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)HFKD�GH�UHFHSFLyQ���������������)HFKD�GH�DFHSWDFLyQ������������
0DULD %HOHQ 5RVVQHU�
,QJ�� $JU�� 3URIHVLRQDO�
,QYHVWLJDGRU�(($� &HUUR� $]XO��
,17$��5XWD�1DFLRQDO����.P�������
&HUUR� $]XO�� 0LVLRQHV�� $UJHQWLQD��
URVVQHU�PDULD#LQWD�JRE�DU

*HUPDQ�.LPPLFK
,QJ�� $JU�� $VHVRU� 3ULYDGR��
,QYHVWLJDGRU� $GMXQWR�� )DFXOWDG� GH�
$JURQRPtD� \� 9HWHULQDULD� GH� OD�
8QLYHUVLGDG� GHO� 6DOYDGRU� �*GRU��
9LUDVRUR�� &WHV�� /HDQGUR� 1�� $OHP��
0LVLRQHV��
$UJHQWLQD�JHUPDQNLPPLFK#JPDLO�
FRP

5R[DQD�3DROD�(FOHVLD
,QJ�� $JU�� 0VF�� 3URIHVLRQDO�
,QYHVWLJDGRU�� (($� 3DUDQi�� ,17$��
5XWD� ��� .P�� ������ 2UR� 9HUGH��
(QWUH� 5tRV��
$UJHQWLQD�HFOHVLD#DJUR�XED�DU
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(Q� ORV� VLVWHPDV�
VLOYRSDVWRULOHV� �663��� WDQWR� HO�
VRPEUHDPLHQWR� FRPR� HO� SDVWRUHR�
DIHFWDQ��OD�SURGXFFLyQ�SULPDULD�GHO�
FRPSRQHQWH� IRUUDMHUR�� HO� DJXD�� OD�
PDWHULD� RUJiQLFD� GHO� VXHOR� \� HO�
FLFODGR�GHO�FDUERQR��(O�REMHWLYR�IXH�
HYDOXDU� ORV� FDPELRV� HQ� HO� VWRFN�GH�
FDUERQR� \� VX� GLQiPLFD� HQ�
IRUHVWDFLRQHV� \� 663� \� HO� HIHFWR� GH�
GLIHUHQWHV� QLYHOHV� GH� UDGLDFLyQ� \�
SDVWRUHR� VREUH� OD� SURGXFWLYLGDG�
SULPDULD� QHWD� DpUHD� �331$�� GHO�
FRPSRQHQWH�IRUUDMHUR�HQ�XQ�663�HQ�
HO� 1(� GH� &RUULHQWHV�� 6H�
VHOHFFLRQDURQ� WUHV� VLWLRV�� FDGD� XQR�
GH� ORV� FXDOHV� FRQIRUPy� XQ� WUtR�
�663�IRUHVWDFLyQ�SDVWL]DO�� GH�
PDQHMR� \� HGDGHV� VLPLODUHV�� 6H�
WRPDURQ� PXHVWUDV� GH� VXHOR� \�
ELRPDVD�IRUUDMHUD�\�VH�HVWDEOHFLy�XQ�
HQVD\R� FRQ� 3LQXV� WDHGD \�
%UDFKLDULD� EUL]DQWKD SDUD� HYDOXDU�
ODV� LQWHUDFFLRQHV� HQWUH� UDGLDFLyQ� \�
SDVWRUHR�� (O� FRQWHQLGR� GH� &26� QR�
FDPELy� SRU� HO� XVR� IRUHVWDO� \�
VLOYRSDVWRULO��DXQTXH�HO�FLFODGR�IXH�
PD\RU�HQ�ORV�~OWLPRV�DO�HQFRQWUDUVH�
PiV� &� QXHYR� HQ� HVWRV� VLVWHPDV��
UHVXOWDGR�GH�PiV�HQWUDGDV�\�VDOLGDV�
GH� &� GHO� VXHOR�� /D� SURGXFWLYLGDG�
SULPDULD�QHWD�DpUHD�GH�OD�SDVWXUD�HQ�
ODV� FRQGLFLRQHV� GH� HVWXGLR� IXH�
DIHFWDGD� HQ� PD\RU� PHGLGD� SRU� HO�
SDVWRUHR� TXH� SRU� HO� QLYHO� GH�
VRPEUD�� (VWRV� UHVXOWDGRV� LQGLFDQ�
TXH�GHEHUtDQ�EXVFDUVH�HVWUDWHJLDV�
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,Q� VLOYRSDVWRUDO� V\VWHPV��
ERWK� VKDGLQJ� DQG� JUD]LQJ� DIIHFW�
IRUDJH� SULPDU\� SURGXFWLRQ�� ZDWHU��
VRLO� RUJDQLF� PDWWHU� DQG� FDUERQ�
F\FOLQJ�� 7KH� DLP� ZDV� WR� HYDOXDWH�
FDUERQ� VWRFN� FKDQJHV� DQG� WKHLU�
G\QDPLF� LQ� DIIRUHVWDWLRQ� DQG� 663�
DQG�WKH�HIIHFW�RI�GLIIHUHQW�OHYHOV�RI�
JUD]LQJ�DQG�UDGLDWLRQ�RQ�WKH�IRUDJH�
$HULDO� 1HW� 3ULPDU\� 3URGXFWLYLW\�
�$133�� LQ� 663� LQ� WKH� 1(� RI�
&RUULHQWHV�� 7KUHH� VLWHV� ZHUH�
VHOHFWHG�� HDFK�RQH�RI� WKHP� IRUPHG�
D� WULR��663�DIIRUHVWDWLRQ�JUDVVODQG��
ZLWK� VLPLODU� DJH� DQG� PDQDJHPHQW��
6RLO� DQG� IRUDJH� ELRPDVV� VDPSOHV�
ZHUH� WDNHQ� DQG� D� 3LQXV� WDHGD� DQG�
%UDFKLDULD� EUL]DQWKD� VWXG\� ZDV�
HVWDEOLVKHG� WR� HYDOXDWH� LQWHUDFWLRQV�
EHWZHHQ�UDGLDWLRQ�DQG�JUD]LQJ��7KH�
&26�FRQWHQW�GLG�QRW�FKDQJH�GXH�WR�
IRUHVW� DQG� VLOYRSDVWRUDO� XVH��
DOWKRXJK�WKH�F\FOLQJ�ZDV�JUHDWHU�LQ�
WKH� ODVW� RQHV� ZKHQ� PRUH� &� ZDV�
IRXQG� LQ� WKHVH� V\VWHPV�� UHVXOWLQJ�
IURP� PRUH� &� LQSXWV� DQG� RXWSXWV�
IURP� WKH� VRLO�� 7KH� DHULDO� QHW�
SULPDU\� SURGXFWLYLW\� RI� SDVWXUH� LQ�
WKH�VWXG\�FRQGLWLRQV�ZDV�DIIHFWHG�WR�
D�JUHDWHU�H[WHQW�E\�JUD]LQJ�WKDQ�E\�
WKH� OHYHO� RI� VKDGH�� � 7KHVH� UHVXOWV�
LQGLFDWH�WKDW�PDQDJHPHQW�VWUDWHJLHV�
VKRXOG� EH� VRXJKW� WR� HQVXUH� WKH�
DFFXPXODWLRQ� RI� EUXVK� WR� PDLQWDLQ�
WKH�OHYHOV�RI�&26�LQ�WKHVH�V\VWHPV��
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GH�PDQHMR�TXH�JDUDQWLFHQ�OD�DFXPXODFLyQ�GH�EUR]D�SDUD�
PDQWHQHU�ORV�QLYHOHV�GH�&26�HQ�HVWRV VLVWHPDV�

3DODEUDV� FODYH� %UDFKLDULD�� &DUERQR� RUJiQLFR�
GHO� VXHOR�� SDVWL]DOHV� 3LQXV�

.H\ZRUGV� %UDFKLDULD�� 2UJDQLF� &DUERQ� LQ� 6RLO��
JUDVVODQG��3LQXV���
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RV� VLVWHPDV� VLOYRSDVWRULOHV� �663�� FRQVWLWX\HQ�
XQD� GH� ODV� YDULDQWHV� GH� ORV� VLVWHPDV�
DJURIRUHVWDOHV��GRQGH�FRH[LVWHQ�iUEROHV��HVSHFLHV�

IRUUDMHUDV� \� DQLPDOHV� HQ� SDVWRUHR�� /DV� LQWHUDFFLRQHV�
JHQHUDGDV� SRU� ORV� GLVWLQWRV� FRPSRQHQWHV� PRGLILFDQ� HO�
IOXMR� GH� DJXD� \� QXWULHQWHV� \� OD� GLVSRQLELOLGDG� GH�
UDGLDFLyQ�SDUD�HO�FUHFLPLHQWR�GH�ODV�HVSHFLHV�IRUUDMHUDV�
\�GHO�HVWUDWR�KHUEiFHR�UHVSHFWR�D�ORV�VLVWHPDV�IRUHVWDOHV�
R�JDQDGHURV�SXURV��3H]R�\�,EUDKLP��������)DVVROD�HW�DO�
����D�� )XQHV� HW� DO� ������� 6L� ELHQ� HO� GRVHO� DUEyUHR�
UHGXFH� ODV� WHPSHUDWXUDV� H[WUHPDV� SDUD� HO� FRPSRQHQWH�
IRUUDMHUR� �/DFRUWH� \� (VTXLYHO�� ������ 3DFKDV� ������� HO�
FUHFLPLHQWR�GH� ODV�HVSHFLHV�KHUEiFHDV�\� IRUUDMHUDV�HVWi�
SULQFLSDOPHQWH� GHWHUPLQDGR� SRU� OD� PHQRU� UDGLDFLyQ�
LQFLGHQWH� UHFLELGD� D� WUDYpV� GH� OD� FRSD� GH� ORV� iUEROHV�
�6RSKDQRGRUD� ������ 3H]R� \� ,EUDKLP� ������ )DVVROD� HW�
DO� ����� \� ������� 'HO� PLVPR� PRGR�� VH� JHQHUD� XQD�
FRPSHWHQFLD�SRU�HO�XVR�GH�DJXD�\�QXWULHQWHV��DXQTXH�HO�
KHFKR� GH� H[SORUDU� QLFKRV� GLIHUHQWHV� SRGUtD� UHVXOWDU� HQ�
XQD� XWLOL]DFLyQ� PiV� HILFLHQWH� GH� ORV� UHFXUVRV�
�1RRUGZLMN�������2QJ�HW�DO� �����D�\�E���(VWXGLDU� ODV�
LQWHUDFFLRQHV�TXH�RFXUUHQ�GHQWUR�GHO�VLVWHPD�HQ�FXDQWR�
D� OD� XWLOL]DFLyQ� GHO� FDUERQR�� ORV� QXWULHQWHV� \� HO� DJXD��
SHUPLWLUtD� SUHGHFLU� ODV� FRQGLFLRQHV� GH� PDQHMR� TXH�
PD[LPLFHQ� OD� HILFLHQFLD� HQ� OD� XWLOL]DFLyQ� GH� ORV�
UHFXUVRV�� $TXHOORV� IDFWRUHV� TXH� PRGLILTXHQ� OD�
DVLJQDFLyQ� GH� ORV� PLVPRV� D� WUDYpV� GH� FDPELRV� HQ� OD�
SURGXFWLYLGDG� SULPDULD� QHWD� �331�� GHO� VLVWHPD�� VX�
SDUWLFLyQ�R�OD�SURGXFFLyQ�GH�UDtFHV��SURGXFLUiQ�FDPELRV�
HQ� HO� FDUERQR� RUJiQLFR� GH� VXHOR� �&26�� HQ� HO� WLHPSR�
�/XJR�\�%URZQ�������/DO�HW�DO� �������/D�SDUWLFLyQ�GH�
OD�SURGXFWLYLGDG�HV�FRPSDUDEOH�HQ�XQD�SDVWXUD�\�HQ�XQ�
SDVWL]DO�� PLHQWUDV� TXH� OD� UHODFLyQ� VXEWHUUiQHR�DpUHR� HV�
PHQRU�HQ�ODV�HVSHFLHV�IRUHVWDOHV��5XLP\�HW�DO� �������(O�
SDVWRUHR� IDYRUHFH� OD SDUWLFLyQ� D� yUJDQRV� VXEWHUUiQHRV�
�0LOFKXQDV� \� /DXHQURWK� ������ 3LxHLUR� HW� DO� �������
PLHQWUDV�TXH�OD�GLVPLQXFLyQ�GH�OD�UDGLDFLyQ�SURGXFH�XQ�
HIHFWR� RSXHVWR�� IDYRUHFLHQGR� OD� SDUWLFLyQ� KDFLD� ORV�
yUJDQRV� DpUHRV� �:RQJ� ������ 'LDV�)LOKR� ������� 3RU�
HVWR�� HV� HVSHUDEOH� HQFRQWUDU� HQ� ORV� 663� SDWURQHV� GH�
SDUWLFLyQ�GLIHUHQWHV�GH�DFXHUGR�DO�JUDGR GH�LOXPLQDFLyQ�
UHFLELGR� SRU� OD� SDVWXUD� \� DO� HIHFWR� GHO� SDVWRUHR�� /DV�
LQYHVWLJDFLRQHV�D� QLYHO� ORFDO� LQGLFDQ�TXH�HQ�JHQHUDO� OD�
SURGXFWLYLGDG� DpUHD� �331$�� GHVFLHQGH� FXDQGR� HO�
SRUFHQWDMH� GH� VRPEUD� VXSHUD� HO� ���� HQ� ODV� HVSHFLHV�
PiV�DGDSWDGDV�D�OD�VRPEUD���)DVVROD�HW�DO� ������\�TXH�
OD� ELRPDVD� GH� UDtFHV� HQ� JUDPtQHDV� GLVPLQX\H� HQ�
SURPHGLR� HQWUH� ��� D� ���� EDMR� GLIHUHQWHV� QLYHOHV� GH�
VRPEUD��UHVSHFWR�DO�FLHOR�DELHUWR��3DFKDV��������'HELGR�

D� TXH� ODV� UDtFHV�� HQ� HVSHFLDO� ODV� ILQDV�� VRQ� XQD� GH� ODV�
SULQFLSDOHV�YtDV�GH�LQJUHVR�GH�&�DO�VXHOR��HV�QHFHVDULR�

LGHQWLILFDU�TXp�PDQHMRV�IDYRUHFHQ�VX�GHVDUUROOR�\�VL�VH�
FRUUHVSRQGH�FRQ�ODV�WHQGHQFLDV�HQ�HO�&26��

$� SDUWLU� GH� HVWD� SUHPLVD� VH� SRGUtD� KLSRWHWL]DU�
TXH� ORV�663�DOFDQ]DUtDQ�EDODQFHV�SRVLWLYRV�GH�&26�HQ�
XQ� SHUtRGR� GH� WLHPSR� PHQRU� TXH� ODV� IRUHVWDFLRQHV�
SXUDV�� SULQFLSDOPHQWH� GHELGR� D� OD� LQFRUSRUDFLyQ� GHO�&�
SURYHQLHQWH� GH� OD� SDVWXUD� LPSODQWDGD� EDMR� HO� GRVHO� GH�
ORV� iUEROHV�� SRU� OR� WDQWR� SRGUtDQ� SHQVDUVH� FRPR� XQD�
DOWHUQDWLYD� PiV� VXVWHQWDEOH� D� ORV� VLVWHPDV� IRUHVWDOHV�
SXURV��HQ�WpUPLQRV�GH�EDODQFH�GH�&�026�

8QD� GH� ODV� YDULDEOHV� GH� PDQHMR� TXH� KD� VLGR�
HYDOXDGD�SDUD�GLIHUHQWHV� HVSHFLHV� IRUUDMHUDV� HQ�663�HV�
HO�QLYHO�GH�VRPEUD�UHFLELGR�SRU�ODV�PLVPDV�DSXQWDQGR�D�
XQD� PD\RU� SURGXFWLYLGDG�� 6LQ� HPEDUJR�� KDVWD� HO�
PRPHQWR�QR�VH�KD�FRQVLGHUDGR�VX LQWHUDFFLyQ�FRQ�RWUDV�
YDULDEOHV� GH� PDQHMR�� FRPR� SRU� HMHPSOR� OD� SUHVLyQ� GH�
SDVWRUHR�� XQD� GH� ODV� SULQFLSDOHV� GHWHUPLQDQWHV� GH� OD�
SHUVLVWHQFLD�GH�OD�SDVWXUD��

(Q� HVWH� WUDEDMR� VH� HYDO~DQ� ORV� FDPELRV� HQ� HO�
VWRFN� \� OD� GLQiPLFD� GHO�&26� HQ� IRUHVWDFLRQHV� SXUDV� \�
663� LPSODQWDGRV� VREUH� SDVWL]DOHV� \� VREUH� %UDFKLDULD�
EUL]DQWKD�� $� VX� YH]� VREUH� HVWD� ~OWLPD� VLWXDFLyQ� VH�
HYDO~D�HO�HIHFWR�FRQMXQWR�GH�SDVWRUHR�\�QLYHO�GH�VRPEUD�
VREUH�OD�331$�GH�GLFKD�IRUUDMHUD�HQ�663�

0$7(5,$/(6�<�0e72'26

(O�HQVD\R�VH�OOHYy�D�FDER�HQ�HO�(VWDEOHFLPLHQWR�
³(O� 7LPEy´�� HQ� OD� ORFDOLGDG� GH� *DUUXFKRV�� &RUULHQWHV�
������¶�����¶¶� 6� \� �����¶�����¶¶� 2�� XELFDGR� VREUH�
ORPDV� GHO� GLVWULWR� GH� ORV� &DPSRV� GHO� 1RUWH� GH� ORV�
SDVWL]DOHV� GHO� 5tR� GH� /D� 3ODWD� �/LJLHU� HW� DO� ������
6RULDQR�HW� DO� �������6H�XELFDURQ� WUHV� VLWLRV� \� HQ� FDGD�
XQR� WUtRV� �663�IRUHVWDFLyQ�SDVWL]DO�� GH� VLPLODU� HGDG�
HQWUH�OD�SODQWDFLyQ�IRUHVWDO�\�VLOYRSDVWRULO�������������\�
������DxRV���6H�WRPDURQ�PXHVWUDV�GH�VXHOR�GH����������
������������������������\��������FP�GH�SURIXQGLGDG�\�
PXHVWUDV� GH� EUR]D� SURYHQLHQWH� GH� OD� YHJHWDFLyQ� HQ�
VXSHUILFLH�� (Q� HO� VXHOR� VH� VHSDUy� OD� IUDFFLyQ� GH� OD�
PDWHULD�RUJiQLFD�SDUWLFXODGD��023��VHJ~Q�&DPEDUGHOOD�
	�(OOLRW���������(Q�FDGD�IUDFFLyQ�GH�VXHOR�\�HQ�OD�EUR]D�
VH� GHWHUPLQy� OD� FRQFHQWUDFLyQ� GH� &� \� OD� DEXQGDQFLD�
QDWXUDO�GH���&�FRQ�XQ�DQDOL]DGRU�HOHPHQWDO��&DUOR�(UED��
DFRSODGR�D�XQ�HVSHFWUyPHWUR�GH�PDVDV��)LQQLJDQ�0$7��
HQ�HO�/DERUDWRULR�GH�,VyWRSRV�(VWDEOHV��'(9,/���GH� OD�
8QLYHUVLGDG�GH�'XNH��86$�

/RV� FRQWHQLGRV� GH� &DUERQR� RUJiQLFR GH� VXHOR�
DVRFLDGR�D�OD�PDWHULD�RUJiQLFD��&�026��\�DVRFLDGR�D�OD�
PDWHULD� RUJiQLFD� SDUWLFXODGD� �&�023�� HQ� 0J� KD�� VH�
HVWLPDURQ�VHJ~Q�PDVD�FRQVWDQWH��6RORPRQ HW�DO����������

/
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6H�HVWLPy�HO�&�QXHYR��&Q���IRUPDGR�D�SDUWLU�GHO�QXHYR�
XVR�GHO� VXHOR��HQ� OD�026� WRWDO� \�HQ� OD� IUDFFLyQ�023��
VHJ~Q�%DOHVGHQW�\�0DULRWWL��������HQ�OD�HFXDFLyQ���

'RQGH� &Q�026� HV� HO� &� QXHYR� HQ� OD� 026��
GHULYDGR� GH� OD� YHJHWDFLyQ� QXHYD� LPSODQWDGD�
�IRUHVWDFLRQHV� R� 663��� � G HV� HO� G��&� GHO� VXHOR� GH� OD�
SODQWDFLyQ��GR HV�HO�G��&�GHO� VXHOR�QDWLYR�RULJLQDO� \�GY
HV� HO� G��&� GH� OD� EUR]D� SURYHQLHQWH� GH� OD� YHJHWDFLyQ�
QXHYD�� 'HO� PLVPR�PRGR�� VH� HVWLPy� HO� &� QXHYR� GH� OD�
IUDFFLyQ�023��&Q�023���UHHPSOD]DQGR�ORV�YDORUHV�GH�
G \� GR GH� OD� HFXDFLyQ� �� SRU� ORV� FRUUHVSRQGLHQWHV� D� OD�
IUDFFLyQ�023��&RQRFLHQGR� HO� SRUFHQWDMH� GH�&� QXHYR��
SRU� GLIHUHQFLD� IXH� SRVLEOH� HVWLPDU� OD� SURSRUFLyQ� GH� &�
RULJLQDO� UHPDQHQWH� �&R�� HQ� HO� XVR� DFWXDO� �HFXDFLyQ�����
/RV� UHVXOWDGRV� IXHURQ� DQDOL]DGRV�PHGLDQWH�$129$� \�
SUXHED� GH� FRPSDUDFLyQ� GH� PHGLDV� SRU� HO� PpWRGR� GH�
7XNH\��S�������

&R���� �����&Q�026� ���

(Q�XQR�GH� ORV� VLWLRV�663�� FRPSXHVWR�SRU�3LQXV�
WDHGD \�%UDFKLDULD�EUL]DQWKD��VH�LQVWDOy�XQ�HQVD\R�FRQ�
GLVHxR�IDFWRULDO�GH�GRV�IDFWRUHV��VRPEUD�����\������GH�
VRPEUD� UHVSHFWR� D� FLHOR� DELHUWR�� \�SDVWRUHR� �FRQ� \� VLQ�
SDVWRUHR���(O�DUUHJOR�IXH�HQ�EORTXHV�FRPSOHWRV�DO�D]DU��
FRQ� WUHV� UHSHWLFLRQHV�� VLHQGR� FDGD� UHSHWLFLyQ� XQ� ORWH�
LQGHSHQGLHQWH�� /DV� SDUFHODV� FRQ� SDVWRUHR� VH�
PDQWXYLHURQ�FRQ�XQD�FDUJD�DOWHUQDGD�GH�����NJ�39�KD�
� DxR�� \� HQ� FDGD� XQD� VH� LQVWDODURQ� FODXVXUDV�PyYLOHV�
SDUD� PHGLU� HO� FUHFLPLHQWR� GH� OD� SDVWXUD�� /D�
SURGXFWLYLGDG�SULPDULD�QHWD�DpUHD��331$��GH�OD�SDVWXUD�
VH� HVWLPy� PHGLDQWH� FRUWHV� VXFHVLYRV� FDGD� ��� GtDV�
GXUDQWH� HO� SHUtRGR� GH� FUHFLPLHQWR� �QRYLHPEUH� ����� D�
DEULO�������\�FDGD����GtDV�GXUDQWH�HO�UHFHVR�LQYHUQDO�\�
VHJXQGR� SHUtRGR� GH� FUHFLPLHQWR� �PD\R� ����� D�
VHSWLHPEUH��������/RV�FRUWHV�VH�UHDOL]DURQ�DO�UDV�\�SDUD�
HVWLPDU� FUHFLPLHQWR� GHQWUR� GH� FDGD� FODXVXUD� PyYLO� VH�
FRUWy�D�OD�DOWXUD�GH�SDVWRUHR�PLGLHQGR�HO�UHPDQHQWH�QR�
SDVWRUHDGR�\� OXHJR�FDGD�XQD� VH�PRYLy�D�RWUR�SXQWR�GH�
OD�SDUFHOD��SUHYLR�FRUWH�GH�HPSDUHMDPLHQWR�GHO� IRUUDMH��
/RV� UHVXOWDGRV� IXHURQ� DQDOL]DGRV�PHGLDQWH�$129$� \�
SUXHED� GH� FRPSDUDFLyQ� GH� PHGLDV� SRU� HO� PpWRGR� GH�
7XNH\��S�������

5(68/7$'26�<�',6&86,Ï1

$� SDUWLU� GH� ORV� ��� FP� GH� SURIXQGLGDG� QR� VH�
HQFRQWUDURQ�GLIHUHQFLDV�VLJQLILFDWLYDV�SDUD�ODV�YDULDEOHV�
HVWXGLDGDV�� SRU� OR� TXH� VH� SUHVHQWDQ� \� GLVFXWHQ� ORV�
UHVXOWDGRV�GH���D����FP�GH�SURIXQGLGDG�

/D�IRUPDFLyQ�GH�&Q�026�HQ�ORV�SULPHURV���FP�
GH� VXHOR� IXH����0J�KD�� PD\RU� HQ� ORV�663�TXH� HQ� ODV�
IRUHVWDFLRQHV� SXUDV� �)LJXUD� �� D��� /D� SDVWXUD� EDMR� HO�
GRVHO� DUEyUHR� LQFRUSRUDUtD� PiV� &� HQ� HO� VXHOR��
FRPSRUWiQGRVH� GH� PDQHUD� VLPLODU� D� XQ� VLVWHPD� GH�

SDVWXUD� SXUD�� WDO� FRPR� VH� KD� REVHUYDGR� DQWHULRUPHQWH�
�&HUUL� HW� DO� ������ /LVERD HW� DO�� ������ (FOHVLD� �������
$PERV�VLVWHPDV�ILQDOHV�UHGXFHQ�HO�&R�GHO�SDVWL]DO������
HQ� 663� \� ���� HQ� IRUHVWDFLyQ�� 7DEOD� ���� (Q� OD� 023�
�)LJXUD�E��HQ�FDPELR��QR�VH�REVHUYDURQ�GLIHUHQFLDV�HQ�
HO� &Q�� \� DPERV� VLVWHPDV� JHQHUDURQ� VLPLODUHV�
UHGXFFLRQHV�GHO�&R�023�������UHVSHFWR�DO�SDVWL]DO�GH�
UHIHUHQFLD�� 7DEOD� ���� (VWRV� UHVXOWDGRV� VXJLHUHQ� TXH� HQ�
ORV�663�OD�GLQiPLFD�GHO�&�HV�PiV�DFHOHUDGD�UHVSHFWR�D�
ODV�IRUHVWDFLRQHV��HV�GHFLU��HQWUD�\�VDOH�PiV�&�GHO�VXHOR�

/D� 331$� GH� OD� SDVWXUD� SUHVHQWy� XQD� PDUFDGD�
YDULDFLyQ�LQWHUDQXDO��7DEOD�����$O�DQDOL]DU�FDGD�FLFOR�GH�
FUHFLPLHQWR� SRU� VHSDUDGR�� GXUDQWH� HO� SULPHU� FLFOR� HO�
IDFWRU�SUHGRPLQDQWH�HQ�OD�331$�IXH�HO�SDVWRUHR��\D�TXH�
SDUD� DPERV� QLYHOHV� GH� VRPEUD�� OD� H[FOXVLyQ� GHO�
SDVWRUHR� WXYR� XQD� 331$� VLJQLILFDWLYDPHQWH� PD\RU�
������\�������.J�KD�� UHVSHFWLYDPHQWH��S��������(VWR�
LQGLFDUtD� TXH� D� QLYHO� GH�SURGXFWLYLGDG�� HO� SDVWRUHR� IXH�
HO� IDFWRU� TXH�PDUFy� OD� GLIHUHQFLD�� OR� TXH� FRLQFLGH� FRQ�
/HPDLUH��������\�'¶$QJHOR�HW�DO� ��������6LQ�HPEDUJR��
HQ�HO�VHJXQGR�FLFOR�GH�FUHFLPLHQWR��OD�LQWHUDFFLyQ�HQWUH�
DPERV� IDFWRUHV� IXH� VLJQLILFDWLYD� �S�������� GRQGH� OD�
PD\RU�SURGXFWLYLGDG�VH�REVHUYy�FRQ�PD\RU�UDGLDFLyQ�\�
VLQ�SDVWRUHR��

&RQVLGHUDQGR� DPERV� FLFORV� GH� FUHFLPLHQWR�� ORV�
YDORUHV�GH�331$�HQ�SDVWRUHR�QR�SUHVHQWDQ�GLIHUHQFLDV�
VLJQLILFDWLYDV�HQWUH�QLYHOHV�GH�UDGLDFLyQ��OR�TXH�VXJLHUH�
TXH�HQWUH�DPERV�IDFWRUHV��SUHGRPLQD�HO�GHO�SDVWRUHR�HQ�
FXDQWR� D� OD� 331$� GH� OD� SDVWXUD�� FRQWUDULR� D� OR�
REVHUYDGR� SRU� 3H]R� H� ,EUDKLP� �������� 6DPDUDNRRQ� HW�
DO� ��������5RVVQHU��������\�3DFKDV���������(VWR�SRGUtD�
H[SOLFDUVH� SRU� OD� GLIHUHQFLD� GH� HVWH� HVWXGLR� DO� DQDOL]DU�
DPERV� IDFWRUHV� DFWXDQGR� HQ� FRQMXQWR� \� HQ� VLVWHPDV�
VRPHWLGRV� DO� SDVWRUHR� GRQGH� ORV� DQLPDOHV� QR� VROR�
GHIROLDQ� ODV� SDVWXUDV� VLQR� TXH� DGHPiV� SURGXFHQ�
FDPELRV� HQ� OD� GLQiPLFD� GHO� DJXD� \� ORV� QXWULHQWHV� HQ�
VLVWHPDV� HQ� SDVWRUHR� �/DFRUWH� HW� DO� ������ \� D� OD�
FRPSOHPHQWDULHGDG�HQ�HO�XVR�GH�UHFXUVRV�HQWUH�iUEROHV�
\�SDVWXUDV��2QJ�����D��

$O� UHHPSOD]DU� ORV� SDVWL]DOHV� QDWXUDOHV� SRU�
IRUHVWDFLRQHV� \� 663� OD� SURGXFWLYLGDG� SULPDULD� QHWD�
DpUHD�DXPHQWD��HVSHFLDOPHQWH�FRQFHQWUDGRV�HQ� OD�PDVD�
IRUHVWDO�\�SDUWH�HQ�OD�EUR]D��5RVVQHU�HW�DO� ������(FOHVLD�
HW� DO� ������� 6LQ� HPEDUJR�� HOOR� QR� VH� WUDGXFH� HQ� XQ�
PD\RU� DSRUWH� DO� &� TXH� HQWUD� DO� VXHOR� \D� TXH� QR� VH�
REVHUYDQ� FDPELRV� VLJQLILFDWLYRV� HQ� ORV� FRQWHQLGRV� GH�
&26��VLQR�TXH�DO�SDUHFHU�HO�&�RULJLQDO�VH�UHGXFH�SHUR�HV�
HTXLSDUDGR�FRQ�XQD�PD\RU�DFXPXODFLyQ�GH�&�QXHYR�HQ�
ORV�663��

&Q �026����� ��G � GR�GY � GR������������
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)LJXUD���� �D��&RQWHQLGR�GH�FDUERQR�RULJLQDO��&R��\�GH�FDUERQR�QXHYR� �&Q��HQ� OD�PDWHULD�RUJiQLFD�WRWDO�GHO�
VXHOR� �026�� \� �E�� HQ� OD� PDWHULD� RUJiQLFD� SDUWLFXODGD� �023��� HQ� ORV� SULPHURV� ��� FP� GH� SURIXQGLGDG��
'LIHUHQWHV� OHWUDV� PLQ~VFXODV� LQGLFDQ� GLIHUHQFLDV� VLJQLILFDWLYDV� �S������� GHO� &Q� HQWUH� IRUHVWDFLyQ� \� VLVWHPD�
VLOYRSDVWRULO� �663���'LIHUHQWHV� OHWUDV�PD\~VFXODV� LQGLFDQ� GLIHUHQFLDV� VLJQLILFDWLYDV� �S������� GHO�&R� HQWUH� HO�
SDVWL]DO�LQLFLDO�\�HO�VLVWHPD�ILQDO��)RUHVWDFLyQ�\�663��
)LJXUH� ��� �D�� 2ULJLQDO� &DUERQ� VWRFN� �&R�� DQG� 1HZ� &DUERQ� �&Q�� LQ� 6RLO� 2UJDQLF� 0DWWHU� �026�� DQG� E��
SDUWLFXODWH�RUJDQLF�PDWWHU��023��DW������FP�GHHS��'LIIHUHQW�VPDOO�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��S�
�������RI�&Q�EHWZHHQ�DIIRUHVWDWLRQ�DQG�663��'LIIHUHQW�FDSLWDO�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��S��������
RI�&R�EHWZHHQ�LQLWLDO�JUDVVODQG�V\VWHP�DQG�WKH�ILQDO�V\VWHP��DIIRUHVWDWLRQ�DQG�663��

7DEOD� ��� &RQWHQLGRV� GH� &�026� \� &�023� HQ� IRUHVWDFLRQHV� \� VLVWHPDV� VLOYRSDVWRULOHV� �663�� HQ� HO� 1(� GH�
&RUULHQWHV��/HWUDV�GLVWLQWDV�LQGLFDQ�GLIHUHQFLDV�VLJQLILFDWLYDV��S�������
7DEOH� ��� &�026� DQG� &�02S� FRQWHQWV� LQ� DIIRUHVWDWLRQ� DQG� VLOYRSDVWRUDO� V\VWHPV� �663�� LQ� WKH� 1(� RI�
&RUULHQWHV��'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��S�������

3URIXQG
LGDG��FP�

)RUHVWDFLyQ 3DVWL]DO 663

&�026��0J�KD���

���� �������������QV� ����������� ��������������QV�

������ ��������������QV� ����������� ��������������QV�

&�023��0J�KD���

���� ������������QV� ���������� ������������QV�

������ ������������QV� ���������� ������������QV�

7DEOD����3URGXFWLYLGDG�3ULPDULD�1HWD�$pUHD��331$��GH�%UDFKLDULD�EUL]DQWKD HQ�VLVWHPDV�VLOYRSDVWRULOHV�FRQ�
GRV� QLYHOHV� GH� VRPEUD� FRQ� \� VLQ� SDVWRUHR�� HQ� HO�1(� GH�&RUULHQWHV��$UJHQWLQD�� 3HULRGR� FRPSUHQGLGR� HQWUH�
1RYLHPEUH������\�6HSWLHPEUH�������/HWUDV�GLVWLQWDV�LQGLFDQ�GLIHUHQFLDV�VLJQLILFDWLYDV�HQWUH�ILODV�HQ�OD�PLVPD�
FROXPQD��S�������
7DEOH����$HULDO�1HW�3ULPDU\�3URGXFWLYLW\� �$133��RI�%UDFKLDULD�EUL]DQWKD LQ� VLOYRSDVWRULO� V\VWHPV�ZLWK� WZR�
VKDGLQJ�OHYHOV��ZLWK�DQG�ZLWKRXW�JUD]LQJ�LQ�WKH�1(�RI�&RUULHQWHV��$UJHQWLQD��3HULRG�EHWZHHQ�1RYHPEHU������
WR�6HSWHPEHU�������'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�ILOHV�LQ�WKH�VDPH�FROXPQ��S�������

331$�NJ�KD���DxR�� 3HUtRGR���������� 3HUtRGR����������
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&21&/86,Ï1

(O� FRQWHQLGR� GH� &26� QR� FDPELy� SRU� HO� XVR�
IRUHVWDO�\�VLOYRSDVWRULO��DXQTXH�HO�FLFODGR�IXH�PD\RU�HQ�
ORV� ~OWLPRV� DO� HQFRQWUDUVH� PiV� &� QXHYR� HQ� HVWRV�
VLVWHPDV�� UHVXOWDGR�GH�PiV�HQWUDGDV�\� VDOLGDV�GH�&�GHO�
VXHOR�� /D� SURGXFWLYLGDG� SULPDULD� QHWD� DpUHD� GH� OD�
SDVWXUD� HQ� ODV� FRQGLFLRQHV� GH� HVWXGLR� IXH� DIHFWDGD� HQ�
PD\RU� PHGLGD� SRU� HO� SDVWRUHR� TXH� SRU� HO� QLYHO� GH�
VRPEUD��(VWRV�UHVXOWDGRV�LQGLFDQ�TXH�GHEHUtDQ�EXVFDUVH�
HVWUDWHJLDV�GH�PDQHMR�TXH�JDUDQWLFHQ�OD�DFXPXODFLyQ�GH�
EUR]D� SDUD� PDQWHQHU� ORV� QLYHOHV� GH� &26� HQ� HVWRV�
VLVWHPDV�

$*5$'(&,0,(1726

$O ,QJ�� $JU�� 0DUFHOR� *HPEDURZVN\� GHO�
HVWDEOHFLPLHQWR�(O�7LPEy�SRU� VX�YDOLRVD�FRODERUDFLyQ��
D� EHFDULRV�� SDVDQWHV� \� DOXPQRV� \� GRV� HYDOXDGRUHV�
DQyQLPRV� TXH� PHMRUDURQ� HVWH� WUDEDMR�� )LQDQFLDGR� FRQ�
IRQGRV� GH� 3,$������ \� 3UR\HFWRV� ,17$�
31)25���������061(6���������

%,%/,2*5$)Ë$

%$/(6'(17� -�� 	� 0DULRWWL� $�� ������
0HDVXUHPHQW�RI�VRLO�RUJDQLF�PDWWHU�WXUQRYHU�XVLQJ���&�
QDWXUDO� DEXQGDQFH�� ,Q�� %RXWWRQ�� 7:�<DPDVDNL�� 6,�
�(GV���� 0DVV� 6SHFWURPHWU\� RI� VRLOV� 0DUFHO� 'HNNHU��
1HZ�<RUN��86��������

&$0%$5'(//$� &�$��� (OOLRWW� (�7�� ������
3DUWLFXODWH� 6RLO� 2UJDQLF�0DWWHU� &KDQJHV� DFURVV� D�
*UDVVODQG�&XOWLYDWLRQ�6HTXHQFH��6RLO�6FL�� 6RF��$P�� -��
�������

&(55,� &�(�3��� 3DXVWLDQ� .��� %HUQRX[� 0���
9LFWRULD�5�/���0HOLOOR�-�0���&HUUL�&�&��������0RGHOLQJ�
FKDQJHV� LQ� VRLO� RUJDQLF� PDWWHU� LQ� $PD]RQ� IRUHVW� WR�
SDVWXUH� FRQYHUVLRQ� ZLWK� WKH� FHQWXU\� PRGHO�� *ORE�
&KDQJH�%LRO��� ����±�����

',$6�),/+2� 0�� ������ *URZWK� DQG� ELRPDVV�
DOORFDWLRQ� RI� WKH�&�� JUDVVHV�%UDFKLDULD� EUL]DQWKD DQG�
%�� KXPLGLFROD XQGHU� VKDGH�� 3HVTXLVD� $JURSHFXiULD�
%UDVLOHLUD���������������

'¶$1*(/2� *�+��� 3RVWXOND� (�%�� 	� )HUUDUL� /��
������,QIUHTXHQW�DQG�LQWHQVH�GHIROLDWLRQ�EHQHILWV�LQ�GU\�
PDWWHU� DFFXPXODWLRQ� DQG� SHUVLVWHQFH� RI� FOLSSHG�
$UUKHQDWKHUXP� HODWLXV�� *UDVV� DQG� )RUDJH� 6FLHQFH� ����
��±���

(&/(6,$� 5�3�� ������ &RQVHFXHQFLDV� GHO�
UHHPSOD]R�GH�HFRVLVWHPDV�QDWXUDOHV�VXGDPHULFDQRV�SRU�
IRUHVWDFLRQHV�\�SDVWXUDV�PHJDWpUPLFDV��HIHFWRV�VREUH�HO�
FDUERQR�RUJiQLFR�HGiILFR�����

(&/(6,$� 5�3��� 5RVVQHU� 0�%��� .LPPLFK� *���
3LxHLUR� *�� ������ 'LQiPLFD� GHO� FDUERQR� RUJiQLFR� GH�
VXHOR�HQ�VLVWHPDV�IRUHVWDOHV�\�VLOYRSDVWRULOHV�GHO�1(�GH�
&RUULHQWHV�� $FWDV� �HU� &RQJUHVR� 1DFLRQDO� GH� 6LVWHPDV�
6LOYRSDVWRULOHV��3��3HUL��(G���(GLFLRQHV�,17$���������

)$662/$� +�(��� /DFRUWH� 6�0��� 3DFKDV� $�1���
3H]]XWL�5��������)DFWRUHV�TXH�LQIOXHQFLDQ�OD�SURGXFFLyQ�
GH�ELRPDVD�IRUUDMHUD�GH�$[RQRSXV MHVXLWLFXV 9DOOV��EDMR�
GRVHO� DUEyUHR� GH� 3LQXV� WDHGD /�� HQ� HO� 1RUGHVWH� GH�
&RUULHQWHV��5,$�����������

)$662/$� +�(��� /DFRUWH� 6�0��� 3DFKDV� $�1���
3H]]XWWL�5��������(IHFWR�GH�GLVWLQWRV�QLYHOHV�GH�VRPEUD�
GHO� GRVHO� GH� 3LQXV� WDHGD /�� VREUH� OD� DFXPXODFLyQ� GH�
ELRPDVD� IRUUDMHUD� GH� $[RQRSXV� FRPSUHVVXV �6ZDUW]��
%HDXY�� 5HYLVWD� $UJHQWLQD� GH� 3URGXFFLyQ� $QLPDO� ����
��������

)81(6� *��� 'tD]� 6��� 9HQLHU� 3�� ������ /D�
WHPSHUDWXUD� FRPR� SULQFLSDO� GHWHUPLQDQWH� GH� OD�
JHUPLQDFLyQ�HQ�HVSHFLHV�GHO�&KDFR�VHFR�GH�$UJHQWLQD��
(FRORJtD�$XVWUDO�������������

/$&257(� 6�0�� \� (VTXLYHO� -�� ������ 6LVWHPDV�
VLOYRSDVWRULOHV� HQ� OD� 0HVRSRWDPLD� $UJHQWLQD�� 5HVHxD�
GHO� FRQRFLPLHQWR�� GHVDUUROOR� \� JUDGR� GH� DGRSFLyQ��
$FWDV� �HU� &RQJUHVR� 1DFLRQDO� GH� 6LVWHPDV�
6LOYRSDVWRULOHV��3��3HUL��(G���(GLFLRQHV�,17$����������

/$/�5���.LPEOH� -�0���/HYLQH�(��� 6WHZDUW�%�$��
������:RUOG�VRLOV�DQG�JUHHQKRXVH�HIIHFW��DQ�RYHUYLHZ��
,Q��/DO�5���.LPEOH� -�0���/HYLQH�(���6WHZDUW�$�� �(GV����
6RLO�DQG�JOREDO�FKDQJH��%RFD�UDWyQ��)O��86��&5&�3UHVV�
����

/(0$,5(� *�� ������ (FRSK\VLRORJ\� RI�
JUDVVODQGV�� G\QDPLFV� DVSHFWV� RI� IRUDJH� SODQW�
SRSXODWLRQV� LQ� JUD]HG� VZDUGV�� 3URFHHGLQJV� RI� WKH�
,QWHUQDWLRQDO�;,;�*UDVVODQG�&RQJUHVV��%UD]LO����� ���

/,*,(5� +�'���0DWWHLR� +�5��� 3ROR� +�/��� 5RVVR�
-�5��������0DSD�GH�VXHORV�GH�OD�SURYLQFLD�GH�0LVLRQHV��
(Q�� ,17$ �(G�� $WODV� GH� VXHORV� GH� OD� 5HS~EOLFD�
$UJHQWLQD��(GLFLRQHV�,17$�����������

/,6%2$�&��� &RQDQW� 5��� +DGGL[�0�� ������ 6RLO�
FDUERQ�WXUQRYHU�PHDVXUHPHQW�E\�SK\VLFDO�IUDFWLRQDWLRQ�
DW� D� IRUHVW�WR�SDVWXUH� FKURQRVHTXHQFH� LQ� WKH� %UD]LOLDQ�
$PD]RQ��(FRV\VWHPV������������±�����

/8*2� $�(��� %URZQ� 6�� ������ 0DQDJHPHQW� RI�
WURSLFDO�VRLOV�DV�VLQNV�RU�VRXUFHV�RI�DWPRVSKHULF�FDUEyQ��
3ODQW�DQG�VRLO������������

1225':,-.�0� YDQ�� ������ 5RRWLQJ� GHSWK� LQ�
FURRSLQJ� V\VWHPV� LQ� WKH� KXPLG� WURSLFV� LQ� UHODWLRQ� WR�
QXWULHQW� XVH� HIILFLHQF\�� ,Q�� 1XWULHQW� PDQDJHPHQW� IRU�
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IRRG�FURS�SURGXFWLRQ�LQ�WURSLFDO�IDUPLQJ�V\VWHPV��-�YDQ�
GHU� +HLGH� �(G���� +DUHQ�� 1HWKHUOHQGV�� ,QVWLWXWH� RI� 6RLO�
IHUWLOLW\����������

21*�&�.���&RUOHWW�-�(���6LQJK�5�3���%ODFN�&�5��
������� $ERYH� DQG� EHORZJURXQG� LQWHUDFWLRQV� LQ�
DJURIRUHVWU\� V\VWHPV�� ,Q�� $JURIRUHVWU\�� SULQFLSOHV� DQG�
SUDFWLFHV�� 3URFHHGLQJV� RI� DQ� LQWHUQDWLRQDO� FRQIHUHQFH�
������-XO\������DW�8QLYHUVLW\�RI�(GLQEXUJK��8�.��3�*��
-DUYLV��(G����$PVWHUGDP��1HWKHUODQGV��(OVLHYHU�������

21*�&�.���2GRQJR�-�&�:���0DUVKDOO�)���%ODFN�
&�5�� ����E�� :DWHU� XVH� E\� WUHV� DQG� FURSV�� ILYH�
KXSRWKHVHV��$JURIRUHVWU\�7RGD\��������

3$&+$6� $�1�$�� ������ $[RQRSXV� FDWDULQHQVLV
\� $UDFKLV� SLQWRL�� $OWHUQDWLYDV� IRUUDMHUDV� HQ� VLVWHPDV�
VLOYRSDVWRULOHV�GH� OD�SURYLQFLD�GH�0LVLRQHV��$UJHQWLQD��
7HVLV� SUHVHQWDGD�SDUD�RSWDU� DO� WtWXOR�GH�0DJLVWHU� GH� OD�
(VFXHOD� SDUD�*UDGXDGRV�$OEHUWR� 6RULDQR��8QLYHUVLGDG�
GH�%XHQRV�$LUHV��%XHQRV�$LUHV��$UJHQWLQD������SS�

3(=2� '��� ,EUDKLP� 0�� ������ 6LVWHPDV�
VLOYRSDVWRULOHV�� 6HJXQGD� (GLFLyQ�� 0yGXOR� GH�
(QVHxDQ]D�$JURIRUHVWDO�1�����&$7,(��6HULH�0DWHULDOHV�
GH�(QVHxDQ]D�1R����������S�

3,f(,52� *��� 3DUXHOR� -�0��� -REEDJ\� (�*���
-DFNVRQ�5�%���2HVWHUKHOG�0��������*UD]LQJ� HIIHFWV� RQ�
EHORZJURXQG�&�DQG�1�VWRFNV�DORQJ�D�QHWZRUN�RI�FDWWOH�
H[FORVXUHV� LQ� WHPSHUDWH� DQG� VXEWURSLFDO� JUDVVODQGV� RI�
6RXWK� $PHULFD�� *OREDO� %LRJHRFKHP�� &\FOHV�
���*%�����

52661(5�0�%���+RXULHW�-�/���3DYHWWL�'��������
'HVFULSFLyQ� GH� SDVWXUDV� HYDOXDGDV� HQ� VLVWHPDV�
VLOYRSDVWRULOHV� GHO� FHQWUR� VXU� GH� OD� 3URYLQFLD� GH�
0LVLRQHV��,17$�(($�&HUUR�$]XO��0LVFHOiQHD�1��������
SS�

52661(5� 0�%�� ������ 'LQiPLFD� GH� OD�
3URGXFWLYLGDG� 3ULPDULD� 1HWD� HQ� 6LVWHPDV�
VLOYRSDVRWULOHV�FXOWLYDGRV�HQ�HO�1(�GH�$UJHQWLQD��$FWDV�
�HU�&RQJUHVR�1DFLRQDO� GH�6LVWHPDV�6LOYRSDVWRULOHV��3��
3HUL��(G���(GLFLRQHV�,17$����������

58,0<� $��� 6DXJLHU� %��� 'HGLHX� *�� ������
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