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/DERUDWRLUH�G
pQHUJpWLTXH�VRODLUH�HW� KWWS���VRODUSODQW�HLYG�FK�GH�SK\VLTXH�GX�EkWLPHQW(,9'
7LWUH�GX�SURMHW��2SWLPLVDWLRQ�G¶LQVWDOODWLRQV�VRODLUHV�FRPELQpHV
5pVXPp� &H� SURMHW� HVW� FRPSRVp� GH� GHX[� SDUWLHV� PDMHXUHV�� /D� SUHPLqUH� SDUWLH� FRQFHUQH� O¶pODERUDWLRQ� G¶XQH�VWUDWpJLH� GH� FRPPDQGH� DYDQFpH� SRXU� OHV� V\VWqPHV� VRODLUHV� FRPELQpV�� 8QH� VWUDWpJLH� GH� FRPPDQGH� RSWLPDOH�XWLOLVH� GHV� SUpYLVLRQV� PpWpRURORJLTXHV� IRXUQLHV� HQ� OLJQH� SDU� O¶,QVWLWXW� 6XLVVH� GH� 0pWpRURORJLH� �,60�� SRXU�FDOFXOHU� OH� SURILO� GH� SXLVVDQFH� j� GLVVLSHU� GDQV� OH� EkWLPHQW�� &H� SURILO� JDUDQWLW� XQ� KDXW� GHJUp� GH� FRQIRUW� DX[�XWLOLVDWHXUV�DLQVL�TX¶XQH�GLPLQXWLRQ�GH�O¶RUGUH�GH����SRXUFHQWV�GH�OD�FRQVRPPDWLRQ�GH�JD]��pQHUJLH�G¶DSSRLQW���&HWWH� YDOHXU� D� pWp� REWHQXH� HQ� VLPXODWLRQ��&HWWH� VWUDWpJLH�HVW� HQ�SKDVH�GH�YDOLGDWLRQ� H[SpULPHQWDOH�j� O¶DLGH�GHV�PRGXOHV�)LHOG3RLQW�GH�1DWLRQDO�,QVWUXPHQWV��1,���/D�GHX[LqPH�SDUWLH�GH�FH�SURMHW�FRQFHUQH�OD�SDUWLFLSDWLRQ�j�OD�WkFKH����GH�O¶$JHQFH�,QWHUQDWLRQDOH�GH�O¶(QHUJLH��$,(���/H�V\VWqPH�VRODLUH�FRPELQp�$USqJH�IDEULTXp�SDU�$JHQD�D� GRQF� pWp� VLPXOp� DX�PR\HQ� GH� ORJLFLHO� 7516<6� HW� OHV� UpVXOWDWV� RQW� pWp� FRPSDUpV� j� FHX[� REWHQXV� SRXU� XQH�GL]DLQH�G¶DXWUHV� LQVWDOODWLRQV� IDEULTXpHV�GDQV�WRXWH� O¶(XURSH��/H�EXW�GH� OD� WkFKH�HVW�GH�GpILQLU�XQ�V\VWqPH�LGpDO�TXL�UHJURXSH�OHV�PHLOOHXUV�pOpPHQWV�GH�FKDTXH�V\VWqPH�
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�� ,QWURGXFWLRQ�HW�REMHFWLIV
/HV�VWUDWpJLHV�GH�FRPPDQGH�DFWXHOOH�SRXU�OHV�V\VWqPHV�VRODLUHV�FRPELQpV�UHSRVHQW�HVVHQWLHOOHPHQW�VXU�OH�VDYRLU�IDLUH� GHV� IDEULFDQWV��/HV�FRQQDLVVDQFHV� LQWULQVqTXHV�GH� O¶LQVWDOODWLRQ�HW�GX�EkWLPHQW�DLQVL�TXH�OD�FRQQDLVVDQFH�D�SULRUL�GH�FHUWDLQHV�SHUWXUEDWLRQV�QH�VRQW�j�O
KHXUH�DFWXHOOH�SDV�GX�WRXW�RX�WUqV�SHX�SULVHV�HQ�FRPSWH��/H�EXW�GH�FH�SURMHW�HVW�GRQF�GH�PHWWUH�HQ�SODFH�XQH�VWUDWpJLH�GH�FRPPDQGH�DYDQFpH�TXL�H[SORLWH�GHV�PRGqOHV�G\QDPLTXHV�GH�O¶LQVWDOODWLRQ�HW�GX�EkWLPHQW�DLQVL�TXH�GHV�SUpYLVLRQV�PpWpRURORJLTXHV��&H�WUDYDLO�UHSUpVHQWH�XQH�H[WHQVLRQ�GH�OD�VWUDWpJLH�GpYHORSSpH�GDQV�OH�FDGUH�G
XQ�SUpFpGHQW�PDQGDW�SRUWDQW�VXU�OHV�NLWV�VRODLUHV�GH�SURGXFWLRQ�G
HDX�FKDXGH�VDQLWDLUH�>�@>�@�
/D� VWUDWpJLH� GH� FRPPDQGH� XWLOLVpH� HVW� XQH� VWUDWpJLH� GH� FRPPDQGH� RSWLPDOH�� /HV� PRGqOHV� G\QDPLTXHV� GH�O¶LQVWDOODWLRQ�HW�GX�EkWLPHQW�FRXSOpV�DX[�SUpYLVLRQV�PpWpRURORJLTXHV�SHUPHWWHQW�GH�SUpGLUH�OH�FRPSRUWHPHQW�GX�V\VWqPH� FRPSOHW�� ,O� HVW� DLQVL� SRVVLEOH� GH� FDOFXOHU� j� O¶DYDQFH� OH� SURILO� GH� FHUWDLQHV� JUDQGHXUV� PDQLSXOpHV� DILQ�G¶REWHQLU� XQ� FRPSRUWHPHQW� GpVLUp� GX� V\VWqPH�� &H� FRPSRUWHPHQW� GpVLUp� VH� WUDGXLW� PDWKpPDWLTXHPHQW� SDU� OH�FKRL[� G¶XQH� IRQFWLRQ� GH� FR�W� TXL� HVW� PLQLPLVpH� SDU� XQH� URXWLQH� G¶RSWLPLVDWLRQ�� ¬� OD� ILJXUH� ��� LO� DSSDUDvW�FODLUHPHQW�TXH�TXDWUH�JUDQGHXUV�SHXYHQW�rWUH�PDQLSXOpV�� OD�SRPSH�GH� OD�ERXFOH�FROOHFWHXU�� OH�EU�OHXU�j�JD]�� OD�YDQQH�WURLV�YRLHV�HW�OD�SRPSH�FKDXIIDJH�
'HV�WUDYDX[�DQWpULHXUV�>�@�RQW�PRQWUp�TXH�OD�PLVH�HQ�SODFH�G
XQH�VWUDWpJLH�GH�FRPPDQGH�DYDQFpH�SRXU�OD�SRPSH�VRODLUH�Q
HQJHQGUH�TXH�G
LQILPHV�JDLQV�HQ�WHUPHV�G
pQHUJLH�VRODLUH�WUDQVIpUpH�j�OD�FXYH��&HWWH�JUDQGHXU�Q¶HVW�GRQF�SDV�PDQLSXOpH�GDQV�FH�SURMHW��OD�VWUDWpJLH�VWDQGDUG�GH�FRPPDQGH�GH�FHWWH�SRPSH�HVW�FRQVHUYpH�
4XDQW�DX[�EU�OHXUV��LO�D�pWp�PRQWUp�>�@>�@>�@�TX
LO�SRXYDLW�rWUH�MXGLFLHX[�G
DQWLFLSHU�OHV�VRXWLUDJHV�HQ�HDX�FKDXGH�GH� IDoRQ� j�PLQLPLVHU� OD� WHPSpUDWXUH� GDQV� OD� FXYH� HW� GH� FH� IDLW�PD[LPLVHU� OD� SDUW� GH� O
pQHUJLH� VRODLUH� GDQV� OHV�ELODQV��&HWWH�VWUDWpJLH�UHTXLHUW�XQH�FRQQDLVVDQFH�D�SULRUL�GHV�EHVRLQV XWLOLVDWHXUV�HQ�HDX�FKDXGH��'DQV�OH�FDGUH�GH�FH� SURMHW�� LO� D� pWp� VXSSRVp� TXH� FHWWH� FRQQDLVVDQFH� Q
pWDLW� SDV� GLVSRQLEOH�� (Q� FH� TXL� FRQFHUQH� OHV� EHVRLQV� GH�FKDXIIDJH�� LO� V
DYqUH� TXH� OD� SXLVVDQFH� GX� EU�OHXU� �SOXV� GH� ��� N:�� HVW� ODUJHPHQW� VXIILVDQWH� SRXU� VXUYHQLU� DX[�EHVRLQV� VDQV� TX
XQH� FHUWDLQH� TXDQWLWp� G
HDX� GDQV� OD� FXYH� Q
DLW� pWp� FKDXIIpH� DX� SUpDODEOH��$LQVL�� OD� VWUDWpJLH� GH�FRPPDQGH�VWDQGDUG�D�pWp�FRQVHUYpH�SRXU�OH�EU�OHXU�
/D� YDQQH� WURLV� YRLHV� HW� OD� SRPSH� GH� FKDXIIDJH� VHUYHQW� WRXWHV� GHX[� j� FRQWU{OHU� OD� WHPSpUDWXUH� j� O
DOOHU� GHV�FRQYHFWHXUV�HW�GRQF�LQGLUHFWHPHQW�OD�SXLVVDQFH�GLVVLSpH�GDQV�OH�EkWLPHQW��$LQVL��OD�VHXOH�JUDQGHXU�FDOFXOpH�SDU�OD�VWUDWpJLH�GH�FRPPDQGH�DYDQFpH�HVW�OD�SXLVVDQFH�GLVVLSpH�GDQV�OH�EkWLPHQW�
'DQV� OD� FRPPXQDXWp� GX� UpJODJH� DXWRPDWLTXH� OD� FRPPDQGH� RSWLPDOH� HVW� XQH� VWUDWpJLH� GLWH� �ERXFOH� RXYHUWH���&HFL�VLJQLILH�TXH�OHV�JUDQGHXUV�PDQLSXOpHV��GDQV�QRWUH�FDV��OD�SXLVVDQFH�GLVVLSpH�GDQV�OH�EkWLPHQW��VRQW�FDOFXOpHV�j� O
DYDQFH� HW� DSSOLTXpHV� VDQV� TX
DXFXQH� PHVXUH� VXU� O
LQVWDOODWLRQ� QH� VRLW� XWLOLVpH� SRXU� FRUULJHU� G
pYHQWXHOOHV�HUUHXUV� GH� PRGpOLVDWLRQ� HW� GHV� SHUWXUEDWLRQV� PDO� HVWLPpHV�� $LQVL�� LO� D� pWp� QpFHVVDLUH� GH� PHWWUH� HQ� SODFH� XQH�VWUDWpJLH�G
LPSODQWDWLRQ�UREXVWH�SRXU�SUpYHQLU�G
pYHQWXHOV�GpVDJUpPHQWV�GH�FRQIRUW�DX[�XWLOLVDWHXUV�
&HWWH� VWUDWpJLH�D� pWp� LPSODQWpH�HW�YDOLGpH�j� O
DLGH�GH�PRGXOHV�)LHOG3RLQW�GH�1DWLRQDO� ,QVWUXPHQWV�� ,O� V
DJLW�G
XQ�PLQL�3&�PXQL�G
XQ�QR\DX�WHPSV�UpHO��,O�HVW�SRVVLEOH�GH�OH�SURJUDPPHU�GLUHFWHPHQW�DYHF�/DE9,(:��¬�FH�PLQL�3&�V
DMRXWHQW�GHV�PRGXOHV�G
HQWUpHV�HW�VRUWLHV�GH KDXW�QLYHDX�TXL�SHUPHWWHQW�G
DFFpGHU�GLUHFWHPHQW�DX[�DFWXDWHXUV�HW�FDSWHXUV�GH�O
LQVWDOODWLRQ�
/D�WkFKH����GH�O
DJHQFH�LQWHUQDWLRQDOH�GH�O
pQHUJLH�D�SRXU�EXW�GH�FRPSDUHU�OHV�V\VWqPHV�VRODLUHV�FRPELQpV�G
XQH�GL]DLQH�GH�SD\V��'DQV�FKDFXQ�GH�FHV�SD\V��FHV�V\VWqPHV�VRQW�VLPXOpV�DYHF� OH� ORJLFLHO�7516<6�HW� OHV� UpVXOWDWV�VRQW� FRPSDUpV�� /H� EXW� XOWLPH� HVW� GH� GpILQLU� TXHO� VHUDLW� OH� V\VWqPH� LGpDO�� HQ� UHSUHQDQW� OHV� pOpPHQWV� OHV� SOXV�SHUIRUPDQWV�GH�FKDFXQ�GHV�V\VWqPHV�FRQVLGpUpV�
/H� GHX[LqPH� FKDSLWUH� SUpVHQWH� OD� VWUDWpJLH� GH� FRPPDQGH� DYDQFpH� pODERUpH� DLQVL� TXH� VRQ� LPSODQWDWLRQ�� 'HV�UpVXOWDWV�H[SpULPHQWDX[�SHUPHWWHQW�GH�MXJHU�GX�KDXW�GHJUp�GH�SHUIRUPDQFHV�HW�GH�FRQIRUW�DWWHLQW�VRQW�pJDOHPHQW�IRXUQLV��/H�WURLVLqPH�FKDSLWUH�SUpVHQWH�OHV�UpVXOWDWV�GH�OD�WkFKH�����(QILQ��OH�TXDWULqPH�HW�GHUQLHU�FKDSLWUH�UpVXPH�O
HVVHQWLHO�GHV�WUDYDX[�UpDOLVpV�HW�SUpVHQWH�OHV�SHUVSHFWLYHV�



�� 0LVH�HQ�°XYUH�HW�UpVXOWDWV�GH�OD�VWUDWpJLH�GH�FRPPDQGH�DYDQFpH
���� 3ULQFLSH
/H� SULQFLSH� GH� OD� VWUDWpJLH� GH� FRPPDQGH� DYDQFpH� UHWHQXH� HVW� SUpVHQWp j� OD� ILJXUH� ��� /HV� SUpYLVLRQV�PpWpRURORJLTXHV� VRQW� IRXUQLHV� HQ� OLJQH�SDU� HPDLO� SDU� O
,QVWLWXW�6XLVVH� GH�0pWpRURORJLH��(OOHV� VRQW� UHoXHV� GHX[�IRLV�SDU�MRXU��OD�SUHPLqUH�IRLV�j���KHXUHV�GX�PDWLQ�SRXU�GHV�GRQQpHV�YDODEOHV�j�SDUWLU�GH���KHXUH�GX�PrPH�MRXU��(Q HIIHW�� �� KHXUHV� VRQW� QpFHVVDLUHV� SRXU� OH� FDOFXO� HW� O
DFKHPLQHPHQW� GH� FHV� SUpYLVLRQV�� (OOHV� VRQW� UHoXHV� XQH�GHX[LqPH�IRLV�j����KHXUHV�SRXU�GHV�GRQQpHV�YDODEOHV�j�SDUWLU�GH�PLGL�GX�PrPH�MRXU��6HXOHV�OHV�GRQQpHV�UHoXHV�OH�PDWLQ� VRQW� XWLOLVpHV�� OHV� DXWUHV� DUULYDQW� WURS� WDUG�� ,O� V
DJLW� GH� GRQQpHV�KRUDLUHV� SRXU� O
HQVROHLOOHPHQW� KRUL]RQWDO�JOREDO�HW�OD�WHPSpUDWXUH�DPELDQWH�SRXU�XQ�KRUL]RQ�GH����KHXUHV��6HXOHV�OHV�GRQQpHV�SRXU�OHV����SUHPLqUHV�KHXUHV�VRQW�XWLOLVpHV��(Q�G
DXWUHV�WHUPHV��O
KRUL]RQ�GH�SUpGLFWLRQ�UHWHQX�SRXU�OD�VWUDWpJLH�GH�FRPPDQGH�RSWLPDOH�HVW�G
XQH�MRXUQpH�
8Q�PRGqOH�G\QDPLTXH�GH�O
LQVWDOODWLRQ�D�pWp�pODERUp��,O�HVW�SUpVHQWp�HQ�GpWDLO�GDQV�>�@��8Q�PRGqOH�G\QDPLTXH�GX�EkWLPHQW�HVW�pJDOHPHQW�XWLOLVp��LO�HVW�SUpVHQWp�j�OD�VHFWLRQ�VXLYDQWH��$LQVL��OHV�GRQQpHV�PpWpRURORJLTXHV�FRXSOpHV�DX[�PRGqOHV�GX�EkWLPHQW�HW�GH�O
LQVWDOODWLRQ�SHUPHWWHQW�GH�SUpGLUH�OH�FRPSRUWHPHQW�GX�V\VWqPH�VXU�XQH�MRXUQpH�FRPSOqWH� SRXU� GHV� SURILOV� GRQQpV� GH� OD� SXLVVDQFH� j� GLVVLSHU� GDQV� OH� EkWLPHQW� HW� GX� GpELW� GDQV� OH� FROOHFWHXU��&RPPH�GpMj�PHQWLRQQp��GDQV�OH�FDV�SUpVHQW��OH�GpELW�GDQV�OH�FROOHFWHXU�Q
HVW�SDV�FDOFXOp�SDU�OD�VWUDWpJLH�SXLVTXH�GHV� UpVXOWDWV� DQWpULHXUV� >�@�RQW�PRQWUp� TXH�FHOD�Q
HQJHQGUDLW� TXH�G
LQILPHV� DPpOLRUDWLRQV�GHV�SHUIRUPDQFHV��/D�VWUDWpJLH�GH�FRPPDQGH�GH�FH�GpELW�HVW�GRQF�FHOOH�DFWXHOOHPHQW�XWLOLVpH�GDQV�OD�YHUVLRQ�FRPPHUFLDOH�GX�V\VWqPH�VRODLUH� FRPELQp�� 'H� OD� PrPH� PDQLqUH�� O
HQFOHQFKHPHQW� GX� EU�OHXU� Q
HVW� SDV� GLUHFWHPHQW� FRPPDQGp� SDU� OD�VWUDWpJLH�GH�FRPPDQGH�RSWLPDOH��&HFL�VHUD�GpWDLOOp�j�OD�VHFWLRQ�WUDLWDQW�GH�O
LPSODQWDWLRQ�UREXVWH�GH�OD�VWUDWpJLH�

)LJXUH����YXH�VFKpPDWLTXH�GH�OD�VWUDWpJLH�GH�FRPPDQGH�DYDQFpH
8Q�DOJRULWKPH�G
RSWLPLVDWLRQ�FDOFXOH�GRQF�OH�SURILO�GH�OD�SXLVVDQFH�j�GLVVLSHU�GDQV�OH�EkWLPHQW�SRXU�XQH�MRXUQpH�HQWLqUH��&H� SURILO�PLQLPLVH� XQH� IRQFWLRQ� GH� FR�W� TXL� FDUDFWpULVH� OHV� SHUIRUPDQFHV� DWWHQGXHV� GX� V\VWqPH��'DQV�QRWUH� FDV� SUpFLV�� RQ� GpVLUH� XQ� KDXW� GHJUp� GH� FRQIRUW� HQ�PrPH� WHPSV� TX
XQH� XWLOLVDWLRQ� PLQLPDOH� GH� O
pQHUJLH�G
DSSRLQW��/D�IRQFWLRQ�GH�FR�W�XWLOLVpH�HVW�GRQF�OD�VXLYDQWH�



J  (Pbrûleur �D (Tset � Tb )2 )
Un jour
³ dt

3EU�OHXU UHSUpVHQWH�OD�SXLVVDQFH�FRQVRPPpH�SDU�OH�EU�OHXU�j�JD]��7VHW HVW�OD�WHPSpUDWXUH�GpVLUpH�GDQV�OH�EkWLPHQW�HW�7E OD�WHPSpUDWXUH�PHVXUpH�GDQV�FH�PrPH�EkWLPHQW��/H�SDUDPqWUH�D UHSUpVHQWH�XQH�SRQGpUDWLRQ�HQWUH�FRQIRUW�HW�SHUIRUPDQFHV�pQHUJpWLTXHV�
���� 0RGpOLVDWLRQ�GX�EkWLPHQW
&RPPH� SUpFpGHPPHQW� PHQWLRQQp�� OD� VWUDWpJLH� GH� FRPPDQGH� RSWLPDOH� PLVH� HQ� °XYUH� QpFHVVLWH� j� OD� IRLV� XQ�PRGqOH�GX�V\VWqPH�VRODLUH�FRPELQp�PDLV�pJDOHPHQW�XQ�PRGqOH�G\QDPLTXH�GX�EkWLPHQW��6L�OH�PRGqOH�GX�V\VWqPH�VRODLUH�FRPELQp�SHXW�IDFLOHPHQW�rWUH�REWHQX�HW�PDvWULVp��LO�Q
HQ�HVW�SDV�GH�PrPH�SRXU�FHOXL�GX�EkWLPHQW��(Q�HIIHW��SRXU�FKDTXH�V\VWqPH�YHQGX�OH�EkWLPHQW�j�FKDXIIHU�VHUD�GLIIpUHQW�HW�GRQF�VRQ�PRGqOH�pJDOHPHQW��8QH�SURFpGXUH�GH�PRGpOLVDWLRQ�DXWRPDWLTXH�HVW�GRQF�QpFHVVDLUH�

)LJXUH����PRGpOLVDWLRQ�j���Q°XGV�GX�EkWLPHQW
$LQVL��XQH�VWUXFWXUH�WUqV�VLPSOH�j�GHX[�Q°XGV�D�pWp�UHWHQXH�SRXU�UHSUpVHQWHU�O
pYROXWLRQ�G\QDPLTXH�GX�EkWLPHQW��&HWWH�GHUQLqUH�HVW�SUpVHQWpH�j�OD�ILJXUH����8Q�Q°XG�VHUW�j�UHSUpVHQWHU�OH�FRPSRUWHPHQW�GHV�PXUV��GX�WRLW�HW�GX�VRO��HW�XQ�DXWUH�OH�FRPSRUWHPHQW�GH�O
DLU�DPELDQW��&H�PRGqOH�FRPSRUWH�VHSW�SDUDPqWUHV�TXL�UHSUpVHQWHQW�EULqYHPHQW�O
LQIOXHQFH�GH�OD�WHPSpUDWXUH�HW�GH�O
HQVROHLOOHPHQW�VXU�FKDFXQ�GHV�Q°XGV��OHV�JDLQV�LQWHUQHV�HW OH�UHQRXYHOOHPHQW�G
DLU�PR\HQV��DLQVL�TXH�OHV�LQHUWLHV�GH�FKDFXQ�GHV�Q°XGV��7RXV�FHV�SDUDPqWUHV�VRQW�JURXSpV�GDQV�XQ�YHFWHXU�T ��&H� SDUDPqWUH� T HVW� LGHQWLILp� GH� IDoRQ� DXWRPDWLTXH� VXU� O
LQVWDOODWLRQ� HQ� IRQFWLRQQHPHQW�� /H� SULQFLSH� HVW� WUqV�VLPSOH��/D�WHPSpUDWXUH�PHVXUpH�SDU�XQH�VRQGH�G
DPELDQFH�HVW�HQUHJLVWUpH�SHQGDQW�XQH�GXUpH�GH�FLQT�MRXUV�DLQVL�TXH� OD� SXLVVDQFH� GLVVLSpH� GDQV� OH� EkWLPHQW� HW� OHV� GLIIpUHQWHV� JUDQGHXUV� TXL� LQIOXHQFHQW� OH� FRPSRUWHPHQW�GH� FH�GHUQLHU� �GRQQpHV� PpWpRURORJLTXHV� HVVHQWLHOOHPHQW��� (QVXLWH�� XQ� DOJRULWKPH� G
RSWLPLVDWLRQ� GX� PrPH� W\SH� TXH�FHOXL�XWLOLVp�SDU�OD�FRPPDQGH�RSWLPDOH�VHUW�j�FDOFXOHU�T TXL�PLQLPLVH�OD�IRQFWLRQ�GH�FR�W�VXLYDQWH�

J  (Tmod - Tmes)
5 derniers jours
³ 2

dt

7PRG HVW�OD�WHPSpUDWXUH�GDQV�OH�EkWLPHQW�FDOFXOpH�SDU�OH�PRGqOH�HW�7PHV OD�WHPSpUDWXUH�GDQV�OH�EkWLPHQW�PHVXUpH��&HWWH�DGDSWDWLRQ�DXWRPDWLTXH�GHV�SDUDPqWUHV�HVW�GpFULWH�GH�IDoRQ�EHDXFRXS�SOXV�SUpFLVH�GDQV�>�@�



���� ,PSODQWDWLRQ�UREXVWH
/H� VFKpPD� GH� O
LPSODQWDWLRQ� UREXVWH� HVW� GRQQp� j� OD� ILJXUH� ��� 'HX[� ERXFOHV� 3,'� FDOFXOHQW� UHVSHFWLYHPHQW� OD�WHPSpUDWXUH� FRQVLJQH� DOOHU� FKDXIIDJH� HW� O
RXYHUWXUH� GH� OD� YDQQH� WURLV� YRLHV��(OOHV� SHUPHWWHQW�GH� FRQWU{OHU� DYHF�SUpFLVLRQ� OD� SXLVVDQFH� GLVVLSpH� GDQV� OH� EkWLPHQW�� (QILQ�� OD� WURLVLqPH� ERXFOH� TXL� DSSDUDvW� HQ� YHUW� VHUW� j� UHQGUH�UREXVWH� OD� VWUDWpJLH� GH� FRPPDQGH� DYDQFpH��(Q� HIIHW�� OD� SXLVVDQFH� j�GLVVLSHU� RSWLPDOH� HVW� FDOFXOpH� W{W� OH�PDWLQ�ORUVTXH� OHV� SUpYLVLRQV� PpWpRURORJLTXHV� DUULYHQW� GH� O
,60�� &HSHQGDQW�� OHV� SUpYLVLRQV� PpWpRURORJLTXHV� WRXW�FRPPH�OHV�PRGqOHV�G\QDPLTXHV�GX�V\VWqPH�VRODLUH�FRPELQp�HW�GX�EkWLPHQW��VRQW�HQWDFKpV�G
HUUHXUV��$LQVL��LO�HVW�WUqV�ULVTXp�G
DSSOLTXHU�HQ�ERXFOH�RXYHUWH�OD�SXLVVDQFH�RSWLPDOH�j�GLVVLSHU�FDOFXOpH�SDU�OD�URXWLQH�G
RSWLPLVDWLRQ��,O�FRQYLHQW�GH�QRWHU�WRXWHIRLV�TXH�OD�URXWLQH�G
RSWLPLVDWLRQ�QH�FDOFXOH�SDV�VHXOHPHQW�OD�SXLVVDQFH�j�GLVVLSHU�GDQV�OH�EkWLPHQW�PDLV�pJDOHPHQW�OD�WHPSpUDWXUH�RSWLPDOH�FRUUHVSRQGDQWH��F
HVW�j�GLUH�OD�WHPSpUDWXUH�TXH�O
RQ�REWLHQGUDLW�GDQV�OH�EkWLPHQW�HQ�DSSOLTXDQW�OD�SXLVVDQFH�RSWLPDOH�FDOFXOpH�VL�OHV�PRGqOHV�G\QDPLTXHV�DLQVL�TXH�OHV�SUpYLVLRQV�pWDLHQW�SDUIDLWV��&HWWH� WURLVLqPH�ERXFOH�DVVXUH�VLPSOHPHQW�TXH�OH�SURILO�GH�WHPSpUDWXUH�GDQV�OH�EkWLPHQW�FDOFXOp�SDU�O
RSWLPLVDWLRQ�HVW�FRQVLVWDQW�DYHF�FHOXL�REWHQX�UpHOOHPHQW�

)LJXUH����VFKpPD�GH�O
LPSODQWDWLRQ�UREXVWH
���� 5pVXOWDWV�H[SpULPHQWDX[
&HWWH� VWUDWpJLH� D� pWp� LPSODQWpH� DYHF� VXFFqV� VXU� XQH� LQVWDOODWLRQ� SLORWH� HQ� IRQFWLRQQHPHQW� DX� ODERUDWRLUH�G
pQHUJpWLTXH�VRODLUH�GH�O
pFROH�G
LQJpQLHXUV�GX�FDQWRQ�GH�9DXG��/HV�PRGXOHV�)LHOG3RLQW GH�1DWLRQDO�,QVWUXPHQWV�RQW�pWp�XWLOLVpV��/H�SURJUDPPH�UpDOLVDQW�OD�VWUDWpJLH�FRQVLVWH�GRQF�HQ�XQ�VHXO�9,��YLUWXDO�LQVWUXPHQW��QRP�GRQQp�j�XQH�DSSOLFDWLRQ�/DE9,(:���/HV�URXWLQHV�G
RSWLPLVDWLRQ��G
LGHQWLILFDWLRQ�DXWRPDWLTXH�GHV�SDUDPqWUHV�GX�EkWLPHQW�DLQVL TXH�OHV� WURLV�ERXFOHV�3,'�RQW�pWp�pFULWHV�HQ�ODQJDJH�&�HW� LQFRUSRUpHV�DX�9,�SULQFLSDO�VRXV�OD�IRUPH�G¶XQH�'//��'\QDPLFDOO\�/LQNHG�/LEUDU\��
&HWWH� VWUDWpJLH� D� pJDOHPHQW� pWp� FRPSDUpH� j� OD� VWUDWpJLH� VWDQGDUG�� /
LQVWDOODWLRQ� SLORWH� SHUPHW� GH� FRPPXWHU�IDFLOHPHQW�HQWUH�FHV�GHX[�VWUDWpJLHV��3RXU�PHQHU�j�ELHQ�FHWWH�FRPSDUDLVRQ��XQH�VpULH�GH�VHSW�MRXUV�D�pWp�UHWHQXH��3RXU�FHV�VHSW�MRXUV��RQ�GLVSRVH�GHV�SUpYLVLRQV�PpWpRURORJLTXHV�HW�GHV�GRQQpHV�UpHOOHV�PHVXUpHV��/
HQVROHLOOHPHQW�HVW�VLPXOp�JUkFH�DX�VLPXODWHXU�VRODLUH�SUpVHQW�j�O
HQGURLW�GH�O
LQVWDOODWLRQ�SLORWH��&H�VLPXODWHXU�HVW�GpFULW�HQ�GpWDLO�GDQV� >�@�� /H� EkWLPHQW� HVW� VLPXOp� j� O
DLGH� G
XQ� 3&� TXL� V
RFFXSH� GH� FRPPDQGHU� GHV� YHQWLOR�FRQYHFWHXUV�� /H�EkWLPHQW�VLPXOp�HVW�OXL�DXVVL�GpFULW�GDQV�>�@��/D�VWUDWpJLH�G
LGHQWLILFDWLRQ�DXWRPDWLTXH�GHV�SDUDPqWUHV�GX�PRGqOH�GX�EkWLPHQW�Q
D�SX�rWUH�WHVWpH�j�FDXVH�G
XQH�GXUpH�G
H[SpULPHQWDWLRQ�WURS�IDLEOH��(OOH�D�QpDQPRLQV�pWp�YDOLGpH�DX�SUpDODEOH�SRXU�XQ�EkWLPHQW�UpHO�>�@�



�� &ROODERUDWLRQV�LQWHUQDWLRQDOHV�HQ�UHODWLRQ�DYHF�OD�WkFKH����GH�O
$,(
���� ,QWURGXFWLRQ
/H�JURXSH�GH�WUDYDLO�GH�OD�WkFKH����pWDLW�GLYLVp�HQ�WURLV�VRXV�WkFKHV�V¶RFFXSDQW�GH�GRPDLQHV�ELHQ�VSpFLILTXHV �
6RXV�WkFKH�$� &ODVVLILFDWLRQ�HW�GLYXOJDWLRQ�GHV�UpVXOWDWV�GHV�GHX[�DXWUHV�VRXV�WkFKHV�
6RXV�WkFKH�%� 'pYHORSSHPHQW� GH� PpWKRGHV� GH� WHVWV� SRXU� V\VWqPHV� VRODLUHV� FRPELQpV�� 3OXVLHXUV� SD\V�GpYHORSSHQW�VLPXOWDQpPHQW�GHV�EDQFV�G¶HVVDLV�SRXU��GHV�V\VWqPHV�VRODLUHV�FRPELQpV��(Q�6XLVVH��OH�63)�j�5DSSHUVZLO�D�PLV�HQ�SODFH�FH�W\SH�G¶LQVWDOODWLRQ�
6RXV�WkFKH�&� &RPSDUDLVRQ� HW� RSWLPLVDWLRQ� j� O¶DLGH� GH� VLPXODWLRQV� QXPpULTXHV� XWLOLVDQW� OH� ORJLFLHO�7516<6��&¶HVW�GDQV�OH�FDGUH�GH�FH�JURXSH�GH�WUDYDLO�TXH�QRXV�DYRQV�DQDO\Vp�HW�VLPXOp�OH�V\VWqPH�VRODLUH�FRPELQp�$USqJH�'XUDQW� O¶DQQpH� ������ GHX[� UHQFRQWUHV� GHV� SDUWLFLSDQWV� j� OD� WkFKH ��� RQW� pWp� RUJDQLVpHV�� /D�SUHPLqUH� HQ� DYULO� j�2VOR� �1RUYqJH��� OD� VHFRQGH� HQ� VHSWHPEUH� j�%DG�%OXPDX� �$XWULFKH��� &HWWH�GHUQLqUH�ILQDOLVDLW�WURLV�DQV�GH�PLVH�HQ�FRPPXQ�GX�WUDYDLO�GHV�GLIIpUHQWHV�pTXLSHV�
���� )UDFWLRQ�G¶pQHUJLH�pFRQRPLVpH
Afin de pouvoir caractériser une installation solaire combinée, il est important de pouvoir comparer ces 
performances avec d’autres installations. Thomas Letz (ASDER, Saint-Alban-Leysse, France) et Philippe 
Papillon (Clipsol-Recherche, Trevignin, France) ont développés un outil de comparaison appelé fraction 
d’énergie économisée (fractional energy savings, fsav). En se basant sur un système de référence à chaudière 
conventionnelle, nous pouvons définir la proportion d’énergie fossile économisée en utilisant un système solaire 
combiné. Le fsav s’exprime comme suit :

fsav  1 � QauxKaux

Qaux,réfKaux,réf

���� 3DUWLFXODULWp�����
/RUV� GHV� UHQFRQWUHV� RUJDQLVpHV� WRXV� OHV� ��PRLV� GDQV� OH� FDGUH�GH� OD� VRXV�WkFKH�&�� OHV� SDUWLFLSDQWV� RQW�SUpVHQWp�O¶DYDQFHPHQW� GH� OHXUV� WUDYDX[�� (Q� SOXV� GH� FHV� SUpVHQWDWLRQV�� QRXV� DYRQV� HX� O¶RSSRUWXQLWp� GH� SUpVHQWHU� OHV�PHVXUHV�HIIHFWXpHV�j�'RPEUHVVRQ�������������>�@�>�@�
/H�©KDQG�ERRNª��RXYUDJH�TXL�GpFULUD� WRXW� OH� WUDYDLO�DFFRPSOL�DX�FRXUV�GH� OD�VRXV�WkFKH�� VHUD�pGLWp�DX�GpEXW�GH�O¶DQQpH�������/HV�GHUQLHUV�GpWDLOV�RQW�pWp�PLV�DX�SRLQW�HQ�DFFRUG�DYHF�OHV�SDUWLFLSDQWV�HW�OHV�DXWHXUV�
���� 2SWLPLVDWLRQ
'HSXLV� OH� GpEXW� GH� OD� WkFKH� ���� OH� V\VWqPH� VRODLUH� FRPELQp� $USqJH� G
$JHQD� D� pWp� VLPXOp� DYHF� OH� ORJLFLHO�7516<6��'H�QRPEUHXVHV� VLPXODWLRQV�RQW�pWp� HIIHFWXpHV�SHUPHWWDQW�XQH�DXJPHQWDWLRQ�GX�IVDY >�@�GH�� SRLQWV�j��������SRXU� OH� FDV� GH�EDVH� �FOLPDW�GH�=�ULFK���� P� GH�FDSWHXUV�SODQV��XQH�FRQVRPPDWLRQ� HQ�FKDXGH� VDQLWDLUH�GH ���� N:K�MRXU�HW�XQH�GHPDQGH�HQ�FKDXIIDJH�GH��� N:K�P� D���1RXV�UHPDUTXRQV�TXH�QRXV�DUULYRQV�j�OD�OLPLWH�GHV�SRVVLELOLWpV�G¶DPpOLRUDWLRQ�GH�O¶LQVWDOODWLRQ�GDQV�VD�FRQILJXUDWLRQ�DFWXHOOH�
'H������j����� ���������VXU� OH� IVDY��/HV�PRGLILFDWLRQV�DSSRUWpHV�RQW�pWp�LQWURGXLWHV�FKH]�OH�IDEULFDQW�FDU�HOOHV�pWDLHQW�SHX�FR�WHXVHV�HW�HQJHQGUDLHQW�GHV�JDLQV�LPSRUWDQWV�>�@�
/HV�GLIIpUHQWV�JURXSHV�GH�WUDYDLO�GH�OD�WkFKH����RQW�PDQLIHVWp�XQ�JUDQG�LQWpUrW�TXDQW�DX[�UpVXOWDWV�IRXUQLV�SDU�OD�FRPPDQGH�DYDQFpH�



���� 6\VWqPH�LGpDO
¬�OD�ILQ�G¶XQH�WHOOH�WkFKH��FKDFXQ�VRXKDLWH�GLUH�TXHO�HVW�RX�TXHO�VHUDLW�OH�V\VWqPH�VRODLUH�FRPELQp�LGpDO��DYHF�XQ�IVDY WUqV�pOHYp���DSSHOp�©GUHDP�V\VWHPª��/H�6RODU�HQHUJ\�UHVHDUFK�FHQWHU�6(5&�GH�%RUOlQJH�HQ�6XqGH�HW�/¶(,9'�RQW� pWp� PDQGDWpV� SRXU� pWXGLHU� XQH� WHOOH� LQVWDOODWLRQ�� 1RXV� DYRQV� GRQF� UDVVHPEOp� OHV� SRLQWV� IRUWV� GH� FKDTXH�V\VWqPH� VLPXOp� GDQV� OH� FDGUH� GH� OD� WkFKH� ���� $SUqV� DYRLU� FRUUpOp� HW� RSWLPLVp� OHV� GLIIpUHQWV� SDUDPqWUHV�� QRXV�VRPPHV�DUULYpV�j�XQ�IVDY  ���� ��SRXU�XQH�LQVWDOODWLRQ�DYHF�FKDXGLqUH�j�JD]�H[WHUQH��ILJXUH�����&HWWH�YDOHXU�GH�IVDY HVW�GRQQpH�SRXU�OHV�FRQGLWLRQV�PHQWLRQQpHV j�OD�6HFWLRQ�����

)LJXUHV����VFKpPD�G¶XQ�©GUHDP�V\VWHPª�DYHF�FKDXGLqUH�H[WHUQH
���� eQHUJLH�JULVH
/D�FRPSDUDLVRQ�HW� O¶RSWLPLVDWLRQ�GHV�GLIIpUHQWV�V\VWqPHV�VRODLUHV�FRPELQpV��GX�SRLQW�GH�YXH�GH� OHXU�HIILFDFLWp��pWDLHQW�VDQV�QXO�GRXWH�O¶XQ�GHV�REMHFWLIV�SULQFLSDX[�GH�FHWWH�WkFKH����

)LJXUH����FRPSDUDLVRQ�GHV�GLIIpUHQWV�V\VWqPHV�VRODLUHV�FRPELQpV�����$USqJH�GH�$JHQD�
,O� QRXV� HVW� SDUX� HVVHQWLHO� GH� FRPSDUHU� pJDOHPHQW� OH� SRLGV� HW� O¶pQHUJLH� JULVH� GH� FKDTXH� LQVWDOODWLRQ�� 'DQV� FH�GRPDLQH�� OH� V\VWqPH� $USqJH� HVW� WUqV� ORXUG� HW� SRVVqGH� XQH� pQHUJLH� JULVH� WUqV� pOHYpH� SDU� UDSSRUW� DX[� DXWUHV�V\VWqPHV��&HV�GLIIpUHQFHV� LPSRUWDQWHV� VRQW�GXHV�G¶XQH�SDUW� DX[�FDSWHXUV� �OH�FDSWHXU�$]XU�G¶$JHQD�SRVVqGH�XQ�



FDGUH�HQ�DOXPLQLXP�SRXU�FKDTXH�� P� HW�XQ�DEVRUEHXU�FRPSRVp�GH�GHX[ IHXLOOHV�G¶DFLHU�LQR[��HW�pJDOHPHQW�j�XQH�PDVVH� LPSRUWDQWH�G¶DFLHU� SRXU� OD� SURWHFWLRQ� GHV� FRQQH[LRQV� K\GUDXOLTXHV��GX�EU�OHXU�HW�GH� OD�SDUWLH� pOHFWULTXH��UpJXODWLRQ���(Q�UHYDQFKH��GH�SDU�FHV�ERQQHV�SHUIRUPDQFHV��ILJXUH�����OH�©WHPSV�GH�UHPERXUVHPHQW�pQHUJpWLTXHª�G
$USqJH�HVW�SOXV�FRXUW�TXH�FHOXL�GH�FHUWDLQV�V\VWqPHV�TXL�SUpVHQWHQW�XQH�PDVVH�HW�XQH�pQHUJLH�JULVH�SOXV�IDLEOHV�
�� &RQFOXVLRQV�HW�SHUVSHFWLYHV
/D� VWUDWpJLH� GH� FRPPDQGH� DYDQFpH� GpYHORSSpH� GDQV� OH� FDGUH� GH� FH� SURMHW� V
HVW� DYpUpH� WUqV� SHUIRUPDQWH��8QH�UpGXFWLRQ� GH� SOXV� GH� ��� SRXUFHQWV� GH� OD� FRQVRPPDWLRQ� GH� JD]� D� pWp� REVHUYpH� HQ� VLPXODWLRQ�� /D� YDOLGDWLRQ�H[SpULPHQWDOH�GH�FHV�UpVXOWDWV�HVW�HQ�FRXUV��'H�SOXV��OH�QLYHDX�GH�FRQIRUW�REVHUYp�HVW�H[FHOOHQW��
/¶LPSODQWDWLRQ� G¶XQH� FRPPDQGH� DYDQFpH� LQFOXDQW� XQH� SURFpGXUH� DXWRPDWLTXH� G¶HVWLPDWLRQ� GX� PRGqOH� GX�EkWLPHQW� VXU�GX�PDWpULHO� LQGXVWULHO�JpQpULTXH�GH�FRQWU{OH�GH�SURFHVVXV�D�FRQVWLWXp�HQ������ O¶XOWLPH�pWDSH�SRXU�O¶LQGXVWULDOLVDWLRQ��6RQ�H[SORLWDWLRQ�QH�VH�OLPLWH�G¶DLOOHXUV�SDV�DX[�LQVWDOODWLRQV�VRODLUHV��/D�VWUDWpJLH�GpYHORSSpH�HVW�G¶DLOOHXUV�HQ�SDVVH�G
rWUH�WHVWpH�HW�GpSOR\pH�VXU�GHV�EkWLPHQWV�SXEOLFV�GRQW�OD�JHVWLRQ�GX�FKDXIIDJH�HW�GH�O
HDX�FKDXGH�VDQLWDLUH�HVW�DVVXUpH�SDU�OHV�VHUYLFHV�LQGXVWULHOV�GH�OD�YLOOH�GH�/DXVDQQH�
/D�WkFKH����VH�WHUPLQH�ILQ�������DYHF�OD�SXEOLFDWLRQ�G¶XQH�EURFKXUH�DSSHOpH�©+DQG�ERRNª�TXL�FRQWLHQGUD�WRXWHV�OHV� FDUDFWpULVWLTXHV� HW� OHV� SHUIRUPDQFHV� GH� FKDTXH� LQVWDOODWLRQ� WHVWpH�� /H� V\VWqPH� FRPELQp�$USqJH� VH� VLWXH� HQ�WURLVLqPH�SRVLWLRQ�SDUPL�OHV�V\VWqPHV�FRPSDUpV�GDQV�OH�FDGUH�GH�OD�WkFKH����
/¶RSWLPLVDWLRQ�GDQV�OH�FDGUH�GH�FH�SURMHW�D�SHUPLV�DX�V\VWqPH�VRODLUH�FRPELQp�$USqJH�GH�VH�VLWXHU�GDQV�OD�SDUWLH�VXSpULHXUH�GHV�SHUIRUPDQFHV��'H�SOXV�� OHV�VLPXODWLRQV�G¶XQ�V\VWqPH�©LGpDOª� RXYUHQW�GHV�YRLHV�j�H[SORLWHU�SRXU�OHV�SURFKDLQV�GpYHORSSHPHQWV�G¶LQVWDOODWLRQV�VRODLUHV�FRPELQpHV�
�� 3XEOLFDWLRQV
>�@ 2�� 5HQRXOW�� -�� %RQ\� HW� 3�� 'LQG�� 5pVXOWDW� G¶XQH� FDPSDJQH� GH� PHVXUHV� LQ� VLWX� G¶XQH� LQVWDOODWLRQ� VRODLUH�FRPELQpH�� 5DSSRUW� LQWHUQH�� ODERUDWRLUH� G
pQHUJpWLTXH� VRODLUH� HW� GH� SK\VLTXH� GX� EkWLPHQW� (,9'�+(662��$R�W������>�@ $��*KHUEL��2��5HQRXOW�HW�-��%RQ\��2SWLPLVDWLRQ�G¶LQVWDOODWLRQ�VRODLUHV�WKHUPLTXHV�FRPELQpHV��5DSSRUW�ILQDO�j�O
DWWHQWLRQ�GH�O
2IILFH�)pGpUDO�GH�O
(QHUJLH� /DERUDWRLUH�G¶DXWRPDWLTXH��(3)/��'pFHPEUH������>�@ 0��%DXHU��0RGpOLVDWLRQ� G¶XQ� EkWLPHQW� SRXU� XQ� V\VWqPH� VRODLUH� FRPELQp��5DSSRUW� GH� V\QWKqVH��(VWLD VjUO��36(�%�3DUF�VFLHQWLILTXH�GH�O¶(3)/��&+������/DXVDQQH��1RYHPEUH������>�@ -��%RQ\��ePXODWHXU�GH�FDSWHXUV�VRODLUHV��5DSSRUW�LQWHUQH��ODERUDWRLUH�G
pQHUJpWLTXH�VRODLUH�HW�GH�SK\VLTXH�GX�EkWLPHQW��(,9'�+(662��1RYHPEUH������
>�@ 7��3UXG
KRPPH�HW�'��*LOOHW��&RPPDQGH�RSWLPDOH�GH�V\VWqPHV�VRODLUHV�FRPELQpV��5DSSRUW�ILQDO�j�O
DWWHQWLRQ�GH�O
2IILFH�)pGpUDO�GH�O
(QHUJLH��/DERUDWRLUH�G
DXWRPDWLTXH��(3)/��'pFHPEUH������
>�@ 7�� 3UXG
KRPPH� HW�'��*LOOHW��2SWLPLVDWLRQ� RI� 6RODU�'RPHVWLF�+RW�:DWHU� 6\VWHPV�� (XUR6XQ
���� YROXPH����3RUWRUR]��6ORYHQLD�������
>�@ 7�� 3UXG
KRPPH� HW� '�� *LOOHW�� $GYDQFHG� &RQWURO� 6WUDWHJ\� RI� 6RODU� 'RPHVWLF� +RW� :DWHU� 6\VWHPV� ZLWK� D�6HJPHQWHG�$X[LOLDU\�+HDWHU��(QHUJ\�DQG�%XLOGLQJ����������������������
>�@ 7��3UXG
KRPPH�HW�'��*LOOHW��6XSHUYLVLRQ� DXWRPDWLTXH� G
LQVWDOODWLRQV� VRODLUHV� WKHUPLTXHV��3UHPLqUH�SDUWLH�FRQVDFUpH� DX[� NLWV� VRODLUHV� GH� SURGXFWLRQ� G
HDX� FKDXGH� VDQLWDLUH�� 5DSSRUW� ILQDO� j� O
DWWHQWLRQ� GH� O
2IILFH�)pGpUDO�GH�O
(QHUJLH��/DERUDWRLUH�G
DXWRPDWLTXH��(3)/��)pYULHU������
>�@ 7K��3LWWHW��-��%RQ\��2��5HQRXOW��3K��'LQG��0HDVXUHPHQW�RI�D�VRODU�FRPELV\VWHP�LQ�VLWX��(XURVXQ�������,6(6�(XURSH�VRODU�FRQJUHVV��%RORJQD��pG��,6(6�,7$/,$��5RPD�������


