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'(7(50,1$&,Ï1�'(�81�0e72'2�5È3,'2�3$5$�(9$/8$5�/$,035(*1$%,/,'$'�'(�0$'(5$�'(�&+232
$QJHOHV�1DYDUUHWH�\�7HUHVD�GH�7UR\D&HQWUR�GH�,QYHVWLJDFLyQ�)RUHVWDO��,�1�,�$���$SGR��������������0DGULGQYDUHOD#LQLD�HV��WUR\D#LQLD�HV

5(680(1
/D� EDMD� GXUDELOLGDG� QDWXUDO� GH� FLHUWDV� HVSHFLHV� GH� PDGHUD�� LQFOXLGDV� ODV� GH� FUHFLPLHQWR� UiSLGR�LPSOLFD�OD�QHFHVLGDG�GH�DSOLFDFLyQ�GH�WUDWDPLHQWRV�SURWHFWRUHV�SDUD�LQFUHPHQWDU�VX�YLGD�HQ�VHUYLFLR�&RQVHFXHQWHPHQWH��HV�QHFHVDULR� FRQRFHU� ODV� SURSLHGDGHV�GH� LPSUHJQDELOLGDG�TXH�SRVHHQ�GLFKDVPDGHUDV�� SRU� HOOR�� HO� REMHWLYR� GH� HVWH� WUDEDMR� KD� VLGR� HVWDEOHFHU� XQ�PpWRGR� VHQFLOOR� TXH� SHUPLWDHYDOXDU�GLFKD�SHUPHDELOLGDG�
6H�KDQ�HVWXGLDGR�GRV�FORQHV�GH�FKRSR��&DPSHDGRU�H�,�������TXH�IXHURQ�FRPSDUDGRV�FRQ�OD�HVSHFLHGH�SLQR�PiV�UHSUHVHQWDWLYD��3��V\OYHVWULV���/D�LPSUHJQDELOLGDG�VH�HYDOXy�PHGLDQWH�OD�SURIXQGLGDG�GHSHQHWUDFLyQ�GHO�DJXD�FRPR�YHKtFXOR�GHO�SULQFLSLR�DFWLYR�IOXRUXUR�VyGLFR��D�GRV�WLHPSRV�GH�LQPHUVLyQ����\����KRUDV��
/RV� UHVXOWDGRV� REWHQLGRV� PRVWUDURQ� TXH� HO� PpWRGR� XWLOL]DGR� HV� DGHFXDGR� SDUD� PHGLU� ODLPSUHJQDELOLGDG�GH� OD�PDGHUD�� \D�TXH�SHUPLWH�FXDQWLILFDU�PHGLDQWH� OD�SHQHWUDFLyQ�GHO�SURGXFWR��HOJUDGR�GH�SHUPHDELOLGDG�GH�ODV�HVSHFLHV�GH�PDGHUD�HQVD\DGDV�
3$/$%5$6�&/$9(� 3HUPHDELOLGDG� &KRSR��3��V\OYHVWULV��3URWHFFLyQ�GH�OD�PDGHUD
6800$5<
'HWHUPLQDWLRQ�RI�D�UDSLG�PHWKRG�WR�HYDOXDWH�WKH�SRSODU�ZRRG�LPSUHJQDELOLW\
7KH� ORZ� QDWXUDO� GXUDELOLW\� RI� FHUWDLQ� VSHFLHV� RI� ZRRG�� LPSOLHV� WKH� QHHG� IRU� DSSO\LQJ� D� SURWHFWLQJWUHDWPHQW�WR�LQFUHDVH�LWV�OLIH�LQ�VHUYLFH��%HFDXVH�RI�WKLV��D�NQRZOHGJH�RI�WKH�SHUPHDELOLW\�SURSHUWLHV�RIWKH�ZRRG�LV�GHVLUHG�
,Q�WKLV�ZRUN��D�VLPSOH�DQG�UHOLDEOH�PHWKRG�WR�HYDOXDWH�WKH�ZRRG�SHUPHDELOLW\�LV�SUHVHQWHG��)RU�WKDW�KDYH�EHHQ�XVHG� IDVW�JURZQ�VSHFLHV��ZLWK� ORZ�QDWXUDO� GXUDELOLW\��3RSODU� FORQHV�DQG�3LQXV� VSS��7KHGHSWK�RI�SHQHWUDWLRQ�RI�ZDWHU�DV�D�FDUULHU�RI�DFWLYH�LQJUHGLHQWV�KDV�EHHQ�HYDOXDWHG�XVLQJ�WZR�GLSSLQJSHULRGV�
7KH� REWDLQHG� UHVXOWV� VKRZ� WKDW� WKH� PHWKRG� XVHG� LV� DGHTXDWHG� IRU� WKH� ZRRG� WUHDWDELOLW\�� EHFDXVHDOORZV�WR�TXDQWLI\�E\�PHDQV�RI� WKH�SHQHWUDWLRQ�RI� WKH�SUHVHUYDWLYH�WKH�GHJUHH�RI�SHUPHDELOLW\�RI� WKHVWXGLHG�ZRRG�VSHFLHV�
.(<�:25'6� 3HUPHDELOLW\��3RSODU��3��V\OYHVWULV��:RRG�SUHVHUYDWLRQ
,1752'8&&,Ï1
(O�H[FHVLYR�FRQVXPR�GH�PDGHUD�HQ�ORV�~OWLPRV�DxRV��KD�HQFDPLQDGR�ORV�HVIXHU]RVUHDOL]DGRV� HQ� ODV� UHSREODFLRQHV� IRUHVWDOHV� KDFLD� OD� XWLOL]DFLyQ� GH� HVSHFLHV� GHFUHFLPLHQWR�UiSLGR��6LQ�HPEDUJR��OD�H[SHULHQFLD�SUiFWLFD�HQ�HQVD\RV�GH�FDPSR�\�GH
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ODERUDWRULR� KD�PRVWUDGR� TXH� HVWDV� HVSHFLHV� SRVHHQ� XQD� EDMD� GXUDELOLGDG� QDWXUDOUHVSHFWR�D� ORV�RUJDQLVPRV�[LOyIDJRV� �KRQJRV�H� LQVHFWRV��� SRU� OR�TXH�VX�XWLOL]DFLyQUHTXLHUH�XQ� WUDWDPLHQWR�SURWHFWRU� IXQJLFLGD�H� LQVHFWLFLGD�SDUD�SURORQJDU�VX�YLGD�HQVHUYLFLR�� 3RU� HVWH� PRWLYR�� HV� QHFHVDULR� SURIXQGL]DU� HQ� HO� FRQRFLPLHQWR� GH� VXLPSUHJQDELOLGDG�
$XQTXH��HQ�SULQFLSLR��VH�SXHGH�FRQVLGHUDU�TXH�HVWH�WLSR�GH�PDGHUDV�VRQ�IiFLOPHQWHLPSUHJQDEOHV�� ODV� GLIHUHQFLDV� GH� GHQVLGDG�� OD� SRVLELOLGDG� GH� TXH� VH� SURGX]FD� HOFRODSVR� GH� ODV� ILEUDV� GXUDQWH� HO� VHFDGR�� HWF����� SRGUtDQ� OOHJDU� D� LQIOXLU� HQ� VXSHUPHDELOLGDG� IUHQWH� D� ORV� SURGXFWRV� SURWHFWRUHV�� 3RU� HVWH� PRWLYR�� VH� KDFHQHFHVDULR�GLVSRQHU�GH�XQ�PpWRGR�VHQFLOOR�TXH�SHUPLWD�GHWHUPLQDU�GH�PDQHUD�ILDEOHOD�SHUPHDELOLGDG�D�ORV�OtTXLGRV�GH�ODV�GLIHUHQWHV�PDGHUDV��SDUD�SRGHU�HVWDEOHFHU�ORVWUDWDPLHQWRV�SURWHFWRUHV�DGHFXDGRV��R� OLPLWDU�VX�XVR�HQ� IXQFLyQ�GH�VX�GXUDELOLGDGQDWXUDO��R�WUDWDELOLGDG��FRPR�H[LJH�OD�QRUPD�81(��������UHODWLYD�D�OD�SURWHFFLyQ�GHOD�PDGHUD�HQ�OD�FRQVWUXFFLyQ�
0$7(5,$/�<�0e72'2
(O�HVWXGLR�VH�UHDOL]y�FRQ�PDGHUD�GH�FKRSR��GDGD� OD� LPSRUWDQFLD�TXH�HVWD�HVSHFLHHVWi� DGTXLULHQGR� HQ� OD� DFWXDOLGDG�� 'HELGR� D� OD� YDULDELOLGDG� H[LVWHQWH� HQWUH� ODVFDUDFWHUtVWLFDV�GH� OD�PDGHUD�GH� ORV�QXPHURVRV�FORQHV�GHVDUUROODGRV� �2UWL]��������VH�HOLJLHURQ�GRV�FORQHV��HO�&DPSHDGRU��GH�EDMD�GHQVLGDG��\�HO� ,������GH�GHQVLGDGLQWHUPHGLD��&RPR�HVSHFLH�GH�UHIHUHQFLD�VH�XWLOL]y�3LQXV�V\OYHVWULV /���\D�TXH�HV�XQDPDGHUD� GH� FDUDFWHUtVWLFDV� FRQRFLGDV�� tQGLFH� GH�WUDWDELOLGDG� ��� GH� DFXHUGR� FRQ� HOFULWHULR� DGRSWDGR� HQ� OD� 1RUPD� (XURSHD� ���� �SDUWH� ���� GRQGH� �� HV� XQD� PDGHUDSHUPHDEOH�� �� PRGHUDGDPHQWH� UHVLVWHQWH�� �� UHVLVWHQWH� \� �� H[WUHPDGDPHQWHUHVLVWHQWH��D�ODV�SHQHWUDFLRQHV�GH�ORV�OtTXLGRV�
3DUD�HOLPLQDU�HQ�OR�SRVLEOH�ODV�YDULDFLRQHV�H[LVWHQWHV�D�OR�ODUJR�GHO�WURQFR��VHJ~Q�KDFRPSUREDGR� *XWLpUUH]� �������� OD� PDGHUD� XWLOL]DGD� SDUD� OD� IDEULFDFLyQ� GH� ODVSUREHWDV��VH�H[WUDMR�GHO� WUDPR�GHO� WURQFR�FRPSUHQGLGR�HQWUH���\���PHWURV��D�SDUWLUGH� VX� EDVH�� /DV� SUREHWDV�� FX\DV� GLPHQVLRQHV� IXHURQ� GH� ��� [� ��� [� ��� PP�� VHFRUWDURQ�FRQ�OD�FDUD�PD\RU�SDUDOHOD�D�OD�GLUHFFLyQ�GH�OD�ILEUD��\�ORV�DQLOORV�SDUDOHORVD�XQD�GH�ODV�FDUDV�ORQJLWXGLQDOHV��GH�IRUPD�TXH�pVWDV�VH�DSUR[LPHQ�OR�PiV�SRVLEOHD�ODV�GLUHFFLRQHV�UDGLDOHV�\�WDQJHQFLDOHV�
(O� LQWHUpV�GHO�PpWRGR�HVWULED�HQ�GLIHUHQFLDU� OD�SHUPHDELOLGDG�GH� OD�PDGHUD�HQ�VXVWUHV�GLUHFFLRQHV��ORQJLWXGLQDO��UDGLDO�\�WDQJHQFLDO�
(Q� HO� SULPHU� FDVR�� SHUPHDELOLGDG� ORQJLWXGLQDO�� VH� FROPDWDQ� ODV� FXDWUR� FDUDVODWHUDOHV��GHMDQGR�FRPR�~QLFD�YtD�GH�SHQHWUDFLyQ�GH� ORV� OtTXLGRV�� ODV� WHVWDV��3DUDORV�RWURV�GRV��SHUPHDELOLGDG�UDGLDO�\�WDQJHQFLDO��VH�FROPDWDQ�ODV�WHVWDV��REOLJDQGR�DOOtTXLGR�D�SHQHWUDU�D�WUDYpV�GH�ODV�FDUDV�ORQJLWXGLQDOHV��(O�SURGXFWR�GH�FROPDWDGR�HV7LYRVDQ�������DSOLFDGR�SRU�SLQFHODGR�HQ���PDQRV�/DV�SUREHWDV��XQD�YH]�FROPDWDGDV� ODV� FDUDV� FRUUHVSRQGLHQWHV�� VH� DFRQGLFLRQDURQHQ� XQD� FiPDUD� ���� �� ��&� GH� WHPSHUDWXUD� \� ��� �� �� �� GH� +�5���� KDVWD� PDVDFRQVWDQWH��VH�SHVDURQ��\�SRVWHULRUPHQWH�� VH�VXPHUJLHURQ�HQ�XQD�VROXFLyQ�DFXRVDGH�IOXRUXUR�VyGLFR�DO�����D�GRV�WLHPSRV�GH�LQPHUVLyQ�����\����KRUDV�
(O�Q~PHUR�GH�UHSHWLFLRQHV�HV�GH���SRU�FDGD�YDULDEOH�
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6H�HOLJLy�HO�IOXRUXUR�VyGLFR�FRPR�SURGXFWR�GH�LPSUHJQDFLyQ�SRU�VHU�KLGURVROXEOH��GHEDMR�SHVR�PROHFXODU��SHQHWUDU�FRQ�IDFLOLGDG��\�GHWHFWDUVH�HQ�OD�PDGHUD�PHGLDQWH�ODDSOLFDFLyQ�GH�XQ�UHDFWLYR�DGHFXDGR�
8QD� YH]� ILQDOL]DGD� OD� LQPHUVLyQ� ODV� SUREHWDV� VH� SHVDURQ�� VH� DFRQGLFLRQDURQ� GHQXHYR�HQ�OD�FiPDUD�FOLPDWL]DGD��\�VH�FRUWDURQ�GH�OD�VLJXLHQWH�IRUPD��� /DV� SUREHWDV� GHVWLQDGDV� D� PHGLU� OD� SHUPHDELOLGDG� ORQJLWXGLQDO�� SRU� XQR� GH� ORVSODQRV�PHGLRV��HQ�OD�GLUHFFLyQ�SDUDOHOD�D�ODV�FDUDV�ORQJLWXGLQDOHV��ILJXUD��D���� /DV� SUREHWDV� GHVWLQDGDV� D� PHGLU� OD� SHUPHDELOLGDG� WUDQVYHUVDO�� SRU� GRV� SODQRVVLWXDGRV�D�����\�����GH�XQD�GH�ODV�WHVWDV��HQ�OD�GLUHFFLyQ�SHUSHQGLFXODU�D�ODV�FDUDVORQJLWXGLQDOHV��ILJXUD��E��
/DV�VHFFLRQHV�REWHQLGDV�VH�SXOYHUL]DURQ�FRQ�XQ�UHDFWLYR�HVSHFtILFR�SDUD�IOXRU�GH�ODVLJXLHQWH�FRPSRVLFLyQ���R[LFORUXUR�GH�]LUFRQLR���������\�DOL]DULQ�VXOIRQDWR�VyGLFR�������HQ�iFLGR�FORUKtGULFR��1��HQ�SURSRUFLyQ������Y�Y���TXH�FRORUHD�GH�DPDULOOR�LQWHQVROD�]RQD�LPSUHJQDGD��\�GH�FRORU�S~USXUD�OD�PDGHUD�OLEUH�GH�IOXRU��ILJXUD����
/D� LPSUHJQDELOLGDG� VH� GHWHUPLQy� D� WUDYpV� GH� ODV� SHQHWUDFLRQHV�� SHQHWUDFLyQORQJLWXGLQDO��ILJXUD��D��\�SHQHWUDFLRQHV�WDQJHQFLDO�\�UDGLDO��ILJXUD��E�
5(68/7$'26
/RV�UHVXOWDGRV�REWHQLGRV�SDUD�ORV�FORQHV�GH�FKRSR�\�OD�QDGHUD�GH�UHIHUHQFLD��SLQRVLOYHVWUH��VH�UHFRJHQ�HQ�OD�WDEOD���GRQGH�VH�H[SUHVDQ�ODV�GHQVLGDGHV�EiVLFDV��HQ.J�P��� \� ODV� SHQHWUDFLRQHV� �HQ�PP���� HQ� ODV� WUHV� GLUHFFLRQHV�� WDQJHQFLDO�� UDGLDO� \ORQJLWXGLQDO��GH�OD�VROXFLyQ�GH�WUDWDPLHQWR��SDUD�DPERV�WLHPSRV�GH�LQPHUVLyQ��(Q�ODILJXUD��D�VH�UHIOHMDQ�ODV�PHGLDV�GH�ODV�SHQHWUDFLRQHV�D�ODV����KRUDV�GH�LQPHUVLyQ��\HQ�OD�ILJXUD��E��ODV�FRUUHVSRQGLHQWHV�D�ODV����KRUDV�
',6&86,Ï1�<�&21&/86,21(6
/RV� UHVXOWDGRV� REWHQLGRV� SRQHQ� GH� PDQLILHVWR� TXH� HO� PpWRGR� SURSXHVWR� HVVXILFLHQWHPHQWH�VHQVLEOH�SDUD�GHWHFWDU�GLIHUHQFLDV�GH�SHUPHDELOLGDG�D� ORV� OtTXLGRVHQWUH�PDGHUDV�GH�FDUDFWHUtVWLFDV�GLYHUVDV�
(Q� JHQHUDO�� VH� FRPSUXHED� �ILJXUDV� �D� \� �E�� TXH� OD� SHUPHDELOLGDG� ORQJLWXGLQDO� HVPX\�VXSHULRU�D�ODV�WUDQVYHUVDOHV��UDGLDO�\�WDQJHQFLDO���TXH��SRU�RWUD�SDUWH��VRQ�PX\VLPLODUHV�HQWUH�Vt�
$O�PLVPR�WLHPSR�VH�REVHUYD�XQD�PDUFDGD�LQIOXHQFLD�GHO�WLHPSR�GH�LQPHUVLyQ�HQ�ODSHQHWUDFLyQ�GH�ORV�OtTXLGRV�
(O� KHFKR� GH� TXH� ORV� GRV� FORQHV� GH� FKRSR� HVWXGLDGRV� SUHVHQWHQ� XQD� QRWDEOHGLIHUHQFLD� D� OD� EDMD�� HQ� FXDQWR� D� VX� SHUPHDELOLGDG� HQ� FRPSDUDFLyQ� FRQ� HO� SLQRVLOYHVWUH��DYDOD� OD�QHFHVLGDG�GH�GLVSRQHU�GH�XQ�PpWRGR�VHQFLOOR�� VHQVLEOH� \�HILFD]SDUD� GHWHUPLQDU� OD� WUDWDELOLGDG� GH� XQD� PDGHUD�� \D� TXH�� EDViQGRVH� HQ� ODVFDUDFWHUtVWLFDV�DQDWyPLFDV�GH�DPEDV�HVSHFLHV�� ORV� UHVXOWDGRV�HVSHUDGRV�HUDQ� ORVRSXHVWRV�
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(VWH� PpWRGR�� XQLGR� DO� FRQRFLPLHQWR� GH� OD� GXUDELOLGDG� QDWXUDO� GH� ODV� PDGHUDV�D\XGDUi� FRQVLGHUDEOHPHQWH� D� VHOHFFLRQDU� GH� IRUPD� DGHFXDGD� OD� HVSHFLH� \� HOWUDWDPLHQWR� D� DSOLFDU� D� XQD� PDGHUD�� HQ� IXQFLyQ� GH� OD� FDWHJRUtD� GH� ULHVJR� TXHFRUUHVSRQGD�D�VXV�FRQGLFLRQHV�GH�SXHVWD�HQ�VHUYLFLR�

5()(5(1&,$6�%,%/,2*5È),&$6
$1Ï1,02��1RUPD�(VSDxROD�81(������������������3URWHFFLyQ�GH�OD�PDGHUD�HQ�ODFRQVWUXFFLyQ��$(125�
$1Ï1,02�� 1RUPD� (XURSHD� (1����� �SDUWH���� ������ 'XUDELOLGDG� QDWXUDO� GH� ODPDGHUD�PDFL]D��*XtD�GH�OD�GXUDELOLGDG�QDWXUDO�\�OD�WUDWDELOLGDG�GH�XQD�VHOHFFLyQ�GHHVSHFLHV�GH�PDGHUD�GH�LPSRUWDQFLD�HQ�(XURSD�
%$,1(6�� (�)���:22':$5'�� &�-��� /(9<�� -�)��� ',&.,1621�� '�-��� ������ ,QGLUHFWPHDVXUHPHQW� RI� SRUH� VL]H� DQG� SHUPHDELOLW\� LQ�VFRWV� SLQH� DQG� QRUZD\� VSUXFH�-RXUQDO�RI�([SHULPHQWDO�%RWDQ\�������������������
%$21=$��9���752<$�0�7���1$9$55(7(��$���6$1&+(=��(���������3URWHFFLyQ�����6HVLyQ�GH�OD�&RPLVLyQ�,QWHUQDFLRQDO�GHO�$ODPR��=DUDJR]D��9RO��,,��&DS��������������
%$51(6��+�0���7$</25��)�:���������7KH�HIIHFW�RI�GU\LQJ�VFKHGXOH�RQ�WUHDWDELOLW\DQG�FKHFN� IRUPDWLRQ�RI� VRXWKHUQ�SLQH� ODQGVFDSH� WLPEHUV��)RUHVW�3URGXFWV� -RXUQDO��������������
%$8&+�� -��� /,(6(�� :�� %(51'7�� +��� ������ %LRORJLFDO� LQYHVWLJDWLRQV� IRU� WKHLPSURYHPHQW�RI�WKH�SHUPHDELOLW\�RI�VRIWZRRGV��+RO]IRUVFKXQJ ����������������
',52/�� '��� ������ (YDOXDWLRQ� GHV� SRVVLELOLWpV� G
DEVRUSWLRQ� G
KXPLGLWp� VHORQGLIIpUHQWHV�PpWKRGHV� HQ�IRQFWLRQ� GH�O
HVVHQFH� GH�ERLV��&RXUULHU� GH�O
,QGXVWULHO�GX%RLV�HW�GH�O
$PHXEOHPHQW������SS�
)28*(52866(��0���������8QH�PpWKRGH�G
pYDOXDWLRQ�SUpOLPLQDLUH�GH�O
DSWLWXGH�DO
LPSUpJQDWLRQ�VRXV� SUHVVLRQ� GHV�ERLV� DYHF� OHV� SURGXLWV� GH�SUpVHUYDWLRQ��%RLV� HW)RUHWV�GHV�7URSLTXHV������������
*87,(55(=��$���������&DUDFWHUtVWLFDV�ItVLFR�PHFiQLFDV������6HVLyQ�GH�OD�&RPLVLyQ,QWHUQDFLRQDO�GHO�$ODPR��=DUDJR]D��9RO��,,��&DS��������������
/(9,��0�3���������7KH�YDF�YDF�SURFHVV�DQG�FRQWURO�RI�RYHU�DEVRUEHQF\�LQ�VRIWZRRGMRLQHU\��:RRG��MXQH��������
257,=��-���������9DORUHV�FDUDFWHUtVWLFRV�GH�OD�PDGHUD�GH�FKRSR�SDUD�VX�XWLOL]DFLyQHQ�HVWUXFWXUDV������6HVLyQ�GH�OD�&RPLVLyQ�,QWHUQDFLRQDO�GHO�$ODPR��=DUDJR]D��9RO�,,��&DS��������������
520(,6��0���������,PSUpJQDELOLWp��0\WKH�HW�UpDOLWp��,QWHUQDO�5HSRUW�Q������������
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58'0$1��3��� ������6WXGLHV� LQ�ZRRG�SUHVHUYDWLRQ��3W�� ,,,�� 7KH�SHQHWUDWLRQ�RI� WKHILQH� VWUXFWXUH� RI� ZRRG� E\� LQRUJDQLF� VROXWLRQV�� LQFOXGLQJ� ZRRG� SUHVHUYDWLYHV�+RO]IRUVFKXQJ���������������

7$%/$��'(16,'$'(6�%$6,&$6��0(',$6�<�'(69,$&,21(6�7,3,&$6�'(�/$63(1(75$&,21(6��PP��'(�/26�&/21(6�'(�&+232�<�'(/�3��6</9(675,675$6����<����+25$6�'(�,10(56,21�
3(1(75$&,Ï1�PP�0$'(5$6 'HQVLGDG�.J�P�� 'LUHFFLyQ 0HGLD���K� 6Q�����K� 0HGLD���K� 6Q�����K�7 ��� ���� ��� ����&DPSHDGRU ��� 5 ��� ���� ��� ����/ ���� ���� ���� ����7 ��� ���� ���� ����,���� ��� 5 ���� ���� ���� ����/ ���� ���� ���� ����7 ���� ���� ���� ����3��V\OYHVWULV ��� 5 ���� ���� ���� ����/ ���� ���� ���� ����
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