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��7XYRHIR�7XEJJIP�0EYJ�ZSR�&IVREY�HIV�8+�
;MPYX^O]�EQ�����������
-Q� PIX^XIR� .ELV� LEXXIR�[MV� HMI� IVWXIR� FIM�
HIR�4PɪX^I�MR�HIV����7XYRHIR�7XEJJIP�FIPIKX��
(IWLEPF�[EVIR�HMI�)V[EVXYRKIR�JɿV�HMIWIW�
.ELV� KVS��� QMX� HIV� HMIWQEP� KIQIPHIXIR�

�L�7XEJJIP�[MIHIV�ZSVRI�QMX�HEFIM�^Y�WIMRŷ�
(MI�:IVERWXEPXYRK�[EV�XSPP�SVKERMWMIVX�YRH�
HMI�7XMQQYRK�XVSX^�'SVSRE�LIVZSVVEKIRH��
%YGL�HEW�;IXXIV�[EV�STXMQEP�JɿV�HEW�0EY�
JIR�� (EW� 8IEQ� 1EXXLMEW� *YGLW�� 1MGLEIP�
7GLEX^��3PMZIV�7TSLR�YRH�4IHVS�1EVMWXER]�
HI� PEW�'EWEW�[YVHI�FIKPIMXIX�ZSR�8VEMRIV��
:IVRYRJXWWTIRHIV� YRH� 6YRHIRTVSXSOSP�
PERX�'PEYW��WS�HEWW�IW�WMGL�EYJW�;IWIRXPM�
GLI�OSR^IRXVMIVIR�OSRRXI��EYJ�HIR�7MIK�MQ�
7XEJJIP[IXXFI[IVF�HIV�1ɪRRIV��
(MI�7''�&IVPMR�7XEJJIP�HIV�8+�;MPYX^O]�KMRK�
JVɿL� MR� *ɿLVYRK�� OSRRXI� HMIWI� EFIV� RMGLX�
PERKI�ZIVXIMHMKIR��2EGL�HIV�IVWXIR�LEPFIR�
7XYRHI�ɿFIVRELQIR�YRWIVI�KVɻ�XIR�/SR�
OYVVIRXIR�HMI�*ɿLVYRK�YRH� PMI�IR� ZSVIVWX�
RMGLX� PSGOIV��(IV�:SVWTVYRK�ZSR�ɿFIV�JɿRJ�
1MRYXIR�WXMQQXI�'PEYW�TIWWMQMWXMWGL��%PP�
WIMRI� EOOYVEXIR� -RKIRMIYVWFIVIGLRYRKIR�
OEQIR�^Y�HIQ�7GLPYWW��HEWW�WIMRI�+VYT�
TI�HIR�*SOYW�ZSR�RYR�ER�EYJ�1MGLEW�[YR�
HIVZSPPI�/EVXSJJIPR�PIKIR�OɻRRI��
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0ƾǂƼǁǍƺǍǁǅƾǍǂǄ�
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(MI�7XMQQYRK� MQ�8IEQ�[EV� PIMGLX� ERKI�
WGLPEKIR�� EPW� 1EXXLMEW� IRXWGLMIH�� WMGL�
ZIVPIX^YRKWFIHMRKX�^Y�WGLSRIR��1EXXLMEW��
RSGL�RMGLX�VMGLXMK�ZIVLIMPXI�:IVPIX^YRK�ZSR�
HIV�'MX]�2MKLX�[EV�IMR�KVS�IW�6MWMOS��HEW�
MR� HIR� IVWXIR� ZMIV� 7XYRHIR� IMRKIKERKIR�
[YVHI�� EFIV� HMI� :IVRYRJX� YRH� :SVJVIYHI�
EYJ�[MGLXMKIVI�0EYJ^MIPI�[EVIR�HERR�HSGL�
IMRI�^Y�KVS�I�,ɿVHI��
4PɻX^PMGL� HMI� ;IRHI�� (IV� JɿRJ� 1MRYXIR�
%FWXERH� ^Y� HIR� *ɿLVIRHIR� [YVHI� KIVMR�
KIV�� )MRI� WTIOXEOYPɪVI� %YJLSPNEKH� ɿFIV�
GE����7XYRHIR�FVEGLXI�EPPI�&IVIGLRYRKIR�
HIW�8VEMRIVW�HYVGLIMRERHIV��3PPM�WSPPXI�HMI�
)LVI� LEFIR�� HMI� *ɿLVYRK�[ɪLVIRH� WIMRIV�
6YRHI�^Y�IVKEXXIVR��HSGL�[IGLWIPXIR�HMI�
/SROYVVIRXIR� MLVIR� ERKIWGLPEKIRIR� 0ɪY�
JIV�QMXXIR�EYJ�HIV�7XVIGOI�EYW��[IMX�EY�IV�
LEPF�ZSQ�7XEJJIP�ɤFIVKEFIFIVIMGL��%PW�3PPM�
�RSGL� MR�^[IMXIV�4SWMXMSR�YRH�WIMR�JVMWGL�
IMRKI[IGLWIPXIV� +IKRIV� HIR� 7XEJJIPWXEF�
ER�HMI�RɪGLWXIR�0ɪYJIV�ɿFIVKEFIR��OEQ�IW�

^Y� IMRIV�(MWOYWWMSR�ɿFIV�;IVXI� MQ�7TSVX�
YRH� HEW� )MRLEPXIR� ZSR� 6IKIPR� MR� IMRIQ�
7XEJJIPPEYJ�� &IWEKXI� %YWIMRERHIVWIX^YRK�
PɻWXI�WMGL�WGLRIPP�[MIHIV�EYJ��YRH�HEW�[EV�
KYX�WS��7SPPXI�3PPM�MR�HIR�OSQQIRHIR�;S�
GLIR�FIWSRHIVW� ZMIPI�/RɻPPGLIR� IVLEPXIR��
HERR� FIWXMQQX�� [IMP� IV� WMGL� YR[MWWIRH�
QMX�IMRIV�+VYTTI�ZSR�ZMIV�4SPM^MWXIR�ERKI�
PIKX�LEXXI���YRWIVI�/SROYVVIRXIR��
(MI�%YJLSPNEKH�IRHIXI�IVJSPKVIMGL�� -R�HIR�
PIX^XIR� ��� 1MRYXIR� LEXXI� YRWIVI� 7XEJJIP�
WSYZIVɪR� MLVIR� :SVWTVYRK� WS� KIWXIY�
IVX�� HEWW� HIV� *SOYW� QILV� YRH� QILV� EYJ�
1MGLEW�/EVXSJJIPR�KIVMGLXIX�[IVHIR�OSRR�
XI��%PPIW�MR�EPPIQ�[EV�IW�IMR�XSPPIV�0EYJ�YRH�
IMR�7MIK�MQ�.ELV������KER^�SLRI�'EVFSR�
YRXIV�HIR�*ɿ�IR��

(EROI� ER�'PEYW� JɿV� WIMRI� YRIRHPMGL� KYXI�
&IXVIYYRK�YRH�+IHYPH��
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