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$%675$&7��7R�VWXG\�RI�GHVLJQ�HQHUJ\�V\VWHPV��WKHUPRG\QDPLFV�LV�FRPPRQO\�XVHG��WKURXJK�H[HUJ\�DQDO\VLV��(�$���WKDW�DOORZV�LGHQWLILFDWLRQ�RI�H[HUJ\�ORVVHV�DORQJ�DOO�SDUWV�RI�WKH�V\VWHP� HQWURS\�JHQHUDWLRQ�PLQLPLVDWLRQ��(�*�0���WR�PLQLPL]H�WKH�ORVVHV�ZLWK�VSHFLILHG�FRQVWUDLQWV�IRU�WKH�V\VWHP�VWXGLHG� WKHUPR�HFRQRP\��7�(���WR�PLQLPL]H��LQYHVWPHQW�RU�JOREDO�FRVWV�RI�WKH�V\VWHP�3UHOLPLQDU\�VWXG\�RI�DQ�HQHUJ\�V\VWHP�FDQ�EH�GRQH��ZLWKRXW�NQRZOHGJH�RI�LQWHUQDO�GHVLJQ�RI�WKH�V\VWHP��WDNLQJ�RQO\�LQWR�DFFRXQW� LQWHUDFWLRQV� RI� LW� ZLWK� HQYLURQPHQW� DQG� H[WHUQDO� SDUWV�� (YHQ� LQ� WKDW� FDVH�� SK\VLFDO� FRQVWUDLQWV� PXVW� EH�DFFRXQWHG�IRU��PD[LPD�RI�WHPSHUDWXUH�IRU�PDWHULDOV��OLPLWDWLRQV�RI�+(;�GLPHQVLRQV��«��,Q� WKLV� VWXG\��ZH�ZLOO� ILUVW� UHSRUW� IURP�D� WKHUPRG\QDPLFDO�PRGHO�RI�D� WULJHQHUDWLRQ� V\VWHP��ZLWK� ILQLWH� VL]H�RI�+�(�;���+HDW�([FKDQJHUV���2SWLPL]DWLRQ�RI� WKH�V\VWHP� LV�UHSRUWHG� WKURXJK� WZR�SDUDPHWHUV�GHILQHG�DV�UDWLRV�RI�FROG�DQG�KRW�XVHIXO�KHDW�IOX[HV�UHODWLYH�WR�XVHIXO�PHFKDQLFDO�SRZHU��WKHVH�WZR�UDWLRV�DUH�UHODWHG�WR�WKH�QHHG�H[SUHVVHG�E\�WKH�XVHU�RI�WKH�V\VWHP��7KH�HQHUJ\�RSWLPL]DWLRQ�LV�UHODWHG�WR�WKH�SRVVLEOH�PD[LPXP�RI�WKH�PHFKDQLFDO�SRZHU��$Q�RWKHU�REMHFWLYH�IXQFWLRQ�LV�WR�PD[LPLVH� WKH� WRWDO� YDOXH� RI� DOO� WKH� SURGXFHG� HQHUJ\� �FROG�� KRW�� PHFKDQLFDO��� $QRWKHU� VWHS� LV� WR� FRQVLGHU� QRW� RQO\�H[HUJHWLF YDOXH��EXW�ILQDQFLDO�DQG��RU��HQYLURQPHQWDO�RQH��7KH�SURSRVHG�DQDO\VLV�DOORZV�DOO�WKHVH�GHYHORSPHQWV�$�VSHFLDO�DWWHQWLRQ�LV�DOVR�GHYRWHG�WR�LQWHUDFWLRQ�RI�WKH�V\VWHP�ZLWK�H[WHUQDO�SDUWV��SDUWLFXODULW\�DW�+(;���7KH�LQIOXHQFH�RI�LQWHUQDO�LUUHYHUVLELOLW\�LV JOREDOL]HG���EXW�D�FDUHIXO�DQDO\VLV�RI�HDFK�LQWHUQDO�FRPSRQHQWV�FRXOG�EH�GRQH�LQ�WKH�IXWXUH��WR�H[WHQG�WKH�SUHVHQW�SURSRVHG�RSWLPL]DWLRQ�1XPHULFDO�UHVXOWV�RI�WKH�DQDO\VLV�DUH�FRPSDUHG�WR�VRPH�OLPLW�FRQILJXUDWLRQV�DOORZLQJ�DQDO\WLFDO�UHVXOWV��WULJHQHUDWLRQ�V\VWHPV� FRQVLVWLQJ� RI� WRZ�&$5127�PDFKLQHV� �� RQH� HQJLQH�� RQH� UHFHSWRU��� $� WHQWDWLYH� FRPSDULVRQ� WR� VRPH� H[LVWLQJ�V\VWHPV�ZLOO�DOVR�EH�SURSRVHG�5(680( ��'DQV� O
pWXGH� G
XQ� V\VWqPH� WKHUPRG\QDPLTXH�� TXH� FH� VRLW� GDQV� XQ� EXW� GH� FRQFHSWLRQ� RX� GDQV� XQ� EXW�G
DQDO\VH��OHV�SOXV�UpFHQWV�GpYHORSSHPHQWV�XWLOLVHQW�FRQMRLQWHPHQW�O
DQDO\VH�H[HUJpWLTXH��($��SRXU�LGHQWLILHU�OHV�SDUWLHV�GX� V\VWqPH� UHVSRQVDEOHV� GHV� SHUWHV� WKHUPRG\QDPLTXHV�� OD� PLQLPLVDWLRQ� GH� JpQpUDWLRQ� G
HQWURSLH� �(*0�� SRXU�PLQLPLVHU� OHV� SHUWHV� VRXV� O
LQIOXHQFH� GHV� FRQWUDLQWHV� LPSRVpHV� DX� V\VWqPH�� DLQVL� TXH� OD� WKHUPRpFRQRPLH� �7(�� SRXU�PLQLPLVHU�OHV�FR�WV�GH�FRQVWUXFWLRQ�HW�GH�IRQFWLRQQHPHQW�GX�V\VWqPH�>�@�/
pWXGH� SUpOLPLQDLUH� G
XQ� WHO� V\VWqPH� SHXW� rWUH� HIIHFWXpH� VDQV� WHQLU� FRPSWH� GH� VD� FRQFHSWLRQ� LQWHUQH�� VLPSOHPHQW� HQ�pYDOXDQW�VHV�LQWHUDFWLRQV�DYHF�O
H[WpULHXU��O
HQYLURQQHPHQW����1pDQPRLQV��GH�WHOV�V\VWqPHV�VRQW�VXMHWV�j�GHV�FRQWUDLQWHV�G
RUGUH� SK\VLTXH� �GLPHQVLRQV� GHV� pFKDQJHXUV�� WHPSpUDWXUHV� PD[LPDOHV� VXSSRUWpHV� SDU� OHV� PDWpULDX[� ���� �� TXL� VRQW�DXWDQW�GH�FRQWUDLQWHV�UHOLDQW�OH�V\VWqPH�HW�VRQ�HQYLURQQHPHQW�'DQV�FHWWH�pWXGH��RQ�YD�V
LQWpUHVVHU�WRXW�G
DERUG�DX�FRPSRUWHPHQW�JOREDO�G
XQH�LQVWDOODWLRQ�GH�WULJpQpUDWLRQ��j�O
DLGH�GH�OD�WKHUPRG\QDPLTXH�HQ�WHPSV�ILQL��TXL�VHXOH�SHXW�UHQGUH�FRPSWH�GH�O
LQIOXHQFH�GHV�FRQWUDLQWHV�VSDWLDOHV�GHV�pFKDQJHXUV���&HWWH�pWXGH�G
RSWLPLVDWLRQ�VHUD�FRQGXLWH�VHORQ�XQH�PpWKRGH�VSpFLILTXH� ��HQ�HIIHW�� OHV�UDWLRV�UHOLDQW� OHV�SURGXFWLRQV�GH�IURLG�HW�GH�FKDOHXU�©�LQWHUPpGLDLUH�ª�DX�WUDYDLO�PpFDQLTXH�SURGXLW�VHURQW�VXSSRVpV�FRQQXV�HW�IL[pV�� &HWWH�FRQILJXUDWLRQ�SHXW��SDU�H[HPSOH��rWUH�OH�UpVXOWDW�GHV�EHVRLQV�H[SULPpV�SDU�O
H[SORLWDQW�GH�O
LQVWDOODWLRQ�/
REMHFWLI�GH�O
RSWLPLVDWLRQ�UHYLHQW�DORUV�j�PD[LPLVHU�O
XQH�GHV�TXDQWLWpV�SURGXLWHV��OHV�DXWUHV�HQ�pWDQW�GpSHQGDQWHV���8Q�DXWUH�REMHFWLI�HQYLVDJHDEOH�HVW�GH�PD[LPLVHU�OD�YDOHXU�WRWDOH�GHV�pQHUJLHV�SURGXLWHV���0DLV��SRXU�FH�IDLUH��LO�FRQYLHQW�GH�GpILQLU�OHV�GLIIpUHQWHV�YDOHXUV�G
XQH�XQLWp�G
pQHUJLH�SURGXLWH��VHORQ�VD�FDWpJRULH��IURLG��FKDXG��PpFDQLTXH����&HV�YDOHXUV�SHXYHQW�rWUH�ILQDQFLqUHV��H[HUJpWLTXHV�RX�HQYLURQQHPHQWDOHV��YRLUH�XQ�DVVHPEODJH�GHV�WURLV���1pDQPRLQV��OD�FRQGXLWH�GH�O
DQDO\VH�HIIHFWXpH�LFL�UHVWH�YDODEOH�/
HQWURSLH� JpQpUpH� SDU� O
LQWHUDFWLRQ� HQWUH� OH� V\VWqPH� HW� O
H[WpULHXU� VHUD� ORFDOLVpH� DX[� pFKDQJHXUV�� O
LQIOXHQFH� GH� OD�JpQpUDWLRQ� LQWHUQH� G
HQWURSLH� pWDQW� pWXGLpH� GH�PDQLqUH� JOREDOH�� OH� V\VWqPH� pWDQW� FRQVLGpUp� LUUpYHUVLEOH�� � /j� HQFRUH��VHXOH� O
pWXGH� GHV� FRPSRVDQWV� LQWHUQHV� DX� V\VWqPH� SHUPHWWUDLW� GH� GpILQLU� FH� SDUDPqWUH�� SRXU� HQVXLWH� ©UHPRQWHUª� j�O
RSWLPLVDWLRQ�pWXGLpH�LFL�(QVXLWH�� VHUD� GpYHORSSpH� XQH� FRQILJXUDWLRQ� SDUWLFXOLqUH� G
XQH� LQVWDOODWLRQ� GH� WULJpQpUDWLRQ�� FRXSODQW� GHX[� F\FOHV� GH�&DUQRW� �O
XQ� PRWHXU�� O
DXWUH� UpFHSWHXU��� � /HV� UpVXOWDWV� QXPpULTXHV� GH� O
DQDO\VH� VHURQW� FRQIURQWpV� DX[� UpVXOWDWV�DQDO\WLTXHV�FRQQXV�
.(<:25'6� �� 2SWLPDO� GHVLJQ�� FRPELQHG� V\VWHP�� SRZHU�� UHIULJHUDWLRQ�� KHDWLQJ�� ILQLWH� VL]H� WKHUPRG\QDPLFV��FRQJHQHUDWLRQ��WULJHQHUDWLRQ�
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���,1752'8&7,21
��� 0HFKDQLFDO��RU�HOHFWULFDO��SRZHU�SURGXFWLRQ
8QWLO� QRZ� >�@� VHHPV� WKDW� WKH� JUHDW� PDMRULW\� RI� WKH�VWXGLHV� KDV� EHHQ� FRQFHUQHG� ZLWK� SRZHU� SURGXFWLRQ��PHFKDQLFDO�HOHFWULFDO����KLVWRULFDOO\��LW�LV�WKH�ILUVW�QHHG���ODVW�WHQGHQFLHV�LQ�WKH�ILHOG�DUH�GLUHFWHG�WRZDUG�H[HUJHWLF�RSWLPL]DWLRQ� RI� HOHFWULFDO� SODQW� >�@�� RU� WR� HFRQRPLFDO�DVSHFWV�>�@��RU�HQYLURQPHQWDO�FRQVLGHUDWLRQ�>�@�
,���&RJHQHUDWLRQ���KHDW�DQG�SRZHU
0RUH�UHFHQWO\��LQWHUHVW�IRU�MRLQHG�SURGXFWLRQ�RI�KHDW�DQG�SRZHU�KDV�EHHQ�UHFRJQL]HG�>�@���IRU�KRVSLWDO�>����@���IRU�XQLYHUVLW\� FDPSXV� >��� �@�� &RPSDULVRQ� RI� YDULRXV�FRJHQHUDWRLQ� V\VWHPV� �JDV� WXUELQH�� GLHVHO� HQJLQH�� IXHO�FHOO�� KDV� EHHQ� GRQH� >�@� RQ� WKH� EDVLV� RI� H[HUJHWLF�HIILFLHQF\�� DQG� HOHFWULFDO� UDWLR� �� FRPSDULVRQ� RI�*5$660$11� H[HUJHWLF� HIILFLHQF\� RI� .$/,1$�FRJHQHUDWLRQ� V\VWHP� ZLWK� 5$1.,1(�FRJHQHUDWLRQV\VWHP� >��@��KDV�EHHQ�GRQH� WRR��7KH� VDPH�*5$660$11� PHWKRG� KDV� EHHQ� DSSOLHG� PRUH�H[WHQVLYHO\� IRU� FRJHQHUDWLRQ� V\VWHPV� XVLQJ� FRPELQHG�DQG�LQWHJUDWHG�F\FOHV�>��@��7KH�ODVW�WHQWDWLYH�VHHPV�WR�EH�ILQLWH� WLPH� FRJHQHUDWLRQ� PRGHO� ZLWK� D� IL[HG� UDWLR�EHWZHHQ�KHDW�DQG�SRZHU�>��@�
����&RJHQHUDWLRQ���FROG�DQG�SRZHU
,W� LV� WKH�V\PHWULFDO�VLWXDWLRQ�RI� WKH�SUHFHGLQJ�UHJDUGLQJ�WKH�DPELDQW�WHPSHUDWXUH���EXW�LW�LV�OHVV�HDVLHU��EHFDXVH�LW�GRHV� QRW� ILW� ZLWK� WKH� QDWXUDO� HYROXWLRQ� RI� WKH� FDORULILF�HQHUJ\�LQ�WKH�V\VWHP���LW�LPSRVHV�DW�OHDVW�D�YLUWXDO�WKUHH�UHVHUYRLUV� KHDW� UHFHSWRU�� RU� IRU� H[DPSOH� DQ� DEVRUSWLRQ�UHIULJHUDWLRQ� PDFKLQH� >���� ��@� �� WKH� JHQHUDO�FRUUHVSRQGLQJ�VFKHPH�JLYHQ�LQ�UHI�>��@�GRHV�QRW�SUHFLVH�DQ\ZD\� WKH� FRQILJXUDWLRQ� RI� WKH� XVHG� UHIULJHUDWLRQ�V\VWHP��7KLV�SDSHU�VXSSRVHV�RQO\�D�ILQLWH�JHRPHWU\��DQG�JLYHV� WKH� RSWLPDO� DOORFDWLRQ� RI� KHDW� WUDQVIHU� DUHDV�GHSHQGLQJ�SDUWLFXODUO\�RQ�H[HUJHWLF�HIILFLHQF\�DQG�UDWLR�RI�UHIULJHUDWLQJ�IOX[�WR�SRZHU�
����7KUHH�JHQHUDWLRQ���KHDW��FROG�DQG�SRZHU
:H� QHHG� FXUUHQWO\� LQ� IDFW�� KHDW�� FROG� DQG� SRZHU� IRU�H[DPSOH� LQ� KRXVHV� DQG� EXLOGLQJ�� DQG� LQ� LQGXVWU\� �IRRG�LQGXVWU\� SDUWLFXODUO\��� 5�� /$==$5,1,� DQG� $��*$63$5(//$� >��@� WKLQN� WR� DSSO\� WKLV� IRU�GHVKXPLGLILFDWLRQ� �� 6�� '+$5� 0$'+,.$5,� >��@� IRU�DSSOLFDLWRQ� WR� SHWURFKHPLVWU\�� 3�6�� 3$1�� <�� 68=8.,�>���� ��@� DSSO\� H[HUJ\� DQDO\VLV� WR� D� WKUHH� JHQHUDWLRQ�V\VWHP� ZLWK� D� JDV� WXUELQH� IRU� D� GLVWULFW� KHDWLQJ� DQG�FRROLQJ� �LQ� IDFW�� LW� VHHPV� PRUH� D� KHDWLQJ� GLVWULFW���+$9(/6.<� ZRUN� >��@� LV� UHDOO\� D� WKUHH� JHQHUDWLRQ�V\VWHP���WKH�PDLQ�FRQFOXVLRQ�LV�EDVHG�RQ�3�(�5��SULPDU\�HQHUJ\�UDWH��WKDW�FDQ�EH�PLQLPLVHG�
����7KH�SUHVHQW�SDSHU
$OO� WKH� SUHFHGLQJ� UHIHUHQFHV�� DOORZ� XV� WR� VD\� WKDW� XQWLO�QRZ�� D� ILQLWH� WLPH� PRGHO� RI� D� KHDW�FROG�SRZHU�

SURGXFLQJ� V\VWHP� GRHV� QRW� H[LVW��8VLQJ� WZR� UDWLRV��ZH�SURSRVH� KHUH� WR� GHYHORSS� VXFK� D� PRGHO�� WKDW� FDQ� EH�XVHIXO�WR�KHOS�LQ�WKH�GHVLJQ��7KH�XVH�RI�UDWLRV�DOORZV�XV�WR� FRPSDUH� ZLWK� SUHYLRXV� ZRUN�� DQG� WR� JR� IXUWKHU� WR�WKHP�>����������@�
��� ),1,7(� 7,0(� 02'(/� 2)� 7+5((�*(1(5$7,21�6<67(0
��� 6FKHPDWLF�UHSUHVHQWDWLRQ�DQG�K\SRWKHVLV7KH�PDMRU�K\SRWKHVLV�ZLWK�)LJXUH���DUH�WKH�IROORZLQJ��+<3����VRXUFHV�DQG�VLQNV�DUH�FRQVLGHUHG�WKHUPRVWDWV�+<3���� V\VWHP� LV� LQ� D� VWDWLRQQDU\� VWDWH� �UDWLRV� DUH�FRQVWDQW�SDUDPHWHUV�+<3���� KHDW� WUDQVIHU� DW� VRXUFHV� DQG� VLQN� DUH� VXSSRVHG�OLQHDU�RQH�
����0RGHO
V�HTXDWLRQV+HDW� DQG� FROG� UDWLRV� DUH� H[SUHVVHG� ZLWK� UHVSHFW� RI� WKH�XVHIXO�SRZHU��

Z�LTL5 �� ���
Z�ITI5 �� ���

7KH�KHDW�WUDQVIHUUHG�EHWZHHQ�D�VRXUFH��RU�VLQN���DQG�WKH�F\FOHG�PHGLXP�DUH�UHSUHVHQWHG�E\�WKH�1(:721�ODZ�RI�KHDW�WUDQVIHU��
�767�.T � � ���

)LUVW�ODZ�RI�WKHUPRG\QDPLFV�LQGLFDWHV�WKDW��
�ZITRTLTFT  ���� ����� ���

6HFRQG�ODZ�RI�WKHUPRG\QDPLFV�UHVXOWV�LQ��
�LVI7I

T
R7R

T
L7L

T
F7F

T  ���� ����� ���
����1RQGLPHQVLRQQDO�YDULDEOHV�DQG�HTXDWLRQV
7KH�UHIHUHQFH�FKRRVHQ�IOX[�LV� FT� ��VR�QRQ�GLPHQVLRQDO�IOX[HV�DUH�H[SUHVVHG�DV��

FTZZFTTT ����   ��������
7KH�UHIHUHQFH�FKRRVHQ� WHPSHUDWXUHV� LV�762 �� WKH�FKRLFH�RI� FT� DV� UHIHUHQFH� IOX[� KDV� EHHQ� FKRRVHQ� WR� EH�FRQVLVWHQW� ZLWK� UHVXOWV� RI� >��@�� DQG� WR� FRPSDUH� WKH�UHVXOWV�� EXW� ZH� PHQWLRQ� WKDW� WKLV� UHIHUHQFH� VXSSRVH�FT� LPSRVHG�LQ�IDFW��6R�LW�FRPHV��
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ZH� VHHN� LQ� WKDW� FDVH� IRU� WKH� PD[LPXP� RI� Z�� ZLWK� WKH�IROORZLQJ�DVVRFLDWHG�FRQVWUDLQWV��
RRR [NT  ����

RILF7 NNNNN ��� ����
LLVLVRL [NZ775  ����

IIVIVRI [NZ775 � ����
FFVFVR [N77  ����

ZLWK�WKH�IROORZLQJ�QRQ�GLPHQVLRQDO�YDULDEOHV
VM

MVMM 7 77[ � ����
F

MM T 7VR�.[ � ����
IRUPXODV� ����� ���� JLYH� NM YDULDEOHV� LQ� IXQFWLRQ� RI� ;MYDULDEOHV� � FRPELQLQJ� ZLWK� ���� ���� LW� FRPHV� WKH� Z�REMHFWLYH� IXQFWLRQ�� ZLWK� RQH� FRQVWUDLQW� RQ� WKH� [MYDULDEOHV�� 1XPHULFDO� FDOFXODWLRQV� KDV� EHHQ� SHUIRUPHG�ZLWK�0$7/$%�
%HIRUH�WR�FRQVLGHU�WKH�UHVXOWV�REWDLQHG��VRPH�FRPPHQWV���ZH�DGRSW�KHUH�WKH�VDPH�DSSURDFK�DV�JLYHQ�LQ >��@���VR�ZH� LQWURGXFH� WKH� VDPH� H[HUJHWLF� HIILFLHQF\� DV� LQ� >��@��IRU� FROG� FRJHQHUDWLRQ� RQO\�� �� WKH� H[HUJHWLF� HIILFLHQF\�K,,L LV� GHILQHG� DV� WKH� UDWLR� RI� H[HUJ\� DVVRFLDWHG� WR�H[LWLQJ� HQHUJ\ �GLIIHUHQW� RI� H[LWLQJ� H[HUJ\�� RQ�H[HUJ\�DVVRFLDWHG� WR� HQWHULQJ� HQHUJ\ �GLIIHUHQW� RI� HQWHULQJ�H[HUJ\�� �� VR� LW� GLIIHUV� IURP� *5$660$11� GHILQLWLRQ��:H� FRQVHUYH� WKLV� IRU� FRPSDULVRQ� SXUSRVH�� EXW� QRWLFH�FDUHIXOO\�WKDW��
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6R� LW� DSSHDUV� WKDW� HQWURS\� DQDO\VLV� �ZLWK� VL�� LV� PRUH�SRZHUIXO�� GXH� WR� WKH� IDFW WKDW�K,,L GHSHQGV� RQ� YDULDEOH�WHPSHUDWXUHV� RI� WKH� V\VWHP� �DV�KH[L�� H[HUJHWLF� LQWULQVHF�HIILFLHQF\����RSSRVLWH�WR�WKDW�ZH�FDQ�HDVLO\�VHH�WKDW�WRWDO�H[HUJHWLF� HIILFLHQF\� KH[W�� LV� SUHIHUDEOH�� GXH� WR� WKH� IDFW�WKDW� LW�GHSHQGV�RQO\�RQ� WKHUPRVWDWV� WHPSHUDWXUH�DQG� VW��

UHGXFHG� WRWDO� HQWURS\� IOX[�� ,W� ZLOO� EH� GRQH� LQ� IXWXUH�ZRUNV�HQYLVDJHG����620(�5(68/76�(;$0,1('
:H� ZLOO� RQO\� GXH� WR� SDJH� OLPLWDWLRQ� LOOXVWUDWH� WKH�VHQVLWLYLW\�DQDO\VLV�GRQH��IRU�WKH�PDLQ�SDUDPHWHUV��7R�EH�FRQVLVWHQW� ZLWK� >��@� ZH� FKRRVH� DV� REMHFWLYH� Z�� LQIXQFWLRQ� RI� UHGXFHG� WHPSHUDWXUHV� WM�� WVM�� DQG� UHGXFHG�HTXLYDOHQW� KHDW� WUDQVIHU�XQLWV�[M�� UHVSHFWLYHO\�H[SUHVVHG�DV��

7
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MM 11[�77�77   W W

7KH�VHQVLWLYLW\� VWXG\�KDV�EHHQ�GRQH�QHDU�RI� WKH�FHQWUDO�YDOXHV�RI�WKH�IROORZLQJ�SDUDPHWHUV�YHFWRU���^5L  �5I  �����17  ����WVF  �����WVL  �������WVI  �������K,,L  �����������6HQVLWLYLW\�WR�WKH�WRWDO�187�WR�EH�DOORFDWHG
)LJXUH���LOOXVWUDWHV�WKH�LQIOXHQFH�RI�17��RQ�WKH�DOORFDWLRQ�RI� DUHDV� EHWZHHQ� WKH� YDULRXV�+(;�� ,W� DSSHDUV� D� WKUHVK�ROG� IRU� D� JLYHQ� 17 YDOXH�� WKDW� FRUUHVSRQGV� WR� WRWDO�GLVVLSDWLRQ� RI� GLVSRQLEOH� HQHUJ\�� :PD[ LQFUHDVHV�DV\PSWRWLFDOO\� ZLWK� 17�� FRUUHVSRQGLQJO\�� LW� KDV� EHHQ�VHHQ�� WKDW� RSWLPXP� SLQFKHV� LQFUHDVH� DFFRUGLQJ� WR� WKH�OHYHO�RI�WHPSHUDWXUH�RI�VRXUFH�RU�VLQN�
�����6HQVLWLYLW\�WR�5L DQG�5I UDWLRV �)LJXUHV���DQG���5I DQG�5L UDWLRV� KDYH� DSSRVLWH� DQG� VWURQJ� LQIOXHQFH�RQ�[IRSW DQG�[LRSW��:KHQ�5I o���KRW�FRJHQHUDWLRQ��RU�5L o�� �FROG� FRJHQHUDWLRQ�� WKH� FRUUHVSRQGLQJ� OLPLWV� WHQG� WR�SUHFHGLQJ� REWDLQHG� UHVXOWV� >��@�� 7KH� VDPH� VWXG\� KDV�EHHQ� GRQH� IRU� RSWLPXP� SLQFK� DW� WKH� +(;� �� WKH�FRUUHVSRQGLQJ� UHVXOWV� DUH� GLVSRQLEOH� QHDU� WKH� DXWKRUV��IRU�EULHYHW\�
�����'LVFXVVLRQ�RI�UHVXOWV
7KH� SDUDPHWULF� VWXG\� H[SRVHG� KHUH� FRQILUPV� DQG�H[WHQGV� WKH� UHVXOWV� REWDLQHG� LQ� >��@� IRU� FROG�FRJHQHUDWLRQ�� +RZHYHU� LW� KDV� EHHQ� SRLQWHG� RXW� VRPH�LPSURYPHQWV� DFWXDOO\� GHYHORSSHG� RI� WKLV� VDPH� ZRUN�>��@�
7KH�ZKROH�VHQVLWLYLW\�DQDO\VLV�FRXOG�EH�SXEOLVKHG�LQ�WKH�IXWXUH��7KH�UHSRUWHG�PRGHO�VXSSRVHV�WKH�KHDW�IOX[�DW�WKH�VRXUFH�LPSRVHG�DV�D�UHIHUHQFH���RWKHU�FRQILJXUDWLRQV�DUH�SRVVLEOH���WKH\�DUH�DFWXDOO\�GHYHORSSHG�DQDOLW\FDOO\�DQG�QXPHULFDOO\����&21&/86,216
7KLV� SDSHU� GHDOV� ZLWK� WKH� ILUVW� WKUHH� JHQHUDWLRQ� PRGHO�IURP� D� ILQLWH� WLPH� WKHUPRG\QDPLFV� SRLQW� RI� YLHZ��2ULJLQDO�UHVXOWV�FRPSOHWLQJ�SUHFHGLQJ�RQHV�REWDLQHG�IRU�FROG� FRJHQHUDWLRQ� DV� D� OLPLW� FDVHV� DUH� REWDLQHG� DQG�GLVFXVVHG�RQ�D�FRQVWUXFWLYH�ZD\�
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,QIOXHQFH� RI� WKH� 5L DQG� 5I UDWLRV� YDOXHV� KDYH� EHHQ�H[DPLQHG���WKLV�FRXOG�EH�KHOIXO�IRU�WKH�GHVLJQ�RI�VXFK�D�V\VWHP�� 2SWLPL]DWLRQ� FRXOG� EH� SXUVQHG� WDNLQJ� DFFRXQW�RI�HFRQRPLF�DVSHFWV��RU�HQYLURQQRPLF�DVSHFWV���WKLV�ZLOO�EH�FRQVLGHUHG�LQ�WKH�IXWXUH�
5HIHUHQFHV
>�@ ',608.(6�� ./(,7� $�1��� &RJHQHUDWLRQ� DQG�HOHFWULF� SRZHU� LQGXVWU\� UHVWUXFWXULQJ� � 5HVVRXUFH� DQG�(QHUJ\�HFRQRPLFV������SS���������������>�@ /$,1(� -���2SWLPLVDWLRQ� H[HUJpWLTXH�GHV� FHQWUDOHV�pOHFWULTXHV� j� YDSHXU�� ,� � 'HVFULSWLRQ� GH� OD� PpWKRGH� �(QWURSLH�����������SS�������������>�@ +25/2&.� -�+��� $HURGHULYDWLYH� JDVWXUELQHV� IRU�SRZHU� JHQHUDWLRQ �� 7KHUPRG\QDPLFV� DQG� HFRQRPLF�SHUVSHFWLYHV�� -��RI�(QJ��)RU�*DV�7XUELQH�3RZHU��7UDQV��RI�$60(�������SS���������������>�@ 921�63$.296.<�0�5���7KH�7KHUPRG\QDPLFV��7KHUPRHFRQRPLF� DQG� HQYLURQRPLF� PRGHOLQJ� DQG�RSWLPL]DWLRQ� RI� HQHUJ\� V\VWHPV�� GLVFXVVLRQ� DQG�DSSOLFDWLRQV�� (QWURSLH�������SS�������������>�@ /$,1(� -���2SWLPLVDWLRQ� H[HUJpWLTXH�GHV� FHQWUDOHV�pOHFWULTXHV� j� YDSHXU�� ,,�� $SSOLFDWLRQ� j� XQH� FHQWUDOH� GH�FRJpQpUDWLRQ�FKDOHXU���IRUFH�� (QWURSLH�����������SS�������������>�@ 6$172� '�%�(��� *$//2� :�/�5��� (QHUJHWLF��(FRQRPLF� DQG� 7KHUPRHFRQRPLF� DQDO\VLV� LQ� D� KRVSLWDO�FRJHQHUDWLRQ�V\VWHP�� 3URFHHGLQJV�(&26¶����1$1&<��)UDQFH�������>�@ 520$5<�'��� 7KHVLV� 8QLYHUVLW\� +HQUL� 3RLQFDUp��1$1&<��)UDQFH��WR�EH�GHIHQGHG>�@ /(9(,.$� 5��� 6$8(5�+�-��� $1'(5621�0�'���&RJHQHUDWLRQ� DOWHUQDWLYHV� IRU� D� XQLYHUVLW\� FDPSXV� �3URFHHGLQJV�(&26¶����1$1&<��)UDQFH�������>�@ 0$7+,(8� 3�-��� &RJHQHUDWLRQ� EDVHG� RQ� JDV�WXUELQHV�� JDV� HQJLQHV� DQG� IXHO� FHOOV� � SHUVRQDO�FRPPXQLFDWLRQ>��@ '(-)256� &��� 69('%(5*� *��� 6HFRQG� ODZ�DQDO\VLV� RI� DPPRQLDF�� ZDWHU� SRZHU� F\FOH� IRU� GLUHFW��ILUHG�FRJHQHUDWLRQ�DSSOLFDWLRQ� � 3URFHHGLQJV�(&26¶����1$1&<��)UDQFH������>��@ .252%,76<1�0�$���1HZ�DQG� DGYDQFHG� HQHUJ\�FRQYHUVLRQ� WHFKQRORJLHV� DQDO\VLV� RI� FRJHQHUDWLRQ��FRPELQHG� DQG� LQWHJUDWHG� F\FOHV� � 7KqVH��8QLYHUVLWp� GH�7:(17(��7+(�1(7+(5/$1'6�������>��@ 6$+,1� %��� .2'$/� $��� )LQLWH� WLPH�WKHUPRG\QDPLFV�DSSURDFK�IRU�H[HUJ\�RSWLPL]DWLRQ�RI�DQ�LUUHYHUVLEOH� FRJHQHUDWLRQ� F\FOH�� LQ� UHFHQW� DGYDQFHV� LQ�ILQLWH� WLPH� 7KHUPRG\QDPLFV� � &�� :8�� /�� &+(1�� -��&+(1��1RYD�6FLHQFHV�3XEOLVKHU��������>��@ 0267$)$9,� 0��� $*1(:� %��� 7KHUPRG\QDPLF�DQDO\VLV� RI� FRPELQHG� GLHVHO� HQJLQH� DQG� DEVRUSWLRQ�UHIULJHUDWLRQ� XQLW�QDWXUDOO\� DVSLUDWHG� GLHVHO� HQJLQH� �$SSO��7KHUP��(QJ��������SS���������������

>��@ 0267$)$9,�0��� $/$.7,:,� $��� $*1(:� %���7KHUPRG\QDPLF� DQDO\VLV� RI� FRPELQHG� RSHQ� F\FOH� �WZLQVKDIW� JDV� WXUELQH� �%5$<721� F\FOH�� DQG� H[KDXVW�JDV� RSHUDWHG� DEVRUSWLRQ� UHIULJHUDWLRQ� XQLW� � $SSO��7KHUP��(QJ�������������SS���������������>��@ 25'21(=� -�&��� 9$5*$6� -�9�&��� %(-$1� $���&RPELQHG�SRZHU�DQG� UHIULJHUDWLRQ� IURP�D� KRW� VWUHDP� �,QW��-��$SSOLHG�7KHUPRGQDPLFV�������SS�������������>��@ /$==$5,1�5�0���*$63$5(//$�$���1HZ�LGHDV�IRU�HQHUJ\�XWLOLVDWLRQ�LQ�FRPELQHG�KHDW�DQG�SRZHU�ZLWK�FRROLQJ ����3ULQFLSOHV�� $SSO��7KHUP��(QJ��������SS���������������>��@ '+$5� 0$'+,.$5,� 6��� &RQVLGHU� WULJHQHUDWLRQ�WHFKQLTXHV� IRU� SURFHVV� SODQWV�+\GURFDUERQ� 3URFHVVLQJ��������33��������������>��@ 3$.� 3�6��� 68=8.,� <��� ([HUJHWLF� HYDOXDWLRQ� RI�JDVWXUELQH�FRJHQHUDWLRQ�V\VWHPV�IRU�GLVWULFW�KHDWLQJ�DQG�FRROLQJ�� ,QW� -��(QHUJ\�5HV��������SS���������������>��@ 3$.� 3�6��� 68=8.,� <��� H[HUJHWLF� HYDOXDWLRQ� RI�PHWKRGV�IRU�LPSURYLQJ�SRZHU�JHQHUDWLRQ�HIILFLHQF\�RI�D�JDV� WXUELQH� FRJHQHUDWLRQ� V\VWHP� � ,QW�� -�� (QHUJ\� 5HV���������SS���������������>��@ +$9(/6.<� 9��� (QHUJHWLF� HIILFLHQF\� RI�FRJHQHUDWLRQ� V\VWHPV� IRU� FRPELQHG� KHDW�� FROG� DQG�SRZHU� SURGXFWLRQ� � ,QW�� -�� RI� 5HIULJ��� ���� SS� ��������������
1RPHQFODWXUH
5��UDWLRT� ��KHDW�IOX[Z� ��PHFKDQLFDO�SRZHU7V��VRXUFH�RU�VLQN�WHPSHUDWXUH7��F\FOH�PHGLXP�WHPSHUDWXUH.��KHDW�WUDQVIHU�FRQGXFWDQFHV� ��HQWURS\�IOX[T��QRQ�GLPHQVLRQDO�KHDW�IOX[Z��QRQ�GLPHQVLRQDO�SRZHU[��QRQ�GLPHQVLRQDO�SLQFK�RU�QXWN��QRQ�GLPHQVLRQDO�KHDW�WUDQVIHUW�FRQGXFWDQFHK��HIILFLHQF\W��UHGXFHG�WHPSHUDWXUH
,QGH[
F��KRWL��LQWHUPHGLDWH��LQWHUQDOR��DPELDQWI��FROGV��VRXUFH��VLQN7��W��WRWDO,,��VHFRQG�SULQFLSHH[��H[HUJHWLF
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)LJXUH�����6KHPDWLF�RI�D�WKUHH�JHQHUDWLRQ�SURFHVV

)LJXUH�����2SWLPDO�DOORFDWLRQ�RI DUHDV�LQ�IXQFWLRQ�RI�WRWDO�197�DYDLODEOH
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)LJXUH�����2SWLPDO�DOORFDWLRQ�RI�DUHDV�LQ�IXQFWLRQ�RI�5 I UDWLR

)LJXUH�����2SWLPDO�DOORFDWLRQ�RI�DUHDV�LQ�IXQFWLRQ�RI�5 L�UDWLR
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