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)LJXUH� �� VKRZV� D� VDPSOH� UHDOLVHG� IROORZLQJ� WKH�SURFHGXUH�DERYH�GHVFULEHG��,Q�WKLV�FDVH��D�VWDLQOHVV�VWHHO�WXEH� �W\SH� $,6,� ����� LQWHUQDO� GLDPHWHU� ��� PP��WKLFNQHVV�����PP��LV�FRDWHG�ZLWK�� PP�RI�DGVRUEHQW�
���02'(/,1*�,Q� WKLV� SDUDJUDSK�� WKH�PDWKHPDWLFDO�PRGHO� UHDOLVHG� IRU�WKH� G\QDPLF� VLPXODWLRQ� RI� D� EDVLF� F\FOH� RI� DQ�DGVRUSWLRQ�GHYLFH�LV�GHVFULEHG��7KH�PRGHO�FRQVLGHUV�WKH�KHDW�DQG�PDVV�WUDQVIHU�UHVLVWDQFHV�LQVLGH�D�QRQ�XQLIRUP�SUHVVXUH� DQG� WHPSHUDWXUH� F\OLQGULFDO� DGVRUEHU��QHJOHFWLQJ�WKH�D[LDO�JUDGLHQWV�$�SRUWLRQ�RI�WKH�DGVRUEHU�LV�VFKHPDWLVHG�LQ�)LJXUH����WKH�FRPSRQHQWV� FRQVLGHUHG� DUH�� WKH� KHDWLQJ�FRROLQJ� IOXLG��VLOLFRQ� RLO��� WKH�PHWDO� WXEH� RI� WKH� KHDW� H[FKDQJHU� DQG�WKH�DGVRUEHQW�EHG��
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)LJXUH�����6FKHPH�RI�WKH�DGVRUEHU�
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ZKHUH� PV7 LV� WKH� WHPSHUDWXUH� RI� WKH� DGVRUEHQW� DW� WKH�DGVRUEHQW�PHWDO� LQWHUIDFH�� Y� LV� WKH� YDSRXU� GLIIXVLYH�YHORFLW\�� ZKLFK� LV� GHWHUPLQHG� E\� 'DUF\¶V� ODZ�US.Y Y ww�� P� �� ZKHUH� WKH� SHUPHDELOLW\� . FDQ� EH�FDOFXODWHG�>������@��RU�H[SHULPHQWDOO\�GHWHUPLQHG�7KH� WHPSHUDWXUH� RI� WKH� KHDWLQJ�FRROLQJ� IOXLG� LV�FRQVLGHUHG� FRQVWDQW� �7I 7RLO�K LQ� KHDWLQJ� DQG�7I 7RLO�F LQ�

FRROLQJ��DQG�WKH�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�DUH�WKH�IROORZLQJ�
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FRQ�HY5U SS H   DG�GHVRUSWLRQ�SKDVH�
� ww  H5UUS LVRVWHULF�KHDWLQJ�FRROLQJ�SKDVH�

ZKHUH�SHY�FRQ LV�WKH�SUHVVXUH�RI�WKH�HYDSRUDWRU�FRQGHQVHU�7KH�GLIIHUHQWLDO�HTXDWLRQV�ZHUH�VROYHG�ZLWK�DQ�LPSOLFLW�ILQLWH� GLIIHUHQFH� PHWKRG� �&UDQN�1LFKROVRQ� >��@��� 7KH�PRGHO� FDOFXODWHV� WKH� SUHVVXUH�� WHPSHUDWXUH� DQG� ZDWHU�XSWDNH� GLVWULEXWLRQ� LQ� WKH� EHG� DV� D� IXQFWLRQ� RI� WLPH��)XUWKHUPRUH�� WKH� FRHIILFLHQW� RI� SHUIRUPDQFH� RI� WKH�DGVRUSWLRQ� PDFKLQH� ZRUNLQJ� DV� KHDW� SXPS� DQG�UHIULJHUDWRU�DUH�FDOFXODWHG�DV�
K FRQFK 444&23 � ����� KHYF 44&23  �

ZKHUH��4K��LV�WKH�KHDW�VXSSOLHG�IRU�WKH�GHVRUSWLRQ�RI�WKH�DGVRUEHQW� EHG�� 4F� LV� WKH� KHDW� UHOHDVHG� IURP� WKH� EHG�GXULQJ� WKH� FRROLQJ�� 4FRQ� LV� WKH� KHDW� UHOHDVHG� WR� WKH�FRQGHQVHU� DQG� 4HY LV� WKH� KHDW� H[WUDFWHG� IURP� WKH�HYDSRUDWRU�7KH�FRUUHVSRQGLQJ�VSHFLILF�SRZHUV�DUH�GHILQHG�DV�
F\FOHV FRQFK WP 443V � ����� F\FOHV HYF WP43V  �

ZKHUH�WF\FOH��LV�WKH�WRWDO�F\FOH�WLPH����6,08/$7,21�5(68/766LPXODWLRQV� KDYH� EHHQ� SHUIRUPHG� E\� XVLQJ� WKH�JHRPHWULFDO�DQG� WKHUPR�SK\VLFDO� LQSXW�GDWD�UHSRUWHG�LQ�7DEOHV� �����7KH� RSHUDWLQJ� FRQGLWLRQV� DUH� W\SLFDO� RI� DQ�DLU�FRQGLWLRQLQJ�F\FOH�7KH�PRGHO�ZDV� LQLWLDOO\�XVHG� WR�FRPSDUH� IRXU� W\SHV�RI�DGVRUEHQW�EHG�WKDW��DV�DERYH�PHQWLRQHG��GLIIHU�LQ�WHUPV�RI�VKDSH�RI�WKH�DGVRUEHQW��7DEOH�����JUDLQV�>��@��SRZGHU�>��@��EULFN�>��@��DQG�WKH�FRDWLQJ�OD\HU�KHUH�SURSRVHG�5HVXOWV� SUHVHQWHG� LQ� )LJXUH� �� VKRZ� WKDW� WKH� VSHFLILF�SRZHU� REWDLQHG� ZLWK� WKH� QHZ� EHG� FRQILJXUDWLRQ� LV� WKH�EHVW� �����:�NJ����� DQG�DERXW� WZHQW\� WLPHV�KLJKHU� WKDQ�WKDW�RI�WKH�EHG�LQ�JUDLQV��$� VXUSULVLQJ� UHVXOW� LV� WKDW� WKH�SRZHU�REWDLQHG�ZLWK� WKH�EULFN�VKDSHG� EHG� LV� ORZHU� WKDQ� WKDW� RI� WKH� QRQ�FRQVROLGDWHG�SRZGHU��7KLV�FDQ�EH�UHODWHG�WR�WKH�IDFW�WKDW�WKH� LQFUHDVHG� KHDW� WUDQVIHU� SURSHUWLHV� RI� WKH� EULFN�VKDSHG� EHG� LV� QRW� VXIILFLHQW� WR� LQFUHDVH� WKH� VSHFLILF�SRZHU� RI� WKH� PDFKLQH� EHFDXVH� RI� WKH� ORZ� DGVRUEDWH�GLIIXVLYLW\� ZLWKLQ� WKH� DGVRUEHQW� OD\HU�� 7KHVH� UHVXOWV�VKRZ� WKH� LQWHUUHODWHG� LQIOXHQFH� RI� WKH� KHDW� DQG� PDVV�WUDQVIHU�SURSHUWLHV�RI�WKH�EHG�RQ�WKH�SHUIRUPDQFH�RI�WKH�DLU� FRQGLWLRQLQJ� V\VWHPV�� 7KH� SDUDPHWHUV� DIIHFWLQJ� WKH�KHDW� WUDQVIHU� LQ� WKH� EHG� DUH� WKH� HTXLYDOHQW� WKHUPDO�FRQGXFWLYLW\�OHT���DQG� WKH�PHWDO�DGVRUEHQW� KHDW� WUDQVIHU�
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FRHIILFLHQW�KZ��7KH�PDVV�WUDQVIHU�RI�WKH�DGVRUEDWH�ZLWKLQ�WKH� DGVRUEHQW� FDQ� EH� FRQVLGHUHG� E\� PHDQV� RI� WKH�DGVRUEHQW� SHUPHDELOLW\� WR� WKH� YDSRXU� .�� )LQDOO\�� WKH�DGVRUEHQW� WKLFNQHVV� V LV� D�SDUDPHWHU� DIIHFWLQJ�ERWK� WKH�KHDW�DQG�PDVV�WUDQVIHU�
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)LJXUH�����&RPSDULVRQ�RI�FDOFXODWHG�VSHFLILF�SRZHU� RI� GLIIHUHQW� DGVRUEHQW�FRQILJXUDWLRQV�
,Q� RUGHU� WR� VWXG\� WKH� PXWXDO� LQIOXHQFH� RI� WKH� DERYH�PHQWLRQHG� SDUDPHWHUV�� D� IXOO� IDFWRULDO� GHVLJQ� PHWKRG�ZDV�DSSOLHG�WR�WKH�QHZ�EHG�FRQILJXUDWLRQ�GHYHORSHG�DW�&15�,7$(�2QFH�GHILQHG�WKH�QRUPDOLVHG�YDULDEOHV�� �� � � ���
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ZKHUH� �L[ H� �L[ DUH�WKH�ORZHU�DQG�XSSHU�OLPLWV�RI�WKH� L[YDULDEOHV�� DFFRUGLQJ� WR� WKH� IRUPDOLVP� RI� WKH� IXOO�IDFWRULDO�GHVLJQ�PHWKRG��D�VWXGLHG�IXQFWLRQ�LV�GHILQHG�DV�IROORZV�
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ZKHUH� P� GHVFULEHV� WKH� PHDQ� HIIHFW� RI� DOO� WKH� QSDUDPHWHUV��P���«�PQ WKH�HIIHFW�RI�HDFK�SDUDPHWHU�DQG�PLM�� PLMN� «� HWF�� WKH� HIIHFW� RI� WKH� LQWHUDFWLRQ� RI� WKHSDUDPHWHUV��)XUWKHU�GHWDLOV�DUH�UHSRUWHG�LQ�OLWHUDWXUH�>������@���,Q�RXU�FDVH��WKH�VWXGLHG�IXQFWLRQ�LV�WKH�VSHFLILF�FRROLQJ�SRZHU� DQG� WKH� DQDO\VHG� SDUDPHWHUV� DUH�� WKH�DGVRUEHQW�PHWDO� ZDOO� KHDW� WUDQVIHU� FRHIILFLHQW�� WKH�YDSRXU� SHUPHDELOLW\�� WKH� WKLFNQHVV� DQG� WKH� HTXLYDOHQW�WKHUPDO� FRQGXFWLYLW\� RI� WKH� DGVRUEHQW� EHG�� 7KH� ORZHU�DQG� XSSHU� OLPLWV� RI� WKHVH� SDUDPHWHUV� DUH� UHSRUWHG� LQ�7DEOH����7KH�UHVXOWV�RI�WKLV�VWXG\��VKRZ�WKDW�WKH�SDUDPHWHUV�WKDW�KDYH� WKH� VWURQJHVW� LQIOXHQFH� RQ� WKH� VSHFLILF� SRZHU� DUH�WKH� WKLFNQHVV� RI� WKH� EHG� DQG� WKH� SHUPHDELOLW\�� 7KLV� LV�VKRZQ� LQ� 7DEOH� �� DQG� )LJXUH� ��� ZKHUH� WKH� FDOFXODWHG�PHDQ�HIIHFW�RI�HDFK�SDUDPHWHU�RQ�WKH�VSHFLILF�SRZHU�LV�UHSRUWHG�� 7KH� YDOXHV� UHSRUWHG� UHSUHVHQW� WKH� PHDQ�

YDULDWLRQ�RI�WKH�VSHFLILF�SRZHU�GXH�WR�WKH�FKDQJH��IURP�WKH� ORZHU� WR� WKH� XSSHU� OLPLW�� RI� HDFK� RI� WKH� IRXU�SDUDPHWHUV��
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V)LJXUH����)XOO� IDFWRULDO�GHVLJQ��PHDQ�HIIHFW�RI� WKH� VHOHFWHG� SDUDPHWHUV� RQ� WKH� VWXGLHG�IXQFWLRQ�
%\� DQDO\VLQJ� WKH� UHVXOWV� RI� WKH� VLPXODWLRQV� SHUIRUPHG�IRU� WKH� EHG� UHDOLVHG� ZLWK� WKH� FRDWLQJ� WHFKQLTXH�� LW� LV�SRVVLEOH� WR� SXW� LQ� HYLGHQFH� �)LJXUH� ��� WKH� VWURQJ�LQIOXHQFH� RI� WKH� SHUPHDELOLW\� RQ� WKH� VSHFLILF� FRROLQJ�SRZHU�RI�WKH�PDFKLQH��
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)LJXUH����,QIOXHQFH�RI�WKH�ZDOO�KHDW�WUDQVIHU�FRHIILFLHQW�RQ�FDOFXODWHG�VSHFLILF�SRZHU��IRU��V DQG� �HT� �VHH�7DE�����
7KLV�HIIHFW�LV�HYLGHQFHG�IRU�KZ !���������:�P���.�� WKDW�DUH� VXUHO\�REWDLQHG�ZLWK� WKH� FRDWLQJ� WHFKQLTXH��2Q� WKH�FRQWUDU\�� IRU� ORZ� YDOXHV� RI� WKH� ZDOO� KHDW� WUDQVIHU�FRHIILFLHQW�WKH�LQIOXHQFH�RI�WKH�PDVV�WUDQVIHU�UHVLVWDQFH�GHFUHDVHV�� )XUWKHUPRUH�� � )LJXUH� �� VKRZV� WKDW�� HYHQ� LI�WKH� WKHUPDO� FRQGXFWLYLW\� LV� ORZ� �OHT ���� :� P��� .�����ZLWK�WKH�QHZ�EHG�SURSRVHG�LW�LV�SRVVLEOH�WR�REWDLQ�D�YHU\�KLJK� VSHFLILF� FRROLQJ� SRZHU�� SURYLGLQJ� WKDW� WKH� EHG�WKLFNQHVV� LV� ORZ� DQG� WKH� SHUPHDELOLW\� LV� KLJKHU� WKDQ�. �Â����� P��)LJXUH� �� VKRZV� WKDW� E\� LQFUHDVLQJ� WKH� DGVRUEHQW�WKLFNQHVV� WKH� VSHFLILF�SRZHU�GUDVWLFDOO\�GHFUHDVHV�HYHQ�LI�WKH�WKHUPDO�FRQGXFWLYLW\�LQFUHDVHV�
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7KH�HIIHFW�RI�WKH�HTXLYDOHQW�WKHUPDO�FRQGXFWLYLW\�RI�WKH�EHG��LV�VKRZQ�LQ�)LJXUH����,W�DIIHFWV�WKH�VSHFLILF�FRROLQJ�SRZHU�IRU�SHUPHDELOLW\�. ����� P� RU�KLJKHU��)LQDOO\��)LJXUH���SXWV� LQ�HYLGHQFH� WKH� VWURQJ� LQIOXHQFH�RI�WKH�EHG�WKLFNQHVV�V RQ�WKH�VSHFLILF�SRZHU��WKLV�UHVXOW�LV�QRW�VXUSULVLQJ�EHFDXVH�V LQIOXHQFHV�ERWK�WKH�PDVV�DQG�KHDW�WUDQVIHU��7KH� DQDO\VLV� RI� WKH� )LJXUHV� ���� VKRZV� WKDW�� IRU�FRQVROLGDWHG�EHG��LV�XVHOHVV�WR LQFUHDVH�WKH�KHDW�WUDQVIHU�SDUDPHWHUV� LI� WKH� DGVRUEHQW� WKLFNQHVV� LV� ORZ� DQG� WKH�YDSRXU�SHUPHDELOLW\�LV�QRW�VXIILFLHQWO\�KLJK�)XUWKHUPRUH�� LW�ZDV� VKRZQ� WKDW�KLJK�YDOXHV�RI�3VF FDQ�EH�REWDLQHG�ZLWK� ORZ�YDOXHV�RI�OHT LI� WKH�PDVV� WUDQVIHU�DQG� WKH� WKHUPDO� FRQWDFW� PHWDO�DGVRUEHQW� DUH� HIILFLHQW��7KLV� FRQVLGHUDWLRQ� DJUHHV� ZLWK� RXU� VWUDWHJ\� RI� EHG�GHVLJQ��
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)LJXUH����,QIOXHQFH�RI�WKH�ZDOO�KHDW�WUDQVIHU�FRHIILFLHQW�RQ�FDOFXODWHG�VSHFLILF�SRZHU��IRU��V DQG� �HT� �VHH�7DE� ���
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)LJXUH� ��� ,QIOXHQFH� RI� WKH� HTXLYDOHQW�WKHUPDO� FRQGXFWLYLW\� RQ� FDOFXODWHG� VSHFLILF�SRZHU��IRU� �V DQG� �ZK �VHH�7DE�����
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�� �

K Z  �����:�P�� .��O HT  ����:�P�� .��
.  ������ P�.  ��Â����� P�.  ������ P�

)LJXUH� ��� � ,QIOXHQFH� RI� WKH� DGVRUEHQW� EHG�WKLFNQHVV� RQ� FDOFXODWHG� VSHFLILF� SRZHU�� IRU��ZK DQG� �HT� �VHH�7DE�����
,Q� IDFW�� WKH� WUDGLWLRQDO� JUDLQ�VKDSHG� DGVRUEHQW� EHG� LV�FKDUDFWHULVHG�E\�D�JRRG�YDSRXU�WUDQVIHU�EHWZHHQ�JUDLQV�EXW� D� SRRU� KHDW� WUDQVIHU�� 9LFH�YHUVD� WKH� FRQVROLGDWHG�EULFNV� KDYH� JRRG� KHDW� WUDQVIHU� EXW� SRRU� PDVV� WUDQVIHU�SURSHUWLHV��2XU�RSLQLRQ� LV� WKDW� WKH�EHVW� VROXWLRQ�VKRXOG�EH�D�FRPSURPLVH�EHWZHHQ�WKH�UHOHYDQFH�RI�WKH�WZR��KHDW�DQG�PDVV��WUDQVIHU�SKHQRPHQD��7KHUHIRUH��WKH�GHVLJQ�RI�D�QHZ�DGVRUEHQW�EHG� VKRXOG� IRUHVHH�DQ� LQFUHDVH�RI� WKH�JOREDO�KHDW�WUDQVIHU�FRHIILFLHQW�EXW�LW�VKRXOG�EH�DYRLGHG�WKDW� WKH�PDVV� WUDQVIHU� FRXOG� EHFRPHV� WKH� QHZ� OLPLWLQJ�IDFWRU��:LWK�WKLV�DLP��LW�LV�QHFHVVDU\�WR�UHDOLVH�WKLQ�OD\HU�RI�DGVRUEHQW�PDWHULDOV�RU�WR�LQFUHDVH�WKH�PDFUR�SRURVLW\�E\�XVLQJ�EXUQLQJ�RXW�DGGLWLYHV�
���&21&/86,216,Q� WKLV� SDSHU�� D� QHZ� WHFKQLTXH� IRU� WKH� SUHSDUDWLRQ� RI�WXEHV� RI� D� KHDW� H[FKDQJHU� FRDWHG� ZLWK� D� WKLQ� OD\HU� RI�]HROLWH� ZDV� SUHVHQWHG�� 7KLV� QHZ� FRQFHSW� DOORZV� WR�UHDOLVH�DQ�DGVRUSWLRQ�PDFKLQH�ZLWK�JRRG�KHDW�DQG�PDVV�WUDQVIHU� SURSHUWLHV�� 7R� GHPRQVWUDWH� WKHVH� IHDWXUHV�� D�PDWKHPDWLFDO�PRGHO�IRU�WKH�VWXG\�RI�WKH�KHDW�DQG�PDVV�WUDQVIHU�LQ�G\QDPLF�FRQGLWLRQV�ZDV�UHDOLVHG��7KH�UHVXOWV�RI� WKH� VLPXODWLRQV� RI� GLIIHUHQW� W\SHV� RI� DGVRUEHQW� EHG��VKRZ� WKDW� WKH� QHZ�EHG�KHUH� SURSRVHG� DOORZV� WR� REWDLQ�WKH� KLJKHVW VSHFLILF� SRZHU� RI� WKH� DGVRUSWLRQ� FRROLQJ�GHYLFH�)XUWKHUPRUH�� D� IXOO� IDFWRULDO� GHVLJQ� DQG� D� VHQVLWLYLW\�DQDO\VLV� DOORZHG� WR� HYDOXDWH� WKH� LQIOXHQFH� RI� WKH�PDLQ�SDUDPHWHUV�WKDW�DIIHFW�WKH�KHDW�DQG�PDVV�WUDQVIHU�,W� ZDV� GHPRQVWUDWHG� WKDW� LW� LV� SRVVLEOH� WR� HQKDQFH� WKH�FRPSHWLWLYHQHVV�RI�DGVRUSWLRQ�DLU�FRQGLWLRQLQJ� V\VWHPV�E\�DFWLQJ�RQ�WKH�DGVRUEHQW�PDWHULDO�VKDSLQJ�DQG�WKXV�RQ�LWV�WKHUPR�SK\VLFDO�SURSHUWLHV�,Q� IDFW�� WKH�SUHSDUDWLRQ� WHFKQLTXH�GHYHORSHG� IRU�D� QHZ�DGVRUEHQW� EHG� DOORZHG� WR� LQFUHDVH� WKH� KHDW� WUDQVIHU�SURSHUWLHV��SXWWLQJ�DOVR�LQ�HYLGHQFH�WKDW�LQ�WKLV�FDVH�WKH�DGVRUEDWH� SHUPHDELOLW\� FRXOG� EHFRPH� D� QHZ� OLPLWLQJ�IDFWRU�
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$&.12:/('*(0(1767KH� ZRUN� KHUH� SUHVHQWHG� ZDV� VXSSRUWHG� E\� WKH� &15�3URJHWWR� )LQDOL]]DWR�0DWHULDOL� 6SHFLDOL� SHU� 7HFQRORJLH�$YDQ]DWH�,,����5()(5(1&(6�>�@&DFFLROD�*��� 5HVWXFFLD�*���3URJUHVV� RQ� DGVRUSWLRQ�KHDW� SXPSV��+HDW�5HFRYHU\� 6\VWHPV�	�&+3����� ���������������>�@ &DFFLROD�*���&DPPDUDWD�*���0DUOHWWD�/���5HVWXFFLD�*���0DFFKLQH�DG�DGVRUELPHQWR�D� FLFOR�ULJHQHUDWLYR��/D�7HUPRWHFQLFD����������������������>�@ $OHIHOG� *��� 0DLHU�/D[KXEHU� 3��� 5RWKPH\HU� 0���=HROLWH�KHDW�SXPS�DQG�]HROLWH�KHDW�WUDQVIRUPHU�IRU�ORDG�PDQDJHPHQW�� 3URFHHGLQJV� RI� WKH� ��WK ,QWHUVRFLHW\�(QHUJ\� &RQYHUVLRQ� (QJLQHHULQJ� &RQIHUHQFH�� 9RO�� ������������$WODQWD��*HRUJLD��������>�@ 5HVWXFFLD�*���5HFXSHUR�9���&DFFLROD�*���5RWKPH\HU��=HROLWH� KHDW� SXPS� IRU� GRPHVWLF� KHDWLQJ�� (QHUJ\� �������������������>�@ *XLOOHPLQRW�-��-���&KRLVLHU�$���&KDIOHQ�-��%���1LFRODV�6��� 5H\PRQH\� -�� /��� +HDW� WUDQVIHU� LQWHQVLILFDWLRQ� LQ�IL[HG� EHG� � DGVRUEHUV�� +HDW� 5HFRYHU\� 6\VWHPV�	� &+3��������������������>�@ 3RQV� 0��� /DXUHQW� '��� 0HXQLHU� )��� ([SHULPHQWDO�WHPSHUDWXUH� IURQWV� IRU� DGVRUSWLYH� KHDW� SXPS�DSSOLFDWLRQV��$SSOLHG�7KHUPDO�(QJLQHHULQJ��������������������>�@ /DQJ�5���:HVWHUIHOG�7���*HUOLFK�$���.QRFKH�.�� )���(QKDQFHPHQW� RI� KHDW� DQG� PDVV� WUDQVIHU� LQ� FRPSDFW�]HROLWH�OD\HUV��$GVRUSWLRQ�������������������>�@ 3LQR� /��� $ULVWRY� <X��� &DFFLROD� *��� 5HVWXFFLD� *���&RPSRVLWH�PDWHULDOV�EDVHG�RQ�]HROLWH��$�IRU�DGVRUSWLRQ�KHDW�SXPSV��$GVRUSWLRQ�����������������>�@ &DFFLROD�*���0DJJLR�*���5HVWXFFLD�*���0LVXUD�GHOOD�FDSDFLWj� WHUPLQD� GL� DGVRUEHQWL� H� FDOFROR� GHOOH�SUHVWD]LRQL� GL� SRPSH� GL� FDORUH� DG� DGVRUELPHQWR�� /D�7HUPRWHFQLFD ���������������������>��@ %LUG� 5�� %��� 6WHZDUW� :�� (��� /LJKWIRRW� (�� 1�� LQ�7UDQVSRUW� SKHQRPHQD�� -� :LOH\� 	� 6RQV�� 1HZ� <RUN��������>��@ %HQ�$PDU�1���6XQ�/��0���0HXQLHU�)���1XPHULFDO�DQDO\VLV� RI� DGVRUSWLYH� WHPSHUDWXUH� ZDYH� UHJHQHUDWLYH�KHDW� SXPS��$SSOLHG�7KHUPDO�(QJLQHHULQJ����� ���������������>��@ )HU]LJHU� -�� +�� LQ� 1XPHULFDO� 0HWKRGV� IRU�(QJLQHHULQJ� $SSOLFDWLRQ�� -�� :LOH\� 	� 6RQV�� /RQGRQ��������>��@ *XLOOHPLQRW� -�� -���&KDIOHQ� -��%���&KRLVLH�$���+HDW�DQG� PDVV� WUDQVIHU� FKDUDFWHULVWLFV� RI� FRPSRVLWHV� IRU�DGVRUSWLRQ�KHDW�SXPSV��3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�

$EVRUSWLRQ� +HDW� 3XPS� &RQIHUHQFH�� $(6�9RO�� ���� SS�����������1HZ�2UOHDQV��/RXLVLDQD��������>��@ &DFFLROD�*���,QQRYDWLYH�DGVRUEHQW�PDWHULDOV�WR�EH�XVHG� LQ� KHDW� SXPS� V\VWHPV�� ,83$&� &KHPUDZQ� ,;�3URFHHGLQJV��SS������± �����6HRXO��.RUHD�������>��@ %R[� *�� (�� 3��� +XQWHU� :�� *��� +XQWHU� -�� 6�� LQ�6WDWLVWLFV�IRU�H[SHULPHQWHUV��:LOH\��1HZ�<RUN��������>��@ -RKQVRQ� 1�� /��� /HRQH� )�� &�� LQ� 6WDWLVWLFV� DQG�H[SHULPHQWDO� GHVLJQ� LQ� HQJLQHHULQJ� DQG� WKH� SK\VLFDO�VFLHQFHV��9RO�����:LOH\��1HZ�<RUN��������
���120(1&/$785($ FRQWDFW�DUHD��P��FS VSHFLILF�KHDW��-�NJ�� .���&23 FRHIILFLHQW�RI�SHUIRUPDQFH�K FRQYHFWLYH�KHDW�WUDQVIHU�FRHIILFLHQW��:�P���.���. DGVRUEHQW�SHUPHDELOLW\�WR�YDSRXU��P��/ D[LDO�OHQJWK�RI�WKH�DGVRUEHU��P�P PDVV��NJ�S SUHVVXUH��3D�3V VSHFLILF�SRZHU��:�NJ���4 KHDW��-�U UDGLDO�FR�RUGLQDWH��P�5 XQLYHUVDO�JDV�FRQVWDQW��-�NJ�� .���5H DGVRUEHU�H[WHUQDO�UDGLXV��P�5L DGVRUEHU�LQWHUQDO�UDGLXV��P�V DGVRUEHQW�FRDWLQJ�WKLFNQHVV��5H ±5L���P�W WLPH��V�7 WHPSHUDWXUH��.�Y� YDSRXU�GLIIXVLYH�YHORFLW\��P�V���9 YROXPH��P��Z XSWDNH�RU�DPRXQW�RI�DGVRUEHG�YDSRXU�SHU�XQLW�PDVV�RI�DQK\GURXV�]HROLWH��NJ�NJ���
*UHHN�V\PEROV'+ DGVRUSWLRQ�HQWKDOS\��-�NJ���HW WRWDO�SRURVLW\�RI�WKH�VROLG�DGVRUEHQWOHT HTXLYDOHQW�WKHUPDO�FRQGXFWLYLW\��:�P�� .���U GHQVLW\��NJ�P���
6XEVFULSWV�� LQLWLDO�VWDWH�F FRROLQJFRQ� FRQGHQVHUHT HTXLYDOHQWHY HYDSRUDWRU�I IOXLGK KHDWLQJP PHWDO�WXEHV VROLG�DGVRUEHQWY YDSRXU�SKDVHZ PHWDO�DGVRUEHQW�ZDOO�
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7DEOH����0RGHO�LQSXW�GDWD3DUDPHWHU 6\PERO 9DOXH,QLWLDO�WHPSHUDWXUH 7� ����&,QLWLDO�DGVRUEHU�SUHVVXUH S�� ����3D&\FOH�PD[LPXP�WHPSHUDWXUH 7PD[ �����&&\FOH�PLQLPXP�WHPSHUDWXUH 7PLQ ����&(YDSRUDWRU�WHPSHUDWXUH� 7HY ���&&RQGHQVHU�WHPSHUDWXUH 7FRQ ����&2LO�WHPSHUDWXUH�GXULQJ�KHDWLQJ 7RLO�K �����&2LO�WHPSHUDWXUH�GXULQJ�FRROLQJ� 7RLO�F ����&0HWDO�WXEH�LQWHUQDO�UDGLXV 5I ��PP0HWDO�WXEH�H[WHUQDO�UDGLXV 5L ��PP$GVRUEHU�D[LDO�OHQJWK� /�� ����PP
7DEOH�����7\SLFDO�SDUDPHWHUV�IRU�GLIIHUHQW�DGVRUEHQW�FRQILJXUDWLRQV
$GVRUEHQW�FRQILJXUDWLRQ KZ�:�P���.�� .P� VPP OOHT:�P��.�� UUNJ�P���*UDLQV �� ���� �� ���� ���%ULFN ��� ����� � ���� ����3RZGHU �� ����� � ���� ���&RDWLQJ�OD\HU ��� �Â����� � ���� ���

7DEOH�����7KH��� IXOO�IDFWRULDO�GHVLJQ
'HVLJQ�PDWUL[ KZ�:�P���.�� .P� VPP OOHT:�P���.�� 6SHFLILF�SRZHU�:�NJ���± ± ± ± ��� ����� � ��� ������ ± ± ± ��� ����� � ��� �����± � ± ± ��� ����� � ��� ������� � ± ± ��� ����� � ��� �������± ± � ± ��� ����� � ��� ������ ± � ± ��� ����� � ��� �����± � � ± ��� ����� � ��� ������� � � ± ��� ����� � ��� ������± ± ± � ��� ����� � ��� ������ ± ± � ��� ����� � ��� �����± � ± � ��� ����� � ��� ������� � ± � ��� ����� � ��� �������± ± � � ��� ����� � ��� ������ ± � � ��� ����� � ��� �����± � � � ��� ����� � ��� ������� � � � ��� ����� � ��� ������:DOO�KHDW�WUDQVIHU�FRHIILFLHQW� �ZK  ����:�P���.������ �ZK  ����:�P���.��9DSRXU�SHUPHDELOLW\� �.  ����� P����� �.  ����� P��$GVRUEHQW�WKLFNQHVV� �V  ��PP �V  ��PP7KHUPDO�FRQGXFWLYLW\� �HTO  ���:�P���.������ �HTO  ���:�P���.������

mailto:restuccia@itae.me.cnr.it


*��5HVWXFFLD��UHVWXFFLD#LWDH�PH�FQU�LW ���

7DEOH�����<DWHV¶V�DQDO\VLV�RI�WKH�GDWD&DVH�QXPEHU 6SHFLILF�SRZHU��:�NJ��� , ,, ,,, ,9 0HDQ�HIIHFW,9�� ,GHQWLW\�RI�HIIHFWV� ����� ���� ������� ������ ������ ������ ²� ����� ������� ������ ������ ������� ������ KZ� ������ ����� ������ ������ ������ ������ .� ������� ������ ����� ����� ������� ������ KZ .� ����� ����� ����� ������� ±������� ±������ 6� ����� ������� ����� ������� ±������� ±������ KZ V� ������ ���� ������ ������ ±������� ±������ . V� ������ ����� ������ ����� ±������ ±������ KZ . V� ����� ���� ������� ±������� ����� ����� OHT�� ����� ������ ������ ±������ ������ ����� KZ OHT�� ������ ���� ������� ±������ ������ ����� . OHT�� ������� ����� ��� ±������ ������ ����� KZ . OHT�� ����� ��� ������ ±������� ±������ ±����� V OHT�� ����� ������ ����� ±������� ±������ ±����� KZ V OHT�� ������ ��� ������ ±������ ±������ ±����� . V OHT�� ������ ������ ������ ±������ ±������ ±����� KZ . V OHT
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