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7KH�XVH�RI�ZDVWH�KHDW�RI�ORZ�WHPSHUDWXUHV�LV�DQ�LPSRUWDQW�SUREOHP�IURP�WKH�HQYLURQPHQWDO�FRQVLGHUDWLRQV��1RWLFH�WKDW�DGVRUSWLRQ�F\FOHV�KDYH�D�GLVWLQFW�DGYDQWDJH�RYHU�RWKHU�V\VWHPV�RI� WKHLU DELOLW\� WR�SURGXFH�FRROLQJ�E\�XVLQJ�ORZ�ZDVWH�KHDW� DQG�DOVR�EHLQJ�DEVROXWHO\�EHQLJQ� IRU� WKH�HQYLURQPHQW��+RZHYHU� WKH�SUHVHQW� DYDLODEOH�DGVRUSWLRQ�FKLOOHUV� DUH�QRW�VXLWDEOH� WR�DGDSW� WKH� V\VWHPV� OLNH� IXHO� FHOO�ZLWK�SURGXFLQJ� ORZ�ZDVWH� KHDW� OHVV� WKDQ������+HQFH�ZH�SURSRVHG�D�QHZ�DGVRUSWLRQ� UHIULJHUDWLRQ�F\FOH�FRPELQHG�ZLWK�D�PHFKDQLFDO�ERRVWHU�SXPS�ZKLFK� LV�SODFHG� LQ�EHWZHHQ�DGVRUEHQW�EHGV�DQG� FRQGHQVHU� WR� UHGXFH� WKH� SUHVVXUH� LQVLGH� WKH� DGVRUSWLRQ� EHG� IRU� UHJHQHUDWLRQ�� RU� HYDSRUDWRU� WR� EH� DGVRUEHG� DW�SUHVVXUL]HG�FRQGLWLRQ��WKDW�LV��LQ�RUGHU�WR�LQFUHDVH�DQ�DPRXQW�RI�GULYLQJ�UHIULJHUDQW�SHU�F\FOH��7KLV�ZRUN�GHDOV�ZLWK�WKH�SHUIRUPDQFH� WHVWLQJ� RI� D� FRROLQJ� V\VWHP� EDVHG� RQ� D� QHZ� DGVRUSWLRQ� F\FOH� ZLWK� D� FRROLQJ� FDSDFLW\� RI� ��� N:�� DQ�HVWLPDWHG�FRROLQJ�&23�ODUJHU WKDQ����.(<:25'6
$GVRUSWLRQ�UHIULJHUDWLRQ��/RZ�ZDVWH�KHDW�UHFRYHU\��$GYDQFHG�DGVRUSWLRQ�F\FOH��3HUIRUPDQFH�

���,1752'8&7,21
7KH� XVH� RI� ZDVWH� KHDW� RI� ORZ� WHPSHUDWXUHV� LV� DQ�LPSRUWDQW� SUREOHP� IURP� WKH� HQYLURQPHQWDO�FRQVLGHUDWLRQV�� 1RWLFH� WKDW� DGVRUSWLRQ� F\FOHV� KDYH� D�GLVWLQFW� DGYDQWDJH� RYHU� RWKHU� V\VWHPV� EHFDXVH� RI� WKHLUDELOLW\�WR�SURGXFH�FRROLQJ�E\�XVLQJ�ORZ�ZDVWH�KHDW��DQG�IRU� EHLQJ� DEVROXWHO\� EHQLJQ� IRU� WKH� HQYLURQPHQW��+RZHYHU� WKH� SUHVHQW� DYDLODEOH� DGVRUSWLRQ� FKLOOHUV� DUH�QRW� VXLWDEOH� WR� DGDSW WKH� V\VWHPV� OLNH� IXHO� FHOOV� ZLWK�SURGXFLQJ� ORZ� ZDVWH� KHDW� OHVV� WKDQ ���&�� +HQFH� ZH�SURSRVHG�D�QHZ�DGVRUSWLRQ�UHIULJHUDWLRQ�F\FOH�FRPELQHG�ZLWK� D� PHFKDQLFDO� ERRVWHU� SXPS� ZKLFK� LV� SODFHG� LQ�EHWZHHQ� DGVRUEHQW� EHGV� DQG� FRQGHQVHU� WR� UHGXFH� WKH�SUHVVXUH� LQVLGH� WKH� DGVRUSWLRQ� EHG� IRU� UHJHQHUDWLRQ�� RU�HYDSRUDWRU�WR�EH�DGVRUEHG�DW�SUHVVXUL]HG�FRQGLWLRQ��WKDW�LV��LQ�RUGHU�WR�LQFUHDVH�DQ�DPRXQW�RI�GULYLQJ�UHIULJHUDQW�SHU� F\FOH�� 7KH� IRUPHU� F\FOH� XVLQJ�GHSUHVVXUL]LQJ�UHJHQHUDWLRQ� ZDV� IRXQG� WR� EH� PRUH�HIIHFWLYH� LQ�SRVVHVVLQJ D�ZLGH�RSHUDWLRQDO� UDQJH�� ,W�FDQ�EH� H[SHFWHG� WR� KDYH� D� ��& FKLOOHG�ZDWHU� XQGHU� D� ���&FRQGHQVDWLRQ�DQG�D�����SUHVVXUH�UDWLR�RI�WKH�PHFKDQLFDO�ERRVWHU�SXPS�
7KLV� ZRUN� GHDOV� ZLWK� D� VLPXODWLRQ� DQDO\VLV� DQG� WKH�SHUIRUPDQFH�WHVWLQJ�RI�D�FRROLQJ�V\VWHP�EDVHG�RQ�D�QHZ�DGVRUSWLRQ� F\FOH�ZLWK� D� FRROLQJ� FDSDFLW\� RI� ��� N:�� DQ�HVWLPDWHG�FRROLQJ�&23�ODUJHU�WKDQ����

���6,08/$7,21
����6,08/$7,21�02'(/
$V� VKRZQ� LQ� )LJ���� WKH� FKLOOHU� FRQVLVWV� RI� WZR� EHGV�SDFNHG� ZLWK� VLOLFD�JHO� DV� DGVRUEHQW�� D� FRQGHQVHU�� D�PHFKDQLFDO�ERRVWHU�SXPS�DQG�DQ�HYDSRUDWRU��
,Q�WKH�EHG�HYDSRUDWRU�LQWHUDFWLRQ��DGVRUSWLRQ�WDNHV�SODFH�LQ� WKH� DGVRUEHG� EHG� E\� UHMHFWLQJ� KHDW� WR� H[WHUQDO� KHDW�VRXUFH� �FRROLQJ�ZDWHU��� ZKLOH� HYDSRUDWLRQ� RI� DGVRUEDWH�RFFXUV� LQ� WKH� HYDSRUDWRU� ZKLFK� DEVRUEHV� KHDW� IURP�RXWVLGH� RI� WKH� V\VWHP� �FKLOOHG� ZDWHU�� &RROLQJ� FDQ� EH�DFKLHYHG� E\� PDNLQJ� XVH� RI� WKH� KHDW� RI� HYDSRUDWLRQ��6LPXOWDQHRXVO\�� LQ� WKH� EHG�FRQGHQVHU� FRXSOLQJ��GHVRUSWLRQ� WDNHV� SODFH� LQ� WKH� IXOO\� DGVRUEHG� EHG� E\�UHFHLYLQJ KHDW� IURP� H[WHUQDO� KHDW� VRXUFH� �KRW� ZDWHU���ZKLOH�FRQGHQVDWLRQ�RI�DGVRUEDWH�RFFXUV�LQ�WKH�FRQGHQVHU�WR� GLVVLSDWH� FRQGHQVLQJ� KHDW� WR� RXWVLGH� RI� WKH� V\VWHP��FRROLQJ� ZDWHU��� ,Q� WKH� IROORZLQJ� F\FOH�� WKH� WZR� EHGV�FKDQJH�WKHLU�UROH�PXWXDOO\��DQG�WKXV�WKH�FKLOOHU�FDQ�ZRUN�FRQWLQXRXVO\�� 6LQFH� DGVRUSWLRQ� DQG� FRQGHQVDWLRQ� DUH�H[RWKHUPLF� ZKHUHDV� GHVRUSWLRQ� LV� HQGRWKHUPLF�� KHQFH�WKH�FRROLQJ�ZDWHU�DQG�KRW�ZDWHU�VXSSO\�DUH�QHFHVVDU\�WR�PDLQWDLQ�WKH�SURFHVV��
,Q� VZLWFKLQJ� WR� WKH� RWKHU� SURFHVV�� WKDW� LV�� IURP� WKH�UHJHQHUDWLRQ� WR� WKH� DGVRUSWLRQ�� WKH� KHDWHG� EHG�PXVW� EH�FRROHG� DQG� YLFH� YHUVD�� LQ� RUGHU� WR� WUDQVIHU� WR� WKH� QH[W�
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SURFHVV�� )RU� WKLV VZLWFKLQJ� SHULRG� DOO� YDSRU� YDOYHV� DUH�FORVHG� VR� DV� WR� EH� LVRVWHULF�� L�H��� QHLWKHU� DGVRUSWLRQ�QRU�GHVRUSWLRQ�RFFXUV�
:KHQ�WKH�PHFKDQLFDO�ERRVWHU�SXPS�LV�XVHG�WR�SXPS�WKH�YDSRU� IURP� WKH� UHJHQHUDWLRQ� EHG� WR� WKH� FRQGHQVHU�� WKH�EHG� FDQ� EH� UHJHQHUDWHG� HDVLO\� DQG� WKH� UHTXLUHG�WHPSHUDWXUH�RI�KHDW�VRXUFH�FDQ�EH�UHGXFHG�

)LJ���6FKHPDWLF�YLHZ�RI�WKH�DGVRUSWLRQ�V\VWHP�ZLWK�D�PHFKDQLFDO�ERRVWHU�SXPS�
����0$7+(0$7,&$/�02'(/,1*
�����&RQVHUYDWLRQ�RI�PDVV7KH� UDWH� RI� DGVRUSWLRQ�GHVRUSWLRQ� LV� JRYHUQHG� E\� WKH�OLQHDU�GULYLQJ�IRUFH�NLQHWLF�HTXDWLRQ�
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0HFKDQLFDO�ERRVWHU�SXPS
7KH� EHG� SUHVVXUH� LQ� FDVH� ZLWKRXW� WKH� ERRVWHU� SXPS� LV�JLYHQ�DV

GW7GSGWG3 FRQGVDWEHG �� 
,Q�FDVH�RI�DSSO\LQJ�WKH�ERRVWHU�SXPS�LV�JLYHQ�DV��WGWGSEHG \ :KHUH� •�W�� GHQRWHV� WKH� EHG�SUHVVXUH� FKDQJH� FDXVHG�E\�WKH� ERRVWHU�� ,Q� WKLV� DQDO\VLV�� LW� LV� DVVXPHG� E\� D� PLQXV�FRQVWDQW� IRU� VLPSOLILFDWLRQ�� ZKLFK� PHDQV� WKH� EHG�SUHVVXUH�GHFUHDVHV�OLQHDUO\�GXH�WR�GHSUHVVXUL]LQJ�
7KH�ZKROH�V\VWHP�LV�ILQDOO\�PRGHOHG�LQ�WKH�VDPH�ZD\�WR�WKH� PRGHOLQJ� RI� FROG� EHG� �DGVRUSWLRQ� SURFHVV�� DQG�H[SUHVVHG�E\�D� VHW�RI�GLIIHUHQWLDO� HTXDWLRQV��$�YDULDEOH�RUGHU� DQG� PXOWL�VWHS� VROYHU� SURYLGHG� LQ� 0$7/$%� LV�DGRSWHG�WR�VROYH�WKH�HTXDWLRQ�
������6\VWHP�SHUIRUPDQFH
7KH� V\VWHP� SHUIRUPDQFH� RI� DQ� DGVRUSWLRQ� FRROLQJ�FKLOOHU� FDQ� EH� FKDUDFWHUL]HG� E\� WKH� FRHIILFLHQW� RI�SHUIRUPDQFH��&23��
&RROLQJ�SRZHU> @³ � �

� ������ F\FOH
RXWFKLOOHGLQFKLOOHGLQFKLOOHGSIFKLOOHGHYDS W WG777&GWG04
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> @ SXPSF\FOH
RXWKHDWLQJLQKHDWLQJLQKHDWLQJSIKHDWLQJ

HYDS :W WG777&GWG0 4&23 �� ³�� ������
����5(68/76�$1'�',6&866,21
)LJXUH� �� WR� �� VKRZ� DQDO\]HG UHVXOWV� WR� WKH� H[SHULPHQW�ZKLFK� ZDV� FDUULHG� RXW� ZLWK� XVLQJ� D� EHQFK� VFDOH�DGVRUSWLRQ�FRROLQJ�XQLW�ZLWK�D�PHFKDQLFDO�ERRVWHU�SXPS��,Q� WKH� H[SHULPHQW�� WKH� F\FOH� RSHUDWLRQ� ZDV� PDGH�LQWHUPLWWHQWO\� ZLWK� DQG� ZLWKRXW� D� PHFKDQLFDO� ERRVWHU�SXPS� WR�VHH� WKH�FRROLQJ�HIIHFW��XQGHU� WKH�FRQGLWLRQV�RI�KRW�ZDWHU�LQOHW���•��FRROLQJ�ZDWHU�LQOHW���•�FKLOOHG�ZDWHU�LQOHW���• DQG�F\FOH�WLPH����PLQXWH��UHVSHFWLYHO\��

)LJXUH���7KH�WLPH�GHSHQGHQF\�RI�RXWOHW�WHPSHUDWXUHV�DQG�SUHVVXUH�LQ�WKH�EHG�

)LJXUH���'HXKULQJ�GLDJUDP�RI�WKH�F\FOH�VWHDG\��VWDWH�FRQGLWLRQ�RI�WKH�EHGV�
7KH H[SHULPHQWDO� GDWD� DUH� DOVR� VKRZQ� LQ� WKH� )LJ�� ���ZKHUH� WLPH� GHSHQGHQW� SUHVVXUH� FKDQJHV� RI� EHGV��HYDSRUDWRU�DQG�FRQGHQVHU�DUH�SUHVHQWHG�DV�ZHOO�DV�RXWOHW�WHPSHUDWXUHV� RI� FRQGHQVDWLRQ�� FKLOOHG� ZDWHU� DQG� � WKH�EHG� WHPSHUDWXUHV�� 1RWLFH� WKDW� WKH� DQDO\]HG� UHVXOW� LV�URXJKO\�DJUHHG�ZLWK�WKDW�RI�H[SHULPHQW�
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)LJXUH���7KH�WLPH�GHSHQGHQF\�RI�RXWOHW�WHPSHUDWXUHV�DQG�SUHVVXUH�LQ�WKH�EHG�
,W�LV�VXUH�WKDW�WKH�DQDO\]HG�UHVXOW�LV�TXLWH�VHQVLWLYH�WR�WKH�KHDW� WUDQVIHU� FRHIILFLHQWV� RI� KHDW� H[FKDQJHUV�� ,W� LV� KDUG�WR� HVWLPDWH� WKH� ULJKW� YDOXHV� RI� DGVRUEHQW� EHG� LQ� WKH�DGVRUSWLRQ� DQG� GHVRUSWLRQ� SURFHVVHV�� +RZHYHU� WKH�GHYHORSHG� VLPXODWLRQ� FRGH� LV� � FRQVLGHUHG� WR� EH� TXLWH�HIIHFWLYH�WR�SUHGLFW�WKH�SHUIRUPDQFH�� ����3,/27�0$&+,1(
����'(6,*1�63(&,),&$7,21
7DEOH���VKRZV�WKH�VSHFLILFDWLRQ�RI�D�SLORW�SODQW�ZKLFK�LV�H[SHFWHG� WR�EH� LQVWDOOHG� IRU� WHVWLQJ��7KH�H[SHFWHG�&23�YDOXH� LV� KHUH� HYDOXDWHG� E\� WKH� UDWLR� RI� WKH� FRROLQJ�FDSDFLW\�WR�WKH�SXPSLQJ�SRZHU�FRQVXPSWLRQ�7DEOH���7KH�VSHFLILFDWLRQ�RI�D�SLORW�SODQW

0RGHO 8QLW $'5K���N$GVRUEHQW�UHIULJHUDQW ± 6LOLFD�JHO�ZDWHU&RROLQJ�FDSDFLW\ N: ��&23 ± ����&KLOOHG�ZDWHU,QOHW�RXWOHW�WHPSHUDWXUH)ORZ�UDWH �&P��+ �����������&RROLQJ�ZDWHU,QOHW�RXWOHW�WHPSHUDWXUH)ORZ�UDWH �&P��+ ���������+RW�ZDWHU,QOHW�RXWOHW�WHPSHUDWXUH)ORZ�UDWH �&P��+ �������������$PRXQW�RI�ZRUNLQJ�UHIULJHUDQW�SHU�XQLW�DGVRUEHU
T'NJ�+�2�NJ�VLOLFD�JHO ����

0HFKDQLFDO�ERRVWHU�SXPS7KURXJKSXW�RI�SXPSLQJ3RZHU�FRQVXPSWLRQ
P��PLQ�N: �������

����6,08/$7,21�
$�VLPXODWLRQ DQDO\VLV�KDV�EHHQ�FRQGXFWHG�WR�SUHGLFW�WKH�SHUIRUPDQFH�RI�K\EULG�DGVRUSWLRQ�UHIULJHUDWLRQ�V\VWHP�7KH� YDOXHV� IRU� WKH� SDUDPHWHUV� XVHG� LQ� WKH� DQDO\VLV� LV�JLYHQ�LQ�WKH�7DEOH���

����
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7KH� ILJXUH� �� WR� �� VKRZV� WKH� UHVXOWV� RI� WHPSHUDWXUH�SURILOH�DV�DGVRUEHQW�EHGV��RXWOHW�RI�FRROLQJ�ZDWHU�RI�WKH�FRQGHQVHU� DQG� FKLOOHG� ZDWHU�� LQ� DGGLWLRQ� WR� WKH�DGVRUSWLRQ�F\FOH�,W�ZDV�FRQILUPHG�WKURXJK�WKH�QXPHULFDO�FDOFXODWLRQV WKDW�WKH� GHVLJQ� YDOXHV� ZHUH� VDWLVILHG� WR� PHHW� WKH�UHTXLUHPHQWV� RI� VSHFLILFDWLRQ�� +RZHYHU� WKH� V\VWHP�SHUIRUPDQFH� LV� PXFK� VHQVLWLYH� WR� WKH� VZLWFKLQJ� WLPH��6LQFH� WKH� WZR� EHG� WHPSHUDWXUHV� VKRXOG� EH� HQRXJK�SUH�KHDWHG�RU�SUH�FRROHG�LQ�WKH�PHDQ�WLPH�7DEOH���7KH�YDOXHV�IRU�WKH�SDUDPHWHUV�XVHG�LQ�WKH�DQDO\VLV'V� ����(���P��V(D ���(�-�PRO5S ���(���PG0FRROLQJ�GW ���NJ�VG0KHDWLQJ�GW ����NJ�VG0FKLOOHG�GW �����NJ�VG0FRQG�GW �����NJ�V8FRROLQJ ���:�P��.8KHDWLQJ ����:�P��.8FKLOOHG ����:�P��.8FRQG ����:�P��.$EHG ������P�$HYDS ����P�$FRQG ��P�0VJ ����NJ
+H[+H[S 0& � ������N-�.
HYDSHYDS3 0& � �����N-�
FRQGFRQG3 0& � ���N-�.
VJVJ3 0& � �����N-�.� � &3�VJ ����N-��NJ•.���

• ����NJ�P� $'6 ������P�
EHG9 ������P�
FRQG9 ������P�
HYDS9 ������P�
DGV+' ����N-�NJ

)LJXUH���7KH�WLPH�GHSHQGHQF\�RI�RXWOHW�WHPSHUDWXUHV

)LJXUH���'HXKULQJ�GL DJUDP�RI�WKH�F\FOH�VWHDG\��VWDWH�FRQGLWLRQ�RI�WKH�EHGV�
����7(67�5(68/76�$1'�',6&866,21
$� SHUIRUPDQFH� WHVWLQJ� KDV� EHHQ� FRQGXFWHG� XQGHU� WKH�VSHFLILHG� FRQGLWLRQV� IRU� WKH� KHDW� WUDQVIHU� IOXLG�KRW��FRROLQJ��DQG�FKLOOHG�ZDWHU���ZKLOH�WKRVH�SDUDPHWHUV�DV�D�F\FOH� WLPH���� WR� ��� PLQ���� D� VZLWFKLQJ� WLPH���� WR� ���VHF��� DQG� D� SXPSLQJ� UDWHV� RI� PHFKDQLFDO� ERRVWHU�SXPS���� WR� ��� P��PLQL���� ZKLFK� DUH� QRW� PHDVXUHG�YDOXHV�EXW�HYDOXDWHG�YDOXHV�LQ�FRQVLGHUDWLRQ�RI�H[SHFWHG�SXPSLQJ�HIILFLHQF\�DW�D�FRUUHVSRQGLQJ�URWDWLRQDO�VSHHG��ZHUH� YDULHG� LQ� RUGHU� WR� REWDLQ� DQ� RSWLPXP� RSHUDWLRQ��)LJXUH���VKRZV�WKH����N:�SLORW�PDFKLQH�HTXLSSHG ZLWK�WKH�PHFKDQLFDO�ERRVWHU�SXPS�

)LJXUH���3LORW�PDFKLQH� HTXLSSHG ZLWK�WKH�PHFKDQLFDO�ERRVWHU�SXPS�
)LJXUH� �� GHPRQVWUDWHV� D� W\SLFDO� F\FOLF� VWHDG\� VWDWH�WHPSHUDWXUH� DQG� SUHVVXUH� SURILOH� YHUVXV WLPH�� ZKHUH� D�F\FOH�WLPH�LV����PLQ���D�VZLWFKLQJ�WLPH�LV����VHF��DQG�D�URWDWLRQDO�VSHHG�RI������USP�SXPSLQJ�UDWH�����P��PLQ����UHVSHFWLYHO\�

mailto:MYK01013@nifty.ne.jp


+��<DQDJL��0<.�����#QLIW\�QH�MS ��

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0 500 1000 1500 2000 2500 3000 3500 4000

Time[s]

T
e
m

p
e
ra

tu
re

[

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

P
re

ss
u
re

[T
o
rr

]

Hot water inlet temp. Hot water outlet temp.
Cond. cooling water inlet temp. Cond. cooling water outlet temp.
Chilled water inlet temp. Chilled water oulet temp.
Adsorber 1 temp. Adsorber 2 temp.
Adsorber 1 pressure Adsorber 2 pressure
Condensing pressure)LJXUH���$�W\SLFDO�F\FOLF�VWHDG\�VWDWH�WHPSHUDWXUH�DQG�SUHVVXUH�SURI LOH�YV� WLPH�

0.51

0.515

0.52

0.525

0.53

0.535

0.54

0.545

0.55

0.555

0.56

40 45 50 55 60 65 70 75

Hot water temperature[ • •]

C
O

P
-h

e
a
t 
so

u
rc

e
/C

O
P

-M
B

P

0

10

20

30

40

50

60

C
O

P
-M

B
P

/C
o
o
lin

g
ca

p
a
ci

ty
[R

T
]/
M

B
P

 p
o
w

e
r[

kW
]

COP-heat source COP-MBP Cooling capacity[RT] M BP power[kW]

)LJXUH���+RW�ZDWHU�WHPSHUDWXUH�GHSHQGHQF\�RQ�FRROLQJ�FDSDFLW\�	�&23�
)LJXUH� �� GHPRQVWUDWHV� LWV� KRW� ZDWHU� WHPSHUDWXUH�GHSHQGHQF\�RQ�D�FRROLQJ�FDSDFLW\��D�SRZHU�FRQVXPSWLRQ�RI�PHFKDQLFDO� ERRVWHU� SXPS� DQG�&23��1RWLFH� WKDW� WKH�FRROLQJ�FDSDFLW\�DQG�&23�LQFUHDVH�ZLWK�LQFUHDVH�RI�KRW�ZDWHU� WHPSHUDWXUH�� +RZHYHU� WKH\� DUH� ORZHU� WKDQ� WKH�VSHFLILHG�YDOXHV�RI����N:�DQG�����UHVSHFWLYHO\�7KLV� UHDVRQ� LV�FRQVLGHUHG� WR�EH�GXH� WR�D� ORZ�DFWLYDWLRQ�HQHUJ\�DQG�WKDW�WKH�GHVRUSWLRQ�IURP�WKH�PLFUR�SRUHV�ZLOO�QRW WDNH� SODFH� HDVLO\� E\� SXPSLQJ�� :KHUHDV� ZLWK�LQFUHDVH� RI� WKH� DGVRUEHU� WHPSHUDWXUH� WKH� DFWLYDWLRQ�HQHUJ\�JHWV�WR�EH�ODUJH�HQRXJK�WR�DOORZ�WKH�GHVRUSWLRQ�� � � �
:KLOH� WKH� ORZHU�&23� LV� FDXVHG�E\� D� ORZ�HIILFLHQF\�RI�LQYHUWHU�E\�ZKLFK�WKH�PRWRU�IRU�SXPSLQJ�LV�GULYHQ��7KH�&23� LQ� WKH� ILJXUH� LQFOXGHV� WKH� LQYHUWHU� ORVV� RI�DSSUR[������
,W� ZDV� IRXQG� WKDW� WKH� FRROLQJ� FDSDFLW\� LV� LQFUHDVHG� �ZLWK� WKH� LQFUHDVH� RI� F\FOH� WLPH�� 7KH� ORQJHU� F\FOH� WLPH� �UDLVHV� WKH� DGVRUEHU� WHPSHUDWXUH� ZKLFK� LV� FORVHU� WR� WKH�KHDW� LQSXW� WHPSHUDWXUH� ���& DQG� PRUHRYHU� ORZHUV� WKH� �DGVRUEHU� SUHVVXUH�� 7KRVH� HIIHFWV� FDXVH� WKH� LQFUHDVH� RI� �WKH� ZRUNLQJ� UHIULJHUDQW� ZDWHU� SHU� NJ�VLOLFDJHO� � �T'ZKLFK� LV� WKH�GHIHUHQFH�EHWZHHQ�GHVRUEHG�DQG�DGVRUEHG�VWDWHV�DQG�LV�GLUHFWO\�UHODWHG�ZLWK�WKH�FRROLQJ�FDSDFLW\�
,Q�DGGLWLRQ�LWV�&23�FDQ�EH�LPSURYHG�E\�WKH�GHFUHDVH�RI� �S' ZKLFK� LV� WKH� SUHVVXUH� GLIIHUHQFH� EHWZHHQ� VXFWLRQ�DQG� GHOLYHU\� SUHVVXUHV�� 7KH� SRZHU� FRQVXPSWLRQ� LV�

URXJKO\� SURSRUWLRQDO� WR S' �� LQ� WKLV� FDVH� FRQGHQVLQJ�SUHVVXUH�LV�FRQVWDQW�DW����WRUU��6LQFH�WKH�VXFWLRQ�SUHVVXUH�FDQ�EH�UDLVHG�E\�WKH�LQFUHDVH�RI�DGVRUEHU�WHPSHUDWXUH�WR�WKH� KHDW� LQSXW� ���&�� DQG� VR� UHVXOWV� LQ� WKH� GHFUHDVH�RI S' �
���&21&/86,21
,Q�WKLV�VWXG\���� ZH� GHYHORSHG� D� VLPXODWLRQ� SURJUDP� RI� D� WUDQVLHQW�WZR�EHG�DGVRUSWLRQ�FKLOOHU�ZLWK�D�PHFKDQLFDO�ERRVWHU�SXPS��� ,W� ZDV� IRXQG� WKDW� WKH� VLPXODWLRQ� SURJUDP� ZDV�HIIHFWLYH�WR�SUHGLFW�LWV�SHUIRUPDQFH��� %DVHG� RQ� RXU� DQDO\VLV� LW� ZDV� FRQILUPHG� WKH� GHVLJQ�YDOXHV� ZHUH� DGHTXDWH WR� REWDLQ� WKH VSHFLILHG�SHUIRUPDQFH��� 7KH� SLORW� PDFKLQH� ZDV� VXFFHVVIXOO\ RSHUDWHG� DQG�GHPRQVWUDWHG� WKH� QRPLQDO� FRROLQJ� FDSDFLW\� ��� N:�DQG� &23� ��� DV� H[SHFWHG�� 7KLV� VXFFHVV� DOORZV� XV�ZLGHO\� WR� XVH� ORZ� JUDGH� ZDVWH� KHDW� DV� D� IXHO� FHOO�FRJHQHUDWLRQ�
���5()(5(1&(
[1]+�7�&KXD�� .�&�1J� DQG� HW� DO��� 0RGHOLQJ� WKH�SHUIRUPDQFH� RI� WZR�EHG�� VLOLFD� JHO�ZDWHU� DGVRUSWLRQ�FKLOOHUV��,QWHUQDWLRQDO�-RXUQDO�RI�5HIULJHUDWLRQ�����������SS�������
[2]+�<DQDJL�� 5�	�'� RQ� DGVRUSWLRQ� FRROLQJ� V\VWHPV� LQ�-DSDQ��3URFHHGLQJV�RI�WKH��UG ,($�$QQH[����:RUNVKRS��7XULQ�,WDO\��0DUFK������������120(1&/$785(
&S�FRQG VSHFLILF� KHDW� FDSDFLW\� RI� FRQGHQVHU� KHDW�H[FKDQJHLQJ�PDWHULDO��-�NJ�.&S�HYDS VSHFLILF� KHDW� FDSDFLW\� RI� HYDSRUDWRU� KHDW�H[FKDQJHLQJ�PDWHULDO��-�NJ�.&S�+H[ PDVV� ZHLJKWHG� DYHUDJH� VSHFLILF� KHDW�FDSDFLW\� RI� KHDW� H[FKDQJHU� WXEH�ILQ�DVVHPEO\��-�NJ�.&S�VJ VSHFLILF�KHDW�FDSDFLW\�RI�VLOLFD�JHO��-�NJ�.&SI VSHFLILF�KHDW�FDSDFLW\�RI�OLTXLG�UHIULJHUDQW�ZDWHU��-�NJ�.&23 UDWLR� RI� F\FOH� DYHUDJHG� FRROLQJ� FDSDFLW\�WR�SRZHU�FRQVXPSWLRQ RI�ERRVWHU�SXPS��'V� SUH�H[SRQHQW� FRQVWDQW� LQ� WKH� NLQHWLF�HTXDWLRQ��P��V(D DFWLYDWLRQ� HQHUJ\� RI� VXUIDFH� GLIIXVLRQ��-�PROKDG SDUWLDO� HQWKDOS\� RI� DGVRUEDWH� LQ�DGVRUEHQW�DGVRUEDWH�V\VWHP��-�NJKI VSHFLILF�HQWKDOS\�RI�OLTXLG�ZDWHU��-�NJKJ VSHFLILF�HQWKDOS\�RI�JDVHRXVZDWHU��-�NJ0FRQG PDVV� RI� FRQGHQVHU� KHDW� H[FKDQJHU� WXEH��NJ0HYDS PDVV� RI� HYDSRUDWRU� KHDW� H[FKDQJHU� WXEH��NJ
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+��<DQDJL��0<.�����#QLIW\�QH�MS ���

0+H[ PDVV� RI� KHDW� H[FKDQJHU� WXEH�ILQ�DVVHPEO\LQ�EHG��NJ0UHI�HYDS OLTXLG�UHIULJHUDQW�PDVV�LQ�HYDSRUDWRU��NJ0VJ VLOLFD�JHO�PDVV��NJ3 SUHVVXUH��3D3FRQG FRQGHQVHU�SUHVVXUH��3D3HYDS HYDSRUDWRU�SUHVVXUH��3D3VDW VDWXUDWH�YDSRU�SUHVVXUH��3DT IUDFWLRQ� RI� UHIULJHUDQW� DGVRUEHG� E\� WKH�DGVRUEHQW��NJ�NJ�RI�GU\�DGVRUEHQWT� OLPLW� RI� DGVRUSWLRQ� E\� WKH� DGVRUEHQW��NJ�NJ�RI�GU\�DGVRUEHQW( FKDUDFWHULVWLFV HQHUJ\��-�PRO�.Q FRQVWDQW���T* IUDFWLRQ� RI� UHIULJHUDQW� ZKLFK� FDQ� EH�DGVRUEHG� E\� WKH� DGVRUEHQW� XQGHU�VDWXUDWLRQ� FRQGLWLRQ�� NJ�NJ� RI� GU\�DGVRUEHQW4HYDS F\FOH�DYHUDJHG�FRROLQJ�FDSDFLW\��:5 XQLYHUVDO�JDV�FRQVWDQW��-�PRO�.5S DYHUDJH�UDGLXV�RI�VLOLFD�JHOW WLPH��VWF\FOH F\FOH�WLPH��V7 WHPSHUDWXUH���&7EHG� EHG�WHPSHUDWXUH���&7FRQG FRQGHQVHU�WHPSHUDWXUH���&7HYDS HYDSRUDWRU�WHPSHUDWXUH���&7. WHPSHUDWXUH�RI�WKH�.WK�HOHPHQW�RI�WKH�EHG�KHDW�H[FKDQJHU��N ��«��1EHG����&8FKLOOHG HYDSRUDWRU�KHDW�WUDQVIHU�FRHIILFLHQW��:�P�.8FRQG FRQGHQVHU�KHDW�WUDQVIHU�FRHIILFLHQW��:�P�.8FRROLQJ DGVRUEHU� KHDW� WUDQVIHU� FRHIILFLHQW�� :�P�.8KHDWLQJ GHVRUEHU� KHDW� WUDQVIHU� FRHIILFLHQW�� :�P�.9EHG LQWHUQDO� YROXPH� RI� KHDW� H[FKDQJHU� WXEHV�LQ�WKH�EHG��P�9FRQG LQWHUQDO YROXPH� RI� KHDW� H[FKDQJHU� WXEHV�LQ�WKH�FRQGHQVHU��P�9HYDS LQWHUQDO� YROXPH� RI� KHDW� H[FKDQJHU� WXEHV�LQ�WKH�HYDSRUDWRU��P�G0FKLOOHG�GW FKLOOHG�ZDWHU�IORZ�UDWH��NJ�VG0FRQG�GW FRQGHQVHU�FRROLQJ�ZDWHU�IORZ�UDWH��NJ�VG0FRQG�GW FRQGHQVHU�FRRODQW�IORZ�UDWH� NJ�VG0FRROLQJ�GW FRRODQW�IORZ�UDWH�WKURXJK�DGVRUEHU��NJ�VG0KHDWLQJ�GW KHDW� VRXUFH� IORZ� UDWH� WKURXJK� GHVRUEHU��NJ�V'+DGV LVRVWHULF�KHDW�RI�DGVRUSWLRQ��-�NJG IODJ�ZKLFK�JRYHUQV�GHVRUEHU�WUDQVLHQWV���UI GHQVLW\�RI�OLTXLG�ZDWHU��NJ�P�
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