOL]HG PDUNHW SULFH WR WKH VDPH

OHYHO DV WKH SULFHV XQGHU UHJXODWLRQ� 6LPLODUO\� WKH 6ZHGLVK SRZHU VHFWRU DOVR

VHHPV WR KDYH KDG VRPH RYHUFDSDFLW\� 7KH SUREOHP KDV QRW EHHQ VR XUJHQW LQ

)LQODQG�

� ,PSHUIHFW &RPSHWLWLRQ

)RU SHGDJRJLFDO SXUSRVHV ZH QRZ SUHVHQW WKUHH VHULDO H[WHQVLRQV IRU LPSHU�

IHFW FRPSHWLWLRQ� :H VWDUW E\ PRGHOOLQJ D SRZHU PDUNHW PRQRSROLVW� :H

WKHQ H[WHQG WKLV WR &RXUQRW ROLJRSRO\� DQG KHUHDIWHU ZH DGG D IULQJH� )RU WKH

¿UVW WZR H[WHQVLRQV ZH UHWDLQ +DXFK¶V PRGHOOLQJ RI WKH GHFHQWUDOL]HG GLVWULFW

KHDWLQJ FRQGLWLRQ��� )RU WKH UHDVRQV OLVWHG LQ VHFWLRQ ��� WKLV FRQGLWLRQ LV

DOWHUHG LQ WKH ODVW H[WHQVLRQ�

��� 0RQRSROLVW 6XSSO\

$ PRQRSROLVW HQHUJ\ SURGXFHU LV D SULFH�WDNHU RQ DOO PDUNHWV EXW WKH PDU�

NHWV IRU HOHFWULFLW\� 7KH SUREOHP LV WR PD[LPL]H SUR¿WV E\ FKRRVLQJ IXHO DQG

FDSLWDO LQSXWV NQRZLQJ WKDW WKH RXWSXW FKRLFHV ZLOO DIIHFW WKH SULFH RI HOHF�

WULFLW\ �3( �(� LV D FRQWLQXRXVO\ GHFUHDVLQJ DQG GLIIHUHQWLDEOH IXQFWLRQ�� 7KH

VROXWLRQ WR WKH SUREOHP �ZKLFK LV VWLOO DV LQ HTXDWLRQ �� LV WKH .XKQ�7XFNHU

QHFHVVDU\ FRQGLWLRQV� ZKLFK DUH VWDWHG LQ DSSHQGL[ %� 7KH PRQRSRO\ PRGHO

LV YHU\ VLPLODU WR WKH SHUIHFW FRPSHWLWLRQ PRGHO SUHVHQWHG DERYH� 2QO\ D

VLQJOH GLIIHUHQFH FDOOV IRU DWWHQWLRQ� 1RWLQJ WKDW WKH TXDQWLW\ RI HOHFWULFLW\

VXSSOLHG LV
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��� :H GR QRW� KRZHYHU� XVH WKHVH PRGHOV IRU VLPXODWLRQV� DV WKH\ EUHDN RXU DVVXPS�

WLRQ WKDW QR VWUDWHJLF LQWHUDFWLRQ PXVW DIIHFW WKH GLVWULFW KHDWLQJ PDUNHW� ,Q WKHVH WZR

PRGHOV� SURGXFHUV PLJKW VKXW GRZQ EDFNSUHVVXUH FDSDFLW\ LQ RUGHU WR UDLVH HOHFWULF�

LW\ SULFH� 7KLV ZRXOG DOVR KDYH VPDOOHU GLVWULFW KHDWLQJ RXWSXW DQG ULVLQJ SULFHV DV

VLGH HIIHFWV�
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ZH ¿QG WKDW ZKHQ WKH SURGXFHUV GR QRW WDNH SULFHV DV JLYHQ� WKH SURGXFWLRQ

GHFLVLRQV IRU EDFNSUHVVXUH DQG FRQGHQVLQJ DUH
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,I WKH PRQRSROLVW XVHV RQH H[WUD XQLW RI IXHO LQSXW LQ D WHFKQRORJ\� WKH H[WUD

HOHFWULFLW\ RQ WKH PDUNHW LV SUHFLVHO\ WKH IXHO HI¿FLHQF\ RI WKLV WHFKQRORJ\�
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7KLV LV DQDORJRXV WR WKH JHQHULF PRQRSROLVWLF RXWSXW FKRLFH SUREOHP �SUH�

VHQWHG KHUH ZLWK FRQVWDQW PDUJLQDO FRVWV DQG RXU PRGHO¶V HI¿FLHQF\ FRHI¿�

FLHQW� WR PDNH FRPSDULVRQ ZLWK RXU PRGHO HDV\�� PD[H � @43 �@4�� 4F
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ZLWK WKH ¿UVW RUGHU FRQGLWLRQ @3 � @3 )
�@4� @4 � F� /HW 4 UHSUHVHQW IXHO

LQSXW DQG @4 HOHFWULFLW\ RXWSXW� DQG LW LV HDV\ WR VHH WKDW WKH VROXWLRQ WR

WKH HQHUJ\ SURGXFHU¶V SUREOHP UHVHPEOHV WKH ZHOO�NQRZQ HTXDOLW\ EHWZHHQ

PDUJLQDO FRVW DQG PDUJLQDO UHYHQXH�

��� &RXUQRW &RPSHWLWLRQ

&RQVLGHU QRZ 1 ODUJH DQG LGHQWLFDO SURGXFHUV RI SRZHU� (DFK KDV DQ HTXDO

VKDUH �WKDW LV �

1
� RI SURGXFWLRQ� IXHO XVH� FDSDFLW\ DQG WKH LPSRVHG FDSDFLW\

UHTXLUHPHQWV� 7KH VXSSO\ RI HOHFWULFLW\ E\ RQH ROLJRSROLVW LV WKHQ�
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$V WKH SURGXFHUV DUH LGHQWLFDO� WKH IXHO HI¿FLHQF\ UHODWLRQV� KHDW�HOHFWULFLW\

UDWLRV� WKH WZR FDSDFLW\ FRQVWUDLQWV DQG WKH WZR GLVWULFW KHDWLQJ FRQVWUDLQWV DUH

XQDOWHUHG FRPSDUHG WR WKH PRQRSRO\ VLWXDWLRQ� DV WKH\ DUH VLPSO\ PXOWLSOLHG

E\ �

1
RQ ERWK WKH ULJKW DQG OHIW KDQG VLGHV RI WKH HTXDWLRQV� 7KHVH HTXDWLRQV

FDQ EH UHYLHZHG LQ DSSHQGL[ &� WRJHWKHU ZLWK WKH UHVW RI WKH VROXWLRQ WR WKH

&RXUQRW ROLJRSROLVW¶V SUREOHP�

+RZHYHU� WKH SURGXFWLRQ GHFLVLRQV IRU EDFNSUHVVXUH DQG FRQGHQVLQJ WHFK�

QRORJLHV DUH D OLWWOH OHVV VWUDLJKWIRUZDUG� 7KH FRUUHVSRQGLQJ ¿UVW�RUGHU FRQ�

GLWLRQV IURP WKH .XKQ�7XFNHU VROXWLRQ DUH VWLOO DV VWDWHG LQ HTXDWLRQV �� DQG

��� EXW ZH QRWH WKDW WKH VXPPDUL]HG H[SUHVVLRQV UHSUHVHQW WKH HOHFWULFLW\ SUR�

GXFWLRQ RI RQH &RXUQRW ROLJRSROLVW�

7KH LGHQWLFDO ROLJRSROLVWV KDYH WKH VDPH ¿UVW RUGHU FRQGLWLRQV� DQG LI DOO RI

WKHVH DUH VDWLV¿HG WKHQ QRQH RI WKHP KDYH DQ\ LQFHQWLYH WR DOWHU WKHLU RXWSXW

GHFLVLRQ� 7KH PDUJLQDO FKDQJH LQ WRWDO HOHFWULFLW\ VXSSO\ GXH WR RQH RI WKH

SURGXFHUV XVLQJ VOLJKWO\ PRUH IXHO LQSXW LQ RQH WHFKQRORJ\ LV WKHQ VWLOO WKH

IXHO HI¿FLHQF\ RI WKLV WHFKQRORJ\�
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6XEVWLWXWLQJ WKLV DQG HTXDWLRQ �� LQWR HTXDWLRQV �� DQG �� \LHOGV
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7KHVH HTXDWLRQV DUH DOVR VLPLODU WR WKRVH RI WKH VWDQGDUG LGHQWLFDO &RXUQRW

ROLJRSROLVW¶V TXDQWLW\ FRPSHWLWLRQ �KHUH VWLOO ZLWK FRQVWDQW PDUJLQDO FRVWV��

3 � 3 )4�1 � F� 7KH PRUH FRPSHWLQJ ¿UPV WKHUH DUH� WKH FORVHU WKH SULFH

JHWV WR PDUJLQDO FRVW�

��� &RXUQRW &RPSHWLWLRQ ZLWK )ULQJH 6XSSO\

$V PHQWLRQHG LQ VHFWLRQ ���� D ¿[HG TXDQWLW\ UHJXODWLRQ LV QHHGHG WR DYRLG

VWUDWHJLF LQWHUDFWLRQ WKURXJK WKH PDUNHW IRU GLVWULFW KHDWLQJ� %RWK WKH IULQJH

DQG WKH ROLJRSROLVWV DUH REOLJHG WR VXSSO\ D QHJRWLDWHG DPRXQW RI GLVWULFW KHDW�

LQJ� 7KH IULQJH FDQQRW VXSSO\ FHQWUDOO\ SURGXFHG GLVWULFW KHDWLQJ� DQG WKXV

GRHV QRW QHHG D GHFHQWUDOL]HG GLVWULFW KHDWLQJ FRQGLWLRQ� 7KH ROLJRSROLVWV

SURGXFH ERWK W\SHV RI GLVWULFW KHDWLQJ DQG UHWDLQ WKHLU GHFHQWUDOL]HG GLVWULFW

KHDWLQJ FRQGLWLRQ� %RWK W\SHV RI SURGXFHUV JHW D FRQGLWLRQ RI WKH W\SH

+ L � +L n � ����

DQG FRVW PLQLPL]DWLRQ HQVXUHV WKDW WKH FRQGLWLRQ ELQGV ZLWK HTXDOLW\ �DV GH�

FHQWUDOL]HG GLVWULFW KHDWLQJ LV PRUH FRVWO\�� 7KH FRQVWUDLQW KDV WKH DVVRFLDWHG

VKDGRZ YDOXH DGLKL � ,I WKH IULQJH LV JLYHQ EDFNSUHVVXUH RU GLVWULFW KHDWLQJ FD�

SDFLW\� WKH ROLJRSROLVW¶V VKDUH RI GHFHQWUDOL]HG GLVWULFW KHDWLQJ� A � PXVW EH

DGMXVWHG DFFRUGLQJO\� :H ZLOO QRW SUHVHQW WKH IULQJH VXSSOLHUV¶ SUREOHP KHUH�

DV LW LV YHU\ VLPLODU WR WKH SUREOHP RI WKH SURGXFHU XQGHU SHUIHFW FRPSHWLWLRQ�

,QVWHDG LWV VROXWLRQ LV VWDWHG LQ DSSHQGL[ '�

7KH WRWDO VXSSO\ RI HOHFWULFLW\ LV QRZ
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ZKHUH ( IUL GHQRWHV WKH WRWDO HOHFWULFLW\ SURGXFWLRQ RI WKH IULQJH VXSSOLHUV� 7KH

LQWURGXFWLRQ RI IULQJH VXSSO\ DOWHUV WKH &RXUQRW PRGHO RQO\ VOLJKWO\� 7KH

FKDQJHV DUH WR EH IRXQG LQ WKH SURGXFWLRQ GHFLVLRQ FRQGLWLRQV IRU HOHFWULFLW\�

ZKLFK DUH VKRZQ EHORZ�

�
@
E
N�L&PN�L

�� &PN�L

3( �(��
"(

")E
N�L

3 )

( �(�
( � ( IUL

1

�

�

@
E
N�L

�� &PN�L

b
3+
L � D

GLK
L � �GN � A L� D

GHF
N�L

c
� 3 )

N�L � D
FDS
N�L n � ����

�
@
F
N�L3( �(�� 3 )

( �(�
"(

")F
N�L

( � ( IUL

1

�
� 3)

N�L � D
FDS
N�L n � ����

7KH VWHSZLVH FRVW VWUXFWXUH RI WKH IULQJH VXSSOLHUV� ZKLFK DOZD\V VXSSO\ DW

PDUJLQDO FRVW� PDNHV WKH GHPDQG FXUYH SHUFHLYHG E\ WKH &RXUQRW FRPSHWLWRUV

NLQNHG ZLWK KRUL]RQWDO VHFWLRQV DV VKRZQ LQ ¿JXUH �D EHORZ�

:KHQ WKH SULFH LV ORZHUHG EHORZ WKH PDUJLQDO FRVW RI WKH IULQJH¶V PDUJLQDO

WHFKQRORJ\� LWV FDSDFLW\ LV WDNHQ RXW RI SURGXFWLRQ� OHDYLQJ PRUH GHPDQG

IRU WKH ODUJH VXSSOLHUV� $W ÀDW VHJPHQWV RI WKH SHUFHLYHG GHPDQG FXUYH ZH

FKRRVH WR VD\ WKDW D IULQJH WHFKQRORJ\ LV IRUFHG RXW RI WKH PDUNHW� 7KLV FRU�

UHVSRQGV WR WKH IROORZLQJ FRQGLWLRQV�
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)LJXUH � 6WUXFWXUH RI WKH ROLJRSROLVWV¶ UHVLGXDO GHPDQG DQG WKHLU FRVWV

P, MR

Q

D

MR

(a)

Q1 Q2

a
Z

P, MR

Q

D

MR

Q2

MC

Q1

(b)

1

7KH ROLJRSROLVWV¶ PDUJLQDO UHYHQXH LV HTXDO WR WKH PDUNHW SULFH 3 ZKHQ WKH\

WDNH RYHU WKH GHPDQG VXSSOLHG E\ WKH IULQJH WHFKQRORJ\ WKDW LV IRUFHG RXW RI

WKH PDUNHW� 7KLV LV VR EHFDXVH WKH WRWDO GHPDQG LV XQFKDQJHG �WKH IULQJH VXS�

SO\ LV VXEVWLWXWHG RQ D RQH�WR�RQH EDVLV E\ WKH ROLJRSROLVWLF VXSSO\�� +RZHYHU�

WKH ROLJRSROLVWV VHOO D ODUJHU TXDQWLW\� DQG WKLV DIIHFWV WKHLU PDUJLQDO UHYHQXH�

EHFDXVH ZKHQ WKH SULFH GHFUHDVHV DIWHU D IULQJH WHFKQRORJ\ LV IRUFHG RXW� WKHLU

SUR¿WV DUH DIIHFWHG PRUH EHFDXVH RI WKH ODUJHU WRWDO TXDQWLW\ WKH\ VHOO�

)URP HTXDWLRQV �� DQG �� LW FDQ EH VHHQ WKDW WKH ROLJRSROLVW¶V PDUJLQDO UHY�

HQXH �VTXDUH EUDFNHW WHUPV� LV DOVR D IXQFWLRQ RI KLV RZQ SURGXFWLRQ (�( IUL

1
�

$V WKLV LQFUHDVHV ZKLOH WKH IULQJH LV IRUFHG RXW� WKH PDUJLQDO UHYHQXH LV ORZHU

DW 4� WKDQ 4�� EHFDXVH 3 )
�(� � �� ,Q WKH ¿JXUH WKH OLQH = KDV WKH VORSH D�

,W FDQ EH VHHQ IURP WKH WZR HTXDWLRQV WKDW D LV SURSRUWLRQDO WR 3 )
�(�� ZKLFK

LV FRQVWDQW ZKLOH WKH IULQJH LV IRUFHG RXW EHFDXVH WRWDO GHPDQG LV XQFKDQJHG�

:H KDYH DVVXPHG WKDW ZKHQ SULFH HTXDOV PDUJLQDO FRVW RI WKH IULQJH¶V PDU�

JLQDO WHFKQRORJ\� WKH IULQJH GHFUHDVHV WKHLU RXWSXW ZKHQHYHU WKH ODUJH VXS�

SOLHUV LQFUHDVH SURGXFWLRQ� ,W VHHPV QDWXUDO WKDW LW LV WKH IULQJH VXSSOLHUV WKDW

H[LW WKH PDUNHW� DV WKH ROLJRSROLVWV HDUQ SUR¿WV ZKLOH WKH IULQJH VXSSOLHUV VHOO

DW PDUJLQDO FRVW�
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��� ([LVWHQFH� 8QLTXHQHVV DQG 2SWLPDOLW\ RI (TXLOLEULXP

8QWLO WKH LQFOXVLRQ RI WKH IULQJH VXSSO\ RXU GLIIHUHQW PD[LPL]DWLRQ SUREOHPV

KDYH IXO¿OOHG WKH FRQGLWLRQV WKDW PDNH WKHP VROYDEOH E\ WKH .XKQ�7XFNHU

QHFHVVDU\ FRQGLWLRQV� WKH SUR¿W IXQFWLRQ KDV FRQWLQXRXV GHULYDWLYHV ZLWK UH�

VSHFW WR WKH LQSXW YHFWRU� 7KLV LV QRW VR ZLWK IULQJH VXSSO\ LQFOXGHG�

$V ZH VDZ DERYH� WKH PDUJLQDO UHYHQXH LV QR ORQJHU FRQWLQXRXV EHFDXVH LW

MXPSV WR WKH SULFH RI HOHFWULFLW\ ZKHQ D IULQJH WHFKQRORJ\ LV IRUFHG RXW� +RZ�

HYHU� LI ZH UHSODFH H[SUHVVLRQ �� ZLWK H[SUHVVLRQ �� RXU PD[LPL]DWLRQ SURE�

OHP ZRXOG DJDLQ TXDOLI\ WR EH VROYHG ZLWK WKH .XKQ�7XFNHU PHWKRG� EHFDXVH

WKLV FRQGLWLRQ HQVXUHV WKDW WKH 05 FXUYH EHFRPHV FRQWLQRXV� DV LW ZLOO IROORZ

OLQH = LQ ¿JXUH �D EHWZHHQ 4� DQG 4��

:H FRXOG QRW� KRZHYHU� EH VXUH WKDW WKH VROXWLRQ IRXQG DFWXDOO\ PD[LPL]HV

WKH ROLJRSROLVWV¶ SUR¿WV� $Q H[DPSOH RI WKLV VLWXDWLRQ LV VKRZQ LQ ¿JXUH �E�

4� LV WKH 05 � 0& VROXWLRQ WR WKLV SUREOHP� EXW LQFUHDVLQJ VXSSO\ WR

4� ZRXOG QRW GHFUHDVH WKH SULFH� DQG WKHUHE\ SUR¿WV ZRXOG LQFUHDVH E\ WKH

DPRXQW UHSUHVHQWHG E\ WKH VKDGHG DUHD�

)RUWXQDWHO\� WKH WUXH SUR¿W PD[LPL]LQJ LQSXW YHFWRU FDQ VWLOO EH IRXQG� ,Q

DSSHQGL[ ( ZH VKRZ WKDW RQO\ D VPDOO QXPEHU RI SRVVLEOH LQSXW YHFWRUV FDQ

PD[LPL]H SUR¿WV� 7KH FKDUDFWHULVWLFV RI WKHVH LQSXW YHFWRUV DUH UHVWULFWHG WR

WKH IROORZLQJ WKUHH FDWHJRULHV�

� 7KH LQSXW YHFWRU DVVRFLDWHG ZLWK WKH 05 � 0& VROXWLRQ IURP WKH

.XKQ�7XFNHU QHFHVVDU\ FRQGLWLRQV IRU WKH &RXUQRW PRGHO ZLWK IULQJH�

ZKHUH H[SUHVVLRQ �� UHSODFHV H[SUHVVLRQ ���

� 7KH LQSXW YHFWRUV DVVRFLDWHG ZLWK MXVW IRUFLQJ RXW DQ\ RQH RI WKH IULQJH

WHFKQRORJLHV ZLWK D FRVW PLQLPL]HG RXWSXW� 7KH YHFWRUV DUH IRXQG E\

VHWWLQJ WKH SULFH RI HOHFWULFLW\ HTXDO WR WKH FRVW IRU HDFK �N� L� RI WKH

IULQJH¶V WHFKQRORJLHV� ZKLOH HQVXULQJ WKDW WKHUH LV QR IULQJH SURGXFWLRQ

ZLWK WKLV WHFKQRORJ\�

3 (
�

3)
N�L

@
F
N�L

7KH ¿[HG SULFH ERWK VHWV WKH TXDQWLW\ GHPDQGHG DQG WKH TXDQWLW\ VXS�

SOLHG E\ WKH IULQJH VXSSOLHUV� 7KH ROLJRSROLVWV WKHQ FOHDU WKH PDUNHW E\

VXSSO\LQJ WKH TXDQWLW\ QHHGHG�

����



� 7KH LQSXW YHFWRUV DVVRFLDWHG ZLWK H[DFWO\ XVLQJ XS WKH FDSDFLW\ RI HDFK

�N� L� RI WKH ROLJRSROLVW WHFKQRORJLHV ZLWK D FRVW PLQLPL]HG RXWSXW�

7KLV LV VSHFL¿HG ZLWK WKH FRQGLWLRQ �UHPHPEHULQJ WKDW SXUH GLVWULFW

KHDWLQJ WHFKQRORJLHV GR QRW DIIHFW WKH HOHFWULFLW\ PDUNHW�

)E
N�L � )F

N�L � . LQL
N�L � . LQY

N�L

,Q WKLV FDVH WKH FOHDULQJ RI WKH HOHFWULFLW\ PDUNHW WDNHV SODFH E\ DGMXVW�

LQJ WKH SULFH XQWLO GHPDQG PHHWV VXSSO\�

&RVW PLQLPL]DWLRQ IRU WKH ROLJRSROLVWV LQ WKHVH WZR ODWWHU FDVHV �ZKLFK LQ HI�

IHFW VWDWH WKDW D VSHFL¿F RXWSXW PXVW EH SURGXFHG� \LHOGV LQSXW GHFLVLRQV YHU\

VLPLODU WR WKRVH RI SUHYLRXVO\ GHVFULEHG PRGHOV� H[FHSW WKDW WKH HOHFWULFLW\

SULFH GRHV QRW DSSHDU� ,QVWHDG� DQ LQWHUQDO VKDGRZ SULFH DFWV WR FKRRVH WKH

FKHDSHVW WHFKQRORJLHV IRU WKH SURGXFWLRQ� 7KH IXOO PRGHO RI &RXUQRW FRPSH�

WLWLRQ ZLWK IULQJH VXSSO\ FDQ EH IRXQG LQ DSSHQGL[ '�

��� 7KH $SSUR[LPDWHG 6ORSH RI 'HPDQG

7KH SURGXFWLRQ GHFLVLRQ RI WKH ODUJH VXSSOLHUV UHOLHV RQ WKHLU PDUJLQDO UHY�

HQXHV DV WKH\ DUH SULFH VHWWHUV� 0DUJLQDO UHYHQXH GHSHQGV RQ WKH VORSH RI

WKH GHPDQG FXUYH 3 )
�4�� WKH SULFH DQG WKH TXDQWLW\ VXSSOLHG E\ WKH VLQJOH

SURGXFHU� 2QO\ WKH VORSH RI WKH GHPDQG LV QRW NQRZQ GLUHFWO\ LQ WKH PRGHO�

7R FDOFXODWH WKLV DQDO\WLFDOO\ LV GLI¿FXOW IRU RXU GHPDQG V\VWHP� ZKLFK LV D

GHHSO\ QHVWHG VWUXFWXUH RI XWLOLW\ DQG SURGXFWLRQ IXQFWLRQV�

,QVWHDG ZH KDYH VLPXODWHG WKH VORSH RI WKH GHPDQG FXUYH ZLWK D 7D\ORU DS�

SUR[LPDWLRQ� :H FDOFXODWH WKH VORSH RI WKH GHPDQG FXUYH IRU D QXPEHU RI

SULFH DQG TXDQWLW\ SDLUV E\ DGGLQJ D WLQ\ IUDFWLRQ WR WKH HOHFWULFLW\ SULFH DQG

WKHQ PHDVXULQJ WKH GHPDQG GHFUHDVH� 7KH SDUDPHWHUV IRU RXU 7D\ORU DSSUR[�

LPDWLRQ DUH WKHQ IRXQG WKURXJK DQ 2/6 UHJUHVVLRQ RQ WKH JHQHUDWHG GDWD VHW�

7KH PRGHO LV VROYHG XVLQJ WKH DSSUR[LPDWLRQ DV WKH ODUJH VXSSOLHUV¶ SHUFHLYHG

3 )
�4�� +RZHYHU� WKH DSSUR[LPDWLRQ ZLOO LQHYLWDEO\ EH LQFRUUHFW� VR ZH VROYH

WKH PRGHO VHYHUDO WLPHV� HDFK WLPH PHDVXULQJ WKH FRUUHFW 3 )
�4� DV GHVFULEHG

DERYH DQG FRUUHFWLQJ WKH DSSUR[LPDWHG 3 )
�4� DFFRUGLQJO\� ,Q WKLV ZD\ WKH

GLIIHUHQFH EHWZHHQ WKH DSSUR[LPDWLRQ RI 3 )
�4� DQG WKH PHDVXUHG 3 )

�4�

FDQ EH EURXJKW EHORZ �

����
E\ VROYLQJ WKH PRGHO DQG FRUUHFWLQJ DV IHZ DV �

FRQVHFXWLYH WLPHV�

����



2XU VROXWLRQ WR WKLV SUREOHP LV LQVSLUHG E\ +RIIPDQQ ������� +H HVWLPDWHV

DQG UHFDOFXODWHV WKH HODVWLFLW\ RI GHPDQG� ZKHUHDV WKLV PRGHO RQO\ HVWLPDWHV

DQG UHFDOFXODWHV WKH VORSH RI WKH LQYHUVH GHPDQG FXUYH� %HFDXVH RI WKH ODFN

RI D FORVHG IRUP H[SUHVVLRQ IRU WKH WUXH JHQHUDO HTXLOLEULXP RSWLPDO PDUNXS�

WKH 0DUVKDOOLDQ DSSUR[LPDWLRQ RI WKH RSWLPDO PDUNXS LV� GHVSLWH WKH DSSUR[�

LPDWLRQ HUURU� VWLOO XVHG E\ PDQ\ PRGHOOHUV�

� 6LPXODWLRQ 5HVXOWV

7R FRPSHQVDWH IRU WKH GLI¿FXOWLHV FUHDWHG E\ VSHFLI\LQJ LPSHUIHFW FRPSHWL�

WLRQ� ERWK ZLWK UHVSHFW WR WKH WKHRUHWLFDO DQG HPSLULFDO TXHVWLRQV� ZH SURYLGH

PDUNXSV IRU HLJKW VFHQDULRV ZLWK GLIIHUHQW FRPELQDWLRQV RI IULQJH VL]H DQG

QXPEHU RI &RXUQRW ROLJRSROLVWV� 7DEOH � VKRZV WKH PDUNXSV PHDVXUHG E\

WKH /HUQHU ,QGH[ �PDUNXS RYHU SULFH� EHIRUH WD[HV� ,Q WKRVH VFHQDULRV LQFOXG�

LQJ IULQJH VXSSO\� WKH IULQJH KDV EHHQ JLYHQ DOO EDFNSUHVVXUH FDSDFLW\� 7KH

IULQJH HOHFWULFLW\ SURGXFWLRQ FDSDFLW\ KDV WKHQ EHHQ DGMXVWHG WR HLWKHU �� RU

�� SHUFHQW RI WKH PDUNHW VXSSO\ LQ D SHUIHFW FRPSHWLWLRQ VLPXODWLRQ E\ DGGLQJ

FRQGHQVLQJ FDSDFLW\�

7DEOH � /HUQHU ,QGH[ DQG +LUVFKPDQ�+HU¿QGDKO ,QGH[ �++,� IRU WKH VLP�

XODWLRQV

/HUQHU ,QGH[ ++,

)ULQJH VL]H ��� ��� �� ��� ��� ��

1 � �� ����� ����� ����� ��� ��� ���

1 � �� ����� ����� ����� ��� ��� ����

1 � � ����� ����� � ���� ���� ����

6RXUFH� 2ZQ FDOFXODWLRQV

1RWH� 7KH /HUQHU ,QGH[ LV PHDVXUHG DV WKH GLIIHUHQFH EHWZHHQ SULFH XQGHU LPSHUIHFW FRP�

SHWLWLRQ DQG WKH SULFH XQGHU SHUIHFW FRPSHWLWLRQ UHODWLYH WR WKH SULFH XQGHU LPSHUIHFW

FRPSHWLWLRQ� 7KH VL]H RI WKH IULQJH FDSDFLW\ LV DGMXVWHG VR WKDW WKH IULQJH KDV D ��

RU �� SHU FHQW PDUNHW VKDUH XQGHU SHUIHFW FRPSHWLWLRQ�

����



)RU HDFK RI WKH FRPELQDWLRQV RI QXPEHU RI FRPSHWLWRUV DQG IULQJH VKDUH VL]H�

WKH WDEOH DOVR KDV D FDOFXODWLRQ RI WKH +LUVFKPDQ�+HU¿QGDKO ,QGH[ �++,����

ZKLFK LV ZLGHO\ XVHG WR JLYH HDV\ RYHUYLHZ RI WKH FRQFHQWUDWLRQ LQ DQ LQGXV�

WU\�

7KH 8�6� )HGHUDO 7UDGH &RPPLVVLRQ DQG WKH 'HSDUWPHQW RI -XVWLFH ������

³GLYLGHV WKH VSHFWUXP RI PDUNHW FRQFHQWUDWLRQ DV PHDVXUHG E\ WKH ++, LQWR

WKUHH UHJLRQV WKDW FDQ EH EURDGO\ FKDUDFWHUL]HG DV XQFRQFHQWUDWHG �++, EHORZ

������ PRGHUDWHO\ FRQFHQWUDWHG �++, EHWZHHQ ���� DQG ������ DQG KLJKO\

FRQFHQWUDWHG �++, DERYH ������́ ,Q DQ ³XQFRQFHQWUDWHG PDUNHW´ WKH PDUNXS

LQ RXU VLPXODWLRQV DSSDUHQWO\ PDNHV XS �� SHU FHQW RI WKH SULFH� 7KLV ¿QGLQJ

UHSOLFDWHV WKH UHVXOWV RI %RUHQVWHLQ� %XVKQHOO DQG .QLWWHO ������� ZKR LQYHV�

WLJDWH WKH &DOLIRUQLDQ HOHFWULFLW\ PDUNHW�

7DEOH � VKRZV WKH LQFUHDVH LQ PDUNHW SULFHV �WD[HV LQFOXGHG� IRU 'HQPDUN IRU

WZR VHFWRUV FRPSDUHG WR D SHUIHFW FRPSHWLWLRQ RXWFRPH� $V FDQ EH VHHQ� WKH

SULFH LQFUHDVHV DUH QRW DV GUDVWLF DV WKH PDUNXSV IRXQG ZRXOG VXJJHVW� 7KLV

LV EHFDXVH HOHFWULFLW\ LV KHDYLO\ H[FLVH WD[HG�

7DEOH � 3HUFHQWDJH SULFH LQFUHDVH LQ WZR 'DQLVK VHFWRUV FRPSDUHG WR SHU�

IHFW FRPSHWLWLRQ

/LJKW LQGXVWU\ +RXVHKROGV

)ULQJH VL]H ��� ��� �� ��� ��� ��

1 � �� ��� ��� ���� ��� ��� ���

1 � �� ���� ���� ���� ��� ��� ����

1 � � ���� ���� � ���� ���� �
�

6RXUFH� 2ZQ FDOFXODWLRQV

$V D VHQVLWLYLW\ WHVW� DQRWKHU VHWXS KDV WKH HOHFWULFLW\�RWKHU HQHUJ\ QHVW HODV�

WLFLWLHV �VHH ¿JXUH �� WULSOHG� ,W FDQ EH VHHQ IURP WDEOH � WKDW WKLV KDV RQO\ D

PRGHVW HIIHFW�

:H QRWHG LQ VHFWLRQ ��� WKDW LW LV SUREOHPDWLF WR GLVWULEXWH WKH FDSDFLW\ EH�

WZHHQ WKH IULQJH DQG WKH ROLJRSROLVWV ZLWKRXW OHDYLQJ URRP IRU VWUDWHJLF LQWHU�

��� 7KH LQGH[ LV FDOFXODWHG DV WKH VXP RI VTXDUHV RI DOO PDUNHW VKDUHV PHDVXUHG LQ SHU

FHQW�

����



7DEOH � 6HQVLWLYW\ DQDO\VLV� /HUQHU LQGH[ ZLWK WULSSOHG HODVWLFLWLHV

/HUQHU ,QGH[

)ULQJH VL]H ��� ��� ��

1 � �� ����� ����� �����

1 � �� ����� ����� �����

1 � � ����� ����� �

6RXUFH� 2ZQ FDOFXODWLRQV

DFWLRQ WKURXJK WKH GLVWULFW KHDWLQJ PDUNHW� :H KDYH SUHVHQWHG D PRGHO ZKHUH

WKH PDUNHWV IRU FHQWUDOL]HG DQG GHFHQWUDOL]HG SURGXFWLRQ RI GLVWULFW KHDWLQJ

DUH VHSDUDWHG DQG ZKHUH WKH IULQJH SRVVHVVHV DOO WKH EDFNSUHVVXUH WHFKQROR�

JLHV� +RZHYHU� ZH KDYH DOVR VLPXODWHG D VFHQDULR ZKHUH WKH IULQJH KDV QR

GLVWULFW KHDWLQJ SURGXFWLRQ DW DOO� 7KH PDUNXSV IRXQG KHUH GLIIHU IURP WKRVH

LQ WDEOH � E\ QR PRUH WKDQ WZR SHUFHQWDJH SRLQW� 2WKHU VFHQDULRV ZKHUH ZH

KDYH DVVXPHG WKH VWUDWHJLF LQWHUDFWLRQ DZD\ VKRZ VLPLODU UHVXOWV���

� 'LVFXVVLRQ

2XU ¿QGLQJV VXJJHVW WKDW ODUJH SURGXFHUV LQ WKH 1RUGLF PDUNHW IRU HOHFWULFLW\

PLJKW EH DEOH WR JDLQ FRQVLGHUDEOH PDUNHW SRZHU DQG WKDW WKLV FRXOG EH XVHG

WR UDLVH WKH HOHFWULFLW\ SULFH VXEVWDQWLDOO\ DERYH PDUJLQDO FRVW� HYHQ WKRXJK

WKH FRQFHQWUDWLRQ LQ WKH PDUNHW E\ D WUDGLWLRQDO PHDVXUH� WKH +LUVFKPDQ�

+HU¿QGDKO ,QGH[ �++,�� LV RQO\ ORZ RU PRGHVW� 7KLV LV LQ DFFRUGDQFH ZLWK

RWKHU UHVHDUFK� (YHQVR� LQ FRPSDULVRQ ZLWK WKH SUHYLRXV UHJLPH RI UHJX�

ODWLRQ WKH PDUNXSV GXH WR VHYHUH PDUNHW SRZHU DUH QRW YHU\ GLIIHUHQW IURP

WKH PDUNXSV GXH WR LQHI¿FLHQF\ LQ WKH UHJXODWLRQ� +RZHYHU� VRPH LPSRUWDQW

TXDOL¿FDWLRQV DSSO\ WR RXU ¿QGLQJV�

)LUVW� ZH XVH WKH &RXUQRW�1DVK PRGHO RI TXDQWLW\ FRPSHWLWLRQ LQ D RQH�VKRW

LQYHVWPHQW JDPH� 7KH 6XSSO\ )XQFWLRQ (TXLOLEULXP �6)(� DSSOLHG WR HOHF�

WULFLW\ PDUNHWV E\ RWKHUV VXJJHVW WKDW WKH DXFWLRQV RIWHQ XVHG LQ HOHFWULFLW\

PDUNHWV KDYH D ZRUVW FDVH RXWFRPH HTXLYDOHQW WR WKH &RXUQRW HTXLOLEULXP�

:KHUH WKH 6)( KDV EHHQ DSSOLHG� WKH PDUNXSV KDYH EHHQ ODUJH LQ SHDN ORDG

SHULRGV� ZKHUHDV WKH SULFH FRPHV FORVH WR PDUJLQDO FRVW RXWVLGH WKHVH SH�

��� 7KH VFHQDULRV DUH DYDLODEOH XSRQ UHTXHVW�

����



ULRGV� 7KXV RXU UHVXOWV FDQ EH LQWHUSUHWHG DV ZRUVW FDVH VFHQDULRV IRU WKH

1RUGLF HOHFWULFLW\ PDUNHW� ([WHQGLQJ WKH LQYHVWPHQW JDPH WR PRUH SHULRGV

ZRXOG SUREDEO\ WHQG WR LQFUHDVH WKH LQYHVWPHQWV DV WKH TXDQWLW\ FRPPLWPHQW

LQ WKH &RXUQRW JDPH EHFRPHV OHVV ELQGLQJ� 7KLV VWUHQJWKHQV WKH FDVH IRU

OLEHUDOL]DWLRQ�

6HFRQG� RXU PRGHO UHTXLUHV WKDW WKH ODUJH ¿UPV DUH LGHQWLFDO� $ PDUNHW ZLWK

RQO\ LGHQWLFDO ¿UPV LV QRW UHDOLVWLF� VR ZH DOVR LQFOXGH D SULFH�WDNLQJ IULQJH�

:H ¿QG WKDW D FRPSHWLWLYH IULQJH LQFUHDVHV WKH PDUNHW RXWSXW DQG ORZHUV WKH

PDUNXSV� :H KDYH FDUULHG RXW VHQVLWLYLW\ WHVWV LQGLFDWLQJ WKDW WKH FRPSRVLWLRQ

RI WHFKQRORJLHV DVVLJQHG WR WKH IULQJH GRHV QRW DOWHU WKH PDUNXS GHFLVLRQV RI

WKH ROLJRSROLVWV YHU\ PXFK�

7KLUG� ZH KDYH LQFOXGHG D GLVWULFW KHDWLQJ PDUNHW LQ RXU PRGHO� ,W VKRZV�

KRZHYHU� WKDW WKLV GRHV QRW DIIHFW WKH PDUNXSV YHU\ PXFK� DV WKH ROLJRSROLVWV

KDYH RWKHU FDSDFLW\ ZLWK URXJKO\ WKH VDPH FRVWV UHODWLYH WR WKH PDUNHW SULFH

WR WDNH RXW RI SURGXFWLRQ�

6RPH DVSHFWV WKDW RXU PRGHO DQG LWV XQGHUO\LQJ GDWD FDQQRW LQYHVWLJDWH DUH

VHDVRQDO DQG GDLO\ YDULDWLRQ DQG UHJLRQDO DQG LQWHUQDWLRQDO WUDQVPLVVLRQ FRQ�

VWUDLQWV� 2WKHU UHVHDUFK KDV IRXQG WKDW WKHVH IDFWRUV FDQ EH LPSRUWDQW IRU WKH

SUHVHQFH RI LPSHUIHFW FRPSHWLWLRQ� 7UDQVPLVVLRQ FDSDFLW\ FDQ EH FRQJHVWHG

ZLWK WKH VWUDWHJLF SXUSRVH RI UDLVLQJ WKH SULFH LQ VHOHFWHG UHJLRQV ZLWK RQO\ D

VPDOO IULQJH FDSDFLW\� $QG HYHQ ZLWK SOHQW\ RI WUDQVPLVVLRQ FDSDFLW\� VWDUW�

XS FRVWV �ZKLFK RXU PRGHO GRHV QRW LQFOXGH� RI RWKHU SODQWV PD\ EH WRR ODUJH

WR WULJJHU LQFUHDVHG RXWSXW� 7KH 1RUGLF PDUNHWV DUH FKDUDFWHUL]HG E\ D ODUJH

DPRXQW RI K\GUR SRZHU FDSDFLW\� $V K\GUR SRZHU KDV VPDOO VWDUW�XS FRVWV�

LW LV SRWHQWLDOO\ DQ LPSRUWDQW IDFWRU IRU ORZHULQJ SULFHV LQ VKRUW SHDN ORDG

SHULRGV DV ORQJ DV WKH FDSDFLW\ LV QRW RZQHG E\ ROLJRSROLVWV�

7KH OLPLWDWLRQV RI RXU PRGHO VKRZ WKH QHHG IRU IXUWKHU UHVHDUFK ZLWK PRGHOV

WKDW KDYH PRUH ¿QH�JUDLQHG WLPH SHULRGV� 7KHUH LV DOVR D QHHG IRU EHWWHU VSD�

WLDO GLPHQVLRQ WR LQYHVWLJDWH WKH WUDQVPLVVLRQ FDSDFLW\ OLPLWV� (YHQ WKRXJK

ZH ¿QG SRWHQWLDO IRU VWURQJ PDUNHW SRZHU� WKHUH LV QR QHHG WR FRQFOXGH WKDW

WKH SURFHVV RI GHUHJXODWLRQ VKRXOG EH UHYHUVHG� 2Q WKH FRQWUDU\� WKH EHWWHU

XQGHUVWDQGLQJ RI WKH HOHFWULFLW\ PDUNHWV IURP UHFHQW UHVHDUFK VHHPV SURPLV�

LQJ IRU ¿QGLQJ PHDVXUHV WKDW FDQ OLPLW WKH PDUNHW SRZHU DQG EULQJ WKH SULFH

FORVH WR WKH FRVW�

����



5HIHUHQFHV

%RUHQVWHLQ� 6�� -� %XVKQHOO DQG &� .QLWWHO ������� 0DUNHW 3RZHU LQ (OHFWULFLW\

0DUNHWV� %H\RQG &RQFHQWUDWLRQ 0HDVXUHV� 7KH (QHUJ\ -RXUQDO� �� ���� SS�

��±���

&DUGHOO� -�� &� +LWW DQG :� +RJDQ ������� 0DUNHW 3RZHU DQG 6WUDWHJLF ,Q�

WHUDFWLRQ LQ (OHFWULFLW\ 1HWZRUNV� 5HVRXUFH DQG (QHUJ\ (FRQRPLFV� ��� SS�

���±����

*UHHQ� 5� DQG '� 1HZEHU\ ������� &RPSHWLWLRQ LQ WKH %ULWLVK (OHFWULFLW\ 6SRW

0DUNHW� -RXUQDO RI 3ROLWLFDO (FRQRP\� ��� ���� SS� ���±����

YRQ GHU )HKU� 1��+� 0� DQG '� +DUERUG� ������� 6SRW 0DUNHW &RPSHWLWLRQ LQ

WKH 8. (OHFWULFLW\ ,QGXVWU\� (FRQRPLF -RXUQDO� ��� ������ SS� ���±����

+DXFK� -� ������� (QYLURQPHQWDO 5HJXODWLRQ DQG 1RUGLF (QHUJ\ 0DUNHWV�

3K�'� 7KHVLV� ,QVWLWXWH RI (FRQRPLFV� 8QLYHUVLW\ RI &RSHQKDJHQ� &RSHQ�

KDJHQ�

+RIIPDQQ� $� ������� ,PSHUIHFW &RPSHWLWLRQ LQ &RPSXWDEOH *HQHUDO (TXL�

OLEULXP 0RGHOV²$ 3ULPHU� :RUNLQJ 3DSHU QR� ����� 'DQLVK 0LQLVWU\ RI

%XVLQHVV DQG ,QGXVWU\� &RSHQKDJHQ�

.UHSV� '� DQG -� 6FKHLQNPDQ ������� 4XDQWLW\ &RPPLWPHQW DQG %HUWUDQG

&RPSHWLWLRQ <LHOGV &RXUQRW 2XWFRPH� %HOO -RXUQDO RI (FRQRPLFV� ��� SS�

���±����

2OVHQ� 2� -� ������� 7KH &RQVHTXHQFHV RI 'LIIHUHQW ,QVWLWXWLRQDO 6HWWLQJV IRU

WKH &UHDWLRQ RI D &RPPRQ (OHFWULFLW\ 0DUNHW LQ 1RUWKHUQ (XURSH� 3DSHU

SUHVHQWHG DW WKH 1RUGLF (QHUJ\ DQG 6RFLHW\ &RQIHUHQFH LQ 2VOR� 2FW� �±��

�����

7LUROH� -� ������� 7KH 7KHRU\ RI ,QGXVWULDO 2UJDQL]DWLRQ� 0,7 3UHVV� &DP�

EULGJH� 0DVVDFKXVHWWV�

8�6� 'HSDUWPHQW RI -XVWLFH DQG 8�6� )HGHUDO 7UDGH &RPPLVVLRQ �������

+RUL]RQWDO 0HUJHU *XLGHOLQHV� :DVKLQJWRQ '�&�� KWWS���ZZZ�XVGRM�JRY�

DWU�SXEOLF�JXLGHOLQHV�PHUJHU�W[W
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( 3URRI RI ([LVWHQFH� 8QLTXHQHVV DQG 2SWLPDOLW\ RI (TXL�

OLEULXP

%\ ORZHULQJ SULFHV E\ D IUDFWLRQ� WKH ODUJH VXSSOLHUV PLJKW EH DEOH WR IRUFH

RXW WKH PDUJLQDO WHFKQRORJ\ RI WKH IULQJH� $V WKH ODUJH VXSSOLHUV¶ RXWSXW

LV SULFHG DERYH LWV PDUJLQDO FRVW� VXFK D VWUDWHJ\ PLJKW EH SUR¿WDEOH LI WKH

IULQJH WHFKQRORJ\ IRUFHG RXW KDV D ODUJH FDSDFLW\ DQG D PDUJLQDO FRVW RQO\ D

OLWWOH ORZHU WKDQ WKH RUGLQDU\ &RXUQRW HTXLOLEULXP SULFH UHDFKHG E\ WKH ODUJH

VXSSOLHUV� 6XFK D VLWXDWLRQ LV LOOXVWUDWHG LQ ¿JXUH �D� ZKHUH WKH OLJKW VKDGHG

DUHD LV WKH SUR¿W JDLQ DVVRFLDWHG ZLWK WKH 05 � 0& VROXWLRQ� DQG WKH GDUN

VKDGHG DUHD LV WKH SUR¿W JDLQ DVVRFLDWHG ZLWK IRUFLQJ RXW WKH IULQJH�

,W PLJKW DOVR KDSSHQ �¿JXUH �E� WKDW WKH ODUJH VXSSOLHUV GR QRW KDYH WKH VXI¿�

FLHQW HI¿FLHQW FDSDFLW\ �ZLWK PDUJLQDO FRVWV ORZHU WKDQ PDUNHW SULFH� WR PHHW

WKH GHPDQG LI DOO WKH FDSDFLW\ RI WKH PDUJLQDO IULQJH WHFKQRORJ\ LV IRUFHG RXW

RI WKH PDUNHW� ,Q WKLV FDVH WKH ODUJH VXSSOLHUV ZRXOG SUHIHU WR OHW WKH IULQJH

SURGXFH ZLWK VRPH SDUW RI WKHLU PDUJLQDO WHFKQRORJ\� UDWKHU WKDQ VXSSO\LQJ

WKH H[FHVV GHPDQG ZLWK PDUJLQDO ORVVHV �WKHLU UHPDLQLQJ FDSDFLW\ KDV FRVWV

KLJKHU WKDQ WKH PDUNHW SULFH��

)LJXUH � $PELJXRXV FRVW VWUXFWXUH

P, MR

Q

P, MR

Q

D

MR

D

MR

(a) (b)

Q2 Q2

MC

MC

Q1Q1

$SSDUHQWO\ WKHUH DUH VLWXDWLRQV ZKHUH WKH 05 � 0& HTXLOLEULXP IRXQG E\

RXU VROXWLRQ WR WKH &RXUQRW FRPSHWLWRUV¶ SUREOHP PD\ QRW PD[LPL]H SUR¿WV�

����



7KLV KDSSHQV RQO\ ZKHQ WKH IULQJH FDQ EH IRUFHG ZKROO\ RU SDUWO\ RXW RI

WKH PDUNHW� )RUWXQDWHO\ ZH FDQ VKRZ WKDW WKHVH VLWXDWLRQV� ZKLFK ZH FDOO

DPELJXLW\ EHWZHHQ SHUFHLYHG GHPDQG DQG FRVW VWUXFWXUH� UHVWULFW WKHPVHOYHV

WR RQH RI WKHVH WZR VXI¿FLHQW FRQGLWLRQV�

� ZKHQ WKH SULFH LV HTXDO WR WKH FRVW RI WKH IULQJH¶V PDUJLQDO WHFKQRORJ\�

EXW ZKHUH WKH IULQJH SURGXFWLRQ LQ WKLV WHFKQRORJ\ LV ]HUR�

� ZKHQ WKH ODUJH VXSSOLHUV SURGXFH DW WKH FDSDFLW\ OLPLW RI VRPH WHFKQRO�

RJ\�

7R VKRZ WKDW WKLV FODLP LV FRUUHFW ZH QHHG WR FRQVLGHU WKH ODUJH VXSSOLHUV¶

PDUJLQDO FRVW ZKHQ WKH\ VWDUW WR IRUFH RXW D PDUJLQDO IULQJH WHFKQRORJ\ DQG

ZKHQ WKH\ KDYH MXVW IRUFHG LW RXW� )LJXUH � JLYHV D XVHIXO FODVVL¿FDWLRQ RI DOO

SRVVLEOH FRVW VWUXFWXUHV UHODWHG WR D JLYHQ IULQJH WHFKQRORJ\ WKDW PD\ RU PD\

QRW EH IRUFHG RXW WR LQFUHDVH SUR¿WV�

)LJXUH � $OO SRVVLEOH FRVW VWUXFWXUHV

P, MR

Q

D

MR

EuSu

Em
Sm

Sl
El

Q1 Q2

2XU FODVVL¿FDWLRQ KDV VL[ GLVWLQFW W\SHV� DV WKH WKUHH UHPDLQLQJ ORJLFDO FRP�

ELQDWLRQV RI LQWHUVHFWLRQV DUH QRW IHDVLEOH EHFDXVH 0& LV QRQGHFUHDVLQJ�

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6X DQG (X� )LJXUH �D VKRZV WKDW 0&

LV DERYH WKH SULFH IRU WKH ZKROH RI WKH KRUL]RQWDO VHFWLRQ� VR IRUFLQJ
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RXW WKH IULQJH WHFKQRORJ\ ZLOO DOZD\V GHFUHDVH WKH SUR¿W� $OVR� QR

IULQJH WHFKQRORJLHV WR WKH ULJKW RI 4� FDQ EH SUR¿WDEOH WR IRUFH RXW�

+RZHYHU� WKHUH PLJKW EH D IULQJH WHFKQRORJ\ ZLWK KLJKHU PDUJLQDO FRVW

�DQRWKHU ÀDW SLHFH RQ WKH SHUFHLYHG GHPDQG FXUYH ZKLFK LV QRW VKRZQ

LQ WKH ¿JXUH� WKDW FRXOG EH IRUFHG RXW RI WKH PDUNHW� 7KH FRVW VWUXFWXUH

DVVRFLDWHG KHUHE\ FRXOG EH DQ\ RI W\SHV � WR ��

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6P DQG (P� )LJXUH �D SUHVHQWHG DERYH

VKRZV WKLV VLWXDWLRQ� 7KH OLJKW VKDGHG DUHD LV WKH SUR¿W DVVRFLDWHG ZLWK

WKH 05 � 0& VROXWLRQ �TXDQWLW\ 4��� ZKLOH WKH GDUN VKDGHG DUHD

LV WKH SUR¿W DVVRFLDWHG ZLWK MXVW IRUFLQJ WKH IULQJH¶V WHFKQRORJ\ RXW RI

WKH PDUNHW �TXDQWLW\ 4��� :KHWKHU LW LV SUR¿WDEOH WR OHDYH WKH IRUPHU

VROXWLRQ LQ IDYRU RI WKH ODWWHU GHSHQGV RQ WKH SUHFLVH VWUXFWXUH RI FRVW

DQG GHPDQG�

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6P DQG (X� )LJXUH �E SUHVHQWHG DERYH

VKRZV WKLV VLWXDWLRQ� 7KH OLJKW VKDGHG DUHD LV WKH SUR¿W DVVRFLDWHG ZLWK

WKH 05 � 0& VROXWLRQ �TXDQWLW\ 4��� ZKLOH WKH GDUN VKDGHG DUHD LV

WKH SUR¿W DVVRFLDWHG ZLWK XVLQJ DOO RI WKH FDSDFLW\ ZLWK PDUJLQDO FRVWV

ORZHU WKDQ WKRVH RI WKH IULQJH¶V PDUJLQDO WHFKQRORJ\ �TXDQWLW\ 4���

:KHWKHU LW LV SUR¿WDEOH WR OHDYH WKH IRUPHU VROXWLRQ LQ IDYRU RI WKH

ODWWHU GHSHQGV RQ WKH SUHFLVH VWUXFWXUH RI FRVW DQG GHPDQG�

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6O DQG (O� $V FDQ EH VHHQ LQ ¿JXUH �E

05  0& IRU DOO TXDQWLWLHV OHIW RI 4�� 7KXV LW LV DOZD\V SUR¿WDEOH

WR PRYH ULJKWZDUG WRZDUGV WKLV SRLQW� ,W PD\ EH SUR¿WDEOH WR PRYH

HYHQ IXUWKHU ULJKWZDUG LI WKHUH LV DQ HYHQ FKHDSHU IULQJH WHFKQRORJ\

WKDW PD\ EH IRUFHG RXW� 7KH FRVW VWUXFWXUH UHODWLQJ WR WKLV SDUWLFXODU

IULQJH WHFKQRORJ\ ZRXOG WKHQ EH RI W\SH �� � RU ��

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6O DQG (P� )LJXUH �F GHSLFWV WKLV VLWXD�

WLRQ� DQG LW LV REYLRXV WKDW LW ZLOO DOZD\V EH PRUH SUR¿WDEOH WR FKRRVH

WKH TXDQWLW\ 4� WKDQ FKRRVLQJ DQ\ RWKHU TXDQWLW\�

�� $Q 0& FXUYH WKDW LQWHUVHFWV 6O DQG (X� /LNHZLVH LQ ¿JXUH �G 4� LV

PRUH SUR¿WDEOH WKDQ DQ\ RWKHU TXDQWLW\�

)URP WKLV ZH VHH WKDW DPELJXLW\ LV DVVRFLDWHG ZLWK MXVW IRUFLQJ WKH IULQJH

WHFKQRORJ\ RXW RI PDUNHW �W\SH �� DQG FDSDFLW\ OLPLWV RI ODUJH VXSSOLHUV¶ WHFK�

QRORJLHV �W\SH ��� ,Q WKH UHPDLQLQJ � SRVVLEOH FRVW VWUXFWXUHV WKHUH FDQ EH QR

DPELJXLW\� DQG WKLV FRQ¿UPV RXU FODLP�
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)LJXUH � 8QDPELJXRXV FRVW VWUXFWXUHV
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1RWH WKDW WKLV SURRI DVVXPHV WKDW WKH ROLJRSROLVWV¶ DQG IULQJHV FRVW VWUXFWXUHV

GR QRW FKDQJH ZKLOH D IULQJH WHFKQRORJ\ LV EHLQJ IRUFHG RXW� 7KLV LV WKH

UHDVRQ WKDW WKH IULQJH DQG WKH ROLJRSROLVWV DUH DVVXPHG WR VXSSO\ VHSDUDWH

GLVWULFW KHDWLQJ PDUNHWV� ,I WKH\ VXSSOLHG WKH VDPH PDUNHWV� IRUFLQJ RXW D

IULQJH EDFNSUHVVXUH WHFKQRORJ\ PLJKW FKDQJH WKH FRVW PLQLPL]DWLRQ SUREOHP

RI WKH ROLJRSROLVW �EHFDXVH D ODUJHU GLVWULFW KHDWLQJ TXDQWLW\ UHTXLUHPHQW KDV

WR EH PHW�� WKXV DOWHULQJ WKH UHVXOWLQJ PDUJLQDO FRVW FXUYH�

)RU WKH VDPH UHDVRQ� WKH IULQJH FDQQRW SRVVHV H[WUDFWLRQ WHFKQRORJLHV� )RUF�

LQJ RXW VRPH IULQJH EDFNSUHVVXUH WHFKQRORJ\ ZRXOG WKHQ EH OLNHO\ WR FKDQJH

WKH KHDW�HOHFWULFLW\ UDWLR RI VRPH RI WKH IULQJH¶V H[WUDFWLRQ WHFKQRORJLHV� 7KLV
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ZRXOG DOWHU WKH DPRXQW RI HOHFWULFLW\ VXSSOLHG LQIUDPDUJLQDOO\ E\ WKH IULQJH�

DQG WKH ROLJRSROLVWV¶ SHUFHLYHG GHPDQG FXUYH ZRXOG WKHUHE\ EH VKLIWHG LQ�

ZDUGV RU RXWZDUGV� GHSHQGLQJ RQ ZKHWKHU WKH IULQJH SURGXFHG PRUH RU OHVV

HOHFWULFLW\� %\ RQO\ DOORZLQJ WKH IULQJH FRQGHQVLQJ DQG EDFNSUHVVXUH WHFK�

QRORJLHV WKHUH LV QR LQIUDPDUJLQDO FKDQJH LQ WKH IULQJH VXSSO\� 2QO\ WKH

SURGXFWLRQ LQ PDUJLQDO IULQJH WHFKQRORJ\ LV FKDQJHG� DV WKH LQIUDPDUJLQDO

WHFKQRORJLHV DUH XVHG WR WKHLU FDSDFLW\ OLPLW�
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