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Abstract  

Renewable energy has been developed in recent years due to the limited sources of fossil fuels, their 

possibility of depletion, and related environmental issues. The main challenge of these types of systems 

is reaching the optimum size in order to have an affordable system based on storing solar and wind 

energy. In this paper, optimization of a solar-wind hybrid system is presented with a saving battery 

system for supplying a specific hourly load annually to minimize annual system expenses and the 

probability of loss of power supply probability (LPSP). Annual expenses of the system include initial 

investment, maintenance, and replacement costs. The purpose of optimization is to determine the 
numbers of solar panels, wind turbines, batteries, the height of the wind tower, and the angle of the solar 

panel toward solar radiation. For this issue, a new method named grasshopper optimization algorithm 

(GOA) is employed. Also, the effects of changes in inverter efficiency, load demand, and maximum 
probability of LPSP on system designing are evaluated. Simulation results show that the efficiency 

reduction, load increase, and increasing the load and maximum reliability in the system in the form of 

reducing of LPSP lead to an increase in annual energy costs of systems. Furthermore, the results indicate 

the superiority of the GOA method toward particle swarm optimization (PSO) in reaching better target 

function and less cost. 

 

Keywords: grasshopper optimization algorithm, optimization, loss of power supply probability, particle 

swarm optimization, solar-wind hybrid system 

 

Received: 1 August 2021 

Revised: 8 October 2021 

Accepted: 28 October 2021 

 

Corresponding Author: Dr. Hamid Ghadiri 

 
 

 

 

 
Citation: R. Jahanshahi Bavandpour, H. Ghadiri, H. Khodadadi, ”Optimal design of a hybrid solar–wind–

battery system using the grasshopper optimization algorithm for minimization of the loss of power supply 

probability”, Journal of Intelligent Procedures in Electrical Technology, vol. 13, no. 51, pp. 139-156, 

December 2022 (in Persian). 

http://jipet.iaun.ac.ir/


Çÿ½ Ăĉ¾Êý ówÅ *ç¾z ¢ÞþÍ ½¹ ºþúÉĀă ćwăā¹ÀĊÅ*  ā½wúÉ ÿ āw¬þ~ìĉ*  ÀĊĉw~,/+,* ,01(,.4 

$,.4# 

 

ĂþĊĄzć¹wz ºĉ¾{Ċă ø¤ÆĊÅ ć¿wÅ( ćºĊÉ½Ā·( ć¾£wz  ½¹ wz Ăî{É ¿v vº«

 ¢Ċözwé ü¤å¾ñ ¾ÚýĂþĊĄz ø¤ĉ½Āòõv ¿v ā¹wæ¤Åv wz ûwþĊúÕv¶öù ć¿wÅ 

 

Ā~ºýÿwz ĈăwÊýwĄ« ëwýÿ½½, IĈÅwþÉ½wíºÉ½vć¾ĉºé ºĊú³ I-ć¹v¹vº· ºùw³ I½wĉ¹w¤Åv I.½wĉ¹w¤Åv I 
 

,( ç¾z ĈÅºþĄù āºîÊýv¹( ûv¾ĉv IüĉÿÀé IûĀþæõv½v¹ ĈõwÝ Ç¿Āùj ĂÆÅĀù 

-( ìĊýÿ¾£wîù ÿ ĈîÉÀ~ Iç¾z ĈÅºþĄù āºîÊýv¹I ûv¾ĉv IüĉÿÀé IĈùĒÅv ¹v¿j āwòÊýv¹ IüĉÿÀé º³vÿ 

.( ¾£ĀĊ ùwí ÿ ç¾z ĈÅºþĄù āºîÊýv¹(  ûv¾ĉv IûwĄæÍv I¾ĄÉ ĈþĊú· º³vÿ ĈùĒÅv ¹v¿j āwòÊýv¹ 

lili66630@gmail.com, h.ghadiri@qiau.ac.ir, khodadadi@iaukhsh.ac.ir 
 

 5āºĊî¯Á¾ývćwăć º¬£ĉ¼~ºĉ¾ ówÅ ½¹wăć ·vĊ¾ õ¹ ĂzĊô ¹ÿº´ùĉ¢ ÿ ¢·ĀÅ Üzwþù ÷wú£v ówú¤³vwăć ÆåĊöĈ ¿ ôtwÆù ÿĉ¢Æ 

´ùĊÖĈ  Ô{£¾ùĂz  ĂÞÅĀ£ ¡ºÉĉĂ¤åw  )¢Åv¾¤úĄùĉü v ½¹ Èõw¯ĉü Å ÛĀýĊø¤Æ Iwă¢Å¹ĉzwĈ Ąz ā¿vºýv ĂzĊĂþ v¾zć  ü¤Év¹ĉì 

ÅĊø¤Æ ·» ÃwÅv ¾z Ăå¾Í Ăz ûÿ¾êùĊā¾ Á¾ývć É½Ā·Ċºć ¹wz ÿć )¢Åv ĂþĊĄz Ăõwêù üĉv ½¹ ø¤ÆĊÅ ć¿wÅć¹wz ºĉ¾{Ċă( ćºĊÉ½Ā·

ôévº³ ãºă wz Ĉ¤ÝwÅ Ì¸Êù ½wz ìĉ üĊùw£ ćv¾z ć¾£wz ā¾Ċ·» ø¤ÆĊÅ wzĂþĉÀă ć¿wÅ ÿ ø¤ÆĊÅ ĂýwĊõwÅ ćwă ¡wæö£ ówú¤³v

ûvĀ£ ĂÑ¾Ý ĂþĉÀă )¢Åv Ă¤å¾ñ ½v¾é Ă«Ā£ ¹½ĀùĂþĉÀă ôùwÉ ø¤ÆĊÅ ĂýwĊõwÅ ćwăĂĉwù¾Å ćwă ĂþĉÀă ÿ ć½vºĄòý ĂþĉÀă IĂĊõÿv ć½v¼ñ

vÀĊĄ¬£ ÐĉĀÞ£ ¡¢ÅvĂþĊĄz ãºă )ôþ~ ¹vºÞ£ ĂþĊĄz üĊĊÞ£ Ić¿wÅüĊz½Ā£ IćºĊÉ½Ā· ćwăć¾£wz ¹vºÞ£ Ić¹wz ćwă ©¾z Ûwæ£½v Iwă

ĂþĊĄz ºĉº« ø¤ĉ½Āòõv ½ĀÚþù üĉv Ăz )¢Åv ºĊÉ½Ā· Èzw£ Ăz ¢{Æý ćºĊÉ½Ā· ôþ~ Ăĉÿv¿ ÿ ć¹wz ć¿wÅ¶öù  ½v¾é ā¹wæ¤Åv ¹½Āù

¡v¾ĊĊâ£ ¾§v IĂÞõwÖù üĉv ½¹ üĊþ°úă )¢Åv Ă¤å¾ñ  ówú¤³v øúĉÀíwù ¡v¾ĊĊâ£ ¾§v ÿ ½wz ćwÑwê£ ¡v¾ĊĊâ£ I¾£½Āþĉv ûwùºýv½ ¡wæö£

ûvĀ£ ĂÑ¾Ý ĂĊ{É ªĉw¤ý )¢Åv Ă¤å¾ñ ½v¾é Ĉzwĉ¿½v ¹½Āù ø¤ÆĊÅ Ĉ³v¾Õ ¾zĈù ûwÊý ć¿wÅ ÿ ½wz ÈĉvÀåv Iûwùºýv½ Èăwí Ăí ºă¹

 ówú¤³v Èăwí yõwé ½¹ ø¤ÆĊÅ ½¹ ûwþĊúÕv ¢Ċözwé ¾¨ívº³ûvĀ£ ĂÑ¾Ý ¡wæö£  y«ĀùĂþĉÀă ÈĉvÀåv ø¤ÆĊÅ ćÁ¾ýv ĂýwĊõwÅ ćwă

ĈùĂz )¹¹¾ñ ĂöÍw³ ªĉw¤ý IāÿĒÝāºþă¹ ûwÊý ĂþĊĄz Çÿ½ ć¾£¾z ć¿wÅ ¶öù¢Å¹ ½¹ ¡v½» Ûwú¤«v Çÿ½ Ăz ¢{Æý ãºă Üzw£ Ăz Ĉzwĉ

 ¾¤úí ĂþĉÀă ÿ ¾¤Ąz¢Åv) 

 

 5ćºĊöí ¡wúöí I½wz üĊùw£ ÷ºÝ ówú¤³v¾£wzćI ĂþĊĄz Ić¿wÅz½Ā£Ċü ¹wzćI ĂþĊĄz ø¤ĉ½Āòõv ć¿wÅ¶öù 

 

 5Ăõwêù ówÅ½v ¶ĉ½w£,+*0*,/++ 

 5Ăõwêù ć¾òý¿wz ¶ĉ½w£,1*2*,/++ 

 5Ăõwêù Ç¾ĉ¼~ ¶ĉ½w£1*3*,/++ 

 

āºþÆĉĀý ÷wý 5óĀuÆù ćć¾ĉºé ºĊú³ ¾¤í¹ 

āºþÆĉĀý ĈýwÊý 5óĀuÆù ćüĉÿÀé( üĉÿÀé º³vÿ ĈùĒÅv ¹v¿j āwòÊýv¹(   ìĊýÿ¾£wîù ÿ ĈîÉÀ~ Iç¾z ĈÅºþĄù āºîÊýv¹ 

 

 

 

 



ĂþĊĄz½Ā~ºýÿwz ĈăwÊýwĄ« ëwýÿ½ *))))) ć¹wz ºĉ¾{Ċă ø¤ÆĊÅ ć¿wÅ( ć¾ĉºé ºĊú³( ć¹v¹vº· ºùw³ 

$,/+# 

,( Ăùºêù 

 ¿v ćÁ¾ýv ć½ÿ¾Ñ ćwă z IyöÖù üĉv )¢Åv ûwù¿ ÿ ûwîù ¾ă ½¹ ¹¾å ¾ă Ĉñºý¿Ă ç¹wÍ ºĉº« û¾é ½¹ āÂĉÿ   ÷¹¾ù Ăí Ĉý¾é I¢Åv ¾£

 ù Ĉñºý¿ ¢ĊæĊí ¿v Ĉĉđwz ²ÖÅ ów{ý¹Ĉºý¹¾ñøĄù ¿v Ĉîĉ Ĉîĉ¾¤îõv ćÁ¾ýv IćÁ¾ýv äö¤¸ù ÛvĀýv ûwĊù ½¹ )¾£ĉü Á¾ývćwăĈĉ   ¢Åv

Ăz ¿ÿ½ ¾ă ÷¹¾ù Ăí ûj wăºõĀù Àí¾ú£ )ºý½v¹ ¿wĊýć ¾¤îõvĉîĈ ýwù¿ ¿vĈ vîùwû¾ĉ¼~   øöÝ ºÉ½ wz Ăí ºÉI â£ ûwîùvĊĊ¾ ¾¤îõv Áw¤õÿĉîĈ 

¤ý ½¹ ÿ xÿwþ¤ùĊĂ¬ vÀåvĉÈ Á¾ýv ówê¤ýv ÓĀÖ· óĀÕ ½¹ ûjć wĄ¤ýv ½¹ ûj Èăwí ÿć Ăz ÓĀÖ· ÅÿĊĂö   ºÉ øăv¾å wă½Ā£wù½ĀæÆýv¾£  

8,)7  ¢å¾ÊĊ~ wz āv¾úă ā¿ÿ¾ùv Ăz ç¾z ¢ÞþÍ ûĀñwýĀñ ćwă      ø¤ÆĊÅ ½¹ øĊÚÝ óĀ´£ ¿v ¢{´Í IĈ¤ÞþÍ ćwă½ĀÊí ½¹ ËĀÎ·  ćwă

Ăz ćÁ¾ýv ówê¤ýv ÿ ºĊõĀ£ºùj ûwĊùĂí ā  āºÉ ¦Ýwz  āºþív¾~ ºĊõĀ£ ±ĒÖÍv , Ăz Mv½¾îù ÇĀñz ºÅ¾ 8-(07 )  ā¹wæ¤Åv Ăz āºþív¾~ ºĊõĀ£

 Åv Ówêý ½¹ Iì¯Āí ćºĊõĀ£ ćwăº³vÿ ¿v  Ĉù ÓĀz¾ù ½wz Àív¾ù Ĉîĉ¹Àý ½¹ ¡½ºé ø¤ÆĊÅ ìĉÂ£v¾¤ ¹ĀÉ. āwñÿ¾Ċý  āºþív¾~ ºĊõĀ£ ćwă

  āwñÿ¾Ċý Ăz       w£ ¡vĀöĊí ºþ¯ ¿v$ øí ćºĊõĀ£ ¢Ċå¾Ù wz ćwă,+   Ĉù Ă¤æñ #¡vÿwòù      Ówêý ½¹ Ĉîĉ¾¤îõv ćÁ¾ýv ºĊõĀ£ ¢Ą« Ăí ¹ĀLLLÉ

ã¾Îù Ăz ìĉ¹ÀýāºþþíĈù yÎý wă¹¹¾ñ) āwñÿ¾Ċý üĉv Ăöú« ¿vĈù wăûvĀ£ āwñÿ¾Ċý ĂzüĊz½Ā£ÿ¾îĊù Ić¹wz ćwăôĊ~ Iwă IĈ¤·ĀÅ ćwă

 óĀöÅ   ø¤ÆĊÅ IĈõÀĉ¹ ćwă½Ā£v¾ýÁ IćºĊÉ½Ā· ćwă   ø¤ÆĊÅ IwăwýwÅ½¾zv ½¹ ćÁ¾ýv ā¾Ċ·» ćwă   ā½wÉv ))) ÿ ć¾£wz ½¹ ćÁ¾ýv ā¾Ċ·» ćwă

āwñÿ¾Ċý ÛĀý üĉv Ăz )¹Āúýāwñÿ¾Ċý IwăĈù Ă¤æñ ÀĊý Àí¾ú¤ùwý wĉ Ĉö´ù ćwă ½¹ ÿ ¹ĀLLÉówLLÅćwă  ¾Ċ·v ¹½Āù ½wĊLLÆz Ă«Ā£ Ă¤å¾ñ ½v¾é

 ¢Åv 817)  ½¹   ø¤ÆĊÅćwă ÈĊ~ ¢Ċözwé IÜ{þù ºþ¯ wĉ ÿ¹ û¹¾í yĊí¾£ wz Iºĉ¾{ĊăĈù ÈĉvÀåv ºĊõĀ£ ĈþĊz  Üzwþù üĉv Üévÿ ½¹ )ºzwĉ

Ĉù ÈLLÉĀ~ ć¹ÿº³ w£ v½ ¾òĉºîĉ ćwă¹Ā{úí½¹ )ºþă¹ üĉv ø¤LLÆĊLLÅ ÛĀýćºĊõĀ£ ûvĀ£ ¡wýwLLÅĀý wă Ĉ·¾z ¿v Üzwþù ÔLLÅĀ£ ćÁ¾ýv 

  ø¤ÆĊÅā¾Ċ·» ćwă ć¿wÅ ó¾¤þí Ĉù ÿ ¹¹¾ñzüĉv Ă ¡½ĀÍ Ĉù ¹Ā{Ąz ½wz üĊùw£ ûwþĊúÕv ¢Ċözwé ¢Ą« Iüĉv¾zwþz )ºzwĉ ¢Å¹Ĉzwĉ  Ăz

ø¤ÆĊÅ üuúÖù ćÁ¾ývĂz ć½ÿ¾Ñ wĄýj ĂþĊĄz ¢Ċå¾Ù üĊĊÞ£ IćÁ¾ýv ã¾Îù ÿ ºĊõĀ£ ûwĊù ó¹wÞ£ üĊþ°úă ÿ ćÁ¾ýv ºĉ¾{ĉwă ćwă ¾Úý

Ĉù8 ºÅ½3I2  )7 

³v¾Õ ĂþĊù¿ ½¹ Ĉø¤LLÆĊLLÅćwă  ºĉ¾{ĉwăĂÞõwÖùćwă  ¡½ĀLLÍ ć¹wĉ¿Ă¤å¾ñ  )¢LLÅv½¹ Ü«¾ù 847I óºùwăć æö¤¸ùĈ v¾zć Þ£ĊĊü 

Ąz ā¿vºývĊĂþ vÀ«vć  ÅĊ ø¤Æ  ãvºăv wzýĀñwýĀñĈ ~Ċ ¹wĄþÊ    ¢Åv āºÉ. ½¹ Ü«¾ù 8,+ 7ĉì  xĀ¯½w¯óºù ¿wÅć þ¤{ùĈ ¾Úý ¾zĉĂ 

¿wzćI  Â£v¾¤Åv wz āv¾úăć  v¾z yÅwþù ô³ āv½ć ĄzĊĂþ ¿wÅć ³v¾ÕĈ  ÅĊ ø¤Æ Á¾ýv ºþ¯ć  ÿÜzwþù º¬£ĉ¼~ºĉ¾  Ătv½v āºÉ  ¢Åv )ĉì 

º« óĀù¾åĉº v¾zć í¾£Ċy ½ÿwþåć z½Ā£Ċü ³v¾Õ ½¹Ĉ ÅĊø¤Æ º¬£ĉ¼~ºĉ¾ ĄzĊĂþ í¾£Ċ{Ĉ tw¤õÿĀ£Āå*¹wzĊì ½¹ Ü«¾ù 8,,~ 7Ċ¹wĄþÊ 

¹¾ñĉº ) āºþÆĉĀý Ü«¾ù ½¹ wă8,- 7ĉì  ÿ ºùj½wí Çÿ½¾§Āù v¾zć ĄzĊĂþ ¿wÅć  ā¿vºývĉì  ÅĊ ø¤Æ í¾£Ċ{Ĉ  ôýw~ ¿v ôîÊ¤ùwăć  

tw¤õÿĀ£ĀåĊìwă½Ā£v¾ýÁ Ić ¹ĉõÀĈ ~ ÿĊô wăć ¤·ĀLLÅĈ ¹v¹ Ătv½vā ¢LLÅvñ ā¿vºýv xĀ¯½w¯ ½¹ )Ċ¾ćÀă ôí IĉĂþ öÞåĈ  Ă«Ā£ wz Ìõw·

¹ÿº´ù ÿ¹ Ăzĉ¢  öÍvĈ  ¼â£ Ü{þù ówú¤³v û¹v¹ ¢Å¹ ¿v$ĉĂ  Á¾ýv øĄÅ ÿć º¬£ĉ¼~ºĉ¾ Å½ ôévº³ Ăz #Ċāº  ¢Åv½¹ ) Ü«¾ù 8,.  7

ôýw~ ¹¾z½wíwăć tw¤õÿĀ£ĀåĊìz½Ā£ IĊüwăć ¹wzć wă½Ā£v¾ýÁ ÿć ¹ĉõÀĈ  ½¹ĉì  ÅĊ ø¤Æ õĀ£Ċº í¾£ ç¾zĊ{Ĉ  v¾z ôê¤Æùć  ýwÅ½ ç¾zĈ  

 w¤Åÿ½Ĉĉ   w¤Åÿ½ ĂÅ ½¹ć  {úöí ½¹ Ăî{É ¿v ©½w·Ċw  wzÿĉñÂĈwăć vĀă ÿ xj äö¤¸ùĈĉ À¬£ ¹½ĀùĉĂ ö´£ ÿĊô  ½v¾éĂ¤å¾ñ  ¢Åv½¹ ) 

Ü«¾ù 8,/ 7 Çÿ½ Ā¬¤Æ«ć v¾z Ă¤·wåć Ąz ā¿vºývĊĂþ   Å äö¤¸ù ±¾Õ ĂÅĊ ø¤Ætw¤õÿĀ£Āå 5Ċì(¾£wzć¹wz I(¾£wzć tw¤õÿĀ£Āå ÿĊì(

¹wz(¾£wzć õw³ ½¹ Iºþă ½¹ ā¹w¤åv ½ÿ¹ èÕwþù ½¹ v¾«v ôzwéĈ Àă ĂíĉĂþ  ÅĊ ø¤Æ ù ôévº³ Ăz v½Ĉ â£ ÿ ºýwÅ½ĊĊ¡v¾  öÎåĈ  ½¹ v½ ½wz

ù ¾ÚýĈñĊI¹¾ zĂ½wí Ă¤å¾ñ  āºÉ  ¢Åv½¹ ) Ü«¾ù 8,0 7ĉì  ÅĊ ø¤Æ í¾£Ċ{Ĉ    tw¤õÿĀ¤å$ Ăî{É ¿v ©½w· ôê¤ÆùĊì(¹wz(¹ĉóÀ   wz

·»Ċā¾ ¿wÅć ¾£wzć ìúí wz #ĉì º« Çÿ½ĉº  å¹wÎ£Ĉ(½wî¤zvć v¾zć  Àă ôí ûºýwÅ½ ôévº³ ĂzĉĂþ öÞåĈ  ¿wÅ¾¨ívº³ ÿ Ìõw·ć 

   ýwÆýv ĂÞÅĀ£ Ì·wÉĈ   Ătv½v ówâ¤Év ÿ āºÉ  ¢Åv ½¹ ) Ü«¾ù8,1 7ĉì  Å ã¼³ Çÿ½Ċ ø¤Æ   {É ¿v ā¹wæ¤Åv wzĊĂ ¿wÅć ¹ºÝć v¾zć 

 ¬þÅ½w{¤ÝvĈ  ÿĄzĊĂþ ¿wÅć w¤ýĉIª zĊûw  āºÉ  ¢Åv vÀù Ăíĉwć  ÅĊ ø¤Æ wăć í¾£ ¡½ºéĊ{Ĉ tw¤õÿĀ¤åĊì(¹ĉóÀ(¾£wzć v¾z v½ć  Àív¾ù

½w¬£ć wz I½¹ ý ½¹ w«Āzv ü¤å¾ñ ¾ÚýĊ¾¬ĉĂ ¹½Āù ĂÞõwÖù ûvĀþÝ ĂzćI  ù ûwÊýĈþ°úă )ºă¹ĊIü ½¹ Ü«¾ù 8,2 Ç¿½v 7 ÅĊ ø¤Æwăć 

í¾£Ċ{Ĉ tw¤õÿĀ¤å ôùwLLÉĊì LLÉ½Ā·Ċºć ·» ÿĊā¾ ¾£wzć LLÅ½¾z ¹½Āù ûwù¿ óĀÕ ½¹ v½Ĉ  ½v¾éĂ¤å¾ñ ¢LLÅv ÿ å¾LLÎù ¹Ā·Ĉ Á¾ývć 

tw¤õÿĀ¤åĊì ýĀîÆùĈ ½¹ Ü«¾ù 8,3Å½¾z 7Ĉ ÞÖé ÷ºÝ ÿ āºÉĊ¢wăć ~ĊÈzĊþĈ āºÉ õĀ£Ċº úíĈ¿wÅć Éºā ¢Åv) 

ĂþĊĄz Ăõwêù üĉv ½¹ć¿wLLÅ ć¹wz ćÁ¾ýv ºĉ¾{Ċă ø¤LLÆĊLLÅ Ăåºăºþ¯(ćºĊLLÉ½Ā·(ĂþĊúí ãºă wz ć¾£wz ć¿wLLÅĂþĉÀă ĂýwĊõwLLÅ ćwă

    ºĊé ü¤å¾ñ ¾Úý ½¹ ÿ ø¤ÆĊÅ ûvĀ£ ĂÑ¾Ý ¡wæö£ ówú¤³v- $LPSP#  ĂþĊĄz ºĉº« ø¤ĉ½Āòõv ¿v ā¹wæ¤Åv wz ¶öù ć¿wÅ. $GOA#  Ătv½v

    ówÅ ½¹ Ăí ø¤ĉ½Āòõv üĉv )¢Åv āºÉ-+,2 ½¹ Ü«¾ù 8,4    I¢Åv āºÉ ¹wĄþÊĊ~ 7óºù ¿v  ½¹ ¶öù ¡v½» ½w¤å½ ºĊöê£ ÿ ĈÑwĉ½ ćwă



Çÿ½ Ăĉ¾Êý ówÅ *ç¾z ¢ÞþÍ ½¹ ºþúÉĀă ćwăā¹ÀĊÅ*  ā½wúÉ ÿ āw¬þ~ìĉ*  ÀĊĉw~,/+,* ,01(,.4 

$,/,# 

 ô³ ćv¾z ¢ÞĊ{Õ ĂþĊĄz ôtwÆù  ā¹wæ¤Åv ć¿wÅĈù )ºþíø¤ĉ½Āòõv ¾ĉwÅ ºþýwúăĂþĊĄz ćwăć¿wÅÇÿ½ üĉv ãºă I  ĂþĊĄz xvĀ« ü¤åwĉ

  ¶Åw~ üĉºþ¯ ûwĊù ½¹ ¢Åvûwúă ) øÅv ¿v Ăí½ĀÕ Çÿ½ üĉv    I¢Åv Ì¸Êù ø¤ĉ½Āòõv üĉv ÷wĄõv wz  ¿v¢í¾³ćwă  Ûvºzv ¶öù ĈÞévÿ

   ĂþĊĄz ø¤ĉ½Āòõv )¢Åv āºÉ  ¶öù ć¿wÅĂöú« ¿v ºĉº«£ø¤ĉ½Āòõv üĉ¾£ºþú£½ºé ÿ üĉ¾ĂþĊĄz ćwă Ăz ć¿wÅ Ĉù xwÆ³ºĉj. wă¹v¾ĉv   ÿ

  ĂþĊĄz Çÿ½ äÞLLLÑ Ówêý ć¿wLLLÅ ¡v½» ÷w³¹¿v/ $PSO#    xvĀ«$ Ĉö´ù ĂþĊúí Ówêý ½¹ û¹w¤åv ¾Ċñ ¾ĊÚý    ôtwLLLÆù ½¹ #Ĉö´ù ćwă

ĂþĊĄz  ï½Àz ¹wÞzv wz ć¿wÅ8-+I-,7 IÞÖé ÷ºÝĊ¢  v¾òúă ¢Ý¾Å ÿ wă¾¤ùv½w~ xw¸¤ývĈĉ ºþí 8--I7  ¢Å¹ĉzwĈ  ôîÊù āv½ Ăz ô³

ĄzĊĂþ ·¾z ½¹Ĉ  ¿vÜzvĀ£ ÞùĊ½w  ¹Ā«ÿ wz Ā¬¤Æ«ć  yÅwþù wă½v¾î£ ½¹ć õÿvĊĂ 8-+  ø¤ĉ½Āòõv ¿v ā¹wæ¤Åv wz 7ĂþĊĄz ¶öù ć¿wÅ   ôzwé

 ø¤ĉ½Āòõv Iüĉv¾zwþz )¢LLÅv ô³ĂþĊĄz¶öù ć¿wLLÅ  Çÿ½ wz ĂLLÆĉwêù ½¹¡v½» ÷w³¹¿v  ĂĊõÿv ¢ĊÞú« ćv¾z ć¾£đwz Ĉĉv¾òúă ówú¤³v

¾¤úí 8 ¹½v¹-.ĂþĊĄz Çÿ½ ¿v āºùj ¢Åºz ĂþĉÀă Üzw£ ½vºêù ÿ Ĉĉv¾òúă ûwù¿ ÿ 7 ć¿wÅ¶öù  Çÿ½ ¿v ¾¤úí¡v½» ÷w³¹¿v )¢Åv 

ĂþĊĄz ĂÞõwÖù üĉv ½¹                ćv¾z Ĉæö¤¸ù ćwăĀĉ½wþÅ )¢Åv āºÉ ÷w¬ýv Ĉý¿ÿ yĉv¾Ñ Çÿ½ ¿v ā¹wæ¤Åv wz ø¤ÆĊÅ Ăåºăºþ¯ ć¿wÅ

 ĂĊ{É    ć¹wz ºĉ¾{Ċă ø¤ÆĊÅ ć¿wÅ(  ¾Úý ½¹ ćºĊÉ½Ā·    Ăz ø¤ÆĊÅ ¹¾îöúÝ ÿ āºÉ Ă¤å¾ñ   ½¹ )ºÉ ºăvĀ· ĂþĊĄz Ăåºăºþ¯ ¡½ĀÍ

  ĂþĊĄz ĂõwÆù óÿv ćĀĉ½wþÅ Ăz ć¿wÅ     Çÿ½ wz ªĉw¤ý ÿ ¢å¾ĉ¼~ ºăvĀ· ¡½ĀÍ ø¤ÆĊÅ Ĉùwý ćwă¾¤ùv½w~ ćv¿v ¡v½» ÷w³¹¿v   ĂÆĉwêù

ĈùĂþĊĄz ĂõwLLÆù v¹º¬ù I¾£½Āþĉv ûwùºýv½ ćÿ½¾z ¡v¾ĊĊâ£ ¹Ā«ÿ Ï¾å wz Ä LLÅ )¹¹¾ñĈù ô³ ć¿wLLÅ )¹ĀLLÉ½¹ ½wþLLÅĉĀ ÷ÿ¹ w¤ýĉª  

ĄzĊĂþ  ¿wÅć  Å Ăåºăºþ¯Ċ ø¤Æ ăĊ¾{ĉº v¿v Ăzć â£ĊĊ¡v¾ v ûwùºýv½ĉ¾£½Āþ  ½Āòõv ¿v ā¹wæ¤Åv wzĉø¤ ĂþĊĄz ¶öù ć¿wÅ   )¢Åv āºÉ Ătv½v 

   ĂþĊĄz ĂõwÆù ÿ ¢å¾ñ ºăvĀ· ½v¾é ¾Úýºù ½wz ¡v¾ĊĊâ£ ÷ĀÅ ćĀĉ½wþÅ ½¹   Çÿ½ ¿v ā¹wæ¤Åv wz ć¿wÅĂþĊĄz ¶öù ć¿wÅ Ĉù ÷w¬ýv¹¾Ċñ  )

 ¡v¾ĊĊâ£ Iw¤ĉwĄýûvĀ£ ĂLLÑ¾Ý ¡wæö£ ówú¤³v   )ºLLÉ ºăvĀ· ôévº³ ºĉ¾{Ċă ø¤LLÆĊLLÅ ãºă Üzw£ ÿ āºLLÉ Ă¤å¾ñ ¾Úý½¹þ°úăĊü  ½¹

 ½wþÅĉĀ  ÷½wĄ¯Ăzv¿vć â£ĊĊ¡v¾  ûvĀ£ ĂÑ¾Ý ¡wæö£ ówú¤³v  ½Āòõv ¿v ā¹wæ¤Åv wzĉø¤ ĂþĊĄz ¶öù ć¿wÅ ĄzĊĂþ ¿wÅć Ăåºăºþ¯  ÅĊ ø¤Æ 

ăĊ¾{ĉº Ătv½v  āºÉ  ¢Åv) Ĉù v½ ĂÞõwÖù üĉv ć½ÿjĀý üĉ¾¤úĄù Iüĉv¾zwþzĂþĊĄz ûvĀ£    ć¹wz ćÁ¾ýv ºĉ¾{Ċă ø¤ÆĊÅ ć¿wÅ( ćºĊÉ½Ā·(

ĂþĊúí ãºă wz ć¾£wz ĂþĉÀă ć¿wÅ    ówú¤³v ÿ ø¤ÆĊÅ ĂýwĊõwÅ ćwă ûvĀ£ ĂÑ¾Ý ¡wæö£  ĂþĊĄz ÃwÅv¾z    Ĉý¿ÿ yĉv¾Ñ Ăåºăºþ¯ ć¿wÅ

 Çÿ½ ĂzĂþĊĄz¶öù ć¿wLLÅ ĂþĉÀă ¾ĊÚý Ĉæö¤¸ù ôùvĀÝ û¹Āúý ×w´õ )¢å¾ñ ¾Úý ½¹Ăĉwù¾LLÅ ćwă ÐĉĀÞ£ ÿ ć½vºĄòý IĂĊõÿv ć½v¼ñ

ĂþĉÀă ½¹ ¡vÀĊĄ¬£øĊúLLÎ£ ÛĀþ¤ù ćwă¾Ċâ¤ù ÿ ĂýwĊõwLLÅ ćwăôþ~ ¹vºÞ£ ôùwLLÉ ć¾ĊñüĊz½Ā£ IćºĊLLÉ½Ā· ćwă  ¹vºÞ£ Ić¹wz ćwă

ć¾£wz    Èzw£ Ăz ¢{Æý ćºĊÉ½Ā· ôþ~ Ăĉÿv¿ ÿ ć¹wz ©¾z Ûwæ£½v Iwă   ĂþĊĄz ĂõwÆù ºĊÉ½Ā·      )¢Åv Ă¤·wÅ ÿ¾zÿ½ Èõw¯ wz v½ ć¿wÅ

   ¡v¾ĊĊâ£ ¾§v üĊþ°úă ÿ ½wz ćwÑwê£ ¡v¾ĊĊâ£ I¾£½Āþĉv ûwùºýv½ ôùwÉ ¾§Āù ôùvĀÝ ¿v Ĉ·¾z ¾§v IüĊþ°úă ûvĀ£ ĂÑ¾Ý ¡wæö£ ówú¤³v 

   v ½¹ āºÉ ±¾Öù Ăùºêù ¿v Ä~ IĂùv¹v ½¹ )¢å¾ñ ºăvĀ· ½v¾é Ĉzwĉ¿½v ¹½Āù ø¤ÆĊÅ Ĉ³v¾Õ ¾z øúĉÀíwù    ø¤ÆĊÅ Ĉå¾Þù I¢úÆé üĉ

Ăz ºĉ¾{Ċă  ¢úÆé ÿ āºÉ Ă¤å¾ñ½wí    üĉv ĈîĊùwþĉ¹ óºù ÿ āºÉ ÷w¬ýv ć¾£wz ÿ ć¹wz üĊz½Ā£ IćºĊÉ½Ā· ôþ~ ôùwÉ ûj äö¤¸ù ćwă

ûwúõvĈù ÷w¬ýv ÷ÿ¹ È¸z ½¹ wă     ĂþĊĄz ĂõwÆù I÷ĀÅ È¸z ½¹ )¹ĀÉ   ĂþĊĄz Çÿ½ ÿ ºÉ ºăvĀ· äĉ¾Þ£ ć¿wÅ  ô³v¾ù ÿ ¶öù ć¿wÅ

 Å½¾z ¹½Āù ûj äö¤¸ùĈù ½v¾é Ĉ ĂĊ{É ªĉw¤ý )¹¾Ċñ Ăz ć¿wÅ   ĂþĊĄz ôùwÉ äö¤¸ù ćĀĉ½wþÅ ½wĄ¯ ćv¿v     ø¤ÆĊÅ Ăåºăºþ¯ ć¿wÅ

  Ăz ºĉ¾{Ċă       ¡v¾ĊĊâ£ ÿ ½wz ¡v¾ĊĊâ£ I¾£½Āþĉv ûwùºýv½ ¡v¾ĊĊâ£ IĈùwý ćwă¾¤ùv½w~ ćv¿v  ûvĀ£ ĂLLLÑ¾Ý ¡wæö£ ówú¤³v   ÷½wĄ¯ È¸z ½¹

Ĉù ±¾ÕĂ¬Ċ¤ý ¾·j È¸z ½¹ Iw¤ĉwĄý )¹ĀÉé ¦´z ¹½Āù ć¾ĊñĈù ½v¾)¹¾Ċñ 

 

-( ĂÞõwÖù ¹½Āù ø¤ÆĊÅ ć¿wÅ óºù 

  Ăz ø¤ÆĊÅ  ĂzwÊù IĂÞõwÖù üĉv ½¹ āºÉ Ă¤å¾ñ ½wí Ü«¾ù8 ćwă-/8 ÿ 7-0 7 ć¹wz ø¤ÆĊÅ ìĉ(  Ăí ¢Åv ć¾£wz ā¾Ċ·» wz ćºĊÉ½Ā·

$ ôîÉ ½¹,üĊz½Ā£ ôùwÉ ø¤ÆĊÅ üĉv )¢Åv āºÉ ā¹v¹ ûwÊý #ôþ~ Ić¹wz ćwă üĉv ½¹ )¢Åv ć¾£wz ìýwz ÿ ćºĊÉ½Ā· ćwă ø¤ÆĊÅ

 üĊz½Ā£ IûvĀ£ āºþþí üĊùw£ ĈöÍv Üzwþùôþ~ ÿ ć¹wz ćwă   Ăz ć¾£wz ìýwz ÿ ºþ¤Æă ćºĊÉ½Ā· ćwă    ¾Úý ½¹ ā¾Ċ·» ø¤ÆĊÅ ûvĀþÝ

)¢Åv āºÉ Ă¤å¾ñ 



ĂþĊĄz½Ā~ºýÿwz ĈăwÊýwĄ« ëwýÿ½ *))))) ć¹wz ºĉ¾{Ċă ø¤ÆĊÅ ć¿wÅ( ć¾ĉºé ºĊú³( ć¹v¹vº· ºùw³ 

$,/-# 

 
$ ôîÉ,ć¹wz ºĉ¾{Ċă ø¤ÆĊÅ 5#(ćºĊÉ½Ā·(8 ć¾£wz ā¾Ċ·» wz ĈõÀĉ¹-07 

Figure (1): Wind-solar-diesel hybrid system with battery storage 
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Figure (2): Flowchart of the grasshopper optimization algorithm  

 
$ ôîÉ. ówÅ ìĉ óĀÕ ½¹ ºĊÉ½Ā· Èzw£ ¡ºÉ Ĉþ´þù 5#8.+7 

Figure (3): Solar radiation during a year [30]  

 
$ ôîÉ/ ówÅ ìĉ óĀÕ ½¹ ÔĊ´ù ćwù¹ Ĉþ´þù 5#8.+7 

Figure (4): Ambient temperature during a year [30]  
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$ ôîÉ0 ówÅ ìĉ óĀÕ ½¹ ¹wz Ç¿ÿ ¢Ý¾Å Ĉþ´þù 5#8.+7 

Figure (5): Wind speed during a year [30]  

 
$ ôîÉ1 ówÅ ìĉ óĀÕ ½¹ ½wz ćwÑwê£ Ĉþ´þù 5#8.+7 

Figure (6): Load demand during a year [30]  
 

Table (1): PV panel information [13]  
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½vºêù -, --*2 ,2 /2*1 ,,+ 

¾¤ùv½w~ NCOT φ IK VK PVA 

½vºêù /. 10*/, +0*+ .0*+ , 

 
Table (2): Turbine wind information [24]  

$ óÿº«-8 ć¹wz üĊz½Ā£ ¡wÝĒÕv 5#-/7 

¾¤ùv½w~ CV

 

rV

 

fV
 

WGRP
 

rH
 γ

 

WGA 
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Table (3): Battery information [24]  
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Table (4): Information on equipment costs and system life [24]  
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Figure (7): Multi-objective optimization convergence curve of GOA and PSO algorithm (Scenario 1) 
 

Table (5): Simulation results (Scenario 1) 
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Figure (8): Convergence curve of GOA in Scenario 2 

 
Table (6): Simulation results by considering inverter efficiency changes using GOA 
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Figure (9): Multi-objective optimization convergence curve of GOA and PSO algorithm for efficiency 90 (Scenario 2) 
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Figure (10): Multi-objective optimization convergence curve of GOA and PSO algorithm for efficiency 70 (Scenario 2) 
 

Table (7): Optimal system design taking with load changes 
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Figure (11): Convergence curve of GOA in Scenario 3 
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Figure (12): Convergence curve of GOA in Scenario 4 
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Table (8): Optimal system design with LPSP changes 
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Figure (13): Annual cost of the system in scenario 4 in the probability of loss of supply of different capacities 
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