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,17(*5$7('�+($7,1*��
$�&267�()),&,(17�62/87,21�72
+<'521,&�+($7,1*�6<67(06

352%/(0

$� FRPSUHKHQVLYH� FKRLFH� RI� ERLOHUV� LV� FXUUHQWO\� DYDLODEOH� RQ� WKH� &DQDGLDQ
PDUNHW�� ZLWK� WKHUPDO� HIILFLHQFLHV� LQ� WKH� UDQJH� RI� ������� RI�+LJK� +HDWLQJ
9DOXH��++9��

:LWK� KLJKHU� SXUFKDVH� SULFHV� DQG� LQVWDOODWLRQ� FRVWV� WKDQ� FRQYHQWLRQDO� XQLWV�
KLJK�HIILFLHQF\�ERLOHUV�UHTXLUH�D�IDLUO\�VXEVWDQWLDO�LQLWLDO�FDVK�RXWOD\�

62/87,21

7KH�LGHDO�VROXWLRQ�WR�VDWLVI\�KHDWLQJ�QHHGV�HIILFLHQWO\�DQG�DW�D�ORZHU�FRVW�� LV
DQ� LQWHJUDWHG� V\VWHP� FRPELQLQJ� FRQGHQVLQJ� RU� KLJK� HIILFLHQF\� ERLOHUV� DQG
FRQYHQWLRQDO�XQLWV��7KLV�W\SH�RI�V\VWHP�LV�DV�ZHOO�VXLWHG�WR�QHZ�KRXVLQJ�DV�WR
UHQRYDWLRQ�SURMHFWV�

%(1(),76

��LQYHVWPHQWV
�PLQLPL]DWLRQ

��DYHUDJH�VHDVRQDO�HIILFLHQF\�YHU\�FORVH�WR�PD[LPXP�SRWHQWLDO

��SRVVLELOLW\�RI�SURYLGLQJ�GRPHVWLF�KRW�ZDWHU�IURP�WKH�VDPH�V\VWHP�
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7+(25(7,&$/�'$7$

&2168037,21
&$/&8/$7,216

,Q� YLHZ� RI� D� EXLOGLQJ
V� RYHUDOO
KHDW� ORVV�� FROG� DLU� LQILOWUDWLRQ
UDWHV� DQG� LQVLGH� JDLQV�� WKH
GHJUHH�GD\�PHWKRG�PD\� EH� XVHG
WR� PHDVXUH� DQQXDO� HQHUJ\
FRQVXPSWLRQ�

7KLV� PHWKRG� LV� EDVHG� RQ� WKH
DVVXPSWLRQ� WKDW� DW� ���&�� VRODU
DQG� LQVLGH� JDLQV� LQ� DQ� DYHUDJH
EXLOGLQJ� FRPSHQVDWH� HQHUJ\
UHTXLUHPHQWV�� � :LWK� D� ORZHU
RXWGRRU� WHPSHUDWXUH�� KHDWLQJ� LV
UHTXLUHG� LQGLUHFW� SURSRUWLRQ� WR
WKH�QXPEHU�RI�GHJUHH�GD\V�

+($7,1*�'(*5((�'$<6

,W�LV�WKH�QXPEHU�RI�GHJUHHV
GLIIHUHQFH�EHWZHHQ�WKH����&
EDVLF�WHPSHUDWXUH�DQG�WKH
DYHUDJH�WHPSHUDWXUH�UHFRUGHG�RQ
DQ\�JLYHQ�GD\���:LWK�DQ�DYHUDJH
WHPSHUDWXUH�DERYH����&��QR
KHDWLQJ�LV�UHTXLUHG��DQG�WKHUHIRUH
QR�GHJUHH�GD\�UHJLVWHUHG�

&21'(16$7,21
35,1&,3/(6

0HWKDQH� �� WKH� PDMRU� FRPSRQHQW
RI� QDWXUDO� JDV� �� FRQVLVWV� RI
FDUERQ� DQG� K\GURJHQ�� � 7KLV
PHDQV� WKDW� QDWXUDO� JDV
FRPEXVWLRQ� XVLQJ� R[\JHQ� IURP
WKH� DLU� UHOHDVHV� FDUERQ� GLR[LGH�
ZDWHU�YDSRU�DQG�KHDW�

,Q�DGGLWLRQ�WR�WKH�JDVHV
�SHUFHSWL�
EOH� KHDW�� FRPEXVWLRQ� SURGXFWV
H[KDXVWHG� LQWR� WKH� VWDFNV� DOVR
FRQWDLQ� DQRWKHU� IRUP� RI� HQHUJ\�
L�H��ODWHQW�KHDW�LQ�WKH�ZDWHU�YDSRU�

&RROLQJ� DQG� FRQGHQVLQJ� WKH
ZDWHU� YDSRU� UHOHDVHV� WKH� HQHUJ\
DFFXPXODWHG� GXULQJ� WKH
YDSRUL]DWLRQ� SURFHVV�� ZKLFK� FDQ
EH�UHFRYHUHG���7KLV�ODWHQW�KHDW� LV
IDU� IURP� QHJOLJLEOH� DV� LW
UHSUHVHQWV� DERXW� ���� RI� ++9
IRU�D�W\SLFDO�QDWXUDO�JDV�

,Q�WKH�FDVH�RI�D�W\SLFDO�QDWXUDO
JDV�EXUQLQJ�ZLWKRXW�H[FHVV�DLU
�VWRLFKLRPHWULF�FRPEXVWLRQ���GHZ
SRLQW�LV�DERXW����&��WKLV�ILJXUH
GHFUHDVHV�SURSRUWLRQDWHO\�ZLWK
WKH�DGGLWLRQ�RI�H[FHVV�DLU�

'(:�32,17��
(;&(66�$,5
5$7,2

/2$'
'85$7,21�&859(

7KH� KLVWRJUDP� RI� DYHUDJH� GDLO\
WHPSHUDWXUHV� IRU� D� VSHFLILF� DUHD
LV�D�QHFHVVDU\� WRRO� WR�GHWHUPLQH
WKH� RSHUDWLQJ� F\FOH� RI� WKH
ERLOHUV�IHDWXUHG�LQ�DQ� LQWHJUDWHG
V\VWHP�
7KH�DERYH�PHQWLRQHG�KLVWRJUDP
KHOSV� GUDZ� WKH� ORDG� GXUDWLRQ
FXUYH� ZLWK� WKH� [�D[LV� VKRZLQJ
WKH�QXPEHU�RI�KHDWLQJ�GD\V�DQG
WKH�\�D[LV�WKH�QXPEHU�RI�GHJUHH�
GD\V��LQ�GHFUHDVLQJ�RUGHU�

$Q� DQDO\VLV� RI� WKH� DYHUDJH
VHDVRQDO�ORDG�GXUDWLRQ�FXUYH�IRU
WKH�0RQWUpDO� DUHD� LQGLFDWHV� WKDW
WKH�DYHUDJH�FROGHVW�GD\�LV�DERXW
���GHJUHH�GD\V�
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*HQHUDOO\� VSHDNLQJ�� KHDWLQJ
V\VWHPV� DUH� GHVLJQHG� IRU� D� SHDN
WHPSHUDWXUH� RI� ����&�� ZLWK� DQ
H[WUD� ������� FDSDFLW\�� � 7KLV
PHDQV� WKDW� D� VLQJOH� KHDWLQJ� XQLW
RSHUDWHV�DW�OHVV� WKDQ� WZR�WKLUGV�RI
LWV�FDSDFLW\�PRVW�RI�WKH�WLPH�

%DVHG� RQ� WKH� DYHUDJH� ORDG
GXUDWLRQ� FXUYH� IRU� WKH� 0RQWUpDO
DUHD�� DQRWKHU� GLDJUDP� LV
GHYHORSHG� ZLWK� WKH� QXPEHU� RI
GHJUHH�GD\V� RQ� WKH� \�D[LV�� WKH� [�
D[LV� VKRZLQJ� WKH� WRWDO� HQHUJ\
EHWZHHQ� �� GHJUHH�GD\� DQG� WKH
VSHFLILF�GHJUHH�GD\�H[SUHVVHG�DV�D
IUDFWLRQ� RI� WKH� DQQXDO� HQHUJ\
UHTXLUHPHQW�

7KLV�GLDJUDP�LV�XVHG�WR�KHOS�VHOHFW
WKH�XQLWV�WR�EH�LQFOXGHG�LQ�DQ
LQWHJUDWHG�V\VWHP�

6(/(&7,21��)�%2,/(5
&$3$&,7<��63$&(�+($7,1*
21/<�

7KH� GLDJUDP� VKRZLQJ� WKH� DQQXDO
FRQVXPSWLRQ� UDWLR� IRU� D� VSHFLILF
GHJUHH�GD\� UHYHDOV� WKDW� D� XQLW
GHVLJQHG� WR� PHHW� WKH� HQHUJ\
UHTXLUHPHQWV�RI� D� EXLOGLQJ�ZLWK� D
GHJUHH�GD\�RI�����SURYLGHV�����RI
WKH� EXLOGLQJ
V� DQQXDO� HQHUJ\
UHTXLUHPHQWV�

&RQVHTXHQWO\�� D� FRQGHQVLQJ� RU
KLJK� HIILFLHQF\�ERLOHU�GHVLJQHG� WR
PHHW� D� ��� GHJUHH�GD\V
UHTXLUHPHQW� FRPELQHG� ZLWK� D
FRQYHQWLRQDO� ERLOHU� WR� PHHW� SHDN
GHPDQG� SURYLGHV� WKH� EHQHILWV� RI
PLQLPXP� FDSLWDO� LQYHVWPHQW� DV
ZHOO� DV� XVLQJ� WKH� PRVW� HIILFLHQW
V\VWHP�����RI�WKH�WLPH�

7KLV�W\SH�RI�LQVWDOODWLRQ�UHTXLUHV�D
FRQWURO� GHYLFH� WR� RSHUDWH� WKH
FRQGHQVLQJ� XQLW� LQ� SULRULW\�� ZLWK
WKH� FRQYHQWLRQDO� ERLOHU� SURYLGLQJ
WKH�H[WUD�SRZHU�ZKHQ�UHTXLUHG�

6(/(&7,21��)�%2,/(5
&$3$&,7<� �:$7(5� $1'
63$&(
+($7,1*�&20%,1('�

,W� LV� SRVVLEOH� WR� LPSURYH� DYHUDJH
VHDVRQDO� HIILFLHQF\� IXUWKHU� E\
DGGLQJ� WKH�ZDWHU� KHDWLQJ� IXQFWLRQ
WR� WKH� KLJK� HIILFLHQF\� ERLOHU� DV
ZHOO� DV� D� FRQWURO� GHYLFH� JLYLQJ
SULRULW\� WR� ZDWHU� KHDWLQJ� RYHU
VSDFH�KHDWLQJ�

2SWLPXP�LPSURYHPHQW�LV
DFKLHYHG�E\�LQVWDOOLQJ�WZR
FRQGHQVLQJ�ERLOHUV��RQH�RI�WKHP
RQO\�ZLWK�D�ZDWHU�KHDWLQJ
IXQFWLRQ�
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7KLV�LQWHJUDWHG�KHDWLQJ�GHVLJQ�ZRXOG
LQFOXGH�WKH�IROORZLQJ�

�� $� FRQGHQVLQJ� ERLOHU� GHVLJQHG� IRU
DERXW����GHJUHH�GD\V�LV�FRQQHFWHG� WR
WKH� GRPHVWLF� ZDWHU� KHDWLQJ� V\VWHP�
ZKLFK�LV�JLYHQ�SULRULW\�

�� D� VHFRQG� FRQGHQVLQJ� ERLOHU� WR� PHHW
VSDFH� KHDWLQJ� UHTXLUHPHQWV� EHWZHHQ
���DQG����GHJUHH�GD\V�

�� D� FRQYHQWLRQDO� ERLOHU� WR� VDWLVI\� WKH
EXLOGLQJ
V�SHDN�HQHUJ\�UHTXLUHPHQWV�

�� D� VHTXHQWLDO� FRQWURO� WR� GUDZ� EDVLF
UHTXLUHPHQWV� IURP� WKH� FRQGHQVLQJ
ERLOHUV�DQG�SHDN�UHTXLUHPHQWV�IURP�WKH
FRQYHQWLRQDO�XQLW�

&���GRPHVWLF�KRW�ZDWHU
��DQG�����FRQGHQVLQJ�ERLOHUV

����FRQYHQWLRQDO�ERLOHU

(;75$�&$3$&,7<�72�3529,'(
)25�'20(67,&�+27�:$7(5

6WXGLHV� XQGHUWDNHQ� E\� YDULRXV
PDQXIDFWXUHUV� IRU� WKH� FRPPHUFLDO� DQG
LQVWLWXWLRQDO� VHFWRUV� UHYHDO� WKDW
ZKHQHYHU� KRW� ZDWHU� QHHGV� GR� QRW
H[FHHG� ���� RI� VSDFH� KHDWLQJ
UHTXLUHPHQWV�� DQ� LQWHJUDWHG� KHDWLQJ
V\VWHP�GRHV�QRW�UHTXLUH�H[WUD�FDSDFLW\�

7KH�PDQXIDFWXUHUV
�UHFRPPHQGDWLRQV�DUH�VXPPDUL]HG�LQ�WKH�WDEOH�EHORZ��

:DWHU�KHDWHU�FDSDFLW\
6SDFH�KHDWHU�FDSDFLW\

��RI�ZDWHU�KHDWHU�FDSDFLW\
WR�EH�DGGHG�WR�VSDFH
KHDWHU�FDSDFLW\

��������
����
����
����

�����
����
����
����



������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������

7(&+12/2*,&$/�'$7$

7KH�KRW�ZDWHU�QHHGHG�WR�PHHW�VSDFH�KHDWLQJ� UHTXLUHPHQWV� LQ� UHVLGHQWLDO
RU� FRPPHUFLDO� EXLOGLQJV� PD\� EH� SURGXFHG� ZLWK� FRQYHQWLRQDO�� KLJK
HIILFLHQF\�RU�FRQGHQVLQJ�ERLOHUV�

&219(17,21$/�%2//(56

7KLV� W\SH� RI� HTXLSPHQW� KDV� EHHQ
RQ�WKH�PDUNHW� IRU�PDQ\�\HDUV�DQG
GHVLJQHUV� DUH� IDPLOLDU� ZLWK� LWV
IHDWXUHV�DQG�FKDUDFWHULVWLFV�

7KHVH� XQLWV� KDYH� D� VWHDG\� VWDWH
HIILFLHQF\� RI� DERXW� �������� RI
++9��DYHUDJH�VHDVRQDO�HIILFLHQF\
GHSHQGV�RQ�LQVWDOODWLRQ�DQG�D�QHZ
ZHOO� GHVLJQHG� V\VWHP� PD\� \LHOG
DERXW�����

&RQYHQWLRQDO�ERLOHUV�VKDUH�RQH
PDLQ�IHDWXUH��WKH\�DUH�PRVW
HIILFLHQW�RYHU�YHU\�ORQJ�RSHUDWLQJ
F\FOHV���L�H��LQ�ZLQWHU�

+,*+�()),&,(1&<�%2,/(56

7KHVH� DUH� LQ� IDFW� FRQYHQWLRQDO
HTXLSPHQW� WKDW� KDV� EHHQ� XSJUDGHG
E\� YDULRXV� PHWKRGV� VXFK� DV
HQODUJLQJ� WKH� KHDW� H[FKDQJHU�
FRQWUROOLQJ�FRPEXVWLRQ�DLU��ILWWLQJ�DQ
HOHFWULF� LJQLWLRQ� GHYLFH� RU� D
FRPELQDWLRQ�RI�WKHVH�

7KHVH� ERLOHUV� KDYH� D� VWHDG\� VWDWH
HIILFLHQF\� LQ� WKH� �������� ++9
UDQJH�ZLWK� D� VOLJKWO\� ORZHU� DYHUDJH
VHDVRQDO�HIILFLHQF\�

%HFDXVH�LWV�VHDVRQDO�DQG�VWHDG\�VWDWH
HIILFLHQFLHV�DUH�YHU\�FORVH�� WKLV� W\SH
RI� HTXLSPHQW� LV� HVSHFLDOO\
UHFRPPHQGHG�IRU�VKRUW�F\FOHV�

&21'(16�1*�%2,/(56

&RQGHQVLQJ� ERLOHUV� KDYH� EHHQ� RQ
WKH�PDUNHW�IRU�OHVV�WKDQ�WHQ�\HDUV�
7KH\� FRVW� PRUH� WKDQ� KLJK
HIILFLHQF\� XQLWV� DQG� DUH� WKHUHIRUH
SXUFKDVHG� E\� XVHUV� LQWHUHVWHG� LQ
DFKLHYLQJ� WKH� KLJKHVW� HQHUJ\
VDYLQJV�

6WHDG\�VWDWH�DQG�DYHUDJH�VHDVRQDO
HIILFLHQFLHV�RI�WKHVH�DSSOLDQFHV�DUH
VLPLODU��DW�DERXW���������RI�++9�

7KH�FROGHU� WKH�UHWXUQ�ZDWHU�� WKH
PRVW� HIILFLHQW� WKHVH� XQLWV� ZLOO
SURYH� WR� EH�� WKHLU� HIILFLHQF\
IXUWKHU�LQFUHDVHV�DV�WKH�OHQJK�RI
WKH�RSHUDWLQJ�F\FOH�GHFUHDVHV�

7KH�LGHDO�KHDWLQJ�V\VWHP�ZRXOG�WKHUHIRUH�IHDWXUH�D�FRQGHQVLQJ�RU�KLJK
HIILFLHQF\� ERLOHU� WR� PHHW� WKH� UHVLGHQWV
� RYHUDOO� HQHUJ\� UHTXLUHPHQWV�
+RZHYHU�� WKHVH� XQLWV� FRVW� PRUH� WKDQ� FRQYHQWLRQDO� ERLOHUV� DQG
FRPELQLQJ� ERWK� W\SHV� FRXOG� SURYLGH� D� YHU\� QHDU� PD[LPXP
SHUIRUPDQFH�DW�WKH�ORZHVW�FRVW�



������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������

(1(5*<�6$9,1*
5HSODFHPHQW�RI�D�VSDFH�DQG�ZDWHU�KHDWLQJ�V\VWHP�ZLWK�DQ�LQWHJUDWHG
KHDWLQJ�V\VWHP�

7\SH�RI�EXLOGLQJ�� ���DSDUWPHQW�EXLOGLQJ

+HDWLQJ�V\VWHP��

%()25( $)7(5

��[�����N:K����������%78�KU�
:DUGHQ�.LQJ�ERLOHU�PRGHO������

��[����N:K����������%78�KU�
:HLO�0F/DLQ�FRQGHQVLQJ�ERLOHUV

��[����N:K�����������%78�KU�
'RPLQLRQ�ZDWHU�KHDWHU��PRGHO�����

��[����N:K����������%78�KU�
:HLO�0F/DLQ�FRQYHQWLRQDO�ERLOHUV

��[�����/������JDOORQV��KRW�ZDWHU
VWRUDJH�WDQN

��[�����/������JDOORQV�

9LHVVPDQQ�WDQN

��[�JUDYLW\�RSHUDWHG�K\GURQLF
KHDWLQJ�V\VWHP


7KH�V\VWHP�KDV�EHHQ�FRQYHUWHG�WR�D
SULPDU\�OLQHDU�V\VWHP�ZLWK�LQVLGH�
RXWVLGH�DQG�VHTXHQWLDO�FRQWUROV�

(TXLSPHQW�VHOHFWLRQ��
+HDWLQJ�UHTXLUHPHQWV�DW
�����GHJUHH�GD\V ����N:K����������%78�KU�

�VW�ERLOHU��������GHJUHH�GD\V ����

�RI�DQQXDO�VSDFH�KHDWLQJ�SOXV

GRPHVWLF�KRW�ZDWHU�FRQVXPSWLRQ
�QG�ERLOHU���������GHJUHH�GD\V �����RI�DQQXDO�VSDFH�KHDWLQJ

FRQVXPSWLRQ

�UG�ERLOHU�����������GHJUHH�GD\V ����RI�DQQXDO�VSDFH�KHDWLQJ
FRQVXPSWLRQ


1R�H[WUD�FDSDFLW\�UHTXLUHG�WR�DFFRPPRGDWH�WKH�ZDWHU�KHDWLQJ�IXQFWLRQ�



6LPX,WDQHRXV�UHTXLUHPHQWV�RI�VSDFH�DQG�ZDWHU�KHDWLQJ�UHGXFH�WKLV�ILJXUH
DQG�LQFUHDVH�WKH�ILJXUH�SRVWHG�IRU�WKH�VHFRQG�ERLOHU�



7ZR�FRQYHQWLRQDO�ERLOHUV�KDYH�EHHQ�LQVWDOOHG�LQ�WKLV�GHPRQVWUDWLRQ
SURMHFW���7KLV�ZDV�RQO\�IRU�VWXG\�DQG�PHDVXUHPHQW�SXUSRVHV���8QGHU�QRUPDO
FLUFXPVWDQFHV��RQO\�RQH�VXFK�ERLOHU�LV�UHTXLUHG�

$QQXDO�FRQVXPSWLRQ��
%()25( $)7(5

2LO��� 1DWXUDO�JDV
�������OLWUHV�RU�������[�����%78�RU ����0�FX��)W��2U�����[�����%78�RU
������0- ������0-

(QHUJ\�VDYLQJV���������

)RU�PRUH�LQIRUPDWLRQ��FRQWDFW

'(9(/230(17�$1'
7(&+12/2*,&$/
$66,67$1&(�',9,6,21
3KRQH����������������


