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$YHF�OH�FR�W�pOHYp�GH�O
pOHFWULFLWp��OHV�FHQWUDOHV�pOHFWULTXHV�QH�VRQW�SOXV�UHQWDEOHV�
HW� OHV�pQHUJLHV� UHQRXYHODEOHV�GHYLHQQHQW�XQ�GRPDLQH�G
pWXGH�SULYLOpJLp��&HOD�
MXVWLILH� TX
DX� 6pQpJDO�� RQ� FRQVWDWH� GH� SOXV� HQ� SOXV� OD� FUpDWLRQ� GH� FHQWUDOHV�
SKRWRYROWDwTXHV� HW� GH� SHWLWHV� LQVWDOODWLRQV� GRPHVWLTXHV� DILQ� GH� VDWLVIDLUH� OHV�
EHVRLQV�HQ�pOHFWULFLWp��&HSHQGDQW��QRXV�FRQVWDWRQV�XQH� OLPLWDWLRQ�GHV� WHUUDLQV�
SRXU�UpSRQGUH�j�QRV�EHVRLQV�SRXU�O
LQVWDOODWLRQ�GH�FHV�FHQWUDOHV�VRODLUHV�39��/D�
TXHVWLRQ� HVW� GH� YRLU� DYHF� OH� SHX� G
HVSDFH� GRQW� QRXV� GLVSRVRQV� FRPPHQW�
RSWLPLVHU� DX� PD[LPXP� OD� TXDQWLWp� G
pQHUJLH� SRXU� UpSRQGUH� j� OD� GHPDQGH� "�
&RPPH�O
LQFOLQDLVRQ�GHV�SDQQHDX[�SKRWRYROWDwTXHV�HVW�VRXYHQW�IL[H�HW�TXH�FHOD�
QH�GRQQH�SDV� WRXMRXUV� XQH� pQHUJLH�RSWLPDOH�� QRXV� DYRQV�SHQVp� DX[� VXLYHXUV�
VRODLUHV��/
REMHFWLI�GH�FH�WUDYDLO�HVW�GH�FRPSDUHU�OD�SXLVVDQFH�GH�VRUWLH�GHV�GHX[�
SDQQHDX[�39��DYHF� OHV�PrPHV�FDUDFWpULVWLTXHV�HW�GDQV� OHV�PrPHV�FRQGLWLRQV�
HQYLURQQHPHQWDOHV�� 3RXU� FH� IDLUH�� QRXV� SURFpGRQV� HQ� FDOFXODQW� OD� SXLVVDQFH�
PD[LPDOH�GLVSRQLEOH�j�OD�VRUWLH�G
XQ�SDQQHDX�SKRWRYROWDwTXH��&HOD�FRQVLVWH�j�
UHFKHUFKHU� OHV� PRGqOHV� PDWKpPDWLTXHV� TXL� SHUPHWWHQW� GH� FDOFXOHU� FHWWH�
SXLVVDQFH��3RXU�FKRLVLU�OH�PRGqOH�OH�SOXV�SURFKH�GH�OD�SXLVVDQFH�FDUDFWpULVWLTXH�
GRQQpH�SDU�OH�IDEULFDQW�GX�SDQQHDX�39�GDQV�OHV�FRQGLWLRQV�GH�WHVW��QRXV�DYRQV�
pFULW� XQ� SURJUDPPH� VRXV� O
HQYLURQQHPHQW� 0DWODE�� OHV� UpVXOWDWV� GH� FH� VFULSW�
GLVWLQJXHQW� FH� PRGqOH�� /HV� FDUDFWpULVWLTXHV� GX� SDQQHDX� 39� FKRLVL� VRQW�
DSSOLTXpHV� GDQV� FKDTXH� FDV� G
LQVWDOODWLRQ� SKRWRYROWDwTXH�� &HV� UpVXOWDWV� RQW�
PRQWUp�TXH�OD�SURGXFWLRQ�GX�SDQQHDX�39�PRELOH�HVW�SOXV�LPSRUWDQWH�TXH�FHOOH�
GX� SDQQHDX� 39� IL[H�� 1RXV� DYRQV� FRQVWDWp� TXH� OD� SXLVVDQFH� pOHFWULTXH� GX�
SDQQHDX�39�PRELOH�SURGXLW�SOXV�GH����j�����VXSpULHXUH�j�FHOOH�GX�SDQQHDX�39�
IL[H�VHORQ�OH�MRXU�GX�PRLV�FRQVLGpUp��
$%675$&7�
:LWK� WKH� KLJK� FRVW� RI� HOHFWULFLW\�� SRZHU� SODQW� DUH� QR� ORQJHU� SURILWDEOH� DQG�
UHQHZDEOH�HQHUJLHV�DUH�EHFRPLQJ�D�SUHIHUUHG�ILHOG�RI�VWXG\��7KLV�MXVWLILHV�WKDW�
LQ�6HQHJDO��ZH�QRWLFH�PRUH�DQG�PRUH�WKH�FUHDWLRQ�RI�SKRWRYROWDLF�SRZHU�SODQWV�
DQG�VPDOO�GRPHVWLF�LQVWDOODWLRQV�LQ�RUGHU�WR�VDWLVI\�HOHFWULFLW\�QHHGV��+RZHYHU��
ZH�DUH�VHHLQJ�D�OLPLWDWLRQ�RI�ODQG�WR�PHHW�RXU�QHHGV�IRU�WKH�LQVWDOODWLRQ�RI�WKHVH�
VRODU�SRZHU�SODQWV��7KH�TXHVWLRQ�LV�WR�VHH�ZLWK�WKH�OLWWOH�VSDFH�ZH�KDYH�KRZ�WR�
RSWLPL]H� WKH� PD[LPXP� DPRXQW� RI� HQHUJ\� WR� PHHW� WKH� GHPDQG"� 6LQFH� WKH�
LQFOLQDWLRQ�RI�WKH�39�SDQHOV�LV�RIWHQ�IL[HG�DQG�WKLV�GRHV�QRW�DOZD\V�JLYH�RSWLPDO�
HQHUJ\��ZH�WKRXJKW�RI�VRODU�WUDFNHUV��7KH�REMHFWLYH�RI�WKLV�ZRUN�LV�WR�FRPSDUH�
WKH�SRZHU�RXWSXW�RI�WKH�WZR�39�SDQHOV��ZLWK�WKH�VDPH�FKDUDFWHULVWLFV�DQG�XQGHU�
WKH�VDPH�HQYLURQPHQWDO�FRQGLWLRQV��7R�GR�WKLV��ZH�SURFHHG�E\�FDOFXODWLQJ�WKH�
PD[LPXP� SRZHU� DYDLODEOH� DW� WKH� RXWSXW� RI� D� SKRWRYROWDLF� 39� SDQHO�� 7KLV�
FRQVLVWV� RI� ORRNLQJ� IRU� PDWKHPDWLFDO� PRGHOV� WKDW� FDOFXODWH� WKLV� SRZHU�� 7R�
FKRRVH� WKH�PRGHO� FORVHVW� WR� WKH� FKDUDFWHULVWLF� SRZHU� JLYHQ� E\� WKH� 39�SDQHO�
PDQXIDFWXUHU�LQ�WKH�WHVW�FRQGLWLRQV��ZH�KDYH�ZULWWHQ�D�SURJUDP�XQGHU�WKH�0DWODE�
HQYLURQPHQW��WKH�UHVXOWV�RI�WKLV�VFULSW�GLVWLQJXLVK�WKLV�PRGHO��7KH�FKDUDFWHULVWLFV�
RI� WKH�FKRVHQ�39�SDQHO�DUH�DSSOLHG� LQ�HDFK�FDVH�RI�SKRWRYROWDLF� LQVWDOODWLRQ��
7KHVH� UHVXOWV� VKRZHG� WKDW� WKH� SURGXFWLRQ� RI� WKH� PRELOH� 39� SDQHO� LV� PRUH�
LPSRUWDQW�WKDQ�WKDW�RI�WKH�IL[HG�39�SDQHO��:H�IRXQG�WKDW�WKH�SRZHU�RXWSXW�RI�
WKH�PRELOH�39�SDQHO�SURGXFHV�PRUH�WKDQ����WR�����KLJKHU�WKDQ�WKDW�RI�WKH�IL[HG�
39�SDQHO�GHSHQGLQJ�RQ�WKH�GD\�RI�WKH�PRQWK�FRQVLGHUHG��
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(QHUJ\�LV�DQ�LQGLVSHQVDEOH�IDFWRU�LQ�OLIH��:H�FDQ�PHQWLRQ�
IRVVLO�IXHOV�DQG�UHQHZDEOH�HQHUJLHV��%XW�ZLWKRXW�GRXEW�ZH�
QRWH�FRQVWUDLQWV�UHODWHG�WR�IRVVLO�HQHUJLHV��7KXV��WKH�PDLQ�
LPSDFWV�RQ� WKH�HQYLURQPHQW�GXH� WR�RXU�FRQVXPSWLRQ�RI�
IRVVLO� IXHOV� LQFUHDVH� ORFDO� SROOXWLRQ�� ZKLFK� OHDGV� WR� D�
JOREDO� GLVWXUEDQFH� RI� DWPRVSKHULF� SKHQRPHQD� DQG� DQ�
LQFUHDVH� LQ� ZDVWH�� HVSHFLDOO\� QXFOHDU� ZDVWH� �%LGDUW� DQG�
'XERLV��������,Q�DGGLWLRQ��ZLWK�WKH�GHSOHWLRQ�RI�IRVVLO�IXHO�
UHVHUYHV�� HFRQRPLF� FULVHV� GXH� WR� VRDULQJ� RLO� SULFHV��
DFFLGHQWV� DW� QXFOHDU� SRZHU� SODQWV� VXFK� DV� 7KUHH� 0LOH�
,VODQG� �86$�� ������ RU� &KHUQRE\O� �8665�� ������� WKH�
JHQHUDO�SXEOLF
V�LQWHUHVW�LQ�UHQHZDEOH�HQHUJLHV�LV�JURZLQJ�
�*XH\H� HW� DO�� �������+RZHYHU�� SKRWRYROWDLF� HQHUJ\� KDV�
VKRZQ� D� JURZLQJ� LQWHUHVW� LQ� WKH� ODVW� WHQ� \HDUV�� XQOLNH�
IRVVLO�IXHOV��1GLD\H�HW�DO����������

�7KLV�PDNHV� SKRWRYROWDLF� VRODU� HQHUJ\� RQH� RI� WKH�PRVW�
SURPLVLQJ�W\SHV�RI�UHQHZDEOH�HQHUJLHV��$LGDUD��1GLD\H��
DQG�1NRXQJD���������,W�LV�LQ�WKLV�FRQWH[W�WKDW�6HQHJDO�KDV�
HPEDUNHG�RQ�WKLV�UDFH�IRU�SKRWRYROWDLF�VRODU�SRZHU�SODQWV��
7KHVH�VRODU�SRZHU�SODQWV�DUH�RIWHQ�ZLWK�IL[HG�RULHQWDWLRQ��
7KXV�� ZH� QRWH� FRQVWUDLQWV� UHODWHG� WR� WKHVH� W\SHV� RI�
LQVWDOODWLRQV�� QDPHO\� RQ� WKH� SURGXFWLRQ� ZKLFK� LV� QRW�
RSWLPDO�DQG�RQ� WKH� ODQG�VSDFH�ZKLFK� LV� WRR� OLPLWHG�� IRU�
H[DPSOH�LQ�WKH�'DNDU�UHJLRQ��7KLV�OHDGV�XV�WR�ZRQGHU�ZLWK�
WKH� OLPLWHG� VSDFH� DYDLODEOH�KRZ� WR�RSWLPL]H� WKH� HQHUJ\�
SURGXFWLRQ�RI� WKH�SKRWRYROWDLF� ILHOG��7R�GR� VR��ZH�ZLOO�
FRPSDUH� WKH�SRZHU�RXWSXW�RI�D�VRODU� WUDFNLQJ�39�SDQHO�
ZLWK�DQRWKHU�39�SDQHO�ZLWK�IL[HG�RULHQWDWLRQ��7KDW�LV�WR�
VD\��ZKDW�ZLOO�EH�WKH�YDULDWLRQ�RI�WKH�SRZHU�RXWSXW�RI�WKH�
PRELOH� 39� SDQHO� FRPSDUHG� WR� WKH� IL[HG� SDQHO"� 3DUW� ��
GHVFULEHV�WKH�HTXLSPHQW�DQG�PHWKRGV��3DUW���SUHVHQWV�WKH�
UHVXOWV�DQG�GLVFXVVLRQ�DQG�3DUW���FRQFOXGHV�WKLV�ZRUN��

,,��0$7(5,$/6�$1'�0(7+2'6�

6HYHUDO� PDWKHPDWLFDO� PRGHOV� DOORZ� WR� FDOFXODWH� WKH�
SRZHU� DYDLODEOH� DW� WKH� RXWSXW� RI� WKH� WHUPLQDO� RI� D�
SKRWRYROWDLF�SDQHO��+RZHYHU��ZH�ZLOO�XVH�IRXU�PRGHOV�WR�
FRPSDUH� WKHLU� UHVXOWV� ZLWK� WKH� UHIHUHQFH� SRZHU� RI� WKH�
SDQHO�JLYHQ�E\�WKH�39�SDQHO�PDQXIDFWXUHU��

�����0RGHO���

7KLV�PRGHO�LV�JLYHQ�E\�WKH�HTXDWLRQ������&LVVH�DQG�1GLD\H�
�������

ଵܲ ൌ ൣ ௠ܸ௣ ൅ ௩ሺߤ ௖ܶ െ ଴ܶሻ൧ ൤�
ܩ
଴ܩ

ቀܫ௠௣

൅ ூሺߤ ௖ܶ െ ଴ܶሻቁ൨��ሺͳሻ�

:LWK��

ܸ ൌ ൣ ௠ܸ௣ ൅ ௩ሺߤ ௖ܶ െ ଴ܶሻ൧��������ሺʹሻ�

ܫ ൌ
ܩ
଴ܩ

ቀܫ௠௣ ൅ ூሺߤ ௖ܶ െ ଴ܶሻቁ���ሺ͵ሻ�

௖ܶ ൌ ௔ܶ ൅
ܩ
ͺͲͲ

ሺ ௡ܶ௢௖௧ െ ʹͲሻ����ሺͶሻ�

௠ܸ௣ �� 9ROWDJH� DW� WKH� PD[LPXP� SRZHU� SRLQW�� DW� WKH�
UHIHUHQFH�WHPSHUDWXUH��9���

��௠௣ܫ�&XUUHQW�DW�PD[LPXP�SRZHU�SRLQW��DW�WKH�UHIHUHQFH�
WHPSHUDWXUH��$��
9��9ROWDJH�DW�WKH�SRLQW�RI�PD[LPXP�SRZHU��DW�RSHUDWLQJ�
WHPSHUDWXUH��9��
,�� &XUUHQW� DW� PD[LPXP� SRZHU� SRLQW�� DW� RSHUDWLQJ�
WHPSHUDWXUH��$��

௖ܶ��2SHUDWLQJ�WHPSHUDWXUH�RI�WKH�FHOO���&��

଴ܶ��5HIHUHQFH�WHPSHUDWXUH���&��

௡ܶ௢௖௧��1RPLQDO�RSHUDWLQJ�WHPSHUDWXUH�RI�WKH�FHOO���&��

௔ܶ��$PELHQW�WHPSHUDWXUH���&��
�7��௩ߤHPSHUDWXUH�FRHIILFLHQW�RI� WKH�RSHQ�FLUFXLW�YROWDJH�
���ଵିܥ��9�
ூߤ �� 7HPSHUDWXUH� FRHIILFLHQW� RI� WKH� VKRUW�FLUFXLW� FXUUHQW�
���ଵିܥ��$�
�5��଴ܩHIHUHQFH�VRODU�UDGLDWLRQ��:�݉ିଶ���
*��6RODU�UDGLDWLRQ�RI�RSHUDWLRQ��:�݉ିଶ���

�����0RGHO���

,Q�WKH�����V��-RQHV�DQG�8QGHUZRRG�SURSRVHG�WKLV�PRGHO�
WR� FDOFXODWH� WKH�PD[LPXP� HOHFWULFDO� SRZHU� DYDLODEOH� DW�
WKH� RXWSXW� WHUPLQDO� RI� D� SKRWRYROWDLF� FROOHFWRU� �+HODOL�
�������

ଶܲ ൌ ܨܨ ൬ܫ௖௖ ൈ
ܩ
଴ܩ
൰ ൈ ቆ ௖ܸ௢ ൈ

݈݊ሺܭଵܩሻ
݈݊ሺܭଵܩ଴ሻ

ൈ ଴ܶ

௖ܶ
ቇ���ሺͷሻ�

))�LV�WKH�IRUP�IDFWRU�DQG�LV�FDOFXODWHG�E\�HTXDWLRQ������

ܨܨ ൌ ௠ܸ௣ܫ௠௣

௖ܸ௢ܫ௖௖
���ሺ͸ሻ�

7KH�FRQVWDQWܭ�ଵ�LV��

ଵܭ ൌ
௖௖ܫ
଴ܩ

����ሺ͹ሻ�

:LWK���

௖ܸ௢���7KH�RSHQ�FLUFXLW�YROWDJH��9��

�7��௖௖ܫKH�VKRUW�FLUFXLW�FXUUHQW��$��

�����0RGHO���

7KLV� PRGHO� LV� FDOFXODWHG� E\� HTXDWLRQ� ����� ,W� ZDV�
GHYHORSHG� DQG� H[SHULPHQWDOO\� YDOLGDWHG� E\� /X� /LQ� LQ�
������%HOKDGM�HW�DO����������

ଷܲ ൌ ሺܽ ൈ ܩ ൅ ܾሻ ൈ ௖ܶ ൅ ܿ ൈ ܩ ൅ ݀���ሺͺሻ�

ܽ ���������ܾ ��������ܿ ��������݀ �������

�����0RGHO���

7KH�SRZHU�SURGXFHG�E\�D�SKRWRYROWDLF�DUUD\�LV�HVWLPDWHG�
IURP� WKH� GDWD� RI� WKH� RYHUDOO� LUUDGLDWLRQ� RQ� DQ� LQFOLQHG�
SODQH�� WKH� DPELHQW� WHPSHUDWXUH� DQG� WKH� GDWD� RI� WKH�
PDQXIDFWXUHU�RI�WKH�SKRWRYROWDLF�PRGXOH�XVHG��'LDI�HW�DO��
������� �'RFWRUDOH� )UDQFRSKRQH� 6SHFLDOLWH� DQG� /D]DURY�
9ODGLPLU��������

ସܲ ൌ ௥௘௙ߟ ൈ ൤ͳ െ ߛ ൈ ሺ ஼ܶ െ ଴ܶሻ ൅ ߣ ൈ ݃݋݈ ൬
ܩ
଴ܩ
൰൨ ൈ ܰ

ൈ ܩ ൈ ܵ���������������������������������������������ሺͻሻ�
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�5��௥௘௙ߟHVLVWDQFH�HIILFLHQF\�RI�WKH�PRGXOHV�PDNLQJ�XS�WKH�
SKRWRYROWDLF� ILHOG� XQGHU� VWDQGDUG� FRQGLWLRQV� � ଴ܶ ���&��
���଴� ����:�݉ିଶܩ

�7��ߣKH�FRHIILFLHQW�RI�VRODU�LOOXPLQDWLRQ��LW�LV�HTXDO�WR������
IRU�D�PRQRFU\VWDOOLQH�VLOLFRQ�PRGXOH��

��ߛ� 7KH� FRHIILFLHQW� RI� WKH� WHPSHUDWXUH�� LW� LV� FRPSULVHG�
EHWZHHQ�������DQG��������

1��QXPEHU�RI�SKRWRYROWDLF�SDQHOV�

6��VXUIDFH�RI�WKH�SKRWRYROWDLF�PRGXOH�

�����&KRLFH�RI�PRGHO�

7R�PDNH�WKH�FKRLFH�RI�WKH�SRZHU�DYDLODEOH�DW�WKH�RXWSXW�
RI� WKH� 39� SDQHO� WHUPLQDO�� ZH� FRPSDUHG� WKH� SRZHUV�
DYDLODEOH�E\�HDFK�PRGHO�IRXQG�E\�UHIHUULQJ�WR�WKH�SRZHU�
RI�WKH�39�SDQHO�JLYHQ�E\�WKH�PDQXIDFWXUHU�DQG�WKLV�SRZHU�
LV�HTXDO�WR����:F��7R�GR�WKLV�ZRUN��WKH�FKDUDFWHULVWLFV�RI�
WKH� 39� SDQHO� DUH� JLYHQ�� WKHQ� ZH� ZURWH� D� FRPSXWHU�
SURJUDP�XQGHU�PDWODE�VFULSW��

a- PV Panel characteristics     

7KH� SKRWRYROWDLF� 39� SDQHO� XVHG� LV� WKH� 39�*8,'(Q5�
PRGHO�FRQVLVWLQJ�RI����PRQRFU\VWDOOLQH�FHOOV�FRQQHFWHG�
LQ�VHULHV��

Table 1. PV Panel characteristics 

௠ܲ௣��:F�� ����

�����௥௘௙ߟ �����

))� ������

௠ܸ௣��9�� �����

��$��௠௣ܫ �����

ܸǤ�௩ߤ ��ଵିܥ �������

Ǥܣ�ூߤ ��ଵିܥ ������

௢ܸ௖ ��9�� �����

௖௖ܫ ��$�� �����

6���݉ଶ�� �������

௡ܶ௢௖௧ ���&�� ���

�

b- Model parameters 

7R� REWDLQ� WKH� SRZHUV� FDOFXODWHG� XVLQJ� WKH� GLIIHUHQW�
PRGHOV�DQG�JLYHQ�LQ�7DEOH����ZH�ZURWH�D�SURJUDP�XQGHU�
PDWODE�ZKHQ�WKH�UDGLDWLRQ�YDULHV�DQG�WKH�WHPSHUDWXUH�RI�
WKH�FHOO�EHLQJ�NQRZQ�SDUDPHWHUV��:KHQ� WKH�UDGLDWLRQ� LV�
���:�݉ିଶ �� ZH� QRWH� WKH� SRZHU� FRUUHVSRQGLQJ� WR� HDFK�
PRGHO�ZKHQ�WKH�FHOO�WHPSHUDWXUH�LV�HTXDO�WR����.�����.��
DQG����.��7DEOH��� VKRZV� WKDW�PRGHO� �� LV� FORVHU� WR� WKH�
UHIHUHQFH�SRZHU�JLYHQ�E\�WKH�39�SDQHO�PDQXIDFWXUHU��6R��
PRGHO���LV�XVHG�LQ�WKH�UHVW�RI�WKH�VWXG\��

�

�

Tableau 2. Comparison of the power available in each model in 
relation to the power of the PV panel given by the manufacturer 

0D[LPXP� SRZHU� JLYHQ� E\� WKH� FRQVWUXFWRU� RI� WKH� 39�
SDQHO����:F�

&HOO�
WHPSHUDWXUH�
�.��

0D[LPXP� SRZHU� DYDLODEOH� IRU� HDFK�
PRGHO�LQ��:��

0RGHO�� 0RGHO�� 0RGHO�� 0RGHO��

���� ���� ������ ������ ������

���� ������ ������ ������ ������

���� ������ ���� ������ ������

�

�����*OREDO�UDGLDWLRQ�PRGHOLQJ�RQ�D�JLYHQ�SODQH�

7R� FDOFXODWH� WKH� JOREDO� UDGLDWLRQ�*�� ZH� XVH� WKH� PRGHO�
JLYHQ�E\��<DwFKH�DQG�%HNNRXFKH��������and (Moummi et 
al. 2006)��,WV�H[SUHVVLRQ�LV�JLYHQ�E\�HTXDWLRQ�������

௞ܩ ൌ ܵ௛ ൈ ܴ௞ ൅ ݀௛ ൈ ቆ
ͳ ൅ ௞ሻߚሺݏ݋ܿ

ʹ
ቇ ൅ ଴ߩ ൈ ሺܵ௛ ൅ ݀௛ሻ

ൈ ቆ
ͳ െ ௞ሻߚሺݏ݋ܿ

ʹ
ቇ��ሺͳͲሻ�

:LWK�

݀௛ǣ�7KH�LUUDGLDWLRQ�GLIIXVHV�RQ�D�KRUL]RQWDO�SODQH���ܹǤ݉ିଶ���

ܵ௛���'LUHFW�LUUDGLDWLRQ�RQ�D�KRUL]RQWDO�SODQH��ܹǤ݉ିଶ����
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*UHHQZLFK�PHULGLDQ���
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,,,��5(68/76�$1'�',6&866,21�

'XULQJ� WKH� GD\� RI� ����������� LQ� 'DNDU�� XQGHU� WKH�
ODWLWXGHV� RI� ������ 1�� ORQJLWXGH� ������ :� DQG� VRODU�
GHFOLQDWLRQ� �������ZLWK� D� VN\� RI� DYHUDJH� FODULW\� DQG� DQ�
DPELHQW�WHPSHUDWXUH�RI����&��

7KH�RUJDQL]DWLRQ�FKDUW�LV�SUHVHQWHG�LQ�ILJXUH����

��
Figure.1. Organizational chart 

�����5HVXOWV�REWDLQHG��

a- Power output curves for one day 

7KH� UHVXOWV� LQ� )LJXUH� �� VKRZ� WKH� SRZHU� RXWSXW� IRU� WKH�
PRELOH�39�SDQHO�DQG�IRU�WKH�IL[HG�39�SDQHO��

�

�
Figure.2. Comparison curve between the production power of 
the two systems during one day 

b- Average power curves produced per day for one 
month  

7KH�FXUYHV�LQ�ILJXUH���UHSUHVHQW�WKH�UHVXOWV�REWDLQHG�ZKHQ�
ERWK�V\VWHPV�DUH�LQ�RSHUDWLRQ�IRU�RQH�PRQWK��

�
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�
Figure.3. Average daily power produced by the two systems 
during one month 

�����'LVFXVVLRQ�

)LJXUHV� ����DQG����� VKRZV� WKDW� WKH�FXUYHV�HYROYH� LQ� WKH�
VDPH� ZD\�� )RU� ILJXUH� ����� ERWK� FXUYHV� HYROYH� LQ� DQ�
LQFUHDVLQJ�ZD\� IURP��K� WR���K� �7UXH�6RODU�7LPH��� DQG�
IURP���K�WR���K��ERWK�FXUYHV�HYROYH�LQ�D�GHFUHDVLQJ�ZD\��
)RU�ILJXUH�����WKH�HYROXWLRQ�RI�WKH�WZR�FXUYHV�LV�LGHQWLFDO�
EXW� QRW� XQLIRUP�� ZKLFK� DOORZV� XV� WR� VD\� WKDW� WKH� VRODU�
UDGLDWLRQ� LV�QRW�FRQVWDQW�� LW�YDULHV�DFFRUGLQJ� WR� WKH�GD\��
$FFRUGLQJ�WR�ILJXUH���ZH�FDQ�XQGHUVWDQG�WKDW�WKH�PRUH�WKH�
GD\�DGYDQFHV�WKH�PRUH�WKH�SRZHU�RXWSXW�RI�WKH�WZR�39�
SDQHOV�LV�LPSRUWDQW�XQWLO�VRODU�QRRQ��EXW�DIWHU�VRODU�QRRQ�
WKH�SURGXFWLRQ�GHFUHDVHV�DJDLQ��6R�ZKDW�DOORZV�WR�VD\�WKDW�
WKH� PD[LPXP� SURGXFWLRQ� RI� WKH� 39� SDQHOV� GHSHQGV�
VWURQJO\� RQ� WKH� SRVLWLRQ� RI� WKH� VXQ� RI� WKH� VXQ"� 7KH�
REVHUYDWLRQ�PDGH�RQ�WKH�WZR�ILJXUHV�VKRZV�WKDW�WKH�SRZHU�
RXWSXW�RI�WKH�PRELOH�39�SDQHO�LV�PRUH�LPSRUWDQW�WKDQ�WKDW�
RI� WKH� IL[HG�39�SDQHO��7KHQ� WKLV� LV� MXVWLILHG�E\� WKH� IDFW�
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7KLV�ZRUN� LV� VR� LPSRUWDQW� WKDW� WKH� UHVXOWV� RI� ILJXUH� ����
REWDLQHG�GXULQJ�WKH�GD\�UHYHDO�WKDW�WKH�XVH�RI�PRELOH�39�
SDQHO� LPSURYHV� WKH�SRZHU�RXWSXW� RI� WKH� IL[HG�SDQHO� E\�
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DQ�DYHUDJH�SHUFHQWDJH�RI�����GXULQJ�WKH�GD\��7KH�UHVXOWV�
RI�ILJXUH�����REWDLQHG�GXULQJ�WKH�PRQWK�VKRZ�WKDW�WKH�XVH�
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7KH�UHVXOWV�RI�WKLV�ZRUN�DUH�YHU\�LPSRUWDQW�DQG�DOORZ�XV�
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,Q�VXPPDU\��WKH�PRELOH�39�SDQHO�DOORZV�WR�RSWLPL]H�WKH�
SURGXFWLRQ�RI�SRZHU�IURP�����WR�����FRPSDUHG�WR�WKH�
IL[HG� 39� SDQHO�� ,Q� WKLV� VWXG\� WKH� PHWKRG� XVHG� LV� WKH�
WKHRUHWLFDO� PHWKRG� WKDW� FRQVLVWV� LQ� ORRNLQJ� IRU�
PDWKHPDWLFDO� PRGHOV� DQG� FKRRVLQJ� RQH� PRGHO� WR� EH�
DSSOLHG� WR� HDFK� 39� SDQHO�� 7KLV� FKRLFH� LV� EDVHG� RQ� WKH�
SRZHU�RXWSXW��,Q�WKLV�ZRUN�ZH�UHFRJQL]H�ZKDW�LV�QRW�\HW�
GRQH��WKDW�LV�WR�VD\��WKH�H[SHULPHQWDO�VWXG\�WR�ILQDOO\�EH�

DEOH� WR� VHH�RU� FRPSDUH� H[SHULHQFH� DQG� WKHRU\��6R� DIWHU�
REWDLQLQJ�WKHVH�UHVXOWV�ZH�DUH�LQWHUHVWHG�LQ�NQRZLQJ�WKH�
PD[LPXP� VWHS� RI� YDULDWLRQ�ZKHQ� WKH�PRELOH� 39� SDQHO�
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5HIHUHQFHV�

$LGDUD��0RKDPHG�&KHULI��0DPDGRX�/DPLQH�1GLD\H��
DQG�:LOO\�0DJORLUH�1NRXQJD��������³&RUUHODWLRQ�
EHWZHHQ�GLUW�RQ�WKH�SKRWRYROWDLF�PRGXOH�VXUIDFH�DQG�
FOLPDWLF�SDUDPHWHUV�LQ�WKH�'DNDU�UHJLRQ��6HQHJDO�´�3S��
���±���LQ�������WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
5HQHZDEOH�(QHUJ\�5HVHDUFK�DQG�$SSOLFDWLRQV�
�,&5(5$���,(((��5HWULHYHG�1RYHPEHU����������
�KWWSV���LHHH[SORUH�LHHH�RUJ�GRFXPHQW������������

%HFNHUV��%HQRLW�DQG�3LHUUH��%HFNHUV��������&RPPHQW�
FDOFXOHU�OD�GpFOLQDLVRQ�GX�VROHLO��5HWULHYHG�1RYHPEHU�
�������� 
KWWS���ZZZ�KHOLRGRQ�QHW�GRZQORDGV�%HFNHUVB����B+H
OLRB���BIU�SGI��

%HOKDGM��0��HW�DO��������(VWLPDWLRQ�GH�OD�SXLVVDQFH�
PD[LPDOH�SURGXLWH�SDU�XQ�JpQpUDWHXU�SKRWRYROWDwTXH��

KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B(V
WLPDWLRQBGHBODBSXLVVDQFHBPD[LPDOHBSURGXLWHBSDUBXQ
BJHQHUDWHXUBSKRWRYROWDLTXH�

%LGDUW��$��DQG�/��'XERLV��������³/HV�pQHUJLHV�IRVVLOHV�HW�
UHQRXYHODEOHV�´�5HWULHYHG�6HSWHPEHU���������
�KWWS���SH��HYUHX[�IUHH�IU�ILFKLHUV�IRQGDWLRQBSRODLUH�P
HGLDV�SGIV�GRVVLHU��SGI���

&LVVH��2XPDU�HW�DO����������:DWHU�DQG�(QHUJ\�
0DQDJHPHQW�EDVHG�RQ�)X]]\�/RJLF�DQG�/LQHDU�
3URJUDPPLQJ�IRU�D�3KRWRYROWDLF��:LQG�%DWWHU\�
3XPSLQJ�6\VWHP�LQ�5XUDO�(QYLURQPHQW����WK�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5HQHZDEOH�(QHUJ\�
5HVHDUFK�DQG�$SSOLFDWLRQV��,&5(5$���SS�����������
'2,����������,&5(5$��������������

'LDI��6DLG�HW�DO��������³$�PHWKRGRORJ\�IRU�RSWLPDO�
VL]LQJ�RI�DXWRQRPRXV�K\EULG�39���ZLQG�V\VWHP´�
(QHUJ\�SROLF\���������±������

/XGPLO�6WR\DQRY��eWXGH�GH�GLIIpUHQWHV�VWUXFWXUHV�GH�
V\VWqPHV�K\EULGHV�j�VRXUFHV�G¶pQHUJLH�UHQRXYHODEOHV��
eQHUJLH�pOHFWULTXH��8QLYHUVLWp�3DVFDO�3DROL��������
)UDQoDLV��WHO�����������5HWULHYHG�6HSWHPEHU���������
�KWWSV���WHO�DUFKLYHV�RXYHUWHV�IU�WHO�������������

*8(<(��6DPED���������&RQFHSWLRQ�G¶XQ�UpJXODWHXU�
VRODLUH�DYHF�FRPPDQGH�0337���6FLHQFHV�$SSOLTXpHV�
HW�GH�O
,QJpQLHXU��>6�O�@��Y�����Q�����S�����������
5HWULHYHG�1RYHPEHU����������
KWWS���SXEOLFDWLRQ�OHFDPHV�RUJ�LQGH[�SKS�LQJ�DUWLFOH�YLH
Z�������

+HODOL��.��������³0RGHOLVDWLRQ�G¶XQH�&HOOXOH�
SKRWRYROWDLTXH��pWXGH�FRPSDUDWLYH�´�5HWULHYHG�
1RYHPEHU����������
�KWWSV���ZZZ�DFDGHPLD�HGX�GRZQORDG����������PHP
RLUH����SGI���



J. P. Soaphys, Vol 2, N°1 (2020) C20A01  Sène et al.,  
�

http://dx.doi.org/10.46411/jpsoaphys.2020.01.02   C20A02-6 © 2020 SOAPHYS 

0DEURXN��0RKDPHG�7DKDU��������³3URGXFWLRQ�RSWLPDOH�
G
pQHUJLH�SRXU�XQH�FRPPXQDXWp�j�SHWLWH�pFKHOOHௗ��
DSSOLFDWLRQ�j�O
RSWLPLVDWLRQ�G
XQH�FHQWUDOH�VRODLUH�
K\EULGH�SURGXLVDQW�pOHFWULFLWp�HW�FKDOHXU��+$/�,Gௗ��7HO�
����������

%RXMHQDQH��6DPLUD���������7UDFNHU�VRODLUH�j�GHX[�D[HV���
0pPRLUH�GH�0DVWHU��8QLYHUVLWp�6LGL�0RKDPHG�%HQ�
$EGHOODK�
KWWSV���ZZZ�PHPRLUHRQOLQH�FRP�������������PB7UDF
NHU�VRODLUH�D�GHX[�D[HV��KWPO�

0RXPPL��$�HW�DO��������(VWLPDWLRQ�GX�UD\RQQHPHQW�
VRODLUH�SDU�GHX[�DSSURFKHV�VHPL�HPSLULTXHV�GDQV�OH�
VLWH�GH�%LVNUD��5HWULHYHG�1RYHPEHU����������
KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ�����������

1GLD\H��0RXKDPDGRX�)DOLORX�HW�DO���������6KRUW�7HUP�
IRUHFDVWLQJ�IRU�VRODU�LUUDGLDWLRQ�EDVHG�RQ�WKH�PXOWL�
OD\HU�QHXUDO�QHWZRUN�ZLWK�WKH�OHYHQEHUJ�PDUTXDUGW�
DOJRULWKP�DQG�PHWHRURORJLFDO�GDWDௗ��DSSOLFDWLRQ�WR�WKH�
JDQGRQ�VLWH�LQ�6HQHJDO���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�5HQHZDEOH�(QHUJ\�5HVHDUFK�DQG�$SSOLFDWLRQV�
�,&5(5$���,6%1��������������������SS���������

5H]RXJ��0�U��DQG��=DDWUL��$���&DOFXO�GH�OD�GXUpH�

RSWLPDOH�G¶DFWLYLWp�G¶XQ�PRGXOH�SKRWRYROWDwTXH�HQ�
IRQFWLRQ�GH�O¶HQGURLW���5ɟYXɟ�GHV�(QHUJLHV�
5HQRXYHODEOHV��9RO�����1�����3S����������

6DUU��$��HW�DO��������³&RPSDUDWLYH�DSSURDFK�IRU�JOREDO�
VRODU�HVWLPDWLRQ�LQ�IRXU�W\SLFDO�VHQHJDOHVH�FOLPDWLF�
]RQHV�´�SS���±��LQ�������WK�LQWHUQDWLRQDO�FRQIHUHQFH�
RQ�UHQHZDEOH�HQHUJLHV�IRU�GHYHORSLQJ�FRXQWULHV��
5('(&�������,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLFV�
(QJLQHHUV�,QF��5HWULHYHG�1RYHPEHU����������
KWWSV���LHHH[SORUH�LHHH�RUJ�GRFXPHQW����������

<DwFKH��0��DQG�6��0��%HNNRXFKH��������³(VWLPDWLRQ�GX�
UD\RQQHPHQW�VRODLUH�JOREDO�HQ�DOJpULH�SRXU�GLIIpUHQWV�
W\SHV�GH�FLHO��5HYXH�GHV�HQHUJLHV�UHQRXYHODEOHV��9RO��
����1����3S������±������

=DDWUL��5��DQG�5H]RXJ�$��������³2SWLPLVDWLRQ�GX�
UHQGHPHQW�G
XQ�V\VWqPH�SKRWRYROWDwTXH�SDU�SRXUVXLWH�
GX�VROHLO�´�5HYXH�GHV�(QHUJLHV�5HQRXYHODEOHV�9RO�����
1��������±������

 

�



�

�


���������������������������������
�������������±�������������������������ǣ�


