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7KH� IL[HG� LQSXW� GDWD� DUH� WKH� LQOHW� H[WHUQDO� ZDWHU�WHPSHUDWXUH� DW� WKH� KHDW� H[FKDQJHUV� DQG� WKH� HYDSRUDWRU�KHDW�SRZHU��7KH� LQGHSHQGHQW�YDULDEOHV�DUH� WKH�H[WHUQDO�ZDWHU�IORZ�UDWHV��WKH�QXPEHU�DQG��LQQHU�GLDPHWHU�RI�WKH�WXEHV�LQ�KHDW�H[FKDQJHUV��WKH�WZR�VWHDP�IORZ�UDWHV�DW�WKH�HMHFWRU� SULPDULHV�� WKH� ERLOLQJ� WHPSHUDWXUH� DW� WKH�HYDSRUDWRU� DQG� JHQHUDWRU�� WKH� VXSHUKHDWLQJ� DW� WKH�JHQHUDWRU� DQG� WKH� FRQGHQVLQJ� WHPSHUDWXUH�� 7KHVH� DUH�FKRVHQ� UDQGRPO\� E\� WKH� QXPHULFDO� FRGH� LQ� SUHYLRXVO\�GHILQHG�UDQJHV��,Q�WKH�FDVH�RI�VKHOO�DQG�WXEH�HYDSRUDWRU�WKH�:3X UHSUHVHQW� WKH� SRZHU� QHHGHG� WR� SXPS� WKH� IOXLG�IURP�WKH�FRQGHQVHU�WR�WKH�JHQHUDWRU��LQ�WKH�FDVH�RI�IODVK�HYDSRUDWRU� WKH� SRZHU� RI� WKH� SXPS� EULQJLQJ� WKH� ZDWHU�IURP� WKH� IODVK� FKDPEHU� SUHVVXUH� WR� WKH� DWPRVSKHULF�YDOXH��LV�DGGHG�
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7KLV�RSWLPLVDWLRQ PHWKRG�KDG�EHHQ�SUHYLRXVO\�XVHG�E\�WKH�DXWKRUV�VKRZLQJ�D�JRRG�VWDWLVWLFDO�GLVWULEXWLRQ�RI�WKH�UHVXOWV�DQG�DQ�DFFHSWDEOH�VROYLQJ�WLPH�>����@�����)/$6+�(9$325$7,21��02'(/�$1'�(9$325$725�6,08/$7,21)ODVK� HYDSRUDWRU� LV� D� ZHOO� NQRZQ� GHYLFH� XVHG� LQ�VHDZDWHU� GHVDOLQDWLRQ� SURFHVV� IRU� LQGXVWULDO�� GRPHVWLF�DQG� VKLSERDUG� SXUSRVHV�� 5HFHQWO\�� IODVK� HYDSRUDWRUV�KDYH�EHHQ�DSSOLHG�WR�HQHUJ\�VDYLQJ�V\VWHPV�DQG�YDULRXV�IODVKLQJ�PHWKRGV�KDYH�EHHQ�LQYHVWLJDWHG�>�������������@��)ODVK�HYDSRUDWLRQ�RFFXUV�ZKHQ�D�OLTXLG�LV�H[SRVHG�WR�D�VXGGHQ� SUHVVXUH� GURS� EHORZ� WKH� VDWXUDWLRQ� YDSRU�SUHVVXUH� �IRU� SXUH� OLTXLGV�� RU� WKH� HTXLOLEULXP� YDSRU�SUHVVXUH� �IRU� VROXWLRQV�� FRUUHVSRQGLQJ� WR� WKH� OLTXLG�WHPSHUDWXUH�� ,Q� DQ� DGLDEDWLF� SURFHVV�� SDUW� RI� WKH� OLTXLG�HYDSRUDWHV� WR� UHJDLQ� HTXLOLEULXP� GUDZLQJ� ODWHQW�YDSRULVDWLRQ� KHDW� IURP� WKH� OLTXLG�� ZKRVH� WHPSHUDWXUH�GURSV� WRZDUGV� WKH� VDWXUDWLRQ� WHPSHUDWXUH� �SXUH� OLTXLGV��RU� WKH� HTXLOLEULXP� WHPSHUDWXUH� �VROXWLRQV���FRUUHVSRQGLQJ�WR�WKH�ORZHUHG�SUHVVXUH�,Q� WKLV� UHVHDUFK� D� VXSHUKHDWHG� IODVKLQJ� OLTXLG� PHWKRG�ZDV� XVHG� WR� VLPXODWH� WKH� IODVK� HYDSRUDWLRQ� SURFHVV��)LJXUH� �� LOOXVWUDWHV� WKH� VFKHPDWLF� OD\RXW� RI� WKH� IODVK�HYDSRUDWRU�� � 7KH� ZDWHU� VWUHDP� FRPLQJ� WKURXJK� WKH�ODPLQDWLRQ� WR� WKH� VHSDUDWRU� LV� GLYLGHG� LQ� VWHDP�� WKDW� LV�VHQW� WR� WKH� HYDSRUDWRU�� DQG� LQ� VDWXUDWHG� OLTXLG� WKDW� LV�DGGHG�WR�WKH�ZDWHU�FRROHG�RXWJRLQJ�IURP�WKH�HYDSRUDWRU��7KH� ZDWHU� FRPLQJ� IURP� FRROHG� ORRS� DW� DWPRVSKHULF�SUHVVXUH� LV� ODPLQDWHG� WR� SUHVVXUH� 3(�� ,Q� WKH� HYDSRUDWRU�WKH� VXFWLRQ� SRUW� RI� WKH� HMHFWRU� FRQWUROV� WKH� SUHVVXUH�YDOXH�RI�WKH�VDWXUDWHG�VWHDP�FRPLQJ�IURP�WKH�VHSDUDWRU�7KH� IODVK� HYDSRUDWLRQ� FKDPEHU� ZLGWK� LV� IL[HG�� WKH�XQNQRZQ�OHQJWK�LV�FDOFXODWHG�E\�VXPPLQJ��VWHSV�'[��$W�HDFK� VWHS� WKH� FRGH� HYDOXDWHV� WKH� VWHDP� IORZ� UDWH�P E\�WKH�IROORZLQJ�UHODWLRQ�>��@�
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7KH�WKHUPDO�SRZHU�T�VXEWUDFWHG�IURP�WKH�OLTXLG�LV�T �P�U ���
DQG� WKH� UHVLGXDO� IORZ� UDWH� DQG� WKH� WHPSHUDWXUH� RI� WKH�OLTXLG�DW�WKH�VWHS�RXWOHW�
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7KHVH�WZR�SDUDPHWHUV�DUH�DVVLJQHG�WR�WKH�LQOHW�OLTXLG�DW�WKH� QH[W� VWHS��7KH�FRGH� LWHUDWHV� WKH�SURFHGXUH�XQWLO� WKH�WRWDO� WKHUPDO� SRZHU� TWRW �� VXEWUDFWHG� IURP� WKH� OLTXLG� LV�HTXDO�WR�WKH�UHTXLUHG�WKHUPDO�SRZHU�DW�WKH�HYDSRUDWRU��7KH� VWHDP� IURP� WKH� IODVK� FKDPEHU� DQG� WKDW� IURP� WKH�VHSDUDWRU� JR� WR� WKH� VXFWLRQ� SRUW� RI� WKH� HMHFWRU�� 7KH�FRROHG� ZDWHU� RXWJRLQJ� IURP� WKH� HYDSRUDWRU� LV� PL[HG�ZLWK� WKH�ZDWHU� FRPLQJ� IURP� WKH� VHSDUDWRU� DQG�SXPSHG�WR� WKH� DWPRVSKHULF� SUHVVXUH�� 7KH� PHFKDQLFDO� SRZHU�QHHGHG�E\�WKLV�SXPS�LV�DOVR�FRQVLGHUHG����6+(//�$1'�78%(�+($7�(;&+$1*(56�02'(/�6KHOO� DQG� WXEH� KHDW� H[FKDQJHUV�� ZLWK� H[WHUQDO� ZDWHU�LQVLGH� WKH� WXEHV�� ZHUH� FKRVHQ� LQ� WKLV� VWXG\� WR� DVVXPH�FRQVWDQW� SUHVVXUH� KHDW� H[FKDQJHV� IRU� WKH� YDSRU� RI� WKH�HMHFWRU� F\FOH�� (DFK� KHDW� H[FKDQJHU� LV� QXPHULFDOO\�VLPXODWHG� LQ� DQ� LQGHSHQGHQW� ZD\� WR� FRQVLGHU� GLIIHUHQW�KHDW�WUDQVIHU�FRQGLWLRQV��7KH�HYDSRUDWRU��LQ�WKH�VKHOO�DQG�WXEH�FDVH�� LV� IORZHG��ZLWKRXW�VXSHUKHDWLQJ�VHFWLRQ��� WKH�FRQGHQVHU� KDV� D� ILUVW� UDQN� FRROLQJ� WKH� YDSRU� WR� WKH�VDWXUDWLRQ�OLQH�DQG�D�FRQGHQVLQJ�VHFWLRQ��ZLWK�WKH�VDPH�QXPEHU� RI� WXEHV�� 7KH� JHQHUDWRU� KDV� WKUHH� GLIIHUHQW�VHFWLRQV�� IRU� SUHKHDWLQJ�� ERLOLQJ� DQG� VXSHUKHDWLQJ� WKH�ZRUNLQJ�IOXLG��)RUFHG�FRQYHFWLRQ�KHDW�H[FKDQJH� IDFWRU�KZ IRU�H[WHUQDO�ZDWHU�VLGH� LV�FDOFXODWHG�E\� WKH�3HWXNKRY�UHODWLRQ���������5H�������� �>��@� � �� � ������ �3U����� 3U����5H ]]1X ���� ��� ���
ZKHUH� ������OQ�5H������ ��� �� ]
,Q�WKH�ODPLQDU�ILHOG�ZH�DVVXPHG�1X� �������FRQVLGHULQJ�IXOO\� GHYHORSHG� FRQGLWLRQV� ZLWK� FRQVWDQW� ZDOO�WHPSHUDWXUH�6LQFH�WKH�HYDSRUDWRU�DQG�WKH�HYDSRUDWLQJ�VHFWLRQ�RI� WKH�JHQHUDWRU�ZDV�FRQVLGHUHG�WR�EH�IORZHG��WKH�PHDQ�ERLOLQJ�KHDW�WUDQVIHU�IDFWRU�LV�HYDOXDWHG�E\�>��@� ���� �� 
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ZKHUH� � U
 � U������FSY �7Z� 7I� VDW�� � �DQG�7Z LV� WKH�PHDQ�WHPSHUDWXUH�RI� WKH�H[WHUQDO�ZDWHU�DW� WKH�KHDW�H[FKDQJHU�ERLOLQJ�VHFWLRQ�7KH�PHDQ�FRQGHQVLQJ�KHDW�H[FKDQJH�IDFWRU�LV�HYDOXDWHG�IURP�>��@� ������ ��������� »»¼º««¬ª ��� ������ ZVDWIOO
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OFR 77N U'QJ'Q NK Q UU ���
ZKHUH�7Z LV�WKH�PHDQ�WHPSHUDWXUH�RI�WKH�H[WHUQDO�ZDWHU�DW�WKH�KHDW�H[FKDQJHU�FRQGHQVLQJ�VHFWLRQ�([WHUQDO�KHDW�H[FKDQJH�IDFWRU�KI� [ IRU� ILUVW� UDQN�FRROLQJ�YDSRU�WR�WKH�VDWXUDWLRQ�OLQH�LV�HYDOXDWHG�LQ�WKH�FRQGHQVHU�E\�>��@�
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7KH� VDPH� UHODWLRQ� DOORZV� HYDOXDWLRQ� RI� H[WHUQDO� KHDW�H[FKDQJH� IDFWRU� KI� \ IRU� WKH� VWHDP� VXSHUKHDWLQJ� DW� WKH�JHQHUDWRU�ZKHQ� WKH� 5H\QROGV� QXPEHU� RI� WKLV� VWUHDP� LV�KLJKHU� WKDQ�������2WKHUZLVH� WKLV� IDFWRU� LV�HYDOXDWHG�E\�>��@� ����5H�������� � 1X ����
7KH�KHDW�H[FKDQJH�IDFWRUV�XVHG��ZKHQ�ZDWHU�LV�KHDWHG�WR�WKH� VDWXUDWLRQ� OLQH� DQG� ZKHQ� LW� LV� VXSHU�KHDWHG�� DUH�REWDLQHG� E\� WKH� 5DLWKE\� DQG�+ROODQGV� >��@� FRUUHODWLRQ�IRU�QDWXUDO�FRQYHFWLRQ�
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ZKHUH��) ������5D���7KH� WKHUPDO� SRZHU� H[FKDQJHG� GXULQJ� SKDVH�FKDQJH� LV�HYDOXDWHG�E\� 4 8�'70/ ����
ZKHUH�

IZ K'V�� �K�
/Q'8
¹̧·©̈§ �� �� � LV� WKH� PHDQ� JOREDO�

KHDW� WUDQVIHU� FRHIILFLHQW� LJQRULQJ� WKHUPDO� UHVLVWDQFH� RI�WKH�WXEH��7KH�KHDW�H[FKDQJH�FRHIILFLHQW�KI LV�JLYHQ�E\�HT������ IRU� HYDSRUDWRU� DQG� JHQHUDWRU� ERLOLQJ� VHFWLRQV�� E\�HT������ IRU� SUHKHDWLQJ� VHFWLRQV� DW� WKH� JHQHUDWRU� DQG� E\�HT�� ���� RU ����� IRU� VXSHUKHDWLQJ� VHFWLRQ�� E\� HT�� ���� IRU�FRQGHQVLQJ� VHFWLRQ�� DQG�E\�HT�� ���� IRU� WKH� ILUVW� FRROLQJ�UDQN�RI�WKH�FRQGHQVHU��7KH�KHDW�H[FKDQJH�FRHIILFLHQW�KZLV�REWDLQHG�E\�HT������7KH� SUHVVXUH� ORVVHV� DUH� FDOFXODWHG� XVLQJ� WKH� H[SOLFLW�0RRG\�UHODWLRQ��ZKLFK�+DDODQG�>��@�SURSRVHG�DJDLQ�IRU�WKH�IULFWLRQ�IDFWRU�
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���5(68/76�$1'�&21&/86,2167DEOH� �� VKRZV� VRPH� UHVXOWV� DQG� GDWD� LQSXW� DQG� WKH�DGPLVVLEOH� UDQJHV� RI� WKH� LQGHSHQGHQW� YDULDEOHV�� 7KH�XSSHU� OLPLW� RI� WKH� VDWXUDWLRQ� WHPSHUDWXUH� DW� WKH�HYDSRUDWRU� PDGH� E\� VKHOO� DQG� WXEH� KHDW� H[FKDQJHU� LV�WZR� GHJUHHV� OHVV� WKDQ� WKH� H[WHUQDO� ZDWHU� LQOHW�WHPSHUDWXUH� WR� DYRLG� YHU\� KLJK� DUHD� RI� WKH� KHDW�H[FKDQJHU�� :KHQ� WKH� IODVK� HYDSRUDWRU� LV� FRQVLGHUHG�VLPXODWLRQ�WKH�VDPH�WHPSHUDWXUH�LV�RQO\�RQH�GHJUHH�OHVV�WKDQ�WKH�H[WHUQDO�ZDWHU�LQOHW�WHPSHUDWXUH�

,Q� WKH�VDPH� WDEOH� WKH� UHVXOWV�RI� IRXU� UXQV�DUH�SUHVHQWHG�IRU� HDFK� VLPXODWLRQ��5HVXOWV� DUH� LQ� DJUHHPHQW�ZLWK� WKH�OLWHUDWXUH�GDWD� >�����@��7KH�&23�YDOXHV�REWDLQHG�XVLQJ�IODVK�HYDSRUDWRU�DUH��RQ�WKH�DYHUDJHG�YDOXH��DERXW�����KLJKHU� WKDQ� WKRVH� DFKLHYHG� ZLWK� WKH� VKHOO� DQG� WXEH�HYDSRUDWRU��7KH�6HFRQG�/DZ�HIILFLHQF\��FRQVLGHULQJ�WKH�SODQW�DV�DQ�RSHQ�V\VWHP��LV�FDOFXODWHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQV�
&D,, &23&23 K ����
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,Q�DQ\�FDVH�WKH�VDWXUDWLRQ�WHPSHUDWXUHV�DW�WKH�HYDSRUDWRU�DQG� FRQGHQVHU� FOHDUO\� WHQG� WR� WKH� XSSHU� OLPLW� RI� WKH�DGPLVVLEOH� UDQJH�� 7DEOH� �� VKRZV� WKH� GLPHQVLRQDO� DQG�RSHUDWLQJ� SDUDPHWHUV� IRU� WKH� FRPSDULVRQ� EHWZHHQ� WKH�IODVK� DQG� WKH� VKHOO� DQG� WXEH� HYDSRUDWRU�� 7KH� IODVK�HYDSRUDWRU� ZDV� D� VPDOO� OLTXLG�YDSRU� LQWHUIDFH� DUHD�� ,Q�WKH�VLPXODWLRQ�D�IL[HG�ZLGWK�RI���PHWHU�DQG�VWHSV�RI������P�ZHUH�FKRVHQ��7KH�VKHOO�DQG� WXEH�HYDSRUDWRU�VKRZV�D�KLJK� QXPEHU� RI� WXEHV� DQG� � D� YHU\� ODUJH� DUHD�� 7KH�SUHVVXUH� ORVVHV�� WKDW� DUH� LQFOXGHG� LQ� WKH� RSWLPLVDWLRQ�IXQFWLRQ�� DUH� YHU\� ORZ�� 7KH� PHFKDQLFDO� SRZHU� �:3X��QHHGHG� WR�SXPS�ZDWHU� IURP� WKH� IODVK�HYDSRUDWRU� WR� WKH�DWPRVSKHULF� SUHVVXUH�� LV� QRW� QHJOLJLEOH� DQG� KDV� WR� EH�FRQVLGHUHG�LQ�WKH�RSWLPLVDWLRQ�IXQFWLRQ�7KH� QXPHULFDO� VLPXODWLRQ� RI� WKH� IODVK� HYDSRUDWLRQ�SURFHVV� LV� YHU\� KHDY\�� 7KH� RSWLPLVDWLRQ� SURFHVV�EHFRPHV�YHU\�VORZ�DQG�QRW�YHU\�UHOLDEOH�IRU�D�VWDWLVWLFDO�DSSURDFK� WR� WKH� UHVXOWV��7KH�JRRG�UHVXOWV�REWDLQHG�ZLWK�IODVK� HYDSRUDWRU� HQFRXUDJH� LPSURYHPHQW� RI� WKH�QXPHULFDO�RSWLPLVDWLRQ�PRGHO�$&.12:/('*(0(1767KLV�UHVHDUFK�UHFHLYHG�ILQDQFLDO�VXSSRUW�E\�08567��WKH�,WDOLDQ�0LQLVWU\�IRU�8QLYHUVLWLHV�DQG�5HVHDUFK��
5()(5(1&(6>�@ *UD]]LQL� *��� 5RFFKHWWL� $��� 1XPHULFDO�RSWLPL]DWLRQ� RI� D� WZR�VWDJH� HMHFWRU� UHIULJHUDWLRQ�SODQW�� 3RVWHU� 6HVVLRQ� DW� ,QWHUQDWLRQDO� 2QVDJHU�:RUNVKRS��2SWLPLVDWLRQ� LQ� ,QGXVWULDO� DQG�/LYLQJ�6\VWHPV�� 0DUFK� ������� ������ 2XG� 3RHOJHHVW��/HLGHQ��7KH�1HWKHUODQGV�>�@ *UD]]LQL� *��� 0DULDQL� $��� $� 6LPSOH� 3URJUDP� WR�GHVLJQ� D�0XOWL�6WDJH� -HW� 3XPS� IRU� 5HIULJHUDWLRQ�&\FOHV�� (QHUJ\� &RQYHUV�� 0JPW� 9RO����� 1R��������SS�����������������>�@ %R[� 0�-��� 'DYLHV� '��� 6ZDQQ� :�+��� 1RQ�/LQHDU�2SWLPLVDWLRQ� 7HFKQLTXHV�� ,&,� 0RQRJUDSK�� Q�� ���2OLYHU�	�%R\G��/RQGRQ�8.�������>�@ *UD]]LQL�*���5LQDOGL�5���7KHUPRG\QDPLF�RSWLPDO�GHVLJQ� RI� KHDW� H[FKDQJHUV� IRU� DQ� LUUHYHUVLEOH�UHIULJHUDWRU�$FFHSWHG�IRU�,QW��-��RI�7KHUPDO�6FL�>�@ 0L\DWDNH� 2��� &RPSDUDWLYH� 6WXG\� RI� )ODVK�(YDSRUDWLRQ� 5DWHV�� 'HVDOLQDWLRQ�� Q����� SS� ���������������
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>�@ $RNL� ,��� :DWHU� )ODVK� (YDSRUDWLRQ� XQGHU� /RZ�3UHVVXUH� &RQGLWLRQV�� +HDW� 7UDQVIHU� ± -DSDQHVH�5HVHDUFK��Q������SS�����± �����������>�@ $RNL� ,��� $QDO\VLV� RI� &KDUDFWHULVWLFV� RI� :DWHU�)ODVK� (YDSRUDWLRQ� XQGHU� /RZ�3UHVVXUH�&RQGLWLRQ��+HDW�7UDQVIHU�± $VLDQ�5HVHDUFK��Q������SS���������������>�@ -LQ� :�;��� /RZ� 6�&�� � DQG� <X� 6�&�0��� 6RPH�([SHULPHQW� 2EVHUYDWLRQV� 2Q� WKH� 6LQJOH� $QG�0XOWL�3KDVH� )ORZ� 3DWWHUQV� LQ� D� 0RGHO� )ODVK�(YDSRUDWLRQ� &KDPEHU�� ,QW�� &RPP�� +HDW� 0DVV�7UDQVIHU��YRO������Q����SS�����������������>�@ 0L\DWDNH�2���.DELU�0�(���1RGD�+��DQG�6XJLKDUD�.���7UDQVLHQW�&KDUDFWHULVWLFV� DQG�3HUIRUPDQFH�RI�+\EULG� /DWHQW� +HDW� 6WRUDJH� DQG� 6SUD\� )ODVK�(YDSRUDWLRQ�6\VWHP�� -�� RI�&KHPLFDO�(QJLQHHULQJ�RI�-DSDQ��YRO������Q����SS�������������������
>��@ &DUH\� 9�3��� /LTXLG�YDSRXU� SKDVH�FKDQJH�SKHQRPHQD�� +HPLVSKHUH�� :DVKLQJWRQ�� 86$��������>��@ .D\V� :�0��� 3HUNLQV� +�&��� )RUFHG� &RQYHFWLRQ�,QWHUQDO� )ORZ� LQ� 'XFWV�� LQ� +DQGERRN� RI� +HDW�7UDQVIHU� )XQGDPHQWDOV�� (G�� :�0�� 5RKVHQRZ��-�3��+DUWQHWW��(�1��*DQLF��0F*UDZ�+LOO��������

>��@ $6+5$(� KDQGERRN�� )XQGDPHQWDOV�� $6+5$(��$WODQWD��86$��������>��@ 5DLWKE\� *�'��� +ROODQGV� .�*�7��� 1DWXUDO�&RQYHFWLRQ�� LQ� +DQGERRN� RI� +HDW� 7UDQVIHU�)XQGDPHQWDOV�� (G� 5RKVHQRZ� :�0��� +DUWQHWW�-�3���*DQLF�(�1���0F*UDZ�+LOO��������>��@ +DDODQG� 6�(��� 6LPSOH� DQG� H[SOLFLW� IRUPXODV� IRU�WKH� IULFWLRQ� IDFWRU� LQ� WXUEXOHQW� SLSH� IORZ�� -RXU��)OXLGV�(QJ���YRO�������SS���������������>��@ &KDPSRXVVLQ -�&��� +RVWDFKH� *��� 3HUIRUPDQFHV�G¶XQ� V\VWHPH� WU\WKHUPH� D� pMHFWHXU� D� EDVVH�WHPSHUDWXUH� GH� ERLOOHXU�� ����&RQJ�� ,QW�� GX� )URLG�,,)��3DULV��%����������������>��@ %RXIPDUDI�/���/DOOHPDQG�$���3HUIRUPDQFHV�G¶XQH�PDFKLQH� WU\WKHUPH� j� pMHFWHXU� XWLOLVDQW� GHV�PpODQJHV� GH� IOXLGHV� IULJRULJqQHV�� ,QW�� -RXUQ�� RI�5HIULJHUDWLRQ��YRO���������������������>��@ +XDQJ�%�-���&KDQJ�-�0���(PSLULFDO�FRUUHODWLRQ�IRU�HMHFWRU� GHVLJQ�� ,QW�� -RXUQ�� RI� 5HIULJHUDWLRQ�� YRO���������������������>��@ 0XQGD\� -�7��� %DJVWHU� '�)��� $� 1HZ� (MHFWRU�7KHRU\� $SSOLHG� WR� 6WHDP� -HW� 5HIULJHUDWLRQ�� ,QG��(QJ�� &KHP�� 3UHRFHVV� 'HV�� 'HY��� YRO�� ���� Q�� ���������
120(1&/$785($ +HDW�H[FKDQJH�DUHD��P��FS 6SHFLILF�KHDW��-�NJ���.���&23 &RHIILFLHQW�RI�SHUIRUPDQFH' ,QQHU�GLDPHWHU�RI�WKH�KHDW�H[FKDQJHU�WXEHV��P�'$ )ODVKLQJ�VWHS�DUHD��P��'[ )ODVKLQJ�VWHS�OHQJWK��P�J *UDYLW\�IDFWRU��P�V���K +HDW�H[FKDQJH�IDFWRU��:�P���.���L 6SHFLILF�HQWKDOS\��-�NJ�� �.���N 7KHUPDO�FRQGXFWLYLW\��:�P���.���/ 7XEH�OHQJWK�RI�WKH�KHDW�H[FKDQJHU��P�P )ODVKLQJ�VWHS�IORZ�UDWH��NJ�V���0 :DWHU�IORZ�UDWH��NJ�V���0 0RODU�PDVV��NJ�NPRO���Q 1XPEHU�RI�WXEHV�RI�WKH�KHDW�H[FKDQJHU1X 1XVVHOW�QXPEHU3 3UHVVXUH��3D�3U 3UDQGWO�QXPEHUT )ODVKLQJ�VWHS�WKHUPDO�SRZHU��:�
4 7KHUPDO�SRZHU��:�U /DWHQW�KHDW�RI�YDSRULVDWLRQ��-�NJ���.���5 8QLYHUVDO�JDV�FRQVWDQW�� �������N-�NPRO���.���5D 5D\OHLJK�QXPEHU5H 5H\QROGV�QXPEHUV 7KLFNQHVV��P�7 7HPSHUDWXUH��.�8 *OREDO�WKHU��H[FKDQJH�IDFWRU��:�.���:� 3RZHU��:�'70/ /RJDULWKPLF�PHDQ�WHPSHUDWXUH�GLIIHUHQFH��.�

*5((.H $EVROXWH�URXJKQHVV�RI�WKH�KHDW�H[FKDQJHU�WXEHV��P�K (IILFLHQF\O )ULFWLRQ�IDFWRUP '\QDPLF�YLVFRVLW\��1�V�P���Q .LQHPDWLF�YLVFRVLW\��P��V���U 'HQVLW\��NJ�P���V )ODVK�HYDSRUDWLRQ�DFFRPPRGDWLRQ�FRHIILFLHQW68%6&5,376,, 5HIHUUHG�WR�6HFRQG�/DZ�RI�7KHUPRG\QDPLFE� %RLOLQJ�VHFWLRQ& &RQGHQVHU&D 5HIHUUHG�WR�&DUQRW�F\FOHFR &RQGHQVLQJ�VHFWLRQH ([WHUQDO( (YDSRUDWRUI :RUNLQJ�F\FOH�IOXLG* *HQHUDWRULQ ,QOHWO 6DWXUDWHG�OLTXLGOLT /LTXLGRXW 2XWOHW3X 3XPSU 5DQNVDW 6DWXUDWLRQWRW 5HIHUUHG�WR�WKH�JOREDO�IODVK�SURFHVVY 6DWXUDWHG�VWHDP[ )LUVW�FRROLQJ�UDQN�VHFWLRQ�RI�WKH�FRQGHQVHU\ 6XSHUKHDWLQJ�VHFWLRQ�RI�WKH�JHQHUDWRU] 3UHKHDWLQJ�VHFWLRQ�RI�WKH�JHQHUDWRUZ :DWHUO 5HODWHG�WR�SUHVVXUH�ORVVHV
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)LJXUH��� 7KH�VWHDP�HMHFWRU�UHIULJHUDWLRQ�SODQW�DV�DQ�RSHQ�V\VWHP

)LJXUH����6FKHPDWLF�OD\RXW�RI�WKH�IODVK�HYDSRUDWRU

)ODVK�(YDSRUDWRU6HSDUDWRU
IURP�WKHFRQGHQVHU WR�WKH�VXFWLRQ�SRUW�RI�WKH�HMHFWRU

LQOHW�H[WHUQDO�ZDWHU RXWOHW�UHIULJHUDWHG�ZDWHU

&RQGHQVHU�,QOHW�:DWHU
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(MHFWRU
(YDSRUDWRU�,QOHW :DWHU�

*HQHUDWRU�,QOHW�:DWHU�
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