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(X FRORFDULD PHX GLQKHLUR QD HQHUJLD VRODU

4XH IRQWH GH HQHUJLD (VSHUR TXH QmR SUHFLVHPRV

HVSHUDU DWp TXH DV UHVHUYDV GH SHWUyOHR H FDUYmR

VH DFDEHP SDUD HQWmR HTXLSDU QRV FRP HVWD

DOWHUQDWLYD 7UDGXomR /LYUH

7KRPDV (GLVRQ HP FRQYHUVD FRP HQU )RUG

H DUYH )LUHVWRQH HP
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LYHUVRV SDtVHV DR UHGRU GR PXQGR HVWmR EXVFDQGR

PXGDU VXD PDWUL] HQHUJpWLFD SDUD JDUDQWLU XP GHVHQYROYLPHQWR

LQGHSHQGHQWH H VXVWHQWiYHO RQVLGHUDQGR XPD YLVmR HVWUDWpJLFD

GH GHVHQYROYLPHQWR DV IRQWHV HQHUJpWLFDV GH RULJHP IyVVLO

SURYRFDP D GHSHQGrQFLD GRV SDtVHV TXH XWLOL]DP GHVVH UHFXUVR

HVWDQGR VXMHLWRV jV UHODo HV H HVWDELOLGDGH VRFLRHFRQ PLFD GDV

QDo HV TXH SRVVXHP HVVDV UHVHUYDV $LQGD PDLV LPSRUWDQWH TXH

RV DVSHFWRV HFRQ PLFRV SRGHPRV OHPEUDU TXH RV SUHMXt]RV

RULXQGRV GD SROXLomR GH IRQWHV HQHUJpWLFDV IyVVHLV FDXVDP

GHVHTXLOtEULR DPELHQWDLV TXH SRGHP VHU HVWHQGLGRV D JHUDo HV

6HQGR DVVLP D SDUWLFLSDomR GRV FRPEXVWtYHLV IyVVHLV QD PDWUL]

HQHUJpWLFD PXQGLDO YHP VHQGR REMHWR GH SUHRFXSDo HV HP WRGR R

PXQGR 0XLWRV SDtVHV (XURSHXV (8$ H -DSmR SULQFLSDOPHQWH

FRPHoDUDP D UHSHQVDU D PDWUL] HQHUJpWLFD LQWHUQD D ILPGH JDUDQWLU

XPD JHUDomR GH HQHUJLD PDLV OLPSD H TXH DWHQGD R FUHVFLPHQWR

SRSXODFLRQDO 8PD yWLPD IRUPD SDUD FRQVHJXLU LVVR p R XVR GH

HQHUJLDV UHQRYiYHLV TXH VmR HQHUJLDV OLPSDV H SRGHP DMXGDU D

DWHQGHU D GHPDQGD FUHVFHQWH SRU HQHUJLD

2 %UDVLO TXH p XP SDtV GH SURSRUo HV FRQWLQHQWDLV

GLVS H XPD GDV PDWUL]HV HQHUJpWLFDV PDLV OLPSDV GR PXQGR

SUHGRPLQDQWHPHQWH SRU PHLR GH KLGUHOpWULFDV VHQGR UHIHUrQFLD



PXQGLDO QHVVD WHFQRORJLD RQWXGR QRV OWLPRV DQRV R DXPHQWR

GH VXD GHPDQGD HQHUJpWLFD H UHGXomR GH FKXYDV YHP FRORFDQGR

HVVD PDWUL] HQHUJpWLFD FDGD YH] PDLV HP GLVFXVVmR SRLV DSHVDU

GH VHU XPD PDWUL] HQHUJpWLFD EDUDWD DSyV LPSOHPHQWDGD p XP

UHFXUVR HQHUJpWLFR TXH GHSHQGH GH SUHFLSLWDo HV UHJXODUHV SDUD

SUHHQFKLPHQWR GRV UHVHUYDWyULRV JUDQGHV XVLQDV RP LVVR D

ILP GH FRQWRUQDU FLFORV GH UHGXomR SOXYLRPpWULFDV XWLOL]DVVH

WHUPHOpWULFDV QR LQWXLWR GH FRPSOHPHQWDU R VXSULPHQWR GH

GHPDQGD HQHUJpWLFD RQWXGR HVVD HVWUDWpJLD SULRUL]D D XWLOL]DomR

GH IRQWHV TXH XWLOL]DP HQHUJLD SULPiULD RULXQGD GH FRPEXVWtYHLV

IyVVHLV VHQGR XPDPDWUL] HQHUJpWLFD FDUD H SROXHQWH DOpPGH HVWDU

QD FRQWUDPmR GD PDWUL] HQHUJpWLFD UHQRYiYHO H Mi FRQVROLGDGD QR

SDtV

3RU WXGR LVVR D SUHPrQFLD HP GLYHUVLILFDU D PDWUL] HQHUJpWLFD

p HVWUDWpJLFR SDUD R GHVHQYROYLPHQWR VRFLRHFRQ PLFR EUDVLOHLUR

SULRUL]DQGR D XWLOL]DomR GH IRQWHV HQHUJpWLFDV UHQRYiYHLV H

GHVFHQWUDOL]DGDV ( SDUD LVVR D HQHUJLD VRODU PRVWUD VH D PDLV

YLiYHO VHMD SHOD VXD DEXQGkQFLD HP TXDOTXHU UHJLmR GR SDtV SUHoR

DFHVVtYHO H SHOR IDWR GH TXH WRGDV DV RXWUDV IRQWHV UHQRYiYHLV H QmR

UHQRYiYHLV GHULYDP GD HQHUJLD VRODU

HQWUH DV WHFQRORJLDV GH JHUDomR GH HQHUJLD HOpWULFD D SDUWLU

GD HQHUJLD VRODU D HQHUJLD IRWRYROWDLFD p QRWRULDPHQWH D PDLV

DFHVVtYHO SRLV HVWi HP IUDQFD H[SDQVmR VHMD HP HPSUHHQGLPHQWRV

GH JHUDomR GLVWULEXtGD RX FRQFHQWUDGD 6HJXQGR D $VVRFLDomR

%UDVLOHLUD GH (QHUJLD 6RODU $%62/$5 R Q PHUR GH VLVWHPDV

LQVWDODGRV DWp DJRVWR GH QR %UDVLO IRL GH VLVWHPDV

VHQGR SUHGRPLQDQWHPHQWH GH JHUDomR GLVWULEXtGD VLVWHPDV

UHVLGHQFLDLV FRPHUFLDLV UXUDLV LQGXVWULDLV SRGHU S EOLFR

VHUYLoR S EOLFR H LOXPLQDomR S EOLFD (P OHYDQWDPHQWR IHLWR SHOD

$%62/$5 IRL FRQVWDWDGR 0: GH SRWrQFLD LQVWDODGD QR

SDtV VHQGR 0: DWULEXtGRV j VLVWHPDV GH PLFURJHUDomR

DWp .: H PLQLJHUDomR PDLRU TXH .: H PHQRU RX LJXDO



D 0: $FRPSDQKDGR GHVVD H[SDQVmR H[SRQHQFLDO Ki XPD

PRGHUQL]DomR FRQVWDQWHGDV WHFQRORJLDV XWLOL]DGDV QHVVHPHUFDGR

6HQGR DVVLP WDQWR TXDQWR D LPSRUWkQFLD QD PXGDQoD GH

PDWUL] HQHUJpWLFD SDUD R DPELHQWH H D HFRQRPLD WDPEpP GHYH

FRH[LVWLU D HVVDV GHPDQGDV D VRFLDOL]DomR GHVVDV WHFQRORJLDV R

TXH WRUQD SUHPHQWH D IRUPDomR GH PmR GH REUD HVSHFLDOL]DGD

SDUD D LPSOHPHQWDomR PDQXWHQomR RSHUDomR H GHVHQYROYLPHQWR

GH QRYDV VROXo HV WHFQROyJLFDV

2 SULPHLUR SDVVR SDUD D IRUPDomR HVSHFLDOL]DGD HVWi

UHVSDOGDGR QD IXQGDPHQWDomR SRLV GH QDGD YDOH OLWHUDWXUDV TXH

WUDWDP GH WHFQRORJLDV H VXDV DSOLFDo HV VH D IXQGDPHQWDomR QmR

IRU DGHTXDGDPHQWH FRQVROLGDGD H HVVD REUD SURFXUD DWHQGHU WDO

GHPDQGD Mi TXH DERUGD 1Ro HV GH HRPHWULD 6RODU $SOLFDo HV

GD (QHUJLD 6RODU 7HFQRORJLD 6RODU )RWRYROWDLFD 6LVWHPDV GH

(QHUJLD 6RODU )RWRYROWDLFD H $QiOLVH GH 9LDELOLGDGH 7pFQLFR

(FRQ PLFD VHJXLGD GH XP (VWXGR GH DVR GH XP GRV SULPHLURV

6LVWHPDV )RWRYROWDLFRV RQHFWDGRV j 5HGH LPSOHPHQWDGRV QR

HVWDGR GR 3LDXt

3RU WXGR LVVR HVVH OLYUR p XPD OLWHUDWXUD REULJDWyULD SDUD

FXUVRV WpFQLFRV XQLYHUVLGDGHV H HQWXVLDVWDV GR VHWRU Mi TXH VXD

GLGiWLFD VLPSOHV REMHWLYD H PXLWR EHP FRQGX]LGD DERUGDGD RV

DVSHFWRV PDLV LPSRUWDQWHV QD LPSOHPHQWDomR GH WHFQRORJLDV GH

HPSUHHQGLPHQWRV GH JHUDomR GH HQHUJLD HOpWULFD IRWRYROWDLFD

- DQ GH J LDU RQoDO HV

3URIHVVRU GR FXUVR GH (QJHQKDULD (OpWULFD GD 8QLYHUVLGDGH

(VWDGXDO GR 3LDXt 8(63, OtGHU GR UXSR ,QWHUGLVFLSOLQDU

GH 3HVTXLVD HP (QHUJLDV 5HQRYiYHLV H 7HFQRORJLDV 6RFLDLV

,3(576 H RRUGHQDGRU GR 1 FOHR GH )RUPDomR H 3HVTXLVD

HP (QHUJLDV 5HQRYiYHLV GR 3LDXt 18)3(53,
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2 SUHVHQWH OLYUR LQWLWXODGR (QHUJLD 6RODU )RWRYROWDLFD

)XQGDPHQWRV SDUD DQiOLVH GH YLDELOLGDGH WpFQLFR HFRQ PLFD p

IUXWR GH XPDGLVVHUWDomR GH PHVWUDGR TXH IRL UHDOL]DGD HQWUH

H QR 3URJUDPD GH 3yV JUDGXDomR HP (QJHQKDULD (OpWULFD GD

8QLYHUVLGDGH )HGHUDO GR 3LDXt 8)3, $ SHVTXLVD HVHPSHQKR

RSHUDFLRQDO GH VLVWHPDV IRWRYROWDLFRV LQVWDODGRV HP LQVWLWXLo HV

GH HQVLQR P OWLFDPSL WHYH FRPR REMHWLYR SULQFLSDO DYDOLDU R

SULPHLUR DQR GH RSHUDomR GR VLVWHPD IRWRYROWDLFR LQVWDODGR

QR FDPS V )ORULDQR GR ,QVWLWXWR )HGHUDO GR 3LDXt ,)3, IUHQWH D

DVSHFWRV WpFQLFRV H HFRQ PLFRV GH PRGR D IRUQHFHU VXEVtGLRV

SDUD RV JHVWRUHV GDV LQVWLWXLo HV GH HQVLQR GH FDUiWHU P OWLFDPSL
DQDOLVDUHP D YLDELOLGDGH WpFQLFR HFRQ PLFD GD UHSOLFDomR GH

VLVWHPDV IRWRYROWDLFRV

RP FDUiWHU WpFQLFR H FLHQWtILFR R OLYUR HVWi RUJDQL]DGR

HP RLWR FDStWXORV VHQGR RV VHWH SULPHLURV GHVWLQDGRV D IRUQHFHU

RV IXQGDPHQWRV QHFHVViULRV SDUD R HQWHQGLPHQWR GD WHFQRORJLD

VRODU IRWRYROWDLFD H GDV IHUUDPHQWDV QHFHVViULDV SDUD D UHDOL]DomR

GH DQiOLVHV GH YLDELOLGDGH WpFQLFR HFRQ PLFD GH VLVWHPDV

IRWRYROWDLFRV ,QFLDOPHQWH p IHLWD XPD FRQWH[WXDOL]DomR GR XVR GD

HQHUJLD VRODU IRWRYROWDLFD FRPR XPD GDV RSo HV PDLV SURPLVVRUDV



GHQWUH DV GLYHUVDV IRQWHV DOWHUQDWLYDV SDUD R GHVHQYROYLPHQWR GH

XP VLVWHPD VXVWHQWiYHO GH JHUDomR GH HOHWULFLGDGH

1D VHTXrQFLD VmR DSUHVHQWDGRV RV FRQKHFLPHQWRV

QHFHVViULRV SDUD R HQWHQGLPHQWR GD HQHUJLD VRODU H DOJXPDV GH

VXDV SULQFLSDLV DSOLFDo HV DQGR HQIRTXH HVSHFLDO j HQHUJLD

VRODU IRWRYROWDLFD VmR DSUHVHQWDGRV RV SULQFLSDLV FRQFHLWRV H

IXQGDPHQWRVGDWHFQRORJLD HDVSULQFLSDLVFRQILJXUDo HVXWLOL]DGDV

7DPEpP VmR DSUHVHQWDGRV RV SULQFLSDLV SDUkPHWURV XWLOL]DGRV

SDUD D DYDOLDomR GH GHVHPSHQKR RSHUDFLRQDO H PRQLWRUDPHQWR

GH VLVWHPDV IRWRYROWDLFRV DOpP GDV SULQFLSDLV PpWULFDV XWLOL]DGDV

HP HVWXGRV HFRQ PLFRV

$R ILQDO VmR DSUHVHQWDGRV RV UHVXOWDGRV GR HVWXGR UHDOL]DGR

QR VLVWHPD IRWRYROWDLFR GR FDPS V )ORULDQR GR ,)3, TXH HVWmR

GHVFULWRV QR DUWLJR LQWLWXODGR F LFDO (FR RPLF DO VLV RI W )L VW
0L L DWLR 3 RWRYROWDLF VW P RI 3LD t D LO H TXH IRL SXEOLFDGR

QR SHULyGLFR FLHQWtI LFR ,((( DWL P LFD D VDFWLR V HP VHX

YROXPH Q PHUR HP RXWXEUR GH FRP R LQWXLWR GH

H[HPSOLILFDU D DSOLFDomR GRV FRQKHFLPHQWRV WUD]LGRV QRV FDStWXORV

DQWHULRUHV
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)DWRU GH DSDFLGDGH
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(QHUJLD SURGX]LGD SRU XP 6) 5
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$QiOLVH GH YLDELOLGDGH HFRQ PLFD

RQVLGHUDo HV I LQDLV GR HVWXGR GH FDVR
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$1((/ $JrQFLD 1DFLRQDO GH (QHUJLD (OpWULFD
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,)3,
,QVWLWXWR )HGHUDO GH (GXFDomR LrQFLD H 7HFQR

ORJLD GR 3LDXt
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,( , W DWLR DO (O FW RW F LFDO RPLVVLR

63 R F W DW ROD 3RZ
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6H 6HOrQLR

F 6L 6LOtFLR FULVWDOLQR
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, 6 6HOHQHWR GH REUH ºQGLR H iOLR

(9$ $FHWDWR GH 9LQLO (WLOHQR
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12 7 1R PDO 2S DWLR OO PS DW

6), 6LVWHPDV )RWRYROWDLFR $XW QRPRV RX ,VRODGRV

6) 6LVWHPDV )RWRYROWDLFRV tEULGRV

)80 $0 )XQGDomR 0XVHX GR RPHP $PHULFDQR

(521 HQWUDLV (OpWULFDV GH 5RQG QLD 6 $

8)3, 8QLYHUVLGDGH )HGHUDO GR 3LDXt

6:(5$ ROD D L ( VR F VV VVP W

,10(7 ,QVWLWXWR 1DFLRQDO GH 0HWHRURORJLD

93/ 9DORU 3UHVHQWH /tTXLGR

7,5 7D[D ,QWHUQD GH 5HWRUQR

3% 7HPSR GH 5HWRUQR RX 3D EDFN

5 % 5HODomR XVWR EHQHItFLR

/$%62/ /DERUDWyULR GH (QHUJLD 6RODU

8)5 6 8QLYHUVLGDGH )HGHUDO GR 5LR UDQGH GR 6XO
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% % %DQFR HQWUDO GR %UDVLO

6(/, 6LVWHPD (VSHFLDO GH /LTXLGDomR H GH XVWyGLD

,)51 ,QVWLWXWR )HGHUDO GR 5LR UDQGH GR 1RUWH

8)735 8QLYHUVLGDGH 7HFQROyJLFD )HGHUDO GR 3DUDQi

8)8 8QLYHUVLGDGH )HGHUDO GH 8EHUOkQGLD

HUDomR LVWULEXtGD

HUDomR HQWUDOL]DGD

70$ 7D[D 0tQLPD GH $WUDWLYLGDGH

(0$ (VWDomR 0HWHRUROyJLFD $XWRPiWLFD

4 %7 4XDGUR HUDO GH %DL[D 7HQVmR

$%(6 $WODV %UDVLOHLUR GH (QHUJLD 6RODU
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$ HQHUJLD WHP SDSHO HVWUDWpJLFR QR FUHVFLPHQWR HFRQ PLFR

GH TXDOTXHU QDomR SRLV R DFHVVR D HVWH EHP p XPD GDV

YDULiYHLV HVVHQFLDLV SDUD VH GHILQLU R QtYHO GH GHVHQYROYLPHQWR GD

SRSXODomR 1HVWH VHQWLGR D HQHUJLD HOpWULFD SRGH VHU YLVWD FRPR

XPD LQIUDHVWUXWXUD TXH OHYD j FLGDGDQLD /,5$ H 02,7$ 1(72

$OpP GLVVR VHJXQGR 0RUDHV SURSRUFLRQD DR VHU

KXPDQR YDULDGDV RSRUWXQLGDGHV H DOWHUQDWLYDV SDUD D LQWHJUDomR

DR GHVHQYROYLPHQWR SRVVLELOLWDQGR R FUHVFLPHQWR HFRQ PLFR D

TXDOLGDGH GH YLGD H R EHP HVWDU VRFLDO

(QWUHWDQWR FRQIRUPHDILUPDP0SKROR W DO DPDLRULD

GRV SDtVHV HP GHVHQYROYLPHQWR DLQGD WrP WD[DV GH HOHWULI LFDomR

PXLWR EDL[DV ,VVR ID] FRP TXH KDMD XPD QHFHVVLGDGH FUHVFHQWH GH

SURGXomR GH HQHUJLD SDUD HQIUHQWDU GHVDILRV GH DFHVVR H GHPDQGD

D ILP GH DFHOHUDU R GHVHQYROYLPHQWR H DXPHQWDU R SDGUmR GH

YLGD 3DUD HYDEKDNWXQL W DO p XP IDWR FRQKHFLGR TXH

D GHPDQGD GH HQHUJLD DXPHQWD D XPD WD[D SURSRUFLRQDO DR

FUHVFLPHQWR HFRQ PLFR 6HJXQGR R DXWRU HQWUH H D

SRSXODomR JOREDO DXPHQWRX HP TXDVH ELOK HV GH SHVVRDV 3RU

FRQWD GLVVR HVWLPD VH TXH R FRQVXPR PXQGLDO WRWDO GH HQHUJLD

GHYHUi DXPHQWDU HP DSUR[LPDGDPHQWH QR SHUtRGR HQWUH

H )LJXUD
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)LJ UD (VWLPDWL D GD H RO omR GR FRQV PRP QGLDO GH

HQHUJLD QR SHUtRGR GH D

)RQWH $GDSWDGR GH HYDEKDNWXQL W DO

$VVLP GXUDQWH DV OWLPDV GpFDGDV RV QtYHLV FUHVFHQWHV GD

GHPDQGD GH HQHUJLD WRUQDUDP VH XPD IRQWH GH SUHRFXSDomR (VVH

FUHVFLPHQWR WURX[H FRQVLJR R DXPHQWR GR XVR GH FRPEXVWtYHLV

IyVVHLV H RXWURV UHFXUVRV QDWXUDLV VREUH RV TXDLV D KXPDQLGDGH

GHSHQGH SDUD VHX SUySULR GHVHQYROYLPHQWR H EHP HVWDU RPR

FRQVHTXrQFLD DVVRFLDGD VXUJLUDP RV LPSDFWRV VREUH R PHLR

DPELHQWH HVSHFLILFDPHQWH DWUDYpV GRV GDQRV DR DU FOLPD iJXD

WHUUD H YLGD VHOYDJHP 3 ,//,36 HYDEKDNWXQL W DO
DILUPDP TXH DSHVDU GH YiULDV LQLFLDWLYDV SROtWLFDV H LQYHVWLPHQWRV

SDUD DXPHQWDU D FDSDFLGDGH GH JHUDomR R Q PHUR GH iUHDV

QmR HOHWULI LFDGDV QRV SDtVHV HP GHVHQYROYLPHQWR QmR PXGRX

VLJQLILFDWLYDPHQWH 3RUWDQWR p H[WUHPDPHQWH LPSRUWDQWH FULDU

D LQIUDHVWUXWXUD H LQVWDODU RV UHFXUVRV GH JHUDomR GH HQHUJLD

GLVWULEXtGD QHFHVViULRV SDUD VDWLVID]HU DV QHFHVVLGDGHV JOREDLV GH

HQHUJLD
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1HVWH FRQWH[WR D GHPDQGD GH HQHUJLD HP FRQVWDQWH

FUHVFLPHQWR R HVJRWDPHQWR UiSLGR GDV IRQWHV GH HQHUJLD

FRQYHQFLRQDLV H D SUHRFXSDomR FRP DV TXHVW HV DPELHQWDLV

LQFHQWLYDUDP D EXVFD LQWHQVLYD GH QRYDV IRUPDV GH HQHUJLD PDLV

HILFLHQWHV H FRP WHFQRORJLD DYDQoDGD 6,1 3RLV Mi TXH

D HQHUJLD p HVVHQFLDO SDUD R FUHVFLPHQWR HFRQ PLFR GH XP SDtV

PDLV LPSRUWDQWH GR TXH VLPSOHVPHQWH JDUDQWLU VHX IRUQHFLPHQWR

p ID]r OR GH PDQHLUD VXVWHQWiYHO 6y DVVLP VHUi SRVVtYHO YLVOXPEUDU

D KDUPRQLD HQWUH HQHUJLD HFRQRPLD H GHVHQYROYLPHQWR VXVWHQWiYHO

/,5$ H 02,7$ 1(72

$VVLP DV IRQWHV UHQRYiYHLV GH HQHUJLD SDVVDUDP D WHU JUDQGH

LPSRUWkQFLD WRUQDQGR VH LQGLVSHQViYHLV SDUD R GHVHQYROYLPHQWR

GH XP VLVWHPD VXVWHQWiYHO GH JHUDomR GH HOHWULFLGDGH . $1 H

$56$/$1 $OJXPDV IRQWHV UHQRYiYHLV GH HQHUJLD FRPR

D VRODU IRWRYROWDLFD R YHQWR D ELRPDVVD R ELRJiV D SHTXHQD

KLGUHOpWULFD H D HQHUJLD VRODU WpUPLFD Mi YrP VHQGR DPSODPHQWH

XWLOL]DGDV SDUD JHUDU HOHWULFLGDGH HP WRGR R PXQGR UHGX]LQGR

DVVLP D SUHVVmR VREUH RV FRPEXVWtYHLV IyVVHLV H D SROXLomR

DPELHQWDO 2(/ H 6 $50$ HQWUH DV GLYHUVDV IRQWHV

UHQRYiYHLV GH HQHUJLD D VRODU IRWRYROWDLFD PRVWURX VH FRPR XPD

GDV PDLV SURPLVVRUDV e D QLFD FRPR WHFQRORJLD GH JHUDomR GH

HOHWULFLGDGH TXH SRGH VHU DPSODPHQWH LQWHJUDGD DRV GLIHUHQWHV

WLSRV GH HGLILFDo HV SUHVHQWHV QR PHLR DPELHQWH XUEDQR $OpP

GLVVR DV HPLVV HV GH JDVHV SROXHQWHV VmR PXLWR PHQRUHV GR TXH

DV WHFQRORJLDV FRQYHQFLRQDLV GH JHUDomR GH HOHWULFLGDGH EDVHDGDV

HP FRPEXVWtYHLV IyVVHLV 9, W DO
6HQGR DVVLP FRP EDVH HP LQRYDo HV WHFQROyJLFDV UHFHQWHV

H DPSODV LQLFLDWLYDV GH SHVTXLVDGRUHV GH WRGR R PXQGR D HQHUJLD

VRODU QDWXUDOPHQWH GLVSRQtYHO PRVWURX XP LPHQVR SRWHQFLDO SDUD

DWHQGHU jV IXWXUDV GHPDQGDV GH HQHUJLD GR PXQGR . $1 H

$56$/$1 OREDOPHQWH RV VLVWHPDV IRWRYROWDLFRV HVWmR

VHQGR LQVWDODGRV D XPD WD[D FDGD YH] PDLRU $ PRWLYDomR SDUD

TXH RV LQGLYtGXRV LQVWDOHP VHX SUySULR VLVWHPD SRGH YDULDU PDV
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JUDQGH SDUWH GR FUHVFLPHQWR H[SRQHQFLDO SRGH VHU YHULILFDGD HP

SDtVHV FRP FRQGLo HV HFRQ PLFDV IDYRUiYHLV FULDGDV DWUDYpV GH

SROtWLFDV GH JRYHUQR 6200(5)(/ 7 H 0$ $1,

$ HQHUJLD VRODU YHP VHQGR D PHOKRU RSomR SDUD R IXWXUR

GHQWUH DV SULQFLSDLV IRQWHV GH HQHUJLD UHQRYiYHLV GHYLGR D YiULRV

PRWLYRV 3ULPHLUR D HQHUJLD VRODU p D IRQWH GH HQHUJLD PDLV

DEXQGDQWH QD QDWXUH]D p OLYUHPHQWH GLVSRQtYHO H VHP FXVWR

(P VHJXQGR OXJDU p XPD IRQWH SURPLVVRUD GH HQHUJLD SRUTXH

SURSRUFLRQD HILFLrQFLDV GH SURGXomR VyOLGDV H FUHVFHQWHV HP

UHODomR jV RXWUDV IRQWHV GH HQHUJLD ( SRU I LP D XWLOL]DomR GD

HQHUJLD VRODU WHP SRXFRV LPSDFWRV QRFLYRV DR HFRVVLVWHPD

.$11$1 H 9$.((6$1 $ PDLRULD GRV LPSDFWRV GD IRQWH

VRODU IRWRYROWDLFD HVWi UHODFLRQDGD FRP D SURGXomR GDV FpOXODV

IRWRYROWDLFDV $ SURGXomR GR VLOtFLR PHWDO UJLFR JHUD LPSDFWRV

GHVGH D IDVH GH H[WUDomR DWp D IDVH GH IDEULFDomR XUDQWH D IDVH

GH SXULI LFDomR GR VLOtFLR RFRUUH D OLEHUDomR GH JDVHV Wy[LFRV H GH

HIHLWR HVWXID QD DWPRVIHUD 6,/9$ W DO
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25HF UVR 6RODU

2 6RO p D SULQFLSDO IRQWH GH HQHUJLD SDUD D 7HUUD $OpP GH

VHU UHVSRQViYHO SHOD PDQXWHQomR GD YLGD QR SODQHWD D UDGLDomR

VRODU FRQVWLWXL VH QXPD LQHVJRWiYHO IRQWH HQHUJpWLFD 4XDQGR VH

IDOD HP HQHUJLD GHYH VH OHPEUDU GH TXH HVWD IRQWH p UHVSRQViYHO

SHOD RULJHP GH SUDWLFDPHQWH WRGDV DV RXWUDV IRQWHV GH HQHUJLD

QD 7HUUD 3,1 2 H $/ ,12 6RE VXD LQIOXrQFLD HVWmR

RV PRYLPHQWRV GRV YHQWRV PDUpV FLFORV GD iJXD D IRWRVVtQWHVH

GDV SODQWDV H DWp PHVPR D H[LVWrQFLD GRV FRPEXVWtYHLV IyVVHLV

HQWUH DV VXDV SULQFLSDLV FDUDFWHUtVWLFDV SRVVXL XPD PDVVD GH

NJ XP UDLR GH P GHQVLGDGH PpGLD GH J

FP WHPSHUDWXUD PpGLD GH . H WRGR DQR IRUQHFH SDUD D

DWPRVIHUD WHUUHVWUH DSUR[LPDGDPHQWH N:K GH HQHUJLD

%25 (6 1(72 H $59$/ 2

$ IRUPD FRPR D HQHUJLD VRODU p SURGX]LGD SHUPDQHFHX

GHVFRQKHFLGD GXUDQWH PXLWR WHPSR (PERUD YiULDV KLSyWHVHV

WHQKDP VLGR IRUPXODGDV QHQKXPD FRQVHJXLD H[SOLFDU GH IRUPD

VDWLVIDWyULD FRPR R VRO HUD FDSD] GH OLEHUDU WDQWD HQHUJLD GXUDQWH

WDQWR WHPSR RMH D KLSyWHVH PDLV DFHLWD p TXH D HQHUJLD SURYpP

GD IXVmR GH Q FOHRV DW PLFRV GH KLGURJrQLR HP Q FOHRV GH KpOLR
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-8 H $59$/ 2 2FRUUH XPD GLIHUHQoD GH PDVVD

HQWUH RV UHDJHQWHV H RV SURGXWRV GD UHDomR TXH FRUUHVSRQGH j

OLEHUDomR GH VLJQLI LFDWLYDV TXDQWLGDGHV GH HQHUJLD TXH VH DSUHVHQWD

HVVHQFLDOPHQWH QD IRUPD GH FDORU )LJXUD $WXDOPHQWH HVWH

SURFHVVR WHP VLGR DSRQWDGR FRPR DOWHUQDWLYD SDUD D JHUDomR GH

HQHUJLD FRPHUFLDO PDV p GH GLItFLO FRQWUROH 3RU FRQWD GLVVR D QLFD

DSOLFDomR GLVSRQtYHO VmR DV ERPEDV GH KLGURJrQLR 9,$1$ W DO
$GHPDLV HVWLPD VH TXH R 6RO WHQKD UHVHUYD GH KLGURJrQLR

VXILFLHQWH SDUD DOLPHQWDU DV UHDo HV QXFOHDUHV SRU PDLV ELOK HV

GH DQRV 3,1 2 H $/ ,12

)LJ UD 5HDomR Q FOHDU T H DFRQWHFH QR 6RO

H SURG D HQHUJLD VRODU

)RQWH 9LDQD W DO

UDGLDomR VRODU H V DV FRPSRQHQWHV

$HQHUJLDSURGX]LGDQR6ROWRUQD VHUDGLDomRHOHWURPDJQpWLFD

WDPEpP FKDPDGD GH 5DGLDomR 6RODU TXH VH SURSDJD QR HVSDoR D

XPDYHORFLGDGHGH P VDWp FKHJDUj DWPRVIHUD WHUUHVWUH -8

H $59$/ 2 (VVD UDGLDomR p FRPSRVWD GH XP HVSHFWUR

FRQWtQXR GH GLIHUHQWHV FRPSULPHQWRV GH RQGD TXH DEUDQJH SDUWH

GR XOWUDYLROHWD WRGD D UHJLmR GR HVSHFWUR YLVtYHO HQWUH R YLROHWD H R
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YHUPHOKR H R LQIUDYHUPHOKR %25 (6 1(72 H $59$/ 2

(VVH FRQMXQWR GH WRGDV DV IUHTXrQFLDV GH RQGDV HOHWURPDJQpWLFDV

HPLWLGDV SHOR VRO )LJXUD LQFOXLQGR DV RQGDV YLVtYHLV H DV QmR

YLVtYHLV FKDPD VH HVSHFWUR GD UDGLDomR VRODU 9,//$/9$

)LJ UD &RPSRVLomR GR HVSHFWUR GD 5DGLDomR 6RODU

)RQWH 3HUHLUD W DO

2 WHUPR 5DGLDomR 6RODU p XVDGR GH IRUPD JHQpULFD H

SRGH VHU UHIHUHQFLDGR HP WHUPRV GH IOX[R GH SRWrQFLD TXDQGR

p HVSHFLILFDPHQWH GHQRPLQDGR GH ,UUDGLkQFLD RX HP WHUPRV GH

HQHUJLD SRU XQLGDGH GH iUHD GHQRPLQDGR HQWmR GH ,UUDGLDomR

RX ,QVRODomR 3,1 2 H $/ ,12 $ LUUDGLkQFLD p H[SUHVVD

HP XQLGDGH GH : P ZDWW SRU PHWUR TXDGUDGR -i D LQVRODomR

WHP FRPR XQLGDGH R :K P ZDWW KRUD SRU PHWUR TXDGUDGR

1D SUiWLFD H[LVWHP WDEHODV PDSDV GH LQVRODomR H IHUUDPHQWDV

FRPSXWDFLRQDLV TXH IRUQHFHP VHXV YDORUHV GLiULRV H[SUHVVRV HP

:K P GLD ZDWW KRUD SRU PHWUR TXDGUDGR SRU GLD 9,//$/9$

HUFD GH GD UDGLDomR UHFHELGD SHOD DWPRVIHUD GR SODQHWD

p XOWUDYLROHWD ORFDOL]D VH QD UHJLmR YLVtYHO H SRU YROWD GH

p LQIUDYHUPHOKD FRQWXGR DSHQDV DOJR HP WRUQR GD PHWDGH

GHVVD UDGLDomR DWLQJH D VXSHUItFLH GD 7HUUD H p SUDWLFDPHQWH WRGD

DEVRUYLGD FHUFD GH p UHI OHWLGD FRPR SRGH VHU YLVWR QD )LJXUD

UDQGH SDUWH GD UDGLDomR XOWUDYLROHWD p DEVRUYLGD SHOR R[LJrQLR

QLWURJrQLR H R] QLR SUHVHQWHV QD DWPRVIHUD VXSHULRU GR SODQHWD H
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XPD SDUWH GD UDGLDomR LQIUDYHUPHOKD p VHOHWLYDPHQWH DEVRUYLGD

SHOR YDSRUGH iJXD HSHOR GLy[LGRGHFDUERQRGDDWPRVIHUD LQIHULRU

H HQWmR LUUDGLDGD GH YROWD SDUD D 7HUUD RX SDUD R HVSDoR (VVD

LUUDGLDomR TXH YROWD SDUD D WHUUD SURYRFD R IHQ PHQR FRQKHFLGR

FRPR (IHLWR (VWXID TXH PDQWpP FRQVWDQWH D WHPSHUDWXUD GR

SODQHWD ,15, 6 W DO

)LJ UD %DODQoR HQHUJpWLFR GR VLVWHPD WPRVIHUD 7HUUD

)RQWH ,15, 6 W DO

H IRUPD JHUDO D UDGLDomR VRODU TXH FKHJD j VXSHUItFLH

WHUUHVWUH p FRPSRVWD SRU XPD FRPSRQHQWH GLUHWD XPD GLIXVD

H RXWUD UHIOHWLGD )LJXUD HYLGR j UHI OH[mR H j DEVRUomR GRV

UDLRV VRODUHV SHOD DWPRVIHUD D UDGLDomR VRODU p FRQVWLWXtGD SRU

XP FRPSRQHQWH GLUHWD H SRU XPD FRPSRQHQWH GLIXVD -8 H

$59$/ 2
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)LJ UD &RPSRQHQWHV GD UDGLDomR VRODU

)RQWH 3LQKR H DOGLQR

$ 5DGLDomR LUHWD p DTXHOD TXH DWLQJH D VXSHUItFLH GD WHUUD

VHP VRIUHU QHQKXP GHVYLR -i D 5DGLDomR LIXVD FKHJD j VXSHUItFLH

HP GLYHUVDV GLUHo HV SRU FRQWD GD SUHVHQoD GH QXYHQV RX

RXWUDV DOWHUDo HV FDXVDGDV SHOD DWPRVIHUD $ VRPD GHVVDV GXDV

FRPSRQHQWHV Gi RULJHP j 5DGLDomR 7RWDO RX OREDO QR 3ODQR

RUL]RQWDO %25 (6 1(72 H $59$/ 2 6H D VXSHUItFLH

HVWLYHU LQFOLQDGD FRP UHODomR j KRUL]RQWDO KDYHUi XPD WHUFHLUD

FRPSRQHQWH UHIOHWLGD SHOR DPELHQWH GR HQWRUQR VROR YHJHWDomR

REVWiFXORV WHUUHQRV URFKRVRV HWF 2 FRHILFLHQWH GH UHIOH[mR

GHVWDV VXSHUItFLHV p GHQRPLQDGR GH $OEHGR 3,1 2 H $/ ,12

$ LUUDGLDomR UHFHELGD HP XP GHWHUPLQDGR ORFDO GD VXSHUItFLH

WHUUHVWUH )LJXUD SRGH YDULDU HQWUH H : P GHSHQGHQGR

GD ODWLWXGH GD HVWDomR GR DQR GR KRUiULR GR GLD H GR JUDX GH

QXYHQV SUHVHQWHV ,15, 6 W DO
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)LJ UD (VSHFWUR GD UDGLDomR VRODU T H DWLQJH

D WPRVIHUD H D 7HUUD

)RQWH LQULFKV W DO

$ TXDQWLGDGH GH ,UUDGLDomR TXH DWLQJH R WRSR GD DWPRVIHUD

WHUUHVWUH p GH DSUR[LPDGDPHQWH : P (VVH Q PHUR p

GHQRPLQDGR FRQVWDQWH VRODU H YDULD PLQLPDPHQWH GXUDQWH R

WHPSR ,15, 6 W DO

,QVWU PHQWRV SDUD PHGLomR GD UDGLDomR VRODU

$ PHGLomR GD UDGLDomR VRODU QD VXSHUItFLH WHUUHVWUH p GH

JUDQGH LPSRUWkQFLD WDQWR SDUD R HVWXGR GDV FRQGLo HV FOLPiWLFDV

H DWPRVIpULFDV TXDQWR SDUD R GHVHQYROYLPHQWR GH SURMHWRV TXH

YLVDP D FDSWDomR H D FRQYHUVmR GD HQHUJLD VRODU 2 REMHWLYR GD

PHGLomR GRV GDGRV VRODUHV p D REWHQomR H[SHULPHQWDO GR YDORU

LQVWDQWkQHR GR IOX[R HQHUJpWLFR VRODU ,UUDGLkQFLD RX LQWHJUDGR

,UUDGLDomR DR ORQJR GH WHPSR PLQXWR KRUD GLD RX DQR

3,1 2 H $/ ,12 0HGLGDV GH ,UUDGLkQFLD : P

RX ,UUDGLDomR :K P RX - P VRODU FRQVWLWXHP XPD EDVH GH
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GDGRV PXLWR LPSRUWDQWH SDUD D DYDOLDomR WpFQLFD H HFRQ PLFD GH

SURMHWRV GH DSURYHLWDPHQWR GR UHFXUVR HQHUJpWLFR VRODU 3(5(,5$

W DO
([LVWHP GRLV LQVWUXPHQWRV FRPXPHQWH XWLOL]DGRV SDUD D

PHGLomR GD LUUDGLDomR VRODU R 3LUHOL PHWUR SDUD PHGLGDV GD

LUUDGLDomR GLUHWD H R 3LUDQ PHWUR SDUD PHGLGDV GD LUUDGLDomR

JOREDO 3,1 2 H $/ ,12 2 3LUHOL PHWUR )LJXUD p

FRPSRVWR SRU XP VHQVRU GH UDGLDomR VRODU LQVWDODGR GHQWUR GH

XP WXER FRP XPD DEHUWXUD GH OX] HVWUHLUD GH PRGR D FDSWDU

DSHQDV D UDGLDomR VRODU GLUHWD 9,//$/9$

)LJ UD 3LUHOL PHWUR

)RQWH 3HUHLUD W DO

2 3LUDQ PHWUR TXH FRQVLVWH HP XPD UHGRPD GH YLGUR TXH

UHFHEH OX] GH WRGDV DV GLUHo HV H D FRQFHQWUD HP XP VHQVRU GH

UDGLDomR VRODU LQVWDODGR HPVHX LQWHULRU 9,//$/9$ ([LVWHP

GRLV WLSRV SULQFLSDLV GH 3LUDQ PHWUR R WHUPRHOpWULFR )LJXUD

D H R IRWRYROWDLFR )LJXUD E 2 3LUDQ PHWUR WHUPRHOpWULFR

WHP FRPR VHQVRU XPD WHUPRSLOKD FRQVWUXtGD FRP P OWLSORV

WHUPRSDUHV HP VpULH FRORFDGD QR LQWHULRU GH GXDV VHPLHVIHUDV

GH YLGUR FRQFrQWULFDV 2 3LUDQ PHWUR GR WLSR IRWRYROWDLFR p

FRPSRVWR SRU XPD FpOXOD IRWRYROWDLFD GH SHTXHQDV GLPHQV HV
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H DSUHVHQWD FRPR YDQWDJHP FXVWR PXLWR PDLV EDL[R H FRPR

GHVYDQWDJHP R IRUQHFLPHQWR GH PHGLGDV FRP PHQRU SUHFLVmR

SRUpP VXD YDQWDJHP LQHUHQWH p R WHPSR GH UHVSRVWD SUDWLFDPHQWH

LQVWDQWkQHR H OLQHDU FRPD ,UUDGLkQFLD 3,1 2 H $/ ,12

)LJ UD 3LUkQRPHWURV WHUPRHOpWULFR H IRWR ROWDLFR

D E
)RQWH 3HUHLUD W DO

$DTXLVLomRGHGDGRVGDFRPSRQHQWHGLIXVDGD UDGLDomR VRODU

WDPEpP p UHDOL]DGD FRP XVR GH XP 3LUDQ PHWURV WHUPRHOpWULFR

PDV FRP XP HTXLSDPHQWR DX[LOLDU LQVWDODGR SDUD UHDOL]DU D

VXSUHVVmR GD LQFLGrQFLD GD UDGLDomR VRODU GLUHWD VREUH R VHQVRU

TXH SRGH VHU XP DQHO GH VRPEUHDPHQWR )LJXUD D RX XPD HVIHUD

GH VRPEUHDPHQWR FRP UDVWUHDGRU VRODU )LJXUD E
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)LJ UD 3LUDQ PHWUR WHUPRHOpWULFR FRP VRPEUHDPHQWR

D E
)RQWH 3HUHLUD W DO

0DVVD GH DU

$QWHV GH DWLQJLU R VROR D UDGLDomR VRODU VRIUH GLYHUVDV

DOWHUDo HV GHYLGR D LQWHUDo HV FRP D DWPRVIHUD $V FDUDFWHUtVWLFDV

GD UDGLDomR VRODU GHSHQGHP SRUWDQWR GD HVSHVVXUD GD FDPDGD

GH DU H GD FRPSRVLomR GD DWPRVIHUD LQFOXLQGR R DU H RV HOHPHQWRV

VXVSHQVRV FRPR R YDSRU GH iJXD H D SRHLUD 9,//$/9$

H DFRUGR FRP 3LQKR H DOGLQR D HVSHVVXUD GD FDPDGD

DWPRVIpULFD p LGHQWLI LFDGD SRU XP FRHILFLHQWH GHQRPLQDGR 0DVVD

GH $U $0 GR LQJOrV L 0DVV SRGHQGR WDPEpP VHU LQWHUSUHWDGD

FRPR R FRPSULPHQWR UHODWLYR TXH D UDGLDomR VRODU GLUHWD SHUFRUUH

DWp DWLQJLU D VXSHUItFLH WHUUHVWUH 0DWHPDWLFDPHQWH SRGH VHU

HQFRQWUDGD DWUDYpV GD (TXDomR RQGH θ p FKDPDGR GH μQJXOR

HQLWDO GR 6RO

2 rQLWH p XPD OLQKD LPDJLQiULD SHUSHQGLFXODU DR VROR

)LJXUD 8P kQJXOR PDLRU FRUUHVSRQGH D XPD FDPDGD GH DU

ὃὓ =
1

ὧέί—  
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PDLV HVSHVVD SRUWDQWR Ki XPD LQIOXrQFLD PDLRU GD DWPRVIHUD

VREUH D UDGLDomR VRODU 9,//$/9$ 4XDQGR R 6RO HVWi

SHUSHQGLFXODU j VXSHUItFLH WHUUHVWUH FRPR kQJXOR ]HQLWDO LJXDO D

” WHP VH D PDVVD GH DU LJXDO D $0 $ PDVVD GH DU ]HUR

$0 FDUDFWHUL]D R HVSHFWUR GD UDGLDomR VRODU QR WRSR GD

DWPRVIHUD %25 (6 1(72 H $59$/ 2 $R DWLQJLU

DSUR[LPDGDPHQWH ” D PDVVD GH DU p GH $0 H FRP

kQJXOR ]HQLWDO LJXDO D ” D PDVVD GH DU FKHJD D $0 -8

H $59$/ 2

)LJ UD /LQ D GR rQLWH H kQJ OR HQLWDO

)RQWH -XFi H DUYDOKR

9DOHDSHQD UHVVDOWDTXHDPDVVDGHDU$0 HVXDH UHVSHFWLYD

GLVWULEXLomR HVSHFWUDO GH HQHUJLD WRUQDUDP VH SDGUmR SDUD R

HVWXGR H DQiOLVH GRV VLVWHPDV IRWRYROWDLFRV VHQGR DVVLP p XVDGD

PXQGLDOPHQWH FRPR UHIHUrQFLD H FLWDGD HP SUDWLFDPHQWH WRGRV
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RV FDWiORJRV GH IDEULFDQWHV GH FpOXODV H PyGXORV IRWRYROWDLFRV

9,//$/9$

0R LPHQWRV GD 7HUUD HP UHODomR DR 6RO

$ LQVRODomR UHFHELGD HP XP GHWHUPLQDGR ORFDO GD VXSHUItFLH

WHUUHVWUH SRGH YDULDU GHSHQGHQGR GD ODWLWXGH GD HVWDomR GR DQR

GR KRUiULR GR GLD H GR JUDX GH QXYHQV SUHVHQWHV 2V GRLV SULPHLURV

VmR UHVXOWDQWHV GD yUELWD GD WHUUD DR UHGRU GR 6RO ,15, 6 W DO
TXH FRPSOHWD XP FLFOR D FDGD GLDV VRODUHV D XPD

GLVWkQFLD PpGLD GH FHUFD GH NP YDULDQGR HQWUH H

NP 3RU FRQWD GLVVR FRPR UHVXOWDGR D LUUDGLkQFLD RVFLOD

HQWUH : P H : P FRPXP YDORU PpGLR LJXDO D

: P WDPEpP FRQKHFLGR FRPR RQVWDQWH 6RODU 3(5(,5$ W DO

$ 7HUUD HP VHX PRYLPHQWR DQXDO HP WRUQR GR 6RO GHVFUHYH

XPD WUDMHWyULD HOtSWLFD VHQGR TXH VHX HL[R GH URWDomR SUySULD

DSUHVHQWD XPD LQFOLQDomR GH DSUR[LPDGDPHQWH ” HP UHODomR

DR SODQR QRUPDO j HOLSVH (VWH kQJXOR GHQRPLQDGR HFOLQDomR

6RODU δ SRU FRQYHQomR p SRVLWLYR DR 1RUWH H QHJDWLYR DR 6XO GR

(TXDGRU H MXQWDPHQWH FRP R PRYLPHQWR GH WUDQVODomR GD 7HUUD

Gi RULJHP jV HVWDo HV GR DQR 3,1 2 H $/ ,12

$ LQFOLQDomR GR HL[R GH URWDomR GD WHUUD ID] FRP TXH RV

KHPLVIpULRV QRUWH H VXO ILTXHP PDLV SUy[LPRV RX GLVWDQWHV GR 6RO

HP FDGD GLD GR DQR )LJXUD 1RV VROVWtFLRV TXH PDUFDP R

LQtFLR GR YHUmR H GR LQYHUQR R kQJXOR GH GHFOLQDomR p Pi[LPR

1RV HTXLQyFLRV TXH PDUFDP R LQtFLR GR RXWRQR H GD SULPDYHUD R

kQJXOR GH GHFOLQDomR p ]HUR 9,//$/9$
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)LJ UD QJ OR GH GHFOLQDomR VRODU GD 7HUUD

)RQWH 3HUHLUD W DO

$ SDODYUD (TXLQyFLR WHP RULJHP QR ODWLP H VLJQLILFD QRLWH

LJXDO H R WHUPR p XVDGR SDUD GHQRPLQDU RV GRLV GLDV GR DQR HP

TXH D GXUDomR GR GLD p LJXDO j GXUDomR GD QRLWH HP DPERV RV

KHPLVIpULRV 3(5(,5$ W DO 3RU RXWUR ODGR YHULILFDP VH

GLDV PDLV ORQJRV HP ORFDOLGDGHV QR KHPLVIpULR 6XO QR VROVWtFLR

GH YHUmR H GLDV PDLV FXUWRV QR VROVWtFLR GH LQYHUQR 1R (TXDGRU

WHUUHVWUH D GXUDomR GRV GLDV p VHPSUH LJXDO H QDV VXDV SUR[LPLGDGHV

DV YDULDo HV VmR SHTXHQDV DR ORQJR GR DQR 3,1 2 H $/ ,12

1D )LJXUD p PRVWUDGD D SRVLomR GD 7HUUD HP UHODomR DR

6RO H DV GDWDV GH LQtFLR GDV HVWDo HV GR DQR
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)LJ UD (VWDo HV GR DQR H RPR LPHQWR GD

7HUUD DR UHGRU GR 6RO

)RQWH 3HUHLUD W DO

$ GXUDomR GR GLD H DV GLIHUHQWHV PDVVDV GH DU SHUFRUULGDV

VmR SRUWDQWR RV SULQFLSDLV IDWRUHV TXH DIHWDP D TXDQWLGDGH GH

HQHUJLD VRODU UHFHELGD HP FDGD UHJLmR GR SODQHWD 1HVWH VHQWLGR

D TXDQWLGDGH GH HQHUJLD UHFHELGD GR 6RO GLDULDPHQWH QXPD FHUWD

ORFDOLGDGH p GLIHUHQWH HP FDGD GLD GR DQR H QDWXUDOPHQWH p PDLRU

QR YHUmR H PHQRU QR LQYHUQR 9,//$/9$ 1R LQYHUVR D

LQVRODomR p GLVSHUVD VREUH XPD iUHD KRUL]RQWDO PDLRU SRU FDXVD

GR kQJXOR GH LQFOLQDomR H RV UDLRV VRODUHV GHYHP DWUDYHVVDU XPD

PDLRU SURIXQGLGDGH GD DWPRVIHUD $VVLPPHQRV UDGLDomR DWLQJH D

7HUUD ,15, 6 W DO
$OpP GR PRYLPHQWR GH WUDQVODomR RUELWDO R PRYLPHQWR

GH URWDomR GD 7HUUD HP WRUQR GH VHX HL[R HVWi OLJDGR DR FLFOR

GLiULR GD YDULDELOLGDGH GD LQFLGrQFLD GD HQHUJLD SURYHQLHQWH GR

6RO 3(5(,5$ W DO 2 6RO HP VXD WUDMHWyULD QR FpX GHVGH

R QDVFHQWH DWp R SRHQWH GHVFUHYH GLIHUHQWHV kQJXORV DR ORQJR

GR GLD FKDPDGRV GH kQJXORV D]LPXWDLV )LJXUD 2 μQJXOR

$]LPXWDO γ p R kQJXOR GH RULHQWDomR GRV UDLRV VRODUHV HP UHODomR

DR QRUWH JHRJUiILFR 9,//$/9$ VHQGR SRU FRQYHQomR
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O H H F R H R HV i LR RF RV

SRVLWLYR TXDQGR D SURMHomR VH HQFRQWUDU j GLUHLWD GR 6XO D /HVWH

H QHJDWLYR TXDQGR VH HQFRQWUDU j HVTXHUGD D 2HVWH 3RU ILP

WHP VH D FKDPDGD $OWXUD RX (OHYDomR 6RODU α TXH FRUUHVSRQGH

DR kQJXOR FRPSUHHQGLGR HQWUH RV UDLRV GR 6RO H D SURMHomR GRV

PHVPRV VREUH R SODQR KRUL]RQWDO KRUL]RQWH GR REVHUYDGRU

3,1 2 H $/ ,12

)LJ UD QJ ORV =HQLWDO D LP WDO H DOW UD VRODU

)RQWH 3HUHLUD W DO
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- - -

$ HQHUJLD VRODU WRUQRX VH XPD IRQWH DOWHUQDWLYD H SURPLVVRUD

H VHX XVR JHUDOPHQWH p GLYLGLGR HP GXDV iUHDV SULQFLSDLV FRPR

IRQWH GH HQHUJLD WpUPLFD H GH HOHWULFLGDGH 6,1 ([LVWHP

GXDV FDWHJRULDV SULQFLSDLV GH GLVSRVLWLYRV XWLOL]DGRV SDUD HVVH ILP

HQHUJLD VRODU FRQFHQWUDGD TXH HPSUHJD PpWRGRV GLIHUHQWHV GH

FDSWXUD GH HQHUJLD VRODU SDUD XVR HP SURFHVVRV GH SURGXomR GH

FDORU H HQHUJLD IRWRYROWDLFD TXH HQYROYH R XVR GH FpOXODV VRODUHV

SDUD JHUDU HOHWULFLGDGH GLUHWDPHQWH DWUDYpV GR HIHLWR IRWRHOpWULFR

%$5/(9 W DO $VVLP D HQHUJLD VRODU SRGH VHU FRQYHUWLGD

HP HQHUJLD HOpWULFD XVDQGR YiULDV WHFQRORJLDV FRQFHQWUDQGR D

HQHUJLD VRODU DWUDYpV GH PyGXORV IRWRYROWDLFRV H FRQFHQWUDQGR D

HQHUJLD IRWRYROWDLFD (9$% $.781, W DO

(QHUJLD 6RODU &RQFHQWUDGD

$ HQHUJLD VRODU FRQFHQWUDGD R F W DW ROD 3RZ
63 XWLOL]D HVSHOKRV H OHQWHV SDUD FRQFHQWUDU XPD JUDQGH iUHD

GH HQHUJLD VRODU QDWXUDOPHQWH GLVSRQtYHO HP XPD iUHD SHTXHQD

)LJXUD 2 IHL[H GH OX] FRQFHQWUDGR SRGH VHU XVDGR SDUD JHUDU

HQHUJLD HOpWULFD XPD YH] TXH p FRQYHUWLGR HP FDORU DWUDYpV GH
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XPD XWLOL]DomR HILFLHQWH GR FLFOR WHUPRGLQkPLFR $V WHFQRORJLDV

GH FRQFHQWUDomR GRV VLVWHPDV 63 JHUDOPHQWH H[LVWHP HP

TXDWUR IRUPDV FDOKD SDUDEyOLFD FROHWRU GH )UHVQHO OLQHDU SUDWR

SDUDEyOLFR H WRUUH GH HQHUJLD VRODU . $1 H $56$/$1

)LJ UD &RQILJ UDo HV SDUD D HQHUJLD VRODU SRU FRQFHQWUDomR

D E F
)RQWH $GDSWDGR GH .KDQ H $UVDODQ

2V VLVWHPDV GH FDOKDV SDUDEyOLFDV VmR FRPSRVWRV SRU YiULDV

FDOKDV SDUDEyOLFDV OLQHDUHV LQWHUOLJDGDV 1RV IRFRV GRV UHIOHWRUHV

HVWi ORFDOL]DGR XP WXER GH YLGUR DVSLUDGR GH YiFXR RQGH H[LVWH

XP WXER GH DEVRUomR FRP R IOXLGR GH WUDEDOKR TXH p DTXHFLGR

SHOD LUUDGLDomR VRODU $VVLP R IOXLGR GH WUDEDOKR DTXHFLGR

WUDQVIHULGR GR WXER GH DEVRUomR SDUD R SHUPXWDGRU GH FDORU

$TXL XP WURFDGRU GH FDORU FRQYHUWH R FDORU HP YDSRU TXH p HQWmR

HQYLDGR SDUD XPD WXUELQD SDUD SURGX]LU HOHWULFLGDGH 3$9/29,

W DO
2V UHIOHWRUHV OLQHDUHV GH )UHVQHO VH DSUR[LPDP GD IRUPD

SDUDEyOLFD GRV VLVWHPDV GH FDOKDV XVDQGR ODUJDV ILODV GH HVSHOKRV

SODQRV RX OLJHLUDPHQWH FXUYDGRV SDUD UHIOHWLU RV UDLRV VRODUHV HP

XP UHFHSWRU OLQHDU YROWDGR SDUD EDL[R 2 UHFHSWRU p XPD HVWUXWXUD

IL[D PRQWDGD VREUH XPD WRUUH DFLPD H DR ORQJR GRV UHIOHWRUHV

OLQHDUHV $1 W DO 2V VLVWHPDV GH SUDWRV SDUDEyOLFRV

JHUDP HOHWULFLGDGH D SDUWLU GH XP FRQYHUVRU FHQWUDO GH HQHUJLD

DSRLDGR DFLPDGR FHQWUR GRSUDWR TXH DEVRUYH D OX] VRODU FROHWDGD

DWUDYpV GRV UHFHSWRUHV H DWUDYpV GH XP IOXLGR GH WUDQVIHUrQFLD R
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FDORU p OHYDGR SDUD RV VLVWHPDV GH FRQYHUVmR GH SRWrQFLD 7<$ ,

W DO
2GHVLJQGRFROHWRU GH FDPSRKHOLRVWiWLFRSRVVXLXPDJUDQGH

YDULHGDGH GH HVSHOKRVSODQRV GLVWULEXtGRVHP WRUQR GH XP UHFHSWRU

FHQWUDO PRQWDGR HP XPD WRUUH VRODU DGD KHOLRVWDWR I LFD HP XP

VXSRUWH GH UDVWUHDPHQWR GH GRLV HL[RV H WHP XPD iUHD GH VXSHUItFLH

YDULDQGR GH D P VHQGR RULHQWDGR LQGLYLGXDOPHQWH SDUD

UHIOHWLU D OX] LQFLGHQWH GLUHWDPHQWH QD XQLGDGH UHFHSWRUD FHQWUDO

$V WRUUHV VRODUHV JHUDOPHQWH SRVVXHP FHUFD GH P GH DOWXUD

8P IOXLGR FLUFXODQGR HP XP VLVWHPD HP FLUFXLWR IHFKDGR SDVVD

SHOR UHFHSWRU FHQWUDO DEVRUYHQGR HQHUJLD WpUPLFD SDUD SURGXomR

H DUPD]HQDPHQWR GH HQHUJLD %$5/(9 W DO RPR H[HPSOR

GH FHQWUDLV GH HQHUJLD VRODU GH WRUUH WHP VH DV FHQWUDLV 36

0: H 36 0: LQVWDODGDV SHUWR GH 6HYLOKD HP $QGDOX]LD

(VSDQKD )LJXUD 2 FDPSR GD SODQWD 36 p FRPSRVWR SRU

KHOLRVWDWRV FRP VXSHUItFLH GH P $ WRUUH WHP P GH

DOWXUD H WHP DQGDUHV -i D SODQWD 36 SRVVXL KHOLRVWDWRV

FRP VXSHUItFLH GH P H D WRUUH SRVVXL P GH DOWXUD

)LJ UD &HQWUDLV VRODUHV GH WRUUH 36 H 36

QGDO LD (VSDQ D

)RQWH 3DYORYLF W DO
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(QHUJLD 6RODU )RWR ROWDLFD

$ FRQYHUVmR IRWRYROWDLFD p D FRQYHUVmR GLUHWD GD OX] VRODU

HP HOHWULFLGDGH VHP TXDOTXHU PRWRU WpUPLFR SDUD LQWHUIHULU 2V

GLVSRVLWLYRVIRWRYROWDLFRVVmRUREXVWRVHVLPSOHVHPGHVLJQ H[LJLQGR

PXLWR SRXFD PDQXWHQomR 3$5, $ W DO 2V PyGXORV

IRWRYROWDLFRV )LJXUD FRQVWUXtGRV D SDUWLU GH GLVSRVLWLYRV

VHPLFRQGXWRUHV GH HVWDGR VyOLGR VmR RV HOHPHQWRV TXH ID]HP D

FRQYHUVD GD OX] VRODU HP HOHWULFLGDGH 7DLV HTXLSDPHQWRV SRGHP

VHU PRQWDGRV QR FKmR H jV YH]HV LQWHJUDGDV FRP DJULFXOWXUD H

SDVWDJHP RX FRQVWUXtGDV QR WHOKDGR RX SDUHGHV GH XP HGLItFLR

FRQKHFLGR FRPR FRQVWUXomR GH HQHUJLD IRWRYROWDLFD LQWHJUDGD

(9$% $.781, W DO

)LJ UD 6LVWHPDV )RWR ROWDLFRV SDUD JHUDomR

GH HQHUJLD HOpWULFD

)RQWH $GDSWDGR GH .KDQ H $UVDODQ

5HFHQWHPHQWH VXUJLXXPDQRYDWHFQRORJLDTXH LQFRUSRUDQGR

DPERV RV PpWRGRV GH FRQYHUVmR GH HQHUJLD 63 H )RWRYROWDLFD

RQGH RFRUUH D FRQYHUVmR GH HQHUJLD VRODU HP HOHWULFLGDGH H FDORU

FRP XP QLFR GLVSRVLWLYR KtEULGR FKDPDGR ROHWRU 7pUPLFR

)RWRYROWDLFR 3 RWRYROWDLF PDO 397 .80$5 W DO
8P VLVWHPD 397 )LJXUD FRQVLVWH HP XP SDLQHO IRWRYROWDLFR

RQGH R FDORU JHUDGR GXUDQWH D RSHUDomR p H[WUDtGR SRU iJXD DU
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RX UHIULJHUDQWH 02 , W DO $ UDGLDomR VRODU TXH LQFLGH QD

VXSHUItFLH GR SDLQHO QmR Vy VH FRQYHUWH DSHQDV HP HOHWULFLGDGH

PDV WDPEpP HVWi VHQGR FRQYHUWLGD HP FDORU SRGHQGR VHU XVDGD

FRPR HQHUJLD WpUPLFD SDUD RXWURV SURSyVLWRV WHLV H SRUWDQWR

WDQWR HOHWULFLGDGH FRPR R FDORU SRGHP VHU SURGX]LGRV SHORV

VLVWHPDV LQGLYLGXDLV VLPXOWDQHDPHQWH 3$1 (< W DO

)LJ UD 6LVWHPDV 397 SDUD JHUDomR GH HQHUJLD HOpWULFD H FDORU

)RQWH 3DULGD W DO

2V VLVWHPDV IRWRYROWDLFRV GH FRQFHQWUDomR R F W DWL
3 RWRYROWDLF 39 SRGHP RSHUDU D WHPSHUDWXUDV PDLV DOWDV

GR TXH DV GRV FROHWRUHV KtEULGRV )LJXUD $ FROHWD GR FDORU

UHMHLWDGR GR VLVWHPD IRWRYROWDLFR p OHYDGD D XP VLVWHPD WpUPLFR

IRUQHFHQGR HOHWULFLGDGH H FDORU D WHPSHUDWXUDV PpGLDV 2 XVR HP

FRPELQDomR FRP UHIOHWRUHV GH FRQFHQWUDomR WHP XP SRWHQFLDO

VLJQLILFDWLYR SDUD DXPHQWDU D SURGXomR GH HQHUJLD D SDUWLU GH XPD

GHWHUPLQDGD iUHD GH FpOXODV VRODUHV .80$5 W DO
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)LJ UD 6LVWHPD 7pUPLFR )RWR ROWDLFR GH FRQFHQWUDomR VRODU

)RQWH .XPDU W DO

RQVLGHUDQGR DV SULQFLSDLV IRQWHV GH HQHUJLD UHQRYiYHLV

FRPR D HQHUJLD HyOLFD D HQHUJLD KLGUHOpWULFD H D JHRWpUPLFD D

HQHUJLD VRODU YHP VHQGR D PHOKRU RSomR SDUD R IXWXUR GR PXQGR

GHYLGR D YiULRV PRWLYRV 3ULPHLUR D HQHUJLD VRODU p D IRQWH GH

HQHUJLD PDLV DEXQGDQWH QD QDWXUH]D p OLYUHPHQWH GLVSRQtYHO H

VHP FXVWR (P VHJXQGR OXJDU p XPD IRQWH SURPLVVRUD GH HQHUJLD

SRUTXH QmR p HVJRWiYHO SURSRUFLRQDQGR HILFLrQFLDV GH SURGXomR

VyOLGDV H FUHVFHQWHV HP UHODomR jV RXWUDV IRQWHV GH HQHUJLD (P

WHUFHLUR OXJDU D XWLOL]DomR GD HQHUJLD VRODU QmR WHP TXDOTXHU

LPSDFWR SUHMXGLFLDO DR HFRVVLVWHPD .$11$1 H 9$.((6$1
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$ HQHUJLD VRODU IRWRYROWDLFD YHP JDQKDQGR GHVWDTXH SRU

VHU D WHFQRORJLD UHQRYiYHO PDLV VLPSOHV SDUD SURMHWDU H LQVWDODU

(/ $$5 W DO $OpP GLVVR p D PDQHLUD PDLV WLO GH XVDU

D HQHUJLD GR 6RO FRQYHUWHQGR D GLUHWDPHQWH HP HOHWULFLGDGH

7<$ , W DO Dt YHP VHQGR XWLOL]DGD HP GLYHUVDV

DSOLFDo HV FRPR IRQWH GH HQHUJLD SDUD ERPEHDPHQWR GH iJXD

DOLPHQWDomR GH LQVWDODo HV UHPRWDV VLVWHPDV GRPpVWLFRV VRODUHV

WHOHFRPXQLFDo HV VDWpOLWHV H YHtFXORV HVSDFLDLV HQWUH RXWUDV TXH

ID]HP FRPTXH D GHPDQGD SRU HQHUJLD VRODU IRWRYROWDLFD DXPHQWH

DLQGD PDLV D FDGD DQR 3$5, $ W DO RPR FRQVHTXrQFLD

D SURGXomR PXQGLDO GH FpOXODV H PyGXORV IRWRYROWDLFRV WHP

DWLQJLGR tQGLFHV UHFRUGHV GREUDQGR D FDGD DQRV FRP XP

DXPHQWR PpGLR GH SRU DQR GHVGH WRUQDQGR VH DVVLP

D WHFQRORJLD GH HQHUJLD GH FUHVFLPHQWR PDLV UiSLGR GR PXQGR

(9$% $.781, W DO

LVWyULFR GD (QHUJLD 6RODU )RWR ROWDLFD

$ WHFQRORJLD VRODU IRWRYROWDLFD VXUJLX FRP D GHVFREHUWD GR

HIHLWR IRWRYROWDLFR HP SRU $OH[DQGUH (GPXQG %HFTXHUHO
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HQTXDQWR HVWXGDYD R HIHLWR GD OX] VREUH FpOXODV HOHWUROtWLFDV

5$ 2<.29 W DO 2 ItVLFR IUDQFrV REVHUYRX TXH GXDV

SODFDV GH ODWmR LPHUVDV HP XP HOHWUyOLWR OtTXLGR SURGX]LDP

HOHWULFLGDGH TXDQGR H[SRVWDV j OX] VRODU 0$ $ 2 H0,5$1 $

2XWURV HIHLWRV VLPLODUHV IRUDP REVHUYDGRV SRU RXWURV

FLHQWLVWDV HP RXWURV PDWHULDLV FRPR R 6HOrQLR 6H YiULDV GpFDGDV

GHSRLV (/ $$5 W DO (P :LOOLDP U OOV $GDPV H

5LFKDUG (YDQV D GRLV LQYHQWRUHV QRUWH DPHULFDQRV XWLOL]DUDP

DV SURSULHGDGHV IRWR FRQGXWRUDV GR 6HOrQLR SDUD GHVHQYROYHU

R SULPHLUR GLVSRVLWLYR VyOLGR GH SURGXomR GH HOHWULFLGDGH SRU

H[SRVLomR j OX] 9$// 5$ H %5,72 (P KDUOHV

)ULWWV FRQVWUXLX D SULPHLUD EDWHULD VRODU IHLWD FRP IROKDV GH

6HOrQLR $SHVDU GH WHU XPD HILFLrQFLD GH FRQYHUVmR HOpWULFD GH

DSHQDV VHX GLVSRVLWLYR WHYH PXLWD UHSHUFXVVmR SRLV DV SHVVRDV

QmR DFUHGLWDYDP TXH VH SRGHULD JHUDU HQHUJLD GH RXWUDV PDQHLUDV

TXH QmR IRVVHP DWUDYpV GD TXHLPD GH FRPEXVWtYHLV 0$ $ 2

H 0,5$1 $

2ULJLQDOPHQWH R HIHLWR IRWRYROWDLFR QmR IRL FRQVLGHUDGR

VXUSUHHQGHQWH H SHQVRX VH TXH IRVVH LQFRQVLVWHQWH FRP R

HQWHQGLPHQWR FOiVVLFR GD QDWXUH]D SRLV QHQKXP HOpWURQ KDYLD

VLGR HPLWLGR 1D )tVLFD FOiVVLFD D QLFD FRLVD TXH GHWHUPLQDYD

D HPLVVmR GH HOpWURQV HUD D LQWHQVLGDGH OXPLQRVD TXH FKHJDYD D

VXSHUItFLH H QmR VXD FRU RX IUHTXrQFLD ,15, 6 W DO
$VVLP D KLVWyULD GD HQHUJLD IRWRYROWDLFD WHYH GH HVSHUDU RV JUDQGHV

GHVHQYROYLPHQWRV FLHQWtILFRV GD SULPHLUD PHWDGH GR VpFXOR ;;

QRPHDGDPHQWH D H[SOLFDomR GR HIHLWR IRWRHOpWULFR SRU $OEHUW

(LQVWHLQ HP 9$// 5$ H %5,72 DR SUHVVXSRU TXH

QHVVH FDVR D OX] VH FRPSRUWD PDLV FRPR XPD SDUWtFXOD GR TXH

FRPR XPD RQGD ,15, 6 W DO
(P XPQRYR WLSRGH FpOXOD IRWRYROWDLFD IRLGHVHQYROYLGR

XVDQGR y[LGR GH FREUH (VWH GLVSRVLWLYR WDPEpP WHYH XPD

HILFLrQFLD LQIHULRU D 2V HVWXGRV QHFHVViULRV SDUD GHVHQYROYHU D
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FpOXOD VRODU GH 6LOtFLR 6L WLYHUDP LQtFLR HP FRP DV SHVTXLVDV

GH 5XVVHO 2KO 6,1

(P R TXtPLFR DOYLQ )XOOHU GHVHQYROYHX XP SURFHVVR

GH GLIXVmR SDUD LQWURGX]LU LPSXUH]DV HP FULVWDLV GH 6LOLFLR GH

PRGR D FRQWURODU DV VXDV SURSULHGDGHV HOpWULFDV (P VHJXLGD R

ItVLFR HUDOG 3HDUVRQ YHULILFRX TXH SURGX]LD XPD FRUUHQWH HOpWULFD

TXDQGR D DPRVWUD HUD H[SRVWD j OX] SURGX]LQGR DVVLP D SULPHLUD

FpOXOD VRODU IRWRYROWDLFD GH 6LOtFLR $SyV HQVDLDU D QRYD FpOXOD H

UHDOL]DU RXWURV WHVWHV 3HDUVRQ H R HQJHQKHLUR DU O KDSLQ

FRQVHJXLUDP DWLQJLU XPD HILFLrQFLD UHFRUGH GH 9$// 5$ H

%5,72 2 GHVHQYROYLPHQWR GD SULPHLUD FpOXOD VRODU GH

6LOtFLR )LJXUD IRL IXQGDPHQWDO QD LQLFLDomR GDV WHFQRORJLDV

VRODUHV SRLV UHSUHVHQWDYD D XQLGDGH IXQGDPHQWDO GH FRQYHUVmR GH

HQHUJLD GH XP VLVWHPD IRWRYROWDLFR (/ $$5 W DO

)LJ UD ( WUDWR GD SDWHWH GD SULPHLUD FpO OD VRODU GH 6LOtFLR

)RQWH 9DOOrUD H %ULWR
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$ SULPHLUD DSOLFDomR GDV FpOXODV VRODUHV IRL UHDOL]DGD QD

FLGDGH GH $PHULFXV QR HVWDGR GD HRUJLD (VWDGRV 8QLGRV

SDUD DOLPHQWDU XPD UHGH WHOHI QLFD ORFDO )LJXUD 2 SDLQHO

HUD FRPSRVWR SRU QRYH FpOXODV FRP PP GH GLkPHWUR H IRL

PRQWDGR HP RXWXEUR GH H UHPRYLGR HP PDUoR GH

2V UHVXOWDGRV IRUDP SURPLVVRUHV PDV QR HQWDQWR UDSLGDPHQWH

VH FRPSUHHQGHX TXH R FXVWR GDV FpOXODV VRODUHV HUD GHPDVLDGR

HOHYDGR H TXH D VXD XWLOL]DomR Vy SRGLD VHU HFRQRPLFDPHQWH

FRPSHWLWLYD HP DSOLFDo HV PXLWR HVSHFLDLV FRPR SRU H[HPSOR

SDUD SURGX]LU HOHWULFLGDGH QR HVSDoR 9$// 5$ H %5,72

$VVLP QD GpFDGD GH R GHVHQYROYLPHQWR GDV FpOXODV VRODUHV

RFRUUHX GHYLGR DRV SURJUDPDV HVSDFLDLV TXH SDVVDUDP D XWLOL]i ODV

HP VDWpOLWHV 5$ 2<.29 W DO

)LJ UD 3ULPHLUD DSOLFDomR SUiWLFD GDV FpO ODV

VRODUHV GH 6LOtFLR

)RQWH 9DOOrUD H %ULWR

(P R VDWpOLWH D D , )LJXUD HPSUHJRX R

SULPHLUR JHUDGRU IRWRYROWDLFR SUiWLFRTXHSURGX]LD : 1DGpFDGD

GH R SURJUDPD HVSDFLDO FRQWLQXRX D H[LJLU WHFQRORJLD GH

JHUDomR GH HQHUJLD IRWRYROWDLFD PHOKRUDGD 6,1 RLV

PHVHV GHSRLV GR ODQoDPHQWR GR D D , IRL D YH] GR S W LN
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( PXLWRV RXWURV VH VHJXLUDP QDV GpFDGDV VHJXLQWHV RMH WRGRV

RV YHtFXORV HVSDFLDLV VmR HTXLSDGRV FRP FpOXODV VRODUHV GHVGH D

, W DWLR DO SDF WDWLR DRV 0D V RY TXH DR ILP GH GRLV DQRV

FRQWLQXDP DSHUFRUUHU R VRORPDUFLDQR 9$// 5$ H %5,72

)LJ UD ,PDJHP GR VDWpOLWH FRPGHVWDT H

SDUD D FpO OD VRODU LQVWDODGD

)RQWH $GDSWDGR GH 9DOOrUD H %ULWR

$V FpOXODV VRODUHV EDVHDGDV HP VHPLFRQGXWRUHV FRPSRVWRV

IRUDP LQYHVWLJDGDVSHODSULPHLUD YH] QDGpFDGD GH $RPHVPR

WHPSR DV WHFQRORJLDV GH FpOXODV VRODUHV GH 6LOtFLR SROLFULVWDOLQR

S 6L H GH FpOXODV ILQDV IRUDP GHVHQYROYLGDV SDUD IRUQHFHU DOWD

FDSDFLGDGH GH SURGXomR DRPHQRU FRQVXPR GHPDWHULDO H HQWUDGD

GH HQHUJLD QR SURFHVVR GH IDEULFDomR SURGX]LQGR VH DVVLP FpOXODV

PDLV HILFLHQWHV 5$ 2<.29 W DO )RL QHVVD GpFDGD TXH

VXUJLUDP DV SULPHLUDV DSOLFDo HV WHUUHVWUHV FRPR FDVR GDV FpOXODV

GD ROD XPD HPSUHVD GH -RVSHK /LQGPH HU TXH FRPHoRX D

SURGX]LU SDLQpLV IRWRYROWDLFRV SDUD VLVWHPDV GH WHOHFRPXQLFDo HV

UHPRWRV H ERLDV GH QDYHJDomR $SOLFDo HV PXLWR HVSHFtILFDV FRPR

HVWD HUDP HQWmR DV QLFDV HFRQRPLFDPHQWH LQWHUHVVDQWHV GHYLGR

j LQH[LVWrQFLD GH IRQWHV GH HQHUJLD DOWHUQDWLYDV j HOHWULFLGDGH VRODU

9$// 5$ H %5,72



tFLR L R R LO H R LV V O R V R VFR FHORV H OL HL RSHV LO

O H H F R H R HV i LR RF RV

(QWUH RV DQRV GH H QmR IRL REVHUYDGR TXDOTXHU

SURJUHVVR QD WHFQRORJLD GDV FpOXODV 1HVVH SHUtRGR RV HVIRUoRV

IRUDP FRQFHQWUDGRV QD UHGXomR GH SHVR H FXVWRV GDV FpOXODV EHP

FRPR QD PHOKRULD GD UHVLVWrQFLD GDV FpOXODV j UDGLDomR H[LVWHQWH

QR HVSDoR (P IRL DQXQFLDGR R GHVHQYROYLPHQWR GD FpOXOD

YLROHWD FRP GH UHQGLPHQWR (VVH DXPHQWR GH UHQGLPHQWR

DWULEXLX VH j PHOKRUD QD UHVSRVWD GD FpOXOD QD UHJLmR D]XO GR

HVSHFWUR j GLPLQXLomR GD UHVLVWrQFLD LQWHUQD H DR DXPHQWR GR

SURFHVVR GH FROHWD GRV SRUWDGRUHV QD FpOXOD -8 H $59$/ 2

$ FULVHGR SHWUyOHR GH DPSOLRXR LQWHUHVVH HPDSOLFDo HV

WHUUHVWUHV SDUD D HQHUJLD VRODU IRWRYROWDLFD 3RUpP SDUD WRUQi OD

HFRQRPLFDPHQWH YLiYHO VHULD QHFHVViULR QDTXHOHPRPHQWR UHGX]LU

R FXVWR GH SURGXomR GDV FpOXODV IRWRYROWDLFDV HP UHODomR DR FXVWR

GDV FpOXODV XVDGDV HP DSOLFDo HV HVSDFLDLV 3,1 2 H $/ ,12

$OJXQV GRV H[HPSORV GRV GHVHQYROYLPHQWRV TXH WLYHUDP

RULJHP QHVVH SHUtRGR VmR D SURGXomR GH 6LOLFLR SROLFULVWDOLQR TXH

HUD VLJQLI LFDWLYDPHQWH PDLV EDUDWR TXH R 6LOtFLR PRQRFULVWDOLQR

P 6L PDV FRP XPD HILFLrQFLD OLJHLUDPHQWH LQIHULRU H D XWLOL]DomR

GH PpWRGRV GH SURFHVVDPHQWR GH FpOXODV PDLV EDUDWRV %5,72 H

6(55$

0DVR WHPSR IRL SDVVDQGR H FRPRD WHFQRORJLD VRODU WDUGDYD

HP DSUHVHQWDU FXVWRV H HILFLrQFLDV FRPSDUiYHLV FRP DV HQHUJLDV

IyVVHLV R IHUYRU VRODU IRL HVPRUHFHQGR DWp YROWDU D FDLU QXPD

UHODWLYD GLVFULomR GXUDQWH D GpFDGD GH RLWHQWD 9HULILFRX VH DVVLP

TXH XPD RXWUD FRPSRQHQWH PXLWR UHOHYDQWH SDUD D UHGXomR GR

FXVWR GDV FpOXODV VRODUHV SDUD DOpP GD LQRYDomR WHFQROyJLFD HUD

R IDWRU HFRQ PLFR SRLV TXDQWR PDLV FpOXODV IRVVHP IDEULFDGDV

PHQRU VHULD R VHX FXVWR XQLWiULR %5,72 H 6(55$ 0DLV

WDUGH R HVJRWDPHQWR UiSLGR GH IRQWHV GH HQHUJLD FRQYHQFLRQDLV

D SUHRFXSDomR DPELHQWDO H D DOWD GHPDQGD GH HQHUJLD IRUoDUDP

RV SHVTXLVDGRUHV D LQYHVWLJDUHP D WHFQRORJLD IRWRYROWDLFD SDUD

JHUDomR GH HQHUJLD H DSOLFDomR HP ODUJD HVFDOD 6,1
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$VVLP DV GpFDGDV GH RLWHQWD H QRYHQWD IRUDP PDUFDGDV

SRU XP PDLRU LQYHVWLPHQWR HP SURJUDPDV GH ILQDQFLDPHQWR H GH

GHPRQVWUDomR PRWLYDGRV VREUHWXGR SHOD FRQVFLrQFLD DPELHQWDO

FUHVFHQWH ([HPSORV GHVWDV LQLFLDWLYDV VmR D LQVWDODomR GD SULPHLUD

FHQWUDO VRODU GH JUDQGH HQYHUJDGXUD 0:S QD DOLIyUQLD HP

H R ODQoDPHQWR GRV SURJUDPDV GH WHOKDGRV VRODUHV QD

$OHPDQKD H QR -DSmR 9$// 5$ H %5,72

8P HVWXGR ILQDQFLDGR SHOD RPLVVmR (XURSHLD R 086, )0

PRVWURX TXH XPD IiEULFD GH SDLQpLV VRODUHV FRP XP QtYHO GH

SURGXomR GD RUGHP GRV 0: DQXDLV OHYDULD D XPD UHGXomR

GRV FXVWRV GRV SDLQpLV VRODUHV SDUD YDORUHV FRPSHWLWLYRV FRP D

HQHUJLD FRQYHQFLRQDO %5,72 H 6(55$

1RILQDOGDGpFDGDGH RFRUUHXXPFUHVFLPHQWRH[SRQHQFLDO

GR PHUFDGR GD HOHWULFLGDGH VRODU FRPR UHVXOWDGR GH LQLFLDWLYDV

GH HVWLPXOR FRPR SRU H[HPSOR D OHL GDV WDULIDV JDUDQWLGDV QD

$OHPDQKD (P R WRWDO DFXPXODGR GH SDLQpLV VRODUHV DWLQJLD

D IDVTXLD GR SULPHLUR : H WUrV DQRV GHSRLV R WRWDO DFXPXODGR Mi

HUD R GREUR 9$// 5$ H%5,72 $JRUD DV SHVVRDV LQVWDODP

SDLQpLV VRODUHV QRV VHXV WHOKDGRV QmR SDUD SURGX]LU D HOHWULFLGDGH

DSHQDV SDUD FRQVXPLU PDV SDUD YHQGHU D XPD WDULID JDUDQWLGD H

VXEVLGLDGD jV FRQFHVVLRQiULDVGH GLVWULEXLomR GH HQHUJLD HOpWULFD 2

UHVXOWDGR SUiWLFR GHVWHV LQFHQWLYRV IRL D H[SORVmR GRPHUFDGRGD

HQHUJLD VRODU TXH WHP UHJLVWDGR QRV OWLPRV DQRV XP FUHVFLPHQWR

FRQVROLGDGR VXSHULRU D SRU DQR %5,72 H 6(55$

1R HQWDQWR R FUHVFLPHQWR GHVVD WHFQRORJLD GHSHQGH GR

GHVHQYROYLPHQWR GH PDWHULDLV H GH HVWUXWXUDV RQGH R REMHWLYR VHUi

VHPSUH R Pi[LPR GH HQHUJLD D XP FXVWR PtQLPR (/ $$5 W DO
3RUFRQWDGLVVR RGHVHQYROYLPHQWRGDWHFQRORJLDIRWRYROWDLFD

QmR SDUD (P IRL DWLQJLGD D HILFLrQFLD UHFRUGH GH FRP

FpOXODV HP 6LOtFLR PRQRFULVWDOLQR HQTXDQWR HP R JUXSR GR

) D RI , VWLW W IR ROD ( VW PV DQXQFLRX XPD HILFLrQFLD

VXSHULRU D SDUD FpOXODV HP 6LOtFLR SROLFULVWDOLQR pOXODV

VRODUHV FRP FRQILJXUDo HV PDLV FRPSOH[DV SHUPLWHP DWLQJLU
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O H H F R H R HV i LR RF RV

UHQGLPHQWRV GH FRQYHUVmR VXSHULRUHV D 9$// 5$ H %5,72

$VVLP GHFRUULGR PDLV GH PHLR VpFXOR GHVGH D FRQVWUXomR

GD SULPHLUD FpOXOD VRODU GH 6LOtFLR D WHFQRORJLD IRWRYROWDLFD DWLQJLX

XPD IDVH GH PDWXULGDGH GH PRGR TXH YHP VH WUDQVIRUPDQGR HP

XPD GDV PDLV LPSRUWDQWHV IRUPDV GH SURGXomR GH HOHWULFLGDGH QR

PXQGR DWXDO

&pO ODV 6RODUHV )RWR ROWDLFDV

3ULQFtSLR GH ) QFLRQDPHQWR

$ HQHUJLD VRODU IRWRYROWDLFD p D HQHUJLD REWLGD DWUDYpV GD

FRQYHUVmR GLUHWD GD OX] VRODU HP HOHWULFLGDGH (VVH SURFHVVR

GH FRQYHUVmR VH Gi DWUDYpV GR (IHLWR )RWRYROWDLFR $ XQLGDGH

IXQGDPHQWDO GHVVH SURFHVVR GH FRQYHUVmR p D pOXOD )RWRYROWDLFD

3,1 2 H $/ ,12

(VWH HIHLWR RFRUUH HP PDWHULDLV FRQKHFLGRV FRPR

VHPLFRQGXWRUHV TXH DSUHVHQWDP GXDV EDQGDV GH HQHUJLD HP XPD

GHODV D SUHVHQoD GH HOpWURQV p SHUPLWLGD EDQGD GH YDOrQFLD H QD

RXWUD QmR Ki SUHVHQoD GHOHV RX VHMD D EDQGD HVWi FRPSOHWDPHQWH

YD]LD EDQGD GH FRQGXomR $ IXQomR GD OX] VRODU QR HIHLWR

IRWRYROWDLFR p IRUQHFHU XPD TXDQWLGDGH GH HQHUJLD DR HOpWURQPDLV

H[WHUQR SDUD SHUPLWLU TXH HOH VH PRYD GD EDQGD GH YDOrQFLD SDUD

D EDQGD GH FRQGXomR QR PDWHULDO JHUDQGR DVVLP HOHWULFLGDGH

6$03$,2 H 21 /(6

3DUD TXH LVVR RFRUUD D VHSDUDomR HQWUH DV GXDV EDQGDV GH

HQHUJLD )LJXUD SHUPLWLGDV GRV PDWHULDLV VHPLFRQGXWRUHV

GHQRPLQDGD GH EDQGD SURLELGD ED DS RX VLPSOHVPHQWH $3

GHYH VHU YHQFLGD SHOR HOpWURQ DWUDYpV GR IRUQHFLPHQWR DGHTXDGR

GH HQHUJLD 3,1 2 H $/ ,12
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)LJ UD (VWU W UD GH EDQGDV GH EDQGDV GH HQHUJLD GRV

PDWHULDLV

)RQWH 6DPSDLR H RQ]iOHV

2V VHPLFRQGXWRUHV PDLV FRPXQV VmR RV HOHPHQWRV GR

JUXSR ,9 GD WDEHOD SHULyGLFD QRWDGDPHQWH R 6LOtFLR H R HUPkQLR

H TXH WHP FRPR FDUDFWHUtVWLFD D SUHVHQoD GH TXDWUR HOpWURQV

GH YDOrQFLD SRGHQGR DVVLP IRUPDU TXDWUR OLJDo HV FRYDOHQWHV

WRPRV SHQWDYDOHQWHV FRPR R )yVIRUR 3 RX R $UVrQLR $V

SRVVXHP XP HOpWURQ D PDLV GR TXH R QHFHVViULR SDUD IRUPDU DV

OLJDo HV FRYDOHQWHV -i iWRPRV GR JUXSR ,,, FRP R ºQGLR ,Q H R

%RUR % QmR IRUPDP DV TXDWUR OLJDo HV ILFDQGR DVVLP FRP XP

HVSDoR YD]LR TXH SRGH VHU SUHHQFKLGR SRU XP HOpWURQ FKDPDGR

GH ODFXQD RX EXUDFR %25 (6 1(72 H $59$/ 2

$V FpOXODV IRWRYROWDLFDV HQFRQWUDGDV QRPHUFDGR DWXDOPHQWH

VmR QD JUDQGH PDLRULD IHLWDV GH 6LOtFLR (VWH PDWHULDO SRVVXL

TXDWUR HOpWURQV QD FDPDGD GH YDOrQFLD TXH VH OLJDP DRV VHXV

iWRPRV YL]LQKRV IRUPDQGR XPD UHGH FULVWDOLQD VHQGR DVVLP XP

VHPLFRQGXWRU LQWUtQVHFR 0$ $ 2 H 0,5$1 $ 3RU VHU

XP PDWHULDO QmR Wy[LFR H GLVSRQtYHO HP DEXQGkQFLD QD QDWXUH]D

WHPHQRUPHYDQWDJHPVREUHRXWURVPDWHULDLV VHPLFRQGXWRUHV SRLV

HPERUD RXWURV PDWHULDLV SRVVDP IRUQHFHU HILFLrQFLDV PDLRUHV R

SURFHVVR GH IDEULFDomR GH FpOXODV GH 6LOtFLR p PDLV VLPSOHV EDUDWR

H FRP WHFQRORJLD EHP GHVHQYROYLGD 9,//$/9$

1RUPDOPHQWH QmR H[LVWHP HOpWURQV OLYUHV QR 6LOtFLR PDV

SRU PHLR GR SURFHVVR GH GRSDJHP VmR DGLFLRQDGDV LPSXUH]DV



tFLR L R R LO H R LV V O R V R VFR FHORV H OL HL RSHV LO

O H H F R H R HV i LR RF RV

DR VLOtFLR DOWHUDQGR VXDV SURSULHGDGHV H WRUQDQGR R XP FRQGXWRU

PHOKRU )LJXUD 6H IRU DGLFLRQDGD XPD SHTXHQD TXDQWLGDGH

GH )yVIRUR SDVVDUmR D H[LVWLU HOpWURQV H[WUDV QR FULVWDO SURGX]LQGR

XP VHPLFRQGXWRU GR WLSR QHJDWLYR QR TXDO D FDUJD GD FRUUHQWH

p GH HOpWURQV 6H IRU DGLFLRQDGR %RUR H[LVWLUmR PHQRV HOpWURQV

TXH QR VLOtFLR H DVVLP VXUJLUmR EXUDFRV YD]LRV QR FULVWDO

SURGX]LQGR XP VHPLFRQGXWRU GR WLSR S SRVLWLYR 4XDQGR HVVHV

GRLV PDWHULDLV VmR FRORFDGRV MXQWRV IRUPD VH D FKDPDGD MXQomR

S DWUDYpV GD UHFRPELQDomR GRV HOpWURQV H EXUDFRV FULDQGR XPD

EDUUHLUD SDUD R IOX[R GRV HOpWURQV OLYUHV TXH QmR VH UHFRPELQDUDP

,15, 6 W DO

)LJ UD RSDJHP GR 6LOtFLR FRP )yVIRUR WLSR Q

H FRP %RUR WLSR S

)RQWH $GDSWDGR GH 3LQKR H DOGLQR

8PD FpOXOD IRWRYROWDLFD )LJXUD p FRPSRVWD WLSLFDPHQWH

GD MXQomR GH GXDV FDPDGDV GH PDWHULDO VHPLFRQGXWRU XPD GR

WLSR S H RXWUD GR WLSR 2V HOpWURQV GD FDPDGD PLJUDP SDUD D

FDPDGD S RFXSDQGR RV HVSDoRV YD]LRV DSyV D OX] GHVFDUUHJDU VXD

HQHUJLD VREUH RV HOpWURQV ID]HQGR FRP TXH HOHV WHQKDP HQHUJLD

VXILFLHQWH SDUD YHQFHU D MXQomR S (P VHJXLGD RV HOpWURQV VmR

FROHWDGRV SRU HOHWURGRVPHWiOLFRV H VH KRXYHU XP FLUFXLWR IHFKDGR

SDVVDUi D FLUFXODU XPD FRUUHQWH HOpWULFD DVR FRQWUiULR SRGHUi
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VHU SHUFHELGD XPD WHQVmR HOpWULFD GH DSUR[LPDGDPHQWH 9 HQWUH

RV GRLV HOHWURGRV 9,//$/9$

)LJ UD (VWU W UD ItVLFD FRQVWU WL D GH PD FpO OD VRODU

IRWR ROWDLFD

)RQWH 6DPSDLR H RQ]iOHV

$ I LQD FDPDGD VXSHULRU IHLWD GH 6LOtFLR WLSR TXH GHYH VHU

EDVWDQWH ILQD D ILP GH TXH VH WRUQH WUDQVSDUHQWH j OX] VRODU H

FRP XPD HVSHVVXUD GH DSUR[LPDGDPHQWH ãP 1HVVD FDPDGD

p DQH[DGD XPD JUDGH FRQGXWRUD DUUDQMDGD GH PRGR D HYLWDU TXH

JUDQGH SDUWH GD OX] VHMD EORTXHDGD $ FDPDGD LQIHULRU p GH 6LOtFLR

WLSR S FRP DSUR[LPDGDPHQWH ãP GH HVSHVVXUD FRP XP

HOHWURGR PHWiOLFR DQH[DGR j VXD SDUWH SRVWHULRU 3DUD D SURWHomR

FRQWUD RV HIHLWRV FOLPiWLFRV DV FpOXODV VmR HQFDSVXODGDV HP XP

PDWHULDO WUDQVSDUHQWH ,15, 6 W DO

7HFQRORJLDV GDV FpO ODV IRWR ROWDLFDV

$V WHFQRORJLDV GH FpOXODV IRWRYROWDLFDV )LJXUD

JHUDOPHQWH VmR FDWHJRUL]DGDV HP WUrV JHUDo HV GHSHQGHQGR
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GD PDWpULD SULPD XWLOL]DGD H GR QtYHO GH PDWXULGDGH FRPHUFLDO

6LVWHPDV IRWRYROWDLFRV GH SULPHLUD JHUDomR VmR RV TXH XWLOL]DP D

WHFQRORJLD GH 6LOtFLR FULVWDOLQR F 6L -i RV VLVWHPDV IRWRYROWDLFRV

GH VHJXQGD JHUDomR EDVHLDP VH HP WHFQRORJLDV IRWRYROWDLFDV GH

ILOPHV ILQRV 2V VLVWHPDV IRWRYROWDLFRV GH WHUFHLUD JHUDomR LQFOXHP

WHFQRORJLDV GH HQHUJLD IRWRYROWDLFD RUJkQLFD TXH DLQGD HVWmR HP

GHPRQVWUDomR RX QmR IRUDP DPSODPHQWH FRPHUFLDOL]DGRV DOpP

GH QRYRV FRQFHLWRV DLQGD HP GHVHQYROYLPHQWR 6$03$,2 H

21 /(6

)LJ UD 0DWHULDLV GH FpO ODV IRWR ROWDLFDV

GLVSRQt HLV QRPHUFDGR

)RQWH 3DQGH W DO

$V FpOXODV GH P 6L )LJXUD D VmR IHLWDV D SDUWLU GH XP

QLFR FULVWDO GH 6LOtFLR PHUJXOKDGR HP 6LOtFLR IXQGLGR SURFHVVR

FRQKHFLGR FRPR ]RFKUDOVNL 0$ $ 2 H 0,5$1 $

RQGH R FULVWDO GH 6LOtFLR GH DOWD SXUH]D p GHUUHWLGR HP XP FDGLQKR

JHUDOPHQWH IHLWR GH TXDUW]R 2V iWRPRV GH LPSXUH]DV GRSDQWHV

VmR DGLFLRQDGRV DR 6LOtFLR IXQGLGR HP TXDQWLGDGHV SUHFLVDV

PXGDQGR R SDUD XP 6LOtFLR WLSR S RX WLSR 7<$ , W DO
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)LJ UD &pO ODV GH 6LOtFLR PRQRFULVWDOLQR H SROLFULVWDOLQR

D

E

)RQWH 6RX]D

$V FpOXODV GH S 6L )LJXUD E QmR SDVVDP SHOR SURFHVVR

GH ]RFKUDOVNL 1HVVH FDVR R 6LOtFLR OtTXLGR GH DOWD SXUH]D GR WLSR

S p UHVIULDGR IRUPDQGR YiULRV FULVWDLV (P VHJXLGD SDVVD SHOR

SURFHVVR GH GRSDJHP FRP R )yVIRUR JHUDQGR D MXQomR S FRPR

QR P 6L 0$ $ 2 H 0,5$1 $

$V FpOXODV VRODUHV GH F 6L WrP PXLWDV YDQWDJHQV WDLV FRPR

HILFLrQFLDHOHYDGDHIiFLOGLVSRQLELOLGDGH RTXH IRUoRXRV IDEULFDQWHV

D XVi OR FRPR PDWHULDO SULQFLSDO GDV FpOXODV VRODUHV 1D PDLRULD

GRV FDVRV DV FpOXODV VRODUHV GR WLSR P 6L VmR XVDGDV SRUTXH WrP

DOWD HILFLrQFLD PDV GHYLGR DR PDLRU FXVWR GR PDWHULDO DLQGD p

PRWLYR GH SUHRFXSDomR WDQWR SDUD RV IDEULFDQWHV FRPR SDUD RV

XVXiULRV I LQDLV 3RUWDQWR SHVTXLVDGRUHV GH WRGR R PXQGR HVWmR

H[SORUDQGR RXWUDV RSo HV FRP PDLRU GHVHPSHQKR SDUD SURGX]LU

HOHWULFLGDGH SRU PHLR GH FpOXODV VRODUHV 3$1 (< W DO
2 $UVHQHWR GH iOLR D$V )LJXUD p XPD IRUPD

VHPLFRQGXWRUD FRPSRVWD SRU iOLR D H $UVrQLR $V TXH WHP

HVWUXWXUD VHPHOKDQWH DR 6LOtFLR (P FRPSDUDomR FRP DV FpOXODV
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VRODUHV j EDVH GH 6LOtFLR WHP DOWD HILFLrQFLD H D HVSHVVXUD WDPEpP

p PHQRU 1RUPDOPHQWH p XWLOL]DGR SDUD R PyGXOR IRWRYROWDLFR

FRQFHQWUDGRU H SDUD DSOLFDomR HVSDFLDO XPD YH] TXH SRVVXL DOWD

UHVLVWrQFLD DR FDORU $OpP GLVVR p PDLV OHYH HP FRPSDUDomR FRP

R VLOtFLR S 6L H P 6L 1R HQWDQWR RPDWHULDO H D IDEULFDomR GH D$V

SRGHP VHU GLVSHQGLRVRV 7<$ , W DO

)LJ UD &pO OD )RWR ROWDLFD GH UVHQHWR GH iOLR D V

)RQWH 6RX]D

$ WHFQRORJLD GH )LOPHV )LQRV WDPEpP SRGH VHU YLVWD FRPR

XP VXEVWLWXWR DGHTXDGR DR F 6L SRUTXH XWLOL]D PHQRV PDWHULDO

H DV FDPDGDV VmR PXLWR PDLV ILQDV HP FRPSDUDomR FRP FpOXODV

VRODUHV P 6L H S 6L UHGX]LQGR DVVLP R FXVWR GH IDEULFDomR 1R

HQWDQWR D HILFLrQFLD GHVWDV FpOXODV VRODUHV DLQGD p EDL[D 7<$ ,

W DO $R FRQWUiULR GDV IRUPDV FULVWDOLQDV GH FpOXODV VRODUHV

RQGH SHGDoRV GH VHPLFRQGXWRUHV VmR LQWHUFDODGRV HQWUH SDLQpLV GH

YLGUR SDUD FULDU RV PyGXORV RV SDLQpLV GH I LOPH ILQR VmR FULDGRV

GHSRVLWDQGR FDPDGDV I LQDV GH FHUWRV PDWHULDLV HP VXEVWUDWRV

GH YLGUR RX DoR LQR[LGiYHO XVDQGR IHUUDPHQWDV GH SXOYHUL]DomR

FDWyGLFD $ YDQWDJHP GHVWD PHWRGRORJLD UHVLGH QR IDWR GH TXH D

HVSHVVXUD GDV FDPDGDV GHSRVLWDGDV SHUPLWH D FULDomR GH PyGXORV

IRWRYROWDLFRV I OH[tYHLV (/ $$5 W DO $V DERUGDJHQV

SULQFLSDLV VmR EDVHDGDV HP FpOXODV GH 6LOtFLR $PRUIR D 6L 6XOIHWR

GH iGPLR G6 H 7HOXUHWR GH iGPLR G7H 6HOHQHWR GH REUH



F
i pF F F F

H ºQGLR ,6 H 6HOHQHWR GH REUH ºQGLR H iOLR , 6 6$03$,2

H 21 /(6

2 D 6L p XPD GDV SULPHLUDV WHFQRORJLDV GH ILOPH ILQR

GHVHQYROYLGDV H GLYHUJH GR F 6L QR IDWR GH TXH RV iWRPRV GH

VLOtFLR HVWmR DOHDWRULDPHQWH ORFDOL]DGRV XP GR RXWUR )LJXUD

,VVR WHP FRPR HIHLWR XP PDLRU LQWHUYDOR GH EDQGD GR TXH

R VLOtFLR FULVWDOLQR 2 ED DS PDLRU SHUPLWH TXH DV FpOXODV D 6L

DEVRUYDP D SDUWH YLVtYHO GR HVSHFWUR VRODU PDLV IRUWH GR TXH D

SRUomR LQIUDYHUPHOKD GR HVSHFWUR (/ $$5 W DO 2 VLOtFLR

DPRUIR WHP XPD WD[D GH DEVRUomR GH OX] YH]HV PDLRU GR TXH R

P 6L 7<$ , W DO

)LJ UD (VWU W UD GR 6LOtFLR PRUIR

)RQWH 0DFKDGR H 0LUDQGD

HYLGR D HVVH DUUDQMR GHVRUGHQDGR D HVWUXWXUD SRVVXL

PXLWDV OLJDo HV SHQGHQWHV TXH IRUPDP EXUDFRV TXH SRGHP VH

UHFRPELQDU FRP HOpWURQV OLYUHV SUHMXGLFDQGR R IOX[R GH FRUUHQWH

DWUDYpV GD FpOXOD 3RU LVVR ID] VH D KLGURJHQDomR GR VLOtFLR

DPRUIR $VVLP RV iWRPRV GH KLGURJrQLR RFXSDP HVVHV EXUDFRV

GLPLQXLQGR D GHQVLGDGH GH OLJDo HV SHQGHQWHV H SHUPLWLQGR TXH

RV HOpWURQV IOXDP DWUDYpV GD FpOXOD 0$ $ 2 H 0,5$1 $

8PD YH] TXH DV FpOXODV D 6L WrP PHQRU HILFLrQFLD GR TXH DV

FpOXODV P 6L H S 6L RVPyGXORV D 6L )LJXUD D GH MXQomR QLFD VH

GHJUDGDPDSyV VHUHP H[SRVWRV j OX] VRODU HSHUGHPHILFLrQFLD 3DUD
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PHOKRUDU HVWHV SUREOHPDV DERUGDJHQV FRPR R GHVHQYROYLPHQWR

GH GLVSRVLWLYRV D 6L GH P OWLSODV MXQo HV IRUDP WHQWDGDV (VWD

PHOKRULD HVWi OLJDGD j HVWUXWXUD GH GHVLJQ GDV FpOXODV RQGH VmR

FDSWXUDGRV GLIHUHQWHV FRPSULPHQWRV GH RQGD GD LUUDGLDomR VRODU

GH FXUWR D ORQJR SHUtRGR GH RQGD (/ $$5 W DO
$V FpOXODV VRODUHV G6 G7H )LJXUD E SRGHP SURGX]LU

DOWD HILFLrQFLD FHUFD GH H WDPEpP VmR FRQKHFLGDV SRU

IRUQHFHUHP XP ED DS LGHDO H9 XPD YH] TXH R FRHILFLHQWH

GH DEVRUomR GLUHWD p DOWR $OpP GLVVR WDPEpP VmR FRQKHFLGDV

SRU VXD HVWDELOLGDGH SRU XP SHUtRGR PDLV ORQJR 1R HQWDQWR

HVWD WHFQRORJLD HQIUHQWD DOJXQV SUREOHPDV FRPR R UHODFLRQDGR

DR PHLR DPELHQWH H R SUREOHPD FRP D PDWpULD SULPD 7<$ ,

W DO SRLV R iGPLR G p XP PDWHULDO Wy[LFR H R 7HO ULR

7H p XP PDWHULDO UDUR TXH QmR p HQFRQWUDGR HP DEXQGkQFLD

9,//$/9$ 3RUpP VHPRVWUDP FRPRPDWHULDLV SURPLVVRUHV

GHQWUR GD WHFQRORJLD GH ILOPHV ILQRV VHQGR RV PDLV DSURSULDGRV

SDUD D SURGXomR HP ODUJD HVFDOD $ H[HPSORV WHP VH DV SODQWDV GH

0: HP2KLR (VWDGRV 8QLGRV 0: QD $OHPDQKD H 0:

HP $EX KDEL (/ $$5 W DO
$ WHFQRORJLD GH , , 6 )LJXUD F DLQGD HVWi HP IDVH

GH GHVHQYROYLPHQWR XPD YH] TXH p XPD QRYD WHFQRORJLD H HVWi

FRQILJXUDGR SDUD FRPSHWLU FRP RXWUDV FpOXODV VRODUHV GH HQHUJLD

VRODU 8PD HILFLrQFLD GH SDUD PyGXORV H SDUD FpOXOD

IRL YHULILFDGD 6HX LQWHUYDOR GH EDQGD GLUHWD SRGH FKHJDU D

H9 FRP PRGLILFDomR OHYH FRP (Q[RIUH 6 7<$ , W DO
6mR XWLOL]DGRV GLVSRVLWLYRV IRWRYROWDLFRV TXH FRQWrP HOHPHQWRV

VHPLFRQGXWRUHV GRV JUXSRV , ,,, H 9, QD WDEHOD SHULyGLFD R TXH

p EHQpILFR GHYLGR DRV VHXV DOWRV FRHI LFLHQWHV GH DEVRUomR ySWLFD

H FDUDFWHUtVWLFDV HOpWULFDV SHUPLWLQGR R DMXVWH GR GLVSRVLWLYR

$OpP GLVVR XPD PHOKRU XQLIRUPLGDGH p FRQVHJXLGD DWUDYpV GR

XVR GH 6HOrQLR GLPLQXLQGR R Q PHUR GH ORFDLV GH UHFRPELQDomR

EHQHILFLDQGR D HILFLrQFLD TXkQWLFD H SRUWDQWR D HI LFLrQFLD GD

FRQYHUVmR (/ $$5 W DO (VWDV FpOXODV QmR HPSUHJDP
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PDWHULDLV Wy[LFRV H VmR PDLV HILFLHQWHV TXH DV FpOXODV GH VLOtFLR

SRUpP VHX FXVWR p PXLWR HOHYDGR H VXD DFHLWDomR FRPHUFLDO DLQGD

p SHTXHQD 9,//$/9$

)LJ UD 0yG ORV )RWR ROWDLFRV GH )LOPHV )LQRV

D E F

)RQWH 6RX]D

$V FpOXODV VRODUHV RUJkQLFDV )LJXUD HQYROYHP XPD

QRYD WHFQRORJLD H DLQGD HVWi HP IDVH GH GHVHQYROYLPHQWR DVVLP

FRPR ,6 , 6 (PERUD WHQKD XPD HILFLrQFLD PXLWR EDL[D TXH

p GH FHUFD GH PDV RXWUDV YDQWDJHQV FRPR IOH[LELOLGDGH

PHFkQLFD GHVFDUWDELOLGDGH H FXVWR HILFLHQWH WURX[HUDP PXLWR

LQWHUHVVH QHVWH PDWHULDO 7<$ , W DO 7DQWR DV FpOXODV

VRODUHV RUJkQLFDV TXDQWR DV FpOXODV VRODUHV GH SROtPHUR VmR

FRQVWUXtGDV D SDUWLU GH I LOPHV I LQRV GH VHPLFRQGXWRUHV RUJkQLFRV

FRPR SROtPHURV H FRPSRVWRV GH PROpFXODV SHTXHQDV FRPR

SHQWDFHQR SROLIHQLOHQR YLQLOHQR IWDORFLDQLQD GH FREUH SLJPHQWR

RUJkQLFR D]XO RX YHUGH H IXOHUHQRV GH FDUERQR $ PDLRU HILFLrQFLD

DWXDOPHQWH DOFDQoDGD XVDQGR SROtPHURV FRQGXWRUHV HVWi HQWUH

H QR HQWDQWR R LQWHUHVVH QHVWH PDWHULDO UHVLGH QD IOH[LELOLGDGH

PHFkQLFD H GLVSRVLomR 8PD YH] TXH HOHV VmR HP JUDQGH SDUWH

IHLWRV GH SOiVWLFR RSRVWR DR VLOtFLR WUDGLFLRQDO R SURFHVVR GH

IDEULFDomR p HFRQ PLFR PDWHULDO GH EDL[R FXVWR IDEULFDomR GH

DOWR UHQGLPHQWR FRP GHVDILRV WpFQLFRV OLPLWDGRV QmR UHTXHU

FRQGLo HV GH DOWD WHPSHUDWXUD RX DOWD (/ $$5 W DO
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)LJ UD &pO OD 6RODU )RWR ROWDLFD 2UJkQLFD

)RQWH 6RX]D

8PD FpOXOD IRWRYROWDLFD KLEULGD )LJXUD UHVXOWD GD

FRPELQDomR GD FpOXOD FULVWDOLQD FRQYHQFLRQDO FRP XPD FpOXOD

GH ILOPH ILQR DFUHVFLGD SRVWHULRUPHQWH GH XPD ILQD FDPDGD GH

VLOtFLR VHP LPSXUH]DV FKDPDGD FDPDGD LQWUtQVHFD (VWD FpOXOD

VH GLVWLQJXH GDV GHPDLV SHOD PDLRU SURGXomR GH HQHUJLD HP

HOHYDGDV WHPSHUDWXUDV $OpP GLVVR FRQVRPH SRXFD HQHUJLD H

PDWpULD SULPD HP VXD IDEULFDomR R TXH WRUQD VHX FXVWR DWUDHQWH

9,//$9$ 8P GRV PDLRUHV IDEULFDQWHV GH FpOXODV VRODUHV

GR -DSmR D 6DQ R GHVHQYROYHX XPD FpOXOD VRODU KtEULGD FRP

GH HILFLrQFLD $ EDVH GHVWD FpOXOD VRODU p XPD ERODFKD GH VLOtFLR GH

WLSR TXH IXQFLRQD FRPR XP DEVRUYHGRU GH OX] 6DQ R SODQHMD

FRPHUFLDOL]DU HVWD FpOXOD VRODU H D SURGXomR HP ODUJD HVFDOD Mi HVWi

D FDPLQKR 7<$ , W DO
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)LJ UD 0yG OR IRWR ROWDLFR IHLWR GH FpO ODV

IRWR ROWDLFDV LEULGDV

)RQWH 6RX]D

HYLGR D DOJXQV SUREOHPDV GH HILFLrQFLD FXVWR GH SURGXomR

H TXHVW HV UHODFLRQDGDV DR PHLR DPELHQWH GH DOJXQV PDWHULDLV GH

FpOXODV VRODUHV RV SHVTXLVDGRUHV WURX[HUDP LGHLDV SDUD SURGX]LU

QRYDVWHFQRORJLDVGHPDWHULDLV TXHFKDPDPFpOXODVVRODUHVVHQVtYHLV

D FRUDQWHV 7<$ , W DO 2 XVR GH FpOXODV VHQVLELOL]DGDV

FRP FRUDQWHV )LJXUD SDUD DSOLFDomR IRWRYROWDLFD UHPRQWD

D YiULDV GpFDGDV Mi TXH RV FLHQWLVWDV HVWDYDP WHQWDQGR LPLWDU D

DomR GD FORURILOD QDV SODQWDV (/ $$5 W DO (VWDV FpOXODV

VRODUHV VH EDVHLDP QD XWLOL]DomR GH XP FRUDQWH FDSD] GH WUDQVIHULU

XP HOpWURQ QR HVWDGR H[FLWDGR SDUD XP y[LGR VHPLFRQGXWRU

LQLFLDQGR R SURFHVVR TXH OHYD j JHUDomR GH FRUUHQWH 0$ $ 2

H 0,5$1 $
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)LJ UD (VT HPD GH PD &pO OD )RWR ROWDLFD

6HQVt HO D &RUDQWHV

)RQWH (O KDDU

HUDOPHQWH HVVHV WLSRV GH FpOXODV FRQVLVWHP HP XP

VHPLFRQGXWRU FRPR R VLOtFLR H XP OtTXLGR HOHWUROtWLFR TXH p

XPD VROXomR FRQGXWRUD FRPXPHQWH IRUPDGD SHOD GLVVROXomR GH

XP VDO HP XP OtTXLGR VROYHQWH FRPR iJXD 2 VHPLFRQGXWRU H R

HOHWUyOLWR WUDEDOKDP HP FRQMXQWR SDUD GLYLGLU RV SDUHV GH HOpWURQ

ODFXQD HVWUHLWDPHQWH OLJDGRV SURGX]LGRV TXDQGR D OX] VRODU DWLQJH

D FpOXOD $ IRQWH GRV SRUWDGRUHV GH FDUJD LQGX]LGRV SRU IRWR p

XP FRUDQWH IRWRVVHQVtYHO $OpP GLVVR XP QDQRPDWHULDO PDLV

FRPXPHQWH GLy[LGR GH WLWkQLR 7L2 WDPEpP p IUHTXHQWHPHQWH

XVDGR SDUD PDQWHU DV PROpFXODV GH FRUDQWH QR OXJDU (/ $$5

W DO
RPSOH[RV GH 5XWrQLR 5X HVWmR HQWUH RV FRUDQWHV PDLV

XWLOL]DGRV H D PDLRU SDUWH GDV SHVTXLVDV HVWmR IRFDGDV HP

HQFRQWUDU R FRUDQWH TXH UHVXOWDUi HP PDLRU HILFLrQFLD GD FpOXOD

0$ $ 2 H 0,5$1 $ (PERUD D FpOXOD VRODU VHQVtYHO

D FRUDQWHV GH PDLRU HILFLrQFLD Mi WHQKD VLGR IDEULFDGD p GH

HVWD WHFQRORJLD FRQWpP VROYHQWHV YROiWHLV HP VHXV HOHWUyOLWRV TXH

SRGHP SHQHWUDU DWUDYpV GH SOiVWLFR LVWR p FRPSRVWRV RUJkQLFRV

H WDPEpP DSUHVHQWDP SUREOHPDV SDUD VHODU DV FpOXODV $V FpOXODV
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TXH FRQWrP HVVHV VROYHQWHV VmR SRUWDQWR SRXFR DWUDHQWHV

SDUD XVR H[WHUQR GHYLGR D SRWHQFLDLV ULVFRV DPELHQWDLV 2V

SHVTXLVDGRUHV GHVHQYROYHUDP FpOXODV VRODUHV TXH XVDP HOHWUyOLWRV

LVHQWRV GH VROYHQWHV PDV DV HILFLrQFLDV FHOXODUHV VmR PXLWR EDL[DV

(/ $$5 W DO
$V GLIHUHQWHV WHFQRORJLDV H RV GLYHUVRV PDWHULDLV HPSUHJDGRV

QD IDEULFDomR GH FpOXODV IRWRYROWDLFDV OHYDP j REWHQomR GH FpOXODV

H PyGXORV FRP HILFLrQFLDV GLIHUHQWHV RQVHTXHQWHPHQWH WHP

VH YDULDo HV QR FXVWR GRV PyGXORV H QD iUHD LQVWDODGD SDUD D

SURGXomR GH HQHUJLD 9,//$/9$ $ 7DEHOD PRVWUD XP

FRPSDUDWLYR HQWUH DV HILFLrQFLDV GDV WHFQRORJLDV IRWRYROWDLFDV

GLVSRQtYHLV QR PHUFDGR

7DEHOD (ILFLrQFLD GH GLIHUHQWHV WHFQRORJLDV GH FpO ODV

IRWR ROWDLFDV

7HFQRORJLD

(PSUHJDGD

(ILFLrQFLD GD

&pO OD HP

/DERUDWyULR

(ILFLrQFLD GD

&pO OD &RPHUFLDO

(ILFLrQFLD

GRV 0yG ORV

&RPHUFLDLV

P 6L

S 6L

D 6L

tEULGD

,6 , 6

G6 G7H

)RQWH $GDSWDGR GH 9LOODOYD

$WXDOPHQWHPyGXORVIRWRYROWDLFRVDSOLFDQGRQRYRVPDWHULDLV

YHP VHQGR LQVHULGRV QR PHUFDGR FRP SHUVSHFWLYDV GH UHGXomR GH

FXVWRV GHYLGR jV DOWDV HILFLrQFLDV DOFDQoDGDV RPR UHVXOWDGR

GHVVH SURJUHVVR WHP VH XPD PHOKRULD VXEVWDQFLDO GD HILFLrQFLD

GR SURFHVVR GH FRQYHUVmR GH HQHUJLD VRODU HP HQHUJLD HOpWULFD R

TXH WUD] FRQVLJR FUHVFLPHQWR GD SURGXomR H YHQGDV DEHUWXUD GH

PHUFDGRV QR kPELWR LQWHUQDFLRQDO DXPHQWR GH RSRUWXQLGDGHV

SDUD DSOLFDomR GD WHFQRORJLD %$5%26$ W DO
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3DUkPHWURV (OpWULFRV GDV &pO ODV )RWR ROWDLFDV

RPRXPD FpOXOD VRODU FRQVLVWH HP XPD MXQomR S IDEULFDGD

HP XPD ILQD FDPDGD GH VHPLFRQGXWRU VXDV FDUDFWHUtVWLFDV

RSHUDFLRQDLV VmR LJXDLV DR GLRGR 0$ (/$ H6 $,. $VVLP

DHQHUJLD HOpWULFD JHUDGD GHSHQGH GDV FRQGLo HV RSHUDFLRQDLV H GRV

IDWRUHV GH FDPSR FRPR D ORFDOL]DomR JHRPpWULFD GR VRO QtYHLV GH

LUUDGLDomR H WHPSHUDWXUD DPELHQWH 6,1 $ PRGHODJHP

PDWHPiWLFD GD FpOXOD IRWRYROWDLFD p WLO SDUD LGHQWLI LFDU DV

FDUDFWHUtVWLFDV GD JHUDomR VRE LQVRODomR VRODU XQLIRUPH H QmR

XQLIRUPH 5$-(6 0$%(/

8P FLUFXLWR HOpWULFR HTXLYDOHQWH GH XPD FpOXOD VRODU SRGH

VHU UHSUHVHQWDGR SHOR PRGHOR FRQKHFLGR FRPR 0RGHOR GH LRGR

6LPSOHV )LJXUD D 7DPEpP H[LVWH R 0RGHOR GH LRGR XSOR

)LJXUD E FRP GRLV GLRGRV HP SDUDOHOR TXH p PDLV SUHFLVR

VRE FHUWDV FRQGLo HV RSHUDFLRQDLV PDV D XWLOL]DomR GH DSHQDV

XP GLRGR WUD] VLPSOLFLGDGH H DSUHVHQWD SUHFLVmR VXILFLHQWH SDUD

D PRGHODJHP GD FpOXOD IRWRYROWDLFD 0$ (/$ H 6 $,.

1R 0RGHOR GH LRGR XSOR R GLRGR UHSUHVHQWD DV SHUGDV

SRU UHFRPELQDomR QD FDPDGD GH FDUJD HVSDFLDO %25 (6 1(72

H $59$/ 2

)LJ UD 0RGHOR (T L DOHQWH GH LRGR 6LPSOHV

H GH LRGR SOR

D E

)RQWH $GDSWDGR GH 5DMHVK H 0DEHO %RUJHV 1HWR H DUYDOKR
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(P XPD FpOXOD IRWRYROWDLFD )LJXUD D D UHVLVWrQFLD HP

VpULH
V
H[LVWH GHYLGR D MXQomR PHWDO VHPLFRQGXWRU H[LVWHQWHV QRV

FRQWDWRV PHWiOLFRV IURQWDO H WUDVHLUR 5 H 5 PDOKDV PHWiOLFDV

5 H 5 UHJL HV GRSDGDV 5 H 5 ([LVWHP WDPEpP UHVLVWrQFLDV

GHYLGR D SRQWRV GH FXUWR FLUFXLWR HQWUH D MXQomR S H R FRQWDWR

PHWiOLFR IURQWDO 5 H HQWUH RV FRQWDWRV PHWiOLFRV IURQWDO H

WUDVHLUR 5 UHSUHVHQWDGDV SRU XPD UHVLVWrQFLD HP SDUDOHOR
S

3,1 2 H $/ ,12

)LJ UD 5HVLVWrQFLDV HP VpULH H HP SDUDOHOR GD FpO OD

IRWR ROWDLFD

)RQWH 3LQKR H DOGLQR

$ FRUUHQWH HOpWULFD , GH XPD FpOXOD IRWRYROWDLFD SRGH VHU

FRQVLGHUDGD FRPR D VRPD GD FRUUHQWH GH XPD MXQomR S QR HVFXUR

DWUDYpV GR GLRGR VHPLFRQGXWRU , FRP D FRUUHQWH JHUDGD SHORV

IyWRQV DEVRUYLGRV GD UDGLDomR VRODU IRWR FRUUHQWH ,
S

3,1 2 H

$/ ,12

$ FRUUHQWH GR GLRGR p IRUQHFLGD DWUDYpV GD HTXDomR GH

6FKRFNOH TXH VHJXQGR (O KDDU W DO p GDGD SRU

Ὅ = Ὅ ℎ − Ὅ  
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2QGH

, RUUHQWH GH VDWXUDomR UHYHUVD GR GLRGR $

)DWRUGH LGHDOLGDGHGRGLRGR REWLGRH[SHULPHQWDOPHQWH

T DUJD GR HOpWURQ

N RQVWDQWH GH %ROW]PDQQ - .

7 7HPSHUDWXUD GD FpOXOD .

HVVD PDQHLUD WHP VH D (TXDomR TXH GHWHUPLQD D FRUUHQWH

HP IXQomR GD WHQVmR HP XPD FpOXOD IRWRYROWDLFD

$ (TXDomR GHWHUPLQD D FXUYD , RX FXUYD FDUDWHUtVWLFD

GH XPD FpOXOD IRWRYROWDLFD 1D )LJXUD DSUHVHQWD VH D FXUYD

, WtSLFD GH XPD FpOXOD IRWRYROWDLFD GH 6L HYH VH REVHUYDU TXH

DSHVDU GH VHU QRUPDOPHQWH DSUHVHQWDGD QR SULPHLUR TXDGUDQWH

ILVLFDPHQWH D FXUYD VH VLWXD QD UHDOLGDGH QR TXDUWR TXDGUDQWH GD

FXUYD 3,1 2 H $/ ,12

2 FRPSRUWDPHQWR HOpWULFR GD FpOXOD SRGH VHU GHVFULWR

SRU PHLR GH SRXFDV JUDQGH]DV 2V SULQFLSDLV SDUkPHWURV TXH

FDUDFWHUL]DP XPD FpOXOD IRWRYROWDLFD SRGHP VHU OLGRV QD FXUYD

FDUDFWHUtVWLFD 6mR HOHV RUUHQWH GH FXUWR FLUFXLWR ,VF TXDQGR

QmR Ki WHQVmR H[WHUQD QD FpOXOD H 7HQVmR GH FLUFXLWR DEHUWR
RF

TXDQGRQmRKiFRUUHQWH H[WHUQDTXH VXSHUH DGLIHUHQoDGHSRWHQFLDO

HQWUH DV UHJL HV GRSDGDV %25 (6 1(72 H $59$/ 2

Ὅ = Ὅ0 [Ὡὼὴ (
ήὠ
ὃὯὝ) − 1] 

Ὅ = Ὅ ℎ − Ὅ0 {Ὡὼὴ [
ή(ὠ + ὍὙ )

ὃὯὝ ] − 1} −
ὠ + ὍὙ
Ὑ  
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)LJ UD & U D FDUDFWHUtVWLFD GH PD FpO OD IRWR ROWDLFD

)RQWH -XFi H DUYDOKR

$ )LJXUD PRVWUD XPD FXUYD WtSLFD GH SRWrQFLD YHUVXV

WHQVmR 3 SDUD XPD FpOXOD IRWRYROWDLFD 2EVHUYD VH TXH H[LVWH

VRPHQWH XPD WHQVmR
PS

H D FRUUHVSRQGHQWH FRUUHQWH ,
PS

SDUD

D TXDO D SRWrQFLD Pi[LPD 3
P

SRGH VHU HQWUHJXH e LPSRUWDQWH

VDOLHQWDU TXH QmR H[LVWH JHUDomR GH SRWrQFLD SDUD DV FRQGLo HV

GH FLUFXLWR DEHUWR H FXUWR FLUFXLWR Mi TXH WHQVmR RX FRUUHQWH VmR

]HUR UHVSHFWLYDPHQWH -8 H $59$/ 2
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)LJ UD & U D GH SRWrQFLD GH PD FpO OD IRWR ROWDLFD

)RQWH $GDSWDGR GH -XFi H DUYDOKR

$ )LJXUD PRVWUD D FXUYD , VREUHSRVWD j FXUYD 3
2EVHUYD VH TXH D FpOXOD VH FRPSRUWD FRPR XPD IRQWH GH FRUUHQWH

FRP SRXFD YDULDomR GH FRUUHQWH TXDQGR D WHQVmR YDULD GH ]HUR

DWp R SRQWR GH Pi[LPD SRWrQFLD H TXH R PyGXOR VH FRPSRUWD

FRPR XPD IRQWH GH WHQVmR FRP SRXFD YDULDomR GH WHQVmR HQWUH

R SRQWR GH SRWrQFLD Pi[LPD 033 GR LQJOrV0D LP P 3RZ 3RL W
H D WHQVmR GH FLUFXLWR DEHUWR -8 H $59$/ 2

)LJ UD 3RQWR GH0i LPD3RWrQFLD GH PD FpO OD IRWR ROWDLFD

)RQWH )RQWH -XFi H DUYDOKR
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2XWURV SDUkPHWURV XWLOL]DGRV QD FDUDFWHUL]DomR GDV

FpOXODV IRWRYROWDLFDV VmR R )DWRU GH )RUPD )) H D (ILFLrQFLD RX

5HQGLPHQWR η 2 )) p GHILQLGR SHOD UHODomR HQWUH D SRWrQFLD

QR 033 H R SURGXWR GD FRUUHQWH GH FXUWR FLUFXLWR SHOD WHQVmR GH

FLUFXLWR DEHUWR (TXDomR 9DORUHV XVXDLV SDUD FpOXODV VRODUHV

ILFDP HQWUH H %25 (6 1(72 H $59$/ 2

6HJXQGR -XFi H DUYDOKR R )) p XPD JUDQGH]D TXH

H[SUHVVD R TXDQWR D FXUYD FDUDFWHUtVWLFD , VH DSUR[LPD GH XP

UHWkQJXOR 4XDQWR PHOKRU D TXDOLGDGH GDV FpOXODV QR PyGXOR

PDLV SUy[LPD GD IRUPD UHWDQJXODU VHUi D FXUYD , 9 3LQKR H DOGLQR

DILUPDP TXH TXDQWR PHQRUHV IRUHP DV SHUGDV UHVLVWLYDV

VpULH H SDUDOHOR PDLV SUy[LPD GD IRUPD UHWDQJXODU VHUi D FXUYD

, 9 UDILFDPHQWH R )) SRGH VHU GHWHUPLQDGR SHOD UD]mR HQWUH D

iUHD GRV GRLV UHWkQJXORV )LJXUD

)LJ UD HWHUPLQDomR JUiILFD GR )DWRU GH )RUPD QD F U D

)RQWH $GDSWDGR GH 6RX]D

ὊὊ =
Ὅ ∙ ὠ
Ὅ ∙ ὠ �
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O H H F R H R HV i LR RF RV

2 UHQGLPHQWR GHVFUHYH D UHODomR HQWUH D SRWrQFLD QR 033 H

D SRWrQFLD WRWDO GD OX] LQFLGHQWH %25 (6 1(72 H $59$/ 2

2X VHMD LQGLFD TXDQWR GD HQHUJLD VRODU LQFLGHQWH p

WUDQVIRUPDGD HP HQHUJLD HOpWULFD -8 H $59$/ 2

GHILQLQGR R TXmR HIHWLYR p R SURFHVVR GH FRQYHUVmR 3,1 2 H

$/ ,12 H SRGH VHU FDOFXODGR SRU

2QGH

$ UHD GD FpOXOD P

,UUDGLkQFLD VRODU LQFLGHQWH : P

1RUPDOPHQWH R YDORU GH
S
p PXLWR DOWR H R YDORU GH

V
p

PXLWR SHTXHQR SRGHQGR VHU QHJOLJHQFLDGRV SDUD VLPSOLILFDU D

DQiOLVH 6,1 3RUpP HVWHV SDUkPHWURV WrP LQIOXrQFLD

LPSRUWDQWH QD FXUYD , GD FpOXOD )LJXUD $PEDV SRGHP

FRQWULEXLU SDUD UHGX]LU R )) GD FpOXOD H SRUWDQWR VXD HILFLrQFLD

3,1 2 H $/ ,12

)LJ UD (IHLWR GD 5HVLVWrQFLD 6pULH S= ∞) (a) e da Resistência
3DUDOHOD V  E QD F U D GD FpO OD IRWR ROWDLFD SDUD DV

PHVPDV FRQGLo HV GH WHPSHUDW UD H LUUDGLkQFLD

D E

)RQWH 3LQKR H DOGLQR

– =
ὖ
ὃ ∙ Ὃ ∙ 100% =

Ὅ ∙ ὠ ∙ ὊὊ
ὃ ∙ Ὃ ∙ 100%�
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2 GHVHPSHQKR GDV FpOXODV IRWRYROWDLFDV p LQIOXHQFLDGR

SHOD LUUDGLkQFLD LQFLGHQWH H VXD GLVWULEXLomR HVSHFWUDO EHP FRPR

SHOD WHPSHUDWXUD GH RSHUDomR GD FpOXOD 3,1 2 H $/ ,12

$ FRUUHQWH JHUDGD DXPHQWD OLQHDUPHQWH FRP R DXPHQWR

GD UDGLDomR VRODU -8 H $59$/ 2 RP R DXPHQWR GD

WHPSHUDWXUD D WHQVmR GH FLUFXLWR DEHUWR FDL H D FRUUHQWH GH FXUWR

FLUFXLWR DXPHQWD 628 $ FRPR SRGH VHU YLVWR QD )LJXUD

)LJ UD (IHLWRV FD VDGRV SHOD DULDomR GD UDGLDomR VRODU QD

F U D D H SHOD WHPSHUDW UD GD FpO OD QD F U D , 9 SDUD DV

FRQGLo HV GH : P H 0 E

D E

)RQWH -XFi H DUYDOKR

UUDQMRV GH &pO ODV )RWR ROWDLFDV

8PD FpOXOD IRWRYROWDLFD p XP GLVSRVLWLYR IRWRYROWDLFR EiVLFR

TXH VR]LQKR SURGX] SRXFD HOHWULFLGDGH (QWmR YiULDV FpOXODV VmR

DJUXSDGDV SDUD SURGX]LU PyGXORV IRWRYROWDLFRV SDUD VH REWHU

SRWrQFLDV PDLRUHV 9,//$/9$ 6HJXQGR D QRUPD 1%5

RPyGXOR IRWRYROWDLFR pRPHQRU FRQMXQWR DPELHQWDOPHQWH

SURWHJLGR GH FpOXODV IRWRYROWDLFDV LQWHUOLJDGDV HOHWULFDPHQWH FRP

R REMHWLYR GH JHUDU HQHUJLD HOpWULFD 2 VtPEROR GD )LJXUD SRGH

VHU XWLOL]DGR SDUD UHSUHVHQWDU XP PyGXOR IRWRYROWDLFR



tFLR L R R LO H R LV V O R V R VFR FHORV H OL HL RSHV LO

O H H F R H R HV i LR RF RV

)LJ UD 6tPEROR UHSUHVHQWDWL R GH PPyG OR IRWR ROWDLFR

)RQWH 3LQKR H DOGLQR

$V FpOXODV LQGLYLGXDLV SRGHP VHU FRQHFWDGDV HP VpULH RX HP

SDUDOHOR VHQGR TXH HP XP PyGXOR IRWRYROWDLFR D GLVSRVLomR GDV

FpOXODV DWHQGH XPD OyJLFD 4XDQWR PDLRU IRU R Q PHUR GH FpOXODV

HP VpULH )LJXUD D PDLRU VHUi D WHQVmR DOFDQoDGD H TXDQWR

PDLRU IRU R Q PHUR GH OLJDo HV HP SDUDOHOR )LJXUD E PDLRU

VHUi D FRUUHQWH $VVLP GLIHUHQWHV YDORUHV GH SRWrQFLD SRGHP VHU

REWLGRV GHSHQGHQGR GD GLVSRVLomR XWLOL]DGD %25 (6 1(72 H

$59$/ 2

)LJ UD &RQH HV HP VpULH H HP SDUDOHOR HP

PPyG OR IRWR ROWDLFR

)RQWH $GDSWDGR GH LQULFKV W DO

1D FRQVWUXomR GH XP PyGXOR IRWRYROWDLFR DV FpOXODV

VRIUHP XP SURFHVVR GH HPSDFRWDPHQWR SDUD UHGX]LU RV HIHLWRV

GDV FRQGLo HV FOLPiWLFDV PLQLPL]DQGR D WHPSHUDWXUD GH

WUDEDOKR SURYHU ULJLGH] PHFkQLFD H SURWHJHU RV FRQWDWRV HOpWULFRV

GD XPLGDGH GR DU H FRQWUD GDQRV PHFkQLFRV %25 (6 1(72 H
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$59$/ 2 3DUD IRUPDomR GRV PyGXORV DV FpOXODV VmR

FRQHFWDGDV DWUDYpV GH ILODPHQWRV FRQGXWRUHV H HQFDSVXODGDV

HP IROKDV GH $FHWDWR GH 9LQLO (WLOHQR (9$ H HQWmR UHFHEHP

XPD FREHUWXUD IURQWDO GH YLGUR WHPSHUDGR H XPD SURWHomR QD

SDUWH SRVWHULRU GH XP ILOPH GH )OXRUHWR GH 3ROLYLQLOD 39) (VVH

FRQMXQWR ODPLQDGR p PRQWDGR HP XP SHUILO PHWiOLFR JHUDOPHQWH

DOXPtQLR 0$ $ 2 H 0,5$1 $ $ )LJXUD PRVWUD

R HVTXHPD GH FRQVWUXomR GH XP PyGXOR IRWRYROWDLFR FRPHUFLDO

)LJ UD (VT HPD FRQVWU WL R GH PPyG OR

IRWR ROWDLFR FRPHUFLDO

)RQWH $GDSWDGR GH 0DFKDGR H 0LUDQGD

3DUD D FRQH[mR HP VpULH GDV FpOXODV IRWRYROWDLFDV RV

IDEULFDQWHV JHUDOPHQWH XWLOL]DP R SURFHVVR GH FRQH[mR VROGDQGR

RV WHUPLQDLV GD SDUWH IURQWDO GH XPD FpOXOD j SDUWH WUDVHLUD GD

FpOXOD VHJXLQWH H DVVLP SRU GLDQWH 628 $ FRPR PRVWUD

D )LJXUD 9DOH D SHQD UHVVDOWDU TXH TXDQGR DV FpOXODV VRODUHV

VmR LQWHUOLJDGDV HP XP PyGXOR VXUJHP DV FKDPDGDV SHUGDV GH

LQWHUFRQH[mR SHOR IDWR GH DV FpOXODV UHDLV DSUHVHQWDUHP GLIHUHQWHV

FXUYDV FDUDFWHUtVWLFDV $VVLP TXDQWR PDLRUHV IRUHP HVVDV

GLIHUHQoDV PDLRUHV VHUmR DV SHUGDV GH LQWHUFRQH[mR %25 (6

1(72 H $59$/ 2
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O H H F R H R HV i LR RF RV

)LJ UD 3URFHVVR GH FRQH mR GH FpO ODV IRWR ROWDLFDV HP VpULH

)RQWH 6RX]D

$ HILFLrQFLD GR PyGXOR WDPEpP SRGH VHU DIHWDGD SHOD

HILFLrQFLD yWLFD GD FREHUWXUD IURQWDO SRLV DV FpOXODV SRGHUmR

UHFHEHU SRXFD OX] $OpP GLVVR TXDQGR XPD FpOXOD IRWRYROWDLFD

GHQWUR GH XP PyGXOR SRU DOJXP PRWLYR HVWLYHU HQFREHUWD RX

GDQLILFDGD D SRWrQFLD GH VDtGD GHVVH PyGXOR FDLUi GUDVWLFDPHQWH

H SRU HVWDU OLJDGD HP VpULH FRP RXWUDV FpOXODV FRPSURPHWHUi

WRGR R IXQFLRQDPHQWR GDV GHPDLV FpOXODV QR PyGXOR -8 H

$59$/ 2

(VVH HIHLWR GH VRPEUHDPHQWR p EDVWDQWH SUHMXGLFLDO DRV

VLVWHPDV IRWRYROWDLFRV RPR D LQWHQVLGDGH GD FRUUHQWH GHSHQGH

GD LQWHQVLGDGH GH UDGLDomR VRODU TXH LQFLGH VREUH HOD VH XPD

FpOXOD HVWLYHU FRP SRXFD RX QHQKXPD OX] VXD FRUUHQWH WRUQD VH

SHTXHQD RX QXOD $VVLP D FRUUHQWH HOpWULFD GH WRGR R PyGXOR

p UHGX]LGD H FRQVHTXHQWHPHQWH R VLVWHPD LUi SURGX]LU PHQRV

HQHUJLD 9,//$/9$

3DUD TXH WRGD D FRUUHQWH GH XP PyGXOR QmR VHMD OLPLWDGD

SRU XPD FpOXOD XVD VH JHUDOPHQWH XP GLRGR GH SDVVDJHP RX

GH E SDVV (VVH GLRGR VHUYH FRPR XP FDPLQKR DOWHUQDWLYR SDUD

D FRUUHQWH QD FpOXOD GHIHLWXRVD HUDOPHQWH R XVR GR GLRGR HP

SDUDOHOR p IHLWR HP JUXSDPHQWRV GH FpOXODV )LJXUD R TXH

UHGX] R FXVWR FRPSDUDGR DR GH VH FRQHFWDU XP GLRGR HP FDGD

FpOXOD -8 H $59$/ 2
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)LJ UD 8WLOL DomR GR GLRGR GH E SDVV SDUD PLQLPL DU R

HIHLWR GR VRPEUHDPHQWR

)RQWH 9LOODOYD

8P PyGXOR p JHUDOPHQWH LGHQWLILFDGR SHOD VXD SRWrQFLD

HOpWULFD GH SLFR :S GHILQLGD QDV FKDPDGDV RQGLo HV 3DGUmR

GH (QVDLR 67 GR LQJOrV WD D VW R LWLR V (VVDV FRQGLo HV

VmR LUUDGLkQFLD VRODU GH : P VRE XPD GLVWULEXLomR

HVSHFWUDO SDGUmR SDUD $0 H WHPSHUDWXUD DPELHQWH GH

3RUpP HVWDV FRQGLo HV QmR UHSUHVHQWDP QD PDLRULD GRV FDVRV

DV FRQGLo HV RSHUDFLRQDLV UHDLV $VVLP DV QRUPDV GHILQHP XPD

WHPSHUDWXUD QRPLQDO SDUD D RSHUDomR GDV FpOXODV QRV PyGXORV

QD TXDO DV FDUDFWHUtVWLFDV HOpWULFDV SRGHP VH DSUR[LPDU PDLV GDV

FDUDFWHUtVWLFDV HIHWLYDV YHULI LFDGDV HP FDPSR 3,1 2H $/ ,12

2YDORU GH IRLDGRWDGRSHORV IDEULFDQWHVHRUJDQLVPRV

LQWHUQDFLRQDLV GH QRUPDWL]DomR H FHUWLILFDomR SRLV HVVD p D

WHPSHUDWXUD PpGLD GH XPD FpOXOD VRODU TXDQGR D WHPSHUDWXUD

DPELHQWH p GH HVVD PDQHLUD D IROKD GH GDGRV GRPyGXOR

IRWRYROWDLFR WDPEpP IRUQHFH XPD WDEHOD GH FDUDFWHUtVWLFDV QD

FRQGLomR GH 12 7 1R PDO 2S DWLR OO PS DW LQGLFDQGR

YDORUHV GH WHQV HV FRUUHQWHV H SRWrQFLDV GR PyGXOR SDUD XPD

WD[D GH UDGLDomR GH : P VRE XPD GLVWULEXLomR HVSHFWUDO

SDGUmR SDUD $0 FRQVLGHUDQGR D WHPSHUDWXUD DPELHQWH GH

H YHORFLGDGH GR YHQWR GH P V 9,//$/9$



tFLR L R R LO H R LV V O R V R VFR FHORV H OL HL RSHV LO

O H H F R H R HV i LR RF RV

8P DJUXSDPHQWR GH PyGXORV p GHQRPLQDGR DUUDQMR RX

FRQMXQWR IRWRYROWDLFR 1D OLWHUDWXUD HP OtQJXD LQJOHVD XVD VH R

WHUPR D D SDUD GHILQLU XP FRQMXQWR GH PyGXORV 9,//$/9$

2V PyGXORV IRWRYROWDLFRV SRGHP VHU FRQHFWDGRV HP

OLJDo HV VpULH H RX SDUDOHOR GHSHQGHQGR GD FRUUHQWH H WHQVmR

GHVHMDGDV SDUD IRUPDU VLVWHPDV IRWRYROWDLFRV FRP SRWrQFLD

PDLV HOHYDGD 3,1 2 H $/ ,12 H PDQHLUD DQiORJD j

FRQH[mR GH FpOXODV IRWRYROWDLFDV QD DVVRFLDomR HP VpULH FKDPDGD

GH VW L RV PyGXORV WHUmR VXDV WHQV HV VRPDGDV $ FRUUHQWH VHUi

D PpGLD GDV FRUUHQWHV GH FDGD PyGXOR 628 $ FRPR

SRGH VHU YLVWR QD )LJXUD

)LJ UD &RPSRUWDPHQWR GD DVVRFLDomR HP VpULH GHPyG ORV

IRWR ROWDLFRV

)RQWH 6RX]D

1D SUiWLFD D FRQH[mR GRV PyGXORV HP VpULH p IHLWD FRP

FRQHFWRUHV TXH Mi VmR IRUQHFLGRV FRP RV PyGXORV EDVWDQGR

FRQHFWDU R WHUPLQDO SRVLWLYRGHXPPyGXORDR WHUPLQDO QHJDWLYRGR

RXWUR H DVVLP SRU GLDQWH 9,//$/9$ $ FRQH[mR HP SDUDOHOR

p IHLWD XQLQGR VH RV WHUPLQDLV SRVLWLYRV GH WRGRV RV PyGXORV HQWUH

VL H SURFHGHQGR VH GD PHVPD IRUPD FRP RV WHUPLQDLV QHJDWLYRV
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3,1 2 H $/ ,12 $VVLP WHP VH R DXPHQWR GLUHWR GD

FRUUHQWH TXH VHUi QR SDLQHO D VRPD GDV FRUUHQWHV LQGLYLGXDLV

GH FDGD PyGXOR )LJXUD $ WHQVmR VHUi D PpGLD GDV WHQV HV

JHUDGDV 628 $

)LJ UD &RPSRUWDPHQWR GD DVVRFLDomR HP SDUDOHOR GH

PyG ORV IRWR ROWDLFRV

)RQWH 6RX]D

1D PDLRULD GRV FDVRV VHUi QHFHVViULR DVVRFLDU RV PyGXORV

HP VpULH SDUD DOFDQoDU D WHQVmR QRPLQDO GR VLVWHPD H WDPEpP

HP SDUDOHOR SDUD DOFDQoDU D SRWrQFLD SLFR FDOFXODGD QR SURMHWR

1HVVHV FDVRV WHPRV DV FDUDFWHUtVWLFDV GDV GXDV DVVRFLDo HV

DQWHULRUHV H PDLRUHV SHUGDV DR XWLOL]DU PyGXORV GH FDUDFWHUtVWLFDV

GLIHUHQWH 628 $ FRP PRVWUD D )LJXUD
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O H H F R H R HV i LR RF RV

)LJ UD &RPSRUWDPHQWR GD DVVRFLDomRPLVWD GH PyG ORV

IRWR ROWDLFRV H VH FRPSRUWDPHQWR

)RQWH 6RX]D

$V FRQH[ HV HP SDUDOHOR GH YiULDV VW L V VmR IHLWDV XWLOL]DQGR

FDL[DV FKDPDGDV GH VW L ER V )LJXUD D (ODV FRQFHQWUDP

RV FDERV HOpWULFRV GDV GLYHUVDV I LOHLUDV HP GRLV EDUUDPHQWRV

SRVLWLYR H QHJDWLYR H DLQGD SRVVXL IXVtYHLV GH SURWHomR 9,//$/9$

$ FRQH[mR HQWUH RV PyGXORV IRWRYROWDLFRV p IHLWD DWUDYpV

GDV FDL[DV GH FRQH[ HV TXH WDPEpP DEULJDP RV GLRGRV GH E
SDVV QD VXD IDFH SRVWHULRU RX FDERV SUp LQVWDODGRV )LJXUD

E HYH VH XWLOL]DU FDERV H FRQH[ HV HVSHFtI LFRV SDUD XVR HP

VLVWHPDV IRWRYROWDLFRV TXH VmR SURWHJLGRV FRQWUD RV HIHLWRV GD
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UDGLDomR H GDV LQWHPSpULHV 3,1 2 H $/ ,12 FRPR RV

FRQHFWRUHV 0 H 0 $WXDOPHQWH RV FRQHFWRUHV 0 )LJXUD

F SDVVDUDP D VHU DGRWDGRV SHOD PDLRU SDUWH GRV IDEULFDQWHV

GH PyGXORV SRU FRQIHULUHPPDLRU VHJXUDQoD jV FRQH[ HV HOpWULFDV

DWUDYpV GR VLVWHPD GH WUDYDPHQWR 9,//$/9$ $ ILJXUD

DEDL[R PRVWUD XPD FDL[D GH FRQH[ HV H XP SDU GH FRQHFWRUHV

0

)LJ UD &DL DV ER HV D &DL D GH FRQH mR GHPyG ORV

IRWR ROWDLFRV E H FRQHFWRUHV0& F

D E F

)RQWH $GDSWDGR GH 3LQKR H DOGLQR 9LOODOYD
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A HQHUJLD VRODU IRWRYROWDLFD SRGH VHU XWLOL]DGD SDUD DV

PHVPDV ILQDOLGDGHV TXH XWLOL]DP RXWUDV IRQWHV GH HQHUJLD HOpWULFD

FRPR SRU H[HPSOR SDUD IRUQHFHU HQHUJLD SDUD UHVLGrQFLDV H

HPSUHVDV SXULILFDU iJXD VLVWHPDV GH LUULJDomR H PRQLWRUDPHQWR

DPELHQWDO 2V VLVWHPDV GH HQHUJLD VRODU IRWRYROWDLFD SRGHP VHU

PLQ VFXORV SDUD DOLPHQWDU SHTXHQRV LWHQV RX JUDQGHV R EDVWDQWH

SDUD DOLPHQWDU FLGDGHV LQWHLUDV %$/)285 W DO
6HJXQGR %RUJHV 1HWR H DUYDOKR DV SULQFLSDLV

DSOLFDo HV GD WHFQRORJLD IRWRYROWDLFD SDUD XVR WHUUHVWUH VmR

DJUXSDGDV QDV VHJXLQWHV FDWHJRULDV D 3URGXWRV GH RQVXPR

RQGH p FRQVLGHUDGR R XVR GH FpOXODV VRODUHV HP FDOFXODGRUDV

EULQTXHGRV H RXWURV REMHWRV GH XVR SHVVRDO E ,QWHUOLJDomR FRP D

UHGH HOpWULFD RQGH VmR HQFRQWUDGRV GHVGH PyGXORV IRWRYROWDLFRV

LQWHJUDGRV jV HGLILFDo HV FDUDFWHUL]DQGR XPD JHUDomR

GHVFHQWUDOL]DGD DWp VLVWHPDV FHQWUDOL]DGRV GH JUDQGH SRWrQFLD

HOpWULFD H F 0RGR $XW QRPR RQGH RV PyGXORV IRWRYROWDLFRV

VmR RV QLFRV UHVSRQViYHLV SHOR IRUQHFLPHQWR GH HQHUJLD SDUD D

FDUJD

H DFRUGR FRPD ORFDOL]DomR H DGLVSRQLELOLGDGH GRV UHFXUVRV

HQHUJpWLFRV RV VLVWHPDV IRWRYROWDLFRV SRGHP VHU FODVVLI LFDGRV
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O H H F R H R HV i LR RF RV

FRPR 6LVWHPDV )RWRYROWDLFRV ,VRODGRV 6), H 6LVWHPDV

)RWRYROWDLFRV RQHFWDGRV j 5HGH 6) 5 -8 H $59$/ 2

7DPEpP H[LVWHP RV 6LVWHPDV )RWRYROWDLFRV tEULGRV

6) RQGH RV PyGXORV IRWRYROWDLFRV GH XP 6), VmR FRQHFWDGRV

D RXWURV WLSRV GH JHUDomR SDUD R DEDVWHFLPHQWR GH FRQVXPLGRUHV

QmR FRQHFWDGRV j UHGH %25 (6 1(72 H $59$/ 2

6LVWHPDV )RWR ROWDLFRV ,VRODGRV

0XLWRV OXJDUHV GR %UDVLO QmR VmR DWHQGLGRV SRU UHGH

HOpWULFD (P ORFDLV FRPR ID]HQGDV LOKDV H FRPXQLGDGHV LVRODGDV

GD $PD] QLD SRU H[HPSOR XP VLVWHPD IRWRYROWDLFR SRGH VHU D

PHOKRU RSomR SDUD D JHUDomR ORFDO GH HOHWULFLGDGH VXEVWLWXLQGR

JHUDGRUHV PRYLGRV D GLHVHO 9,//$/9$ $VVLP WHQGR HP

YLVWD RV DOWRV FXVWRV LQFRUULGRV QD FRQVWUXomR GH LQIUDHVWUXWXUD

HOpWULFD DWp ORFDLV GLVWDQWHV H QD PDLRULD GDV YH]HV OXJDUHV FRP

EDL[D GHQVLGDGH GH FDUJD D DOWHUQDWLYD SDUD IRUQHFHU HQHUJLD

HOpWULFD XWLOL]DQGR 6), p LQWHUHVVDQWH 1$.$%$<$6 ,

(P JHUDO RV VLVWHPDV LVRODGRV QHFHVVLWDP GH DOJXP WLSR GH

DUPD]HQDPHQWR $ IRUPD PDLV FRPXP GH DUPD]HQDPHQWR p D

XWLOL]DomR GH EDWHULDV HOpWULFDV ([LVWHP WDPEpP RXWURV WLSRV GH

DUPD]HQDPHQWR GH HQHUJLD FRPR SRU H[HPSOR QRERPEHDPHQWR

GH iJXD RQGH D iJXD p DUPD]HQDGD HP WDQTXHV HOHYDGRV $VVLP

D HQHUJLD VRODU VHUi FRQYHUWLGD HP HQHUJLD SRWHQFLDO JUDYLWDFLRQDO

-8 H $59$/ 2 6LVWHPDV GH LUULJDomR SRGHP VHU

H[HPSORV GH VLVWHPDV LVRODGRV VHP DUPD]HQDPHQWR TXDQGR WRGD

D iJXD ERPEHDGD p LPHGLDWDPHQWH XVDGD 3,1 2 H $/ ,12

8P 6), p FRPSRVWR JHUDOPHQWH SRU XPD SODFD RX XP

FRQMXQWR GH SODFDV IRWRYROWDLFDV XPD RX PDLV EDWHULDV XP

FRQWURODGRU GH FDUJD H FRQIRUPH D DSOLFDomR XP LQYHUVRU GH

WHQVmR FRQWtQXD SDUD DOWHUQDGD 9,//$/9$ TXH FRPR

SRGH VHU YLVWR QD )LJXUD ID]HP SDUWH GD XQLGDGH UHVSRQViYHO

SHOR FRQWUROH H FRQGLFLRQDPHQWR GH SRWrQFLD GR VLVWHPD
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)LJ UD &RQILJ UDomR EiVLFD GH P 6),

)RQWH 3LQKR H DOGLQR

2 RQWURODGRUGH DUJD WHPFRPRSULQFLSDO IXQomRFRQWURODU

D FDUJD H D GHVFDUJD GDV EDWHULDV FRUWDQGR R DEDVWHFLPHQWR

HQHUJpWLFR GDV EDWHULDV TXDQGRR VHX HVWDGR GH FDUJD DWLQJH

RX GHVFRQHFWDQGR D FDUJD GDV EDWHULDV TXDQGR HVWDV DWLQJHP D

SURIXQGLGDGH GH GHVFDUJD Pi[LPD QmR GHL[DQGR DVVLP TXH KDMD

GDQRV SRU VREUHFDUJD RX GHVFDUJD SURIXQGD -8 H $59$/ 2

9DOHDSHQD UHVVDOWDUTXH QRV VLVWHPDVDXW QRPRVDJHUDomR

QHP VHPSUH FRLQFLGH FRP R FRQVXPR GHYLGR j LQWHUPLWrQFLD H j

DOHDWRULHGDGHGD LUUDGLDomR VRODU DR ORQJRGRGLD $VVLPDSUHVHQoD

GH XPD EDWHULD p QHFHVViULD SDUD SURSRUFLRQDU IRUQHFLPHQWR

FRQVWDQWH GH HQHUJLD j FDUJD 9,//$/9$

8P EDQFR GH EDWHULDV p FRQVWLWXtGR SRU XPD TXDQWLGDGH

FDOFXODGD GH HOHPHQWRV FRQHFWDGRV HP VHULH H RX SDUDOHOR TXH

IRUQHFHUmR D SRWrQFLD GHPDQGDGD SHODV FDUJDV QR SHUtRGR HP

TXH GHYHP IXQFLRQDU VHP UHFHEHU UHFDUJD GR DUUDQMR IRWRYROWDLFR

QRV GLDV VHP LQVRODomR 2V PyGXORV IRWRYROWDLFRV SURGX]HP

HQHUJLD QD IRUPD GH FRUUHQWH H WHQVmR FRQWtQXD $VVLP SDUD

DOJXPDV DSOLFDo HV p QHFHVViULR FRQYHUWHU HVVD HQHUJLD SDUD WHQVmR

H FRUUHQWH DOWHUQDGDV 3DUD HVWH I LP p XWLOL]DGR XP ,QYHUVRU (VWH

HTXLSDPHQWR SRGH DOLPHQWDU OkPSDGDV DSDUHOKRV GRPpVWLFRV

H TXDOTXHU HTXLSDPHQWR DOLPHQWDGR SHODV UHGHV GH WHQVmR
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DOWHUQDGD ,QYHUVRUHV HOHWU QLFRV SDUD VLVWHPDV IRWRYROWDLFRV

DXW QRPRV HVWmR GLVSRQtYHLV QR PHUFDGR HP XPD YDVWD JDPD

GH SRWrQFLD H QtYHLV GH WHQVmR GH HQWUDGD GHYHQGR VHU HVFROKLGR

HP IXQomR GR WDPDQKR GR VLVWHPD H GRV GHPDLV FRPSRQHQWHV

9,//$/9$

8PD GDV DSOLFDo HV PDLV LPSRUWDQWHV GD WHFQRORJLD VRODU

IRWRYROWDLFD p R ERPEHDPHQWR GH iJXD SDUD I LQV GH LUULJDomR

H FRQVXPR HVSHFLDOPHQWH HP iUHDV UHPRWDV H UXUDLV HVGH

DV OWLPDV GpFDGDV R VLVWHPD GH ERPEHDPHQWR GH iJXD

IRWRYROWDLFD WRUQRX VH XPD WHFQRORJLD PXLWR SRSXODU H PRVWUD

R ERP SRWHQFLDO SDUD IRUQHFHU iJXD GH ERD TXDOLGDGH QR ORFDO

GHVHMDGR 3$1 (< W DO 6HJXQGR R DXWRU XP VLVWHPD

GH ERPEHDPHQWR IRWRYROWDLFR GH iJXD VRODU p D FRPELQDomR GH

SDLQpLV IRWRYROWDLFRV XP FRQMXQWR GH ERPED GH PRWRU $ H

WDPEpPSRGH LQFOXLU R LQYHUVRU GH WHQVmR (PJHUDO DV EDWHULDV QmR

VmR SDUWH GR VLVWHPD VRODU GH ERPEHDPHQWR GH iJXD IRWRYROWDLFD

SRLV R ERPEHDPHQWR GH iJXD SDUD ILQV GH LUULJDomR SRGH VHU IHLWR

GXUDQWH R GLD HQTXDQWR SDUD I LQV GH FRQVXPR XPD LQVWDODomR GH

DUPD]HQDPHQWR DGHTXDGD SRGH VHU LQVWDODGD QR ORFDO DGHTXDGR

SUy[LPR

1D )LJXUD SRGHP VHU YLVWDV DV LPDJHQV GH GRLV VLVWHPDV GH

ERPEHDPHQWR GH iJXD FRPSRVWRV SRU XP JHUDGRU IRWRYROWDLFR

H XP UHVHUYDWyULR SDUD R DUPD]HQDPHQWR GD iJXD 2V VLVWHPDV

IRUDP LQVWDODGRV SHOD )XQGDomR 0XVHX GR RPHP $PHULFDQR

)80 $0 TXH DWXD QD UHJLmR GR 3DUTXH 1DFLRQDO GD 6HUUD

GD DSLYDUD HVWDGR GR 3LDXt DWUDYpV GR SURMHWR JXD QR

%HUoR GR RPHP $PHULFDQR FRP DSRLR GR SURJUDPD 3HWUREUiV

$PELHQWDO $ ILJXUD DSUHVHQWD XPD YLVmR SDQRUkPLFD GH GXDV

GHVVDV LQVWDODo HV ORFDOL]DGDV QRV PXQLFtSLRV GH 6mR 5DLPXQGR

1RQDWR )LJXUD D H XDULEDV )LJXUD E DPEDV FRP

FDUDFWHUtVWLFDV WpFQLFDV VHPHOKDQWHV SRWrQFLD WRWDO GH :S

PRWRERPED UXQGIRV 64)OH[ H UHVHUYDWyULR FRP FDSDFLGDGH

SDUD OLWURV GH iJXD 025$(6



F
i pF F F F

)LJ UD 6LVWHPDV IRWR ROWDLFRV D W QRPRV WLOL DGRV SDUD

ERPEHDPHQWR GH iJ D

D E

)RQWH 0RUDHV

6LVWHPDV )RWR ROWDLFRV tEULGRV

H DFRUGR FRP /LUD R %UDVLO DLQGD SRVVXL YiULDV

FRPXQLGDGHV VHP DEDVWHFLPHQWR GH HQHUJLD HOpWULFD GHYLGR j

GLI LFXOGDGH GH DFHVVR H RV FXVWRV HOHYDGRV SDUD VH FRQVWUXLU XPD

VXEHVWDomR TXH DWHQGHUi XPD TXDQWLGDGH UHGX]LGD GH XQLGDGHV

FRQVXPLGRUDV XPD YH] TXH ERD SDUWH GHVVDV FRPXQLGDGHV HVWmR

VLWXDGDV HP iUHDV UHPRWDV 3RU FRQWD GLVVR D DOWHUQDWLYD PDLV

XVXDO SDUD FRQWRUQDU R SUREOHPD GD IDOWD GH HQHUJLD HOpWULFD WHP

VLGR R XVR GH JUXSRV JHUDGRUHV D GLHVHO $ RSHUDomR GRV JUXSRV

JHUDGRUHV HPERUD DWHQGD D HQHUJLD GHPDQGDGD QmR p XP

SURFHVVR WmR VLPSOHV SRU FRQWD GH GLILFXOGDGHV FRPR RV FXVWRV

GR FRPEXVWtYHO VHX WUDQVSRUWH H VHX DUPD]HQDPHQWR $GHPDLV

DLQGD H[LVWH R DVSHFWR DPELHQWDO YLVWR TXH GHYLGR j TXHLPD GH

FRPEXVWtYHO RV JUXSRV JHUDGRUHV HPLWHP JDVHV GH HIHLWR HVWXID

(P DOJXPDV UHJL HV H[LVWH D SRVVLELOLGDGH GH VH XWLOL]DU

PDLV GH XPD IRQWH GH HQHUJLD FRPELQDGDV HP XP QLFR VLVWHPD

FRQKHFLGR FRPR 6LVWHPD LEULGR H DFRUGR FRP 3UDWV W DO
XP VLVWHPD KtEULGR p GHILQLGR SHOD FRPELQDomR HP

XPD Vy LQVWDODomR SDUD JHUDomR GH HQHUJLD GH IRQWHV JHUDOPHQWH
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UHQRYiYHLV TXH SRGHP VHU FRPSOHPHQWDGDV FRP JUXSRV JHUDGRUHV

GLPHQVLRQDGRV SDUD IXQFLRQDPHQWR DSHQDV HP FDVRV GH

HPHUJrQFLD FRPR p PRVWUDGR QD )LJXUD

)LJ UD ( HPSOR GH 6LVWHPD tEULGR

)RQWH 3LQKR H DOGLQR

2V SULPHLURV HVWXGRV H H[SHULrQFLDV SRVLWLYDV GHVWH WLSR GH

DSOLFDomR UHPRQWDP j GpFDGD GH DWUDYpV GH VLVWHPDV TXH

FRPELQDYDP D XWLOL]DomR GH WXUELQDV HyOLFDV FRP JHUDGRUHV GLHVHO

$WXDOPHQWH DV FRQMXQWXUDV PDLV FRPXQV VmR D GLHVHO HyOLFD

GLHVHO VRODU IRWRYROWDLFD GLHVHO HyOLFD VRODU IRWRYROWDLFD H D VRODU

IRWRYROWDLFD HyOLFD %25 (6 1(72 H $59$/ 2 $VVLP

GDGD D SRVVLELOLGDGH GH XPD IRQWH VXSULU D IDOWD WHPSRUiULD GH
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RXWUD HVVHV WLSRV GH VLVWHPD WrP FDSDFLGDGH GH RSHUDU FRPPHQRU

ULVFR GH LQWHUUXSomR

(P JHUDO RV VLVWHPDV KtEULGRV QmR HVWmR FRQHFWDGRV j UHGH

HOpWULFD GD FRQFHVVLRQiULD H RV SULQFLSDLV HTXLSDPHQWRV TXH RV

FRPS HP VmR 3DLQpLV IRWRYROWDLFRV DHURJHUDGRUHV WXUELQDV

KLGUiXOLFDV WHFQRORJLDV GH FRQYHUVmR GH IRQWHV UHQRYiYHLV JUXSRV

JHUDGRUHV D GLHVHO D JDVROLQD RX D JiV WHFQRORJLD GH FRQYHUVmR

GH IRQWHV QmR UHQRYiYHLV EDWHULDV IRUPDQGR XP VLVWHPD GH

DUPD]HQDPHQWR GH HQHUJLD HOpWULFD ,QYHUVRUHV GH WHQVmR

UHWLI LFDGRUHV H FRQWURODGRUHV GH FDUJD HTXLSDPHQWRV GR VLVWHPD

GH FRQGLFLRQDPHQWR GH SRWrQFLD /,5$

1D )LJXUD SRGH VHU YLVWR XP VLVWHPD KtEULGR IRWRYROWDLFR

GLHVHO GH $UDUDV PXQLFtSLR GH 0DPRUp HVWDGR GH 5RQG QLD TXH

HQWURX HP RSHUDomR QR DQR GH ORJR DSyV D LQVHUomR GH XPD

SODQWD IRWRYROWDLFD FRP FDSDFLGDGH QRPLQDO GH N:S QR

VLVWHPD GH JHUDomR GLHVHO HOpWULFD N: SHUWHQFHQWH j XDVFRU

GR %UDVLO HPSUHVD TXH p SURGXWRUD LQGHSHQGHQWH GH HQHUJLD QD

ORFDOLGDGH FRQWUDWDGD SHOD HQWUDLV (OpWULFDV GH 5RQG QLD 6 $

(521 2V SULQFLSDLV GDGRV GHVVH VLVWHPD VmR XP DUUDQMR

IRWRYROWDLFR GH N:S FRP PyGXORV GH :S )LJXUD D

WULQWD H GRLV LQYHUVRUHV HVWiWLFRV GH : FDGD H WUrV JUXSRV

JHUDGRUHV D GLHVHO GH N9$ FDGD )LJXUD E 3,1 2 W DO
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)LJ UD 6LVWHPD tEULGR VRODU IRWR ROWDLFR GLHVHO GH UDUDV

D E

)RQWH 3LQKR W DO

6LVWHPDV )RWR ROWDLFRV &RQHFWDGRV j 5HGH

2V 6) 5 )LJXUD FRQVWLWXHP D DSOLFDomR GH HQHUJLD

VRODU IRWRYROWDLFD TXH DSUHVHQWDP PDLRU H[SUHVVmR HP YiULRV

ORFDLV GR PXQGR 8PD GDV SULQFLSDLV YDQWDJHQV GD XWLOL]DomR

GHVVHV VLVWHPDV p D SRVVLELOLGDGH GH LQWHJUD ORV j DUTXLWHWXUD GDV

HGLI LFDo HV SRVVLELOLWDQGR R DSURYHLWDPHQWR GR UHFXUVR VRODU

GLVSRQtYHO SDUD D JHUDomR GH HOHWULFLGDGH QR SUySULR ORFDO GH

FRQVXPR 0$ 2

)LJ UD 6LVWHPD )RWR ROWDLFR &RQHFWDGR j 5HGH

)RQWH 3LQKR H DOGLQR
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2V 6) 5 HP VXD JUDQGH PDLRULD GLVSHQVDP R XVR GH

DFXPXODGRUHV SRLV D HQHUJLD SRU HOHV JHUDGD SRGH VHU FRQVXPLGD

SHOD FDUJD RX LQMHWDGD GLUHWDPHQWH j UHGH HOpWULFD VHQGR D PHVPD

FRPSHQVDGD QR FRQVXPR GH HQHUJLD HOpWULFD DWLYD GD HGLI LFDomR

7(/(6 (VWHV VLVWHPDV XWLOL]DP XP JUDQGH Q PHUR

GH PyGXORV IRWRYROWDLFRV H WRGR R DUUDQMR p FRQHFWDGR HP

LQYHUVRUHV H ORJR HP VHJXLGD JXLDGRV GLUHWDPHQWH j UHGH -8 H

$59$/ 2

1R %UDVLO R Q PHUR GH VLVWHPDV FRQHFWDGRV j UHGH YHP

DXPHQWDQGR R TXH IRL SRVVLELOLWDGR SHOD $1((/ DWUDYpV GD 51

TXH LQFHQWLYRXH UHJXODPHQWRXD JHUDomRGH HOHWULFLGDGH

FRP IRQWHV UHQRYiYHLV GH HQHUJLD HP VLVWHPDV FRQHFWDGRV j UHGH

HOpWULFD GH GLVWULEXLomR $ DSURYDomR GHVWD UHVROXomR IRL XP

PDUFR QR VHWRU HQHUJpWLFR EUDVLOHLUR SRLV FRORFRX R %UDVLO QR

JUXSR GH SDtVHV TXH LQFHQWLYDP H DSRLDP D DXWRSURGXomR GH

HQHUJLD HOpWULFD SRU FLGDGmRV HPSUHVDV H LQVWLWXLo HV TXH GHVHMDP

VXSULU VHX FRQVXPR GH HQHUJLD D SDUWLU GH VLVWHPDV IRWRYROWDLFRV

RSHUDQGR HP SDUDOHOLVPR FRP D UHGH S EOLFD 9,//$/9$

$ UHVROXomR SHUPLWLX DRV FRQVXPLGRUHV EUDVLOHLURV R GLUHLWR

GH LQVWDODU VLVWHPDV IRWRYROWDLFRV GLYLGLGRV HP GXDV FDWHJRULDV

PLFUR H PLQLJHUDomR GLVWULEXtGD 1R DQR GH D 51 Q”

SDVVRX SRU XPD DWXDOL]DomR DWUDYpV GD SXEOLFDomR GD 51 Q”

GH RP HVWD DWXDOL]DomR D SRWrQFLD SHUPLWLGD SDUD D

PLFURJHUDomR TXH HUD GH DWp N: SDVVRX D VHU N: H SDUD

D PLQLJHUDomR TXH HUD SHUPLWLGD GH N: D 0: SDVVD D YDOHU

GH N: D 0: $1((/ $1((/

D PHVPD IRUPD FRPR VmR FRQVWLWXtGDV DV XVLQDV

KLGUHOpWULFDV WHUPHOpWULFDV H RXWUDV RV VLVWHPDV IRWRYROWDLFRV

VmR XVDGRV QD FRQVWUXomR GH XVLQDV GH JHUDomR GH HQHUJLD

HOpWULFD )LJXUD FRQHFWDGDV DR VLVWHPD HOpWULFR DWUDYpV GH

WUDQVIRUPDGRUHV H OLQKDV GH WUDQVPLVVmR 9,//$/9$
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)LJ UD 8VLQD 6RODU )RWR ROWDLFD GH JUDQGH SRUWH

)RQWH 3LQKR H DOGLQR

(VVHV VLVWHPDV JHUDOPHQWH XWLOL]DP LQYHUVRUHV FRPXWDGRV

SHOD UHGH SDUD HYLWDU RSHUDomR LVRODGD H HP JHUDO VmR HTXLSDGRV

FRP VLVWHPD VHJXLGRU GH Pi[LPD SRWrQFLD H WrP D GHVYDQWDJHP

GH SRU RFXSDUHP JUDQGHV iUHDV H HVWDUHP JHUDOPHQWH DIDVWDGDV

GR FHQWUR GH FRQVXPR QHFHVVLWDUHP GH VLVWHPDV GH WUDQVPLVVmR H

GLVWULEXLomR DWp R SRQWR GH FRQVXPR 0$ 2 1D )LJXUD

pPRVWUDGRR3DUTXH6RODU1RYD2OLQGDQR(VWDGRGR3LDXt FRP

SRWrQFLD LQVWDODGD GH 0:S ORFDOL]DGR QD FLGDGH GH 5LEHLUD

GR 3LDXt 2 VLVWHPD FRQWD FRP PLO PyGXORV IRWRYROWDLFRV H

RFXSD XPD iUHD GH DSUR[LPDGDPHQWH KHFWDUHV $WXDOPHQWH p

R PDLRU SDUTXH VRODU GD DPpULFD ODWLQD 7(,;(,5$

)LJ UD 8VLQD GH1R D2OLQGD FRP 0:S

HP 5LEHLUD GR 3LD t

)RQWH 3RUWDO (QHUJLD

1D JHUDomR GLVWULEXtGD R VLVWHPD HVWi FRQHFWDGR j

UHGH S EOLFD GH GLVWULEXLomR MXQWR j XQLGDGH FRQVXPLGRUD
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GLVSRQLELOL]DQGR D HQHUJLD JHUDGD HP H[FHGHQWH j UHGH VHQGR

LQWHJUDQWHV RV VLVWHPDV GH PLFUR H PLQLJHUDGRUHV GLVWULEXtGRV

526$ H $63$5,1 6HJXQGR 9LOODOYD RV VLVWHPDV

IRWRYROWDLFRVGHPLQLJHUDomRGLVWULEXtGDJHUDOPHQWH VmR LQVWDODGRV

HP FRQVXPLGRUHV FRPHUFLDLV H LQGXVWULDLV FRP R REMHWLYR GH VXSULU

SDUFLDO RX WRWDOPHQWH D GHPDQGD GH HQHUJLD HOpWULFD UHGX]LQGR

VXD GHSHQGrQFLD GD UHGH S EOLFD GH HQHUJLD SURSRUFLRQDQGR

HFRQRPLD QD FRQWD GH HOHWULFLGDGH -i RV VLVWHPDV GH PLFURJHUDomR

VmR VLVWHPDV SHTXHQRV LQVWDODGRV HP ORFDLV GH PHQRU FRQVXPR

GH HOHWULFLGDGH FRPR QRV WHOKDGRV GH UHVLGrQFLDV SHTXHQDV

HPSUHVDV H VKRSSLQJ FHQWHUV WRUQDQGR RV DXWRVVXILFLHQWHV HP

HQHUJLD HOpWULFD

2V 6) 5 HP HGLILFDo HV VmR HVVHQFLDOPHQWH FRQVWLWXtGRV

SRU XP JHUDGRU IRWRYROWDLFR XP FRQYHUVRU $ LQYHUVRU

H XP SRQWR GH DFRSODPHQWR FRPXP JHUDOPHQWH XP 4XDGUR

HUDO GH %DL[D 7HQVmR 4 %7 (VVD FRQILJXUDomR )LJXUD

SHUPLWH XP LQWHUFkPELR GH HQHUJLD HQWUH R 6) 5 H D UHGH HOpWULFD

SURSRUFLRQDQGR XP DWHQGLPHQWR FRQWLQXDGR VHP D QHFHVVLGDGH

GH EDWHULDV 0$ 2

)LJ UD &RQILJ UDomR EiVLFD GH P VLVWHPD

IRWR ROWDLFR GLVWULE tGR

)RQWH 7HOHV

6HJXQGR 7HOHV H[LVWHP GLIHUHQWHV FRQILJXUDo HV

GH DJUXSDPHQWR GRV JHUDGRUHV )9 TXH FRPS HP XP 6) 5

)LJXUD $V DUTXLWHWXUDV PDLV XWLOL]DGDV SRGHP VHU DJUXSDGDV
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EDVLFDPHQWH QDV FLQFR VHJXLQWHV FRQILJXUDo HV GH LQYHUVRU D

,QYHUVRU FHQWUDOL]DGR E ,QYHUVRU W L QDTXDOp IHLWDD LQWHUOLJDomR

GH XPD FDGHLD GH PyGXORV )9 DVVRFLDGRV HP VpULH D FDGD LQYHUVRU

F ,QYHUVRU 0 OWLVW L TXH SHUPLWH R XVR GH VW L V FRP GLIHUHQWHV

Q PHURV GH PyGXORV G 0LFURLQYHUVRUHV TXH VmR FRQHFWDGRV D

FDGD PyGXOR PD[LPL]DQGR VXD HQHUJLD H GHSRLV LQYHUWHQGR D

SDUD DOLPHQWDU D UHGH

)LJ UD 3ULQFLSDLV FRQILJ UDo HV GH 6)&5

T DQWR DRV LQ HUVRUHV

)RQWH $GDSWDGR GH 7HOHV

(P 6LVWHPDV FRP FRQILJXUDomR ,QYHUVRU FHQWUDOL]DGR

)LJXUD D RV JHUDGRUHV )9 VmR IRUPDGRV SRU FDGHLDV GH

PyGXORV OLJDGRV HP VpULH H DSHQDV XP LQYHUVRU p XWLOL]DGR SDUD

ID]HU D LQWHUIDFH FRP D UHGH HOpWULFD QR TXDO WRGDV DV VpULHV VmR

OLJDGDV HP SDUDOHOR 7(/(6 $ SULQFLSDO YDQWDJHP GHVVD

FRQILJXUDomR p D UHGXomR GH FXVWRV HQTXDQWR D GHVYDQWDJHP

HVWi QD EDL[D FRQILDELOLGDGH SRLV QR FDVR GH IDOKDV QR LQYHUVRU

JUDQGH SDUWH GD LQVWDODomR ILFD FRPSURPHWLGD $/0(, $

�D�

�F�

�E�

�G�
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$SHVDU GDV GHVYDQWDJHQV PHQFLRQDGDV HVVD DUTXLWHWXUD SRVVXL D

YDQWDJHP GH SURSRUFLRQDU RPHQRU FXVWR SRU SRWrQFLD LQVWDODGD H

XPD PDLRU VLPSOLFLGDGH 3$9$1 W DO 9DOH D SHQD UHVVDOWD

TXH HVWD FRQILJXUDomR p D PDLV XVDGD QD FRPXQLGDGH (XURSHLD

FRP DSUR[LPDGDPHQWH GR PHUFDGR $0%2 W DO
6HJXQGR 7HOHV D WHFQRORJLD GH LQYHUVRUHV W L

)LJXUD E GHPRQVWUD XP GRV DYDQoRV WHFQROyJLFRV SDUD

UHVROYHU RV SUREOHPDV GD FRQFHSomR FHQWUDOL]DGD (OD VH EDVHLD

QD LQWHUOLJDomR GH XPD FDGHLD GH PyGXORV )9 DVVRFLDGRV HP VpULH

D FDGD LQYHUVRU TXH SRU LVVR p FDUDFWHUL]DGR FRPR VHQGR GR WLSR

VW L $OPHLGD DILUPDTXHHVVDFRQILJXUDomRHOLPLQDOLJDo HV

HP SDUDOHOR GLPLQXL DV SHUGDV RFDVLRQDGDV SRU VRPEUHDPHQWR H

SHUPLWH XWLOL]DU HP XP PHVPR VLVWHPD IRWRYROWDLFR VpULHV )9 FRP

RULHQWDo HV GLIHUHQWHV SURSLFLDQGR XP DXPHQWR GD HILFLrQFLD

HQHUJpWLFD H GD FRQILDELOLGDGH GR VLVWHPD 6HJXQGR R DXWRU D

SULQFLSDO GHVYDQWDJHP p R DXPHQWR GRV FXVWRV XPD YH] TXH p

QHFHVViULR XP PDLRU Q PHUR GH LQYHUVRUHV GH PHQRU SRWrQFLD

8P PyGXOR $ p XPD FRPELQDomR GH XP PyGXOR

IRWRYROWDLFR H XP PLFURLQYHUVRU LQWHJUDGR )LJXUD F TXH

FRQYHUWH D SRWrQFLD GR PyGXOR HP SRWrQFLD $ H D LQMHWD QD

UHGHHOpWULFD FRQYHQFLRQDO 2 LQYHUVRU p LQVWDODGRQDSDUWHSRVWHULRU

GR PyGXOR RX VREUH D HVWUXWXUD GH VXSRUWH SUy[LPR GR PHVPR

,QWHJUDQGR VH FDGD PyGXOR )9 GLUHWDPHQWH D XP PLFURLQYHUVRU p

SRVVtYHO PLQLPL]DU DV SHUGDV GHYLGR j GLVSHUVmR GH SDUkPHWURV GR

PyGXOR RX RV HIHLWRV GH XPD LOXPLQDomR QmR XQLIRUPH GR JHUDGRU

)9 0$ 2

1D HVWUXWXUD P OWLVW L )LJXUD G H[LVWH XP UDVWUHDGRU GR

SRQWR GHPi[LPD SRWrQFLDDVVRFLDGR DFDGD VHTXrQFLDGHPyGXORV

)9 HP VpULH 3DUD LVVR XP FRQYHUVRU F F F F p LPSOHPHQWDGR SDUD

FDGD VW L H D SRWrQFLD UHVXOWDQWH GH FDGD VpULH p HQWUHJXH D XP

QLFR EDUUDPHQWR F F TXH HVWi FRQHFWDGR D XP QLFR HVWiJLR GH

FRQYHUVmR F F F D 2 LQYHUVRU P OWLVW L p WLO TXDQGR DV VpULHV
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GH GLIHUHQWHV SRWrQFLDV QRPLQDLV H GLIHUHQWHV RULHQWDo HV VmR

FRPELQDGDV 7(/(6

RPR H[HPSOR GH 6) 5 LQVWDODGR QR 3LDXt DOpP GR VLVWHPD

IRWRYROWDLFR GH PLQLJHUDomR LQVWDODGR QR FDPS V )ORULDQR GR ,)3,

WHP VHR VLVWHPD IRWRYROWDLFRGHPLFURJHUDomR LQVWDODGR QR HQWUR

GH 7HFQRORJLD 7 GD 8QLYHUVLGDGH )HGHUDO GR 3LDXt 8)3, YLVWR

QD )LJXUD 2 VLVWHPD SRVVXL D SRWrQFLD LQVWDODGD GH N:

025$,6 W DO

)LJ UD 6)&5 LQVWDODGR QR %ORFR GR &7 GD 8)3,

)RQWH 0RUDLV W DO
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-

2 XVR GD HQHUJLD IRWRYROWDLFD HVWHYH LQLFLDOPHQWH YROWDGR jV

DSOLFDo HV HVSDFLDLV 3RVWHULRUPHQWH D WHFQRORJLD SDVVRX D VHU

DOWHUQDWLYD SDUD R DWHQGLPHQWR GH ORFDLV LVRODGRV IXQFLRQDQGR

HP FRQMXQWR FRP EDWHULDV 1R VpFXOR ;;, REVHUYRX VH XP JUDQGH

VDOWR QD XWLOL]DomR GHVWD WHFQRORJLD WDQWR GH IRUPD GLVWULEXtGD

TXDQWR FHQWUDOL]DGD 72/0$648,0

6HJXQGR 6LOYD GHQWUH RV SULQFLSDLV IDWRUHV TXH YrP

FRQWULEXLQGR SDUD D DFHOHUDomR GR FUHVFLPHQWR GD IRQWH VRODU QD

PDWUL] HQHUJpWLFD PXQGLDO HVWmR R DSHOR PXQGLDO SRU HQHUJLDV

OLPSDV H R EDUDWHDPHQWR GRV HTXLSDPHQWRV QHFHVViULRV SDUD D

JHUDomR HP GHFRUUrQFLD GR FUHVFLPHQWR GRV LQYHVWLPHQWRV GR

VHWRU S EOLFR H SULYDGR H WDPEpP GHYLGR DR DXPHQWR GRV SUHoRV

GD HQHUJLD HOpWULFD WRUQDQGR D PDLV FRPSHWLWLYD

3DQRUDPD OREDO

2DQRGH IRL XPPDUFR SDUD D HQHUJLD VRODU IRWRYROWDLFD

TXDQGR R PXQGR DGLFLRQRX PDLV FDSDFLGDGH GH HQHUJLD VRODU

IRWRYROWDLFD GR TXH GH TXDOTXHU RXWUR WLSR GH WHFQRORJLD

SDUD D JHUDomR GH HQHUJLD 5(1 1R DQR GH R
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PHUFDGR JOREDO GH HQHUJLD VRODU IRWRYROWDLFD DXPHQWRX SRUpP

DSHQDV OLJHLUDPHQWH PDV R VXILFLHQWH SDUD XOWUDSDVVDU R QtYHO GH

LQFUHPHQWR DFLPD GRV : SHOD SULPHLUD YH] 5(1

2 DQR GH WDPEpP UHSUHVHQWRX XP DQR HP TXH DV DGLo HV

JOREDLV GH HQHUJLD VRODU ILFDUDP SUDWLFDPHQWH HVWiYHLV SRUpP D

GpFDGD WHUPLQRX FRP IRUWH GHPDQGD QD (XURSD (VWDGRV 8QLGRV

H SDtVHV HPHUJHQWHV DR UHGRU GR PXQGR 5(1

2 DQR GH UHSUHVHQWRX RXWUR PDUFR SDUD D HQHUJLD

VRODU IRWRYROWDLFD FRP QRYDV LQVWDODo HV DWLQJLQGR FHUFD GH

: R TXH HOHYRX R WRWDO JOREDO D XPD HVWLPDWLYD GH FHUFD

GH : 0HVPR DSyV R SHUtRGR GH LQFHUWH]DV WUD]LGR SHOD

SDQGHPLD GH 29, FRP IHFKDPHQWRV GH HPSUHVDV SHGLGRV

GH SHUPDQrQFLD HP FDVD H UHVWULo HV GH PRYLPHQWR TXH DIHWDUDP

R FRQVXPR GH HOHWULFLGDGH H PXGDUDP RV SDGU HV GH GHPDQGD

GLiULRV DOpP GH GLYHUVRV SUREOHPDV H GLILFXOGDGHV HQIUHQWDGRV

SHOD WHFQRORJLD QR SHUtRGR GD SDQGHPLD LQFOXLQGR DWUDVRV QR

HQYLR H HQWUHJD GH SDLQpLV VRODUHV H KDUGZDUH UHODFLRQDGR HP

DTXLVLo HV GH FOLHQWHV H HP OLFHQFLDPHQWR H FRQVWUXomR GH SURMHWRV

D HQHUJLD VRODU IRWRYROWDLFD FRQVHJXLX DOFDQoDU R PDLRU DXPHQWR

GH FDSDFLGDGH Mi YLVWR HP XP QLFR DQR 5(1 FRPR

SRGH VHU YLVWR QD )LJXUD
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)LJ UD GLo HV DQ DLV GH HQHUJLD VRODU IRWR ROWDLFD QR

P QGR HQWUH H

)RQWH 5(1

1R DQR GH D KLQD SDVVRX D OLGHUDU D FDSDFLGDGH WRWDO

LQVWDODGD GH HQHUJLD VRODU IRWRYROWDLFD FRP :S VHJXLGD

SHOD $OHPDQKD FRP :S -DSmR FRP :S (8$

FRP :S H ,WiOLD FRP :S 1$6 ,0(172

-i HP D KLQD VXSHURX WRGDV DV H[SHFWDWLYDV DGLFLRQDQGR

PDLV FDSDFLGDGH IRWRYROWDLFD VRODU PDLV GH : GR TXH IRL

DGLFLRQDGR HP WRGR R PXQGR HP : FRPR SRGH VHU

YLVWR QD )LJXUD 3HOD SULPHLUD YH] D HQHUJLD VRODU IRWRYROWDLFD

IRL D SULQFLSDO IRQWH GH QRYD FDSDFLGDGH GH HQHUJLD GD KLQD

5(1
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)LJ UD 5DQNLQJ GRV 3DtVHV T HPDLV DGLFLRQDUDP HQHUJLD

VRODU IRWR ROWDLFD HP

)RQWH 5(1

2V FLQFR SULQFLSDLV PHUFDGRV QDFLRQDLV GH HQHUJLDV VRODU

IRWRYROWDLFD D VDEHU KLQD (VWDGRV 8QLGRV 9LHWQm -DSmR H

$OHPDQKD IRUDP UHVSRQViYHLV SRU TXDVH GD FDSDFLGDGH

UHFpP LQVWDODGD HP FRQWUD GRV FLQFR SULQFLSDLV HP

PDV DEDL[R GRV FHUFD GH HP j PHGLGD TXH R

PHUFDGR JOREDO VH WRUQD XP SRXFR PHQRV FRQFHQWUDGR RV FLQFR

PHUFDGRV VHJXLQWHV IRUDP ºQGLD $XVWUiOLD 5HS EOLFD GD RUHLD

%UDVLO H RODQGD ,QIRUPDomR LPSRUWDQWH p TXH R WDPDQKR GR

PHUFDGR DQXDO QHFHVViULR SDUD VH FODVVLILFDU HQWUH RV SULQFLSDLV

SDtVHV SHUPDQHFHX HP FHUFD GH : 5(1 FRPRSRGH

VHU YLVWR QD )LJXUD
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)LJ UD &DSDFLGDGH 6RODU )RWR ROWDLFD OREDO SRU SDtV QR

SHUtRGR GH D

)RQWH 5(1

RP UHODomR j GHPDQGD ILQDO GH HQHUJLD D QtYHO PXQGLDO

R FRQVXPR SRGH VHU GLYLGLGR HP WUrV VHWRUHV SULQFLSDLV ,QG VWULD

H $JULFXOWXUD 1HJyFLRV H 7UDQVSRUWH 9DOH D SHQD UHVVDOWDU TXH

R VHWRU GH WUDQVSRUWH WHP D WHUFHLUD PDLRU SDUFHOD GR FRQVXPR

WRWDO GH HQHUJLD ILQDO DWUiV GR VHWRU LQGXVWULDO FRP

GR WRWDO GH GR VHWRU GH QHJyFLRV FRP GR WRWDO H FRQWLQXD

VHQGR R VHWRU FRP D PHQRU SHQHWUDomR GH HQHUJLDV UHQRYiYHLV

FHUFD GH QR DQR GH H FRQWLQXD D GHSHQGHU IRUWHPHQWH

GH FRPEXVWtYHLV IyVVHLV 5(1 FRPR SRGH VHU YLVWR QD

)LJXUD
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)LJ UD 3DUWLFLSDomR GDV IRQWHV UHQR i HLV QR FRQV PR ILQDO

GH HQHUJLD JOREDO SRU VHWRU QR DQR GH

)RQWH 5(1

9DOH D SHQD UHVVDOWDU TXH HP D HQHUJLD UHQRYiYHO

PRGHUQD H[FOXLQGR R XVR WUDGLFLRQDO GH ELRPDVVD UHSUHVHQWDYD

GH WRGD D HQHUJLD FRQVXPLGD QR PXQGR $ PDLRU SDUWH HUD

HOHWULFLGDGH UHQRYiYHO VHJXLGR SHOR FDORU UHQRYiYHO

H ELRFRPEXVWtYHLV GH WUDQVSRUWH 5(1 FRPR SRGH

VHU YLVWR QD )LJXUD
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)LJ UD 3DUWLFLSDomR GDV IRQWHV UHQR i HLV GH HQHUJLD QR

FRQV PR ILQDO JOREDO QR DQR GH

)RQWH 5(1

-i QR DQR GH SDVVRX D UHSUHVHQWDU VHQGR D

HOHWULFLGDGH UHQRYiYHO FRUUHVSRQGHQGR D R FDORU UHQRYiYHO

D H ELRFRPEXVWtYHLV GH WUDQVSRUWH PDQWHQGR RV GR WRWDO

FRPR SRGH VHU YLVWR QD )LJXUD

)LJ UD 3DUWLFLSDomR GDV IRQWHV UHQR i HLV GH HQHUJLD QR

FRQV PR ILQDO JOREDO HP

)RQWH 5(1
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$ FRPSHWLWLYLGDGH GH FXVWRV GD HQHUJLD VRODU IRWRYROWDLFD p

FDGD YH] PDLV XP LPSXOVLRQDGRU GH LQYHVWLPHQWR PDV JHUDOPHQWH

p LQVXI LFLHQWH SRU VL Vy 3RUpP DD PDLRULD GRV SDtVHV DLQGD Ki

XPD QHFHVVLGDGH GH HVWUXWXUDV UHJXODWyULDV H SROtWLFDV DGHTXDGDV

TXH UHJHP DV FRQH[ HV GH UHGH TXH DMXGHP D VXSHUDU DV EDUUHLUDV

GH FXVWR RX LQYHVWLPHQWR HP DOJXQV PHUFDGRV JDUDQWLQGR DVVLP

XP FDPSR GH MRJR MXVWR H HTXLWDWLYR 5(1

3DQRUDPD1DFLRQDO

2 %UDVLO SRVVXL XP GRV PDLRUHV SRWHQFLDLV KLGUHOpWULFRV

GR PXQGR FRUUHVSRQGHQGR D PDLV GH GRLV WHUoRV GR WRWDO GD

FDSDFLGDGH LQVWDODGD GR SDtV 867 ,2 H 52 5, 8(6

(P KRXYH XP DXPHQWR GD FDSDFLGDGH WRWDO LQVWDODGD GH

JHUDomR GH HQHUJLD GR %UDVLO )LJXUD DOFDQoDQGR 0:

FRP XP DFUpVFLPR GH 0: VHQGRTXH DV FHQWUDLV KLGUiXOLFDV

FRQWULEXtUDP FRP 0: SDVVDQGR D UHVSRQGHU SRU GD

JHUDomR GR SDtV (3( D

6HJXQGR 7ROPDVTXLP HVWD WHP VLGR D SULQFLSDO IRQWH

GH JHUDomR GR VLVWHPD HOpWULFR EUDVLOHLUR SRU YiULDV GpFDGDV WDQWR

SHOD VXD FRPSHWLWLYLGDGH HFRQ PLFD TXDQWR SHOD VXD DEXQGkQFLD

D QtYHO QDFLRQDO $OpP GLVVR WUDWD VH GH XPD WHFQRORJLD PDGXUD

H FRQILiYHO TXH QR DWXDO FRQWH[WR GH PDLRU SUHRFXSDomR FRP DV

HPLVV HV GH JDVHV GH HIHLWR HVWXID DSUHVHQWD D YDQWDJHP DGLFLRQDO

GH VHU XPD IRQWH UHQRYiYHO GH JHUDomR
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)LJ UD 2IHUWD LQWHUQD GH HQHUJLD HOpWULFD SRU IRQWH HP

)RQWH (3(

1R %UDVLO D HQHUJLD VRODU IRWRYROWDLFD DLQGD p XPD IRUPD GH

HQHUJLD VXE UHSUHVHQWDGD FRQVLGHUDQGR DV FRQGLo HVGH LUUDGLDomR

VRODU GR SDtV ,QLFLDOPHQWH VHX XVR HQJOREDYD HP VXD PDLRULD

VLVWHPDV LVRODGRV HP SHTXHQD HVFDOD HP iUHDV VHP FRQH[mR FRPR

6LVWHPD ,QWHUOLJDGR 1DFLRQDO 6,1 2/ (50$11 W DO
1R HQWDQWR D TXDQWLGDGH GH LQVWDODomR GH VLVWHPDV GH

JHUDomR IRWRYROWDLFRV FRQHFWDGRV j UHGH HOpWULFD QR %UDVLO YHLR

D FUHVFHU QRV OWLPRV DQRV ,VVR VH GHX SULQFLSDOPHQWH DSyV D

SXEOLFDomR GD 5HVROXomR 1RUPDWLYD Q” GD $JrQFLD

1DFLRQDO GH (QHUJLD (OpWULFD $1((/ TXH SDGURQL]RX D LQFOXVmR

GD HQHUJLD IRWRYROWDLFD QD PDWUL] HQHUJpWLFD EUDVLOHLUD DWUDYpV GDV

PRGDOLGDGHV GH PLFUR H PLQLJHUDomR GLVWULEXtGDV $1((/

2V VLVWHPDV GH HUDomR LVWULEXtGD IXQFLRQDP GH

PDQHLUD RSRVWD DR TXH p XVXDO $ p FDUDFWHUL]DGD SRU XQLGDGHV

FRQVXPLGRUDV TXH LQVWDODP SHTXHQRV VLVWHPDV GH JHUDomR MXQWR

jV FDUJDV TXH SHUPDQHFHP FRQHFWDGDV DR VLVWHPD GD SUySULD UHGH

GH GLVWULEXLomR 4XDQGR D SRWrQFLD JHUDGD p VXSHULRU j SRWrQFLD

FRQVXPLGD DV XQLGDGHV FRQVXPLGRUDV SDVVDP D VH FRPSRUWDU
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FRPR SHTXHQDV XVLQDV LQMHWDQGR D HQHUJLD H[FHGHQWH QD UHGH

LQYHUWHQGR DVVLP R IOX[R GH SRWrQFLD RULJLQDO (P FRQWUDSDUWLGD

QR PRGHOR XVXDO WDPEpP FRQKHFLGR FRPR HUDomR HQWUDOL]DGD

VmR FRQVWUXtGDV JUDQGHV XVLQDV GLVWDQWHV GRV FHQWURV GH

FDUJD HVVD PDQHLUD D p FDUDFWHUL]DGD SRU H[WHQVDV OLQKDV

GH WUDQVPLVVmR H GLVWULEXLomR TXH FRQHFWDP DV XVLQDV DRV FHQWURV

GH FDUJD H SHODV JUDQGHV iUHDV QHFHVViULDV SDUD D LPSODQWDomR H

RSHUDomR GDV XVLQDV $0$5 26 W DO
$ UHVROXomR SHUPLWLX DRV FRQVXPLGRUHV EUDVLOHLURV R GLUHLWR

GH LQVWDODU VLVWHPDV IRWRYROWDLFRV GLYLGLGRV HP GXDV FDWHJRULDV

PLFUR H PLQLJHUDomR GLVWULEXtGD $ DSURYDomR GHVWD UHVROXomR IRL

XP PDUFR QR VHWRU HQHUJpWLFR EUDVLOHLUR SRLV FRORFRX R %UDVLO

QR JUXSR GH SDtVHV TXH LQFHQWLYDP H DSRLDP D DXWRSURGXomR GH

HQHUJLD HOpWULFD SRU FLGDGmRV HPSUHVDV H LQVWLWXLo HV TXH GHVHMDP

VXSULU VHX FRQVXPR GH HQHUJLD D SDUWLU GH VLVWHPDV IRWRYROWDLFRV

RSHUDQGR HP SDUDOHOLVPR FRP D UHGH S EOLFD 9,//$/9$

2XWUR PDUFR LPSRUWDQWH SDUD D HQHUJLD IRWRYROWDLFD QR %UDVLO

RFRUUHX HP FRP D SXEOLFDomR GD 51 Q” GD

$1((/ TXH DOWHURX D UHVROXomR DQWHULRU H HVWDEHOHFHX FRQGLo HV

H IDFLOLGDGHV SDUD D XWLOL]DomR GD JHUDomR GLVWULEXtGD SDUD RV

DQRV VHJXLQWHV RP HVWD DWXDOL]DomR D SRWrQFLD SHUPLWLGD SDUD

D PLFURJHUDomR TXH HUD GH DWp N: SDVVRX D VHU N: H SDUD

D PLQLJHUDomR TXH HUD SHUPLWLGD GH N: D 0: SDVVD D YDOHU

GH N: D 0: $1((/ $1((/

$VVLP FRPR FRQVHTXrQFLD GHVWDV Do HV UHJXODWyULDV

FRPELQDGDV FRP RV DYDQoRV QD WHFQRORJLD IRWRYROWDLFD YHULILFRX

VH XP DXPHQWR VLJQLI LFDWLYR GD JHUDomR GLVWULEXtGD QR %UDVLO

SULQFLSDOPHQWH QD iUHD GH VLVWHPDV FRQHFWDGRV j UHGH HOpWULFD

9$/( W DO H DFRUGR FRP R 3ODQR HFHQDO GH (QHUJLD

3 ( SXEOLFDGR SHOD (PSUHVD 3HVTXLVD (QHUJpWLFD

(3( GR 0LQLVWpULR GH 0LQDV H (QHUJLD 00( HVWLPDP VH FHUFD

GH PLO DGRWDQWHV GH VLVWHPDV IRWRYROWDLFRV VRE R UHJLPH GD

51 Q” WRWDOL]DQGR :S VXILFLHQWH SDUD DWHQGHU
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GR FRQVXPR WRWDO QDFLRQDO HP (3( E FRPR

SRGH VHU YLVWR QD )LJXUD $GLFLRQDOPHQWH p FRQVLGHUDGD QR 3 (

D FRQWULEXLomR GH VLVWHPDV D ELRJiV GH SHTXHQR SRUWH

)LJ UD &DSDFLGDGH LQVWDODGD GDV JHUDo HV GLVWULE tGDV

IRWR ROWDLFDV

)RQWH (3( E

2EVHUYD VH TXH D SDUWLU GDV UHJXODPHQWDo HV D DGRomR GH

VLVWHPDV GH JHUDomR SUySULD QR %UDVLO WHYH XP LQtFLR WtPLGR PDV

FRPHoRX D VH SRSXODUL]DU (P KRXYH XP VDOWR GH PDLV GH

TXDWUR YH]HV QR Q PHUR GH LQVWDODo HV WHUPLQDQGR R DQR FRP

0: LQVWDODGRV GLVWULEXtGRV HP PLO XQLGDGHV (3( E

(P D PLFUR H D PLQL JHUDomR GLVWULEXtGD DWLQJLUDP

:K FRP XPD SRWrQFLD LQVWDODGD GH 0: FRP GHVWDTXH

SDUD D IRQWH VRODU IRWRYROWDLFD FRP :K H 0: GH

JHUDomR H SRWrQFLD LQVWDODGD UHVSHFWLYDPHQWH (3( D

$VVLP RV GHVDILRV H[LVWHQWHV QR %UDVLO QR TXH WDQJH j HQHUJLD

VRODU IRWRYROWDLFD YrP VHQGR VXSHUDGRV OHQWDPHQWH PRVWUDQGR

XPD HYROXomR QR VHWRU QRV OWLPRV DQRV PDV DLQGD H[LVWHP DOJXQV
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GHVDILRV TXH GHYHP VHU YHQFLGRV SDUD TXH HVWD IRQWH GH HQHUJLD

UHQRYiYHO VHMD LPSODQWDGD FRP PHQRUHV REVWiFXORV 526$ H

$63$5,1

2 FXVWR GH JHUDomR IRWRYROWDLFD GLVWULEXtGD Mi DOFDQoRX D

SDULGDGH FRPDV WDULIDVQDUHGH GHGLVWULEXLomRHPDOJXPDViUHDV

GH FRQFHVVmR $ LQVWDODomR GH SDLQpLV VRODUHV SRU FRQVXPLGRUHV

UHVLGHQFLDLV H FRPHUFLDLV SRGHUi VH WRUQDU YLiYHO HP DOJXQV DQRV

SRUpP DLQGD p GLItFLO HVWLPDU D PDJQLWXGH H D GLVWULEXLomR HVSDFLDO

GD LQVHUomR GHVVD URWD WHFQROyJLFD QR SDtV SRLV DOpP GRV FXVWRV

Ki RXWUDV YDULiYHLV TXH LPSDFWDP D GHFLVmR GR FRQVXPLGRU HP

LQVWDODU HVVD IRQWH FRPR D LPSOHPHQWDomR GD UHJXODPHQWDomR

YLJHQWH H D H[LVWrQFLD GH LQFHQWLYRV (3( E
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8PD YH] TXH D JHUDomR GH HQHUJLD IRWRYROWDLFD SDVVD D

GHVHPSHQKDU XP SDSHO FUHVFHQWH QD SURGXomR GH HOHWULFLGDGH

WRUQD VH FDGD YH] PDLV LPSRUWDQWH PRQLWRUDU R GHVHPSHQKR GRV

VLVWHPDV IRWRYROWDLFRV FRP R REMHWLYR GH DYDOLDU D TXDOLGDGH GD

RSHUDomR GXUDQWH VHX FLFOR GH YLGD HP WHUPRV GH GHVHPSHQKR

DQXDO 2/$5$ W DO H DFRUGR FRP 5RXPSDNLDV H

6WDPDWHORV H[LVWHP YiULRV PRGHORV H PpWRGRV GH DQiOLVH GH

GHVHPSHQKR GHVWHV VLVWHPDV QD OLWHUDWXUD UHFHQWH $V GLIHUHQoDV

HQWUH RV PRGHORV HVWmR UHODFLRQDGDV DRV WLSRV GH SDUkPHWURV GH

HQWUDGD WLSRV GH HTXLSDPHQWRV GH PHGLomR H WLSRV GH RSHUDomR

VH FRQHFWDGRV j UHGH RX QmR $VVLP H[LVWHP WUrV FDWHJRULDV

SULQFLSDLV SDUD DYDOLDomR H SUHYLVmR GR GHVHPSHQKR GRV VLVWHPDV

FRP EDVH HP GDGRV GH RSHUDomR HP WHPSR UHDO FRP EDVH HP

PHGLo HV QD UHGH H FRP EDVH HP VLPXODo HV

2V SDUkPHWURV EiVLFRV SDUD R PRQLWRUDPHQWR H DQiOLVH

GR GHVHPSHQKR GH VLVWHPDV IRWRYROWDLFRV VmR HVWDEHOHFLGRV QD

1RUPD GD , W DWLR DO (O FW RW F LFDO RPLVVLR ,( $

DQiOLVH GHVVHV LQGLFDGRUHV WDPEpP FRQKHFLGRV FRPR tQGLFHV GH

PpULWR VH ID] LPSRUWDQWH SRUTXH DWUDYpV GHOD VH SRGH FRPSDUDU

LQVWDODo HV IRWRYROWDLFDV GH GLIHUHQWHV WDPDQKRV RSHUDQGR
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HP FOLPDV GLIHUHQWHV H IRUQHFHQGR HQHUJLD SDUD GLIHUHQWHV XVRV

GH IRUPD TXH RV PpULWRV UHODWLYRV GH GLIHUHQWHV SURMHWRV RX

SURFHGLPHQWRV RSHUDFLRQDLV VH WRUQHP HYLGHQWHV ,(

3DUD TXH VHMDP FDOFXODGRV DOJXQV tQGLFHV GH PpULWR D QRUPD

,( DILUPD TXH VmR QHFHVViULRV RV YDORUHV GH LUUDGLDomR

VRODU LQFLGHQWH QR SODQR GRV PyGXORV 3RUWDQWR GHYHP VHU

UHDOL]DGDV PHGLo HV SDUD D REWHQomR GHVVHV SDUkPHWURV VHQGR

TXHD LUUDGLkQFLDGHYH VHU REWLGD SRUPHLR GHPyGXORVGH UHIHUrQFLD

FDOLEUDGRV RX DWUDYpV GH SLUDQ PHWURV

$YDOLDo HV SUHFLVDV H FRQVLVWHQWHV GR GHVHPSHQKR GR

VLVWHPD IRWRYROWDLFR VmR IXQGDPHQWDLV SDUD R GHVHQYROYLPHQWR

FRQWtQXR GD LQG VWULD IRWRYROWDLFD 3DUD RV IDEULFDQWHV GH

FRPSRQHQWHV DV DYDOLDo HV GH GHVHPSHQKR VmR E F PD NV GH

TXDOLGDGH SDUD SURGXWRV H[LVWHQWHV 3DUD DV HTXLSHV GH SHVTXLVD H

GHVHQYROYLPHQWR VmR XPD PHGLGD FKDYH SDUD DMXGDU D LGHQWLI LFDU

DV QHFHVVLGDGHV IXWXUDV 3DUD LQWHJUDGRUHV GH VLVWHPDV H FOLHQWHV

ILQDLV VmR IHUUDPHQWDV YLWDLV SDUD DYDOLDU D TXDOLGDGH GH SURGXWRV

SDUD RULHQWDU D WRPDGD GH GHFLVmR IXWXUD 0$5,21 W DO
2XWUR DVSHFWR LPSRUWDQWH D VHU DQDOLVDGR GL] UHVSHLWR j

YLDELOLGDGH HFRQ PLFD GD LQVWDODomR GH VLVWHPDV IRWRYROWDLFRV

H DFRUGR FRP R OWLPR 3 ( YHULI LFD VH TXH D WHFQRORJLD

VRODU IRWRYROWDLFD DLQGD DSUHVHQWD FXVWRV GH LPSODQWDomR QmR

FRPSHWLWLYRV FRP DV GHPDLV IRQWHV GH JHUDomR FHQWUDOL]DGD

HPERUD RV SDWDPDUHV GH SUHoR QR %UDVLO YHQKDP FDLQGR

FRP XPD YHORFLGDGH VXUSUHHQGHQWHPHQWH DOWD 3DUD iYL W
DO D FRPELQDomR GH WDULIDV UHVLGHQFLDLV HOHYDGDV FRP

DOWD GLVSRQLELOLGDGH GH UDGLDomR VRODU VmR IRUWHV LQGLFDWLYRV GH

TXH D HOHWULFLGDGH IRWRYROWDLFD WHP YLDELOLGDGH HFRQ PLFD SDUD

LQVWDODo HV FRQHFWDGDV j UHGH HP WHOKDGRV

6HJXQGR (PPDQXHO W DO D DQiOLVH GD YLDELOLGDGH

HFRQ PLFD GRV VLVWHPDV IRWRYROWDLFRV p FUXFLDO SDUD PHOKRUDU D

DEVRUomR GD WHFQRORJLD IRWRYROWDLFD Mi TXH DV SROtWLFDV GH HQHUJLD

UHQRYiYHO IDYRUiYHLV DLQGD VH HQFRQWUDP HP SURFHVVR GH HYROXomR
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6HJXQGR R 3 ( HVSHUD VH TXH GXUDQWH R KRUL]RQWH

GHFHQDO RV FXVWRV GH LPSODQWDomR UHGX]DP HP FHUFD GH

HP UHODomR DRV SDWDPDUHV DWXDLV SRGHQGR FKHJDU DWp D

D H[HPSOR GR TXH Mi VH REVHUYD HP kPELWR LQWHUQDFLRQDO (3(

E $VVLP D LQVWDODomR GH VLVWHPDV IRWRYROWDLFRV SRGH VHU

XPD DOWHUQDWLYD YLiYHO HFRQRPLFDPHQWH H XP GLIHUHQFLDO QDV Do HV

GH HFRQRPLD GH HQHUJLD HOpWULFD WHQGR HP YLVWD R JUDQGH SRWHQFLDO

SDUD D XWLOL]DomR GHVWD IRQWH $OpP GLVVR D DQiOLVH GRV SDUkPHWURV

GH GHVHPSHQKR GR VLVWHPD SRGH DMXGDU QD LGHQWLI LFDomR GH

SHUGDV UHODFLRQDGDV j SURGXomR GH HQHUJLD H DR IXQFLRQDPHQWR

GR VLVWHPD LQVWDODGR

3DUkPHWURV GH GHVHPSHQ R GH 6LVWHPDV )RWR ROWDLFRV

&RQHFWDGRV j 5HGH

$ DYDOLDomR GH GHVHPSHQKR GH XP VLVWHPD IRWRYROWDLFR SRGH

VHU IHLWD DWUDYpV GD DSXUDomR GH tQGLFHV GH PpULWR TXH UHSUHVHQWDP

DV FDUDFWHUtVWLFDV GHVVH VLVWHPD IRWRYROWDLFR GH DFRUGR FRP R VH

GHVHPSHQKR IUHQWH j FRQYHUVmR GH HQHUJLD H VmR UHJXODPHQWDGRV

SHOD , W DWLR DO (O FW RW F LFDO RPPLVVLR ,( DWUDYpV GD QRUPD

,( 7(/(6 6HJXQGR 0DULRQ W DO DOJXQV

SDUkPHWURV GH GHVHPSHQKR SRGHP VHU XVDGRV SDUD GHILQLU R

GHVHPSHQKR JHUDO GR VLVWHPD HP UHODomR j SURGXomR GH HQHUJLD

DR UHFXUVR VRODU H DR HIHLWR JHUDO GDV SHUGDV GR VLVWHPD TXH

VmR D 3URGXWLYLGDGH )LQDO H R HVHPSHQKR OREDO H R )DWRU GH

FDSDFLGDGH

6HJXQGR %HQHGLWR tQGLFHV GH GHVHPSHQKR RX

ILJXUDV GH PpULWR SHUPLWHP YHULI LFDU VH XP GHWHUPLQDGR VLVWHPD

IRWRYROWDLFR HVWi SURGX]LQGR HQHUJLD GH IRUPD RWLPL]DGD RX VH

GHYH VHU UHFRQILJXUDGR SDUD DSURYHLWDU DR Pi[LPR R UHFXUVR VRODU

GLVSRQtYHO $OpP GLVVR GH DFRUGR FRP 7RUUHV HVVHV tQGLFHV

WDPEpP SRGHP VHU XWLOL]DGRV SDUD FRPSDUDU D RSHUDomR GH

VLVWHPDV IRWRYROWDLFRV HP GLIHUHQWHV FRQILJXUDo HV WHFQRORJLDV
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H ORFDOL]Do HV $ VHJXLU VHUmR DSUHVHQWDGDV DV SULQFLSDLV ILJXUDV

GH PpULWR XWLOL]DGDV HP DQiOLVHV GH GHVHPSHQKR GH VLVWHPDV

IRWRYROWDLFRV

)DWRU GH &DSDFLGDGH

2 )DWRU GH DSDFLGDGH UHSUHVHQWDGR SRU p XP tQGLFH

GH PpULWR JHUDOPHQWH XWLOL]DGR HP XVLQDV GH JHUDomR GH HQHUJLD

HOpWULFD 5HSUHVHQWD R QtYHO GH DWLYLGDGH GH XP VLVWHPD GH JHUDomR

HP XP GHWHUPLQDGR SHUtRGR DWUDYpV GD UHODomR HQWUH D HQHUJLD

HIHWLYDPHQWHSURGX]LGDHDSURGXomRTXHWHULD IXQFLRQDQGRHPVXD

FDSDFLGDGH QRPLQDO GXUDQWH HVVHPHVPRSHUtRGR 1$.$%$<$6 ,

2 )DWRU GH DSDFLGDGH SRGH VHU FDOFXODGR DWUDYpV GD

(TXDomR TXH UHODFLRQD D HQHUJLD JHUDGD HP XP GHWHUPLQDGR

SHUtRGR GH WHPSR FRP D HQHUJLD JHUDGD QD SRWrQFLD QRPLQDO GD

XQLGDGH JHUDGRUD HP TXH p D SRWrQFLD LQVWDQWkQHD JHUDGD SHOR

VLVWHPD p D SRWrQFLD LQVWDODGD GD XQLGDGH JHUDGRUD H p D HQHUJLD

HQWUHJXH SHOR VLVWHPD

(VVH FRQFHLWR WHP VLGR XVDGR QmR Vy SDUD R HVWXGR GH

GHVHPSHQKR GH XVLQDV KLGUHOpWULFDV H WHUPHOpWULFDV PDV WDPEpP

SDUD VLVWHPDV TXH XWLOL]DP FRPR IRQWH SULPiULD GH HQHUJLD

DV HQHUJLDV VRODU H HyOLFD 1R FDVR HVSHFtILFR GD HQHUJLD VRODU

IRWRYROWDLFD HVVD DGDSWDomR VH Gi WRUQDQGR D SRWrQFLD QRPLQDO

GRJHUDGRUXVDGR QDV JUDQGHV XVLQDV KLGUHOpWULFDV RX WHUPHOpWULFDV

LJXDO j SRWrQFLD QRPLQDO GR JHUDGRU IRWRYROWDLFR 3RGH

VH REVHUYDU TXH R )DWRU GH DSDFLGDGH SRGH VHU DSOLFDGR SDUD

TXDOTXHU LQWHUYDOR GH WHPSR SHUPLWLQGR XPD DQiOLVH VD]RQDO GD

RSHUDomR GR VLVWHPD ,//(6 W DO
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1R FDVR GD SURGXomR PHQVDO VHULD D UHODomR HQWUH D HQHUJLD

UHDOPHQWH SURGX]LGD SHOR VLVWHPD H D TXDQWLGDGH GH HQHUJLD TXH

D PDWUL] IRWRYROWDLFD JHUDULD VH HOD IXQFLRQDVVH FRP SRWrQFLD

QRPLQDO Pi[LPD SRU KRUDV SRU GLD HP XP PrV H QR FDVR GD

SURGXomR DQXDO D PDWUL] IRWRYROWDLFD WHULD GH IXQFLRQDU KRUDV

SRU GLD QRV GLDV GR DQR .$ (0 W DO
6HJXQGR DOYmR VLVWHPDV IRWRYROWDLFRV SRVVXHP

IDWRUHV GH FDSDFLGDGH UHODWLYDPHQWH EDL[RV VH FRPSDUDGRV FRP

RXWURV VLVWHPDV GH JHUDomR GH HQHUJLD HOpWULFD ,VWR SRU FRQWD GH

R UHFXUVR VRODU VHU LQWHUPLWHQWH GHYLGR DR PRYLPHQWR GD 7HUUD HP

UHODomR DR VRO H jV YDULDo HV FOLPiWLFDV $OPHLGD UHDOL]RX

XP FRPSDUDWLYR HQWUH GLYHUVRV VLVWHPDV GH JHUDomR GH HOHWULFLGDGH

QR %UDVLO FRP UHODomR DR )DWRU GH DSDFLGDGH 6mR FRPSDUDGDV

DV XVLQDV WHUPHOpWULFDV KLGUHOpWULFDV HyOLFDV H RV VLVWHPDV

IRWRYROWDLFRV FRPR SRGH VHU YLVWR QD )LJXUD

)LJ UD )DWRUHV GH &DSDFLGDGH FRP QV GH DOJ QV VLVWHPDV GH

JHUDomR GH HOHWULFLGDGH QR %UDVLO

)RQWH $OPHLGD

2 FRPSDUDWLYR PRVWUD XPD JUDQGH GLVFUHSkQFLD HQWUH DV

WHUPHOpWULFDV FRP IDWRUHV GH FDSDFLGDGHV HQWUH H QD VXD

PDLRULD H RV VLVWHPDV IRWRYROWDLFRV FRP )DWRUHV GH DSDFLGDGH

HQWUH H 6HJXQGR R DXWRU HVVD GLIHUHQoD RFRUUH GHYLGR
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j SUySULD QDWXUH]D GR UHFXUVR VRODU 3RU VHU LQWHUPLWHQWH H VRIUHU

YDULDo HV VLJQLILFDWLYDV DR ORQJR GR GLD XP VLVWHPD IRWRYROWDLFR

RSHUD HP VXD SRWrQFLD QRPLQDO GXUDQWH SRXFDV KRUDV

6HJXQGR LOOHV W DO R )DWRU GH DSDFLGDGH QmR

UHSUHVHQWD HIHWLYDPHQWH D TXDOLGDGH GD HQHUJLD HQWUHJXH SRU XP

VLVWHPD IRWRYROWDLFR XPD YH] TXH HVVDV IRQWHV QmR SRGHP VHU

FRQVLGHUDGDV FRPR XPD IRQWH GH HQHUJLD ILUPH FRQYHQFLRQDO

3DUD LVVR DOJXQV DXWRUHV SUHIHUHP DGRWDU R FRQFHLWR GH

(QHUJLD (VSHFtILFD SDUD HVWXGDU D TXDOLGDGH GRV VLVWHPDV TXH

XWLOL]DP IRQWHV LQWHUPLWHQWHV GH HQHUJLD 1R FDVR GRV VLVWHPDV

IRWRYROWDLFRV p FRPXP R XVR GR WHUPR 3URGXWLYLGDGH )LQDO GR

6LVWHPD UHSUHVHQWDGD SRU GR LQJOrV )L DO L O SDUD H[SUHVVDU D

HQHUJLD HVSHFLILFD TXH VHUi PRVWUDGD D VHJXLU

3URG WL LGDGH )LQDO GR 6LVWHPD

$ 3URGXWLYLGDGH )LQDO GR 6LVWHPD GDGD H N:K N:S p

GHILQLGD FRPR R IOX[R GH HQHUJLD OtTXLGR GLiULR PHQVDO RX DQXDO

GH WRGR R VLVWHPD GLYLGLGD SHOD SRWrQFLD GH SLFR GR JHUDGRU

IRWRYROWDLFR .$ (0 W DO H SRGH VHU HQFRQWUDGD DWUDYpV

GD (TXDomR 6HJXQGR 0DULRQ W DO HVWH tQGLFH QRUPDOL]D

D HQHUJLD SURGX]LGD HP UHODomR DR WDPDQKR GR VLVWHPD

FRQVHTXHQWHPHQWH p XPD PDQHLUD FRQYHQLHQWH GH FRPSDUDU

D HQHUJLD SURGX]LGD SRU VLVWHPDV IRWRYROWDLFRV GH WDPDQKRV

GLIHUHQWHV

3DUD $OPHLGD HVVH tQGLFH SRVVXL JUDQGH GHSHQGrQFLD

GR WLSR GH PRQWDJHP GD RULHQWDomR H LQFOLQDomR GR JHUDGRU

IRWRYROWDLFR H GD GLVSRQLELOLGDGH QDWXUDO GR UHFXUVR VRODU VHQGR

SRUWDQWR XP SDUkPHWUR FDUDFWHUtVWLFR GH XPD GHWHUPLQDGD
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UHJLmR JHRJUiILFD $VVLP R FRQKHFLPHQWR GD SURGXWLYLGDGH ILQDO

WtSLFD GH XPD GHWHUPLQDGD UHJLmR SHUPLWH DYDOLDU R GHVHPSHQKR

GH XP VLVWHPD IRWRYROWDLFR 6HJXQGR R DXWRU YDORUHV EDL[RV HP

UHODomR j PpGLD SRGHP LQGLFDU SUREOHPDV RX IDOKDV GH SURMHWR

DVVLP FRPR YDORUHV HOHYDGRV SRGHP LQGLFDU XP VLVWHPD EHP

GLPHQVLRQDGR H FRQHFWDGR D XPD UHGH HOpWULFD GH TXDOLGDGH H

DFRUGR FRP LOOHV W DO WUDWD VH GH XP ERP SURFHGLPHQWR

TXH SHUPLWH GHWHUPLQDU D TXDOLGDGH GRV GLIHUHQWHV VLVWHPDV FRP

HTXLSDPHQWRV GH GLIHUHQWHV IDEULFDQWHV WHQGR HP YLVWD TXH HVVH

SDUkPHWUR SRGH UHODFLRQDU D HQHUJLD JHUDGD HP GHWHUPLQDGR

SHUtRGR GH WHPSR WDQWR FRP D SRWrQFLD QRPLQDO TXDQWR FRP D

iUHD GR DUUDQMR IRWRYROWDLFR

HVHPSHQ R OREDO IR P F R

H DFRUGR FRP RODUD W DO R HVHPSHQKR OREDO

UHSUHVHQWDGR SRU GR LQJOrV 3 IR PD F DWLR p XP tQGLFH

DGLPHQVLRQDO TXH OHYD HP FRQVLGHUDomR D TXDQWLGDGH OtTXLGD

GH HQHUJLD GLiULD PHQVDO RX DQXDO SURGX]LGD SRU XP VLVWHPD

IRWRYROWDLFR HP FRQGLo HV UHDLV GH WUDEDOKR HP UHODomR j HQHUJLD

WHyULFD GH HQWUDGD GR VLVWHPD $VVLP HP WHUPRV VLPSOHV TXDQWR

PDLRU D PDLRU D TXDQWLGDGH GH HQHUJLD VRODU TXH p FRQYHUWLGD HP

HQHUJLD HOpWULFD 6HJXQGR 0DULRQ W DO p GHWHUPLQDGD SHOD

GLYLVmR GD 3URGXWLYLGDGH )LQDO GR 6LVWHPD SHOD 3URGXWLYLGDGH GH

5HIHUrQFLD FRPR SRGH VHU YLVWR QD (TXDomR

$ 3URGXWLYLGDGH GH 5HIHUrQFLD SRGH VHU FDOFXODGD DWUDYpV

GD UHODomR HQWUH D LUUDGLDomR WRWDO QR SODQR GR DUUDQMR GDGD HP

N:K P REWLGD DWUDYpV GD LQWHJUDomR GD LUUDGLkQFLD QR SODQR

HP XP GHWHUPLQDGR SHUtRGR SHOD LUUDGLkQFLD GH UHIHUrQFLD

= �
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QDV FRQGLo HV SDGUmR GH WHVWH TXH YDOH : P % $.7$ H

08. (5-(( FRPR SRGH VHU YLVWR QD (TXDomR

3DUD 0DULRQ W DO D 3URGXWLYLGDGH GH 5HIHUrQFLD

GHILQH R UHFXUVR GH UDGLDomR VRODU SDUD R VLVWHPD IRWRYROWDLFR e

XPD IXQomR GD ORFDOL]DomR RULHQWDomR GR PyGXOR IRWRYROWDLFR

H YDULDELOLGDGH PHWHRUROyJLFD PrV D PrV H DQR D DQR H DFRUGR

FRP .KDOLG W DO HVWH tQGLFH WDPEpP p FKDPDGR GH 1 PHUR

GH RUDV GH 6RO 3OHQR SRLV GR SRQWR GH YLVWD PDWHPiWLFR

UHSUHVHQWD D GXUDomR GR WHPSR GXUDQWH R TXDO D UDGLDomR VRODU

PRQLWRUDGD HVWi QR QtYHO GH LUUDGLDomR GH UHIHUrQFLD

$ 35 FRQVLGHUD WRGDV DV SHUGDV HQYROYLGDV HP XP 6) 5

VHMD QR JHUDGRU RX QR VLVWHPD GH FRQGLFLRQDPHQWR H QR UHVWR

GR VLVWHPD 0$ 2 $VVLP p WLO SDUD GHWHUPLQDU VH

XP VLVWHPD IRWRYROWDLFR HVWi IXQFLRQDQGR FRQIRUPH R HVSHUDGR

SRGHQGR LGHQWLI LFDU D H[LVWrQFLD GH XP SUREOHPD PDV QmR D FDXVD

$/0(, $ 6HJXQGR .KDOLG W DO HVWH SDUkPHWUR

JDQKRXDPSODDFHLWDomRSDUDDYDOLDomRGRGHVHPSHQKRGHVLVWHPDV

IRWRYROWDLFRV 4XDQWR PDLV SUy[LPR GD XQLGDGH HVWLYHU VHX YDORU

PHOKRU VHUi R GHVHPSHQKR GH XP VLVWHPD HP FRPSDUDomR FRP

RXWURV VLVWHPDV HP FRQGLo HV FOLPiWLFDV VHPHOKDQWHV $GHPDLV

XP 35 LJXDO RX PDLRU TXH LQGLFD TXH R VLVWHPD SRVVXL XP

ERP GHVHPSHQKR

(QHUJLD SURG LGD SRU P 6)&5

$ TXDQWLGDGH GH HQHUJLD SURGX]LGD SRU XP 6) 5 HVWi

LQWLPDPHQWH UHODFLRQDGD DR GHVHPSHQKR GRV JHUDGRUHV )9 TXH

RV FRQVWLWXHP $V SHUGDV H[FOXVLYDV GR JHUDGRU IRWRYROWDLFR

WDPEpP FRQKHFLGDV FRPR SHUGDV SRU FDSWXUD GR LQJOrV DSW
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RVV V HVWmR DVVRFLDGDV D YiULRV IDWRUHV WDLV FRPR RSHUDomR GDV

FpOXODV IRUD GDV FRQGLo HV SDGUmR TXHGDV GH WHQVmR QD ILDomR H

GLRGRV GH SURWHomR VXMHLUDV VRPEUHDPHQWRV SDUFLDLV GLVSHUVmR

GH SDUkPHWURV WHQVmR GH RSHUDomR IRUD GD WHQVmR GH Pi[LPD

SRWrQFLD HVSHFWUR H RULHQWDomR GRV PyGXORV )9 7(/(6

6HJXQGR 0DFrGR RXWURV IDWRUHV DGLFLRQDLV HVWmR

DVVRFLDGRV jV SHUGDV QD ILDomR H GHYLGR jV GLIHUHQoDV HQWUH

DV FpOXODV LQGLYLGXDV TXH FRQVWLWXHP XP PyGXOR RX PyGXORV

LQGLYLGXDLV TXH FRQVWLWXHP XP JHUDGRU IRWRYROWDLFR $OpP GHVVDV

SHUGDV H[LVWHP WDPEpP DV SHUGDV QRV LQYHUVRUHV TXH FRPS HP

R VLVWHPD 6HJXQGR R DXWRU H[LVWHP SHUGDV LQGHSHQGHQWHV GR

FDUUHJDPHQWR GR LQYHUVRU RX VHMD LQGHSHQGHQWHV GD SRWrQFLD

GH RSHUDomR TXH VmR DV SHUGDV GH DXWRFRQVXPR H DV SHUGDV

GHSHQGHQWHV GD SRWrQFLD GH RSHUDomR UHODFLRQDGDV DR FRHILFLHQWH

GH TXHGD GH WHQVmR SUHVHQWHV QRV GLRGRV H GLVSRVLWLYRV GH

FRPXWDomR H DR FRHILFLHQWH GH SHUGDV KPLFDV SUHVHQWHV QRV

FDERV ERELQDV H UHVLVWrQFLDV

HVVD PDQHLUD D JHUDomRPHQVDO GH XP VLVWHPD IRWRYROWDLFR

SRGH VHU HVWLPDGD FRP EDVH QR PpWRGR GD LQVRODomR SURSRVWR

SRU 9LOODOYD 6HJXQGR R DXWRU FRQKHFHQGR VH R PRGHOR GH

PyGXOR TXH VHUi XWLOL]DGR SRGH VH GHWHUPLQDU D TXDQWLGDGH GH

HQHUJLD SURGX]LGD SHOR VLVWHPD QD ORFDOLGDGH TXH VHUi LQVWDODGR

FRQIRUPH HVWi GHVFULWR QD (TXDomR

1HVWD HTXDomR p D HQHUJLD SURGX]LGD PHQVDOPHQWH SHOR

6) 5 GDGD HP :K p D LUUDGLDomR GLiULD QR ORFDO GH LQVWDODomR

GR 6)9 HP:K P GLD p D iUHD GD VXSHUItFLH GR PyGXOR HP P

p D HILFLrQFLD GR PyGXOR p R Q PHUR GH PyGXORV LQVWDODGRV p

D TXDQWLGDGH GH GLDV GR PrV H R YDORU GH HVWi UHODFLRQDGR jV

Ὁ = Ὄ × ὃ × η × n × d × 0,75�
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SHUGDV WRWDLV HQYROYLGDV QRV VLVWHPDV IRWRYROWDLFRV FRQVLGHUDQGR

XP WRWDO GH SHUGDV GH

0DFrGR WUD] HP VXD SHVTXLVD DOJXQV YDORUHV

HVSHFtILFRV GH SHUGDV SUHVHQWHV QRV VLVWHPDV )9 2 DXWRU

UHDOL]RX VLPXODo HV QXPpULFDV FRP XP 6) 5 GH N:S SDUD

GLYHUVDV ORFDOLGDGHV GR %UDVLO )RL YDULDGR HP FDGD VLPXODomR D

FRQILJXUDomR GR 6) 5 H R )DWRU GH LPHQVLRQDPHQWR GR LQYHUVRU

) , 2V VLVWHPDV VLPXODGRV IRUDP DJUXSDGRV GH DFRUGR FRP

D TXDQWLGDGH GH PyGXORV FRQHFWDGRV DR LQYHUVRU QRPHDGRV

GH 1 D 1 VHQGR TXH QRV JUXSRV 1 D 1 RV JHUDGRUHV VmR

IRUPDGRV SRU D PyGXORV HP VpULH H QRV JUXSRV 1 H 1

VmR PyGXORV HP VpULH TXH HTXLYDOHP D XPD IDL[D GH RSHUDomR

TXH YDL GH 9ROWV D DSUR[LPDGDPHQWH 9ROWV 2V YDORUHV

HQFRQWUDGRV QD SHVTXLVD SDUD DV SHUGDV SRU FDSWXUD SDUD FDGD

JUXSR FLWDGR SRGHP VHU YLVWDV QD 7DEHOD

7DEHOD 3HUGDV SRU FDSW UD HQFRQWUDGDV SDUD FDGD JU SR

U SR ) ,
3HUGDV SRU

&DSW UD

1

1

1

1

1

1

1

1

)RQWH 0DFrGR

6HJXQGR R DXWRU DOpP GDV SHUGDV QRV JHUDGRUHV )9

H[LVWH DLQGD SHUGDV QRV LQYHUVRUHV (VWDV SHUGDV SRGHP VHU

LQGHSHQGHQWHV SHUGDV SRU DXWRFRQVXPR RX GHSHQGHQWHV GR

FDUUHJDPHQWR GR LQYHUVRU RX VHMD GD VXD SRWrQFLD GH RSHUDomR
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$V SHUGDV GHSHQGHQWHV VmR DWULEXtGDV EDVLFDPHQWH D SHUGDV

QR WUDQVIRUPDGRU VDtGD GLVSRVLWLYRV GH FRQWUROH H UHJXODomR

PHGLGRUHV H LQGLFDGRUHV GLVSRVLWLYRV GH VHJXUDQoD TXH RSHUDP

SHUPDQHQWHPHQWH HWF 6HJXQGR0DFrGR DVSHUGDVGHYLGDV

DR DXWRFRQVXPR GRV LQYHUVRUHV TXH SRGHP YDULD GH D HVVD

PDQHLUD SRGH VHU FRQVLGHUDGR XP YDORU GHDSUR[LPDGDPHQWH

QRV FiOFXORV GH JHUDomR GH HQHUJLD UHODFLRQDGRV DR VRPDWyULR GH

WRGDV DV SHUGDV HQYROYLGDV HP XP VLVWHPD IRWRYROWDLFR

QiOLVH GH LDELOLGDGH HFRQ PLFD

H DFRUGR FRP 7RUUHV TXDOTXHU SURMHWR GHYH WHU

HP SULPHLUR OXJDU YLDELOLGDGH WpFQLFD LVWR p SRGH VHU UHDOL]DGR

FRP RV SURFHGLPHQWRV GH HQJHQKDULD H GLVSRVLWLYRV GLVSRQtYHLV

3RUpP D YLDELOLGDGH WpFQLFD p QHFHVViULD PDV QmR p VXILFLHQWH

e SUHFLVR TXH KDMD WDPEpP YLDELOLGDGH HFRQ PLFD 1HVWH FDVR

R LQYHVWLPHQWR p YLiYHO VRPHQWH VH UHPXQHUDU DGHTXDGDPHQWH R

FDSLWDO LQYHVWLGR RX VHMD VH RV EHQHItFLRV IRUHP PDLRUHV TXH RV

FXVWRV HVVD PDQHLUD SDUD 1HZQDQ H /DYHOOH R SURFHVVR

GH WRPDGD GH GHFLVmR H[LJH TXH RV UHVXOWDGRV GH DOWHUQDWLYDV

YLiYHLV VHMDP GLVSRVWRV GH PRGR TXH SRVVDP VHU MXOJDGRV TXDQWR

j HILFLrQFLD HFRQ PLFD GH FDGD XPD

)UH]DWWL DILUPD TXH D YLDELOLGDGH HFRQ PLFD GH

XP SURMHWR SRGH VHU GHWHUPLQDGD DWUDYpV GH XPD SHUVSHFWLYD

TXDQWLWDWLYD QXPpULFD RX GH XPD SHUVSHFWLYD TXDOLWDWLYD QmR

QXPpULFD 1D SHUVSHFWLYD TXDOLWDWLYD D GHFLVmR GH LQYHVWLU HP

XP SURMHWR GHFRUUH GD PDQLIHVWDomR GH LQWHUHVVH GH XPD SHVVRD

RX GH XP JUXSR VHP QHFHVVDULDPHQWH FRQVLGHUDU RV FXVWRV H

EHQHItFLRV GD LPSODQWDomR $VVLP FRPR DILUPDP 1HZQDQ H

/DYHOOH D WRPDGD GH GHFLVmR RFRUUHULD j UHYHOLD RX VHMD

VHP R UHFRQKHFLPHQWR GD H[LVWrQFLD GH XPD RSRUWXQLGDGH SDUD

WRPi OD
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-i QD DQiOLVH TXDQWLWDWLYD GH DFRUGR FRP )UH]DWWL

GHYH VH SURMHWDU XP )OX[R GH DL[D TXH DSUHVHQWH DV HQWUDGDV

H VDtGDV H FDSLWDO H VXD SHULRGLFLGDGH H D SDUWLU GH HQWmR

DQDOLVDU H DUJXPHQWDU VREUH D DGHUrQFLD HVWUDWpJLFD GR SURMHWR

DR LQGLFDU VH R SURMHWR IRL GHVHQYROYLGR SDUD DWHQGHU RX QmR jV

HVWUDWpJLDV GR SODQR GD HQWLGDGH HP HVSHFLDO RV GH ORQJR SUD]R

H FRQVHTXHQWHPHQWH HVWi DOLQKDGR D VXD PLVVmR H YLVmR DOpP

GH ID]HU D DQiOLVH HFRQ PLFR ILQDQFHLUD FRP D DSXUDomR GH

PpWULFDV SUySULDV GDV DQiOLVHV GH (QJHQKDULD (FRQ PLFD FRPR

SRU H[HPSOR R 9DORU 3UHVHQWH /tTXLGR 93/ D 7D[D ,QWHUQD GH

5HWRUQR 7,5 R 3D EDFN 3% H D 5HODomR XVWR %HQHItFLR 5 %

9DORU 3UHVHQWH /tT LGR

6HJXQGR 1DNDED DVKL R 93/ GRV LQYHVWLPHQWRV

QDGD PDLV p GR TXH D GLIHUHQoD HQWUH RV EHQHItFLRV JHUDGRV SHOR

SURMHWR H VHXV FXVWRV RQGH RV YDORUHV IXWXURV VmR WUD]LGRV D XP

YDORU SUHVHQWH GHVFRQWDGRV D XPD GHWHUPLQDGD WD[D GH MXURV

HVVD IRUPD VHJXQGR 6LOYD W DO D GHWHUPLQDomR GR 93/

SUHVVXS H D H[LVWrQFLD GD SURMHomR GH XP )OX[R GH DL[D H D

GHWHUPLQDomR GH XPD WD[D GH GHVFRQWR e SRUWDQWR R UHVXOWDGR

GD GLIHUHQoD HQWUH DV HQWUDGDV H VDtGDV GH FDSLWDO FRUULJLGRV PrV D

PrV $ H[SUHVVmR SDUD R FiOFXOR GR 93/ p PRVWUDGD QD (TXDomR

HP TXH )
FW
p R IOX[R GH FDL[D QR SHUtRGR W FRQVLGHUDGR p D WD[D GH

GHVFRQWR p R KRUL]RQWH GH YLGD WLO GR SURMHWR , p R LQYHVWLPHQWR

LQLFLDO

3DUD D GHWHUPLQDomR GD WD[D GH GHVFRQWR GHYH VHU

FRQVLGHUDGR R FRQFHLWR GD 7D[D 0tQLPD GH $WUDWLYLGDGH 70$

6HJXQGR 6YLHFK H 0DQWRYDQ D 70$ UHSUHVHQWD D WD[D TXH

ὠὖὒ −Ὅ0 +∑
Ὂ

(1 + ὶ)
=

�
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RV LQYHVWLGRUHV HVSHUDP REWHU GH XP SURMHWR H TXH VHMD HTXLYDOHQWH

j UHQWDELOLGDGH GH RXWUDV DSOLFDo HV UHDOL]DGDV H GH SRXFR ULVFR

(P RXWUDV SDODYUDV p XPD WD[D GH MXURV TXH UHSUHVHQWD R PtQLPR

TXH XP LQYHVWLGRU VH SURS H D JDQKDU TXDQGR ID] XP LQYHVWLPHQWR

3RUWDQWR GH DFRUGR FRP 7RUUHV VH R 93/ IRU SRVLWLYR R

SURMHWR VHUi FRQVLGHUDGR HFRQRPLFDPHQWH YLiYHO D XPD 70$

SRLV VHJXQGR 1DNDED DVKL DV UHFHLWDV GR SURMHWR VXSHUDP

R YDORU LQYHVWLGR VRPDGR jV GHVSHVDV GR SURMHWR

3DUD H[HPSOLILFDU R FiOFXOR GR 93/ FRQVLGHUH D VHJXLQWH

VLWXDomR KLSRWpWLFD HP TXH XPD HPSUHVD HVWi HVWXGDQGR D

FRPSUD GH XPD PiTXLQD SDUD IDEULFDU XPD GHWHUPLQDGD SHoD

FRP YLGD WLO GH DQRV $ PiTXLQD FXVWD 5 H VHUi

VXFDWHDGD QR I LP GRV DQRV 2 FXVWR GD SURGXomR p HVWLPDGR HP

5 SRU SHoD VHQGR JDVWR 5 GH PDWHULDO HP FDGD XPD

$ SUHYLVmR GH YHQGDV p GH SHoDV SRU DQR DR SUHoR GH 5

FDGD VXSRQGR XPD 70$ GH DR DQR (VWH SURMHWR WUDUi

FRPR EHQHItFLR D VHJXLQWH UHFHLWD OtTXLGD DQXDO 3RUWDQWR WHQGR

HP YLVWD TXH R 93/ 5 p SRVLWLYR DR ILQDO GR SHUtRGR

GH YLGD WLO R SURMHWR p HFRQRPLFDPHQWH YLiYHO 2 )OX[R GH FDL[D

UHODWLYR GRV DQRV GH YLGD GD SHoD IDEULFDGD SRGH VHU YLVWR QD

7DEHOD

7DEHOD )O R GH &DL D GD VLW DomR LSRWpWLFD

3HUtRGR QRV
(QWUDGDV H

DSLWDO

(QWUDGDV

HVFRQWDGDV
93/

5 5 5

5 5 5

5 5 5

5 5 5

5 5 5

5 5 5

)RQWH 3UySULR DXWRU
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7D D ,QWHUQD GH 5HWRUQR

3DUD XP IOX[R GH FDL[D TXDOTXHU D 7,5 SRGH VHU GHI LQLGD

FRPR D WD[D TXH DQXOD R 93/ RX VHMD p D WD[D TXH LJXDOD R YDORU

DWXDO GRV LQYHVWLPHQWRV FRP R YDORU DWXDO GR UHVWDQWH GR IOX[R GH

FDL[D 7255(6 $VVLP GR SRQWR GH YLVWDPDWHPiWLFR D 7,5

p D WD[D HP TXH TXDQGR HPSUHJDGD FRPR D WD[D GH GHVFRQWR QR

FiOFXOR GR 93/ ID] FRP TXH VHX YDORU ILTXH LJXDO D ]HUR 3RUWDQWR

p D UDL] GD IXQomR 93/ RQGH D YDULiYHO LQGHSHQGHQWH p D WD[D GH

GHVFRQWR 1$.$%$<$6 , $ (TXDomR GHPRQVWUD D

UHODomR HQWUH D 7,5 H R 9/3

HDFRUGR6YLHFKH0DQWRYDQ D7,5SRGHVHUFDOFXODGD

WDQWR SRU WHQWDWLYD H HUUR RX VH UHFRUUHQGR D XPD FDOFXODGRUD

ILQDQFHLUD RX D XP FRPSXWDGRU 2 FULWpULR GH DQiOLVH TXDQGR

D 7,5 p XVDGD SDUD WRPDU GHFLV HV GR WLSR DFHLWDU UHMHLWDU p R

VHJXLQWH VH D 7,5 IRU PDLRU TXH D 70$ DFHLWD VH R SURMHWR VH IRU

PHQRU UHMHLWD VH R SURMHWR HVVD PDQHLUD HVVH FULWpULR JDUDQWH

TXH D HPSUHVD HVWHMD REWHQGR SHOR PHQRV VXD WD[D PtQLPD GH

UHWRUQR

RQVLGHUDQGR R )OX[R GH FDL[D GD VLWXDomR KLSRWpWLFD

PRVWUDGD DQWHULRUPHQWH XWLOL]DQGR R VRIWZD 0LFURVRIW ([FHO

REWpP VH FRPR 7,5 R YDORU GH RPR HVVH YDORU p PDLRU

TXH D 70$ XWLOL]DGD QR FiOFXOR GR 93/ R SURMHWR SRGH VHU

DFHLWR

F

2 WHPSR GH UHWRUQR GH XP LQYHVWLPHQWR RX 3D EDFN 3%

p R SHUtRGR R GH WHPSR QHFHVViULR SDUD TXH R OXFUR RX RXWURV

ὠὖὒ = −Ὅ +
Ὂ

(1 + ὝὍὙ) +
Ὂ 2

(1 + ὝὍὙ)2 + ⋯+
Ὂ

(1 + ὝὍὙ) = 0�
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EHQHItFLRV GH XP LQYHVWLPHQWR VH LJXDOHP DR FXVWR GR LQYHVWLPHQWR

LQLFLDO HVVD PDQHLUD WUD] HIHWLYDPHQWH XPDPHGLGD WLO GL]HQGR

TXDO R WHPSR QHFHVViULR SDUD TXH R FXVWR GR LQYHVWLPHQWR VHMD

FRPSHQVDGR SHORV EHQHItFLRV GR LQYHVWLPHQWR 1(:1$1 H

/$9(//( 2 3% SRGH VHU FDOFXODGR DWUDYpV GD (TXDomR

HP TXH FRUUHVSRQGH j UHFHLWD IL[D REWLGD HP XP GHWHUPLQDGR

SHUtRGR IL[R TXH SRGH VHU VHPDQDO PHQVDO DQXDO RX RXWUR

LQWHUYDOR GH LQWHUHVVH

3RUWDQWR R3%pRQ PHURGH SHUtRGRVQHFHVViULRVSDUDTXHR

IOX[R GH FDL[D DFXPXODGR VH WRUQH SRVLWLYR LVWR FRQVLGHUDQGR TXH

HVWH IOX[R p GR WLSR HP TXH R LQYHVWLPHQWR p UHDOL]DGR QR SULPHLUR

SHUtRGR H DV UHFHLWDV HVWmR QRV DQRV VHJXLQWHV 1$.$%$<$6 ,

RQVLGHUDGR QRYDPHQWH D VLWXDomR KLSRWpWLFD DSUHVHQWDGD

QR LWHP RQGH R LQYHVWLPHQWR LQLFLDO IRL GH 5 H R

EHQHItFLR DQXDO IRL GH 5 RQVLGHUDQGR HVVHV YDORUHV

R SURMHWR WHUi FRPR WHPSR GH UHWRUQR GR LQYHVWLPHQWR R SHUtRGR

GH DQRV RX VHMD DSUR[LPDGDPHQWH DQR H PHVHV

5HODomR & VWR EHQHItFLR 5&%

(VVD WpFQLFD VH EDVHLD QD UD]mR GRV EHQHItFLRV SDUD RV FXVWRV

XWLOL]DQGR FiOFXORV GR 93/ H GR IOX[R GH FDL[D VHQGR GHWHUPLQDGD

DWUDYpV GD (TXDomR PRVWUDGD D VHJXLU H DFRUGR FRP 7RUUHV

HVVH FULWpULR IRL LQLFLDOPHQWH GHVHQYROYLGR SDUD DQDOLVDU D

YLDELOLGDGH GH SURMHWRV S EOLFRV RQGH R FULWpULR GR OXFUR QmR ID]

PXLWR VHQWLGR H PRGR JHUDO EHQHItFLR p WXGR TXH p IDYRUiYHO

DRV REMHWLYRV GR SURMHWR H FXVWR WXGR TXH p GHVIDYRUiYHO 3RUpP

VHQGR XP TXRFLHQWH WDQWR RV EHQHItFLRV TXDQWR RV FXVWRV GHYHP

ὖὄ =
Ὅ0
Ὑ �
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VHU H[SUHVVRV QD PHVPD XQLGDGH H D QLFD TXH VH PRVWURX YLiYHO

IRL R GLQKHLUR

H DFRUGR FRP 6LOYD W DO D D 5 % WDPEpP VHUYH SDUD

VHOHFLRQDU XP HQWUH YiULRV SURMHWRV TXDQGR R FDSLWDO p OLPLWDGR

1HVVH FDVR GHYH VHU HVFROKLGR R SURMHWR TXH DSUHVHQWHP XPD

UHODomRPHQRU TXH XP SRLV TXDQWR PHQRU D 5 % PHOKRU RX VHMD

R SURMHWR WHUi PDLV EHQHItFLRV GR TXH FXVWRV $GHPDLV TXDQGR

QmR KRXYHU D OLPLWDomR GH FDSLWDO GHYH VH LQYHVWLU HP SURMHWRV TXH

REWLYHUHP XP 93/ SRVLWLYR

3DUD H[HPSOLI LFD R FiOFXOR GD 5 % R SURMHWR KLSRWpWLFR

GHVFULWR DQWHULRUPHQWH TXH WHYH FRPR 93/ DR ILP GD YLGD WLO R

YDORU GH 5 FRQVLGHUDQGR R LQYHVWLPHQWR LQLFLDO GH 5

R WHUi XPD UHODomR EHQHItFLR GH /RJR R SURMHWR p

YLiYHO HFRQRPLFDPHQWH SRLV WUD] PDLV EHQHItFLRV TXH FXVWRV

Ὑὅὄ =
Ὅ0
ὠὖὒ�



F
i pF F F F

$ VHJXLU VHUiDSUHVHQWDGR FRPRHVWXGRGHFDVR RV UHVXOWDGRV

GR DUWLJR FLHQWtI LFR LQWLWXODGR F LFDO (FR RPLF DO VLV RI W
)L VW 0L L DWLR 3 RWRYROWDLF VW P RI 3LD t D LO 2 DUWLJR IRL

SXEOLFDGR QR SHULyGLFR FLHQWtI LFR ,((( DWL P LFD D VDFWLR V
HP VHX YROXPH Q PHUR HPRXWXEUR GH 025$,6 W DO

QmRFRPRR LQWXLWRGH UHSXEOLFDU RV UHVXOWDGRV MiSXEOLFDGRV

DXWRSOiJLR PDVGH DSUHVHQWDU VHXVSULQFLSDLV FRQWH GRVTXH LUmR

H[HPSOLILFDU GH IRUPD SUiWLFD RV FRQKHFLPHQWRV DSUHVHQWDGRV QRV

FDStWXORV DQWHULRUHV D UHVSHLWR GD DQiOLVH GH YLDELOLGDGH WpFQLFR

HFRQ PLFD GH VLVWHPDV IRWRYROWDLFRV

&RQWH W DOL DomR GD 3HVT LVD

7HQGR HP YLVWD TXH D JHUDomR GH HQHUJLD HOpWULFD DWUDYpV

GD WHFQRORJLD VRODU IRWRYROWDLFD WHP PXLWDV QXDQFHV D VHUHP

FRQVLGHUDGDV ID] VH QHFHVViULR XP HVWXGR TXH HQYROYD D DQiOLVH

JOREDO GHVWD IRQWH SDUD FRPSURYDU D YLDELOLGDGH GH LQVWDODomR H

H[SDQGLU DLQGD PDLV D VXD XWLOL]DomR 2 SULPHLUR VLVWHPD GH PLQL

JHUDomR GLVWULEXtGD GR HVWDGR GR 3LDXt D HQWUDU HP RSHUDomR

IRL LQVWDODGR QR FDPS V )ORULDQR GR ,QVWLWXWR )HGHUDO GR 3LDXt

,)3, TXH HVWi ORFDOL]DGR QR PXQLFtSLR GH )ORULDQR 3, FRP DV
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FRRUGHQDGDV JHRJUiI LFDV /DWLWXGH 6XO H ORQJLWXGH

2HVWH H RFXSD XPD iUHD GH DSUR[LPDGDPHQWH

P GR WHOKDGR GR FDPS V 1HVWH VHQWLGR HVWH WUDEDOKR

DSUHVHQWD RV UHVXOWDGRV GHFRUUHQWHV GD DYDOLDomR GH GHVHPSHQKR

RSHUDFLRQDO GHVWH VLVWHPD WHQGR HP YLVWD R VHX SULPHLUR DQR GH

RSHUDomR GH MXQKR GH D PDLR GH IUHQWH D DVSHFWRV

WpFQLFRV H HFRQ PLFRV

HVFULomR GR VLVWHPD IRWR ROWDLFR

2 VLVWHPD IRWRYROWDLFR LQVWDODGR QR FDPS V )ORULDQR GR

,)3, GHQRPLQDGR FRPR 6LVWHPD ,)3, )/25,$12 p HQTXDGUDGR

FRPR VLVWHPD GH PLQL JHUDomR GLVWULEXtGD GH DFRUGR FRP DV

UHVROXo HV QRUPDWLYDV Q” H Q” e FRPSRVWR

SRU PyGXORV IRWRYROWDLFRV 3ROLFULVWDOLQRV GH PRGHOR D D LD
ROD 6 3 3 FRP SRWrQFLD GH : FDGD WRWDOL]DQGR XPD

SRWrQFLD LQVWDODGD GH N:S 2V LQYHUVRUHV XWLOL]DGRV VmR

GD PDUFD 60$ LSRZ PRGHORV 673 7/ 673

7/ H 673 7/ WRWDOL]DQGR DVVLP LQYHUVRUHV

(VWH IRL R SULPHLUR 6LVWHPD )RWRYROWDLFR RQHFWDGR j 5HGH

6) 5 GHPLQLJHUDomRGRHVWDGRGR3LDXt HHQWURXHPRSHUDomRHP

MXQKR GH SDUD DWHQGHU SDUWH GD GHPDQGD GH HQHUJLD HOpWULFD

GR FDPS V 2 VLVWHPD )LJXUD p IRUPDGR SRU FLQFR DUUDQMRV

TXH HVWmR GLYLGLGRV HP GRLV VXEVLVWHPDV VHQGR XP GH N:S

IRUPDGR SHORV DUUDQMRV GRV WHOKDGRV H 6XEVLVWHPD H

RXWUR GH N:S FRPSRVWR SHORV DUUDQMRV GRV WHOKDGRV 1

6 H 6XEVLVWHPD
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)LJ UD 6LVWHPD )RWR ROWDLFR GR F PS V )ORULDQR GR ,)3,

)RQWH 0RUDLV W DO

2 DUUDQMR ORFDOL]DGR QR 7HOKDGR FRQWpP PyGXORV

H p FRQVWLWXtGR GH GXDV VW L V GH PyGXORV FRQHFWDGDV

QR LQYHUVRU GH N: QR 7HOKDGR WHP VH XP DUUDQMR GH

PyGXORV FRPSRVWR GH WUrV VW L V GH PyGXORV H GXDV VW L V
GH PyGXORV FRQHFWDGDV QR LQYHUVRU GH N: DOpP GHVVHV

WDPEpP HVWi SUHVHQWH XP DUUDQMR GH PyGXORV QR 7HOKDGR

FRP TXDWUR VW L V GH PyGXORV FRQHFWDGDV QR LQYHUVRU GH

N: SHUID]HQGR DVVLP RV N:S GR 6XEVLVWHPD

-i R 6XEVLVWHPD p FRPSRVWR SRU GRLV DUUDQMRV GH

PyGXORV ORFDOL]DGRV QRV 7HOKDGRV 1 6 H GLVWULEXtGRV HP

LQYHUVRUHV GH N: VHQGR LQYHUVRUHV SRU DUUDQMR (P FDGD

LQYHUVRU VmR FRQHFWDGDV WUrV VW L V GH PyGXORV H GXDV VW L V GH
PyGXORV 2 TXH SHUID] XP WRWDO GH N:S

2V PyGXORV IRWRYROWDLFRV HQFRQWUDP VH PRQWDGRV VREUH

HVWUXWXUD PHWiOLFD IL[D FRP LQFOLQDomR GH RULHQWDGD SDUD
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R 1RUGHVWH GHVYLR D]LPXWDO GH QRV WHOKDGRV H 1

H RULHQWDGD SDUD R 6XGRHVWH GHVYLR D]LPXWDO GH QRV

WHOKDGRV 6 H 025$,6 W DO 1D )LJXUD SRGH VHU YLVWR

R GLDJUDPD XQLI LODU GR VLVWHPD IRWRYROWDLFR H VXD GLVWULEXLomR HP

VXE DUUDQMRV IRWRYROWDLFRV

)LJ UD LDJUDPD QLILODU GR VLVWHPD IRWR ROWDLFR LQVWDODGR

QR F PS V)ORULDQR GR ,)3,

)RQWH $GDSWDGR GH 0RUDLV W DO

1D )LJXUD SRGH VHU YLVWD D JHUDomR PHQVDO GR 6LVWHPD

,)3, )/25,$12 QR VHX SULPHLUR DQR GH RSHUDomR FRPSRVWD

SHOD SURGXomR GR VXEVLVWHPD N:S H SHOD SURGXomR GR

VXEVLVWHPD N:S 2 VLVWHPD JHURX QHVVH SHUtRGR XP

WRWDO GH N:K N:K JHUDGRV SHOR 6XEVLVWHPD
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H N:KJHUDGRV SHOR 6XEVLVWHPD $VVLP D SURGXomR

PpGLD PHQVDO GH WRGR R VLVWHPD IRL GH N:K

N:K UHIHUHQWHV DR VXEVLVWHPD H N:K UHIHUHQWHV DR

VXEVLVWHPD 9DOH D SHQD UHVVDOWDU TXH RV YDORUHV IRUDP REWLGRV

XWLOL]DQGR R VRIWZD GH PRQLWRUDPHQWR 6XQQ SUySULR GRV

LQYHUVRUHV LQVWDODGRV

)LJ UD HUDomRPHQVDO GR VLVWHPD IRWR ROWDLFR ,)3,

)/25, 12 QR VH SULPHLUR DQR GH RSHUDomR

)RQWH 0RUDLV W DO

QiOLVH GH GHVHPSHQ R RSHUDFLRQDO

1D 7DEHOD HQFRQWUDP VH GHVFULWRV RV YDORUHV PHQVDLV GH

3URGXWLYLGDGH )LQDO GR VLVWHPD IRWRYROWDLFR 1R SULPHLUR DQR GH

RSHUDomR R VXEVLVWHPD WHYH XPD SURGXWLYLGDGH ILQDO GH

N:K N:S -i DSURGXWLYLGDGH ILQDO GR VXEVLVWHPD IRL GH

N:K N:S HVVD PDQHLUD D 3URGXWLYLGDGH )LQDO GR VLVWHPD IRL

GH N:K N:S REWLGD DWUDYpV GD PpGLD SRQGHUDGD HQWUH

RV YDORUHV GH SURGXWLYLGDGH ILQDO GRV GRLV VXEVLVWHPDV RQGH RV

SHVRV VmR VXDV SRWrQFLDV GH SLFR
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7DEHOD 9DORUHV0HQVDLV GH 3URG WL LGDGH )LQDO

HP N: N:S

0rV 6 EVLVWHPD 6 EVLVWHPD
7RWDO

0HQVDO

MXQ

MXO

DJR

VHW

RXW

QRY

GH]

MDQ

IHY

PDU

DEU

PDL

7RWDO $QXDO

)RQWH 0RUDLV W DO

1D 7DEHOD VmR PRVWUDGRV RV YDORUHV PHQVDLV GH )DWRU GH

DSDFLGDGH GR VLVWHPD IRWRYROWDLFR 3DUD R 6XEVLVWHPD WHP VH

R YDORU GH H SDUD R 6XEVLVWHPD HVVDPDQHLUD

R )DWRU GH DSDFLGDGH GR VLVWHPD IRL GH

7DEHOD 9DORUHV0HQVDLV GH ) WRU GH &DSDFLGDGH HP

0rV 6 EVLVWHPD 6 EVLVWHPD 7RWDO 0HQVDO

MXQ

MXO

DJR

VHW

RXW

QRY

GH]

MDQ
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IHY

PDU

DEU

PDL

7RWDO $QXDO

)RQWH 0RUDLV W DO

7HQGR HP YLVWD D QmR H[LVWrQFLD GRV HTXLSDPHQWRV GH

PRQLWRUDPHQWR GR UHFXUVR VRODU GHVFULWRV QD ,( SDUD

R FiOFXOR GD 7D[D GH HVHPSHQKR RV GDGRV GH LUUDGLDomR VRODU

IRUDP REWLGRV D SDUWLU GRV PHWDGDGRV GD “ HGLomR GR $WODV

%UDVLOHLUR GH (QHUJLD 6RODU 3(5(,5$ W DO $ QRUPD DILUPD

TXH SDUD D REWHQomR GRV YDORUHV GH LUUDGLDomR VRODU LQFLGHQWH QR

SODQR GRV PyGXORV GHYHP VHU UHDOL]DGDV PHGLo HV VHQGR TXH D

LUUDGLkQFLD GHYH VHU REWLGD SRU PHLR GH PyGXORV GH UHIHUrQFLD

FDOLEUDGRV RX DWUDYpV GH SLUDQ PHWURV 2V YDORUHV GH LUUDGLDomR

VRODU JOREDO KRUL]RQWDO SDUD D FLGDGH GH )ORULDQR 3, HQFRQWUDP VH

GHVFULWRV QD )LJXUD

)LJ UD 9DORUHVPHQVDLV GH ,UUDGLDomR 6RODU OREDO

RUL RQWDO SDUD D FLGDGH GH )ORULDQR3,

)RQWH 0RUDLV W DO
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2VYDORUHV GD LUUDGLDomR QR SODQR GRV0yGXORV IRWRYROWDLFRV

IRUDP REWLGRV SRU PHLR GR VRIWZD 5DGLDVRO /$%62/ 8)5 6

TXH UHDOL]RX D FRQYHUVmR GRV YDORUHV DSUHVHQWDGRV QD

)LJXUD FRQVLGHUDQGR RV GHVYLRV D]LPXWDLV GH FDGD WHOKDGR H

D LQFOLQDomR GRV PyGXORV IRWRYROWDLFRV 2V YDORUHV GH LUUDGLDomR

HQFRQWUDGRV HVWmR GHVFULWRV QD )LJXUD

)LJ UD ,UUDGLDomR VRODU QR SODQRGRV PyG ORV REWLGD QR

VRI 5DGLDVRO

)RQWH 0RUDLV W DO

2V YDORUHV PHQVDLV SDUD D 7D[D GH HVHPSHQKR GR VLVWHPD

HQFRQWUDP VH GHVFULWRV QD 7DEHOD 2 VXEVLVWHPD SHUIH] XP

WRWDO DQXDO GH H R VXEVLVWHPD XP WRWDO DQXDO GH

HVVD PDQHLUD R HVHPSHQKR OREDO GR VLVWHPD QR VHX SULPHLUR

DQR GH RSHUDomR IRL GH
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7DEHOD 9DORUHV0HQVDLV GH 7D D GH HVHPSHQ R HP

0rV 6 EVLVWHPD 6 EVLVWHPD
7RWDO

0HQVDO

MXQ

MXO

DJR

VHW

RXW

QRY

GH]

MDQ

IHY

PDU

DEU

PDL

7RWDO $QXDO

)RQWH 0RUDLV W DO

1D 7DEHOD SRGH VHU YLVWR XP FRPSDUDWLYR HQWUH R 6LVWHPD

,)3, )/25,$12 FRP RXWURV VLVWHPDV WDPEpP LQVWDODGRV HP

LQVWLWXLo HV S EOLFDV GH HQVLQR GH ORFDLV GLVWLQWRV GR %UDVLO FRP

UHODomR DRV VHXV tQGLFHV GH PpULWR RPHV W DO DSUHVHQWDP

RV UHVXOWDGRV UHIHUHQWHV DR 6) 5 GH N:S TXH VH HQFRQWUD

LQVWDODGR QDV GHSHQGrQFLDV GD8QLYHUVLGDGH )HGHUDO GH8EHUOkQGLD

8)9 183(3 )((/7 8)8 2 VLVWHPD GHVFULWR SRU 8UEDQHW] -XQLRU

W DO WHP XPD SRWrQFLD LQVWDODGD GH N:S H HQFRQWUD

VH LQVWDODGR QR WHOKDGR GR (VFULWyULR 9HUGH GD 8QLYHUVLGDGH

7HFQROyJLFD )HGHUDO GR 3DUDQi 87)35 QD FLGDGH GH XULWLED

-i R VLVWHPD GHVFULWR SRU %XLDWWL W DO LQVWDODGR QD 5HLWRULD

GR ,QVWLWXWR )HGHUDO GR 5LR UDQGH GR 1RUWH ,)51 ORFDOL]DGD QD

FLGDGH GH 1DWDO WHP XPD SRWrQFLD LQVWDODGD WRWDO GH N:S



tFLR L R R LO H R LV V O R V R VFR FHORV H OL HL RSHV LO

O H H F R H R HV i LR RF RV

7DEHOD &RPSDUDWL R HQWUH 6LVWHPDV ,QVWDODGRV HP ,QVWLW LoRHV

3 EOLFDV GH (QVLQ HP /RFDLV LVWLQWRV GR %UDVLO

3DUkPHWURV ,)3, 87)35 8)8 ,)51

N:S

N:K

N:K N:S

)RQWH 0RUDLV W DO

$R FRPSDUDU RV SDUkPHWURV GH GHVHPSHQKR GH WRGRV RV

VLVWHPDV R VLVWHPD ,)3, )/25,$12 DSUHVHQWD XP GHVHPSHQKR

RSHUDFLRQDO VXSHULRU D SUDWLFDPHQWH WRGRV HOHV 1RV FDVRV GR

VLVWHPD LQVWDODGR QR (VFULWyULR 9HUGH GD 8)735 85,7,%$ H

GR VLVWHPD 8)8 8%(5/μ1 ,$ LVVR VH YHULILFD SHOR IDWR GH

HVWDUHP ORFDOL]DGRV HP UHJL HV GR %UDVLO TXH UHFHEHP PHQRUHV

tQGLFHV GH UDGLDomR VRODU GXUDQWH R DQR FRPR SRGH VHU YLVWR QD

)LJXUD 3RUpP QR FDVR GR VLVWHPD ,)51 1$7$/ RV YDORUHV

GRV SDUkPHWURV GH GHVHPSHQKR DSUHVHQWDP VH PDLRUHV TXH RV

UHIHUHQWHV DR VLVWHPD ,)3, )/25,$12 $GHPDLV SHUFHEH VH TXH

RV GRLV VLVWHPDV VH VLWXDP HP UHJL HV GR PDSD TXH DSUHVHQWDP RV

PHVPRV tQGLFHV GH LUUDGLDomR VRODU
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)LJ UD /RFDOL DomR JHRJUiILFD GRV 6)&5 FRPSDUDGRV

)RQWH $GDSWDGR GH 3HUHLUD W DO

HVVD PDQHLUD ID] VH QHFHVViULD D DQiOLVH GR PDSD YLVWR

QD )LJXUD TXH DSUHVHQWD tQGLFHV GH UDGLDomR VRODU GD 5HJLmR

1RUGHVWH GR %UDVLO 3RGH VH YHULI LFDU TXH )ORULDQR H 1DWDO VLWXDP

VH HP ]RQDV TXH DSUHVHQWDP tQGLFHV GH UDGLDomR VRODU GLVWLQWRV

9DOH D SHQD UHVVDOWDU TXH HVWD UHJLmR EUDVLOHLUD WHP FRPR SULQFLSDO

FDUDFWHUtVWLFD R HOHYDGR SRWHQFLDO DQXDO PpGLR GH HQHUJLD VRODU

DOLDGR D XPD EDL[D YDULDELOLGDGH LQWHUDQXDO GDV PpGLDV GH

LUUDGLDomR VRODU /,0$
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O H H F R H R HV i LR RF RV

)LJ UD 0DSHDPHQWR GD ,UUDGLDomR 6RODU QR 1RUGHVWH

%UDVLOHLUR

)RQWH )HUUHLUD )LOKR W DO

$FUHGLWD VH TXH SHOR IDWR GH R VLVWHPD ,)51 1$7$/ HVWDU

LQVWDODGR HP XPD UHJLmR OLWRUkQHD R VLVWHPD IRWRYROWDLFR

WUDEDOKH HP FRQGLo HV PHOKRUHV GH UHVIULDPHQWR GLPLQXLQGR

DVVLP DV SHUGDV SRU WHPSHUDWXUD 1HVVDV UHJL HV RV YDORUHV GH

YHORFLGDGH GR YHQWR VmR EHPPDLRUHV GR TXH DPDLRULD GDV UHJL HV

LQWHULRUDQDV FDVR GR 6LVWHPD ,)3, )/25,$12 ,VVR SRGH VHU YLVWR

QD )LJXUD TXH PRVWUD D PpGLD GD YHORFLGDGH GR YHQWR SDUD D

FLGDGH GH 1DWDO H QD )LJXUD SDUD D FLGDGH GH )ORULDQR
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)LJ UD 9HORFLGDGH PpGLD GR HQWR HP1DWDO 51

)RQWH %DUURV W DO

)LJ UD 9HORFLGDGH PpGLD GR HQWR HP )ORULDQR 3,

)RQWH %DUURV W DO

9DOHDSHQD UHVVDOWDU TXHQRVFDVRVGRV VLVWHPDVDSUHVHQWDGRV

SRU RPHV W DO H %XLDWWL W DO RV FiOFXORV IRUDP

IHLWRV WHQGR FRPR EDVH RV GDGRV GR 3URMHWR 6:(5$ ROD D
L ( VR F VV VVP W -i QR FDVR GR VLVWHPD GHVFULWR SRU

8UEDQHW] -XQLRU W DO D IRL FDOFXODGD XWLOL]DQGR RV tQGLFHV GH

UDGLDomR IRUQHFLGRV SRU XPD HVWDomR PHWHRUROyJLFD GR ,QVWLWXWR
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O H H F R H R HV i LR RF RV

1DFLRQDO GH 0HWHRURORJLD ,10(7 LQVWDODGD SUy[LPD DR VLVWHPD

IRWRYROWDLFR

QiOLVH GH LDELOLGDGH HFRQ PLFD

$ DYDOLDomR ILQDQFHLUD GR VLVWHPD IRWRYROWDLFR IRL

GHVHQYROYLGD FRP EDVH QD DSXUDomR GH PpWULFDV SUySULDV GD

(QJHQKDULD (FRQ PLFD TXDLV VHMDP 9DORU 3UHVHQWH /tTXLGR

93/ 7D[D ,QWHUQD GH 5HWRUQR 7,5 3D EDFN 3% H 5HODomR

XVWR EHQHItFLR 5 % )RUDP FRQVLGHUDGRV QD DQiOLVH R YDORU

HP 5HDLV 5 GD HQHUJLD JHUDGD SHOR VLVWHPD R LQYHVWLPHQWR

LQLFLDO 6HJXQGR 6LOYD W DO D GHWHUPLQDomR GHVVDV PpWULFDV

SUHVVXS H D H[LVWrQFLD GD SURMHomR GH XP )OX[R GH DL[D TXH p D

GLIHUHQoD HQWUH DV HQWUDGDV H DV VDtGDV GH FDSLWDO HP FDGD SHUtRGR

H D FRQVLGHUDomR GH XPD 7D[D GH HVFRQWR 1HVWD SHVTXLVD HVWH

SDUkPHWUR IRL GHWHUPLQDGR DWUDYpV GD GLIHUHQoD HQWUH RV YDORUHV

PpGLRV GD YDULDomR DQXDO GD 7D[D 6HOLF H GR UHDMXVWH GDV WDULIDV GH

HQHUJLD LQIRUPDGDV SHOD $QHHO REVHUYDGDV QRV OWLPRV GH] DQRV

6HJXQGR DUYDOKR QD DQiOLVH HFRQ PLFD GH XP

VLVWHPD IRWRYROWDLFR DV HQWUDGDV PDLV LPSRUWDQWHV VmR R FXVWR

LQLFLDO GR VLVWHPD H D TXDQWLGDGH GH HQHUJLD TXH VHUi IRUQHFLGD DR

ORQJR GD VXD YLGD WLO TXH QHVWD SHVTXLVD IRL FRQVLGHUDGR FRPR

VHQGR GH DQRV WHPSR GH JDUDQWLD GR PyGXOR FRQVLGHUDGR

FRQWUD SHUGD GH SRWrQFLD OLPLWDGD D GD VXD FDSDFLGDGH

RULJLQDO GDGR SHOR IDEULFDQWH $GHPLDV VHJXQGR 1DNDED DVKL

p FRPXP FRQVLGHUDU D GHJUDGDomR QD JHUDomR GRV

PyGXORV IRWRYROWDLFRV DR ORQJR GR WHPSR D TXDO JHUDOPHQWH

p FRQVLGHUDGD QRV PRGHORV GH SURMHomR FRP YDORUHV GH

D DR DQR HPERUD YDORUHV PDLV EDL[RV VHMDP DOFDQoDGRV QD

SUiWLFD $ JDUDQWLD IRUQHFLGD SHORV IDEULFDQWHV HP JHUDO p GH XPD

GHJUDGDomR Pi[LPD GH DR DQR $VVLP IRL FRQVLGHUDGD XPD

WD[D GH GHJUDGDomR DQXDO GH DR DQR QD SURGXomR GH HQHUJLD

SHUGD WRWDO GH HP DQRV
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H DFRUGR FRP /DQGHLUD D PDLRULD GRV IDEULFDQWHV

FRQVLGHUD FRPR QHFHVViULD D WURFD GR LQYHUVRU FRP DQRV GH

RSHUDomR FRQWtQXD 0RQWHQHJUR DSOLFRX HP VXD SHVTXLVD

D WD[DGH DR DQR UHIHUHQWH D FXVWRV FRPRSHUDomR HPDQXWHQomR

FRP VLVWHPDV IRWRYROWDLFRV HVVD PDQHLUD IRL FRQVLGHUDGD R

YDORU UHODWLYR D VREUH R LQYHVWLPHQWR LQLFLDO D FDGD DQRV

UHIHUHQWH j WURFD GRV LQYHUVRUHV

1D DQiOLVH HFRQ PLFDGH XPVLVWHPD IRWRYROWDLFRDV HQWUDGDV

PDLV LPSRUWDQWHV GR IOX[R GH FDL[D VmR R FXVWR LQLFLDO GR VLVWHPD

H D TXDQWLGDGH GH HQHUJLD TXH VHUi IRUQHFLGD DR ORQJR GD VXD YLGD

WLO $59$/ 2 1HVWD SHVTXLVD IRL FRQVLGHUDGD D YLGD WLO

FRPR VHQGR GH DQRV WHPSR GH JDUDQWLD GR PyGXOR XWLOL]DGR

FRQWUD SHUGD GH SRWrQFLD OLPLWDGD D GD VXD FDSDFLGDGH

RULJLQDO GDGR SHOR IDEULFDQWH )RL FRQVLGHUDGR R LQYHVWLPHQWR

LQLFLDO GH 5 SDUD D DTXLVLomR GR VLVWHPD SDUD

DWHQGHU SDUWH GD GHPDQGD GR FDPS V )ORULDQR GR ,)3, RQGH D

SRWrQFLD IRL OLPLWDGD SHOD GLVSRQLELOLGDGH GH WHOKDGR H UHFXUVRV

ILQDQFHLURV $ DTXLVLomR IRL IHLWD SRU PHLR GH SURFHVVR OLFLWDWyULR

UHIHUHQWHV jV IDVHV GH HODERUDomR GR SURMHWR IRUQHFLPHQWR H

LQVWDODomR GR VLVWHPD H WUHLQDPHQWR GH IXQFLRQiULRV

RPR EHQHItFLR JHUDGR SHOR SURMHWR IRL FRQVLGHUDGR R YDORU

GH 5 N:K D VHU HFRQRPL]DGR QDV IDWXUDV GH HQHUJLD

GHWHUPLQDGR SHOD PpGLD GRV YDORUHV FREUDGRV SRU FDGD N:K QR

KRUiULR IRUD SRQWD SDUD FRQVXPLGRUHV GH JUXSR $ IDWXUDGRV

FRP D WDULID YHUGH HP YLJRU QR FDPS V )ORULDQR GR ,)3, QR SHUtRGR

DQDOLVDGR ( 3 D GHVFULWRV QD )LJXUD
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O H H F R H R HV i LR RF RV

)LJ UD 9DORUHV 7DULIiULRV FREUDGRV SHOD FRQFHVVLRQiULD

)RQWH 0RUDLV W DO

$OpP GLVVR D GHWHUPLQDomR GDV PpWULFDV HFRQ PLFDV

SUHVVXS H D H[LVWrQFLD GD SURMHomR GH XP )OX[R GH DL[D TXH p D

GLIHUHQoD HQWUH DV HQWUDGDV H DV VDtGDV GH FDSLWDO HP FDGD SHUtRGR

H D FRQVLGHUDomR GH XPD 7D[D GH HVFRQWR 6,/9$ W DO E

$VVLP IRUDP FRQVLGHUDGRV R FXVWR GD HQHUJLD JHUDGD SHOR

VLVWHPD R LQYHVWLPHQWR LQLFLDO EHP FRPR D LQIODomR H R UHDMXVWH

DQXDO GD WDULID GH HQHUJLD HOpWULFD 1HVWD SHVTXLVD HVWH SDUkPHWUR

IRL FDOFXODGR DWUDYpV GD GLIHUHQoD HQWUH D PpGLD GRV YDORUHV DQXDLV

GD 7D[D 6HOLF H D PpGLD GRV YDORUHV GH UHDMXVWH DQXDO GDV WDULIDV GH

HQHUJLD LQIRUPDGRV SHOD $QHHO DPEDV REVHUYDGDV QRV OWLPRV GH]

DQRV % % ( 3 E YLVWDV QD )LJXUD

)LJ UD 9DULDomR GD 7D D 6HOLF H GR UHDM VWH GD 7DULID GH

(QHUJLD QR 3LD t GH D

)RQWH 0RUDLV W DO
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e FRPXP XWLOL]DU XPD WD[D GH GHJUDGDomR QD JHUDomR GRV

PyGXORV IRWRYROWDLFRV DR ORQJR GR WHPSR HUDOPHQWH D WD[D

p FRQVLGHUDGD QRV PRGHORV GH SURMHomR FRP YDORUHV GH

D DR DQR HPERUD YDORUHV PDLV EDL[RV VHMDP DOFDQoDGRV QD

SUiWLFD $ JDUDQWLD IRUQHFLGD SHORV IDEULFDQWHV HP JHUDO p GH XPD

GHJUDGDomRPi[LPD GH DR DQR 1$.$%$<$6 , $VVLP

IRL FRQVLGHUDGD XPD WD[D GH GHJUDGDomR DQXDO GH DR DQR

QD SURGXomR GH HQHUJLD TXH WRWDOL]D D SHUGD GH GHQWUR GRV

DQRV GH JDUDQWLD 3RU RXWUR ODGR D PDLRULD GRV IDEULFDQWHV

FRQVLGHUD FRPR QHFHVViULD D WURFD GR LQYHUVRU FRP DQRV

GH RSHUDomR FRQWtQXD /$1 (,5$ 0RQWHQHJUR

DSOLFRX HP VXD SHVTXLVD D WD[D GH DR DQR UHIHUHQWH D FXVWRV

FRP RSHUDomR H PDQXWHQomR FRP VLVWHPDV IRWRYROWDLFRV HVVD

PDQHLUD IRL FRQVLGHUDGD R YDORU UHODWLYR D VREUH R LQYHVWLPHQWR

LQLFLDO D FDGD DQRV UHIHUHQWH j WURFD GRV LQYHUVRUHV

2 FRQVXPR PHQVDO GR FDPS V )ORULDQR GR ,)3, UHIHUHQWH

DR SULPHLUR DQR GH RSHUDomR HQFRQWUD VH GHVFULWR QD )LJXUD

HVWDFDP VH QR JUiILFR DSUHVHQWDGR RV PHVHV GH VHWHPEUR

H RXWXEUR GH TXH WLYHUDP R PDLRU H R PHQRU FRQVXPR GH

HQHUJLD UHVSHFWLYDPHQWH

)LJ UD &RQV PRPHQVDO GR F PS V )ORULDQR GR ,)3, QR
SHUtRGR FRQVLGHUDGR

)RQWH 0RUDLV W DO
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O H H F R H R HV i LR RF RV

3RU RXWUR ODGR FRPSDUDQGR FRP R JUiILFR GD )LJXUD

TXH WUD] XP UHVXPR GD JHUDomR WRWDO GR VLVWHPD IRWRYROWDLFR

QR SHUtRGR FRQVLGHUDGR SHUFHEH VH TXH RV PHVHV GH RXWXEUR GH

H IHYHUHLUR GH DSUHVHQWDUDP DPDLRU H D PHQRU JHUDomR

GH HQHUJLD IRWRYROWDLFD UHVSHFWLYDPHQWH $GHPDLV GHVWDFD VH

QRYDPHQWH R PrV GH RXWXEUR GH DOpP GR PrV GH DEULO GH

FXMD JHUDomR GH HQHUJLD IRL PDLRU TXH R FRQVXPR GR FDPS V
HP GHFRUUrQFLD GDV IpULDV HVFRODUHV TXH LPSDFWD QD GLPLQXLomR GR

FRQVXPR GH HQHUJLD

)LJ UD HUDomR GR VLVWHPD IRWR ROWDLFR QR VH SULPHLUR DQR

GH I QFLRQDPHQWR

)RQWH 0RUDLV W DO

(P FRQVXOWD DR FDOHQGiULR DFDGrPLFR GR FDPS V GLVSRQtYHO

QR VLWH GD LQVWLWXLomR YHULI LFD VH TXH QR PrV RXWXEUR GH

HQWUH RV GLDV H DFRQWHFHUDPDV IpULDV OHWLYDV HQWUH RV SHUtRGRV

OHWLYRV H 6LWXDomR VHPHOKDQWH DFRQWHFHX QRV PHVHV

GH PDUoR H DEULO GH 1HVWH SHUtRGR RFRUUHUDP DV IpULDV TXH

PDUFDP R HQFHUUDPHQWR GR DQR OHWLYR GH MXVWLILFDQGR VH

WDPEpP R EDL[R FRQVXPR GH HQHUJLD HOpWULFD QHVWHV PHVHV 1R

FDPS V SHUPDQHFHUDP HP IXQFLRQDPHQWR DSHQDV RV VHXV VHWRUHV

DGPLQLVWUDWLYRV H D LOXPLQDomR QRWXUQD
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$VVLP QR SHUtRGR HP DQiOLVH R FRQVXPR WRWDO QR FDPS V
)ORULDQR IRL GH N:K VHQGR TXH R FRQVXPR PpGLR

GH HQHUJLD SRU PrV IRL GH N:K $QDOLVDQGR R JUiILFR

SHUFHEH VH TXH R FRQVXPR PHQVDO p PDLV HOHYDGR HP DOJXQV PHVHV

GR DQR R TXH VH MXVWLI LFD DQDOLVDQGR D )LJXUD

)LJ UD 7HPSHUDW UD0HQVDO 0pGLD SDUD D FLGDGH GH

)ORULDQR 3, QR SHUtRGR DQDOLVDGR

)RQWH 0RUDLV W DO

RPR SRGH VHU REVHUYDGR R SHUtRGR TXH YDL GH DJRVWR

D QRYHPEUR p R PDLV TXHQWH GR DQR (VWH IDWR SURSLFLD XP

LQFUHPHQWR QD WHPSHUDWXUD DPELHQWH ID]HQGR FRPTXH R FRQVXPR

GH GHWHUPLQDGRV HTXLSDPHQWRV HOpWULFRV FRPR RV HTXLSDPHQWRV

GH DU FRQGLFLRQDGR DXPHQWH SRU FRQWD GD QHFHVVLGDGH GH PDQWr

ORV HP IXQFLRQDPHQWR SRU PDLV WHPSR 3RUpP DQDOLVDQGR R PrV

GH RXWXEUR TXH VH HQFRQWUD GHQWUR GR SHUtRGR PDLV TXHQWH GR

DQR YHULI LFD VH TXH QHVWH PrV R FDPS V DSUHVHQWRX R PDLV EDL[R

FRQVXPR

1D 7DEHOD p DSUHVHQWDGR XP UHVXPR GD DQiOLVH GH

YLDELOLGDGH HFRQ PLFD RQVLGHUDQGR R EHQHItFLR JHUDGR SHOR

SURMHWR YDORU GH 5 N:K R PHVPR WURX[H XPD

HFRQRPLD GH 5 SDUD D LQVWLWXLomR GHYLGR D HFRQRPLD

GH N:K GH HQHUJLD HOpWULFD (VWH YDORU UHSUHVHQWD XPD
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O H H F R H R HV i LR RF RV

HFRQRPLD DQXDO GH HQHUJLD GD RUGHP GH HP UHODomR DR

FRQVXPR GH HQHUJLD GR FDPS V
RP EDVH QHVVD DQiOLVH R YDORU LQYHVWLGR LQLFLDOPHQWH

UHWRUQDUi SDUD D LQVWLWXLomR HP DQRV 3D EDFN H DSyV RV

DQRV GH YLGD WLO GR SURMHWR D LQVWLWXLomR GHL[DULD GH GHVHPEROVDU

5 D XPD 7,5 GH DR DQR VRPHQWH FRP D

HFRQRPLD GH HQHUJLD HOpWULFD D VHU YLVWD FRPR DEDWLPHQWR QDV

IDWXUDV GH HQHUJLD XPD YH] TXH QD DQiOLVH HFRQ PLFD GHL[DU GH

JDVWDU p R PHVPR TXH OXFUDU 3RUpP REVHUYD VH TXH R SURMHWR

DSUHVHQWD XPD UHODomR FXVWR EHQHItFLR EHP PDLRU TXH R TXH

PRVWUD TXH DR ILQDO GD YLGD WLO GR VLVWHPD R YDORU GDV HQWUDGDV

GH FDSLWDO DSyV R SDJDPHQWR GR VLVWHPD QmR VXSHUD R YDORU LQLFLDO

LQYHVWLGR

7DEHOD QiOLVH (FRQ PLFD GR 6LVWHPD ,)3, )/25, 12

DGRV GD QiOLVH 9DORU

,QYHVWLPHQWR ,QLFLDO 5

(FRQRPLD GH (QHUJLD $QXDO N:K

(FRQRPLD 3HUFHQWXDO GH (QHUJLD $QXDO

(FRQRPLD 0RQHWiULD GH (QHUJLD $QXDO 5

%HQHItFLR GR 3URMHWR 5 N:K

7D[D GH HVFRQWR

7D[D ,QWHUQD GH 5HWRUQR

9DORU 3UHVHQWH /tTXLGR 5

5HODomR XVWR %HQHItFLR

3D EDFN DQRV

)RQWH 0RUDLV W DO

9DOH D SHQD GHVWDFDU DLQGD TXH PHVPR SRVVXLQGR

YLDELOLGDGH WpFQLFD R SURMHWR GHYH SRVVXLU DGHUrQFLD HVWUDWpJLFD

DYDOLDQGR VH R PHVPR IRL GHVHQYROYLGR SDUD DWHQGHU RX QmR jV
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HVWUDWpJLDV GR SODQR GD HQWLGDGH HP HVSHFLDO RV GH ORQJR SUD]R H

FRQVHTXHQWHPHQWH HVWi DOLQKDGR D VXD PLVVmR H YLVmR ,VVR SRGH

VHU YHULI LFDGR DQDOLVDQGR VH R OWLPR 3ODQR GH HVHQYROYLPHQWR

,QVWLWXFLRQDO GR ,)3, 3 , ,)3,

1D )LJ SRGH VHU YLVWD D SURMHomR GR IOX[R GH FDL[D DWUDYpV

GD HYROXomR GR 93/ GXUDQWH D YLGD WLO GR SURMHWR H R PRPHQWR

HP TXH R VLVWHPD VH SDJD 3D EDFN

)LJ UD ( RO omR GR 9DORU 3UHVHQWH /tT LGR QD

LGD WLO GR SURMHWR

)RQWH 0RUDLV W DO

$V ,(6 GHYHP VHU H[HPSOR GH VXVWHQWDELOLGDGH SDUD WRGD

D FRPXQLGDGH 3UHFLVDP LQFHQWLYDU PXGDQoDV FRQFUHWDV QD

UHDOLGDGH VRFLDO QmR Vy DWUDYpV GH VXD DWLYLGDGH ILP HQVLQR

SHVTXLVD H H[WHQVmR PDV WDPEpP FRP D DUWLFXODomR GD JHVWmR

H D LQIUDHVWUXWXUD GDV HGLILFDo HV 0XGDQoDV HVWDV TXH SRGHP

VHU HQFDUDGDV FRPR 3URMHWRV GH ,QYHVWLPHQWR GH $GHUrQFLD

(VWUDWpJLFD XPD YH] TXH D VXVWHQWDELOLGDGH GHYH HVWDU DOLQKDGD

FRP D PLVVmR H D YLVmR GHVVDV RUJDQL]Do HV 6,/9$ W DO E

&RQVLGHUDo HV ILQDLV GR HVW GR GH FDVR

$ DQiOLVH GH GHVHPSHQKR GR VLVWHPD IRWRYROWDLFR LQVWDODGR

QR FDPS V )ORULDQR GR ,)3, GHPRQVWURX YLDELOLGDGH WpFQLFD HVVD
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PDQHLUD SRGH VHU XPD DOWHUQDWLYD HQHUJpWLFD SDUD DV LQVWLWXLo HV

GH HQVLQR UHGX]LUHP FXVWRV FRP HQHUJLD HOpWULFD $R DQDOLVDU D

JHUDomRGRSULPHLURDQRGH LQVWDODomRGR 6LVWHPD ,)3, )/25,$12

YHULILFRX VH TXH R VLVWHPD DSUHVHQWD XP H[FHOHQWH GHVHPSHQKR

FRP tQGLFHV GH PpULWR VDWLVIDWyULRV D VDEHU )DWRU GH DSDFLGDGH

GH 3URGXWLYLGDGH )LQDO GH N:K N:S H 7D[D GH

HVHPSHQKR GH FRPR SURGXomR Pi[LPD QR PrV GH

RXWXEUR GH N:K H PtQLPD QR PrV GH IHYHUHLUR

GH N:K

3RUpP DQDOLVDQGR RV UHVXOWDGRV GD DQiOLVH HFRQ PLFD

SRGH VH FRQFOXLU TXH R 6) 5 LQVWDODGR QR FDPS V )ORULDQR GR ,)3,

QmR SRVVXL YLDELOLGDGH HFRQ PLFD R TXH S GH WHU VLGR FDXVDGR

SHOR DOWR FXVWR GH LPSODQWDomR RX SHOR EDL[R UHWRUQR ILQDQFHLUR

R TXH WURX[H SDUD R SURMHWR XP SD EDFN ORQJR H XPD UHODomR

FXVWR EHQHItFLR DOWD R TXH SRVVLYHOPHQWH QmR IRL OHYDQGR HP

FRQVLGHUDomR HP HVWXGRV SUpYLRV SDUD D LQVWDODomR GR VLVWHPD

IRWRYROWDLFR GHYHQGR VHU REMHWR GH HVWXGRV IXWXURV

3RUpP OLPLWDU RV EHQHItFLRV UHODFLRQDGRV D 6) 5 DSHQDV

j UHGXomR GRV JDVWRV FRP D HQHUJLD SRGH FRQGX]LU D GHFLV HV

HUUDGDV XPD YH] TXH RV FR EHQHItFLRV SDUD R PHLR DPELHQWH RX

SDUD DV DWLYLGDGHV GH HQVLQR SHVTXLVD H H[WHQVmR FRQVLGHUDQGR

D DWLYLGDGH ILP GD LQVWLWXLomR SRGHP VHU WmR UHOHYDQWHV TXDQWR

$V LQVWLWXLo HV GH HQVLQR GHYHP VHU SRUWDQWR H[HPSOR GH

VXVWHQWDELOLGDGH SDUD WRGD D FRPXQLGDGH H LQFHQWLYDU PXGDQoDV

FRQFUHWDV QD UHDOLGDGH VRFLDO QmR Vy DWUDYpV GH VXD DWLYLGDGH ILP

HQVLQR SHVTXLVD H H[WHQVmR PDV WDPEpP FRP D DUWLFXODomR

GD JHVWmR H D LQIUDHVWUXWXUD GDV HGLILFDo HV SRGHQGR DLQGD VHU

HQFDUDGDV FRPRSURMHWRV GH LQYHVWLPHQWR GHDGHUrQFLD HVWUDWpJLFD

XPD YH] TXH D VXVWHQWDELOLGDGH GHYH HVWDU DOLQKDGD FRP D PLVVmR

H D YLVmR GHVVDV RUJDQL]Do HV

3RU ILP UHVVDOWD VH D QHFHVVLGDGH GH HVWXGRV PDLV

DSURIXQGDGRV RQGH VH SRVVD YHULI LFDU D LQIOXrQFLD GD WHPSHUDWXUD

GRV PyGXORV GR IDWRU GH GLPHQVLRQDPHQWR GRV LQYHUVRUHV
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LQVWDODGRV 7DPEpP XPD DQiOLVH GH VRPEUHDPHQWR FDXVDGR

SHOD RULHQWDomR H SRVLFLRQDPHQWR GRV PyGXORV H SHOD SUySULD

YROXPHWULD GR WHOKDGR H GRV GHPDLV EORFRV TXH FRPS HP R

FDPS V QD SURGXWLYLGDGH GR VLVWHPD WHQGR HP YLVWD TXH WDPEpP

VmR IDWRUHV GHWHUPLQDQWHV QD TXDQWLGDGH GH HQHUJLD SURGX]LGD

$OpP GLVVR HVWHV HVWXGRV GHYHP HQYROYHU D LQVWDODomR H XWLOL]DomR

GH HTXLSDPHQWRV GH PHGLomR H PRQLWRUDPHQWR GH PRGR D

DQDOLVDU FDGD DUUDQMR IRWRYROWDLFR GH PDQHLUD LVRODGD 9DOH D SHQD

UHVVDOWDU TXH D LQVWDODomR LQYDVLYD GH WDLV HTXLSDPHQWRV QHVWD

SHVTXLVD SRGHULD DFDUUHWDU D SHUGD GH JDUDQWLD GRV HTXLSDPHQWRV

TXH FRPS HP R VLVWHPD
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$/0(, $ 0 3 4 DOLILFDomR GH 6LVWHPDV )RWR ROWDLFRV

&RQHFWDGRV j 5HGH S LVVHUWDomR 0HVWUDGR

3URJUDPD GH 3yV UDGXDomR HP (QHUJLD 8QLYHUVLGDGH GH 6mR

3DXOR 6mR 3DXOR

$0%2 7 ,.$:$ ( ,1 81 $ 5 5HOH DQW DVSHFWV LQ GHVLJQLQJ

DS RWR ROWDLF LQ HUWHU IRU LQG VWULDO DQGFRPPHUFLDO DSSOLFDWLRQV

,Q ,QWHUQDWLRQDO 3RZHU (OHFWURQLFV RQIHUHQFH ,((( S

2, KWWSV GRL RUJ ,3(

$1((/ $JrQFLD 1DFLRQDO GH (QHUJLD (OpWULFD 5HVRO omR Q

GH GH DEULO GH %UDVtOLD

$1((/ $JrQFLD 1DFLRQDO GH (QHUJLD (OpWULFD 5HVRO omR Q

GH GH QR HPEUR GH %UDVtOLD

%$/)285 - 6 $: 0 1$6 1 % ,QWURG omR DR SURMHWR GH

VLVWHPDV IRWR ROWDLFRV 5LR GH MDQHLUR /7 S ,6%1

%$5%26$ ( 0 6 9,/(/$ 2 )5$, (15$, 1 7,%$

3DQRUDPD GR GHVHQYROYLPHQWR WHFQROyJLFR H PHUFDGR GH
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PyGXORV IRWRYROWDLFRV DQFHV HQ (QHUJtDV 5HQR DEOHV 0HGLR

PELHQWH Y S

%$5/(9 9, 8 5 6752(9( 3 ,QQRYDWLRQ LQ FRQFHQWUDWHG

VRODU SRZHU 6RODU (QHUJ 0DWHULDOV 6RODU &HOOV Y S

2, KWWSV GRL RUJ M VROPDW

%$5526 - )857$ 2 0 / 6 267$ $ 0 % 0$5,1 2

6 6,/9$ ) 0 6D]RQDOLGDGH GR YHQWR QD FLGDGH GH 1DWDO 51

SHOD GLVWULEXLomR GH :HLEXOO 6RFLHGDGH H 7HUULWyULR YRO Q

SS -XO H]

% % %DQFR HQWUDO GR %UDVLO LVWyULFR GDV WD DV GH M URV

LVSRQtYHO HP KWWSV ZZZ EFE JRY EU 3HF RSRP 3RUW

WD[D6HOLF DVS QRWDV! $FHVVR HP VHW

%(1( ,72 5 6 &DUDFWHUL DomR GD JHUDomR GLVWULE tGD SRU

PHLR GH 6LVWHPDV IRWR ROWDLFRV FRQHFWDGRV j UHGH QR %UDVLO

VRE RV DVSHFWRV WpFQLFR HFRQ PLFR H UHJ ODWyULR S

LVVHUWDomR 0HVWUDGR 3URJUDPD GH 3yV UDGXDomR HP (QHUJLD

8QLYHUVLGDGH GH 6mR 3DXOR 6mR 3DXOR

% $.7$ 6 08. (5-(( 9 3HUIRUPDQFH LQGLFHV HYDOXDWLRQ

DQG WHFKQR HFRQRPLF DQDO VLV RI SKRWRYROWDLF SRZHU SODQW IRU

WKH DSSOLFDWLRQ RI LVRODWHG ,QGLD V LVODQG 6XVWDLQDEOH (QHUJ

7HFKQRORJLHV DQG $VVHVVPHQWV Y S 2, KWWSV

GRL RUJ M VHWD

%25 (6 1(72 0 5 $59$/ 2 3 0 HUDomR GH HQHUJLD

HOpWULFD ) QGDPHQWRV 6mR 3DXOR (ULFD S ,6%1

%5,72 0 6(55$ - 0 pOXODV VRODUHV SDUD D SURGXomR GH

HQHUJLD HOpFWULFD 3 VLFDO 5H LHZ Y S
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%8,$77, 0 6,/9$ -81,25 ) 5 :$1 (5/(< $ )

0$ ,(/ 6 % HVHPSHQ RGHPLFUR HPLQL VLQDVIRWR ROWDLFDVQR

,QVWLW WR )HGHUDO GR 5LR UDGH GR1RUWH ,Q RQJUHVVR %UDVLOHLUR

GH (QHUJLD 6RODU %HOR RUL]RQWH

$0$5 26 5 6 6 $<$1, 5 $ 2/,9(,5$ 0 $

0pWRGR SDUD DQiOLVH FRPSDUDWLYD GRV LPSDFWRV WpFQLFRV GD

JHUDomR GLVWULEXtGD IRWRYROWDLFD FRQFHQWUDGD H SXOYHUL]DGD

5H LVWD %UDVLOHLUD GH (QHUJLD 6RODU DQR YRO Q H]

S

$59$/ 2 1 0RGHODJHP GH 3URFHVVR GH 1HJyFLR

GH HUDomR 6RODU )RWR ROWDLFD R (yOLFD GH 3HT HQR 3RUWH

QR &RQWH WR GD 5HVRO omR 1RUPDWL D 1((/ 1

I LVVHUWDomR 0HVWUDGR 3URILVVLRQDO HP (QJHQKDULD

$HURQiXWLFD ,QVWLWXWR 7HFQROyJLFR GH $HURQiXWLFD 6mR -RVp GRV

DPSRV

867 ,2 0 0 52 5, 8(6 0 9 $ LPSRUWkQFLD GDV

SHTXHQDV FHQWUDLV KLGUHOpWULFDV FRPR IRQWH GH HQHUJLD VXVWHQWiYHO

HP VXEVWLWXLomRDRV JUDQGHV SURMHWRV KLGUHOpWULFRV 5H LVWD- UtGLFD

)85% Y Q S

9, $ $$0$12 0$57º1 ( 5h7 (5 5 62/$12 -

(QHUJ SHUIRUPDQFH HYDOXDWLRQ RI D QHW SOXV HQHUJ UHVLGHQWLDO

EXLOGLQJ ZLWK JULG FRQQHFWHG SKRWRYROWDLF V VWHP LQ %UD]LO

(QHUJ DQG % LOGLQJV Y S 2, KWWSV GRL

RUJ M HQEXLOG

(9$% $.781, 9 $/$0 0 (3858 6 6 6 5 5((1

,, 5 1,06 1($5 6RODU HQHUJ 7UHQGV DQG HQDEOLQJ

WHFKQRORJLHV 5HQHZDEOH DQG 6 VWDLQDEOH (QHUJ 5H LHZV Y

2, KWWSV GRL RUJ M UVHU
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2/$5$ $ 5,0$ ,$ ) /(9$ 6 0866(77$ 0 )$5$1 $

5 8$/ 21, 0 3HUIRUPDQFH $QDO VLV RI D 6LQJOH $[LV 7UDFNLQJ

396 VWHP ,(((-R UQDORI3 RWR ROWDLFV Y Q S RXW

2, KWWSV GRL RUJ -3 2729

( 3 3, (OHWUREUiV LVWULEXLomR 3LDXt 5HODWyULRV GPLQLVWUDWL RV

E LVSRQtYHO HP KWWS ZZZ HOHWUREUDVSLDXL FRP LQGH[

SKS D HPSUHVD UHODWRULRV UHODWRULRV DGPLQLVWUDWLYRV ! $FHVRV

HP VHW

( 3 3, (OHWUREUiV LVWULEXLomR 3LDXt 7DULIDV D LVSRQtYHO

HP KWWS ZZZ HOHWUREUDVSLDXL FRP LQGH[ SKS VXD FRQWD

WDULIDV ! $FHVVR HP QRY D

(/ $$5 / /$0217 / $ (/ (,1 1 5HYLHZ RI SKRWRYROWDLF

WHFKQRORJLHV 5HQHZDEOH DQG 6 VWDLQDEOH (QHUJ 5H LHZV

Y S 2, KWWSV GRL RUJ M

UVHU

(00$18(/ 0 $.,1<(/( 5$<8 8 5 7HFKQR HFRQRPLF

DQDO VLV RI D N:S XWOLW LQWHUDFLYH SKRWRYROWDLF V VWHP DW

0DXQJDUDNL VFKRRO :HOOLQJWRQ 1HZ HDODQG (QHUJ Y S

2, KWWSV GRL RUJ M HQHUJ

(3( (PSUHVD GH 3HVTXLVD (QHUJpWLFD %DODQoR (QHUJpWLFR

1DFLRQDO $QR EDVH 5LR GH -DQHLUR (3( D S

(3( (PSUHVD GH 3HVTXLVD (QHUJpWLFD %DODQoR (QHUJpWLFR

1DFLRQDO QR EDVH 5LR GH -DQHLUR (3( D S

(3( (PSUHVD GH 3HVTXLVD (QHUJpWLFD 3ODQR HFHQDO GH ( SDQVmR

GH (QHUJLD %UDVtOLD 00( (3( E

(3( (PSUHVD GH 3HVTXLVD (QHUJpWLFD 3ODQR HFHQDO GH ( SDQVmR

GH (QHUJLD %UDVtOLD 00( (3( E S
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)5( $77, ) HVWmR GD 9LDELOLGDGH (FRQ PLFR ILQDQFHLUD GRV

3URMHWRV GH ,Q HVWLPHQWR 6mR 3DXOR $WODV S ,6%1

$/9 2 . % 2 DOLDomR GR GHVHPSHQ R GH 6LVWHPDV

)RWR ROWDLFRV &RQHFWDGRV j 5HGH QR HVWDGR GR 3LD t DWUD pV GD

GHWHUPLQDomR GH ºQGLFHV GH 0pULWR 7UDEDOKR GH RQFOXVmR GH

XUVR UDGXDomR (QJHQKDULD (OpWULFD 8QLYHUVLGDGH )HGHUDO GR

3LDXL 7HUHVLQD

2(/ 6 6 $50$ 5 3HUIRUPDQFH HYDOXDWLRQ RI VWDQG DORQH

JULG FRQQHFWHG DQG K EULG UHQHZDEOH HQHUJ V VWHPV IRU UXUDO

DSSOLFDWLRQ $ FRPSDUDWLYH UHYLHZ 5HQHZDEOH DQG 6 VWDLQDEOH

(QHUJ 5H LHZV Y 2, KWWSV GRL

RUJ M UVHU

20(6 6 0(/2 ) )5(,7$6 / 2(/ 2 ( $

$ )$5,$6 9 - 6LVWHPDV )RWR ROWDLFRV LVWULE tGRV (VW GR GH

FDVR GH 8)9 GH N:S LQVWDODGD QD )DF OGDGH GH (QJHQ DULD

(OpWULFD GD 8)8 ,Q RQIHUrQFLD %UDVLOHLUD GH 4XDOLGDGH GH

(QHUJLD (OpWULFD DPSLQD UDQGH

,15, 6 $ 5 ./(,1%$ 0 5(,6 / % (QHUJLD H 0HLR

PELHQWH 7UDGXomR /LQHX %HOLFR GRV 5HLV )OiYLR 0DURQ9LFKL

/HRQDUGR )UHLUH GH0HOOR 6mR 3DXOR HQJDJH /HDUQLQJ

S ,6%1

2/ (50$11 .,66(/ - %(, (/ - LVWULEXWHG

SKRWRYROWDLF JHQHUDWLRQ LQ %UD]LO $Q HFRQRPLF YLDELOLW DQDO VLV RI

VPDOO VFDOH SKRWRYROWDLF V VWHPV LQ WKH UHVLGHQWLDO DQG FRPPHUFLDO

VHFWRUV (QHUJ 3ROLF Y S 2, WWSV GRL

RUJ M HQSRO
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,( ,QWHUQDWLRQDO (OHFWURWHFKQLFDO RPLVVLRQ 3 RWR ROWDLF ,(&

6WDQGDUG 6 VWHP3HUIRUPDQFH0RQLWRULQJ LGHOLQHV IRU

0HDV UHPHQW DWD ( F DQJH DQG QDO VLV HQHEUD

,)3, ,QVWLWXWR )HGHUDO GH (GXFDomR LrQFLD H 7HFQRORJLD GR

3LDXt 3ODQR GH HVHQ RO LPHQWR ,QVWLW FLRQDO 3 ,

7HUHVLQD ,)3, S

-8 6 6 $59$/ 2 3 0 0pWRGRVGHGLPHQVLRQDPHQWR

GH VLVWHPDV IRWR ROWDLFRV SOLFDo HV HP GHVVDOLQL DomR XTXH

GH D[LDV (VSDoR LHQWtI LFR /LYUH 3URMHWRV (GLWRULDLV S

,6%1

.$11$1 1 9$.((6$1 6RODU HQHUJ IRU IXWXUH ZRUOG $

UHYLHZ 5HQHZDEOH DQG6 VWDLQDEOH(QHUJ 5H LHZV Y S

2, KWWSV GRL RUJ M UVHU

.$ (0 $ . $7,% 7 623,$1 . (/0(15(, :

3HUIRUPDQFH DQG IHDVLELOLW DVVHVVPHQW RI D N: URRI WRS JULG

FRQQHFWHG SKRWRYROWDLF SRZHU V VWHP XQGHU GHVHUWLF ZHDWKHU

FRQGLWLRQV (QHUJ DQG % LOGLQJV Y S 2,

KWWSV GRL RUJ M HQEXLOG

. $/, $ 0 0,75$ , :$5087 : 6 $ 7 9

3HUIRUPDQFH UDWLR UXFLDO SDUDPHWHU IRU JULG FRQQHFWHG 39

SODQWV 5HQHZDEOH DQG 6 VWDLQDEOH(QHUJ 5H LHZV Y S

2, KWWSV GRL RUJ M UVHU

. $1 - $56$/$1 0 6RODU SRZHU WHFKQRORJLHV IRU

VXVWDLQDEOH HOHFWULFLW JHQHUDWLRQ $ UHYLHZ 5HQHZDEOH DQG

6 VWDLQDEOH(QHUJ 5H LHZV Y S 2, KWWSV

GRL RUJ M UVHU

.80$5 $ %$5( $5 3 485(6 , 8 LVWRULFDO DQG UHFHQW

GHYHORSPHQW RI SKRWRYROWDLF WKHUPDO 397 WHFKQRORJLHV
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5HQHZDEOH DQG 6 VWDLQDEOH (QHUJ 5H LHZV Y S

2, KWWSV GRL RUJ M UVHU

/$%62/ 8)5 6 /DERUDWyULR GH (QHUJLD 6RODU GD 8QLYHUVLGDGH

)HGHUDO GR 5LR UDQGH GR 6XO HVHQ RO LPHQWR GH 6RIWZDUHV

62/ 5& LVSRQtYHO HP KWWS ZZZ VRODU XIUJV

EU VRIWZDUHV! $FHVVR HP PDL

/$1 (,5$ - / ) QiOLVH WpFQLFR HFRQ PLFD VREUH D LDELOLGDGH

GH LPSODQWDomR GH VLVWHPDV GH JHUDomR IRWR ROWDLFD GLVWULE tGD

QR%UDVLO S LVVHUWDomR 0HVWUDGR 3URJUDPD GH 3yV

UDGXDomR HP (QJHQKDULD (OpWULFD 8QLYHUVLGDGH )HGHUDO GR 5LR

GH -DQHLUR 5LR GH -DQHLUR

/,0$ ) - / 3UH LVmR GH ,UUDGLDomR 6RODU QR 1RUGHVWH GR

%UDVLO (PSUHJDQGR R PRGHOR :5) M VWDGR SRU 5HGHV 1H UDLV

UWLILFLDLV 51 V S 7HVH RXWRUDGR 3URJUDPD

GH 3yV UDGXDomR HP 0HWHRURORJLD ,QVWLWXWR 1DFLRQDO GH

3HVTXLVDV (VSDFLDLV 6mR -RVp GRV DPSRV

/,5$ 0 $ 7 6LVWHPDV tEULGRV SDUD R IRUQHFLPHQWR GH HQHUJLD

HOpWULFD QD FRP QLGDGH URoD GH EDL R SD OLVWDQD 3,

S 7HVH RXWRUDGR 3URJUDPD GH 3yV UDGXDomR HP

HVHQYROYLPHQWR H 0HLR $PELHQWH 8QLYHUVLGDGH )HGHUDO GR

3LDXt 7HUHVLQD

/,5$ 0 $ 7 02,7$1(72 - 0 (QHUJLDSDUDRGHVHQYROYLPHQWR

2 FHQiULR SLDXLHQVH 5H LVWDGH HVHQ RO LPHQWR(FRQ PLFR $QR

QR MXQ 2, KWWS G[ GRL RUJ

UGH Y L

0$ 2 : 1 QiOLVH GR )DWRU GH LPHQVLRQDPHQWR GR

,Q HUVRU DSOLFDGR D 6LVWHPDV )RWR ROWDLFRV &RQHFWDGRV j 5HGH

S 7HVH RXWRUDGR 3URJUDPD ,QWHUXQLGDGHV GH 3yV
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UDGXDomR HP (QHUJLD 8QLYHUVLGDGH GH 6mR 3DXOR 6mR 3DXOR

0$ $ 2 7 0,5$1 $ ) 6 (QHUJLD6RODU)RWRYROWDLFD 8PD

%UHYH 5HYLVmR 5H LVWD 9LUW DO GH 4 LPLFD Y Q S

2, KWWS G[ GRL RUJ

0$ (/$ 2 3 6 $,. $ RPSUHKHQVLYH RYHUYLHZ RI JULG

LQWHUIDFHG VRODU SKRWRYROWDLF V VWHPV 5HQHZDEOH DQG 6 VWDLQDEOH

(QHUJ 5H LHZV Y S 2, KWWSV GRL

RUJ M UVHU

0$5,21 % $ (/67(,1 - %2</( . $< (1

$0021 % )/(7 (5 7 $1$ $ % 1$5$1

6 8 $5 :(1 (5 .,0%(5 $ 0,7 (// / 5,

72:16(1 7 3HUIRUPDQFH 3DUDPHWHUV IRU ULG RQQHFWHG 39

6 VWHPV ,Q 3KRWRYROWDLF 6SHFLDOLVWV RQIHUHQFH &RQIHUHQFH

5HFRUG RI W H 7 LUW ILUVW ,((( S 2, KWWSV

GRL RUJ 396

02 , $ %h /(5 ) $1 5($6(1 - $ /,1 ) $

UHYLHZ RI VRODU HQHUJ EDVHG KHDW DQG SRZHU JHQHUDWLRQ V VWHPV

5HQHZDEOH DQG 6 VWDLQDEOH (QHUJ 5H LHZV Y S

2, KWWSV GRL RUJ M UVHU

0217(1( 52 $ DOLDomR GR UHWRUQR GR LQ HVWLPHQWR HP

VLVWHPDV IRWR ROWDLFRV LQWHJUDGRV D UHVLGrQFLDV QLIDPLOLDUHV

UEDQDV QR%UDVLO S LVVHUWDomR 0HVWUDGR 3URJUDPD

GH 3yV UDGXDomR HP (QJHQKDULD LYLO 8QLYHUVLGDGH )HGHUDO GH

6DQWD DWDULQD )ORULDQySROLV

025$(6 $ 0 (QHUJLD 6RODU )RWR ROWDLFD QR 3LD t %DUUHLUDV H

3RWHQFLDOLGDGHV 7HUHVLQD ( 8)3, SS ,6%1
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025$,6 ) 0 6,/9$ 2 $ 9 2 / %$5%26$ ) 5 025$(6

$ 0 DOLDomR (VW GR GH 9LDELOLGDGH GR 6LVWHPD )RWR ROWDLFR

GH N:S ,QVWDODGR QD 8QL HUVLGDGH )HGHUDO GR 3LD t ,Q

:RUNVKRS 3LDXt 6RODU 6HPLQiULR GH 3HVTXLVD HP (QHUJLD 6RODU

7HUHVLQD

025$,6 ) 0 6,/9$ 2 $ 9 2 / %$5%26$ ) 5 025$(6

$ 0 DOLDomR 7pFQLFR (FRQ PLFDGR HVHPSHQ R2SHUDFLRQDO

GR 3ULPHLUR QR GH HUDomR GH P 6)&5 ,QWHJUDGR j (GLILFDomR

,Q RQJUHVVR %UDVLOHLUR GH (QHUJLD 6RODU UDPDGR

025$,6 ) 025$(6 $ %$5%26$ ) 7HFKQLFDO HFRQRPLF

DQDO VLV RI WKH I LUVW PLQL JHQHUDWLRQ SKRWRYROWDLF V VWHP RI 3LDXt

%UD]LO ,((( /DWLQ PHULFD 7UDQVDFWLRQV Y Q S

2, KWWS G[ GRL RUJ 7/$

03 2/2 0 1 $%$ 7 021(6( 0 <LHOG DQG SHUIRUPDQFH

DQDO VLV RI WKH IL UVW JULG FRQQHFWHG VRODU IDUP DW 0RVKRH VKRH

, ,QWHUQDWLR QDO $LUSRUW /HVRWKR 5HQHZDEOH (QHUJ Y

2, KWWSV GRL RUJ M UHQHQH

1$.$%$<$6 , 5 0LFURJHUDomR )RWR ROWDLFD QR %UDVLO

9LDELOLGDGH (FRQ PLFD 1RWD 7pFQLFD ,(( 863 /6) S

1$6 ,0(172 $ 6 (QHUJLDVRODUIRWR ROWDLFD HVW GRH LDELOLGDGH

QR QRUGHVWH EUDVLOHLUR I LVVHUWDomR 0HVWUDGR 3yV

UDGXDomR HP (QJHQKDULD GH 3URGXomR 8QLYHUVLGDGH )HGHUDO GD

3DUDtED -RmR 3HVVRD

1(:1$1 /$9(//( - 3 ) QGDPHQWRV GH (QJHQ DULD

(FRQ PLFD 5LR GH -DQHLUR /7 S ,6%1

3$1 (< $ . 7<$ , 9 9 6(/9$5$- - $ / 5$ ,0 1 $

7<$ , 6 . 5HFHQW DGYDQFHV LQ VRODU SKRWRYROWDLF V VWHPV IRU
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HPHUJLQJ WUHQGV DQG DGYDQFHG DSSOLFDWLRQV 5HQHZDEOH DQG

6 VWDLQDEOH(QHUJ 5H LHZV Y S 2, KWWSV

GRL RUJ M UVHU

3$5, $ % ,1,<$1 6 2, 5 $ UHYLHZ RI VRODU SKRWRYROWDLF

WHFKQRORJLHV 5HQHZDEOH DQG 6 VWDLQDEOH (QHUJ 5H LHZV

Y S 2, KWWSV GRL RUJ M

UVHU

3$9$1 $ 0 $67(//$1 6 48$,$ 6 52,77, 6 68//, 2,

3RZHU HOHFWURQLF FRQGLWLRQLQJ V VWHPV IRU LQG VWULDO S RWR ROWDLF

ILHOGV &HQWUDOL HGRU VWULQJ LQ HUWHUV ,Q ,QWHUQDWLRQDO RQIHUHQFH

RQ OHDQ (OHFWULFDO 3RZHU ,((( S 2, KWWSV

GRL RUJ , (3

3$9/29, 7 0 W DO $ UHYLHZ RI FRQFHQWUDWLQJ VRODU SRZHU

SODQWV LQ WKH ZRUOG DQG WKHLU SRWHQWLDO XVH LQ 6HUELD 5HQHZDEOH

DQG 6 VWDLQDEOH (QHUJ 5H LHZV Y S 2,

KWWSV GRL RUJ M UVHU

3(5(,5$ ( % 0$57,16 ) 5 21d$/9(6 $ 5 267$ 5
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