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7KH 8QLYHUVLW\ RI 7RN\R� 6FKRRO RI (QJLQHHULQJ� �������� <D\RL� %XQN\R�NX� 7RN\R� -DSDQ ���

�&5,(3, �&HQWUDO 5HVHDUFK ,QVWLWXWH RI (OHFWULF 3RZHU ,QGXVWU\�

6RFLR�HFRQRPLF 5HVHDUFK &HQWHU� ������ 2KWHPDFKL� &KL\RGD�NX� 7RN\R� -DSDQ ���

�� &5,(3, �&HQWUDO 5HVHDUFK ,QVWLWXWH RI (OHFWULF 3RZHU ,QGXVWU\�

.RPDH 5HVHDUFK /DERUDWRU\� ������� ,ZDGRNLWD� .RPDH�FLW\� 7RN\R� -DSDQ ���

$EVWUDFW

*OREDO ZDUPLQJ SUREOHP LV RQH RI WKH PRVW VHULRXV SUREOHPV ZKLFK KXPDQ EHLQJV DUH FXUUHQWO\ IDFH�

&DUERQ 'LR[LGH �&2�� IURP SRZHU SODQWV LV FRQVLGHUHG RQH RI WKH PDMRU FDXVHV RI WKH JOREDO ZDUPLQJ�

,Q WKLV VWXG\� &2� HPLVVLRQ IURP 7RNDPDN IXVLRQ SRZHU SODQWV DUH FRPSDUHG ZLWK WKRVH IURP

FRQYHQWLRQDO SUHVHQW SRZHU JHQHUDWLQJ WHFKQRORJLHV� 3ODVPD SDUDPHWHUV DUH FDOFXODWHG E\ D V\VWHPV

FRGH FRXSOHV WKH ,7(5 SK\VLFV� 7) FRLO VKDSH� DQG FRVW FDOFXODWLRQ� &2� HPLVVLRQ IURP FRQVWUXFWLRQ

DQG RSHUDWLRQ LV HYDOXDWHG IURP VXPPLQJ XS FRPSRQHQW YROXPH WLPHV &2� HPLVVLRQ LQWHQVLWLHV RI WKH

FRPSRVLQJ PDWHULDOV� 7KH XQFRXQWDEOH FRPSRQHQWV RQ VXFK DV UHDFWRU EXLOGLQJ� EDODQFH RI SODQWV� HWF��

DUH VFDOHG IURP WKH ,7(5 UHIHUHQFHG SRZHU UHDFWRU �,7(5�OLNH� E\ XVH RI *HQHURPDN PRGHO� 7ZR

LPSRUWDQW ILQGLQJV DUH UHYHDOHG� 0RVW LPSRUWDQW ILQGLQJ LV WKDW &2� HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH

OHVV WKDQ WKDW IURP 39� DQG OHVV WKDQ GRXEOH RI WKDW IURP ILVVLRQ UHDFWRU� 7KH RWKHU ILQGLQJV DUH WKDW �L�

PRVW &2� HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH IURP PDWHULDOV� �LL� &2� HPLVVLRQV IURP UHDFWRU

FRQVWUXFWLRQ EHFRPHV DOPRVW �� � WR �� �� UHVW IURP UHDFWRU RSHUDWLRQ� DQG �LLL� WKH 56 UHDFWRU FDQ

UHGXFH &2� HPLVVLRQ KDOI FRPSDUHG ZLWK WKH ,7(5�OLNH UHDFWRU� ,Q FRQFOXVLRQ� WRNDPDN IXVLRQ

UHDFWRUV DUH H[FHOOHQW EHFDXVH RI WKHLU VPDOO &2� HPLVVLRQ LQWHQVLW\� DQG WKH\ FDQ EH RQH RI HIIHFWLYH

HQHUJ\ VXSSO\ WHFKQRORJLHV WR VROYH JOREDO ZDUPLQJ�

 )LUVW DXWKRU¶V SUHVHQW DIILOLDWLRQ� 5,7( �5HVHDUFK ,QVWLWXWH RI ,QQRYDWLYH 7HFKQRORJ\ IRU WKH (DUWK��

�WK )ORRU� 1R�� 7R\RNDLML %OGJ�� ������� 1LVKL�VKLPEDVKL� 0LQDWR�NX� 7RN\R� ��������� -$3$1

H�PDLO� WRNL#ULWH�RU�MS� WRNL#NDWVXUDL�W�X�WRN\R�DF�MS� 7KLV SDSHU LV EDVHG XSRQ KLV 3K�'� WKHVLV� WKH 8QLY� RI 7RN\R �������
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*OREDO ZDUPLQJ SUREOHP LV RQH RI WKH PRVW

VHULRXV HQYLURQPHQWDO SUREOHPV WKDW KXPDQ

EHLQJ FXUUHQWO\ IDFH� 7KH PHFKDQLVP RI JOREDO

ZDUPLQJ LV QRW FOHDUO\ XQGHUVWRRG� KRZHYHU�

JOREDO ZDUPLQJ LV FRQVLGHUHG LQHYLWDEOH LI

HPLVVLRQ WUHQG RI DQWKURSRJHQLF JUHHQKRXVH JDV

VXFK OLNH &2�� PHWKDQH &+�ZLOO FRQWLQXH LQ ��VW

FHQWXU\� 9DULRXV FRXQWHUPHDVXUHV VXFK DV

WHFKQRORJLFDO GHYHORSPHQWV� HFRQRPLFDO

PHFKDQLVP DEDWHPHQW SROLFLHV� LQWHUQDWLRQDO

QHJRWLDWLRQV HWF� DUH SURSRVHG DQG FDUULHG RXW�

&2� HPLVVLRQ LV UHODWHG WR DOO KXPDQ DFWLYLWLHV

WKDW DUH VXSSRUWHG E\ HQHUJ\ FRQVXPSWLRQ YLD

PDLQO\ IRVVLO IXHOV� &2� HPLVVLRQ IURP HOHFWULF

SRZHU SODQWV LV RQH RI WKH PDMRU HPLVVLRQ

VRXUFHV� ,Q RUGHU WR HYDOXDWH HQHUJ\

FRQVXPSWLRQ DQG DVVRFLDWHG &2� HPLVVLRQ GXH

WR KXPDQ DFWLYLWLHV RU HQHUJ\ VXSSO\

WHFKQRORJLHV� VXFK VWXGLHV RI 5HI� � IRU

LQGXVWULDO�HFRQRPLF DFWLYLWLHV RU 5HI� � IRU

HOHFWULF SRZHU SODQWV KDYH EHHQ LQYHVWLJDWHG�

$OWKRXJK ZH FDQ ILQG UHDFWRU VWXGLHV >���@�

UHDFWRU V\VWHP VWXGLHV IRU UHGXFLQJ &2( �&RVW

2I (OHFWULFLW\� >����@� DQG UHDFWRU FRVW

FRPSDULVRQ VWXGLHV ZLWK RWKHU SRZHU SODQWV

>�����@� QR VWXG\ FRXOG EH IRXQG WR HYDOXDWH &2�

HPLVVLRQ IURP QXFOHDU IXVLRQ SRZHU SODQWV� ,Q

WKLV VWXG\� &2� HPLVVLRQV IURP WRNDPDN IXVLRQ

SRZHU UHDFWRUV GXH WR WKHLU FRQVWUXFWLRQ DQG

RSHUDWLRQ GXULQJ WKHLU SODQW OLIHWLPH DUH

HYDOXDWHG RQ WKH EDVLV RI WRNDPDN UHDFWRU V\VWHP

VWXGLHV DQG FRPSDUHG ZLWK RWKHU HQHUJ\

WHFKQRORJLHV�

�� 32:(5 3/$17 3523(57,(6

7ZR W\SHV RI IXVLRQ SRZHU UHDFWRUV DUH

HYDOXDWHG ZKRVH UHDFWRU SDUDPHWHUV DUH OLVWHG LQ

7DEOH �� 2QH LV D SRZHU UHDFWRU ,7(5�OLNH WKDW LV

SRZHUHG XS IURP WKH ,7(5 GHYLFH� DQG WKH RWKHU

LV D UHYHUVHG VKHDU RSHUDWLQJ PRGH UHDFWRU�

3ODVPD SDUDPHWHUV RI WKH ,7(5�OLNH UHDFWRU

>�����@ DUH REWDLQHG E\ PLQLPXP PRGLILFDWLRQ

IURP WKRVH RI WKH ,7(5 GHYLFH XVLQJ RXU V\VWHPV

FRGH >�����@� 7KH SDUDPHWHUV RI WKH 56 UHDFWRU

DUH DOVR REWDLQHG LQ 5HI� >�����@� ZKLFK DUH

VLPLODU WR WKRVH RI WKH &5(67 �&RPSDFW

5(YHUVHG 6KHDU 7RNDPDN� UHDFWRU >�@� ����

0: RI HOHFWULF SRZHU DW EXV EDU 3H� ��� RI

SODQW DYDLODELOLW\� �� \HDUV RI SODQW OLIH� DUH

FKDUDFWHULVWLFV RI WKH IXVLRQ SRZHU UHDFWRUV� 7KH

IXVLRQ SRZHU UDQJH LV IURP DERXW � WR � *:

ZLWK WKHUPDO WR HOHFWULFLW\ FRQYHUVLRQ HIILFLHQF\

RI WKH ���� � XVLQJ ZDWHU DV D FRRODQW� )HUULWH

VWHHO LV DVVXPHG IRU WKH VWUXFWXUDO PDWHULDO� $

VKLHOG EODQNHW IRU WKH ,7(5�OLNH� DQG D EUHHGLQJ

EODQNHW IRU WKH 56 UHDFWRU LV DVVXPHG�

UHVSHFWLYHO\� :HLJKW IUDFWLRQV RI VWUXFWXUDO

PDWHULDOV� 7ULWLXP EUHHGHU /L�2� DQG QHXWURQ

PXOWLSOLHU %H LQ WKH EUHHGLQJ EODQNHW DUH VHW

ZKLFK DUH UHIHUUHG IURP WKH 6675 �6WHDG\ 6WDWH

7RNDPDN 5HDFWRU� >��@� :HLJKW FDOFXODWLRQ RI

3) �3RORLGDO )LHOG� FRLOV� PLVFHOODQHRXV� DQG

VXSSRUW VWUXFWXUHV LV VHW ZKLFK DUH UHIHUUHG IURP

WKH ,7(5�7$&� UHSRUW >��@�

2WKHU SRZHU SODQW SURSHUWLHV� ZKLFK DUH

UHIHUUHG IURP 5HI� �� DUH VKRZQ LQ 7DEOH �� $OO

WKHVH SRZHU SODQWV DUH EDVHG XSRQ -DSDQHVH

FRQYHQWLRQDO SRZHU SODQWV� 1R SOXWRQLXP

UHF\FOH �RQFH�WKURXJK�� JDV�GLIIXVLRQ W\SH

XUDQLXP FRQGHQVDWLRQ DUH DSSOLHG IRU D ILVVLRQ

UHDFWRU� $ KRXVH�XVH W\SH SKRWR YROWDLF �39� LV

FRQVLGHUHG� 7RWDO HOHFWULF RXWSXW RI RWKHU SRZHU

SODQWV DUH DOO ����0:� 7KHUHIRUH� EXV EDU

HOHFWULF SRZHU LV VOLJKWO\ VPDOOHU E\ UH�

FLUFXODWLRQ SRZHU� KRZHYHU� WKHVH SODQWV EXV EDU

DUH DOPRVW WKH VDPH DV WKRVH RI WKH IXVLRQ

UHDFWRUV�



�

7$%/( ,� 5($&725 3$5$0(7(56 86(' ,1 7+,6 678'<

5HDFWRU W\SHV

,7(5 ,7(5�OLNH 56

6WUXFWXUDO PDWHULDO 686 )HUULWH )HUULWH

&RRODQW :DWHU :DWHU :DWHU

&RQYHUVLRQ HIILFLHQF\ ��� ���� ���� ����

3ODVPD PDMRU UDGLXV �P� ��� ��� ���

$VSHFW UDWLR ���� ���� ���

(ORQJDWLRQ ��� ��� ���

7ULDQJXODULW\ ���� ���� ���

7RURLGDO ILHOG RQ 7) FRLO �7� ���� ���� ����

7RUR\RQ FRHIILFLHQW ��� ��� ����

+�IDFWRU �,7(5��3� a��� ����� �����

3ODVPD WHPSHUDWXUH �NH9� ���� �� ��

6DIHW\ IDFWRU RQ ��� ��� ��� ����

3ODVPD FXUUHQW �0$� ���� ���� ����

%RRWVWUDS FXUUHQW IUDFWLRQ ����� �����

&XUUHQW GULYH SRZHU �0:� �� ����� ����

1HXWURQ ZDOO ORDG �0:�P�� ��� ����� �����

)XVLRQ SRZHU �0:� ���� ���� ����

7RWDO WKHUPDO SRZHU �0:� ���� ����

(OHFWULF RXWSXW SRZHU �0:� ��� ���� ����

7$%/( ,,� 32:(5 3/$176 3523(57,(6

)XVLRQ

,7(5�OLNH 56

)LVVLRQ

�RQFH�WKURXJK� JDV�

GLIIXVLRQ W\SH�

&RDO

ILUHG

:DWHU

SRZHUHG

3KRWR�9ROWDLF

�IRU D KRXVH XVH�

7RWDO RXWSXW HOHFWULF

SRZHU �0:�

���� ���� ���� ���� �� �����

5H�FLUFXODWLRQ SRZHU

IUDFWLRQ ���

���� ���� ��� ��� ���� �

(OHFWULF SRZHU

DW EXV EDU �0:�

���� ���� ��� ��� ����� �����

3ODQW DYDLODELOLW\ ��� �� �� �� �� �� ��

3ODQW OLIHWLPH �\HDUV� �� �� �� �� �� ��



�

�� &2� (0,66,21 (9$/8$7,21

��� $SSOLHG PHWKRG

$V VKRZQ LQ )LJ� �� WKHUH DUH WZR VWUHDPV�

IXHO DQG PDWHULDO� ZKLFK FRPSRVH LQSXW HQHUJ\

IRU SODQWV� ,Q WKHVH WZR VWUHDPV� SURFHVVHV

FRQVLVW RI PLQLQJ� UHILQLQJ� PDQXIDFWXULQJ�

GLVSRVDO� DQG WKH WUDQVSRUWDWLRQ FRQQHFWLQJ WKHVH

IRXU SURFHVVHV� $OO WKH PDWHULDOV DQG HQHUJ\

KDYH WR EH FRQVLGHUHG HDFK SURFHVV� :H XVHG WKH

ERWWRP XS PHWKRG ZKLFK VXPV XS DOO WKH

HQHUJLHV XVHG IRU IXHO DQG PDWHULDOV�

,Q WKLV VWXG\� UHDFWRU FRQVWUXFWLRQ�

UHSODFHPHQW ZLWKLQ SODQW OLIHWLPH� DQG IXHO

FRQVXPSWLRQ DUH FRQVLGHUHG� ZKLFK LV VKRZQ LQ

7DEOH �� 2QO\ PDQXIDFWXULQJ HQHUJ\ IRU IXHO LV

FRQVLGHUHG� L�H�� QR FRQVLGHUDWLRQ LV JLYHQ WR

PLQLQJ� (QHUJ\ IRU IXHO UHILQHPHQW DQG

WUDQVSRUWDWLRQ� EHFDXVH RI WKH GLIILFXOW\ RI

HYDOXDWLQJ WKLV HQHUJ\� LV DVVXPHG WR EH �� � RI

IXHO UHILQHPHQW HQHUJ\� DV LQ 5HI� >�@� 6HOI�

VXIILFLHQW LQLWLDO WULWLXP DQG GHXWHULXP

FRQVXPSWLRQ �DERXW ���NJ�GD\ IRU D � *:H

UHDFWRU� DUH DVVXPHG� &2� HPLVVLRQ LQWHQVLW\ IRU

GHXWHULXP LV EDVHG XSRQ 5HI� >��@� DQG WKDW RI

WULWLXP LV DVVXPHG WR EH WKH VDPH DV WKDW RI

GHXWHULXP�

5HJDUGLQJ PDWHULDO IORZ� HQHUJ\ IRU UDZ

PLQHUDO PLQLQJ DQG UHILQLQJ FDQQRW EH

FRQVLGHUHG EHFDXVH RI D ODFN RI H[LVWLQJ GDWD�

5HTXLUHG HQHUJ\ IRU PDQXIDFWXULQJ PDWHULDOV

�PDWHULDO HQHUJ\� IURP UDZ PDWHULDO� YLD

LQWHUPHGLDWH PDWHULDO� WR ILQDO PDWHULDO LV

FDOFXODWHG E\ PXOWLSO\LQJ ZHLJKW DQG HQHUJ\

LQWHQVLW\ WRJHWKHU� 0DQXIDFWXULQJ HQHUJ\� ZKLFK

LV UHTXLUHG LQ PDQXIDFWXULQJ FRPSRQHQWV IURP

ILQDO PDWHULDO WR FRPSRQHQW� LV HYDOXDWHG E\

PDQXIDFWXULQJ FRVW >��@� &RVW GDWD RI WKH ,7(5

FRVW HVWLPDWLRQ DUH XVHG DV PXFK DV SRVVLEOH

EHFDXVH RI WKHLU UHOLDELOLW\� &RQVWUXFWLRQ DQG

WUDQVSRUWDWLRQ HQHUJ\ LV DVVXPHG WR EH �� � RI

WKH VXP RI PDWHULDO HQHUJ\ DQG PDQXIDFWXULQJ

HQHUJ\�

�PDWHULDO IORZ! PLQHUDO

PDWHULDOV

FRPSRQHQWV

�IXHO IORZ!

PLQLQJ UHILQLQJ SRZHU SODQW HOHFWULFLW\

ZDVWH KHDW

ZDVWH GLVSRVDO

),*�� 7KHUH DUH WZR IORZV IRU OLIH F\FOH DQDO\VLV �/&$� RI SRZHU SODQWV� RQH LV IRU PDWHULDO� WKH RWKHU LV

IRU IXHO�
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)XHO 0DWHULDOV

3URFHVV ,QFOXVLRQ 0HWKRG 3URFHVV ,QFOXVLRQ 0HWKRG

0LQLQJ QR

0LQLQJ DQG

5HILQLQJ RI

PLQHUDOV
QR

0DQXIDFWXULQJ \HV &2� (PLVVLRQ ,QWHQVLW\

[

)XHO FRQVXPSWLRQ
0DWHULDO \HV

&2� (PLVVLRQ ,QWHQVLW\

[

ZHLJKW RU FRVW

5HILQLQJ
0DQXIDFWXULQJ

\HV

&RVW

7UDQVSRUW

\HV ��� RI PDQXIDFWXULQJ
&RQVWUXFWLRQ

7UDQVSRUWDWLRQ
\HV

��� RI PDWHULDO DQG

PDQXIDFWXULQJ

%ODQNHW�&XUUHQW 'ULYH�

1HXWURQ ZDOO ORDG DQG

QHXWURQ IOXHQFH

'LYHUWRU � HYHU\ \HDU

UHSODFHPHQW&RQVXPSWLRQ \HV

'HXWHULXP �

��� NJ�GD\

7ULWLXP �

VHOI�VXIILFLHQW LV

DVVXPHG

5HSODFHPHQW

\HV

$OO WKH RWKHUV �

2QH WLPH RI ZKROH

UHSODFH�PHQW ZLWKLQ

SODQW OLIH WLPH

��� $SSOLHG GDWD

&2� HPLVVLRQ LQWHQVLW\ GDWD� ZKLFK LV OLVWHG

LQ 7DEOH �� DUH GHULYHG IURP HQHUJLHV FRQVXPHG

GXULQJ SURFHVVHV OLNH WKH PDQXIDFWXULQJ� (QHUJ\

FRQVXPSWLRQ GDWD RI 1E7L VWUDQGV� 686 DOOR\�

)HUULWH DOOR\� DQG &RSSHU DOOR\ DUH UHIHUUHG IURP

5HI� >��@ ZKLFK GHVFULEHV WKH HQHUJ\ DQDO\VLV RI

D 6XSHU�*0 �D PRWRU�JHQHUDWRU XVLQJ

VXSHUFRQGXFWRU�� 'DWD RI GHXWHULXP LV GHULYHG

IURP 5HI� >��@� 'HXWHULXP LV DVVXPHG WR EH

REWDLQHG IURP QLWURJHQ DQG K\GURJHQ E\ DQ

DPPRQLD�K\GURJHQ GXDO WHPSHUDWXUH H[FKDQJH

SURFHVV LQ DPPRQLD SODQWV� 2WKHU

PDWHULDOV�FRPSRQHQWV VXFK DV FRQFUHWH� EOLVWHU

VWHHO� DUH UHIHUUHG IURP 5HI� >�@ WKDW ZHUH

GHULYHG IURP SUHVHQW LQSXW�RXWSXW WDEOH �,�2

WDEOH�� :HLJKW RI D QHXWUDO EHDP LQMHFWRU �1%,�

GHYLFH LV GHULYHG IURP WKDW RI 6675 DQG WKDW RI

-7���8� 6LQFH &2� HPLVVLRQ LQWHQVLW\ GDWD RI

1%, GHYLFH GR QRW H[LVW� WKH VHFRQG KLJKHVW

HQHUJ\ FRQVXPSWLRQ SHU XQLW ZHLJKW GDWD

GHVFULEHG LQ 5HI� >�@ IRU WKH 1%, LQ RUGHU WR

PDNH D VHYHUH DVVHVVPHQW�

(QHUJ\ FRQVXPSWLRQ GDWD IRU /L�2 XVHG IRU

WKH EODQNHW LV HYDOXDWHG XVLQJ WKH ODWHVW GDWD RI

/L H[WUDFWLRQ IURP VHDZDWHU ������ N:K IRU

/L�&2� � WRQ� >��@� (QHUJ\ FRQVXPSWLRQ GDWD

IRU VSHFLDO PDWHULDOV VXFK DV� 9DQDGLXP�DOOR\�

%H DQG 6L& DUH VRXVHG IURP 5HIV� >�����@� 7LWDQ

LQ 5HI� >��@ LV DSSOLHG IRU 9DQDGLXP�DOOR\� )RU

5�%� �5HDFWRU %XLOGLQJ�� XQDOOR\HG VWHHO XVHG LQ

WKH UHDFWRU SODQW HTXLSPHQW LQ 5HI� >��@ �����

WRQ� LV LQFOXGHG LQ WKH UHDFWRU EXLOGLQJ� )RU WKH

%�2�3� �%DODQFH RI 3ODQW�� ERWK XQDOOR\HG VWHHOV

DQG KLJK DOOR\HG VWHHOV IRU ³VWUXFWXUH � VLWH

IDFLOLWLHV´� WXUELQH SODQW HTXLSPHQW� DQG PLVF�
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SODQW HTXLSPHQW �WRWDO DPRXQW  ����� WRQ �5HI�

>��@�� DUH FRQVLGHUHG� ,Q DGGLWLRQ WR WKH VWHHO�

FRQFUHWH �-DSDQHVH ILVVLRQ H[SHULHQFH  ������

WRQ �5HI� >�@�� LV FRXQWHG DV D SDUW RI WKH %�2�3�

(OHFWULF HTXLSPHQW XVHG LQ D SRZHU SODQW LV DOVR

LQFOXGHG IRU KHDW WUDQVSRUWDWLRQ� FXUUHQW GULYH

V\VWHP� 5�%�� DQG %�2�3� E\ XVH RI FRVW�

&RVW RI FXUUHQW GULYH LV D SURGXFW RI KHDWLQJ

SRZHU DQG XQLW KHDWLQJ FRVW� &RVW RI +HDW 7UDQV�

5�%� DQG %�2�3� LV D SURGXFW RI VWDQGDUG FRVW

DQG VFDOLQJ IDFWRU� 7KH XQLW FRVW RI KHDWLQJ

SRZHU LV VHW ��� ��: >��@ UHIHUUHG IURP WKH

6675� 7KH VWDQGDUG FRVWV RI +HDW 7UDQV� 5�%��

DQG %�2�3� DUH GHFLGHG E\ UH�FDWHJRUL]LQJ WKH

,7(5�,'5 >��@ FRVW LWHPV IROORZLQJ WKH

*HQHURPDN PRGHO >��@�

7$%/( ,9� (1(5*< ,17(16,7< $1' &2� (0,66,21 ,17(16,7< 2) ($&+

&20321(17

,WHPV
0DWHULDOV IRU UHDFWRUV

0DWHULDOV DSSOLHG

IRU WKLV VWXG\

&2� (PLVVLRQ
�D�

,QWHQVLW\

1E�6Q VWUDQG 1E7L VWUDQGV�F� ����
6XSHUFRQGXFWRU

&RLOV 686���
�)H��� 1L��� &U��� 0Q�� 0R��

686 DOOR\�F�

�)H����� 1L��� &U�����
���

686��� 686 DOOR\ ���

)HUULWH �+7���
�)H��� &U�� :��

)H�1L�&U DOOR\�F�

�)H����� 1L�� &U��
���

9DQDGLXP �9��&U��7L�
�9��� &U�� 7L��

7L���G� ����

6WUXFWXUDO

0DWHULDOV

6L& �6L��� &��� 6L&�H� ����

&X�DOOR\ &X��� &U��F� ���

/L�2 /L�� 2��I� ����

%ODQNHW

6KLHOG

'LYHUWRU

%H %H�H� �����

8QDOOR\HG VWHHOV ����� WRQ� %OLVWHU VWHHO�J� ����5HDFWRU

%XLOGLQJ (OHFWULFDO HTXLSPHQW (OHFWULFDO HTXLSPHQW�J� ����� �E�

+LJK DOOR\HG VWHHOV ������ WRQ� %OLVWHU VWHHO ����%DODQFH RI 3ODQW

&RQFUHWH ������� WRQ� &RQFUHWH�J� ����

+HDW 7UDQV (OHFWULFDO HTXLSPHQW (OHFWULFDO HTXLSPHQW ����� �E�

&XUUHQW 'ULYH 686 HWF� HOHFWULF FRPSXWHU�J� ����

8QLW� �D� W�&2��W�PDWHULDO� �E�� W�&2��0�

5HIHUHQFHV� �F� 5HI�>��@� �G� 5HI�>��@� �H� 5HI�>��@� �I� 5HI�>��@� �J� 5HI�>�@

�� 5(68/76

��� &RPSDULVRQ ZLWK RWKHU HQHUJ\ VRXUFHV

&2� HPLVVLRQ LQWHQVLW\ UHVXOWV RI WKHVH

IXVLRQ UHDFWRUV DUH FRPSDUHG ZLWK RWKHU HQHUJ\

VRXUFHV LQ )LJXUH �� 5HVXOWV RI RWKHU HQHUJ\

WHFKQRORJLHV DUH UHIHUUHG IURP 5HI� >�@�

(YDOXDWLRQ PHWKRGV DQG SUHPLVHV RI RWKHU

HQHUJ\ WHFKQRORJLHV DUH WKH VDPH DV WKRVH RI

IXVLRQ UHDFWRUV� %RWK RQFH�WKURXJK PHWKRG IRU

QXFOHDU IXHO XVDJH DQG JDV GLIIXVLRQ PHWKRG IRU

IXHO FRQGHQVDWLRQ DUH DVVXPHG IRU D ILVVLRQ

UHFWRU� $ FRQYHQWLRQDO KRXVH�XVH SKRWR YROWDLF
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�39� LQVWDOOHG RQ KRXVH�URRI LV FRQVLGHUHG�

0DQXIDFWXULQJ HQHUJ\� ZKLFK LV UHTXLUHG LQ

PDQXIDFWXULQJ FRPSRQHQWV� LV QRW LQFOXGHG LQ

WKH IXVLRQ HQHUJ\ JDLQ UHVXOWV EHFDXVH WKLV

PDQXIDFWXULQJ HQHUJ\ LV QRW LQFOXGHG LQ DOO WKH

RWKHU HQHUJ\ VRXUFHV�

&2� HPLVVLRQ IURP WKH ,7(5�OLNH LV PXFK

OHVV WKDQ WKRVH IURP ILUHG SRZHU SODQW� VOLJKWO\

EHWWHU WKDQ WKDW IURP 39� DQG WZR WLPHV DV PXFK

DV WKDW IURP WKH ILVVLRQ UHDFWRU� +RZHYHU� WKH

HQKDQFHG SK\VLFV 56 UHDFWRU FDQ UHGXFH WKH &2�

HPLVVLRQ WR WKH KDOI RI WKDW RI WKH ,7(5�OLNH�

ZKLFK UHVXOW LQ FORVHU WR WKRVH RI ILVVLRQ RU

K\GUR�SRZHUHG JHQHUDWLRQ� +HQFH� &2� HPLVVLRQ

SHU XQLW HOHFWULFLW\ IURP WKH 56 UHDFWRU LV VPDOO�

FRPSDUHG DPRQJ SUHVHQW HOHFWULF SRZHU VRXUFHV�

(LWKHU WKH ILVVLRQ UHDFWRU �E\ SOXWRQLXP

UHF\FOLQJ DQG FHQWULIXJDO WHFKQLTXH� RU 39 �E\

LQFUHPHQW RI HOHFWULFLW\ DQG FHOO HIIHFW�

GHFUHPHQW RI FHOO WKLFNQHVV� KDV SRVVLELOLW\ WR

UHGXFH &2� HPLVVLRQ E\ KDOI� 7KHUHIRUH� &2�

HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH VOLJKWO\ OHVV

WKDQ WKDW RI 39� DQG DERXW GRXEOH RI WKDW RI

ILVVLRQ UHDFWRU LI DGYDQFHG SK\VLFV RU

WHFKQRORJLHV DUH DVVXPHG IRU IXVLRQ� ILVVLRQ� DQG

39� &2� HPLVVLRQV IURP WKHVH WKUHH HQHUJ\

WHFKQRORJLHV DUH LQ DQ\ZD\� FRQFOXGHG OLWWOH

FRPSDUHG ZLWK HQHUJ\ WHFKQRORJLHV XVLQJ IRVVLO

IXHO�

),*� �� 3RZHU SODQWV FRPSDULVRQ RI &2� HPLVVLRQ SHU XQLW HOHFWULFLW\� &2� HPLVVLRQ IURP WKH ,7(5�OLNH�

WKH 56 UHDFWRU LV FRPSDUDEOH WR WKDW IURP D 39 V\VWHP �IRU D KRXVH XVH� DQG D ILVVLRQ UHDFWRU �RQFH�WKURXJK�

JDV GLIIXVLRQ W\SH�� UHVSHFWLYHO\�
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��� &2� HPLVVLRQ EUHDNGRZQV

7KH EUHDNGRZQV RI &2� HPLVVLRQ IURP WKH

IXVLRQ UHDFWRUV DUH LQGLFDWHG LQ )LJXUH ��

%UHDNGRZQV RI WKH EDU JUDSKV DUH IURP WKH

ERWWRP ��� FRLOV DQG WKHLU VXSSRUW VWUXFWXUH� ���

EODQNHW�VKLHOG�GLYHUWRU� ��� FXUUHQW GULYH �&'��

��� KHDW WUDQVSRUWDWLRQ �+HDW 7UDQV�� ��� UHDFWRU

EXLOGLQJ �5�%��� ��� EDODQFH RI SODQW �%�2�3���

��� UHSODFHPHQW �EODQNHW� GLYHUWRU� FXUUHQW GULYH�

DQG FHQWHU SRVW IRU 67 IURP WKH ERWWRP� DQG ���

IXHO�

7KH UHVXOW FKDUDFWHULVWLFV RI &2� HPLVVLRQ

RI WRNDPDN IXVLRQ UHDFWRUV DUH IROORZV� ��� 0RVW

&2� HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH IURP

PDWHULDOV� &2� HPLVVLRQ IURP IXHO FRQVXPSWLRQ

LV QHJOLJLEOH� ��� &2� HPLVVLRQ IURP UHDFWRU

FRQVWUXFWLRQ� FRUUHVSRQGLQJ WR WKRVH RI DOO WKH

EUHDNGRZQV H[FHSW IXHO DQG UHSODFHPHQW�

EHFRPHV DOPRVW �� WR �� �� ZKLOH &2� HPLVVLRQ

GXH WR RSHUDWLRQ HTXDOV �� WR �� �� ��� 7KH 56

UHDFWRU� FRPSDUHG ZLWK WKH ,7(5�OLNH UHDFWRU�

FDQ UHGXFH &2� HPLVVLRQ KDOI WKURXJK

FRPSDFWLQJ UHDFWRU VL]H E\ SK\VLFV SHUIRUPDQFH

HQKDQFHPHQW�

),*� �� &RPSDULVRQ RI WKH &2� HPLVVLRQ LQ WKH OLIH F\FOH RI WKH ,7(5�OLNH DQG WKH 56 UHDFWRUV�

)ROORZLQJ WZR SRLQWV FDQ EH SRLQWHG RXW� ��� &2� HPLVVLRQ IURP IXHO FRQVXPSWLRQ FDQ EH QHJOHFWHG�

��� &2� HPLVVLRQ GXH WR UHSODFHPHQW LQFUHDVH XS WR �� WR �� ��

�� &21&/86,21

,Q WKLV SDSHU� &2� HPLVVLRQV LQ WKH OLIH

F\FOH RI WRNDPDN SRZHU SODQWV DUH HYDOXDWHG�

(YDOXDWLRQ PHWKRGV DQG SUHPLVHV RI IXVLRQ

UHDFWRUV DUH WKH VDPH DV WKDW RI RWKHU HQHUJ\

WHFKQRORJLHV WKDW DUH UHIHUUHG IURP 5HI� >�@�

7KURXJK WKLV VWXG\� ZH UHYHDO IROORZLQJ WZR

WKLQJV�

IXHO

5HSODFHPHQW� &'

5HSODFHPHQW� '

5HSODFHPHQW� %

%DODQFH RI 3ODQW

5HDFWRU %XLOGLQJ

+HDW 7UDQV

&XUUHQW 'ULYH

%�6�'

&RLOV�6WUXFWXUH

,7(5�OLNH 56
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�����
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0RVW LPSRUWDQW ILQGLQJ LV WKDW &2�

HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH OHVV WKDQ WKDW

IURP 39� DQG OHVV WKDQ GRXEOH RI WKDW IURP

ILVVLRQ UHDFWRU� 7KH RWKHU ILQGLQJV DUH WKDW �L�

PRVW &2� HPLVVLRQV IURP IXVLRQ UHDFWRUV DUH

IURP PDWHULDOV� �LL� &2� HPLVVLRQV IURP UHDFWRU

FRQVWUXFWLRQ EHFRPHV DOPRVW �� � WR �� �� UHVW

IURP UHDFWRU RSHUDWLRQ� DQG �LLL� WKH 56 UHDFWRU

FDQ UHGXFH &2� HPLVVLRQ KDOI FRPSDUHG ZLWK WKH

,7(5�OLNH UHDFWRU�

,Q FRQFOXVLRQ� WRNDPDN IXVLRQ UHDFWRUV DUH

H[FHOOHQW EHFDXVH RI WKHLU VPDOO &2� HPLVVLRQ

LQWHQVLW\� DQG WKH\ FDQ EH RQH RI HIIHFWLYH HQHUJ\

VXSSO\ WHFKQRORJLHV WR VROYH JOREDO ZDUPLQJ�

5()(5(1&(6

>�@ +21'2� +�� ³(QHUJ\ 5HTXLUHPHQWV DQG

&2� (PLVVLRQV LQ WKH 3URGXFWLRQ RI *RRGV

DQG 6HUYLFHV� $SSOLFDWLRQ RI DQ ,QSXW�

2XWSXW 7DEOH WR /LIH &\FOH $QDO\VLV´�

&5,(3, �&HQWUDO 5HVHDUFK ,QVWLWXWH RI

(OHFWULF 3RZHU ,QGXVWU\� UHS� 1R� <������

������ �LQ -DSDQHVH��

>�@ 8&+,<$0$� <�� ³/LIH &\FOH $QDO\VLV RI

3RZHU *HQHUDWLRQ 6\VWHPV´� &5,(3,

�&HQWUDO 5HVHDUFK ,QVWLWXWH RI (OHFWULF 3RZHU

,QGXVWU\� UHS� 1R� <������ ������ �LQ

-DSDQHVH��

>�@ 6(.,� <�� HW DO� ��WK ,QWHUQDWLRQDO &RQIHUHQFH

RQ 3ODVPD 3K\VLFV DQG &RQWUROOHG 1XFOHDU

)XVLRQ 5HVHDUFK� ���� �3URFHHGLQJV RI ��WK

,QWHUQDULRQDO &RQIHUHQFH LQ :DVKLQJWRQ�������

9RO��� ,$($� 9LHQQD ����������

>�@ &211� 5�:�� HW DO�� ��WK ,QWHUQDWLRQDO

&RQIHUHQFH RQ 3ODVPD 3K\VLFV DQG &RQWUROOHG

1XFOHDU )XVLRQ ���� �3URFHHGLQJV RI ��WK

,QWHUQDULRQDO &RQIHUHQFH LQ :DVKLQJWRQ�������

9RO��� ,$($� 9LHQQD ����������

>�@ 1,6+,2� 6�� HW DO�� )XVLRQ (QJLQHHULQJ DQG

'HVLJQ �� ������ �������� �7KH &RQFHSW RI

'UDVWLFDOO\ (DV\ 0DLQWHQDQFH �'5($0�

7RNDPDN 5HDFWRU�

>�@ ,128(� 1� HW DO�� LQ ��WK ,QWHUQDWLRQDO

&RQIHUHQFH RQ 3ODVPD 3K\VLFV DQG &RQWUROOHG

1XFOHDU )XVLRQ 5HVHDUFK ���� �3URFHHGLQJV RI

��WK ,QWHUQDULRQDO &RQIHUHQFH LQ

:XU]EXUJ������� 9RO��� ,$($� 9LHQQD

����������

>�@ 7KH 6($)3 3URMHFW� �6DIHW\ DQG

(QYLURQPHQWDO $VVHVVPHQW RI )XVLRQ 3RZHU��

5HSRUW RI 6($)3 3URMHFW � -XQH �������

>�@ 2.$12�.�� HW DO�� WR EH DSSHDUHG LQ WKHVH

SDSHUV �,$($�&1����)73���

>�@ %$7+.(� &�*�� ³$ SUHOLPLQDU\ V\VWHPV

DVVHVVPHQW RI WKH 6WDUOLWH GHPR FDQGLGDWHV´�

��WK 6\PSRVLXP RQ )XVLRQ (QJLQHHULQJ

�62)(���� �������

>��@ *$/$0%26� -�'�� HW DO�� ³&RPPHUFLDO

WRNDPDN UHDFWRU SRWHQWLDO ZLWK DGYDQFHG

WRNDPDN RSHUDWLRQ´� 1XFOHDU )XVLRQ

������������

>��@ 72.,0$768�.�� 2.$12�.��

<26+,'$�7�� <$0$-,�.�� DQG

.$7685$,�0�� ³6WXG\ RI GHVLJQ

SDUDPHWHUV IRU PLQLPL]LQJ WKH FRVW RI

HOHFWULFLW\ RI WRNDPDN IXVLRQ SRZHU

UHDFWRUV´� 1XFOHDU )XVLRQ �� ������ ����

>��@ 72.,0$768�.�� ³4XDQWLWDWLYH $QDO\VLV

RI (FRQRP\ DQG (QYLURQPHQWDO

$GDSWDELOLW\ RI 7RNDPDN )XVLRQ 3RZHU

5HDFWRUV´� 3K�'� WKHVLV� 7KH 8QLYHUVLW\ RI

7RN\R� �����

>��@ .5$.2:6.,� 5�$�� DQG '(/(1(� -�*��

³&RQQHFWLRQ EHWZHHQ SK\VLFV DQG HFRQRPLFV

IRU WRNDPDN IXVLRQ SRZHU SODQWV´� -RXUQDO RI

)XVLRQ (QHUJ\ ����������

>��@ 0,//(5� 5�/�� ´(FRQRPLF JRDOV DQG



��

UHTXLUHPHQWV IRU FRPSHWLWLYH IXVLRQ HQHUJ\´�

LQ �WK ,QWHUQDWLRQDO 6\PSRVLXP RQ )XVLRQ

1XFOHDU 7HFKQRORJ\ �$EVWUDFWV RI WKH ,6)17�

��� )XVLRQ (QJLQHHULQJ 'LYLVLRQ RI $WRPLF

(QHUJ\ 6RFLHW\ RI -DSDQ DQG 1XFOHDU

(QJLQHHULQJ 5HVHDUFK /DERUDWRU\ RI 7KH

8QLYHUVLW\ RI 7RN\R� 7RN\R �������

>��@ <26+,'$� 7�� HW DO�� ³'HYHORSPHQW RI

&RVW $VVHVVPHQW &RGH RI )XVLRQ 3RZHU

5HDFWRUV� 7������ .RPDH 5HVHDUFK

/DERUDWRU\� &5,(3, �&HQWUDO 5HVHDUFK

,QVWLWXWH RI (OHFWULF 3RZHU ,QGXVWU\� ������

�LQ -DSDQHVH��

>��@ +$7$<$0$� $�� HW DO�� µ%DVLF

UHTXLUHPHQWV IRU D �����0: �HOHFWULF� FODVV

7RNDPDN )XVLRQ�)LVVLRQ +\EULG 5HDFWRU

DQG LWV %ODQNHW FRQFHSW¶� )XVLRQ 7HFKQRORJ\

�� ������ ���

>��@ 5HDFWRU GHVLJQ ODERUDWRU\� &RQFHSW 6WXG\ RI

WKH 6WHDG\ 6WDWH 7RNDPDN 5HDFWRU �6675��

-$(5,�PHPR ������� ����� �LQ -DSDQHVH��

>��@ 'HWDLO RI WKH ,7(5 2XWOLQH 'HVLJQ 5HSRUW

�7KH ,7(5�7$&� UHSRUW�� 6DQ 'LHJR -RLQW

:RUN 6LWH� �������

>��@ .2=$.,� <�� ³$QDO\VLV IRU UHDOL]DWLRQ RI

IXVLRQ UHDFWRUV´� 7KH ,QVWLWXWH IRU )XWXUH

7HFKQRORJ\� ����� XQSXEOLVKHG� �LQ

-DSDQHVH��

>��@ 6FLHQFH DQG 7HFKQRORJ\ $JHQF\�

³$VVHVVPHQW IRU 6XSHUFRQGXFWRU 7HFKQLTXH

RI 5HVRXUFHV DQG (QHUJ\´ ������ �LQ

-DSDQHVH��

>��@ 2+,� .�� 6KLNRNX 1DWLRQDO ,QGXVWULDO

5HVHDUFK ,QVWLWXWH �7DNDPDWVX� -DSDQ��

SULYDWH FRPPXQLFDWLRQ� �����

>��@ 6+,0$=8� <�� ³)86,21 5($&725

6<67(0 $66(660(17 0$18$/´�

5HSRUW RI (QHUJ\ VSHFLDO VWXG\ �IXVLRQ�

IXQGHG E\ 0LQLVWU\ RI (GXFDWLRQ� 1DJR\D

8QLYHUVLW\� -DSDQ ������ �LQ -DSDQHVH��

>��@ %81'(� 5�� 1XFOHDU (QJLQHHULQJ DQG

'HVLJQ�)XVLRQ ���������

>��@ <26+,'$� 7�� &5,(3,�&HQWUDO 5HVHDUFK

,QVWLWXWH RI (OHFWULF 3RZHU ,QGXVWU\� 7RN\R�

-DSDQ�� SULYDWH FRPPXQLFDWLRQ� �����

>��@ ,17(51$7,21$/ $720,& (1(5*<

$*(1&<� 7HFKQLFDO %DVLV )RU 7KH ,7(5

,QWHULP 'HVLJQ 5HSRUW �,7(5�,'5�� &RVW

5HYLHZ DQG 6DIHW\ $QDO\VLV� ,7(5 3URMHFW

&RVW (VWLPDWH� ,$($� 9LHQQD �������

>��@ 6+()),(/'� -�� HW DO�� )XVLRQ 7HFKQRORJ\

����������
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