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�WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QGXVWULDO�(QJLQHHULQJ�DQG�,QGXVWULDO�0DQDJHPHQW���
;9,��&RQJUHVR�GH�,QJHQLHUtD�GH�2UJDQL]DFLyQ��9LJR��-XO\�������������

�
+HXUtVWLFD�EDVDGD�HQ�XQ�LQGLFDGRU�GH�GHPDQGD�
\�SRWHQFLDO�SDUD�GLVHxDU�VLVWHPDV�GH�
HOHFWULILFDFLyQ�
�
+HXULVWLFV�EDVHG�RQ�D�SRWHQWLDO�DQG�GHPDQG�LQGLFDWRU�IRU�WKH�GHVLJQ�RI�HOHF�
WULILFDWLRQ�SURMHFWV�

5DQDEROGR�0���)HUUHU�0DUWt�/��*DUFtD�9LOORULD�$��3DVWRU�5�

$EVWUDFW��(QJOLVK��(OHFWULILFDWLRQ�6\VWHPV�EDVHG�RQ�UHQHZDEOH�HQHUJLHV�WKDW�FRQ�
VLGHU�PLFUR�JULG�XWLOL]DWLRQ�DUH�D�UHOLDEOH�VROXWLRQ�LQ�RUGHU�WR�VXSSO\�HQHUJ\�WR�LVR�
ODWHG�FRPPXQLWLHV��$�QHZ�PHWKRG�EDVHG�RQ�D�KHXULVWLF�IRU�GHVLJQ�RSWLPL]DWLRQ�RI�
RII�JULG� HOHFWULILFDWLRQ�SURMHFWV� DW� FRPPXQLW\� VFDOH� WKURXJK� WKH� XVH�RI�ZLQG� DQG�
VRODU�HQHUJ\�LV�SURSRVHG�LQ�WKLV�VWXG\��7KH�KHXULVWLF�FRQVLGHUV�WKH�VSDWLDO�YDULDELO�
LW\�RI�WKH�ZLQG�UHVRXUFH�DQG�LV�EDVHG�RQ�WKH�GHILQLWLRQ�RI�DQ�LQGH[�WKDW�YDOXHV�WKH�
VHOHFWLRQ�RI�D�JULG�JHQHUDWLRQ�SRLQW��7KH�SHUIRUPDQFH�RI�WKH�DOJRULWKP�LV�HYDOXDWHG�
LQ� UHDO� DQG� ILFWLWLRXV� FRPPXQLWLHV�� WKH�SURSRVHG� DOJRULWKP� UHGXFHV� WKH� FRVWV� RE�
WDLQHG�E\�WKH�PRGHO�HQFRXQWHUHG�LQ�OLWHUDWXUH�LQ�DOO�DQDO\]HG�FDVHV��
�
5HVXPHQ��&DVWHOODQR��/RV�VLVWHPDV�EDVDGRV�HQ�HO�XVR�GH�HQHUJtDV�UHQRYDEOHV�TXH�
FRQWHPSODQ�HO�XVR�GH�PLFURUUHGHV�VRQ�XQD�RSFLyQ�DGHFXDGD�SDUD�SURYHHU�HOHFWULFL�
GDG�D�FRPXQLGDGHV�DLVODGDV��(Q�HVWH�HVWXGLR��VH�SURSRQH�XQ�QXHYR�SURFHGLPLHQWR�
KHXUtVWLFR�SDUD� HO� GLVHxR�GH� SUR\HFWRV�GH� HOHFWULILFDFLyQ� DXWyQRPRV� D� HVFDOD� FR�
PXQLWDULD�PHGLDQWH�HQHUJtDV�HyOLFD�\�VRODU��/D�KHXUtVWLFD�FRQVLGHUD�OD�YDULDELOLGDG�
HVSDFLDO�GHO�UHFXUVR�HyOLFR�\�VH�EDVD�HQ�OD�GHILQLFLyQ�GH�XQ�LQGLFDGRU�TXH�YDORUD�OD�
VHOHFFLyQ�GHO�SXQWR�GH�JHQHUDFLyQ�GH�XQD�PLFURUUHG��(O�DOJRULWPR�VH�DSOLFD�D�FDVRV�
UHDOHV�\�JHQHUDGRV�DOHDWRULDPHQWH�\�ORV�UHVXOWDGRV�VH�FRPSDUDQ�FRQ�XQ�SURJUDPD�
SXEOLFDGR�HQ�OD�OLWHUDWXUD��HO�DOJRULWPR�SURSXHVWR�UHGXFH�HO�FRVWH�GH�ODV�VROXFLRQHV�
REWHQLGDV�HQ�WRGRV�ORV�FDVRV�SUREDGRV��
�
.H\ZRUGV�� UXUDO� HOHFWULILFDWLRQ�� GHVLJQ� RSWLPL]DWLRQ�� UHQHZDEOH� HQHUJ\�� KHXULV�
WLFV�� RII�JULG� JHQHUDWLRQ��3DODEUDV� FODYH�� HOHFWULILFDFLyQ� UXUDO�� RSWLPL]DFLyQ� GHO�
GLVHxR��HQHUJtDV�UHQRYDEOHV��KHXUtVWLFDV��JHQHUDFLyQ�DXWyQRPD�
���������������������������������������� �������������������
��0DWWHR�5DQDEROGR��
��
'HSDUWDPHQWR�GH�,QJHQLHUtD�0HFiQLFD��8QLYHUVLWDW�3ROLWHFQLFD�GH�&DWDOXQ\D��83&���
$YGD�'LDJRQDO�������������%DUFHORQD��H�PDLO��PDWWHR�UDQDEROGR#XSF�HGX�
��3UR\HFWR�ILQDQFLDGR�SRU�OD�EHFD�)38�$3����������GHO�0(&�\�FRILQDQFLDGR�SRU�HO�SUR\HFWR�
(1(�����������GHO�0,&,11��)('(5�\�HO�&HQWUR�GH�&RRSHUDFLyQ�DO�'HVDUUROOR�GH�OD�83&���
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/RV� VLVWHPDV� GH� HOHFWULILFDFLyQ� EDVDGRV� HQ� HO� XVR� GH� HQHUJtDV� UHQRYDEOHV�� WDOHV�
FRPR� OD� VRODU� \� OD� HyOLFD�� KDQ�GHPRVWUDGR� VHU� DGHFXDGRV� SDUD�SURYHHU� GH� IRUPD�
DXWyQRPD�HOHFWULFLGDG�D�FRPXQLGDGHV�DLVODGDV��HVWRV�VLVWHPDV�SURGXFHQ�HOHFWULFL�
GDG�GH�IRUPD�OLPSLD�\�UHVSHWXRVD�DO�PHGLR�DPELHQWH�\�VX�FRVWH�HV�PXFKDV�YHFHV�
LQIHULRU�DO�GH�H[WHQGHU�OD�UHG�HOpFWULFD�QDFLRQDO��&KDXUH\�HW�DO���������$GHPiV��XWL�
OL]DQGR� UHFXUVRV�GLVSRQLEOHV� ORFDOPHQWH�� HVWRV� VLVWHPDV�QR�GHSHQGHQ�GH� UHFXUVRV�
H[WHUQRV��DXPHQWDQGR�DVt�VX�VRVWHQLELOLGDG�D�ODUJR�SOD]R��%DxRV�HW�DO���������3RU�
RWUR�ODGR��XQD�GH�ODV�JUDQGHV�SUREOHPiWLFDV�GH�ORV�UHFXUVRV�UHQRYDEOHV�HV�VX�HOHYD�
GD� GLVSHUVLyQ� \� YDULDELOLGDG�� (Q� HVH� FRQWH[WR�� OD� LPSOHPHQWDFLyQ� GH� VLVWHPDV�
KtEULGRV�TXH�FRPELQHQ�GLIHUHQWHV� UHFXUVRV�\�HO�XVR�GH�PLFURUUHGHV� VRQ�RSFLRQHV�
TXH�KDQ�UHVXOWDGR�VHU�PX\�~WLOHV�SDUD�GLVPLQXLU�ORV�FRVWHV�GH�LQVWDODFLyQ��DXPHQWDU�
OD�HILFLHQFLD�GHO�VLVWHPD�\�OD�VHJXULGDG�GH�VXPLQLVWUR��$VKRN���������

(Q� ODV� XOWLPDV� GpFDGDV� VH� KDQ� GHVDUUROODGR� GLIHUHQWHV� SURFHGLPLHQWRV� SDUD� OD�
RSWLPL]DFLyQ�GHO�GLVHxR�GH�VLVWHPDV�KtEULGRV��%DxRV�HW�DO���������OD�PD\RUtD�GH�HV�
WRV�HVWXGLRV�RSWLPL]DQ�ORV�HTXLSRV�GH�JHQHUDFLyQ��FRQWURO�\�DOPDFHQDPLHQWR�GH�OD�
HQHUJtD�HQ�XQ�~QLFR�SXQWR�GH�JHQHUDFLyQ�\�QR�FRQVLGHUDQ�OD�YDULDELOLGDG�HVSDFLDO�
GHO�UHFXUVR�HyOLFR�TXH�SXHGH�VHU�PX\�LPSRUWDQWH�HQ�SHTXHxD�HVFDOD�VREUHWRGR�HQ�
VLWLRV�PRQWDxRVRV��)HUUHU�0DUWt�HW�DO���������(O�~QLFR�DOJRULWPR�KHXUtVWLFR�FRQRFL�
GR�TXH�FRQVLGHUH�OD�YDULDELOLGDG�GHO�UHFXUVR��VLVWHPDV�KtEULGRV�\�DGPLWD�SXQWRV�GH�
JHQHUDFLyQ�LQGHSHQGLHQWHV�\�OD�FUHDFLyQ�GH�PLFURUUHGHV�HV�9,325��/DPEHUW�\�+LW�
WOH����������(O�DOJRULWPR�XWLOL]D�XQD�KHXUtVWLFD�JUHHG\�SDUD�HQFRQWUDU�XQD�VROXFLyQ�
LQLFLDO�\�OXHJR�DSOLFD�XQ�UHFRFLGR�VLPXODGR��.LUNSDWULFN�HW�DO���������SDUD�PHMRUDU�
OD�� /DV� SULQFLSDOHV� OLPLWDFLRQHV� GH� 9,325� VRQ�� HO� OLPLWDGR� Q~PHUR� GH� SRVLEOHV�
SXQWRV�GH�JHQHUDFLyQ�GH�PLFURUUHG�FRQVLGHUDGRV��OD�QR�FRQVLGHUDFLyQ�GH�ORV�HTXL�
SRV�HOpFWULFRV�D�LQVWDODU��EDWHUtDV��LQYHUVRUHV��UHJXODGRUHV��\�HO�KHFKR�GH�FRQVLGHUDU�
FRQVWDQWH�HO�UHFXUVR�SDUD�OD�JHQHUDFLyQ�LQGLYLGXDO��

5HFLHQWHPHQWH���)HUUHU�0DUWt�HW�DO��������&DSR��������KDQ�GHVDUUROODGR�XQ�PR�
GHOR�PDWHPiWLFR�TXH�RSWLPL]D�OD�ORFDOL]DFLyQ�GH�ODV�PLFURUUHGHV�\�HTXLSRV�GH�JH�
QHUDFLyQ�HyOLFD�\�VRODU� WRPDQGR�HQ�FXHQWD�ODV�FDtGDV�GH�WHQVLyQ�D�OR�ODUJR�GH�ORV�
FDEOHV��GHILQLHQGR�ORV�GLIHUHQWHV�HTXLSRV�HOpFWULFRV�D�LQVWDODU�\�FRQVLGHUDQGR�WRGRV�
ORV�SXQWRV�GH�FRQVXPR�FRPR�SXQWRV�GH�SRVLEOH�JHQHUDFLyQ�GH�XQD�PLFURUUHG��FRQ�
GLIHUHQWH� SRWHQFLDO� HyOLFR� HQ� FDGD� SXQWR�� (O� PRGHOR� KD� VLGR� LPSOHPHQWDGR� FRQ�
EXHQRV�UHVXOWDGRV�SDUD�HO�GLVHxR�GH�SUR\HFWRV�GH�HOHFWULILFDFLyQ�HQ�HO�3HU~�DXQTXH�
DO�DXPHQWDU�HO�Q~PHUR�GH�SXQWRV�GH�FRQVXPR�FRQVLGHUDGRV��ORV�WLHPSRV�GH�FiOFXOR�
GHO�PRGHOR�PDWHPiWLFR�H[DFWR�DXPHQWDQ�H[SRQHQFLDOPHQWH��

(Q�HVWH�HVWXGLR�VH�GHVFULEH�XQ�QXHYR�SURFHGLPLHQWR�KHXUtVWLFR�SDUD�HO�GLVHxR�GH�
SUR\HFWRV�GH�HOHFWULILFDFLyQ�DXWyQRPRV�D�HVFDOD�FRPXQLWDULD�PHGLDQWH�HQHUJtDV�Hy�
OLFD�\�VRODU��(Q�HO�DSDUWDGR���VH�GHVFULEH�OD�KHXUtVWLFD�SURSXHVWD�EDVDGD�HQ�XQ�LQGL�
FDGRU�SDUD�OD�VHOHFFLyQ�GH�ORV�SXQWRV�GH�JHQHUDFLyQ�GH�PLFURUUHGHV��HQ�HO�DSDUWDGR�
��VH�DQDOL]DQ�ORV�UHVXOWDGRV�REWHQLGRV�FRPSDUiQGRORV�FRQ� ORV�GH�9,325�\�ILQDO�
PHQWH�VH�UHVXPHQ�ODV�FRQFOXVLRQHV��
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�� 'HVFULSFLyQ�GHO�LQGLFDGRU�\�GH�OD�KHXUtVWLFD�SURSXHVWD�

(O�GLVHxR�GH�XQ�VLVWHPD�DXWyQRPR�� L�H��DLVODGR�GH� OD� UHG�QDFLRQDO��GH�HOHFWULILFD�
FLyQ�GH�XQ�iUHD�PHGLDQWH�UHFXUVRV�ORFDOHV�HV�XQ�SUREOHPD�GH�RSWLPL]DFLyQ�FRPEL�
QDWRULD��)HUUHU�0DUWt�HW�DO���������(O�SUREOHPD�EiVLFR�WUDWD�GH�GHFLGLU�HO�Q~PHUR�\�
OD� ORFDOL]DFLyQ� GH� ORV� JHQHUDGRUHV� \� GHPiV� HTXLSRV� HOpFWULFRV� SDUD� FXEULU� OD� GH�
PDQGD�GH�HQHUJtD�\�SRWHQFLD�GH�XQ�FLHUWR�Q~PHUR�GH�XVXDULRV�HQ�XQ�iUHD��XWLOL]DQ�
GR�XQD�FRPELQDFLyQ�GH�PLFURUUHGHV�\�SXQWRV�LQGHSHQGLHQWHV�GH�JHQHUDFLyQ��&DSR��
�������8Q�VLVWHPD�GH�JHQHUDFLyQ�DXWyQRPD�HVWi�FRPSXHVWR�SRU��HTXLSRV�GH�JHQH�
UDFLyQ� �SDQHOHV� VRODUHV� \� DHURJHQHUDGRUHV��� DOPDFHQDPLHQWR� �EDWHUtDV��� FRQWURO�
�UHJXODGRUHV��LQYHUVRUHV�\�PHGLGRUHV��\�WUDQVSRUWH��FDEOHV��GH�OD�HOHFWULFLGDG��/RV�
GDWRV� GH� HQWUDGD� GHO� DOJRULWPR� KHXUtVWLFR� VRQ�� ORFDOL]DFLyQ� \� GHPDQGD� GLDULD� GH�
HQHUJtD�GH�ODV�FDVDV�XVXDULRV��PDSDV�GHO�UHFXUVR�HyOLFR�\�VRODU�GHO�iUHD��HO�UHFXUVR�
VRODU�JHQHUDOPHQWH�VH�FRQVLGHUD�FRQVWDQWH���FDUDFWHUtVWLFDV�GH�ORV�JHQHUDGRUHV�HyOL�
FRV�\�VRODUHV�GLVSRQLEOHV��FRVWH�\�SURGXFFLyQ�GLDULD�GH�HQHUJtD�HVWLPDGD��\�FDUDF�
WHUtVWLFDV�GH�ORV�GHPiV�HTXLSRV�HOpFWULFRV��FRVWH�\�FDSDFLGDG�SRWHQFLD����

/D�KHXUtVWLFD�TXH�VH�SURSRQH��GHVFULWD�HQ�HO�DSDUWDGR������VH�EDVD�HQ�XQ�LQGLFD�
GRU��GHVFULWR�HQ�HO�DSDUWDGR������SDUD�OD�VHOHFFLyQ�GHO�SXQWR�GH�JHQHUDFLyQ�GH�XQD�
PLFURUUHG�H�LQFRUSRUD�LGHDV�GH�ORV�SURFHGLPLHQWRV�*5$63��)HR�\�5HVHQGH��������
\�GHO�UHFRFLGR�VLPXODGR��6$��.LUNSDWULFN��������SDUD�HVFDSDU�GH�ySWLPRV�ORFDOHV��

����,QGLFDGRU�SURSXHVWR�

3DUD�TXH�XQ�SXQWR�VHD�GH�JHQHUDFLyQ�GH�PLFURUUHG�WLHQH�TXH�WHQHU���FDUDFWHUtVWLFDV�
SULQFLSDOHV��WHQHU�XQ�EXHQ�SRWHQFLDO�FRQ�UHVSHFWR�D�ORV�SXQWRV�TXH�WLHQH�DOUHGHGRU�
\� WHQHU�XQD�HOHYDGD�FRQFHQWUDFLyQ�GH�GHPDQGD�DOUHGHGRU�VX\R��6H�SURSRQHQ��HQ�
WRQFHV����LQGLFDGRUHV��XQR�GH�GHQVLGDG�GH�SRWHQFLDO��DSDUWDGR��������\�XQR�GH�GHQ�
VLGDG�GH�GHPDQGD��DSDUWDGR���������TXH�YDORUHQ�HVWDV���FDUDFWHUtVWLFDV��)LQDOPHQWH��
HO�LQGLFDGRU�GH�JHQHUDFLyQ�GH�PLFURUUHG�VH�FDOFXOD�FRPELQDQGR�HVWRV���LQGLFDGR�
UHV��WDO�FRPR�HVWi�GHVFULWR�HQ�HO�DSDUWDGR��������(VWRV�LQGLFDGRUHV�VRQ�GLQiPLFRV�\�
VH�YDQ�FDOFXODQGR�HQ�FDGD�FLFOR�GHO�DOJRULWPR��FRPR�GHVFULWR�HQ�HO�DSDUWDGR������

������'HQVLGDG�GH�3RWHQFLDO��73'��

3DUD�FRQVLGHUDU�DPERV�UHFXUVRV��HyOLFR�\�VRODU��VH�SURSRQH�XWLOL]DU�XQ�LQGLFDGRU�GH�
SRWHQFLDO�3��HFXDFLyQ��������TXH�UHODFLRQH�OD�GHPDQGD�GH�HQHUJtD�('�FRQ�HO�FRVWH�
PtQLPR�GH�JHQHUDFLyQ�&*�SDUD�FXEULU�OD�GHPDQGD�('��

� � �
� �

= ('3 ('
&* ('

� ������
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*HQHUDOPHQWH��HO� LQFUHPHQWR�GHO� LQGLFDGRU�3�YD�GLVPLQX\HQGR�DO�DXPHQWDU� OD�
GHPDQGD�GH�HQHUJtD�FRQVLGHUDGD��KDVWD�DOFDQ]DU�HO�UDWLR��'HPDQGD�GH�HQHUJtD�FX�
ELHUWD� �� &RVWH� *HQHUDFLyQ�� GHO� DHURJHQHUDGRU� GH�PD\RU� SRWHQFLD�� &DEH� GHVWDFDU�
TXH�HVWD�WHQGHQFLD�QR�HV�FRQVWDQWH�\�SXHGH�KDEHU�YDULRV�HVFDORQHV�GHELGR�D�ODV�GL�
IHUHQWHV� FRPELQDFLRQHV�ySWLPDV�GH�JHQHUDFLyQ� �FRPELQDFLRQHV� KLEULGDV�GH� DHUR�
JHQHUDGRUHV�\�SDQHOHV��TXH�VH�REWLHQHQ�DO�YDULDU�OD�GHPDQGD�GH�HQHUJtD��3DUD�HYL�
WDU�HVWRV�HVFDORQHV�\�FRPR�QR�VH�FRQRFH�GH�HQWUDGD�FXiO�YD�D�VHU� OD�GHPDQGD�GH�
HQHUJtD��FXiQWRV�SXQWRV�VH�YDQ�D�FRQHFWDU�GHVGH�XQ�SRVLEOH�SXQWR�GH�JHQHUDFLyQ���
VH�SURSRQH�XWLOL]DU�XQ�LQGLFDGRU�TXH�FRQVLGHUH�HO�SURPHGLR�GHO�UDWLR�3�SDUD�GLIH�
UHQWHV�GHPDQGDV��/DV�GLIHUHQWHV�GHPDQGDV�FRQVLGHUDUtDQ�ORV�GLIHUHQWHV�Q~PHURV�GH�
SXQWRV�GH�FRQVXPR�TXH�VH�VXSRQH�VH�SXHGDQ�FRQHFWDU�D�OD�PLFURUUHG��$Vt��HO�LQGL�
FDGRU�73L��7RWDO�3RWHQWLDO��GHO�SXQWR�L�HV�HO�SURPHGLR�GH�3�DO�YDULDU�OD�GHPDQGD�GH�
HQHUJtD� TXH� VH� FXEUH� �HFXDFLyQ� ������('M� HV� OD�GHPDQGD� GH� HQHUJtD� GHO� SXQWR� M��
33L�N��HV�HO�FRQMXQWRV�GH�ORV�N�SXQWRV�PiV�SUy[LPRV�D�L��1L�HV�HO�Q��GH�SXQWRV�DOUH�
GHGRU�GH�L�HQ�XQ�UDGLR�/UHI��WDPDxR�Pi[LPR�LQGLFDWLYR�GH�XQD�PLFURUUHG���
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�
(O�LQGLFDGRU�GH�GHQVLGDG�GH�SRWHQFLDO�GH�XQ�SXQWR�L��73'M��HFXDFLyQ��������HV�OD�

VXPD�GH�ODV�GLIHUHQFLDV�GH�SRWHQFLDO�HQWUH�HO�SRWHQFLDO�GHO�SXQWR�L��73L��\�ORV�SR�
WHQFLDOHV�GH�ORV�SXQWRV�GH�FRQVXPR�3��HQ�XQ�UDGLR�/UHI�DOUHGHGRU�GH�L��73M���SRQGH�
UDGRV�SRU�OD�GLVWDQFLD�/LM�HQWUH�HO�SXQWR�L�\�HO�SXQWR�M��3��HV�HO�FRQMXQWR�GH�SXQWRV�
GH� FRQVXPR� TXH� D~Q� QR� VH� KDQ� FRQHFWDGR� D� QLQJXQD� PLFURUUHG�� )LQDOPHQWH�� OD�
GHQVLGDG�GH�SRWHQFLDO�73'L�VH�QRUPDOL]D�VHJ~Q�HO�Pi[LPR�73'L�GH�OD�FRPXQLGDG��
VL�73'L�GHO�SXQWR�HV�SRVLWLYR��R�VHJ~Q�HO�PtQLPR��VL�73'L� HV�QHJDWLYR��SDUD�TXH�
YDUtH�HQWUH����\�����

������'HQVLGDG�GH�'HPDQGD��(''��

/D�GHQVLGDG�GH�GHPDQGD�(''L�VH�FDOFXOD�VHJ~Q��������3DUD�VX�FiOFXOR��VH�FRQVL�
GHUDQ�WRGRV�ORV�SXQWRV�GH�FRQVXPR�M�HQ�XQ�UDGLR�LQIHULRU�D�/UHI��3DUD�QR�GDU�GHPD�
VLDGD� LPSRUWDQFLD� D� OR�SXQWRV�GH� FRQVXPR�PX\�FHUFDQRV� D� L� VH� HVWDEOHFH�TXH� OD�
GLVWDQFLD�FRQVLGHUDGD�/LM�QR�SXHGH�VHU�LQIHULRU�D�XQD�GLVWDQFLD�PLQLPD�/PLQ��TXH�HV�
XQ� GDWR� GH� HQWUDGD� �)LQDOPHQWH�� SDUD� TXH� HO� YDORU� GHO� LQGLFDGRU� GH� GHQVLGDG� GH�
GHPDQGD�YDUtH�HQWUH���\���� HO�(''L� VH�QRUPDOL]D� VHJ~Q�HO�PtQLPR�\�HO�Pi[LPR�
(''L�GH�OD�FRPXQLGDG���
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�/LM��/UHI��6L�/LM��/PLQ�HQWRQFHV�/LM �/PLQ� ������

������*ULG�*HQHUDWLRQ�6FRUH��**6��

&RQ�HO�ILQ�GH�VHOHFFLRQDU�HO�SXQWR�GH�JHQHUDFLyQ�GH�XQD�PLFURUUHG�VH�SURSRQH�XWL�
OL]DU�XQ�LQGLFDGRU��GHILQLGR�**6��*ULG�*HQHUDWLRQ�6FRUH���TXH�UHODFLRQH�ORV�LQGL�
FDGRUHV�73'�\�(''�GH�OD�VLJXLHQWH�IRUPD��HFXDFLyQ���������

� �� �
�� �= + +L L L**6 73' ('' � ������
�
'H�HVWD�IRUPD�FXDQGR�HO�SRWHQFLDO�GH�XQD�FRPXQLGDG�HV�FRQVWDQWH�\�HO�73'�HV�

QXOR��ODV�GLIHUHQFLD�GH�SRWHQFLDO�DOUHGHGRU�GH�XQ�SXQWR�VRQ�PX\�SHTXHxDV��OD�SUR�
EDELOLGDG�GH�VHOHFFLRQDU�XQ�SXQWR�FRPR�SXQWR�GH�JHQHUDFLyQ�GHSHQGHUi�~QLFDPHQ�
WH�GH�VX�GHQVLGDG�GH�GHPDQGD��PLHQWUDV�FXDQGR�OD�GHQVLGDG�GH�GHPDQGD�GH�WRGRV�
ORV�SXQWRV�HV�FRQVWDQWH�HO�**6�GHSHQGH�VROR�GH�VX�GHQVLGDG�GH�SRWHQFLDO��

����'HVFULSFLyQ�GHO�DOJRULWPR�KHXUtVWLFR��

(O�DOJRULWPR�KHXUtVWLFR�TXH�VH�GHVFULEH�D�FRQWLQXDFLyQ��SUHWHQGH�PLQLPL]DU�HO�FRV�
WH� GH� LQVWDODFLyQ� GHO� VLVWHPD� GH� HOHFWULILFDFLyQ� FXPSOLHQGR� FRQ� ODV� GHPDQGDV�
PtQLPDV�GH�HQHUJtD�\�SRWHQFLD�GH�ORV�XVXDULRV��/D�KHXUtVWLFD�SURSXHVWD�VH�EDVD�HQ�
XQ�DOJRULWPR�0XOWL�VWDUW�HQ�HO�VH�LQFRUSRUDQ�FRQFHSWRV�WtSLFRV�GHO�*5$63��)HR�	�
5HVHQGH��������\�GHO�UHFRFLGR�VLPXODGR��.LUNSDWULFN�HW�DO���������SDUD�HVFDSDU�GH�
ySWLPRV�ORFDOHV��(O�DOJRULWPR�XWLOL]D�HO�LQGLFDGRU�**6��DSDUWDGR��������SDUD�OD�VH�
OHFFLyQ�GHO�SXQWR�GH�JHQHUDFLyQ�GH�XQD�PLFURUUHG��6XFHVLYDPHQWH� VH�YDQ�FRQHF�
WDQGR�SXQWRV�D�OD�PLFURUUHG��DFHSWDQGR�OD�FRQH[LyQ�VHJ~Q�HO�FULWHULR�GH�0HWURSR�
OLV��WtSLFR�GHO�UHFRFLGR�VLPXODGR��/RV�SDVRV�GH�XQD�LWHUDFLyQ�GHO�DOJRULWPR�VRQ��

�� &DOFXOR�GH� OD� VROXFLyQ�6� FRQ� WRGRV�SXQWRV�GH� JHQHUDFLyQ� LQGHSHQGLHQWH�
�FDGD�XVXDULR�JHQHUD�OD�HQHUJtD�TXH�FRQVXPH���3�� �3��FRQMXQWR�WRWDO�GH�
SXQWRV���6PLQ��� �6��6HD�&�6��HO�FRVWH�GH�OD�VROXFLyQ�6�

�� 3�� 3��0� ¡� HV� OD� PLFURUUHG� HQ� FRQVWUXFFLyQ�� 6H� FDOFXOD� HO� LQGLFDGRU�
**6�SDUD�ORV�SXQWRV�HQ�3���6H�VHOHFFLRQD�HO�SXQWR�GH�JHQHUDFLyQ�GH�XQD�
PLFURUUHG��;��GH�IRUPD�DOHDWRULD��FRQ�SUREDELOLGDG�SURSRUFLRQDO�DO�**6��
HQWUH�ORV�SULPHURV�),B��SXQWRV�GH�3��RUGHQDGRV�GH�IRUPD�GHFUHFLHQWH�SRU�
VX�**6��0� 0�8�^;`��3� 3��?�^;`��3� 3��?�^;`��7 7���6�� 6�� 6PLQ�

�� 6L�TXHGDQ�SXQWRV�D�SUREDU��3����¡��VH�YD�DO�SDVR����VL�QR�VH�YD�DO����
�� 6H�VHOHFFLRQD�HO�SXQWR�<�D�FRQHFWDU�D�0�GH�IRUPD�DOHDWRULD��FRQ�SUREDEL�

OLGDG�LQYHUVDPHQWH�SURSRUFLRQDO�D�OD�GLVWDQFLD�PLQLPD�D�OD�PLFURUUHG��HQ�
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WUH� ORV� SULPHURV� ),B�� SXQWRV� GH�3�� RUGHQDGRV� GH� IRUPD� QR� GHFUHFLHQWH�
SRU�OD�GLVWDQFLD�PLQLPD�D�0��(O�SXQWR�GH�JHQHUDFLyQ�VH�SRQH�HQ�HO�SXQWR�
TXH�PLQLPL]D�HO�FRVWH�GH�0��6HD�0�<��OD�PLFURUUHG�D�OD�FXDO�SHUWHQHFH�<��
6H�DFWXDOL]D�OD�VROXFLyQ�6��GH�OD�FXDO�DKRUD�HV�SDUWH�0�<���

�� &ULWpULR�GH�DFHSWDFLyQ��&�6���&�6���R�FRQ�3URE� �H[S��&�6���&�6����7��
(Q�FDVR�GH�DFHSWDFLyQ��0� 0�8�0�<���3�� 3��?�0�<���6�� 6���7 7
Į��
6L�&�6���&�6PLQ��HQWRQFHV�6PLQ� 6����3�� 3��?�0�<���6H�YXHOYH�DO�SDVR����
(Q�FDVR�FRQWUDULR��VH�YXHOYH�DO�SDVR����

�� 'HYXHOYH�OD�VROXFLyQ�GH�PHQRU�FRVWH�HQFRQWUDGD��
(O�DOJRULWPR�GHSHQGH�GH�XQRV�SDUiPHWURV�WtSLFRV�GHO�*5$63�\�GHO�&ULWHULR�GH�

DFHSWDFLyQ�GH�0HWUySROLV� TXH� LQWURGXFHQ� DOHDWRULHGDG� HQ� HO�PLVPR� �7DEOD����� HO�
DOJRULWPR�FRPSOHWR�FRQVWD�GH�XQ�0XOWL�VWDUW�HO�FXDO�ODQ]D�YDULDV�YHFHV�HO�DOJRULWPR�
GHVFULWR�DQWHULRUPHQWH�\�ILQDOPHQWH�GHYXHOYH�OD�VROXFLyQ�GH�PHQRU�FRVWH�HQWUH�ODV�
REWHQLGDV� SRU� ORV� GLIHUHQWHV� ODQ]DPLHQWRV�� (O� Q~PHUR� GH� LWHUDFLRQHV� VH� OLPLWD�
GiQGROH�HO�WLHPSR�GH�FiOFXOR�HQ�HQWUDGD��6H�SURSRQH�TXH�ORV���SDUiPHWURV�YDUtHQ�
GXUDQWH�HO�0XOWL�VWDUW�HQ�XQ�UDQJR��FROXPQD����SUHYLDPHQWH�HVWDEOHFLGR�TXH�VH�LQ�
WURGXFH�HQ�HQWUDGD��HQWUH�SDUpQWHVLV�VH�PXHVWUD�HO�LQFUHPHQWR�FRQVLGHUDGR����

7DEOD���3DUiPHWURV�TXH�LQWURGXFHQ�DOHDWRULHGDG�HQ�HO�DOJRULWPR�

+HXUtVWLFD� 3DUiPHWUR� 'HVFULSFLyQ� 5DQJR�

*5$63�
),B�� 7DPDxR�GH�OD�OLVWD�GH�SXQWRV�FDQGLGDWRV�SDUD�OD�VHOHFFLyQ�GHO�

SXQWR�GH�JHQHUDFLyQ�GH�XQD�PLFURUUHG�HQ�IXQFLyQ�GHO�**6� �±������

),B�� 7DPDxR�GH�OD�OLVWD�GH�SXQWRV�FDQGLGDWRV�SDUD�OD�VHOHFFLyQ�GHO�
SXQWR�D�FRQHFWDU�D�OD�PLFURUUHG�HQ�IXQFLyQ�GH�OD�GLVWDQFLD� ���FRQVWDQWH��

&ULWHULR�GH�
0HWURSROLV�

7�� 7��HV�OD�WHPSHUDWXUD��7��LQLFLDO�� �±�������

Į� Į�HV�HO�IDFWRU�GH�GLVPLQXFLyQ�GH�OD�7�HQ�FDGD�FLFOR� ���±����������

�� 5HVXOWDGRV�

(Q�HVWH�DSDUWDGR�VH�PXHVWUDQ�ODV�VROXFLRQHV�REWHQLGDV�SRU�OD�KHXUtVWLFD�SURSXHV�
WD��VH�FRPSDUDQ�ORV�UHVXOWDGRV�GH�OD�KHXUtVWLFD�FRQ�ORV�GH�9,325��/DPEHUW�\�+LW�
WOH�� ������� 6H� HVWXGLDQ� �� FRPXQLGDGHV� UHDOHV�� (O� $OXPEUH� \� $OWR� 3HU~� �)HUUHU�
0DUWt�HW�DO��������GH����\����SXQWRV�GH�FRQVXPR�UHVSHFWLYDPHQWH�\���ILFWLFLDV����
GH����SXQWRV�GH�FRQVXPR��&)��\�&)���\���GH����SXQWRV�GH�FRQVXPR��&)��\�&)����
/DV�FRPXQLGDGHV�ILFWLFLDV�VH�KD�JHQHUDGR�VHOHFFLRQDQGR�SXQWRV�DOHDWRULRV�HQ�XQD�
FXDGULFXOD�GH����[����P�GHO�PDSD�GHO�UHFXUVR�GH�OD�FRPXQLGDG�GH�(O�$OXPEUH��VH�
KDQ�FRQVLGHUDGR���FRQILJXUDFLRQHV�GH�GLVSHUVLyQ�GH�ODV�FDVDV�������&)���&)���\�
�����&)���&)���GH�ODV�FDVDV�HQ�HO�����GHO�iUHD��(Q�FDGD�FRPXQLGDG�VH�FRQVLGH�
UDQ� �� WLSRV� GH� GHPDQGD� GH� HQHUJtD� \� SRWHQFLD�� GHPDQGD� EDMD� �����:K�GtD� GH�
HQHUJtD�\�����:�GH�SRWHQFLD��\�DOWD������:K�GtD�GH�HQHUJtD�\�����:�GH�SRWHQFLD����
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/RV�UHVXOWDGRV�FRQ�OD�KHXUtVWLFD�GHVDUUROODGD�VRQ�ODV�PHMRUHV�VROXFLRQHV�REWHQL�
GDV�FRQ�XQ�WLHPSR�GH�FiOFXOR�GH�����VHJXQGRV��PHQRV�HQ�HO�FDVR�GH�(O�$OXPEUH�
GHPDQGD�DOWD�VH�REWLHQHQ�PiV�GH�����VROXFLRQHV��YHU�OD�7DEOD�����/RV�SDUiPHWURV�
GHO�*5$63�±�&ULWHULR�GH�0HWURSROLV�VH�KDQ�KHFKR�YDULDU�HQWUH�HO�UDQJR�GH�YDORUHV�
GH�7DEOD����/RV�SDUiPHWURV�/PLQ�\�/UHI��DSDUWDGR������VH�KDQ�FRQVLGHUDGR�GH����P�\�
��.P��UHVSHFWLYDPHQWH��&RQ�9,325�VH�KD�FRQVLGHUDGR�OD�Pi[LPD�SUHFLVLyQ�SRVL�
EOH�GH�ORV�FiOFXORV��FRQ�XQ�WLHPSR�GH�FiOFXOR�GH�SRFRV�PLQXWRV��GHELGR�DO�FDUiFWHU�
HVWRFiVWLFR� GH� VX� DOJRULWPR� OD� VROXFLyQ� HQFRQWUDGD� HV� YDULDEOH�� VH� KD� ODQ]DGR� HO�
SURJUDPD�WDQWDV�YHFHV�FXDQWDV�FDEHQ�HQ�����V��JXDUGDQGR�OD�VROXFLyQ�PHMRU���3DUD�
TXH�ORV�UHVXOWDGRV�VHDQ�FRPSDUDEOHV�VH�KDQ�KHFKR�ODV�VLJXLHQWHV�DVXQFLRQHV��

• 9,325�OLPLWD�D����HO�Q~PHUR�GH�SXQWRV�GH�SRVLEOH�JHQHUDFLyQ�GH�PLFURUUHGHV��
SRU�OR�TXH�VH�KDQ�FRQVLGHUDGR�ORV����SXQWRV�FRQ�PD\RU�UHFXUVR�GH�FDGD�FRPX�
QLGDG��(Q�OD�KHXUtVWLFD�VH�KDQ�FRQVLGHUDGR�FRPR�SXQWRV�GH�SRVLEOH�JHQHUDFLyQ�
VROR�ORV�SXQWRV�GH�FRQVXPR��

• 9,325�FRQVLGHUD�VRODPHQWH�XQD�FXUYD�JHQHUDFLyQ�FRVWH�SRU�FDGD�SXQWR�GH�SR�
VLEOH�JHQHUDFLyQ�GH�XQD�PLFURUUHG��3DUD�FRQVHJXLU� OD�Pi[LPD�SUHFLVLyQ�HQ�ORV�
GDWRV�GH�HQWUDGD��HVWD�FXUYD�VH�KD�REWHQLGR�FDOFXODQGR�HO�FRVWH�GH�OD�LQVWDODFLyQ�
DO�FRQVLGHUDU�XQD�GHPDQGD�GH�HQHUJtD�YDULDEOH�DO�FRQHFWDU�DO�SXQWR�GH�JHQHUD�
FLyQ�XQR�SRU�XQR�WRGRV�ORV�SXQWRV�GH�FRQVXPR�GH�OD�FRPXQLGDG��

• $�SDUWLU�GH�OD�FRQILJXUDFLyQ�GH�OD�VROXFLyQ�HQFRQWUDGD�SRU�9,325��HO�Q~PHUR�
GH�HTXLSRV�GH�JHQHUDFLyQ�DOPDFHQDPLHQWR�WUDVSRUWH�GH�OD�HOHFWULFLGDG�D�LQVWDODU�
VH�GHILQH�VHJ~Q�&DSy���������WDO�FRPR�OR�KDFH�OD�KHXUtVWLFD�SURSXHVWD��

(Q�OD�7DEOD���VH�PXHVWUDQ�HO�Q~PHUR�GH�VROXFLRQHV�REWHQLGDV�SRU�OD�KHXUtVWLFD�\�
HO�FRVWH�GH�OD�PHMRU�VROXFLyQ�REWHQLGD�FRQ�OD�KHXUtVWLFD�SURSXHVWD�\�FRQ�9,325���

7DEOD���1��GH�VROXFLRQHV�HQFRQWUDGDV�\�FRVWHV�REWHQLGRV�FRQ�OD�KHXUtVWLFD�\�FRQ�9,325��

� �
+HXUtVWLFD���Q��VROX�
FLRQHV�HQFRQWUDGDV�

+HXUtVWLFD�±�&RVWH�
PtQLPR�>�@�

9,325�±�&RVWH�
PtQLPR�>�@� 0HMRUDV�

(O�$OXPEUH�
'��EDMD� ���� ������� �������� ������
'��DOWD� ��� �������� �������� �������

$OWR�3HU~�
'��EDMD� ���� ��������� �������� ����
'��DOWD� ���� ��������� �������� ������

&)��
'��EDMD� ���� �������� �������� �����
'��DOWD� ���� �������� �������� �����

&)��
'��EDMD� ���� �������� �������� �����
'��DOWD� ���� �������� ������ �����

&)��
'��EDMD� ���� ������ �������� �����
'��DOWD� ���� �������� �������� �����

&)��
'��EDMD� ���� �������� �������� �����
'��DOWD� ���� �������� �������� �����
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/D�KHXUtVWLFD�PHMRUD�ODV�VROXFLRQHV�GH�9,325�HQ�OD�PD\RUtD�GH�ODV�FRPXQLGD�
GHV�DQDOL]DGDV�FRQ�XQD�PHMRUD�SURPHGLR�GHO��������HQ�OD�FRPXQLGDG�&)��ODV�PH�
MRUDV�OOHJDQ�D�PiV�GHO�����(Q�QLQJ~Q�FDVR�9,325�HQFXHQWUD�XQD�VROXFLyQ�PHMRU�
TXH�OD�GH�OD�KHXUtVWLFD��

�� &RQFOXVLRQHV�

(Q�HVWH�HVWXGLR� VH�SURSRQH�XQ�QXHYR�SURFHGLPLHQWR�KHXUtVWLFR�SDUD�HO�GLVHxR�GH�
VLVWHPDV�GH�HOHFWULILFDFLyQ�DXWyQRPRV�PHGLDQWH�HQHUJtD�HyOLFD�\�VRODU��/D�KHXUtVWL�
FD�PXOWL�VWDUW�SURSXHVWD�XWLOL]D�FRPR�FULWHULR�KHXUtVWLFR�SDUD�VHOHFFLRQDU�HO�SXQWR�
GH� JHQHUDFLyQ� GH� XQD� PLFURUUHG� XQ� LQGLFDGRU� GHILQLGR�**6� TXH� GHSHQGH� GH� OD�
FRQFHQWUDFLyQ�GH�GHPDQGD� DOUHGHGRU�GHO� SXQWR� \�GH� FXDQWR�GHVWDFD� VX�SRWHQFLDO�
FRQ�UHVSHFWR�D�ORV�SXQWRV�DOUHGHGRU��

/RV�UHVXOWDGRV�GHO�DOJRULWPR�VH�KDQ�HYDOXDGR�HQ���FRPXQLGDGHV�GH�HQWUH����\�
���SXQWRV�GH�FRQVXPR��FRQVLGHUDQGR���QLYHOHV�GH�GHPDQGD�HQ�FDGD�XQD��(Q�WRGRV�
ORV�FDVRV�OD�KHXUtVWLFD�SURSXHVWD�HQFXHQWUD�XQD�VROXFLyQ�LJXDO�R��PHMRU�FRQ�UHGXF�
FLRQHV�GH�FRVWH�GH�KDVWD�������D�OD�GH�9,325��)XWXURV�WUDEDMRV�VH�OOHYDUiQ�D�FDER�
SDUD�DQDOL]DU� ORV�SDUiPHWURV�GHO�*5$63�±�&ULWHULR�GH�0HWUySROLV�TXH�RSWLPLFHQ�
ODV�SUHVWDFLRQHV�GHO�DOJRULWPR�\�DO� LQWURGXFLU�RWUR�LQGLFDGRU�SDUD�OD�VHOHFFLyQ�GHO�
SXQWR�D�FRQHFWDU�D�OD�PLFURUUHG�HQ�FRQVWUXFFLyQ��

%LEOLRJUDItD�

$VKRN�6��������2SWLPLVHG�PRGHO� IRU�FRPPXQLW\�EDVHG�K\EULG�HQHUJ\�V\VWHP��5HQHZDEOH�(Q�
HUJ\���������±�����

%DxRV�5��0DQ]DQR�$JXJOLDUR�)��0RQWR\D�)*��*LO�&��$OFD\GH�$��*yPH]�-��������2SWLPL]DWLRQ�
PHWKRGV� DSSOLHG� WR� UHQHZDEOH� DQG� VXVWDLQDEOH� HQHUJ\�� D� UHYLHZ��5HQHZ� 6XVWDLQ� (QHUJ\�
5HY���������±�����

&DSR�3OD]D�0��������0RGHOR�SDUD� OD�XELFDFLyQ�GH�DHURJHQHUDGRUHV�\�SDQHOHV� IRWRYROWDLFRV�HQ�
SUR\HFWRV�GH�HOHFWULILFDFLyQ�UXUDO�FRQ�PLFURUUHGHV��3UR\HFWR�)LQDO�GH�&DUUHUD��83&���

&KDXUH\�$��5DQJDQDWKDQ�0��0RKDQW\�3��������(OHFWULFLW\�DFFHVV�IRU�JHRJUDSKLFDOO\�GLVDGYDQ�
WDJHG�UXUDO�FRPPXQLWLHV²WHFKQRORJ\�DQG�SROLF\�LQVLJKWV��(QHUJ\�3ROLF\���������±������

)HR� 7$��� 5HVHQGH�0*&� ������� *UHHG\� 5DQGRPL]HG�$GDSWLYH� 6HDUFK� 3URFHGXUHV�� -RXUQDO� RI�
*OREDO�2SWLPL]DWLRQ������±�����

)HUUHU�0DUWt�/��3DVWRU�5��&DSR�0��9HOR�(��������2SWLPL]LQJ�PLFURZLQG�UXUDO�HOHFWULILFDWLRQ�SUR�
MHFWV��$�FDVH�VWXG\�LQ�3HUX��-RXUQDO�RI�JOREDO�RSWLPLVDWLRQ�����������������

)HUUHU�0DUWt�/��3DVWRU�5�5DQDEROGR�0��&DSy�*0��9HOR�(� �������2SWLPL]DFLyQ�GHO�GLVHxR�GH�
VLVWHPDV�PLFURHyOLFRV�SDUD�OD�HOHFWULILFDFLyQ�UXUDO��,;�,QWHUQDWLRQDO�6HPLQDU�LQ�2SWLPL]DWLRQ�
DQG�5HODWHG�$UHDV��/LPD��3HU~��

.LUNSDWULFN�6��*HODWW�&'�-U��9HFFKL�03��������2SWLPL]DWLRQ�E\�6LPXODWHG�$QQHDOLQJ��6FLHQFH�
��������±����

/DPEHUW�7:��+LWWOH�'&� �������2SWLPL]DWLRQ�RI� DXWRQRPRXV� YLOODJH�HOHFWULILFDWLRQ� V\VWHPV�E\�
VLPXODWHG�DQQHDOLQJ��6RODU�(QHUJ\�����������±����


