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,QVWLWXWLRQHQ�I|U�DUNLWHNWXU�RFK�VDPKlOOVE\JJQDGVWHNQLN

&KDOPHUV�WHNQLVND�K|JVNROD������

'HSDUWPHQW�RI�$UFKLWHFWXUH�DQG�&LYLO�(QJLQHHULQJ
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&RQFHSWXDO� GHVLJQ� DQG� PDQXIDFWXUH� RI� HFRGXFW� XVLQJ� ILEUH
UHLQIRUFHG�SRO\PHU�FRPSRVLWH�PDWHULDOV

0DVWHU¶V�WKHVLV�LQ�VWUXFWXUDO�HQJLQHHULQJ�DQG�EXLOGLQJ�WHFKQRORJ\

2/(1$�6+.81'$/29$
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'HSDUWPHQW�RI�$UFKLWHFWXUH�DQG�&LYLO�(QJLQHHULQJ

'LYLVLRQ�RI�6WUXFWXUDO�(QJLQHHULQJ

5HVHDUFK�*URXS��/LJKWZHLJKW�6WUXFWXUHV

&KDOPHUV�8QLYHUVLW\�RI�7HFKQRORJ\

$%675$&7

7KH�JURZWK�RI� WUDQVSRUW� LQIUDVWUXFWXUH�KDV� OHG� WR� WKH� IUDJPHQWDWLRQ�RI� WKH�QDWXUDO�KDELWDW�RI�
PDQ\�DQLPDO�VSHFLHV�LQ�6ZHGHQ��(FRGXFWV��ODUJH�EULGJHV�ZLWK�D�OD\HU�RI�VRLO�DQG�YHJHWDWLRQ�RQ�
WRS�RI�LW��SURYLGH�D�VDIH�FURVVLQJ�RI�KLJKZD\V�IRU�DQLPDOV��,Q�WKLV�WKHVLV��WKH�GHVLJQ�RI�DQ�HFRGXFW�
PDGH�RI�ILEUH UHLQIRUFHG�SRO\PHU�FRPSRVLWHV��)53��ZDV�GHYHORSHG��7KH�DLP�ZDV WR�GHYHORS�D�
W\SLFDO�VROXWLRQ�IRU�WKH�HFRGXFW�WKDW�FRXOG�EH�IXUWKHU�XVHG�LQ�WKH�GHVLJQ�RI�HFRGXFWV�PDGH�RI�
)53�FRPSRVLWHV�LQ�6ZHGHQ��,QLWLDOO\��WKH�FRQGLWLRQV�DQG�UHTXLUHPHQWV�IRU�HFRGXFWV�LQ�6ZHGHQ�
ZHUH�VWXGLHG�E\�OLWHUDWXUH�UHYLHZ�DQG�LQWHUYLHZ�ZLWK�DQ�H[SHUW�LQ�WKH�ILHOG�� ,W�ZDV�FRQFOXGHG�
WKDW PRWRUZD\V�DQG�KLJKZD\V�FRQWULEXWH�PRVW�WR�WKH�IUDJPHQWDWLRQ�HIIHFW��$�PLQLPXP�ZLGWK�
IRU�HFRGXFWV�RI����P�DQG�D�UHFRPPHQGDWLRQ�RI�WUHH�YHJHWDWLRQ�RQ�WKH�HGJHV�RI�WKH�HFRGXFW�ZDV�
LGHQWLILHG��7KH�SRVVLELOLWLHV�DQG�DGYDQWDJHV�RI�)53�DV�D�EXLOGLQJ�PDWHULDO�IRU HFRGXFWV�ZHUH�
LQYHVWLJDWHG�����SUHOLPLQDU\�GHVLJQ�VROXWLRQV�ZHUH�GHYHORSHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�PRVW�
VXLWDEOH�HFRGXFW�VWUXFWXUDO�V\VWHP�ZLWK�DQ�HPSKDVLV�RQ�WKH�EHDULQJ�FDSDFLW\�RI�WKH�VWUXFWXUDO�
HOHPHQWV�RI�GLIIHUHQW�FURVV�VHFWLRQV��7KH�W\SHV�DQG�SHUIRUPDQFH�RI�)53�FRPSRVLWHV�XQGHU�VWDWLF�
ORDG�ZHUH�HYDOXDWHG�WR�VHOHFW�WKH�PRVW�HIILFLHQW�FRPSRVLWH�PDWHULDOV�IRU�WKH�GHVLJQ�RI�HFRGXFWV��
([LVWLQJ�SURGXFWLRQ�SRVVLELOLWLHV�ZHUH�FRQVLGHUHG�IRU�WKH�IXUWKHU�SURVSHFWV�RI�PDQXIDFWXULQJ�RI�
WKH�EULGJH�HOHPHQWV��7KH�ILQDO�SURSRVHG�GHVLJQ�LQFOXGHV�D�GHWDLOHG�GHVLJQ�RI�WKH�EULGJH�PHPEHUV�
DQG�SURYLGHV�VHYHUDO�SRVVLEOH�VROXWLRQV�IRU�WKH�VWUXFWXUDO�MRLQWV��)LQLWH�HOHPHQW�DQDO\VHV�ZHUH�
SHUIRUPHG�WR�RSWLPL]H�WKH�ILQDO�GHVLJQ�GHFLVLRQ��7KH�GHIOHFWLRQ�XQGHU�WKH�VWDWLF�ORDG��PD[LPXP�
DOORZDEOH�VWUHVVHV�DQG�EXFNOLQJ�EHKDYLRU�RI�WKH�EULGJH�VHFWLRQV�ZHUH�LQYHVWLJDWHG��+XPLGLW\��
WHPSHUDWXUH�DQG�FUHHS�HIIHFWV�RQ�WKH�)53�PDWHULDO�ZHUH�WDNHQ�LQWR�FRQVLGHUDWLRQ��7KH�SURSRVHG�
GHVLJQ�LV�DQ�HIIHFWLYH�VROXWLRQ�LQ�WHUPV�RI�WKH�FDUU\LQJ�FDSDFLW\�RI�WKH�GHYHORSHG�VHFWLRQ�DQG�
WKH�PDWHULDO�XVH��

.H\�ZRUGV��)53��GHVLJQ��HFRGXFW��HFR�EULGJH��FRPSRVLWH��SRO\PHU��FDUERQ�ILEUH��JODVV�ILEUH��
PHFKDQLFDO�SURSHUWLHV��)(�DQDO\VLV��GHFN��EHDP��FRQQHFWLRQ��MRLQW�
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.RQFHSWXHOOWGHVLJQ� RFK� SURGXNWLRQ DY� HNRGXNW� DY� ILEHU
DUPHUDG�SRO\PHU�NRPSRVLWHU

([DPHQVDUEHWH�LQRP�NRQVWUXNWLRQVWHNQLN

2/(1$�6+.81'$/29$
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,QVWLWXWLRQHQ�I|U�DUNLWHNWXU�RFK�VDPKlOOVE\JJQDGVWHNQLN

$YGHOQLQJHQ�I|U�6WUXFWXUDO�(QJLQHHULQJ

)RUVNDUJUXSSVQDPQ��/LJKWZHLJKW�6WUXFWXUHV

&KDOPHUV�WHNQLVND�K|JVNROD

6$00$1)$771,1*

7UDQVSRUWLQIUDVWUXNWXUHU L�YnUW� VDPKlOOH�Yl[HU��'HWWD� OHGHU� WLOO� HQ�|NDG� IUDJPHQWHULQJ�DY�GHW�
QDWXUOLJD�KDELWDWHW I|U�PnQJD�DUWHU�L�6YHULJH���(NRGXNWHU��VWRUD�EHYl[WD�EURDU��JHU�GMXU�P|MOLJKHW�
DWW�NRUVD�VWRUD�EDUULlUHU�VRP�PRWRUYlJDU��,�GHWWD�DUEHWH�SUHVHQWHUDV�HQ�NRQFHSWXHOO�GHVLJQ I|U�HQ�
HFRGXFW� DY� )53��0nOHW� YDU� DWW� XWYHFNOD� HQ� O|VQLQJ� VRP� NDQ� DQVHV� VRP� W\SLVNW� I|U� VYHQVND�
I|UKnOODQGHQ��)|U�DWW�NXQQD�GHILQLHUD�HWW�UHOHYDQW�IDOO�Sn�HNRGXNWHU�L�HQ�VYHQVN�PLOM|�VWXGHUDGHV�
UHJOHU�RFK� UHNRPPHQGDWLRQHU� L� HQ� OLWWHUDWXUVWXGLH� (Q� LQWHUYMX PHG�HQ�H[SHUW� LQRP�RPUnGHW�
JHQRPI|UGHV�RFNVn���6OXWVDWVHQ�VRP�GURJV�YDU�DWW�PRWRUYlJDU�RFK�VWRUD�ODQGVYlJDU�EULGUDU�PHVW�
WLOO� IUDJPHQWHULQJVHIIHNWHQ�� 0LQLPDOEUHGGHQ� DY� ��� P� RFK� UHNRPPHQGDWLRQ DQJnHQGH�
WUlGYHJHWDWLRQ�Sn�NDQWHUQD�EOHY�LGHQWLILHUDG� 0DWHULDOHW�)53�EOHY�XQGHUV|NW�DQJnHQGH I|U�DWW�
DYJ|UD� OlPSOLJKHWHQ� RFK� LGHQWLILHUD� P|MOLJD� O|VQLQJDU� ��� SUHOLPLQlUD� GHVLJQO|VQLQJDU
XWYHFNODGHV�RFK�XQGHUV|NWHV�PHG�W\QJGSXQNW�Sn�GHIRUPDWLRQ�RFK�SURGXNWLRQ� )XNW��WHPSHUDWXU�
RFK�NU\SQLQJ�EOHY�EHDNWDGH��'HW�VOXWJLOWLJD�O|VQLQJVI|UVODJHW�LQNOXGHUDU�HQ�RSWLPHUDG�JHRPHWUL
PHG�KlQV\Q�WLOO�VSlQQLQJDU��GHIRUPDWLRQHU� LQVWDELOLWHW�RFK�I|UVODJ�I|U�VNDUYDU�

1\FNHORUG� )53��GHVLJQ��HNRGXNW��YLOGEUR��NRPSRVLW��SRO\PHU��NROILEHU��JODVILEHU��)(�DQDO\V�
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$SSHQGL[�'�± 5RDG�ZLGWK ��������������������������������������������������������������������������������������������

$SSHQGL[�(�± /RDG�FRPELQDWLRQ ����������������������������������������������������������������������������������

$SSHQGL[�)�± 3UHOLPLQDU\�GHVLJQ ���������������������������������������������������������������������������������

$SSHQGL[�*�± +DQG�FDOFXODWLRQV��ILQDO�GHVLJQ �������������������������������������������������������������
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/LVW�RI�)LJXUHV

)LJXUH����6WUHDPV�RI�DQLPDOV�WU\LQJ�WR�FURVV�D�URDG��)LJXUH�DIWHU�$��6HLOHU��2OVVRQ��	�
/LQGTYLVW���������������������������������������������������������������������������������������������������������������������

)LJXUH����7RWDO�SHUPHDELOLW\�RI�D�EDUULHU�DV�D�IXQFWLRQ�RI�WRWDO�QXPEHU�RI�SDVVDJHV�DQG�
WKHLU�HIIHFWLYHQHVV� ����������������������������������������������������������������������������������������������������������

)LJXUH ��� 6XJJHVWLRQ� IRU� HFRGXFW� DW� (��� 7LPPHUYlJHQ� DIWHU� 1RUZHJLDQ� PRGHO��
'UDZLQJV�IURP�7UDILNYHUNHW�6XQGVYDOO�PXQLFLSDOLW\��6XQGVYDOO�.RPXQ�����������������

)LJXUH����0RWRUZD\�WUDQVYHUVH�VHFWLRQ�XVHG�LQ�WKLV�WKHVLV���������������������������������������������

)LJXUH����+LJKZD\�WUDQVYHUVH�VHFWLRQ�XVHG�LQ�WKLV�WKHVLV�����������������������������������������������

)LJXUH����<RXQJ
V�PRGXOXV�FRPSDULVRQ� �����������������������������������������������������������������������

)LJXUH����6WUHVV�VWUDLQ�GLDJUDP��)53�	�VWHHO�����������������������������������������������������������������

)LJXUH����6WUHQJWK�WHPSHUDWXUH�GHSHQGHQFH�FXUYHV�IRU�GLIIHUHQW�EXLOGLQJ�PDWHULDOV� ���

)LJXUH� ��� ,UUHYHUVLEOH� ERQGLQJ� FKDLQV� EHWZHHQ� WKH�PROHFXOHV� RI� WKH� WKHUPRVHW� UHVLQ�
�$&0$�������� ��������������������������������������������������������������������������������������������������������������

)LJXUH� ���� 5HYHUVLEOH� ERQGLQJ� EHWZHHQ� WKH� PROHFXOHV� RI� WKH� WKHUPRSODVWLF� UHVLQ�
�$&0$�������� ��������������������������������������������������������������������������������������������������������������

)LJXUH�����)LEUH RULHQWDWLRQ�LQ�)53�FRPSRVLWH��������������������������������������������������������������

)LJXUH�����6WUHVV�VWUDLQ�GLDJUDP�IRU�GLIIHUHQW�ILEUH�W\SHV� ���������������������������������������������

)LJXUH�����%DVLF�IDLOXUH�PRGHV�LQ�EROWHG�ODPLQDWH�FRQQHFWLRQ� �������������������������������������

)LJXUH�����/RDGLQJ�PRGHV�RI�WKH�ERQGHG�FRQQHFWLRQ����������������������������������������������������

)LJXUH�����7\SLFDO�MRLQW�FRQILJXUDWLRQV��7KH�(XURSHDQ�VWUXFWXUDO�SRO\PHULF�FRPSRVLWHV�
JURXS�������� ������������������������������������������������������������������������������������������������������������������

)LJXUH�����6HUYLFH�YHKLFOH����������������������������������������������������������������������������������������������

)LJXUH�����'LVWULEXWLRQ�RI�ORDG�IURP�YHKLFOH� ����������������������������������������������������������������

)LJXUH�����+DOI�VHFWLRQ�RI�SURSRVHG�VRLO�WKLFNQHVV�RQ�HFRGXFW� ������������������������������������

)LJXUH� ���� /RDGV� RQ� VHFWLRQ� RI� EULGJH�� +HLJKW� RI� WKH� ORDGV� LQ� WKH� ILJXUH� JLYHV� DQ�
DSSUR[LPDWH�LPSUHVVLRQ�RI�WKH�UHODWLYH�YDOXH�RI�WKH�ORDGV�FRPSDUHG�WR�HDFK�RWKHU��7KH�
SRVLWLRQ�RI�WKH�VHUYLFH�YHKLFOH�FDQ�EH�DW�DQ\�SODFH�EHWZHHQ�WKH�HGJH�VHFWLRQ� ��������������

)LJXUH�����'HIOHFWLRQV�DFFRUGLQJ�WR�(XURFRPS� ������������������������������������������������������������

)LJXUH�����)DLOXUH�PRGHV�RI�WKH�HFRGXFW�VHFWLRQ�LQ�EHQGLQJ�DQG�VKHDU� ������������������������

)LJXUH�����/RDGLQJ�W\SHV�RI�EROWHG�FRQQHFWLRQ� ������������������������������������������������������������
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)LJXUH�����3ULQFLSDO�FRQVWUXFWLRQ�RI�EHDP�GHFN�VWUXFWXUDO�V\VWHP��������������������������������

)LJXUH�����3ULQFLSDO�FRQVWUXFWLRQ�RI�EHDP�VROXWLRQ� ������������������������������������������������������

)LJXUH�����3XOWUXGHG�EULGJH�VHFWLRQ�GHVLJQ�VROXWLRQ������������������������������������������������������

)LJXUH�����:KROH�VDQGZLFK�VHFWLRQ�FRQQHFWHG�ZLWK�EROWV� ��������������������������������������������

)LJXUH�����'HVLJQ�����%ULGJH�LV�VKRZQ�LQ EODFN�FRORU��WKH�VRLO�OHYHO�± LQ�JUHHQ� ����������

)LJXUH�����$GKHVLYH�FRQQHFWLRQ�SRVVLELOLWLHV�IRU�EHDULQJ�GHFN�VWUXFWXUDO�V\VWHP� ��������

)LJXUH�����0HFKDQLFDO�FRQQHFWLRQV�IRU�EHDULQJ�GHFN�V\VWHP� ���������������������������������������

)LJXUH�����0HFKDQLFDO�FRQQHFWLRQV�IRU�EHDULQJ�GHFN�V\VWHP� ���������������������������������������

)LJXUH�����0HFKDQLFDO�FRQQHFWLRQ�RI�WKH�EHDP�WR�WKH�GHFN�RI�DQ�HFRGXFW� �������������������

)LJXUH�����'LIIHUHQW�SRVVLELOLWLHV�IRU�PDQXIDFWXULQJ�GHVLJQ���� ������������������������������������

)LJXUH�����/DPLQDWH�OD\HUV�IRU�IODQJHV�DQG�ZHEV�LQ�WKH�GHFN�VHFWLRQ� ��������������������������

)LJXUH�����3RVVLEOH�FRQILJXUDWLRQV�RI�ZHE�WKLFNQHVV�DQG�VSDFLQJ�DV�D�IXQFWLRQ�RI�KHLJKW�
�PLGGOH�VHFWLRQ���7KH�LQGH[�QXPEHUV�JLYH�WKH�VSDFLQJ�RK�WKH�ZHEV� ����������������������������

)LJXUH�����3RVVLEOH�FRQILJXUDWLRQV�RI�ZHE�WKLFNQHVV�DQG�VSDFLQJ�DV�D�IXQFWLRQ�RI�KHLJKW�
�HGJH�VHFWLRQ�� ����������������������������������������������������������������������������������������������������������������

)LJXUH�����+HLJKW�RI�FURVV�VHFWLRQ�DV�D�IXQFWLRQ�RI�IODQJH�WKLFNQHVV� ���������������������������

)LJXUH�����+HLJKW�RI�FURVVHFWLRQ�DV�D�IXQFWLRQ�RI�IODQJH�WKLFNQHVV��HGJH�VHFWLRQ���������

)LJXUH�����:HE�VSDFLQJ�DV�D�IXQFWLRQ�RI�ZHE�WKLFNQHVV�LQ�HGJH�VHFWLRQ� ����������������������

)LJXUH�����&RRUGLQDWH�V\VWHPV�XVHG�IRU�$EDTXV�PRGHO� �����������������������������������������������

)LJXUH�����/RDG�GLVWULEXWLRQ�RQ�PRGHO�LQ�$EDTXV� ��������������������������������������������������������

)LJXUH�����%RXQGDU\�FRQGLWLRQV�IRU�WKH���P�ZLGWK�EULGJH�GHFN�VHFWLRQ������������������������

)LJXUH�����/DWHUDO�GHIOHFWLRQ�RI�ZHEV�RYHU�WKH�VXSSRUW�IRU�%&��DQG�%&�� �������������������

)LJXUH�����&RQGLWLRQV�IRU�%&����������������������������������������������������������������������������������������

)LJXUH�����&URVVHFWLRQ�RI�WKH�ILQDO�HFRGXFW�GHVLJQ��������������������������������������������������������

)LJXUH�����0D[LPXP�VWUHVVHV��QRUPDO�VWUHVVHV�6[[�LQ�WKH�ERWWRP�IODQJH��&KDUDFWHULVWLF�
ORDG�FRPELQDWLRQ������������������������������������������������������������������������������������������������������������

)LJXUH� ���� 0D[LPDO� YHUWLFDO� GHIOHFWLRQV� RI� WKH� EULGJH� GHFN� LQ� FKDUDFWHULVWLF� ORDG�
FRPELQDWLRQ��������������������������������������������������������������������������������������������������������������������

)LJXUH�����0LQLPXP�ODWHUDO�GHIOHFWLRQ�RI�ZHE��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ� ���������
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)LJXUH�����0D[LPXP�ODWHUDO�GHIOHFWLRQ�RI�ZHE��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ� ��������

)LJXUH�����/DWHUDO�GHIOHFWLRQ��8\��DORQJ�ZHE�VWLIIHQHUV��*HRPHWU\�*��DQG�FKDUDFWHULVWLF�
ORDG�FDVH�������������������������������������������������������������������������������������������������������������������������

)LJXUH�����/DWHUDO�GHIOHFWLRQ��GHVLJQ�*���7KH�GHIOHFWLRQ�LQ�\�GLUHFWLRQ�UDQJHV�IURP����
���PP��7KH�GHIOHFWLRQ�LV�PRVW�SURQRXQFHG�DORQJ�WKH�WZR�ZHE�VWLIIHQHUV��7KH�H[DFW�IRUP�
RI�WKH�GHIRUPDWLRQ�DORQJ�WKH�VWLIIHQHUV�LV�SUHVHQWHG LQ�ILJXUH���� ���������������������������������

)LJXUH�����9HUWLFDO�GHIOHFWLRQ��JHRPHWU\�*�� ����������������������������������������������������������������

)LJXUH�����6WUHVVHV�6[[��JHRPHWU\�*�� ��������������������������������������������������������������������������

)LJXUH�����6WUHVVHV�6[\��JHRPHWU\�*��� �������������������������������������������������������������������������

)LJXUH�����6WUHVVHV�6[\��JHRPHWU\�*�� ��������������������������������������������������������������������������

)LJXUH�����/DWHUDO�GHIOHFWLRQ�8�� JHRPHWU\�ZLWK�WKH�VWUDLJKW�ZHEV�������������������������������

)LJXUH�����3RVLWLYH�HLJHQYDOXHV�IRU�WKH�ILUVW����EXFNOLQJ�PRGHV�IRU�GLIIHUHQW�JHRPHWULHV�
����������������������������������������������������������������������������������������������������������������������������������������

)LJXUH���� (LJHQYDOXHV�IRU�ILUVW�EXFNOLQJ�PRGH�IRU�GLIIHUHQW�JHRPHWULHV���������������������

)LJXUH�����)LUVW�EXFNOLQJ�PRGH�RI�WKH�HGJH�VHFWLRQ��EOXH�DUURZ�LQ�WKH�ILJXUH�LQGLFDWH�WKH�
YHUWLFDO�GLUHFWLRQ�LQ�WKH�JOREDO FRRUGLQDWH�V\VWHP�� �������������������������������������������������������

)LJXUH�����,QWHUQDO�PRPHQW�LQ�VWLIIHQHU��,QFUHDVHG�D��RU�H��LQFUHDVHV�ODWHUDO�GHIRUPDWLRQ�
RI�VWLIIHQHU� ���������������������������������������������������������������������������������������������������������������������

)LJXUH�����6HFWLRQ�RI�W\SLFDO�PRWRUZD\�LQ�6ZHGHQ� �����������������������������������������������������
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/LVW�RI�7DEOHV

7DEOH� ���&DVXDOWLHV� RQ� GLIIHUHQW� URDG� W\SHV� LQ� 6RQGHUM\OODQG�&RXQW\�'HQPDUN�� 7KH�
VSHFLHV�UHFRUGHG�DUH�5RH�GHHU��IR[�EDGJHU��KDUH DQG�KHGJHKRJ��$�6HLOHU�	�)RONHVRQ��
�������6XUYH\�GXULQJ����PRQWKV��1RYHPEHU������± $XJXVW�������������������������������������

7DEOH����%DUULHU�HIIHFW�LQ�6ZHGLVK�URDG�DQG�UDLOZD\�V\VWHP��7KLV�WDEOH�LV�D�VLPSOLILHG�
YHUVLRQ�RI�WKH�GDWD�IURP�6HLOHU�HW�DO��������SUHVHQWHG�LQ�$SSHQGL[�%� ���������������������������

7DEOH� ��� 7\SH� RI� EDUULHU� DQG� DVVRFLDWHG� VSDQ� LQ� 6ZHGHQ�� 7KH� VSDQ� LV� WDNHQ� DV� WKH�
PLQLPDO�UHTXLUHG�VSDQ�IRU�QHZEXLOG�URDGV��7KH�FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�DSSHQGL[�
'��7KH�OHQJWK�RI�EDUULHUV�WKH�OHQJWK�DORQJ�WKH�URDGV�DQG�UDLOZD\V�WKDW�DUH�QRW�QHDU�WR�D�
FURVVLQJ� �������������������������������������������������������������������������������������������������������������������������

7DEOH����)53�	�&RQYHQWLRQDO�PDWHULDOV�FRPSDULVRQ� ���������������������������������������������������

7DEOH����7KHUPDO�H[SDQVLRQ�FRHIILFLHQW�IRU�GLIIHUHQW�FRQILJXUDWLRQV�RI�ILEUHV��)ULEHUJ�
	�2OVVRQ�������� ������������������������������������������������������������������������������������������������������������

7DEOH����5DQJH�RI�GHQVLW\�IRU�)53�ZLWK�ERWK�QRUPDO�DQG�PRUH�H[WUHPH�YDOXHV��)ULEHUJ�
	�2OVVRQ�������� ������������������������������������������������������������������������������������������������������������

7DEOH����,QIOXHQFH�RI�WKH�ILEUH�RULHQWDWLRQ�LQ�)53�FRPSRVLWH�PDWHULDO��)ULEHUJ�	�2OVVRQ��
������ �����������������������������������������������������������������������������������������������������������������������������

7DEOH����6KHDU�VWUHQJWK�DQG�VKHDU�PRGXOXV�IRU�GLIIHUHQW�FRPSRVLWH�FRQILJXUDWLRQV�ZLWK�
XQLGLUHFWLRQDO�ILEUH�RULHQWDWLRQV��)ULEHUJ�	�2OVVRQ�������� ������������������������������������������

7DEOH����&KDUDFWHULVWLFV�RI�MRLQW�FDWHJRULHV� �������������������������������������������������������������������

7DEOH�����&KDUDFWHULVWLF�VQRZ�ORDG�IRU�VRPH�FRPELQDWLRQV�RI�VQRZ�]RQH�DQG�HOHYDWLRQ�
DERYH�VHD�OHYHO�� �������������������������������������������������������������������������������������������������������������

7DEOH�����&RPELQDWLRQ�IDFWRUV�IRU�YDULDEOH�ORDGV����������������������������������������������������������

7DEOH�����3DUWLDO�VDIHW\�IDFWRUV���������������������������������������������������������������������������������������

7DEOH�����0D[LPXP�VKHDU�DQG�EHQGLQJ�PRPHQW�YDOXHV� ����������������������������������������������

7DEOH ����/RDG�RQ�DQ�HFRGXFW�LQ�GLIIHUHQW�VWDWHV� ����������������������������������������������������������

7DEOH�����&URVV�VHFWLRQDO�FRQVWDQWV�FDOFXODWLRQ�IURP�(XURFRPS�DQG�31*�'HVLJQ������

7DEOH�����0DWHULDO�SDUDPHWHUV�XVHG�LQ�SUHOLPLQDU\�GHVLJQ� �������������������������������������������

7DEOH�����0DWHULDO�QHHG�IRU�WKH�GLIIHUHQW�FRQFHSWXDO�GHVLJQV����������������������������������������

7DEOH���� 3URGXFWLRQ�PHWKRGV�IRU�GLIIHUHQW�GHVLJQ�VROXWLRQV� ���������������������������������������

7DEOH�����0DWHULDO�QHHG�DQG�SURGXFWLRQ�PHWKRG�IRU�GLIIHUHQW�EHDP�VROXWLRQV��������������
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7DEOH�����(YDOXDWLRQ�FULWHULD��)RU�WKH�ILUVW�HYDOXDWLRQ�RQO\�WKH�FULWHULD¶V�PDUNHG�ZLWK�
EOXH�ZHUH�XVHG����������������������������������������������������������������������������������������������������������������

7DEOH�����:HLJKWLQJ�RI�HYDOXDWLRQ�FULWHULD�IRU�ILUVW�HYDOXDWLRQ� ������������������������������������

7DEOH�����5HVXOWV�IURP�ILUVW�HYDOXDWLRQ��������������������������������������������������������������������������

7DEOH�����(YDOXDWLRQ�FULWHULD�IRU�VHFRQG�HYDOXDWLRQ� �����������������������������������������������������

7DEOH�����6HFRQG�HYDOXDWLRQ� �����������������������������������������������������������������������������������������

7DEOH�����&RQYHUVLRQ�IDFWRUV�WR�EH�WDNHQ�LQWR�DFFRXQW� �������������������������������������������������

7DEOH�����7RWDO�FRQYHUVLRQ�IDFWRUV���������������������������������������������������������������������������������

7DEOH� ���� &RPSDULVRQ� RI� VDIHW\� IDFWRUV� IURP� (XURFRPS� DQG� 31*� 'HVLJQ�
UHFRPPHQGDWLRQV� ����������������������������������������������������������������������������������������������������������

7DEOH�����7\SLFDO�YDOXHV�RI�ILEUH�SURSHUWLHV� �����������������������������������������������������������������

7DEOH�����3RO\HVWHU�UHVLQ�PDWHULDO�SURSHUWLHV�����������������������������������������������������������������

7DEOH�����0DWHULDO�SURSHUWLHV�RI�)53�IRU�IODQJH�DQG�ZHE�VHFWLRQV�RI WKH�EULGJH�GHFN�
����������������������������������������������������������������������������������������������������������������������������������������

7DEOH�����'HVLJQ�UHTXLUHPHQWV�ZLWK�FRUUHVSRQGLQJ�GHVLJQ�DQG�JHRPHWU\�SDUDPHWHUV�
����������������������������������������������������������������������������������������������������������������������������������������

7DEOH�����)LQDO�JHRPHWU\�DFFRUGLQJ�WR�KDQG�FDOFXODWLRQV��3UH�FDPEHULQJ� ���PP� ����

7DEOH�����'HIOHFWLRQV�DQG�GHIOHFWLRQ�UHTXLUHPHQWV�IRU�KDQGFDOFXODWLRQV����������������������

7DEOH�����*HRPHWU\�RI�FURVVHFWLRQ� �������������������������������������������������������������������������������

7DEOH� ���� 6WDWLF� DQDO\VLV� UHVXOWV� �$EDTXV��� GHIOHFWLRQV� LQ� <� DQG� = GLUHFWLRQV� DUH�
SUHVHQWHG��QRUPDO�VWUHVVHV�LQ�;�GLUHFWLRQ��VKHDU�VWUHVVHV�LQ�;<�SODQH�ZLWK�UHJDUG�WR�WKH�
PDWHULDO�RULHQWDWLRQ�LQ�WKH�ZHEV�DUH�DOVR�SUHVHQWHG� ������������������������������������������������������

7DEOH�����5HVXOWV�JHRPHWU\�QU��*�� GLIIHUHQW�ORDG�FDVHV� ����������������������������������������������

7DEOH�����5HVXOWV�JHRPHWU\�QU�*���HGJH�VHFWLRQ� ����������������������������������������������������������

7DEOH�����5HVXOWV�VWUDLJKW�ZHEV��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ� ��������������������������������

7DEOH�����5HVXOWV�RI�WKH�EXFNOLQJ�DQDO\VLV�IRU�GLIIHUHQW�JHRPHWULHV�RI�WKH�EULGJH�GHFN�
VHFWLRQ� ���������������������������������������������������������������������������������������������������������������������������

7DEOH�����7KH��VW�EXFNOLQJ�PRGHV�IRU�WKH�GLIIHUHQW�GHFN�VHFWLRQ�JHRPHWULHV� 7KH�UHG��
JUHHQ� DQG� EOXH� DUURZV� LQ� WKH� SLFWXUHV� DUH� VKRZLQJ� WKH� ;�� <� DQG� =� GLUHFWLRQV�
UHVSHFWLYHO\� �������������������������������������������������������������������������������������������������������������������

7DEOH�����)LYH ILUVW�HLJHQYDOXHV�IRU�WKH HGJH�VHFWLRQ�����������������������������������������������������
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7DEOH�����8WLOL]DWLRQ�UDWLRV�IRU�VWUHVVHV�LQ�XOWLPDWH�OLPLW�VWDW�DQG�TXDVL�SHUPDQHQW�OLPLW�
VWDWH� �������������������������������������������������������������������������������������������������������������������������������

7DEOH�����&DOFXODWLRQ�RI�ORDGV�DQG�ORDG�FRPELQDWLRQV�IRU�GLIIHUHQW�ORDG�FDVHV� ����������



&+$/0(56 �����������������&LYLO�(QJLQHHULQJ��0DVWHU¶V�7KHVLV�$&(;�������� ��

3UHIDFH

7KH� GHVLJQ� RI� DQ� HFRGXFW PDGH� RI� ILEUH UHLQIRUFHG� SRO\PHULF� �)53��PDWHULDOV� ZDV�
GHYHORSHG��7KH�SURMHFW�ZDV�VWDUWHG�LQ�)HEUXDU\�DQG�HQGHG�LQ�-XQH�������7KH�ZRUN�ZDV�
GRQH�DW�c)�&RQVXOW�FRPSDQ\��*RWKHQEXUJ��6ZHGHQ��

7KH� ZRUN� ZDV� GRQH� XQGHU� WKH� VXSHUYLVLRQ� RI� 9DOERQD� 0DUD�� 3K'� LQ� 6WUXFWXUDO�
(QJLQHHULQJ �c)� ,QIUDVWUXFWXUH��� DQG 3URIHVVRU�5H]D�+DJKDQL 'RJDKHK� DV� H[DPLQHU
�&KDOPHUV 8QLYHUVLW\�RI�7HFKQRORJ\��

*RWKHQEXUJ��-XQH�����

+DQQD�*HLJHU DQG�2OHQD�6KNXQGDORYD
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1RWDWLRQV

5RPDQ�XSSHU�FDVH�OHWWHUV
�ୱ୦ୣୟ୰ 6KHDU�DUH�RI�FURVVHFWLRQ
ܧ <RXQJV�PRGXOXV�IRU�ORQJ�WHUP�ORDG�VLWXDWLRQ��FUHHS�WDNHQ�LQWR�DFRXQW�
�ଵ (ODVWLF�PRGXOXV�LQ�GLUHFWLRQ����[�
�ଶ (ODVWLF�PRGXOXG�LQ�GLUHFWLRQ����\�
௦௧௧ܧ <RXQJV�PRGXOXV�IRU�LQVWDQW�ORDG�VLWXDWLRQ
�୰ <RXQJV�PRGXOXV�IRU�UHVLQ
ܩ 6KHDU� PRGXOXV� RI� ORQJ� WHUP� ORDG� VLWXDWLRQ� �FUHHS� WDNHQ� LQWR�

DFFRXQW�
ௗܩ 'HVLJQ�VKHDU�PRGXOXV RI�WKH�)53�ODPLQDWH

 6KHDU�PRGXOXV�IRU�WKH�ILEUH
௦௧௧ܩ 6KHDU�PRGXOXV�IRU�LQVWDQW�ORDG�VLWXDWLRQ

୰ 6KHDU�PRGXOXV�IRU�WKH�UHVLQ
௧ܩ *ODVV�WUDQVLWLRQ�WHPSHUDWXUH
� 0RPHQW�RI�LQHUWLD�IRU�EHQGLQJ�LQ�PDLQ�GLUHFWLRQ��DURXQG�<�D[LV�
/ /HQJWK�RI�RQH�EULGJHVSDQ
�ୣୢ 0D[LPXP�GHVLJQ�EHQGLQJ�PRPHQW
௨௦ܯ 0D[LPXP�EHQGLQJ�PRPHQW�RQ�D�EULGJH�LQ XOWLPDWH ORDG�FRPELQDWLRQ�
�ଵ /RDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�6/6
�ଶ /RDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�6/6
�ଵ୳୪ୱ /RDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�8/6
�ଶ୳୪ୱ /RDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�8/6
�୶୷ 6KHDU�VWUHVVHV�LQ�;<�GLUHFWLRQ
�୶୶ 1RUPDO�VWUHVVHV�LQ�;�GLUHFWLRQ
� ୦ୟ୬ୢ 'HIRUPDWLRQV�LQ�YHUWLFDO�=�GLUHFWLRQ��KDQGFDOFXODWLRQ
�ǡ ܷ௬ 'HIOHFWLRQ�LQ�=�DQG�<�GLUHFWLRQV�UHVSHFWLYHO\
� ୬୰ ଼ 'HIRUPDWLRQV�LQ�YHUWLFDO�=�GLUHFWLRQ��JHRPHWU\�*�
� ୱ୲୰ୟ୧୲୦ 'HIRUPDWLRQ�VLQ�=�GLUHFWLRQ�IURP�DEDTXV�ZLWK�VWUDLJKW�ZHEV
� 7RWDO�ZLGWK�RI�HFRGXFW
�ୣ ୢ 0D[LPXP�VKHDU�IRUFH
௨ܸ௦ 8OWLPDWH�VKHDU�IRUFH�DFWLQJ�RQ�D�EULGJH

5RPDQ�ORZHU�FDVH�OHWWHUV
� 6SDFLQJ�RI�ZHEV
݂ௗ 'HVLJQ�VWUHQJWK�RI�WKH�ODPLQDWH
ௗ݂௧ 'HVLJQ�WHQVLOH�VWUHQJWK�RI�WKH�ODPLQDWH
ௗ݂ఛ 'HVLJQ�DQG�GHVLJQ�VKHDU�VWUHQJWK�RI�WKH�ODPLQDWH
݂௧ &KDUDFWHULVWLF�WHQVLOH�VWUHQJWK�RI�WKH�ODPLQDWH
݂ఛ &KDUDFWHULVWLF�VKHDU�VWUHQJWK�RI�WKH�ODPLQDWH
� 6HOIZHLJWK�RI�EULGJH
� +HLJKW�RI�FURVVHFWLRQ
�ୣୢୣ +LJWK�RI�VRLO�LQ�HGJH�VHFWLRQ�RI�WKH�EULGJH
�୫୧ୢୢ୪ୣ +LJWK�RI�VRLO�LQ�PLGGOH�VHFWLRQ�RI WKH�HFRGXFW
�୩ 'LVWULEXWHG�YDULDEOH�ORDG�IRU�SHGHVWULDQ�EULGJH
ௗ௦ݍ /RDG�IURP�VRLO�LQ�WKH�HGJH�VHFWLRQ�RI�WKH�HFRGXFW
௦ݍ /RDG�IURP�VRLO�LQ�WKH�PLGGOH�VHFWLRQ�RI�WKH�HFRGXFW
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�୩ &KDUDFWHULVWLF�VQRZ�ORDG
�� $FFXPXODWHG ORDG�GXUDWLRQ��KRXUV�
� )ODQJH�WKLFNQHVV
�୵ :HE�WKLFNQHVV

*UHHN�ORZHU�FDVH�OHWWHUV
Ƚ $QJOH�RI�VWLIIHQHU
Ɂ ,QLWLDO�GHIRUPDWLRQ�EHIRUH�ORDGV�DUH�DSSOLHG�DOVR�FDOOHG�

SUHFDPEHULQJ
Ɂଵ ,QVWDQWDQHRXV�GHIOHFWLRQ�RI�WKH�GHFN�VHFWLRQ�XQGHU�WKH�SHUPDQHQW�

ORDGV
Ɂଶ 9DULDWLRQ�RI�WKH�GHIOHFWLRQ�RI�WKH�EHDP��GXH�WR�WKH�YDULDEOH�ORDGLQJ�SOXV�

DQ\�WLPH�GHSHQGHQW�GHIRUPDWLRQV�GXH�WR�SHUPDQHQW�ORDGLQJ
Ɂୡ୰ୣୣ୮ 'HIRUPDWLRQV�LQ�=�GLUHFWLRQ�IURP�FUHHS�SDUW�RI�SHUPDQHQW�ORDG
Ɂ୫ୟ୶ 6DJJLQJ�LQ�WKH�ILQDO�VWDWH�UHODWLYH�WR�WKH�VWUDLJKW�OLQH�MRLQLQJ�WKH�VXSSRUWV
ɀୋǤ୨ 3DUWLDO�VDIHW\�IDFWRU�IRU�SHUPDQHQW�ORDG�QXPEHU�M
ɀ 3DUWLDO�VDIHW\ IDFWRU�IRU�PDWHULDO�SURSHUWLHV
ɀଶ୳୪ୱ 3DUWLDO�VDIHW\�IDFWRU�DFFRXQWLQJ�IRU�WKH�ODPLQD�SURGXFWLRQ�SURFHVV
ɀ୕Ǥ୨ 3DUWDOFHRIILFLHQW�IRU�WKH�YDULDEOH�ORDG�QXPEHU�M
ɀ୕Ǥ୨ 3DUWDOFHRIILFLHQW�IRU�WKH�YDULDEOH�ORDG�QXPEHU�M
ɂଵ 6WUDLQ�LQ�GLUHFWLRQ����[�
ɂଶ 6WUDLQ�LQ�GLUHFWLRQ����\�
ߟ &RQYHUVLRQ� IDFWRU� DFFRXQWLQJ� IRU� WKH� ORQJ�WHUP� LQIOXHQFH� RI�

WHPSHUDWXUH��KXPLGLW\��FUHHS�RQ�ODPLQDWH
ߟ &RQYHUVLRQ�IDFWRU�IRU�WKH�IDWLJXH�HIIHFWV�
ߟ &RQYHUVLRQ�IDFWRU�IRU�KXPLGLW\�HIIHFWV�
௧ߟ &RQYHUVLRQ�IDFWRU�IRU�WHPSHUDWXUH�HIIHFWV�
௩ߟ &RQYHUVLRQ�IDFWRU�IRU�FUHHS�HIIHFWV�
௩ଶߟ &RQYHUVLRQ�IDFWRU�WR�DFFRXQW�IRU�FUHHS�HIIHFWV�IRU�WKH�UHIHUHQFH�SHULRG�

RI����\HDUV�
ɉ (LJHQYDOXH�IRU�EXFNOLQJ
ɋ 3RLVRQ¶V�UDWLR
Ɍ 5HGXFWLRQ�IDFWRU�IRU�SHUPDQDQW�ORDGV
ɏ୰ 'HQVLW\�RI�WKH�UHVLQ
ɏ 'HQVLW\�RI�WKH�ILEUH
ɏୱ୭୧୪ 'HQVLW\�RI�VRLO
ɐ୶୶ 1RUPDO�VWUHVVHV�LQ�;�GLUHFWLRQ
ɐ୶୷ VKHDU�VWUHVVHV�LQ�;<�GLUHFWLRQ
߬ௗ 6KHDU�VWUHVV
ɗ )DFWRU�IRU�FRPELQDWLRQ�RI�YDULDEOH�ORDG
ɗଵ )DFWRU�IRU�IUHTXHQW�YDOXH�RI�YDULDEOH�ORDG
ɗଶ )DFWRU�IRU�TXDVL�SHUPDQHQW�YDOXH�RI�YDULDEOH�ORDG

(63(&�± RUJDQL]DWLRQ��PHDVXULQJ�WKH�OHYHO�RI�)�JDVHV��IOXRULQDWHG�JUHHQKRXVH�JDVHV���
DLPLQJ� WR� UHGXFH� WKH� HQYLURQPHQWDO� GHSOHWH� ZLWK� WKH� XVH� RI� ORZ� *OREDO� :RUPLQJ�
3RWHQWLDO��*:3��UHIULJHUDQWV�
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6ZHGLVK�JRYHUQPHQW�DJHQFLHV

³7UDILNYHUNHW´�LV�D�6ZHGLVK�VWDWH DJHQF\ UHVSRQVLEOH�IRU�D�ORQJ�WHUP SODQQLQJ�RI�WKH�
WUDQVSRUW� LQIUDVWUXFWXUH� DW� WKH� QDWLRQDO� OHYHO�� 5HVSRQVLELOLWLHV� � FRQVWUXFWLRQ� DQG�
PDLQWHQDQFH� RI� ODUJH� SDUWV� RI� WKH� WUDQVSRUW� LQIUDVWUXFWXUH�� 7KH SUHGHFHVVRUV� ZHUH
9lJYHUNHW��URDGV��DQG�%DQYHUNHW��UDLOZD\���6LQFH�VRPH�RI�WKH�UHFRPPHQGDWLRQV�DERXW�
HFRGXFWV�DUH EDVHG�RQ WKH�ROG�UHFRPPHQGDWLRQV� ERWK�ZLOO�EH�UHIHUUHG�WR LQ�WKLV�WKHVLV�
7KH�WHUP�³6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ´�ZLOO�EH�XVHG�WR�UHIHU�WR�7UDILNYHUNHW� DQG
³ROG�6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQV´�WR�%DQYHUNHW�DQG�9lJYHUNHW�
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� ,QWURGXFWLRQ

7KH�LQFUHDVLQJ�DPRXQW�RI�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH�KDV�D�QHJDWLYH�HIIHFW�RQ�ZLOGOLIH��6RPH�
RI�WKHVH�HIIHFWV�FDQ�EH�FRXSOHG�WR�WKH�IUDJPHQWDWLRQ�RI�WKH�QDWXUDO�KDELWDWV�IRU�GLIIHUHQW DQLPDO
VSHFLHV��6RPHWLPHV� SRSXODWLRQV�DUH�FXW�RII�IURP�HDFK�RWKHU� ZKLFK�XVXDOO\ UHVXOWV�LQ�D�OLPLWHG�
JHQH�SRRO�RU�H[WLQFWLRQ��$�6HLOHU�	�)RONHVRQ��������

,Q�������������DFFLGHQWV�ZLWK� ODUJH�ZLOG�DQLPDOV�ZHUH�UHSRUWHG� LQ�6ZHGHQ��6LQFH� WKHQ�� WKH�
QXPEHU�RI�DFFLGHQWV�KDV�EHHQ�LQFUHDVLQJ�HYHU\�\HDU DQG�DW������DERXW�������DFFLGHQWV�ZHUH�
UHSRUWHG��1DWLRQHOOD�9LOWRO\FNVUnGHW���������%HWZHHQ������DQG������WKHUH�ZHUH�LQ�DYHUDJH���
GHDGO\� DFFLGHQWV� HDFK� \HDU�� (FRQRPLF� GDPDJH� IURP� ZLOGOLIH� DFFLGHQWV� LV� HVWLPDWHG� DW� DQ�
DYHUDJH�RI�������PLOOLRQ�6(.�SHU� \HDU� �³9LOWRO\FNRU�PRW�Q\� UHNRUGQLYn� � 1\KHWHU� �(NRW�� _�
6YHULJHV�5DGLR�´�������

7KLV�KDV�UHVXOWHG�LQ�DQ�LQFUHDVLQJ�LQWHUHVW�LQ�FRQVWUXFWLRQ�RI�HFRGXFWV��$IWHU�WKH�FROODSVH�RI�WKH�
VFDIIROGLQJ� DQG� IROORZLQJ� GHPROLWLRQ� RI� WKH� HFRGXFW 6DQGVM|EDFND� LQ� ������ UHVHDUFK� RI� DQ�
DOWHUQDWLYH�DSSURDFK�WR�WKH�FRQVWUXFWLRQ ZDV�EHJXQ �7UDILNYHUNHW���������7KH�KRSH�LV�WKDW�DQ�
DSSURDFK� ZLWK� WKH� XVH� RI� ILEUH UHLQIRUFHG� SRO\PHU� �)53�� PDWHULDOV� LQ� FRQVWUXFWLRQ� RI�
VXSHUVWUXFWXUHV� ZLOO� OHDG� WR� D� GHVLJQ� WKDW� FDQ� FRPSHWH� LQ� HFRQRPLF� WHUPV� ZLWK� WUDGLWLRQDO�
PHWKRGV�DQG�WKDW�LV�VXSHULRU�ZLWK�UHJDUG�WR�FRQVWUXFWLRQ�WLPH�DQG�GLVWXUEDQFH�IRU�VRFLHW\�DQG�
HQYLURQPHQW��$ PDVWHU�WKHVLV DW�&KDOPHUV�LQ������SURYHG�WKDW�WKH�XVH�RI�)53�FRPSRVLWHV�FDQ�
UHVXOW�LQ�����UHGXFWLRQ�LQ�FRQVWUXFWLRQ�FRVW�RI�HFRGXFWV�ZLWK�PLQLPXP�SRVVLEOH�GLVWXUEDQFH�RQ�
WUDIILF��6DQGDKO�	�+lOOHUVWnO���������

$W�WKH�PRPHQW��HFRGXFWV�LQ�6ZHGHQ�DUH�PDLQO\�PDGH�RI�UHLQIRUFHG�FRQFUHWH��7KLV�FRQYHQWLRQDO�
PDWHULDO�KDV�D�QXPEHU�RI�DGYDQWDJHV��VXFK�DV�KLJK�FRPSUHVVLYH�VWUHQJWK��GXUDELOLW\ DQG DELOLW\�
WR�ZLWKVWDQG�KLJK�WHPSHUDWXUHV��+RZHYHU� LWV�ZHLJKW�LV�UHODWLYHO\�KLJK�FRPSDUHG�WR�LWV�VWUHQJWK��
,Q�DQ�DOWHUQDWLYH�UHSODFHPHQW�IRU�FRQFUHWH�DQG�VWHHO��OLJKWZHLJKW�)53�PDWHULDOV�FDQ�EH�XVHG�IRU�
FRQVWUXFWLRQ�RI�SUHIDEULFDWHG�)53�HFRGXFWV��'XH�WR�LWV KLJK�VWUHQJWK�DQG�GXUDELOLW\��ORZ�ZHLJKW�
DQG� IOH[LELOLW\� LQ� WKH� FKRLFH� RI� IRUPV�� ILEUH UHLQIRUFHG� FRPSRVLWH� PDWHULDOV� FDQ� EHFRPH� D�
SURILWDEOH�DOWHUQDWLYH�WR�VWHHO�DQG�FRQFUHWH��1DTYL�HW�DO����������2QH�RI�WKH�DGYDQWDJHV�RI�XVLQJ�
)53�LQ�EULGJH�FRQVWUXFWLRQ�LV�WKH�DELOLW\�WR�KDYH K\EULG�VROXWLRQV�DQG�WR�VXFFHVVIXOO\�FRPELQH�
WKHP�ZLWK�HOHPHQWV�PDGH�RI�FRQFUHWH�DQG�VWHHO��:DQ���������KDYLQJ�WKH�PHFKDQLFDO�SURSHUWLHV�
RI�WKH )53�FRPSRVLWHV�FORVH�WR�WKDW�RI�VWHHO�DQG�WKH�ZHLJKW�FORVH�WR�WKDW�RI�SODVWLF��%KDWW�	�*RH��
������

$Q DGYDQWDJH�RI�WKH�XVH�RI�)53�FRPSRVLWHV�LV�WKDW�LW�GRHV�QRW�UXVW�DV�VWHHO�GRHV��:DQ���������
+LJK�VWLIIQHVV�DQG�VWUHQJWK�WR�ZHLJKW�UDWLR�DQG�KLJK�IDWLJXH�UHVLVWDQFH�DUH�WKH IDFWRUV�PDNLQJ�
WKH�XVH�RI�)53�PDWHULDOV�SURILWDEOH�DQG�UDWLRQDO�LQ�WKH�EULGJH�FRQVWUXFWLRQ��0DUD��+DJKDQL��	�
+DUU\VRQ���������1HZ�WHFKQLTXHV��PHWKRGV�RI�IDEULFDWLRQ�DQG�SURGXFWLRQ RSSRUWXQLWLHV�ZKLFK�
KDYH GHYHORSHG� GXULQJ WKH ODVW� GHFDGHV� KDYH� UHGXFHG� WKH� SURGXFWLRQ� DQG� FRQVWUXFWLRQ� FRVW
�1LNHW�0��7HODQJ����������:DQ���������&RQVWUXFWLRQ�RI�WKH�HFRGXFW�PDGH�RI�)53�RIIHUV�JUHDW�
SURGXFWLRQ� RSSRUWXQLWLHV� VLQFH� WKH� FRPSRVLWH� VWUXFWXUDO� PHPEHUV� FDQ� EH� SUHIDEULFDWHG� DQG�
DVVHPEOHG�RQ�VLWH�GXULQJ�WKH�HUHFWLRQ�SURFHVV�

)53� FRPSRVLWH� PDWHULDOV� GR� QRW� UHTXLUH� SDLQWLQJ�� GR� QRW� URW� DQG� KDYH� KLJK� UHVLVWDQFH� WR�
DJJUHVVLYH�PHGLD�� )53� LV� DOVR� XVXDOO\� GLPHQVLRQDOO\� VWDEOH� LQ� 6ZHGLVK� FRQGLWLRQV�� EXW� ILUH�
SURWHFWLRQ�VKRXOG�EH�JLYHQ�VSHFLDO�DWWHQWLRQ�

(YHQ� WKRXJK�)53�VHHPV� WR�EH�VXLWDEOH�PDWHULDO� IRU� WKH� FRQVWUXFWLRQ�RI�HFRGXFWV� YHU\� OLWWOH�
LQYHVWLJDWLRQ KDV�EHHQ�GRQH�RQ WKLV�VSHFLILF�LVVXH��7KHUH�ZDV�D�VWXG\ RQ�KRZ�WKH��HFRGXFW�DW�
6DQGVM|EDFND� FRXOG� EH EXLOW� LQ� )53� �6DQGDKO� 	� +lOOHUVWnO�� ������� +RZHYHU� WKH� JHQHUDO�
VLWXDWLRQ� LQ� 6ZHGHQ�ZDV� QRW� LQYHVWLJDWHG�� ,W� ZDV� WKHUHIRUH� LPSRUWDQW WR� LQYHVWLJDWH�ZKLFK
VSHFLILF�FRQGLWLRQV�DQG�GHPDQGV WKHUH�H[LVW IRU�HFRGXFWV LQ�6ZHGHQ�
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7KHUH� H[LVWV�D�ZLGH� UDQJH�RI�SUDFWLFH� IRU�KRZ�HFRGXFWV�DUH�GHILQHG�DQG�GHVLJQHG��'LIIHUHQW�
FRXQWULHV�DSSO\�GLIIHUHQW�PHWKRGV�ZLWK�D�ODUJH�VFDWWHU�RI�UHVXOWV�ZLWK�D�GLIIHUHQFH�PDLQO\�LQ WKH
ZLGWK�RI�WKH�VXSHUVWUXFWXUH�DQG�WKH�OHYHO�RI�YHJHWDWLRQ��7KRVH�GLIIHUHQW�FDVHV�JLYH�HDFK�D�GLVWLQFW�
ORDG�VLWXDWLRQ��DQG�WKH�LQYROYHG�ORDGV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�WR�EH�DEOH�WR�GHVLJQ�D�
PDWHULDO� DQG�FRVW� HIILFLHQW�HFRGXFW��2QH RI�WKH�PDLQ�ORDGV RQ�DQ�HFRGXFW LV�PRVWO\�WKH�VRLO
ORDG�

7KLV� LQ�FRPELQDWLRQ�ZLWK�D�IDLUO\�FRQVWDQW�FDVH�RI�ODUJH�URDGV�DV�EDUULHUV� LQYLWHV�IRU�D�GHVLJQ�
WKDW�FDQ�EH�DSSOLHG�LQ�D�ZLGH�UDQJH�RI�VSHFLILF�SURMHFWV�

%\�GRLQJ�D�WKRURXJK�DQDO\VLV�RI�WKH�VWUXFWXUDO�UHTXLUHPHQWV�RQ�DQ HFRGXFW��DQ�HIIHFWLYH�GHVLJQ�
ZLWK�)53�PDWHULDOV�FDQ�EH�PDGH��6LQFH�WKH�JRDO�LV�WR�GHYHORS�D�GHVLJQ�ZKLFK�FRXOG OHDG�WR�D�
ORZHU EULGJH�FRVW�FRPSDUHG�WR FRQYHQWLRQDO�PHWKRGV� WKH�SUREOHP�LV�WR�RSWLPL]H WKH PDWHULDO�
XVH�

��� $LP

7KH�DLP�RI� WKLV� WKHVLV�ZDV WR�GHYHORS�D�FRPSHWLWLYH�FRQFHSW� IRU� D ILEUH UHLQIRUFHG�SRO\PHU
HFRGXFW GHVLJQ� ZKLFK�FDQ�EH�FRQVLGHUHG�DV�D�W\SLFDO�GHVLJQ�VROXWLRQ IRU�6ZHGLVK�FRQGLWLRQV��
7R�WKLV�HQG��WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�FRPSRVLWH�PDWHULDOV�DQG�WKH�SRVVLELOLW\�RI�WKHLU�
XVH�LQ�WKH�GHVLJQ�RI�HFRGXFW�ZHUH�VWXGLHG�

��� 0HWKRG

/LWHUDWXUH�UHYLHZ�RQ�)53�DSSOLFDEOH�LQ�EULGJH�FRQVWUXFWLRQ

7KH�SURMHFW�VWDUWV�ZLWK�D�UHYLHZ�RYHU�WKH�H[LVWLQJ�OLWHUDWXUH�FRQFHUQLQJ�)53�LQ�FRQQHFWLRQ�ZLWK�
EULGJH�FRQVWUXFWLRQ� $�SUHYLRXV�PDVWHU�WKHVLV�IURP�&KDOPHUV�ZDV�FKRVHQ�DV�D�EDFNJURXQG�IRU
WKLV�VWXG\ �)ULEHUJ�	�2OVVRQ���������7KHUH�KDV�EHHQ�GRQH�PXFK�HIIRUW�WR�FRPSLOH�LQIRUPDWLRQ�
RI�LQWHUHVW�LQ�GHVLJQLQJ�)53�EULGJHV��7R�EH�DEOH�WR�PDLQO\�IRFXV�RQ�GHVLJQ� WKLV�ZRUN�ZDV�WDNHQ�
DGYDQWDJH�RI�

/LWHUDWXUH�UHYLHZ�RQ�HFRGXFWV�LQ�6ZHGHQ

7R� JDWKHU� LQIRUPDWLRQ� DERXW� WKH� UHOHYDQW� W\SLFDO� FRQWH[W� LQ� 6ZHGHQ�� OLWHUDWXUH� RQ� H[LVWLQJ�
HFRGXFWV� ZDV� UHYLHZHG�� 7KH� UHTXLUHPHQWV� RQ� HFRGXFW� GHVLJQ� IURP� WKH� 6ZHGLVK� 7UDQVSRUW�
$GPLQLVWUDWLRQ��7UDILNYHUNHW��DQG�EULGJH�GHVLJQ�UHTXLUHPHQW�IURP�(XURFRGHV�ZHUH�FRQVLGHUHG��
3ODFHV�DQG�FRQGLWLRQV�ZLWK�WKH�ODUJHVW�WKHRUHWLFDO�QHHG�IRU�SODFHPHQW�RI�HFRGXFWV�ZHUH�LGHQWLILHG�

,QWHUYLHZ

$Q�LQWHUYLHZ�ZLWK�DQ�H[SHUW�LQ�HFRGXFWV�ZDV�FRQGXFWHG�YLD�6N\SH��7KH�TXHVWLRQV�DUH�SUHVHQWHG�
LQ�$SSHQGL[�$��7KH�LQWHUYLHZ�ZDV�XVHG�DV�D�VWDUWLQJ�SRLQW�LQ�RUGHU�WR�LGHQWLI\�WKH�PDLQ�LVVXHV�
RI�HFRGXFW�GHVLJQ�WKDW�VKRXOG�EH�JLYHQ�SULRULW\�DWWHQWLRQ�

3UHOLPLQDU\�GHVLJQ

3UHOLPLQDU\� GHVLJQ� RI� VHYHUDO� SURSRVDOV� IRU� HFRGXFWV�ZDV� GRQH�� LQFOXGLQJ� D� YDULHW\� LQ� ERWK�
PDWHULDO� DQG� VWUXFWXUDO� VROXWLRQV�� ��� FRQFHSWV� ZHUH� GHYHORSHG� DQG� DQDO\]HG� LQ� WHUPV RI�
PDQXIDFWXUDELOLW\� DQG� HDVH� RI� FRQVWUXFWLRQ�� 7KH� SUHOLPLQDU\� GHVLJQ� ZDV� IRFXVHG� RQ� WKH�
UHTXLUHPHQWV�RQ�WKH�GHIOHFWLRQ�OLPLWV�GXULQJ�WKH�OLIHWLPH�RI�WKH�EULGJH DV�WKLV LV�WKH�JRYHUQLQJ�
FULWHULRQ�

7KH�JRDO�ZDV� WR�GLVWLQJXLVK� DQG�FRQVLGHU� WKH� HIIHFWV� RI�YDULRXV�SDUDPHWHUV�RQ� WKH� UHVXOWLQJ�
EHKDYLRU� RI� WKH� VXSHUVWUXFWXUH�� (VWLPDWLRQ� RI� WKH� GHIOHFWLRQ� XQGHU� WKH� LQIOXHQFH� RI�
HQYLURQPHQWDO� GHJUDGDWLRQ� IDFWRUV� VXFK� DV� WHPSHUDWXUH� DQG� KXPLGLW\�� DV� ZHOO� DV ORQJ�WHUP�
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ORDGLQJ��WDNLQJ�LQWR�DFFRXQW�WKH�HIIHFW�RI�FUHHS��ZDV�WKH�PDLQ�FULWHULRQ�GHWHUPLQLQJ�WKH�GHVLJQ�
HIILFLHQF\� 9DULRXV� VWUXFWXUDO� V\VWHPV� ZHUH DQDO\]HG DQG� D VWXG\� RI� YDULRXV� JHRPHWULHV� RI�
VWUXFWXUDO�PHPEHUV�ZDV�SHUIRUPHG�LQ�RUGHU�WR�HVWDEOLVK�WKH�PRVW�HIILFLHQW�GHVLJQ�

2I� WKH���� FRQFHSWV�� ��ZHUH� FKRVHQ� IRU� IXUWKHU��PRUH�SUHFLVH LQYHVWLJDWLRQ��)RFXVLQJ�RQ� WKH�
SURGXFWLRQ�RSSRUWXQLWLHV�DQG�FRQVLGHULQJ�YDULRXV�W\SHV�RI�FRQQHFWLRQV�IRU�VWUXFWXUDO�HOHPHQWV��
WKH�ILQDO�GHVLJQ�ZDV�FKRVHQ�

)LQDO�GHVLJQ

7KH�ILQDO�GHVLJQ�RI�WKH HFRGXFW�ZDV�EDVHG�RQ�WKH�VWXG\�RI�SUHOLPLQDU\�GHVLJQV��)LQLWH�HOHPHQW�
DQDO\VLV� ZDV� XVHG� WR� LQYHVWLJDWH� EXFNOLQJ� EHKDYLRU� DQG� VWUHVVHV�� 7KH� DQDO\VLV� DLPHG� DW�
RSWLPL]LQJ�WKH�JHRPHWU\�RI�WKH�SUHOLPLQDU\�GHVLJQ��7KH�UHVXOWV�RI�WKH�VWXG\�ZHUH�FRQILUPHG�
ZLWK�KDQG�FDOFXODWLRQV�FKHFNV�WR�HQVXUH�WKH�GHVLJQ�UHTXLUHPHQWV�RQ�DOORZDEOH�GHIOHFWLRQV�DQG�
VHFWLRQDO� XWLOL]DWLRQ� UDWLR� ZLWK� UHJDUG� WR� PDWHULDO� VWUHQJWK� �&DUDWWHUH�� ������ 7KH� (XURSHDQ�
VWUXFWXUDO�SRO\PHULF�FRPSRVLWHV�JURXS��������

��� /LPLWDWLRQV

,Q� RUGHU� WR� PDNH� DQ� HFRGXFW� GHVLJQ�PRUH� VSHFLILF� DQG� ILWWLQJ� WKH� 6ZHGLVK� FRQGLWLRQV�� WKH�
IROORZLQJ� OLPLWDWLRQV� ZHUH� LPSRVHG�� 7KH� SURMHFW� LQFOXGHV� VHYHUDO� LQLWLDO� GHVLJQV�� EDVHG� RQ�
ZKLFK�WKH�ILQDO�GHVLJQ�ZDV�GHYHORSHG��

7KH�SUHOLPLQDU\ GHVLJQV LQFOXGH�

x 7KH�PD[LPXP�GHIOHFWLRQ�OLPLW�RI�WKH�EULGJH�VSDQ�FRQFHUQLQJ�GLIIHUHQW�HQYLURQPHQWDO�
GHJUDGDWLRQ�IDFWRUV�DQG�ORQJ�WHUP�ORDGLQJ�HIIHFWV�

x &KRLFH�RI�WKH�W\SH�DQG�FDOFXODWLRQ�RI�WKH�DPRXQW�RI�)53�FRPSRVLWH�PDWHULDOV�UHTXLUHG�
IRU�WKH�GHVLJQHG�VXSHUVWUXFWXUH�

x &RQVLGHUDWLRQ� RYHU� WKH� H[LVWLQJ� PDQXIDFWXULQJ� SRVVLELOLWLHV� DOORZLQJ� IDVW� DQG� FRVW�
HIILFLHQW�SURGXFWLRQ�RI�)53�EULGJH�SDUWV�

x 3UHGLFWLRQ�RI�WKH�SRVVLELOLW\�RI�TXLFN�DQG�HDV\�HUHFWLRQ�RI�WKH�EULGJH�

7KH�SUHOLPLQDU\ GHVLJQV H[FOXGH�

x &KHFNV�RQ�PDWHULDO�VWUHQJWK�

x &RQVLGHUDWLRQ�RI�WKH�EXFNOLQJ EHKDYLRU�RI�WKH�HFRGXFW�

7R�VHOHFW�WKH�ILQDO�GHVLJQ��D�VLPSOLILHG�DQDO\VLV�RI�WKH�GHVLJQ�HIILFLHQF\��FRVW�RI�SURGXFWLRQ�DQG�
PDWHULDOV��HDVH�RI�PDQXIDFWXUH�DQG�DVVHPEO\�RI�WKH�VWUXFWXUDO�HOHPHQWV��DV�ZHOO�DV�RWKHU�GHVLJQ�
FULWHULD�ZDV�FDUULHG�RXW��7KH�IRFXV�ZDV�RQ�WKH SURGXFWLRQ DQG�PDWHULDO�FRVW��SRVVLELOLW\�WR�HDVH�
PDQXIDFWXUH�DQG�DVVHPEOH WKH VWUXFWXUDO�HOHPHQWV�

7KH�ILQDO�GHVLJQ�LQFOXGHV�

x $QDO\VHV RI EXFNOLQJ�EHKDYLRU�RI�WKH�SURSRVHG�VHFWLRQV�LQ�XOWLPDWH�ORDG�VWDWH�

x &KHFNV� RQ� WKH� PDWHULDO� VWUHQJWK� UHTXLUHPHQWV ZLWK� PD[LPXP� DOORZDEOH� VWUHVVHV� LQ�
VHFWLRQV�IRU�WKH�VKRUW�WHUP�DQG�ORQJ�WHUP�ORDGLQJ�FRQGLWLRQV�

x &KHFNV�RQ�WKH�GHIOHFWLRQV�XQGHU�WKH�VKRUW�DQG�ORQJ�WHUP�ORDG�

7KH�DQDO\VLV�ZDV FRQGXFWHG�ZLWK�H[LVWLQJ�PRGHOV�DQG�JXLGHOLQHV�IRU�)53 FRQVWUXFWLRQ��7KH�
IRFXV�ZDV RQ�(XURSHDQ�JXLGHOLQHV�
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��� 2XWOLQH�RI�WKH�WKHVLV

&KDSWHU����,QIUDVWUXFWXUH�DQG�IDXQD

5HTXLUHPHQWV�DQG�UHFRPPHQGDWLRQV�RQ�HFRGXFW�GHVLJQ�DUH�LQYHVWLJDWHG LQ�WKLV�FKDSWHU��)LUVW�
WKH JHQHUDO�GHVFULSWLRQ�RI�WKH�SUREOHP WKDW WUDQVSRUW LQIUDVWUXFWXUH�FDXVHV�IRU�WKH�PRYHPHQW�RI�
DQLPDOV LV�SUHVHQWHG��7KHUHRQ� YDULRXV W\SHV�RI�EDUULHUV�W\SLFDO�IRU�6ZHGHQ�DUH�GHVFULEHG��7KH�
LVVXHV� GHVFULEHG� DUH� ERWK� JHQHUDO� LQYHVWLJDWLRQV� LQWR� WKH� GHVLJQ� RI� HFRGXFWV� DQG� RIILFLDO�
UHFRPPHQGDWLRQV� DQG� UHJXODWLRQV� )LQDOO\�� D� VHW� RI� UHTXLUHPHQWV� RQ� HFRGXFWV� LQ� 6ZHGHQ� LV
IRUPXODWHG�

&KDSWHU����)53�FRPSRVLWH�PDWHULDO�SURSHUWLHV

6LQFH�NQRZOHGJH�DERXW )53�DV�D�EXLOGLQJ�PDWHULDO LV�QRW�ZLGHVSUHDG� WKLV�FKDSWHU�GLVFXVV WKH�
)53�FRPSRVLWH�PDWHULDO�IHDWXUHV��7KH UHVLQV DQG�ILEUHV�W\SHV DUH�GHVFULEHG�VHSDUDWHO\��7KLV�LV�
IROORZHG�E\�D� VHFWLRQ�RQ WKH�SK\VLFDO� SURSHUWLHV�RI� WKH� ILQDO ODPLQDWH��7KH� LQIOXHQFH�RI� WKH
WHPSHUDWXUH��PRLVWXUH��GHYHORSPHQW�RI�FUHHS�DQG�PHFKDQLFDO�SURSHUWLHV�RI�)53�DUH�GHVFULEHG��
6SHFLILF�SURGXFWLRQ�PHWKRGV��FRQQHFWLRQV�DQG�WKH�H[LVWLQJ JXLGHOLQHV IRU�WKH�GHVLJQ�ZLWK�)53
DUH�DOVR�GHVFULEHG�

&KDSWHU����&DVH�VWXG\

%DVHG� RQ� WKH LQYHVWLJDWLRQ� GHVFULEHG� LQ� FKDSWHU� ³,QIUDVWUXFWXUH� DQG� IDXQD´� D� FDVH VWXG\ LV�
IRUPXODWHG��7KLV� LQFOXGHV� WKH�GHILQLWLRQ�RI� WKH� VSDQ�DQG�ZLGWK�RI� WKH�EULGJH��DV�ZHOO� DV� WKH�
ORDGLQJ�FRQGLWLRQV�

&KDSWHU����3UHOLPLQDU\�GHVLJQ

,Q� WKLV� FKDSWHU� VHYHUDO� GHVLJQ� VROXWLRQV� DUH� VXJJHVWHG�� 7KH� GHVLJQV� DUH� EDVHG� RQ� GHIOHFWLRQ�
UHTXLUHPHQWV�DQG�SURGXFWLRQV�SRVVLELOLWLHV��7KH�FKDSWHU�FRQFOXGHV ZLWK�D�WZR�VWHS�HYDOXDWLRQ�
DQG D�ILQDO�GHVLJQ�LV�FKRVHQ�IRU�IXUWKHU�RSWLPL]DWLRQ�

&KDSWHU����)LQDO�GHVLJQ

+HUH� RQH GHVLJQ�FKRVHQ�IURP�WKH SUHOLPLQDU\�GHVLJQV LV�RSWLPL]HG��)LUVW� DQ�RSWLPL]DWLRQ�RI�
KHLJKW�DQG�WKLFNQHVV�RI�WKH�VWUXFWXUDO�PHPEHUV�LV�GRQH�EDVHG�RQ�DQDO\WLFDO FDOFXODWLRQV��7KHQ�
D�ILQLWH�HOHPHQW�DQDO\VLV�LV�FRQGXFWHG�WR�RSWLPL]H�WKH�JHRPHWU\ ZLWK�UHJDUG�WR�EXFNOLQJ�EHKDYLRU�
RI�GHYHORSHG�VHFWLRQ��%XFNOLQJ�DQG�VWUHVVHV�DUH�LQYHVWLJDWHG�
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� ,QIUDVWUXFWXUH�DQG�IDXQD

0DQ\�NLQGV�RI�DQLPDOV PRYH�VXEVWDQWLDOO\�GXULQJ� WKHLU OLIHWLPH� 7KH�LQIUDVWUXFWXUH�QHWZRUN�
XVHG�IRU�WUDQVSRUWDWLRQ� GLYLGHV�WKH�QDWXUDO�KDELWDW�IRU�PDQ\�DQLPDOV�LQWR�VPDOO�DUHDV��%\�WKLV�
DQ� LQGLYLGXDO� DQLPDO� FDQ� EH� KLQGHUHG� IURP� IUHH�PRYHPHQW� DQG� WKXV�� KDYH� REVWDFOHV� WR� LWV�
SURFUHDWLRQ�RU�IHHGLQJ�KDELWV��7KDW�HIIHFW�FDQ OLPLW�WKH�VL]H�RI�WKH�JHQH�SRRO RU�WKH�DPRXQW�RI�
IRRG�DYDLODEOH� 7KDW�KLQGHULQJ� LQ�PRYHPHQW� LV FDOOHG�EDUULHU HIIHFW�DQG LQFRUSRUDWHV�VHYHUDO�
SDUWV��VHH�)LJXUH�� �$�6HLOHU�	�)RONHVRQ��������$QGUHDV�6HLOHU��2OVVRQ��	�/LQGTYLVW���������

x +LQGUDQFH�� WKH�DQLPDOV�FDQQRW�JHW�RYHU�WKH�EDUULHU�IRU�SK\VLFDO�UHDVRQV�

x .LOOHG� � DQLPDOV� WU\� WR�FURVV� WKH� URDG EXW�DUH�NLOOHG� LQ� WKH�DWWHPSW�� ,Q� FDVH�RI� ODUJHU�
PDPPDOV�WKLV�FDQ�UHSUHVHQW�D�FRQVLGHUDEOH�ULVN�IRU�WKH�YHKLFOH�LQYROYHG�

x 6FDUHG�� DQLPDOV�DSSURDFK�D�SRWHQWLDO�FURVVLQJ�EXW�FKRRVH�QRW�WR�WU\�WR�FURVV�DQG�UHWXUQ�

x 6XUYLYDO � D��XVXDOO\�VPDOO��SRUWLRQ�RI�DQLPDOV�VXFFHHGHG�WR�FURVV�WKH�EDUULHU�

)LJXUH����6WUHDPV�RI�DQLPDOV�WU\LQJ�WR�FURVV�D�URDG��)LJXUH�DIWHU�$��6HLOHU��2OVVRQ��	�/LQGTYLVW���������

3HUPHDELOLW\�LV�D�WHUP�GHVFULELQJ�SRWHQWLDO�SDVVDJHV�IRU�DQLPDOV��7KH�WHUP�GHVFULEHV�FRPPRQ�
RSSRUWXQLWLHV�IRU�DQLPDOV�WR�RYHUFRPH�WKH�EDUULHU��*RRG�SHUPHDELOLW\�LV�FUHDWHG�E\�D�VXIILFLHQW�
QXPEHU� RI� IDXQD� SDVVDJHV�� ,W� FDQ� EH� ERWK� VSHFLDO� WUDQVLWLRQV�� DQG� DOUHDG\� H[LVWLQJ� EULGJHV��
6SHFLDO�SDVVDJHV��VXFK�DV�HFRGXFWV��DUH�PXFK�PRUH�HIIHFWLYH�LQ�FRPSDULVRQ�ZLWK�H[LVWLQJ�URDG�
EULGJHV�RU�WXQQHOV��7RJHWKHU��WKH�WRWDO�QXPEHU�RI�SDVVHV�DQG�WKHLU�HIIHFWLYHQHVV�JLYH�WKH�RYHUDOO�
SHUPHDELOLW\�RI�WKH�EDUULHU��DV�VKRZQ�LQ�)LJXUH�� �$QGUHDV�6HLOHU�HW�DO��������� 7KH�HIIHFWLYHQHVV�
RI�D�SDVVDJH�LV�PHDVXUHG�E\�FRPSDULQJ�WKH�QXPEHU�RI�DQLPDOV�DSSURDFKLQJ�WKH�SDVVDJH�ZLWK�
WKH QXPEHU�RI VXFFHVVIXO�FURVVLQJV��,W�FDQ�DOVR�EH�FDOFXODWHG�DV�D�IXQFWLRQ�RI�WKH�ZLGWK��OHQJWK�
DQG�KHLJKW�RI�D�SDVVDJH�
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)LJXUH����7RWDO�SHUPHDELOLW\�RI�D�EDUULHU�DV�D�IXQFWLRQ�RI�WRWDO�QXPEHU�RI�SDVVDJHV�DQG�WKHLU�HIIHFWLYHQHVV��

6LQFH�WKH�EDUULHU�HIIHFW�DQG�SHUPHDELOLW\�RI�WKH�URDG�DUH�YHU\�GLIIHUHQW�IRU�GLIIHUHQW�DQLPDOV�DQG�
FDQQRW�EH�DQDO\]HG�IRU�HDFK�VSHFLHV��D�VLPSOLILFDWLRQ�LV�PDGH��8VXDOO\�WKDW�VLPSOLILFDWLRQ�LV�WR�
XVH� RQH� VSHFLHV� WR� LQGLFDWH� WKH� GHPDQGV��8QJXODWHV� DQG� HVSHFLDOO\�PRRVH� DUH XVHG� IRU� WKDW�
SXUSRVH LQ�6ZHGHQ��0RRVH�KDV KLJK�GHPDQGV�RQ�SHUPHDELOLW\��0RRVH�LV�DOVR�YHU\�GHPDQGLQJ�
RQ�WKH�TXDOLW\�RI�WKH�SDVVDJH��WKHUHIRU� D�SDVVDJH�WKDW�LV�XVHG�E\�PRRVH�LV�SURSHUO\�XVHG�E\�RWKHU�
VSHFLHV�DV�ZHOO��$QGUHDV�6HLOHU�HW�DO��������� 7KLV�LV D�VLPSOLILFDWLRQ��HVSHFLDOO\�LQ�WKH�GHVLJQ�RI�
GHWDLOV�PRUH� VSHFLHV� VKRXOG�EH� FRQVLGHUHG��7KH� GHVFULEHG�DSSURDFK��KRZHYHU�� LV� XVHIXO� LI� D�
ODUJH�VFDOH DUHD�LV�DQDO\]HG�

7KH�URDG�EDUULHU�HIIHFW�FDQ�EH�UHGXFHG�LQ�VHYHUDO�ZD\V��7KH�FROOHFWLYH�WHUP�IRU�D�PHDVXUH�DJDLQVW�
D�EDUULHU�HIIHFW�LV�FDOOHG�IDXQDSDVVDJH�DQG�PD\�ZRUN�LQ�GLIIHUHQW�ZD\V��$�6HLOHU�	�)RONHVRQ��
������$QGUHDV�6HLOHU�HW�DO��������� $�IDXQDSDVVDJH�FDQ�EH�D�ZD\ IRU�D�VSHFLILF�DQLPDO ZLWK�
VSHFLILF�QHHG� WR�FURVV� WKH�URDG��$Q H[DPSOH� LV�D�PRRVH� WKDW�QHHGV� WR� WUDYHO� IURP�SDVWXUH� WR�
SDVWXUH��)DXQDSDVVDJHV�FDQ�DOVR�ZRUN�DV�D�JHQHUDO�PHDVXUH�WR�HQVXUH�D�YDULDWLRQ�LQ�WKH�JHQHSRRO
RI�D�VSHFLHV� 7KH� WHUPV� IRU� IDXQDSDVVDJHV�FDQ�YDU\�ZLGHO\�IURP�FRXQWU\� WR�FRXQWU\�RU�HYHQ�
SHUVRQ�WR�SHUVRQ��'HILQLWLRQV�PD\�DOVR�YDU\��VRPH�VRXUFHV�VWDWH�WKDW�HFRGXFWV�VKRXOG�QRW�EH�
XVHG�E\�DQ\RQH�RWKHU�WKDQ�DQLPDOV��2WKHU�VRXUFHV SRLQW�RXW�WKH�XVHIXOQHVV�IRU�KLNHUV��ULGHUV�RU�
IDUPHUV��)RU�WKH�SXUSRVHV�RI�WKLV�WKHVLV�WKH�IROORZLQJ WHUPV�DQG�GHILQLWLRQV�ZLOO�EH�XVHG�

x (FRGXFWV� DUH� EULGJHV� IRU� DQLPDOV�� WKH\�PLPLF� QDWXUH� DQG� VKRXOG� EH� H[SHULHQFHG� DV�
FRQWLQXDWLRQ�RI�WKH�HQYLURQPHQW� $QLPDOV�DUH�WKH�PDLQ�XVHUV��RWKHU�XVHUV PD\�EH�KLNHUV��
IRUHVW LQGXVWU\�DQG�IDUPHUV� 8VH�E\�RWKHU�XVHUV�PXVW�EH�DVVHVVHG�RQ�D�FDVH�E\�FDVH�EDVLV�
DQG�UHJXODWHG�

x )DXQDEULGJHV�DUH�WKH EULGJHV�WKDW�DUH�EXLOW VSHFLDOO\�IRU�DQLPDOV��7KH\�DUH�QDUURZHU�WKDQ�
HFRGXFWV��FRYHUHG ZLWK D�WKLQ�OD\HU�RI�VRLO�DQG�WKHUH�PLJKW�EH�ORZ�YHJHWDWLRQ��,Q�VRPH�
FDVHV��D�VPDOO URDG�PLJKW�EH�RQ�RQH�VLGH RI�WKH�IDXQDEULGJH�

x 9LDGXFWV��LQ�6ZHGHQ�FDOOHG�³/DQGVNDSVEUR´ DUH�KLJK�EULGJHV ZLWK�D�ODUJH DUHD�RI�WKH�
QDWXUDO�HQYLURQPHQW�EHORZ��

x 7XQQHOV�FDQ�ZRUN�IRU�VRPH�DQLPDOV��EXW�XQJXODWHV�RIWHQ�VK\�DZD\�IURP�ORZ�DQG�GDUN�
SODFHV�
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7KHVH� GHILQLWLRQV� DQG� GHVFULSWLRQV� DUH WDNHQ DFFRUGLQJ� WR� WKH� 6ZHGLVK� OLWHUDWXUH� DQG�
UHFRPPHQGDWLRQV��5HFRPPHQGDWLRQV�IRU�H[DFW�FRQILJXUDWLRQ�RI�WKH�HFRGXFWV�FDQ�EH�IRXQG�LQ�
6ZHGLVK� 7UDQVSRUW� DGPLQLVWUDWLRQV JXLGHOLQHV� �&DOOXQD�$%�� ������9lJYHUNHW�	�%DQYHUNHW��
������

5RDG�RU�SHGHVWULDQ�EULGJHV�FDQ�EH�XVHG�E\�VRPH�DQLPDOV�GHSHQGLQJ�RQ�WKH�H[DFW�FRQILJXUDWLRQ��
/RQJ�DQG�QDUURZ�EULGJHV�DUH�RIWHQ�DYRLGHG E\�PRVW�DQLPDOV�

��� %DUULHUV�

$V�PHQWLRQHG HDUOLHU� GLIIHUHQW�DQLPDOV�DUH�DIIHFWHG�LQ�GLIIHUHQW�ZD\V�E\�GLIIHUHQW EDUULHUV��7KH
(XURSHDQ� RYHUYLHZ� KDV� DWWHPSWHG� WR� FODVVLI\� KRZ�GLIIHUHQW� VSHFLHV� DUH� DIIHFWHG� E\� YDULRXV�
EDUULHUV� JHQHUDWLQJ WKH� IUDJPHQWDWLRQ� HIIHFW� FDXVHG E\� WUDQVSRUW� LQIUDVWUXFWXUH� �$� 6HLOHU� 	�
)RONHVRQ���������7KH�UHVXOW�FDQ�EH�IRXQG�LQ�DSSHQGL[�&��7KLV FDQ�EH�SDUDSKUDVHG�DV�IROORZV�

x 6PDOO�VSHFLHV VXFK�DV�EHHWOHV��VSLGHUV��DPSKLELDQV��UHSWLOHV��DQG�VPDOO�PDPPDOV�VXFK�
DV�PLFH�DUH�VWURQJO\�DIIHFWHG�E\�WKH�EDUULHUV��7KH�EDUULHU�HIIHFW�LV�IXOO�DQG�VWURQJ�HYHQ�
IRU�VPDOO�URDGV��7KHUH�LV�VRPH�FRUUHODWLRQ�EHWZHHQ�VL]H�RI�DQLPDO��URDG�VL]H�DQG�EDUULHU�
HIIHFW��$OVR��UDLOZD\V FDQ�SUHVHQW�WRWDO�RU�VWURQJ�EDUULHUV�IRU�WKRVH�DQLPDOV�

x )O\LQJ�VSHFLHV DUH�DIIHFWHG�E\�WUDIILF��7XUEXOHQFH�PD\�OHDG�WR IDWDO�LQMXULHV�

x %XWWHUIOLHV�H[SHULHQFH�EDUULHU�HIIHFW� IURP�URDGV�VXUIDFHV�GXH� WR�PLFURFOLPDWH�HIIHFWV��
%HFDXVH�RI�PDQHXYHULQJ GLIILFXOWLHV��WKH\�PD\�KDYH�WURXEOHV QDYLJDWLQJ IHQFHV��

x 0DPPDOV� RI�PLG� DQG� ODUJHU� VL]HV� FDQ� FURVV� URDGV� DQG� UDLOZD\V�� 7KH� EDUULHU� HIIHFWV�
GHSHQG RQ�WKH�VL]H�RI�WKH�DQLPDOV��WKH�ZLGWK RI�WKH�URDG�DQG�WKH�WUDIILF�LQWHQVLW\��7KH�
EDUULHU�HIIHFW�FDQ�UDQJH�IURP�

R WRWDO�IRU�IHQFHG�PRWRUZD\V� KLJK�LQWHQVLW\�WUDIILF�UDLOZD\V�DQG�KLJKVSHHG�WUDLQV�
�+65�	�7*9��

R SDUWO\�IRU�ELJJHU�URDGV�RU�IHQFHG�URDGV�ZLWK�SDVVDJHV�

R YHU\�ORZ�IRU�VPDOO�URDGV�DQG�UDLOZD\V ZLWK�OLWWOH WUDIILF�

,W�VKRXOG�DOVR�EH�PHQWLRQHG�WKDW�WKH�EDUULHU�HIIHFW�RI�WUDLQV�KDV�EHHQ�OHVV�ZHOO�VWXGLHG�EXW�VHHPV�
WR�GHSHQG�RQ�WKH�WUDIILF�LQWHQVLW\�

6ZHGLVK� 7UDQVSRUW� $GPLQLVWUDWLRQ� KDV� JHQHUDO� UHFRPPHQGDWLRQV�JXLGHOLQHV� RQ KRZ� WR�
DSSURDFK�WKH�WUDQVSRUW�LQIUDVWUXFWXUH�LQ�WHUPV�RI D�ODQGVFDSH�QDWXUH��7KH\�VWDWH�WKDW�WKHUH�PXVW
EH�SDVVDJHV�IRU�XQJXODWHV�IRU�HYHU\ �WK NP�RQ QHZO\�EXLOG ODUJH�URDGV���7UDILNYHUNHW��������

7KH�VDPH�(XURSHDQ�UHYLHZ RI�WKH�IUDJPHQWDWLRQ�GXH�WR�WUDQVSRUW�LQIUDVWUXFWXUH� DV�PHQWLRQHG�
HDUOLHU�LQ�WKLV�VHFWLRQ� JDYH QXPEHUV�IURP�D�'DQLVK�VWXG\��7KH�VWXG\�FODLPV�WKDW PRWRUZD\V�
KDYH� D� PXFK� KLJKHU� DQLPDO� FDVXDOW\ UDWH SHU� NLORPHWHU WKDQ� RWKHU� URDGV� 7KH� WRWDO DQLPDO
FDVXDOWLHV� �IURP�WKH�HQWLUH�PRWRUZD\�QHWZRUN��DUH�KRZHYHU� ORZHU� WKDQ�IRU�VHFRQGDU\�URDGV�
7KLV�LV�SUHVHQWHG�LQ 7DEOH���
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7DEOH����&DVXDOWLHV�RQ�GLIIHUHQW�URDG�W\SHV�LQ�6RQGHUM\OODQG�&RXQW\�'HQPDUN��7KH�VSHFLHV�UHFRUGHG�DUH�URH�GHHU��IR[�EDGJHU��
KDUH�DQG�KHGJHKRJ��$�6HLOHU�	�)RONHVRQ���������6XUYH\�IRU ���PRQWKV��1RYHPEHU������± $XJXVW�������

,Q�D�VWXG\�RI�XQJXODWH�FROOLVLRQV�LQ�6ZHGHQ�WKH�ILQGLQJV�ZHUH�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�
URDGV�ZLWK�D�VSHHG�OLPLW�RI����NP�K DQG�XQJXODWH�FROOLVLRQV��7KH�VWDWLVWLF VXJJHVWV�WKDW�XQJXODWHV�
H[SHULHQFH�VXFK�URDGV�DV�EDUULHUV�HYHQ�ZLWKRXW IHQFHV��$QGUHDV�6HLOHU���������2Q�WKH�RWKHU�KDQG��
FROOLVLRQ�GHQVLWLHV�ZHUH�LQYHUVHO\�FRUUHODWHG�WR�KLJKZD\V�DQG�URDGV�ZLWK�VSHHG�OLPLW���NP�K��,W�
VHHPV�WKDW�XQJXODWHV�H[SHULHQFH�PLQRU�URDGV��VSHHG�OLPLW�XQGHU����NP��K��DV�D�OHVVHU EDUULHU�
+LJKZD\V�RQ�WKH�RWKHU�KDQG�DUH�QHDUO\�DOZD\V�IHQFHG��ZKLFK�PHDQV�WKDW�DQLPDOV�DUH�VWRSSHG�
LQ�WKHLU�DWWHPSW�WR�FURVV�EHIRUH�WKH\�UHDFK�WKH�URDGZD\�

3��%M|UNPDQ�� DQ� H[SHUW� LQ� WKH� GHVLJQ� RI� HFRGXFWV PHQWLRQHG� LQ� D� VN\SH� LQWHUYLHZ� WKH� KLJK�
GHPDQGV� RI� HFRGXFWV� RYHU� PRWRUZD\V�� 7KHUH� ZDV� DOVR� D� GLVFXVVLRQ� DERXW� WKH� GLIIHUHQFHV�
EHWZHHQ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�SDUWV�RI�6ZHGHQ��(YHQ�LI�WKHUH�DUH�PRUH�EDUULHUV�LQ�WKH�VRXWK�
WKHUH� LV PRUH�ZLOGOLIH� LQ� WKH� QRUWK�� %M|UNPDQ PHQWLRQHG� DOVR� WKH� IDFW� WKDW�PRRVH¶V LQ� WKH�
VRXWKHUQ�SDUW�RI�6ZHGHQ�QHYHU�JHW�ROG�HQRXJK�WR�OHDUQ�QHZ�WUDFNV��

,Q�D�VWXG\�GRQH�IRU WKH�6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ WKH�EDUULHU�HIIHFW�RI�6ZHGLVK�URDGV�IRU�
XQJXODWHV�ZHUH�DVVHVVHG��7KH�IROORZLQJ�VWUXFWXUHV�ZHUH FRQVLGHUHG PRVW�OLNHO\ WR�DFW DV�EDUULHUV�
�$QGUHDV�6HLOHU�HW�DO���������

x 5RDGV�ZLWK DYHUDJH�GDLO\�XVH�RYHU�D�\HDU��c'7� RI�PRUH�WKDQ�����YHKLFOHV�

x 5RDGV�ZLWK�FDSDFLW\�IRU�PRUH�WKDQ������DYHUDJH�GDLO\�XVH�RYHU�D�\HDU�

x 5RDGV�ZLWK�VSHHG�OLPLW�RI�PRUH�WKDQ�����NP�K�

x 5DLOZD\�ZLWK�PRUH�WKDQ����WUDLQV���GD\�

x 0DMRU�UDLOZD\V��6WDPEDQD� ZLWK�PRUH�WKDQ����WUDLQV�GD\�

x 5DLOZD\�ZLWK�D VSHHG�OLPLW�RI�PRUH�WKDQ�����NP��K�

x 6WUXFWXUHV�FORVH�WR�HDFK�RWKHU�RU�WR�D�WRZQ�

$SDUW�IURP�DVVHVVLQJ�WKH�URDGV� WKH�IDXQD�SDVVDJHV DORQJ�WKRVH�URDGV�ZHUH�DOVR�DQDO\]HG LQ�WKLV�
VWXG\��7KLV�ZDV�XVHG�WR�DVVHVV�WKH�WRWDO�SHUPHDELOLW\�RI�WKH�EDUULHUV�LQ�6ZHGHQ��$�VLPSOLILHG�
UHVXOW�LV�SUHVHQWHG�LQ�7DEOH����7KH�WHUP�³EDUULHU´�KHUH LV�WKH�GLVWDQFH�DORQJ�WKH�URDG�WKDW�LV PRUH�
WKDQ D�FHUWDLQ�GLVWDQFH�IURP�WKH�QHDUHVW�SDVVDJH���7KDW�GLVWDQFH�FDQ�EH�QR�PRUH�WKDQ���NP�DQG�
LV� OHVV� LI� WKH�HIIHFWLYHQHVV�RI� WKH�IDXQD�SDVVDJH� LV� OLPLWHG� �$QGUHDV�6HLOHU�HW�DO��������� 7KH�
GLVWDQFH�RI���NP�ZDV�FKRVHQ��EHFDXVH�DQ�DGXOW�PRRVH�FDQ�PRYH�DERXW���NP�LQ�RQH�GD\�DQG��
WKXV��WKHRUHWLFDOO\�FDQ�FURVV�WKH�URDG�LQ WKDW WLPH�

0RWRUZD\ +LJKZD\ 6HFRQGDU\�URDG $OO�URDGV

&DVXDOWLHV�SHU�NP�RI�URDG ��� ��� ��� ���

&DVXDOWLHV�DFURVV�QHWZRUN ���� ���� ���� ����
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7DEOH����%DUULHU�HIIHFW�LQ�6ZHGLVK�URDG�DQG�UDLOZD\�V\VWHP��7KLV�WDEOH�LV�D�VLPSOLILHG�YHUVLRQ�RI�WKH�GDWD�IURP�6HLOHU�HW�DO�������
SUHVHQWHG�LQ�$SSHQGL[�%��

%DUULHUW\SH %DUULHU�>NP@ 7RWDO�>NP@ ��EDUULHU
0RWRUZD\ ���� ���� ��

+LJZD\��5LNVYlJ� ���� ���� ��

2WKHU�URDGV ���� ����� ���

+LJK�EDUULHU�
5DLOZD\

���� ���� ��

/RZ�EDUULHU�
5DLOZD\

��� ���� �

��� (FRGXFWV�± 5HTXLUHPHQWV�DQG�UHFRPPHQGDWLRQV

(FRGXFWV DUH RQH�RI�WKH�PRVW�H[SHQVLYH�ZD\V�WR�PHHW�WKH�QHHGV�RI�DQLPDOV��7KLV�VXJJHVWV�WKDW�
WKH�QHHGV�RI�DQLPDOV��DV�ZHOO�DV�WKH�LQWHQGHG�VHUYLFHV�IRU�DQLPDOV��PXVW�EH�LQYHVWLJDWHG YHU\�
FDUHIXOO\�

,Q�6ZHGHQ��WKHUH�DUH�YHU\�IHZ�RIILFLDO�UXOHV�UHJDUGLQJ�WKH�GHVLJQ�RI�HFRGXFWV��6RPH�RI�WKHP�DUH�
SUHVHQWHG�EHORZ�

7KH�UHJXODWLRQV�IRU�URDG�GHVLJQ �9*8� JLYHV�WKH�PLQLPDO�ZLGWK�RI����P��9lJDUV�RFK�JDWRUV�
XWIRUPQLQJ��������

7KH�6ZHGLVK� WUDQVSRUW�DGPLQLVWUDWLRQ JLYHV� HVVHQWLDOO\ WZR� UHFRPPHQGDWLRQV� �&DOOXQD�$%��
������

x 7KH�HFRGXFW�VKRXOG�EH�DW�OHDVW����P�ZLGH�

x 7KH�UDWLR�EHWZHHQ�ZLGWK�DQG�OHQJWK�VKRXOG�EH�DW�OHDVW�����

7KH�ROG�6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ �9lJYHUNHW�	�%DQYHUNHW������� JXLGHOLQH�SURYLGHV
WKH�IROORZLQJ�UHFRPPHQGDWLRQV�

x 7KH�HFRGXFW�VKRXOG�EH�DW�OHDVW����P�ZLGH�

x 7KH�UDWLR�EHWZHHQ�ZLGWK�DQG�OHQJWK�VKRXOG�EH�DW�OHDVW�����

x 7KH�ZLGWK�FDQ�EH�UHGXFHG�WR����P�LI�WKH�REMHFWLYH�LV�WR�FUHDWH�D�FRUULGRU�IRU�PRYLQJ
VSHFLHV�WKDW�DUH�LQVHQVLWLYH�WR�WUDIILF�RU�ZKHUH�WKH�WRSRJUDSK\�LV�FKDQQHOLQJ�

x 7KH�WKLFNQHVV�RI�WKH�VRLO ILOOLQJ�DERYH�WKH�HFRGXFW VKRXOG�EH�

R ����P � IRU�JUDVV�DQG�KHUEV�

R ����P�� IRU�EXVKHV�

R ��P�� IRU�WUHHV�

x 6HUYLFH�OLIH�VKRXOG�EH��������\HDUV�

³:LGWK´ LV GHILQHG�KHUH�DV�WKH�GLVWDQFH�EHWZHHQ�WKH�IHQFHV�RU�VFUHHQV��³/HQJWK´ LV�GHILQHG�DV�
WKH�OHQJWK RI�WKH�EULGJH�IURP�WKH�DQLPDO¶V�SHUVSHFWLYH� 6LQFH�VXFK�SDUDPHWHU LV�GLIILFXOW�WR�GHILQH�
WKH�WRWDO�OHQJWK�LV�XVHG�KHUH��³6SDQ´ LV�WKH�VSDQ�RI�WKH�EULGJH�IURP�D�VWUXFWXUDO�SHUVSHFWLYH L��H��
WKH�OHQJWK�EHWZHHQ�VXSSRUWV�
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3ODQWV�JHQHUDWH�DQ�DFLGLF�VRLO�HQYLURQPHQW��,Q�6ZHGHQ�DERXW������RI�VRLO LQ�WKH�ILUVW����FP�KDV�
D�S+�RI�PRUH�WKDQ����7KH�S+�LV�XVXDOO\�ORZHU�ZLWK�LQFUHDVLQJ�GHSWK��³6/8�´��������

7KHUH�DUH�IXUWKHU�SULQFLSDOV�JLYHQ�LQ�WKH�UHFRPPHQGDWLRQV�SURYLGHG�E\�ROG�6ZHGLVK�WUDQVSRUW�
DGPLQLVWUDWLRQ��7KH\�DUH�PHDQW�WR�FUHDWH�D�SDVVDJH�WKDW�DQLPDOV�GR�QRW H[SHULHQFH�DV�D�EDUULHU�

x 6FUHHQ�QRLVH�DQG�OLJKW�IURP�WUDIILF 0RVW�DQLPDOV�VK\�DZD\�IURP�QRLVH�DQG�OLJKW��ZKLFK�
VKRXOG�EH�GDPSHQHG�VFUHHQHG�RI DV�PXFK�DV�SRVVLEOH��,I�WKH�HFRGXFW�LV�YHU\�ZLGH� D�URZ�
RI�WUHHV�FDQ�EH�SODQWHG��2WKHUZLVH�VFUHHQV�PDGH�RI�FRQFUHWH�RU�WLPEHU�FDQ�EH�XVHG��2Q�
WKH�RWKHU�KDQG��DQLPDOV�DYRLG�WXQQHO�OLNH�HQYLURQPHQWV��$�KLJK�DQG�VROLG�VFUHHQ�PLJKW�
JLYH�WKDW�LPSUHVVLRQ��$QGUHDV�6HLOHU�HW�DO����������$OVR� GLIIHUHQW�DQLPDOV�PLJKW�QHHG�
GLIIHUHQW�KHLJKW�LQ�VFUHHQV�

x &RQWLQXHV� ODQGVFDSH� � WR� FUHDWH� WKH� OHDVW� EDUULHU�HIIHFW� WKH� HFRGXFW� VKRXOG� EH�
H[SHULHQFHG� DV� D� QDWXUDO� FRQWLQXDWLRQ� RI� WKH� VXUURXQGLQJ� ODQGVFDSH��&RQWLQXLW\�ZLWK�
UHJDUG�WR�VORSHV��VLJKWOLQHV�DQG YHJHWDWLRQ�VKRXOG�EH�DFKLHYHG��

x 7KH�ZKROH�HFRGXFW�VKRXOG�EH�YLVLEOH�IURP�HDFK�VLGH� 6RPH�DQLPDOV�ZLOO�QRW�JR�LQWR�D�
SRWHQWLDO�WKUHDWHQLQJ�VLWXDWLRQ��7KHUHIRUH� WKH�ZKROH�HFRGXFW�VKRXOG�EH�ZHOO�YLVLEOH�IURP�
ERWK�VLGHV RI�WKH�URDG�

x ,W�LV�QHFHVVDU\�WR�FUHDWH KLGLQJ�VSDFHV� (VSHFLDOO\�VPDOOHU�DQLPDOV�QHHG�KLGLQJ�VSDFHV�
OLNH�JUDVV��EXVKHV�RU�VWRQHV�WR�EH�FRPIRUWDEOH�

,W� VKRXOG�EH�SRLQWHG RXW� WKDW� DOO� WKH�SULQFLSDOV�PHQWLRQHG�DERYH� VKRXOG�EH� VWXGLHG� IRU� HDFK�
VSHFLILF�FDVH��7KH�ORFDO�ODQGVFDSH��YHJHWDWLRQ��IDXQD�DQG�WUDIILF PXVW�EH�DQDO\]HG�LQ�GHWDLO�WR�
EH�DEOH�WR�GHVLJQ�WKH�PRVW�HIILFLHQW HFRGXFW��

9HJHWDWLRQ�UHTXLUHPHQWV

,Q�DQ�LQWHUYLHZ�3��%M|UNPDQ�QRWHG�WKDW�LW�LV�LPSRUWDQW�WKDW�YHJHWDWLRQ�ILWV�LQWR�WKH�VXUURXQGLQJ��
,Q�KLV�RSLQLRQ��YHJHWDWLRQ�VFUHHQV�VHHP�PRUH�QDWXUDO WKDW�VROLG�VFUHHQV��DQLPDOV�FDQ�VK\�DZD\�
IURP�WKH�SDVVDJH�ZLWK�D�ODUJH�VFUHHQ��LQ�FDVH WKH\�FUHDWH�D�WXQQHO�OLNH HQYLURQPHQW��9HJHWDWLRQ�
VKRXOG�EH�VLPLODU�WR�WKH�VXUURXQGLQJ� 7KLV�PLJKW�QRW�DOZD\V�EH�IHDVLEOH��+LJK�6SUXFH�DQG�3LQH�
DUH�WZR�GRPLQDWLQJ�WUHH�VSHFLHV�LQ�6ZHGHQ��7KHLU�URRW�V\VWHPV�PDNH�WKHP�KRZHYHU�XQVXLWDEOH�
IRU�SODQWDWLRQ�RQ�EULGJHV��$Q�DOWHUQDWLYH�PLJKW�EH�EXVKHV�DQG�WUHHV�VXFK�DV�URZDQ��,Q�WKDW�FDVH��
D�VRLO�OD\HU�RI�����P RQ�WKH�HFRGXFW LV�QHHGHG� 7KH�PRVW�LPSRUWDQW LVVXH�ZLWK�WKH�VRLO�OD\HU��
EHVLGHV�LWV WKLFNQHVV��LV�WKDW�WKH�VRLO OD\HU VKRXOG�EH WRR�GHQVH� 7KDW�PLJKW�UHVXOW�LQ�D ODFN�RI�
R[\JHQ�IRU�WKH�SODQWV�

6SHFLDO�FDUH�VKRXOG�EH�SXW� WR�WKRVH�SULQFLSDOV�DW�WKH�HQWULHV�H[LWV�RI� WKH�SDVVDJH��(YHQ�LI� WKH�
HFRGXFW�LWVHOI�LV�LGHDOO\�GHVLJQHG��DQLPDOV�FDQ�UHIXVH�WR�XVH�LW�LI�WKH�HQYLURQPHQW�LV�SHUFHLYHG�
DV�GDQJHURXV�RU�XQDWWUDFWLYH�

3��%M|UNPDQ�PHQWLRQHG�WKH�QHHG�IRU�IHQFLQJ DORQJ�WKH�HGJHV��+H�HPSKDVL]HG�WKH�LPSRUWDQFH�
RI�SODQQLQJ�WKH�IHQFLQJ�HDUO\�LQ�WKH�SURFHVV��7KH DFWXDO�IDVWHQLQJ�RI�WKH�IHQFHV�RQ�WKH�VWUXFWXUH�
VKRXOG�EH�FRQVLGHUHG� DV�ZHOO�DV�WKH�FRQQHFWLRQ�WR�WKH�IHQFHV�DORQJ�WKH�URDG��

$� VXJJHVWLRQ� IRU� DQ� HFRGXFW� DW� (��� 7LPPHUYlJHQ� LV� VKRZQ� LQ )LJXUH� ��� 7KH� SURMHFW� ZDV�
PHQWLRQHG�E\�3��%M|UNPDQ�DV�D�YHU\�JRRG�GHVLJQ��7KH�IODQJHV�RI�WKH�EULGJH�FUHDWH�D�QDWXUDO�
EDUULHU�DJDLQVW�WKH�WUDIILF�DQG SURYLGH�DQ�RSHQ�DQG�ZHOO�YLVLEOH�VXUURXQGLQJ��6LQFH�WKH�WUHHV�DUH�
DW�VRPH�GLVWDQFH�WR�WKH�HGJH� WKHUH�LV�D�VPDOO ULVN�IRU�WUHHV�IDOOLQJ�RQ�WKH�URDG�EHORZ��
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)LJXUH� ��� 6XJJHVWLRQ� IRU� HFRGXFW� DW� (��� 7LPPHUYlJHQ� DIWHU� 1RUZHJLDQ� PRGHO�� 'UDZLQJV� IURP� 7UDILNYHUNHW�6XQGVYDOO�
PXQLFLSDOLW\��6XQGVYDOO�.RPXQ���������

8VHUV�RI�HFRGXFWV

7KH�HFRQRPLF�VLWXDWLRQ�DQG�ILQDQFLQJ�DUH�RIWHQ�WKH�PDLQ�GHWHUPLQLQJ�IDFWRUV�LQIOXHQFLQJ�WKH�
FKRLFH�RI�WKH�W\SH�DQG�GHVLJQ�RI�WKH�EULGJH� ,W�LV�RIWHQ�D�XVXDO�SUDFWLFH�WR�FRPELQH�VHYHUDO�W\SHV�
RI�SDVVDJHV�VR� WKDW�SHRSOH�DOVR�FDQ�XVH� WKH�HFRGXFW�� LI�QHFHVVDU\��3��%M|UNPDQ�PHQWLRQHG� D�
EHQHILW�RI�DQ�DGGLWLRQDO�XVH RI�WKH�HFRGXFW E\�KLNHUV�RU�KRUVH�ULGHUV��$Q�LQWHUHVWLQJ�RSWLRQ�LV WKH�
LGHD�WR�DOORZ�IDUPHUV�RU�WKH�IRUHVW�LQGXVWU\�WKH�XVH�WKH�HFRGXFW��7KH�ORJLF�EHKLQG�WKDW�SURSRVDO�
LV�WKH�IUHTXHQF\�RI�XVH��'HSHQGLQJ�RQ�WKH�ORFDO�VLWXDWLRQ� WKH�IRUHVW�LQGXVWU\�PLJKW�QHHG�DFFHVV�
WR�DQ DUHD�HYHU\���WK \HDU��RU�D�IDUPHU�WKDW�QHHGV�DFFHVV�WR�RQH�ILHOG�PLJKW�JR�WKHUH�HYHU\��G�
PRQWK��6XFK XVH�FDQ�EH�MXVWLILHG� EHFDXVH�LW�JLYHV�DQ HFRQRPLF�EHQHILW�ZLWKRXW�GLVWXUELQJ�WKH�
DQLPDOV�WRR�PXFK�

6KDSH�RI�HFRGXFWV

7R�PD[LPL]H WKH�HIIHFW�RI WKH�HFRGXFW�D�FKDQQHOLQJ HIIHFW�VKRXOG�EH�DFKLHYHG��$SDUW�IURP�WKH�
LPSRUWDQFH�RI�WKH�SODFHPHQW�LQ�WKH�VSHFLILF�WRSRORJ\� WKH�GHVLJQ�RI�WKH�HFRGXFW�LV�LPSRUWDQW��
7KH EULGJH�LWVHOI�FDQ�EH�IRUPHG�ZLWK�SDUDEROD�VKDSHG�VLGHV��7KH�VORSH�WR�WKH�HFRGXFW VKRXOG�QRW�
EH�WRR VWHHS�DQG�WKH�FRQQHFWLRQ�WR�WKH�IHQFLQJ�DORQJ�WKH�URDGV�VKRXOG�EH�ZHOO�GHVLJQHG �&DOOXQD�
$%���������3DUDEROD�IRUPHG�HFRGXFWV KDYH�EHHQ�XVHG�TXLWH�ZLGHO\�EXW�WKHUH�VHHPV WR�EH�QR�
VWXGLHV�RQ�WKH�HIIHFWLYHQHVV�RI�WKLV�PHDVXUH��-RQGHOLXV��������

$�IXUWKHU�PHDVXUH�WKDW�FDQ�EH�WDNHQ�DFFRUGLQJ�WR�3��%M|UNPDQ�LV� WR�DOORFDWH�HFRGXFWV LQ�WKH�
YLFLQLW\�RI�WKH�SODFHV RI�PDLQ�DWWUDFWLRQ�IRU�DQLPDOV��ZKHUH�WKH\�DUH�PRUH�OLNHO\�JDWKHUHG��VXFK�
DV�IRUHVWV�DQG�ZDWHU�ERGLHV��
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([LVWLQJ�HFRGXFWV

+RZ� WKH� DERYH�PHQWLRQHG SULQFLSOHV DQG� UHFRPPHQGDWLRQV DUH� DSSOLHG� FDQ� YDU\� TXLWH�
VLJQLILFDQWO\��2QH�RI�WKH�HDVLHVW�SDUDPHWHUV�WR�FRPSDUH�LV�WKH�ZLGWK RI�WKH�HFRGXFW� ,Q�(XURSH�
WKH�ZLGWK�YDULHV�IURP����P��WKHUH�H[LVW RQH HFRGXFW�ZLWK�:� �����P��EXW� WKDW¶V�FRQVLGHUHG�
PRUH�OLNH�D�WXQQHO��WR�DERXW���P��ZKLFK E\�PDQ\�ZRXOG�EH�FODVVLILHG�DV D�IDXQD�EULGJH�UDWKHU�
WKDQ�HFRGXFW��

7KH�ZLGWK�RI����WR����P�LV�PRUH�FRPPRQ�IRU�HFRGXFWV��7KLV�UDQJH�RI�ZLGWK�LV�XVHG�ZLGHO\�LQ�
$XVWULD��*HUPDQ\��6ZLW]HUODQG�� WKH�1HWKHUODQGV�DQG�/X[HPERXUJ��7KHUH�DUH�VRPH�QDUURZHU�
RYHUSDVVHV�LQ�)UDQFH�DQG�6SDLQ��WKRVH�DUH�DERXW������P ZLGH �$�6HLOHU�	�)RONHVRQ��������

(FRGXFWV�DQG�GLIIHUHQW�DQLPDO�VSHFLHV

$�*HUPDQ�H[DPLQHG�WKH�EHKDYLRU RI�DQLPDOV�ERWK�EHIRUH�WKH�URDGV�EULGJHV�ZHUH�EXLOG�DQG�DIWHU�
VRPH�\HDUV�RI�XVH �*HRUJLL�HW�DO����������7KH�VWXG\�LQFOXGHG�FDSWXUH�UHFDSWXUH�RI�VPDOOHU�VSHFLHV�
IOLJKW�SDWWHUQ�REVHUYDWLRQ�RI�EXWWHUIOLHV�DQG�ELUGV�DQG�YLGHR�PDWHULDO� DQG� WUDFNLQJ� IRU� ODUJHU�
DQLPDOV� )RU�WKH�VPDOOHVW�VSHFLHV�WKH�ILQGLQJ�RI�WKH�VWXG\�ZDV�WKDW�WKH�EULGJHV�ZHUH�XVHG�IDLUO\�
PXFK��$V�DQ H[DPSOH� JURXQG�EHHWOHV DGDSWHG WR RSHQ KDELWDWV�GRPLQDWHG�RYHU�GRHV�DGDSWHG�
WKH� IRUHVW� HQYLURQPHQWV�� 7KLV� DOVR� DSSOLHV� WR� WKLFN� VFUXEEHU� EULGJHV� WKDW� VKRXOG� KDYH� EHHQ�
DWWUDFWLYH�WR�ZRRGODQG�GZHOOLQJ�VSHFLHV��7KH�DXWKRUV�FRQFOXGHG�WKDW�D FRUULGRU�DORQJ�ZKLFK�WKH�
DQLPDOV�FRXOG�PRYH�ZDV�LPSRUWDQW�

$� VLPLODU� SDWWHUQ� ZDV� REVHUYHG� ZLWK� JUDVVKRSSHUV�� %HIRUH� WKH� FRQVWUXFWLRQ� RI� WKH� URDG��
JUDVVKRSSHUV�ZHUH�IRXQG�LQ�WKH�ZKROH�DUHD� $IWHU�WKH�URDG�DQG�WKH�EULGJH�ZHUH�EXLOW��QRW�D�VLQJOH�
RQH�ZDV�IRXQG�LQ�WKH�LPPHGLDWH�YLFLQLW\��7KH�VXUURXQGLQJ�QHDU�WKH�EULGJH�KDG FKDQJHG�TXLWH�
GUDPDWLFDOO\�DQG ZDV QR�ORQJHU�VXLWHG�IRU�WKLV�W\SH�RI�JUDVVKRSSHUV� *HRUJLL�HW�DO������� FDPH�
WR�WKH�FRQFOXVLRQ�WKDW�WKH�FKDQJHG�KDELWDW�SUHYHQWHG�DQLPDOV�IURP�PRYLQJ ��� P�IURP�WKHLU�
QHZ�KDELWDW� WR� WKH�EULGJH��7KLV�PHDQW� WKDW� WKH�HFRGXFW KDG�]HUR�SUDFWLFDO�HIILFLHQF\� IRU� WKLV�
VSHFLHV�

)O\LQJ�VSHFLHV�VHHPHG�DOVR�WR�SUHIHU�WKH�HFRGXFWV��%XWWHUIOLHV�ZHUH�REVHUYHG�WR�SUHIHU�WKH�EULGJH�
7KHUH�ZDV�DOVR�D�KLJK�PRUWDOLW\�REVHUYHG�E\�EXWWHUIOLHV�FURVVLQJ�WKH�EULGJH�RYHU�WKH�URDG��,W�ZDV�
DOVR�REVHUYHG�WKDW�EDWV�VHHPHG�WR�SUHIHU�WKH�EULGJHV�ZLWK�VWUDLJKW�SODQWDWLRQV�RI�WUHHV�FRPSDUHG�
ZLWK�VFDWWHUHG�SODQWDWLRQV��7KH�DXWKRUV�QRWHG�WKDW�VRPH�EDWK�VSHFLHV�DUH�NQRZQ�WR�QDYLJDWH�ZLWK�
WKH�KHOS�RI�WUHHWRSV�� 6RPH�ELUG�VSHFLHV�ZHUH�REVHUYHG�WR�SUHIHU�WKH�HFRGXFWV��)RUUHVW�GZHOOLQJ�
VSHFLHV�XVHG�WKH�EULGJH�PRUH WKDQ�WKH�RSHQ�KDELWDW�VSHFLHV�

0DPPDOV�DOVR�XVHG�WKH�HFRGXFWV� *HRUJLL�HW�DO������� VKRZHG�WKDW�PDPPDOV�SUHIHU�HFRGXFWV�RU�
YLDGXFWV RYHU�RWKHU�SDVVDJHV��LQFOXGLQJ�IDXQDSDVVDJHV�DGMXVWHG�WR�XQJXODWHV� ,W�VKRXOG�EH�QRWHG�
WKDW�SUHGDWRUV VHHPHG�WR�EH�OHVV�VHQVLWLYH�WR�ZKDW�NLQG�RI�IDXQDSDVVDJH�WKH\�XVHG��7KH�XVH�RI�
HDFK� LQGLYLGXDO� EULGJH� ZDV� YDULHG� DQG� UDQJHG� IURP� �� WR� ��� DQLPDOV� SHU� QLJKW�� 7KH� VWXG\�
DQDO\]HG�YDULRXV�DWWULEXWHV�RI�WKH�EULGJH�DQG�PDGH�WKH�IROORZLQJ�FRQFOXVLRQV��*HRUJLL�HW�DO���
������

:LGWK DQG�OHQJWK

7KH�XVH�RI�WKH�EULGJH�LQFUHDVHG�ZLWK�LQFUHDVLQJ�ZLGWK��7KHUH�ZDV�VRPH�QHJDWLYH�LQIOXHQFH�ZLWK�
LQFUHDVLQJ�OHQJWK�

$JH

7KH� XVH� RI� WKH� EULGJHV� LQFUHDVHG� ZLWK� LQFUHDVLQJ� DJH RI� WKH� HFRGXFW�� $� GHQVHU� YHJHWDWLRQ�
FRXQWHUDFWHG�WKDW�GHYHORSPHQW�LQ�VHYHUDO�FDVHV�
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3RVLWLRQ

7KH�EULGJHV�DW�IRUHVW�HGJHV�ZHUH�XVHG�PRVW��%ULGJHV�LQ�WKH�IRUHVW�ZHUH�XVHG PRUH�WKDQ�LQ�DQ
RSHQ�ODQGVFDSH�

9HJHWDWLRQ

0DPPDOV�SUHIHUUHG WKH�RSHQ�SDUWV�RI�WKH�HFRGXFWV��

7UDIILF�QRLVH

7KHUH�VHHPV�WR�EH�VRPH�GLIIHUHQFH�LQ�WKH�XVH�RI�HFRGXFWV�GHSHQGLQJ�RQ�KRZ�ZHOO�WKH�WUDIILF�
QRLVH�LV�GDPSHG�

+XPDQ�SUHVHQFH

*HRUJLL�HW�DO��UHSRUWHG�D�QHJDWLYH�LQIOXHQFH�RQ WKH�XVH�RI�HFRGXFWV�ZLWK KXPDQ�SUHVHQFH��7KLV�
LQFOXGHG�WKH�SUHVHQFH�RI�SHRSOH�DV�ZHOO�DV�D�GHYHORSHG�LQIUDVWUXFWXUH��VXFK�DV�URDGV�

��� 5HTXLUHPHQWV�RQ HFRGXFWV

$FFRUGLQJ�WR�WKH�PDWHULDO�SUHVHQWHG�LQ�6HFWLRQV ����DQG����� UHTXLUHPHQWV�RQ�HFRGXFWV�FDQ EH�
VXPPDUL]HG��$FFRUGLQJ�WR�WKHVH�UHTXLUHPHQWV�D�VSHFLILF�FDVH�ZDV�IRUPXODWHG�LQ�WKLV�WKHVLV��,W�
VKRXOG�EH�QRWHG�WKDW�WKHVH�IRUPXODWLRQV�DUH�ZULWWHQ�ZLWK�UHVSHFW�WR�WKH�VWUXFWXUDO�V\VWHP�WKDW�
ZLOO�EH�GHVLJQHG�IRU�WKH�HFRGXFW��

6SDQ

7KH�VSDQ�IRU�WKH�GHVLJQ GHSHQGV�PDLQO\�RQ�ZKLFK�W\SH�RI�URDG�VKRXOG�EH�FURVVHG��7KH�PDLQ�
W\SHV�RI�EDUULHUV�DUH�PRWRUZD\��KLJKZD\�DQG�UDLOZD\V��,Q�9*8��WKH�6ZHGLVK�UHTXLUHPHQWV IRU�
WKH�GHVLJQ�RI�URDGV��WKH�ZLGWKV�IRU�GLIIHUHQW�URDGV�DUH�JLYHQ��7KH�VSDQV�XVHG�KHUH�ZHUH GHULYHG�
IURP�PRWRUZD\V�KLJKZD\V�LQ�UXUDO�DUHD��)ROORZLQJ�DVVXPSWLRQV�KDYH�EHHQ�GRQH�

x 6DIHW\�UDLOLQJV�DUH�DVVXPHG�RQ�ERWK�VLGHV�

x 7KH�ZLGWK�RI�WKH�PLG�YHUJH�LV�WDNHQ ��P��7KLV�LV�PDGH�WR�DFFRPPRGDWH�PLG�VXSSRUWV��
��P�RQ�HDFK�VLGH�PXVW�EH�NHSW�IUHH�IRU�WKH�XVH�RI�WKH�VDIHW\�UDLOLQJ�

x 7KH�YHUJHV�IRU�WXQQHOV�DUH�XVHG��(YHQ�LI�HFRGXFWV�WHFKQLFDOO\�DUH�EULGJHV��WKH�GULYLQJ�
H[SHULHQFH��HVSHFLDOO\�ZLWK�D�VPDOO�VSDQ��LV�OLNH�D WXQQHO��

,Q�7DEOH�� WKH�VSDQV�GHULYHG�DUH�VKRZQ��WKH�FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�$SSHQGL[�'��7KH�ILUVW�
QXPEHU UHSUHVHQWV�WKH�PLQLPXP�VSDQ��,Q�WKDW�FDVH�WKH�EULGJH�IRXQGDWLRQV�DUH�YHU\�FORVH�WR�WKH�
URDG����P�IURP WKH�VDIHW\�UDLOLQJV���8VXDOO\�WKDW VKRXOG�EH�DYRLGHG��$�FRPPRQ�SUDFWLFH�LV�WR�
FUHDWH�D�VORSH�RI�����RXWVLGH�WKDW�DUHD��7KH�VHFRQG�VSDQ�JLYHQ�LV�IRU�WKH�FDVH�ZKHQ�WKH�EULGJH�
JRHV�XS�����RI�WKH�PD[LPXP�IUHH�KHLJKW�RI�WKH�EULGJH�ZLWK�D�VORSH�RI������7KH�URDG VHFWLRQV�IRU�
PRWRUZD\�DQG�KLJKZD\�XVHG�KHUH�DUH�SUHVHQWHG�LQ�)LJXUH���DQG )LJXUH��� ,Q�7DEOH�� WKH�WRWDO�
OHQJWK�RI�HDFK�EDUULHU�W\SH�LV�SUHVHQWHG�WRJHWKHU�ZLWK�LWV�VSDQ��



&+$/0(56 �����������������&LYLO�(QJLQHHULQJ��0DVWHU¶V�7KHVLV�$&(;��������ͳͶ

)LJXUH����0RWRUZD\�WUDQVYHUVH�VHFWLRQ�XVHG�LQ�WKLV�WKHVLV�

)LJXUH����+LJKZD\�WUDQVYHUVH�VHFWLRQ�XVHG�LQ�WKLV�WKHVLV�

7KH�VSDQ�RI�UDLOZD\�EULGJHV LV�FRXSOHG�WR�WKH�VLJKWOLQHV�DORQJ�WKH�EULGJH��7UDILNYHUNHW��������
7KRVH�DUH�LQ�WXUQ�GHSHQGHQW�RQ�WKH�FXUYH�UDGLXV��WKH�PD[LPXP�DOORZHG�VSHHG�RQ�WKH�OLQH�DQG�
WKH�ZLGWK�RI�WKH�WUDFNV��7KHUHIRU�LW�LV�GLIILFXOW�WR�DUULYH�DW�D�VSHFLILF�VSDQ IRU�D�JHQHUDO�FDVH�

7DEOH����7\SH�RI�EDUULHU�DQG�DVVRFLDWHG�VSDQ�LQ�6ZHGHQ��7KH�VSDQ�LV�WDNHQ�DV�WKH�PLQLPDO�UHTXLUHG�VSDQ�IRU�QHZEXLOG�URDGV��
7KH�FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�DSSHQGL[�'��7KH�OHQJWK�RI�EDUULHUV�WKH�OHQJWK�DORQJ�WKH�URDGV�DQG�UDLOZD\V�WKDW�
DUH�QRW�QHDU�WR�D�FURVVLQJ�

%DUULHU�W\SH /HQJWK�RI�EDUULHU�>NP@ 6SDQ�RYHU�WKH�URDG >P@

0RWRUZD\���(XURSDYlJ� ���� �����± ����

+LJKZD\���5LNVYlJ� ���� �����± ����

5DLOZD\ ���� 9DULHV

:LGWK�

7KH�HFRGXFW�PXVW�EH�DW�OHDVW����P�ZLGH��7UDILNYHUNHW���������7KLV�JLYHV�WKH�OHQJWK�WR�ZLGWK�
UDWLR �HTXDWLRQ����

ௐௗ௧

௧
ൌ

ଷ

ଵǡଵ
ൌ ͳǡͻ ���

7KLV�UDWLR�LV�PRUH�WKDQ�WKH�UHFRPPHQGHG������&DOOXQD�$%��������
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6HUYLFH /LIH

$�VHUYLFH�OLIH�RI�����\HDUV�VKRXOG�EH�DFKLHYHG��9lJYHUNHW�	 %DQYHUNHW���������7KH�YHJHWDWLRQ�
RQ�WKH�EULGJH�VKRXOG�EH�GHVLJQHG�VR�WKDW�D�ORQJ�WHUP�S+�GRHV�QRW�JHW�ORZHU�WKDQ���

&RQQHFWLRQ�WR�VXUURXQGLQJ

7KH� EULGJH�PXVW� EH� DEOH� WR� FRQQHFW� WR� WKH� VXUURXQGLQJ�ZLWKRXW� DQ\� YLVLEOH�PDUNLQJV�� 7KH�
YLVLELOLW\�RI�WKH�IRXQGDWLRQ�VWUXFWXUH�VKRXOG�EH�PLQLPL]HG��

$�SDUDEROD�VKDSH�RI�WKH�EULGJH�PLJKW�LQFUHDVH�WKH�FKDQQHOLQJ�HIIHFW��+RZHYHU��WKLV�DVVXPSWLRQ�
KDV QR�EHHQ LQYHVWLJDWHG�

)HQFLQJ�	�6FUHHQV

7KHUH�PXVW�EH�SRVVLELOLWLHV�WR�LQVWDOO�IHQFHV�RU�VFUHHQV�DW�WKH�HGJH�RI�WKH�EULGJH��7KH�VFUHHQV�
PLJKW�EH�XS�WR���P�KHLJKW��³bOJ�� 6YHQVND�-lJDUHI|UEXQGHW�´��������)RU�5HLQGHHU�KHUGLQJ�WKH�
IHQFLQJ�VKRXOG�EH�SODFHG�DW�VRPH GLVWDQFH�IURP�WKH�HGJH��7KH� IHQFLQJ DQG�VFUHHQV�PXVW�EH�
FRQQHFWHG�WR�WKH�H[LVWLQJ�JDPH�IHQFHV�DORQJ�WKH�URDG�

9HJHWDWLRQ

,W�VKRXOG�EH�SRVVLEOH�WR�SODQW�WUHHV�DW�OHDVW�LQ�VRPH�SDUWV�RI�WKH�EULGJH��7KH�HGJHV�DUH�WKH�PRVW�
LPSRUWDQW�SDUWV�LQ�WKLV�FDVH��7KLV�UHTXLUHV�D�OD\HU�RI�VRLO�RI�DW�OHDVW���P�KHLJKW�

7KHUH�VKRXOG�EH�D�SRVVLELOLW\ WR�SODQW�EXVKHV�RQ�WKH�EULGJH��7KLV�UHTXLUHV�����P�RI�VRLO�

7KHUH�PXVW�EH�D�SRVVLELOLW\�WR�JURZ�JUDVV�DQG�KHUEV�RQ�WKH�HQWLUH�EULGJH��7KLV�UHTXLUHV�����P�
VRLO�

7KHUH�VKRXOG�EH�D�SRVVLELOLW\�WR�PDNH�HDUWK�PRXQGV�DW�WKH�HGJHV�RI�WKH�EULGJH�

,W�PXVW�EH�SRVVLEOH�OD\�RXW�ODUJHU�ERXOGHUV�DV�KLQGHUV�IRU�YHKLFOHV��,I�WKH�IHQFHV�DUH�GHVLJQHG�LQ�
D�JRRG�ZD\��WKLV�PLJKW�EH�GRQH�RXWVLGH�WKH�VWUXFWXUDO�VSDQ�RI�WKH�EULGJH�

,W�VKRXOG�EH�SRVVLEOH�WR�OD\�RXW�D�EXQFK�RI�VPDOO�ERXOGHUV DV�D�KDELWDW�IRU�VRPH�VSHFLHV�

7KHUH�ZRXOG�EH�DGGLWLRQDO�YDOXH�LQ�WKH�SRVVLELOLW\�WR�OHDG�D�VPDOO�VWUHDP�RYHU�WKH�EULGJH�

9HKLFOHV

7KHUH�ZRXOG�EH�DGGLWLRQDO�YDOXH�LI�WKH�EULGJH�FRXOG�DOORZ�DFFHVV�WR�YHKLFOHV�VXFK�DV�WUDFWRUV�
DQG�IRUHVW�PDFKLQHU\�

,QFOLQDWLRQ

7KH�EULGJH�VSDQ�VKRXOG�KDYH�D�VPDOO�LQFOLQDWLRQ�VR�WKDW�DW�OHDVW�D�URH�GHDU�FRXOG�ORRN�RYHU�WKH�
HQWLUH�EULGJH��7KH�DUJXPHQWDWLRQ�EHKLQG�WKLV�LV�WKDW�WKHUH�LVQ¶W�DQ\�VPDOOHU�DQLPDO�WKDW�KDV�WKH�
QHHG�WR�EH�DEOH�WR�VHH�WKH�ZKROH�VXUIDFH�RI�WKH�EULGJH��3UHGDWRUV�DUH�OHVV�VHQVLEOH�WR�GHWDLOV�OLNH�
WKLV�DQG�KDUHV�DUH�WRR�VPDOO��5RH�GHHU�LV�DERXW�������FP�LQ�VKRXOGHU�KHLJKW��:LOG�ERDU�LV�DERXW�
��P�LQ�6ZHGHQ��³7KH�EULGJH´�LQFOXGHV�KHUH�WKH�EULGJH�IURP�WKH�SHUVSHFWLYH�RI�WKH�DQLPDO��7KLV�
PDNHV�WKH�H[DFW�FDOFXODWLRQ�PRUH�GLIILFXOW�VLQFH�WKH�H[DFW�GLVWDQFH�DW�ZKLFK�WKH�DQLPDOV�VWDQG�
LV�QRW�NQRZQ��,I�DQ�H\H�KHLJKW�RI�����P�LV�DVVXPHG��WKLV�JLYHV�DQ�LQGLFDWLRQ�DERXW�WKH�PD[LPXP�
KHLJKW�GLIIHUHQFH�RI�WKH�EULGJH��



&+$/0(56 �����������������&LYLO�(QJLQHHULQJ��0DVWHU¶V�7KHVLV�$&(;��������ͳ

� )53 FRPSRVLWH�PDWHULDO�SURSHUWLHV

7KLV�FKDSWHU�DLPV�DW�JLYLQJ�D�JHQHUDO�LQWURGXFWLRQ�WR�)53�LQ�FLYLO�HQJLQHHULQJ� 7KHUH�ZLOO�EH�D�
EULHI�FRPSDULVRQ�EHWZHHQ�)53�DQG�FRQYHQWLRQDO�EXLOGLQJ�PDWHULDOV��'LIIHUHQW�W\SHV�RI UHVLQV�
DQG�ILEUHV�ZLOO�EH�GHVFULEHG�IROORZHG�E\�D�GHVFULSWLRQ�RI�WKH�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�
RI )53 FRPSRVLWHV��3URGXFWLRQ�PHWKRGV��VXVWDLQDELOLW\��GXUDELOLW\�DQG�ILUH UHVLVWDQFH ZLOO�EH�
GLVFXVVHG LQ�WKLV�VHFWLRQ��([LVWLQJ�FRGHV DQG�JXLGHOLQHV�XVHG�LQ�GHVLJQ ZLOO�EH DOVR GHVFULEHG�

7KH�FRPSRVLWH�PDWHULDO FRQVLVWV��EDVLFDOO\��RI�WKH�UHVLQ�PDWUL[HV�DQG�WKH�ILEUH �8��%HUDUGL�	�
'HPEVH\�� ����� ZLWK� UHFRJQL]DEOH� LQWHUIDFHV� EHWZHHQ� WKHP� �1LNHW�0�� 7HODQJ�� ������� 7KH�
UHVXOWLQJ�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILQDO�PDWHULDO�DUH�KLJKHU�WKDQ�WKDW�RI�WKH�UDZ�PDWHULDOV�
VHSDUDWHO\��.HFN�	�)XOODQG���������7KH�UHVLQ�VKRXOG�SURYLGH�UHVLVWDQFH�RI�WKH�PDWHULDO�WR�WKH�
HQYLURQPHQWDO�DQG�FKHPLFDO� IDFWRUV��ZKLOH� WKH�PDLQ�SXUSRVH�RI� ILEUH LV WR SURYLGH VWUHQJWK��
VWLIIQHVV DQG� WKHUPDO� VWDELOLW\� WR� WKH� FRPSRVLWH� �6RQQHQVFKHLQ��*DMGRVRYD��	�+ROO\�� �������
)53�FRPSRVLWHV�DUH�PDWHULDOV�PRUH�UHVLVWDQW�WR�WKH�HOHFWURPHFKDQLFDO�FRUURVLRQ�LQ�FRPSDULVRQ�
ZLWK�VWHHO�UHLQIRUFHPHQW��6RQQHQVFKHLQ�HW�DO����������

7KH� PDLQ� LQIOXHQFH� RQ� PHFKDQLFDO� SURSHUWLHV� LV� H[HUWHG� E\� WKH� W\SH�� ILOOLQJ� YROXPH� DQG�
DUUDQJHPHQW�RI�WKH�ILEUHV��W\SH�RI�WKH�PDWUL[��ILEUH RULHQWDWLRQ�LQ�WKH�SRO\PHULF�PDWHULDO��TXDOLW\�
RI� WKH�SURGXFWLRQ �6RQQHQVFKHLQ�HW�DO����������7KH�FRQGLWLRQV�RI�ERQGLQJ��FDOOHG� LQWHUSKDVH��
ZKLFK�LQFOXGHV�SHUIHFW�ERQGLQJ�DQG�GH�ERQGLQJ�RI�ILEUH ZLWK�D�VXUURXQGLQJ�SRO\PHULF�PDWHULDO��
FDXVHV�VLJQLILFDQW�LQIOXHQFH�RQ�SK\VLFDO�SURSHUWLHV�RI�WKH�FRPSRVLWH��:HQNDL��������

��� )53�DQG�FRQYHQWLRQDO�EXLOGLQJ�PDWHULDOV

,Q�RUGHU�WR�MXVWLI\�WKH�FKRLFH�RI�)53�FRPSRVLWH�PDWHULDOV�WR�EH�XVHG�LQ�GHVLJQ��D FRPSDULVRQ�RI�
SHUIRUPDQFH RI�GLIIHUHQW�EXLOGLQJ PDWHULDOV�ZDV�PDGH��ZKLFK�FDQ�EH�VHHQ�LQ�7DEOH�� �$NNDG��
������ �$QSLQJ�0HQJNH�:LUH�0HVK�0DQXIDFWXUH�&R�����������8��%HUDUGL�	�'HPEVH\��������

7DEOH����)53�	�&RQYHQWLRQDO�PDWHULDOV�FRPSDULVRQ�

)53��*)53��&)53� 6WHHO &RQFUHWH 7LPEHU

3URGXFWLRQ�DQG�FRQVWUXFWLRQ
'HQVLW\��NJ�P�� ���� ���� ���� ��������
6WUHQJWK�WR�ZHLJKW�UDWLR KLJKHVW PHGLXP KLJK ORZ
7KLFNQHVV�RI�WKH�PHPEHUV YHU\�WKLQ WKLQ WKLFN WKLFN
/HQJWK�RI�WKH�HOHPHQWV XQOLPLWHG OLPLWHG OLPLWHG OLPLWHG
0DWHULDO�FRVW KLJK QRUPDO QRUPDO ORZ
/LIH�F\FOH�FRVW ORZ QRUPDO QRUPDO KLJK
0DLQWHQDQFH ORZ KLJK PHGLXP KLJK
,QVWDOODWLRQ�FRPSOH[LW\ YHU\�HDV\ GLIILFXOW YHU\� HDV\
,QVWDOODWLRQ�WLPH YHU\�VKRUW ORQJ YHU\�ORQJ VKRUW

0HFKDQLFDO�SURSHUWLHV
7HQVLOH�VWUHQJWK��03D� ������� ��� ��� ORZ
)OH[XUDO�VWUHQJWK��03D� ������� ��� ��� ��
7KHUPDO� FRQGXFWLYLW\�
�:�P�R&�

���� ����� ��� ���������

7KHUPDO� H[SDQVLRQ� �����

P�P�R&�
�� �� ���� �
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3HUIRUPDQFH�XQGHU�WKH�HQYLURQPHQWDO�IDFWRUV
&RUURVLRQ�UHVLVWDQFH KLJK ORZ PHGLXP QR
)LUH�UHVLVWDQFH KLJK ORZ PHGLXP ORZ
,PSDFW�UHVLVWDQFH KLJK PHGLXP KLJK PHGLXP�
)DWLJXH�UHVLVWDQFH KLJK PHGLXP PHGLXP ORZ

$ FRPSDULVRQ�RI�<RXQJ¶V�PRGXOXV RI�GLIIHUHQW�EXLOGLQJ�PDWHULDOV DQG�WKH�VWUHVV�VWUDLQ�UHODWLRQV
LQ�WHQVLRQ FDQ�EH�VHHQ�LQ�)LJXUH�� DQG�)LJXUH�� �-�*��7HQJ��������

2EVHUYLQJ�WKH�GLDJUDPV�VKRZQ�LQ )LJXUH�� DQG���WRJHWKHU�ZLWK�7DEOH�� LW�FDQ�EH�FRQFOXGHG��WKDW�
WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�)53�FRPSRVLWH�PDWHULDOV�FDQ�FRPSHWH�ZLWK�WUDGLWLRQDO�EXLOGLQJ�
PDWHULDOV� +RZHYHU��WKH ILEUH YROXPH�IUDFWLRQ�LQ�WKH�FRPSRVLWH�PDWHULDO�VKRXOG�EH�FRQVLGHUHG��

)53�RIIHUV�D�ZLGH�UDQJH�RI�GHVLJQ�SRVVLELOLWLHV�GXH�WR�KLJK�GLPHQVLRQDO�VWDELOLW\�DQG�WKH�DELOLW\�
WR�DGRSW�WKH PHFKDQLFDO�SURSHUWLHV�RI�WKH�)53�FRPSRVLWH�PDWHULDO�LQ�DFFRUGDQFH�ZLWK�WKH�GHVLJQ�
QHHGV�DQG�DSSOLFDWLRQ�UHTXLUHPHQWV��,W�FDQ�EH�GRQH�E\�VHOHFWLQJ�WKH�W\SH�RI�UHVLQ�DQG�ILEUH��ILEUH
OHQJWK�� YROXPH� IUDFWLRQ�� GLUHFWLRQV� DQG� QXPEHU� RI� WKH� ILEUH OD\HUV LQ� ODPLQDWH�� HWF� 7KH�
SDUDPHWHUV��LQIOXHQFLQJ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�)53�FRPSRVLWHV�DUH�IXUWKHU�GHVFULEHG�
LQ�WKH�IROORZLQJ�VHFWLRQV��6HFWLRQV���� � ��������������������

7HPSHUDWXUH�LPSDFW

7KH�GHSHQGHQFH�RI�VWUHQJWK�RQ�WHPSHUDWXUH�LQIOXHQFH�IRU�GLIIHUHQW�EXLOGLQJ�PDWHULDOV�FDQ�EH�
VHHQ�LQ )LJXUH�� �.RGXU��%LVE\��*UHHQ��	�&KRZGKXU\��������

Ͳ

ͷͲͲ

ͳͲͲͲ

ͳͷͲͲ

ʹͲͲͲ

ʹͷͲͲ

Ͳ ͲǤͷ ͳ ͳǤͷ ʹ ʹǤͷ ͵

��
��
��
�ȋ
�
��

Ȍ

�������ȋΨȌ

6WUHVV�VWUDLQ�GLDJUDP��
)53�	�FRQYHQWLRQDO�PDWHULDOV

����� 
	�� �	��

Ͳ ͷͲ ͳͲͲ ͳͷͲ ʹͲͲ ʹͷͲ

<RXQJ
V�PRGXOXV��*3D�

<RXQJ
V�PRGXOXV�FRPSDULVRQ

&DUERQ�SODWH

6WHHO

*ODVV�SODWH

&RQFUHWH

7LPEHU
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)LJXUH����6WUHQJWK�WHPSHUDWXUH�GHSHQGHQFH�FXUYHV�IRU�GLIIHUHQW�EXLOGLQJ�PDWHULDOV�

)URP�)LJXUH�� LW FDQ�EH�FRQFOXGHG��WKDW�WKH�VWUHQJWK�RI�*)53�PDWHULDO�LV�WKH�ORZHVW�FRPSDUHG�
WR� RWKHU� EXLOGLQJ� PDWHULDOV� ZKLFK� PHDQV� WKDW� )53� VWUXFWXUHV� QHHGV� DGGLWLRQDO� FRYHUV� DQG�
SURWHFWLRQ�DJDLQVW�ILUH�

��� 5HVLQ

5HVLQV� LQ� WKH� FRPSRVLWH� PDWHULDO� DUH� UHVSRQVLEOH� IRU� WKH� WUDQVIHU� RI� VWUHVVHV� EHWZHHQ� WKH�
UHLQIRUFLQJ� ILEUHV�� JOXLQJ� WKHP� WRJHWKHU� DQG�SURWHFWLQJ� ILEUHV IURP�PHFKDQLFDO� GDPDJH� DQG�
HQYLURQPHQWDO�LQIOXHQFHV�

7KHUH�DUH�WZR FRPPRQ�W\SHV�RI�UHVLQ��WKHUPRSODVWLFV��)LJXUH��� DQG�WKHUPRVHWWLQJ�PDWHULDOV
�)LJXUH���� WKDW�DUH�XVHG�LQ )53 SURGXFWLRQ��$&0$�������� �:3/��������

7KHUPRVHWV

7KHUPRVHWV�DUH�PRVWO\�XVHG�IRU�WKH�SURGXFWLRQ�RI�FRPSRVLWHV��7KH�SURFHVV�RI SRO\PHUL]DWLRQ�
FRQYHUWV WKH�UHVLQ�IURP�WKH�OLTXLG�WR�WKH�VROLG�IRUP��ZKLFK�LV�DQ�LUUHYHUVLEOH�DFW��([DPSOHV�RI�
WKHUPRVHWV�LQFOXGH�SRO\HVWHU��YLQ\O�HWKHU��HSR[\��DQG�SRO\XUHWKDQH�

3RO\HVWHU

8QVDWXUDWHG�SRO\HVWHU�UHVLQV �835��FRQVWLWXWH DSSUR[LPDWHO\�����RI�WKH�WRWDO�UHVLQ�XVHG�LQ WKH�
SURGXFWLRQ� RI� FRPSRVLWHV�� 3RO\HVWHUV� DUH� HDV\� WR�PRGLI\� DQG� DGDSW�ZKHQ� EXLOGLQJ� SRO\PHU�
FKDLQV�� 7KHVH� UHVLQV� FDQ� EH� PRGLILHG� DFFRUGLQJ� WR� WKH� QHHGV� RI� WKH� FXVWRPHU� DQG� DUH�
PDQXIDFWXUHG�ZLWK VSHFLILHG�PHFKDQLFDO�SURSHUWLHV�

(SR[\

7KH�PDLQ� DGYDQWDJHV� RI HSR[\� UHVLQV� DUH� WKHLU�PHFKDQLFDO� SURSHUWLHV�� VXFK� DV� UHVLVWDQFH� WR�
FRUURVLRQ� HQYLURQPHQWDO� HIIHFWV DQG HOHYDWHG� WHPSHUDWXUHV�� H[FHOOHQW� DGKHVLRQ� ZLWK� RWKHU�
PDWHULDOV�� 7KH\� KDYH� D� ORZHU� VKULQNDJH LQ� FRPSDULVRQ ZLWK� SRO\HVWHU� UHVLQV�� 'XH� WR� WKH�
LQFUHDVHG�YLVFRVLW\�RI�WKH�HSR[\�UHVLQ��WKHUH�LV�D�QHHG�WR�DGG�DGGLWLRQDO�KDUGHQHUV�GXH�WR�WKH�
LQFUHDVHG�KHDW�FDSDFLW\��ZKLFK�FDQ�VXEVWDQWLDOO\�DIIHFW�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILQDO�
SURGXFW�
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9LQ\O�HVWHU

9LQ\O�HVWHUV�VXFFHVVIXOO\�FRPELQH� WKH�DGYDQWDJHV�RI�HSR[\�UHVLQV�DQG�XQVDWXUDWHG�SRO\HVWHU�
UHVLQV��7KH\�FXUH�IDVWHU�DQG�DUH�PRUH�FRQYHQLHQW� WR�KDQGOH��9LQ\O�HVWHUV�FDQ�SURYLGH�KLJKHU�
VWLIIQHVV�DQG�FRUURVLRQ�UHVLVWDQFH�WR�WKH�FRPSRVLWH�PDWHULDO�

3KHQRO

3KHQROV�DUH�D�W\SH�RI�SKHQRO�EDVHG�FDUEROLF�DFLG�UHVLQ� ,W�FDQ�EH�SURGXFHG�LQ�UHG��EODFN�DQG�
EURZQ�FRORUV��DQG�WKH�SURGXFWLRQ�SURFHVV�LWVHOI�LV�DFFRPSDQLHG�E\�WKH�UHOHDVH�RI�FRQGHQVDWHV��
7KH�DGYDQWDJHV�RI�FRPSRVLWHV�ZKRVH�SRO\PHU�PDWUL[HV�DUH�EDVHG�RQ SKHQRO�DUH�KLJK�VRXQG�
LQVXODWLRQ�DQG�QRLVH�DEVRUELQJ�SURSHUWLHV��FRUURVLRQ�DQG�ILUH�UHVLVWDQFH�

3RO\XUHWKDQHV

3RO\XUHWKDQHV�DUH�ZLGHO\�XVHG�LQ�HYHU\GD\�OLIH��7KH\�FDQ�EH�XVHG�DV�D�FRDWLQJ��JOXH��IRDP��DQG�
PDQ\�RWKHU�IRUPV� 7KLV�W\SH�RI�UHVLQ�LV�TXLFNO\�FXUHG��ZHDUSURRI�GXUDEOH�DQG�HODVWLF�PDWHULDO�
UHVLVWDQW� WR� FKHPLFDO� GDPDJH� 3RO\XUHWKDQH� DGKHVLYHV� DUH�ZLGHO\� XVHG� LQ� FRQVWUXFWLRQ� DV� D�
ELQGHU�EHWZHHQ�YDULRXV�FRPSRVLWH�HOHPHQWV�RU�FRQFUHWH��$&0$��������

)LJXUH����,UUHYHUVLEOH�ERQGLQJ�FKDLQV�EHWZHHQ�WKH�PROHFXOHV�RI�WKH�WKHUPRVHW�UHVLQ��$&0$��������

,QGLFDWLYH�YDOXHV�RI�WKHUPRVHW�UHVLQV�SURSHUWLHV FDQ�EH�IRXQG�LQ ³3URVSHFW�IRU�1HZ�*XLGDQFH�
LQ�WKH�'HVLJQ�RI�)53�6WUXFWXUHV´�

7KHUPRSODVWLFV

'XH�WR�WKH�IDFW�WKDW�WKHUPRSODVWLF�UHVLQV�DUH�QRW�FURVVOLQNHG��WKH�PDLQ�DGYDQWDJH�RI�WKHLU�XVH LV�
WKHLU DELOLW\�WR�EH�SURFHVVHG�UHSHDWHGO\��7KHUPRSODVWLFV�FDQ�EH UH�PHOWHG DQG�UHXVHG��ZKLFK�LV�
WKH�UHVXOW�RI�WKH�UHYHUVLEOH�ERQGLQJ�EHWZHHQ�WKH�PROHFXOHV RI�WKH�SRO\PHULF�FKDLQV �VHH )LJXUH�
�����7KH�PRVW�SURPLQHQW�H[DPSOHV�RI�WKHUPRSODVWLF�UHVLQV�DUH $%6��SRO\HWK\OHQH��SRO\VW\UHQH�
DQG�SRO\FDUERQDWH� 7KHUPRSODVWLFV�KDYH�XVXDOO\�ORZHU�VWUHQJWK�DQG�DUH�QRW�JHQHUDOO\�XVHG�IRU�
WKH�SURGXFWLRQ�RI�EHDULQJ�VWUXFWXUDO�FRPSRQHQWV�

)LJXUH�����5HYHUVLEOH�ERQGLQJ�EHWZHHQ�WKH�PROHFXOHV�RI�WKH�WKHUPRSODVWLF�UHVLQ��$&0$��������
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��� )LEUHV

7KHUH� DUH� WKUHH�PDLQ� W\SHV� RI� ILEUH XVHG� LQ� WKH�PDQXIDFWXUH� RI� FRPSRVLWH�PDWHULDOV� LQ� WKH�
FRQVWUXFWLRQ� LQGXVWU\�� JODVV� ILEUH�� FDUERQ� ILEUH�� DUDPLG��)LEUHV� FDQ�EH�SURGXFHG�RI�GLIIHUHQW�
OHQJWK��ZKLFK�JLYHV� D� VLJQLILFDQW� LQIOXHQFH� WR� WKH�PHFKDQLFDO�SHUIRUPDQFH�RI� WKH� FRPSRVLWH�
PDWHULDO� �%KDJZDW�� 5DPDFKDQGUDQ�� 	� 5DLFKXUNDU�� ������� )LEUHV� SURYLGH� VWUHQJWK� LQ� WKH�
GLUHFWLRQ�RI�WKH�OHQJWK�RI�WKH�ILEUH��VR�WKHLU�RULHQWDWLRQ�LQ�WKH�PDWHULDO�LV�RI�JUHDW�LPSRUWDQFH�IRU�
WKH�EHDULQJ�FDSDFLW\�RI�WKH�VWUXFWXUDO�HOHPHQW�

7KH�PRVW�LQIOXHQFLQJ�IDFWRUV�WR�WKH�PHFKDQLFDO�SURSHUWLHV�RI�FRPSRVLWH�PDWHULDO�ZLWK�UHJDUG�WR�
ILEUH DUH�

�� 9ROXPH�RI�WKH�ILOOLQJ

)LEUHV PDNH� ���� WR� ���� RI� WKH� YROXPH� RI� WKH� FRPSRVLWH� DQG� XS� WR� ���� RI� LWV� ZHLJKW�
�6RQQHQVFKHLQ�HW�DO����������9DULRXV�W\SHV�RI�UHLQIRUFHPHQW�PD\�EH�XVHG��VXFK�DV�FRQWLQXRXV�
ILEUHV��FKRSSHG�ILEUHV�RU�SDUWLFOHV��.HFN�	�)XOODQG���������7HVWV�RQ WKH�HIIHFW�RI�ILOOLQJ�YROXPH�
RQ�PHFKDQLFDO� SURSHUWLHV� VKRZHG� WKDW WKH�PD[LPXP� ORDG� LQFUHDVHG�ZLWK� DQ� LQFUHDVH� LQ� WKH�
YROXPH�IUDFWLRQ�RI�WKH�ILEUH LQ�WKH�FRPSRVLWH�PDWHULDO�

�� )LEUH OHQJWK

7KH�ILEUHV XVHG�LQ�)53�FRPSRVLWH�FDQ�EH�RI�GLIIHUHQW�OHQJWK�

x VKRUW�ILEUHV�

x FKRSSHG�ILEUHV�

x ORQJ�ILEUHV�

x ZRYHQ�ILEUHV�

%DVHG�RQ�WKH�OHQJWK�RI�WKH�ILEUH�� WKH�IROORZLQJ�FDWHJRULHV�RI�WKH�FRPSRVLWH�PDWHULDOV�FDQ�EH�
GHVFULEHG�ZLWK�WKH�ILEUH DV�UHLQIRUFHPHQW�

x VKRUW�ORQJ�ILEUHV ± ILEURXV�FRPSRVLWHV�

x SDUWLFOHV�± SDUWLFXODWH�FRPSRVLWHV�

x IODWH�IODNHV�± IODNH�FRPSRVLWHV�

x ILOOHUV�± ILOOHU�FRPSRVLWHV�

7KH�OHQJWK�RI�WKH�FRQWLQXRXV�DQG�GLVFRQWLQXRXV�ILEUHV��LWV�VL]H��VKDSH�DQG�FRQFHQWUDWLRQ�LQ�WKH�
ODPLQDWH�VWURQJO\�DIIHFWV�WKH�PDWHULDO�VWUHQJWK�RI�WKH�ILQDO�SURGXFW��7KLV�SURYLGHV�D�ZLGH�UDQJH�
RI�RSWLRQV�IRU�YDULRXV�DSSOLFDWLRQV�RI�WKH�)53�FRPSRVLWHV�

$�YHU\�VPDOO GLDPHWHU�RI�WKH�ILEUHV �IHZ�WR�����PLFURQV��KDV�WKH�IROORZLQJ�DGYDQWDJHV�

x 7KH�UHGXFHG�SRVVLELOLW\�IRU�LQKHUHQW�IODZV�UHVXOWV�LQ�LQFUHDVH�RI�WKH�XOWLPDWH�VWUHQJWK�RI�
WKH�WKLQ�ILEUH FRPSDUHG�WR�WKH�WKLFNHU�ILEUHV�

x 7KH�WKLQ�ILEUHV DUH�EHWWHU�ERQGHG�LQWR�WKH�SRO\PHU�PDWUL[�

x 7KLQQHU�ILEUHV DUH�PRUH�IOH[LEOH�DQG�PRUH�VXVFHSWLEOH�WR�EHQGLQJ�ZLWKRXW�EUHDNLQJ�WKH�
ILEUH�
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�� %RQG�SURSHUWLHV

7KH�PD[LPXP�ERQG�VWUHQJWK�RI�JODVV�DQG�FDUERQ�ILEUH UHLQIRUFHG�SRO\PHUV�DUH�VLPLODU�DQG�LWV�
PDWHULDO�SURSHUWLHV�DUH�KLJKO\�GHSHQGHQW�RQ�WKH�PDQXIDFWXULQJ�WHFKQLTXH��)DURRT�	�%DQWKLD��
����D��

�� )LEUH RULHQWDWLRQ

7KH�ILEUH RULHQWDWLRQ�LQ�)53�FRPSRVLWHV�KDV D�VLJQLILFDQW�LQIOXHQFH RQ WKH�PHFKDQLFDO�SURSHUWLHV�
RI�WKH�ILQDO�SURGXFW��7KH�ILEUH RULHQWDWLRQV�FDQ�EH�VHHQ�LQ�)LJXUH����

)LJXUH�����)LEUH RULHQWDWLRQ�LQ�)53�FRPSRVLWH�

�� � 7KH�PRVW�FRPPRQO\�XVHG�RULHQWDWLRQ�RI� WKH� ILEUH�� LQ�ZKLFK� WKH� ILEUHV�DUH�SODFHG� LQ WKH�
GLUHFWLRQ�RI�WKH�ORDG��WKHUHE\�HQVXULQJ�PD[LPXP�VWUHQJWK�DQG�ULJLGLW\�LQ�WKLV�GLUHFWLRQ��$OVR��
WKLV� W\SH� RI� UHLQIRUFHPHQW� DUUDQJHPHQW� FRQWULEXWHV� WR� DQ� LQFUHDVH� LQ� IOH[XUDO� VWUHQJWK� DQG�
EHQGLQJ�VWLIIQHVV��7R�LQFUHDVH�WKH�WRUVLRQDO�VWUHQJWK��LW�LV�UHFRPPHQGHG�WR�DGG�OD\HUV�ZLWK�D�
GLUHFWLRQ�RI����GHJUHHV��&RPSRVLWHV��������

��� � 7R�DSSO\� WKLV�GLUHFWLRQ�RI� UHLQIRUFHPHQW�ZLOO EH�FRVW�HIIHFWLYH ZKHQ� LW� LV QHFHVVDU\� WR�
HQVXUH�EHQGLQJ�LQ�WZR�GLUHFWLRQV��IRU�H[DPSOH�ZKHQ�WKH�PDWHULDO�LV�VTXHH]HG�RU�RVFLOODWHG�XQGHU�
ORDG�SUHYHQWLQJ�WKH�SUHPDWXUH�GHIRUPDWLRQ��&RPSRVLWHV���������7KH�PD[LPXP�ORDGLQJ�FDQ�EH�
DFKLHYHG�ZLWK�D����GHJUHH�ILEUH RULHQWDWLRQ �.HFN�	�)XOODQG��������

��� � 7KH�PRVW�VXLWDEOH�UHLQIRUFHPHQW�GLUHFWLRQ�LI�WKH�DLP�LV WR�FUHDWH�D�TXDVL�LVRWURSLF�OD\HU��
XVXDOO\�XVHG�LQ�FRPELQDWLRQ�ZLWK���DQG����GHJUHHV�OD\HUV� ,Q�FRPELQDWLRQ�ZLWK�OD\HUV�ZLWK���
DQG����GHJUHH GLUHFWLRQV��LW GLIIHUV�IURP�ELGLUHFWLRQDOO\�UHLQIRUFHG�PDWHULDOV�LQ�WKDW�WKH�TXDVL�
LVRWURSLF�SURSHUWLHV�DUH�WKH�VDPH�LQ�DOO�GLUHFWLRQV��7KLV�GLUHFWLRQ�RI�UHLQIRUFHPHQW�LV�HIIHFWLYH�LI�
WKH�PDWHULDO�LV�LQWHQGHG�WR�WZLVW�DQG�EHQG��&RPSRVLWHV�������� 7KLV�GLUHFWLRQ�LV�PRVW�HIILFLHQW�
IRU�WDNLQJ�XS�VKHDU�IRUFHV�

7KH�GLIIHUHQFH�RQ�PHFKDQLFDO�SURSHUWLHV�RI�FRPSRVLWHV�ZLWK�GLIIHUHQW�ILEUH GLUHFWLRQV�LV�IXUWKHU�
H[SODLQHG�LQ�6HFWLRQ�������

&UDFN�SDWWHUQ

,W�VKRXOG�EH�VSHFLILHG�WKDW�WKHUH�DUH�WZR�SRVVLEOH�IDLOXUH�PRGHV�RI�WKH�ILEUH UHLQIRUFHG�SRO\PHULF�
OD\HU��WKH�EUHDN�RXW�RI�WKH�ILEUH LWVHOI��DQG WKH�IDLOXUH�LQ�WKH�PDWUL[�RI�WKH�FRPSRVLWH�HOHPHQW�

7KH GLUHFWLRQ�RI�WKH FUDFN�SURSDJDWLRQ�PDLQO\�GHSHQGV�RQ�WKH�ILEUH RULHQWDWLRQ�LQ�WKH�OD\HU��7KH�
FUDFNV�XQGHU�WKH�FRPSDFW�WHQVLRQ��VWDWLF ORDGLQJ� SURSDJDWHV�LQ�WKH�GLUHFWLRQ�RI�ILEUH �.HFN�	�
)XOODQG��������

7KHUH�DOVR�H[LVW D�FRUUHODWLRQ�EHWZHHQ�WKH�YROXPH�IUDFWLRQ�RI�WKH�ILEUH DQG�WKH�GHYHORSPHQW�RI�
WKH�FUDFN�SDWK��)RU WKH�FRPSRVLWH PDWHULDOV�ZLWK�D�ORZ�YROXPH�IUDFWLRQ�RI�UHLQIRUFHPHQW��WKH�
FUDFN�SDWK�LV�QRW�VLJQLILFDQWO\�GHSHQGHQW�RQ�WKH�GLUHFWLRQ�RI�WKH� ILEUH��:LWK D KLJKHU�YROXPH�
IUDFWLRQV�RI�UHLQIRUFHPHQW��WKH�FUDFN�LQLWLDOO\�JURZV�DORQJ�WKH�LQLWLDO�SODQH�RI�WKH�FUDFN��WKHQ�
EHQGV� LQ� WKH�GLUHFWLRQ�RI� WKH� ILEUHV�� ILQDOO\� FRQWLQXLQJ�KLV�JURZ� LQ� WKH�GLUHFWLRQ�RI� WKH� ILEUH
�.HFN�	�)XOODQG��������
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&RPSDULVRQ�RI�GLIIHUHQW�ILEUH W\SHV

7KH PHFKDQLFDO�SURSHUWLHV�RI�ILEUHV GLIIHU��DQG�WKH�FRPSDULVRQ�LV�VKRZQ�LQ )LJXUH��� �

)LJXUH�����6WUHVV�VWUDLQ�GLDJUDP�IRU�GLIIHUHQW�ILEUH W\SHV�

)URP�)LJXUH��� LW�FDQ�EH�VHHQ��WKDW�WKH�ILEUHV KDYH GLIIHUHQW�PHFKDQLFDO�FDSDFLW\�DQG�WKH�ILEUH
W\SH�IRU�WKH�)53�PDWHULDO�FDQ�EH�VHOHFWHG�GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ�QHHGHG��

����� *ODVV�ILEUH

*ODVV�ILEUH �*)� LV�D�PDWHULDO�PDGH�IURP�WKH�ILQH�ILEUHV�RI�JODVV��7KH�DGYDQWDJHV�RI�JODVV�ILEUHV�
DUH� EXON� VWUHQJWK� DQG OLJKW�ZHLJKW�� EXW� RQH� RI� WKH� ELJJHVW� GLVDGYDQWDJHV� LV� WKH� LQDELOLW\ WR�
ZLWKVWDQG�KLJK�WHPSHUDWXUHV��*ODVV�ILEUH KDV D�ORZHU�PRGXOXV�RI�HODVWLFLW\��ORZ�VKHDU�PRGXOXV
DQG�3RLVVRQ¶V�UDWLR�LQ�FRPSDULVRQ�ZLWK�D�FDUERQ�ILEUH �%KDJZDW�HW�DO���������

*ODVV�ILEUH FDQ�EH�PDGH�RI�%�2���6L2���O�2���0J2��RU�&D2�LQ�SRZGHUHG�IRUP��%KDJZDW�HW�
DO�������� DQG�WKHUH�FDQ�EH�IRXU�GLIIHUHQW�W\SHV�RI�WKH�ILEUH JODVV�ZKLFK�KDV�GLIIHUHQW�PDWHULDO�
SURSHUWLHV�

$�JODVV�� LWV�FRPSRVLWLRQ�LV�FORVH�WR ZLQGRZ�JODVV�DQG�LV�PDLQO\�XVHG�IRU�SURFHVV�HTXLSPHQW�
SURGXFWLRQ�

&�JODVV�� KDV�KLJKHU�UHVLVWDQFH WR�WKH�LPSDFW�RI�DJJUHVVLYH�HQYLURQPHQW�

(�JODVV�� KDV�KLJK�WKHUPDO�LQVXODWLRQ�SURSHUWLHV�

$(�JODVV�� KDV�KLJK�DONDOL�UHVLVWDQFH�

)LEUHJODVV�KDV�WKH�KLJKHVW�SURSHUWLHV�LPPHGLDWHO\�DIWHU�SURGXFWLRQ��,I�VFUDWFKHV�DQG�GDPDJHV�
DSSHDU�RQ�WKH�VXUIDFH�GXULQJ�SURFHVVLQJ�DQG�KDQGOLQJ��*)53���WKH�VWUHQJWK�DQG�GXFWLOLW\�RI�WKH�
ILEUH GHFUHDVHV��+XPLGLW\�LV�WKH�PDLQ�IDFWRU�LPSDLULQJ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�ILEUH��
VLQFH�PRLVWXUH�LV�HDVLO\�DGVRUEHG�E\�WKH�PDWHULDO�DQG�FDQ�FDXVH�WKH�DSSHDUDQFH�RI�PLFURVFRSLF�
FUDFNV�DQG�GHIHFWV �.LURQ�������

����� &DUERQ ILEUH

&DUERQ� ILEUHV� �&)�� DUH� FRPPRQO\� XVHG� DV� UHLQIRUFHPHQW� LQ� KLJK� SHUIRUPDQFH� FRPSRVLWHV�
�&)53��XVLQJ�WKHUPRVHWV�RU�WKHUPRSODVWLF�UHVLQV�DV�D�SRO\PHULF�PDWUL[� �1DTYL�HW�DO����������
7KLV�FRPSRVLWH W\SH�LV�PXFK�PRUH�H[SHQVLYH�WKDQ�WKH�*)53�FRPSRVLWHV��7KH�RULHQWDWLRQ�RI�WKH�
ILEUH SOD\V�D�GHFLVLYH�UROH�LQ�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�PDWHULDO��%KDJZDW�HW�DO���������
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&DUERQ�ILEUH KDYH D JRRG�VWUHQJWK�DQG�ORZ�HORQJDWLRQ��FDQ�EH�SURGXFHG�IURP�RUJDQLF�SUHFXUVRUV��
LQFOXGLQJ�3$1��SRO\DFU\ORQLWULOH���UD\RQ��DQG�SLWFKHV��7\SLFDOO\�WKH�FRQVLVW RI�PRUH�WKDQ �����
FDUERQ�LQ�WKH�FRPSRVLWLRQ��

7KLV�W\SH�RI�ILEUH LV�UHVLVWDQW�WR�KLJK�WHPSHUDWXUHV��7KH PDLQ�GLVDGYDQWDJH�RI�WKH�ILEUHV�LV�WKHLU�
KLJK�FRVW�RI�WKH�ILQDO�SURGXFW��GXH�WR�WKH�KLJK�FRVW�RI�WKH�PDWHULDO�DQG�WKH�HQHUJ\�LQWHQVLW\�RI�
WKH�SURGXFWLRQ�SURFHVV� &DUERQ�ILEUH FRPSRVLWHV�DUH�OHVV�GXFWLOH�WKDQ�WKHVH EDVHG�RQ�JODVV�RU�
DUDPLG�ILEUH��

&DUERQ ILEUH�EDVHG FRPSRVLWHV�FDQ�FRUURGH�LQ�FRQWDFW�ZLWK�PHWDOV��7KLV�LV�D FDWKRGLF�UHDFWLRQ��
,I�WKH�FRPSRVLWH�LV�SODFHG�LQ�D VROXWLRQ�LQ�D�FRQWDFW�ZLWK�WKH�PHWDOOLF�SDUWV�RI�WKH�VWUXFWXUH��LQ�
FDVH�RI�WKH�K\EULG�VWUXFWXUHV��WKHUH�ZLOO�EH�D GLIIHUHQFH�EHWZHHQ�WKH JDOYDQLF�SRWHQWLDOV�RI�WKH�
FRPSRVLWH�DQG�PHWDO�DQG�K\GUR[LGH�LRQV�ZLOO�EH�JHQHUDWHG��,Q�WKDW�FDVH�WKH�ILEUHV EHFRPH�RSHQ�
WR� D� VROXWLRQ� DQG� WKH� FRPSRVLWH� FRUURGHV�� 7R� SUHYHQW� FRUURVLRQ� LQ� FRQWDFW� ZLWK� PHWDO�� WKH�
FRPSRVLWH�PDWHULDO�LV�UHFRPPHQGHG�WR�EH�SURWHFWHG�ZLWK�SURWHFWLYH�FRDWLQJV�

7KHUH�DUH�IHZ�JURXSV�RI�WKH�FDUERQ�ILEUH PDWHULDO�LQ�DFFRUGDQFH�ZLWK�LWV�SURSHUWLHV�

x 8OWUD�KLJK�PRGXOXV��W\SH�8+0��PRGXOXV�!��� *3D�
x +LJK�PRGXOXV��W\SH�+0��PRGXOXV�EHWZHHQ�������� *3D�
x ,QWHUPHGLDWH�PRGXOXV��W\SH�,0��PRGXOXV�EHWZHHQ�������� *3D�
x /RZ�PRGXOXV�DQG�KLJK�WHQVLOH��W\SH�+7��PRGXOXV������*SD��WHQVLOH�VWUHQJWK�!���� *3D�
x 6XSHU�KLJK�WHQVLOH��W\SH�6+7��WHQVLOH�VWUHQJWK�!���� *3D���%KDWW�	�*RH��������

����� $UDPLG�ILEUH

$UDPLG�LV�DQ�DUWLILFLDO�PDWHULDO� WKH ILEUHV�KDYH�D ORZ�GHQVLW\�DQG�KLJK�LPSDFW�UHVLVWDQFH DQG�
KLJKHU�WHQVLOH�VWUHQJWK�XQGHU�IDWLJXH�ORDGLQJ�FRPSDUHG�WR�JODVV�DQG�FDUERQ�ILEUHV��7KLV W\SH�RI�
ILEUHV KDYH KLJK�HOHFWULFDO� DQG� WKHUPDO� LQVXODWLRQ�SURSHUWLHV�DQG�KLJK UHVLVWDQFH WR�FKHPLFDO�
GDPDJH�DQG�HQYLURQPHQWDO�LQIOXHQFHV��.HYODU�ILEUH LV�WKH�PRVW�XVHG RI�WKH�DUDPLG�ILEUH��

$UDPLG� ILEUHV KDYH DERXW� ILYH� WLPHV� KLJKHU� VWUHQJWK� WKDQ� VWHHO� ZLWK� WKH� VDPH�ZHLJKW�� 7KH�
PDWHULDO�LV�DEOH�WR�ZLWKVWDQG�WHPSHUDWXUHV�RI�PRUH�WKDQ�����GHJUHHV�&HOVLXV�ZLWKRXW�GDPDJH�
�)LEUHPD[B/WG�� Q�G���� 7KHVH� PHFKDQLFDO� SURSHUWLHV UHVXOW LQ� D UHODWLYHO\� KLJK� SULFH RI� WKH�
PDWHULDO �+�0�<DQJ��������

2QH�RI�WKH�ELJJHVW�GLVDGYDQWDJHV RI�WKH�DUDPLG�EDVHG�FRPSRVLWH LV�WKH�ODFN�RI DGKHVLRQ�WR�WKH�
PDWUL[� ZKLFK�UHVXOWV�LQ�D ORZ WUDQVYHUVH�WHQVLOH�VWUHQJWK��FRPSUHVVLYH VWUHQJWK LQ�D�ORQJLWXGLQDO�
GLUHFWLRQ�RI�WKH�ILEUH DQG�ORZHU�LQWHUOD\HU�VKHDU VWUHQJWK��6LPLODU�WR�D FDUERQ�ILEUH��DUDPLG�ILEUHV�
DOVR�KDYH�D�QHJDWLYH�FRHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ ZKLFK�PHDQV�WKDW�WKHVH�PDWHULDOV�FRQWUDFW�
XSRQ�KHDWLQJ �+�0�<DQJ��������

����� )53�FRPSRVLWHV

&RQILJXUDWLRQ�RI�FRPSRVLWH

%DVHG�RQ�WKH�UHLQIRUFHPHQW�W\SH��WKH�)53�FRPSRVLWH�PDWHULDOV�FDQ�EH�FODVVLILHG�DV�IROORZV�

�� )LEUH UHLQIRUFHG�FRPSRVLWHV�
�� /DPLQDU�FRPSRVLWHV�
�� 3DUWLFXODWH�UHLQIRUFHG�FRPSRVLWHV�

)53�FRPSRVLWHV FDQ�EH�SURGXFHG�RI�GLIIHUHQW�YROXPH�DQG�IUDFWLRQ�RI� ILEUH LQ�WKH�FRPSRVLWH�
PDWHULDO��,Q�WKLV�ZD\�WKH�PDWHULDO�VWUHQJWK�FDQ�EH�DGRSWHG�WR�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�ODPLQDWH�
LV�SUHGLFWHG�WR�EH�XVHG WR�PHHW�WKH�H[DFW�DSSOLFDWLRQ�QHHGV�
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7KH�FRPELQDWLRQ�RI�FRPSRVLWHV

6LQFH� WKH� XVH� RI� JODVV� ILEUH DQG� FDUERQ� ILEUHEDVHG� FRPSRVLWHV� KDV� LWV� DGYDQWDJHV� DQG�
GLVDGYDQWDJHV��LQ�UHFHQW�\HDUV�DQ�LQFUHDVLQJ�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�GLUHFWHG�WRZDUGV�WKH�
VHDUFK� IRU� K\EULG� VROXWLRQV IRU� WKH� HIILFLHQW� XVH� RI ERWK� W\SHV� RI� ILEUH LQ� WKH� GHVLJQ
VLPXOWDQHRXVO\��

7KH� PDMRU� DGYDQWDJH� RI� FDUERQ� ILEUH LV� D� KLJKHU� PRGXOXV� RI� HODVWLFLW\�� WKLV� W\SH� RI� WKH�
UHLQIRUFHPHQW�SURYLGHV�VWLIIQHVV�DQG�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�FDUU\LQJ�FDSDFLW\��&DUERQ�
ILEUH LV� DEOH� WR� ZLWKVWDQG� KLJK� WHPSHUDWXUHV� PXFK� EHWWHU� LQ� FRPSDULVRQ� ZLWK� JODVV� ILEUH
�%KDJZDW�HW�DO�����������*ODVV�ILEUH FRPSRVLWHV�DUH�PRUH�UHVLVWDQW�WR�GDPDJH�DQG�FDQ�SURYLGH
ORZHU�VWLIIQHVV�ZLWK�D�KLJKHU�HORQJDWLRQ��-HVWKL��0DQGDO��5RXW��	�1D\DN��������

7KH�PHFKDQLFDO�SURSHUWLHV�RI�FRPSRVLWHV�UHLQIRUFHG�ZLWK�JODVV�ILEUH DUH�PXFK�ORZHU�WKDQ�WKHVH�
UHLQIRUFHG� ZLWK� FDUERQ� ILEUH�� VR� LW� FDQ� EH� UHDVRQDEOH� WR� XVH� PL[HG� FRPSRVLWH� W\SHV� ZKHQ�
GHVLJQLQJ�IRU�RSWLPDO�UHVXOWV�LQ�WHUPV�RI�SULFH�TXDOLW\��%KDJZDW�HW�DO����������7KH�FRPELQDWLRQ�
RI�WKH�JODVV�DQG�FDUERQ�ILEUHV�FDQ�EH�XVHG�LQ�RUGHU�WR�DFKLHYH�D�UHTXLUHG�PHFKDQLFDO�SURSHUWLHV�
RI�WKH�FRPSRVLWH�PDWHULDO�UHVXOWLQJ�LQ�DQ�LQFUHDVH�RI�WKH�VWUHQJWK�DQG�VWDELOLW\�RI�WKH�PDWHULDO�
�%KDJZDW�HW�DO���������

$SSO\LQJ�VLPXOWDQHRXVO\�WZR�W\SHV�RI�ILEUHV�FDQ�LPSURYH�WKH�PHFKDQLFDO�SHUIRUPDQFH�RI�WKH�
FRPSRVLWH�PDWHULDO� DQG� WKH SURSHUWLHV� RI� WKH� K\EULG� FRPSRVLWH� ZLOO� GHSHQG RQ� WKH� YROXPH�
IUDFWLRQ�DQG�WKH�VHTXHQFH�RI�OD\LQJ�WKH�OD\HUV�RI�ILEUHV��-HVWKL�HW�DO����������7KLV�FDQ�UHGXFH�WKH�
FRVW� DQG� LQFUHDVH� WKH� EHDULQJ� FDSDFLW\� RI� WKH� FRPSRVLWH� VWUXFWXUH� �%KDJZDW� HW� DO��� �������
$FFRUGLQJ�WR�UHVHDUFK��WKH WHQVLOH�VWUHQJWK�RI�D�K\EULG�FRPSRVLWH�XVLQJ�YDULRXV�UHLQIRUFHG�OD\HUV�
LV�XS�WR�����KLJKHU�WKDQ�WKH�VWUHQJWK�RI�D�SXUH�JODVV�ILEUH UHLQIRUFHG�FRPSRVLWH��-HVWKL�HW�DO���
������

7KHUH�DUH�HYHQ�K\EULG�FDUERQ��JODVV�ILEUH ��HSR[\�PRUSKLQJ�FRPSRVLWHV�WKDW�FDQ�FKDQJH�WKHLU�
PRUSKLQJ�EHKDYLRU��ZKLFK� UHVXOWV� IURP�D�PLVPDWFK�RI� WKHUPDO� H[SDQVLRQ�FRHIILFLHQW� �&7(��
EHWZHHQ�FDUERQ�DQG JODVV�ILEUHV��VR WKH�VKDSH�RI�WKH�FRPSRVLWH�VWUXFWXUH�FDQ�EH�FRUUHFWHG�E\�
WHPSHUDWXUH�� 6XFK� FRPSRVLWHV� EHORQJ� WR� WKH� FODVV� RI� VR�FDOOHG� �VPDUW�� PDWHULDOV� �6H\\HG�
0RQIDUHG�=DQMDQL��$O�1DGKDUL��	�<LOGL]��������

,Q�FDVH��ZKHQ�WKH�JODVV�ILEUH DQG�FDUERQ�FRPSRVLWHV�DUH SODFHG�LQ�D�ZDWHU�EDWK�WR�VSHHG�XS�DJLQJ��
WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH *)53�V\VWHP�GHWHULRUDWHV VLJQLILFDQWO\��$IWHU�UHPRYLQJ�WKH�
PRLVWXUH��WKH�VWUHQJWK�RI�&)53�FRPSRVLWHV�LQFUHDVHV WR���������ZKLOH�WKH�VWUHQJWK�RI�WKH�*)53�
FRPSRVLWH�UHDFKHV DSSUR[LPDWHO\��������RI�WKH�RULJLQDO�YDOXH��=KDQJ�HW�DO���������

)53�FRPSRVLWH�PDWHULDOV�KDV�JRRG�DONDOLQH�UHVLVWDQFH��DQG�JODVV�ILEUH UHLQIRUFHG�SRO\PHU�KDV
D�UHODWLYHO\�VPDOO�UHGXFWLRQ�LQ�VWUHQJWK�LQ�FRPSDULVRQ�ZLWK�FDUERQ� ILEUH �)DURRT�	�%DQWKLD��
����E���

7KH�)53�ODPLQDWH�FRPSRVLWH�PDWHULDOV�DUH�RI�LQWHUHVW�LQ�WKLV�WKHVLV�DQG�ZLOO�EH�IXUWKHU�GHVFULEHG�
LQ�PRUH�GHWDLO��7KH�ILEURXV�FRPSRVLWH�W\SH�ZLWK�WKH�FRQWLQXRXV�ILEUH XVHG�DV�D�UHLQIRUFHPHQW�
ZDV�FKRVHQ�IRU�WKH�HFRGXFW�GHVLJQ�

��� 3K\VLFDO�SURSHUWLHV

,Q�WKLV�FKDSWHU�WKH�SK\VLFDO�DQG�PHFKDQLFDO�SURSHUWLHV�RI�)53�FRPSRVLWHV FRPPRQO\�XVHG�LQ�
WKH� ILHOG� RI� VWUXFWXUDO� HQJLQHHULQJ DUH� SUHVHQWHG�� 7KHLU� SK\VLFDO� SURSHUWLHV� VXFK� DV� GHQVLW\��
WKHUPDO�H[SDQVLRQ�FRHIILFLHQWV�DQG�PHFKDQLFDO�SURSHUWLHV�VXFK�DV�WHQVLOH VWUHQJWK�DQG�VWLIIQHVV�
FDQ�EH�IRXQG�LQ 7DEOH���
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����� 7HPSHUDWXUH�DQG�GHQVLW\

)53� LV� D�PDWHULDO�ZKHUH SURGXFWLRQ�PHWKRG� DQG� DFFXUDF\� VLJQLILFDQWO\� DIIHFW� WKH� UHVXOWLQJ�
PHFKDQLFDO� SURSHUWLHV� RI� WKH� ILQDO� SURGXFW� $SDUW� IURP� WKH� UHVLQ� DQG� ILEUH LQYROYHG� WKH�
PDQXIDFWXULQJ�SURFHVV� ILEUH YROXPH�IUDFWLRQ�DQG�DOLJQPHQW�RI�WKH�ILEUHV DUH�LPSRUWDQW�IDFWRUV�
IRU�WKH�UHVXOWLQJ�PDWHULDO VWUHQJWK��)53�LV�JHQHUDOO\�DQ DQLVRWURSLF�PDWHULDO� WKXV� WKH�PDWHULDO�
SURSHUWLHV FDQ� GLIIHU TXLWH� VXEVWDQWLDOO\� HYHQ� ZLWKLQ� WKH� VDPH� FRPSRQHQW EXW� LQ� GLIIHUHQW�
GLUHFWLRQV�RI�WKH�ILEUH��7KLV�FKDSWHU�GRHV�QRW�DLP�WR SUHVHQW�DOO WKH SRVVLELOLWLHV�EXW�WR�JLYH�D�
YLHZ�RI�WKH�UDQJH�RI�SRVVLELOLWLHV�

7KHUPDO�H[SDQVLRQ�FRHIILFLHQW�

7KH� WKHUPDO�H[SDQVLRQ FRHIILFLHQW�YDULHV�ZLWK� ILEUH GLUHFWLRQ�DQG�DOVR� ILEUH YROXPH�IUDFWLRQ�
7DEOH�� JLYHV�WKH YDOXHV�IRU�GLIIHUHQW�FRQILJXUDWLRQV�

7DEOH����7KHUPDO�H[SDQVLRQ�FRHIILFLHQW�IRU�GLIIHUHQW FRQILJXUDWLRQV�RI�ILEUHV �)ULEHUJ�	�2OVVRQ��������

8QLGLUHFWLRQDO� 8QLGLUHFWLRQDO� %LGLUHFWLRQDO� 0DW���URYLQJ�
)LEUH�YROXPH�
IUDFWLRQ�9I >�@

�� �� �� ��

&RHIILFHQW�RI�
WKHUPDO�

H[SDQVLRQ�>����
�� @&ࡈ�

��� ���� ��� ��

*ODVV�WUDQVLWLRQ�WHPSHUDWXUH�

*ODVV�WUDQVLWLRQ�WHPSHUDWXUH ]௧��RI�WKH�SRO\PHU�PDWULܩ� DQG�WKH�ILEUH LV�DQ�LPSRUWDQW�SDUDPHWHU�
DIIHFWLQJ�WKH�RYHUDOO PHFKDQLFDO�SURSHUWLHV�RI�)53�ODPLQDWH� ௧ܩ RI�WKH�SRO\PHU�UHVLQ�LV�PXFK�
ORZHU�WKDQ�WKDW�RI�WKH�ILEUH��,W�LV�WKH�WHPSHUDWXUH�ZKHQ�WKH�SRO\PHU�PDWUL[�ORVHV VWLIIQHVV�DQG�
EHFRPH� PRUH� IOH[LEOH�� 7KLV� LV WKH� UHDVRQ ZK\� WKH� PHFKDQLFDO SURSHUWLHV� RI� WKH� UHVLQ� DUH�
JRYHUQLQJ�SDUDPHWHUV�ZKLOH�FKRRVLQJ�WKH�UHVLQ�W\SH�IRU�WKH�FRPSRVLWHV��

7KH� RSHUDWLQJ� WHPSHUDWXUHV� RI� WKH� GHVLJQHG� VWUXFWXUH� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� $V� DQ�
H[DPSOH��WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH IRU�WKH�3RO\HVWHU�UHVLQ�LV�DURXQG����GHJUHHV�&��IRU�WKH�
9LQ\OHVWHU�± ����GHJUHHV�&��DQG��������GHJUHHV�&�IRU�WKH�(SR[\�UHVLQ��&DUDWWHUH���������7KH�
FXULQJ� SURFHVV�� FXULQJ� WHPSHUDWXUH� DQG� WLPH� DUH� WKH� PDLQ� SDUDPHWHUV� DIIHFWLQJ� WKH� ILQDO�
PHFKDQLFDO�SURSHUWLHV�RI�WKH�UHVLQ���

'HQVLW\

7KH� GHQVLW\� RI� )53� JHQHUDOO\� LV� EHWZHHQ� WKDW� RI� WLPEHU� DQG� &RQFUHWHV�� 7DEOH� � JLYHV� DQ
RYHUYLHZ�RI�WKH�YDULDWLRQ�

7DEOH����5DQJH�RI�GHQVLW\�IRU�)53�ZLWK�ERWK�QRUPDO�DQG�PRUH�H[WUHPH YDOXHV �)ULEHUJ�	�2OVVRQ��������

'HQVLW\�
/RZHU� ���
7\SLFDO� ���
7\SLFDO� ���
+LJKHU� ���
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����� 0HFKDQLFDO�SURSHUWLHV

$V�PHQWLRQHG�EHIRUH�WKH�PHFKDQLFDO�SURSHUWLHV�YDU\�ZLGHO\�IRU�GLIIHUHQW�FRQILJXUDWLRQV�DQG�
GLUHFWLRQV�RI�)53�� ,Q�7DEOH�� WKH� WHQVLOH�VWUHQJWK�DQG�PRGXOXV�RI�HODVWLFLW\� LV�SUHVHQWHG�IRU�
GLIIHUHQW�PDWHULDOV�DQG�ILEUH RULHQWDWLRQV��7KH�EUHDNLQJ�WHQVLRQ�YDULHV�IURP����WR������03D�DQG�
WKH�PRGXOXV�RI�HODVWLFLW\� IURP��� WR�����*3D��7KDW�PHDQV� WKDW� WKH�JHQHUDO� WHUP�)53�LV�YHU\�
XVHIXO� WR� GHVFULEH� D� VSHFLILF� VWUXFWXUDO� PDWHULDO�� 7KH� PDWHULDO� FKRLFH� DQG� ILEUH RULHQWDWLRQ�
LQIOXHQFHV WKH�SURSHUWLHV�RI�WKH�PDWHULDO�

7DEOH����,QIOXHQFH�RI�WKH�ILEUH RULHQWDWLRQ�LQ�)53�FRPSRVLWH�PDWHULDO �)ULEHUJ�	�2OVVRQ��������

7\SH�RI�)53�
FRPSRVLWH�DQG�
RULHQWDWLRQ

'LUHFWLRQࡈ���� 'LUHFWLRQ��ࡈ��

0RGXOXV�RI�
HODVWLFLW\�>*3D@

%UHDNLQJ�
WHQVLRQ�>03D@

0RGXOXV�RI�
HODVWLFLW\�>*3D@

%UHDNLQJ�
WHQVLRQ�>03D@

+LJK�VWUHQJWK�FDUERQ��HSR[\

>��@ ������� ��������� ��� �����

>�����@V ����� �������� ����� ��������

>������@ ����� ������� ����� �������

(�JODVV�HSR[\

>��@ ����� �������� ��� �����

>�����@V ����� �������� ����� ��������

>������@ ����� ������� ����� �������

+LJK�VWUHQJWK�DUDPLG�HSR[\

>��@ ����� �������� ��� �����

>�����@V ����� ������� ����� �������

>������@ ���� ������� ���� �������

,Q� )53� WKH� ILEUHV VWDQG� IRU� WKH� PDMRU� SDUW� RI� WKH� WHQVLOH� VWUHQJWK�� ZKLFK� DFFRXQWV� IRU� WKH�
GLIIHUHQFH�LQ�WHQVLOH�VWUHQJWK�WUDQVYHUVH�WR�WKH�ILEUHV��

7KH�VKHDU�SURSHUWLHV�DUH�DOVR�KHDYLO\�GHSHQGLQJ�RQ�WKH�ILEUH RULHQWDWLRQ��7KH�EHVW�RULHQWDWLRQ�LV�
DFKLHYHG�ZLWK�DOO�ILEUH RULHQWDWHGࡈ������ ��WKLV�JLYHV�KRZHYHU�D�ORZ�WHQVLOH�VWUHQJWK��VHH�7DEOH�����
,Q�7DEOH�� WKH�VKHDU�SURSHUWLHV�IRU�GLIIHUHQW PDWHULDOV�DUH�SUHVHQWHG�
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7DEOH� �� 6KHDU VWUHQJWK� DQG� VKHDU� PRGXOXV� IRU� GLIIHUHQW� FRPSRVLWH� FRQILJXUDWLRQV ZLWK XQLGLUHFWLRQDO� ILEUH RULHQWDWLRQV�
�)ULEHUJ�	�2OVVRQ��������

0DWHULDO 6KHDU�VWUHQJWK�
>03D@

6KHDU�PRGXOXV�
>*3D@

&DUERQ��(SR[\ �� ����

*ODVV�9LQ\O�HVWHU

*ODVV�3RO\HVWHU

��

����

$UDPLG�HSR[\ �� ����

,Q�FRQWUDVW�WR�WHQVLOH�DQG�VKHDU�VWUHQJWK�WKH�FRPSUHVVLYH�VWUHQJWK�RI�)53�FRPSRVLWHV�PDLQO\�
GHSHQGV� RQ� WKH� UHVLQ�� WKH� ILEUH UHVLQ� LQWHUIDFH� DQG� WKH�PRGXOXV� RI� HODVWLFLW\��*HQHUDOO\� WKH�
FRPSUHVVLYH�VWUHQJWK�RI�WKH�UHVLQ�LV�KLJKHU�WKDQ�WKH�WHQVLOH�VWUHQJWK�RI�WKH�UHVLQ��

��� 6XVWDLQDELOLW\

6XVWDLQDELOLW\�LV D�YHU\�ZLGH�WHUP��)ROORZLQJ�FKDUDFWHULVWLFV�DUH�XVXDOO\�TXDQWLILHG�LQ�VRPH�ZD\�
�=RJKL������� �

x 5HVRXUFH�XVHG

x (QYLURQPHQWDO�LPSDFW

x +XPDQ�DQG�HQYLURQPHQWDO�KHDOWK�ULVNV

x 6LWH�GHVLJQ�VWUDWHJLHV

x 3HUIRUPDQFH

)53�FDQ�EH�FKDUDFWHUL]HG ZLWK�WZR�UHVRXUFH�W\SHV��FUXGH�RLO IRU�UDZ�PDWHULDO�DQG�HQHUJ\ IRU�
SURGXFWLRQ��2LO�LV�RIWHQ�YLHZHG�DV�FRQWURYHUVLDO��,W�LV�KLJKO\�XVDEOH�EXW�ZLWK�OLPLWHG�DYDLODELOLW\
DQG KLJK�FRVW LQ�WHUPV�RI�&2���7KH�HQHUJ\�XVH�IRU�)53 SURGXFWLRQ LV�H[WHQVLYH��'HSHQGLQJ�RQ�
H[DFW� PDWHULDO� ILEUHV� FDQ� UHTXLUH� WHPSHUDWXUHV� LQ� H[FHVV� RI� ࡈ����� &�� +RZHYHU� WUDGLWLRQDO�
FRQVWUXFWLRQ�PDWHULDOV� VXFK�DV�FRQFUHWH�DQG�VWHHO� QHHG�VLPLODU�WHPSHUDWXUHV��

(QYLURQPHQWDO LPSDFW LV�RI�GLIIHUHQW�QDWXUH��7KHUH�DUH�GLIIHUHQW�WR[LF�JDVHV�UHOHDVHG�GXULQJ�WKH�
OLIH�F\FOH�DV�ZHOO�DV�JDVHV�DVVRFLDWHG�ZLWK�JOREDO�ZDUPLQJ�

7R�TXDQWLI\�WKH�OLIH�F\FOH�FRVW�IRU�D�ZKROH�PDWHULDO�JURXS�LV�QHDUO\�LPSRVVLEOH��+RZHYHU��LW�LV�
ZRUWK�NQRZLQJ�WKDW�WKHUH�LV�HYLGHQFH�WKDW�)53�EULGJHV�SHUIRUP�EHWWHU�LQ�WHUPV�RI�HQHUJ\�XVH�
DQG�&2��HPLVVLRQV�WKDQ�WUDGLWLRQDO�VWHHO�DQG�FRQFUHWH�EULGJHV �0DUD�HW�DO����������1HYHUWKHOHVV��
WKLV�PD\�YDU\�IURP�FDVH�WR�FDVH�

$QRWKHU�LPSRUWDQW�LVVXH�LV�UHF\FOLQJ�SRVVLELOLWLHV��)53�FDQQRW�EH�UHXVHG�DV�D�EXLOGLQJ�PDWHULDO��
DQG�PDWHULDO�UHF\FOLQJ�LV�RQO\�SDUWLDOO\�SRVVLEOH��7KHUPRSODVWLF�UHVLQV�FDQ�EH�PHOWHG�DQG�UHXVHG�
WR�VRPH�H[WHQW��7KHUH�LV�DOVR�D�SRVVLELOLW\�WR�XVH�D�JUDQXODWH�IURP�)53�DV�ILOOHU RU�WR�FKHPLFDOO\�
UHFRYHU�WKH�PDWHULDO��7KRVH�SURFHVVHV�DUH�KRZHYHU�HLWKHU�YHU\�HQHUJ\�FRQVXPSWLYH�RU JLYH�D�
OHVV�YDOXDEOH�PDWHULDO�
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$�SRVVLEOH�ZD\�WR�GHDO�ZLWK�)53�ZDVWH�LV�WR�LQFLQHUDWH�LW� )53�FDQ�UHOHDVH�D�KLJK�DPRXQW�RI�
HQHUJ\�E\�EXUQLQJ��7KLV�FUHDWHV QHZ�WR[LF�HPLVVLRQV�ZKLFK�FDQ�ORZHU�WKH�DWWUDFWLYHQHVV�RI�WKLV�
VROXWLRQ��0DUD�HW�DO���������

$�FRPPRQ�SUDFWLFH� LV� WR� VWRUH�)53� LQ� D� ODQGILOO� 7KH�SRO\PHU� LQ�)53�DGGV� WR� WKH JURZLQJ�
DPRXQW� RI� SODVWLF� ³WUDSSHG´� LQ� QDWXUH�� 7KH� QRUPDO� DEUDVLRQ� RI� )53� DOVR� DGGV� WR� WKDW�� LQ�
FRPSDULVRQ�WR�VWHHO�DQG�FRQFUHWH� WKLV�LPSDFW�LV�VHYHUH��+RZHYHU��WKH�DEUDVLRQ�RI�)53�PDWHULDO�
LQ�HFRGXFWV�LV�OLPLWHG��VLQFH�WKH�VXUIDFH��EHLQJ�XQGHU�WKH�OD\HU RI�VRLO� LV�QRW�GLUHFWO\�H[SRVHG�WR�
WKH�XVHUV�RI�WKH�EULGJH�

��� 'XUDELOLW\�

)53�VWUXFWXUHV�DUH�RIWHQ�H[SRVHG�WR�YDULRXV�H[WHUQDO�HQYLURQPHQWDO�IDFWRUV��WKH�PDLQ�RQHV�EHLQJ�
KXPLGLW\�DQG�YDULDWLRQ�RI WHPSHUDWXUHV��7KHVH�IDFWRUV�FDQ�DIIHFW�WKH�SK\VLFDO�DQG�PHFKDQLFDO�
SURSHUWLHV�RI�)53�FRPSRVLWHV��FDXVLQJ�PDWHULDO�GHJUDGDWLRQ�DQG�GHWHULRUDWLRQ�RI�WKH�EHDULQJ�
FDSDFLW\�RI�VWUXFWXUDO�PHPEHUV��,Q�DFFRUGDQFH�ZLWK�WKH�(63(&�UHSRUW��DERXW�����RI�IDLOXUHV�
GXH�WR�HQYLURQPHQWDO�IDFWRUV�LV�FDXVHG�E\�KXPLGLW\�DQG�D�VKDUS�WHPSHUDWXUH�FKDQJHV �*ODVNRYD�
.X]PLQD�� $QLVNHYLFK�� 0DUWRQH�� *LRUGDQR�� 	� =DUUHOOL�� ������� %DVHG� RQ� WKLV�� IDFWRUV� RI�
SUHVXPDEOH�LQIOXHQFH�DQG�SRVVLEOH ULVNV�VKRXOG�DOVR�EH�H[SORUHG�

7KH� ODUJHVW�SUREOHP�ZLWK�GXUDELOLW\�RI�)53�LV�GHJUDGDWLRQ�RI� WKH�PDWUL[�DQG�FKDQJHV� LQ WKH�
LQWHUIDFH�EHWZHHQ�PDWUL[�DQG�ILEUH��7KLV�ZLOO�XVXDOO\�UHVXOW�LQ�D�ORVV�RI�VWUHQJWK�DQG�VWLIIQHVV��
)DFWRUV LQIOXHQFLQJ�WKH�GHJUDGDWLRQ UDWH DUH �)ULEHUJ�	�2OVVRQ��������

x 7\SH�RI�UHVLQ LQ�)53�FRPSRVLWH�

x 7\SH�RI�WKH�ILEUH�

x /RDGLQJ�FRQGLWLRQV�

x 0DQXIDFWXULQJ�PHWKRGV�

x 0RLVWXUH�XSWDNH�

x $FLGLW\�DQG�DONDOLQLW\�RI�WKH�HQYLURQPHQW�

x 7HPSHUDWXUH�DQG�KXPLGLW\�

x 89�UDGLDWLRQ�

x 2WKHU�FKHPLFDOV�

0RVW�UHVLQV FKDQJH�ZLWK�LQFUHDVLQJ�DJH��7KH DJLQJ�SURFHVV�UHVXOWV�LQ�D�PRUH�EULWWOH�DQG�ULJLG�
UHVLQ VWUXFWXUDO� EHKDYLRU� ZLWK� WLPH�� 7KHUPRVHWWLQJ� UHVLQV� DUH� XVXDOO\� OHVV� DIIHFWHG� WKDQ�
WKHUPRSODVWLF UHVLQV��

7KH�GXUDELOLW\�RI�FRPSRVLWH�VWUXFWXUHV�GHSHQGV�RQ�PDQ\�IDFWRUV��DQG�RSHUDWLQJ�WHPSHUDWXUHV�
DUH� RQH� RI� WKH� GHWHUPLQLQJ� IDFWRUV� EHWZHHQ� WKHP�� ,Q� RUGHU� WR� LQFUHDVH� WKH� K\JURWKHUPDO�
SURSHUWLHV�RI�FRPSRVLWHV��WKH�PRVW�FRVW�HIIHFWLYH�VROXWLRQ�LV�WR�UHGXFH�WKH�SRVVLEOH�DEVRUSWLRQ�
E\�WKH�PDWHULDO��=KDQJ�HW�DO��������� $OVR��WKH�XVH�RI�YDULRXV�K\GUR�DQG�WHPSHUDWXUH�SURWHFWLYH�
FRDWLQJV�PD\�EH�D�SRVVLEOH�VROXWLRQ�

0RLVWXUH�XSWDNH

2QH�RI� WKH� ODUJHVW�SUREOHPV�ZLWK�)53� LV� WKH� LQJUHVV�RI�PRLVWXUH��8VXDOO\� WKH� UHVLQ�DEVRUEV�
PRLVWXUH�� WKLV� FDQ� UHVXOW� LQ� VRIWHQLQJ� RI� WKH� PDWUL[� DQG ORZHULQJ� RI WKH� JODVV� WUDQVLWLRQ�
WHPSHUDWXUH� 7J�� 7KH� PRLVWXUH� XSWDNH� LWVHOI� FDQ� EH� UHYHUVLEOH�� WKH� FKDQJH� RI� PHFKDQLFDO�
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SURSHUWLHV�LV�KRZHYHU�RIWHQ�QRW�UHYHUVLEOH��7KH�PHFKDQLFDO�SURSHUWLHV�WKDW�FDQ�EH�UHGXFHG�DUH
�)ULEHUJ�	�2OVVRQ��������

x 6WUDLQ�DW�IDLOXUH�

x 0RGXOXV�RI�HODVWLFLW\�

x 6KHDU��ERQG�DQG�IOH[XUDO�VWUHQJWK�

7KHUH�H[LVW�V\QHUJ\�HIIHFWV�IRU�PRLVWXUH�XSWDNH�WRJHWKHU�ZLWK�VXVWDLQHG�ORDGLQJ�DQG�HOHYDWHG�
WHPSHUDWXUHV� 6RPH�UHYHUVLEOH�HIIHFWV�FDQ�EH�UHPRYHG�E\�RUGLQDU\�GU\LQJ��EXW�FRPSOLFDWLRQV�
VXFK�DV�WKH�RFFXUUHQFH�RI�GHIHFWV�LQ�WKH�PLFURVWUXFWXUH�RI�WKH�PDWHULDO�DQG�WKH�K\GURO\VLV�RI�WKH�
SRO\PHU�PDWUL[�FDQ�EH�SHUPDQHQW��=KDQJ�HW�DO���������

7KH� ILEUHV DUH� OHVV� YXOQHUDEOH� WRZDUGV� PRLVWXUH�� &DUERQ� ILEUHV� EDUHO\� DEVRUE� PRLVWXUH��
)LEUHJODVV�FDQ�DEVRUE�PRUH��EXW�DUDPLG�ILEUHV�DUH�PRVW�YXOQHUDEOH�WR�PRLVWXUH��7KH�DEVRUSWLRQ�
RI�PRLVWXUH�FDQ�OHDG�WR�WKH�VZHOOLQJ�RI�DUDPLG�ILEUHV�ZKLFK�UHVXOWV�LQ�ORVV�RI�VWUHQJWK �)ULEHUJ�
	�2OVVRQ���������

$�JHOFRDW�FDQ SURWHFW�WKH�)53�PDWHULDO DJDLQVW�WKH�DEVRUSWLRQ�RI�PRLVWXUH�EXW WKH�FRDW�LWVHOI�
PXVW�EH�VXIILFLHQWO\�GXFWLOH��RWKHUZLVH�FUDFNV�FDQ�IRUP�ZKLFK�OHDG�WR�ORFDO�PRLVWXUH�DEVRUSWLRQ�
DQG�HIIHFWV�VXFK�DV�GHERQGLQJ�RI�PDWUL[�DQG�ILEUH��

(IIHFWV�RI�FKHPLFDOV

$FLGLF�HQYLURQPHQW�FDQ�FDXVH�D GHJUDGDWLRQ�DQG�GHERQGLQJ�SURFHVV��)53�PDWHULDOV DUH�DOVR�
YXOQHUDEOH� WR� DONDOLQH� HQYLURQPHQWV�� (VSHFLDOO\� JODVV� ILEUH FDQ� GHWHULRUDWH� LQ� DONDOLQH�
HQYLURQPHQWV�� %RWK� WKHVH� SURFHVVHV� DUH� FRXSOHG� WR� WKH� DEVRUSWLRQ� RI�PRLVWXUH� �6DQGDKO�	�
+lOOHUVWnO���������6LQFH�FDUERQ�LV�D�QRQPHWDOOLF�FRQGXFWRU��WKH FRQWDFW�ZLWK�DOXPLQXP�RU�VWHHO�
FDQ�OHDG�WR�JDOYDQLF�FRUURVLRQ �)ULEHUJ�	�2OVVRQ��������

+LJK�WHPSHUDWXUH

5HVHDUFK� SHUIRUPHG� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� EHKDYLRU� RI FRPSRVLWH� XQGHU� LQFUHDVHG�
WHPSHUDWXUHV� VKRZHG� WKDW WKH� HODVWLF�PRGXOXV� RI� &)53 FRPSRVLWH�PDWHULDO� GHFUHDVHV� ZLWK�
LQFUHDVLQJ� WHPSHUDWXUHV GXH� WR� WKH� R[LGDWLRQ� RI� WKH� RXWHU� OD\HUV�� ,W ZDV� FRQFOXGHG� WKDW� WKH�
SURFHGXUH� LV� FORVHO\� UHODWHG� WR� WKH�R[\JHQ�FRQWHQW� LQ� WKH�HQYLURQPHQW�� VLQFH� WKH� WHVW� UHVXOWV�
VKRZHG� WKDW� WKH�HODVWLF�PRGXOXV�GRHV�QRW�FKDQJHV�GXH� WR� WHPSHUDWXUH� LQ� WKH� LQHUW� �QLWURJHQ��
HQYLURQPHQW��7KH�FDUERQ�ILEUH WHQVLOH�VWUHQJWK GHFUHDVHV�E\�DOPRVW�����ZKHQ�WKH�PDWHULDO�LV�
H[SRVHG�WR�WHPSHUDWXUHV�LQ�WKH�UDQJH����������&�DQG�GRHV�QRW�GHSHQG�RQ�WKH�R[\JHQ�FRQWHQW�
LQ�WKH�HQYLURQPHQW��)HLK�	�0RXULW]�������

)UHH]H�WKDZ�F\FOHV

/RQJ�WHUP�HIIHFWV�RI�IUHH]H�WKDZ�F\FOHV�DUH�PLFUR�FUDFNLQJ� PDWUL[�KDUGHQLQJ�DQG WKH ORVV�RI�
LQWHUIDFH�EHWZHHQ�PDWUL[�DQG�ILEUH��%HVLGHV�WKH�GLUHFW�ORVV�LQ�VWUHQJWK� WKH�PLFURFUDFNLQJ�FDQ�
UHVXOW�LQ�DQ LQFUHDVHG�PRLVWXUH�XSWDNH 7KH�ORVV�RI�LQWHUIDFH�FDQ�XOWLPDWHO\�OHDG�WR�GHERQGLQJ�
IDLOXUH�DQG�FKDQJHV�LQ�VWUHQJWK��VWLIIQHVV�DQG�IDWLJXH�UHVLVWDQFH �)ULEHUJ�	�2OVVRQ���������

&UHHS

7KH�FUHHS�SKHQRPHQD�LQ�)53�VWUXFWXUHV�VKRXOG�EH�JLYHQ�VSHFLDO�DWWHQWLRQ��7KH�FUHHS�RI�SRO\PHU�
PDWUL[� GHYHORSV� ZLWK� WLPH� XQGHU� WKH� LQIOXHQFH� RI� SHUPDQHQW ORDGLQJ� DQG� HQYLURQPHQWDO�
GHJUDGDWLRQ�IDFWRUV�VXFK�DV�KXPLGLW\�DQG�WHPSHUDWXUH�YDULDWLRQ��

7KH�YLVFRVLW\�RI�WKH�SRO\PHU�PDWUL[�LV�DQ�LPSRUWDQW�SDUDPHWHU ZKLFK�LQIOXHQFHV�WKH�GXUDELOLW\�
DQG�UHOLDELOLW\�RI�WKH�)53�HOHPHQWV��9��3��%HUDUGL��3HUUHOOD��)HR��	�&ULFUu���������7KH�ORQJ�WHUP�
EHKDYLRU�RI�WKH�)53�ODPLQDWH�DQG�ILEUHV�LV�OLQHDUO\�YLVFRHODVWLF��ZKLFK�PHDQV�WKDW�FUHHS�VWUDLQV�
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LQFUHDVH�OLQHDUO\�ZLWK�WLPH��KRZHYHU�WKH�FUHHS�EHKDYLRU�RI�WKH�UHVLQ�LV�QRQOLQHDU��7KH�FUHHSLQJ�
UDWH�FDQ�EH�VLJQLILFDQWO\�LQFUHDVHG�ZLWK�ULVH�LQ�WHPSHUDWXUH�RU��PHFKDQLFDO�ORDGV�RQ�WKH�)53�
HOHPHQWV��<DQJ�HW�DO�����������

&UHHS� SKHQRPHQD� VKRXOG� DOZD\V� EH� FRQVLGHUHG�ZKHQ�GHVLJQLQJ� VWUXFWXUHV�PDGH�RI� )53� WR�
HQVXUH�WKH�VDIHW\�UHTXLUHPHQWV�IRU�WKH�PDWHULDO�VWUHQJWK�WKURXJKRXW�WKH�HQWLUH�VHUYLFH�OLIH�RI�WKH�
VWUXFWXUH�

)LUH

7KHUH�DUH�WZR�PDLQ�SUREOHPV�WKDW�ILUH�SUHVHQWV IRU�)53�VWUXFWXUHV��)LUVW��WKH�JURZLQJ�FUHHS�DQG�
GHODPLQDWLRQ�RI�WKH�PDWHULDO�DQG��VHFRQGO\��WKH�SRLVRQRXV�JDVHV�RPLWWHG�E\�WKH�SURFHVV�

'HSHQGLQJ� RQ� WKH� H[DFW� PDWHULDO FRPSRVLWLRQ )53� LV� YHU\ VXVFHSWLEOH� WR� FUHHS DQG� ORVHV�
VWUHQJWK DW� EHWZHHQ� �&ࡈ���� WR ࡈ���� &��$W� KLJKHU� WHPSHUDWXUH� RI� DERXW� �&ࡈ���� WR� ࡈ���� &� WKH�
PDWHULDO�VWDUWV�WR�GHFRPSRVH��,Q�PRVW�FDVHV�WKH�UHVLQ�LV�WKH�PRVW�FULWLFDO�FRPSRQHQW�ERWK�ZLWK�
UHJDUG�WR�VWLIIQHVV��GHFRPSRVLWLRQ�DQG�IODPPDELOLW\��)ULEHUJ�	�2OVVRQ���������

(DFK�PDWHULDO KDV D� GLIIHUHQW UHVSRQVH�� $V� DQ� H[DPSOH�� 3KHQROLF� UHVLQ� LV� RQH RI� WKH� OHDVW�
IODPPDEOH�UHVLQV��EXW�WKH�WLPH�WR�IDLOXUH�LV�VWLOO�YHU\�TXLFN EHFDXVH�LW�ORVHV�VWUHQJWK TXLFNO\�

7KHUH�DUH�GLIIHUHQW�PHDVXUHV�WR�LQFUHDVH�WKH�ILUH�SHUIRUPDQFH�RI�)53��)ULEHUJ�	�2OVVRQ��������
$�3KHQROLF�VNLQ�GHFUHDVHV�WKH�IODPPDELOLW\�RI�WKH�VXUIDFH �3KHQRO�LV�D�W\SH�RI�UHVLQ��VHH�������
$GGLWLRQV�LQWR�WKH�UHVLQ�FDQ�DFW�DV�IODPH�UHWDUGDQWV��7KH\�FDQ�DOVR�FKDQJH�WKH�SK\VLFDO�SURSHUWLHV�
RI�WKH�FRPSRVLWH��)ODPH�UHWDUGDQW�FRDWV�FDQ�EH�DSSOLHG�

��� 3URGXFWLRQ�0HWKRGV

7KH�SURGXFWLRQ�PHWKRG�LV�RQH�RI�WKH�JRYHUQLQJ�IDFWRUV�IRU�WKH�SURSHUWLHV�RI�WKH�UHVXOWLQJ�SURGXFW��
7KH�UDQJH�JRHV�IURP�KLJKO\�LQGXVWULDOL]HG�PHWKRGV�WR�KDQGPDGH��7KH�LVVXHV�WR�EH�FRQVLGHUHG�
YDU\�IURP�WKH�OHYHO�RI�VWDQGDUGL]DWLRQ��WKH�UHTXLUHG�ILEUH FRQWHQW��WKH QXPEHU�RI�FRPSRQHQWV��
WKH�VKDSH�RI�WKH�FRPSRQHQWV��DQG�WKH�DYDLODEOH�NQRZOHGJH�RI�H[LVWLQJ�ZRUNHUV��6RPHWKLQJ�WKDW�
VKRXOG�EH�PHQWLRQHG�IRU�DOO�PHWKRGV�LV�WKH�LPSRUWDQFH�RI�DYRLGLQJ�YRLGV�LQ�WKH�ODPLQDWH GXULQJ�
SURGXFWLRQ���6HYHUDO PHWKRGV�DSSOLFDEOH�WR�EULGJH�FRQVWUXFWLRQ�DUH�SUHVHQWHG�EHORZ��)ULEHUJ�	�
2OVVRQ���������

+DQG�OD\�XS

,Q� WKH� KDQG�OD\XS� PHWKRG�� WKH� IRUP� LV� DQ� DVVHPEO\�� /DPLQDWH� LV� FRPSRVLQJ� PDQXDOO\��
DOWHUQDWHO\�DSSO\LQJ�ILEUH DQG�UHVLQ��7KH�PHWKRG�LV�FKDUDFWHUL]HG E\��)ULEHUJ�	�2OVVRQ��������

x /RZ�ILEUH FRQWHQW�

x 9DU\LQJ�TXDOLW\�

x 3RVVLELOLW\�IRU�FRPSOH[�IRUPV�

x /RZ�LQYHVWPHQW�FRVW�

x /DERU LQWHQVLYH�SURGXFWLRQ�

x (DV\�WR�WHDFK QHZ�VWDII�

$�SRVVLELOLW\�WR�LQFUHDVH�WKH�ILEUH FRQWHQW�LV�WR�XVH�D�YDFXXP� RU�SUHVVXUH�EDJ�GXULQJ�FXULQJ��,Q�
WKDW�ZD\�WKH�ILEUH FRQWHQW�FDQ�EH�LQFUHDVHG�WR�DERXW������DQG������UHVSHFWLYHO\��'RPRQH�	�
,OOVWKRQ���������
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5HVLQ�7UDQVIHU�0ROGLQJ �570�

5HVLQ� 7UDQVIHU� 0ROGLQJ LV� FODVVLILHG� DV� D� VHPL�DXWRPDWLF� PHWKRG�� 7KH� VWDFNHG� ILEUHV DUH�
SUHSDUHG DQG�SODFHG�EHWZHHQ�WZR�PROGV��7KH�UHVLQ�LV�WKHQ LQMHFWHG�LQWR�WKH�PROG��6RPHWLPHV�
WKH�LQMHFWLRQ�LV�DVVLVWHG�E\�D�YDFXXP SXPS��7KH�PHWKRG�LV�FKDUDFWHUL]HG�E\��)ULEHUJ�	�2OVVRQ��
������

x )LEUH FRQWHQW�RI�XS�WR������
x 7ROHUDQFHV�EHWZHHQ�KDQG�OD\�XS�DQG�SXOWUXVLRQ�FDQ�EH�DFKLHYHG�
x 7KH LQLWLDO�LQYHVWPHQW�FRVW LV EHWZHHQ�WKDW�RI�KDQG�OD\�XS�DQG�SXOWUXVLRQ PHWKRGV�
x /RZ�YLVFRVLW\�UHVLQV�

7KH�VL]H�RI�WKH�FRPSRQHQWV SURGXFHG LV�XVXDOO\�LQ�WKH�UDQJH RI�����P���DQG�XS�WR����P��

5HVLQ�,QMHFWLRQ�0ROGLQJ �5,0�

7KH�UHVLQ�LQMHFWLRQ�PROGLQJ ZRUNV�VLPLODU�WR�WKH�570�PHWKRGV�PHQWLRQHG�HDUOLHU��7KH�ILEUH LV�
SUHSDUHG�LQ�D�IRUP��7KH�IRUP�LV�WKDQ�VHDOHG�ZLWK�D�YDFXXP�EDJ�DQG�WKH�UHVLQ�LV�LQIXVHG�XQGHU�
WKH�SUHVVXUH��2QH�RI�WKH�SUREOHPV�ZLWK�WKH�5,0�PHWKRG�LV�WKDW�LW�LV�PRUH�GLIILFXOW�WR�DFKLHYH�
IXOO�ILEUH LPSUHJQDWLRQ�ZLWK�UHVLQ�

3XOWUXVLRQ

7KH�SXOWUXVLRQ�SURFHVV� LV�D�KLJKO\�DXWRPDWHG�SURFHVV� WKDW�FDQ�SURGXFH�D�YDULHW\�RI�FRQVWDQW�
VHFWLRQV��7KH�SURFHVV�UHTXLUHV�DGYDQFHG�PDFKLQHU\�DQG�JRRG�NQRZOHGJH�RI�WKH�SURFHVV��$�KLJK�
TXDOLW\� SURGXFW� LQ� WHUPV� RI� VWUHQJWK� DQG� WROHUDQFHV� FDQ� EH� DFKLHYHG��7KH� SURFHVV�ZRUNV� E\�
SXOOLQJ�FRQWLQXHV�ILEUH WKURXJK�D�JXLGLQJ�V\VWHP��7KHQ�WKH�ILEUH LV�LQMHFWHG�RU�SDVVHG�WKURXJK�D�
UHVLQ�EDWK� 7KHQ�WKH�ILEUH LPSUHJQDWHG�ZLWK�UHVLQ�SDVV�WKURXJK�WKH�KHDWHG�GLH� WKH�FRPSRVLWH�LV�
FXUHG�DQG�FXW�WR�WKH�UHTXLUHG�HOHPHQW�OHQJWK��7KH�PHWKRG�LV�FKDUDFWHUL]HG�E\�

x +LJK�ILEUH FRQWHQW�
x 6PDOO�WROHUDQFHV�
x +LJK�LQYHVWPHQW�FRVW�
x )DVW�VHWWLQJ�DQG�ORZ�YLVFRVLW\�RI WKH�UHVLQ �)ULEHUJ�	�2OVVRQ��������

2QO\�FRQWLQXHV�VHFWLRQV�FDQ�EH�SURGXFHG�E\�WKLV�PHWKRG��7KHLU�DYHUDJH�VL]H�FDQ�YDU\�IURP���
PP�WR�����PP �6WURQJZHOO���������3RO\HVWHU�RU�YLQ\OHVWHU UHVLQV�DUH�XVXDOO\�XVHG�LQ�SXOWUXVLRQ��
(SR[\�FDQ�EH�XVHG�EXW�WKH�FRPSRVLWH�KDV�D�ORQJHU�FXULQJ�WLPH��6DQGDKO�	�+lOOHUVWnO���������

3UHSUHJ�

3UHSUHJ�)53�SURGXFWLRQ�SURFHVV�LV�XVXDOO\�XVHG�IRU�WKH�KLJK�SHUIRUPDQFH�FRPSRVLWH�VWUXFWXUHV��
IRU�H[DPSOH��LQ�WKH�DHURVSDFH�DSSOLFDWLRQV��,W�LV�DQ DXWRFODYH�SURFHVV��7KH�IDFH�VKHHWV�RU�OD\XSV�
RI�SDUWLDOO\�FXUHG�UHVLQ�ZLWK�ILEUHV�DUH�SODFHG�LQ�DXWRFODYH�WR�FXUH��

:LWK�WKH�SUHSUHJ�SURFHVV�LW�LV�SRVVLEOH�WR�SODFH�DGGLWLRQDO�ILOOHUV��GHWDLOV�RU�HOHPHQWV�LQWR�WKH�
OD\XS�EHIRUH�FXULQJ��,Q�WKDW�FDVH� WKH�LQWHJUDWHG�SDUWV�ZLOO�EH�VWURQJO\�ERQGHG�LQWR�WKH�ODPLQDWH��
,I�WKH�DGGLWLRQDO�HOHPHQW�ZDV�SDUWLDOO\�FXUHG��WKHQ�LW�LV�FDOOHG�FR�FXULQJ��,I�WKH�HOHPHQW�KDV�EHHQ�
IXOO\�FXUHG�RU�LQFXUDEOH�HOHPHQWV�PXVW�EH�XVHG�± WKH�SURFHVV�LV�FDOOHG�FR�ERQGLQJ�

3UHSUHJ� RIIHUV� D� ZLGH� UDQJH� RI� OD\XS� VROXWLRQV� ZLWK� LQILQLWH� QXPEHU�� VHTXHQFH� DQG� ILEUH
GLUHFWLRQV� RI� )53� SOLHV� ZKLFK� FDQ� EH� SODFHG� LQ� DXWRFODYH�� $Q\� JHRPHWU\� RI� WKH� VWUXFWXUDO�
PHPEHUV� FDQ� EH� SURGXFHG� 7KH� PDLQ� GLVDGYDQWDJHV� RI� WKLV� SURFHVV� DUH� LWV� UHODWLYHO\� ORQJ�
SURGXFWLRQ�WLPH�DQG�KLJK�FRVW��VLQFH�WKH�SURFHVV�RI�SUHSDULQJ�WKH�ODPLQDWH�EHIRUH�EHLQJ�SODFHG�
LQ�DQ�DXWRFODYH�LV�SHUIRUPHG�PDQXDOO\�
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��� &RQQHFWLRQV

7KH�GHVLJQ RI�VWUXFWXUDO�MRLQWV�LV�DQ�LPSRUWDQW�DVSHFW UHODWHG�WR WKH�VXVWDLQDELOLW\�DQG�GXUDELOLW\�
RI� WKH� VWUXFWXUH� RYHU� LWV� LQWHQGHG VHUYLFH� OLIH��:KHUHDV )53� LV� QRW� D� FRQYHQWLRQDO� EXLOGLQJ�
PDWHULDO��WKHUH�H[LVWV D�OLPLWHG�NQRZOHGJH WKDW FDQ�EH�XVHG�DV�D�JXLGHOLQH�IRU�GHVLJQLQJ�MRLQWV�
RI�)53�HOHPHQWV�

7KUHH�GLIIHUHQW�FDWHJRULHV�RI�)53�VWUXFWXUDO�MRLQWV�FDQ�EH�FRQVLGHUHG��PHFKDQLFDO��ERQGHG�DQG�
FRPELQHG�MRLQWV��(DFK�RI�WKHVH�FDWHJRULHV�KDV�LWV�VSHFLILF�VDIHW\�UHTXLUHPHQWV WKDW�VKRXOG�EH�
IXOILOOHG�LQ�VDIH�DQG HIILFLHQW�GHVLJQ� 'LIIHUHQW�W\SHV�DQG�FRQILJXUDWLRQV�RI�WKH�FRQQHFWLRQV�IRU�
VWUXFWXUDO�PHPEHUV�FDQ�EH�IRXQG�LQ�WKH�IROORZLQJ�VHFWLRQV�

����� 6WUXFWXUDO�MRLQWV�IRU�)53�HOHPHQWV

$V� VWDWHG� E\� WKH� (XURFRPS� VSHFLILFDWLRQ�� VWUXFWXUDO� MRLQWV� RI WKH� GHVLJQHG� HFRGXFW� ZHUH�
FODVVLILHG�LQWR�

3ULPDU\�VWUXFWXUDO�FRQQHFWLRQV

,W�LV�H[SHFWHG�WKDW�WKLV�W\SH�RI�FRQQHFWLRQ�ZLOO�SURYLGH�VWUHQJWK�DQG�VWLIIQHVV�RI�WKH�DVVHPEO\�RI�
VWUXFWXUDO�PHPEHUV�RYHU�WKH�HQWLUH�VHUYLFH�OLIH�RI�WKH�HFRGXFW��,W�UHTXLUHV�D�KLJKHVW�VWUHQJWK�DQG�
GXUDELOLW\�RI�WKH�MRLQW�VLQFH�WKH�IDLOXUH�RI�WKLV�W\SH�RI�MRLQW�FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�
VWUXFWXUDO�SHUIRUPDQFH�DQG�LWV�IXUWKHU�H[SORLWDWLRQ�FDSDELOLW\��

6HFRQGDU\�VWUXFWXUDO�FRQQHFWLRQV

7KLV�FRQQHFWLRQV�W\SH�SURYLGHV�WKH�VWUHQJWK�DQG�VWLIIQHVV�WR�WKH�DVVHPEO\� KRZHYHU� LWV�IDLOXUH�
ZLOO�QRW�FDXVH�VLJQLILFDQW�GDPDJH�DQG�ZLOO�QRW�DIIHFW� WKH�RYHUDOO�VWUXFWXUDO�EHKDYLRU��6XFK�D�
ORFDO�IDLOXUH�RI�DQ�HFRGXFW�VHFWLRQV�FDQ�EH�UHSDLUHG�RU�VWUHQJWKHQHG�

1RQ�VWUXFWXUDO�FRQQHFWLRQV

'HFRUDWLYH�SDQHOV�FDQ�VHUYH�DV�D�JRRG�H[DPSOH�RI�WKLV�W\SH�RI�FRQQHFWLRQ��WKH�IDLOXUH�RI�WKH�
MRLQW�RI�QRQ�EHDULQJ�HOHPHQWV�ZLOO�QRW�FDXVH�DQ\�GDPDJH�DQG�LV�QRW�H[SHFWHG�WR�EH�GDQJHURXV�
WR�KXPDQ�OLIH��1RQ�VWUXFWXUDO�FRQQHFWLRQV�ZHUH�QRW�FRQVLGHUHG�LQ�WKLV�WKHVLV�

7KUHH�FDWHJRULHV�RI�VWUXFWXUDO�FRQQHFWLRQV�PXVW�EH�FRQVLGHUHG�ZKHQ�GHVLJQLQJ�MRLQWV�RI�)53�
HOHPHQWV�RI�WKH�HFRGXFW�

x 0HFKDQLFDO�MRLQWV�

x %RQGHG�MRLQWV�

x &RPELQHG�MRLQWV�

,Q�RUGHU�WR�FKRRVH�WKH�PRVW�DSSURSULDWH�VROXWLRQ�IRU�WKH�MRLQW�GHVLJQ��WKH�IROORZLQJ�WDEOH�FDQ�EH�
UHYLHZHG� FRPSDULQJ� WKH� YDULRXV� FDWHJRULHV� RI� VWUXFWXUDO� MRLQWV� EDVHG� RQ� (XURFRPS�
UHFRPPHQGDWLRQV��7DEOH�����
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7DEOH����&KDUDFWHULVWLFV�RI�MRLQW�FDWHJRULHV�

0HFKDQLFDO $GKHVLYH &RPELQHG

6WUHVV�
FRQFHQWUDWLRQ�DW�
MRLQW

KLJK PHGLXP PHGLXP

6WUHQJWK�WR�ZHLJKW�
UDWLR

ORZ PHGLXP PHGLXP

:DWHU�WLJKWQHVV QR \HV \HV

7KHUPDO�LQVXODWLRQ QR \HV QR

$HVWKHWLF��VPRRWK�
VXUIDFH�

EDG JRRG EDG

6HQVLWLYH�WR�SHHO�
ORDGLQJ

QR \HV QR

'LVDVVHPEO\ \HV QR QR

,QVSHFWLRQ HDV\ GLIILFXOW GLIILFXOW

7LPH�WR�GHYHORS�IXOO�
VWUHQJWK

LPPHGLDWH ORQJ ORQJ

0HFKDQLFDO�FRQQHFWLRQV

&RQVHTXHQWO\�IURP�7DEOH����ORZ�UHTXLUHPHQWV�IRU�WKH�VXUIDFH�SUHSDUDWLRQ��WKH�SRVVLELOLW\�IRU�
GLVDVVHPEO\� DQG� HDV\� LQVSHFWLRQV� DUH� WKH� HYLGHQW� DGYDQWDJHV� RI� WKH� PHFKDQLFDO� MRLQWV��
QHYHUWKHOHVV�� KLJK� VWUHVV� FRQFHQWUDWLRQV� DQG� WKH� QHHG� WR� XVH� VSHFLDO� JDVNHWV� DQG� VHDODQWV� WR�
SURWHFW� DJDLQVW� HQYLURQPHQWDO� LQIOXHQFHV�� VXFK� DV� IOXLG� DQG�ZHDWKHU�� FDQ� EHFRPH� WKH�PDLQ�
GUDZEDFNV�RI�WKLV�W\SH�RI�FRQQHFWLRQ�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�EROWV�IRU�PHFKDQLFDO�FRQQHFWLRQ�FDQ�EH�SURGXFHG�RI�PHWDO�RU�)53��
KRZHYHU�� 31*�'HVLJQ� JXLGHOLQH� GR� QRW� SHUPLW� WKH� XVH� RI� )53� EROWV� WR� MRLQ� )53� HOHPHQWV�
�&DUDWWHUH��������

%RQGHG�FRQQHFWLRQ

,Q�FRQFOXVLRQ�WR�7DEOH�� LW�FDQ�EH�KLJKOLJKWHG�WKDW�WKH�ERQGHG�FRQQHFWLRQ�SURSRVHV�D�KLJK�MRLQW�
VWUHQJWK�DQG�PLQLPL]DWLRQ�RI�WKH�SRVVLEOH�FRUURVLRQ�SUREOHPV�RZLQJ�WR�WKH�IDFW�WKDW WKH�MRLQW�
VXUIDFH�LV�QRW�GLUHFWO\�H[SRVHG�WR�WKH�HQYLURQPHQW��7KHVH�DUH�WKH�PDLQ�DGYDQWDJHV RI�WKLV�W\SH�
RI� FRQQHFWLRQ��%XW� LQ� VSLWH� RI� WKDW�� ERQGHG� FRQQHFWLRQ� FDQQRW� EH� GLVDVVHPEOHG�� UHTXLULQJ� D�
VSHFLDO�DWWHQWLRQ�WR�WKH�LQVSHFWLRQV��ZKLFK�LV�GLIILFXOW�WR�SURFHHG��DQG�WKH�VWUHQJWK�RI�WKH�MRLQW�
FDQ�EH�DIIHFWHG�E\�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�GHJUDGDWLRQ�IDFWRUV�VXFK�DV�WHPSHUDWXUH�DQG�
KXPLGLW\��

&RPELQHG�FRQQHFWLRQV

7KLV� W\SH�RI�FRQQHFWLRQ�FRPELQHV� WKH�DGYDQWDJHV�RI� WKH�PHFKDQLFDO� MRLQLQJ� W\SH��SURYLGLQJ�
VXSSRUW� DQG� SUHVVXUH� ZKLOH� DVVHPEOLQJ� WKH�PHPEHUV� E\� EROWV�� DQG� WKH� ERQGHG� FRQQHFWLRQ��
UHGXFLQJ�WKH�ERQGOLQH�GHIHFWV�E\�EROWV��DOWKRXJK�EROWV�FDUU\�QR�ORDG�DIWHU�WKH�DVVHPEO\�DQG�DFWV�
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RQO\�DV�EDFNXS�HOHPHQWV��+RZHYHU��WKLV W\SH�RI�FRPELQHG�FRQQHFWLRQV�LV�QRW�SHUPLWWHG�E\�31*�
'HVLJQ�JXLGHOLQH�WR�EH�XVHG�LQ�GHVLJQ�RI�WKH�MRLQWV�RI�WKH�)53�FRPSRVLWH�HOHPHQWV��&DUDWWHUH��
����� DQG�ZDV�QRW�FRQVLGHUHG�LQ�WKLV�WKHVLV�

����� )DLOXUH�PRGHV�RI�VWUXFWXUDO�MRLQWV�RI�)53�HOHPHQWV

7R�EHWWHU�XQGHUVWDQG�WKH�EHKDYLRU�RI�GLIIHUHQW� MRLQW� W\SHV�XQGHU�ORDGLQJ�FRQGLWLRQV��SRVVLEOH�
IDLOXUH�PRGHV�RI�)53�PHPEHUV�ZLOO�EH�IXUWKHU�GHVFULEHG�

0HFKDQLFDO�FRQQHFWLRQ

2Q�WKH�DXWKRULW\�RI�(XURFRPS�VWDWHPHQWV��IRXU�IDLOXUH�PRGHV�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�GHVLJQ�
RI�PHFKDQLFDO� EROWHG� MRLQWV� IRU�)53�HOHPHQWV�� QHW�VHFWLRQ� IDLOXUH�� EHDULQJ� IDLOXUH�� VKHDU�RXW�
IDLOXUH� DQG�EROW� VKHDU� IDLOXUH� �7KH�(XURSHDQ� VWUXFWXUDO� SRO\PHULF� FRPSRVLWHV� JURXS�� �������
7KHVH�IDLOXUH�PRGHV�DUH�LOOXVWUDWHG�LQ�)LJXUH����

)LJXUH�����%DVLF�IDLOXUH�PRGHV�LQ�EROWHG�ODPLQDWH�FRQQHFWLRQ�

7KH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�IDLOXUH�PRGHV�RI�WKH�MRLQWV�ZHUH�VWXGLHG�LQ�WKLV�VHFWLRQ��WDNLQJ�
LQWR�DFFRXQW�IDFWRUV�DIIHFWLQJ�WKH�EHDULQJ�FDSDFLW\�RI�WKH�MRLQWV�LQ�RUGHU�WR�PD[LPL]H�WKH VDIHW\�
RI�WKH�VWUXFWXUH�DQG�LPSURYH�WKH�GHVLJQ�HIILFLHQF\�

1HW�VHFWLRQ�IDLOXUH

7KLV�W\SH�RI�IDLOXUH�IRUPV�WUDQVYHUVDOO\�WR�WKH�GLUHFWLRQ�RI�ORDGLQJ�EHWZHHQ�WKH�EROW�KROHV�DQG�
WKH�HGJHV�RI�WKH�HOHPHQW��7HQVLOH�RU�FRPSUHVVLYH�VWUHVVHV�DW�WKH�HGJH�RI�WKH�KROH�IURP�XQLD[LDO�
ORDGLQJ�DUH�WKH�PDLQ�FDXVHV�RI�WKLV�IDLOXUH�PRGH��7KH�GLDPHWHU�RI�WKH�KROHV�DQG�WKH�ZLGWK�RI�WKH�
SODWH�DUH�GHFLVLYH�SDUDPHWHUV�DIIHFWLQJ�WKH�VWUHQJWK�RI�WKH�MRLQW��DQG�ZLWK�D�ODUJH�UDWLR�RI�WKH�
GLDPHWHU�RI�WKH�KROH�WR�WKH�ZLGWK�RI�WKH�SODWH��D�QHW�VHFWLRQ�IDLOXUH�PRGH�PD\�WDNH�SODFH��

%HDULQJ�IDLOXUH

2FFXUV GXH�WR�FRPSUHVVLYH�VWUHVVHV�LQ�WKH�FRQWDFW�DUHD�RI�WKH�EROWV�DQG�WKH�FRPSRVLWH�PDWHULDO��
0RVW OLNHO\�LW�FDQ�KDSSHQ�ZKHQ�WKH�UDWLRQ�RI�WKH�GLDPHWHU�RI�WKH�KROH�WR�WKH�ZLGWK�RI�WKH�SODWH�
LV ORZ�� ,Q� RUGHU� WR� DYRLG� FRPSUHVVLYH� FUXVKLQJ� IDLOXUH�� WKH� IDVWHQHUV� VKRXOG� QRW� EH� RYHU�
WLJKWHQHG��DQG�WKHLU�VWUHQJWK�VKRXOG�EH�ORZHU�WKDQ�WKH�VWUHQJWK�RI�WKH�ODPLQDWH�

6KHDU�RXW�IDLOXUH

,V�FDXVHG�E\�VKHDU�VWUHVVHV�DQG�FDQ�RFFXU�ZKHQ�WKH�VWUHQJWK�RI�IDVWHQHUV�LV�VXEVWDQWLDOO\�KLJKHU�
WKDQ�WKDW�RI�WKH�SODWH��7KLV�LV�WKH�IDLOXUH�RI�WKH�ODPLQDWH�ZLWK�D�VKRUW�HQG�GLVWDQFH��EXW�LW¶V�DOVR�
W\SLFDO�IRU�WKH�SXOWUXGHG�KLJKO\�RUWKRWURSLF�ODPLQDWH�SURILOHV�ZLWK�QR�GHSHQGHQFH�RQ�WKH�HQG�
GLVWDQFH�
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%ROW�VKHDU�IDLOXUH

7KH�PDLQ�UHDVRQ�IRU WKLV�IDLOXUH�PRGH�LV�D�KLJK�VKHDU�VWUHVV�LQ�WKH�IDVWHQHUV��%ROW�VKHDU�IDLOXUH�
FDQ�RFFXU�ZKHQ�WKH�VWUHQJWK�RI�WKH�IDVWHQHU�LV�PXFK�ORZHU�WKDQ�WKH�VWUHQJWK�RI�WKH�SODWH�

1H[W� VHFWLRQ� ZLOO� RXWOLQH� WKH� JHQHUDO� UHFRPPHQGDWLRQV� IRU� WKH� GHVLJQ� RI� PHFKDQLFDO�
FRQQHFWLRQV�EDVHG�RQ�(XURFRPS�DQG�31*�'HVLJQ�VWDWHPHQWV�

%RQGHG�FRQQHFWLRQ�

)LYH�SRVVLEOH�ORDGLQJ�PRGHV�RI�WKH�ERQGHG�FRQQHFWLRQ�DUH�LOOXVWUDWHG�LQ�)LJXUH����

)LJXUH�����/RDGLQJ�PRGHV�RI�WKH�ERQGHG�FRQQHFWLRQ�

+RZHYHU��WHQVLOH�DQG�WHQVLOH�VKHDU�ORDGLQJ�PRGHV�FDQ�EH�UHJDUGHG�DV�JRYHUQLQJ�ORDGLQJ�PRGHV�
FRQVLGHUHG�LQ�WKH�MRLQWV�GHVLJQ�RI�)53�HOHPHQWV�

,W� VKRXOG� EH� QRWHG� WKDW� DGKHVLYH� MRLQW� FRQILJXUDWLRQ� FDQ� H[SHULHQFH� WKUHH�PRGHV� RI� IDLOXUH��
DGKHVLYH�IDLOXUH��FRKHVLYH�IDLOXUH�RI�DGKHVLYH�DQG�FRKHVLYH�IDLOXUH�RI�DGKHUHQG�

$GKHVLYH�IDLOXUH

7KLV� IDLOXUH� PRGH� LV� FKDUDFWHUL]HG� E\� WKH� UXSWXUH� RI� WKH� DGKHVLYH� ERQG� EHWZHHQ� VWUXFWXUDO�
FRPSRQHQWV��7R�DYRLG�DGKHVLYH�IDLOXUH��WKH�DSSURSULDWH�DGKHVLYH�PDWHULDOV�VKRXOG�EH�XVHG��DQG�
D KLJK�TXDOLW\�VXUIDFH�WUHDWPHQW�VKRXOG�EH�SHUIRUPHG�

&RKHVLYH�IDLOXUH�RI�DGKHVLYH�RFFXUV�ZKHQ�ORDGV�UHDFKHV�WKH�DGKHVLYH�VWUHQJWK� &RKHVLYH�IDLOXUH�
RI�WKH�DGKHUHQG�RFFXUV�ZKHQ�WKH�RXW�RI�SODQH�ORDGV�RU�WKH�LQWHUODPLQDU�VKHDU�ORDGV�UHDFKHV�WKH�
VWUHQJWK�RI�WKH�DGKHUHQG�DQG�XVXDOO\�VWDUWV�IURP�WKH�PDWUL[�EHWZHHQ�WKH�ODPLQD�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�OHQJWK�RI�WKH�ODS��WKH�WKLFNQHVV�RI�WKH�DGKHVLYH�DQG�DQ�RULHQWDWLRQ�RI�
WKH�ILEUH LQ�WKH�ODPLQDWH�DUH�JRYHUQLQJ�IDFWRUV�LQIOXHQFLQJ WKH�SUHGRPLQDQW�IDLOXUH�PRGH�RI�WKH�
DGKHVLYH�MRLQW��

$GKHVLYH�FRQQHFWLRQV�DUH�JHQHUDOO\�VWLIIHU�WKDQ�PHFKDQLFDO�FRQQHFWLRQV��7KHUH�LV�KRZHYHU�D�
ODFN�RI�NQRZOHGJH�RYHU� WKH� ORQJ�WHUP�EHKDYLRU�RI�DGKHVLYH�FRQQHFWLRQV� �)ULEHUJ�	�2OVVRQ��
�������
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����� &KRLFH�RI�FRQILJXUDWLRQV�RI�VWUXFWXUDO�MRLQWV

3D\LQJ�DWWHQWLRQ�WR�WKH�PDLQ�ORDGLQJ�GLUHFWLRQ�DFWLQJ�RQ�D�EULGJH��WKH�IROORZLQJ�W\SLFDO�MRLQW�
FRQILJXUDWLRQV�FDQ�EH�REVHUYHG�IRU�WKH�GHVLJQ�WDVN�RI�WKLV�WKHVLV��ZKLFK�DUH�SUHVHQWHG�LQ�)LJXUH�
���

)LJXUH�����7\SLFDO�MRLQW�FRQILJXUDWLRQV��7KH�(XURSHDQ�VWUXFWXUDO�SRO\PHULF�FRPSRVLWHV�JURXS��������

2WKHU�MRLQW�FRQILJXUDWLRQV��VXFK�DV�DQJOH�MRLQWV��EXWW�MRLQWV��PROGHG�MRLQWV��FDVW�LQ�MRLQWV�ZHUH�
FRQVLGHUHG�DV�QRW�DSSURSULDWH�IRU�MRLQLQJ�RI�WKH�ORDG�EHDULQJ�)53�EULGJH�HOHPHQWV�EHFDXVH�RI�
WKH�XQIDYRUDEOH�ORDGLQJ�GLUHFWLRQV�DQG�LQDSSOLFDELOLW\�LQ� WKH�SDUWLFXODU�GHVLJQ�FDVH�DQG�ZHUH�
GLVUHJDUGHG�LQ�WKLV�WKHVLV�

3XUVXDQW�WR�(XURFRPS�JXLGHOLQH��VLQJOH�DQG�GRXEOH�ODS MRLQW�FRQILJXUDWLRQV�DUH�LQHIILFLHQW�LI�WKH�
FRPSRVLWH�ODPLQDWH�KDV�D�WKLFNQHVV�JUHDWHU� WKDQ���PP��7KH�VWHS�ODS�MRLQW�FRQILJXUDWLRQ�ZDV�
UHFRJQL]HG�WKH�PRVW�DSSURSULDWH�IRU�WKH�GHVLJQ�SXUSRVHV�
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��� *XLGHOLQHV�DQG�FRGHV

:KLOH� GHYHORSLQJ� WKH� HFRGXFW� GHVLJQ� WKH� IROORZLQJ� (XURSHDQ� FRGHV�� JXLGHOLQHV� DQG�
UHFRPPHQGDWLRQV�ZHUH�XVHG�

�� %DUULHU� HIIHFWV DQG� HVWLPDWHG� SODFHV� RI� WKH� KLJKHVW� QHHG� RQ� HFRGXFWV LQ� 6ZHGLVK�
FRQGLWLRQV�ZHUH�LGHQWLILHG�E\�6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ�

�� *HRPHWU\�UHTXLUHPHQWV�RQ�HFRGXFWV�ZHUH�SURYLGHG�E\�

6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ��&DOOXQD�$%��������

7KH�UHJXODWLRQV�IRU�URDG GHVLJQ �9lJDUV�RFK�JDWRUV�XWIRUPQLQJ��������

7KH�ROG�6ZHGLVK�WUDQVSRUW�DGPLQLVWUDWLRQ��9lJYHUNHW�	�%DQYHUNHW��������

7UDILNYHUNHW�

�� /RDGV DQG�FRPELQDWLRQ�RI�DFWLRQV�RQ�DQ�HFRGXFW�ZHUH�LGHQWLILHG�DFFRUGLQJ�WR��

(1������$FWLRQV�RQ�EULGJHV�

(1������%DVLV�RI�VWUXFWXUDO�GHVLJQ��FRPELQDWLRQV�RI�DFWLRQV��

(1�����������'HVLJQ�RI�VWUXFWXUHV�

�� 7KH�)53�FRPSRVLWH�PDWHULDO�SURSHUWLHV�ZHUH�LGHQWLILHG�DFFRUGLQJ�WR�

(XURFRPS� 'HVLJQ� &RGH� DQG� +DQGERRN �7KH� (XURSHDQ� VWUXFWXUDO� SRO\PHULF�
FRPSRVLWHV�JURXS��������

3URVSHFWV�IRU�1HZ�*XLGDQFH�LQ�WKH�'HVLJQ�RI�)53 VWUXFWXUHV �&DUDWWHUH��������
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� &DVH�VWXG\

7KLV�VHFWLRQ�RXWOLQHV WKH�PDLQ�JHRPHWULFDO�SDUDPHWHUV�DQG�ORDGLQJ�FRQGLWLRQV�RI�WKH�HFRGXFW
EDVHG� RQ� (XURFRGH� UHFRPPHQGDWLRQV�� DV� ZHOO� DV� WKH� PDWHULDO� SURSHUWLHV� RI� WKH� FRPSRVLWH�
HOHPHQWV�RI�WKH�EULGJH�LQ�UHODWLRQ�WR�VKRUW�WHUP�DQG�ORQJ�WHUP�ORDGLQJ�DQG�WKH�HQYLURQPHQWDO�
GHJUDGDWLRQ�HIIHFWV EDVHG�RQ�(XURFRPS DQG�31*�'HVLJQ�JXLGHOLQHV�

��� %ULGJH�JHRPHWU\ DQG�ORDGLQJ�FRQGLWLRQV

6SDQ

%DVHG�RQ�WKH�SUHYLRXV�VWXG\��WKH VLPSO\�VXSSRUWHG�EULGJH�ZLWK�WKH�VSDQ�RI����P�ZLOO�EH�GHVLJQHG��
6XFK�D�GHVLJQ FDQ�WKHQ�EH�XVHG�IRU�ERWK�KLJKZD\�DQG�PRWRUZD\V�DV�SUHVHQWHG�LQ 7DEOH���

:LGWK

0LQLPXP�ZLGWK��DFFHVVLEOH�IRU�DQLPDOV�� ���P

0LQLPXP ZLGWK��VWUXFWXUDO� � ൌ ͵Ͳ  ʹ ൈ ͷ ൌ ͶͲ ሾ�ሿ

)HQFHV�	�6FUHHQV

)DVWHQLQJ�SRVVLELOLWLHV�IRU�IHQFHV�DUH�SURYLGHG�DW�WKH�HGJH�DV�ZHOO�DV�����P�IURP�WKH�HGJH�

9DULDEOH�ORDG

/RDG�IRU�SHGHVWULDQ�EULGJHV LQ�HTXDWLRQ�� DFFRUGLQJ�WR�(XURFRGH����SDUW���

�୩ ൌ ʹ 
ଵଶ

ାଷ
݇ܰȀ݉ଶ :LWK�/� ��� P �୩ ൌ ͵Ǥͳ ��Ȁ�ଶ ���

9HKLFOH�ORDGV

6HUYLFH�YHKLFOH�GHILQHG�LQ�(XURFRGH���SDUW�� VHFWLRQ������� )LJXUH��� SUHVHQWV�KRZ�WKH�ORDGV�
IURP� WKH� VHUYLFH� YHKLFOH� DUH� DSSOLHG�� )LJXUH� �� SUHVHQWV KRZ� WKH� ORDG� IURP� WKH� YHKLFOH� LV�
GLVWULEXWHG WR�WKH�EULGJH�

�ଵ ൌ ͺͲሾ��ሿ ǡ����� �ଵ LV�WKH�ORDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�6/6

�ଶ ൌ ͶͲሾ��ሿ ��ZKHUH��ଶ LV�WKH�ORDG�IURP�VHUYLFH�YHKLFOH��D[LV���LQ�6/6

)LJXUH�����6HUYLFH�YHKLFOH�
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)LJXUH�����'LVWULEXWLRQ�RI�ORDG�IURP�YHKLFOH��

6QRZ�ORDG

9DULDEOH�IL[HG�DFWLRQ�(1��������������������DQG ��� (XURFRGH�GRHVQ¶W�VSHFLI\�VQRZ�ORDG�IRU�
EULGJHV��(1����������VHFWLRQ�����������7KH�VQRZ�ORDG�ZLOO�EH�WDNHQ�DV�WKH�FKDUDFWHULVWLF�VQRZ�
ORDG�RQ�WKH�JURXQG�DV�GHILQHG�IRU WKH�FDOFXODWLRQ�IRU�EXLOGLQJV�

7R JHW�D�VQRZ�ORDG�WKDW�LV�UHOHYDQW�IRU�6ZHGLVK�FRQGLWLRQV��WKUHH�GLIIHUHQW�PDSV�ZHUH�HYDOXDWHG��
7KH�VQRZ�]RQH�PDS DQG�DQ�HOHYDWLRQ�PDS�ZHUH�FRPELQHG ZLWK�D�PDS�RI EDUULHUV��7KH�UHVXOWV�
FDQ�EH�SDUDSKUDVHG�DV�

x 0RVW�SDUWV�RI�6ZHGHQ�DUH�LQ�=RQH����

x 7KHUH�DUH�ODUJH�DUHDV�DORQJ�WKH�HDVWHUQ�FRDVW�LQ�]RQH����

x 7KHUH�DUH�VRPH�VPDOO�SDUWV�LQ�]RQH���DQG�����

x 7KH�ODUJHVW�SDUWV�RI 6RXWKHUQ�6ZHGHQ�LV�XQGHU�����P�DERYH�VHD�OHYHO�

x 7KH�ODUJHVW�SDUWV�RI�1RUWKHUQ�6ZHGHQ�ZLWK�PDMRU�URDGV�DUH�XQGHU�����P�DERYH�VHD�OHYHO�

x 0RVW�RI�WKH�EDUULHUV�DUH�LQ�VRXWKHUQ�6ZHGHQ�

x ,Q�WKH�QRUWK�WKHUH�DUH�EDUULHUV�DORQJ�WKH�HDVWHUQ�FRDVW�

,Q�7DEOH��� VRPH�GLIIHUHQW�FKDUDFWHULVWLFV�ZLWK�UHVSHFW�WR�VQRZ�]RQH�DQG�HOHYDWLRQ�DERYH�VHD�
OHYHO�DV�ZHOO�DV�WKHLU�UHOHYDQW�LPSRUWDQFH�DUH�SUHVHQWHG��$FFRUGLQJ�WR�WKDW�D�FKDUDFWHULVWLF�VQRZ�
ORDG�RI���୩ ൌ ʹǡͷ ሾ��Ȁ�ଶሿ ZDV�FKRVHQ�
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7DEOH�����&KDUDFWHULVWLF�VQRZ�ORDG�IRU�VRPH�FRPELQDWLRQV�RI�VQRZ�]RQH�DQG�HOHYDWLRQ�DERYH�VHD�OHYHO��

6N�>N1�P�@ (OHYDWLRQ�DERYH�VHD�OHYHO�>P@
=
RQ
H

� ��� ��� ���

� ����� ����� ����� �����

� ����� ����� ����� �����

� ����� ����� ����� �����

��� ����� ����� ����� �����

&RORU�FRGH� /DUJH�DUHDV�ZLWK�
VXEVWDQWLDO�
EDUULHUV�

6XEVWDQWLDO�DUHDV�
ZLWK�EDUULHUV�

6PDOO�DUHDV�ZLWK�
VRPH�EDUULHUV�

9HU\�VPDOO�DUHD�
ZLWK�VRPH�
EDUULHUV�RU�DUHDV�
ZLWK�YHU\�IHZ�
EDUULHUV�

7KH�GLIIHUHQW�FRPELQDWLRQV�DUH�PDUNHG�DFFRUGLQJ�WR�UHODWLYH�DUHD�LQ�6ZHGHQ��7KH�FDWHJRUL]LQJ�
LV�GRQH�ZLWK�WKH�KHOS�RI�WKUHH�PDSV�VKRZLQJ�VQRZ�]RQH��HOHYDWLRQ�DERYH�VHD�OHYHO�DQG�SRWHQWLDO�
EDUULHUV�UHVSHFWLYHO\��$QGUHDV 6HLOHU�HW�DO���������66�(1�����������������³6YHULJH�HOHYDWLRQ
PDS�´�������

6RLO�ORDG

7KH�VRLO�ORDG�LV�RQH�RI�WKH�PDMRU�ORDGV�RQ�WKH�EULGJH��$�VXJJHVWHG�VRLO�VHFWLRQ�LV�SUHVHQWHG�LQ�
)LJXUH�����7KH�PDLQ�SDUW�RI�WKH�EULGJH�ZLOO�EH�FRYHUHG�LQ�����P�RI�VRLO������P�LV�UHFRPPHQGHG�
DV HQRXJK�IRU�VPDOO�EXVKHV�DQG�JUDVV��VHH�6HFWLRQ������$W�WKH�HGJHV�HDUWK�PRXQWV�RI�����P�KHLJKW�
ZLOO�EH�SXW��ZKLFK�ZLOO�SURYLGH�ERWK�VFUHHQV�DQG�HQRXJK VRLO�WR�JURZ�ODUJHU�YHJHWDWLRQ��7KH�WRS�
RI�WKH�HDUWK�PRXQWV�ZLOO�EH���P ZLGH��)LUVWO\��WKLV�KHLJKW�SURYLGHV�VFUHHQLQJ�VXIILFLHQW�IRU�DOO�
DQLPDOV�H[FHSW�PRRVH��7KH�KLJK�PRXQWV�ZLOO�VFUHHQ�RI�QRLVH�PRUH�HIIHFWLYHO\�WKDQ�WKLQ�VFUHHQV�
RU�WUHHV��7KH�ZLGWK�RI�PRXQWV�ZLOO�HQVXUH�WKH�SRVVLELOLW\�RI�SODQWLQJ�WUHHV� 7KH�LQQHU VORSH�LV�D�
QDWXUDO�VORSH� WKH�RXWHU�VORSH�VKRXOG�EH�UHLQIRUFHG�E\�JHRWH[WLOHV DFFRUGLQJ�WR %M|UNPDQ��������

)LJXUH�����+DOI�VHFWLRQ�RI�SURSRVHG�VRLO�WKLFNQHVV�RQ�HFRGXFW�

7KH�ORDG�LV�FDOFXODWHG�DFFRUGLQJ�WR�HTXDWLRQ���

'HQVLW\�RI�VRLO��ɏ���� ൌ ʹͲ ൣ��Ȁ�͵൧ �7UDILNYHUNHW�������

6RLO�ORDG��PLGGOH������� ൌ ������� ൈ ɏ���� ൌ ͲǤ ൈ ʹͲ ൌ ͳʹ ൣ��Ȁ�ʹ൧ ���
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6RLO�ORDG��HGJH����������� ൌ ����� ൈ ɏ���� ൌ ͳǤͷ ൈ ʹͲ ൌ ͵Ͳ ൣ��Ȁ�ʹ൧

:KHUH��

ɏୱ୭୧୪ � 'HQVLW\�RI�VRLO

�ୱ୭୧୪ � /RDG�IURP�VRLO�LQ�WKH�PLGGOH�VHFWLRQ�RI�WKH�HFRGXFW

�ୣୢୣୱ୭୧୪ � /RDG�IURP�VRLO�LQ�WKH�HGJH�VHFWLRQ�RI�WKH�HFRGXFW

�୫୧ୢୢ୪ୣ � +LJWK�RI�VRLO�LQ�PLGGOH�VHFWLRQ�RI�WKH�HFRGXFW

�ୣୢୣ � +LJWK�RI�VRLO�LQ�HGJH�VHFWLRQ�RI�WKH�HFRGXFW

7KH�VRLO� LV� WDNHQ�ZLWK ³QDWXUDO�PRLVW´ ZDWHU�FRQWHQW�� WR�DYRLG�D�WRWDO�VDWXUDWLRQ�RI�WKH�VRLO�D�
GUDLQLQJ�OD\HU�VKRXOG�EH�SURYLGHG�LQ�WKH�ERWWRP�RI�WKH�VRLO�OD\HU�

7KH�ORDG��ୣୢୣୱ୭୧୪ ZDV XVHG�IRU�WKH�WRWDO�H[WHQW�RI�WKH�PRXQW��7KLV�JLYHV�D�ORDG�RQ�WKH�VDIH�VLGH�
DQG�PDNHV�LW�SRVVLEOH�WR�SODFH�VPDOOHU�ERXOGHUV�RQ�WKH�VORSHV�

6HOI�ZHLJKW

7KH VHOI�ZHLJKW� RI� WKH� )53� HFRGXFW� LV� WDNHQ� DV� � ൌ ʹ ሾ��Ȁ�ଶሿ IRU� FKHFN� RI� WKH� ORDG�
FRPELQDWLRQV��)RU�WKH�SUHOLPLQDU\�GLPHQVLRQLQJ�WKH�ORDG�ZDV�LQFUHDVHG��(LWKHU�WR�� ሾ�� �̰ʹሿ
RU�LQGLYLGXDOO\�

:LQG�ORDG

7KH�HFRGXFW�LV KLJKHU�WKDQ�PRVW�RI�WKH�EULGJHV��WKHUH�ZLOO�DOVR�EH�PRUH�KLQGHUV�IRU�WKH�ZLQG��
WKXV� LQFUHDVLQJ� WKH�ZLQG� ORDG�� %HFDXVH� RI� LWV� KLJK�ZLGWK�OHQJWK� UDWLR� DQG� ODUJH� QXPEHU� RI�
VXSSRUWV�WKH�EULGJH�ZLOO�KDYH D�ODUJH�UHVLVWDQFH�DJDLQVW�KRUL]RQWDO�IRUFHV��7KH�EULGJH�GHFN�ZLOO�
QRW�WDNH�XS�KRUL]RQWDO�IRUFHV�DV�D�EHDP�EXW�UDWKHU�DV�D�SODWH� 7KHUHIRUH� WKH�DFWLRQ�IURP�WKH�ZLQG�
ZDV�LJQRUHG�IRU�WKH�SXUSRVHV�RI�WKLV�WKHVLV�

7RWDO�ORDG�RQ�D�EULGJH

,Q�)LJXUH��� DOO�ORDGV�RQ�WKH�EULGJH�DUH�SUHVHQWHG��7KH�KHLJKW�RI�HDFK�ORDG�JLYHV�WKH DSSUR[LPDWH�
VL]H�

)LJXUH�����/RDGV�RQ�VHFWLRQ�RI�EULGJH��+HLJKW�RI�WKH�ORDGV�LQ�WKH�ILJXUH�JLYHV�DQ DSSUR[LPDWH�LPSUHVVLRQ�RI�WKH�UHODWLYH�YDOXH�
RI�WKH�ORDGV�FRPSDUHG�WR�HDFK�RWKHU��7KH�SRVLWLRQ�RI�WKH�VHUYLFH�YHKLFOH�FDQ�EH�DW�DQ\�SODFH�EHWZHHQ�WKH HGJH�VHFWLRQ��
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����� /RDG�FRPELQDWLRQV

7KH�WZR�VWDQGDUGL]HG�PHWKRGV XVHG LQ�WKLV�WKHVLV�WR�FKRRVH UHOHYDQW�ORDG�FRPELQDWLRQV DUH��

�� (XURFRGH�66�(1������

�� 7KH�(XURSHDQ� VWUXFWXUDO� SRO\PHULF� FRPSRVLWHV� JURXS� � (XURFRPS 'HVLJQ�&RGH� DQG�
+DQGERRN�����$'�

7KH�GLIIHUHQFH�EHWZHHQ�WKHP�LV�KRZHYHU�PLQRU��7KH�ORDGV�FRQVLGHUHG�DV�SHUPDQHQW�ZHUH��VHOI�
ZHLJKW DQG�VRLO ORDG� 7KH�YDULDEOH�ORDGV�FRQVLGHUHG�ZHUH� OLYH�ORDG��VHH 6HFWLRQ ��� SHGHVWULDQ
ORDGLQJ���VQRZ�ORDG�DQG�ORDG�IURP�VHUYLFH�YHKLFOH�

5HSUHVHQWDWLYH�YDOXHV�RI�WKH�YDULDEOH�DFWLRQ�ZHUH�GHWHUPLQHG�E\�PXOWLSO\LQJ�WKH�FKDUDFWHULVWLF�
YDOXHV�E\�WKH�FRPELQDWLRQ�IDFWRUV�DFFRUGLQJ�WR�(1����������7DEOH�$����� &RPELQDWLRQ�IDFWRUV�
FDQ�EH�IRXQG�LQ 7DEOH����

7DEOH�����&RPELQDWLRQ�IDFWRUV�IRU�YDULDEOH�ORDGV�

/LYH 6QRZ 9HKLFOH

ɗ ��� ��� �

ɗଵ ��� ��� �

ɗଶ � ��� �

3DUWLDO�VDIHW\�IDFWRU�ZHUH�FKRVHQ�DFFRUGLQJ�WR�(1������IRU�$FWLRQV�DQG�FDQ�EH�VHHQ�LQ�7DEOH�
���

7DEOH�����3DUWLDO�VDIHW\�IDFWRUV�

8/6 6/6

ɀୋǤ୨ ���� �

ɀ୕Ǥ୨ ��� �

ɀ୕Ǥ୨ ���� �

&DOFXODWLRQ�ZHUH SHUIRUPHG�IRU�GLIIHUHQW�ORDG�FDVHV��ZKLFK�LQFOXGHG��TXDVL�SHUPDQHQW��IUHTXHQW��
VHUYLFHDELOLW\� DQG�XOWLPDWH� OLPLW� VWDWHV� 7KH� ORDG�FRPELQDWLRQV IRU�(XURFRGH�DQG�(XURFRPS
GLIIHU�RQO\�LQ�8/6�ORDG�FRPELQDWLRQ��(XURFRPS UHFRPPHQGV�WKDW�VRPH�RI�WKH�UHGXFWLRQV�LQ�
(XURFRGH�EH RPLWWHG�

&KDUDFWHULVWLF�FRPELQDWLRQ�

σ݃Ǥ  Ǥଵݍ  σ߰Ǥݍ ሺ݅  ͳሻ ���

)UHTXHQW�FRPELQDWLRQ �)U��

σ݃Ǥ  ߰ଵǡଵݍǤଵ  σ߰ଶǤݍǤ ሺ݅  ͳሻ ���

4XDVL�SHUPDQHQW�FRPELQDWLRQ �4�3��
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σ݃Ǥ  σ߰ଶǤݍǤ ሺ݅  ͳሻ ���

/RDG�FRPELQDWLRQ�IRU�XOWLPDWH�OLPLW�VWDWH �8/6�� IURP�(XURFRPS�

σீߛǤ݃  ǤଵݍொǤߛ  σீߛǤ߰ǤݍǤ ሺ݅  ͳሻ ���

/RDG�FRPELQDWLRQ�IRU�XOWLPDWH�OLPLW�VWDWH �8/6���IURP�(XURFRGH

σீߛǤ݃  σீߛǤ߰ǤݍǤ ሺ݅  ͳሻ ���

σீߦǤ Ǥீߛ ݃Ǥ  ǤଵݍொǤߛ  σீߛǤ߰ǤݍǤ ሺ݅  ͳሻ ���

)RU� WKH�XOWLPDWH OLPLW� VWDWH� WKH� ORDG� FRPELQDWLRQ� IURP�(XURFRPS ZDV XVHG� VLQFH� LW� JLYHV� D�
KLJKHU� ORDGLQJ� VLWXDWLRQ� 7KHVH� IRUPXODV ZHUH DFFRXQWHG IRU�SHUVLVWHQW� DQG� WUDQVLHQW�GHVLJQ�
VLWXDWLRQV�

7KH PD[LPXP YDOXHV�RI�VKHDU�IRUFH�DQG�EHQGLQJ�PRPHQW�IRU�XQIDYRUDEOH�ORDG�VLWXDWLRQV�RQ�
WKH�EULGJH�FDQ�EH�IRXQG�LQ 7DEOH���� 7KH�FDOFXODWLRQV�SHUIRUPHG�FDQ�EH�IRXQG�LQ�$SSHQGL[�(�

7DEOH�����0D[LPXP�VKHDU�DQG�EHQGLQJ�PRPHQW�YDOXHV�

4�3� )U� &KDUDFWHULVWLF 8/6

0LG�
VHFWLRQ

ࢊࢋࢂ ቂ
ࡺ

ൗ ቃ ��� ����� ����� �����

ሿࡺࡹሾࢊࢋࡹ ����� ����� ����� �����

(GJH�
VHFWLRQ

ࢊࢋࢂ ቂ
ࡺ

ൗ ቃ ����� ����� ����� �����

ሿࡺࡹሾࢊࢋࡹ ����� ����� ����� �����

7KH�ORDG�RQ�WKH HFRGXFW�LV�VKRZQ�LQ 7DEOH����

7DEOH�����/RDG�RQ�DQ�HFRGXFW�LQ�GLIIHUHQW�VWDWHV�

4�3��>N1�PA�@

&KDUDFWHULVWLF 8/6

'LVWULEXWHG

>N1�PA�@

4��4�

>N1@

'LVWULEXWHG

>N1�PA�@

4��4�

>N1@

0LGGOH�VHFWLRQ ���� ����� ����� ����� ������

(GJH�VHFWLRQ ���� ����� � ����� �
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����� 'HVLJQ�UHTXLUHPHQWV

'HIOHFWLRQ

(XURFRPS VWDWHV GHIOHFWLRQ�OLPLWV��ZKLFK�FDQ�EH�VHHQ�LQ )LJXUH��� �7KH�(XURSHDQ�VWUXFWXUDO�
SRO\PHULF�FRPSRVLWHV�JURXS��������

ଶߜ ൌ


ଶହ
DQG� ௫ߜ ൌ



ଷ

ଵߜ ± WKH�LQVWDQWDQHRXV�GHIOHFWLRQ�RI�WKH�GHFN�VHFWLRQ�XQGHU�WKH�SHUPDQHQW�ORDGV�

ଶߜ ± WKH�YDULDWLRQ�RI�WKH�GHIOHFWLRQ�RI�WKH�EHDP��GXH�WR�WKH�YDULDEOH�ORDGLQJ�SOXV�DQ\�WLPH�
GHSHQGHQW�GHIRUPDWLRQV�GXH�WR�SHUPDQHQW�ORDGLQJ�

௫ߜ ± WKH�VDJJLQJ�LQ�WKH�ILQDO�VWDWH�UHODWLYH�WR WKH�VWUDLJKW�OLQH�MRLQLQJ�WKH��VXSSRUWV��

)LJXUH�����'HIOHFWLRQV DFFRUGLQJ�WR�(XURFRPS�

:KLFK�ZLWK���� ൌ ʹͲ ሾ�ሿ JLYHV�

ଶߜ ൌ ͺͲǡͲ ሾ݉݉ሿ DQG ௫ߜ ൌ ǡ ሾ݉݉ሿ

6WUHVVHV

%RWK�(XURFRPS� DQG� 31*�GHVLJQ� JXLGHOLQH� SURSRVHV� WKH� FDOFXODWLRQ� IRU� WKH� XOWLPDWH� FURVV�
VHFWLRQDO�UHVLVWDQFH�LQ�EHQGLQJ�DQG�VKHDU��7KH�UHFRPPHQGHG�HTXDWLRQV�IRU�WKH�GHVLJQ�VWUHQJWK�
DQG�UHTXLUHG�DUHD�$�DQG�VHFWLRQ�PRGXOXV�:�DUH�JLYHQ�LQ 7DEOH����

7DEOH�����&URVV�VHFWLRQDO�FRQVWDQWV�FDOFXODWLRQ�IURP�(XURFRPS�DQG�31*�'HVLJQ�

(XURFRPS

�6HFWLRQV����������

31*�'HVLJQ

�6HFWLRQV��������������

'HVLJQ�VWUHQJWK��LQ�WHQVLRQ� ௗ݂௧ ൌ
݂௧

ெǡா௨ߛ
ௗ݂௧ ൌ ߟ ൈ

݂௧

ெǡேீௗ௦ߛ

6KHDU�DUHD ௪ܣ ൌ
௨ܸ௦ ൈ ெǡா௨ߛ

݂ఛ

௪ܣ ൌ
௨ܸ௦

ௗ݂ఛ

6HFWLRQ�PRGXOXV ܹ ൌ
௨௦ܯ ൈ ெǡா௨ߛ

݂ఛ

ܹ ൌ
௨௦ܯ

ௗ݂ఛ
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݂௧ �� ௗ݂௧ǡ� FKDUDFWHULVWLF�DQG�GHVLJQ�WHQVLOH�VWUHQJWK�RI�WKH�ODPLQDWH�

݂ఛ�� ௗ݂ఛ� FKDUDFWHULVWLF�DQG�GHVLJQ�VKHDU�VWUHQJWK�RI�WKH�ODPLQDWH�

ߟ ± FRQYHUVLRQ�IDFWRU�DFFRXQWLQJ�IRU�WKH�ORQJ�WHUP�LQIOXHQFH�RI�WHPSHUDWXUH��KXPLGLW\��FUHHS�
RQ�ODPLQDWH��VHH�IROORZLQJ 6HFWLRQ��������

௨ܸ௦� XOWLPDWH�VKHDU�IRUFH�DFWLQJ�RQ�D�EULGJH�

�௨௦ܯ XOWLPDWH�EHQGLQJ�PRPHQW�RQ�D�EULGJH�DW�XOWLPDWH�VWDWH�

$QDO\]LQJ�WKH�UHVXOWV�RI�FDOFXODWLRQV�XVLQJ�WKH�IRUPXODV�RI�WKH�WDEOH��LW�FDQ�EH�FRQFOXGHG�WKDW�
(XURFRPS�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�ORQJ�WHUP�EHKDYLRU�RI�WKH�)53�FRPSRVLWHV�XQGHU�WKH�
LQIOXHQFH�RI�HQYLURQPHQWDO�GHJUDGDWLRQ�HIIHFWV DQG�VXVWDLQHG�ORDG��ߟሻ��7KH�UHDVRQ�EHKLQG�WKDW�
ZDV� WKH� ODFN� RI� SUDFWLFDO� H[SHULHQFH� DW� WKH� WLPH� RI� ZULWLQJ� (XURFRPS� UHJDUGLQJ� ORQJ�WHUP�
FKDQJHV�LQ�WKH�SURSHUWLHV�RI�)53�FRPSRVLWHV��31*�'HVLJQ��LQ�LWV�WXUQ��WDNHV�WKHVH�FRUUHFWLRQ�
IDFWRUV�LQWR�FRQVLGHUDWLRQ�

$FFRUGLQJ�WR�WKH�31*�'HVLJQ�UHFRPPHQGDWLRQV��WKH�FUHHS�UXSWXUH�RI�WKH�)53�ODPLQDWH�VKRXOG�
EH�FKHFNHG�LQ�TXDVL�SHUPDQHQW�ORDG�VWDWH�FRQVLGHULQJ�WKH�ORQJ WHUP�EHKDYLRU�RI�WKH�ODPLQDWH�
XQGHU�WKH�VWDWLF�ORDG�

7KH�GHVLJQ�PDWHULDO�VWUHQJWK�VKRXOG�VDWLVI\�WKH�IROORZLQJ�UHTXLUHPHQW��ZKHUH��ୣୢ LV�WKH�GHVLJQ�
VWUHQJWK�RI�WKH�ODPLQDWH�

�ୣୢ ൏ Ʉୡ௧ ൈ Ʉୡ ൈ
ǡଷൈೖ

ఊಾǡುಿಸೞ
����

�ୣୢ ൏ Ʉୡ ൈ
ǡଷൈೖ

ఊಾǡುಿಸೞ
����

%XFNOLQJ

,Q�RUGHU�WR�UHFHLYH�WKH�HIILFLHQW�GHVLJQ��WKH�FULWHULD RI�WKH�ORDG�IDFWRU ɉ  ͳ LV�XVHG LQ�WKLV�WKHVLV�
+HUH�ɉ LV�WKH�ILUVW�SRVLWLYH�HLJHQYDOXH�IRU�EXFNOLQJ�RI�WKH�HQWLUH�EULGJH VHFWLRQ��7KH�ORDG�ZDV�
WDNHQ LQ�8/6�DQG�WKH�PDWHULDO�SURSHUWLHV�DUH�UHGXFHG�ZLWK�ɀ DQGߟ�Ǥௗ�

Ǥௗߟ ± FRQYHUVLRQ�IDFWRU�WDNLQJ�LQWR�DFFRXQW�WKH�VKRUW�WHUP�WHPSHUDWXUH�DQG�KXPLGLW\�HIIHFWV�
RQ�D�)53�ODPLQDWH�PDWHULDO�SURSHUWLHV�

6LQFH�WKH�HFRGXFW� LV�H[SHFWHG�WR�XQGHUJR�EHQGLQJ�� WKH�IROORZLQJ�IDLOXUH�W\SHV�LQ� WKH�VHFWLRQ�
VKRXOG�EH�FKHFNHG��IDFLQJ�IDLOXUH�RI�WKH�IODQJHV��WUDQVYHUVH�DQG�KRUL]RQWDO�VKHDU�IDLOXUH� 7KH�
IDLOXUH�PRGHV�DUH�GHSLFWHG�LQ�)LJXUH����

)LJXUH�����)DLOXUH�PRGHV�RI�WKH�HFRGXFW�VHFWLRQ�LQ�EHQGLQJ�DQG�VKHDU�
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)DFLQJ�IDLOXUH

7KH�IDFLQJ�IDLOXUH�RI�WKH�ERWWRP�IODQJH�RI�WKH�HFRGXFW�VHFWLRQ�LQ�EHQGLQJ�LV�VKRZQ�LQ )LJXUH�����
7KLV�W\SH�RI�WKH�VHFWLRQ�IDLOXUH�VKRXOG�EH�FKHFNHG�ZLWK�QRUPDO�VWUHVVHV�


ୣୢ ൏ �ୣୢ �6HFWLRQ�������31*�'HVLJQ��

:KHUH��ୣୢ LV�WKH�GHVLJQ�VWUHQJWK�RI�WKH�ODPLQDWH�

7UDQVYHUVH�DQG�KRUL]RQWDO�VKHDU�IDLOXUH

7KLV� IDLOXUH� W\SH� VKRXOG�EH� DYRLGHG� LQ�GHVLJQ�DQG� WKH�FKHFN�RI� WKH� FURVV� VHFWLRQ� VKRXOG�EH�
SHUIRUPHG ZLWK�VKHDU�VWUHVVHV�

߬ୢ ൏ �ఛୢ �������6HFWLRQ�������31*�'HVLJQ�

:KHUH�߬ௗ LV�WKH�VKHDU�VWUHVV�DQG� ఛ݂ௗ WKH�FRUUHVSRQGLQJ�GHVLJQ�VKHDU�VWUHQJWK�RI�ODPLQDWH�

7KH�VKHDU�VWUHVVHV�LQ�VHFWLRQ�VKRXOG�EH�ORZHU�WKDQ�WKH�GHVLJQ�PDWHULDO�VWUHQJWK�LQ�WHQVLRQ�

7KH�RWKHU� IDLOXUH�PRGHV�RI� WKH� HFRGXFW� VHFWLRQ�� VXFK�DV� IOH[XUDO� FUXVKLQJ�RI� WKH� FRUH�� ORFDO�
FUXVKLQJ�RI�WKH�FRUH��VKHDU�FULPSLQJ��IDFLQJ�ZULQNOLQJ��LQWUDFHOO�EXFNOLQJ�RI�WKH�VHFWLRQ�ZHUH�
QRW�FRQVLGHUHG�LQ�WKLV�WKHVLV�GXH�WR�XQVXLWDEOH�ORDG�FRQGLWLRQV�FDXVLQJ�WKHVH�W\SHV�RI�IDLOXUH�

����� -RLQW�GHVLJQ�UHTXLUHPHQWV�IRU�)53�HFRGXFW�PHPEHUV

,Q� RUGHU� WR� GHYHORS� DQ� HIILFLHQW� MRLQW� GHVLJQ� IRU� WKH� )53� FRPSRVLWH� HFRGXFW� HOHPHQWV�� WKH�
(XURFRPS�DQG�31*�'HVLJQ�UHFRPPHQGDWLRQV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�

7KH�PDLQ�WDVN�RI�WKH�FRQQHFWLRQ�LV�WKH�GLVWULEXWLRQ�RI�LQWHUQDO�IRUFHV�DQG�PRPHQWV�EHWZHHQ�WKH�
FRQQHFWHG� HOHPHQWV� VR� WKDW� WKH� LQWHUQDO� DQG� GHVLJQHG� IRUFHV� DQG�PRPHQWV� UHPDLQ� LQ� VWDWLF�
HTXLOLEULXP� �31*� 'HVLJQ�� (XURFRPS��� 7KH� GHIRUPDELOLW\� RI� WKH� MRLQW� GHSHQGV� RQ� WKH�
GHIRUPDWLRQ� FDSDFLW\� RI� WKH� IDVWHQHUV� LQ PHFKDQLFDO� FRQQHFWLRQV� DQG� DGKHVLRQ� LQ� DGKHVLYH�
FRQQHFWLRQV��ZKLFK�HYHQWXDOO\�PHDQV�WKDW�LQWHQGHG�GHVLJQ�IRUFHV�DQG�VWUHVVHV�DW�WKH�MRLQW�VKRXOG�
EH�EHORZ�WKH�GHVLJQ�VWUHQJWK�RI�WKH�FRQQHFWRUV��

0HFKDQLFDO�FRQQHFWLRQ

$FFRUGLQJ�WR�WKH�31*�'HVLJQ�JXLGHOLQH��WKH�PHFKDQLFDO�MRLQWV�VKRXOG�EH�XVHG�LQ�FRQQHFWLRQV�
RI�WKH�SULPDU\�ORDG�EHDULQJ�)53�HFRGXFW�HOHPHQWV�

7KH�MRLQW�VKRXOG�EH�GHVLJQ�ZLWK�UHVSHFW�WR�WKH�FRQGLWLRQV�LQ�ZKLFK�LW�LV�SUHGLFWHG�WR�EH�ORDGHG��
LQ�VKHDU��LQ�WHQVLRQ�RU�LQ�FRPELQDWLRQ�RI�ERWK��7KH�W\SHV RI�ORDGLQJ�FRQGLWLRQV�DUH�GHSLFWHG�LQ�
)LJXUH����
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)LJXUH�����/RDGLQJ�W\SHV�RI�EROWHG�FRQQHFWLRQ�

*HQHUDO�UHTXLUHPHQWV�WR�WKH�GHVLJQ�

x 7KH�ORFDO�[�D[LV�GLUHFWLRQV�RI�WKH�FRQQHFWHG�HOHPHQWV�VKRXOG�FRQYHUJH�WR�D VLQJOH�SRLQW�

x %ROWV�PDGH�RI�)53�DUH�QRW�SHUPLWWHG��31*�'HVLJQ��

x %ROWV�ZLWK� FRQVWDQW� GLDPHWHU� VKRXOG� EH� XVHG�� RWKHUZLVH� WKH� DSSOLFDELOLW\� RI� YDULDEOH�
GLDPHWHU�EROWV�VKRXOG�EH�GHWHUPLQHG�E\�WHVWLQJ��7KH�EROW�WKLFNQHVV�VKRXOG�EH�QR�OHVVHU�
WKDQ�WKH�RQH�RI�WKH�WKLQQHU�FRQQHFWHG�HOHPHQW�

$GKHVLYH�FRQQHFWLRQ

$FFRUGLQJ�WR�WKH�31*�'HVLJQ�JXLGHOLQH��WKH�DGKHVLYH�FRQQHFWLRQV�VKRXOG�QRW�EH�XVHG�LQ�WKH�
SULPDU\� ORDG�EHDULQJ� HOHPHQWV� �6HFWLRQ� ����� 31*� 'HVLJQ��� +RZHYHU�� (XURFRPS� KDV� QR�
OLPLWDWLRQV�LQ�WKLV�FDVH��6HFWLRQ���������(XURFRPS��

7KH� VHFRQGDU\� VWUXFWXUDO� FRQQHFWLRQV� RI� WKH� HFRGXFW� VHFWLRQV� FDQ EH� GHVLJQHG� DV� DGKHVLYH�
FRQQHFWLRQV��

��� 'LVFXVVLRQ� WKH�FDVH�VWXG\

7R�GHVLJQ� DQ� HIILFLHQW� VWUXFWXUDO� VROXWLRQ�� LW� LV� QHFHVVDU\� WR� NQRZ� WKH� UHTXLUHPHQWV� WKDW WKH�
VWUXFWXUH�VKRXOG�IXOILOO��,Q�FKDSWHU�� WKH�FRQWH[W�LQ�ZKLFK�D�W\SLFDO�HFRGXFW�VKRXOG�EH EXLOW LQ�
6ZHGHQ LV�GHVFULEHG��,Q�6HFWLRQ���� D�VSHFLILF�FDVH�LV�IRUPXODWHG�VXLWLQJ�WKDW�FRQWH[W DQG�WKH�
UHTXLUHPHQWV��7KLV�GLVFXVVLRQ�DLPV�DW�H[SODLQLQJ�WKH�FKRLFHV�PDGH�LQ�WKLV FDVH�

6SDQ

$V�LW�ZDV�VKRZQ�LQ�6HFWLRQ ���� WKH�VSDQ�RYHU�WKH�URDG�YDULHV�EHWZHHQ������DQG������PHWHUV IRU
PRWRUZD\�EULGJHV�DQG������DQG������P�IRU�KLJKZD\�EULGJHV��7KDW�UHVXOWV�LQ�D VSDQ�IRU�PRWRUZD\�
EULGJHV�EHWZHHQ����P�DQG������P��7KH�PLQLPDO�OHQJWK�RI�WKH�EULGJH�VSDQ LQ�WKLV�FDVH�LV�EDVHG�
RQ�WKH�VDIHW\�UHJXODWLRQV�IRU�URDGV��7KH�VXSSRUWV�DUH SODFHG�RQO\���P�EHVLGH�WKH�VDIHW\�UDLOLQJ��
6LQFH� WKH� YDOXHV JLYH WKH� VSDQ� OHQJWK� IURP� WKH� DFWXDO� VWUXFWXUDO� VXSSRUW�� WKH�PLQLP OHQJWK�
UHTXLUHG LV� RQO\� DFKLHYDEOH� LI� WKH� VXSSRUWV� KDYH� VRPH� VRUW� RI� LQFOLQDWLRQ�� 7KHUH� LV� DOVR� DQ�
DUJXPHQW�DJDLQVW�XVLQJ�WKH�PLQLPXP�VSDQ�OHQJWK�DV�WR�KRZ�WKH�EULGJH�ZLOO�EH SHUFHLYHG�IURP
WKH URDG��$�QDUURZHU�HFRGXFW ZLOO�EH�SHUFHLYHG DV�YHU\�QHDU�WR�WKH�URDG��6LQFH�WKH�EULGJH�LV�DOVR�
YHU\�ZLGH� WKH�H[SHULHQFH�IRU�WKH�GULYHU�ZLOO�EH�VLPLODU�WR�D�WXQQHO��7KHUHIRUH� D�FKRLFH�RI�WKH�
VSDQ�RI����P�ZDV�MXGJHG�WR�JLYH�ERWK�WKH�QHFHVVDU\�VSDFH�WR�EXLOG�IRXQGDWLRQV�DV�ZHOO�DV�JLYH�
D�PRUH�RSHQ�GULYLQJ�H[SHULHQFH�
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:LGWK

7KH�HFRGXFW�ZLGWK�RI����P�LV�WKH�VXJJHVWLRQ�RI�WKLV�WKHVLV��7KDW�LV�EDVHG�RQ�WKH�UHTXLUHPHQWV�WR�
KDYH�WKH�PLQLPXP�DOORZHG�ZLGWK�RI ���P�DQG�WKH�SRVVLELOLW\�WR�SODQW�WUHHV�DV�VFUHHQV�DJDLQVW�
QRLVH� DQG� OLJKW DW� WKH� HGJHV� RI DQ� HFRGXFW�� $FFRUGLQJ WR WKH� OLWHUDWXUH� VWXG\� WKLV� VRUW� RI�
HQYLURQPHQW� LV� SUHIHUDEOH LQ� GHVLJQ� RI HFRGXFWV�� 6LQFH� WKH� GHVLJQ� VROXWLRQ� LQ WKLV� WKHVLV� LV�
PRGXODU� LW�LV�KRZHYHU�SRVVLEOH�WR�FRQVWUXFW�QDUURZHU�EULGJHV�ZLWK WKH VDPH�VROXWLRQ��7KH�JRDO�
ZLWK� WKLV�HFRGXFW�GHVLJQ� VROXWLRQ�ZDV� WR�FUHDWH� WKH�EHVW�SRVVLEOH�EDVLV� IRU D� W\SLFDO�HFRGXFW�
GHVLJQ�

/RDGV

7KHUH�DUH�VHYHUDO�ORDGV�WKDW�PXVW�EH�FRQVLGHUHG��7KH�ODUJHVW RI�WKHVH� WKH�VRLO�ORDG��LV�FULWLFDO�
VLQFH�LW�LV�D�SHUPDQHQW�ORDG�DQG� WKHUHIRUH� ZLOO�FDXVH�D�ODUJH�FUHHS GHIRUPDWLRQ�LQ�)53�ODPLQDWH��

7KH�UHTXLUHPHQWV�IRU�WKH�GHSWK�RI�WKH�VRLO�OD\HU�YDU\�DFFRUGLQJ�WR�WKH�VRUW�RI SODQWV�WKDW�VXSSRVHG�
WR�EH�SODQWHG��6LQFH�WUHHV�DUH�GHVLUDEOH�RQO\�DW�WKH�HGJHV��WKHUH�LV�WKH�JUHDWHVW QHHG�IRU�VRLO�WKHUH��
7KLV�PHDQV�WKDW�LW�ZDV�SRVVLEOH�WR�RSWLPL]H�WKH�PDWHULDO�XVH�LQ�WKH�EULGJH�E\�OLPLWLQJ�WKH�DPRXQW�
RI�VRLO�ORDG�LQ�WKH�PLGGOH�DQG�RQO\�GHDOLQJ�ZLWK�ODUJHU�VRLO�ORDG�DW�WKH�HGJHV��

(FRGXFWV�DUH�WUHDWHG�DV�SHGHVWULDQ�EULGJHV�LQ�(XURFRGH� WKDW�PHDQV�WKDW�D�YDULDEOH ORDG�DV�ZHOO�
DV�D�VHUYLFH�YHKLFOH�PXVW�EH�WDNHQ LQWR�DFFRXQW��6LQFH�WKH�WUDIILF�RQ�WKH�EULGJH�LV�H[SHFWHG�WR�EH�
PLQLPDO� WKH�VPDOOHVW�SRVVLEOH�YDULDEOH ORDG�ZDV�FKRVHQ��7KH ORDG�RI�WKH XVXDO�VHUYLFH�YHKLFOH�
DFFRUGLQJ�WR�(XURFRGH ZDV�WDNHQ�LQ�WKH�GHVLJQ��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�EULGJH�VKRXOG�EH�
DEOH�WR�DOORZ�WKH PDLQWHQDQFH�YHKLFOHV�WR�GULYH�RQ WKH�EULGJH��7KH�VHUYLFH�YHKLFOH�ZDV OLPLWHG�
WR�WKH�PLGGOH�SDUW�RI�WKH�EULGJH��WKXV�LW�ZDV�QRW�FRQVLGHUHG WRJHWKHU�ZLWK�WKH�ODUJHU�VRLO�ORDG RQ�
WKH�HGJHV�

7KH�VQRZ�ORDG�ZDV�FKRVHQ�VR�WKDW�PRVW�RI�WKH�DUHDV�ZKHUH�HFRGXFWV�PD\�EH�RI�LQWHUHVW�ZHUH�
FRQVLGHUHG� DQG� D UHIHUHQFH� YDOXH� ZDV� FKRVHQ�� 7KLV� PHDQV� WKDW� PRVW� DUHDV� LQ� 6ZHGHQ� DUH�
LQFOXGHG�LQ�WKLV�ORDG�FDVH EXW�WKDW�WKHUH�PLJKW�EH�VRPH�SODFHV��HVSHFLDOO\�LQ�WKH�QRUWK��ZKHUH�
WKHUH�LW�LV�QHFHVVDU\�WR�WDNH�ODUJHU�VQRZ�ORDGV LQWR�DFFRXQW��

'HVLJQ�UHTXLUHPHQWV

7KH� UHTXLUHPHQWV� RQ� WKH� GHIOHFWLRQV� DQG� DOORZDEOH� VWUHVVHV� LQ� WKH� HFRGXFW� VHFWLRQV ZHUH�
GHVFULEHG�LQ�6HFWLRQ��������7KH�SRVVLEOH�IDLOXUH�PRGHV�RI�WKH�EULGJH�VHFWLRQV�ZHUH�VWXGLHG��DQG�
WKH�UHTXLUHPHQWV�ZHUH�FRQVLGHUHG�LQ�RUGHU�WR�HQVXUH�WKH�VDIHW\�OLPLWV�LQ�WKH�GHVLJQ�

0DWHULDO�SURSHUWLHV

7KH� HFRGXFW� GHVLJQ� LQFOXGHV� SUHOLPLQDU\� GHVLJQV� DQG� WKH� ILQDO� GHVLJQ� GHFLVLRQ�� 0DWHULDO�
SURSHUWLHV� IRU� WKH� SUHOLPLQDU\� GHVLJQV� ZHUH� WDNHQ� IURP� WKH� &KDOPHUV PDVWHU� WKHVLV� ZRUN�
�6DQGDKO�	�+lOOHUVWnO���������0DWHULDO�SURSHUWLHV�IRU�WKH�ILQDO�GHVLJQ�ZHUH�FDOFXODWHG�ZLWK�D�
&ODVVLFDO�ODPLQDWH�WKHRU\�LQ�DFFRUGDQFH�ZLWK�(XURFRPS�DQG�31*�'HVLJQ�UHFRPPHQGDWLRQV�

7KH�SRVVLEOH�FRPELQDWLRQV�RI�GLIIHUHQW�W\SHV�RI�WKH�ILEUH DQG�SRO\PHU�PDWUL[HV�ZHUH�VWXGLHG�
DQG�WKH�PRVW�VXLWDEOH�)53�FRPSRVLWH�PDWHULDO�GHFLVLRQ�ZDV�PDGH�IRU�WKH�GHVLJQ�RI�DQ�HFRGXFW��
7KH� FKRVHQ� PDWHULDOV� �ILEUHV DQG� UHVLQV�� DQG� WKHLU� SDUDPHWHUV� �ILEUH YROXPH�� IUDFWLRQ��
RULHQWDWLRQ�LQ�WKH�ODPLQDWH��QXPEHU�RI�OD\HUV�RI�GLIIHUHQW�GLUHFWLRQV��DUH GHVFULEHG�LQ�GHWDLO�LQ�
6HFWLRQ�����
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� 3UHOLPLQDU\�GHVLJQ
7KH�SUHOLPLQDU\�GHVLJQ�LV�SUHVHQWHG LQ�WKLV�FKDSWHU�����FRQFHSWV�DUH�GHYHORSHG DQG�HYDOXDWHG�
RQ�WKH�EDVLV�RI�PDWHULDO XVH�DQG�SURGXFWLRQ�SRVVLELOLWLHV��$V�D�UHVXOW����GHVLJQV�LQ���GLIIHUHQW�
PDWHULDOV� DUH� FKRVHQ��0RUH� GHWDLOV� VXFK� DV� MRLQLQJ� WHFKQLTXH� DQG�SURGXFWLRQ�PHWKRGV�ZHUH�
LQYHVWLJDWHG��)LQDOO\��D�QHZ�HYDOXDWLRQ�ZDV GRQH��FKRRVLQJ�D�ILQDO�GHVLJQ�

6LQFH�WKHUH�GRHV�QRW�H[LVWV D (XURFRGH�IRU�)53�DW�WKLV�GDWH� WKH�(XURFRPS GHVLJQ�FRGH DQG�31*�
'HVLJQ�JXLGHOLQHV ZHUH XVHG� IRU� WKH�GHVLJQ��7KH�(XURFRPS GHVLJQ�FRGH� LV� FRPSDWLEOH�ZLWK�
(XURFRGH��0DWHULDO�SURSHUWLHV�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�³3URVSHFW�IRU�1HZ�*XLGDQFH�LQ�WKH�
'HVLJQ�RI�)53�6WUXFWXUHV��&DUDWWHUH�������´ �31*�GHVLJQ�JXLGHOLQHV���7KH�UHDVRQ�EHKLQG�WKLV�
LV� WKDW� WKH� PHWKRG� GHVFULEHG� WKHUH� LV� PRUH� GHYHORSHG� DQG� VSHFLILF� WKDQ� WKDW� SURSRVHG� E\
(XURFRPS� 7KH�GHIOHFWLRQ OLPLWV ZHUH XVHG�DV�WKH�RQO\�FULWHULRQ GXULQJ�WKH�SUHOLPLQDU\�VWDJH�RI�
GHVLJQ�

��� )53�FRPSRVLWH�PDWHULDO�SURSHUWLHV�XVHG�IRU�WKH�SUHOLPLQDU\�
GHVLJQ

7KH�PDWHULDO�SURSHUWLHV�RI�WKH�)53�FRPSRVLWH�IRU�SUHOLPLQDU\�FRQFHSWXDO�GHVLJQ�VROXWLRQV�ZHUH�
WDNHQ�DV�UHIHUHQFH�YDOXHV�IURP�WKH�&KDOPHUV�0DVWHU
V�ZRUN�³'HVLJQ�RI�DQ�)53�(FR�EULGJH´
�6DQGDKO�	�+lOOHUVWnO��������

:KHQ�YHULI\LQJ�WKH�GHIRUPDELOLW\�RI�FRPSRVLWH�PDWHULDO��WKH�DYHUDJH��DULWKPHWLF�PHDQ��YDOXH�
RI�<RXQJ
V�PRGXOXV�IRU�DOO�WKH�QXPEHU�DQG�GLUHFWLRQV�RI�SOLHV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�
&DOFXODWLRQ�RI�PDWHULDO� SURSHUWLHV� IRU�*)53�DQG�&)53 ZDV�SHUIRUPHG�DW� WKH�0DVWHU� WKHVLV�
VWXG\�IURP�&KDOPHUV��6DQGDKO�	�+lOOHUVWnO���������%DVHG�RQ�WKLV�ZRUN��WKH�IROORZLQJ�YDOXHV�
RI�PDWHULDO�SURSHUWLHV�RI�WKH�FRPSRVLWHV�SUHVHQWHG�LQ�7DEOH��� ZHUH�VHOHFWHG IRU�WKH�SUHOLPLQDU\�
GHVLJQ�

7DEOH�����0DWHULDO�SDUDPHWHUV�XVHG�LQ�SUHOLPLQDU\�GHVLJQ�

*ODVV�ILEUH &DUERQ�ILEUH

࢚ࢇ࢚࢙ࡱ ሾࢇࡼࡹሿ ���� �����

ࢋࢋ࢘ࢉࡱ ሾࢇࡼࡹሿ ���� ����

࢚ࢇ࢚࢙ࡳ ሾࢇࡼࡹሿ ��� ���

ࢋࢋ࢘ࢉࡳ ሾࢇࡼࡹሿ ��� ���

����� 3UHOLPLQDU\�GHVLJQ�SURSRVDOV�

%DVHG�RQ�WKH�UHTXLUHPHQWV�VWDWHG�E\�(XURFRGH�DQG�(XURFRPS IRU�WKH�GHVLJQ�RI�WKH�EULGJH�����
SUHOLPLQDU\� GHVLJQ� VROXWLRQV� ZHUH� GHYHORSHG� DQG� FRPSDUHG� LQ� WKH� HYDOXDWLRQ PDWULFHV�
7RJHWKHU�ZLWK GLIIHUHQW�PDWHULDO�FKRLFHV� WKLV�JDYH�D�WRWDO�RI����SURSRVDOV�

7KH�SUHOLPLQDU\�GHVLJQV RI�WKH�HFRGXFW�SURSRVHG WZR�W\SHV�RI� VWUXFWXUDO�V\VWHP��

x EULGJH GHFN�VWUXFWXUDO�V\VWHP�
x EHDP�GHFN�VWUXFWXUDO�V\VWHP��
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7KH�FRQFHSWV�FDQ�EH�VHHQ�LQ�7DEOH���� 0DWHULDO�QHHG�IRU�WKH�GLIIHUHQW�FRQFHSWXDO�GHVLJQV���ZKLFK�
UHSUHVHQWV�WKH�QHHG�RI PDWHULDO�IRU�WKH VHFWLRQV�RI���P�ZLGWK�IRU GLIIHUHQW�GHVLJQ�VROXWLRQV� 7KH
DSSUR[LPDWH�YDOXHV�RI�WKH�DUHD�DQG�VHFWLRQV KHLJKW�JLYHV�DQ�LPSUHVVLRQ�RI PDWHULDO�UHTXLUHPHQWV�
DQG�GHVLJQ�HIILFLHQF\�

%ULGJH�GHFN

)LUVWO\��EULGJH�GHFN FRQVWUXFWLRQV�ZHUH�FRQVLGHUHG��$�EULGJH FRQVWUXFWLRQ�PHDQV�LQ�WKLV�FDVH�
WZR�IODQJHV�DQG�D OLJKWZHLJKW ZHE DV� WKH�PDLQ�EHDULQJ�VWUXFWXUDO�HOHPHQWV��7KH�SULQFLSDO� LV�
SUHVHQWHG�LQ )LJXUH����

7KH�PDLQ� DGYDQWDJHV�RI� WKH�EULGJH�GHFN�FRQVWUXFWLRQ� DUH WKDW�PRVW�RI� WKH� DVVHPEO\�FDQ�EH�
DFKLHYHG�LQ�WKH�ZRUNVKRS��7KH�ZLGWK�RI�HDFK�VLQJXODU�SDQHO�LV�OLPLWHG�E\�WKH�SRVVLELOLWLHV�RI�
WUDQVSRUWDWLRQ��7KH�PD[LPXP�ZLGWK�ZDV�DVVXPHG� WR�EH���P��ZKLFK� LV�VOLJKWO\� OHVV� WKDQ� WKH�
PD[LPXP�DOORZHG� ZLGWK� RI WUDQVSRUW�ZLWKRXW� VSHFLDO� HTXLSPHQW� �³9LOONRU� � 7UDILNYHUNHW�´�
�������

,Q�7DEOH��� GLIIHUHQW�EHDULQJ�GHFN�VHFWLRQV�IRU�WKH�HFRGXFWV�DUH�SUHVHQWHG� 7KH�DUHD�RI�WKH�FURVV�
VHFWLRQ�DV�ZHOO�DV�WKH�KHLJKW�DUH�JLYHQ� 7DEOH��� LQFOXGHV�LQIRUPDWLRQ�RQ�SRVVLEOH�SURGXFWLRQ�
PHWKRGV� IRU� YDULRXV� VHFWLRQV� DQG� VXJJHVWLRQV� RQ� WKH� DVVHPEO\� RI VWUXFWXUDO� SDUWV� IURP� WKH�
LQGLYLGXDO�VHFWLRQV�

7DEOH�����0DWHULDO�QHHG�IRU�WKH�GLIIHUHQW�FRQFHSWXDO�GHVLJQV�

1 )LJXUH

0DWHULDO�XVHG�

$UHD�>P�@
+HLJKW�>P@

*ODVV &DUERQ *ODVV &DUERQ

� ���� ��� ��� ���

� ���� ��� ��� ���

� ��� ��� ��� ���

	������Ǥ�������������������������������Ǧ����������������������Ǥ�
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� ���� ���� ��� ���

� ���� ���� ��� ���

� ���� ���� ��� ���

� ���� ���� ��� ���

� ���� ���� ��� ���

� ��� ���� ��� ����

�� ���� � ��� �

�� ��� � ��� �

�� ���� � ��� �

�� ��� � ��� �
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7DEOH�����3URGXFWLRQ�PHWKRGV IRU�GLIIHUHQW�GHVLJQ�VROXWLRQV�

1 )LJXUH 3URGXFWLRQ�PHWKRG 3URGXFWLRQ�WHFKQLTXH $VVHPEO\

� 3XOWUXVLRQ��3UHSUHJ

���3XOWUXVLRQ�RI�WKUHH�YHUWLFDO�
VHFWLRQV�PDGH�RI���ER[�
HOHPHQWV��$GKHVLRQ�RI�WKH�
VHFWLRQV�

���2QH�ER[�HOHPHQW�FDQ�EH�
SURGXFHG�ZLWK�SXOWUXVLRQ��
570�RU�9,3��7KHQ�DOO�WKUHH�
HOHPHQWV�ZLOO�EH�ZUDSSHG�
DURXQG�ZLWK�SOLHV�XQWLO�WKH�
WKLFNQHVV�RI�WKH�ZHEV�ZLOO�EH�
UHDFKHG��$IWHUZDUGV��DGKHVLRQ�
RI�DOO�WKUHH�VHFWLRQV�

7KUHH�YHUWLFDO�
VHFWLRQV�FDQ�EH
ERQGHG�ZLWK�
DGKHVLRQ�DW�WKH�
IDFWRU\�DQG�D�GHFN�
VHFWLRQ�ZLWK��P�
ZLGWK�ZLOO�EH�
DFKLHYHG��7KHQ�LW�LV�
SRVVLEOH�WR�ERQG�
WRJHWKHU�WKUHH�
VHFWLRQV�LQ�RUGHU�WR�
UHFHLYH�RQH�GHFN�
VHFWLRQ�ZLWK�D�
ZLGWK�RI���P�

� 3XOWUXVLRQ��3UHSUHJ

� 3UHSUHJ
:KROH�VHFWLRQ�VKRXOG�EH�PDGH�
VLPXOWDQHRXVO\�

6HFWLRQV� RI� �� P�
ZLGWK� FDQ� EH�
ERQGHG� WRJHWKHU� LQ�
RUGHU�WR�UHFHLYH�RQH�
GHFN�VHFWLRQ�ZLWK�D�
ZLGWK�RI���P�

� 3XOWUXVLRQ

3XOWUXVLRQ�RI�VKHHWV�DQG�
ERQGLQJ�WKHP�WRJHWKHU�LQ�WKH�
SODFHV�RI�WKHLU�FRQQHFWLRQV�

� 3XOWUXVLRQ

�
3XOWUXVLRQ�570�9,3�

3UHSUHJ

2QH�ER[�HOHPHQW�FDQ�EH�
SURGXFHG�ZLWK�SXOWUXVLRQ��
570��9,3 RU�3UHSUHJ��7KHQ�
ZUDSSLQJ�DURXQG�DOO�WKUHH�
HOHPHQWV�ZLWK�SOLHV�XQWLO�WKH�
WKLFNQHVV�RI�WKH�ZHEV�ZLOO�EH�
UHDFKHG�

$OO�YHUWLFDO VHFWLRQV�
FDQ�EH�ERQGHG�ZLWK�
DGKHVLRQ� DW� WKH�
IDFWRU\� DQG� D� GHFN�
VHFWLRQ� ZLWK� �P�
ZLGWK� ZLOO� EH�
UHFHLYHG��7KHQ�LW� LV�
SRVVLEOH� WR� ERQG�
WRJHWKHU� WKUHH�
VHFWLRQV� LQ�RUGHU� WR�
UHFHLYH� RQH� GHFN�
VHFWLRQ�ZLWK�D�ZLGWK�
RI���P�
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� 3UHSUHJ
3URGXFWLRQ�RI�WKH�ZKROH�
VHFWLRQ��

6HFWLRQV� RI� �� P�
ZLGWK� FDQ� EH�
ERQGHG� WRJHWKHU� LQ�
RUGHU�WR�UHFHLYH�RQH�
GHFN�VHFWLRQ�ZLWK�D�
ZLGWK�RI���P�

� 3UHSUHJ
3URGXFWLRQ�RI�WKH�ZKROH�
VHFWLRQ��

6HFWLRQV� RI� �� P�
ZLGWK� FDQ� EH�
ERQGHG� WRJHWKHU� LQ�
RUGHU�WR�UHFHLYH�RQH�
GHFN�VHFWLRQ�ZLWK�D�
ZLGWK�RI ��P�

�

3UHSUHJ�

DXWRFODYH�

5,0

:HEV�DQG�IODQJHV�DUH�
SURGXFHG VHSDUDWHO\��:HEV�
FDQ�EH�SURGXFHG LQ�DQ�
DXWRFODYH�ZLWK�IRDP�EHWZHHQ�
��ZHEV��7KH�IODQJHV�FDQ�EH�
SURGXFHG�LQ�D�DXWRFODYH��7KH�
IODQJHV�FDQ�EH�SURGXFHG�XVLQJ�
5,0�

:HEV� DQG� IODQJHV�
DUH�MRLQW�DGKHVLYHO\
WR� �� P� ZLGH�
VHFWLRQV�

��

3UHSUHJ�

DXWRFODYH�

5,0

:HEV�DQG�IODQJHV�DUH�
SURGXFHG VHSDUDWHO\��7KH�
ZHEV�FDQ�EH�SURGXFHG�LQ�DQ
DXWRFODYH��7KH�IODQJHV�FDQ�EH�
SURGXFHG�XVLQJ�5,0�

��

3UHSUHJ�

DXWRFODYH�

5,0

��

3UHSUHJ�

DXWRFODYH�

5,0

��

3UHSUHJ�

DXWRFODYH�

5,0

:HEV�DQG�IODQJHV�DUH�
SURGXFHG VHSDUDWHO\��:HEV�
FDQ�EH�SURGXFHG LQ�DQ�
DXWRFODYH�ZLWK�IRDP�EHWZHHQ�
��ZHEV��7KH�IODQJHV�FDQ�EH�
SURGXFHG�LQ�D�DXWRFODYH��7KH�
IODQJHV�FDQ�EH�SURGXFHG�XVLQJ�
5,0�
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$V�FDQ�EH�VHHQ�IURP�7DEOH�����VRPH�HOHPHQWV�RI�FRQFHSWV�FDQ�EH�SUHIDEULFDWHG�ZLWK�SXOWUXVLRQ
DQG�HDVLO\�DVVHPEOHG�LQWR�VWUXFWXUDO�FRPSRQHQWV�DW�WKH�IDFWRU\�RU�RQ�VLWH��ZKLOH�WKH�SURGXFWLRQ�
RI�RWKHUV��GHVSLWH� WKHLU�HIILFLHQW�JHRPHWULHV�IURP�WKH�SRLQW�RI�YLHZ�RI�VWUHVV�GLVWULEXWLRQ�DQG�
GHIRUPDELOLW\��FDQ�EHFRPH�D�VLJQLILFDQW�LVVXH�VLQFH�WKH�VHFWLRQV�VKRXOG�EH�SURGXFHG�DV�D�ZKROH�
VHFWLRQV��

%HDP�GHFN�VWUXFWXUDO�V\VWHP

7KH�EHDP�V\VWHP�FRQVLVWV�RI�VPDOOHU�SDUWV�WKDW�DUH�HDVLHU�WR�SURFHVV�DQG�DVVHPEOH�RQ�VLWH��7KH
SULQFLSOH�LV�VKRZQ�LQ�)LJXUH����

)LJXUH�����3ULQFLSDO�FRQVWUXFWLRQ�RI�EHDP�VROXWLRQ�

'LIIHUHQW�FRQILJXUDWLRQV�RI�VKDSH�DQG�PDWHULDOV�ZHUH�FRQVLGHUHG��$Q�RYHUYLHZ�RYHU�GLIIHUHQW�
SRVVLELOLWLHV�LV SUHVHQWHG�LQ 7DEOH����
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7DEOH�����0DWHULDO�QHHG�DQG�SURGXFWLRQ�PHWKRG�IRU�GLIIHUHQW�EHDP�VROXWLRQV�

3URGXFWLRQ�WHFKQLTXH��EHDP�HOHPHQWV�DUH�SURGXFHG�XVLQJ�5,0��GHFNV�DUH�SURGXFHG�HLWKHU�E\�
SXOWUXVLRQ�RU�XVLQJ�DXWRFODYH� /RJLVWLFV�	�&RQVWUXFWLRQ��EHDPV�DUH�OLIWHG�LQ�SODFH�VHSDUDWHO\��
GHFNV�DUH�SODFHG�RQ�EHDPV�

1 )LJXUH

&RPSRVLWH�
PDWHULDO�XVH�����������
$UHD�>P�@

�$UHD�RI�EHDP���
DUHD�RI�GHFN�

'LVWDQFH�
EHWZHHQ�
EHDPV�>P@

+HLJKW�
>P@

3URGXFWLRQ�
PHWKRG

$VVHPEO\

*ODVV &DUERQ

��

���������� �
���

� ����� ���
5,0��

�SXOWUXVLRQ�RU�
DXWRFODYH�

7KH�EHDP�LV�
DVVHPEOHG�E\�
PHFKDQLFDO�
FRQQHFWLRQV�
DQG�DGKHVLRQ�

��� ��� ����� ���

��

���������� �
���

� ������� ��� 5,0��
�SXOWUXVLRQ�RU�
DXWRFODYH�

�

��� ��� ����� ���

��

������� �
���

� ������� ���� 5,0��
�SXOWUXVLRQ�RU�
DXWRFODYH�

7KH�EHDP�LV�
DVVHPEOHG�E\�
DGKHVLYH�
MRLQWV��� ��� ������� ���

��

��� ������ �
���

� ����� ��� 5,0��
�SXOWUXVLRQ�RU
DXWRFODYH� 7KH�EHDP�LV�

DVVHPEOHG�E\�
PHFKDQLFDO�
FRQQHFWLRQV�
DQG�DGKHVLRQ�

��� ��� ����� ���

��

��� ������
����� ����

� ����� ��� 5,0��
�SXOWUXVLRQ�RU�
DXWRFODYH���������� ��� ����� ���

��
���������� �

���
� ������� �������

5,0��
�SXOWUXVLRQ�RU�
DXWRFODYH�

�
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����� )LUVW�HYDOXDWLRQ�

7KLV� VHFWLRQ� SUHVHQWV� WKH� HYDOXDWLRQ� FULWHULD� DQG� WKH� UHVXOWV� RI� WKH� ILUVW� HYDOXDWLRQ�� 7KH
HYDOXDWLRQ�PHWKRG�LV�DOVR�GLVFXVVHG��7KH�HYDOXDWLRQ�FULWHULD�SUHVHQWHG�LQ 7DEOH��� DUH�XVHG�IRU�
ERWK�DVVHVVPHQWV��2QO\�WKH�FULWHULRQ�PDUNHG�LQ�EOXU�DUH�XVHG�IRU�WKH�ILUVW�HYDOXDWLRQ��7KH�UHDVRQ�
IRU�WKLV�ZDV�WKDW�WKH�GHVLJQ�DW�WKLV�VWDJH�ZDV�OHVV�DGYDQFHG�

7DEOH�����(YDOXDWLRQ�FULWHULD��)RU WKH�ILUVW�HYDOXDWLRQ�RQO\ WKH�FULWHULD¶V�PDUNHG�ZLWK�EOXH�ZHUH�XVHG�

&ULWHULD )HDWXUHV

3URGXFWLRQ�FRPSOH[LW\�
5DQJLQJ�IURP�GLIILFXOW�WR�PDQXIDFWXUH�WR�HVWDEOLVKHG�DQG�
HIIHFWLYH�SURGXFWLRQ�WHFKQLTXH�ZLWK�PLQLPDO�PDQXDO�ODERU�

7UDQVSRUW
(YDOXDWLRQ�RI�WKH�IHDWXUHV�RI�VWUXFWXUDO�HOHPHQWV�UHJDUGLQJ�WKHLU�
WUDQVSRUWDWLRQ�FRPSOH[LW\�IURP�WKH�IDFWRU\�WR�WKH�FRQVWUXFWLRQ�

VLWH�

5LVN�RI�GDPDJH�
'XULQJ�WUDQVSRUWDWLRQ��MRLQLQJ�RI�SDUWV�DQG�HUHFWLRQ�RI�WKH�EULGJH�

HOHPHQWV�

'LIILFXOW\�RI�DVVHPEOLQJ
&RPSOH[LW\�RI�DVVHPEOLQJ�WKH�EULGJH� /DUJH�HOHPHQWV�RU�
HOHPHQWV�WKDW�DUH�GLIILFXOW�WR�ILW�LQ�DUH�DVVHVVHG�DV�ZRUVH�

0DLQWHQDQFH
$VVHVVLQJ� WKH� SRVVLELOLW\� DQG� FRPSOH[LW\� RI� SHUIRUPLQJ� VDIHW\�
FKHFNV�DQG�PDLQWDLQLQJ�VWUXFWXUDO�HOHPHQWV�

7UDIILF�GLVWXUEDQFH�
3RVVLEOH� WUDIILF� GLVWXUEDQFH� GXULQJ� EULGJH� HUHFWLRQ� $� PRUH�
FRPSOH[� DVVHPEOLQJ� SURFHVV� ZLWK� ODUJHU� HOHPHQWV� UHTXLUHV� D�
ORQJHU�SHULRG�ZKHUH�WKH�WUDIILF�LV�GLVWXUEHG�

'HVLJQ�FRVW�
5DQJLQJ� WKH� GHVLJQ� FRPSOH[LW\� GHSHQGLQJ� RQ� WKH� VWUXFWXUDO�
V\VWHP�XVHG� LQ� WKH�GHVLJQ�DQG�VLPSOH�FRPSOLFDWHG�JHRPHWU\�RI�
VWUXFWXUDO�HOHPHQWV�

0DWHULDO�XVH�
7KH�DPRXQW�RI�WKH�FRPSRVLWH�PDWHULDO�UHTXLUHG�LQ�WKH�GHVLJQ�E\�
FRVW�� �&DUERQ� ILEUHV� ��� WLPHV� PRUH� H[SHQVLYH� FRPSDUHG� ZLWK�
JODVV�ILEUHV��

5LVN�RI�PRLVWXUH�LQJUHVV� 'HSHQGLQJ�RQ�WKH�DPRXQW�DQG�FRQILJXUDWLRQV�RI�VWUXFWXUDO�MRLQWV�

'HSHQGHQF\� RQ�
FRQQHFWLRQV

$GKHVLYH� MRLQWV� DUH� DVVHVVHG� DV� PRUH� GDQJHURXV� WKDQ� EROWHG�
FRQQHFWLRQV�

&2��IRRWSULQW�
'HSHQGLQJ�RQ�WKH�DPRXQW�RI�PDWHULDO�QHHGHG�IRU�SURGXFWLRQ�RI�
HDFK�FRQFHSW�

5LVN�RI�DEUDVLRQ 'HSHQGV�RQ�KRZ�PDQ\�SDUWV�

3RVVLELOLWLHV�RI�UHF\FOLQJ 'HSHQGV�RQ�WKH�UHF\FOLQJ�SRVVLELOLWLHV RI�WKH�PDWHULDO�

7KH�FULWHULD�ZHUH�ZHLJKWHG�DJDLQVW�HDFK�RWKHU�DV�VKRZQ�LQ�7DEOH�����7KH�ZHLJKWLQJ�LV�GRQH�LQ�
WKHVH�VWHSV�
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(DFK�FULWHULD�LV�FRPSDUHG�WR�HDFK�LQ�WXUQ��([DPSOH��&ULWHULD���WR�FULWHULD����+HUH�FULWHULD���LV�
WDNHQ�DV�PRUH�LPSRUWDQW�WKDQ�FULWHUD����7KHUHIRUH�&ULWHULD���JHWV���SRLQWV�DQG�FULWHUD���JHWV���
SRLQW�

$OO�SRLQWV�IRU�HDFK�FULWHULD�DUH�VXPPHG�XS�

7KH�WRWDO�SRLQWV�IRU�DOO�FULWHULD�JLYHQ�LV�VXPPHG�XS�

7KH�SHUFHWDQJH�RI�SRLQWV�IURP�WKH�WRWDO�SRLQWV�JLYHQ�LV�FDOFXDOWHG�IRU�HDFK�FULWHULD�

7DEOH�����:HLJKWLQJ�RI�HYDOXDWLRQ�FULWHULD�IRU�ILUVW�HYDOXDWLRQ�
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� � � � � � �� ���
� � � � � � �� ���

� � � � � � � ���

� � � � � � �� ���

�� �OHVV�LPSRUWDQW���� �HTXDO���� �PRUH�LPSRUWDQW �� ����

7KH�HYDOXDWLRQ�ZDV�GRQH�UHJDUGLQJ�WKH�LQIRUPDWLRQ�JLYHQ�LQ�6HFWLRQ������7KH�FRPSOH[LW\�RI�WKH�
JHRPHWU\��QXPEHU RI�MRLQWV�UHTXLUHG��DQG�WKH�PDWHULDO�XVH�ZHUH�WKH�FULWHULD IRU FRPSDULQJ WKH�
GHVLJQV�ZLWK�HDFK�RWKHU�

7KH�FRVW�IRU�WKH�PDWHULDO�ZDV�FDOFXODWHG�XVLQJ�D�FRQYHUVLRQ�IDFWRU�RI��� WRJHWKHU�ZLWK�WKH�DUHD�
IRU�UHVSHFWLYH�FURVV�VHFWLRQ��

ݐݏܥ ݏݏ݈ܽ݃ ݁ݎܾ݂݅ ൌ �୪ୟୱୱ ����

ݐݏܥ ܾ݊ݎܽܿ ݁ݎܾ݂݅ ൌ ͳͲ ൈ �ୡୟ୰ୠ୭୬

7KUHH�GLIIHUHQW�VROXWLRQV�ZHUH�FKRVHQ�IRU�IXUWKHU�VWXG\��7KH�ZHLJKWHG�VFRUH�IRU�VRPH�FRQFHSWV�
ZDV�QRW�WKH�KLJKHVW��WKH�FKRLFHV�ZHUH�DOVR�PDGH�WR�DFKLHYH�D�YDULDWLRQ�RI�VROXWLRQV����JHQHUDO�
FRQFHSWV�ZHUH�FKRVHQ WR�EH�IXUWKHU�GHYHORSHG��PDUNHG�LQ UHG LQ�7DEOH�����

x $�SXOWUXGHG�VDQGZLFK�FRQVWUXFWLRQ�

x $�SUHSUHJ�SURGXFHG�VDQGZLFK�FRQVWUXFWLRQ�

x $�EHDP�GHFN�VWUXFWXUDO�V\VWHP XVLQJ�WKH�HQWLUH�VRLO�GHSWK RI�WKH�HFRGXFW�
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7DEOH�����5HVXOWV�IURP�ILUVW�HYDOXDWLRQ�

&ULWHULD

&RP
SOH[L
W\

7UDQV
SRUW

5LVN�
RI�
GDP
DJH

'LIILF
XOW\�
RI�
DVVH
PEOL
QJ

'HVLJ
Q�

FRVW

0DWH
ULDO�
XVH�
�FRVW�

:HLJ
KWHG�
VXP

� � � � � �

'HVLJQ ��� ��� ��� ��� ��� ��� ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
FDUE � � � � � � ����

� JODVV � � � � � � ����
�� JODVV � � � � � � ����
�� JODVV � � � � � � ����
�� JODVV � � � � � � ����
�� JODVV � � � � � � ����
�� JODVV � � � � � � ����

FDUE � � � � � � ����
�� JODVV � � � � � � ����

FDUE � � � � � � ����
�� JODVV � � � � � � ����

FDUE � � � � � � ����
�� JODVV � � � � � � ����

FDUE � � � � � � ����
�� JODVV � � � � � � ����

FDUE � � � � � � ����
�� JODVV � � � � � � ����
� 8QVDWLVIDFWRU\
� -XVW�WROHUDEOH
� $GHTXDWH
� *RRG
� 9HU\�JRRG
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����� 'HWDLOHG GHVFULSWLRQ�DQG�HYDOXDWLRQ�RI���FKRVHQ�FRQFHSWV

'HVLJQ���� 3XOWUXGHG�EULGJH�GHFN�GHVLJQ�VROXWLRQ

7KH�GHVLJQ�VROXWLRQ�LV�VKRZQ�LQ )LJXUH���� 7KH�PDLQ�DGYDQWDJH�RI�WKLV�FRQFHSW�LV�WKH�SRVVLELOLW\�
WR�SXOWUXGH�KROORZ�VHFWLRQV�ZLWK�D�ZLGWK�RI�����PP�DQG�WR�ERQG�WKHP�WRJHWKHU�LQ WKH�IDFWRU\��
7KH�VHFWLRQV�RI�RQH�PHWHU�ZLGWK�VKRXOG�EH�FRQQHFWHG�WR�HDFK�RWKHU�ZLWK�D�ODS�VQDS�DGKHVLYH�
MRLQWV �VHH�6HFWLRQ ��������

7KH�ZHEV�DQG�EUDFLQJV�ZLOO�SURYLGH�DQ�HIIHFWLYH�VKHDU�WUDQVIHU� DQG�ORQJLWXGLQDO�VWLIIHQHUV�ZLOO�
HQVXUH�WKH�DEVHQFH�RI�WKH�ORFDO�EXFNOLQJ�RI�WKH�ZHEV�

)LJXUH�����3XOWUXGHG�EULGJH�VHFWLRQ�GHVLJQ�VROXWLRQ�

'HVLJQ���� 3UHSUHJ�VDQGZLFK�VROXWLRQ

:HEV�ZLWK�D�QRQ�VWUXFWXUDO�IRDP�ILOOLQJ�ZLOO�EH�SURGXFHG�ZLWK�SUHSUHJ�LQ�DQ�DXWRFODYH��)LJXUH�
�����7KH�IODQJHV�ZLOO�EH�SURGXFHG�HLWKHU�E\� WKH�VDPH�PHWKRGV�RU�D�5,0�570�SURFHVV��7KH�
IODQJHV�DQG�ZHEV�ZLOO�EH�MRLQHG�DGKHVLYHO\�LQ�D�FRQWUROOHG�HQYLURQPHQW����P�ZLGH�VHFWLRQV�ZLOO�
EH�SURGXFHG�DQG�WKHQ�PHFKDQLFDOO\�ERQGHG�GXULQJ�WKH�ILQDO�DVVHPEOLQJ�
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)LJXUH�����:KROH�VDQGZLFK�VHFWLRQ�FRQQHFWHG�ZLWK�EROWV�

'HVLJQ����� %HDP�V\VWHP

/DUJH�EHDPV�ZLOO� EH�SURGXFHG� LQ� DXWRFODYH� �RU�5,0�570���7KH�GHFNV� FDQ�EH�SXOWUXGHG� LQ�
VHFWLRQV�

7KH�LGHD�EHKLQG�WKLV�GHVLJQ �)LJXUH���� LV�WR�XVH�SDUW�RI�WKH�VSDFH�GHGLFDWHG�WR�VRLO�IRU�WKH�EHDPV��

)LJXUH�����'HVLJQ ����%ULGJH LV�VKRZQ�LQ�EODFN�FRORU��WKH�VRLO�OHYHO�± LQ�JUHHQ�

7KH�EHDPV�LQ�WKH�HGJH�VHFWLRQ�ZHUH�GHVLJQHG�WR�EH�����P�KLJK��7KLV�PHDQV�WKDW�WKH�SURGXFWLRQ�
SRVVLELOLWLHV�DUH� OLPLWHG��$�PRXOG�SURFHVV� VXFK�DV�570�RU�5,0� LV� VXLWDEOH��7KLV�SURFHVV� LV�
KRZHYHU� QRW� VXLWDEOH� WR� SURGXFH� KROORZ� VHFWLRQV�� 7KHUHIRUH�� WKH� EHDP� PXVW� EH� SURGXFHG�
DVVHPEOHG�IURP�SLHFHV��7KH�SODWHV�RI�WKH�EHDP�DUH�YHU\�VOHQGHU��7KLV�PHDQV�WKDW�VRPH�VRUW�RI�
LQWHUQDO�VWLIIHQHUV�LV�QHHGHG�

������� 6WUXFWXUDO�MRLQWV�IRU�)53�PHPEHUV�RI�DQ HFRGXFW

$V SDUW�RI�WKH�GHVLJQ�VHYHUDO�SRVVLELOLWLHV�IRU�FRQQHFWLRQV�WKH�GLIIHUHQW�GHVLJQV�DUH�VXJJHVWHG�
)RU� WKH� EHDULQJ� GHFN� VWUXFWXUDO� V\VWHP�� WKH� VROXWLRQ�ZDV� WR� DGKHVLYHO\� ERQG� WRJHWKHU� WKUHH�
VHFWLRQV��HDFK ��P�ZLGH��7KHVH���P�ZLGH�VHFWLRQV�FDQ�WKHQ�EH�WUDQVSRUWHG�DQG�DVVHPEOHG�LQ�VLWH��
7KLV�VROXWLRQ�DOORZV�WR�IDFLOLWDWH�WKH�WUDQVSRUWDWLRQ�DQG�DVVHPEO\�RI�WKH�EULGJH�GHFN�RQ�VLWH��)RU�
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WKH�EHDP�GHFN�VWUXFWXUDO�V\VWHP�WKH�PHFKDQLFDO�W\SH�RI�FRQQHFWLRQV�VKRXOG�EH�XVHG�IRU�MRLQLQJ�
EHDPV�WRJHWKHU�ZLWK�WKH�EULGJH�GHFN�ZKLFK VKRXOG�EH�IL[HG�RQ�WRS�RI�WKH�EHDPV��$GKHVLYH�ERQGV�
DUH�XVHG�WR�ERQG�WKH�EHDPV�WKHPVHOYHV��6HYHUDO�SURSRVHG�VROXWLRQV�FDQ�EH�VHHQ�LQ�WKH�IROORZLQJ�
VHFWLRQ�

&RQQHFWLRQV�IRU�EHDULQJ�GHFN�VHFWLRQV

7KHUH�DUH�VHYHUDO�VROXWLRQV�SURSRVHG�IRU�FRQQHFWLQJ�WKH�EHDULQJ�GHFN�VHFWLRQV��7KHUH�DUH�WZR�
GLIIHUHQW�W\SHV�RI�FRQQHFWLRQV��)LUVWO\����P�ZLGH�PHPEHUV�DUH�ERQGHG�DGKHVLYHO\��7KLV�JLYHV�D�
KLJK�VWUHQJWK�FRQQHFWLRQ�EHWZHHQ�WKH�VHFWLRQV�DQG�IRUP�RQH�VHFWLRQ�WKUHH�PHWHUV�ZLGH��7KRVH�
FRQQHFWLRQV�FDQ�EH�GRQH�LQ�D�ZRUNVKRS�EHIRUH�WKH�DVVHPEO\�RI�WKH�EULGJH� 6HFRQGO\��WKH���P�
ZLGH�VHFWLRQV�DUH�FRQQHFWHG�ZLWK�PHFKDQLFDO FRQQHFWLRQ�W\SH RQ�VLWH�

$GKHVLYH�FRQQHFWLRQV

7KH�RQH�PHWHU�ZLGH�EULGJH�GHFN�VHFWLRQV�VKRXOG�EH�FRQQHFWHG�ZLWK�D�ODS�VWUDS�MRLQW�W\SH��DV�
VKRZQ�LQ�)LJXUH�����3DUWV�VKRXOG�EH�SUHIDEULFDWHG�LQ�VXFK�D�VKDSH�DQG�FRQQHFWHG�WR�HDFK�RWKHU�
ZLWK�DQ�DGKHVLYH�ERQGLQJ�

)LJXUH�����$GKHVLYH�FRQQHFWLRQ�SRVVLELOLWLHV�IRU�EHDULQJ�GHFN�VWUXFWXUDO�V\VWHP�

%ROWHG�FRQQHFWLRQV

7KHUH�DUH�VHYHUDO�VROXWLRQV�IRU�FRQQHFWLQJ�WKH�VDQGZLFK�VHFWLRQV�WKDW�FDQ�EH�KDQGOHG�VHSDUDWHO\�
LQ�WUDQVSRUW��,Q )LJXUH��� DQG��� WKUHH�GLIIHUHQW�PHWKRGV�DUH�SUHVHQWHG�

7KH� ILUVW� �ULJKW�� RQH� LV� PRUH� FRPSOLFDWHG� LQ� JHRPHWULF� WHUPV�� 7KDW� FDQ� UHVXOW� LQ� D� VWUHVV�
FRQFHQWUDWLRQ��%OLQG�EROWV�DUH�QHFHVVDU\�WR�EH�XVHG�VLQFH�LW�LV�QRW�SRVVLEOH�WR�UHDFK�WKH�LQVLGH�
SDUW� RI� WKH� FURVV� VHFWLRQ�� 7KH� EOXH� OLQHV� SUHVHQW� D SRVVLELOLW\� WR� WUDQVIHU� WKH� IRUFH� PRUH�
HIIHFWLYHO\�DQG�JLYH�PRUH�GLPHQVLRQDO�VWDELOLW\�

7KH�VHFRQG��OHIW��VROXWLRQ�LV�VLPSOHU�LQ�JHRPHWULF�WHUPV��$�GLVDGYDQWDJH�ZLWK�WKLV�VROXWLRQ�LV�
WKDW�DUHD�RI�IULFWLRQ�LV�VPDOOHU�WKDQ�IRU�WKH�ILUVW�VROXWLRQ��2I�FRXUVH� WKH�DUHD�FRXOG�EH�LQFUHDVHG�
EXW�WKDW�ZRXOG�PHDQ�WKDW�WKH�FRQQHFWLRQ�IODQJHV�DUH�PRUH�YXOQHUDEOH�WRZDUGV�GDPDJH��
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)LJXUH�����0HFKDQLFDO�FRQQHFWLRQV�IRU�EHDULQJ�GHFN�V\VWHP�

)LJXUH�����0HFKDQLFDO�FRQQHFWLRQV�IRU�EHDULQJ GHFN�V\VWHP�

&RQQHFWLRQV�IRU�EHDP�GHFN�V\VWHP

7KH�MRLQW�VKRXOG�EH�GHVLJQHG�IRU�WKH�EHDP�GHFN�VWUXFWXUDO�V\VWHP�FRQFHSW�IRU�WKH�EHDP�WR�GHFN�
FRQQHFWLRQV��7KLV�FRQQHFWLRQ�W\SH�FDQ�EH�VHHQ�LQ )LJXUH���� 7KH�DQJOHV�ZLWK�D�WKLFNQHVV�RI�QR�
OHVVHU� WKHQ� WKDW� RI� WKH� EHDP� ZHE� VKRXOG� EH� XVHG�� 7KH� DQJOHV� VKRXOG� EH� FRQQHFWHG� WR� WKH�
VWUXFWXUDO�HOHPHQWV�ZLWK EOLQG�EROWV�EHFDXVH�RI�WKH�FORVHG�VKDSHV�RI�WKH�EHDP�VHFWLRQV��

)LJXUH�����0HFKDQLFDO�FRQQHFWLRQ�RI�WKH�EHDP�WR�WKH�GHFN�RI�DQ�HFRGXFW�
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%HDP�DVVHPEO\�FRQQHFWLRQV

7KH� ODUJH�EHDPV�RI�GHVLJQ����FDQQRW� EH�SURGXFHG� LQ�RQH�SLHFH�� ,Q�)LJXUH��� IRXU GLIIHUHQW�
FRQQHFWLRQV�DUH�SUHVHQWHG��)ROORZLQJ�SRVLWLYH�DQG�QHJDWLYH�SURSHUWLHV�KDYH�EHHQ�LGHQWLILHG�

9HUVLRQ�$

� KLJK�EXFNOLQJ�FDSDFLW\
� ��GRXEOH�IODQJHV
� KLJK�PDWHULDO�XVH
� VPDOO�WROHUDQFHV

9HUVLRQ�%

� ODUJH�DUH�RI�DGKHVLRQ
� HDV\�WR�DSSO\�SUHVVXUH�IRU�DVVHPEOLQJ
� ER[�VHFWLRQV�SURGXFHG�E\�SXOWUXVLRQ

9HUVLRQ�&

� IHZ�SDUWV
� HDV\�WR�DSSO\�WUHDVXUH
� FRPSOLFDWHG�JHRPHWU\
� VPDOO�WROHUDQFHV

9HUVLRQ�'

� VPDOOHU�SDUWV
� GHSHQGV�YHU\�PXFK�RQ�DGKHVLYH�ERQGLQJ
� VPDOO�WROHUDQFHV

)LJXUH�����'LIIHUHQW�SRVVLELOLWLHV�IRU�PDQXIDFWXULQJ GHVLJQ����
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����� 6HFRQG�HYDOXDWLRQ

,Q�WKH�VHFRQG�HYDOXDWLRQ�DOO�FULWHULD SUHVHQWHG�ZHUH�WDNHQ�LQWR�DFFRXQW��VHH 7DEOH����

7DEOH�����(YDOXDWLRQ�FULWHULD�IRU�VHFRQG�HYDOXDWLRQ�

$V�VHHQ�LQ�7DEOH���� WKH�UDWHV�IRU�WKH�GLIIHUHQW�GHVLJQV�DUH�YHU\�VLPLODU�WR�HDFK�RWKHU��7KH�FKRVHQ�
GHVLJQ��1U����KDV� KRZHYHU� WKH�KLJKHVW�UDWHV�
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�� � � � � � � � � � � � � �� ��

�� � � � � � � � � � � � � �� ���

�� �OHVV�LPSRUWDQW���� �HTXDO���� �PRUH�LPSRUWDQW ��� ����
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7DEOH�����6HFRQG�HYDOXDWLRQ�

&ULWHULD
'HVLJQ

� � ��

*ODVV &DUERQ *ODVV &DUERQ *ODVV

�
&RQVWUXFWDELOLW\��

FRPSOH[LW\
���

� � � � �
� 7UDQVSRUW �� � � � � �
� 5LVN�RI�GDPDJH �� � � � � �
� 'LIILFXOW\�RI�DVVHPEOLQJ ��� � � � � �
� 0DLQWHQDQFH ��� � � � � �
� 7UDIILF�GLVWXUEDQFH �� � � � � �
� 'HVLJQ�FRVW �� � � � � �
� 0DWHULDO�XVH��FRVW� ��� � � � � �
� 5LVN�RI�PRLVWXUH�LQJUHVV �� � � � � �

��
'HSHQGHQF\�RQ�
FRQQHFWLRQV

���
� � � � �

�� &2��IRRWSULQW �� � � � � �
�� 5LVN�RI�DEUDVLRQ �� � � � � �
�� 3RVVLELOLW\�WR�UHF\FOH ��� � � � � �

:HLJKWHG�VXP ���� ���� ���� ���� ����

� 8QVDWLVIDFWRU\

� -XVW�WROHUDEOH

� $GHTXDWH

� *RRG

� 9HU\�JRRG

��� 'LVFXVVLRQ�RI�SUHOLPLQDU\�GHVLJQ

7KH�DLP�RI�WKH�SUHOLPLQDU\�GHVLJQ�ZDV�WR�LQYHVWLJDWH�D ZLGH�UDQJH�RI�VXJJHVWLRQV DQG GLIIHUHQW�
SRVVLELOLWLHV��)RFXV�ZDV�RQ�WKH�FKRLFH�RI�WKH�EULGJH�VWUXFWXUDO�V\VWHP��7KH�WZRVWHS�HYDOXDWLRQ�
SURFHVV�ZDV�XVHG��WKLV PDGH LW SRVVLEOH�WR�KDYH�D�ODUJH�DPRXQW�RI�GHVLJQV�DV�ZHOO�DV�LQYHVWLJDWLQJ�
VRPH�SUHOLPLQDU\�GHVLJQ�VROXWLRQV�PRUH�LQ�GHSWK��

7KH�ILUVW�HYDOXDWLRQ�RI�WKH�GHVLJQ�ZDV FRQVLGHUHG�DV�D�JXLGHOLQH IRU�WKH�IXUWKHU�GLVFXVVLRQV��7KH�
JRDO�ZDV�DOVR�WR�DFKLHYH�D�YDULDWLRQ�LQ GLIIHUHQW�GHVLJQV��7KHUHIRUH� WKUHH YHU\�GLIIHUHQW�FRQFHSWV�
ZHUH�FKRVHQ IRU�IXUWKHU�LQYHVWLJDWLRQ� %HIRUH�WKH�ILQDO�HYDOXDWLRQ� SURGXFWLRQ�SRVVLELOLWLHV�ZHUH�
LQYHVWLJDWHG�PRUH�LQ�GHSWK��,Q�WKH�HQG�WKH�FRQFHSW�FKRVHQ�DOVR�KDG�WKH�KLJKHVW�UDWHV��7KH�PDLQ�
UHDVRQV�IRU�WKH�FKRLFH�RI�WKLV�GHVLJQ��DQG�DOVR�WKH�KLJK�UDWHV��ZHUH��

x &RVW�DQG�SURGXFWLRQ�PHWKRG�DUH�WKH�EHVW��7KH�SURGXFWLRQ�PHWKRG�LV�PRUH�FRQYHQWLRQDO�
WKDQ�IRU�GHVLJQ�WZR��

x 7KH� VL]H� RI� WKH� HOHPHQWV� SURGXFHG� DUH� VPDOOHU� DQG� FDQ� WKXV� EH� SURGXFHG� E\� PRUH�
PDQXIDFWXUHUV��

x 7KH�ZHEV�FDQ�EH�SURGXFHG�E\�ERWK�SXOWUXVLRQ�DQG�SUHSUHJ�DXWRFODYH�
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� )LQDO�GHVLJQ

7KH� ILQDO� GHVLJQ� VROXWLRQ� LV GHYHORSHG� LQ� WKLV� VHFWLRQ�� 7KH�PDWHULDO� SURSHUWLHV� RI� WKH� )53�
ODPLQDWH� DUH FDOFXODWHG� IRU� IODQJHV� DQG� ZHEV� RI� WKH� EULGJH� GHFN� VHFWLRQ�� 7KH� GLIIHUHQW�
JHRPHWULHV�ZLWK�GLIIHUHQW�DQJOHV�RI�LQFOLQDWLRQ�RI�WKH�VWLIIHQLQJ�SDUWV�RI�WKH�ZHEV�ZLOO�EH�IXUWKHU�
VWXGLHG�� 7KH� EXFNOLQJ� EHKDYLRU� RI� WKH� GHYHORSHG� VHFWLRQV� ZLOO� EH� LQYHVWLJDWHG� ZLWK� ILQLWH�
HOHPHQW�DQDO\VHV�

��� 0DWHULDO�SURSHUWLHV�RI�)53�ODPLQDWH

7KH� PDWHULDO� SURSHUWLHV� RI� )53� FRPSRVLWH� IRU� WKH� ILQDO� GHVLJQ� GHFLVLRQ� ZHUH� FDOFXODWHG�
DFFRUGLQJ�WR�WKH�FODVVLFDO�ODPLQDWH�WKHRU\�DQG�ZLWK�UHJDUG�WR�3URVSHFW�IRU�1HZ�*XLGDQFH�LQ�WKH�
'HVLJQ� RI� )53�6WUXFWXUHV� �&DUDWWHUH�� ������� 7KH� UHFRPPHQGDWLRQV� RI�(XURFRPS� DQG� 31*�
'HVLJQ�ZHUH�FRPSDUHG��DQG�WKH�GLIIHUHQFHV�ZHUH�KLJKOLJKWHG��VHH�6HFWLRQ��������

����� 5HOHYDQW�FRQYHUVLRQ�IDFWRUV

(QVXULQJ�VWUXFWXUDO�VDIHW\�WKURXJKRXW�WKH�HQWLUH�VHUYLFH�OLIH�RI�WKH�EULGJH�LV�DQ�LPSRUWDQW�LVVXH�
WKDW�PXVW�EH�JLYHQ�FDUHIXO�DWWHQWLRQ��7R�WKLV�HQG��WKH�EHKDYLRU�RI�)53�FRPSRVLWH�PDWHULDO�XQGHU�
WKH� LQIOXHQFH� RI� HQYLURQPHQWDO� GHJUDGDWLRQ� HIIHFWV� DQG� ORQJ�WHUP� ORDG�ZHUH� FRQVLGHUHG E\�
FRQYHUVLRQ�IDFWRUV�DSSOLFDEOH�WR�WKH�PDWHULDO�SURSHUWLHV�RI�WKH�ODPLQDWH�WR�SUHGLFW�D�UHGXFWLRQ�LQ�
VWUHQJWK�RYHU�WLPH�DQG�WR�HQVXUH�WKH�VDIHW\�OLPLW�

7R�SHUIRUP�WKH�OLPLW�VWDWHV�DQDO\VHV��WKH�WRWDO�FRQYHUVLRQ�IDFWRU�ZDV�FDOFXODWHG��,W�FRQVLGHUV�WKH�
HIIHFWV�RI�FKDQJHV�LQ�WHPSHUDWXUH�DQG�KXPLGLW\��FUHHS�DQG�IDWLJXH��

Ʉୡ ൌ Ʉୡ୲ ൈ Ʉୡ୫ ൈ Ʉୡ୴ ൈ Ʉୡ �������HT� �����VHFWLRQ�������

Ʉୡ � WRWDO�FRQYHUVLRQ�IDFWRU��VKDOO�EH�XVHG�WR�FRQYHUW�WKH�WHVW�UHVXOWV�LQWR�YDOXHV�ZKLFK�FDQ�EH�
DVVXPHG�WR�UHSUHVHQW�WKH�EHKDYLRU�RI�WKH�PDWHULDO�RU�WKH�SURGXFW�LQ�WKH�VWUXFWXUH�RU�WKH�JURXQG�

Ʉୡ୲ � FRQYHUVLRQ�IDFWRU�IRU�WHPSHUDWXUH�HIIHFWV�

Ʉୡ୫ � FRQYHUVLRQ�IDFWRU�IRU�KXPLGLW\�HIIHFWV�

Ʉୡ୴ � FRQYHUVLRQ�IDFWRU�IRU�FUHHS�HIIHFWV�

Ʉୡ ± FRQYHUVLRQ�IDFWRU�IRU�WKH�IDWLJXH�HIIHFWV�

6LQFH WKH�HFRGXFW LV�H[SHFWHG�WR�H[SHULHQFH�PDLQO\�D�VWDWLF�ORDGLQJ�RYHU�LWV�HQWLUH�VHUYLFH�OLIH��
FDXVHG�E\�WKH�VRLO�ORDG�DQG�VHOI�ZHLJKW�RI�WKH�VWUXFWXUDO�PHPEHUV��WKH�IDWLJXH�ORDGLQJ�HIIHFWV�
ZDV�GLVUHJDUGHG�LQ�WKLV�WKHVLV��7KH�ODUJHVW�LQIOXHQFLQJ�ORDGV�ZHUH�DVVHVVHG�DV�WKH�SHUPDQHQW�
ORDGV��ZKLFK�PDLQO\ FDXVH�EHQGLQJ�RI�VWUXFWXUDO�HOHPHQWV��7KH�YDULDEOH�ORDGV��DSDUW�IURP�WKH�
VHUYLFH�YHKLFOH�DUH�FRPSDUDWLYHO\�VPDOO��

7HPSHUDWXUH�HIIHFW

)53�PDWHULDOV�KDYH�D�WHPSHUDWXUH�GHSHQGHQW�EHKDYLRU�GXH�WR�WKH�SRO\PHU�PDWUL[��,W�LV�DVVXPHG�
WKDW� WKH� GHVLJQHG )53� FRPSRVLWH� VWUXFWXUH� VKRXOG� IXQFWLRQ� DW� DQ� DPELHQW� WHPSHUDWXUH� RI� �
�&ࡈ���������

Ʉୡ୲ ൌ Ͳǡͻ

Ʉୡ୲ ± FRQYHUVLRQ� IDFWRU� IRU� WKH� YHULILFDWLRQ� RI� VWUHQJWK� DQG� VWDELOLW\� XQGHU� WKH LQIOXHQFH� RI�
WHPSHUDWXUH�����������

+XPLGLW\�HIIHFW
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7KH�YDOXH�RI�FRQYHUVLRQ�IDFWRU�VKRXOG�EH�GHWHUPLQHG�DFFRUGLQJ�WR�7DEOH���� �VHFWLRQ����������
&DUDWWHUH��Q�G����7KH�GHVLJQHG�VWUXFWXUH�EHORQJV�WR�WKH�H[SRVXUH�FODVV�,,�ZLWK�DQ�RXWGRRU�FOLPDWH�
7V��ࡈ����&�

Ʉୡ୫ ൌ Ͳǡͻ

Ʉୡ୫ ± FRQYHUVLRQ� IDFWRU� IRU� WKH� YHULILFDWLRQ� RI� VWUHQJWK� DQG� VWDELOLW\� XQGHU� WKH� LQIOXHQFH� RI�
PRLVWXUH�����������

&UHHS�

&UHHSLQJ�HIIHFW�VKRXOG�EH�FDOFXODWHG�IRU�SHUPDQHQW�DQG�TXDVL�SHUPDQHQW� ORDGLQJ�FRQGLWLRQV�
�DFFXPXODWHG�GXUDWLRQ�RI�FKDUDFWHULVWLF�ORDG�PRUH�WKDQ����\HDUV��7DEOH�������

)RU�WKH�SXOWUXGHG�SURILOHV�ZLWK�SURSHUWLHV�LQ�WKH�GLUHFWLRQ�SDUDOOHO�WR�WKH�GLUHFWLRQ�RI�SXOWUXVLRQ�
WKH�FRQYHUVLRQ�IDFWRU�IRU�FUHHS�ZDV�WDNHQ�DFFRUGLQJ�WR�7DEOH�������&DUDWWHUH��������

௩ଶߟ ൌ Ͳǡͷ

௩ଶߟ ± FRQYHUVLRQ�IDFWRU�WR�DFFRXQW�IRU�FUHHS�HIIHFWV�IRU�WKH�UHIHUHQFH�SHULRG�RI ���\HDUV�

'HVLJQ�ZRUNLQJ�OLIH�RI�WKH�VWUXFWXUH�ZDV�WDNHQ�����\HDUV�66�(1������7DEOH�����

ݒݐ ൌ ʹͶ ൈ ͵ͷ ൈ ͳͲͲ ൌ ͺǡ ൈ ͳͲହ

�� � DFFXPXODWHG�ORDG�GXUDWLRQ��KRXUV��

� ൌ Ͳǡʹͷ͵  ͲǡͳͶͳ ���ሺ��ሻ ൌ ͳǡͲͻͳ

7KH�FRQYHUVLRQ�IDFWRU�IRU�WKH�FUHHS�HIIHFW�FDQ�EH�FDOFXODWHG�ZLWK�DQ HTXDWLRQ����

Ʉୡ୴ ൌ Ʉୡ୴ଶ
 ൌ ͲǡͶͻ ����

7RWDO�FRQYHUVLRQ�IDFWRUV�XVHG�LQ�GHVLJQ

,Q�DFFRUGDQFH�ZLWK�7DEOH����� �&DUDWWHUH������� FRQYHUVLRQ�IDFWRUV�VKDOO�EH�XVHG�IRU�WKH�QH[W�
FKHFNV�ZKLFK�LV�VKRZQ�LQ7DEOH�����

7DEOH�����&RQYHUVLRQ�IDFWRUV�WR�EH�WDNHQ�LQWR�DFFRXQW�

,QIOXHQVLQJ�IDFWRU
6WUHQJWK�
�8/6�

6WDELOLW\�
�8/6�

&UHHS�
�6/6�

0RPHQWDU\�
GHIRUPDWLRQ��6/6�

Ʉୡ୲ � � � �

Ʉୡ୫ � � � �

Ʉୡ୴ �� � �� �

7KH�WRWDO�FRQYHUVLRQ�IDFWRU�FDQ�EH�IRXQG�ZLWK HTXDWLRQ ���

Ʉୡ ൌ Ʉୡ୲Ʉୡ୫Ʉୡ୴ ൌ Ͳǡ͵ͺ ����
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0RPHQWDU\�GHIOHFWLRQ�

Ʉୡ୫ୢ ൌ Ʉୡ୲Ʉୡ୫ ൌ Ͳǡͺͳ ����

7KH�WRWDO�FRQYHUVLRQ�IDFWRUV�IRU�GLIIHUHQW�FKHFNV�FDQ�EH�IRXQG�LQ 7DEOH����

7DEOH�����7RWDO�FRQYHUVLRQ�IDFWRUV�

&RQYHUVLRQ�
IDFWRU

6WUHQJWK�
�8/6�

6WDELOLW\�
�8/6�

&UHHS�
�6/6�

0RPHQWDU\�GHIRUPDWLRQ�
�6/6�

Ʉୡ ���� ���� ���� ����

����� 3DUWLDO�VDIHW\�IDFWRUV

&RPSDULQJ�WKH�FKRLFH�RI�WKH�VDIHW\�FRHIILFLHQWV�IRU�WKH�VWUXFWXUDO�VDIHW\�YHULILFDWLRQ��DSSOLFDEOH�
DFFRUGLQJ� WR� (XURFRPS DQG� 31*� 'HVLJQ� UHFRPPHQGDWLRQV�� WKH� GLIIHUHQFH� LQ� PHWKRGV� RI�
FDOFXODWLRQ�FDQ�EH�SRLQWHG�RXW�ZKLFK�LV�UHSUHVHQWHG�LQ�7DEOH���� 7KH�WDEOH�LQFOXGHV�VDIHW\ IDFWRUV�
IRU�SXOWUXVLRQ�DQG�SUHSUHJ�PDQXIDFWXULQJ�SURFHVVHV�

7DEOH�����&RPSDULVRQ�RI�VDIHW\ IDFWRUV�IURP�(XURFRPS�DQG�31*�'HVLJQ�UHFRPPHQGDWLRQV�

0DWHULDO�SDUWLDO�VDIHW\�IDFWRUV (XURFRPS

�7DEOHV���������������

31*�'HVLJQ

�7DEOH�����

ɀଵ� FRHIILFLHQW�UHODWHG�WR�WKH�OHYHO�RI�
XQFHUWDLQWLHV� LQ� WKH� ODPLQDWH��
GHSHQGLQJ� RQ� WKH� SURSHUWLHV� EHLQJ�
GHULYHG� IURP� WHVWV� RU� WKH�
VWDWLVWLFDO�WKHRUHWLFDO�GDWD

���� ����

ɀଶ � FRHIILFLHQW� DFFRXQWLQJ� WKH�
DFFXUDF\�RI�WKH�SURGXFWLRQ�SURFHVV

��� ����

ɀଷ � FRHIILFLHQW� FRQVLGHULQJ� WKH�
RSHUDWLQJ�GHVLJQ�WHPSHUDWXUH�UDQJH�DQG�
KHDW� GLVWRUWLRQ� WHPSHUDWXUHV� RI� WKH�
ODPLQDWHV

��� �

&DOFXODWLRQ
ɀ ൌ ɀଵ ൈ ɀଶ ൈ ɀଷ

ൌ ͵Ǥͳ͵
ɀ ൌ ɀଵ ൈ ɀଶ

ൌ ͳǤͺʹ͵

$SSDUHQWO\��(XURFRPS�SURSRVHV�KLJKHU�PDWHULDO�VDIHW\�UHTXLUHPHQWV�FRPSDUHG�WR�31*�'HVLJQ��

7DNLQJ�LQWR�FRQVLGHUDWLRQ�VWDWHPHQWV�RI�WKH�6HFWLRQV������ DQG������ DQG�SHUIRUPLQJ�WKH�VLPSOH�
FDOFXODWLRQ��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�PHWKRG�SURSRVHG�E\�31*�'HVLJQ�JXLGHOLQH�LV�PRUH�
FRQVHUYDWLYH�KDYLQJ�VPDOOHU�YDOXH�RI�WKH�WRWDO�PDWHULDO�VDIHW\�IDFWRUߛ�ெ��EXW�WDNLQJ�LQWR�DFFRXQW�
WKH�GHWHULRUDWLRQ�RI�WKH�ODPLQDWH�PDWHULDO�SURSHUWLHV�ZLWK�WLPH�FRQVLGHULQJ�WKH�VHFWLRQDO�EHQGLQJ�
DQG�VKHDU�UHVLVWDQFH�RI�WKH�HFR�EULGJH�)53�PHPEHUV�
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)RU� WKH� YHULILFDWLRQ� RI� WKH� VWUXFWXUDO� VDIHW\� LQ� 8/6� SDUWLDO� VDIHW\� IDFWRUV� ZHUH� GHWHUPLQHG�
DFFRUGLQJ�WR�31*�'HVLJQ��&DUDWWHUH��������

ɀ ൌ ɀଵ ൈ ɀଶ ����

3DUWLDO�VDIHW\�IDFWRUV�IRU�PDWHULDO�ZDV�FKRVHQ�DFFRUGLQJ�WR�6HFWLRQ����������31*�'HVLJQ�

6LQFH�PDWHULDO�SURSHUWLHV�LQ�WKH�SUHOLPLQDU\�GHVLJQ�ZDV�GHULYHG�IURP�WKH�WKHRUHWLFDO�PRGHOV�IRU�
SUHSUHJ�DQG�SXOWUXVLRQ�SURGXFWLRQ�PHWKRGV��WKH�TXDOLW\�LV�H[SHFWHG�WR�FRUUHVSRQG�WR�9[������
ZKHUH�9[�LV�WKH�YDULDWLRQ�FRHIILFLHQW�

ɀଶ୳୪ୱ ൌ ͳǡ͵ͷ

ɀଶ୪୭ୠୟ୪Ǥୱ୲ୟୠ ൌ ͳǡ͵ͷ

3DUWLDO�VDIHW\�IDFWRUV�ZHUH�FKRVHQ�IRU�WKH�YHULILFDWLRQ�RI�JOREDO�DQG�ORFDO�VWUXFWXUDO�VWDELOLW\�

����� *ODVV�DQG�FDUERQ�ILEUHV PDWHULDO�SURSHUWLHV

(�JODVV�DQG�+6�FDUERQ�ILEUHV ZHUH�FKRVHQ�WR�EH�XVHG�LQ�WKH�SUHOLPLQDU\�GHVLJQ�

0DWHULDO�SURSHUWLHV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�7DEOH������RI�3URVSHFW�IRU�1HZ�*XLGDQFH�LQ�WKH�
'HVLJQ�RI�)53�6WUXFWXUHV��&DUDWWHUH���������0DWHULDO�SURSHUWLHV�RI�ILEUH W\SHV�FDQ�EH�VHHQ�LQ�
7DEOH����

7DEOH�����7\SLFDO�YDOXHV�RI�ILEUH SURSHUWLHV�

7HQVLRQ�LQ�ILEUH GLUHFWLRQ
3URS� 8QLWV (�JODVV� +6�FDUERQ� 0HDQLQJ
�ଵ 
�� ���� ��� <RXQJ
V�PRGXOXV�LQ�ILEUH GLUHFWLRQ
�ଶ 
�� ���� �� <RXQJ
V�PRGXOXV�SHUSHQGLFXODU�WR�ILEUH GLUHFWLRQ
ɋ �

����� ��� 3RLVVRQV�UDWLR
ɂଵ ����� ����� 8OWLPDWH�WHQVLOH�VWUDLQ�RI�ILEUH LQ��VW�DQG��QG�

GLUHFWLRQVɂଶ ����� �����
&RPSUHVVLRQ�LQ�ILEUH GLUHFWLRQ

ɂୡ � ����� ����� 8OWLPDWH�FRPSUHVVLYH�VWUDLQ�RI�ILEUH LQ�WZR�
6KHDU


 
�� �� �� 6KHDU�PRGXOXV
ɏ ��Ȁ�ଷ ���� ���� 'HQVLW\�RI�WKH�ILEUH
Ƚ � ���A�� ��(��� 7KHUPDO�H[SDQVLRQ�FRHIILFLHQW

����� 5HVLQ�PDWHULDO�SURSHUWLHV

3RO\HVWHU� LV� RQH� RI� WKHUPRVHW� SRO\PHUV�� ,W� ZDV� FKRVHQ� DV� D� SRO\PHU� PDWUL[� IRU� WKH� ILEUH
UHLQIRUFHG� FRPSRVLWH� HOHPHQWV� RI� WKH� HFRGXFW EDVHG� RQ� WKH� IROORZLQJ� FRPSDULVRQ� RI� WKH�
GLIIHUHQW�W\SHV�RI�UHVLQ��

5HVLQ�W\SHV�FRPSDULVRQ �:3/�������

x 3RO\HVWHU�UHVLQ�KDV�FRPSDUDWLYHO\�ORZHU�VWUHQJWK�WKDQ�9LQ\OHVWHU�DQG�(SR[\��3RO\HVWHU�LV�
PRUH� VXVFHSWLEOH� WR� FRUURVLRQ� DQG� FKHPLFDO� HQYLURQPHQW�� KDYLQJ� ORZHU� RSHUDWLQJ�
WHPSHUDWXUHV��+LJKHU�PHFKDQLFDO�SURSHUWLHV�PDNHV�9LQ\OHVWHU� UHVLQ�PRUH�H[SHQVLYH�WKDQ�
3RO\HVWHU�� 9LQ\OHVWHU� LV� PDLQO\� XVHG� IRU� WKH� ZLQG� WXUELQH� SURGXFWLRQ� DQG� DXWRPRWLYH�
LQGXVWULHV��
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x (SR[\�UHVLQ��FRPSDULQJ�WR�3RO\HVWHU�DQG�9LQ\OHVWHU�UHVLQV��KDV�KLJKHU�VWUHQJWK�DQG�EHWWHU�
SHUIRUPDQFH�XQGHU�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�GHJUDGDWLRQ�HIIHFWV��(SR[\�KDV�KLJKHU�
HOHFWULFDO�UHVLVWDQFH��KHDW�GHIOHFWLRQ�WHPSHUDWXUHV��ORZHU�VKULQNDJH�RYHU�WKH�FXULQJ�SURFHVV�
DQG�OHVVHU�WR[LF�HPLVVLRQ��(SR[\�KDV�EHWWHU�DGKHVLRQ�WR�WKH�ILEUHV LQ�FRPSRVLWHV��+DYLQJ�D�
JUHDW� YHUVDWLOLW\�� HSR[\� FDQ� EH�PRGLILHG� DGGLQJ� DJHQWV� �LQFUHDVLQJ� WKH� ILUH� UHVLVWDQFH� RU�
PDWHULDO�WRXJKQHVV���DQG�ILOOHUV��QDQRWXEHV��LQFUHDVLQJ�WKH�HOHFWULFDO�UHVLVWLYLW\���%HFDXVH�RI�
VXFK�KLJK�PDWHULDO�FKDUDFWHULVWLFV�HSR[\�UHVLQ�LV�WKH�PRVW�H[SHQVLYH�WKHUPRVHW�SRO\PHU�W\SH�

%DVHG�RQ�WKH�FRPSDULVRQ�RI�WKH�WKUHH�WKHUPRVHW�SRO\PHUV�W\SHV��3RO\HVWHU�UHVLQ�ZDV�DFFHSWHG�
DV� WKH�PRVW� VXLWDEOH�PDWHULDO� IRU� WKH� SUHIDEULFDWLRQ� RI� WKH� EULGJH� FRPSRVLWH�PHPEHUV�ZLWK�
PDWHULDO�SURSHUWLHV�WKDW�PHHW�WKH�GHVLJQ�SXUSRVHV�DQG�DUH�VXIILFLHQW�IRU�WKH�GHVLJQ�UHTXLUHPHQWV�

7KH�FRUUHVSRQGLQJ�PDWHULDO�SURSHUWLHV�RI�WKH�3RO\HVWHU�UHVLQ�ZDV�VHOHFWHG�DFFRUGLQJ�WR�WKH�7DEOH�
������&DUDWWHUH������� DQG�FDQ�EH�VHHQ�LQ 7DEOH����

7DEOH�����3RO\HVWHU�UHVLQ�PDWHULDO�SURSHUWLHV�

3URS� 3RO\HVWHU�UHVLQ 0HDQLQJ
�୰ >*3D@ ���� <RXQJ
V�PRGXOXV

୰ >*3D@ ���� 6KHDU�PRGXOXV

ɋ ���� 3RLVVRQ
V�UDWLR
ɏ୰ሾ݇݃Ȁ݉

ଷሿ ���� 'HQVLW\

��� 5HOHYDQW�PDWHULDO�SURSHUWLHV�RI�WKH )53 ODPLQDWH

7KH� PDWHULDO� SURSHUWLHV� IRU� WKH� ILQDO� GHVLJQ� VROXWLRQ� RI� WKH� GHFN� VWUXFWXUDO� V\VWHP ZDV�
FRQVLGHUHG�ZLWK�UHVSHFW�WR�WKH�(XURFRPS�DQG�31*�'HVLJQ�UHFRPPHQGDWLRQV�

7KH )53�EULGJH�GHFN�VHFWLRQ ZLWK�D�EDODQFHG�V\PPHWULF�ODPLQDWH�ZHUH GHVLJQHG��ZKLFK�PHDQV�
WKDW�WKH�OD\HUV�RI�WKH�VDPH�GLUHFWLRQ�ZHUH SODFHG�V\PPHWULFDOO\�UHJDUGLQJ�WKH�PLG�VXUIDFH�RI�
WKH�VHFWLRQV����������31*�'HVLJQ����������(XURFRPS���

7KH� IROORZLQJ� FULWHULD� VKRXOG� EH� VDWLVILHG� LQ� WKH� ODPLQDWH� GHVLJQ� �7KH� (XURSHDQ� VWUXFWXUDO�
SRO\PHULF�FRPSRVLWHV�JURXS��������

x ,Q�YLHZ�RI�WKDW�WKH ODPLQDWH LV FRQVLGHUHG�D�RUWKRWURSLF�PDWHULDO�ZLWK�GLIIHUHQW�PDWHULDO�
SURSHUWLHV� LQ� ORQJLWXGLQDO� DQG� WUDQVYHUVH� GLUHFWLRQV� RI� WKH� ILEUH�� WKH� DPRXQW� RI� WKH�
UHLQIRUFHPHQW�ZLWK�WKH�GLUHFWLRQ�RIט����GHJUHHV�VKRXOG�EH�QR�OHVV�WKDQ�����RI�WKH�WRWDO�
DPRXQW�RI�UHLQIRUFHPHQW�

x 7KH�JURXSLQJ�RI�WKH�SOLHV�ZLWK���DQG����GHJUHHV�RULHQWDWLRQ�VKRXOG�EH�DYRLGHG�

x 7KH�SOLHV�RI����GHJUHHV�RULHQWDWLRQ�VKRXOG�VHSDUDWH� WKH�SOLHV�RULHQWHG�ZLWK���DQG����
GHJUHHV�LQ�RUGHU�WR PLQLPL]H WKH�LQWHUODPLQDU�VKHDU�DQG�WKURXJK�WKLFNQHVV�VWUHVVHV�ZKHQ�
WKH�ODPLQDWH�LV�SUHGLFWHG�WR H[SHULHQFH�LQ�SODQH�ORDGV�

x ,W�LV�GHVLUDEOH�WR�GLVSRVH�WKH�OD\HUV�RI�WKH�RXWHU�VXUIDFH�DW�DQ�RULHQWDWLRQ�RI����GHJUHHV��
WKHUHE\�UHGXFLQJ�WKH�HIIHFWV�RI�LQWHUODPLQDU�VKHDU�

1RZ��LQ�OLJKW�RI�WKH�SUHYLRXVO\�GHVFULEHG�UHTXLUHPHQWV��WKH�EULGJH�VHFWLRQV�PDWHULDO�SURSHUWLHV�
ZHUH�FDOFXODWHG UHJDUGLQJ�WKH�QXPEHU�RI�SOLHV�LQ�GLIIHUHQW�GLUHFWLRQV�LQ�IODQJHV�DQG�ZHEV��ZKLFK�
FDQ�EH�VHHQ�LQ�)LJXUH����
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)LJXUH�����/DPLQDWH�OD\HUV�IRU�IODQJHV�DQG�ZHEV�LQ WKH�GHFN�VHFWLRQ�

)ODQJHV

7KH�EHQGLQJ�VWUHQJWK�RI�WKH�VHFWLRQ�FDQ�EH�DFKLHYHG�E\�DGGLQJ�D LQFUHDVHG�QXPEHU�RI�SOLHV�RI�
WKH���GHJUHHV�RULHQWDWLRQ�LQ�IODQJHV� 7KH�SOLHV�ZLWK����GHJUHHV�RULHQWDWLRQ�ZHUH DGGHG�WR�DVVXUH�
WKH PDWHULDO VWUHQJWK�LQ�IODQJHV�LQ�WUDQVYHUVH�GLUHFWLRQ��7KH�SOLHV�RULHQWHG�LQ����GHJUHHV�ZDV�
DGGHG�WR�SURYLGH�DQ HIILFLHQW VKHDU�WUDQVIHU�EHWZHHQ�WKH�SOLHV�RI���DQG����GHJUHHV�RULHQWDWLRQV�

:HEV

3OLHV�RULHQWHG�LQ����GHJUHHV�DUH�DGGHG WR�KROG�WKH�VKHDU�IRUFHV�WUDQVIHUUHG�WKURXJK�WKH�ZHEV�DQG�
DUH WKH� JRYHUQLQJ� SOLHV� RULHQWDWLRQ� LQ� WKH� ZHE�VHFWLRQ�� 7KH� SOLHV� ZLWK� ��� DQG� �� GHJUHHV�
RULHQWDWLRQ�ZHUH DGGHG�WR�LQFUHDVH�WUDQVYHUVH�PDWHULDO�VWUHQJWK�LQ�WKH ZHEV�

7KH�PDWHULDO�SURSHUWLHV�IRU�WKH�ZHE�DQG�IODQJH�VHFWLRQV�RI�WKH�EULGJH�GHFN�FURVV�VHFWLRQ�ZHUH�
FDOFXODWHG�DFFRUGLQJ�WR�WKH�&ODVVLFDO�/DPLQDWH�7KHRU\��7KH�ILEUH YROXPH IUDFWLRQ��QXPEHU�DQG�
VHTXHQFH�RI�OD\HUV�RI�GLIIHUHQW�ILEUH RULHQWDWLRQV�LQ�WKH�ODPLQDWH�ZHUH�FRQVLGHUHG��

7KH�IODQJHV�ZHUH�GHVLJQHG�DV����PP�WKLFN��,W�LV D�UHDVRQDEOH�WKLFNQHVV�WR�DVVXUH�WKH�EHQGLQJ�
FDSDFLW\�RI�WKH�GHFN�VHFWLRQ�DQG�SURGXFWLRQ�SRVVLELOLWLHV��

7KH�ZHE�WKLFNQHVV�YDULHV�LQ�GLIIHUHQW�SURSRVHG�JHRPHWULHV�GHSHQGLQJ�RQ�WKH�KHLJKW�RI�WKH�GHFN�
FURVV� VHFWLRQ�� ZKLFK� PHDQV� WKH� KLJKHU� VHFWLRQ� ± WKH� WKLQQHU� ZHEV�� +RZHYHU�� WKH� PDWHULDO�
SURSHUWLHV�RI�WKH�ODPLQDWH�GHSHQG RQ�WKH�UDWLR�RI�WKH�QXPEHU�DQG�WKLFNQHVV�RI�WKH�OD\HUV�ZLWK�
GLIIHUHQW�RULHQWDWLRQV�LQ�LW��7KH�PDWHULDO�SURSHUWLHV�UHPDLQ WKH�VDPH�ZKHQ�WKH�ODPLQDWH�WKLFNQHVV�
FKDQJHV�NHHSLQJ�WKH�UDWLR�RI�WKH�QXPEHU�DQG�WKLFNQHVV�RI�WKH�VDPH�RULHQWHG�OD\HUV�LQ�ZHEV LQ�
SURSRUWLRQ��

7KH�FKDUDFWHULVWLF�YDOXHV�IRU�WKH�PDWHULDO�VWUHQJWK�LQ�WHQVLRQ�ZHUH�VHOHFWHG DV�D�UHIHUHQFH�YDOXHV�
IRU�*)53�ODPLQDWH�ZLWK������ILEUH YROXPH�IUDFWLRQ�

݂௧ ൌ ͶͲǡ ܽܲܯ

݂ఛ ൌ Ͳ ܽܲܯ
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7KH�ILQDO�PDWHULDO�SURSHUWLHV�DUH�SUHVHQWHG�LQ 7DEOH����

7DEOH�����0DWHULDO�SURSHUWLHV�RI�)53�IRU�IODQJH�DQG�ZHE�VHFWLRQV�RI�WKH�EULGJH�GHFN�

6HFWLRQ 3URSHUW\ 8QLWV
/RQJWHUP�
EHKDYLRXU�

�43��6/6��

,QVWDQWDQHRXV
GHIOHFWLRQ�

�FKDUDFWHULVWLF��6/6�

8OWLPDWH�
FDSDFLW\� �8/6�
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� /RQJ�WHUP�EHKDYLRU�RI�WKH�)53�FRPSRVLWH�PDWHULDO�XQGHU�WKH�GXUDEOH�LQIOXHQFH�RI�SHUPDQHQW�ORDGV� VXFK�DV�
VROLG�ZHLJKW�DQG�VHOI�ZHLJKW�RI�WKH�VWUXFWXUH��7KH�FDOFXODWLRQ�WDNHV�LQWR�DFFRXQW�WKH�LQIOXHQFH�RI�WKH�FUHHS�RI�WKH�
SRO\PHU�PDWUL[�WKDW�GHYHORSV�RYHU�WKH�VHUYLFH�OLIH�RI�WKH�HFRGXFW��DQG�GHWHULRUDWLRQ�RI�PDWHULDO�SURSHUWLHV�XQGHU�
WKH�LQIOXHQFH�RI�KXPLGLW\�DQG�WHPSHUDWXUH�YDULDWLRQ�

� 0DWHULDO�SURSHUWLHV�RI�WKH�)53�FRPSRVLWH�PDWHULDO�LPPHGLDWHO\�DIWHU�ORDGLQJ�DW�WKH�EHJLQQLQJ�RI�WKH�VHUYLFH�
OLIH�RI�WKH�VWUXFWXUH�

� 0DWHULDO� SURSHUWLHV� WDNLQJ� LQWR� DFFRXQW� WKH� GHWHULRUDWLRQ� RI� PDWHULDO� VWUHQJWK� XQGHU� WKH� LQIOXHQFH� RI�
HQYLURQPHQWDO� GHJUDGDWLRQ� IDFWRUV� VXFK� DV� KXPLGLW\� DQG� FKDQJHV� LQ� WHPSHUDWXUH� FDOFXODWHG� IRU� WKH� XOWLPDWH�
ORDGLQJ�FRQGLWLRQV�RQ�D�EULGJH�

��� +DQGFDOFXODWLRQV��RSWLPL]DWLRQ�RI�WKH�VHFWLRQ�DQG�YHULILFDWLRQ�
RI�GHIOHFWLRQV

7R� RSWLPL]H� WKH� FKRVHQ� VROXWLRQ� VRPH� NH\ JHRPHWU\� SDUDPHWHUV� ZHUH� DQDO\]HG LQ� KDQG�
FDOFXODWLRQV��7KH�SDUDPHWHUV�FRQVLGHUHG�ZHUH�

x +HLJKW�RI�FURVV�VHFWLRQ�
x 7KLFNQHVV�DQG�VSDFLQJ�RI�ZHEV�

7KH�GHVLJQ�UHTXLUHPHQWV�XVHG�WR�RSWLPL]H�WKH�JHRPHWU\�RI WKH�EULGJH�VHFWLRQ�DUH�GHVFULEHG�LQ�
VHFWLRQ� ������� ,Q� 7DEOH� �� WKH� GLIIHUHQW� GHVLJQ� SDUDPHWHUV DUH� SUHVHQWHG� WRJHWKHU ZLWK� WKH�
JHRPHWU\�SDUDPHWHUV�GHSHQGLQJ�RQ�WKRVH�UHTXLUHPHQWV�

7DEOH�����'HVLJQ�UHTXLUHPHQWV�ZLWK�FRUUHVSRQGLQJ GHVLJQ�DQG�JHRPHWU\�SDUDPHWHUV�

'HVLJQ�SDUDPHWHU *HRPHWU\�SDUDPHWHU
'HIOHFWLRQ , K��WI��WZ��E
6WUHQJWK�LQ�EHQGLQJ : K��WI��WZ��E
6WUHQJWK�LQ�6KHDU $VKHDU K�WZ��E
:KHUH�E LV�WKH�VSDFLQJ�RI�WKH�ZHEV�
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6LQFH WKH�VKHDU�VWUHQJWK�LV�RQO\�GHSHQGHQW�RQ WKH�VKHDU�DUHD� WKH�WKLFNQHVV�DQG�VSDFLQJ�RI�ZHEV�
ZHUH DQDO\]HG SULPDULO\��$V�VHHQ�LQ�)LJXUH��� DQG�)LJXUH���� WKH�UHVXOWLQJ�WKLFNQHVV�LV�YHU\�
VPDOO��)RU�WKH�PLGGOH�VHFWLRQ�LW�UDQJHV�IURP�����WR������PP��IRU�WKH�HGJH�VHFWLRQ�LW�UDQJHV�IURP�
����WR���PP��)URP�D�SURGXFWLRQ�SRLQW�RI�YLHZ�WKH�ZHEV�RI������PP�DUH�YHU\ WKLQ�

)LJXUH���� 3RVVLEOH�FRQILJXUDWLRQV�RI�ZHE�WKLFNQHVV�DQG�VSDFLQJ�DV D IXQFWLRQ�RI�KHLJKW��PLGGOH�VHFWLRQ���7KH�LQGH[�QXPEHUV�
JLYH�WKH�VSDFLQJ�RK�WKH�ZHEV�

)LJXUH�����3RVVLEOH�FRQILJXUDWLRQV�RI�ZHE�WKLFNQHVV�DQG�VSDFLQJ�DV�D�IXQFWLRQ�RI�KHLJKW��HGJH�VHFWLRQ��

,Q�)LJXUH��� WKH�KHLJKW�RI�WKH�FURVV�VHFWLRQ�LV�SUHVHQWHG�DV D IXQFWLRQ�RI�WKH�IODQJH�WKLFNQHVV��
)URP�D�SURGXFWLRQ�SRLQW�RI�YLHZ�WKH�WKLFNQHVV�VKRXOG�QRW�H[FHHG����PP� 7KDW�UHVXOWV�LQ�D�KHLJKW�
RI������P��,Q )LJXUH��� WKH�FRUUHVSRQGLQJ�JUDSK IRU�WKH�HGJH�VHFWLRQ LV�SUHVHQWHG��7KH�IODQJH�
WKLFNQHVVHV�UDQJHV�IURP����WR�����PP�ZLWK�KHLJKW�UDQJLQJ�IURP�����WR���P� 7R�DFKLHYH�WKH�
QHFHVVDU\�FDSDFLW\�LQ�WKH�HGJH�VHFWLRQ�WKH�ZHE�DUHD�DQG�VSDFLQJ�LV�WKHUHIRUH�LQFUHDVHG��
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)LJXUH�����+HLJKW�RI�FURVV�VHFWLRQ�DV�D�IXQFWLRQ�RI�IODQJH�WKLFNQHVV�

)LJXUH�����+HLJKW�RI�FURVVHFWLRQ�DV�D�IXQFWLRQ�RI�IODQJH�WKLFNQHVV��HGJH�VHFWLRQ��
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)LJXUH��� SUHVHQWV�WKH�SRVVLEOH�VSDFLQJ�DQG�WKLFNQHVV�RI�WKH�ZHEV�LQ�WKH�HGJH�VHFWLRQ�

)LJXUH�����:HE�VSDFLQJ�DV�D�IXQFWLRQ�RI�ZHE�WKLFNQHVV�LQ�HGJH�VHFWLRQ�

,Q�7DEOH��� WKH PRVW�HIILFLHQW�JHRPHWU\�DFFRUGLQJ�WR�WKH�KDQG FDOFXODWLRQV�LV�SUHVHQWHG��$�SUH�
FDPEHULQJ�RI��� PP�LV�DVVXPHG��:KLFK�PHDQV�WKDW�WKH�EULGJH�LV�SURGXFHG�VR�WKDW�WKH�LQLWLDO�
GHIRUPDWLRQ� ZLWKRXW� DQ\� ORDGV� �HYHQ� VHOI�ZHLJKW�� LV ���� PP�� )LJXUH� �� WR� )LJXUH� �� WKH�
PLQLPXP�FRQILJXUDWLRQ�IRU�D�KHLJKW�RI�����P�KDV�EHHQ�PDUNHG��,Q�WKH�ILQDO�GHVLJQ�WKH�PLQLPXP�
ZHE� WKLFNQHVV� LV� QRW� XVHG�� ,Q� WKH�PLGGOH� VHFWLRQ� WKH�ZHE� WKLFNQHVV� LV� LQFUHDVHG� EHFDXVH� RI
SURGXFWLRQ�FRQVLGHUDWLRQV��,Q�WKH�HGJH�VHFWLRQ�WKH�ZHE�WKLFNQHVV�LV�LQFUHDVHG�WR�ORZHU�WKH�KHLJKW�
RI�WKH�WRWDO�FURVV�VHFWLRQ�

7DEOH�����)LQDO�JHRPHWU\ DFFRUGLQJ WR�KDQG FDOFXODWLRQV� 3UH�FDPEHULQJ� ���PP�

0LGGOH�VHFWLRQ (GJH�VHFWLRQ

� ���� ����

� �� ��

� ��� ��

�୵ ��� ���

7DEOH��� SUHVHQWV� WKH�GHIOHFWLRQ�LQ� WKH�PLGGOH�RI�WKH�HFRGXFW�DQG�WKH�UHTXLUHPHQWV�RQ�WKRVH�
GHIOHFWLRQV�

7DEOH�����'HIOHFWLRQV�DQG�GHIOHFWLRQ�UHTXLUHPHQWV�IRU�KDQGFDOFXODWLRQV�

0LGGOH�VHFWLRQ (GJH�VHFWLRQ�>PP@ 5HTXLUHPHQW�>PP@
4XDVL� SHUPDQHQW�
ORDG�FRPELQDWLRQ

���� ���� ����

6KRUW� WHUP� YDULDEOH�
ORDG� DFWLRQ� �� ORQJ�
WHUP� SDUW� RI�
SHUPDQHQW� ORDG�
DFWLRQ

������������ 

����

����������� 

����
����
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��� 0RGHOLQJ�LQ�$EDTXV

7KH�PRGHOLQJ�WHFKQLTXH�LQ�$EDTXV�VRIWZDUH�ZLOO�EH�GHVFULEHG�LQ�WKLV�VHFWLRQ�

����� 0DWHULDO�SURSHUWLHV

7KH�PDWHULDO�SURSHUWLHV�RI�WKH�)53�ODPLQDWH�ZHUH�LQWURGXFHG�LQWR�WKH�V\VWHP�LQ�DFFRUGDQFH ZLWK�
FDOFXODWLRQV�PDGH�IRU�IODQJHV�DQG�ZHEV�VHSDUDWHO\�IRU�GLIIHUHQW�ORDG�FRQGLWLRQV�RQ�DQ�HFRGXFW��
7KH�PDWHULDO�SURSHUWLHV DQG�LWV�GHWDLOHG�GHVFULSWLRQ FDQ�EH�VHHQ�LQ 7DEOH����

����� 0DWHULDO�RULHQWDWLRQV

7KUHH�GLIIHUHQW�FRRUGLQDWH�V\VWHPV�DUH�XVHG�LQ WKH�PRGHO��7KH\�DUH�SUHVHQWHG�LQ�)LJXUH�����7KH�
JOREDO�RULHQWDWLRQ� LV� WKH�VDPH�DV� LQ�KDQG�FDOFXODWLRQV��7KH�PDWHULDO�RULHQWDWLRQV�DUH�XVHG� WR�
DVVLJQ�WKH�PDWHULDO�SURSHUWLHV�DQG�DUH�DOVR�UHODWHG�WR�WKH�VWUHVV�UHVXOW�SDUDPHWHUV�

)LJXUH�����&RRUGLQDWH�V\VWHPV�XVHG�IRU�$EDTXV�PRGHO�

����� /RDGV

7KH�ORDGV�GHVFULEHG�LQ�6HFWLRQ������ DUH�DVVLJQHG�WR���P�ZLGH�FURVV�VHFWLRQ�LQ�$EDTXV��,Q�)LJXUH�
�� WKH� ORDG� GLVWULEXWLRQ� LV� SUHVHQWHG�� 7KH� GLVWULEXWHG� ORDG� IURP� VHOI�ZHLJKW�� VRLO ORDG� DQG�
YDULDEOH�ORDG�LV�DVVLJQHG�WR�WKH�ZKROH�EHDP��7KH�ORDGV�IURP�WKH�VHUYLFH�YHKLFOH�DUH�UHFDOFXODWHG�
WR�GLVWULEXWHG�ORDG�RQ�DQ�DUHD�RI�ʹǡ � ൈ ͳǡͶ � DQG�WKHQ�DVVLJQHG�DFFRUGLQJ�WR�)LJXUH���� 6HH�
6HFWLRQ���� IRU�WKRURXJK�H[SODQDWLRQ�RI�KRZ�WKH�YHKLFOH�ORDG�LV�GLVWULEXWHG�
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)LJXUH���� /RDG�GLVWULEXWLRQ�RQ�PRGHO�LQ�$EDTXV�

����� %RXQGDU\�FRQGLWLRQV

7KH� GHFN� VHFWLRQ� ZDV� UHVWUDLQHG� DV� D� VLPSO\� VXSSRUWHG� EHDP�� 7ZR� SRVVLEOH� VROXWLRQV IRU�
ERXQGDU\� FRQGLWLRQV %&�� DQG� %&�� ZHUH� VWXGLHG� LQ� RUGHU� WR� FKRRVH� WKH� RQH� ZLWK� EHWWHU�
SHUIRUPDQFH� UHJDUGLQJ� ODWHUDO� GHIOHFWLRQ� RI� WKH� ZHEV� XQGHU� WKH� ORDGLQJ� 7KH� ERXQGDU\�
FRQGLWLRQV�DUH�VKRZQ�LQ�)LJXUH����

)LJXUH�����%RXQGDU\�FRQGLWLRQV�IRU�WKH���P�ZLGWK�EULGJH�GHFN�VHFWLRQ�

7KH�VXSSRUW HGJHV ZHUH�UHVWUDLQHG�IURP�PRYHPHQW�LQ�DOO�WKH�WUDQVODWLRQV RQ RQH�VLGH�DQG�IURP
ODWHUDO� DQG� YHUWLFDO� PRYHPHQWV RQ� WKH� RWKHU� VLGH�� 7KH IODQJH� HGJHV ZHUH� UHVWUDLQHG� IURP�
PRYHPHQW�LQ�ODWHUDO�GLUHFWLRQ��<��

$V�LW�FDQ�EH�VHHQ�LQ�)LJXUH��� IRU�%&���WKH�ZHEV RYHU�WKH�VXSSRUW�ZDV�UHVWUDLQHG�WR�SUHYHQW�
ODWHUDO�GHIOHFWLRQ��KRZHYHU�LQ�WKH�VHW�%&��WKH�ZHEV�ZHUH�DOORZHG�WR�PRYH�IUHHO\��

7KH�UHVXOWV�RI�WKH�VWXG\�VKRZHG�WKDW�WKH�ODWHUDO�GHIOHFWLRQ�RI�WKH�ZHEV�LQ�VHUYLFH�ORDGLQJ�VWDWH
ZDV���WLPHV�OHVVHU IRU�WKH�VHW�RI %&� �)LJXUH�����
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)LJXUH�����/DWHUDO�GHIOHFWLRQ�RI�ZHEV�RYHU�WKH�VXSSRUW�IRU�%&��DQG�%&��

$OO�WKH�IXUWKHU LQYHVWLJDWLRQ�ZDV�PDGH�ZLWK�D�ERXQGDU\�FRQGLWLRQV�VHW�%&� SUHVHQWHG�LQ�)LJXUH�
���

)LJXUH�����&RQGLWLRQV�IRU�%&��
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����� *HRPHWULHV

$�UDQJH�RI�GLIIHUHQW�JHRPHWULHV�ZDV�LQYHVWLJDWHG��7KH�KDQG�FDOFXODWLRQV�SUHVHQWHG�LQ�6HFWLRQ�
����ZHUH�XVHG�DV OLPLWV�IRU�WKH�JHRPHWU\�

7KH� JHRPHWULHV� LQYHVWLJDWHG� DUH� SUHVHQWHG� LQ )LJXUH� �� DQG 7DEOH� ��� ,W� ZDV� QHFHVVDU\� WR�
LQFUHDVH�WKH�ZHE WKLFNQHVV�LQ�VRPH�FDVHV�GXH�WR�EXFNOLQJ LVVXHV�

)LJXUH�����&URVVHFWLRQ RI�WKH�ILQDO�HFRGXFW�GHVLJQ�
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7DEOH�����*HRPHWU\�RI�FURVVHFWLRQ�
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��� 5HVXOWV

,Q�WKLV�FKDSWHU�WKH�UHVXOWV�IURP�$EDTXV DQDO\VLV�IRU�WKH�GLIIHUHQW�JHRPHWULHV�IURP 7DEOH��� DUH�
SUHVHQWHG��

����� 6WDWLF�DQDO\VLV

7KH�VWDWLF�DQDO\VLV�SHUIRUPHG�IRU�WKH�WKHVLV�KDG�WKUHH�GLIIHUHQW�SXUSRVHV�

x &RQILUPLQJ�WKH�UHVXOWV�IURP�WKH�KDQG�FDOFXODWLRQV�

x &RPSDUH�GLIIHUHQW�JHRPHWULHV�WR�HDFK�RWKHU� 7KH�GHIOHFWLRQ�DQG�VWUHVVHV�IRU�GLIIHUHQW�
JHRPHWULHV�ZHUH HYDOXDWHG�LQ�WKH�FKDUDFWHULVWLF�DQG�XOWLPDWH�OLPLW�VWDWH�ORDG�FRPELQDWLRQ
UHVSHFWLYHO\�

x &KHFN� RI� WKH� VDIHW\� UHTXLUHPHQWV� 7KH� VWUHQJWK� RI� )53�PDWHULDO� LQ� 8/6� DQG� TXDVL�
SHUPDQHQW�ORDG�FRPELQDWLRQ�ZDV�YHULILHG�DFFRUGLQJ�WR�31*�'HVLJQ�UHFRPPHQGDWLRQV�
7KH� UHTXLUHPHQWV� RQ� GHIOHFWLRQV� DUH� D� FRPELQDWLRQ� RI� LQVWDQW� GHIOHFWLRQ� IURP� WKH�
SHUPDQHQW ORDGV�GLUHFWO\�DIWHU�ORDGLQJ �į�� ZLWK WKH GHIOHFWLRQ IURP�WKH YDULDEOH�ORDGV�
WRJHWKHU�ZLWK ORQJWHUP�LQIOXHQFH�RI�SHUPDQHQW�ORDGV �į�� �VHH�)LJXUH����� 6LQFH�PDWHULDO�
SURSHUWLHV�IRU�ERWK�ORDG�FDVHV�FDQQRW�EH�DVVLJQHG�WR�WKH�GHFN�PRGHO VLPXOWDQHRXVO\��WKH�
GHFN� VHFWLRQ�ZDV�PRGHOHG� IRU� ERWK� FDVHV� VHSDUDWHO\�� DQG� WKH� UHVXOWV� RI� WKH�$EDTXV�
VLPXODWLRQ ZHUH�FRQILUPHG�E\�PDQXDO�FDOFXODWLRQV�IRU�WKH�VDPH�ORDGLQJ�FRQGLWLRQV�

7KH�UHVXOWV�DUH�SUHVHQWHG LQ 7DEOH��� DQG�LQ�ILJXUHV�ODWHU�LQ WKH�FKDSWHU� 7KH�VLPXODWLRQ�ZDV�
SHUIRUPHG� IRU� WKH FKDUDFWHULVWLF ORDG� FDVH�� 7KH� PD[LPXP� VWUHVVHV� ZHUH� LQ� WKH� ERWWRP�
IODQJHV� RI� WKH� VHFWLRQ� DQG� WKH� YDOXHV ZHUH� DOVR� FKHFNHG� WR� DVVXUH� WKH�PDWHULDO� VWUHQJWK�
UHTXLUHPHQWV� 6KHDU�VWUHVVHV�ZHUH�FDOFXODWHG�IRU�WKH�FRQFHSWV RI�����P�KHLJKW�

3DUDPHWHUV�LQYHVWLJDWHG�DUH�

�୶୷ 6KHDU�VWUHVVHV�LQ�;<�GLUHFWLRQ
�୶୶ 1RUPDO�VWUHVVHV�LQ�;�GLUHFWLRQ
�ǡ ܷ௬ 'HIOHFWLRQ�LQ�=�DQG�<�GLUHFWLRQV�UHVSHFWLYHO\
7KH�FRRUGLQDWH�V\VWHP�LV�DFFRUGLQJ�WR�)LJXUH����
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7DEOH�����6WDWLF�DQDO\VLV�UHVXOWV��$EDTXV���GHIOHFWLRQV�LQ�<�DQG�=�GLUHFWLRQV DUH SUHVHQWHG��QRUPDO�VWUHVVHV�LQ�;�GLUHFWLRQ��VKHDU�
VWUHVVHV�LQ�;<�SODQH�ZLWK�UHJDUG�WR�WKH�PDWHULDO�RULHQWDWLRQ�LQ�WKH�ZHEV�DUH�DOVR�SUHVHQWHG�

6WDWLF�DQDO\VLV��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ�
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)LJXUH��� SUHVHQWV�WKH�PD[LPXP�WHQVLOH�VWUHVVHV�LQ�WKH�IODQJH� 7KH�GDWD�LV�WDNHQ�DV�WKH�KLJKHVW�
WHQVLOH�VWUHVV LQ�WKH�ERWWRP�IODQJH��$OO�GDWD�SRLQWV�LQ�WKH�VDPH�FRORU�KDYH�WKH�VDPH�JHRPHWU\�
DSDUW�IURP�WKH�DQJOH�Ƚ �VHH�)LJXUH������7KH�VKDSH�RI�WKH�PDUNHU�LV�XVHG�WR�LQGLFDWH�WKH�DQJOH��
7KH�VDPH�FRORU�DQG�VKDSH�FRGH�ZLOO�EH�XVHG�IRU�DOO�WKH�IROORZLQJ�UHVXOWV�

)LJXUH��� 0D[LPXP�VWUHVVHV��QRUPDO�VWUHVVHV�6[[�LQ�WKH�ERWWRP�IODQJH��&KDUDFWHULVWLF�ORDG�FRPELQDWLRQ�
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)LJXUH��� SUHVHQWV� WKH� ODUJHVW� YHUWLFDO� GHIOHFWLRQ�RI� WKH� HFRGXFW� 7KH�SRLQW� LV� LQ� WKH�ERWWRP�
IODQJH�DW�WKH�PLG�VSDQ RI�WKH�EULGJH IRU�WKH�LQVWDQW�GHIOHFWLRQ LQ�WKH�FKDUDFWHULVWLF�ORDG�FDVH�

)LJXUH�����0D[LPDO�YHUWLFDO�GHIOHFWLRQV�RI�WKH�EULGJH�GHFN�LQ�FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ�

)LJXUH��� DQG� )LJXUH��� VKRZ�WKH�PD[LPXP�UHVSHFWLYH�PLQLPXP�GHIRUPDWLRQ�RI�WKH�ZHEV�RQ�
WKH�VWLIIHQHUV�DORQJ�WKH�ZHE �SDUW�D��RI�WKH�VWLIIHQHU��VHH�)LJXUH������VLQFH�WKH�DEVROXWH�YDOXH�RI�
WKH�GHIRUPDWLRQ�LV�ODUJHVW�WKH�HQWLUH�ZHE� 7KH�GHIRUPDWLRQ�LV�LQ�\�GLUHFWLRQ��VHH�)LJXUH�����7KH�
PD[LPXP�YDOXH�LV�JHQHUDOO\�LQ�WKH�PLGGOH�RI�WKH�VSDQ�ZKLOH�WKH�PLQLPXP�YDOXH�LV�IRXQG�QHDU�
WR� WKH�VXSSRUWV��1RWH� WKDW� WKH�DEVROXWH�YDOXH� IRU� WKH�PLQLPXP�DQG�PD[LPXP�GRHV�QRW�YDU\�
PXFK�IRU�VRPH�RI�WKH�JHRPHWULHV�

)LJXUH�����0LQLPXP�ODWHUDO�GHIOHFWLRQ�RI�ZHE��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ�
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)LJXUH�����0D[LPXP�ODWHUDO�GHIOHFWLRQ�RI�ZHE��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ�

)RU UHDVRQV GLVFXVVHG�LQ�6HFWLRQ����� GHVLJQ�QU����ZDV�FKRVHQ�IRU�D�PRUH�WKRURXJK�LQYHVWLJDWLRQ�

5HVXOWV�IURP�GLIIHUHQW�ORDG�FDVHV�IRU�GHVLJQ�QU�*���DUH�SUHVHQWHG LQ�7DEOH�����7KH�8/6�DQG�
FKDUDFWHULVWLF�ORDG�FDVH�FRQVLGHUHG LQVWDQW�ORDG�ZKLOH�WKH�TXDVL�SHUPDQHQW�ORDG�FDVH�DOVR�WDNHV�
FUHHS�LQWR DFFRXQW��1RWH�WKDW�GHIRUPDWLRQV�DUH�ODUJHVW�IRU�8/6�IROORZHG�E\�TXDVL�SHUPDQHQW�
ORDG�FRPELQDWLRQ��)RU�WKH�VWUHVVHV�KRZHYHU��WKH�TXDVL�SHUPDQHQW�ORDG�FRPELQDWLRQ�JLYHV�WKH�
ORZHVW�YDOXHV��,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKH�VKHDU�VWUHVVHV�DUH�SURSHUO\�ODUJHU�WKDQ�WKH\�ZRXOG�
EH� LQ� UHDOLW\��7KH�ERXQGDU\�FRQGLWLRQV�XVHG� LQIOXHQFHG WKH�VKHDU� VWUHVVHV�QHDU� WKH�VXSSRUWV�
ZKHUH�WKH VKHDU�VWUHVVHV�UHDFKHG�WKH�PD[LPXP�YDOXHV�

7DEOH�����5HVXOWV�JHRPHWU\�QU��*�� GLIIHUHQW�ORDG�FDVHV�
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5HVXOWV�IRU�WKH�HGJH�VHFWLRQ�LQ�GLIIHUHQW�ORDG�FDVHV�DUH�SUHVHQWHG�LQ�7DEOH�����

7DEOH�����5HVXOWV�JHRPHWU\�QU�*���HGJH�VHFWLRQ�

/RDG�
FRPELQDWLRQ

6[[ >03D@ 6[\ >PP@ 8] >PP@ 8\ >PP@ 8\ >PP@

8/6 �� ���� ������ ��� ����
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4XDVL��
SHUPDQHQW
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5HVXOWV�IRU�FURVV�VHFWLRQ�ZLWK�VWUDLJKW�ZHE�DQG�FRUUHVSRQGLQJ�KDQG�FDOFXODWLRQV�DUH�SUHVHQWHG�
LQ�7DEOH�����7KH�VDPH�ORDG�FDVH��WKH�LQVWDQW�FKDUDFWHULVWLF�ORDG�LV�DQDO\]HG IRU�ERWK�PRGHOV�

7DEOH�����5HVXOWV�VWUDLJKW�ZHEV��FKDUDFWHULVWLF�ORDG�FRPELQDWLRQ�

0RGHO 6[[�>03D@ 6[\�>PP@ 8]�>PP@
8\�>PP@

0D[

8\�>PP@

0LQ

$EDTXV ���� ����� ����� ��� ����

+DQG�
FDOFXODWLRQV

1R�UHVXOWV 1R�UHVXOWV ����� 1R�UHVXOWV 1R�UHVXOWV

,Q�)LJXUH��� WKH�ODWHUDO�GHIRUPDWLRQ�SDWWHUQ�RI�WKH�ZHE VWLIIHQHUV�DUH�SUHVHQWHG��7KH�UHVXOWV�ZHUH�
WDNHQ�IRU�WKH JHRPHWU\�*���7KH�SDWWHUQ�RI�GHIRUPDWLRQ�ZDV�VLPLODU�IRU�DOO�DQDO\]HG�FRQFHSWV�
7KH�GHIRUPDWLRQV�LV�WDNHQ�DORQJ�WKH�PLGGOH�RI�SDUW�D��RI�WKH�VWLIIHQHU��,W�FDQ�EH�FRPSDUHG�ZLWK�
)LJXUH��� ZKHUH�WKH�ZKROH�ODWHUDO�GHIRUPDWLRQ�LV�SUHVHQWHG�

)LJXUH�����/DWHUDO�GHIOHFWLRQ��8\��DORQJ�ZHE�VWLIIHQHUV��*HRPHWU\�*��DQG�FKDUDFWHULVWLF�ORDG�FDVH�
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)LJXUH��� WR�)LJXUH��� SUHVHQW�WKH�VWUHVV�DQG�GHIRUPDWLRQ�SDWWHUQ�RQ�WKH�FURVV�VHFWLRQ��/DWHUDO�
DQG�YHUWLFDO�GHIOHFWLRQV�DUH�LQFOXGHG�DV�ZHOO�DV�VWUHVVHV�LQ�[�GLUHFWLRQ�DQG�VKHDU�VWUHVVHV�

)LJXUH� ���� /DWHUDO� GHIOHFWLRQ� GHVLJQ� *�� 7KH� GHIOHFWLRQ� LQ� \� GLUHFWLRQ� UDQJHV� IURP� ��� ��� PP�� 7KH� GHIOHFWLRQ� LV� PRVW�
SURQRXQFHG�DORQJ�WKH�WZR�ZHE�VWLIIHQHUV��7KH�H[DFW�IRUP�RI�WKH�GHIRUPDWLRQ�DORQJ�WKH�VWLIIHQHUV�LV�SUHVHQWHG�LQ�ILJXUH����

7KH�YHUWLFDO�GHIOHFWLRQ �)LJXUH�����YDULHV�RQO\�DORQJ�WKH�= D[LV�DQG�LV�ODUJHVW�LQ�WKH�PLGGOH�RI�
WKH�VSDQ�

)LJXUH���� 9HUWLFDO�GHIOHFWLRQ� JHRPHWU\�*��
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$V�H[SHFWHG�IRU�D�VLPSOH�VXSSRUWHG�EHDP�WKH�VWUHVVHV�IURP�EHQGLQJ�DUH�ODUJHVW�LQ�WKH�IODQJH�DW�
WKH�PLGGOH�RI�WKH�VSDQ��)LJXUH�����

)LJXUH�����6WUHVVHV�6[[��JHRPHWU\ *��

7KH�VKHDU�VWUHVVHV�DUH�SUHVHQWHG�LQ�)LJXUH��� DQG )LJXUH�����,Q�WKH�FORVHXS�WKH�ORFDWLRQ�IRU�WKH�
KLJKHVW�VWUHVVHV�LV�YLVLEOH�DQG�PDUNHG�ZLWK�WZR�UHG�FLUFOHV��1RWH�WKH�UHG�DUURZ��LQ�WKDW�SRVLWLRQ�
WKH�ERXQGDU\�FRQGLWLRQV�VHHP�WR�LQIOXHQFH�WKH�VWUHVVHV�

)LJXUH�����6WUHVVHV�6[\��JHRPHWU\�*���
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)LJXUH�����6WUHVVHV�6[\��JHRPHWU\�*��

)LJXUH��� 3UHVHQWV�WKH�ODWHUDO�GHIOHFWLRQV�RI�WKH�FURVV�VHFWLRQ�ZLWK�VWUDLJKW�ZHEV��

)LJXUH�����/DWHUDO�GHIOHFWLRQ�8���JHRPHWU\�ZLWK�WKH�VWUDLJKW�ZHEV�
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����� %XFNOLQJ�DQDO\VLV

,Q�WKLV�FKDSWHU�WKH�UHVXOWV�IURP�WKH�EXFNOLQJ�DQDO\VLV�DUH�SUHVHQWHG��7KH�DQDO\VLV RI����SURSRVHG�
FRQFHSWV� ZLWK� GLIIHUHQW� KHLJKWV� DQG� JHRPHWULHV� RI� WKH EULGJH� GHFN VHFWLRQ� ZDV� PDGH� 7KH�
EXFNOLQJ�EHKDYLRU�RI�WKH�GHFN�VHFWLRQ�ZDV�FKHFNHG�LQ�XOWLPDWH�ORDG�VWDWH� 7KH�ORDG�IDFWRUV�IRU�
WKH�ILUVW����EXFNOLQJ�PRGHV�ZLWK�WKH�FRUUHVSRQGLQJ�KHLJKWV�DQG�DQJOHV�RI�WKH�LQFOLQDWLRQ�RI�WKH�
VWLIIHQHG�SDUWV�RI�WKH�ZHEV�DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH�����5HVXOWV�RI�WKH�EXFNOLQJ�DQDO\VLV�IRU�GLIIHUHQW�JHRPHWULHV�RI�WKH�EULGJH�GHFN�VHFWLRQ�
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FRQFHSW
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,Q�)LJXUH��� WKH ILUVW����EXFNOLQJ�PRGHV�IRU�DOO�GHFN�VHFWLRQ�JHRPHWULHV�DUH�SUHVHQWHG��,Q�)LJXUH�
�� WKH ILUVW�PRGH� HLJHQYDOXHV� DUH� SUHVHQWHG� DV� D� IXQFWLRQ� RI� WKH� DQJOH� DV ZHOO� DV� GLIIHUHQW�
JHRPHWULHV��

)LJXUH�����3RVLWLYH�HLJHQYDOXHV�IRU�WKH�ILUVW����EXFNOLQJ�PRGHV IRU�GLIIHUHQW�JHRPHWULHV�

)LJXUH������(LJHQYDOXHV�IRU�ILUVW�EXFNOLQJ PRGH�IRU�GLIIHUHQW�JHRPHWULHV�

7KH�ILUVW�EXFNOLQJ�PRGHV�IRU�WKH�FRQFHSWV�ZLWK�D�KHLJKW�RI������PP������PP�DQG������PP�
DQG�DQJOHV�RI�WKH�LQFOLQDWLRQ�RI�WKH�VWLIIHQHU�RI������������DQG����GHJUHHV�DUH�GHSLFWHG�LQ 7DEOH�
���

Ͳ
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7DEOH�����7KH��VW�EXFNOLQJ�PRGHV�IRU�WKH�GLIIHUHQW�GHFN�VHFWLRQ�JHRPHWULHV� 7KH�UHG��JUHHQ�DQG�EOXH�DUURZV�LQ�WKH�SLFWXUHV�DUH�
VKRZLQJ�WKH�;��<�DQG�=�GLUHFWLRQV�UHVSHFWLYHO\�

1�RI�
FRQFHSW

+HLJKW�
�PP�

Į� ����GHJUHHV Į� ����GHJUHHV Į� ����GHJUHHV

*��*� ����

)DLOXUH�PRGH ZHE ZHE ZHE

*��*� ����

)DLOXUH�PRGH ZHE ZHE ZHE

*��
*��

����

)DLOXUH�
PRGH

ZHE VKHDU ZHE

*���
*��

�

)DLOXUH�
PRGH

ZHE ZHE

*���
*��

)DLOXUH�
PRGH

ZHE ZHE

*���
*��

)DLOXUH�
PRGH

ZHE ZHE
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7KH� ILUVW� �� HLJHQYDOXHV� IRU� WKH� HGJH� VHFWLRQ� DUH� SUHVHQWHG� LQ� 7DEOH� ���� ,Q� FRQWUDVW� WR� RWKHU�
DQDO\VLV� WKLV� ZDV� GRQH� RQ� D� FURVV�VHFWLRQ� RI� ���� ZLGWK� VLQFH� WKH� FDOFXODWLRQ� WLPH� EHFDPH�
H[FHVVLYH� IRU� D� FURVV�VHFWLRQ� RI �� P ZLGWK� IRU� HGJH� VHFWLRQV�� 7KH� ILUVW� EXFNOLQJ PRGH LV�
SUHVHQWHG�LQ�)LJXUH�����7KH�EXFNOLQJ�PRGHV FRUUHVSRQGLQJ�WR�HLJHQYDOXH�����ZHUH�LQ�WKH�VDPH�
SRVLWLRQ�DV�IRU�WKH �VW EXFNOLQJ�PRGH�

7DEOH�����)LYH ILUVW�HLJHQYDOXHV IRU�WKH�HGJH�VHFWLRQ�

� � � � �

(LJHQYDOXH ������ ������ ������ ������ ������

)LJXUH�����)LUVW� EXFNOLQJ�PRGH RI WKH HGJH� VHFWLRQ �EOXH� DUURZ� LQ� WKH� ILJXUH� LQGLFDWH� WKH� YHUWLFDO� GLUHFWLRQ� LQ� WKH� JOREDO�
FRRUGLQDWH�V\VWHP��

��� 'LVFXVVLRQ�RI WKH�ILQDO�GHVLJQ

&RQILUPLQJ�UHVXOWV�IURP�KDQG�FDOFXODWLRQV

7KH�GLIIHUHQFH EHWZHHQ�KDQG�FDOFXODWLRQV�DQG�$EDTXV�LQ�WKH�PLGGOH�VHFWLRQ�LV�

�� ����െ�� ��������

�� ����
ൌ

ͷͻെͷʹ

ͷͻ
ൌ Ͳǡͳʹ ����

7KLV�GLIIHUHQFH�RI�����VHHPV�WR�LQGLFDWH�WKDW�WKH�KDQG�FDOFXODWLRQV�DUH�PRUH�FRQVHUYDWLYH�LQ�
WKHLU�DSSURDFK�

&RPSDULQJ�JHRPHWULHV

7KH�GLIIHUHQFH�EHWZHHQ�DQ $EDTXV�PRGHO�ZLWK�VWUDLJKW�ZHEV�DQG�GHVLJQ�QU����LV�

�� �� ͺ െ�� ��������

�� �� ͺ
ൌ

ͷʹെͷͳ

ͷʹ
ൌ ͲǡͲʹ ����

7KLV�LQGLFDWHV�WKDW�WKHUH�LV�YHU\�OLWWOH�GLIIHUHQFH�EHWZHHQ�WKRVH�VSHFLILF�JHRPHWULHV��7KHUH�DUH�
KRZHYHU�FDVHV�ZHUH�WKH�JHRPHWU\�VHHPV�WR LQIOXHQFH�WKH�GHIRUPDWLRQ�PRUH��,Q�)LJXUH��� LW�FDQ�
FOHDUO\�EH�REVHUYHG�WKDW� WKH�DQJOH�LQIOXHQFHV�WKH�EXFNOLQJ�EHKDYLRU�RI�WKH�VHFWLRQ��)RU�PRVW�
FDVHV�DQ LQFUHDVHG�DQJOH�PHDQV�ODUJHU�GHIRUPDWLRQV�
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,Q�)LJXUH��� LW�FDQ�EH�VHHQ�� WKDW� WKH�ODWHUDO�GHIOHFWLRQ�YDULHV�VLJQLILFDQWO\�GHSHQGLQJ�RQ�WKH�
KHLJKW�RI�WKH�FURVV�VHFWLRQ��)RU�WKH�VDPH�ORDG�VLWXDWLRQ��WKH�VPDOOHVW�ODWHUDO�GHIOHFWLRQ�RI�WKH�
ZHEV�ZDV�IRU�WKH�ORZHU�VHFWLRQV�RI������DQG������P��DQG�WKH�KLJKHU�FURVV�VHFWLRQV�KDG�KLJKHU�
ODWHUDO�GHIRUPDWLRQV��7KH�ODWHUDO�GHIRUPDWLRQV�DOVR�GHSHQG�RQ�WKH�DQJOH�RI�LQFOLQDWLRQ�RI�WKH�
VWLIIHQLQJ�SDUW�RI�WKH�ZHEV��6PDOOHU�LQFOLQDWLRQ�JLYHV VPDOOHU�ODWHUDO�GHIRUPDWLRQV��7KH�ZHEV�
ZLWK�WKH�DQJOH�RI����GHJUHHV�KDG�WKH�KLJKHVW�YDOXHV�RI�ODWHUDO�GHIOHFWLRQ��7KLV�VHHPV�ORJLFDO�
VLQFH� WKH� JHRPHWU\� FUHDWHV� DQ� LQWHUQDO� PRPHQW �)LJXUH� ��� LQ� WKH� VWLIIHQHUV�� 7KLV� OHDGV� WR
LQFUHDVHG�GHIRUPDWLRQV��

)LJXUH�����,QWHUQDO PRPHQW�LQ�VWLIIHQHU� ,QFUHDVHG�D��RU�H��LQFUHDVHV�ODWHUDO�GHIRUPDWLRQ�RI�VWLIIHQHU��

'HIOHFWLRQV

7KH�GHIOHFWLRQ�OLPLWV�DUH�VDWLVILHG�IRU�DOO� WKH�GHFN�VHFWLRQV�RI�GLIIHUHQW�KHLJKWV��+RZHYHU�� WR�
DVVXUH�WKH�VDIHW\�OLPLWV�WKH�VHFWLRQV�RI������P�DQG������P�KHLJKW�UHTXLUH�PRUH�FRPSRVLWH�)53�
PDWHULDO�WR�EH�XVHG��7KH�VHFWLRQV�RI�����P�KHLJKW�DUH�OLJKWZHLJKW��IXOILOOLQJ�WKH�GHIOHFWLRQ�OLPLWV�
WKH\�QHHGV�OHVVHU�DPRXQW�RI�)53�PDWHULDO�LQ�WKH�VHFWLRQ�

Ɂʹ ൌ ǡሾ��ሿ  Ͷ ሾ��ሿ IRU�PLGGOH�VHFWLRQ

Ɂʹ ൌ ǡሾ��ሿ  ʹ ሾ��ሿ IRU�HGJH�VHFWLRQ

ݔܽ݉ߜ ൌ ͺͲǡͲͲሾ��ሿ  ͷͺሾ��ሿ IRU�PLGGOH�VHFWLRQ

ݔܽ݉ߜ ൌ ͺͲሾ��ሿ  ͷሾ��ሿ IRU�HGJH�VHFWLRQ

$V� GHVFULEHG� EHIRUH� )53� LV� VXVFHSWLEOH WR� FUHHS�� FKHFNLQJ� WKH� UHVXOWV� IRU� WKH� GHIRUPDWLRQ�
SUHVHQWHG�LQ�7DEOH��� JLYHV�

ஔౙ౨౦

ஔౣ౮
ൌ

ସହǡହ

ସ
ൌ Ͳǡͳ IRU�PLGGOH�VHFWLRQ ����

ஔౙ౨౦

ஔౣ౮
ൌ

ହଷǡ଼

ଶ
ൌ Ͳǡͺ IRU�HGJH�VHFWLRQ

:KLFK�PHDQV�WKDW�WKH�FUHHS�SDUW�RI�WKH�GHIOHFWLRQ�GXH�WR�SHUPDQHQW�ORDG�LV����UHVSHFWLYH������
RI�WKH�FUHHS�SDUW�RI�WKH�SHUPDQHQW�ORDG�SOXV�WKH�LQVWDQW�GHIOHFWLRQ�RI�WKH�YDULDEOH�ORDG�

6WUHVVHV

7KH�VWUHVVHV�LQ�WKH�SURSRVHG�VHFWLRQ�DUH�EHORZ�WKH�VDIHW\�OLPLWV�VWDWHG�E\�31*�'HVLJQ�JXLGHOLQH�
IRU�WKH�PDWHULDO�VWUHQJWK�RI�)53�
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)53�PDWHULDO�VWUHQJWK�ZLWK�UHJDUG�WR�WKH�VKRUW�WHUP�ORDG�LQ�XOWLPDWH�ORDG�VWDWH �VHH�WDEOH�����

ௗ݂௧ ൌ Ǥௗߟ ൈ
ೖ

ఊಾǡುಿಸೞ
ൌ Ͳǡͺͳ ൈ

ସǡ

ଵǡ଼ଶଷ
ൌ ʹͲͻǡͳ ሾ���ሿ  ɐ୶୶ ൌ ͵͵ሾ���ሿ ����

ௗ݂ఛ ൌ Ǥௗߟ ൈ
ೖഓ

ఊಾǡುಿಸೞ
ൌ Ͳǡͺͳ ൈ



ଵǡ଼ଶଷ
ൌ ͵ͳǡͳሾ���ሿ  ɐ୶୷ ൌ ͻǡͳͶሾ���ሿ ����

)53�PDWHULDO�VWUHQJWK�ZLWK�UHJDUG�WR FUHHS�UXSWXUH XQGHU�WKH�ORQJ�WHUP�ORDG �VHH�HTXDWLRQ�����

ௗ݂௧ ൌ ߟ ൈ
Ǥଷൈೖ

ఊಾǡುಿಸೞ
ൌ Ͳǡ͵ͺ ൈ

ǡଷ ൈ ସǡ

ଵǡ଼ଶଷ
ൌ ʹͻǤͷሾ���ሿ  ɐ୶୶ ൌ ͳͷǡͷሾ���ሿ ����

ௗ݂ఛ ൌ ߟ ൈ
Ǥଷൈೖഓ

ఊಾǡುಿಸೞ
ൌ Ͳǡ͵ͺ ൈ

ǡଷ ൈ

ଵǡ଼ଶଷ
ൌ ͶǤͶ ሾ���ሿ  ɐ୶௬ ൌ ͶǡͶ ሾ���ሿ ����

7KH�XWLOL]DWLRQ�UDWLRV�FRUUHVSRQGLQJ�WR�WKRVH�YDOXHV�FDQ�EH�VHHQ�LQ�7DEOH����

7DEOH�����8WLOL]DWLRQ�UDWLRV�IRU�VWUHVVHV�LQ�XOWLPDWH�OLPLW�VWDW�DQG�TXDVL�SHUPDQHQW�OLPLW�VWDWH�

/RDG�FRPELQDWLRQ 6WUHVV 8WLOL]DWLRQ�UDWLR

8/6 %HQGLQJ ����

8/6 6KHDU ����

4XDVL�SHUPDQHQW %HQGLQJ ����

4XDVL�SHUPDQHQW 6KHDU �����

7KH�RQO\�VWUHVV WKDW�VHDPV�FULWLFDO�LV�WKH�ORQJ�WHUP�VKHDU�VWUHVVHV �FUHHS�UXSWXUH���7KH�VWUHVVHV�
DW�WKH�VHFWLRQ�DSSURDFKHG�WKH�PDWHULDO�VWUHQJWK�OLPLW��6RPH�IDFWRUV�DERXW�WKH�UHOLDELOLW\�RI�WKH�
VKHDU� VWUHVVHV� VKRXOG�EH�PHQWLRQHG��7KH�PDWHULDO� VWUHQJWK�YDOXHV�ZHUH� WDNHQ�DV� D� UHIHUHQFH�
YDOXHV�SURYLGHG�E\�PDQXIDFWXUHUV�IRU�)53�PDWHULDOV DQG�VKRXOG�EH�UHJDUGHG�DV�DSSUR[LPDWH��
)URP�WKH�GHVLJQ�VLGH��WKH DUHD�ZLWK�WKH�ODUJHVW�VKHDU�VWUHVVHV�ZDV�DOORFDWHG�FORVH�WR WKH�VXSSRUWV��
7KH�VXSSRUW�FRQGLWLRQ�FDXVHV�D� VWUHVV�FRQFHQWUDWLRQ��7KH�DUHD�GLUHFWO\�QHDU� WR� WKH�ERXQGDU\�
FRQGLWLRQV�ZDV�LJQRUHG�ZKHQ�HYDOXDWLQJ�WKH�VKHDU�VWUHVVHV��VLQFH�WKH�ERXQGDU\�FRQGLWLRQV�LQ WKH�
UHDO�FRQVWUXFWLRQ�DUH�XQNQRZQ��%XW�WKHUH�LV�KRZHYHU�VWLOO�D�FKDQFH�WKDW�WKHUH�LV�DQ�LQIOXHQFH RI�
ERXQGDULHV�LQ�PRGHOLQJ��7KHUHIRUH��WKH�DQDO\VLV�UHJDUGLQJ�FUHHS�UXSWXUH�GXH�WR�VKHDU�VWUHVVHV�
UHPDLQV�LQFRQFOXVLYH��$�PRUH�WKRURXJK�DQDO\VLV�ZLWK�ERXQGDU\�FRQGXFWLRQV�GHVLJQHG�WR GR QRW�
FDXVH�VWUHVV�FRQFHQWUDWLRQV�PD\�EH�D�ZD\�WR�UHDFK�D�PRUH�FRQFOXVLYH�UHVXOW�

%XFNOLQJ

$V�VHHQ�LQ�)LJXUH���� WKH�PRVW�HIILFLHQW�JHRPHWULHV�UHJDUGLQJ�EXFNOLQJ�DUH�WKH�ORZHU�RQHV ZLWK�
D� KHLJKW� RI� ����� P� DQG� ����� P�� 7KLV� LV� ORJLFDO� VLQFH� WKRVH VHFWLRQV DUH� OHVV� VOHQGHU� WKDQ�
JHRPHWULHV *��WR�*�� RI�����P�KHLJKW��,W�LV�KRZHYHU�VKRZQ�WKDW LW LV�SRVVLEOH�WR�UHDFK�HQRXJK�
EXFNOLQJ FDSDFLW\�HYHQ�ZLWK�YHU\�VOHQGHU�FURVV�VHFWLRQV��&RPSDULQJ�WKHVH VHFWLRQV WR�HDFK�RWKHU�
DQ DQJOH�RI����WR��� GHJUHHV�ZDV�IRXQG�WR�EH WKH�PRVW�HIILFLHQW� ,Q�WKRVH�EXFNOLQJ�PRGHV�WKH�
JOREDO�EXFNOLQJ�KDV�EHHQ�SUHYHQWHG�DQG�ORFDO�EXFNOLQJ�PRGHV�EHFRPH�FULWLFDO�

7KH� EXFNOLQJ� DQDO\VLV� ZDV� SHUIRUPHG�ZLWKRXW� LQLWLDO� GHIRUPDWLRQV�� 3UH�FDPEHULQJ�ZDV� QRW�
LQFOXGHG� WR� WKH�PRGHOLQJ� SURFHGXUH�� ,W�ZDV� SURYHQ� LQ� WKH� SUHYLRXV� VHFWLRQ� WKDW� FUHHS� LV� DQ�
LPSRUWDQW�IDFWRU�ZKHQ�GHVLJQLQJ�ZLWK�)53��,Q�UHDOLW\�WKH�EXFNOLQJ�DW�WKH�HQG�RI�WKH�OLIHWLPH�RI�
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WKH�HFRGXFWV�ZLOO�KDYH�LQLWLDO� FUHHS�GHSHQGHQW� GHIRUPDWLRQV�WKDW�PXVW�EH�WDNHQ�LQWR�DFFRXQW�
ZKHQ�DQDO\]LQJ�WKH�EXFNOLQJ�EHKDYLRU��7KLV�KDV�QRW�EHHQ�GRQH�LQ�WKLV�DQDO\VLV�

7KH�FURVV�VHFWLRQV�ZLWK�WKH�ORQJHU�YHUWLFDO�HOHPHQW��D��RI�WKH�VWLIIHQLQJ�SDUW��FRQFHSWV�*����*����
VKRZHG�ZRUVH�SHUIRUPDQFH�FRPSDUHG�WR�WKH�VROXWLRQV�ZLWK�WKH�HOHPHQW�OHQJWK�RI�����PP�DQG�
EXFNOHG�HDUOLHU��7KLV�PD\�DJDLQ�GHSHQG�RQ�DQ�LQWHUQDO�PRPHQW��)LJXUH�����LQ�WKH�VWLIIHQHU ZKHUH�
WKH�ORQJHU�YHUWLFDO�SDUW�JLYHV�DQ�LQFUHDVHG�LQLWLDOV�GHIRUPDWLRQ�

&RPELQHG�UHVXOWV�

7KH�VWDWLF�DQG�EXFNOLQJ�DQDO\VLV�RI�WKH�JHRPHWULHV *��RU�*��VKRZHG WKH�PRVW�PDWHULDO�HIILFLHQW�
GHVLJQV��7DNLQJ�WKH�ODWHUDO�GHIRUPDWLRQV LQWR�DFFRXQW� GHVLJQ�*��SHUIRUPV�EHWWHU�
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� 'LVFXVVLRQ

7KH�YDULRXV�VWDJHV�RI�HDFK�VXE�VWXG\ KDYH�EHHQ�GLVFXVVHG�H[WHQVLYHO\�LQ�6HFWLRQV������� ��� DQG�
�����2QH RI�WKH�PDMRU�FKDOOHQJHV�LQ�WKLV�WKHVLV�ZDV�WKH�ZLGWK�RI�WKH�LQYHVWLJDWLRQ��,W�UDQJHG�IURP�
GHILQLQJ�D�FDVH�DQG�FRQWH[W�UHOHYDQW�IRU�HFRGXFWV WR�WKH�SUHOLPLQDU\�GHVLJQV HYDOXDWLRQ�DQG�WKH�
GHILQLWLRQ�RI�WKH�ILQDO�GHVLJQ�VROXWLRQ�ZLWK�WKH�VHFWLRQDO�RSWLPL]DWLRQ��

(DFK�RI�WKRVH�WKUHH�VXEMHFWV�FRXOG�KDYH�EHHQ�RQH�WKHVLV��7KHUHIRUH��LW�ZDV� RI�FRXUVH� QHFHVVDU\�
WR�FRQVLGHU HDFK�SDUW�RI�WKH�VWXG\��KRZHYHU� OLPLWLQJ�WKH�LQYHVWLJDWLRQ LQ�WKH�SRLQW�ZKHQ�WKH
VXIILFLHQW�NQRZOHGJH�ZDV�JDLQHG�IRU�DQ HIILFLHQW�GHVLJQ RI�DQ�HFRGXFW�

)DXQD�DQG�LQIUDVWUXFWXUH�ZDV�WUHDWHG�RQ D QDWLRQDO�OHYHO��7KH�VWDWLVWLFV�VKRZHG�TXLWH�FOHDUO\�
ZKLFK�NLQG�RI�URDGV�ZHUH�SUREOHPDWLF� LQ�FRQQHFWLRQ�ZLWK�KDELWDW� IUDJPHQWDWLRQ�� ,W�ZDV DOVR�
TXLWH�FOHDU�ZKDW�WKH�PLQLPXP�UHTXLUHPHQWV�DUH RQ�WKH�ZLGWKV�RI�WKRVH�URDGV��7KHUH�DUH� KRZHYHU�
QR�JXDUDQWHHV�WKDW�URDGV�NHHS�WR�WKH�PLQLPXP�ZLGWK��$GGLWLRQDOO\��WKHUH�PD\�EH�DQ�LQWHUHVW�LQ�
DGGLQJ�PRUH�ODQHV�WR�VRPH�URDGV�LQ�IXWXUH��,Q�WKH�FDVH�XVHG�KHUH� WKHUH�LV�D�PDUJLQ�RI���WR���
PHWHUV��7KLV�LV�HQRXJK�WR�FRPSHQVDWH�IRU�VPDOOHU�LQFUHDVHV�LQ URDG ZLGWK��EXW�QRW�HQRXJK�WR�
DGG�D�ZKROH�ODQH����

7KHRUHWLFDO�UHTXLUHPHQWV�DQG�OLPLWV�GR�QRW�DOZD\V�FRQILUP�ZLWK�WKH�UHDOLW\��1RW�D�VLQJOH�UHDO�
H[DPSOH�RI�DQ�HFRGXFW�ZDV�DQDO\]HG�LQ�WKLV�WKHVLV��7KLV�LV�DOVR�D�ZHDNQHVV�LQ�FRQQHFWLRQ�ZLWK�
WKH�YHJHWDWLRQ GHVLJQ�

)RU�HFRGXFWV PRUH�WKDQ�IRU�DQ\�RWKHU�EULGJHV� LW�LV�LPSRVVLEOH�WR�UHDOO\�GHILQH�D�W\SLFDO FDVH��
7KH�SUHFLVH�GHVLJQ�RI�WKH�VRLO�DQG�YHJHWDWLRQ�ZLOO�DOZD\V�GHSHQG�ODUJHO\�RQ�ORFDO�YHJHWDWLRQ�
DQG�WHUUDLQ��

3UHOLPLQDU\�GHVLJQ

7KH�PDLQ�IRFXV�RI� WKH�SUHOLPLQDU\�GHVLJQ�ZDV�RQ� WKH�SURGXFWLRQ�PHWKRG�DQG� WKH�GHIOHFWLRQ
OLPLWV��0DMRU�DVVXPSWLRQV�ZHUH�PDGH� IRU�ERWK�DUHDV�RI� LQYHVWLJDWLRQ�� ,W�ZDV�QRW�SRVVLEOH� WR�
GHILQH�H[DFW�OD\XS�RI�WKH�)53�ODPLQDWH�RU�VL]H�OLPLWV��(DFK�SURGXFHU�KDV�GLIIHUHQW�OLPLWV�DQG�
SRVVLELOLWLHV�DQG�DJDLQ�QRW�D�VLQJOH�H[LVWLQJ�PDQXIDFWXULQJ�SURSRVDO UHJDUGLQJ�WKH�)53�ODPLQD�
FRPSRQHQWV��QXPEHU�DQG�GLUHFWLRQ�RI�SOLHV�ZDV�LQYHVWLJDWHG�LQ�GHSWK��7KH�GHIRUPDWLRQ�ODUJHO\�
GHSHQGV�RQ� WKH�FUHHS�EHKDYLRU� ZKLFK� LQ� WXUQV�GHSHQGV�RQ� WKH�H[DFW�GHVLJQ�RI� WKH� ODPLQDWH��
+HUH� WKH�PDMRU�JHQHUDOL]DWLRQV�ZHUH�PDGH��

)LQDO�GHVLJQ

7KH� ILQDO� GHVLJQ�ZDV� DSSURDFKHG�DV� DQ�RSWLPL]DWLRQ�SUREOHP� IRU� WKH� H[DFW� JHRPHWU\�RI� WKH�
FURVV�VHFWLRQ��$�PDWHULDO�ZDV�GHVLJQHG� WDNLQJ XS� WKH� VWUHVVHV� JHQHUDWHG��7ZR�PDMRU� LVVXHV��
FUHHS�DQG�EXFNOLQJ� ZHUH�LQYHVWLJDWHG��+RZ�FUHHS��GHYHORSHG�ZLWK�WLPH��FDQ�DIIHFW�WKH�EXFNOLQJ�
EHKDYLRU�RI�WKH�GHYHORSHG�VHFWLRQV�ZDV� KRZHYHU� QRW�LQYHVWLJDWHG��7KHUH�DOVR�UHPDLQV�D�ODUJH�
QXPEHU�RI�GHWDLOV� VXFK�DV�FRQQHFWLRQV� WKDW�QHHG�WR�EH�LQYHVWLJDWHG�

2QH�LVVXH�WKDW�ZDV�GLVFRYHUHG�ZDV�WKH�VKHDU�VWUHVVHV��HVSHFLDOO\�IRU�FUHHS�UXSWXUH��7KH�UHVXOWV�
UHPDLQHG�LQFRQFOXVLYH�WKHUH�

*HQHUDO

,Q�JHQHUDO��WKH�LQYHVWLJDWLRQ�LQWR�WKH�GHVLJQ�RI�HFRGXFWV�IURP�)53�ZDV�VXFFHVVIXO��$�SURPLVLQJ�
GHVLJQ�ZDV�GHYHORSHG�DQG�SURYHG�WR�EH�IXQFWLRQLQJ�XS�WR�D�FHUWDLQ�SRLQW��7KHUH�UHPDLQ�VHYHUDO�
GHWDLOV�WKDW�PXVW�EH�DGGUHVVHG� VRPH�RI�WKHP�DUH�WKH�VKHDU�VWUHQJWK�LQ�TXDVL�SHUPDQHQW�ORDG�
FRPELQDWLRQ��FRQQHFWLRQV�DQG�ILUH�UHVLVWDQFH���
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� &RQFOXVLRQ

$Q HFRGXFW� GHVLJQ� PDGH� RI� ILEUH UHLQIRUFHG� SRO\PHU� FRPSRVLWH� PDWHULDO� ZDV� GHYHORSHG��
6HYHUDO�SUHOLPLQDU\�GHVLJQV�ZHUH�GHYHORSHG�DQG�VWXGLHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�EHVW�SRVVLEOH�
VROXWLRQ�IRU�WKH�VWUXFWXUDO�V\VWHP�DQG�VHFWLRQDO�JHRPHWU\��

7KH EHDULQJ�GHFN�VWUXFWXUDO�V\VWHP�ZDV�FKRVHQ�IRU�WKH�ILQDO�GHVLJQ�GHFLVLRQ��7KH�ZHEV�ZHUH�
PRGHOHG�ZLWK�WKH�VWLIIHQHG�JHRPHWULHV�RI�D�YDULRXV VL]HV��7KH�ILQDO�GHVLJQ�ZDV DQDO\]HG�ZLWK�D�
ILQLWH�HOHPHQW�DQDO\VHV�WR�LQYHVWLJDWH WKH�EXFNOLQJ�EHKDYLRU�RI�WKH�SURSRVHG�GHFN�VHFWLRQ�

7KH�IROORZLQJ�FRQFOXVLRQV�ZHUH�PDGH�EDVHG�RQ�WKH�VWXG\�SHUIRUPHG�

)DXQD�DQG�LQIUDVWUXFWXUH

+LJKZD\V��PRWRUZD\V�DQG�UDLOZD\V�DUH�WKH�ODUJHVW�EDUULHUV� LQ�6ZHGHQ��7KH�SHUPHDELOLW\�IRU�
UDLOZD\V� LV� OHVV�ZHOO�GHILQHG� WKDQ�IRU� URDGV��7KH�EULGJH�VSDQ�RYHU� UDLOZD\V� LV�QRW�DV�FOHDUO\�
GHILQHG�DQG�FRQVWDQW�DV�IRU�URDGV�

,Q�RUGHU�WR�HQVXUH�D�FRPIRUWDEOH�FURVVLQJ�RI�WKH�URDG�IRU�DQLPDOV��ODQGVFDSLQJ�RQ�HFRGXFWV LV�RI�
JUHDW�LPSRUWDQFH� 7KH�UHTXLUHPHQWV�RQ�YHJHWDWLRQ�ZHUH�VWXGLHG�DQG�WKH�FDVH�VWXG\�ZDV�GHILQHG�
ZLWK�UHJDUG�WR WKH�QHHGV�RI�DQLPDOV� *HQHUDOO\�� WKH�ZKROH�HFRGXFW QHHG�YHJHWDWLRQ�EXW� WUHHV�
RQO\�KDYH�D�IXQFWLRQ RI�VFUHHQLQJ DW�WKH�HGJHV�RI�WKH�HFRGXFW�

3UHOLPLQDU\�GHVLJQ

,QLWLDO�GHVLJQ�FRQVLGHUHG�WKH�H[LVWLQJ�PDQXIDFWXULQJ SRVVLELOLWLHV�IRU�)53�FRPSRVLWH�SURGXFWLRQ��
7KHVH�LQFOXGH�

/D\XS��7KH�SRVVLELOLWLHV�IRU�H[DFW�DUUDQJHPHQW�RI� WKH�ILEUHV�LQ�GLIIHUHQW�SURGXFWLRQ�PHWKRGV�
JRYHUQV�WKH�PDWHULDO�SURSHUWLHV�RI�WKH�ILQLVKHG�SURGXFW�

7KLFNQHVV�DQG�VL]H��7KH�WKLFNQHVV�DQG�VL]H�RI�LQGLYLGXDO�FRPSRQHQWV�DUH�RIWHQ�OLPLWLQJ�LQ�GHVLJQ�

7KH�GHVLJQV�ZHUH�GHYHORSHG�ZLWK�UHJDUG�WR�MRLQLQJ�WHFKQLTXH�ZKLFK�VKRXOG�EH�XVHG�WR�FRQQHFW�
VWUXFWXUDO�PHPEHUV��7KH�XVH�RI�DGKHVLYH�MRLQWV�PXVW�EH�FRQVLGHUHG�HVSHFLDOO\�FDUHIXOO\ VLQFH�
WKH\�PXVW�EH�GRQH�LQ�D�ZRUNVKRS��

)LQDO�GHVLJQ

3URGXFWLRQ� SRVVLELOLWLHV OLPLW� WKH� PDWHULDO�� 7KHVH� OLPLWV� UHJDUG� ERWK� WKH� SURSHUWLHV� DQG WKH
GLPHQVLRQV RI� WKH�VHFWLRQV� 'HIOHFWLRQ�FULWHULD�DUH�JHQHUDOO\�PRUH�FULWLFDO� WKDQ�VWUHVV� UHODWHG�
FULWHULD� 7KLV�LV�WUXH�IRU�DOO�VWUHVV�FULWHULD¶V�H[FHSW�WKH�VKHDU�VWUHVVHV�LQ�TXDVL�SHUPDQHQW�ORDG�
FRPELQDWLRQ� 7KH�VKHDU�VWUHVVHV�LQ�TXDVL�SHUPDQHQW�ORDG�FRPELQDWLRQ�DUH�FULWLFDO��7KLV�UHVXOW�
FRXOG�EH�VNHZHG�E\�WKH�DQDO\]LQJ�PHWKRG�ZKLFK�LV�QRW�YHU\�DFFXUDWH�IRU�VKHDU�VWUHVVHV�QHDU�WKH�
VXSSRUW�

7KH�GHVLJQ�ZDV�GHYHORSHG�VXFK�DV�WKH�SURSRVHG�JHRPHWU\�RI�WKH�HFRGXFW�VHFWLRQ�LV�QRW�FRPSOH[�
DQG�WKH�VHFWLRQ�FDQ�EH�SURGXFHG�ZLWK�H[LVWLQJ�PDQXIDFWXULQJ�WHFKQRORJLHV�IRU�)53�SURGXFWLRQ�

7KH�GHVLJQHG�HFRGXFW�FDQ�EH�DVVHPEOHG IURP�SDUWV�RQ�VLWH��6HYHUDO�VROXWLRQV�DUH�SURSRVHG�

,W ZDV�FRQFOXGHG�WKDW�EXFNOLQJ�LV�JRYHUQLQJ LQ�FDVHV�RI�YHU\�VOHQGHU�FURVVHFWLRQV� 7KH�VHFWLRQ�
KHLJKW�RI�����P�ZDV�UHFRJQL]HG�WKH�PRVW�HIILFLHQW�IURP�WKH�SRLQW�RI�YLHZ�RI�EHDULQJ�FDSDFLW\��
SURGXFWLRQ�SRVVLELOLWLHV�DQG�PDWHULDO�XVH�

6WLIIHQHUV�DQDO\]HG�LQ�WKH ILQDO�GHVLJQ�DUH�PRVW�HIIHFWLYH�ZLWK�D�PHGLXP�LQFOLQDWLRQ�RI����WR ࡈ���
DQG�RI�WKH�VPDOO�VL]H��
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*HQHUDO

,W�LV�SRVVLEOH�WR�FRQVWUXFW�HFRGXFWV�PDGH�RI�)53��7KLV�FDQ�EH�GRQH�ZLWK�WKH�SURGXFWLRQ�PHWKRGV�
DYDLODEOH�QRZDGD\V��7KH�VL]H�RI�VXFK�FURVV�VHFWLRQV�LV�UHDVRQDEOH�ERWK�IURP�WKH�SRLQW�RI�YLHZ�
RI�PDQXIDFWXULQJ�RI�VHFWLRQV� DV�ZHOO�DV�WUDQVSRUW�DQG�DVVHPEOLQJ�RI�WKH�EULGJH�

,Q�WKH�GHVLJQ�RI�PDWHULDO�HIIHFWLYH�FURVV�VHFWLRQV��FUHHS�GHIRUPDWLRQV�DQG�EXFNOLQJ�DUH�FULWLFDO��
6PDOO�GLIIHUHQFHV�LQ�JHRPHWU\�FDQ�FKDQJH�WKH�EXFNOLQJ�EHKDYLRU�

2I�WKH�GHVLJQV�LQYHVWLJDWHG�LQ�WKLV�WKHVLV� GHVLJQ�QU��*��LQ�7DEOH��� LV�WKH�PRVW�PDWHULDO�HIIHFWLYH��
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5HIHUHQFHV�

bOJ�� 6YHQVND�-lJDUHI|UEXQGHW����������5HWULHYHG�0DUFK����������IURP�
KWWSV���MDJDUHIRUEXQGHW�VH�YLOW�YLOW�YHWDQGH��DUWSUHVHQWDWLRQ�GDJJGMXU�DOJ�

%HUDUGL��8���	�'HPEVH\��1����������7KHUPDO�DQG�)LUH�&KDUDFWHULVWLFV�RI�)53�&RPSRVLWHV�IRU�
$UFKLWHFWXUDO�$SSOLFDWLRQV���1RYHPEHU�������±������
KWWSV���GRL�RUJ���������SRO\P�������

%HUDUGL��9��3���3HUUHOOD��0���)HR��/���	�&ULFUu��*����������&UHHS�EHKDYLRU�RI�*)53�ODPLQDWHV�
DQG�WKHLU�SKDVHV��([SHULPHQWDO�LQYHVWLJDWLRQ�DQG�DQDO\WLFDO�PRGHOLQJ��&RPSRVLWHV�3DUW�
%��(QJLQHHULQJ����������±�����KWWSV���GRL�RUJ���������M�FRPSRVLWHVE������������

%KDJZDW��3��0���5DPDFKDQGUDQ��0���	�5DLFKXUNDU��3����������0HFKDQLFDO�3URSHUWLHV�RI�
+\EULG�*ODVV�&DUERQ�)LEUH 5HLQIRUFHG�(SR[\�&RPSRVLWHV��0DWHULDOV�7RGD\��
3URFHHGLQJV������������±������KWWSV���GRL�RUJ���������M�PDWSU������������

%KDWW��3���	�*RH��$����������&DUERQ�)LEUHV��3URGXFWLRQ��3URSHUWLHV�DQG�3RWHQWLDO�8VH��
0DWHULDO�6FLHQFH�5HVHDUFK�,QGLD�����������±����KWWSV���GRL�RUJ����������PVUL�������

&DOOXQD�$%����������(IIHNWLY�XWIRUPQLQJ�DY�HNRGXNWHU�RFK�IDXQDEURDU��7UDILNYHUNHW�

&DUDWWHUH��&����������3URVSHFW�IRU�1HZ�*XLGDQFH�LQ�WKH�'HVLJQ�RI�)53�6WUXFWXUHV�
&217(176�3$57�,ࣟ��32/,&<�)5$0(:25.���385326(���-867,),&$7,21�$1'�
%(1(),76�����(;$03/(6�2)�&20326,7(�6758785(6�,1�

'RPRQH��3���	�,OOVWKRQ��-���(GV������������&RQVWUXFWLRQ�PDWHULDOV�� 7KHLU�QDWXUH�DQG�EHKDYLRU�
��WK�HG���

)DURRT��0���	�%DQWKLD��1�������D���$Q�LQQRYDWLYH�)53�ILEUH�IRU�FRQFUHWH�UHLQIRUFHPHQW��
3URGXFWLRQ�RI�ILEUH��PLFURPHFKDQLFV��DQG�GXUDELOLW\��&RQVWUXFWLRQ�DQG�%XLOGLQJ�
0DWHULDOV����������±�����KWWSV���GRL�RUJ���������M�FRQEXLOGPDW������������

)DURRT��0���	�%DQWKLD��1�������E���$Q�LQQRYDWLYH�)53�ILEUH�IRU�FRQFUHWH�UHLQIRUFHPHQW��
3URGXFWLRQ�RI�ILEUH��PLFURPHFKDQLFV��DQG�GXUDELOLW\��&RQVWUXFWLRQ�DQG�%XLOGLQJ�
0DWHULDOV����������±�����KWWSV���GRL�RUJ���������M�FRQEXLOGPDW������������

)HLK��6���	�0RXULW]��$��3����������7HQVLOH�SURSHUWLHV�RI�FDUERQ�ILEUHV�DQG�FDUERQ�ILEUH�
SRO\PHU�FRPSRVLWHV�LQ�ILUH��&RPSRVLWHV�3DUW�$��$SSOLHG�6FLHQFH�DQG�0DQXIDFWXULQJ��
����������±�����KWWSV���GRL�RUJ���������M�FRPSRVLWHVD������������

)ULEHUJ��(���	�2OVVRQ��-����������$SSOLFDWLRQ�RI�ILEUH�UHLQIRUFHG�SRO\PHU�PDWHULDOV�LQ�URDG�
EULGJHV�± *HQHUDO�UHTXLUHPHQWV�DQG�GHVLJQ�FRQVLGHUDWLRQV��&KDOPHUV�8QLHUVLW\�RI�
7HFKQRORJ\�

*HRUJLL��%���.HOOHU��9���3ILVWHU��+��3���5HFN��+���3HWHUV�RVWHQ���(���+HQQHEHUJ��0���«�%DFK��/��
��������8VH�RI�ZLOGOLIH�SDVVDJHV�E\ LQYHUWHEUDWH�DQG�YHUWHEUDWH�VSHFLHV�

*ODVNRYD�.X]PLQD��7���$QLVNHYLFK��$���0DUWRQH��$���*LRUGDQR��0���	�=DUUHOOL��0����������
(IIHFW�RI�PRLVWXUH�RQ�HODVWLF�DQG�YLVFRHODVWLF�SURSHUWLHV�RI�HSR[\�DQG�HSR[\�EDVHG�
FDUERQ�ILEUH�UHLQIRUFHG�SODVWLF�ILOOHG�ZLWK�PXOWLZDOO�FDUERQ�QDQRWXEHV��&RPSRVLWHV�3DUW�
$��$SSOLHG 6FLHQFH�DQG�0DQXIDFWXULQJ���������±�����
KWWSV���GRL�RUJ���������M�FRPSRVLWHVD������������
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-HVWKL��'��.���0DQGDO��3���5RXW��$��.���	�1D\DN��5��.����������(IIHFW�RI�FDUERQ�JODVV�ILEUH
V\PPHWULF�LQWHU�SO\�VHTXHQFH�RQ�PHFKDQLFDO�SURSHUWLHV�RI�SRO\PHU�PDWUL[�FRPSRVLWHV��
3URFHGLD�0DQXIDFWXULQJ���������±�����KWWSV���GRL�RUJ���������M�SURPIJ������������

-RQGHOLXV��(����������)DXQD|YHUJnQJDU�L�6YHULJH�RFK�1RUJH�

.HFN��6���	�)XOODQG��0����������(IIHFW�RI�ILEUH�YROXPH�IUDFWLRQ�DQG�ILEUH�GLUHFWLRQ�RQ�FUDFN�
SDWKV�LQ�XQLGLUHFWLRQDO�IOD[�ILEUH�UHLQIRUFHG�HSR[\�FRPSRVLWHV�XQGHU�VWDWLF�ORDGLQJ��
7KHRUHWLFDO�DQG�$SSOLHG�)UDFWXUH�0HFKDQLFV��
KWWSV���GRL�RUJ���������M�WDIPHF������������

.RGXU��9��5���%LVE\��/��$���*UHHQ��0���	�&KRZGKXU\��(��8����������)LUH�3HUIRUPDQFH�RI�)53�
6\VWHPV�IRU�,QIUDVWUXFWXUHௗ��$�6WDWH�RI�WKH�$UW�5HSRUW��3XEOLFDWLRQV�'X�&15&��13$U&���
)LUH�DQG�0DWHULDOV� ������0D\��������SS�������KWWSV���GRL�RUJ�����������������

0DUD��9���+DJKDQL��5���	�+DUU\VRQ��3����������%ULGJH�GHFNV�RI�ILEUH�UHLQIRUFHG�SRO\PHU�
�)53���$�VXVWDLQDEOH�VROXWLRQ��&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV���������±�����
KWWSV���GRL�RUJ���������M�FRQEXLOGPDW������������

1DTYL��6��5���3UDEKDNDUD��+��0���%UDPHU��(��$���'LHUNHV��:���$NNHUPDQ��5���	�%UHP��*��
��������$�FULWLFDO�UHYLHZ�RQ�UHF\FOLQJ�RI�HQG�RI�OLIH�FDUERQ�ILEUH�JODVV�ILEUH�UHLQIRUFHG�
FRPSRVLWHV�ZDVWH�XVLQJ�S\URO\VLV�WRZDUGV�D�FLUFXODU�HFRQRP\��5HVRXUFHV��&RQVHUYDWLRQ�
DQG�5HF\FOLQJ������1RYHPEHU�����������±�����
KWWSV���GRL�RUJ���������M�UHVFRQUHF������������

1DWLRQHOOD�9LOWRO\FNVUnGHW����������9LOWRO\FNRU�GH�VHQDVWH���nUHQ��5HWULHYHG�)HEUXDU\����������
IURP�KWWSV���ZZZ�YLOWRO\FND�VH�VWDWLVWLN�YLOWRO\FNRU�GH�VHQDVWH���DUHQ�

6DIH�5RDG�%LUVWD����������%URUlFNHQ�_�6DIHURDG�%LUVWD�$%��5HWULHYHG�)HEUXDU\�����������IURP�
KWWSV���ZZZ�VDIHURDGELUVWD�VH�SURGXNWHU�UDFNHQ�EURUDFNHQ�

6DIH�5RDG�7UDIILF����������%HJUHSSVWHUPLQRORJL�I|U�YlJXWUXVWQLQJ�VRP�YlJUlFNHQ��
NURFNGlPSDUH��I|UDQNULQJDU��5HWULHYHG�)HEUXDU\�����������IURP�ZZZ�VDIHURDGWUDIILF�VH

6DQGDKO��9���	 +lOOHUVWnO��(����������'HVLJQ�RI�DQ�)53�(FR�EULGJH��&KDOPHUV�8QLYHUVLW\�RI�
7HFKQRORJ\�

6HLOHU��$��	�)RONHVRQ��/����������+DELWDW�IUDJPHQWDWLRQ�GXH�WR�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH��
«���97,��WKH�6ZHGLVK�1DWLRQDO�5RDG�DQG�7UDQVSRUW�«��5HWULHYHG�IURP�
KWWS���VFKRODU�JRRJOH�FRP�VFKRODU"KO HQ	EWQ* 6HDUFK	T LQWLWOH�+DELWDW�)UDJPHQWDWLR
Q�GXH�WR�7UDQVSRUW�,QIUDVWUXFWXUH��

6HLOHU��$QGUHDV����������7UHQGV�DQG�VSDWLDO�SDWWHUQV�LQ�XQJXODWH�YHKLFOH�FROOLVLRQV�LQ�6ZHGHQ��
:LOGOLIH�%LRORJ\������������±�����KWWSV���GRL�RUJ���������ZOE���������

6HLOHU��$QGUHDV��2OVVRQ��0���	�/LQGTYLVW��0����������$QDO\V�DY�LQIUDVWUXNWXUHQV�SHUPHDELOLWHW�
I|U�NO|YGMXU��5HWULHYHG�IURP� KWWS���WULHNRO�VH�EULVWDQDO\V�

6H\\HG�0RQIDUHG�=DQMDQL��-���$O�1DGKDUL��$��6���	�<LOGL]��0����������0DQXIDFWXULQJ�RI�
HOHFWURDFWLYH�PRUSKLQJ�FDUERQ�ILEUH�JODVV�ILEUH�HSR[\�FRPSRVLWH��3URFHVV�DQG�VWUXFWXUDO�
PRQLWRULQJ�E\�)%*�VHQVRUV��7KLQ�:DOOHG�6WUXFWXUHV������-XO\������±�����
KWWSV���GRL�RUJ���������M�WZV������������



&+$/0(56 �����������������&LYLO�(QJLQHHULQJ��0DVWHU¶V�7KHVLV�$&(;�������� ͳͲͳ

6/8����������5HWULHYHG�)HEUXDU\�����������IURP�KWWSV���ZZZ�VOX�VH�PLOMRDQDO\V�VWDWLVWLN�RFK�
PLOMRGDWD�PLOMRGDWD�ZHEEWMDQVWHU�PLOMRDQDO\V�PDUNLQIR�PDUNLQIR�PDUNNHPL�SK�

6RQQHQVFKHLQ��5���*DMGRVRYD��.���	�+ROO\��,����������)53�&RPSRVLWHV�DQG�7KHLU�8VLQJ�LQ�WKH
&RQVWUXFWLRQ�RI�%ULGJHV��3URFHGLD�(QJLQHHULQJ����������±�����
KWWSV���GRL�RUJ���������M�SURHQJ������������

6WURQJZHOO����������(;75(1�':%���'(6,*1�*8,'(��5HWULHYHG�IURP�
KWWSV���ZZZ�VWURQJZHOO�FRP�ZS�FRQWHQW�XSORDGV���������(;75(1�':%�'HVLJQ�
*XLGH�SGI

7KH�(XURSHDQ�VWUXFWXUDO�SRO\PHULF�FRPSRVLWHV�JURXS����������6WUXFWXUDO�'HVLJQ�RI�3RO\PHU�
&RPSRVLWHV��(852&203�'HVLJQ�&RGH�DQG�+QDGERRN���-��/��&ODUNH��(G����7D\ORU�	�
)UDQFLV�H�/LEUDU\�

7UDILNYHUNHW����������7UDILNYHUNHWV�WHNQLVND�NUDY�I|U�JHRNRQVWUXNWLRQHU�� 7. *HR����

7UDILNYHUNHW��9lJDUV�RFK�JDWRUV�XWIRUPQLQJ���������5HWULHYHG�IURP�
KWWSV���WUDILNYHUNHW�LQHNR�VH�)LOHV�VY�
6(�������5HODWHG)LOHV�����B���BNUDYBIRUBYDJDUVBRFKBJDWRUVBXWIRUPQLQJ�SGI

7UDILNYHUNHW����������5LNWOLQMH�/DQGVNDS����������VLJQHUDG�SGI�

7UDILNYHUNHW����������(���)DXQDSDVVDJHU�YLG�6DQGVM|EDFNDRPUnGHW��0|OQGDO±.XQJVEDFND��
7UDILNYHUNHW��5HWULHYHG�$SULO�����������IURP�KWWSV���ZZZ�WUDILNYHUNHW�VH�QDUD�
GLJ�SURMHNW�L�IOHUD�ODQ�H��IDXQDSDVVDJHU�YLG�VDQGVMREDFNDRPUDGHW�PROQGDONXQJVEDFND�

9lJYHUNHW��	�%DQYHUNHW����������9LOGD�GMXU�RFK�LQIUDVWUXNWXU�� HQ�KDQGERN�I|U�nWJlUGHU��
5HWULHYHG�IURP�
KWWS���ZZZ�ODQVVW\UHOVHQ�VH�VWRFNKROP�6LWH&ROOHFWLRQ'RFXPHQWV�6Y�PLOMR�RFK�
NOLPDW�WLOOVWDQGHW�L�PLOMRQ�6MRDU�RFK�YDWWHQGUDJ�9LOGD�GMXU�RFK�LQIUDVWUXNWXU�SGI

9LOONRU�� 7UDILNYHUNHW����������5HWULHYHG�0D\�����������IURP�KWWSV���ZZZ�WUDILNYHUNHW�VH�IRU�
GLJ�L�EUDQVFKHQ�YDJ�7UDQVSRUWGLVSHQV�9LOONRU�

9LOWRO\FNRU�PRW�Q\�UHNRUGQLYn�� 1\KHWHU��(NRW��_�6YHULJHV�5DGLR����������5HWULHYHG�0D\�����
������IURP�KWWSV���VYHULJHVUDGLR�VH�VLGD�DUWLNHO�DVS["SURJUDPLG ��	DUWLNHO �������

:DQ��%����������8VLQJ�ILEUH�UHLQIRUFHG�SRO\PHU��)53��FRPSRVLWHV�LQ�EULGJH�FRQVWUXFWLRQ�DQG�
PRQLWRULQJ�WKHLU�SHUIRUPDQFH��DQ�RYHUYLHZ��$GYDQFHG�&RPSRVLWHV�LQ�%ULGJH�
&RQVWUXFWLRQ�DQG�5HSDLU��:RRGKHDG�3XEOLVKLQJ /LPLWHG��
KWWSV���GRL�RUJ��������������������������

:HQNDL��4����������$QDO\WLFDO�PHWKRG�RI�G\QDPLF�SURSHUWLHV�RI�)53�EDVHG�RQ�
PLFURPHFKDQLFDO�OHYHO��&KLQHVH�-RXUQDO�RI�$HURQDXWLFV������������±�����
KWWSV���GRL�RUJ���������M�FMD������������

<DQJ��=���:DQJ��+���0D��;���6KDQJ��)���0D��<���6KDR��=���	�+RX��'����������)OH[XUDO�FUHHS�
WHVWV�DQG�ORQJ�WHUP�PHFKDQLFDO�EHKDYLRU�RI�ILEUH�UHLQIRUFHG�SRO\PHULF�FRPSRVLWH�WXEHV��
&RPSRVLWH�6WUXFWXUHV������6HSWHPEHU�����������±�����
KWWSV���GRL�RUJ���������M�FRPSVWUXFW������������

=KDQJ��;���/L��6���+X��+���&DR��'���=KRQJ��<���	�&KHQJ��0����������+\JURWKHUPDO�GXUDELOLW\�
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RI�JODVV�DQG�FDUERQ�ILEUH UHLQIRUFHG�FRPSRVLWHV�± $�FRPSDUDWLYH�VWXG\��&RPSRVLWH�
6WUXFWXUHV������1RYHPEHU�����������±�����
KWWSV���GRL�RUJ���������M�FRPSVWUXFW������������

=RJKL��0����������)53�&RPSRVLWHV�LQ�6WUXFWXUHV��$VVHVVPHQW �9RO���������
KWWSV���GRL�RUJ���������M����������������������[
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$SSHQGL[ $ ± ,QWHUYLHZ�TXHVWLRQV

,QWHUYLHZ�TXHVWLRQV�IRU�3��%M|UNPDQ�

$W�ZKLFK�NLQG�RI�URDGV�LV�WKH�ELJJHVW�LQWHUHVW�LQ�FRQGXFWV"

,V�WKHUH�D�W\SLFDO�VXUURXQGLQJ�RU�WHUUDLQ�WKDW�LV�RI�VSHFLDO�LQWHUHVW"�

,V�WKHUH�DOVR�DQ�LQWHUHVW�LQ�)DXQD�EULGJHV"

,V�WKHUH�D�VWUDWHJLF�SODQ�IRU�HFRGXFWV�LQ�6ZHGHQ"

+RZ�GRHV�WKDW�LQWHUHVW�ORRN�LQ�WHUPV�RI�

x 'LPHQVLRQV
x 6KDSHV��FRQQHFWLRQ�WR�VXUURXQGLQJ"
x 9HJHWDWLRQ

:KLFK�IHDWXUHV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��+RZ�FDQ�WKLV�OLVW�EH�FRPSOHWHG"

x :LGWK�
x /HQJWK
x 6FUHHQLQJ�DJDLQVW�QRLVH�DQG�OLJKW
x 9HJHWDWLRQ�DURXQG�DQG�RQ�EULGJH��DOVR�LQFOXGLQJ�KLGLQJ�VSDFHV�OLNH�VWRQHV�
x 7RSRJUDSK\��GR�\RX�KDYH�DQ\�FRQFUHWH�DSSURDFKHV�IRU�GHVLJQ�KHUH"
x 6LJWKOLQHV
x 'LVWXUEDQFH�RI�WUDIILF�GXULQJ�FRQVWUXFWLRQ

$ERXW�H[LVWLQJ�SURMHFWV�

,V�WKHUH�DQ\�IROORZ�XS�RQ�H[LVWLQJ�SURMHFWV"�:KDW�KDV�ZRUNHG�RXW�DV�LQWHQGHG�DQG�ZKDW�QRW"

x ,Q�FRQVWUXFWLRQ
x ,Q�VHUYLFH
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$SSHQGL[ % ± 3HUPHDELOLW\�RI�6ZHGLVK�EDUULHUV

3HUPHDELOLW\�RI�6ZHGLVK�URDGV�DQG�UDLOZD\V
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$SSHQGL[�& ± %DUULHUV�HIIHFWV

%DUULHU�HIIHFWV�

6RXUFH���$�6HLOHU�	�)RONHVRQ�������
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$SSHQGL[�' ± 5RDG�ZLGWK

5RDG�ZLGWK�95��������DFFRUGLQJ�WR�9*8��7UDILNYHUNHW�

$�UDLOLQJ�DORQJ�WKH�URDG�LV�DVVXPHG

5DLOLQJV� ����P

9HUJH� ��P

/DQH��� ����P

/DQH��� ����P

0LG�YHUJH� � P

0LG� ��P

0LG�YHUJH� �� P

/DQH��� ����P

/DQH��� ����P

9HUJH� ��P

5DLOLQJV� ����P

7RWDO� ���� �7UDILNYHUNHW�������

:KLFK�JLYHV�WKH�GLVWDQFH�EHWZHHQ�WKH�UDLOLQJV�

7KH�ZRUNLQJ�FDSDFLW\�RI�WKH�UDLOLQJ LV�DGGHG 7KH�FDSDFLW\�+��LV�DVVXPHG�ZKLFK�JLYHV�D�ZRUNLQJ�
ZLGWK�:��RI���P��6DIH�5RDG�%LUVWD��Q�G���6DIH�5RDG�7UDIILF��Q�G���

��[����ZRUNLQJ�ZLGWK�IRU�UDLOLQJ������P�IRU�PLGVXSSRUW� ���P

6ORSH �� ʹ ൈ ���������� ൌ ʹ ൈ
ଶ

ଷ
ൈ ͷǡͳ ൌ ǡͺ

7KH�VORSH�JRHV�XS�WR�����RI�WKH�IUHH�KHLJKW�RI�WKH�EULGJH�

7KLV�PDNHV�WKH�WRWDO�ZLGWK�RI�DQ HFRGXFW�WR����� P�
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)LJXUH�����6HFWLRQ�RI�W\SLFDO�PRWRUZD\�LQ�6ZHGHQ�

5RDG�ZLGWK�95��������DFFRUGLQJ�WR�9*8��7UDILNYHUNHW�

����ODQHV�

5DLOLQJ�DORQJ�WKH�URDG�DUH�DVVXPHG

5DLOLQJV� ����P

/DQH���YHUJH� ����P�

0LG� ����P �DVVXPHG� WRWDO�ZLGWK�RI�UDLOLQJ�

0LG�YHUJH� ��� P

/DQH��� ����P

/DQH��� ����P

9HUJH� ����P

5DLOLQJV� ����P

7RWDO� �����P �7UDILNYHUNHW�������

7KH�ZRUNLQJ�FDSDFLW\�RI�WKH�UDLOLQJ�LV�DGGHG��7KH�FDSDFLW\�+��LV�DVVXPHG�ZKLFK�JLYHV�D�ZRUNLQJ�
ZLGWK�:��RI���P��6DIH�5RDG�%LUVWD��Q�G���6DIH�5RDG�7UDIILF��Q�G��

6ORSH����ʹ ൈ ���������� ൌ ʹ ൈ
ଶ

ଷ
ൈ ͷǡͳ ൌ ǡͺ

7KH�VORSH�JRHV�XS�WR�����RI�WKH�IUHH�KHLJKW�RI�WKH�EULGJH�

7KLV�PDNHV�WKH�WRWDO�ZLGWK�WR����� P�
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$SSHQGL[�( ± /RDG�FRPELQDWLRQ
7DEOH�����&DOFXODWLRQ�RI�ORDGV�DQG�ORDG�FRPELQDWLRQV�IRU�GLIIHUHQW�ORDG�FDVHV�

3HUPDQHQW 9DULDEOH 0LGVSDQ (GJH
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4�3� � �� �� � ����� �

)U � �� ��
����
�

����� �
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4N 6QRZ 6/6 � �� ��
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4N 9HKLFOH 6/6 � �� ��
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�� 9HKLFOH 6/6 � �� ��
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�
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�� 9HKLFOH 6/6 � �� ��
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4N 9HKLFOH 8/6 ��� ���� ����

�� 9HKLFOH 8/6 ��� ���� ����

�� 9HKLFOH 8/6 ��� ���� ����
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$SSHQGL[�)�± 3UHOLPLQDU\�GHVLJQ�

2QO\�GHVLJQ����ILQDO�GHVLJQ�FKRLFH��LV�SUHVHQWHG�
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$SSHQGL[�* ± +DQG�FDOFXODWLRQV� ILQDO GHVLJQ
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