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�����)LQDO�UHSRUW�RQ�WKH�VWXG\�
+HDW�([FKDQJHU�3LOH�6\VWHP�IRU�+HDWLQJ�DQG�&RROLQJ�DW�=�ULFK�$LUSRUW

'U��'DQLHO�3DKXG��'U��$QWRLQH�)URPHQWLQ��/$6(1��(3)/��6ZLW]HUODQG0DUNXV�+XEEXFK��$5*(�=$<(77$��=�ULFK��6ZLW]HUODQG
6XPPDU\

7KH�'RFN�0LGILHOG�� D� QHZ�EXLOGLQJ� WHUPLQDO�SODQQHG�DW�=�ULFK�DLUSRUW��ZLOO�EH�FRQVWUXFWHG�RQ�IRXQGDWLRQ� SLOHV��(TXLSSHG�ZLWK� D� SLSH� V\VWHP�� WKH� SLOHV�ZLOO� VHUYH� DV� D�KHDW� H[FKDQJHU�ZLWK� WKH�JURXQG��$�KHDW�SXPS�FRXSOHG� WR� WKH�SLOHV�ZLOO�EH�XVHG�IRU�KHDWLQJ�SXUSRVHV��'XULQJ�WKH�VXPPHU��FRROLQJ�ZLOO�EH�SHUIRUPHG�ZLWK� WKH�SLOHV��E\� WUDQVIHUULQJ�SDUW�RI� WKH�WKHUPDO� ORDGV�RI� WKH�EXLOGLQJ�GLUHFWO\�LQWR�WKH�JURXQG�7KH�'RFN�0LGILHOG�
,Q�WKH�IUDPHZRUN�RI�WKH��WK FRQVWUXFWLRQ�SKDVH�RI�=�ULFK�DLUSRUW��6ZLW]HUODQG��D�QHZ�WHUPLQDO�IRU����SODQHV��WKH 'RFN�0LGILHOG��LV�SODQQHG��7KLV�EXLOGLQJ������P�ORQJ�DQG����P�ZLGH��ZLOO�EH�EXLOW�RQ����� IRXQGDWLRQ�SLOHV�� DV� WKH�XSSHU� OD\HU�RI� WKH�JURXQG�� FRPSRVHG�E\� ODNH�GHSRVLWV�� LV� WRR� VRIW� WR�VXSSRUW�WKH�ORDGV�RI�WKH�EXLOGLQJ��7KH�SLOHV�ZLOO�VWDQG�RQ�PRUDLQH��ZKLFK�OLHV�DW�D�GHSWK�RI�DERXW����P��:LWK�D�GLDPHWHU�RI���WR�����PHWHUV��WKH�SLOHV�ZLOO�EH�FRQFUHWH�DQG�FDVW�LQ�SODFH��,Q�)LJ�����D�FURVV�VHFWLRQ�RI�WKH�EXLOGLQJ�LV�VKRZQ�
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)LJ��� &URVV�VHFWLRQ�RI�WKH�SODQQHG�'RFN�0LGILHOG�DW�=�ULFK�DLUSRUW�
7KH� FRQVRUWLXP� $5*(� =$<(77$� KDV� EHHQ� PDQGDWHG� E\� WKH� =XULFK� $LUSRUW� 5HDO�(VWDWH�&RPSDQ\��),*��WR�SODQ�WKH�'RFN�0LGILHOG��$SDUW�IURP�WKH�RXWVWDQGLQJ�DUFKLWHFWXUDO�IHDWXUHV�RI�WKH�EXLOGLQJ�� H[WHQVLYH� XVH� RI� UHQHZDEOH� HQHUJLHV� KDV� EHHQ� SURPRWHG�� 7KH\� DUH� H[SHFWHG� WR� FRYHUUHVSHFWLYHO\� ���� DQG� ���� RI� WKH� KHDWLQJ� DQG� FRROLQJ� UHTXLUHPHQWV�� ,Q� WKLV� IUDPHZRUN�� WKH�IRXQGDWLRQ�SLOHV�FRQWULEXWH� WR� WKLV� WDVN�EHLQJ�XVHG�DV�KHDW�H[FKDQJHU�SLOHV��7KH�UHPDLQLQJ�HQHUJ\�SXUFKDVHG� IRU� KHDWLQJ� LV� YHU\� VPDOO�� 7KH� DVVRFLDWHG� KHDWLQJ� HQHUJ\� LQGH[� �DX[LOLDU\� HQHUJ\� DQG�HOHFWULFLW\� IRU� WKH�KHDW�SXPS���GHILQHG�E\� WKH� UDWLR�RI� WKH� DQQXDO� HQHUJ\�E\� WKH� WRWDO�KHDWHG� IORRU�DUHD��LV�DERXW����0-�P�\��7KH�WRWDO�HOHFWULF�HQHUJ\�LQGH[��HVWLPDWHG�WR�����0-�P�\HDU��LV�DOVR�ORZ�IRU�D�IXOO\�DLU�FRQWUROOHG�EXLOGLQJ�ZKLFK�ZLOO�EH�XVHG����KRXUV�D�GD\��7KH�FRQVWUXFWLRQ�RI�WKH�'RFN�0LGILHOG�VKRXOG�VWDUW�LQ������DQG�ODVW�DERXW���\HDUV�

� 0DULQ� 6S�KOHU�� $UFKLWHNW� %6$� 6,$�� =�ULFK�� $QJpOLO�*UDKDP�3IHQQLQJHU�6FKROO� $UFKLWHFWXUH� /WG�� =�ULFK� DQG� /RV�$QJHOHV�� +H\HU� .DXIPDQQ� 3DUWQHU� %DXLQJHQLHXUH� $*�� =�ULFK��1LFROHW�� &KDUWUDQG�� .QROO� /WG��0RQWUHDO�� (OHFWURZDWW�(QJLQHHULQJ�$*��=�ULFK��$PVWHLQ���:DOWKHUW�$*��=�ULFK�
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7KH�+HDW�([FKDQJHU�3LOH�6\VWHP
7KH� KHDW� H[FKDQJHU� SLOHV� DUH� IRXQGDWLRQ� SLOHV� HTXLSSHG� ZLWK� D� SLSH� V\VWHP�� LQ� ZKLFK� D� KHDW�FDUULHU� IOXLG�FDQ�EH�FLUFXODWHG�VR�DV� WR�H[FKDQJH�KHDW�ZLWK� WKH�VXUURXQGLQJ�JURXQG��7KH�WZR�PDLQ�IXQFWLRQV�RI�WKH�KHDW�H[FKDQJHU�SLOHV�DUH�WKXV�WR�VXSSRUW�WKH�ORDGV�RI�WKH�EXLOGLQJ�DQG�WR�VHUYH�DV�D�KHDW�H[FKDQJHU�ZLWK�WKH�JURXQG��7KH�KHDW�H[FKDQJHU�SLOHV�DUH�FRQQHFWHG�WRJHWKHU�K\GUDXOLFDOO\�DQG�FRXSOHG�WR�DQ�HOHFWULF�KHDW�SXPS��'XULQJ�WKH�ZLQWHU��WKH�KHDW�SXPS�H[WUDFWV�WKHUPDO�HQHUJ\�IURP�WKH�JURXQG�DQG�SURYLGHV�KHDW�WR�WKH�EXLOGLQJ��$V�D�UHVXOW�SDUW�RI�WKH�KHDWLQJ�UHTXLUHPHQW�LV�FRYHUHG�E\�HQHUJ\�WKDW�RULJLQDWHV�IURP�WKH�JURXQG��1R�VLJQLILFDQW�UHJLRQDO�JURXQG�ZDWHU�PRYHPHQW�LV�H[SHFWHG�DW� WKLV� VLWH��ZKLFK�ZRXOG�� LI� ODUJH� HQRXJK�� SURYLGH� D� WKHUPDO� UHJHQHUDWLRQ� RI� WKH� JURXQG� YROXPH�ZKLFK�FRQWDLQV�WKH�SLOHV�IURP�\HDU�WR�\HDU��&RROLQJ�RI�WKH�JURXQG�WDNHV�SODFH��ZKLFK�LV�DFWXDOO\�DQ�DGYDQWDJH�GXULQJ�WKH�VXPPHU�ZKHQ�WKH�KHDW�H[FKDQJHU�SLOHV�DUH�XVHG�IRU�GLUHFW�FRROLQJ���,Q�RWKHU�WHUPV��SDUW�RI�WKH�WKHUPDO�ORDGV�JHQHUDWHG�LQ�WKH�EXLOGLQJ�DUH�GLUHFWO\�LQMHFWHG�LQ�WKH�JURXQG�WKURXJK�WKH� KHDW� H[FKDQJHU� SLOHV�� 'LUHFW� FRROLQJ� HQDEOHV� D� WKHUPDO� UHJHQHUDWLRQ� RI� WKH� JURXQG� DQG� LV�EHQHILFLDO�WR�KHDWLQJ�WKH�QH[W�ZLQWHU��,Q�)LJ�����D�VFKHPDWLF�YLHZ�RI�WKH�KHDW�H[FKDQJHU�SLOH�V\VWHP�LV�VKRZQ�

+HDW�H[FKDQJHU�SLOHV

+HDW�SXPS +HDW�H[FKDQJHU
&RROLQJ+HDWLQJ

)LJ��� 6FKHPDWLF�YLHZ�RI�WKH�KHDW�H[FKDQJHU�SLOH�V\VWHP�
7KH� SULQFLSDO� FRQVWUDLQW� RQ� WKH� V\VWHP� LV� WKDW� WKH� WKHUPDO� VROLFLWDWLRQV�ZLWKVWRRG� E\� WKH� SLOHV�PXVW� QRW� GHWHULRUDWH� WKHLU� PHFKDQLFDO� SURSHUWLHV�� L�H��� WKHLU� DELOLW\� WR� VXSSRUW� WKH� ORDGV� RI� WKH�

� 'LUHFW� FRROLQJ� LV� UHDOLVHG� E\� FRQQHFWLQJ� WKH� SLOH� IORZ� FLUFXLW� WR� WKH� FROG� GLVWULEXWLRQ�ZLWKRXW� D� FRROLQJ�PDFKLQH� LQ�EHWZHHQ�
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EXLOGLQJ��,Q�SDUWLFXODU��IUHH]LQJ�RI�WKH�SLOHV�PXVW�EH�DYRLGHG��,Q�D�VDIHO\�VL]HG�KHDW�H[FKDQJHU�SLOH�V\VWHP��WKH�IOXLG�WHPSHUDWXUH�LQ�WKH�SLOHV�QHYHU�GURSV�EHORZ����&�IRU�D�ORQJ�SHULRG�RI�WLPH��
7KLV� WHPSHUDWXUH� FRQVWUDLQW� LQIOXHQFHV� WKH� VL]H� RI� WKH� KHDW� SXPS�� ZKLFK�� LQ� WXUQ�� DIIHFWV� WKH�KHDWLQJ� SRWHQWLDO� SURYLGHG� E\� WKH� KHDW� H[FKDQJHU� SLOHV�� :KHQ� GLUHFW� FRROLQJ� LV� SHUIRUPHG�� WKH�FRROLQJ�SRWHQWLDO�DOVR�GHSHQGV�GLUHFWO\�RQ�WKH�WHPSHUDWXUH� OHYHO�RI� WKH�IOXLG�LQ�WKH�FRROLQJ�V\VWHP��PD[LPXP�����&�IRU�WKH�'RFN�0LGILHOG���7KH�DQQXDO�H[WUDFWHG�DQG�LQMHFWHG�WKHUPDO�HQHUJ\�WKURXJK�WKH�SLOHV�GHWHUPLQHV� WKH� HYROXWLRQ�RI� WKH�JURXQG� WHPSHUDWXUH�\HDU� DIWHU�\HDU��ZKLFK�� LQ� WXUQ��PD\�DIIHFW� WKH�WKHUPDO�SHUIRUPDQFHV�RI� WKH�V\VWHP��$Q�DFFXUDWH�DVVHVVPHQW�RI�WKH�KHDWLQJ�DQG�FRROLQJ�SRWHQWLDO�RIIHUHG�E\�KHDW�H[FKDQJHU�SLOHV�UHTXHVWV�D�G\QDPLF�VLPXODWLRQ�RI�WKH�V\VWHP��ZKLFK�WDNHV�LQWR�DFFRXQW�ERWK�VKRUW�WHUP�DQG�ORQJ�WHUP�WKHUPDO�SHUIRUPDQFHV��,W�UHTXLUHV�D�JRRG�NQRZOHGJH�RI�WKH�V\VWHP¶V�WKHUPDO�FKDUDFWHULVWLFV��WKH�ORFDO�JURXQG�FRQGLWLRQV�DQG�WKH�XVH�RI�DQ�DFFXUDWH�V\VWHP�VLPXODWLRQ�WRRO�

7KH�3,/(6,0�6LPXODWLRQ�7RRO
6LPXODWLRQ� WRROV� RI� KHDW� H[FKDQJHU� SLOH� V\VWHPV� KDYH� EHHQ� GHYHORSHG� LQ� WKH� /DERUDWRU\� RI�(QHUJ\�6\VWHPV��/$6(1���DW� WKH�6ZLVV�)HGHUDO� ,QVWLWXWH�RI�7HFKQRORJ\�LQ�/DXVDQQH��(3)/���VHH�)URPHQWLQ�HW�DO����������7KHLU�GHYHORSPHQW�KDV�EHHQ�SHUIRUPHG�ZLWK�WKH�KHOS�RI�PHDVXUHPHQWV�RI�H[LVWLQJ� V\VWHPV� IRU� FRPSDULVRQ� DQG� YDOLGDWLRQ� SXUSRVHV�� 7KH� ZHOO�NQRZQ� WUDQVLHQW� V\VWHP�VLPXODWLRQ�SURJUDPPH�7516<6�ZDV�XVHG��.OHLQ�HW�DO����������$�QRQ�VWDQGDUG�VLPXODWLRQ�PRGHO��GHYLVHG�IRU�KHDW�VWRUDJH�LQ WKH�JURXQG�ZLWK�ERUHKROH�KHDW�H[FKDQJHUV��3DKXG�HW��DO������D���KDV�EHHQ�DGDSWHG�IRU�KHDW�H[FKDQJHU�SLOHV��3DKXG�HW��DO������E��
,Q�WKH�IUDPHZRUN�RI�WKH�'RFN�0LGILHOG�SURMHFW��WKH�H[SHULHQFH�JDLQHG�LQ�WKH�VLPXODWLRQ�RI�KHDW�H[FKDQJHU�SLOH�V\VWHPV�LV�XVHG WR�FUHDWH�3,/(6,0��3DKXG���������3,/(6,0�LV�EDVHG�RQ�7516<6�EXW� FDQ� EH� XVHG�ZLWKRXW� SULRU� NQRZOHGJH� RI� LW�� 7KH� V\VWHP¶V� WKHUPDO� SHUIRUPDQFHV�� WKH� WKHUPDO�SRWHQWLDO�RI�KHDW�H[FKDQJHU�SLOHV�DQG�D�YDULHW\�RI�V\VWHP�GHVLJQV�FDQ�EH�DVVHVVHG�

7KH�6LPXODWHG�7KHUPDO�3HUIRUPDQFHV
7KH�QHW�VSDFH�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�UHTXLUHPHQWV�RI�WKH�EXLOGLQJ�ZHUH�VLPXODWHG�LQ�KRXUO\�YDOXHV� IRU� RQH� \HDU� �.RVFKHQ]� DQG�:HEHU�� ������� DQG� XVHG� DV� LQSXW� GDWD� WR� 3,/(6,0�� 7KH� QHW�KHDWLQJ�DQG�FRROLQJ�UHTXLUHPHQWV�WDNH�LQWR�DFFRXQW�SDVVLYH�VRODU�JDLQV��LQWHUQDO�JDLQV��KHDW�UHFRYHU\�XQLWV�RQ�H[KDXVW�DLU��IUHH�FRROLQJ�ZLWK�RXWVLGH�DLU�DQG�FRROLQJ�IRU�KHDWLQJ�SXUSRVHV��$W�WKLV�VWDJH�RI�WKH�SURMHFW��D�FRQVWDQW�SHUIRUPDQFH�FRHIILFLHQW�RI�����LV�DVVXPHG�IRU�WKH�KHDW�SXPS��7KH�SLOHV�ZLOO�EH�HTXLSSHG�ZLWK���8�SLSHV�IL[HG�RQ�WKH�LQQHU�VLGH�RI�WKHLU�UHLQIRUFLQJ�VWHHO��IRXU�SODVWLF�SLSHV�GULYH�WKH�KHDW�FDUULHU�IOXLG��D�JO\FRO�ZDWHU�PL[WXUH��GRZQ�WR�WKH�ERWWRP�RI�WKH�SLOH�DQG�IRXU�RWKHUV�EULQJ�LW�EDFN�XS��(YHQ�ZLWK�VXFK�WKLFN�SLOHV����WR�����PHWHUV�LQ�GLDPHWHU���PRUH�8�SLSHV�GR�QRW�VLJQLILFDQWO\�LPSURYH�WKH�VWHDG\�VWDWH�KHDW�WUDQVIHU�IURP�WKH�IOXLG�WR�WKH�JURXQG�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH�
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SLOH��$� ODPLQDU� IORZ�UHJLPH� LQ� WKH�SLOHV� LV�DOVR� UHFRPPHQGHG��ZKHQ���8�SLSHV�RU�PRUH�DUH�XVHG��6LPXODWLRQV� KDYH� VKRZQ� WKDW� WKH� VXSSOHPHQWDU\� SXPSLQJ� HQHUJ\� QHHGHG� WR�PDNH� WKH� IORZ� QRQ�ODPLQDU�LV�QRW�FRPSHQVDWHG�E\�WKH�LPSURYHPHQW�RI�WKH�WKHUPDO�SHUIRUPDQFHV��$ERXW�����SLOHV�ZLOO�EH�FRQYHUWHG�LQWR�KHDW�H[FKDQJHU�SLOHV��HDFK�ZLWK�D�KHDW�WUDQVIHU�OHQJWK�RI�DERXW ���P�
'HWDLOHG�VLPXODWLRQV�KDYH�VKRZQ�WKDW�DQ�XQGHUVL]HG�KHDW�SXPS��LQ�UHODWLRQ�WR�WKH�WRWDO�OHQJWK�RI�KHDW� H[FKDQJHU� SLOHV�� GRHV� QRW� JUHDWO\� LPSURYH� WKH� SHUIRUPDQFH� FRHIILFLHQW� RI� WKH� KHDW� SXPS��)URPHQWLQ�HW�DO����������$V�WKH�KHDW�H[FKDQJHU�SLOHV�GR�VLJQLILFDQWO\�FRQWULEXWH�WR�WKH�LQYHVWPHQW�FRVW�� LW�KDV�D�QHJDWLYH�HIIHFW�RQ�WKH�KHDWLQJ�FRVW��2Q�WKH�RWKHU�KDQG��DQ�RYHUVL]HG�KHDW�SXPS�PD\�OHDG� WR� D� FULWLFDO� VLWXDWLRQ�� DV� WKH� ULVN� RI� WKH� SLOHV� IUHH]LQJ� H[LVWV�� )UHH]LQJ� FDQ� EH� DYRLGHG� E\�UHGXFLQJ� WKH� KHDW� SXPS� SRZHU�� )RU� WKH� 'RFN�0LGILHOG�� WKH� KHDW� SXPS� LV� VL]HG� VR� WKDW� D� SRZHU�UHGXFWLRQ�RI�D�PD[LPXP�RI�����LV�DFFHSWHG�� ,Q�)LJ�����WKH�FODVVLILHG�KRXUO\�KHDW�DQG�FROG�HQHUJ\�GHPDQGV� DUH� VKRZQ�� WRJHWKHU�ZLWK� WKH� FRUUHVSRQGLQJ� HQHUJ\� UDWH� SURYLGHG�E\� WKH�KHDW� H[FKDQJHU�SLOH� V\VWHP�� $� KHDW� SXPS� RI� ���� N:� DW� WKH� FRQGHQVHU� ZLOO� FRYHU� ���� RI� WKH� �¶����*-� ��¶����0:K��RI�QHW�DQQXDO�KHDW�GHPDQG��7KH�UHVW������*-������0:K���LV�FRYHUHG�E\�GLVWULFW�KHDWLQJ��ZLWK�D�PD[LPXP�SHDN�ORDG�RI��¶����N:��1HDUO\�WKH�WRWDOLW\�RI�WKH�QHW�DQQXDO�FROG�GHPDQG��HVWLPDWHG�WR��¶����*-������0:K���FDQ�EH�FRYHUHG�E\�GLUHFW�FRROLQJ�ZLWK�WKH�SLOH�V\VWHP��+RZHYHU��DQ�DX[LOLDU\�FROG�XQLW�ZLWK�D�FRROLQJ�SHDN�SRZHU�RI�����N:�VKRXOG�EH�DYDLODEOH�LI�WKH�WHPSHUDWXUH�OHYHO�RI�WKH�FROG�GLVWULEXWLRQ�KDV�WR EH�VDWLVILHG�

)LJ��� 6LPXODWHG�FODVVLILHG�KRXUO\�YDOXHV�RI�WKH�QHW�HQHUJ\�GHPDQGV�IRU�KHDWLQJ�DQG�FRROLQJ�WKH�'RFN�0LGILHOG��7KH�FRUUHVSRQGLQJ�HQHUJ\�UDWHV�VDWLVILHG�E\�WKH�KHDW�H[FKDQJHU�SLOH�V\VWHP�DUH�DOVR�VKRZQ�

'RFN�0LGILHOG��FODVVLILHG�KRXUO\�HQHUJ\�GHPDQG�IRU�WKH���WK�\HDU�RI�RSHUDWLRQ
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3RZH
U�N:

+HDWLQJ�HQHUJ\�GHPDQG+HDW�GHOLYHUHG�E\�SLOH�V\VWHP&RROLQJ�HQHUJ\�GHPDQG&RROLQJ�SURYLGHG�E\�SLOH�V\VWHP
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$� KLJKHU� JURXQG� WHPSHUDWXUH� UHVXOWV LQ� OHVV� FRROLQJ� HQHUJ\� SURYLGHG� E\� WKH� SLOHV�� ,Q�FRQVHTXHQFH��DQ�LQFUHDVH�RI� WKH�JURXQG�WHPSHUDWXUH�\HDU�DIWHU�\HDU� VKRXOG�EH�DYRLGHG��,Q�RUGHU�WR�SUHYHQW�VXFK�DQ�LQFUHDVH�� WKH�DQQXDO�H[WUDFWHG�KHDW���¶����*-�RU�����0:K��PXVW�EH�JUHDWHU� WKDQ�WKH�LQMHFWHG�RQH���¶����*-�RU�����0:K���7KH�GLIIHUHQFH�LV�PDLQO\�GXH�WR�WKH�WKHUPDO�LQIOXHQFH�RI�WKH� EXLOGLQJ�� ([SUHVVHG� SHU� PHWHU� RI� SLOH�� WKH� DQQXDO� HQHUJLHV� DQG� PD[LPXP� WKHUPDO� SRZHUV�H[WUDFWHG�DQG�LQMHFWHG�E\�WKH�SLOHV�DUH�UHODWLYHO\�KLJK��GXH�PDLQO\�WR�WKH�ODUJH�SLOH�GLDPHWHU�
+HDW�H[WUDFWLRQ��KHDWLQJ�� �� :�P ��� 0-�P�SHU�\HDU ���� N:K�P�SHU�\HDU�+HDW�LQMHFWLRQ��GLUHFW�FRROLQJ�� �� :�P ��� 0-�P�SHU�\HDU ��� N:K�P�SHU�\HDU�
7KH�HFRQRP\�RI� WKH�KHDW�H[FKDQJHU�SLOH�V\VWHP�VKRZV�D�ILJXUH�VLPLODU�WR�FRQYHQWLRQDO�KHDWLQJ�DQG�FRROLQJ��7KH�SRVLWLYH�SRLQW�LV�WKH�UHGXFWLRQ�RI�IRVVLO�IXHO�UHTXLUHG�IRU�KHDWLQJ��'LUHFW�FRROLQJ�RQ�WKH�SLOHV�UHTXLUHV� OHVV�HOHFWULFLW\� WKDQ�D�FRROLQJ�PDFKLQH��7KH�HOHFWULFLW\�VDYHG�GXULQJ�WKH�VXPPHU�IRU�FRROLQJ�FRPSHQVDWHV�WKH�HOHFWULFLW\�QHHGHG�E\�WKH�KHDW�SXPS�GXULQJ�WKH�ZLQWHU�&RQFOXGLQJ�5HPDUNV
)RXQGDWLRQ� SLOHV� RIIHU� DQ� LQWHUHVWLQJ� DOWHUQDWLYH� IRU� SURYLGLQJ�KHDWLQJ� DQG� FRROLQJ� HQHUJ\� WR� D�EXLOGLQJ��HVSHFLDOO\�ZKHQ� WKH\�FDQ�FRPELQH� WKH� WZR��6ROHO\�KHDWLQJ�RU�FRROLQJ�UHTXLUHV�D� WKHUPDO�UHJHQHUDWLRQ�RI�WKH�JURXQG�IURP�\HDU�WR�\HDU��ZKLFK�FDQ�EH�SHUIRUPHG�QDWXUDOO\�LI�D�UHJLRQDO�JURXQG�ZDWHU�IORZ�LV�ODUJH�HQRXJK��+HDW�H[FKDQJHU�SLOHV�DUH�EHVW�LQWHJUDWHG�LQ�D�ELYDOHQW�V\VWHP��WKH�SHDN�SRZHU�ORDGV�DUH�FRYHUHG�E\�DQ�DX[LOLDU\�HQHUJ\��7KH�'RFN�0LGILHOG SUHVHQWV�JRRG�FRQGLWLRQV�IRU�DQ�RSWLPDO� XVH� RI� KHDW� H[FKDQJHU� SLOHV��$� UHGXFWLRQ� RI� WKH� IRVVLO� IXHO� FRQVXPSWLRQ�ZLOO� EH� UHDOLVHG��ZLWKRXW�LQFUHDVLQJ�WKH�RYHUDOO�HOHFWULF�HQHUJ\�GHPDQG�

$FNQRZOHGJHPHQW
7KH� 6ZLVV� )HGHUDO� 2IILFH� RI� (QHUJ\� LV� JUHDWO\� DFNQRZOHGJHG� IRU� LWV� ILQDQFLDO� VXSSRUW� LQ� WKLV�VWXG\�

5HIHUHQFHV
)URPHQWLQ� $��� 3DKXG� '��� -DTXLHU� &�� HW� 0RUDWK� 0�� �������� 5HFRPPDQGDWLRQ� SRXU� OD� UpDOLVDWLRQ�G¶LQVWDOODWLRQV� DYHF� SLHX[� pFKDQJHXUV�� (PSIHKOXQJHQ� I�U�(QHUJLHSIDKOV\VWHPH��5DSSRUW� ILQDO��GpFHPEUH������ 2IILFH�IpGpUDO�GH�O¶pQHUJLH��%HUQ��6ZLW]HUODQG�.OHLQ�6��$��HW�DO�� �������7516<6��$�7UDQVLHQW�6\VWHP�6LPXODWLRQ�3URJUDP��9HUVLRQ�������6RODU�(QHUJ\�/DERUDWRU\��8QLYHUVLW\�RI�:LVFRQVLQ��0DGLVRQ��86$�.RVFKHQ]� 0�� DQG� :HEHU� 5�� ������� .XU]EHULFKW� WKHUPLVFKH� 6LPXODWLRQHQ� 0LGILHOG�� (03$��'�EHQGRUI��6ZLW]HUODQG�
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