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5HIULJHUDWLRQ�&\FOHV
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+($7�3803�6<67(06
� +HDW� SXPSV� DQG� DLU� FRQGLWLRQHUV� KDYH�

WKH�VDPH�PHFKDQLFDO�FRPSRQHQWV��
� 7KHUHIRUH��LW�LV�QRW�HFRQRPLFDO WR�KDYH�

WZR� VHSDUDWH� V\VWHPV WR� PHHW� WKH�
KHDWLQJ� DQG� FRROLQJ� UHTXLUHPHQWV� RI� D�
EXLOGLQJ��

� 2QH� V\VWHP FDQ� EH� XVHG� DV� D� KHDW�
SXPS� LQ�ZLQWHU�DQG� DQ� DLU� FRQGLWLRQHU�
LQ�VXPPHU��

� 7KLV� LV� DFFRPSOLVKHG� E\� DGGLQJ� D�
UHYHUVLQJ�YDOYH WR�WKH�F\FOH��DV�VKRZQ��

� $V� D� UHVXOW� RI� WKLV� PRGLILFDWLRQ�� WKH�
FRQGHQVHU� RI� WKH� KHDW� SXPS� �ORFDWHG�
LQGRRUV��IXQFWLRQV�DV�WKH�HYDSRUDWRU�RI�
WKH�DLU�FRQGLWLRQHU�LQ�VXPPHU��

� $OVR�� WKH�HYDSRUDWRU�RI� WKH�KHDW�SXPS�
�ORFDWHG� RXWGRRUV�� VHUYHV� DV� WKH�
FRQGHQVHU�RI�WKH�DLU�FRQGLWLRQHU��
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,1129$7,9(� 9$325�&2035(66,21�
5()5,*(5$7,21�6<67(06

� 7KH�VLPSOH�YDSRU�FRPSUHVVLRQ�UHIULJHUDWLRQ�F\FOH�GLVFXVVHG�DERYH�LV�
WKH�PRVW�ZLGHO\�XVHG UHIULJHUDWLRQ�F\FOH��DQG�LW�LV�DGHTXDWH�IRU�PRVW�
UHIULJHUDWLRQ�DSSOLFDWLRQV�

� 7KH� RUGLQDU\� YDSRU�FRPSUHVVLRQ� UHIULJHUDWLRQ� V\VWHPV� DUH� VLPSOH��
LQH[SHQVLYH�� UHOLDEOH�� DQG� SUDFWLFDOO\� PDLQWHQDQFH�IUHH �ZKHQ� ZDV�
WKH�ODVW�WLPH�\RX�VHUYLFHG�\RXU�KRXVHKROG�UHIULJHUDWRU"���

� +RZHYHU�� IRU� ODUJH� LQGXVWULDO� DSSOLFDWLRQV�HIILFLHQF\��QRW� VLPSOLFLW\��
LV�WKH�PDMRU�FRQFHUQ��

� $OVR�� IRU� VRPH� DSSOLFDWLRQV� WKH� VLPSOH� YDSRU�FRPSUHVVLRQ�
UHIULJHUDWLRQ�F\FOH�LV�LQDGHTXDWH�DQG�QHHGV�WR�EH�PRGLILHG�

� :H�QRZ�GLVFXVV�D�IHZ�VXFK�PRGLILFDWLRQV�DQG�UHILQHPHQWV�

�

,1129$7,9(� 9$325�&2035(66,21�
5()5,*(5$7,21�6<67(06

�� &DVFDGH�5HIULJHUDWLRQ�6\VWHPV

�� 0XOWLVWDJH�&RPSUHVVLRQ�5HIULJHUDWLRQ�6\VWHPV

�� 0XOWLSXUSRVH�5HIULJHUDWLRQ�6\VWHPV�ZLWK�D�6LQJOH�
&RPSUHVVRU

�� /LTXHIDFWLRQ�RI�*DVHV
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&DVFDGH�5HIULJHUDWLRQ�6\VWHPV

$�ODUJH�WHPSHUDWXUH�UDQJH�
DOVR� PHDQV� D� ODUJH�
SUHVVXUH�UDQJH�LQ�WKH�F\FOH�
DQG� D� SRRU� SHUIRUPDQFH�
IRU� D� UHFLSURFDWLQJ�
FRPSUHVVRU��

2QH� ZD\� RI� GHDOLQJ� ZLWK�
VXFK� VLWXDWLRQV� LV� WR�
SHUIRUP� WKH� UHIULJHUDWLRQ�
SURFHVV� LQ� VWDJHV�� WKDW� LV��
WR� KDYH� WZR� RU� PRUH�
UHIULJHUDWLRQ� F\FOHV� WKDW�
RSHUDWH�LQ�VHULHV��

6RPH� LQGXVWULDO�DSSOLFDWLRQV� UHTXLUH�PRGHUDWHO\� ORZ� WHPSHUDWXUHV��DQG� WKH�
WHPSHUDWXUH� UDQJH� WKH\� LQYROYH� PD\� EH� WRR� ODUJH� IRU� D� VLQJOH YDSRU�
FRPSUHVVLRQ�UHIULJHUDWLRQ�F\FOH�WR�EH�SUDFWLFDO��

6XFK�UHIULJHUDWLRQ�F\FOHV�DUH�FDOOHG FDVFDGH�UHIULJHUDWLRQ�F\FOHV�

�

&DVFDGH�5HIULJHUDWLRQ�6\VWHPV

$VVXPLQJ�WKH�KHDW�H[FKDQJHU�
LV� ZHOO� LQVXODWHG�� WKH� KHDW�
WUDQVIHU� IURP� WKH� IOXLG� LQ� WKH�
ERWWRPLQJ� F\FOH� VKRXOG� EH�
HTXDO� WR� WKH� KHDW� WUDQVIHU� WR�
WKH�IOXLG�LQ�WKH�WRSSLQJ�F\FOH��

7KXV�� WKH� UDWLR� RI�PDVV IORZ�
UDWHV� WKURXJK� HDFK� F\FOH�
VKRXOG�EH

$�WZR�VWDJH�FDVFDGH UHIULJHUDWLRQ�F\FOH�LV�VKRZQ��
7KH�WZR�F\FOHV�DUH�FRQQHFWHG�WKURXJK�WKH�KHDW�H[FKDQJHU�LQ�WKH�PLGGOH��ZKLFK�
VHUYHV�DV�WKH�HYDSRUDWRU�IRU�WKH�WRSSLQJ F\FOH��F\FOH�$��DQG�WKH�FRQGHQVHU�IRU�
WKH�ERWWRPLQJ F\FOH��F\FOH�%���
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&DVFDGH�5HIULJHUDWLRQ�6\VWHPV

7KH� UHIULJHUDQWV� LQ� ERWK� F\FOHV
DUH�DVVXPHG�WR�EH�WKH�VDPH��
7KLV�LV�QRW�QHFHVVDU\�

,W� LV� HYLGHQW� IURP� WKH� 7�V�
GLDJUDP� WKDW� WKH� FRPSUHVVRU�
ZRUN� GHFUHDVHV DQG� WKH� DPRXQW�
RI� KHDW� DEVRUEHG� IURP� WKH�
UHIULJHUDWHG�VSDFH�LQFUHDVHV��

7KHUHIRUH�� FDVFDGLQJ� LPSURYHV�
WKH� &23 RI� D� UHIULJHUDWLRQ�
V\VWHP��
6RPH�UHIULJHUDWLRQ�V\VWHPV�XVH�WKUHH�RU�IRXU VWDJHV�RI�FDVFDGLQJ��
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(;$03/(���±��
$�7ZR�6WDJH�&DVFDGH�5HIULJHUDWLRQ�&\FOH

� &RQVLGHU� D� WZR�VWDJH� FDVFDGH� UHIULJHUDWLRQ� V\VWHP� RSHUDWLQJ� EHWZHHQ� WKH�
SUHVVXUH� OLPLWV� RI� ���� DQG� �����03D��(DFK� VWDJH� RSHUDWHV� RQ� DQ� LGHDO� YDSRU�
FRPSUHVVLRQ� UHIULJHUDWLRQ� F\FOH� ZLWK� UHIULJHUDQW����D� DV� WKH� ZRUNLQJ� IOXLG��
+HDW� UHMHFWLRQ� IURP� WKH� ORZHU� F\FOH� WR� WKH� XSSHU� F\FOH� WDNHV� SODFH� LQ� DQ�
DGLDEDWLF�FRXQWHUIORZ�KHDW�H[FKDQJHU�ZKHUH�ERWK�VWUHDPV�HQWHU�DW DERXW������
03D���,Q�SUDFWLFH��WKH�ZRUNLQJ�IOXLG�RI�WKH�ORZHU�F\FOH�LV�DW�D�KLJKHU�SUHVVXUH�
DQG�WHPSHUDWXUH�LQ�WKH�KHDW�H[FKDQJHU�IRU�HIIHFWLYH�KHDW�WUDQVIHU��

� ,I� WKH� PDVV� IORZ� UDWH� RI� WKH�
UHIULJHUDQW� WKURXJK� WKH� XSSHU� F\FOH�
LV������NJ�V��GHWHUPLQH�

� �D�� WKH� PDVV� IORZ� UDWH� RI� WKH�
UHIULJHUDQW�WKURXJK�WKH�ORZHU�F\FOH�

� �E��WKH�UDWH�RI�KHDW�UHPRYDO�IURP�WKH�
UHIULJHUDWHG� VSDFH� DQG� WKH� SRZHU�
LQSXW�WR�WKH�FRPSUHVVRU��DQG�

� �F��WKH�FRHIILFLHQW�RI�SHUIRUPDQFH�RI�
WKLV�FDVFDGH�UHIULJHUDWRU�
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0XOWLVWDJH�&RPSUHVVLRQ�5HIULJHUDWLRQ�6\VWHPV
:KHQ�WKH�IOXLG�XVHG�WKURXJKRXW�WKH�FDVFDGH�UHIULJHUDWLRQ�V\VWHP�LV�WKH�VDPH��
WKH�KHDW�H[FKDQJHU EHWZHHQ� WKH� VWDJHV�FDQ�EH� UHSODFHG E\�D�PL[LQJ�FKDPEHU
�FDOOHG�D�IODVK�FKDPEHU��VLQFH�LW�KDV�EHWWHU�KHDW WUDQVIHU�FKDUDFWHULVWLFV��

6XFK� V\VWHPV� DUH�
FDOOHG� PXOWLVWDJH�
FRPSUHVVLRQ�
UHIULJHUDWLRQ�
V\VWHPV��

$� WZR� VWDJH�
FRPSUHVVLRQ�
UHIULJHUDWLRQ�
V\VWHP�LV�VKRZQ��

�#"

0XOWLVWDJH�&RPSUHVVLRQ�5HIULJHUDWLRQ�6\VWHPV
,Q�WKLV�V\VWHP��WKH�OLTXLG�UHIULJHUDQW�H[SDQGV�LQ�WKH�ILUVW�H[SDQVLRQ�YDOYH�WR�WKH�
IODVK� FKDPEHU� SUHVVXUH�� ZKLFK� LV� WKH� VDPH� DV� WKH� FRPSUHVVRU� LQWHUVWDJH
SUHVVXUH��3DUW�RI�WKH�OLTXLG�YDSRUL]HV�GXULQJ�WKLV�SURFHVV��
7KLV� VDWXUDWHG� YDSRU �VWDWH� ��� LV�PL[HG�ZLWK� WKH� VXSHUKHDWHG� YDSRU� IURP� WKH�
ORZ�SUHVVXUH� FRPSUHVVRU� �VWDWH� ���� DQG� WKH� PL[WXUH� HQWHUV� WKH� KLJK�SUHVVXUH�
FRPSUHVVRU�DW�VWDWH���
7KLV� LV�� LQ� HVVHQFH�� D�
UHJHQHUDWLRQ�SURFHVV�

7KH� VDWXUDWHG� OLTXLG
�VWDWH����H[SDQGV�WKURXJK�
WKH� VHFRQG� H[SDQVLRQ�
YDOYH�LQWR�WKH�HYDSRUDWRU��
ZKHUH� LW� SLFNV� XS� KHDW�
IURP� WKH� UHIULJHUDWHG�
VSDFH��
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0XOWLVWDJH�&RPSUHVVLRQ�5HIULJHUDWLRQ�6\VWHPV
7KH�FRPSUHVVLRQ�SURFHVV� LQ� WKLV�V\VWHP�UHVHPEOHV D� WZR�VWDJH�FRPSUHVVLRQ�
ZLWK� LQWHUFRROLQJ�� DQG� WKH� FRPSUHVVRU� ZRUN� GHFUHDVHV�� &DUH� VKRXOG� EH�
H[HUFLVHG� LQ� WKH� LQWHUSUHWDWLRQV�RI� WKH� DUHDV�RQ� WKH�7�V�GLDJUDP� LQ� WKLV� FDVH�
VLQFH�WKH�PDVV�IORZ�UDWHV�DUH�GLIIHUHQW LQ�GLIIHUHQW�SDUWV�RI�WKH�F\FOH�

�%�

(;$03/(���±��
$�7ZR�6WDJH�5HIULJHUDWLRQ�&\FOH�ZLWK�D�)ODVK�&KDPEHU

� &RQVLGHU� D� WZR�VWDJH� FRPSUHVVLRQ� UHIULJHUDWLRQ� V\VWHP� RSHUDWLQJ� EHWZHHQ� WKH�
SUHVVXUH� OLPLWV� RI� ���� DQG� ����� 03D�� 7KH� ZRUNLQJ� IOXLG� LV� UHIULJHUDQW����D�� 7KH�
UHIULJHUDQW� OHDYHV� WKH� FRQGHQVHU� DV� D� VDWXUDWHG� OLTXLG� DQG� LV� WKURWWOHG� WR� D� IODVK�
FKDPEHU� RSHUDWLQJ� DW� ����� 03D�� 3DUW� RI� WKH� UHIULJHUDQW� HYDSRUDWHV� GXULQJ� WKLV�
IODVKLQJ� SURFHVV�� DQG� WKLV� YDSRU� LV� PL[HG� ZLWK� WKH� UHIULJHUDQW� OHDYLQJ� WKH� ORZ�
SUHVVXUH�FRPSUHVVRU��7KH�PL[WXUH� LV� WKHQ�FRPSUHVVHG� WR� WKH�FRQGHQVHU�SUHVVXUH�E\�
WKH� KLJK�SUHVVXUH� FRPSUHVVRU�� 7KH� OLTXLG� LQ� WKH� IODVK� FKDPEHU� LV� WKURWWOHG� WR� WKH�
HYDSRUDWRU�SUHVVXUH�DQG�FRROV�WKH�UHIULJHUDWHG�VSDFH�DV�LW�YDSRUL]HV�LQ�WKH�HYDSRUDWRU��

� $VVXPLQJ� WKH� UHIULJHUDQW� OHDYHV� WKH�HYDSRUDWRU�
DV� D� VDWXUDWHG� YDSRU� DQG� ERWK� FRPSUHVVRUV� DUH�
LVHQWURSLF��GHWHUPLQH�

� �D��WKH�IUDFWLRQ�RI�WKH�UHIULJHUDQW�WKDW�HYDSRUDWHV�
DV�LW�LV�WKURWWOHG�WR�WKH�IODVK�FKDPEHU��

� �E�� WKH� DPRXQW� RI� KHDW� UHPRYHG� IURP� WKH�
UHIULJHUDWHG�VSDFH�DQG�WKH�FRPSUHVVRU�ZRUN�SHU�
XQLW� PDVV� RI� UHIULJHUDQW� IORZLQJ� WKURXJK� WKH�
FRQGHQVHU��DQG�

� �F��WKH�FRHIILFLHQW�RI�SHUIRUPDQFH��
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6RPH�DSSOLFDWLRQV�UHTXLUH�UHIULJHUDWLRQ�DW�PRUH�WKDQ�RQH�WHPSHUDWXUH��

7KLV�FRXOG�EH�DFFRPSOLVKHG�E\�XVLQJ�D�VHSDUDWH�FRPSUHVVRU DQG�D�VHSDUDWH�
WKURWWOLQJ�YDOYH�IRU�HDFK�HYDSRUDWRU�RSHUDWLQJ�DW�GLIIHUHQW�WHPSHUDWXUHV��

+RZHYHU��VXFK�D�V\VWHP�LV�EXON\ DQG�SUREDEO\�XQHFRQRPLFDO��

$�PRUH� SUDFWLFDO� DQG� HFRQRPLFDO� DSSURDFK�ZRXOG� EH� WR� URXWH DOO� WKH� H[LW�
VWUHDPV� IURP� WKH�HYDSRUDWRUV� WR�D� VLQJOH�FRPSUHVVRU DQG� OHW� LW�KDQGOH�
WKH�FRPSUHVVLRQ�SURFHVV�IRU�WKH�HQWLUH�V\VWHP�

&RQVLGHU��IRU�H[DPSOH��DQ�RUGLQDU\�UHIULJHUDWRU±IUHH]HU XQLW�

$� VLPSOLILHG� VFKHPDWLF� RI� WKH� XQLW� DQG� WKH� 7�V� GLDJUDP� RI� WKH� F\FOH� DUH�
VKRZQ�

0XOWLSXUSRVH� 5HIULJHUDWLRQ� 6\VWHPV� ZLWK� D�
6LQJOH�&RPSUHVVRU

���

0RVW�UHIULJHUDWHG�JRRGV�KDYH�D�KLJK�ZDWHU�FRQWHQW��DQG�WKH�UHIULJHUDWHG�VSDFH�PXVW�
EH�PDLQWDLQHG�DERYH�WKH�LFH�SRLQW�WR�SUHYHQW�IUHH]LQJ��

7KH�IUHH]HU�FRPSDUWPHQW��KRZHYHU�� LV�PDLQWDLQHG�DW�DERXW� ����&��7KHUHIRUH�� WKH�
UHIULJHUDQW� VKRXOG�HQWHU� WKH� IUHH]HU�DW�DERXW� ����&�WR�KDYH�KHDW� WUDQVIHU�DW�D�
UHDVRQDEOH�UDWH�LQ�WKH�IUHH]HU�

,I�D�VLQJOH�H[SDQVLRQ YDOYH�DQG�HYDSRUDWRU�ZHUH�XVHG��WKH�UHIULJHUDQW�ZRXOG�KDYH�
WR� FLUFXODWH� LQ� ERWK� FRPSDUWPHQWV� DW� DERXW� ����&�� ZKLFK� ZRXOG� FDXVH� LFH�
IRUPDWLRQ LQ�WKH�QHLJKERUKRRG�RI�WKH�HYDSRUDWRU�FRLOV�DQG�GHK\GUDWLRQ�RI�WKH�
SURGXFW���

0XOWLSXUSRVH� 5HIULJHUDWLRQ� 6\VWHPV� ZLWK� D�
6LQJOH�&RPSUHVVRU
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7KLV� SUREOHP� FDQ� EH� HOLPLQDWHG E\� WKURWWOLQJ� WKH� UHIULJHUDQW� WR� D� KLJKHU� SUHVVXUH
�KHQFH�WHPSHUDWXUH��IRU�XVH�LQ�WKH�UHIULJHUDWHG�VSDFH�DQG�WKHQ�WKURWWOLQJ�LW�WR�WKH�
PLQLPXP�SUHVVXUH IRU�XVH�LQ�WKH�IUHH]HU�

7KH�HQWLUH�UHIULJHUDQW�OHDYLQJ�WKH�IUHH]HU�FRPSDUWPHQW�LV�VXEVHTXHQWO\�FRPSUHVVHG�
E\�D�VLQJOH�FRPSUHVVRU�WR�WKH�FRQGHQVHU�SUHVVXUH�

0XOWLSXUSRVH� 5HIULJHUDWLRQ� 6\VWHPV� ZLWK� D�
6LQJOH�&RPSUHVVRU

�%�

/LTXHIDFWLRQ�RI�*DVHV
7KH� OLTXHIDFWLRQ�RI� JDVHV� KDV� DOZD\V�EHHQ� DQ� LPSRUWDQW� DUHD�RI� UHIULJHUDWLRQ�
VLQFH� PDQ\� LPSRUWDQW� VFLHQWLILF� DQG� HQJLQHHULQJ� SURFHVVHV� DW� FU\RJHQLF
WHPSHUDWXUHV��WHPSHUDWXUHV�EHORZ�DERXW������&��GHSHQG�RQ�OLTXHILHG�JDVHV�

6RPH�H[DPSOHV�RI� VXFK�SURFHVVHV� DUH� WKH� VHSDUDWLRQ�RI�R[\JHQ�DQG� QLWURJHQ�
IURP� DLU�� SUHSDUDWLRQ� RI� OLTXLG� SURSHOODQWV� IRU� URFNHWV�� WKH� VWXG\� RI� PDWHULDO�
SURSHUWLHV� DW� ORZ� WHPSHUDWXUHV�� DQG� WKH� VWXG\� RI� VRPH� H[FLWLQJ� SKHQRPHQD�
VXFK�DV�VXSHUFRQGXFWLYLW\�

$W� WHPSHUDWXUHV� DERYH� WKH� FULWLFDO�SRLQW YDOXH�� D� VXEVWDQFH� H[LVWV� LQ� WKH� JDV�
SKDVH�RQO\��7KH�FULWLFDO�WHPSHUDWXUHV�RI�KHOLXP��K\GURJHQ��DQG�QLWURJHQ��WKUHH�
FRPPRQO\�XVHG�OLTXHILHG�JDVHV��DUH�������������DQG������&��UHVSHFWLYHO\�

7KHUHIRUH�� QRQH� RI� WKHVH VXEVWDQFHV� H[LVW� LQ� OLTXLG� IRUP� DW� DWPRVSKHULF�
FRQGLWLRQV� )XUWKHUPRUH�� ORZ� WHPSHUDWXUHV� RI� WKLV� PDJQLWXGH� FDQQRW� EH�
REWDLQHG�E\�RUGLQDU\�UHIULJHUDWLRQ�WHFKQLTXHV��7KHQ�WKH�TXHVWLRQ�LV ��+RZ�FDQ�
ZH�ORZHU�WKH�WHPSHUDWXUH�RI�D�JDV�EHORZ�LWV�FULWLFDO�SRLQW�YDOXH"
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/LTXHIDFWLRQ�RI�*DVHV
6HYHUDO�F\FOHV��VRPH�FRPSOH[�DQG�RWKHUV�VLPSOH��DUH�XVHG�VXFFHVVIXOO\�IRU�WKH�
OLTXHIDFWLRQ� RI� JDVHV��%HORZ�ZH� GLVFXVV� WKH�/LQGH�+DPSVRQ F\FOH�� ZKLFK� LV�
VKRZQ�VFKHPDWLFDOO\�DQG�RQ�D�7�V�GLDJUDP�LQ�)LJ����±���
0DNHXS� JDV LV� PL[HG� ZLWK� WKH� XQFRQGHQVHG� SRUWLRQ RI� WKH� JDV� IURP� WKH�
SUHYLRXV� F\FOH�� DQG� WKH� PL[WXUH� DW� VWDWH� �� LV� FRPSUHVVHG� E\� D� PXOWLVWDJH
FRPSUHVVRU�WR�VWDWH����

7KH� FRPSUHVVLRQ�
SURFHVV� DSSURDFKHV�
DQ� LVRWKHUPDO�
SURFHVV� GXH� WR�
LQWHUFRROLQJ��
7KH� KLJK�SUHVVXUH�
JDV� LV� FRROHG� LQ� DQ�
DIWHUFRROHU E\� D�
FRROLQJ� PHGLXP RU�
E\� D� VHSDUDWH�
H[WHUQDO� UHIULJHUDWLRQ�
V\VWHP�WR�VWDWH���

�# 

/LTXHIDFWLRQ�RI�*DVHV
7KH�JDV�LV�IXUWKHU�FRROHG LQ�D�UHJHQHUDWLYH�FRXQWHU�IORZ KHDW�H[FKDQJHU�E\�WKH�
XQFRQGHQVHG� SRUWLRQ� RI� JDV� IURP� WKH� SUHYLRXV� F\FOH� WR� 6WDWH� ��� DQG� LW� LV�
WKURWWOHG�WR�VWDWH����ZKLFK�LV�D�VDWXUDWHG�OLTXLG±YDSRU PL[WXUH�VWDWH��
7KH�OLTXLG��VWDWH����LV�FROOHFWHG�DV�WKH�GHVLUHG�SURGXFW��DQG�WKH�YDSRU��VWDWH����
LV�URXWHG�WKURXJK�WKH�UHJHQHUDWRU�WR�FRRO�WKH�KLJK�SUHVVXUH�JDV�DSSURDFKLQJ�WKH�
WKURWWOLQJ�YDOYH��

)LQDOO\�� WKH� JDV� LV�
PL[HG� ZLWK� IUHVK�
PDNHXS� JDV�� DQG� WKH�
F\FOH�LV�UHSHDWHG��

7KLV� DQG� RWKHU�
UHIULJHUDWLRQ� F\FOHV�
XVHG� IRU� WKH�
OLTXHIDFWLRQ� RI� JDVHV�
FDQ� DOVR� EH� XVHG� IRU�
WKH� VROLGLILFDWLRQ RI�
JDVHV�
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*$6�5()5,*(5$7,21�&<&/(6
7KH�YDSRU�FRPSUHVVLRQ�UHIULJHUDWLRQ�F\FOH� LV�HVVHQWLDOO\�D�PRGLILHG�5DQNLQH
F\FOH RSHUDWLQJ�LQ�UHYHUVH��
,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�UHYHUVHG�%UD\WRQ F\FOH��EHWWHU�NQRZQ�DV�WKH�JDV�
UHIULJHUDWLRQ�F\FOH��
&RQVLGHU� WKH� JDV� UHIULJHUDWLRQ�
F\FOH� VKRZQ�� 7KH� VXUURXQGLQJV�
DUH� DW� 7 & �� DQG� WKH� UHIULJHUDWHG�
VSDFH� LV� WR�EH�PDLQWDLQHG�DW�7' ��
7KH� JDV� LV� FRPSUHVVHG� GXULQJ�
SURFHVV� ����� 7KH� KLJK�SUHVVXUH��
KLJK�WHPSHUDWXUH� JDV� DW� VWDWH� ��
LV� WKHQ� FRROHG DW� FRQVWDQW�
SUHVVXUH� WR�7 & E\� UHMHFWLQJ� KHDW�
WR�WKH�VXUURXQGLQJV�
7KLV� LV� IROORZHG� E\� DQ� H[SDQVLRQ� SURFHVV� LQ� D� WXUELQH�� GXULQJ� ZKLFK� WKH� JDV�
WHPSHUDWXUH�GURSV�WR�7 ( ��)LQDOO\��WKH�FRRO�JDV�DEVRUEV�KHDW�IURP�WKH�UHIULJHUDWHG�
VSDFH�XQWLO�LWV�WHPSHUDWXUH�ULVHV�WR�7 ) ��
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*$6�5()5,*(5$7,21�&<&/(6
$OO�WKH�SURFHVVHV�GHVFULEHG�DUH�LQWHUQDOO\�UHYHUVLEOH��DQG�WKH�F\FOH�H[HFXWHG�LV�
WKH� LGHDO� JDV� UHIULJHUDWLRQ� F\FOH�� ,Q� DFWXDO� JDV� UHIULJHUDWLRQ� F\FOHV�� WKH�
FRPSUHVVLRQ�DQG�H[SDQVLRQ�SURFHVVHV�GHYLDWH�IURP�WKH�LVHQWURSLF�RQHV��DQG�7 +
LV�KLJKHU�WKDQ�7 & XQOHVV�WKH�KHDW�H[FKDQJHU�LV�LQILQLWHO\�ODUJH��

2Q� D� 7�V� GLDJUDP�� WKH� DUHD� XQGHU� SURFHVV� FXUYH� ��� UHSUHVHQWV� WKH� KHDW�
UHPRYHG� IURP� WKH� UHIULJHUDWHG� VSDFH�� DQG� WKH� HQFORVHG� DUHD� ���������
UHSUHVHQWV�WKH�QHW�ZRUN�LQSXW��7KH�UDWLR�RI�WKHVH�DUHDV LV�WKH�&23�IRU�WKH�F\FOH��
ZKLFK�PD\�EH�H[SUHVVHG�DV�
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*$6�5()5,*(5$7,21�&<&/(6
7KH�JDV�UHIULJHUDWLRQ�F\FOH�GHYLDWHV� IURP� WKH� UHYHUVHG�&DUQRW�F\FOH EHFDXVH� WKH�
KHDW� WUDQVIHU� SURFHVVHV� DUH� QRW� LVRWKHUPDO�� ,Q� IDFW�� WKH� JDV� WHPSHUDWXUH� YDULHV�
FRQVLGHUDEO\� GXULQJ� KHDW� WUDQVIHU� SURFHVVHV��&RQVHTXHQWO\�� WKH� JDV� UHIULJHUDWLRQ�
F\FOHV�KDYH�ORZHU�&23V UHODWLYH�WR�WKH�YDSRU�FRPSUHVVLRQ�UHIULJHUDWLRQ�F\FOHV�RU�
WKH�UHYHUVHG�&DUQRW�F\FOH��
'HVSLWH�WKHLU�UHODWLYHO\�ORZ�&23V��WKH�JDV�UHIULJHUDWLRQ�F\FOHV�KDYH�WZR�GHVLUDEOH�
FKDUDFWHULVWLFV�� 7KH\� LQYROYH� VLPSOH�� OLJKWHU� FRPSRQHQWV�� ZKLFK� PDNH� WKHP�
VXLWDEOH�IRU�DLUFUDIW�FRROLQJ��DQG�WKH\�FDQ�LQFRUSRUDWH�UHJHQHUDWLRQ��ZKLFK�PDNHV�
WKHP�VXLWDEOH�IRU�OLTXHIDFWLRQ�RI�JDVHV�DQG�FU\RJHQLF�DSSOLFDWLRQV��

$Q� RSHQ�F\FOH� DLUFUDIW� FRROLQJ�
V\VWHP�LV�VKRZQ��$WPRVSKHULF�DLU LV�
FRPSUHVVHG E\� D� FRPSUHVVRU��
FRROHG E\� WKH� VXUURXQGLQJ� DLU�� DQG�
H[SDQGHG LQ�D� WXUELQH��7KH�FRRO�DLU�
OHDYLQJ� WKH� WXUELQH� LV� WKHQ� GLUHFWO\�
URXWHG�WR�WKH�FDELQ��

�$�

(;$03/(���±��
7KH�6LPSOH�,GHDO�*DV�5HIULJHUDWLRQ�&\FOH

� $Q� LGHDO� JDV� UHIULJHUDWLRQ� F\FOH� XVLQJ� DLU� DV� WKH� ZRUNLQJ� PHGLXP LV� WR�
PDLQWDLQ�D�UHIULJHUDWHG�VSDFH�DW���)�ZKLOH�UHMHFWLQJ�KHDW�WR�WKH�VXUURXQGLQJ�
PHGLXP�DW����)��7KH�SUHVVXUH�UDWLR�RI�WKH�FRPSUHVVRU�LV����'HWHUPLQH��

� �D�� WKH� PD[LPXP� DQG� PLQLPXP�
WHPSHUDWXUHV�LQ�WKH�F\FOH��

� �E��WKH�FRHIILFLHQW�RI�SHUIRUPDQFH��DQG�
� �F�� WKH� UDWH�RI� UHIULJHUDWLRQ� IRU� D�PDVV�

IORZ�UDWH�RI�����OEP�V�
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$%62537,21�5()5,*(5$7,21�6<67(06
$QRWKHU�IRUP�RI�UHIULJHUDWLRQ�WKDW�EHFRPHV�HFRQRPLFDOO\�DWWUDFWLYH ZKHQ�
WKHUH�LV�D�VRXUFH�RI�LQH[SHQVLYH�WKHUPDO�HQHUJ\ DW�D�WHPSHUDWXUH�RI�����WR�
����&� LV� DEVRUSWLRQ� UHIULJHUDWLRQ�� 6RPH� H[DPSOHV� RI� LQH[SHQVLYH�
WKHUPDO�HQHUJ\�VRXUFHV�DUH�JHRWKHUPDO�HQHUJ\�DQG�VRODU�HQHUJ\ HWF��

$V� WKH� QDPH� LPSOLHV�� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV� LQYROYH� WKH�
DEVRUSWLRQ�RI�D�UHIULJHUDQW E\�D�WUDQVSRUW�PHGLXP��

7KH�PRVW�ZLGHO\� XVHG DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHP� LV� WKH� DPPRQLD±
ZDWHU�V\VWHP��ZKHUH�DPPRQLD��1+ + ��VHUYHV�DV�WKH�UHIULJHUDQW�DQG�ZDWHU�
�+ E 2��DV�WKH�WUDQVSRUW�PHGLXP��

2WKHU� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV� LQFOXGH� ZDWHU±OLWKLXP� EURPLGH
DQG� ZDWHU±OLWKLXP� FKORULGH V\VWHPV�� ZKHUH� ZDWHU� VHUYHV� DV� WKH�
UHIULJHUDQW��

7KH�ODWWHU�WZR�V\VWHPV�DUH�OLPLWHG�WR�DSSOLFDWLRQV VXFK�DV�DLU�FRQGLWLRQLQJ��
ZKHUH�WKH�PLQLPXP�WHPSHUDWXUH�LV�DERYH�WKH�IUHH]LQJ�SRLQW RI�ZDWHU��
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$%62537,21�5()5,*(5$7,21�6<67(06
7R�XQGHUVWDQG�WKH�EDVLF�SULQFLSOHV�LQYROYHG�LQ�DEVRUSWLRQ�UHIULJHUDWLRQ��ZH�
H[DPLQH WKH�1+ + �+ E 2� V\VWHP� VKRZQ��<RX�ZLOO� LPPHGLDWHO\� QRWLFH� IURP�
WKH� ILJXUH� WKDW� WKLV� V\VWHP� ORRNV� YHU\� PXFK� OLNH� WKH� YDSRU�FRPSUHVVLRQ�
V\VWHP�� H[FHSW� WKDW� WKH� FRPSUHVVRU KDV� EHHQ� UHSODFHG E\� D� FRPSOH[�
DEVRUSWLRQ�PHFKDQLVP FRQVLVWLQJ� RI� DQ� DEVRUEHU�� D� SXPS�� D� JHQHUDWRU�� D�
UHJHQHUDWRU��D�YDOYH��DQG�D�UHFWLILHU��

2QFH� WKH�SUHVVXUH RI�1+ + LV� UDLVHG�
E\� WKH� FRPSRQHQWV� LQ� WKH� ER[� �WKLV�
LV� WKH� RQO\� WKLQJ� WKH\� DUH� VHW� XS� WR�
GR��� LW� LV� FRROHG DQG� FRQGHQVHG� LQ�
WKH� FRQGHQVHU� E\� UHMHFWLQJ� KHDW� WR�
WKH� VXUURXQGLQJV�� LV� WKURWWOHG WR� WKH�
HYDSRUDWRU� SUHVVXUH�� DQG� DEVRUEV
KHDW�IURP�WKH�UHIULJHUDWHG�VSDFH�DV�LW�
IORZV� WKURXJK� WKH� HYDSRUDWRU�� 6R��
WKHUH� LV� QRWKLQJ� QHZ� WKHUH�� +HUH� LV�
ZKDW�KDSSHQV�LQ�WKH�ER[�
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$%62537,21�5()5,*(5$7,21�6<67(06
$PPRQLD�YDSRU�OHDYHV�WKH�HYDSRUDWRU�DQG�HQWHUV�WKH�DEVRUEHU��ZKHUH�LW�GLVVROYHV�DQG�
UHDFWV� ZLWK� ZDWHU� WR� IRUP� 1+ G �+ H 2�� 7KLV� LV� DQ� H[RWKHUPLF UHDFWLRQ�� WKXV� KHDW� LV�
UHOHDVHG� GXULQJ� WKLV� SURFHVV�� 7KH� DPRXQW� RI� 1+ G WKDW� FDQ� EH� GLVVROYHG� LQ� + H 2� LV�
LQYHUVHO\� SURSRUWLRQDO� WR� WKH� WHPSHUDWXUH� 7KHUHIRUH�� LW� LV� QHFHVVDU\� WR� FRRO� WKH�
DEVRUEHU� WR� PDLQWDLQ� LWV� WHPSHUDWXUH� DV� ORZ� DV� SRVVLEOH�� KHQFH� WR� PD[LPL]H� WKH�
DPRXQW� RI�1+ G GLVVROYHG� LQ�ZDWHU�� 7KH� OLTXLG�1+ G �+ H 2� VROXWLRQ��ZKLFK� LV� ULFK� LQ�
1+���LV�WKHQ�SXPSHG�WR�WKH�JHQHUDWRU�� +HDW�LV�WUDQVIHUUHG�WR�WKH�VROXWLRQ�IURP�

D� VRXUFH� WR� YDSRUL]H� VRPH� RI� WKH�
VROXWLRQ�� 7KH� YDSRU�� ZKLFK� LV� ULFK� LQ�
1+ G �� SDVVHV� WKURXJK�D� UHFWLILHU��ZKLFK�
VHSDUDWHV�WKH�ZDWHU�DQG�UHWXUQV�LW�WR�WKH�
JHQHUDWRU��7KH�KLJK�SUHVVXUH�SXUH�1+��
YDSRU� WKHQ� FRQWLQXHV� LWV� MRXUQH\�
WKURXJK� WKH� UHVW� RI� WKH� F\FOH�� 7KH� KRW�
1+ G �+ H 2� VROXWLRQ�� ZKLFK� LV� ZHDN� LQ�
1+ G �� WKHQ� SDVVHV� WKURXJK� D�
UHJHQHUDWRU�� ZKHUH� LW� WUDQVIHUV� VRPH�
KHDW� WR� WKH� ULFK� VROXWLRQ� OHDYLQJ� WKH�
SXPS�� DQG� LV� WKURWWOHG� WR� WKH� DEVRUEHU�
SUHVVXUH��
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$%62537,21�5()5,*(5$7,21�6<67(06
&RPSDUHG�ZLWK�YDSRU�FRPSUHVVLRQ�V\VWHPV��DEVRUSWLRQ�UHIULJHUDWLRQ�V\VWHPV�
KDYH�RQH�PDMRU�DGYDQWDJH��
$� OLTXLG� LV� FRPSUHVVHG� LQVWHDG� RI� D� YDSRU�� 7KH� VWHDG\�IORZ� ZRUN� LV�
SURSRUWLRQDO� WR� WKH� VSHFLILF� YROXPH��DQG� WKXV� WKH�ZRUN� LQSXW� IRU DEVRUSWLRQ�
UHIULJHUDWLRQ�V\VWHPV� LV� YHU\� VPDOO� �RQ� WKH�RUGHU�RI�RQH�SHUFHQW RI� WKH�KHDW�
VXSSOLHG�WR�WKH�JHQHUDWRU��DQG�RIWHQ�QHJOHFWHG�LQ�WKH�F\FOH�DQDO\VLV��

7KH� RSHUDWLRQ� RI� WKHVH� V\VWHPV� LV�
EDVHG� RQ� KHDW� WUDQVIHU� IURP� DQ�
H[WHUQDO� VRXUFH�� 7KHUHIRUH��
DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV� DUH�
RIWHQ� FODVVLILHG� DV� KHDW�GULYHQ�
V\VWHPV��
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$%62537,21�5()5,*(5$7,21�6<67(06

$EVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV�
DUH� SULPDULO\� XVHG� LQ� ODUJH�
FRPPHUFLDO� DQG� LQGXVWULDO�
LQVWDOODWLRQV��
7KH� &23� RI� DEVRUSWLRQ�
UHIULJHUDWLRQ�V\VWHPV�LV�GHILQHG�DV�

I

JLKNM�O P6K$QSRUTUV WDTUV
XBK$YNTZO P6K*Q[O \DWDTUV

] RDR_^ O \_`[K*a a K$b#V
cdRUPCefO \DWDTUV
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7KH� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV� DUH� PXFK� PRUH� H[SHQVLYH WKDQ� WKH� YDSRU�
FRPSUHVVLRQ�UHIULJHUDWLRQ�V\VWHPV��7KH\�DUH�PRUH�FRPSOH[ DQG�RFFXS\�PRUH�VSDFH��
WKH\�DUH�PXFK� OHVV�HIILFLHQW WKXV� UHTXLULQJ�PXFK� ODUJHU�FRROLQJ� WRZHUV� WR� UHMHFW� WKH�
ZDVWH� KHDW�� DQG� WKH\� DUH� PRUH� GLIILFXOW� WR� VHUYLFH� VLQFH� WKH\� DUH� OHVV� FRPPRQ��
7KHUHIRUH��DEVRUSWLRQ�UHIULJHUDWLRQ�V\VWHPV�VKRXOG�EH�FRQVLGHUHG RQO\�ZKHQ�WKH�XQLW�
FRVW�RI�WKHUPDO�HQHUJ\�LV�ORZ�DQG�LV�SURMHFWHG�WR�UHPDLQ�ORZ�UHODWLYH�WR�HOHFWULFLW\��


