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$JUDwPHQWV�
 
0·DJUDGDULD�DJUDLU�DPE�DTXHVWHV�OtQLHV�D�WRWV�DTXHOOV�TXH�KDQ�IHW�SRVVLEOH�HO�
GHVHQYROXSDPHQW�G·DTXHVWD�WHVL��
�
� $�HQ�;DYLHU�)ORWDWV�L�5LSROO�SHU�OD�VHYD�GLUHFFLy��DMXW�L�HQFRUDWMDPHQW��3HU�

WRW�HO�TXH�KH�DSUqV�DO�VHX�FRVWDW�DTXHVWV�GDUUHUV�DQ\V«�
�
� $� O·(OHQD� MD� TXH� VHQVH� HOOD� QR� KDJXpV� HVWDW� SRVVLEOH� SRVDU� D� SXQW� OD�

PHWRGRORJLD�DQDOtWLFD��HOV�GLVSRVLWLXV�H[SHULPHQWDOV�L�HQ�JHQHUDO�HQJHJDU�
HO� /DERUDWRUL�� 3HOV� ERQV� FRQVHOOV� L� SHU� TXH� HQ� PROWV� PRPHQWV� KHP�
FRPSDUWLW�HOV�PDWHL[RV�SUREOHPHV��IHU�XQD�WHVL«�

�

� $� OD�0�5RVD�� SHU� OD� VHYD� SDFLqQFLD� DPE� OHV� FRUUHFFLRQV� G·DQJOqV�� SHOV�

jQLPV��´DL[z�pV�XQD�PDODOWLD�TXH�V·KD�GH�SDVVDUµ�L�SHU�OHV�FRQYHUVHV�VXEYHUVLYHV��

TXH�DOOLEHUDYHQ�OD�PHQW�GHOV�PDOV�HVSHULWV��
�

� $� OD� /DLD�� OD� 6tOYLD� L� HO� 'DYLG�� SHO� VHX� DMXW� DO� ODERUDWRUL�� SHOV� ERQV�

PRPHQWV� L� HOV� VRPULXUHV� TXH� KDQ� IHW�PROW�PpV� DJUDGDEOHV� OHV� OODUJXHV�

KRUHV�G·H[SHULPHQWDFLy�L�DQjOLVLV��
�

� $�OD�0RQWVH��SHU� OD�FROÃODERUDFLy�DO� ODERUDWRUL��SHOV�FDIqV�GH� OHV��K�TXH�

DMXGDYHQ�D�FRPHQoDU�D� WUHEDOODU� L� HOV�GH� OHV���K�TXH�DMXGDYHQ�D� VHJXLU�

WUHEDOODQW��
�

� $�WRWV�HOV�FRPSDQ\V�TXH�KDQ�SDVVDW�SHO�ODERUDWRUL�GH��U�FLFOH��)UDQFHVF��

$VXQ��)UDQFHVF��(OHQD��0LNHO��-RDQ��/DXUD��SHU�TXH�HOV�TXH�HQFDUD�QR�KDQ�

WULRPIDW�KR�IDFLQ�DYLDW«�
�

� $� OD� IDPtOLD� QLFD��(IUDLQ��0DUWD��&DUORV��%ODGL� L� -RUGL�� MD� TXH� KDQ� SRVDW�

FRORU�L�DOHJULD�DO�ODERUDWRUL�GH��U�FLFOH�L�SHOV�VRSDUV�H[TXLVLWV�D�FDVD�VHYD��

£QL�XQ�SDVR�DWUiV���
�

� $� WRWV� HOV� TXH� KDQ� SDVVDW� SHO� � /($� IHQW� SURMHFWHV� L� GHPpV�� /RUGD��

(GXDUG��$QWRQL��$OEHUW��-RUGL��3DWUtFLD��-RUGL��0HUFq�«�
�

� $�WRW� HOV�SHUVRQDO�GHO�'0$&6�� MD�TXH�DPE�OD�VHYD�FRPSDQ\LD�KD�DQDW�

DYDQoDQW�OD�WHVL��&ODUD��JUjFLHV�SRU�WRW���
�

� $�OD�&,5,7��MD�TXH�KD�SRVVLELOLWDW�OD�PHYD�GHGLFDFLy�D�WHPSV�FRPSOHW��



�

�

� $�6*7�6�$��� MD�TXH� MXQWV�KHP�DYDQoDW� HQ�HO� FRQHL[HPHQW�GHO�TXH� VyQ�

DTXHVWD�FRVD�HVWUDQ\D�DQRPHQDGD�SXULQV��
�

� $O�3DFR��MD�TXH�OHV�OODUJXHV�[HUUDGHV�GLVFXWLQW�GH�OD�YLGD��UHODWLYLW]DQW�HOV�

SUREOHPHV�L�ULHQW�KDQ�DMXGDW�D�IHU�PpV�VXDX�DTXHVW�OODUJ�FDPt��VDOXW����
�

� $�WRWV�HOV�DPLFV��TXH�GHV�GH� OD�GLVWjQFLD�KDQ�VHJXLW��DPE�PpV�R�PHQ\V�

FRPSUHQVLy�HO�GRFWRUDW��D�WRWV�YDOWURV��VHFWRU�6DEDGHOO��6ROVRQD��%DUFHORQD��

/OHLGD�L�HOV�TXH�KL�KD�GLVSHUVRV�SHU�DTXHVWV�PyQV�«�
�

� $�OD�IDPtOLD��TXH�HQ�WRWV�HOV�PRPHQWV�KDQ�HVWDW�DO�PHX�FRVWDW��
�

� $� OD� -RDQD��SHU� WRWV� HOV�PDOV�GH�FDS�TXH�KHP�FRPSDUWLW��SHU� OHV�KRUHV�

UREDGHV��SHU�OD�WHYD�LPPHQVD�SDFLqQFLD��SHU�HVWDU«�SHU�WRW�XQD�PLFD«�
�
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�
&DStWRO���

,QWURGXFFLy�L�REMHFWLXV ����������������������������������������������������������������������������������������

�����,QWURGXFFLy ���������������������������������������������������������������������������������������������������
�������*HQHUDFLy�GH�UHVLGXV�RUJjQLFV�������������������������������������������������������������������������

���������5HVLGXV�UDPDGHUV��IHPV�L�SXULQV� ������������������������������������������������������������������������ ��

���������$OWUHV�UHVLGXV�RUJjQLFV������������������������������������������������������������������������������������������� ��

�������0DUF�FRQFHSWXDO�OHJDO����������������������������������������������������������������������������������������
�������3ODQV�GH�*HVWLy ��������������������������������������������������������������������������������������������������

���������0HVXUHV�GH�UHGXFFLy�HQ�RULJHQ ���������������������������������������������������������������������������� ��

���������3ODQV�G
DSOLFDFLy�DOV�VzOV�L�FXOWLXV����������������������������������������������������������������������� ���

���������7UDFWDPHQWV ����������������������������������������������������������������������������������������������������������� ���

�������(VWUDWqJLD�GH�WUDFWDPHQW�HQ�EDVH�DO�SURGXFWH ������������������������������������������ ���
�����2EMHFWLXV ������������������������������������������������������������������������������������������������������
�����'HVFULSFLy�GH�O·HVWXGL ���������������������������������������������������������������������������������
�����5HIHUqQFLHV���������������������������������������������������������������������������������������������������

�
&DStWRO���

&DUDFWHULW]DFLy�GHOV�SXULQV�G
RULJHQ�SRUFt��/LPLWDQWV�L�SRWHQFLDOV�HQ�
OD�JHVWLy��WUDFWDPHQW�DQDHUREL�L�SRVVLEOHV�WUDFWDPHQWV�WqUPLFV ����������������

�����,QWURGXFFLy ��������������������������������������������������������������������������������������������������
�����&RPSRVLFLy�GHOV�SXULQV�G
RULJHQ�SRUFt����������������������������������������������������
�����/LPLWDQWV�HQ�OD�JHVWLy�L�DSOLFDFLy�DO�VzO�����������������������������������������������������
�����'LJHVWLy�DQDHUzELD ��������������������������������������������������������������������������������������

�������0LFURELRORJLD�L�IDVHV�GH�OD�GLJHVWLy�DQDHUzELD������������������������������������������ ���
������� ,QIOXHQFLD� GHOV� SDUjPHWUHV� � GH� SURFpV�� 3DUjPHWUHV� DPELHQWDOV� L�

RSHUDFLRQDOV������������������������������������������������������������������������������������������������������������������ ���
���������S+�L�DOFDOLQLWDW ������������������������������������������������������������������������������������������������������� ���

���������3RWHQFLDO�UHGR[ ����������������������������������������������������������������������������������������������������� ���

���������5HTXHULPHQW�GH�QXWULHQWV������������������������������������������������������������������������������������ ���
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�

���������7HPSHUDWXUD ���������������������������������������������������������������������������������������������������������� ���

���������(VWDELOLWDW��WR[LFLWDW�L�LQKLELFLy ��������������������������������������������������������������������������� ���

���������7HPSV�GH�UHWHQFLy������������������������������������������������������������������������������������������������ ���

�������ÓV�GHO�ELRJjV��&RJHQHUDFLy������������������������������������������������������������������������� ���
�������'LJHVWLy�DQDHUzELD�GH�SXULQV�GH�SRUF ������������������������������������������������������� ���

���������/LPLWDFLRQV�HQ�EDVH�DO�VXEVWUDW��SXULQV� ������������������������������������������� ���
���������/LPLWDFLRQV�H[WHUQHV�DO�SURFpV ����������������������������������������������������������� ���

�����ÓV�GH�O
HQHUJLD�WqUPLFD�HQ�HO�WUDFWDPHQW�GH�SXULQV��������������������������������
�������+LGUzOLVL�7qUPLFD�D�EDL[D�WHPSHUDWXUD�����&������������������������������������������ ���
�������6WULSSLQJ�$EVRUFLy�G·DPRQtDF�D����&�������������������������������������������������������� ���
�������(YDSRUDFLy�&RQGHQVDFLy�D�EDL[D�SUHVVLy�L�WHPSHUDWXUD ����������������������� ���

�����5HIHUqQFLHV���������������������������������������������������������������������������������������������������

�

&DStWRO�����&KDSWHU���

7KHUPDO� K\GURO\VLV� RI� SLJ� VOXUU\� DW� ORZ� WHPSHUDWXUH� ����&���
FKDUDFWHULVDWLRQ� DQG� IHDVLELOLW\� DV� D� SUH�WUHDWPHQW� WR� PHVRSKLOLF�
DQDHURELF�GLJHVWLRQ�������������������������������������������������������������������������������������������������

$EVWUDFW����������������������������������������������������������������������������������������������������������������
������,QWURGXFWLRQ�DQG�REMHFWLYHV���������������������������������������������������������������������

�������$QDHURELF�GLJHVWLRQ�RI�SLJ�VOXUU\��������������������������������������������������������������� ���
�������$QDHURELF�GLJHVWLRQ�HQKDQFHPHQW ������������������������������������������������������������ ���
�������7KHUPDO�K\GURO\VLV�SUH�WUHDWPHQWV������������������������������������������������������������ ���
�������2EMHFWLYHV ������������������������������������������������������������������������������������������������������ ���

�����0DWHULDOV�DQG�PHWKRGV �������������������������������������������������������������������������������
�������7KHUPDO�K\GURO\VLV�WHVWV ������������������������������������������������������������������������������ ���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WLPH���������������������������������������������������������������������� ���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WHPSHUDWXUH�������������������������������������������������������� ���

�������%DWFK�DQDHURELF�WHVW ������������������������������������������������������������������������������������� ���
�������$QDO\WLFDO�PHWKRGV ��������������������������������������������������������������������������������������� ���
�������6WDWLVWLFDO�DQDO\VLV������������������������������������������������������������������������������������������ ���

�����5HVXOWV�DQG�GLVFXVVLRQ��������������������������������������������������������������������������������
�������7KHUPDO�K\GURO\VLV�WHVWV ������������������������������������������������������������������������������ ���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WLPH���������������������������������������������������������������������� ���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WHPSHUDWXUH�������������������������������������������������������� ���

�������%DWFK�DQDHURELF�WHVW ������������������������������������������������������������������������������������� ���
���������0HWKDQH�SURGXFWLRQ��������������������������������������������������������������������������������������������� ���

���������$PPRQLD�LQKLELWLRQ��������������������������������������������������������������������������������������������� ���

���������(QHUJ\�FRQVLGHUDWLRQV ����������������������������������������������������������������������������������������� ���
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�

�����&RQFOXVLRQV �������������������������������������������������������������������������������������������������
�����5HIHUHQFHV����������������������������������������������������������������������������������������������������

�

&DStWRO�����&KDSWHU���

$PPRQLD� DLU� VWULSSLQJ� IURP� SLJ� VOXUU\�� FKDUDFWHULVDWLRQ� DQG�
IHDVLELOLW\� DV� D� SUH�� RU� SRVW�WUHDWPHQW� WR� PHVRSKLOLF� DQDHURELF�
GLJHVWLRQ ���������������������������������������������������������������������������������������������������������������������

$EVWUDFW����������������������������������������������������������������������������������������������������������������
�����,QWURGXFWLRQ�DQG�REMHFWLYHV ����������������������������������������������������������������������

�������3LJ�VOXUU\�WUHDWPHQW �������������������������������������������������������������������������������������� ���
�������5HPRYDO�YHUVXV�UHFRYHU\�RI�QLWURJHQ�������������������������������������������������������� ���
�������$PPRQLD�DLU�VWULSSLQJ�LQ�FRPELQDWLRQ�ZLWK�DEVRUSWLRQ����������������������� ���
�������2EMHFWLYHV ������������������������������������������������������������������������������������������������������ ���

�����0DWHULDOV�DQG�PHWKRGV �������������������������������������������������������������������������������
�������5DZ�PDWHULDO �������������������������������������������������������������������������������������������������� ���
�������$LU�VWULSSLQJ�DEVRUSWLRQ�H[SHULPHQW�������������������������������������������������������� ���

���������$LU�VWULSSLQJ�DEVRUSWLRQ�V\VWHP ����������������������������������������������������������������������� ���

���������([SHULPHQWDO�GHVLJQ��������������������������������������������������������������������������������������������� ���

�������%DWFK�DQDHURELF�WHVW ������������������������������������������������������������������������������������� ���
�������$QDO\WLFDO�PHWKRGV ��������������������������������������������������������������������������������������� ���
�������6WDWLVWLFDO�DQDO\VLV������������������������������������������������������������������������������������������ ���

�����5HVXOWV�DQG�GLVFXVVLRQ��������������������������������������������������������������������������������
�������$LU�VWULSSLQJ�DEVRUSWLRQ�H[SHULPHQW�������������������������������������������������������� ���

���������)LOWUDWLRQ�DQG�S+�DGMXVWPHQW�RI�WKH�UDZ�PDWHULDO ����������������������������������������� ���

���������$PPRQLD�UHPRYDO������������������������������������������������������������������������������������������������ ���

���������S+�HIIHFW�RQ�DPPRQLD�UHPRYDO�UDWHV��������������������������������������������������������������� ���

���������2UJDQLF�PDWWHU�UHPRYDO �������������������������������������������������������������������������������������� ���

���������&KDUDFWHULVWLFV�RI�WKH�DPPRQLD�VDOW�ZDWHU������������������������������������������������������� ���

�������%DWFK�DQDHURELF�WHVW ������������������������������������������������������������������������������������� ���
���������0HWKDQH�SURGXFWLRQ��������������������������������������������������������������������������������������������� ���

���������,QKLELWLRQ�SKHQRPHQD����������������������������������������������������������������������������������������� ���

������� $LU� VWULSSLQJ� HYDOXDWLRQ� DV� D� SUH�� RU� SRVW�WUHDWPHQW� WR� DQDHURELF�
GLJHVWLRQ������������������������������������������������������������������������������������������������������������������������ ���
�����&RQFOXVLRQV ������������������������������������������������������������������������������������������������
�����5HIHUHQFHV���������������������������������������������������������������������������������������������������
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&DStWRO�����&KDSWHU���

3LJ�VOXUU\�OLTXLG�IUDFWLRQ��36/)��WUHDWPHQW�E\�YDFXXP�HYDSRUDWLRQ��
LQIOXHQFH�RI�SUHYLRXV�PHVRSKLOLF�DQDHURELF�GLJHVWLRQ�SURFHVV ����������������

$EVWUDFW���������������������������������������������������������������������������������������������������������������
�����,QWURGXFWLRQ�DQG�REMHFWLYHV ���������������������������������������������������������������������

�������3LJ�VOXUU\�PDQDJHPHQW������������������������������������������������������������������������������� ����
�������(YDSRUDWLRQ�SURFHVV ���������������������������������������������������������������������������������� ����
�������2EMHFWLYHV ���������������������������������������������������������������������������������������������������� ����

�����0DWHULDOV�DQG�PHWKRGV ������������������������������������������������������������������������������
�������5DZ�PDWHULDO ������������������������������������������������������������������������������������������������ ����
�������([SHULPHQWDO�GHVLJQ����������������������������������������������������������������������������������� ����

���������%DWFK�HYDSRUDWLRQ�WHVWV �����������������������������������������������������������������������������������������

���������6HPL�FRQWLQXRXV�HYDSRUDWLRQ�WHVWV ���������������������������������������������������������������������

�������$QDO\WLFDO�PHWKRGV ������������������������������������������������������������������������������������� ����
�������6WDWLVWLFDO�DQDO\VLV���������������������������������������������������������������������������������������� ����

�����5HVXOWV�DQG�GLVFXVVLRQ�������������������������������������������������������������������������������
�������S+�DGMXVWPHQW�RI�WKH�UDZ�PDWHULDO���������������������������������������������������������� ����
�������%DWFK�HYDSRUDWLRQ�WHVWV������������������������������������������������������������������������������ ����

���������&RQGHQVDWH�FKDUDFWHULVDWLRQ���������������������������������������������������������������������������������

���������&RQFHQWUDWH�FKDUDFWHULVDWLRQ��������������������������������������������������������������������������������

�������6HPL�FRQWLQXRXV�HYDSRUDWLRQ�WHVWV���������������������������������������������������������� ����
���������(YDSRUDWLRQ�UDWHV ���������������������������������������������������������������������������������������������������

���������&RQGHQVDWH�FKDUDFWHULVDWLRQ���������������������������������������������������������������������������������

���������&RQFHQWUDWH�FKDUDFWHULVDWLRQ��������������������������������������������������������������������������������

�����&RQFOXVLRQV ������������������������������������������������������������������������������������������������
�����5HIHUHQFHV���������������������������������������������������������������������������������������������������
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&DStWRO���

&RQFOXVLRQV ����������������������������������������������������������������������������������������������������������

�����&RQFOXVLRQV ������������������������������������������������������������������������������������������������
�������+LGUzOLVL�WqUPLFD�D�EDL[D�WHPSHUDWXUD�����&� ���������������������������������������� ����
�������6WULSSLQJ�DEVRUFLy�G
DPRQtDF�D����& ����������������������������������������������������� ����
�������(YDSRUDFLy�FRQGHQVDFLy�D�EDL[D�SUHVVLy ����������������������������������������������� ����

�����&RQVLGHUDFLRQV�GH�IXWXU����������������������������������������������������������������������������
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5HVXP�

$VVROLU�QLYHOOV�DGLHQWV�GH�TXDOLWDW�DPELHQWDO�HQ�OD�JHVWLy�GHOV�UHVLGXV�RUJjQLFV�
UHTXHUHL[� XQ� HQIRFDPHQW� JOREDO� L� WUHEDOODU� D� GLIHUHQWV� QLYHOOV�� PHVXUHV� GH�
UHGXFFLy�HQ�RULJHQ��SODQV�G·DSOLFDFLy�DO� VzO� L� WUDFWDPHQWV�DGLHQWV�TXDQ�VLJXL�
QHFHVVDUL�� '·HQWUH� WRWV� HOV� UHVLGXV� RUJjQLFV�� HOV� SXULQV� VyQ� XQ� GHOV� TXH�
SUHVHQWHQ� XQD� PDMRU� SUREOHPjWLFD�� /D� LQFOXVLy� GHO� SURFpV� GH� GLJHVWLy�
DQDHUzELD�GLQV�GH�O
HVWUDWqJLD�GH�WUDFWDPHQW�FRPSRUWD�XQD�VqULH�G
DYDQWDWJHV��
FRQWURODU� O
HPLVVLy� GH� FRPSRVWRV� RUJjQLFV� YROjWLOV� L� G
RORUV�� HVWDELOLW]DU� OD�
PDWqULD� RUJjQLFD� L� UHFXSHUDU� HQHUJLD�PLWMDQoDQW� OD� SURGXFFLy� GH� ELRJjV�� /D�
VHYD�LPSODQWDFLy�HQ�]RQHV�FjOLGHV��SHUz��SUHVHQWD�XQ�OLPLWDQW�LPSRUWDQW��O
~V�
HILFLHQW�GH�O
HQHUJLD�WqUPLFD�TXDQ�OD�GHPDQGD�pV�EDL[D��/·REMHFWLX�JHQHUDO�GH�
OD�WHVLV�GRFWRUDO�pV�HO�G·HVWXGLDU�XVRV�GH�O·HQHUJLD�WqUPLFD�JHQHUDGD��SHU�WDO�GH�
PLOORUDU�HO�SURSL�SURFpV�DQDHUREL�L�R�OD�UHFXSHUDFLy�GH�SURGXFWHV�GH�LQWHUqV��
'
HQWUH�HOV�SRVVLEOHV�SURFHVVRV�TXH�UHTXHUHL[HQ�HQHUJLD�WqUPLFD�V
KD�HVWXGLDW�
HO�SURFpV�GH�KLGUzOLVLV�WqUPLFD�D�����&��HO�SURFpV�G
VWULSSLQJ�DEVRUFLy�D����&�L�
HO�SURFpV�G
HYDSRUDFLy�FRQFHQWUDFLy�D�EDL[D�SUHVVLy�DSOLFDW�D�SXULQV�GH�SRUF��
(O� SURFpV� GH� KLGUzOLVLV� WqUPLFD� GHOV� SXULQV� GH� SRUF�� SUHYL� D� OD� GLJHVWLy�

DQDHUzELD�� Wp� GLIHUHQWV� HIHFWHV� HQ� IXQFLy� GHOV� WLSXV� GH�SXULQV��4XDQ�DTXHVW�
V·DSOLFD�D�SXULQV�SRF�GHJUDGDWV�L�DPE�SRF�FRQWLQJXW�GH�QLWURJHQ�DPRQLDFDO��
V·REVHUYD� XQ� LQFUHPHQW� HQ� OD� SURGXFFLy� GH� ELRJjV�� KDYHQW� DUULEDW� D�
LQFUHPHQWV�GHO������3HU�FRQWUD�TXDQ�V·DSOLFD�HQ�SXULQV�DPE�XQ�DOW�FRQWLQJXW�
GH� QLWURJHQ� DPRQLDFDO� L� MD�PROW� GHJUDGDWV�� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD�
SRVWHULRU�HV�YHX�LQKLELW���
/
HOLPLQDFLy�L�UHFXSHUDFLy�PLWMDQoDQW�HO�SURFpV�G·VWULSSLQJ�DEVRUFLy�D����&��

GH� O·DPRQtDF� GHOV� SXULQV�� SRW� VHU� XQD� ERQD� DOWHUQDWLYD�SHU�PLOORUDU� OD� VHYD�
JHVWLy��4XDQ�HO�SURFpV�V·DSOLFD�D�SXULQV�SUqYLDPHQW�GLJHULWV�DQDHUzELDPHQW��pV�
SRVVLEOH�DFRQVHJXLU�XQD�HOLPLQDFLy�FRPSOHWD�GH�O
DPRQtDF�VHQVH�PRGLILFDU�HO�
S+��3HU�SXULQV�QR�GLJHULWV�OD�PRGLILFDFLy�GHO�S+�pV�LQGLVSHQVDEOH���
/
HYDSRUDFLy�FRQGHQVDFLy� DPE� O·REMHFWLX� GH� UHGXLU� YROXP� � L� REWHQLU� XQ�

SURGXFWH�FRQFHQWUDW� DPE�XQ�DOW�SRGHU� IHUWLOLW]DQW�� DL[t� FRP�HO�GH� UHXWLOLW]DU�
O·DLJXD�FRQGHQVDGD��pV�XQ�DOWUH�GHOV�SRVVLEOHV�SURFHVVRV�DSOLFDEOHV�DOV�SXULQV��
/·HPLVVLy� G
DPRQtDF�� L� DOWUHV� FRPSRVWRV� YROjWLOV�� pV� XQ� IHW� TXH� FDO� WHQLU� HQ�
FRPSWH�TXDQ�DTXHVW�V·DSOLFD�D�DTXHVW�WLSXV�GH�UHVLGX��0RGLILFDQW�HO�S+�GHOV�
SXULQV� �S+V� jFLGV�� V·DFRQVHJXHL[� PLQLPLW]DU� OHV� SqUGXHV� G
DPRQtDF� ILQV� D�
QLYHOOV� UDRQDEOHPHQW� EDL[RV�� 1R� REVWDQW�� SHU� WDO� G·HYLWDU� O
HPLVVLy� GH�
FRPSRVWRV� RUJjQLFV� YROjWLOV� �S�H�� jFLGV� JUDVVRV� YROjWLOV��� pV� QHFHVVDUL� XQ�
SURFpV� SUHYL� GH� GHVFRPSRVLFLy�� (O� SURFpV� GH� GLJHVWLy� DQDHUzELD� DVVDMDW�
SUHVHQWD�UHVXOWDWV�VDWLVIDFWRULV��
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&RP�D�FRQFOXVLy�JHQHUDO�HV�SRW�GLU�TXH�HOV�WUDFWDPHQWV�WqUPLFV�HVWXGLDWV�HV�
SUHVHQWHQ� FRP� HLQD� GH� SUHVHQW� L� GH� IXWXU�� SHU� WDO� GH�PLOORUDU� OD� JHVWLy� L� HO�
WUDFWDPHQW�GH� SXULQV�GH�SRUF��/D�FRPELQDFLy�GH� OD�GLJHVWLy�DQDHUzELD�DPE�
DTXHVWV� SURFHVVRV� HV� SUHVHQWD�� DL[t�PDWHL[�� FRP� XQD� DOWHUQDWLYD� DPE� JUDQV�
DYDQWDWJHV�� PLOORUD� HO� IXQFLRQDPHQW� GHOV� SURFHVVRV� WqUPLFV�
�VWULSSLQJ�DEVRUFLy�L�HYDSRUDFLy�FRQGHQVDFLy���V
DIDYRUHL[�OD�LPSODQWDFLy�GH�
OD�GLJHVWLy�DQDHUzELD�DPE�SRVVLEOHV�PLOORUHV�VREUH�HO�SURSL�SURFpV��KLGUzOLVL�
WqUPLFD���L�LQGLUHFWDPHQW�D�WUDYpV�GH�O·~V�GH�O·H[FpV�G·HQHUJLD�WqUPLFD�D�EDL[D�
WHPSHUDWXUD������&��GH�GLItFLO�DSOLFDFLy�SHU�DOWUHV�XVRV�HQ�]RQHV�FjOLGHV��
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5HVXPHQ�

$OFDQ]DU� QLYHOHV� DGHFXDGRV� GH� FXDOLGDG� DPELHQWDO� HQ� OD� JHVWLyQ� GH� ORV�
UHVLGXRV�RUJiQLFRV�UHTXLHUH�XQ�HQIRTXH�JOREDO�\�WUDEDMDU�D�GLIHUHQWHV�QLYHOHV��
PHGLGDV�GH�UHGXFFLyQ�HQ�RULJHQ��SODQHV�GH�DSOLFDFLyQ�DO�VXHOR�\�WUDWDPLHQWRV�
DGHFXDGRV� FXDQGR� VHD� QHFHVDULR�� (QWUH� WRGRV� ORV� UHVLGXRV� RUJiQLFRV�� ORV�
SXULQHV�� SUREDEOHPHQWH� VRQ� ORV� TXH� SUHVHQWD� XQD�PD\RU� SUREOHPiWLFD�� /D�
LQFOXVLyQ�GHO�SURFHVR�GH�GLJHVWLyQ�DQDHURELD�HQ�OD�HVWUDWHJLD�GH�WUDWDPLHQWR�
FRPSRUWD� XQD� VHULH� GH� YHQWDMDV�� FRQWURODU� ODV� HPLVLRQHV� GH� FRPSXHVWRV�
RUJiQLFRV�YROiWLOHV�\�RORUHV��HVWDELOL]DU�OD�PDWHULD�RUJiQLFD�\�UHFXSHUDU�HQHUJtD�
PHGLDQWH� OD� SURGXFFLyQ� GH� ELRJiV��1R�REVWDQWH�� VX� LPSODQWDFLyQ� HQ� ]RQDV�
FiOLGDV� SUHVHQWD� XQD� LPSRUWDQWH� OLPLWDFLyQ�� HO� XVR� HILFLHQWH� GH� OD� HQHUJtD�
WpUPLFD�FXDQGR�OD�GHPDQGD�HV�EDMD��(O�REMHWLYR�JHQHUDO�GH�OD�WHVLV�GRFWRUDO�HV�
HVWXGLDU�XVRV�GH�OD�HQHUJtD�WpUPLFD�JHQHUDGD��SDUD�PHMRUDU�HO�SURSLR�SURFHVR�
DQDHURELR� \�R� UHFXSHUDU� SURGXFWRV� GH� LQWHUpV��(QWUH� ORV� SRVLEOHV� SURFHVRV�
TXH�UHTXLHUHQ�HQHUJtD�WpUPLFD�VH�KD�HVWXGLDGR�HO�SURFHVR�GH�KLGUyOLVLV�WpUPLFD�
D� ���&�� HO� SURFHVR� GH� VWULSSLQJ�DEVRUFLyQ� D� ���&� \� HO� SURFHVR� GH�
HYDSRUDFLyQ�FRQGHQVDFLyQ�D�EDMD�SUHVLyQ�DSOLFDGRV�D�SXULQHV�GH�FHUGR��
(O� SURFHVR� GH� KLGUyOLVLV� WpUPLFD� GH� ORV� SXULQHV� GH� FHUGR�� SUHYLR� D� OD�

GLJHVWLyQ� DQDHURELD�� WLHQH� GLIHUHQWHV� HIHFWRV� HQ� IXQFLyQ� GHO� WLSR� GH� SXULQ��
&XDQGR� VH� DSOLFD� D� SXULQHV� SRFR� GHJUDGDGRV� \� FRQ� XQ� EDMR� FRQWHQLGR� HQ�
QLWUyJHQR�DPRQLDFDO��VH�REVHUYD�XQ�LQFUHPHQWR�HQ�OD�SURGXFFLyQ�GH�ELRJiV��
DOFDQ]DQGR�LQFUHPHQWRV�GHO������&RQWUDULDPHQWH��FXDQGR�VH�DSOLFD�D�SXULQHV�
FRQ� XQ� DOWR� FRQWHQLGR� HQ� QLWUyJHQR� DPRQLDFDO� \D� PX\� GHJUDGDGRV�� HO�
SURFHVR�GH�GLJHVWLyQ�DQDHURELD�SRVWHULRU�VH�YH�LQKLELGR���
/D� HOLPLQDFLyQ� \� UHFXSHUDFLyQ� GHO� DPRQtDFR� GH� ORV� SXULQHV� PHGLDQWH� HO�

SURFHVR�GH�VWULSSLQJ�DEVRUFLyQ�D����&��SXHGH�VHU�XQD�EXHQD�DOWHUQDWLYD�SDUD�
PHMRUDU� VX� JHVWLyQ�� &XDQGR� HO� SURFHVR� VH� DSOLFD� D� SXULQHV� SUHYLDPHQWH�
GLJHULGRV�DQDHURELDPHQWH��HV�SRVLEOH�FRQVHJXLU�XQD�HOLPLQDFLyQ�FRPSOHWD�GHO�
DPRQLDFR� VLQ�PRGLILFDU� HO� S+�� 3DUD� SXULQHV� QR� GLJHULGRV� HV� LQGLVSHQVDEOH�
PRGLILFDU�HO�S+���
(O� SURFHVR� GH� HYDSRUDFLyQ�FRQGHQVDFLyQ� FRQ� HO� REMHWLYR� GH� UHGXFLU� HO�

YROXPHQ��REWHQHU�XQ�SURGXFWR�FRQFHQWUDGR�FRQ�XQ�DOWR�SRGHU�IHUWLOL]DQWH�\�
UHXWLOL]DU�HO�DJXD�FRQGHQVDGD��HV�RWUR�SRVLEOH�SURFHVR�DSOLFDEOH�D�ORV�SXULQHV�
GH�FHUGR��/D�HPLVLyQ�GH�DPRQtDFR�\�RWURV�FRPSXHVWRV�YROiWLOHV��HV�XQ�KHFKR�
D�WHQHU�HQ�FXHQWD�FXDQGR�HVWH�VH�DSOLFD�D�HVWH�WLSR�GH�UHVLGXR��0RGLILFDQGR�HO�
S+� �S+V� iFLGRV�� VH� FRQVLJXH� PLQLPL]DU� ODV� SpUGLGDV� GH� DPRQtDFR� KDVWD�
QLYHOHV�UD]RQDEOHPHQWH�EDMRV��1R�REVWDQWH��HYLWDU�OD�HPLVLyQ�GH�FRPSXHVWRV�
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RUJiQLFRV�YROiWLOHV��S�H��iFLGRV�JUDVRV�YROiWLOHV��UHTXLHUH�XQ�SURFHVR�SUHYLR�GH�
GHVFRPSRVLFLyQ�� (O� SURFHVR� GH� GLJHVWLyQ� DQDHURELD� HQVD\DGR� SUHVHQWD�
UHVXOWDGRV�VDWLVIDFWRULRV��
/RV�WUDWDPLHQWRV�WpUPLFRV�HVWXGLDGRV�VH�SUHVHQWDQ�FRPR�XQD�KHUUDPLHQWD�

GH�SUHVHQWH�\�IXWXUR��SDUD�PHMRUDU�OD�JHVWLyQ�\�HO�WUDWDPLHQWR�GH�SXULQHV�GH�
FHUGR�� /D� FRPELQDFLyQ� GH� OD� GLJHVWLyQ� DQDHURELD� FRQ� HVWRV� SURFHVRV� VH�
SUHVHQWD�� DVt�PLVPR�� FRPR�XQD� DOWHUQDWLYD� FRQ� JUDQGHV� YHQWDMDV��PHMRUD� HO�
IXQFLRQDPLHQWR� GH� ORV� SURFHVRV� WpUPLFRV� �VWULSSLQJ�DEVRUFLyQ� \�
HYDSRUDFLyQ�� FRQGHQVDFLyQ��� IDYRUHFH� OD� LPSODQWDFLyQ� GH� OD� GLJHVWLyQ�
DQDHURELD� PHGLDQWH� SRVLEOHV� PHMRUDV� VREUH� HO� SURSLR� SURFHVR� �KLGUyOLVLV�
WpUPLFD��� H� LQGLUHFWDPHQWH�D� WUDYpV�GHO�XVR�GHO� H[FHVR�GH�HQHUJtD� WpUPLFD�D�
EDMD� WHPSHUDWXUD� �����&�� GH� GLItFLO� DSOLFDFLyQ� SDUD� RWURV� XVRV� HQ� ]RQDV�
FiOLGDV��
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6ROXWLRQV�WR�HQYLURQPHQWDO�SUREOHPV�DVVRFLDWHG�ZLWK�RUJDQLF�ZDVWH�UHTXLUH�D�
JOREDO� SHUVSHFWLYH� DQG� WKH� GHYHORSPHQW� RI� LQWHJUDWHG� PDQDJHPHQW� SODQV�
LQFOXGLQJ��DFWLRQV�WR�PLQLPLVH�ZDVWH�JHQHUDWLRQ��WKH�HVWDEOLVKPHQW�RI�VSHFLILF�
VRLO�FURS�DSSOLFDWLRQ�SURJUDPPHV��DQG�WUHDWPHQWV�ZKHQ�UHTXLUHG��3LJ�VOXUU\�
LV� RQH� RI� WKH� PRVW� SUREOHPDWLF� W\SHV� RI� RUJDQLF� ZDVWH�� 7KH� LQFOXVLRQ� RI�
DQDHURELF� GLJHVWLRQ� LQ� D� SLJ� VOXUU\� WUHDWPHQW� VWUDWHJ\� RIIHUV� VHYHUDO�
DGYDQWDJHV��,W�UHGXFHV�WKH�HPLVVLRQ�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��FRQWUROV�
RGRXUV�� PLQHUDOLVHV� QXWULHQWV� DQG� UHFRYHUV� HQHUJ\� WKURXJK� PHWKDQH�
SURGXFWLRQ��+RZHYHU��SURILWDEOH�XVHV�RI�WKH�H[FHVV�WKHUPDO�HQHUJ\�SURGXFHG�
FRQVWLWXWH�D� OLPLWLQJ�IDFWRU� LQ�ZDUP�FRXQWULHV��7KH�JHQHUDO�REMHFWLYH�RI�WKLV�
3K'� WKHVLV� LV� WKH� VWXG\� RI� SRVVLEOH� DSSOLFDWLRQV� RI� WKH� WKHUPDO� HQHUJ\�
SURGXFHG�� DLPLQJ� WR� LPSURYH� WKH�SURFHVV� LWVHOI� DQG�RU� WR� UHFRYHU�YDOXDEOH�
SURGXFWV�� $PRQJ� DOO� WKH� SRVVLEOH� SURFHVVHV� WKDW� UHTXLUH� WKHUPDO� HQHUJ\��
WKHUPDO� K\GURO\VLV� DW� ���&�� VWULSSLQJ�DEVRUSWLRQ� DW� ���&�� DQG�
HYDSRUDWLRQ�FRQGHQVDWLRQ�DW� ORZ�SUHVVXUH�KDYH�EHHQ�VWXGLHG�DSSOLHG�WR�SLJ�
VOXUU\��
7KH� HIIHFW� RI� WKH� WKHUPDO� K\GURO\VLV� SURFHVV� SUHYLRXV� WR� DQDHURELF�

GLJHVWLRQ�YDULHG�DFFRUGLQJ�WR�WKH�W\SH�RI�VOXUU\�LQYROYHG��LW�ZDV�SRVLWLYH�ZLWK�
DOPRVW� QRQ� GHJUDGHG� VOXUULHV� FRQWDLQLQJ� D� ORZ� DPPRQLD� QLWURJHQ�
FRQFHQWUDWLRQ�� DQG� QHJDWLYH� �LQKLELWLRQ� RI� WKH� DQDHURELF� GLJHVWLRQ� SURFHVV��
ZKHQ� LQYROYLQJ� GHJUDGHG� VOXUULHV� ZLWK� D� KLJK� DPPRQLD� QLWURJHQ�
FRQFHQWUDWLRQ��
$V�DLU�VWULSSLQJ�FRPELQHG�ZLWK�DEVRUSWLRQ��UHPRYHV�DQG�UHFRYHU�DPPRQLD��

LWV� LQFOXVLRQ� LQ� WKH� WUHDWPHQW� VWUDWHJ\�FRXOG� IDYRXU�SLJ�VOXUU\�PDQDJHPHQW��
:KHQ� LW� LV� DSSOLHG�RQ�GLJHVWHG� VOXUU\�� FRPSOHWH�DPPRQLD� UHPRYDO�ZLWKRXW�
S+�PRGLILFDWLRQ�LV�SRVVLEOH��:KHQ�IUHVK�SLJ�VOXUU\�LV�XVHG��D�KLJK�LQLWLDO�S+�
LV�UHTXLUHG���
7KH� HYDSRUDWLRQ�FRQGHQVDWLRQ� SURFHVV� DLPLQJ� WR� UHGXFH� YROXPH� DQG�

REWDLQ� D� FRQFHQWUDWH� ZLWK� KLJK� IHUWLOLVHU� YDOXH�� DV� ZHOO� DV�� WR� REWDLQ� D�
FRQGHQVDWH� �ZDWHU�� WKDW�FRXOG�EH�UHXVHG�� LV�DQRWKHU�SURFHVV�WKDW�FRXOG�DOVR�
IDYRXU�SLJ�VOXUU\�PDQDJHPHQW��7KH�HPLVVLRQ�RI�DPPRQLD�DQG�VHYHUDO�RWKHU�
YRODWLOH� FRPSRXQGV� VKRXOG�EH� WDNHQ� LQWR�DFFRXQW�ZKHQ� WUHDWLQJ�SLJ� VOXUU\��
%\�PRGLI\LQJ�S+��DFLGLF�S+V��LW�LV�SRVVLEOH�WR�UHGXFH�DPPRQLD�HPLVVLRQV�WR�
UHDVRQDEOH�OHYHOV��+RZHYHU��D�SUHYLRXV�SURFHVV�DLPLQJ�DW�WKH�GHJUDGDWLRQ�RI�
WKHVH� FRPSRXQGV�� VXFK� DV�DQDHURELF� GLJHVWLRQ�� LV� QHFHVVDU\� WR� SUHYHQW� WKH�
HPLVVLRQ�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��L�H��YRODWLOH�IDWW\�DFLGV���
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7KH� WKHUPDO� WUHDWPHQWV� WKDW� KDYH� EHHQ� VWXGLHG� DUH� XVHIXO� WRROV� ZKHQ�
KDQGOLQJ�DQG�SURFHVVLQJ�SLJ�VOXUU\��7KH�FRPELQDWLRQ�RI�DQDHURELF�GLJHVWLRQ�
ZLWK�WKH�WKHUPDO�WUHDWPHQWV�VWXGLHG�RIIHUV�VHYHUDO�DGYDQWDJHV��LPSURYHV�WKHLU�
SHUIRUPDQFH� �VWULSSLQJ�DEVRUSWLRQ� DQG� HYDSRUDWLRQ�FRQGHQVDWLRQ���
LPSURYH�� LQ� VRPH� FDVHV�� WKH� SHUIRUPDQFH� RI� DQDHURELF� GLJHVWLRQ� �WKHUPDO�
K\GURO\VLV�� DQG� LQGLUHFWO\� LPSURYH� LWV� IHDVLELOLW\�� WKURXJK� WKH� XVH� RI� WKH�
H[FHVV� WKHUPDO� HQHUJ\�� DW� ORZ� WHPSHUDWXUHV� �����&��� GLIILFXOW� WR� DSSO\� LQ�
ZDUP�FRXQWULHV���
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ÌQGH[�GH�)LJXUHV��

)LJXUD������'LVWULEXFLy�GH�OD�SURGXFFLy�GH�SRUFV�G
HQJUHL[�D�(XURSD� ���������������
)LJXUD� ����� 'LDJUDPD� GH� IOX[� JHQqULF� GH� PDWqULD�� HQHUJLD� L� UHVLGXV� HQ� XQ�

PRGHO�GH�IOX[�XQLGLUHFFLRQDO ���������������������������������������������������������������������������
)LJXUD������'LDJUDPD�GH�IOX[�JHQqULF�GH�PDWqULD��HQHUJLD�L�UHVLGXV�VHJRQV�XQ�

PRGHO�GH�IOX[�XQLGLUHFFLRQDO�DPE�UHFLFODWJH�������������������������������������������������
)LJXUD� ����� )DVHV� GH� OD� IHUPHQWDFLy� DQDHUzELD� L� OHV� GLIHUHQWV� SREODFLRQV��

EDFWHULDQHV�LPSOLFDGHV�HQ�HO�SURFpV���������������������������������������������������������������
)LJXUD������([HPSOH�GH�FRUEHV�GH�GHSXUDFLy��HOLPLQDFLy�GH�PDWqULD�RUJjQLFD��

L�SURGXFFLy�GH�JDV�SHU�XQLWDW�GH�YROXP�GH�UHDFWRU�L�GLD��VHJRQV�HO�PRGHO�
GH�&KHQ�+DVKLPRWR�����������������������������������������������������������������������������������������

)LJXUH������&RQWULEXWLRQ�RI�RUJDQLF�PDWWHU�IUDFWLRQV�WR�WKH�ELRJDV�SRWHQWLDO�LQ�
PDQXUH ���������������������������������������������������������������������������������������������������������������

)LJXUH� ����� $PPRQLD� QLWURJHQ� HYROXWLRQ� WKURXJK� WLPH� DQG� WKH� ILWWHG�����
PRGHO������������������������������������������������������������������������������������������������������������������

)LJXUH������6ROXELOL]DWLRQ�UDWLR�&�RUJ1��DV�D�IXQFWLRQ�RI�WKH�1+�
��1��7.1�

UDWLR���������������������������������������������������������������������������������������������������������������������
)LJXUH� ����� S+� HYROXWLRQ� DQG� 1+�

��1� HYROXWLRQ� WKURXJK� � WLPH� LQ� WKH�
WKHUPDO�K\GURO\VLV�WHVWV �����������������������������������������������������������������������������������

)LJXUH������(YROXWLRQ�RI�PHWKDQH�SURGXFWLRQ��D��DQG�9)$�FRQFHQWUDWLRQ��E��
LQ�WUHDWPHQWV�3��DQG�3� ����������������������������������������������������������������������������������

)LJXUH������(YROXWLRQ�RI�PHWKDQH�SURGXFWLRQ��D��DQG�9)$�FRQFHQWUDWLRQ��E��
LQ�WUHDWPHQWV�3��DQG�3�����������������������������������������������������������������������������������

)LJXUH������ �D��+HQU\·V� FRQVWDQW� �+H��DV� D� IXQFWLRQ�RI� WHPSHUDWXUH�DQG� �E��
IUHH� DPPRQLD� IUDFWLRQ� DV� D� IXQFWLRQ� RI� S+� DW� GLIIHUHQW� WHPSHUDWXUH�
OHYHOV�������������������������������������������������������������������������������������������������������������������

)LJXUH� ����� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH� ODERUDWRU\� VHW� XS� RI� WKH�
VHPLEDWFK�VWULSSHU�DEVRUEHU�V\VWHP �������������������������������������������������������������

)LJXUH������(IIHFW�RI�ILOWUDWLRQ�DQG�S+�DGMXVWPHQW�RQ�IUHVK�SLJ�VOXUU\��D��DQG�
GLJHVWHG�SLJ�VOXUU\��E����������������������������������������������������������������������������������������

)LJXUH� ����� $PPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� DQG� DPPRQLD� UHPRYDO� LQ�
H[SHULPHQWV�ZLWK�WKH�UHIHUHQFH�DPPRQLD�VROXWLRQ��7� ����&�� ���������������

)LJXUH� ����� S+� HYROXWLRQ� LQ� H[SHULPHQWV� ZLWK� WKH� UHIHUHQFH� DPPRQLD�
VROXWLRQ ��������������������������������������������������������������������������������������������������������������

)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��SHUFHQW�DPPRQLD�UHPRYDO��S+��
7$/.�DQG�3$/.�HYROXWLRQV�LQ�IUHVK�SLJ�VOXUU\�H[SHULPHQWV������������������
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)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��SHUFHQW�DPPRQLD�UHPRYDO��S+��
7$/.� DQG� 3$/.� HYROXWLRQV� LQ� DQDHURELFDOO\� GLJHVWHG� SLJ� VOXUU\�
H[SHULPHQWV �������������������������������������������������������������������������������������������������������

)LJXUH� ����� 3HUFHQW� IUHH� DPPRQLD� IUDFWLRQ� HYROXWLRQ� GXULQJ� VWULSSLQJ�
H[SHULPHQWV�� �D�� UHIHUHQFH� DPPRQLD� VROXWLRQ� H[SHULPHQWV�� �E�� IUHVK�
VOXUU\�H[SHULPHQWV�DQG��F��GLJHVWHG�VOXUU\�H[SHULPHQWV �����������������������������

)LJXUH� ����� $PPRQLD� UHPRYDO� UDWHV� IRU� WKH� GLIIHUHQW� S+V� DQG� VXEVWUDWH��
W\SHV��������������������������������������������������������������������������������������������������������������������

)LJXUH� ������ &U\VWDOOLVHG� DPPRQLD� VDOW� REWDLQHG� LQ� WKH� DEVRUSWLRQ� SURFHVV�
DQG�IXUWKHU�FU\VWDOOLVDWLRQ�IURP�WKH�IROORZLQJ�H[SHULPHQWV���D��UHIHUHQFH�
DPPRQLD�VROXWLRQ���E��IUHVK�SLJ�VOXUU\�DQG��F��GLJHVWHG�SLJ�VOXUU\ �����������

)LJXUH������8Q�LRQLVHG�DPPRQLD�DQG�DFHWLF�DFLG�IUDFWLRQ�DV�D�IXQFWLRQ�RI�S+�
DW�GLIIHUHQW�WHPSHUDWXUHV��������������������������������������������������������������������������������

)LJXUH������([SHULPHQWDO�VHW�XS�IRU�WKH�EDWFK�HYDSRUDWLRQ�WHVWV�����������������������
)LJXUH� ����� ([SHULPHQWDO� VHW� XS� IRU� WKH� VHPL�FRQWLQXRXV� HYDSRUDWLRQ�������

WHVWV ��������������������������������������������������������������������������������������������������������������������
)LJXUH������([SHULPHQWDO� VHW�XS� IRU� WKH� VHPL�FRQWLQXRXV�HYDSRUDWLRQ� WHVWV��

�D��JHQHUDO�YLHZ��DQG��E��GHWDLO�RI�WKH�HYDSRUDWRU���������������������������������������
)LJXUH� �����7LWUDWLRQ� FXUYH� IRU� IUHVK� SLJ� VOXUU\� OLTXLG� IUDFWLRQ� DQG� GLJHVWHG�

VOXUU\� OLTXLG� IUDFWLRQ� �D��� DQG� S+� HYROXWLRQ� ZLWK� WLPH� GXULQJ� WKH�
QHXWUDOLVDWLRQ�SURFHVV��E� �������������������������������������������������������������������������������

)LJXUH� ����� (IIHFW� RI� S+� DGMXVWPHQW� RQ� 676�� 79)$� DQG� &2'� RQ� IUHVK�
VOXUU\�DQG�GLJHVWHG�VOXUU\�OLTXLG�IUDFWLRQ �����������������������������������������������������

)LJXUH� ����� (YROXWLRQ� RI� FRQGHQVDWH� FKDUDFWHULVWLFV� WKURXJKRXW� WKH� IUHVK�
VOXUU\�EDWFK�HYDSRUDWLRQ�WHVWV������������������������������������������������������������������������

)LJXUH������(YROXWLRQ�RI�FRQGHQVDWH�FKDUDFWHULVWLFV�WKURXJKRXW�WKH�GLJHVWHG�
VOXUU\�EDWFK�HYDSRUDWLRQ�WHVWV������������������������������������������������������������������������

)LJXUH� ����� $PPRQLD� QLWURJHQ�� &2'� DQG� 79)$� FRQFHQWUDWLRQ� RQ� WKH�
FRQGHQVDWH�DV�D�IXQFWLRQ�RI�WKH�LQLWLDO�VOXUU\�S+���D��H[SHULPHQWV�ZLWK�
IUHVK�VOXUU\���E��H[SHULPHQWV�ZLWK�GLJHVWHG�VOXUU\ ��������������������������������������

)LJXUH� ������ $PPRQLD� QLWURJHQ� �D�� DQG� 9)$� �E�� WUDQVIHUUHG� ���� WR� WKH�
FRQGHQVDWH�LQ�WKH�EDWFK�HYDSRUDWLRQ�H[SHULPHQWV�������������������������������������

)LJXUH� ������ &2'� WUDQVIHUUHG� ���� WR� WKH� FRQGHQVDWH� LQ� WKH� EDWFK�
HYDSRUDWLRQ�H[SHULPHQWV ��������������������������������������������������������������������������������

)LJXUH�������6OXUU\�DGGLWLRQ�DQG�DFFXPXODWHG�FRQGHQVDWH�GXULQJ�IUHVK�VOXUU\�
VHPL�FRQWLQXRXV�H[SHULPHQWV��IRU�WKH�WUDQVLWRU\��D��DQG�VWHDG\�VWDWH��E��
SHULRG ����������������������������������������������������������������������������������������������������������������
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)LJXUH�������6OXUU\�DGGLWLRQ�DQG�DFFXPXODWHG�FRQGHQVDWH�GXULQJ�WKH�GLJHVWHG�
VOXUU\� VHPL�FRQWLQXRXV� H[SHULPHQWV� IRU� WKH� WUDQVLWRU\� �D�� DQG� VWHDG\�
VWDWH��E��SHULRG �������������������������������������������������������������������������������������������������

)LJXUH�������(YROXWLRQ�RI�FRQGHQVDWH�FKDUDFWHULVWLFV��1+�
��1��79)$��&2'�

DQG�S+�� LQ� VHPL�FRQWLQXRXV�H[SHULPHQWV�� �D�� IUHVK� VOXUU\�H[SHULPHQW��
�E��GLJHVWHG�VOXUU\�H[SHULPHQW� ����������������������������������������������������������������������

)LJXUH�������3HUFHQW�DPPRQLD�QLWURJHQ��&2'�DQG�79)$�WUDQVIHUUHG�WR�WKH�
FRQGHQVDWH� LQ� WKH� VHPL�FRQWLQXRXV� H[SHULPHQWV� �VWHDG\� VWDWH� SHULRG���
�D��IUHVK�VOXUU\�H[SHULPHQW���E��GLJHVWHG�VOXUU\�H[SHULPHQW� ���������������������

�
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ÌQGH[�GH�7DXOHV���7DEOHV�

7DXOD������6tQWHVLV�G·RSHUDFLRQV�DSOLFDEOHV�DO�WUDFWDPHQW�GH�UHVLGXV�UDPDGHUV��
HQ�HVSHFLDO�D�SXULQV�GH�SRUF����������������������������������������������������������������������������

7DXOD������$OJXQHV�HVWUDWqJLHV�GH�WUDFWDPHQW�DSOLFDEOHV�D�UHVLGXV�UDPDGHUV��HQ�
HVSHFLDO� SXULQV�� HQ� IXQFLy� GH� OD� FDUDFWHULW]DFLy� GH� OD� VLWXDFLy� L� GHOV�
REMHFWLXV�SDUWLFXODUV�D�FREULU���������������������������������������������������������������������������

7DXOD������&DUDFWHUtVWLTXHV�GHOV�SXULQV�G·RULJHQ�SRUFt ������������������������������������������
7DXOD������$YDQWDWJHV�GHO�SURFpV�GH�GLJHVWLy�DQDHUzELD�HQ�UHODFLy�DOV�IDFWRUV�

TXH�V
LQGLTXHQ ���������������������������������������������������������������������������������������������������
7DXOD������3RWHQFLDOV�GH�SURGXFFLy�GH�ELRJjV�G·DOJXQV�UHVLGXV�RUJjQLFV�GH�OD�

LQG~VWULD�DOLPHQWDULD�\�GH�OD�IUDFFLy�RUJjQLFD�GH�UHVLGXV�PXQLFLSDOV ��������
7DEOH������7UHDWPHQWV�FKDUDFWHULVWLFV�LQ�EDWFK�DQDHURELF�WHVW �����������������������������
7DEOH������&KDUDFWHULVWLFV�RI�WKH�SLJ�VOXUULHV�XVHG�LQ�WKH�ILUVW�VHW�RI�WKHUPDO�

K\GURO\VLV�WHVWV ��������������������������������������������������������������������������������������������������
7DEOH������.LQHWLF�SDUDPHWHUV�REWDLQHG�E\�ILWWLQJ�WKH�H[SHULPHQWDO�UHVXOWV�WR�

WKH�QRQ�OLQHDU�UHJUHVVLRQ�PRGHO���������������������������������������������������������������������
7DEOH� ����� ,QLWLDO� DQG� ILQDO� VROXEOH� FRPSRXQG� FRQFHQWUDWLRQV� RI� SLJ� VOXUU\�

WKHUPDOO\�WUHDWHG�DW����&�DQG����&�IRU���K��������������������������������������������������
7DEOH� ����� ,QFUHDVH� ���� LQ� VROXEOH� FRPSRXQG� FRQFHQWUDWLRQV� WKURXJK� WKH�

WKHUPDO�K\GURO\VLV�WHVWV� ����������������������������������������������������������������������������������
7DEOH� �����&KDUDFWHULVDWLRQ� RI� WKH� GLIIHUHQW� WUHDWPHQWV� IRU� EDWFK� DQDHURELF�

WHVWV ���������������������������������������������������������������������������������������������������������������������
7DEOH������0HWKDQH�SURGXFWLRQ�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�IRU�WUHDWPHQWV�

3��DQG�3������������������������������������������������������������������������������������������������������������
7DEOH������0HWKDQH�SURGXFWLRQ�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�IRU�WUHDWPHQWV�

3��DQG�3������������������������������������������������������������������������������������������������������������
7DEOH������,QLWLDO�DQG�ILQDO�FRQFHQWUDWLRQ�RI�WRWDO�DPPRQLD�QLWURJHQ��S+�DQG��

IUHH�DPPRQLD�LQ�EDWFK�DQDHURELF�WHVW �����������������������������������������������������������
7DEOH� ����� &KDUDFWHULVDWLRQ� RI� WKH� SLJ� VOXUULHV� XVHG� LQ� WKH� VWULSSLQJ�

H[SHULPHQWV �������������������������������������������������������������������������������������������������������
7DEOH������7UHDWPHQW�FKDUDFWHULVWLFV�RI�WKH�DLU�VWULSSLQJ�H[SHULPHQWV���������������
7DEOH������7UHDWPHQW�FKDUDFWHULVWLFV�LQ�EDWFK�DQDHURELF�WHVW�������������������������������
7DEOH������5HVXOWV�RI�ILWWLQJ�H[SHULPHQWDO�GDWD�WR�WKH�QRQ�OLQHDU�PRGHO �����������
7DEOH������,QLWLDO�DQG�ILQDO�&2'�DQG�SHUFHQW�&2'�UHPRYDO�LQ�DLU�VWULSSLQJ�

H[SHULPHQWV �������������������������������������������������������������������������������������������������������
7DEOH� ����� &KDUDFWHULVDWLRQ� RI� WKH� GLIIHUHQW� WUHDWPHQWV� LQ� EDWFK� DQDHURELF�

WHVWV ���������������������������������������������������������������������������������������������������������������������
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7DEOH� ����� 0HWKDQH� SURGXFWLRQ� DQG� VXEVWUDWH� FRQYHUVLRQ� UDWHV� LQ� EDWFK�
DQDHURELF�WHVWV���������������������������������������������������������������������������������������������������

7DEOH� ����� ,QLWLDO� DQG� ILQDO� FRQFHQWUDWLRQ� RI� WRWDO� DPPRQLD� QLWURJHQ�� IUHH�
DPPRQLD�DQG�S+�LQ�EDWFK�DQDHURELF�WHVW�����������������������������������������������������

7DEOH������&X��=Q�DQG�&D�FRQFHQWUDWLRQ�LQ�EDWFK�DQDHURELF�WHVW �����������������������
7DEOH������&KDUDFWHULVDWLRQ�RI�WKH�SLJ�VOXUULHV�OLTXLG�IUDFWLRQ ����������������������������
7DEOH������7UHDWPHQWV�SHUIRUPHG�LQ�EDWFK�HYDSRUDWLRQ�WHVWV ����������������������������
7DEOH������&KDUDFWHULVWLFV�RI�WKH�FRQFHQWUDWH�LQ�EDWFK�HYDSRUDWLRQ�WHVWV� ��������
7DEOH� ����� &RQFHQWUDWLRQ� UDQJHV� IRU� DPPRQLD� QLWURJHQ�� 79)$�� &2'� DQG�

S+�LQ�WKH�WUDQVLWRU\�SHULRG ����������������������������������������������������������������������������
7DEOH� �����$YHUDJH� FRQFHQWUDWLRQ� RI� DPPRQLD� QLWURJHQ��79)$��&2'�DQG�

S+�LQ�WKH�VWHDG\�VWDWH�SHULRG�������������������������������������������������������������������������
7DEOH� ����� &KDUDFWHULVWLFV� RI� WKH� FRQFHQWUDWH� LQ� WKH� VHPL�FRQWLQXRXV�

HYDSRUDWLRQ�H[SHULPHQW����������������������������������������������������������������������������������
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�����,QWURGXFFLy�

$VVROLU�QLYHOOV�DGLHQWV�GH�TXDOLWDW�DPELHQWDO�HQ�OD�JHVWLy�GHOV�UHVLGXV�RUJjQLFV�
TXH�SRGHQ�pVVHU�DSOLFDWV�DO�VzO��IHPV��SXULQV��IDQJV�GH�GHSXUDGRUHV�XUEDQHV�L�
LQGXVWULDOV��FRPSRVW�GH�UHVLGXV�VzOLGV�XUEDQV��HWF�«��H[LJHL[�XQ�HQIRFDPHQW�
JOREDO� L� WUHEDOODU� D� GLIHUHQWV� QLYHOOV�� PHVXUHV� GH� UHGXFFLy� HQ� RULJHQ�� SODQV�
G·DSOLFDFLy�DO�VzO�L�WUDFWDPHQWV�DGLHQWV�SHU�WDO�G·DGHTXDU�OD�VHYD�FRPSRVLFLy��
YDORUDU�ORV� HFRQzPLFDPHQW� L� HQHUJqWLFDPHQW� L�R� UHGXLU� OD� VHYD� FjUUHJD�
FRQWDPLQDQW��
(O�SUHVHQW� WUHEDOO�V·HPPDUFD�HQ�HO�FRQWH[W�GH� OD�QHFHVVLWDW�G·XQD�FRUUHFWD�

JHVWLy� L� WUDFWDPHQW�G·DTXHVW�UHVLGXV��D�IL�TXH�DO�VzO�KL�UHWRUQLQ�SURGXFWHV�GH�
FRQWUDVWDGD� TXDOLWDW�� DPE� HOV� QXWULHQWV� QHFHVVDULV� SHOV� FXOWLXV� LPSODQWDWV��
HYLWDQW� DL[t� HOV� SUREOHPHV� G·LPSDFWH� VREUH� O·HQWRUQ� TXH� VH·Q� GHULYHQ� GH� OD�
LQFRUUHFWD�JHVWLy��

�������*HQHUDFLy�GH�UHVLGXV�RUJjQLFV�

(OV�FDQYLV�VRFLRHFRQRPLFV�GHOV�GDUUHUV�WHPSV��FRQFHQWUDFLy�GH�OD�SREODFLy�HQ�
QXFOLV� XUEDQV�� HO� JUDQ� GHVHQYROXSDPHQW� GH� OD� LQG~VWULD� DJURDOLPHQWjULD��
SUjFWLTXHV�FRQVXPLVWHV��HWF���KD�FRPSRUWDW� OD�JHQHUDFLy�GH�JUDQV�YROXPV�GH�
UHVLGXV�RUJjQLFV��HQWUH�DTXHVWV�GHOV�TXq�VH·Q�SURGXHL[HQ�HQ�PpV�TXDQWLWDW�VyQ�
HOV�G·RULJHQ�UDPDGHU��

���������5HVLGXV�UDPDGHUV��IHPV�L�SXULQV���

&RP�TXDOVHYRO�DOWUD�DFWLYLWDW� LQGXVWULDO�GH�WUDQVIRUPDFLy�� OD�UDPDGHULD�DFWXD�
VREUH�O·HQWRUQ�DPE�GLIHUHQWV�JUDXV�G·LQWHQVLWDW��FRQVXPHL[�PDWqULD�L�HQHUJLD��L�
SURGXHL[�XQV�EHQV� L�XQV� UHVLGXV��(O� UHVLGXV�SURGXwWV�SHU� OD�SUzSLD�DFWLYLWDW�
SRGHQ�DIHFWDU�HO�VzO��O
DLUH��L�OHV�DLJ�HV�VXSHUILFLDOV�L�VXEWHUUjQLHV��VL�DTXHVWV�QR�
HV�JHVWLRQHQ�FRUUHFWDPHQW��)ORWDWV�HW�DO����������
$QWLJDPHQW�� O·DJULFXOWXUD� L� OD� UDPDGHULD� HUHQ� DFWLYLWDWV� FRPSOHPHQWDULHV� D�

OHV� H[SORWDFLRQV� DJUjULHV��(O� YDORU� GHOV� H[FUHPHQWV� DQLPDOV� HUD� UHFRQHJXW� L�
SUjFWLFDPHQW� HUD� O·~QLFD� DOWHUQDWLYD� SHU� PDQWHQLU� OD� IHUWLOLWDW� GHO� VzO�� /D�
LQWHQVLILFDFLy� GH� OD� UDPDGHULD� KD� FRPSRUWDW� O·HVSHFLDOLW]DFLy� GH� OHV�
H[SORWDFLRQV� DJUjULHV�� $TXHVW� SURFpV� G·HVSHFLDOLW]DFLy� KD� WUHQFDW� HO� SUHFDUL�
HTXLOLEUL� HQWUH� OD� UDPDGHULD� L� O·DJULFXOWXUD�H[LVWHQW� D� OHV�SHWLWHV� H[SORWDFLRQV�
IDPLOLDUV��RQ�OD�JUDQ�GLYHUVLWDW�GH� OHV�VHYHV�DFWLYLWDWV�HUD� OD�Pj[LPD�JDUDQWLD�
SHU�OD�VHYD�VXSHUYLYqQFLD��/·HVSHFLDOLW]DFLy�HQ�O·DFWLYLWDW�SURGXFWLYD�QR�QRPpV�
KD�DIHFWDW�D�OHV�H[SORWDFLRQV�DJUjULHV��VL�QR�WDPEp�D�UHJLRQV�VHQFHUHV��OHV�TXDOV�
V·KDQ� GHVHQYROXSDW� DO�YROWDQW� GH� OD� SURGXFFLy� G·XQ�~QLF� SURGXFWH� �%XUWRQ��
�������



,QWURGXFFLy�L�2EMHFWLXV���

/D� FRQVHT�qQFLD� G·DL[z� KD� HVWDW� OD� LQHYLWDEOH� VHSDUDFLy�GH� OHV� H[SORWDFLRQV�
UDPDGHUHV� �L� HOV� H[FUHPHQWV� DQLPDOV� TXH� JHQHUHQ�� GH� OHV� H[SORWDFLRQV�
DJUtFROHV��OHV�TXDOV�QRUPDOPHQW�XWLOLW]HQ�IHUWLOLW]DQWV�LQRUJjQLFV�SHU�FREULU�OHV�
QHFHVVLWDWV� GHOV� FXOWLXV�� $L[t� GRQFV�� QR� pV� G·HVWUDQ\DU� TXH� HOV� H[FUHPHQWV�
DQLPDOV�DFWXDOPHQW�HV�FRQVLGHULQ�XQ�UHVLGX�L�QR�XQ�UHFXUV��
/D� FRQWDPLQDFLy� DPELHQWDO� DVVRFLDGD� D� OD� JHQHUDFLy� GH� JUDQV� YROXPV� GH�

UHVLGXV�UDPDGHUV��HQ�GHWHUPLQDGHV�jUHHV�GHO�WHUULWRUL��QR�pV�XQ�SUREOHPD�QRX��
$�ILQDOV�GHOV�DQ\V�����MD�VH
O�FRQVLGHUDYD�FRP�HO�SULQFLSDO�SUREOHPD�DPELHQWDO�
D�(XURSD��+REVRQ���������
$OHPDQ\D�L�O
HVWDW�(VSDQ\RO�VyQ�HOV�SDwVRV�DPE�PDMRU�SURGXFFLy�SRUFLQD�GH�

OD� 8QLy� (XURSHD�� $L[t�� D� O
DQ\� ������ YDQ� SURGXLU� XQ� ���� L� XQ� ����
UHVSHFWLYDPHQW��GH�OD�SURGXFFLy�WRWDO�GH�OD�8QLy��)LJXUD�������/HV�SULQFLSDOV�
jUHHV� � GH� SURGXFFLy� GLQV� GH� O
HVWDW� (VSDQ\RO� HVWDQ� ORFDOLW]DGHV� D� OD� ]RQD�
PHGLWHUUjQLD�� &DWDOXQ\D�� &RPXQLWDW� 9DOHQFLDQD�� 0~UFLD� L� $UDJy� �'$53��
�������(O� VHFWRU� SRUFt� FDWDOj� UHSUHVHQWD�XQ�����GH� OD�SURGXFFLy�SRUFLQD�D�
QLYHOO�HVWDWDO��L�XQ������GH�OD�SURGXFFLy�WRWDO�GH�OD�8QLy�(XURSHD���
�

$OHPDQ\D

�����

(VWDW

(VSDQ\RO

�����

&DWDOXQ\D

���� 5HVWD�(XURSD

�����

'LQDPDUFD

����
+RODQGD

�����

)UDQoD

����
�

)LJXUD������'LVWULEXFLy�GH�OD�SURGXFFLy�GH�SRUFV�G
HQJUHL[�D�(XURSD��,QVWLWXW�
G·(VWDGtVWLFD�GH�&DWDOXQ\D��������

$� &DWDOXQ\D�� OD� SULQFLSDO� SURYtQFLD� SURGXFWRUD� GH� SRUFt� pV� /OHLGD�� OD� TXDO�
SURGXHL[� HO� ����GH� OD� SURGXFFLy� FDWDODQD�� /D� TXDQWLWDW� GH� SXULQV� JHQHUDWV�
GHSqQ�GH�PROWHV�YDULDEOHV��DL[t�GRQFV�HO�YROXP�TXH�VH·Q�JHQHUD�pV�XQD�GDGD�
GLItFLO� GH� FDOFXODU�� (O� 3URJUDPD� GH�*HVWLy� GH� OHV�'HMHFFLRQV� 5DPDGHUHV� D�
&DWDOXQ\D� �-XQWD� GH�5HVLGXV�� ������� FRQVLGHUD� TXH� HV� JHQHUD� DQXDOPHQW� GH�
O·RUGUH�GH����PLOLRQV�GH�WRQHV�GH�UHVLGXV�UDPDGHUV��GHOV�TXDOV�XQ�����VyQ�
SXULQV��UHVLGXV�OtTXLGV��L�OD�UHVWD�IHPV��UHVLGXV�VzOLGV���
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���������$OWUHV�UHVLGXV�RUJjQLFV�

$FWXDOPHQW� SHUz�� HOV� UHVLGXV� UDPDGHUV� QR� VRQ� HOV� ~QLFV� UHVLGXV� RUJjQLFV�
VXVFHSWLEOHV�GH�VHU�DSOLFDWV�DO�VzO��'·HQWUH�HOOV�FDO�GHVWDFDU�HOV�VHJ�HQWV��

��)DQJV�G·HVWDFLRQV�GHSXUDGRUHV�G·DLJ�HV�UHVLGXDOV�

/·LQFUHPHQW� G·HVWDFLRQV� GHSXUDGRUHV� G·DLJ�HV� UHVLGXDOV� �('$5��� WDQW�
XUEDQHV�FRP�LQGXVWULDOV��HQ�OD�VHYD�PDMRULD�GH�WLSXV�ELROzJLF��KD�FRPSRUWDW�
SDUDOÃOHODPHQW� OD� JHQHUDFLy� GH� JUDQV� YROXPV� GH� IDQJV�� /D� FRPSRVLFLy�
G·DTXHVWV� pV�� HQ� OD� VHYD�PDMRU�SDUW��ELRPDVVD�EDFWHULDQD�TXH�FDO� HVWDELOLW]DU�
SHO� VHX� SRVWHULRU� ~V� �GLJHVWLy� DQDHUzELD�� VHSDUDFLy� GH� IDVHV�� DVVHFDW� WqUPLF��
FRPSRVWDWJH«���(OV�SULQFLSDOV�GHVWLQV�GHOV�IDQJV�GH�GHSXUDGRUD�VyQ��OD�VHYD�
DSOLFDFLy�DO�VzO��HPLVVLRQV�VXEPDULQHV�DO�PDU�L�HOV�VHX�DwOODPHQW�HQ�DERFDGRUV��
/·DSOLFDFLy� DO� VzO�� VL� OD� FRPSRVLFLy� pV� DGHTXDGD�� R� OD� VHYD� HVWDELOLW]DFLy� L�
DwOODPHQW�HQ�DERFDGRU�HQ�HO�FDV�FRQWUDUL��VHUDQ�OHV�OtQLHV�GH�IXWXU��

��)UDFFLy�RUJjQLFD�GH�UHVLGXV�PXQLFLSDOV��)250��

(O�YROXP�GH�UHVLGXV�PXQLFLSDOV��50��JHQHUDW�SHU�KDELWDQW�YDULD�HQ�IXQFLy�GH�
OD�VHYD�SURFHGqQFLD��PRVWUDQW�XQD�WHQGqQFLD�FUHL[HQW�HQ�HOV�GDUUHUV�DQ\V��/D�
SURGXFFLy� SHU� KDELWDQW� GH� 50� D� &DWDOXQ\D� D� O·DQ\� ����� IRX� GH� �����
NJ�KDE�GLD��HQ�IURQW�GH������NJ��KDE�GLD�D�O·DQ\�������,QVWLWXW�G
(VWDGtVWLFD�
GH�&DWDOXQ\D���������$SUR[LPDGDPHQW��HQWUH�XQ�����L�XQ�����G·DTXHVWV�HVWj�
FRQVWLWXwW�SHU�UHVLGXV�RUJjQLFV��*LUy���������
/D� /OHL� ������ GH� ��� GH� MXOLRO�� UHJXODGRUD� GH� UHVLGXV�� HVWDEOHL[� TXH� HOV�

PXQLFLSLV�GH�PpV�GH�FLQF�PLO�KDELWDQWV�KDQ�G·LQVWDXUDU�OD�UHFROOLGD�VHOHFWLYD�
HQ�HO�VHUYHL�GH�UHVLGXV�PXQLFLSDOV��(O�WHUPLQL�SHU�LQVWDXUDU�DTXHVW�VLVWHPD�GH�
UHFROOLGD�HUD�GH���DQ\V�DPE�OD�SRVVLELOLWDW�G·DOODUJDU�VH�ILQV�D�GRV�DQ\V�PpV��
$FWXDOPHQW��SHUz��OD�UHFROOLGD�VHOHFWLYD�GH�OD�)250�QR�V·KD�LPSODQWDW�HQ�OD�
PDMRULD�GHOV�PXQLFLSLV�FDWDODQV��HQFDUD�TXH�KL�KD�GLYHUVRV�SURMHFWHV�HQGHJDWV���
/HV� YLHV� GH� YDORULW]DFLy� GH� OD� )250� SUHYLVWHV� VyQ� O¶DJURQzPLFD� L�

O·HQHUJqWLFD�� /D� VHYD� YDORULW]DFLy� DJURQzPLFD� PLWMDQoDQW� HO� FRPSRVWDWJH��
GLJHVWLy� DQDHUzELD� L� WUDFWDPHQWV� FRPELQDWV�� L� OD� YDORULW]DFLy� HQHUJqWLFD�
ILQDOLVWD�PLWMDQoDQW�OD�LQFLQHUDFLy��/·~V�ILQDO�SUHYLVW�SHOV�PDWHULDOV�FRPSRVWDWV�
pV�OD�VHYD�DSOLFDFLy�DO�VzO�FRP�IHUWLOLW]DQW�R�HVPHQD�RUJjQLFD��

��5HVLGXV�G·LQG~VWULHV�DJURDOLPHQWjULHV�

(O�WUHW�PpV�FDUDFWHUtVWLF�GHOV�UHVLGXV�RUJjQLFV�GH�OD�LQG~VWULD�DJURDOLPHQWjULD��
pV�OD�VHYD�GLYHUVLWDW�HQ�TXDQW�D�OD�VHYD�SURFHGqQFLD�L�FRPSRVLFLy��/D�WLSRORJLD�
G·DTXHVWV�UHVLGXV�pV��GRQFV��WDQ�DPSOLD�L�GLYHUVD�FRP�HO�Q~PHUR�G·LQG~VWULHV�
H[LVWHQWV��
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(O�FDWjOHJ�JHQHUDO�GH�UHVLGXV��'HFUHW����������GH���GH�JHQHU��PRGLILFDW�SHO�
'HFUHW����������GH���G·DEULO���FODVVLILFD�WRWV�HOV�UHVLGXV�SURFHGHQWV�GHO�VHFWRU�
LQGXVWULDO��XUEj� L�DJUtFROD� L�SURSRVD�DOWHUQDWLYHV�SHO�VHX�WUDFWDPHQW� L�YLHV�GH�
YDORULW]DFLy�� (Q� DTXHVW�� SUjFWLFDPHQW� WRWV� HOV� UHVLGXV� RUJjQLFV� GH� OHV�
LQG~VWULHV�DJURDOLPHQWjULHV�HV�FDWDORJXHQ�GLQV�GHO�JUXS����HO�PDWHL[�JUXS�TXH�
HOV� UHVLGXV� GHO� VHFWRU� SULPDUL� �UDPDGHUV�� HVFRU[DGRUV«��� SURSRVDQW�VH�� SHU�
WDQW��VLPLODUV�DOWHUQDWLYHV�GH�WUDFWDPHQWV�L�YLHV�GH�YDORULW]DFLy��
$L[t�GRQFV��DFWXDOPHQW��HOV�IHPV�L�HOV�SXULQV�WUREHQ�FRPSHWqQFLD�DPE�DOWUHV�

UHVLGXV�RUJjQLFV�HQ�HO�PHUFDW�G·DGREV�L�HVPHQHV�RUJjQLTXHV��$TXHVWD�VLWXDFLy��
UHSUHVHQWDGD�D�OD�)LJXUD������SRGULD�VHU�SRVLWLYD��GRQFV�REOLJD�D�HYROXFLRQDU�
FDS�D�FRWHV�GH�TXDOLWDW�GHOV�SURGXFWHV�TXH�V·DSOLTXHQ�DO�VzO�L�FXOWLXV��

6HFWRU�LQG~VWULD
DJURDOLPHQWjULD

6HFWRU�UDPDGHU

7UDFWDPHQW��DLJ�HV
UHVLGXDOV

6HFWRU�DJUtFROD 6HFWRU�GRPqVWLF

,QG~VWULD
IHUWLOLW]DQWV

Energia

Matèria

Aigua residual

Residus
�

)LJXUD������'LDJUDPD�GH�IOX[�JHQqULF�GH�PDWqULD��HQHUJLD�L�UHVLGXV�HQ�XQ�
PRGHO�GH�IOX[�XQLGLUHFFLRQDO��)ORWDWV��������
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�������0DUF�FRQFHSWXDO�OHJDO�

9DULHV� GLUHFWLYHV� GH� OD� 8QLy� (XURSHD�� 2UGUHV� 0LQLVWHULDOV� L� /OHLV�
FRQWULEXHL[HQ� D� FUHDU� HO� PDUF� FRQFHSWXDO� OHJDO�� (QWUH� HOOHV�� L� VHQVH� VHU�
H[KDXVWLX��FDO�GHVWDFDU�OHV�VHJ�HQWV��OD�'LUHFWLYD��������GH����GH�PDLJ��VREUH�
HO� WUDFWDPHQW�GH� OHV�DLJ�HV�UHVLGXDOV�XUEDQHV�� OD�'LUHFWLYD���������GH����GH�
GHVHPEUH�� UHODWLYD� D� OD� SURWHFFLy� GH� OHV� DLJ�HV� FRQWUD� OD� FRQWDPLQDFLy�
SURGXwGD� SHU� QLWUDWV� SURFHGHQWV� GH� IRQWV� DJUtFROHV�� WUDQVSRVDGD� D� O
HVWDW�
HVSDQ\RO�PLWMDQoDQW�HO�5HDO�'HFUHW�����������HO�'HFUHW����������SHO�TXDO�HV�
GHVLJQHQ�OHV�]RQHV�YXOQHUDEOHV��O·2UGUH�GH����G·RFWXEUH�GH�������GHO�&RGL�GH�
%RQHV�3UjFWLTXHV�$JUjULHV�� HO�'HFUHW�����������GH����GH� MXQ\��G
DSURYDFLy�
GHO�SURJUDPD�GH�PHVXUHV�DJURQzPLTXHV�DSOLFDEOHV�D�OHV�]RQHV�YXOQHUDEOHV�HQ�
UHODFLy�DPE�OD�FRQWDPLQDFLy�GH�QLWUDWV�SURFHGHQWV�GH�IRQWV�DJUjULHV��HO�5HDO�
'HFUHW���������SHO�TXDO�HV�UHJXOD�OD�XWLOLW]DFLy�GHOV�IDQJV�GH�GHSXUDFLy�HQ�HO�
VHFWRU�DJUDUL�L�OD�/OHL���������GH����GH�MXOLRO��UHJXODGRUD�GH�UHVLGXV��
$L[t� PDWHL[�� FDO� GHVWDFDU� HOV� GLYHUVRV� SURJUDPHV� G
DFWXDFLy� H[LVWHQWV� D�

&DWDOXQ\D�� UHIHUHQWV� DOV�SULQFLSDOV� UHVLGXV�RUJjQLFV��3URJUDPD�GH�*HVWLy�GH�
5HVLGXV�0XQLFLSDOV�GH�&DWDOXQ\D� �-XQWD�GH�5HVLGXV��������� HO�3URJUDPD�GH�
*HVWLy�GH�OHV�'HMHFFLRQV�5DPDGHUHV�D�&DWDOXQ\D��-XQWD�GH�5HVLGXV��������L�HO�
3URJUDPD�GH�7UDFWDPHQW�GHOV�)DQJV�GH�OHV�'HSXUDGRUHV�G
$LJ�HV�5HVLGXDOV�
�-XQWD� GH� 6DQHMDPHQW�� ������� HOV� TXDOV� WDPEp� KDQ� FRQWULEXwW� D� FUHDU� DTXHVW�
PDUF�OHJDO��
)LQDOPHQW��HO�5HDO�'HFUHW�����������GH����GH�GHVHPEUH��VREUH�SURGXFFLyQ�GH�

HQHUJtD�HOpFWULFD�SRU�LQVWDODFLRQHV�DEDVWHFLGDV�SRU�UHFXUVRV�R�IXHQWHV�GH�HQHUJtD�UHQRYDEOHV��

UHVLGXRV� \� FRJHQHUDFLyQ�� KD� PRGLILFDW� OD� SHUFHSFLy� DFWXDO� VREUH� OD� JHVWLy� L� HO�
WUDFWDPHQW� GHOV� UHVLGXV� RUJjQLFV�� $PE� DTXHVW� 5HDO� 'HFUHW�� HV� SUHWpQ�
IRPHQWDU� OD� SURGXFFLy� G·HQHUJLHV� UHQRYDEOHV� VXEYHQFLRQDQW� OD� YHQGD�
G·DTXHVWD��(QWUH�HOV�GLIHUHQWV�JUXSV�G·LQVWDOÃODFLRQV�GH�UqJLP�HVSHFLDO�TXH�HV�
GHILQHL[HQ�� HO� JUXS� E��� HQJORED� DTXHOOHV� LQVWDOÃODFLRQV� TXH� XWLOLW]HQ� FRP� D�
FRPEXVWLEOH� HO� ELRJjV� JHQHUDW� HQ� HO� SURFpV� GH� WUDFWDPHQW� GHOV� UHVLGXV�
RUJjQLFV�� 7RW� L� DL[t�� OD� FRQMXQWXUD� GH� SUHXV� L� SULPHV� DFWXDOV�� DIDYRUHL[� OHV�
LQVWDOÃODFLRQV� TXH� XWLOLW]HQ� IRQWV� QR� UHQRYDEOHV� �JDV� QDWXUDO�� SHO� WUDFWDPHQW�
GHOV� UHVLGXV�RUJjQLFV��GHILQLGHV�GLQV�GHO�JUXS� G��&DO�GHVWDFDU� HO�JUXS� G���� HO�
TXDO�ID�XQD�UHIHUqQFLD�H[SOtFLWD�DO�WUDFWDPHQW�GH�SXULQV�GH�SRUF��DPE�UHGXFFLy�
GHO� VHX� YROXP�� PLWMDQoDQW� O
HQHUJLD� WqUPLFD� REWLQJXGD� HQ� HO� SURFpV� GH�
FRJHQHUDFLy��
/D�FUHDFLy�GH�PDUFV�JOREDOV�G
DFWXDFLy�� FRP�HO�GHILQLW� SHU� OHV�'LUHFWLYHV��

/OHLV� L� 3URJUDPHV� FLWDWV�� UHTXHUHL[HQ� GH� OD� FUHDFLy� G·XQ�PDUF� DFWXDOLW]DW� GH�
FRQHL[HPHQW�� OtQLHV� G
LQYHVWLJDFLy�� HLQHV� WHFQROzJLTXHV� TXH� HO� SXJXLQ� IHU�
SRVVLEOH�� HWF�� 8Q� GHOV� SULQFLSLV� LQVSLUDGRUV� EjVLFV� G
DTXHVW� PDUF� GH�
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FRQHL[HPHQW��pV�HO�GH�FRQVLGHUDU�TXH�HO�VzO�QR�pV�XQ�DERFDGRU��VLQy�TXH�pV�XQ�
YDORU�SDWULPRQLDO�TXH�V
KD�GH�FRQVHUYDU�L�PLOORUDU��$L[z�LPSOLFD�TXH�DOV�VzOV�
QR�V·KD�G·DSOLFDU�UHVLGXV�VLQy�SURGXFWHV�GH�TXDOLWDW��eV�D�GLU��FDO�PRGLILFDU�OHV�
FDUDFWHUtVWLTXHV� GHOV� UHVLGXV� PLWMDQoDQW� HOV� WUDFWDPHQWV� QHFHVVDULV� TXH�
SHUPHWLQ� REWHQLU� SURGXFWHV� DSOLFDEOHV� FRP� D� IRQW� GH� QXWULHQWV�� VXEVWUDW� R�
HVPHQD�RUJjQLFD�L�R�YDORULW]DU�ORV�HQHUJqWLFDPHQW��)LJXUD��������

6HFWRU�LQG~VWULD
DJURDOLPHQWjULD

6HFWRU�UDPDGHU

7UDFWDPHQW

DLJ�HV�UHVLGXDOV

6HFWRU�DJUtFROD 6HFWRU�GRPqVWLF

,QG~VWULD
IHUWLOLW]DQWV

Energia

Matèria

Aigua residual

Residus

7UDFWDPHQW��GH
UHVLGXV

)LJXUD������'LDJUDPD�GH�IOX[�JHQqULF�GH�PDWqULD��HQHUJLD�L�UHVLGXV�VHJRQV�XQ�
PRGHO�GH�IOX[�XQLGLUHFFLRQDO�DPE�UHFLFODWJH��)ORWDWV��������

/D� VLWXDFLy� DFWXDO�� SHUz�� HVWj� FDUDFWHULW]DGD� SHU� XQD� VqULH� GH� SDUDGR[HV��
0HQWUH�HV�SODQWHJHQ�VLVWHPHV�GH�WUDFWDPHQW��SHU�O·HOLPLQDFLy�GHO�QLWURJHQ�HQ�
HOV� SXULQV�� PLWMDQoDQW� OD� FRPELQDFLy� GHOV� SURFHVVRV� GH� QLWULILFDFLy� L�
GHVQLWULILFDFLy�� DPE�HO� FRUUHVSRQHQW�FRQVXP�HQHUJqWLF�� D� O·HVWDW� HVSDQ\RO� HV�
FRQVXPHL[HQ�GH�O·RUGUH�GH���PLOLRQV�GH�WRQHV�GH�IHUWLOLW]DQWV�PLQHUDOV�D�O·DQ\�
�)ORWDWV�HW�DO����������(O�FRQVXP�HQHUJqWLF�SHU�OD�SURGXFFLy�HV�WURED�HQWUH����L�
���� 0-�� VHJRQV� HO� PqWRGH� XWLOLW]DW�� SHU� FDGD� NJ� GH� QLWURJHQ� IL[DW� GH�
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�

��

O·DWPRVIHUD�L�XQD�PLWMDQD�GH����0-�SHU�FDGD�NJ�GH�IzVIRU��/RZULVRQ���������
0HQWUH�TXH�HO�QLWURJHQ�HV�SUHVHQWD�FRP�H[FHGHQWDUL�HQ�PROWHV�]RQHV�GHO�SDtV��
O·HVWDW�HVSDQ\RO�FRQWLQXD�LPSRUWDQW�SURGXFWHV�SURWHLFV�EDVH�SHU�OD�SURGXFFLy�
GH��SLQVRV��0HQWUH�TXH�O·~V�GH�SXULQV�L�IHPV�FRP�D�IHUWLOLW]DQW�L�HVPHQHV�HV�
SODQWHMD�FRP�OD�VROXFLy� LGzQLD�SHO�UHFLFODW�GH�QXWULHQWV��SDUDOÃOHODPHQW�QR�HV�
SODQWHMD� OD� VXEVWLWXFLy� FRUUHVSRQHQW� GH� IHUWLOLW]DQWV� PLQHUDOV�� 0HQWUH� HV�
SUHWpQ� SURPRXUH� OD� SURGXFFLy� G
HQHUJLHV� UHQRYDEOHV�� O
~V� GH� FRPEXVWLEOHV�
IzVVLOV� SHO� WUDFWDPHQW� GH� SXULQV� L� DOWUHV� UHVLGXV� RUJjQLFV�� HV� SUHVHQWD� FRP�
O
RSFLy�PpV�DYDQWDWMRVD�HFRQzPLFDPHQW��)ORWDWV�HW�DO����������
3HU�WUREDU�PHFDQLVPHV�GH�VROXFLy�QR�SDUFLDO�FDO�WHQLU�XQD�YLVLy�JOREDO�GHOV�

GLYHUVRV�VHFWRUV�SURGXFWLXV�L�DFWRUV�VRFLDOV��L�DYDQoDU�HQ�HO�FRQFHSWH�GH�JHVWLy�
LQWHJUDGD� PLWMDQoDQW� OD� FRQIHFFLy� GH� SODQV� GH� JHVWLy� LQWHJUDGD� GH� UHVLGXV�
RUJjQLFV�GH�GLIHUHQWV�RUtJHQV� L�SHU� jUHHV�JHRJUjILTXHV��/·REMHFWLX� ILQDO�G·XQ�
SOD�GH�JHVWLy�KD�GH�VHU�FRQYHUWLU�HOV�UHVLGXV�HQ�UHFXUVRV�DJURQzPLFV� L�HQ�HO�
VHX�FDV��HQHUJqWLFV��

�������3ODQV�GH�*HVWLy��

8Q� SOD� GH� JHVWLy� GH� UHVLGXV� UDPDGHUV� pV� XQ� SOD�� LQGLYLGXDO� R� FROÃOHFWLX��
G·DFWXDFLRQV� TXH� FRQGXHL[LQ� D� DGHTXDU� OD� SURGXFFLy� GH� UHVLGXV� D� OHV�
QHFHVVLWDWV�GHOV�FXOWLXV��HQ�O
HVSDL�L�HO�WHPSV��$L[t�PDWHL[��KD�G·LQFORXUH�DOWUHV�
UHVLGXV�RUJjQLFV��SURGXwWV�D� OD�]RQD�JHRJUjILFD�REMHFWH�G
HVWXGL��VXVFHSWLEOHV�
GH�VHU�DSOLFDWV�DOV�VROV���
8Q�SOD�GH�JHVWLy�KD�GH�FRQWHPSODU�DFWXDFLRQV�HQ�WUHV�jPELWV��PHVXUHV�GH�

UHGXFFLy�HQ�RULJHQ��SODQV�G
DSOLFDFLy�DOV�VzOV�L�FXOWLXV��L�WUDFWDPHQWV��7HLUD� HW�
DO����������

���������0HVXUHV�GH�UHGXFFLy�HQ�RULJHQ�

/HV�SULQFLSDOV�HVWUDWqJLHV�TXH�FDO� LPSOHPHQWDU�SHU�WDO�GH�UHGXLU�OD�JHQHUDFLy�
GH� UHVLGXV� UDPDGHUV� WHQHQ� FRP� REMHFWLX� UHGXLU� HOV� FDEDOV� �YROXP�� L� OD�
TXDQWLWDW�GH�FRPSRQHQWV�OLPLWDQWV��

�� 5HGXFFLy� GH� FDEDOV�� $TXHVWD� PHVXUD� pV� HVSHFLDOPHQW� LPSRUWDQW� HQ� OHV�
UHVLGXV�OtTXLGV�FRP�pV�HO�FDV�GHOV�SXULQV��(OV�SXQWV�HQ�HOV�TXq�V
KD�G
LQFLGLU�
VyQ��HQWUH�G
DOWUHV��HQ�HO�VLVWHPD�G
DEHXUDGRUV��WLSXV�G
DOLPHQWDFLy��VHSDUDFLy�
G
DLJ�HV� SOXYLDOV�� VLVWHPD� G
HOLPLQDFLy� G
H[FUHPHQW� L� QHWHMD� �,ULJRQ\HQ��
�������

�� 5HGXFFLy� GH� FRPSRQHQWV� OLPLWDQWV�� FRP� HOV� QLWURJHQ�� IzVIRU� L� PHWDOOV�
SHVDQWV� �&X� L� =Q��� /
H[FpV� L� GHVHTXLOLEUL� HQ� O
DOLPHQW� VXEPLQLVWUDW� L� XQD�
EDL[D�HILFLqQFLD�GHO�SURFpV�GLJHVWLX��VyQ�OHV�FDXVHV�GH�O
DOW�FRQWLQJXW�G
DTXHVW�
HOHPHQWV�DOV�H[FUHPHQWV�DQLPDOV��$L[t�GRQFV��OD�IRUPXODFLy�GHO�SLQVRV�pV�HO�
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SULQFLSDO�SXQW�RQ�FDO� LQFLGLU��DMXVWDQW�HO�FRQWLQJXW�SURWHLF�GH� OD�GLHWD�D� OHV�
QHFHVVLWDWV� GHOV� DQLPDOV� DPE� IRUPHV� GH� QLWURJHQ� PpV� DVVLPLODEOHV��
DXJPHQWDQW� OD� FDSDFLWDW� G
DVVLPLODFLy� GHO� IzVIRU� PLWMDQoDQW� O
DGGLFLy�
G·HQ]LPV� L� UHGXLQW� OD�TXDQWLWDW� GH�PHWDOOV� SHVDQWV� HQ� HOV� SLQVRV�� XWLOLW]DQW�
SURGXFWHV�G
HOHYDGD�GLVSRQLELOLWDW�ELROzJLFD��%DERW�HW�DO����������

���������3ODQV�G
DSOLFDFLy�DOV�VzOV�L�FXOWLXV�

8Q�SOD�G
DSOLFDFLy�V
KD�G
HODERUDU�D�SDUWLU�GHO�FRQHL[HPHQW�GH�OD�FRPSRVLFLy�
GHOV�UHVLGXV��HO�PDSD�GH�VzOV�GH�OD�]RQD�G
DSOLFDFLy��L�OHV�FDUDFWHUtVWLTXHV�GHOV�
FXOWLXV�� GHO� VLVWHPD� DJUtFROD�� FOLPDWROzJLF� L� KLGUROzJLF� �)ORWDWV� HW� DO��� �������
$TXHVW�KD�GH�FRQWHPSODU��

��'RVLV�G
DSOLFDFLy��Q~PHUR�G
DSOLFDFLRQV�D�O
DQ\�L�GRVLV�DQXDO�WRWDO��
��0RPHQW�G
DSOLFDFLy��GLHV�HQWUH�SUHFLSLWDFLRQV�L�DSOLFDFLy��HQ�IXQFLy�GH�OD�
SOXYLRPHWULD��HO�SHUtRGH�GH�JHODGHV��L�PHVRV�VHQVH�DSOLFDFLy��
��)RUPD�G
DSOLFDFLy��VXSHUILFLDO��LQMHFFLy��HWF���
�� 0HVXUHV� FRPSOHPHQWDULHV�� GLVWjQFLHV� PtQLPHV� HQWUH� jUHHV� G
DSOLFDFLy� L�
FXUVRV�G
DLJXD��HWF��

(Q� DTXHVW� VHQWLW�� HO� &RGL� GH� %RQHV� 3UjFWLTXHV� $JUtFROHV� �2UGUH� GH� ���
G·RFWXEUH� GH� ������ L� O
DSURYDFLy� GHO� SURJUDPD� GH� PHVXUHV� DJURQzPLTXHV�
DSOLFDEOHV�D�OHV�]RQHV�YXOQHUDEOHV�HQ�UHODFLy�DPE�OD�FRQWDPLQDFLy�GH�QLWUDWV�
SURFHGHQWV�GH�IRQWV�DJUjULHV��'HFUHW�����������GH����GH�MXQ\��GHILQHL[HQ�OHV�
SULPHUHV�SDXWHV�SHU�XQD�FRUUHFWH�DSOLFDFLy�GH�UHVLGXV�RUJjQLFV��

���������7UDFWDPHQWV�

8Q�WUDFWDPHQW�HV�SRW�GHILQLU�FRP�XQD�FRPELQDFLy�GH�SURFHVVRV�XQLWDULV�DPE�
O
REMHFWLX�GH�PRGLILFDU�OHV�FDUDFWHUtVWLTXHV�GHO�UHVLGX�SHU�OD�VHYD�DGHTXDFLy�D�
OD�GHPDQGD�FRP�SURGXFWH�GH�TXDOLWDW��)ORWDWV���������$TXHVWD�DGHTXDFLy�SRW�
VHU�SHU��

��HTXLOLEUDU�O
RIHUWD�L�OD�GHPDQGD�HQ�HO�WHPSV��
��PLOORUDU�HO�WUDQVSRUW�L�O
DSOLFDFLy��
��PLOORUDU�OD�VHYD�FRPSRVLFLy��

/D�LGRQHwWDW�G
XQ�SURFpV�GH�WUDFWDPHQW�GHSHQGUj�GH�FDGD�]RQD�JHRJUjILFD��GH�
OHV�QHFHVVLWDWV�TXH�KDJL�SRVDW�GH�PDQLIHVW�HOV�HVWXGLV�SUHOLPLQDUV�GHO�SOD�GH�
JHVWLy�� GH� OD� TXDOLWDW� GHO� SURGXFWH� ILQDO� REWLQJXW� L� GHOV� FRVWRV� HFRQzPLFV�
DVVRFLDWV��FRVWRV�G
LPSODQWDFLy�L�H[SORWDFLy��LQJUHVVRV�REWLQJXWV�GH�OD�YHQGD�
GHO�SURGXFWH�ILQDO���(Q�WRW�FDV��O
REMHFWLX�JHQHUDO�KD�GH�VHU�HO�G
DXJPHQWDU�OD�
FDSDFLWDW�GH�JHVWLy�VREUH�HO�UHVLGX��(OV�REMHFWLXV�SDUWLFXODUV�SRGHQ�VHU��

�
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���$GHTXDU�OD�SURGXFFLy�GH�UHVLGXV�D�OHV�QHFHVVLWDWV�HVWDFLRQDOV�GHOV�FXOWLXV��
���7UDQVSRUWDU�IRUD�GH�OD�]RQD�G
DSOLFDFLy�GHO�SOD�GH�JHVWLy��
���9DORUDU�HFRQzPLFDPHQW�HO�UHVLGX��
���$GHTXDU�OD�FRPSRVLFLy�DOV�UHTXHULPHQWV�GH�O
HQWRUQ��VROV��FXOWLXV��PDOHV�
RORUV��HWF����
���([WUHXUH�L�UHFXSHUDU�QXWULHQWV�YDORULW]DEOHV��QLWURJHQ��IzVIRU«���
���+LJLHQLW]DU��UHGXLU�R�HOLPLQDU�SDWzJHQV��
���3URGXLU�HQHUJLD��
���$wOODU�� HQ� FDV� GH� QR� VHU� SRVVLEOH� OD� VHYD� YDORULW]DFLy�DJURQzPLFD� R� QR�
FRPSOLU� HOV� UHTXHULPHQWV� GH� TXDOLWDW�� SUqYLD� HVWDELOLW]DFLy� L�R� YDORULW]DFLy�
HQHUJqWLFD��

$� OD� 7DXOD� ���� HV� VLQWHWLW]HQ� OHV� FDUDFWHUtVWLTXHV� EjVLTXHV� G·DOJXQ� GHOV�
SRVVLEOHV�SURFHVVRV�VXVFHSWLEOHV�GH�VHU�DSOLFDWV�HQ�HO�WUDFWDPHQW��LQGLFDQW�OHV�
IRUPHV�G
HQHUJLD�QHFHVVjULHV� OLPLWDQWV�SHO�SURFpV�� OD� IUDFFLy�D� OD�TXH�HV�SRW�
DSOLFDU�L�HOV�REMHFWLXV�SHUVHJXLWV�SHO�WUDFWDPHQW��

�������(VWUDWqJLD�GH�WUDFWDPHQW�HQ�EDVH�DO�SURGXFWH�

7DO� FRP� V
KD� FRPHQWDW� DQWHULRUPHQW�� QR� H[LVWHL[� XQD� HVWUDWqJLD� ~QLFD� GH�
WUDFWDPHQW�� /D� LGRQHwWDW� G
XQD� R� DOWUD� L� OD� SRVVLELOLWDW� G·q[LW�� HV� YHXUj�
LQIOXHQFLDGD�SHU� OHV�FRQGLFLRQV�GH� O
HQWRUQ��HOV�REMHFWLXV�SODQWHMDWV�HQ�HO�SOD�
GH�JHVWLy�L�O·HVFDOD�GH�WUDFWDPHQW���
/D�GHILQLFLy�GH�O·HVFDOD�GH�WUDFWDPHQW��LQGLYLGXDOLW]DW�R�FROÃOHFWLX��PXQLFLSDO�

R�PDQFRPXQDO���GHSqQ�GH�P~OWLSOHV�IDFWRUV��QHFHVVLWDWV�GHWHFWDGHV�SHO�SOD�GH�
JHVWLy�� FRVWRV� G·LQYHUVLy� L� PDQWHQLPHQW�� HFRQRPLD� G·HVFDOD�� SRVVLELOLWDW� GH�
YHQGD�GHOV�SURGXFWHV�ILQDOV�REWLQJXWV��HWF���HVVHQW�GLItFLO�JHQHUDOLW]DU��0HQWUH�
D� 'LQDPDUFD�� HO� WUDFWDPHQW� FROÃOHFWLX� KD� WLQJXW� q[LW� �'($�� ������ ',$)(��
������ %'�86'�� ������� O·H[SHULqQFLD� D� +RODQGD� QR� KD� VLJXW� WDQW� SRVLWLYD�
�5XONHQV�HW�DO����������
$� OD� 7DXOD� ����� V·LQGLTXHQ� DOJXQHV� HVWUDWqJLHV� GH� WUDFWDPHQW� D� QLYHOO�

LOÃOXVWUDWLX��DPE�O·REMHFWLX�GH�PRVWUDU�TXH�HO�GLDJUDPD�GH�IOX[�D�DSOLFDU�GHSqQ�
GHOV�FRQGLFLRQDQWV�GH�O·HQWRUQ�L�GHOV�REMHFWLXV�D�FRPSOLU��
�
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7DXOD������6tQWHVLV�G·RSHUDFLRQV�DSOLFDEOHV�DO�WUDFWDPHQW�GH�UHVLGXV�UDPDGHUV��
HQ�HVSHFLDO�D�SXULQV�GH�SRUF��)ORWDWV�HW�DO���������

3URFpV� $SOLFDW�D�
OD�IUDFFLy��
6��/��R�7�

2EMHFWLX� 1HFHVVLWDWV�
HQHUJqWLTXHV�
OLPLWDQWV�

���%DVVHV�
KRPRJHQLW]DFLy��
IHPHUV��

7��6��/� 5HJXODU�OD�SURGXFFLy�FRQWLQXD�DO�
FRQVXP�HVWDFLRQDO�GHOV�FXOWLXV��5HJXODU�
HQWUDGHV�GLVFRQWLQXHV�D�SODQWHV�GH�
WUDFWDPHQW��5HGXLU�SDWzJHQV��

�

���6HSDUDFLy�GH�
IDVHV�

7� 6HSDUDU�SHU�SURSLFLDU�OtQLHV�HVSHFtILTXHV�
GH�WUDFWDPHQW��WUDQVSRUW�R�DSOLFDFLy�D�
IUDFFLy�6�R�/�UHVXOWDQW��

(QHUJLD�HOqFWULFD�

���$SOLFDFLy�
G·HQ]LPV�L�EDFWHULV�
D�EDVVHV�

7� $XJPHQWDU�FRQFHQWUDFLy�GH�VzOLGV��
7UDQVIRUPDU�1�DPRQLDFDO�D�RUJjQLF��

�

���1LWULILFDFLy� /� 7UDQVIRUPDU�1�DPRQLDFDO�D�QtWULF�� (QHUJLD�HOqFWULFD�
���'HVQLWULILFDFLy� /� 7UDQVIRUPDU�1�QtWULF�D�1���(OLPLQDU�

PDWqULD�RUJjQLFD�IjFLOPHQW�GHJUDGDEOH��
�

���'HVFRPSRVLFLy�
DHUzELFD�
KHWHUzWURID��

/��7� (OLPLQDU�PDWqULD�RUJjQLFD�� (QHUJLD�HOqFWULFD�

���'LJHVWLy�
DQDHUzELD�

7��/��6� 3URGXLU�&+���HQHUJLD���(OLPLQDU�PDWqULD�
RUJjQLFD��+LJLHQLW]DU��

�

���&RPSRVWDWJH� 6� (OLPLQDU�HVWDELOLW]DU�PDWqULD�RUJjQLFD��
+LJLHQLW]DU��2EWHQLU�DGRE�RUJjQLF�GH�
TXDOLWDW��

(QHUJLD�
PHFjQLFD��
HOqFWULFD�

���5HGXFFLy�
ELROzJLFD�GH�IzVIRU��

/� 7UDQVIHULU�3�VROXEOH�D�IDVH�ELROzJLFD�
VHGLPHQWDEOH��(OLPLQDU�PDWqULD�RUJjQLFD�
IjFLOPHQW�GHJUDGDEOH��

(QHUJLD�HOqFWULFD�

����3UHFLSLWDFLy�
TXtPLFD�

/� 7UDQVIHULU��DOJXQV�FRPSRQHQWV�D�IDVH�
VHGLPHQWDEOH��6HSDUDU�3��DSDWLWHV��
HVWUXYLWD���

�

����$VVHFDW��
SHOÃOHWLW]DFLy��

6� 6HSDUDU�DLJXD��5HGXLU�YROXP�� (QHUJLD�WqUPLFD�

����(YDSRUDFLy��
FRQFHQWUDFLy�

/� 6HSDUDU�DLJXD��5HGXLU�YROXP�� (QHUJLD�WqUPLFD�

����6WULSSLQJ��
DEVRUFLy�

/� 5HFXSHUDU�1�DPRQLDFDO��DLJ�HV�
DPRQLDFDOV�R�VDOV�G·DPRQL��

(QHUJLD�
HOqFWULFD�WqUPLFD�

����+LJLHQLW]DFLy�
WqUPLFD�

7� (OLPLQDU�LQDFWLYDU�SDWzJHQV��+LGUzOLVL�
WqUPLFD�

(QHUJLD�WqUPLFD�

����'RVLILFDFLy�
G·DGGLWLXV�

7��6��/� 0RGLILFDU�FRPSRVLFLy�SHU�DGHTXDU�OD�D�
FRQUHXV��3RVVLELOLWDU�DOWUHV�SURFHVVRV��
�IL[DFLy�R�YRODWLOLW]DFLy�GH�FRPSRVWRV�
YROjWLOV���

�

����2]RQLW]DFLy� /� 2[LGDFLy�FRPSRVWRV�RUJjQLFV�
UHFDOFLWUDQWV��

(QHUJLD�HOqFWULFD�

����)LOWUDFLy�HQ�
PHPEUDQD��
RVPRVL�LQYHUVD�

/� 6HSDUDU�VDOV��5HGXLU�FRQGXFWLYLWDW�� (QHUJLD�HOqFWULFD�

�1RWD��7��UHVLGX�tQWHJUH��6��IUDFFLy�VzOLGD��/��IUDFFLy�OtTXLGD��
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7DXOD������$OJXQHV�HVWUDWqJLHV�GH�WUDFWDPHQW�DSOLFDEOHV�D�UHVLGXV�UDPDGHUV��HQ�
HVSHFLDO�SXULQV��HQ�IXQFLy�GH�OD�FDUDFWHULW]DFLy�GH�OD�VLWXDFLy�L�GHOV�REMHFWLXV�

SDUWLFXODUV�D�FREULU��)ORWDWV�HW�DO���������

(VFHQDUL� &RQGLFLRQDQW�REMHFWLX� (VWUDWqJLD�GLDJUDPD�

$��5HJXODFLy�GH�FDEDOV��LQGLYLGXDO�R�
FROÃOHFWLYD���

��
�

�� ��%�� &REULU� QHFHVVLWDWV� HVSHFtILTXHV� GHOV�
FXOWLXV�� �� ��

&�� &REULU� FRQVXPV� SURSLV� G
HQHUJLD��
HVWDELOLW]DU�PDWqULD�RUJjQLFD��

�� ��

(TXLOLEUL�DQXDO�HQWUH�
SURGXFFLy�L�QHFHVVLWDWV�
GHOV�FXOWLXV��

'��0RGLILFDU�UHODFLy�1��3�L�.�� �����

�� � �

�� �� �������

([FHGHQW�DQXDO�SHO�
QLWURJHQ��(TXLOLEUL�GHOV�
DOWUHV�FRPSRQHQWV��

(��(OLPLQDU�SDUW�GHO�QLWURJHQ���

�� � ��������

��
��

� �

�� ��� ���

([FHGHQW�DQXDO�SHO�
QLWURJHQ��(TXLOLEUL�SHU�
DOWUHV�FRPSRQHQWV��
'HPDQGD�GHO�PHUFDW�GHOV�
FRPSRVWRV�QLWURJHQDWV��

)��5HFXSHUDU�QLWURJHQ��

�� � ��

���� � �

�� �� ��

��� � ���

([FHGHQW�HVWUXFWXUDO�D�OD�
]RQD�L�HQ�]RQHV�
SURSHUHV��'HPDQGD�GHO�
PHUFDW�G·HVPHQHV�
RUJjQLTXHV��

*�� (OLPLQDU� QLWURJHQ� QR� RUJjQLF��
2EWHQLU� DGRE� RUJjQLF� HVWUXFWXUDW�� GH�
TXDOLWDW�� KLJLHQLW]DW� �FRPSRVW���
'HSXUDFLy� WHUFLjULD�GH� OD� IUDFFLy� OtTXLGD�
����SRW�VHU�QHJOLJLEOH���

�� � ���

�� � �

�� �� ���

� � ���

([FHGHQW�HVWUXFWXUDO�D�OD�
]RQD�L�HQ�]RQHV�
SURSHUHV��'HPDQGD�GHO�
PHUFDW�GH�IHUWLOLW]DQWV�
PLQHUDOV���

+�� 2EWHQLU� XQ� SURGXFWH� VHF�� GH� IjFLO�
WUDQVSRUW�� PLQHUDOLW]DW�� 1LWURJHQ� HQ�
IRUPD�DPRQLDFDO��

� ��� �

�� � ����

�� �� ���

� � ���

([FHGHQW�G
DGRE�GH�
IRQV��1HFHVVLWDW�GH�
IHUWLOLW]DQW�PLQHUDO���

,�� 2EWHQLU� XQ� SURGXFWH� VHF�� GH� IjFLO�
WUDQVSRUW�� PLQHUDOLW]DW�� 1LWURJHQ� HQ�
IRUPD�DPRQLDFDO�L�QtWULFD��

� ��� �

1RWD��Q~PHURV�FROXPQD���FRUUHVSRQHQ�DOV�GH�OD�7DXOD�����
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(Q� XQ� HVFHQDUL� HQ� HO� TXq� KL� KDJL� XQ� HTXLOLEUL� HQWUH� OD� SURGXFFLy� DQXDO� GH�
UHVLGXV� RUJjQLFV� L� OHV� QHFHVVLWDWV� GHOV� FXOWLXV�� OD� FRQVWUXFFLy� HVWUDWqJLFD� GH�
EDVVHV�G·KRPRJHQLW]DFLy�L�XQD�FRUUHFWD�SODQLILFDFLy��SRGHQ�VHU�VXILFLHQWV�SHU�
JHVWLRQDU�FRUUHFWDPHQW�HOV� UHVLGXV�RUJjQLFV�JHQHUDWV�� �6L� HV�SODQWHJHQ�DOWUHV�
REMHFWLXV� FRP� HO� GH� FREULU� FRQVXPV� SURSLV� G·HQHUJLD�� L�R� HVWDELOLW]DU� OD�
PDWqULD� RUJjQLFD�� WUDFWDPHQWV� FRP� OD� GLJHVWLy� DQDHUzELD� R� HO� FRPSRVWDWJH��
WDPEp�SRGHQ�VHU�LQWHUHVVDQWV��
(Q�DTXHOOD�VLWXDFLy�HQ�OD�TXH�H[LVWHL[L�XQ�H[FHGHQW�GH�QLWURJHQ�L�XQ�HTXLOLEUL�

SHU� OD� UHVWD� GH� FRPSRQHQWV�� FDO� LQFORXUH� GLQV� GH� O
HVWUDWqJLD� GH� WUDFWDPHQW�
DOJXQ�SURFpV�TXH�DFWXw�VREUH�HO�QLWURJHQ��HOLPLQDQW�OR�R�UHFXSHUDQW�OR��(Q�XQ�
FRQWH[W�GH�WHQGqQFLD�D�WDQFDU�FLFOHV��HOV�SURFHVVRV�GH�UHFXSHUDFLy�GH�QXWULHQWV�
�S�H�� VWULSSLQJ�DEVRUFLy�� V
KDXULHQ� GH� SULRULW]DU� HQ� IURQW� GHOV� G
HOLPLQDFLy�
�QLWULILFDFLy�GHQLWULILFDFLy�1'1���(Q�DTXHVW�FDV�XQD�HVWUDWqJLD�GH�WUDFWDPHQW�
FRP� OD�)� �7DXOD������ SRGULD� VHU� DGHTXDGD��(OV� EHQHILFLV� HFRQzPLFV� TXH� HV�
SXJXLQ� REWHQLU� GH� OD� YHQGD� GHOV� SURGXFWHV� ILQDOV� REWLQJXWV� �DLJ�HV�
DPRQLDFDOV�� VDOV� G·DPRQL�«�� GHWHUPLQDUDQ� HQ� JUDQ� PHVXUD� OHV� SRVVLELOLWDWV�
G·q[LW�G·DTXHVWD�HVWUDWqJLD��7RW�L�DL[t��HO�SURFpV�FRPELQDW�1'1�SRW�WHQLU�XQ�
SDSHU�LPSRUWDQW�SHO�WUDFWDPHQW�GH�OL[LYLDWV�R�OD�IUDFFLy�OtTXLGD�GH�UHVLGXV�DPE�
DOW� FRQWLQJXW� HQ� QLWURJHQ� DPRQLDFDO� �0DJUt� L� )ORWDWV��������� SHU� DIDYRULU� HO�
FRPSRVWDWJH� GH� OD� IUDFFLy� VROLGD�� FRP� pV� HO� FDV� GHOV� SXULQV� GH� SRUF�
�HVWUDWqJLHV�(�D�OD�7DXOD�������L�VREUHWRW�TXDQ�O·HFRQRPLD�G·HVFDOD�QR�SHUPHW�
OD�LPSODQWDFLy�GH�VLVWHPHV�GH�UHFXSHUDFLy��
)LQDOPHQW��TXDQ�H[LVWHL[L�XQ�H[FHGHQW�HVWUXFWXUDO�GH�QXWULHQWV� �QLWURJHQ� L�

IzVIRU��� FDOHQ� HVWUDWqJLHV� TXH� WLQJXLQ� FRP�REMHFWLX� O·REWHQFLy� GH� SURGXFWHV�
DPE�XQ�DOW�YDORU�DIHJLW�L�DPE�GHPDQGD�HQ�HO�PHUFDW�GHOV�IHUWLOLW]DQWV�RUJjQLFV�
L�R� PLQHUDOV�� TXH� MXVWLILTXLQ� HFRQzPLFDPHQW� HO� WUDQVSRUW� L� HO� FRQWURO� GH�
TXDOLWDW�VREUH�HO�SURGXFWH��HVWUDWqJLHV�*��+�L�,�D�OD�7DXOD�������
(Q� HO� FDV� G·REWHQFLy� G·XQ� SURGXFWH� VHF�� VHJRQV� RSLQLRQV� UHFROOLGHV� GHO�

VHFWRU� GHOV� IHUWLOLW]DQWV�� OHV� FDUDFWHUtVWLTXHV� GHVLWMDEOHV� TXH� KDQ� GH� WHQLU� HV�
SRGHQ�VLQWHWLW]DU�HQ��

D��� SURGXFWH� HVWDEOH�� PtQLPD� FRQFHQWUDFLy� GH�PDWqULD� RUJjQLFD� IjFLOPHQW�
GHJUDGDEOH��
E���PtQLP�YROXP�DPE�OD�Pj[LPD�FRQFHQWUDFLy�GH�QXWULHQWV��
F���UHODFLy�1�3�.�DGHTXDGD��HTXLOLEUL�SHU�DFRPSOLU�REMHFWLXV�GH�IHUWLOLW]DFLy��
G���PtQLPD�FRQFHQWUDFLy�GH�PHWDOOV�SHVDQWV�L�Wz[LFV��
H��� KLJLHQLW]DW�� QXOÃOD� FRQFHQWUDFLy� GH� SDWzJHQV�� OODYRUV� GH� PDOHV� KHUEHV��
ODUYHV�R�RXV�G·LQVHFWHV��
I���RORU�DJUDGDEOH��R�HQ�WRW�FDV�TXH�QR�UHFRUGL�O·RULJHQ��
K���FRPSRVLFLy�HVWDEOH��DPE�PtQLPHV�YDULDFLRQV�WHPSRUDOV��
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(OV� FRQGLFLRQDQWV� DQWHULRUV� MXVWLILTXHQ� OD� QHFHVVLWDW� GH� SURFHVVRV� GH�
WUDFWDPHQW�SUHYLV�D�O·DVVHFDW��HVWUDWqJLHV�+�L�,�D�OD�7DXOD�������
/D�FRPSRVLFLy�GHO�SURGXFWH�ILQDO�REWLQJXW��HQ�FDGD�XQD�GH� OHV�HVWUDWqJLHV�

DQWHULRUV��GHSqQ�HQ�JUDQ�PHVXUD�GH�OD�PDWqULD�SULPD��GH�OD�VHYD�FRPSRVLFLy�L�
YDULDELOLWDW� WHPSRUDO��GH� OD� WHFQRORJLD�DSOLFDGD�L�GH� O·DMXVW�GHO�SURFpV��SHU� OD�
TXDO�FRVD�QR�HV�SRGHQ�JHQHUDOLW]DU�TXDOLWDWV�FRQFUHWHV��/D�LQFOXVLy�GHO�SURFpV�
GH�GLJHVWLy�DQDHUzELD�GLQV�GH� O·HVWUDWqJLD�GH� WUDFWDPHQW� FRPSRUWD�XQD� VqULH�
G·DYDQWDWJHV��FRQWURODU� O·HPLVVLy�GH�FRPSRVWRV�RUJjQLFV�YROjWLOV�L�GHOV�RORUV��
HVWDELOLW]DU��PLQHUDOLW]DU��OD�PDWqULD�RUJjQLFD�L�UHFXSHUDU�HQHUJLD�PLWMDQoDQW�OD�
SURGXFFLy�GH�PHWj��(Q�HO�FDStWRO���V·DQDOLW]HQ�PpV�GHWLQJXGDPHQW�HO�SURFpV�
GH�GLJHVWLy�DQDHUzELD�L�OHV�DYDQWDWJHV�TXH�FRPSRUWD��
8Q�GHOV�OLPLWDQWV�PpV�LPSRUWDQWV��D�O·KRUD�G·LPSODQWDU�HO�SURFpV�GH�GLJHVWLy�

DQDHUzELD�� pV� O·~V� HILFLHQW� GH� O·HQHUJLD� WqUPLFD� JHQHUDGD� HQ� H[FpV� HQ� OD�
FRJHQHUDFLy�GHO�ELRJjV�REWLQJXW�HQ�HO�SURFpV��SHUPHWHQW�DL[t��UHQWDELOLW]DU�HOV�
DOWV�FRVWRV�G·LQYHUVLy�HQ�OD�VHYD�LPSODQWDFLy���
(Q�HO�FDV�G·LPSODQWDFLy�LQGLYLGXDO�HQ�XQD�H[SORWDFLy�SRUFLQD��VL�DTXHVWD�pV�

GH� FLFOH� WDQFDW�� HOV� UHTXHULPHQWV� WqUPLFV� H[LVWHQWV� D� OD� SUzSLD� H[SORWDFLy�
SHUPHWULHQ� VXSHUDU� DTXHVWD� OLPLWDFLy��SHUz�HOV�SXULQV�JHQHUDWV� FRQWHQHQ�XQ�
EDL[� FRQWLQJXW� GH� PDWqULD� RUJjQLFD� L� FRQVHT�HQWPHQW� OHV� SURGXFFLRQV� GH�
ELRJjV� VyQ� PROW� EDL[HV�� SHO� FRQWUDUL� HQ� H[SORWDFLRQV� G·HQJUHL[�� HOV� SXULQV�
WHQHQ�� HQ� JHQHUDO�� XQD� PDMRU� FRQFHQWUDFLy� GH� PDWqULD� RUJjQLFD�� SHUz� QR�
H[LVWHL[HQ�QHFHVVLWDWV�WqUPLTXHV�TXH�MXVWLILTXLQ�HQHUJqWLFDPHQW�OD�LPSODQWDFLy�
GH�OD�GLJHVWLy�DQDHUzELD��
(Q�OD�VHYD�LPSODQWDFLy�FROÃOHFWLYD��DTXHVWD�OLPLWDFLy�HVGHYp�PpV�LPSRUWDQW�

MD�TXH�O·H[FpV�G·HQHUJLD�WqUPLFD�pV�PDMRU�L�OHV�LQYHUVLRQV�PROW�PpV�HOHYDGHV��
(Q� HO� FDV� GH� SDwVRV� IUHGV�� FRP�'LQDPDUFD�� OD� YHQGD� SHU� XVRV� H[WHUQV� GH�
O·HQHUJLD� WqUPLFD� �[DU[HV� GH� FDOHIDFFLy� ORFDO��� pV� O·DOWHUQDWLYD�PpV� XVXDO�� (V�
WUREHQ� FDVRV� GH� SODQWHV� FHQWUDOLW]DGHV� GH� ELRJjV�� RQ� PpV� GHO� ���� GHOV�
LQJUHVVRV� SURYp� GH� OD� YHQGD� G·DTXHVWD� HQHUJLD� WqUPLFD� � �'($�� ������� 3HO�
FRQWUDUL� HQ� ]RQHV� FjOLGHV�� OD� YHQGD� H[WHUQD� G·HQHUJLD� WqUPLFD� HV� YHX�
VHULRVDPHQW�OLPLWDGD��
/·HVWXGL�GH�SRVVLEOHV�DSOLFDFLRQV�GLQV�GHO�SURSL�SURFpV�GH� WUDFWDPHQW� SRW�

VHU� XQD� DOWHUQDWLYD� D� FRQVLGHUDU� SHU� WDO� GH� VXSHUDU� DTXHVWD� OLPLWDFLy�� $L[t�
PDWHL[�� FDO� FRQVLGHUDU� TXH� HQ� DTXHOOHV� VLWXDFLRQV� RQ� KL� KDJL� XQ� H[FHGHQW�
HVWUXFWXUDO�GH� UHVLGXV��XQD�HVWUDWqJLD�GH� WUDFWDPHQW�EDVDGD�~QLFDPHQW�HQ�HO�
SURFpV� GH� GLJHVWLy� DQDHUzELD� QR� VROXFLRQDULD� HOV� SUREOHPHV� SODQWHMDWV�� /D�
LQFOXVLy�G·DOWUHV�SURFHVVRV�TXH�SHUPHWLQ�DXJPHQWDU�OD�FDSDFLWDW�GH�JHVWLy�GHOV�
UHVLGXV�PLWMDQoDQW�O·REWHQFLy�GH�SURGXFWHV�YDORULW]DEOHV�DJUzQRPLFDPHQW�VyQ�
QHFHVVDULV�SHU�D�LPSODQWDU�XQD�HVWUDWqJLD�GH�WUDFWDPHQW�DSURSLDGD��



,QWURGXFFLy�L�2EMHFWLXV����

$L[t�GRQFV��HQ�IXQFLy�GHO�FRQWH[W�L�SHU�WDO�G·REWHQLU�XQ�WUDFWDPHQW�FRPSOHW��
XQD� HVWUDWqJLD� GH� WUDFWDPHQW� TXH� FRPELQL� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD�
DPE�DOJXQ�DOWUH�SURFpV�TXH�UHTXHUHL[L�HQHUJLD�WqUPLFD��YHXUH�7DXOD������L�TXH�
SHUPHWL� DVVROLU� HOV�REMHFWLXV�SODQWHMDWV� HQ�HO�SOD�GH�JHVWLy�� HV�SUHVHQWD�FRP�
XQD�DOWHUQDWLYD�LQWHUHVVDQW��
/D�QHFHVVLWDW�G·REWHQLU�SURGXFWHV�DPE�DOW�YDORU�DIHJLW��L�R�SRGHU�VXEVWLWXLU�

IHUWLOLW]DQWV� PLQHUDOV�� SRUWD� D� SODQWHMDU� HO� SURFpV� G·6WULSSLQJ�$EVRUFLy� DPE�
O·REMHFWLX� GH� UHFXSHUDU� QLWURJHQ� HQ� IRUPD� GH� VDOV� DPRQLDFDOV�� /·HVWXGL�
G·DTXHVW�SURFpV�FRPELQDW�DPE�OD�GLJHVWLy�DQDHUzELD�L�OD�VHYD�FDUDFWHULW]DFLy�
SHU�SXULQV�GH�SRUF�HV�SUHVHQWD�FRP�XQD�OtQLD�G·LQYHVWLJDFLy�QHFHVVjULD���
4XDQ�H[LVWHL[L�OD�QHFHVVLWDW�GH�UHGXLU�YROXPV�SHU�PLOORUDU�HFRQzPLFDPHQW�

HO�WUDQVSRUW�GHV�GH�]RQHV�H[FHGHQWjULHV�GH�QXWULHQWV�D�]RQHV�DPE�GqILFLW��FDO�
SODQWHMDU� SURFHVVRV� GH� FRQFHQWUDFLy�� 7HQLQW� HQ� FRPSWH� HOV� FRQGLFLRQDWV�
DQWHULRUV�� HO� SURFpV� G·(YDSRUDFLy�&RQGHQVDFLy� SRW� VHU� XQD� DOWHUQDWLYD� D�
FRQVLGHUDU��$L[t�PDWHL[�� O·HVWXGL�GH� OD� VHYD�FRPSDWLELOLWDW� DPE�HO�SURFpV�GH�
GLJHVWLy�DQDHUzELD��DL[t�FRP�OD�FDUDFWHULW]DFLy�SHU�SXULQV�GH�SRUF��pV�XQD�OtQLD�
GH�WUHEDOO�D�VHJXLU��
)LQDOPHQW�� L� WHQLQW� HQ� FRPSWH� TXH� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� SRW�

JHQHUDU�O·HQHUJLD�QHFHVVjULD�HQ�HOV�DQWHULRUV�SURFHVVRV�R�HQ�WRW�FDV�FREULU�SDUW�
GH�OHV�QHFHVVLWDWV�WqUPLTXHV��SURFHVVRV�SUHYLV�D�O·DQDHUREL�TXH�SXJLQ�PLOORUDU�
O·HILFjFLD� GHO� SURSL� SURFpV�� WDPEp� KDXULHQ� GH� VHU� REMHFWH� G·DWHQFLy�� &DO�
HVWXGLDU� VL� HO� WUDFWDPHQW� WqUPLF� �KLGUzOLVL� WqUPLFD�� SUHYL� SRW�PLOORUDU� HO� VHX�
UHQGLPHQW��
(O� SUHVHQW� HVWXGL� SUHWpQ� HVWXGLDU� DTXHOOV� SURFHVVRV� HQ� HOV� TXDOV� O·HQHUJLD�

QHFHVVjULD�OLPLWDQW�VLJXL�OD�WqUPLFD�L�TXH�SXJXLQ�PLOORUDU�HO�SURFpV�GH�GLJHVWLy�
DQDHUzELD� GH� SXULQV� G·RULJHQ� SRUFt� HQV� VL�PDWHL[D� L�R� UHFXSHUDU� SURGXFWHV�
G·LQWHUqV� HQ� HO� PHUFDW� GHOV� IHUWLOLW]DQWV�� WHQLQW� HQ� FRPSWH� HOV� OLPLWDQWV�
LPSRVDWV� SHU� OHV� SUzSLHV� FDUDFWHUtVWLTXHV� G·DTXHVW� WLSXV� GH� UHVLGX� L� HOV�
GLIHUHQWV�HVFHQDULV�SRVVLEOHV��
$TXHVW�HVWXGL�V·HPPDUFD�HQ�OHV�OtQLHV�GH�WUHEDOO�GHO�/DERUDWRUL�G·(QJLQ\HULD�

$PELHQWDO� GH� OD� 8QLYHUVLWDW� GH� /OHLGD�� HQFDPLQDGHV� D� O·HVWXGL� L�
GHVHQYROXSDPHQW� GH� PqWRGHV� GH� JHVWLy� L� WHFQRORJLHV� GH� WUDFWDPHQW� GH�
UHVLGXV�RUJjQLFV��
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/·REMHFWLX� JHQHUDO� GHO� SUHVHQW� WUHEDOO� pV� O·HVWXGL� G·XVRV�GH� O·HQHUJLD� WqUPLFD�
DVVRFLDGD� DO� WUDFWDPHQW� DQDHUREL� GH� SXULQV� G·RULJHQ� SRUFt�� $TXHVW� REMHFWLX�
JHQHUDO�HV�FRQFUHWD�HQ�HOV�VHJ�HQWV�REMHFWLXV�SDUWLFXODUV��

� (VWXGL� GH� OD� KLGUzOLVL� WqUPLFD� GH� SXULQV� GH� SRUF� D� EDL[D� WHPSHUDWXUD�
����&�� L� GH� OD� VHYD� DSOLFDFLy� FRP� D� WUDFWDPHQW� SUHYL� GH� OD� GLJHVWLy�
DQDHUzELD��

� (VWXGL�GH�O·VWULSSLQJ�DEVRUFLy�G·DPRQtDF�GHOV�SXULQV�GH�SRUF�D����&��DL[t�
FRP� OD� VHYD� YLDELOLWDW� FRP� D� WUDFWDPHQW� SUHYL� R� SRVWHULRU� D� OD� GLJHVWLy�
DQDHUzELD��

� (VWXGL�GH�O·HYDSRUDFLy�FRQGHQVDFLy��VRWD�FRQGLFLRQV�GH�EDL[D�SUHVVLy��GH�
SXULQV�GH�SRUF��DL[t�FRP�O·HIHFWH�GHO�SURFpV�GH�GLJHVWLy�DQDHUREL�SUHYL��

�����'HVFULSFLy�GH�O·HVWXGL�

$� FRQWLQXDFLy� HV� GHVFULX� EUHXPHQW� O·HVWXGL� TXH� HV� SUHVHQWD�� $TXHVW�
V·HVWUXFWXUD�HQ�VLV�FDStWROV��HQ�HOV�GRV�SULPHUV�V·LQWURGXHL[�HO�FRQWH[W�DFWXDO�
GH� OD� JHVWLy� L� WUDFWDPHQW� GHOV� UHVLGXV� RUJjQLFV�� DL[t� FRP� HOV� OLPLWDQWV� L�
SRVVLELOLWDWV�HQ�HO�WUDFWDPHQWV�GHOV�SXULQV�G·RULJHQ�SRUFt��HQ�HOV�WUHV�FDStWROV�
VHJ�HQWV� HV� SUHVHQWHQ� HOV� H[SHULPHQWV� GXWV� D� WHUPH� SHU� WDO� G·DVVROLU� HOV�
REMHFWLXV� SODQWHMDWV�� HOV� UHVXOWDWV� REWLQJXWV� L� OHV� FRQFOXVLRQV� SDUFLDOV��
ILQDOPHQW�� HQ� HO� GDUUHU� FDStWRO�� HV� UHFXOOHQ� OHV� FRQFOXVLRQV� D� OHV� TXH� V·KD�
DUULEDW��

&DStWRO���

(Q�HO�SUHVHQW�FDStWRO��HV�GRQD�XQD�YLVLy�LQWURGXFWzULD�GH�OD�SUREOHPjWLFD�GHOV�
UHVLGXV�RUJjQLFV�� DL[t� FRP�HO�PDUF�FRQFHSWXDO� OHJDO� DFWXDO�TXH�GHWHUPLQD� OD�
QHFHVVLWDW�GH�FRQIHFFLRQDU�SODQV�GH�JHVWLy�SHU� WDO�GH� VXSHUDU� HOV�SUREOHPHV�
TXH�FRPSRUWD�OD�VHYD�LQFRUUHFWD�JHVWLy��(V�GLVFXWHL[HQ�EUHXPHQW�OHV�GLIHUHQWV�
HVWUDWqJLHV�GH�WUDFWDPHQWV�SRVVLEOHV�HQ�IXQFLy�GHOV�REMHFWLXV�PDUFDWV�SHO�SOD�
GH�JHVWLy��(Q�DTXHVW�FRQWH[W��HO�SURFpV�GH�GLJHVWLy�DQDHUzELD�RIHUHL[�GLYHUVHV�
DYDQWDWJHV�� WRW� KL� DL[t�� OD� QHFHVVLWDW� GH� WUREDU� XVRV� GH� O·HQHUJLD� WqUPLFD�
JHQHUDGD� HQ� H[FpV�� OLPLWD� HQ� PROWV� FDVRV� OD� VHYD� LPSODQWDFLy�� (V� SUHWpQ�
HVWXGLDU� DTXHOOV� SURFHVVRV� HQ� HOV� TXDOV� O·HQHUJLD� QHFHVVjULD� OLPLWDQW� VLJXL� OD�
WqUPLFD� L� TXH� SXJXLQ� PLOORUDU� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� GH� SXULQV�
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G·RULJHQ�SRUFt� HQ� VL�PDWHL[D� L�R� UHFXSHUDU�SURGXFWHV�G·LQWHUqV�HQ�HO�PHUFDW�
GHOV�IHUWLOLW]DQWV��

&DStWRO���

(Q�HOO�V·KL�GHVFULX�OD�FRPSRVLFLy�GHOV�SXULQV�G·RULJHQ�SRUFt�L�OHV�LPSOLFDFLRQV�
TXH� VH·Q� GHULYHQ� HQ� OD� VHYD� JHVWLy�� DL[t� FRP� SRVVLEOHV� HVWUDWqJLHV� GH�
WUDFWDPHQW�� LQFLGLQW� HQ� HO� SURFpV� GH� GLJHVWLy� DQDHUREL�� 6·LQWURGXHL[HQ� HOV�
DVSHFWHV� PpV� LPSRUWDQWV� LQYROXFUDWV� HQ� DTXHVW� SURFpV�� DL[t� FRP� HOV�
WUDFWDPHQWV� WqUPLFV� FRQVLGHUDWV�� KLGUzOLVL� WqUPLFD�� VWULSSLQJ�DEVRUFLy�� L�
HYDSRUDFLy�FRQGHQVDFLy�VRWD�EXLW��

&DStWRO���

(Q�DTXHVW�FDStWRO�V·HVWXGLD�HO�SURFpV�GH�KLGUzOLVL� WqUPLFD�GHOV�SXULQV�� WHQLQW�
HQ� FRPSWH� TXH� HOV� SURFHVVRV� GH� GHJUDGDFLy� WqUPLFD� TXH� SXJXLQ� VXFFHLU�
SRGHQ� VHU� G·LQWHUqV� HQ� DOWUHV� SURFHVVR� FRP� pV� HO� FDV� GH� O·VWULSSLQJ�DEVRUFLy�
DPE� LQFUHPHQW�GH� WHPSHUDWXUD�R� O·HYDSRUDFLy�FRQGHQVDFLy��$L[t�PDWHL[�� HV�
SUHWpQ�DYDOXDU� OD�VHYD� LGRQHwWDW� FRP�D�SURFpV�SUHYL� D� OD�GLJHVWLy�DQDHUzELD��
PLWMDQoDQW�H[SHULPHQWV�DQDHURELV�HQ�GLVFRQWLQX��

&DStWRO���

/D� UHFXSHUDFLy� GH� O·DPRQtDF� FRQWLQJXW� HQ� HOV� SXULQV� GH� SRUF�PLWMDQoDQW� HO�
SURFpV� G·VWULSSLQJ�DEVRUFLy� V·HVWXGLD� HQ� DTXHVW� FDStWRO�� /D� WHPSHUDWXUD� GHO�
SURFpV� HV� IL[D� D� ���&�� DPE� XQ� GREOH� REMHFWLX�� XWLOLW]DU� O·HQHUJLD� WqUPLFD�
SURFHGHQW�GH�OD�FRJHQHUDFLy�DPE�HO�ELRJjV�REWLQJXW�HQ�HO�SURFpV�GH�GLJHVWLy�
DQDHUzELD�L�GHWHUPLQDU�OD�SRVVLELOLWDW�GH�UHGXLU�OD�QHFHVVLWDW�DGGLWLXV�TXtPLFV�
SHU� WDO� GH� PRGLILFDU� HO� S+�� (O� SRVVLEOH� HIHFWH� SRVLWLX� GH� OD� UHGXFFLy� GHO�
FRQWLQJXW� G·DPRQtDF� HQ� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� WDPEp� V·DYDOXD�
PLWMDQoDQW�DVVDLJV�DQDHURELV�HQ�GLVFRQWLQX��

&DStWRO���

(Q� HO� SUHVHQW� FDStWRO� V·HVWXGLD� HO� SURFpV� G·HYDSRUDFLy�FRQGHQVDFLy� GHOV�
SXULQV�GH�SRUF�FRP�D�SURFpV�SRVWHULRU�D�OD�GLJHVWLy�DQDHUzELD��DPE�O·REMHFWLX�
G·REWHQLU�XQ�SURGXFWH�DPE�XQ�DOW�SRGHU�IHUWLOLW]DQW�L�VHSDUDU�DLJXD�TXH�SXJXL�
VHU�UHXWLOLW]DGD��$L[t�PDWHL[�� WDPEp�V·HVWXGLD� O·HYDSRUDFLy�FRQGHQVDFLy�TXDQ�
HV� UHDOLW]D� VHQVH� XQD� SUqYLD� HVWDELOLW]DFLy� GH� OD� PDWqULD� RUJjQLFD�� /D�
FRQMXQWXUD� DFWXDO�� SURSLFLDGD� SHO�5HDO�'HFUHW� ����������� DIDYRUHL[� O·~V� GH�
FRPEXVWLEOHV�G·RULJHQ� IzVVLO� �JDV�QDWXUDO��SHO� WUDFWDPHQW�GH�SXULQV��$L[z� ID�
TXH� HV� FRQVLGHUL� LQWHUHVVDQW� FRPSDUDU� DTXHVWHV� GXHV� HVWUDWqJLHV� GH�
WUDFWDPHQW���
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&DStWRO���

(Q�DTXHVW� FDStWRO� HV�SUHVHQWHQ� OHV� FRQFOXVLRQV�GHO� WUHEDOO�DL[t� FRP�DOJXQHV�
FRQVLGHUDFLRQV�GH�IXWXU�

$�FDGD�FDStWRO�V·LQGLTXHQ�OHV�UHIHUqQFLHV�ELEOLRJUjILTXHV�FLWDGHV�HQ�HOO��

�����5()(5Ë1&,(6��

%DERW�� '��0DUWtQH]�� /�� L� 7HLUD��0�5�� ������� *HVWLyQ� GH� VXESURGXFWRV� \� UHVLGXRV�

GHULYDGRV�GH�OD�SURGXFFLyQ�SRUFLQD��0XQGR�*DQDGHUR��6XEPLWWHG���

%'�86'��%LRHQHUJ\�'HSDUWPHQW�8QLYHUVLW\�RI�6RXWKHUQ�'HQPDUN����������'DQLVK�

FHQWUDOLVHG�ELRJDV�SODQWV��3ODQWV�GHVFULSWLRQV��%LR3UHVV��&RSHQKDJHQ�����SS��

%XUWRQ�� &�+�� �������� 0DQXUH� PDQDJHPHQW�� 7UHDWPHQW� VWUDWHJLHV� IRU� VXVWDLQDEOH�

DJULFXOWXUH��6LOVRH�5HVHDUFK�,QVWLWXWH��%HGIRUG��8.������SS���

'$53� �� 'HSDUWDPHQW� G
DJULFXOWXUD�� UDPDGHULD� L� SHVFD� �������� (VWDGtVWLTXHV�

UDPDGHUHV��(VWDGtVWLTXHV�L�FRQMXQWXUD�DJUjULD��

'($��'DQLVK�(QHUJ\�$JHQF\���������3URJUHVV�UHSRUW�RQ�WKH�HFRQRP\�RI�FHQWUDOL]HG�

ELRJDV�SODQWV��%LR3UHVV��&RSHQKDJHQ�����SS��

',$)(�� 'DQLVK� ,QVWLWXWH� RI� $JULFXOWXUDO� DQG� )LVKHULHV� (FRQRPLFV�� ��������

&HQWUDOLVHG� ELRJDV� SODQWV�� ,QWHJUDWHG� HQHUJ\� SURGXFWLRQ�� ZDVWH� WUHDWPHQW� DQG�

QXWULHQW�UHGLVWULEXWLRQ�IDFLOLWLHV��%LR3UHVV��&RSHQKDJHQ�������SS���

)ORWDWV��;�� �������� 3HUVSHFWLYDV� GH� IXWXURV� GHVDUUROORV� H� LQLFLDWLYDV� HQ� OD� JHVWLyQ� \�

WUDWDPLHQWR�GH�SXULQHV��5HYLVWD�7pFQLFD�GH�0HGLR�$PELHQWH��PDU]R�DEULO���������

)ORWDWV��;���%RQPDWt��$���&DPSRV��(��L�7HLUD��0�5����������(O�SURFHVR�GH�VHFDGR�GH�

SXULQHV�HQ�HO�PDUFR�GH�XQD�JHVWLyQ� LQWHJUDO�GH�UHVLGXRV�JDQDGHURV��5HVLGXRV������

������

)ORWDWV��;��� &DPSRV��(��� 3DODWVL�� -�� L� %RQPDWt�� $�� �������� 7UDWDPLHQWR� GH� UHVLGXRV�

RUJiQLFRV� \� YDORUL]DFLyQ� DJUtFROD�� (Q�� $SOLFDFLyQ� DJUtFROD� GH� UHVLGXRV� RUJiQLFRV��

%RL[DGHUD��-��L�7HLUD��0�5���HGV���(GLFLRQV�8QLYHUVLWDW�GH�/OHLGD����������

)ORWDWV��;��3RUWD��-���$QW~QH]��0��L�%RL[DGHUD��-����������0HWRGRORJtD�SDUD�HO�PDQHMR�

LQWHJUDO� GH�SXULQHV�GH�FHUGR�� ,9�&RQJUHVR�1DFLRQDO� GH� ,QJHQLHUtD�$PELHQWDO��%LOEDR��

�������

*LUy�� )�� �������� 3HUVSHFWLYHV� GHO� FRPSRVWDWJH� D� &DWDOXQ\D�� -RUQDGHV� 0XQLFLSDOV� GH�

9DORULW]DFLy�GH�5HVLGXV��%DUFHORQD��

+REVRQ�� 3�1�� �������� $QDHURELF� GLJHVWLRQ�� D� ZDVWH� WUHDWPHQW� WHFKQRORJ\�� &ULWLFDO�

UHSRUWV�RQ�DSSOLHG�FKHPLVWU\��7KH�WUHDWPHQW�RI�DJULFXOWXUDO�ZDVWHV����������SS��

,ULJRQ\HQ��;�� ��������*HVWLy� GH� UHVLGXV� D�&DWDOXQ\D�� -RUQDGHV�$JUjULHV�� )LUD� GH� 6DQW�

0LTXHO��0ROOHUXVVD�������

,QVWLWXW� G
(VWDGtVWLFD� GH� &DWDOXQ\D� �������� 'DGHV� GHO� PHGL� DPELHQW� D� &DWDOXQ\D��

'HSDUWDPHQW� G
(FRQRPLD� L� )LQDQFHV� L� 'HSDUWDPHQW� GH� 0HGL� $PELHQW��

*HQHUDOLWDW�GH�&DWDOXQ\D��%DUFHORQD��

-XQWD� GH� 5HVLGXV�� ������ 3URJUDPD� GH� JHVWLy� GH� UHVLGXV� PXQLFLSDOV� GH� &DWDOXQ\D��

'HSDUWDPHQW�GH�0HGL�$PELHQW��*HQHUDOLWDW�GH�&DWDOXQ\D��
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-XQWD�GH�5HVLGXV��������3URJUDPD�GH�JHVWLy�GH�OHV�GHMHFFLRQV�UDPDGHUHV�D�&DWDOXQ\D��

'HSDUWDPHQW�GH�0HGL�$PELHQW��*HQHUDOLWDW�GH�&DWDOXQ\D������SS��

-XQWD�GH�6DQHMDPHQW��������3URJUDPD�GH� WUDFWDPHQW�GHOV�IDQJV�GH� OHV�GHSXUDGRUHV�

G
DLJ�HV� UHVLGXDOV� XUEDQHV�� 'HSDUWDPHQW� GH� 0HGL� $PELHQW�� *HQHUDOLWDW� GH�

&DWDOXQ\D�����SS��

/RZULVRQ��*�&����������)HUWLOL]HU�7HFKQRORJ\��(OOLV�+RUZRRG�6HULHV�LQ�$SSOLHG�6FLHQFH�

DQG�,QGXVWULDO�7HFKQRORJ\��-RKQ�:LOH\�	�6RQV������SS�  
0DJUt��$��L�)ORWDWV��;����������%LRORJLFDO�WUHDWPHQW�RI�WKH�OLTXLG�IUDFWLRQ�RI�SLJ�VOXUU\�

LQ�D�VHTXHQFLQJ�EDWFK�UHDFWRU��3URFF���QG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6HTXHQFLQJ�%DWFK�

5HDFWRUV�7HFKQRORJ\��1DUERQQH��������-XO\��������������

5XONHQV��:�+���.ODSZLMN��$�� L�:LOOHUV��+�&�� ��������5HFRYHU\�RI�YDOXDEOH�QLWURJHQ�

FRPSRXQGV�IURP�DJULFXOWXUDO�OLTXLG�ZDVWHV��SRWHQWLDO�SRVVLELOLWLHV��ERWWOHQHFNV�DQG�

IXWXUH�WHFKQRORJLFDO�FKDOOHQJHV��(QYLURQPHQWDO�3ROOXWLRQ�������6�������������

7HLUD��5���)ORWDWV��;���&DVDxp��$���0DJUt��$���0DUWtQ��3���0XQWDQp��/���7DUUDGDV�� -���

&DPSRV��(���L�%RQPDWt��$����������$�FDVH�VWXG\�RQ�OLYHVWRFN�ZDVWH�PDQDJHPHQW��

-XQFRVD� GH� OHV� *DUULJXHV� �&DWDORQLD�� 6SDLQ��� 3URFF�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�

(QYLURQPHQWDO�(QJLQHHULQJ��&DUDJHQD�������VHSWHPEHU�����������

�

�
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&DStWRO���
&DUDFWHULW]DFLy� GHOV� SXULQV�
G
RULJHQ� SRUFt�� /LPLWDQWV� L�
SRWHQFLDOV� HQ� OD� JHVWLy��
WUDFWDPHQW�DQDHUREL� L�SRVVLEOHV�
WUDFWDPHQWV�WqUPLFV�



&DUDFWHULW]DFLy�GHOV�SXULQV�G
RULJHQ�SRUFt«�
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&DUDFWHULW]DFLy�GHOV�SXULQV�G
RULJHQ�SRUFt«�
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8Q�SDV�SUHYL�D�O·HVWXGL�GH�OHV�SRVVLEOHV�HVWUDWqJLHV�GH�JHVWLy�L�WUDFWDPHQW�G·XQ�
UHVLGX� GHWHUPLQDW�� pV� OD� VHYD� FDUDFWHULW]DFLy� HQ� TXDQW� D�� FRPSRVLFLy� L�
YDULDELOLWDW� � �MD� TXH� GHWHUPLQD� TXLQHV� HVWUDWqJLHV� GH� WUDFWDPHQW� VRQ�
VXVFHSWLEOHV�GH�VHU�DSOLFDGHV���YROXP�TXH�VH·Q�JHQHUD��SHUPHW�GHWHUPLQDU� OD�
PDJQLWXG�GHO�SUREOHPD���L�OD�VHYD�GLVWULEXFLy�DO�WHUULWRUL��SHUPHW�GHFLGLU�TXLQ�
WLSXV� GH� JHVWLy� L� HVFDOD� GH� WUDFWDPHQW� pV� DSOLFDEOH�� LQGLYLGXDOLW]DGD� R�
FHQWUDOLW]DGD���1R�FDO�REOLGDU�SHUz�� WDO�FRP�V·KD�H[SOLFDW�HQ�HO�FDStWRO����HOV�
FRQGLFLRQDQWV� GH� O·HQWRUQ� L� HOV� REMHFWLXV� GHILQLWV� SHO� SOD� GH� JHVWLy�� MD� TXH�
VHUDQ�HOV�TXH�GHILQLUDQ�O·HVWUDWqJLD�GH�WUDFWDPHQW�PpV�DGHTXDGD��
(Q�HO�FDV�GHOV�UHVLGXV�UDPDGHUV� OD�´YRFDFLyµ��L�SHU�WDQW� OD� LGRQHwWDW�G·XQD�

GHWHUPLQDGD�HVWUDWqJLD�GH�WUDFWDPHQW��YDULDUj�PROW�HQ�IXQFLy�GH�VL�HV�WUDFWD�GH�
IHPV�R�SXULQV��OHV�TXDOV�GHILQLFLRQV�VyQ��'DQqV�HW�DO����������

)HPV��%DUUHMD� G
H[FUHPHQWV� DQLPDOV�� RULQD�� MDo� L� UHVWHV� G
DOLPHQWV�� &RP� D�
FDUDFWHUtVWLFD� UHPDUFDEOH� HV� SRW� GHVWDFDU� TXH� OD� TXDQWLWDW� GH�PDWqULD� VHFD�
TXH�FRQWp�SHUPHW�TXH�TXHGL�DPXQWHJDW��

3XULQV�� %DUUHMD� GH� GHMHFFLRQV� DQLPDOV� �H[FUHPHQWV� VzOLGV� L� OtTXLGV���
MXQWDPHQW� DPE� UHVWHV� GH� MDo�� PHQMDU� L� DLJXD� HQ� TXDQWLWDWV� YDULDEOHV�� /D�
SULQFLSDO�FDUDFWHUtVWLFD�pV�HO�EDL[�FRQWLQJXW�HQ�PDWqULD�VHFD��OD�TXDO�ID�TXH�HV�
FRPSRUWL�FRP�XQ�IOXLG��

(Q�DTXHVW�FDStWRO�HV�SUHWpQ�SRVDU�GH�UHOOHX��D�SDUWLU�GH�OD�FDUDFWHULW]DFLy�GH�OD�
FRPSRVLFLy� GHOV� SXULQV� G·RULJHQ� SRUFt�� HOV� OLPLWDQWV� HQ� OD� VHYD� JHVWLy� L�
DSOLFDFLy� DO� VzO�� DL[t� FRP� OHV� LPSOLFDFLRQV� TXH� VH·Q� GHULYHQ� HQ� HO� VHX�
WUDFWDPHQW�� (V� ID� LQFLGqQFLD� ~QLFDPHQW� HQ� HO� VHX� WUDFWDPHQW� DQDHUREL� DL[t�
FRP� SRVVLEOHV� SURFHVVRV� WqUPLFV� FRQVLGHUDWV� HQ� DTXHVW� HVWXGL� �KLGUzOLVL�
WqUPLFD��VWULSSLQJ�DEVRUFLy�L�HYDSRUDFLy�FRQGHQVDFLy���

�����&RPSRVLFLy�GHOV�SXULQV�G
RULJHQ�SRUFt�

/D� JHQHUDFLy� GH� SXULQV� QRUPDOPHQW� V·DVVRFLD� D� OHV� H[SORWDFLRQV� GH� EHVWLDU�
SRUFt�� 7RW� L� DL[t�� DFWXDOPHQW� OHV� SUDFWLTXHV� GH� PDQHLJ� TXH� SRUWHQ� D� OD�
JHQHUDFLy� G·DTXHVW� WLSXV� GH� UHVLGX� OtTXLG� V·HVWDQ� HVWHQHQW� D� DOWUH� WLSXV�
G·H[SORWDFLRQV�UDPDGHUHV��FRP�OHV�GH�EHVWLDU�YDTXt���
/D�JUDQ�YDULDELOLWDW�L�KHWHURJHQHwWDW�HQ�OD�FRPSRVLFLy�GHOV�SXULQV�GH�SRUF�pV��

SRVVLEOHPHQW�� HO� WUHW� PpV� FDUDFWHUtVWLF� G·DTXHVW� WLSXV� GH� UHVLGX�� (QWUH� HOV�
IDFWRUV� TXH� GHWHUPLQHQ� OD� VHYD� FRPSRVLFLy� FDO� GHVWDFDU� �1DYpV� L� 7RUUHV��
������� WLSRORJLD� GH� O·H[SORWDFLy�HVWDW� ILVLROzJLF�� HQJUHL[�� PDUHV�� WUDQVLFLy�� FLFOH�



&DUDFWHULW]DFLy�GHOV�SXULQV�G
RULJHQ�SRUFt«�
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WDQFDW�� DOLPHQWDFLy�� IRUPXODFLy� SLQVR�� WLSXV� G·DOLPHQWDFLy� �VHFD�� KXPLGD���
VLVWHPD�G·HPPDJDW]HPDWJH��HQJUDHOODW� L�FROÃOHFWRU�D� OD�SUzSLD� LQVWDOÃODFLy�R�EDVVD�
�WDSDGD��GHVWDSDGD«���qSRFD�GH�O·DQ\��HYDSRUDFLy��IUHT�qQFLD�G·DSOLFDFLy�DO�VzO��L�
PDQHLJ� GH� O·DLJXD�D� O·H[SORWDFLy�� VHSDUDFLy�DLJ�HV�SOXYLDOV�� VLVWHPD� L�SHULRGLFLWDW�
QHWHMD��
$� OD�7DXOD� ����� HV� UHFXOOHQ� OHV� FDUDFWHUtVWLTXHV�PpV� UHOOHYDQWV� GHOV� SXULQV�

G·RULJHQ� SRUFt� �GDGHV� QR� SXEOLFDGHV�� REWLQJXGHV� HQ� XQ� PRVWUHLJ� PHQVXDO�
UHDOLW]DW�GXUDQW�XQ�DQ\�HQ�TXDWUH�H[SORWDFLRQV�SRUFLQHV�GH�OD�FRPDUFD�GH�OHV�
*DUULJXHV� �/OHLGD���SHU�SDUW�GHO�/DERUDWRUL�G·(QJLQ\HULD�$PELHQWDO� �/($�� L�
O·HPSUHVD�6*7�6�$��

7DXOD������&DUDFWHUtVWLTXHV�GHOV�SXULQV�G·RULJHQ�SRUFt�

3DUjPHWUH��VtPERO�� 8QLWDWV� 0tQLP�� 0j[LP� 0LWMDQD� �
6zOLGV�WRWDOV��67�� J�NJ� ������ ������� ������ �

6zOLGV�YROjWLOV��69�� J�NJ� ����� ������� ������ ��D��

3HUFHQWDWJH�69�67� �� ��� ��� ��� �

6zOLGV�WRWDOV�VXVSHVRV��676�� J�NJ� ����� ������� ������ ����

6zOLGV�YROjWLOV�VXVSHVRV��696�� J�NJ� ����� ������� ������ �

3HUFHQWDWJH�696�676� �� ��� ��� ��� �

6zOLGV�WRWDOV�VROXEOHV��67V�� J�NJ� ����� ����� ����� ����

3HUFHQWDWJH�676�67� �� ��� ��� ��� ����

'HPDQGD�TXtPLFD�G·R[LJHQ��'42�� J�NJ� ����� ������� ������ ��E��

FLGV�JUDVVRV�YROjWLOV��$*9��� J�NJ� ����� ������ ����� ����

1LWURJHQ�DPRQLDFDO��1�1+�
��� J�NJ� ����� ����� ����� ����

1LWURJHQ�WRWDO�.MHOGKDO��17.�� J�NJ� ����� ������ ����� ����

1LWURJHQ�RUJjQLF��1RUJ�� J�NJ� ����� ����� ����� �

3HUFHQWDWJH�1�1+�
��17.� �� ��� ��� ��� ����

)zVIRU��3�� J�NJ� ����� ����� ����� ����

3RWDVVL��.�� J�NJ� ����� ����� ����� ����

&RXUH��&X�� J�NJ� ����Ã����� ������Ã����� �����Ã����� ����

=HQF��=Q�� J�NJ� ����Ã����� ������Ã����� �����Ã����� ����

S+� � ����� ����� ����� ����

$OFDOLQLWDW�WRWDO��$/&7�� J�NJ� ����� ������ ������ ����

$OFDOLQLWDW�SDUFLDO��$/&3�� J�NJ� ����� ������ ������ �

5HODFLy�G·DOFDOLQLWDWV��5$�� � ����� ����� ����� ����

1RWD�����0j[LP��PLPLQ�L�PLWMDQD�V·KDQ�FDOFXODW�D�SDUWLU�GH�WRWHV�OHV�PRVWUHV��(O�Q~PHUR�WRWDO�GH�PRVWUHV�
KD�HVWDW�GH�����3HU�FDGD�PRVWUD�V·KDQ�UHDOLW]DW�HQWUH���L���UHSHWLFLRQV�GHSHQHQW�GHO�SDUjPHWUH�DQDOLW]DW�����
([SUHVVDW�FRP�jFLG�DFqWLF��(O�Q~PHUR�GH�PRVWUHV�KD�HVWDW�������([SUHVVDW�FRP�&D&2���

�
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$�SDUWLU� GH� OHV� GDGHV�TXH� HV�PRVWUHQ� D� OD�7DXOD� ���� HV� SRGHQ� IHU� GLYHUVHV�
FRQVLGHUDFLRQV��

� HO�UDQJ�GH�YDULDELOLWDW�GHOV�SDUjPHWUHV�DQDOLW]DWV�pV�H[WUHPDGDPHQW�DPSOL��

� DOW�FRQWLQJXW�G·DLJXD��HV�WUREHQ�YDORUV�FRPSUHVRV�HQWUH�HO������L�HO������
G·KXPLWDW��

� SRFD�FRQFHQWUDFLy�HQ�PDWqULD�RUJjQLFD��02��VL�HV�FRQVLGHUD�HO�VHX�~V�FRP�
XQD� HVPHQD� RUJjQLFD� ��D��� 3HO� FRQWUDUL� VL� HV� FRQVLGHUD� FRP� XQ� HIOXHQW�
OtTXLG� TXH� FDO� GHSXUDU�� HO� FRQWLQJXW� GH� PDWqULD� RUJjQLFD� pV�
H[WUHPDGDPHQW�HOHYDW���E���

� FRPSRVLFLy�UHODWLYDPHQW�HOHYDGD�GH�PDFURQXWULHQWV��1��3�L�.���DL[z�ID�TXH�
OD�VHYD�DSOLFDFLy�DO�VzO�VLJXL� OD�PHVXUD�PpV�DGHTXDGD�SHU�WDO�GH�UHFLFODU�
QXWULHQWV�L�DL[t�WDQFDU�FLFOHV������

� SUHVHQFLD� GH�PHWDOOV� SHVDQWV� �&X� L�=Q�� TXH� SRGHQ� VHU� XQ� OLPLWDQW� SHU� OD�
VHYD�DSOLFDFLy�FRQWLQXDGD�HQ�HO�WHPSV������

� DOWD� FRQFHQWUDFLy�HQ�DPRQtDF�� DPE� OHV� VHYHV�FRUUHVSRQHQWV� LPSOLFDFLRQV�
DPELHQWDOV������

� DOW�SHUFHQWDWJH�GH�PDWqULD�RUJjQLFD�SDUWLFXODGD������

� JUDQ�YDULDELOLWDW�HQ�O·HVWDW�GH�GHVFRPSRVLFLy��HGDW�������

� SUHVqQFLD�GH�FRPSRVWRV�YROjWLOV�����L������

� DOW�SRGHU� WDPSy�HO�TXDO� LPSOLFD�XQ�S+� �UHODWLYDPHQW�HVWDEOH� L�SURSHU�D� OD�
QHXWUDOLWDW������

$TXHVWHV� FDUDFWHUtVWLTXHV� WHQHQ� GLYHUVHV� LPSOLFDFLRQV� HQ� UHODFLy� D� OD� VHYD�
JHVWLy�L�DSOLFDFLy�DO�VzO��DL[t�FRP�HQ�HOV�SRVVLEOHV�SURFHVVRV�TXH�SRGHQ�IRUPDU�
SDUW�G·XQD�GHWHUPLQDGD�HVWUDWqJLD�GH�WUDFWDPHQW���

�����/LPLWDQWV�HQ�OD�JHVWLy�L�DSOLFDFLy�DO�VzO�

6HQVH�VHU�H[KDXVWLXV��OHV�LPSOLFDFLRQV�GH�OHV�FDUDFWHUtVWLTXHV�GHOV�SXULQV�TXH�
WHQHQ�PpV�LPSRUWjQFLD�HQ�OD�VHYD�DSOLFDFLy�DO�VzO�VyQ�OHV�VHJ�HQWV��

� *UDQ� YDULDELOLWDW� HQ� FRPSRVLFLy�� VREUHWRW� SHO� TXH� ID� UHIHUqQFLD� DO�
FRQWLQJXW� HQ�PDFURQXWULHQWV� �1�� 3� L�.��� 3HU� XQ� FRUUHFWH� FjOFXO� GH� OHV�
GRVLV�DGHTXDGHV�DOV�UHTXHULPHQWV�GHOV�FXOWLXV��HO�FRQHL[HPHQW�SUHFtV�GH�
OHV�VHYHV�FRQFHQWUDFLRQV�pV� LQGLVSHQVDEOH��$UDQ���������$TXHVW�IHW��MXQW�
DPE�OD�VHYD�JUDQ�KHWHURJHQHwWDW��SDUWtFXOHV�HQ�VXVSHQVLy�GH�GLIHUHQWV�PLGHV�
L�IRUPHV�DPE�XQD�JUDQ�WHQGqQFLD�D�VHGLPHQWDU���LPSOLFD�OD�QHFHVVLWDW�G·XQ�
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JUDQ�QRPEUH�G·DQjOLVLV� �UHSHWLFLRQV��SHU�GHWHUPLQDU� OD� VHYD�FRPSRVLFLy�
DPE�OD�FRQVHT�HQW�GHVSHVD�HFRQzPLFD��

� 5HODFLRQV�1�3�.��/HV� UHODFLRQV�HQWUH�HOV�PDFURQXWULHQWV� QR�DFRVWXPHQ�D�
VHU�OHV��DGHTXDGHV�D�OHV�QHFHVVLWDWV�GHOV�FXOWLXV��$TXHVW�IHW�ID�TXH�FDOJXL�
WULDU�HO�FULWHUL�PpV�OLPLWDQW��FULWHUL�QLWURJHQ��FULWHUL�IzVIRU�«��D�O·KRUD�GH�
FDOFXODU� OHV�GRVLV� L�HYLWDU�SUREOHPHV�GH�FRQWDPLQDFLy�SHU�VREUHGRVLV�GH�
QXWULHQWV��L�FRPSOHPHQWDU�OHV�QHFHVVLWDWV�GHOV�DOWUHV�QXWULHQWV�DPE�DGREV�
LQRUJjQLFV���*LO��������3LQWR�HW�DO����������

� 3UHVqQFLD�GH�PHWDOOV�SHVDQWV��&X�L�=Q���/D�SUHVHQFLD�GH�PHWDOOV�SHVDQWV�FRP�
pV�HO�&X�L�HO�=Q��GHULYDW�GH�OD�IRUPXODFLy�GHOV�SLQVRV���ID�TXH�FRQWLQXDGHV�
DSOLFDFLRQV�GH�SXULQV�HQ�XQD�PDWHL[D�SDUFHOÃOD� DJUtFROD�SXJXLQ�SRUWDU� D�
DFXPXODFLRQV�G
DTXHVWV�PHWDOOV�HQ�HO�VzO��/$)���������

� &RQFHQWUDFLy�GH�02��0DOJUDW�TXH�OD�VHYD�FRQFHQWUDFLy�pV�PROW�EDL[D�VL�HV�
YRO� DSOLFDU� FRP� HVPHQD� RUJjQLFD�� OD� VHYD� SUHVqQFLD� pV� VXILFLHQWPHQW�
LPSRUWDQW� SHU� TXH� VLJXL� QHFHVVDUL� R� UHFRPDQDEOH� XQ� WUDFWDPHQW�
G·HVWDELOLW]DFLy�DEDQV�GH�OD�VHYD�DSOLFDFLy�DO�VzO��'·DTXHVWD�PDQHUD��WDPEp�
V·HYLWHQ�PDOHV�RORUV�L�HPLVVLRQV�GH�FRPSRVWRV�YROjWLOV�HQ�OD�VHYD�DSOLFDFLy�
�%XUWRQ���������

� &RQFHQWUDFLy� GH� 1�1+�
��� /HV� DOWHV� FRQFHQWUDFLRQV� G·DTXHVW� FRPSRQHQW�

LPSOLTXHQ�XQ�DOW�ULVF�GH�FRQWDPLQDFLy�DPELHQWDO��/D�VHYD�YRODWLOLWDW��DL[t�
FRP� OD� VHYD� UjSLGD� R[LGDFLy� D� QLWUDWV� �12�

���� HOV� TXDOV� WHQHQ� XQD� JUDQ�
PRELOLWDW� DO� VzO�� FRPSRUWHQ� OD� FRQWDPLQDFLy� GHOV� FXUVRV� G·DLJ�HV�
�VXEWHUUjQLHV� L� VXSHUILFLDOV��� $L[t� PDWHL[�� O·R[LGDFLy� SDUFLDO� D� z[LGV� GH�
QLWURJHQ� �1�2� L�12[�� Wp� XQD� HVSHFLDO� LQFLGqQFLD� VREUH� O
HQWRUQ� �7HLUD��
�������

� &RQWLQJXW�HQ�DLJXD��/·DOW�FRQWLQJXW�HQ�DLJXD�pV��WDPEp��XQ�GHOV�LPSRUWDQWV�
OLPLWDQWV� HQ� O·DSOLFDFLy� GHOV� SXULQV� GH� SRUF�� MD� TXH� HO� FRVW� GHO� VHX�
WUDQVSRUW� L� DSOLFDFLy� pV� PROW� HOHYDW� WHQLQW� HQ� FRPSWH� HO� FRQWLQJXW� GH�
QXWULHQWV��$L[t�PDWHL[��OLPLWD�HO�PRPHQW�G·DSOLFDFLy��HO�TXDO�QRUPDOPHQW�
KD� GH� VHU� SUHYL� D� OD� LQVWDOÃODFLy� GHO� FXOWLX� �DGREDW� GH� IRQV��� DOODUJDQW� HO�
WHPSV� GH� SHUPDQqQFLD� DO� VzO�� $L[z� SRVVLELOLWD� HOV� IHQzPHQV� GH�
FRQWDPLQDFLy�DQWHULRUPHQW�GHVFULWV��&DUUDVFR�L�9LOODU���������

(Q�IURQW�GH�WRWV�DTXHVW�FRQGLFLRQDQWV� L� WHQLQW�HQ�FRPSWH� OD�GREOH�FRQGLFLy�
GH�FRQWDPLQDQW�IHUWLOLW]DQW��HO�WUDFWDPHQW�GHOV�SXULQV�GH�SRUF�pV�XQD�HLQD�TXH�SRW�
UHVXOWDU�PROW�~WLO�SHU�WDO�G·DXJPHQWDU�OD�VHYD�FDSDFLWDW�GH�JHVWLy�L�PLOORUDU�OHV�
VHYHV� FDUDFWHUtVWLTXHV� FRP� D� SURGXFWH� GH� TXDOLWDW� DPE� XQ� LPSRUWDQW� YDORU�
QXWULFLRQDO�SHOV�FXOWLXV��
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'·HQWUH� WRWV� HOV�SRVVLEOHV�SURFHVVRV�TXH�VyQ�VXVFHSWLEOHV�GH� VHU� DSOLFDWV�� HO�
SURFpV�GH�GLJHVWLy�DQDHUzELD�SUHVHQWD�XQ�VHJXLW�G·DYDQWDWJHV��QR�WDQ�VROV�FRP�
D� WUDFWDPHQW� LQGLYLGXDOLW]DW� VLQy� WDPEp�FRP�D�SURFpV� LQWHUHVVDQW�G·LQFORXUH�
GLQV� G·XQD� HVWUDWqJLD� JOREDO�� $� OD� 7DXOD� ���� HV� UHFXOOHQ� VLQWqWLFDPHQW� HOV�
DYDQWDWJHV�GHO�SURFpV�GH�GLJHVWLy�DQDHUzELD�GH�SXULQV�GH�SRUF��

7DXOD������$YDQWDWJHV�GHO�SURFpV�GH�GLJHVWLy�DQDHUzELD�HQ�UHODFLy�DOV�IDFWRUV�
TXH�V
LQGLTXHQ��)ORWDWV�HW�DO���������

)$&725� $9$17$7*(6�'(/�/$�',*(67,Ð�$1$(52%,$�
9DULDELOLWDW�HQ�OD�
FRPSRVLFLy�

+RPRJHQHwW]DFLy�GH�OD�FRPSRVLFLy��PpV�LQWHQVD�TXDQ�PDMRU�pV�HO�WHPSV�
GH�UHWHQFLy���

3XGRUV�L�
FRPSRVWRV�
RUJjQLFV�YROjWLOV�

(OLPLQDFLy� G·jFLGV� JUDVVRV� YROjWLOV� �$*9�� L� DOWUHV� FRPSRVWRV� IjFLOPHQW�
GHJUDGDEOHV�� /D� PDWqULD� RUJjQLFD� UHVXOWDQW� pV� OHQWDPHQW� R� GLItFLOPHQW�
GHJUDGDEOH�� HOV� SXULQV� GLJHULWV� QR� SUHVHQWHQ� RORU� GHVDJUDGDEOH� L� pV� XQ�
SURGXFWH� PpV� HVWDEOH�� (Q� SURFHVVRV� WqUPLFV� SRVWHULRUV� V·HYLWHQ�
SUREOHPHV� SRU� YRODWLOLW]DFLy� GH� FRPSRVWRV� RUJjQLFV�� /D� UHGXFFLy� R�
HOLPLQDFLy� G·$*9� GLVPLQXHL[� OD� ILWRWR[LFLWDW� DOV� FXOWLXV� SRU� DTXHVWV�
FRPSRVWRV���

&RQWLQJXW�GH�
PDWqULD�RUJjQLFD��
(VWDELOLW]DFLy��
PLQHUDOLW]DFLy�

5HGXFFLy� GH� VzOLGV� WRWDOV� L� YROjWLOV�� 5HGXFFLy� GH� PDWqULD� RUJjQLFD�
GHJUDGDEOH� L� PDQWHQLPHQW� GH� ODV� FRQFHQWUDFLRQV� GH� QXWULHQWV��
7UDQVIRUPDFLy�GH�QLWURJHQR�RUJjQLF�D�DPRQLDFDO��(Q�FDVR�GH�VHSDUDU�OD�
IDVH�DTXRVD��HO�SURGXFWH�UHVXOWDQW�SUHVHQWDUj�PHQRU�YROXP��PDQWHQLQW�OD�
PDWHL[D�ULTXHVD�IHUWLOLW]DQW��

'LVWULEXFLy�GH�
SDUWtFXOHV�L�GH�
IUDFFLy�VROXEOH�

+RPRJHQHwW]DFLy�HQ� OD�GLVWULEXFLy�GH�SDUWtFXOHV�� DTXHVW� IHW� DIDYRUHL[�HO�
GLVVHQ\� L� DSOLFDFLy� GH� SURFHVVRV� SRVWHULRUV� G·DVVHFDW�� +LGUzOLVL� GH�
SDUWtFXOHV�GH�SHWLW�PLGD�L�FROÃORLGDOV��L�UHGXFFLy�G·RUJjQLFV�VROXEOHV��DPE�
OD�TXDO�FRVD�HV�IDFLOLWD�OD�VHSDUDFLy�HQWUH�IDVHV�VROXEOHV�L�HQ�VXVSHQVLy���

&RQVLVWqQFLD� &RQVLVWqQFLD�SDVWRVD�GH�OD�IUDFFLy�VROLGD�GHOV�SXULQV�GLJHULWV��IDFLOLWDQW�OD�
VHYD�PDQLSXODFLy�L�SHOÃOHWLW]DFLy��

$OFDOLQLWDW� 'LVPLQXFLy� PROW� VLJQLILFDWLYD� GH� OD� UHODFLy� G·DOFDOLQLWDW�� ,QFUHPHQW� HQ�
O·DOFDOLQLWDW� TXH� DIDYRUHL[� XQ� SURFHVVR� SRVWHULRU� GH� QLWULILFDFLy�� WRWDO� R�
SDUFLDO�� $� OD� YHJDGD�� L� GHJXW� D� OD� UHGXFFLy� GH� PDWqULD� RUJjQLFD�� HO�
FRQVXPR�HQHUJqWLF�HQ�DTXHVW�SURFHVVR�VHUj�LQIHULRU�DO�GH�OD�QLWULILFDFLy�GH�
OD�IUDFFLy�OtTXLGD�GH�SXULQV�IUHVFRV���

%DODQo�HQHUJqWLF� %DODQo�HQHUJqWLF�SRVLWLX��pV�XQ�SURFpV�SURGXFWRU�QHW�G·HQHUJLD�UHQRYDEOH��
&RQWULEXHL[� D� GLVPLQXLU� ODV� QHFHVVLWDGHV� H[WHUQHV� G·HQHUJLD� SDUD�
SURFHVVRV�WqUPLFV�SRVWHULRUV��3HUPHW�HO�WUDFWDPHQW�GH�PHVFOHV�DPE�DOWUHV�
UHVLGXV� SHU� RSWLPL]DU� OD� SURGXFFLy� HQHUJqWLFD� �FRGLJHVWLy��� L� IDFLOLWDU� OD�
JHVWLy� LQWHJUDO� GH� UHVLGXV� RUJjQLFV� HQ� OD� ]RQD� G·DSOLFDFLy� GHO� SOD�
�FRJHVWLy���

(PLVVLRQV�GH�
JDVRV�G
HIHFWH�
KLYHUQDFOH�

(O�SURFpV�FRQWULEXHL[�D�OD�GLVPLQXFLy�HQ�OD�JHQHUDFLy�GH�JDVRV�G
HIHFWH�
KLYHUQDFOH��VL�HO�PHWj�SURGXwW�VXEVWLWXHL[�XQD�IRQW�QR�UHQRYDEOH�G
HQHUJLD��

�
�
�
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$� O·DSDUWDW� VHJ�HQW� HV� GHVFULX� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� DL[t� FRP� HOV�
SRVVLEOHV�OLPLWDQWV�SHU�DO�WUDFWDPHQW�GHOV�SXULQV�GH�SRUF���

�����'LJHVWLy�DQDHUzELD�

/D�GHVFRPSRVLFLy�PLFURELROzJLFD�DQDHUzELD��HQ�DEVqQFLD�WRWDO�G·R[LJHQ��GH�OD�
PDWqULD�RUJjQLFD�SURGXHL[�XQ�JDV�FRPEXVWLEOH��$TXHVW�JDV�FRQWp�XQD�HOHYDGD�
SURSRUFLy� HQ� PHWj� �&+�� HQ� FRQFHQWUDFLRQV� VXSHULRUV� DO� ������ DPE� XQD�
SRWqQFLD�FDORUtILFD�LQIHULRU�GH�O·RUGUH�GH�������NFDO�P��L�HV�GHVLJQD�XVXDOPHQW�
FRP�D�ELRJjV��7RW�SURFpV�GH�GLJHVWLy�DQDHUzELD�FRPSRUWD�SDUDOÃOHODPHQW�XQD�
HOLPLQDFLy�GHJUDGDFLy� GH� OD� FjUUHJD� RUJjQLFD� L� OD� SURGXFFLy� G·DTXHVW� JDV��
$PE�XQ�FRQWURO�VREUH�DTXHVW�SURFpV�HV�SRW�RSWLPLW]DU�OD�GHVFRPSRVLFLy�GH�
OD�PDWqULD�RUJjQLFD�L�OD�SURGXFFLy�G·HQHUJLD��
$TXHVW� WLSXV� GH� GHVFRPSRVLFLy� QR� pV�PpV� TXH� XQ� WLSXV� GH� IHUPHQWDFLy�

FDWDOLW]DGD�SHU�EDFWHULV�HVSHFtILFV�TXH�VXFFHHL[�HVSRQWjQLDPHQW�D� OD�QDWXUD� L�
GH�OD�TXDO�HV�WHQHQ�OHV�SULPHUHV�QRWtFLHV�GH�9ROWD�DO�������$TXHVW�pV�O·RULJHQ�
GHO�JDV�GHOV�SDQWDQV��HO�JDV�QDWXUDO�GHOV� MDFLPHQWV�VXEWHUUDQLV��R�ILQV�L� WRW�HO�
JDV�SURGXwW�DOV�HVWyPDFV�GHOV�UHPXJDQWV��
(O�SURFpV�GH�GLJHVWLy�DQDHUzELD�HV�SRW�GHILQLU�FRP�XQ�SURFpV�PLFURELROzJLF�

DQDHUREL� RQ� OD� PDWqULD� RUJjQLFD� HV� GHJUDGD�� SURJUHVVLYDPHQW�� SHU� XQD�
SREODFLy� EDFWHULDQD� KHWHURJqQLD�� ILQD� D� PHWj� L� GLz[LG� GH� FDUERQL� �1\QV��
�������

�������0LFURELRORJLD�L�IDVHV�GH�OD�GLJHVWLy�DQDHUzELD�

(O�SURFpV�GH�GLJHVWLy�DQDHUzELD�VH�VRO�GLYLGLU�HQ�WUHV�IDVHV��)LJXUD�������7RW�L�
DL[t��HO�IHW�TXH�HOV�GLIHUHQWV�JUXSV�GH�EDFWHULV�TXH�OHV�GXHQ�D�WHUPH�HVWLJXLQ�
UHODFLRQDWV� VLPELzWLFDPHQW� HQWUH� HOOV�� ID� TXH� PROWHV� G·DTXHVWHV� UHDFFLRQV�
VXFFHHL[LQ�VLPXOWjQLDPHQW�VHQVH�XQD�VHSDUDFLy�FODUD�GH�IDVHV��
/D�SULPHUD�IDVH�pV�OD�KLGUzOLVL�GH�SDUWtFXOHV�L�PROqFXOHV�FRPSOH[HV��TXH�VyQ�

KLGUROLW]DGHV�PLWMDQoDQW� HQ]LPV� H[WUDFHOÃOXODUV��(OV� FRPSRVWRV� VROXEOHV�TXH�
HV�JHQHUHQ��DPLQRjFLGV��VXFUHV��jFLGV�JUDVVRV��DOFRKROV�«��VRQ�WUDQVIRUPDWV�
UjSLGDPHQW� GXUDQW� O·HWDSD� DFLGRJqQLFD� D� jFLGV� JUDVVRV� GH� FDGHQD� FXUWD� R�
YROjWLOV��$*9���+��L�&2���)LQDOPHQW��D�O·HWDSD�PHWDQRJqQLFD��HV�IRUPD�PHWj�D�
SDUWLU� GH� O·jFLG� DFqWLF� �PHWDQRJqQHVLV� DFHWRFOjVWLFD�� L� GHO� &2�� L� +��
�PHWDQRJqQHVLV�KLGURJHQzILOD���
�
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0$7Ê5,$�25*¬1,&$

Proteïnes GlúcidsLípids

Aminoàcids , Sucres Àcids grassos, alcohols

+,'5Ñ/,6,

Productes intermitjos
(Àc. propiònic,

butíric, etc.)

Àc. Acètic H2, CO2

$&,'2*Ê1(6,

&+����&2�

1 1 1

1 1

1 1

5 4

3

2 2

1

0(7$12*Ê1(6,

1

)LJXUD������)DVHV�GH�OD�IHUPHQWDFLy�DQDHUzELD�L�OHV�GLIHUHQWV�SREODFLRQV��
EDFWHULDQHV�LPSOLFDGHV�HQ�HO�SURFpV����%DFWHULV�KLGUROtWLFV�DFLGRJqQLFV�����

%DFWHULV�DFHWRJqQLFV�����%DFWHULV�KRPRDFHWRJqQLFV�����%DFWHULV�
PHWDQRJqQLFV�KLGURJHQzILOV�����%DFWHULV�PHWDQRJqQLFV�DFHWRFOjVWLFV�

�3DYORVWDWKLV�L�*LUDOGR�*RPH]��������

/D� QDWXUD� L� FRPSRVLFLy� TXtPLFD� GHO� VXEVWUDW� FRQGLFLRQD� OD� FRPSRVLFLy�
TXDOLWDWLYD�GH� OD�SREODFLy�EDFWHULDQD�GH�FDGD�HWDSD��HVWDEOLQW�VH�XQ�HTXLOLEUL��
IUjJLO�R�HVWDEOH�VHJRQV�OD�FRPSRVLFLy� L� O·RSHUDFLy�GHO�VLVWHPD��0HQWUH�TXH�D�
O·HWDSD� G·KLGUzOLVL� L� DFLGRJqQHVL� HOV� PLFURRUJDQLVPHV� DFRVWXPHQ� D� VHU�
IDFXOWDWLXV��SHU� OD� WHUFHUD� IDVH�HOV�PLFURRUJDQLVPHV� VyQ�DQDHURELV� HVWULFWHV� L�
DPE� WD[HV� GH� FUHL[HPHQW� GH� O·RUGUH� GH� �� YHJDGHV�PHQRUV� DOV� DFLGRJqQLFV��
$L[z��MXQW�DPE�HO�IHW�TXH�XQ�JUDQ�QRPEUH�GH�VXEVWjQFLHV�SRGHQ�LQKLELU�HO�VHX�
FUHL[HPHQW� �DPRQtDF�� jFLGV� JUDVVRV� GH� FDGHQD� OODUJD��$*9�� DOJXQV� FDWLRQV��
HWF����ID�TXH�IUHT�HQWPHQW�HV�FRQVLGHUL�FRP�O·HWDSD�OLPLWDQW�GH�WRW�HO�SURFpV��
7RW�L�DL[t��GHSHQHQW�GHO�WLSXV�GH�VXEVWUDW��O·HWDSD�G·KLGUzOLVL�SRW�VHU�O·HWDSD�

OLPLWDQW�TXq�GHWHUPLQL� OD�YHORFLWDW�JOREDO�GHO�SURFpV��(O�JUDX�G·KLGUzOLVL� L� OD�
YHORFLWDW� GHO� SURFpV� GHSqQ� GH� PROWV� IDFWRUV�� HQWUH� DOWUHV� GHO� S+�� OD�
WHPSHUDWXUD�� OD� FRQFHQWUDFLy� GH� OD� ELRPDVVD� KLGUROtWLFD�� HO� WLSXV� GH�PDWqULD�
RUJjQLFD�SDUWLFXODGD��3DYORVWDWKLV�L�*LUDOGR�*RPH]��������L�GH�OD�PLGD�GH�OHV�
SDUWtFXOHV� �+LOOV� L�1DNDQR�� �������(Q� HO� FDV� GHOV� UHVLGXV� UDPDGHUV�� XQ� GHOV�
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SULQFLSDOV� FRPSRQHQWV� GH� OD� PDWqULD� RUJjQLFD� VyQ� HOV� FRPSRVWRV�
OLJQRFHOÃOXOzVLFV��DOWDPHQW�UHIUDFWDULV�D�OD�GHJUDGDFLy�DQDHUzELD��$TXHVW�IHW��QR�
QRPpV�SRW�GHWHUPLQDU�OD�YHORFLWDW�JOREDO�GHO�SURFpV��VLQy�TXH�WDPEp�VLJQLILFD�
XQD� SqUGXD� GH� SRWHQFLDO� HQHUJqWLF�� MD� TXH� HO� SHUFHQWDWJH� GH� OD� PDWqULD�
RUJjQLFD�TXH�QR�V·DUULED�D�GHJUDGDU�QR�HV�WUDQVIRUPDUj�HQ�ELRJjV��+DUWPDQQ�
HW�DO����������

�������,QIOXHQFLD�GHOV�SDUjPHWUHV��GH�SURFpV��3DUjPHWUHV�DPELHQWDOV�L�
RSHUDFLRQDOV��

(O� FRQHL[HPHQW� GHOV� SDUjPHWUHV� DPELHQWDOV� L� RSHUDFLRQDOV�� TXH� DIHFWHQ� DO�
SURFpV� GH� IHUPHQWDFLy� DQDHUzELD�� VyQ� OD� EDVH� SHU� XQ� FRUUHFWH� FRQWURO� GH�
O·RSHUDFLy���

���������S+�L�DOFDOLQLWDW�

$�FDGD�IDVH�GHO�SURFpV��HOV�PLFURRUJDQLVPHV�SUHVHQWHQ�XQD�Pj[LPD�DFWLYLWDW�
HQ� XQ� UDQJ� GH� S+� GLIHUHQFLDW� �9LFHQW�� ������� KLGUROtWLFV� HQWUH� ���� L� �����
DFLGRJqQLFV�HQWUH���L�����L�PHWDQRJqQLFV�HQWUH�����L������$�OHV�DLJ�HV�UHVLGXDOV�
DPE�EDL[�SRGHU�WDPSy�FDO�FRQWURODU�H[WHUQDPHQW�HO�S+��D�IL�G·HYLWDU�OD�VHYD�
EDL[DGD�GHJXGD� DOV� jFLGV� JHQHUDWV� D� OD� VHJRQD� IDVH��1R� pV� DL[t� SHOV� UHVLGXV�
G·DOWD�FjUUHJD��FRP�HOV�UDPDGHUV��SHOV�TXDOV�OD�VHYD�DOWD�DOFDOLQLWDW�SHUPHW�XQD�
DXWRUHJXODFLy�GHO�S+��
'LYHUVRV�DXWRUV�GHILQHL[HQ�TXH�O·DOFDOLQLWDW�PtQLPD�GHVLWMDEOH�SHU�WHQLU�XQ�

ERQ�SRGHU�WDPSy�pV�GH�����J�&D&2��/��L�HV�FRQVLGHUD�GHVLWMDEOH�TXH�DTXHVWD�
VLJXL�VXSHULRU�D���J�&D&2��/��/HPD�L�0pQGH]���������(Q�HO�FDV�GHOV�SXULQV�
GH�SRUF�DTXHVW�YDORU�VHPSUH�pV�PROW�VXSHULRU��YHLHX�7DXOD�������

���������3RWHQFLDO�UqGR[�

(O� SRWHQFLDO� UHGR[� pV� XQ� LQGLFDGRU� GH� O·DPELHQW� R[LGDQW� R� UHGXFWRU� GHO�
VLVWHPD�� $TXHVW� SDUjPHWUH�� FDO� TXH� VLJXL� VXILFLHQWPHQW� EDL[� SHU� SRGHU�
DVVHJXUDU�HO�GHVHQYROXSDPHQW�GH�SREODFLRQV�PHWDQRJqQLTXHV�HVWULFWHV��/HPD�
L�0HQGH]��������HVWDEOHL[HQ�TXH�HO�VHX�YDORU�KD�G·HVWDU�SHU�VRWD�GH�²����P9��
HQFDUD�TXH�HV�SRW�RSHUDU�HILFDoPHQW�D�YDORUV�GH�²����P9��

���������5HTXHULPHQW�GH�QXWULHQWV�

7RWV� HOV� HOHPHQWV�� RUJjQLFV� L� PLQHUDOV�� QHFHVVDULV� SHO� FUHL[HPHQW� GHOV�
PLFURRUJDQLVPHV�DQDHURELV�KDQ�G·HVWDU�SUHVHQWV�HQ�HO�PHGL��/D�UHODFLy�&�1�
KD� G·HVWDU� FRPSUHVD� HQWUH� ����� L� ������ DPE�XQ� YDORU� UHFRPDQDEOH� GH� ������
9DORUV�PROW�VXSHULRUV�R�PROW� LQIHULRUV�SRGHQ�FUHDU�SUREOHPHV�G·LQKLELFLy�R�
GH� EDL[DGD� G·DFWLYLWDW�� 8QD� GHILFLqQFLD� GH� 1� LPSOLFD� XQD� UHGXFFLy� HQ� OD�
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SURGXFFLy�G·HQ]LPV�L�SHU�WDQW�HQ�OD�YHORFLWDW�GH�GLJHVWLy��SHU�FRQWUD�XQ�H[FpV�
GH�1��HVSHFLDOPHQW�HQ�IRUPD�DPRQLDFDO��SRW�LQKLELU�O·DFWLYLWDW�EDFWHULDQD��3HO�
IzVIRU�OD�UHODFLy�&�3�zSWLPD�HV�WURED�DO�YROWDQW�GH��������/D�VHYD�SUHVHQFLD�HQ�
H[FpV�QR�FUHD�SUREOHPHV�G·LQKLELFLy��9LFHQW���������

���������7HPSHUDWXUD�

/D�WHPSHUDWXUD�DIHFWD�OHV�FRQVWDQWV�G·HTXLOLEUL��SURGXLQW�XQ�GHVSODoDPHQW�HQ�
HOV�YDORUV�WtSLFV�GH�GLIHUHQWV�SDUjPHWUHV��DOFDOLQLWDW��S+�«���SUHFLSLWDFLRQV�R�
UHGLVVROXFLRQV��FDQYLV�HQ�OD�FRPSRVLFLy�GHO�JDV��HWF��$L[t�PDWHL[��GHWHUPLQD�
HOV�JUXSV�EDFWHULDQV�SUHVHQWV�L�DIHFWD�OD�VHYD�DFWLYLWDW�ELROzJLFD��,]D���������
(O� SURFpV� GH� GLJHVWLy� DQDHUzELD� SRW� UHDOLW]DU�VH� D� WUHV� UDQJV� GLIHUHQWV� GH�

WHPSHUDWXUD��SVLFUzILOD��SHU� VRWD�GH����&��PHVzILOD��HQWUH���� L����&�� L� WHUPzILOD��
HQWUH����L����&��$PE�O·DXJPHQW�GH�OD�WHPSHUDWXUD�V·DXJPHQWD�OD�YHORFLWDW�GH�
FUHL[HPHQW�GHOV�EDFWHULV�L�DPE�DL[z�OD�YHORFLWDW�GH�SURGXFFLy�GH�ELRJjV���
7UHEDOODQW�HQ�HO�UDQJ�WHUPRItOLF�V·DVVHJXUD�D�PpV�OD�GHVWUXFFLy�GH�SDWzJHQV��

O·HOLPLQDFLy�GH�PDOHV�KHUEHV�L�G·RXV�L�ODUYHV�G·LQVHFWHV��GH�PDQHUD�TXH�pV�XQ�
VLVWHPD�DPE�JUDQ�LPSODQWDFLy�HQ�SDwVRV�DPE�OHJLVODFLy�DPELHQWDO�UHVWULFWLYD�
�'($��������0DOJUDW� HOV�JUDQV�DYDQWDWJHV�GHOV� VLVWHPHV� WHUPRItOLFV�� DTXHVWV�
UHTXHUHL[HQ� PDMRU� FRQWURO� L� VHJXLPHQW�� GHJXW� D� TXH� D� DOWHV� WHPSHUDWXUHV�
DOJXQV� FRPSRVWRV� FRP� HO� QLWURJHQ� DPRQLDFDO� LQFUHPHQWHQ� HO� VHX� HIHFWH�
LQKLELGRU��$TXHVW� IHW� HV� SRW� VROXFLRQDU�PLWMDQoDQW�PHVFOHV� DGHTXDGHV� DPE�
DOWUHV�UHVLGXV��

���������(VWDELOLWDW��WR[LFLWDW�L�LQKLELFLy�

6yQ� LQKLELGRUV� G·LPSRUWjQFLD� GHOV� EDFWHULV� PHWDQRJqQLFV� OHV� IRUPHV� QR�
LRQLW]DGHV� GHOV� jFLGV� JUDVVRV� YROjWLOV� �$JXLODU� HW� DO��� ������� O·DPRQtDF� OOLXUH�
�$QJHOLGDNL�L�$KULQJ��������������%RQPDWt��������+DQVHQ�HW�DO����������R�O·jFLG�
VXOIKtGULF� �0F&DUWQH\� HW� DO��� ������� $TXHVWV� FRPSRVWRV� SUHVHQWHQ� XQD�
LQKLELFLy�GH�WLSXV�UHYHUVLEOH��$L[t�PDWHL[��HOV�PHWDOOV�SHVDQWV��+D\HV�L�7KHLV��
������ L� HOV� DQWLELzWLFV� L� GHVLQIHFWDQWV� �+LOSHUW� HW� DO��� ������� WDPEp� VyQ�
LQKLELGRUV�R�Wz[LFV�HQ�IXQFLy�GH�OD�VHYD�FRQFHQWUDFLy��
(OV� QLYHOOV� D� SDUWLU� GHO� TXDOV� XQD� GHWHUPLQDGD� VXEVWjQFLD� pV� LQKLELGRUD� R�

Wz[LFD�VyQ�GLItFLOV�GH�GHWHUPLQDU�L�VRYLQW�HV�WUREHQ�YDORUV�PROW�GLIHUHQWV�D�OD�
ELEOLRJUDILD��/·DFOLPDWDFLy�GHOV�EDFWHULV�� OD�SUHVHQFLD�GH�VXEVWjQFLHV�G·HIHFWH�
VLQqUJLF� R� DQWDJzQLF� L� OHV� SUzSLHV� FRQGLFLRQV� GHOV� VLVWHPD� �S+��
WHPSHUDWXUD�«��� MXJXHQ� XQ� SDSHU� LPSRUWDQW� HQ� HO� PRPHQW� GH� GHILQLU� OHV�
FRQFHQWUDFLRQV�G·LQKLELFLy���
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3HOV� UHVLGXV� UDPDGHUV�� HQ� JHQHUDO�� HOV� FRPSRVWRV� FUtWLFV� VyQ� HO� QLWURJHQ�
DPRQLDFDO�� HOV� DQWLELzWLFV� L� HOV� GHVLQIHFWDQWV�� DL[t� FRP� HO� &X� L� HO� =Q� SHU�
UHVLGXV�GH�SRUFt��
6·KD� FRPSURYDW� TXH� FRQFHQWUDFLRQV� GH� 6S\UDPLFLQD� GH� ��� PJ�/� HQ� HOV�

UHVLGXV�SRW�SURYRFDU�XQD�GLVPLQXFLy�GHO�����HQ�OD�SURGXFFLy�GH�JDV��PHQWUH�
TXH�DOWUHV�DQWLELzWLFV�V·KDQ�PRVWUDW�LQDFWLXV��(OV�GHVLQIHFWDQWV�VyQ�PROW�PpV�
DFWLXV�� DUULEDQW� D� SURYRFDU� GLVPLQXFLRQV� HQ� OD� SURGXFFLy� GH� ILQV� HO� ���� D�
EDL[HV�FRQFHQWUDFLRQV��+LOSHUW�HW�DO����������
(O�&X�pV�LQKLELGRU�D�SDUWLU�GH����PJ�/�L�HO�=Q�KR�pV�D�SDUWLU�GH�����PJ�/��

L�VyQ�Wz[LFV�D�SDUWLU�GH����PJ�/�L�����PJ�/�UHVSHFWLYDPHQW��+D\HV�L�7KHLV��
�������$TXHVWV�PHWDOOV�VyQ�LQWURGXwWV�HQ�OHV�GLHWHV�GH�SRUFt�FRP�D�IDFWRUV�GH�
FUHL[HPHQW�� /HV� FRQFHQWUDFLRQV� XVXDOV� GH� =Q� D� OHV� GHMHFFLRQV� GLItFLOPHQW�
SRGHQ�DUULEDU�D�VHU�LQKLELGRUHV��SHUz�SHO�&X�V·KDQ�WUREDW�YDORUV�TXH�VXSHUHQ�
HOV�OtPLWV�G·LQKLELFLy�HQ�DOJXQHV�JUDQJHV�G·HQJUHL[��YHLHX�7DXOD�������
/HV�FRQFHQWUDFLRQV�D�SDUWLU�GH�OHV�TXDOV�HO�QLWURJHQ�DPRQLDFDO�pV�LQKLELGRU�

QR�HVWDQ�GHILQLGHV�FODUDPHQW�� MD�TXH�EjVLFDPHQW�GHSqQ�GH� O·DFOLPDWDFLy�GHOV�
EDFWHULV�� L�GHO�ELQRPL�S+�WHPSHUDWXUD�� MD�TXH�GHWHUPLQHQ�HO�SHUFHQWDWJH�GH�
QLWURJHQ� DPRQLDFDO� TXH� HVWj� HQ� IRUPD�G
DPRQtDF� OOLXUH�� VXEVWjQFLD� GHVFULWD�
FRP�OD�FDXVDQW�GH�OD�LQKLELFLy��(V�WUREHQ�YDORUV�G·LQKLELFLy�GH�����J�1+��NJ�
�+HQ]H� HW� DO��� ������ � ILQV� D� YDORUV� GH� ���� J�1+��NJ�� TXDQ� KL� KD� KDJXW� XQ�
SURFpV�SUHYL�G·DFOLPDWDFLy�GHOV�EDFWHULV��$QJHOLGDNL�L�$KULQJ����������

���������7HPSV�GH�UHWHQFLy�

/D�YHORFLWDW�D�OD�TXq�HV�SURGXHL[�OD�GHVFRPSRVLFLy��L�OD�FRQVHT�HQW�SURGXFFLy�
GH� JDV�� GHSqQ� GHO� WLSXV� GH� UHVLGX�� OD� VHYD� FRPSRVLFLy�� OD� WHPSHUDWXUD� L� HO�
GLVVHQ\�GH�UHDFWRU�HPSUDW��6HJRQV�HO�PRGHO�GH�&KHQ�+DVKLPRWR���������SHU�
UHVLGXV� UDPDGHUV�� L� HQ�JHQHUDO� UHVLGXV�HQ�TXq� OD� IDVH� OLPLWDQW�GHO�SURFpV�GH�
GHVFRPSRVLFLy� VLJXL� OD� KLGUzOLVL� GH� OD� PDWqULD� RUJjQLFD� �UHVLGXV� DPE� XQD�
GLVWULEXFLy�PDMRULWjULD�GH�PDWqULD�RUJjQLFD�GH�IRUPD�QR�GLVVROWD���OHV�FRUEHV�
GH� GHSXUDFLy� �HOLPLQDFLy�� L� SURGXFFLy� GH� ELRJjV� SHU� XQLWDW� GH� YROXP� GH�
UHDFWRU��HQ�IXQFLy�GHO�WHPSV�GH�UHWHQFLy�KLGUjXOLFD�HQ�XQ�VLVWHPD�GH�PHVFOD�
FRPSOHWD�VHQVH�UHFLUFXODFLy��VHJXHL[HQ�OD�WHQGqQFLD�PDUFDGD�D�OD�)LJXUD������
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)LJXUD������([HPSOH�GH�FRUEHV�GH�GHSXUDFLy��HOLPLQDFLy�GH�PDWqULD�RUJjQLFD��
L�SURGXFFLy�GH�JDV�SHU�XQLWDW�GH�YROXP�GH�UHDFWRU�L�GLD��VHJRQV�HO�PRGHO�GH�

&KHQ�+DVKLPRWR��SHU�D�OHV�FRQFHQWUDFLRQV�G·HQWUDGD��������L�����J'42�/��HQ�
IXQFLy�GHO�WHPSV�GH�UHWHQFLy��)ORWDWV�HW�DO���������

'H�OD�)LJXUD�����FDO�GHVWDFDU�TXH�OD�Pj[LPD�SURGXFFLy�GH�JDV�SHU�XQLWDW�GH�
YROXP�GH�UHDFWRU��SDUjPHWUH�TXH�DIHFWD�D�OD�LQYHUVLy��QR�FRLQFLGHL[�DPE�XQ�
Pj[LP�G·HOLPLQDFLy�GH�PDWqULD�RUJjQLFD��$L[z�LPSOLFD�TXH��GHV�GHO�SXQW�GH�
YLVWD� GH� EDODQo� HQHUJqWLF�� QR� pV� LQWHUHVVDQW� OD� GHVFRPSRVLFLy� WRWDO� GH� OD�
PDWqULD� RUJjQLFD� L� TXH� FDO� FRPSOHPHQWDU� HO� WUDFWDPHQW� DPE� VLVWHPHV� GH�
FRPSRVWDWJH�R�PDGXUDFLy�VL�HV�SUHWpQ�SURGXLU�DGREV�RUJjQLFV�GH�TXDOLWDW��3HU�
WHPSV�GH�UHWHQFLy�XVXDOV�FRPSUHVRV�HQWUH����L����GLHV��HQ�UqJLP�PHVRItOLF��HV�
WUREHQ�HOLPLQDFLRQV�GH�PDWqULD�RUJjQLFD�HQWUH�HO���� L� HO����� �)ORWDWV� HW� DO���
�������

�������ÓV�GHO�ELRJjV��&RJHQHUDFLy�

3HO�SULQFLSL�GH�FRQVHUYDFLy�GH�OD�PDWqULD��HQ�XQ�UHDFWRU�DQDHUREL�OD�TXDQWLWDW�
HOLPLQDGD� GH� '42� HV� FRQYHUWHL[� HQ� JDVRV� R[LGDEOHV�� 6L� DTXHVWV� HVWDQ�
IRUPDWV� tQWHJUDPHQW� SHU� &+��� O·HOLPLQDFLy� G·�� NJ� GH� '42� HV� SRW�
WUDQVIRUPDU� HQ� XQD� TXDQWLWDW� Pj[LPD� GH� ����� P�� GH� &+��� HQ� FRQGLFLRQV�
QRUPDOV�GH�SUHVVLy� L� WHPSHUDWXUD��(Q�XQLWDWV�G·HQHUJLD�SULPjULD� HV� WUDGXHL[�
HQ� XQ� YDORU� GH� O·RUGUH� GH� ���� N:ÃK�NJ� '42� HOLPLQDGD�� (Q� UHDOLWDW� HV�
SURGXHL[HQ�SHWLWHV�TXDQWLWDWV�G·DOWUHV�JDVRV�R[LGDEOHV��+�6��+����L�SHU�WDQW�OD�
WD[D� pV� VHPSUH� OOHXJHUDPHQW� LQIHULRU�� SHUz� DTXHVW� YDORU� SHUPHW� IHU�
DSUR[LPDFLRQV�DO�FjOFXO�GHO�SRWHQFLDO�GH�SURGXFFLy�SHU�XQ�UHVLGX���
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8Q�GHOV�SULQFLSDOV�DYDQWDWJHV�GH�OD�GLJHVWLy�DQDHUzELD�pV�O·~V�GHO�ELRJjV�FRP�D�
IRQW�HQHUJqWLFD� UHQRYDEOH�� FUHPDQW�OR�GLUHFWDPHQW�HQ�FDOGHUD�R�XWLOLW]DQW�OR�
FRP�D�FRPEXVWLEOH�HQ�XQ�PRWRU�GH�FRJHQHUDFLy��
(V�GHILQHL[�FRJHQHUDFLy�FRP�OD�SURGXFFLy�FRQMXQWD�G·HQHUJLD�PHFjQLFD��R�

HOqFWULFD�� L� HQHUJLD� FDORUtILFD� ~WLO� D� SDUWLU� G·XQD� IRQW� G·HQHUJLD� SULPjULD�
�FRPEXVWLEOH��� /D� IRQW� G·HQHUJLD� SULPjULD� SRW� VHU� GHV� GH� JDV� QDWXUDO��
FRPEXVWLEOHV�OOHXJHUV�FRP�HO�JDV�RLO��ILQV�DO�SURSL�ELRJjV�JHQHUDW�HQ�HO�SURFpV�
GH�GLJHVWLy�DQDHUzELD���
/·DYDQWDWJH�PpV�LQWHUHVVDQW�G·DTXHVW�VLVWHPD�pV�XQ�~V�PROW�PpV�HILFLHQW�GH�

O·HQHUJLD� SULPjULD� HQ� IURQW� D� VLVWHPHV� FRQYHQFLRQDOV��8QD� SODQWD� GH� �0:��
SRW� HVWDOYLDU� ILQV� D� ���� 7HS�DQ\� �&ODUDPXQW�� ������� (O� SULQFLSDO� OLPLWDQW�
SHUz�� pV� O·H[LVWqQFLD� VLPXOWjQLD� G·XQD� GHPDQGD� G·HQHUJLD� HOqFWULFD� L� HQHUJLD�
WqUPLFD��(Q�WDQW�TXH�HO�5HDO�'HFUHW�����������SHUPHW�L�SULPD�OD�YHQGD�GHOV�
H[FHGHQWV� HOqFWULFV� D� OD� [DU[D�� HV� SRW� GLU� TXH� O·~QLF� OLPLWDQW� UHDO� pV� O·~V� GH�
O·HQHUJLD�WqUPLFD��
(OV�UHQGLPHQWV�HOqFWULFV�REWLQJXWV�DL[t�FRP�OD�WHPSHUDWXUD�GHO�R�GHOV�IOX[RV�

WqUPLFV�JHQHUDWV�YDULD�PROW� HQ� IXQFLy�GH� OD�PjTXLQD�XWLOLW]DGD�� WXUELQHV�GH�
JDV��WXUELQHV�GH�YDSRU�R�PRWRUV�DOWHUQDWLXV��'·HQWUH�OHV�GLIHUHQWV�PjTXLQHV��HO�
PRWRU�DOWHUQDWLX�pV�XQ�GHOV�TXH�SUHVHQWD�XQ�UHQGLPHQW�HOqFWULF�PpV�HOHYDW�SHU�
D� TXDOVHYRO� SRWqQFLD� ���������� /D� VHYD� DSOLFDFLy�� SHUz�� HV� YHX� OLPLWDGD� HQ�
PROWV� FDVRV� MD�TXH�XQ�SHUFHQWDWJH� LPSRUWDQW�GH� O·HQHUJLD� WqUPLFD� V·REWp�HQ�
IRUPD�G·DLJXD� R� DLUH� FDOHQW� D� WHPSHUDWXUHV� DSUR[LPDGHV� GH� ���&�� GH� GLItFLO�
DSOLFDELOLWDW��&ODUDPXQW���������
(Q� HO� FDV� G·XQD� SODQWD� GH� WUDFWDPHQW� GH� GLJHVWLy� DQDHUzELD�� XQD� SDUW� GH�

O·HQHUJLD�WqUPLFD�V·XWLOLW]D�SHU�HVFDOIDU�L�PDQWHQLU�OD�WHPSHUDWXUD�HQ�HO�UHDFWRU��
(Q�IXQFLy�GH�O·RSWLPLW]DW�TXH�HVWLJXL�HO�SURFpV�DQDHUREL��GHO�WLSXV�GH�UHVLGX�
�SRWHQFLDO� HQHUJqWLF��� GHO� WLSXV� GH� UHDFWRU� �DwOODPHQW�� IRUPD�«�� L� GHO�
SHUFHQWDWJH�GH�UHFXSHUDFLy�GH�FDORU�D�OD�SODQWD��OD�TXDQWLWDW�G·HQHUJLD�WqUPLFD�
QR�~WLO��D�OD�TXDO�FDO�EXVFDU�XQD�DSOLFDFLy�SRW�VHU�PROW�YDULDEOH��

�������'LJHVWLy�DQDHUzELD�GH�SXULQV�GH�SRUF�

0DOJUDW� TXH� OD� GLJHVWLy� DQDHUzELD� GH� SXULQV� GH� SRUF�� SUHVHQWL� XQ� VHJXLW�
G·DYDQWDWJHV� �YHLHX� 7DXOD� ������ OHV� SUzSLHV� FDUDFWHUtVWLTXHV� GHOV� SXULQV�� DL[t�
FRP�DOWUHV�FRQGLFLRQDQWV�H[WHUQV�SRGHQ�OLPLWDU�OD�VHYD�LPSODQWDFLy���

���������/LPLWDFLRQV�HQ�EDVH�DO�VXEVWUDW��SXULQV��

'H�OHV�FDUDFWHUtVWLTXHV�GHOV�SXULQV�GH�SRUF�DQWHULRUPHQW�FLWDGHV��DSDUWDW�������
TXH�WHQHQ�XQD�LPSOLFDFLy�GLUHFWD�HQ�HO�VHX�WUDFWDPHQW�DQDHUREL��FDO�GHVWDFDU�
OHV�VHJ�HQWV��
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��9DULDELOLWDW�L�KHWHURJHQHwWDW�

/D� JUDQ� YDULDELOLWDW� L� KHWHURJHQHwWDW� HQ� OD� FRPSRVLFLy� GHO� SXULQV� DIHFWDUj�
GLUHFWDPHQW�D�TXDOVHYRO�WLSXV�GH�WUDFWDPHQW��WDQW�ELROzJLF�FRP�TXtPLF�R�ItVLF�
TXtPLF���
(Q� HO� FDV� GHO� SURFpV� DQDHUREL�� OD� YDULDELOLWDW� HQ� OHV� HQWUDGHV� SURGXHL[�

LQHVWDELOLWDW�� GLVPLQXHL[� OD� FDSDFLWDW� GH� UHVSRVWD�� GLVPLQXHL[� OD� SREODFLy�
EDFWHULDQD� DFWLYD� L� DIHFWD� WDQW� D� OD� IDVH� GH� KLGUzOLVL� FRP� OD� PHWDQRJqQHVLV�
�$KULQJ���������$L[z� LPSOLFD�TXH�FDO�SODQLILFDU� FRUUHFWDPHQW� OD� ORJtVWLFD�GH�
UHFROOLGD� L� HQWUDGHV� HQ� SODQWD� L�R� OD� LQFOXVLy� G
DOJXQ� SURFpV� SUHYL� TXH�
KRPRJHQHwW]L�OD�VHYD�FRPSRVLFLy��

��%DL[D�FRQFHQWUDFLy�GH�PDWqULD�RUJjQLFD�

(O� EDL[� FRQWLQJXW� GH� PDWqULD� RUJjQLFD� FRPSRUWD� EDL[HV� SURGXFFLRQV� GH�
ELRJjV��3HU�H[HPSOH��FRQVLGHUDQW�XQD�'42�GHOV�SXULQV�GH����J�2��/�L�XQ�
FRQWLQJXW�GHO�����GHO�ELRJjV�HQ�PHWj��HO�SRWHQFLDO�GH�SURGXFFLy�Pj[LP�GH�
ELRJjV�VHULD�GH����P��WRQD��HO�TXDO�YDORU�pV�PROW�EDL[�FRPSDUDW�DPE�DOWUHV�
UHVLGXV� RUJjQLFV�� $� OD� 7DXOD� ���� HV� PRVWUHQ� HOV� SRWHQFLDOV� WHzULFV� GH�
SURGXFFLy�GH�ELRJjV�GH�GLYHUVRV�UHVLGXV��

7DXOD������3RWHQFLDOV�GH�SURGXFFLy�GH�ELRJjV�G·DOJXQV�UHVLGXV�RUJjQLFV�GH�OD�
LQG~VWULD�DOLPHQWDULD�\�GH�OD�IUDFFLy�RUJjQLFD�GH�UHVLGXV�PXQLFLSDOV�

�$QJHOLGDNL�L�$KULQJ��������

5HVLGX� 6zOLGV�YROjWLOV��
����

3URGXFFLy�GH�ELRJjV�
�P��WRQD��

,QWHVWLQV���FRQWLQJXW� ������ ������
)DQJV�GH�IORWDFLy� ������ �������
%%2��WHUUHV�GH�ILOWUDFLy�
G·ROLV��DPE�EHQWRQLWD��

������ ��������

2OLV�GH�SHL[� ������ ��������
6qUXP� ����� ������
6qUXP�FRQFHQWUDW� ������ ��������
+LGUROLW]DWV�GH�FDUQ�� ������ �������
0HOPHODGHV� ��� ����
2OL�GH�VRMD�PDUJDULQHV� ��� ���������
%HJXGHV�DOFRKzOLTXHV� ��� ����
)DQJV�UHVLGXDOV� ���� ������
)DQJV�UHVLGXDOV�FRQFHQWUDWV� ������ �������
)250�VHSDUDW�HQ�RULJHQ� ������ ��������

�
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'LIHUHQWV�HVWUDWqJLHV�HV�SRGHQ�DGRSWDU�SHU�WDO�G·LQFUHPHQWDU�OD�SURGXFFLy�GH�
JDV�SHU�XQLWDW�GH�FDEDO�WUDFWDW��

Ã� 6LVWHPHV�TXH� UHWLQJXLQ� EDFWHULV� DPE� FRQFHQWUDFLRQV� VXSHULRUV� D� OHV�TXq�
FRUUHVSRQGULHQ� D� XQ� VLVWHPD� GH� PHVFOD� FRPSOHWD� VHQVH� UHFLUFXODFLy� �S�H��
ILOWUHV� DQDHURELV��� /·DSOLFDFLy� SHU� D� SXULQV� GH� SRUF� UHTXHUHL[� XQD� VHSDUDFLy�
SUqYLD�GH�OD�IUDFFLy�VzOLGD�SHU�HYLWDU�REWXUDFLRQV�DO�VLVWHPD��)ORWDWV���������

Ã� 7UHEDOODU� HQ� HO� UDQJ� GH� WHPSHUDWXUHV� WHUPRItOLF�� WDO� FRP� V·KD� FRPHQWDW�
DQWHULRUPHQW��$L[z� SRVVLELOLWD�PHQRUV� WHPSV� GH� UHWHQFLy�� DL[t� FRP�REWHQLU�
PDMRUV�WD[HV�GH�FRQYHUVLy�GH�VXEVWUDW��SURGXFFLy�GH�JDV� L�KLJLHQLW]DFLy��3HU�
UHVLGXV� UDPDGHUV� L� HQ� HVSHFLDO� SHOV� SXULQV� GH� SRUF�� O·DOWD� FRQFHQWUDFLy� GH�
QLWURJHQ�DPRQLDFDO�ID�TXH�DO�SXMDU�OD�WHPSHUDWXUD�FRPSRUWt�XQ�LQFUHPHQW�HQ�
OD�LQKLELFLy�L�SHU�WDQW�EDL[HV�WD[HV�GH�UHDFFLy��$QJHOLGDNL�L�$KULQJ���������

Ã�/·~V�GH�FR�VXEVWUDWV�DPE�DOWHV�UHODFLRQV�&�1��SHU�H[HPSOH�HOV�UHVLGXV�GH�
OD�LQG~VWULD�DOLPHQWjULD��FRP�HOV�LQGLFDWV�D�OD�7DXOD������QR�QRPpV�SHUPHWHQ�
VXSHUDU�DTXHVW�HIHFWH�LQKLELGRU�GH�O·DPRQtDF��VLQy�TXH�WDPEp�LQFUHPHQWHQ�HQ�
JUDQ�PHVXUD� OHV�SURGXFFLRQV�GH�ELRJjV�SHO�SURSL�DSRUW�GH�PDWqULD�RUJjQLFD�
IjFLOPHQW� GHJUDGDEOH� DPE� XQ� DOW� SRGHU� HQHUJqWLF�� DL[t� FRP� SHU� SRVVLEOHV�
HIHFWHV�VLQqUJLFV��$KULQJ�HW�DO���������&DPSRV�HW�DO����������������

��3UHVHQFLD�GH�VXEVWjQFLHV�LQKLELGRUHV��

7DO�FRP�V·KD�FRPHQWDW�DQWHULRUPHQW��OD�SUHVHQFLD�GH�VXEVWjQFLHV�FRP�HO�&X��
=Q��DQWLELzWLFV�L�GHVLQIHFWDQWV��SRW�WHQLU�XQ�HIHFWH�LQKLELGRU�R�ILQV�L�WRW�Wz[LF��
HQ�IXQFLy�GH�OD�VHYD�FRQFHQWUDFLy��0DOJUDW�TXH�QRUPDOPHQW�QR�HV�SUHVHQWHQ�
HQ� FRQFHQWUDFLRQV� HOHYDGHV�� HQ� DOJXQ� FDV� SRW� GRQDU� OORF� D� SUREOHPHV�� (Q�
UHODFLy� DO� &X� L� HO� =Q� OD� ~QLFD� DOWHUQDWLYD� pV� UHGXLU� HO� VHX� FRQWLQJXW� HQ� OD�
IRUPXODFLy� GHOV� SLQVRV�� /D� SUHVHQFLD� G·DQWLELzWLFV� L� GHVLQIHFWDQWV� HV� SRW�
VXSHUDU� DPE� XQD� JHVWLy� FRUUHFWD� GH� OHV� DLJ�HV� GH� QHWHMD�� 7RW� KL� DL[t�� VL� HO�
SURFpV� GH� GLJHVWLy� DQDHUzELD� pV� FROÃOHFWLX�� OD� SUREDELOLWDW� GH� WUREDU� DOWHV�
FRQFHQWUDFLRQV�G·DTXHVWHV�VXEVWjQFLHV�HQ�HO�SXUt�pV�EDL[D��

��(VWDW�GH�GHVFRPSRVLFLy��HGDW��

8Q�DOWUH�IHW�TXH�WDPEp�VLJQLILFD�XQD�EDL[D�SURGXFFLy�GH�ELRJjV�pV�HO�GHULYDW�
GH� OHV� SUjFWLTXHV� GH� PDQHLJ� L� QHWHMD� GH� OHV� JUDQJHV�� /D� SUjFWLFD� XVXDO�� HQ�
JUDQJHV�G·HQJUHL[��pV�EXLGDU�OHV�IRVHV�XQ�FRS�KD�DFDEDW�HO�FLFOH��DPE�OD�TXDO�
FRVD�V·REWHQHQ�SXULQV�HQ�HVWDW�DYDQoDW�GH�GHVFRPSRVLFLy��HQYHOOLWV���$L[t��HV�
WURED�TXH�SDUW�GH� OD�PDWqULD�RUJjQLFD�VROXEOH� L� IjFLOPHQW�GHJUDGDEOH� MD� V·KD�
R[LGDW� L� SHU� WDQW� SDUW� GHO� SRWHQFLDO� HQHUJqWLF� QR� HV� SRW� XWLOLW]DU�� 6LVWHPHV�
DXWRPDWLW]DWV� GH� QHWHMD� L�R� XQD� UHFROOLGD� IUHT�HQW� D� OHV� H[SORWDFLRQV� VyQ�
DOWHUQDWLYHV�TXH�SHUPHWULHQ�O·REWHQFLy�GH�SXULQV�QR�HQYHOOLWV��
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��$OWD�FRQFHQWUDFLy�GH�PDWqULD�RUJjQLFD�SDUWLFXODGD�

/D�SUHVHQFLD�G·XQ�SHUFHQWDWJH�HOHYDW�GH�02�SDUWLFXODGD�VLJQLILFD�XQD�SqUGXD�
GH�SRWHQFLDO�HQHUJqWLF�MD�TXH�XQD�JUDQ�SDUW�G·DTXHVWD�QR�V·DUULEDUj�D�GHJUDGDU�
L�QR�HV�WUDQVIRUPDUj�HQ�ELRJjV��/D�LQFOXVLy�GH�WUDFWDPHQWV�SUHYLV�D�OD�GLJHVWLy�
DQDHUzELD��SUH�WUDFWDPHQWV��DPE�O·REMHFWLX�GH�KLGUROLW]DU�OD�PDWqULD�RUJjQLFD�
GLItFLOPHQW� ELRGHJUDGDEOH� R� UHFDOFLWUDQW�� pV� XQD� HVWUDWqJLD� TXH� SHUPHW�
LQFUHPHQWDU� OD�SURGXFFLy�GH�PHWj�� OHV� WD[HV�GH�FRQYHUVLy�GH� VXEVWUDW� L�XQD�
PpV� DPSOLD� UHGXFFLy� GH� PDWqULD� RUJjQLFD� �$QJHOLGDNL� L� $KULQJ�� ������
+DUWPDQQ�HW�DO����������

��%DL[D�UHODFLy�&�1��DOWD�FRQFHQWUDFLy�GH�QLWURJHQ�DPRQLDFDO�

$TXHVW� IHW� pV�GH�FDEGDO� LPSRUWjQFLD�� MD�TXH�XQD� UHODFLy�HTXLOLEUDGD�&�1�pV�
LQGLVSHQVDEOH� SHO� FRUUHFWH� IXQFLRQDPHQW� GHO� SURFpV�� $L[t� PDWHL[�� DOWHV�
FRQFHQWUDFLRQV�G·DPRQtDF�OOLXUH�LQKLEHL[HQ�OD�IDVH�GH�PHWDQRJqQHVL��7DO�FRP�
V·KD� FRPHQWDW� DQWHULRUPHQW�� OD� LQFOXVLy� GH� FR�VXEVWUDWV� DGHTXDWV� SRW�
FRPSHQVDU� HO� GHVHTXLOLEUL� HQ� OD� UHODFLy� &�1� L� OLPLWDU� O·DFFLy� LQKLELGRUD� GH�
O·DPRQtDF��$OWUHV�HVWUDWqJLHV�TXH�HV�SRGHQ�DGRSWDU�VRQ��EDL[DU�OD�WHPSHUDWXUD�
L� LPPRELOLW]DU�HO�QLWURJHQ�DPRQLDFDO� LQWURGXLQW�PDWHULDOV�DPE�DOWD�FDSDFLWDW�
G·DEVRUFLy��&LQWROL�HW�DO����������$L[t�PDWHL[��OD�LQFOXVLy�G·XQ�SURFpV�SUHYL�TXH�
HOLPLQL�SDUW�G·DTXHVW�QLWURJHQ�DPRQLDFDO�SUHVHQW�SRGULD�VHU�~WLO��

���������/LPLWDFLRQV�H[WHUQHV�DO�SURFpV�

$OWUHV� OLPLWDFLRQV� TXH� QR� HV� GHULYHQ� GHO� SURSL� SURFpV�� VL� QR� GHOV�
FRQGLFLRQDQWV� GH� O·HQWRUQ� TXH� GHWHUPLQHQ� HOV� REMHFWLXV� GH� O·HVWUDWqJLD� GH�
WUDFWDPHQW��VyQ�OHV�VHJ�HQWV��

��&RQWLQJXW�GH�QLWURJHQ�

(O� FRQWLQJXW� GH� QLWURJHQ� QR� HV� PRGLILFD� DO� OODUJ� GHO� SURFpV� DQDHUREL��
ÓQLFDPHQW� KL� KD� XQ� OOHXJHU� LQFUHPHQW� HQ� OD� IUDFFLy� GH� QLWURJHQ� DPRQLDFDO�
GHJXW� DO� SURFpV� GH� PLQHUDOLW]DFLy� GH� OD� PDWqULD� RUJjQLFD� � $L[t� GRQFV�� pV�
QHFHVVDUL� DOJXQ� SURFpV� FRPSOHPHQWDUL� SHU� WDO� GH� UHFXSHUDU�OR� R� HQ� WRW� FDV�
HOLPLQDU�OR��HQ�DTXHOOHV�VLWXDFLRQV�HQ�TXq�KL�KD�XQ�H[FHGHQW�GH�QLWURJHQ��

��&RQWLQJXW�G·DLJXD��

(O� FRQWLQJXW� G·DLJXD� GHOV� SXULQV� GH� SRUF� WDPSRF� HV� PRGLILFD� GH� IRUPD�
DSUHFLDEOH�HQ�HO�SURFpV�GH�GLJHVWLy�DQDHUzELD�L�HQ�WRW�FDV�KL�KD�XQ�LQFUHPHQW�
UHODWLX�SHU� OD�GHVFRPSRVLFLy�GHOV�VzOLGV��$L[z�ID��TXH�HQ�DTXHOOHV�VLWXDFLRQV�
HQ� TXq� KL� KD� XQ� H[FHGHQW� HVWUXFWXUDO�� FDOJXL� DSOLFDU� DOJXQ� SURFpV�
FRPSOHPHQWDUL�DPE�O·REMHFWLX�G·REWHQLU�XQ�SURGXFWH�VHF�L�DL[t�IDFLOLWDU�OD�VHYD�
UHGLVWULEXFLy�JHRJUjILFD��
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��ÓV�GH�O·HQHUJLD�WqUPLFD�H[FHGHQWjULD�

)LQDOPHQW� O·~V� GH� O·HQHUJLD� WqUPLFD� H[FHGHQWjULD� D� EDL[D� WHPSHUDWXUD������������
������&���GH�GLItFLO�DSOLFDFLy�HQ�]RQHV�FjOLGHV��WDPEp�pV�XQ�OLPLWDQW�HQ�OD�VHYD�
LPSODQWDFLy�� SHUz� DO�PDWHL[� WHPSV� pV� XQ� SRWHQFLDO� TXH�FDO� DSURILWDU� MD� TXH�
SRVVLELOLWD�O·DSOLFDFLy�GH�SURFHVVRV�WqUPLFV�TXH�SRGHQ�PLOORUDU�OD�JHVWLy�JOREDO�
GHOV�UHVLGXV�RUJjQLFV�L�HQ�HVSHFLDO�GHOV�SXULQV�GH�SRUF��

�����ÓV�GH�O
HQHUJLD�WqUPLFD�HQ�HO�WUDFWDPHQW�GH�SXULQV�

7HQLQW�HQ�FRPSWH�OHV�OLPLWDFLRQV�TXH�SUHVHQWD�HO�SURFpV�GH�GLJHVWLy�DQDHUzELD�
GH�SXULQV�GH�SRUF� �OLPLWDFLRQV�HQ�EDVH�D� VXEVWUDW���TXq�SHU� VL�PDWHL[�QR�pV�
FDSDo�G·DFRPSOLU�HOV�GLIHUHQWV�REMHFWLXV�TXH�HV�SRGHQ�SODQWHMDU�HQ�IXQFLy�GH�
OHV�FRQGLFLRQV�GH�O·HQWRUQ��OLPLWDFLRQV�H[WHUQHV��L�TXH�GH�PDQHUD�JHQqULFD�HV�
SRW�FRQVLGHUDU�TXH�HO�SURFpV�pV�H[FHQGHQWDUL�HQ�HQHUJLD�WqUPLFD��HO�SURFHVVRV�
WqUPLFV�TXH�WLQJXLQ�FRP�REMHFWLX�VXSHUDU�DTXHVWHV� OLPLWDFLRQV��HV�SUHVHQWHQ�
FRP�XQD�DOWHUQDWLYD�PROW�LQWHUHVVDQW��$L[t�PDWHL[��FDO�FRQVLGHUDU�TXH�O·DFWXDO�
FRQWH[W� OHJDO� �5HDO� 'HFUHW� ��������� WDPEp� DIDYRUHL[� DTXHVW� WLSXV� GH�
WUDFWDPHQWV��
'·HQWUH� HOV� SRVVLEOHV� SURFHVVRV� WqUPLFV� TXH� SUHVHQWHQ� UHTXHULPHQWV�

WqUPLFV�D�WHPSHUDWXUHV�LQIHULRUV�D����&��L�TXH�SXJXLQ�FRPSOHPHQWDU�HO�SURFpV�
GH� GLJHVWLy� DQDHUzELD�� V·KDQ� FRQVLGHUDW� HOV� VHJ�HQWV�� +LGUzOLVL� 7qUPLFD��
6WULSSLQJ�$EVRUFLy� DPE� LQFUHPHQW� GH� WHPSHUDWXUD�� L� (YDSRUDFLy��
&RQGHQVDFLy�VRWD�FRQGLFLRQV�GH�EDL[D�SUHVVLy��
(Q� DTXHVW� DSDUWDW�� V·DQDOLW]HQ� EUHXPHQW� HOV� REMHFWLXV� GHOV� SURFHVVRV�

FRQVLGHUDWV��DL[t�FRP�OHV�SRVVLEOHV�OLPLWDFLRQV�HQ�HO�FDV�GHOV�SXULQV�GH�SRUFV��
8QD�UHYLVLy�PpV�H[WHQVD�HV�WURED�D�OHV�LQWURGXFFLRQV�GHOV�FDStWROV�VHJ�HQWV��

�������+LGUzOLVL�7qUPLFD�D�EDL[D�WHPSHUDWXUD�����&��

/·HVWXGL� GH� SURFHVVRV� SUHYLV� D� OD� GLJHVWLy� DQDHUzELD� DPE� O·REMHFWLX�
G·DXJPHQWDU�OD�GHJUDGDFLy�GH�VXEVWUDWV�FRPSOH[HV��PLWMDQoDQW�OD�PLOORUD�GH�OD�
IDVH�GH�KLGUzOLVL�LQLFLDO�HVWj�jPSOLDPHQW�FLWDGD�D�OD�ELEOLRJUDILD��8Q�LQWHUHVVDQW�
UHFXOO� GHOV� GLIHUHQWV� SURFHVVRV� HV� SRW� WUREDU� D�0DWD�$OYDUH]� HW� DO�� ������� L�
3DOPRZVNL�L�0�OOHU���������
$TXHVWV� SURFHVVRV� SHUPHWHQ� DXJPHQWDU� OHV� SURGXFFLRQV� GH� ELRJjV� GHO�

SURFpV�GH�GLJHVWLy�DQDHUzELD�SRVWHULRU��DPE�XQHV�WD[HV�GH�FRQYHUVLy�D�PHWj�
PpV� HOHYDGHV�� L� XQD� GHJUDGDFLy� GH� OD� PDWqULD� RUJjQLFD� PpV� FRPSOHWD�� /HV�
PLOORUHV� REVHUYDGHV� HQ� OD� GLJHVWLy� DQDHUzELD� GHSHQHQ� GHO� SURFpV� HPSUDW�
�PDFHUDFLy� PHFjQLFD�� XOWUDVRQV�� R[LGDFLy� DPE� 2��� SURFHVVRV� ELROzJLFV��
WqUPLFV�R�WHUPR�TXtPLFV��HWF����L�GHO�WLSXV�GH�VXEVWUDW��MD�TXH�GHWHUPLQDUj�HQ�
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JUDQ�PHVXUD�OD�SRVVLELOLWDW�G·REWHQLU�PLOORUHV�R�QR��3HU�DTXHVWV�PRWLXV�QR�pV�
SRVVLEOH�JHQHUDOLW]DU���
/·~V�G·HQHUJLD�WqUPLFD�DPE�O·REMHFWLX�GH�PLOORUDU�OD�GLJHVWLy�DQDHUzELD�MD�HV�

WURED�FLWDGD�D�ILQDOV�GHOV�DQ\V�VHWDQWD��+DXJ� HW�DO�� �������YD�REVHUYDU�TXH�OD�
KLGUzOLVL� WqUPLFD� GH� IDQJV� G·HVWDFLRQV� GHSXUDGRUHV� G·DLJ�HV� UHVLGXDOV�� D�XQD�
WHPSHUDWXUD� GH� ����&�� FRPSRUWDYD� XQ� LQFUHPHQW� HQ� OHV� SURGXFFLRQV� GH�
ELRJjV�� (VWXGLV� PpV� UHFHQWV� KDQ� GHWHUPLQDW� TXH� HO� ELQRPL�
WHPSHUDWXUD�WHPSV� GH� FRQWDFWH� zSWLP� QR� pV� JHQHUDOLW]DEOH�� 3LQQHNDPS�
�������GHILQHL[�GLIHUHQWV�zSWLPV�HQ�IXQFLy�GHO� WLSXV�GH�IDQJV�WUDFWDWV��IDQJV�
SULPDULV�� VHFXQGDULV� R� PHVFOD� G·DPEGyV��� /D� VROXELOLW]DFLy� R� JHQHUDFLy� GH�
VXEVWjQFLHV� UHFDOFLWUDQWV�R� Wz[LTXHV� �UHDFFLRQV�GH�0DLOODUG��� DIDYRULW�SHU� OHV�
DOWHV�WHPSHUDWXUHV�XWLOLW]DGHV��!����&���SRGHQ�H[SOLFDU�DTXHVWHV�GLIHUHQFLHV��
/·~V� GH� EDL[HV� WHPSHUDWXUHV� ������&��� WH� O·DYDQWDWJH� G·XQD� RSHUDFLy� PpV�
IjFLO��SRW�OLPLWDU�OD�JHQHUDFLy�GH�VXEVWjQFLHV�Wz[LTXHV�R�UHFDOFLWUDQWV��L�WDPEp�
PRVWUD�PLOORUHV�HQ�OD�GLJHVWLy�DQDHUzELD��/L�L�1RLNH��������:DQJ�HW�DO����������
/D� PDMRULD� G·HVWXGLV� GH� SURFHVVRV� SUHYLV� D� OD� GLJHVWLy� DQDHUzELD�� TXH� OD�

SXJXLQ�PLOORUDU��HV�UHIHUHL[HQ�D�VXEVWUDWV�DPE�XQ�DOW�FRQWLQJXW�GH�ELRPDVVD�
�S�H��IDQJV�GH�GHSXUDGRUD���6·KDQ�WUREDW�SRTXHV�UHIHUqQFLHV�TXH�XWLOLW]LQ�FRP�
D�VXEVWUDW�UHVLGXV�UDPDGHUV��$QJHOLGDNL�L�$KULQJ��������+DUWPDQQ�HW�DO���������
L� QR� V·KD� WUREDW� FDS� UHIHUqQFLD� HQ� UHODFLy� D� OD� KLGUzOLVL� WqUPLFD� D� EDL[D�
WHPSHUDWXUD������&��GH�SXULQV�GH�SRUF��
$L[t�GRQFV�O·HVWXGL�GH�OD�KLGUzOLVL�GH�SXULQV�GH�SRUF�D�EDL[D�WHPSHUDWXUD�HV�

SUHVHQWD� FRP� XQD� OtQLD� G·LQYHVWLJDFLy� LQWHUHVVDQW� DPE� O·REMHFWLX� GH�
FDUDFWHULW]DU�OR�� YHXUH� VL� SRW� PLOORUDU� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� L�
GHWHUPLQDU� VL� SRW� WHQLU� LPSOLFDFLRQV� HQ� DOWUHV� SURFHVVRV� WqUPLFV�� (OV�
LQWHUURJDQWV�TXH�HV�SRGHQ�SODQWHMDU�SRGULHQ�VHU�HOV�VHJ�HQWV��

�� HV� SURGXHL[� XQ� JUDX� GH� KLGUzOLVL� GH� OD� PDWqULD� RUJjQLFD� DSUHFLDEOH� HQ�
DTXHVW�UDQJ�GH�WHPSHUDWXUHV"��

��TXLQ�WHPSV�GH�FRQWDFWH�pV�QHFHVVDUL�L�TXLQ�WLSXV�GH�IHQRPHQ�HV�SURGXHL[��
WqUPLF�R�HQ]LPjWLF"��

�� PLOORUD� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD"�� HV� JHQHUHQ� VXEVWjQFLHV� TXH�
SXJXLQ�VHU�Wz[LTXHV�R�LQKLELGRUHV"��

�� WHQLQW� HQ� FRPSWH� OD� JUDQ� YDULDELOLWDW� GHOV� SXULQV� GH� SRUF�� HO� SURFpV� GH�
GHJUDGDFLy�WqUPLFD�L�O·HIHFWH�VREUH�OD�GLJHVWLy�DQDHUzELD�HV�SRW�JHQHUDOLW]DU"��R�
OD� WLSRORJLD� GHO� SXUt� �HGDW�� FRQFHQWUDFLy� GH� QLWURJHQ� DPRQLDFDO�� HWF��� pV� XQ�
IDFWRU�TXH�FDO�WHQLU�HQ�FRPSWH"��
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�������6WULSSLQJ�$EVRUFLy�G·DPRQtDF�D����&�

7HQLQW�HQ�FRPSWH�TXH�HQWUH�HO�����L�HO�����GHO�QLWURJHQ�GHOV�SXULQV�HV�WURED�
HQ� IRUPD� DPRQLDFDO� �YHLHX� 7DXOD� ������ HO� SURFpV� G·VWULSSLQJ�DEVRUFLy� HV�
SUHVHQWD� FRP� XQ� SRVVLEOH� PqWRGH� SHU� H[WUHXUH� L� UHFXSHUDU� SDUW� G·DTXHVW�
QLWURJHQ��
(O�SURFpV�SHO�TXDO�O·DPRQtDF�JDV�HV�GLVVRO�D�O·DLJXD�pV�O·DEVRUFLy��(O�SURFpV�

FRQWUDUL�� SHO� TXDO� O·DPRQtDF� GLVVROW� SDVVD� D� OD� IDVH� JDV� pV� OD� GHVRUFLy�
�6DZLVWRZVNL� L� 6PLWK�� ������� 4XDQ� OD� GHVRUFLy� HV� SURYRFD� PLWMDQoDQW� XQD�
FRUUHQW�G·DLUH� VREUH� OD� IDVH� OtTXLGD�SHU�DUURVVHJDU�HO�JDV�� HV�SDUOD�G·VWULSSLQJ��
$TXHVW� SURFpV� HV� UHDOLW]D� HQ� FROXPQHV� RQ� XQ� FRUUHQW� G·DLJXD�DPRQtDF�
GHVFHQGHQW�� IDVH� OtTXLGD�� HVWj� HQ�FRQWDFWH�DPE�XQ�FRUUHQW�G·DLUH� DVFHQGHQW��
IDVH�JDV��TXH�DUURVVHJD� O·DPRQtDF��6H� VROHQ�XWLOLW]DU�GRV� WLSXV�GH�FROXPQHV��
FROXPQHV�GH�SODWV�L�FROXPQHV�GH�UHEOLPHQW��/HV�FROXPQHV�GH�SDUHW�PXOODGD�
UHVXOWHQ�LQWHUHVVDQW�D�O·KRUD�G·HVWXGLDU�HO�SURFpV�D�HVFDOD�ODERUDWRUL��&RXOVRQ�L�
5LFKDUGVRQ���������
/D�WUDQVIHUqQFLD�GH�PDVVD��DPRQtDF��GH�OD�IDVH�OLTXLGD�D�OD�JDVRVD�L�D�O·LQYHUV�

YH�GHWHUPLQDGD�SHU�GRV�DVSHFWHV�IRQDPHQWDOV��

� O·HTXLOLEUL�HQWUH�IDVHV��GHSHQHQW�GH�OD�FRQFHQWUDFLy�HQ�OD�IDVH�OtTXLGD�L�OD�
SUHVVLy�SDUFLDO�D�OD�IDVH�JDVRVD��H[SUHVVDEOH�PLWMDQoDQW�OD�OOHL�GH�+HQU\��

� O·HTXLOLEUL�DPRQL�DPRQtDF�D�OD�IDVH�OtTXLGD��HO�TXDO�HVWD�LQIOXHQFLDW�SHO�S+�
L�OD�WHPSHUDWXUD��

1RPpV�HV�SRW� HOLPLQDU�SHU�GHVRUFLy�HO�QLWURJHQ�DPRQLDFDO�TXH�HV� WURED�HQ�
IRUPD� G·DPRQtDF� OOLXUH�� /·HTXLOLEUL� HQWUH� OHV� GRV� IRUPHV� GH� QLWURJHQ�
DPRQLDFDO� HV� SRW� GHVSODoDU� FDS� D� O·DPRQtDF� LQFUHPHQWDQW� HO� S+� L�R� OD�
WHPSHUDWXUD��4XDQ�HO�SURFpV�HV� UHDOLW]D�D� WHPSHUDWXUD�DPELHQW� pV�QHFHVVDUL�
XQ� S+� PtQLP� GH� ��� SHU� WHQLU� XQ� ���� G·DPRQtDF� OOLXUH�� D� PHVXUD� TXH�
V·LQFUHPHQWD� OD� WHPSHUDWXUD� HO� YDORU� GH� S+� PtQLP� QHFHVVDUL� GLVPLQXHL[�
�YHXUH�)LJXUD�����HQ�HO�FDStWRO�����/D�UHFXSHUDFLy�GH�O·DPRQtDF�HV�UHDOLW]D�SHU�
DEVRUFLy� GH� OD� IDVH� JDV�� UHVXOWDQW� GH� OD� GHVRUFLy�� PLWMDQoDQW� XQD� VHJRQD�
FROXPQD�HQ�OD�TXH�O·DLJXD�D�FRQWUDFRUUHQW��QRUPDOPHQW�DFLGXODGD��DFWXD�FRP�
DEVRUEHQW���
(O�SURFpV�FRPELQDW�GH�GHVRUFLy�GH� O·DPRQtDF�� L�SRVWHULRU�UHFXSHUDFLy�SHU�

DEVRUFLy�SHU�O·REWHQFLy�GH�VDOV�G·DPRQL��V·KD�FRPSURYDW�WqFQLFDPHQW�YLDEOH�L�
HFRQzPLFDPHQW�PLOORU�TXH�DOWUHV�SURFHVVRV��SHO� WUDFWDPHQW�GHO�VREUHQHGDQW�
GH�OD�OtQLD�GH�IDQJV�G·HVWDFLRQV�GHSXUDGRUHV�XUEDQHV��-DQXV�L�YDQ�GHU�5RHVW���
������� SHO� WUDFWDPHQW� G·DLJ�HV� UHVLGXDOV� GH� OD� LQG~VWULD� VXFUHUD� �6FKLZHFN� L�
1lKOH��������*RQ]iOH]�L�*DUFtD��������� L�OL[LYLDWV�G·DERFDGRU��&KHXQJ� HW�DO���
������� HQWUH� G·DOWUHV�� (Q� DTXHVWHV� LQVWDOÃODFLRQV� HO� SURFpV� HVWj� EDVDW� HQ� HO�
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FRQWURO� GHO� S+�� HO� TXDO� OLPLWD�� D� SULRUL�� OD� VHYD� H[WUDSRODFLy� GLUHFWD� D�
O·DSOLFDFLy� GH� SXULQV� GH� SRUF�� GHJXW� D� OD� VHYD� DOWD� DOFDOLQLWDW� L� O·DOWD�
FRQFHQWUDFLy�GH�PDWqULD�RUJjQLFD��&RLOODUG��������9LHO���������
.�KQ� ������� L�0DUNRV� HW� DO�� �������KDQ�FRPSURYDW�TXH� OD� FRPSRVLFLy�GH�

O·LQIOXHQW�D�WUDFWDU�Wp�XQD�PDUFDGD�LQFLGqQFLD�HQ�HO�UHQGLPHQW�GHO�SURFpV��/D�
FDLJXGD� GHO� S+� DO� OODUJ� GH� OD� FROXPQD�� GHJXW� D� IHQzPHQV� GH� SUHFLSLWDFLy��
VROXELOLW]DFLy�� HYDSRUDFLy� G·DLJXD�� HWF��� V·KDQ� GHWHUPLQDW� FRP� OHV� FDXVHV�
G·DTXHVW�GLIHUHQW�FRPSRUWDPHQW���
/D�LQFOXVLy�GHO�SURFpV�G·VWULSSLQJ�GLQV�GH�O·HVWUDWqJLD�GH�WUDFWDPHQW�GH�SXULQV�

GH� SRUF� SRW� WHQLU� GLIHUHQWV� REMHFWLXV�� DFRQVHJXLU� XQ� SURGXFWH� DPE� XQ� DOW�
YDORU� DIHJLW� TXH� SXJXL� HQWUDU� DO� PHUFDW� GHOV� IHUWLOLW]DQWV� PLQHUDOV� �VDOV�
G·DPRQL��� GLVPLQXLU� HO� FRQWLQJXW� GH� QLWURJHQ� GHOV� SXULQV� L� DL[t� SRVVLELOLWDU�
O·DSOLFDFLy�GH�GRVLV�PpV�HOHYDGHV�L��ILQDOPHQW��VL�DTXHVW�HV�UHDOLW]D�SUqYLDPHQW�
DO� SURFpV� GH� GLJHVWLy� DQDHUzELD��PLOORUDU� HO� SURFpV� SHU� O·HOLPLQDFLy� GH� SDUW�
G·XQ�Wz[LF�FRP�pV�O·DPRQtDF��7RW�L�DL[t�FDO�IHU�DOJXQHV�FRQVLGHUDFLRQV��

� /·DOWD� DOFDOLQLWDW� TXH� SUHVHQWHQ� HOV� SXULQV� GH� SRUF�� YHXUH� 7DXOD� �����
LPSOLFD� OD� QHFHVVLWDW� G·DGGLFLRQDU� JUDQV� TXDQWLWDWV� G·DGGLWLXV� TXtPLFV��
QRUPDOPHQW� KLGUz[LG� GH� FDOFL�� DPE� OD� FRQVHT�HQW� GHVSHVD� HFRQzPLFD��
/·DGGLFLy� GH� JUDQV� TXDQWLWDWV� G·KLGUz[LG� GH� FDOFL� � JHQHUD� IHQzPHQV� GH�
SUHFLSLWDFLy� TXH� GLVPLQXHL[HQ� O·HILFLqQFLD� GHO� SURFpV� �/LDR� HW� DO��� �������
$L[t�PDWHL[��SRW� OLPLWDU� OD�SRVWHULRU� DSOLFDFLy�DO� VRO�GHO�SXUt� WUDFWDW��eV�
QHFHVVDUL� HVWXGLDU� HO� SURFpV� DPE� LQFUHPHQW� GH� WHPSHUDWXUD� DPE�
O·REMHFWLX�GH�UHGXLU�OD�QHFHVVLWDW�G·DGGLWLXV�TXtPLFV��

� /D� JUDQ� TXDQWLWDW� GH� PDWqULD� RUJjQLFD� GHOV� SXULQV� SRW� OLPLWDU� OD�
WUDQVIHUqQFLD� G·DPRQtDF�� DL[t� FRP� OD� YRODWLOLW]DFLy� VLPXOWjQLD� GH�
FRPSRVWRV�RUJjQLFV�L�LQRUJjQLFV�YROjWLOV��eV�QHFHVVDUL��SHU�WDQW��LQYHVWLJDU�
TXLQV� VyQ� HOV� QLYHOOV� HQ�TXq�DSDUHL[� HQ� HO� SURGXFWH� ILQDO� L� FRP� HV� YHX�
DIHFWDW�HO�SURFpV���

� /·DOWD� FRQFHQWUDFLy� G·jFLGV� JUDVVRV� YROjWLOV� GHOV� SXULQV� SRW� OLPLWDU� HO�
SURFpV�G·VWULSSLQJ�SHU�FDLJXGHV�GHO�S+��eV�QHFHVVDUL�HVWXGLDU�OD�LQIOXqQFLD�
G·XQ� SURFpV� SUHYL� GH� GLJHVWLy� DQDHUzELD�� HQ� HO� TXDO� HV� FRQVXPHL[HQ� OD�
PDMRU�SDUW�GHOV�jFLGV��

$TXHVWHV�FRQVLGHUDFLRQV�SRUWHQ�DOV�VHJ�HQWV�LQWHUURJDQWV��

� XQD� WHPSHUDWXUD� G·RSHUDFLy� GH� ���&�� SRW� VHU� VXILFLHQW� SHU� UHDOLW]DU� HO�
SURFpV�G·VWULSSLQJ�L�HOLPLQDU�DL[t��OD�QHFHVVLWDW�G·DGGLWLXV�TXtPLFV"��

� HO� SURFpV� GH� GLJHVWLy� DQDHUzELD� SUHYL� DO� SURFpV� G·VWULSSLQJ�� D� SDUW� GH�
VXEPLQLVWUDU� O·HQHUJLD� WqUPLFD� QHFHVVjULD�� SRW� PLOORUDU� HO� SURFpV� HQ� Vt�
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PDWHL["�� OHV� VDOV�DPRQLDFDOV�REWLQJXGHV� WLQGUDQ�XQ�PHQRU�FRQWLQJXW�GH�
PDWqULD�RUJjQLFD"��

� O·HOLPLQDFLy�GH�SDUW�GH�O·DPRQtDF�GHOV�SXULQV�SRW�FRPSRUWDU�PLOORUHV�HQ�
XQ�SURFpV�GH�GLJHVWLy�DQDHUzELD�SRVWHULRU"��R�SHO�FRQWUDUL�SRW�HPSLWMRUDU�
OR"��

�������(YDSRUDFLy�&RQGHQVDFLy�D�EDL[D�SUHVVLy�

/·REWHQFLy�G·XQ�SURGXFWH�VHF��GH�IjFLO�PDQHLJ�L�DPE�XQ�DOW�YDORU�IHUWLOLW]DQW�D�
SDUWLU�G·XQ� UHVLGX� OtTXLG��RIHUHL[�XQD� VqULH�G·DYDQWDWJHV�HQ� OD�JHVWLy� �%HFN� L�
%XUWRQ����������

� UHGXFFLy�GH�YROXP��TXH�SHUPHW�UHGXLU�FRVWRV�HQ�HO�WUDQVSRUW�L�IDFLOLWD�HO�
PDQHLJ��

� KLJLHQLW]DFLy�GHO�SURGXFWH��HOLPLQDFLy�GH�ODUYHV��OODYRUV�L�SDWzJHQV��

� FRPSHWLWLX�GDYDQW�GHOV�IHUWLOLW]DQWV�LQRUJjQLFV��

� UHGXFFLy�GH�OHV�HPLVVLRQV�G·DPRQtDF�L�DOWUHV�FRPSRVWRV�YROjWLOV��

$TXHVWV� GRV� GDUUHU� SXQWV� VyQ� FHUWV� VL�� SUHYL� DO� SURFpV� G·DVVHFDW� V·KD�
HVWDELOLW]DW�OD�PDWqULD�RUJjQLFD�L�V·KD�IL[DW�O·DPRQtDF�HQ�HO�SURGXFWH���
(O�SURFpV�G·DVVHFDW��SHUz��pV�FODUDPHQW�PpV�DWUDFWLX�SHU�DTXHOOV�SURGXFWHV�

TXH� WLQJXLQ�XQ�EDL[�FRQWLQJXW�G
KXPLWDW��(Q�HO� FDV�FRQWUDUL� �S�H��SXULQV�GH�
SRUF��� O·DOW� FRQWLQJXW� G·DLJXD� ID� TXH� VLJXL� QHFHVVDUL� XQ� SURFpV� SUHYL� GH�
FRQFHQWUDFLy�� FRP�SRGULD� VHU� O·HYDSRUDFLy��SHU� HYLWDU� DOWV� FRVWRV�G·RSHUDFLy�
�%XUWRQ���������
(O� SURFpV� G·HYDSRUDFLy� SHUPHW� HOLPLQDU� SDUW� GH� O·DLJXD� TXH� FRQWp� XQ�

SURGXFWH�L�UHFXSHUDU�OD�PLWMDQoDQW�OD�FRQGHQVDFLy��/·REMHFWLX�G·DTXHVW�SURFpV�
QR�QRPpV�pV�HO�G·REWHQLU�XQ�SURGXFWH�DPE�XQ�PHQRU�YROXP�L�DPE�XQD�DOWD�
FRQFHQWUDFLy� GH� QXWULHQWV�� VLQy� WDPEp� HO� G·REWHQLU� DLJXD� TXH� HV� SXJXL�
UHXWLOLW]DU�HQ�HO�SURSL�SURFpV�R�H[WHUQDPHQW��R�HQ�~OWLPD�LQVWjQFLD��VL�OD�VHYD�
FRPSRVLFLy�KR�SHUPHW��VHU�DERFDGD��
0LWMDQoDQW� HO� SURFpV� G·HYDSRUDFLy� HV� VHSDUHQ� HOV� FRPSRVWRV� QR� YROjWLOV�

�VzOLGV��PHWDOOV�«��GHOV�YROjWLOV� �DLJXD�� DPRQtDF��$*9«���$L[t�GRQFV�� VL� HV�
YRO�HYLWDU�HPLVVLRQV�HQ�HO�SURFpV��FDO�TXH�HV�FRQGHQVLQ�OHV�VXEVWjQFLHV�YROjWLOV�
HOLPLQDGHV�� L�VL�HV�YRO�REWHQLU�XQ�FRQGHQVDW�TXH�HVWLJXL�OOLXUH�GH�FRPSRVWRV�
YROjWLOV��FDO�PRGLILFDU�HO�S+�DPE�O·REMHFWLX�GH�FRQYHUWLU�ORV�HQ�QR�YROjWLOV� L�
DL[t�IL[DU�ORV�HQ�HO�SURGXFWH�VHF��0DUNV�HW�DO����������
6L� HV�YRO�IL[DU� O·DPRQtDF� L�DL[t� FRQVHUYDU�HO�QLWURJHQ�HQ�HO�SURGXFWH� VHF�� L�

HYLWDU�OD�VHYD�YRODWLOLW]DFLy�FDO�DFLGLILFDU�HO�PHGL��3HO�FRQWUDUL�VL�HV�YRO�HYLWDU�OD�
YRODWLOLW]DFLy�GH�VXEVWjQFLHV�jFLGHV��FRP�VyQ�HOV�jFLGV�JUDVVRV�YROjWLOV��FDOHQ�
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S+� DOFDOLQV� �YHLHX� )LJXUD� ���� HQ� HO� FDStWRO� ���� /HV� VXEVWjQFLHV� YROjWLOV� QR�
LzQLTXHV�QR�HV� SRGHQ� IL[DU�PRGLILFDQW� HO�S+��/·HYDSRUDFLy�D�EDL[D�SUHVVLy�
�GHSUHVVLy��� WDPEp� SRW� OLPLWDU� O·HPLVVLy� GH� VXEVWjQFLHV� YROjWLOV�� MD� TXH� HQ�
IXQFLy�GH�OD�SUHVVLy�GH�WUHEDOO��OD�WHPSHUDWXUD�QHFHVVjULD�SHU�HYDSRUDU�O·DLJXD�
VHUj�PHQRU��
/·DOW� UHTXHULPHQW� G·HQHUJLD� WqUPLFD� G·DTXHVW� SURFpV� pV� XQ� GHOV� SULQFLSDOV�

OLPLWDQWV� HQ� OD� VHYD� LPSODQWDFLy�� %LUFKOHU� HW� DO�� ������� YDQ� HVWXGLDU� OHV�
QHFHVVLWDWV� HQHUJqWLTXHV� GHO� SURFpV� G·HYDSRUDFLy� GHOV� OL[LYLDWV� G·DERFDGRU��
DUULEDQW� D� OD� FRQFOXVLy� TXH� HO� SURFpV� HUD� DXWRVXILFLHQW� HQ� HQHUJLD� WqUPLFD��
H[FHSWH�SHOV�GRV�SULPHUV�DQ\V�G·H[SORWDFLy��VL�V
XWLOLW]DYD�HO�ELRJjV�JHQHUDW�D�
O·DERFDGRU�FRP�D�IRQW�G
HQHUJLD�SULPjULD���
(Q�HO�FDV�GHOV�SXULQV�GH�SRUF��FRQVLGHUDQW�XQV�SXULQV�DPE�XQ����GH�67�L�

TXH�PLWMDQoDQW�HO�SURFpV�G·HYDSRUDFLy�HV�YRO�FRQFHQWUDU�ILQV�XQ�����GH�67��
HO�ELRJjV�JHQHUDW�HQ�HO�VHX�WUDFWDPHQW�DQDHUREL��DSRUWDULD�XQ�Pj[LP�GHO�����
GHO� WRWDO� GHOV� UHTXHULPHQWV� WqUPLFV� DPE� OHV� VHJ�HQWV� FRQVLGHUDFLRQV�� XQD�
SURGXFFLy� GH� ELRJjV� GH� ��P��WRQ� DPE� XQD� ULTXHVD� HQ� &+�� GHO� ����� XQ�
UHQGLPHQW�GH� OD� FDOGHUD�GH�ELRJjV�GHO����� L�QR�HV�FRQVLGHUD�GHVWUXFFLy�GH�
VzOLGV�WRWDOV�QL�SqUGXHV�GH�FDORU���
6·KDQ� WUREDW� SRTXHV� UHIHUqQFLHV� D� OD� ELEOLRJUDILD� VREUH� HO� SURFpV�

G·HYDSRUDFLy� GH� UHVLGXV� OtTXLGV�� L� QR� V·KD� WUREDW� FDS� HVWXGL� UHIHUHQW� D�
O·HYDSRUDFLy�FRQGHQVDFLy� GH� SXULQV� GH� SRUF� D� EDL[D� SUHVVLy� L� WHPSHUDWXUD��
PDOJUDW�TXH�KL�KD�GLYHUVHV�SODQWHV�GH�WUDFWDPHQW�GH�SXULQV�HQ�FRQVWUXFFLy� L�
HQ�RSHUDFLy�TXH�LQFORXHQ�DTXHVW�SURFpV��6DEDWHU� L�/RER���������$L[t�GRQFV��
O·HVWXGL� GH� O·HYDSRUDFLy�FRQGHQVDFLy� TXDQ� V·DSOLFD� DOV� SXULQV� GH� SRUF� HV�
SUHVHQWD�FRP�XQD�OtQLD�G·HVWXGL�QHFHVVjULD��(QWUH�G·DOWUHV��OHV�FRQVLGHUDFLRQV�
TXH�FDO�WHQLU�SUHVHQW�TXDQ�HV�WUDFWHQ�SXULQV�GH�SRUF�VyQ��

� O·DOW�FRQWLQJXW�GH�QLWURJHQ�DPRQLDFDO�LPSOLFD� OD�QHFHVVLWDW�GH�WUHEDOODU�D�
S+�jFLGV�SHU�WDO�GH�IL[DU�OR��

� O·DOW�SRGHU�WDPSy�GHOV�SXULQV�GLILFXOWD�OD�PRGLILFDFLy�GH�S+�L�pV�QHFHVVDUL�
O
DGGLFLy�GH�JUDQV�TXDQWLWDWV�G
jFLG��

� O·DOW�FRQWLQJXW�GH�02��$*9�L�FRPSRVWRV�YROjWLOV�QR�LzQLFV��LPSOLFD�TXH�
VL�HV�WUHEDOOD�D�S+�jFLGV�QR�V·DFRQVHJXHL[�HYLWDU�OD�VHYD�YRODWLOLW]DFLy��

$TXHVWHV�FRQVLGHUDFLRQV�SRUWHQ�DOV�VHJ�HQWV�LQWHUURJDQWV��

� TXLQV�IHQzPHQV�HV�SURGXHL[HQ�D�O·DGGLFLRQDU�JUDQV�TXDQWLWDWV�G
jFLGV"��HV�
SURGXHL[HQ�IHQzPHQV�GH�KLGUzOLVL�GH�OD�PDWqULD�RUJjQLFD"��

� TXLQHV�TXDOLWDWV�GH�FRQGHQVDW� L� FRQFHQWUDW� V·REWHQHQ�TXDQ�HO�SURFpV�HV�
UHDOLW]D�D�EDL[D�SUHVVLy"��
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� VL� HO�SURFpV�GH�GLJHVWLy�DQDHUzELD�FRQVXPHL[� OD�PDMRU�SDUW�GHOV�$*9�L�
DOWUHV� FRPSRVWRV� RUJjQLFV� YROjWLOV�� V·DFRQVHJXHL[HQ� TXDOLWDWV� GH�
FRQGHQVDWV� PLOORUV� VL� V·DSOLFD� O·HYDSRUDFLy� GHVSUpV� G·XQ� SURFpV� GH�
GLJHVWLy�DQDHUzELD"��

� TXLQV� DOWUHV� SDUjPHWUHV� VyQ� LPSRUWDQWV� HQ� UHODFLy� D� OD� TXDOLWDW� GHO�
FRQGHQVDW"��JUDX�GH�FRQFHQWUDFLy"��WHPSHUDWXUD�GHO�SURFpV"�«�

(OV� H[SHULPHQWV� GXWV� D� WHUPH�� L� TXH� HV� SUHVHQWHQ� HQ� HOV� VHJ�HQWV� FDStWROV��
LQWHQWHQ�UHVSRQGUH�DOV�LQWHUURJDQWV�SODQWHMDWV��

�����5HIHUqQFLHV�

$KULQJ��%��.�� ��������0HWKDQRJHQHVLV� LQ� WKHUPRSKLOLF�ELRJDV� UHDFWRUV��$QWRQLH� YDQ�

/HHXZHQKRHN��������������
$KULQJ��%�.���$QJHOLGDNL�� ,�� L� -RKDQVHQ��.�� ��������$QDHURELF� WUHDWPHQW�RI�PDQXUH�

WRJHWKHU�ZLWK�RUJDQLF�LQGXVWULDO�ZDVWH��:DW��6FL��7HFK��������������������
$QJHOLGDNL�� ,�� L�$KULQJ��%�.�� ��������7KHUPRSKLOLF�DQDHURELF�GLJHVWLRQ�RI� OLYHVWRFN�

ZDVWH��WKH�HIIHFW�RI�DPPRQLD��$SSO��0LFURELRO��%LRWHFKQRO��������������������
$QJHOLGDNL��,��L�$KULQJ��%�.����������$QDHURELF�WKHUPRSKLOLF�GLJHVWLRQ�RI�PDQXUH�DW�

GLIIHUHQW�DPPRQLD�ORDGV��HIIHFW�RI�WHPSHUDWXUH��:DWHU�5HVHDUFK�������������������
$QJHOLGDNL��,��L�$KULQJ��%�.����������$QDHURELF�GLJHVWLRQ�LQ�'HQPDUN��3DVW��SUHVHQW�

DQG�IXWXUH��(Q���U�&XUV�G·(QJLQ\HULD�$PELHQWDO��$SURILWDPHQW�HQHUJqWLF�GH�UHVLGXV�RUJjQLFV��
)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD������������

$QJHOLGDNL�� ,�� L� $KULQJ�� %�.�� �������� 0HWKRGV� IRU� LQFUHDVLQJ� WKH� ELRJDV� SRWHQWLDO�
IURP� WKH� UHFDOFLWUDQW� RUJDQLF� PDWWHU� FRQWDLQHG� LQ� PDQXUH��:DW�� 6FL�� 7HFK��� ���
�������������

$JXLODU�� $��� &DVDV�� &�� L� /HPD�� -�0�� �������� 'HJUDGDWLRQ� RI� YRODWLOH� IDWW\� DFLGV� E\�
GLIIHUHQWO\�HQULFKHG�PHWKDQRJHQLF�FXOWXUHV��NLQHWLFV�DQG�LQKLELWLRQ��:DWHU�5HVHDUFK��
�����������������

$UDQ��0� �������� $QiOLVLV� GHO� VXHOR� \� GH� ODV� SODQWDV� FRPR� KHUUDPLHQWD� GH� JHVWLyQ�
DJURQyPLFD�\�PHGLRDPELHQWDO��(Q��$SOLFDFLyQ�DJUtFROD�GH�UHVLGXRV�RUJiQLFRV��%RL[DGHUD��
-��L�7HLUD��0�5���HGV���(GLFLRQV�8QLYHUVLWDW�GH�/OHLGD�����������

%HFN�� -�� L� %XUWRQ�� &�+�� ��������0DQXUH� WHFKQLTXHV� LQ�(XURSH�� 5HVXOWV� RI� DQ�(8�
&RQFHUWHG�$FWLRQ���$J(QJ�2VOR�� ,QWHUQDWLRQDO� FRQIHUHQFH� RQ� DJULFXOWXUDO� HQJLQHHULQJ�����
SS��

%LUFKOHU�� '�5��� 0LONH�� 0�:��� 0DUNV�� $�/��� L� /XWK\�� 5�*�� �������� /DQGILOO� OHDFKDWH�
WUHDWPHQW�E\�HYDSRUDWLRQ��-RXUQDO�RI�(QYLURQPHQWDO�(QJLQHHULQJ�����������������������

%RQPDWt��$����������'LJHVWLy�DQDHUzELD�GH�SXULQV�DPE�DOWUHV�UHVLGXV�RUJjQLFV��3DJqV�(GLWRUV��
����SS��

%XUWRQ�� &�+�� ��������0DQXUH� PDQDJHPHQW�� 7UHDWPHQW� VWUDWHJLHV� IRU� VXVWDLQDEOH� DJULFXOWXUH��
6LOVRH�5HVHDUFK�,QVWLWXWH��%HGIRUG��8.������SS��

%XUWRQ�� &�+�� �������� 7KH� PHDVXUHPHQW� DQG� FRQWURO� RI� RIIHQVLYH� RGRXUV�� (Q��
$SOLFDFLyQ� DJUtFROD� GH� UHVLGXRV� RUJiQLFRV�� %RL[DGHUD�� -�� L� 7HLUD�� 0�5�� �HGV��� (GLFLRQV�
8QLYHUVLWDW�GH�/OHLGD�����������
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&DPSRV��(��� 3DODWVL�� -�� L� )ORWDWV��;�� ��������&RGLJHVWLRQ� RI� SLJ� VOXUU\� DQG� RUJDQLF�
ZDVWH�IURP�IRRG�LQGXVWU\�(Q��3URF��,,�,QWHUQDWLRQDO�V\PSRVLXP�RQ�DQDHURELF�GLJHVWLRQ�RI�
VROLG�ZDVWH��%DUFHORQD��������������

&DPSRV�� (��� )ORWDWV�� ;��� &DVDxp�� $��� 3DODWVL�� -�� L� %RQPDWt�� $�� �������� $QDHURELF�
FRGLJHVWLRQ�RI�SLJ�VOXUU\�ZLWK�ROLYH�EOHDFKLQJ�HDUWK��(Q��3URF��9,�/DWLQ�$PHULFDQ�

ZRUNVKRS�DQG�VHPLQDU�RQ�DQDHURELF�GLJHVWLRQ��5H]LIH��%UDVLO�������������
&DUUDVFR�� ,� L� 9LOODU� -�0�� �������� 8VR� GH� LQKLELGRUHV� GH� OD� QLWULILFDFLyQ� HQ� VXHORV�

IHUWLOL]DGRV� FRQ� SXULQHV� GH� FHUGR�� (Q�� $SOLFDFLyQ� DJUtFROD� GH� UHVLGXRV� RUJiQLFRV��
%RL[DGHUD��-��L�7HLUD��0�5���HGV���(GLFLRQV�8QLYHUVLWDW�GH�/OHLGD�����������

&KHQ��<�5��L�+DVKLPRWR��$�*����������.LQHWLFV�RI�PHWKDQH�IHUPHQWDWLRQ��%LRWHFKQRORJ\�
DQG�%LRHQJLQHHULQJ�6\PS���������������

&KHXQJ�� .�&��� &KX�� /�0�� L� :RQJ�� 0�+�� �������� $PPRQLD� VWULSSLQJ� DV� D�
SUHWUHDWPHQW�IRU�ODQGILOO�OHDFKDWH��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ���������������

&LQWROL��5���'L�6DEDWLQR��%��*DOHRWWL��/�� L�%UXQR��*�� ��������$PPRQLXP�XSWDNH�E\�
]HROLWH�DQG�WUHDWPHQW�LQ�8$6%�UHDFWRU�RI�SLJJHU\�ZDVWHZDWHU��:DW��6FL��7HFK������
������������

&ODUDPXQW�� -�� �������� 6LVWHPHV� GH� FRJHQHUDFLy�� (Q�� �U� &XUV� G·(QJLQ\HULD� $PELHQWDO��

$SURILWDPHQW�HQHUJqWLF�GH�UHVLGXV�RUJjQLFV��)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD������
����

&RLOODUG� -�� �������� /D� JHVWLRQ� GHV� OLVLHUV� GH� SRUF� DVVRFLDQW� OH� WUDLWHPHQW� HQ� ]RQHV�
G·H[FHGHQW� VWUXFWXUHO��/HV�SULQFLSDX[�SURFpGpV�GH� WUDLWHPHQW�DGDSWpV� pWXGLpV�HQ�
)UDQFH��3URFF��/D�JHVWLyQ�GHO�HVWLpUFRO�HQ�HO�VHFWRU�JDQDGHU��6HJRYLD��������)HEUXDU\���������

&RXOVRQ�� -�0�� L� 5LFKDUGVRQ�� -�)�� �������� ,QJHQLHUtD� TXtPLFD�� 2SHUDFLRQHV� EDVLFDV��
9RO��,,���UD�HGLFLy��(G��5HYHUWp��6�$���%DUFHORQD��

'DQqV�� 5��� 0ROLQD�� 9��� 3UDWV�� ,�/��� ÉODPRV��0��� %RL[DGHUD�� -�� L� 7RUUHV�� (�� ��������
0DQXDO�GH�JHVWLy�GHOV�SXULQV�L�GH�OD�VHYD�UHXWLOLW]DFLy�DJUtFROD��'$53��*HQHUDOLWDW�
GH�&DWDOXQ\D��%DUFHORQD������SS��

'($�� 'DQLVK� (QHUJ\� $JHQF\�� �������� 3URJUHVV� UHSRUW� RQ� WKH� HFRQRP\� RI�
FHQWUDOL]HG�ELRJDV�SODQWV��%LR3UHVV��&RSHQKDJHQ�����SS��

)ORWDWV�� ;�� ��������7UDFWDPHQW� GH� OD� IUDFFLy� OtTXLGD� GH� SXULQV� GH� SRUF� PLWMDQoDQW� XQ� ILOWUH�
DQDHUREL�DPE�UHEOLPHQW�RULHQWDW��7HVL�'RFWRUDO��8QLYHUVLWDW�3ROLWqFQLFD�GH�&DWDOXQ\D��
����SS��

)ORWDWV��;���%RQPDWt��$��L�6HUy��0����������&ODVLILFDFLyQ�GH�WHFQRORJtDV�GH�GLJHVWLyQ�
DQDHURELD��$SOLFDFLyQ�DO�DSURYHFKDPLHQWR�HQHUJpWLFR�GH�UHVLGXRV�JDQDGHURV��(Q��
�U� &XUV� G·(QJLQ\HULD� $PELHQWDO�� $SURILWDPHQW� HQHUJqWLF� GH� UHVLGXV� RUJjQLFV�� )ORWDWV�� ;��
�HG����3DSHUNLWH�HGQ���/OHLGD�����������

)ORWDWV��;��� &DPSRV��(��� 3DODWVL�� -�� L� %RQPDWt�� $�� �������� 7UDWDPLHQWR� GH� UHVLGXRV�
RUJiQLFRV� \� YDORUL]DFLyQ� DJUtFROD�� (Q�� $SOLFDFLyQ� DJUtFROD� GH� UHVLGXRV� RUJiQLFRV��
%RL[DGHUD��-��L�7HLUD��0�5���HGV���(GLFLRQV�8QLYHUVLWDW�GH�/OHLGD����������

*LO�� )�� �������� $SOLFDFLyQ� GH� UHVLGXRV� RUJiQLFRV�� IyVIRUR� \� FDOLGDG� GHO� VXHOR�(Q��
$SOLFDFLyQ� DJUtFROD� GH� UHVLGXRV� RUJiQLFRV�� %RL[DGHUD�� -�� L� 7HLUD�� 0�5�� �HGV��� (GLFLRQV�
8QLYHUVLWDW�GH�/OHLGD�����������
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*RQ]iOH]�%HQLWR��*��L�*DUFtD�&XEHUR��0�7����������$PPRQLD�HOLPLQDWLRQ�IURP�EHHW�
VXJDU� IDFWRU\� FRQGHQVDWH� VWUHDPV� E\� D� VWULSSLQJ�UHDEVRUSWLRQ� V\VWHP��
=XFNHULQGXVWULH��������������������

+DQVHQ��.�+��� $QJHOLGDNL�� ,�� L� $KULQJ�� %�.�� �������� $QDHURELF� GLJHVWLRQ� RI� VZLQH�
PDQXUH��LQKLELWLRQ�E\�DPPRQLD��:DWHU�5HVHDUFK����������������

+DUWPDQQ�� +��� $QJHOLGDNL�� ,�� L� $KULQJ�� %�.�� �������� ,QFUHDVH� RI� DQDHURELF�
GHJUDGDWLRQ�RI�SDUWLFXODWH�RUJDQLF�PDWWHU�LQ�IXOO�VFDOH�ELRJDV�SODQWV�E\�PHFKDQLFDO�
PDFHUDWLRQ��:DW��6FL��7HFK��������������������

+DXJ�� 5�7��� 6WXFNH\��'�&��*RVVHW�� -�0�� L�0F&DUW\��3�/�� �������� (IIHFW� RI� WKHUPDO�
SUHWUHDWPHQW� RQ� GLJHVWLELOLW\� DQG� GHZDWHUDELOLW\� RI� RUJDQLF� VOXGJHV�� -RXUQDO� RI�
:3&)�����������������

+D\HV� 7�� '�� L� 7KHLV� 7�/�� �������� 7KH� GLVWULEXWLRQ� RI� KHDY\� PHWDOV� LQ� DQDHURELF�
GLJHVWLRQ��-RXUQDO�ZDWHU�SROOXWLRQ�FRQWURO�IHGHUDWLRQ�����������������

+HQ]H�� 0��� +DUUHPRsV�� 3�� L� $UYLQ�� (�� �������� :DVWHZDWHU� WUHDWPHQW�� %LRORJLFDO� DQG�

FKHPLFDO�SURFHVVHV��6SULQJHU�9HUODJ��%HUOLQ�+HLGHOEHUJ��
+LOOV��'�-�� L�1DNDQR��.�� �������� (IIHFWV� RI� SDUWLFOH� VL]H� RQ� DQDHURELF� GLJHVWLRQ� RI�

WRPDWR�VROLG�ZDVWH��$JULFXOWXUDO�:DVWHV���������������
+LOSHUW�� 5��� :LQWHU�� -�� L� .DQGOHU�� 2�� �������� )HHG� DGGLWLYHV� DQG� GLVLQIHFWDQWV� DV�

LQKLELWRU\�IDFWRU�LQ�DQDHURELF�GLJHVWLRQ�RI�DJULFXOWXUDO�ZDVWHV��(QHUJ\�IURP�ELRPDVV��

�QG�(�&��&RQIHUHQFH��%HUOLQ�����������
,]D�� -�� �������� &RQWURO� GHO� SURFHVR� DQDHURELR�� (Q�� �U� &XUV� G·(QJLQ\HULD� $PELHQWDO��

7UDFWDPHQW� DQDHUREL� G·DLJ�HV� UHVLGXDOV� L� UHVLGXV� GH� IRUWD� FjUUHJD�� SDUjPHWUHV� GH� GLVVHQ\� L�

WHFQRORJLHV�HQ�~V��)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD�����������
-DQXV��+�0�� L� YDQ� GHU� 5RHVW��+�)�� ��������'RQ·W� UHMHFW� WKH� LGHD� RI� WUHDWLQJ� UHMHFW�

ZDWHU��:DW��6FL��7HFK�������������������
.�KQ��:����������(UWH�8QWHUVDFKXQJHQ�]XU�$PPRQLDNHVRSWLRQ�DXV�9HUVFKLHGHQHQ�$EZlVVHUQ�

LQ�'HXWVFKODQG��)DFKEHLWUDJ�����9RP�6WULFNVWRIIU�FNEHODVWXQJ��7.9HUODJ��
/$)� ��������$YDOXDFLy� L� DSURILWDPHQW� GHOV� UHVLGXV� RUJjQLFV� G·RULJHQ� UDPDGHU� HQ� DJULFXOWXUD��

4XDGHUQV� GH� GLYXOJDFLy�� Q~P�� ��� /DERUDWRUL� G·$QjOLVLV� L� )HUWLOLWDW� GH� VROV��
6LGDPRQ��/OHLGD�����SS��

/HPD�� -�0�� L� 0pQGH]�� 5�� �������� 7UDWDPLHQWRV� ELROyJLFRV� DQDHURELRV� (Q��
&RQWDPLQDFLyQ� H� LQJHQLHUtD� DPELHQWDO��)XQGDFLyQ� SDUD� HO� IRPHQWR� HQ�$VWXULDV� GH� OD�
LQYHVWLJDFLyQ�FLHQWtILFD�DSOLFDGD�\�OD�WHFQRORJtD��2YLHGR��

/L�� <�<�� L� 1RLNH�� 7�� �������� 8SJUDGLQJ� RI� DQDHURELF� GLJHVWLRQ� RI� ZDVWH� DFWLYDWHG�
VOXGJH�E\�WKHUPDO�SUHWUHDWPHQW��:DW��6FL��7HFK����������������������

/LDR�� 3�+��� &KHQ��$�� L� /R��.�9�� �������� 5HPRYDO� RI� QLWURJHQ� IURP� VZLQH�PDQXUH�
ZDVWHZDWHUV�E\�DPPRQLD�VWULSSLQJ��%LRUHVRXUFH�7HFKQRORJ\�������������

0DUNRV�� -���3LVX��0�� L�0RUELGHOOL��0�� �������� 6WULSSLQJ� RI� DPPRQLD� IURP� DTXHRXV�
VROXWLRQV�RI�DPLQR�DFLGV�DQG�LQRUJDQLF�LRQV��&KHP��(QJ��&RPP�����������������

0DUNV�� $�/��� /XWK\�� 5�*��� L� 'LZHNHU�� 8�0�� �������� 6HPL�FRQWLQXRXV� HYDSRUDWLRQ�
PRGHO� IRU� OHDFKDWH� WUHDWPHQW� SURFHVV� HYDOXDWLRQ��(QYLURQPHQWDO� 3URJUHVV�� ��� �����
���������
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0DWD�$OYDUH]��-���0DFp��6��L�/ODEUpV��3����������$QDHURELF�GLJHVWLRQ�RI�RUJDQLF�VROLG�
ZDVWHV�� $Q� RYHUYLHZ� RI� UHVHDUFK� DFKLHYHPHQWV� DQG� SHUVSHFWLYHV�� %LRUHVRXUFH�
7HFKQRORJ\������������

0F&DUWQH\�� '�0�� L� 2OHV]NLHZLF]�� -�$�� �������� 6XOSKLGH� LQKLELWLRQ� RI� DQDHURELF�
GHJUDGDWLRQ�RI�ODFWDWH�DQG�DFHWDWH��:DWHU�5HVHDUFK�������������������

1DYpV�� -�� L� 7RUUHV�� 0�&�� �������� 3UREOHPjWLFD� JHQHUDGD� SHOV� SXULQV� GH� SRUF� D� OD�
FRPDUFD�GHO�3OD�G·8UJHOO��(Q��-RUQDGHV�$JUjULHV��)LUD�GH�6DQW�0LTXHO�0ROOHUXVVD�����
����

1\QV�� (�� �������� %LRPHWKDQDWLRQ� 3URFHVVHV�� (Q�� %LRWHFKQRORJ\�� 9HUODJVJHVHOOVFKDIW�
PE+�����������

3DOPRZVNL�� /�0�� L�0�OOHU�� -�$�� �������� ,QIOXHQFH� RI� WKH� VL]H� UHGXFWLRQ� RI� RUJDQLF�
ZDVWH�RQ�WKHLU�DQDHURELF�GLJHVWLRQ��:DW��6FL��7HFK��������������������

3DYORVWDWKLV�� 6�*�� L�*LUDOGR�*RPH]��(�� ��������.LQHWLFV� RI� DQDHURELF� WUHDWPHQW�� D�
FULWLFDO�UHYLHZ��&ULWLFDO�5HYLHZV�LQ�(QYLURQPHQWDO�&RQWURO���������������������

3LQQHNDPS�� -�� �������� (IIHFWV� RI� WKHUPDO� SUHWUHDWPHQW� RI� VHZDJH� VOXGJH� RQ�
DQDHURELF�GLJHVWLRQ��:DW��6FL��7HFK���������������

3LQWR��0���'HO�3UDGR��$���&DVWHOOyQ��$��L�0HULQR��3����������'LQiPLFD�GHO�QLWUyJHQR�
HQ� UHODFLyQ� D� ORV� UHVLGXRV� \� FiOFXOR� GH�GRVLV� D� DSOLFDU�� (Q��$SOLFDFLyQ� DJUtFROD� GH�

UHVLGXRV�RUJiQLFRV��%RL[DGHUD��-��L�7HLUD��0�5���HGV���(GLFLRQV�8QLYHUVLWDW�GH�/OHLGD��
���������

6DEDWHU�� -�� L� /RER�� -�� �������� 7UDWDPLHQWR�� UHGXFFLyQ� \�YDORUL]DFLyQ� GH� SXULQHV� GH�
FHUGR��3URFHVR�9DOSXUHQ�GH�6(1(5�6*7��5HVLGXRV�������������

6DZLVWRZVNL��+�� L�6PLWK��:�� ��������0pWRGRV�GH� FiOFXOR� HQ� ORV�SURFHVRV�GH� WUDQVIHUHQFLD�GH�

PDWHULD���UD�HGLFLy��(G��$OKDPEUD��6�$���0DGULG��
6FKLZHFN�� +�� L� 1lKOH�� &�� �������� 5HPRYDO� RI� DPPRQLD� IURP� � FRQGHQVDWHV� DQG�

VXUSOXV�FRQGHQVHU�ZDWHU�E\�VWULSSLQJ�ZLWK�DLU��=XFNHULQGXVWULH��������������������
7HLUD��0�5�� ��������(PLVVLRQ�RI�1+

��DQG�1�2�IURP� LUULJDWHG� VHPL�DULG� FDOFDUHRXV�6SDQLVK�

VRLOV��7HVL�'RFWRUDO��8QLYHUVLWDW�GH�*HQW������SS��
9LFHQW�� 0�7�� �������� (O� SURFpV� GH� GLJHVWLy� DQDHUzELD�� (Q�� �U� &XUV� G·(QJLQ\HULD�

$PELHQWDO��7UDFWDPHQW� DQDHUREL� G·DLJ�HV� UHVLGXDOV� L� UHVLGXV� GH� IRUWD� FjUUHJD�� SDUjPHWUHV� GH�

GLVVHQ\�L�WHFQRORJLHV�HQ�~V��)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD�������
9LHO��/�� ��������$YHF�$PROLV�&KDX[�GHYDQW�� O·DPPRQLDF�SLpJH�D� O·DWPRVSKqUH��3RUF�

0DJD]LQH����������������
:DQJ�� 4��� 1RJXFKL�� &��� 6KDURQ�� &��� +DUD�� <��� .DNLPRWR�� .�� L� .DWR�� <�� ��������

6WXGLHV�RQ�DQDHURELF�GLJHVWLRQ�PHFKDQLVP��LQIOXHQFH�RI�SUHWUHDWPHQW�WHPSHUDWXUH�
RQ� ELRGHJUDGDWLRQ� RI� ZDVWH� DFWLYDWHG� VOXGJH��(QYLURQPHQWDO� 7HFKQRORJ\�� ���� ����
������
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$EVWUDFW�

7KH� IHDVLELOLW\� RI� DQDHURELF� GLJHVWLRQ� RI� SLJ� VOXUU\� GHSHQGV�� DPRQJ� RWKHU�

IDFWRUV�� RQ� WKH� ELRJDV� SURGXFWLRQ� UDWH��ZKLFK� LV� ORZ� FRPSDUHG�ZLWK� RWKHU�

RUJDQLF� ZDVWHV�� DQG� RQ� WKH� SRVVLELOLW\� RI� ILQGLQJ� SURILWDEOH� XVH� IRU� WKH�

VXUSOXV� WKHUPDO� HQHUJ\� SURGXFHG�� D� OLPLWLQJ� IDFWRU� LQ� ZDUP� JHRJUDSKLFDO�

DUHDV�� 7KH� REMHFWLYHV� RI� WKLV� ZRUN� ZHUH� WR� FKDUDFWHULVH� RUJDQLF� PDWWHU�

GHJUDGDWLRQ�ZKHQ�SLJ� VOXUU\�ZDV� WUHDWHG�DW� ORZ� WHPSHUDWXUH� ����&��� DQG� WR�

GHWHUPLQH�ZKHWKHU�RUJDQLF�PDWWHU�GHJUDGDWLRQ�GXULQJ�WKH�WKHUPDO�WUHDWPHQW�

ZDV�GXH�WR�WKHUPDO�����&��RU�WR�HQ]\PDWLF�����&��SKHQRPHQD��7KH�HIIHFW�RI�

ORZ�WHPSHUDWXUH�WKHUPDO�WUHDWPHQW�RQ�IXUWKHU�DQDHURELF�GLJHVWLRQ�ZDV�DOVR�

VWXGLHG��7KHUPDO�GHJUDGDWLRQ�WHVWV�VKRZHG�WKDW�K\GURO\VLV�RFFXUULQJ�GXULQJ�

WKHUPDO� WUHDWPHQW� UHDFKHG� D� PD[LPXP� DIWHU� �K� DQG� WKDW� GHJUDGDWLRQ�ZDV�

PDLQO\�GXH� WR� WKHUPDO�SKHQRPHQD��7KH� LQFUHDVH� LQ� VROXEOH� VXEVWDQFHV�ZDV�

VLJQLILFDQWO\�JUHDWHU�DW����&�WKDQ�DW����&��ERWK�DIWHU���K���7ZR�W\SHV�RI�VOXUU\�

ZHUH� XVHG� LQ� GLVFRQWLQXRXV� DQDHURELF� GLJHVWLRQ� WHVWV�� 7KH� HIIHFW� RI� WKH�

WKHUPDO�SUH�WUHDWPHQW�YDULHG�DFFRUGLQJ�WR�WKH�W\SH�RI�VOXUU\�LQYROYHG��LW�ZDV�

SRVLWLYH� ZLWK� DOPRVW� QRQ� GHJUDGHG� VOXUULHV� ZLWK� D� ORZ� DPPRQLD� QLWURJHQ�

FRQFHQWUDWLRQ�� DQG� QHJDWLYH� �LQKLELWLRQ� RI� WKH� DQDHURELF� GLJHVWLRQ� SURFHVV��

ZKHQ� LQYROYLQJ� GHJUDGHG� VOXUULHV� ZLWK� D� KLJK� DPPRQLD� QLWURJHQ�

FRQFHQWUDWLRQ��

������,QWURGXFWLRQ�DQG�REMHFWLYHV�

$�WUHDWPHQW�VWUDWHJ\�IRU�D�JLYHQ�W\SH�RI�ZDVWH�LV�D�FRPELQDWLRQ�RI�SURFHVVHV�

ZLWK� WKH� REMHFWLYH� RI� REWDLQLQJ� SURILWDEOH� SURGXFWV�� PLQLPLVLQJ� HPLVVLRQV�

DQG� UHFRYHULQJ� HQHUJ\� DQG� UDZ� PDWHULDOV�� )RU� SLJ� VOXUU\�� WKH� LQFOXVLRQ� RI�

DQDHURELF� GLJHVWLRQ� LQ� WKH� WUHDWPHQW� VWUDWHJ\� RIIHUV� VHYHUDO� DGYDQWDJHV��

SUHYHQWLQJ� YRODWLOH� RUJDQLF� FRPSRXQG� HPLVVLRQV�� FRQWUROOLQJ� RGRXUV��

PLQHUDOLVLQJ� QXWULHQWV� DQG� UHFRYHULQJ� HQHUJ\� WKURXJK�PHWKDQH� SURGXFWLRQ��

+RZHYHU�� LWV� ORZ� K\GURO\VLV� DQG� ELRJDV� SURGXFWLRQ� UDWHV� FDQ� OLPLW� LWV�

HFRQRPLFDO�IHDVLELOLW\��

:KHQ�HQHUJ\�FRJHQHUDWLRQ�LV�DSSOLHG��WKH�IHDVLELOLW\�RI�WKH�SURFHVV�LV�DOVR�

GHSHQGHQW�RQ�SURILWDEOH�XVHV�RI�WKH�UHFRYHUHG�KHDW��7KH�PDLQ�IRUP�LQ�ZKLFK�

WKH�HQHUJ\�LV�UHFRYHUHG��〈�����LV�DV�ZDWHU�DW�RU�EHORZ����&��3URILWDEOH�XVHV�
RI� WKLV� HQHUJ\� IUDFWLRQ� DUH�D� OLPLWLQJ� IDFWRU� LQ�ZDUP� FRXQWULHV��7KH� XVH� RI�

VXUSOXV� WKHUPDO� HQHUJ\� IRU� SUH�� DQG� SRVW�WUHDWPHQWV�� LQ� RUGHU� WR� LPSURYH�

DQDHURELF�GLJHVWLRQ�� FRXOG�EH�D�JRRG�ZD\�RI�SURPRWLQJ� WKH�HFRQRPLF�DQG�

HQHUJHWLF�DGYDQWDJHV�RI�DQDHURELF�GLJHVWLRQ�LPSOHPHQWDWLRQ�DQG�RSHUDWLRQ���
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�������$QDHURELF�GLJHVWLRQ�RI�SLJ�VOXUU\�

7KH� DQDHURELF� GLJHVWLRQ� SURFHVV� FRQVLVWV� RI� WKUHH� VWDJHV�� K\GURO\VLV��

DFLGRJHQHVLV� DQG�PHWKDQRJHQHVLV� �3DYORVWDWKLV� DQG�*LUDOGR�*RPH]�� �������

7UDGLWLRQDOO\�PHWKDQRJHQHVLV�KDV�EHHQ�FRQVLGHUHG�WKH�UDWH�OLPLWLQJ�VWDJH�RI�

WKH�RYHUDOO�SURFHVV��PDLQO\�EHFDXVH�RI�WKH�ORZ�JURZWK�UDWH�RI�PHWKDQRJHQLF�

EDFWHULD��+RZHYHU��LW�LV�QRZ�FRQVLGHUHG�WKDW�WKH�UDWH�OLPLWLQJ�VWDJH�GHSHQGV�

RQ�WKH�NLQG�RI�VXEVWUDWHV�LQYROYHG���

$PPRQLD�QLWURJHQ�LV�QRUPDOO\�GHVFULEHG�DV�WKH�PDLQ�LQKLELWRU�GXULQJ�SLJ�

VOXUU\�DQDHURELF�GLJHVWLRQ��9DQ�9HOVHQ��������$QJHOLGDNL�DQG�$KULQJ��������

%RQPDWt��������+DQVHQ�HW�DO���������)ORWDWV�HW�DO����������0DQ\�LQYHVWLJDWLRQV�

KDYH�GHDOW�ZLWK�WKH�DPPRQLD�LQKLELWLRQ�WKUHVKROG��EXW�UHVXOWV�DUH�FRQIOLFWLQJ�

DQG� KDYH� EHHQ� REWDLQHG� XQGHU� GLIIHUHQW� FRQGLWLRQV�� DQG� VR� LW� KDV� EHHQ�

GLIILFXOW� WR� DUULYH� DW� DQ\� JHQHUDOO\� DFFHSWHG� FRQFOXVLRQV�� $V� IUHH� DPPRQLD�

FRQFHQWUDWLRQ� KDV� EHHQ� VXJJHVWHG� DV� WKH� DFWLYH� FRPSRQHQW� UHVSRQVLEOH� IRU�

DPPRQLD�LQKLELWLRQ��+DVKLPRWR���������S+�DQG�WHPSHUDWXUH�VKRXOG�DOVR�EH�

WDNHQ�LQWR�DFFRXQW�ZKHQ�GHVFULELQJ�WKLV� LQKLELWLRQ��7KH�KLJKHU�WKH�S+�DQG�

WHPSHUDWXUH�� WKH� KLJKHU� WKH� IUHH� DPPRQLD� FRQFHQWUDWLRQ�� )UHH�DPPRQLD�

FRQFHQWUDWLRQ�LV�FDOFXODWHG�E\�WKH�IROORZLQJ�HTXDWLRQ��

�
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ZKHUH��>1+�@�LV�WKH�IUHH�DPPRQLD�FRQFHQWUDWLRQ��>1+����1+�
�@�LV�WKH�WRWDO�

DPPRQLD�FRQFHQWUDWLRQ�� >+�@� LV� WKH�K\GURJHQ� LRQ�FRQFHQWUDWLRQ�� DQG�.D� LV�

WKH�DFLG�LRQLVDWLRQ�FRQVWDQW�IRU�DPPRQLD���

$QDHURELF�GLJHVWLRQ�RI�FRPSOH[�VXEVWUDWHV�VXFK�DV�VOXUU\�LV�DOVR�OLPLWHG�E\�

LWV� LQLWLDO� K\GURO\VLV�� 7KHUH� LV� D� ORVV� RI� HQHUJHWLF� SRWHQWLDO� DV� D� ODUJH�

SHUFHQWDJH�RI�WKH�RUJDQLF�PDWWHU�LV�QRW�GHJUDGHG��)LJXUH�������&RPSDULQJ�WKH�

QRUPDOO\� DFKLHYHG� \LHOG� IURP� PDQXUH� ��������� /� &+��NJ96�� ZLWK� WKH�

WKHRUHWLFDO�\LHOG����������/�&+��NJ96���DQ�XQXVHG�SRWHQWLDO�RI�XS�WR�����

FDQ�EH�DVVRFLDWHG�ZLWK�WKH�SDUWLFXODWH�RUJDQLF�PDWWHU��+DUWPDQQ�HW�DO����������
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�������FHOO�V\QWKHVLV

������8QGHJUDGDEOH

XS�WR�����XQXVHG� �
SRWHQWLDO

�����GHJUDGHG�GLVVROYHG
RUJDQLF�PDWWHU

����GHJUDGHG�SDUWLFXODU

RUJDQLF�PDWWHU

�
)LJXUH������&RQWULEXWLRQ�RI�RUJDQLF�PDWWHU�IUDFWLRQV�WR�WKH�ELRJDV�SRWHQWLDO�

LQ�PDQXUH��+DUWPDQQ�HW�DO���������

�������$QDHURELF�GLJHVWLRQ�HQKDQFHPHQW�

7KHUH� LV�PXFK�OLWHUDWXUH�RQ�SUH�WUHDWPHQWV�ZLWK�WKH�REMHFWLYH�RI� LPSURYLQJ�

FRPSOH[� VXEVWUDWH� ELRGHJUDGDWLRQ� E\� HQKDQFLQJ� WKH� K\GURO\VLV� VWHS�� 7KH�

PDLQ� UHSRUWHG� DGYDQWDJHV� RI� SUH�WUHDWPHQWV� DUH� JUHDWHU� ELRJDV� SURGXFWLRQ�

DQG�PHWKDQH�VSHFLILF�\LHOGV��DQG�PRUH�FRPSOHWH��ODUJHU�UHGXFWLRQV�LQ�RUJDQLF�

PDWWHU�� DQG�KLJKHU�GLJHVWLRQ� UDWHV��GHSHQGLQJ�RQ� WKH�SUH�WUHDWPHQW�DSSOLHG�

DQG�NLQG�RI�VXEVWUDWH�LQYROYHG��3DOPRZVNL�DQG�0�OOHU��������0DWD�$OYDUH]�HW�

DO����������

6HYHUDO�GLVLQWHJUDWLRQ�PHWKRGV�KDYH�EHHQ�LQYHVWLJDWHG�WR�GDWH��PHFKDQLFDO�

SURFHVVHV�XVLQJ�PLOOV� �+LOOV�DQG�1DNDQR��������6KDUPD� HW�DO���������� MHW�DQG�

VPDVK�XQGHU�SUHVVXUH��&KRL�HW�DO���������+ZDQJ�HW�DO���������1DK�HW�DO����������

KLJK�SUHVVXUH�KRPRJHQL]HU��(QJHOKDUW��HW�DO���������DQG�XOWUDVRXQGV��6KLPL]X�

HW� DO��� ������ &KLX� HW� DO��� ������ &ODUN� DQG� 1XMMRR�� ������ 1HLV� HW� DO��� �������

R[LGDWLRQ� SURFHVVHV� XVLQJ� R]RQH� �%HQLWH]� HW� DO��� ������ :DQJ� HW� DO��� ������

:HHPDHV� HW� DO��� ������� ELRORJLFDO� SURFHVVHV� ZLWK� HQ]\PHV� �$QJHOLGDNL� DQG�

$KULQJ�� ������ RU� ZLWK� DHURELF� PLFURRUJDQLVPV� �%UXPPHOHU� DQG� .RVWHU��

������:DUG��HW�DO���������%RUMD�HW�DO���������+DVHJDZD�HW�DO����������DQG�WKHUPDO�

RU� WKHUPRFKHPLFDO� WUHDWPHQWV� �/L� DQG� 1RLNH�� ������ 3HQDXG� HW� DO��� �������

DPRQJ�RWKHUV��

+RZHYHU��PRVW� VWXGLHV� UHIHU� WR�PLFURELDO�ZDVWH� �L�H��VHZDJH� VOXGJH���)HZ�

LQYHVWLJDWLRQV� KDYH� EHHQ� FRQGXFWHG�ZLWK� IHHGVWRFN�ZDVWH��+DUWPDQQ� HW� DO��

������� IRXQG�DQ� LQFUHDVH�RI�XS� WR����� LQ�ELRJDV�SURGXFWLRQ� IURP�ILEUH� LQ�

PDQXUH� IHHGVWRFN�� DIWHU� SUH�WUHDWPHQW� RI� WKH� IHHG� LQ� D� PDFHUDWRU� EHIRUH�

DQDHURELF� GLJHVWLRQ�� $QJHOLGDNL� DQG� $KULQJ� ������� VWXGLHG� YDULRXV� SUH�

WUHDWPHQWV�ZLWK�GLIIHUHQW� UHVXOWV�� FKHPLFDO� WUHDWPHQW�ZLWK�1D2+��1+�2+�

RU� D� FRPELQDWLRQ� RI� ERWK� VKRZHG� D� SRVLWLYH� HIIHFW�� DGGLWLRQ� RI� HQ]\PHV�
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�KHPLFHOOXORO\WLF�DQG�FHOOXORO\WLF��GLG�QRW�SURGXFH�DQ\�LPSURYHPHQW��DQG�SUH�

WUHDWLQJ�PDQXUH�ZLWK�KHPLFHOOXORVH�GHJUDGLQJ�EDFWHULD�%���UHVXOWHG�LQ�D�����

LQFUHDVH�LQ�ELRJDV�SURGXFWLRQ��

�������7KHUPDO�K\GURO\VLV�SUH�WUHDWPHQWV�

7KH� XVH� RI� WKHUPDO� HQHUJ\� WR� SURPRWH� WKH� K\GURO\VLV� VWHS� KDV� ORQJ� EHHQ�

VWXGLHG��(DUO\�VWXGLHV��+DXJ�HW�DO����������UHSRUWHG�WKH�XVH�RI�WKHUPDO�HQHUJ\�

WR�LQFUHDVH�WKH�VROXEOH�RUJDQLF�PDWWHU�DYDLODEOH�IURP�VHZDJH�VOXGJH�SUHYLRXV�

WR�LWV�DQDHURELF�GLJHVWLRQ��7KH\�FRQFOXGHG�WKDW�DW�WHPSHUDWXUHV�DERYH�����&��

WKLV�SURFHVV�FRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�PHWKDQH�\LHOG�DQG�ELRGHJUDGDELOLW\�

DQG� WKDW� WKH� RSWLPXP� WHPSHUDWXUH� ZDV� DURXQG� ����&�� EH\RQG� ZKLFK� JDV�

SURGXFWLRQ�GHFUHDVHG��5HFHQW�VWXGLHV�KDYH�UHSRUWHG�VLPLODU�UHVXOWV��'HOJHQqV�

HW� DO�� ������� VWXGLHG� D� WKHUPR�FKHPLFDO� SUH�WUHDWPHQW� IRU� DQ� LQGXVWULDO�

ELRPDVV��$�&2'�VROXELOL]DWLRQ�RI�����ZDV�REVHUYHG�ZKHQ�WHPSHUDWXUH�ZDV�

VHW� DW� ����&�� KRZHYHU�� DQDHURELF� ELRGHJUDGDELOLW\� GLG� QRW� LPSURYH��

3LQQHNDPS� ������� GHILQHG� GLIIHUHQW� RSWLPDO� WHPSHUDWXUHV� ���������&��

GHSHQGLQJ�RQ�WKH�NLQG�RI�VHZDJH�VOXGJH�LQYROYHG��DQG�VWDWHG�WKDW�WKHUH�ZDV�D�

FOHDU� UHGXFWLRQ� LQ�ELRJDV�\LHOG�DW� WHPSHUDWXUHV�DERYH�����&��7KLV�GHFUHDVH�

FRXOG�EH�H[SODLQHG�E\�WKH�VROXELOL]DWLRQ�DQG�RU�IRUPDWLRQ�RI�UHFDOFLWUDQW�RU�

WR[LF�FRPSRXQGV�E\�0DLOODUG�UHDFWLRQV��ZKLFK�DFW�DV�LQKLELWRUV�RI�DQDHURELF�

GLJHVWLRQ��0�OOHU����������

6FKLHGHU� HW� DO�� ������� VWDWHG� WKDW�� ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� �����&�

����&��DQG�DW�KLJK�SUHVVXUH�����EDU���WKH�DQDHURELF�GLJHVWLRQ�RI�IRRG�VFUDSV�

UXQ�VLJQLILFDQWO\�IDVWHU�DQG�KLJKHU�ELRJDV�SURGXFWLRQ�ZDV�REWDLQHG���

7KH�XVH�RI�ORZ�WHPSHUDWXUH�SUH�WUHDWPHQWV�������&��RIIHUV�WKH�DGYDQWDJH�

RI� ORZ� HQHUJ\� UHTXLUHPHQW� DQG� HDV\� RSHUDWLRQ�� DQG� FDQ� EH� D� JRRG�ZD\� RI�

DYRLGLQJ� WKH� JHQHUDWLRQ� RI� 0DLOODUG� FRPSRXQGV� �ORZHU� UHDFWLRQ� UDWHV���

+RZHYHU��D�ODUJHU�FRQWDFW�WLPH�LV�UHTXLUHG��/L�DQG�1RLNH��������DQG�:DQJ�HW�

DO�� ������� UHSRUWHG� DQ� LQFUHDVH� LQ� ELRJDV� \LHOG� DQG� ELRGHJUDGDELOLW\� ZKHQ�

WKHUPDOO\�SUH�WUHDWLQJ�VHZDJH�VOXGJH�DW�ORZ�WHPSHUDWXUH��1R�UHIHUHQFHV�KDYH�

EHHQ�IRXQG�XVLQJ�KHDW�VRXUFHV�DW�WKH�DYDLODEOH�WHPSHUDWXUHV�LQ�FRJHQHUDWLRQ�

�����&���DQG�SUH�WUHDWLQJ�SLJ�VOXUU\��

�������2EMHFWLYHV�

7KH� DLP� RI� WKLV� ZRUN� ZDV� WR� FKDUDFWHULVH� WKH� QDWXUH� RI� RUJDQLF� PDWWHU�

GHJUDGDWLRQ� ZKHQ� SLJ� VOXUU\� LV� WUHDWHG� DW� ORZ� WHPSHUDWXUH� ����&��� DQG� WR�

GHWHUPLQH�ZKHWKHU�RUJDQLF�PDWWHU�GHJUDGDWLRQ�GXULQJ�WKH�WKHUPDO�WUHDWPHQW�

LV�GXH�WR�WKHUPDO�����&��RU�HQ]\PDWLF�����&��SKHQRPHQD��7KH�HIIHFW�RI�ORZ�
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WHPSHUDWXUH� WKHUPDO� WUHDWPHQW� RQ� IXUWKHU� DQDHURELF� GLJHVWLRQ� ZDV� DOVR�

VWXGLHG��

�����0DWHULDOV�DQG�PHWKRGV�

7KH�WHVWV�SHUIRUPHG�DQG�WKH�PHWKRGV�IROORZHG�DUH�GHVFULEHG�EHORZ���

�������7KHUPDO�K\GURO\VLV�WHVWV�

$� WLJKWO\� FORVHG� ILYH� OLWUHV�XVHIXO� YROXPH� UHDFWRU�� FRQWDLQLQJ���/� VXEVWUDWH��

ZDV�XVHG��$�WKHUPRVWDWLF�ZDWHU�EDWK�ZDV�XVHG�DV�KHDWLQJ�V\VWHP��7KH�UHDFWRU�

WHPSHUDWXUH�ZDV�FRQWUROOHG�ZLWK�D�WHPSHUDWXUH�SUREH��7ZR�GLIIHUHQW�VHWV�RI�

H[SHULPHQWV�ZHUH�SHUIRUPHG��WR�VWXG\�WKH�HIIHFW�RI�WKHUPDO�K\GURO\VLV�WLPH�

DQG�WKH�HIIHFW�RI�WKHUPDO�K\GURO\VLV�WHPSHUDWXUH��

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WLPH�

7KH�DLP�RI� WKLV� H[SHULPHQW�ZDV� WR�FKDUDFWHULVH�RUJDQLF�PDWWHU�GHJUDGDWLRQ�

ZKHQ�SLJ�VOXUU\�LV�WUHDWHG�DW�ORZ�WHPSHUDWXUH�����&����7KH�HIIHFW�RI�WKHUPDO�

WUHDWPHQW� WLPH� RQ� GLIIHUHQW� W\SHV� RI� SLJ� VOXUULHV� ZDV� VWXGLHG�� $PPRQLD�

QLWURJHQ��WRWDO�RUJDQLF�QLWURJHQ��DQG�S+�HYROXWLRQ�ZHUH�PRQLWRUHG��7KHUPDO�

WUHDWPHQW�ODVWHG�XQWLO�QR�IXUWKHU�DPPRQLD�JHQHUDWLRQ�ZDV�REVHUYHG����²���K���

WLPH�QHHGHG�WR�UHDFK����&�ZDV����PLQXWHV���

7KH� VOXUU\� EHLQJ� WKHUPDOO\� K\GURO\VHG�ZDV� SHULRGLFDOO\� VDPSOHG��$W� HDFK�

VDPSOLQJ�WLPH��WKH�VDPSOH�ZDV�FRROHG�LQ�D�IUHH]HU�WR�DVVXUH�WKDW�QR�IXUWKHU�

K\GURO\VLV� RFFXUUHG�� :KHQ� WKH� VDPSOH� UHDFKHG� URRP� WHPSHUDWXUH� ����&���

S+�� DPPRQLD� QLWURJHQ� DQG� WRWDO� .MHOGKDO� QLWURJHQ� �7.1�� ZHUH� DQDO\VHG��

7RWDO�RUJDQLF�QLWURJHQ�ZDV�FDOFXODWHG�E\�VXEWUDFWLQJ�DPPRQLD�QLWURJHQ�IURP�

7.1��,Q� WUHDWPHQWV�7���7��DQG�7���S+�ZDV�DOVR�PHDVXUHG�EHIRUH�FRROLQJ�

WKH�VDPSOH��7� ����&���

$PPRQLD� HYROXWLRQ� ZDV� DQDO\VHG� E\� DSSO\LQJ� DQ� HPSLULFDO� PRGHO�

�(TXDWLRQ����GHULYHG�IURP�ILUVW�RUGHU�NLQHWLFV���

�

[ ]( ) [ ] ( )NW

L
H&11+W11+

−++ −×+−=− �
��

�� ����

�

ZKHUH��>1+�
��1@�W��LV�WKH�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQ�DW�WLPH�W��J�NJ���

>1+�
��1@L� LV� WKH�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQ�DW� WLPH� W �� �J�NJ���&� LV�

WKH�WKHUPDOO\�K\GURO\VHG�RUJDQLF�QLWURJHQ���J�NJ���N�LV�WKH�NLQHWLF�SDUDPHWHU�

�PLQ�����DQG�W��LV�WLPH��PLQ���

2UJDQLF�PDWWHU�VROXELOL]DWLRQ�ZDV�HYDOXDWHG�WKURXJK�WKH�RUJ1�K\GURO\VHG�

UDWLR��HTXDWLRQ�����
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UDWLRRUJ1 K\GURO\VHG
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�

ZKHUH��RUJ1K\GURO\VHG�UDWLR�LV�WKH�RUJDQLF�QLWURJHQ�K\GURO\VHG�UDWLR������&�LV�WKH�

WKHUPDOO\�K\GURO\VHG�RUJDQLF�QLWURJHQ��J�NJ���DQG�RUJ1��LV�WKH�LQLWLDO�RUJDQLF�

QLWURJHQ��J�NJ���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WHPSHUDWXUH�

7ZR�WHPSHUDWXUHV�����DQG����&��ZKHUH�WHVWHG�LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�

WKH� GHJUDGDWLRQ� REVHUYHG� ZKHQ� WKHUPDOO\� WUHDWLQJ� SLJ� VOXUU\� ZDV� GXH� WR�

HQ]\PDWLF� RU� WKHUPDO� SURFHVVHV�� 7KH� WHVW� LV� EDVHG� RQ� WKH� K\SRWKHVLV� WKDW�

PRVW�HQ]\PHV�DUH�GHQDWXUHG�DW����&�DQG�WKDW�WKHLU�DFWLYLW\�LV�QRW�KLQGHUHG�DW�

���&���

+\GURO\VLV� ZDV� HYDOXDWHG� ZLWK� WKH� IROORZLQJ� SDUDPHWHUV�� DPPRQLD�

QLWURJHQ��VROXEOH�FKHPLFDO�R[\JHQ�GHPDQG��6&2'���VROXEOH�7.1��67.1���

VROXEOH� WRWDO� VROLGV� �676�� DQG� WRWDO� YRODWLOH� IDWW\� DFLGV� �79)$��� 7KH� SUH�

WUHDWPHQW� ODVWHG� IRU� �� K�� 7KLV� GXUDWLRQ� ZDV� EDVHG� RQ� WKH� UHVXOWV� RI� WKH�

SUHYLRXV� H[SHULPHQWV� SHUIRUPHG� WR� VWXG\� WKH� HIIHFW� RI� WKHUPDO� K\GURO\VLV�

WLPH��7KUHH�UHSOLFDWLRQV�ZHUH�GRQH��

�������%DWFK�DQDHURELF�WHVW�

%DWFK�DQDHURELF�GLJHVWLRQ�WHVWV�ZHUH�SHUIRUPHG��DV�GHVFULEHG�EHORZ��LQ�RUGHU�

WR�GHWHUPLQH�ZKHWKHU�WKHUPDO�SUH�WUHDWPHQW�KDV�D�SRVLWLYH�HIIHFW�RQ�IXUWKHU�

VOXUU\�DQDHURELF�GLJHVWLRQ��

7KH�EDWFK�UHDFWRUV�ZHUH�����P/�JODVV�YLDOV�ILOOHG�ZLWK����J�RI�VXEVWUDWH�DQG�

��J�RI�LQRFXOXP��IOXVKHG�ZLWK�1��&2����������IRU���PLQXWHV��WLJKWO\�FORVHG�

ZLWK� UXEEHU� VWRSSHUV�DQG�DOXPLQLXP�FULPSV�� DQG�SODFHG� LQ�DQ� LQFXEDWRU�DW�

���&�IRU����GD\V��7KH�LQRFXOXP�XVHG�FDPH�IURP�D�VWHDG\�VWDWH�VHZDJH�VOXGJH�

DQDHURELF� UHDFWRU�� (YHU\� ���� GD\V� WKH� KHDGVSDFH� JDV� FRPSRVLWLRQ� ZDV�

DQDO\VHG��9RODWLOH� IDWW\� DFLGV� �9)$��ZHUH�DQDO\VHG�HYHU\�ZHHN��$W�ERWK� WKH�

EHJLQQLQJ� DQG� WKH� HQG� RI� WKH� H[SHULPHQW� D� FRPSOHWH� DQDO\WLFDO�

FKDUDFWHULVDWLRQ��VHH�EHORZ��ZDV�FDUULHG�RXW��

)RXU�WUHDWPHQWV�ZHUH�GRQH��7DEOH�������WUHDWPHQW�3���IUHVK�SLJ�VOXUU\��ORZ�

1+�
��1�7.1�UDWLR��DQG�ORZ�DPPRQLD�FRQWHQW��WUHDWPHQW�3���ROG�SLJ�VOXUU\�

�KLJK� 1+�
��1�7.1� UDWLR�� DQG� KLJK� DPPRQLD� FRQWHQW�� WUHDWPHQW� 3��� WKH�

VDPH�SLJ�VOXUU\�DV�LQ�WUHDWPHQW�3��EXW�WKHUPDOO\�SUH�WUHDWHG�DW����&�IRU���K��

DQG�WUHDWPHQW�3���WKH�VDPH�SLJ�VOXUU\�DV�LQ�WUHDWPHQW�3��EXW�DOVR�WKHUPDOO\�



7KHUPDO�K\GURO\VLV�RI�SLJ�VOXUU\�DW�ORZ�WHPSHUDWXUH«�

�

��

SUH�WUHDWHG� DW� ���&� IRU� �� K�� )XUWKHUPRUH�� D� WUHDWPHQW� ZLWK� ZDWHU� DQG�

LQRFXOXP�ZDV�XVHG�DV�FRQWURO��)RXU�UHSOLFDWLRQV�SHU�WUHDWPHQW�ZHUH�XVHG���

7DEOH������7UHDWPHQWV�FKDUDFWHULVWLFV�LQ�EDWFK�DQDHURELF�WHVW�

7UHDWPHQW�
LGHQWLILFDWLRQ�

6OXUU\�����
FKDUDFWHULVWLFV�

7KHUPDO�����������
SUH�WUHDWPHQW�

5HSOLFDWLRQV�

3�� )UHVK�SLJ�VOXUU\��ORZ�
DPPRQLD�FRQWHQW�

12� ��

3�� )UHVK�SLJ�VOXUU\��ORZ�
DPPRQLD�FRQWHQW�

<(6� ��

3�� 2OG�SLJ�VOXUU\��KLJK��
DPPRQLD�FRQWHQW�

12� ��

3�� 2OG�SLJ�VOXUU\��KLJK�
DPPRQLD�FRQWHQW�

<(6� ��

�

9ROXPHWULF� PHWKDQH� SURGXFWLRQ� UDWHV� UHIHUUHG� WR� WKH� LQLWLDO� VXEVWUDWH� �/�

&+��NJ�VXEVWUDWH��� WR� WKH� LQLWLDO�96� �/�&+��NJ96L�� DQG�&2'��/�&+���NJ�

&2'L��FRQFHQWUDWLRQV��DV�ZHOO�DV�WKH�VXEVWUDWH�FRQYHUVLRQ�UDWHV�WR�PHWKDQH�

�0����9)$��9)$����DQG�DFLGLILFDWLRQ��$����ZHUH�XVHG�IRU�WKH�FRPSDUDWLYH�

DQDO\VLV�� 6XEVWUDWH� FRQYHUVLRQ� UDWHV� �)LHOG� HW� DO��� ������ ZHUH� FDOFXODWHG�

DSSO\LQJ�WKH�IROORZLQJ�HTXDWLRQV��

�

����
� ×=

L

&+

&2'

&2'
0 �� ����

�

ZKHUH��0��LV�WKH�VXEVWUDWH�FRQYHUVLRQ�UDWH�WR�PHWKDQH������&2'&+��LV�WKH�

&2'�DVVRFLDWHG�WR�WKH�PHWKDQH�SURGXFHG��NJ���DQG�&2'L�LV�WKH�LQLWLDO�&2'�

FRQFHQWUDWLRQ��NJ���

�

���
�

�
� ×=

L

9)$

&2'

&2'
9)$ �� ����

�

ZKHUH��9)$��LV� WKH�VXEVWUDWH�FRQYHUVLRQ�UDWH�WR�YRODWLOH�IDWW\�DFLGV��9)$��

����� &2'9)$� LV� WKH� &2'� DVVRFLDWHG� WR� WKH� ILQDO� FRQFHQWUDWLRQ� RI� 9)$�

�DFHWDWH��SURSLRQDWH��EXW\UDWH�DQG�YDOHUDWH�������DQG�&2'L�LV�WKH�LQLWLDO�&2'�

FRQFHQWUDWLRQ��NJ���DQG��

�
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&2'
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ZKHUH��$�� LV� WKH�DFLGLILFDWLRQ�UDWH������&2'9)$� LV� WKH�&2'�DVVRFLDWHG�WR�

WKH�ILQDO�FRQFHQWUDWLRQ�RI�9)$��NJ���&2'&+��LV�WKH�&2'�DVVRFLDWHG�WR�WKH�

PHWKDQH�SURGXFHG��NJ���DQG�&2'L�LV�WKH�LQLWLDO�&2'�FRQFHQWUDWLRQ��NJ���

�������$QDO\WLFDO�PHWKRGV��

7KH� FRPSOHWH� DQDO\WLFDO� FKDUDFWHULVDWLRQ� FRQVLVWHG� RI�� S+�� WRWDO� .MHOGKDO�

QLWURJHQ� �7.1��� DPPRQLD� QLWURJHQ�� WRWDO� VROLGV� �76��� YRODWLOH� VROLGV� �96���

DQG�FKHPLFDO�R[\JHQ�GHPDQG��&2'���7KHVH�SDUDPHWHUV�ZHUH�DOO�DQDO\VHG�E\�

VWDQGDUG�PHWKRGV��$3+$���������9RODWLOH�IDWW\�DFLGV��9)$��ZHUH�DQDO\VHG�E\�

FDSLOODU\�JDV�FKURPDWRJUDSK\�ZLWK�D�),'�GHWHFWRU��%LRJDV�FRPSRVLWLRQ�ZDV�

GHWHUPLQHG�ZLWK�D�SDFNHG�FROXPQ�JDV�FKURPDWRJUDSK\�ZLWK�D�7&'�GHWHFWRU��

)RU�WKH�DQDO\VLV�RI�6&2'��6�VWDQGV�IRU�VROXEOH���67.1�DQG�676��WKH�VDPSOH�

ZDV�SUHYLRXVO\�ILOWHUHG�WKURXJK�D�����µP�PHPEUDQH��

�������6WDWLVWLFDO�DQDO\VLV�

6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� 6$6� VRIWZDUH� �6$6� ,QVWLWXWH��

������� $� RQH� ZD\� $129$� WHVW� ZLWK� D� VLJQLILFDQFH� OHYHO� RI� α ����� ZDV�
GRQH��:KHQ�WKLV�DQDO\VLV�LQGLFDWHG�VLJQLILFDQW�GLIIHUHQFHV��D�PHDQV�VHSDUDWLRQ�

WHVW� ZDV� XVHG� DSSO\LQJ� WKH� 6WXGHQW�1HZPDQ�.HXOV� PHWKRG�� 1RQ�OLQHDU�

UHJUHVVLRQ� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� 6WDWJUDSKLFV� 3OXV� VRIWZDUH�� DQG�

DSSO\LQJ�WKH�/HYHUQEHUJ�0DUTXDUGW�DOJRULWKP��

�����5HVXOWV�DQG�GLVFXVVLRQ��

5HVXOWV�DQG�GLVFXVVLRQ�DUH�SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�RI�WKH�H[SHULPHQWV��

�������7KHUPDO�K\GURO\VLV�WHVWV�

7KHUPDO� VROXELOL]DWLRQ� LV� PDLQO\� DIIHFWHG� E\� WZR� RSHUDWLRQDO� SDUDPHWHUV��

WUHDWPHQW� WLPH� DQG� WHPSHUDWXUH�� 0RUHRYHU�� WKH� KLJK� YDULDELOLW\� LQ�

FRPSRVLWLRQ� DQG� GHJUHH� RI� GHJUDGDWLRQ� RI� SLJ� VOXUU\� DUH� ERWK� LPSRUWDQW�

IDFWRUV�WR�EH�WDNHQ�LQWR�DFFRXQW���

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WLPH�

$PPRQLD� QLWURJHQ�ZDV� FKRVHQ� DV� WKH� NH\� SDUDPHWHU� EHFDXVH� LW� LV� XVXDOO\�

GHVFULEHG�DV�WKH�HQG�SURGXFW�RI�SURWHLQ�EUHDNGRZQ�WR�DPLQRDFLGV�DQG�RI�WKH�

GHDPLQL]DWLRQ� SURFHVV� �3HQDXG� HW� DO��� ������� )XUWKHUPRUH�� LWV� QRQ�LRQLVHG�

IRUP�KDV�EHHQ�UHSRUWHG� WR� LQKLELW� WKH�DQDHURELF�SURFHVV��)LYH�GLIIHUHQW�SLJ�
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VOXUULHV�ZHUH�XVHG�LQ�RUGHU�WR�WHVW�WKH�K\SRWKHVLV�WKDW�WKH�WKHUPDO�WUHDWPHQW�

KDV�GLIIHUHQW�HIIHFWV�GHSHQGLQJ�RQ�SLJ�VOXUU\�FRPSRVLWLRQ��7DEOH��������

7DEOH������&KDUDFWHULVWLFV�RI�WKH�SLJ�VOXUULHV�XVHG�LQ�WKH�ILUVW�VHW�RI�WKHUPDO�
K\GURO\VLV�WHVWV��DYHUDJH�RI�WKUHH�VDPSOHV��

� S+� &2'�����
�J�NJ��

7.1�����
�J�NJ��

1+�
��1�

�J�NJ��
RUJ1�����
�J�NJ��

��1+�
��1��

7.1��

7�� ���� ������ ����� ����� ����� ���

7�� ���� ������ ����� ����� ����� ���

7�� ���� ������ ����� ����� ����� ���

7�� ���� ������ ����� ����� ����� ���

7�� ���� ������ ����� ����� ����� ���

�

$PPRQLD�HYROXWLRQ�

$V� VKRZQ� LQ� )LJXUH� ����� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� LQFUHDVHG� ZLWK�

WKHUPDO� WUHDWPHQW� WLPH� LQ� DOO� VOXUULHV� XQWLO� D� FRQVWDQW� YDOXH� ZDV� UHDFKHG��

$IWHU���KRXUV�DW����&��PRVW�RI�WKH�RUJDQLF�QLWURJHQ�KDG�EHHQ�GHJUDGHG��DQG�

RQO\�D�VOLJKW�LQFUHDVH�LQ�DPPRQLD�FRQFHQWUDWLRQ�ZDV�REVHUYHG���

���

���

���

���

���

���

���

���

���

���

� ��� ��� ��� ��� ���

7LPH��PLQ�

�1
+
�
�
�1
��
J
�
N
J
�

�
7� 7� 7� 7� 7� )LWWHG�PRGHO �

)LJXUH������$PPRQLD�QLWURJHQ�HYROXWLRQ�WKURXJK�WLPH�DQG�WKH�ILWWHG�PRGHO��
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:DQJ� HW� DO�� ������� UHSRUWHG� D� VLPLODU� HYROXWLRQ� SDWWHUQ� ZKHQ� WKHUPDOO\�

WUHDWLQJ�VHZDJH�VOXGJH�DW�ORZ�WHPSHUDWXUHV��+RZHYHU��PD[LPXP�GHJUDGDWLRQ�

ZDV�UHDFKHG�DIWHU�RQH�KRXU��7KLV�GLIIHUHQFH�FDQ�EH�H[SODLQHG�E\�WKH�GLIIHUHQW�

QDWXUH�RI�WKH�ZDVWHV�LQYROYHG��

7KH�YDOXHV�RI�WKH�SDUDPHWHUV�UHVXOWLQJ�IURP�ILWWLQJ�WKH�REWDLQHG�GDWD�WR�WKH�

QRQ�OLQHDU�UHJUHVVLRQ�PRGHO��HTXDWLRQ����DUH�VKRZQ�LQ�7DEOH������

7KH� KLJK� 5�VTXDUH� YDOXH� VWDWLVWLFDOO\� VKRZHG� WKDW� WKH� SURSRVHG� PRGHO�

H[SODLQV� DPPRQLD� HYROXWLRQ� SDWWHUQ� ZLWK� VDWLVIDFWRU\� UHVXOWV�� EXW� QR�

GHSHQGHQF\� ZDV� IRXQG� EHWZHHQ� WKH� N� SDUDPHWHU� DQG� WKH� LQLWLDO� VOXUU\�

FKDUDFWHULVDWLRQ���

7DEOH������.LQHWLF�SDUDPHWHUV�REWDLQHG�E\�ILWWLQJ�WKH�H[SHULPHQWDO�UHVXOWV�WR�
WKH�QRQ�OLQHDU�UHJUHVVLRQ�PRGHO�

� &�

�J�NJ��

N�

�PLQ����

5�� ��$PPRQLD��JHQHUDWLRQ�
DIWHU��K�RI�WKHUPDO�

WUHDWPHQW�

7�� ������ ������� ����� �����

7�� ������ ������� ����� �����

7�� ������ ������� ����� �����

7�� ������ ������� ����� �����

7�� ������ ������� ����� ����

�

6ROXELOL]DWLRQ�HYDOXDWLRQ�

2UJDQLF� PDWWHU� VROXELOL]DWLRQ� ZDV� HYDOXDWHG� WKURXJK� RUJ1K\GURO\VHG� UDWLR�

�HTXDWLRQ����� ,WV�YDOXH� UDQJHG� IURP����WR������7KLV� VKRZHG� WKDW� WKHUPDO�

K\GURO\VLV� KDV� GLIIHUHQW� HIIHFWV� GHSHQGLQJ� RQ� SLJ� VOXUU\� FRPSRVLWLRQ�� $V�

VKRZQ� LQ� )LJXUH� ���� WKHUH� ZDV� D� VWURQJ� UHODWLRQVKLS� EHWZHHQ� WKH�

VROXELOL]DWLRQ� UDWLR� DQG� WKH� LQLWLDO�1+�
��1�7.1� UDWLR�� SDUDPHWHU� XVHG� WR�

GHILQH� WKH� SLJ� VOXUU\� GHJUHH� RI� GHJUDGDWLRQ�� $V� H[SHFWHG�� WKH� ORZHU� WKH�

1+�
��1�7.1�UDWLR��WKH�KLJKHU�WKH�VROXELOL]DWLRQ�UDWLR��
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�
)LJXUH������6ROXELOL]DWLRQ�UDWLR�&�RUJ1��DV�D�IXQFWLRQ�RI�WKH����������������

1+�
��1��7.1�UDWLR��

S+�HYROXWLRQ�

)LJXUH� ���� VKRZV� S+� HYROXWLRQ� WKURXJK� WLPH�� $V� VHHQ�� S+� LQFUHDVHG�ZLWK�

WLPH��7KLV�ZDV�QRW�LQ�DFFRUGDQFH�ZLWK�SUHYLRXV�VWXGLHV�E\�=KDQJ�DQG�=KDQJ�

�������� ZKR� UHSRUWHG� D� S+� GHFUHDVH� GXH� WR� 9)$� JHQHUDWLRQ�� HYHQ� ZKHQ�

WKHUPDO� WUHDWPHQW� WHPSHUDWXUH�ZDV� EHORZ����&��7KHVH� UHVXOWV� VXJJHVW� WKDW�

WKHUPDO�K\GURO\VLV�RI�SLJ�VOXUU\�DW�ORZ�WHPSHUDWXUH�GHJUDGHG�PDFURPROHFXOHV�

WR�VPDOOHU�RQHV��EXW�GLG�QRW�UHVXOW�LQ�D�JUHDW�JHQHUDWLRQ�RI�9)$��

S+�PHDVXUHG� DW� ���&� �WUHDWPHQWV�7��� 7�� DQG�7�� LQ�� ZDV� ORZHU� WKDQ� DW�

���&��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�IROORZLQJ�IDFWV����� WHPSHUDWXUH�DIIHFWHG�

WKH�FKHPLFDO�HTXLOLEULXP�EHWZHHQ�VXEVWDQFHV�OHDGLQJ�WR�D�S+�GHFUHDVH��DQG�

���WKH�WKHUPDO�GHJUDGDWLRQ�SURFHVV�JHQHUDWHV�VXEVWDQFHV�WKDW�LQFUHDVH�S+��$V�

WKH�EHKDYLRXU�RI�PRVW�YRODWLOH�FRPSRXQGV�GHSHQGV�RQ�S+��WKRVH�GLIIHUHQFHV�

LQ�S+��ZKLFK�DUH�D�IXQFWLRQ�RI�WHPSHUDWXUH��FRQVWLWXWH�DQ�LPSRUWDQW�IDFWRU�WR�

WDNH� LQWR�DFFRXQW�ZKHQ�SLJ� VOXUU\� LV� WKHUPDOO\� WUHDWHG�ZLWK�RWKHU�DLPV� �L�H��

DPPRQLD�VWULSSLQJ��HYDSRUDWLRQ��WKHUPDO�GU\LQJ�«���
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)LJXUH������S+�HYROXWLRQ�DQG�1+�
��1�

HYROXWLRQ�WKURXJK��WLPH�LQ�WKH�
WKHUPDO�K\GURO\VLV�WHVWV�

�

�

7KHUPDO�K\GURO\VLV�DW�ORZ�WHPSHUDWXUH�VKRZHG�D�QRQ�OLQHDU�GHSHQGHQFH�RQ�

WLPH��VHH�)LJXUH�������2QO\�D�VOLJKW�DPPRQLD�LQFUHDVH�RFFXUUHG�DIWHU���KRXUV�

RI�WKHUPDO�WUHDWPHQW��H[FHSW�LQ�WUHDWPHQW�7���DQ�DPPRQLD�LQFUHDVH�RI�����

ZDV� UHSRUWHG� DIWHU� �� K��� ([SHULPHQWV� WR� HYDOXDWH� ZKHWKHU� WKH� REVHUYHG�

GHJUDGDWLRQ�ZDV�GXH�WR�HQ]\PDWLF�RU�WKHUPDO�SURFHVVHV�DQG�ZKHWKHU�WKHUPDO�
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WUHDWPHQW�KDG�DQ�HIIHFW�RQ�RWKHU�FRPSRXQGV�ZHUH�WKHUHIRUH�SHUIRUPHG�ZLWK�

D�UHWHQWLRQ�WLPH�RI���KRXUV��

���������(IIHFW�RI�WKHUPDO�K\GURO\VLV�WHPSHUDWXUH�

$�VXPPDU\�RI�WKH�LQLWLDO�DQG�ILQDO�VROXEOH�FRPSRXQG�FRQFHQWUDWLRQV�RI�SLJ�

VOXUU\� WKHUPDOO\� WUHDWHG�DW����DQG����&� IRU���K�� LV� VKRZQ� LQ�7DEOH������$OO�

SDUDPHWHUV� LQFUHDVHG� VLJQLILFDQWO\� �PHDQV� VHSDUDWLRQ� WHVW�� ��� VLJQLILFDQFH��

H[FHSW�676��7KLV� FRXOG�EH�H[SODLQHG�E\� WKH�KLJK�GLVSHUVLRQ�RI� WKH� UHVXOWV��

GXH� WR� WKH� KHWHURJHQHRXV� QDWXUH� RI� SLJ� VOXUU\�� DQG� VXSSRUWV� WKH� QHHG� RI�

VWDWLVWLFDO� VLJQLILFDQFH� WHVWV� LQ� DOO� H[SHULPHQWV� LQYROYLQJ� WKLV� NLQG� RI�

VXEVWUDWHV��

7DEOH������,QLWLDO�DQG�ILQDO�VROXEOH�FRPSRXQG�FRQFHQWUDWLRQV�RI�SLJ�VOXUU\�
WKHUPDOO\�WUHDWHG�DW����&�DQG����&�IRU���K��DYHUDJH�RI���UHSOLFDWLRQV��

� 1+�
��1�

�J�NJ��
� 67.1�

�J�NJ��
� 676����

�J�NJ��
� 6&2'�

�J�NJ��
� 79)$�

�J�NJ��

� ���&� ���&� � ���&� ���&� � ���&� ���&� � ���&� ���&� � ���&� ���&�

,QLWLDO� �����
E�

�����
E�

� �����
E�

�����
E�

� �������
D�

������
D�

� �����
E�

�����
E�

� �����
E��

�����
E��

)LQDO� ������
D�

�����
D�

� ������
D�

�����
D�

� �������
D�

������
D�

� �������
D�

����
��D�

� ������
D�

�����
D�

1RWH�� 7KH� GLIIHUHQW� OHWWHUV�� LQ� FROXPQ�� VKRZ� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� PHDQV� ����
VLJQLILFDQFH���7KH�VWDWLVWLFDO�DQDO\VLV�ZDV�FDUULHG�RXW�IRU�HYHU\�YDULDEOH�DQG�E\�SDLUV���

�

7KH�FRQFHQWUDWLRQ�RI�VROXEOH�FRPSRXQGV�DIWHU�WKH�SUH�WUHDWPHQW�ZDV�ODUJHU�

WKDQ�EHIRUH�LW��ERWK�DW����&�DQG����&��LQGLFDWLQJ�WKDW�GHJUDGDWLRQ�RFFXUUHG�DW�

ERWK� WHPSHUDWXUHV�� +RZHYHU�� WKH� LQFUHDVH� LQ� VROXEOH� FRPSRXQGV� ZDV�

VLJQLILFDQWO\�ODUJHU�DW����&�WKDQ�DW����&��7DEOH��������

7DEOH������,QFUHDVH�����LQ�VROXEOH�FRPSRXQG�FRQFHQWUDWLRQV�WKURXJK�WKH�
WKHUPDO�K\GURO\VLV�WHVWV��DYHUDJH�RI���UHSOLFDWLRQV��

� 1+�
��1�����

���,QFUHDVH��
67.1�������

���,QFUHDVH��
676���������

���,QFUHDVH��
6&2'������

���,QFUHDVH��
79)$�������

���,QFUHDVH��

7KHUPDO�
7UHDWPHQW����&�

����E� �����E� ����D� �����E� �����D��

7KHUPDO�
7UHDWPHQW����&�

�����D� �����D� �����D� �����D� �����D�

1RWH��7KH�GLIIHUHQW�OHWWHUV��LQ�FROXPQ��VKRZ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�����VLJQLILFDQFH���
7KH�VWDWLVWLFDO�DQDO\VLV�ZDV�FDUULHG�RXW�IRU�HYHU\�YDULDEOH�DQG�E\�SDLUV��
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,Q�VSLWH�RI�WKH�REVHUYHG�9)$�JHQHUDWLRQ��DV�LQ�SUHYLRXV�H[SHULPHQWV��WKHUH�

ZDV�D�S+�LQFUHDVH�GXULQJ�WKH�WKHUPDO�K\GURO\VLV�WUHDWPHQW��7KLV�LQFUHDVH�ZDV�

ODUJHU�ZKHQ�WKH�WUHDWPHQW�WHPSHUDWXUH�ZDV����&�WKDQ����&��:KHQ�WUHDWLQJ�DW�

���&��S+�LQFUHDVHG�E\������IURP�����WR�������:KHQ�SUH�WUHDWLQJ�DW����&�S+�

LQFUHDVHG�E\������IURP���WR�������7KLV�FRQILUPHG�WKDW�WKHUPDO�K\GURO\VLV�RI�

SLJ�VOXUU\�UHVXOWHG�LQ�D�VROXELOL]DWLRQ�DQG�RU�JHQHUDWLRQ�RI�EDVLF�VXEVWDQFHV�

OHDGLQJ� WR� D� S+� LQFUHDVH�� $� KLJK� ILQDO� S+� PD\� FDXVH� SUREOHPV� GXULQJ�

DQDHURELF�GLJHVWLRQ�HLWKHU�EHFDXVH�IUHH�DPPRQLD�FRQFHQWUDWLRQ�ZLOO�LQFUHDVH�

RU�EHFDXVH�RI�WKH�S+�LWVHOI��ZKHQ�KLJKHU�WKDQ����&ODUN�DQG�6SHHFH����������

7KH�WKHUPDO�SUH�WUHDWPHQW�SULPHV�WKH�K\GURO\VLV�RI�RUJDQLF�PDWWHU�PDLQO\�

GXH�WR�WKHUPDO�SKHQRPHQD��$QDHURELF�WHVWV�ZHUH�FDUULHG�RXW�ZLWK�WKH�VOXUU\�

SUH�WUHDWHG� DW� ���&� IRU� �K� EHFDXVH� WKLV� ZDV� WKH� WUHDWPHQW� LQ� ZKLFK� WKH�

JUHDWHVW�GHJUHH�RI�K\GURO\VLV�ZDV�REVHUYHG��

�������%DWFK�DQDHURELF�WHVW�

7ZR� W\SHV� RI� VOXUU\� ZHUH� XVHG� WR� WHVW� ZKHWKHU� WKH� WKHUPDO� SUH�WUHDWPHQW�

����&� IRU� �K�� LPSURYHG� DQDHURELF� GLJHVWLRQ� �7DEOH� ������7KH� VOXUULHV�ZHUH�

FKDUDFWHULVHG� DFFRUGLQJ� WR� WKHLU� 1+�
��1� FRQFHQWUDWLRQ� �SRVVLELOLW\� RI�

DQDHURELF� GLJHVWLRQ� LQKLELWLRQ�� DQG� WKH� 1+�
��1�7.1� UDWLR� �GHJUHH� RI�

GHJUDGDWLRQ���

7DEOH������&KDUDFWHULVDWLRQ�RI�WKH�GLIIHUHQW�WUHDWPHQWV�IRU�EDWFK�DQDHURELF�WHVWV�

7UHDWPHQW� 7KHUPDO�
SUH�

WUHDWPHQW��

S+� 76��
�J�NJ��

96���
�J�NJ��

&2'�
�J�NJ��

1+�
��1�

�J�NJ��
���1+�

��1�
�7.1���

3���/RZ�1+�
��1�

FRQWHQW�
12� ����� ����� ����� ������ ����� �����

3���/RZ�1+�
��1�

FRQWHQW�
<(6� ����� ����� ����� ������ ����� �����

3���+LJK�1+�
��1�

FRQWHQW�
12� ����� ����� ����� ������ ����� �����

3���+LJK�1+�
��1�

FRQWHQW�
<(6� ����� ����� ����� ������ ����� �����

�

7KH�VOXUU\�XVHG�LQ�WKH�3��DQG�3��WUHDWPHQWV��7DEOH������KDV�D�ORZ�1+�
��1�

FRQFHQWUDWLRQ�DQG�LWV�1+�
��1�7.1�UDWLR�ZDV�FORVH�WR������7KLV�VOXUU\�ZDV�

FDOOHG�ORZ�1+�
��1�FRQWHQW�VOXUU\���VOLJKWO\�GHJUDGHG��'LIIHUHQFHV�LQ�RUJDQLF�PDWWHU�

FRQWHQW�EHWZHHQ�3��DQG�3��FDQ�EH�H[SODLQHG�E\�LWV�GHJUDGDWLRQ�WR�PHWKDQH�

WKURXJK� WKH� WKHUPDO� K\GURO\VLV� WUHDWPHQW� �VPDOO� DPRXQWV� RI� &+�� ZHUH�
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GHWHFWHG� LQ� WKH� KHDGVSDFH��� +RZHYHU�� WKH� VLJQLILFDQW� GHFUHDVH� LQ� RUJDQLF�

PDWWHU� REVHUYHG� VXJJHVWHG� WKDW�� LQ� DGGLWLRQ� WR� WKLV� GHJUDGDWLRQ�� WKHUH�PD\�

KDYH�DOVR�EHHQ�VRPH�IRUP�RI�RUJDQLF�YRODWLOLVDWLRQ��SHUKDSV�GXH�WR�WKH�IDFW�

WKDW�WKH�H[SHULPHQWDO�VHW�XS�ZDV�SUREDEO\�QRW�FRPSOHWHO\�DLU�WLJKW���

7KH�FRQFHQWUDWLRQ�RI�DPPRQLD�QLWURJHQ�RI�WKH�VOXUU\�LQ�WUHDWPHQWV�3��DQG�

3��ZDV�PXFK�KLJKHU�WKDQ�WKDW�RI�3��DQG�3���DQG�WKHLU�1+�
��1�7.1�UDWLR�

ZDV� FORVH� WR� ����� 7KLV� VOXUU\� ZDV� FDOOHG� KLJK� 1+�
��1� FRQWHQW� VOXUU\� �� YHU\�

GHJUDGHG�� $QRWKHU� UHPDUNDEOH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� VOXUU\� W\SHV� ZDV�

WKDW�WKH�S+�RI�WKH�VOXUU\�XVHG�LQ�WUHDWPHQWV�3��DQG�3��ZDV�KLJKHU�WKDQ�WKLV�

RI�WKH�VOXUU\�XVHG�IRU�WKH�RWKHU�WZR�WUHDWPHQWV��

���������0HWKDQH�SURGXFWLRQ�

7KH� UHVXOWV�RI� WUHDWPHQW�3��ZHUH� VWDWLVWLFDOO\� FRPSDUHG�ZLWK� WKH� UHVXOWV�RI�

3���DQG�WKRVH�RI�WUHDWPHQW�3��ZLWK�WKRVH�RI�3����

3��YV�3��WUHDWPHQWV�

7KH�HYROXWLRQ�RI�PHWKDQH�SURGXFWLRQ�DQG�9)$�LV�VKRZQ�LQ�)LJXUH������,Q�

ERWK� WUHDWPHQWV�� WKHUH�ZDV�DQ� LQLWLDO�9)$�DFFXPXODWLRQ��ZKLFK�ZDV� UDSLGO\�

FRQVXPHG��)LJXUH�����E���,Q�WUHDWPHQW�3���9)$�DFFXPXODWLRQ�ZDV�ODUJHU�DQG�

LW�LV�GHOD\HG�IRU�D�IHZ�GD\V��7KLV�GHOD\�ZDV�FRQVLVWHQW�ZLWK�D�ORQJHU� ODJ�SKDVH�

LQ�WUHDWPHQW�3���)LJXUH�����D���
�

�

���

���
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)LJXUH������(YROXWLRQ�RI�PHWKDQH�SURGXFWLRQ��D��DQG�9)$�FRQFHQWUDWLRQ��E��
LQ�WUHDWPHQWV�3��DQG�3���DYHUDJH�RI���UHSOLFDWLRQV���

7KH� YROXPHWULF�PHWKDQH� SURGXFWLRQ� UDWHV� DUH� VKRZQ� RQ� 7DEOH� ����� 7KHUH�

ZHUH� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� LQGH[HV� EHWZHHQ� WKH� WUHDWPHQWV�� 7KH�
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SURGXFWLRQ� UDWHV�ZHUH�KLJKHU� LQ� WUHDWPHQW�3�� WKDQ� LQ�3���2Q� WKH�FRQWUDU\��

WKH� YROXPHWULF� PHWKDQH� SURGXFWLRQ� LV� KLJKHU� ZLWK� WKH� QRQ� SUH�WUHDWHG�

VOXUULHV��7KLV�FRXOG�EH�H[SODLQHG�E\�WKH�RUJDQLF�PDWWHU�YRODWLOLVDWLRQ�GXULQJ�

WKH�SUH�WUHDWPHQW��

7DEOH������0HWKDQH�SURGXFWLRQ�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�IRU�WUHDWPHQWV�
3��DQG�3��

� 0HWKDQH�SURGXFWLRQ�UDWHV� � 6XEVWUDWH�FRQYHUVLRQ�UDWHV�

�

7UHDWPHQW�

&+���
6XEVWUDWH�
�/�NJ��

&+����
96L�

�/�NJ��

&+����
&2'L�
�/�NJ��

� �0�
�&2'&+���
&2'L��

�9)$�
�&2'9)$��
&2'L��

�$�
�&2'&+��9)$�

&2'L��

3�� �����D� ������E� ������E� � ������ ����� ������

3�� �����E� ������D� ������D� � ������ ����� ������

��,QFUHDVH� ������ ����� ����� � ����� �� �����

1RWH��7KH�GLIIHUHQW�OHWWHUV��LQ�FROXPQV��LQGLFDWH�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�����
VLJQLILFDQFH��

�

6XEVWUDWH�ELRGHJUDGDELOLW\�ZDV�JRRG�VLQFH� WKH�PHWKDQLVDWLRQ� UDWHV�REWDLQHG�

ZHUH�KLJK�DQG�WKH�9)$�LQGH[�ZDV�SUDFWLFDOO\�QXOO�LQ�ERWK�WUHDWPHQWV��7DEOH�

������

7KH� PHWKDQH� FRQYHUVLRQ� UDWH� �0��� RI� WUHDWPHQW� 3�� ZDV� FRQVLGHUDEO\�

KLJKHU� WKDQ� WKDW� RI� 3��� 7KLV� FRXOG� EH� H[SODLQHG� E\� WKH� VROXELOL]DWLRQ� RI�

RUJDQLF� PDWWHU� GXULQJ� WKH� SUH�WUHDWPHQW�� UHQGHULQJ� LW� PRUH� DYDLODEOH� WR�

PLFURRUJDQLVPV��7KLV�ZDV�DOVR� VKRZQ� LQ� WKH� JUHDWHU�9)$� LQFUHDVH� �)LJXUH�

����E��DQG�LQ�D�ILQDO�RUJDQLF�PDWWHU�FRQYHUVLRQ�UDWH�WR�PHWKDQH��VXSHULRU�WR�

WKDW�REVHUYHG�IRU�WUHDWPHQW�3���7DEOH��������

7RWDO�UHPRYDO�RI�RUJDQLF�PDWWHU��PHDVXUHG�DV�YRODWLOH�VROLGV�FRQFHQWUDWLRQ��

LQ� WUHDWPHQW�3��ZDV� �����DV�DJDLQVW� ���� LQ� WUHDWPHQW�3���$Q� LQFUHDVH� LQ�

RUJDQLF�PDWWHU�UHGXFWLRQ�RI�����ZDV�UHSRUWHG�ZKHQ�SLJ�VOXUU\�ZDV�WKHUPDOO\�

SUH�WUHDWHG�� 7KH� RYHUDOO� SHUIRUPDQFH� RI� WKH� SUH�WUHDWPHQW� FRPELQHG� ZLWK�

DQDHURELF�GLJHVWLRQ�OHG�WR�D�WRWDO�RUJDQLF�PDWWHU�UHPRYDO�RI������+RZHYHU��

WKH�ORVV�RI�YRODWLOH�RUJDQLF�PDWWHU�WKURXJK�WKH�WKHUPDO�SUH�WUHDWPHQW�UHVXOWHG�

LQ�D�ORVV�RI�PHWKDQH�SRWHQWLDO�WKDW�LV�SRVVLEOH�WR�SUHYHQW�LQ�D�IXOO�VFDOH�SODQW��

7KHVH� UHVXOWV� LQGLFDWHG� WKDW� WKH� WKHUPDO� SUH�WUHDWPHQW� KDG� DQ� LPSRUWDQW�

SRVLWLYH�HIIHFW�RQ�WKH� LQLWLDO�K\GURO\WLF�SKDVH�RI�DQDHURELF�GLJHVWLRQ��/L�DQG�

1RLNH� ������� DQG� :DQJ� HW� DO�� ������� REWDLQHG� VLPLODU� UHVXOWV� ZKHQ� SUH�

WUHDWLQJ�ZDVWH�DFWLYDWHG�VOXGJH�DW�ORZ�WHPSHUDWXUH��=KDQJ�DQG�=KDQJ��������
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DOVR�REWDLQHG�DQ�LQFUHDVH�LQ�ELRJDV�\LHOG�ZLWK�D�YHU\�GLIIHUHQW�VXEVWUDWH��ULFH�

VWUDZ���

3��YV�3��WUHDWPHQWV��

7KH�HYROXWLRQ�LQ�PHWKDQH�SURGXFWLRQ�DQG�9)$�DFFXPXODWLRQ��)LJXUH������LQ�

WUHDWPHQWV�3��DQG�3��ZDV�YHU\�GLIIHUHQW�IURP�WKDW�RI�WUHDWPHQWV�3��DQG�3���

,Q�WUHDWPHQW�3���WKH�DOPRVW�OLQHDU��DEVHQFH�RI�H[SRQHQWLDO�SKDVH��PHWKDQH�

SURGXFWLRQ� �)LJXUH� ����D��� DQG� WKH� ORZ� PHWKDQH� SURGXFWLRQ� UDWHV� DQG�

VXEVWUDWH�FRQYHUVLRQ�UDWHV��7DEOH�������LQGLFDWH�WKDW�WKH�VXEVWUDWH�ZDV�DOUHDG\�

GHJUDGHG��,Q�WKH�VDPH�ZD\��WKH�KLJK�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQ�������

J�NJ�� WRJHWKHU� ZLWK� D� VOLJKW� 9)$� DFFXPXODWLRQ� WKURXJKRXW� WKH� SURFHVV�

�)LJXUH� ����E�� LQGLFDWHG� WKDW� LW� FRXOG� DOVR� EH� SDUWO\� LQKLELWHG� E\� DPPRQLD�

QLWURJHQ��VHH�EHORZ����
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)LJXUH������(YROXWLRQ�RI�PHWKDQH�SURGXFWLRQ��D��DQG�9)$�FRQFHQWUDWLRQ��E��
LQ�WUHDWPHQWV�3��DQG�3���DYHUDJH�RI���UHSOLFDWLRQV��

+RZHYHU�� WUHDWPHQW� 3�� ZDV� ODUJHO\� LQKLELWHG�� 7KH� 9)$� DFFXPXODWLRQ��

WKURXJKRXW� WKH� SURFHVV� ZDV� EHWZHHQ� ��� DQG� ��� WLPHV� JUHDWHU� WKDQ� LQ�

WUHDWPHQW� 3��� )XUWKHUPRUH�� PHWKDQH� SURGXFWLRQ� UDWHV� DQG� VXEVWUDWH�

FRQYHUVLRQ� UDWHV� LQ� 3�� DUH� VLJQLILFDQWO\� ORZHU� WKDW� WKRVH� LQ� WUHDWPHQW� 3��

�7DEOH������

(YHQ�WKRXJK��WKH�UHPRYDO�RI�RUJDQLF�PDWWHU�LV�VOLJKWO\�KLJKHU�LQ�WUHDWPHQW�

3��������YRODWLOH�VROLGV�UHGXFWLRQ��WKDQ�LQ�WUHDWPHQW�3��������YRODWLOH�VROLGV�

UHGXFWLRQ���7KLV�FDQ�EH�H[SODLQHG�E\�WKH�DFFXPXODWLRQ�RI�9)$�REVHUYHG�LQ�

WUHDWPHQW�3��WKDW�ZDV�QRW�FRQYHUWHG�WR�PHWKDQH��7KH�RYHUDOO�SHUIRUPDQFH�RI�

WKH� WUHDWPHQW� �WKHUPDO� K\GURO\VLV� DQG� DQDHURELF� GLJHVWLRQ�� OHG� WR� D� WRWDO�

RUJDQLF�PDWWHU�UHPRYDO�RI�������
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7DEOH������0HWKDQH�SURGXFWLRQ�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�IRU�WUHDWPHQWV�
3��DQG�3��

� 0HWKDQH�SURGXFWLRQ�UDWHV� � 6XEVWUDWH�FRQYHUVLRQ�UDWHV�

�

7UHDWPHQW�

&+���
6XEVWUDWH�
�/�NJ��

&+�����
96L�

�/�NJ��

&+���
&2'L�
�/�NJ��

� �0�
�&2'&+���
&2'L��

�9)$�
�&2'9)$�
&2'L��

�$�
�&2'&+��9)$��

&2'L��

3�� �����D� �����D� �����D� � ������ ����� ������

3�� �����E� �����D� �����E� � ������ ����� ������

��,QFUHDVH� ������ ������ ������ � ������ �� ������

1RWH��7KH�GLIIHUHQW�OHWWHUV��LQ�FROXPQ��LQGLFDWH�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�����
VLJQLILFDQFH��

���������$PPRQLD�LQKLELWLRQ�

,QLWLDO�DQG�ILQDO�YDOXHV�IRU�WRWDO�DPPRQLD�QLWURJHQ��S+�DQG�WKH�IUHH�DPPRQLD�

FDOFXODWHG�XVLQJ�HTXDWLRQ����DUH�VKRZQ�LQ�7DEOH�������

7KH� IUHH� DPPRQLD� FRQFHQWUDWLRQ� GHVFULEHG� LQ� WKH� OLWHUDWXUH� DV� LQKLELWLQJ�

DQDHURELF�GLJHVWLRQ�LV�EHWZHHQ�����J�1+��NJ��+HQ]H�HW�DO���������DQG�����J�

1+��NJ� ZKHQ� LQRFXOXP� KDV� EHHQ� SUHYLRXVO\� DGDSWHG� WR� KLJK� DPPRQLD�

QLWURJHQ� FRQFHQWUDWLRQV� �$QJHOLGDNL� DQG� $KULQJ�� ������� :LWK� UHJDUG� WR�

WUHDWPHQWV�3��DQG�3���GHVSLWH�WKH�VOLJKW� LQFUHDVH� LQ�S+�DQG�WRWDO�DPPRQLD�

QLWURJHQ� WKURXJKRXW� WKH� SURFHVV�� IUHH� DPPRQLD� FRQFHQWUDWLRQ� UHPDLQHG�

EHORZ� WKH� LQKLELWLRQ� FRQFHQWUDWLRQ� LQ� ERWK� WUHDWPHQWV�� 7KH� KLJK�PHWKDQH�

\LHOG�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�REVHUYHG��FRQILUPHG�WKDW�QR�LQKLELWRU\�

SURFHVV�KDG�RFFXUUHG����

,Q� WUHDWPHQWV�3��DQG�3��� WKH�KLJK�DPPRQLD�FRQFHQWUDWLRQ� WRJHWKHU�ZLWK�

WKH�KLJK�S+�UHVXOWHG�LQ�D�IUHH�DPPRQLD�FRQFHQWUDWLRQ�DERYH�WKDW�UHSRUWHG�DV�

LQKLELWRU\��3URFHVV�LQVWDELOLW\�GXH�WR�DPPRQLD�UHVXOWHG�LQ�9)$�DFFXPXODWLRQ�

�$QJHOLGDNL� DQG� $KULQJ�� ������� ZKLFK� OHG� WR� D� GHFUHDVH� LQ� S+� DQG��

VXEVHTXHQWO\�WR�D�UHGXFWLRQ�LQ�IUHH�DPPRQLD�FRQFHQWUDWLRQ��7KLV�UHGXFWLRQ�

LQ�IUHH�DPPRQLD�H[SODLQV�WKH�REVHUYHG�DELOLW\�RI�WKH�SURFHVV�WR�VWDELOLVH�DW�D�

ORZHU� EXW� VWDEOH� PHWKDQH� SURGXFWLRQ�� HYHQ� ZLWK� D� KLJK� DPPRQLD�

FRQFHQWUDWLRQ��7KLV�ZDV�LQ�DFFRUGDQFH�ZLWK�WKH�ORZ�EXW�FRQWLQXRXV�PHWKDQH�

SURGXFWLRQ� LQ� WUHDWPHQW� 3��� DQG� VKRZHG� WKDW� WKH� SURFHVV� ZDV� SDUWLDOO\�

LQKLELWHG�E\�DPPRQLD�QLWURJHQ��

�
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7DEOH������,QLWLDO�DQG�ILQDO�FRQFHQWUDWLRQ�RI�WRWDO�DPPRQLD�QLWURJHQ��S+�DQG��
IUHH�DPPRQLD�LQ�EDWFK�DQDHURELF�WHVW�

� ,QLWLDO� � )LQDO�

7UHDWPHQW� >1+���1���
1+�

��1@�
�J�NJ���

S+� >1+��1@�
�J�NJ��

� >1+���1���
1+�

��1@�
�J�NJ���

S+� >1+��1@�
�J�NJ��

3�� ����� ����� ������ � ����� ����� ������

3�� ����� ����� ������ � ����� ����� ������

3�� ����� ����� ������ � ����� ����� ������

3�� ����� ����� ������ � ����� ����� ������

�

7UHDWPHQW� 3�� VKRZHG� D� VLPLODU� EXW�PRUH� H[WUHPH� SDWWHUQ�� 7KH� LQLWLDO� S+�

������� WRJHWKHU� ZLWK� WKH� LQLWLDO� IUHH�DPPRQLD� FRQFHQWUDWLRQ� ������ 1+��1�

J�NJ��H[SODLQHG�WKH�DOPRVW�WRWDO�DEVHQFH�RI�PHWKDQH�SURGXFWLRQ�LQ�WKH�ILUVW�

���GD\V�RI�GLJHVWLRQ��7KH�9)$�DFFXPXODWLRQ�WKURXJKRXW�WKH�SURFHVV��)LJXUH�

����E�� VOLJKWO\� GHFUHDVHG� S+�� 7KHUH� ZDV�� FRQVHTXHQWO\�� D� ORZHU� GHJUHH� RI�

LQKLELWLRQ�� GXH� WR� WKH� UHGXFWLRQ� LQ� IUHH� DPPRQLD� FRQFHQWUDWLRQ� DQG� WKH�

GHFUHDVH�LQ�S+�LWVHOI��ZKLFK�OHG�WR�WKH�VWDUW�RI�PHWKDQH�SURGXFWLRQ�DQG�WKH�

ODUJH�9)$�FRQVXPSWLRQ�REVHUYHG�IURP�GD\�����)LJXUH�����E���+RZHYHU��WKH�

ILQDO�9)$��VKRZV�WKDW�WKH�V\VWHP�FRXOG�QRW�FRQVXPH�DOO�WKH�9)$�JHQHUDWHG�

�7DEOH�������

,W�FDQ�EH�FRQFOXGHG�WKDW�WKHUPDO�SUH�WUHDWPHQW�RI�GHJUDGHG�VOXUU\�ZLWK�D�

KLJK� DPPRQLD� FRQFHQWUDWLRQ� LQFUHDVHV� DQDHURELF� GLJHVWLRQ� LQKLELWLRQ�

SKHQRPHQD�WKDW�FDQ�EH�H[SODLQHG�E\�WKH�S+�LQFUHDVH�RI�WKH�VOXUU\�GXULQJ�WKH�

SUH�WUHDWPHQW�� ZLWK� WKH� FRUUHVSRQGLQJ� LQFUHDVH� LQ� IUHH� DPPRQLD� DQG� LWV�

LQKLELWRU\�HIIHFW��

���������(QHUJ\�FRQVLGHUDWLRQV�

$OWKRXJK�WKHUPDO�K\GURO\VLV�DW�ORZ�WHPSHUDWXUH�RI�SLJ�VOXUU\�UHTXLUHV�HQHUJ\��

WKH� QHHG� IRU� WKHUPDO� HQHUJ\� LV� YHU\� ORZ�� (QHUJ\� FRQVXPSWLRQ� FDQ� EH�

RSWLPLVHG� LQ� VXFK� D� ZD\� WKDW� WKH� RYHUDOO� HQHUJ\� EDODQFH� LV� SRVLWLYH��

&RQVLGHULQJ� D� FRPELQHG� KHDW� DQG� SRZHU� HQJLQH� �&+3�� ZLWK� D� ����

FRQYHUVLRQ�WR�WKHUPDO�HQHUJ\�DQG�D�WKHUPDO�HQHUJ\�UHFRYHU\�WKURXJKRXW�WKH�

ZKROH�WUHDWPHQW�SURFHVV�RI������WKH�PHWKDQH�\LHOG�LQFUHDVH�REWDLQHG�LQ�WKH�

WUHDWPHQW�3��ZDV�KLJKHU�WKDQ�WKH�VXUSOXV�HQHUJ\�QHHGHG�IRU�WKH�WKHUPDO�SUH�

WUHDWPHQW��7DNLQJ�LQWR�DFFRXQW�SUHYLRXV�ILJXUHV��WKH�PLQLPXP�FRQFHQWUDWLRQ�

RI� RUJDQLF�PDWWHU� QHHGHG� IRU� DQ� HQHUJ\� VXUSOXV� LV� ��� J� 96�NJ�� 3LJ� VOXUU\�

YRODWLOH�VROLGV�FRQFHQWUDWLRQ�LV�QRUPDOO\�KLJKHU�WKDQ�WKLV�YDOXH��
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�����&RQFOXVLRQV�

7KHUPDO� K\GURO\VLV� RI� SLJ� VOXUU\� DW� ORZ� WHPSHUDWXUH�� PHDVXUHG� DV� RUJDQLF�

QLWURJHQ� PLQHUDOL]DWLRQ�� VKRZV� D� QRQ�OLQHDU� GHSHQGHQFH� RQ� WLPH�� $IWHU� ��

KRXUV� RI� WKHUPDO� WUHDWPHQW�� RQO\� VOLJKW� DPPRQLD� LQFUHDVHV� RFFXU�� 7KLV�

RUJDQLF�PDWWHU�GHJUDGDWLRQ�LV�PDLQO\�GXH�WR�D�WKHUPDO�SURFHVV��WKH�LQFUHDVH�LQ�

VROXEOH�FRPSRXQGV�LV�VLJQLILFDQWO\�ODUJHU�DW����&�WKDQ�DW����&��7KHUPDO�SUH�

WUHDWPHQW�����&��KDV�GLIIHUHQW�HIIHFWV�GHSHQGLQJ�RQ�WKH�FRQFHUQHG�SLJ�VOXUU\��

:LWK�W\SH�3���IUHVK�SLJ�VOXUU\��ORZ�1+�
��1�7.1�UDWLR��ZLWK�ORZ�DPPRQLD�

FRQWHQW�� WKH�PHWKDQH�SURGXFWLRQ�UDWHV� LQFUHDVHG�VLJQLILFDQWO\������LQFUHDVH�

LQ� WKH� &+��69L� UDWLR�� DQG� D� SRVLWLYH� HQHUJ\� EDODQFH� ZDV� REWDLQHG�� 7KH�

WKHUPDO�SUH�WUHDWPHQW�GRHV�QRW�VHHP�DSSURSULDWH�IRU�W\SH�3���ROG�SLJ�VOXUU\�

�KLJK�1+�
��1�7.1�UDWLR��ZLWK�KLJK�DPPRQLD�FRQWHQW��DV�WKH�S+�LQFUHDVH�

OHDGV�WR�JUHDWHU�LQKLELWLRQ�E\�IUHH�DPPRQLD��

�����5HIHUHQFHV�

$QJHOLGDNL�� ,�� DQG� $KULQJ�� %�.�� �������� 7KHUPRSKLOLF� DQDHURELF� GLJHVWLRQ� RI�

OLYHVWRFN�ZDVWH��WKH�HIIHFW�RI�DPPRQLD��$SSO��0LFURELRO��%LRWHFKQRO�������������������

$QJHOLGDNL��,��DQG�$KULQJ��%�.����������$QDHURELF�WKHUPRSKLOLF�GLJHVWLRQ�RI�PDQXUH�

DW�GLIIHUHQW�DPPRQLD�ORDGV��HIIHFW�RI�WHPSHUDWXUH��:DWHU�5HVHDUFK�������������������

$QJHOLGDNL��,��DQG�$KULQJ��%�.����������0HWKRGV�IRU�LQFUHDVLQJ�WKH�ELRJDV�SRWHQWLDO�

IURP�WKH�UHFDOFLWUDQW�RUJDQLF�PDWWHU�FRQWDLQHG�LQ�PDQXUH��:DW��6FL��7HFK�����������

���������

%HQLWH]��)�-���%HOWUDQ�+HUHGLD��-���7RUUHJURVD��-��DQG�$FHUR��-�/����������,PSURYHPHQW�

RI� WKH� DQDHURELF� ELRGHJUDGDWLRQ� RI� ROLYH� PLOO� ZDVWHZDWHUV� E\� SULRU� R]RQDWLRQ�

SUHWUHDWPHQW��%LRSURFHVV�(QJLQHHULQJ���������������

%RQPDWt��$����������'LJHVWLy�DQDHUzELD�GH�SXULQV�DPE�DOWUHV�UHVLGXV�RUJjQLFV��3DJqV�(GLWRUV��

/OHLGD������SS��

%RUMD�� 5��� $OED�� -��� 0DQFKD�� $��� 0DUWtQ�� $��� $ORQVR�� 9�� DQG� 6iQFKH]�� (�� ��������

&RPSDUDWLYH� HIIHFW� RI� GLIIHUHQW� DHURELF� SUHWUHDWPHQWV� RQ� WKH� NLQHWLFV� DQG�

PDFURHQHUJHWLF� SDUDPHWHUV� RI� DQDHURELF� GLJHVWLRQ� RI� ROLYH� PLOO� ZDVWHZDWHU� LQ�

FRQWLQXRXV�PRGH��%LRSURFHVV�(QJLQHHULQJ���������������

%UXPPHOHU�� (�� DQG� .RVWHU�� ,�:�� �������� (QKDQFHPHQW� RI� GU\� DQDHURELF� EDWFK�

GLJHVWLRQ� RI� WKH� RUJDQLF� IUDFWLRQ� RI� PXQLFLSDO� VROLG� ZDVWH� E\� DQ� DHURELF�

SUHWUHDWPHQW�VWHS��%LRORJLFDO�:DVWHV���������������

&ODUN�� 3�%�� DQG� 1XMMRR�� ,�� �������� 8OWUDVRQLF� VOXGJH� SUHWUHDWPHQW� IRU� HQKDQFHG�

VOXGJH�GLJHVWLRQ��-��&,:(0�������������

&ODUN�� 5�+�� DQG� 6SHHFH�� 5�(�� �������� 7KH� S+� WROHUDQFH� RI� DQDHURELF� GLJHVWLRQ��

$GYDQ��:DWHU�3ROOXW��5HV��3URF���WK�,QW��&RQI���,,��������������

&KLX��<��&���&KDQJ��&�1���/LQ��-�*��DQG�+XDQJ��6�-����������$ONDOLQH�DQG�XOWUDVRQLF�

SUHWUHDWPHQW��RI�VOXGJH�EHIRUH�DQDHURELF�GLJHVWLRQ��:DW��6FL��7HFK����������������

�����
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&KRL��+��%���+ZDQJ��.��<���DQG�6KLQ��(��%����������(IIHFWV�RQ�DQDHURELF�GLJHVWLRQ�RI�

VHZDJH�VOXGJH�SUHWUHDWPHQW��:DW��6FL��7HFK���������������������

'HOJHQqV��-�3���3HQDXG��9���7RUULMRV��0��DQG�0ROHWWD��5����������,QYHVWLJDWLRQV�RQ�WKH�

FKDQJHV� LQ� DQDHURELF�ELRGHJUDGDELOLW\� DQG�ELRWR[LFLW\�RI� DQ� LQGXVWULDO�PLFURELDO�

ELRPDVV� LQGXFHG�E\�D� WKHUPRFKHPLFDO�SUHWUHDWPHQW��:DW��6FL��7HFK������ ���������

�����

(QJHOKDUW���0���.U�JHU��0���.RSS��-��DQG�'LFKWL��1����������(IIHFWV�RI�GLVLQWHJUDWLRQ�

RQ�DQDHURELF�GHJUDGDWLRQ�RI�VHZDJH�H[FHVV�VOXGJH� LQ�GRZQIORZ�VWDWLRQDU\�IL[HG�

ILOP�GLJHVWHUV��:DW��6FL��7HFK��������������������

)LHOG�� -��� 6LHUUD� $OYDUH]�� 5�� DQG� /HWWLQJD�� *�� �������� (QVD\RV� DQDHURELRV�� 3URF��WK�

6\PSRVLXP�RI�:DVWHZDWHU�$QDHURELF�7UHDWPHQW��9DOODGROLG����������

)ORWDWV�� ;��� %RQPDWt�� $��� &DPSRV�� (�� DQG� $QWXQH]�� 0�� �������� (QVD\RV� HQ�

GLVFRQWLQXR� GH� FRGLJHVWLRQ� DQDHURELD� WHUPRILOLFD� GH� SXULQHV� GH� FHUGR� \� ORGRV�

UHVLGXDOHV��(IHFWR�GHO�DPRQLR��,QIRUPDFLyQ�7HFQROyJLFD������������²����

+DQVHQ��.�+���$QJHOLGDNL��,��DQG�$KULQJ��%�.����������$QDHURELF�GLJHVWLRQ�RI�VZLQH�

PDQXUH��LQKLELWLRQ�E\�DPPRQLD��:DWHU�5HVHDUFK����������������

+DUWPDQQ�� +��� $QJHOLGDNL�� ,�� DQG� $KULQJ�� %�.�� �������� ,QFUHDVH� RI� DQDHURELF�

GHJUDGDWLRQ�RI�SDUWLFXODWH�RUJDQLF�PDWWHU�LQ�IXOO�VFDOH�ELRJDV�SODQWV�E\�PHFKDQLFDO�

PDFHUDWLRQ�:DW��6FL��7HFK��������������������

+DVHJDZD�� 6��� 6KLRWD�� 1��� .DWVXUD�� .�� DQG� $NDVKL�� $�� �������� 6ROXELOL]DWLRQ� RI�

RUJDQLF�VOXGJH�E\� WKHUPRSKLOLF�DHURELF�EDFWHULD�DV�D�SUHWUHDWPHQW�IRU�DQDHURELF�

GLJHVWLRQ��:DW��6FL��7HFK��������������������

+DVKLPRWR�� $�*�� ������� &RQYHUVLRQ� RI� VWUDZ�PDQXUH� PL[WXUHV� WR� PHWKDQH� DW�

PHVRSKLOLF�DQG�WKHUPRSKLOLF�WHPSHUDWXUHV��%LRWHFKQRORJ\�DQG�%LRHQJLQHHUQJ����������

�����

+DXJ��5�7���6WXFNH\��'�&��*RVVHW��-�0��DQG�0F&DUW\��3�/����������(IIHFW�RI�WKHUPDO�

SUHWUHDWPHQW� RQ� GLJHVWLELOLW\� DQG� GHZDWHUDELOLW\� RI� RUJDQLF� VOXGJHV�� -RXUQDO� RI�

:3&)�����������������

+HQ]H��0���+DUUHPRsV�� 3��� -DQVHQ�� -�&�� DQG�$UYLQ��(�� ��������:DVWHZDWHU� WUHDWPHQW��

%LRORJLFDO�DQG�FKHPLFDO�SURFHVVHV��6SULQJHU�9HUODJ��%HUOLQ������SS��

+LOOV��'��-��DQG�1DNDQR��.����������(IIHFWV�RI�SDUWLFOH�VL]H�RQ�DQDHURELF�GLJHVWLRQ�RI�

WRPDWR�VROLG�ZDVWH��$JULFXOWXUDO�:DWHV���������������

+ZDQJ��.�<���6KLQ��(�6��DQG�&KRL��+�%����������$�PHFKDQLFDO�SUHWUHDWPHQW�RI�ZDVWH�

DFWLYDWHG�VOXGJH�IRU� LPSURYHPHQW�RI�DQDHURELF�GLJHVWLRQ�V\VWHP��:DW��6FL��7HFK���

������������������

/L��<�<��DQG�1RLNH��7����������8SJUDGLQJ�RI�DQDHURELF�GLJHVWLRQ�RI�ZDVWH�DFWLYDWHG�

VOXGJH�E\�WKHUPDO�SUHWUHDWPHQW��:DW��6FL��7HFK����������������������

0DWD�$OYDUH]�� -���0DFp�� 6�� DQG� /ODEUpV�� 3�� �������� $QDHURELF� GLJHVWLRQ� RI� RUJDQLF�

VROLG�ZDVWHV��$Q�RYHUYLHZ�RI�UHVHDUFK�DFKLHYHPHQWV�DQG�SHUVSHFWLYHV��%LRUHVRXUFH�

7HFKQRORJ\������������

0�OOHU�� -�$�� �������� 3UHWUHDWPHQW� SURFHVVHV� IRU� WKH� UHF\FOLQJ� DQG� UHXVH� RI� VHZDJH�

VOXGJH��:DW��6FL��7HFK��������������������
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1DK��,��:���.DQJ��<��:���+ZDQJ�.�<��DQG�6RQJ��.���������0HFKDQLFDO�SUHWUHDWPHQW�

RI�ZDVWH�DFWLYDWHG�VOXGJH�IRU�DQDHURELF�GLJHVWLRQ�SURFHVV��:DWHU�5HVHDUFK����� �����

�����������

1HLV�� 8�� 1LFNHO�� .�� DQG� 7LHKP�� $�� �������� (QKDQFHPHQW� RI� DQDHURELF� VOXGJH�

GLJHVWLRQ�E\�XOWUDVRQLF�GLVLQWHJUDWLRQ��:DW��6FL��7HFK������������������

3DOPRZVNL��/�0��DQG�0�OOHU��-�$����������,QIOXHQFH�RI�WKH�VL]H�UHGXFWLRQ�RI�RUJDQLF�

ZDVWH�RQ�WKHLU�DQDHURELF�GLJHVWLRQ��:DW��6FL��7HFK��������������������

3DYORVWDWKLV��6�*��DQG�*LUDOGR�*RPH]��(����������.LQHWLFV�RI�DQDHURELF�WUHDWPHQW��D�

FULWLFDO�UHYLHZ��&ULWLFDO�5HYLHZV�LQ�(QYLURQPHQWDO�&RQWURO���������������������

3HQDXG��9���'HOJHQqV��-�3��DQG�0ROHWWD��5����������7KHUPR�FKHPLFDO�SUHWUHDWPHQW�RI�

D� PLFURELDO� ELRPDVV�� LQIOXHQFH� RI� VRGLXP� K\GUR[LGH� DGGLWLRQ� RQ� VROXELOL]DWLRQ�

DQG�DQDHURELF�ELRGHJUDGDELOLW\��(Q]\PH�DQG�0LFURELDO�7HFKQRORJ\���������������

3LQQHNDPS�� -�� �������� (IIHFWV� RI� WKHUPDO� SUHWUHDWPHQW� RI� VHZDJH� VOXGJH� RQ�

DQDHURELF�GLJHVWLRQ��:DW��6FL��7HFK���������������

6$6� ,QVWLWXWH� �������� 6$6�67$7�8VHU·V� JXLGH��9HUVLRQ� ��� �UWK� HG�� 6$6� ,QVWLWXWH��

&DU\��86$��

6FKLHGHU��'���6FKQHLGHU��5��DQG�%LVFKRI��)����������7KHUPDO�K\GURO\VLV��7'+��DV�D�

SUHWUHDWPHQW�PHWKRG� IRU� WKH�GLJHVWLRQ�RI�RUJDQLF�ZDVWH��:DW�� 6FL��7HFK������ �����

���������

6KDUPD��6��.���0LVKUD��,�0���6KDUPD��0��3��DQG�6DLQL��-�6����������(IIHFW�RI�SDUWLFOH�

VL]H�RQ�ELRJDV�JHQHUDWLRQ�IURP�ELRPDVV�UHVLGXHV��%LRPDVV���������������

6KLPL]X�� 7��� .XGR�� .�� DQG� 1DVX�� <�� �������� $QDHURELF� ZDVWH�DFWLYDWHG� VOXGJH�

GLJHVWLRQ�� $� ELRFRQYHUVLRQ� PHFKDQLVP� DQG� NLQHWLF� PRGHO�� %LRWHFKQRORJ\� DQG�

%LRHQJLQHHULQJ������������������

6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWH�ZDWHU������������WK�HGQ��

$PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ� �� $PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ��

:DWHU�(QYLURQPHQW�)HGHUDWLRQ��:DVKLQJWRQ�'&��86$��

9DQ�9HOVHQ��$�)�0�� ��������$GDSWDWLRQ�RI�PHWKDQRJHQLF�VOXGJH�WR�KLJK�DPPRQLD�

QLWURJHQ�FRQFHQWUDWLRQV��:DWHU�5HVHDUFK����������������

:DQJ�� 4��� .XQLQREX�� 0��� .DNLPRWR�� .��� 2JDZD�� +�,�� DQG� .DWR�� <�� ��������

8SJUDGLQJ� RI� DQDHURELF� GLJHVWLRQ� RI� ZDVWH� DFWLYDWHG� VOXGJH� E\� XOWUDVRQLF�

SUHWUHDWPHQW��%LRUHVRXUFH�7HFKQRORJ\���������������

:DQJ��4���1RJXFKL��&���+DUD��<��� 6KDURQ��&���.DNLPRWR��.�� DQG�.DWR��<�� ��������

6WXGLHV�RQ�DQDHURELF�GLJHVWLRQ�PHFKDQLVP��LQIOXHQFH�RI�SUHWUHDWPHQW�WHPSHUDWXUH�

RQ� ELRGHJUDGDWLRQ� RI� ZDVWH� DFWLYDWHG� VOXGJH��(QYLURQPHQWDO� 7HFKQRORJ\�� ���� ����

������

:DUG��$���6WHQVHO��+�'���)HUJXVRQ��-�)���0D��*��DQG�+XPPHO��6�� ��������(IIHFW�RI�

DXWRWKHUPDO�WUHDWPHQW�RQ�DQDHURELF�GLJHVWLRQ�LQ�WKH�GXDO�GLJHVWLRQ�SURFHVV��:DW��

6FL��7HFK����������������������

:HHPDHV�� 0��� *URRWDHUG�� +��� 6LPRHQV�� )�� DQG� 9HUVWUDHWH��:�� �������� $QDHURELF�

GLJHVWLRQ�RI�R]RQL]HG�ELRVROLGV��:DWHU�5HVHDUFK���������������������

=KDQJ�� 5�� DQG�=KDQJ��=�� �������� %LRJDVLILFDWLRQ� RI� ULFH� VWUDZ�ZLWK� DQ� DQDHURELF�

SKDVHG�VROLGV�GLJHVWHU�V\VWHP��%LRUHVRXUFH�7HFKQRORJ\���������������

�
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&DStWRO�����&KDSWHU���
$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�
VOXUU\�� FKDUDFWHULVDWLRQ� DQG�
IHDVLELOLW\� DV� D� SUH�� RU� SRVW�
WUHDWPHQW� WR� PHVRSKLOLF�
DQDHURELF�GLJHVWLRQ�
�

�



$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�VOXUU\«�

�

���

�



$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�VOXUU\«�

�

��

$EVWUDFW�
7KH� VROXWLRQ� WR� HQYLURQPHQWDO� SUREOHPV� DVVRFLDWHG� ZLWK� OLYHVWRFN� ZDVWH�

UHTXLUHV� D� EURDG� LQWHJUDWHG� DSSURDFK�� 7KH� UHFRYHU\� RI� YDOXDEOH� SURGXFWV��

VXFK� DV� QLWURJHQ�� KDV� EHFRPH� D� QHFHVVLW\� LQ� JHRJUDSKLFDO� DUHDV� ZLWK� KLJK�

DQLPDO�IDUPLQJ�GHQVLW\��$PPRQLD�DLU� VWULSSLQJ�� FRPELQHG�ZLWK�DEVRUSWLRQ��

FRXOG�UHPRYH�DQG�UHFRYHU�DPPRQLD�IURP�OLTXLG�ZDVWHV��7KH�REMHFWLYH�RI�WKH�

SUHVHQW�SDSHU�ZDV�WR�VWXG\�WKH�S+�HIIHFW�RQ�DPPRQLD�DLU�VWULSSLQJ�IURP�SLJ�

VOXUU\�DQG�LWV�SHUIRUPDQFH�DV�D�SUH��RU�SRVW�WUHDWPHQW�WR�DQDHURELF�GLJHVWLRQ��

7UHDWPHQW� SHUIRUPDQFHV� GLIIHU� DFFRUGLQJ� WR� SLJ� VOXUU\� W\SH�� ,Q� DQ\� FDVH��

DPPRQLD�UHPRYDO�UDWHV�DUH�S+�GHSHQGHQW��WKH�KLJKHU�WKH�S+��WKH�KLJKHU�WKH�

UHPRYDO�UDWHV�DUH��:KHQ�IUHVK�SLJ�VOXUU\�LV�XVHG��D�KLJK�LQLWLDO�S+�LV�UHTXLUHG�

�D�ODUJH�DGGLWLRQ�RI�DONDOL�LV�QHHGHG���)RU�GLJHVWHG�SLJ�VOXUU\��S+�DGMXVWPHQW�

LV� VWLOO� QHFHVVDU\� EXW� QRW� FULWLFDO� IRU� DFKLHYLQJ� KLJK� UHPRYDO� HIILFLHQFLHV��$�

FRPSOHWH� DPPRQLD� UHPRYDO� ZLWKRXW� S+� PRGLILFDWLRQ� LV� SRVVLEOH�� %DWFK�

DQDHURELF� WHVWV� VKRZHG� WKDW� DPPRQLD�DLU�VWULSSLQJ� LV�QRW� DQ�DGYLVDEOH�SUH�

WUHDWPHQW�WR�SLJ�VOXUU\�DQDHURELF�GLJHVWLRQ��

�����,QWURGXFWLRQ�DQG�REMHFWLYHV�

7KH�KXJH�JURZWK�RI�OLYHVWRFN�IDUPLQJ�LQ�UHFHQW�\HDUV�KDV�UHVXOWHG�LQ�D�YDVW�

SURGXFWLRQ� RI� DQLPDO� OLTXLG� ZDVWH�� 7KLV� ZDVWH� FDQ� FDXVH� VHULRXV�

HQYLURQPHQWDO�SUREOHPV�VXFK�DV�SKRVSKDWH� VXSHUVDWXUDWLRQ�RI� VRLO�� VXUIDFH�

ZDWHU�HXWURSKLFDWLRQ��VRLO�DFLGLILFDWLRQ��DQG�RGRXU�QXLVDQFH��

7KH� HQYLURQPHQWDO� SUREOHPV� DVVRFLDWHG� ZLWK� OLYHVWRFN� ZDVWH� UHTXLUH� D�

EURDG�LQWHJUDWHG�VROXWLRQ��7KLV�ZRXOG�LQFOXGH��LPSURYLQJ�DQLPDO�IHHGV��ZLWK�

WKH� DLP� RI� UHGXFLQJ� YROXPHV� DQG� FRQFHQWUDWLRQV� RI� OLPLWLQJ� FRPSRQHQWV�

VXFK� DV� QLWURJHQ�� SKRVSKRURXV� DQG� KHDY\�PHWDOV� LQ� WKH� ZDVWH�� FRQWUROOLQJ�

HPLVVLRQV� IURP� OLYHVWRFN� EXLOGLQJV�� HVWDEOLVKLQJ� VRLO�FURS� DSSOLFDWLRQ�

SURJUDPPHV�DQG�WUHDWPHQWV�ZKHQ�UHTXLUHG��7HLUD�HW�DO����������

$� WUHDWPHQW� VWUDWHJ\� LV� D� FRPELQDWLRQ� RI� SURFHVVHV� DLPLQJ� DW� REWDLQLQJ�

SURILWDEOH� SURGXFWV�� PLQLPLVLQJ� HPLVVLRQV� DQG� UHFRYHULQJ� HQHUJ\� DQG� UDZ�

PDWHULDOV���

�������3LJ�VOXUU\�WUHDWPHQW�

3URFHVVLQJ� SLJ� VOXUU\�� ZKHWKHU� RQ� D� VLQJOH�IDUP� RU� UHJLRQDO� VFDOH�� LQYROYHV�

VHYHUDO� EDVLF� WUHDWPHQW� VWHSV�� 7KH� QDWXUH� RI� WKHVH� EDVLF� WUHDWPHQW� VWHSV�

GHSHQGV�RQ� WKH�FRPSRVLWLRQ�RI�WKH�UDZ�VOXUU\��RQ�ORFDO�FLUFXPVWDQFHV��DQG�

RQ�WKH�UHTXLUHG�HQG�SURGXFWV�DQG�WKHLU�TXDOLW\��
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7KH� LQFOXVLRQ�RI�DQDHURELF�GLJHVWLRQ� LQ�SLJ� VOXUU\� WUHDWPHQW� VWUDWHJ\�RIIHUV�

VHYHUDO� DGYDQWDJHV�� ,W� UHGXFHV� HPLVVLRQV� RI� YRODWLOH� RUJDQLF� FRPSRXQGV��

FRQWUROV�RGRXUV��PLQHUDOLVHV�QXWULHQWV�DQG�UHFRYHUV�HQHUJ\�WKURXJK�PHWKDQH�

SURGXFWLRQ��+RZHYHU�� LWV� ORZ� K\GURO\VLV� DQG� ELRJDV� SURGXFWLRQ� UDWHV� PD\�

OLPLW� LWV� HFRQRPLF� IHDVLELOLW\�� 7KH� KLJK� DPPRQLD� QLWURJHQ� FRQWHQW� RI� SLJ�

VOXUU\�KDV�EHHQ�UHSRUWHG�DV�WKH�PDLQ�UHDVRQ�IRU�WKLV�ORZ�ELRJDV�SURGXFWLRQ�

�$QJHOLGDNL�DQG�$KULQJ�������DQG�������%RQPDWt��������+DQVHQ�HW�DO�����������

:KHQ� HQHUJ\� FRJHQHUDWLRQ� LV� DSSOLHG�� WKH� IHDVLELOLW\� RI� WKH� SURFHVV� DOVR�

GHSHQGV�RQ�SRVVLEOH�SURILWDEOH�XVHV�IRU�WKH�UHFRYHUHG�KHDW��7KH�PDLQ�IRUP�

LQ�ZKLFK�HQHUJ\�LV�UHFRYHUHG��〈�����LV�DV�ZDWHU��DW�RU�EHORZ����&��3URILWDEOH�
XVHV�RI�WKLV�HQHUJ\�IUDFWLRQ�FRQVWLWXWH�D�OLPLWLQJ�IDFWRU�LQ�ZDUP�FRXQWULHV���

7KH�UHFRYHU\�RI�YDOXDEOH�SURGXFWV�IRU�DSSOLFDWLRQV�RXWVLGH�WKH�DJULFXOWXUDO�

VHFWRU�RU�IRU�LPSURYLQJ�FURS�QXWULHQW�PDQDJHPHQW�HIILFLHQF\�KDV�EHFRPH�D�

QHFHVVLW\�LQ�JHRJUDSKLFDO�DUHDV�ZLWK�KLJK�DQLPDO�IDUPLQJ�GHQVLW\���

6LQFH�QLWURJHQ�LV� WKH�QXWULHQW� WKDW�JHQHUDOO\� OLPLWV�WKH�DPRXQW�RI�PDQXUH�

WKDW�FDQ�EH�DSSOLHG�WR�VRLO��LQ�IDFW�LW�LV� WKH�RQO\�UHJXODWHG�QXWULHQW��QLWURJHQ�

UHPRYDO� DQG�RU� UHFRYHU\� LV� UHOHYDQW� IRU� LPSURYLQJ� ZDVWH� PDQDJHPHQW� LQ�

DUHDV� ZLWK� D� VWUXFWXUDO� QLWURJHQ� VXUSOXV�� $PPRQLD� UHPRYDO� DV� D� SUH�

WUHDWPHQW� RI� DQDHURELF� GLJHVWLRQ� FRXOG� DOVR� HQKDQFH� LWV� SHUIRUPDQFH��

GHFUHDVLQJ�LWV�FRQFHQWUDWLRQ�LQ�WKH�IHHGLQJ�VXEVWUDWH��

�������5HPRYDO�YHUVXV�UHFRYHU\�RI�QLWURJHQ�

0DQ\� VWXGLHV� KDYH� IRFXVVHG� RQ� WKH� ELRORJLFDO� UHPRYDO� RI� QLWURJHQ� E\� D�

FRPELQHG�QLWULILFDWLRQ�GHQLWULILFDWLRQ�SURFHVV��7KH�XVH�RI�D�VHTXHQWLDO�EDWFK�

UHDFWRU��6%5��KDV�EHHQ�UHSRUWHG�DV�D�JRRG�WRRO�IRU�KHOSLQJ�WR�RYHUFRPH�WKH�

WR[LFLW\� RI� WKH� KLJK� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� SUHVHQW� LQ� SLJ� VOXUU\�

DQG� LWV� ORZ� &�1� UDWLR� �%RUWRQH� HW� DO��� ������ /HH� HW� DO��� ������ 0DJUt� DQG�

)ORWDWV���������+RZHYHU�� WKH�KLJK�HQHUJ\�FRQVXPSWLRQ�DVVRFLDWHG�ZLWK� WKLV�

WUHDWPHQW� KDV� FUHDWHG� D� TXLWH� SDUDGR[LFDO� VLWXDWLRQ�� 6OXUU\� QLWURJHQ�

HOLPLQDWLRQ� FRQVXPHV� HQHUJ\�� ZKLOH� LQWHQVLYH� FURSSLQJ� FRQVXPHV� ODUJH�

DPRXQWV� RI�PLQHUDO� IHUWLOLVHUV�� 7KH� HQHUJ\� FRVW� RI� SURGXFLQJ� WKLV� IHUWLOLVHU�

UDQJHV�IURP����WR�����0-��GHSHQGLQJ�RQ�WKH�SURGXFWLRQ�PHWKRG��SHU�NJ�RI�

1�IL[HG�IURP�WKH�DWPRVSKHUH�LQWR�WKH�IHUWLOLVHU��/RZULVRQ���������

7UHDWPHQWV� WKDW� UHFRYHU� QLWURJHQ� IURP� IHHGVWRFN� ZDVWH� DUH� PRUH�

DSSURSULDWH� VLQFH� WKH\� WHQG� WR� FORVH� WKH� QLWURJHQ� F\FOH� �DOORZLQJ� WKH�

UHFRYHUHG� SURGXFW� WR� EH� UHLQWURGXFHG� LQWR� WKH� DJULFXOWXUDO� SURGXFWLRQ�

V\VWHP��DQG�WKHUHE\�VDYH�HQHUJ\��



$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�VOXUU\«�

�

��

0XFK� WHFKQRORJLFDO� UHVHDUFK� KDV� EHHQ� FDUULHG� RXW� WR� UHFRYHU� QLWURJHQRXV�

FRPSRXQGV�IURP�OLYHVWRFN�ZDVWH��%LRORJLFDO�FRQYHUVLRQ�WHFKQLTXHV�VXFK�DV�

HQ]\PH� V\QWKHVLV� RU� DOJDH� SURGXFWLRQ�� FKHPLFDO� SURFHVVHV� VXFK� DV� VDOW�

SUHFLSLWDWLRQ�� DQG� VHSDUDWLRQ� WHFKQLTXHV� VXFK� DV� DLU� VWULSSLQJ�� SDUWLDO�

FRQGHQVDWLRQ�DQG�PHPEUDQH�FKHPR�VRUSWLRQ��DUH�DPRQJ�RWKHUV�UHSRUWHG�E\�

&RLOODUG��������DQG�5XONHQV�HW�DO����������

+RZHYHU�� IRU� YDULRXV� WHFKQLFDO� DQG�RU� HFRQRPLF� UHDVRQV�� PRVW� RI� WKLV�

UHVHDUFK� GLG� QRW� UHVXOW� LQ� DSSOLFDEOH� WHFKQRORJ\� �5XONHQV� HW� DO��� ������� $V�

QLWURJHQ�UHFRYHU\� LV� MXVW�RQH�VWHS�LQ�DQ�LQWHJUDWHG�VROXWLRQ�� LW� LV�GLIILFXOW� WR�

DVVHVV� WKH� HFRQRPLF�� WHFKQLFDO�� DQG� HQYLURQPHQWDO� FRQVHTXHQFHV� RI� WKLV�

VSHFLILF�UHFRYHU\�VWHS��$V�ZHOO�DV�LQYHVWPHQW�DQG�RSHUDWLRQDO�FRVWV��WKH�WRWDO�

FRVWV�RI�D�WUHDWPHQW�VWUDWHJ\�DUH�GHWHUPLQHG�E\�WKH�SURILWV�WKDW�FDQ�EH�PDGH�

IURP�WKH�UHFRYHUHG�SURGXFWV��

�������$PPRQLD�DLU�VWULSSLQJ�LQ�FRPELQDWLRQ�ZLWK�DEVRUSWLRQ�

'HSHQGLQJ�RQ�WKH�W\SH�DQG�DJH�RI�WKH�SLJ�VOXUU\��EHWZHHQ�����DQG�����RI�

WKH�WRWDO�QLWURJHQ�LV�SUHVHQW�LQ�WKH�IRUP�RI�DPPRQLD��&RLOODUG�����������

$LU�VWULSSLQJ�LQ�FRPELQDWLRQ�ZLWK�DEVRUSWLRQ��FDQ�EH�XVHG�WR�UHPRYH�DQG�

UHFRYHU� DPPRQLD� IURP�SLJ� VOXUU\��$PPRQLD� LV� WUDQVIHUUHG� IURP� WKH�ZDVWH�

VWUHDP� LQWR� WKH�DLU�� WKHQ�DEVRUEHG� IURP� WKH�DLU� LQWR�D� VWURQJ�DFLG� VROXWLRQ�

�W\SLFDOO\� VXOSKXULF� DFLG��� WKHUHE\�JHQHUDWLQJ�DQ�DPPRQLXP�VDOW��ZKLFK�FDQ�

EH�FU\VWDOOLVHG���

7KH� DPRXQW� RI� DPPRQLD� WKDW� FDQ� EH� VWULSSHG� IURP� D� OLTXLG� ZDVWH�� RU�

DEVRUEHG� LQ� WKH� DFLGLF� VROXWLRQ�� LV� WR� D� JUHDW� H[WHQW�� GHSHQGHQW� RQ� WZR�

WKHUPRG\QDPLF�HTXLOLEULD��

�

��DPPRQLD�OLTXLG�JDV�HTXLOLEULXP����� 1+���O��⇔�1+���J���

��DPPRQLD�GLVVRFLDWLRQ�HTXLOLEULXP�LQ�WKH�OLTXLG�� 1+�
��⇔�1+����+���

�

,Q� WKH� FDVH�RI�D�GLOXWHG�DPPRQLD� VROXWLRQ��+HQU\·V�/DZ�FDQ�EH�DSSOLHG� WR�

UHSUHVHQW�WKH�HTXLOLEULXP�EHWZHHQ�SKDVHV��HTXDWLRQ�����
�

[
3

+H
\ ⋅= �� ����

�

ZKHUH��\� LV� WKH�DPPRQLD�FRQFHQWUDWLRQ�LQ� WKH�JDV��PRODU�IUDFWLRQ���[� LV� WKH�

DPPRQLD�FRQFHQWUDWLRQ�LQ�WKH�OLTXLG��PRODU�IUDFWLRQ���3�LV�WKH�WRWDO�SUHVVXUH�

LQ�WKH�V\VWHP��EDU��DQG�+H�LV�+HQU\·V�FRQVWDQW��EDU����
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/LNH� DOO� HTXLOLEULXP� FRQVWDQWV�� +HQU\·V� FRQVWDQW� LV� VWURQJO\� LQIOXHQFHG� E\�

WHPSHUDWXUH��7KH�WHPSHUDWXUH�GHSHQGHQF\�RI�+H�FDQ�EH�H[SUHVVHG�DFFRUGLQJ�

WR�HTXDWLRQ����'DVJXSWD�DQG�'RQJ����������

�

7
/Q+H

1+

����
�����

�

−= �� ����

�

,Q�)LJXUH�����D�+HQU\·V�FRQVWDQW�LV�UHSUHVHQWHG�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��

DQG�DV�FDQ�EH�VHHQ��LWV�YDOXH�LQFUHDVHV�ZLWK�WHPSHUDWXUH��+LJK�WHPSHUDWXUHV�

IDYRXU�DPPRQLD�WUDQVIHU�WR�WKH�JDV�SKDVH��

$PPRQLD� HTXLOLEULXP� LQ� DTXHRXV� VROXWLRQ� LV� S+� DQG� WHPSHUDWXUH�

GHSHQGHQW��HTXDWLRQ������
�

[ ] [ ]
[ ]
.D

+

1+1+
1+ +

+

+

+
=
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��

�
� �� ����

�

ZKHUH��>1+�@�LV�WKH�IUHH�DPPRQLD�FRQFHQWUDWLRQ��>1+����1+�
�@�LV�WKH�WRWDO�

DPPRQLD�FRQFHQWUDWLRQ�� >+�@� LV� WKH�K\GURJHQ� LRQ�FRQFHQWUDWLRQ�� DQG�.D� LV�

WKH� DFLG� LRQLVDWLRQ� FRQVWDQW� IRU� DPPRQLD�� 7KH� KLJKHU� WKH� S+� DQG�

WHPSHUDWXUH��WKH�KLJKHU�WKH�IUHH�DPPRQLD�IUDFWLRQ��

�

�

�

��

��

��
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)LJXUH�������D��+HQU\·V�FRQVWDQW��+H��DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�
�'DVJXSWD�DQG�'RQJ��������DQG��E��IUHH�DPPRQLD�IUDFWLRQ�DV�D�IXQFWLRQ�RI�

S+�DW�GLIIHUHQW�WHPSHUDWXUH�OHYHOV��GDWD�IURP�3HUU\����������

$V� VHHQ� LQ� )LJXUH� ����E�� LI� DPPRQLD� DLU� VWULSSLQJ� LV� SHUIRUPHG� DW� URRP�

WHPSHUDWXUH�� D� KLJK� S+� LV� UHTXLUHG� WR� PRYH� WKH� DPPRQLD� HTXLOLEULXP�

WRZDUGV�IUHH�DPPRQLD��+RZHYHU��ZLWK�DQ�LQFUHDVH�LQ�WHPSHUDWXUH�D�ORZHU�S+�
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LV�UHTXLUHG��2Q�WKH�RWKHU�KDQG��DPPRQLD�DEVRUSWLRQ�LV�FOHDUO\�IDYRXUHG�ZKHQ�

RSHUDWLQJ�DW�S+�YDOXHV�EHORZ����ZLWK�DOPRVW�QR�WHPSHUDWXUH�HIIHFW���

7KH� WHFKQLFDO� DQG� HFRQRPLFDO� IHDVLELOLW\� RI� DPPRQLD� DLU� VWULSSLQJ� LQ�

FRPELQDWLRQ� ZLWK� DEVRUSWLRQ� KDV� EHHQ� FRQVLGHUHG� D� JRRG� RSWLRQ� ZKHQ�

WUHDWLQJ�GLIIHUHQW�W\SHV�RI�ZDVWH��OLTXLG�IUDFWLRQ�RI�GHZDWHUHG�VHZDJH�VOXGJH�

�-DQXV� DQG� YDQ� GHU� 5RHVW�� ������ 7KRUQGDKO�� ����� DQG�:DWHUJURXS�� �������

XUHD�IHUWLOLVHU�SODQW�ZDVWHV��0LQRFKD�DQG�3UDEKDNDU�������DQG�.DEGDVOL�HW�DO���

������� DQG� ODQGILOO� OHDFKDWH� �&KHXQJ� HW� DO��� ������� ,Q� DOO� WKHVH� FDVHV�� WKH�

SURFHVV�ZDV�SHUIRUPHG�DW�KLJK�S+�YDOXHV��

/LDR� HW�DO�� �������DQG�9LHO� �������VWXGLHG�DPPRQLD�DLU�VWULSSLQJ�IURP�SLJ�

VOXUU\� DW� URRP� WHPSHUDWXUH� ����&��� $W� WKLV� WHPSHUDWXUH�� D� KLJK� S+� ������

������ZDV�UHTXLUHG�WR�REWDLQ�KLJK�DPPRQLD�UHPRYDO�HIILFLHQFLHV��2WKHUZLVH��

WKH� H[FHVV� OLPH� FDXVHG� SUREOHPV� RI� FDOFLXP� FDUERQDWH� VFDOLQJ� DQG�� DV� D�

UHVXOW�� WKH� HIILFLHQF\� RI� WKH� V\VWHP� GHFUHDVHG� DQG� VHYHUH� PDLQWHQDQFH�

SUREOHPV�DURVH��/LDR�HW�DO����������

6FKLZHFN� DQG� 1lKOH� ������� DQG� *RQ]iOH]� DQG� *DUFtD� ������� VWXGLHG�

DPPRQLD� DLU� VWULSSLQJ� IURP� VXJDU� EHHW� IDFWRU\� FRQGHQVDWHV� DW� YDULRXV�

WHPSHUDWXUHV��������&���%RWK�VWXGLHV�UHSRUWHG�WKDW�WKH�RSWLPXP�WHPSHUDWXUH�

IRU�WUHDWLQJ�WKLV�NLQG�RI�ZDVWH�ZDV����&��7KH�KLJK�WHPSHUDWXUH�RI�WKH�WUHDWHG�

ZDVWH�GHWHUPLQHG� WKH� IHDVLELOLW\�RI� WKH� SURFHVV��6DUDFFR�DQG�*HQRQ� �������

VWDWHG� WKDW� DPPRQLD� VWULSSLQJ� DQG� UHFRYHU\� IURP� KLJK� WHPSHUDWXUH� ZDVWH�

ZDWHUV� ZDV� FRPSHWLWLYH� FRPSDUHG� ZLWK� DOWHUQDWLYH� WHFKQRORJLHV�� HVSHFLDOO\�

IRU� KLJK� DPPRQLD� LQOHW� FRQFHQWUDWLRQV�� .DWHKLV� HW� DO�� ������� VWXGLHG� KLJK�

WHPSHUDWXUH� DLU� VWULSSLQJ� IURP� WKH� OLTXLG� IUDFWLRQ� RI� GHZDWHULQJ� VHZDJH�

VOXGJH� DQG� GHWHUPLQHG� WKDW� WKH� SURFHVV� ZDV� PRUH� HIIHFWLYH� DW� KLJK�

WHPSHUDWXUHV�DQG�EHFDPH�S+�LQVHQVLWLYH�EH\RQG�D�FULWLFDO�S+��

7KH�PDLQ�OLPLWLQJ�IDFWRU�IRU�DPPRQLD�DLU�VWULSSLQJ�DW�KLJK�WHPSHUDWXUH�LV�

WKH�DYDLODELOLW\�RI�D�FKHDS�WKHUPDO�HQHUJ\�VRXUFH��:KHQ�FRPELQLQJ�DQDHURELF�

GLJHVWLRQ�ZLWK�D�VWULSSLQJ��DEVRUSWLRQ�SURFHVV�� WKH�ELRJDV�SURGXFHG�GXULQJ�

DQDHURELF� GLJHVWLRQ� FDQ� SDUWLDOO\� RU� WRWDOO\� SURYLGH� WKH� KHDW� QHHGHG� IRU�

VWULSSLQJ�DW�KLJK�WHPSHUDWXUH���

'XH�WR�WKH�KLJK�EXIIHULQJ�FDSDFLW\�RI�WKH�VOXUU\��ODUJH�DPRXQWV�RI�DONDOL�DUH�

QHHGHG�LI�S+�PRGLILFDWLRQ�LV�UHTXLUHG��+RZHYHU��LI�DLU�VWULSSLQJ�LV�SHUIRUPHG�

DW�KLJK�WHPSHUDWXUH��LWV�KLJK�EXIIHULQJ�FDSDFLW\�FRXOG�SUREDEO\�PDLQWDLQ�S+�

DW�WKH�QHHGHG�YDOXH���

�������2EMHFWLYHV�

7KH� DLP� RI� WKH� SUHVHQW� LQYHVWLJDWLRQ�ZDV� WR� HYDOXDWH� WKH� HIIHFW� RI� S+� RQ�

DPPRQLD� DLU� VWULSLQJ� IURP� SLJ� VOXUU\� DW� KLJK� WHPSHUDWXUHV� ����&��� DQG� WR�
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VWXG\�WKH�IHDVLELOLW\�RI�WKH�SURFHVV�DV�D�SUH��RU�SRVW�WUHDWPHQW�WR�PHVRSKLOLF�

DQDHURELF�GLJHVWLRQ�

�����0DWHULDOV�DQG�PHWKRGV�

�������5DZ�PDWHULDO�

7ZR�W\SHV�RI�SLJ�VOXUU\�ZHUH�XVHG��IUHVK�VOXUU\�IURP�D�SLJ�IDUP��DQG�HIIOXHQW�

IURP�D�ODE�VFDOH�PHVRSKLOLF�DQDHURELF�&675��IHG�ZLWK�VLPLODU�SLJ�VOXUU\��7KH�

PDLQ�DYHUDJHG�FKDUDFWHULVWLFV�RI�WKH�VOXUULHV�KDG�EHHQ�GHWHUPLQHG�IROORZLQJ�

WKH�VWDQGDUG�PHWKRGV��VHH�EHORZ�LQ�SRLQW���������DQG�DUH�VKRZQ�LQ�7DEOH������

%HIRUH� WKH� VWULSSLQJ� SURFHVV�� WKH� VOXUULHV� ZHUH� ILOWHUHG� WKURXJK� D� ���� µP�
VLHYH�DQG�S+�ZDV�DGMXVWHG�WR�WKH�UHTXLUHG�YDOXH��

7DEOH������&KDUDFWHULVDWLRQ�RI�WKH�SLJ�VOXUULHV�XVHG�LQ�WKH�VWULSSLQJ�
H[SHULPHQWV��DYHUDJH�RI���VDPSOHV��

� )UHVK�6OXUU\� $QDHURELFDOO\�'LJHVWHG�6OXUU\�

S+� ���� ����

76��J�NJ�� ������ ������

96��J�NJ�� ������ ������

&2'��J�NJ�� ������ ������

1+�
��1��J�NJ�� ����� �����

7.1��J�NJ�� ����� �����

RUJ1��J�NJ�� ����� �����

7RWDO�DONDOLQLW\��7$/.��
�J�NJ��DV�&D&2��

������ ������

3DUWLDO�DONDOLQLW\��3$/.��
�J�NJ��DV�&D&2��

����� ������

$ONDOLQLW\�UDWLR��5$/.�� ����� �����

79)$��J�NJ��DV�DFHWLF�DFLG� ������ �����

�

�������$LU�VWULSSLQJ�DEVRUSWLRQ�H[SHULPHQW�

���������$LU�VWULSSLQJ�DEVRUSWLRQ�V\VWHP�

$Q�LVRWKHUPDO�ZHW�ZDOO�JODVV�FROXPQ�ZDV�XVHG�IRU�DLU�VWULSSLQJ�WHVWV�������FP�

KHLJKW� [� �� FP� LQWHUQDO� GLDPHWHU�� LQ� VHPL�EDWFK� FRQGLWLRQV�� EDWFK� IRU� WKH�
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OLTXLG�SKDVH�DQG�FRQWLQXRXV� IORZ� IRU� WKH�JDVHRXV�SKDVH� �)LJXUH�������)RXU�

OLWUHV�RI�SLJ�VOXUU\�ZHUH�XVHG�LQ�HDFK�H[SHULPHQW��7KH�HIIOXHQW�ZDV�FROOHFWHG�

DW�WKH�ERWWRP�RI�WKH�FROXPQ�DQG�UHF\FOHG�WR�WKH�WRS�XVLQJ�D�SHULVWDOWLF�SXPS��

$LU�ZDV� VXSSOLHG� E\� DQ� DLU� EORZHU��7HPSHUDWXUH�ZDV� VHW� DW� ���&��7KH� SLJ�

VOXUU\�VWUHDP�DQG�DLU�ZHUH�SUHKHDWHG�LQ�D�WKHUPRVWDWLF�EDWK��7KH�FROXPQ�ZDV�

LQVXODWHG�WR�PDLQWDLQ�WKH�GHVLUHG�WHPSHUDWXUH��$LU�DQG�OLTXLG�IORZV�ZHUH�VHW�

DW����P/�PLQ�DQG�������P/�PLQ�UHVSHFWLYHO\��

$LU� FKDUJHG�ZLWK� DPPRQLD� ZDV� EXEEOHG� WKURXJK� D� VWURQJ� DFLG� VROXWLRQ��

7ZR� VHULDO� DPPRQLD� WUDSV� ZHUH� XVHG� WR� HQVXUH� WKDW� DOO� WKH� DPPRQLD� ZDV�

UHFRYHUHG��7KH�DEVRUSWLRQ�SURFHVV�ZDV�SHUIRUPHG�DW�URRP�WHPSHUDWXUH��

6OXUU\�ZDV�VDPSOHG�HYHU\�KRXU�DW�WKH�VOXUU\�VDPSOH�SRUW����LQ�)LJXUH�������

$PPRQLD�UHFRYHUHG�LQ�WKH�WZR�DPPRQLD�WUDSV�ZDV�VDPSOHG�DQG�DQDO\VHG�DW�

WKH�HQG�RI�WKH�H[SHULPHQW����DQG���LQ�)LJXUH�������

���

$LU���1+�

$LU

���

�

���

���

6XOSKXULF

DFLG�VROXWLRQ
6OXUU\ 6XOSKXULF

DFLG�VROXWLRQ

���

$LU 6OXUU\

���

���

7HPSHUDWXUH

SUREH

��� 6WULSSLQJ�FROXPQ
��� %ORZHU
��������$PPRQLD�WUDSV
��� ,QVXODWLRQ
��� 3HULVWDOWLF�SXPS
��� 7KHUPRVWDWLF�EDWK

��� 6OXUU\�VDPSOH�SRUW

��

���

)LJXUH������6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�ODERUDWRU\�VHW�XS�RI�WKH�VHPLEDWFK�
VWULSSHU�DEVRUEHU�V\VWHP��
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���������([SHULPHQWDO�GHVLJQ�

6L[�WUHDWPHQWV�ZHUH�FDUULHG�RXW��WKUHH�UHSOLFDWLRQV�RI�HDFK��LQ�RUGHU�WR�VWXG\�

WKH� S+� HIIHFW� RQ� DPPRQLD� DLU� VWULSSLQJ�� DQG� KRZ� LWV� SHUIRUPDQFH� YDULHG�

GHSHQGLQJ� RQ� WKH� NLQG� RI� VOXUU\� XVHG��7ZR� W\SHV� RI� SLJ� VOXUU\�� SUHYLRXVO\�

GHVFULEHG�� ZHUH� XVHG� �IUHVK� VOXUU\�� DQG� DQDHURELFDOO\� GLJHVWHG� VOXUU\��� DQG�

WKUHH�GLIIHUHQW� LQLWLDO�ZDVWH� VWUHDP�S+V�ZHUH� WHVWHG� �QRQ�PRGLILHG�S+������

DQG��������S+�DGMXVWPHQW�ZDV�PDGH�ZLWK�FDOFLXP�K\GUR[LGH��$IWHU���K� RI�

VHGLPHQWDWLRQ��WKH�S+�RI�WKH�FODULILHG�VWUHDP�ZDV�UH�DGMXVWHG�WR�WKH�GHVLUHG�

YDOXH���

,Q�RUGHU�WR�VWXG\�WKH�HIIHFW�RI�WKH�RUJDQLF�PDWWHU�FRQWHQW�RI�WKH�VOXUU\�RQ�

WKH� DLU� VWULSSLQJ� SHUIRUPDQFH�� WKUHH� PRUH� WUHDWPHQWV� ��� UHSOLFDWLRQV� HDFK��

ZHUH�FDUULHG�RXW�ZLWK�D�UHIHUHQFH�DPPRQLD�VROXWLRQ��7KH�FRPSRVLWLRQ�RI�WKH�

UHIHUHQFH�DPPRQLD�VROXWLRQ��5$6��ZDV�DV�IROORZV������J1+�
��1�NJ�DQG����

J&D&2��NJ�� &DOFLXP� K\GUR[LGH� RU� K\GURFKORULF� DFLG� ZDV� XVHG� IRU� S+�

PRGLILFDWLRQ��7KH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�WUHDWPHQWV�DUH�VKRZQ�LQ�7DEOH�

�����

7DEOH������7UHDWPHQW�FKDUDFWHULVWLFV�RI�WKH�DLU�VWULSSLQJ�H[SHULPHQWV��

7UHDWPHQW�
LGHQWLILFDWLRQ�

5DZ�PDWHULDO� ,QLWLDO�S+� 'XUDWLRQ�RI�
H[SHULPHQW��K��

5HSOLFDWLRQV�

7�� 5$6� ���� �� ��

7�� 5$6� ���� �� ��

7�� 5$6� ����� �� ��

7�� )LOWHUHG�)UHVK�6OXUU\� 1RQ�PRG������� �� ��

7�� )LOWHUHG�)UHVK�6OXUU\� ���� �� ��

7�� )LOWHUHG�)UHVK�6OXUU\� ����� �� ��

7�� )LOWHUHG�$QD��'LJ��6OXUU\� 1RQ�PRG������� �� ��

7�� )LOWHUHG�$QD��'LJ��6OXUU\� ���� �� ��

7�� )LOWHUHG�$QD��'LJ��6OXUU\� ����� �� ��

�

$PPRQLD� UHPRYDO� HIILFLHQFLHV� ZHUH� FDOFXODWHG� E\� SHUIRUPLQJ� D� PDVV�

EDODQFH��DFFRUGLQJ�WR�HTXDWLRQ����

�
( ) ( )

������

�

�
×

×
×−×

=−+

L

IILL

0&

0&0&
UHPRYDO11+ �� ����



$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�VOXUU\«�

�

��

ZKHUH�� &L� �LV�WKH��LQLWLDO�WRWDO�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��J�NJ���0L� LV�

WKH� LQLWLDO�PDVV� RI� VOXUU\� �NJ���&I� � LV� WKH� ILQDO� WRWDO� DPPRQLD� FRQFHQWUDWLRQ�

�J�NJ���DQG�0I�LV�WKH�ILQDO�PDVV�RI�WKH�VOXUU\��NJ���

,Q�RUGHU�WR�FRPSDUH�WKH�DPPRQLD�UHPRYDO�UDWH�RI�WKH�GLIIHUHQW�WUHDWPHQWV��

DPPRQLD�QLWURJHQ�HYROXWLRQV�WKURXJK�WLPH��SHUFHQW�UHPRYDO��ZHUH�ILWWHG�WR�D�

QRQ�OLQHDU�PRGHO��HTXDWLRQ������

�

( ) ( )NW
H(P(

−−⋅= �W �� ����

�

ZKHUH��(��W��LV�WKH�DPPRQLD�UHPRYDO�HIILFLHQF\�����DV�D�IXQFWLRQ�RI�WLPH��W�LV��

WLPH� �K��� N� � LV� WKH� DPPRQLD� UHPRYDO� UDWHV� �K����� DQG�(P� LV� WKH�PD[LPXP�

DPPRQLD�UHPRYDO�HIILFLHQF\�� �������

�������%DWFK�DQDHURELF�WHVW�

$� EDWFK� DQDHURELF� WHVW� ZDV� SHUIRUPHG�� DV� GHVFULEHG� EHORZ�� LQ� RUGHU� WR�

GHWHUPLQH�ZKHWKHU� DPPRQLD� DLU� VWULSSLQJ� KDG� D� SRVLWLYH� HIIHFW� RQ� IXUWKHU�

VOXUU\�DQDHURELF�GLJHVWLRQ��

7KH�EDWFK�UHDFWRUV�ZHUH�����P/�JODVV�YLDOV�ILOOHG�ZLWK����J�RI�VXEVWUDWH�DQG�

��J�RI�VWDUWHU��DQG�IOXVKHG�ZLWK�1��&2�� ��������IRU���PLQXWHV��7KHVH�ZHUH�

WLJKWO\�FORVHG�ZLWK�UXEEHU�VWRSSHUV�DQG�DOXPLQLXP�FULPSV�DQG�SODFHG�LQ�DQ�

LQFXEDWRU�IRU����GD\V�DW����&��7KH�LQRFXOXP�XVHG�FDPH�IURP�D�VWHDG\�VWDWH�

VHZDJH� VOXGJH� DQDHURELF� UHDFWRU�� 7KH� KHDGVSDFH� JDV� FRPSRVLWLRQ� ZDV�

DQDO\VHG�HYHU\�����GD\V��9RODWLOH�IDWW\�DFLGV��9)$��ZHUH�DQDO\VHG�HDFK�ZHHN��

$W�WKH�EHJLQQLQJ�DQG�DW�WKH�HQG�RI�WKH�H[SHULPHQW�WKH�IROORZLQJ�SDUDPHWHUV�

ZHUH�DQDO\VHG��WRWDO�.MHOGKDO�QLWURJHQ��7.1���DPPRQLD�QLWURJHQ��1+�
��1���

WRWDO� DQG� SDUWLDO� DONDOLQLW\� �7$/.�� 3$/.��� DONDOLQLW\� UDWLR� �5$/.��� DQG�

&2'��$GGLWLRQDOO\��FDOFLXP��&D���FRSSHU��&X��DQG�]LQF��=Q��ZHUH�DQDO\VHG�DW�

WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW��

)RXU�WUHDWPHQWV�ZHUH�FDUULHG�RXW�DV�FDQ�EH�VHHQ�LQ�7DEOH�����DQG�D�IXUWKHU�

WUHDWPHQW�ZLWK�ZDWHU�DQG�LQRFXOXP�ZDV�XVHG�DV�D�FRQWURO��7KUHH�UHSOLFDWLRQV�

SHU�WUHDWPHQW�ZHUH�PDGH���
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7DEOH������7UHDWPHQW�FKDUDFWHULVWLFV�LQ�EDWFK�DQDHURELF�WHVW�

� � 7UHDWPHQW�,GHQWLILFDWLRQ�

� � 3�� � 3�� � 3�� � 3��

6WULSSLQJ�������������
SUH�WUHDWPHQW�

� 12� � <(6� � <(6� � <(6�

,QLWLDO�S+�LQ�WKH�
VWULSSLQJ�SURFHVV�

� �� � 1RQ�
PRGLILHG�S+�

� ,QLWLDO�������
S+� �����

� ,QLWLDO������
S+� ������

�

9ROXPHWULF�PHWKDQH�SURGXFWLRQ�UDWHV�UHIHUUHG�WR�WKH�LQLWLDO�VXEVWUDWH��WR�WKH�

LQLWLDO�96�DQG�WR�WKH�LQLWLDO�&2'��DV�ZHOO�DV�WKH�VXEVWUDWH�FRQYHUVLRQ�UDWHV�WR�

PHWKDQH��0����9)$��9)$����DQG�DFLGLILFDWLRQ��$����DFFRUGLQJ�WR�)LHOG� HW�

DO�� �������� ZHUH� XVHG� IRU� WKH� FRPSDUDWLYH� DQDO\VLV� �VHH� VHFWLRQ� ������ LQ�

FKDSWHU�����

�������$QDO\WLFDO�PHWKRGV�

7RWDO� .MHOGKDO� QLWURJHQ� �7.1��� DPPRQLD� QLWURJHQ�� S+�� WRWDO� VROLGV� �76���

YRODWLOH�VROLGV��96���DQG�FKHPLFDO�R[\JHQ�GHPDQG� �&2'��ZHUH�DOO�DQDO\VHG�

E\� VWDQGDUG� PHWKRGV� �$3+$�� ������� 3DUWLDO� DQG� WRWDO� DONDOLQLW\� �3$/.��

7$/.��ZHUH�DQDO\VHG�E\�WLWUDWLRQ�ZLWK�+&O�WR�S+V������DQG�����UHVSHFWLYHO\��

$ONDOLQLW\� UDWLR� �5$/.�� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� ,]D� �������� 7RWDO�

SKRVSKRURXV� �3�� ZDV� DQDO\VHG� E\� WKH� FRORXULPHWULF� PHWKRG� �FRORXULQJ�

UHDFWLRQ�ZLWK�DPPRQLD�PRO\EGDWH�YDQDGDWH���&D��&X�DQG�=Q�ZHUH�DQDO\VHG�

ZLWK� D� IODPH� DWRPLF� DEVRUSWLRQ� VSHFWURPHWHU� �)$$6��� 9RODWLOH� IDWW\� DFLGV�

�9)$��ZHUH�DQDO\VHG�E\�FDSLOODU\�JDV�FKURPDWRJUDSK\�ZLWK�D�),'�GHWHFWRU��

%LRJDV� FRPSRVLWLRQ� ZDV� GHWHUPLQHG� ZLWK� D� SDFNHG� FROXPQ� JDV�

FKURPDWRJUDSK\�ZLWK�D�7&'�GHWHFWRU���

�������6WDWLVWLFDO�DQDO\VLV�

6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� 6$6� VRIWZDUH� �6$6� ,QVWLWXWH��

�������$�RQH�ZD\�$129$�WHVW�ZDV�FDUULHG�RXW��:KHQ�WKLV�DQDO\VLV�LQGLFDWHG�

VLJQLILFDQW� GLIIHUHQFHV� DQG� LQWHUDFWLRQ�ZDV� VLJQLILFDQW�� /HDVW� 6TXDUH�0HDQV�

WHVW� ZDV� SHUIRUPHG�� ZLWK� D� VLJQLILFDQFH� OHYHO� RI� α ������ 1RQ�OLQHDU�
UHJUHVVLRQ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6WDWJUDSKLFV�3OXV�VRIWZDUH�DQG�XVLQJ�

WKH�/HYHUQEHUJ�0DUTXDUGW�DOJRULWKP��

�����5HVXOWV�DQG�GLVFXVVLRQ�

5HVXOWV�DQG�GLVFXVVLRQ�DUH�SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�RI�WKH�H[SHULPHQWV�
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�������$LU�VWULSSLQJ�DEVRUSWLRQ�H[SHULPHQW�

���������)LOWUDWLRQ�DQG�S+�DGMXVWPHQW�RI�WKH�UDZ�PDWHULDO�

7KH�HIIHFW�RI�ILOWUDWLRQ�DQG�S+�DGMXVWPHQW�ZLWK�FDOFLXP�K\GUR[LGH������DQG�

������RQ�SLJ�VOXUU\�FKDUDFWHULVWLFV�DUH�VKRZQ�LQ�)LJXUH�������

)LOWUDWLRQ�

:KHQ� IUHVK� SLJ� VOXUU\� ZDV� ILOWHUHG�� D� GHFUHDVH� LQ� &2'� DQG� WRWDO� 3� ZDV�

REVHUYHG� LQ� WKH� OLTXLG� IUDFWLRQ�� +RZHYHU�� DV� H[SHFWHG�� VLQFH� DPPRQLD�

QLWURJHQ� LV� D� VROXEOH� VXEVWDQFH�� LWV� FRQFHQWUDWLRQ� LQ� WKH� OLTXLG� IUDFWLRQ�

LQFUHDVHG��)LJXUH�������6LPLODU�UHVXOWV�ZHUH�UHSRUWHG�E\�0�OOHU�HW�DO����������

7KH�EHKDYLRXU�RI�WKH�GLJHVWHG�SLJ�VOXUU\�ZDV�YHU\�GLIIHUHQW��7KH�REVHUYHG�

GHFUHDVH�LQ�&2'�DQG�WRWDO�3�ZDV�PXFK�ODUJHU�WKDQ�WKDW�ZLWK�WKH�IUHVK�VOXUU\��

0RUHRYHU�� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKH� OLTXLG� IUDFWLRQ� DOVR�

GHFUHDVHG�� 7KLV� FRXOG� EH� H[SODLQHG� E\� WKH� KLJK� ELRPDVV� FRQWHQW� RI� WKH�

GLJHVWHG�VOXUU\��ZKLFK�FRXOG�OHDG�WR�DPPRQLD�EHFRPLQJ�WUDSSHG�RU�DGVRUEHG�

LQ� WKH�PDWUL[� RI� WKH� VXVSHQGHG� VROLGV� UHPRYHG� E\� WKH� VLHYH�� ([SHULPHQWV�

SHUIRUPHG�E\� WKH�DXWKRUV� �UHVXOWV�QRW� VKRZQ��ZLWK�D�SLORW�SODQW� FHQWULIXJH�

DOVR� UHVXOWHG� LQ� D� GHFUHDVH� LQ� WKH� DPPRQLD� FRQFHQWUDWLRQ� LQ� WKH� OLTXLG�

IUDFWLRQ�ZKHQ�WUHDWLQJ�DQDHURELFDOO\�GLJHVWHG�VOXUU\��
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Slurry
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7.1 1+���1 3 &2'
�

)LJXUH������(IIHFW�RI�ILOWUDWLRQ�DQG�S+�DGMXVWPHQW�RQ�IUHVK�SLJ�VOXUU\��D��DQG�
GLJHVWHG�SLJ�VOXUU\��E��1RWH��$YHUDJH�RI���UHSOLFDWLRQV�

�
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S+�DGMXVWPHQW�

S+�DGMXVWPHQW�RI�WKH�IUHVK�VOXUU\�OHG�WR�D�GHFUHDVH�LQ�7.1��&2'�DQG�WRWDO�

3��7KLV�GHFUHDVH�ZDV�ODUJHU�ZKHQ�S+�ZDV�DGMXVWHG�WR������WKDQ�ZKHQ�LW�ZDV�

DGMXVWHG� WR������ �7KLV�ZDV� LQ�DFFRUGDQFH�ZLWK�H[SHULPHQWV�SHUIRUPHG�ZLWK�

ODQGILOO� OHDFKDWH��&KHXQJ� HW�DO���������S+�DGMXVWPHQW�ZLWK�&D�2+��� OHG�WR�D�

UHGXFWLRQ� LQ� WRWDO� 3� ��������� DQG� &2'� ��������� LQ� WKH� OLTXLG� IUDFWLRQ��

+RZHYHU�� WKHVH� YDOXHV� ZHUH� PXFK� KLJKHU� WKDQ� WKRVH� UHSRUWHG� ZLWK� IUHVK�

VOXUU\��WRWDO�3�UHPRYDO� ����������DQG�&2'�UHPRYDO� �����������7KH�ODUJH�

DPRXQW� RI� RUJDQLF� PDWWHU� DQG� WKH� REVHUYHG� SRRU� VHWWOHDELOLW\� RI� WKH�

SUHFLSLWDWHV�DQG�IRUPHG�IORFV��FRXOG�H[SODLQ�WKLV�GLIIHUHQFH��

7KH�HIIHFW�RI�S+�DGMXVWPHQW�RQ�WKH�GLJHVWHG�VOXUU\�DOVR�GLIIHUHG�IURP�WKDW�

RQ�WKH�IUHVK�VOXUU\��:KHQ�S+�ZDV�DGMXVWHG�WR������QR�IXUWKHU�7.1��&2'�

DQG�WRWDO�3�GHFUHDVH�ZDV�UHSRUWHG��7KH�GLIIHUHQW�QDWXUH�RI�WKH�RUJDQLF�PDWWHU�

LQ�WKH�GLJHVWHG�VOXUU\�FRXOG�H[SODLQ�WKLV�GLIIHUHQW�EHKDYLRXU���

S+� DGMXVWPHQW� OHG� WR� D� VOLJKW� GHFUHDVH� LQ� DPPRQLD� QLWURJHQ� FRQWHQW�� LQ�

ERWK�NLQGV�RI�VOXUU\��7KLV�GHFUHDVH�FRXOG�EH�DWWULEXWDEOH�WR�LWV�YRODWLOLVDWLRQ�

GXULQJ�WKH�VHWWOLQJ�SURFHVV��:DWHUJURXS����������

���������$PPRQLD�UHPRYDO�

5HVXOWV�REWDLQHG�LQ�WKH�SHUIRUPHG�H[SHULPHQWV�DUH�SUHVHQWHG�VHSDUDWHO\�IRU�

HDFK� VXEVWUDWH�� $PPRQLD� QLWURJHQ�� S+� DQG� DONDOLQLW\� HYROXWLRQV� DUH�

GLVFXVVHG�LQ�WKLV�VHFWLRQ��

5HIHUHQFH�DPPRQLD�VROXWLRQ��

7KH� HYROXWLRQ� RI� DPPRQLD� FRQFHQWUDWLRQ� DQG� DPPRQLD� UHPRYDO� LQ� WKH�

H[SHULPHQWV�ZLWK�WKH�UHIHUHQFH�DPPRQLD�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH������,Q�

VSLWH� RI� WKH� GLIIHUHQW� LQLWLDO� S+V�� DPPRQLD� ZDV� WRWDOO\� UHPRYHG� LQ� DOO�

WUHDWPHQWV��+RZHYHU��WKH�LQLWLDO�S+�JUHDWO\�DIIHFWHG�DPPRQLD�UHPRYDO�UDWHV��

2Q�LQFUHDVLQJ�WKH�LQLWLDO�S+�IURP�����WR�������WKH�WLPH�QHHGHG�IRU�FRPSOHWH�

DPPRQLD�UHPRYDO�GLPLQLVKHG�IURP���K�WR���K���

S+� HYROXWLRQ� LQ� H[SHULPHQWV� ZLWK� WKH� UHIHUHQFH� DPPRQLD� VROXWLRQ� LV�

VKRZQ�LQ�)LJXUH������2Q�LQFUHDVLQJ�WHPSHUDWXUH��SUH�KHDWLQJ�VWHS��WKHUH�ZDV�

D�FKDQJH�LQ�S+��,Q�WUHDWPHQW�7���S+�LQFUHDVHG�WR������LQ�WUHDWPHQW�7��DQG�

7�� S+� GHFUHDVHG� WR� ���� DQG� ����� UHVSHFWLYHO\�� &KDQJHV� LQ� S+� FRXOG� EH�

H[SHFWHG�DV� WHPSHUDWXUH�DIIHFWV� WKH�FKHPLFDO� HTXLOLEULD�EHWZHHQ�VXEVWDQFHV�

OHDGLQJ�WR�D�QHZ�FKHPLFDO�HTXLOLEULXP�WKDW�PRGLILHV�WKH�S+��

,Q� VSLWH� RI� WKH� REVHUYHG� DPPRQLD� UHPRYDO�� WKH� S+� LQFUHDVHG� VOLJKWO\�

WKURXJKRXW� WKH� SURFHVV� LQ� WUHDWPHQW� 7�� DQG� 7��� EXW� GLG� QRW� FKDQJH� LQ�

WUHDWPHQW� 7��� 7KLV� FRXOG� SRVVLEO\� EH� H[SODLQHG� E\� WKH� VLPXOWDQHRXV�
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HYDSRUDWLRQ� RI�ZDWHU� WKDW�ZDV� DOVR� REVHUYHG��:DWHU� HYDSRUDWLRQ� OHG� WR� DQ�

LQFUHDVH� LQ�WKH�FRQFHQWUDWLRQ�RI�WKH� LQRUJDQLF� LRQ�&D���� WKHUHE\�FDXVLQJ�DQ�

LQFUHDVH�LQ�S+��7KH�IDFW�WKDW�S+�GLG�QRW�LQFUHDVH�LQ�WUHDWPHQW�7���FRXOG�EH�

H[SODLQHG� E\� WKH� IRUPDWLRQ� RI� &D&2�� SUHFLSLWDWHV�� OHDGLQJ� WR� D� VWDEOH�

HTXLOLEULXP�DQG�WKHUHIRUH�D�VWDEOH�S+���
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)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ�DQG�DPPRQLD�UHPRYDO�LQ�

H[SHULPHQWV�ZLWK�WKH�UHIHUHQFH�DPPRQLD�VROXWLRQ��7� ����&���
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7���LQLWLDO�S+ ����

7���LQLWLDO�S+ ����

7���LQLWLDO�S+ �����

3UH�KHDWLQJ 6WULSSLQJ

�
)LJXUH������S+�HYROXWLRQ�LQ�H[SHULPHQWV�ZLWK�WKH�UHIHUHQFH�DPPRQLD�VROXWLRQ�
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7KHVH� UHVXOWV� VKRZHG� WKDW� ZKHQ� DPPRQLD� VWULSSLQJ� LV� SHUIRUPHG� DW� KLJK�

WHPSHUDWXUH�����&��DQG�WKHUH� LV�QR�RUJDQLF�PDWWHU�SUHVHQW��DQ� LQLWLDO�S+�RI�

���� LV�HQRXJK�IRU�WRWDO�DPPRQLD�UHPRYDO��7KH�REVHUYHG�VOLJKW�S+�LQFUHDVH�

WKURXJK�WKH�SURFHVV�FDQ�H[SODLQ�WKLV�IDFW���

)UHVK�SLJ�VOXUU\��

5HVXOWV� RI� WKH� H[SHULPHQWV� ZLWK� IUHVK� SLJ� VOXUU\� DUH� VKRZQ� LQ� )LJXUH� �����

$PPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� GHFUHDVHG� ZLWK� WLPH�� $IWHU� �K�� D� VOLJKW�

LQFUHDVH� LQ� DPPRQLD� FRQFHQWUDWLRQ�ZDV� REVHUYHG� LQ� WUHDWPHQW� 7�� DQG� 7��

�)LJXUH� ����D��� 7KLV� FRXOG� EH� H[SODLQHG� E\� WKH� HYDSRUDWLRQ� RI� ZDWHU��

WKURXJKRXW�WKH�VWULSSLQJ�SURFHVV��DQG�E\�WKH�ORZ�DPPRQLD�UHPRYDO�UDWH�GXH�

WR� WKH� IDOO� LQ� S+� �)LJXUH� ����F�� ZKLFK� UHGXFHG� WKH� DPPRQLD� YRODWLOLW\� E\�

VKLIWLQJ�LWV�GLVVRFLDWLRQ�UHDFWLRQ�WRZDUGV�WKH�LRQLF�IRUP���
�
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7���LQLWLDO�S+ 1RQ�PRGLI�� 7���LQLWLDO�S+ ���� 7���LQLWLDO�S+ �����

�
)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��SHUFHQW�DPPRQLD�UHPRYDO��

S+��7$/.�DQG�3$/.�HYROXWLRQV�LQ�IUHVK�SLJ�VOXUU\�H[SHULPHQWV��
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7KLV� ZDV� LQ� DFFRUGDQFH� ZLWK� WKH� GLIIHUHQW� DPPRQLD� UHPRYDO� HIILFLHQFLHV�

REVHUYHG� GHSHQGLQJ� RQ� WKH� LQLWLDO� S+� �)LJXUH� ����E��� $� ILQDO� �DIWHU� �K��

UHPRYDO�HIILFLHQF\�RI������������DQG�������ZDV�UHFRUGHG�IRU�WUHDWPHQWV�7��

�QRQ�PRGLILHG� S+��� 7�� �LQLWLDO� S+ ����� DQG� 7�� �LQLWLDO� S+ �������

UHVSHFWLYHO\��

$ONDOLQLW\� DOVR� GHFUHDVHG� LQ� DOO� WUHDWPHQWV� �)LJXUH� ����G��� 7KH� IRUPDWLRQ�

DQG� SUHFLSLWDWLRQ� RI� VDOWV� �&KHXQJ� HW� DO��� ������ DQG�RU� &2�� VWULSSLQJ�

�&ROOLYLJQDUHOOL��HW�DO���������PD\�H[SODLQ�WKLV�UHGXFWLRQ��7KLV�ORVV�RI�EXIIHULQJ�

FDSDFLW\� GXULQJ� WKH� VWULSSLQJ� SURFHVV� WRJHWKHU� ZLWK� WKH� KLJK� 9)$�

FRQFHQWUDWLRQ��VHH�7DEOH������UHVXOWHG�LQ�WKH�REVHUYHG�IDOO�LQ�S+��0RUHRYHU��

WKH�ORZ�9)$�YRODWLOLW\�DW�WKHVH�S+V�WRJHWKHU�ZLWK�ZDWHU�HYDSRUDWLRQ��OHG�WR�D�

VOLJKW�LQFUHDVH�LQ�LWV�FRQFHQWUDWLRQ��

'LJHVWHG�SLJ�VOXUU\��

5HVXOWV� IURP� WKH� H[SHULPHQWV� SHUIRUPHG�ZLWK� DQDHURELFDOO\� GLJHVWHG� VOXUU\�

DUH�VKRZQ�LQ�)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ�JUHDWO\�GHFUHDVHG�

ZLWK�WLPH��)LJXUH�����D���)LQDO�DPPRQLD�FRQFHQWUDWLRQV�EHORZ������J�NJ��DQG�

DPPRQLD� UHPRYDO� HIILFLHQFLHV� DERYH������ZHUH� UHSRUWHG� LQ� DOO� WUHDWPHQWV��

7KLV� ZDV� LQ� DFFRUGDQFH� ZLWK� &ROOLYLJQDUHOOL� HW� DO�� �������� ([SHULPHQWV�

SHUIRUPHG�ZLWK�ODQGILOO�OHDFKDWH��VKRZHG�WKDW�LW�ZDV�SRVVLEOH�WR�DFKLHYH�KLJK�

DPPRQLD�UHPRYDO�HIILFLHQFLHV�HYHQ�ZLWKRXW�EDVH�GRVDJH��LI�WHPSHUDWXUH�ZDV�

PDLQWDLQHG�DW�EHWZHHQ����DQG����&��

S+�HYROXWLRQ��)LJXUH�����F��VKRZHG�D�VLPLODU�SDWWHUQ�WR�WKDW�UHSRUWHG�LQ�WKH�

UHIHUHQFH�DPPRQLD�VROXWLRQ�H[SHULPHQWV��S+�VOLJKWO\�LQFUHDVHG�LQ�WUHDWPHQW�

7�� �QRQ� PRGLILHG� S+�� DQG� 7�� �LQLWLDO� S+ ������ DQG� UHPDLQHG� SUDFWLFDOO\�

FRQVWDQW�LQ�WUHDWPHQW�7���LQLWLDO�S+ �������

+RZHYHU�� DONDOLQLW\� GHFUHDVHG�ZLWK� WLPH� �)LJXUH� ����G��� DV� UHSRUWHG�ZLWK�

IUHVK�VOXUU\��EXW�WKLV�GLG�QRW�OHDG�WR�D�IDOO�LQ�S+��7KH�ORZ�FRQFHQWUDWLRQ�RI�

9)$� �VHH� 7DEOH� ����� FRXOG� H[SODLQ� WKLV� IDFW�� DQG� DOVR� WKH� GLIIHUHQFHV� LQ�

EHKDYLRXU�EHWZHHQ�WKH�WZR�VOXUU\�W\SHV���



$PPRQLD�DLU�VWULSSLQJ�IURP�SLJ�VOXUU\«�

�

���

�

���

���

���

���

���

���

���

�� � � � � � � �

7LPH��K�

1
+
�

�
�1
��
J
�
N
J
�

D

�

��

��

��

��

���

� � � � � � �
7LPH��K�

$
P
P
R
Q
LD
�U
H
P
R
Y
DO
��
�
�

E

�

�

�

�

�

��

��

��

�� � � � � � � �

7LPH��K�

S
+

F

�

�

�

�

��

��

��

��

�� � � � � � � �
7LPH��K�

$
/
.
��
J
&
D&
2
�
�
N
J
� ����������7$/.

����������3$/.

G

�
7���LQLWLDO�S+ 1RQ�PRGLI�� 7���LQLWLDO�S+ ���� 7���LQLWLDO�S+ �����

�
)LJXUH������$PPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��SHUFHQW�DPPRQLD�UHPRYDO��S+��
7$/.�DQG�3$/.�HYROXWLRQV�LQ�DQDHURELFDOO\�GLJHVWHG�SLJ�VOXUU\�H[SHULPHQWV�

���������S+�HIIHFW�RQ�DPPRQLD�UHPRYDO�UDWHV�

5HVXOWV� IURP� DPPRQLD� DLU� VWULSSLQJ� ZHUH� ILWWHG� WR� D� QRQ�OLQHDU� PRGHO�

�HTXDWLRQ�����LQ�RUGHU�WR�FRPSDUH�WKH�DPPRQLD�UHPRYDO�UDWHV�RI�WKH�GLIIHUHQW�

WUHDWPHQWV�SHUIRUPHG��7KH�VXLWDELOLW\�RI�WKH�PRGHO� LV�DOVR�GLVFXVVHG�LQ�WKLV�

VHFWLRQ��

&KHXQJ� HW� DO�� ������� VWDWHG� WKDW� WKH� DPPRQLD� UHPRYDO� UDWH� �N�� ZDV� D�

IXQFWLRQ�RI��DPRQJ�RWKHUV��IUHH�1+��IUDFWLRQ�LQ�WKH�OLTXLG��DLU�IORZ�UDWH�DQG�

+HQU\·V� FRQVWDQW�� ,Q� WKH� H[SHULPHQWV� SHUIRUPHG�� DLUIORZ� UDWH� DQG�

WHPSHUDWXUH�ZHUH�IL[HG��$V�VHHQ�LQ�)LJXUH������)LJXUH�����F�DQG�)LJXUH�����F��

S+� ZDV� QRW� FRQVWDQW�� DQG� DV� D� FRQVHTXHQFH� FKDQJHV� LQ� IUHH� 1+��

FRQFHQWUDWLRQ�WKURXJKRXW�WKH�SURFHVV�FRXOG�EH�H[SHFWHG��7KLV�LPSOLHG�WKDW�N�

FRXOG�QRW�EH�FRQVLGHUHG�DV�D�FRQVWDQW���
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0DUNRV� HW� DO�� �������� UHSRUWHG� WKDW� WKH� LPSRUWDQFH� RI� LQFOXGLQJ� WKH� 1+��

GLVVRFLDWLRQ�HTXLOLEULXP�LQ�WKH�PRGHO�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�WUHDWHG�

VWUHDP��:KHQ�DFLGV�DUH�SUHVHQW�LQ�WKH�DTXHRXV�VROXWLRQ��WKH�1+��GLVVRFLDWLRQ�

HTXLOLEULXP� VKRXOG� EH� LQFOXGHG� LQ� WKH� PRGHO�� 7KH� SUHVHQFH� RI� DFLG�

VXEVWDQFHV��L�H��9)$�� LQ�WKH�FDVH�RI�SLJ�VOXUU\��� WRJHWKHU�ZLWK�DONDOLQLW\�DQG�

ZDWHU� UHPRYDO� GXULQJ� DLU� VWULSSLQJ�� OHDG� WR� D� IDOO� LQ� S+� DQG�� WKHUHIRUH�� D�

GHFUHDVH� LQ� IUHH� 1+��� ,I� S+� HYROXWLRQ� DQG� LWV� HIIHFW� RQ� IUHH� 1+��

FRQFHQWUDWLRQ�DUH� WR�EH�FRQVLGHUHG�� D� VWUXFWXUDO�PRGHO� LV�QHHGHG��7KLV�ZDV�

QRW�ZLWKLQ�WKH�VFRSH�RI�WKH�SUHVHQW�ZRUN��

,Q� WKH� H[SHULPHQWV� ZLWK� WKH� UHIHUHQFH� DPPRQLD� VROXWLRQ� DQG� ZLWK�

DQDHURELFDOO\�GLJHVWHG�VOXUU\�� WKH�KLJK�WHPSHUDWXUH�����&��WRJHWKHU�ZLWK�WKH�

VOLJKW�FKDQJH�LQ�S+�GXULQJ�WKH�SURFHVV�GLG�QRW�OHDG�WR�D�ODUJH�FKDQJH�LQ�IUHH�

DPPRQLD� �)LJXUH� ����D� DQG� ����F��� 7KH� KLJK� 5�VTXDUH� REWDLQHG� LQ� WKH�

VWDWLVWLFDO�DQDO\VLV��VHH�7DEOH������VKRZHG�WKDW�N�FRXOG�EH�FRQVLGHUHG�FRQVWDQW�

IRU� WKHVH� WUHDWPHQWV�� 7KLV� FRQVLGHUDWLRQ� FRXOG� EH� DOVR� DSSOLFDEOH� WR�

WUHDWPHQW�7�� �IUHVK�SLJ� VOXUU\�DQG� LQLWLDO�S+� �������'HVSLWH� WKH� REVHUYHG�

IDOO�LQ�S+��IUHH�DPPRQLD�UHPDLQHG�DERYH�����WKURXJKRXW�WKH�SURFHVV���
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T8 (initial pH=9,5)
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)LJXUH������3HUFHQW�IUHH�DPPRQLD�
IUDFWLRQ�HYROXWLRQ�GXULQJ�VWULSSLQJ�
H[SHULPHQWV���D��UHIHUHQFH�DPPRQLD�
VROXWLRQ�H[SHULPHQWV���E��IUHVK�VOXUU\�
H[SHULPHQWV�DQG��F��GLJHVWHG�VOXUU\�

H[SHULPHQWV�
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,Q�WUHDWPHQW�7���QRQ�PRGLILHG�S+��DQG�7���LQLWLDO�S+� ������ZLWK�IUHVK�SLJ�

VOXUU\�� WKH� IDOO� LQ� S+� OHG� WR� D� VOLJKW� GHFUHDVH� LQ� IUHH�1+�� GXULQJ� WKH� ILUVW�

KRXUV��ZKLFK�ZDV�IROORZHG�E\�D�VKDUS�IDOO�LQ�WKH�ODVW���K�RI�WKH�H[SHULPHQW�

�)LJXUH�����E���'HVSLWH�IDLOLQJ�WR�FRQVLGHU�WKH�1+��GLVVRFLDWLRQ�HTXLOLEULXP��

WKH� 5�VTXDUH� REWDLQHG� LQ� WKH� VWDWLVWLFDO� DQDO\VLV� ZDV� DERYH� ����� LQ� DOO� WKH�

WUHDWPHQWV� �7DEOH� ������ 7KH� VKRUW� VWULSSLQJ� WLPH� FRXOG� H[SODLQ� WKH� JUHDW�

DFFXUDF\� RI� WKLV� VLPSOH� PRGHO�� :KHQ� IUHH� DPPRQLD� IUDFWLRQ� GURSSHG�

VLJQLILFDQWO\�VWULSSLQJ�ZDV�VWRSSHG��,W�FDQ�EH��WKHUHIRUH��FRQFOXGHG�WKDW��ZLWK�

WKHVH�H[SHULPHQWDO�FRQGLWLRQV�� WKH�PRGHO�XVHG�ZDV�DGHTXDWH�IRU�FRPSDULQJ�

WKH�JOREDO�DPPRQLD�UHPRYDO�UDWHV��

7DEOH� ���� VKRZV� WKH� UHVXOWV� RI� ILWWLQJ� WKH� HPSLULFDO� PRGHO� WR� WKH�

H[SHULPHQWDO� GDWD�� 7KH� UHPRYDO� UDWHV� �N�� REWDLQHG�ZHUH� VWDWLFDOO\� DQDO\VHG�

ZLWK�GRXEOH�IDFWRULDO�GHVLJQ��LQLWLDO�S+�DQG�VWUHDP�W\SH��DQG�WKUHH�OHYHOV�IRU�

HDFK��7KH�UHVXOWV�IURP�WKH�VWDWLVWLFDO�DQDO\VLV�DUH�VKRZQ�JUDSKLFDOO\�LQ�)LJXUH�

�����

7DEOH������5HVXOWV�RI�ILWWLQJ�H[SHULPHQWDO�GDWD�WR�WKH�QRQ�OLQHDU�PRGHO�

� � 5HIHUHQFH�
DPPRQLD�
VROXWLRQ�

� )UHVK�SLJ�VOXUU\� � 'LJHVWHG�SLJ�VOXUU\�

,QLWLDO�S+� � N��K���� 5�� � N��K���� 5�� � N��K���� 5��

1RQ�PRGLILHG�� � ����� ������ � ����� ������ � ����� ������

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

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

�,Q�H[SHULPHQWV�ZLWK�WKH�UHIHUHQFH�DPPRQLD�VROXWLRQ��QRQ�PRGLILHG�PHDQV�LQLWLDO�S+� ������

�

$V� VHHQ� LQ� )LJXUH� ����� WKH� GLIIHUHQW� S+� OHYHOV� KDG� GLIIHUHQW� HIIHFWV� RQ�

DPPRQLD� UHPRYDO� UDWHV�� DFFRUGLQJ� WR� WKH� VXEVWUDWH�� :KHQ� WKH� UHIHUHQFH�

DPPRQLD�VROXWLRQ�ZDV�XVHG��DQ�LQFUHDVH�LQ�WKH�LQLWLDO�S+�OHG�WR�DQ�LQFUHDVH�LQ�

DPPRQLD�UHPRYDO�UDWHV��7KLV�ZDV�LQ�DFFRUGDQFH�ZLWK�H[SHULPHQWV�SHUIRUPHG�

E\� RWKHU� DXWKRUV� ZLWK� VLPLODU� UHIHUHQFH� DPPRQLD� VROXWLRQ� �.DWHKLV� HW� DO���

������� :KHQ� DPPRQLD� DLU� VWULSSLQJ� ZDV� SHUIRUPHG� DW� ���&�� WKH� SURFHVV�

EHFDPH�S+�LQVHQVLWLYH�ZLWK�D�S+�RI�EHWZHHQ����DQG�������7KH�RQ�OLQH�S+�

PHDVXUHG�LQ�WUHDWPHQW�7��ZDV�������)LJXUH�������

,Q�WKH�H[SHULPHQWV�SHUIRUPHG�ZLWK�IUHVK�SLJ�VOXUU\��DOWKRXJK�WKH�LQLWLDO�S+�

ZDV�VHW�DW������DPPRQLD�UHPRYDO�UDWHV�GLG�QRW�LQFUHDVH�VLJQLILFDQWO\��OHWWHUV�D�

F�LQ�)LJXUH�������$�KLJK�LQLWLDO�S+��������ZDV�QHFHVVDU\�WR�REWDLQ�D�VLJQLILFDQW�

LQFUHDVH� LQ� WKH� DPPRQLD� UHPRYDO� UDWH�� 7KH� DQDHURELFDOO\� GLJHVWHG� VOXUU\�
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VKRZHG�D�GLIIHUHQW�EHKDYLRXU��2Q�VHWWLQJ�WKH�LQLWLDO�S+�DW�����WKH�DPPRQLD�

UHPRYDO� UDWH� LQFUHDVHG� VLJQLILFDQWO\�� EXW� QR� IXUWKHU� LQFUHDVH� ZDV� UHSRUWHG�

ZKHQ� LQLWLDO� S+� ZDV� VHW� DW� ������ ,W� FDQ� EH� WKHUHIRUH� FRQFOXGHG� WKDW� DLU�

VWULSSLQJ�RI�GLJHVWHG�SLJ� VOXUU\�DW����&��EHFDPH� LQGHSHQGHQW�RI�S+�ZLWK�D�

S+�RI�DURXQG�����XQGHU�WKHVH�H[SHULPHQWDO�FRQGLWLRQV��

���

���

���

���

���

���

���

���

���

1RQ�0RGLI S+ ��� S+ ����

N
�
�
K
�
�
�

[���E

[���D

[���F

]���D

\���E

\���D

]���E

]���E

\���D

�
6\QWKHWLF�:DWHU 'LJHVW�6OXUU\ )UHVK�6OXUU\ �

)LJXUH������$PPRQLD�UHPRYDO�UDWHV�IRU�WKH�GLIIHUHQW�S+V�DQG�VXEVWUDWH�
W\SHV��9DOXHV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW�XVLQJ�WKH�
/HDVW�6TXDUHV�0HDQV�7HVW�����VLJQLILFDQFH���OHWWHUV�´D�WR�Fµ�DUH�XVHG�WR�
FRPSDUH�LQLWLDO�S+V�IRU�WKH�VDPH�VXEVWUDWH��OHWWHUV�´[�WR�]µ�DUH�XVHG�WR�

FRPSDUH�VXEVWUDWHV�ZLWK�WKH�VDPH�LQLWLDO�S+�

$V� LW� FDQ� EH� VHHQ� LQ� )LJXUH� ���� �OHWWHUV� [� WR� ]��� DW� D� FHUWDLQ� S+� DPPRQLD�

UHPRYDO�UDWHV�IRU�UHIHUHQFH�DPPRQLD�VROXWLRQ�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�

WKRVH� UHSRUWHG� IRU� SLJ� VOXUU\�� 7KLV� GLIIHUHQFH� FDQ� EH� H[SODLQHG� E\�

LQWHUIHUHQFH�IURP�WKH� ODUJH�DPRXQW�RI�RUJDQLF�PDWWHU�SUHVHQW� LQ�WKH�VOXUU\��

'LJHVWHG�SLJ�VOXUU\�VKRZHG�IDVWHU�UHPRYDO�UDWHV�WKDQ�IUHVK�SLJ�VOXUU\��H[FHSW�

DW� WKH� LQLWLDO�S+�RI�������7KLV� FRXOG�SRVVLEOH�EH�H[SODLQHG�E\� WKH�GLIIHUHQW�

QDWXUH�RI�WKH�RUJDQLF�PDWWHU�DQG�S+�EHKDYLRXU�RI�WKH�WZR�W\SHV�RI�VOXUU\��

$� ILQDO� K\SRWKHVLV� FRXOG� EH� PDGH� IURP� WKH� UHVXOWV� REWDLQHG� LQ� WKH�

H[SHULPHQWV� ZLWK� IUHVK� SLJ� VOXUU\�� ,Q� WUHDWPHQW� 7�� �LQLWLDO� S+�  � QRQ�

PRGLILHG�� DQG� 7�� �LQLWLDO� S+�  � ������ WKH� REVHUYHG� IDOO� LQ� S+� DQG� WKH�

VXEVHTXHQW� GHFUHDVH� LQ� IUHH� DPPRQLD� �)LJXUH� ����E��� FRXOG� QRW� DOORZ� D�

FRPSOHWH� DPPRQLD� UHPRYDO�� ,Q� VXFK� D� FDVH� WKH� DVVXPSWLRQ� WKDW� WKH�
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PD[LPXP�DPPRQLD�UHPRYDO�HIILFLHQF\��(P��LV������ZRXOG�QRW�EH�YDOLG��,Q�

RUGHU�WR�WHVW�WKLV�K\SRWKHVLV��H[SHULPHQWDO�GDWD�ZHUH�ILWWHG�WR�WKH�VDPH�PRGHO�

�HTXDWLRQ����EXW�WDNLQJ�(P�DV�D�SDUDPHWHU���

5HVXOWV� IURP� WKH� QRQ�OLQHDU� UHJUHVVLRQ� DQDO\VLV� VKRZHG� WKDW� LQ� DOO� WKH�

WUHDWPHQWV��H[FHSW�7��DQG�7���WKH�SUHGLFWHG�SDUDPHWHUV�GLG�QRW�VLJQLILFDQWO\�

GLIIHU� ZLWK� UHVSHFW� WR� WKH� SUHGLFWHG� SDUDPHWHUV� SUHYLRXVO\� UHSRUWHG�� 7KH�

SUHGLFWHG�(P�LQ�WUHDWPHQWV�7��DQG�7��ZHUH�����DQG������UHVSHFWLYHO\��7KLV�

VKRZV�WKDW�LI�DLU�VWULSSLQJ�LV�SHUIRUPHG�ZLWK�IUHVK�SLJ�VOXUU\��D�KLJK�LQLWLDO�S+�

LV�QHFHVVDU\�LQ�RUGHU�WR�DFKLHYH�D�FRPSOHWH�DPPRQLD�UHPRYDO��0DUNRV� HW�DO��

��������UHSRUWHG�VLPLODU�UHVXOWV��ZKHQ�D�VWUHDP�ZLWK�D�KLJK�FRQWHQW�RI�DFLGLF�

VXEVWDQFHV� ZDV� DLU�VWULSSHG� DQ� LQFUHDVH� LQ� DPPRQLD� FRQFHQWUDWLRQ� ZDV�

UHSRUWHG��

���������2UJDQLF�PDWWHU�UHPRYDO�

2UJDQLF�PDWWHU�UHPRYDO�ZDV�DOVR�REVHUYHG�GXULQJ�WKH�DPPRQLD�DLU�VWULSSLQJ�

SURFHVV�� 7KH� LQLWLDO� DQG� ILQDO� &2'� DUH� VKRZQ� LQ� 7DEOH� ����� :DWHU�

HYDSRUDWLRQ�OHG�WR�DQ�LQFUHDVH� LQ�&2'��(YHQ�VR�� WKH�PDVV�EDODQFH�VKRZHG�

WKDW� �������� RI� WKH� &2'� ZDV� UHPRYHG� E\� DLU� VWULSSLQJ� LQ� H[SHULPHQWV�

ZLWK�IUHVK�SLJ�VOXUU\�DQG���������LQ�H[SHULPHQWV�ZLWK�GLJHVWHG�SLJ�VOXUU\��

7KLV� LV� ZRUWK� RI� FRPPHQW�� EHFDXVH� WKLV� RUJDQLF�PDWWHU� VKRXOG�� LQ� WKHRU\��

KDYH�EHHQ�WUDQVIHUUHG�WR�WKH�DPPRQLD�VDOW�ZDWHU�REWDLQHG�LQ�WKH�DEVRUSWLRQ�

SURFHVV��

7DEOH������,QLWLDO�DQG�ILQDO�&2'�DQG�SHUFHQW�&2'�UHPRYDO�LQ�DLU�VWULSSLQJ�
H[SHULPHQWV�

� � )UHVK�SLJ�VOXUU\� � 'LJHVWHG�SLJ�VOXUU\�

,QLWLDO�S+� � ,QLWLDO����
&2'�
�J�NJ��

)LQDO����
&2'�
�J�NJ��

��
5HPRYDO�

� ,QLWLDO�
&2'�
�J�NJ��

)LQDO�
&2'��
�J�NJ��

��
5HPRYDO�

1RQ��PRGLILHG� � ������ ������ ���� � ������ ������ ����

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

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

�

���������&KDUDFWHULVWLFV�RI�WKH�DPPRQLD�VDOW�ZDWHU�

$LU� FKDUJHG�ZLWK� DPPRQLD�DQG� YRODWLOH� RUJDQLF�PDWWHU�ZDV� EXEEOHG� LQWR� D�

VWURQJ� DFLG� VROXWLRQ� �+�62���� 7ZR� VHULDO� DPPRQLD� WUDSV� ZHUH� XVHG� �VHH�

)LJXUH��������
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7KH� DPPRQLD� PDVV� EDODQFH� VKRZHG� WKDW� EHWZHHQ� ��� DQG� ���� RI� WKH�

DPPRQLD� ZDV� QRW� UHFRYHUHG�� 7KLV� FRXOG� KDYH� EHHQ� DWWULEXWDEOH� WR�

H[SHULPHQWDO�HUURU�VLQFH�DPPRQLD�ZDV�QRW�GHWHFWHG�LQ�WKH�VHFRQG�DPPRQLD�

WUDS�LQ�DQ\�RI�WKH�H[SHULPHQWV���

2Q� WKH� RWKHU� KDQG�� RQO\� �������� RI� WKH� &2'� UHPRYHG� LQ� WKH� DLU�

VWULSSLQJ�SURFHVV�ZDV�UHFRYHUHG�LQ�WKH�DEVRUSWLRQ�SURFHVV��7KLV�VKRZHG�WKDW�

WKH�PDMRULW\�RI�WKH�&2'�FRXOG�QRW�EH�IL[HG�LQ�WKH�VWURQJ�DFLG�VROXWLRQ�XVHG��

$� VXSSOHPHQWDU\� WUHDWPHQW� �L�H�� ELRILOWHU�� ZRXOG� WKHUHIRUH� EH� QHFHVVDU\� WR�

FRQWURO�YRODWLOH�RUJDQLF�PDWWHU�HPLVVLRQV��

:DWHU�FRQWDLQLQJ�DPPRQLD�VDOW�ZDV�FU\VWDOOLVHG��VHH�SKRWR�LQ�)LJXUH��������

$V�FDQ�EH�VHHQ��LQ�VSLWH�RI�WKH�ORZ�&2'�UHFRYHU\��WKH�FU\VWDOOLVHG�DPPRQLD�

VDOW��FRPLQJ�IURP�VOXUU\�H[SHULPHQWV��KDG�D�GLIIHUHQW�FRORXU�WKDQ�WKDW�IURP�

UHIHUHQFH� DPPRQLD� VROXWLRQ�� 0RUHRYHU�� WKH� KLJKHU� &2'� RI� WKH� ZDWHU�

DPPRQLD�VDOW�SURFHHGLQJ�IURP�WKH�IUHVK�SLJ�VOXUU\�UHVXOWHG�LQ�D�GDUNHU�FRORXU�

WKDQ�WKDW�IURP�GLJHVWHG�VOXUU\���

�

�

$PPRQLD�VDOW�IURP�5$6��D��

�

$PPRQLD�VDOW�IURP�IUHVK�SLJ�VOXUU\��E��

�

�

)LJXUH�������&U\VWDOOLVHG�DPPRQLD�
VDOW�REWDLQHG�LQ�WKH�DEVRUSWLRQ�

SURFHVV�DQG�IXUWKHU�FU\VWDOOLVDWLRQ�
IURP�WKH�IROORZLQJ�H[SHULPHQWV���D��
UHIHUHQFH�DPPRQLD�VROXWLRQ��5$6���
�E��IUHVK�SLJ�VOXUU\�DQG��F��GLJHVWHG�

SLJ�VOXUU\�

$PPRQLD�VDOW�IURP�GLJHVWHG�SLJ�VOXUU\��F�� �
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�������%DWFK�DQDHURELF�WHVW�

$� EDWFK� DQDHURELF� WHVW� ZDV� SHUIRUPHG� LQ� RUGHU� WR� GHWHUPLQH� ZKHWKHU�

DPPRQLD�DLU�VWULSSLQJ�KDG�D�SRVLWLYH�HIIHFW�RQ�IXUWKHU�DQDHURELF�GLJHVWLRQ�RI�

WKH�VOXUU\��7KH�LQLWLDO�FKDUDFWHULVWLFV�RI�WKH�WUHDWPHQWV�DUH�UHSRUWHG�LQ�7DEOH�

������

7DEOH������&KDUDFWHULVDWLRQ�RI�WKH�GLIIHUHQW�WUHDWPHQWV�LQ�EDWFK�DQDHURELF�
WHVWV�

7UHDWPHQW�
LGHQWLILFDWLRQ�

3�� 3�� 3�� 3��

$LU�VWULSSLQJ������
3UH�WUHDWPHQW�

12� <(6���������
�,QLWLDO�S+ �
QRQ�PRGLILHG��

<(6��������
�,QLWLDO�
S+ �����

<(6���������
�,QLWLDO�

S+ ������

S+� ���� ���� ���� ����

76��J�NJ�� ������ ������ ������ ������

96��J�NJ�� ������ ������ ������ ������

&2'��J�NJ�� ������ ������ ������ ������

7.1��J�NJ�� ����� ����� ����� �����

1+�
��1��J�NJ�� ����� ����� ����� �����

7$/.��J�NJ��� ����� ����� ����� �����

3$/.��J�NJ��� ����� ����� ����� �����

5$/.� ����� ����� ����� �����

79)$��J�NJ��� ������ ������ ������ ������

���H[SUHVVHG�DV�&D&2������H[SUHVVHG�DV�DFHWLF�DFLG�

�

$V� VKRZQ� 7DEOH� ����� 3��� 3�� DQG� 3�� WUHDWPHQWV� �DLU�VWULSSHG� VOXUU\�� KDG� D�

ORZHU�FRQFHQWUDWLRQ� RI�DPPRQLD�QLWURJHQ�DQG�DONDOLQLW\� WKDQ�3�� �QRQ�SUH�

WUHDWHG� VOXUU\��� 0RUHRYHU�� WKH� REVHUYHG� ZDWHU� HYDSRUDWLRQ� GXULQJ� WKH� DLU�

VWULSSLQJ� SURFHVV� OHG� WR� D� KLJKHU� &2'� DQG� 79)$� LQ� WKH� WUHDWPHQWV�

LQYROYLQJ�DLU�VWULSSHG�VOXUU\�WKDQ�LQ�WKH�RQH�ZLWK�QRQ�SUH�WUHDWHG�VOXUU\��

7KH�LQLWLDO�S+�LQ�WUHDWPHQWV�3���3���DQG�3��ZHUH�DOVR�LQWHUHVWLQJ��,Q�VSLWH�

RI�WKH�REVHUYHG�IDOO�LQ�S+��RQ�OLQH�PHDVXUHPHQW�DW�KLJK�WHPSHUDWXUH���GXULQJ�

WKH� DLU� VWULSSLQJ� SURFHVV� �)LJXUH� ����F��� S+� PHDVXUHPHQW� DW� URRP�

WHPSHUDWXUH�VKRZHG�D�KLJKHU�YDOXH�WKDQ�WKH�IUHVK�VOXUU\��3��WUHDWPHQW���7KH�

JHQHUDWLRQ� RI� EDVLF� VXEVWDQFHV� GXH� WR� WKHUPDO� RUJDQLF� PDWWHU� GHJUDGDWLRQ�
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GXULQJ� DLU� VWULSSLQJ� DQG� WKH� GLIIHUHQW� FKHPLFDO� HTXLOLEULD� GHSHQGLQJ� RQ�

WHPSHUDWXUH��FRXOG�H[SODLQ�WKHVH�S+�YDOXHV��%RQPDWt�HW�DO�����������

���������0HWKDQH�SURGXFWLRQ���

7KH�YROXPHWULF�PHWKDQH�SURGXFWLRQ�UDWHV�UHIHUUHG�WR�WKH�LQLWLDO�VXEVWUDWH�DQG�

WR� WKH� LQLWLDO� 96� DQG� &2'�� DV� ZHOO� DV� WKH� VXEVWUDWH� FRQYHUVLRQ� UDWHV� WR�

PHWKDQH� �0����9)$� �9)$���� DQG�DFLGLILFDWLRQ� �$����DUH� VKRZQ� LQ�7DEOH�

�����

7KHUH�ZHUH� VLJQLILFDQW�GLIIHUHQFHV� LQ� WKH�YROXPHWULF�PHWKDQH� SURGXFWLRQ�

UDWHV� IRU� WKH�GLIIHUHQW� WUHDWPHQWV��7KH� SURGXFWLRQ� UDWHV�ZHUH�KLJKHU� LQ� WKH�

WUHDWPHQW�ZLWK�QRQ�SUHWUHDWHG�VOXUU\��3���WKDQ�LQ�WKRVH�ZLWK�SUHWUHDWHG�VOXUU\�

�3��� 3�� DQG�3����7KLV� VXJJHVWV� WKDW� DLU� VWULSSLQJ� LV� QRW� DGYLVDEOH� DV� D� SUH�

WUHDWPHQW�WR�SLJ�VOXUU\�DQDHURELF�GLJHVWLRQ���

+RZHYHU��WKH�ORZ�PHWKDQH�SURGXFWLRQ�UDWHV�RI�WUHDWPHQW�3���WRJHWKHU�ZLWK�

WKH� ORZ� VXEVWUDWH� FRQYHUVLRQ� UDWHV� WR�PHWKDQH�� VXJJHVWHG� WKDW� WKH� SURFHVV�

FRXOG� EH� LQKLELWHG� E\� WKH� SUHVHQFH� RI� LQKLELWRU� RU� WR[LF� VXEVWDQFHV��

)XUWKHUPRUH�� WKH�KLJK�9)$���VKRZHG�WKDW�WKH�V\VWHP�FRXOG�QRW�FRQVXPH�

DOO�WKH�9)$�JHQHUDWHG��WKXV�FRQILUPLQJ�WKH�K\SRWKHVLV�WKDW�WKH�SURFHVV�ZDV�

LQKLELWHG��

7DEOH������0HWKDQH�SURGXFWLRQ�DQG�VXEVWUDWH�FRQYHUVLRQ�UDWHV�LQ�EDWFK�
DQDHURELF�WHVWV�

� 0HWKDQH�SURGXFWLRQ�UDWHV� � 6XEVWUDWH�FRQYHUVLRQ�UDWHV�

�

7UHDWPHQW�

&+���
6XEVWUDWH�
�/�NJ��

&+����
96L�

�/�NJ��

&+����
&2'L�
�/�NJ��

� �0�
�&2'&+���
&2'L��

�9)$�
�&2'9)$��
&2'L��

�$�
�&2'&+��9)$

��&2'L��

3�� ����D� �����D� �����D� � ����� ����� �����

3�� ����E� �����E� �����E� � ���� ����� �����

3�� ����E� �����E�� �����E� � ���� ����� �����

3�� ����E� �����E� �����E� � ���� ����� �����

1RWH��7KH�GLIIHUHQW�OHWWHUV��LQ�FROXPQV��VKRZ�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�����VLJQLILFDQFH��

�

���������,QKLELWLRQ�SKHQRPHQD�

$V�IUHH�DPPRQLD�KDV�EHHQ�VXJJHVWHG�DV�WKH�DFWLYH�FRPSRXQG�UHVSRQVLEOH�RI�

DPPRQLD� LQKLELWLRQ� �+DVKLPRWR�� ������� WKH� LQLWLDO� DQG� ILQDO� IUHH� DPPRQLD�

FRQFHQWUDWLRQV�ZHUH�FDOFXODWHG�DSSO\LQJ�HTXDWLRQ����7DEOH��������
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,Q� WUHDWPHQWV� 3��� 3�� DQG� 3��� GHVSLWH� D� ORZHU� LQLWLDO� DPPRQLD� QLWURJHQ�

FRQFHQWUDWLRQ�WKDQ�LQ�WUHDWPHQW�3���WKHLU�KLJK�LQLWLDO�S+V�OHG�WR�D�KLJKHU�IUHH�

DPPRQLD�FRQFHQWUDWLRQ��7KH�9)$�DFFXPXODWLRQ�GXULQJ�DQDHURELF�GLJHVWLRQ�

OHG�WR�D�GHFUHDVH�RI�S+�LQ�WKRVH�WUHDWPHQWV��DQG�WKHUHIRUH�WR�OHVVHU�ILQDO�IUHH�

DPPRQLD� FRQFHQWUDWLRQ�� 7UHDWPHQW� 3�� VKRZHG� WKH� FRQWUDU\�� WKH� ILQDO�

DPPRQLD�FRQFHQWUDWLRQ�ZDV�KLJKHU�WKDQ�WKH�LQLWLDO�RQH���

7KH� IUHH� DPPRQLD� FRQFHQWUDWLRQ� GHVFULEHG� LQ� WKH� OLWHUDWXUH� DV� LQKLELWLQJ�

DQDHURELF�GLJHVWLRQ�LV�EHWZHHQ�����J�1+��NJ��+HQ]H�HW�DO���������DQG�����J�

1+��NJ� ZKHQ� LQRFXOXP� KDV� EHHQ� SUHYLRXVO\� DGDSWHG� WR� KLJK� DPPRQLD�

QLWURJHQ� FRQFHQWUDWLRQV� �$QJHOLGDNL� DQG�$KULQJ�� ������� $V� FDQ� EH� VHHQ� LQ�

7DEOH������IUHH�DPPRQLD�FRQFHQWUDWLRQ�ZDV�DERYH�WKH�LQKLELWRU\�WKUHVKROG�LQ�

DOO� WUHDWPHQWV�� +RZHYHU�� WKLV� GLG� QRW� FRPSOHWHO\� H[SODLQ� WKH� REVHUYHG�

GLIIHUHQFHV� EHWZHHQ� WKH� WUHDWPHQWV� QRU� WKH� H[WUHPHO\� ORZ� PHWKDQH� \LHOGV�

UHSRUWHG�LQ�DOO�FDVHV��ZKLFK�VXJJHVWV�WKDW�DQRWKHU�LQKLELWRU\�SKHQRPHQD�ZDV�

DW�ZRUN��

7DEOH������,QLWLDO�DQG�ILQDO�FRQFHQWUDWLRQ�RI�WRWDO�DPPRQLD�QLWURJHQ��IUHH�
DPPRQLD�DQG�S+�LQ�EDWFK�DQDHURELF�WHVW�

� ,QLWLDO� � )LQDO�

7UHDWPHQW� >1+���1���
1+�

��1@�
�J�NJ���

S+� >1+��1@�
�J�NJ��

� >1+���1���
1+�

��1@�
�J�NJ���

S+� >1+��1@�
�J�NJ��

3�� ����� ���� ����� � ����� ���� �����

3�� ����� ���� ����� � ����� ���� �����

3�� ����� ���� ����� � ����� ���� �����

3�� ����� ���� ����� � ����� ���� �����

�

2WKHU� LQKLELWRU\� FRPSRXQGV� XVXDOO\� SUHVHQW� LQ� SLJ� VOXUU\� DUH� &X� DQG� =Q�

�QRUPDOO\� XVHG� DV� DGGLWLYHV� LQ� SLJ� IHHG��� 6LQFH� WKHVH� DUH� QRQ�YRODWLOH�

FRPSRXQGV�� ZDWHU� HYDSRUDWLRQ� REVHUYHG� GXULQJ� DLU� VWULSSLQJ�PD\� LQFUHDVH�

WKHLU� FRQFHQWUDWLRQV� DQG� WKHUHE\� WKHLU� LQKLELWRU\� RU� WR[LF� HIIHFW�� &DOFLXP�

FRXOG�DOVR�EH�WKH�FDXVH�RI� LQKLELWLRQ��VLQFH�KLJK�DPRXQWV�RI�&D�2+���ZHUH�

DGGHG�LQ�WKH�VWULSSLQJ�SUH�WUHDWPHQW��

$V� DOO� WKH� LQKLELWRU\� FRPSRXQGV�� WKHLU� LQKLELWRU\� WKUHVKROGV� DUH� LQ�

TXHVWLRQ�� 6\QHUJHWLF� DQG� DQWDJRQLVWLF� SKHQRPHQD�� DQG� DOVR� FRPSRXQG�

SUHFLSLWDWLRQ�RU�VROXELOL]DWLRQ�GHSHQGLQJ�RQ�WKH�S+�DQG�RQ�WKH�SUHVHQFH�RI�

RWKHU�VXEVWDQFHV�VXFK�DV�VXOSKLWHV��GLIILFXOW�WKHVH�NLQGV�RI�VWXGLHV���
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.XJHOPDQ�DQG�&KLQ��������VWXGLHG�LQKLELWRU\�FRQFHQWUDWLRQV�RI�OLJKW�PHWDOV��

ZKLFK� GHSHQG� RQ� WKH� SUHVHQFH� RU� DEVHQFH� RI� V\QHUJHWLF� DQG� DQWDJRQLVWLF�

VXEVWDQFHV��DQG�VWDWHG�WKDW�&D�FRQFHQWUDWLRQV�DERYH���J�NJ�FDXVH�LQKLELWLRQ��

6LPLODUO\��+D\HV�DQG�7KHLV��������VWXGLHG�LQKLELWRU\�DQG�WR[LF�FRQFHQWUDWLRQV�

RI� KHDY\� PHWDOV�� 7KH� LQKLELWLRQ� WKUHVKROGV� UHSRUWHG� IRU� =Q� DQG� &X� ZHUH��

����� J�NJ� DQG� ����� J�NJ� UHVSHFWLYHO\�� DQG� FRQFHQWUDWLRQV� DERYH� ����� J�

=Q�NJ�DQG������J�&X�NJ�ZHUH�UHSRUWHG�DV�WR[LF��

7KH�FRQFHQWUDWLRQ�RI�&X��=Q�DQG�&D�DUH�VKRZQ�LQ�7DEOH������:LWK�UHVSHFW�

WR�&D�FRQFHQWUDWLRQ��3��ZDV�WKH�RQO\�WUHDWPHQW�ZLWK�D�KLJKHU�FRQFHQWUDWLRQ�

WKDQ�WKDW�UHSRUWHG�DV�LQKLELWRU\��7UHDWPHQWV�3��DQG�3��ZHUH�FORVH�WR�WKH�&X�

LQKLELWRU\�WKUHVKROG�DQG�WKRVH�LQ�WUHDWPHQWV�3��DQG�3��ZHUH�DERYH�LW��,Q�DOO�

WKHVH� WUHDWPHQWV�� =Q� FRQFHQWUDWLRQ� ZDV� DERYH� WKH� UHSRUWHG� LQKLELWRU\�

FRQFHQWUDWLRQ��

7DEOH������&X��=Q�DQG�&D�FRQFHQWUDWLRQ�LQ�EDWFK�DQDHURELF�WHVW�

� 3�� 3�� 3�� 3�� ,QKLELWLRQ�
WKUHVKROG�

&D��J�NJ�� ����� ����� ����� ������ ����������

=Q��J�NJ�� ����� ����� ����� ����� �����²����������

&X��J�NJ�� ������ ������ ������ ������ �����²����������

1RWH������.XJHOPDQ�DQG�&KLQ�������������+D\HV�DQG�7KHLV��������

�

7KH�REVHUYHG�DQDHURELF�GLJHVWLRQ�LQKLELWLRQ��FRXOG�QRW�RQO\�EH�H[SODLQHG�E\�

DPPRQLD�FRQFHQWUDWLRQ��EXW�DOVR�E\�WKH�ODUJH�DPRXQWV�RI�=Q��&X�DQG�&D�DOVR�

SUHVHQW��ZLFK�OHG�WR�D�PRUH�FRPSOH[�LQKLELWRU\�RU�WR[LF�SKHQRPHQRQ��,W�ZDV�

FOHDU�� KRZHYHU�� WKDW� WKH� DLU� VWULSSLQJ� SUH�WUHDWPHQW� GLG� QRW� OHDG� WR� DQ\�

LPSURYHPHQW�LQ�IXUWKHU�DQDHURELF�GLJHVWLRQ�ZLWK�WKH�SLJ�VOXUU\�XVHG���

�������$LU�VWULSSLQJ�HYDOXDWLRQ�DV�D�SUH��RU�SRVW�WUHDWPHQW�WR�DQDHURELF�

GLJHVWLRQ�

7KH� UHVXOWV� REWDLQHG� LQ� WKH� SUHVHQW� H[SHULPHQW� VKRZHG� WKDW� DPPRQLD� DLU�

VWULSSLQJ�KDV�PDQ\�DGYDQWDJHV�LI�LW� LV�SHUIRUPHG�DV�D�SRVW�WUHDWPHQW�WR�SLJ�

VOXUU\�DQDHURELF�GLJHVWLRQ�� ,W� LV�SRVVLEOH� WR�DFKLHYH�KLJK�DPPRQLD� UHPRYDO�

HIILFLHQFLHV�ZLWKRXW�S+�PRGLILFDWLRQ�DQG�WKH�DPPRQLD�VDOW�ZDWHU�REWDLQHG�LQ�

WKH�DEVRUSWLRQ�SURFHVV�KDV�D�ORZ�&2'���

2Q� WKH� RWKHU� KDQG�� ZKHQ� DLU� VWULSSLQJ� LV� SHUIRUPHG� EHIRUH� DQDHURELF�

GLJHVWLRQ�� D�KLJK�LQLWLDO�S+� LV� UHTXLUHG� IRU�FRPSOHWH�DPPRQLD� UHPRYDO� DQG�

WKH� DPPRQLD�VDOW� ZDWHU� REWDLQHG� KDV� D� KLJKHU� &2'�� )XUWKHUPRUH�� WKH�
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HIIOXHQW� REWDLQHG� �VWULSSHG� VOXUU\�� GLG� QRW� OHDG� WR� DQ\� LPSURYHPHQW� LQ�

DQDHURELF�GLJHVWLRQ��(YHQ�VR��LW�PXVW�EH�HPSKDVLVHG�WKDW��WKH�SLJ�VOXUU\�XVHG�

GLG� QRW� DOORZ� D� FOHDU� HYDOXDWLRQ� RI� WKH� QHJDWLYH� HIIHFWV� RQ� DLU� VWULSSLQJ��

IXUWKHU�VWXGLHV�DUH�WKHUHIRUH�UHTXLUHG��

�����&RQFOXVLRQV�

$LU� VWULSSLQJ� LV� D�YHU\�HIILFLHQW�SURFHVV� IRU� UHPRYLQJ�DPPRQLD��7UHDWPHQW�

SHUIRUPDQFHV�YDU\�GHSHQGLQJ�RQ�WKH�SLJ�VOXUU\�W\SH��,Q�DOO�FDVHV��DPPRQLD�

UHPRYDO�UDWHV�DUH�S+�GHSHQGHQW��WKH�KLJKHU�WKH�S+��WKH�KLJKHU�WKH�UHPRYDO�

UDWHV��:KHQ� IUHVK� SLJ� VOXUU\� LV� XVHG�� D� KLJK� LQLWLDO� S+� LV� UHTXLUHG� �D� ODUJH�

DGGLWLRQ�RI�DONDOL�LV�QHHGHG��IRU�FRPSOHWH�DPPRQLD�UHPRYDO��)RU�GLJHVWHG�SLJ�

VOXUU\��S+�DGMXVWPHQW�LV�VWLOO�QHFHVVDU\�EXW�QRW�VR�FULWLFDO�IRU�DFKLHYLQJ�KLJK�

DPPRQLD� UHPRYDO� HIILFLHQFLHV�� :LWK� GLJHVWHG� VOXUU\� LW� ZDV� SRVVLEOH� WR�

FRPSOHWHO\� UHPRYH� DPPRQLD�ZLWKRXW� S+�PRGLILFDWLRQ��8QGHU� WKH� SUHVHQW�

H[SHULPHQWDO�FRQGLWLRQV��DPPRQLD�UHPRYDO�UDWH�EHFDPH�S+�LQVHQVLWLYH�ZKHQ�

LQLWLDO�S+�ZDV�VHW�DW������

$PPRQLD� DLU� VWULSSLQJ� LV� QRW� DGYLVDEOH� DV� D� SUH�WUHDWPHQWV� WR� SLJ� VOXUU\�

DQDHURELF�GLJHVWLRQ��,Q�VSLWH�RI�WKH�DPPRQLD�UHPRYDO�GXULQJ�WKH�DLU�VWULSSLQJ�

SUH�WUHDWPHQW�� WKH�REVHUYHG�S+� LQFUHDVH�GLG�QRW� OHDG� WR�D�GHFUHDVH� LQ� IUHH�

DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQ��&RQVHTXHQWO\�WKHUH�ZDV�QR�UHGXFWLRQ�LQ�LWV�

LQKLELWRU\� HIIHFW�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� LQLWLDO� KLJK� FRQFHQWUDWLRQ� RI�

KHDY\� PHWDOV� �&X� DQG� =Q�� LQ� WKH� SLJ� VOXUU\� XVHG� GLG� QRW� DOORZ� D� FOHDU�

HYDOXDWLRQ�RI�WKH�QHJDWLYH�HIIHFW�RI�WKH�DLU�VWULSSLQJ�SUH�WUHDWPHQW���

�����5HIHUHQFHV�

$QJHOLGDNL�� ,�� DQG� $KULQJ�� %�.�� �������� 7KHUPRSKLOLF� DQDHURELF� GLJHVWLRQ� RI�
OLYHVWRFN�ZDVWH��WKH�HIIHFW�RI�DPPRQLD��$SSO��0LFURELRO��%LRWHFKQRO��������������������

$QJHOLGDNL��,��DQG�$KULQJ��%�.����������$QDHURELF�WKHUPRSKLOLF�GLJHVWLRQ�RI�PDQXUH�
DW�GLIIHUHQW�DPPRQLD�ORDGV��HIIHFW�RI�WHPSHUDWXUH��:DWHU�5HVHDUFK�������������������

%RQPDWt�� $��� )ORWDWV�� ;��� 0DWHX�� /�� DQG� &DPSRV�� (�� �������� 6WXG\� RI� WKHUPDO�
K\GURO\VLV�DV�D�SUH�WUHDWPHQW�WR�PHVRSKLOLF�DQDHURELF�GLJHVWLRQ�RI�SLJ�VOXUU\��3URFF��
9,�/DWLQ�$PHULFDQ�ZRUNVKRS�DQG�VHPLQDU�RQ�DQDHURELF�GLJHVWLRQ��5HFLIH��%UDVLO���������
����

%RQPDWt��$����������'LJHVWLy�DQDHUzELD�GH�SXULQV�DPE�DOWUHV�UHVLGXV�RUJjQLFV��3DJqV�(GLWRUV��
/OHLGD������SS��

%RUWRQH�� *��� *HPHOOL�� 6��� 5DPEDOGL�� $��� DQG� 7LOFKH�� $�� �������� 1LWULILFDWLRQ��
GHQLWULILFDWLRQ� DQG� ELRORJLFDO� SKRVSKDWH� UHPRYDO� LQ� VHTXHQFLQJ� EDWFK� UHDFWRUV�
WUHDWLQJ�SLJJHU\�ZDVWHZDWHU��:DW��6FL��7HFK����������������������

&KHXQJ�� .�&��� &KX�� /�0�� DQG� :RQJ�� 0�+�� �������� $PPRQLD� VWULSSLQJ� DV� D�
SUHWUHDWPHQW�IRU�ODQGILOO�OHDFKDWH��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ���������������
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&RLOODUG� -�� �������� /D� JHVWLRQ� GHV� OLVLHUV� GH� SRUF� DVVRFLDQW� OH� WUDLWHPHQW� HQ� ]RQHV�
G·H[FHGHQW� VWUXFWXUHO��/HV�SULQFLSDX[�SURFpGpV�GH� WUDLWHPHQW�DGDSWpV� pWXGLpV�HQ�
)UDQFH��3URFF��/D�JHVWLyQ�GHO�HVWLpUFRO�HQ�HO�VHFWRU�JDQDGHU��6HJRYLD��������)HEUXDU\���������

&ROOLYLJQDUHOOL��&���%HUWDQ]D��*���%DOGL��0��DQG�$YH]]���)����������$PPRQLD�VWULSSLQJ�
IURP� 06:� ODQGILOO� OHDFKDWH� LQ� EXEEOH� UHDFWRUV�� SURFHVV� PRGHOOLQJ� DQG�
RSWLPL]DWLRQ��:DVWH�0DQDJH��5HV��������������������

'DVJXSWD�� 3�.�� DQG� 'RQJ�� 6�� �������� 6ROXELOLW\� RI� DPPRQLD� LQ� OLTXLG� ZDWHU� DQG�
JHQHUDWLRQ�RI�WUDFH�OHYHOV�RI�VWDQGDUG�JDVHRXV�DPPRQLD��$WPRVSKHULF�(QYLURQPHQW��
�����������������

)LHOG�� -��� 6LHUUD� $OYDUH]�� 5�� DQG� /HWWLQJD�� *�� �������� (QVD\RV� DQDHURELRV�� 3URF��WK�
6\PSRVLXP�RI�:DVWHZDWHU�$QDHURELF�7UHDWPHQW��9DOODGROLG���������

*RQ]iOH]�%HQLWR��*��DQG�*DUFtD�&XEHUR��0�7�� ��������$PPRQLD�HOLPLQDWLRQ�IURP�
EHHW� VXJDU� IDFWRU\� FRQGHQVDWH� VWUHDPV� E\� D� VWULSSLQJ�UHDEVRUSWLRQ� V\VWHP��
=XFNHULQGXVWULH��������������������

+DQVHQ��.�+���$QJHOLGDNL��,��DQG�$KULQJ��%�.����������$QDHURELF�GLJHVWLRQ�RI�VZLQH�
PDQXUH��LQKLELWLRQ�E\�DPPRQLD��:DWHU�5HVHDUFK����������������

+DVKLPRWR�� $�*�� ������� &RQYHUVLRQ� RI� VWUDZ�PDQXUH� PL[WXUHV� WR� PHWKDQH� DW�
PHVRSKLOLF�DQG�WKHUPRSKLOLF�WHPSHUDWXUHV��%LRWHFKQRORJ\�DQG�%LRHQJLQHHULQJ����������
�����

+D\HV� 7�'�� DQG�7KHLV� 7�/�� ��������7KH�GLVWULEXWLRQ� RI� KHDY\�PHWDOV� LQ� DQDHURELF�
GLJHVWLRQ��-RXUQDO�ZDWHU�SROOXWLRQ�FRQWURO�IHGHUDWLRQ�����������������

+HQ]H��0���+DUUHPRsV�� 3��� -DQVHQ�� -�&�� DQG�$UYLQ��(�� ��������:DVWHZDWHU� WUHDWPHQW��

%LRORJLFDO�DQG�FKHPLFDO�SURFHVVHV��6SULQJHU�9HUODJ��%HUOLQ������SS��
,]D�� -�� �������� � &RQWURO� GHO� SURFHVR� DQDHURELR�� (Q�� �U� &XUV� G·(QJLQ\HULD� $PELHQWDO��

7UDFWDPHQW� DQDHUREL� G·DLJ�HV� UHVLGXDOV� L� UHVLGXV� GH� IRUWD� FjUUHJD�� SDUjPHWUHV� GH� GLVVHQ\� L�

WHFQRORJLHV�HQ�~V��)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD����������
-DQXV�+�0��DQG�YDQ�GHU�5RHVW��+�)����������'RQ·W�UHMHFW�WKH�LGHD�RI�WUHDWLQJ�UHMHFW�
ZDWHU��:DW��6FL��7HFK�������������������

.DEGDVOL�� ,��� 7�QD\�� 2��� g]W�UN�� Î��� <LOPD]�� 6�� DQG� $ULNDQ�� 2�� �������� $PPRQLD�
UHPRYDO� IURP� \RXQJ� ODQGILOO� OHDFKDWH� E\� PDJQHVLXP� DPPRQLXP� SKRVSKDWH�
SUHFLSLWDWLRQ�DQG�DLU�VWULSSLQJ��:DW��6FL��7HFK��������������������

.DWHKLV�� '��� 'L\DPDQGRJOX�� 9�� DQG� )LOORV�� -�� �������� 6WULSSLQJ� DQG� UHFRYHU\� RI�
DPPRQLD� IURP� FHQWUDWH� RI� DQDHURELFDOO\� GLJHVWHG� ELRVROLGV� DW� HOHYDWHG�
WHPSHUDWXUH��:DWHU�(QYLURQPHQW�5HVHDUFK�������������������

.XJHOPDQ�� -�,�� DQG� &KLQ�� .�.�� �������� 7R[LFLW\�� 6\QHUJLVP�� DQG� $QWDJRQLVP� LQ�
$QDHURELF� ZDVWH� WUHDWPHQW� SURFHVVHV�� ,Q�� $QDHURELF� ELRORJLFDO� WUHDWPHQW� SURFHVVHV��

$GYDQFHV�LQ�FKHPLVWU\�VHULHV�������$PHULFDQ�&KHPLFDO�6RFLHW\��:DVKLQJWRQ��'�&�����
����

/HH��6�,���3DUN��-�+���.R��.�%���DQG�.RRSPDQ��%���������(IIHFW�RI�IHUPHQWHG�VZLQH�
ZDVWHV�RQ�ELRORJLFDO� QXWULHQW� UHPRYDO� LQ� VHTXHQWLDO� EDWFK� UHDFWRUV� �6%5���:DWHU�

5HVHDUFK���������������������
/LDR��3�+���&KHQ��$��DQG�/R��.�9����������5HPRYDO�RI�QLWURJHQ�IURP�VZLQH�PDQXUH�
ZDVWHZDWHUV�E\�DPPRQLD�VWULSSLQJ��%LRUHVRXUFH�7HFKQRORJ\�������������
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/RZULVRQ��*�&����������)HUWLOL]HU�7HFKQRORJ\��(OOLV�+RUZRRG�6HULHV�LQ�$SSOLHG�6FLHQFH�
DQG�,QGXVWULDO�7HFKQRORJ\��-RKQ�:LOH\�	�6RQV��

0DJUt��$��DQG�)ORWDWV��;�� ��������%LRORJLFDO� WUHDWPHQW�RI� WKH� OLTXLG�IUDFWLRQ�RI�SLJ�
VOXUU\�LQ�D�VHTXHQFLQJ�EDWFK�UHDFWRU��3URFF���QG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6HTXHQFLQJ�
%DWFK�5HDFWRUV�7HFKQRORJ\��1DUERQQH��������-XO\��������������

0DUNRV��-���3LVX��0��DQG�0RUELGHOOL��0����������6WULSSLQJ�RI�DPPRQLD�IURP�DTXHRXV�
VROXWLRQV�RI�DPLQR�DFLGV�DQG�LQRUJDQLF�LRQV��&KHP��(QJ��&RPP�����������������

0LQRFKD�9�.��DQG�3UDEKDNDU��$�9�6����������$PPRQLD�UHPRYDO�DQG�UHFRYHU\�IURP�
XUHD�IHUWLOL]HU�SODQW�ZDVWH��(QYLURQPHQWDO�7HFKQRORJ\�/HWWHUV��������������

0¡OOHU��+�%��� /XQG�� ,�� DQG� 6RPPHU�� 6�*�� �������� 6ROLG�OLTXLG� VHSDUDWLRQ� OLYHVWRFN�
VOXUU\��HIILFLHQF\�DQG�FRVW��%LRUHVRXUFH�7HFKQRORJ\���������������

3HUU\�5�+����������3HUU\��0DQXDO�GHO�LQJHQLHUR�TXtPLFR���WK�HGQ���0F*UDZ+LOO�
5XONHQV��:�+���.ODSZLMN��$��DQG�:LOOHUV��+�&����������5HFRYHU\�RI�YDOXDEOH�QLWURJHQ�
FRPSRXQGV�IURP�DJULFXOWXUDO�OLTXLG�ZDVWHV��SRWHQWLDO�SRVVLELOLWLHV��ERWWOHQHFNV�DQG�
IXWXUH�WHFKQRORJLFDO�FKDOOHQJHV��(QYLURQPHQWDO�3ROOXWLRQ�������6�������������

6$6� ,QVWLWXWH� �������� 6$6�67$7�8VHU·V� JXLGH��9HUVLRQ� ��� �UWK� HG�� 6$6� ,QVWLWXWH��
&DU\��86$��

6DUDFFR�� *�� DQG� *HQRQ� *�� �������� +LJK� WHPSHUDWXUH� DPPRQLD� VWULSSLQJ� DQG�
UHFRYHU\�IURP�SURFHVV�OLTXLG�ZDVWHV��-RXUQDO�RI�+D]DUGRXV�0DWHULDOV���������������

6FKLZHFN��+�� DQG�1lKOH��&�� ��������5HPRYDO�RI� DPPRQLD� IURP� � FRQGHQVDWHV� DQG�
VXUSOXV�FRQGHQVHU�ZDWHU�E\�VWULSSLQJ�ZLWK�DLU��=XFNHULQGXVWULH��������������������

6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWH�ZDWHU������������WK�HGQ��
$PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ� �� $PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ��
:DWHU�(QYLURQPHQW�)HGHUDWLRQ��:DVKLQJWRQ�'&��86$��

7HLUD��5���)ORWDWV��;���&DVDxp��$���0DJUt��$���0DUWtQ��3���0XQWDQp��/���7DUUDGDV�� -���
&DPSRV��(���%RQPDWt��$�� ��������$�FDVH�VWXG\�RQ� OLYHVWRFN�ZDVWH�PDQDJHPHQW��
-XQFRVD� GH� OHV� *DUULJXHV� �&DWDORQLD�� 6SDLQ��� 3URFF�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
(QYLURQPHQWDO�(QJLQHHULQJ��&DUDJHQD�������6HSWHPEHU�����������

7KRUQGDKO�� 8�� �������� 1LWURJHQ� UHPRYDO� E\� WUHDWPHQW� RI� UHMHFW� ZDWHU�� (XURSHDQ�

FRQIHUHQFH�RQ�QXWULHQW�UHPRYDO�IURP�ZDVWHZDWHU��/HHGV������6HWHPEHU�������
9LHO��/�� ��������$YHF�$PROLV�&KDX[�GHYDQW�� O·DPPRQLDF�SLpJH�D� O·DWPRVSKqUH��3RUF�

0DJD]LQH����������������
:DWHUJURXS���������3XULILFDWLRQ�UHMHFW�ZDWHU�IURP�VHZDJH�WUHDWPHQW�SODQWV��5HVXOWV�
RI� WHVW� UXQV� ZLWK� SLORW� SODQW� DW� WKH� 6DOWHEDNNHQV� VHZDJH� WUHDWPHQW� SODQW��
)UHGHULNVKDYQ��'HQPDUN��:DWHUJURXS�WHFKQLFDO�OHWWHU�������
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&DStWRO�����&KDSWHU���

3LJ� VOXUU\� OLTXLG� IUDFWLRQ�
�36/)�� WUHDWPHQW� E\� YDFXXP�
HYDSRUDWLRQ�� LQIOXHQFH� RI�
SUHYLRXV�PHVRSKLOLF�DQDHURELF�
GLJHVWLRQ�SURFHVV�
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$EVWUDFW�

1XWULHQW�UHGLVWULEXWLRQ�EHWZHHQ�DUHDV�ZLWK�D�VWUXFWXUDO�SLJ�VOXUU\�VXUSOXV�DQG�

WKRVH� ZLWK� D� VKRUWDJH� LV� OLPLWHG� E\� WKH� KLJK� FRVW� RI� WUDQVSRUWDWLRQ� DQG�

VSUHDGLQJ��GXH�WR�WKH�KLJK�ZDWHU�FRQWHQW� LQ�VOXUU\��PRUH�WKDQ������DQG�LWV�

UHODWLYH� ORZ� QXWULHQW� �1�� 3� DQG� .�� FRQFHQWUDWLRQ��:DWHU� FDQ� EH� UHPRYHG�

IURP� VOXUU\� E\� HYDSRUDWLRQ�� WKURXJK� WKH� DSSOLFDWLRQ� RI� KHDW�� $SDUW� IURP�

REWDLQLQJ�D�FRQFHQWUDWH�ZLWK�DQ�REYLRXVO\�KLJKHU�QXWULHQW�FRQFHQWUDWLRQ�WKDQ�

WKH� RULJLQDO� VOXUU\�� DQRWKHU� REMHFWLYH� VKRXOG� EH� WR� REWDLQ� D� FRQGHQVDWH�

�ZDWHU��ZKLFK�FRXOG�EH�UHXVHG��7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�VWXG\�WKH�

YDFXXP� HYDSRUDWLRQ� RI� SLJ� VOXUU\� OLTXLG� IUDFWLRQ� �36/)��� DQG� WR� HYDOXDWH�

FRQGHQVDWH�TXDOLW\�DV�D�IXQFWLRQ�RI�ERWK�S+�������DQG����DQG�SLJ�VOXUU\�W\SH�

�IUHVK� VOXUU\� DQG� DQDHURELFDOO\� GLJHVWHG� VOXUU\��� %DWFK� H[SHULPHQWV� VKRZHG�

WKDW� FRQGHQVDWH� FKDUDFWHULVWLFV� �DPPRQLD� QLWURJHQ�� 9)$�� &2'� DQG� S+��

ZHUH�VWURQJO\�GHSHQGHQW�RQ�LQLWLDO�VOXUU\�S+��$SDUW�IURP�SURGXFLQJ�SDUW�RI�

WKH�UHTXLUHG�WKHUPDO�HQHUJ\��SUHYLRXV�DQDHURELF�GLJHVWLRQ�SUHVHQWHG�VHYHUDO�

FOHDU� DGYDQWDJHV�� 7KH� FRQVXPSWLRQ� RI� 9)$� DQG� 92&V�� RFFXUUHG� GXULQJ�

DQDHURELF� GLJHVWLRQ�� UHGXFHG� WKH� YRODWLOLVDWLRQ� RI� RUJDQLF� PDWWHU� LQ� WKH�

HYDSRUDWLRQ� WUHDWPHQW� DQG�� FRQVHTXHQWO\�� SURYLGHG� D� KLJKHU� TXDOLW\�

FRQGHQVDWH�� ,Q� DOO� FDVHV� VWXGLHG� DPPRQLD� QLWURJHQ�� 9)$�� DQG� &2'�

FRQFHQWUDWLRQV� LQ� WKH� FRQGHQVDWH� ZHUH� ORZHU� IRU� GLJHVWHG� VOXUU\� WKDQ� IRU�

IUHVK� VOXUU\�� +RZHYHU�� DFFRUGLQJ� WR� WKH� RSHUDWLQJ� WHPSHUDWXUH� DQG� WKH�

GHVLUHG�XVH�IRU�WKH�FRQGHQVDWH��IXUWKHU�WUHDWPHQW�PD\�EH�UHTXLUHG��

�����,QWURGXFWLRQ�DQG�REMHFWLYHV�

6LQFH�DQWLTXLW\��IDUPHUV�KDYH�XVHG�DQLPDO�H[FUHPHQW�DV�D�VRXUFH�RI�PLQHUDOV�

DQG�RUJDQLF�PDWWHU�IRU�FURS�SURGXFWLRQ��+RZHYHU��LQ�UHFHQW�\HDUV��WKH�KXJH�

JURZWK�RI�OLYHVWRFN�IDUPLQJ�KDV�UHVXOWHG�LQ�D�QXPEHU�RI�QHJDWLYH�VLGH�HIIHFWV�

DVVRFLDWHG� ZLWK� WKH� XVH� RI� OLYHVWRFN� ZDVWH�� 6HYHUDO� RI� WKHVH� KDYH� EHHQ�

DVVRFLDWHG� ZLWK� PDMRU� LQFUHDVHV� LQ� PHDW� SURGXFWLRQ� LQ� FHUWDLQ� DUHDV�� 7KH�

LPSRUWDWLRQ�RI�IHHG�LQJUHGLHQWV�IURP�RWKHU�FRXQWULHV�RU�UHJLRQV�KDV�UHVXOWHG�

LQ� VXUSOXVHV� RI� DQLPDO�PDQXUH�� ZLWK� VRLOV� UHFHLYLQJ� RYHUGRVHV� RI�PLQHUDOV�

VXFK�DV�SKRVSKRUXV�DQG�QLWURJHQ�LQ�FHUWDLQ�UHJLRQV���

6ROXWLRQV� WR� WKH� HQYLURQPHQWDO� SUREOHPV� DVVRFLDWHG�ZLWK� OLYHVWRFN�ZDVWH�

UHTXLUH�D�JOREDO�SHUVSHFWLYH�DQG�WKH�GHYHORSPHQW�RI�LQWHJUDWHG�PDQDJHPHQW�

SODQV�LQFOXGLQJ��DFWLRQV�WR��PLQLPLVH�ZDVWH�JHQHUDWLRQ��WKH�HVWDEOLVKPHQW�RI�

VSHFLILF�VRLO�DQG�FURS�DSSOLFDWLRQ�SURJUDPPHV�DQG�WUHDWPHQWV�ZKHQ�UHTXLUHG�

�7HLUD�HW�DO����������
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�������3LJ�VOXUU\�PDQDJHPHQW�

3LJ�VOXUU\�LV�RQH�RI�WKH�PRVW�SUREOHPDWLF�W\SHV�RI�OLYHVWRFN�ZDVWH��7KH�ODUJH�

YROXPH� JHQHUDWHG�� LWV� KLJK� ZDWHU� FRQWHQW� DQG� LWV� KLJK� SROOXWLQJ� SRWHQWLDO��

RIWHQ� OLPLW� LWV� FRUUHFW�PDQDJHPHQW�� )XUWKHUPRUH�� WKH� KLJK�YDULDELOLW\� LQ� LWV�

FRPSRVLWLRQ� DQG� ZDWHU� FRQWHQW� PXVW� DOVR� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ�

KDQGOLQJ�DQG�SURFHVVLQJ�LW��

7KH� PL[WXUHV� RI� XULQH� DQG� IDHFHV� �VOXUU\�� SURGXFHG� E\� YDULRXV� DQLPDO�

VSHFLHV�GLIIHU�JUHDWO\�LQ�GU\�PDWWHU�FRQWHQW��GHSHQGLQJ�RQ�WKH�W\SH�DQG�DJH�RI�

WKH� DQLPDOV� FRQFHUQHG�� WKH� IHHG� FRPSRVLWLRQ�� DQG� WKH� ZDWHU� VXSSO\��([WUD�

ZDWHU�DGGHG�IRU�FOHDQLQJ�SXUSRVHV�RU� WR� LPSURYH�IORZ�SURSHUWLHV�RI�ZDVWH��

UHGXFHV�GU\�PDWWHU�FRQFHQWUDWLRQ��(YDSRUDWLRQ�RI�ZDWHU�HLWKHU�RQ�WKH�IDUP�

RU�LQ�VWRUDJH�WDQNV�FDQ�UHVXOW�LQ�D�VXEVWDQWLDO�GHFUHDVH�LQ�ZDWHU�FRQWHQW��7KH�

FRPELQDWLRQ�RI�WKHVH�IDFWRUV�LV�UHVSRQVLEOH�IRU�WKH�ZLGH�YDULDWLRQ�LQ�WKH�GU\�

PDWWHU�FRQFHQWUDWLRQ�RI�DQLPDO�PDQXUH��+DYH�DQG�&KLDSSLQL����������

,Q� WKH�FDVH�RI�SLJ� VOXUU\�� WKLV�GU\�PDWWHU� FRQWHQW� FDQ� UDQJH� IURP��������

&RQVHTXHQWO\� QXWULHQWV� DOVR� VKRZ� D� ZLGH� YDULDWLRQ� LQ� WKHLU� FRQFHQWUDWLRQ��

QLWURJHQ� FRQFHQWUDWLRQ� YDULHV� EHWZHHQ� ���� DQG� ���� NJ� 1�P��� SKRVSKRUXV�

EHWZHHQ� ���� DQG� ���� NJ� 3�2�� �P�� DQG� SRWDVVLXP� EHWZHHQ� ���� DQG� ���� NJ�

.�2�P���'DQHV�HW�DO����������

1XWULHQW� UHGLVWULEXWLRQ� EHWZHHQ� DUHDV� ZLWK� VXUSOXVHV� DQG� WKRVH� ZLWK�

VKRUWDJHV� LV� OLPLWHG� E\� WUDQVSRUWDWLRQ� DQG� VSUHDGLQJ� FRVWV� GXH� WR� WKH� KLJK�

ZDWHU�FRQWHQW�RI�WKH�VOXUULHV�DQG�WKHLU�UHODWLYHO\�ORZ�QXWULHQW�FRQFHQWUDWLRQV��

7UHDWPHQWV��ZKLFK�DLP�WR�UHGXFH�YROXPH��HFRQRPLFDOO\�IDYRXU�UHGLVWULEXWLRQ�

DQG� VRPH� RI� WKHVH� PD\� DOVR� JHQHUDWH� PLQHUDO� IHUWLOLVHUV� IURP� RUJDQLF�

UHVLGXHV��

7KH�SURGXFWLRQ�RI�GULHG�PDQXUH�IRU�XVH�DV�D�IHUWLOLVHU�KDV�WUDGLWLRQDOO\�EHHQ�

D� PLQRU� DFWLYLW\� LQ� WHUPV� RI� WRWDO� SURFHVVHG� YROXPH�� 0RUH� UHFHQWO\�� LWV�

SURGXFWLRQ� KDV� KRZHYHU� UHFHLYHG� JUHDW� DWWHQWLRQ� GXH� WR� LWV� SRWHQWLDO�

DGYDQWDJHV�RYHU�XQWUHDWHG�PDQXUH��%HFN�DQG�%XUWRQ���������

- D� ODUJH� UHGXFWLRQ� LQ� PDQXUH� YROXPH�� HQDEOLQJ� HDVLHU� DQG� FKHDSHU�

WUDQVSRUW��

- WKH�SURGXFWLRQ�RI�D�VWDEOH�XVHIXO�SURGXFW��ZKLFK�LV�HDVLHU�WR�KDQGOH��

- UHGXFHG�DPPRQLD�HPLVVLRQV�RQFH�WKH�GU\�SURGXFW�KDV�EHHQ�DSSOLHG��

- WKH�RSSRUWXQLW\�WR�NLOO�SDWKRJHQV�DQG�ZHHGV��

+RZHYHU�� WKH�GU\LQJ�SURFHVV� LV� FOHDUO\�PRUH�DWWUDFWLYH�ZLWK�PDQXUH�ZLWK�D�

KLJK�GU\�PDWWHU�FRQWHQW�GXH�WR�WKH�VPDOOHU�DPRXQWV�RI�ZDWHU�ZKLFK�PXVW�WR�
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EH�UHPRYHG��:LWK�VOXUU\��SUH�FRQFHQWUDWLRQ��L�H��HYDSRUDWLRQ�� LV�D�QHFHVVDU\�

ILUVW�VWHS�IRU�DYRLGLQJ�YHU\�KLJK�GU\LQJ�FRVWV��%XUWRQ����������

�������(YDSRUDWLRQ�SURFHVV�

:DWHU�FDQ�EH�UHPRYHG�IURP�VOXUU\�E\�HYDSRUDWLRQ�� WKURXJK�WKH�DSSOLFDWLRQ�

RI� KHDW�� 7KLV� UHPRYHG�ZDWHU� FDQ� EH� UHFRYHUHG� E\� FRQGHQVDWLRQ�� $SDUW� RI�

REWDLQLQJ� D� FRQFHQWUDWH� ZLWK� D� ORZHU� ZDWHU� FRQWHQW� DQG� KLJKHU� QXWULHQW�

FRQFHQWUDWLRQ� WKDQ� WKH� RULJLQDO� VOXUU\�� DQRWKHU� REMHFWLYH� VKRXOG� EH� WKDW� RI�

REWDLQLQJ�D�SXULILHG�FRQGHQVDWH��ZDWHU��WKDW�FRXOG�EH�UHXVHG���

2QH�OLPLWDWLRQ�RI�HYDSRUDWRUV�LV�WKDW�WKH\�RQO\�ZRUN�ZLWK�IOXLGV��*U�WHU� HW�

DO���������GHILQHG�WKUHH�GLIIHUHQW�]RQHV�RI�VOXGJH�FRQVLVWHQF\�LQ�D�GU\HU��D�ZHW�

]RQH� ZKHUH� WKH� VOXGJH� LV� IUHH�IORZLQJ�� D� VWLFN\� ]RQH� ZKHUH� WKH� VOXGJH� LV�

SDVW\�� DQG�D�JUDQXODU�]RQH�ZKHUH� WKH� VOXGJH� LV� FUXPEO\��7KLV� FRQVWLWXWHV�D�

OLPLW�WR�WKH�ILQDO�FRQFHQWUDWLRQ��VOXUU\�FDQQRW�EH�FRQYHUWHG�LQWR�D�FRPSOHWHO\�

GU\�SURGXFW��7KH�OLPLW�LV�DERXW����²����76��GHSHQGLQJ�RQ�WKH�FRUURVLRQ�DQG�

YLVFRVLW\� RI� WKH� FRQFHQWUDWH� �+DYH� DQG� &KLDSSLQL�� ������� 7KH� SUHYLRXV�

UHPRYDO� RI� VXVSHQGHG� VROLGV� LV� DOVR� QHFHVVDU\�� ,I� WKLV� LV� QRW� GRQH��

FRQFHQWUDWLRQ� LV� OLPLWHG�DV� WKH�SDUWLFOHV� IRUP�D�PDWUL[� DQG� WKH�FRQFHQWUDWH�

FHDVHV� WR�EH�D� IORZLQJ�OLTXLG� �+DYH�DQG�&KLDSSLQL���������$� IXUWKHU�GU\LQJ�

SURFHVV�LV�QHFHVVDU\�WR�LQFUHDVH�WKH�GU\�PDWWHU�FRQFHQWUDWLRQ��

(YDSRUDWLRQ�WUHDWPHQW�RI�VOXUU\�FDQ�OHDG�WR�VHYHUH�DWPRVSKHULF�SROOXWLRQ��

6OXUU\�FRQWDLQV�YRODWLOH�FRPSRXQGV�WKDW�DUH�HPLWWHG�ZKHQ�LWV�WHPSHUDWXUH�LV�

UDLVHG�� ,Q� WKLV� VHQVH�YDFXXP�HYDSRUDWLRQ�RIIHUV� VHYHUDO�DGYDQWDJHV����� DV� LW�

RFFXUV�LQ�D�FORVHG�V\VWHP�WKH�H[KDXVW�IXPHV�FDQ�EH�HDVLO\�WUHDWHG�����WKH�ORZ�

WUHDWPHQW� WHPSHUDWXUHV�� UHVXOWLQJ� IRUP� WKH� ORZ� WUHDWPHQW�SUHVVXUHV�� UHGXFH�

WKH�HPLVVLRQ�RI�YRODWLOH�FRPSRXQGV���

)XUWKHUPRUH�� WKLV� ORZ� WHPSHUDWXUH� SURFHVV� FDQ� DOVR� UHGXFH� WKH� WKHUPDO�

K\GURO\VLV�RI�RUJDQLF�PDWWHU��6DED�HW�DO���������VWXGLHG�WKH�FRPSRVLWLRQ�RI�WKH�

FRQGHQVDWH�REWDLQHG�IURP�WKH�HYDSRUDWLRQ�RI�ODQGILOO�OHDFKDWH�DQG�IRXQG�WKDW�

QRQ�WKHUPDO� GHJUDGDWLRQ� RFFXUUHG� ZKHQ� RSHUDWLQJ� DW� ��� PP� +J� DQG� DW�

���&�� ZLWKRXW� PRGLI\LQJ� WKH� S+� RI� WKH� OHDFKDWH�� ,Q� FRQWUDVW�� ZKHQ� WKH�

OHDFKDWH�KDG�EHHQ�SUHYLRXVO\�DFLGLILHG��WKH�REWDLQHG�GLVWLOODWH�FRQWDLQHG�VRPH�

RUJDQLF� FRPSRXQGV� WKDW� ZHUH� QRW� SUHVHQW� LQ� WKH� RULJLQDO� OHDFKDWH�� 7KLV�

VKRZHG�WKDW�WKHUPDO�K\GURO\VLV�KDG�QRW�EHHQ�FRPSOHWHO\�DYRLGHG��

7KH� PDLQ� YRODWLOH� FRPSRQHQWV� RI� VOXUU\� DUH� DPPRQLD� DQG� YRODWLOH� IDWW\�

DFLGV��9)$���%\�DGMXVWLQJ�WKH�S+��WKHVH�FDQ�EH�WUDQVIRUPHG�LQWR�QRQ�YRODWLOH�

LRQV��)LJXUH�����VKRZV�WKH�XQ�LRQLVHG�DPPRQLD��1+���DQG�DFHWLF�DFLG��+$F��

IUDFWLRQ�DV�D�IXQFWLRQ�RI�S+��$V�VHHQ��D�S+�RI�EHWZHHQ���DQG���LV�QHHGHG�IRU�

FRPSOHWH� DPPRQLD� LRQLVDWLRQ�� 2Q� WKH� RWKHU� KDQG�� UHGXFLQJ� WKH� S+��
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LQFUHDVHV� WKH� XQ�LRQLVHG� +$F� IUDFWLRQ�� 7KHRUHWLFDO� VWXGLHV� SHUIRUPHG� E\�

0DUNV�HW�DO���������VKRZHG�WKDW�DW�S+ ������RI�DPPRQLD�DQG�����RI�DFHWLF�

DFLG�DUH�WUDQVIHUUHG�WR�WKH�FRQGHQVDWH��DQG�WKDW�DW�S+ ��������RI�DPPRQLD�

DQG����RI�DFHWLF�DFLG�DUH�WUDQVIHUUHG��7KLV�GHPRQVWUDWHG�WKDW�LI�D�OLTXLG�KDV�D�

KLJK�DPPRQLD�QLWURJHQ�DQG�9)$�FRQWHQW�� LW� LV�QRW�SRVVLEOH�WR�SUHYHQW� WKH�

YRODWLOLVDWLRQ� RI� ERWK� FRPSRQHQWV� E\� DGMXVWLQJ� LWV� S+� WR� D� JLYHQ� YDOXH��$�

WZR�VWDJH� HYDSRUDWLRQ� SURFHVV� RU� D� SUHYLRXV� WUHDWPHQW� LV� QHFHVVDU\� WR�

DFKLHYH� WKLV�� )XUWKHUPRUH�� WKH� QRQ�LRQLVHG� YRODWLOH� RUJDQLF� FRPSRXQGV�

�92&V�� FDQQRW� EH� IL[HG� E\� PRGLI\LQJ� S+�� $� SUHYLRXV� WUHDWPHQW� �L�H��

VWULSSLQJ�RU�DQDHURELF�GLJHVWLRQ�� WR� UHPRYH�92&V� LV�QHFHVVDU\� LQ�RUGHU� WR�

SUHYHQW�WKHLU�HPLVVLRQ�GXULQJ�HYDSRUDWLRQ��

�

��

��

��

��

��

��

��

��

��

���

� � � � � � � � �� �� ��
S+

8
Q
�L
R
Q
LV
H
G
�I
UD
F
WL
R
Q
��
�
�

HAc (0ºC)

HAc (40ºC)

HAc (80ºC)

NH3 (0ºC)

NH3 (40ºC)

NH3 (80ºC)

�

)LJXUH������8Q�LRQLVHG�DPPRQLD�DQG�DFHWLF�DFLG�IUDFWLRQ�DV�D�IXQFWLRQ�RI�S+�
DW�GLIIHUHQW�WHPSHUDWXUHV��'DWD�IURP�3HUU\��������DQG�/LGH��������

$Q\� SURFHVV� LQYROYLQJ� KHDW� LV� OLNHO\� WR� LPSO\� KLJK� UXQQLQJ� FRVWV� GXH� WR�

HQHUJ\�LQSXW��7KH�H[LVWHQFH�RI�D�FKHDS�VRXUFH�RI�WKHUPDO�HQHUJ\�LV�SUREDEO\�

WKH�PDLQ� OLPLWDWLRQ� LQ� WKH�FDVH�RI�HYDSRUDWLRQ��:KHQ�FRPELQLQJ�DQDHURELF�

GLJHVWLRQ�ZLWK�HYDSRUDWLRQ�� WKH�ELRJDV�SURGXFHG�GXULQJ�DQDHURELF�GLJHVWLRQ�

FDQ� SURYLGH� SDUW� RI� WKH� HQHUJ\� QHHGHG�� ,Q� WKLV� VHQVH��%LUFKOHU� HW� DO�� �������

VWXGLHG� WKH� IHDVLELOLW\� RI� HQHUJ\�VHOI�VXIILFLHQW� OHDFKDWH� HYDSRUDWLRQ� YLD�

ODQGILOO�PHWKDQH� FRPEXVWLRQ��7KH\� VWDWHG� WKDW�� H[FHSW� GXULQJ� WKH� ILUVW� WZR�

\HDUV�� HQRXJK� PHWKDQH� ZDV� SURGXFHG� IRU� FRPSOHWH� HYDSRUDWLRQ� RI� WKH�

OHDFKDWH���
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)XUWKHUPRUH��HYDSRUDWLRQ�FRXOG�EH�LPSURYHG�E\�WKH�LQFOXVLRQ�RI�DQDHURELF�

GLJHVWLRQ�LQ�WKH�WUHDWPHQW�VWUDWHJ\��6LQFH�WKH�PDMRULW\�RI�WKH�YRODWLOH�RUJDQLF�

PDWWHU� �9)$�DQG�92&V�� LV�FRQYHUWHG�LQWR�&+��DQG�&2��GXULQJ�DQDHURELF�

GLJHVWLRQ�� WKH� REWDLQHG� FRQGHQVDWH� VKRXOG� WKHRUHWLFDOO\� EH� IUHH�� RU� DOPRVW�

IUHH��RI�RUJDQLF�PDWWHU��

$V� ZHOO� DV� WKHVH� DGYDQWDJHV�� DQDHURELF� GLJHVWLRQ� LV� DOVR� LQGLUHFWO\�

LPSURYHG��:KHQ�HQHUJ\�FRJHQHUDWLRQ�LV�DSSOLHG��WKH�IHDVLELOLW\�RI�DQDHURELF�

GLJHVWLRQ�LV��DPRQJ�RWKHU�IDFWRUV��GHSHQGHQW�RQ�WKH�SRWHQWLDO�SURILWDEOH�XVHV�

IRU� WKH� UHFRYHUHG� KHDW�� 7KH� PDLQ� IRUP� LQ� ZKLFK� WKH� HQHUJ\� LV� UHFRYHUHG�

�〈�����LV�DV�ZDWHU�DW��RU�EHOORZ�����&��3URILWDEOH�XVHV�RI�WKLV�HQHUJ\�IUDFWLRQ�
FRQVWLWXWH�D�OLPLWLQJ�IDFWRU�LQ�ZDUP�FRXQWULHV��

/LPLWHG�LQIRUPDWLRQ�KDV�EHHQ�IRXQG�RQ� WKH�HYDSRUDWLRQ�RI� OLTXLG�ZDVWHV��

9LWROR� HW� DO�� ������� VWXGLHG� WKH� HYDSRUDWLRQ� RI� ZDVWH� GHULYHG� IURP� ROLYH�

PLOOLQJ� �YHJHWDWLRQ� ZDWHU�� ZLWK� WKH� DLP� RI� RYHUFRPLQJ� WKH� OLPLWHG�

ELRGHJUDGDELOLW\�RI�WKLV�NLQG�RI�ZDVWH��1LOVVRQ�DQG�6WUDQG��������VWXGLHG�WKH�

FRPELQDWLRQ� RI� HYDSRUDWLRQ� DQG� DQDHURELF� GLJHVWLRQ� RI�ZDVWHZDWHU� IURP� D�

ZRRG�SXOS�IDFWRU\��0F.HRXJK�DQG�)DJHUQlV��������VWXGLHG�WKH�HYDSRUDWLRQ�

RI�SDSHU�PLOO�SURFHVV�ZDVWHZDWHU��/DQGILOO�OHDFKDWH�LV�RQH�RI�WKH�OLTXLG�ZDVWHV�

WKDW�KDV�UHFHLYHG�JUHDWHVW�DWWHQWLRQ��$�FRQGHQVDWH�WKDW�FDQ�DWWDLQ�DFFHSWDEOH�

GLVFKDUJH�OLPLWV�ZLWK�UHJDUG�WR�YDULRXV�W\SHV�RI�FRQWDPLQDQWV�ZDV�WKH�PDLQ�

REMHFWLYH�RI�WKH�VWXGLHV�SHUIRUPHG�E\�0DUNV� HW�DO�� �������DQG�%LUFKOHU� HW�DO��

�������� ,Q�JHQHUDO�� WKRVH�ZDVWHV�KDYH�D� ORZHU�RUJDQLF�PDWWHU� FRQFHQWUDWLRQ�

DQG�IHZHU�VXVSHQGHG�VROLGV�WKDQ�SLJ�VOXUU\��1R�LQIRUPDWLRQ�ZDV�IRXQG�DERXW�

WKH�HYDSRUDWLRQ�RI�SLJ�VOXUU\�OLTXLG�IUDFWLRQ��

�������2EMHFWLYHV�

7KH�DLP�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�WR�VWXG\�WKH�YDFXXP�HYDSRUDWLRQ�RI�

WKH�OLTXLG�IUDFWLRQ�RI�SLJ�VOXUU\�DQG�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKH�FRQGHQVDWH�

DV� D� IXQFWLRQ� RI� S+� DQG� SLJ� VOXUU\� W\SH� �IUHVK� VOXUU\� DQG� DQDHURELFDOO\�

GLJHVWHG� VOXUU\��� 6SHFLDO� DWWHQWLRQ� ZDV� SDLG� WR� WKH� WZR� PDLQ� YRODWLOH�

FRPSRQHQWV�RI�SLJ�VOXUU\��1+��DQG�9)$���WR�WKH�FKHPLFDO�R[\JHQ�GHPDQG�

�&2'���DQG�WR�WKH�ILQDO�QXWULHQW��1��3�DQG�.��FRPSRVLWLRQ�RI�WKH�REWDLQHG�

FRQFHQWUDWH��

�����0DWHULDOV�DQG�PHWKRGV�

�������5DZ�PDWHULDO�

7ZR� W\SHV� RI� SLJ� VOXUU\� OLTXLG� IUDFWLRQ�ZHUH� XVHG�� IUHVK� VOXUU\� IURP� D� SLJ�

IDUP�ZKLFK�KDG�EHHQ�ILOWHUHG�WKURXJK�D�����µP�VLHYH��DQG�WKH�OLTXLG�IUDFWLRQ�
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IURP�D�FHQWULIXJH� IHG�ZLWK� WKH�HIIOXHQW�RI� D� IXOO�VFDOH�SLJ�VOXUU\�PHVRSKLOLF�

DQDHURELF� UHDFWRU��7KH�PDLQ�DYHUDJHG�FKDUDFWHULVWLFV�RI� WKH� ILOWHUHG� VOXUULHV�

ZHUH�GHWHUPLQHG� IROORZLQJ� WKH� VWDQGDUG�PHWKRGV� �VHH�SRLQW��������� DQG�DUH�

VKRZQ�LQ�7DEOH�������

7DEOH������&KDUDFWHULVDWLRQ�RI�WKH�SLJ�VOXUULHV�OLTXLG�IUDFWLRQ��DYHUDJH�RI���
WKUHH�VDPSOHV��

� )UHVK�6OXUU\������������
/LTXLG�)UDFWLRQ��

$QDHURELFDOO\�'LJHVWHG����
6OXUU\�/LTXLG�)UDFWLRQ��

S+� ���� ����

76��J�NJ�� ������ ������

96��J�NJ�� ������ �����

766��J�NJ� ������ �����

966��J�NJ� ������ �����

&2'��J�NJ�� ������ ������

1+�
��1��J�NJ�� ����� �����

7.1��J�NJ�� ����� �����

RUJ1��J�NJ�� ����� �����

7$/.��J�NJ��DV�&D&2�� ����� �����

3$/.��J�NJ��DV�&D&2�� ����� �����

5$/.� ����� �����

79)$��J�NJ��� ������ �����

3��PJ�NJ� ����� �����

.��PJ�NJ� ����� �����

����H[SUHVVHG�DV�DFHWLF�DFLG�

�

�������([SHULPHQWDO�GHVLJQ�

7ZR�GLIIHUHQW�WHVWV�ZHUH�SHUIRUPHG�LQ�WKLV�VWXG\��EDWFK�HYDSRUDWLRQ�WHVWV�DQG�

VHPL�FRQWLQXRXV�HYDSRUDWLRQ� WHVWV��7KH�PHWKRGRORJ\�DQG� WKH�H[SHULPHQWDO�

VHW�XS�DUH�GHVFULEHG�EHORZ��

���������%DWFK�HYDSRUDWLRQ�WHVWV�

6L[�WUHDWPHQWV��7DEOH������ZHUH�FDUULHG�RXW��WKUHH�UHSOLFDWLRQV�IRU�HDFK�RQH���

LQ�RUGHU�WR�VWXG\�WKH�HIIHFW�RI�S+�RQ�WKH�TXDOLW\�RI�WKH�REWDLQHG�FRQGHQVDWH��
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DQG� WKH� LQIOXHQFH� RI� VOXUU\� W\SH� RQ� HYDSRUDWLRQ��$V� SUHYLRXVO\�PHQWLRQHG��

WZR�W\SHV�RI�SLJ�VOXUU\��ZHUH�XVHG��IUHVK�VOXUU\�OLTXLG�IUDFWLRQ��DQG�GLJHVWHG�

VOXUU\�OLTXLG�IUDFWLRQ���DQG�WKUHH�LQLWLDO�S+V�������DQG�����S+�DGMXVWPHQW�ZDV�

PDGH�ZLWK�VXOSKXULF�DFLG���

7DEOH������7UHDWPHQWV�SHUIRUPHG�LQ�EDWFK�HYDSRUDWLRQ�WHVWV�

7UHDWPHQW� 5DZ�PDWHULDO� ,QLWLDO�S+� 5HSOLFDWLRQV�

7�� )UHVK�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

7�� )UHVK�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

7�� )UHVK�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

7�� 'LJHVWHG�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

7�� 'LJHVWHG�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

7�� 'LJHVWHG�6OXUU\�/LTXLG�)UDFWLRQ� �� ��

�

7KH� HYDSRUDWRU�� D� ���� P/� JODVV� YLDO�� ZDV� ILOOHG� ZLWK� ���� P/� RI� VOXUU\��

3UHVVXUH�ZDV�VHW�DW�����±�����PP�+J��DQG�WHPSHUDWXUH�ZDV�VOLJKWO\�LQFUHDVHG�
WR� ��� �±���&�� LQ� RUGHU� WR� SUHYHQW� IRDPLQJ� DQG� FRQWDPLQDWLRQ� RI� WKH�
FRQGHQVDWH�� :DWHU� DW�RU� EHORZ� ��&� ZDV� XVHG� DV� D� FRROLQJ� IOXLG� LQ� WKH�

FRQGHQVHU�� )LJXUH� ���� SUHVHQWV� D� VFKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH�

H[SHULPHQWDO�VHW�XS���

7KHUPRPHWHU

7KHUPRVWDWLF�EDWK

6OXUU\

&RQGHQVHU

&RROLQJ
)OXLG

&RQGHQVDWH

9DFXXP
3XPS

�

)LJXUH������([SHULPHQWDO�VHW�XS�IRU�WKH�EDWFK�HYDSRUDWLRQ�WHVWV�
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7KH�FRQGHQVDWHV�ZHUH�FKDUDFWHULVHG�GXULQJ�HYDSRUDWLRQ�IROORZLQJ�FROOHFWLRQ�

RI� WKH� FRQGHQVDWH� DV� D� VHTXHQFH� RI� GLIIHUHQW� YROXPHV� ������� P/� HDFK�

VDPSOH����

7KH� JOREDO� FRQFHQWUDWLRQ� RI� HDFK� RQH� RI� WKH� FRPSRQHQWV� VWXGLHG� ZDV�

FDOFXODWHG� DSSO\LQJ� HTXDWLRQ� ��� LQ� RUGHU� WR� DQDO\VH� WKH� HIIHFW� RI� S+� RQ�

FRQGHQVDWH�FKDUDFWHULVWLFV��

�

��������

�

=

∑

∑ ×
=

M

9F

9F&F
&F

M

MM

J

�

�
����

�

ZKHUH��&FJ��PJ�/��LV�WKH�JOREDO�FRQFHQWUDWLRQ�RI�D�JLYHQ�FRPSRQHQW��1+�
��

1��9)$��RU�&2'�� LQ� WKH�FRQGHQVDWH��&F� �PJ�/�� LV� WKH�FRQFHQWUDWLRQ�RI�D�

JLYHQ�FRPSRQHQW�LQ�WKH�GLIIHUHQW�FRQGHQVDWH�VDPSOHV��9F��/��LV�WKH�YROXPH�

RI�WKH�GLIIHUHQW�FRQGHQVDWH�VDPSOHV��DQG�M�UHIHUV�WR�HDFK�VSHFLILF�VDPSOH��

7KH� SHUFHQW� DPPRQLD� QLWURJHQ�� 9)$� RU� &2'� WUDQVIHUUHG� WR� WKH�

FRQGHQVDWH�ZHUH�XVHG�LQ�RUGHU�WR�FRPSHUH�WKH�WZR�VOXUU\�W\SHV��7KH�SHUFHQW�

WUDQVIHUUHG�ZDV�FDOFXODWHG�E\�HTXDWLRQ����

�

������� ×
×

×
=

&VL4L

&F9F
G7UDQVIHUUH

JJ

�

����

�

ZKHUH�� 4L� �NJ�� LV� WKH� WRWDO� DPRXQW� RI� VOXUU\� WUHDWHG�� &VL� �J�NJ�� LV� WKH�

FRQFHQWUDWLRQ� RI� D� JLYHQ� FRPSRQHQW� �1+�
��1�� 9)$�� RU� &2'�� LQ� WKH�

RULJLQDO�VOXUU\��9FJ���/��LV�WKH�WRWDO�YROXPH�RI�WKH�FRQGHQVDWH�DQG�&FJ��J�/��LV�

WKH�JOREDO�FRQFHQWUDWLRQ�RI�WKH�FRPSRQHQW�LQ�WKH�FRQGHQVDWH��

7KH� FRQFHQWUDWH� ZDV� DQDO\VHG� DW� WKH� HQG� RI� WKH� H[SHULPHQW�� 7KH�

SHUFHQWDJHV� RI�7.1��3� DQG�.� IL[HG� LQ� WKH� FRQFHQWUDWH�ZHUH� FDOFXODWHG� DV�

IROORZV��

�

������� ×
×
×=

LL

II

&V4

&V4
)L[HG �

����

�

ZKHUH�� 4L� �NJ�� LV� WKH� WRWDO� DPRXQW� RI� � VOXUU\� WUHDWHG�� &VL� �J�NJ�� LV� WKH�

FRQFHQWUDWLRQ�RI�WKH�FRPSRQHQW��3��.�RU�7.1��LQ�WKH�VOXUU\��4I���NJ��LV�WKH�
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ZHLJKW�RI�FRQFHQWUDWH�DQG�&VI���J�NJ��LV�WKH�FRQFHQWUDWLRQ�RI�WKH�FRPSRQHQW�

LQ�WKH�FRQFHQWUDWH��

���������6HPL�FRQWLQXRXV�HYDSRUDWLRQ�WHVWV�

$�VHPL�FRQWLQXRXV�HYDSRUDWRU�V\VWHP�ZDV�GHVLJQHG�DQG�FRQVWUXFWHG�)LJXUH�

����DQG�)LJXUH�������LQ�RUGHU�WR�VWXG\�WKH�EHKDYLRXU�RI�WKH�WZR�VOXUU\�W\SHV��

7KH� HYDSRUDWRU� XVHG�ZDV� D� WLJKWO\� FORVHG� ��/�JODVV� YHVVHO��7KH� HYDSRUDWRU�

ZDV� KHDWHG� ZLWK� KRW� ZDWHU� IURP� D� WKHUPRVWDWLF� EDWK�� ZKLFK� FLUFXODWHG�

WKURXJK�D�ZDWHU�MDFNHW�VXUURXQGLQJ�WKH�HYDSRUDWRU��:DWHU�ZDV�SXPSHG�ZLWK�

D� SHULVWDOWLF� SXPS�� ZKLFK� ZDV� FRQWUROOHG� E\� D� WHPSHUDWXUH� SUREH� SODFHG�

LQVLGH�WKH�HYDSRUDWRU��7KH�FRQWHQW�RI�WKH�HYDSRUDWRU�ZDV�FRQWLQXRXVO\�PL[HG�

ZLWK� D� VWLUULQJ� EODGH�� 7KH� EODGH� ZDV� PDGH� RI� D� VRIW� PDWHULDO� WKDW� VOLJKWO\�

VFUXEEHG� WKH� HYDSRUDWRU� ZDOO� LQ� RUGHU� WR� SUHYHQW� VFDOLQJ�� $V� LQ� WKH� EDWFK�

H[SHULPHQWDO�VHW�XS��ZDWHU�DW�EHORZ���&�ZDV�XVHG�LQ�WKH�FRQGHQVHU��

�

�

Hot water

Slurry addition

���

Thermostatic bath

Concentrate

��� ���

(1) Evaporator
(2) Condenser
(3) Stirring system
(4) Concentrate sampling device
(5) Condensate sampling device
(6) Incondensate sampling point

Slurry

Temperature control

���

���

Cooling
Fluid

���

Condensate

Vacuum
Pump

Incondensate

       Two-way valve
       Three-way valve

)LJXUH������([SHULPHQWDO�VHW�XS�IRU�WKH�VHPL�FRQWLQXRXV�HYDSRUDWLRQ�WHVWV�
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�D��

�

�

)LJXUH������([SHULPHQWDO�VHW�XS�IRU�
WKH�VHPL�FRQWLQXRXV�HYDSRUDWLRQ�
WHVWV���D��JHQHUDO�YLHZ��DQG��E��

GHWDLO�RI�WKH�HYDSRUDWRU�

�E�� �
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�6DPSOHV� ZHUH� WDNHQ� SHULRGLFDOO\� DW� WKUHH� GLIIHUHQW� SRLQWV�� 7ZR� VDPSOLQJ�

GHYLFHV�ZHUH�GHVLJQHG�WR�H[WUDFW�WKH�FRQGHQVDWH�DQG�WKH�FRQFHQWUDWH����DQG���

LQ�)LJXUH�������%RWK�VDPSOH�GHYLFHV�FRQVLVWHG�RI�D�JODVV�WXEH�ZLWK�WZR�YDOYHV��

$� WKUHH�ZD\� YDOYH� SODFHG� DW� WKH� WRS� RI� WKH� VDPSOLQJ� GHYLFH� DOORZHG� WKH�

VDPSOH� H[WUDFWLRQ� ZLWKRXW� GLVWXUELQJ� WKH� YDFXXP� HYDSRUDWLRQ� V\VWHP��

6DPSOHV�RI�WKH�QRQ�FRQGHQVHG�YDSRXUV��FDOOHG�´LQFRQGHQVDWHVµ��ZHUH�UHFRYHUHG�

RXWVLGH� WKH� HYDSRUDWLRQ� V\VWHP� E\� FRQGHQVLQJ� DW� URRP� WHPSHUDWXUH� DQG�

DWPRVSKHULF�SUHVVXUH��7KH�VOXUU\�ZDV�PDQXDOO\�IHG�LQWR�WKH�WHVW�GHYLFH�XVLQJ�

D�IXQQHO����

3UHVVXUH�ZDV� VHW� DW� ���� �±���PP�+J�� WHPSHUDWXUH� DW� ��� �±���&� DQG� WKH�
LQLWLDO� S+� RI� WKH� VOXUU\� ZDV� ��� 7KH� WRWDO� VROLG� �76�� FRQFHQWUDWLRQ� RI� WKH�

FRQFHQWUDWH�ZDV�VHW�DW�EHWZHHQ���������J�NJ���

�������$QDO\WLFDO�PHWKRGV�

7RWDO�.MHOGKDO�1��7.1���DPPRQLD�QLWURJHQ��1+�
��1���S+��WRWDO�VROLGV��76���

YRODWLOH� VROLGV� �96��� WRWDO� VXVSHQGHG� VROLGV� �766��� YRODWLOH� VXVSHQGHG� VROLGV�

�966��� VROXEOH� WRWDO� VROLGV� �676�� DQG� &2'� ZHUH� DOO� DQDO\VHG� E\� VWDQGDUG�

PHWKRGV� �$3+$�� ������� 3DUWLDO� DQG� WRWDO� DONDOLQLW\� �3$/.�� 7$/.�� ZHUH�

DQDO\VHG�E\�WLWUDWLRQ�ZLWK�+&O�WR�S+������DQG�����UHVSHFWLYHO\��7KH�DONDOLQLW\�

UDWLR��5$/.��ZDV�FDOFXODWHG�DFFRUGLQJ�WR�,]D���������7RWDO�SKRVSKRURXV��3��

ZDV�DQDO\VHG�E\�WKH�FRORXULPHWULF�PHWKRG��FRORXULQJ�UHDFWLRQ�ZLWK�DPPRQLD�

PRO\EGDWH� YDQDGDWH��� WRWDO� SRWDVVLXP� �.�� ZDV� GHWHUPLQHG� E\� PHDQV� RI� D�

IODPH� DWRPLF� DEVRUSWLRQ� VSHFWURPHWHU� �)$$6��� 9RODWLOH� IDWW\� DFLGV� �9)$��

ZHUH�DQDO\VHG�E\�FDSLOODU\�JDV�FKURPDWRJUDSK\�ZLWK�D�),'�GHWHFWRU��

�������6WDWLVWLFDO�DQDO\VLV��

6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6$6�VRIWZDUH��6$6�,QVWLWXWH���������

$� RQH� ZD\� $129$� WHVW� ZDV� FDUULHG� RXW�� :KHQ� WKLV� DQDO\VLV� LQGLFDWHG�

VLJQLILFDQW� GLIIHUHQFHV�� D� PHDQV� VHSDUDWLRQ� WHVW� ZDV� XVHG�� DSSO\LQJ� WKH�

6WXGHQW�1HZPDQ�.HXOV�PHWKRG��ZLWK�D�VLJQLILFDQFH�OHYHO�RI�α ������

�����5HVXOWV�DQG�GLVFXVVLRQ�

7KH�UHVXOWV�DQG�GLVFXVVLRQ�DUH�SUHVHQWHG�VHSDUDWHO\�IRU�HDFK�H[SHULPHQW��

�������S+�DGMXVWPHQW�RI�WKH�UDZ�PDWHULDO�

S+� ZDV� PRGLILHG� ZLWK� +�62�� ������� 7KH� YROXPH� RI� DFLG� XVHG� WR� UHDFK�����

S+ ��DQG�S+ ��GLIIHUHG�ZLGHO\�EHWZHHQ�WKH�WZR�VOXUULHV��7KH�IUHVK�VOXUU\�

FRQVXPHG�����P/�+�62��/��S+ ���DQG�����P/�+�62��/��S+ ����ZKLOH�

WKH� GLJHVWHG� VOXUU\� QHHGHG� ���P/�+�62��/� �S+ ��� DQG� ���P/�+�62��/�
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�S+ ����7KLV�ZDV� LQ�DFFRUGDQFH�ZLWK� WKH�KLJKHU�7$/.�RI� WKH� IUHVK� VOXUU\�

�7DEOH�������+RZHYHU�� WKH�DFLG�YROXPH�UHTXLUHG�WR�UHDFK�S+ ��ZDV�VLPLODU�

IRU�ERWK�VOXUULHV�����P/�+�62��/�IRU�IUHVK�VOXUU\�DQG����P/�+�62��/�IRU�

GLJHVWHG�VOXUU\��)LJXUH�����D����

&DUERQDWH�DONDOLQLW\�LV�WKH�PDMRU�FRPSRQHQW�RI�WKH�EXIIHU�FDSDFLW\��2WKHU�

FRQWULEXWRUV� WR� DONDOLQLW\� DUH�9)$�� SKRVSKDWHV�� DPPRQLD�� DQG� VRPH�RWKHU�

QDWXUDO� FRPSRQHQWV��(LJKW\� SHUFHQW� RI� WKH� ELFDUERQDWH� DONDOLQLW\�� EXW� RQO\�

DSSUR[LPDWHO\�����RI�WKH�9)$�DONDOLQLW\�LV�GHWHUPLQHG�WKURXJK�WLWUDWLRQ�WR�

DQ�HQGSRLQW�RI�������3$/.���:KLOH��DQ�HQGSRLQW�S+�RI������7$/.��DVVXUHV�

WKDW�����RI� WKH�ELFDUERQDWH�DONDOLQLW\� LV�PHDVXUHG��DQG�PRUH� WKDQ�����RI�

WKH�9)$�DONDOLQLW\�LV�DOVR�H[SUHVVHG��+LOO��������+LOO�DQG�-HQNLQV���������7KH�

VLPLODU�3$/.�RI�WKH�WZR�VOXUULHV��WKH�KLJK�DPRXQW�RI�9)$�LQ�WKH�IUHVK�VOXUU\�

DQG�WKH�SUDFWLFDO�DEVHQFH�RI�9)$�LQ�WKH�GLJHVWHG�VOXUU\��7DEOH������DOO�H[SODLQ�

WKH� GLIIHUHQW� EHKDYLRXU� RI� WKH� WLWUDWLRQ� FXUYHV� RI� WKH� WZR� VOXUULHV� �)LJXUH�

����D���

+RZHYHU�� WKH� ODUJHU� DFLG� FRQVXPSWLRQ� LQ� WKH� IUHVK� VOXUU\� WKDQ� LQ� WKH�

GLJHVWHG� RQH�� FDQQRW� EH� JHQHUDOLVHG�� $QDHURELF� GLJHVWLRQ� JHQHUDWHV� &2���

ZKLFK�OHDGV�WR�DQ�LQFUHDVH�LQ�7$/.�DQG�WKHUHIRUH�D�ODUJHU�DFLG�FRQVXPSWLRQ�

LV� H[SHFWHG� IRU� LWV� S+�DGMXVWPHQW��7KH�GLIIHUHQW� VOXUU\� VRXUFHV�H[SODLQ� WKH�

KLJKHU�7$/.�LQ�WKH�IUHVK�VOXUU\���
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)LJXUH������7LWUDWLRQ�FXUYH�IRU�IUHVK�SLJ�VOXUU\�OLTXLG�IUDFWLRQ�DQG�GLJHVWHG�
VOXUU\�OLTXLG�IUDFWLRQ��D���DQG�S+�HYROXWLRQ�ZLWK�WLPH�GXULQJ�WKH�

QHXWUDOLVDWLRQ�SURFHVV��E��

2WKHUZLVH�� WKH� EHKDYLRXU� RI� WKH� WLWUDWLRQ� FXUYHV� FDQ� EH� H[WUDSRODWHG�� 7KH�

DONDOLQLW\�RI�DQ�DQDHURELF�HIIOXHQW�LV�PDLQO\�GXH�WR�FDUERQDWHV��DV�9)$�KDYH�

EHHQ�FRQVXPHG�WKURXJK�DQDHURELF�GLJHVWLRQ��6LQFH�WKH�S.D�RI�ELFDUERQDWH�LV�
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����� �+LOO� DQG� -HQNLQV�� ������ D� ODUJH� DPRXQW� RI� DFLG� ZLOO� EH� QHFHVVDU\� WR�

PRGLI\�LWV�S+�WR����EXW�IXUWKHU�GHFUHDVH�LQ�S+�FDQ�EH�DFKLHYHG�ZLWK�VPDOOHU�

DFLG� DGGLWLRQV�� 7KLV� IDFW� LV� ZRUWK\� RI� QRWH� VLQFH� WKH� FRQWURO� V\VWHP� LQ� D�

FRQWLQXRXV�WUHDWPHQW�SODQW�PLJKW�EH�VHW�LQ�GLIIHUHQW�ZD\V�GHSHQGLQJ�RQ�WKH�

W\SH�RI�VOXUU\�LQYROYHG�DQG�WKH�S+�GHVLUHG���

S+�HYROXWLRQ�ZLWK�WLPH�GXULQJ�WKH�QHXWUDOLVDWLRQ�SURFHVV�LV�DOVR�LQWHUHVWLQJ�

�)LJXUH�����E���$IWHU�DQ�DGGLWLRQ�RI�VXOSKXULF�DFLG��S+�GURSSHG�VKDUSO\��EXW�D�

VOLJKW� LQFUHDVH� LQ� S+� ZDV� ODWHU� VKRZHG�� 7KLV� FDQ� EH� H[SODLQHG� E\� WKH�

VROXELOL]DWLRQ� RI� VROLGV� WKDW� RFFXUUHG� GXULQJ� QHXWUDOLVDWLRQ� VKRZHG� E\� WKH�

LQFUHDVH�LQ�676�DIWHU�S+�PRGLILFDWLRQ��DQG�WKH�YRODWLOLVDWLRQ�RI�9)$�DQG�WKH�

FRQVHTXHQW�RYHUDOO�GHFUHDVH�LQ�&2'��)LJXUH�������

7KLV�S+�EHKDYLRXU� VKRZHG� WKDW� D� VHQVLWLYH�S+�FRQWURO� V\VWHP� LV�QHHGHG�

IRU� D� FRUUHFW� FRQWURO� RI� S+� ZLWKRXW� RVFLOODWLRQV�� +XHUFLR� HW� DO�� �������

GHYHORSHG�D�6HOI�7XQLQJ�$GDSWLYH�&RQWURO�$OJRULWKP�IRU�S+�FRQWURO��7KH\�

FRPSDUHG� LW�ZLWK�RWKHU�FRQYHQWLRQDO� FRQWUROOHUV� VKRZLQJ� WKDW� LW�ZDV�EHWWHU�

DEOH�WR�PDLQWDLQ�D�VWDEOH�S+��

���������������)UHVK�6OXUU\� ������������'LJHVWHG�VOXUU\�
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)LJXUH������(IIHFW�RI�S+�DGMXVWPHQW�RQ�676��79)$�DQG�&2'�RQ�IUHVK�VOXUU\�
DQG�GLJHVWHG�VOXUU\�OLTXLG�IUDFWLRQ�

�������%DWFK�HYDSRUDWLRQ�WHVWV��

���������&RQGHQVDWH�FKDUDFWHULVDWLRQ�

7KLV� VHFWLRQ� H[DPLQHV� WKH� HYROXWLRQ� RI� WKH� FRQGHQVDWH� FKDUDFWHULVWLFV�

WKURXJKRXW�HYDSRUDWLRQ��DQG�DOVR�GLVFXVVHV�WKH�HIIHFW�RI�S+�DQG�VOXUU\�W\SH��
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&RQFHQWUDWLRQ� XQLWV� RI� WKH� FRQGHQVDWH� DUH� SUHVHQWHG� LQ�PJ�/� LQ� RUGHU� WR�

KDYH�PRUH�SUHFLVLRQ��

(YROXWLRQ�WKURXJKRXW�WKH�HYDSRUDWLRQ�SURFHVV�

$� VHTXHQFH� RI� �� VDPSOHV� �HDFK� RI� ������ P/�� ZDV� FROOHFWHG� GXULQJ�

HYDSRUDWLRQ� IRU� WKH� FRQGHQVDWH� FKDUDFWHULVDWLRQ��$PPRQLD� QLWURJHQ�� 9)$��

&2'�DQG�S+�HYROXWLRQ�ZHUH�IROORZHG�LQ�WKH�FRQGHQVDWH��
�
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)LJXUH������(YROXWLRQ�RI�FRQGHQVDWH�FKDUDFWHULVWLFV�WKURXJKRXW�WKH�IUHVK�VOXUU\�
EDWFK�HYDSRUDWLRQ�WHVWV��1RWH��2Q�WKH�[�D[LV���VWDQGV�IRU�WKH�ILUVW�������P/�RI�

FRQGHQVDWH����IRU�WKH�VHFRQG�VDPSOH�YROXPH��DQG���IRU�WKH�WKLUG�RQH��

$PPRQLD� QLWURJHQ� HYROXWLRQ� GXULQJ� WKH� IUHVK� VOXUU\� EDWFK� HYDSRUDWLRQ�

H[SHULPHQW�VKRZHG�D�GLIIHUHQW�EHKDYLRXU�DFFRUGLQJ�WR�WKH�LQLWLDO�S+�RI�WKH�

VOXUU\��)LJXUH�����D���:KHQ�LQLWLDO�S+�ZDV�VHW�DW����7����WKH�VPDOO�IUDFWLRQ�RI�

XQ�LRQLVHG�DPPRQLD�ZDV�UDSLGO\�WUDQVIHUUHG�WR�WKH�FRQGHQVDWH��7KH�ILUVW�WZR�

FRQGHQVDWH�VDPSOHV�KDG�D�KLJKHU�DPPRQLD�FRQFHQWUDWLRQ�WKDQ� WKH� ODVW��2Q�
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WKH�RWKHU�KDQG��ZKHQ�WKH�LQLWLDO�S+�ZDV�VHW�DW����7���DQG����7����DPPRQLD�

QLWURJHQ� FRQFHQWUDWLRQ� VOLJKWO\� LQFUHDVHG� WKURXJKRXW� HYDSRUDWLRQ�� :DWHU�

HYDSRUDWLRQ� OHDG� WR� DQ� LQFUHDVH� LQ� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKH�

VOXUU\� DQG� FRQVHTXHQWO\� D� VOLJKW� LQFUHDVH� LQ� DPPRQLD� QLWURJHQ� LQ� WKH�

FRQGHQVDWH�ZDV�GHWHFWHG���

7KH� FKHPLFDO� R[\JHQ� GHPDQG� DQG� 9)$� HYROXWLRQ� RI� WKH� FRQGHQVDWH�

IROORZHG� WKH� VDPH� SDWWHUQ� LQ� DOO� WKH� WUHDWPHQWV� �)LJXUH� ����F� DQG� ����G���

&RQFHQWUDWLRQV�LQFUHDVHG�WKURXJKRXW�WKH�HYDSRUDWLRQ�SURFHVV��VKRZLQJ�WKDW�

WKH� GHJUHH� RI� VOXUU\� FRQFHQWUDWLRQ� KDG� D�PDMRU� HIIHFW� RQ� &2'� DQG�9)$�

FRQGHQVDWH�FRQFHQWUDWLRQ��7KLV�ZDV� LQ�DFFRUGDQFH�ZLWK�SUHYLRXV�VWXGLHV�E\�

0F.HRXJK�DQG�)DJHUQlV��������ZLWK�ZDVWHZDWHU�IURP�SDSHU�PLOOV��

7KH�S+�RI�WKH�FRQGHQVDWHV�IURP�WUHDWPHQW�7��DQG�7��GLG�QRW�YDU\�GXULQJ�

HYDSRUDWLRQ�DQG�WKH�YDOXHV�FRQFHUQHG�ZHUH�H[WUHPHO\� ORZ������ LQ�WUHDWPHQW�

7��DQG����� LQ�WUHDWPHQW�7���)LJXUH�����E���7KH�ORZ�DPPRQLD�QLWURJHQ�DQG�

KLJK�79)$�FRQFHQWUDWLRQ�LQ�WKH�FRQGHQVDWH�ZHUH�UHVSRQVLEOH�IRU�WKHVH�ORZ�

S+V��2Q� WKH� RWKHU� KDQG�� WKH� FRQGHQVDWH� IURP� WUHDWPHQW�7�� KDG� EHKDYHG�

GLIIHUHQWO\�� 7KH� ILUVW� VDPSOH� KDG� D� S+� FORVH� WR� QHXWUDOLW\� ZKHUHDV� LQ�

VXEVHTXHQW�VDPSOHV�LW�GHFUHDVHG�WR�D�ILQDO�S+�RI������7KLV�ZDV�LQ�DFFRUGDQFH�

ZLWK� WKH� GLIIHUHQW� DPPRQLD� QLWURJHQ� DQG� 79)$� FRQFHQWUDWLRQV� RI� WKH�

GLIIHUHQW�FRQGHQVDWH�VDPSOHV�DQG�VKRZHG�WKDW�WKH�FRQGHQVDWH�KDG�QR�EXIIHU�

FDSDFLW\�� %LUFKOHU� HW� DO�� ������� UHSRUWHG� VLPLODU� UHVXOWV� LQ� H[SHULPHQWV� ZLWK�

ODQGILOO� OHDFKDWH�� GLIIHUHQW� FRQGHQVDWH� S+V�ZHUH� REWDLQHG� DFFRUGLQJ� WR� WKH�

ZRUNLQJ�S+�LQ�WKH�HYDSRUDWRU��

,Q�WKH�H[SHULPHQWV�SHUIRUPHG�ZLWK�GLJHVWHG�VOXUU\��WKH�DPPRQLD�QLWURJHQ�

FRQFHQWUDWLRQ� DQG� S+� RI� WKH� FRQGHQVDWH� �)LJXUH� ����D� DQG� ����E�� VKRZHG�

VLPLODU�SDWWHUQV�WR�WKRVH�REVHUYHG�LQ�WKH�H[SHULPHQWV�ZLWK�IUHVK�VOXUU\��

7KH�79)$�FRQFHQWUDWLRQ�DOVR� VKRZHG�D� VLPLODU�SDWWHUQ�� D� VOLJKW� LQFUHDVH�

WKURXJKRXW� WKH� VDPSOH� VHTXHQFH� �)LJXUH� ����G��� %XW� WKH� HIIHFW� RI� VOXUU\�

FRQFHQWUDWLRQ� ZDV� QRW� DV� PDUNHG� DV� WKDW� REVHUYHG� LQ� WKH� IUHVK� VOXUU\�

WUHDWPHQWV��7KH�&2'�RI�WKH�GLIIHUHQW�VDPSOHV�GLG�QRW�GLVSOD\�D�FOHDU�SDWWHUQ�

DQG�KDG�VLPLODU�YDOXHV�LQ�DOO�WKH�WUHDWPHQWV��)LJXUH�����F���SUREDEO\�GXH�WR�WKH�

ORZ� FRQFHQWUDWLRQV� UHSRUWHG�� FORVH� WR� WKH� GHWHFWLRQ� WKUHVKROG� IRU� WKH�

DQDO\WLFDO�SURFHGXUH�XVHG���
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)LJXUH������(YROXWLRQ�RI�FRQGHQVDWH�FKDUDFWHULVWLFV�WKURXJKRXW�WKH�GLJHVWHG�
VOXUU\�EDWFK�HYDSRUDWLRQ�WHVWV��1RWH��2Q�WKH�[�D[LV���VWDQGV�IRU�WKH�ILUVW�������
P/�RI�FRQGHQVDWH����IRU�WKH�VHFRQG�VDPSOH�YROXPH��DQG���IRU�WKH�WKLUG�RQH�

(IIHFW�RI�WKH�LQLWLDO�VOXUU\�S+�

7KH�JOREDO�FRQFHQWUDWLRQ�RI�WKH�FRQGHQVDWH��FDOFXODWHG�E\�DSSO\LQJ�HTXDWLRQ�

���ZDV�XVHG�WR�VWXG\�WKH�HIIHFW�RI�WKH�LQLWLDO�S+�RQ�FRQGHQVDWH�FKDUDFWHULVWLFV���

,Q�WKH�H[SHULPHQW�ZLWK�IUHVK�VOXUU\��)LJXUH�����D���DV�H[SHFWHG�� WKH�KLJKHU�

WKH� LQLWLDO� VOXUU\� S+�� WKH� KLJKHU� WKH� JOREDO� DPPRQLD� FRQFHQWUDWLRQ� LQ� WKH�

FRQGHQVDWH��(YHQ�VR��ORZ�DPPRQLD�QLWURJHQ�FRQFHQWUDWLRQV�ZHUH�UHSRUWHG�LQ�

DOO�WUHDWPHQWV�����PJ�/��LQLWLDO�VOXUU\�S+ �������PJ�/��LQLWLDO�VOXUU\�S+ ���

DQG�����PJ�/��LQLWLDO�VOXUU\�S+ ����7KLV�VKRZHG�WKDW�XQGHU�WKLV�RSHUDWLRQDO�

FRQGLWLRQV��7 ���&�DQG�3 ���PP�+J��DQG�DW� WKH�JLYHQ�S+�YDOXHV�WHVWHG��

DPPRQLD�ZDV�DOPRVW�FRPSOHWHO\�IL[HG��

7KH� JOREDO�79)$� FRQFHQWUDWLRQ� LQ� WKH� FRQGHQVDWH� VKRZHG� WKH� RSSRVLWH�

WHQGHQF\�� WKH� ORZHU� WKH� LQLWLDO� VOXUU\�S+�� WKH�KLJKHU�9)$�FRQFHQWUDWLRQ� LQ�
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WKH�FRQGHQVDWH��&RQFHQWUDWLRQV�RI�79)$�RI�EHWZHHQ�����DQG������PJ�/�

ZHUH� UHSRUWHG�� VKRZLQJ� WKDW� S+� KDG� D� VWURQJ� HIIHFW� RQ� WKH� 9)$�

FRQFHQWUDWLRQ� LQ� WKH� FRQGHQVDWH�� 7KH� XQ�LRQLVHG� 9)$� IUDFWLRQ� VKDUSO\�

LQFUHDVHG�ZLWKLQ� WKLV� UDQJH� RI� S+�YDOXHV� �)LJXUH� ������ 6LPLODUO\�� WKH� JOREDO�

&2'�LQ�WKH�FRQGHQVDWH�LQFUHDVHG�ZKHQ�S+�GHFUHDVHG��7KH�&2'�DVVRFLDWHG�

ZLWK�79)$�UHSUHVHQWHG�����RI�WKH�WRWDO�&2'�LQ�WKH�IUHVK�VOXUU\��

$V� LQ� H[SHULPHQWV� ZLWK� IUHVK� VOXUU\�� WKH� JOREDO� DPPRQLD� QLWURJHQ� DQG�

79)$� FRQGHQVDWH� FRQFHQWUDWLRQ� LQ� WKH� H[SHULPHQWV� ZLWK� GLJHVWHG� VOXUU\�

SUHVHQWHG� WKH� VDPH� SDWWHUQ� �)LJXUH� ����E��� 2Q� WKH� RWKHU� KDQG�� QR�

UHODWLRQVKLS�ZDV�IRXQG�EHWZHHQ�&2'�DQG�WKH�LQLWLDO�S+�RI�WKH�VOXUU\��7KLV�

VXJJHVWV� WKDW� WKH� YRODWLOH� RUJDQLF�PDWWHU� RI� WKH� GLJHVWHG� VOXUU\� ZDV�PDLQO\�

FRPSRVHG� RI� QRQ�LRQLVHG� FRPSRXQGV� �92&V��� S+� GLG� QRW� DIIHFW� LWV�

YRODWLOLVDWLRQ��7KH�79)$�FRQFHQWUDWLRQ�RI�WKH�VOXUU\�RQO\�UHSUHVHQWHG������

RI�WKH�WRWDO�&2'��
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)LJXUH������$PPRQLD�QLWURJHQ��&2'�DQG�79)$�FRQFHQWUDWLRQ�RQ�WKH�
FRQGHQVDWH�DV�D�IXQFWLRQ�RI�WKH�LQLWLDO�VOXUU\�S+���D��H[SHULPHQWV�ZLWK�IUHVK�

VOXUU\���E��H[SHULPHQWV�ZLWK�GLJHVWHG�VOXUU\�

,W� VKRXOG� DOVR� EH� QRWHG� WKDW�� DW� D� JLYHQ� S+�� WKH� JOREDO� DPPRQLD� QLWURJHQ��

&2'� DQG�9)$� FRQFHQWUDWLRQV� LQ� WKH� FRQGHQVDWHV� IURP� IUHVK� VOXUU\� ZHUH�

KLJKHU� WKDQ� WKRVH� IURP� GLJHVWHG� VOXUU\�� 7KLV� ZDV� LQ� DFFRUGDQFH� ZLWK� WKH�

KLJKHU�DPPRQLD�QLWURJHQ��&2'�DQG�9)$�FRQFHQWUDWLRQ�RI� WKH� IUHVK� WKDQ�

WKH� GLJHVWHG� VOXUU\� �7DEOH� ������ 7KH� SHUFHQW� PDVV� WUDQVIHUUHG� WR� WKH�
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FRQGHQVDWH� �HTXDWLRQ� ��� LV�XVHG� LQ� RUGHU� WR� FRPSDUH� WKH� EHKDYLRXU� RI� WKH�

WZR�VOXUU\�W\SHV��

(IIHFW�RI�SLJ�VOXUU\�W\SH�

7KH�SHUFHQW�DPPRQLD�QLWURJHQ�WUDQVIHUUHG�LQ�WKH�H[SHULPHQWV�ZLWK�GLJHVWHG�

VOXUU\�ZDV�ODUJHU�WKDQ�WKDW�UHSRUWHG�LQ�WKRVH�ZLWK�IUHVK�VOXUU\�IRU�DOO�WKH�LQLWLDO�

VOXUU\� S+V� WHVWHG� �)LJXUH� �����D��� ,Q� FRQWUDVW�� 9)$� �� WUDQVIHUUHG� WR� WKH�

FRQGHQVDWH� ZDV� KLJKHU� LQ� H[SHULPHQWV� ZLWK� IUHVK� VOXUU\� WKDQ� WKRVH� ZLWK�

GLJHVWHG�VOXUU\��)LJXUH������E����

$� S+� LQFUHDVH� RI� EHWZHHQ� ���� DQG� ���� ZDV� REVHUYHG� GHSHQGLQJ� RQ� WKH�

LQLWLDO�S+�DQG�WKH�W\SH�RI�VOXUU\�LQYROYHG��7DEOH�������7KLV�ZDV�LQ�DFFRUGDQFH�

ZLWK�WKH�S+�LQFUHDVH�REVHUYHG�E\�%LUFKOHU�HW�DO����������ZKLFK�UHSRUWHG�D�S+�

LQFUHDVH�LQ�EDWFK�HYDSRUDWLRQ�H[SHULPHQWV�ZLWK�ODQGILOO�OHDFKDWH��FRQWLQXRXV�

DGGLWLRQV�RI�DFLG�ZHUH�QHHGHG�WR�PDLQWDLQ�WKH�GHVLUHG�S+���

&RPSDULQJ�WUHDWPHQWV�ZLWK�WKH�VDPH�LQLWLDO�VOXUU\�S+��WKH�ILQDO�S+�RI�WKH�

FRQFHQWUDWH� LQ� WKH� H[SHULPHQWV� SHUIRUPHG�ZLWK� GLJHVWHG� VOXUU\� ZDV� KLJKHU�

WKDQ� WKDW� UHSRUWHG� LQ� H[SHULPHQWV� ZLWK� IUHVK� VOXUU\� �VHH� 7DEOH� ���� ��� 7KLV�

VKRZHG�WKDW�ZKHQ�XVLQJ�D�IL[HG�LQLWLDO�VOXUU\�S+��WKH�XQ�LRQLVHG�1+�
��DQG�

9)$� IUDFWLRQ� RI� WKH� WZR� VOXUU\� W\SHV� ZHUH� GLIIHUHQW�� DQG� H[SODLQHG� WKH�

GLIIHUHQFHV�REVHUYHG�LQ�WKH�SHUFHQWDJHV�RI�WKH�FRPSRXQGV�WUDQVIHUUHG���
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)UHVK�6OXUU\ 'LJHVWHG�6OXUU\

�

)LJXUH�������$PPRQLD�QLWURJHQ��D��DQG�9)$��E��WUDQVIHUUHG�����WR�WKH�
FRQGHQVDWH�LQ�WKH�EDWFK�HYDSRUDWLRQ�H[SHULPHQWV��:LWK�WKH�VDPH�LQLWLDO�
VOXUU\�S+��GLIIHUHQW�OHWWHUV��VKRZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�

����VLJQLILFDQFH���
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,Q�DOO�FDVHV��&2'���WUDQVIHUUHG�WR�WKH�FRQGHQVDWH�LQ�H[SHULPHQWV�ZLWK�IUHVK�

VOXUU\� ZDV� ODUJHU� WKDQ� WKDW� UHSRUWHG� LQ� WKRVH� ZLWK� GLJHVWHG� VOXUU\� �)LJXUH�

�������7KH�GLIIHUHQW�QDWXUH�RI�WKH�RUJDQLF�PDWWHU�RI�WKH�VOXUULHV�PD\�H[SODLQ�

WKLV� IDFW�� 6LQFH� PRVW� RI� WKH� YRODWLOH� RUJDQLF� PDWWHU� �9)$� DQG� 92&V�� LV�

FRQVXPHG�GXULQJ�DQDHURELF�GLJHVWLRQ��WKH�&2'�RI�WKH�GLJHVWHG�VOXUU\�VKRXOG�

EH�PDLQO\�FRPSRVHG�RI�ORZ�ELRGHJUDGDEOH�RU�QRQ�YRODWLOH�RUJDQLF�PDWWHU��

7KH�ODFN�RI�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VOXUULHV� LQ�WUHDWPHQWV�

7�� DQG�7�� �LQLWLDO� VOXUU\� S+ ����ZLWK� UHVSHFW� WR� WKHLU�&2'��DQG�9)$��

WUDQVIHUUHG�� DQG� WKH� ODUJH� GLIIHUHQFH� LQ� 1+�
��� WUDQVIHUUHG�� FDQ� DOO� EH�

H[SODLQHG� E\� WKH� KLJKHU� ILQDO� 76� FRQFHQWUDWLRQ� LQ� WKH� GLJHVWHG� VOXUU\�

FRQFHQWUDWH� WKDQ� LQ� WKDW� RI� WKH� IUHVK� VOXUU\��7KH� ILQDO�76� FRQFHQWUDWLRQ� LQ�

WUHDWPHQW�7���IUHVK�VOXUU\��ZDV�����J�NJ�DQG�WKDW�RI�WUHDWPHQW�7���GLJHVWHG�

VOXUU\��ZDV�����J�NJ��7DEOH��������
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)UHVK�6OXUU\ 'LJHVWHG�6OXUU\

E

D
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)LJXUH�������&2'�WUDQVIHUUHG�����WR�WKH�FRQGHQVDWH�LQ�WKH�EDWFK�HYDSRUDWLRQ�
H[SHULPHQWV��:LWK�WKH�VDPH�LQLWLDO�VOXUU\�S+��GLIIHUHQW�OHWWHUV��VKRZ�

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�PHDQV�����VLJQLILFDQFH��

���������&RQFHQWUDWH�FKDUDFWHULVDWLRQ��

2QH�RI�WKH�REMHFWLYHV�RI�WKH�HYDSRUDWLRQ�WUHDWPHQW�LV�WR�REWDLQ�D�FRQFHQWUDWH�

ZLWK� D� KLJKHU� QXWULHQW� FRQFHQWUDWLRQ� WKDQ� LQ� WKH� RULJLQDO� VOXUU\�� 7KH�PDLQ�

FKDUDFWHULVWLFV�RI� WKH�FRQFHQWUDWH�DUH� VKRZQ� LQ�7DEOH������$V�SKRVSKRURXV�

�3��DQG�SRWDVVLXP��.��DUH�QRQ�YRODWLOH�FRPSRXQGV��WKH�UHVXOWLQJ�FRQFHQWUDWH�

ZLOO�FRQWDLQ�DOO�WKH�LQLWLDO�3�DQG�.�SUHVHQW�LQ�WKH�QRQ�WUHDWHG�VOXUU\��7KH�PDVV�

EDODQFH�SHUIRUPHG�E\�DSSO\LQJ�HTXDWLRQ����VKRZHG�WKDW�EHWZHHQ����DQG�����
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RI� WKH� LQLWLDO�3�DQG�EHWZHHQ����DQG�����RI� WKH� LQLWLDO�.�ZHUH� IL[HG�LQ� WKH�

FRQFHQWUDWH��7KH�PLVVLQJ�3�DQG�.�FRXOG�EH�DWWULEXWHG�WR�H[SHULPHQWDO�HUURU���

7DEOH������&KDUDFWHULVWLFV�RI�WKH�FRQFHQWUDWH�LQ�EDWFK�HYDSRUDWLRQ�WHVWV�
�DYHUDJH�RI���UHSHWLWLRQV��

� � )UHVK�6OXUU\�&RQFHQWUDWH�� � 'LJHVWHG�6OXUU\�&RQFHQWUDWH��

� � ,QLWLDO��
S+� ��

,QLWLDO��
S+� ��

,QLWLDO��
S+� ��

� ,QLWLDO��
S+� ��

,QLWLDO��
S+� ��

,QLWLDO��
S+� ��

S+� � ���� ���� ���� � ���� ���� ����

76��J�NJ�� � ���� ���� ���� � ���� ���� ����

7.1��J�NJ�� � ����� ����� ����� � ����� ����� �����

3��J�NJ�� � ���� ���� ���� � ���� ���� ����

.��J�NJ�� � ����� ����� ����� � ����� ����� �����

�

%HWZHHQ� ��� DQG� ���� RI� WKH� LQLWLDO� 7.1�ZDV� IL[HG� LQ� WKH� FRQFHQWUDWH� LQ�

H[SHULPHQWV� ZLWK� IUHVK� VOXUU\� DQG� EHWZHHQ� ��� DQG� ���� LQ� WKRVH� ZLWK�

GLJHVWHG� VOXUU\� H[SHULPHQWV��1R� UHODWLRQVKLS�ZDV� IRXQG�EHWZHHQ� WKH� LQLWLDO�

VOXUU\� S+� DQG� WKH� SHUFHQW� RI� 7.1� IL[HG�� DQG� QR� GLIIHUHQFHV� ZHUH� IRXQG�

EHWZHHQ�WKH�WZR�VOXUU\�W\SHV��7KLV�FRXOG�EH�H[SODLQHG�E\�ERWK�WKH�VPDOO�ILQDO�

YROXPH� RI� WKH� FRQFHQWUDWH� DQG� WKH� REVHUYHG� VFDOLQJ� SKHQRPHQD� LQ� WKH�

HYDSRUDWRU� ZDOO�� 7KH� LQFRPSOHWH� DPPRQLD� FRQGHQVDWLRQ� VKRXOG� DOVR� EH�

WDNHQ�LQWR�DFFRXQW�DV�DQRWKHU�SRVVLEOH�VRXUFH�RI�HUURU���

�������6HPL�FRQWLQXRXV�HYDSRUDWLRQ�WHVWV�

7KH�VHPL�FRQWLQXRXV�H[SHULPHQWV�ZHUH�GLYLGHG� LQWR� WZR�SHULRGV�� DQ� LQLWLDO�

WUDQVLWRU\� SHULRG� IROORZHG� E\� D� VWHDG\� VWDWH� SHULRG�� 'XULQJ� WKH� WUDQVLWRU\�

SHULRG��ODUJH�YROXPHV�RI�VOXUU\�ZHUH�DGGHG�GLVFRQWLQXRXVO\�XQWLO�D�YROXPH�RI�

FRQFHQWUDWH� ���������P/��ZLWK� D�76� FRQFHQWUDWLRQ� EHWZHHQ� ����J�NJ� DQG�

����J�NJ�ZDV�REWDLQHG��7RWDO�VOXUU\�DGGLWLRQ�ZDV������/�LQ�WKH�IUHVK�VOXUU\�

H[SHULPHQW� �)LJXUH� �����D�� DQG� ����� /� LQ� WKH� GLJHVWHG� VOXUU\� H[SHULPHQW�

�)LJXUH������D���7KLV�UHODWLYHO\�ODUJH�GLIIHUHQFH�ZDV�GXH�WR�WKH�ORZHU�LQLWLDO�76�

FRQFHQWUDWLRQ�RI�WKH�GLJHVWHG�VOXUU\�ZLWK�UHVSHFW�WR�WKH�IUHVK�VOXUU\��$�ORQJHU�

WUHDWPHQW� WLPH� ZDV� WKHUHIRUH� UHTXLUHG� IRU� WKH� GLJHVWHG� VOXUU\�� 'XULQJ� WKH�

VWHDG\� VWDWH�SHULRG��YROXPHV�RI����P/�RI� VOXUU\�ZHUH�DGGHG�HYHU\����PLQ��

�)LJXUH������E�DQG�)LJXUH������E��� �%HIRUH�H[WUDFWLQJ�WKH�FRQFHQWUDWH��VOXUU\�
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DGGLWLRQ�ZDV� VWRSSHG�XQWLO� WKH�PDVV�EDODQFH� LQGLFDWHG� WKDW� WKH�FRQFHQWUDWH�

KDG�UHDFKHG�WKH�GHVLUHG�76�FRQFHQWUDWLRQ��

7KH�HYDSRUDWLRQ�UDWH��WKH�FKDUDFWHULVWLFV�RI�WKH�FRQGHQVDWH�DQG�FRQFHQWUDWH�

DUH�GLVFXVVHG�EHORZ���

���������(YDSRUDWLRQ�UDWHV�

:DWHU� H[LVWV� LQ� IRXU� VWDWHV� LQ�D� FRPSOH[�ZDWHU�PDWUL[�� IUHH�ZDWHU�� FDSLOODU\�

KHOG� ZDWHU�� VXUIDFH�ZDWHU� DQG� FKHPLFDOO\� ERXQG�ZDWHU� �/RZH�� ������� )UHH�

ZDWHU�LV�GHILQHG�DV�WKH�ZDWHU�UHPRYHG�GXULQJ�WKH�FRQVWDQW�GU\LQJ�UDWH�SHULRG��

7KH�ILQDO�76�FRQFHQWUDWLRQ�DFKLHYHG�E\�UHPRYLQJ�WKLV�ZDWHU�IUDFWLRQ�YDULHV�

IURP�ZDVWH� WR�ZDVWH��7KH�HVWLPDWHG� ILQDO�76�FRQFHQWUDWLRQ� LV�EHWZHHQ�����

J�NJ�DQG�����J�NJ�IRU�OLYHVWRFN�ZDVWHV��+DYH�DQG�&KLDSSLQL����������

7UDQVLWRU\�SHULRG��D�

�

���

���

���
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����

� � � � � �� �� �� �� �� ��
7LPH��K�
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6WHDG\�VWDWH�SHULRG��E�
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�
$FFXPXODWHG�&RQGHQVDWH 6OXUU\�$GGLWLRQ

�
)LJXUH�������6OXUU\�DGGLWLRQ�DQG�DFFXPXODWHG�FRQGHQVDWH�GXULQJ�IUHVK�VOXUU\�
VHPL�FRQWLQXRXV�H[SHULPHQWV��IRU�WKH�WUDQVLWRU\��D��DQG�VWHDG\�VWDWH��E��

SHULRG�
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6LQFH� WKH� ILQDO� 76� FRQFHQWUDWLRQ� LQ� WKH� VHPL�FRQWLQXRXV� HYDSRUDWLRQ�

H[SHULPHQWV�ZDV�EHWZHHQ�����DQG�����J�NJ��LW�FDQ�EH�DVVXPHG�WKDW�WKH�ZDWHU�

UHPRYHG�ZDV�WKH�IUHH�ZDWHU�IUDFWLRQ��DQG�D�FRQVWDQW�HYDSRUDWLRQ�UDWH�FRXOG�

WKHUHIRUH�EH�H[SHFWHG��+RZHYHU��GXULQJ�WKH�WUDQVLWRU\�SHULRG�VOLJKW�FKDQJHV�

LQ� WKH� VORSH� RI� WKH� FRQGHQVDWH� DFFXPXODWLRQ� FXUYH�ZHUH� REVHUYHG� �)LJXUH�

�����D� DQG� )LJXUH� �����D��� 7KHVH� FKDQJHV� LQ� WKH� DFFXPXODWHG� FRQGHQVDWH�

FXUYH� FDQ� EH� H[SODLQHG� E\� VOLJKW� FKDQJHV� LQ� SUHVVXUH� DQG� WHPSHUDWXUH� DQG�

OLPLWDWLRQV�RQ�KHDW�WUDQVIHU�GXH�WR�WKH�LQFUHDVH�LQ�YLVFRVLW\�DQG�VRPH�VFDOLQJ�

RQ�WKH�HYDSRUDWRU�ZDOO��KHDW�LV�SURYLGHG�ZLWK�D�ZDWHU�MDFNHW�VXUURXQGLQJ�WKH�

HYDSRUDWRU����

7UDQVLWRU\�SHULRG��D�

�

���

���

���
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����
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$FFXPXODWHG�&RQGHQVDWH 6OXUU\�$GGLWLRQ

�
)LJXUH�������6OXUU\�DGGLWLRQ�DQG�DFFXPXODWHG�FRQGHQVDWH�GXULQJ�WKH�
GLJHVWHG�VOXUU\�VHPL�FRQWLQXRXV�H[SHULPHQWV�IRU�WKH�WUDQVLWRU\��D��DQG�

VWHDG\�VWDWH��E��SHULRG�
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7KH�GLIIHUHQW�FKDUDFWHULVWLFV�RI�WKH�VOXUULHV�WHVWHG�GLG�QRW�KDYH�DQ�LPSRUWDQW�

HIIHFW�RQ�HYDSRUDWLRQ�UDWHV��,Q�WKH�VWHDG\�VWDWH�SHULRG��WKH�HYDSRUDWLRQ�UDWHV�

UHSRUWHG�LQ�WKH�IUHVK�VOXUU\�H[SHULPHQWV�ZHUH������P/�FRQGHQVDWH�K��)LJXUH�

�����E��� ZKLOH� LQ� WKH� GLJHVWHG� VOXUU\� H[SHULPHQWV� LW� ZDV� ����� P/�

FRQGHQVDWH�K��)LJXUH������E���

���������&RQGHQVDWH�FKDUDFWHULVDWLRQ�

7KH� HYROXWLRQ� RI� FRQGHQVDWH� FKDUDFWHULVWLFV� �1+�
��1�� 79)$�� &2'�� DQG�

S+��WKURXJKRXW�WKH�VHPL�FRQWLQXRXV�H[SHULPHQW�DUH�VKRZQ�LQ�)LJXUH�������

$V�VHHQ��WKH�SDUDPHWHUV�VWXGLHG�EHKDYHG�GLIIHUHQWO\�LQ�WKH�WZR�SHULRGV���

�D��)UHVK�VOXUU\�H[SHULPHQWV�

�

����

�����

�����

� � �� �� �� �� �� ��

7LPH��K�

�

�

�

�

�

S
+

7UDQVLWRU\�SHULRG 6WHDG\�VWDWH�SHULRG

6OXUU\�
�

�E��'LJHVWHG�VOXUU\�H[SHULPHQWV�
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7LPH��K�

�

�

�

�

�
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S
+

6OXUU\�DGGLWLRQ

7UDQVLWRU\�SHULRG 6WHDG\�VWDWH�SHULRG

�
1+�� 79)$ &2' S+ �

)LJXUH�������(YROXWLRQ�RI�FRQGHQVDWH�FKDUDFWHULVWLFV��1+�
��1��79)$��&2'�

DQG�S+��LQ�VHPL�FRQWLQXRXV�H[SHULPHQWV���D��IUHVK�VOXUU\�H[SHULPHQW���E��
GLJHVWHG�VOXUU\�H[SHULPHQW��
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7UDQVLWRU\�SHULRG�

'XULQJ�WKH�WUDQVLWRU\�SHULRG��WKHUH�ZHUH�JUHDW�YDULDWLRQV�LQ�WKH�FRPSRVLWLRQ�

RI� WKH� FRQGHQVDWH� �)LJXUH� ����� DQG� 7DEOH� ������ $V� LQ� EDWFK� H[SHULPHQWV��

GXULQJ� WKH� WUDQVLWRU\� SHULRG�� WKH� DPPRQLD� QLWURJHQ�� 79)$� DQG� &2'�

FRQFHQWUDWLRQ�� LQFUHDVHG� OLQHDUO\� ZLWK� WKH� GHJUHH� RI� FRQFHQWUDWLRQ� RI� WKH�

VOXUU\��7KH�ORZHVW�FRQFHQWUDWLRQV�ZHUH�UHSRUWHG�DIWHU�HDFK�QHZ�DGGLWLRQ�RI�

VOXUU\��DQG�PD[LPXP�YDOXHV�ZHUH�UHSRUWHG�MXVW�EHIRUH�D�QHZ�VOXUU\�DGGLWLRQ�

�)LJXUH���������

7DEOH������&RQFHQWUDWLRQ�UDQJHV�IRU�DPPRQLD�QLWURJHQ��79)$��&2'�DQG�S+�
LQ�WKH�WUDQVLWRU\�SHULRG�

� 1+�
��1��PJ�/�� 79)$��PJ�/�� &2'��PJ�/�� S+�

)UHVK�VOXUU\� ��������� ������������ �����²������� ����²�����

'LJHVWHG�VOXUU\� ��������� ��������� ��������� ����²�����

�

6WHDG\�VWDWH�SHULRG��

7KH�DOPRVW�FRQVWDQW�FRQGHQVDWH�FKDUDFWHULVWLFV�GXULQJ�WKH�VWHDG\�VWDWH�SHULRG�

LQGLFDWHG�WKDW�D�VWDEOH�UXQQLQJ�RI�WKH�V\VWHP�KDG�EHHQ�DFKLHYHG��)LJXUH���������

6WHDG\�VWDWH�FRQGHQVDWH�FKDUDFWHULVWLFV�ZHUH�FRPSDUHG�ZLWK�WKRVH�IURP� WKH�

EDWFK�H[SHULPHQWV��ZLWK�WKH�VDPH�LQLWLDO�VOXUU\�S+��WUHDWPHQW�7��DQG�7����$V�

H[SHFWHG�� WKH� KLJKHU� HYDSRUDWLRQ� WHPSHUDWXUH� LQ� WKH� VHPL�FRQWLQXRXV�

H[SHULPHQW� ����&� DV� RSSRVHG� WR� ���&� LQ� WKH� EDWFK� H[SHULPHQWV�� OHDG� WR�

KLJKHU�FRQGHQVDWH�FRQFHQWUDWLRQV�RI�DPPRQLD�QLWURJHQ��79)$�DQG�&2'�LQ�

WKH�VHPL�FRQWLQXRXV��7DEOH������WKDQ�LQ�WKH�EDWFK�H[SHULPHQWV��)LJXUH�������

7DEOH������$YHUDJH�FRQFHQWUDWLRQ�RI�DPPRQLD�QLWURJHQ��79)$��&2'�DQG�S+�
LQ�WKH�VWHDG\�VWDWH�SHULRG��DYHUDJH�RI���VDPSOHV��

� 1+�
��1��PJ�/�� 79)$��PJ�/�� &2'��PJ�/�� S+�

)UHVK�VOXUU\� ���� ����� ����� ����

'LJHVWHG�VOXUU\� ���� ���� ���� ����

�

7HPSHUDWXUH� GLG� QRW� DIIHFW�1+�� DQG�9)$�YRODWLOLVDWLRQ�� LQ� WKH� VDPH�ZD\��

:KLOH��WKH�FRQGHQVDWH�FRQFHQWUDWLRQ�RI�DPPRQLD�QLWURJHQ�LQ�WKH�IUHVK�VOXUU\�

VHPL�FRQWLQXRXV� H[SHULPHQWV� ZDV�PRUH� WKDQ� ��� WLPHV� JUHDWHU� WKDQ� LQ� WKH�

FRUUHVSRQGLQJ� EDWFK� H[SHULPHQW� �WUHDWPHQW� 7���� 79)$�ZDV� RQO\� WZLFH� DV�

KLJKHU�� 2Q� WKH� RWKHU� KDQG�� WKH� GLJHVWHG� VOXUU\� H[SHULPHQW� GLG� QRW� VKRZ�
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WKHVHV� GLIIHUHQFHV�� WKH� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKH� VHPL�

FRQWLQXRXV� H[SHULPHQWV� ZDV� ���� WLPHV� KLJKHU� WKDQ� LQ� EDWFK� H[SHULPHQWV�

�WUHDWPHQW�7���DQG�79)$�FRQFHQWUDWLRQ�ZDV�����WLPHV�KLJKHU��

7KLV� JUHDW� LQFUHDVH� LQ� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ�� WKDQ� LQ� 79)$�

FRQFHQWUDWLRQ�LQ�WKH�FRQGHQVDWH� OHDG�WR�KLJKHU�S+V�LQ�WKH�VHPL�FRQWLQXRXV�

H[SHULPHQWV��7DEOH�������WKDQ�LQ�WKH�EDWFK�H[SHULPHQWV��&RQGHQVDWH�S+V�IRU�

WKH�EDWFK�H[SHULPHQWV� �WUHDWPHQW�7��DQG�7���ZHUH�EHORZ� WKDQ����� �)LJXUH�

����DQG�)LJXUH�������

6LPLODUO\��1+�
���&2'�DQG�79)$�SHUFHQW� WUDQVIHUUHG� WR� WKH� FRQGHQVDWH�

ZHUH� ODUJHU� LQ� WKH� VHPL�FRQWLQXRXV� �)LJXUH� ������� WKDQ� LQ� WKH� EDWFK�

H[SHULPHQWV��)LJXUH������DQG�)LJXUH���������

&RPSDULQJ� WKH� WZR� VOXUU\� W\SHV�� DV� LQ� EDWFK� H[SHULPHQWV�� 9)$�� DQG�

&2'�� WUDQVIHUUHG� WR� WKH� FRQGHQVDWH� ZHUH� ODUJHU� IRU� IUHVK� VOXUU\� VHPL�

FRQWLQXRXV� H[SHULPHQWV� WKDQ� WKRVH� IRU� GLJHVWHG� VOXUU\�� +RZHYHU�� 1+�
���

WUDQVIHUUHG�VKRZHG�VLPLODU�YDOXHV�IRU�WKH� WZR�VOXUU\�W\SHV��������IRU�IUHVK�

VOXUU\�DQG�������IRU�GLJHVWHG�VOXUU\��)LJXUH��������

��D��)UHVK�VOXUU\�H[SHULPHQWV� ��E��'LJHVWHG�VOXUU\�H[SHULPHQWV�

�

�

��

��

��

��

��

��

1+���1 &2' 79)$

�

�

�

��

��

��

��

��

��

1+���1 &2' 79)$

�

)LJXUH�������3HUFHQW�DPPRQLD�QLWURJHQ��&2'�DQG�79)$�WUDQVIHUUHG�WR�WKH�
FRQGHQVDWH�LQ�WKH�VHPL�FRQWLQXRXV�H[SHULPHQWV��VWHDG\�VWDWH�SHULRG����D��

IUHVK�VOXUU\�H[SHULPHQW���E��GLJHVWHG�VOXUU\�H[SHULPHQW��

,Q�RUGHU�WR�WHVW�ZKHWKHU�DOO�WKH�YRODWLOLVHG�FRPSRQHQWV�PRQLWRUHG��DPPRQLD�

QLWURJHQ��9)$�DQG�&2'��KDG�EHHQ�FRPSOHWHO\�UHFRYHUHG�LQ�WKH�FRQGHQVDWH��

WKH�FRPSRVLWLRQ�RI�WKH�LQFRQGHQVDWHV�VDPSOHV��YDSRXUV�FRQGHQVHG�RXWVLGH�WKH�

YDFXXP�V\VWHP��VHH�)LJXUH������ZHUH�DQDO\VHG��

$PPRQLD� QLWURJHQ�� 9)$� DQG� &2'� ZHUH� GHWHFWHG� LQ� WKH� LQFRQGHQVDWH�

VDPSOHV��VKRZLQJ�WKDW�LW�ZDV�QRW�SRVVLEOH�WR�UHFRYHU�VRPH�RI�WKH�DPPRQLD�

QLWURJHQ��9)$�DQG�&2'�YRODWLOLVHG�WKURXJK�HYDSRUDWLRQ�LQ�WKH�FRQGHQVDWH��
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$�VXSSOHPHQWDU\�WUHDWPHQW��L�H��ELRILOWHU��ZDV�WKHUHIRUH�QHHGHG�WR�DFKLHYH�D�

FRPSOHWH�FRQWURO�RI�HPLVVLRQV���

���������&RQFHQWUDWH�FKDUDFWHULVDWLRQ�

7KH�FKDUDFWHULVWLFV�RI�WKH�FRQFHQWUDWH�VDPSOHG�GXULQJ�WKH�VWHDG\�VWDWH�SHULRG�

DUH� VKRZQ� LQ�7DEOH������$V� VHHQ�� WKH�FRPSRVLWLRQ�RI�DOO� WKH� VDPSOHV�� IURP�

WKH� VDPH� H[SHULPHQW� ZDV� TXLWH� VLPLODU�� 7KLV� ZDV� LQ� DFFRUGDQFH� ZLWK� WKH�

FRQVWDQW� FKDUDFWHULVWLFV� RI� WKH� FRQGHQVDWH� UHSRUWHG� IRU� WKH� VDPH� SHULRG�

�)LJXUH��������

$V� LQ� WKH� EDWFK� H[SHULPHQWV�� WKH� ILQDO� S+� ZDV� VOLJKWO\� KLJKHU� WKDQ� WKH�

LQLWLDO�RQH��DQG�ZDV�KLJKHU�IRU�GLJHVWHG�WKDQ�IUHVK�VOXUU\���

7DEOH������&KDUDFWHULVWLFV�RI�WKH�FRQFHQWUDWH�LQ�WKH�VHPL�FRQWLQXRXV�
HYDSRUDWLRQ�H[SHULPHQW�

� )UHVK�6OXUU\�&RQFHQWUDWH� � 'LJHVWHG�6OXUU\�&RQFHQWUDWH�

� 6DPSOH�� 6DPSOH�� 6DPSOH�� 6DPSOH�� � 6DPSOH�� 6DPSOH�� 6DPSOH�� 6DPSOH��

S+� ���� ���� ���� ���� � ���� ���� ���� ����

76� ������ ������ ������ ������ � ������ ������ ������ ������

1+�
��1� ���� ���� ���� ���� � ����� ����� ����� �����

&2'�� ������ ������ ������ ������ � ������ ������ ������ ������

7.1�� ����� ����� ����� ����� � ����� ����� ����� �����

3��� ���� ���� ���� ���� � ���� ���� ���� ����

.��� ����� ����� ����� ����� � ����� ����� ����� �����

1RWH��8QLWV�LQ�J�NJ�

�

0DVV�EDODQFH�FDOFXODWLRQV��HTXDWLRQ�����VKRZHG�WKDW��������RI�WKH� LQLWLDO�3�

DQG��������RI�WKH�LQLWLDO�.�ZHUH�IL[HG�LQ�WKH�IUHVK�VOXUU\�FRQFHQWUDWH��$OPRVW�

DOO�RI�WKH�.����������DQG��������RI�WKH�LQLWLDO�3�ZHUH�IRXQG�LQ�WKH�GLJHVWHG�

VOXUU\�FRQFHQWUDWH���

7KH�IL[HG�7.1���ZDV�����LQ�WKH�IUHVK�VOXUU\�FRQFHQWUDWH��DQG������LQ�

WKH�GLJHVWHG�VOXUU\��7R�WKH�FRQWUDU\��WKH�SHUFHQW�DPPRQLD�QLWURJHQ�IL[HG�ZDV�

������ IRU� WKH� IUHVK� VOXUU\� FRQFHQWUDWH� DQG� ������ IRU� WKH� GLJHVWHG� VOXUU\�

FRQFHQWUDWH�� 7KH� &2'�� IL[HG� ZDV� ������ DQG� ������ UHVSHFWLYHO\�� 7KLV�

FRQILUPHG� WKDW� QRW� DOO� WKH� DPPRQLD� DQG� &2'� ZDV� UHFRYHUHG� LQ� WKH�

FRQGHQVDWH�� �+RZHYHU�� WKLV� FRXOG�KDYH�EHHQ�D� UHODWLYHO\� ODUJH�H[SHULPHQWDO�



36/)�WUHDWPHQW�E\�YDFXXP�HYDSRUDWLRQ«�

�

����

HUURU� ZKHQ� FDOFXODWLQJ� WKHVH� ILJXUHV�� $V� LQ� WKH� EDWFK� H[SHULPHQWV�� VFDOLQJ�

SKHQRPHQD� ZHUH� REVHUYHG� DQG� WKHUHIRUH� WKH� PHDVXUHPHQW� RI� WKH� ILQDO�

DPRXQW� RI� FRQFHQWUDWH� ZDV� QRW� FRPSOHWHO\� DFFXUDWH�� 6PDOO� HUURUV� LQ� WKH�

ZHLJKW� RI� WKH� FRQFHQWUDWH� FRXOG� LQWURGXFH� ODUJH� HUURUV� LQ� WKH� VXEVHTXHQW�

FDOFXODWLRQV�RI�WKH�JOREDO�PDVV�EDODQFH��GXH�WR�LWV�KLJK�FRQFHQWUDWLRQ��

�����&RQFOXVLRQV�

7KH� FKDUDFWHULVWLFV� �1+�
��1�� 79)$�� &2'� DQG� S+�� RI� WKH� FRQGHQVDWH�

REWDLQHG�WKURXJK�EDWFK�HYDSRUDWLRQ�H[SHULPHQWV�RI�SLJ�VOXUU\�OLTXLG�IUDFWLRQ�

ZHUH�VWURQJO\�GHSHQGHQW�RQ�WKH�LQLWLDO�VOXUU\�S+��$V�H[SHFWHG��WKH�ORZHU�WKH�

LQLWLDO� VOXUU\� S+�� WKH� ORZHU� WKH� DPPRQLD� QLWURJHQ� FRQFHQWUDWLRQ� LQ� WKH�

FRQGHQVDWH�� DQG� WKH� ORZHU� WKH� LQLWLDO� VOXUU\� S+�� WKH� KLJKHU� WKH� 79)$�

FRQFHQWUDWLRQ�LQ�WKH�FRQGHQVDWH��+RZHYHU��GHSHQGLQJ�RQ�WKH�SLJ�VOXUU\�W\SH��

WKH� &2'� LQ� WKH� FRQGHQVDWH� EHKDYHG� GLIIHUHQWO\�� ,Q� WKH� IUHVK� VOXUU\�

H[SHULPHQWV�� &2'� IROORZHG� WKH� VDPH� SDWWHUQ� DV� 79)$�� ZKLOH� LQ� WKH�

GLJHVWHG� VOXUU\� H[SHULPHQWV�� &2'� GLG� QRW� KDYH� DQ\� UHODWLRQVKLS� ZLWK� WKH�

LQLWLDO�VOXUU\�S+��,Q�DOO�FDVHV�VWXGLHG��DPPRQLD�QLWURJHQ��79)$�DQG�&2'�LQ�

WKH� FRQGHQVDWH� IURP� WKH� GLJHVWHG� VOXUU\� H[SHULPHQWV� SUHVHQWHG� ORZHU�

FRQFHQWUDWLRQV� WKDQ� WKH�IUHVK�VOXUU\�FRQGHQVDWH��7KH�ODUJHVW�GLIIHUHQFH�ZDV�

UHSRUWHG� IRU� &2'� DQG� 79)$� FRQFHQWUDWLRQV�� 7KH� &2'�� DQG� 9)$��

WUDQVIHUUHG� WR� WKH� FRQGHQVDWH� LQ� WKH� H[SHULPHQWV� ZLWK� IUHVK� VOXUU\� ZHUH�

VLJQLILFDQWO\� ODUJHU� WKDQ� WKRVH�ZLWK�GLJHVWHG� VOXUU\��2Q� WKH�RWKHU�KDQG�� WKH�

SHUFHQWDJHV� RI� DPPRQLD� QLWURJHQ� WUDQVIHUUHG� WR� WKH� FRQGHQVDWH� LQ� WKH�

H[SHULPHQWV� ZLWK� GLJHVWHG� VOXUU\� ZHUH� VLJQLILFDQWO\� KLJKHU� WKDQ� WKRVH� ZLWK�

IUHVK�VOXUU\��

,W� FDQ� EH� FRQFOXGHG� WKDW� XQGHU� WKHVH� RSHUDWLRQDO� FRQGLWLRQV� �7 ���&��

3 ���PP�+J��DQG�ZLWKLQ�WKLV�UDQJH�RI�S+�YDOXHV��D�RQH�VWDJH�HYDSRUDWLRQ�

WUHDWPHQW� ZRXOG� EH� VXIILFLHQW� WR� REWDLQ� KLJK� TXDOLW\� FRQGHQVDWHV� ZKHQ�

WUHDWLQJ�GLJHVWHG�VOXUU\��2Q�WKH�RWKHU�KDQG��ZKHQ�WUHDWLQJ�IUHVK�VOXUU\�D�WZR�

VWDJH�HYDSRUDWLRQ�DQG�RU�D�IXUWKHU�WUHDWPHQW�ZRXOG�EH�QHFHVVDU\�LQ�RUGHU�WR�

DWWDLQ�DFFHSWDEOH�FRQGHQVDWH�FKDUDFWHULVWLFV��

6HPL�FRQWLQXRXV� H[SHULPHQWV� VKRZHG� WKDW� WKH� WUHDWPHQW� WHPSHUDWXUH��

SUHVVXUH� DQG� WKH� GHJUHH� RI� FRQFHQWUDWLRQ� RI� WKH� VOXUU\� DUH� DOVR� LPSRUWDQW�

IDFWRUV�WR�EH�FRQVLGHUHG�ZLWK�UHJDUG�WR�FRQGHQVDWH�FRPSRVLWLRQ��$V�LQ�EDWFK�

H[SHULPHQWV�� D� ODUJH� GLIIHUHQFH� ZDV� UHSRUWHG� EHWZHHQ� WKH� FRQGHQVDWH�

FRPSRVLWLRQ�RI�WKH�WZR�VOXUU\�W\SHV��,Q�WKLV�FDVH��GXH�WR�WKH�LQFUHDVH�LQ�WKH�

RSHUDWLRQDO� WHPSHUDWXUH� ����&��� KLJKHU� FRQFHQWUDWLRQV� RI� WKH� VWXGLHG�
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FRPSRXQGV�ZHUH�UHSRUWHG��'HSHQGLQJ�RQ�WKH�GHVLUHG�XVH�IRU�WKH�FRQGHQVDWH�

REWDLQHG��IXUWKHU�WUHDWPHQW�ZLOO�EH�UHTXLUHG�LQ�ERWK�FDVHV���

(YDSRUDWLRQ�DSSHDUV�WR�EH�DQ�LQWHUHVWLQJ�RSWLRQ�IRU�SLJ�VOXUU\�WUHDWPHQW�LQ�

DUHDV� ZLWK� D� VWUXFWXUDO� QXWULHQW� VXUSOXV�� 7KH� UHGXFWLRQ� LQ� YROXPH� �ZHLJKW��

DQG�WKH�LQFUHDVH�LQ�QXWULHQW�FRQFHQWUDWLRQ��1��3�DQG�.��RI�WKH�FRQFHQWUDWH��

LQFUHDVH� WKH�HFRQRPLFDO� IHDVLELOLW\�RI� VOXUU\�GLVWULEXWLRQ� WR�GLVWDQW� DUHDV�� ,Q�

DGGLWLRQ�WR�SURYLGLQJ�SDUW�RI�WKH�UHTXLUHG�WKHUPDO�HQHUJ\��SUHYLRXV�DQDHURELF�

GLJHVWLRQ� RI� WKH� VOXUU\� SUHVHQWV� FOHDU� DGYDQWDJHV� IRU� HYDSRUDWLRQ�� 7KH�

FRQVXPSWLRQ� RI� RUJDQLF� PDWWHU� GXULQJ� DQDHURELF� GLJHVWLRQ� UHGXFHV�

YRODWLOLVDWLRQ� GXULQJ� HYDSRUDWLRQ� DQG� WKHUHIRUH� OHDGV� WR� KLJKHU� TXDOLW\�

FRQGHQVDWHV��

�����5HIHUHQFHV�

%HFN��-���DQG�%XUWRQ��&�+����������0DQXUH�WHFKQLTXHV�LQ�(XURSH��5HVXOWV�RI�DQ�(8�
&RQFHUWHG�$FWLRQ���$J(QJ�2VOR�� ,QWHUQDWLRQDO� FRQIHUHQFH� RQ� DJULFXOWXUDO� HQJLQHHULQJ�����
SS��

%LUFKOHU��'�5���0LONH��0�:���0DUNV��$�/��DQG�/XWK\��5�*�� ��������/DQGILOO�OHDFKDWH�
WUHDWPHQW�E\�HYDSRUDWLRQ��-RXUQDO�RI�(QYLURQPHQWDO�(QJLQHHULQJ�����������������������

%XUWRQ�� &�+�� ��������0DQXUH� PDQDJHPHQW�� 7UHDWPHQW� VWUDWHJLHV� IRU� VXVWDLQDEOH� DJULFXOWXUH��
6LOVRH�5HVHDUFK�,QVWLWXWH��%HGIRUG��8.������SS��

'DQHV�� 5���0ROLQD�� 9��� 3UDWV�� ,��� ÉODPRV��0��� %RL[DGHUD�� -�� DQG�7RUUHV��(�� ��������
0DQXDO� GH� JHVWLy� GHOV� SXULQV� L� GH� OD� VHYD� UHXWLOLW]DFLy� DJUtFROD��'�$�5�3��*HQHUDOLWDW� GH�
&DWDOXQ\D��%DUFHORQD������SS��

*U�WHU��+���0DWWHU��0���2HKOPDQQ��.�+��DQG�+LFNV��0�'����������'U\LQJ�RI�VHZDJH�
VOXGJH��DQG�LPSRUWDQW�VWHS�LQ�ZDVWH�GLVSRVDO��:DW��6FL��7HFK�������������������

+DYH�� 3�-�:�� DQG�&KLDSSLQL��8�� �������� 3URFHVVLQJ� RI�PDQXUH� VXUSOXVHV��(XURSHDQ�

&RQIHUHQFH���(QYLURQPHQW�$JULFXOWXUH�6WRFN�)DUPLQJ�LQ�(XURSH��0RQWRYD��,WDO\��������
+LOO�� '�7�� �������� $ONDOLQLW\� PHDVXUHPHQWV� LQ� DQDHURELF� GLJHVWLRQ� V\VWHPV� DV�

LQIOXHQFHG�E\�RUJDQLF�DFLG�OHYHO�DQG�HQGSRLQW�S+��7UDQVDFWLRQV�RI�WKH�$6$(����������
�����������

+LOO�� '�7�� DQG� -HQNLQV�� 6�5�� �������� 0HDVXULQJ� DONDOLQLW\� DFFXUDWHO\� LQ� DTXHRXV�
V\VWHPV�FRQWDLQLQJ�KLJK�RUJDQLF�DFLG�FRQFHQWUDWLRQV��7UDQVDFWLRQV�RI�WKH�$6$(�����
����������������

+XHUFLR��$���9DUDV��)�-���(VSXxD��$���3XLJMDQHU��/���DQG�+HUUDQ]�� -�� ��������$SSOLHG�
DGDSWDWLYH� G\QDPLFDO� LGHQWLILFDWLRQ� WR� WKH� SUHGLFWLRQ� RI� FKHPLFDO� SURFHVV�
HYROXWLRQ��3HULRGLFD�3RO\WHFKQLFD�6HU��&KHP��(QJ�������������������

,]D�� -�� �������� � &RQWURO� GHO� SURFHVR� DQDHURELR�� (Q�� �U� &XUV� G·(QJLQ\HULD� $PELHQWDO��

7UDFWDPHQW� DQDHUREL� G·DLJ�HV� UHVLGXDOV� L� UHVLGXV� GH� IRUWD� FjUUHJD�� SDUjPHWUHV� GH� GLVVHQ\� L�

WHFQRORJLHV�HQ�~V��)ORWDWV��;���HG����3DSHUNLWH�HGQ���/OHLGD�����������
/LGH���������&5&�+DQG�ERRN�RI�&KHPLVWU\�DQG�3K\VLFV����WK�HGQ��&5&�3UHVV��
/RZH��3����������'HYHORSPHQWV�LQ�WKH�WKHUPDO�GU\LQJ�RI�VHZDJH�VOXGJH��-&,:(0����

��������������
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0DUNV��$�/���/XWK\��5�*��DQG�'LZHNHU��8�0�� ��������6HPL�FRQWLQXRXV�HYDSRUDWLRQ�
PRGHO� IRU� OHDFKDWH� WUHDWPHQW� SURFHVV� HYDOXDWLRQ��(QYLURQPHQWDO� 3URJUHVV�� ��� �����
���������

0F.HRXJK��3��DQG�)DJHUQlV��/����������)XUWKHU�HYDSRUDWLRQ�DQG�ILQDO�WUHDWPHQW�RI�
SURFHVV�ZDWHU�FRQFHQWUDWHV��:DW��6FL��7HFK����������������������

1LOVVRQ�� %��� DQG� 6WUDQG��2�� �������� (YDSRUDWRU� FRQGHQVDWH� DQG� FDXVWLF� H[WUDFWLRQ�
OLTXRU�IURP�D�SXOS�IDFWRU\�WUHDWHG�ZLWK�DQ�DQDHURELF�SURFHVV��:DW��6FL��7HFK���������
�������������

3HUU\�5�+����������3HUU\��0DQXDO�GHO�LQJHQLHUR�TXtPLFR���WK�HGQ���0F*UDZ+LOO�
6DED��$���3XFFL��6���5DIIDHOOL��$���DQG�6DOYDGRUL��3����������6WXGLHV�RI�WKH�FRPSRVLWLRQ�

RI�GLVWLOODWHV�IURP�OHDFKDWH�E\�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\�FRXSOHG�WR�
VROLG�SKDVH�PLFURH[WUDWLRQ���5DSLG�FRPPXQLFDWLRQV�LQ�PDVV�VSHFWURPHWU\���������������

6$6� ,QVWLWXWH� �������� 6$6�67$7�8VHU·V� JXLGH��9HUVLRQ� ��� �UWK� HG�� 6$6� ,QVWLWXWH��
&DU\��86$��

6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWH�ZDWHU������������WK�HGQ��
$PHULFDQ� 3XEOLF� +HDOWK� $VVRFLDWLRQ� �� $PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ��
:DWHU�(QYLURQPHQW�)HGHUDWLRQ��:DVKLQJWRQ�'&��86$��

7HLUD��0��5���)ORWDWV��;���&DVDxp��$���0DJUt��$���0DUWtQ��3���0XQWDQp��/���7DUUDGDV��-���
&DPSRV�� (��� DQG� %RQPDWt�� $�� �������� $� FDVH� VWXG\� RQ� OLYHVWRFN� ZDVWH�
PDQDJHPHQW�� -XQFRVD� GH� OHV� *DUULJXHV� �&DWDOXQLD�� 6SDLQ��� 3URFF�� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�(QYLURQPHQWDO�(QJLQHHULQJ��&DUDJHQD�������VHSWHPEHU�����������

9LWROR��6���3HWDUFD��/��DQG�%UHVFL��%����������7UHDWPHQW�RI�ROLYH�RLO�LQGXVWU\�ZDVWHV��
%LRUHVRXUFH�7HFKQRORJ\���������������
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&DStWRO���
&RQFOXVLRQV�
�

�



&RQFOXVLRQV�

�

����

�

�



&RQFOXVLRQV�

�

����

�

�����&RQFOXVLRQV��

/HV�FRQFOXVLRQV�D� OHV�TXq�V
KD�DUULEDW� HQ�HOV� HVWXGLV� UHDOLW]DWV� HV�SUHVHQWHQ�D�

FRQWLQXDFLy��$TXHVWHV�HV�SUHVHQWHQ�SHU�VHSDUDW�SHU�FDGD�XQ�GHOV�FDStWROV��

�������+LGUzOLVL�WqUPLFD�D�EDL[D�WHPSHUDWXUD�����&��

6·KD�FDUDFWHULW]DW�HO�SURFpV�GH�GHJUDGDFLy�WqUPLFD�GHOV�SXULQV�G
RULJHQ�SRUFt�D�

EDL[D�WHPSHUDWXUD��DL[t�FRP�OD�VHYD�LGRQHwWDW�FRP�XQ�SURFpV�SUHYL�D�OD�GLJHVWLy�

DQDHUzELD�� (Q� TXDQW� D� OD� FDUDFWHULW]DFLy� GH� OD� GHJUDGDFLy� WqUPLFD� OHV�

FRQFOXVLRQV�VyQ�OHV�VHJ�HQWV���

� (O�SURFpV�GH�GHJUDGDFLy�WqUPLFD�GHOV�SXULQV�GH�SRUF�D�EDL[D�WHPSHUDWXUD�

����&���PHVXUDGD�FRP� OD�PLQHUDOLW]DFLy�GHO�QLWURJHQ�DPRQLDFDO��SUHVHQWD�

XQD� HYROXFLy� VLJPRLGDO� DPE� HO� WHPSV�� $PE� �� KRUHV� GH� WUDFWDPHQW� OD�

GHVFRPSRVLFLy�pV�TXDVL�FRPSOHWD��

� /D� GHJUDGDFLy� WqUPLFD� GH� OD� PDWqULD� RUJjQLFD� JHQHUD� VXEVWjQFLHV� �S�H��

DPRQtDF��TXH�IDQ�LQFUHPHQWDU�HO�S+�TXDQ�DTXHVW�HV�PHVXUD�D�WHPSHUDWXUD�

DPELHQW��4XDQ�DTXHVW�HV�PHVXUD�D�DOWD�WHPSHUDWXUD��HO�VHX�YDORU�pV�PROW�

LQIHULRU��

� /D�GHJUDGDFLy�GH� OD�PDWqULD�RUJjQLFD�pV�GHJXGD��HQ�OD�VHYD�PDMRU�SDUW��D�

SURFHVVRV� WqUPLFV��/
LQFUHPHQW�GH� OHV� IRUPHV� VROXEOHV�PHVXUDGHV� �VzOLGV�

WRWDOV�VROXEOHV��QLWURJHQ�WRWDO�.MHOGKDO�VROXEOH�L�GHPDQGD�TXtPLFD�G·R[LJHQ�

VROXEOH��pV�VLJQLILFDWLYDPHQW�PpV�JUDQ�D����&�TXH�D����&��

(Q�UHODFLy�D� OD�VHYD� LGRQHwWDW�FRP�XQ�SURFpV�SUHYL�D� OD�GLJHVWLy�DQDHUzELD�GH�

SXULQV�GH�SRUF��

� /D� WLSRORJLD� GHOV� SXULQV�� FDUDFWHULW]DGD� PLWMDQoDQW� OD� FRQFHQWUDFLy� GH�

QLWURJHQ�DPRQLDFDO�L�HO�JUDX�GH�GHVFRPSRVLFLy��GHWHUPLQD�O
HIHFWH�SRVLWLX�R�

QHJDWLX�GHO�SURFpV�GH�KLGUzOLVL�WqUPLFD�SUHYL�D�OD�GLJHVWLy�DQDHUzELD��

Ã�(Q� HO� FDV� GH� SXULQV� SRF� GHJUDGDWV� �EDL[� SHUFHQWDWJH� GH� QLWURJHQ�

DPRQLDFDO� UHVSHFWH� HO� QLWURJHQ� WRWDO�� L� DPE� XQ� EDL[� FRQWLQJXW� GH�
QLWURJHQ� DPRQLDFDO�� OHV� SURGXFFLRQV� GH� PHWj� V·LQFUHPHQWHQ�
VLJQLILFDWLYDPHQW�TXDQ�HV�UHDOLW]D�HO�SUH�WUDFWDPHQW�WqUPLF��6
REWp�XQ�
EDODQo�HQHUJqWLF�SRVLWLX��L�V·KDQ�DUULEDW�D�REWHQLU�LQFUHPHQWV�GHO�����
HQ�OD�SURGXFFLy�GH�PHWj�SHU�XQLWDW�GH�VzOLGV�YROjWLOV�LQLFLDOV��

Ã�(Q�HO�FDV�G
XQ�SXUt�HQYHOOLW��DOW�SHUFHQWDWJH�GH�QLWURJHQ�DPRQLDFDO�

UHVSHFWH� HO� QLWURJHQ� WRWDO�� L� DPE� XQD� FRQFHQWUDFLy� HOHYDGD� GH�

QLWURJHQ� DPRQLDFDO�� HO� SUH�WUDFWDPHQW� WqUPLF� QR� VHPEOD� DSURSLDW��
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/
LQFUHPHQW�GH�S+�REVHUYDW�HQ�HO�SURFpV�G
KLGUzOLVL�WqUPLFD�DFFHQWXD�

HOV�IHQzPHQV�G·LQKLELFLy�SHU�DPRQtDF�L�R�SHO�SURSL�S+��

�������6WULSSLQJ���DEVRUFLy�G
DPRQtDF�D����&�

(O�SURFpV�G·VWULSSLQJ�DEVRUFLy�D����&�GH� O·DPRQtDF�DSOLFDW� DOV�SXULQV�GH�SRUF�

V·KD�HVWXGLDW�PLWMDQoDQW�XQD�LQVWDOÃODFLy�D�HVFDOD�ODERUDWRUL��6·KD�FDUDFWHULW]DW�HO�

SURFpV� SHU� D� SXULQV� IUHVFRV� L� SHU� SXULQV� SUqYLDPHQW� GLJHULWV� DQDHUzELDPHQW��

/HV�FRQFOXVLRQV�D�OHV�TXH�V
KD�DUULEDW�UHIHUHQWV�D�OD�FDUDFWHULW]DFLy�GHO�SURFpV�

G·VWULSSLQJ�DEVRUFLy�VyQ�OHV�VHJ�HQWV��

� (O�S+�LQLFLDO�GH�OD�VROXFLy�DPRQLDFDO�GH�UHIHUqQFLD�GHWHUPLQD�OD�YHORFLWDW�

GH�GHVRUFLy�GH�O
DPRQtDF�HQ�HO�SURFpV�G·VWULSSLQJ�D����&��&RQIRUPH�PpV�DOW�

pV�DTXHVW������²�������PDMRUV�YHORFLWDWV�GH�GHVRUFLy�V
DFRQVHJXHL[HQ��

� /D� SUHVqQFLD� GH� PDWqULD� RUJjQLFD� GHOV� SXULQV� UHGXHL[� OD� YHORFLWDW� GH�

GHVRUFLy�� (Q� WRWV� HOV� FDVRV�� OHV� YHORFLWDWV� GH� GHVRUFLy� GH� O·DPRQtDF� VyQ�

LQIHULRUV�TXDQ�HV�WUDFWD�GH�SXULQV�TXH�TXDQ�HV�WUDFWD�OD�VROXFLy�DPRQLDFDO�

GH�UHIHUqQFLD��

� /D� PRGLILFDFLy� LQLFLDO� GHO� S+� GHOV� SXULQV� Wp� GLIHUHQWV� HIHFWHV� VREUH� HO�

SURFpV� G·VWULSSLQJ�� GHSHQHQW� GH� TXH� DTXHVW� HV� IDFL� DPE� SXULQV� IUHVFRV� R�

DPE�SXULQV�GLJHULWV�DQDHUzELDPHQW��

Ã�3HU�SXULQV�IUHVFRV��pV�QHFHVVDUL�XQ�S+�LQLFLDO�PROW�HOHYDW��VXSHULRU�

R�LJXDO�D�������SHU�DFRQVHJXLU�XQD�HOLPLQDFLy�FRPSOHUWD�GH�O
DPRQtDF��

Ã� 3HU� SXULQV� GLJHULWV� DQDHUzELDPHQW�� pV� SRVVLEOH� REWHQLU� HILFLqQFLHV�

G
HOLPLQDFLy�VXSHULRUV�DO�����VHQVH�PRGLILFDU�HO�S+��/D�PRGLILFDFLy�

GHO�S+�LQLFLDO��SHUz��SHUPHW�YHORFLWDWV�GH�GHVRUFLy�PpV�JUDQV��8Q�S+�

LQLFLDO� VXSHULRU� D� ����� SHUz�� QR� LQFUHPHQWD� VLJQLILFDWLYDPHQW� OD�

YHORFLWDW�GH�GHVRUFLy��SHU�OHV�FRQGLFLRQV�H[SHULPHQWDOV�DVVDMDGHV��

� (O�SURFpV�G·VWULSSLQJ�D����&�FRPSRUWD�XQD�GHVRUFLy�VLPXOWjQLD�G
DLJXD�L�GH�

PDWqULD� RUJjQLFD� �'42��� $L[t� PDWHL[�� HO� SURFHVVRV� VLPXOWDQLV� GH�

GHJUDGDFLy� WqUPLFD� L� GHVRUFLy� G·DPRQtDF�� DLJXD� L� PDWqULD� RUJjQLFD��

PRGLILTXHQ�HO�S+��

� /HV�VDOV�DPRQLDFDOV�REWLQJXGHV�HQ�HO�WUDFWDPHQW�GH�SXULQV�IUHVFRV�PRVWUHQ�

XQD�FRORUDFLy�PpV�IRVFD�TXH�OHV�VDOV�REWLQJXGHV�HQ�HO�WUDFWDPHQW�GH�SXULQV�

GLJHULWV�� GHJXW� D� OD� PDMRU� TXDQWLWDW� GH� PDWqULD� RUJjQLFD� HOLPLQDGD� HQ�

O
VWULSSLQJ�GHOV�SXULQV�IUHVFRV��
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6·KD� HVWXGLDW� WDPEp� O·HIHFWH� G·DSOLFDU� XQ� SURFpV� G·VWULSSLQJ� SUHYL� D� OD� GLJHVWLy�

DQDHUzELD�SHU�WDO�GH�UHGXLU�OD�FRQFHQWUDFLy�G·DPRQtDF�L�HYLWDU�OD�VHYD�LQKLELFLy��

/HV�FRQFOXVLRQV�KDQ�HVWDW��

� /
LQFUHPHQW�GH�S+� �TXDQ�DTXHVW�HV�PHVXUD�D�WHPSHUDWXUD�DPELHQW��� MXQW�

DPE� O
HOLPLQDFLy�G
DLJXD�� L�SHU� WDQW� OD� FRQFHQWUDFLy�GH� OHV� VXEVWjQFLHV�QR�

YROjWLOV� �&X�� =Q�«�� SURGXwW� HQ� HO� SURFpV� G·VWULSSLQJ�� LQFUHPHQWD� HOV�

IHQzPHQV�G·LQKLELFLy�HQ�OD�GLJHVWLy�DQDHUzELD�SRVWHULRU��

� /D�LQFOXVLy�GH�O
VWULSSLQJ�G
DPRQtDF�SUHYL�D�OD�GLJHVWLy�DQDHUzELD�QR�VHPEOD�

LQGLFDW��SHU�SXULQV�DPE�OHV�FDUDFWHUtVWLTXHV�DVVDMDGHV���

(O� SURFpV� G·VWULSSLQJ�DEVRUFLy� SRVWHULRU� DO� SURFpV� DQDHUREL�� HV� SUHVHQWD�

FODUDPHQW�PpV�DYDQWDWMyV�TXH�TXDQ�DTXHVW�HV�UHDOLW]D�SUqYLDPHQW��(O�FRQVXP�

GH�OD�PDWqULD�RUJjQLFD�TXH�HV�SURGXHL[�HQ�HO�SURFpV�DQDHUREL��L�HQ�HVSHFLDO�GHOV�

jFLGV�JUDVVRV�YROjWLOV��SHUPHWHQ�DVVROLU�DOWHV�HILFLqQFLHV�G·HOLPLQDFLy�G·DPRQtDF�

VHQVH�QHFHVVLWDW�GH�PRGLILFDU�HO�S+��$L[t�PDWHL[�OHV�VDOV�DPRQLDFDOV�REWLQJXGHV�

HQ� HO� SURFpV� G·DEVRUFLy� SUHVHQWHQ� PHQRU� FRQWDPLQDFLy� GH�PDWqULD� RUJjQLFD�

DPE�XQD�FRORUDFLy�SUjFWLFDPHQW�EODQFD����

�������(YDSRUDFLy�FRQGHQVDFLy�D�EDL[D�SUHVVLy��

6·KD�HVWXGLDW� HO�SURFpV�G·HYDSRUDFLy�FRQGHQVDFLy�D�EDL[D�SUHVVLy�DSOLFDW� D� OD�

IUDFFLy� OtTXLGD� GH� SXULQV� GH� SRUF� �)/33��� 6·KD� FDUDFWHULW]DW� HO� SURFpV�

PLWMDQoDQW� DVVDLJV� HQ� GLVFRQWLQX� L� HQ� VHPL�FRQWLQX� SHU� SXULQV� IUHVFRV� L� SHU�

SXULQV�SUqYLDPHQW�GLJHULWV�DQDHUzELDPHQW��$PE�HOV�H[SHULPHQWV�HQ�GLVFRQWLQX�

HV�FRQFORX�TXH��

� (O� S+� LQLFLDO� GH� OD�)/33�GHWHUPLQD� HQ� JUDQ�PHVXUD� OHV� FDUDFWHUtVWLTXHV�

�QLWURJHQ� DPRQLDFDO�� jFLGV� JUDVVRV� YROjWLOV�� GHPDQGD� TXtPLFD� G
R[LJHQ� L�

S+��GHOV�FRQGHQVDWV��&RQIRUPH�PpV�EDL[�pV�HO�S+�LQLFLDO�GH�OD�)/33��HOV�

FRQGHQVDWV� REWLQJXWV� SUHVHQWHQ� XQD� PHQRU� FRQFHQWUDFLy� GH� QLWURJHQ�

DPRQLDFDO�L�PDMRU�FRQFHQWUDFLy�G·$*9��SHOV�GRV�WLSXV�GH�SXULQV�DVVDMDWV��

IUHVFRV�L�GLJHULWV��

� /D�'42�HQ�HO�FRQGHQVDW�PRVWUD�XQ�FRPSRUWDPHQW�GLIHUHQW�HQ�IXQFLy�GHO�

WLSXV� GH� SXUt�� (Q� HO� FDV� GH� OD� )/33� IUHVF�� OD� '42� HQ� HO� FRQGHQVDW�

DXJPHQWD�D�PHVXUD�TXH�HO�S+�LQLFLDO�pV�PpV�EDL[��(Q�HO�FDV�GH� OD�)/33�

GLJHULW��QR�V·KD�WUREDW�FDS�UHODFLy�HQWUD�OD�'42�L�HO�S+�LQLFLDO�GHO�SXUt��

� 3HU� WRWV� HOV� S+V� DVVDMDWV� ���� �� L� ��� OHV� FDUDFWHUtVWLTXHV� GHO� FRQGHQVDW�

REWLQJXWV�� HQ� OD� FRQFHQWUDFLy� GH� OD� )/33� GLJHULWV� DQDHUzELDPHQW��

SUHVHQWHQ� XQD� FRQFHQWUDFLy�PROW�PpV� EDL[D� G·$*9� L� GH�'42�� TXH� HOV�

REWLQJXWV� HQ� HO� WUDFWDPHQW� GH� OD� )/33� IUHVFRV�� (OV� SHUFHQWDWJHV� GH�
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WUDQVIHUqQFLD� DO� FRQGHQVDW� VyQ� VLJQLILFDWLYDPHQW� LQIHULRUV� SHU� SXULQV�

GLJHULWV�TXH�SHU�SXULQV�IUHVFRV��

� /D� FRQFHQWUDFLy� GH� QLWURJHQ� DPRQLDFDO� pV� OOHXJHUDPHQW� LQIHULRU� HQ� HOV�

FRQGHQVDWV� GHOV� SXULQV� GLJHULWV�� GHJXW� DO� PHQRU� FRQWLQJXW� LQLFLDO�

G·DPRQtDF�� SHUz� HOV� SHUFHQWDWJHV� GH� WUDQVIHUqQFLD� VyQ� VLJQLILFDWLYDPHQW�

VXSHULRUV�DOV�GHOV�SXULQV�IUHVFRV��

'HOV�H[SHULPHQWV�HQ�VHPL�FRQWLQX�HV�SRGHQ�H[WUHXUH�OHV�VHJ�HQWV�FRQFOXVLRQV��

� 3HU� OHV� FRQGLFLRQV� G·RSHUDFLy� DVVDMDGHV� �7� ���&�� 3 ���� PP� +J� L�

S+ ���� OHV� FRQFHQWUDFLRQV� GHOV� SDUjPHWUHV� HVWXGLDWV� HQ� HO� FRQGHQVDW��

SUHVHQWHQ� YDORUV�PROW�PpV� HOHYDWV� TXH� HOV� DVVDLJV� HQ� GLVFRQWLQX� DPE� HO�

PDWHL[� S+� LQLFLDO�� SHUz� VHPSUH�PDQWHQLQW� FRQFHQWUDFLRQV� VXSHULRUV� SHU�

SXULQV�IUHVFRV�TXH�SHU�SXULQV�GLJHULWV��(Q�IXQFLy�GH� O·~V�TXH�VH·OV�YXOJXL�

GRQDU�DOV�FRQGHQVDW��XQ�WUDFWDPHQW�SRVWHULRU�VHUj�QHFHVVDUL��

(O� SURFpV� GH� GLJHVWLy� DQDHUzELD� SUHYL� D� O·HYDSRUDFLy�FRQGHQVDFLy� SUHVHQWD�

FODUHV� DYDQWDWJHV�� D� PpV� G·DSRUWDU� SDUW� GH� O·HQHUJLD� WqUPLFD� QHFHVVjULD�� HO�

FRQVXP� GH� OD� PDWqULD� RUJjQLFD� TXH� HV� SURGXHL[� HQ� HO� SURFpV� DQDHUREL��

FRPSRUWD� TXH� HOV� FRQGHQVDWV� REWLQJXWV� HQ� VLJXLQ� GH� PLOORU� TXDOLWDW�� $� OD�

YHJDGD� V·REWp� XQ� SURGXFWH� FRQFHQWUDW� TXH� PDQWp� HO� YDORU� IHUWLOLW]DQW� GHOV�

SXULQV�LQLFLDOV��

�

&RP� D� FRQFOXVLy� JHQHUDO� HV� SRW� GLU�TXH� HOV� WUDFWDPHQWV� WqUPLFV� HVWXGLDWV� HV�

SUHVHQWHQ�FRP�XQD�HLQD�GH�SUHVHQW� L�GH�IXWXU��PROW�~WLO�SHU�WDO�GH�PLOORUDU�OD�

JHVWLy�L�HO�WUDFWDPHQW�GH�SXULQV�GH�SRUF��HQ�DTXHOOV�FDVRV�HQ�TXq�OHV�FRQGLFLRQV�

GH�O·HQWRUQ�GHILQHL[LQ��D�WUDYpV�GHOV�SODQV�GH�JHVWLy��REMHFWLXV�TXH�QR�HV�SRGHQ�

DVVROLU� DPE� WUDFWDPHQWV� PHV� VHQ]LOOV� L� GH� PHQRU� LQYHUVLy� R� GH� PHQRU� FRVW�

G·RSHUDFLy��/D�FRPELQDFLy�GH�OD�GLJHVWLy�DQDHUzELD�DPE�HOV�SURFHVVRV�WqUPLFV�

HVWXGLDWV� HV�SUHVHQWD�� DL[t�PDWHL[�� FRP�XQD�DOWHUQDWLYD�DPE�JUDQV�DYDQWDWJHV��

PLOORUD�HO�IXQFLRQDPHQW�GHOV�SURFHVVRV�WqUPLFV��VWULSSLQJ�DEVRUFLy�L�HYDSRUDFLy�

�FRQGHQVDFLy��� V
DIDYRUHL[� OD� VHYD�SUzSLD� LPSODQWDFLy�DPE�SRVVLEOHV�PLOORUHV�

VREUH� HO� SURSL� SURFpV� �KLGUzOLVL� WqUPLFD��� L� LQGLUHFWDPHQW� D� WUDYpV� GH� OD�

YDORULW]DFLy�GH�O·HQHUJLD�WqUPLFD�D�EDL[D�WHPSHUDWXUD��LQIHULRU�D����&��GH�GLItFLO�

DSOLFDFLy�SHU�DOWUHV�XVRV��
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�����&RQVLGHUDFLRQV�GH�IXWXU�

$OJXQHV�GH�OHV�SHUVSHFWLYHV�L�OtQLHV�G·LQYHVWLJDFLy�TXH�HV�SRGHQ�HPSUHQGUH�HQ�

XQ�IXWXU�SRGULHQ�VHU�OHV�TXH�V·LQGLTXHQ�D�FRQWLQXDFLy��

/·HVWXGL� GH� SURFHVVRV� FRPELQDWV� DPE� OD� GLJHVWLy� DQDHUzELD� GH� SXULQV� GH�

SRUF�� SUHYLV� R� SRVWHULRUV�� HV� SUHVHQWD� FRP� XQD� OtQLD� G·LQYHVWLJDFLy� PROW�

LQWHUHVVDQW��/D�JUDQ�GLYHUVLWDW�GHOV�SRVVLEOHV�SUH��L�SRVW�WUDFWDPHQWV��L�OHV�P~OWLSOHV�

FRPELQDFLRQV�GHOV�SDUjPHWUHV�G·RSHUDFLy��ID�TXH�HQFDUD�TXHGL�PROW�FDPt�D�IHU�

HQ�DTXHVWD�GLUHFFLy���

$L[t�PDWHL[��L�G·XQD�PDQHUD�PpV�JHQHUDO��FDO�WHQGLU�D�LQWHJUDU�SURFHVVRV��&DO�

FDUDFWHULW]DU�OD�FRPELQDFLy�GH�SURFHVVRV�DPE�O·REMHFWLX�G·DVVROLU�HOV�REMHFWLXV�

SODQWHMDWV� GLQV� G·XQD� GHWHUPLQDGD� HVWUDWqJLD� GH� WUDFWDPHQW�� &DO� HVWXGLDU� OHV�

LPSOLFDFLRQV� HQ� HO� IXQFLRQDPHQW� GH� FDGD� XQ� GHOV� SURFHVVRV� LQYROXFUDWV�� DL[t�

FRP� OD� TXDOLWDW� GHOV� SURGXFWHV� ILQDOV� REWLQJXWV�� (Q� DTXHVW� VHQWLW� HO�

GHVHQYROXSDPHQW� G·HLQHV� GH� VLPXODFLy� SHU� SURFHVVRV� LQWHJUDWV� pV� GH� FDEGDO�

LPSRUWjQFLD� SHU� WDO� GH� GLULJLU� L� FRQFUHWDU� TXLQHV�� G·HQWUH� HO� JUDQ� YHQWDOO� GH�

SRVVLELOLWDWV�H[LVWHQW��VyQ�G·LQWHUqV��

3HU� ~OWLP� O·DQjOLVL� GH� OD� YLDELOLWDW� HFRQzPLFD� GHOV� GLIHUHQWV� SURFHVVRV� L�

HVWUDWqJLHV�JOREDOV� GH� WUDFWDPHQW�� DL[t� FRP� OD� VHYD� FRPSDUDFLy�� UHTXHUHL[� XQ�

QRX� HQIRFDPHQW�� L� XQD� DQjOLVL� GLIHUHQW� GH� O·HFRQzPLF� FOjVVLF�� &DO� DYDQoDU� HQ�

FRQFHSWHV� G·HFRQRPLD� HFROzJLFD� L� FUHDU� HLQHV� TXH� SHUPHWLQ� XQD� DQjOLVL�PpV�

JOREDO�� FRP� SRGULHQ� VHU� OHV� DQjOLVLV� GH� FLFOH� GH� YLGD� L� GH� OD� GHILQLFLy� GH�

SDUjPHWUHV� GH� GLItFLO� DYDOXDFLy� HFRQzPLFD� �PRQHWjULD��� FRP� SRGHQ� VHU� HOV�

EHQHILFLV� DPELHQWDOV� GHULYDWV� G·XQD� GHWHUPLQDGD� HVWUDWqJLD� GH� WUDFWDPHQW��

UHFXSHUDFLy� HQ� IURQW� G·HOLPLQDFLy�� UHGXFFLy� G·HPLVVLy� GH� FRPSRVWRV� DPE�

HIHFWH� KLYHUQDFOH�� UHGXFFLy� G·HPLVVLRQV� GH� FRPSRVWRV� Wz[LFV� SHU� OD� VDOXW�

KXPDQD��HWF��





�


