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$JUDGHFLPLHQWRV 

4XLVLHUD�DSURYHFKDU�HVWD�RSRUWXQLGDG�SDUD�DJUDGHFHU�D�WRGRV�DTXHOORV�TXH�KDQ�FRPSDUWLGR�FRQPLJR�
HVWD�DUGXD�\�SURYHFKRVD�WDUHD��$�PL�KLMD�TXH�PH�KD�GHGLFDGR�VX�WLHPSR��DWHQFLyQ��\�FRPSUHQVLyQ�� 
$�PLV�WXWRUHV�\�GLUHFWRUHV��HO�'U��'DYLG�%RUJH�'LH]�\�HO�'U��(QULTXH�5RVDOHV�$VHQVLR��SXHVWR�TXH��VLQ�
YXHVWUD� GLUHFFLyQ� \� FRQVWDQWH� DOLHQWR�� KXELHUD� VLGR� LPSRVLEOH� UHGDFWDU� HVWDV� OtQHDV�� $�PL� TXHULGD�
IDPLOLD��D�PLV�DPLJRV�\�FRPSDxHURV� 
1R�TXHUUtD�DGHPiV�ROYLGDU�D�ORV�GLIHUHQWHV�DJHQWHV�GH�GLYHUVDV�RUJDQL]DFLRQHV�FRPR�XQLYHUVLGDGHV��
HPSUHVDV��R�SURJUDPDV�QHFHVDULRV�SDUD�UHFDEDU�WDQWR�GDWRV�FRPR�FRQRFLPLHQWRV�UHODFLRQDGRV�FRQ�ODV�
DFWLYLGDGHV�GHVDUUROODGDV�HQ�HVWD�WHVLV�GRFWRUDO��(VSHFLDOPHQWH�JUDFLDV�D�-XDQ�%ODV�/R]DQR��\�-RVHS�
7DQ\�� D� SDUWLU� GH� QXHVWUDV� FRQYHUVDFLRQHV� HVWD� WHVLV� GRFWRUDO� HQFRQWUy� XQ� REMHWLYR�PiV� DPSOLR� \�
RULHQWDGR�D�ORV�UHFXUVRV� 
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5HVXPHQ 

(O�VHFWRU�HQHUJpWLFR�KD�VLGR��HV�\�VHUi�HVHQFLDO�SDUD�HO�GHVDUUROOR�GH�ODV�VRFLHGDGHV��$FWXDOPHQWH�ODV�
WHFQRORJtDV� GH� JHQHUDFLyQ� GH� HQHUJtD� UHQRYDEOH� VH� FRQYLHUWHQ� HQ� HOHPHQWR� FODYH� SDUD� XQ� GLVHxR�
VRVWHQLEOH� GH� HVWDV�� \� QR� VROR� SRU� HO� KHFKR� GH� TXH� SHUPLWDQ� JHQHUDU� HQHUJtD� FRQ�PHQRU� LPSDFWR�
PHGLRDPELHQWDO�TXH�ODV�WHFQRORJtDV�WUDGLFLRQDOHV�EDVDGDV�HQ�IXHQWHV�GH�HQHUJtD�SULPDULD�IyVLO�� 
/D�SUHVHQWH�7HVLV�'RFWRUDO�VH�FHQWUD�HQ�DQDOL]DU�OD�IDFWLELOLGDG�GH�VLVWHPDV�LQQRYDGRUHV�KtEULGRV�HQ�
SODQWDV�GHVDODGRUDV��GHVGH�XQ�SXQWR�GH�YLVWD�WpFQLFR��HFRQyPLFR��$�SDUWLU�GHO�DQiOLVLV�GH�ORV�VLVWHPDV�
VH�HVWXGLDQ�ODV�VLQHUJLDV�HQWUH�ORV�VHFWRUHV�GHO�DEDVWHFLPLHQWR�GH�DJXD��GH�FRPLGD��\�JHQHUDFLyQ�GH�
HQHUJtD�HQ�VLVWHPDV�TXH�QHFHVLWDQ�GH�SODQWDV�GHVDODGRUDV�SDUD�HO�DEDVWHFLPLHQWR�GH�DJXD��'DGD�OD�JUDQ�
GLPHQVLyQ�GH� HVWRV� VHFWRUHV��XQ� LQFUHPHQWR� HQ� HO� FRQRFLPLHQWR�GH�VX�JHVWLyQ� VRVWHQLEOH�SHUPLWLUi�
GLVHxDU�XQD�JHVWLyQ�LQWHJUDGD�GH�UHFXUVRV�TXH�UHGX]FD�HO�LPSDFWR�PHGLRDPELHQWDO��$TXHOORV�LQFOX\HQ�
OD�GHILQLFLyQ�GH�ODV�VLQHUJLDV��OD�HYDOXDFLyQ�GH�ODV�SULQFLSDOHV�KHUUDPLHQWDV�TXH�VH�HPSOHDQ�SDUD�OD�
RUGHQDFLyQ�\�OD�FRQWDELOLGDG�GH�HVWDV�VLQHUJLDV�� 
$Vt�SXHV��HO�SULQFLSDO�REMHWLYR�GHO�WUDEDMR�GH�LQYHVWLJDFLyQ�GH�HVWD�7HVLV�HV�FRQWULEXLU�DO�FRQRFLPLHQWR�
VREUH�HO�GHVDUUROOR� LQWHJUDGR�\�VRVWHQLEOH�GH�HVWRV�VHFWRUHV�D� WUDYpV�GHO�DQiOLVLV�GH�XQ�VLVWHPD�FRQ�
HVFDVH]�GH� DJXD��&RQ�HVWH�REMHWLYR�� ODV� OtQHDV�GH� LQYHVWLJDFLyQ� LQFOX\HQ� WDQWR� WUDEDMR�GH� FDPSR�\�
SUXHEDV�GH�ODERUDWRULR��SURFHVDPLHQWR�H[SHULPHQWDO�\�GH�VLPXODFLyQ�\�GLIHUHQWHV�WDUHDV�LQIRUPiWLFDV�
TXH�SHUPLWDQ�DFODUDU�OD�IDFWLELOLGDG�GH�OD�LQQRYDFLyQ�SURSXHVWD�HQ�HVWD�7HVLV� 
'HVGH�OD�LGHQWLILFDFLyQ�LQLFLDO�GH�ODV�YDULDEOHV�TXH�GHILQHQ�VLQHUJLDV��ORV�HVIXHU]RV�VH�KDQ�FHQWUDGR�HQ�
OD� UHDOL]DFLyQ� GH� XQD� H[WHQVD� UHYLVLyQ� GHO� HVWDGR� GH� DUWH� \� WUDEDMR� GH� FDPSR��3RVWHULRUPHQWH�� ORV�
WUDEDMRV� H[SHULPHQWDOHV� KDQ� VLGR� UHIRU]DGRV� PHGLDQWH� HO� HPSOHR� GH� KHUUDPLHQWDV� LQIRUPiWLFDV� \�
VRIWZDUH�HVSHFtILFR�TXH�KDQ�SHUPLWLGR�FRPSOHWDU�ORV�HVWXGLRV�SUiFWLFRV�\�WHyULFRV��6H�HVSHUD�TXH�ODV�
FRQFOXVLRQHV�IUXWR�GH�OD�LQYHVWLJDFLyQ�SUHVHQWDGD�HQ�HVWD�7HVLV�SXHGDQ�FRQWULEXLU�DO�GHVDUUROOR�GH�OD�
LQYHVWLJDFLyQ�VREUH�VRVWHQLELOLGDG�GH�VHFWRUHV�ORV�IXWXUR�PiV�ySWLPR��(Q�FRQFOXVLyQ��OD�7HVLV�'RFWRUDO�
SUHVHQWDGD� DOEHUJD� LQIRUPDFLyQ� YDOLRVD�� TXH� KD� VLGR� FRPSLODGD� D� WUDYpV� GH� GLIHUHQWHV� WUDEDMRV�
FLHQWtILFRV�� TXH� LQFOX\HQ� WRGR� HO� VDEHU� KDFHU� \� OD� H[SHULHQFLD� DGTXLULGD� GXUDQWH� OD� HWDSD� GH�
LQYHVWLJDFLyQ�� 
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$EVWUDFW 

7KH�HQHUJ\�VHFWRU�KDV�EHHQ��LV�DQG�ZLOO�EH�HVVHQWLDO�IRU�WKH�GHYHORSPHQW�RI�VRFLHWLHV��,Q�SDUWLFXODU��
UHQHZDEOH�HQHUJ\�JHQHUDWLRQ�WHFKQRORJLHV�EHFRPH�D�NH\�HOHPHQW�IRU�WKH�VXVWDLQDEOH�GHVLJQ�RI�WKHVH��
DQG�QRW�RQO\�EHFDXVH�WKH\�DOORZ�HQHUJ\�WR�EH�JHQHUDWHG�ZLWK�OHVV�HQYLURQPHQWDO�LPSDFW�WKDQ�WUDGLWLRQDO�
WHFKQRORJLHV�EDVHG�RQ�IRVVLO�SULPDU\�HQHUJ\�VRXUFHV� 
7KLV�'RFWRUDO�7KHVLV�IRFXVHV�RQ�DQDO\]LQJ�WKH�IHDVLELOLW\�RI�LQQRYDWLYH�K\EULG�V\VWHPV�LQ�GHVDOLQDWLRQ�
SODQWV��IURP�D�WHFKQLFDO�DQG�HFRQRPLF�SRLQW�RI�YLHZ��%DVHG�RQ�DQ�DQDO\VLV�RI�WKH�V\VWHPV��WKH�V\QHUJLHV�
EHWZHHQ�WKH�VHFWRUV�RI�ZDWHU�VXSSO\��IRRG��DQG�HQHUJ\�JHQHUDWLRQ�LQ�V\VWHPV�WKDW�QHHG�GHVDOLQDWLRQ�
SODQWV� IRU�ZDWHU�VXSSO\�DUH� VWXGLHG��*LYHQ� WKH� ODUJH�GLPHQVLRQ�RI� WKHVH� VHFWRUV��DQ� LQFUHDVH� LQ� WKH�
NQRZOHGJH�RI�WKHLU�VXVWDLQDEOH�PDQDJHPHQW�ZLOO�DOORZ�WKH�GHVLJQ�RI�V\VWHPV�ZLWK�LQWHJUDWHG�UHVRXUFH�
PDQDJHPHQW�ZLWK�OHVV�HQYLURQPHQWDO�LPSDFW��7KHVH�LQFOXGH�WKH�GHILQLWLRQ�RI�V\QHUJLHV��WKH�HYDOXDWLRQ�
RI�WKH�PDLQ�WRROV�XVHG�IRU�PDQDJHPHQW�DQG�WKH�DFFRXQWLQJ�RI�WKHVH�V\QHUJLHV� 
7KXV��WKH�PDLQ�REMHFWLYH�RI�WKH�UHVHDUFK�ZRUN�RI�WKLV�7KHVLV�LV�WR�FRQWULEXWH�WR�WKH�NQRZOHGJH�RQ�WKH�
LQWHJUDWHG�DQG�VXVWDLQDEOH�GHYHORSPHQW�RI�WKHVH�VHFWRUV�WKURXJK�WKH�DQDO\VLV�RI�D�V\VWHP�ZLWK�ZDWHU�
VFDUFLW\�� :LWK� WKLV� REMHFWLYH�� WKH� OLQHV� RI� UHVHDUFK� LQFOXGH� ERWK� ILHOG� ZRUN� DQG� ODERUDWRU\� WHVWV��
H[SHULPHQWDO� DQG�VLPXODWLRQ�SURFHVVLQJ�DQG�GLIIHUHQW�FRPSXWDWLRQDO� WDVNV� WKDW�DOORZ� WR� FODULI\� WKH�
IHDVLELOLW\�RI�WKH�LQQRYDWLRQ�SURSRVHG�LQ�WKLV�7KHVLV� 
)URP�WKH�LQLWLDO�LGHQWLILFDWLRQ�RI�WKH�YDULDEOHV�WKDW�GHILQH�V\QHUJLHV��HIIRUWV�KDYH�EHHQ�IRFXVHG�RQ�DQ�
H[WHQVLYH�UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW�DQG�ILHOG�ZRUN��6XEVHTXHQWO\��WKH�H[SHULPHQWDO�ZRUN�KDV�EHHQ�
UHLQIRUFHG�E\�WKH�XVH�RI�FRPSXWHU�WRROV�DQG�VSHFLILF�VRIWZDUH�WKDW�KDYH�DOORZHG�WKH�FRPSOHWLRQ�RI�
SUDFWLFDO�DQG�WKHRUHWLFDO�VWXGLHV��,W�LV�KRSHG�WKDW�WKH�FRQFOXVLRQV�GUDZQ�IURP�WKH�UHVHDUFK�SUHVHQWHG�LQ�
WKLV�WKHVLV�FDQ�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�UHVHDUFK�RQ�VXVWDLQDELOLW\�RI�VHFWRUV�LQ�WKH�PRVW�RSWLPDO�
IXWXUH��,Q�FRQFOXVLRQ��WKH�'RFWRUDO�7KHVLV�SUHVHQWHG�FRQWDLQV�YDOXDEOH�LQIRUPDWLRQ��ZKLFK�KDV�EHHQ�
FRPSLOHG� WKURXJK�GLIIHUHQW� VFLHQWLILF�ZRUNV�� LQFOXGLQJ� DOO� WKH� NQRZ�KRZ� DQG� H[SHULHQFH� DFTXLUHG�
GXULQJ�WKH�UHVHDUFK�VWDJH� 
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1RPHQFODWXUD [L[ 

� ,QWURGXFFLyQ �� 
��� 0DUFR�WHyULFR�HQ�HVWD�7HVLV�'RFWRUDO �� 
��� 2EMHWLYRV�GH�OD�7HVLV�'RFWRUDO �� 
��� 0RGDOLGDG�GH�3UHVHQWDFLyQ�GH�HVWD�7HVLV�'RFWRUDO �� 
��� 3XEOLFDFLRQHV�TXH�VH�DERUGDQ�HQ�HVWD�7HVLV�'RFWRUDO �� 
����� 5HODFLyQ�HQWUH�ODV�SXEOLFDFLRQHV �� 

��� (VWUXFWXUD�GH�OD�7HVLV�'RFWRUDO �� 
����� 2UJDQL]DFLyQ�GH�OD�7HVLV�'RFWRUDO �� 

�� 5HYLVLyQ�GH�KHUUDPLHQWDV�SDUD�HO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�(QHUJtD�
$OLPHQWRV �� 
�����5HV~PHQ�GHO�DUWtFXOR�³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�7RROV��$�5HYLHZ´ �� 
������ $EVWUDFW�HQ�&DVWHOODQR �� 

�����5HV~PHQ�GHO�DUWtFXOR�³5HYLVLRQ�RI�GHFLVLRQ�PDNLQJ�WRROV�IRU�6XVWDLQDEOH�SODQQLQJ�DQG�SURSRVDO�RI�D�
QRYHO�FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�IRRG�QH[XV´ �� 
������ $EVWUDFW�HQ�&DVWHOODQR �� 

�� (QHUJtD�5HQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD �� 
�����5HV~PHQ�GHO�DUWtFXOR��³&RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�*,6�
EDVHG�WRRO´ �� 
������ $EVWUDFW�HQ�&DVWHOODQR �� 

�����5HVXPHQ�GHO�DUWtFXOR�³6WUHVV�0LWLJDWLRQ�RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV�LQ�:DWHU�6FDUFH�$UHDV�
WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV´
 �� 
������ $EVWUDFW�HQ�&DVWHOODQR �� 

�� $QiOLVLV�GH�OD�IDFWLELOLGDG�GH�VLVWHPDV�HQHUJpWLFRV�KtEULGRV�SDUD�SODQWDV�GHVDODGRUDV �� 
�����5HVXPHQ�GHO�DUWtFXOR��³)HDVLELOLW\�$QDO\VLV�RI�:LQG�DQG�6RODU�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�
$SSOLFDWLRQ�WR�LVODQGV´ �� 
������ $EVWUDFW�HQ�&DVWHOODQR �� 

�� 6LVWHPD�SDUD�HO�FRQWURO�GH�DJXD�\�HQHUJtD�HQ�SODQWDV�GHVDODGRUDV �� 
�����'HVFULSFLyQ �� 
������ &DPSR�GH�OD�LQYHQFLyQ �� 
������ $QWHFHGHQWHV�GH�OD�LQYHQFLyQ �� 
������ 'HVFULSFLyQ�GH�OD�LQYHQFLyQ �� 

�� &RQFOXVLRQHV��VXJHUHQFLDV�\�GHVDUUROOR�IXWXUR �� 
�����&RQFOXVLRQHV �� 
�����6XJHUHQFLDV�\�'HVDUUROOR�)XWXUR �� 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 
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�� 9DOLGDFLyQ �� 
�����&RQJUHVRV �� 
������ 5HVXOWDGRV�GH�SUHVHQWDU�HO�&DStWXOR���HQ�FRQIHUHQFLDV�LQWHUQDFLRQDOHV �� 
������ 5HVXOWDGRV�GH�SUHVHQWDU�HO�&DStWXOR���HQ�FRQIHUHQFLDV�LQWHUQDFLRQDOHV �� 

�����3XEOLFDFLRQHV�UHVXOWDQWHV�GH�HVWD�7HVLV�'RFWRUDO �� 
������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR �� 
������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR �� 
������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR� �� 

�����3DWHQWHV�UHVXOWDQWHV�GH�ORV�WUDEDMRV�HQ�HVWD�7HVLV�'RFWRUDO �� 

5HIHUHQFLDV �� 

$QH[R�$��5HYLVLyQ�GH�KHUUDPLHQWDV�HYDOXDGDV �� 

$QH[R�%��&DSDFLGDG�GH�'HVDODFLRQ��WHFQRORJLDV��\�ORFDOL]DFLRQ�HQ�*UDQ�&DQDULD �� 

$QH[R�&��5HVWULFFLRQHV�\�UHVXOWDGRV�GHO�DQiOLVLV�JHRPRUIROyJLFR �� 

$QH[R�'��,PSDFWRV�GH�ODV�IXHQWHV�GH�HQHUJtD��\�FRPSHWLWLYLGDG�GHO�VHFWRU�DOLPHQWDULR �� 

$QH[R�(��/RFDOL]DFLyQ�GH�ORV�HPSOD]DPLHQWRV�SURSXHVWRV �� 

$QH[R�)��)OXMR�GH�FDMD�GHO�SUR\HFWR �� 

$QH[R�*��3DUiPHWURV�GH�VLPXODFLyQ��FDUDFWHUtVWLFDV�GH�ORV�FDVK�IORZ�\�UHVXOWDGRV�GH�VLPXODFLyQ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�FLHQWtILFD�³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�
7RROV��$�5HYLHZ´ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�FLHQWtILFD�³'HFLVLRQ�PDNLQJ�WRROV�IRU�VXVWDLQDEOH�SODQQLQJ�DQG�
FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�IRRG�QH[XV�´ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�FLHQWtILFD�³&RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�ZDWHU�HQHUJ\�
IRRG�QH[XV�ZLWK�JLV�EDVHG�WRRO��´ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�FLHQWtILFD�³6WUHVV�0LWLJDWLRQ�RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV�LQ�
:DWHU�6FDUFH�$UHDV�WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�
$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQG�´ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�FLHQWtILFD�³)HDVLELOLW\�$QDO\VLV�RI�:LQG�DQG�6RODU�3RZHUHG�
'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�LVODQGV´ ��� 

$QH[R�3���&RSLD�GH�OD�SXEOLFDFLyQ�GH�OD�SDWHQWH�³6LVWHPD�SDUD�HO�FRQWURO�GH�DJXD�\�HQHUJtD�HQ�SODQWDV�
GHVDODGRUDV´ ��� 



 

[Y 
 

�����Ë1',&(�'(�),*85$6 
)LJXUD�����(YDOXDFLyQ�GH�KHUUDPLHQWDV�DFFLRQHV�VREUH�HO�1H[R .......................................................... �� 

)LJXUD�����(YDOXDFLyQ�GH�KHUUDPLHQWDV�DFFLRQHV�VREUH�HO�1H[R .......................................................... �� 

)LJXUD�����(VTXHPD�JOREDO�SDUD�HO�DQiOLVLV�GH�SURSXHVWDV�HMHPSORV� .................................................. �� 

)LJXUD� ���� (VWLPDFLyQ� GH� ODV� LPSOLFDFLRQHV� HQ� FRVWRV� GH� DJXD�� WLHUUD�� R� HPLVLRQHV� SDUD� SROtWLFDV�
HQHUJpWLFDV�HYDOXDGDV� ............................................................................................................................... �� 

)LJXUD�����ËQGLFH�GH�HYDOXDFLyQ�DJUHJDGR�SDUD�VLVWHPDV�SROtWLFRV� ..................................................... �� 

)LJXUD�����(VWUDWHJLD�GH�DQiOLVLV�GH�HPSOD]DPLHQWRV� ........................................................................... �� 

)LJXUD�����/RFDOL]DFLyQ�GH�ORV�PHMRUHV�HPSOD]DPLHQWRV�GH�OD�HVWUDWHJLD�D�FRUWR�SOD]R� .................... �� 

)LJXUD�����5HFXUVR�HyOLFR�HQ�*UDQ�&DQDULD��L]TXLHUGD��\�VLWLR�VHOHFFLRQDGR��$ULQDJD��GHUHFKD��SDUD�
���P�GH�DOWXUD��>��@ ................................................................................................................................... �� 

)LJXUD�����5HFXUVR�VRODU�SDUD�*UDQ�&DQDULD��L]TXLHUGD��\�HQ�HO�VLWLR�VHOHFFLRQDGR��$ULQDJD��GHUHFKD���
>��@ ............................................................................................................................................................. �� 

)LJXUD�����5HVXOWDGRV�GHO�SURFHVR�GH�RSWLPL]DFLyQ� ............................................................................. �� 

)LJXUD�����'LDJUDPD�GH�)OXMR�VHJXLGR�HQ�HO�DQiOLVLV� ........................................................................... �� 

)LJXUD�����(OHPHQWRV�GHO�VLVWHPD�GH�FRQWURO�GH�ORV�UHFXUVRV�KtGULFRV�\�HQHUJpWLFRV�......................... �� 

)LJXUD�����(VTXHPD�GH�GHFLVLyQ�HMHFXWDGR�SRU�HO�VLVWHPD�SDUD�HO�FRQWURO�HILFLHQWH�GHO�DJXD ............ �� 

)LJXUD�(����(PSOD]DPLHQWR�3URSXHVWR��*DOGDU��>��@ ........................................................................... �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��*DOGDU��%RWLMD���>��@ ............................................................. �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��*DOGDU��GHO�YLQR���>��@ .......................................................... �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��6DQ�$QWRQLR��>��@ ................................................................. �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��$JDHWH��>��@ .......................................................................... �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��/D�DOGHD�GH�6DQ�1LFROiV��>��@ .............................................. �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��/D�DOGHD�GH�6DQ�1LFROiV��>��@ .............................................. �� 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��6DQWD�/XFLD�GH�7LUDMDQD��>��@............................................... �� 

file:///C:/Users/arche/Documents/Trabajo/ULE/INVESTIGACION/TD%20Francisco%20Jose%20Moya/Deposito/TD%20Fran%2020220531_REV.docx%23_Toc104967383
file:///C:/Users/arche/Documents/Trabajo/ULE/INVESTIGACION/TD%20Francisco%20Jose%20Moya/Deposito/TD%20Fran%2020220531_REV.docx%23_Toc104967387
file:///C:/Users/arche/Documents/Trabajo/ULE/INVESTIGACION/TD%20Francisco%20Jose%20Moya/Deposito/TD%20Fran%2020220531_REV.docx%23_Toc104967387




 

[YLL 
 

�����Ë1',&(�'(�7$%/$6 
7DEOD�����$OFDQFH�GH�KHUUDPLHQWDV�GH�DQiOLVLV�GHO�1H[R��>�@>�@>��@>��@�>�@>��@>��@>��@ .................. �� 

7DEOD�����5HVXOWDGRV�GHO�SURFHVR�GH�RSWLPL]DFLyQ� ............................................................................... �� 

7DEOD�����,QGLFDGRUHV�FODYH�GH�UHQGLPLHQWR ........................................................................................... �� 

7DEOD�$����5HYLVLyQ�GH�KHUUDPLHQWDV�VREUH�HO�QH[R�HYDOXDGDV� ........................................................... �� 

7DEOD�$����5HYLVLyQ�GH�KHUUDPLHQWDV�VREUH�HO�QH[R�HYDOXDGDV ............................................................ �� 

7DEOD�%����&DSDFLGDG�LQVWDODGD�HQ�*UDQ�&DQDULD��\�FDUDFWHUtVWLFDV�GH�ODV�WHFQRORJtDV�GH�GHVDODFLyQ�
 .................................................................................................................................................................... �� 

7DEOD�%����/RFDOL]DFLyQ�GH�OD�FDSDFLGDG�GH�GHVDODFLyQ�LQVWDODGD�HQ�*UDQ�&DQDULD� .......................... �� 

7DEOD�&����5HVWULFFLRQHV�SDUD�DQiOLVLV�JHRPRUIROyJLFR� ...................................................................... �� 

7DEOD�&����5HVXOWDGRV�GHO�$QiOLVLV�*HRPRUIROyJLFR� .......................................................................... �� 

7DEOD�'����(PLVLRQHV�GH�ODV�IXHQWHV�GH�HQHUJtD��>��@>��@>��@ ............................................................. �� 

7DEOD�'����$QiOLVLV�'$)2�\�GH�FRPSHWLWLYLGDG�HFRQyPLFD�GHO�VXEVHFWRU�DOLPHQWDULR�GH�*UDQ�&DQDULD
 .................................................................................................................................................................... �� 

7DEOD�'����&RPSHWLWLYLGDG�HFRQyPLFD�GHO�VXEVHFWRU�DOLPHQWDULR�GH�*UDQ�&DQDULD ........................... �� 

7DEOD�)����)OXMR�GH�&DMD�GHO�3UR\HFWR ................................................................................................... �� 

7DEOD�*����$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�GH�ODV�VXEYHQFLRQHV�SURSXHVWDV ....................................... ��� 

7DEOD�*����5HVXOWDGRV�GH�6LPXODFLyQ .................................................................................................. ��� 
 





 

[L[ 
 

1RPHQFODWXUD 

$Q     &RQVXPR�GH�ORV�HTXLSRV 
%%''     %DVH�GH�GDWRV 
&&&7    &HQWUDO�GH�FLFOR�FRPELQDGR 
&2��HT������    'Ly[LGR�GH�&DUERQR�HTXLYDOHQWH 
&2:     &RVWH�GH�DJXD 
&5)     )DFWRU�GH�5HFXSHUDFLyQ�GH�&RVWHV 
'$)2     'HELOLGDGHV�$PHQD]DV�)RUWDOH]DV�2SRUWXQLGDGHV 
'(0     0RGHOR�GH�HOHYDFLyQ�GLJLWDO 
'5(6     )XHQWH�GH�HQHUJtD�UHQRYDEOH�GLVWULEXLGD 
(     (QHUJtD 
(%     %DODQFH�HQHUJpWLFR 
(JHQQ     (QHUJtD�*HQHUDGD�SRU�HO�VLVWHPD�GH�JHQHUDFLyQ�UHQRYDEOH�Q 
(7Q     3RWHQFLD�*HQHUDGD�SRU�OD�7XUELQD�+LGUiXOLFD�Q 
)':     )OXMR�GH�DJXD�GHVDODGD 
)7&(     )OXMR�SDUD�XQ�VLVWHPD�SDUD�FRQWURODU�OD�HQHUJtD 
)76(     )OXMR�SDUD�DOPDFHQDU�HQHUJtD 
)7:Q     )OXMR�GH�DJXD�Q�SDUD�XQ�VLVWHPD�H[WHUQR 
*(,     *DVHV�GH�HIHFWR�LQYHUQDGHUR 
*:K     *LJD�:DWWLRV�+RUD 
+Q     $OWXUD�Q 
,HII     7DVD�GH�,QYHUVLyQ�(IHFWLYD 
-     -XOLRV 
.3,     ,QGLFDGRU�FODYH�GH�UHQGLPLHQWR 
/������(�     7LHUUD�SDUD�HQHUJtD 
/&2(     &RVWH�QLYHODGR�GH�OD�HQHUJtD 
/Q     1LYHO�GH�ORV�'HSyVLWRV 
P�     0HWURV�F~ELFRV 
0()�������    'HVWLODFLyQ�PXOWLHIHFWR 
07'     0HMRUHV�7pFQLFDV�'LVSRQLEOHV 
0:     0HJDZDWLRV 
1     1HFHVLGDGHV�GH�$JXD 



 

[[ 
 

2'6     2EMHWLYRV�GH�'HVDUUROOR�6RVWHQLEOH 
2,     2VPRVLV�LQYHUVD 
3&(���������    3UHFLR�GH�&RPSUD�GH�(QHUJtD�(OpFWULFD� 
3JHQ     3RWHQFLD�JHQHUDGD�SRU�HO�VLVWHPD�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG 
3+6     $OPDFHQDPLHQWR�GH�HQHUJtD�SRU�ERPEHR�KLGUiXOLFR 
3Q�����������    3RWHQFLD�1RPLQDO 
37     3RWHQFLD� 
39(������������    3UHFLR�GH�9HQWD�GH�(QHUJtD�(OpFWULFD 
39+     3UHFLR�GH�9HQWD�GHO�5HFXUVR�+tGULFR 
52,     5HWRUQR�GH�OD�LQYHUVLyQ 
6,*     6LVWHPD�GH�LQIRUPDFLyQ�JHRJUiILFD� 
W&2�     7RQHODGDV�GH�&2� 

8%5     $OPDFHQDPLHQWR�LQIHULRU�GH�DJXD 
856     $OPDFHQDPLHQWR�VXSHULRU�GH�DJXD 
9&     &RPSUHVLyQ�GH�9DSRU 
:������(     $JXD�SDUD�HQHUJtD 
:������)     $JXD�SDUD�DOLPHQWRV 
:()     $JXD�(QHJtD�$OLPHQWRV 
 



 

�� 
 

1 ,1752'8&&,Ï1 
 
 
 
 
 

 
VWH�SULPHU�FDStWXOR�LQWURGXFH�HO�PDUFR�WHyULFR�JHQHUDO�HQ�HO�TXH�VH�FLUFXQVFULEH�OD�LQYHVWLJDFLyQ�
OOHYDGD� D� FDER� HQ� HVWD� 7HVLV� 'RFWRUDO�� $� FRQWLQXDFLyQ�� VH� SUHVHQWD� OD� PRWLYDFLyQ� TXH� KD�
LPSXOVDGR�OD�UHDOL]DFLyQ�GH�HVWH�WUDEDMR��DVt�FRPR�ORV�REMHWLYRV�JHQHUDOHV�TXH�VH�PDUFDQ��$Vt�

PLVPR�� VH� SUHVHQWD� OD�PRGDOLGDG� GH� SUHVHQWDFLyQ� GH� HVWH� WUDEDMR�� DVt� FRPR� ODV� SXEOLFDFLRQHV� TXH�
FRPSUHQGH� OD� PLVPD�� (VWH� FDStWXOR� LQWURGXFWRULR� WHUPLQD� SUHVHQWDQGR� OD� HVWUXFWXUD� GH� OD� 7HVLV�
'RFWRUDO�� UHDOL]DQGR� XQD� GHVFULSFLyQ� GH� ORV� WHPDV� WUDWDGRV� HQ� FDGD� FDStWXOR� \� TXH� FRQIRUPDQ� ODV�
GLIHUHQWHV�OtQHDV�GH�LQYHVWLJDFLyQ�TXH�VH�KDQ�VHJXLGR��UHVXOWDQGR�HQ�OD�SXEOLFDFLyQ�GH�ORV�DUWtFXORV�TXH�
KDQ�FRQIRUPDGR�HVWH�WUDEDMR�GRFWRUDO� 

��� 0DUFR�WHyULFR�HQ�HVWD�7HVLV�'RFWRUDO 

(QWUH� ORV� ORJURV� TXH� KD� SURSLFLDGR� HO� GHVDUUROOR� WHFQROyJLFR� GHEH� GHVWDFDUVH� OD� FRQWULEXFLyQ� DO�
LQFUHPHQWR�GHO�QLYHO�GH�FDOLGDG�GH�YLGD��HVSHFLDOPHQWH�GXUDQWH�ORV�GRV�~OWLPRV�VLJORV��*UDFLDV�D�HVWH�
GHVDUUROOR��ODV�VRFLHGDGHV�PRGHUQDV�VH�KDQ�EHQHILFLDGR�GH�PiV�ELHQHV��SURGXFWRV�\�VHUYLFLRV��(QWUH�
HVWRV� GHVWDFD� IDFLOLWDU� HO� DFFHVR� D� DOLPHQWRV� \� DJXD� SDUD� OD� SREODFLyQ�PXQGLDO�� (VWD� VLWXDFLyQ� GH�
PDUFDGR�\� FRQVWDQWH� GHVDUUROOR�� XQLGR� DO� LQFUHPHQWR� GH� OD� SREODFLyQ� HQ�XQ�PXQGR� FDGD�YH]�PiV�
JOREDOL]DGR� KD� JHQHUDGR� XQD� SUHVLyQ� FUHFLHQWH� VREUH� ORV� UHFXUVRV�� VLHQGR� ODV� IXHQWHV� GH� HQHUJtD�
SULPDULD� GH� FDUiFWHU� QR� UHQRYDEOH� XQ� FODUR� HMHPSOR�� (QWUH� ODV� IXHQWHV� GH� HQHUJtD� GH� RULJHQ� IyVLO�
GHVWDFDQ�HO�FDUEyQ��HO�SHWUyOHR�R�HO�JDV��(O�XVR�GH�ODV�WHFQRORJtDV�SDUD�VX�DSURYHFKDPLHQWR�FRPR�YHFWRU�
HQHUJpWLFR�SURYRFDQ�HIHFWRV�PHGLRDPELHQWDOHV�QHJDWLYRV�DVRFLDGRV�SULQFLSDOPHQWH�D�ODV�HPLVLRQHV�GH�
JDVHV�GH�HIHFWR�LQYHUQDGHUR��OR�TXH�D�VX�YH]�LQGXFH�HIHFWRV�QHJDWLYRV�D�HVFDOD�ORFDO��UHJLRQDO�\�JOREDO�� 
(V�HVSHFLDOPHQWH� LPSRUWDQWH� HQ� ODV� VRFLHGDGHV�DFWXDOHV� DIURQWDU� OD�SUHRFXSDFLyQ�SRU� VDWLVIDFHU� ODV�
QHFHVLGDGHV�GH�DOLPHQWDFLyQ�SXHVWR�TXH�VH�KD�OOHJDGR�D�XQ�SXQWR�HQ�HO�TXH�OD�FDSDFLGDG�GHO�SODQHWD�
SDUD�VDWLVIDFHU�OD�QHFHVLGDG�GH�UHFXUVRV�VH�YH�FRPSURPHWLGD��(VWH�KHFKR�HV�HVSHFLDOPHQWH�DFXFLDQWH�
HQ�FLHUWDV�UHJLRQHV�GHELGR�D�OD�HVFDVH]�GH�UHFXUVR�KtGULFR��OR�TXH�FRPSOLFD�HQ�JUDQ�PHGLGD�HO�GHVDUUROOR�
GH�ODV�VRFLHGDGHV�HQ�ORV�PLVPRV��(VWR�KD�SURYRFDGR�WDQWR�XQ�UHWR�WHFQROyJLFR��FRPR�XQD�FUHFLHQWH�
SUHRFXSDFLyQ�VREUH�FyPR�SDOLDU�ORV�HIHFWRV�QHJDWLYRV�TXH�ODV�QHFHVLGDGHV�FUHFLHQWHV�HQ�ODV�VRFLHGDGHV�
SURYRFDQ��3DUD�FRQVHJXLU�XQRV�HVWiQGDUHV�DFHSWDEOHV�GH�DFFHVR�D�DOLPHQWRV�\�DJXD�HQ�XQ�FRQWH[WR�GH�
FUHFLHQWH�SUHRFXSDFLyQ�PHGLRDPELHQWDO�FRPSUHQGHU�FyPR�VH�UHODFLRQDQ�ORV�VXEVLVWHPDV�TXH�SURYHHQ�
DJXD�HQHUJtD�FRPLGD�HV�QHFHVDULR�SDUD�PLQLPL]DU�ORV�HIHFWRV�QHJDWLYRV�� 
(O� HVWXGLR�GH� ODV� VLQHUJLDV� HQWUH� ORV� VHFWRUHV� LPSOLFDGRV� HQ�SURYHHU� DJXD�� HQHUJtD��R�FRPLGD�D� ODV�
VRFLHGDGHV�SHUPLWLUi�LGHQWLILFDU�ORV�HOHPHQWRV�VREUH�ORV�TXH�VH�SXHGH�LQFLGLU�SDUD�RSWLPL]DU�HO�XVR�GH�
HVWRV�� \�PiV� GDGD� OD� IXHUWH� LQWHUHODFLyQ� HQWUH� GLFKRV� VHFWRUHV��8QD� SODQLILFDFLyQ� LQWHUFRQHFWDGD� \�
VRVWHQLEOH�HV�LQGLVSHQVDEOH�SDUD�UHEDMDU�OD�SUHVLyQ�VREUH�ORV�UHFXUVRV�GH�ORV�TXH�GHSHQGH�OD�KXPDQLGDG��
(Q�ODV�,VODV�&DQDULDV��FRQ�VLVWHPDV�HQHUJpWLFRV�WUDGLFLRQDOHV�DOWDPHQWH�GHSHQGLHQWHV�GH�ORV�VLVWHPDV�

( 

³6DWLVIDFHU�ODV�QHFHVLGDGHV�DFWXDOHV�VLQ�FRPSURPHWHU�OD�
capacidad de las futuras generaciones para satifacer las 
suyas.´ 

Brundtland Commission  



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

GH� FRPEXVWLyQ� EDVDGRV� HQ� FRPEXVWLEOHV� IyVLOHV�� VH� HVWiQ� LQFRUSRUDQGR� VLVWHPDV� HQHUJpWLFRV�
LQWHOLJHQWHV� D� WUDYpV� GH� VLVWHPDV� HOpFWULFRV� KtEULGRV�� /D� LVOD� GH� *UDQ� &DQDULD� SUHVHQWD� XQDV�
FDUDFWHUtVWLFDV�FOLPiWLFDV��ItVLFDV��VRFLDOHV�\�HFRQyPLFDV�SDUWLFXODUHV��'HELGR�D�HVWH�KHFKR��HO�VLVWHPD�
HQHUJpWLFR�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG��\�HQ�SDUWLFXODU��HO�VLVWHPD�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�TXH�
VRSRUWD�HO�VLVWHPD�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�EDVDGR�HQ�HQHUJtDV�UHQRYDEOHV��GHEH�VHU�GLVHxDGR�GH�
DFXHUGR�D�VXV�FDUDFWHUtVWLFDV�HVSHFtILFDV��6LQ�HPEDUJR��HVWD�7HVLV�'RFWRUDO�SURSRQH�ORV�VLVWHPDV�GH�
DOPDFHQDPLHQWR�GH�HQHUJtD�GH�ERPEHR��SHUPLWH�OD�WUDQVIHUHQFLD�GH�FRQFHSWRV�\�H[SHULHQFLDV�HQWUH�ORV�
SHTXHxRV�VLVWHPDV�GH�HQHUJtD� 
(O�GHVDUUROOR�TXH�VH�UHDOL]D�HQ�ORV�VLJXLHQWHV�FDStWXORV�UHDOL]D�XQ�DQiOLVLV�HQIRFDGR�HQ�OD�LQYHVWLJDFLyQ�
GH�ODV�VLQHUJLDV�TXH�DSDUHFHQ�GHQWUR�GHO�VLVWHPD�GH�UHFXUVRV�DJXD�HQHUJtD�FRPLGD��3DUD�DQDOL]DU�HVWDV�
VLQHUJLDV�� \� FyPR� HVWRV� VH� LQIOX\HQ� GH� IRUPD� ELGLUHFFLRQDO� VHUi� QHFHVDULR� DFRPHWHU� LQYHVWLJDFLyQ�
UHODFLRQDGD�WDQWR�FRQ�ODV�HVWUDWHJLDV�HQHUJpWLFDV�\�DFWLYLGDGHV�GH�DOWR�FRQVXPR�GH�HQHUJtD��0HGLDQWH�
OD� LQQRYDFLyQ� SURSXHVWD� HQ� HVWD� 7HVLV� GRFWRUDO� VH� WUDWD� GH�PHMRUDU� OD� LQWHJUDFLyQ� GH� ODV� HQHUJtDV�
UHQRYDEOHV� GH� JHQHUDFLyQ� GH� HOHFWULFLGDG� HQ� SODQWDV� GHVDODGRUDV� GH� WDPDxR� SHTXHxR� \�PHGLR� VLQ�
ROYLGDU�UHDOL]DU�XQ�DQiOLVLV�GH�VX�FRPSHWLWLYLGDG�HFRQyPLFD�HQ�HO�PHUFDGR�OLEHUDOL]DGR� 

��� 2EMHWLYRV�GH�OD�7HVLV�'RFWRUDO 

(O�SULQFLSDO�UHWR�GH�HVWD�WHVLV�GRFWRUDO�FRQVLVWH�HQ�GHVDUUROODU�OD�LQYHVWLJDFLyQ�H[LVWHQWH�HQ�HO�iUHD�GH�
RSWLPL]DFLyQ�GH�UHFXUVRV�HQ�ODV�VRFLHGDGHV�SDUD�SHUPLWLU�XQ�GHVDUUROOR�VRVWHQLEOH��(VWD�WHVLV�GRFWRUDO�
LQYHVWLJD�ODV�VLQHUJLDV�TXH�H[LVWHQ�HQWUH�ORV�VLVWHPDV�GH�UHFXUVRV�DJXD�HQHUJtD�FRPLGD��\�SRQH�HO�IRFR�
HQ�XQ�iUHD�DPHQD]DGD�SRU�HVFDVH]�GH�DJXD��3RU�HOOR�HV�GH�YLWDO�LPSRUWDQFLD�SURSRQHU�LQGLFDGRUHV�GH�
VRVWHQLELOLGDG� HQ� ORV� VLVWHPDV� TXH� SHUPLWDQ� FRPSDUDU� ODV� GLIHUHQWHV� HVWUDWHJLDV� SXHGHQ� DGRSWDUVH��
(VSHFLDOPHQWH�VH�SRQH�HO�DFHQWR�HQ�HO�GLVHxR�GH�LQGLFDGRUHV�SDUD�PRGHOL]DU�FRPR�DIHFWDQ�ODV�GLIHUHQWHV�
HVWUDWHJLDV� HQHUJpWLFDV� VREUH� HO� UHFXUVR� DJXD� \� ODV� HPLVLRQHV� GH� JDVHV� GH� HIHFWR� LQYHUQDGHUR�� 6H�
DQDOL]DQ�ODV�FRQVHFXHQFLDV�TXH�WHQGUtD�VREUH�XQ�VLVWHPD�FHUUDGR��XQD�LVOD�HQ�HVWH�WUDEDMR��OD�DPSOLD�
LPSODQWDFLyQ�GH�WHFQRORJtDV�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�D�SDUWLU�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOH�FRQ�
LQGLFDGRUHV�GH�VRVWHQLELOLGDG�\�GH�LQWHUFRQH[LRQHV�HQWUH�VLVWHPDV� 
/D�SUHVHQWH�WHVLV�GRFWRUDO�SUHWHQGH�DKRQGDU�HQ�OD�LQYHVWLJDFLyQ�GH�OD�IDFWLELOLGDG�GH�VLVWHPDV�KtEULGRV�
GH� HQHUJtD� TXH� LQFRUSRUHQ� XQ� VLVWHPD� GH� DOPDFHQDPLHQWR� HQHUJpWLFR� TXH�PLWLJXH� HO� SUREOHPD�GH�
LQWHUPLWHQFLD�TXH�ODV�HQHUJtDV�UHQRYDEOHV�WLHQHQ�HQ�OR�TXH�UHVSHFWD�D�VX�DSOLFDFLyQ�D�SODQWDV�GHVDODGRUDV�
GH�WDPDxR�SHTXHxR�\�PHGLDQR��(VWR�VH�OOHYD�D�FDER�WDQWR�GHVGH�XQ�SXQWR�GH�YLVWD�WHFQROyJLFR��FRQ�
REMHWR� GH� HYDOXDU� UHDOL]DFLyQ� WpFQLFD�� FRPR� HFRQyPLFR� SDUD� LQYHVWLJDU� VX� SRVLEOH� YLDELOLGDG�
HFRQyPLFD� 
(VWD� WHVLV� GRFWRUDO� SUHVHQWD� XQD� YLVLyQ� LQQRYDGRUD� SDUD� JHVWLRQDU� HO� GREOH� UHFXUVR� DJXD�HQHUJtD�
UHQRYDEOH�LPSOHPHQWDQGR�XQ�HVTXHPD�GH�JHVWLyQ�LQWHOLJHQWH�GHO�UHFXUVR�DJXD�HQHUJtD�TXH�PD[LPLFH�
HO�EHQHILFLR�GH�OD�JHVWLyQ�FRPELQDGD�GH�DPERV��(QWUH�ORV� UHWRV�WHFQROyJLFRV�TXH�OD�SUHVHQWH�7HVLV�
'RFWRUDO�HQIUHQWD�GHVWDFD�HO�HQFRQWUDU�XQD�IRUPD�GH�JHVWLyQ�FRPELQDGD�GH�ORV�UHFXUVRV�TXH�PD[LPLFH�
HO�EHQHILFLR�GHO�HVTXHPD�SURSXHVWR�FRPR�PRGHOR�GH�QHJRFLR��3RU�HOOR��RWUR�GH�ORV�REMHWLYRV�SULQFLSDOHV�
GH� ORV� WUDEDMRV� UHDOL]DGRV� HQ� OD� SUHVHQWH� WHVLV� VHUi� SURYHHU� XQ� PDUFR� GH� GHFLVLyQ� TXH� HYDO~H� OD�
IDFWLELOLGDG�GH�OD�LQWURGXFFLyQ�GH�XQ�VLVWHPD�KtEULGR�TXH�PHMRUH�OD�JHVWLRQDELOLGDG�GHO�GREOH�UHFXUVR�
DJXD�HQHUJtD�HQ�XQD�UHJLyQ�GRQGH�OD�JHVWLyQ�LQWHOLJHQWH�GH�HVWRV�UHFXUVRV�HV�HVSHFLDOPHQWH�QHFHVDULD��
DVt�FRPR�SURSRQHU�XQ�VLVWHPD�GH�GHFLVLyQ�SDUD�JHVWLRQDU�HO�GREOH�UHFXUVR�DJXD�HQHUJtD�� 
/RV�LQGLFDGRUHV�GH�p[LWR�TXH�VH�SURSRQHQ�HQ�ORV�VLJXLHQWHV�FDStWXORV�VH�FODVLILFDQ�HQ�WHFQROyJLFRV��
PHGLRDPELHQWDOHV��SUiFWLFRV��HFRQyPLFRV�\�GH�PHUFDGRV�TXH�SUHWHQGHQ�GDU� UHVSXHVWD�D�FXHVWLRQHV�
VREUH� FyPR� DIHFWDUtD� OD� LPSODQWDFLyQ� GH� XQ� VLVWHPD� GH� HQHUJtD� KtEULGR� TXH� DOLPHQWH� D� SODQWDV�
GHVDODGRUDV�GH�WDPDxR�SHTXHxR�\�PHGLR��(QWUH�ORV�UHWRV�HQIUHQWDGRV�D�OD�KRUD�GH�OD�LPSODQWDFLyQ�GH�
XQ�PRGHOR�GH�QHJRFLR�HQ�XQ�PHUFDGR��RWUR�REMHWLYR�VHUi�DQDOL]DU�EDMR�TXp�VXSXHVWRV�XQ�PRGHOR�GH�
QHJRFLR�VHUtD�HFRQyPLFDPHQWH�UHQWDEOH��3DUD�DSURYHFKDU�DO�Pi[LPR�ORV�EHQHILFLRV�GH�XQ�HVTXHPD�
GHEH�UHYLVDUVH�OD�YLDELOLGDG�HFRQyPLFR�ILQDQFLHUD�SRU�XQ�ODGR�\�OD�PD[LPL]DFLyQ�GHO�EHQHILFLR�HQ�OD�
UHJLyQ�REMHWR�GH�HVWXGLR�� 
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��� 0RGDOLGDG�GH�3UHVHQWDFLyQ�GH�HVWD�7HVLV�'RFWRUDO 

(VWD�7HVLV�'RFWRUDO�VH�SUHVHQWD�FRPR�XQ�FRPSHQGLR�GH�DUWtFXORV�FLHQWtILFRV�SXEOLFDGRV�HQ�UHYLVWDV�
LQWHUQDFLRQDOHV�GH�DOWR�IDFWRU�GH�LPSDFWR��7DO�\�FRPR�HVSHFLILFD�OD�QRUPDWLYD�GH�OD�HVFXHOD�GH�GRFWRUDGR�
GH�OD�8QLYHUVLGDG�GH�/HyQ��HVWRV�DUWtFXORV�GHEHQ�DOEHUJDU�XQD�UHODFLyQ�WHPiWLFD�VHJ~Q�XQD��R�YDULDV�
OtQHDV�GH�LQYHVWLJDFLyQ� 

��� 3XEOLFDFLRQHV�TXH�VH�DERUGDQ�HQ�HVWD�7HVLV�'RFWRUDO 

/RV� DUWtFXORV� FLHQWtILFRV� TXH� FRQIRUPDQ� HVWD� WHVLV� GRFWRUDO� KDQ� VLGR� SXEOLFDGRV� HQ� UHYLVWDV�
LQWHUQDFLRQDOHV�GH�DOWR�IDFWRU�GH�LPSDFWR�WDO�\�FyPR�VH�GHWDOOD�HQ�HO�FDStWXOR����(O�WtWXOR�GH�ODV�PLVPDV�
HV� 

x :DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�7RROV��$�5HYLHZ>�@� 

x 'HFLVLRQ�PDNLQJ�WRROV�IRU�VXVWDLQDEOH�SODQQLQJ�DQG�FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�
ZDWHU�IRRG�QH[XV�>�@� 

x &RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�JLV�EDVHG�WRRO�
>�@� 

x 6WUHVV�0LWLJDWLRQ�RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV�LQ�:DWHU�6FDUFH�$UHDV�WKURXJK�WKH�XVH�
RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQG�
>�@� 

x )HDVLELOLW\�$QDO\VLV�RI�:LQG�DQG�6RODU�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�
LVODQGV�>�@� 

����� 5HODFLyQ�HQWUH�ODV�SXEOLFDFLRQHV� 

/DV�GRV�SULPHUDV�SXEOLFDFLRQHV�TXH�FRPSRQHQ�HO�&DStWXOR���DERUGDQ�HO�DQiOLVLV�GHO�HVWDGR�GHO�DUWH�GH�
OD�LQYHVWLJDFLyQ�DFHUFD�GHO�QH[R�HQWUH�ORV�VHFWRUHV�DJXD�HQHUJtD�FRPLGD��VX�GHILQLFLyQ�\�RUGHQDPLHQWR��
\�SURSRQH�tQGLFHV�GH�PHGLFLyQ�EDVDGRV�HQ�LQGLFDGRUHV� 
3RU�VX�SDUWH��HQ�HO�&DStWXOR����FRPSXHVWR�SRU�ORV�GRV�VLJXLHQWHV�DUWtFXORV��VH�UHDOL]D�XQ�DQiOLVLV�TXH�
IDFLOLWH�OD�LPSOHPHQWDFLyQ�GH�HQHUJtDV�UHQRYDEOHV�SDUD�UHGXFLU�OD�HVFDVH]�GH�DJXD�PHGLDQWH�GHVDODFLyQ�
SRU�RVPyVLV�LQYHUVD�HQ�UHJLRQHV�DPHQD]DGDV�GH�VHTXtD�D�OD�YH]�TXH�VH�FRPSUXHED�PHGLDQWH�LQGLFDGRUHV�
VL�VH�DXPHQWD�OD�VRVWHQLELOLGDG�GH�ORV�VLVWHPDV�JUDFLDV�D�XQD�PHMRU�RUGHQDFLyQ�GH�ORV�UHFXUVRV��3DUD�
HOOR� KDFH� XVR� GH� VLVWHPDV� GH� LQIRUPDFLyQ� JHRJUiILFD� SDUD� OD� ORFDOL]DFLyQ� GH� ORV� PHMRUHV�
HPSOD]DPLHQWRV��\�GH�KHUUDPLHQWDV�GH�RSWLPL]DFLyQ�SDUD�HO�GLPHQVLRQDPLHQWR�GH�SODQWDV�GH�WDPDxR�
SHTXHxR�PHGLDQR�� 
6H�FRQWLQ~D�HQ�HO�&DStWXOR���LQYHVWLJDQGR�OD�IDFWLELOLGDG�WHFQR�HFRQyPLFD�GH�VROXFLRQHV�KtEULGDV�FRQ�
GLIHUHQWHV�WHFQRORJtDV�GH�GHVDODFLyQ��DVt�FRPR�HO�GHVHPSHxR�GH�ODV�PLVPDV�HQ�HO�PHUFDGR� 
3DUD� ILQDOL]DU�� HO�&DStWXOR� �� SURSRQH� XQ� HVTXHPD� SDWHQWDEOH� SDUD� HO� FRQWURO� RSWLPL]DGR� GHO� DJXD�
GHVDODGD�\�GHO�VLVWHPD�GH�HQHUJtD�HQHUJtD�KtEULGR�HQ�XQ�HQWRUQR�GH�P~OWLSOHV�HQWUDGDV�\�VDOLGDV�GH�
DPERV�UHFXUVRV��� 

��� (VWUXFWXUD�GH�OD�7HVLV�'RFWRUDO� 

/D�SUHVHQWH�WHVLV�GRFWRUDO�LQFOX\H���DUWtFXORV�FLHQWtILFRV�SXEOLFDGRV�HQ�UHYLVWDV�LQWHUQDFLRQDOHV�GH�DOWR�
IDFWRU�GH�LPSDFWR��XQ�HVTXHPD�SDWHQWDEOH�SDUD�HO�DSURYHFKDPLHQWR�GHO�DJXD�\�OD�HQHUJtD��DVt�FRPR�
DQH[RV�FRUUHVSRQGLHQWHV��DVt�FRPR�XQ�FDStWXOR�GH�YDOLGDFLyQ�SDUD�SUHVHQWDU�ODV�DFWLYLGDGHV�UHDOL]DGDV�
GXUDQWH�ORV�WUDEDMRV�GH�OD�PLVPD�� 
(Q�HO�&DStWXOR���VH�UHDOL]D�XQD�UHYLVLyQ�GH�ODV�KHUUDPLHQWDV�TXH�VH�GHGLFDQ�DO�DQiOLVLV�GH�OD�UHODFLyQ�
HQWUH�ORV�VHFWRUHV�GHO�DJXD�\�GH�OD�FRPLGD��HQ�VX�FRQH[LyQ�FRQ�HO�VLVWHPD�GH�JHQHUDFLyQ�GH�HQHUJtD��6H�
UHYLVDQ�GHVGH�XQ�SXQWR�GH�YLVWD�GH�VX�LQWHJUDFLyQ�FRQMXQWD��$�FRQWLQXDFLyQ��HO�&DStWXOR���SDUWLFXODUL]D�
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GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 
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VREUH�OD�LVOD�GH�*UDQ�&DQDULD�HO�DQiOLVLV�GH�OD�FRQH[LyQ�GH�ORV�PHQFLRQDGRV�VHFWRUHV�FRQ�GLIHUHQWHV�
HVWUDWHJLDV�GH�GHVDUUROOR�GHO�VLVWHPD�GH�JHQHUDFLyQ�GH�HQHUJtD�HOHFWULFLGDG��(VWD�UHJLyQ�SUHVHQWD�ORV�
SUREOHPDV� DVRFLDGRV� D� OD� HVFDVH]� WDQWR� GH� UHFXUVR� KtGULFR� FRPR� GH� SRUFHQWDMH� GH� WHFQRORJtDV�
UHQRYDEOHV�HQ�HO�SDUTXH�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�SRU�OR�TXH�VH�SDUWLFXODUL]D�SDUD�YDULRV�VLVWHPDV�
HQHUJpWLFRV� TXH� LQWURGXFHQ�� DGHPiV� GH� OD� LPSODQWDFLyQ� UHQRYDEOH�� ORV� QHFHVDULRV� VLVWHPDV� SDUD� OD�
JHVWLRQDELOLGDG�GHO�UHFXUVR��6H�FRQWLQ~D�UHDOL]DQGR�HO�GLVHxR�RSWLPL]DGR�GH�XQ�VLVWHPD�KtEULGR�VRODU�
HyOLFR�FRPELQDGR�FRQ�XQD�SODQWD�GHVDODGRUD�HQ�OD�UHJLyQ�HVSHFtILFD�GH�$ULQDJD��HQ�OD�LVOD�GH�*UDQ�
&DQDULD��TXH�DUURMD�XQRV� UHVXOWDGRV�SURPHWHGRUHV�GH� UHGXFFLyQ�GH�FRVWHV�GH� OD�HQHUJtD�\�GHO�DJXD�
FXDQGR�VH�LQVWDOD�HQ�HVWD�UHJLyQ�GH�FDUDFWHUtVWLFDV�SDUWLFXODUHV�� 
3RU�VX�SDUWH��HO�&DStWXOR���VH�FHQWUD�HQ�UHDOL]DU�XQ�DQiOLVLV�GH�OD�VXSHUYLYHQFLD�HFRQyPLFR�ILQDQFLHUD�
FRPSDUDQGR�SODQWDV�GHVDODGRUDV�GH�GRV�WLSRV�GH�WHFQRORJtDV��RVPRVLV� LQYHUVD��\�XQD�WHFQRORJtD�GH�
GHVWLODFLyQ�QRYHGRVD��\�TXH�XVDQ�HQHUJtDV�UHQRYDEOHV�HQ�VX�DFWLYLGDG��EDMR�GLIHUHQWHV�VXSXHVWRV�GH�
DFWLYLGDG�VXEYHQFLRQDEOH��\�GH�UHQGLPLHQWR�GH�VXV�DFWLYLGDGHV�FRPHUFLDOHV��(O�&DStWXOR���SUHVHQWD�XQ�
HVTXHPD� SDWHQWDEOH� SDUD� OD� JHVWLyQ� GHO� GREOH� UHFXUVR� DJXD�HQHUJtD� HQ� SODQWDV� GHVDODGRUDV� TXH�
DEDVWHFHQ�WDQWR�D�SREODFLyQ�FRPR�D�ULHJR�� 
(Q�HO�&DStWXOR���VH�H[SRQHQ�ODV�FRQFOXVLRQHV�GH�ORV�UHVXOWDGRV�GH�OD�LQYHVWLJDFLyQ�DFRPHWLGD�GXUDQWH�
ORV�WUDEDMRV�GH�HVWD�WHVLV�\�VH�SURSRQHQ�VXJHUHQFLDV�\�IXWXURV�GHVDUUROORV�UHODWLYRV�D�OD�PLVPD��\�VH�
UHFRJH� OD� ELEOLRJUDItD� FRQVXOWDGD� GXUDQWH� ORV� WUDEDMRV� FRQGXFHQWHV� D� OD� HODERUDFLyQ� GH� HVWD� WHVLV�
GRFWRUDO��$�FRQWLQXDFLyQ��HQ�HO�&DStWXOR���VH�PXHVWUDQ�ORV�HOHPHQWRV�YDOLGDGRUHV�SDUD�OD�PRGDOLGDG�
HVRFRJLGD�HQ�HVWD�7HVLV�'RFWRUDO�SRU�FRPSLODFLyQ�GH�DUWtFXORV�FLHQWtILFRV��3RU�~OWLPR��VH�SURSRUFLRQDQ�
DQH[RV�FRQ�LQIRUPDFLyQ�TXH�FRPSOHPHQWD�ORV�UHVXOWDGRV�REWHQLGRV�GXUDQWH�ORV�WUDEDMRV�GH�OD�PLVPD� 

����� 2UJDQL]DFLyQ�GH�OD�7HVLV�'RFWRUDO� 
(VWD�7HVLV�'RFWRUDO�VH�RUJDQL]D�HQ���FDStWXORV��YHU�)LJXUD������HQWUH�ORV�TXH�VH�LQFOX\HQ���DUWtFXORV�
FLHQWtILFRV�SXEOLFDGRV�HQ�UHYLVWDV�LQWHUQDFLRQDOHV�GH�DOWR�IDFWRU�GH�LPSDFWR��\�XQ�FDStWXOR�GH�YDOLGDFLyQ�
SDUD�SUHVHQWDU�ODV�DFWLYLGDGHV�UHDOL]DGDV�GXUDQWH�ORV�WUDEDMRV�GH�OD�PLVPD� 
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)LJXUD�����(YDOXDFLyQ�GH�KHUUDPLHQWDV�DFFLRQHV�VREUH�HO�1H[R 

 
&DStWXOR����,QWURGXFFLyQ�DO�FRQWH[WR�JHQHUDO�GHO�WHPD�TXH�VH�DERUGD�HQ�HVWD�7HVLV�GRFWRUDO��\�REMHWLYRV�
SHUVHJXLGRV�HQ�VX�UHGDFFLyQ��$GHPiV��VH�SUHVHQWD�OD�PHWRGRORJtD�VHJXLGD�WDQWR�SDUD�VX� UHGDFFLyQ��
FRPR�OD�HPSOHDGD�HQ�HO�SURFHVR�GH�LQYHVWLJDFLyQ�� 
&DStWXOR� ��� (Q� HVWH� VHJXQGR� FDStWXOR� GH� WtWXOR�� ³5HYLVLyQ� GH� KHUUDPLHQWDV� SDUD� DQiOLVLV� GH�
VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�(QHUJtD�$OLPHQWRV´�VH�DERUGD�HO�HVWXGLR�GH�ODV�GLIHUHQWHV�
KHUUDPLHQWDV�\�SXQWRV�GH�YLVWD�TXH�H[LVWHQ�SDUD�HO�HVWXGLR�\�PRGHOL]DFLyQ�GH�ODV�VLQHUJLDV�\�GH�OD�
UHODFLyQ�FRVWR�EHQHILFLR�H[LVWHQWH�GHVGH�HO�SXQWR�GH�YLVWD�HFRQyPLFR�\�PHGLRDPELHQWDO��6H�LQFOX\HQ�
HQ�HVWH�FDStWXOR�GRV�SXEOLFDFLRQHV�FLHQWtILFDV��/D�SULPHUD��HO�DUWtFXOR��³:DWHU�(QHUJ\�)RRG�1H[XV�
$QDO\VLV� DQG� 0DQDJHPHQW� 7RROV�� $� 5HYLHZ´� KDFH� XQD� UHYLVLyQ� GH� ODV� SULQFLSDOHV� KHUUDPLHQWDV�
HPSOHDGDV�SDUD�UHDOL]DU�HO�RUGHQDPLHQWR�GH�VLVWHPDV�GH�DJXD�HQHUJtD�FRPLGD�GHVGH�XQD�SHUVSHFWLYD�
GH�VRVWHQLELOLGDG�GH�VLVWHPDV� 
/D�VHJXQGD�SXEOLFDFLyQ�TXH�IRUPD�SDUWH�GH�HVWH�VHJXQGR�FDStWXOR�HV��³5HYLVLRQ�RI�'HFLVLRQ�0DNLQJ�
7RROV� IRU�6XVWDLQDEOH�3ODQQLQJ�DQG�3URSRVDO�RI�D�1RYHO�&RQFHSWXDO�)UDPHZRUN� IRU� WKH�(QHUJ\�
:DWHU�)RRG�1H[XV´�HQ�OD�TXH�VH�WUDWD�GH�UHDOL]DU�XQ�DQiOLVLV�GH�ORV�HOHPHQWRV�EiVLFRV�TXH�GHEHQ�WHQHUVH�
HQ�FXHQWD�D�OD�KRUD�GH�IRUPDU�LQGLFDGRUHV�TXH�SHUPLWD�FRQWDELOL]DU�OD�VRVWHQLELOLGDG�GH�ORV�VLVWHPDV��
(VWR�VH�OOHYD�D�FDER�D�EDVH�GH�GHILQLU�ODV�UHODFLRQHV�HQWUH�HVWRV�VXEVLVWHPDV�YLQFXODGRV�SDUD�LQYHVWLJDU�
VXV�VLQHUJLDV��/D�JHVWLyQ�LQWHOLJHQWH�GH�ORV�UHFXUVRV�HQ�ODV�LVODV�HV�XQD�FXHVWLyQ�LPSRUWDQWH�GHELGR�D�VX�
FDUiFWHU�DLVODGR�� 
&DStWXOR����³(QHUJtD�5HQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�
GH�DJXD´�WLHQH�HQ�FXHQWD�LQGLFDGRUHV�GH�VRVWHQLELOLGDG�SDUD�LQYHVWLJDU�OD�LVOD�GH�*UDQ�&DQDULD��WHUULWRULR�
FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�UHFXUVR�KtGULFR��(VWH�FDStWXOR�VH�FRPSRQH�GH�ODV�VLJXLHQWHV�SXEOLFDFLRQHV��
/D�SULPHUD��³&RPSUHKHQVLYH�DVVHVVPHQW�RI�*UDQ�&DQDULD�ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�*,6�EDVHG�
WRRO´�HV�XQD�SXEOLFDFLyQ�HQ�OD�TXH�OD�TXH�XQ�VLVWHPD�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD�VH�DQDOL]D�SDUD�
ORFDOL]DU��VHJ~Q�XQRV� LQGLFDGRUHV�SUHYLDPHQWH� ILMDGRV�� ORV�HPSOD]DPLHQWRV�PiV�SURPHWHGRUHV�SDUD�
LPSOHPHQWDU�XQD�HVWUDWHJLD�GH�DOPDFHQDPLHQWR�HQHUJpWLFR�\�GH�DJXD�TXH�SHUPLWD�PLWLJDU�OD�SREUH]D�
HQHUJpWLFD�\�GH�DJXD�EDMR�OD�SHUVSHFWLYD�GH�OD�VRVWHQLELOLGDG�GH�ORV�VLVWHPDV� 
�(O� VLJXLHQWH� DUWtFXOR� TXH� IRUPD� SDUWH� GHO� &DStWXOR� ��� ³6WUHVV� PLWLJDWLRQ� RI� FRQYHQWLRQDO� ZDWHU�
5HVRXUFHV�LQ�:DWHU�6FDUFH�DUHDV�WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��
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$Q�DSSOLFDWLRQ�WR�WKH�&DQDU\�,VODQG´�HVWXGLD�HO�GLPHQVLRQDPLHQWR�GH�SODQWDV�KtEULGDV�GHVDODGRUDV�
SRQLHQGR�HO�IRFR�HQ�LQYHVWLJDU�VL�HVWDV�SODQWDV�KtEULGDV�SRGUtDQ�SURSRUFLRQDU�XQD�IRUPD�VRVWHQLEOH�GH�
DIURQWDU�\�SDOLDU�HO�HVWUpV�KtGULFR�TXH�VH�HVSHUD�HQ�XQD�UHJLyQ�GHO�VLVWHPD�DQDOL]DGR�HQ�HO�SUHYLR�DUWtFXOR� 
&DStWXOR����³$QiOLVLV�GH�OD�IDFWLELOLGDG�GH�VLVWHPDV�HQHUJpWLFRV�KtEULGRV�SDUD�SODQWDV�GHVDODGRUDV´��
(VWH�FDStWXOR�LQYHVWLJD�HO�GHVHPSHxR�GH�ODV�SODQWDV�KtEULGDV�FXDQGR�IXQFLRQDQ�HQ�XQ�PHUFDGR�FRQFUHWR�
GH�HOHFWULFLGDG�\�DJXD�FRQ�REMHWR�GH�FRPSUHQGHU�OD�SRVLEOH�VXSHUYLYHQFLD�HFRQyPLFR�ILQDQFLHUD�GH�ODV�
SODQWDV�KtEULGDV�GHVDODGRUDV� 
&DStWXOR����6LVWHPD�SDUD�HO�FRQWURO�GH�DJXD�\�HQHUJtD��(Q�HVWH�FDStWXOR�VH�SUHWHQGH�GDU�UHVSXHVWD�DO�
REMHWLYR�WHFQROyJLFR�TXH�HVWD�WHVLV�VH�PDUFD��SURSRQLHQGR�XQ�VLVWHPD�TXH�SHUPLWD�PD[LPL]DU�WDQWR�OD�
HQHUJtD�UHQRYDEOH�JHQHUDGD�HQ�HO�VLVWHPD�KtEULGR�FRPR�HO�UHFXUVR�KtGULFR� 
&DStWXOR����(VWH�FDStWXOR�VH�KD�UHVHYDGR�SDUD�SUHVHQWDU�ODV�FRQFOXVLRQHV��VXJHUHQFLDV�\�HO�GHVDUUROOR�
IXWXUR�TXH�VH�GHVSUHQGH�GH�ODV�OtQHDV�TXH�VH�KDQ�VHJXLGR�GXUDQWH�ORV�WUDEDMRV�TXH�KDQ�FRQGXFLGR�D�HVWD�
7HVLV�� 
/D�SUHVHQWH�WHVLV�GRFWRUDO�WHUPLQD�SUHVHQWDQGR�HQ�HO�&DStWXOR���ORV�HOHPHQWRV�YDOLGDGRUHV��VLJXLHQGR�
OD�QRUPDWLYD�GH�OD�8QLYHUVLGDG�GH�/HyQ��H�LQFOX\H�DUWtFXORV��SUHVHQWDFLyQ�GH�WUDEDMRV�HQ�FRQIHUHQFLDV�
LQWHUQDFLRQDOHV��OLEURV��R�FDStWXORV��



 

�� 
 

 

2. 5(9,6,Ï1�'(�+(55$0,(17$6�3$5$�
(/�$1È/,6,6�'(�6267(1,%,/,'$'�'(�

6,67(0$6�&20%,1$'26�$*8$�
(1(5*Ë$�$/,0(1726� 

 
L�GHILQLPRV�FRPR�XQ�VLVWHPD�DO�FRQMXQWR�GH�ODV�QHFHVLGDGHV�EiVLFDV�GH�LQSXWV��\�RXWSXWV�GH�ORV�
VXEVLVWHPDV�TXH�DEDVWHFHQ�D�ORV�VXEVLVWHPDV�DJXD��HQHUJtD��\�FRPLGD��HO�FRQRFLPLHQWR�DFHUFD�GH�
FyPR� VH� HQFXHQWUDQ� FRQHFWDGRV� ORV� PLVPRV� DVt� FRPR� VXV� VLQHUJLDV� H� LQWHUUHODFLRQHV� HV�

LQGLVSHQVDEOH�SDUD�SHUPLWLU�HO�GLVHxR�GH�VLVWHPDV�PiV�HILFLHQWHV�\�VRVWHQLEOHV�� 
1R�HQ�YDQR��WDQWR�GHQWUR�GH�ORV�REMHWLYRV�GHO�GHVDUUROOR�GHO�PLOHQLR�>�@��FRPR�HQ���GH�ORV����REMHWLYRV�
PDUFDGRV�SRU�1DFLRQHV�8QLGDV�SDUD�XQ�GHVDUUROOR�VRVWHQLEOH�>�@��VH�SRQH�HO�DFHQWR�HQ�HO�GHVDUUROOR�
VRVWHQLEOH�GH�ORV�VHFWRUHV�GH�OD�HQHUJtD��HO�DJXD��\�OD�FRPLGD��'DGD�OD�FDQWLGDG��\�FRPSOHMLGDG�GH�ODV�
VLQHUJLDV�TXH�VH�HVWDEOHFHQ�HQWUH�HVWRV�VHFWRUHV�D�GLIHUHQWHV�QLYHOHV�\�HQ�PD\RU�R�PHQRU�JUDGR��HQ�
IXQFLyQ�GH�PXFKRV�IDFWRUHV��HO�FRQRFLPLHQWR�GHO�GHO�VHFWRU�GH�OD�LQYHVWLJDFLyQ�GHGLFDGR�PRGHOL]DFLyQ�
GH� ODV� LQWHUDFFLRQHV�� VLQHUJLDV� H� LQWHUFDPELRV� HQWUH� ORV� VLVWHPDV� GH� DJXD�HQHUJtD� \� FRPLGD� HV�
LQGLVSHQVDEOH�SDUD�IDFLOLWDU�HO�GLVHxR�GH�VLVWHPDV�SDUD�XQ�VXPLQLVWUR�HVWDEOH�\�VRVWHQLEOH�GH�DJXD�\�
DOLPHQWRV�� 
(VWH�FDStWXOR�LQFOX\H�GRV�DUWtFXORV�TXH�VH�HQFXDGUDQ�GHQWUR�GH�OD�OtQHD�GH�LQYHVWLJDFLyQ�GHGLFDGD�DO�
FRQRFLPLHQWR�GH�OD�PRGHOL]DFLyQ�GH�ODV�LQWHUDFFLRQHV�HQWUH�ORV�VXEVLVWHPDV�TXH�IRUPDQ�SDUWH�GHO�QH[R�
REMHWR�GH�OD�SUHVHQWH�WHVLV�GRFWRUDO��(O�SULPHU�DUWtFXOR�DQDOL]D�WDQWR�ORV�DVSHFWRV�FXDQWLWDWLYRV�FRPR�
FXDOLWDWLYRV�TXH�ORV�GLVWLQWRV�HQIRTXHV�\�KHUUDPLHQWDV�SURSRQHQ��3RU�VX�SDUWH��HO�VHJXQGR�DUWtFXOR�VH�
ILMD� HQ� ORV� DVSHFWRV� FXDQWLILFDEOHV� GH� ORV� LQWHUFDPELRV� \� VLQHUJLDV� FRQ� REMHWR� GH� PRGHOL]DU� ODV�
LQWHUDFFLRQHV�TXH�ORV�GLIHUHQWHV�SODQHV�GH�HQHUJtD�SURYRFDQ�HQ�ORV�VLVWHPDV�GHO�QH[R��/D�LQYHVWLJDFLyQ�
SDUD�OD�PHMRUD�GH�OD�FDUDFWHUL]DFLyQ�GH�OD�PRGHOL]DFLyQ�GH�ODV�LQWHUDFFLRQHV�HQWUH�ORV�VXEVLVWHPDV�TXH�
IRUPDQ�SDUWH� GHO� QH[R� VH� KD� OOHYDGR� D� FDER�PHGLDQWH� OD� DSOLFDFLyQ� GH� WpFQLFDV�PHWRGROyJLFDV� GH�
DQiOLVLV��eVWDV�FRQVLVWHQ�HQ�DQDOL]DU�FyPR�ODV�KHUUDPLHQWDV�GHILQHQ�\�PRGHODQ�HVWDV�UHODFLRQHV�\�D�SDUWLU�
GH�HOODV�SURSRQHU�HVWUDWHJLDV�TXH�UHVXHOYDQ�HO�SUREOHPD�GH�OD�RUGHQDFLyQ�GH�ORV�UHFXUVRV��(O�XVR�GH�
HVWDV�WpFQLFDV�GH�LQYHVWLJDFLyQ�SHUPLWH�SRQHU�HQ�YDORU�ODV�GLIHUHQWHV�HVWUDWHJLDV�WRPDGDV�SDUD�UHVROYHU�
ODV�FXHVWLRQHV�GHO�QH[R� 
$�FRQWLQXDFLyQ��VH�H[SRQH�XQD�EUHYH�GHVFULSFLyQ�GH�ODV�WpFQLFDV�XWLOL]DGDV�HQ�FDGD�DUWtFXOR�� 
  

6 

 
6HJ~Q�YDPRV�DGTXLULHQGR�FRQRFLPLHQWR��ODV�FRVDV�

QR�VH�KDFHQ�PiV�FRPSUHQVLEOHV��VLQR�PiV�
PLVWHULRVDV� 

$OEHUW�6FKZHLW]HU 
� 

��(O�DXWRU�GH�OD�FLWD�� 
 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

���� 5HV~PHQ�GHO�DUWtFXOR�³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�
0DQDJHPHQW�7RROV��$�5HYLHZ´ 

(Q�HO�DUWtFXOR����³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�7RROV��$�5HYLHZ´�VH�LGHQWLILFD�
HO�SUREOHPD�UHODFLRQDGR�FRQ�HO�QH[R��DQDOL]DQGR�HO�LQFUHPHQWR�GH�SURGXFFLyQ�QHFHVDULR�SDUD�VDWLVIDFHU�
ODV� FUHFLHQWHV� QHFHVLGDGHV� GH� DOLPHQWDFLyQ�� DVt� FRPR� OD� FRPSHWHQFLD� SRU� UHFXUVR� GH� ORV�
ELRFRPEXVWLEOHV��WRGR�HOOR�GHQWUR�GH�XQ�HVFHQDULR�GH�DPHQD]D�GH�HVFDVH]�GH�ORV�PLVPRV��3DUD�UHDOL]DU�
HO�DQiOLVLV�GH�HVWRV�VXEVLVWHPDV�VH�LGHQWLILFD�WDQWR�ORV�DFWRUHV�LQYROXFUDGRV�FRPR�ORV�GLVWLQWRV�HOHPHQWRV�
TXH�GHILQHQ�OD�PRGHOL]DFLyQ�GHO�SUREOHPD�� 
(VWH�DUWtFXOR�DQDOL]D�FyPR�ORV�GLIHUHQWHV�PRGHORV�VREUH�HO�QH[R�DERUGDQ�HO�SUREOHPD�GH�DVLJQDFLyQ�GH�
UHFXUVRV��3DUD�HOOR�UHDOL]D�XQD�DPSOLD�UHYLVLyQ�GH�ORV�PpWRGRV�\�KHUUDPLHQWDV�PiV�LPSRUWDQWHV��\D�VHD�
D�QLYHO�FXDQWLWDWLYR�\�FXDOLWDWLYR�GHO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�ORV�VLVWHPDV�DJXD�HQHUJtD�\�FRPLGD��
(VWH� DQiOLVLV� VH� KDFH� QHFHVDULR� SDUD� HYDOXDU� OD� IDFWLELOLGDG� WHFQROyJLFD�� HFRQyPLFD�� SUiFWLFD�� R� GH�
VRVWHQLELOLGDG�GH�ODV�SODQWDV�GHVDODGRUDV�KtEULGDV��6H�UHDOL]D�XQD�HYDOXDFLyQ�WDQWR�GH�ODV�KHUUDPLHQWDV�
FRPR�GH�ODV�DFFLRQHV�SURSXHVWDV�SDUD�DQDOL]DU�OD�YLDELOLGDG�WHFQROyJLFD��HFRQyPLFD��GH�VRVWHQLELOLGDG�
\�SUiFWLFD�GH�ODV�PLVPDV�GHQWUR�GHO�QH[R��DVt�FyPR�OD�LGHQWLILFDFLyQ�GH�HUURUHV�GH�GHILQLFLyQ��ODJXQDV��
p[LWRV�GH�DFFLRQHV�WRPDGDV��R�IXWXUR�GHVDUUROOR� 
�/D�JHVWLyQ�FRPELQDGD�GH�ORV�VLVWHPDV�DJXD�HQHUJtD�FRPLGD�LQYROXFUD�D�ORV�UHVSRQVDEOHV�GH�OD�WRPD�
GH�GHFLVLRQHV��HPSUHVDV��JRELHUQRV��KDELWDQWHV�HQ�HVFHQDULRV�D�FRUWR��PHGLR�\�ODUJR�SOD]R�SDUD�TXH�HO�
DSURYHFKDPLHQWR�VHD�UHQWDEOH�\�VRVWHQLEOH�HQ�HO�WLHPSR��(Q�OD�7DEOD�����HQ�OD�VLJXLHQWH�SiJLQD�VH�OOHYD�
D�FDER�XQD�UHYLVLyQ�GHO�DOFDQFH�GH�ODV�SULQFLSDOHV�KHUUDPLHQWDV�H[LVWHQWHV�TXH�DFRPHWHQ�HO�DQiOLVLV�GHO�
QH[R�HQWUH�ORV�VLVWHPDV�DJXD�HQHUJtD�FRPLGD��$Vt�PLPR��WDPELpQ�ODV�7DEODV�$����\�$�����$SpQGLFH�
$��SURIXQGL]DQ�HQ�HO�DQiOLVLV�GH�ODV�KHUUDPLHQWDV�XVDGDV��/D�7DEOD�$����VH�KD�HVER]DGR�SDUD�RIUHFHU�
XQD�H[SOLFDFLyQ�GH�ORV�SUREOHPDV�DVRFLDGRV�D�FDGD�XQD�GH�ODV�KHUUDPLHQWDV�DQDOL]DGDV�� 
'DGD�OD�JUDQ�FDQWLGDG�GH�VLQHUJLDV�H[LVWHQWHV�HQWUH�HVWRV�VHFWRUHV�DSDUHFH�OyJLFDPHQWH�XQD�DPSOLWXG�GH�
DQiOLVLV�\�KHUUDPLHQWDV�TXH�XWLOL]DQ�GLIHUHQWHV�SXQWRV�GH�YLVWD��\�HQIRTXHV�SDUD�DQDOL]DU�HO�SUREOHPD��
3RU�HOOR��VL�XQ�FULWHULR�QR�KD�VLGR�HYDOXDGR�SDUD�XQD�KHUUDPLHQWD�FRQFUHWD��OD�FDVLOOD�FRUUHVSRQGLHQWH�
GHQWUR�GHO�FXDGUR�HQ�OD�7DEOD�$����VH�GHMD�HQ�EODQFR��\�VL�XQ�FULWHULR�KD�VLGR�HYDOXDGR��OD�LQIRUPDFLyQ�
VH�LQFOX\H�GHQWUR�GH�OD�FDVLOOD�� 
  



5HYLVLyQ�GH�KHUUDPLHQWDV�SDUD�HO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�
(QHUJtD�$OLPHQWRV  

�� 
 

Tabla 2-1 Alcance de herramientas de análisis del Nexo. [8][9][10][11] [2][12][13][14] 

2EMHWLYR +HUUDPLHQWD�GH�
&iOFXOR 

&DSDFLGDG�GHO�
PRGHOR 

3UR\HFFLyQ�\�DQiOLVLV�GH�HVFHQDULRV :()�1H[XV�7RRO���� &XDQWLWDWLYR 

3UHYLVLyQ� \� DQiOLVLV� GH� HVFHQDULRV��
FiOFXOR�GH�tQGLFHV &/(:V &XDQWLWDWLYR��

&XDOLWDWLYR 

3UHYLVLyQ� \� DQiOLVLV� GH� HVFHQDULRV��
FiOFXOR� GH� tQGLFHV� FRQVLGHUDQGR� ��
GLIHUHQWHV�SDUiPHWURV� 

1H[XV�5DSLG�DSSUDLVDO�
7RRO 

&XDQWLWDWLYR 

0RGHOR� GH� DQiOLVLV� \� SUHYLVLyQ� GH�
HVFHQDULRV 0X6,$6(0 &XDQWLWDWLYR 

3UHGLFFLyQ�GH�ORV�LQWHUFDPELRV�GH�DJXD��
HQHUJtD�\�WLHUUD 

)RUHVHHU�7RRO &XDQWLWDWLYR 

3UHYLVLyQ�\�DQiOLVLV�GH�HVFHQDULRV :($3�/($3 &XDQWLWDWLYR��
&XDOLWDWLYR 

3UHYLVLyQ�\�DQiOLVLV�GH�HVFHQDULRV L6'*�3ODQQLQJ�0RGHO &XDQWLWDWLYR��
&XDOLWDWLYR 

0RGHORV� GH� HQHUJtD� \� PLWLJDFLyQ� GHO�
FOLPD 

6XVWDLQDELOLW\�7RRO &XDQWLWDWLYR 

$QiOLVLV�PXOWLLQGLFDGRU :()�1H[XV�LQGLFDWRU &XDQWLWDWLYR 
$QiOLVLV�GH� ODV�SROtWLFDV�\� ODV�QDUUDWLYDV�
VREUH�OD�JREHUQDQ]D 

467 &XDQWLWDWLYR��
&XDOLWDWLYR 

 
$�WUDYpV�GH�OD�GLVFXVLyQ�VREUH�FXiOHV�VRQ�ORV�UHWRV�D�ORV�TXH�VH�HQIUHQWD�OD�JHVWLyQ�VRVWHQLEOH�GH�ORV�
VXEVLVWHPDV�TXH�IRUPDQ�SDUWH�GHO�QH[R�VH�LQYHVWLJD�OD�YLDELOLGDG�GH�ODV�VROXFLRQHV�SDUD�DXPHQWDU�ODV�
VLQHUJLDV�HQWUH�HVWRV�SDUD�UHGXFLU�ORV�LPSDFWRV�VREUH�HO�PHGLR�DPELHQWH��'DGD�OD�GLIHUHQFLD�HQ�HO�UHSDUWR�
GH�UHFXUVRV�� OD�HVFDVH]�GH�DJXD��\�OD�FDQWLGDG�GH�SREODFLyQ�TXH�KDELWD�HQ�XQD�GHWHUPLQDGD�UHJLyQ��
DOJXQDV�GHVWDFDQ�DO�VHU�UHJLRQHV�FRQ�HOHYDGR�ULHVJR�GH�GHVDEDVWHFLPLHQWR��HVSHFLDOPHQWH�GH�DJXD��DQWH�
HYHQWRV� FOLPiWLFRV� DGYHUVRV��/D�)LJXUD� ���� SUHVHQWD� OD� HYDOXDFLyQ� TXH� HVWH� DUWtFXOR� DFRPHWH� SDUD�
DQDOL]DU� WDQWR� ODV� KHUUDPLHQWDV� HPSOHDGDV�� FRPR� ODV� DFFLRQHV� SURSXHVWDV� GHVGH� TXH� � FRPHQ]y� OD�
VHQVLELOLGDG�SRU� LPSXOVDU� OD�JHVWLyQ�VRVWHQLEOH� HQ� VLVWHPDV�DLVODGRV��3DUD�HOOR��HO�DUWtFXOR�SUHWHQGH�
DQDOL]DU�GLIHUHQWHV�SXQWRV�GH�YLVWD�GH�DIHFWDFLyQ�DO�QH[R��HFRQyPLFR��WHFQROyJLFR��PHGLR�DPELHQWDO��\�
GHVGH�HO�SXQWR�GH�YLVWD�GH�FLXGDGDQRV��HPSUHVDV��\�JRELHUQRV�� 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 
)LJXUD�����(YDOXDFLyQ�GH�KHUUDPLHQWDV�DFFLRQHV�VREUH�HO�1H[R 

'DGR�TXH�ODV�KHUUDPLHQWDV�FXDQWLWDWLYDV�RIUHFHQ�OD�SRVLELOLGDG�GH�UHDOL]DU�XQ�DQiOLVLV�FXDQWLWDWLYR�GH�
LQIRUPDFLyQ�VREUH�LQWHUFDPELRV�HQWUH�VLVWHPDV��VH�VLPSOLILFDQ�ODV�DFFLRQHV�GH�PRGHOL]DU��3RU�HOOR�VH�
IDFLOLWD�OD�HYDOXDFLyQ�GH�ODV�SROtWLFDV�\�OD�RULHQWDFLyQ�GH�ODV�SDUWHV�LQWHUHVDGDV��(O�DXPHQWR�GH�OD�FDQWLGDG�
GH�HQHUJtD�SURFHGHQWH�GH�IXHQWHV�UHQRYDEOHV�DSRUWDGD�DO�VLVWHPD�HQHUJpWLFR�PXQGLDO�DEUH�XQ�HVFHQDULR�
SDUD�OD�HYDOXDFLyQ�ODV�FRQVHFXHQFLDV�VREUH�OD�VRVWHQLELOLGDG�HQ�HO�QH[R�GH�WHFQRORJtDV�HQHUJpWLFDV��/DV�
GLIHUHQWHV�DFFLRQHV�TXH�SRWHQFLHQ�ODV�VLQHUJLDV�VRVWHQLEOHV�D�PHGLR�\�ODUJR�SOD]R�GHEHQ�VHU�DQDOL]DGDV�
FRQ�HVWDV�KHUUDPLHQWDV�TXH�PRGHODQ�ODV�LQWHUDFFLRQHV��(VWDV�DO�PHQRV�GHEHQ�HYDOXDU�VX�GHVHPSHxR�
WHFQROyJLFR��HFRQyPLFR�R�PHGLRDPELHQWDO�D�FRUWR��PHGLR�\�ODUJR�SOD]R��7UDV�HO�DQiOLVLV�UHDOL]DGR�VH�
LGHQWLILFD� FRPR� HVSHFLDOPHQWH� LPSRUWDQWH� DYDQ]DU� HQ� ODV� KHUUDPLHQWDV� TXH� SHUPLWDQ� GHVDUUROODU�
DVSHFWRV� FXDOLWDWLYRV� HQ� FXDQWLWDWLYRV� FRQ� OR� TXH� VHUi� SRVLEOH� DXPHQWDU� HO� JUDGR� GH� GHILQLFLyQ� GH�
VLQHUJLDV�HQWUH�VLVWHPDV�\�SRWHQFLDU�ORV�HOHPHQWRV�FDSDFHV�GH�DXPHQWDU�ODV�VLQHUJLDV�SRVLWLYDV�HQWUH�
VXEVLVWHPDV��/D�)LJXUD�����PXHVWUD�XQ�HMHPSOR�GHO�HVTXHPD�JOREDO�SDUD�HO�DQiOLVLV�GH�SURSXHVWDV�HQWUH�
ORV� VXEVLVWHPDV� DJXD�HQHUJtD�� R� GH� FyPR� ODV� DFFLRQHV� WRPDGDV� KDQ� DIHFWDGR� \� FyPR� VH� SXHGHQ�
FRPSOHPHQWDU� 

 

)LJXUD�����(VTXHPD�JOREDO�SDUD�HO�DQiOLVLV�GH�SURSXHVWDV�HMHPSORV� 



5HYLVLyQ�GH�KHUUDPLHQWDV�SDUD�HO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�
(QHUJtD�$OLPHQWRV  

�� 
 

������ $EVWUDFW�HQ�&DVWHOODQR� 

�³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�7RROV��$�5HYLHZ´ 
&RQ�HO� ILQ�GH� HUUDGLFDU� OD� HVFDVH]� GH� DJXD�HQHUJtD�DOLPHQWDFLyQ�HQ� ODV� VRFLHGDGHV� GH� KR\�GtD�� ORV�
2EMHWLYRV� GH� 'HVDUUROOR� 6RVWHQLEOH� �2'6�� KDQ� SURSXHVWR� KLWRV� SDUD� HQIUHQWDU� HO� SUREOHPD� GH� OD�
DOLPHQWDFLyQ��(O�GHVDUUROOR�GH�KHUUDPLHQWDV�\�HQIRTXHV�SDUD�HO�HVWXGLR�\�DQiOLVLV�GH�OD�JHVWLyQ�GH�ORV�
QH[RV�DJXD�HQHUJtD�DOLPHQWDFLyQ��:()��KD�DXPHQWDGR�GXUDQWH�ORV�~OWLPRV�DxRV�� 
(O�REMHWLYR�SULQFLSDO�GH�HVWH�DUWtFXOR�HV�UHDOL]DU�XQD�UHYLVLyQ�GH�ORV�PpWRGRV��ODV�KHUUDPLHQWDV�\�ORV�
HMHPSORV�GH�JHVWLyQ�VREUH�DQiOLVLV�GHO�QH[R� �:()��SDUD� LGHQWLILFDU� ODJXQDV��REMHWLYRV�R�GHVDUUROOR�
IXWXUR�TXH�VXUJHQ�DO�PRGHODU�ORV�SUREOHPDV�GH�JHVWLyQ�GH�ORV�ELHQHV�SDUD�GLVHxDU�XQ�PDUFR�GH�GHVDUUROOR�
VRVWHQLEOH��(Q�FRQFUHWR�VH�SUHVHQWD�HO�SUREOHPD�GH�OD�FRPSHWHQFLD�HQWUH�DOLPHQWRV�\�ELRFRPEXVWLEOHV�
SRU�ORV�UHFXUVRV��FHQWUiQGRVH�HQ�ORV�VLVWHPDV�DPHQD]DGRV�SRU�HVFDVH]�GH�UHFXUVR�DJXD�� 
$GHPiV�GH�OD�FXHVWLyQ�GH�OD�FXDQWLILFDFLyQ�GH�OD�FRPSHWHQFLD�SRU�ORV�UHFXUVRV��VH�SURSRQH�XQ�DQiOLVLV�
SDUD�OD�JHVWLyQ�GH�ORV�VLVWHPDV�:()�GHVGH�HO�SXQWR�GH�YLVWD�HFRQyPLFR��PHGLRDPELHQWDO�\�SUiFWLFR�
FRQ�HO�ILQ�GH�LGHQWLILFDU�ORV�UHVXOWDGRV��ORV�UHWRV��ODV�ODJXQDV�R�ORV�VXSXHVWRV�GH�ORV�QH[RV��/RV�VLVWHPDV�
GH�HQHUJtD�UHQRYDEOH�GLVWULEXLGD�GHVWDFDQ�FRPR�IDFWRU�FDSD]�GH�LPSXOVDU�XQD�JHVWLyQ�FRPELQDGD�\�
VRVWHQLEOH�GH�HVWRV�VLVWHPDV� 

���� 5HV~PHQ�GHO�DUWtFXOR�³5HYLVLRQ�RI�GHFLVLRQ�PDNLQJ�WRROV�IRU�6XVWDLQDEOH�
SODQQLQJ�DQG�SURSRVDO�RI�D�QRYHO�FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�
IRRG�QH[XV´ 

 
$QDOL]DQGR� HO� UHQGLPLHQWR� HFRQyPLFR�� WHFQROyJLFR�� SUiFWLFR� \� PHGLRDPELHQWDO� GH� HVWDV� \� RWUDV�
RSRUWXQLGDGHV� VH� SRGUtD� HYDOXDU� OD� VRVWHQLELOLGDG� GH� ODV� DFFLRQHV� HPSUHQGLGDV� R� SRU� HPSUHQGHU��
,GHQWLILFDGR� HO� SRWHQFLDO� GH� OD� HQHUJtD� UHQRYDEOH� FRPR� LPSXOVRU� SDUD� HO� GHVDUUROOR� VRVWHQLEOH� GH�
VXEVLVWHPDV�HQ�HO�QH[R��HO�DUWtFXOR����³5HYLVLRQ�RI�GHFLVLRQ�PDNLQJ�WRROV�IRU�6XVWDLQDEOH�SODQQLQJ�DQG�
SURSRVDO�RI�D�QRYHO�FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�IRRG�QH[XV´�VH�FHQWUD�HQ�DQDOL]DU�HO�
GLVHxR� GH� KHUUDPLHQWDV� FXDQWLWDWLYDV� SDUD� OD� HYDOXDFLyQ� GHO� LPSDFWR� TXH� ODV� GLIHUHQWHV� HVWUDWHJLDV�
HQHUJpWLFDV�EDVDGDV�HQ�HQHUJtDV�UHQRYDEOHV�SXHGHQ�WHQHU�VREUH�XQR�R�YDULRV�HOHPHQWRV�GHO�QH[R�� 
 
'DGR�TXH�OD�PD\RUtD�GH�ODV�GHFLVLRQHV�SROtWLFDV�FRQ�SRVLEOHV�FRQVHFXHQFLDV�SDUD�HO�QH[R�HQWUH�DJXD��
HQHUJtD�\�DOLPHQWRV�VH�WRPDQ�D�WUDYpV�GH�GLIHUHQWHV�LQVWLWXFLRQHV��HVWH�DUWtFXOR�SURSRQH�XQ�PDUFR�GH�
UHIHUHQFLD�TXH�SHUPLWD�SURSRUFLRQDU�D� HVWDV� LQVWLWXFLRQHV�YDULRV� HOHPHQWRV�GH�GHFLVLyQ� UiSLGD�SDUD�
LQWURGXFLU�SROtWLFDV�TXH�DIHFWDQ�FRODWHUDOPHQWH�D�HVWRV�VXEVLVWHPDV��(O�PDUFR�FRQFHSWXDO�SURSXHVWR�VH�
EDVD�HQ�DQiOLVLV�D�SDUWLU�GH�EDODQFHV�HQHUJpWLFRV�GH�VLVWHPD�GDGR�VRQ�FRQRFLGRV��\D�VHD�SRU�UHSUHVHQWDU�
XQ�HVFHQDULR�HQHUJpWLFR�DFWXDO�R�SURVSHFWLYR�EDVDGR�HQ�ODV�SUHYLVLRQHV� 
/D�)LJXUD�����HQ�OD�VLJXLHQWH�SiJLQD�SURSRQH�XQD�IRUPD�GH�UHDOL]DU�XQD�HVWLPDFLyQ�GH�FRVWRV�GH�DJXD��
WLHUUD��R�HPLVLRQHV�TXH�LPSOLFDUtD�DGRSWDU�GLIHUHQWHV�SROtWLFDV�HQHUJpWLFDV�HYDOXDGDV��FRQFUHWDPHQWH�
VREUH�HO�LQFUHPHQWR�GHO�FRQVXPR�HQ�HVWRV�UHFXUVRV� 
 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

)LJXUD�����(VWLPDFLyQ�GH�ODV�LPSOLFDFLRQHV�HQ�FRVWRV�GH�DJXD��WLHUUD��R�HPLVLRQHV�SDUD�SROtWLFDV�HQHUJpWLFDV�HYDOXDGDV� 

 
/D� HYDOXDFLyQ� FXDQWLWDWLYD� GH� GLVWLQWRV� SODQHV� HQHUJpWLFRV� SHUPLWH� IRUPDUVH� XQD� LGHD� GH� ODV�
LPSOLFDFLRQHV�TXH�HVWRV�SODQHV�WLHQHQ�VREUH�ORV�UHFXUVRV�DJXD��WLHUUD��GH�FRVWHV�\�HPLVLRQHV�GH�JDVHV�GH�
HIHFWR�LQYHUQDGHUR��(OOR�SHUPLWH�OD�HODERUDFLyQ�GH�tQGLFHV�SDUD�HVWLDU�FDGD�XQD�GH�HVWDV�YDULDEOHV��/D�
DJUHJDFLyQ� GH� HVWRV� tQGLFHV� LQGHSHQGLHQWHV� SHUPLWH� IRUPDU� XQ� tQGLFH� GH� VRVWHQLELOLGDG� JOREDO� GHO�
VLVWHPD��(VWH�KHFKR�HV�PRVWUDGR�HQ�OD�)LJXUD������OD�FXDO�PXHVWUD�XQ�VLVWHPD�GH�LQIRUPDFLyQ�SURSXHVWR�
SDUD�OHJLVODGRUHV��(Q�IXQFLyQ�GH�ODV�FDUDFWHUtVWLFDV�GHO�VLVWHPD��R�GH�OD�LPSRUWDQFLD�UHODWLYD�GDGD�SRU�
HVWRV�GHQWUR�GHO�VLVWHPD��SURYHH�D�ORV�VLVWHPDV�SROtWLFRV�XQD�KHUUDPLHQWD�GH�HYDOXDFLyQ�UiSLGD�TXH�
SHUPLWH�FRQWDU�FRQ�XQ�HOHPHQWR�GH�GHFLVLyQ�DGLFLRQDO�SDUD�VREUHSRQHUVH�D�OD�GLILFXOWDG�TXH�VXSRQH�OD�
GHVFRQH[LyQ�HQ�ODV�DFFLRQHV�GH�SODQHDFLyQ� 
  



5HYLVLyQ�GH�KHUUDPLHQWDV�SDUD�HO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�
(QHUJtD�$OLPHQWRV  

�� 
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݁ݏܾܽ�݅ݎܽ݊݁ܿݏܧ  ሺ݉ଶሻݐ݊݁݉݁ݎܿ݊ܫ�
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ൌ Ǥ�ሺܫܮ Ǥݑ ሻ 
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HPLVLRQHV�
�W&2�� 

݁ݏܾܽ�݅ݎܽ݊݁ܿݏܧ  ଶሻܱܥݐ�ሺݐ݊݁݉݁ݎܿ݊ܫ
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ൌ Ǥ�ሺܫܧ Ǥݑ ሻ ; ,PSOLFDFLRQHV 

3ROtWLFDV� 
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&RVWHV���� &RVWH�$FHSWDEOH���� 

݁ݏܾܽ�݅ݎܽ݊݁ܿݏܧ  �ሺ̈́ሻ݁ݏܽ݁ݎܿ݊݅�ݏݐݏܿ
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ൌ Ǥ�ሺܫܥ Ǥݑ ሻ 
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,PSOLFDFLRQHV 

3ROtWLFDV� 

ËQGLFH 

*OREDO� 

(QWUDGD�/HJLVODGRU� 

 
(QWUDGD�/HJLVODGRU� 

)LJXUD�����ËQGLFH�GH�HYDOXDFLyQ�DJUHJDGR�SDUD�VLVWHPDV�SROtWLFRV� 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 
$EVWUDFW�HQ�&DVWHOODQR 
³5HYLVLRQ� RI� GHFLVLRQ�PDNLQJ� WRROV� IRU� 6XVWDLQDEOH� SODQQLQJ� DQG� SURSRVDO� RI� D� QRYHO� FRQFHSWXDO�
IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�IRRG�QH[XV´ 
 
/D� HYDOXDFLyQ� GHO� LPSDFWR� GH� ODV� HVWUDWHJLDV� HQHUJpWLFDV�� \� PiV� FRQFUHWDPHQWH� OD� HYDOXDFLyQ� GH�
DTXHOODV�TXH�SURPXHYHQ�XQ�HQIRTXH�SDUD�OD�JHVWLyQ�LQWHJUDGD�GH�ORV�UHFXUVRV�HQ�RWURV�VHFWRUHV�WDOHV�
FRPR�VRQ�HO�GH�DEDVWHFLPLHQWR�GH�DJXD�\�GH�OD�DOLPHQWDFLyQ�UHTXLHUH�HO�FRQRFLPLHQWR�UHODFLRQDGR�FRQ�
OD� HYDOXDFLyQ�GH� OD� FDOLGDG�� DVt� FRPR�GH� ORV� FRQRFLPLHQWRV�TXH�SXHGHQ�VHU� HVWLPDGRV�SRU�PHGLRV�
FXDQWLWDWLYRV�� 
(O�SUHVHQWH�WUDEDMR�SURIXQGL]D�HQ�HVDV�QHFHVLGDGHV�GH�FRQRFLPLHQWR��DGHPiV�GH�UHYLVDU�ORV�PHGLRV�
XWLOL]DGRV� SDUD� REWHQHUOR�� LQFOX\HQGR� ORV� LQSXWV� UHTXHULGRV� \� ORV� UHVXOWDGRV� TXH� SURSRUFLRQDQ�� (Q�
UHVSXHVWD�D�ORV�SUREOHPDV�GH�FRQRFLPLHQWR�UHFRQRFLGRV��HVWH�WUDEDMR�LQWURGXFH�XQD�HVWUXFWXUD�EiVLFD�
GH�UHIHUHQFLD�TXH�VXE\DFH�D�XQ�VLVWHPD�SDUD�HYDOXDU�OD�IRUPD�HQ�TXH�HO�GHVDUUROOR�SDXODWLQR�GH�ODV�
HQHUJtDV�LQDJRWDEOHV�HQ�XQD�UHJLyQ�JHRJUiILFD�FRQFUHWD�SXHGH�DIHFWDU�D�OD�GHPDQGD�GH�DJXD�\�DOLPHQWRV��
(Q�HVWH�DUWtFXOR��HO�PDUFR�FRQFHSWXDO�SURSXHVWR�FRQVWLWX\H�XQ�HQIRTXH�QRYHGRVR�SDUD�ORV�UHVSRQVDEOHV�
GH�ODV�SROtWLFDV�HQHUJpWLFDV�TXH�VyOR�WLHQHQ�HQ�FXHQWD�ORV�LPSDFWRV�SDUFLDOHV�GH�OD�JHVWLyQ�GH�OD�HQHUJtD�
GHVGH�XQD�SHUVSHFWLYD�FXDQWLWDWLYD�� 
$O�FRQVLGHUDU�HO�QH[R�HQWUH�OD�HQHUJtD��HO�DJXD�\�ORV�DOLPHQWRV��VH�SXHGHQ�UHGHILQLU�ODV�SROtWLFDV�GH�
JHVWLyQ�HQHUJpWLFD�\�VH�GHEHQ�LQYHVWLJDU�ODV�GLIHUHQFLDV�FRQ�ODV�SROtWLFDV�DFWXDOHV� 
 



 

�� 
 

3. (1(5*Ë$�5(129$%/(�&202�
&$7$/,=$'25�'(�6,1(5*,$6�(1�
6,67(0$6�&21�$/72�5,(6*2�'(�

(6&$6(=�'(�$*8$� 
 

D�HQHUJtD�UHQRYDEOH�DFW~D�FRPR�FDWDOL]DGRU�GH�ODV�VLQHUJLDV�VRVWHQLEOHV�HQWUH�ORV�VLVWHPDV�FXDQGR�
HVWRV�KDFHQ�XVR�GH�HVWD�SDUD�SURSRUFLRQDU�VXV�RXWSXWV��(VWH�HIHFWR�FDWDOL]DGRU�HQFXHQWUD�JUDQ�
LPSRUWDQFLD�HQ�ORV�VHFWRUHV�GHO�QH[R�WDOHV�FyPR�HO�GH�DEDVWHFLPLHQWR�GH�DJXD��\�HO�GH�FRPLGD�

SRWHQFLiQGRVH� HQ�� HVHQ� VLVWHPDV� TXH� VXIUHQ� GHHVFDVH]� GH� UHFXUVR� KtGULFR�� \� D~Q�PiV� HQ� VLVWHPDV�
DLVODGRV��(Q�ORV�WUDEDMRV�GHVDUUROODGRV�HQ�OD�OtQHD�GH�LQYHVWLJDFLyQ�GHVFULWD�HQ�HVWH�FDStWXOR��VH�SUHVHQWDQ�
GRV�DUWtFXORV��(Q�HO�SULPHU�DUWtFXOR�GH�HVWH�FDStWXOR�VH�SUHVHQWD�\�HVWXGLD�FyPR�DIHFWDQ� ORV�SODQHV�
HQHUJpWLFRV�EDVDGRV�HQ�HQHUJtDV�UHQRYDEOHV�D�ORV�tQGLFHV�GH�VRVWHQLELOLGDG�HQ�OD�UHJLyQ�GH�HVWXGLR��3RU�
VX�SDUWH�HO�VHJXQGR�DUWtFXOR�VH�SURIXQGL]D�HQ�OD�LQYHVWLJDFLyQ�DFHUFD�GH�FyPR�OD�HQHUJtD�UHQRYDEOH�
UHGXFH�HO�VWUHVV�KtGULFR�HQ�XQD�UHJLyQ�FRQFUHWD��GLPHQVLRQDQGR�\�DQDOL]DQGR�OD�FRQVHFXHQFLD�GH�VX�
LPSODQWDFLyQ�VREUH�ORV�SUHFLRV�GH�ORV�UHFXUVRV�TXH�ODV�SODQWDV�GHVDODGRUDV�KtEULGDV�SURYHHQ��� 
$�FRQWLQXDFLyQ��VH�H[SRQH�XQD�EUHYH�GHVFULSFLyQ�GH�ODV�WpFQLFDV�XWLOL]DGDV��\�ORV�UHVXOWDGRV�REWHQLGRV�
HQ�FDGD�DUWtFXOR� 
 

���� 5HV~PHQ�GHO�DUWtFXOR��³&RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�ZDWHU�
HQHUJ\�IRRG�QH[XV�ZLWK�*,6�EDVHG�WRRO´ 

 
(Q�HO�SULPHU�DUWtFXOR���TXH�IRUPD�SDUWH�GH�HVWH�FDStWXOR�³&RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�
ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�*,6�EDVHG�WRRO´�VH�DERUGD�XQR�GH�ORV�SUREOHPDV�PiV�LPSRUWDQWHV�GHVGH�
HO�SXQWR�GH�YLVWD�PHGLRDPELHQWDO��HFRQyPLFR�\�VRFLDO��HO�GLPHQVLRQDPLHQWR�GHO�VXPLQLVWUR�GH�DJXD��
HQHUJtD�\�DOLPHQWRV��VLVWHPDV�DOWDPHQWH�FRQHFWDGRV�HQWUH�Vt�� ,JXDOPHQWH�VH�DERUGD�HO�DQiOLVLV�GH�OD�
PLWLJDFLyQ�GH�ORV�SUREOHPDV�GHULYDGRV�GH�VX�RSHUDFLyQ�JUDFLDV�D�XQD�JHVWLyQ�FRPELQDGD�GH�ORV�UHFXUVRV�
HQ�XQ�VLVWHPD��'DGD�OD�VLWXDFLyQ�GH�SDUWLGD�GH�OD�UHJLyQ�GH�HVWXGLR��FRQ�DOWRV�SUHFLRV�GH�OD�HQHUJtD�\�
FRQ�SUREOHPDV�GHULYDGRV�GH�OD�HVFDVH]�GH�UHFXUVR�KtGULFR��VH�HVWXGLDQ�VLVWHPDV�GH�DOPDFHQDPLHQWR�GH�
KLGURERPEHR�GH�DJXD�FRPELQDGRV�FRQ�SODQWDV�GH�GHVDOLQL]DFLyQ�HQ�OD�LVOD�GH�*UDQ�&DQDULD��GHO�PLVPR�
PRGR�QHFHVDULD�SDUD�HO�DEDVWHFLPLHQWR�GH�DJXD�WDQWR�D�OD�SREODFLyQ�FRPR�D�ORV�FXOWLYRV�GH�OD�UHJLyQ��
3DUD�DFRPHWHU�HO�DQiOLVLV�IXH�QHFHVDULR�FRQRFHU�OD�FDSDFLGDG�GH�GHVDODFLyQ�GHO�VLVWHPD��OD�LVOD�GH�*UDQ�
&DQDULD�� /D� 7DEOD� %���� �$QH[R� %�� HYDO~D� OD� FDSDFLGDG� GH� GHVDODFLyQ� LQVWDODGD�� DVt� FRPR� ODV�
FDUDFWHUtVWLFDV�GH�ODV�WHFQRORJtDV�DVRFLDGDV��\�HQ�OD�7DEOD�%�����$QH[R�%��VH�ORFDOL]D�OD�FDSDFLGDG�HQ�
OD�LVOD� 
/D� LQYHVWLJDFLyQ� SDUD� OD� LPSODQWDFLyQ� GHO� HVTXHPD� SURSXHVWR� VH� KD� OOHYDGR� D� FDER� PHGLDQWH� OD�
DSOLFDFLyQ� GH� WpFQLFDV� TXH� LQFOX\HQ� D� ORV� VLVWHPDV� GH� LQIRUPDFLyQ� JHRJUiILFD� SDUD� XQD� PHMRU�
FDUDFWHUL]DFLyQ� GH� ORV� UHFXUVRV� JHRJUiILFRV�� eVWDV� FRQVLVWHQ� HQ� ORFDOL]DU� HO� PHMRU� OXJDU� SDUD� OD�
LPSODQWDFLyQ�GH�XQD�SODQWD�GH�GHVDODFLyQ�TXH�FXEUD�XQDV�QHFHVLGDGHV�FRQFUHWDV�GH�DJXD�GHVDODGD��
PRGHOR�GH�HOHYDFLyQ�GHO�WHUUHQR�GLJLWDO��D�OD�YH]�TXH�VH�SURSRQH�XQD�HVWUDWHJLD�GH�DQiOLVLV�DSDUD�DQDOL]DU�
ORV� HOHPHQWRV� GH� DQiOLVLV�� (O�PpWRGR� SUHVHQWDGR� HQ� HVWH� DUWtFXOR� RIUHFH� XQD�PHWRGRORJtD� SDUD� OD�

/ 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

ORFDOL]DFLyQ�GH�ORV�PHMRUHV�HPSOD]DPLHQWRV�VHJ~Q�ODV�UHVWULFFLRQHV�TXH�VH�LPSRQHQ�HQ�HO�PLVPR�� 
7DO�\�FRPR�PXHVWUD�OD�)LJXUD�����OD�HVWUDWHJLD�VHJXLGD�FRQVLWLy�HQ�ORFDOL]DU�ORV�FXHUSRV�GH�DJXD�PiV�
VLJQLILFDWLYRV�GHO�VLVWHPD�DQDOL]DGR�H�LQFOXLUORV�HQ�XQ�PRGHOR�HODERUDGR�FRQ�XQ�VLVWHPD�GH�LQIRUPDFLyQ�
JHRJUiILFD��(O� DQiOLVLV�GH� ORV�PLVPRV�VH� UHDOL]D�PHGLDQWH�XQ�DOJRULWPR�FX\D� ILQDOLGDG�FRQVLVWH�HQ�
GLVHxDU� XQ� SODQ� GH� DOPDFHQDPLHQWR� HQHUJpWLFR� D� EDVH� GH� KLGURERPEHR� XVDQGR� DJXD� GHVDODGD�
SURFHGHQWH� GH� ODV� SODQWDV� GHVDODGRUDV� KtEULGDV�� /RV� HPSOD]DPLHQWRV� FDQGLGDWRV� VRQ� HYDOXDGRV� GH�
DFXHUGR�D�XQDV�UHVWULFFLRQHV�TXH�HYDOXpQ�OD�IDFWLELOLGDG�D�FRUWR�SOD]R�TXH�GDUi�VRSRUWH�D�GLIHUHQWHV�
SODQHV�HQHUJpWLFRV�EDVDGRV�HQ�GHVSOLHJXH�UHQRYDEOH�HQ�HO�VLVWHPD�HVWXGLDGR��3RU�VX�SDUWH��OD�)LJXUD���
��PXHVWUD�OD�ORFDOL]DFLyQ�GH�ORV�PHMRUHV�HPSOD]DPLHQWRV�GH�OD�HVWUDWHJLD�D�FRUWR�SOD]R�SURSXHVWD� 
 
 

 

)LJXUD�����(VWUDWHJLD�GH�DQiOLVLV�GH�HPSOD]DPLHQWRV� 

(O�DQiOLVLV�LGHQWLILFy�OD�Pi[LPD�HQHUJtD�SRWHQFLDO�TXH�GHO� WRWDO�GH� ORV�FXHUSRV�GH�DJXD�GHO�VLVWHPD�
SRGUtD�ORJUDUVH�SDUD�LPSOHPHQWDU�HVWH�SODQ�HQHUJpWLFR��$GHPiV��SXHGH�FRQVXOWDUVH�HQ�OD�7DEOD�&����
�YHU�$QH[R�&��XQ�OLVWDGR�FRPSOHWR�GH�ORV�UHVXOWDGRV�GH�HVWH�DQiOLVLV�JHRPRUIROyJLFR��3DUD�HO�DQiOLVLV�
GH�OD�HVWUDWHJLD�D�FRUWR�SOD]R�VH�LPSXVR�OD�UHVWULFFLyQ�GH�UHDOL]DU�HO�DQiOLVLV�GH�ORV�HPSOD]DPLHQWRV�FRQ�
FDSDFLGDG�SDUD�SURSRUFLRQDU�VXILFLHQWH�IOXMR�HQ�XQ�EXIIHU�GH���NP�VREUH�OD�SODQWD�GHVDODGRUD��(VWDV�VH�
LQWHJUDURQ�HQ�HO�PRGHOR�6,*��\�VH�FRPSUREDURQ�ODV�UHVWULFFLRQHV�LPSXHVWDV�HQ�HO�GLDJUDPD�GH�OD�7DEOD�
&�����YHU�$QH[R�&���(VWH�DQiOLVLV�DUURMy�FRPR�UHVXOWDGR�FLHUWRV�HPSOD]DPLHQWRV�SURPHWHGRUHV�SDUD�
GDU� VRSRUWH� D� FRUWR� SOD]R� D� ORV� SODQHV� HQHUJpWLFRV� GHO� VLVWHPD� HVWXGLDGR�� *UDFLDV� D� OD� HVWUDWHJLD�
SURSXHVWD�VH�SRGUtD�DOPDFHQDU�GHVGH�������*:K��+P��KDVWD�������*:K��+P��HQ� OD� LVOD�GH�*UDQ�
&DQDULD�� (Q� ODV� )LJXUDV� (����(���� GHO� $QH[R� (� VH� PXHVWUDQ� GDWRV� UHJLVWUDOHV� GH� YDULRV� GH� ORV�
HPSOD]DPLHQWRV�PiV�SURPHWHGRUHV�D�FRUWR�SOD]R�GHO�HVWXGLR� 



(QHUJtD�5HQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD
  

�� 
 

 

)LJXUD�����/RFDOL]DFLyQ�GH�ORV�PHMRUHV�HPSOD]DPLHQWRV�GH�OD�HVWUDWHJLD�D�FRUWR�SOD]R� 

/D�VRVWHQLELOLGDG�GH�OD�HVWUDWHJLD�IXH�DQDOL]DGD�D�FRQWLQXDFLyQ��$�SDUWLU�GH�ODV�FRQGLFLRQHV�LQLFLDOHV�GHO�
VLVWHPD�HQHUJpWLFR�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�\�GH�VXV�HPLVLRQHV�GH�JDVHV�GH�HIHFWR�LQYHUQDGHUR�
UHODFLRQDGDV��YHU�7DEOD�'������DVt�FRPR�GHO�UHODFLRQDGR�FRQ�HO�VXEVLVWHPD�DOLPHQWDFLyQ�VH�DQDOL]y�XQ�
tQGLFH�GH�VRVWHQLELOLGDG�DG�KRF�SDUD�DSR\DU�HO�SURFHVR�GH�WRPD�GH�GHFLVLRQHV�GH�SODQHDFLyQ�SDUD�ORV�
SODQHV�HQHUJpWLFRV�SUHVHQWDGRV�HQ�HVWH�FDStWXOR�&RQ�REMHWR�GH�SODQWHDU�XQ�DSURYHFKDPLHQWR�UHQWDEOH�\�
D� OD� YH]� VRVWHQLEOH� HQ� HO� WLHPSR� HV� LQGLVSHQVDEOH��$GLFLRQDOPHQWH�� DSDUWLU� GHO� DQiOLVLV�'$)2�GHO�
VXEVHFWRU�DOLPHQWDFLyQ��YHU�7DEODV�'����\�'����HQ�$QH[R�'��VH�HQFRQWUy�TXH�ORV�SLVRV�ELRFOLPiWLFRV�
GHVWDFDQ� FRPR� RSRUWXQLGDGHV� HQ� HO� VLVWHPD� HVWXGLDGR�� DSDUHFLHQGR� VLQHUJLDV� FRQ� OD� HVWUDWHJLD� GH�
DOPDFHQDPLHQWR�HQHUJpWLFR�SRU�ERPEHR�KLGUiXOLFR�DTXt�FRQVLGHUDGD��*UDFLDV�D�OD�HVWUDWHJLD�GH�SODQ�
HQHUJpWLFR�UHQRYDEOH�FRPELQDGR�FRQ�HO�DOPDFHQDPLHQWR�HQHUJpWLFR�D�SDUWLU�GHO�UHFXUVR�SURFHGHQWH�GH�
SODQWDV�GHVDODGRUDV�VH�KDOOy�TXH�SRGUtD�UHGXFLUVH�OD�WHQVLyQ�HQ�HO�VXEVLVWHPD�GH�DJXD�SDVDQGR�GH���+P��
D����+P��LPSXOVDQGR�D�XQ�VHFWRU�DJUtFROD�TXH�HQ�OD�LVOD�VXSRQH�DOUHGHGRU�GHO�����YHU�7DEOD�(����HQ�
HO�$QH[R�(�� 
  

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

������ $EVWUDFW�HQ�&DVWHOODQR 

³&RPSUHKHQVLYH�DVVHVVPHQW�RI�JUDQ�FDQDULD�ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�*,6�EDVHG�WRRO´ 
/D�FUHFLHQWH�GHPDQGD�GH�UHFXUVRV�SRU�SDUWH�GH�OD�VRFLHGDG�FUHD�XQD�QHFHVLGDG�XUJHQWH�GH�HVWUDWHJLDV�
GH� DVLJQDFLyQ� GH� UHFXUVRV�� (VWH� WUDEDMR� DQDOL]y� FyPR� DIHFWDQ� ORV� SODQHV� DOWHUQDWLYRV� GH� HQHUJtDV�
UHQRYDEOHV�D�XQ�tQGLFH�GH�VRVWHQLELOLGDG�UHODFLRQDGR�FRQ�HO�QH[R�$JXD�(QHUJtD�$OLPHQWDFLyQ�HQ�XQD�
UHJLyQ�DOWDPHQWH�GHSHQGLHQWH�GHO�DJXD�SURFHGHQWH�GH�SODQWDV�GHVDODGRUDV��6H�DQDOL]DURQ����FXHUSRV�GH�
DJXD�GH�OD�LVOD�GH�*UDQ�&DQDULD�SDUD�HYDOXDU�XQD�HVWUDWHJLD�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�SRU�ERPEHR�
KLGUiXOLFR�SDUD�DSR\DU�XQ�SODQ�GH�HQHUJtD�UHQRYDEOH��(O�DOPDFHQDPLHQWR�XWLOL]D�HO�DJXD�GH�ODV�SODQWDV�
GHVDODGRUDV�� OR� TXH� SHUPLWLy� DXPHQWDU� HO� DJXD� \� OD� HQHUJtD� HQ� HO� VLVWHPD�� &RQ� ODV� UHVWULFFLRQHV�
LPSXHVWDV��OD�LVOD�HVSDxROD�GH�*UDQ�&DQDULD�SRGUtD�DOPDFHQDU�GHVGH�������*:K��+P��KDVWD�������
*:K��+P���/RV�UHVXOWDGRV�PRVWUDURQ�TXH��GHSHQGLHQGR�GHO�SODQ�HVSHFtILFR�GH�HQHUJtD�UHQRYDEOH�\�GHO�
IDFWRU�GH�RSHUDFLyQ�HQ�OD�SODQWD�GHVDOLQL]DGRUD��HO�VWUHVV�KtGULFR�HQ�HO�VXEVLVWHPD�GH�DJXD�VH�UHGXFLUtD�
GH���+P��D����+P���6H�SURSXVR�XQD�HVWUDWHJLD�GH�DQiOLVLV�GHO�VLVWHPD�SDUD�FRQWURODU�HO�tQGLFH�GH�DJXD��
FRQ�HO�ILQ�GH�DSR\DU�ODV�HVWUDWHJLDV�GH�WRPD�GH�GHFLVLRQHV� 
  



(QHUJtD�5HQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD
  

�� 
 

���� 5HVXPHQ�GHO�DUWtFXOR�³6WUHVV�0LWLJDWLRQ�RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV�
LQ�:DWHU�6FDUFH�$UHDV�WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�
'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV´ 

 
3RU�VX�SDUWH��HO�DUWtFXOR���TXH�IRUPD�SDUWH�GH�HVWH�SULPHU�FDStWXOR��³6WUHVV�0LWLJDWLRQ�RI�&RQYHQWLRQDO�
:DWHU�5HVRXUFHV�LQ�:DWHU�6FDUFH�$UHDV�WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�
3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV´�FXDQWLILFD�ORV�SUREOHPDV�GH�HVFDVH]�GH�DJXD�HQ�OD�UHJLyQ��
\�VH�FHQWUD�HQ�XQ�iUHD�FRQFUHWD�GH�OD�LVOD�GH�*UDQ�&DQDULD�HQ�OD�TXH�HVWRV�SUREOHPDV�VRQ�PiV�DFXFLDQWHV�� 
(VWH� DUWtFXOR� DQDOL]D� HO� GLPHQVLRQDPLHQWR� QHFHVDULR� SDUD� LQFRUSRUDU� XQD� FLHUWD� FDQWLGDG� GH� DJXD�
GHVDODGD�DO�VLVWHPD�GH�DEDVWHFLPLHQWR�GH�DJXD�TXH�PLWLJXH�ORV�HIHFWRV�GH�OD�HVFDVH]�GH�OOXYLD��7UDV�HVWH�
DQiOLVLV�VH�GLVFXWH�FyPR�DIHFWD�HO�XVR�GH�OD�HQHUJtD�UHQRYDEOH�HQ�ODV�SODQWDV�GHVDODGRUDV�D�WUDYpV�GHO�
DQiOLVLV�GH�ORV�LQGLFDGRUHV�HQ�XQD�UHJLyQ�FRQFUHWD�GDGD�OD�QHFHVLGDG�GH�DJXD�HQ�IXQFLyQ�GH�OD�SREODFLyQ��
/DV�WpFQLFDV�GH�LQYHVWLJDFLyQ�HPSOHDGDV�LQFOX\HQ�HO�GLPHQVLRQDPLHQWR�GH�ODV�QHFHVLGDGHV�GH�DJXD�
GHVDODGD�GH�OD�UHJLyQ��DVt�FRPR�WDPELpQ�VH�KDFH�QHFHVDULR�HVWLPDU�OD�HQHUJtD�UHQRYDEOH�QHFHVDULD�SDUD�
TXH� OD� SODQWD� GHVDODGRUD� IXQFLRQH� \� WRGR� HOOR� HQ� XQ� PHUFDGR� FRQFUHWR�� EDMR� XQDV� FRQGLFLRQHV�
SDUWLFXODUHV��(VWH�SDUWH�GH�OD�QHFHVLGDG�GH�XQ�DQiOLVLV�SDUD�OD�HOHFFLyQ�GHO�HPSOD]DPLHQWR�EDVDGR�HQ�OD�
H[LVWHQFLD� GH� UHFXUVR� UHQRYDEOH� DGHFXDGR� �)LJXUDV� ���� \� ������ SDUWLHQGR� GHO� GLPHQVLRQDPLHQWR�
QHFHVDULR�SDUD�VDWLVIDFHU�XQDV�QHFHVLGDGHV�GH�DJXD�GHVDODGD�GHO�VLVWHPD�HQ�ULHVJR� 
 

 
 

)LJXUD�����5HFXUVR�HyOLFR�HQ�*UDQ�&DQDULD��L]TXLHUGD��\�VLWLR�VHOHFFLRQDGR��$ULQDJD��GHUHFKD��SDUD����P�GH�DOWXUD��>��@� 

 

 
 
 
 
 
 
 
 

$ULQDJD 

$ULQDJD�&RDVW 

:LQG�VSHHG���� P� 

7HQWDWLYH�
GHVDOLQDWLRQ�
SODQW�ORFDWLRQ 
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GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3DUD�HO�GLPHQVLRQDPLHQWR�GHO�PL[�HQHUJpWLFR�GH�OD�SODQWD�KtEULGD�\�OD�VLPXODFLyQ�GH�VX�IXQFLRQDPLHQWR�
GHQWUR�GH�XQ�PHUFDGR�FRQ�ODV�FRQGLFLRQHV�HFRQyPLFDV�SDUWLFXODUHV�GH�OD�UHJLyQ�VH�XWLOL]D�XQ�VRIWZDUH�
HVSHFtILFDPHQWH�GHVDUUROODGR�SDUD�GLPHQVLRQDU�HVWDV� LQVWDODFLRQHV��(VWH��~QLFDPHQWH�D� WUDYpV�GH� OD�
RSWLPL]DFLyQ�GH�WUHV�YDULDEOHV��HQHUJtD�HyOLFD��HQHUJtD�VRODU�\�DOPDFHQDPLHQWR�GH�HQHUJtD��HV�FDSD]�GH�
SURSRUFLRQDU� XQ� FRVWH� RSHUDWLYR�PtQLPR� SDUD� XQD� SODQWD� GH� yVPRVLV� LQYHUVD� KtEULGD�� \� SDUD� XQD�
FDSDFLGDG�GH�GHVDOLQL]DFLyQ�GDGD�>��@�� 
/RV�UHVXOWDGRV�GHO�SURFHVR�GH�RSWLPL]DFLyQ�HQ�OD�7DEOD������\�HQ�OD�)LJXUD�����PXHVWUDQ�HO�UHVXOWDGR�
ySWLPR�TXH�HO� VLVWHPD�RIUHFH�SDUD� HO� HVTXHPD�SURSXHVWR�\� VHJ~Q� ORV�SDUiPHWURV� LQWURGXFLGRV�TXH�
PD[LPL]D�HO�EHQHILFLR�HQ�HO�PLVPR��$WHQGLHQGR�D�HVWRV��GHVWDFD�HO�YDORU�GH�OD�UDWLR�FRVWHV�LQJUHVRV��
XWLOL]DGR�FRPR�SDUiPHWUR�GH�RSWLPL]DFLyQ��TXH�HQ�HVWH�UHVXOWDGR�VLJQLILFD�TXH�FDGD�HXUR�GH�LQJUHVRV�
WLHQH�XQ�FRVWH�GH�������HXURV��(O�SURJUDPD�DGHPiV�DUURMD�HO�IOXMR�GH�FDMD�FRPSOHWR�RSWLPL]DGR��YHU�
7DEOD�)����HQ�$QH[R�)��GHO�SURFHVR� 
  

$ULQDJD�&RDVW 

$ULQDJD 

�,UUDGLDFLRQ�*OREDO�6RODU��:K�P�� 
3RWHQFLDO�

)RWRYROWDLFR�
�N:K�N:S� 

/RFDOL]DFLyQ 
7HQWDWLYDGH 
3ODQWD� 

)LJXUD�����5HFXUVR�VRODU�SDUD�*UDQ�&DQDULD��L]TXLHUGD��\�HQ�HO�VLWLR�VHOHFFLRQDGR��$ULQDJD��GHUHFKD���>��@ 

 



(QHUJtD�5HQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD
  

�� 
 

7DEOD�����5HVXOWDGRV�GHO�SURFHVR�GH�RSWLPL]DFLyQ� 

Parámetro Resultado 
Optimo 

Parámetro Resultado 
Optimo  

Tamaño Solar PV (kW) 866 Coste Almacenamiento �¼� 871,70  

Tamaño Wind farm (kW) 4.100 Coste Inversión �¼� 5.991.109 

Tamaño 
Almacenamiento(kWh) 

1 Coste Total �¼� 12.783.098  

Coste planta Desaladora �¼� 981.600 IngresoTotal �¼� 19.366.879  

Coste instalación Solar PV 
�¼� 

909.300 beneficio anual medio �¼� 
año) 

253.222  

Coste instalación Wind farm 
�¼� 

4.099.337  Ratio costes-beneficios (-) 0,795  

 

)LJXUD�����5HVXOWDGRV�GHO�SURFHVR�GH�RSWLPL]DFLyQ� 

(O� YDORU� XWLOL]DGR� FRPR� SDUiPHWUR� GH� RSWLPL]DFLyQ� QR� SXHGH� FRPSDUDUVH� FRQ� HO� YDORU� GH� &RVWH�
1LYHODGR�GH�OD�(OHFWULFLGDG��/&2(��GH�JHQHUDFLyQ�SDUD�XQD�WHFQRORJtD�HQ�SDUWLFXODU��(O�/&2(�WtSLFR��
FDOFXODGR�FRQVLGHUDQGR�VyOR�OD�LQVWDODFLyQ�GH�JHQHUDFLyQ�GH�HQHUJtD��DOFDQ]y�XQ�YDORU�GH������¼�0:K��
OR�TXH�UHSUHVHQWD�XQ��������PHMRU�YDORU�UHVSHFWR�DO�FRVWH�GH�OD�HQHUJtD�GH�OD�UHG��3RU�RWUR�ODGR��VH�
FRPSUREy�TXH�HO�FRVWH�QRUPDOL]DGR�GHO�DJXD�HQ�ODV�SODQWDV�GHVDODGRUDV�FRQ�ODV�FRQGLFLRQHV�GH�SUHFLR�
GH�HQHUJtD�DOFDQ]D�ORV������¼�P��HQ�WpUPLQRV�FOiVLFRV��HVWR�HV��VLQ�WHQHU�HQ�FXHQWD�ORV�LQJUHVRV�H[WUD�
SRU�OD�YHQWD�GH�HOHFWULFLGDG� 
  



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
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�� 
 

������ $EVWUDFW�HQ�&DVWHOODQR� 

³6WUHVV� 0LWLJDWLRQ� RI� &RQYHQWLRQDO� :DWHU� 5HVRXUFHV� LQ� :DWHU�6FDUFH� $UHDV� WKURXJK� WKH� XVH� RI�
5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV´ 
/DV�FRQGLFLRQHV�GHO�FDPELR�FOLPiWLFR�HQ�ODV�~OWLPDV�GpFDGDV�KDQ�GHULYDGR�HQ�XQD�LPSRUWDQWH�UHGXFFLyQ�
GH�ORV�QLYHOHV�GHO�FDXGDO�HQ�ORV�UtRV��LUUHJXODULGDG�GH�ODV�OOXYLDV�\��SRU�WDQWR��GLILFXOWDGHV�HQ�HO�DFFHVR�
DO� DJXD� SRWDEOH�� (VWD� VLWXDFLyQ� HV� HVSHFLDOPHQWH� GUDPiWLFD� HQ� HQWRUQRV� LQVXODUHV�� FRPR� ODV� ,VODV�
&DQDULDV� HQ� (VSDxD�� GRQGH� HVWDV� UHVWULFFLRQHV� D� ORV� UHFXUVRV� KtGULFRV� KDQ� OOHYDGR� D� XQD�
VREUHH[SORWDFLyQ�GH�DFXtIHURV�\�SR]RV��FRQ�HO�GHWHULRUR�GHO�PHGLR�DPELHQWH�TXH�HVWH�KHFKR�FRQOOHYD��
3RU�HVWH�PRWLYR��ODV�SODQWDV�GHVDOLQL]DGRUDV�VH�KDQ�KHFKR�LPSUHVFLQGLEOHV��\�KD\�TXH�WUDWDU�GH�UHGXFLU�
VX�LPSDFWR�\�VXV�FRVWHV��\D�TXH�ORV�SURFHVRV�LPSOLFDGRV�SDUD�OD�GHVDOLQL]DFLyQ�GHO�DJXD�VRQ�DOWDPHQWH�
LQWHQVLYRV�HQ�HQHUJtD��(Q�HVWH�WUDEDMR�GH�LQYHVWLJDFLyQ�VH�SURSRQH�XQD�FHQWUDO�KtEULGD�HyOLFD�\�VRODU�
IRWRYROWDLFD�GH�WDPDxR�RSWLPL]DGR�SDUD�DOLPHQWDU�XQD�SODQWD�GHVDODGRUD�EDMR�HO�SODQWHDPLHQWR�GH�QR�
VyOR�SURYHHU�GH�HQHUJtD�DO�SURFHVR�GH�GHVDODFLyQ��VLQR�WDPELpQ�VXPLQLVWUDU�HQHUJtD� OLPSLD�D�OD� UHG�
HOpFWULFD��DSURYHFKDQGR�HO�H[FHGHQWH�GH�SURGXFFLyQ�HOpFWULFD��'H�HVWD�PDQHUD��QR�VyOR�VH�PLWLJD�HO�
HVWUpV�GH�ORV�UHFXUVRV�KtGULFRV��D�WUDYpV�GH�OD�SURGXFFLyQ�GH�DJXD�GHVDODGD���VLQR�TXH�OD�UHG�VH�EHQHILFLD�
GH�OD�LQWHJUDFLyQ�GH�XQD�IXHQWH�GH�HQHUJtD�UHQRYDEOH�GLVWULEXLGD��'5(6���$GHPiV��VH�PHMRUD�HO�PRGHOR�
GH�QHJRFLR��\D�TXH�VH�UHGXFH�HO�FRVWH�GH�OD�SURGXFFLyQ�GH�DJXD�SRWDEOH�\�HO�SURSLHWDULR�GH�OD�FHQWUDO�
UHFLEH�LQJUHVRV�H[WUD�SRU�OD�YHQWD�GH�DJXD��/RV�UHVXOWDGRV�GH�OD�RSWLPL]DFLyQ�SDUD�XQ�FDVR�GH�HVWXGLR�
HQ�OD�LVOD�GH�*UDQ�&DQDULD�PXHVWUDQ�TXH��FRQVLGHUDQGR�HO�GHVSDFKR�GH�HQHUJtD�HQ�OD�LVOD��ORV�OtPLWHV�GH�
UHPXQHUDFLyQ�SRU�OD�HQWUHJD�GH�HQHUJtD�\�OD�UHPXQHUDFLyQ�SRU�HO�DJXD�VXPLQLVWUDGD��OD�'5(6�ySWLPD�
DVRFLDGD�D�XQD�SODQWD�GHVDOLQL]DGRUD�TXH�SURSRUFLRQD�������P��GtD�GH�DJXD�GHVDODGD�\�XQD�LQ\HFFLyQ�
Pi[LPD�GH�HOHFWULFLGDG�DQXDO�D�OD�UHG�HOpFWULFD�GH������*:K�DxR��XQD�LQVWDODFLyQ�KtEULGD�GH�JHQHUDFLyQ�
VRODU�IRWRYROWDLFD�\�HyOLFD�FRQ�DOPDFHQDPLHQWR�HOHFWURTXtPLFR�HV�XQD�VROXFLyQ�IDFWLEOH�TXH�KDFH�TXH�
HO�&RVWH�1LYHODGR�GH�OD�(OHFWULFLGDG��/&2(��DOFDQFH�XQ�YDORU�UHGXFLGR�D�SHVDU�GH�FRQVLGHUDU�ORV�FRVWHV�
DGLFLRQDOHV�GH�OD�SODQWD�GHVDODGRUD��DXQTXH�KD\�TXH�DSRUWDU�D\XGD�ILQDQFLHUD�SDUD�UHGXFLU�HO�WLHPSR�GH�
UHWRUQR�GH�OD�LQYHUVLyQ��52,�� 



 

�� 
 

4. $1È/,6,6�'(�/$�)$&7,%,/,'$'�'(�
6,67(0$6�(1(5*e7,&26�+Ë%5,'26�

3$5$�3/$17$6�'(6$/$'25$6� 

 
RQ�REMHWR�GH�IDYRUHFHU�HO�GHVSOLHJXH�GH�VLVWHPDV�GH�JHQHUDFLyQ�GH�HQHUJtD�HOpFWULFD�EDVDGRV�HQ�
IXHQWHV�GH�HQHUJtD�UHQRYDEOH�VH�DGRSWDQ�PHGLGDV�GH�LPSXOVR�DO�DXWRFRQVXPR�HQ�LQGXVWULDV�\�
YLYLHQGDV� GH� IRUPD� FRPSOHPHQWDULD� D� ODV� FHQWUDOHV� GH� IXHQWHV� GH� HQHUJtD� UHQRYDEOHV�� (VWH�

FDStWXOR�SURIXQGL]D�HQ�OD�JHVWLyQ�VRVWHQLEOH�GH�ORV�VLVWHPDV�DJXD�HQHUJtD��(Q�FRQFUHWR�VH�FHQWUD�HQ�
LQYHVWLJDU�OD�VXSHUYLYHQFLD�ILQDQFLHUD�GH�ORV�VLVWHPDV�HQHUJpWLFRV�KtEULGRV�SDUD�SODQWDV�GHVDODGRUDV�
GHVGH�XQ�SXQWR�GH�YLVWD�GH�OD�JHVWLyQ�VRVWHQLEOH�HQWUH�DJXD�HQHUJtD��'DGR�TXH�VH�REVHUYD�XQD�IDOWD�GH�
HVWXGLRV� UHODWLYRV�D� OD� FRPSDUDFLyQ�GH� HVFHQDULRV� UHDOHV�GH� LQYHUVLyQ� HQ�XQ�PRGHOR�TXH� LQFOX\D�D�
VLVWHPDV� HQHUJpWLFRV� KtEULGRV� FRPELQDGRV� FRQ� SODQWDV� GHVDODGRUDV�� 3DUD� GHVDUUROODU� HO� DQiOLVLV� GH�
GHFLVLyQ�GH�LQYHUVLyQ�VH�UHDOL]D�OD�FRPSDUDFLyQ�GHO�GHVHPSHxR�HFRQyPLFR�YLUWXDO�GH�GRV�VLVWHPDV�GH�
GHVDODFLyQ��SRU�XQ�ODGR��XQD�SODQWD�GH�RVPRVLV�LQYHUVD�FX\R�IXQFLRQDPLHQWR�KD�VLGR�VLPXODGR�HQ�HO�
SUHYLR�FDStWXOR��\�SRU�RWUR�XQD�SODQWD�GH�GHVDODFLyQ�EDVDGD�HQ�WHFQRORJtD�GH�GHVWLODFLyQ�OD�FXDO�KD�VLGR�
UHFHSWRUD�GH�ODV�DFFLRQHV�GH�DSR\R�TXH�VH�SURSRQHQ�HQ�HVWH�HVWXGLR� 

���� 5HVXPHQ�GHO�DUWtFXOR��³)HDVLELOLW\�$QDO\VLV�RI�:LQG�DQG�6RODU�3RZHUHG�
'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�LVODQGV´ 

 
(VWH�DUWtFXOR�UHDOL]D�OD�HYDOXDFLyQ�WHFQR�HFRQyPLFD�GH�DPERV�SUR\HFWRV�SDUD�GHFLGLU�VL�OD�LQYHUVLyQ�R�
QR�HQ�HVWRV�PRGHORV�GH�QHJRFLR�VHUtD�DFRQVHMDEOH��3DUD�OD�HYDOXDFLyQ�GH�YLDELOLGDG�GH�SUR\HFWRV�HV�
KDELWXDO� HO� XVR� GH� HVWXGLRV� GH� PHUFDGR� \� WpFQLFRV�� OD� HYDOXDFLyQ� HFRQyPLFD�� R� HO� DQiOLVLV� \�
DGPLQLVWUDFLyQ�GHO�ULHVJR��(O�REMHWLYR�GH�HVWH�FDStWXOR�HV�DYHULJXDU�FXiO�HV�OD�LQIOXHQFLD�GH�SDUiPHWURV�
WDOHV�FRPR�VXEYHQFLRQHV��WDVDV�GH�LQYHUVLyQ��YHQWDV�GH�DJXD�\�VDQHDPLHQWR�VREUH�ORV�LQGLFDGRUHV�GH�
UHQGLPLHQWR�FODYH��.3,��SDUD�OD�GHFLVLyQ�GH�LQYHUVLyQ�HQ�HVWH�WLSR�GH�SUR\HFWRV�QRYHGRVRV�DVRFLDGRV�D�
OD�GHVDOLQL]DFLyQ�GHO�DJXD��/RV�LQGLFDGRUHV�GH�UHQGLPLHQWR�FODYH�SDUD�HVWH�WUDEDMR�VH�PXHVWUDQ�HQ�OD�
7DEOD����� 
 
 
 
 
 

& 
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�� 
 

7DEOD�����,QGLFDGRUHV�FODYH�GH�UHQGLPLHQWR 

2%-(7,92 0e75,&$6�'(�e;,72 

(VWDEOHFLPLHQWR�GH�XQ�PL[�HQHUJpWLFR�ySWLPR�
SDUD�TXH�XQD�PLFURUUHG�VHD�UHQWDEOH�HQ�XQD�
JUDQMD�DEDQGRQDGD� 

9DOLGDFLyQ�GH�VRIWZDUH�FRQ�H[SHULHQFLDV�DVLPLODEOHV 

$QDOLVLV�(FRQyPLFR 'LVHxDU�XQ�HVTXHPD�GH�PLFURUUHGHV�GH�XQRV���0:�
TXH�Gp�OXJDU�D�XQ�IOXMR�GH�FDMD�QHWR�SRVLWLYR�DQXDO�GH�
��������HXURV 

$QiOLVLV�VRFLDO &UHDFLyQ�GH�HPSOHR��GLUHFWR�R�LQGLUHFWR� 

,PSDFWR� GHVGH� HO� SXQWR� GH� YLVWD�
PHGLRDPELHQWDO 

5HGXFFLyQ�GH�OD�HPLVLyQ�GH�������WRQHODGDV�GH�&2��
D�OD�DWPyVIHUD�JUDFLDV�DO�SODQ 

5HGXFFLyQ� GH� ORV� FRVWHV� GH� SURGXFFLyQ� GH�
DJXD�HQ�ODV�SODQWDV�GHVDOLQL]DGRUDV�DFWXDOHV 

3URSRQHU�XQD�FRQILJXUDFLyQ�TXH�UHGX]FD�ORV�FRVWHV�GH�
SURGXFFLyQ�GH�DJXD�HQ���FRHXU��P��HQ�FRPSDUDFLyQ�
FRQ�ODV�H[SHULHQFLDV�DQWHULRUHV�DVLPLODEOHV�XWLOL]DQGR�
ODV�07' 

 
(VWH�FDStWXOR�DQDOL]y�VL�ODV�WHFQRORJtDV�SURSXHVWDV�FXPSOtDQ�FRQ�ODV�FDUDFWHUtVWLFDV�GHVHDGDV�SDUD�RSWDU�
D�ODV�VXEYHQFLRQHV�SURSXHVWDV��YHU�7DEOD�*����HQ�$QH[R�*���HO�GLPHQVLRQDPLHQWR�GH�ODV�LQVWDODFLRQHV�
�YHU�7DEOD�*����HQ�HQ�$QH[R�*���\�FXiO�HV�VX�LQIOXHQFLD�HQ�OD�GHFLVLyQ�GH�LQYHUVLyQ��3DUD�HOOR�VH�UHDOL]D�
XQ�DQiOLVLV�GH�VHQVLELOLGDG�TXH�LQYHVWLJD�VL�HO�PRGHOR�GH�QHJRFLR�VHUtD�OR�VXILFLHQWHPHQWH�UHQWDEOH�SDUD�
LQYHUVRUHV�SULYDGRV� 
(O�DQiOLVLV�GH�FRPHUFLDOL]DFLyQ�VLJXH�HO�GLDJUDPD�GH�IOXMR�GH�OD�)LJXUD������6H�YDULy�OD�FDQWLGDG�GH�
VXEYHQFLyQ� FRQFHGLGD�� OD� WDVD� GH� LQYHUVLyQ� HIHFWLYD� �,HII�� GHO� UHVWR� GH� OD� FDQWLGDG� LQYHUWLGD� \� VH�
FDOFXODURQ�ORV�SDUiPHWURV�WHQLGRV�HQ�FXHQWD�SDUD�DQDOL]DU�VX�GHVHPSHxR�HFRQyPLFR��(O�LPSRUWH�GH�OD�
VXEYHQFLyQ�FRQFHGLGD�SDUD�FRQVWUXLU�OD�LQVWDODFLyQ�YDULy�HQWUH�HO����\�HO�������\�OD�WDVD�GH�LQYHUVLyQ�
HIHFWLYD��,HII��GHO�IDFWRU�GH�UHFXSHUDFLyQ�GH�FRVWHV��&5)��HQWUH�HO������\�HO������(O�SUR\HFWR�VH�DQDOL]y�
SDUD����DxRV�GH�UHWRUQR�GH�OD�LQYHUVLyQ��YDULDQGR�OD�FDQWLGDG�GH�HOHFWULFLGDG�YHQGLGD��DVt�FRPR�ODV�
YHQWDV�GH�DJXD�GHO������DO�������FRQ�HO�ILQ�GH�LQYHVWLJDU�OD�FDSDFLGDG�GH�DPEDV�LQVWDODFLRQHV�SDUD�
ORJUDU�HO�REMHWLYR��.3,��HFRQyPLFR�PDUFDGR� 



$QiOLVLV�GH�OD�IDFWLELOLGDG�GH�VLVWHPDV�HQHUJpWLFRV�KtEULGRV�SDUD�SODQWDV�GHVDODGRUDV  

�� 
 

 

)LJXUD�����'LDJUDPD�GH�)OXMR�VHJXLGR�HQ�HO�DQiOLVLV�� 

7UDV�HO�DQiOLVLV�UHDOL]DGR�VH�KDFH�QRWDU�TXH�HO�VLVWHPD�HV�UHQWDEOH��/D�VROXFLyQ�HV�HFRQyPLFDPHQWH�
UHQWDEOH�~QLFDPHQWH�EDMR�FLHUWDV�FRQGLFLRQHV�GH�VXEYHQFLRQHV�FRQFHGLGDV�\�EDMR�FLHUWDV�FRQGLFLRQHV�
GH� ORV� SUpVWDPRV� FRQFHGLGRV��$GHPiV�� ODV� YHQWDV� GH� DJXD� \� HQHUJtD� VH� GHVWDFDQ� FRPR� XQ� IDFWRU�
OLPLWDQWH�SDUD�FRQVHJXLU�OD�UHQWDELOLGDG�HQ�DPEDV�SODQWDV�YLUWXDOHV��(O�/&2(�SRGUtD�VHU�VLPLODU�DO�GH�
OD�JHQHUDFLyQ�HVSDxROD��DXQTXH�GHSHQGLHQGR�GHO�LQWHUpV�GH�ORV�SUpVWDPRV�REWHQLGRV�HQ�OD�HMHFXFLyQ�GH�
FDGD�XQR�GH�ORV�SUR\HFWRV�DFRPHWLGRV� 
  



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

������ $EVWUDFW�HQ�&DVWHOODQR� 

³)HDVLELOLW\�$QDO\VLV�RI�:LQG�DQG�6RODU�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�LVODQGV´ 
/D� HYDOXDFLyQ� HFRQyPLFD� GH� SUR\HFWRV� HV� QHFHVDULD� SDUD� JDUDQWL]DU� OD� PD\RUtD� GH� SUR\HFWRV� GH�
LQYHUVLyQ��\�HQ�SDUWLFXODU�ORV�SUR\HFWRVKtGULFRV�LPSXOVDGRV�SRU�IXHQWHV�GH�HQHUJtD�QR�FRQYHQFLRQDOHV�
HV�XQ�UHWR��/D�UHDOL]DFLyQ�GH�HVWDV�LQLFLDWLYDV�HQ�HFRQRPtDV�EDVDGDV�HQ�PHUFDGRV�OLEHUDOL]DGRV�HQIUHQWD�
D�ORV�JRELHUQRV�FRQ�OD�QHFHVLGDG�GH�JDUDQWL]DU�ORV�SUR¿FWRV��'DGR�TXH�OD�GLVSRQLELOLGDG�GH�DJXD�VH�KD�
FRQYHUWLGR�HQ�XQ�SUREOHPD�JOREDO�UHOHYDQWH��\�OD�GHVDOLQL]DFLyQ�HQ�XQD�VROXFLyQ�GH�GHPDQGD�LQWHQVLYD�
GH�HQHUJtD��HV�KDELWXDO�FRPELQDU�DPERV�WLSRV�GH�WHFQRORJtDV��ORV�VLVWHPDV�GH�HQHUJtD�UHQRYDEOH�\�ODV�
SODQWDV�GH�GHVDOLQL]DFLyQ��(VWD�LQYHVWLJDFLyQ�HVWXGLD�OD� LQÀXHQFLD�GH�ODV�VXEYHQFLRQHV�� ODV� WDVDV�GH�
LQYHUVLyQ�\�ODV�YHQWDV�GH�HQHUJtD�\�DJXD�HQ�OD�FRPHUFLDOL]DFLyQ�GH�GRV�WHFQRORJtDV�GH�GHVDOLQL]DFLyQ��
6H�KD�UHDOL]DGR�XQ�DQiOLVLV�GH�UHQGLPLHQWR�WHQLHQGR�HQ�FXHQWD�GLIHUHQWHV�HVFHQDULRV��6LJXLHQGR�HVWH�
HQIRTXH��VH�KD�FRPSDUDGR�XQD�SODQWD�GH�GHVDOLQL]DFLyQ�SRU�yVPRVLV�LQYHUVD�VLPXODGD�FRQ�UHVSHFWR�D�
XQD�SODQWD� SLORWR�QRYHGRVD� \D� FRQFHGLGD��/RV� UHVXOWDGRV�PXHVWUDQ�XQ�PHMRU� FXPSOLPLHQWR�GH� ORV�
REMHWLYRV� QR� HFRQyPLFRV�� \� HFRQyPLFDPHQWH� SUR¿DEOH� QR� VyOR� EDMR� FLHUWDV� FRQGLFLRQHV� GH�
VXEYHQFLRQHV�FRQFHGLGDV��\�ORV�EHQHILFLRV�HVSHUDGRV�GHO�LQYHUVRU��VLQR�WDPELpQ�GH�ODV�YHQWDV�GH�DJXD�
HQHUJtD��TXH�GHVWDFy�FRPR�XQ�IDFWRU�OLPLWDQWH��(O�FRVWH�QLYHODGR�GH�OD�HQHUJtD�SRGUtD�VHU�VLPLODU�DO�GH�
ORV�PHGLRV� GH� JHQHUDFLyQ� HVSDxROHV�� GHSHQGLHQGR� GH� OD� WDVD� GH� FUHFLPLHQWR� GH� ORV� FRVWHV� GH� ORV�
SUpVWDPRV�\�GH�ODV�VXEYHQFLRQHV�FRQFHGLGDV��6H�HQFRQWUy�XQD�UHGXFFLyQ�GH����FpQWLPRV�GH�HXUR�SRU�
GHEDMR�GHO�SUHFLR�PHGLR�TXH�VH�SRGUtD�FRQVHJXLU��SDUD�HO�HVFHQDULR�HVWiQGDU� 
 



 

�� 
 

5. 6,67(0$�3$5$�(/�&21752/�'(�
$*8$�<�(1(5*Ë$�(1�3/$17$6�

'(6$/$'25$6 
 

 
DV�WDVDV�DFWXDOHV�GH�FUHFLPLHQWR�GH�OD�SREODFLyQ��XQLGDV�D�ODV�FUHFLHQWHV�QHFHVLGDGHV�GH�UHFXUVRV�
GH�HVWDV��DPHQD]DQ�OD�FDSDFLGDG�GH�OD�WLHUUD�SDUD�SURSRUFLRQDUORV��/DV�DFWLYLGDGHV�UHODFLRQDGDV�

FRQ�HO�GHVDUUROOR�HFRQyPLFR�VRQ�HVSHFLDOPHQWH�GLItFLOHV�HQ�ODV�LVODV��\�PiV�D~Q�HQ�ODV�LVODV�TXH�FDUHFHQ�
GH�DJXD��(Q�HO�WUDQVFXUVR�GHO�WUDEDMR�UHDOL]DGR�SDUD�OD�UHDOL]DFLyQ�GH�OD�7HVLV�'RFWRUDO�VH�SODQWHy�OD�
QHFHVLGDG� GH� XQ� VLVWHPD� GH� FRQWURO� GH� OD� JHQHUDFLyQ� \� FRQVXPR� GH� HQHUJtD� HQ� ODV� LQVWDODFLRQHV�
LQGXVWULDOHV�R�GH�JHQHUDFLyQ�GH�HQHUJtD�TXH�WHQJDQ�LQVWDODGR�HO�DOPDFHQDPLHQWR�GH�HQHUJtD�FRPELQDGR�
FRQ�VLVWHPDV�GH�JHQHUDFLyQ�GH�HQHUJtD�D�SDUWLU�GH�IXHQWHV�UHQRYDEOHV��/D�SUHVHQWH�LQYHQFLyQ�VH�HQJORED�
GHQWUR�GHO�FDPSR�GH�ORV�VLVWHPDV�GH�JHVWLyQ�\�FRQWURO�GH�OD�JHQHUDFLyQ�\�FRQVXPR�GH�HQHUJtD�GH�ODV�
SODQWDV� GHVDODGRUDV� TXH� WLHQHQ� LQVWDODGDV� XQ� VLVWHPD� GH� DOPDFHQDPLHQWR� HQHUJpWLFR� HQ� IRUPD� GH�
ERPEHR� KLGUiXOLFR� FRPELQDGR� FRQ� XQ� VLVWHPD� GH� JHQHUDFLyQ� GH� HOHFWULFLGDG� D� SDUWLU� GH� IXHQWHV�
UHQRYDEOHV� 
 

���� 'HVFULSFLyQ�� 

������ &DPSR�GH�OD�LQYHQFLyQ 

/D� SUHVHQWH� LQYHQFLyQ� VH� HQJORED� GHQWUR� GHO� FDPSR� GH� ORV� VLVWHPDV� GH� JHVWLyQ� \� FRQWURO� GH� OD�
JHQHUDFLyQ� \� FRQVXPR� GH� HQHUJtD� GH� ODV� SODQWDV� GHVDODGRUDV� TXH� WLHQHQ� LQVWDODGDV� XQ� VLVWHPD� GH�
DOPDFHQDPLHQWR�HQHUJpWLFR�HQ�IRUPD�GH�ERPEHR�KLGUiXOLFR�FRPELQDGR�FRQ�XQ�VLVWHPD�GH�JHQHUDFLyQ�
GH�HOHFWULFLGDG�D�SDUWLU�GH�IXHQWHV�UHQRYDEOHV� 
/D�SDWHQWH�SUHVHQWDGD�XWLOL]y�FRPR�SDODEUDV�FODYH�SDUD�UHDOL]DU�XQD�E~VTXHGD�GH�GRFXPHQWRV�HQ�HO�
HVWDGR�GHO�DUWH��&RQWURO�GH�%RPEHR�GH�$OPDFHQDPLHQWR�GH�(QHUJtD�\�'HVDODFLyQ�(yOLFD��(Q�JHQHUDO��
HVWi�GLVHxDGD�SDUD�SODQWDV�GHVDODGRUDV��DXQTXH�SRGUtD�VHU�XWLOL]DGD�SRU�WRGDV�DTXHOODV�TXH�LQFRUSRUHQ�
HQ�VXV�SURFHVRV�SURGXFWLYRV�IOXLGRV�TXH�SXHGDQ�VHU�WXUELQDGRV�\�XQD�PDUFDGD�GLIHUHQFLD�HQ�HO�QLYHO�GH�
DOWXUD�SDUD�GHVDUUROODU�HO�VLVWHPD��1R�VH�GHWHFWy�QLQJ~Q�VLVWHPD�GH�FRQWURO�TXH�LQFRUSRUH�OD�JHVWLyQ�
FRPELQDGD�GHO�UHFXUVR�HQHUJpWLFR�\�GHO�UHFXUVR�KtGULFR�SURFHGHQWH�GH�OD�SODQWD�GHVDODGRUD� 

������ $QWHFHGHQWHV�GH�OD�LQYHQFLyQ 

/RV� VLVWHPDV� GH� DOPDFHQDPLHQWR� GH� HQHUJtD�� HQWUH� ORV� FXDOHV� VH� HQFXHQWUD� HO� DOPDFHQDPLHQWR� GH�
HQHUJtD�SRU�ERPEHR�KLGUiXOLFR��3+6���VRQ�QHFHVDULRV�SDUD�OD�FRUUHFWD�LQWHJUDFLyQ�GH�ODV�WHFQRORJtDV�GH�
JHQHUDFLyQ�HOpFWULFD�D�SDUWLU�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOHV� 
(QWUH�ORV�DQWHFHGHQWHV�TXH�VH�GHEHQ�PHQFLRQDU�HV�TXH�H[LVWHQ�SODQWDV�GH�ERPEHR�KLGUiXOLFR��\�VH�VDEH�
TXH� ORV� VLVWHPDV�GH� DOPDFHQDPLHQWR� GH� HQHUJtD� VRQ�QHFHVDULRV� SDUD� OD� FRUUHFWD� LQWHJUDFLyQ�GH� ODV�
WHFQRORJtDV�GH�JHQHUDFLyQ�HOpFWULFD�D�SDUWLU�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOHV� 
(Q�GLIHUHQWHV�GRFXPHQWRV�GH�SDWHQWH�VH�GLYXOJD�HO�XVR�GH�VLVWHPDV�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�SRU�

/ 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

ERPEHR�KLGUiXOLFR�\� HO�PpWRGR�GH� FRQWURO� GH� ORV�PLVPRV��SDUD� OR� FXDO� VH�SXHGH� HPSOHDU� HQHUJtD�
VXPLQLVWUDGD� SRU� IXHQWHV� GH� HQHUJtD� UHQRYDEOHV�� (VWRV� VLVWHPDV� VH� SXHGHQ� DSOLFDU� HQ� SODQWDV�
GHVDODGRUDV� 
6LQ�HPEDUJR��HQ�ODV�SODQWDV�GHVDODGRUDV�TXH�GLVSRQHQ�GH�XQ�VLVWHPD�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�SRU�
ERPEHR� KLGUiXOLFR� FRPELQDGR� FRQ� XQ� VLVWHPD� GH� JHQHUDFLyQ� GH� HOHFWULFLGDG� D� SDUWLU� GH� IXHQWHV�
UHQRYDEOHV� ORV� VLVWHPDV� GH� FRQWURO� DFWXDOHV� ~QLFDPHQWH� VH� FHQWUDQ� HQ� HO� FRQWURO� HQHUJpWLFR� GH� OD�
LQVWDODFLyQ��PRQLWRUL]DQGR�OD�HQHUJtD�FRQVXPLGD�\�JHQHUDGD�SDUD�GHFLGLU�HQ�EDVH�D�HOOD��H�J��ERPEHDU��
WXUELQDU��� 
/D�SUHVHQWH� LQYHQFLyQ�SURSRUFLRQD� XQD� VROXFLyQ�D� HVWH�SUREOHPD�� FRQVLGHUDQGR� HO� UHFXUVR� KtGULFR�
SURFHGHQWH�GH�GHVDODGRUDV�FRPR�XQD�YDULDEOH�DGLFLRQDO�D�FRQVLGHUDU�HQ�HO�FRQWURO�LQWHJUDO�GHO�VLVWHPD��
\�FRQVLGHUDQGR�OD�XWLOL]DFLyQ�GH�GLFKR�UHFXUVR�KtGULFR��HO�FXDO�SXHGH�VHU�XWLOL]DGR�SRU�HMHPSOR�SDUD�
UHJDU�D�GLIHUHQWHV�QLYHOHV��SURGXFLU�HQHUJtD�HQ�WXUELQD��HWF� 

������ 'HVFULSFLyQ�GH�OD�LQYHQFLyQ 

/D� LQYHQFLyQ� VH� UHILHUH� D� XQ� VLVWHPD� SDUD� HO� FRQWURO� GHO� UHFXUVR� KtGULFR� \� HQHUJpWLFR� HQ� SODQWDV�
GHVDODGRUDV��'H�PDQHUD�YHQWDMRVD��OD�SUHVHQWH�LQYHQFLyQ�LQFRUSRUD�OD�JHVWLyQ�FRPELQDGD�GHO�UHFXUVR�
KtGULFR�\�GHO�UHFXUVR�HQHUJpWLFR�SURFHGHQWH�GH�GHVDODGRUDV��LQWURGXFLHQGR�HQ�HO�SURFHVR�GHFLVRULR�OD�
VDOLGD�GH�UHFXUVR�KLGUiXOLFR�HQ�GLVWLQWRV�QLYHOHV�GH�DOWXUD�SDUD�GLIHUHQWHV�DSOLFDFLRQHV��SRU�HMHPSOR��
SDUD�HO�VXPLQLVWUR�D�KXHUWDV��UHFXUVR�KLGUiXOLFR��OXFKD�FRQWUD�LQFHQGLRV��HWF��� 
(O�VLVWHPD�SHUPLWH�FRQWURODU�OD�JHQHUDFLyQ�\�FRQVXPR�WDQWR�GH�HQHUJtD�FRPR�GHO�UHFXUVR�KtGULFR�GH�
SODQWDV� GHVDODGRUDV� TXH� WHQJDQ� LQVWDODGDV� VLVWHPDV� GH� DOPDFHQDPLHQWR� HQHUJpWLFR� SRU� ERPEHR�
KLGUiXOLFR�FRPELQDGRV�FRQ�VLVWHPDV�GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�D�SDUWLU�GH�IXHQWHV�UHQRYDEOHV�� 
3DUD� HOOR� HO� VLVWHPD� UHDOL]D� XQ� SURFHVR� GHFLVRULR� FRQ� REMHWR� GH� RSWLPL]DU� HO� UHFXUVR� KtGULFR� \� HO�
HQHUJpWLFR��HQ�IXQFLyQ�GH�XQRV�SDUiPHWURV�GDGRV��FRPR�HO�SUHFLR�GHO�UHFXUVR�DJXD��GH�OD�HOHFWULFLGDG��
QHFHVLGDGHV�GH�DJXD�GH�ORV�FXOWLYRV��HWF� 
(O�REMHWLYR�GHO�VLVWHPD�FRQVLVWH�HQ�DOPDFHQDU�HQHUJtD�\�JHVWLRQDU�HO�UHFXUVR�KtGULFR�GH�IRUPD�HILFLHQWH�
\�HFRQyPLFD�SDUD�PD[LPL]DU�HO�XVR�GH�HVWDV�LQVWDODFLRQHV�� 
&RPR�HOHPHQWRV�GH�XQD�SRVLEOH�UHDOL]DFLyQ�GHO�VLVWHPD���GH�FRQWURO�GHO�UHFXUVR�KtGULFR�\�HQHUJpWLFR�
HQ�SODQWDV�GHVDODGRUDV��HO�VLVWHPD�XWLOL]D�XQD�XQLGDG�GH�FRQWURO��GHSyVLWRV�GH�DOPDFHQDPLHQWR�GH�DJXD�
GHVDODGD�GLPHQVLRQDGRV�HVSHFtILFDPHQWH�SDUD� OD�DSOLFDFLyQ�FRQFUHWD�� LQVWUXPHQWDFLyQ�GH�PHGLGD�\�
UHJXODFLyQ�DVRFLDGD��ERPEDV�\�YiOYXODV�QHFHVDULDV�SDUD�OD�JHVWLyQ�GHO�IOXMR�KtGULFR��\�DO�PHQRV�XQD�
WXUELQD�KLGUiXOLFD��YHU�)LJXUD������ 



6LVWHPD�SDUD�HO�FRQWURO�GH�DJXD�\�HQHUJtD�HQ�SODQWDV�GHVDODGRUDV  

�� 
 

 

)LJXUD�����(OHPHQWRV�GHO�VLVWHPD�GH�FRQWURO�GH�ORV�UHFXUVRV�KtGULFRV�\�HQHUJpWLFRV� 

 
(O�VLVWHPD�UHDOL]D�HO�DQiOLVLV�GH�ORV�IOXMRV�UHDOHV�GH�LQIRUPDFLyQ��WDQWR�GH�OD�SURSLD�SODQWD�FRPR�GHO�
PHUFDGR�� DVt� FRPR� OD� JHVWLyQ�GH� OD�PDTXLQDULD� �ERPEDV��YiOYXODV�� WXUELQD�V��� HWF��� TXH� SHUPLWH� OD�
RSHUDFLyQ�GH�OD�SODQWD��/D�XQLGDG�GH�FRQWURO�HMHFXWD�XQ�HVTXHPD�GHFLVRULR�SDUD�HO�FRQWURO�HILFLHQWH�GHO�
UHFXUVR�KtGULFR�\�HQHUJpWLFR�HQ�SODQWDV�GHVDODGRUDV��$Vt�SXHV��GH�IRUPD�DXWRPDWL]DGD�HO�FRQWURO�HQ�OD�
SODQWD�GHVDODGRUD�VH�UHDOL]D�GH�DFXHUGR�D�XQ�SURFHVR�GHFLVRULR�TXH�WLHQH�HQ�FXHQWD�P~OWLSOHV�IDFWRUHV�
TXH�SUHWHQGHQ�WHQHU�XQD�GREOH�FRQFHSFLyQ�GHO�UHFXUVR��FRPR�UHFXUVR�HQHUJpWLFR�\�FRPR�UHFXUVR�KtGULFR�
�YHU�)LJXUD������ 

 

)LJXUD�����(VTXHPD�GH�GHFLVLyQ�HMHFXWDGR�SRU�HO�VLVWHPD�SDUD�HO�FRQWURO�HILFLHQWH�GHO�DJXD� 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 
$�QLYHO�HQHUJpWLFR��HO�VLVWHPD�SXHGH�GHFLGLU�VL�HV�PiV�UHQWDEOH�SURGXFLU�HQHUJtD�HOpFWULFD�\�YHQGHUOD�HQ�
WLHPSR�UHDO��XWLOL]DUOD�SDUD�HODERUDU�ORV�SURGXFWRV�HQHUJpWLFRV��SRU�HMHPSOR��DJXD�GHVDODGD�FXDQGR�QR�
KD\D�UHFXUVR�UHQRYDEOH�\�QR�LQWHUHVH�FRPSUDU�GH�OD�UHG���R�DOPDFHQDUOD�SDUD�VX�SRVWHULRU�GHVSDFKR��(O�
VLVWHPD� WDPELpQ�RSWLPL]D� ORV� IOXMRV�GH�DJXD�FRQ�HO�REMHWLYR�GH�VXPLQLVWUDU�HO�DJXD�QHFHVDULD�D�XQ�
VLVWHPD�H[WHUQR��HPSOHDGD�SRU�HMHPSOR�SDUD�ORV�ULHJRV�HQ�ODV�PLFURUUHGHV�UXUDOHV� 
/D�HQHUJtD�JHQHUDGD�SRU�OD�WXUELQD�SXHGH�VHU�XWLOL]DGD�SDUD�YHQGHUOD�HQ�HO�PHUFDGR�GH�HQHUJtD��(7���R�
SDUD�VXPLQLVWUDU�HQHUJtD�D�ORV�HTXLSRV�GHO�VLVWHPD��(7����\D�VHDQ�ERPEDV�GH�HOHYDFLyQ��HTXLSRV�GH�OD�
SODQWD�GHVDODGRUD��ERPEDV�GH�ULHJR��HTXLSRV�DX[LOLDUHV��HWF� 
/D�XQLGDG�GH�FRQWURO�SXHGH�HVWDU�FRQILJXUDGD�SDUD�PHGLU�OD�SRWHQFLD��3JHQ��JHQHUDGD�SRU�HO�VLVWHPD�GH�
JHQHUDFLyQ�GH�HOHFWULFLGDG�\��HQ�IXQFLyQ�GH�OD�PHGLGD� 

��&XDQGR�OD�SRWHQFLD�JHQHUDGD��3JHQ��HV�VXSHULRU�D�OD�SRWHQFLD�QRPLQDO�GH�OD�SULPHUD�ERPED��
ERPEHDU�DJXD�GHVDODGD�KDFLD�HO�SULPHU�GHSyVLWR�PHGLDQWH�OD�DFWLYDFLyQ�GH�OD�SULPHUD�ERPED� 

��&XDQGR�OD�SRWHQFLD�JHQHUDGD��3JHQ��HV�LQIHULRU�D�OD�SRWHQFLD�QRPLQDO�GH�OD�SULPHUD�ERPED����
REWHQHU� ORV�SUHFLRV�GH� FRPSUD� �3&(��\�GH�YHQWD� �39(�� GH� OD�HQHUJtD� HOpFWULFD�\��HQ� IXQFLyQ�GH� OD�
GLIHUHQFLD� HQWUH� GLFKRV� SUHFLRV�� FHUUDU� OD� SULPHUD� YiOYXOD� SDUD� DOPDFHQDU� HQ� HO� WDQTXH� GH�
DOPDFHQDPLHQWR�HO�DJXD�GHVDODGD�REWHQLGD�HQ�OD�SODQWD�GHVDODGRUD��R�ERPEHDU�DJXD�GHVDODGD�KDFLD�HO�
SULPHU�GHSyVLWR���PHGLDQWH�OD�DFWLYDFLyQ�GH�OD�SULPHUD�ERPED� 
(O�VLVWHPD�HVWi�GLVHxDGR�SDUD�HPSOD]DUVH�HQ�OD�HVFDUSDGD�ODGHUD�GH�XQD�PRQWDxD��PRQWH��UDPEOD��HWF��
DSURYHFKDQGR�VX�IXHUWH�SHQGLHQWH��(O�VLVWHPD�SXHGH�LQFOXLU�XQ�PHFDQLVPR�LQWHUFDODGR�SDUD�LQVHUFLyQ�
GH�PDQJXHUD�GH�H[WLQFLyQ�GH�LQFHQGLR��WDOHV�FRPR�XQDV�FRQH[LRQHV�GH�PDQJXHUD�UiSLGD�LQWHUFDODGDV�
HQ�VXV�WXEHUtDV�SDUD��DSURYHFKDQGR�HO�UHFXUVR�KtGULFR��FRQHFWDU�ORV�HTXLSRV�DQWLLQFHQGLRV�FRQ�REMHWR�
GH�KDFHU�IUHQWH�D�SRVLEOHV�LQFHQGLRV�TXH�SXHGDQ�SURGXFLUVH�HQ�ODV�ODGHUDV�FROLQGDQWHV��FRQYLUWLpQGRVH�
HQ�XQ�DSRUWH�GH�DJXD�SDUD�OD�H[WLQFLyQ�GH�ORV�LQFHQGLRV��/DV�PDQJXHUDV�GH�VXELGD�GH�DJXD�VH�FRORFDQ�
SUHIHUHQWHPHQWH�D�OD�YLVWD�\�GH�FRORU�QHJUR��FRQ�REMHWR�GH�TXH�HO�IOXLGR�VH�FDOLHQWH��\�FRQ�UHGXFFLyQ�GH�
VHFFLyQ�FRQWURODGD�SDUD�IDFLOLWDU�HO�WUDVLHJR�GH�HOHYDFLyQ�GH�DJXD�



 

�� 
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DV�VLQHUJLDV�HQWUH�HO�PHUFDGR�GH�HOHFWULFLGDG�\�GHO�DJXD�VH�DQDOL]DQ�GHVGH�OD�SHUVSHFWLYD�GH�OD�
WHRUtD�GH�VLVWHPDV�FRQ�HO�REMHWR�GH�DEULU�HO�FDPLQR�SDUD�HO�GLVHxR�GH�SVHXGRPHUFDGRV�DYDQ]DGRV�
GH� DJXD� TXH� DIURQWHQ� HO� FUHFLHQWH� SUREOHPD� GH� HVFDVH]� GH� UHFXUVR� DJXD� HQ� ODV� UHJLRQHV�

HVSHFLDOPHQWH�DIHFWDGDV�SRU�SUREOHPDV�GH�VHTXtDV�� 

���� &RQFOXVLRQHV 

$�PRGR�GH�UHVXPHQ�FRQFLVR�GH�ODV�DSRUWDFLRQHV�RULJLQDOHV�GH�OD�WHVLV�TXH�KDQ�VHUYLGR�SDUD�VXVWHQWDU�HO�
DUJXPHQWDULR� GH� OD�PLVPD� VH� LQFOX\HQ�� EDMR� OD� IRUPD� GH� HQXQFLDFLRQHV� VLPSOHV� GH� ORV� UHVXOWDGRV�
REWHQLGRV��ODV�VLJXLHQWHV�FRQFOXVLRQHV� 
L� &RPR� UHVXOWDGR�GH� OD� HYDOXDFLyQ� UHDOL]DGD� HQ� HVWD� WHVLV�� VH� FRQFOX\y� TXH� ORV� SURFHVRV� GH�

JHQHUDFLyQ� GH� HQHUJtD�� OD� GHVDOLQL]DFLyQ� GH� DJXD� \� OD� SURGXFFLyQ� GH� DOLPHQWRV� GHEHQ�
FRRUGLQDUVH�SDUD�FRQYHUWLUVH�HQ�XQD�DFWLYLGDG�PiV�VRVWHQLEOH�D�WUDYpV�GH�XQD�SODQLILFDFLyQ�\�
JHVWLyQ�FRQMXQWD� 

LL� (Q�OD�DFWXDOLGDG��OD�PD\RUtD�GH�ODV�GHFLVLRQHV�SROtWLFDV�FRQ�SRVLEOHV�FRQVHFXHQFLDV�SDUD�HO�QH[R�
HQWUH�HO�DJXD��OD�HQHUJtD�\�ORV�DOLPHQWRV�VH�WRPDQ�D�WUDYpV�GH�GLIHUHQWHV�LQVWLWXFLRQHV��FRPR�
GLVWLQWRV� GHSDUWDPHQWRV� JXEHUQDPHQWDOHV� R� GLVWLQWRV� SXHVWRV� HQ� OD� MHUDUTXtD� S~EOLFD� GHO�
JRELHUQR�GH�WXUQR��VLQ�HO�JUDGR�GH�FRRUGLQDFLyQ�QHFHVDULR� 

LLL� /RV� UHWRV� D� ORV� TXH� VH� HQIUHQWD� HO� QH[R� HQWUH� DJXD�� HQHUJtD� \� DOLPHQWRV� VRQ�� HQ� SDUWH��
FRQVHFXHQFLD�GH�HVWD�SROtWLFD��IUDJPHQWDGD��DSOLFDGD�D�UHFXUVRV�LQWHUUHODFLRQDGRV��&RQ�HVWDV�
FLUFXQVWDQFLDV��VHUtD�GHVHDEOH�XQ�WUDWDPLHQWR�FRPSOHWDPHQWH�FRRUGLQDGR�GH�OD�VLWXDFLyQ�SDUD�
SHUILODU�ORV�DFWLYRV� 

$XQTXH� HVWH� HQIRTXH� WRWDOPHQWH� LQWHJUDGR� UHSUHVHQWD� XQ� UHWR�� XQD� SRVLFLyQ� SUiFWLFD� LQLFLDO� VHUtD�
H[DPLQDU�GH�TXp�PDQHUD� ODV�FRQFOXVLRQHV� WLHQHQ�XQ�HIHFWR�VREUH�DTXHOORV�HOHPHQWRV� UHVWDQWHV�TXH�
FRQVWLWX\HQ�HO�QH[R��(Q�SDUWLFXODU��\�DGRSWDQGR�XQD�SHUVSHFWLYD�FHQWUDGD�HQ�HO�SRGHU�GHULYDGR�GH�OD�
XWLOL]DFLyQ�GH�ORV�UHFXUVRV��VXJHULUtD�XQD�SHUFHSFLyQ�GH�ODV�FRQVHFXHQFLDV�GHO�DJXD�\�ORV�DOLPHQWRV�SDUD�
ODV� GHFLVLRQHV� HQHUJpWLFDV�� (Q� HVWH� VHQWLGR�� ORV� PDUFRV� DQDOtWLFRV� SRGUtDQ�� HQ� XQ� DOWR� JUDGR�� VHU�
XWLOL]DGRV�GH�GLYHUVDV�PDQHUDV��(Q�HVWH�VHQWLGR��HVWD�7HVLV�'RFWRUDO�HYDOXy�XQD�VHULH�GH�KHUUDPLHQWDV�
GLVSRQLEOHV��/D�LQIRUPDFLyQ�PiV�VLJQLILFDWLYD�GHVFXELHUWD�FRPR�UHVXOWDGR�GH�OD�LQYHVWLJDFLyQ�KD�VLGR�
OD�VLJXLHQWH�� 
L� (O�DFFHVR�D�ORV�GDWRV�HV�XQ�UHWR�IXQGDPHQWDO��3DUD�OOHYDU�D�FDER�XQD�HYDOXDFLyQ�DGHFXDGD�GHO�

QH[R�HQWUH�HO�DJXD��OD�HQHUJtD�\�ORV�DOLPHQWRV��HV�QHFHVDULR�WHQHU�DFFHVR�WDQWR�D�ORV�GDWRV�GH�
FDGD� XQR� GH� HVWRV� VHFWRUHV� FRPR� DEVWUDFFLRQHV� FDSDFHV� GH� H[SUHVDU� OD� FDQWLGDG� GH� VXV�
FRQH[LRQHV�PXWXDV��/D�UHFRSLODFLyQ�GH�GDWRV�HVWDQGDUL]DGRV�SRGUtD�VHUYLU�SDUD�UHVROYHU�ORV�
SUREOHPDV�H[LVWHQWHV�HQ�OD�DFWXDOLGDG�UHODFLRQDGRV�FRQ�OD�FRKHUHQFLD��OD�FRPSDUDELOLGDG�\�OD�

/ 

 
(O�DUWH�GH�VDFDU�FRQFOXVLRQHV�D�SDUWLU�GH�H[SHULPHQWRV�\�

REVHUYDFLRQHV�FRQVLVWH�HQ�HYDOXDU�ODV�SUREDELOLGDGHV�\�HQ�HVWLPDU�VL�
VRQ�OR�VXILFLHQWHPHQWH�JUDQGHV�R�QXPHURVDV�FRPR�SDUD�FRQVWLWXLU�

SUXHEDV�� 
��$QWRLQH�/DYRLVHU� 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

HVFDOD��DGHPiV�GH�OD�DXVHQFLD�GH�LQIRUPDFLyQ�HVWDGtVWLFD�TXH�VH�UHFRMD��REVHUYH�R�UHJLVWUH�HQ�
LQWHUYDORV�GH�WLHPSR�UHJXODUHV� 

LL� /D�PD\RUtD�GH� ODV�KHUUDPLHQWDV�TXH� SXHGHQ�XWLOL]DUVH� X�REWHQHUVH� SDUD� ORV� UHVSRQVDEOHV�R�
LPSOLFDGRV�HQ�OD�IRUPXODFLyQ�GH�SROtWLFDV�KR\�HQ�GtD�VRQ�H[KDXVWLYDV�\�FRPSOHMDV�\�UHTXLHUHQ�
XQD�FDQWLGDG�LPSRUWDQWH�GH�GDWRV��UHFXUVRV�KXPDQRV��WLHPSR�\�VXILFLHQFLD�HFRQyPLFD� 

LLL� Está claro que es una opción factible desarrollar un enfoque integrado de este tipo desde el 
punto de vista de todos los componentes, pero las sinergias deben definirse plenamente 
para aprovechar al máximo la potencialidad del modelo. 

$VLPLVPR��GXUDQWH�ORV�WUDEDMRV�GH�HVWD�7HVLV�'RFWRUDO�VH�KD�LGHQWLILFDGR�OD�QHFHVLGDG�GH�FRQWDU�FRQ�
KHUUDPLHQWDV� FDSDFHV� GH�PRVWUDU� HVWLPDFLRQHV� EiVLFDV� TXH� SXHGDQ� VHUYLU� GH� EDVH� SDUD� GHVDUUROORV�
SRVWHULRUHV��PiV�FRPSOHMRV���(O�PDUFR�GH�UHIHUHQFLD�SODQWHDGR�HQ�HVWH�WUDEDMR�SUHWHQGH�SURSRQHU�XQD�
KHUUDPLHQWD�H[SORUDWRULD�TXH�WHQJD�D�OD�HQHUJtD�FRPR�SXQWR�GH�HQWUDGD��TXH�D�VX�YH]�SURSRUFLRQH�XQ�
SXQWR�GH�SDUWLGD�TXH�SXHGD�DSR\DU�HQ�~OWLPD�LQVWDQFLD�OD�LQWHJUDFLyQ�GH�OD�HQHUJtD�GHQWUR�GHO�OODPDGR�
QH[R�GHO� DJXD�� OD� HQHUJtD�\� ORV� DOLPHQWRV��(V�GH�XWLOLGDG�SUHVHQWDU� �LQVWDQWiQHDV�� GHO� LPSDFWR�GHO�
GHVDUUROOR� GH� ODV� HQHUJtDV� UHQRYDEOHV� �DGHPiV� GH� ORV� HQIRTXHV� DOWHUQDWLYRV�� HQ� ORV� UHFXUVRV�
UHODFLRQDGRV��FRPR�HO�DJXD�\�OD�RFXSDFLyQ�GHO�VXHOR� 
3DUD�HO�HQIRTXH�SURSXHVWR��FDGD� UHVXOWDGR�FRQVWLWX\H�XQ�JUXSR�GH�GLIHUHQWHV�GHFLVLRQHV�GH�SROtWLFD�
HQHUJpWLFD� HQ� ODV� TXH� HO� EDODQFH� GH� HQHUJtD� VH� DFHSWD� FRPR� LQIRUPDFLyQ� FODYH�� (Q� HVWH� FDVR�� OD�
KHUUDPLHQWD�SURSXHVWD�SRGUtD�FDOFXODU�R�MX]JDU�GH�IRUPD�DSUR[LPDGD�HO�YDORU�GHO�DJXD��OD�WLHUUD��ODV�
HPLVLRQHV�\�ODV�LPSOLFDFLRQHV�GH�FRVWHV�GH�FDGD�UHVXOWDGR�FRQ�HO�ILQ�GH��FRPELQDUORV��HQ�XQ�LQGLFDGRU�
JOREDO�TXH�FRQVLGHUH�HVSHFtILFDPHQWH�HO�SULQFLSLR�GH�ODV�DFFLRQHV�SURSXHVWDV�SRU�ODV�HOHFFLRQHV�GH�ORV�
JRELHUQRV�SDUD�FDGD�FLUFXQVWDQFLD�SDUWLFXODU� 
(O��SURGXFWR��SUHVHQWDGR�SRU�OD�KHUUDPLHQWD�SURSXHVWD�HQ�HVWD�LQYHVWLJDFLyQ�SRGUtD�FRQVWLWXLU�XQ�SULPHU�
SDVR�HQ�OD�GLUHFFLyQ�GH�XQ�H[DPHQ�PiV�H[KDXVWLYR�GHO�LPSDFWR�GHO�GHVDUUROOR�GH�ODV�HQHUJtDV�UHQRYDEOHV�
HQ�HO�QH[R�HQWUH�HO�DJXD��OD�HQHUJtD�\�ORV�DOLPHQWRV�EDMR�FLHUWRV�VXSXHVWRV��$Vt�SXHV��HO�PDUFR�FRQFHSWXDO�
SURSXHVWR�FRQVWLWX\H�XQ�HQIRTXH�QRYHGRVR�SDUD�ORV�UHVSRQVDEOHV�GH�ODV�SROtWLFDV�HQHUJpWLFDV�TXH�VyOR�
WLHQHQ�HQ�FXHQWD� ORV� LPSDFWRV�SDUFLDOHV�GH� OD�JHVWLyQ�GH� OD�HQHUJtD��$O�FRQVLGHUDU�HO�QH[R�HQWUH� OD�
HQHUJtD��HO�DJXD�\�ORV�DOLPHQWRV��VH�SXHGHQ�UHGHILQLU�ODV�SROtWLFDV�GH�JHVWLyQ�GH�OD�HQHUJtD�\�VH�GHEHQ�
LQYHVWLJDU�ODV�GLIHUHQFLDV�FRQ�ODV�SROtWLFDV�DFWXDOHV� 
(Q� HVWD� 7HVLV� VH� KDQ� DQDOL]DGR� GLIHUHQWHV� HVFHQDULRV� GH� GHVSOLHJXH� HQHUJpWLFR� GHQWUR� GH� XQ� SODQ�
HQHUJpWLFR�GH�RULJHQ�UHQRYDEOH�YLQFXODGR�DO�HVTXHPD�GH�3+6�TXH�DSR\DQ�OD�RSHUDFLyQ�GH�ODV�SODQWDV�
GHVDODGRUDV��/D�HVWUDWHJLD�SURSXHVWD�SDUD�ORFDOL]DU�ORV�HPSOD]DPLHQWRV�PiV�DGHFXDGRV�SDUD�XELFDU�ODV�
LQVWDODFLRQHV�GH�3+6�SHUPLWH�GHVDUUROODU�HO�SODQ�HQHUJpWLFR�GH�EDVH�UHQRYDEOH�GHILQLGR��WDQWR�D�FRUWR�
FRPR�D�ODUJR�SOD]R��&RQ�ODV�UHVWULFFLRQHV�DSOLFDGDV�\�HQ�ODV�LQVWDODFLRQHV��SODQWDV�GHVDOLQL]DGRUDV�HQ�
SDUWLFXODU��VH�SURSXVLHURQ�YDULRV�OXJDUHV�GH�OD�LVOD�SDUD�LPSOHPHQWDU�GLFKR�HVTXHPD��HQFRQWUDQGR�XQ�
SRWHQFLDO�GH�HQHUJtD��D�FRUWR�SOD]R�GH��������*:K�������+P���\������*:K�������+P���TXH�XQLGR�DO�
GHVSOLHJXH�UHQRYDEOH�UHVXOWDED�LQVXILFLHQWH�SDUD�JHQHUDU�OD�PLVPD�HQHUJtD�TXH�OD�SURFHGHQWH�GH�ODV�
FHQWUDOHV�WpUPLFDV�� 
3RU�HOOR��VH�SURSXVR�XQ�PpWRGR�SDUD�HYDOXDU��FXDQWLILFDU�\�FRQWURODU�ORV�FRQVXPRV�GH�DJXD��HYDOXDQGR�
VXV�FRQVHFXHQFLDV�HQ�HO�QH[R�DJXD�HQHUJtD�DOLPHQWRV��VLHQGR�UHOHYDQWH�SRU�SHUPLWLU�OD�UHGXFFLyQ�GHO�
HVWUpV� KtGULFR� HQ� *UDQ� &DQDULD�� TXH� DGHPiV� SUHVHQWDED� XQD� LQIUDHVWUXFWXUD� GH� JHQHUDFLyQ� PX\�
GHSHQGLHQWH� GH� ORV� FRPEXVWLEOHV� IyVLOHV�� TXH� SRGUtD� VHU� VXVWLWXLGD� SRU� SODQHV� GH� HQHUJtD� GH� EDVH�
UHQRYDEOH��/D�KHUUDPLHQWD�HVWDEOHFLy�ODV�FRQGLFLRQHV�SDUWLFXODUHV�GH�OD�UHJLyQ�GH�HVWXGLR��,VODV�FRQ�
ULHVJR�GH�HVFDVH]�FRQ�FDSDFLGDG�GH�GHVDOLQL]DFLyQ���(O�DQiOLVLV�GHO�QH[R�HQWUH�DJXD�HQHUJtD�DOLPHQWRV�
DTXt� UHDOL]DGR� DFODUy� JUDFLDV� DO� FiOFXOR� GH� XQ� tQGLFH� GH� VRVWHQLELOLGDG� HO� SUREOHPD� GH� OD� WRPD�GH�
GHFLVLRQHV�SDUD�HOHJLU�HQWUH�HVWUDWHJLDV�HQHUJpWLFDV��$GLFLRQDOPHQWH��HVWDV�SHUPLWLUiQ�HO�GHVSOLHJXH�GH�
HVWUDWHJLDV� GH�PLFURUUHGHV� UXUDOHV� FRQ� LQYHUQDGHURV�� R� FXOWLYRV�� FRQ� XQD� FDQWLGDG� SUHFLVD� GH� DJXD�
GHVDODGD� 
*UDFLDV�D�HVWH�DQiOLVLV�GHO�tQGLFH�DJXD�HQHUJtD�HQ�GRV�IDVHV��VH�SRGUtD�FRQFOXLU�TXH�D�SDUWLU�GHO�SODQ�
HQHUJpWLFR��LQFOX\HQGR�OD�HVWUDWHJLD�HQHUJpWLFD�GH�DOPDFHQDPLHQWR���SRGUtD�VHU�QHFHVDULR�PHQRV�GH���



&RQFOXVLRQHV��VXJHUHQFLDV�\�GHVDUUROOR�IXWXUR  

�� 
 

*:�GH�SRWHQFLD�LQVWDODGD�SURFHGHQWH�GH�IXHQWHV� UHQRYDEOHV��DXQTXH�KDEUtD�TXH�WHQHU�HQ�FXHQWD�OD�
JHVWLyQ� GH� GLFKDV� HVWUDWHJLDV�� HO� GHVDUUROOR� GH� OD� UHG�� (Q� SULPHU� OXJDU�� SHUPLWLUtD� FRQWURODU� HO�
IXQFLRQDPLHQWR�GH�ODV�SODQWDV�GHVDOLQL]DGRUDV��YLQFXODGDV�D�OD�HVWUDWHJLD�HQHUJpWLFD��GHVDUUROODQGR�XQ�
FRQWURO�LQWHJUDGR��(Q�VHJXQGR�OXJDU��ORV�VHUYLFLRV�GH�LQIRUPDFLyQ�VHUtDQ�GHVHDEOHV�SRUTXH�OD�JHVWLyQ�
GH�GDWRV�GH�HVWRV�tQGLFHV�SURSRUFLRQDUtD�PHMRUDV�HQ�HO�VLVWHPD�GH�JHVWLyQ�GHO�DJXD�\�OD�HQHUJtD��(Q�HVWH�
SURFHVR��ORV�VLVWHPDV�GH�LQIRUPDFLyQ��DVt�FRPR�ORV�VLVWHPDV�GH�LQWHOLJHQFLD�DUWLILFLDO��GHVHPSHxDUiQ�XQ�
SDSHO�LPSRUWDQWH�D�WUDYpV�GHO�DQiOLVLV�GH�ORV�GDWRV�SDUD�XQ�PD\RU�GHVDUUROOR�\�SURJUDPDFLyQ��DVLJQDFLyQ�
GH�UHFXUVRV�� 
&RQ�HVSHFLDO�pQIDVLV�HQ�*UDQ�&DQDULD��XQD�LVOD�FRQ�LPSRUWDQWHV�FDUHQFLDV�GH�DJXD�\�HQHUJtD�TXH�SRQHQ�
HQ�SHOLJUR�HO�GHVDUUROOR�GH�OD�HFRQRPtD�ORFDO��HO�PDUFR�LQWURGXFLGR�SURSRUFLRQD�XQD�VROXFLyQ�HILFLHQWH�
TXH� LQWHJUD�HO�VXPLQLVWUR�GH�DJXD�FRQ�HO�GH�HQHUJtD� OLPSLD��3DUD�HOOR��VH� LGHQWLILFDQ�\�GLVFXWHQ� ODV�
FDUDFWHUtVWLFDV�GHVHDGDV�GH�OD�LVOD�\�ORV�IDFWRUHV�FUtWLFRV�QHFHVDULRV�SDUD�OD�LPSOHPHQWDFLyQ�H[LWRVD�GH�
ODV�VROXFLRQHV�VXJHULGDV��PLHQWUDV�VH�GHPXHVWUD�HO�PDUFR�SURSXHVWR��0iV�GHWDOODGDPHQWH��VH�GHVDUUROOy�
XQ�PRGHOR�GH�SURJUDPDFLyQ�HVWRFiVWLFD�\�VH�DSOLFy�HQ�OD�LVOD�GH�*UDQ�&DQDULD��FRQ�UHVXOWDGRV�TXH�
PRVWUDURQ�TXH�HO�VXPLQLVWUR�GH�HQHUJtD�\�DJXD�ILDEOH�\�EDVDGR�HQ�ODV�HQHUJtDV�UHQRYDEOHV�HV�DOFDQ]DEOH�
D�XQ�FRVWH�IDFWLEOH�EDMR�FLHUWDV�FRQGLFLRQHV�GH�SUHFLR�GH�YHQWD��DVt�FRPR�GH�FDQWLGDG�GH�HQHUJtD�YHQGLGD��
FRQWULEX\HQGR�DO�PLVPR�WLHPSR�D�OD�FRQVLGHUDEOH�UHGXFFLyQ�GH�*DVHV�GH�(IHFWR�,QYHUQDGHUR��*(,���(O�
PDUFR�WHyULFR�GH�PRGHOL]DFLyQ�LQWURGXFLGR�WLHQH�SRU�REMHWR�H[SOLFDU�HO�FDPLQR�GH�OD�LQYHVWLJDFLyQ�GHO�
VXPLQLVWUR�LQWHJUDGR�GH�DJXD�\�HQHUJtD�SDUD�ODV�LVODV�GHVGH�XQD�SHUVSHFWLYD�GH�WRPD�GH�GHFLVLRQHV�GH�
DOWR�QLYHO��SRU�OR�WDQWR��QR�VH�FDOLILFDQ�ODV�VROXFLRQHV�HQ�HO�QLYHO�GHWDOODGR�GH�DSOLFDFLyQ��HV�GHFLU��QR�VH�
WLHQHQ�HQ�FXHQWD�ODV�FXHVWLRQHV�GH�XELFDFLyQ�\�ODV�FDUDFWHUtVWLFDV�GH�OD�LQIUDHVWUXFWXUD�ORFDO�� 
6H�DQDOL]y�HO�SRWHQFLDO�GH�LQWHJUDFLyQ�GH�SHTXHxRV�VLVWHPDV�HQHUJpWLFRV�LQWHOLJHQWHV�HQ�OD�LVOD�GH�*UDQ�
&DQDULD� TXH� IXQFLRQDUtDQ� FRPR� PLFURUUHGHV� UXUDOHV�� 6H� GHWHUPLQDURQ� ORV� SDUiPHWURV� FODYH� TXH�
GHVFULEHQ� ORV� DVSHFWRV� LQGLYLGXDOHV� GH� ORV� VLVWHPDV� GH� HQHUJtD� LQWHOLJHQWH� SDUD� OD� JHQHUDFLyQ� GH�
HOHFWULFLGDG�HQHUJpWLFD�YLQFXODGD�D� ODV�SODQWDV�GH�GHVDOLQL]DFLyQ��\�VH�HQFRQWUy�TXH�XQD�PH]FOD�GH�
HQHUJtD� UHQRYDEOH� \� VLVWHPDV� GH� EDWHUtDV� HV� OD� FROXPQD� YHUWHEUDO� IDYRUDEOH� SDUD� HO� VLVWHPD� GH�
JHQHUDFLyQ�GH�HOHFWULFLGDG�HQHUJpWLFD� 
/RV�UHVXOWDGRV�VRQ�FRKHUHQWHV�FRQ�OD�YDOLGDFLyQ�GH�ODV�FDUDFWHUtVWLFDV�LQGLYLGXDOHV�GH�ODV�LVODV�VLQ�UHG�
HOHJLGDV��/RV� UHVXOWDGRV� GHO� DQiOLVLV� FO~VWHU� D\XGDQ�D� ORV� UHVSRQVDEOHV�SROtWLFRV� \� D� ORV� LQYHUVRUHV�
SULYDGRV�D�GHFLGLU�TXp�SUR\HFWRV�GH�VLVWHPDV�HQHUJpWLFRV�LQWHOLJHQWHV�VRQ�DGHFXDGRV�SDUD�FDGD�LVOD�HQ�
SDUWLFXODU� 
/RV�UHFXUVRV�KtGULFRV�GH�&DQDULDV�KDQ�VXIULGR�XQ�JUDYH�GHWHULRUR�GXUDQWH�YDULDV�GpFDGDV��WUDWDQGR�GH�
DEDVWHFHU�HO�FRQVXPR�GH�DJXD�GH�OD�SREODFLyQ�\�GHO�WXULVPR��DPERV�HQ�XQ�FUHFLPLHQWR�VLQ�SUHFHGHQWHV��
$Vt��OD�WHFQRORJtD�GH�GHVDODFLyQ�GH�DJXD�GH�PDU�KD�DGTXLULGR�XQ�FLHUWR�SURWDJRQLVPR�HQ�HO�GHVDUUROOR�
HFRQyPLFR�GH�OD�UHJLyQ��KDVWD�HO�SXQWR�GH�VHU�UHVSRQVDEOH�GH�XQD�JUDQ�SDUWH�GHO�FRQVXPR�HQHUJpWLFR�
WRWDO�GHO�DUFKLSLpODJR�FDQDULR��JHQHUDOPHQWH�SURFHGHQWH�GH�FRPEXVWLEOHV�IyVLOHV��TXH�WLHQHQ�XQ�LPSDFWR�
QHJDWLYR�HQ�HO�PHGLR�DPELHQWH��3RU�HOOR��OD�FRPELQDFLyQ�GH�OD�GHVDODFLyQ�SRU�yVPRVLV�LQYHUVD�FRQ�ODV�
HQHUJtDV�UHQRYDEOHV��HQ�HVWH�FDVR��OD�HyOLFD�\�OD�VRODU�IRWRYROWDLFD��HV�XQ�SDVR�KDFLD�OD�VRVWHQLELOLGDG�\�
OD�UHGXFFLyQ�GH�OD�GHSHQGHQFLD�GH�ORV�FRPEXVWLEOHV�IyVLOHV��/D�FDSDFLGDG�GH�OD�SODQWD�SURSXHVWD��������
P��GtD��SUHWHQGH�DEDVWHFHU�D�OD�WRWDOLGDG�GH�OD�SREODFLyQ�GH�$ULQDJD�KDVWD�HO�DxR�GRV�PLO�YHLQWLQXHYH��
TXH�FRUUHVSRQGH�D� ORV����DxRV�SUHYLVWRV�GH�YLGD�GH� ODV�PHPEUDQDV�GH� OD�GHVDODGRUD��'XUDQWH�HVWH�
WLHPSR�� VH� PLWLJDUi� HO� HVWUpV� GH� ORV� UHFXUVRV� KtGULFRV� FRQYHQFLRQDOHV� DFWXDOPHQWH� H[SORWDGRV��
REWHQLHQGR�HQ�HVWH�FDVR�DJXD�SRWDEOH�SDUD�HO�FRQVXPR�KXPDQR�VLQ�VXSRQHU�XQD�GHPDQGD�H[WUD�SDUD�OD�
UHG�HOpFWULFD��\D�TXH�VX�IXQFLRQDPLHQWR�VH�EDVD�HQ�HO�DXWRDEDVWHFLPLHQWR� 
(Q�ORV�SUy[LPRV�DxRV��D�PHGLGD�TXH�DXPHQWH�OD�HVFDVH]�GH�DJXD��HO�VXPLQLVWUR�GH�DJXD�VH�FRQYHUWLUi�
HQ�XQD�FXHVWLyQ�FUtWLFD��SRU�OR�TXH�LQYHVWLJDFLRQHV�FRPR�OD�SUHVHQWDGD�HQ�HVWD�WHVLV�GRFWRUDO�VRQ�GH�JUDQ�
LPSRUWDQFLD�SDUD�LQYHVWLJDU�FyPR�XQD�IRUPD�VRVWHQLEOH�GH�SURSRUFLRQDU�HQHUJtD�GHO�DJXD�SRGUtD�OOHJDU�
D�VHU�HFRQyPLFDPHQWH�DWUDFWLYD�SDUD�ORV�LQYHUVRUHV�QR�VyOR�HQ�ODV�UHJLRQHV�DPHQD]DGDV�SRU�OD�VHTXtD��
FRPR�OR�HV�OD�UHJLyQ�GHO�0HGLWHUUiQHR�\�GHO�QRUWH�GH�ÈIULFD��SHUR�WDPELpQ�HQ�RWUDV��(VWD�7HVLV�'RFWRUDO�
SURSRUFLRQy� XQD�PHMRU� FRPSUHQVLyQ� GH� OD� SUREOHPiWLFD� TXH� VXSRQH� OD� FRPHUFLDOL]DFLyQ� GH� HVWDV�
WHFQRORJtDV� GLVUXSWLYDV�� \� GHPRVWUy� TXH� D� SHVDU� GH� TXH� DPERV� HVTXHPDV� FXPSOtDQ� FRQ� ODV�
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GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

FDUDFWHUtVWLFDV�GHPDQGDGDV�GH�ODV�VXEYHQFLRQHV��DSDUHFtDQ�GLIHUHQWHV�HVFHQDULRV�HFRQyPLFRV��DXQTXH�
FRQGLFLRQDGRV�D�ODV�FRQGLFLRQHV�GHO�PHUFDGR��\�D~Q�D�ORV�EHQHILFLRV�HFRQyPLFRV�GH�ODV�LQVWLWXFLRQHV�
S~EOLFDV��� 
(Q�FRQFOXVLyQ��DGHPiV�GHO�HVFHQDULR�UHQWDEOH�TXH�DEUH�HO�FDPLQR�D�XQD�LQYHUVLyQ�HFRQyPLFDPHQWH�
HILFLHQWH��HVWD�7HVLV�'RFWRUDO�FRQWULEX\H�SURSRQLHQGR�HO�XVR�GH�XQ�PL[�HQHUJpWLFR�UHQRYDEOH�ySWLPR�
SDUD�OOHYDU�D�FDER�OD�GHVDOLQL]DFLyQ�QHFHVDULD�SDUD�SURYHHU�GH�DJXD�GXOFH�D�ORV�KXHUWRV�VLWXDGRV�HQ�]RQDV�
iULGDV��$GHPiV��VH�VXJLHUH�OD�SRVLELOLGDG�GH�YHQGHU�OD�HQHUJtD�VREUDQWH�D�OD�UHG�HOpFWULFD�SDUD�FRQVHJXLU�
UHQWDELOLGDG� 
$GHPiV��VH�KD�GHPRVWUDGR�TXH�OD�UHQWDELOLGDG�GH�HVWH�HVTXHPD�VH�SXHGH�SURJUDPDU�VL�VH�DXPHQWDQ�R�
UHGXFHQ�ODV�YHQWDV�GH�HVWH�HVTXHPD��OD�FXDO�KDFH�XVR�GH�XQD�QRYHGRVD�HVWUDWHJLD�GH�JHVWLyQ�GHO�DJXD�
TXH�SHUPLWD�DSURYHFKDU�DO�Pi[LPR�HO�SRWHQFLDO�TXH�VH�SXHGH�DOFDQ]DU�GHO�XVR�GHO�UHFXUVR��+HFKR�HQ�HO�
TXH�VH�GHEH�SURIXQGL]DU��PD[LPL]DU�VX�XVR�DQWHV�GH�VHU�JDVWDGR� 
�7DPELpQ�VH�KD�GHPRVWUDGR�TXH�DOJXQRV�HVFHQDULRV�DOFDQ]DQ�ORV�REMHWLYRV�HFRQyPLFRV��HVSHFLDOPHQWH�
HQ�FRQGLFLRQHV�GH�PD\RU�YHQWD�GH�HQHUJtD��$GHPiV��HO�/&2(�UHVXOWy�VHU�LQIHULRU�D�OD�PHGLD�GH�ORV�
FRVWHV�GH�JHQHUDFLyQ�HOpFWULFD� HQ�*UDQ�&DQDULD��(QWUH� ORV� LPSDFWRV�HVSHUDGRV�GH� HVWH�HVTXHPD�VH�
HQFXHQWUDQ�DOJXQRV�HIHFWRV�VRFLDOHV�QRWDEOHV� 
(Q�SULPHU�OXJDU��VH�SXHGH�SRVLELOLWDU�XQD�LPSRUWDQWH�\�PHMRUDGD�GLVSRQLELOLGDG��DFHSWDFLyQ�\�XVR�SRU�
SDUWH� GH� ODV� FRPXQLGDGHV� ORFDOHV� GH� PRGHORV� LQQRYDGRUHV� GH� JHVWLyQ� GHO� DJXD� HQ� FRQGLFLRQHV�
FOLPiWLFDV�GLItFLOHV�\�]RQDV�iULGDV�� 
(Q�VHJXQGR�OXJDU��HV�SUHYLVLEOH�TXH�VH�UHGX]FD�OD�SUHVLyQ�VREUH�HO�PHGLR�DPELHQWH��VH�PHMRUHQ�ORV�
VHUYLFLRV�GH�ORV�HFRVLVWHPDV��HO�UHQGLPLHQWR�GHO�DJXD�\�OD�SURGXFFLyQ�VRVWHQLEOH�GH�DOLPHQWRV�� 
(Q�WHUFHU�OXJDU��VH�SXHGH�FRQVHJXLU�XQD�LQQRYDFLyQ�PHMRUDGD�HQ�HO�QH[R�DJXD�HQHUJtD��HQ�SDUWLFXODU�
DSR\DQGR�HO�XVR�VRVWHQLEOH�GHO�DJXD�FRQ�XQ�FRVWH�HQHUJpWLFR�PHQRU�\�DVHTXLEOH��(VWD�LQLFLDWLYD�SXHGH�
DXPHQWDU�OD�FDSDFLGDG�GH�JHVWLyQ�GHO�DJXD�GH�ODV�FRPXQLGDGHV�ORFDOHV�HQ�]RQDV�UXUDOHV��UHPRWDV�\�
iULGDV��$GHPiV��VH�DOFDQ]D�HO�GHVDUUROOR�GH�PRGHORV�HILFDFHV�GH�WUDQVIHUHQFLD�GH�FRQRFLPLHQWRV�HQ�OD�
JHVWLyQ� VRVWHQLEOH� GHO� DJXD�� <�� SRU� ~OWLPR�� VH� SRGUtD� ORJUDU� XQ� DXPHQWR� GHO� FUHFLPLHQWR�
VRFLRHFRQyPLFR�\�GH�OD�HVWDELOLGDG�GH�ODV�]RQDV�VHOHFFLRQDGDV� 
(Q�WpUPLQRV�JHQHUDOHV��VH�GHPRVWUy�TXH�WDPELpQ�VH�SXHGHQ�UHGXFLU�ORV�FRVWHV�GHO�DJXD��3DUDOHODPHQWH��
ORV�EHQHILFLRV�VREUH�HO�PHGLR�DPELHQWH�LPSXOVDQ�OD�HFRQRPtD�YHUGH�TXH�LPSOLFDUi�WDPELpQ�EHQHILFLRV�
VRFLDOHV��/D�VXSHUYLVLyQ�HFRQyPLFR�ILQDQFLHUD�GH�HVWRV�SUR\HFWRV�SHUPLWH�TXH�OD�SHQHWUDFLyQ�GH�ODV�
HQHUJtDV�UHQRYDEOHV�HQ�OD�UHG�HOpFWULFD�GH�&DQDULDV�DOFDQFH�FXRWDV�TXH�RVFLODQ�HQWUH�HO�����\�HO������
GHSHQGLHQGR� GH� OD� FDQWLGDG� GH� HOHFWULFLGDG� YHQGLGD�� DO� WLHPSR�TXH� VH� ORJUy� XQD� UHGXFFLyQ� GH� ODV�
HPLVLRQHV�GH�*(,��(Q�FRQFUHWR��HQ�HVWD�LQYHVWLJDFLyQ�VH�FRQVWDWy�XQD�UHGXFFLyQ�GH�ODV�HPLVLRQHV�GH�
*(,�GHO�������GH�ODV�HPLVLRQHV�DQXDOHV�HTXLYDOHQWHV�GH�OD�&HQWUDO�7pUPLFD�GH�7LUDMDQD�GRQGH�VH�XELFy��
(Q�HO�SUREOHPD�GH�OD� WRPD�GH�GHFLVLRQHV�GH�LQYHUVLyQ�HQ�SUR\HFWRV�GH�WHFQRORJtDV�GLVUXSWLYDV�� ODV�
VXEYHQFLRQHV�UHVXOWDURQ�LQGLVSHQVDEOHV�SDUD�GHVDUUROODU�HVRV�PRGHORV�GH�QHJRFLR�FRPELQDGRV� 
3RU�VX�SDUWH��VH�FRQFOX\y�TXH�VHUtD�QHFHVDULR�GHVDUUROODU�PRGHORV�HVWDGtVWLFRV�GH�SUREDELOLGDG�TXH�
SHUPLWDQ�PD[LPL]DU�HO�EHQHILFLR�GHO�HVTXHPD�GHILQLHQGR�FRQGLFLRQHV�PiV�VHJXUDV�GH�IXQFLRQDPLHQWR� 

���� 6XJHUHQFLDV�\�'HVDUUROOR�)XWXUR 

$�SDUWLU�GH�ORV�UHVXOWDGRV�H�LQYHVWLJDFLRQHV�UHDOL]DGDV�HQ�HVWD�7HVLV�'RFWRUDO��HO�DXWRU�TXLHUH�GHVWDFDU�
DOJXQDV�VXJHUHQFLDV�\�iUHDV�GH�GHVDUUROOR�SDUD�ORV�UHVXOWDGRV�DOFDQ]DGRV�GXUDQWH�HVWH�SURFHVR��$�SHVDU�
GH�TXH�H[LVWHQ�YDULRV�HQIRTXHV�SDUD�HO�DQiOLVLV�GH�OD�SUREOHPiWLFD�$JXD�(QHUJtD�1H[R��HV�HYLGHQWH�TXH�
WRGRV�\�FDGD�XQR�GH�HOORV�QHFHVLWDQ�SURFHVRV�FRKHVLRQDGRV�GH�WRPD�GH�GHFLVLRQHV��DVt�FRPR�GDWRV�
UHDOHV��SUHFLVRV�\�DFWXDOL]DGRV�TXH�SHUPLWDQ��SRU�XQ�ODGR��GLVHxDU�\�GHVDUUROODU�HVWRV�VLVWHPDV�\��SRU�
RWUR��SUHYHU�\�SURJUDPDU�HO�GHVSDFKR�GH�HOHFWULFLGDG�\�DJXD��(VWR�GHEH�SUHYHUVH�WDQWR�D�FRUWR��FRPR�D�
PHGLR�\�ODUJR�SOD]R��SRU�OR�TXH�HO�GHVDUUROOR�IXWXUR�GHEH�FRQGXFLU�D�XQD�GHILQLFLyQ�TXH�VH�DMXVWH�D�HOORV� 



&RQFOXVLRQHV��VXJHUHQFLDV�\�GHVDUUROOR�IXWXUR  

�� 
 

(Q� HVWH� VHQWLGR�� GHQWUR� GH� ORV� SUREOHPDV� UHODFLRQDGRV� FRQ� HO� QH[R� DJXD�HQHUJtD�DOLPHQWDFLyQ�� XQ�
SURFHVR�GH�WRPD�GH�GHFLVLRQHV�FRKHVLRQDGR�\�FRKHUHQWH�HV�YLWDO�SDUD�VXVWHQWDU�ODV�GHFLVLRQHV�WRPDGDV�
GHQWUR�GH�OD�SODQLILFDFLyQ�\�DVLJQDFLyQ�GH�UHFXUVRV��$GHPiV��VH�GHEHQ�LQYHVWLJDU�HQ�SURIXQGLGDG�ORV�
PHUFDGRV�HQ�ORV�TXH�VH�FRPHUFLDOL]DUtDQ�ORV�SRVLEOHV�QXHYRV�SURGXFWRV��/D�KXHOOD�KtGULFD�\�GH�&2��GH�
ORV�SURGXFWRV�FUHDGRV�HQ�FRPSDUDFLyQ�FRQ�ORV�SURGXFWRV�TXH�SRGUtDQ�LPSRUWDUVH�DO�VLVWHPD�SRGUtD�
OOHYDUQRV�D�XQD�PHMRU�FRPSUHQVLyQ�GH�OD�VLWXDFLyQ�UHDO�GHO�VLVWHPD�� 
/D�GLVSRQLELOLGDG�GH�UHFXUVRV�KtGULFRV�HQ�LVODV�SHTXHxDV��HVFDVDPHQWH�SREODGDV�VH�FRQYLHUWH�HQ�XQR�GH�
ORV�PD\RUHV�UHWRV��(Q�FRQVHFXHQFLD��HO�PDUFR�GH�RSWLPL]DFLyQ�SURSXHVWR�GHEH�PHMRUDUVH�SDUD�ORJUDU�
QR�VRODPHQWH�XQ�VXPLQLVWUR�HQHUJpWLFR�VRVWHQLEOH�\�HVWDEOH�VLQR�WDPELpQ�DPSOLDU�HO�FRQRFLPLHQWR�GHO�
FRQFHSWR�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�LQFOXVR�DPSOLDQGR�D�VLVWHPDV�FRQH[RV�DO�DJXD�HQHUJtD�FRPLGD�� 
/D�HQHUJtD�JHQHUDGD�D�SDUWLU�GH�IXHQWHV�UHQRYDEOHV�QR�SXHGH�FRPSDUWLUVH�IiFLOPHQWH�HQWUH�ODV�LVODV��SRU�
OR�TXH�HO�DOPDFHQDPLHQWR�VH�FRQYLHUWH�HQ�XQ�SUREOHPD�LPSRUWDQWH�SDUD�ODV�FHQWUDOHV�GH�JHQHUDFLyQ�
HOpFWULFD�GHSHQGLHQWH�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOHV��GDGD�VX�LQWHUPLWHQFLD��(QWUH�ODV�FDUDFWHUtVWLFDV�
GH�ODV�UHGHV�HOpFWULFDV�ORFDOHV��HVFDVRV�PiUJHQHV�GH�UHVHUYD�GH�HQHUJtD�R�OD�YDULDFLyQ�GH�ORV�FRVWHV�GH�
SURGXFFLyQ�GH�ORV�PRWRUHV�WpUPLFRV�GLVSRQLEOHV��SURYRFDQ�JDVWRV�DGLFLRQDOHV� 
(Q� HO� FRQWH[WR� GDGR�� GH� QHFHVLGDG� GH� DJXD� GHVDODGD� DO� VLVWHPD�� ORV� SUREOHPDV� GH� OD� FDGHQD� GH�
VXPLQLVWUR�HVWDUiQ�LQWUtQVHFDPHQWH�YLQFXODGRV�D�OD�FDOLGDG�\�GLVSRQLELOLGDG�GH�OD�HQHUJtD�UHQRYDEOH�GH�
XQD�]RQD��OR�TXH�GD�OXJDU�D�ODV�GHQRPLQDGDV�FRQVLGHUDFLRQHV�GHO�QH[R�DJXD�HQHUJtD��(Q�HVWH�VHQWLGR��
HO�HQIRTXH�VREUH�OD�JHVWLyQ�FRPELQDGD�GHO�DJXD�\�OD�HQHUJtD�HV�GH�YLWDO�LPSRUWDQFLD�SDUD�OD�VROXFLyQ�GH�
ORV�SUREOHPDV�UHODFLRQDGRV�FRQ�OD�HVFDVH]� 
&RQ�HVSHFLDO�pQIDVLV�HQ�*UDQ�&DQDULD��XQD�LVOD�FRQ�LPSRUWDQWHV�SUREOHPDV�GH�HVFDVH]�GH�DJXD�\�HQHUJtD�
HO�SHOLJUR�GHO�GHVDUUROOR�GH�OD�HFRQRPtD�ORFDO�HV�HOHYDGR��(Q�HVWH�VHQWLGR��VH�SURSRUFLRQD�XQD�VROXFLyQ�
HILFLHQWH�TXH�LQWHJUH�HO�VXPLQLVWUR�GH�DJXD�FRQ�HO�GH�HQHUJtD�OLPSLD��$GHPiV��VH�LGHQWLILFDQ�\�GLVFXWHQ�
ODV� FDUDFWHUtVWLFDV� GH� OD� LVOD� \� ORV� IDFWRUHV� FUtWLFRV� QHFHVDULRV� SDUD� OD� LPSOHPHQWDFLyQ� H[LWRVD� GH�
VROXFLRQHV��0HGLDQWH�HO�GHVDUUROOR�GH�XQ�PRGHOR�GH�OD�UHJLyQ��VH�UHDOL]y�HQ�XQD�UHJLyQ�FRQFUHWD�GH�OD�
LVOD� XQ� DQiOLVLV�PHGLDQWH� SURJUDPDFLyQ� HVWRFiVWLFD� TXH� DUURMDURQ� UHVXOWDGRV� TXH�PRVWUDURQ� TXH� HO�
VXPLQLVWUR�GH�HQHUJtD�EDVDGR�HQ�ODV�HQHUJtDV�UHQRYDEOHV�\�DJXD�VH�SXHGH�FRQVHJXLU�D�XQ�FRVWH�UD]RQDEOH�
EDMR�FLHUWDV�FRQGLFLRQHV�GH�SUHFLR�GH�YHQWD��DVt�FRPR�GH�FDQWLGDG�GH�HQHUJtD�YHQGLGD��FRQWULEX\HQGR�
DO�PLVPR�WLHPSR�D�OD�FRQVLGHUDEOH�UHGXFFLyQ�GH�*DVHV�GH�(IHFWR�,QYHUQDGHUR��*(,���$�SHVDU�GH�TXH�
WRGRV�HVWRV�DVSHFWRV�KDQ�VLGR�HVWXGLDGRV��GHEHQ�VHU�HVWXGLDGRV�HQ�SURIXQGLGDG�SDUD�DYHULJXDU�FyPR�
DYDQ]DU�KDFLD�XQ�PRGHOR�GH�JHVWLyQ�VRVWHQLEOH�PiV�FXDQWLILFDEOH� 
(O�PDUFR�WHyULFR�GH�PRGHOL]DFLyQ�LQWURGXFLGR�WLHQH�SRU�REMHWR�H[SOLFDU�HO�FDPLQR�GH�OD�LQYHVWLJDFLyQ�
GHO�VXPLQLVWUR�LQWHJUDGR�GH�DJXD�\�HQHUJtD�SDUD�ODV�LVODV�GHVGH�XQD�SHUVSHFWLYD�GH�WRPD�GH�GHFLVLRQHV�
GH�DOWR�QLYHO��SRU�OR�WDQWR��QR�VH�FDOLILFDQ�ODV�VROXFLRQHV�HQ�HO�QLYHO�GHWDOODGR�GH�DSOLFDFLyQ��HV�GHFLU��
QR�VH�WLHQHQ�HQ�FXHQWD�ODV�FXHVWLRQHV�GH�XELFDFLyQ�\�ODV�FDUDFWHUtVWLFDV�GH�OD�LQIUDHVWUXFWXUD�ORFDO�� 
6H�DQDOL]y�HO�SRWHQFLDO�GH�LQWHJUDFLyQ�GH�SHTXHxRV�VLVWHPDV�HQHUJpWLFRV�LQWHOLJHQWHV�HQ�OD�LVOD�GH�*UDQ�
&DQDULD� TXH� IXQFLRQDUtDQ� FRPR� PLFURUUHGHV� UXUDOHV�� 6H� GHWHUPLQDURQ� ORV� SDUiPHWURV� FODYH� SDUD�
GHVFULELU� ORV� DVSHFWRV� LQGLYLGXDOHV� GH� ORV� VLVWHPDV� GH� HQHUJtD� LQWHOLJHQWH� SDUD� OD� JHQHUDFLyQ� GH�
HOHFWULFLGDG�HQHUJpWLFD�YLQFXODGD�D�ODV�SODQWDV�GH�GHVDOLQL]DFLyQ��\�VH�HQFRQWUy�TXH�XQ�PL[�GH�HQHUJtD�
UHQRYDEOH�\�VLVWHPDV�GH�DOPDFHQDPLHQWR�HQHUJpWLFR�VHUi�OD�FROXPQD�YHUWHEUDO�IDYRUDEOH�SDUD�HO�VLVWHPD�
GH�JHQHUDFLyQ�GH�HOHFWULFLGDG�HQHUJpWLFD� 
$�SDUWLU�GH�DKRUD��VH�SRGUtD�UHDOL]DU�XQD�FODVLILFDFLyQ�GH�ODV�LVODV�VHJ~Q�VXV�VLPLOLWXGHV�HQ�FXDQWR�D�
FDUDFWHUtVWLFDV�VRFLRHFRQyPLFDV�\�ItVLFDV��\�SRWHQFLDO�GH�UHFXUVRV�HQHUJpWLFRV�DXWyFWRQRV��SDUD�HYDOXDU�
OD�LPSODQWDFLyQ�GH�XQ�VLVWHPD�ILDEOH��4Xp�VLVWHPDV�VHUtDQ�OD�FROXPQD�YHUWHEUDO�PiV�IDYRUDEOH�GHO�IXWXUR�
VLVWHPD�HQHUJpWLFR�EDVDGR�HQ�ODV�HQHUJtDV�UHQRYDEOHV�HV�XQD�FXHVWLyQ�FODYH�GH�GHVDUUROOR�TXH�GHEHUtD�
LQYHVWLJDUVH�PiV�D� IRQGR��'HO�PLVPR�PRGR��VH�KDQ� LGHQWLILFDGR� ODV�RSRUWXQLGDGHV�GH�YLQFXODU� ORV�
VLVWHPDV�GH�HOHFWULFLGDG�FRQ�HO�VXPLQLVWUR�GH�DJXD�\�ODV�FDUJDV�GH�HQHUJtD�WpUPLFD��DVt�FRPR�FRQ�HO�
VHFWRU�GHO�WUDQVSRUWH��\�GHEHUtDQ�VHJXLU�GLVFXWLpQGRVH�SDUD�PRVWUDU�ODV�VLQHUJLDV�TXH�PHMRU�HQFDMDQ�HQWUH�
HOORV 
$GHPiV��ORV�HVWXGLRV�GH�FDVR�UHDOL]DGRV�GXUDQWH�HVWD�7HVLV�'RFWRUDO�SXHGHQ�VHU�GH�DSOLFDFLyQ�HQ�RWUDV�
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LVODV�PiV�GHSHQGLHQWHV�GH�ORV�UHFXUVRV�KtGULFRV�OR�TXH�UHIXHU]D�HO�DWUDFWLYR�GH�ODV�DFFLRQHV�SURSXHVWDV�
HQ�HVWD�WHVLV�GHVGH�HO�SXQWR�GH�YLVWD�HFRQyPLFR��HQHUJpWLFR�\�PHGLRDPELHQWDO��$GHPiV��OD�HVWUDWHJLD�
GH�JHVWLyQ�KLGURHQHUJpWLFD�SXHGH�VHU�~WLO�HQ�RWUDV� UHJLRQHV�SHVH�D�TXH�QR� WHQJDQ�DFFHVR�D� UHFXUVR�
GHVDODGR� 
$�SDUWLU�GH�ORV�UHVXOWDGRV�DSRUWDGRVV�VH�GHPXHVWUD�OD�YLDELOLGDG�GH�ODV�VROXFLRQHV�GH�HQHUJtD�OLPSLD�\�
VXPLQLVWUR�GH�DJXD�HQ�OD�UHJLyQ�DLVODGD��DXQTXH�QR�VH�KDQ�DQDOL]DGR�IDFWRUHV�WDOHV�FRPR�OD�JHQHUDFLyQ�
GLVWULEXLGD�DIHWDUi�D�OD�HVWDELOLGDG�GH�OD�UHG��\�HO�GHVDUUROOR�GH�HVWD��/D�HQHUJtD�HV�WDPELpQ�XQ�SXQWR�
FHQWUDO�SDUD�HO�VXPLQLVWUR�GH�DJXD��\D�TXH�HQ�PXFKRV�OXJDUHV�HV�XQR�GH�ORV�SULQFLSDOHV�IDFWRUHV�TXH�
OLPLWDQ�OD�DGRSFLyQ�GH�PpWRGRV�DOWHUQDWLYRV�GH�VXPLQLVWUR�GH�DJXD��/RV�PpWRGRV�GH�GHVDOLQL]DFLyQ�FRQ�
WHFQRORJtDV�PDGXUDV�TXH�WHQJDQ�FRVWHV�GH�SURGXFFLyQ�GH�DJXD�FRPSHWLWLYRV�D~Q�QR�VH�KDQ�LQWURGXFLGR�
GH�IRUPD�JHQHUDOL]DGD�� 
(VWR�VH�GHEH�D�FDUDFWHUtVWLFDV�GH�ODV�UHGHV�HOpFWULFDV�ORFDOHV�FRQ�HVFDVRV�PiUJHQHV�GH�UHVHUYD�GH�HQHUJtD�
R�JUDQ�YDULDFLyQ�GH�ORV�FRVWHV�GH�SURGXFFLyQ�GH�ORV�PRWRUHV�WpUPLFRV�GLVSRQLEOHV��TXH�UHTXLHUHQ�JDVWRV�
DGLFLRQDOHV� SDUD� PHMRUDU� OD� LQIUDHVWUXFWXUD� HQHUJpWLFD�� (Q� HVWH� FRQWH[WR�� UHVXOWD� HYLGHQWH� TXH� ORV�
SUREOHPDV� GH� OD� FDGHQD� GH� VXPLQLVWUR� GH� DJXD� HVWiQ� LQWUtQVHFDPHQWH� YLQFXODGRV� D� OD� FDOLGDG�
GLVSRQLELOLGDG�\�SUHFLR�GH�OD�HQHUJtD�GH�XQD�]RQD��OR�TXH�GD�OXJDU�D�ODV�GHQRPLQDGDV�FRQVLGHUDFLRQHV�
GHO�QH[R�DJXD�HQHUJtD�� 
$GHPiV�� WDPELpQ� SRGUtDQ� UHYLVDUVH� ORV� VLVWHPDV� GH� GHVDUUROOR� GH� DOPDFHQDPLHQWR� SRU� ERPEHR�
H[LVWHQWHV��'HEHUtDQ�LQYHVWLJDUVH�PiV�D�IRQGR�ODV�VLQHUJLDV�FRQ�RWURV�VLVWHPDV�GHO�QH[R��FRPR�HO�DJXD�
\�ORV�DOLPHQWRV��SDUD�GHEDWLU�FyPR�IDYRUHFHUtDQ�HVWRV�VLVWHPDV�LQWHUFRQHFWDGRV� 
(Q�FRQFUHWR��HO�DOPDFHQDPLHQWR�KLGURHOpFWULFR�SRU�ERPEHR��FRPR�DOWHUQDWLYD�HILFD]�SDUD�ORV�SUREOHPDV�
UHODFLRQDGRV�FRQ�HO�DJXD��OD�HQHUJtD�\�OD�WLHUUD��HV�HVHQFLDO�TXH�VH�VLJD�LQYHVWLJDQGR�SDUD�DSURYHFKDU�DO�
Pi[LPR�ODV�YHQWDMDV�GH�HVWH�VLVWHPD�LQWHUFRQHFWDGR��$GHPiV��VH�SURSRQH�XQ�PD\RU�GHVDUUROOR�GH�ODV�
HVWUDWHJLDV�YLQFXODGDV�TXH�FRPELQDQ�ODV�HVWUDWHJLDV�HQHUJpWLFDV�H�KtGULFDV�D�FRUWR�\�ODUJR�SOD]R�TXH�
VDWLVIDFHQ�ODV�QHFHVLGDGHV�HQHUJpWLFDV�H�KtGULFDV�D�ODUJR�SOD]R�GH�ODV�UHJLRQHV�GRQGH�VH�GHVSOLHJD��6H�
SURSRQH� XQD� PHMRUD� WHFQROyJLFD� TXH� SHUPLWD� PHMRUDU� OD� GLVSRVLFLyQ� SDUD� FRPELQDU� OD� HQHUJtD�
KLGURHOpFWULFD�\�HO�DOPDFHQDPLHQWR�KLGURHOpFWULFR�SRU�ERPEHR� 
'DGR�TXH�HO�VHFWRU�HQHUJpWLFR�HVWi�H[SHULPHQWDQGR�XQD�WUDQVLFLyQ�VXVWDQFLDO�FRQ�HO�DPSOLR�GHVSOLHJXH�
GH� WHFQRORJtDV� UHQRYDEOHV� GH� JHQHUDFLyQ� GH� HQHUJtD�� OD� LQWHJUDFLyQ� GH� HVWDV� IXHQWHV� GH� HQHUJtD�
UHQRYDEOHV�YDULDEOHV�H�LQWHUPLWHQWHV��FRPR�OD�HQHUJtD�HyOLFD�\�OD�VRODU�HQWUH�RWUDV��QRV�OOHYD�D�LPSXOVDU�
OD� LQYHVWLJDFLyQ�\� OD� LQQRYDFLyQ�SDUD� DXPHQWDU� ORV� HIHFWRV�SRVLWLYRV�TXH� SUHVHQWDQ�HVWDV� FHQWUDOHV�
HOpFWULFDV��(V�XQ�KHFKR�FRQRFLGR�TXH�HVWDV�IXHQWHV�SUHVHQWDQ�YDULDFLRQHV�KRUDULDV��GLDULDV��HVWDFLRQDOHV�
\�DQXDOHV��OR�TXH�SODQWHD�OD�QHFHVLGDG�GH�FRQWDU�FRQ�WHFQRORJtDV�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�D�FRUWR�
\�ODUJR�SOD]R�TXH�JDUDQWLFHQ�HO�VXPLQLVWUR�IOXLGR�\�VHJXUR�GH�HOHFWULFLGDG�TXH�VLJD�ORV�SDWURQHV�GH�
FRQVXPR�GH�HQHUJtD� 
6H�KD�UHYLVDGR�FUtWLFDPHQWH�OD�YLDELOLGDG�GH�ODV�SHTXHxDV�SODQWDV�GH�DOPDFHQDPLHQWR�KLGURHOpFWULFR�
SRU� ERPEHR� FRPELQDGDV� FRQ� XQD� SODQWD� GHVDOLQL]DGRUD�� SURSRQLHQGR� DOJXQDV� GLVSRVLFLRQHV�
LQQRYDGRUDV�SDUD�OD�XELFDFLyQ�GH�HVWH�VLVWHPD�GH�DOPDFHQDPLHQWR�KLGURHOpFWULFR�SRU�ERPEHR�DFRSODGR��
FRQ� HO� ILQ� GH� DXPHQWDU� OD� SRVLELOLGDG� GH� HQFRQWUDU� XELFDFLRQHV� DGHFXDGDV� SDUD� HO� GHVSOLHJXH� GH�
HPSOD]DPLHQWRV�TXH�HQFDMHQ�PHMRU�HQ�OD�HVWUDWHJLD�GH�HQHUJtD�\�DJXD�D�FRUWR��DVt�FRPR�D�ODUJR�SOD]R��
/D� HVWUDWHJLD� FRPELQDGD� D� FRUWR� \� ODUJR� SOD]R� SURSXHVWD� SDUD� HO� VLVWHPD� GH� DOPDFHQDPLHQWR�
KLGURHOpFWULFR�SRU�ERPEHR�SRGUtD�VHU�XQD�VROXFLyQ�YLDEOH�SDUD�HO�DOPDFHQDPLHQWR�GH�HQHUJtD�\�SDUD�
UHGXFLU�ORV�FRVWHV�GH�SURGXFFLyQ�GH�DJXD�GHVDODGD��(O�VLVWHPD�SURSXHVWR�UHVXHOYH�HO�SUREOHPD�GH�OD�
LQWHUPLWHQFLD�GH�ODV�HQHUJtDV�UHQRYDEOHV�\�GH�ORV�UHFXUVRV�KtGULFRV��D�OD�YH]�TXH�VH�RFXSD�GH�OD�JHVWLyQ�
GHO�DJXD�GHVDODGD��DXQTXH�QR�VH�RFXSD�GH�OD�FXUYD�GLDULD�GH�FRQVXPR�GH�HQHUJtD�HOpFWULFD� 
(O�PRGHOR�SURSXHVWR�KD�GHPRVWUDGR�ODV�YHQWDMDV�GHO�VLVWHPD�\�GH�ORV�VXEVLVWHPDV��(VWRV�GHEHUtDQ�VHJXLU�
GHVDUUROOiQGRVH� SDUD� XQD� PHMRU� LPSOHPHQWDFLyQ� TXH� FRQVWDQWHPHQWH� UHGX]FD� HO� LPSDFWR� GH� OD�
LQWHUPLWHQFLD�GH�ODV�HQHUJtDV�UHQRYDEOHV��/D�VHJXULGDG�GHO�VXPLQLVWUR�GH�DJXD�VH�JDUDQWL]D�PHGLDQWH�HO�
FRQWURO�GHO�VLVWHPD�SURSXHVWR��\�ORV�EHQHILFLRV�GHPRVWUDGRV�TXH�VH�REWLHQHQ�GHO�VLVWHPD�KLGURHOpFWULFR�
H[LVWHQWH�SRGUtDQ�LQFUHPHQWDUVH�PHGLDQWH�XQ�PHMRU�GHVDUUROOR�GHO�VLVWHPD� 



&RQFOXVLRQHV��VXJHUHQFLDV�\�GHVDUUROOR�IXWXUR  

�� 
 

3DUD�KDFHU�IUHQWH�DO�FDPELR�FOLPiWLFR�JOREDO��YDULRV�SDtVHV�KDQ�DQXQFLDGR�REMHWLYRV�DPELFLRVRV�SDUD�HO�
GHVSOLHJXH�GH�HQHUJtDV�UHQRYDEOHV��SHUR�OD�QDWXUDOH]D�LQWHUPLWHQWH�GH�ODV�IXHQWHV�GH�HQHUJtD�UHQRYDEOH�
SRGUtD�WHQHU�JUDYHV�LPSDFWRV�HQ�OD�UHG�HOpFWULFD�H[LVWHQWH��1R�VyOR�HO�VLVWHPD�HQHUJpWLFR��VLQR�WDPELpQ�
ORV�UHFXUVRV�KtGULFRV�VH�YHUiQ�DIHFWDGRV�SRU�HO�FDPELR�FOLPiWLFR�JOREDO��&RPR�VROXFLyQ�D�ORV�SUREOHPDV�
PHQFLRQDGRV� UHODFLRQDGRV� FRQ� ODV� IXHQWHV� GH� HQHUJtD� UHQRYDEOH� \� ORV� UHFXUVRV� KtGULFRV� GH� IRUPD�
VLPXOWiQHD��VH�SURSRQH�XQ�VLVWHPD�LQWHJUDGR�\�VX�PRGHOR�GH�IXQFLRQDPLHQWR�SDUD�ODV�IXHQWHV�GH�HQHUJtD�
UHQRYDEOH�\� ORV� UHFXUVRV�KtGULFRV�� VHJ~Q�HO� FXDO� VH�FRQVLGHUDQ� OD� HQHUJtD�KLGURHOpFWULFD�� OD� HQHUJtD�
KLGURHOpFWULFD�GH�ERPEHR�� OD�HQHUJtD�VRODU�� OD�HQHUJtD�HyOLFD�� ODV�SODQWDV�GH�GHVDOLQL]DFLyQ�\�HO�XVR�
FRQMXQWR�GHO�DJXD�HQWUH�GRV�HPEDOVHV� 
6H�HVWDEOHFH�XQ�PRGHOR�PDWHPiWLFR�SDUD�GHVFULELU�HO�IXQFLRQDPLHQWR�GHO�VLVWHPD�HQ�IXQFLyQ�GH�ORV�
GDWRV�GH�HQWUDGD��(Q�FXDQWR�D�ODV�SODQWDV�GHVDOLQL]DGRUDV�GHO�VLVWHPD�SURSXHVWR��HO�FRVWH�GH�SURGXFFLyQ�
GH�DJXD�VLJXH�VLHQGR�VXSHULRU�DO�GHO�HPEDOVH�SUHYLVWR�HQ�HO�FDVR�GH�UHIHUHQFLD�GHELGR�D�VX�PD\RU�FRVWH�
GH�H[SORWDFLyQ��$O�FRQVLGHUDU�HO�EHQHILFLR�WRWDO�GHO�VHFWRU�GHO�DJXD�\�GH�OD�HQHUJtD��ORV�JDVWRV�DGLFLRQDOHV�
SHUPLWHQ�UHGXFLU�ORV�FRVWHV�GH�DPERV�UHFXUVRV�VyOR�VL�VH�SXHGHQ�YHQGHU�PiV�SURGXFWRV�GH�OD�LQVWDODFLyQ��
DJXD�\�HOHFWULFLGDG�HQpUJLFD�SDUD�OD�RSRUWXQLGDG�GH�QHJRFLR�DQDOL]DGD� 
 
 
(Q�HVWH�VHQWLGR�VH�SURSRQH�TXH� 
� (VWUDWHJLDV� SDUD� HO� GHVDUUROOR� GH� HVWUDWHJLDV� YLQFXODGDV� GH� GHVDUUROOR� FRPELQDGR� GH� ORV�

UHFXUVRV� 
� $QiOLVLV�GH�OD�KXHOOD�GH�DJXD�\�FDUERQR�GH�ORV�SURGXFWRV�LPSRUWDGRV�IUHQWH�D�ORV�GH�SURGXFFLyQ�

ORFDO� 
� $QDOL]DU�OD�JHVWLyQ�GHO�VLVWHPD�TXH�SHUPLWD�LPSXOVDU�OD�DGHFXDFLyQ�\�OD�HVWDELOLGDG�WUDQVLWRULD��

\�PiV�HQ�HVFHQDULRV�TXH�DXPHQWHQ�OD�FDSDFLGDG�HQ�HO�HVFHQDULR�UHQRYDEOH�HQ�FRPSDUDFLyQ�FRQ�
HO�HVFHQDULR�GH�UHIHUHQFLD��(Q�FRQFUHWR��KDEUtD�TXH�VHJXLU�LQYHVWLJDQGR�FXiO�HV�OD�FRPELQDFLyQ�
ySWLPD�GH�HQHUJtD�UHQRYDEOH�YDULDEOH�DFRSODGD�DO�HVTXHPD�SURSXHVWR�SDUD�XQD�UHG�ILDEOH� 

� 'HEHUtDQ�SURSRQHUVH�PRGHORV�GH�HVWH�\�RWURV�VLVWHPDV�GH�DOPDFHQDPLHQWR�GH�HQHUJtD�SDUD�
GHVDUUROODU�PLFURUUHGHV�HQ�XQ�VLVWHPD�GH�UHG�VXSHULRU� 

� &yPR�VH�PDQWLHQH� OD�HVWDELOLGDG�GH� OD� UHG�FRQ�XQD�FXRWD�FUHFLHQWH�GH�HQHUJtDV� UHQRYDEOHV�
XWLOL]DQGR�RSFLRQHV�DGLFLRQDOHV�GH�UHVSDOGR�\�IOH[LELOLGDG� 

� +DEUtD�TXH�VHJXLU�LQYHVWLJDQGR�OD�UHODFLyQ�HQWUH�FDSDFLGDG�GH�OD�UHJLyQ�SDUD�OD�JHQHUDFLyQ�GH�
HQHUJtD�D�SDUWLU�GH�IXHQWHV�UHQRYDEOHV���QHFHVLGDGHV�GH�DJXD�GHVDODGD���FRVWHV��HFRQyPLFRV�\�
HQHUJpWLFRV��GH�OD�JHVWLyQ�GH�ORV�UHFXUVRV� 

� $QiOLVLV�GHO�GHVDUUROOR�GH�OD�UHG�IUHQWH�D�SRVLEOHV�SODQHV�HQHUJpWLFRV�IXWXURV��\�VX�UHODFLyQ�FRQ�
HO�VLVWHPD�GH�JHVWLyQ�GH�OD�HQHUJtD� 

� 0HMRUD�GHO�DQiOLVLV�JHRPRUIROyJLFR�SDUD�XQ�PHMRU�DQiOLVLV�GH�ODV�UHJLRQHV�HVWXGLDGDV�FRQ�HO�ILQ�
GH�ORJUDU�XQ�PHMRU�DQiOLVLV�VHQWDGR�SDUD�XQ�VLVWHPD�LQWHJUDGR� 

� Otra línea de investigación futura sería el desarrollo de un modelo trifásico combinado de 
alimentos, agua y energía que aproveche las sinergias entre los subsistemas. 

� &XiO�HV�OD�FDSDFLGDG�WpFQLFD�SRVLEOH�GH�ODV�HQHUJtDV�UHQRYDEOHV�LQWHUPLWHQWHV�HQ�OD�FDSDFLGDG�
LQVWDODGD�VLQ�SHUMXGLFDU�OD�ILDELOLGDG�GHO�VLVWHPD� 

� ,Q�RUGHU�WR�LQFUHDVH�WKH�EHQHILWV��D�EHWWHU�GHILQLWLRQ�RI�WKH�IRUHFDVW�PRGHOV�WKDW�WKH�V\VWHP�PXVW�
GHDO�ZLWK�ZRXOG�EH�GHVLUDEOH�LQ�RUGHU�WR�LQFUHDVH�WKH�EHQHILWV�RI�WKH�VFKHPH� 

� 6HUtD� PX\� LPSRUWDQWH� VHJXLU� GHVDUUROODQGR� VLVWHPDV� GH� LQIRUPDFLyQ� SDUD� ORV� SDtVHV�
GHVDUUROODGRV�� DVt� FRPR� SDUD� ORV� SDtVHV� HQ� YtDV� GH� GHVDUUROOR�� TXH� DFODUHQ� ORV� FRVWHV� �HQ�
UHFXUVRV��GH�ODV�DFWLYLGDGHV�HVHQFLDOHV�HQ�ODV�VRFLHGDGHV�DFWXDOHV��TXH�LQFOX\HQ�OD�LQGXVWULD��OD�



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

HQHUJtD��HO�WXULVPR��HWF��(V�HVHQFLDO�TXH�ORV�FLXGDGDQRV�VHSDQ�FXiOHV�VRQ�ORV�FRVWHV��HQ�UHFXUVRV��
GH�ODV�DFWLYLGDGHV��6L�WRGD�OD�LQIRUPDFLyQ�HVWi�GLVSRQLEOH��VHUi�PiV�IiFLO�SDUD�HOORV�WHQHU�XQD�
RSLQLyQ�PiV�DSUR[LPDGD�VREUH�VXV�DFWLYLGDGHV�TXH�DIHFWDQ�DO�QH[R� 

3RU�OR�WDQWR��VHUtD�QHFHVDULD�XQD�LPSRUWDQWH�SODQLILFDFLyQ�SUHYLD��SRU�HMHPSOR��DQDOL]DQGR�RSFLRQHV�
FRPR� OD� UHVSXHVWD� D� OD�GHPDQGD�� OD� UHVHUYD� GH� UHVSDOGR�� ODV� WHFQRORJtDV� GH� DOPDFHQDPLHQWR� \� ODV�
LQWHUFRQH[LRQHV�R�ODV�SODQWDV�VXVWLWXWLYDV�R�DGLFLRQDOHV�TXH�SUREDEOHPHQWH�GHEHUtDQ�FRQVLGHUDUVH�SDUD�
VDWLVIDFHU�OD�UHVWULFFLyQ�GH�ILDELOLGDG�TXH�FXDOTXLHU�VLVWHPD�HOpFWULFR�GHEH�FXPSOLU�HQ�WRGR�PRPHQWR�
SURSRUFLRQDQGR�H[WUD�LQHUFLD�DO�VLVWHPD��(VWH�HMHUFLFLR�GH�PRGHOL]DFLyQ�SRGUtD�DQDOL]DU�OD�LPSRUWDQFLD�
GH�ORV�LQWHUFDPELRV�GH�HQHUJtD�FRQ�ODV�]RQDV�FLUFXQGDQWHV�SDUD�FRPSDUWLU�OD�FXRWD�GH�UHQRYDEOHV��D�
SHVDU�GH�TXH�HV�PiV�GLItFLO�GH�FRQVHJXLU�HQ�ODV�LVODV��(O�DPSOLR�GHVSOLHJXH�GH�ODV�)(5�HQ�OD�SURGXFFLyQ�
GH�HQHUJtD�GHEHUtD�LPSOLFDU�XQD�PD\RU�FXRWD�GH�HQHUJtD�SDUD�XQD�PHMRU�JHVWLyQ�GHO�VLVWHPD� 
%iVLFDPHQWH��HO�DXWRU�FUHH�TXH� OD�HVWUDWHJLD�RSHUDWLYD�\� OD�RSWLPL]DFLyQ�GHO� WDPDxR�GH�XQ�VLVWHPD�
LQWHJUDGR� GH� VXPLQLVWUR� GH� HQHUJtD� \� DJXD� GHEHUtDQ� LQYHVWLJDUVH� PiV� D� IRQGR� SDUD� DXPHQWDU� ORV�
EHQHILFLRV�TXH�DSRUWD�HO�GHVSOLHJXH�GH�PRGHORV�GH�QHJRFLR�TXH�QHFHVLWDQ�D\XGD�ILQDQFLHUD�HFRQyPLFD�
S~EOLFD��(VWRV�EHQHILFLRV�GHEHQ�VHU�FRQWDELOL]DGRV�WDQWR�D�FRUWR�FRPR�D�ODUJR�SOD]R� 
(QWUH�ORV�REMHWLYRV�D�FXPSOLU�HQ�XQ�SURFHVR�GH�RSWLPL]DFLyQ�GHVWDFDQ�PLQLPL]DU�ORV�FRVWHV�WRWDOHV�GH�
SURGXFFLyQ�DQXDOL]DGRV��PD[LPL]DU�HO�SRUFHQWDMH�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOH�HQ�OD�SURGXFFLyQ�
WRWDO� GH� HQHUJtD� \� PLQLPL]DU� OD� HQHUJtD� HyOLFD� UHFRUWDGD�� +DEUtD� TXH� VHJXLU� LQYHVWLJDQGR� VL� ORV�
UHVXOWDGRV�GH�OD�RSWLPL]DFLyQ�VH�FRUUHVSRQGHQ�FRQ�ORV�GDWRV�UHDOHV�GH�XQD�LQVWDODFLyQ�SDUD�GHSXUDU�OD�
OyJLFD� GHO� VRIWZDUH� GH� OD� KHUUDPLHQWD�� (O� DXPHQWR� GH� OD� SURGXFFLyQ� GH� )(5� FRPR� SDUWH� GH� OD�
SURGXFFLyQ�WRWDO�GH�HOHFWULFLGDG�HV�XQD�RSFLyQ�IDFWLEOH�GHVGH�HO�SXQWR�GH�YLVWD�GH�OD�GLVSRQLELOLGDG��\�
QR�HV�GLItFLO�PHGLU�ODV�UHGXFFLRQHV�GH�HPLVLRQHV�GH�&2��TXH�VH�SXHGHQ�FRQVHJXLU�JUDFLDV�DO�DXPHQWR�
GH�OD�FXRWD�GH�UHQRYDEOHV��3RU�RWUR�ODGR��KD\�TXH�DQDOL]DU�PiV�D�IRQGR�ORV�FRVWHV�\�ORV�LQJUHVRV�TXH�
SRGUtD�FRQVHJXLU�XQD�LQVWDODFLyQ�GH�HVWH�WLSR�SDUD�HQWHQGHU�ODV�FRQGLFLRQHV�TXH�HQ�HOODV�SRGUtDQ�VHU�
HFRQyPLFDPHQWH�HILFLHQWHV� 
/D�SHQHWUDFLyQ�GH�ODV�IXHQWHV�GH�HQHUJtD�UHQRYDEOH�LQWHUPLWHQWHV��SRU�HMHPSOR�OD�HQHUJtD�HyOLFD��HQ�HO�
VLVWHPD�HOpFWULFR�GH�ODV�LVODV�LVOiPLFDV�HV�OLPLWDGD��LQFOXVR�FXDQGR�H[LVWH�XQ�JUDQ�SRWHQFLDO��/D�HQHUJtD�
HyOLFD�TXH�QR�SXHGH�LQ\HFWDUVH�GLUHFWDPHQWH�HQ�OD�UHG�HOpFWULFD�VXHOH�HVWDU�UHVWULQJLGD��(Q�HVWH�VHQWLGR��
DSOLFDFLRQHV�FRPR�OD�SURGXFFLyQ�GH�KLGUyJHQR�R�HO�ERPEHR�GH�DJXD�SDUD�HO�DOPDFHQDPLHQWR�GH�HQHUJtD�
VH�YXHOYHQ�HVHQFLDOHV�\�VX�JHVWLyQ�YLQFXODGD��EiVLFD��7HQLHQGR�HQ�FXHQWD�TXH�DOJXQDV�LVODV�QHFHVLWDQ�
GHVDOLQL]DU�HO�DJXD�GH�PDU�SDUD�SURGXFLU�DJXD�GXOFH��GHEH�DQDOL]DUVH�PiV�D�IRQGR�OD�FUHFLHQWH�SUHVLyQ�
GHWHFWDGD�VREUH�HO�VLVWHPD�HOpFWULFR��\D�TXH�OD�GHVDOLQL]DFLyQ�QHFHVLWD�HOHFWULFLGDG��(Q�FRQFUHWR��ODV�
FRQVHFXHQFLDV�GHO�GHVSOLHJXH�GH�ORV�SDOQHV�HQHUJpWLFRV�UHQRYDEOHV�SDUD�PDQWHQHU�XQ�IOXMR�VRVWHQLEOH�
GH�DJXD�GHVDODGD�GH�IRUPD�HFRQyPLFD�SRGUtDQ�LPSOLFDU�TXH�OD�JHVWLyQ�DFRSODGD�DJXD�UHQRYDEOHV�VHUi�
HVHQFLDO�SDUD�XQ�FRUUHFWR�UHQGLPLHQWR�GHO�VLVWHPD�FRQ�FRVWHV�HVSHFtILFRV��$�SHVDU�GH�TXH�ORV�FRVWHV�HQ�
ODV�LVODV�DQDOL]DGDV�VRQ�PiV�HOHYDGRV�TXH�ORV�VLVWHPDV�VXSHULRUHV��FRPR�ORV�SHQLQVXODUHV��ORV�FRVWHV�
GHEHQ�VHU�WRWDOPHQWH�FRQWURODGRV�SDUD�FRQRFHU�ODV�YHQWDMDV�GH�ORV�VLVWHPDV�SDUD�HO�VLVWHPD�HQHUJtD�
DJXD�SURSXHVWR��(Q�FRQVHFXHQFLD��HO�SUREOHPD�GH�HVFDVH]�GH�DJXD�GH�XQD�LVOD�SXHGH�VHU�SDUWH�GH�OD�
VROXFLyQ�GH�VX�SUREOHPD�GH�LQWHJUDFLyQ�GH�IXHQWHV�GH�HQHUJtD�UHQRYDEOH�LQWHUPLWHQWH��SHUR�GHELGR�D�ODV�
VLQHUJLDV�HQWUH�VLVWHPDV�HO�GHVDUUROOR�GH�VLVWHPDV�GH�LQIRUPDFLyQ�TXH�DSR\HQ�HO�SURFHVR�GH�WRPD�GH�
GHFLVLRQHV� 
(O�VLVWHPD�TXH�VH�KD�SURSXHVWR�XWLOL]D�HO�H[FHVR�GH�HQHUJtD�HyOLFD�HQ�SODQWDV�GHVDOLQL]DGRUDV��\�HQ�XQ�
DOPDFHQDPLHQWR� KLGURHOpFWULFR� SRU� ERPEHR�� GDQGR� OXJDU� D� XQ� VLVWHPD� LQWHJUDGR�GH� VXPLQLVWUR� GH�
HQHUJtD�\� DJXD�TXH�PLQLPL]DUtD� HO� UHFRUWH�GH�HQHUJtD� HyOLFD��(V�QHFHVDULR� DXPHQWDU� HO�SURFHVR�GH�
RSWLPL]DFLyQ�TXH�GLPHQVLRQH�ODV�LQVWDODFLRQHV��DVt�FRPR�OD�HVWUDWHJLD�GH�HPSOD]DPLHQWR�GH�QXHYDV�
SODQWDV�TXH�SHUPLWDQ�DXPHQWDU�OD�SRWHQFLD�GH�UHVHUYD�GH�HVWH�HVTXHPD��\�HVWUDWHJLD�RSHUDWLYD�GH�HVWH�
VLVWHPD�GH�GHVDODFLyQ�HyOLFD�\�DOPDFHQDPLHQWR�KLGURHOpFWULFR�SRU�ERPEHR� 
(V�LPSRUWDQWH�GHVWDFDU�TXH�DGHPiV�GH�ORV�DVSHFWRV�WHFQROyJLFRV��VH�SUHVWD�HVSHFLDO�DWHQFLyQ�D�DTXHOORV�
DVSHFWRV�TXH�SXHGHQ�VHU�FUtWLFRV�SDUD�OD�YLDELOLGDG�FRPHUFLDO�GHO�PRGHOR�GH�QHJRFLR�HVWXGLDGR�SDUD�OD�
SURGXFFLyQ� GH� DJXD� \� HOHFWULFLGDG�� 6H� H[SORUD� OD� UHQWDELOLGDG� GH� GLIHUHQWHV� FRQILJXUDFLRQHV� GHO�



&RQFOXVLRQHV��VXJHUHQFLDV�\�GHVDUUROOR�IXWXUR  

�� 
 

HVTXHPD�SDUD�GLIHUHQWHV�FDQWLGDGHV�GH�DJXD�\�HOHFWULFLGDG�YHQGLGDV��VL�ELHQ�ODV�VLQHUJLDV�HFRQyPLFDV�
TXH�HVWH�HVTXHPD�WLHQH�FRQ�HO�VXEVLVWHPD�DOLPHQWDULR�GHEHQ�VHU�LQYHVWLJDGDV�PiV�D�IRQGR�SDUD�VDFDU�HO�
Pi[LPR�SURYHFKR�GHO�HVTXHPD��(Q�HVWH�VHQWLGR��HO�PRGR�VRVWHQLEOH�SURSXHVWR�GHEHUtD�GHILQLUVH�PHMRU�
\�PHMRUDUVH�SDUD�KDFHU�IUHQWH�D�VLWXDFLRQHV�GH�LQFHQGLR��R�D�VHTXtDV�VHYHUDV��6H�GHVWDFDQ�ORV�IDFWRUHV�
TXH�UHVXOWDURQ�FUXFLDOHV�SDUD�HO�GHVDUUROOR�GH�PRGHORV�GH�QHJRFLR�H[LWRVRV��LGHQWLILFDQGR�QLFKRV�GH�
DSOLFDFLyQ�SRWHQFLDOHV��FRPR�ORV�FXOWLYRV�DFXiWLFRV��$GHPiV��GHEH�LQYHVWLJDUVH�OD�RSRUWXQLGDG�GH�ORV�
SODQHV� GH� SROtWLFDV� S~EOLFDV� SDUD� OD� LQWHJUDFLyQ� GHO� VHF�WRU� DJUtFROD� YLQFXODGR� D� ORV� VLVWHPDV� GH�
WUDQVSRUWH�GH�HQHUJtD��(Q�OD�PHGLGD�HQ�TXH�OD�VROXFLyQ�PiV�UHQWDEOH�VHD�OD�GH�YHQGHU�PiV�HQHUJtD�\�
DJXD��QR�FDEH�GXGD�GH�TXH�SRGUtD�WHQHU�UHSHUFXVLRQHV�HQ�ORV�PHUFDGRV�ORFDOHV�\�HQ�ORV�SXHVWRV�GH�
WUDEDMR�GH�ODV�]RQDV�FLUFXQGDQWHV� 
8QD�LPSRUWDQWH�OHFFLyQ�DSUHQGLGD�HQ�HO�WUDQVFXUVR�GH�ORV�WUDEDMRV�TXH�FRQGXMHURQ�D�ORV�HVWXGLRV�GH�
GRFWRUDGR�HV�TXH�OD�LQYHVWLJDFLyQ�HV�HVHQFLDOPHQWH�XQ�SURFHVR�LWHUDWLYR��3RU�FDGD�SUREOHPD�TXH�VH�
YXHOYH� D� UHVROYHU�� VXUJHQ� QXHYDV� SUHJXQWDV�� OR� TXH� HQWUD� GHQWUR� GH� OD� SURSLD� QDWXUDOH]D� GH� OD�
LQYHVWLJDFLyQ�SDUD�UHFRQVLGHUDU�FRQWLQXDPHQWH�ORV�HQIRTXHV��UHVXOWDGRV�H�LGHDV�DQWHULRUHV� 
3RU�~OWLPR��\�GHVGH� OD�SHUVSHFWLYD�GH� OD� WHRUtD�GH� VLVWHPDV��GHEH�FRQWLQXDU� OD� LQYHVWLJDFLyQ�GH� ODV�
WHFQRORJtDV�HQHUJpWLFR�DPELHQWDOHV��HVWXGLDQGR�FyPR�LQWHUFRQHFWDU��LQWHJUDU�\�JHVWLRQDU�HVWRV�iPELWRV�
GH�IRUPD�FRPELQDGD�





 

�� 
 

7. 9$/,'$&,Ï1 

 
RV�WUDEDMRV�OOHYDGRV�D�FDER�\�ODV�LQYHVWLJDFLRQHV�UHDOL]DGDV�VRQ�SUHVHQWDGDV�HQ�FDQDOHV�FLHQWtILFRV�
UHFRQRFLGRV�� WDOHV� FRPR� FRQJUHVRV�� LQWHUFDPELRV� \� SXEOLFDFLRQHV� FLHQWtILFDV�� 3DUWH� GH� ORV�
HOHPHQWRV�YDOLGDGRUHV�GHO�WUDEDMR�DTXt�GHVDUUROODGR�FRQVLVWHQ�HQ�OD�SUHVHQWDFLyQ�GH�ORV�UHVXOWDGRV�

HQ�FRQJUHVRV�\�FRQIHUHQFLDV�LQWHUQDFLRQDOHV��&RQFUHWDPHQWH��ORV�UHVXOWDGRV�SRU�FDStWXORV�IXHURQ�ORV�
VLJXLHQWHV� 

���� &RQJUHVRV 

������ 5HVXOWDGRV�GH�SUHVHQWDU�HO�&DStWXOR���HQ�FRQIHUHQFLDV�LQWHUQDFLRQDOHV� 

/D� SXEOLFDFLyQ� HQFXDGUDGD� HQ� HO� FDStWXOR� VHJXQGR� GH� OD� SUHVHQWH� WHVLV� GRFWRUDO� FX\R� WtWXOR� HV� HO�
VLJXLHQWH��5HYLVLyQ�GH�KHUUDPLHQWDV�SDUD�HO�DQiOLVLV�GH�VRVWHQLELOLGDG�GH�VLVWHPDV�FRPELQDGRV�$JXD�
(QHUJtD�&RPLGD�IXH�SUHVHQWDGD�HQ�HO�FRQJUHVR��7PUHHV���*UHHFH�,QWHUQDWLRQDO�&RQIHUHQFH��705((6�
&RQIHUHQFH� 6HULHV� 7HFKQRORJLHV� DQG� 0DWHULDOV� IRU� 5HQHZDEOH� (QHUJ\�� (QYLURQPHQW� DQG�
6XVWDLQDELOLW\��(O�OXJDU�GH�FHOHEUDFLyQ�GHO�PLVPR�IXH��������-XQH�������$WKHQV�±�*UHHFH��7PUHHV��
(85$&$�����WR����$SULO�������$WHQDV��*UHFLD� 

x $XWRUHV��(QULTXH�5RVDOHV�$VHQVLR��ÈOYDUR�GH�OD�3XHQWH�*LO��)UDQFLVFR�-RVp�*DUFtD�
0R\D��-RUJH�%ODQHV�3HLUy�DQG�0LJXHO�GH�6LPyQ�0DUWtQ� 

x 7tWXOR��³'HFLVLRQ�PDNLQJ�WRROV�IRU�VXVWDLQDEOH�SODQQLQJ�DQG�FRQFHSWXDO�IUDPHZRUN�IRU�
WKH�HQHUJ\�ZDWHU�IRRG�QH[XV� 

x 7LSR�GH�SDUWLFLSDFLyQ��FRPXQLFDFLyQ�HVFULWD�HQ�YtD�UHPRWD� 

x &RQJUHVR��7PUHHV���*UHHFH�,QWHUQDWLRQDO�&RQIHUHQFH��705((6�&RQIHUHQFH�6HULHV��
7HFKQRORJLHV�DQG�0DWHULDOV�IRU�5HQHZDEOH�(QHUJ\��(QYLURQPHQW�DQG�6XVWDLQDELOLW\��
(XURSHDQ�$FDGHP\�IRU�6XVWDLQDEOH�'HYHORSPHQW��³(85$&$´��������VHSWLHPEUH�GH�
������$WHQDV�±�*UHFLD� 

x (VWDGR��$FHSWDGR�\�SUHVHQWDGR� 
 

/ 

 
 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

������ 5HVXOWDGRV�GH�SUHVHQWDU�HO�&DStWXOR���HQ�FRQIHUHQFLDV�LQWHUQDFLRQDOHV� 

3RU�VX�SDUWH�XQD�GH�ODV�SXEOLFDFLRQHV�TXH�IRUPDQ�SDUWH�GHO�FDStWXOR�WHUFHUR��FX\R�WtWXOR�HV��(QHUJtD�
UHQRYDEOH�FRPR�FDWDOL]DGRU�GH�VLQHUJLDV�HQ�VLVWHPDV�FRQ�DOWR�ULHVJR�GH�HVFDVH]�GH�DJXD�WDPELpQ�IXH�
SUHVHQWDGR� GXUDQWH� OD� FRQIHUHQFLD� LQWHUQDFLRQDO� GHO� &RQJUHVR�� 7PUHHV���*UHHFH� ,QWHUQDWLRQDO�
&RQIHUHQFH�� 

x $XWRUHV��5RVDOHV�$VHQVLR��)UDQFLVFR�-RVp�*DUFtD�0R\D��$OEHUWR�*RQ]iOH]�0DUWtQH]��
'DYLG�%RUJH�'LH]�DQG�0LJXHO�GH�6LPyQ�0DUWtQ� 

x 7tWXOR�� 6WUHVV�0LWLJDWLRQ� RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV� LQ�:DWHU�6FDUFH�$UHDV�
WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�
WKH�&DQDU\�,VODQGV� 

x 7LSR�GH�SDUWLFLSDFLyQ��3RVWHU� 

x &RQJUHVR��7PUHHV���*UHHFH�,QWHUQDWLRQDO�&RQIHUHQFH��705((6�&RQIHUHQFH�6HULHV��
7HFKQRORJLHV�DQG�0DWHULDOV�IRU�5HQHZDEOH�(QHUJ\��(QYLURQPHQW�DQG�6XVWDLQDELOLW\��
(XURSHDQ�$FDGHP\�IRU�6XVWDLQDEOH�'HYHORSPHQW��³(85$&$´��������GH�6HSWLHPEUH�
GH�������$WHQDV�±�*UHFLD� 

x (VWDGR��$FHSWDGR�\�SUHVHQWDGR� 



9DOLGDFLyQ  

�� 
 

 
 

���� 3XEOLFDFLRQHV�UHVXOWDQWHV�GH�HVWD�7HVLV�'RFWRUDO 

������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR� 

�������� 3XEOLFDFLyQ�SULPHUD�SDUWH�GHO�&DStWXOR��� 

x $XWRUHV��'DYLG�%RUJH�'LH]��)UDQFLVFR�-RVp�*DUFtD�0R\D��(QULTXH�5RVDOHV�$VHQVLR� 

x 7LWXOR���:DWHU��(QHUJ\��)RRG�1H[XV�$QDO\VLV�DQG�0DQDJHPHQW�7RROV��D�5HYLHZ� 

x 5HYLVWD��(QHUJLHV�������9ROXPHQ�����Q~PHUR��������� 

x )DFWRU�GH�LPSDFWR�������� 

x (VWDGR��DFHSWDGR�\�SXEOLFDGR��)HEUHUR�GH����� 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 



9DOLGDFLyQ  

�� 
 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

�������� 3XEOLFDFLyQ�VHJXQGD�SDUWH�GHO�&DStWXOR��� 

x $XWRUHV��(QULTXH�5RVDOHV�$VHQVLR��ÈOYDUR�GH�OD�3XHQWH�*LO��)UDQFLVFR�-RVp�*DUFtD�
0R\D��-RUJH�%ODQHV�3HLUy�DQG�0LJXHO�GH�6LPyQ�0DUWtQ� 

x 7tWXOR�� 'HFLVLRQ�PDNLQJ� WRROV� IRU� VXVWDLQDEOH� SODQQLQJ� DQG� SURSRVDO� RI� D� QRYHO�
FRQFHSWXDO�IUDPHZRUN�IRU�WKH�HQHUJ\�ZDWHU�IRRG�QH[XV�� 

x 5HYLVWD��(QHUJ\�5HSRUWV��9ROXPHQ����6XSOHPHQWR��� QRYLHPEUH�GH�������3iJLQDV���
��� 

x )DFWRU�GH�LPSDFWR��DxR�������������� 

x (VWDGR��DFHSWDGR�\�SXEOLFDGR� 
 



9DOLGDFLyQ  

�� 
 

 

 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 



9DOLGDFLyQ  

�� 
 

 

������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR� 

�������� 3XEOLFDFLyQ�SULPHUD�SDUWH�GHO�&DStWXOR��� 

 

x $XWRUHV��)UDQFLVFR�-RVp�*DUFtD�0R\D��(QULTXH�5RVDOHV�$VHQVLR� 

x 7LWXOR��&RPSUHKHQVLYH�DVVHVVPHQW�RI�*UDQ�&DQDULD�ZDWHU�(QHUJ\��)RRG�1H[XV�ZLWK�
*,6�EDVHG�WRROV�� 

x 5HYLVWD��-RXUQDO�RI�&OHDQHU�3URGXFWLRQ��9ROXPH������1RYLHPEUH����� 

x )DFWRU�GH�LPSDFWR��DxR���������������4� 

x (VWDGR��DFHSWDGR�\�SXEOLFDGR� 
 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 
 
 
 
 
 

 



9DOLGDFLyQ  

�� 
 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

�������� 6HJXQGD�3XEOLFDFLyQ�VHJXQGD�SDUWH�GHO�&DStWXOR��� 

x $XWRUHV��(QULTXH�5RVDOHV�$VHQVLR��)UDQFLVFR�-RVp�*DUFtD�0R\D��$OEHUWR�*RQ]iOH]�
0DUWtQH]��'DYLG�%RUJH�'LH]�DQG�0LJXHO�GH�6LPyQ�0DUWtQ� 

x 7tWXOR�� 6WUHVV�0LWLJDWLRQ� RI�&RQYHQWLRQDO�:DWHU�5HVRXUFHV� LQ�:DWHU�6FDUFH�$UHDV�
WKURXJK�WKH�XVH�RI�5HQHZDEOH�(QHUJ\�3RZHUHG�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�
WKH�&DQDU\�,VODQGV� 

x 5HYLVWD��(QHUJ\�5HSRUWV��9ROXPHQ����VXSOHPHQWR����)HEUHUR�������3iJLQDV��������� 

x )DFWRU�GH�LPSDFWR��DxR���������������� 

x (VWDGR��$FHSWDGR�\�SXEOLFDGR� 

 



9DOLGDFLyQ  

�� 
 

 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

������ 3XEOLFDFLyQ�GH�5HVXOWDGRV�GHO�&DStWXOR���HQ�UHYLVWDV�GH�DOWR�IDFWRU�GH�LPSDFWR� 

�������� 3ULPHUD�SXEOLFDFLyQ�TXH�IRUPD�SDUWH�GHO�&DStWXOR��� 

 

x $XWRUHV��'DYLG�%RUJH�'LH]�� )UDQFLVFR� -RVp�*DUFtD�0R\D�� 3HGUR�&DEUHUD� 6DQWDQD��
(QULTXH�5RVDOHV�$VHQVLR� 

x 7tWXOR�� )HDVLELOLW\� DQDO\VLV� RI� ZLQG� DQG� VRODU� SRZHUHG� GHVDOLQDWLRQ� SODQWV�� $Q�
DSSOLFDWLRQ�WR�LVODQGV�'HVDOLQDWLRQ�3ODQWV��$Q�$SSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV� 

x 5HYLVWD��6FLHQFH�RI�WKH�WRWDO�HQYLURQPHQW��9ROXPHQ����VXSOHPHQWR��� 

x )DFWRU�GH�LPSDFWR�������� 

x (VWDGR��$FHSWDGR�\�SXEOLFDGR�� 
 



9DOLGDFLyQ  

�� 
 

 

 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 



9DOLGDFLyQ  

�� 
 

 
 

���� 3DWHQWHV�UHVXOWDQWHV�GH�ORV�WUDEDMRV�HQ�HVWD�7HVLV�'RFWRUDO 

'XUDQWH� HO� WUDEDMR� GH� LQYHVWLJDFLyQ� OOHYDGR� D� FDER�GXUDQWH� HO� SURFHVR� GH� UHGDFFLyQ� GH� HVWD�7HVLV�
'RFWRUDO�� VH�GHWHFWy� OD�SRVLELOLGDG� GH� UHDOL]DU�XQ� HVTXHPD�TXH�FRQWURODVH� GH� IRUPD�FRPELQDGD� HO�
UHFXUVR��(VWH�IXH�SUHVHQWDGR�FRPR�HVTXHPD�SDWHQWDEOH��HO�FXDO��WUDV�XQ�LQIRUPH�GH�HVWDGR�GH�OD�WpFQLFD�
SRVLWLYR��HVWi�D�OD�HVSHUD�GH�VX�SXEOLFDFLyQ�� 
 
 

x $XWRUHV��(QULTXH�5RVDOHV�$VHQVLR��)UDQFLVFR�-RVp�*DUFtD�0R\D��'DYLG�%RUJH�'LH]� 

x 7tWXOR��6,67(0$�3$5$�(/�&21752/�'(/�5(&8562�+Ë'5,&2�< 
(1(5*e7,&2�(1�3/$17$6�'(6$/$'25$6� 

x (VWDGR��3HQGLHQWH�GH�SXEOLFDFLyQ� 
 



7HVLV� 'RFWRUDO�� (YDOXDFLyQ� GH� OD� YLDELOLGDG� \� GHVDUUROOR� GH� OD� LQQRYDFLyQ� GH� VLVWHPDV� HQHUJpWLFRV� KtEULGRV� SDUD� OD�
GHVDOLQL]DFLyQ��8QD�DSOLFDFLyQ�D�ODV�SHTXHxDV�\�PHGLDQDV�HPSUHVDV 

�� 
 

 

 

 
 



 

�� 
 

5()(5(1&,$6 
>�@ '��%RUJH�'LH]��)��-��*DUFtD�0R\D��DQG�(��5RVDOHV�$VHQVLR��³:DWHU�(QHUJ\�)RRG�1H[XV�$QDO\VLV�

DQG� 0DQDJHPHQW� 7RROV�� $� 5HYLHZ�´� (QHUJLHV�� YRO�� ���� QR�� ��� S�� ������ )HE�� ������ GRL��
��������HQ��������� 

>�@ (��5RVDOHV�$VHQVLR��È��GH�OD�3XHQWH�*LO��)��-��*DUFtD�0R\D��-��%ODQHV�3HLUy��DQG�0��GH�6LPyQ�
0DUWtQ�� ³'HFLVLRQ�PDNLQJ� WRROV� IRU� VXVWDLQDEOH� SODQQLQJ� DQG� FRQFHSWXDO� IUDPHZRUN� IRU� WKH�
HQHUJ\±ZDWHU±IRRG� QH[XV�´� (QHUJ\� 5HS��� YRO�� ��� SS�� �±���� 1RY�� ������ GRL��
��������M�HJ\U������������� 

>�@ '��%RUJH�'LH]��)��-��*DUFtD�0R\D��DQG�(��5RVDOHV�$VHQVLR��³&RPSUHKHQVLYH�DVVHVVPHQW�RI�*UDQ�
&DQDULD�ZDWHU�HQHUJ\�IRRG�QH[XV�ZLWK�*,6�EDVHG�WRRO�´�-��&OHDQ��3URG���YRO�������S����������1RY��
������GRL����������M�MFOHSUR������������� 

>�@ (��5RVDOHV�$VHQVLR��)��-��*DUFtD�0R\D��$��*RQ]iOH]�0DUWtQH]��'��%RUJH�'LH]��DQG�0��GH�6LPyQ�
0DUWtQ��³6WUHVV�PLWLJDWLRQ�RI�FRQYHQWLRQDO�ZDWHU�UHVRXUFHV�LQ�ZDWHU�VFDUFH�DUHDV�WKURXJK�WKH�XVH�
RI�UHQHZDEOH�HQHUJ\�SRZHUHG�GHVDOLQDWLRQ�SODQWV��$Q�DSSOLFDWLRQ�WR�WKH�&DQDU\�,VODQGV�´�(QHUJ\�
5HS���YRO�����SS�����±�����)HE��������GRL����������M�HJ\U������������� 

>�@ '�� %RUJH�'LH]�� )�� -�� *DUFtD�0R\D�� 3�� &DEUHUD�6DQWDQD�� DQG� (�� 5RVDOHV�$VHQVLR�� ³)HDVLELOLW\�
DQDO\VLV�RI�ZLQG� DQG� VRODU�SRZHUHG�GHVDOLQDWLRQ� SODQWV��$Q� DSSOLFDWLRQ� WR� LVODQGV�´�6FL��7RWDO�
(QYLURQ���YRO�������S����������$SU��������GRL����������M�VFLWRWHQY������������� 

>�@ ³8QLWHG� 1DWLRQV� 0LOOHQQLXP� 'HYHORSPHQW� *RDOV�´�
KWWSV���ZZZ�XQ�RUJ�PLOOHQQLXPJRDOV�PXOWLPHGLD�VKWPO��DFFHVVHG�0DU������������ 

>�@ ³7+(����*2$/6�_�6XVWDLQDEOH�'HYHORSPHQW�´�KWWSV���VGJV�XQ�RUJ�JRDOV��DFFHVVHG�0DU������������ 
>�@ 0��*LDPSLHWUR��5��-��$VSLQDOO��-��5DPRV�0DUWLQ��DQG�6��*��)��%XNNHQV��(GV���5HVRXUFH�$FFRXQWLQJ�

IRU�6XVWDLQDELOLW\�$VVHVVPHQW��7KH�1H[XV� EHWZHHQ�(QHUJ\��)RRG��:DWHU�DQG�/DQG�8VH�� �� HG��
5RXWOHGJH��������GRL������������������������ 

>�@ ³&DP�XN�´�KWWSV���ZZZ�IRUHVHHU�JURXS�FDP�XN���DFFHVVHG�$SU������������ 
>��@³6WRFNKROP�(QYLURQPHQW�,QVWLWXWH�´�6(,��KWWSV���ZZZ�VHL�RUJ���DFFHVVHG�$SU������������ 
>��@³L6'*� �� ,QWHJUDWHG� 6XVWDLQDEOH� 'HYHORSPHQW� *RDOV� 0RGHO� _� 0LOOHQQLXP� ,QVWLWXWH�´�

PLOOHQQLXPLQVWLWXWH��KWWSV���ZZZ�PLOOHQQLXP�LQVWLWXWH�RUJ�LVGJ��DFFHVVHG�$SU������������ 
>��@$��6DOWHOOL�DQG�0��*LDPSLHWUR��³:KDW�LV�ZURQJ�ZLWK�HYLGHQFH�EDVHG�SROLF\��DQG�KRZ�FDQ�LW�EH�

LPSURYHG"�´�)XWXUHV��YRO������SS����±����$XJ��������GRL����������M�IXWXUHV������������� 
>��@$�� 5HQQHU� DQG� 0�� *LDPSLHWUR�� ³6RFLR�WHFKQLFDO� GLVFRXUVHV� RI� (XURSHDQ� HOHFWULFLW\�

GHFDUERQL]DWLRQ��&RQWHVWLQJ�QDUUDWLYH�FUHGLELOLW\�DQG�OHJLWLPDF\�ZLWK�TXDQWLWDWLYH�VWRU\�WHOOLQJ�´�
(QHUJ\�5HV��6RF��6FL���YRO������S����������-DQ��������GRL����������M�HUVV������������� 

>��@9��&DEHOOR��'��5RPHUR��$��0XVLFNL��Æ��*XLPDUmHV�3HUHLUD��DQG�%��3HxDWH��³&R�FUHDWLQJ�QDUUDWLYHV�
IRU�:()� QH[XV� JRYHUQDQFH�� D� 4XDQWLWDWLYH� 6WRU\�7HOOLQJ� FDVH� VWXG\� LQ� WKH� &DQDU\� ,VODQGV�´�
6XVWDLQ��6FL���YRO������QR�����SS������±������-XO��������GRL����������V����������������\� 

>��@³,'(&DQDULDV� YLVRU� ������´�
KWWSV���YLVRU�JUDIFDQ�HV�YLVRUZHE�GHIDXOW�SKS"VYF VYF5HFXUVR(ROL���FR� �DFFHVVHG� $SU�� ����
������ 

>��@³6HGH�(OHFWUyQLFD�GHO�&DWDVWUR� �� ,QLFLR�´�KWWSV���ZZZ��VHGHFDWDVWUR�JRE�HV�� �DFFHVVHG�$SU������
������ 

>��@(��5RVDOHV�$VHQVLR��'��%RUJH�'LH]��$��3pUH]�+R\RV�� DQG�$��&ROPHQDU�6DQWRV�� ³5HGXFWLRQ�RI�
ZDWHU�FRVW�IRU�DQ�H[LVWLQJ�ZLQG�HQHUJ\�EDVHG�GHVDOLQDWLRQ�VFKHPH��$�SUHOLPLQDU\�FRQILJXUDWLRQ�´�
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(QHUJ\��YRO�������SS�����±�����-DQ��������GRL����������M�HQHUJ\������������� 
>��@'��%U\QJHOVVRQ��6��:LUVHQLXV��)��+HGHQXV��DQG�8��6RQHVVRQ��³+RZ�FDQ�WKH�(8�FOLPDWH�WDUJHWV�EH�

PHW"�$�FRPELQHG�DQDO\VLV�RI�WHFKQRORJLFDO�DQG�GHPDQG�VLGH�FKDQJHV�LQ�IRRG�DQG�DJULFXOWXUH�´�
)RRG�3ROLF\��YRO������SS�����±�����)HE��������GRL����������M�IRRGSRO������������� 

>��@0��:KLWDNHU�� *�� $�� +HDWK�� 3�� 2¶'RQRXJKXH�� DQG�0�� 9RUXP�� ³/LIH� &\FOH� *UHHQKRXVH� *DV�
(PLVVLRQV�RI�&RDO�)LUHG�(OHFWULFLW\�*HQHUDWLRQ��6\VWHPDWLF�5HYLHZ�DQG�+DUPRQL]DWLRQ�´�-��,QG��
(FRO���YRO������SS��6��±6����$SU��������GRL����������M����������������������[� 

>��@³�����$3,�*+*�&RPSHQGLXP��������SGI�´� $FFHVVHG�� 0D\� ���� ������ >2QOLQH@�� $YDLODEOH��
KWWSV���ZZZ�DSL�RUJ�a�PHGLD�)LOHV�3ROLF\�(6*�*+*������$3,�*+*�&RPSHQGLXP��������SGI 

>��@³7RUD\� 0HPEUDQHV� 70�������� 70���&����� 70*��� ���� ���� ���&�´�
KWWS���ZZZ�WRUD\PHPEUDQHV�FRP���DFFHVVHG�0D\����������� 

>��@³��B0HPEUDQHB'HVDOLQDWLRQB&RVWV�SGI�´� $FFHVVHG�� 0D\� ���� ������ >2QOLQH@�� $YDLODEOH��
KWWSV���ZZZ�DPWDRUJ�FRP�ZS�FRQWHQW�XSORDGV���B0HPEUDQHB'HVDOLQDWLRQB&RVWV�SGI 

>��@-�� )�� *XāOLFK� DQG� -�� )�� *�OLFK�� &HQWULIXJDO� 3XPSV�� *XLOGIRUG� %RXOGHU�� 6SULQJHU� /RQGRQ�
1HW/LEUDU\��,QF��>GLVWULEXWRU@� 

>��@³OLIH�F\FOH�FRVWV�OFF�IRU�ZDVWHZDWHU�SXPSLQJ�V\VWHPV�SGI�´�$FFHVVHG��0D\����������� >2QOLQH@��
$YDLODEOH�� KWWSV���ZZZ�[\OHP�FRP�VLWHDVVHWV�VXSSRUW�WHNQLVND�UDSSRUWHU�ZKLWH�SDSHUV�SGI�OLIH�
F\FOH�FRVWV�OFF�IRU�ZDVWHZDWHU�SXPSLQJ�V\VWHPV�SGI 

>��@³'UDZLQJV��SODQV�DQG�VSHFLILFDWLRQV�´�+XQWHU�:DWHU��KWWSV���ZZZ�KXQWHUZDWHU�FRP�DX�EXLOGLQJ�
DQG�GHYHORSLQJ�GUDZLQJV�SODQV�DQG�VSHFLILFDWLRQV��DFFHVVHG�0D\����������� 

>��@³JHWBILOH�SGI�´� $FFHVVHG�� 0D\� ���� ������ >2QOLQH@�� $YDLODEOH��
KWWS���ZZZ�LVOKDJXD�LWFFDQDULDV�RUJ�F�GRFXPHQWBOLEUDU\�JHWBILOH"SBOBLG �����	IROGHU,G �����
	QDPH '/)(�����SGI 

>��@6XQ3RZHU��³6XQ3RZHU��3�6HULHV�&RPPHUFLDO�_�3�������&20�´�6XQ3RZHU���8QLWHG�6WDWHV��1RY��
���� ������ KWWSV���XV�VXQSRZHU�FRP�VRODU�UHVRXUFHV�VXQSRZHU�S�VHULHV�FRPPHUFLDO�S�������FRP�
�DFFHVVHG�0D\����������� 

>��@5��)X��'��-��)HOGPDQ��DQG�5��0��0DUJROLV��³8�6��6RODU�3KRWRYROWDLF�6\VWHP�&RVW�%HQFKPDUN��4��
�����´�1DWLRQDO�5HQHZDEOH�(QHUJ\�/DE���15(/���*ROGHQ��&2��8QLWHG�6WDWHV���15(/�73��$���
�������1RY��������GRL������������������ 

>��@7��6WHKO\��3��%HLWHU��DQG�3��'XII\��³�����&RVW�RI�:LQG�(QHUJ\�5HYLHZ�´�1DWLRQDO�5HQHZDEOH�
(QHUJ\� /DE�� �15(/��� *ROGHQ�� &2� �8QLWHG� 6WDWHV��� 15(/�73������������� 'HF�� ������ GRL��
���������������� 

>��@³OD]DUGV�OHYHOL]HG�FRVW�RI�VWRUDJH�DQDO\VLV����SGI�´� $FFHVVHG�� 0D\� ���� ������ >2QOLQH@��
$YDLODEOH��KWWSV���ZZZ�OD]DUG�FRP�PHGLD������OD]DUGV�OHYHOL]HG�FRVW�RI�VWRUDJH�DQDO\VLV����SGI 

>��@³7XUQRYHU� WD[HV� LQ� WKH� &DQDU\� ,VODQGV�´� KWWSV���HF�HXURSD�HX�WD[DWLRQBFXVWRPV�WXUQRYHU�WD[HV�
FDQDU\�LVODQGVBHQ��DFFHVVHG�0D\����������� 

>��@�,GDH�´�KWWSV���ZZZ�LGDH�HV�HQ�QRGH��������DFFHVVHG�0D\����������� 
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 Criterio de revisión      
Herramienta y 
referencia 

1.a) Entradas 
fundamentales 

2.a) Energía 2.b) Agua 2.c) Comida 2.d) Emisiones de 
efecto 
invernadero 

2.e) 
Economía 

CLEWs  Gran cantidad de datos 
necesarios. 

Parámetros técnicos y 
económicos de centrales 
térmicas, maquinaria 
agrícola, cadena de 
suministro de agua, 
terminales de 
desalinización, 
producción de 
fertilizantes, etc. 

Balance 
energético, 
incluida la 
generación de 
electricidad y el 
refinado 

Energía para la 
alimentación 

Energía del 
exterior (virtual) 

Balance 
hídrico 

Suministro 
de agua y 
desalinizació
n 

Bombeo de 
agua 

WĺF  

WĺF 
(energía 
hidroeléctric
a, estación 
generadora 
de frío, 
combustible 
derivado 
inmediatame
nte de 
plantas 
cultivadas de 
materia viva) 

Tecnologías 
de riego 

Uso de 
fertilizantes 

Uso de 
maquinaria 
agrícola 

Restringido a una 
zona concreta y a 
las emisiones 
extranjeras 

Vertidos de GEI 
acumulados 

Indicadores 
económicos 
seleccionado
s 

FME 2.0: orientar 
la planificación y 
la toma de 
decisiones 
integradoras sobre 
los recursos 

Información local y 
características de la 
WLES 

Producción local de 
WEF (por tecnología) 

Datos políticos que 
tienen en cuenta las 
circunstancias 
particulares 

Consecuencias de 
la producción de 
alimentos en la 
comercialización 
de la energía 

Energía utilizada 
en el agua 
(bombeo, 
tratamiento, 
desalinización) 

Energía utilizada 
para la 
alimentación 
(labranza, 
producción de 
fertilizantes, 
distribución y 
recolección)  

 

Consecuenci
as de la 
fabricación 
de sustancias 
nutritivas en 
un área 
particular 
restringida 

Grado de 
producción 
regional de 
diversos 
tipos de 
sustancias 
nutritivas 

Consecuencias de 
la fabricación de 
sustancias 
nutritivas en los 
vertidos de GEI 

Gastos de 
fabricación 
de sustancias 
nutritivas 

SEI (Stockholm 
Environment 
Institute) 
Modelización del 
agua y la energía  

Requiere una gran 
cantidad de datos 

Información técnico-
económica sobre 
equipos energéticos 

Examen 
exhaustivo de la 
disfunción eréctil y 
sus 
transformaciones 

EB  

Zona o 
región 
drenada por 
un río, 
sistema 
fluvial u otra 
masa de agua 
que concibe 

Simulación 
de las 

/ Vertidos de GEI 
del sector 
energético 

Incluye un 
módulo 
financiero 
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necesidades 
y provisiones 
de agua 

Agua 
retenida bajo 
tierra en el 
suelo o en 
los poros y 
grietas de la 
evaluación 
de la roca 

Evaluación 
de las 
característica
s del agua 

Evaluación 
del 
almacenamie
nto y la 
hidroelectrici
dad 

Herramienta de la 
Organización de 
las Naciones 
Unidas para la 
Agricultura y la 
Alimentación  

Evaluación del país 
estudiado para 
clasificarlo por tipología 

Específicos de 
cada tipo de 
intervención 

Específicos 
de cada tipo 
de 
intervención 

Específicos 
de cada tipo 
de 
intervención 

/ Específicos 
de cada tipo 
de 
intervención 

WBCSD nexus 
tool  

Descripción de la 
naturaleza o 
características distintivas 
del sector energético 

Representaciones 
diagramáticas de áreas 
de terreno basadas en el 
SIG 

Caracterización del agua 
necesaria para agua-
energía  

Datos sobre la mano de 
obra necesaria además 
de la disponibilidad de 
la máquina 

Energía necesaria 
para el agua 

Energía necesaria 
para la 
alimentación (para 
el riego, la 
fabricación de 
fertilizantes o los 
dispositivos para 
realizar trabajos) 

Agua 
necesaria 
para la 
generación 
de energía 

Agua 
necesaria 
para la 
producción 
de alimentos 

Producción 
de alimentos 

/ / 

MuSIASEM  Requiere una gran 
cantidad de datos 

Indicadores 
socioeconómicos, 
incluida la evolución de 
la mano de obra 

Disponibilidad de suelo 

Evaluación del impacto 
del cambio climático 

Evaluación de los 
flujos de energía 
en la sociedad 

Evaluación 
de los flujos 
de agua en la 
sociedad 

Evaluación 
de los flujos 
alimentarios 
en la 
sociedad 

Implicaciones de 
todos los flujos en 
las emisiones 

Costes y 
valores 
añadidos 

Herramientas de 
diagnóstico para 
la inversión en 
agua para la 
agricultura y la 
energía  

Conjunto completo de 
datos necesarios para 
caracterizar el 
suministro local de agua 
a la tierra o a los 
cultivos para ayudar al 
crecimiento y a las 
empresas de energía 
hidroeléctrica 

Efecto de las 
empresas 
hidroeléctricas en 
la mejora de la 
calidad de vida 

Porcentaje de 
personas en una 
zona determinada 
que tienen un 
acceso 
relativamente 
sencillo y estable a 
la electricidad 

Administraci
ón del agua 

Uso del agua 
para (i) la 
agricultura, 
que incluye 
el cultivo de 
la tierra para 
la obtención 
de cosechas 
y la cría de 
animales 
para obtener 

Disponibilida
d de 
alimentos y 
accesibilidad 
de los 
individuos a 
los mismos, 
donde la 
accesibilidad 
incluye la 
asequibilidad 
y la 
fabricación 
agrícola 

Efecto del 
suministro de 
agua a la tierra o 
a los cultivos para 
ayudar al 
crecimiento, 
normalmente 
mediante canales 
y energía 
hidroeléctrica, en 
los vertidos de 
GEI 

Contribución 
de la 
agricultura al 
producto 
interior bruto 
y a la 
producción 
de beneficios 

Requisitos de 
gasto 

Efecto del 
suministro de 
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alimentos, 
lana y otros 
productos; y 
(ii) a la 
generación 
de energía 
derivada de 
la utilización 
de recursos 
físicos o 
químicos 

agua a la 
tierra o a los 
cultivos para 
ayudar a las 
empresas en 
crecimiento 
en la mejora 
de la calidad 
de vida local 

MARKAL/TIME
S  

Requiere una gran 
cantidad de datos 

Información 
tecnoeconómica sobre 
tecnologías energéticas 

Caracterización del 
RENS 

Esquematización 
de la energía con 
un amplio grado de 
aspectos técnicos 
específicos 

EB 

Eficacia de la 
política energética 

Uso del agua 
en el sector 
energético 

/ Emisiones del 
sector energético 

Gastos 
generales de 
la ES, con la 
provisión de 
agua 
necesaria 
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Herramienta y referencia Criterio de 
revisión 

    

 2.f) Tierra  3.a) 
Accesibilidad 

3.b)  

Nivel geográfico 
nacional 

3.c)  

Aplicable a zonas 
geográficas 
diferentes 

3.d) Sin complejidad, 
aunque capaz de 
proporcionar una 
evaluación preliminar, 
incluyendo entradas 
políticas explícitas 

CLEWs  Cultivos para 
biocombustibles 

Tipos de terreno 
según las 
circunstancias 

Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

Nacional 

Global 

Puede aplicarse a 
geografías distintas. 
Sin embargo, 
requiere muchos 
recursos. 

/ 

WEF 2.0: orientar la 
planificación y la toma 
de decisiones integradas 
sobre los recursos 

Tierra para 
alimentos 

Es concebible 
que algún 
desarrollador 
trabaje en la 
herramienta 

Nacional 

 

Puede aplicarse a 
zonas geográficas 
diferentes 

Marco de referencia 
simple 

Incluye políticas de 
importancia para un 
índice de sostenibilidad 

SEI (Stockholm 
Environment Institute) 
Modelización del agua y 
la energía  

/ Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

Sin cargo para 
los países en 
desarrollo 

National 

Global 

 

Puede aplicarse a 
zonas geográficas 
diferentes 

/ 

Food and Agriculture 
Organization of the 
United Nations tool 

Específicos de 
cada tipo de 
intervención 

Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

 

Nacional 

Subnacional 

Mediante el uso de 
diferentes tipologías 
se puede utilizar en 
diferentes 
geografías 

Una evaluación rápida 
del nexo no es 
complicada y depende de 
los índices listos para 
usar. 

La adopción de la 
categorización por 
naciones y los índices de 
proposición para cada 
tipo de intervención 
facilita su uso. 

WBCSD nexus tool  Uso del suelo Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

Nacional 

Global 

Regional 

Local 

Puede utilizarse en 
zonas geográficas 
diferentes 

/ 
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MuSIASEM  Uso del suelo Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

Nacional Puede utilizarse en 
zonas geográficas 
diferentes. Sin 
embargo, requiere 
muchos recursos. 

/ 

Herramientas de 
diagnóstico para la 
inversión (DTI) en agua 
para la agricultura y la 
energía  

Tierras cultivadas Es posible que 
algún 
desarrollador 
trabaje en la 
herramienta 

Se podría utilizar 
para las naciones 
dispares 

National Puede aplicarse a 
geografías distintas. 
Sin embargo, 
requiere muchos 
recursos. 

/ 

MARKAL/TIMES  / Aplicable a 
cualquier país 

Nacional 

Global 

Regional 

Local 

Se puede utilizar en 
zonas geográficas 
distintas. Sin 
embargo, requiere 
muchos recursos. 

/ 
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Technología Consumo de 
Potencia 

Producción De 
Salmuera 

 

Instalada 

Capacidad 

m3/día 

Uso 
interior 
de la 
zona 

Inversión 

Coste/m3 

Coste 
Operacional 

SHAMS-Titanium MED 
desalination 

Bajo Si  No Alto Moderado 

AD and MED+AD 
TEchnology 

Bajo Si  No Alto Moderado 

TNO Netherlands  Bajo Si  No Alto Moderado 

Dutch Pyramic/Seawater 
seawater Greenhouse 

Bajo Si  Si Alto Moderado 

Aqua.abib water solutions Bajo No  Si Alto Moderado 

Multi Stage Flash Alto Si 38.000 No Moderado Bajo 

Multi Effect Distillation Alto Si  No Moderado Bajo 

Thermal Vapour Compression 
MED 

Alto Si 5.200 No Bajo Bajo 

Mechanical Vapour 
Compression 

Alto Si  No Bajo Bajo 

Reverse Osmosis Alto Si 94.800 No Moderado Moderado 
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7DEOD�%����/RFDOL]DFLyQ�GH�OD�FDSDFLGDG�GH�GHVDODFLyQ�LQVWDODGD�HQ�*UDQ�&DQDULD�� 

Planta Desaladora Localización Sistema m3/día 

Gáldar-Agaete I Gáldar OI 3.000 

Agragua Gáldar OI 10.000 

Guía I Guía CV 1.500 

Arucas-Moya I Arucas OI 4.000 

Granja Ag. Experimental Arucas CV 500 

Las Palmas I Jinámar MEF 20.000 

Las Palmas II Jinámar MEF 18.000 

Las Palmas III Jinámar OI 36.000 

Unelco Jinámar PS CV 1.000 

Salinetas, S.A. Salinetas OI 600 

Airport I Airport G.C. OI 1.000 

Airport II Airport OI 500 

Mando Aéreo de Canarias Gando OI 1.000 

Sureste I Santa Lucía OI 10.000 

Bonny Juan Grande OI 8.000 

Elmasa II Las Burras OI 7.500 

Elmasa III Las Burras OI 7.500 

Unelco Bco. Tirajana CV 500 

Anfi del Mar Bco. La Verga OI 200 

Puerto Rico I Puerto Rico CV 1.200 

Puerto Rico II Puerto Rico CV 1.000 

Coagrisan Bco. La Aldea OI 5.000 



 

�� 
 

$1(;2�&��5(675,&&,21(6�<�
5(68/7$'26�'(/�$1È/,6,6�

*(2025)2/Ï*,&2� 
7DEOD�&����5HVWULFFLRQHV�SDUD�DQiOLVLV�JHRPRUIROyJLFR� 

Restricción Propuesta Razón Restricción impuesta 

Cuerpos de Agua en Gran 
Canaria 

Capacidad de Almacenamiento Cuerpos de agua más representativos de Gran 
Canaria 

Distancia a plantas 
desaladoras 

Problemas. Pérdidas de carga, cruce de 
carreteras, y propiedades 

10 km como máximo 

Proximidad a centales de 
generación térmica como 

restricción 

A pesar de que pueda ser transportada, la red 
está mejor preparada en esta región 

Distancia se fija en 20 km, porque la 
electricidad puede ser transportada a través de 

la red 

Proximidad a la red  Trabajos para desarrollar la red 10 km 

Cantidad de energía a ser 
almacenada 

Para facilitar la programación de la operación 
del esquema PHS 

El esquema debe proporcionar al menos 2 horas 
ininterrumpidad de operación a máxima 

capacidad. 

Restricción Normativa Para cumplir los requerimientos de las leyes 
relacionadas con: planificación y ordenación 
urbanística, paisajística, medioambiental y de 

seguridad aérea.  

Cumplimiento de la normative que podría 
provocar problemas relacionados con el 

desarrollo de parques eólicos y del esquema de 
almacenamiento hídrico 

Proximidad a áreas 
densamente pobladas  

Dificultad para desarrollar el esquema en un 
periodo de tiempo corto  

 

Caminos Dificultad para desarrollar el esquema en un 
periodo de tiempo corto 

No pueden contener picos superiores a la altura 
inicial, ni cruzar núcleos poblados 
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7DEOD�&����5HVXOWDGRV�GHO�$QiOLVLV�*HRPRUIROyJLFR� 

Coordenadas 

Geográficas 

Herramienta Perfil 

 

Energía 

(MWh) 

437.058,3    

308.7042,37 
 

232,75 

434.468,76  

3.087.023,62  

147 

436.249,07  

3.077.169,51  

53,9 

436.891,72  

3.072.192,99  

44,1 

437.135,89  

3.077.624,02  

53,9 

436.906,09  

3.086.941,75  

208,25 

437.377,2 

3.115.500,81  

22,05 

436.780,24  

3.114.874,68 
 

29,4 

436.340,58 

3.073.256,54 
 

29,4 

436.253,31  

3.077.209,02  

98 

436.096,48  

3.111.267,15  

49 

435.994,63  

3.086.900,52 
 

49 

435.972,44  

3.073.649,11  

49 

435.994,53  

3.086.883,19 
 

232,75 

435.034,87  

3.104.167,94 
 

98 

434.487,99  

3.072.114,42 
 

29,4 
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434.544,43  

3.087.059,04 
 

122,5 

434.524,22 

310.896,46 
 

98 

433.570,51  

3.113.684,32  

24,5 

433.094,42  

3.098.816,71  

24,5 

431.390,95  

3.081.329,34  

98 

431.339,2 

3.096.481,69  

49 

430.110,42  

3.094.797,34 
 

91,875 

428.348,42  

3.095.300,53 
 

61,25 

459.344,57  

3.091.543,76 
 

31,85 

454.762,63  

3.083.927,05 
 

24,5 

451.910,28  

3.104.898,76 
 

66,15 

451.925,62 

3.105.303 
 

66 

451.622,32  

3.105.641,37 
 

53,9 

451.640,12  

3.103.133,09 
 

98 

451.352,61  

3.103.470,95 
 

110,25 

451.055,21  

3.102.963,45 
 

147 

45.109.635 

3.105.445,3 
 

73,5 
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449.591,06  

3.074.889,37 
 

22,05 

449.707,91  

3.107.718,15 
 

53,9 

449.475,63  

3.107.522,01 
 

66,15 

449.372,69  

3.106.512,67 
 

98 

449.303,65  

3.106.290,65 
 

73,5 

449.303,65  

3.106.290,65 
 

68,6 

446.270,55  

3.111.028,68 
 

46,55 

444.418,76 

3.097.757,1  

24,5 

444.167,81  

3.083.682,02 
 

100,45 

442.797,43  

3.090.237,22 
 

24,5 

441.631,91  

3.073.386,37 
 

24,5 

441.498,29  

3.093.332,3 
 

39,2 

Energía Total (MWh)  3.076,22 
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7DEOD�'����(PLVLRQHV�GH�ODV�IXHQWHV�GH�HQHUJtD��>��@>��@>��@ 

Technologia Impactos en el terreno 

Biomasa T /MWh 

CO2 emisiones 1,5 

Carbón T/MWh 

CO2 emisiones 

SO2 emisiones 

NOx 

PM 

1,01 

0,0005 ± 0,014 

0,0003 ± 0,003 

0,0001 ± 0,003 

Nuclear T/MWh 

GHG (CO2 -eq) 0,0037 ± 0,1 

Gas Natural T/MWh 

CO2 de CCCTs 

CO2 de CTs 

0,35 ± 0,4 

0,55 ± 0,68 

Solar T/MWh 

CO2 emisiones equivalentes 0,02 ± 0,06 

Eólica T/MWh 

CO2 emisiones equivalentes 0,014 

 
 
 

7DEOD�'����$QiOLVLV�'$)2�\�GH�FRPSHWLWLYLGDG�HFRQyPLFD�GHO�VXEVHFWRU�DOLPHQWDULR�GH�*UDQ�&DQDULD 

Debilidades 

Vulnerabilidad a las condiciones climáticas, características morfológicas del terreno 
que dificultan la mecanización, bajas cotizaciones de diversificación de las 
exportaciones y vulnerabilidad a las condiciones cambiantes del mercado. Precios más 
altos frente a los competidores. Saturación del mercado debido a: falta de planificación 
de los tipos de producción 

Las importaciones de: alimentos para el ganado, semillas, piensos, envases, la escasa 
diversidad y volumen de la gama de productos limita la competitividad, la dependencia 
de la financiación debido a los elevados costes de producción. 

Amenazas 

La liberalización implica competencia, menor financiación pública, aumento del suelo 
rústico para el turismo, regulación local, pérdida de coordinación entre 
administraciones.  Alto poder de negociación de los agentes, falta de estrategias de 
coordinación productiva, excesiva dependencia de las importaciones de combustibles 
fósiles que encarece el suministro de agua (por su interrelación).  Y la agricultura: 
fragilidad del ecosistema frente a las plagas, erosión del suelo. 
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Fortalezas 

Buen clima que permite cultivar a lo largo del año, Valor añadido de los productos 
frescos locales, prestigio y alta calidad de algunos productos, a mayor turismo, mayor 
promoción de los productos, aumento de la rentabilidad de las explotaciones, con 
productos y actividades. Existencia de diferentes mercados para la comercialización. 
Región libre de transgénicos. 

Oportunidades 

Organización de los mercados de exportación, valor añadido y mayor rentabilidad en 
los cultivos diversificados, pisos bioclimáticos que permitan diferentes tipos de 
cultivos, a menor mecanización menores impactos, región ultraperiférica. Financiación 
de la UE. Nuevas tendencias, mejora de la imagen, recuperar el paisaje agrario con los 
beneficios asociados, fomento del asociacionismo. Planificación de la producción para 
sostener los precios bajando los efectos negativos del mercado; aprovechamiento de la 
marca Canarias. Nuevos métodos de mejora de la gestión del recurso hídrico. 
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7DEOD�'����&RPSHWLWLYLGDG�HFRQyPLFD�GHO�VXEVHFWRU�DOLPHQWDULR�GH�*UDQ�&DQDULD 

Año 2015 2010 2008 2005 2000 

PIB 
(Producto 
Interior 
Bruto) 

0LOO¼ % 0LOO�¼ % 0LOO�¼ % 0LOO�¼ % 0LOO�¼ % 

Agricultura, 
ganaderia y 
pesca  

581 1,4 613 1,5 614,5 1,44 571,5 1,55 455,2 1,7 

Trabajadores 744.0
00 

 729.000  740.900  771.800  792.500  

Valor 
Añadido 
Bruto a 
precios de 
mercado 

223,8 1,6 237,88 1,6 240,8 1,62 227,66 1,75 211,99 2,12 
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)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��*DOGDU��%RWLMD���>��@ 
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)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��*DOGDU��GHO�YLQR���>��@ 

 

 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��6DQ�$QWRQLR��>��@ 
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)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��$JDHWH��>��@ 

 

 

)LJXUD�(����(PSOD]DPLHQWR�SURSXHVWR��/D�DOGHD�GH�6DQ�1LFROiV��>��@ 
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� 981.600 871,71 4.099.337 90.930 0 0 0 

� 14.752 871,71 163.973 90.930 953,11 49.312,8 725.362,4 

2 
14.752 871,71 163.973 90.930 953,11 49.312,8 725.362,4 

3 14.752 871,71 163.973,49 90.930 953,11 49.312,8 725.362,4 

... 
... ... ... ... ... ... ... 

23 14.752 871,71 163.973.49 90.930 953.11 49.312,8 725.362,4 

24 14.752 871,71 163.973,49 90.930 953.11 49. 312,78 725.362,37 

25 14.752 871,71 163.973,49 90.930 953.11 49 .312,78 725.362,37 

 

� 6H� KD� DGRSWDGR� FRPR� KLSyWHVLV� TXH� ORV� FRVWHV� GH� UHHPSOD]DPLHQWR� GH� ORV� FRPSRQHQWHV� HVWiQ�
LQFOXLGRV�HQ�ORV�FRVWHV�DQXDOHV�GH�RSHUDFLyQ�\�PDQWHQLPLHQWR 
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7DEOD�*����$QiOLVLV�GH�ODV�FDUDFWHUtVWLFDV�GH�ODV�VXEYHQFLRQHV�SURSXHVWDV� 

Ayuda SME Phase 2 [31] IDAE TEC/1380/2018 [32] 

1.  Objetivos 

Claro, medible, realista y alcanzable dentro de la 
duración del proyecto. Breve presentación de la 
estructura general del plan de trabajo. Diagrama 

de Gantt + diagrama de Pert + KPI 

Potencia instalada superior a 800 kW 

Asignación presupuestaria�����0�¼ 

Incompatible con otras subvenciones 

Ámbito: ayudas propuestas para la 
inversión en proyectos de 

electricidad en los territorios no 
peninsulares. 

La potencia real instalada debe 
calcularse según definición de la 

normativa española: artículo 3 de: 
Real Decreto 413/2014, de 6 de 

junio. 

2.  Relación con el programa de 
trabajo 

Explicar el estado actual de desarrollo del 
proyecto de innovación empresarial. Alcance 

material : 

 

Alcance material: 

Ámbito geográfico: 

Disponible hasta el 31 de Diciembre. 

3. Ambición 

- Describa el punto de conflicto para el cliente 
identificado.  ¿Cuál es la necesidad empresarial, 
el reto tecnológico o la oportunidad de mercado? 

- ¿En qué consiste su innovación? 

- ¿Cuál es el estado del arte del mercado?  ¿Cómo 
se compararía su innovación con las soluciones, 
prácticas o productos disponibles (por ejemplo, 
rendimiento, costes, facilidad de uso, dimensión 

de género, cambio climático o aspectos 
medioambientales, beneficios para la sociedad)? 

Obligaciones: 

Las empresas que cumplan con los 
requisitos relacionados más la Ley 

24/2013 

Sistema de contabilidad adicional, 
para registrar todas las transacciones 
relacionadas con cada operación a 

cofinanciar. 

1.  Impactos esperados: 

 

 

 

 

 

 

 

 

Discusión. 
Entrar en el mercado 

¿Quiénes son los usuarios y/o clientes objetivo y 
por qué querrán comprar el producto/servicio 

(punto de venta único)?  ¿Son nuevos o ya 
forman parte de su base de clientes? 

¿Cuál es el mercado en términos de tipo (por 
ejemplo, nicho, /alto volumen, nuevo/maduro, 

tasa de crecimiento), tamaño (por ejemplo, 
volumen, valor, ámbito geográfico) y 

crecimiento? 

¿Quiénes son los principales competidores 
directos e indirectos de la invención propuesta?  

(Competidores, sustitutos y alternativas). 

¿Cuáles son las barreras de entrada?  ¿Cómo 
piensa superarlas? 

Resultados esperados, esperados en 
POPE: 

C030: Capacidad adicional de 
generación de electricidad a partir de 

FER (MW). 

Reducción de las emisiones de GEI 
en toneladas de CO2 equivalente/año. 

El factor de conversión a emisiones 
de CO2 de la energía no renovable a 
utilizar debe ser 0,521 kg CO2/kWh 
de energía final. La energía final se 
evaluará disminuyendo la energía 

generada en el nodo en un 4%. 
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2.  Modelo de negocio 

�   Describa su modelo de negocio, incluyendo el 
modelo de ingresos y su plan de comercialización 
con un plazo aproximado de comercialización o 

despliegue. 

� ¿Por qué es escalable su modelo?  ¿Cómo 
piensa ampliarlo y llegar a los mercados europeos 

y/o mundiales? 

 

Financiación 

Indique las necesidades de financiación estimadas 
y el calendario para alcanzar la fase de 

comercialización de su innovación. ¿Cómo piensa 
financiar el 30% de la tasa de cofinanciación?  

Describa sus planes para garantizar la posterior 
financiación de su innovación (próximas rondas, 

financiación complementaria, etc.). 

 

Implementación   

Plan de trabajo 
Breve presentación de la estructura general del 
plan de trabajo. Diagrama de Gantt + Diagrama 

de Pert + Hitos 

Mostrar al IDAE la información 
económica así como la trayectoria 

financiera del proyecto. 

Estructura y procedimientos de 
gestión 

Describa la estructura organizativa y la toma de 
decisiones. 

Explique por qué la estructura organizativa y el 
mecanismo de toma de decisiones son adecuados 

para la complejidad y la escala del proyecto. 

Describa, si procede, cómo se abordará la gestión 
eficaz de la innovación en la estructura de gestión 

Se debe presentar un presupuesto 
financiable 
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Recursos a comprometer 

La información de esta sección coincide con los 
costes indicados en el presupuesto. 

� ¿Qué tiene de único su enfoque, comparado con 
el de otras empresas? 

��¿Por qué ahora?  Explique la evolución histórica 
de su categoría y defina las tendencias recientes 

que hacen posible su solución. 

� ¿En qué fase de desarrollo se encuentra su 
innovación?  Consulte los niveles de preparación 

tecnológica (TRL) o algo análogo para las 
innovaciones no tecnológicas 

� ¿Qué hitos han conducido a la actual fase de 
desarrollo (por ejemplo, prueba de concepto 
completada, primeros ensayos de campo en 

curso)? 

Describa los resultados obtenidos sobre la 
viabilidad tecnológica, práctica y económica de la 

innovación. 

� ¿Cuáles son las siguientes etapas y actividades 
necesarias para comercializar su innovación? 

Dentro de los procesos de 
contratación relacionados con los 

gastos bancarios: 

Aportar al menos 3 ofertas de 
diferentes proveedores previamente 
al compromiso de contratación para 

la ejecución de la instalación, así 
como mantener su documentación, 

incluyendo la justificación de la 
oferta seleccionada. 

Todos los servicios contratados 
deben ser demostrables. 

Demostrar la realización de la 
actividad, y someterse a verificación 

y control 

Ajustar los costes a lo establecido en 
el presupuesto, dejando que el 

organismo controle el desarrollo. 

Cumplir con los requisitos de 
publicidad y difusión según la Ley 

38/2003 (arts. 18.4) 

Conservar los documentos que 
justifican el proyecto, incluidos los 
procedimientos de gestión y control 
que garantizan un buen uso de las 

subvenciones propuestas, así como 
proporcionar los documentos a 

posteriori. 

 

7DEOD�*����5HVXOWDGRV�GH�6LPXODFLyQ 

Parámetro Simulación 

Resultados (kW) 

Inversión 

�¼� 

O & M 

�¼� 

 Ventas 

�¼� 

Planta Solar  1  1.050 84   

Planta Desaladora  981.600 73.487 Agua 21.408 

Planta Eólica  2.499,9 2.499.967,7 32.000   

Bateria 0,83 750,22 75   

Costes de Electricidad   3.891 Electricidad 385.724 

Tasas de electricidad (7%)      -20.831 

Total   3.483.367,8 109.537  386.301 
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Abstract

The impact assessment of energy strategies, more specifically those that promote an integrated approach on resource
management in other sectors such as water and food, requires knowledge related to the evaluation of the quality and knowledge
that may be estimated by quantitative means. The present paper makes inquiries into those knowledge requirements in addition to
review the means used to obtain it—including the required entries and the results they provide. In response to the recognized
problems in knowledge, this paper introduces a basic reference structure underlying a system to evaluate the way that a
progressive development of inexhaustible energies in a particular geographical region can affect the demand of water and food.
Then, the proposed conceptual framework constitutes a novel approach for energy policy makers which only consider partial
impacts of the energy management. By considering the nexus of energy, water and food, energy management policies may be
redefined and differences with current policies must be investigated.
c� 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Often, political decisions are taken without the necessary coordination of different administrations and without
considering the impact that a political decision in one activity may have on additional ones [1,2]. A deficiency in
coordination arises between different branches at the same or different hierarchy levels in the public administration.
Literature reflects clearly the fact that government tend to approach in an “isolated” way frequently results in policies
that cannot be maintained at the current rate [3]. In this sense, there is a growing consensus about the importance
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Nomenclature

C!E Cost per energy
CF Conceptual framework
CI Cost index
CO2 Carbon dioxide
E Energy
EB Energy balances
E!E Emissions for energy
ED Energy demand
EP Entry point, input
ES Energy sector
FE Food and energy
GHG Greenhouse gas emissions
GIS Geographic information systems
L!E Earth for energy
LI Land index
NS Nexus sectors
NT Water, energy, food nexus tools
P&DI Policy and data input
p.u. Per unit
RENS Reference energy system
W!E Water for energy
W!F Water for food
WEF Water, energy and food
WI Water index
WLES Water, land and energy systems

of the water, energy, and food security nexus and the need to devise and implement policies and actions in an
integrated manner [4].

Integrated resource management can be defined as “the coordinated development and management of water, land,
and related resources to maximize economic and social well-being in an equitable manner without compromising
sustainability”, and it has been so-called in recent times as “integrated water resource management” [5]. The first
United Nations Water Conference, held in Mar del Plata, Argentina (1977), recommended greater attention to an
integrated resources management, emphasizing that water plans should not only consider economic aspects but
also ensure the optimal social benefit of water resources, as well as environmental protection [6]. The concept,
popularized by the Dublin Declaration on Water and Sustainable Development (1992), promotes an integrated vision
for resource management [5]. It stated that the management of water resources is an effective approach to address
global challenges related to water management, restoration of degraded lands, adaptation to climate change, and the
fight against hunger [7]. Some international bodies, such as OECD [8] or the World Bank [9] already recommend
integrated resource management through these related methodologies.

The adoption of management based on the water, energy and food nexus requires a more appropriate perception
of the associated benefits and exposure to danger for each of the nexus sectors, as well as an analysis of interactions
between them in order to facilitate integrated planning and decision making [10]. In this sense, analytical frameworks
are used to assess the impact of policies on different sectors [11] and inform policies by quantifying resource
exchanges and providing an assessment through which the potential and unexpected risks associated with the nexus
are identified [11–13].

After a deep review in the literature, it has been found that, even though some institutions and researchers,
such as the FAO [14], World Bank [15], Pollit et al. [16] and Tol [17] have proposed some preliminary tools,
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they have been designed as frameworks for in-depth nexus analysis, not as simple, easy-to-use tools for conducting
basic evaluations. These wide-ranging tools are intensive in terms of the information, time, capacities, and funding
needed. To our knowledge, there is no tool available in the scientific literature that, having energy as an entry point
(EP) or input and incorporating inputs relative to the specific explicit context, can be considered as simple. In order
to address this gap, and as novel approach, apart from a deep review of existing models in the literature, this article
presents a conceptual framework focused in the joint management of three fundamental resources: water, food and
energy, but in this case, mainly focused on the energy as an EP related with the other resources, in a single of two
ways relationship. This conceptual framework intends to be easy to apply but efficient at the same time.

The reminder of this paper is structured as follows. Section 1 states the objectives of the research article and
provides an adequate background. Section 2 describes the review and selection criteria used to conduct the research.
Section 3 proposes the conceptual framework for a tool that can conduct preliminary assessments of the basic
impacts of the energy policy nexus. Finally, Section 4 explores the significance of the results and states the major
outcomes.

2. Definition of frameworks to model nexus interactions

The frameworks used to model nexus interactions can be based on both quantitative and qualitative methods [18,
19]. Although this paper focuses on quantitative tools, qualitative tools can also provide important information. The
methodology used by the FAO to assess the nexus combines both tools [14]; while other institutions such as the
United Nations Economic Commission for Europe (UNECE) together with the KTH Royal Institute of Technology
use other methodologies that are mainly qualitative [20].

The modeling tools for nexus integration can assist decision making and identify local objectives that are in line
with broader sustainable development objectives [21].

Although fully integrated planning is preferable, assessing water requirements against an energy strategy could
provide very useful initial information for other water end-uses. Some of the available methods used, such as the
one proposed by Food and Agriculture Organization [22] or the one proposed by Mohtar and Daher [23], adopt food
as an EP; variants, such as the one proposed by the United Nations Economic Commission for Europe and Royal
Institute of Technology [20], adopt hydric resources as an EP; additional tools, like [24], employ the power derived
from the utilization of physical or chemical resources as an EP. This paper will, for the most part, be centered in
an “energetic” view.

The intersectoral nature of the nexus indicates the importance of perceiving the intended meaning resulting from
the interrelationships among water, energy, and food through scenario simulation [22]. In this sense, the development
of scenarios from quantitative tools is adopted to explain a number of several and probable events that will or are
likely to happen in the future [22]. In fact, these scenarios constitute reasonable gradual developments to the present
circumstances which, according to the way the elements of the nexus evolve and interact, may serve to assess the
implications of certain policy decisions [22]. For instance, some policies advantageous for the energy and food
sectors might exert excessive stress on the hydrological plans of countries with drought problems by promoting
excessive use of water due to affordable pumping. In order to address these risks, several analytical frameworks
have been developed within the context of the water, energy, and food nexus [14,20,25,26].

The quantitative tools that analyze the impacts of energy policy on the nexus may vary in terms of their
completeness, as shown in Fig. 1. The first block represents an “isolated” way of dealing with the situation, in
which “political” and other data relevant to the energy sector (such as the resulting energy balance) are provided
without considering the influence that it can have on the remaining elements of the nexus. Conversely, an alternate
way of dealing with a larger content of scope (in the middle) would consist of a water, energy, food nexus tools
with the essential facts serving as a receptacle for quantities relating to the energy sector but as too important data
relating to water and food and land—in this case, providing outputs on the essential remaining nexus assets required
for the policies.

Since the 2011 Bonn Conference [27], several frameworks have been developed and evolved [28–32]. The
existence of different purposes has resulted in diverse boundaries for frameworks that have been developed at
different levels — from a regional level [29,31] to a global level [33,34]. This variety of frames of reference with
different inputs, outputs, and analytical characteristics has its origin in the complexity of the nexus [35]. The inputs
are employed to characterize the schemes studied and their circumstances. With respect to the outputs, a set of
tools focus only on one component of the nexus; other tools describe additional components, and the remaining
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Fig. 1. Conceptual scheme of the modeling levels considering the water–energy–food nexus for energy policy.
Source: Own elaboration.

ones show additional elements, such as available land area, minerals or GHG. Finally, the fundamental analytical
characteristics of the tools may, in addition, be dissimilar. Although the kind of information necessary can change
depending on the tools used, most of them depend on a large amount of data (inputs) that are often not available
on a large scale [36]. This is because much of the data needed for nexus evaluations are not centrally located under
the authority of a single agency and practices related to data management of different agencies often differ [35].

3. Review of integrated planning tools

The conducted review only includes tools that meet the following specific selection criteria:

(a) The tool deals with a minimum of two out of three essential features of the nexus.
(b) The tool permits to conduct evaluations at a wide-state level.
(c) The tool is, to a large degree, accessible and available for use or it is open access.

The examination principle by which tools are to be judged have been arranged into three groups—required inputs,
proportionate outputs (and, as a result, replied queries), and analytical aspects. It should be noted that this research
does not assess aspects such as in what way the tools can be employed to characterize scenarios and that an
exhaustive analysis of the advantages and deficiencies of every tool is beyond its scope.

The specific review criteria are described below:

1. Entry requirements
Main entries: these entries constitute the principal data in the examination, either with regard to facts and
statistics collected for reference or analysis. These entries would, as a rule, have to be supplied by the user
of the tool. Examples could be the amounts and types of energy available for the studied nation, the quality
of being able to be used or distinct kinds of water being obtainable, access to land for cultivation, or the
expenses associated to distinct energy or water technologies.

2. Exits/inquiries replied to: The standard of examination inside this category gives facts about what exits
might be predicted from the tool and, as a consequence, what queries could possibly be answered with it.
Policies on energy, water, or food and land use are not possible to be carried out separately from climate
change for the reason that the impacts are clear and show two-way directions; each of the three nexus
subdivisions produce and discharge a considerable amount of GHG and will be influenced by climate change.
Even though considering the impact of climate change on the nexus’ essential features is beyond the outlook
of this research, a number of the revised tools consider the impacts of the policies evaluated or the schemes
on GHG. A detailed nexus tool might allow the evaluation of the give-and-take that might happen among
carbon dioxide emissions and the essential parts of the nexus.
Because financial examination is essential to political decision-making, a number of tools are capable of
supplying an assessment of the financial consequences of the schemes analyzed (in particular, the incurred
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costs). The addition of non-financial expenses (i.e., consequences of an industrial or commercial activity
which affects other stakeholders without this being reflected in market prices) might be important to consider
the financial worth of ecosystem services (for example, maintaining areas with a large number of trees, land
not used could lead to the capture of some of the CO2 discharges and thus make the externalities connected
with them smaller).
Moreover, some countries do not have a restriction on the surface of the land to be used, whereas other
countries do so. A number of the revised tools are capable of supplying relevant information on the previously
mentioned aspects.

3. Analytical characteristics of the tools: The standard of examination inside this arrangement describes a
number of analytical characteristics of the tools that are treated as significant for this research such as its
accessibility, allowed analysis or geographical restrictions application.

Built on the revised principles listed before, Tables A.1(a) and A.1(b) present an examination of the tools,
showing the various principles included in the evaluated tools. Tables A.1(a) and A.1(b) have been outlined to
supply an imaged explanation of the problems associated with each tool considering that if a criterion has not been
assessed for a particular tool, the corresponding box within Tables A.1(a) and A.1(b) is left blank.

4. Conceptual framework definition

It has been proposed a frame of reference aiming to address some of the gaps previously identified—its main
output being the assessment of the basic requirements of a given resource (such as the volumes of water in addition
to land surfaces) combined by a number of particular actions for the power derived from the utilization of physical
or chemical resources. The presented tool can (i) accommodate inputs that are particular to a given context; (ii)
yield results in a useful and convenient layout; (iii) be uncomplicated from an analytical point of view, while also
supplying a basic view of the situation.

The proposed conceptual framework is based on an approach based on situations in which the nation’s energy
balances (EB) are paramount for all the schemes. This allows the user to build a number of schemes by altering
the EB connected to various energy policies (such as, for example, a higher adoption of inexhaustible energies)
in addition to examining the rising effects on the water, energy, and food nexus. Despite the fact that this article
focuses on renewables, the proposed tool deals with the full EB as, among other factors, a further development
of inexhaustible resources would typically impact the remaining components of the nexus in consequence of the
replacement of different kinds of energy that would otherwise be required.

In order to depict these replacements, it is necessary to consider the complete energy balance. The majority
of nations collect the information of their EB as a division of their country-level data; while the International
Energy Agency (IEA) does the same through a standardized structure for the processing, storage, and the display
of data [37], which represents an essential benefit for the CF put forward.

The first step in using the proposed tool would be to provide an energy balance corresponding to a base scheme.
Such an EB might depict either a current or a prospective energy scenario built on forecasts.

The next step would be to supply a substitute EB representing the energy policy scenario to be examined from
the point of view of the nexus (e.g., by placing more attention on inexhaustible energies). Such an EB should reflect
changes in the use of technologies and be consistent with energy policies that remain unchanged (the proposed tool
estimates the accumulative EB simply by deducting the substitute and reference energy balances). The accumulative
EB would depict the alterations in the energy circumstances as a result of the policy examined.

A following phase of the arranged tool would be to assess the implications of the incremental energy balance
in terms of water, land, emissions, and cost. The tool would multiply the accumulative EB by the matrix data they
describe. In this case, with regard to every kind of energy (energy balance vertical arrangements) and for each
energy supply chain scenario (energy balance rows), it would result in (i) the quantity of water, (ii) land needed per
unit of energy, (iii) the quantity of discharges expelled in each of these scenarios, or (iv) the unit expenses provoked.
This way of proceeding is depicted in Fig. 2, in which every of the above-mentioned matrices has been named,
correspondingly (i) W!E, (ii) L!E, (iii) E!E, and (iv) C!E. These data matrices are external data and are,
generally, nation specific. The outcome of this phase is the elemental accumulative employment of water and land
assets (such as capacity of water or earth surface), accumulative expenses or accumulative discharges originated by
the energy policy examined.
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Fig. 2. Estimation of the implications of water, land, emissions and cost of the energy policy evaluated.
Source: Own elaboration.

The proposed tool yields data around the meaning of the examined policy nexus, not about the way the policy
should be planned to curtail those connotations of the nexus. On the other hand, and as mentioned before, this
perspective exclusively supplies data around the essential resources needed, not the characteristics, allocation, or
opposing employment of these resources (this would serve as a possible future improvement of the analysis).

The final step in the suggested CF would be to evaluate whether an accumulative employment of assets or
discharges is tolerable. As discussed above, a given principle of action adopted may have the same performance in
two different contexts but can be acceptable in only one of them [14].

As shown in Fig. 3, contrasting these tolerable levels with those of the EB available as another possibility (base
scenario + accumulative) would generate four fragmentary indices (WI, LI, CI, and EI), each of which are indicated
in p.u. values. In the case one or some of these indices show an index higher than the unit, it would signify that
the satisfactory maximum has been surpassed. Lastly, the fourth fractional index shall be added to a general index
according to the political significance that each feature has in the nation to be evaluated—in countries where a
resource is considered critical, legislators may decide that its corresponding index is of greater importance.

The outputs resulting from the suggested CF might provide a basis for comprehensive qualitative and quantitative
examinations. Although a particular number of qualitative features are satisfied by way of the data supplied by
end-users in various phases of the suggested tool, comprehensive evaluation is necessary.

5. Conclusions

Today, most policy decisions with potential consequences for the water, energy, and food nexus are made through
different institutions (such as distinct government departments or distinct positions in the public hierarchy of the
government in power) without the necessary degree of coordination. The challenges facing the water, energy, and
food nexus are, in part, a consequence of this “fragmented” policy applied to interrelated resources.

Access to data is a key challenge. In order to carry out a proper assessment of the water, energy, and food
nexus, it is necessary to have access to both data from each of these sectors and data able to express the quantity
of their mutual connections. The compilation of standardized data might serve to succeed in dealing with issues in
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Fig. 3. Adoption of policy and data input to assess the water, land, emissions and cost likely consequences of the energy policy decisions
examined for incorporation into a context-specific global index.
Source: Own elaboration.

existence at the current time related to consistency, comparability, and scale in addition to the absence of statistical
information that are collected, observed, or recorded at regular time intervals.

• Most of the tools able to be used or obtained for people responsible for or involved in formulating policies
nowadays are comprehensive and complex and require a significant amount of data, human resources, time,
and economic sufficiency.

• Similarly, this research has identified the necessity for exploratory tools able to yield extremely useful basic
estimations that could provide a basis for further (more complex) developments.

The reference frame put forward in this paper aims to propose an exploratory tool that has energy as an EP, which
in turn provides a starting point that can ultimately support the integration of energy within the so-called nexus
of water, energy, and food. The CF could present “snapshots” of the impact of renewable energy development (in
addition to alternative approaches) on related resources such as water and land occupation.

For the proposed tool, every outcome constitutes a group of different energy policy decisions in which EB is
accepted as key information. In this case, the tool put forward could roughly calculate or judge the value of the water,
land, emissions, and cost involvements of every outcome in order to “combine” them into a global indicator that
specifically regards the principle of actions proposed by the governments’ choices for each particular circumstance.

The “product” presented by the tool put forward in this research might comprise an early step in the direction of
a further exhaustive examination of the impact of the development of inexhaustible energies on the water, energy,
and food nexus for several circumstances.
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Table A.1(a). Review of evaluated nexus tools.
Source: Own elaboration.

Tool and
reference

Standard of review

1.(a) Fundamental
entries

2.(a) Energy 2.(b) Water 2.(c) Food 2.(d) Greenhouse
discharges

2.(e) Economy

CLEWs [38] Large amount of
data required.
Technical and
economic parameters
of thermal power
plants, agricultural
machinery, water
supply chain,
desalination
terminals, fertilizer
production, etc.

Energy balance,
including electricity
generation and
refining
Energy for food
Foreign energy
(virtual)

Water balance
Water supply and
desalination
Water Pumping
W!F
W!F (hydroelectric
power, generating
station refrigeration,
fuel derived
immediately from
living matter
cultivated plants)

Irrigation
Technologies
Use of
fertilizers
Use of
agricultural
machinery

Restricted to both
a particular area
and foreign
emissions
Accumulated
GHG discharges

Selected
economic
indicators

WEF 2.0: guiding
integrative
resource planning
and
decision-making
(Daher & Mohtar,
2015) [39]

Local information
and features of
WLES
Local production of
WEF (by
technology)
Policy data taking
into account
particular
circumstances

Consequences of
food production on
the
commercialization of
energy
Energy used in
water (pumping,
treatment,
desalination)
Energy used for
food (tillage,
fertilizer production,
distribution and
harvesting)

Consequences of
nutritious substances
manufacturing on a
restricted particular
area

Degree of
regional
production of
various kind
of nutritious
substances

Consequences of
nutritious
substances
manufacturing on
GHG discharges

Expenses of
nutritious
substances
manufacturing

SEI (Stockholm
Environment
Institute)
Modeling water
& energy
(LEAP/WEAP,
2014) [40]

Requires a large
amount of data
Techno-economic
information on
energy equipment

Comprehensive
examination of ED
and its
transformations
EB

Area or region
drained by a river,
river system, or
other body of water
devising
Simulation of water
requirements and
provisions
Water held
underground in the
soil or in pores and
crevices in rock
evaluation
Water characteristics
evaluation
Storage and
hydroelectricity
evaluation

/ GHG discharges
from the energy
sector

Includes a
financial
module

Food and
Agriculture
Organization of
the United
Nations tool [16]

Evaluation of the
country studied in
order to classify it
by typology

Specific to each type
of intervention

Specific to each type
of intervention

Specific to
each type of
intervention

/ Specific to
each type of
intervention

(continued on next page)
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Table A.1(a) (continued).

Tool and
reference

Standard of review

1.(a) Fundamental
entries

2.(a) Energy 2.(b) Water 2.(c) Food 2.(d) Greenhouse
discharges

2.(e) Economy

WBCSD nexus
tool [33]

Description of the
distinctive nature or
features of the
energy sector
Diagrammatic
representations of
areas of land based
on GIS
Characterization of
the water needed for
FE
Data on the required
workforce in
addition to
machine’s
availability

Energy needed for
water
Energy needed for
food (for irrigation,
fertilizer
manufacturing or
devices for
performing work)

Water needed for
power generation
Water needed for
food production

Food
production

/ /

MuSIASEM
(Giampietro et al.
2009) [41]

Requires a large
amount of data
Socio-economic
indicators, including
workforce evolution
Land Availability
Climate change
impact assessment

Assessment of
energy flows in
society

Assessment of water
flows in society

Assessment of
food flows in
society

Implications of
all flows on
emissions

Added costs
and values

Diagnostic Tools
for Investment
(DTI) in water
for agriculture
and energy [42]

Complete set of data
needed to
characterize local
supply of water to
land or crops to
help growth and
hydroelectric power
enterprises

Effect of
hydroelectric power
enterprises on
bettering quality of
life
Percentage of people
in a given area that
have relatively
simple, stable access
to electricity

Water administration
Use of water for (i)
farming, including
cultivation of the
soil for the growing
of crops and the
rearing of animals to
provide food, wool,
and other products;
and (ii) to the
generation of power
derived from the
utilization of
physical or chemical
resources

Availability of
food and
individuals’
accessibility to
it, where
accessibility
includes
affordability
and
agricultural
manufacturing

Effect of supply
of water to land
or crops to help
growth, typically
by means of
channels and
hydroelectric
power on GHG
discharges

Agriculture’s
contribution to
gross domestic
product and
profit
production
Expenditure
requirements
Effect of
supply of
water to land
or crops to
help growth
enterprises on
improving
local quality
of life

MARKAL/
TIMES (Loulou
et al. 2005)
[20,43–55]

Requires a large
amount of data
Techno-economic
information on
energy technologies
Characterization of
the RENS

Energy outlining
with a large degree
of technical specific
aspects
EB
Effectiveness of
energy policy

Water use in the
energy sector

/ Emissions from
the energy sector

Overall
expenses of
the ES,
containing the
necessary
water
provision

Appendix

See Tables A.1(a) and A.1(b).
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Table A.1(b). Review of evaluated nexus tools.
Source: Own elaboration.

Tool and
reference

Standard of
review

2.(f) Earth 3.(a) Accessibility 3.(b) National
geographical
level

3.(c) Applicable to
dissimilar geographies

3.(d) Uncomplicated
although capable of
providing a preliminary
assessment, including
explicit policy entries

CLEWs [38] Biofuel crops
Types of land
according to the
circumstances

It is possible that
some developer
works on the tool

National
Global

It might be applied to
dissimilar geographies.
However, it is
resource-intensive.

/

WEF 2.0: guiding
integrative
resource planning
and
decision-making
(Daher & Mohtar,
2015) [39]

Land for food It is conceivable that
some developer
works on the tool

National Can be applied to
dissimilar geographies

Simple reference frame
Includes policies of
importance for a
sustainability index

SEI (Stockholm
Environment
Institute)
Modeling water
& energy
(LEAP/WEAP,
2014) [40]

/ It is possible that
some developer
works on the tool
Without charge for
developing nations

National
Global

Can be used to
different geographies

/

Food and
Agriculture
Organization of
the United
Nations tool [16]

Specific to each
type of
intervention

It is possible that
some developer
works on the tool

National
Subnational

Through the use of
different typologies can
be used in different
geographies

A quick assessment of the
nexus is uncomplicated
and depends on the ready
for use indexes.
The adoption of nation
categorization and the
proposition indexes for
every kind of intervention
facilitates their use.

WBCSD nexus
tool [33]

Land use It is possible that
some developer
works on the tool

National
Global
Regional
Local

Can be used to
dissimilar geographies

/

MuSIASEM
(Giampietro et al.
2009) [41]

Land use It is possible that
some developer
works on the tool

National It might be applied to
dissimilar geographies.
However, it is
resource-intensive.

/

Diagnostic Tools
for Investment
(DTI) in water
for agriculture
and energy [42]

Cultivated land It is possible that
some developer
works on the tool
It might be used to
dissimilar nations

National It might be applied to
dissimilar geographies.
However, it is
resource-intensive.

/

MARKAL/TIMES
(Loulou et al.
2005) [20,43–55]

/ Applicable to any
country

National
Global
Regional
Local

It can be used to
dissimilar geographies.
However, it is
resource-intensive.

/
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BU + IU
AU = Sustainability Index (p.u) ?5@�
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Abstract

Climate change conditions in the last decades have derived in a significant reduction of rivers’ levels, irregularity of rainfall
and, thus, difficulties in accessing to drinkable water. This situation is especially dramatical in islanded environments, such
as the Canary Islands in Spain, where these restrictions to water resources have conducted to an overexploitation of aquifers
and wells, with the deterioration of the environment that this fact entails. For this reason, desalination plants have become
essential, and efforts must be done to reduce their impact and costs, as the involved processes for water desalination are
high energy intensive. In this research paper, an optimized size hybrid wind and solar photovoltaic power plant is proposed
to feed a desalination plant under the approach of not only feed the desalination process, but also provide the power grid
with clean energy, taken advantage of the surplus electricity production. This way, not only the water resources stress is
mitigated (through the desalting water production), but also the grid benefits from the integration of a distributed renewable
energy source (DRES). Moreover, the business model is improved as the cost of drinkable water production is reduced and the
power plant owner receives extra incomes from the water sales. Optimization results for a case study in Gran Canaria island
shows that, considering the power dispatch in the island, the remuneration limits for power delivery and the remuneration
for provided water, the optimal DRES associated with a desalination plant providing 5600 m3/day of desalted water and a
maximum annual electricity injection to the power grid of 5.88 GWh/year, an hybrid solar PV and wind generation installation
with electrochemical storage is a feasible solution that makes the Levelized Cost of Electricity (LCOE) achieve a singular
reduced value despite considering the additional costs of the desalination plant, although financial help must be provided to
reduce the Payback Time.
c� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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Nomenclature

DRES Distributed Renewable Energy Source
LCOE Levelized Cost of Electricity
LCW Levelized Cost of Water
GWh Gigawatts per hour
PV Photovoltaic
MW Megawatts
kW Kilowatts
kWh Kilowatts per hour
RES Renewable Energy Source
EC European Council
CO2 Carbon Dioxide
EU European Union
Me Million euro

1. Introduction

Broadly speaking, it can be said that the climate of the Canary Islands is characterized by very scarce and irregular
rainfall [1], which, together with the intensification of agriculture, the increase in population and the development of
tourism [2], has led to overexploitation of the aquifer [3,4]. Note the fact that, according to Falkenmark and Lindh [5]
a consumption of 20% of total renewable water resources is considered as the limit of over-exploitation of a system.
According to this criterion, and taking the average annual contributions as total resources, the basins of the Canary
Islands (with a consumption/spending ratio greater than 60% [6]) clearly exceed the limit of overexploitation. In
this sense, desalination has made possible in the last fifty years the settlement of populations, the growth of tourism
and the development of arid geographical areas [7].

The Canary Islands currently have a population of about 2 188 519 inhabitants, with Tenerife (906 854
inhabitants), Gran Canaria (845 676 inhabitants) and Lanzarote (141 437 inhabitants) being the most populated.
The least populated island is El Hierro with 10 960 inhabitants [8]. In this sense, it is predicted that, if current
trends continue, the Canary Islands will have a population increase of 17.2% in the next 15 years, being the second
Spanish autonomous community where the population is expected to increase the most during this period [9]. In
terms of tourist arrivals, there has also been a rapid increase in recent years, from 10 432 046 tourists in 2010 to
15 975 507 in 2017 [10].

In this sense, the desalination of water in the Canary Islands is necessary due to (i) some natural limitations
and (ii) others of a strictly economic nature. The former derives from the hydrogeological balance itself, which
determines, in simplistic terms, that the increase in extraction above natural recharge leads to a systematic decrease
in groundwater levels and, at the same time, in the yield of the exploitations [11]. The immediate consequence is
the need to divert capital towards refilling works that do not generate new resources and towards the search for
water in aquiferous areas of inferior quality [11]. Furthermore, once a certain maximum density of exploitations
has been reached, the new ones will divert flows from the existing ones rather than from untapped deposits [11]. In
economic terms, on the other hand, the effects are translated into a systematic reduction in the profitability of the
uses and thus, into an increase in the price of the water that these uses extract [11]. In some cases, this decrease in
profitability also stems from the worsening of water quality, which makes water use more limited [11].

The research presented here will focus on the area of Arinaga, belonging to the municipality of Agüimes (island
of Gran Canaria). This population is currently insufficiently supplied (with an average net supply of 95 l/h-d) and
it is supplied with groundwater (losses in the network are in the order of 30%) [12]. Due to the natural, economic
and population increase limitations mentioned above, a seawater desalination plant will be needed in this area to
supply the increased consumption of drinking water and to give a rest to the (over) exploited water resources.
Due to the abundance of wind and solar resources in the area [13], a possible technology to be used to power the
facility would be solar and/or wind energy-in this sense, the right combination of a renewable energy source with
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a desalination technology may be the key to meeting the demand for energy and water in an economic, efficient
and environmentally friendly manner [14].

Table 1 shows the total volume of desalinated water in the Canary Islands. On the other hand, Table 2 represents
the number of desalination plants and the total percentage of desalinated water by islands.

Table 1. Total annual volume of desalinated water in the Canary Islands.
Source: [15].

Hm3/year Lanzarote Fuerteventura Gran
Canaria

Tenerife La Gomera El Hierro Total

Public 34.24 23.95 62.01 24.17 0.00 1.50 145.87
Private 9.02 13.02 59.95 13.09 0.73 0.49 96.30
FCCA estimates (not officially
inventoried)

10.74 17.34 59.95 32.23 0.73 0.49 121.48

Total (official) 43.25 36.97 121.96 37.26 0.73 1.99 242.16
Total according to FCCA estimates 44.98 41.29 121.96 56.40 0.73 1.99 267.34

Table 2. Number of desalination plants and total percentage of desalinated water by islands.
Source: [16].

Concepts Lanzarote Fuerteventura Gran
Canaria

Tenerife La
Gomera

El
Hierro

La
Palma

Total number of desalination plants 49 66 135 46 0 2 1
% of the total volume of water
consumed on the island

99% 86% 52% 9% 0% 19% 0%

As it can be seen, the total water consumed in Lanzarote is now desalinated, also in Fuerteventura (where the
first desalination plant began operating in 1970) [17]. In Tenerife, an island with more water resources, they are
increasingly dependent on desalination: it accounts for 47% of household consumption, with an annual increase
in desalination of more than 16% since 2000 [17]. In Gran Canaria, 86% of water for human consumption is
desalinated, and 52% of the total supplied is desalinated [17]. There are currently 319 desalination plants in the
Canary Islands with a drinking water production capacity greater than 660 000 m3/day [18] of which more than
100 are located on the island of Gran Canaria [19]. Due to these circumstances, and as far as the Canary Islands
are concerned, Gran Canaria is the most suitable island for the assessment of the proposed investigation. Gran
Canaria’s estimated actual production is about 40% of all desalinated water in the Canary Islands, which exceeds
the desalinated water forecasts contained in the island’s hydrological plan [20]. On this island, desalination plants
are atomized and distributed along the entire coastline [20]. This is due to several factors: that the investment has
been made in a staggered manner, that the orography of the island is quite rugged, that a dispersed model has been
preferred in the face of potential contamination of the coastline and that distribution costs are saved [20]. On the
contrary, the costs resulting from the scale increase [20].

In the scientific literature, it is possible to find a large number of research papers that have mapped water needs
and renewable energy sources as a strategic tool for planning new desalination systems. Among the most notable
may be those carried out by Shatat et al. [21] who presented an economic and comparative evaluation study for
a small scale solar powered water desalination system; Padrón et al. [22] who modelled hybrid systems with
base in the renewable energy to compare many different design options based on their technical and economic
merits; Mahmoudi et al. [23] who evaluated a brackish water greenhouse desalination unit powered by wind
energy for desalting groundwater for irrigation purposes; Poompavai and Kowsalya [24] who presented various
control strategies carried out in solar PV and wind energy-based water pumping systems; Mokheimer and Sahin
[25] who modelled and simulated a hybrid wind/solar powered reverse osmosis desalination system; Gude and
Nirmalakhandan [26] who presented a sustainable phase-change desalination process driven solely by solar energy
without any reliance on grid power; Abdelshafy et al. [27] who presented a grid-connected hybrid renewable energy
integrated with a reverse osmosis desalination plant to provide fresh water for a residential community; Ismail
et al. [28] who presented a theoretical investigation of the performance of two sequential desalination systems,
multi-effect distillation and mechanical vapour compression: Zhangab et al. [29] who developed a novel framework
for optimization of hybrid systems in remote areas; Li et al. [30] who designed a sustainable and reliable hybrid
renewable energy system coupled with a desalination system, considering different operational scenarios with
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fluctuating renewable energy supply, and changeable water demand; Novosel et al. [31] who evaluated the impact of
desalination in a combination with pump storage that utilizes the produced brine on the penetration of intermittent
renewable energy sources in an energy system; Cherif and Belhadj [32] who elaborated an energy and water
production estimation on a large-scale time from Photovoltaic–Wind hybrid system coupled to a reverse osmosis
desalination unit; or the investigation conducted by Ali et al. [33], who presented a specific class of standalone
battery-less PV/Wind-reverse osmosis desalination system.

However, the proposal of sites in arid zones, currently not supplied through desalination plants, which can
potentially see their water stress reduced through the use of desalination plants powered by renewable energy have
not been given the same attention, so a study that addresses them is necessary. From a deep survey of grey literature
and updated literature related to the topic addressed here, it was possible to find that – even though there are plenty
deal of different approaches – this paper undoubtedly contributes to the pool of existing knowledge by giving the
aforementioned perspective (to our knowledge, so far not addressed). By performing this thorough literature review,
we ensure the originality of the idea here presented (so far not explicitly shown to our knowledge in any scientific
paper).

This first section briefly discussed the possibilities of renewable energy-driven desalination technologies; in the
second section, the method used to conduct the research will be exposed; in the third section, a case study on the
implementation of the proposed technology will be presented. The fourth section is reserved for conclusions, where
the economic and environmental consequences resulting from the implementation of the outlined project in the third
sections are presented.

2. Materials and methods

This study will focus on the dimensioning of a desalination plant and its consumption, for which a wind system
with the necessary capacity to feed the plant will also be dimensioned. In addition, a study will also be carried out
on the excess electrical energy generated by the photovoltaic wind/solar system.

Thus, the sections of this research work will be those listed below, separated into two large groups. First, the
sections of the desalination plant, which are:

• Location of the desalination facilities.
• Calculation of the daily production required to supply the target populations (plant capacity).
• Calculation of the specific consumption of the desalination plant.

Second, the sections of the wind/photovoltaic solar system, which are as follows:

• Location of the wind turbines.
• Calculation of the photovoltaic wind/solar potential at the location of the wind turbines and solar panels.
• Study of energy production and evaluation of energy use, evaluating the excess of wind/solar PV energy.
• As a design condition, it has been assumed that the annual excess of energy cannot be higher than the energy

demanded by the desalination plant.

In terms of location, the following conditions have been established:

1. The desalination plant will have to be located at a point close to the sea, in order to avoid high costs in the
collection system.

2. The wind energy system must be located at a point with a high wind potential that is close to the desalination
plant.

3. The photovoltaic solar energy system must be located at a point with a high solar resource that is close to
the desalination plant.

4. In order to avoid interference of the desalination plant activities with the daily life of the inhabitants close
to the plant site, the facilities shall be located in an area dedicated to industrial activity.

5. The population to be supplied must not have current access to the desalinated water supply.
6. The soil must be suitable for the construction of this type of facility.
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Within the Canary Islands, the islands most dependent on desalinated water are Gran Canaria, Lanzarote and
Fuerteventura. Due to the fact that (i) these last two islands use practically all of the desalinated water and (ii) the
extension of the existing desalination plants is relatively simple, there is no real need for a new seawater desalination
plant. Due to this, they were rejected, and the island of Gran Canaria was chosen for the investigation presented.
Based on the conditions established in the Materials and Methods section, the Arinaga Industrial Estate has been
selected as the site for the seawater desalination plant. This site is industrial land, close to the sea, without nearby
desalination plants and has several towns nearby to supply.

Fig. 1. Wind resource for Gran Canaria (left) and at the selected site, Arinaga (right) for 80 m height.
Source: Adapted from: [34,35].

Fig. 2. Solar resource for Gran Canaria (left) and at the selected site, Arinaga (right).
Source: Adapted from: [34,35].

Figs. 1 and 2 represent, respectively, from the Territorial Information System of the Canary Islands - IDECa-
narias [34], the wind resource and photovoltaic potential (in kWh/kWp) for the island of Gran Canaria. As can be
seen, the coastal areas close to the Arinaga industrial estate (see Figs. 1 and 2) have, respectively, one of the best
wind resources at 80 m and solar for the island of Gran Canaria. It can be observed in both figures the proposed
tentative location of the desalination plant.

The next step will be the study of the population nuclei near the Arinaga Industrial Estate, and how many
people live in the area. Table 3 shows that, by 2018, the towns near the Arinaga industrial estate had a total of
21 214 inhabitants.

Table 3. Population of Arinaga for the year 2018.
Source: [36].

Playa de
Arinaga

Cruce de
Arinaga

Polígono
residencial

Polígono
industrial

Total

9721 10 384 1068 41 21 214

Once the location was decided, the next steps would be the dimensioning of the production capacity of the
seawater desalination plant. In order to determine the definitive capacity of the plant, the number of inhabitants of
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the areas to be supplied will be studied (Cruce, Polı́gono and Playa de Arinaga). The objective is for the seawater
desalination plant to be able to supply the inhabitants of these areas completely for a period of 10 years (until
2029), so as to be able to give rest to the local water resources currently exploited for this purpose.

The first step in this section is the search for the numbers of inhabitants in the nuclei that must be supplied,
for which data from the National Statistics Institute have been consulted. From these data, it is concluded that the
populations studied had, in 2017, a total of 21 214 (see Table 3). Considering the forecasts for the coming years
and taking as a reference the 10 years prior to the economic crisis (1997–2007), it will be assumed that the annual
population growth rate for the evaluated area will be 5% per year. As a result of the assumption of this 5% annual
increase, it will be assumed that the populations studied will have, by 2029, a population of 34 555 inhabitants.

For water consumption, the average consumption per inhabitant for the Canary Islands will be used, which will
be assumed to be invariable and situated at 160 litres per inhabitant per day [37].

Thus, assuming that for the area studied, for the year 2029 there will be a total of 34 555 inhabitants who will
consume 160 litres of water per day on average, it will be possible to calculate the daily capacity of the seawater
desalination plant through Eq. (1).

Capacity = Consumption · inhabitants = 0.160 m3/day · 32 944 = 5528.8 m3/day (1)

As a consequence, in order to cover the foreseeable demand for water for human consumption in the areas to be
supplied, by 2029 a capacity of approximately 5600 m3/day will be required for the proposed seawater desalination
station. It should be borne in mind, however, that since more water is usually consumed during the summer months,
it is good practice to design the desalination plant in excess.

Once the capacity of the necessary desalination plant is known, it is necessary to dimension the energy supply
system of the seawater desalination plant, specifically by means of wind turbines and/or photovoltaic solar panels.
To this end, the wind and solar resource of the area in which the wind/photovoltaic solar system will be implemented
must be analysed, as it has been shown in Figs. 1 and 3 respectively.

Fig. 3. Optimal results clustering (total installed capacity in kW vs. value of the optimization objective function).
Source: Own elaboration.

Once the location of the wind turbine/photovoltaic solar panels was selected, the wind and solar resources were
studied at this point. For this purpose, the resources available through the website of the Canary Islands Territorial
Information System - IDECanarias [34] and the data included in the DesalinationPlant software (which uses data
from this area as a default) [38] will be used. This software, specifically developed for this type of installations,
will be used to carry out a techno-economic evaluation of the proposed scheme.

In this case, assuming, according to [51], that the consumption of the reverse osmosis desalination plant can be
considered 3 kWh/m3, the annual energy consumption over a year will be:

Annual consumption = 5600 m3/day · 3.0 kWh · 350 days/year = 5.88 GWh/year (2)

Note that, instead of 365 days a year, 350 days have been assumed because this is the typical number of operating
days a year for a desalination plant of this type [52]. As a result of the above calculations it can be concluded that
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the proposed seawater desalination plant will have an annual consumption of 5.88 GWh/year. In this case, and
considering the design conditions set out in the section on materials and methods (where it was indicated that
the annual excess of energy could not exceed the energy demanded by the desalination plant), the annual energy
produced by RES-based power station that supply the desalination plant may not exceed 11.76 GWh/year. This fact
is due to some restrictions applied by Spanish’s energy regulations, that limit energy electricity surpluses injections
to the power grid. Selling electricity surpluses is allowed to lower their energy bills, but only some of the energy
produced from the RES-based power station that they have installed to run the facility with. This restriction was
the first to handle with.

As it has been previously mentioned, in this research the software desalination plant is used to size the facility.
This software [38] uses a “black stochastic optimization box” to optimize the amount of RES (wind and solar) and
electrochemical storage involved in the desalination plant operation in order to obtain, in this case, the maximum
benefit for the operation of the plant. Among the options that the software uses to optimize it can be mentioned:
the desalination plant, the solar and wind farm, as well as the energy storage option.

Considering a capacity factor of 0.32 for wind energy and 0.18 for solar-photovoltaic energy [53], an amount
energy of 11.76 kWh/year implies that, for the aforementioned capacity factor, a maximum of 4.2 MW must be
used for sizing the wind-farm in the software in order to run the optimization. Similarly, the solar farm must be
sized in the range of 0 to 7.4 MW to fulfil this restriction [54]. The energy storage device must provide energy as
long as the RES-based power station is not able to provide enough. Particularly, for the annual excess of energy of
5.88 GWh/year at the most as well as the energy for the facility to operate, this option must be sized between 0
and 1340 kW, capacity enough to cover the aforementioned energy restriction.

Table 4 shows all considered parameters for the conducted optimization. In addition, data of hourly wind speed
(for a hub height of 80 m), solar global hourly irradiation and electricity spot market prices were also provided.

Table 4. Simulation parameters.
Source: Own elaboration.

Desalination plant

Membrane
pack

Auxiliaries
Power (kW)

Water flow
in (m3/h)

Water flow
out (m3/h)

Cost/installed
(e/kW)

Maintenance
cost (%)

Equipment
life

After life in-
vestment (%)

6 [39] 41.16 368 233 600 27 [40] 10 [41] 100

Water storage

Relative
Head (m)

Storage
Capacity (m3)

Water
demand (m3)

Water price
(e/m3)

Investment
cost (e)

Maintenance
cost (%)

Equipment
life (years)

After life in-
vestment (%)

190 180 000 50 [42] 0.60 962 000 1 50 [43] 100

Desalination pumps

Number of
pumps

Nominal
Power (kW)

Nominal
Flow (m3)

Cost/installed
kW (e/kW)

Maintenance
cost (%)

Equipment life
(years)

After life
investment (%)

8 110 115 2000 [44] 26 [45] 15 [46] 100

Solar photovoltaic power plant

PV panel
size (m2)

Efficiency
(%)

Installation
cost (e/kWp)

Maintenance
costs (%)

Equipment
life (years)

After life
investment (%)

Min./Max. power
for sizing (kW)

2 [47] 17 1050 [48] 8 25 80 % 1/7400

Wind farm [49]

Installation
cost (e/kW)

Maintenance
costs (%)

Equipment
life (years)

After life
investment (%)

Min./Max. power
for sizing (kW)

1000 4 25 80 1/4200

Energy storage [50]

Charging/
Discharging
efficiency (%)

Min./ Max.
SoC (%)

Installation
cost (e/kW)

Maintenance
costs (%)

Equipment
life (years)

After life
investment (%)

Min./Max.
power for sizing
(kW)

98/98 20/95 900 10 10 80 1/1340



E. Rosales-Asensio, F.J. Garcı́a-Moya, A. González-Martı́nez et al. / Energy Reports 6 (2020) 124–135 131

Table 5. Results of the optimization process.
Source: Own elaboration.

Parameter Optimal
result

Parameter Optimal
result

Solar PV size (kW) 866 Storage cost (e) 871.70
Wind farm size (kW) 4 100 Investment costs (e) 5 991 109
Storage size (kWh) 1 Total cost (e) 12 783 098
Desalination plant cost (e) 981 600 Total income (e) 19 366 879
Solar PV installation cost (e) 909 300 Average yearly benefit (e/ year) 253 222
Wind farm installation cost (e) 4 099 337 Costs-incomes ratio (-) 0.795

3. Results and discussion

The optimum result of the developed simulation is shown in Table 5, as well as in Fig. 3, but results from different
configurations carried out during the optimization process can be evaluated from every and each iteration that the
software developed, highlighting the optimum result for the proposed scheme and given parameters, maximizing
the benefit for the proposed problem.

Despite the wind profile is less consistent than the irradiation profile, the optimization results showed a wind-
based configuration for the RES-based power station in this problem (due to the higher energetic benefit that can
be achieved from this resource). In addition, the battery storage system is basically not used, as the algorithm
found more profitable to obtain the electricity not provided by RES from the power grid and sell the surplus rather
than storage it in expensive Li-ion batteries. As it can be seen from the results shown in Table 5 and with the
aforementioned capacity factors, the maximum energy produced by the RES-based power station scarcely surpass
the energy restriction of annual excess of energy (maximum energy that can be injected in the power grid) that
must be lower than 5.88 GWh/year.
Table 6. Levelized costs of energy and water.
Source: Own elaboration.

Parameter Results Observations

Classic LCOE (e/MWh) 7.04 Only power generation facilities costs are included without
considering water sales

Global LCOE (e/MWh) 7.34 All costs are included but also incomes from water sales

Classic LCOE injected electricity to power grid (e/MWh) 29.64 Only power generation facilities costs are included without
considering water sales

Global LCOE injected electricity to power grid (e/MWh) 30.88 All costs are included but also incomes from water sales

LCW without considering electricity sales (e/m3) 0.0353 Power generation facilities costs are included but not
electricity sales

LCW considering electricity sales (e/m3) �0.0541 Costs are reduced by incomes from electricity sales

LCW without RES (e/m3) 1.17 Equivalent desalination plant fed only by electricity from
the power grid

It must be highlighted the value of the costs-incomes ratio, used as optimization parameter, which in this result
means that each euro of income has a cost of e 0.795. This value must not be compared with the LCOE. Different
approaches for LCOE can be seen in Table 6. Typical LCOE, which has been calculated considering only the power
generation facility achieves the value of 7.04 e/MWh, which represents an 82.23% better value respect the cost of
the power energy from the grid. On the other hand, if we consider the complete process, i.e. including the water
desalination costs and incomes, the LCOE achieves 7.34 e/MWh. The obtained value for LCOE must be evaluated
considering that it can vary by technology, country and project, based on the renewable energy resource, capital
and operating costs, as well as the efficiency of the technology. It must be considered the associated costs with
electricity consumption (see Appendix); and the costs of the associated desalination plant. In addition, it has been
included the costs of the water storage deposit as well as the pumps. On the other hand, we should also consider
that the costs of solar photovoltaic and wind energy technology have fallen during lasts years [53].
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Table 6 also shows the Levelized Cost of Water (LCW) which achieves 0.0353 e/m3 in classical terms (not
considering the extra incomes from the electricity selling). This value means that producing water by this method is
a 46.16% more expensive than the expected remuneration for it (process not economically feasible by itself without
financial support), but if we consider the whole process and we include the extra incomes from the electricity selling,
this value changes drastically up to �0.0541 e/m3, which means that each m3 of produced desalted water makes
a net profit. These values must be considered in the context that the production of desalted water in an equivalent
plant without renewable energy sources would conduct to a LCW greater than 1.1 e/m3.

From the results shown in Table 5, the payback is known to be met in more than 11 years, due to the high
investment costs of the project, affecting the viability of these facilities. In accordance with the provisions of article
10 of Law 24/2013, of 26 December, on the Electricity Sector, the electricity systems of non-mainland territories
are subject to a singular regulation that considers the specificities deriving from their territorial location [50].

The peculiarities of electricity systems in non-mainland territories with respect to the mainland system, deriving
fundamentally from their isolated nature and small size, make it more difficult to integrate electricity production from
renewable energy sources due to their characteristics. While in the peninsular system the percentage of electricity
production from renewable energy sources stood at 40.2% in 2016, in non-mainland territories this percentage stood
at around 6% [55].

In order to make progress in meeting the binding objectives established in Directive 2009/28/EC [56] and its
revision (European Union; Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December
2018 on the promotion of the use of energy from renewable sources) it is considered advisable to set up wind and
photovoltaic power station that contribute to the diversification of primary energy sources, as well as the reduction
of energy dependence and the reduction of CO2 emissions [57]. On the other hand, despite the fact that the activity
of electricity production from renewable energy sources generates income from the sale of energy on the market,
these are not sufficient to recover their investment costs and avoid a financing deficit, which makes it necessary
to grant public aid. Based on the subsidiarity principle, established in the Lisbon treaty, article 5 [58], are the EU
members that must fulfil this task.

Specifically, for this region, to ensure the implementation of electrical energy production facilities with wind
and photovoltaic technology, the first calls for aid are established (for electrical energy production facilities with
wind technology located in the Canary Islands and for investment in electrical energy production facilities with
solar photovoltaic technology located in the Balearic Islands.). Now on, a comparison is made in Table 7 in order
to clarify the feasibility of the project. The TEC Order 1380/2018 [59] is a thoroughly lost grant that is given in
advance in order to help the investment of financeable projects. The projects that this aid will cover must fulfil
some terms: first, the wind resource where the wind farm will be placed must be higher than 5.2 m/s. Second,
the minimum amount of money to bankroll per project will be 500 ke. And, finally, the unitary investment price
must be lower than 1.2 Me/MW. As of results shown in Table 5 can be observed the designed facility fulfil these
requirements.

Table 7. Payback time periods comparison.
Source: Own elaboration.

Parameter Results Considering
TEC 1380/2018

Wind farm cost (e) 4 099 337 2 307 337
Investment cost (e) 5 991 109 4 199 109
Payback time (years) 11.9 8.3

4. Conclusions

The water resources of the Canary Islands have suffered a serious deterioration throughout several decades,
trying to supply the water consumption of the population and tourism, both in an unprecedented growth. Thus,
the technology of seawater desalination has acquired a certain prominence in the economic development of the
region, to the point of being responsible for a large part of the total energy consumption of the Canary archipelago,
usually from fossil fuels, that have a negative impact on the environment. Thus, the combination of desalination by
reverse osmosis with renewable energies, in this case, wind and solar photovoltaic, is a step towards sustainability
and the reduction of dependence on fossil fuels. The capacity of the proposed plant, 5600 m3/day, aims to supply
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the total population of Arinaga until 2029, which corresponds to the 10 assumed years of the expected life of the
desalination plant membranes. During this time, the stress of the currently exploited conventional water resources
will be mitigated, in this case obtaining drinking water for human consumption without supposing extra demand
for the power grid, since its operation is based on self-sufficiency.
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Appendix. Project cash flow

Year Desalination
Plant cost (e)

Battery
cost (e)

Wind cost
(e)

Solar cost
(e)

Electricity
cost (e)

Water sales
(e)

Electricity
sales (e)

0 981 600 871.71 4 099 337.15 909 300 0 0 0
1 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37
2 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37
3 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37

... ... ... ... ... ... ... ...
23 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37
24 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37
25 14 752 87.171 163 973.49 90 930 953.11 49 312.78 725 362.37
It has been adopted as hypothesis that components replacement costs are included in the yearly operation and
maintenance costs.
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H I G H L I G H T S

• Analysis of renewable energy driven de-
salinization plants in islands is pre-
sented.

• Reverse osmosis plant has been com-
paredwith respect to a novel pilot plant.

• Solution is economically profitable only
under certain conditions of conceded
grants.

• The sales of water and energy are
highlighted as a limiting factor.

• LCOE might be similar than the Spanish
generation, depending on the loans.
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Economic surveillance for securingwater projects driven by non-conventional energy sources is a challenge. The
carrying out of these initiatives in economies based on liberalized markets faces governments against the need
for guaranteed profits. As water availability has become a relevant global problem, and desalination an energy-
intensive demand solution, it is common to combine both kinds of technologies, renewable energy systems
and desalination plants. This research investigates the influence of grants, investment rates, and energy and
water sales on the commercialization of two desalination technologies. A performance analysis has been carried
out taking into account different scenarios. Following this approach, a simulated reverse osmosis desalination
plant has been compared with respect to an already granted novel pilot plant. Results show a better fulfilment
of the non-economic objectives, and economically profitable not only under certain conditions of conceded
grants, and investor's expected benefits but also of sales of water-energy, that highlighted as a limiting factor.
The Levelized Cost of Energy might be similar than the Spanish generation means, depending on the cost escala-
tion rate of the loans, and conceded grants. It was found a reduction of 11 euro cents under the average price that
could be achieved, for the standard scenario.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Among the 17 UN sustainable development goals (United Nations,
2020) to achieve a better and more sustainable future, we found the

goal of reaching affordable and clean energy next to clean water and
sanitation. Water scarcity affects more than 40% of the global popula-
tion. Energy is central to nearly every major challenge and opportunity
the world faces today. Be it for jobs, security, climate change, food pro-
duction or increasing incomes. Additionally, among theEuropeanobjec-
tives included in the Lisbon Treaty (2007), it highlights the article 194:
to improve competitiveness, achieve security of supply of energy,
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sustainability in order to increase the installed capacity of primary renew-
able energy-based technologies.

Different scenarios developed by IEA (2018) suggest that energy de-
mand could expand by 30%worldwide between today and 2040, where
the convergence of cheaper renewable energy technologies, digital ap-
plications and the rising role of electricity is a crucial vector for change.
So, EEG is supposed to increase significantly, putting affordable, univer-
sally available and cleaner electricity at the centre of strategies for eco-
nomic development. Without decisive action, energy-related GHG
emissions could more than double by 2050, and soil erosion and
water scarcity will speed up all over the world. Due to this fact,
Governments face the challenge of revert, palliate, or more properly
be prepared to tackle these events. We cannot forget that worldwide,
fossil fuels involve the vast majority of its energy consumption, and

globally around 80% of global primary energy use still comes from fossil
fuel (Strategic Energy Technologies Information System, 2018).
Specifically, to fulfil their 2020 climate & energy package (Official
Journal of the European Union, 2012), the EU institutions set three key
targets: 20% cut in GHG emissions, 20% of EU final energy from renew-
ables, 20% of improvement in energy efficiency, among other initiatives.
Those will be a set of binding legislation. Moreover, in 2016 European
Commission presented the package: “Clean Energy for all Europeans”
(Communication From the Commission to the European Parliament,
the Council, the European Economic and Social Committee, theCommit-
tee of the Regions and the European Investment Bank. Clean Energy for
All Europeans. COM/2016/0860 Final, 2016) in which several agree-
ments have been made in order to move along this strategy, as the
agreeing on setting in 32% the final energy consumption from renew-
able technologies by 2030 for thewhole European Unionwith rising ex-
pectative. To boost this strategy new legislation has already come
(Directive (EU) 2018/2001 of the European Parliament and of the Coun-
cil on the Promotion of the Use of Energy From Renewable Sources,
2018) to enhance the development of renewable - based projects, that
will help society to grow and thrivewhile lowering energy dependence,
as well as the reduction of GHG emissions.

Despite the fact that 70% of earth's surface is covered by water, and
97% of it is in liquid phase water availability for safe consumption and
agriculture has become a relevant problem around the world. For that
reason, from the second half of the 20th-century, water desalination
technologies were developed for areas under water scarcity risk. Ac-
cording to theWorld Resource Institute, water stress in 2040 would be-
come extremely high in Spain, Greece, as well as in the MENA region.

Gómez et al. analysed the most used technologies of desalination in
the Canary Islands. Among these, distillation methods such as multi-
stage flash, multiple-effect distillation, vapour compression, and mem-
brane processes such as electrodialysis reversal, membrane
distillation, and reverse RO.

Van der Brugger et al. (2004) investigated the energy-intensive pro-
cess that RO desalination comprises, focusing on the rate operation and
the high pressure in this process. This produces -as long as fossil fuels
are used for EEG- an associated environmental impact, and increasing
prices of the desalted water resource, in regions that lack them, causing
loss of competitiveness for agriculture, industry, or human usage. Pro-
vided that EEG costs in islands are higher due to its isolated nature,
these issues become even more acute. The efforts focus on how to im-
prove the efficiency of the desalination process. In fact, more than 80%
investment costs of a RO desalination plant involve capital and electric-
ity costs.Water desalination inGranCanaria entails an energy electricity
consumption of around 350 GWh/year, around a 10% of the total final
energy consumption of the island. Energy costs are nearly 52% of oper-
ating andmaintenance costs, and 39% of total cost (National Renewable
Energy Laboratory, 2005).

In the Canary Islands, by 2012, the installed desalination capacity
was 273,084 m3/day, entailing 122 Hm3/year. Especially in Gran
Canaria, 86% of water for human consumption is desalinated, as well
as the 52% of total supply (La Provincia, 2019). 62 Hm3 out of them
were desalinated in public desalination plants, and 60Hm3 fromprivate
property.

Ghalavand et al. (2014) analysed costs related to the involved tech-
nologies in the desalination process as well as costs of energy in the re-
gion where the desalination plant is located. Their isolated nature
provokes a higher energy bill for desalting those 122 Hm3. In order to
improve the competitiveness of the process, to reduce costs, a dedicated
RES-based power station has become an extended option to run these
facilities to overcome electricity prices, lowering operational costs,
while reducing associated GHG associated emissions. Rosales-Asensio
et al. (2019a) analysed this scheme, and found that for a 6 c€/kWhof en-
ergy costs, the costs of watermight be reduced by investing in the inter-
nal process of a private property RO Desalination plant (Lozano-Ruano,
n.d.), while economic analysis advised the investment. Other proposed

Nomenclature

ASAI Average Service Availability System
BAT Best Available Techniques
CAIDI Customer Average Interruption Duration
CCt Capital costs
CCG Combined Cycle Gas Station
CO2 Carbon Dioxide
coeur Euro cent
COW Cost of water
CRF Costs Recovery Factor
EBITDA Earnings Before Interest Taxes depreciation and

Amortization
EU European Union
EEG Energy Electricity Generation
FCCt Fuel consumptions costs
GCC Generation Control Center
GDP Gross Domestic Product (GDP)
GHG GreenHouse Gas
GWh Gigawatts per hour
Hm3 Cubic Hectometer
ICT Information Communication Technology
IDAE Institute for the Diversification and the Energy Savings
Ieff Effective investment rate
Inhab Inhabitant
kW Kilowatts
kWh Kilowatts per hour
KPI Key Performance Indicator
LCOE Levelized Cost of Energy
m3 Cubic meter
MENA Middle East and North Africa
MW Megawatts
n Number of years
NOx Nitrogen Oxide
NPV Net Present Value
O&M Operating and Maintenance
PV Photovoltaic
REE Red Eléctrica España S.A.U. (Spanish Transmission Sys-

tem Operator)
RES Renewable Energy Sources
RO Reverse Osmosis
SAIFI System Average Interruption Frequency Index
SAIDI System Average Interruption Duration Index
SME European Innovation Council accelerator
SEC Specific Energy Consumption
TEC Ecologic Transition
TRL Technology Readiness Levels
W Watts
W&E Water and electricity
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technology that comes from innovation process in desalination technol-
ogies is the thermo-solar water distillation (Aqua.abib, 2020a), a tech-
nology that harvest sunlight with a 70% of efficiency heating the air
between two plastic layers and the hot air naturally rises until a vortex
of a pyramid surpassing 100 °C, instantly evaporating sprayed seawater
separating it due to its weight difference. The benefit of this project,
apart from the fact that it offers goods as water, salt, is that it proposes
low energy consumption. By the time of the redaction of this research
was being developed the first pilot plant.

On the one hand, Governments have to face the issue of the integra-
tion of renewable technologies, trying to fulfil agreements made to face
climate change,while solving the associatedproblemconcerning the re-
duction of the competitiveness of the economy that itself comprises
multiple actors. According to Spanish National Grid (Spanish Power
Transmission Company, 2018), Gran Canaria, a region where just 10%
of generated electricity comes from RES provokes a high rate of GHG
emissions, existing concern about the economic competitiveness of
these facilities, as well as the environmental impact of the energy used
in the process. However, RES-desalination solutions appeared becoming
feasible alternatives. González et al. (2019) focused on wind powered
desalination systems. Colmenar-Santos et al. (2017) investigated ac-
tions to face these problems in the region of study, and years that
came grants and benefits were highlighted. Shah et al. (2017) reviewed
measures adopted by Governments in order to boost RES-based tech-
nologies of EEG, and how they affect the commercialization of these dis-
ruptive technologies.

In order to ensure the implementation of RES-based power stations
– specially wind and photovoltaic technology – in the non-mainland
territories of Spain, last years, calls for aid have been established in the
Canary Islands, and for investment in EEG facilities with solar photovol-
taic technology located in the Balearic Islands. Developed by TEC/1380/
2018 order (Institute for the Energy Diversification and Saving (IDAE),
2019), it is incompatible with others proposed from European Union,
or others, as well as, it is incompatible with the specific retributive re-
gime (IET order 1045/2014 approval of retributive parameters for EEG
facilities from renewable energy sources, 2014; Royal Decree 413/
2014, regulating the activity for generating electricity from renewable
energy sources co-generation, and waste plants, 2014; Royal Decree
738/2015 regulating the activity for generating energy electricity and
clearance proceeding in non-mainland electric systems, 2015), given
in order to reduce the extra costs of the facilities in the business of gen-
eration of electricity from RES. Spanish authorities, in order to lower the
high costs of desaltedwater, let sales of surpluses of the generated elec-
tricity when operating those desalination plants, but with a maximum
of twice the energy needed to run the facility. European authorities pro-
posed the SME grant Phase 2 (European Commission, 2019): tool bound
to innovation projects underpinned by a strategic business plan and fea-
sibility assessment that focuses on the industrial, economic, and social
problem to overcome, or the business opportunity of projects involving
renewable energy technologies.

This research virtually granted two water desalination technologies
following them and this scheme as a guide, and developed a techno-
economic evaluation of these projects in order to decide if investment
or not in a given project would be advisable. For evaluating projects, it
is common using market and technical studies, economic evaluation,
or the analysis and administration of risk. The aim of this paper is to
find out what was the influence of parameters (grants, investment
rates, W&E sales) over KPI for the investment decision regarding the
commercialization of novel projects associated withwater desalination.

In the scientific literature it is common tofind reviews using the soft-
ware HOMER to size desalination plants minimizing, or optimizing pa-
rameters. Khan Meer et al. (2018) studied the deployment of solar PV
and wind energy sources to run a RO facility, and found a total water
production cost between 0.45 and 0.89 €/m3. Similarly, Eltawil et al.
(2009) found those costs to be between 0.59 and 2.81 €/m3 depending
on the technology, the size of the facility, and themarket thatwas acting

in. Javed et al. (2019) conducted a techno-economic study of a hybrid
solar-wind-battery for a stand-alone system, and investigated the influ-
ence of a low loss of power supply probability, finding that it had an
enormous influence in direct, and O&M costs. Shallenberg et al. (2014)
were interested in investigating the relationship between energy and
desalination technologies, and focusing on the Canary Islands showed
the energy and monetary costs of desalination.

In contrast, it is observed a lack of studies concerning the compari-
son of real investment scenarios of projects to develop an analysis of
the investment decision. In the first stage, the characteristics of pro-
posed grants were analysed: objectives, ambition, expected impacts,
implementation, or measures to maximize impact stand out as of
them. Secondly, it was analysed if the proposed technologies fulfilled
the desired characteristics in order to apply for the proposed grants, fa-
cilities dimensioning, and what is its influence in the investment deci-
sion for its commercialization through a sensitive analysis that
investigated if this business model would be profitable enough for pri-
vate investors.

2. Material and methods

This section describes the two analysed RES-desalination systems
and describes themethod to find out what is the influence of grants, in-
vestment rates, W&E sales for the investment decision regarding the
commercialization of novel projects associated withwater desalination.

This research analysed the solar andwind profiles of the regionwith
geographic information tools in order to find the RES potential of the re-
gion, letting explore the scalability/replicability. The Canary Islands are
a Spanish archipelago located in the Atlantic Ocean, in a region known
as Macaronesia, around 100 km off the northwest coast of Africa and
about 1350 km from Europe (Cabrera et al., 2018). Despite its proximity
to Africa, the Canarian archipelago is economically and politically
European, as it is part of the European Union. The archipelago has
sevenmain islands, with a population of around 2.1 million inhabitants
and a density of 287.39 inhabitants per km2 (Canary Islands Institute of
Statistics, 2020). The Canary Islands is the eighthmost populous admin-
istrative region Spain and its population is mostly concentrated in the
two capital islands (Tenerife and Gran Canaria) (Canary Islands
Institute of Statistics, 2020). The economy in the islands is basedprimar-
ily on tourism, which represents around 30% of the Gross Domestic
Product (GDP) in the islands. However, construction sector and tropical
agriculture have been also drivers in the islands economy. Canary
Islands have suffered an important lack ofwater resources along thehis-
tory (Santamarta and Rodríguez-Martín, 2013). Water resources in the
islands have been set in two systems of water collection, based on the
location and climate of the involved islands (Santamarta and
Rodríguez-Martín, 2013). Western islands contain high mountains and
forests which retain the clouds in the north face of the islands. For this
reason, the water resources of these islands are mainly the groundwa-
ter. Easter islands, by contrast, does not contains high mountains and
forests and they are more arid. In these islands the desalination is the
main source of water (Santamarta and Rodríguez-Martín, 2013). Since
all economic sectors in the islands are intensive in the use of water,
the water resources in the islands are overexploited (Santamarta and
Rodríguez-Martín, 2013). This has motivated several initiatives from
the governments to promote the desalination development on the
islands and to control the water use (Gómez-Gotor et al., 2018).

In term of electricity and grid interconnection there are six islands
electrically independent each other. Only two of the eastern islands
(Lanzarote and Fuerteventura) are interconnected by a underwater
connection. This insularity in electricity terms avoid synergies between
isolated energy systems and generate additional costs which are pro-
portionally spread out in the electricity bills throughout the country,
to allow citizens in the islands to pay the same price per kWh as those
who live on mainland Spain (Nuez and Osorio, 2019). Total installed
electrical power in the islands was 3308,6 MW, at the end of 2018,
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with 18.5% as renewable energy (612.3 MW) (Canary Islands
Government, 2018). These renewable energy sources (RES) are mainly
wind (397.3 MW) and solar photovoltaic (186.5 MW). However, an-
other RES as mini-hydraulic, hydropower and biogas are participating
with 2.0 MW, 22.8 MW and 3.7 MW respectively (Canary Islands
Government, 2018). In the Canary Islands there is a lot of potential for
the exploitation of RES, mainly wind and solar and one of the priorities
for the islands governments is to increase the level of RES in the electri-
cal systems (Shallenberg et al., 2014).

Canary Islands is specially considered as an outermost region in the
UE (European Commission, n.d.-a). Remoteness supposes to local man-
ufacturers a number of constraintswhichpush up the cost prices of their
products, therebymaking themuncompetitivewith products fromelse-
where (especially mainland Spain and the other EU Member States)
(European Commission, n.d.-a). For these reasons, it has implemented
specific measures, which, by means of tax exemptions or reductions
for local products, are designed to: (i) encourage productive industrial
activity, (ii) safeguard their competitiveness with outside products,
and (iii) thus increase the proportion of the Canaries' GDP accounted
for by industrial activity (European Commission, n.d.-a). In this sense,
for instance, the harmonised rules on VAT do not apply to the Canary
Islands (European Commission, n.d.-a). However, there is another
local consumer tax known as the IGIC (Impuesto General Indirecto de
Canarias - Canaries General Indirect Tax) applied at several different
rates (European Commission, n.d.-a). Additionally, another consumer
tax known as the AIEM is applied to a limited list of locally
manufactured products specified in the Decision 377/2014/EU
(European Commission, n.d.-b).

Focused in Gran Canaria. Cabrera et al. (Cabrera et al., 2018) noted
that in the south east of that island, where it is located the “Barranco
de Tirajana” thermal power station suffer all the aforementioned prob-
lems: water scarcity, high environmental impact (El Diario, 2019a) on
population due to the high GHG emissions and loss of competitiveness.
The location of the proposed site for the facility is shown in Fig. 1. Now
on, the technologies that were proposed as candidates to ask for grants
were analysed and dimensioned for a further analysis of its commercial-
ization performance evaluation.

2.1. RO desalination plant

The first analysed technology is a RES-powered RO desalination
plant, sized with the software Desalination Plant (Desalinationplant,
2018). Colmenar-Santos et al. (2018) analysed that only by optimizing
three variables (wind energy, solar energy and energy storage) is able
to provide a minimum operational cost for a RO plant, and for a given
desalination capacity. Due to the fact that simulation of the desalination
plant is coupled to a hybrid distributed energy resource is itself a com-
plex task, Desalination Plant implements a quite complex economic
metric. As Im and Park (2013) reviewed to obtain the variables, stochas-
tic optimization algorithms have their own mechanisms to find the
global optimum. They require a large number of evaluations to reach
it, and to optimize the system, it is necessary to provide the wind and
solar profiles of both, speed and irradiation data from the region of
Gran Canaria (Canary Islands Institute of Statistics, 2020; Canary
Islands Government, 2018).

Provided that themaximum amount of funding the SME instrument
would provide was € 2.5 million per project, and it involved 70% of the
total investment, € 3.5million was the total budget for the design of the
RES-powered desalination facility. According to Rosales-Asensio et al.
(2019b), for a standard desalination plant it might be assumed to cost
€ 1 million (National Renewable Energy Laboratory, 2005) in order to
perform the simulation. Similarly, it was assumed a total cost of 1000
€ per installed kW of wind power (Stehly et al., 2017), fact that it im-
plied that thewind installed powermust be of 2.5MWfor dimensioning
this facility within the Software. Similarly, for solar photovoltaic power
it was assumed 1050 € per installed kW (Fu et al., 2017) it is: 2.33 MW.

According to Spanish legislation, these facilities can sell a restricted
amount of energy: the same amount that they are able to generate
with the installed capacity to run the desalination plant (IET order
1045/2014 approval of retributive parameters for EEG facilities from re-
newable energy sources, 2014). Taking into account a capacity factor of
0.32 forwind energy, and 0.18 (International Renewable EnergyAgency
(IRENA), 2018) for solar-photovoltaic energy the expected EEG capacity
to size the wind powered desalination plant could be calculated.

Expected energy capacity ¼ 2500 kW" 2803 h=year
¼ 7;008;000 kWh=year:

Expected capacity waterð Þ ¼ 3;504;000 kWh=year" 1 m3=3 kWh
" 1 year=350 days

¼ 3337 m3=day:

The specific energy consumption (SEC) considered in this study for
the water treatment (3 kWh/m3) was determined as the average
value of different RO desalination plant installed in The Canary Islands
(Arenas-Urrea et al., 2019).

From these results, the expected capacity for sizing the associated
desalination plant resulted in 139m3/h of capacity in the associated de-
salination plant. The rest of the necessary data to develop the simulation
can be consulted in Appendix A.

2.2. The aqua.abib project

This second facility to be analysed is a novel distillation facility joint
to a RES-based Power Station. The aqua.abib project applied for a grant
of the SME Instrument H2020 program, and received funding from the
European Union's Horizon 2020 research and innovation program
under grant agreement No 739468 of the Small and Medium sized En-
terprises Instrument program (phase II) of the European Commission.
As we previously mentioned, incomes consisted in W&E sales for the
desalination plant, and water, electricity and salt sales for the aqua.
abib project. The cost of this project was set at 2.4 million € (European
Commission, 2020), and as can be seen in Table 2 funding will be pro-
vided by different sources. The system offers a flux of 25,000 m3/year,
enough water for 1200 people (71.41 m3/day). In addition it is able to
generate 875 mTon of NaCl. The website of the project (Aqua.abib,
2020b) shows that European Commission granted around 50% of the
total cost, it is said: 1.4 million €. Provided that the deployment of
wind power was mandatory to opt for the grant, this research assumed
it for the associated renewable plant of the aqua.abib pilot plant, for the
same region. The necessary amount to fulfil the 3.5 million € condition
was proposed as wind deployment to the desalination plant. Provided
that this pilot plant is in its early stages of technological development,
the 0-50-100% analysis of the grant departed from the already 1.4 mil-
lion € granted.

2.3. Analysis of commercialization

As from the analysis of the characteristics, and conditions that pro-
posed grants demanded highlight: feasibility of the project, summariz-
ing measures to maximize impact, or uses (research, commercial,
social, or environmental investment). Once the facility perceives the
grant, it is demanded an extra accounting system to record all dealings
(transactions). Variable costs related to the increasing administrative
tasks imply increasing costs, which additionally would demand more
agile structures of informationmanagement systems (Appendix B). Fur-
thermore, these facilities must subscribe to insurance, and an economic
guarantee of 20,000 € per installed MW, extra-costs that were
accounted as 1% of the total project costs (Baca Urbina, 2015). On the
other hand, taxes, workforce, environmental impact studies, and studies
to find out the wind resource, geotechnical studies, security and health
plans, as well as promotion costs will not be financeable. In order to

D. Borge-Diez, F.J. García-Moya, P. Cabrera-Santana et al. Science of the Total Environment 764 (2021) 142878

4



boost wind-powered technologies, TEC order 1380/2018 (Institute for
the Energy Diversification and Saving (IDAE), 2019), for instance,
demanded more than 800 kW of installed wind power. Furthermore,
the region to locate the wind power station must have a wind resource
speed higher than 40% of themaximum resource for this region, namely
13 m/s at 60 m high. In addition, it demanded requirements of state air
safety agency, nearness node of connection to the grid, with aminimum
voltage value.

This research conducted a commercialization analysis following a
flux diagram (Fig. 2): it varied the amount granted, the Ieff of the rest
of the amount invested, and calculated parameters that were taken
into account in order to explore its commercialization performance.
The amount of conceded grant to build the facility varied from 0% to
100%, and the effective investment rate (Ieff) of the cost recovery factor
(CRF) between 3.5% and 24%.

In order to understand how the profit-earning capacitywas affected,
it was distinguished between the EEG facility and the desalination plant
because of the importance of the annual capital costs. These vary de-
pending on the amount and characteristics of the loans conceded to
build the facility, and how are they yearly capitalized. Among the
most used ways, this research opted for the same amount of yearly
money payment as shown in (2) (Baca Urbina, 2015), under the as-
sumption all investment came from loans at a specific Ieff.

Among the most widely used parameters that indicate the perfor-
mance competitiveness of these facilities we can name the levelized
cost of energy (LCOE) and cost of water (COW). LCOE is an economic as-
sessment of the average total cost; including: capital, operating and
maintenance, as well as fuel costs to build and operate a facility over
its lifetime divided by the total energy output over the lifetime of the fa-
cility under a specific Ieff. Gökςek and Gökςek (2016) predicted (for a
wind-powered RO desalination plant, connected to the grid) a LCOE
from 0.068 €/kWh to 0.14 €/kWh, and a COW from 0.7 to 2.46 €/m3.

These variations depended on the size of the desalination plant, the re-
gion where it is located, and on the technology involved in the process.
Feo García et al. (2013) studied the region where this research is fo-
cused in, and gave an average price for water of 0.6 €/m3.
Karunathilake et al. (2020) used a fuzzy logic-based optimization pro-
cess to discover the optimal system capacities and energy mix. This
technique is also used by other authors in chemical process for another
purposes (Palacio-Morales et al., 2019).

LCOE ¼

Pn
i¼1

CCt þ OMCt þ FCt
1þ Ieff
! "n

∑n
i¼1

Electricity
1þ Ieff
! "n

ð1Þ

CRF ¼ C:C
Ieff 1þ Ieff

! "n

1þ Ieff
! "n−1

ð2Þ

The project was analysed for 20 years of return of investment, vary-
ing the amount of sold electricity, as well water sales from 70% to 200%
in order to investigate the capacity of both facilities to achieve the eco-
nomic KPI, and for a better understanding of its commercialization
performance.

Specifically, to achieve this task, this research calculated the net cash
flow of each year (net utility) with data from Appendixes 2 and 3. The
general statements (see Fig. 3) consisted in developing a balance of all
the costs and incomes generated during a whole year (Baca Urbina,
2015), starting with the marginal utility, or predicted earnings before
interests, taxes, depreciation and amortization (EBITDA). On the other
hand: capital, operating, taxes, and administrative costs as shown in
Appendix C. In the calculus of the NPV, it was used 6% as inflation rate
(company earnings are limited to maintain its real purchasing value)

Fig. 1. Proposed placed (in line blue) for the allocation of the plant (Land Registrywebsite, 2019). (For interpretation of the references to color in thisfigure legend, the reader is referred to
the web version of this article.)
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instead of calculating the profitability of the facility as a whole with an
investor choice, provided that it was accounted in the CRF.

Table 2 shows the key performance indicators (KPI) related to this
research, and to provide a successmetric. Among these, this research fo-
cused on economic analysis. It is the energy and GHG emissions, water
costs and related jobs.

3. Results and discussion

As can be seen in Figs. 4 and 5, the deployment of renewable tech-
nologies for EEG inGran Canaria is far from thementioned EU objectives
of renewable deployment. With a population of approximately 850,000
inhabitants (Canary Islands Institute of Statistics, 2020), the ratio wind
power/inhabitant in the island was lower than 100 W/inhab, far from
the mean of Spain, 495.8 W/inhab, and far from the EU members
mean: 301.1 W/inhab (Spanish Power Transmission Company, 2018),
and this without taking into account that during 2019, more than 4.5
million tourists visited the island (Tourism board of Gran Canaria
Island Council of Gran Canaria, 2018).

Similarly, the photovoltaic installed power ratio of 85.9 W/inhab in
Canary Islands versus the Spanishmean of photovoltaic capacity per in-
habitant of 103.4 W/inhab, even lower than in EU: 197.8 W/inhab
(EurobservER, 2017).

The percentage of uploaded energy from RES-based technologies
varies within the year, finding maximum rates of 21% in July, and min-
imum of 5.4% in October (Canary Islands Government, 2018). On the
other hand, the rainfall in this region was found to be lower than
0.150 m3/year (Gómez-Gotor et al., 2018), and as a consequence it
could be considered as a desert climate. Due to fact, this location was
found to be a “laboratory of research” for other places with difficult
agricultural, economic, and climatic conditions, making it a suitable
candidate to opt for the grant through the proposal of an integrated
solution that might contribute to improve the economic, societal, and
environmental situation of regions suffering from draught problems.

Aswe have previouslymentioned, thewind resourcemust be higher
than 40% of the maximum resource for this region, namely 13 m/s at

Fig. 2. Flux diagram of the commercialization analysis.
Source: own elaboration.

Fig. 3. Net cash flow.
Source: own elaboration. Fig. 4. EEG installed power in Gran Canaria (Aqua.abib, 2020b).
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60 m high (Canary Islands Government, 2019a), so that, higher than
5.3 m/s. The proposed region (see Figs. 6 and 7) fulfilled the require-
ments for wind resource as well as the potential of solar photovoltaic
energy for this region: 1500–1600 kWh (see Fig. 7) (Canary Islands
Government, 2019b) that grants demand.

3.1. Techno-economic results

The simulation results for sizing the RES powered RO desalination
plant used the costs-incomes ratio as optimization parameter, obtaining
as a result, a profitability index of 0.784 for the operation of the facility
as a whole. Moreover, results showed an energy deployment where
PV and battery storage were almost null, while the wind farm reached
the maximum sizing power (2500 kW). The rest of simulation results
can be consulted in Appendix C, including annual costs to run the facil-
ity, aswell as the incomes of simulated operations during one year. (In a
standard decision-making problem costs of operating the solar photo-
voltaic plant, and the storage device that the simulation showed
would have been left apart because of its small size). These showed
that average year wages from W&E sales were 407,132 €/year, and the
global O&M costs reached 123,737 €/year, resulting in an EBITDA of
297,595 €.

On the other hand, for the operation of the distillation plant as well
as for those related to the wind farm were assumed proportional O&M
costs. The revenues came from water, salt, and electricity sales with

the same simulated pricing of the desalination plant, resulting in an
EBITDA of 100,551 € (Appendix C).

The results of the analysis depicted in Fig. 2 are shown in Tables 3a
and 3b, respectively for both facilities, and for the aforementioned
grant conditions. Firstly, the CRF of the necessary loan to build the facil-
ity, obtained as previously explained (see Eq. (2)). It also included the
performance parameters LCOE, and the COW of both schemes.

As can be observed, the distillation plant showed positive net utility
only when half grant was conceded (1.400 + 0.55 million €) (see
Table 1), and under advantageous Ieff conditions. On the other hand,
when theROplant perceived half grant (1.25million €) it showed a pos-
itive net utility up to 10% of Ieff condition. The sensitive analysis in-
cluded the NPV and the payback period calculation, for different
investment rates, and for the different options of conceded grants. As
can be observed, most scenarios showed a negative NPV, marked with
X when it is tremendously negative, advising against the investment.
The best NPV result advised the investment in the aqua.abib project
only when whole grant (2.5 million €) was conceded, but for up to 6%
of Ieff, (note that money came from different institutions, probably
under different investment rates conditions), although the discounted
payback period remained higher than 15 years in this case. Note that de-
spite more profitability margin appeared for the RO plant, the NPV be-
came null even at an Ieff lower than 3.5%, for a not-conceded grant
scenario, setting the limit of the investment decision. Also, when half
grant was conceded, it became negative above 12% Ieff.

Finally, for awhole conceded grant scenario the Ieff that set this limit
was found to be above 24%. In addition, it highlights that onlywhen half
grantwas conceded, and for an Ieff of 7.5% a reduction of 11 coeur under
the average 0.6 €/m3 was achieved, while the aqua.abib project showed
a price higher than 3 €/m3.

To deepen theunderstanding of the economic performance of the fa-
cilities, Figs. 8–13 showed the influence that the variation of the in-
comes derived from W&E sales from 75% to 200% of expected
incomes, had for achieving the net utility KPI objective (200,000 €) in
both facilities. It was done through the deployment of 3 scenarios: 0,
50, and 100% of granted. Additionally, the Ieff of the rest of the money
needed was varied between 3.5% and 24%. As from their analysis can
be observed that:

First, in scenario (I) (Figs. 8 and 11) that no grant was conceded, the
RO plant reached the economic objective only for a very low Ieff. This
happened only when W&E sales increased over the 140% of capacity.
Despite the fact that it started with 1400 k€ granted, the distillation
plant did not achieve the economic KPI objective of 200,000 € of net
utility.

Secondly, scenario (II) (Figs. 9 and 12) analysed the influence of half
grant on the net utility of the plants. As can be seen, only the RO plant
achieved the net utility KPI stated objective whenW&E sales increased.
In the light of the results the RO-plantwould be able to provide an Ieff of

Wind Energy Photovoltaic

RES Deployment comparison (%)

UE Spain Gran Canaria

Fig. 5. RES % deployment comparison (Spanish Power Transmission Company, 2018).

Fig. 6. Wind resource of Gran Canaria (a), and the selected site (b) at 80 m (Canary Islands Government, 2019a).
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20% when 200% of W&E were sold. On the other hand, the distillation
plant did not reach the objective (Fig. 12).

Finally, scenario (III) (Figs. 10 and 13) compared both facilities with
similar amounts of conceded grants. As can be observed the RO plant
would provide benefits from 3.5 to 24% of Ieff, as W&E sales increased.
This was the only scenario where the distillation plant reached the eco-
nomic objective (Fig. 13), but only for 200% of increasing sales, and for
specific conditions of low Ieff.

Among the cases that reached the economic objective, in scenario I
(Figs. 8 and 11), the RO plant achieved it only for a very low Ieff, and
only when W&E sales increased over 140% of capacity. Note that the
RO plant simulation showed a near-zero battery deployment, and low
electricity costs results, meaning that the plant operated at around
35% of its nominal capacity (see capacity factor of wind energy).

As can be seen in the scenario (II) (Figs. 9 and 12), only the RO plant
achieved the objective from 3.5 up to 20%, asW&E sales increased. Only
in the scenario (III) the distillation plant reached the economic objective
(Fig. 13), but only for 200% of increasing sales, although it must be
remarked that due to its working configuration this plant could not in-
crease its capacity of selling water, so in essence it probably will not be
achieved. As from these results, it did not advise the investment in the
Distillation Plant due to its higher investment needs as well as its
lower business capacity related to W&E sales. Although, for a scenario
of low W&E demand, the difference among the profitability of these
two facilities came near.

Despite the better performance of the RO plant, both projects
needed help to pay the loans to capitalize the project, if being attractive
for private investmentwas expected. That the facility reached the objec-
tive for particular conditions might imply for policy makers that a spe-
cific water-energy deployment would let those facilities reach benefits
allowing extra electricity sales. Analysing data of the RO plant perfor-
mance it is highlighted that the smaller the size of the RO desalination
plant the lower the competitiveness of its performance, and precisely
it proportionally happened to the distillation plant that additionally
would imply benefits to the environment. Precisely, in the region of
study it can be found the Barranco de Tirajana thermal power station
(Spanish Ministry of Environment, 2020) that consumed 233,713.47
tons of fuel oil, and 278,341.4 of non-automotive gas-oil in 2018 (last
year of available data). For what GHG emission was concerned, it
stressed: the methane, with total emissions of 16.82 Ton/year; CO:
224.341 tons/year, NOx emissions of 2112.28 tons, and CO2, with
1,620,654 tons/year, among others. The reduction of GHG emissions
that this scheme achieved, accounted as 0.521 kg CO2/kWh (see

Fig. 7. Solar photovoltaic resource of the selected site (Canary Islands Government, 2019b).

Table 1
Financing card (Aqua.abib, 2020b).

Funding source Amount

European Commission 1400 k€
ENISA (Spanish public administration) 300 k€
Bank loan 200 k€
Private capital 1600 k€

200 000 € 

Fig. 8. Scenario I. RO plant (0% granted).
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Appendix B) was of 3651 tons/year for a 100% scenario of the RO plant,
under the proposed objective, that only could be achieved when more
electricity generation from this scheme were sold.

Although the activity generated incomes, most scenarios showed
that these did not let recover their investment costs in a reasonable pe-
riod of time for the aqua.abib project while providing profitability
enough to avoid financing deficit, fact that force to grant public aid, or
increase W&E sales in these facilities. In some of them, loans ought to
be returned in less than 10 years. For a grant scenario that the RO
plant perceived half grant (1.25 million €), results demonstrated that
was able to achieve a discounted payback period of 10.26 years versus
the aqua.abib project, that granted (1.4 million €) showed 33.74 at the
same Ieff (7.5%) (Table 2).

Scenarios showed that the profitability could be achieved increasing
the amount of demanded water, that was highly interconnected to ac-
tivities such as cattle farming, agriculture, and others that eventually
might demand increasingwater, and therefore the economic activity it-
self. Market should be analysed in order to know if proposed scenarios
were capable of absorbing such an amount of resource, specially in sec-
tors like food industry, and energymanagement. These scenarios would
provide resources to themarket for society to grow and thrive, incomes
that were not accounted in the economic balance.

Provided that the price of electricity generation from conventional
sources in areas, like in islands, is higher, the gap between the costs of
the deployment of these disruptive technologies and the traditional
ones may be closed up with lesser economic impact. As Soshinskaya
et al. (2014) indicated, costs of energy electricity (LCOE) vary within
the year, and the region where the facility is located. Provided that
this research assumed a year for the period calculation and the Canaria
region for the calculus, in essence themarket that is acting in might dif-
fer fromotherswith different RES characteristics. In addition, other non-
accounted costs are the hidden costs of these projects highlighting:

water impacts, land impacts, and GHG emissions costs associated with
the deployment of different energy strategies.

Similarly, NREL (2005) analysed the real competitiveness of hybrid
powered RO desalination plants, predicting a COW around 1 €/m3 for
a 1.5MWpowered seawater desalination plant, in a grid-isolated topol-
ogy, and a cost of 0.62 €/m3 for a grid-connected topology with energy
prices of 0.11 €/kWh. The developed analysis showed a lower COW up
to 12% of Ieff, but only when half grant was conceded, a scheme that
might lower the energy prices while providing benefits to investors.
Eltawil et al. (2009) found a COW between 0.66 and 0.75 €/m3 for RO
desalination plants of similar capacity (2843 to 3720 m3/day). Results
demonstrated that even for high Ieff, the economic, andKPI COWreduc-
tion objective might also be achieved, although it must be noted
(Hispagua, 2007) that water desalination depends on parameters such
as salinity, or conductivity that could affect these costs as well. In com-
parison, the COW in the aqua.abib project was proven to be much
higher, despite that itwas calculated for 100% of plant capacity. Globally,
in Gran Canaria only 11% of EEG comes from renewable sources yet (El
Diario, 2019b), and that an optimal energymixwith a renewable energy
penetration of 65% would be obtained without jeopardising grid reli-
ability (Windenergy and electric vehiclesMagazine (WEEV), 2013). De-
spite the different costs both schemes (it is expected to range between
750 kW and 5.0 MW) can be widely used to reach the 1.2 GW installed
power from renewable energy sources needed to reach the optimal en-
ergy mix of this island while providing water at a lower cost.

This research highlighted the analysis of the economic objective in
an investment decision, but variable weights could be given to each
KPI (or others) of Table 2, depending on the demanded objectives. No-
tice that the profitability of the facility derived fundamentally from elec-
tricity sales, although it is important to note that due to the isolated
nature, and the small size of the system (Uche-Soria and Rodriguez
Monroy, 2018) might occur problems in the operation of the system,
specially to maintain the necessary reliability indices (SAIFI, SAIDI,

200 000 € 

Fig. 9. Scenario II. RO plant (50% granted).
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Fig. 10. Scenario III. RO plant (100% granted).

200 000 € 

Fig. 11. Scenario I. aqua.abib project (0% granted).

200 000 € 

Fig. 12. Scenario II. aqua.abib project (50% granted).
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CAIDI and ASAI), although, specially for these facilities there is also the
possibility of storing the energy surpluses.

The energy electricity prices can be lowered from the current price
to a considerably lower amount (note that the cost of EEG in the rest
of Spain is 59 €/MWh) (Spanish Ministry of Environment, 2019). As
long as more business opportunities related to these facilities are to
come, specially linked to the electrification of the economy. For exam-
ple, Dalton et al. (2019) presented BlueGrowth, new related investment
opportunities that would increase the profitability as further stages and
activities that improve and commercialize the innovation appear. At this
point, it would be expected that grants could be progressively retired.
Provided that generating electricity in non-mainland regions –
specifically in Spain– is a global “burden” for the economy that repre-
sents an extra cost in the Spanish case of € 900 million per year
(Spanish Ministry of Environment, 2019), increasing the deployment
of those systemswill not lower the global competitiveness of the sector.
Due to its outstanding wind resource and to the possibility of obtaining
second-to-none capacity factors, (the highest wind capacity factor ever
reported, a 52%, corresponded to a wind farm located in Gran Canaria)
(Adwen, 2015; La Provincia, 2011) it is expected that those projects
has as an outcome in the production of electricity from wind at a cost
of roughly 7 coeur per kWh (International Energy Agency (IEA),
2012); and a LCOE for the whole scheme of 10 coeur per kWh—produc-
ing electricity in Gran Canaria has a cost of 190.7 €/MWh (Official
Bulletin of the Canary Islands (BOC), 2008).The analysis of the compet-
itiveness of facilities here developed offered a step forward in order to
clarify the integration of combined-businessesmodels of renewable en-
ergy deployment. Results of the conducted research would allow deci-
sion makers (politics/investors) take a deeper view of the
performance of facilities offering an extra decision point specially
when interlinked with water systems.

4. Conclusions

In the years to come, as water scarcity increases, water supply will
become a critical issue, so research such as the one presented here are
of high importance to investigate how a sustainable way to provide
water-energy might become economically attractive for investors not
only in regions threatened with droughts, as the MENA region, but
also others. This research provided a better understanding of the issue
that the commercialization of these disruptive technologies involved,
and demonstrated that despite that both schemes fulfilled the
demanded characteristics of the grants, different economic scenarios
appeared, although they were conditioned to the market conditions,
and still to economic benefits from public institutions. In conclusion,
apart from the cost-effective scenario that paves the way for an

Table 3a
Techno-economic results of RO desalination plant.
(Source: own elaboration)

Ieff (%) 3.5 5.5 7.5 12 24

No grant
CRF (€) 175,123 209,398 245,423 334,736 608,429
LCOE
(coeur/kWh)

5.7 6.5 7.4 9.6 16.3

Net utility 19,660 −28,057 −78,220 −202,598 −583,659
Discounted
payback period
(years)

15.82 20.12 31.74 Never Never

NPV −18,336 X X X X
Half grant
CRF (€) 87,623 104,765 122,798 167,486 304,430
LCOE
(coeur/kWh)

3.6 4.0 4.4 5.5 8.8

Net utility 107,160 76,576 44,405 −35,348 −279,660
Discounted
payback period
(years)

9.11 10.26 11.88 22.57 Never

NPV 1,072,781 691,401 290,231 X X
Full grant
CRF (€) 68,712 82,154 96,292 131,357 238,725
COW (€) 0.44 0.48 0.52 0.62 0.91
Net utility 194,783 181,341 167,203 132,138 24,770
Discounted
payback period
(years)

3.66 3.84 4.05 4.59 7.78

NPV 2,165,433 1,997,813 1,821,513 1,384,138 45,385

Table 3b
Techno-economic results of distillation plant.
(Source: own elaboration)

Ieff (%) 3.5 5.5 7.5 12 24

No grant
CRF (€) 41,615 62,640 86,400 144,720 321,408
LCOE (coeur/kWh) 5.7 6.5 7.4 9.6 16.3
Net utility −27,479 −66,104 −105,715 −203,332 −560,097
Discounted payback
period (years)

26.5 33.74 Never Never Never

NPV X X X X X
Half grant
CRF 20,807 31,320 43,200 72,360 165,204
LCOE (coeur/kWh) 3.6 4.0 4.4 5.5 8.8
Net utility 29,471 −3079 −34,079 −106,929 −299,129
Discounted payback
period (years)

18.17 155 Never Never Never

NPV X X X X X
Full grant
CRF 41,615 62,640 86,400 144,720 321,408
COW 0.7 1.4 3.4 7.9 13.3
Net utility 49,271 28,271 7571 −38,729 −162,729
Discounted payback
period (years)

15.3 19.34 29.26 Never Never

NPV 211,905 19,021 X X X

200 000 € 

Fig. 13. Scenario III. aqua.abib project (100% granted).

Table 2
Key performance indicators.

Objective Success metrics

Establishment of an optimal energy mix
for a microgrid to make an abandoned
farm profitable.

Software validation with assimilable
experiences

Economic analysis Design a micro grid scheme of about
2 MW resulting in an annual positive
net cash flow of 200,000 €.

Social analysis Job creation (direct or indirect)
Impact from the environmental point of
view

Reduction of emission of 5000 tons of
CO2 to the atmosphere through the
scheme

Reduction of water production costs in
current desalination plants

To propose a configuration that reduces
water production costs by 4 coeur/m3

compared to previous assimilable
experiences using the best available
techniques (BATs)
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economically-efficient investment, this research contributes by propos-
ing the use of an optimal renewable energymix to conduct the desalina-
tion needed to provide fresh water to orchards located in arid zones.
Moreover, the possibility of selling surplus energy to the electric grid
is suggested to allow the orchard's owner to achieve possible profitabil-
ity. Additionally, this research demonstrated that the profitability of this
scheme can be scheduled only lettingmore/less sales from this scheme,
assessing a novel water operation strategy to take full advantage of the
potential that can be reached from its use. As have been demonstrated,
some scenarios achieved economic objectives, especially under condi-
tions of more energy sales. Besides, the LCOE was found lower than
the mean of EEG costs in Gran Canaria. Among the expected impacts
of this scheme are some remarkable social-related effects. Firstly, im-
portant and improved availability, acceptance and use by local commu-
nities of innovative models of water management in difficult climate
conditions and arid areas can be enabled. Secondly, reduced pressure
on the environment, improved ecosystem services, water yields and
sustainable food production are predictable. Thirdly, an enhanced inno-
vation in water-energy nexus can be gotten, particularly supporting the
sustainable use ofwaterwith less and affordable energy cost. This initia-
tive can increase the water management capacity of local communities
in rural, remote and arid areas. Additionally, the development of effec-
tive models of knowledge transfer in sustainable water management
is reached. And, finally, an increase of socio-economic growth and sta-
bility of targeted areas could be attained. In overall terms, it was demon-
strated that water costs can be reduced as well. Parallel, the benefits on

the environment boost the green economy that will imply social bene-
fits aswell. The economic surveillance of these projects enables the pen-
etration of renewable energies into the electricity network of Canary
Islands to reach quotas that vary between 40% and 60%, depending on
the amount of sold electricity, while a reduction of GHG emissions
was achieved. Specifically, this research found a reduction of GHG emis-
sions of 0.22% of the annual equivalent emissions of Tirajana Thermal
Power Station where it was located. In the investment decision-
making problem of disruptive technologies projects, grants resulted in-
dispensable to develop those business-combined models.
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Appendix A. Parameters of simulation. Source: own elaboration

Desalination plant

Membrane pack
(Toray Membranes,
Wilmington, NC, 2009)

Auxiliaries
power
(kW)

Water
flow in
(m3/h)

Water
flow out
(m3/h)

Cost/installed
(€/kW)

Maintenance
cost

Equipment life (American Membrane Tech-
nology Association, 2008)

After life investment (Stanford
University, 2008)

6 41.16 219.58 139 600 27% 10 100%
Water storage deposit

Relative head Storage capacity
(m3)

Water demand
(m3)

Water price
(€/m3)

Investment cost
(€)

Maintenance cost Equipment life (Jia et al., 2008) After life investment

190 180,000 50 0.60 962,000 1% 50 100%
Plant pump group

Number of
pumps

Nominal
power
(kW)

Nominal
flow
(m3)

Cost/installed kW
(€/kW)
(Gülich, 2008)

Maintenance cost
(Xylem Water Solutions,
2019)

Equipment life (Hunter Water Corporation,
2019)

After life
investment

8 110 115 2000 26% 15 100%
Solar plant

Size of panel (SUNPOWER, 2019)
(m2)

Efficiency Cost/installed kW (€)
(Fu et al., 2017)

Maintenance cost Equipment life After life investment Min. power for sizing
(kW)

Max. power for sizing
(kW)

2 17% 1050 8% 25 80% 1 7400
Wind farm (Stehly et al., 2017)

Cost/installed kW
(€)

Maintenance cost Equipment life After life investment Min. power for sizing (kW) Max. power for sizing (kW)

1000 4% 25 80% 1 4200
Storage (Lazard, 2015; Hemmati, 2017; Anindito et al., 2019)

Charge
efficiency

Discharge
efficiency

Min./max. state of
charge

Cost/installed kW
(€/kW)

O&M
(Weitzel et al.,
2018)

Equipment
life

After life
investment

Min. power for
sizing

98% 98% 20/95 900 10% 10 80% 1 kW
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Appendix B. Analysis of the characteristics of proposed grants

Grant SME phase 2 (European Commission, 2019) IDAE TEC/1380/2018 (Institute for the Energy Diversification and Saving
(IDAE), 2019)

1. Objectives Clear, measurable, realistic and achievable within the duration of the project.
Brief presentation of the overall structure of the work plan. Gantt chart + Pert
chart + KPI

- Installed power higher than 800 kW
- Budget allocation: 80 M €
- Incompatible with other grants.
- Ambit: aids proposed for investment in projects involving RES based

technologies (PV-WD) for generating electricity in non-mainland ter-
ritories.

- The real installed power must be calculated according to definition
from the Spanish regulation: article 3 of: Royal Decree 413/2014, June
the sixth.

2. Relation to the
work program

Explain the current stage of development of the business innovation project.
Material scope:

- Material scope:
- Geographic scope:
- Available until December, the thirty-first.

3. Ambition • Describe the identified customer pain point? What is the business need,
technological challenge or market opportunity?
• What is your innovation?
• What is the market's state-of-the-art? How would your innovation compare with
available solutions, practices or products (e.g. performance, costs, ease-of-use,
gender dimension, climate change or environmental aspects, benefits to society)?

- Duties:
- Enterprises who fulfil related requirements plus the 24/2013 law
- Extra accounting system, to record all transactions related to each

operation to be co-funded.

1. Expected
impacts:

Discussion.

Entering the market

• Who are the targeted users and/or customers and why will they want to buy the
product/service (unique selling point)? Are they new or already part of your
customer base?

• What is the market in terms of type (e.g. niche, high volume, new/mature, growth
rate), size (e.g. volume, value, geographical scope) and growth?

• Who are the main direct and indirect competitors to the proposed invention?
(Competitors, substitutes and alternatives).

• Which are the barriers to entry? How do you intend to overcome them?

Expected results, expected in POPE:

- C030: Extra capacity of electricity generation from RES (MW).
- Reduction of GHG emissions in tons of equivalent CO2/year.
- The conversion factor to CO2 emissions from non-renewable energy

to be used must be: 0.521 kg CO2/kWh of final energy. The final
energy will be evaluated by lowering the generated energy in the
node by 4%.

2. Business model• Outline your business model, including the revenue model and your commer-
cialization plan with an approximate time-to-market or deployment.
• Why is your model scalable? How do you intend to scale-up and reach European and/or global markets?
Financing

• Indicate the estimated funding requirements and the timeline to reach the commercialization
stage of your innovation. How do you intend to finance the 30% of cofinancing rate? Outline
your plans to ensure the subsequent financing of your innovation (next rounds, top-up financing, etc.).

Implementation
Work plan Brief presentation of the overall structure of the work plan. Gantt chart + Pert

chart + Milestones
- Show to IDAE the economic information as well as the financial path of

the project.
Management
structure and
procedures

Describe the organizational structure and the decision-making.
Explain why the organizational structure and decision-making mechanism are
appropriate to the complexity and scale of the project.
Describe, where relevant, how effective innovation management will be
addressed in the management structure

- Financeable budget must be presented.

Resources to be
committed

Information in this section matches the costs as stated in the budget.

• What is unique in your approach, compared to those of other companies?
• Why now? Explain the historical evolution of your category and define recent
trends that make your solution possible.

• What is the current development stage of your innovation? Refer to Technology
Readiness Levels (TRL) or something analogous for non-technological innovations

• Which milestones led to the current development stage (e.g. proof of concept
completed, early field trials under way)? Describe the results obtained on the
technological, practical and economic feasibility of the innovation.

• • What are the further stages and activities needed to commercialize your
innovation?

Within the hiring processes related to bankable expenses:

- Provide at least 3 different offers of different suppliers previously to
the hiring commitment for the facility execution, as well as maintain
its documentation, including the justification of the selected offer.

- All contracted services must be demonstrable.
- Demonstrate the accomplishment of the activity, and undergo to ver-

ification and control
- Match the costs as stated in the budget, letting the organism control

the development.
- Fulfil the requirements of publicity and diffusion according to Law

38/2003 (arts. 18.4)
- Preserve documents that justify the project, including management

and control procedures that guarantee a good use of the proposed
grants, as well as provide the documents ex-post.
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Appendix C. Simulation results. Source: own elaboration

Parameter Simulation results (kW) Investment (€) O & M (€) Sales (€)

Solar farm 1 1050 84
Desalination plant 981,600 73,487 Water 21,408
Wind farm 2499.96 2,499,967.68 32,000
Battery 0.83 750.22 75
Electricity costs 3891 Electricity 385,724
Taxes on electricity (7%) −20,831
Total 3,483,367.8 109,537 386,301

References

Adwen, 2015. Adwen's 5MW wind turbine reaches a yearly output of 22,8 GWh. https://
w3.windfair.net/wind-energy/news/18885-adwen-s-5-mw-wind-turbine-reaches-
a-yearly-output-of-22-8-gwh.

American Membrane Technology Association, 2008. Membrane desalination costs.
https://www.amtaorg.com/wp-content/uploads/06_Membrane_Desalination_Costs.
pdf (accessed 3 January 2020).

Anindito, Y., Haas, J., Olivares, M., Nowak, W., Kern, J., 2019. A new solution to mitigate
hydropeaking? Batteries versus re-regulation reservoirs. J. Clean. Prod. 210,
477–489. https://doi.org/10.1016/j.jclepro.2018.11.040.

Aqua.abib, 2020a. The whole distillation system. https://www.aqua-abib.com/value-2/
(accessed 15 May 2020).

Aqua.abib, 2020b. SunAqua 18 Project. https://www.aqua-abib.com/technology-2/
(accessed 15 April 2020).

Arenas-Urrea, S., Díaz-Reyes, F., Peñate-Suárez, B., de la Fuente-Bencomo, J.A., 2019. Tech-
nical review, evaluation and efficiency of energy recovery devices installed in the Ca-
nary Islands desalination plants. Desalination 450, 54–63. https://doi.org/10.1016/j.
desal.2018.07.013.

Baca Urbina, G., 2015. Projects Evaluation. Seventh ed. McGraw Hill.
Cabrera, P., Lund, H., Carta, J.A., 2018. Smart renewable energy penetration strategies on

islands: the case of Gran Canaria. Energy. 162, 421–443.
Canary Islands Government, 2018. Anuario Energético Canarias. http://www.

gobiernodecanarias.org/istac/jaxi-istac/menu.do?uripub=urn:uuid:131cf873-66a9-
408d-8cfa-537d6be05067; (accessed 5 December 2019).

Canary Islands Government, 2019a. The Canary Islands Business Territorial System –
IDECanarias. https://visor.grafcan.es/visorweb/default.php?svc=svcRecursoEolico
(accessed 25 October 2019).

Canary Islands Government, 2019b. The Canary Islands Business Territorial System
– IDECanarias. https://visor.grafcan.es/visorweb/default.php?svc=
svcRecursoFotovoltaico; (accessed 25 October 2019).

Canary Islands Institute of Statistics, 2020. Statistical Series. http://www.
gobiernodecanarias.org/istac/ (accessed 27 September 2020).

Colmenar-Santos, A., Borge-Diez, D., Rosales-Asensio, E., López-Rey, Á., 2017. Strategies
and regulations for renewable energy development in islands. Energy Planning: Ap-
proaches and Assessment 131–166.

Colmenar-Santos, A., Vera, S.P., Asensio, E.R., 2018. Sizing of wind, solar and storage facil-
ities associated to a desalination plant using stochastic optimization. Advances in In-
telligent Systems and Computing 661, 172–183. https://doi.org/10.1007/978-3-319-
67618-0_16.

Communication From the Commission to the European Parliament, the Council, the
European Economic and Social Committee, the Committee of the Regions and the
European Investment Bank. Clean Energy for All Europeans. COM/2016/0860 Final.

Dalton, G., Bardócz, T., Blach, M., Campbell, D., Lawrence, G., et al., 2019. Feasibility of in-
vestment in blue growth multiple-use of space and multi-use platform projects; re-
sults of a novel assessment approach and case studies. Renewable and Energy
Reviews 107, 338–359. https://doi.org/10.1016/j.rser.2019.01.060.

Desalinationplant, 2018. https://github.com/SanPen/DesalinationPlant; (accessed 25 July
2019).

Directive (EU) 2018/2001 of the European Parliament and of the Council on the Promo-
tion of the Use of Energy From Renewable Sources.

El Diario, 2019a. Centrales térmicas contaminantes. https://www.eldiario.es/
canariasahora/sociedad/centrales-termicas-canarias-contaminantes-Espana_0_
885412500.html; (accessed 12 September 2019).

El Diario, 2019b. La luz de las renovables tardará en alumbrar en Canarias. http://www.
eldiario.es/canariasahora/premium_en_abierto/luz-renovables-tardara-alumbrar-
Canarias_0_452154846.html; (accessed 1 March 2020).

Eltawil, M.A., Zhengming, Z., Yuan, L., 2009. A review of renewable energy technologies
integrated with desalination plants. Renew. Sust. Energ. Rev. 13, 2245–2262.
https://doi.org/10.1016/j.rser.2009.06.011.

EurobservER, 2017. Photovoltaic Barometer. https://www.eurobserv-er.org/photovoltaic-
barometer-2017/ (accessed 9 November 2019).

European Commission, 2019. H2020 funding guide. https://ec.europa.eu/research/partic-
ipants/docs/h2020-funding-guide/cross-cutting-issues/sme_en.htm#phase2
(accessed 10 December 2019).

European Commission, 2020. Investment Project EIPP-20170333. https://ec.europa.eu/
eipp/desktop/en/projects/project-8281.html; (accessed 26 April 2020).

European Commission, d. Turnover taxes in the Canary Islands.Available in. https://ec.eu-
ropa.eu/taxation_customs/business/other-taxes/turnover-taxes-canary-islands_en
(accessed 27 September 2020).

European Commission, d. EUR-Lex.Decision 377/2014/EU.Available in. https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/?qid=1436779587434&uri=CELEX%3A32014D0377
(accessed 27 September 2020).

Feo García, J., Fecha Sadhwani, A.J., Álvarez Álvarez, J., 2013. Costs Optimization in Produc-
tion Lines for Reverse Osmosis Desalination Plants in the Canary Islands. (Thesis Doc-
toral). Las Palmas University.

Fu, R., Feldman, R., Margolis, R., Woodhouse, M., Ardani, K., 2017. U.S. Solar Photovoltaic
System Cost Benchmark: Q12017. National Renewable Energy Laboratory, Golden.

Ghalavand, Y., Hatamipour, M., Rahimi, A., 2014. A review on energy consumption of de-
salination processes. Desalin. Water Treat. 54. https://doi.org/10.1080/
19443994.2014.892837.

Gökςek, M., Gökςek, Ö.B., 2016. Technical and economic evaluation of fresh water pro-
duction from a wind-powered small scale seawater reverse osmosis system. Desali-
nation. 381, 47–57. https://doi.org/10.1016/j.desal.2015.12.004.

Gómez-Gotor, A., Del Río-Gamero, B., Prieto Prado, I., Casañas, A., 2018. The history of de-
salination in the Canary Islands. Desalination. 428, 86–107. https://doi.org/10.1016/j.
desal.2017.10.051.

González, J., Cabrera, P., Carta, J.A., 2019. Wind Energy Powered Desalination Systems.
Desalin. Water From Water. 2nd ed. John Wiley & Sons, Inc., NJ, USA.

Gülich, J.F., 2008. Centrifugal Pumps. Third ed. Springer Verlag, Berlin.
Hemmati, Reza, 2017. Technical and economic analysis of home energymanagement sys-

tem incorporating small-scale wind turbine and battery energy storage system.
J. Clean. Prod. 159, 106–118. https://doi.org/10.1016/j.jclepro.2017.04.174.

Hispagua, 2007. RO seawater desalination energy consumption: current situation and
outlook. http://hispagua.cedex.es/sites/default/files/hispagua_articulo/Ingcivil/2007_
148_113.pdf (accessed 13 November 2019).

Hunter Water Corporation, 2019. Operating and maintenance cost estimating guideline.
https://www.hunterwater.com.au/Resources/Documents/Drawings_Plans_Specs/
Guideline—Water-and-Sewer-Cost-Estimating.pdf (accessed 15 December 2019).

IET order 1045/2014 approval of retributive parameters for EEG facilities from renewable
energy sources. Official Bulletin of the Spanish State No. 150, BOE-A-2014-6495.

Im, J., Park, J., 2013. Stochastic structural optimization using particle swarm optimization,
surrogate models and Bayesian statistics. Chin. J. Aeronaut. 26 (1), 112–121.

Institute for the Energy Diversification and Saving (IDAE), 2019. Investment aids for en-
ergy electricity power stations from wind and PV solar technologies located in non-
mainland territories, and co-financed by community funds from the European Re-
gional Development Fund. https://www.idae.es/en/node/13481 (accessed 15 No-
vember 2019).

International Energy Agency (IEA), 2012. IEA Wind 2012 Annual Report. https://www.
ieawind.org/annual_reports_PDF/2012/2012%20IEA%20Wind%20AR_smallPDF.pdf
(accessed 3 March 2020).

International Energy Agency (IEA), 2018. World Energy Outlook.
International Renewable Energy Agency (IRENA), 2018. Renewable Power Generation

Costs in 2017. IRENA https://doi.org/10.1007/SpringerReference_7300.
Javed, S.J.M., Song, A., Ma, T., 2019. Techno-economic assessment of a stand-alone hybrid

solar-wind-battery system for a remote island using genetic algorithms. Energy. 176,
704–717. https://doi.org/10.1016/j.energy.2019.03.131.

Jia, J., Zheng, C., Zhao, C., 2008. Dam safety in China and the life span evaluation of old con-
crete dams. In: Walraven, J.C., Stoelhorst, D. (Eds.), Tailor Made Concrete Structures.
CRC Press, Boca Raton, pp. 9–14.

Karunathilake, H., Hewage, K., Prabatha, T., Ruparathana, R., Sadiq, R., 2020. Project de-
ployment strategies for community renewable energy: a dynamic multi-period plan-
ning approach. Renew. Energy 152, 237–258. https://doi.org/10.1016/j.
desal.2015.12.004.

Khan Meer, A.M., Rehman, S., Al-Sulaiman Fahad, A., 2018. A hybrid renewable energy
system as a potential source for water desalination using reverse osmosis: a review.
Renew. Sust. Energ. Rev. 97, 456–477. https://doi.org/10.1016/j.rser.2017.05.005.

La Provincia, 2011. Canarias aspira a ser un 80% renovable. http://www.laprovincia.es/
sociedad/2011/06/22/canarias-aspira-80-renovable/382041.html (accessed 1 March
2020).

La Provincia, 2019. Canarias y el agua: referente mundial. https://www.laprovincia.es/
provincia-especiales/2018/05/30/canarias-agua-referente-mundial/1063344.html;
(accessed 20 November 2019).

Land Registry website, 2019. https://www1.sedecatastro.gob.es/ (accessed 25 September
2019).

D. Borge-Diez, F.J. García-Moya, P. Cabrera-Santana et al. Science of the Total Environment 764 (2021) 142878

13

https://w3.windfair.net/wind-energy/news/18885-adwen-s-5-mw-wind-turbine-reaches-a-yearly-output-of-22-8-gwh
https://w3.windfair.net/wind-energy/news/18885-adwen-s-5-mw-wind-turbine-reaches-a-yearly-output-of-22-8-gwh
https://w3.windfair.net/wind-energy/news/18885-adwen-s-5-mw-wind-turbine-reaches-a-yearly-output-of-22-8-gwh
https://www.amtaorg.com/wp-content/uploads/06_Membrane_Desalination_Costs.pdf
https://www.amtaorg.com/wp-content/uploads/06_Membrane_Desalination_Costs.pdf
https://doi.org/10.1016/j.jclepro.2018.11.040
https://www.aqua-abib.com/value-2/
https://www.aqua-abib.com/technology-2/
https://doi.org/10.1016/j.desal.2018.07.013
https://doi.org/10.1016/j.desal.2018.07.013
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0035
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0040
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0040
http://www.gobiernodecanarias.org/istac/jaxi-istac/menu.do?uripub=urn:uuid:131cf873-66a9-408d-8cfa-537d6be05067;
http://www.gobiernodecanarias.org/istac/jaxi-istac/menu.do?uripub=urn:uuid:131cf873-66a9-408d-8cfa-537d6be05067;
http://www.gobiernodecanarias.org/istac/jaxi-istac/menu.do?uripub=urn:uuid:131cf873-66a9-408d-8cfa-537d6be05067;
https://visor.grafcan.es/visorweb/default.php?svc=svcRecursoEolico
https://visor.grafcan.es/visorweb/default.php?svc=svcRecursoFotovoltaico;
https://visor.grafcan.es/visorweb/default.php?svc=svcRecursoFotovoltaico;
http://www.gobiernodecanarias.org/istac/
http://www.gobiernodecanarias.org/istac/
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0065
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0065
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0065
https://doi.org/10.1007/978-3-319-67618-0_16
https://doi.org/10.1007/978-3-319-67618-0_16
https://doi.org/10.1016/j.rser.2019.01.060
https://github.com/SanPen/DesalinationPlant;
https://www.eldiario.es/canariasahora/sociedad/centrales-termicas-canarias-contaminantes-Espana_0_885412500.html;
https://www.eldiario.es/canariasahora/sociedad/centrales-termicas-canarias-contaminantes-Espana_0_885412500.html;
https://www.eldiario.es/canariasahora/sociedad/centrales-termicas-canarias-contaminantes-Espana_0_885412500.html;
http://www.eldiario.es/canariasahora/premium_en_abierto/luz-renovables-tardara-alumbrar-Canarias_0_452154846.html;
http://www.eldiario.es/canariasahora/premium_en_abierto/luz-renovables-tardara-alumbrar-Canarias_0_452154846.html;
http://www.eldiario.es/canariasahora/premium_en_abierto/luz-renovables-tardara-alumbrar-Canarias_0_452154846.html;
https://doi.org/10.1016/j.rser.2009.06.011
https://www.eurobserv-er.org/photovoltaic-barometer-2017/
https://www.eurobserv-er.org/photovoltaic-barometer-2017/
https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/sme_en.htm#phase2
https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/sme_en.htm#phase2
https://ec.europa.eu/eipp/desktop/en/projects/project-8281.html;
https://ec.europa.eu/eipp/desktop/en/projects/project-8281.html;
https://ec.europa.eu/taxation_customs/business/other-taxes/turnover-taxes-canary-islands_en
https://ec.europa.eu/taxation_customs/business/other-taxes/turnover-taxes-canary-islands_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1436779587434&amp;uri=CELEX%3A32014D0377
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1436779587434&amp;uri=CELEX%3A32014D0377
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0135
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0135
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0135
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0140
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0140
https://doi.org/10.1080/19443994.2014.892837
https://doi.org/10.1080/19443994.2014.892837
https://doi.org/10.1016/j.desal.2015.12.004
https://doi.org/10.1016/j.desal.2017.10.051
https://doi.org/10.1016/j.desal.2017.10.051
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0160
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0160
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0165
https://doi.org/10.1016/j.jclepro.2017.04.174
http://hispagua.cedex.es/sites/default/files/hispagua_articulo/Ingcivil/2007_148_113.pdf
http://hispagua.cedex.es/sites/default/files/hispagua_articulo/Ingcivil/2007_148_113.pdf
https://www.hunterwater.com.au/Resources/Documents/Drawings_Plans_Specs/Guideline---Water-and-Sewer-Cost-Estimating.pdf
https://www.hunterwater.com.au/Resources/Documents/Drawings_Plans_Specs/Guideline---Water-and-Sewer-Cost-Estimating.pdf
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0190
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0190
https://www.idae.es/en/node/13481
https://www.ieawind.org/annual_reports_PDF/2012/2012%20IEA%20Wind%20AR_smallPDF.pdf
https://www.ieawind.org/annual_reports_PDF/2012/2012%20IEA%20Wind%20AR_smallPDF.pdf
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0205
https://doi.org/10.1007/SpringerReference_7300
https://doi.org/10.1016/j.energy.2019.03.131
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0220
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0220
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0220
https://doi.org/10.1016/j.desal.2015.12.004
https://doi.org/10.1016/j.desal.2015.12.004
https://doi.org/10.1016/j.rser.2017.05.005
http://www.laprovincia.es/sociedad/2011/06/22/canarias-aspira-80-renovable/382041.html
http://www.laprovincia.es/sociedad/2011/06/22/canarias-aspira-80-renovable/382041.html
https://www.laprovincia.es/provincia-especiales/2018/05/30/canarias-agua-referente-mundial/1063344.html;
https://www.laprovincia.es/provincia-especiales/2018/05/30/canarias-agua-referente-mundial/1063344.html;
https://www1.sedecatastro.gob.es/


Lazard, 2015. Lazards-Levelized-Cost-of-Storage-Analysis-10. https://www.lazard.com/
media/2391/lazards-levelized-cost-of-storage-analysis-10.pdf (accessed 21 Novem-
ber 2019).

Lozano-Ruano, J.B.S.L., d. Soslaires Canariashttp://www.islhagua.itccanarias.org/c/docu-
ment_library/get_file?p_l_id=22263&folderId=22087&name=DLFE-925.pdf
(accessed 15 December 2019).

National Renewable Energy Laboratory, 2005. Integrated Wind Energy/Desalination Sys-
tems. https://www.nrel.gov/docs/fy07osti/39485.pdf; (accessed 10 November 2019).

Nuez, I., Osorio, J., 2019. Calculation of tourist sector electricity consumption and its cost
in subsidised insular electrical systems: the case of the Canary Islands, Spain. Energy
Policy 132, 839–853. https://doi.org/10.1016/j.enpol.2019.06.032.

Official Bulletin of the Canary Islands (BOC), 2008. 20 February order: approving the
changes in the charges for the provision of water supply at the request of the under-
taking Canaragua S.A. for its implementation in the municipal district of Santa Lucia
(Gran Canaria).- Expte. P 17/2007-LP. http://www.gobiernodecanarias.org/boc/
2008/047/004.html (accessed 1 March 2020).

Directive 2012/27/EU of the European Parliament and of the Council on Energy Efficiency
Amending Directives 2009/125/EC and 2010/30/EU and Repealing Directives 2004/8/
EC and 2006/32/EC. Official Journal of the European Union 315, 1–56 OJ L 315,
14.11.2012.

Palacio-Morales, J.A., Isaza-Hurtado, J.A., Tobón-Mejía, A.F., Herrera-Cuartas, J.A., 2019.
Methodology for NMPC tuning with Takagi Sugeno fuzzy inference system and mul-
tidimensional fuzzy sets for applications in non-linear chemical processes. Revista
Iberoamericana de Automática e Informática Industrial 16 (1), 100–113. https://doi.
org/10.4995/riai.2018.9773.

Rosales-Asensio, E., Borge-Diez, D., Pérez-Hoyos, A., Colmenar-Santos, A., 2019a. Reduction
of water cost for an existing wind-energy-based desalination scheme: a preliminary
configuration. Energy. 167, 548–560. https://doi.org/10.1016/j.energy.2018.11.004.

Rosales-Asensio, E., García-Moya, F.J., González-Martínez, A., Borge-Diaz, D., de Simón-
Martín, M., 2019b. Stress mitigation of conventional water resources in water-
scarce areas through the use of renewable energy powered desalination plants: an
application to the Canary Islands. Energy Rep. 6, 124–135. https://doi.org/10.1016/j.
egyr.2019.10.031.

Royal Decree 413/2014, regulating the activity for generating electricity from renewable
energy sources co-generation, and waste plants. Official Bulletin of the Spanish
State No. 140. BOE-A-2014-6123.

Royal Decree 738/2015 regulating the activity for generating energy electricity and clear-
ance proceeding in non-mainland electric systems. Official Bulletin of the Spanish
State No. 183. BOE-A-2015-8646.

Santamarta, J.C., Rodríguez-Martín, J., 2013. Introduction to water problems in Canary
Islands. Environmental Security, Geological Hazards and Management https://doi.
org/10.13140/RG.2.1.4474.0729.

Shah, Rukh S., Takala, J., Zhu, L., 2017. Commercialization of renewable energy technolo-
gies: a ladder building approach. Renewable and Sustainable Energy Reviews 78,
855–867. https://doi.org/10.1016/j.rser.2017.05.005.

Shallenberg, J., Veza, J.M., Blanco, A., 2014. Energy efficiency and desalination in Canary
Islands. Renew. Sust. Energ. Rev. 40, 741–748. https://doi.org/10.1016/j.rser.2014.07.213.

Soshinskaya, M., Crijns-GrausWina, H.J., Van derMeer, J., Guerrero, J.M., 2014. Application
of a microgrid with renewables for a wáter treatment plant. Appl. Energy 134, 20–34.
https://doi.org/10.1016/j.apenergy.2014.07.097.

Spanish Ministry of Environment, 2019. Motion for resolution of the Directorate General
for Energy Policy and Mines that approves the level of generation costs settlement of

the facilities under the specific remuneration regime, generation costs settlement of
the facilities under the additional remuneration regime. https://www.boe.es/diario_
boe/txt.php?id=BOE-B-2019-34033 (accessed 4 April 2020).

SpanishMinistry of Environment, 2020. Spanish Register of Emissions and Pollutant Sources,
PRTR-España: Complex Sheet. http://www.prtr-es.es/informes/fichacomplejo.aspx?Id_
Complejo=1795; (accessed 9 January 2020).

Spanish Power Transmission Company, 2018. Report on the Spanish electricity system.
https://www.ree.es/es/datos/publicaciones/series-estadisticas-nacionales; (accessed
20 October 19).

Stanford University, 2008. Membranes for water treatment: properties and characteriza-
tion. https://web.stanford.edu/group/ees/rows/presentations/Pinnau.pdf (accessed
19 March 2020).

Stehly, T., Heimiller, D., Scott, G., 2017. Cost of Wind Energy Review. National Renewable
Energy Laboratory, Golden.

Strategic Energy Technologies Information System, 2018. The Strategic Energy Technol-
ogy (SET) Plan. At the Heart of Energy Research & Innovation in Europe. https://
setis.ec.europa.eu/strategic-energy-technology-set-plan-heart-of-energy-research-
innovation-europe; (accessed 9 June 2020).

SUNPOWER, 2019. SunPower® Performance Series P17. https://us.sunpower.com/solar-
resources/sunpower%C2%AE-p-series-commercial-p17-360-com/ (accessed 20 No-
vember 2019).

Toray Membranes, Wilmington, NC, 2009. Eastern Reverse Osmosis Systems. http://
www.toraymembranes.com/ (accessed 8 December 2019).

Tourism board of Gran Canaria Island Council of Gran Canaria, 2018. Tourism Statistics.
http://www.grancanaria.com/turismo/es/area-profesional/informes-y-estadisticas/
estadisticas/ (accessed 8 August 2019).

European Union (Ed.), 2007. Treaty of Lisbon Amending the Treaty on European Union
and the Treaty Establishing the European Community, Signed at Lisbon, 13 December
2007.

Uche-Soria, M., Rodriguez Monroy, C., 2018. Special regulation of isolated power systems:
the Canary Islands, Spain. Sustainability 10 (7), 2572. https://doi.org/10.1016/j.
rser.2018.02.007.

United Nations, 2020. Sustainable development goals. https://www.un.org/
sustainabledevelopment/sustainable-development-goals/20200; (accessed 20 Janu-
ary 2020).

Van der Brugger, B., Vandecasteele, C., Van Gestel, T., Doyen,W., Leysen, R., 2004. A review
of pressure-driven membrane processes in wastewater treatment and drinking
water. Environ. Prog. 22 (1), 46e56.

Weitzel, T., Schneider, M.H., Glocka, C., Löber, F., Rinderknecht, S., 2018. Operating a
storage-augmented hybrid microgrid considering battery aging costs. Journal of
Cleaner Production 188, 638–654. https://doi.org/10.1016/j.jclepro.2018.03.296.

Wind energy and electric vehicles Magazine (WEEV), 2013. A report confirms that the
highest possible renewable energies penetration will allow to create new job oppor-
tunities in Gran Canaria. http://www.evwind.com/2013/01/03/un-informe-
confirma-que-la-maxima-penetracion-de-las-energias-renovables-al-minimo-coste-
permitira-crear-empleo-en-canarias/ (accessed 1 March 2020).

Xylem Water Solutions, 2019. Life Cycle Costs (LCC) for wastewater pumping systems.
https://www.xylem.com/siteassets/support/white-papers/white-papers-pdf/life-
cycle-costs-lcc-for-wastewater-pumping-systems.pdf (accessed 10 January 2020).

D. Borge-Diez, F.J. García-Moya, P. Cabrera-Santana et al. Science of the Total Environment 764 (2021) 142878

14

https://www.lazard.com/media/2391/lazards-levelized-cost-of-storage-analysis-10.pdf
https://www.lazard.com/media/2391/lazards-levelized-cost-of-storage-analysis-10.pdf
http://www.islhagua.itccanarias.org/c/document_library/get_file?p_l_id=22263&amp;folderId=22087&amp;name=DLFE-925.pdf
http://www.islhagua.itccanarias.org/c/document_library/get_file?p_l_id=22263&amp;folderId=22087&amp;name=DLFE-925.pdf
https://www.nrel.gov/docs/fy07osti/39485.pdf;
https://doi.org/10.1016/j.enpol.2019.06.032
http://www.gobiernodecanarias.org/boc/2008/047/004.html
http://www.gobiernodecanarias.org/boc/2008/047/004.html
https://doi.org/10.4995/riai.2018.9773
https://doi.org/10.4995/riai.2018.9773
https://doi.org/10.1016/j.energy.2018.11.004
https://doi.org/10.1016/j.egyr.2019.10.031
https://doi.org/10.1016/j.egyr.2019.10.031
https://doi.org/10.13140/RG.2.1.4474.0729
https://doi.org/10.13140/RG.2.1.4474.0729
https://doi.org/10.1016/j.rser.2017.05.005
https://doi.org/10.1016/j.rser.2014.07.213
https://doi.org/10.1016/j.apenergy.2014.07.097
https://www.boe.es/diario_boe/txt.php?id=BOE-B-2019-34033
https://www.boe.es/diario_boe/txt.php?id=BOE-B-2019-34033
http://www.prtr-es.es/informes/fichacomplejo.aspx?Id_Complejo=1795;
http://www.prtr-es.es/informes/fichacomplejo.aspx?Id_Complejo=1795;
https://www.ree.es/es/datos/publicaciones/series-estadisticas-nacionales;
https://web.stanford.edu/group/ees/rows/presentations/Pinnau.pdf
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0345
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0345
https://setis.ec.europa.eu/strategic-energy-technology-set-plan-heart-of-energy-research-innovation-europe;
https://setis.ec.europa.eu/strategic-energy-technology-set-plan-heart-of-energy-research-innovation-europe;
https://setis.ec.europa.eu/strategic-energy-technology-set-plan-heart-of-energy-research-innovation-europe;
https://us.sunpower.com/solar-resources/sunpower%C2%AE-p-series-commercial-p17-360-com/
https://us.sunpower.com/solar-resources/sunpower%C2%AE-p-series-commercial-p17-360-com/
http://www.toraymembranes.com/
http://www.toraymembranes.com/
http://www.grancanaria.com/turismo/es/area-profesional/informes-y-estadisticas/estadisticas/
http://www.grancanaria.com/turismo/es/area-profesional/informes-y-estadisticas/estadisticas/
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0370
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0370
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0370
https://doi.org/10.1016/j.rser.2018.02.007
https://doi.org/10.1016/j.rser.2018.02.007
https://www.un.org/sustainabledevelopment/sustainable-development-goals/20200;
https://www.un.org/sustainabledevelopment/sustainable-development-goals/20200;
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0385
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0385
http://refhub.elsevier.com/S0048-9697(20)36408-1/rf0385
https://doi.org/10.1016/j.jclepro.2018.03.296
http://www.evwind.com/2013/01/03/un-informe-confirma-que-la-maxima-penetracion-de-las-energias-renovables-al-minimo-coste-permitira-crear-empleo-en-canarias/
http://www.evwind.com/2013/01/03/un-informe-confirma-que-la-maxima-penetracion-de-las-energias-renovables-al-minimo-coste-permitira-crear-empleo-en-canarias/
http://www.evwind.com/2013/01/03/un-informe-confirma-que-la-maxima-penetracion-de-las-energias-renovables-al-minimo-coste-permitira-crear-empleo-en-canarias/
https://www.xylem.com/siteassets/support/white-papers/white-papers-pdf/life-cycle-costs-lcc-for-wastewater-pumping-systems.pdf
https://www.xylem.com/siteassets/support/white-papers/white-papers-pdf/life-cycle-costs-lcc-for-wastewater-pumping-systems.pdf


 

��� 
 

 

 



 

��� 
 

 

$1(;2�3���&23,$�'(�/$�38%/,&$&,Ï1�
'(�/$�3$7(17(�³6,67(0$�3$5$�(/�
&21752/�'(�$*8$�<�(1(5*Ë$�(1�

3/$17$6�'(6$/$'25$6´ 
 



ES
 2

 4
41

 4
70

 A
2

19 OFICINA ESPAÑOLA DE
PATENTES Y MARCAS

ESPAÑA 11

21

Número de publicación: 2 441 470
Número de solicitud: 201231265

51 Int. CI.:

E02B 9/00 (2006.01)

12 SOLICITUD DE PATENTE A2

54  Título: CENTRAL DE BOMBEO MIXTA Y MÉTODO DE GENERACIÓN Y ALMACENAMIENTO DE
ENERGÍA

71 Solicitantes:

BUNT PLANET S.L. (100.0%)
Zuatzu Kalea 9. Edificio Europa, Planta 3
20018 San Sebastian (Gipuzkoa) ES

72 Inventor/es:

GARCÍA-ALONSO MONTOYA , Andrés ;
LETE NÚÑEZ, Ainhoa y
NAVAS MARTÍNEZ, Raúl

74 Agente/Representante:

ARIAS SANZ, Juan

22 Fecha de presentación:

03.08.2012

43 Fecha de publicación de la solicitud:

04.02.2014

57  Resumen:
Central de bombeo mixta y método de generación y
almacenamiento de energía.
Central de bombeo mixta que comprende una red de
captación, tratamiento y abastecimiento de agua que
comprende, al menos un depósito principal o de
cabecera (5, 6) y al menos dos depósitos secundarios
(7-12). El al menos un depósito principal (5, 6) y los al
menos dos depósitos secundarios (7-12) están
conectados entre sí mediante conducciones (24) y
medios de válvula (23). El sistema comprende unos
medios de conversión (26) de la energía potencial del
agua en energía eléctrica, unos medios de bombeo y
unos medios de control (33), en conexión con al
menos unos medios de actuación (27), adaptados
para el accionamiento de los medios de válvula (23),
de los medios de conversión (26) y de los medios de
bombeo (25).
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DESCRIPCIÓN 
 

Central de bombeo mixta y método de generación y almacenamiento de energía. 
 
OBJETO DE LA INVENCIÓN 5 
  
La presente invención está dirigida a una central de bombeo mixta y a un método para la generación y 
almacenamiento de energía eléctrica a partir de dicha central. 
 
ANTECEDENTES DE LA INVENCIÓN 10 
 
En la actualidad, existen muchos sistemas distintos para generar energía. En concreto, dentro del campo de la 
invención, i.e, la energía hidroeléctrica, existen centrales hidroeléctricas, que transforman la energía potencial de 
un fluido en energía eléctrica, y centrales de bombeo, que transforman la energía potencial de un fluido en 
energía eléctrica y viceversa, y la almacenan. Existen también centrales de bombeo mixtas, en las que además 15 
del flujo de agua entre el depósito y el contradepósito existe un flujo neto de agua entrante en el depósito 
superior y saliente del depósito inferior que corresponde a la aportación de un recurso hídrico externo, como por 
ejemplo un río. 
 
El funcionamiento básico de estos sistemas se basa en la elección de un depósito y un contradepósito. Desde el 20 
primero se deja caer el fluido por gravedad hacia el segundo, aprovechándose la energía potencial de dicho 
fluido para producir energía eléctrica. Desde el segundo se puede bombear el fluido hacia el primero en un 
periodo en el que el coste de la energía eléctrica empleada para bombear sea más bajo, de modo que compense 
el beneficio por la energía generada en un periodo frente al gasto que supone bombear de nuevo el fluido en el 
otro periodo. 25 
 
El documento WO07131305A describe una central hidroeléctrica con rellenado indirecto por hidro-acumulación, 
incluyendo una serie de bombas movidas por un molino de agua o similar, utilizando la energía cinética de la 
corriente de agua, manga de agua o conducciones a través de los cuales se bombea el agua hacia el depósito 
de hidro-acumulación. 30 
 
El documento BR0305012 A hace referencia a un sistema de retorno de agua a un pantano, de modo que el 
agua que se pierde por los aliviaderos se hace retornar al pantano para que se aproveche para cumplir su 
función generadora de energía. Esto lo lleva a cabo con un bajo coste, ya que utiliza dispositivos existentes en el 
mercado (bombas comerciales, conducciones, norias, etc.). 35 
 
No obstante, estos sistemas necesitan la construcción de una infraestructura ad hoc, siendo por tanto el coste de 
la infraestructura proporcional al número de elementos que se quieran construir. Además, debido precisamente a 
este coste, la capacidad de elección entre itinerarios para realizar los trasiegos se ve muy reducida. Tampoco se 
conoce ningún sistema que tenga en cuenta las pérdidas originadas por las fugas en las conducciones. 40 
 
DESCRIPCIÓN DE LA INVENCIÓN 
 
La presente invención propone una solución al problema anterior mediante un sistema según la reivindicación 1 y 
un método según la reivindicación 12. En las reivindicaciones dependientes se definen realizaciones preferidas 45 
de la invención. 
 
En un primer aspecto inventivo se presenta una central de bombeo mixta que comprende una red de 
abastecimiento de agua que comprende, 

x al menos un depósito principal o de cabecera  a una altura HP, 50 
x al menos dos depósitos secundarios  a una altura H1 y H2 respectivamente, 

en donde  
x el al menos un depósito principal y los al menos dos depósitos secundarios están conectados entre sí 

mediante conducciones y medios de válvula, y 
 55 

caracterizado porque comprende  
x al menos unos medios de conversión  de la energía potencial del agua en su trasiego entre dos 

depósitos  por gravedad, en energía eléctrica, 
x al menos unos medios de bombeo de agua desde al menos un depósito hasta al menos otro depósito  

con una altura mayor, y 60 
x unos medios de control en conexión con al menos unos medios de actuación, adaptados para  

- el accionamiento de los medios de válvula para permitir el trasiego por gravedad de un flujo de 
agua  desde al menos un depósito hasta al menos otro depósito con una altura menor, y 
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activación de los al menos unos medios de conversión para la producción de energía eléctrica 
a partir de dicho flujo de agua  asociado durante un periodo de tiempo T1, y 

- el accionamiento de los medios de válvula y de los al menos unos medios de bombeo para 
permitir el trasiego de un flujo de agua  por bombeo desde al menos uno de los depósitos 
hasta otro depósito a un altura mayor durante un periodo de tiempo T2. 5 

 
En el contexto de la presente invención, se entiende por depósito cualquier entidad capaz de almacenar agua, ya 
sea un depósito al uso, i.e, depósito de cabecera, depósito de cola, aljibe, etc., ya sea cualquier otra entidad de 
almacenamiento, como un pantano, un río, un acuífero, un lago o mar, etc. 
 10 
En el contexto de la presente invención, se entiende por conducción cualquier medio de conexión que ponga en 
contacto fluido dos depósitos. Puede entenderse por tanto cualquier tubería, cañería o conducto enterrado o al 
aire libre, un surco, un canal, una cascada, etc. 
 
En el contexto de la presente invención, se entiende que los medios de control están en conexión con los medios 15 
de actuación en el sentido de que los medios de control gobiernan los medios de actuación, enviando órdenes de 
activación o desactivación de los medios (medios de válvula, medios de conversión, medios de bombeo, etc.) 
sobre los que actúan dichos medios de actuación. Los medios de control utilizan, entre otros aspectos, para 
dicho gobierno la información que reciben por parte de los diversos sistemas de detección de la central. 
 20 
En el contexto de la presente invención, la activación de los medios de válvula puede servir para diversas 
funciones, como por ejemplo para abrir o cerrar un conducto y reducir las fugas o como paso inmediatamente 
anterior a la activación de un medio de conversión o un medio de bombeo, o para hacer un bypass de un medio 
de conversión o de bombeo. 
 25 
Ventajosamente con una central según la invención, se puede aprovechar una infraestructura que ya ha sido 
creada para el abastecimiento de agua y utilizarla para almacenar y obtener energía, de modo que ambos 
sistemas se benefician mutuamente: aprovechar la red de abastecimiento de agua permite al sistema de 
generación y almacenamiento de energía contar con una gran cantidad de depósitos y conexiones para realizar 
los trasiegos, y por otro lado, el hecho de poder generar energía permite abastecer de agua y energía de manera 30 
más eficiente a las localidades cuya generación y demanda de agua y energía sufre fuertes variaciones 
temporales tanto horarias como estacionales, y a cuya demanda no puede hacer frente el sistema actual de 
abastecimiento de energía. Además, una distribución planeada del agua permite que el agua de la que se 
dispone se distribuya entre núcleos de población de manera más eficiente que con los sistemas encontrados en 
el estado de la técnica. 35 
 
En una realización particular de la invención, la altura HP es mayor que H1 y mayor que H2.  
 
En una realización particular de la invención, la central comprende un sistema de detección de fugas para la 
detección de un nivel de fuga que comprende al menos dos sensores de caudal de medida directa o indirecta en 40 
al menos una conducción. Se entiende por medida directa la de aquellos sensores que miden directamente el 
caudal que atraviesa la sección donde están instalados. Se entiende por medida indirecta la de aquellos 
sensores que miden una magnitud que no es el caudal, pero gracias a la cual se puede calcular el caudal que 
atraviesa dicha sección. 
 45 
En una realización particular de la invención, el sistema de detección comprende un conjunto distribuido de 
sensores de presión en al menos una conducción. 
 
En una realización particular de la invención, los medios de control están en conexión con unos medios de 
actuación, estando adaptados dichos medios de control para el cierre de los medios de válvula y para la 50 
desactivación de los medios de conversión y los medios de bombeo en una conducción cuando el nivel de fuga 
en dicha conducción supera un umbral de fuga. Esto permite optimizar el funcionamiento de la central, teniendo 
en cuenta qué conexiones tienen un nivel de fuga demasiado elevado como para dejar de resultar ventajoso el 
hecho de utilizar esa conexión para realizar el trasiego. 
 55 
En una realización particular de la invención, la central comprende al menos un sensor de detección de 
contenido de cloro para la detección de un nivel de contenido de cloro, y al menos un medio dosificador de cloro. 
En una realización particular de la invención, cada depósito comprende un sensor de detección de contenido de 
cloro. En una realización particular de la invención, cada depósito comprende un medio dosificador de cloro. En 
una realización particular de la invención, los medios de actuación están adaptados para activar el al menos un 60 
medio dosificador de cloro cuando el nivel de contenido de cloro está por debajo de un umbral de cloro. Esto 
permite que el agua recupere, en caso de ser necesario, sus propiedades de potabilidad si las pierde durante el 
trasiego, y pueda seguir siendo apta para el consumo de la población de las localidades abastecidas. 
En una realización particular de la invención, al menos un depósito comprende un sensor de nivel. 
 65 
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En una realización particular de la invención, los medios de control están adaptados para llevar a cabo las 
siguientes acciones: 
 

x recibir información relativa a valores históricos correspondientes a la época del año y el carácter laboral 
o festivo de la jornada y a los valores estimados de la demanda de agua de cada depósito durante un 5 
número de horas siguientes al comienzo del trasiego, y  
 

x seleccionar, haciendo uso de dicha información recibida, 
 
- antes del periodo T1 al menos una conducción en la que se va a realizar trasiego de agua por 10 

gravedad, accionando los correspondientes medios de válvula y activando los medios de 
conversión, y 
 

- antes del periodo T2 al menos una conducción en la que se va a realizar el trasiego de agua por 
bombeo, accionando los correspondientes medios de válvula y activando los medios de bombeo. 15 

 
Esto permite integrar la información sobre las necesidades de abastecimiento de agua de las distintas 
poblaciones abastecidas por los depósitos, de modo que además de aprovechar el agua para generar energía, 
se permite un mejor abastecimiento de las poblaciones. 
 20 
En un segundo aspecto inventivo se presenta un método de obtención y almacenamiento de energía eléctrica 
con una central de bombeo mixta según el primer aspecto inventivo, caracterizado por que comprende los 
siguientes pasos: 
 

x durante un periodo de tiempo T1, 25 
- accionamiento de los medios de válvula para el trasiego por gravedad de un flujo de agua entre al 

menos un depósito y al menos otro depósito a una altura menor, y 
- accionamiento de los al menos unos medios de conversión para la producción de energía eléctrica 

a partir de dicho flujo de agua asociado, 
 30 

x durante un periodo de tiempo T2,  
- accionamiento de los medios de válvula y 
- accionamiento de los al menos unos medios de bombeo para el trasiego de un flujo de agua desde 

al menos uno de los depósitos a otro depósito a un altura mayor. 
 35 
En una realización particular de la invención, el método comprende adicionalmente las etapas de: 
 

x comprobar el nivel de fuga de una conducción, preferentemente por el sistema de detección de fugas, y 
 

x si el nivel de fuga supera el umbral de fuga, desactivar los medios de conversión y los medios de 40 
bombeo en dicha conducción. 

 
En una realización particular de la invención, la comprobación del nivel de fuga se realiza al menos una vez en al 
menos uno de los periodos de tiempo T1 o T2. 
 45 
En una realización particular de la invención, el método se lleva a cabo tomando como referencia temporal un 
día, GLYLGLGR�HQ� LQWHUYDORV�WHPSRUDOHV��\�XQ�tQGLFH�³Q´�TXH�UHFRUUD�GLFKRV� LQWHUYDORV�WHPSRUDOHV�GHQWUR�GH�GLFKD�
referencia temporal. 
 
En una realización particular de la invención, los medios de control reciben información relativa a valores 50 
históricos correspondientes a la época del año y el carácter laboral o festivo del día de referencia y a los valores 
estimados de la demanda de agua de cada depósito durante dicho día de referencia. 
 
En una realización particular de la invención, los medios de control realizan las siguientes acciones: 
 55 

x antes de comenzar el día de referencia, seleccionar al menos una conducción en la que se va a realizar 
trasiego de agua por gravedad, accionando los correspondientes medios de válvula y activando los 
medios de conversión, y 

 
x antes de comenzar el día de referencia, seleccionar al menos una conducción en la que se va a realizar 60 

el trasiego de agua por bombeo, accionando los correspondientes medios de válvula y activación de los 
medios de bombeo, en función de los valores estimados de la demanda de agua de cada depósito 
durante dicho día de referencia.  
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En una realización particular de la invención, los medios de control seleccionan para cada intervalo temporal n 
del día de referencia las conducciones entre las que se va a realizar el trasiego mediante la optimización de una 
función de coste C  
 

ܥ ൌ ܥǡǡǡ ݀݊݁݅ݏ
ǡǡ

ǡǡܥ ൌ ൫ܳǡǡ െ ǡǡ൯ܨ  ݃  ൫݄ǡ െ ݄ǡ൯  ǡǡߟ  ݇ǡǡ  ܶǡǡ  ǡǡܨ  ܲ  ܶǡǡ 

 5 
Cubriendo i y j todos los pares de depósitos de la central, incluyendo los intercambios de agua con el ambiente y 
las aportaciones al consumo externo, y cubriendo n cada una de los intervalos temporales del día, y siendo cada 
uno de los términos: 
 
Cn,i,j: coste del trasiego entre el depósito i y el depósito j 10 
Qn,i,j: gasto másico (en kg/s) que atraviesa la conducción en el trasiego entre el depósito i y el depósito j, 
constante durante el tiempo Tn,i,j. 
Fn,i,j: gasto másico (en kg/s) que se pierde por fugas en el trasiego entre el depósito i y el depósito j, constante 
durante el tiempo Tn,i,j, y estimado por medio de datos históricos. 
g: aceleración de la gravedad 15 
hn,i: altura media del nivel en el depósito i durante el intervalo temporal n 
hn,j: altura media del nivel en el depósito j durante el intervalo temporal n 
Șn,i,j: rendimiento de la máquina, turbina o turbina-bomba en el caso de un trasiego por gravedad o bomba en el 
caso de un trasiego por bombeo, constante durante el intervalo temporal n. 
kn,i,j: coste de la electricidad, para vender en el caso de trasiego por gravedad (en cuyo caso tendrá un valor 20 
positivo) o para comprar en el caso de trasiego por bombeo (en cuyo caso tendrá un valor negativo). Se estima al 
comienzo de cada jornada en base a datos históricos y otras informaciones. Se considera que permanece 
constante durante el intervalo temporal n. 
Tn,i,j: tiempo durante el cual tiene lugar el trasiego dentro del intervalo temporal n, será T1n,i,j en el caso del 
trasiego por gravedad o T2n,i,j en el caso del trasiego por bombeo. 25 
P: precio del agua, constante. 
 
en donde para la optimización de la función interviene la limitación de mantener el nivel mínimo de los depósitos, 
por motivos del uso del depósito; estando dado en los depósitos de consumo por las necesidades de 
abastecimiento, y en los depósitos naturales, por necesidades ecológicas. 30 
 
Tanto la central de bombeo mixta como el método de generación y almacenamiento de energía, ambos objeto de 
la presente invención, aportan una solución que ofrece la ventaja de permitir la absorción de los picos de 
electricidad generados por fuentes de generación de energía discontinuas cuyos picos de generación no 
coinciden con los picos de demanda de energía, por ejemplo, la energía eólica. En cualquier momento la central 35 
puede almacenar energía en forma de energía potencial del agua en los depósitos más altos. 
 
Los n intervalos temporales se establecen de modo que durante cada uno de ellos el precio de compra y el de 
venta de la energía permanezcan constantes como sucede por ejemplo durante los periodos de tarifa constante 
como pueden ser las consideradas horas valle y horas punta o como sucede por ejemplo cuando la oferta y la 40 
demanda energética de algunos sistemas se ajustan fijando un precio mediante subasta para periodos de tiempo 
prefijados como puede ser por ejemplo cada hora del día. 
 
A lo largo de todo el documento, se debe entender como consumo externo cualquier consumo que se realice a 
partir de los depósitos, como por ejemplo, consumo humano, industrial, agrícola, ganadero, etc. 45 
 
Todas las características y/o las etapas de métodos descritas en esta memoria (incluyendo las reivindicaciones, 
descripción y dibujos) pueden combinarse en cualquier combinación, exceptuando las combinaciones de tales 
características mutuamente excluyentes. 
 50 
DESCRIPCIÓN DE LOS DIBUJOS 
 
Estas y otras características y ventajas de la invención, se pondrán más claramente de manifiesto a partir de la 
descripción detallada que sigue de una forma preferida de realización, dada únicamente a título de ejemplo 
ilustrativo y no limitativo, con referencia a las figuras que se acompañan. 55 
 
Figura 1 Esquema de un sistema según la invención, donde se observan todos sus componentes y las 

relaciones entre ellos. 
Figura 2 Esquema de un método según la invención, realizado entre dos entidades genéricas. 
 60 
EXPOSICIÓN DETALLADA DE LA INVENCIÓN 
 
En la exposición que se va a realizar se han utilizado las siguientes referencias: 
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0: Río, mar, lluvia, ambiente, etc. 
����¶��$]XG��SDQWDQR��HWF� 
3: ETAP, Estación de Tratamiento de Agua Potable 
4: Desaladora con su depósito 
5: Depósito de cabecera de baja cota 5 
6: Depósito de cabecera de alta cota 
7-12: Depósito de cola 
13: Depósito de salida de la ETAP 
14: Acuífero 
C: Consumo externo 10 
 
21: Entidad genérica 1 
22: Entidad genérica 2 
23: Medios de válvula 
24: Conducción 15 
25: Medios de bombeo 
26: Medios de conversión 
27: Medios de actuación 
28: Sensor de caudal 
29: Sensor de presión 20 
30: Sensor de contenido en cloro 
31: Medios dosificadores de cloro 
32: Sistema de detección de fugas 
33: Medios de control (no representados en las figuras) 
34: Sensor de nivel 25 
 
Del mismo modo, en las explicaciones también se hará referencia a las siguientes nomenclaturas: 
 
n es el índice temporal, indica el intervalo temporal en el que tiene lugar cada una de las acciones. Se considera 
que las magnitudes permanecen constantes durante el periodo de tiempo indicado por el índice n. La suma en n 30 
de todos los intervalos da como resultado un día, que es la unidad que se toma como referencia, ya que las 
decisiones sobre cómo realizar los trasiegos se toman para cada día. 
 
hb,i indica la altura a la que se encuentra la base de un depósito natural o artificial i: hb,1 es la altura de la base del 
azud (1), hb,5 es la altura de la base del depósito de cabecera de baja cota (5), etc. A su vez, nn,i indica el nivel de 35 
llenado en el intervalo temporal n de un depósito i, con respecto a su altura hb,i: nn,1 será el nivel de llenado del 
azud (1) con respecto a la altura de su base hb,1, y así sucesivamente. También se define la altura en el intervalo 
temporal n del nivel de un depósito hn,i = hb,i + nn,i 
 
Qn,i,j indica el caudal que circula en el intervalo temporal n entre el depósito i y el depósito j. Así, Qn,5,6 será el 40 
caudal que circula entre el depósito de cabecera de baja cota (5) y el depósito de cabecera de alta cota (6). Qn,5,0 
indica las pérdidas al ambiente (0) desde el depósito de cabecera de baja cota (5), y Qn,5,C indica el flujo de agua 
que se trasiega desde el depósito de cabecera de baja cota (5) al consumo externo. 
 
Fn,i,j indica las fugas en la conducción (24) que une las entidades i y j, con un criterio de nomenclatura análogo al 45 
del caudal: Fn,5,6 serán las fugas que presenta en el intervalo temporal n la conducción (24) que une el depósito 
de cabecera de baja cota (5) y el depósito de cabecera de alta cota (6). 
 
Descripción de las figuras 
 50 
En la figura 1 se puede observar una realización preferida de un sistema según la invención. En esta figura se 
observa la existencia de los siguientes elementos: 
 

- Elementos de aporte natural de agua o de recogida natural de las pérdidas (0): un río, el mar, la lluvia, el 
ambiente, etc. 55 

- 'HSyVLWRV�QDWXUDOHV��������¶���XQ�D]XG��XQ�SDQWDQR��HWF. 
- Dos depósitos principales, llamados también depósitos de cabecera: el depósito de cabecera de baja 

cota (5) y el depósito de cabecera de alta cota (6). 
- Varios depósitos secundarios (7-12). 
- Medios de conversión (26) situados en cada conducción (24). 60 
- Medios de bombeo (25) situados en cada conducción (24). 
- Medios de actuación (27) situados en los medios de conversión (26) y en los medios de bombeo (25). 
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En un ejemplo particular de realización, los medios de conversión son una turbina o una bomba utilizada como 
turbina o una turbina-bomba. Cuando lo que se utiliza es una bomba utilizada como turbina o una turbina-bomba, 
la reversión de su funcionamiento permite utilizarlos como medios de bombeo.  
 
En la Figura 2 se observa un detalle del sistema con los elementos existentes entre una primera entidad genérica 5 
i (21) y una segunda entidad genérica j (22). Debe entenderse como entidades genéricas cualesquiera elementos 
naturales de aporte o recogida de pérdidas (0), depósitos naturales (1, �¶��� GHSyVLWRV� GH� FDEHFHUD� ���� ����
depósitos secundarios (7-12), el consumo externo (C).Entre estas dos entidades se muestran una serie de 
elementos: 
 10 

- una válvula (23) en cada entidad; 
- dos sensores de caudal (28) en cada conducción (24); 
- dos sensores de presión (29) en cada conducción (24); y 
- algunos de los elementos incluidos en la Figura 1, i.e., los medios de bombeo (25), medios de 

conversión (26) y medios de actuación (27). 15 
 
El sistema de detección de fugas (32) utiliza la información recibida por los sensores de caudal (28) y los 
sensores de presión (29). Los sensores de caudal (28) son imprescindibles para la detección de las fugas, 
mientras que los sensores de presión (29) ofrecen un mayor detalle sobre la situación de la fuga, cuando ésta 
existe. Los valores de las fugas en los depósitos se miden comparando los caudales de salida y entrada del 20 
depósito con el volumen de agua almacenada que se conoce por medio de un sensor de nivel (34) que sirve 
además para el control de los niveles mínimos exigidos en cada depósito. 
 
Estos niveles mínimos exigidos en cada depósito pueden venir impuestos por varias causas: 
 25 

- El suministro de agua al consumo externo: este requisito impone que el nivel mínimo de un depósito sea 
el necesario para hacer frente a la demanda. 

- El nivel mínimo por motivos ecológicos: este requisito impone que el nivel mínimo de un pantano, 
acuífero o cualquier otro depósito de estas características sea el imprescindible para que se cumplan 
las condiciones ecológicas establecidas por las autoridades competentes. 30 

 
El nivel máximo admisible de fugas se establecerá de modo que si se supera dicho nivel, el trasiego no sea 
rentable. No obstante, esto no quiere decir que sólo se realicen trasiegos rentables en el sistema, ya que la 
exigencia del consumo externo puede obligar a realizar un trasiego por una conducción cuyo nivel de fuga sea 
superior al máximo admisible. Si dicho trasiego se realiza por gravedad, también se activan los medios de 35 
conversión para extraer energía. 
 
Así las cosas, se lleva a cabo un ejemplo particular de un método según la invención, en el que intervienen los 
siguientes elementos y variables: 
 40 

- Una primera entidad genérica i (21) y una segunda entidad genérica j (22), entre las que se va a realizar 
el trasiego, cada una de ellas con sus alturas de nivel (hn,i, hn,j), sus medios de válvula (23), sus 
sensores de detección de contenido de cloro (30), sus medios dosificadores de cloro (31). 

- Las fugas de agua (Fn,i,j) que presenta el trasiego. 
- Un tiempo T1n,i,j durante el cual se realiza un trasiego por gravedad de un caudal (Qn,i,j) desde la primera 45 

entidad genérica i (21) a la segunda entidad genérica j (22), que se puede aprovechar o no para extraer 
energía por medio de unos medios de conversión (26), en particular una turbina. 

- Un tiempo T2n,i,j durante el cual se realiza un bombeado de un caudal (Qn,i,j) desde la primera entidad 
genérica i (21) a la segunda entidad genérica j (22), por medio de unos medios de bombeo (25). 

 50 
En realizaciones particulares, T1n,i,j o T2n,i,j son cero, puesto que no existe la necesidad de realizar durante todos 
los intervalos temporales las dos operaciones de trasvasar un caudal por gravedad y volver a bombearlo. 
 
Antes de iniciar el funcionamiento, los medios de control (33) reciben información relativa a valores históricos 
correspondientes a la época del año y el carácter laboral o festivo de la jornada y a los valores estimados de la 55 
demanda de agua de dichos depósitos durante el día de referencia. Estos datos proporcionan los niveles 
mínimos de ambas entidades mencionados anteriormente, que tendrán que respetarse durante ese día, ya que 
de otro modo se pondría en peligro el suministro de agua a las poblaciones. 
 
Además de estos niveles mínimos necesarios en cada depósito, existe una segunda condición que proporciona 60 
al sistema los valores de T1n,i,j y T2n,i,j. Esta es la maximización de una función de coste C: 
 

ܥ ൌ ܥǡǡǡ ݀݊݁݅ݏ
ǡǡ

ǡǡܥ ൌ ൫ܳǡǡ െ ǡǡ൯ܨ  ݃  ൫݄ǡ െ ݄ǡ൯  ǡǡߟ  ݇ǡǡ  ܶǡǡ  ǡǡܨ  ܲ  ܶǡǡ 
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Cubriendo i y j todos los pares de depósitos de la central, y cubriendo n cada una de los intervalos temporales 
del día, y siendo cada uno de los términos: 
 
Cn,i,j: coste del trasiego entre el depósito i y el depósito j 
Qn,i,j: gasto másico (en kg/s) que atraviesa la conducción en el trasiego entre el depósito i y el depósito j 5 
Fn,i,j: gasto másico (en kg/s) que se pierde por fugas en el trasiego entre el depósito i y el depósito j 
g: aceleración de la gravedad 
hn,i: altura media del nivel en el depósito i durante el intervalo temporal n 
hn,j: altura media del nivel en el depósito j durante el intervalo temporal n 
Șn,i,j: rendimiento de la máquina, turbina o turbina-bomba en el caso de un trasiego por gravedad o bomba en el 10 
caso de un trasiego por bombeo 
kn,i,j: coste de la electricidad, para vender en el caso de trasiego por gravedad (en cuyo caso tendrá un valor 
positivo) o para comprar en el caso de trasiego por bombeo (en cuyo caso tendrá un valor negativo). Se estima al 
comienzo de cada jornada en base a datos históricos y otras informaciones. Se considera que permanece 
constante durante el intervalo temporal n. 15 
Tn,i,j: tiempo durante el cual tiene lugar el trasiego dentro del intervalo temporal n, será T1n,i,j en el caso del 
trasiego por gravedad o T2n,i,j en el caso del trasiego por bombeo. 
P: precio del agua 
 
Para optimizar esta función se tendrán en cuenta todos los posibles trasiegos entre depósitos (i,j), incluyendo 20 
 

- los intercambios con el ambiente: el ambiente aporta a la central el agua de la lluvia, el agua de un río o 
del mar; por su parte la central cede al ambiente el agua que se evapora de cualquiera de sus 
depósitos, y 

- las aportaciones al consumo externo. 25 
 
A la hora de evaluar esta función, es necesario tener en cuenta las limitaciones antes señaladas: 
 

- Los depósitos han de mantener en cada intervalo temporal un nivel mínimo determinado antes de 
comenzar el día de referencia, por motivos que dependen del depósito; en los depósitos de consumo 30 
externo serán exigencias de consumo; en los depósitos naturales, serán exigencias ecológicas. 

- Se ha de satisfacer la demanda real de consumo de agua 
- Se han de restringir las pérdidas de agua por fugas. El valor a usar para las fugas (Fn,i,j) será estimado 

por medio de valores históricos, no con los datos del sistema de detección de fugas (32), ya que la 
optimización de la función y la consecuente elección de los depósitos entre los cuales se va a producir 35 
el trasiego sucede antes de que se produzcan las fugas. Estos valores de fugas detectados por el 
sistema de detección de fugas (32) sólo se utilizan como alertas para advertir por ejemplo del hecho de 
un posible valor excesivamente bajo en el nivel de un depósito, y poder garantizar el suministro mínimo 
de agua exigido en todos los depósitos de la central. 

 40 
No obstante, en el caso de que por necesidades de abastecimiento sea necesario utilizar una conducción que no 
sea rentable por cuestiones de fugas, primará el criterio de garantizar el abastecimiento. 
 
En un ejemplo particular de realización, en los periodos en el que una variación de Qn,i,j no tiene influencia en el 
coste (debido a que el precio kn,i,j permanezca constante aunque se alargue el tiempo del trasiego), se fija Qn,i,j 45 
como el valor que maximiza el rendimiento de los medios de bombeo o de conversión colocados en la 
conducción que une los depósitos i y j. 
 
Una vez recibidos y analizados esos datos y los datos de los niveles actuales de los depósitos para cada 
intervalo temporal n y para cada par de depósitos i,j, el periodo T1n,i,j comienza con el accionamiento, por parte 50 
de los medios de actuación (27) y tras la orden recibida desde los medios de control (33), de los 
correspondientes medios de válvula (23) de ambos depósitos i y j (21 y 22) y la activación de los medios de 
conversión (26). El periodo T1n,i,j concluye con la desactivación de los medios de conversión (26) y el cierre de 
los medios de válvula (23). Análogamente, el periodo T2n,i,j comienza con la apertura, por parte de los medios de 
actuación (27), de los correspondientes medios de válvula (23) de ambos depósitos i y j (21 y 22) y activando los 55 
medios de bombeo (25). El periodo T2n,i,j concluye con la desactivación de los medios de bombeo (25) y el cierre 
de los medios de válvula (23).  
 
Además, en un ejemplo particular de realización, los medios de control (33) llevan a cabo las siguientes acciones 
al menos una vez al día: 60 
 

x comprobar el nivel de fuga de una conducción (24), detectado por el sistema de detección de fugas (32), 
y 
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x si el nivel de fuga supera un determinado umbral de fuga predeterminado, no considerar esa conducción 
(24) para realizar los pasos indicados anteriormente en el método, no iniciando los periodos T1n,i,j ni 
T2n,i,j. 

 
  5 
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REIVINDICACIONES 
 
1.- Central de bombeo mixta que comprende una red de captación, tratamiento y abastecimiento de agua que 
comprende, 

x al menos un depósito principal o de cabecera (5, 6) a una altura HP (hb5, hb6), 5 
x al menos dos depósitos secundarios (7-12) a una altura H1 y H2 respectivamente, 

en donde  
x el al menos un depósito principal (5, 6) y los al menos dos depósitos secundarios (7-12) están 

conectados entre sí mediante conducciones (24) y medios de válvula (23), y 
caracterizado porque comprende  10 

x al menos unos medios de conversión (26) de la energía potencial del agua en su trasiego entre dos 
depósitos (5-12) por gravedad, en energía eléctrica, 

x al menos unos medios de bombeo de agua (25) desde al menos un depósito (5-12) hasta al menos otro 
depósito (5-12) con una altura mayor, y 

x unos medios de control (33), en conexión con al menos unos medios de actuación (27), adaptados para  15 
- el accionamiento de los medios de válvula (23) para permitir el trasiego por gravedad de un 

flujo de agua (Q) desde al menos un depósito (5-12) hasta al menos otro depósito (5-12) con 
una altura menor, y activación de los al menos unos medios de conversión (26) para la 
producción de energía eléctrica a partir de dicho flujo de agua (Q) asociado durante un periodo 
de tiempo T1, y 20 

- el accionamiento de los medios de válvula (23) y de los al menos unos medios de bombeo (25) 
para permitir el trasiego de un flujo de agua (Q) por bombeo desde al menos uno de los 
depósitos (5-12) hasta otro depósito (5-12) a un altura mayor durante un periodo de tiempo T2. 

 
2.- Central de bombeo mixta según la reivindicación 1, caracterizado por que la altura HP es mayor que H1 y 25 
mayor que H2.  
 
3.- Central de bombeo mixta según cualquiera de las reivindicaciones 1 o 2, que comprende un sistema de 
detección de fugas (32) para la detección de un nivel de fuga caracterizado por que comprende al menos dos 
sensores de caudal (28) de medida directa o indirecta en al menos una conducción (24). 30 
 
4.- Central de bombeo mixta según la reivindicación 3, donde el sistema de fugas (32) comprende un conjunto 
distribuido de sensores de presión (29) en al menos una conducción (24). 
 
5.- Central de bombeo mixta según cualquiera de las reivindicaciones 3 o 4, caracterizado porque los medios de 35 
control (33) están en conexión con unos medios de actuación (27) adaptados para el cierre de los medios de 
válvula (23) y la desactivación de los medios de conversión (26) y los medios de bombeo (25) en una conducción 
(24) cuando el nivel de fuga en dicha conducción (24) supera un umbral de fuga. 
 
6. Central de bombeo mixta según cualquiera de las reivindicaciones anteriores, caracterizado porque 40 
comprende al menos un sensor de detección de contenido de cloro (30) para la detección de un nivel de 
contenido de cloro, y al menos un medio dosificador de cloro (31). 
 
7. Central de bombeo mixta según la reivindicación 6, caracterizado porque cada depósito (5-12) comprende un 
sensor de detección de contenido de cloro (30). 45 
 
8. Central de bombeo mixta según cualquiera de las reivindicaciones 6 o 7, caracterizado porque cada depósito 
(5-12) comprende un medio dosificador de cloro (31). 
 
9.- Central de bombeo mixta según cualquiera de las reivindicaciones 6 a 8, caracterizado porque los medios de 50 
actuación (27) están adaptados para activar el al menos un medio dosificador de cloro (31) cuando el nivel de 
contenido de cloro está por debajo de un umbral de cloro. 
 
10.- Central de bombeo mixta según cualquiera de las reivindicaciones anteriores, caracterizado porque al 
menos un depósito (5-12) comprende un sensor de nivel (34). 55 
 
11.- Central de bombeo mixta según cualquiera de las reivindicaciones anteriores, caracterizado porque los 
medios de control (33) están adaptados para llevar a cabo las siguientes acciones: 

x recibir información relativa a valores históricos correspondientes a la época del año y el carácter laboral 
o festivo de la jornada y a los valores estimados de la demanda de agua de cada depósito durante un 60 
número de horas siguientes al comienzo del trasiego, y  

x seleccionar, haciendo uso de dicha información recibida, 

����������	
���

�



11 
 

- antes del periodo T1 al menos una conducción (24) en la que se va a realizar trasiego de agua por 
gravedad, accionando los correspondientes medios de válvula (23) y activando los medios de 
conversión (26), y 

- antes del periodo T2 al menos una conducción (24) en la que se va a realizar el trasiego de agua 
por bombeo, accionando los correspondientes medios de válvula (23) y activando los medios de 5 
bombeo (25). 

 
12.- Método de obtención y almacenamiento de energía eléctrica con una central de bombeo mixta según 
cualquiera de las reivindicaciones anteriores, caracterizado por que comprende los siguientes pasos: 

x durante un periodo de tiempo T1, 10 
- accionamiento de los medios de válvula (23) para permitir el trasiego por gravedad de un flujo de 

agua (Qi,j) entre al menos un depósito i (5-12) hasta al menos otro depósito j (5-12) a una altura 
menor, y 

- accionamiento de al menos unos medios de conversión (26) para la producción de energía eléctrica 
a partir de dicho flujo de agua (Qi,j) asociado, 15 

x durante un periodo de tiempo T2,  
- accionamiento de los medios de válvula (23) y  
- accionamiento de los al menos unos medios de bombeo (25) para el trasiego de un flujo de agua 

(Q) desde al menos uno de los depósitos (5-12) hasta otro depósito (5-12) a un altura mayor. 
 20 
13.- Método de obtención y almacenamiento de energía eléctrica con una central de bombeo mixta según la 
reivindicación 12, caracterizado por que comprende adicionalmente las etapas de: 

x comprobar el nivel de fuga de una conducción (24), detectado por el sistema de detección de fugas (32), 
y 

x si el nivel de fuga supera el umbral de fuga, desactivar los medios de conversión (26) y los medios de 25 
bombeo (25) en dicha conducción (24). 

 
14.- Método de obtención y almacenamiento de energía eléctrica con una central de bombeo mixta según 
cualquiera de las reivindicaciones 12 a 13, en el que la comprobación del nivel de fuga se realiza al menos una 
vez en al menos uno de los periodos de tiempo T1 o T2. 30 
 
15. Método de obtención y almacenamiento de energía eléctrica con una central de bombeo mixta según 
cualquiera de las reivindicaciones 12 a 14, caracterizado porque se lleva a cabo tomando como referencia 
temporal un día, GLYLGLGR� HQ� LQWHUYDORV� WHPSRUDOHV�� \� XQ� tQGLFH� ³Q´� TXH� UHFRUUD� GLFKRV� LQWHrvalos temporales 
dentro de dicha referencia temporal. 35 
 
16.- Método de obtención y almacenamiento de energía eléctrica con una central de bombeo mixta según la 
reivindicación 15, caracterizado porque los medios de control (33) realizan las siguientes acciones: 
 

x reciben información relativa a valores históricos correspondientes a la época del año y el carácter 40 
laboral o festivo del día de referencia y a los valores estimados de la demanda de agua de cada 
depósito durante dicho día de referencia. 

x antes de comenzar el día de referencia, seleccionar, haciendo uso de la información recibida, al menos 
una conducción (24) en la que se va a realizar trasiego de agua por gravedad, accionando los 
correspondientes medios de válvula (23) y activando los medios de conversión (26), y 45 

x antes comenzar el día de referencia, seleccionar, haciendo uso de la información recibida, al menos una 
conducción (24) en la que se va a realizar el trasiego de agua por bombeo, accionando los 
correspondientes medios de válvula (23) y activación de los medios de bombeo (25), en función de los 
valores estimados de la demanda de agua de cada depósito durante el día de referencia. 

 50 
17.- Método de obtención y almacenamiento de energía con una central de bombeo mixta según la reivindicación 
16, caracterizado porque los medios de control (33) seleccionan para cada intervalo temporal n del día de 
referencia las conducciones (24) entre las que se va a realizar el trasiego mediante la optimización de una 
función de coste C  
 55 

ܥ ൌ ܥǡǡǡ ݀݊݁݅ݏ
ǡǡ

ǡǡܥ ൌ ൫ܳǡǡ െ ǡǡ൯ܨ  ݃  ൫݄ǡ െ ݄ǡ൯  ǡǡߟ  ݇ǡǡ  ܶǡǡ  ǡǡܨ  ܲ  ܶǡǡ 

 
Cubriendo i y j todos los pares de depósitos de la central, incluyendo los intercambios de agua con el ambiente y 
las aportaciones al consumo externo, y cubriendo n cada una de los intervalos temporales del día, y siendo cada 
uno de los términos: 
 60 
Cn,i,j: coste del trasiego entre el depósito i y el depósito j 
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Qn,i,j: gasto másico (en kg/s) que atraviesa la conducción en el trasiego entre el depósito i y el depósito j, 
constante durante el tiempo Tn,i,j. 
Fn,i,j: gasto másico (en kg/s) que se pierde por fugas en el trasiego entre el depósito i y el depósito j, constante 
durante el tiempo Tn,i,j, y estimado por medio de datos históricos. 
g: aceleración de la gravedad 5 
hn,i: altura media del nivel en el depósito i durante el intervalo temporal n 
hn,j: altura media del nivel en el depósito j durante el intervalo temporal n 
Șn,i,j: rendimiento de la máquina, turbina o turbina-bomba en el caso de un trasiego por gravedad o bomba en el 
caso de un trasiego por bombeo, constante durante el intervalo temporal n. 
kn,i,j: coste de la electricidad, para vender en el caso de trasiego por gravedad (en cuyo caso tendrá un valor 10 
positivo) o para comprar en el caso de trasiego por bombeo (en cuyo caso tendrá un valor negativo). Se estima al 
comienzo de cada jornada en base a datos históricos y otras informaciones. Se considera que permanece 
constante durante el intervalo temporal n. 
Tn,i,j: tiempo durante el cual tiene lugar el trasiego dentro del intervalo temporal n, será T1n,i,j en el caso del 
trasiego por gravedad o T2n,i,j en el caso del trasiego por bombeo. 15 
P: precio del agua, constante. 
 
en donde para la optimización de la función interviene la limitación de mantener el nivel mínimo de los depósitos, 
por motivos del uso del depósito; estando dado en los depósitos de consumo externo por las necesidades de 
abastecimiento, y en los depósitos naturales, por necesidades ecológicas. 20 
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Fig. 2 
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TI  
 
-  Clean energy storage and seawater desalination system comprises 
clean energy systems and clean energy system is connected to the 
power steam device through the power transmission and 
transformation system  

 

AB  
 
-  NOVELTY : Clean energy storage and seawater desalination system 
comprises clean energy systems. The clean energy system is 
connected to the power steam device through the power 
transmission and transformation system. The electric steam device 
provides steam to the steam power generation system through the 
first gas delivery device. The steam power generation system supplies 
electric energy and steam to the seawater desalination system 
through the power transmission device and the second gas delivery 
device respectively. The fresh water produced by the seawater 
desalination system is supplied to the pumped storage system 
through the liquid delivery device. The clean energy system comprises 
at least one wind power system, photovoltaic power generation 
system, tidal power generation system or sea tidal power generation 
system.  

-  USE : Used as clean energy storage and seawater desalination system.  
-  ADVANTAGE : The system: solves the problems of randomness and 
volatility of wind power, photovoltaic power generation, tidal power 
generation and sea tide power generation; enables co-production 
seawater desalination system to operate stably; provides water for 
the pumped storage system; has high operating effect; and saves 
resources.  

-  DESCRIPTION OF DRAWINGS : The diagram shows a schematic 
representation of clean energy storage and seawater desalination 
system.  
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-  CLEAN ENERGY STORAGE SEA DESALINATE SYSTEM COMPRISE 
CONNECT POWER STEAM DEVICE THROUGH TRANSMISSION 
TRANSFORM  
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TI  
 
-  Reverse osmosis seawater desalination device has reversible pump 
turbine unit which is mounted on passage, and inverter, reversible 
pump turbine unit, and battery which are electrically connected to 
controller respectively  

 

AB  
 
-  NOVELTY : The device has a photovoltaic array (1) which is provided 
with multiple equally spaced photovoltaic power generation panels. 
Wind power generator (2) and photovoltaic array are fixedly arranged 
on the ground. An inverter is electrically connected to a controller. 
Higher-level water reservoir (5) is provided with a passage 
communicating with lower-level water reservoir (7). Valve is mounted 
on the passage. Reversible pump turbine unit (6) is mounted on the 
passage. The inverter, reversible pump turbine unit, and battery (8) 
are electrically connected to a controller respectively.  

-  USE : Reverse osmosis seawater desalination device integrated with 
wind energy and seawater energy storage.  

-  ADVANTAGE : The rapid transformation of characteristics for 
instability of wind power generation is achieved, so as to facilitate 
peak shaving and valley filling capacity, frequency modulation, phase 
modulation and emergent backup power for the system, and strong 
reliability.  

-  DESCRIPTION OF DRAWINGS : The drawing shows a sectional view of 
the reverse osmosis seawater desalination device. 
1 : Photovoltaic array 
2 : Wind power generator 
5 : Higher-level water reservoir 
6 : Reversible pump turbine unit 
7 : Lower-level water reservoir 
8 : Battery  
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-  REVERSE OSMOSIS SEA DESALINATE DEVICE PUMP TURBINE UNIT 
MOUNT PASSAGE INVERTER BATTERY ELECTRIC CONNECT CONTROL 
RESPECTIVE  
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-  Wind-light complementary generating energy-storing device 
comprises wind turbine, photovoltaic array, controller and battery  

 

AB  
 
-  NOVELTY : 
A wind-light complementary generating energy-storing device 
comprises a wind turbine, a photovoltaic array, a controller and a 
battery. The wind turbine, the photovoltaic array and the battery are 
connected with the controller. The controller is further connected 
with a water pumping energy-accumulating generating device. The 
water pumping energy-accumulating generating device comprises a 
lower reservoir, an upper reservoir and a pipe for connecting the 
upper reservoir with the lower reservoir. The pipe is provided with a 
reverse water pump water turbine.  

-  DETAILED DESCRIPTION : 
A wind-light complementary generating energy-storing device 
comprises a wind turbine, a photovoltaic array, a controller and a 
battery. The wind turbine, the photovoltaic array and the battery are 
connected with the controller. The controller is further connected 
with a water pumping energy-accumulating generating device. The 
water pumping energy-accumulating generating device comprises a 
lower reservoir, an upper reservoir and a pipe for connecting the 
upper reservoir with the lower reservoir. The pipe is provided with a 
reverse water pump water turbine. The reverse water pump turbine 
is provided with a first working condition for pumping the water of 
the lower reservoir to the upper reservoir and a second working 
condition for flowing the water of the upper reservoir to the lower 
reservoir to generate electricity.  

-  USE : 
A wind-light complementary generating energy-storing device.  

-  ADVANTAGE : 
The device accumulates energy through replacing part battery by 
water pumping energy accumulation to accumulate energy, avoids 
deficiencies of short service life, high cost and pollution of the 
battery, and can improve reliability and stability of system, and is 
environment-friendly.  

-  DESCRIPTION OF DRAWINGS : 
The drawing shows a sectional view of a wind-light complementary 
generating energy-storing device.  
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-  WIND LIGHT COMPLEMENTARY GENERATE ENERGY STORAGE 
DEVICE COMPRISE TURBINE PHOTOVOLTAIC ARRAY CONTROL 
BATTERY  
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-  Desalting seawater involves using device, which comprises wind 
power generation unit, photovoltaic power delivering unit, energy 
storage power station and sea water desalting unit, where energy 
storage power station comprises turbine  

 

AB  
 
-  NOVELTY : Desalting seawater involves using device, which comprises 
wind power generation unit, photovoltaic power delivering unit, 
energy storage power station and sea water desalting unit, where 
energy storage power station comprises turbine used for power 
generation and pumping unit for water pumping. Method involves 
measuring average wind speed hourly to collect the wind speed data. 
Then measured average light intensity hourly to collect the light 
intensity data. The wind speed data and light intensity data is used to 
calculated the number of fans is Nw, number of photovoltaic module 
is Npv.  

-  DETAILED DESCRIPTION : Desalting seawater involves using device, 
which comprises wind power generation unit, photovoltaic power 
delivering unit, energy storage power station and sea water desalting 
unit, where energy storage power station comprises turbine used for 
power generation and pumping unit for water pumping. Method 
involves measuring average wind speed hourly to collect the wind 
speed data. Then measured average light intensity hourly to collect 
the light intensity data. The wind speed data and light intensity data is 
used to calculated the number of fans is Nw, number of photovoltaic 
module is Npvand output of photovoltaic power deliver unit. 
Determine the pumping and storing system conventional load P1(t), 
where t is time of production and domestic use power load. 
Determined the number of units required for desalination of sea 
water. Determine the remaining power of pumping and storing unit, 
then pumping unit worked accordingly to control the remaining 
power of energy storage power station.  

-  USE : Method for desalting seawater (claimed).  
-  ADVANTAGE : The method enables to overcome the dependence on 
diesel engine and other form of energy, and is also suitable for sea 
island and remote area.  

-  ENVIRONMENT : Preferred Process: Fresh water reservoir pondage 
capacity is determined if the difference of Sdx (difference of t and 1) 
ĂŶĚ�^ĚŵŝŶш�Yǁǆ�;ƚͿ�ĂŶĚ�EĚǆ�;ƚͿ�ŝƐ�ĞƋƵĂů�ƚŽ�Ϭ͕�ǁŚĞre Sd(difference of t 
and 1) is the amount of fresh water reservoir pondage in t minus one 
hour, Sdmin is the minimal emergency storage of water storage pool, 



Qwx (t) is the t hour of island water demand, Ndx (t) is the t time of 
the number of operation of water desalting machine. Desalting 
machine is not started, Pdx (t) is equal to 0, where Pd x (t) is the t 
period for electric load of sea water desalting system. Remaining 
ƉŽǁĞƌ�ŝƐ�ĐĂůĐƵůĂƚĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ĨŽƌŵƵůĂ�ɷ�W�ŝƐ�ĞƋƵĂů�ƚŽ�Wǁǆ�;ƚͿ
нWƉǀ;ƚͿ�ɻ�ĂĚ-Pdx (t)-P1x (t)͕�ǁŚĞƌĞ�ɷ�W�ŝƐ�ƌĞŵĂŝŶŝŶŐ�ƉŽǁĞƌ͕�Wǁǆ�;ƚͿ�ĨŽƌ�
t times the wind power generation input power, Ppvx (t) is t times the 
ƉŚŽƚŽǀŽůƚĂŝĐ�ƉŽǁĞƌ�ĚĞůŝǀĞƌ�ƵŶŝƚ�ŽƵƚƉƵƚ�ƉŽǁĞƌ͕�ɻ����ŝƐ�ƉŚŽƚŽǀŽůƚĂŝĐ�
inverter switching efficiency, Depending on the remaining power 
control pumped storage power station is set to work, the time when 
ɷ�W�ŝƐ�ĞƋƵĂů�ƚŽ�Ϭ͕�ǁŝŶĚ͕�ůŝŐŚƚ�ƉŽǁĞƌ�ŐĞŶĞƌĂƚŝŽŶ�ƐǇƐƚĞŵ�ŽƵƚƉƵƚ�ƉŽǁĞƌ�ŝƐ�
equal to the sea water desalting load and conventional load, the 
ƉƵŵƉĞĚ�ĞŶĞƌŐǇ�ƐƚŽƌĂŐĞ�ƵŶŝƚ�ŝƐ�ŶŽƚ�ǁŽƌŬŝŶŐ�ŝĨ�ɷ�P0 ج, wind, light 
power generation system output power greater than sea water 
desalting load and conventional load. The pumped storage power 
station of pumped storage units work on the pump operating mode, 
using remaining power, Ppx (t)=Pwx (t)+Ppvx (t)ɻ�ĂĚ-P1x (t), where 
WƉǆ�;ƚͿ�ŝƐ�ƚ�ƚŝŵĞƐ�ŽĨ�ƉŽǁĞƌ�ĐŽŶƐƵŵĞĚ�ďǇ�ƚŚĞ�ǁĂƚĞƌ�ƉƵŵƉ͕�ǁŚĞŶ�ɷ�W�ŝƐ�
 wind, light power generation system output power is less than ,0 ث
sea water desalting load and conventional load. The pumped storage 
power station turbine is set to work, and carried out power 
generation, Ptx (t) is equal to P1x (t)-(Pwx (t) + Ppvx (t)ɻ�ĂĚͿ, where 
Ptx (t) is the time t outlet force is in working condition. Fresh water 
reservoir pondage insufficiency is determined by if the deiffernce of 
Sdand Sdminث Qwx (t), and if sum of Sdx ( difference of t and 1) and 
EĚǆ�;ƚͿ�ŵƵůƚŝƉůŝĞĚ�ǁŝƚŚ�ĚŝĨĨĞƌĞŶĐĞ�ŽĨ�KĚĂŶĚ�Yǁǆ�;ƚͿ�ŝƐ�ч�^ĚŵĂǆ͘�
Pdminx (t) is equal to Ndminx (t) multiplied with Pd0. Ndmaxx (t) is 
equal to Nd. Pdmaxx (t) is equal to Ndmaxx (t) multiplied with Pd0, 
where Sdmax is storage capacity of fresh water storage pool, Odis the 
production of one sea water desalting machine per hour, Ndminx (t) 
is the minimum number of hours when desalination unit is opened, 
and Ndmaxx (t) is the maximum number of hours when desalination 
unit is opened, Ndis the total number of desalting machine, Pd0is the 
rated power of the single sea water desalting machine, Pdminx (t) is 
sea water desalting load power minimum limit in t hours, Pdmaxx (t) 
is is sea water desalting load power minimum limit in t hours. 
ZĞŵĂŝŶŝŐ�ƉŽǁĞƌ�ŝƐ�ĐĂůĐƵůĂƚĞĚ�ĂƐ�ĨŽůůŽǁƐ͗�ɷ�W�ŝƐ�ĞƋƵĂů�ƚŽ�ĚŝĨĨĞƌĞŶĐĞ�ŽĨ�
sum of Pwx (t) and Ppvx (t)ɻ�ĂĚ͕�ĂŶĚ�ƐƵŵ�ŽĨ�WĚǆ�;ƚͿ�ĂŶĚ�Wůǆ�;ƚͿ. 
Depending on the remaining power control pumped storage power 
station is set to work if difference of sum of Pwx (t) and Ppvx (t)ɻ�ĂĚ͕�
ĂŶĚ�ƐƵŵ�ŽĨ�WĚŵĂǆǆ�;ƚͿ�ĂŶĚ�Wůǆ�;ƚͿ�ŝƐ�ůĞƐƐ�ƚŚĂŶ�Žƌ�ĞƋƵĂů�ɷ�Wч�ĚŝĨĨĞƌĞŶĐĞ�
of sum of Pwx (t) and Ppvx (t)ɻ�ĂĚ͕�ĂŶĚ�ƐƵŵ�ŽĨ�WĚŵŝŶǆ�;ƚͿ�ĂŶĚ�Wůǆ�;ƚͿ. 



tŚĞŶ�ɷ�W�ŝƐ�ĞƋƵĂů�ƚŽ�ǌĞƌŽ͕�ǁŝŶĚ͕�ůŝŐŚƚ�ƉŽǁĞƌ�ŐĞŶĞƌĂƚŝŽŶ�ƐǇƐƚĞŵ�
output power is equal to the sea water desalting load and 
ĐŽŶǀĞŶƚŝŽŶĂů�ůŽĂĚ͘�/Ĩ�ɷ�Wج zero, pumped storage power station is not 
ǁŽƌŬŝŶŐ�ĂŶĚ�ǁŚĞŶ�ɷ�Wج zero, then wind, light power generation 
system output power greater than sea water desalting load and 
conventional load, energy storage power station is in working 
condition. Fresh water reservoir pondage capacity is determined, 
which meets user requirement as follows: if sum of Sdx (difference of 
t and 1) and Ndx (t) multiplied with difference of Odand Qwx (t) is 
more than or equal to Sdmax. Pdmaxx (t) is equal to Ndmaxx (t) 
multiplied with Pd0. Wind power photovoltaic power generation unit 
if not able to meet the the conventional output load and desalination 
base load, pumped storage power generation unit started the 
turbines and turbine contribute to its maximum output in that 
condition.  
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