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&RQIHUHQFH 3DSHU

&OHDQLQJ�SROOXWHG�ZDWHUV�IURP�LRQV�0Q�,,��ZLWK�ULFH�KXON�DV�D�
ELRVRUEHQW

0DKL�/DWLIL���-HWRQ�.XoL���(MXS�/DWLIL���.LULO�/LVLFKNRY���0LUNR�0DULQNRYVNL��
6WHIDQ�.XYHQGLHY�

�)DFXOW\�RI�WHFKQRORJ\�DQG�0HWDOOXUJ\�± 6NRSMH
�0LQLVWU\�RI�(FRQRP\�6NRSMH

&RUUHVSRQGLQJ�$XWKRU��PDKL�OMDWLIL#]HOOHUDJ�FK

$EVWUDFW

:DWHU� SROOXWLRQ� ZLWK� KHDY\� PHWDOV� KDSSHQV� WKURXJK� D� ZLGH� VHJPHQW� RI� SURFHVVHV� DQG� SDWKV� OLNH� QDWXUDO�
UHVRXUFHV�DQG�WKRVH�DQWKURSRJHQLF��7KH�SROOXWLRQ�ZLWK�KHDY\�PHWDOV�LV�VORZ�EXW�HQGOHVV��DV�PHWDOOLF�WR[LF�LRQV�
DUH�QRW�ELRGHJUDGLQJ��/RDGLQJ�WKH�HQYLURQPHQWDO�ZLWK�KHDY\�PHWDOV�LV�D�YHU\�VHULRXV�PDWWHU�WKDW�ZH�KDYH�WR�EH�
ZRUULHG� DERXW�� ,PPHGLDWH� GHYHORSPHQW�RI� LQGXVWU\� DQG� HQYLURQPHQWDO� RYHUORDGLQJ� FRQWULEXWHV� D� ORW� RQ� WKH�
LQFUHDVH�RI�SROOXWLRQ�RI�ZDWHU�VRXUFHV�ZLWK�KHDY\�PHWDOV�ZKLFK�UHSUHVHQW�D�VHULRXV�ULVN�IRU�WKH�KHDOWK�DQG�WKH�
OLIH�RI�DOO�SHRSOH��7KHUHIRUH��LW�LV�YHU\�LPSRUWDQW�WR�ILQG�D�PDQQHU�DQG�D�IRUP�WR�HOLPLQDWH�DQG�UHPRYH�KHDY\�
PHWDOV�IURP�ZDWHU�VRXUFHV��'LIIHUHQW�W\SHV�RI�DJULFXOWXUH�UHPDLQV�PD\�KDYH�XVLQJ�SRWHQWLDO�DV�DEVRUEHQWV�RI�
KHDY\�PHWDOV��WKHVH�KDYH�D�ORZ�FRVW�EHFDXVH�WKH\�DUH�QRW�XVHIXO�SUHFLSLWDWHV��DYDLODEOH�LQ�KLJK�DPRXQWV�EXW�QRW�
KDUPIXO�IRU�WKH�HQYLURQPHQW��)RU�WKLV�UHDVRQ��LQ�WKLV�UHVHDUFK��LW�LV�DQDO\]HG�WKH�DELOLW\�RI�QDWXUDO�ULFH�KXVN��DV�
D�QDWXUDO�DJULFXOWXUDO�E\�SURGXFW��LQ�RUGHU�WR�UHPRYH�0Q�,,��LRQV�IURP�ZDWHU�VROXWLRQV��

.H\�ZRUGV� $GVRUSWLRQ��ULFH�KXVN��ELRVRUSWLRQ��LVRWKHUPV

�� $GVRUSWLRQ

&RQYHQWLRQDO�PHWKRGV�IRU�ZDWHU�XVDJH�DQG�HOLPLQDWLQJ�KHDY\�PHWDOV�ZKLFK�DUH�EDVHG�PDLQO\�RQ�SUHFLSLWDWLRQ��L�H��
R[LGDWLRQ�SUHFLSLWDWLRQ�� FRQFHQWUDWLRQ�SUHFLSLWDWLRQ�� HWF���� EXW� DUH� QRW� DOZD\V� VXIILFLHQW� IRU� HOLPLQDWLQJ� KHDY\�
PHWDOV�IURP�SROOXWHG�ZDWHUV��7KH�UHDVRQ�RI�UHVHDUFKLQJ�QHZ�PHWKRGV�IRU�HOLPLQDWLQJ�KHDY\�PHWDOV�IURP�SROOXWHG�
ZDWHUV�LV�EDVHG�RQ�WKDW�ZLWK�SUHFLSLWDWLRQ�PD\�EH�HOLPLQDWHG�RQO\�WKRVH�PHWDOV�ZKLFK�DUH�VROYHQW�LQ�ZDWHU��DQG�LV�
RIWHQ�LQVXIILFLHQW�WR�IXOILOO�UHTXLUHPHQWV�RI�WKH�QHZHVW�VWDQGDUGV�RI�DOORZHG�DPRXQW�RI�KHDY\�PHWDOV��7KHUHIRUH��LW�
LV�QHFHVVDU\� WR�GR�DQ�DGGLWLRQDO�FOHDQLQJ�SURFHVV��2Q� WKH�RWKHU�KDQG�� ORZ�FRQFHQWUDWLRQ�RI�PHWDOV��PDNHV� WKH�
SURFHVV�YHU\�H[SHQVLYH��VR�DOO�WKHVH�SUREOHPV�RSHQ�D�QHZ�RSSRUWXQLW\�WR�H[SORUH�QHZ�DQG�LQQRYDWLYH�PHWKRGV�
VXFK� DV� DGVRUSWLRQ�� VHSDUDWLRQ� ZLWK� WKH� KHOS� RI� PHPEUDQH� DV� ZHOO� DV� ELRFRQYHUVLRQ� IRU� XVDJH� RI� SROOXWHG�
FRQWDPLQDWHG�ZDWHUV�ZLWK�KHDY\�PHWDOV��$GVRUSWLRQ�KDV�D�VXEVWDQWLDO�DGYDQWDJH�DV�LW�UHTXLUHV�ORZHU�LQYHVWPHQWV��
WKH�VLPSOLFLW\�RI�WKH�SURFHVV�DQG�UHDOL]DWLRQ�RI�WKH�SURFHVV�ZLWKRXW�DQ\�VLGH�HIIHFWV��
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� 7\SHV�RI�$GVRUSWLRQ

2Q�WKH�PROHFXODU�OHYHO��WKH�DGVRUSWLRQ�KDSSHQV�DV�D�UHVXOW�RI�LQWHUDFWLRQ�EHWZHHQ�PROHFXOHV�LQ�WKH�VXUIDFH�RI�VROLG�
DQG�OLTXLG�VWDJH��

3K\VLF�DGVRUSWLRQ�KDSSHQV�DV�D� UHVXOW�RI� LQWHUPROHFXODU� IRUFH�DWWUDFWLRQ�EHWZHHQ�DGVRUEHQW�PROHFXOHV�DQG� WKH�
DEVRUELQJ�PDWHULDO��7KLV�W\SH�RI�UHDFWLRQ�KDSSHQV XQGHU�WKH�LQIOXHQFH�RI�SK\VLFDO�IRUFHV�NQRZQ�DV�9DQ�GHU�:DDOV�
IRUFHV� ZKLFK� KDSSHQ� EHWZHHQ� WKH� DEVRUELQJ� PDWHULDO� DQG� WKH� DGVRUEHQW� DQG� LW� LV� D� UHYHUVLEOH� SURFHVV�� 7KH�
LQWHUDFWLRQ�HQHUJ\�EHWZHHQ�DGVRUEHQW�DQG�DGVRUEHG�PDWHULDO�DUH� UHDFWLRQV�RI� WKH� VDPH�UDQJH��ZKLFK� LV�XVXDOO\�
ELJJHU� WKDQ� WKH� HQHUJ\� RI� DGVRUEHQW� FRQGHQVDWLRQ�� ,Q� RUGHU� WR� SHUIRUP� WKHVH� UHDFWLRQV�� LW� LV� QRW� UHTXLUHG� DQ\�
DFWLYDWLRQ�HQHUJ\��ZKLFK�LV�QHFHVVDU\�LQ�FKHPLVWU\��

&KHPLFDO�DGVRUSWLRQ�LV�D�UHVXOW�RI�D�FKHPLFDO� LQWHUDFWLRQ�EHWZHHQ�VROLG�DGVRUEHQW�DQG�WKH�DGVRUEHG�VXEVWDQFH��
7KLV�LV�NQRZQ�DV�DQ�DFWLYDWHG�DGVRUSWLRQ�DQG�LW�LV�LUUHYHUVLEOH�SURFHVV��&KHPLFDO DGVRUSWLRQ�LV�HVSHFLDOO\�LPSRUWDQW�
LQ�WKH�FDWDO\WLF�SURFHVV� WKHUHIRUH� WKH�HQHUJ\�RI�FKHPLFDO�DGVRUSWLRQ�LV�FRQVLGHUHG�DV�WKH�HQHUJ\�RI�D�FKHPLFDO�
UHDFWLRQ�WKDW�PD\�KDYH�DQ�H[RWKHUPLF�RU�HQGRWKHUPLF�SURFHVV�

��� $GVRUSWLRQ�LVRWKHUPV�DQG�HTXLOLEULXP

7KHUH� DUH� XVXDOO\� XVHG� IRXU� W\SHV� RI� DGVRUSWLRQ� LVRWKHUPV�� /DQJPXLU�� )UHXGOLFK�� FRPELQHG� ZLWK� /DQJPXLU�
)UHXGOLFK�DQG�5LGOLFK�3HWHUVRQ�

0DQ\�VFLHQWLVWV�KDYH H[DPLQHG�WKH�HTXLOLEULXP�DFFRUGLQJ�WR�/DQJPXLU��DQG�WKH�RWKHUV�KDYH�H[DPLQHG�WKH�VDPH�
DFFRUGLQJ�WR�/DQJPXLU�DQG�)UHXQGOLFK�DERXW�WKH�UHDFWLRQ�RI�WKH�ILUVW��VHFRQG�Q�± OHYHO�3DUDPHWHUV�RI�LVRWKHUP�
HTXLOLEULXP� DUH� UHDFKHG� ZKHQ� WKH� LQIRUPDWLRQ� DERXW� HTXLOLEULXP� FRUUHVSRQG� GXULQJ� WKH� DEVRUSWLRQ� ZLWK� WKH�
DSSURSULDWH�LVRWKHUP��6RPH�VFLHQWLVWV�KDYH�VWXGLHG�RQO\�WKH PD[LPXP�FDSDFLW\�RI�DGVRUEHQW�E\�XVLQJ�/DQJPXLU�
LVRWKHUP��DQG�WKH�RWKHUV�KDYH�H[DPLQHG�WKH�)UHXQOLFK�LVRWKHUP��VLPSO\�WR�VKRZ�VRPH�NLQHWLF�PRGHOV��

����3DUDPHWHUV�WKDW�LQIOXHQFH�WKH�SURFHVV�RI�ELRVRUSWLRQ

�%LRPDVV��W\SH�DQG�SURSHUWLHV

�6SHFLILF�VXUIDFH

�S+

�7HPSHUDWXUH

�,RQH�FRPELQDWLRQ

�RWKHU�FDWLRQ

���5LFH�KXVN

,W�LV�WKH�RUDQJH�SHHO�ZKLFK�LV�LQGHHG�WKH�ULJLG�SDUW�ZKLFK�FRYHUV�DQG�SURWHFWV�WKH�ZKROH�ERG\�RI�ULFH��([FHSW�WKH�
SURWHFWLRQ�RI�WKH�ULFH�GXULQJ�LWV�JURZWK��WKH�ULFH�KXVN�FDQ�EH�XVHG�DV�D�FRQVWUXFWLRQ�PDWHULDO��IHUWLOL]HU��LVRODWLRQ�
PDWHULDO��FDUEXUDQW��HWF�� 7KH�RUDQJH�SHHO�LV�D�SURWHFWLRQ�OD\HU�RI�WKH�ULFH�JUDLQ���7KH�KXVN�LV�PDGH�E\�KDUG�PDWHULDOV��
LQFOXGLQJ�VLOLFLXP�DQG�OLJQLQ��IRU�SURWHFWLRQ�RI�WKH�ULFH�JUDLQ�GXULQJ�LWV�JURZWK��
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��� 6WUXFWXUH�RI�WKH�ULFH�KXVN

,W�FDQ�EH�VWDWHG�WKDW�WKH�ULFH�KXVN�FRQWDLQV�PRUH�PLQHUDOV�FRPSDULQJ�WR�RWKHU�HOHPHQWV��

6WUXFWXUH�RI�WKH�ULFH�KXVN��FKHPLFDO�DQDO\VLV� *UDYLPHWULF�DQDO\VLV�RI�ULFH�KXVN

7KHUPLF�DQG�WKHUPR�JUDYLPHWULF�DQDO\VLV�RI�ULFH�KXVN ;�UD\�*UDSKLFDO�DQDO\VLV�RI�ULFH�KXVN�

6WUXFWXUH >�@

0LQHUDO�PDWWHU ������
3KRVSKRU� ������
&DOFLXP ������
ɆDJQHVLXP ������
=LQF ������
ɆɚQJDQHVH ������
2WKHU ������
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6(0�DQDO\VLV�RI�ULVH�KXVN

,Q�RUGHU�WR�GHWHUPLQH�WKH�TXDQWLW\�RI�VHYHUDO�R[LGHV�DW�ULFH�KXVN��LW�LV�PDGH�;5)�DQDO\VLV��ZKLFK�VWUXFWXUH�FDQ�EH�
VHHQ�LQ�WKH�FKDUW�EHORZ�

%(7�$QDOLV\V

'HWHUPLQLQJ�WKH�VSHFLILF�VXUIDFH�RI�ULFH�KXVN
6DPSOH�0DVV �������J
7HPSHUDWXUH�RI�GHJDVVLQJ� �������.
6SHFLILF�VXUIDFH�IRU�RQH�GURS ���������Pð�J
%(7�VSHFLILF�VXUIDFH ���������Pð�J

6DPSOH 1DWXUDO &DUERQDWHG $FWLYWHG
6L2� ������ ����� ������
$O�2� ���� ����� �����
&D2 ����� ����� �
&U�2� ����� ����� �����
)H�2� ����� ����� �����
.�2 ����� ����� �����
0J2 ����� ����� �����
0Q�2� ����� ����� �����
1D�2 ����� ����� �
3�2� ����� ����� �
62� ����� ������ ����
6U2 ����� ����� �����
7L2� ����� ����� �����
=Q2 ����� ����� �����
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���5HDFKLQJ�WKH�HTXLOLEULXP�DFFRUGLQJ�WR�/DQJPXLU�DQG�/DQJPXLU�)UHXQGOLFK�LVRWKHUPV

([SHULPHQWDO�UHVXOWV� /DQJPXLU�� /DQJPXLU�)UHXQGOLFK

����3DUDPHWHUV�RI�HTXLOLEULXP�RI�DQDO\]HG�LVRWKHUPV

/DQJPXLU /DQJPXLU�)UHXQGOLFK
5� ������ ������
TP��J�J� ������ �������
./�GP���J� �����
.&�GP���J���Q ������
1 �����

7KH�FRUUHODWLRQ�FRHIILFLHQW�5��LV�WDNHQ�DV�DQ�LQGH[�WR ILQG�ZLWK�ZKLFK�LVRWKHUPV�ZH�FRXOG�KDYH�EHWWHU�UHVXOWV��$W�
0Q�,,�LRQV�± 1DWXUDO�ULFH�KXVN��EHWWHU�UHVXOWV�DUH�UHDFKHG�ZLWK�WKH�/DQJPXLU�)UHXQGOLFK�LVRWKHUPV��EXW�ZH�KDYH�
FKRVHQ�/DQJPXLU�LVRWKHUP�WR�GHVLJQ�WKH�HTXLOLEULXP�V\VWHP��GXH�WR�WKH�SK\VLFDO�LPSRUWDQFH��DV�IXUWKHU�LQ�NLQHWLF�
FDOFXODWLRQV�RI�WKH�DGVRUSWLRQ�SURFHVV��LW�LV�LPSRUWDQW�WKH�FRHIILFLHQW�./�DV�ZHOO�DV�PD[LPXP�FDSDFLW\�RI�DEVRUEHQW�
TP UHDFKHG�ZLWK�WKH�/DQJPXLU�LVRWKHUP��

&RQFHQWUDWLRQ�RI�DGVRUEHQW�GHSHQGLQJ�RQ�WKH�WLPH�IRU�WKH�0Q�,,��V\VWHP 1DWXUDO� ULFH� KXVN� 9 �� GP���
P �J��7 ���&

� &� ����ȝJ�GP��� � &� ����ȝJ�GP���� &� ����ȝJ�GP���� &� ����ȝJ�GP��
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)URP� WKH� H[SHULPHQWDO� UHVXOWV� ZH� WDNH� LQIRUPDWLRQ� WKDW� VKRZ� KRZ� DUH� UHGXFHG� WKH� LQLWLDO� FRQFHQWUDWLRQV� RI�
DGVRUEDQW� LQ� UHODWLYH� V\VWHPV�GHSHQGLQJ�RQ� WKH� WLPH��7KH�ZKROH�SURFHVV� LV� GHYHORSHG�ZLWKLQ� H� SHULRG�RI�����
PLQXWHV�� E\� PL[LQJ� FRQWLQXRXVO\� E\� D� PDJQHWLF� PL[HU� ZLWK� D� VSHHG� RI� ���� URWDWLRQV� SHU� PLQXWH� DW� D� URRP�
WHPSHUDWXUH���������&��QRUPDO�DWPRVSKHULF�SUHVVLRQ�DQG�D�FRQVWDQW�PDVV�RI���J�ELRVRUEHQW��

5HDFWLRQ�RI�WKH�ILUVW�VWDJH� 5HDFWLRQ�RI�VHFRQG�VWDJH�
0Q 5� N��PLQ��� 5� N��JڄȝJ���PLQ���
��� ����� �������� ���� ��ā����

��� ����� �������� ������ �ā����

��� ����� �������� ������ �ā����

��� ���� ������� ������ ���ā����

����%LRVRUWLRQ�FKLQHWLFV�IRU�SVHXGR�UHDFWLRQ�RI�WKH�VHFRQG�UDQJH�IRU�0Q�,,��LRQ�V\VWHP�
9 ��GP���P �J��7 ���&

3UHXGR�UHDFWLRQ�RI�WKH�ILUVW�UDQJH� 3VHXGR�UHDFWLRQ�RI�WKH�VHFRQG�UDQJH�

0Q 5� N��PLQ��� 5� N��JڄȝJ���PLQ���
��� ������ ������� ������ ��ā����

��� ������ ������� ������ ����ā����

��� ������ ������� ������ ����ā����

��� ������ ������� ������ ����ā����

)RU� WKH�0Q�,,�� LRQ� V\VWHP�± UHDFWLRQ�RI� WKH� ILUVW� UDQJH�ZLWK� WKH� KHOS�RI� ELRVRUEHQW� WKH� QDWXUDO� ULFH� KXVN�� WKH�
FRUUHODWLRQ�FRHIILFLHQW�LV�RYHU������D�VDWLVI\LQJ�YDOXH��EXW�LW�GRHV�QRW�KDYH�WR�EH�WKDW�WKH�NLQHWLF�UHDFWLRQ�LV�GHYHORSHG�
DFFRUGLQJ�WR�WKLV�PHFKDQLVP��

'XULQJ� WKH� UHDFWLRQ� RI� WKH� SVHXGR�VHFRQG� UDQJH�� WKHUH� DUH� UHDFKHG� H[FHOOHQW� UHVXOWV� WKDW� DUH� EDVHG� RQ� WKH� 5�
FRUUHODWLRQ�FRHIILFLHQW��$OO�WKH�FRHIILFLHQW�YDOXHV�KDYH�D�YDOXH�RYHU������E\�VKRZLQJ�WKDW�UHDFWLRQ�NLQHWLFV�IRU�WKH�
VKRZQ�V\VWHP�LV�GHYHORSHG�DFFRUGLQJ�WR�WKLV�PHFKDQLVP��

.LQHWLFV�RI�UHFW��$FFRUG�WR�0RULV� .LQHWLFV�RI�UHDFWLRQ�DFFRUGLQJ�WR�(ORYLFK
:HEHU�PLGJUDQXODU�GLIIXVLRQ� PRGHO
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x .LQHWLF�PRGHO�RI�PLGJUDQXODU�GLIIXWLRQ�DFFRUGLQJ�WR�0RULV :HEHU�HQG�(ORYLFK�IRU�0Q�,,��LRQV

� &� ����ȝJ�GP���� &� ����ȝJ�GP���� &� ����ȝJ�GP���� &� ����ȝJ�GP��

0RULV�:HEHU

)LUVW�VWDJH�RI�UHDFW��)URP� �����PLQ 6HFRQG�VWDJH�RI�UHDFW�IURP� ��������PLQ
0Q 5� N 5� .
��� ���� ������ ������ ������
��� ����� ������ ������ ������
��� ����� ������ ������ ������
��� ���� ������ ������ ������

8VLQJ�WKH�NLQHWLFV�PRGHO�RI�:HEEHU�± 0RUULV�IRU�WKH�LQWHUVWLWLDO�GLIIXVLRQ�IRU�WKH�ELVRUSWLRQ�SURFHVV��VKRZV�WKDW�
WKH�SURFHVV�FDQ�EH�GHYLGHG�LQWR�WZR�VWDJHV��WKH�ILUVW�VWDJH�ZKHUH�WKHUH�LV�D�GLIIXVLRQ�RI�PHWDOLF�LRQV�WKURXJK�WKH�
DEVRUELQJ�PDVV�DW�WKH�RXWHU�VXUIDFH�RI�ELRVRUEHQW��SDVVLQJ�WKH�OLPLW�WKURXJK�GLIIXVLRQ�OD\HU�DQG�JUDGXDO�DGVRUSWLRQ�
RI�PHWDOLF�LRQV�DW�WKH�LQQHU�VXUIDFH�RI�WKH�DGVRUEHQW��7KLV�SURFHVV��WKH�LQQHU�LQWHUJUDQXODU�GLIIXVLRQ�LV�D�GHWHUPLQHG�
UXOH�IRU�WKH�VSHHG�RI�WKH�SURFHVV��WKLV�VWDJH�PD\�DOVR�EH�FDOOHG�WKH�VWDJH�RI�D�IDVW�DGVRUSWLRQ�ZKLFK�LV�GHYHORSHG�
XQWLO� WKH� PLQXWH� ��� RI� ELRVRUSWLRQ� SURFHVV� DQG� WKH� VHFRQG� VWDJH�� RWKHUZLVH� FDOOHG� VORZ� DGVRUSWLRQ� ZKLFK�
FRUUHVSRQGV�WR�D�GHILQLWLRQ RI�D�G\QDPLF�HTXLOLEULXP�EHWZHHQ�WKH�FRQFHQWUDWLRQ�RI�PHWDOLF�LRQV�LQ�VROXWLRQ�DQG�
ELRVRUEHQW��

0Q� Į��ȝJ�J���PLQ�����
���� �������
���� �������
���� �������
���� �������

���&RQFOXVLRQ�

�7KH�ULFH�KXVN�UHSUHVHQWV�D�YHU\�JRRG�ELRVRUEHQW�IRU�HOLPLQDWLRQ�RI�0Q�IURP�SROOXWHG�ZDWHUV
�7KH�DEVRUSWLRQ�SURFHVV�KDV�ELRVRUSWLRQ�FRHIILFLHQW�ZLWK�D�YHU\�KLJK�YDOXH�RYHU����
�7KH�H[SHULPHQWDO�UHVXOWV�FRUUHVSRQG�WRWDOO\�ZLWK�DGVRUSWLRQ�LVRWKHUPV
�%\�LQFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�WKH�LQLWLDO�PDVV�RI�WKH�PHWDO�LQ�VROXWLRQ��WKH�FRHIILFLHQW�RI�DGVRUSWLRQ�LQFUHDVHV
DV�ZHOO�
�7KH�PRUH�VXLWDEOH�YDOXH�RI�S+�IRU�WKH�0Q�,,��V\VWHP�LV�S+ �
�7KH�OHQJWK�RI�ELRVRUSWLRQ�SURFHVV�LV�PD[������PLQ�
�7KH�SURFHVV�LV�YHU\�FKHDS��QR�KLJK�FRVWV��HFRORJLFDO��DQG�WKH�SURFHVV�GRHV�QRW�KDYH�VLGH�HIIHFWV��

5HIHUHQFHV

>�@� <RXQJ��5�$���/RRPLV��-�%����������'HWHUPLQLQJ�WKH�(FRQRPLF�9DOXH�RI�:DWHU��&RQFHSWV�DQG�0HWKRGV�
��QG�HGLWLRQ���5))�3UHVV��5RXWOHGJH��1HZ�<RUN��86$������S��

>�@� 1HYHUUH��1���'XPDV��3����������3URMHFWLQJ�DQG�YDOXLQJ�GRPHVWLF�ZDWHU�XVH�DW�UHJLRQDO�VFDOH��$�JHQHULF�
PHWKRG�DSSOLHG�WR�WKH�0HGLWHUUDQHDQ�DW�WKH������KRUL]RQ��:DWHU�5HVRXUFHV�DQG�(FRQRPLFV��YRO������S��
�������

>�@� 'XSRQW��'�3���5HQ]HWWL��6�����������+RXVHKROG�EHKDYLRU�UHODWHG�WR�ZDWHU�FRQVHUYDWLRQ��:DWHU�5HVRXUFHV�
DQG�(FRQRPLFV��YRO�����S���������
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