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5(680(1
(Q�HO�SUHVHQWH�WUDEDMR�VH�DQDOL]D�OD�LQIOXHQFLD�GH�WUHV�PpWRGRV�GH�SRGD�DOWD��D�GLiPHWUR�ILMR��SRU�YHUWL�FLORV�\�D�DOWXUD�GHILQLGD��VREUH�OD�UHSDUWLFLyQ�GHO�FUHFLPLHQWR�HQ�HO�iUERO��(O�H[SHULPHQWR�VH�KD�UHDOL]D�GR�VREUH�XQ�GLVSRVLWLYR�VLWXDGR�HQ�$OFROHD�GH�&LQFD� �+XHVFD��HQ�HO�TXH��VREUH�XQD�PDVD�GH�/XLVD$YDQ]R��VH�DSOLFDURQ�GHO�DxR�� DO���ORV�GLVWLQWRV�PpWRGRV�GH�SRGD��/D�FLOLQGULFLGDG�GHO�IXVWH�VH�DQDOL]DD�WUDYpV�GH�XQ PRGHOR�GHO�SHUILO�GHO�iUERO�GH�WLSR�LQWHJUDGR�FRQ�H[SRQHQWH�ILMR��HQ�HO�TXH�VH�FRPSDUDQODV�FXUYDV�UHVXOWDQWHV��/D�HODERUDFLyQ�GH�GLFKR�PRGHOR�SHUPLWH�DQDOL]DU� OD� LQIOXHQFLD�GH� OD� LQWHUYHQ�FLyQ�HQ�WpUPLQRV�GH�FUHFLPLHQWR���FLOLQGULFLGDG��GHULYDGD�GHO�PRGHOR��\�SURGXFFLyQ��LQWHJUDO�GHO�PRGH�OR���/RV�iUEROHV�SRGDGRV�UHVXOWDQ�VHU�PiV�FLOtQGULFRV�\�FRQ�PD\RU�YROXPHQ�DSURYHFKDEOH�TXH�ORV�QRSRGDGRV�
3DODEUDV�FODYH��SRGD��/XLVD�$YDQ]R��SHUILO�GHO�iUERO��FLOLQGULFLGDG�
6800$5<
7KH�LQIOXHQFH�RI�WKUHH�GLIIHUHQW�PHWKRGV�RI�SUXQLQJ�RQ�ZRRG�SURGXFWLRQ�DQG�VWHP�IRUP�LV�DQDO\VHG�RQD� FORQDO� SRSODU� SODQWDWLRQ� RI� /XLVD� $YDQ]R� �3RSXOXV� [� (XUDPHULFDQD�� ORFDWHG� DW� $OFROHD� GH� &LQFD�+XHVFD��� 7UHHV� DJHG� EHWZHHQ� �� WR� �� \HDUV� ROG� ZHUH� SUXQHG� GXULQJ� WKH� GRUPDQW� VHDVRQ�� 3UXQLQJWUHDWPHQWV�ZHUH�DV�IROORZV��5HPRYDO�RI�OLYH�FURZQ�WR�D�IL[HG�VWHP�GLDPHWHU��WR�D�GHILQHG�WUHH�KHLJKWDQG�RI�FRPSOHWH�ZKRUOV��6WHP�IRUP�LV�DQDO\VHG�WKURXJK�D�WDSHU�IXQFWLRQ�ZLWK�IL[HG�H[SRQHQW��DQG�WKHUHVXOWLQJ�FXUYHV�DUH�FRPSDUHG��7KLV�PRGHO�DOORZV�WR�SUHGLFW�WKH�HIIHFWV�RI�WKH�FURZQ�UHPRYDO�RQ�VHF�RQGDU\�JURZWK� LQFUHPHQW�� VWHP� WDSHULQJ� �GHULYHG� IURP� WKH�PRGHO�� DQG� \LHOG� �LQWHJUDO� RI� WKH�PRGHO��3UXQHG�WUHHV�GHYHORSHG�PRUH�F\OLQGULFDO�VWHPV�ZLWK�JUHDWHU�XVDEOH�YROXPH�WKDQ�XQSUXQHG�WUHHV�
.H\�ZRUGV��SUXQLQJ��/XLVD�$YDQ]R��VWHP�IRUP��WDSHU�IXQFWLRQ�
,1752'8&&,Ï1
/D�PDGHUD� GH� FKRSR� SUHVHQWD� XQD� QRWDEOH� DSWLWXG� SDUD� VX� XVR� HQ� GHVHQUROOR�� /DSULPHUD�H[LJHQFLD�GHO�SURGXFWR�HV�TXH�FDUH]FD�GH�QXGRV��OR�TXH�LPSOLFD�TXH�GHEHQGHVDSDUHFHU�ODV�UDPDV�GH�ORV�iUEROHV�HQ�HGDGHV�MXYHQLOHV�
/D�SUDFWLFD�GH�OD�SRGD�LQFLGH�VREUH�DVSHFWRV�HFRQyPLFRV�HO�SUR\HFWR�HQ�OR�TXH�KDFHUHIHUHQFLD�D�ORV�FRVWHV�GH�OD�RSHUDFLyQ�\�OD�SOXVYDOtD�LQFRUSRUDGD�DO�SURGXFWR�ILQDO��\WDPELpQ�SXHGH�DIHFWDU�D�SDUiPHWURV�ILVLROyJLFRV�HQ�IRUPD�GH�YDULDFLRQHV�GH�VX�FUH�FLPLHQWR��0RQWR\D���������WDQWR�HQ�DOWXUD�FRPR�HQ�GLiPHWUR��(O�GLIHUHQFLDO�GH�FUHFL�PLHQWR�GLDPHWUDO�D�GLVWLQWDV�DOWXUDV�GHO�IXVWH�SXHGH��D�VX�YH]��FRQIRUPDU�XQ�SHUILO�GHOiUERO�PiV�FLOtQGULFR��FRQ�OD�FRQVLJXLHQWH�PHMRUD�HQ�VX�FDOLGDG�WHFQROyJLFD�
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'HQWUR�GH�ODV�SRGDV�DOWDV�GH�FDUiFWHU�WHFQROyJLFR�R�GH�OLPSLH]D�GH�IXVWH�DSOLFDGDV�DORV�FKRSRV��GHVWDFDQ�GRV�PpWRGRV��TXH�MXQWR�D�RWUR�GH�EDVH�PiV�HFRQyPLFD��VH�KDQFRQWUDVWDGR�HQ�HO�SUHVHQWH�WUDEDMR��6X�GHVFULSFLyQ�VXPDULD�UHVSRQGH�D�ODV�LQGLFDFLR�QHV�TXH�VH�VHxDODQ�D�FRQWLQXDFLyQ��DGYLUWLpQGRVH�TXH�VH�LQLFLDURQ�VREUH�SLHV�FRQ�ODSRGD�KDVWD������P�GH�DOWXUD�\D�UHDOL]DGD�x SRGD� D�GLiPHWUR� ILMR�� FRQVLVWHQWH� HQ� OD� HOLPLQDFLyQ� SURJUHVLYD� GH� WRGDV� ODVUDPDV�KDVWD�OD�DOWXUD�GHO�IXVWH�HQ�OD�TXH�HO�GLiPHWUR�DOFDQ]D����FP��VX�DSOLFD�FLyQ�VH�KL]R�HQ� WUHV�IDVHV�DQXDOHV��GHVGH�HO�DxR�FXDUWR�KDVWD�HO�VpSWLPR��DO�FDQ]iQGRVH�DOWXUDV�WRWDOHV�SRGDGDV�SUy[LPDV�D�ORV����P�x SRGD�SRU�YHUWLFLORV��GRQGH�VH�FRUWDQ� WRGDV� ODV� UDPDV�TXH�VH�KDOODQ�SRU�GH�EDMR�GH�ORV�GRV�~OWLPRV�YHUWLFLORV��WDPELpQ�VH�DSOLFy�HQ�WUHV�IDVHV�VHFXHQFLDOHVGXUDQWH� ORV�PLVPRV�DxRV�� OOHJiQGRVH�D�DOWXUDV�SRGDGDV� OLJHUDPHQWH�VXSHULR�UHV�DO�VLVWHPD�DQWHULRU�x SRGD�ORFDO��GHILQLGD�SRU� OD�HOLPLQDFLyQ��HQ�HO�FXDUWR�DxR��GH� WRGDV� ODV� UDPDVKDVWD�ORV���P�GH�DOWXUD�GHO�VXHOR��SURVLJXLpQGRVH�DO�DxR�VLJXLHQWH�KDVWD�DOFDQ�]DU���P�&RQ�HVWH�WUDEDMR�VH�SUHWHQGLy� LQGDJDU�FyPR�DIHFWDEDQ�GLIHUHQWHV�QLYHOHV�GH�VHYHUL�GDG�GH�SRGD�DOWD�� WUDGXFLGRV�HQ� ORV�GLVWLQWRV�PpWRGRV�GH�SRGD�FRQWUDVWDGRV��D� ORVSDUiPHWURV�UHIHULGRV�GH�FUHFLPLHQWR�\�VX�GLVWULEXFLyQ�GHQWUR�GHO�iUERO�
0$7(5,$/(6�<�0e72'26(O�HVWXGLR�VH�UHDOL]y�VREUH�XQD�SODQWDFLyQ�FRPHUFLDO�GH�/XLVD�$YDQ]R�TXH�HQ�OD�DF�WXDOLGDG��VH�HQFXHQWUD�HQ�VX�QRYHQR�DxR�GHVGH�OD�SODQWDFLyQ��KDELHQGR�ILQDOL]DGR�HOWUDWDPLHQWR�GH�SRGDV�SHUR�WRGDYtD�FRQ�WUHV�R�FXDWUR�DxRV�SRU�GHODQWH�KDVWD�VX�DSUR�YHFKDPLHQWR�FRPHUFLDO��(O�GLVHxR�H[SHULPHQWDO�HV�GH�EORTXHV�FRPSOHWRV�DO�D]DU�FRQWUHV�UHSHWLFLRQHV��IRUPiQGRVH�XQ�WRWDO�GH����XQLGDGHV�H[SHULPHQWDOHV��LQFOX\HQGR�HOWHVWLJR���XQD�SRU�WUDWDPLHQWR�\�EORTXH��&DGD�XQLGDG��D�VX�YH]��WLHQH�XQD�GLVSRVLFLyQFXDGUDGD��FRPSXWiQGRVH����iUEROHV�HQ�VX�LQWHULRU��WRGRV�SRGDGRV�VDOYR�ORV�FRUUHV�SRQGLHQWHV�D� OD�SDUFHOD� WHVWLJR��SHUR�GH� ORV�FXiOHV� WDQ�VyOR�VH�PLGLHURQ� ORV� FXDWURFHQWUDOHV�FRQ�REMHWR�GH�DLVODUORV�GHO�HIHFWR�ERUGH��(OOR�GLR�FRPR�UHVXOWDGR�OD�SRGD�GH����FKRSRV�\�OD�PHGLFLyQ�GH�����GH�ORV�FXiOHV����VH�VRPHWLHURQ�D�SRGD�/D�EDVH�GHO� GLVSRVLWLYR� H[SHULPHQWDO� VRQ� WHUUHQRV�SURSLHGDG�GHO�*RELHUQR�GH�$UD�JyQ�� VLWRV� HQ� HO� WpUPLQR�PXQLFLSDO� GH� $OFROHD� GH�&LQFD� �+XHVFD��� /RV� SDUiPHWURVFOLPiWLFRV�TXH�GHILQHQ�OD�]RQD�VRQ�ORV�VLJXLHQWHV���L� YDORU�PHGLR�GH�OD�YHORFLGDG�GHOYLHQWR�GH����NP�K���LL� LQVRODFLyQ�GHO�PHV�GH�MXOLR�GH�����KRUDV���LLL� SHUtRGR�GH�KHOD�GDV�GH�HQWUH����\����GtDV�DO�DxR���LY� WHPSHUDWXUD�PHGLD�GHO�PHV�GH�MXOLR�GH�������&�\��Y� WHPSHUDWXUD�PHGLD�GH�HQHUR�GH����&�(O�VLWLR�GH�HQVD\R�FRUUHVSRQGH�D�VXHORV�GH�JUDYHUD�VLWXDGRV�HQ�OD�ULEHUD�GH�UtR�&LQ�FD��/D�JHVWLyQ�VLOYtFROD�HQ� OD�]RQD�VH�FRQFUHWD�HQ�SODQWDFLRQHV�D�SURIXQGLGDG�FRQ�YHQFLRQDO��GH�PDUFR�UHDO���[���P��VRPHWLGDV�D�ODERUHR�VXSHUILFLDO�DQXDO�GXUDQWH�ORVSULPHURV�DxRV�\�SHULyGLFRV�ORV�DxRV�SRVWHULRUHV��ULHJR�D�PDQWD�FDGD����GtDV�GXUDQWHORV�PHVHV�GH�HVWtR�\�HQ�GRVLV�GH�XQRV�������P� GH�DJXD�SRU�KHFWiUHD��VH�VXPLQLV�WUDQ�HQ�WRWDO�FHUFD�GH��������P� DQXDOHV���\�FRQ�SRGDV�GH�JXLDGR�\�GH�OLPSLH]D�GHIXVWH�
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/D�SULPHUD�IDVH�GH�OD�SRGD��HQ� ORV�VLVWHPDV�GH�GLiPHWUR�ILMR�\�SRU�YHUWLFLORV�VH�HMH�FXWy��GHVGH�HO�VXHOR��FRQ�SRGDGRUDV�GH�SpUWLJD��PLHQWUDV�TXH�ODV�IDVHV�VXFHVLYDV�GHDPERV�VLVWHPDV�\�HQ�HO�GH�SRGD� ORFDO�VH�DSOLFy�HO�SURFHGLPLHQWR�GH�DVFHQVLyQ�GHORSHUDULR�PHGLDQWH� SODWDIRUPD� DXWRSURSXOVDGD�� HIHFWXiQGRVH� HO� FRUWH� GH� ODV� UDPDVFRQ�WLMHUDV�QHXPiWLFDV�
/D�VHULH�GH�GDWRV�TXH�VH�WRPy�HQ�FDGD�XQR�GH�ORV�iUEROHV�GHO�H[SHULPHQWR�IXH�GLIH�UHQWH�HQ�IXQFLyQ�GH�VX�PpWRGR�GH�SRGD��FRLQFLGLHQGR�HQ�WRGRV�ORV�FDVRV��OD�PHGLGDGH�VX�DOWXUD�WRWDO��+7���VX�GLiPHWUR�QRUPDO��'$3��\�VX�GLiPHWUR�D����\�D����FP�GHOVXHOR��$Vt�HQ�ORV�iUEROHV�³FRQWURO´��VH�PLGLy�HO�GLiPHWUR�D���������\���P��HQ�ORV�iUEROHV³ORFDO´��VH�PLGLy�D������\���P��HQ�ORV�iUEROHV�³GLiPHWUR�ILMR´�VH�PLGLy�HO�GLiPHWUR�KDVWDGRQGH�VH�SRGy�HO�DxR������\���\�HQ�ORV�iUEROHV�³YHUWLFLORV´�VH�PLGLy� WDPELpQ�HO�GLi�PHWUR�KDVWD�GRQGH�VH�SRGy�HO�DxR������\����HQ�WRGRV�ORV�FDVRV�UHIHUHQFLDQGR�VX�DOWX�UD�UHVSHFWR�DO�VXHOR�
'DGR�TXH�ODV�PHGLGDV�QR�VRQ�VLVWHPiWLFDV�HQ�SXQWRV�FRPXQHV�SDUD�WRGRV�ORV�PpWR�GRV�GH�SRGD��HO�SUREOHPD�GH�OD�FLOLQGULFLGDG�GHO�iUERO�QR�VH�SRGtD�DERUGDU�PHGLDQWHOD�FRQLFLGDG�GH�ODV�WUR]DV�H[SUHVDGD�FRPR�OD�GLIHUHQFLD�GH�GLiPHWURV�HQWUH�GRV�PH�GLGDV�VXFHVLYDV�UHVSHFWR�D�OD�GLVWDQFLD�TXH�ODV�VHSDUD��3RU�WDQWR�VH�DERUGy�HO�SUR�EOHPD�PHGLDQWH�HO�DQiOLVLV�GHO�SHUILO�GHO�iUERO��'H�HQWUH�ORV�P~OWLSOHV�WLSRV�GH�PRGH�ORV�TXH�H[LVWHQ�HQ�OD�DFWXDOLGDG��VH�RSWy�SRU�XQ�PRGHOR�LQWHJUDGR�GH�H[SRQHQWH�ILMR�(VWH�WLSR�GH�PRGHOR�UHVXOWD�PHQRV�SUHFLVR�TXH�ORV�PRGHORV�GH�H[SRQHQWH�YDULDEOH�SHUR�HVWH�H[SRQHQWH� ILMR�HV�HO�HQFDUJDGR�GH�GHILQLU� OD�FLOLQGULFLGDG�GHO�iUERO��SRU� ORTXH�DQDOL]DQGR�OD�YDULDELOLGDG�GHO�H[SRQHQWH�HQ�FDGD�XQR�GH�ORV�PpWRGRV�QRV�SHUPL�WLUi�FRPSDUDU�FLOLQGULFLGDGHV��(O�PRGHOR�VHOHFFLRQDGR�HV�XQD�VLPSOLILFDFLyQ�GHO�PR�GHOR�678'��/HEDQ��HW�DO� �������SXHVWR�TXH�RULJLQDOPHQWH�pVWH�HV�XQ�PRGHOR�GH�H[�SRQHQWH�YDULDEOH��6X�QRPHQFODWXUD�\�IRUPXODFLyQ�VH�UHSUHVHQWD�D�FRQWLQXDFLyQ��GRQ�GH�G HV�HO�GLiPHWUR�TXH�VH�SUHGLFH�D�OD�DOWXUD�K��+7 VX�DOWXUD�WRWDO��'$3 VX�GLiPHWURQRUPDO�\�D��E��G \�J VRQ�ORV�SDUiPHWURV�D�HVWLPDU�

� � KKWG KK� KW � � H'$3 KW D �G§ ·§ · J � � E¨ ¸¨ ¸ ¨ ¸© ¹ © ¹
(VWH�HV�XQ�PRGHOR�QR�OLQHDO�HQ�ORV�SDUiPHWURV��SRU�OR�TXH�VX�DMXVWH�VH�KD�OOHYDGR�DFDER�HPSOHDQGR�HO�SURFHGLPLHQWR�1/,1�GHO�SURJUDPD�HVWDGtVWLFR�6$6�67$770 �6$6��������3DUD�OD�FRPSDUDFLyQ�GH�OD�FLOLQGULFLGDG�HQWUH�ORV�GLIHUHQWHV�PpWRGRV�GH�SRGD�VH�DMXVWy�LQGLYLGXDOPHQWH�HO�PRGHOR�SDUD�FDGD�XQD�GH�ODV�HGDGHV��PpWRGRV�GH�SRGD\�FDGD�XQR�GH�ORV�iUEROHV��FRQ�OD�ILQDOLGDG�GH�REWHQHU�UHSHWLFLRQHV�GHO�SDUiPHWUR�D \DVt�� PHGLDQWH� XQ� DQiOLVLV� QR� SDUDPpWULFR� GH� OD� YDULDQ]D� FRQ� HO� SURFHGLPLHQWR13$5�:$<� GHO� PLVPR� SURJUDPD� HVWDGtVWLFR�� FRQWUDVWDU� ODV� GLIHUHQFLDV� HQWUH� ORVGLVWLQWRV�PpWRGRV�GH�SRGD�SDUD�FDGD�XQD�GH� ODV�HGDGHV��6H�KD� UHDOL]DGR�XQ�FRQ�WUDVWH�QR�SDUDPpWULFR�DO�VHU�GDWRV�HVWLPDGRV��HO�SDUiPHWUR�D KD�VLGR�HVWLPDGR�SRU�HOSURFHGLPLHQWR�1/,1���(O� UHVWR�GH�SDUiPHWURV�REWHQLGRV�HQ�HO�DMXVWH�GHO�PRGHOR�QRKDQ�VLGR�FRPSDUDGRV��DO�FDUHFHU�pVWRV�GH�LPSRUWDQFLD�UHVSHFWR�D�OD�FLOLQGULFLGDG�GHOIXVWH�
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5(68/7$'26�<�',6&86,Ï1
/D�7DEOD���PXHVWUD� ORV�UHVXOWDGRV�GH� ORV�SDUiPHWURV�HVWLPDGRV�SRU�UHJUHVLyQ�SDUDFDGD�PpWRGR�GH�SRGD�\�HGDG�

7DEOD����3DUiPHWURV�HVWLPDGRV�SDUD�FDGD�PpWRGR�GH�SRGD�HQ�IXQFLyQ�GH�VX�HGDG�
��DxRV ��DxRV3RGD DD EE GG JJ DD EE GG JJ&RQWURO ������� ������� �������� ������� ������� ������� �������� �������'��)LMR ������� ������� �������� ������� ������� ������� �������� �������/RFDO ������� ������� �������� ������� ������� ������� �������� �������9HUWLFLORV ������� ������� �������� ������� ������� ������� �������� �������

(O�DQiOLVLV�JUiILFR�GH�ORV�UHVXOWDGRV�SDUD�OD�~OWLPD�HGDG�DQDOL]DGD����DxRV��VH�PXHV�WUD�HQ�OD�)LJXUD����&RQIRUPH�GLVPLQX\H�HO�SDUiPHWUR�DD GHO�PRGHOR��SRGHPRV�DILUPDUTXH� DXPHQWD� OD� FLOLQGULFLGDG� GHO� IXVWH�� SRU� OR� TXH� ORV� IXVWHV�PiV� FLOtQGULFRV� VHUiQDTXHOORV�TXH�SUHVHQWHQ�XQ�DD PHQRU��5HVSHFWR�D�ORV�SDUiPHWURV�TXH�GHILQHQ�OD�]RQDQHLOyGLFD�GHO�SHUILO�GHO�iUERO��UDLJDO���DO�FDUHFHU�pVWRV�GH�LQWHUpV�SDUD�HO�DQiOLVLV�GH�ODFLOLQGULFLGDG�� QR� VH�DQDOL]DURQ� ODV� GLIHUHQFLDV�� DXQTXH� YHPRV� TXH� JUiILFDPHQWH� QRSDUHFHQ�H[LVWLU�

)LJXUD����3HUILO�GH�ORV�GLVWLQWRV�PpWRGRV�GH�SRGD�FXDQGR�ORV�iUEROHV�WHQtDQ���DxRV�GH�HGDG�
(Q�OD�7DEOD����VH�SUHVHQWDQ�ORV�UHVXOWDGRV�GHO�DQiOLVLV�GH�OD�YDULDQ]D�QR�SDUDPpWULFRSDUD�FDGD�HGDG�\�SRGD�SRU�HO�PpWRGR�GH�FRPSDUDFLyQ�GH�UDQJRV�GH�:LOFR[RQ��(Q�OD7DEOD� �� HQFRQWUDPRV� OD� VHSDUDFLyQ�GH�PHGLDV� GHO� SDUiPHWUR�DD�� SRU� HO�PpWRGR�GH.UXVNDO�:DOOLV�
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7DEOD����6HSDUDFLyQ�GH�PHGLDV�GHO�SDUiPHWUR�DD��
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(Q�ODV�GRV�HGDGHV�DQDOL]DGDV�VH�HQFXHQWUDQ�GLIHUHQFLDV�VLJQLILFDWLYDV��QLYHO�GH�VLJ�QLILFDFLyQ�GHO������HQWUH�ORV�iUEROHV�SRGDGRV�\�ORV�QR�SRGDGRV��(Q�DPERV�FDVRV�ORV³FRQWURO´�VRQ�ORV�PiV�FyQLFRV�\�ORV�³GLiPHWUR�ILMR´�ORV�PiV�FLOtQGULFRV��7DO�\�FRPR�VHREVHUYDED�JUiILFDPHQWH��SRGHPRV�GHILQLU�GRV�JUDQGHV�JUXSRV��SRU�XQD�SDUWH�ORV�iU�EROHV�HQ�ORV�TXH�VH�KDQ�UHDOL]DGR�XQDV�SRGDV�VHYHUDV��ORV�FXDOHV�SUHVHQWDQ�PD\RUFLOLQGULFLGDG��\� ORV�iUEROHV�HQ� ORV�TXH�QR�VH�KD�SRGDGR� �FRQWURO��R� OD�SRGD�KD�VLGRPHQRV�VHYHUD��ORFDO���FRQ�PHQRU�FLOLQGULFLGDG�
6HJ~Q�OD�OH\�GH�3UHVVOHU�� OD�UHSDUWLFLyQ�GH�OD�VXSHUILFLH�GH�FUHFLPLHQWR�HQ�HO� LQWHULRUGHO� iUERO� HV� FRQVWDQWH� HQ� WRGD� OD� DOWXUD� GHO� iUERO� TXH� HVWi� IXHUD� GH� OD� FRSD� YLYD�PLHQWUDV�TXH�HQ�VX�LQWHULRU�YD�UHGXFLpQGRVH�OLQHDOPHQWH�KDVWD�DQXODUVH�HQ�VX�iSLFH�(Q�QXHVWURV�FDVR��H[LVWHQ�GLVWLQWDV�DOWXUDV�GH�FRSD�VHJ~Q� OD�SRGD� UHDOL]DGD�SRU� ORTXH� YDPRV� D� DQDOL]DU� HO� FUHFLPLHQWR�GLDPpWULFR� D� GLVWLQWDV� DOWXUDV� GHO� IXVWH�� (Q� OD7DEOD���VH�SUHVHQWD�HO�GLiPHWUR�D���DOWXUDV�GLVWLQWDV���������������������\������FPUHVSHFWR�DO�VXHOR��SDUD�FDGD�PpWRGR�GH�SRGD�\�HGDG�DQDOL]DGD��PLHQWUDV�TXH�HQ�OD)LJXUD���VH�UHSUHVHQWDQ�ORV�UHVXOWDGRV�JUiILFDPHQWH�
7DEOD����'LiPHWURV�D�GLVWLQWDV�DOWXUDV�SDUD�FDGD�HGDG�\�PpWRGR�GH�SRGD�

��DxRV ��DxRV$OWXUD &RQWURO '�)LMR /RFDO 9HUWLFLORV &RQWURO '�)LMR /RFDO 9HUWLFLORV��� ����� ����� ����� ����� ����� ����� ����� �������� ����� ����� ����� ����� ����� ����� ����� �������� ����� ����� ����� ����� ����� ����� ����� �������� ����� ����� ����� ����� ����� ����� ����� ��������� ����� ����� ����� ����� ����� ����� ����� �����

)LJXUD����(YROXFLyQ�GHO�GLiPHWUR�HQ�DOWXUD�SDUD�FDGD�HGDG�\�PpWRGR�GH�SRGD�
&RPR�YHPRV��WDQWR�³ORFDO´�FRPR�³FRQWURO´��SDUWHQ�GH�XQ�GLiPHWUR�QRUPDO�DOJR�VXSH�ULRU�DO�GH�³GLiPHWUR�ILMR´�\�³YHUWLFLORV´��SHUR�\D�D�GLH]�PHWURV�GH�DOWXUD�SRVHHQ�XQ�GLi�PHWUR�LQIHULRU��(VWR�LPSOLFD�TXH�HO�FRPSDUDU�HO�'$3�HQ�ORV�GLVWLQWRV�PpWRGRV�GH�SRGDQRV�GD�XQ�UHVXOWDGR�VHVJDGR�UHVSHFWR�D�OR�TXH�RFXUUH�FRQ�VX�YROXPHQ��HV�GHFLU��XQGLiPHWUR�QRUPDO�PD\RU��QR�LPSOLFD�XQ�PD\RU�GLiPHWUR�D����PHWURV��QL�XQ�PD\RU�YR�OXPHQ�GHO�iUERO��(Q�FXDOTXLHU�FDVR��VH�DSUHFLD�XQ�PHQRU�FUHFLPLHQWR�HQ�'$3�GH�ORViUEROHV�SRGDGRV�UHVSHFWR�D�ORV�TXH�QR�OR�HVWDEDQ��GH�DFXHUGR�D� RWUDV�H[SHULHQFLDVUHDOL]DGDV�SRU�.ULQDUG��������������HQ�3RSXOXV�GHOWRLGHV�\�.HOOHU��������VREUH�,�����
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/D�FRQLFLGDG�HV�XQ�EXHQ�SUHGLFWRU�GHO�UHQGLPLHQWR�D�REWHQHU�GH�XQD�WUR]D��(Q�OD�7D�EOD���\����REVHUYDPRV�OD�FRQLFLGDG�\�HO�UHQGLPLHQWR�VLPXODGR�D�SDUWLU�GHO�PRGHOR�GHOSHUILO�GHO�iUERO�SDUD�ORV�FXDWUR�PpWRGRV�GH�SRGD�\�HGDG�
7DEOD����6LPXODFLyQ�GH�OD�FRQLFLGDG��FP�P��GH�ODV���SULPHUDV�WUR]DV�GH�����FP�GH�ORQJLWXG�

��DxRV ��DxRV7UR]D &RQWURO /RFDO '��)LMR 9HUWLFLORV &RQWURO /RFDO '��)LMR 9HUWLFLORV�� ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ����
7DEOD����6LPXODFLyQ�GHO�UHQGLPLHQWR��HQ�SRUFHQWDMH��GH�ODV���SULPHUDV�WUR]DV�GH�����FP�GH�ORQJLWXG�

��DxRV ��DxRV7UR]D &RQWURO '�)LMR /RFDO 9HUWLFLORV &RQWURO '�)LMR /RFDO 9HUWLFLORV�� ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ������ ���� ���� ���� ���� ���� ���� ���� ����
(Q� OD�)LJXUD���SRGHPRV�REVHUYDU� ORV� UHVXOWDGRV�JUiILFDPHQWH��'HVFRPSRQLHQGR�HOIXVWH�GHO�iUERO�HQ�WUR]DV�GH������P�GH�ORQJLWXG��YHPRV�FRPR�OD�FRQLFLGDG�GH�OD�SUL�PHUD�WUR]D�HV�HVSHFLDOPHQWH�JUDQGH���\�VX�UHQGLPLHQWR�HVSHFLDOPHQWH�EDMR��\D�TXHHVWD� LQIOXLGD�SRU�HO� UDLJDO�GHO�iUERO��PLHQWUDV�TXH�HQ� ODV�RWUDV��� WUR]DV��SHUPDQHFHSUiFWLFDPHQWH�FRQVWDQWH��WDQWR�D�ORV���FRPR�D�ORV���DxRV��7DPELpQ�SRGHPRV�REVHU�YDU�FRPR�VRQ�³GLiPHWUR�ILMR´�\�³YHUWLFLORV´�ORV�TXH�SRVHHQ�XQD�PHQRU�FRQLFLGDG�\�PD�\RU�UHQGLPLHQWR�

)LJXUD����(YROXFLyQ�GH�OD�FRQLFLGDG�\�GHO�UHQGLPLHQWR�GH�ODV���SULPHUDV�WUR]DV
)LQDOPHQWH�� SDUD� HO� DQiOLVLV� GHVGH� XQ� SXQWR� GH� YLVWD� SURGXFWLYR� GH� ORV� GLIHUHQWHVPpWRGRV�GH�SRGD��VH�KD�UHDOL]DGR�XQ�DQiOLVLV�FRPELQDGR�GHO�FUHFLPLHQWR��HQ�DOWXUD�\GLiPHWUR��\�GHO�SHUILO�GHO�iUERO��3DUD�HOOR�VH�KDQ�VLPXODGR�ORV�GLVWLQWRV�SHUILOHV�VREUHORV�YDORUHV�GH�FUHFLPLHQWR�DFWXDOHV�SDUD�FDGD�XQR�GH�ORV�PpWRGRV�GH�SRGD��6LHQGRI�K� OD�IXQFLyQ�TXH�GHILQH�HO�SHUILO�GHO�iUERO��6 S���I�[��� HV�OD�IXQFLyQ�TXH�GHVFULEH�VXVXSHUILFLH��H�LQWHJUDQGR�GLFKD�IXQFLyQ�HQWUH�GRV�DOWXUDV�GDGDV�REWHQHPRV�HO�YROXPHQ
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GH�WUDPR�GH�IXVWH�DQDOL]DGR��&RPR�HVWH�WLSR�GH�PRGHORV�QR�HV�LQWHJUDEOH�DQDOtWLFD�PHQWH��VH�KD�LQWHJUDGR�QXPpULFDPHQWH�PHGLDQWH�HO�PpWRGR�GH�0LOQH�
(Q�OD�7DEOD���VH�SUHVHQWDQ�ORV�UHVXOWDGRV�GHO�YROXPHQ�WRWDO�GH�XQ�iUERO��VX�YROXPHQKDVWD�����FP�HQ�SXQWD�GHOJDGD��VX�YROXPHQ�KDVWD����FP�HQ�SXQWD�GHOJDGD�\�VX�GLIH�UHQFLD�UHVSHFWR�DO�³FRQWURO´��HQ�P� \�SRUFHQWXDOPHQWH��DVt�FRPR� ODV�FRQGLFLRQHV�GHFUHFLPLHQWR�GH�FDGD�XQR��GLiPHWUR�QRUPDO�\�DOWXUD� WRWDO���$Vt�YHPRV� OD� LPSRUWDQFLDGH� FRPELQDU� ORV� IDFWRUHV� GH� FUHFLPLHQWR� FRQ�HO�PRGHOR� GHO� SHUILO� GHO� iUERO�� SXHVWRTXH�PLHQWUDV�HO�iUERO�PHGLR�SRGDGR�SRU�YHUWLFLORV��SRVHH�XQ�GLiPHWUR�HQ�OD�DFWXDOL�GDG� XQ��¶���PHQRU�TXH�HO�QR�SRGDGR��VLQ�HPEDUJR�SRVHH�XQ�YROXPHQ�PDGHUDEOHKDVWD�XQ��¶���VXSHULRU�DO�QR�SRGDGR��\�VREUH�WUR]DV�PiV�FLOtQGULFDV�
7DEOD����9ROXPHQ�VLPXODGR�VHJ~Q�PpWRGR�GH�SRGD�\�FRQGLFLRQHV�DFWXDOHV�GH�FUHFLPLHQWR����DxRV��

'��QRUPDO $��WRWDO 9��WRWDO 9��IXVWH 9����FP3RGD &P 'LI FP 'LI P� 'LI P� 'LI P� 'LI&RQWURO ���� � ���� � ����� � ����� � ����� �'��)LMR ���� ����� ���� ���� ����� ���� ����� ���� ����� ����/RFDO ���� ���� ���� ���� ����� ���� ����� ���� ����� ����9HUWLFLORV ���� ����� ���� ���� ����� ���� ����� ���� ����� ����
(Q�OD�7DEOD���VH�SUHVHQWDQ�ORV�FUHFLPLHQWRV�HQ�GLiPHWUR��DOWXUD�\�YROXPHQ�VXIULGRV�HO~OWLPR�DxR��\�VX�FRPSDUDFLyQ�UHVSHFWR�D�ORV�iUEROHV�QR�SRGDGRV�
7DEOD����&UHFLPLHQWR�HQ�GLiPHWUR��DOWXUD�\�YROXPHQ�GHO�~OWLPR�DxR�

'��QRUPDO $��WRWDO 9��WRWDO 9��IXVWH3RGD FP 'LI FP 'LI P� 'LI P� 'LI&RQWURO ���� � ��� � ����� � ����� �'��)LMR ���� ��� ��� ���� ����� �� ����� ��/RFDO ���� ��� ��� ��� ����� �� ����� ��9HUWLFLORV ���� ���� ��� ���� ����� �� ����� ��
6H�SXHGH�REVHUYDU�FyPR�HO�VXSHULRU�FUHFLPLHQWR�HQ�GLiPHWUR�\�DOWXUD�GH�ORV�³FRQWURO´QR�VH�YH�FRUUHVSRQGLGR�SRU�XQ�PD\RU�FUHFLPLHQWR�HQ�YROXPHQ��HO�FXDO�VH�SURGXFH�HQSLHV�SRGDGRV�SRU�VHU�PiV�FLOtQGULFRV��/RV�iUEROHV�³ORFDO´�\�³GLiPHWUR�ILMR´�KDQ�FUHFLGRHQ�GLiPHWUR� \� HQ�DOWXUD�� DSUR[LPDGDPHQWH� OR�PLVPR�� SHUR� HV� ³GLiPHWUR� ILMR´� TXLHQRSWLPL]D�PiV�HO�FUHFLPLHQWR�HQ�YROXPHQ��FRQFUHWDPHQWH�XQ����PHMRU�TXH�HO� ³FRQ�WURO´��PLHQWUDV�³ORFDO´�WDQ�VyOR�XQ����
&21&/86,21(6
'H� ORV� WUHV�PpWRGRV�GH�SRGD�DQDOL]DGRV�� ORV� GRV�PiV� VHYHURV�� ³D� GLiPHWUR� ILMR´� \³SRU�YHUWLFLORV´��SUHVHQWDQ�XQ�PHQRU�FUHFLPLHQWR�GLDPHWUDO��D�OD�DOWXUD�GHO�SHFKR��TXHORV�iUEROHV�QR�SRGDGRV��(VWD�GLVPLQXFLyQ�GHO� FUHFLPLHQWR� VH�YH�SDOLDGD�SRU�HO� DX�PHQWR�HQ�OD�FLOLQGULFLGDG�GHO�IXVWH��SRU�OR�TXH�ORV�iUEROHV�SRGDGRV�SRVHHQ�PD\RU�YR�OXPHQ� TXH� ORV� QR� SRGDGRV��(VWR� MXVWLILFD� OD� LPSRUWDQFLD� GH� XQ� DQiOLVLV� FRPELQDGR³FUHFLPLHQWR�SHUILO�GHO�iUERO´�SDUD� OD�HYDOXDFLyQ�GH� OD� LQIOXHQFLD�GH� ODV�SRGDV�HQ� ODSURGXFFLyQ�
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5HVSHFWR�DO�PpWRGR�GHQRPLQDGR�³ORFDO´��HVWH�SUHVHQWD�SRFD�JDQDQFLD�HQ�FLOLQGULFL�GDG� UHVSHFWR� D� ORV� iUEROHV� QR� SRGDGRV�� SHUR� VLQ� HPEDUJR� SUHVHQWD� PD\RU� FUHFL�PLHQWR�UHVSHFWR�D�ORV�QR�SRGDGRV��OR�TXH�OH�KDFH�SRVHHU�XQ�YROXPHQ�ILQDO�PX\�SUy�[LPR�DO�TXH�VH�REWLHQH�FRQ� ORV�RWURV�GRV�PpWRGRV�GH�SRGD��DXQTXH�FRQ�XQ� UHQGL�PLHQWR�DOJR�PHQRU�
/D�SRGD�HQ�FKRSRV�/XLVD�$YDQ]R�UHSUHVHQWD��D�OD�HGDG�GH���DxRV��DGHPiV�GH�XQDPHMRUD�WHFQROyJLFD�GH�VX�PDGHUD��XQD�PHMRUD�HQ�OD�SURGXFFLyQ�\�UHQGLPLHQWR�TXH�VHREWLHQHQ��3RU�WDQWR�� OD�SRGD�UHVXOWD�VHU�XQ�XVR�HILFLHQWH�GH�ORV�UHFXUVRV�ILVLROyJLFRVGHO�iUERO��DO�DXPHQWDU�OD�FDOLGDG�\�FDQWLGDG�GHO�SURGXFWR�TXH�VH�GHVHD�REWHQHU��DX�PHQWDQGR�HO�UHQGLPLHQWR�HQ�OD�WUDQVIRUPDFLyQ�SRVWHULRU�GH�OD�PDGHUD�\�UHGXFLHQGR�HOYROXPHQ�GH�PDGHUD�QR�VXVFHSWLEOH�GH�VHU�DSURYHFKDGD��(VWD�JDQDQFLD�HQ�SURGXF�FLyQ�VH�KDFH�D�FRVWD�GH�XQ�DXPHQWR�GH�OD�FLOLQGULFLGDG�GHO�IXVWH��OD�FXDO�UHSHUFXWH�HQOD�PHMRUD�GH�FDOLGDG�\�UHQGLPLHQWR�GH�OD�PDGHUD��
7RGR�HOOR�DYDOD�TXH�SDUD�HO�DQiOLVLV�GH�OD� LQIOXHQFLD�GH� OD�VHYHULGDG�GH�SRGD�VREUHGHO� FUHFLPLHQWR� \�R� SURGXFFLyQ�HQ�XQD�PDVD� IRUHVWDO� HV� LPSUHVFLQGLEOH� UHDOL]DU� XQDQiOLVLV�FRPELQDGR�FUHFLPLHQWR�SHUILO�GHO�iUERO�SDUD�DVt�HYLWDU�VHVJR�HQ� ORV� UHVXOWD�GRV�D�ORV�TXH�LQGXFLUtD�XQ�~QLFR�DQiOLVLV�
$*5$'(&,0,(1726
/RV�DXWRUHV��PXHVWUDQ�HVSHFLDO�DJUDGHFLPLHQWR�DO�*RELHUQR�GH�$UDJyQ�SRU�VX�DSR\R\�PHGLRV�SUHVWDGRV�(VWH�WUDEDMR�KD�VLGR�ILQDQFLDGR�SRU�OD�&RPLVLyQ�,QWHUPLQLVWHULDO�GH�&LHQFLD�\�7HFQR�ORJtD��&,&<7���D�WUDYpV�GHO�SUR\HFWR�$*)��������
%,%/,2*5$)Ë$
� %21'8(//(��3��������(WXGH� WKpRULTXH�HW�SUDFWLTXH�GH� O
pODJDJH�GX�SHXSOLHU� ,����� 5DSSRUW�DQQXHO�GH�O
$)2&(/��SS����������
� *21=$/(=�$172f$1=$6��)��<�*5$8��-�0�������3RGDV��(Q������6HVLyQ�GH�OD&RPLVLyQ�,QWHUQDFLRQDO�GHO�$ODPR��=DUDJR]D��3URFHHGLQJV��YRO�����������
� .(//(5��5� ������3UHPLHUV� UHVXOWDWV� G
XQH�H[SHUHQFH� G
pODJDJH� GX� SHXSOLHU� ,������$QQDOHV�GHV�6FLHQFHV�)RUHVWLHUHV������������
� .5,1$5'��5�0� ������)LYH�\HDUV
�JURZWK�RI�SUXQHG�DQG�XQSUXQHG�FRWWRQZRRGSODQWHG�DW�����E\�����IRRW�VSDFLQJ��5HVHDUFK�1RWH�6RXWKHUQ�)RUHVW�([SHULPHQW6WDWLRQ������
� .5,1$5'��5�0� ������7HQ�\HDUV
�JURZWK�RI�SUXQHG�DQG�XQSUXQHG�FRWWRQZRRGSODQWHG�DW�����E\�����IRRW�VSDFLQJ��5HVHDUFK�1RWH�6RXWKHUQ�)RUHVW�([SHULPHQW6WDWLRQ������
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� 02172<$��-�0��������&KRSRV�\�&KRSHUDV��(GLFLRQHV�0XQGL�3UHQVD��0DGULG
� /(%$1�-�0���+(59e -�&� ������3URGXFW�SURSHUWLHV�SUHGLFWLRQ�LPSURYHG� VLPXOD�WLRQ� LQ� WKH� IRUHVWU\�ZRRG� FKDLQ� DSSOLHG� RQ� VSUXFH� VDZQZRRG��)LQDO�5HSRUW� VXE�WDVN�$����3URMHFW�678'��'RFXPHQWR�LQWHUQR�,15$�805����SS
� 6$6�67$770��������8VHU¶V�JXLGH��9HUVLyQ����6$6�,QVWLWXWH�,QF���&DU\��1&��86$
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