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7KLV 3XEOLVKHG 'RFXPHQW ZDV 
SXEOLVKHG XQGHU WKH DXWKRULW\
RI WKH 6WDQGDUGV 3ROLF\ DQG
6WUDWHJ\ &RPPLWWHH 
RQ �� 0DUFK ����

� %6, �� 0DUFK ����

7KH IROORZLQJ %6, UHIHUHQFH
UHODWHV WR WKH ZRUN RQ WKLV 
3XEOLVKHG 'RFXPHQW�
&RPPLWWHH UHIHUHQFH� )6+�����

,6%1 � ��� ����� �

&RPPLWWHHV UHVSRQVLEOH IRU WKLV 
3XEOLVKHG 'RFXPHQW
7KH SUHSDUDWLRQ RI WKLV 3XEOLVKHG 'RFXPHQW ZDV HQWUXVWHG E\ 7HFKQLFDO 
&RPPLWWHH )6+���� )LUH VDIHW\ HQJLQHHULQJ� WR 6XEFRPPLWWHH )6+������ XSRQ
ZKLFK WKH IROORZLQJ ERGLHV ZHUH UHSUHVHQWHG�

$VVRFLDWLRQ RI %XLOGLQJ (QJLQHHUV

$XWRFODYHG $HUDWHG &RQFUHWH SURGXFW

%5(�/3& /DERUDWRULHV

&KLHI DQG $VVLVWDQW &KLHI )LUH 2IILFH

&RQVXPHU 3ROLF\ &RPPLWWHH RI %6,

(85,62/ 8. 0LQHUDO :RRO $VVRFLDWLRQ

)LUH 6DIHW\ 'HYHORSPHQW *URXS

+RPH 2IILFH

+6( ¦ +HDOWK DQG 6DIHW\ ([HFXWLYH

,)6$ ¦ ,QWXPHVFHQW )LUH 6HDOV $VVRFLDWLRQ

/RQGRQ )LUH DQG (PHUJHQF\ 3ODQQLQJ $XWKRULW\

$PHQGPHQWV LVVXHG VLQFH SXEOLFDWLRQ

$PG� 1R� 'DWH &RPPHQWV
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&RQWHQWV
3DJH

&RPPLWWHHV UHVSRQVLEOH ,QVLGH IURQW FRYHU
)RUHZRUG LL

,QWURGXFWLRQ �
� 6FRSH �
� 1RUPDWLYH UHIHUHQFHV �
� 7HUPV DQG GHILQLWLRQV �
� 6\PEROV DQG DEEUHYLDWLRQV �
� 'HVLJQ DSSURDFK �
� ,QSXWV ��
� 2XWSXWV ��
� $QDO\VLV ��

$QQH[ $ �LQIRUPDWLYH� ([SHULPHQWDO GDWD ��

%LEOLRJUDSK\ ��

)LJXUH � ¦ 2YHUYLHZ RI WKH 3' ���� VHULHV RI 3XEOLVKHG 'RFXPHQWV �
)LJXUH � ¦ 6XE�V\VWHP LQWHUDFWLRQV ��
)LJXUH � ¦ )ORZ FKDUW VKRZLQJ WKH LQLWLDO VWHSV WKDW VKRXOG EH WDNHQ LQ WKH
SURFHVV RI VHOHFWLQJ ILUHV DSSURSULDWH WR D SDUWLFXODU GHVLJQ ��
)LJXUH � ¦ &DOFXODWLRQ SURFHVV RI WLPH WR IODVKRYHU ��
)LJXUH � ¦ 6XE�V\VWHP � LQSXWV ��
)LJXUH � ¦ 6XE�V\VWHP � RXWSXWV ��
)LJXUH � ¦ &RQFHSWXDO LOOXVWUDWLRQ RI FRQWLQXRXV ILUH JURZWK ��
)LJXUH � ¦ )LUH JURZWK LQ DQ XQFRQWUROOHG URRP ILUH ��
)LJXUH � ¦ +HDW UHOHDVH UDWH FXUYHV IRU XQFRQWUROOHG ILUHV ��
)LJXUH �� ¦ (IIHFW RI VXSSUHVVLRQ ��
)LJXUH �� ¦ (IIHFW RI SDUWLDO VXSSUHVVLRQ ��
)LJXUH �� ¦ %XUQLQJ UDWH DQG IODPH KHLJKWV IRU YDULRXV K\GURFDUERQ
SRRO ILUHV >��@ ��

7DEOH � ¦ &KHFNOLVW RI IDFWRUV WR EH FRQVLGHUHG ZKHQ GHILQLQJ D GHVLJQ ILUH ��
7DEOH � ¦ )LUH JURZWK SDUDPHWHUV >�@ ��
7DEOH � ¦ 'HVLJQ ILUH JURZWK UDWHV ��
7DEOH � ¦ 6XJJHVWHG KHDW UHOHDVH UDWHV SHU XQLW DUHD IRU IXHO EHG FRQWUROOHG
ILUHV ��
7DEOH � ¦ ([SHULPHQWDO HQFORVXUH TXRWHG E\ 0F&DIIUH\ HW DO� >��@ ��
7DEOH � ¦ (IIHFWLYH HPLVVLRQ FR�HIILFLHQW� .� IRU YDULRXV PDWHULDOV ��
7DEOH � ¦ 6PRNH PDVV FRQYHUVLRQ IDFWRUV >��@ ��
7DEOH � ¦ )LUH SURGXFWV IURP ZHOO YHQWLODWHG IODPLQJ FRPEXVWLRQ >��@� >�@ ��
7DEOH � ¦ )LUH SURGXFWV IURP ZHOO�YHQWLODWHG IODPLQJ FRPEXVWLRQ IURP
7HZDUVRQ >�@ DQG 0XOKROODQG >��@ ��
7DEOH �� ¦ *URVV KHDW RI FRPEXVWLRQ YDOXHV IRU ZRRGV >��@ ��
7DEOH �� ¦ 3HUFHQWDJH RI DOO ILUHV WKDW DUH DWWULEXWDEOH WR PDOLFLRXV ILUHV
IRU D UDQJH RI EXLOGLQJ W\SHV ��
7DEOH $�� ¦ 3LOORZV ��
7DEOH $�� ¦ :DUGUREHV ��
7DEOH $�� ¦ 7HOHYLVLRQ VHWV ��
7DEOH $�� ¦ 6WRUHG FRPPRGLWLHV ��
7DEOH $�� ¦ $UWLILFLDO WUHHV ��
7DEOH $�� ¦ 5HDO WUHHV XQGHFRUDWHG DQG XQWUHDWHG ��
7DEOH $�� ¦ 5HDO WUHHV GHFRUDWHG ��
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3DJH
7DEOH $�� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI FRPPHUFLDOO\ DYDLODEOH
SURGXFWV >��@ ��
7DEOH $�� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ,62 ���� URRP�FRUQHU WHVW ��
7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG ��
7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ,62 ���� URRP�FRUQHU WHVW ��
7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG ��
7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG ��
7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ODUJH URRP ��
7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH IXUQLWXUH FDORULPHWHU ��
7DEOH $��� ¦ )XUQLWXUH FDORULPHWHU WHVW VHULHV � ��
7DEOH $��� ¦ 6FHQDULR FRPSDULVRQV ��
7DEOH $��� ¦ 6XPPDU\ RI GDWD ��
7DEOH $��� ¦ )LUH ORDG GHQVLWLHV ��
7DEOH $��� ¦ &DORULILF YDOXHV RI FRPPRQ IXHOV ��
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)RUHZRUG

7KLV 3XEOLVKHG 'RFXPHQW �3'� ZDV SXEOLVKHG XQGHU WKH )LUH 6WDQGDUGV 3ROLF\
&RPPLWWHH� 2WKHU SDUWV SXEOLVKHG RU DERXW WR EH SXEOLVKHG DUH DV IROORZV�

¦ 3DUW �� *XLGH WR GHVLJQ IUDPHZRUN DQG ILUH VDIHW\ HQJLQHHULQJ SURFHGXUHV�
¦ 3DUW �� 6SUHDG RI VPRNH DQG WR[LF JDVHV ZLWKLQ DQG EH\RQG WKH HQFORVXUH RI 
RULJLQ �6XE�V\VWHP ���
¦ 3DUW �� 6WUXFWXUDO UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH HQFORVXUH RI RULJLQ 
�6XE�V\VWHP ���
¦ 3DUW �� 'HWHFWLRQ RI ILUH DQG DFWLYDWLRQ RI ILUH SURWHFWLRQ V\VWHPV 
�6XE�V\VWHP ���
¦ 3DUW �� )LUH VHUYLFH LQWHUYHQWLRQ �6XE�V\VWHP ���
¦ 3DUW �� (YDFXDWLRQ �6XE�V\VWHP ���
¦ 3DUW �� 3UREDELOLVWLF ULVN DVVHVVPHQW�

7KHVH 3XEOLVKHG 'RFXPHQWV DUH LQWHQGHG WR EH XVHG LQ VXSSRUW RI %6 ���������� 
$SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ &RGH 
RI SUDFWLFH�

,W KDV EHHQ DVVXPHG LQ WKH GUDIWLQJ RI WKLV 3' WKDW WKH H[HFXWLRQ RI LWV SURYLVLRQV
LV HQWUXVWHG WR DSSURSULDWHO\ TXDOLILHG DQG FRPSHWHQW SHRSOH�

'UDIWLQJ RI WKLV SXEOLFDWLRQ ZDV FRPSOHWHG LQ -XO\ ����� 

$FNQRZOHGJHPHQW LV PDGH WR WKH FRQWULEXWLRQ RI 'U '� $� 6PLWK RI )56�%5( LQ 
WKH SUHSDUDWLRQ RI WKLV SXEOLFDWLRQ�

7KLV SXEOLFDWLRQ GRHV QRW SXUSRUW WR LQFOXGH DOO WKH QHFHVVDU\ SURYLVLRQV RI D
FRQWUDFW� 8VHUV DUH UHVSRQVLEOH IRU LWV FRUUHFW DSSOLFDWLRQ�

&RPSOLDQFH ZLWK D 3XEOLVKHG 'RFXPHQW GRHV QRW RI LWVHOI FRQIHU 
LPPXQLW\ IURP OHJDO REOLJDWLRQV�

7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� SDJHV L WR LY�
SDJHV � WR �� DQG D EDFN FRYHU�

7KH %6, FRS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH 
GRFXPHQW ZDV ODVW LVVXHG�



LY EODQN
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,QWURGXFWLRQ

7KLV 3XEOLVKHG 'RFXPHQW LV RQH RI D VHULHV RI GRFXPHQWV LQWHQGHG WR VXSSRUW %6 ����� 7KH &RGH RI 3UDFWLFH
SURYLGHV D IUDPHZRUN IRU GHYHORSLQJ D UDWLRQDO PHWKRGRORJ\ IRU GHVLJQ XVLQJ D ILUH VDIHW\ HQJLQHHULQJ
DSSURDFK WKURXJK WKH DSSOLFDWLRQ RI VFLHQWLILF DQG HQJLQHHULQJ SULQFLSOHV WR WKH SURWHFWLRQ RI SHRSOH�
SURSHUW\ DQG WKH HQYLURQPHQW IURP ILUH�

7KH 3XEOLVKHG 'RFXPHQWV �3'V� FRQWDLQ JXLGDQFH DQG LQIRUPDWLRQ RQ KRZ WR XQGHUWDNH TXDQWLWDWLYH DQG 
GHWDLOHG DQDO\VLV RI VSHFLILF DVSHFWV RI WKH GHVLJQ� 7KH\ DUH D VXPPDU\ RI WKH §VWDWH RI WKH DUW¨ DQG LW LV
LQWHQGHG WKDW WKH\ EH XSGDWHG DV QHZ WKHRULHV� FDOFXODWLRQ PHWKRGV DQG�RU GDWD EHFRPH DYDLODEOH� 7KH\ GR
QRW SUHFOXGH WKH XVH RI DSSURSULDWH PHWKRGV DQG GDWD IURP RWKHU VRXUFHV� )LJXUH � VKRZV WKH VWUXFWXUH RI 
WKH &RGH RI 3UDFWLFH DQG WKH 3XEOLVKHG 'RFXPHQWV�

%6 ���� FDQ EH XVHG WR GHILQH RQH RU PRUH ILUH VDIHW\ GHVLJQ LVVXHV WR EH DGGUHVVHG XVLQJ ILUH VDIHW\
HQJLQHHULQJ� 7KH DSSURSULDWH 3'V FDQ WKHQ EH XVHG WR VHW VSHFLILF DFFHSWDQFH FULWHULD DQG�RU XQGHUWDNH
GHWDLOHG DQDO\VLV�

$ ILUH VDIHW\ HQJLQHHULQJ �)6(� DSSURDFK WKDW WDNHV LQWR DFFRXQW WKH WRWDO ILUH VDIHW\ SDFNDJH FDQ RIWHQ 
SURYLGH D PRUH IXQGDPHQWDO DQG HFRQRPLFDO VROXWLRQ WKDQ PRUH SUHVFULSWLYH DSSURDFKHV WR ILUH VDIHW\� ,W
PD\� LQ VRPH FDVHV� EH WKH RQO\ YLDEOH PHDQV RI DFKLHYLQJ D VDWLVIDFWRU\ VWDQGDUG RI ILUH VDIHW\ LQ VRPH ODUJH
DQG FRPSOH[ EXLOGLQJV�

)LUH VDIHW\ HQJLQHHULQJ FDQ KDYH PDQ\ EHQHILWV� 7KH XVH RI %6 ���� ZLOO IDFLOLWDWH WKH SUDFWLFH RI ILUH VDIHW\
HQJLQHHULQJ DQG LQ SDUWLFXODU LW ZLOO�

D� SURYLGH WKH GHVLJQHU ZLWK D GLVFLSOLQHG DSSURDFK WR ILUH VDIHW\ GHVLJQ�

E� DOORZ WKH VDIHW\ OHYHOV IRU DOWHUQDWLYH GHVLJQV WR EH FRPSDUHG�

F� SURYLGH D EDVLV IRU VHOHFWLRQ RI DSSURSULDWH ILUH SURWHFWLRQ V\VWHPV�

G� SURYLGH RSSRUWXQLWLHV IRU LQQRYDWLYH GHVLJQ�

H� SURYLGH LQIRUPDWLRQ RQ WKH PDQDJHPHQW RI ILUH VDIHW\ IRU D EXLOGLQJ�

)LUH LV DQ H[WUHPHO\ FRPSOH[ SKHQRPHQRQ DQG WKHUH DUH VWLOO JDSV LQ WKH DYDLODEOH NQRZOHGJH� :KHQ XVHG
E\ VXLWDEO\ TXDOLILHG SHUVRQV� H[SHULHQFHG LQ ILUH VDIHW\ HQJLQHHULQJ� WKLV VHULHV RI GRFXPHQWV ZLOO SURYLGH
D PHDQV RI HVWDEOLVKLQJ DFFHSWDEOH OHYHOV RI ILUH VDIHW\ HFRQRPLFDOO\ DQG ZLWKRXW LPSRVLQJ XQQHFHVVDU\
FRQVWUDLQWV RQ DVSHFWV RI EXLOGLQJ GHVLJQ�
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� 6FRSH

7KLV 3XEOLVKHG 'RFXPHQW SURYLGHV JXLGDQFH RQ HYDOXDWLQJ ILUH JURZWK DQG�RU VL]H ZLWKLQ WKH HQFORVXUH RI
ILUH RULJLQ� DV ZHOO DV HQFORVXUHV WR ZKLFK WKH ILUH KDV VXEVHTXHQWO\ VSUHDG� *XLGDQFH LV DOVR SURYLGHG IRU 
§VSHFLDO FDVHV¨ ZKLFK LQFOXGH PDOLFLRXV ILUHV� UDFNHG�VWDFNHG VWRUDJH RI JRRGV DQG ILUHV H[WHUQDO WR WKH
EXLOGLQJ�

7KH FKDUDFWHULVWLFV RI WKH GHVLJQ ILUH IRU DQ\ SDUWLFXODU VFHQDULR DUH LQIOXHQFHG E\ D QXPEHU RI IDFWRUV�
LQFOXGLQJ EXLOGLQJ GHVLJQ� HQYLURQPHQWDO LQIOXHQFHV� SRWHQWLDO LJQLWLRQ VRXUFHV DQG ORFDWLRQ� W\SHV RI 
FRPEXVWLEOH PDWHULDOV� GLVWULEXWLRQ DQG DUUDQJHPHQW RI FRPEXVWLEOH PDWHULDOV� YHQWLODWLRQ FRQGLWLRQV DQG 
RWKHU HYHQWV RFFXUULQJ GXULQJ WKH ILUH� 

7KH GHWHUPLQDWLRQ RI WKH FKDUDFWHULVWLFV RI WKH GHVLJQ ILUH IURP LJQLWLRQ WKURXJK WR GHFD\ LV XVHG E\ RWKHU
6XE�V\VWHPV DV LQSXWV LQWR FDOFXODWLRQV RI HYHQWV VXFK DV WLPH RI ILUH VSUHDG IURP HQFORVXUH >3' ������ 
�6XE�V\VWHP ��@ DQG WLPH WR DFWLYDWLRQ RI VXSSUHVVLRQ V\VWHPV >3' ������ �6XE�V\VWHP ��@� 

� 1RUPDWLYH UHIHUHQFHV

7KH IROORZLQJ UHIHUHQFHG GRFXPHQWV DUH LQGLVSHQVDEOH IRU WKH DSSOLFDWLRQ RI WKLV GRFXPHQW� )RU GDWHG
UHIHUHQFHV� RQO\ WKH HGLWLRQ FLWHG DSSOLHV� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH UHIHUHQFHG 
GRFXPHQW �LQFOXGLQJ DQ\ DPHQGPHQWV� DSSOLHV�

%6 ������� )LUH WHVWV RQ EXLOGLQJ PDWHULDOV DQG VWUXFWXUHV ¦ 3DUW ��� 0HWKRG IRU GHWHUPLQDWLRQ RI WKH ILUH 
UHVLVWDQFH RI HOHPHQWV RI FRQVWUXFWLRQ �JHQHUDO SULQFLSOHV��

%6 ������� )LUH WHVWV RQ EXLOGLQJ PDWHULDOV DQG VWUXFWXUHV ¦ 3DUW ��� 0HWKRGV IRU GHWHUPLQDWLRQ RI WKH ILUH 
UHVLVWDQFH RI ORDGEHDULQJ HOHPHQWV RI FRQVWUXFWLRQ�

%6 ������� )LUH WHVWV RQ EXLOGLQJ PDWHULDOV DQG VWUXFWXUHV ¦ 3DUW ��� 0HWKRGV IRU GHWHUPLQDWLRQ RI WKH ILUH 
UHVLVWDQFH RI QRQ�ORDGEHDULQJ HOHPHQWV RI FRQVWUXFWLRQ�

%6 ������������ )LUH WHVWV RQ EXLOGLQJ PDWHULDOV DQG VWUXFWXUHV ¦ 3DUW ��� )XOO�VFDOH URRP WHVW IRU VXUIDFH 
SURGXFWV� 
>,62 ���������@

%6 ���������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ &RGH RI SUDFWLFH�

%6 (1 ,62 ����������� )LUH VDIHW\ ¦ 9RFDEXODU\�

3' ������� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦ 3DUW �� *XLGH WR 
GHVLJQ IUDPHZRUN DQG ILUH VDIHW\ HQJLQHHULQJ SURFHGXUHV�

3' ������ �6XE�V\VWHP ��� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� 6SUHDG RI VPRNH DQG WR[LF JDVHV ZLWKLQ DQG EH\RQG WKH HQFORVXUH RI RULJLQ�

3' ������ �6XE�V\VWHP ��� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� 6WUXFWXUDO UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH HQFORVXUH RI RULJLQ�

3' ������ �6XE�V\VWHP ��� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� 'HWHFWLRQ RI ILUH DQG DFWLYDWLRQ RI ILUH SURWHFWLRQ V\VWHPV�

3' ������ �6XE�V\VWHP ��� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� )LUH VHUYLFH LQWHUYHQWLRQ�

3' ������ �6XE�V\VWHP ��� $SSOLFDWLRQ RI ILUH VDIHW\ HQJLQHHULQJ SULQFLSOHV WR WKH GHVLJQ RI EXLOGLQJV ¦
3DUW �� (YDFXDWLRQ�

� 7HUPV DQG GHILQLWLRQV
)RU WKH SXUSRVHV RI WKLV SDUW RI 3' ����� WKH WHUPV DQG GHILQLWLRQV JLYHQ LQ %6 (1 ,62 ���������� DQG WKH
IROORZLQJ DSSO\�

���  
FDORULILF YDOXH
WRWDO DPRXQW RI KHDW UHOHDVHG ZKHQ D XQLW TXDQWLW\ RI D IXHO �PHDVXUHG DW �� �& DQG DWPRVSKHULF SUHVVXUH� 
LV R[LGL]HG GXULQJ LWV FRPSOHWH FRPEXVWLRQ LQ R[\JHQ XQGHU VSHFLILHG WHVW FRQGLWLRQV

127( ,Q D ILUH� RQO\ D SURSRUWLRQ RI WKLV HQHUJ\ ZLOO EH UHOHDVHG�
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��� 
FRPSDUWPHQW
VSDFH GHILQHG E\ ILUH UHVLVWLQJ ERXQGDU\ HOHPHQWV

��� 
FULWLFDO ILUH ORDG
ILUH ORDG UHTXLUHG LQ D FRPSDUWPHQW WR SURGXFH D ILUH RI VXIILFLHQW VHYHULW\ WR FDXVH IDLOXUH RI ILUH UHVLVWLQJ 
EDUULHUV RU VWUXFWXUDO HOHPHQWV

��� 
GHWHUPLQLVWLF VWXG\
PHWKRGRORJ\ EDVHG RQ SK\VLFDO UHODWLRQVKLSV GHULYHG IURP VFLHQWLILF WKHRULHV DQG HPSLULFDO UHVXOWV� WKDW IRU
D JLYHQ VHW RI LQLWLDO FRQGLWLRQV ZLOO DOZD\V SURGXFH WKH VDPH RXWFRPH

��� 
HIIHFWLYH FDORULILF YDOXH
PRLVWXUH FRUUHFWHG YDOXH REWDLQHG E\ FDOFXODWLRQ

��� 
HIIHFWLYH ILUH ORDG GHQVLW\
ILUH ORDG GHQVLW\ ZLWKLQ DQ HQFORVXUH RU FRPSDUWPHQW PRGLILHG E\ IDFWRUV WKDW WDNH DFFRXQW RI WKH
LQFRPSOHWH FRPEXVWLRQ RI SURWHFWHG ILUH ORDGV DQG�RU D UHGXFWLRQ LQ WKH QHW TXDQWLW\ RI KHDW UHOHDVHG 
UHVXOWLQJ IURP WKH SUHVHQFH RI ZHW PDWHULDOV

��� 
HQFORVXUH
VSDFH GHILQHG E\ ERXQGDU\ HOHPHQWV �RQ DOO VLGHV� DURXQG WKH SRLQW RI RULJLQ RI WKH ILUH

��� 
HTXLYDOHQW ILUH ORDG GHQVLW\
ILUH ORDG GHQVLW\ H[SUHVVHG DV DQ HTXLYDOHQW PDVV RI ZRRG UDWKHU WKDQ LQ WHUPV RI LWV FDORULILF YDOXH

��� 
ILUH KD]DUG
VRXUFH IRU SRWHQWLDO ORVV RI OLIH �RU LQMXU\� DQG�RU GDPDJH WR SURSHUW\ E\ ILUH

���� 
ILUH ORDG
VXP RI WKH FDORULILF HQHUJLHV� ZKLFK FRXOG EH UHOHDVHG E\ WKH FRPSOHWH FRPEXVWLRQ DQG DOO WKH FRPEXVWLEOH
PDWHULDOV LQ D VSDFH LQFOXGLQJ WKH IDFLQJ RI WKH ZDOOV� SDUWLWLRQV� IORRUV DQG FHLOLQJV

���� 
ILUH ORDG GHQVLW\
ILUH ORDG GLYLGHG E\ WKH IORRU DUHD

����
ILUH ULVN
SURGXFW RI�

D� SUREDELOLW\ RI RFFXUUHQFH RI D ILUH WR EH H[SHFWHG LQ D JLYHQ WHFKQLFDO RSHUDWLRQ RU VWDWH LQ D GHILQHG
WLPH� DQG

E� FRQVHTXHQFH RU H[WHQW RI GDPDJH WR EH H[SHFWHG RQ WKH RFFXUUHQFH RI D ILUH

���� 
ILUH VFHQDULR
TXDOLWDWLYH GHVFULSWLRQ RI WKH FRXUVH RI D ILUH ZLWK WLPH� LGHQWLI\LQJ NH\ HYHQWV WKDW FKDUDFWHUL]H WKH ILUH DQG
GLIIHUHQWLDWH LW IURP RWKHU SRVVLEOH ILUHV

127( ,W W\SLFDOO\ GHILQHV WKH LJQLWLRQ DQG ILUH JURZWK SURFHVV� WKH IXOO\ GHYHORSHG VWDJH DQG WKH GHFD\ VWDJH� WRJHWKHU ZLWK WKH
EXLOGLQJ HQYLURQPHQW DQG V\VWHPV WKDW ZLOO LPSDFW RQ WKH FRXUVH RI WKH ILUH�
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���� 
ILUH VL]H
KHDW UHOHDVH UDWH RI WKH ILUH

����
IODVKRYHU
VXGGHQ WUDQVLWLRQ IURP D ORFDOL]HG ILUH WR WKH LJQLWLRQ RI DOO H[SRVHG IODPPDEOH VXUIDFHV ZLWKLQ DQ HQFORVXUH

���� 
JURVV KHDW RI FRPEXVWLRQ
HQHUJ\ ZKLFK XQLW PDVV RI PDWHULDO RU SURGXFW LV FDSDEOH RI UHOHDVLQJ E\ FRPSOHWH FRPEXVWLRQ� H[SUHVVHG 
LQ MRXOHV SHU NLORJUDP

���� 
PL[HG XVH EXLOGLQJ
EXLOGLQJ ZKHUH GLIIHUHQW SDUWV DUH XVHG IRU GLIIHUHQW SXUSRVHV

���� 
PXOWLSOH XVH EXLOGLQJ
SDUW RI D EXLOGLQJ� RU D ZKROH EXLOGLQJ� WKDW LV XVHG IRU GLIIHUHQW SXUSRVHV DW GLIIHUHQW WLPHV

���� 
SUREDELOLVWLF VWXG\
PHWKRGRORJ\ WR GHWHUPLQH VWDWLVWLFDOO\ WKH SUREDELOLW\ DQG RXWFRPH RI HYHQWV

���� 
SURWHFWHG ILUH ORDG
TXDQWLW\ RI FRPEXVWLEOH PDWHULDO WKDW LV XQOLNHO\ WR EHFRPH IXOO\ LQYROYHG LQ D ILUH RZLQJ WR LWV EHLQJ KHOG
ZLWKLQ FRQWDLQHUV WKDW KDYH D GHJUHH RI UHVLVWDQFH WR ILUH

127( )RU H[DPSOH� VWHHO ILOLQJ FDELQHWV�

����
VPRXOGHULQJ ILUH
VORZ� ORZ�WHPSHUDWXUH� IODPHOHVV IRUP RI FRPEXVWLRQ VXVWDLQHG E\ WKH KHDW HYROYHG ZKHQ R[\JHQ GLUHFWO\
DWWDFNV WKH VXUIDFH RI FRQGHQVHG�SKDVH IXHO� JHQHUDOO\ PDGH RQ LQFUHDVH LQ WHPSHUDWXUH DQG�RU E\ VPRNH

� 6\PEROV DQG DEEUHYLDWLRQV

$ LV WKH DUHD RI WKH RSHQLQJ �P¥��
$I LV WKH WRWDO LQWHUQDO IORRU DUHD �P��
$ILUH LV WKH DUHD RI WKH ILUH �P��
$W LV WKH WRWDO VXUIDFH DUHD RI WKH HQFORVXUH �P��
$7 LV WKH DUHD RI ERXQGLQJ VXUIDFHV �P��
$Z LV WKH DUHD RI WKH YHQWLODWLRQ RSHQLQJ �P��
F LV WKH RSWLFDO GHQVLW\ SHU PHWUH '� RU H[WLQFWLRQ FRHIILFLHQW N� GHSHQGLQJ RQ WKH EDVH XVHG

��� RU H� �GLPHQVLRQOHVV�
& LV WKH FRQVWDQW IRU WKH LQIOXHQFHV RI WKH SURSHUWLHV RI WKH ERXQGDU\ PDWHULDO RQ WKH 

WHPSHUDWXUH �GLPHQVLRQOHVV�
FL LV WKH JDV VSHFLHV PDVV FRQFHQWUDWLRQ �NJ�
&S LV WKH VSHFLILF KHDW RI DLU DW FRQVWDQW SUHVVXUH �N-�NJ¥��.¥��
&SV LV WKH VSHFLILF KHDW FDSDFLW\ RI WKH HQFORVXUH ERXQGDULHV �N-�NJ¥��.¥��
GF LV WKH GLVWDQFH IURQW�WR�EDFN RI WKH HQFORVXUH �P�
GU LV WKH GHSWK RI URRP EHKLQG RSHQLQJ �P�
GV LV WKH ORQJHU OLQHDU GLPHQVLRQ RI WKH VRXUFH �P�
' LV WKH RSWLFDO GHQVLW\ SHU XQLW SDWK OHQJWK RI WKH VPRNH �P¥�� �G%�P�
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'P LV WKH PDVV RSWLFDO GHQVLW\ IRU WKH IXHO FRQFHUQHG �P��NJ¥��
IE LV WKH WRWDO PDVV RI IXHO EXUQW �NJ�
) LV WKH RSHQLQJ IDFWRU �P����
J LV WKH DFFHOHUDWLRQ GXH WR JUDYLW\ �P�V¥��
K LV WKH KHLJKW RI WKH YHQWLODWLRQ RSHQLQJ �P�
KN LV WKH HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW �N:�P¥��.¥��
+ LV WKH KHLJKW RI WKH FHLOLQJ DERYH WKH ILUH VRXUFH �P�
�+F LV WKH KHDW RI FRPEXVWLRQ RI ILUH ORDG �N-�NJ�
+F LV WKH HIIHFWLYH KHDW RI FRPEXVWLRQ �0-�NJ�
+& HIIHFWLYH FDORULILF YDOXH RI ILUH ORDG �N-�NJ�
+X LV WKH FDORULILF YDOXH RI GU\ PDWHULDO �0-�NJ�
, LV WKH OLJKW LQWHQVLW\ D GLVWDQFH V IURP WKH REVHUYHG REMHFW RI LQWHQVLW\ ,� �GLPHQVLRQOHVV�

LV WKH IUDFWLRQ RI OLJKW WUDQVPLWWHG WKURXJK VPRNH �GLPHQVLRQOHVV�

L LV WKH VSHFLHV �GLPHQVLRQOHVV�
. LV WKH HIIHFWLYH HPLVVLRQ FRHIILFLHQW �P¥��
.� LV WKH OLJKW H[WLQFWLRQ FRHIILFLHQW �P¥��
NV LV WKH WKHUPDO FRQGXFWLYLW\ RI WKH HQFORVXUH ERXQGDULHV �N:�P¥��.¥��
/I LV WKH HTXLYDOHQW ILUH ORDG �NJ�
/W LV WKH WRWDO ILUH ORDG �NJ�
P LV WKH VPRXOGHULQJ S\URO\VLV UDWH �J�PLQ��
PF LV WKH WRWDO PDVV RI HDFK FRPEXVWLEOH PDWHULDO LQ WKH HQFORVXUH �NJ�
P&2 LV WKH PDVV UDWH RI FDUERQ PRQR[LGH SURGXFWLRQ �NJ�V�
PI LV WKH PDVV ORVV UDWH RI IXHO �NJ�V� RU WKH UDWH RI EXUQLQJ RI IXHO E\ PDVV �NJ�V� RU WKH

YHQWLODWLRQ FRQWUROOHG UDWH RI EXUQLQJ E\ PDVV �NJ�V�
PIR LV WKH PDVV RI IXHO UHPDLQLQJ DW IODVKRYHU �NJ�
PIXHO LV WKH UDWH RI EXUQLQJ RI IXHO E\ PDVV �NJ�V� RU WKH PDVV ORVV UDWH RI IXHO �NJ�V�
PSDUW LV WKH PDVV UDWH RI VPRNH SDUWLFOH SURGXFWLRQ �NJ�V�
PSI LV WKH IXHO FRQWUROOHG S\URO\VLV�PDVV ORVV UDWH �NJ�V�
PSIR LV WKH SHDN PDVV ORVV UDWH DW IODVKRYHU �NJ�V�
PU LV WKH PDVV UHPDLQLQJ DW WLPH� W� RYHU EXUQLQJ DUHD �NJ�
PW LV WKH WRWDO PDVV ORVV �NJ�
0 LV WKH PRLVWXUH FRQWHQW �� E\ GU\ PDVV�
0� LV WKH WRWDO LQLWLDO PDVV LQ WKH EXUQW DUHD �NJ�
T LV WKH KHDW UHOHDVH UDWH WR FDXVH D WHPSHUDWXUH ULVH �N:�
4 LV WKH WRWDO KHDW UHOHDVH UDWH �N:�
4�W� LV WKH WRWDO RI KHDW UHOHDVH UDWH DW WLPH W �N:�
4� LV WKH WRWDO KHDW UHOHDVH UDWH SHU XQLW DUHD �N:�P��

4
 LV WKH GLPHQVLRQOHVV KHDW UHOHDVH UDWH  

RU  IRU §QRUPDO¨ DPELHQW FRQGLWLRQV ZKHQ 4 LV LQ NLORZDWWV DQG ' LQ PHWUHV

4E LV WKH UDWH RI DFFXPXODWLRQ RI KHDW LQ KRW JDVHV LQ WKH HQFORVXUH �N:�
4F LV WKH UDWH RI KHDW ORVV E\ FRQYHFWLRQ WKURXJK RSHQLQJV �N:�

,
,�
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4FRQWURO LV WKH PD[LPXP KHDW UHOHDVH UDWH DW ZKLFK WKH ILUH FDQ EH FRQWUROOHG XVLQJ VXSSUHVVLRQ �N:�
4HQF LV WKH UDWH RI KHDW UHOHDVH LQ WKH HQFORVXUH �N:�
4IEF LV WKH UDWH RI KHDW UHOHDVH XQGHU IXHO�EHG FRQGLWLRQV �N:�
4IR LV WKH UDWH RI KHDW UHOHDVH DW IODVKRYHU �N:�
4PD[ LV WKH UDWH RI KHDW UHOHDVH GXULQJ WKH IXOO\ GHYHORSHG EXUQLQJ SKDVH �N:�
4S LV WKH KHDW UHOHDVH UDWH FRQYHFWHG E\ WKH SOXPH �N:� RU WKH SHDN KHDW UHOHDVH UDWH �N:�
4SI LV WKH IXHO FRQWUROOHG KHDW UHOHDVH UDWH �N:�
4U LV WKH UDWH RI KHDW ORVV E\ UDGLDWLRQ WKURXJK RSHQLQJV �N:�
45 LV WKH UDGLDWLYH KHDW IOX[ �:�P¥��
4VWHDG\ LV WKH UDWH RI KHDW UHOHDVH GXULQJ VWHDG\ EXUQLQJ SKDVH �N:�
4VXS LV WKH UDWH RI KHDW UHOHDVH DW ZKLFK VXSSUHVVLRQ DFWLYDWHV �N:�
4YF LV WKH UDWH RI KHDW UHOHDVH XQGHU YHQWLODWLRQ�FRQWUROOHG FRQGLWLRQV �N:�
4Z LV WKH UDWH RI KHDW ORVV E\ UDGLDWLRQ DQG FRQGXFWLRQ WKURXJK HQFORVXUH FRQVWUXFWLRQ �N:�
5 LV WKH PDVV EXUQLQJ UDWH �NJ�V�
563 LV WKH UDWH RI VPRNH SURGXFWLRQ �P��V�
6 LV WKH YLVLELOLW\ GLVWDQFH �P�
W LV WKH WLPH IURP LJQLWLRQ �V�
WE LV WKH GXUDWLRQ RI IXOO\ GHYHORSHG EXUQLQJ �V�
WER LV WKH WLPH WR UHDFK EXUQRXW �V�
WG LV WKH WLPH RI RQVHW RI WKH GHFD\ SKDVH �V�
WIR LV WKH WLPH WR IODVKRYHU �V�
WL LV WKH WLPH RI LJQLWLRQ �V�
WS LV WKH WKHUPDO SHQHWUDWLRQ WLPH �V�
WVWHDG\ LV WKH GXUDWLRQ RI VWHDG\ EXUQLQJ �V�

LV WKH PHDQ WHPSHUDWXUH RI WKH IODPH �.�

7 LV WKH ILUH WHPSHUDWXUH ��&�
�7 LV WKH WHPSHUDWXUH ULVH ��&�

LV WKH PHDQ IXUQDFH WHPSHUDWXUH ��&�

LV WKH PHDQ JDV WHPSHUDWXUH ��&�

7PD[ LV WKH PD[LPXP H[FHHGHG HQFORVXUH JDV WHPSHUDWXUH �.�
7� LV WKH DPELHQW WHPSHUDWXUH �.�
7+5 LV WKH WRWDO KHDW UHOHDVH UDWH �0-�
763 LV WKH WRWDO VPRNH SURGXFWLRQ �P�
9 LV WKH YROXPH IORZ UDWH RI VPRNH �P��V�
9I LV WKH YROXPH IORZ UDWH RI VPRNH DW D ORFDWLRQ �P��V�
9W LV WKH WRWDO YROXPH RI VPRNH DW D ORFDWLRQ �P��
Z LV WKH ZLGWK RI ZDOO FRQWDLQLQJ WKH RSHQLQJ �P�
ZF LV WKH ZLGWK RI WKH ZDOO FRQWDLQLQJ YHQWLODWLRQ RSHQLQJV �P�
<L LV WKH PDVV \LHOG RI FKHPLFDO VSHFLHV �NJ� RU WKH PDVV \LHOG RI VSHFLHV L �GLPHQVLRQOHVV�
]IO LV WKH PHDQ KHLJKW RI OXPLQRXV IODPHV DERYH WKH IXHO VXUIDFH �P�
� LV WKH ILUH JURZWK SDUDPHWHU �N-�V�
� LV WKH WKLFNQHVV RI WKH HQFORVXUH ERXQGDULHV �P�
�I LV WKH HPLVVLYLW\ RI WKH IODPH �GLPHQVLRQOHVV�
�VPRNH LV WKH VPRNH PDVV FRQYHUVLRQ IDFWRU �NJ��NJ�

7

7I

7J
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� 'HVLJQ DSSURDFK

��� ([SHULHQFH DQG TXDOLILFDWLRQV

7KH FRPSOH[LW\ RI WKH LQWHUDFWLRQV EHWZHHQ SHRSOH� EXLOGLQJV DQG ILUH LV VXFK WKDW QR VLQJOH VHW RI
FDOFXODWLRQ SURFHGXUHV FDQ EH DSSOLHG WR DOO W\SHV RI EXLOGLQJ LQ DOO FLUFXPVWDQFHV� 7KHUHIRUH )6( UHTXLUHV
D JUHDWHU GHJUHH RI FDUH DQG UHVSRQVLELOLW\ E\ WKH GHVLJQHU WKDQ GRHV WKH DSSOLFDWLRQ RI SUHVFULSWLYH FRGHV� 
,W LV HVVHQWLDO WKDW WKH DSSOLFDWLRQ RI )6( EH HQWUXVWHG WR VXLWDEO\ TXDOLILHG DQG H[SHULHQFHG SHUVRQQHO� ,Q
DVVHVVLQJ WKH VXLWDELOLW\ RI )6( GHVLJQ SHUVRQQHO� SURIHVVLRQDO TXDOLILFDWLRQV �H�J� &KDUWHUHG 0HPEHUVKLS
RI WKH ,QVWLWXWLRQ RI )LUH (QJLQHHUV� DQG H[SHULHQFH RQ SURMHFWV RI VLPLODU FRPSOH[LW\ VKRXOG EH WDNHQ LQWR
DFFRXQW�

��� )UDPHZRUN

$ IUDPHZRUN RI WKH DSSOLFDWLRQ RI HQJLQHHULQJ DSSURDFKHV WR ILUH VDIHW\ LQ EXLOGLQJV LV SURYLGHG LQ %6 ����� 
3' ������ SURYLGHV DGGLWLRQDO JXLGDQFH WR DVVLVW WKH ILUH VDIHW\ HQJLQHHU WKURXJK WKH GHVLJQ SURFHVV�

7KH TXDQWLWDWLYH DQDO\VLV QHFHVVDU\ DV SDUW RI WKH GHVLJQ LV GLYLGHG LQWR D QXPEHU RI VHSDUDWH SDUWV RU
6XE�V\VWHPV� (DFK 6XE�V\VWHP FDQ EH XVHG LQ LVRODWLRQ ZKHQ DQDO\VLQJ D SDUWLFXODU DVSHFW RI GHVLJQ RU
WKH\ FDQ DOO EH XVHG LQ FRPELQDWLRQ DV SDUW RI DQ RYHUDOO ILUH HQJLQHHULQJ HYDOXDWLRQ RI D EXLOGLQJ� $
UHSUHVHQWDWLRQ RI WKH FRQFHSW LV VKRZQ LQ )LJXUH �� 6RPH RI WKH SRWHQWLDO LQWHUDFWLRQV EHWZHHQ 6XE�V\VWHPV 
DUH LOOXVWUDWHG� 7KH SDUDPHWHUV DUH RIWHQ ERWK LQSXWV LQWR RQH SDUWLFXODU 6XE�V\VWHP DQG RXWSXWV IURP 
DQRWKHU�

6XE�V\VWHP � FRQFHQWUDWHV RQ WKH TXDQWLILFDWLRQ MXGJHPHQWV WKDW FDQ IRUP WKH SDUW RI WKH GHVLJQ SURFHVV 
LQ ZKLFK WKH LQLWLDWLRQ DQG GHYHORSPHQW RI WKH ILUH DUH GHILQHG� 7KH FDOFXODWLRQ PHWKRGV DQG GDWD FRQWDLQHG
LQ WKLV 6XE�V\VWHP DUH LQFOXGHG ZLWK WKH NQRZQ OLPLWDWLRQV� $OWHUQDWLYH GDWD DQG FDOFXODWLRQ PHWKRGV DUH
QRW SUHFOXGHG DQG PLJKW EH UHTXLUHG� 6DWLVIDFWRU\ MXVWLILFDWLRQ RI DQ\ FDOFXODWLRQ PHWKRG RU DSSURDFK
VHOHFWHG VKRXOG DOZD\V EH SURYLGHG�

:LWK UHIHUHQFH WR )LJXUH �� WKLV 3XEOLVKHG 'RFXPHQW SURYLGHV LQIRUPDWLRQ RQ WKH LQLWLDWLRQ DQG JURZWK RI
D ILUH �ZLWKLQ WKH HQFORVXUH RI RULJLQ�� 7KLV SURFHVV UHTXLUHV LQIRUPDWLRQ IURP WKH TXDOLWDWLYH GHVLJQ
UHYLHZ �4'5� SURFHVV RQ�

¦ EXLOGLQJ FKDUDFWHULVWLFV�
� GLPHQVLRQV� QDWXUH DQG JHRPHWU\ RI FRQVWUXFWLRQ�

¦ HQFORVXUH�
� ZDOO�FHLOLQJ OLQLQJV� YHQWLODWLRQ V\VWHPV� XQXVXDO ILUH KD]DUGV� SRWHQWLDO LJQLWLRQ VRXUFHV�

¦ ILUH ORDG�
� W\SH� ORFDWLRQ� DUUDQJHPHQWV DQG TXDQWLW\ RI FRPEXVWLEOHV�

¦ HQYLURQPHQWDO LQIOXHQFHV �LQWHUQDO��
� WHPSHUDWXUH�
� DLU PRYHPHQW�

6HH 3' ������ IRU DGGLWLRQDO GHWDLOHG JXLGDQFH DQG LQIRUPDWLRQ�

� LV WKH WHPSHUDWXUH ULVH DERYH DPELHQW LQ WKH XSSHU JDV OD\HU ��&�
�I LV WKH WKLFNQHVV RI WKH IODPH �P�

 LV WKH GHQVLW\ RI WKH HQFORVXUH ERXQGDULHV �NJ�P��

� LV WKH DPELHQW DLU GHQVLW\ �NJ�P��
� LV WKH 6WHIDQ�%RO]PDQQ FRQVWDQW ����� � ��¥�� :�P¥��.¥��
� LV WKH FRQILJXUDWLRQ IDFWRU �GLPHQVLRQOHVV�
� LV WKH IUDFWLRQ RI WKH WRWDO KHDW UHOHDVH UDWH FRQYHFWHG E\ WKH SOXPH �GLPHQVLRQOHVV�
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*LYHQ WKLV LQIRUPDWLRQ� LW LV WKHQ SRVVLEOH WR FDOFXODWH D QXPEHU RI SDUDPHWHUV� ZKLFK LQFOXGH�

¦ KHDW UHOHDVH UDWH�
¦ PDVV SURGXFWLRQ UDWH RI VPRNH�
¦ PDVV SURGXFWLRQ UDWH RI ILUH HIIOXHQWV �H�J� &2��
¦ IODPH VL]H DQG WHPSHUDWXUH�
¦ WHPSHUDWXUH ZLWKLQ HQFORVXUH�
¦ WLPH WR IODVKRYHU�
¦ DUHD RI ILUH LQYROYHPHQW�

7KHVH SDUDPHWHUV DUH WKH SULPDU\ RXWSXWV IURP 6XE�V\VWHP � UHTXLUHG E\ WKH RWKHU 6XE�V\VWHPV�

7KH FDOFXODWLRQ PHWKRGV IRU WKH DERYH SDUDPHWHUV DVVXPH WKDW WKH ILUH JURZV XQLPSHGHG E\ DFWLYH ILUH
SURWHFWLRQ PHDVXUHV VXFK DV VXSSUHVVLRQ V\VWHPV� VPRNH KHDW DQG H[KDXVW YHQWLODWLRQ V\VWHPV �6+(9V�
DQG ILUH EDUULHUV DQG ZLWKRXW KXPDQ LQWHUDFWLRQ VXFK DV ILUH EULJDGH RU EXLOGLQJ RFFXSDQWV� 7KHUHIRUH LW
VKRXOG EH UHPHPEHUHG WKDW WKH OLVWHG SDUDPHWHUV PLJKW EH PRGLILHG E\ LQIRUPDWLRQ IURP RWKHU 
6XE�V\VWHPV� LQ SDUWLFXODU 6XE�V\VWHPV �� � DQG � �3' ������� 3' ������ DQG 3' ��������
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)LJXUH � ¦ 6XE�V\VWHP LQWHUDFWLRQV

Building characteristics
Design fire
Occupant characteristics
Evacuation strategy
Environmental influences
Rate of heat release
Time to flashover
Rate of smoke mass production
Rate of CO mass production
Flame size
Smoke and hot gas temperature
Smoke optical density
CO concentration
Flowrate of smoke and hot gases
Time of fire spread from enclosure
Time of structural failure
Time of activation of alarm system
Time of activation of smoke control systems
Time of activation of smoke and fire barriers
Time of activation of suppression systems
Time of fire service notification
Time of fire service intervention
Fire service extinguishing capacity
Time of evacuation

QDR
SS1 Initia
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n and deve
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e with
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e enclo
su
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of orig

in

SS3 Stru
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nd th
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SS2 Spre
ad of smoke and toxic
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nd th
e enclo
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of orig
in

SS4 Detecti
on of fir
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SS5 Fire
se

rvi
ce

interve
ntio

n

SS6 Eva
cu
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n

Sub-systems

Pa
ra

m
et

er
s

Key
Likely interactions
Potential interactions
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)LJXUH � ¦ )ORZ FKDUW VKRZLQJ WKH LQLWLDO VWHSV WKDW VKRXOG EH WDNHQ LQ WKH SURFHVV RI 
VHOHFWLQJ ILUHV DSSURSULDWH WR D SDUWLFXODU GHVLJQ

Building characteristics
Enclosure characteristics
Environmental conditions

Fire load
Fire scenario

Plausible and representative scenario
agreed in QDR

Ignition

GrowingSmouldering fire Steady state

Steady state design fires

Calculation methodsExperimental and survey data

Clause 8
Characteristic t growth
Standard temp-time
Hydrocarbon
Slow heating

2
Annex A
Pillows
Wardrobe
Television sets
Stored commodities
Christmas trees
Upholstered furniture
Soft toy 'mountain'
Office work station

A.2.1
A.2.2
A.2.3
A.2.4
A.2.5
A.2.6
A.2.9
A.2.9
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��� 'HVLJQ ILUHV

7KH FKDUDFWHULVWLFV RI D GHVLJQ ILUH IRU DQ\ SDUWLFXODU VFHQDULR DUH LQIOXHQFHG E\ D QXPEHU RI IDFWRUV
LQFOXGLQJ EXLOGLQJ GHVLJQ� HQYLURQPHQWDO LQIOXHQFHV� SRWHQWLDO LJQLWLRQ VRXUFHV DQG ORFDWLRQ� W\SHV RI
FRPEXVWLEOH PDWHULDOV� GLVWULEXWLRQ DQG DUUDQJHPHQW RI FRPEXVWLEOH PDWHULDOV� YHQWLODWLRQ FRQGLWLRQV DQG
RWKHU HYHQWV RFFXUULQJ GXULQJ WKH ILUH�

7KH GHVLJQ ILUH PD\ EH FKDUDFWHUL]HG LQ WHUPV RI�

¦ KHDW UHOHDVH UDWH�
¦ WR[LF VSHFLHV SURGXFWLRQ UDWH�
¦ VPRNH SURGXFWLRQ UDWH�
¦ ILUH VL]H�
¦ ILUH GXUDWLRQ�
¦ WLPH WR NH\ HYHQWV H�J� IODVKRYHU�

7KH GHVLJQ ILUH VKRXOG EH EDVHG RQ WKH PDWHULDOV ZLWKLQ DQ RFFXSDQF\� +RZHYHU� ZKLOH WKH KHDW UHOHDVH
UDWHV IRU PDQ\ PDWHULDOV DUH NQRZQ� LW LV UDUHO\ SRVVLEOH WR VD\ WKDW D ILUH ZLOO FRQVLVW RI D NQRZQ TXDQWLW\
RI PDWHULDO� :LWKLQ DQ RFFXSDQF\� D ILUH ZLOO LQYROYH D FRPELQDWLRQ RI GLIIHUHQW PDWHULDOV VR WKDW WKH KHDW 
UHOHDVH UDWH IRU D SDUWLFXODU RFFXSDQF\ ZLOO EH D IXQFWLRQ RI DOO WKH PDWHULDOV SUHVHQW� 7KH OLNHO\ VL]H RI D
ILUH FDQ EH GHGXFHG IURP WKH DQDO\VLV RI VWDWLVWLFV RI ILUHV LQ WKH W\SH RI RFFXSDQF\ RI LQWHUHVW RU IURP
H[SHULPHQWV RQ DSSUR[LPDWHO\ UHSUHVHQWDWLYH IXHO DUUD\V�

$ GHVLJQ ILUH FDQ HLWKHU EH D VWHDG\ VWDWH ILUH ZLWK D FRQVWDQW KHDW RXWSXW RU D WLPH�GHSHQGDQW JURZLQJ ILUH 
�VHH &ODXVH ��� $ JURZLQJ ILUH LV DVVXPHG ZKHQ DVVHVVLQJ WKH WLPH WR NH\ HYHQWV VXFK DV IODVKRYHU�
RSHUDWLRQ RI GHWHFWRUV� RU ORVV RI WHQDELOLW\�

7KH DVVXPSWLRQ RI D VWHDG\ VWDWH ILUH DOORZV WKH VPRNH FRQWURO V\VWHP WR FDWHU IRU DOO ILUHV XS WR GHVLJQ ILUH 
VL]H DQG E\ QRW FRQVLGHULQJ WKH JURZWK SKDVH RI WKH ILUH� FDQ LQWURGXFH D VLJQLILFDQW PDUJLQ RI VDIHW\ LQWR
WKH V\VWHP GHVLJQ�

��� %XLOGLQJ FKDUDFWHULVWLFV

,QIRUPDWLRQ RQ EXLOGLQJ FKDUDFWHULVWLFV ZLOO EH SURYLGHG IURP WKH 4'5 DQG FRQVLGHUDWLRQ LQ WHUPV RI WKH
SRWHQWLDO FRQVHTXHQFHV VKRXOG EH JLYHQ WR WKH IDFWRUV LQIOXHQFLQJ WKH ILUH JURZWK SURFHVV ZKLFK LQFOXGH�

D� EXLOGLQJ�

�� GLPHQVLRQV RI FRQVWUXFWLRQ�EXLOGLQJ�

�� JHRPHWU\ RI FRQVWUXFWLRQ�EXLOGLQJ�

�� QDWXUH RI FRQVWUXFWLRQ RI EXLOGLQJ �PDWHULDOV DQG PHWKRG��

E� HQFORVXUH�

�� ZDOO DQG FHLOLQJ OLQLQJV�

�� YHQWLODWLRQ FRQGLWLRQV �QDWXUDO DQG�RU PHFKDQLFDO��

�� XQXVXDO ILUH KD]DUGV�

�� SRWHQWLDO LJQLWLRQ VRXUFHV�

��� )XHO ORDG

,QIRUPDWLRQ RQ IXHO ORDG ZLOO EH SURYLGHG IURP WKH 4'5 DQG FRQVLGHUDWLRQ� LQ WHUPV RI WKH SRWHQWLDO 
FRQVHTXHQFHV� VKRXOG EH JLYHQ WR WKH FRQWULEXWLRQV IURP DOO UHOHYDQW IDFWRUV LQIOXHQFLQJ WKH ILUH JURZWK
SURFHVV ZKLFK LQFOXGH� 

D� W\SH RI FRPEXVWLEOHV�

E� TXDQWLW\ RI FRPEXVWLEOHV�

F� ORFDWLRQ RI FRPEXVWLEOHV�

G� DUUDQJHPHQW RI FRPEXVWLEOHV�
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��� (QYLURQPHQWDO LQIOXHQFHV

,QIRUPDWLRQ RQ HQYLURQPHQWDO LQIOXHQFHV ZLOO EH SURYLGHG IURP WKH 4'5 DQG FRQVLGHUDWLRQ� LQ WHUPV RI WKH
SRWHQWLDO FRQVHTXHQFHV� VKRXOG EH JLYHQ WR DOO UHOHYDQW LQIOXHQFHV RQ WKH ILUH JURZWK SURFHVV ZKLFK LQFOXGH�

D� LQWHUQDO DPELHQW WHPSHUDWXUHV�

E� LQWHUQDO DPELHQW DLU PRYHPHQW�

��� )LUH ORDG

����� *HQHUDO

)LUH ORDG GDWD DUH UHTXLUHG IRU WKH HYDOXDWLRQ RI VWUXFWXUDO IDLOXUH DQG ILUH VSUHDG EH\RQG WKH HQFORVXUH RI 
RULJLQ �6XE�V\VWHP ���

$ ILUH ORDG FDQ EH FRPSRVHG RI�

D� SHUPDQHQW ILUH ORDGV �FRPEXVWLEOH PDWHULDOV LQFOXGLQJ ORDG EHDULQJ VWUXFWXUH� OLQLQJV� ILQLVKHV��

E� YDULDEOH ILUH ORDGV �FRPEXVWLEOH PDWHULDOV ZKLFK YDU\ GXULQJ WKH OLIH RI WKH EXLOGLQJ��

F� SURWHFWHG ILUH ORDGV �FRPEXVWLEOH PDWHULDOV SURWHFWHG DJDLQVW H[SRVXUH WR ILUH L�H� ORZ SUREDELOLW\ RI
LQYROYHPHQW LQ WKH ILUH��

G� XQSURWHFWHG ILUH ORDGV �FRPEXVWLEOH PDWHULDOV QRW SURWHFWHG��

,I LW LV DVVXPHG WKDW DOO WKH ILUH ORDGV LQ D EXLOGLQJ GHVLJQ DUH XQSURWHFWHG� D FRQVHUYDWLYH HYDOXDWLRQ ZLOO 
UHVXOW�

����� )LUH ORDG GHQVLW\

7KH ILUH ORDG FDQ EH DVVHVVHG DFFRUGLQJ WR WKH XVH RI WKH VSHFLILF EXLOGLQJ� $OWHUQDWLYHO\ JHQHUDOL]HG GDWD
IURP VXUYH\V RI VLPLODU EXLOGLQJ XVHV FDQ EH DVVXPHG� )RU JHQHUDOL]HG GDWD LW LV VXJJHVWHG WKDW D PLQLPXP 
RI ILYH UHSUHVHQWDWLYH EXLOGLQJV� RU SDUWV RI EXLOGLQJV� DUH VXUYH\HG WR GHWHUPLQH WKH PDVVHV RI FRPEXVWLEOH
PDWHULDOV ZLWKLQ DQ HQFORVXUH� 7KHVH DUH WKHQ FRQYHUWHG WR WKH ILUH ORDG GHQVLW\ IRU WKH HQFORVXUH XVLQJ�

ZKHUH

7KH HIIHFWLYH FDORULILF YDOXH RI D FRPEXVWLEOH PDWHULDO FDQ EH FDOFXODWHG E\�

ZKHUH

7KHUH DUH VLJQLILFDQW QXPEHUV RI ILUH ORDG GHQVLW\ GDWD WKDW KDYH EHHQ SXEOLVKHG� $ WDEOH RI ILUH ORDG
GHQVLWLHV LV SURYLGHG LQ $QQH[ $� 7KLV GDWD ZDV WDNHQ IURP WKH &,% :�� :RUNVKRS UHSRUW >�@� ZKLFK GDWHV
EDFN WR ����� :KHQ XVLQJ SXEOLVKHG GDWD� WKH ILUH VDIHW\ HQJLQHHU VKRXOG HQVXUH WKDW WKH FRXQWU\ RI RULJLQ
LV UHOHYDQW WR GHVLJQ DSSOLFDWLRQ DQG WKDW WUHQGV LQ OLIHVW\OHV GR QRW PHDQ WKDW WKH GDWD LV RXW�GDWHG DQG
WKHUHIRUH LQDSSURSULDWH� ,Q WKH 8.� LW LV UHFRPPHQGHG WKDW WKH �� � IUDFWLOH YDOXH EH WDNHQ DV WKH ILUH ORDG 
GHQVLW\ IRU GHVLJQ� 7KLV LV WKH DYHUDJH YDOXH WKDW LV QRW H[FHHGHG LQ �� � RI URRPV RU RFFXSDQFLHV� /RFDO
FRQFHQWUDWLRQV RI ILUH ORDG FDQ H[FHHG WKLV YDOXH�

TN ILUH ORDG GHQVLW\ IRU WKH HQFORVXUH �0-�P��
PF WRWDO PDVV RI HDFK FRPEXVWLEOH PDWHULDO LQ WKH HQFORVXUH �NJ�
+F HIIHFWLYH FDORULILF YDOXH RI HDFK FRPEXVWLEOH PDWHULDO �0-�NJ�
$I WRWDO LQWHUQDO IORRU DUHD RI WKH HQFORVXUH �P��

+X FDORULILF YDOXH RI GU\ PDWHULDO �0-�NJ�
0 PRLVWXUH FRQWHQW �� E\ GU\ PDVV�

TN
PF+F

$I
���������������� 

+F +X � �����0±� � �����0± 
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��� 7LPH WR IODVKRYHU

7KH GHVLJQ REMHFWLYHV IRU D SURMHFW DUH RIWHQ OLQNHG WR WKH WLPH WR NH\ HYHQWV� 2QH VXFK NH\ HYHQW LV WKH WLPH
WR IODVKRYHU� 7KH HYDOXDWLRQ RI WLPH WR IODVKRYHU QHFHVVLWDWHV D WUDQVLHQW DSSURDFK WR ILUH VDIHW\
GHVLJQ� ������� RI WKLV 6XE�V\VWHP LQFOXGHV VHYHUDO TXDQWLWDWLYH PHWKRGV IRU GHWHUPLQLQJ WKH KHDW UHOHDVH
UDWH DW IODVKRYHU� *LYHQ WKH KHDW UHOHDVH UDWH WKDW UHVXOWV LQ IODVKRYHU IRU D VSHFLILF FRPSDUWPHQW� WKH WLPH
WR IODVKRYHU FDQ EH IRXQG E\ UHIHUHQFH WR WKH DSSURSULDWH ILUH JURZWK FXUYH� 7KH FDOFXODWLRQ SURFHVV LV
UHSUHVHQWHG VFKHPDWLFDOO\ LQ )LJXUH ��

)LJXUH � ¦ &DOFXODWLRQ SURFHVV RI WLPH WR IODVKRYHU

Is this a time-based calculation? Stop

Enclosure dimensions
Height x Width x Depth

Quantitive calculation
(closest approximation to design)

Heat release rate at flashover

Dimensions of vent openings
Height x Width

Thermal properties of enclosure
boundaries  k , , C

Fire growth design curve

No

Yes

po

Experimental Characteristic

Interpolation t = (Q   /   )αfofo
1/2

 ρs  
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��� 6HQVLWLYLW\ DQDO\VLV

7KH GHVLJQ ILUH FKDUDFWHULVWLFV FDOFXODWHG LQ 6XE�V\VWHP � ZLOO KDYH D PDMRU LPSDFW XSRQ PDQ\ DVSHFWV RI 
WKH GHVLJQ VLQFH WKH\ IRUP WKH LQSXWV LQWR PDQ\ RI WKH GHWHUPLQLVWLF TXDQWLWDWLYH GHVLJQ FDOFXODWLRQV
FDUULHG RXW LQ WKH RWKHU 6XE�V\VWHPV� ,W PLJKW EH SRVVLEOH WR GHDO ZLWK WKH XQFHUWDLQWLHV DVVRFLDWHG ZLWK
WKH GHWHUPLQLVWLF GHVLJQ E\ WDNLQJ D FRQVHUYDWLYH DSSURDFK� +RZHYHU� WKH MXGJHPHQW RI FRQVHUYDWLVP LV
YHU\ VXEMHFWLYH� $ ZRUVW FDVH GHVLJQ ILUH LQ WHUPV RI PD[LPXP VL]H RU JURZWK UDWH ZLOO W\SLFDOO\ DOVR EH WKH
ZRUVW FDVH IRU�

¦ HIIHFW RI VPRNH FRQWURO V\VWHP�
¦ HIIHFW RI VXSSUHVVLRQ V\VWHPV RQ ILUH JURZWK�
¦ WLPH WR VWUXFWXUDO IDLOXUH�
¦ WLPH RI ILUH VSUHDG IURP HQFORVXUH�
¦ ILUH VHUYLFH H[WLQJXLVKLQJ FDSDFLW\�

+RZHYHU� WKH VDPH GHVLJQ ILUH FDQ UHSUHVHQW WKH EHVW FDVH WHVW IRU�

¦ WLPH RI DFWLYDWLRQ RI DODUP V\VWHP�
¦ WLPH RI DFWLYDWLRQ RI VPRNH FRQWURO V\VWHPV�
¦ WLPH RI DFWLYDWLRQ RI VPRNH DQG ILUH EDUULHUV�
¦ WLPH RI DFWLYDWLRQ RI VXSSUHVVLRQ V\VWHPV�

,W LV WKHUHIRUH UHFRPPHQGHG WKDW D VHQVLWLYLW\ VWXG\ EH FDUULHG RXW RQ WKH FRQVHTXHQFHV RI WKH FKRLFH RI
GHVLJQ ILUH RQ WKH GLIIHUHQW SDUWV RI WKH TXDQWLWDWLYH DVVHVVPHQW�

7KH REMHFWLYH RI D VHQVLWLYLW\ VWXG\ LV WR HVWDEOLVK WKH LPSDFW RQ WKH RXWSXW SDUDPHWHU�V� FDXVHG E\
YDULDWLRQ LQ WKH LQSXW SDUDPHWHU�V�� LW LV QRW LQWHQGHG WR FKHFN WKH DFFXUDF\ RI WKH UHVXOWV�

,I D VLQJOH DVVXPSWLRQ LV VKRZQ WR EH FULWLFDO WR WKH GHVLJQ DQG SRWHQWLDOO\ WKH OHYHO RI VDIHW\� FRQVLGHUDWLRQ
VKRXOG EH JLYHQ WR SURYLGLQJ D GHJUHH RI UHGXQGDQF\ LQ WKH GHVLJQ RU WR FDUU\LQJ RXW D SUREDELOLVWLF VWXG\�

7DEOH � ¦ &KHFNOLVW RI IDFWRUV WR EH FRQVLGHUHG ZKHQ GHILQLQJ D GHVLJQ ILUH

)DFWRUV WR EH FRQVLGHUHG

%XLOGLQJ FKDUDFWHULVWLFV 'LPHQVLRQV RI EXLOGLQJ
*HRPHWU\ RI EXLOGLQJ
1DWXUH RI FRQVWUXFWLRQ RI EXLOGLQJ �PDWHULDOV DQG PHWKRG�

(QFORVXUH FKDUDFWHULVWLFV :DOO DQG FHLOLQJ OLQLQJV
9HQWLODWLRQ FRQGLWLRQV �QDWXUDO RU PHFKDQLFDO�
7KHUPDO SURSHUWLHV RI HQFORVXUH ERXQGDULHV

(QYLURQPHQWDO FRQGLWLRQV $PELHQW WHPSHUDWXUH FRQGLWLRQV
$PELHQW DLU PRYHPHQW

)LUH ORDG )XHO W\SH
)XHO TXDQWLW\
)XHO ORFDWLRQ 
)XHO DUUDQJHPHQW
:DOO DQG OLQLQJV

)LUH VFHQDULR ,JQLWLRQ VRXUFHV
,JQLWLRQ ORFDWLRQ
)XHO LQYROYHG LQ LJQLWLRQ
7\SH RI ILUH JURZWK
8QXVXDO ILUH KD]DUGV
(YHQWV LQIOXHQFLQJ ILUH JURZWK H�J� ZLQGRZ EUHDNDJH
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� ,QSXWV

7KH LQSXWV JLYHQ LQ 6XE�V\VWHP � DUH LOOXVWUDWHG LQ )LJXUH ��

)LJXUH � ¦ 6XE�V\VWHP � LQSXWV

QDR Sub-system 3 Sub-system 4 Sub-system 5

Time of fire
service intervention

Time to activation
of smoke control

Time to activation
of smoke and fire

Time to activation
of suppression

Sub-system 1

Time of fire spread
from enclosureEnvironmental

influences

Design
fire

(see Figure 3)

Building
characteristics

Time to structural
failure Fire fighting

capability
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� 2XWSXWV

7KH RXWSXWV JLYHQ LQ 6XE�V\VWHP � DUH LOOXVWUDWHG LQ )LJXUH ��

� $QDO\VLV

��� &ODVVLILFDWLRQ

����� *HQHUDO

)LUH JURZWK FDQ EH TXDQWLILHG DFFRUGLQJ WR WKH IROORZLQJ VWDJHV �VHH )LJXUH � IRU H[DPSOH��

¦ LJQLWLRQ�
¦ SUH�IODVKRYHU�
¦ IODVKRYHU�
¦ IXOO\�GHYHORSHG ILUH�
¦ GHFD\�

,W VKRXOG EH QRWHG WKDW IODVKRYHU GRHV QRW QHFHVVDULO\ RFFXU�

)LJXUH � ¦ 6XE�V\VWHP � RXWSXWV

Sub-system 1

Heat release
rate

Time to
flashover

Rate of smoke
production

Rate of CO
production

Flame size

Sub-system 2

Flame
radiation

Sub-system 3

Sub-system 2

Sub-system 4

Sub-system 2

Sub-system 5

Sub-system 3

Sub-system 5

Sub-system 6

Sub-system 2 Sub-system 2

Sub-system 3

Sub-system 4

Sub-system 6

Sub-system 4

Sub-system 5

Sub-system 6
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����� ,JQLWLRQ

,JQLWLRQ JHQHUDOO\ OHDGV WR WKH LQLWLDWLRQ RI IODPLQJ FRPEXVWLRQ� :KLOVW PHWKRGV IRU TXDQWLI\LQJ WKH 
LJQLWDELOLW\ RU HDVH RI LJQLWLRQ RI PDWHULDOV XQGHU ZHOO GHILQHG FRQGLWLRQV H[LVW� WKHUH DUH FXUUHQWO\ QR 
JHQHUDO GHWHUPLQLVWLF PHWKRGV DYDLODEOH IRU SUHGLFWLQJ WKH SRWHQWLDO IRU LJQLWLRQ�

7KH GHVLJQ DSSURDFK W\SLFDOO\ DGRSWHG LV WR FRQVLGHU WKH SRWHQWLDO LJQLWLRQ VRXUFHV WKDW DUH SUHVHQW� 7KHVH
PD\ LQFOXGH�

¦ VPRNHUV
 PDWHULDOV�
¦ QDNHG IODPHV�
¦ HOHFWULF� JDV RU RLO KHDWHUV�
¦ KRW ZRUNLQJ�
¦ FRRNLQJ�
¦ HQJLQHV RU ERLOHUV�
¦ PDFKLQHU\ RU RIILFH HTXLSPHQW�
¦ OLJKWLQJ HTXLSPHQW�
¦ IULFWLRQ IURP GULYH EHOWV�
¦ UHDFWLYH GXVWV�
¦ VWDWLF HOHFWULFLW\�
¦ PHWDO LPSDFW�
¦ DUVRQ�

&RQVLGHUDWLRQ VKRXOG WKHQ EH JLYHQ WR WKH PRVW SUREDEOH LJQLWLRQ VRXUFH� ORFDWLRQ DQG IXHO OLNHO\ WR EH ILUVW 
LJQLWHG� 7KH SUHVHQFH RU QRW RI D §SLORW¨ VXFK DV D VSDUN RU LQGHSHQGHQW IODPH FDQ KDYH D VLJQLILFDQW
LQIOXHQFH RQ WKH LJQLWLRQ SURFHVV�

����� 3UH�IODVKRYHU RU ILUH JURZWK

7KLV FDQ EH HLWKHU D VPRXOGHULQJ RU IODPLQJ VWDJH �VHH ����� DQG �������

����� 6PRXOGHULQJ

6PRXOGHULQJ LV D VORZ� IODPHOHVV IRUP RI FRPEXVWLRQ� ZKLFK LV JHQHUDOO\ SRRUO\ YHQWLODWHG SURGXFLQJ YHU\
OLWWOH KHDW EXW KDYLQJ WKH SRWHQWLDO WR ILOO DQ HQFORVXUH ZLWK XQEXUQHG FRPEXVWLEOH JDVHV WRJHWKHU ZLWK
FRPEXVWLRQ SURGXFWV LQFOXGLQJ� WR[LF JDVHV DQG VPRNH SDUWLFOHV� ,I WKH URRP LV VXGGHQO\ YHQWLODWHG WKHQ 
YHU\ UDSLG LJQLWLRQ FDQ RFFXU� ,I WKH LJQLWLRQ JLYHV ULVH WR D GHIODJUDWLRQ WKHQ WKLV SURFHVV LV GHVFULEHG DV D
EDFNGUDXJKW RU VPRNH H[SORVLRQ�

7KH IROORZLQJ IDFWRUV HIIHFW WKH OLNHOLKRRG RI RQVHW RI VPRXOGHULQJ FRPEXVWLRQ�

¦ QDWXUH RI WKH IXHO�
¦ YHQWLODWLRQ OLPLWDWLRQV�
¦ VWUHQJWK RI LJQLWLRQ VRXUFH�

$V D UHVXOW RI LQFRPSOHWH FRPEXVWLRQ� FDUERQ PRQR[LGH �&2� LV WKH SULQFLSDO KD]DUG DVVRFLDWHG ZLWK
VPRXOGHULQJ FRPEXVWLRQ� 7KH RQVHW RI XQWHQDEOH FRQGLWLRQV GXH WR SRRU YLVLELOLW\ LV DOVR D VLJQLILFDQW
KD]DUG WKDW VKRXOG EH FRQVLGHUHG�

,W VKRXOG EH DVVXPHG WKDW D VPRXOGHULQJ ILUH ZRXOG QRW DFWLYDWH VSULQNOHUV� 7R EH HIIHFWLYH DJDLQVW
VPRXOGHULQJ ILUHV� VXSSUHVVLRQ V\VWHPV QHHG WR EH FRXSOHG WR DSSURSULDWH GHWHFWLRQ V\VWHPV� ,W LV LPSRUWDQW
WR UHDOL]H WKDW WKH VPRNH IURP ILUHV RI ORZ KHDW UHOHDVH UDWH VXFK DV VPRXOGHULQJ ILUHV ZLOO EH VLPSO\
WUDQVSRUWHG DV §SDVVLYH¨ FRQWDPLQDQWV LQ WKH DPELHQW DLU FXUUHQWV� 'HWHFWLRQ V\VWHPV QHHG WR EH ORFDWHG
ZLWK WKLV LQ PLQG�

6PRXOGHULQJ ILUHV FDQ HDVLO\ WUDQVIRUP LQWR IODPLQJ ILUHV SDUWLFXODUO\ ZKHQ YHQWLODWLRQ LV LQFUHDVHG� 2QFH
WKH WUDQVLWLRQ IURP D VPRXOGHULQJ WR D IODPLQJ ILUH KDV RFFXUUHG� WKH HYDOXDWLRQ SURFHGXUH IRU IODPLQJ ILUHV
DSSOLHV�
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����� )ODPLQJ

7KH UDWH RI ILUH JURZWK RI D IODPLQJ ILUH LQ WKH SUH�IODVKRYHU VWDJH FDQ EH GHWHUPLQHG E\ FRQVLGHULQJ WKH
IROORZLQJ�

¦ LWHP ILUVW LJQLWHG�
¦ IODPH VSUHDG�
¦ SRWHQWLDO IRU ILUH VSUHDG IURP LWHP WR LWHP�
¦ UDGLDWLRQ�
¦ FRQYHFWLRQ�
¦ FRQGXFWLRQ�
¦ SRWHQWLDO IRU ILUH VSUHDG GXH WR UH�UDGLDWLRQ IURP WKH FHLOLQJ OD\HU�
¦ ZLQG HIIHFWV�
¦ HIIHFW RI VXSSUHVVLRQ V\VWHPV�

'XULQJ WKLV SUH�IODVKRYHU VWDJH WKHUH LV DQ HQHUJ\ IHHGEDFN IURP WKH IODPHV ZKLFK FDXVHV IXUWKHU S\URO\VLV 
RI WKH LWHP� 7KLV WKHQ SURGXFHV IXUWKHU IODPLQJ ZKLFK LQ WXUQ SURGXFHV JUHDWHU S\URO\VLV RI WKH LWHP�

$IWHU WKH LWHP KDV EHHQ LJQLWHG WKH OLNHOLKRRG RI WUDQVLWLRQ WR WKH HVWDEOLVKHG EXUQLQJ SKDVH QHHGV WR EH
FRQVLGHUHG� 7KH IROORZLQJ SDUDPHWHUV DUH UHOHYDQW LQ GHWHUPLQLQJ LI WKHUH LV VXIILFLHQW HQHUJ\ IRU VXVWDLQHG
EXUQLQJ�

¦ HQHUJ\ RI LJQLWLRQ VRXUFH�
¦ SRWHQWLDO IRU IODPH VSUHDG�
¦ UDWH RI KHDW UHOHDVH DQG IODPH FKDUDFWHULVWLFV IURP LJQLWHG LWHPV�
¦ JHRPHWU\�FRQILJXUDWLRQ RI LJQLWHG LWHP�
¦ HQHUJ\ ORVVHV SDUWLFXODUO\ GXH WR FRQGXFWLRQ�

7KH GXUDWLRQ RI WKLV LQFLSLHQW VWDJH LV GLIILFXOW WR SUHGLFW DFFXUDWHO\ DQG LV XVXDOO\ QRW TXDQWLILHG LQ
HQJLQHHULQJ FDOFXODWLRQV RI GHYHORSPHQW RI XQWHQDEOH FRQGLWLRQV� 7KH OHQJWK RI WKH VWDJH GHSHQGV RQ WKH
LQWHQVLW\ RI WKH LJQLWLRQ VRXUFH DQG WKH QDWXUH RI WKH IXHO� ([SHULPHQWDO ZRUN LQYROYLQJ SDUWLFXODU VFHQDULRV
PLJKW SURYLGH VRPH JXLGDQFH RQ WKH GXUDWLRQ RI WKLV LQFLSLHQW VWDJH�

)LUH JURZWK GXULQJ WKH SUH�IODVKRYHU VWDJH LV LOOXVWUDWHG LQ )LJXUH ��
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)LJXUH � ¦ &RQFHSWXDO LOOXVWUDWLRQ RI FRQWLQXRXV ILUH JURZWK

)LJXUH � ¦ )LUH JURZWK LQ DQ XQFRQWUROOHG URRP ILUH
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����� )ODVKRYHU

)ODVKRYHU FDQ EH DVVXPHG WR RFFXU ZKHQ VXVWDLQHG IODPLQJ IURP FRPEXVWLEOHV UHDFKHV WKH FHLOLQJ DQG WKH
WHPSHUDWXUH RI WKH KRW JDV OD\HU LV EHWZHHQ ��� �& DQG ��� �&� ,I IODPHV IURP WKH FRPEXVWLEOHV GR QRW UHDFK
WKH FHLOLQJ� RU WKH WHPSHUDWXUH UHPDLQV EHORZ ��� �&� IODVKRYHU FDQ EH DVVXPHG WR EH XQOLNHO\�

$IWHU IODVKRYHU� WKH UDWH RI KHDW UHOHDVH ZLOO LQFUHDVH UDSLGO\ XQWLO LW UHDFKHV WKH PD[LPXP YDOXH IRU WKH
HQFORVXUH� 7R VLPSOLI\ GHVLJQ� WKH JURZWK SHULRG EHWZHHQ WKH RQVHW RI IODVKRYHU DQG WKH PD[LPXP KHDW
UHOHDVH UDWH LV XVXDOO\ LJQRUHG� DQG LW FDQ EH DVVXPHG WKDW ZKHQ IODVKRYHU RFFXUV WKH UDWH RI KHDW UHOHDVH 
LQVWDQWDQHRXVO\ LQFUHDVHV WR WKH PD[LPXP YDOXH VHW E\ WKH DYDLODELOLW\ RI DLU�

7KLV DVVXPSWLRQ� ZKLFK LV PDGH LQ )LJXUH �� LV FRQVHUYDWLYH LQ UHODWLRQ WR LWV HVWLPDWLRQ RI WKH PD[LPXP 
KHDW UHOHDVH UDWH� +RZHYHU� LW VKRXOG EH QRWHG WKDW IRU RWKHU VWDJHV RI WKH GHVLJQ FDOFXODWLRQ� WKLV
DVVXPSWLRQ PLJKW QRW EH FRQVHUYDWLYH DW DOO H�J� IRU FDOFXODWLRQ RI WKH WLPH WR DFWLYDWLRQ RI ILUH GHWHFWLRQ 
DQG VXSSUHVVLRQ V\VWHPV�

����� )XOO\ GHYHORSHG ILUH

7KH IXOO\ GHYHORSHG ILUH LV WKH VWDJH DW ZKLFK DOO RI WKH DYDLODEOH IXHO LV EXUQLQJ� 'XULQJ WKH IXOO\ GHYHORSHG
VWDJH RI WKH ILUH� WKH PD[LPXP UDWH RI KHDW UHOHDVH PD\ EH FRQWUROOHG E\ HLWKHU WKH DYDLODEOH YHQWLODWLRQ RU
WKH TXDQWLW\ DQG QDWXUH RI WKH IXHO� 7KH KHDW UHOHDVH UDWHV IRU ERWK YHQWLODWLRQ�FRQWUROOHG DQG
IXHO�EHG�FRQWUROOHG UHJLPHV VKRXOG EH FDOFXODWHG DQG WKH GRPLQDQW UHJLPH WDNHQ DV UHSUHVHQWLQJ WKH IXOO\
GHYHORSHG ILUH�

����� 9HQWLODWLRQ FRQWUROOHG UHJLPH

7KH DYDLODEOH YHQWLODWLRQ LPSRVHV DQ XSSHU OLPLW RQ WKH UDWH RI EXUQLQJ� ,I WKH DYDLODEOH YHQWLODWLRQ LV
UHVWULFWHG� WKH ILUH PD\ QRW UHDFK WKH IODVKRYHU VWDJH DQG LQ VRPH FDVHV PD\ VHOI�H[WLQJXLVK� :KHUH
IODVKRYHU GRHV RFFXU� WKH KHDW UHOHDVH UDWH ULVHV WR WKH PD[LPXP SRVVLEOH ZLWK WKH DYDLODEOH YHQWLODWLRQ�
�6HH )LJXUH ���

'XULQJ WKH FRXUVH RI WKH ILUH WKHUH PLJKW EH DQ LQFUHDVH LQ YHQWLODWLRQ� 7KLV FRXOG EH GXH WR ZLQGRZV
EUHDNLQJ� ILUH VHUYLFH LQWHUYHQWLRQ RU WKH RSHUDWLRQ RI WKH DLU KDQGOLQJ RU VPRNH H[WUDFW V\VWHPV� )RU GHVLJQ 
SXUSRVHV� LW PLJKW EH QHFHVVDU\ WR HVWLPDWH WKH WLPH DW ZKLFK VXFK FKDQJHV PD\ RFFXU DQG WKH LQIOXHQFH
WKH\ PD\ KDYH RQ ILUH JURZWK UDWH DQG LWV VHYHULW\� 2QH SRVVLEOH DSSURDFK WR WKLV LV WR DVVXPH D 
FKDUDFWHULVWLF ILUH SURILOH DQG WKHQ LQFOXGH HYHQWV VXFK DV ZLQGRZ EUHDNDJH E\ FDOFXODWLQJ WKH HIIHFW RI
LQFUHDVH LQ YHQWLODWLRQ RQ WKH SURILOH RI WKH ILUH�

)LJXUH � ¦ +HDW UHOHDVH UDWH FXUYHV IRU XQFRQWUROOHG ILUHV
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����� )XHO�EHG FRQWUROOHG UHJLPH

,Q D IXHO�EHG FRQWUROOHG ILUH� WKH FRPEXVWLEOHV DUH DEOH WR EXUQ IUHHO\ DQG WKH UDWH RI KHDW UHOHDVH LV OLPLWHG
E\ WKH DPRXQW� W\SH DQG VXUIDFH DUHD�RULHQWDWLRQ RI WKH EXUQLQJ LWHPV� :LWK D VPDOO DPRXQW RI IXHO� RU ZLWK
VORZ�EXUQLQJ PDWHULDOV� WKH UDWH RI KHDW UHOHDVH FDQ EH WRR ORZ WR SURGXFH IODVKRYHU HYHQ ZKHQ DOO WKH LWHPV
DUH EXUQLQJ� :KHUH IODVKRYHU GRHV RFFXU� WKH KHDW UHOHDVH UDWH HYHQWXDOO\ ULVHV WR WKH PD[LPXP
IUHH�EXUQLQJ YDOXH� �6HH )LJXUH ���

������ 'HFD\ 

)RU GHVLJQ SXUSRVHV� LW PD\ EH DVVXPHG WKDW WKH KHDW UHOHDVH UDWH UHPDLQV FRQVWDQW XQWLO �� � RI WKH IXHO 
KDV EHHQ FRQVXPHG� ,Q D PDMRULW\ RI FDVHV� DQDO\VLV DIWHU WKLV WLPH LV XQQHFHVVDU\�

������ (IIHFW RI VXSSUHVVLRQ

'XULQJ WKH SUH�IODVKRYHU VWDJH� WKHUH FDQ EH LQWHUYHQWLRQ E\ ILUVW�DLG ILUH�ILJKWLQJ RU DXWRPDWLF
VXSSUHVVLRQ� RU E\ WKH ILUH VHUYLFH� 7KH ILUH VHUYLFH FDQ DOVR LQWHUYHQH DIWHU IODVKRYHU� 7KH HIIHFWLYHQHVV RI
WKH VXSSUHVVLRQ V\VWHP GHSHQGV RQ VHYHUDO IDFWRUV� LQFOXGLQJ�

D� WKH ILUH VL]H DW WKH WLPH RI VXSSUHVVLRQ V\VWHP DFWLYDWLRQ�

E� WKH W\SH RI VXSSUHVVLRQ V\VWHP�

F� WKH FKDUDFWHULVWLFV RI WKH VXSSUHVVLRQ V\VWHP�

G� WKH JHRPHWU\ RI WKH SURWHFWHG VSDFH�

H� WKH H[WHQW WR ZKLFK WKH IXHO LV VKLHOGHG IURP WKH VXSSUHVVLRQ PHGLXP�

)LYH RI WKH SRVVLEOH HIIHFWV RI VXSSUHVVLRQ WKDW VKRXOG EH FRQVLGHUHG IRU GHVLJQ SXUSRVHV DUH DV IROORZV�

D� WKH DSSOLFDWLRQ RI WKH H[WLQJXLVKLQJ DJHQW UHGXFHV WKH UDWH RI KHDW UHOHDVH HIIHFWLYHO\ WR ]HUR
H[WLQJXLVKLQJ WKH ILUH� VHH �D� )LJXUH ���

E� WKH DSSOLFDWLRQ RI WKH H[WLQJXLVKLQJ DJHQW KDOWV WKH LQFUHDVH LQ WKH UDWH RI KHDW UHOHDVH� DQG WKH ILUH
WKHQ FRQWLQXHV WR EXUQ DW D FRQVWDQW UDWH� VHH �E� )LJXUH ��� ,Q VRPH GHVLJQ DSSOLFDWLRQV� LW LV W\SLFDO WR
DVVXPH WKDW WKH ILUH LV VWHDG\ VWDWH IURP LJQLWLRQ� 0RUH JXLGDQFH FDQ EH IRXQG LQ �������� 2WKHU 
SRVVLELOLWLHV DIWHU DSSOLFDWLRQ RI WKH H[WLQJXLVKLQJ DJHQW DW 4VXS DUH DV IROORZV� 7KHVH DUH LOOXVWUDWHG 
LQ )LJXUH ���

F� ILUH FRQWLQXHV WR JURZ EXW PRUH VORZO\ WKDQ EHIRUH >VHH �H� )LJXUH ��@�

G� ILUH LV VXGGHQO\ UHGXFHG LQ UDWH RI KHDW UHOHDVH� EXW FRQWLQXHV WR JURZ PRUH VORZO\ >VHH �I� )LJXUH ��@�

H� WKH SUREDELOLW\ RI IDLOXUH RI LQVWDOOHG DXWRPDWLF VXSSUHVVLRQ V\VWHPV VKRXOG EH FRQVLGHUHG ZKHQ 
GHWHUPLQLQJ LI D ILUH LV OLNHO\ WR EH XQFRQWUROOHG� 7KH XQFRQWUROOHG ILUH VKRXOG DOVR EH FRQVLGHUHG ZKHQ
ORRNLQJ DW WKH HIIHFW RI ILUVW DLG ILUH�ILJKWLQJ�

*XLGDQFH RQ WKH TXDQWLWDWLYH HIIHFWV RI VXSSUHVVLRQ V\VWHPV RQ ILUH JURZWK FDQ EH IRXQG LQ 6XE�V\VWHP ��
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)LJXUH �� ¦ (IIHFW RI VXSSUHVVLRQ
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��� 'HVLJQ FDOFXODWLRQV

����� 3UH�IODVKRYHU VWDJHV RI WKH ILUH

������� 4 ¦ +HDW UHOHDVH UDWH

7KH DPRXQW RI KHDW UHOHDVHG E\ D ILUH SHU XQLW RI WLPH GHSHQGV RQ LWV KHDW RI FRPEXVWLRQ DQG WKH PDVV RI
IXHO EXUQHG SHU XQLW WLPH�

ZKHUH

127( /LPLWV� 7KLV HTXDWLRQ DVVXPHV FRPSOHWH FRPEXVWLRQ RI WKH YDSRUL]HG IXHO� ,Q YLWLDWHG FRQGLWLRQV� WKHUH LV VLJQLILFDQW 
LQFRPSOHWH FRPEXVWLRQ� SDUWLFXODUO\ IRU FHLOLQJ ILUHV DQG FDXWLRQ VKRXOG EH XVHG ZKHQ DSSO\LQJ WKLV HTXDWLRQ WR FDOFXODWH KHDW UHOHDVH 
UDWHV�

������� 4S ¦ &RQYHFWLYH KHDW UHOHDVH

7KH FRQYHFWLYH KHDW RXWSXW RI WKH SOXPH LV GHSHQGHQW XSRQ WKH OXPLQRVLW\ RI WKH IODPH� 7KH OHVV OXPLQRXV
WKH IODPH WKH JUHDWHU WKH FRQYHFWLYH KHDW RXWSXW� L�H� §FOHDQ EXUQLQJ¨ IXHO ¦ DOFRKRO ¦ ZLOO KDYH D JUHDWHU 
FRQYHFWLYH KHDW RXWSXW�

)LJXUH �� ¦ (IIHFW RI SDUWLDO VXSSUHVVLRQ

4  PI �+F ���

4 WRWDO KHDW UHOHDVH UDWH �N:�
PI PDVV ORVV UDWH RI IXHO �NJ�V�
�+F KHDW RI FRPEXVWLRQ �N-�NJ�
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Q is the rate of heat release at which suppression activatessup
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7KH FRQYHFWLYH KHDW RXWSXW RI WKH SOXPH LV JLYHQ E\�

ZKHUH

'DWD IRU SDUWLFXODU IXHOV FDQ EH IRXQG LQ 6)3( +DQGERRN RI )LUH (QJLQHHULQJ >�@

������� 4
 ¦ 'LPHQVLRQOHVV KHDW UHOHDVH UDWH

4
 LV D GLPHQVLRQOHVV KHDW UHOHDVH UDWH ILUVW LQWURGXFHG E\ =XNRVNL >�@� ,W LV D UHODWLYH PHDVXUH RI WKH
LPSRUWDQFH RI LQHUWLD DQG EXR\DQF\ H[SUHVVHG LQ WHUPV RI KHDW UHOHDVH UDWH RI WKH ILUH� ,W LV XVHG WR FODVVLI\
ILUH W\SHV DQG FRUUHODWH DVSHFWV RI ILUH EHKDYLRXU� VXFK DV IODPH KHLJKW� DLU HQWUDLQPHQW DQG VRRW
SURGXFWLRQ�

IRU §QRUPDO¨ DPELHQW FRQGLWLRQV� ZKHUH

)RU EXR\DQW ILUHV 4
 ZLOO W\SLFDOO\ EH OHVV WKDQ ��

������� &KDUDFWHULVWLF ILUH JURZWK FXUYH ¦ W�

7KH JURZWK SKDVH RI PDQ\ ILUHV FDQ EH FKDUDFWHULVHG DV LQFUHDVLQJ SURSRUWLRQDOO\ ZLWK WKH VTXDUH RI WLPH
�(YDQV >�@� PHDVXUHG IURP DQ LJQLWLRQ UHIHUHQFH WLPH� WL� DV

ZKHUH

,Q DQ H[WHQVLYH VHULHV RI WHVWV FDUULHG RXW E\ )DFWRU\ 0XWXDO 5HVHDUFK &RUSRUDWLRQ� PHDVXUHPHQWV ZHUH 
PDGH RI PD[LPXP FHLOLQJ MHW WHPSHUDWXUHV DQG YHORFLWLHV GXULQJ WKH JURZWK RI ILUHV LQ ZKLFK YDULRXV ZRRG
FULEV ZHUH EXUQHG� 7KH FHLOLQJ MHW WHPSHUDWXUH DQG YHORFLW\ FRUUHODWLRQV DUH WKH EDVLV IRU WKH FDOFXODWHG 
YDOXHV RI ILUH GHWHFWRU VSDFLQJ IRXQG LQ 1)3$ ��(� 6WDQGDUG RQ $XWRPDWLF )LUH 'HWHFWRUV� DQG WKH YDOXH
RI ILUH GHWHFWRU UHVSRQVH WLPHV FDOFXODWHG E\ VSHFLDO SXEOLFDWLRQV RI WKH 8�6� 1DWLRQDO %XUHDX RI 6WDQGDUGV�
,Q WKHVH SXEOLFDWLRQV� WKUHH RU IRXU VHOHFWHG ILUH HQHUJ\ UHOHDVH UDWHV DVVXPHG WR LQFUHDVH SURSRUWLRQDOO\
ZLWK WKH VTXDUH RI WLPH ZHUH XVHG DV WKH EDVLV IRU WKH HYDOXDWLRQ� 7KHVH ILUH HQHUJ\ UHOHDVH UDWH KLVWRULHV
ZHUH FKRVHQ WR EH UHSUHVHQWDWLYH RI DFWXDO ILUH VLWXDWLRQV LQYROYLQJ GLIIHUHQW FRPPRGLWLHV DQG JHRPHWULF
VWRUDJH DUUDQJHPHQWV� 7KHVH ILUH JURZWK SDUDPHWHUV DUH JLYHQ LQ 7DEOH ��

4S  �4 ���

4S KHDW UHOHDVH UDWH FRQYHFWHG E\ WKH SOXPH �N:�
4 WRWDO KHDW UHOHDVH UDWH �N:�
� LV WKH IUDFWLRQ RI WKH WRWDO KHDW UHOHDVH UDWH FRQYHFWHG E\ WKH SOXPH� 7KLV FDQ UDQJH IURP ��� WR ���

GHSHQGLQJ XSRQ WKH IXHO

��� >�@

4 LV WKH WRWDO KHDW UHOHDVH UDWH �N:�
&S LV WKH VSHFLILF KHDW FDSDFLW\ �N-�NJ¥��.¥��

� LV WKH DPELHQW DLU GHQVLW\ �NJ�P¥��
7� LV WKH DPELHQW DLU WHPSHUDWXUH �.�
J LV WKH DFFHOHUDWLRQ GXH WR JUDYLW\ �P�V¥��
'V LV WKH OLQHDU GLPHQVLRQV RI WKH VRXUFH �P�

4  ��W ¥ WL�� ���

4 LV WKH WRWDO KHDW UHOHDVH UDWH IURP WKH ILUH GXULQJ WKH JURZWK SKDVH �N:�
W LV WKH WLPH IURP LJQLWLRQ �V�
WL LV WKH WLPH RI LJQLWLRQ �V�
� LV WKH ILUH JURZWK SDUDPHWHU �N-�V��

4
 4

�&S7�J���'V

���
������������������������������������������� RU 4

����'V
���

�������������������������� 
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7DEOH � ¦ )LUH JURZWK SDUDPHWHUV >�@

7DEOH � ¦ 'HVLJQ ILUH JURZWK UDWHV

������� +HDW UHOHDVH UDWH SHU XQLW DUHD

,I WKH OLNHO\ UDWH RI KHDW UHOHDVH SHU XQLW DUHD FDQ EH HVWDEOLVKHG IRU WKH SDUWLFXODU XVH RI D EXLOGLQJ� WKH 
UDWH RI KHDW UHOHDVH PD\ EH FDOFXODWHG IURP WKH DUHD RI WKH URRP RU FRPSDUWPHQW �RU YLFH YHUVD� E\ PHDQV
RI WKH IROORZLQJ HTXDWLRQ�

ZKHUH

7DEOH � ¦ 6XJJHVWHG KHDW UHOHDVH UDWHV SHU XQLW DUHD IRU IXHO EHG FRQWUROOHG ILUHV

������� 6WHDG\ VWDWH GHVLJQ 

,W LV QHFHVVDU\ WR DVVHVV WKH ODUJHVW ILUH WKDW FDQ EH H[SHFWHG LQ WKH SHULRG RI LQWHUHVW� 7KLV ZRXOG LQFOXGH 
WKH HIIHFW RI ILUH VXSSUHVVLRQ DFWLRQ E\ VSULQNOHUV� RU WKH ILUH VHUYLFH RU DQ\ RWKHU DJHQW RU V\VWHP� :KHQ
WKLV OHDGV WR XQVDIH FRQGLWLRQV DGGLWLRQDO SURWHFWLRQ LV QHFHVVDU\� )RU VPRNH FRQWURO GHVLJQ D VWHDG\ VWDWH 
ILUH LV QRUPDOO\ DVVXPHG� EDVHG RQ WKLV ODUJHVW ILUH�

)RU LQIRUPDWLRQ RQ WKH RULJLQV RI WKH VWHDG\ VWDWH GHVLJQ ILUH� VHH /DZ >�@�

&ODVVLILFDWLRQ �

6ORZ ����� �
0HGLXP �����
)DVW �����
8OWUD�IDVW �����
127( /LPLWV� 7KH W� SDUDPHWHUV UHSUHVHQW ILUH JURZWK VWDUWLQJ ZLWK D UHDVRQDEO\ ODUJH IODPLQJ LJQLWLRQ VRXUFH� :LWK D VPDOOHU
VRXUFH� WKHUH LV DQ LQFXEDWLRQ SHULRG EHIRUH HVWDEOLVKHG IODPLQJ RFFXUV�

%XLOGLQJ XVH )LUH JURZWK UDWH

3LFWXUH JDOOHU\ 6ORZ
'ZHOOLQJ 0HGLXP
2IILFH 0HGLXP
+RWHO UHFHSWLRQ 0HGLXP
+RWHO EHGURRP 0HGLXP
6KRS )DVW
,QGXVWULDO VWRUDJH RU SODQW URRP 8OWUD�IDVW
127( /LPLWV� 7KH FKDUDFWHULVWLF ILUH JURZWK UDWHV JLYHQ LQ 7DEOH � VKRXOG EH XVHG IRU JHQHUDO GHVLJQ SXUSRVHV IRU GLIIHUHQW W\SHV
RI RFFXSDQFLHV� )RU PXOWLSOH XVH EXLOGLQJV� WKH IDVWHU JURZWK UDWH VKRXOG EH WDNHQ�

4  4� $ILUH ���

4 LV WKH WRWDO KHDW UHOHDVH UDWH IURP WKH ILUH �N:�
4� LV WKH WRWDO KHDW UHOHDVH UDWH SHU XQLW DUHD RI ILUH �N:�P��
$ILUH LV WKH DUHD RI ILUH �P��

2FFXSDQF\ +HDW UHOHDVH UDWH SHU XQLW DUHD

N:�P�

6KRSV >�@ ���
2IILFHV >�@ ���
+RWHO 5RRPV >�@ ���
,QGXVWULDO >�@ �� ¥ ��� 
([FOXGLQJ VWRUDJH GHSHQGLQJ XSRQ IXHO DQG DUUDQJHPHQW
127( /LPLWV� 7KLV LQIRUPDWLRQ VKRXOG EH WUHDWHG ZLWK FDUH� DV LW LV SUHGRPLQDQWO\ RI 86 RULJLQ DQG WKHUHIRUH PD\ QRW DOZD\V EH 
UHSUHVHQWDWLYH RI 8. RFFXSDQFLHV�
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������� 6PRXOGHULQJ ILUH

4XLQWLHUH HW DO� >�@ KDV GHYHORSHG D PRGHO IRU VPRXOGHULQJ ILUHV� 7KLV PRGHO GHVFULEHV WKH S\URO\VLV UDWH E\
WKH H[SUHVVLRQ�

127( /LPLWV� 7KH H[SUHVVLRQ LV DQ H[SHULPHQWDO VPRXOGHU UDWH DQG LV RQO\ YDOLG IRU WKH WZR 1%6 WHVWV� 7�� SRO\XUHWKDQH
DQG 7�� FRWWRQ� 7KH YDOLGLW\ RI WKLV HTXDWLRQ ZDV DOVR FRQILUPHG >��@ E\ FRPSDULVRQ ZLWK %LOO DQG .XQJªV >��@ IXOO�VFDOH H[SHULPHQWDO
GDWD�

������� &DOFXODWLRQV IURP ILUVW SULQFLSOHV

7KH KHDW UHOHDVH RI WKH LWHP ILUVW LJQLWHG VKRXOG EH GHWHUPLQHG IURP WKH VSHFLILF GDWD �IRU H[DPSOHV�
VHH $QQH[ $�� $Q DQDO\VLV VKRXOG EH SHUIRUPHG WR DVFHUWDLQ LI WKH ILUH LV OLNHO\ WR VSUHDG WR QHLJKERXULQJ
LWHPV� 7KLV FDQ EH DFFRPSOLVKHG E\ FRQVLGHULQJ WKH UDGLDQW KHDW WUDQVIHU IURP WKH IODPHV WR DGMDFHQW IXHO
LWHPV� 7KH UDGLDQW KHDW IOX[ LQFLGHQW RQ WKH DGMDFHQW SDFNDJHV VKRXOG EH FRPSDUHG ZLWK WKH FULWLFDO
LJQLWLRQ IOX[HV IRU WKH UHOHYDQW PDWHULDOV WR GHWHUPLQH LI VHFRQGDU\ LJQLWLRQ �ILUH VSUHDG� LV OLNHO\�

������� ([SHULPHQWDO GDWD

5HVXOWV IURP H[SHULPHQWDO ILUH WHVW GDWD PD\ EH XVHG DV D GLUHFW VRXUFH RI KHDW UHOHDVH GDWD IRU ILUH PRGHOV� 
SURYLGHG WKH OLPLWDWLRQV RI WKH WHVWV DUH FRQVLGHUHG� 0XFK LQIRUPDWLRQ RQ EXUQLQJ UDWHV IRU VLQJOH LWHPV KDV
EHHQ UHSRUWHG XQGHU IUHH EXUQLQJ FRQGLWLRQV LQ ODUJH HQFORVXUHV� 6XFK GDWD GR QRW XVXDOO\ LQFOXGH WKH 
HIIHFWV RI�

D� UDGLDWLYH IHHGEDFN IURP WKH KRW VPRNH OD\HU RU IURP WKH HQFORVXUH VXUIDFHV�

E� OLPLWHG VXSSO\ RI R[\JHQ GXH WR YHQWLODWLRQ FRQGLWLRQV RU WKH IODPH EHFRPLQJ LPPHUVHG LQ WKH OD\HU RI
FRPEXVWLRQ SURGXFWV�

F� LQWHUDFWLRQ EHWZHHQ REMHFWV� SDUWLFXODUO\ WKHLU RULHQWDWLRQ DQG VWRUDJH�

7DEOHV RI GDWD FDQ EH IRXQG LQ $QQH[ $�

�������� 7HPSHUDWXUH ZLWKLQ HQFORVXUH SULRU WR IODVKRYHU

7KLV PHWKRG XVHV D ]RQH PRGHO FRQFHSW DQG DVVXPHV D XQLIRUP KRW JDV OD\HU WKDW FROOHFWV XQGHU WKH FHLOLQJ� 
6XFK PHWKRGV GR QRW SUHGLFW WKH ORFDO WHPSHUDWXUHV� ZKLFK GHWHUPLQH ZKHQ D GHWHFWRU RU VSULQNOHU ZLOO EH
WULJJHUHG� 7KH IROORZLQJ UHODWLRQVKLS LV GHULYHG IURP H[SHULPHQWDO GDWD� E\ 0F&DIIUH\� 4XLQWLHUH�
+DNOHURDG >��@� ,W FDQ EH XVHG WR FDOFXODWH WKH WHPSHUDWXUH ULVH DERYH DPELHQW LQ WKH HQFORVXUH SULRU WR
IODVKRYHU� SURYLGHG WKDW WKH XSSHU JDV OD\HU GRHV QRW H[FHHG EHWZHHQ ��� �& WR ��� �&� EDVHG RQ WKH 
DVVXPSWLRQ WKDW IODVKRYHU RFFXUV DW DQ XSSHU OD\HU WHPSHUDWXUH ULVH RI EHWZHHQ ��� �& WR ��� �& >��@� $
FRQVHUYDWLYH DSSURDFK LQ UHODWLRQ WR ILUH JURZWK ZRXOG EH WR DVVXPH D YDOXH RI ��� �&�

127( � 7KH HQFORVXUHV ZHUH LQ WKH UDQJH RI ��� P WR ��� P KLJK E\ ���� P� WR �� P� IORRU DUHD�

���

ZKHUH
P LV WKH VPRXOGHULQJ S\URO\VLV UDWH �J�PLQ��

���

P
���� J PLQ �±
� � W ����� � J PLQ �±

� �� W�

�� J PLQ �±
� ��

�



 

� W ��� �  PLQ

�� W ���� �  PLQ

4 ���� 4�

$ZK���KN$W
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)RU WKH FDVH ZKHUH WKH WKHUPDO SHQHWUDWLRQ WLPH� WS� IRU WKH HQFORVXUH ERXQGDULHV LV JUHDWHU WKDQ WKH ILUH
H[SRVXUH WLPH� L�H� KHDW WUDQVIHU LV WUDQVLHQW RU QRQ�VWHDG\�

DQG

RU IRU WKH FDVH ZKHUH WKH WKHUPDO SHQHWUDWLRQ WLPH IRU WKH HQFORVXUH LV VLJQLILFDQWO\ VKRUWHU WKDQ WKH ILUH 
H[SRVXUH WLPH� L�H� KHDW WUDQVIHU LV VWHDG\�

ZKHUH

127( � /LPLWV �VHH '' ������������ (TXDWLRQ ��� LV RQO\ YDOLG ZKHQ D WZR�GLPHQVLRQDO IORZ KDV EHHQ HVWDEOLVKHG LQ WKH YHUWLFDO 
YHQWLODWLRQ RSHQLQJ�V� L�H� WKH HTXDWLRQ LV QRW DSSOLFDEOH WR WKH VPRNH�ILOOLQJ SKDVH RI DQ HQFORVXUH ILUH SURFHVV� 7KH PRGHO DVVXPHV D
KRW JDV OD\HU RI XQLIRUP WHPSHUDWXUH� ,W LV QRW DSSOLFDEOH WR ILUH SURFHVV FRQWUROOHG E\ YHQWLODWLRQ� 6SHFLDO FDUH KDV WR EH WDNHQ�

D� ZKHQ WKH ILUH HQFORVXUH KDV PRUH WKDQ RQH RSHQLQJ�

E� IRU D YHU\ ZHOO�LQVXODWHG ILUH HQFORVXUH RU LQ RWKHU VLWXDWLRQV ZKHQ �

F� ZKHQ ILUH JURZWK LV H[WUDRUGLQDULO\ IDVW�

G� IRU ILUHV LQ FRUQHUV RU DGMDFHQW WR D ZDOO�

H� IRU FRPSOLFDWHG ILUH URRP JHRPHWULHV�

���

WS   �
FSV�NV������� ���

KN  NV�� ����

� LV WKH WHPSHUDWXUH ULVH DERYH DPELHQW LQ WKH XSSHU JDV OD\HU ��&�
4 LV WKH WRWDO UDWH RI KHDW UHOHDVH �N:�
$W LV WKH WRWDO VXUIDFH DUHD RI WKH HQFORVXUH �P��
$Z LV WKH DUHD RI WKH YHQWLODWLRQ RSHQLQJ �P��
KN LV WKH HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW �N:�P¥�

�.¥��
K LV WKH KHLJKW RI WKH YHQWLODWLRQ RSHQLQJ �P�
NV LV WKH WKHUPDO FRQGXFWLYLW\ RI WKH HQFORVXUH ERXQGDULHV �N:�P¥��.¥��

 LV WKH GHQVLW\ RI WKH HQFORVXUH ERXQGDULHV �NJ�P��
FSV LV WKH VSHFLILF KHDW FDSDFLW\ RI WKH HQFORVXUH ERXQGDULHV �N-�NJ¥��.¥��
� LV WKH WKLFNQHVV RI WKH HQFORVXUH ERXQGDULHV �P�
WS LV WKH WKHUPDO SHQHWUDWLRQ WLPH �V�

KN

NV
FSV
WS

�����������������
	 �

� �

� 


���
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�������� +HDW UHOHDVH UDWH DW IODVKRYHU

7KHUH DUH WZR PHWKRGV RI FDOFXODWLRQ�

D� 0HWKRG �

7KRPDV >��@ GHYHORSHG DQ DQDO\VLV EDVLQJ WKH KHDW IORZ WKURXJK DQ RSHQLQJ RQ D PDVV LQIORZ H[SUHVVHG 
LQ WHUPV RI YHQWLODWLRQ FRQWURO� 7KH UDWH RI KHDW UHOHDVH UHTXLUHG IRU IODVKRYHU WR RFFXU� ZKLFK LV EDVHG
XSRQ WKH DVVXPSWLRQ WKDW IODVKRYHU RFFXUV DW DQ XSSHU�OD\HU WHPSHUDWXUH ULVH RI ��� �&� LV�

ZKHUH

:KHUH WKH HIIHFWV RI WKHUPDO SURSHUWLHV RI WKH OLQLQJV DUH WR EH FRQVLGHUHG� WKH IROORZLQJ HTXDWLRQ�
E\ 0F&DIIUH\ HW DO� >�@� PD\ EH XVHG LQ SODFH RI WKH HTXDWLRQ DERYH�

ZKHUH

127( � 7KH HQFORVXUHV ZHUH LQ WKH UDQJH RI ��� P WR ��� P KLJK E\ ���� P� WR �� P� IORRU DUHD�

127( � /LPLWV >��@� (TXDWLRQV ���� DQG ���� DUH RQO\ YDOLG ZKHQ D WZR�GLPHQVLRQDO IORZ KDV EHHQ HVWDEOLVKHG LQ WKH YHUWLFDO 
YHQWLODWLRQ RSHQLQJ�V� L�H� WKH HTXDWLRQV DUH QRW DSSOLFDEOH WR WKH VPRNH�ILOOLQJ SKDVH RI DQ HQFORVXUH ILUH SURFHVV� 7KH PRGHOV
DVVXPH D KRW JDV OD\HU RI XQLIRUP WHPSHUDWXUH� 7KH\ DUH QRW DSSOLFDEOH WR ILUH SURFHVV FRQWUROOHG E\ YHQWLODWLRQ� 6SHFLDO FDUH KDV
WR EH WDNHQ�

�� ZKHQ WKH ILUH HQFORVXUH KDV PRUH WKDQ RQH RSHQLQJ�

�� IRU D YHU\ ZHOO�LQVXODWHG ILUH HQFORVXUH RU LQ RWKHU VLWXDWLRQV ZKHQ �

�� ZKHQ ILUH JURZWK LV H[WUDRUGLQDULO\ IDVW�

�� IRU ILUHV LQ FRUQHUV RU DGMDFHQW WR D ZDOO�

�� IRU FRPSOLFDWHG ILUH URRP JHRPHWULHV�

,Q DGGLWLRQ� WKH PRGHOV DUH EDVHG RQ H[SHULPHQWV ZLWK ZDOO PDWHULDO RI UHODWLYHO\ KLJK WKHUPDO LQHUWLD
DQG FDQ EH OHVV FRQVHUYDWLYH IRU KLJKO\ LQVXODWHG ILUH FRPSDUWPHQWV�

E� 0HWKRG �

%\ FKRRVLQJ D WHPSHUDWXUH ULVH RI ��� �& DV WKH IODVKRYHU WHPSHUDWXUH DQG VXEVWLWXWLQJ WKLV LQWR
HTXDWLRQ ���� 0F&DIIUH\ HW DO� GHULYHG WKH H[SUHVVLRQ IRU WKH QHFHVVDU\ KHDW UHOHDVH UDWH WR FDXVH WKLV 
WHPSHUDWXUH ULVH� L�H� IODVKRYHU� 7KLV HTXDWLRQ GLIIHUV IURP PHWKRG �HTXDWLRQ ��� LQ WKDW LW LQFOXGHV
H[SOLFLWO\ KHDW WUDQVIHU WKURXJK WKH FRPSDUWPHQW ERXQGDULHV�

4IR  ���$W � ���$ZK��� ����

4IR LV WKH UDWH RI KHDW UHOHDVH DW IODVKRYHU �N:�
$W LV WKH WRWDO VXUIDFH DUHD RI WKH HQFORVXUH �P��
K LV WKH KHLJKW RI YHQWLODWLRQ RSHQLQJV �P�
$Z LV WKH DUHD RI YHQWLODWLRQ RSHQLQJV �P��

4IR   ����KN$W$ZK���
�

��� ����

4IR LV WKH UDWH RI KHDW UHOHDVH DW IODVKRYHU �N:�
KN LV WKH HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW �N:�P¥��.¥��
$W LV WKH WRWDO VXUIDFH DUHD RI WKH HQFORVXUH �P��
$Z LV WKH DUHD RI YHQWLODWLRQ RSHQLQJV �P��
K LV WKH KHLJKW RI YHQWLODWLRQ RSHQLQJV �P�

���� >��@

KN ��

T ��� KN$Z$ +
	 �
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ZKHUH

127( � /LPLWV� 0F&DIIUH\ HW DO� >��@ VWDWHG WKDW WKH\ KDG QRW LQFOXGHG §H[WHQVLYH GDWD¨ IURP YHQWLODWLRQ�FRQWUROOHG ILUHV� DQG WKDW 
DOO GDWD ZHUH IRU ILUHV QHDU WKH FHQWUH RI D URRP� 7KH\ GR QRW JLYH DQ\ GDWD RQ WKH ILUH SHULPHWHUV� 7KH HQFORVXUHV XVHG KDG
GLPHQVLRQV VXPPDUL]HG LQ 7DEOH �� ,W FDQ EH VHHQ WKDW DOPRVW DOO WKH RSHQLQJV ZHUH WDOOHU WKDQ WKH\ ZHUH ZLGH� DQG WKDW VRPH ZHUH
YHU\ QDUURZ LQGHHG� ,W LV� WKHUHIRUH� VLJQLILFDQW WKDW 0F&DIIUH\ HW DO� >��@ LQFOXGHG D FDXWLRQ WKDW WKHLU FRUUHODWLRQ PLJKW EH OHVV 
UHOHYDQW IRU §YHU\ GLIIHUHQW¨ H[SHULPHQWV�

,W VKRXOG EH VWDWHG WKDW FDXWLRQ VKRXOG EH XVHG ZLWK WKHVH HTXDWLRQV DQG WKH\ VKRXOG RQO\ EH XVHG ZKHUH 
D FRPSDUWPHQW LV VLPLODU WR WKH H[SHULPHQWDO FRPSDUWPHQWV�

7DEOH � ¦ ([SHULPHQWDO HQFORVXUH TXRWHG E\ 0F&DIIUH\ HW DO� >��@

�������� )ODPH OHQJWK IRU D[L�V\PPHWULF ILUH VRXUFH 

$[L�V\PPHWULF ILUH VRXUFH ¦ RQ WKH IORRU DQG DZD\ IURP ZDOOV�

$LU LV HQWUDLQHG IURP DOO VLGHV DQG DORQJ WKH HQWLUH KHLJKW RI WKH SOXPH XQWLO WKH SOXPH EHFRPHV VXEPHUJHG 
LQ WKH VPRNH OD\HU EHQHDWK WKH FHLOLQJ�

7KH KHLJKW RI WKH IODPLQJ UHJLRQ RI VXFK D ILUH LV JLYHQ E\�

ZKHUH

7KLV HTXDWLRQ LV VWULFWO\ YDOLG RQO\ IRU ILUHV ZKHUH�

ZKHUH

7KH FRUUHODWLRQ LQGLFDWHG E\ WKH HTXDWLRQ LV LQGHSHQGHQW RI 'V RQO\ IRU ]IO�'V ! ��

)RU ]IO�'V � �� ]IO�'V LV SURSRUWLRQDO WR 4�'V
���� HTXDWLRQ ���� ZLOO RYHU�SUHGLFW IODPH KHLJKWV IRU ]IO�'V � ��

T LV WKH QHFHVVDU\ KHDW UHOHDVH UDWH WR FDXVH WKH WHPSHUDWXUH ULVH �N:�
KN LV WKH HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW �N:P¥��.¥��
$Z LV WKH DUHD RI YHQWLODWLRQ RSHQLQJV �P��
+ LV WKH KHLJKW RI FHLOLQJ DERYH WKH ILUH VRXUFH �P�
$ LV WKH RSHQLQJ DUHD �P��

(QFORVXUH 2SHQLQJ

+HLJKW :LGWK /HQJWK +HLJKW :LGWK

P P P P P

���� ���� ���� ����� ���� WR �����
���� ���� ���� ���� ��� WR ����
���� ���� ���� ���� ����
��� ��� ��� ���� ����
���� ���� ���� ���� ����
��� ��� ���� ��� ���� WR ���
��� ��� ��� ��� ������ �����

��� �����
���� ��� ��� ���� ����� WR ������

����� WR ���� �����

���� >��@

]IO LV WKH PHDQ KHLJKW RI OXPLQRXV IODPHV DERYH WKH IXHO VXUIDFH �P�
4 LV WKH WRWDO UDWH RI KHDW UHOHDVH �N:�

]IO�'V ! � ����

'V LV WKH GLDPHWHU RI WKH VRXUFH �P�

]IO ���4��� 
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0RUH FRPSOH[ H[SUHVVLRQV DUH DYDLODEOH IRU ]IO�'V � � >VHH IRU H[DPSOH &R[� *� DQG &KLWW\� 5� 6RPH VRXUFH 
GHSHQGDQW HIIHFWV RI XQERXQGHG ILUHV >��@ DQG +HVNHVWDG� *�� /XPLQRXV KHLJKWV RI WXUEXOHQW GLIIXVLRQ IODPH� 
)LUH 6DIHW\ -RXUQDO YRO��� ��� ������@� >��@ EXW HTXDWLRQ ���� UHSUHVHQWV DQ XSSHU OLPLW IRU WKH KHLJKW RI WKH 
IODPLQJ UHJLRQ�
127( /LPLWV� (TXDWLRQ ���� ZDV RULJLQDOO\ GHYHORSHG IRU KRUL]RQWDO�VXUIDFH ILUHV ZLWKRXW VXEVWDQWLDO LQ�GHSWK FRPEXVWLRQ VXFK DV 
OLTXLG SRRO ILUHV� ([SHULHQFH KDV VKRZQ WKDW PDQ\ SUDFWLFDO IXHO VRXUFHV VXFK DV ZRRG SDOOHW ILUHV FDQ EH KDQGOHG E\ HTXDWLRQ ����
�ZLWK WKH H[FHSWLRQ RI YHU\ RSHQO\ FRQVWUXFWHG SDOOHW VWDFNV�� )ODPH KHLJKW LV WKHQ PHDVXUHG IURP WKH WRS VXUIDFH�

,W VKRXOG EH QRWHG WKDW IRU GHWHFWLRQ SXUSRVHV WKLV HTXDWLRQ ZLOO RYHU�SUHGLFW WKH IODPH KHLJKW WKHUHIRUH LW
ZLOO QRW EH D FRQVHUYDWLYH HVWLPDWH IRU WKLV SXUSRVH�

�������� )ODPH OHQJWK IRU OLQH VRXUFHV

$ OLQH VRXUFH LV D UHFWDQJXODU VRXUFH ZKHUH WKH ORQJHU VLGH� GV LV JUHDWHU WKDQ WKUHH WLPHV WKH VKRUWHU VLGH� 
)RU D OLQH VRXUFH RULJLQDWLQJ RQ WKH IORRU DZD\ WKH ZDOOV� WKH KHLJKW RI WKH IODPLQJ UHJLRQ LV JLYHQ E\�

ZKHUH

+RZHYHU� IRU UHFWDQJXODU ILUH VRXUFHV ZLWK WKH ORQJHU VLGH JUHDWHU WKDQ ILYH WLPHV WKH VKRUWHU VLGH� WKH
IODPH OHQJWK LV JLYHQ E\�

127( /LPLWV� ,Q SUDFWLFH WKH HTXDWLRQV ���� DQG ���� PD\ UHSUHVHQW D IODPH WKDW HPHUJHV IURP DQ RSHQ�IURQWHG HQFORVXUH ILUH�
KRUL]RQWDO FRQYH\RU RU FDEOH ILUHV� HWF�

�������� )ODPH OHQJWKV IRU FRUQHU URRP DQG ZDOO ILUHV

7KH SUHVHQFH RI ZDOOV QHDU WKH VRXUFH RI D SOXPH FDQ VWURQJO\ LQIOXHQFH WKH HQWUDLQPHQW UDWH DQG RWKHU
SURSHUWLHV RI WKH SOXPH� 2QH RI WKH PDLQ LQIOXHQFHV WKDW LW FDQ KDYH LV WKDW RI WKH IODPH KHLJKW�

,W VKRXOG EH DSSUHFLDWHG WKDW ZKHQ XVLQJ D GHVLJQ ILUH WKDW LV LQ WKH FRUQHU RU DJDLQVW D ZDOO RI D URRP� WKH
IODPH OHQJWK ZLOO LQFUHDVH� FRPSDUHG WR WKH VDPH ILUH ZLWK WKH VDPH KHDW UHOHDVH UDWH LQ WKH FHQWUH RI WKH 
URRP�

&RUQHU URRP ILUHV DUH OLNHO\ WR LQFUHDVH IODPH KHLJKWV E\ �� � DQG ZDOO ILUHV E\ �� �� (�(� =XNRVNL� >��@

�������� )ODPH HPLVVLYLW\

)RU D OXPLQRXV IODPH� WKH HPLVVLYLW\ PD\ EH WDNHQ DV�

ZKHUH

,I WKH IODPH OHQJWK ]IO ! �P DQG WKH IODPH LV OXPLQRXV� LW LV FRPPRQ WR DVVXPH EODFN ERG\ EHKDYLRXU DQG
WKDW WKH HPLVVLYLW\ RI WKH IODPH �I  ��

���� �VHH '' ������

]IO LV WKH PHDQ KHLJKW RI OXPLQRXV IODPHV DERYH WKH IXHO VXUIDFH �P�
GV LV WKH ORQJHU OLQHDU GLPHQVLRQ RI WKH VRXUFH �P�
4 LV WKH WRWDO KHDW UHOHDVH UDWH �N:�

���� >�����@

����

�I LV WKH HPLVVLYLW\ RI WKH IODPH
. LV WKH HIIHFWLYH HPLVVLRQ FRHIILFLHQW �P¥��
�I LV WKH WKLFNQHVV RI WKH IODPH �P�

]IO
�����4���

GV �����4����� �

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

]IO
�����4���

GV
���

������������������������� 

�I � H[S .�I±� �± 
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7DEOH � ¦ (IIHFWLYH HPLVVLRQ FR�HIILFLHQW� .� IRU YDULRXV PDWHULDOV

127( /LPLWV� )ODPH HPLVVLYLW\ LV WR EH XVHG LQ FDOFXODWLRQ SURFHGXUHV IRU WKHUPDO UDGLDWLRQ IOX[HV� ,W LV KLJKO\ TXHVWLRQDEOH
ZKHWKHU DOWHUQDWLYH DSSURDFKHV DUH QRW EHWWHU VXLWHG IRU WKH FDOFXODWLRQV RI WKHUPDO UDGLDWLYH IOX[HV�

&DOFXODWLRQ RI UDGLDWLYH KHDW IOX[HV IURP IODPHV UHTXLUHV DV LQSXW GDWD IODPH HPLVVLYLW\� HIIHFWLYH YDOXHV RI 
IODPH WHPSHUDWXUH DQG WKH IODPH LGHDOL]HG DV D VLPSOH JHRPHWULF VKDSH VXFK DV D SODQH OD\HU RU DQ
D[L�V\PPHWULF F\OLQGHU RU FRQH� &DOFXODWLRQ SURFHGXUHV PD\ EH IRXQG LQ 6)3( +DQGERRN RI )LUH 3URWHFWLRQ
(QJLQHHULQJ� 6HFRQG (GLWLRQ� ����� &KDSWHUV ��� >�@� 7KH VLPSOLI\LQJ DVVXPSWLRQV WKDW DUH QHFHVVDU\
PDNH FDOFXODWLRQV GLIILFXOW WR XVH ZLWK FRQILGHQFH LQ SUDFWLFH� $ VLPSOHU PRGHO� EDVHG RQ WKH DVVXPSWLRQ 
WKDW UDGLDWLRQ DFFRXQWV IRU �� � WR �� � RI WRWDO KHDW UHOHDVH ZRUNV VDWLVIDFWRULO\ LQ PDQ\ SUDFWLFDO FDVHV�

�������� )ODPH UDGLDWLRQ

7KH UDGLDQW KHDW IOX[ IURP D IODPH GHSHQGV RQ D QXPEHU RI IDFWRUV DQG LV UHSUHVHQWHG DV IROORZV�

ZKHUH

7KH FRQILJXUDWLRQ IDFWRU � HQDEOHV WKH FDOFXODWLRQ RI UDGLDQW LQWHQVLW\ DW D SRLQW UHPRWH IURP WKH UDGLDWRU� 
)RU WKH SXUSRVHV RI FDOFXODWLQJ �� WKH IODPH LV W\SLFDOO\ DSSUR[LPDWHG WR EH D VLPSOH JHRPHWULF VKDSH VXFK 
DV D UHFWDQJOH RU FRQH� ,I WKH IODPH LV LQIOXHQFHG E\ H[WHUQDO DLU IORZV RU ILUH LQGXFHG IORZV� WKH DSSURSULDWH 
FRQILJXUDWLRQ IDFWRU FDQ EH IRXQG LQ 0F*XLUH >��@� 'U\VGDOH >�@ DQG WKH 6)3( +DQGERRN >��@�

�������� 6PRNH PDVV SURGXFWLRQ UDWH 

7KH SDUWLFXODWH VPRNH PDVV FRQYHUVLRQ IDFWRUV IRU FHOOXORVLFV DQG SODVWLF XQGHU IODPLQJ DQG QRQ�IODPLQJ 
FRQGLWLRQV DUH JLYHQ LQ 0XOKROODQG >��@� 7KH PDVV UDWH RI VPRNH SURGXFWLRQ FDQ EH IRXQG IURP WKH IROORZLQJ 
HTXDWLRQ�

ZKHUH

0DWHULDO (IIHFWLYH HPLVVLRQ FRHIILFLHQW� .� 
P¥�

:RRG FULEV ���� >��@ ¥ ��� >��@
$VVRUWHG IXUQLWXUH ���� >��@
'LHVHO RLO ���� >��@
3RO\SURS\OHQH ��� >�@
3RO\VW\UHQH ��� >�@
300$ ��� >�@
.HURVHQH ��� >��@
3HWURO ��� >��@
$OFRKRO ���� >��@

����

45 UDGLDWLYH KHDW IOX[ �:�P¥��
� FRQILJXUDWLRQ IDFWRU �JHRPHWULF UHODWLRQVKLS EHWZHHQ WKH IODPH DQG UHFHLYLQJ REMHFW�
�I HPLVVLYLW\ RI WKH IODPH
� 6WHIDQ�%ROW]PDQQ FRQVWDQW ����� � ��¥�� :�P�.�

PHDQ WHPSHUDWXUH RI WKH IODPH �.�

����

PSDUW LV WKH PDVV UDWH RI VPRNH SDUWLFXODWH SURGXFWLRQ �NJ�V�
PIXHO LV WKH UDWH RI EXUQLQJ RI IXHO E\ PDVV �NJ�V�
�VPRNH LV WKH VPRNH PDVV FRQYHUVLRQ IDFWRU �NJ�NJ� ¦ VHH 7DEOH ��

45 ��I�7 � 

7

PSDUW �VPRNHPIXHO 
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7DEOH � ¦ 6PRNH PDVV FRQYHUVLRQ IDFWRUV >��@

127( /LPLWV� 7KH UHTXLUHPHQW RI D ZHOO�YHQWLODWHG ILUH LV HPSKDVL]HG� %HORZ FRQFHQWUDWLRQ RI �� � WR �� � 2�� VPRNH \LHOG PD\
LQFUHDVH� (YHQ LQ WKH ZHOO�YHQWLODWHG UHJLRQ� VPRNH \LHOG LV GHSHQGHQW RQ WKH VFHQDULR DQG WKH HTXLYDOHQFH�UDWLR�

7KH XSSHU ERXQG JLYHQ LQ 7DEOH � PD\ EH FKRVHQ DV D VXJJHVWLRQ IRU WKH GHVLJQ YDOXH IRU IUHH�EXUQLQJ LWHPV
LQ WKH SUH�IODVKRYHU VWDJH DQG ZLWK H[FHVV DLU� /RZHU YDOXHV IRU WKH VPRNH FRQYHUVLRQ IDFWRU DUH DOORZHG 
RQO\ ZKHQ LW FDQ EH GHPRQVWUDWHG WKDW WKHUH LV QR VLJQLILFDQW UHGXFWLRQ LQ R[\JHQ FRQFHQWUDWLRQ LQ WKH
DLUIORZ LQWR WKH IODPH�

�������� 2SWLFDO GHQVLW\ RI VPRNH

9LVLELOLW\ WKURXJK VPRNH LV RIWHQ WKH ILUVW WKLQJ WR KDPSHU RFFXSDQWV PDNLQJ WKHLU HVFDSH IURP ILUH� /LJKW
LV DWWHQXDWHG E\ VPRNH DFFRUGLQJ WR WKH H[SUHVVLRQ�

ZKHUH

7KLV LV RIWHQ JLYHQ LQ WHUPV RI D EDVH RI �� UDWKHU WKDQ WKH H[SRQHQWLDO IXQFWLRQ�

ZKHUH

�'   ���.��
127( /LPLWV� (TXDWLRQV ���� DQG ���� DUH NQRZQ DV %RXJXHUªV ODZ� ZKLFK LV RQO\ YDOLG IRU PRQRFKURPDWLF OLJKW� +RZHYHU� WKH
HTXDWLRQV KDYH EHHQ ZLGHO\ XVHG DOVR IRU SRO\FKURPDWLF �ZKLWH� OLJKW� HYHQ LI D FHUWDLQ GHYLDWLRQ PLJKW EH H[SHFWHG�

)URP D VSHFLILHG PDVV RI PDWHULDO LQ D JLYHQ YROXPH� ' LV JLYHQ LV JLYHQ E\�

ZKHUH

7KLV DVVXPHV D KRPRJHQHRXV GLVWULEXWLRQ RI VPRNH WKURXJKRXW WKH YROXPH RI LQWHUHVW�

0DWHULDO 6PRNH FRQYHUVLRQ IDFWRU� �VPRNH

NJ�NJ

)ODPLQJ 1RQ�IODPLQJ

&HOOXORVLFV � ���� WR ����� ���� WR ����
3ODVWLFV � ���� WR ���� � ���� WR ����

����

, LV WKH OLJKW LQWHQVLW\ D GLVWDQFH V IURP WKH REVHUYHG REMHFW RI LQWHQVLW\ ,�

.� LV WKH H[WLQFWLRQ FRHIILFLHQW

����

' LV WKH RSWLFDO GHQVLW\ RI WKH VPRNH SHU XQLW SDWK OHQJWK

����

'P LV WKH PDVV RSWLFDO GHQVLW\ IRU WKH IXHO FRQFHUQHG �P��NJ¥��
9W LV WKH WRWDO YROXPH RI VPRNH �P��
IE LV WKH WRWDO PDVV RI IXHO EXUQW �NJ�

, ,�H
.�V±

 

, ,��� '± V 

'
'PIE

9W
�������������� 
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)RU WKH IORZLQJ FDVH�

ZKHUH

�������� 5DWH RI VPRNH SURGXFWLRQ

7KH UDWH RI VPRNH SURGXFWLRQ 563 LV GHILQHG DV IROORZV�

ZKHUH

8VLQJ WKLV� WKH WRWDO VPRNH SURGXFWLRQ� 763� FDQ EH H[SUHVVHG DV�

ZKHUH

0RUH GHWDLOV RQ VPRNH PHDVXUHPHQW XQLWV DQG WKHLU GHULYDWLYHV FDQ EH IRXQG LQ gVWPDQ� %�$ >��@� 

�������� 6PRNH REVFXUDWLRQ

7KH RSWLFDO GHQVLW\ RI WKH VPRNH SURGXFHG E\ WKH FRPEXVWLRQ SURGXFWV RI D VSHFLILHG PDVV RI PDWHULDO LQ D 
JLYHQ YROXPH LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ� >��@

ZKHUH

9DOXHV RI 'P IRU D UDQJH RI FRPPRQ PDWHULDOV DUH JLYHQ LQ 7DEOH ��

����

9 LV WKH YROXPH IORZ UDWH RI VPRNH �P��V¥��
PIXHO LV WKH PDVV EXUQLQJ UDWH RI IXHO �NJ�V¥��

����

563 LV WKH UDWH RI VPRNH SURGXFWLRQ �P�V¥��
F FDQ EH HLWKHU RSWLFDO GHQVLW\ SHU PHWUH� '� RU H[WLQFWLRQ FRHIILFLHQW� N� GHSHQGLQJ RQ WKH EDVH 

XVHG ��� RU H�
9I LV WKH YROXPH IORZ UDWH RI VPRNH �P��V¥��

����

W LV WKH WLPH �V�

����

' LV WKH RSWLFDO GHQVLW\ RI WKH VPRNH SHU XQLW SDWK OHQJWK �G%�P�
'P LV WKH PDVV RSWLFDO GHQVLW\ �P��NJ�
9W LV WKH WRWDO YROXPH RI VPRNH DW D ORFDWLRQ �P��
IE LV WKH PDVV RI IXHO EXUQW �NJ�

'
'PPIXHO

9
����������������������� 

563 F9I 

763 563 W� �GW
�

�
� 

' ��
'PIE

9W
��������������
	 �

� �

� 
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7DEOH � ¦ )LUH SURGXFWV IURP ZHOO YHQWLODWHG IODPLQJ FRPEXVWLRQ >��@� >�@

127( /LPLWV >��@� ,QYHVWLJDWLRQV KDYH VKRZQ WKDW WKH FRUUHODWLRQ EHWZHHQ VPDOO�VFDOH DQG ODUJH�VFDOH WHVWV EUHDNV GRZQ� DV WKH ILUH
EHFRPHV FRPSOH[� ,Q ODUJH�VFDOH WHVWV� KHDW IOX[ DQG YHQWLODWLRQ FRQGLWLRQV FDQ KDYH D PDMRU LPSDFW RQ VPRNH SURGXFWLRQ� ,Q D GHVLJQ
SURFHGXUH� D VHQVLWLYLW\ DQDO\VLV LV QHFHVVDU\�

�������� 9LVLELOLW\

ZKHUH

:KHUH D VLJQ LV EDFN LOOXPLQDWHG� LWV YLVLELOLW\ GLVWDQFH LV LQFUHDVHG E\ D IDFWRU RI DSSUR[LPDWHO\ ����

127( /LPLWV >��@� (TXDWLRQV ���� DQG ���� GR QRW WDNH DFFRXQW RI WKH LUULWDWLQJ HIIHFW RI VPRNH RQ WKH H\HV� )RU D OLJKW H[WLQFWLRQ
FRHIILFLHQW RI ��� P¥� �DQ RSWLFDO GHQVLW\ SHU PHWUH RI ����� P¥��� ZDONLQJ VSHHG WKURXJK LUULWDWLQJ VPRNH LV DSSUR[LPDWHO\ �� � RI WKDW 
WKURXJK QRQ�LUULWDWLQJ VPRNH�

%RWK HTXDWLRQV DVVXPH WKDW WKH RSWLFDO GHQVLW\ LV NQRZQ� ,W LV OLNHO\ WKDW PRGHO XQFHUWDLQW\ ZLOO EH VPDOOHU 
WKDQ LQSXW SDUDPHWHU XQFHUWDLQW\� $ VHQVLWLYLW\ VWXG\ LV UHFRPPHQGHG� $OWHUQDWLYH LQIRUPDWLRQ FDQ EH
IRXQG LQ $16,�1)3��% *XLGH IRU 6PRNH 0DQDJHPHQW LQ 0DOOV� $WULD DQG /DUJH $UHDV� 1)3$� 4XLQF\�
0DVVDFKXVHWWV� ���� >�@�

�������� &2 PDVV SURGXFWLRQ

���������� *HQHUDO

)URP WKH KHDW UHOHDVH DW WLPH W� DQ HVWLPDWH RI WKH PDVV UDWH RI FDUERQ PRQR[LGH SURGXFWLRQ E\ D IXOO\
YHQWLODWHG ILUH DW WLPH W PD\ EH PDGH IURP WKH IROORZLQJ HTXDWLRQ� >��@

ZKHUH

127( /LPLWV� )RU PRVW GHVLJQ SXUSRVHV� WKH PDVV UDWH RI FDUERQ PRQR[LGH DQG VPRNH SURGXFWLRQ DUH SURSRUWLRQDO WR WKH UDWH RI 
KHDW UHOHDVH LQ D IODPLQJ ILUH DQG FDQ EH GHWHUPLQHG IURP HTXDWLRQV ���� DQG ���� UHVSHFWLYHO\� KRZHYHU� WKLV LV QRW QHFHVVDULO\
MXVWLILHG IRU D VPRXOGHULQJ RU VXSSUHVVHG ILUH� ,Q WKHVH VLWXDWLRQV� WKH PDVV UDWH RI FDUERQ PRQR[LGH DQG VPRNH SURGXFWLRQ FDQ
LQFUHDVH LQ UHODWLRQ WR WKH UDWH RI KHDW UHOHDVH�

0DWHULDO &DUERQ PRQR[LGH PDVV
FRQYHUVLRQ UDWH� <&2

0DVV RSWLFDO GHQVLW\�

'P �P��NJ�

&HOOXORVLFV ����� ���
3ODVWLFV ����� WR ����� ��� WR � ���
*HQHULF EXLOGLQJ FRQWHQWV ����� ���

6   ���' ���� >��@

6 LV WKH YLVLELOLW\ GLVWDQFH �P�
' LV WKH RSWLFDO GHQVLW\ �G%�P�

6   ���' ����

P&2   �����PI ����

P&2 LV WKH PDVV UDWH RI FDUERQ PRQR[LGH SURGXFWLRQ �NJ�V�
PI LV WKH UDWH RI EXUQLQJ RI IXHO E\ PDVV �NJ�V�
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���������� *DV VSHFLHV FRQFHQWUDWLRQV 

7KH PDVV FRQFHQWUDWLRQ� FL� RI D SDUWLFXODU FKHPLFDO VSHFLHV LV JLYHQ E\�

ZKHUH

9DOXHV RI <L IRU FDUERQ PRQR[LGH DUH OLVWHG LQ 7DEOH � DQG 7DEOH ��

7DEOH � ¦ )LUH SURGXFWV IURP ZHOO�YHQWLODWHG IODPLQJ FRPEXVWLRQ IURP 7HZDUVRQ >�@
DQG 0XOKROODQG >��@

0RUH IXHO GDWD DUH SUHVHQWHG LQ >��@� $V IRU WKH WHPSHUDWXUH GLVWULEXWLRQ DERYH� D QXPHULFDO PRGHOOLQJ
WUHDWPHQW ZLOO EH QHFHVVDU\ LI WKLV DVVXPSWLRQ LV QRW YDOLG RU ZKHUH PRUH GHWDLOHG ORFDO LQIRUPDWLRQ LV
UHTXLUHG�

7KH YROXPH FRQFHQWUDWLRQ� &L� LV JLYHQ E\�

ZKHUH


L LV WKH GHQVLW\ RI WKH VSHFLHV L� )RU &2� 
 LV ���� NJ�P��

7KHVH FRQFHQWUDWLRQV FDQ EH FRPSDUHG ZLWK WKH WHQDELOLW\ FULWHULD SURYLGHG LQ 6XE�V\VWHP � �3' ��������

����

<L LV WKH PDVV \LHOG RI WKH VSHFLHV L

9W LV WKH WRWDO YROXPH RI VPRNH �P��
IE LV WKH WRWDO PDVV RI IXHO EXUQW �NJ�

0DWHULDO &DUERQ PRQR[LGH \LHOG� 0DVV RSWLFDO GHQVLW\�

<&2 �NJ�NJ� 'P �P��NJ�

3O\ZRRG ¦ ���
300$ ����� ���
39& �ZLWK SODVWLFL]HU� ����� ���
'RXJODV ILU ����� ���
3RO\VW\UHQH ����� ��� WR � ���
3RO\XUHWKDQH ����� ��� WR ���
(WKDQRO ����� ¦
.HURVHQH ����� ¦
%HQ]HQH ����� ¦
2FWDQH ����� ¦
6LOLFRQH ����� ¦

����

FL
<LIE
9W

����������� 

&L
FL


L
���� 
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����� )XOO\ GHYHORSHG ILUH

������� +HDW UHOHDVH UDWH 

7KH UDWH RI FRQVXPSWLRQ E\ PDVV RI ILUH ORDG LV DSSUR[LPDWHO\ VWHDG\ RYHU WKH SHULRG RI D IXOO\ GHYHORSHG 
ILUH� 'XULQJ WKLV SHULRG� WKH PDVV RI ILUH ORDG IDOOV IURP �� � WR �� � RI LWV LQLWLDO YDOXH� 7KH VWHDG\ UDWH RI
KHDW UHOHDVH LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�

ZKHUH

127( /LPLWV� 7KLV HTXDWLRQ DVVXPHV FRPSOHWH FRPEXVWLRQ RI WKH YDSRUL]HG IXHO� ,Q YLWLDWHG FRQGLWLRQV� WKHUH LV VLJQLILFDQW 
LQFRPSOHWH FRPEXVWLRQ� SDUWLFXODUO\ IRU FHLOLQJ ILUHV DQG FDXWLRQ VKRXOG EH WDNHQ ZKHQ DSSO\LQJ WKLV HTXDWLRQ WR FDOFXODWH KHDW UHOHDVH 
UDWHV�

������� 0DVV EXUQLQJ UDWH LQ YHQWLODWLRQ FRQWUROOHG FRQGLWLRQV ¦ 0HWKRG � >��@

7KH YHQWLODWLRQ�FRQWUROOHG UDWH RI EXUQLQJ IRU ZRRG�W\SH IXHO LQ DQ HQFORVXUH PD\ EH IRXQG IURP WKH
IROORZLQJ HTXDWLRQ�

ZKHUH

7KLV HTXDWLRQ KDV EHHQ GHULYHG IURP ZRRG FULEV DQG FDQ EH XVHG IRU PRVW W\SHV RI ILUH ORDG IRXQG LQ KRXVHV�
RIILFHV DQG VKRSV� &RQYHQWLRQDOO\ ILUH ORDG PD\ EH H[SUHVVHG LQ WHUPV RI WKH HTXLYDOHQW ZHLJKW RI ZRRG� ,I
H[SUHVVHG LQ 0- RU LQ 0-�P¥� WKH ILUH ORDG PD\ EH FRQYHUWHG WR NJ RU NJ�P¥� RI ZRRG E\ GLYLGLQJ E\ WKH KHDW
RI FRPEXVWLRQ RI WKH SDUWLFXODU ZRRG� VHH 7DEOH ���

7DEOH �� ¦ *URVV KHDW RI FRPEXVWLRQ YDOXHV IRU ZRRGV >��@

7KH JURVV KHDW RI FRPEXVWLRQ FDQ EH WDNHQ DV WKH PD[LPXP YDOXH RI KHDW RI FRPEXVWLRQ IRU WKDW SURGXFW�
127( � /LPLWV� (TXDWLRQ ���� LV D UHILQHPHQW RI HTXDWLRQ ���� DOORZLQJ IRU WKH HIIHFW RI FRPSDUWPHQW VKDSH� ,W LV HPSLULFDO DQG LV
EDVHG RQ H[SHULPHQWV ZLWK ZRRG FULE ILUHV� ILUH ORDGV EHLQJ QRW WRR VPDOO DQG FRQYHQWLRQDO VKDSHV RI HQFORVXUHV� &DUH KDV WR EH WDNHQ
LQ XVLQJ WKH PRGHO IRU ILUH FRPSDUWPHQWV ZLWK ODUJH ZLGWKV DQG GHSWKV LQ UHODWLRQ WR KHLJKW RI HQFORVXUHV� 7KH PRGHO LV QRW DSSOLFDEOH
WR ILUHV ZKHUH WKH IXHO ORDG PDLQO\ FRQVLVWV RI SODVWLFV DQG�RU OLTXLG IXHOV�

4VWHDG\  PIXHO +& ����

4VWHDG\ UDWH RI KHDW UHOHDVH DW VWHDG\ VWDWH �N:�
PIXHO PDVV EXUQLQJ UDWH RI IXHO �NJ�V�
+& HIIHFWLYH FDORULILF YDOXH RI ILUH ORDG �N-�NJ�

����

PI LV WKH YHQWLODWLRQ FRQWUROOHG UDWH RI EXUQLQJ E\ PDVV �NJ�V¥��
$7 LV $W ¥ $Z� ZKHUH $W LV WKH WRWDO VXUIDFH DUHD RI WKH HQFORVXUH �P��
ZF LV WKH ZLGWK RI ZDOO FRQWDLQLQJ YHQWLODWLRQ RSHQLQJV �P�
GF LV WKH GLVWDQFH IURQW�WR�EDFN RI WKH HQFORVXUH �P�
$Z LV WKH DUHD RI YHQWLODWLRQ RSHQLQJV �P��
K LV WKH KHLJKW RI YHQWLODWLRQ RSHQLQJV �P�

:RRG W\SH *URVV ��+F
0-�NJ

%HHFK ����
%LUFK ����
'RXJODV ILU ����
0DSOH ����
5HG RDN ����
6SUXFH ����
:KLWH SLQH ����
+DUGERDUG ����

PI ���� $7 ZF�GF� �$ZK��� 
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$ FKDUDFWHULVWLF YDOXH RI PIXHO PD\ EH XVHG� DV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�

127( � /LPLWV� 7KH HTXDWLRQ LV QRW XVHIXO DV D SUHGLFWLYH WRRO� ,W GHVFULEHV WKH VWRLFKLRPHWULF EXUQLQJ RI ZRRG FULEV DQG LV XVHIXO DV
D PHDVXUH RI DLUIORZ LQWR D ILUH FRPSDUWPHQW�

ZKLFK LV YDOLG IRU�

ZKHUH

������� 0DVV EXUQLQJ UDWH LQ IXHO EHG FRQWUROOHG FRQGLWLRQV

7KH IROORZLQJ WZR PHWKRGV FDQ EH XVHG�

D� 0HWKRG � >��@

)RU ORZ YDOXHV RI ILUH ORDG� WKH YHQWLODWLRQ FRQWUROOHG HTXDWLRQ ���� RYHU�HVWLPDWHV WKH PDVV UDWH RI
EXUQLQJ E\ D IDFWRU RI � RU ��

:LWK WKH IXUQLVKLQJV W\SLFDOO\ IRXQG LQ KRXVHV� RIILFHV DQG VKRSV� DQ HIIHFWLYH ILUH GXUDWLRQ RI �� PLQ FDQ 
EH DVVXPHG DQG 5 JLYHQ E\�

ZKHUH

RU

ZKHUH

����

����


� LV WKH GHQVLW\ RI DLU DW DPELHQW FRQGLWLRQV �NJ�P��
J LV WKH DFFHOHUDWLRQ GXH WR JUDYLW\
$I LV WKH WRWDO LQWHUQDO IORRU DUHD RI WKH HQFORVXUH �P��

����

/W LV WKH WRWDO ILUH ORDG �NJ� RU

5 LV WKH PDVV EXUQLQJ UDWH �NJ�V¥��

����

$I LV WKH IORRU DUHD �P��

PIXHO ����$Z K��� 


�J���$ZK���

$I
���������������������������������� �����

5 /W�� ��� 

/W /W�$I� � $I� 
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9DOXHV RI �/W�$I�� NJ�P¥�� DUH GHULYHG IURP VXUYH\V RU GHVLJQ GDWD� :KHUH VXFK GDWD DUH H[SUHVVHG
LQ 0-�P¥� WKH\ FDQ EH FRQYHUWHG E\ GLYLGLQJ E\ WKH KHDW RI FRPEXVWLRQ RI ZRRG� VHH YHQWLODWHG FRQWUROOHG 
ILUH�

E� 0HWKRG � >��@

7KH EXUQLQJ UDWH RI IXHO EHG FRQWUROOHG ILUHV LV GLIILFXOW WR SUHGLFW� ,W LV WR D ODUJH H[WHQW GHSHQGHQW XSRQ
WKH QDWXUH DQG JHRPHWULF DUUDQJHPHQW RI WKH IXHO� %DVHG RQ ZRUN FRQGXFWHG ZLWK ZRRG FULE ILUHV� WKH
PDVV ORVV UDWH RYHU WKH DUHD RI WKH ILUH FDQ EH HVWLPDWHG E\ WKH IROORZLQJ HTXDWLRQ�

RU WKH KHDW UHOHDVH�

ZKHUH

)RU GHVLJQ SXUSRVHV� WKH HQWLUH DUHD RI WKH HQFORVXUH FDQ EH DVVXPHG WR EH IXOO\ LQYROYHG IROORZLQJ 
IODVKRYHU DQG P FDQ EH HYDOXDWHG DW WKH SRLQW RI IODVKRYHU WR GHWHUPLQH WKH SHDN YDOXH RI PSI�

,Q D ODUJH VSDFH� WKH ILUH PD\ QRW UHDFK IODVKRYHU DQG WKHUHIRUH QRW DOO RI WKH IXHO LQ WKH VSDFH LV LJQLWHG 
ZKHUH WKH FRPEXVWLRQ SURFHVV� IRU WKDW V\VWHP� LV DW LWV SHDN �L�H� IXOO\ GHYHORSHG IRU WKDW V\VWHP EXW QR 
IODVKRYHU�� 7R UHDVRQDEO\ SUHGLFW WKH HIIHFWLYH PDVV ORVV UDWH� WKH DUHD RYHU ZKLFK WKH IXHO KDV LJQLWHG 
VKRXOG EH HVWLPDWHG WR GHWHUPLQH P DQG 0��

7KH DERYH UHODWLRQVKLS DOVR WDNHV LQWR DFFRXQW WKH GHFD\ FKDUDFWHULVWLFV EHFDXVH PSI UHGXFHV ZLWK
GHFUHDVLQJ PDVV P� ,Q FRQGLWLRQV ZKHUH WKH ILUH JURZV DQG IODVKHV RYHU UHODWLYHO\ TXLFNO\� WKH GHFD\ UDWH
LV DSSUR[LPDWHO\ OLQHDU� 7KH WLPH WR UHDFK EXUQRXW IROORZLQJ IODVKRYHU FDQ WKHQ EH HVWLPDWHG E\�

ZKHUH

������� 6WDQGDUG WHPSHUDWXUH�WLPH FXUYH

'DWD RQ WKH SHUIRUPDQFH RI VWUXFWXUDO HOHPHQWV DQG ILUH�UHVLVWLQJ VHSDUDWLRQV DUH QRUPDOO\ REWDLQHG IURP
WHVWV VXFK DV WKRVH JLYHQ LQ %6 ����3DUWV ����� DQG ,62 ������ ZKLFK XWLOL]H D VWDQGDUGL]HG
WHPSHUDWXUH�WLPH FXUYH�

����

����

PSI IXHO FRQWURO S\URO\VLV�PDVV ORVV UDWH �NJ�V¥��
4SI IXHO FRQWURO KHDW UHOHDVH UDWH �N:�
0� WRWDO LQLWLDO PDVV �NJ� LQ EXUQW DUHD
PU PDVV UHPDLQLQJ �NJ� DW WLPH W �V� LQ EXUQW DUHD

����

PIR PDVV UHPDLQLQJ DW IODVKRYHU �NJ�
PSIR SHDN PDVV ORVV UDWH DW IODVKRYHU �NJ�V�
WER WLPH WR UHDFK EXUQRXW �V�

PSI ������0� PU�0�� �
��� 

4SI ������0� PU�0�� �
��� 

WER �PIR PSIR� 
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$ VWDQGDUG WHPSHUDWXUH�WLPH FXUYH XVHG WR FKDUDFWHUL]H ILUHV LQ HQFORVXUHV FRQWDLQLQJ W\SLFDO FHOOXORVLFV LV
JLYHQ E\�

ZKHUH

127( /LPLWV� 7KLV LV WKH KHDWLQJ FXUYH IRU D WHVW IXUQDFH DQG GRHV QRW GHVFULEH DQ HQFORVXUH ILUH� +RZHYHU� WKH GDWD IURP WHVWV DUH
SDUWLFXODUO\ XVHIXO LQ HVWDEOLVKLQJ WKH SHUIRUPDQFH RI D PDWHULDO RU DVVHPEO\ DW HOHYDWHG WHPSHUDWXUHV�

������� +\GURFDUERQ WHPSHUDWXUH�WLPH FXUYH

7KHUH DUH WZR SRVVLEOH PHWKRGV WR GHWHUPLQH WKH K\GURFDUERQ WHPSHUDWXUH�WLPH FXUYH�

D� 0HWKRG � �VHH %6 �������

:KHUH WKH KHDWLQJ UHJLPH LV FRQVLGHUHG WR HTXDWH ZLWK D ODUJH SRRO ILUH �SURSRVHG
LQ %6 ������� $QQH[ '��

ZKHUH

E� 0HWKRG �

$ WHPSHUDWXUH�WLPH FXUYH� LQ (XURFRGH � �VHH '' (19 ��������������� GHVLJQDWHG DV WKH K\GURFDUERQ
FXUYH LV JLYHQ E\�

������� 6ORZ KHDWLQJ FXUYH

7KH ILUH UHVLVWDQFH RI VRPH SURGXFWV GHWHUPLQHG XVLQJ WKH VWDQGDUG WHPSHUDWXUH¥WLPH FXUYH� DV VSHFLILHG
LQ %6 (1 ����������� FDQ EH VXEVWDQWLDOO\ UHGXFHG LQ D VORZO\ JURZLQJ ILUH� ([DPSOHV DUH SURGXFWV WKDW
DUH UHDFWLYH XQGHU WKH LQIOXHQFH RI KHDW� )RU WKLV UHDVRQ D VORZ JURZLQJ WHPSHUDWXUH�WLPH FXUYH LV
SURSRVHG�

:KHUH WKHUH LV DQ LGHQWLILHG UHTXLUHPHQW IRU VXFK D ILUH H[SRVXUH� WKH IROORZLQJ VORZ KHDWLQJ FXUYH VKRXOG
EH XVHG�

)RU � � W � ��

)RU W ! ��

ZKHUH

����

7J LV WKH PHDQ JDV WHPSHUDWXUH LQ WKH HQFORVXUH RU IXUQDFH ��&�
W LV WKH WLPH IURP LJQLWLRQ �PLQ�

�7   � ���>� ¥ �����H[S�¥����� �W� ¥ �����H[S�¥�����W� ¥ �����H[S�¥������W�@ ����

�7 WHPSHUDWXUH LQFUHDVH ��&��
W WKH WLPH DW ZKLFK WHPSHUDWXUH LQFUHDVH KDV RFFXUUHG �PLQ��

����

LV WKH PHDQ IXUQDFH WHPSHUDWXUH ��&�

W LV WKH WLPH IURP VWDUW RI WHVW �PLQ�

7   ���W���� � �� ����

7   ���ORJ��>��W ¥ ��� � �@ � �� ����

W LV WKH WLPH IURP LJQLWLRQ �PLQ�
7 LV WKH DYHUDJH UHTXLUHG IXUQDFH WHPSHUDWXUH ��&�

7J �� ��� �W ��� �ORJ� 

7I ���� � �����H �����W±± �����H ���W±±� � ��� 

7I
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������� 0D[LPXP WHPSHUDWXUH�WLPH FXUYH 

7KH PD[LPXP YDOXH RI HQFORVXUH WHPSHUDWXUH FDQ EH XVHG WR HVWLPDWH WKH LPSDFW RI D IXOO\ GHYHORSHG ILUH
IRU HQFORVXUHV ERXQGHG E\ PDWHULDOV KDYLQJ D WKHUPDO LQHUWLD LQ WKH UDQJH ��� -��P��V����.�
WR � ��� -��P��V����.�� 7KH IROORZLQJ HTXDWLRQ FDQ EH XVHG WR GHWHUPLQH WKH PD[LPXP H[SHFWHG HQFORVXUH 
WHPSHUDWXUH >��@�

ZKHUH

DQG

127( /LPLWV� 7KH H[SHULPHQWV RQ ZKLFK HTXDWLRQ ���� LV EDVHG DUH YHQWLODWLRQ FRQWUROOHG� �H[FHSW IRU ORZ $W�$ZKÙ� DQG OLNHO\ WR EH 
DQ XSSHU ERXQG IRU DOO IXHOV ZKLFK SURGXFH JLYHQ KHDW RXWSXW SHU XQLW PDVV RI R[\JHQ� L�H� PRVW IXHOV� 7KH HTXDWLRQ LV HPSLULFDO DQG 
GRHV QRW FRQVLGHU WKHUPDO SURSHUWLHV RI ZDOO DQG FHLOLQJ PDWHULDOV�

������� 9HQWLODWLRQ FRQWUROOHG WHPSHUDWXUH¥WLPH FXUYH

.DZDJRH DQG 6HNLQH >��@ GHVFULEH WKH WHPSHUDWXUHV DWWDLQHG LQ YHQWLODWLRQ FRQWUROOHG ILUHV E\ D SDUDPHWHU� 
NQRZQ DV DQ RSHQLQJ IDFWRU )�

ZKHUH

����

����

����

����

7PD[ LV WKH PD[LPXP H[SHFWHG HQFORVXUH JDV WHPSHUDWXUH �.�
7� LV WKH DPELHQW WHPSHUDWXUH �.�
$7 LV WKH DUHD RI HQFORVXUH VXUIDFHV �P��
$W LV WKH DUHD RI HQFORVXUH VXUIDFHV LQFOXGLQJ DUHD RI YHQWLODWLRQ RSHQLQJ �P��
$Z LV WKH DUHD RI YHQWLODWLRQ RSHQLQJ �P��
K LV WKH KHLJKW RI YHQWLODWLRQ RSHQLQJ �P�
/I LV WKH HTXLYDOHQW ILUH ORDG RI ZRRG �NJ�

����

$ DUHD RI RSHQLQJV LQ WKH HQFORVXUH �P��
K KHLJKW RI WKH YHQWLODWLRQ RSHQLQJV �P�
$7 DUHD RI ERXQGLQJ VXUIDFHV �ZDOOV� IORRU DQG FHLOLQJ� �P��
) RSHQLQJ IDFWRU �P����

7PD[ 7� ����� H[S �����±� �±
�

���
������������������������������������������� � ����	±� �H[S±� � ±

�
$W

$Z KZ� �
���

�������������������������� 

	
/

$Z$7� �
���

�������������������������� 

$7 $W $Z± 

) $ K
$7

������������ 
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%\ VROYLQJ WKH KHDW EDODQFH IRU WKH HQFORVXUH� WLPH�WHPSHUDWXUH FXUYHV FRXOG EH FUHDWHG� ,W ZDV IRXQG WKDW
WKHVH WHPSHUDWXUH FXUYHV FRXOG EH UHDVRQDEO\ GHVFULEHG E\ WKH H[SUHVVLRQ�

ZKHUH

127( /LPLWV� &  � IRU GHQVH PDWHULDOV �� � � ��� NJ�P�� DQG &  � IRU OLJKW PDWHULDOV �� � � ��� NJ�P��� 7KH H[SUHVVLRQ LV YDOLG 
IRU�

DQG

,I W ! ������)���� D YDOXH RI W  ������)��� VKRXOG EH XVHG� ,I ) ! ����� D YDOXH RI )  ���� VKRXOG EH XVHG�

������� +HDW EDODQFH JRYHUQLQJ HTXDWLRQ

$ KHDW HQHUJ\ EDODQFH FDQ EH XVHG WR GHWHUPLQH WKH WHPSHUDWXUH�WLPH KLVWRU\ IRU DQ HQFORVXUH� 7KH KHDW 
EDODQFH LV UHSUHVHQWHG E\�

ZKHUH

127( /LPLWV� 7KLV LV D GHILQLWLYH IXQGDPHQWDO HTXDWLRQ� 7KH RQO\ UHVHUYDWLRQ LV WKH RPLVVLRQ RI WKH KHDW WUDQVIHU WR WKH IXHO LQWHULRU�
,Q D VWHDG\ VWDWH� ZLWK D FRQVWDQW S\URO\VLV UDWH �RU HYDSRUDWLRQ UDWH�� WKH HQHUJ\ LV UHFRYHUHG DQG RQO\ DQ DGMXVWPHQW WR WKH GHILQLWLRQ
RI FDORULILF YDOXH LV UHTXLUHG� EXW LQ WKH HDUO\ VWDJHV RI WKH ILUH� WKH LQWHULRU RI WKH IXHO LV D KHDW VLQN�

*DV WHPSHUDWXUH�WLPH FXUYHV KDYH EHHQ GHULYHG UHODWLQJ WR HQFORVXUHV KDYLQJ DYHUDJH WKHUPDO SURSHUWLHV
�H�J� EULFNZRUN� EORFNZRUN� SODVWHU� DV D IXQFWLRQ RI ILUH ORDGLQJ DQG YHQWLODWLRQ� 7KHVH UHODWLRQVKLSV KDYH 
EHHQ VLPSOLILHG WR D JURXS RI GHVFULSWLYH HTXDWLRQV LQ '' (19 ��������������

����

7 LV WKH ILUH WHPSHUDWXUH LQ ��&�
W LV WKH WLPH LQ �K�
) LV WKH RSHQLQJ IDFWRU LQ �P����
& LV D FRQVWDQW WDNLQJ LQWR DFFRXQW WKH LQIOXHQFHV RI WKH SURSHUWLHV RI WKH ERXQGDU\ PDWHULDO RQ WKH

WHPSHUDWXUH�

����

����

����

LV WKH UDWH RI KHDW UHOHDVH LQ WKH HQFORVXUH �N:�

LV WKH UDWH RI KHDW ORVV E\ FRQYHFWLRQ WKURXJK RSHQLQJV �N:�

LV WKH UDWH RI KHDW ORVV E\ UDGLDWLRQ DQG FRQGXFWLRQ WKURXJK WKH HQFORVLQJ FRQVWUXFWLRQ �N:�

LV WKH UDWH RI KHDW ORVV E\ UDGLDWLRQ WKURXJK RSHQLQJV �N:�

LV WKH UDWH RI DFFXPXODWLRQ RI KHDW LQ KRW JDVHV LQ WKH HQFORVXUH �N:�

7 ��� ��)� �
����)���

H )± �W � � H �± W±
	 �

� 
 � H �± W±
	 �

� 
 � � H ��± W±
	 �

� 
�± & ���
)

����������
	 �

� 

���

� 

W ����
)

������������ ��

���� ) ����� �

4Â HQF 4Â F 4Â Z 4Â U 4Â E� � � 

4Â HQF

4Â F

4Â Z

4Â U

4Â E
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����� 6WHDG\ EXUQLQJ SKDVH

7KH LQWHUYDO EHWZHHQ RQVHW RI IODVKRYHU DQG FRPPHQFHPHQW RI GHFD\ LV WHUPHG WKH GXUDWLRQ RI VWHDG\
EXUQLQJ� 7KH GXUDWLRQ RI VWHDG\ EXUQLQJ LV RIWHQ FKDUDFWHUL]HG DV WKDW WLPH LQWHUYDO RYHU ZKLFK WKH ILUH ORDG
ZLWKLQ WKH HQFORVXUH LV UHGXFHG IURP �� � WR �� � RI LWV LQLWLDO YDOXH�

ZKHUH

����� 'HFD\ SKDVH

:KHQ �� � RI WKH IXHO KDV EHHQ FRQVXPHG WKH ILUH FDQ EH DVVXPHG WR GHFD\ DW D OLQHDU UDWH JLYHQ E\� >��@

ZKHUH

��� 6SHFLDO FLUFXPVWDQFHV
127( 7KH OLVW RI VSHFLDO FLUFXPVWDQFHV SUHVHQWHG LQ ������ ����� DQG ����� LV QRW H[KDXVWLYH� DQG RWKHU VFHQDULRV PD\ QHHG VSHFLDO 
FRQVLGHUDWLRQ�

����� 0DOLFLRXV ILUHV RU DUVRQ

,Q EXLOGLQJV RWKHU WKDQ GZHOOLQJV� WKH QXPEHU RI PDOLFLRXV ILUHV LQ WKH 8. KDV DOPRVW GRXEOHG RYHU WKH ODVW
WHQ \HDUV WR �� ��� >�����@� 7KHVH W\SHV RI ILUH DUH RIWHQ FKDUDFWHUL]HG E\ PXOWLSOH VRXUFHV RI LJQLWLRQ DQG�RU
WKH XVH RI DFFHOHUDQWV VXFK DV SHWURO� ZKLWH VSLULW RU PHWK\ODWHG VSLULW� 7DEOH �� VKRZV WKH SHUFHQWDJH RI DOO
ILUHV WKDW DUH DWWULEXWDEOH WR PDOLFLRXV ILUHV IRU D UDQJH RI EXLOGLQJ W\SHV� *XLGHG E\ WKLV LQIRUPDWLRQ DQG
GHSHQGLQJ XSRQ WKH W\SH RI EXLOGLQJ� WKH ILUH VDIHW\ HQJLQHHU VKRXOG FRQVLGHU WKH SUREDELOLW\ RI DUVRQ
RFFXUULQJ DQG LWV LPSOLFDWLRQV LQ UHODWLRQ WR WKH FKRLFH RI WKH GHVLJQ ILUH DQG WKH RYHUDOO GHVLJQ DSSURDFK�

����

WVWHDG\ LV WKH GXUDWLRQ RI VWHDG\ EXUQLQJ �V�
/W LV WKH WRWDO ILUH ORDG ZLWKLQ WKH HQFORVXUH �NJ�
�+F LV WKH KHDW RI FRPEXVWLRQ RI ILUH ORDG �N-�NJ¥��
4VWHDG\ LV WKH KHDW UHOHDVH UDWH GXULQJ WKH VWHDG\ EXUQLQJ SKDVH �N:�

4�W�   �� ± �����W ± WG��WE�4PD[ ����

WG LV WKH WLPH RI RQVHW RI WKH GHFD\ SKDVH �V�
WE LV WKH GXUDWLRQ RI IXOO\ GHYHORSHG EXUQLQJ �V�
4PD[ LV WKH KHDW UHOHDVH UDWH GXULQJ WKH IXOO\ GHYHORSHG EXUQLQJ SKDVH �N:�
4�W� LV WKH KHDW UHOHDVH UDWH DW WLPH W �N:�
W LV WKH WLPH IURP LJQLWLRQ �V�

WVWHDG\
/W�+F
4VWHDG\
������������������� 
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7DEOH �� ¦ 3HUFHQWDJH RI DOO ILUHV WKDW DUH DWWULEXWDEOH WR PDOLFLRXV ILUHV IRU D UDQJH RI
EXLOGLQJ W\SHV

����� 8QFRQILQHG OLTXLG SRRO ILUHV

)RU VRPH GHVLJQ SURMHFWV� WKH OLTXLG IXHO VSLOOV PD\ EH RI SDUWLFXODU UHOHYDQFH ZLWK D VLJQLILFDQW SUREDELOLW\
RI RFFXUUHQFH� 7KLV LV OLNHO\ WR EH LQIOXHQFHG E\ WKH ORFDWLRQ RI WKH EXLOGLQJ DQG LWV XVH� ,Q VXFK FDVHV� WKH 
OLTXLG SRRO ILUH LWVHOI PD\EH WKH GHVLJQ ILUH� )LJXUH �� VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH VWHDG\ EXUQLQJ
UDWH DQG GLDPHWHU RI SRRO ILUHV� 7KH ILUH VDIHW\ HQJLQHHU VKRXOG UHPHPEHU WKDW WKLV GDWD LV IRU VWHDG\ ILUHV
DQG WKDW LW ZLOO JLYH LQGLFDWLYH LQIRUPDWLRQ DERXW WKH SRWHQWLDO KHDW UHOHDVH UDWH� )RU SRRO ILUHV WKDW DUH
LQFUHDVLQJ LQ GLDPHWHU DV D IXQFWLRQ RI WLPH� D FRQVHUYDWLYH DSSUR[LPDWLRQ IRU WKH KHDW UHOHDVH UDWH ZRXOG
EH WR DVVXPH D EXUQLQJ UDWH RI � PP�PLQ� 7\SLFDO YDOXHV IRU KHDWV RI FRPEXVWLRQ RI K\GURFDUERQ IXHOV FDQ 
EH IRXQG LQ 7DEOH $���� +HDW ORVVHV IURP WKLQ ILOPV RI OLTXLG IXHOV DUH QRW LQFOXGHG LQ WKHVH GDWD�

%XLOGLQJ W\SH ���� >��@
�

���� >��@
�

6KHGV�JDUDJHV �� ��
6FKRROV �� ��
&RQVWUXFWLRQ �� ��
$JULFXOWXUH �� ��
$OO RWKHU EXLOGLQJV �� ��
5HWDLO DQG YHKLFOH �� ��
+RVSLWDOV �� ��
+RWHO� FDWHULQJ HWF� �� ��
'ZHOOLQJV �� ��
2WKHU LQGXVWULDO �� ��

)LJXUH �� ¦ %XUQLQJ UDWH DQG IODPH KHLJKWV IRU YDULRXV K\GURFDUERQ SRRO ILUHV >��@

Gasoline

Gasoline

Tractor kerosene

Tractor kerosene
Diesel oil

Diesel oil

Solar oil

Solar oil

2 300 cm

20 50 100

200
500

1 000
2 000

5 000

4 mm/min

Approx. Reynolds number scale
(based on cold-vapour viscosity of about 0.01 centipoise)

Turbulant flow regimeTransitionLaminar flow regime
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����� 6WDFNHG VWRUDJH RI JRRGV DQG FRPPRGLWLHV

%XLOGLQJV LQ ZKLFK WKH VWDFNHG DQG UDFNHG VWRUDJH RI JRRGV DQG LWHPV LV D SDUWLFXODU IHDWXUH VKRXOG EH
FRQVLGHUHG FDUHIXOO\� 7KLV LV EHFDXVH RI WKH SRWHQWLDO IRU UDSLG YHUWLFDO IODPH VSUHDG ERWK ZLWKLQ DQG XS WKH
H[WHULRU RI WKH VWDFNV� 7KH VRXUFH RI LJQLWLRQ FDQ SRWHQWLDOO\ EH DW DQ\ SRLQW LQ WKH VWDFN DQG GXULQJ 
WKH 4'5� OLNHO\ VRXUFHV DQG ORFDWLRQV RI LJQLWLRQ VKRXOG EH LGHQWLILHG� 7KHVH ZLOO LQIOXHQFH WKH UDWH DW ZKLFK
WKH ILUH ZLOO JURZ DV ZHOO DV WKH IODPH OHQJWK� KHDW UHOHDVH UDWH �ERWK 4S DQG 4
�� HQWUDLQPHQW LQWR WKH ILUH� 
VPRNH OD\HU KHLJKW� FHLOLQJ WHPSHUDWXUHV DQG WKH HIIHFWLYHQHVV RI DQ\ DFWLYH ILUH SURWHFWLRQ V\VWHPV�

7KHUH DUH D QXPEHU RI UHOHYDQW SXEOLFDWLRQV LQ WKLV DUHD �IRU H[DPSOH� VHH >��@� >��@� >��@� >��@
DQG 7DEOH $���
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$QQH[ $ �LQIRUPDWLYH�
([SHULPHQWDO GDWD

$�� *HQHUDO

5HVXOWV IURP H[SHULPHQWDO ILUH WHVW GDWD �LQFOXGLQJ FDORULPHWHU GDWD� FDQ EH XVHG DV D GLUHFW VRXUFH RI KHDW
UHOHDVH GDWD IRU ILUH PRGHOV� SURYLGHG WKH OLPLWDWLRQV RI WKH WHVWV DUH FRQVLGHUHG DQG UHFRJQL]HG� 0RVW
LQIRUPDWLRQ RQ EXUQLQJ UDWHV IRU VLQJOH LWHPV KDV EHHQ UHSRUWHG XQGHU IUHH EXUQLQJ FRQGLWLRQV� 7KDW LV� LW 
LV UHSUHVHQWDWLYH RI LWHPV EXUQLQJ LQ ODUJH HQFORVXUHV� 7KH XVH RI WKHVH GDWD FDQ JLYH ULVH WR XQFHUWDLQWLHV
UHODWHG WR IUHH EXUQLQJ FRQGLWLRQV EHFDXVH WKH\ GR QRW WDNH LQWR DFFRXQW�

D� UDGLDWLYH IHHGEDFN IURP WKH KRW VPRNH OD\HU RU IURP WKH HQFORVXUH VXUIDFHV�

E� UHVWULFWLRQ RI WKH ILUH E\ DQ LQDGHTXDWH VXSSO\ RI R[\JHQ�

F� LQWHUDFWLRQ EHWZHHQ REMHFWV� GXH WR WKHLU ORFDWLRQ� RULHQWDWLRQ DQG VWRUDJH DUUDQJHPHQWV�

$�� ([SHULPHQWDO KHDW UHOHDVH UDWH GDWD IURP 6)3( KDQGERRN RI ILUH SURWHFWLRQ HQJLQHHULQJ
127( 7DEOH $��� 7DEOH $��� 7DEOH $�� DQG 7DEOH $�� DUH WDNHQ IURP 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ >��@�

$���� 3LOORZV

7KH KHDW UHOHDVH GDWD IRU SLOORZV LV VKRZQ LQ 7DEOH $���

7DEOH $�� ¦ 3LOORZV

$OWKRXJK WKH KHDW UHOHDVH UDWHV RI WKH SLOORZV DUH ORZ� WKH\ FDQ VHUYH DV D FRQWLQXHG VRXUFH RI KHDWLQJ IRU 
D PDWWUHVV�

)LOOLQJ PDWHULDO )DEULF PDWHULDO 3LOORZ PDVV 7RWDO
PDVVD

3HDN KHDW 
UHOHDVH

7RWDO KHDW
UHOHDVH

NJ NJ N: 0-

/DWH[ IRDP� RQH SLHFH �� � FRWWRQ � �� � SRO\HVWHU ����� ����� ��� ����
3RO\XUHWKDQH IRDP�
VKUHGGHG IRDP� ��

QRQ�ZRYHQ ����� ����� �� ����

3RO\XUHWKDQH IRDP�
VKUHGGHG IRDP� ��

QRQ�ZRYHQ ����� ����� �� ����

3RO\HVWHU ILEUHILOO �� � SRO\HVWHU � �� � FRWWRQ ����� ����� �� ����
)HDWKHUV &RWWRQ ����� ����� ��E ���
3RO\HVWHU ILEUHILOO )LEUHJODVV ����� ����� �� ���
D ,QFOXGHV SLOORZFDVH DQG EDOOHG�XS QHZVSDSHU VKHHWV XVHG IRU LJQLWLRQ
E 5HDGLQJ ORZ GXH WR VORZ LJQLWLRQ� RWKHUZLVH H[SHFW � �� N: SHDN
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$���� :DUGUREHV

7DEOH $�� VKRZV WKH KHDW UHOHDVH UDWHV IRU ZDUGUREHV�

7DEOH $�� ¦ :DUGUREHV

,W ZDV FRQFOXGHG WKDW WKH SHDN KHDW UHOHDVH UDWH LV LQYHUVHO\ SURSRUWLRQDO WR WKH WKLFNQHVV RI WKH ZDUGUREH
SDQHOV� :KLOH WKH WRWDO KHDW FRQWHQW RI WKH �� PP SDUWLFOHERDUG VSHFLPHQ LV KLJK� LWV SHDN KHDW UHOHDVH UDWH
LV TXLWH ORZ� VLQFH WKH IODPHV VSUHDG PRUH VORZO\ RYHU D WKLFN PDWHULDO�

$���� 7HOHYLVLRQ VHWV

7DEOH $�� VKRZV WKH KHDW UHOHDVH GDWD IRU WHOHYLVLRQ VHWV�

7DEOH $�� ¦ 7HOHYLVLRQ VHWV

'DWD RQ WKUHH §FRQVROH�W\SH¨ WHOHYLVLRQ VHWV ZLWK ZRRGHQ FDELQHWV DQG �� WR �� LQFK WXEH ZHUH UHSRUWHG
E\ 977 >��@� 7KHVH VHWV ZHUH LJQLWHG ZLWK ��� PO RI LVRSURSDQRO� WKLV LJQLWLRQ VRXUFH DORQH FRQVWLWXWHG D 
VPDOO KHDW UHOHDVH UDWH RI � N:� ,W FDQ EH VHHQ WKDW� ZLWK SHDNV RI RQO\ ��� N: WR ��� N:� WKHVH ILUHV ZHUH 
QRW VHYHUH E\ WKHPVHOYHV EXW FRXOG EH VHYHUH HQRXJK WR IXUWKHU LQYROYH RWKHU FRPEXVWLEOHV LQ D URRP�

&RQVWUXFWLRQ :DUGUREH
FRPEXVWLEOH PDVV

&ORWKLQJ DQG
SDSHU

3HDN KHDW
UHOHDVH UDWH

7RWDO KHDW UHOHDVH

NJ NJ N: 0-

0HWDO � ����D ��� ��
0HWDO � ����E ��� ��
3O\ZRRG� ���� PP WKLFN� �� ���� ����E � ��� � ���
3O\ZRRG� ���� PP WKLFN� �� ���� ����E � ��� � ���
3O\ZRRG� ��� PP WKLFN ���� ����E � ��� ���
3O\ZRRG� ��� PP WKLFN�
� FRDW )5 SDLQW ���� ����E � ��� ���
3O\ZRRG� ��� PP WKLFN�
� FRDWV )5 SDLQW ���� ����E � ��� ���
3DUWLFOHERDUG� �� PP WKLFN ����� ����E � ��� � ���
D 0LVFHOODQHRXV UDJV
E 6LPXODWHG KDQJLQJ FORWKHV

7RWDO PDVV &RPEXVWLEOH PDVV EXUQHG 3HDN T 7RWDO KHDW UHOHDVHG

N: 0-

���� ���� ��� ���
���� ��� ��� 1�$
���� ���� ��� ���
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$���� 6WRUHG FRPPRGLWLHV

7DEOH $�� VKRZV WKH KHDW UHOHDVH GDWD IRU VWRUHG FRPPRGLWLHV�

7DEOH $�� ¦ 6WRUHG FRPPRGLWLHV

127( 7KH VSUHDG RI YDOXHV VKRZQ UHIHUV WR WKH VDPH WHVW LQ HDFK FDVH� EXW D GLIIHUHQW PHWKRG RI HVWLPDWLQJ WKH SHDN KHDW UHOHDVH
UDWH RQ WKH EDVLV RI UHFRUGHG ORDG FHOO YDOXHV� ,Q DQ DFWXDO DSSOLFDWLRQ� WKH DGGLWLRQDO YDULDWLRQV GXH WR GLIIHUHQFHV LQ LJQLWLRQ VRXUFHV 
DQG ORFDWLRQV� VWDFNLQJ DUUDQJHPHQWV� DQG VR IRUWK� ZRXOG KDYH WR EH FRQVLGHUHG�

&RPPRGLW\ 3HDN KHDW UHOHDVH UDWH SHU 
XQLW IORRU DUHD

*URZWK WLPH WR UHDFK � 0:

N:�P�D V

0DLO EDJV� VWRUHG ��� P KLJK ��� ¥ ���
&DUWRQV� FRPSDUWPHQWHG� ��� P KLJK VWDFN � ��� ¥ � ��� ��
&DUWRQV� WUL�ZDOO FDUGERDUG� PHWDO OLQHG� 
��� P VWDFN KLJK

� ���

3RO\HWK\OHQH ERWWOHV� SDFNHG LQ FDUWRQV DV
DERYH

� ��� ¥ � ��� ��

3RO\HWK\OHQH MDUV� SDFNHG LQ FDUWRQV DV
DERYH

�� ��� ¥ �� ��� ��

39& ERWWOHV� SDFNHG LQ FDUWRQV DV DERYH � ��� ¥ � ��� ��
3RO\SURS\OHQH IRRG WXEV� SDFNHG LQ FDUWRQV 
DV DERYH

� ��� ¥ � ��� ���

3RO\HWK\OHQH OHWWHU WUD\V� VWDFNHG ��� P
KLJK RQ FDUW

� ��� ¥ ���

3RO\HWK\OHQH WUDVK EDUUHOV LQ FDUWRQV�
VWDFNHG ��� P KLJK

� ��� ¥ ��

3RO\HWK\OHQH ERWWOHV� UDQGRP VL]HG� 
VWDFNHG ��� P KLJK

� ��� ¥ � ��� ��

3RO\HWK\OHQH ERWWOHV� ODUJH� LQ FDUWRQV�
VWDFNHG ��� P KLJK

¥ � ���

3RO\HWK\OHQH�ILEUHJODVV VKRZHU VWDOOV LQ
FDUWRQV� VWDFNHG ��� P KLJK

� ��� ¥ ��

3RO\XUHWKDQH ULJLG IRDP LQVXODWLRQ ERDUG� 
VWDFNHG ��� P KLJK

� ��� ¥ � ��� �

3RO\VW\UHQH IRRG WXEV� ZLWK FRYHUV� QHVWHG 
LQ FDUWRQV� VWDFNHG ��� P KLJK

� ��� ¥ � ��� ���

3RO\VW\UHQH PHDW WUD\V� ZUDSSHG LQ SODVWLF 
VKHHW

¥ �� ���

3RO\VW\UHQH PHDW WUD\V� ZUDSSHG LQ SDSHU ¥ �� ���
3RO\VW\UHQH WR\ SDUWV LQ FDUWRQV� VWDFNHG
��� P KLJK

� ��� ¥ � ��� ���

3RO\HWK\OHQH DQG SRO\SURS\OHQH ILOP LQ
UROOV� VWDFNHG ��� P KLJK

� ��� ¥ ��

D (VWLPDWHV IURP $OSHUW DQG :DUG >��@ DQG 'HOLFKDWVLRV >��@
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$�� &KULVWPDV WUHH H[SHULPHQWDO GDWD

7DEOH $��� 7DEOH $�� DQG 7DEOH $�� VKRZ WKH KHDW UHOHDVH GDWD IRU DUWLILFLDO DQG UHDO WUHHV� 7KH LQIRUPDWLRQ
ZDV WDNHQ IURP >��@�

7DEOH $�� ¦ $UWLILFLDO WUHHV

7DEOH $�� ¦ 5HDO WUHHV XQGHFRUDWHG DQG XQWUHDWHG

7DEOH $�� ¦ 5HDO WUHHV GHFRUDWHG

7HVW GHVFULSWLRQ +HLJKW 3HDN KHDW
UHOHDVH UDWH

3HDN PDVV
ORVV

3HDN WHPS 7LPH IURP 
LJQLWLRQ WR 
SHDN WHPS

'XUDWLRQ RI
EXUQ

P N: J�V �& V V

$UWLILFLDO WUHH W\SH � ��� ��� ��� ��� ��� ���
$UWLILFLDO WUHH W\SH � ��� ��� ���� ��� ��� ���
$UWLILFLDO WUHH W\SH � 
ZLWK ��� NJ RI PL[HG GHFRUDWLRQV ��� ��� ���� ��� ��� ���
127( � $UWLILFLDO 7\SH � ¦ )LUH UHWDUGDQW DQG FRQVLVWHG RI D FHQWUDO WXEXODU VWHHO IUDPH IURP ZKLFK SODVWLFV FRDWHG PHWDO ZLUH
EUDQFKHV SURWUXGHG�

127( � $UWLILFLDO 7\SH � ¦ 1RW ILUH UHWDUGDQW DQG D VHULHV RI LQWHUORFNLQJ SODVWLFV WXEHV �IRUPLQJ WKH PDLQ WUXQN�� RQWR ZKLFK
ZHUH IL[HG UDGLDO H[WHQGLQJ SODVWLFV�FRDWHG ZLUH EUDQFKHV�

7HVW GHVFULSWLRQ +HLJKW 3HDN KHDW
UHOHDVH UDWH

3HDN PDVV 
ORVV

3HDN WHPS 7LPH IURP
LJQLWLRQ WR
SHDN WHPS

'XUDWLRQ RI
EXUQ

P N: J�V �& V V

/DUJH ZHW 1RUZD\ VSUXFH ���� ��� ����� ��� ��� ���
/DUJH ZHW 1REOH ILU ���� ��� ���� ��� �� ���
6PDOO GULHG 1RUZD\ VSUXFH ���� ��� ���� ��� �� ��
6PDOO GULHG 1REOH ILU ���� � ��� ���� ��� �� ��
0HGLXP GULHG 1REOH ILU ���� � ��� ����� � ��� �� ��
/DUJH GULHG 1REOH VSUXFH ���� � ��� ����� � ��� �� ���
/DUJH GULHG 1REOH ILU ���� � ��� ����� ��� �� ���
/DUJH GULHG 1REOH ILU
�IODPH KHLJKW WHVW� ���� 1�$ ����� 1�$ 1�$ 1�$

7HVW GHVFULSWLRQ +HLJKW 3HDN KHDW
UHOHDVH UDWH

3HDN PDVV
ORVV

3HDN WHPS 7LPH IURP 
LJQLWLRQ WR
SHDN WHPS

'XUDWLRQ RI
EXUQ

P N: J�V �& V V

5HDO WUHH ¥ GHFRUDWHG �XQWUHDWHG�

/DUJH GULHG 1REOH ILU 
ZLWK ��� NJ RI PL[HG 
GHFRUDWLRQV ���� � ��� ����� � ��� �� ���
5HDO WUHH ¥ GHFRUDWHG �WUHDWHG�

/DUJH GULHG 1REOH ILU
WUHDWHG ZLWK 
DQWL�GURS VSUD\ ���� � ��� ����� ��� �� ���
/DUJH GULHG 1REOH ILU 
WUHDWHG ZLWK ILUH
UHWDUGDQW VSUD\ ���� 1�$ ���� ��� �� ���
127( � 'HFRUDWLRQV ZHUH SDLQWHG DFRUQV� SODVWLF EDXEOHV� SDSHU ERZV� DUWLILFLDO VQRZ DQG WUHH OLJKWV�

127( � 7KH LJQLWLRQ VRXUFH IRU WKHVH H[SHULPHQWV ZDV ��� PO RI PHWK\ODWHG VSLULWV LQ D ��� PP�GLDPHWHU IRLO GLVK� ORFDWHG 
GLUHFWO\ XQGHU WKH WUHH� :KHQ LJQLWLRQ GLG QRW RFFXU� ��� PO RI Q�KHSWDQH ZDV XVHG� ,Q WKH FDVHV ZKHUH WKH VDPSOHV ZHUH HDVLO\
LJQLWHG D JDV OLJKWHU IODPH ZDV XVHG�

127( � 7KLV GDWD LV IRU WKH PRVW FRPPRQO\ XVHG &KULVWPDV WUHHV DQG GHFRUDWLRQV LQ WKH 8.� 7KHUHIRUH XVH RI WKLV GDWD IRU RWKHU
FRXQWULHV PD\ QRW EH DFFXUDWH DQG FDUH VKRXOG EH WDNHQ ZKHQ DSSO\LQJ WR QRQ�8. VFHQDULRV�
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$�� &RPEXVWLRQ EHKDYLRXU RI XSKROVWHUHG IXUQLWXUH �&%8)� GDWD

7DEOH $�� WR 7DEOH $��� VKRZ WKH FRPEXVWLRQ EHKDYLRXU RI XSKROVWHUHG IXUQLWXUH IURP >��@�

7DEOH $�� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI FRPPHUFLDOO\ DYDLODEOH SURGXFWV >��@

,WHP QR 'HVLJQ 0DLQ ILOOLQJ :UDS &RYHU 8VH

��� )XOO\ XSKROVWHUHG WKUHH VHDW
VRID ORRVH VHDW DQG EDFN
FXVKLRQV

3RO\HVWHU IRDP
VHDW�SRO\HVWHU
LQWHULRU EDFN

3RO\HVWHU
ILEUH� VHDW
FXVKLRQ

��� � 3RO\HVWHU JURXQG
FORWK �SRO\DFU\OLF SLOH

'

��� )XOO\ XSKROVWHUHG WKUHH VHDW
VRID ORRVH VHDW DQG EDFN
FXVKLRQV

&0+5 IRDP 
VHDW�VKUHGGHG
IRDP LQWHULRU EDFN

1�$ )5 WUHDWHG FRWWRQ '

��� $V ��� EXW WZR VHDW VRID $V ��� $V ��� $V ��� '
��� $V ��� EXW VLQJOH VHDW FKDLU $V ��� $V ��� $V ��� '
��� )XOO\ XSKROVWHUHG FKDLU ORRVH 

VHDW DQG EDFN FXVKLRQV
&0+5 IRDP 
VHDW�)5 SRO\HVWHU
LQWHULRU EDFN

)5 SRO\HVWHU
ILEUH

��� � 3RO\DFU\OLF SLOH 
IDEULF�)5 EDFN FRDWHG
�FHOOXORVLF JURXQG

'

��� )XOO\ XSKROVWHUHG FKDLU ORRVH 
VHDW DQG EDFN FXVKLRQV

+5 )RDP 1�$ /HDWKHU '

��� )XOO\ XSKROVWHUHG FKDLU ORRVH 
VHDW DQG EDFN FXVKLRQV

3RO\HWKHU IRDP 3RO\HVWHU
ILEUH� EDFN
FXVKLRQ

��� � )5 FRWWRQ '

��� $V ��� EXW VLQJOH VHDW FKDLU EDFN $V ��� $V ��� $V ��� '
��� )XOO\ XSKROVWHUHG FKDLU ORRVH 

VHDW FXVKLRQ� IL[HG EDFN
&0+5 IRDP 1�$ )5 WUHDWHG ��� � FRWWRQ '

���� )XOO\ XSKROVWHUHG FKDLU ORRVH 
VHDW FXVKLRQ� IL[HG EDFN

&0+5 IRDP )5SRO\HVWHU 
ILEUH

3RO\DFU\OLF SLOH ILEUH�)5
EDFN FRDWHG�FHOOXORVLF 
JURXQG

'

���� )XOO\ XSKROVWHUHG FKDLU ORRVH 
VHDW FXVKLRQ� IL[HG EDFN

+5 )RDP 1�$ /HDWKHU '

���� )XOO\ XSKROVWHUHG FKDLU� ORRVH 
VHDW FXVKLRQ� IL[HG EDFN

3RO\HWKHU IRDP 3RO\HVWHU
ILEUH

��� � 3RO\HVWHU '

���� &KDLU�PHWDO IUDPH� VHDW DQG
EDFN SDGV PRXQWHG RQ ERDUGV
�UHFHSWLRQ�W\SLVW�

&0+5 IRDP 1�$ ��� � :RRO )5 WUHDWHG &

���� $V ���� &0+5 IRDP 1�$ ��� � :RRO &
���� $V ���� 3RO\HWKHU IRDP 1�$ ��� � )5 SRO\HVWHU &
���� $V ���� 3RO\HWKHU IRDP 1�$ 9LQ\O FRDWHG FRYHU &
���� ([HFXWLYH VZLYHO FKDLU +5 IRDP 1�$ ��� � )5 SRO\HVWHU &
���� ([HFXWLYH VZLYHO FKDLU 7R PHHW &DO�7�%���� ��� � :RRO WZHHG &
���� )XOO\ XSKROVWHUHG� IL[HG

XSKROVWHU\� KLJK DUPV 
�UHFHSWLRQ�

+5 IRDP 1�$ ��� � )5 SRO\HVWHU &

���� )XOO\ XSKROVWHUHG� IL[HG
XSKROVWHU\� KLJK DUPV

&0+5 IRDP )5SRO\HVWHU 
ILEUH� VHDW

��� � :RRO &

���� 6ROLG IRDP PDWWUHVV 3RO\HWKHU IRDP )5SRO\HVWHU 
ILEUH�
TXLOWHG WR
FRYHU

&RWWRQ�YLVFRXV '�&

���� 6SULQJ IRDP PDWWUHVV /DWH[ IRDP 1�$ &RWWRQ�YLVFRXV '�&
���� 6SULQJ LQWHULRU PDWWUHVV 3RO\HWKHU IRDP 1�$ ��� � 3RO\HVWHU '
���� 6SULQJ LQWHULRU PDWWUHVV &0+5 IRDP 1�$ ��� � 3RO\HVWHU '
���� 6ROLG IRDP PDWWUHVV �SULVRQ� ,PSUHJQDWHG IRDP 1�$ )5 YLQ\O UHLQIRUFHG

VKHHW
+5

���� 6SULQJ LQWHULRU PDWWUHVV�VSUXQJ
HGJH GLYDQ VHW

9DULRXV ILEURXV �QDWXUDO� OD\HUV '�� � 3RO\HVWHU �� �
9LVFRXV

'

���� $V IRU ���� EXW D VRID EHG $V IRU ��� $V IRU ��� $V IRU ��� '
127( '   'RPHVWLF� &  &RPPHUFLDO� +5   +LJK ULVN�



3' �����������

� %6, �� 0DUFK ���� ��

7DEOH $�� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ,62 ���� URRP�FRUQHU WHVW

6DPSOH
LGHQWLILFDWLRQ

3HDN KHDW UHOHDVH
UDWH

7LPH WR SHDN KHDW
UHOHDVH UDWH

7RWDO KHDW UHOHDVH 7RWDO VPRNH
SURGXFWLRQ

7HVW GXUDWLRQ

N: V 0-  P� V

���D E � ��� ��� ����� � ��� ���

���D � ��� ��� ����� � ��� ���

���D � ��� ��� ����� � ��� ���
��� ��� ��� ����� � ��� � ���
��� ��� ��� ����� � ��� � ���
��� � ��� ��� ����� � ��� ���
��� ��� ��� ����� � ��� � ���
��� � ��� ��� ����� � ��� � ���
��� ��� � ��� ����� � ��� � ���
���� � ��� ��� ����� � ��� � ���
����D � ��� ��� ����� � ��� ���
���� � ��� ��� ����� � ��� � ���
���� ��� � ��� ����� � ��� � ���
���� ��� � ��� ����� � ��� � ���
���� � ��� ��� ����� � ��� � ���
���� � ��� ��� ����� � ��� � ���
���� ��� ��� ����� � ��� � ���
���� �� ��� ��� ��� � ���
���� � ��� ��� ����� � ��� � ���
���� ��� ��� ����� ��� � ���
����D � ��� ��� ����� � ��� ���

����D � ��� ��� ����� �� ��� ���
���� ��� �� ���� ��� ���
���� �� ��� ���� �� � ���
���� �� ��� ��� �� � ���
���� �� ��� ��� ��� ���
����D � ��� ��� ����� � ��� ���
D 'DWD JLYHQ XQWLO WKH WHVW ZDV H[WLQJXLVKHG ZLWK ZDWHU� ZKLFK ZDV EHIRUH � ��� V�
E 7+5 LV DGMXVWHG ZLWK D IDFWRU ����� VLQFH DSSUR[LPDWHO\ �� � RI WKH UHOHDVHG HQHUJ\ ZDV ORVW GXULQJ WKH WHVW GXH WR HVFDSLQJ

VPRNH JDVHV IURP WKH KRRG�
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7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG

$OO VHULHV � IXUQLWXUH FRQVLVWV RI�

¦ ORRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG WR JURXQG�
¦ EHDFK ZRRG WLPEHU IUDPH�
¦ WKUHH VHDWV� ZLWK RQH VXEGLYLGLQJ DUP� DQG � HQG DUPV�
¦ ��� PP ZLGH � ��� PP GHSWK � ��� PP KHLJKW�

7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ,62 ���� URRP�FRUQHU WHVW

,WHP 1R� )DEULF )LOOLQJ ,QWHUOLQHU

��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � 1�$
��� � � �
���� � � �
���� � � 1�$
���� � � �
���� � � 1�$
���� � � �
���� � � �
���� � � �

6DPSOH LGHQWLILFDWLRQ 3HDN KHDW
UHOHDVH UDWH

7LPH WR �� N: 7RWDO KHDW UHOHDVH 7RWDO VPRNH
SURGXFWLRQ

7HVW GXUDWLRQ

N: V 0- P� V

��� ��� �� ����� ��� � ���
��� ��� �� ����� ��� � ���
��� � ��� �� ����� � ��� � ���
��� � ��� �� ����� � ��� � ���
��� ��� �� ����� ��� � ���
��� ��� �� ����� ��� � ���
��� ��� �� ����� � ��� � ���
��� � ��� �� ����� ��� � ���
��� ��� �� ����� ��� � ���
���� � ��� �� ����� � ��� � ���
���� ��� ��� ����� ��� � ���
���� ��� �� ����� ��� � ���
���� �� 1�$ ��� �� � ���
���� ��� �� ����� ��� � ���
���� �� 1�$ ��� ��� � ���
���� �� 1�$ ���� �� � ���
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7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG

7DEOH $��� ¦ )XUQLWXUH VHULHV �� 'HVFULSWLRQ RI §PDGH XS¨ SURGXFWV WHVWHG

,WHP QR� )DEULF )LOOLQJ ,QWHUOLQHU )UDPH 6W\OH 9DULDWLRQ

��� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG
WR WKH JURXQG

��� � � 1�$ � �PHWDO� $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG
WR WKH JURXQG

��� � � 1�$ � ' /RRVH VHDW DQG EDFN FXVKLRQV �GLUHFW LQWR ZRRGHQ
IUDPH� ZLWK DUPV

��� � � 1�$ � & *DS EHWZHHQ VHDW DQG EDFN SDQHO PRXQWHG 
FXVKLRQV ZLWKRXW DUPV

��� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� � VHDW VRID IXOO\
XSKROVWHUHG WR JURXQG

��� � � 1�$ � ' 3DQHO PRXQWHG� ZLWKRXW DUPV
��� � � 1�$ � ' 3DQHO XSKROVWHU\� ZLWKRXW DUPV
��� � � 1�$ � ( 3DQHO XSKROVWHU\� ZLWKRXW DUPV� KLJK EDFN
��� � � 1�$ � ) 3DQHO XSKROVWHUHG� ZLWKRXW DUPV� KLJK EDFN�

EXWWRQHG
���� � � 1�$ � % )XOO\ XSKROVWHUHG ZLWK ORRVH VHDW DQG EDFN

FXVKLRQV� VKRZ ZRRG OHJV
���� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG

WR JURXQG
���� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� � VHDW VRID� IXOO\

XSKROVWHUHG WR JURXQG
���� � � 1�$ � ' 3DQHO PRXQWHG� ZLWKRXW DUPV
���� � � 1�$ � % )XOO\ XSKROVWHUHG ¦ ZLWK ORRVH EDFN FXVKLRQ� 

VKRZ ZRRG OHJV
���� � � 1�$ � ' 3DQHO PRXQWHG� ZLWK DUPV
���� � � 1�$ � & :LWK UHGXFHG IRDP FRQWHQW LQ VHDW DQG EDFN
���� � � 1�$ 1�$ 1�$ 6ROLG IRDP PDWWUHVV
���� � � 1�$ 1�$ 1�$ 6SULQJ LQWHULRU PDWWUHVV

,WHP QR� )DEULF )LOOLQJ ,QWHUOLQHU )UDPH 6W\OH 9DULDWLRQ

��� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG
WR JURXQG

��� � � 1�$ � $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG
WR JURXQG

��� � � � � $ /RRVH VHDW DQG EDFN FXVKLRQV� IXOO\ XSKROVWHUHG
WR JURXQG

��� � � 1�$ � % 7ZR VHDW VRID� ZLWKRXW DUPV� VKRZ ZRRG OHJV� 
SDQHO PRXQWHG RQ VODWV

��� � � 1�$ � ' 3DQHO PRXQWHG� ZLWKRXW DUPV
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7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH ODUJH URRP

7DEOH $��� ¦ )XUQLWXUH VHULHV � WHVWHG LQ WKH IXUQLWXUH FDORULPHWHU

6DPSOH
LGHQWLILFDWLRQ

6DPSOH
PDVV

0DVV ORVV 3HDN UDWH RI
PDVV ORVV 

7LPH WR SHDN
PDVV ORVV 

+HDW IOX[ SHDN
DW IORRU OHYHO

+HDW IOX[ SHDN DW 
��� P DERYH IORRU

7HVW 
GXUDWLRQ

NJ NJ J�V V N:�P¥� V V

��� ������ ����� ���� ��� ��� ��� � ���
��� ������ ����� ���� ��� ��� ��� � ���
��� ������ ����� ���� ��� ��� ��� � ���
��� ������ ����� ��� �� ���� ��� � ���
��� ������ ����� ��� �� ���� ��� � ���
127( 'LPHQVLRQV ��� P � ��� P � ��� P KLJK� 7KH GRRUZD\ ZDV FHQWUDOO\ ORFDWHG LQ RQH RI WKH ��� P ZLGH ZDOOV ZLWK
GLPHQVLRQV RI ��� P � ��� P�

6DPSOH LGHQWLILFDWLRQ 3HDN KHDW UHOHDVH UDWH 7RWDO KHDW UHOHDVH 7RWDO VPRNH SURGXFWLRQ 7HVW GXUDWLRQ

N: 0- P� V

��� � ��� ����� � ��� � ���
��� � ��� ����� � ��� � ���
��� � ��� ����� � ��� � ���
��� ��� ����� � ��� � ���
��� ��� ����� � ��� � ���
��� � ��� ����� � ��� � ���
��� ��� ����� � ��� � ���
��� � ��� ����� � ��� � ���
��� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� � ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� � ��� � ���
���� �� ���� ��� � ���
���� � ��� ����� � ��� � ���
���� ��� ����� ��� � ���
���� ��� ����� � ��� � ���
���� ��� ����� �� ��� � ���
���� ��� ���� ��� ���
���� �� ���� ��� � ���
����D �� 1�$ �� ���

����D �� 1�$ � ���
���� � ��� ��� � ��� � ���
D 9HU\ OLPLWHG EXUQLQJ LQ LWHP ���� DQG ���� DIWHU WKH EXUQHU ZDV UHPRYHG� $OPRVW QR PDVV ORVV ZDV UHPRYHG�
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7DEOH $��� ¦ )XUQLWXUH FDORULPHWHU WHVW VHULHV �

6DPSOHV ���� ��� DQG ��� ZHUH DOO LGHQWLFDO DQG ZHUH WHVWHG LQ DOO WKUHH WHVW VFHQDULRV� DOO RWKHU VDPSOHV
ZHUH QRW LGHQWLFDO� 7DEOH $��� VXPPDUL]HV WKH GDWD IRU LGHQWLFDO FKDLUV WHVWHG LQ WKH ,62 ���� �%6 ������� 
URRP�FRUQHU WHVW� IXUQLWXUH FDORULPHWHU DQG ODUJH URRP� 7KH GDWD VKRZV WKDW WKHUH LV QRW D VLJQLILFDQW 
GLIIHUHQFH LQ WKH EXUQLQJ FKDUDFWHULVWLFV RI WKHVH FKDLUV UHVXOWLQJ IURP WKH GLIIHUHQW H[SHULPHQWDO
VFHQDULRV� ZLWK WKH H[FHSWLRQ RI WKH WRWDO KHDW UHOHDVHG�

7DEOH $��� ¦ 6FHQDULR FRPSDULVRQV

6DPSOH LGHQWLILFDWLRQ 3HDN KHDW UHOHDVH UDWH 7RWDO KHDW UHOHDVH 7RWDO VPRNH
SURGXFWLRQ

7HVW GXUDWLRQ

N: 0- P� V

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

7HVW 6DPSOH LGHQWLILFDWLRQ 3HDN KHDW
UHOHDVH UDWH

7RWDO KHDW
UHOHDVH

7RWDO VPRNH
SURGXFWLRQ

7HVW GXUDWLRQ

N: 0- P� V

,62 5RRP ��� ��� ����� ��� � ���
)XUQLWXUH 
&DORULPHWHU

��� ��� ��� ��� � ���

/DUJH URRP ��� ���D ���E 1�0 � ���
D 7KLV YDOXH ZDV QRW PHDVXUHG EXW ZDV FDOFXODWHG IURP WKH SHDN UDWH RI PDVV ORVV GDWD�
E 7KLV YDOXH ZDV QRW PHDVXUHG EXW ZDV FDOFXODWHG IURP WKH WRWDO PDVV ORVV GDWD�
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7KH IROORZLQJ LQIRUPDWLRQ LV LQ WKH IRUP RI FDOFXODWHG HVWLPDWHV RQO\� QRW H[SHULPHQWDO GDWD�

D� /DUJH URRP SHDN +55

7KH H[SHULPHQWDO SHDN UDWH RI PDVV ORVV IRU WKLV H[SHULPHQW ZDV ���� J�V¥��

7KH HIIHFWLYH KHDW RI FRPEXVWLRQ �(+&� REWDLQHG IURP WKH IXUQLWXUH FDORULPHWHU WHVW �VDPSOH ���� ZDV WR
FDOFXODWH WKH SHDN KHDW UHOHDVH UDWH�

(+& VDPSOH ��� IXUQLWXUH FDORULPHWHU WHVW   ���� 0-�NJ¥�

ZKHUH

E� /DUJH URRP SHDN 7+5

7KH WRWDO H[SHULPHQWDO PDVV ORVV ZDV ����� NJ�

8VLQJ WKH (+& IURP WKH IXUQLWXUH FDORULPHWHU WHVW �VDPSOH ����� WKH WRWDO KHDW UHOHDVH �7+5� FDQ EH 
FDOFXODWHG�

ZKHUH

8VLQJ 4S  PIXHO+F  ���� Õ ����  ������ N:

4S  SHDN KHDW UHOHDVH UDWH �N:�
PIXHO  PDVV ORVV UDWH RI IXHO �J�V¥��
+F  HIIHFWLYH KHDW RI FRPEXVWLRQ �0-�NJ¥��

7+5  PW � +F  ����� Õ ����  ������ 0-

7+5 WRWDO KHDW UHOHDVH UDWH �0-�
PW WRWDO PDVV ORVV �NJ�
+F HIIHFWLYH KHDW RI FRPEXVWLRQ �0-�NJ¥��
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$�� )$67GDWD

1,67 )$67GDWD >��@ LV D GDWDEDVH RI H[SHULPHQWDO ILUH WHVW UHVXOWV SURGXFHG E\ 1,67 DQG LV DYDLODEOH RQ
&'�520� 7DEOH $��� SURYLGHV D VXPPDU\ RI WKH GDWD WKDW LV FRQWDLQHG ZLWKLQ WKH -XQH ���� UHOHDVH�

7DEOH $��� ¦ 6XPPDU\ RI GDWD

3URGXFW &RQH
FDORULPHWHU

1RQ
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH
KLVWRU\
JUDSK

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

$
$FHWRQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
$UDPLG �.HYODU� LQWHUOLQHU <HV 1R 1R 1R 1R <HV <HV
$UPFKDLU 1R <HV 1R 1R 1R <HV 1R
%
%HG 1R <HV 1R <HV 1R <HV 1R
%HG�QLJKW WDEOH 1R <HV 1R <HV 1R <HV 1R
%HQ]HQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
%XQN EHG 1R 1R 1R <HV 1R <HV
&
&DO ��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&HOOXORVH <HV 1R 1R 1R 1R <HV <HV
&RUGXUD Q\ORQ ��� � IDEULF
�&1)� <HV 1R 1R 1R 1R <HV <HV
&1)�&DO ��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&1) EDFNLQJ
FRDWLQJ�DUDPLG �.HYODU�
,QWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&1) QR EDFNLQJ FRDWLQJ <HV 1R 1R 1R 1R <HV <HV
&1) QR EDFNLQJ
FRDWLQJ�DUDPLG �.HYODU�
,QWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&RWWRQ ��� � IDEULF <HV 1R 1R 1R 1R <HV <HV
&RWWRQ ��� � IDEULF�DUDPLG
�.HYODU� LQWHUOLQHU �*OXHG��
&DO ��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&RWWRQ ��� �
)DEULF�$UDPLG �.HYODU�
,QWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&RWWRQ ��� � IDEULF�NQLWWHG
JODVV FKDUULQJ ILEUH�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&RWWRQ ��� � IDEULF�ZRYHQ
JODVV ILEUH�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
&RWWRQ �� �� Q\ORQ �� � 
IDEULF <HV 1R 1R 1R 1R <HV <HV
&RWWRQ �� �� Q\ORQ �� � 
IDEULF�DUDPLG �.HYODU� 
LQWHUOLQHU�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
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7DEOH $��� ¦ 6XPPDU\ RI GDWD �FRQWLQXHG�

3URGXFW &RQH
FDORULPHWHU

1RQ 
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH 
KLVWRU\ 
JUDSK 

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

)
)DFHG URFNZRRO <HV 1R <HV 1R 1R <HV <HV
)RDP PDWWUHVV 1R 1R 1R <HV 1R <HV 1R
)5 SDUWLFOH ERDUG <HV 1R <HV 1R 1R <HV <HV
)5 SDUWLFOH ERDUG W\SH %� <HV 1R 1R 1R 1R <HV <HV
)5 3RO\VW\UHQH <HV 1R <HV 1R 1R <HV <HV
*
*DV EXUQHU 1R <HV 1R 1R 1R <HV 1R
+
+HSWDQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
,
)5 3RO\XUHWKDQH ZLWK
PHODPLQH

<HV 1R 1R 1R 1R <HV <HV

,VRWDFWLF 3RO\SURS\OHQH <HV 1R 1R 1R 1R <HV <HV
.
.LRVN 1R 1R 1R 1R <HV <HV 1R
.QLWWHG JODVV FKDUULQJ ILEUH <HV 1R 1R 1R 1R <HV <HV
.QLWWHG JODVV FKDUULQJ ILEUH 
ZLWK )5 UHVLQ <HV 1R 1R 1R 1R <HV <HV
/
/RYHVHDW 1R <HV 1R 1R 1R <HV 1R
0
0HODPLQH IDFHG KLJK 
GHQVLW\ QRQ�FRPEXVW ERDUG <HV <HV 1R 1R 1R <HV <HV
0HWKDQRO �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
0HWK\O PHWKDFU\ODWH
�OLTXLG� <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� Q\ORQ
�� � IDEULF <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� Q\ORQ
�� � IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� Q\ORQ
�� � IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� 1\ORQ
�� � )DEULF�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� Q\ORQ
�� � IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
0RGDFU\OLF �� �� Q\ORQ
�� � IDEULF�NQLWWHG JODVV
ILEUH�&DO ��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
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7DEOH $��� ¦ 6XPPDU\ RI GDWD �FRQWLQXHG�

3URGXFW &RQH
FDORULPHWHU

1RQ
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH
KLVWRU\
JUDSK

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

1
1DWXUDO JDV 1R <HV 1R 1R 1R <HV 1R
1LJKW WDEOH 1R <HV 1R 1R <HV <HV 1R
1\ORQ ��� � IDEULF <HV 1R 1R 1R 1R <HV <HV
1\ORQ ��� � IDEULF�DUDPLG
�.HYODU� LQWHUOLQHU�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
1\ORQ ��� � IDEULF�NQLWWHG
JODVV FKDUULQJ ILEUH�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
1\ORQ ��� � IDEULF�ZRYHQ
JODVV ILEUH�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
2
2UGLQDU\ 3O\ZRRG <HV 1R <HV 1R 1R <HV <HV
3
3DLQWHG J\SVXP SDSHU 
SODVWHU ERDUG <HV 1R <HV 1R 1R <HV <HV
3KHQROLF UHVLQ �1RYDODF� <HV 1R 1R 1R 1R <HV <HV
3KHQROLF UHVLQ �5HVROH� <HV 1R 1R 1R 1R <HV <HV
3ODVWLF IDFHG VWHHO VKHHW RQ
PLQ ZRRO <HV 1R <HV 1R 1R <HV <HV
300$ <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU ��� � IDEULF <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU ��� �
IDEULF�DUDPLG �.HYODU� 
LQWHUOLQHU�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU ��� �
IDEULF�ZRYHQ JODVV ILEUH�&DO 
��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� &RUGXUD
Q\ORQ �� � IDEULF <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� &RUGXUD
Q\ORQ �� � IDEULF�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� FRWWRQ �� �
IDEULF <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� FRWWRQ �� �
IDEULF�DUDPLG �.HYODU� 
LQWHUOLQHU �&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� FRWWRQ �� �
IDEULF� &DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
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7DEOH $��� ¦ 6XPPDU\ RI GDWD �FRQWLQXHG�

3URGXFW &RQH
FDORULPHWHU

1RQ 
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH 
KLVWRU\ 
JUDSK 

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

3RO\HVWHU �� �� &RWWRQ �� � 
)DEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HVWHU �� �� FRWWRQ �� �
IDEULF�ZRYHQ JODVV ILEUH�&DO 
��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\HWK\OHQH �� ��
3RO\SURS\OHQH �� � <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH ��� � IDEULF <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH ��� �
IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH ��� �
IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� +HDY\ 
��� � )DEULF <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�DUDPLG �.HYODU�
LQWHUOLQHU�,)5
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�&DO ���
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�,)5 
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH ZLWK )5
UHVLQ�,)5 3RO\XUHWKDQH 
ZLWK PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�ZRYHQ JODVV ILEUH�&DO 
��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� KHDY\ ��� �
IDEULF�ZRYHQ JODVV ILEUH�,)5 
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
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7DEOH $��� ¦ 6XPPDU\ RI GDWD �FRQWLQXHG�

3URGXFW &RQH
FDORULPHWHU

1RQ
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH
KLVWRU\
JUDSK

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

3RO\SURS\OHQH� OLJKW ��� �
IDEULF <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�DUDPLG �.HYODU� 
LQWHUOLQHU�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�DUDPLG �.HYODU� 
LQWHUOLQHU� ,)5 
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�NQLWWHG JODVV
FKDUULQJ ILEUH� ,)5 
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�ZRYHQ JODVV ILEUH�&DO 
��� 3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
3RO\SURS\OHQH� OLJKW ��� �
IDEULF�ZRYHQ JODVV ILEUH�,)5 
3RO\XUHWKDQH ZLWK
PHODPLQH <HV 1R 1R 1R 1R <HV <HV
3RO\VW\UHQH <HV 1R 1R 1R 1R <HV <HV
3RO\VW\UHQH GLVN ���� FP
GLDPHWHU� <HV 1R 1R 1R 1R <HV <HV
3RO\XUHWKDQH IRDP FRYHUHG 
ZLWK VWHHO VKHHWV <HV 1R <HV 1R 1R <HV <HV
3RO\YLQ\O DOFRKRO �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
39& ZDOO FDUSHW RQ J\SVXP
ERDUG <HV 1R <HV 1R 1R <HV <HV
6
6LOR[DQH ��� �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
6W\UHQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
7
7H[WLOH ZDOO FRYHULQJ RQ
J\SVXP ERDUG <HV 1R <HV 1R 1R <HV <HV
7ROXHQH �OLTXLG� <HV 1R 1R 1R 1R <HV <HV
9
9HQHHU SDUWLFOH %RDUG <HV 1R 1R 1R 1R <HV <HV
9LQ\O ��� � IDEULF <HV 1R 1R 1R 1R <HV <HV
9LQ\O ��� � IDEULF�DUDPLG
�.HYODU� LQWHUOLQHU�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
9LQ\O ��� � IDEULF�&DO ��� 
3RO\XUHWKDQH <HV 1R 1R 1R 1R <HV <HV
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7DEOH $��� ¦ 6XPPDU\ RI GDWD �FRQWLQXHG�

$�� 6XUYH\ RI VKRSV

$Q LQYHVWLJDWLRQ RI RYHU �� VKRSV DURXQG (QJODQG� :DOHV DQG 6FRWODQG ZDV FDUULHG RXW E\ 3LHUV >��@ DQG
VXPPDUL]HG E\ +XPH >��@� 7KH UHVXOWV RI WKH VXUYH\ GUHZ SDUWLFXODU DWWHQWLRQ WR PDWHULDOV OLNHO\ WR
VXSSRUW UDSLG ILUH JURZWK� 7KLV LQFOXGHG WKH IROORZLQJ�

¦ WR\V LQ EOLVWHU SDFNV� RQ KDQJLQJ DUPV DJDLQVW WKH ZDOO�
¦ WLJKWV LQ FDUWRQV� RQ KDQJLQJ DUPV DJDLQVW WKH ZDOO�
¦ VRIW WR\V� DUUDQJHG LQ D ODUJH SLOH�
¦ YLGHR FDVVHWWHV GLVSOD\HG RQ HLWKHU D SODVWLF UDFN RU PHWDO VKHOYHV�
¦ FULVSV GLVSOD\HG RQ RSHQ ZLUH PHVK VKHOYLQJ�
¦ OLJKWZHLJKW VSRUWV MDFNHWV RQ PHWDO KDQJLQJ DUPV DJDLQVW WKH ZDOO�

7KHVH FRQFOXVLRQV ZHUH PDGH DIWHU VPDOO VFDOH WHVWLQJ KDG EHHQ DSSOLHG WR D VHOHFWHG UDQJH RI SURGXFWV�

)RU IXUWKHU LQIRUPDWLRQ DQG VPDOO�VFDOH GDWD IURP WKH UHVHDUFK DQG VXUYH\� VHH 3LHUV >��@�

&DUH VKRXOG EH WDNHQ LQ H[WUDSRODWLQJ VPDOO�VFDOH UHVXOWV WR IXOO VFDOH�

3URGXFW &RQH
FDORULPHWHU

1RQ 
VWDQGDUG
URRP WHVW

&RUQHU
URRP WHVW

)UHH 
EXUQ LQ

RSHQ
VSDFH

0XOWL�VWRUH\
EXLOGLQJ

7LPH
KLVWRU\ 
JUDSK

VXPPDU\

7DEXODWHG
GDWD

VXPPDU\

:
:RRG FULE 1R 1R 1R 1R <HV <HV 1R
:RRG GUHVVHU 1R 1R 1R <HV 1R <HV 1R
:RRG SDOOHW 1R 1R 1R <HV 1R <HV 1R
:RRO �� �� FRWWRQ �� ��
UD\RQ � �� � � Q\ORQ IDEULF

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
UD\RQ � �� � � Q\ORQ
IDEULF�&DO ��� 3RO\XUHWKDQH

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF �JOXHG 
FRUQHUV�

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF �JOXHG 
FRUQHUV� DUDPLG �.HYODU�
LQWHUOLQHU� &DO ��� 
3RO\XUHWKDQH

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF �JOXHG 
FRUQHUV��&DO ���
3RO\XUHWKDQH

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF�DUDPLG 
�.HYODU� LQWHUOLQHU� &DO ��� 
3RO\XUHWKDQH

<HV 1R 1R 1R 1R <HV <HV

:RRO �� �� FRWWRQ �� ��
Q\ORQ � � IDEULF�&DO ���
3RO\XUHWKDQH

<HV 1R 1R 1R 1R <HV <HV

:RYHQ JODVV ILEUH <HV 1R 1R 1R 1R <HV <HV
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$�� 8QVSULQNOHUHG DQG VSULQNOHUHG GHVLJQ ILUHV

$ VHULHV RI H[SHULPHQWV KDYH EHHQ FDUULHG RXW E\ )56 >��@� >��@ DQG >��@ WR SURYLGH D GDWDEDVH RI WKH 
FKDUDFWHULVWLFV RI ILUHV IRU XVH LQ GHVLJQ RI ILUH SURWHFWLRQ DQG OLIH VDIHW\ V\VWHPV LQ EXLOGLQJV�

7KH H[SHULPHQWV ZHUH ODUJH�VFDOH ILUH WHVWV RQ UHDOLVWLF ILUH ORDGV� 7KH\ ZHUH FDUULHG RXW XQVSULQNOHUHG DQG 
WKHQ UHSHDWHG WR HVWDEOLVK D GLUHFW FRPSDULVRQ LQ UHODWLRQ WR WKH SRWHQWLDO HIIHFW RI VSULQNOHUV� 
0HDVXUHPHQWV ZHUH PDGH RI�

¦ KHDW UHOHDVH UDWH�
¦ PDVV IORZ UDWH�
¦ VPRNH SURGXFWLRQ UDWH�
¦ JDV WHPSHUDWXUHV�
¦ UDGLDQW DQG WRWDO KHDW IOX[HV�
¦ &2 DQG &2� SURGXFWLRQ UDWHV�

5HVXOWV IRU WHVWV RQ WKH IROORZLQJ ILUH ORDGV DUH UHSRUWHG�

¦ VRIW WR\ §PRXQWDLQ¨�
¦ LGOH ZRRGHQ SDOOHW DUUD\�
¦ VLPSO\ VWDFNHG FDUGERDUG ER[HV FRQWDLQLQJ SRO\VW\UHQH SDFNDJLQJ�
¦ UHWDLO VSRUWV FORWKLQJ�
¦ RSHQ SODQ RIILFH�
¦ RIILFH UHFHSWLRQ DUHD ��� P� ORDGLQJ��
¦ UHWDLO FDUSHW VWRUH�
¦ UHWDLO KDQGFDUW�
¦ VRIW SOD\ DUHD�
¦ UHWDLO OXJJDJH GLVSOD\�
¦ QLJKWFOXE�WKHPH EDU�

)XUWKHU LQIRUPDWLRQ FDQ EH IRXQG LQ�

¦ 5HIHUHQFH >��@� 1,67 )$67GDWD�
¦ 5HIHUHQFH >��@ RQ H[SHFWHG VL]H RI VKLHOGHG ILUHV LQ VSULQNOHUHG RIILFH EXLOGLQJV� DQG
¦ 5HIHUHQFH >��@ RQ RIILFH ZRUNVWDWLRQ KHDW UHOHDVH UDWH VWXG\� IXOO VFDOH YHUVXV EHQFK VFDOH�
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$�� )LUH ORDG GHQVLWLHV LQ GLIIHUHQW RFFXSDQFLHV

7DEOH $��� VKRZV WKH ILUH ORDG GHQVLWLHV LQ YDULRXV RFFXSDQFLHV�

7DEOH $��� ¦ )LUH ORDG GHQVLWLHV

2FFXSDQF\ )LUH ORDG GHQVLW\D

$YHUDJH )UDFWLOHE

0-�P� 0-�P�

�� � �� � �� �

'ZHOOLQJ ��� ��� ��� ���
+RVSLWDO ��� ��� ��� ���
+RVSLWDO 6WRUDJH � ��� � ��� � ��� � ���
+RWHO EHGURRP ��� ��� ��� ���
2IILFHV ��� ��� ��� ���
6KRSV ��� ��� � ��� � ���
0DQXIDFWXULQJ ��� ��� ��� ���
0DQXIDFWXULQJ DQG VWRUDJHF � ��� � ��� � ��� � ���
/LEUDULHV � ��� � ��� � ��� ¦
6FKRROV ��� ��� ��� ���
127( � /LPLWV� 7KH ILUH ORDG GHQVLWLHV JLYHQ LQ WKLV WDEOH DVVXPH SHUIHFW FRPEXVWLRQ� EXW LQ UHDO ILUHV� WKH KHDW RI FRPEXVWLRQ LV 
XVXDOO\ FRQVLGHUDEO\ OHVV�

127( � 7KH YDOXHV JLYHQ LQ WKLV WDEOH LQFOXGHG RQO\ WKH YDULDEOH ILUH ORDGV �L�H� EXLOGLQJ FRQWHQWV�� ,I VLJQLILFDQW TXDQWLWLHV RI
FRPEXVWLEOH PDWHULDOV DUH XVHG LQ WKH EXLOGLQJ FRQVWUXFWLRQ� WKLV VKRXOG EH DGGHG WR WKH YDULDEOH ILUH ORDG WR JLYH WKH WRWDO ILUH ORDG�

D 'HULYHG IURP VXUYH\V� VHH &,% :�� :RUNVKRS 5HSRUW� ���� >�@�
E 7KH �� � IUDFWLOH LV WKH YDOXH WKDW LV QRW H[FHHGHG LQ �� � RI WKH URRPV RU RFFXSDQFLHV�
F 6WRUDJH RI FRPEXVWLEOH PDWHULDOV DW OHVV WKDQ ��� NJ�P��
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$��  &DORULILF YDOXHV RI FRPPRQ IXHOV

7DEOH $��� VKRZV WKH FDORULILF YDOXHV RI FRPPRQ IXHOV�

7DEOH $��� ¦ &DORULILF YDOXHV RI FRPPRQ IXHOV

0DWHULDO &DORULILF YDOXH
0-�NJ

6ROLG $QWKUDFLWH ��
$VSKDOW ��
%LWXPHQ ��
&HOOXORVH ��
&KDUFRDO ��
&RDO� FRNH ��
&RUN ��
&RWWRQ ��
*UHDVH ��
.LWFKHQ UHIXVH ��
/HDWKHU ��
/LQROHXP ��
3DSHU� FDUGERDUG ��
3DUDIILQ ZD[ ��
)RDP UXEEHU ��
5XEEHU LVRSUHQH ��
5XEEHU W\UH ��
6LON ��
6WUDZ ��
:RRG ��
:RRO ��

/LTXLGV 3DUWLFOH ERDUG ��
*DVROLQH �SHWURO� ��
'LHVHO RLO ��
/LQVHHG RLO ��
0HWKDQRO ��
3DUDIILQ �NHURVHQH� ��
6SLULWV ��

3ODVWLFV $FU\ORQLWULOH EXWDGLHQH VW\UHQH �$%6� ��
3RO\PHWK\O PHWKDFU\ODWH �300$� ��
&HOOXORLG ��
(SR[\ ��
0HODPLQH UHVLQ ��
3KHQRO IRUPDOGHK\GH ��
3RO\HVWHU ��
3RO\HVWHU� JODVV�ILEUH�UHLQIRUFHG ��
3RO\HWK\OHQH ��
3RO\VW\UHQH ��
3RO\LVRF\DQXUDWH IRDP ��
3RO\FDUERQDWH ��
3RO\SURS\OHQH ��
3RO\XUHWKDQH ��
3RO\XUHWKDQH IRDP ��
3RO\YLQ\O FKORULGH ��
8UHD IRUPDOGHK\GH ��
8UHD IRUPDOGHK\GH IRDP ��



�� EODQN
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%LEOLRJUDSK\

6WDQGDUGV SXEOLFDWLRQV

%6 (1 ������������ )LUH UHVLVWDQFH WHVWV ¦ 3DUW �� $OWHUQDWLYH DQG DGGLWLRQDO SURFHGXUHV�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� $SSOLFDWLRQ RI ILUH SHUIRUPDQFH FRQFHSWV WR 
GHVLJQ REMHFWLYHV�

%6 ,62�75 �������������  )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 'HVLJQ ILUH VFHQDULRV DQG GHVLJQ ILUHV�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� $VVHVVPHQW DQG YHULILFDWLRQ RI PDWKHPDWLFDO 
ILUH PRGHOV�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� ,QLWLDWLRQ DQG GHYHORSPHQW RI ILUH DQG 
JHQHUDWLRQ RI ILUH HIIOXHQWV�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 0RYHPHQW RI ILUH HIIOXHQWV�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 6WUXFWXUDO UHVSRQVH DQG ILUH VSUHDG EH\RQG WKH 
HQFORVXUH RI RULJLQ�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� 'HWHFWLRQ� DFWLYDWLRQ DQG VXSSUHVVLRQ�

%6 ,62�75 ������������� )LUH VDIHW\ HQJLQHHULQJ ¦ 3DUW �� /LIH VDIHW\�RFFXSDQW EHKDYLRXU� ORFDWLRQ DQG 
FRQGLWLRQ�

'' ����������� )LUH VDIHW\ HQJLQHHULQJ LQ EXLOGLQJV ¦ 3DUW �� *XLGH WR WKH DSSOLFDWLRQ RI ILUH VDIHW\ 
HQJLQHHULQJ SULQFLSOH�

'' ����������� )LUH VDIHW\ HQJLQHHULQJ LQ EXLOGLQJV ¦ 3DUW �� *XLGH WR WKH DSSOLFDWLRQ RI ILUH VDIHW\ 
HQJLQHHULQJ SULQFLSOH� OLPLWV RI DSSOLFDELOLW\ DQG FRQILGHQFH OLPLWV IRU WKH LQGLYLGXDO HTXDWLRQV�

'' (19 �������������� (XURFRGH �� %DVLV RI GHVLJQ DQG DFWLRQV RQ VWUXFWXUH ¦ $FWLRQV RQ VWUXFWXUHV 
H[SRVHG WR ILUH �WRJHWKHU ZLWK 8QLWHG .LQJGRP 1DWLRQDO $SSOLFDWLRQ 'RFXPHQW��

,62 ������ )LUH UHVLVWDQFH WHVWV ¦ *XLGDQFH RQ WKH DSSOLFDWLRQ DQG H[WHQVLRQ RI UHVXOWV�

2WKHU SXEOLFDWLRQV

>�@ &,%� $ &RQFHSWXDO $SSURDFK WRZDUGV D 3UREDELOLW\ %DVHG 'HVLJQ *XLGH RQ 6WUXFWXUDO )LUH 6DIHW\�
&,% :�� :RUNVKRS 5HSRUW� �����

>�@ 7(:$5621� $� *HQHUDWLRQ RI +HDW DQG &KHPLFDO &RPSRXQGV LQ )LUHV� 6)3( +DQGERRN RI )LUH
3URWHFWLRQ (QJLQHHULQJ� �1)3$�� 4XLQF\� 0DVVDFKXVHWWV� 6HFRQG (GLWLRQ ����� &KDSWHUV ����

>�@ =8.26.,� (�(� &RQYHFWLYH )ORZV $VVRFLDWHG ZLWK 5RRP )LUHV� 6HPL $QQXDO 3URJUHVV 5HSRUW� 1DWLRQDO
6FLHQFH )RXQGDWLRQ *UDQW 1R� *, ����� ;�� ,QVWLWXWH RI 7HFKQRORJ\� 3DVDGHQD� &DOLIRUQLD�

>�@ '5<6'$/(� '� $Q ,QWURGXFWLRQ WR )LUH '\QDPLFV� 6HFRQG (GLWLRQ� -RKQ :LOH\ 	 6RQV�

>�@ (9$16� '�'� &HLOLQJ -HW )ORZV� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ� 1DWLRQDO )LUH 
3URWHFWLRQ $VVRFLDWLRQ �1)3$�� 4XLQF\� 0DVVDFKXVHWWV� )LUVW (GLWLRQ�

>�@ 1)3$ ��%� *XLGH IRU 6PRNH 0DQDJHPHQW 6\VWHPV LQ 0DOOV� $WULD DQG /DUJH DUHDV� ���� (GLWLRQ�
1)3$� 4XLQF\� 0DVVDFKXVHWWV�

>�@ 7+(2%$/'� &�5� 6WXGLHV RI )LUH LQ ,QGXVWULDO %XLOGLQJV� )LUH 3UHYHQWLRQ 6FLHQFH DQG 7HFKQRORJ\� 
1R���� �����

>�@ /$:� 0� 7KH 2ULJLQV RI WKH �0: 'HVLJQ )LUH� )LUH 6DIHW\ (QJLQHHULQJ� ����� 9RO� � QR��� S������ �����

>�@ 48,17,(5(� -�*�� %,5.<� 0�� 0$&'21$/'� )� DQG 60,7+� *� $Q $QDO\VLV RI 6PRXOGHULQJ )LUHV LQ 
&ORVHG &RPSDUWPHQWV DQG WKHLU +D]DUG 'XH WR &DUERQ 0RQR[LGH� )LUH DQG 0DWHULDOV� 9RO �� �����

>��@ 7$.('$� +�� DQG <81*� '� 6LPSOLILHG )LUH *URZWK 0RGHOV IRU 5LVN�&RVW $QDO\VLV� )RXUWK &,% 
:RUNVKRS RQ )LUH 0RGHOOLQJ� 1,67� *DLWKHUVEXUJ� 0DU\ODQG� )HEUXDU\ ������ �����

>��@ %,//� 5�*�� DQG .81*� +� (YDOXDWLRQ RI DQ ([WHQGHG &RYHUDJH 6LGHZDOO 6SULQNOHU DQG 6PRNH
'HWHFWRUV LQ D +RWHO 2FFXSDQF\� -� RI )LUH 3URWHFWLRQ (QJLQHHULQJ� � ������ ���

>��@ 0F&$))5(<� %�-�� 48,17,(5(� -�*�� DQG +$5./(52$'� 0�)� (VWLPDWLQJ 5RRP 7HPSHUDWXUHV
DQG WKH /LNHOLKRRG RI )ODVKRYHU XVLQJ )LUH 7HVW 'DWD &RUUHODWLRQV� )LUH 7HFKQRORJ\ �� ��� ����� �������

>��@ .$5/6621� %�� DQG 48,17,(5(� -� *� (QFORVXUH '\QDPLFV� &5& 3UHVV //&� )ORULGD� ����� 

>��@ 7+20$6� 3�+� 7HVWLQJ 3URGXFWV DQG 0DWHULDOV IRU WKHLU &RQWULEXWLRQ WR )ODVKRYHU LQ 5RRPV� )LUH DQG 
0DWHULDOV� �� �������� ����� 
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>��@ &2;� *� DQG &+,77<� 5� $ 6WXG\ RI WKH 'HWHUPLQLVWLF 3URSHUWLHV RI 8QERXQGHG )LUH 3OXPHV�
&RPEXVWLRQ DQG )ODPH� 9RO���� ��� �������

>��@ +(6.(67$'� *� /XPLQRXV KHLJKWV RI WXUEXOHQW GLIIXVLRQ IODPH� )LUH 6DIHW\ -RXUQDO� 9RO� �� ��� 
�������

>��@ +$6(0,� <� DQG 1,6+,+$7$� 0� )XHO VKDSH HIIHFW RQ WKH GHWHUPLQLVWLF SURSHUWLHV RI WXUEXOHQW 
GLIIXVLRQ IODPHV� 3URF� RI WKH �QG ,QWHUQDWLRQDO 6\PSRVLXP RQ ILUH VDIHW\ VFLHQFH� 1HZ <RUN� +HPLVSKHUH�
�����

>��@ <8$0� /�0� DQG &2;� *� $Q H[SHULPHQWDO VWXG\ RI VRPH OLQH ILUHV� )LUH 6DIHW\ -RXUQDO� 9RO� ��� ���� ��

>��@ =8.26.,� (�(�� 3URSHUWLHV RI ILUH SOXPHV� &RPEXVWLRQ )XQGDPHQWDOV RI )LUH� (GLWHG E\ &2;� *� �����

>��@ '5<6'$/(� '�� $Q ,QWURGXFWLRQ WR )LUH '\QDPLFV� )LUVW (GLWLRQ� -RKQ :LOH\ 	 6RQV�

>��@ 5$6%$6+� '�-�� 52*2:6., =� :�� DQG 67$5.� *�:�9� 3URSHUWLHV RI )LUHV RI /LTXLGV�
)XHO� ��� ������� �������

>��@ 3(77(56621� 2�� 0$*186621� 6�(� DQG 7+25� -� )LUH (QJLQHHULQJ 'HVLJQ RI 6WUXFWXUHV� 6ZHGLVK
,QVWLWXWH RI 6WHHO &RQVWUXFWLRQ� 3XEOLFDWLRQ �� �������

>��@ 0F*8,5(� -�+� +HDW WUDQVIHU E\ UDGLDWLRQ� )LUH 5HVHDUFK 6SHFLDO 5HSRUW 1R��� 7KH 6WDWLRQHU\ 2IILFH� 
/RQGRQ �������

>��@ 7,(1� &� /�� /((� .�<�� DQG 675(7721� $�-� 5DGLDWLRQ +HDW 7UDQVIHU� 7KH 6)3( +DQGERRN RI )LUH
3URWHFWLRQ (QJLQHHULQJ� 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ �1)3$�� 4XLQF\� 0DVVDFKXVHWWV� 6HFRQG 
(GLWLRQ� ����� 

>��@ 08/+2//$1'� *�:�� 6PRNH 3URGXFWLRQ DQG 3URSHUWLHV� 7KH 6)3( +DQGERRN RI )LUH 3URWHFWLRQ
(QJLQHHULQJ� 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ �1)3$�� 4XLQF\� 0DVVDFKXVHWWV� 6HFRQG (GLWLRQ ����
&KDSWHU �����

>��@ g670$1� %�$�/�� 6PRNH DQG 6RRW� +HDW 5HOHDVH LQ )LUHV� %$%5$86.$6� 9� DQG *5$<621� 6� �HGV��
(OVHYLHU $SSOLHG 6FLHQFH� /RQGRQ� ����� SS� ��������

>��@ %87&+(5� (�*� DQG 3$51(//� $�&�� 6PRNH &RQWURO LQ )LUH 6DIHW\ 'HVLJQ� /RQGRQ� ( 	 )1 6SRQ�
�����

>��@ *5(//$� -�-� DQG )$(7+� *�0� 0HDVXUHPHQWV LQ D WZR GLPHQVLRQDO WKHUPDO SOXPH DORQJ D YHUWLFDO 
DGLDEDWLF ZDOO� -� )OXLG 0HFKV� ��� ���� �����

>��@ 7+20$6� 3�+�� %HKDYLRXU RI )LUHV LQ (QFORVXUHV ¥ 6RPH 5HFHQW 3URJUHVV� &RPEXVWLRQ ,QVWLWXWH ������
��WK 6\PSRVLXP �,QWHUQDWLRQDO� RQ &RPEXVWLRQ� 3LWWVEXUJK�

>��@ %$%5$86.$6� 9�� $SSHQGL[ $� 7DEOH $��� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ� �1)3$�� 
4XLQF\� 0DVVDFKXVHWWV� )LUVW (GLWLRQ�

>��@ )LUH (QJLQHHULQJ *XLGHOLQHV� )LUVW (GLWLRQ ¥ 0DUFK ����� )LUH &RGH 5HIRUP &HQWUH /LPLWHG� $XVWUDOLD�

>��@ /$:� 0� )LUH 6DIHW\ RI ([WHUQDO %XLOGLQJ (OHPHQWV ¥ 7KH 'HVLJQ $SSURDFK� (QJLQHHULQJ -RXUQDO�
6HFRQG 4XDUWHU ����� $PHULFDQ ,QVWLWXWH RI 6WHHO &RQVWUXFWLRQ�

>��@ .$:$*2(� .�� DQG 6(.,1(� 7�� (VWLPDWLRQ RI )LUH 7HPSHUDWXUH 7LPH &XUYH LQ 5RRPV� %�5�,� 
2FFDVLRQDO 5HSRUW 1R���� %XLOGLQJ 5HVHDUFK ,QVWLWXWH� 0LQLVWU\ RI &RQVWUXFWLRQ� 7RN\R �������

>��@ )LUH 6WDWLVWLFV 8QLWHG .LQJGRP ����� +RPH 2IILFH 6WDWLVWLFV %XOOHWLQ� �UG 1RYHPEHU ����� 5HVHDUFK� 
'HYHORSPHQW DQG 6WDWLVWLFV 'LUHFWRUDWH� /RQGRQ�

>��@ )LUH 6WDWLVWLFV 8QLWHG .LQJGRP ����� +RPH 2IILFH 6WDWLVWLFV %XOOHWLQ� �WK 6HSWHPEHU ����� 5HVHDUFK� 
'HYHORSPHQW DQG 6WDWLVWLFV 'LUHFWRUDWH� /RQGRQ�

>��@ +277(/� +�&� &HUWDLQ /DZV *RYHUQLQJ 'LIIXVLYH %XUQLQJ RI /LTXLGV� )LUH 5HVHDUFK $EVWUDFWV DQG 
5HYLHZV� �� S� �� ������� 

>��@ ,1*$6621� +�� 0RGHOOLQJ RI 7ZR 'LPHQVLRQDO 5DFN 6WRUDJH )LUHV� %UDQGIRUVN 3URMHFW ��������
,1*$621� +�� 6ZHGLVK 1DWLRQDO 7HVWLQJ DQG 5HVHDUFK ,QVWLWXWH� )LUH 6DIHW\ -RXUQDO� 9RO ��� 1R��� ������
)HEUXDU\ ����� 63 5HSRUW ��������

>��@ ,1*$6621� +�� 7ZR 'LPHQVLRQDO 5DFN 6WRUDJH )LUHV� 6ZHGLVK 1DWLRQDO 7HVWLQJ DQG 5HVHDUFK
,QVWLWXWH� ,QWHUQDWLRQDO $VVRFLDWLRQ IRU )LUH 6DIHW\ 6FLHQFH� )LUH 6DIHW\ 6FLHQFH� 3URFHHGLQJV
�WK ,QWHUQDWLRQDO 6\PSRVLXP� �����

>��@ ,1*$6621� +�� ([SHULPHQWDO DQG 7KHRUHWLFDO 6WXG\ RI 5DFNHG 6WRUDJH )LUHV� /XQG 8QLYHUVLW\� 
6ZHGHQ� /879'*�79%%������6(� �����

>��@ 6WURQJ %XR\DQW 3OXPHV RI *URZLQJ 5DFN 6WRUDJH )LUHV� )DFWRU\ 0XWXDO 5HVHDUFK &RUSV� &RPEXVWLRQ
,QVWLWXWH� 6\PSRVLXP �,QWHUQDWLRQDO� RQ &RPEXVWLRQ� ��WK $XJXVW ������ ����� ��������� SS� �����
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� %6, �� 0DUFK ���� ��

>��@ %$%5$86.$6� 9�� %XUQLQJ 5DWHV� 6)3( +DQGERRN RI )LUH 3URWHFWLRQ (QJLQHHULQJ� 1DWLRQDO )LUH
3URWHFWLRQ $VVRFLDWLRQ �1)3$�� 4XLQF\� 0DVVDFKXVHWWV� )LUVW (GLWLRQ�

>��@ $+21(1� $�� .2..$/$� 0�� DQG :(&.0$1� :� +� %XUQLQJ &KDUDFWHULVWLFV RI 3RWHQWLDO ,JQLWLRQ
6RXUFHV RI 5RRP )LUHV� 5HVHDUFK 5HSRUW ���� 9DOWLRQ 7HNQLOOLQHQ 7XWNLPXVNHVNXV� (VSRR �������

>��@ $/3(57� 5�/�� DQG :$5'� (�-� (YDOXDWLRQ RI 8QVSULQNOHUHG )LUH +D]DUGV�
)LUH 6DIHW\ -RXUQDO� �� ���� ����� 

>��@ '(/,&+$76,26� 0�$� $ 6FLHQWLILF $QDO\VLV RI 6WRUHG 3ODVWLFV )LUH 7HVWV� )LUH 6FLHQFH DQG 
7HFKQRORJ\� �� ��� �����

>��@ ),1(*$1� 0� %DUN +XPEXJ� )LUH 3UHYHQWLRQ� ,VVXH ���� 'HFHPEHU �����

>��@ )LUH 6DIHW\ RI 8SKROVWHUHG )XUQLWXUH ¥ WKH ILQDO UHSRUW RQ &%8) UHVHDUFK SURJUDPPH� (GLWHG E\ 
681'67520� %� 'LVWULEXWHG E\ ,QWHUVFLHQFH &RPPXQLFDWLRQV� �����

>��@ 3,(56� :�-�6�%� 6SULQNOHUV IRU OLIH VDIHW\ LQ VKRSV� 6XUYH\ RI VKRSV� )5'* 3XEOLFDWLRQ 1XPEHU ������

>��@ +80(� %� 6SULQNOHUV IRU OLIH VDIHW\ LQ VKRSV� 6XUYH\ RI VKRSV� 5HVHDUFK UHSRUW QXPEHU ��� /RQGRQ� 
762� �����

>��@ *$55$'� *� DQG 60,7+� '�$� &KDUDFWHULVDWLRQ RI ILUHV IRU GHVLJQ� 3URFHHGLQJV RI ,QWHUIODP ª��� S�����
3XEOLVKHG E\ ,QWHUVFLHQFH &RPPXQLFDWLRQV� �����

>��@ )$67GDWD� $ GDWDEDVH RI H[SHULPHQWDO ILUH WHVW UHVXOWV� 1,67� 86$� -XQH� �����

>��@ &/$5.(� 3� DQG 60,7+� '�$� &KDUDFWHULVDWLRQ RI ILUHV IRU GHVLJQ SXUSRVHV� D GDWDEDVH IRU ILUH VDIHW\
HQJLQHHUV� 3URFHHGLQJV RI ,QWHUIODP ����� S� ����� ,QWHUVFLHQFH FRPPXQLFDWLRQV� �����

>��@ /28*+(('� *�'� ([SHFWHG VL]H RI VKLHOGHG ILUHV LQ VSULQNOHUHG RIILFH EXLOGLQJV� $6+5$(
7UDQVDFWLRQV� 9RO����� SDUW �� S��������� �����

>��@ 'HVLJQ )LUHV 'DWDEDVH� 9HUVLRQ ���� 3XEOLVKHG E\ %5(� 8.� �����

>��@ 0$'5=<.2:6.,� '� 2IILFH ZRUN VWDWLRQ KHDW UHOHDVH UDWH VWXG\� IXOO�VFDOH YHUVXV EHQFK�VFDOH� 
3URFHHGLQJV RI ,QWHUIODP ª��� S���� 3XEOLVKHG E\ ,QWHUVFLHQFH &RPPXQLFDWLRQV� �����
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%6,

��� &KLVZLFN +LJK 5RDG

/RQGRQ

:� �$/

%6, ¦ %ULWLVK 6WDQGDUGV ,QVWLWXWLRQ
%6, LV WKH LQGHSHQGHQW QDWLRQDO ERG\ UHVSRQVLEOH IRU SUHSDULQJ 
%ULWLVK 6WDQGDUGV� ,W SUHVHQWV WKH 8. YLHZ RQ VWDQGDUGV LQ (XURSH DQG DW WKH
LQWHUQDWLRQDO OHYHO� ,W LV LQFRUSRUDWHG E\ 5R\DO &KDUWHU�

5HYLVLRQV

%ULWLVK 6WDQGDUGV DUH XSGDWHG E\ DPHQGPHQW RU UHYLVLRQ� 8VHUV RI 
%ULWLVK 6WDQGDUGV VKRXOG PDNH VXUH WKDW WKH\ SRVVHVV WKH ODWHVW DPHQGPHQWV RU 
HGLWLRQV�

,W LV WKH FRQVWDQW DLP RI %6, WR LPSURYH WKH TXDOLW\ RI RXU SURGXFWV DQG VHUYLFHV�
:H ZRXOG EH JUDWHIXO LI DQ\RQH ILQGLQJ DQ LQDFFXUDF\ RU DPELJXLW\ ZKLOH XVLQJ
WKLV %ULWLVK 6WDQGDUG ZRXOG LQIRUP WKH 6HFUHWDU\ RI WKH WHFKQLFDO FRPPLWWHH
UHVSRQVLEOH� WKH LGHQWLW\ RI ZKLFK FDQ EH IRXQG RQ WKH LQVLGH IURQW FRYHU�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� �����

%6, RIIHUV PHPEHUV DQ LQGLYLGXDO XSGDWLQJ VHUYLFH FDOOHG 3/86 ZKLFK HQVXUHV 
WKDW VXEVFULEHUV DXWRPDWLFDOO\ UHFHLYH WKH ODWHVW HGLWLRQV RI VWDQGDUGV�

%X\LQJ VWDQGDUGV

2UGHUV IRU DOO %6,� LQWHUQDWLRQDO DQG IRUHLJQ VWDQGDUGV SXEOLFDWLRQV VKRXOG EH
DGGUHVVHG WR &XVWRPHU 6HUYLFHV� 7HO� ��� ����� ���� ����� 
)D[� ��� ����� ���� ����� (PDLO� RUGHUV#EVL�JOREDO�FRP� 6WDQGDUGV DUH DOVR
DYDLODEOH IURP WKH %6, ZHEVLWH DW KWWS���ZZZ�EVL�JOREDO�FRP�

,Q UHVSRQVH WR RUGHUV IRU LQWHUQDWLRQDO VWDQGDUGV� LW LV %6, SROLF\ WR VXSSO\ WKH 
%6, LPSOHPHQWDWLRQ RI WKRVH WKDW KDYH EHHQ SXEOLVKHG DV %ULWLVK 6WDQGDUGV�
XQOHVV RWKHUZLVH UHTXHVWHG�

,QIRUPDWLRQ RQ VWDQGDUGV

%6, SURYLGHV D ZLGH UDQJH RI LQIRUPDWLRQ RQ QDWLRQDO� (XURSHDQ DQG 
LQWHUQDWLRQDO VWDQGDUGV WKURXJK LWV /LEUDU\ DQG LWV 7HFKQLFDO +HOS WR ([SRUWHUV
6HUYLFH� 9DULRXV %6, HOHFWURQLF LQIRUPDWLRQ VHUYLFHV DUH DOVR DYDLODEOH ZKLFK JLYH
GHWDLOV RQ DOO LWV SURGXFWV DQG VHUYLFHV� &RQWDFW WKH ,QIRUPDWLRQ &HQWUH� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� (PDLO� LQIR#EVL�JOREDO�FRP�

6XEVFULELQJ PHPEHUV RI %6, DUH NHSW XS WR GDWH ZLWK VWDQGDUGV GHYHORSPHQWV
DQG UHFHLYH VXEVWDQWLDO GLVFRXQWV RQ WKH SXUFKDVH SULFH RI VWDQGDUGV� )RU GHWDLOV
RI WKHVH DQG RWKHU EHQHILWV FRQWDFW 0HPEHUVKLS $GPLQLVWUDWLRQ�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� PHPEHUVKLS#EVL�JOREDO�FRP�

,QIRUPDWLRQ UHJDUGLQJ RQOLQH DFFHVV WR %ULWLVK 6WDQGDUGV YLD %ULWLVK 6WDQGDUGV 
2QOLQH FDQ EH IRXQG DW KWWS���ZZZ�EVL�JOREDO�FRP�EVRQOLQH�

)XUWKHU LQIRUPDWLRQ DERXW %6, LV DYDLODEOH RQ WKH %6, ZHEVLWH DW
KWWS���ZZZ�EVL�JOREDO�FRP�

&RS\ULJKW

&RS\ULJKW VXEVLVWV LQ DOO %6, SXEOLFDWLRQV� %6, DOVR KROGV WKH FRS\ULJKW� LQ WKH
8.� RI WKH SXEOLFDWLRQV RI WKH LQWHUQDWLRQDO  VWDQGDUGL]DWLRQ ERGLHV� ([FHSW DV
SHUPLWWHG XQGHU WKH &RS\ULJKW� 'HVLJQV DQG 3DWHQWV $FW ���� QR H[WUDFW PD\ EH
UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP RU WUDQVPLWWHG LQ DQ\ IRUP RU E\ DQ\
PHDQV ¥  HOHFWURQLF� SKRWRFRS\LQJ� UHFRUGLQJ RU RWKHUZLVH ¥ ZLWKRXW SULRU ZULWWHQ
SHUPLVVLRQ IURP %6,�

7KLV GRHV QRW SUHFOXGH WKH IUHH XVH� LQ WKH FRXUVH RI LPSOHPHQWLQJ WKH VWDQGDUG�
RI QHFHVVDU\ GHWDLOV VXFK DV V\PEROV� DQG VL]H� W\SH RU JUDGH GHVLJQDWLRQV� ,I WKHVH 
GHWDLOV DUH WR EH XVHG IRU DQ\ RWKHU SXUSRVH WKDQ LPSOHPHQWDWLRQ WKHQ WKH SULRU
ZULWWHQ SHUPLVVLRQ RI %6, PXVW EH REWDLQHG�

'HWDLOV DQG DGYLFH FDQ EH REWDLQHG IURP WKH &RS\ULJKW 	 /LFHQVLQJ 0DQDJHU� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� FRS\ULJKW#EVL�JOREDO�FRP�


