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5HVXPR� $� )RVVD� 6pSWLFD� %LRGLJHVWRUD� p� XPD� WHFQRORJLD� VLPSOHV� GHVHQYROYLGD� SDUD� DWHQGHU� D�
QHFHVVLGDGH�GH� WUDWDPHQWR�GH�HVJRWR�GRPpVWLFR� HP�FRPXQLGDGHV� UXUDLV� VHP�DFHVVR� D� VDQHDPHQWR�
EiVLFR� DGHTXDGR��2�SURFHVVR� GH� GLJHVWmR�PLFURELDQD� DQDHUyELD� QHVWD� WHFQRORJLD� p� SRWHQFLDOL]DGR�
SHOD�DSOLFDomR�GH�HVWHUFR�ERYLQR�IUHVFR��SRUpP�H[LVWHP�FDVRV�QRV�TXDLV�R�DFHVVR�D�HVWH� LQVXPR�p�
OLPLWDGR�� &RP� LVWR�� ID]�VH� QHFHVViULR� WHVWDU� R� GHVHPSHQKR� GH� LQyFXORV� DOWHUQDWLYRV� TXH� SRVVDP�
VXEVWLWXLU�R�XVR�GH�HVWHUFR�ERYLQR��1HVWH�WUDEDOKR��IRL�DYDOLDGR�R�GHVHPSHQKR�GH�GRLV�VXEVWLWXWRV���L��
VHGLPHQWR�GH�EUHMR� H� �LL��ELRDGLWLYR� FRPHUFLDO�SDUD� OLPSH]D�GH� IRVVDV� VpSWLFDV� FRQYHQFLRQDLV��2V�
HIOXHQWHV� REWLGRV� QRV� VLVWHPDV� LQRFXODGRV FRP� HVWHV� VXEVWLWXWRV� DSUHVHQWDUDP� FRQFHQWUDo}HV� GH�
IyVIRUR�H�FiOFLR�VLPLODUHV�jV�REWLGDV�HP�HIOXHQWHV�GH�VLVWHPDV�LQRFXODGRV�FRP�HVWHUFR�ERYLQR��Mi�DV�
FRQFHQWUDo}HV� GH� QLWURJrQLR�� SRWiVVLR� H� PLFURQXWULHQWHV�� IRUDP� PHQRUHV�� 2� HIOXHQWH� GR� VLVWHPD�
LQRFXODGR FRP�VHGLPHQWR�GH�EUHMR�DSUHVHQWRX�YDORUHV�PHQRUHV�GH�FRQFHQWUDomR�GH�'%2��'42�H�
FROLIRUPHV�WRWDLV�HQWUH�RV�VLVWHPDV�DYDOLDGRV��EHP�FRPR�HP�FRPSDUDomR�FRP�HIOXHQWHV�GH�VLVWHPDV�
WUDWDGRV� FRP� HVWHUFR� ERYLQR�� 2� VHGLPHQWR� GH� EUHMR� IRL� R� LQyFXOR� TXH� DSUHVHQWRX� R� PHOKRU�
GHVHPSHQKR�H�PRVWUD�VH�FRPR�XP�SRWHQFLDO�VXEVWLWXWR�DR�HVWHUFR�ERYLQR�XWLOL]DGR�QD�)RVVD�6pSWLFD�
%LRGLJHVWRUD�

3DODYUDV�FKDYH� VDQHDPHQWR� EiVLFR� UXUDO�� ELRGLJHVWmR� DQDHUyELD�� UHDWRU� DQDHUyELR� VLPSOLILFDGR��
WUDWDPHQWR�GH�HVJRWR��WUDWDPHQWR�GH�HIOXHQWH�
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$EVWUDFW� 7KH� %LRGLJHVWHU� 6HSWLF� 7DQN� LV� D� VLPSOH� WHFKQRORJ\� GHVLJQHG� WR� PHHW� WKH� QHHG� IRU�
VHZDJH� WUHDWPHQW� LQ UXUDO� FRPPXQLWLHV� ZLWKRXW� DFFHVV� WR� DGHTXDWH� VDQLWDWLRQ�� 7KH� DQDHURELF�
PLFURELDO�GLJHVWLRQ�SURFHVV�LQ�WKLV�WHFKQRORJ\�LV�HQKDQFHG�E\�WKH�DSSOLFDWLRQ�RI�IUHVK�FDWWOH�PDQXUH��
QHYHUWKHOHVV�� LQ�VRPH�FDVHV�� WKH�DFFHVV� WR� WKLV�UHVRXUFH�LV� OLPLWHG��7KHUHIRUH��SHUIRUPDQFH�WHVWV�RI�
DOWHUQDWLYH� LQRFXODQWV� IRU� IUHVK�FDWWOH�PDQXUH�DUH�QHFHVVDU\�� ,Q� WKLV�ZRUN�� WKH�SHUIRUPDQFH�RI� WZR�
VXEVWLWXWHV�� �L�� ERJ� VHGLPHQW� DQG� �LL�� FRPPHUFLDO� ELRDGGLWLYH� IRU� VHSWLF� WDQNV� FOHDQLQJ�� ZHUH�
HYDOXDWHG�� 3KRVSKRUXV� DQG� &DOFLXP� FRQFHQWUDWLRQV� LQ� WKH� HIIOXHQW� SURGXFHG� E\� WKH� V\VWHPV�
LQRFXODWHG� ZLWK� WKHVH� VXEVWLWXWHV� SUHVHQWHG� VLPLODU� YDOXHV� WR� WKRVH� REWDLQHG� LQ� HIIOXHQWV� IURP�
V\VWHPV� LQRFXODWHG� ZLWK� FDWWOH� PDQXUH�� RWKHUZLVH�� 1LWURJHQ�� 3RWDVVLXP� DQG� PLFURQXWULHQWV�
FRQFHQWUDWLRQV�ZHUH�VPDOOHU��%2'��&2'�DQG�WRWDO�FROLIRUPV�FRQFHQWUDWLRQV�LQ�WKH�HIIOXHQW�SURGXFHG�
E\�V\VWHP LQRFXODWHG�ZLWK�ERJ�VHGLPHQW��ZHUH�WKH�ORZHVW�DPRQJ�WKH�HYDOXDWHG�V\VWHPV��DQG�WR�WKRVH�
REWDLQHG� LQ� HIIOXHQWV� IURP� V\VWHPV� LQRFXODWHG� ZLWK� FDWWOH� PDQXUH�� 7KXV�� ERJ� VHGLPHQW� ZDV� WKH�
LQRFXODQW�WKDW�VKRZHG�EHWWHU�SHUIRUPDQFH�DPRQJ�WKH�HYDOXDWHG�V\VWHPV�DQG�LV�D�SRWHQWLDO�VXEVWLWXWH�
WR�IUHVK�FDWWOH�PDQXUH�XVHG�LQ�WKH�%LRGLJHVWHU�6HSWLF�7DQN�

.H\ZRUGV�� UXUDO� EDVLF� VDQLWDWLRQ�� DQDHURELF� ELRGLJHVWLRQ�� VLPSOLILHG� DQDHURELF� UHDFWRU�� VHZDJH�
ZDWHU�WUHDWPHQW��ZDVWHZDWHU�WUHDWPHQW�
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���,QWURGXomR�
$�)RVVD�6pSWLFD�%LRGLJHVWRUD�p�XP�VLVWHPD�GH�ELRGLJHVWmR�DQDHUyELD�VLPSOHV��GHVHQYROYLGD�

SDUD� DWHQGHU� DV� QHFHVVLGDGHV� GH� WUDWDPHQWR� GH� HVJRWR� GRPpVWLFR� HP� FRPXQLGDGHV� UXUDLV� TXH� QmR�
WrP� DFHVVR� D� VDQHDPHQWR� EiVLFR� DGHTXDGR�� VHQGR� VXD� ILQDOLGDGH� SURWHJHU� D� VD~GH� GD� SRSXODomR��
SURPRYHU� D� FRQVHUYDomR� GRV� UHFXUVRV� KtGULFRV� SRU�PHLR� GD� VXEVWLWXLomR� GDV� IRVVDV� UXGLPHQWDUHV�
�IRVVDV� QHJUDV�� H� DX[LOLDU� QD� SURGXomR� DJUtFROD� PHGLDQWH� R� XVR� GR� HIOXHQWH� WUDWDGR FRPR�
ELRIHUWLOL]DQWH��129$(6�HW�DO���������������*$/,1'2�HW�DO����������2�VHX�IXQFLRQDPHQWR�FRQVLVWH�
QD� IHUPHQWDomR� DQDHUyELD� GD� PDWpULD� RUJkQLFD� QR� HVJRWR� SHORV� PLFURUJDQLVPRV� SUHVHQWHV�
QDWXUDOPHQWH�QDV� IH]HV��(VWH�SURFHVVR� p�SRWHQFLDOL]DGR�SHOD� DGLomR�GH� HVWHUFR�ERYLQR� IUHVFR��TXH�
IXQFLRQD�FRPR�LQyFXOR��DSRUWDQGR�DR�VLVWHPD�XPD�VHOHomR�GH�EDFWpULDV�DQDHUyELDV�TXH�DXPHQWDP�D�
HILFLrQFLD� GR� VLVWHPD�� UHGX]HP� RV� RGRUHV� H� PHOKRUDP� D� TXDOLGDGH� GR� HIOXHQWH� WUDWDGR� �6,/9$��
0$502�� /(21(/�� ������� &RQWXGR�� H[LVWHP� SURSULHGDGHV� UXUDLV� TXH� QmR� SRVVXHP� FULDomR� GH�
JDGR�ERYLQR�H�RX�QmR�WHP�IiFLO�DFHVVR�D�HVWHUFR�ERYLQR��R�TXH�GLILFXOWD�D�RSHUDomR�GD�WHFQRORJLD�RX�
DWp� PHVPR� LQYLDELOL]D� VXD� LQVWDODomR�� 7HVWHV� FRP� HVWHUFR� GH� RYLQR� IRUDP� UHDOL]DGRV� QD� )RVVD�
6pSWLFD� %LRGLJHVWRUD�� SRUpP�� HVWHV� DSUHVHQWDUDP� XPD�PHQRU� HILFLrQFLD� QD� UHPRomR� GH�'HPDQGD�
%LRTXtPLFD�GH�2[LJrQLR� �'%2��H� FROLIRUPHV�TXDQGR�FRPSDUDGRV� FRP�XPD� IRVVD LQRFXODGD� FRP�
HVWHUFR�GH�ERYLQR��6,/9$��)$867,12��129$(6���������'H�IRUPD�D�PLQLPL]DU�DV�OLPLWDo}HV�GR�
XVR�H[FOXVLYR�GH�HVWHUFR�ERYLQR��ID]�VH�QHFHVViULR�WHVWDU�R�GHVHPSHQKR�GH�LQyFXORV�DOWHUQDWLYRV�TXH�
SRVVDP�VHU�XVDGRV�HP�VXEVWLWXLomR��1HVWH�WUDEDOKR��IRUDP�DYDOLDGRV�VLVWHPDV�LQRFXODGRV�FRP�GRLV�
WLSRV� GH� VXEVWLWXWRV�� �L�� VHGLPHQWR� GH� EUHMR� �iUHD� DODJDGD� QDWXUDO��� UHFRQKHFLGDPHQWH� ULFRV� HP�
EDFWpULDV� KHWHURWUyILFDV� SUySULDV� GH� DPELHQWHV� DQy[LFRV� �7255(6�� ,1*/(77�� 5(''<�� ������
%2'(/,(5�� '('<6+�� ������� H� �LL�� XP� ELRDGLWLYR� FRPHUFLDO� SDUD� OLPSH]D� GH� IRVVDV� VpSWLFDV�
FRQYHQFLRQDLV��

���0DWHULDLV�H�0pWRGRV
�����'HVFULomR�GDV�IRVVDV�VpSWLFDV�ELRGLJHVWRUDV�LQVWDODGDV

x )DPtOLD�GD�6LOYD��6/9��� VHP�LQyFXOR
2�VLVWHPD�IRL�LQVWDODGR�QD�SURSULHGDGH�GR�SURGXWRU�(GLQDOGR�%DUURV�GD�6LOOYD��ORFDOL]DGD�QR�

6LWLR�6mR�%HQHGLWR��(VWUDGD�9HOKD�6mR�&DUORV�± 'HVFDOYDGR��NP����������¶����´6�������¶����´2��
QR�GLD����GH�QRYHPEUR�GH�������H�QmR�UHFHEHX�QHQKXP�WLSR�GH�LQyFXOR�

x )DPtOLD�0DUFDWWR��0&7��� ELRDGLWLYR�FRPHUFLDO
2�VLVWHPD�IRL� LQVWDODGR�QD�SURSULHGDGH�GR�SURGXWRU�/XL]�'RQL]HWWL�0DUFDWWR�� ORFDOL]DGD�QR�

6tWLR�0RQWH�$OWR��HVWUDGD�YHOKD�6mR�&DUORV�± 'HVFDOYDGR��NP����������¶����´6�������¶����´2��QR�
GLD����GH�MXOKR�GH�������2�LQyFXOR�XWLOL]DGR�IRL�XP�ELRDGLWLYR�FRPHUFLDO��FRPSRVWR�SHODV�EDFWpULDV�
%DFLOOXV�VXEWLOOLV��3VHXGRPRQDV�VWXW]HUL��%DFLOOXV�VS��H�(VFKHULFKLD�KHUPDQLL �)RVVDNOLQ��GD�HPSUHVD�
%LR±%UDVLO�/LPSH]D�%LROyJLFD�/7'$���$�LQRFXODomR�FRPHoRX�FRP�XP�³FKRTXH´�ELROyJLFR�LQLFLDO�
QR� VLVWHPD�� DGLFLRQDQGR� XP� VDFKr� GR� SURGXWR� ������ J�� SRU� GLD� GXUDQWH� �� GLDV� VHJXLGRV�� $SyV� R�
FKRTXH��D� LQRFXODomR� IRL� UHDOL]DGD�XPD�YH]�SRU� VHPDQD�SHOR�SURSULHWiULR��2�SURGXWR� IRL�DSOLFDGR�
GLUHWDPHQWH�QD�YiOYXOD�GH�UHWHQomR�DQWHV�GD�SULPHLUD�FDL[D�GR�VLVWHPD�H�D�VXD�LQVHUomR�HUD�DX[LOLDGD�
SHOD�DGLomR�GH�iJXD�QD�YiOYXOD��)LJXUD����
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)LJXUD� �� ,PDJHQV� GD� LQRFXODomR� GD� )RVVD� 6pSWLFD� %LRGLJHVWRUD� FRP� ELRDWLYR� FRPHUFLDO�� �D��
&RORFDomR�GR�VDFKr�FRP�LQyFXOR�H��E��DGLomR�GH�iJXD�SDUD�OHYDU�R�LQyFXOR�DR�VLVWHPD�ELRGLJHVWRU�
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x )DPtOLD�=DJR��=$*��� VHGLPHQWR�GH�EUHMR
2� VLVWHPD� IRL� LQVWDODGR� QD� SURSULHGDGH� GR� SURGXWRU� -RVp� =DJR�� ORFDOL]DGD� QR� 6tWLR� 6mR�

%HQHGLWR��HVWUDGD�YHOKD�6mR�&DUORV�± 'HVFDOYDGR��NP����������¶����´6�������¶����´2��QR�GLD����
GH� DJRVWR� GH� ������ 2� LQyFXOR� XWLOL]DGR� IRL� R� VHGLPHQWR� GH� XPD� iUHD� DODJDGD� QDWXUDO� �EUHMR��
ORFDOL]DGD� QD� PHVPD� SURSULHGDGH�� 1D� SULPHLUD� LQRFXODomR�� IRUDP� FROHWDGRV� DSUR[LPDGDPHQWH� ��
OLWURV�GH�VHGLPHQWR�H�DSOLFDGRV�GLUHWDPHQWH�QD�YiOYXOD�GH�UHWHQomR�VHP�QHQKXP�SURFHGLPHQWR�DOpP�
GD� UHWLUDGD��SRU�GHFDQWDomR� UiSLGD��GR�PDWHULDO� JURVVHLUR� H�GR� VHGLPHQWR�PDLV� GHQVR��$�SDUWLU�GD�
VHJXQGD�LQRFXODomR��R�VHGLPHQWR�FROHWDGR�IRL�ILOWUDGR�FRP�DX[tOLR�GH�XP�SDQR��UHWLUDQGR�R�PDWHULDO�
JURVVHLUR�H�GHVFDUWDQGR�R�VHGLPHQWR�PDLV�GHQVR��(P�VHJXLGD��PHLR�FRSR��DSUR[LPDGDPHQWH����J��
GH� VDO� GH� FR]LQKD� FRPHUFLDO� �1D&O�� HUD� DGLFLRQDGR� DR� ILOWUDGR� SDUD� DX[LOLDU� QR� SURFHVVR� GH�
VHGLPHQWDomR� GRV� FROyLGHV� H� IDFLOLWDU� D� H[WUDomR� GRV�PLFUR�RUJDQLVPRV� SRU�PHLR� GR� DXPHQWR� GD�
GHQVLGDGH�GR�OtTXLGR��GD�TXHEUD�GH�PLFUR�DJUHJDGRV�H�GD�UXSWXUD�GH�LQWHUDo}HV�L{QLFR�PROHFXODUHV�
HQWUH�D�PHPEUDQD�FHOXODU�H�R�VHGLPHQWR�PLQHUDO� $SyV�������PLQXWRV�GH�UHDomR��R�VREUHQDGDQWH�HUD�
DSOLFDGR�QR�VLVWHPD��)LJXUD�����(VWH�SURFHGLPHQWR�IRL�UHDOL]DGR�XPD�YH]�SRU�PrV��GXUDQWH�WRGR�R�
SHUtRGR�GR�H[SHULPHQWR��
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)LJXUD��� ,PDJHQV�GD�LQRFXODomR�GD�)RVVD�6pSWLFD�%LRGLJHVWRUD�FRP�VHGLPHQWR�GH�EUHMR���D��FROHWD�
GR�PDWHULDO���E��ILOWUDJHP���F��FRORFDomR�GH�VDO�GH�FR]LQKD�H��G��FRORFDomR�GR�OtTXLGR�QR�VLVWHPD�

�����$PRVWUDJHP
$V� DPRVWUDV� IRUDP� FROHWDGDV� QR� WHUFHLUR� �~OWLPR�� WDQTXH� GRV� VLVWHPDV�� RQGH� R� HIOXHQWH� Mi�

SDVVRX� SHOR� SURFHVVR� GH� WUDWDPHQWR�� $V� FROHWDV� IRUDP� UHDOL]DGDV� FRP� R� DX[tOLR� GH� XPD� KDVWH�
PRGLILFDGD� H GH� PDQHLUD� TXH� D� DPRVWUD� IRVVH� R� PDLV� UHSUHVHQWDWLYR� H� KRPRJrQHR� SRVVtYHO�� $V�
FROHWDV�IRUDP�UHDOL]DGDV�FRQIRUPH�D�WDEHOD���

7DEHOD����'DWDV�GDV�FROHWDV��LGDGH�H�HVWDGR�GRV�VLVWHPDV�QD�KRUD�GD�FROHWD�

&ROHWD 'DWD
,GDGH�GR�VLVWHPD�GH�WUDWDPHQWR��GLDV� $SOLFDomR�GH�LQyFXOR�DOWHUQDWLYR
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0&7� � VLVWHPD� LQRFXODGR� FRP� ELRDGLWLYR� FRPHUFLDO�� =$*� � VLVWHPD� LQRFXODGR� FRP� VHGLPHQWR� GH� YiU]HD�� 6/9� �
VLVWHPD�VHP�LQRFXODomR�

����$QiOLVHV
$QiOLVHV�GH�PDFUR��1��.��3��&D��0J��H�PLFURQXWULHQWHV��)H��=Q��0Q���VyGLR��1D���FORUHWRV��

&DUERQR�2UJkQLFR�7RWDO� �&27���'HPDQGD�%LRTXtPLFD�GH�2[LJrQLR��'%2��'HPDQGD�4XtPLFD�GH�
2[LJrQLR� �'42��� VpULH� GH� VyOLGRV�� FRQGXWLYLGDGH� HOpWULFD�� S+�� FRU� DSDUHQWH� H� WXUELGH]�� IRUDP�
UHDOL]DGDV�QD�VDtGD�GR�VLVWHPD��GH�IRUPD�D�DYDOLDU�D�TXDOLGDGH�GR�HIOXHQWH�WUDWDGR��7RGDV�DV�DQiOLVHV�
IRUDP� UHDOL]DGDV� QR� /DERUDWyULR� GH� 6DQHDPHQWR� GD� ((6&� ± 863� HP� 6mR� &DUORV�� VHJXLQGR� D�
PHWRGRORJLD�GR�6WDQGDUG�0HWKRGV� IRU� WKH�([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU�H�GR�+DQGERRN�
+DFK�± :DWHU�$QDO\VLV�+DQGERRN��+$&+�&203$1<��������$3+$��$::$��:()���������
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���5HVXOWDGRV�H�'LVFXVVmR
6HJXQGR�DV�WDEHODV���D����DV�FDUDFWHUtVWLFDV�GR�HIOXHQWH�WUDWDGR�PRVWUDUDP�YDULDo}HV�FRP�R�

WHPSR��GDGRV�RV�YDORUHV�GH�GHVYLR�SDGUmR�GD�PpGLD�GH�FDGD�SDUkPHWUR��(VWDV�YDULDo}HV�SRGHP�VHU�
FDXVDGDV� SRU�P~OWLSORV� IDWRUHV� WDLV� FRPR��PDWXUDomR� ELROyJLFD� GR� VLVWHPD��PXGDQoDV� DOLPHQWDUHV�
GRV�XVXiULRV�RX�DXPHQWR�WHPSRUiULR�GD�IUHTXrQFLD�GH�XVR�GRV�EDQKHLURV��HYHQWRV�IDPLOLDUHV��GDWDV�
FRPHPRUDWLYDV��HWF����

7DEHOD����9DORUHV�GH�'%2��'42��FROLIRUPHV�H�VyOLGRV�QD�VDtGD�GRV�VLVWHPDV��WDQTXH�����

)RVVD
'%2 '42 &ROLIRUPHV�7RWDLV (��FROL 67
 667
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�67� �6yOLGRV�7RWDLV��667� �6yOLGRV�6XVSHQVRV�7RWDLV��6'7� �6yOLGRV�'LVVROYLGRV�7RWDLV��

�1~PHUR�PDLV�SURYiYHO�

$�WDEHOD���PRVWUD�RV�YDORUHV�GH�FRQFHQWUDomR�GH�'%2�H�'42�H�YDORUHV�GH�FROLIRUPHV�QD�
VDtGD�GRV�VLVWHPDV��2�VLVWHPD�0&7�IRL�DTXHOH�TXH�DSUHVHQWRX�RV�PDLRUHV�YDORUHV�GHVWHV�SDUkPHWURV�
H�D�PDLRU�YDULDomR�GRV�PHVPRV��GDGR�R�HOHYDGR�YDORU�GR�GHVYLR�SDGUmR��-i�R�VLVWHPD�=$*�IRL�R�TXH�
DSUHVHQWRX�� GH� IRUPD� JHUDO�� RV� PHQRUHV� YDORUHV� H� D� PHQRU� YDULDomR� GHVWHV� SDUkPHWURV�� (P�
FRPSDUDomR� FRP� RV� YDORUHV� REWLGRV� HP� HIOXHQWHV� WUDWDGRV� SRU� VLVWHPDV� LQRFXODGRV� FRP� HVWHUFR�
ERYLQR��)$867,12���������R�VLVWHPD�=$*�DSUHVHQWD�YDORUHV�PHQRUHV�GH�'%2�H�'42��HQTXDQWR�
TXH�RV�VLVWHPDV�0&7�H�6/9�DSUHVHQWDP�YDORUHV�PDLRUHV�

'H�PDQHLUD� JHUDO�� DV�PDLRUHV� FRQFHQWUDo}HV� GH�PDFURQXWULHQWHV�� VyGLR�� FORUHWRV� H� VyOLGRV�
�7DEHOD���� IRUDP�HQFRQWUDGDV�QR�VLVWHPD�0&7��DVVLP�FRPR�RV�PDLRUHV�YDORUHV�GH�FRQGXWLYLGDGH�
HOpWULFD�� FRU� H� S+� �7DEHOD� ���� &RP� UHODomR� DRV� PLFURQXWULHQWHV�� RV� VLVWHPDV� =$*� H� 6/9�
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