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ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽŇĶŇĔŇĨŇśıĶŃĝĬĬňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĽħŖěĽŌƞĪŇıĵıŇĴŅĬĻĶň 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮıĶŃŏĴĨĨŅĴŅĔĸƟĬĴňȮȮȮȮȮȮȮȮȮȮȮȮħŋěŐĽĚĽŋĶňĵƢĜŅĵĚŅĴ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĻŇĸĮŅĝňıŏĸŊŗŀĚĬŅĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮĚŅĬĨŇħĨŅĴĮĔŏĔĸƟŅĮƚŀĚ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĪĶĚŏĮƦĬĴŇŗĚĕĺńĠįŀĚȮȮȮȮȮȮȮȮȮȮȮȮĝŅĺœĪĵĪńŘĚįŀĚŀŅĸńĵėĶĺĠ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮıĶŃĬŅĩŅĬƟŀĴĪĺĬȮȮȮȮȮȮȮȮȮȮȮȮȮĬƟŀĴħĺĚıĶŃĺŇĠĠŅĦŏĽħŖě 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽŌƞĽĺĶĶėƢŀńĬĺŇŏĻļȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮħƟĺĵŏħĝıĶŃėŋĦĬŇĶńĬħĶƢ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĪŇħıĶŃŏĔňĵĶĨŇĬƟŀĴĬĭıĸńĬȮȮȮŐĽĬŀĬńĬĨƢĴŇĴňĺńĬĸŊĴ 

 

ĮĺĚĕƟŅıĶŃıŋĪīŏěƟŅĪńŘĚľĸŅĵȮĕŀĬƟŀĴĩĺŅĵėĺŅĴŀŅĸńĵ 

ŐĸŃĶņĸŉĔĩŉĚıĶŃĴľŅĔĶŋĦŅīŇėŋĦȮŀńĬľŅĪňŗĽŋħĴŇœħƟ 

ĮĺĚĕƟŅıĶŃıŋĪīŏěƟŅĪńŘĚľĸŅĵĕŀĩĺŅĵĭńĚėĴĽƞĚŏĽħŖěĽŌƞĽĺĶĶėŅĸńĵ 
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ĽŅĶěŅĔĮĶŃīŅĬıŇīňŏĮƕħĔŅĶěńħĚŅĬ 
ĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ/6 

ĕƟŅıŏěƟŅĶŌƟĽŉĔŏĮƦĬŏĔĶňĵĨŇŀĵƞŅĚĵŇŗĚŒĬĔŅĶœħƟĶńĭŏĝŇĠĴŅŏĮƦĬĮĶŃīŅĬ
ŒĬıŇīňŏĮƕħĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞ
ĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮ&Thailand Renewable Energy  for 
Community Conferences: TREC) ĞŉŗĚœħƟħņŏĬŇĬĔŅĶĴŅŀĵƞŅĚ
ĨƞŀŏĬŊŗŀĚĴŅĨńŘĚŐĨƞȮĮƖȮı,Ļ,Ȯ2551 ĽŊĭŏĬŊŗŀĚĴŅĪŋĔĮƖȮŏĮƦĬėĶńŘĚĪňŗȮ18 
ŒĬĮƖĬňŘȮȮȮĔŅĶěńħĚŅĬŒĬėĶńŘĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀŒľƟȮŏėĶŊŀĕƞŅĵĪŋĔ
ĳŅėĽƞĺĬĪňŗŏĔňŗĵĺĕƟŀĚ ĪŅĚħƟŅĬĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĺŇĪĵŅĻŅĽĨĶƢȮ
ŐĸŃĽŅĕŅŀŊŗĬȮŕȮĪňŗŏĔňŗĵĺĕƟŀĚŒĬȮħƟŅĬıĸńĚĚŅĬȮĽŇŗĚŐĺħĸƟŀĴŐĸŃ
ĪĶńıĵŅĔĶīĶĶĴĝŅĨŇȮœħƟĴňőŀĔŅĽĴŅıĭŏěŀĔńĬŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟ
ŐĸŃĮĶŃĽĭĔŅĶĦƢŒĬĔŅĶĪņĚŅĬȮĔŅĶĺŇěńĵŐĸŃĔŅĶıńĥĬŅȮėĺŅĴĶŌƟ
ħƟŅĬĨƞŅĚŕȮ ŀňĔĪńŘĚĴňőŀĔŅĻĬņįĸĚŅĬĕŀĚĨĬŏŀĚĪňŗŏĮƦĬĮĶŃőĵĝĬƢ
ŒĬĔŅĶıńĥĬŅĮĶŃŏĪĻĝŅĨŇĴŅĩƞŅĵĪŀħŒľƟėĺŅĴĶŌƟĔńĬŒĬŏėĶŊŀĕƞŅĵȮ 

ĕƟŅıŏěƟŅŒĬģŅĬŃœħƟĶńĭŏĔĶňĵĨŇĴŅŏĮƦĬĮĶŃīŅĬŒĬıŇīňŐĸŃĴňőŀĔŅĻœħƟĶƞĺĴŏĽĺĬŅŒĬėĶńŘĚĬňŘħƟĺĵȮĶŌƟĽŉĔĵŇĬħňŏĮƦĬ
ŀĵƞŅĚĵŇŗĚĪňŗěŃœħƟŐĸĔŏĮĸňŗĵĬĮĶŃĽĭĔŅĶĦƢȮĔŅĶĪņĚŅĬħƟŅĬĔŅĶŏĔļĨĶŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĶĺĴĪńŘĚĪňŗŏėĵĮĢŇĭńĨŇľĬƟŅĪňŗ
ĨƞŅĚȮŕȮĴŅŒĬħƟŅĬĪĶńıĵŅĔĶŐĸŃĽŇŗĚŐĺħĸƟŀĴħƟŅĬĨƞŅĚȮŕȮĕŀĚĮĶŃŏĪĻĪňŗįƞŅĬĴŅȮŀĵŌƞŒĬľĸŅĵľĬƞĺĵĚŅĬȮŏıŊŗŀŒľƟ
ĮĶŃŏĪĻĴňėĺŅĴĴńŗĬėĚħƟŅĬŀŅľŅĶȮıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴŀĵƞŅĚĵńŗĚĵŊĬȮėĺĭėŌƞĔńĭĔŅĶĶńĔļŅĪĶńıĵŅĔĶīĶĶĴĝŅĨŇ
ŐĸŃĽŇŗĚŐĺħĸƟŀĴĕŀĚĮĶŃŏĪĻœĺƟŒľƟėĬĶŋƞĬľĸńĚȮ ĴňĪĶńıĵŅĔĶĪňŗħňœĺƟŒĝƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ ŏıŊŗŀŒĝƟŒĬĔŅĶıńĥĬŅėŋĦĳŅı
ĝňĺŇĨŐĸŃŏıŊŗŀĔŅĶıńĥĬŅĮĶŃŏĪĻȮ Ȯ őħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĔŅĶıńĥĬŅȮ ŀĚėƢėĺŅĴĶŌƟħƟŅĬıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴȮ
ŐĸŃĶŃĭĭıĸńĚĚŅĬĪħŐĪĬľĸŅĵĶŌĮŐĭĭȮĪňŗěŃĝƞĺĵŒľƟĔŅĶĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔŐĸŃŏĔŇħĔŅĶıńĥĬŅ
ŏĪėőĬőĸĵňŒľƟŏľĴŅŃĽĴĔńĭĭĶŇĭĪĕŀĚĝŋĴĝĬĨƞŅĚŕŐĸŃĮĶŃŏĪĻĝŅĨŇœĪĵŏĶŅŀňĔĪńŘĚĔŅĶħŌŐĸĶńĔļŅĽŇŗĚĨƞŅĚȮŕȮĪňŗħňĚŅĬ
ĕŀĚĮĶŃŏĪĻȮ ĽĬńĭĽĬŋĬĔŅĶĻŉĔļŅĺŇěńĵĪňŗĨŀĭőěĪĵƢĔńĭĝŋĴĝĬŒĬĪŋĔĴŇĨŇȮ őħĵĽŅĴŅĶĩĪņĚŅĬĶƞĺĴĔńĬŒĬĳŅėĶńģŒľƟ
ĽŀħėĸƟŀĚĔńĭıńĬīĔŇěĕŀĚȮĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻȮ 

ŒĬőŀĔŅĻĬňŘĕƟŅıŏěƟŅľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬėĶńŘĚĬňŘěŃŏĮƦĬĮĶŃőĵĝĬƢŐĔƞĪŋĔĳŅėĽƞĺĬĪňŗ
ěŃĴŅŏĮƦĬŏėĶŊŀĕƞŅĵĪņĚŅĬĶƞĺĴĔńĬĨƞŀœĮȮ ĕŀŒľƟĔŅĶěńħĮĶŃĝŋĴĺŇĝŅĔŅĶıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵ
ėĶńŘĚĪňŗ/6Ȯ ĶŃľĺƞŅĚȮ ĺńĬĪňŗȮ /0+/2Ȯ ıķļěŇĔŅĵĬȮ ı,Ļ,Ȯ 0346Ȯ ĬňŘŏĮƦĬœĮħƟĺĵėĺŅĴŏĶňĵĭĶƟŀĵĽņŏĶŖěĸŋĸƞĺĚĨŅĴ
ĺńĨĩŋĮĶŃĽĚėƢĪňŗĨńŘĚœĺƟĪŋĔĮĶŃĔŅĶ 

     
 ĬŅĵȮĬĶŅıńĥĬƢȮŐĔƟĺĪŀĚȮ 
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ĽŅĶěŅĔįŌƟĺƞŅĔŅĶĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėȮ 

 

ÂäñÝâäú­ë÷ÂÿÜĆÚÿÂöãäÖõîã¬óÈãõćÈØöćăÕ­âóÿÜĆÚë¬èÚìÚ÷ćÈÃîÈ Âóä
ÜäñËùâëòââÚóèõËóÂóääúÜĀÛÛßæòÈÈóÚØÕĀØÚëú¬ËùâËÚĀì¬È

ÜäñÿØéăØã ÅäòĈÈØöć Ɨƞ (TREC Ɨƞ) Ì÷ćÈÖæîÕäñãñÿèæó Ɨƞ ÜöØöćÝ¬óÚâó 
ăÕ­ßõëúÉÚ°Ăì­ÿìĆÚ×÷ÈÅèóâëóÅòÎÃîÈÂóäÿÜĆÚ ÿèØöĀì¬ÈÅèóâä¬èââøî Øöć
äèÛäèâÛùÅæóÂäËòĈÚÚóÃîÈÜäñÿØé ØòĈÈÅÔóÉóäã°  ÚòÂèõËóÂóä Āæñ
ÚòÂèõÉòã Ăì­âóä¬èâÂòÚĀæÂÿÜæöćãÚîÈÅ°Åèóâäú­ĀæñÃòÛÿÅæøćîÚîÚóÅÖ
ßæòÈÈóÚÃîÈËóÖõ ÂóäÜäñËùâĂÚæòÂêÔñÚöĈâöÅùÔÅ¬óîã¬óÈãõćÈ ÿßäóñÿÜĆÚ
ÉùÕÿäõćâÖ­ÚÃîÈÚèòÖÂääâĀæñĀÚèØóÈÜÐõÛòÖõØöćÉòÛÖ­îÈăÕ­ Ì÷ćÈÉñÚóăÜëú¬

ÂóäßòÓÚó ßæòÈÈóÚØÕĀØÚØöćãòćÈãøÚĂÚäñÕòÛËùâËÚ îã¬óÈĀØ­ÉäõÈ  
ĂÚÑóÚñÝú­è¬óÂóäÂóäăàà­óë¬èÚáúâõáóÅ (Âàá.) ÂäñÝââöÅèóâáóÅáúâõĂÉØöć Âàá. ÿÜĆÚë¬èÚëóÅòÎ

ĂÚÂóäÚóÚāãÛóãßæòÈÈóÚëñîóÕÃîÈÜäñÿØéăÜëú¬ÂóäÜÐõÛòÖõĂì­ÿÂõÕÃ÷ĈÚÉäõÈ ÿäóăâ¬ăÕ­ÿÜĆÚÿßöãÈÝú­ÉòÕë¬È
ßæòÈÈóÚ ĀÖ¬ÿäóÅøî "Ýú­ßòÓÚóÚèòÖÂääâßæòÈÈóÚÿßøćîÅùÔáóßËöèõÖ" ÃîÈÅÚăØãØùÂÅÚ  

Âàá. ÂóæòÈÿÕõÚìÚ­óîã¬óÈÿÖĆâÂóæòÈĂÚÂóäÜÐõäúÜāÅäÈÃ¬óãăàà­óÃîÈÜäñÿØéĂì­Â­óèëú¬ãùÅÕõÉõØòæ 
Ý¬óÚÂóäßòÓÚó āÅäÈÃ¬óãăàà­óîòÉÊäõãñ (Smart Grid) āÕãâöāÅäÈÂóäÚóä¬îÈØöćÜäñëÛÅèóâëóÿäĆÉĂÚ
ìæóãßøĈÚØöć Ì÷ćÈÿØÅāÚāæãöÚöĈÿÜäöãÛÿëâøîÚÂóäÖõÕëâîÈĂì­ÂòÛäñÛÛăàà­ó ØóĂì­ëóâóä×ÛäõìóäÉòÕÂóäÂóä
É¬óãăàăÕ­îã¬óÈĀâ¬Úãó äîÈäòÛÂóäÿËøćîâÖ¬îßæòÈÈóÚëñîóÕÉóÂáóÅÜäñËóËÚăÕ­îã¬óÈâöÿë×öãäáóß Āæñ
ÿßõćâÅèóââòćÚÅÈÃîÈäñÛÛăàà­óĂÚáóßäèâ    ÚîÂÉóÂÚöĈ ÿäóãòÈâù¬ÈâòćÚëä­óÈÅèóâÿØ¬óÿØöãâĂÚÂóäÿÃ­ó×÷È
ßæòÈÈóÚÝ¬óÚāÅäÈÂóä äñÛÛăàà­óĀÛÛß÷ćÈßóÖÚÿîÈ (Microgrid) ĂÚßøĈÚØöćì¬óÈăÂæ ÿË¬Ú ÿÂóñßæèã 
Āæñ ÉòÈìèòÕĀâ¬ï¬îÈëîÚ āÕãĂË­ßæòÈÈóÚĀëÈîóØõÖã°ä¬èâÂòÛäñÛÛÂòÂÿÂĆÛßæòÈÈóÚ Ì÷ćÈăâ¬ÿßöãÈË¬èãĂì­
ËùâËÚâöăàà­óĂË­îã¬óÈâòćÚÅÈ ĀÖ¬ãòÈÿÜĆÚÂóäëä­óÈ Ö­ÚĀÛÛÅèóââòćÚÅÈØóÈßæòÈÈóÚäñÕòÛÑóÚäóÂ Āæñ
ëÚòÛëÚùÚÿÜ­óìâóãÂóäæÕÂóäÜæ¬îãÂ®óÌÿäøîÚÂäñÉÂÃîÈÜäñÿØé  ĂÚÂóäÛääãóãßõÿéêìòèÃ­î ́Smart 
and Micro Gridµ ÂäñÝâÖòĈÈĂÉÉñĀÛ¬ÈÜòÚèõëòãØòéÚ°ĀæñÜäñëÛÂóäÔ°ÃîÈ Âàá. ÿßøćîÉùÕÜäñÂóãĂì­ÿìĆÚè¬ó 
ÿØÅāÚāæãöÿìæ¬óÚöĈÅøîÿÅäøćîÈâøîëóÅòÎØöćÉñË¬èãĂì­ÿäóëóâóä×ëä­óÈëääÅ°äñÛÛÚõÿèéßæòÈÈóÚØöć ëñîóÕ 
ãøÕìãù¬Ú ĀæñÿÜĆÚÙääâ ëóìäòÛØùÂÅÚ  

ÂäñÝâÃîîèãßäĂì­ÂóäÜäñËùâèõËóÂóäÅäòĈÈÚöĈÛääæùÝæëóÿäĆÉÖóâèòÖ×ùÜäñëÈÅ°ØùÂÜäñÂóä Āæñ
ìèòÈÿÜĆÚîã¬óÈãõćÈè¬óîÈÅ°Åèóâäú­ĀæñÿÅäøîÃ¬óãØöćÿÂõÕÃ÷ĈÚÉóÂÈóÚÚöĈ ÉñÿÜĆÚĀäÈÝæòÂÕòÚĂì­ØùÂØ¬óÚä¬èâÂòÚ
ëä­óÈëääÅ°ÚèòÖÂääâ "ßæòÈÈóÚÿßøćîËùâËÚ" ĀæñÚóßóÜäñÿØéăØãăÜëú¬ÅèóââòćÚÅÈØóÈßæòÈÈóÚîã¬óÈ
ãòćÈãøÚÖ¬îăÜ  

 
ħĶ,ĴĚėĸȮĨĶňĔŇěěŅĬĬĪƢȮ 

įŌƟĺƞŅĔŅĶĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅė 
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ĽŅĶěŅĔŀīŇĔŅĶĭħňȮ 

ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 
 

  ŒĬĬŅĴĕŀĚĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮĕŀĨƟŀĬĶńĭĪŋĔĪƞŅĬŏĕƟŅ
ĶƞĺĴĚŅĬĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻ
œĪĵȮėĶńŘĚĪňŗȮ/6Ȯ&TREC+/6'ȮĞŉŗĚŏĮƦĬĔŅĶěńħĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĶŃħńĭĝŅĨŇȮ
ĮĶŃěņĮƖȮ0346ȮŒĬĶŃľĺƞŅĚĺńĬĪňŗȮ/0ȮůȮ/2ȮıķĻěŇĔŅĵĬȮı,Ļ,Ȯ0346ȮĳŅĵŒĨƟĝŊŗŀ
ĚŅĬȮŴıĸńĚĝŋĴĝĬŏıŊŗŀıĸńĚĚŅĬĽŃŀŅħŐĸŃėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬŵȮőħĵ
ėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚȮĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬȮȮĴľŅĺŇĪĵŅĸńĵ
ŏĪėőĬőĸĵňĽŋĶĬŅĶňȮĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮŐĸŃŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮ
ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0ȮȮėĺŅĴĶƞĺĴĴŊŀħńĚĔĸƞŅĺĬńĭŏĮƦĬĔŅĶĽĶƟŅĚėĺŅĴ
ŏĕƟĴŐĕŖĚĪŅĚĺŇĝŅĔŅĶħƟŅĬıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴȮĞŉŗĚŏĮƦĬĵŋĪīĻŅĽĨĶƢĽņėńĠŒĬ

ĔŅĶĕńĭŏėĸŊŗŀĬıńĥĬŅŏĻĶļģĔŇěĕŀĚĮĶŃŏĪĻŒľƟĴňėĺŅĴĴńŗĬėĚŐĸŃĵńŗĚĵŊĬȮ 

 ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮěŉĚĕŀŏĝŇĠĝĺĬėĦŅěŅĶĵƢȮĬńĔĺŇěńĵȮĬńĔĺŇĝŅĔŅĶȮŐĸŃįŌƟĪňŗĴňėĺŅĴĽĬŒěħƟŅĬıĸńĚĚŅĬŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴȮŏĕƟŅĶƞĺĴĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬėĶńŘĚĬňŘȮŏıŊŗŀĶƞĺĴĔńĬĽĶƟŅĚėĺŅĴŏĕƟĴŐĕŖĚĪŅĚĺŇĝŅĔŅĶȮŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟĞŉŗĚĔńĬŐĸŃĔńĬȮ
ŀńĬěŃŏĮƦĬĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵĪŅĚĔŅĶĻŉĔļŅħƟŅĬıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴĪňŗŏĕƟĴŐĕŖĚŒĬŀĬŅėĨȮ 

 ĔŅĶěńħĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ/6Ȯ&TREC+/6'ȮĬňŘȮœħƟĶńĭĔŅĶ
ĽĬńĭĽĬŋĬěŅĔȮľĬƞĺĵĚŅĬĶŅĝĔŅĶȮľĬƞĺĵĚŅĬŏŀĔĝĬȮŐĸŃľĬƞĺĵĚŅĬĔŅĶĻŉĔļŅĪńŘĚŒĬŐĸŃĨƞŅĚĮĶŃŏĪĻȮŒĬĔŅĶĽĬńĭĽĬŋĬĭŋėĸŅĔĶ
ŒĬĽńĚĔńħŏĕƟŅĶƞĺĴŏįĵŐıĶƞįĸĚŅĬĺŇěńĵȮĨĸŀħěĬįŌƟĪĶĚėŋĦĺŋĥŇĪŋĔĪƞŅĬĪňŗŒľƟėĺŅĴŀĬŋŏėĶŅŃľƢŐĸŃŒľƟėĺŅĴĶƞĺĴĴŊŀŒĬĔŅĶěńħĚŅĬ
ĮĶŃĝŋĴėĶńŘĚĬňŘĕŉŘĬěĬĽņŏĶŖěĸŋĸƞĺĚĨŅĴĺńĨĩŋĮĶŃĽĚėƢĪňŗœħƟĨńŘĚœĺƟȮŒĬģŅĬŃŏěƟŅĳŅıĶƞĺĴŒĬĔŅĶěńħĚŅĬĮĶŃĝŋĴȮĕŀĕŀĭıĶŃėŋĦ
įŌƟĪĶĚėŋĦĺŋĥŇȮėĦŅěŅĶĵƢȮĬńĔĺŇěńĵȮŐĸŃįŌƟŏĕƟŅĶƞĺĴĚŅĬĪŋĔĪƞŅĬěŅĔĪŋĔľĬƞĺĵĚŅĬĪňŗŒľƟĔŅĶĽĬńĭĽĬŋĬĔŅĶěńħĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶ
ĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ/6Ȯ&TREC+/6'ȮĮĶŃĽĭėĺŅĴĽņŏĶŖěŏĮƦĬŀĵƞŅĚħňȮŐĸŃľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅ
įŌƟŏĕƟŅĶƞĺĴĔŅĶĮĶŃĝŋĴĪŋĔĪƞŅĬěŃœħƟĶńĭĮĶŃőĵĝĬƢĨŅĴĺńĨĩŋĮĶŃĽĚėƢĪňŗœħƟĨńŘĚœĺƟȮȮȮȮȮ 

 

ȮȮȮȮȮȮ   ȮȮȮ  ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıĶĻŇĶŇȮěĚĔĸȮ 
ĶńĔļŅĔŅĶŀīŇĔŅĶĭħňĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 
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ĽŅĶěŅĔŀīŇĔŅĶĭħňȮ 
ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮ 

 

 

ŒĬĬŅĴĕŀĚĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮĕŀĨƟŀĬĶńĭĪŋĔĪƞŅĬŏĕƟŅĽŌƞ
ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮŴĔŅĶĕńĭŏėĸŊŗŀĬıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚ
ĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ/6Ȯ&TREC-/6'ŵȮĞŉŗĚěńħĕŉŘĬĶŃľĺƞŅĚĺńĬĪňŗȮ/0ů/2Ȯ
ıķĻěŇĔŅĵĬȮı,Ļ,Ȯ0346ȮĳŅĵŒĨƟŐĬĺėŇħȮŴıĸńĚĚŅĬĽŃŀŅħȮıĸńĚŐľƞĚ
ĔŅĶıńĥĬŅĝŋĴĝĬŀĵƞŅĚĵńŗĚĵŊĬŵȮőħĵĴňŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚȮ
ĽĳŅĽĩŅĭńĬıĸńĚĚŅĬĪŅĚŏĸŊŀĔŐľƞĚĮĶŃŏĪĻœĪĵȮĴľŅĺŇĪĵŅĸńĵ
ŏĪėőĬőĸĵňĽŋĶĬŅĶňȮŐĸŃĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮĞŉŗĚŏĮƦĬŏěƟŅĳŅıĶƞĺĴ
ŒĬĔŅĶěńħĚŅĬėĶńŘĚĬňŘ 

ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴŒĬģŅĬŃȮŴĴľŅĺŇĪĵŅĸńĵŐľƞĚĔŅĶĶńĭŒĝƟ
ĽńĚėĴŵȮĴňėĺŅĴĳŅėĳŌĴŇŒěĪňŗœħƟŏĮƦĬĽƞĺĬľĬŉŗĚŒĬĔŅĶĕńĭŏėĸŊŗŀĬŀĚėƢėĺŅĴĶŌƟ

ħƟŅĬıĸńĚĚŅĬĪħŐĪĬŐĸŃĬĺńĨĔĶĶĴŏıŊŗŀĝŋĴĝĬȮĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮ&SDGs) őħĵŏĜıŅŃħƟŅĬ
ıĸńĚĚŅĬĽŃŀŅħȮ&Affordable and Clean Energy) ĞŉŗĚŏĮƦĬľńĺŒěĽņėńĠĕŀĚĔŅĶıńĥĬŅŏĻĶļģĔŇěȮĽńĚėĴȮŐĸŃĽŇŗĚŐĺħĸƟŀĴ
ŀĵƞŅĚĽĴħŋĸȮĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶȮTREC-/6ȮėĶńŘĚĬňŘȮĬńĭŏĮƦĬŏĺĪňĽņėńĠŒĬĔŅĶŐĸĔŏĮĸňŗĵĬŀĚėƢėĺŅĴĶŌƟŐĸŃĮĶŃĽĭĔŅĶĦƢĶŃľĺƞŅĚ
ĬńĔĺŇĝŅĔŅĶȮĬńĔĺŇěńĵȮĬńĔĻŉĔļŅȮľĬƞĺĵĚŅĬĳŅėĶńģȮĳŅėŏŀĔĝĬȮŐĸŃĝŋĴĝĬŒĬĪƟŀĚĩŇŗĬȮĪňŗěŃĴŅĶƞĺĴĔńĬĽĶƟŅĚĽĶĶėƢŐĬĺĪŅĚĔŅĶŒĝƟ
ıĸńĚĚŅĬĪŅĚŏĸŊŀĔŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĵńŗĚĵŊĬȮ 

ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅȮĔŅĶĮĶŃĝŋĴŒĬėĶńŘĚĬňŘěŃŏĮƦĬŐĶĚĭńĬħŅĸŒěŒľƟŏĔŇħėĺŅĴĶƞĺĴĴŊŀŒľĴƞŕȮ
ŐĸŃĕĵŅĵįĸĔŅĶıńĥĬŅœĮĽŌƞĔŅĶŒĝƟıĸńĚĚŅĬĽŃŀŅħĪňŗĽĶƟŅĚėŋĦėƞŅŒľƟĔńĭĽńĚėĴœĪĵȮĕŀĕŀĭėŋĦĪŋĔĳŅėĽƞĺĬĪňŗĴňĽƞĺĬĶƞĺĴŒĬĔŅĶ
ěńħĮĶŃĝŋĴĺŇĝŅĔŅĶŒĬėĶńŘĚĬňŘȮŐĸŃĕŀŀĺĵıĶŒľƟĔŅĶĮĶŃĝŋĴȮŴĔŅĶĕńĭŏėĸŊŗŀĬıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ
/6Ȯ&TREC-/6'ŵȮĮĶŃĽĭėĺŅĴĽņŏĶŖěŀĵƞŅĚĽŌĚĽŋħȮĬņĴŅĞŉŗĚŀĚėƢėĺŅĴĶŌƟŐĸŃŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀĪňŗĔƞŀŒľƟŏĔŇħĮĶŃőĵĝĬƢĨƞŀ
ĮĶŃŏĪĻĝŅĨŇŒĬĶŃĵŃĵŅĺȮ 

 

ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĮĶŃĵŋĔĨƢȮȮĻĶňĺŇœĸ 
ŀīŇĔŅĶĭħňĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 
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ĽŅĶěŅĔįŌƟŀņĬĺĵĔŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮ 
ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 

 

ŒĬĬŅĴĕŀĚ ŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮ ĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 ĶŌƟĽŉĔŏĮƦĬŏĔňĵĶĨŇŐĸŃĵŇĬħňŏĮƦĬŀĵƞŅĚĵŇŗĚĪňŗœħƟ
ĴňőŀĔŅĽĨƟŀĬĶńĭĪŋĔĪƞŅĬŏĕƟŅĶƞĺĴĚŅĬ ĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶ
ĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮ ėĶńŘĚĪňŗȮ18 
(TREC 18) ŒĬėĶńŘĚĬňŘ ĔŅĶĮĶŃĝŋĴĳŅĵŒĨƟľńĺĕƟŀ ŴıĸńĚĝŋĴĝĬŏıŊŗŀ
ıĸńĚĚŅĬĽŃŀŅħȮŐĸŃėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬ8ȮĬĺńĨĔĶĶĴ
ŏıŊŗŀĔŅĶŒĝƟĪĶńıĵŅĔĶŀĵƞŅĚĵńŗĚĵŊĬŵ ĩŊŀŏĮƦĬĮĶŃŏħŖĬĪňŗŀĵŌƞŒĬėĺŅĴ
ĽĬŒěŐĸŃŏĮƦĬĳŅĶĔŇěĽņėńĠĕŀĚŀŋĪĵŅĬłȮŒĬģŅĬŃĔĸœĔľĸńĔĕŀĚ
ĳŌĴŇĳŅėŒĬĔŅĶĕńĭŏėĸŊŗŀĬĚŅĬĺŇěńĵȮĬĺńĨĔĶĶĴȮŐĸŃŏĪėőĬőĸĵňœĮĽŌƞ

ĔŅĶŒĝƟĮĶŃőĵĝĬƢěĶŇĚŒĬĳŅėŀŋĨĽŅľĔĶĶĴŐĸŃĝŋĴĝĬ 

ŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 ĴŋƞĚŏĬƟĬĔŅĶŏĮƦĬĻŌĬĵƢĔĸŅĚŒĬĔŅĶĭƞĴŏıŅŃŐĸŃıńĥĬŅ
įŌƟĮĶŃĔŀĭĔŅĶħƟŅĬŏĪėőĬőĸĵňȮőħĵĽŅĕŅıĸńĚĚŅĬĽŃŀŅħŐĸŃŏĪėőĬőĸĵňĽŇŗĚŐĺħĸƟŀĴȮĔŖŏĮƦĬľĬŉŗĚŒĬľĸŅĵĽŅĕŅĪňŗ
ŀĵŌƞŒĬėĺŅĴĶńĭįŇħĝŀĭĕŀĚŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėłȮȮĔŅĶœħƟŏĮƦĬŏěƟŅĳŅıĶƞĺĴŒĬĚŅĬȮTREC 18 ĬňŘȮěŉĚŏĮƦĬ
őŀĔŅĽĽņėńĠĪňŗěŃŏĝŊŗŀĴőĵĚįĸĚŅĬĺŇĝŅĔŅĶĕŀĚĬńĔĺŇěńĵĪńŗĺĮĶŃŏĪĻŏĕƟŅĔńĭőěĪĵƢėĺŅĴĨƟŀĚĔŅĶĕŀĚĝŋĴĝĬŐĸŃĳŅė
īŋĶĔŇěŒĬıŊŘĬĪňŗĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ ŏıŊŗŀĽĶƟŅĚėĺŅĴŏĕƟĴŐĕŖĚŐĸŃĵĔĶŃħńĭėŋĦĳŅıĝňĺŇĨĕŀĚĮĶŃĝŅĝĬŀĵƞŅĚ
ĵńŗĚĵŊĬ 

ŒĬĬŅĴĕŀĚ ŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 ľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅȮĔŅĶĮĶŃĝŋĴ
ĨĸŀħĶŃĵŃŏĺĸŅ 12 ů 14 ıķĻěŇĔŅĵĬȮ2568 ĦȮĽĩŅĬĪňŗŐľƞĚĬňŘȮěŃŏĨŖĴœĮħƟĺĵĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟĪňŗŏĮƦĬ
ĮĶŃőĵĝĬƢȮĔŅĶĽĶƟŅĚŏėĶŊŀĕƞŅĵĪňŗŏĕƟĴŐĕŖĚȮŐĸŃĬņĴŅĞŉŗĚėĺŅĴĶƞĺĴĴŊŀŒľĴƞȮŕȮĪňŗěŃĔƞŀŒľƟŏĔŇħĬĺńĨĔĶĶĴıĸńĚĚŅĬŀńĬ
ŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴȮ ŐĸŃŏĮƦĬĲƤĬŏĲƘŀĚĽņėńĠŒĬĔŅĶĕńĭŏėĸŊŗŀĬĮĶŃŏĪĻĽŌƞŏĮƚŅľĴŅĵėĺŅĴŏĮƦĬĔĸŅĚĪŅĚ
ėŅĶƢĭŀĬĨƞŀœĮ ĕŀŀņĬĺĵıĶŒľƟĔŅĶěńħĚŅĬĽņŏĶŖěĸŋĸƞĺĚħƟĺĵħňĨŅĴĺńĨĩŋĮĶŃĽĚėƢĪŋĔĮĶŃĔŅĶȮ ŐĸŃĕŀŒľƟĪŋĔĪƞŅĬ
ĮĶŃĽĭėĺŅĴĽŋĕŐĸŃœħƟĶńĭėĺŅĴĶŌƟěŅĔĔŅĶĮĶŃĝŋĴŀĵƞŅĚŏĨŖĴĪňŗ 

 
 

įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĮĳŅĔĶȮıŇĪĵĝĺŅĸ 
 įŌƟŀņĬĺĵĔŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 
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ëóäÉóÂÜäñÙóÚØöćÜä÷ÂêóëâóÅâ 
                                                   ßæòÈÈóÚØÕĀØÚëú¬ËùâËÚĀì¬ÈÜäñÿØéăØã 

  
ÈóÚÜäñËùâëòââÚóèõËóÂóääúÜĀÛÛßæòÈÈóÚØÕĀØÚëú¬ËùâËÚĀì¬È
ÜäñÿØéăØã (Thailand Renewable Energy  for Community 
Conferences: TREC) ăÕ­ÕČóÿÚõÚÂóäâóîã¬óÈÖ¬îÿÚøćîÈÖòĈÈĀÖ¬ Üö 
ß.é. 2551 ëøÛÿÚøćîÈâóØùÂÜöÉÚâó×÷ÈÜòÉÉùÛòÚ ÿÜĆÚÅäòĈÈØöć 18 Āæ­è 
āÕãâöèòÖ×ùÜäñëÈÅ°ÿßøćîÿÜĆÚÿèØöĂì­ÅÔóÉóäã° ÚòÂèõËóÂóä 
ÚòÂèõÉòãĀæñÝú­ØöćëÚĂÉ ĂÚë¬èÚØöćÿÂöćãèÃ­îÈ ØóÈÕ­óÚèõéèÂääâ
ßæòÈÈóÚĀæñëõćÈĀèÕæ­îâÿßøćîËùâËÚĂÚĀÖ¬æñìÚ¬èãÈóÚØòĈÈáóÅäòÑ
ĀæñÿîÂËÚĀæñÜäñËóËÚØòćèăÜ ăÕ­âöāîÂóëâóßÛÿÉîÂòÚĀæñÚČó
ÝæÈóÚÃîÈÖÚÿîÈ âóÚČóÿëÚîÿßøćîÿÜĆÚÂóäĀæÂÿÜæöćãÚîÈÅ°

Åèóâäú­ëä­óÈÿÅäøîÃ¬óãÅèóâä¬èââøîÕ­óÚèõËóÂóäĀæñèõÉòãäñìè¬óÈìÚ¬èãÈóÚÖ¬óÈ ą  äèâ×÷È
ë×óÛòÚÂóäé÷Âêó îòÚÉñÿÜĆÚÂóäë¬ÈÿëäõâĀæñßòÓÚóĂì­ÿÂõÕÂóäßòÓÚó ÝæÈóÚèõÉòãØöćâöÅùÔáóßëîÕÅæ­îÈ
ÂòÛÅèóâÖ­îÈÂóäÃîÈëòÈÅâĀæñÜäñÿØéîã¬óÈÖ¬îÿÚøćîÈ ÂóäÉòÕÈóÚÚöĈÿÜĆÚÂóäÿÚ­Úëä­óÈÅèóâä¬èââøîĂÚ
äúÜĀÛÛëìèõØãóÂóäĀæñÂóäëä­óÈÚèòÖÂääâëú¬ÂóäßòÓÚóîã¬óÈãòćÈãøÚØùÂâõÖõ āÕãÉñÂ¬îĂì­ÿÂõÕâùââîÈìäøî
ĀÚèØóÈØöćÉñØČóĂì­ Åèóâäú­Õ­óÚèõéèÂääâßæòÈÈóÚÕ­óÚÖ¬óÈ ą ĀæñëõćÈĀèÕæ­îâ ëóâóä×ÃòÛÿÅæøćîÚ Öóâ
ÚāãÛóãÅèóâãòćÈãøÚÃîÈîÈÅ°ÂäÃîÈÜäñÿØéăØãÖ¬îăÜîòÚÉñÿÜĆÚÜäñāãËÚ°Ö¬îÂóäßòÓÚóÜäñÿØéÖóâ
ãùØÙéóëÖä°ËóÖõĀæñÖóâÚāãÛóãÃîÈÂóäæÕÂóäÜæ¬îãÂ®óÌÿäøîÚÂäñÉÂĀæñæÕáóèñāæÂä­îÚ  ĂÚÅäòĈÈÚöĈ 
ØóÈâìóèõØãóæòãÿØÅāÚāæãöëùäÚóäö ä¬èâÂòÛëâóÅâð ăÕ­äòÛÿÂöãäÖõÿÜĆÚÿÉ­óáóßä¬èâÂòÚĂÚÂóäÉòÕÈóÚ
ä¬èâÈóÚÜäñËùâëòââÚóèõËóÂóääúÜĀÛÛßæòÈÈóÚØÕĀØÚëú¬ËùâËÚĀì¬ÈÜäñÿØéăØãÅäòĈÈØöć Ɨƞ ÚöĈäñìè¬óÈ 
èòÚØöć ƗƘ-Ɨƚ ßåéÉõÂóãÚ ß.é. ƘƛƜƞ 
Ã­óßÿÉ­óĂÚÚóâÜäñÙóÚØöćÜä÷ÂêóëâóÅâð ìèòÈÿÜĆÚîã¬óÈãõćÈè¬óÂóäÜäñËùâèõËóÂóäĂÚÅäòĈÈÚöĈÉñÿÜĆÚ
ÜäñāãËÚ°ĀÂ¬ØùÂØ¬óÚØöćÿÃ­óä¬èâÜäñËùâĀæñÃîĀëÕÈÅèóâÃîÛÅùÔØùÂÞ¬óãØùÂîÈÅ°ÂäÔ°Øöćâöë¬èÚä¬èâĂÚÂóä
ÝæòÂÕòÚĀæñØČóÈóÚä¬èâÂòÚØČóÈóÚĂì­ÈóÚÜäñËùâèõËóÂóäÅäòĈÈÚöĈëČóÿäĆÉæùæ¬èÈÖóâèòÖ×ùÜäñëÈÅ°ØöćÖòĈÈăè­ 
 

                                  
                    äîÈéóëÖäóÉóäã° Õä.èõäËòã āäãÚäõÚØä° 

                     ÜäñÙóÚØöćÜä÷ÂêóëâóÅâßæòÈÈóÚØÕĀØÚëú¬ËùâËÚ 
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ĽŅĶěŅĔĬŅĵĔĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬȮ 
 

ŒĬĬŅĴĕŀĚ ĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬȮ&TRECA) 
įĴĕŀŐĽħĚėĺŅĴĵŇĬħňŐĸŃĨƟŀĬĶńĭĪŋĔĪƞŅĬŏĕƟŅĽŌƞ ĔŅĶĮĶŃĝŋĴĽńĴĴĬŅ
ĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮ ėĶńŘĚĪňŗȮ
18 (Thailand Renewable Energy For Community 
Conference : TREC 18) ŀĵƞŅĚŀĭŀŋƞĬĵŇŗĚ 

ĔŅĶĮĶŃĝŋĴėĶńŘĚĪňŗȮ18 ĬňŘȮ ěńħĕŉŘĬĳŅĵŒĨƟŐĬĺėŇħľĸńĔĪňŗ
ĽŀħėĸƟŀĚĔńĭĪŇĻĪŅĚőĸĔŐĸŃĮĶŃŏĪĻœĪĵȮ ėŊŀ ŴıĸńĚĝŋĴĝĬŏıŊŗŀ
ıĸńĚĚŅĬĽŃŀŅħȮŐĸŃėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬ8ȮĬĺńĨĔĶĶĴŏıŊŗŀ
ĔŅĶŒĝƟĪĶńıĵŅĔĶŀĵƞŅĚĵńŗĚĵŊĬŵ ĞŉŗĚĩŊŀŏĮƦĬĮĶŃŏħŖĬĪňŗĴňėĺŅĴĽņėńĠ

ŏĶƞĚħƞĺĬŐĸŃŏĮƦĬėĺŅĴĪƟŅĪŅĵĪňŗĨƟŀĚŀŅĻńĵėĺŅĴĶƞĺĴĴŊŀěŅĔĪŋĔĳŅėĽƞĺĬ 

ĨĸŀħĶŃĵŃŏĺĸŅĕŀĚĔŅĶĮĶŃĝŋĴĶŃľĺƞŅĚĺńĬĪňŗ 12 ů 14 ıķĻěŇĔŅĵĬȮ2568 ĦȮŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢ
ĳŌĴŇĳŅėȮ ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ2 ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň ŏĶŅěŃœħƟĶƞĺĴŐĸĔŏĮĸňŗĵĬėĺŅĴĶŌƟȮ
ĮĶŃĽĭĔŅĶĦƢȮŐĸŃĬņŏĽĬŀįĸĚŅĬĺŇĝŅĔŅĶĪňŗĴňėŋĦėƞŅŒĬȮ6 ľńĺĕƟŀĽņėńĠȮĞŉŗĚėĶŀĭėĸŋĴĨńŘĚŐĨƞŏĪėőĬőĸĵňıĸńĚĚŅĬ
ĽņľĶńĭĝŋĴĝĬȮĭĪĭŅĪĕŀĚĝŋĴĝĬŒĬĔŅĶŏĮĸňŗĵĬįƞŅĬıĸńĚĚŅĬĽŃŀŅħȮœĮěĬĩŉĚĬĺńĨĔĶĶĴĔŅĶěńħĔŅĶŏıŊŗŀėĺŅĴŏĮƦĬ
ĔĸŅĚĪŅĚėŅĶƢĭŀĬ 

įĴľĺńĚŏĮƦĬŀĵƞŅĚĵŇŗĚĺƞŅȮ ĔŅĶĮĶŃĝŋĴėĶńŘĚĬňŘěŃŏĮƦĬŏĺĪňĽņėńĠŒĬĔŅĶ ĽĶƟŅĚŏėĶŊŀĕƞŅĵėĺŅĴĶƞĺĴĴŊŀ ěŋħ
ĮĶŃĔŅĵ ėĺŅĴėŇħĽĶƟŅĚĽĶĶėƢ ŐĸŃĬņœĮĽŌƞĔŅĶ ĨƞŀĵŀħĚŅĬĺŇěńĵŐĸŃĬĺńĨĔĶĶĴ ĪňŗĽŅĴŅĶĩĬņœĮĮĶŃĵŋĔĨƢŒĝƟŒĬ
ĝŋĴĝĬœħƟŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮŏıŊŗŀĕńĭŏėĸŊŗŀĬĮĶŃŏĪĻœĪĵœĮĽŌƞŏĮƚŅľĴŅĵĔŅĶıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬŐĸŃŏĻĶļģĔŇěĪňŗŏĮƦĬ
ĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 

ĕŀĕŀĭėŋĦ ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮ
ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0ȮŐĸŃĪŋĔĳŅėňŏėĶŊŀĕƞŅĵȮĨĸŀħěĬįŌƟĽĬńĭĽĬŋĬĪŋĔȮŕȮĪƞŅĬĪňŗœħƟĶƞĺĴĽĬńĭĽĬŋĬĔŅĶěńħĚŅĬ
ŀĵƞŅĚŏĕƟĴŐĕŖĚȮĕŀŀņĬĺĵıĶŒľƟĪŋĔĪƞŅĬœħƟĶńĭĮĶŃőĵĝĬƢĽŌĚĽŋħěŅĔĔŅĶĮĶŃĝŋĴȮŐĸŃĮĶŃĽĭŐĨƞėĺŅĴĽŋĕėĺŅĴŏěĶŇĠ
ĨĸŀħĔŅĶŏĕƟŅĶƞĺĴĚŅĬ 

 
 ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıŇĽŇļĢƢȮȮĴĦňőĝĨŇ                                 ȮȮȮȮȮȮȮȮȮȮȮ

ĬŅĵĔĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ 
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ėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅ 
ĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ 

 

/, ĻŅĽĨĶŅěŅĶĵƢȮȮħĶ,ĽĴĝŅĵȮĺĚĻƢĺŇŏĻļȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅĔŇĨĨŇĴĻńĔħŇś 
0, ĻŅĽĨĶŅěŅĶĵƢȮȮħĶ,įħŋĚĻńĔħŇśȮĶńĨĬŏħőĝȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅĔŇĨĨŇĴĻńĔħŇś 
1, ĻŅĽĨĶŅěŅĶĵƢȮȮħĶ,ıňĶŃıĚĻƢȮĪňęĽĔŋĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅĔŇĨĨŇĴĻńĔħŇś 
2, ĻŅĽĨĶŅěŅĶĵƢȮȮħĶ,ĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅĔŇĨĨŇĴĻńĔħŇś 
3, ĻŅĽĨĶŅěŅĶĵƢȮȮħĶ,ĔŋĸŏĝļģƢȮŏıňĵĶĪŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅĔŇĨĨŇĴĻńĔħŇś 
4, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĮĶŃīŅĬĪňŗĮĶŉĔļŅ 
5, ıĸŀŅĔŅĻőĪȮŏŀĔĶŅĝȮĝŅĨŇĝńĵȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅ 
6, ħĶ,ĴĬĨĶňȮĝŅĸňŏėĶŊŀȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅ 
7, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĭŋĠŏĶŊŀĚȮĴŃĶńĚĻĶňȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅ 
/., ħĶ,ĽŅėĶȮĽĶƟŀĵĽńĚĺŅĸĵƢȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪňŗĮĶŉĔļŅ 
//, ħĶ,ĺŇĝńĵȮŏıŖĝĶƢĪŀĚėņȮȮȮ ĪňŗĮĶŉĔļŅ 
/0 ħĶ,ŀņıĸȮŀŅĳŅīĬŅĔĶȮ  ĪňŗĮĶŉĔļŅ 
/1, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮěńĔĶňȮĻĶňĬĬĪƢĜńĨĶȮȮȮ ĪňŗĮĶŉĔļŅ 

 

 
ėĦŃĔĶĶĴĔŅĶ 

ĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ 
 

/, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮıŇĽŇļĢƢȮĴĦňőĝĨŇ ĬŅĵĔĽĴŅėĴ 
0, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĮĶňĝŅȮĻĶňĮĶŃĳŅėŅĶ ŀŋĮĬŅĵĔ 
1, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢȮȮ ĔĶĶĴĔŅĶ 
2, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĺĶěŇĨĨƢȮŏĻĶļģıĶĶėƢ ĔĶĶĴĔŅĶŐĸŃĮġŇėĴ 
3, ħĶ,ĔķļĴŅıĶȮıŉŗĚőıīŇś ĔĶĶĴĔŅĶŐĸŃŏĸĕŅĬŋĔŅĶ 
4, ĬŅĚĽŅĺīńĠĠĸńĔļĦƢȮĝŇħőėĔĔĶĺħ ŏľĶńĠĠŇĔŐĸŃĮĶŃĝŅĽńĴıńĬīƢ 
5, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮīĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ ĬŅĵĪŃŏĭňĵĬ 

 
Ȯ 
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ėĦŃĔĶĶĴĔŅĶıŇěŅĶĦŅĭĪėĺŅĴ 
/, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽĴĝŅĵȮĺĚĻƢĺŇŏĻļȮ  ĪňŗĮĶŉĔļŅ 

0, ȮĻŅĽĨĶŅěŅĶĵƢȮħĶ,įħŋĚĻńĔħŇśȮĶńĨĬŏħőĝ ĪňŗĮĶŉĔļŅ 

1, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ ĪňŗĮĶŉĔļŅ 

2, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĔŋĸŏĝļģƢȮŏıňĵĶĪŀĚ ĪňŗĮĶŉĔļŅ 

3, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıňĶŃıĚĻƢȮĪňęĽĔŋĸȮ  ĪňŗĮĶŉĔļŅ 

4, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽŜŅŏĶŇĚȮěńĔĶŒě ĪňŗĮĶŉĔļŅ 

5, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ ĪňŗĮĶŉĔļŅ 

6, ħĶ,ŀŜŅıĸȮŀŅĳŅīĬŅĔĶ ĪňŗĮĶŉĔļŅ 

7, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĭŋĠŏĶŊŀĚȮĴŃĶńĚĻĶňȮȮ ĮĶŃīŅĬėĦŃŀĬŋĔĶĶĴĔŅĶ 

/., ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıŇĽŇļĢƢȮĴĦňőĝĨŇȮ  ĶŀĚĮĶŃīŅĬėĦŃŀĬŋĔĶĶĴĔŅĶ 

//, ĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĔķļĦƢĝĬĴƢȮĳŌĴŇĔŇĨĨŇıŇĝĠƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶň 

/0, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĶńĨĬőĝĨŇȮŏĪňĵĬĴĚėĸ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

/1, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,īňĶĺĚĻƢȮŏľĸƞŅĽŋĺĶĶĦ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

/2, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ěĚĸńĔļĦƢȮıŅľŃĞŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵıŃŏĵŅ 

/3, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĔňĶĨŇȮĝĵŃĔŋĸėňĶň ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 

/4, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĭŋĠĵńĚȮĮĸńŗĚĔĸŅĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶň 

/5, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,īĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵīĶĶĴĻŅĽĨĶƢ 

/6, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ŏĪıȮŏĔŊŘŀĪĺňĔŋĸ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶ  

/7, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĺŅĶŋĦňȮŀĶŇĵĺŇĶŇĵŃĬńĬĪƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĕĴĚėĸīńĠĭŋĶň 

0. ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ěńĔĶňȮĻĶňĬĬĪƢĜńĨĶ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶň 

0/, ĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĬńģıĶȮœĝĵĠŅĨŇ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ 

00, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĳŅėŇĦȮĴĦňőĝĨŇ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶȮ 

01, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽŇĪīŇĝńĵ ŁŃĪŃőĝĨŇ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢ ĺŇĪĵŅŏĕĨŏĜĸŇĴ
ıĶŃŏĔňĵĶĨŇȮěńĚľĺńħĽĔĸĬėĶ 

02, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĺňĶŃĺŋĥŇȮŀĶŋĦĺĶĶīĬŃ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

03, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĮĶŏĴļģƢȮěńĬĪĶƢŏıŖĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

04, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ŀňĸňľĵƠŃȮĽĬŇőĞ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĵŃĸŅ 
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05, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽŋĶŏĝĶļģƢȮĽňĝņĬŅĠ  ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĺŇĪĵŅŏĕĨĽĔĸĬėĶȮ 

06, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ķĪīŇśĝŅĨŇȮŀŅěĔĸƟŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĶƟŀĵŏŀŖħ 

07, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĮĶňĝŅȮĻĶňĮĶŃĳŅėŅĶ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

1., įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ĺňĶŃĺŋĥŇȮŀĶŋĦĺĶĶīĬŃ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

1/, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽĶŅĺŋīȮıĸĺĚļƢĻĶň ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ 

10, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢ ħĶ,ĴĦňĶńĨĬƢȮĺĚļƢĞŇŘĴ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

11, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮĦńģĔŇĨĨŇśȮŐĽĬĪŀĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŀŋħĶīŅĬňȮ 

12, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ŀĳŇĝńĵȮĽŅĺŇĽŇĪīŇś ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĻŌĬĵƢĔĸŅĚĬėĶĶŅĝĽňĴŅ 

13, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĺńĝĶŅĔĶȮĮƕƧĬīŋĶńĨĬƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĨŃĺńĬŀŀĔȮ
ĺŇĪĵŅŏĕĨěńĬĪĭŋĶň 

14, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĭĶĶĦĠńĨŇȮĭĶŇĭŌĶĦƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŀŋħĶīŅĬň 

15, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,īňĶŃıĚļƢȮĭŋĠĶńĔļŅ  ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
ĶńĨĬőĔĽŇĬĪĶƢȮĻŅĸŅĵŅ 

16, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ.ŏĶŊŀĚĵĻȮŏĔĨŋĶńĔļŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
ĶńĨĬőĔĽŇĬĪĶƢȮĻŅĸŅĵŅ 

17, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĔķĨĵŅȮĽĴĽńĵ 
 

ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĺŇĪĵŅŏĕĨĽĔĸĬėĶ 

2., įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽńĔĶŇĬĪĶƢȮŐĞƞĳŌƞ ŀĬŋĔĶĶĴĔŅĶĽĩŅĭńĬŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅŏěƟŅėŋĦĪľŅĶ
ĸŅħĔĶŃĭńĚ  

2/, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĔĶňĤŅȮĽŋĕĪńŗĚ  ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĽŋĺĶĶĦĳŌĴŇȮȮ
ĺŇĪĵŅŏĕĨĬĬĪĭŋĶň 

20, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıŅĻŇĔŅȮŏĨĴňĮĶŃŏĽĶŇģĔŇě ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
ĶńĨĬőĔĽŇĬĪĶƢȮĻŅĸŅĵŅ 

21, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮĔŇĨĨŇĻńĔħŇśȮĩŉĚĽŋĕ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
ĶńĨĬőĔĽŇĬĪĶƢȮĻŅĸŅĵŅ 

22, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ěŅĶŋĔŇĨĨŇśȮıŇĭŌĸĬķħĴ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶȮ 

23, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĬŇĺħňȮėĸńĚĽňħŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶ 
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24, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĝńĝĺŇĬĪĶƢȮĬĺĸĻĶň ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶ 

25, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ıĶľĴıńĔĨĶƢȮĭŋĠĶńĔļŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĽŋĺĶĶĦĳŌĴŇ 

26, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĵŋĪīĦŅȮėĚěňĬ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĻŌĬĵƢĔĸŅĚĬėĶĶŅĝĽňĴŅ 

27, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ŀŅĶńĔļƢȮĭŋĠĴŅĨĵƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĺŇĪĵŅŏĕĨĕŀĬŐĔƞĬ 

3., įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĮĶŃľĵńħȮĔŀĚĽŋĕ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĨŃĺńĬŀŀĔȮ
ĺŇĪĵŅŏĕĨěńĬĪĭŋĶň 

3/, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĳŅĦŋȮĮĶŃĪŋĴĬıĶńĨĬƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶňȮ 

30, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĽĶĺŇĻ ĽŀĬĽŅĶň ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢıŇĭŌĸĽĚėĶŅĴ 

31, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ĶńĚĽĶĶėƢȮĪŀĚĪŅ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 

32, įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,īĚĝŅĨŇȮŏĔŇħįĸ  ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĔļĨĶĻŅĽĨĶƢȮĭŅĚŏĕĬ 

33, ħĶ,ĔŀĭĻńĔħŇśȮĻĶňĮĶŃĳŅ ŀĬŋĔĶĶĴĔŅĶĻŌĬĵƢŏĪėőĬőĸĵňŀŇŏĸŖĔĪĶŀĬŇĔĽƢŐĸŃ
ėŀĴıŇĺŏĨŀĶƢŐľƞĚĝŅĨŇ 

34, ŀŅěŅĶĵƢȮħĶ,ĬŇĨŇĻńĔħŇśȮĮŅĽŅěŃ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

35, ŀŅěŅĶĵƢȮħĶ,ĬĶŅĺŇĪĵƢ ħŅĺŏĶŊŀĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

36, ŀŅěŅĶĵƢȮħĶ,ĮĶŃěĺĭȮıňĶŃıĚĻƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĔĶŋĚŏĪıīĬĭŋĶň 

37, ŀŅěŅĶĵƢȮħĶ,ĦńģĺŋĥŇȮĕŅĺĽŃŀŅħ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢıŇĭŌĸĽĚėĶŅĴ 

4., ŀŅěŅĶĵƢȮħĶ,ĦńģŀŅĳŅȮĽńěěĺŅĪň ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

4/, ŀŅěŅĶĵƢȮħĶ,ĻĶŇĬĪĶňĵƢ ŀŋħĝŅĝĬ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

40, ŀŅěŅĶĵƢȮħĶ,ĽĴőĳĝȮĪŀĚĬŘņŏĪňŗĵĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

41, ŀŅěŅĶĵƢȮħĶ,ĬĶŅĺŇĪĵƢȮħŅĺŏĶŊŀĚ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

42, ŀŅěŅĶĵƢȮħĶ,ĪĻıĶȮĽŋĶŇĬĪĶƢŐĔƟĺ ŀĬŋĔĶĶĴĔŅĶĽĩŅĭńĬŏĪėőĬőĸĵňıĶŃěŀĴŏĔĸƟŅŏěƟŅėŋĦĪľŅĶ
ĸŅħĔĶŃĭńĚ  

43, ŀŅěŅĶĵƢȮħĶ,ħŋĽŇĨ ŀŋĪŇĻĽŋĬĪĶ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĭŋĶňĶńĴĵƢȮ 

44, ŀŅěŅĶĵƢȮħĶ,ĮƤĠěıĸȮŏĳĨĶŅıŌĬĽŇĬœĝĵ  ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĶńĚĽŇĨ 

45, ŀŅěŅĶĵƢȮħĶ,ĻĶńĦĵƢȮĜńĨĶīńĠĠĔŇě ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĽŋĺĶĶĦĳŌĴŇȮ
ĬĬĪĭŋĶň 
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46, ŀŅěŅĶĵƢȮħĶ,ĕĬŇļģŅȮĺĶĶĦėņ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĽŋĺĶĶĦĳŌĴŇȮ
ĬĬĪĭŋĶň 

47, ŀŅěŅĶĵƢȮħĶ,ĝńĵıŇĝŇĨȮėņıŇĴıƢ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸ
ĶńĨĬőĔĽŇĬĪĶƢ ĻŅĸŅĵŅ 

5., ŀŅěŅĶĵƢȮĵŋĪīĬŅȮŀŋœĶĝŊŗĬ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴȮ 

5/, ŀŅěŅĶĵƢ ĻŇĶŇĸńĔļĦƢȮœĔĵĺŇĬŇě ŀĬŋĔĶĶĴĔŅĶȮĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

50, ŀŅěŅĶĵƢ ĔĴĸĺĶĶĦȮĶńĝĨŏĺĝĔŋĸ ŀĬŋĔĶĶĴĔŅĶĴľŅĺŇĪĵŅĸńĵĔŅĿĽŇĬīŋƢȮ 
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ĔņľĬħĔŅĶĬņŏĽĬŀĭĪėĺŅĴ 
ĺńĬıŋīĪňŗȮ12 ıķĻěŇĔŅĵĬȮ2568 

ĝƞĺĚĪňŗȮ1 ŏĺĸŅȮ13:00 ů 14:30 Ĭ, 

ĦȮŀŅėŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0ȮȮȮ 

ȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮ 

ŀ,ȮŏĴŊŀĚȮě,ȮĬėĶĶŅĝĽňĴŅ 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B407ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ ŏĪėőĬőĸĵňıĸńĚĚŅĬĽņľĶńĭĝŋĴĝĬ8ȮěŅĔĪķļġňĽŌƞĔŅĶĮĢŇĭńĨŇ 

Session Chair 
įĻ,ħĶ,ĮĶňĝŅȮĻĶňĮĶŃĳŅėŅĶȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 
įĻ,ħĶ,ĭĶĶĦĠńĨŇȮĭĶŇĭŌĶĦƢ  ėĦŃŏĪėőĬőĸĵňŐĸŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵ
ĶŅĝĳńĢŀŋħĶīŅĬň 

13:00 ů 14:30 Ĭ, ŀŀĔŐĭĭŐĸŃıńĥĬŅĨŌƟŀĭŐľƟĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĶƞĺĴĔńĭľĸŀħœĽƟėĺĭėŋĴŀŋĦľĳŌĴŇ
ŀńĨőĬĴńĨŇĶŃĭĭŀŀĲĔĶŇħ 
ĦńģĻŅĽĨĶƢȮĽŅŐĝ, ŏıĝĶıŇļĦŋ ěŇĶŃŏħĝĮĶŃœı, ŏĪıȮŏĔŊŘŀĪĺňĔŋĸ, ŐĸŃȮĳŅėŇĦȮĴĦň
őĝĨŇ 
ĔŅĶıńĥĬŅĝŋħėĺĭėŋĴĶŃĭĭĨŇħĨŅĴħĺĚŀŅĪŇĨĵƢŏıŊŗŀľńĬĔĸńĭĨņŐľĬƞĚĪŇĻĨŃĺńĬŀŀĔ
ĽņľĶńĭŏĝƟŅĺńĬŒľĴƞ 
īĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ, ĔķĝĬĬĪƢȮĽĺĬěńĬĪĶƢ, ıŇĶĠŅĦƢȮĵŀħŐĔƟĺ, ěŇĨĨŇĴŅıĶȮŏįŊŀĔĵŇŘĴ 
ŐĸŃȮĬŇĶĴĸȮĭŋĠŏĝŇħ 
ĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶįĸŇĨœĲĲƚŅĶŃĵŃĽńŘĬĔńĭįĸĔŅĶěņĸŀĚħƟĺĵőĮĶŐĔĶĴȮPVsyst 
őėĶĚĔŅĶĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ 
ĕĬŅħȮ5.0 ĔŇőĸĺńĨĨƢȮĴľŅĺŇĪĵŅĸńĵĬĶŅīŇĺŅĽĶŅĝĬėĶŇĬĪĶƢ 
ĽŋĺŇĬńĬĪƢȮěńĬĪŀŋœĶȮŐĸŃȮıĸŅĔĶȮıĶľĴŏĴĻĶƢ 

ĔŅĶĪħĽŀĭĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅŒĬĔŅĶėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇĽņľĶńĭŏėĶŊŗŀĚ
ĔņŏĬŇħœĲĲƚŅıĸńĚĚŅĬĬŘņĕĬŅħŏĸŖĔĴŅĔ 
ĵŋĪīĬŅȮĪŀĚŀŇĬĪĶŅĝ,ȮıĸŅĔĶȮıĶľĴŏĴĻĶƢ, ĮĶŋĿľƢȮĴŃĵŃŏĜňŗĵĺ,ȮŐĸŃȮĝĸīŇĻŅȮĶńĨĬ
ĝŌ 
ĔŅĶŒĝƟŏĪėőĬőĸĵňŀŇĬŏĨŀĶƢŏĬŖĨĕŀĚĽĶĶıĽŇŗĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶĬŘņħƟĺĵıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢ  
ĔĶĦňĻŉĔļŅȮ:ȮŏĔļĨĶĔĶįŌƟĮĸŌĔĵŅĚıŅĶŅŏĕĨĬŇėĴĽĶƟŅĚĨĬŏŀĚĭƟŅĬĔĶĺħȮŀņŏĳŀĭƟŅĬ
ĔĶĺħȮěńĚľĺńħĭŋĶňĶńĴĵƢ 
ĦńģĺŋĥŇȮıěĬƢĮĶŇĠĠŅȮŐĸŃȮħŋĽŇĨȮŀŋĪŇĻĽŋĬĪĶ 
ĔŅĶŀŀĔŐĭĭĶŃĭĭĨĶĺěĺńħŐĸŃĨŇħĨŅĴĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅŒĬŀŅėŅĶ 
īňĶŃıĚļƢȮĭŋĠĶńĔļŅ,ȮĳńĪĶıĸȮĳŌƞĵŀħĵŇŗĚ,ȮīňĶĺńĥĬƢȮĮƚŀĚĔńĬ,ȮŏĻĶļģĺńĥĬƢȮľĬŌĕŅĺ,Ȯ
ĺĶŇĪīŇśȮŐĵƟĴĺĚļŅ,ȮıĶľĴıńĔĨĶƢȮĭŋĠĶńĔļŅ,  

ŀĬŋĽĶĦƢȮįƞŀĚĮĶŃĳŅ ŏĔĻĶŅȮıĸŃœĝĵ ŐĸŃȮĭŋĠŏĶŊŀĚȮĴŃĶńĚĻĶň 
12:30-13.45 Ĭ. Coffee break 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B405ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ ĔŅĶĺŇěńĵŐĸŃıńĥĬŅıĸńĚĚŅĬĽŃŀŅħŏıŊŗŀŀĬŅėĨĪňŗĵńŗĚĵŊĬ  

Session Chair 

ĶĻ,ħĶ,ŏĪıȮŏĔŊŘŀĪĺňĔŋĸ  ėĦŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴ ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢ
ĔņŐıĚŏıĝĶ 
ŀŅěŅĶĵƢȮħĶ,ĶŋƞĚŏıĝĶȮĔƞŀĚĬŀĔȮ ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵň 
ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬ ĬėĶĶŅĝĽňĴŅ 

13:00 ů 14:30 Ĭ, ĔŅĶĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅŏĝŇĚŏĻĶļģĻŅĽĨĶƢĨƞŀŐĬĺĪŅĚĔŅĶĬņŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔ
ĴŌĸŐıŃŒĝƟĚŅĬŏĮƦĬŏĝŊŘŀŏıĸŇĚĕŀĚľĴƟŀĨƟĴœŀĬŘņ 
ĝŇĬĺĶȮĻŋĳĺĚĻƢ ŐĸŃȮĝŅĬĬĪƢȮĭŋĠĴňıŇıŇī 

ĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272Ȯ
ĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭŐĭĭėĚĪňŗ 
ĔķļĦŃȮĬŋƞĴŏħŊŗŀ, ĳŌĶŇıńĥĬƢȮĽŋĺĶĶĦőĦ, īĶĶĴĮƕĨŇȮŏĴŊŀĚĝńĵ, ŀńļġŅĚėƢȮĭŋĠĻĶň, ĺĶĺŋĥŇȮ
ĭŋĨĶħň, ŐĸŃȮŀŇĪīŇıĸȮŏľĸŅıĶĴ 
įĸĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŐĸŃĶŃĵŃėŊĬĪŋĬĕŀĚŏėĶŊŗŀĚŀĭŐľƟĚ
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ ĽņľĶńĭėĶŀĭėĶńĺĕĬŅħŏĸŖĔ 
ĦńģĺŋĥŇȮĕŅĺĽŃŀŅħ,ȮŀĬŋıĸȮŀńėıŇĬ,ȮĮĶŃĳŅĻŇĶŇȮŒěįƞŀĚ,ȮŐĸŃ ĺňĶŃĭŌĸĵƢĔŇĨĨŇȮĝŋĴıĶ
įƞŀĚ 
ĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
ĦńģıĸȮœĺĵŋĺńĨĶ,ȮĝĬĝĬȮĔŅĶŃĳńĔħň,ȮŀńļġŅĚėƢȮĭŋĠĻĶň,ȮěŅĶŋĔŇĨĨŇśȮıŇĭŌĸĬķħĴ,Ȯ
ŀŅĬĬĪƢȮĺĚļƢĴĦň,ȮŐĸŃȮŀĬńĬȮľĵĺĔĺńħ 

ĔŅĶĻŉĔļŅįĸĔĶŃĪĭħƟŅĬıĸńĚĚŅĬĽŌĠŏĽňĵĪňŗŏĔŇħěŅĔĔŅĶĨŇħĨńŘĚľĴƟŀŐĮĸĚœĲĲƚŅ ŒĬ
ĮĶŃŏĪĻœĪĵȮ 
ŀħŇĻĶȮıĸŏĽĬŅ, ĪĶĚĵĻȮĴŅĸňĺĚĻƢ, ŏħƞĬȮėŀĔıŇĴŅĵ, ĴĬĨĶňȮĝŅĸňŏėĸŊŀ,ȮıŇļĦŋȮĭŋĠ
ĶńĨĬƢ, ĽĴıĸȮőėĻĶň, ŐĸŃ ĶŋƞĚŏıĝĶȮĔƞŀĚĬŀĔ 
ŏėĶŊŗŀĚĬĺħĕƟŅĺĕĬŅħŏĸŖĔőħĵŒĝƟĴŀŏĨŀĶƢĔĶŃŐĽĨĶĚȮœĶƟŐĮĶĚĩƞŅĬıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢ  
ĨĶňĳıȮĵŀħőĵĴ, ŀĬŋĶńĔļƢȮĽĴĺĶĶĦƢ, ĳŅėŇĦȮĴĦňőĝĨŇ, ŐĸŃȮŏĪıȮŏĔŊŘŀĪĺňĔŋĸ 

12:30-12.45 Ĭ. Coffee break 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B404ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ 
ĬĺńĨĔĶĶĴıĸńĚĚŅĬŏıŊŗŀėĺŅĴĵńŗĚĵŊĬĕŀĚ
ĪĶńıĵŅĔĶīĶĶĴĝŅĨŇ  

Session Chair 

ĶĻ,ħĶ,īĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ ėĦŃĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮ
ĴľŅĺŇĪĵŅĸńĵīĶĶĴĻŅĽĨĶƢȮĻŌĬĵƢĶńĚĽŇĨ 
ŀŅěŅĶĵƢȮŏĔĻĶŅȮıĸŃœĝĵȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃĽĩŅĮƤĨĵĔĶĶĴĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵĔĶŋĚŏĪıīĬĭŋĶň 

13:00 ů 14:30 Ĭ, ĔŅĶıńĥĬŅĬĺńĨĔĶĶĴŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĨńħĽŇĬŒěěƞŅĵĬŘņŏĕƟŅıŊŘĬĪňŗŏĔļĨĶĔĶĶĴȮ
ĔĶĦňĻŉĔļŅȮıŊŘĬĪňŗĶŃĭĭěƞŅĵĬŘņħƟĺĵıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ ĨņĭĸľńĺŏĴŊŀĚȮŀņŏĳŀ
ĽŀĚȮěńĚľĺńħŐıĶƞ 
ıŇŏĝģȮĸŊŀőŁƟĚ,ȮĔńĬĨƢȮŀŇĬĪŋĺĚĻƢ, ĔŅĠěĬŅȮħŅĺŏħƞĬ,ȮŐĸŃȮŀĳŇĻńĔħŇśȮıĶľĴİŅĵ 

ĔŅĶıńĥĬŅĨƟĬŐĭĭĶĩĨńħľĠƟŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĽņľĶńĭĔņěńħĺńĝıŊĝŒĬŐĮĸĚ
ĮĸŌĔıŊĝŐĩĺĨĶĚĪňŗĩŌĔėĺĭėŋĴěŅĔĶŃĵŃœĔĸőħĵŒĝƟėĸŊŗĬĺŇĪĵŋ 
ĵŋĪīıĚļƢȮĨŅĶŃĮƕĬ, ĬŇĔĶŅĬȮľŀĴħĺĚ, ĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ, ŐĸŃ ĽŋĶŃıĸȮĶŇĵŃĬŅ 
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟĮƤĠĠŅĮĶŃħŇļģƢŏĝŇĚĳŌĴŇĽŅĶĽĬŏĪĻŒĬĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅı
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ8Ȯ 
ĔĶĦňĻŉĔļŅĳŅėŏľĬŊŀŐĸŃĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵ 
ĺńĝĶıĚĻƢ ĻĶňŐĽĚ,ȮıĶĶĺŇĬĪƢ ĬŅĶňĔŋĸĳńĪĶĺĚĻƢ,ȮĮĶňĝŅ ĻĶňĮĶŃĳŅėŅĶ,ȮŐĸŃȮĵŋĪīĬŅ 
ŀŋœĶĝŊŗĬ 

ĔŅĶŀĭŐľƟĚıĶŇĔěŇĬħŅŐħĚőħĵŒĝƟĶŃĭĭįĸŇĨĬŘņĶƟŀĬěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ
įĽĴįĽŅĬĔńĭŐľĸƞĚėĺŅĴĶƟŀĬŏĽĶŇĴěŅĔĔƠŅĞľŋĚĨƟĴ 
Xai HER,ȮĽŋĶŃıĸȮĶŇĵŃĬŅ,ȮĬŇĔĶŅĬȮľŀĴħĺĚ,ȮŐĸŃȮĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ 

ĔŅĶĻŉĔļŅŐĬĺĪŅĚĔŅĶıńĥĬŅĻńĔĵĳŅıĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ
ŐĭĭĨŇħĨńŘĚĭĬľĸńĚėŅŒĬıŊŘĬĪňŗĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ 
ıŇıńĥĬƢȮĔĶĶĦŇĔŅ,ȮěĶńĠȮėĬŐĶĚ,ȮīĬıĸȮŐĽĚĽŋĺĶĶĦ,ȮŐĸŃȮĺŇĳıȮŒěŐĕŖĚ 
ĔŅĶıńĥĬŅĶĩĔŀĸƢĲıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĽĺĬıĸńĚĚŅĬĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢ
ĔņŐıĚŏıĝĶ  
ŏĔňĵĶĨŇĻńĔħŇśȮĽŋĕĽņĶŅĠ, ĽŇĶŇĵŅĔĶȮĽňĝĴĳŌ, ıĶıŇĴĸȮıĸŀŅě, ıĶĶĦĪŇıŅȮĮĶŃĽŅĪ
ŐĔƟĺ, ĬŇĺħňȮėĸńĚĽňħŅ, ŏĪıȮŏĔŊŘŀĪĺňĔŋĸ, 

ĶŋƞĚőĶěĬƢȮĽĚĺĬĺńĥĬŅ, ĳŅėŇĦȮĴĦňőĝĨŇ 
12:30-12.45 Ĭ. Coffee break 
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ĔņľĬħĔŅĶĬņŏĽĬŀĭĪėĺŅĴ 
ĺńĬıŋīĪňŗȮ12 ıķĻěŇĔŅĵĬȮ2568 

ĝƞĺĚĪňŗȮ2 ŏĺĸŅȮ12:23 ů 14:30 Ĭ, 

ĦȮŀŅėŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0ȮȮȮ 

ȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮ 

ŀ,ȮŏĴŊŀĚȮě,ȮĬėĶĶŅĝĽňĴŅ 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B407ȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ ŏĪėőĬőĸĵňıĸńĚĚŅĬĽņľĶńĭĝŋĴĝĬ8ěŅĔĪķļġňĽŌƞĔŅĶĮĢŇĭńĨŇ 

Session Chair 

įĻ,ħĶ,ĽŋĶĝńĵȮĦĶńģȮěńĬĪĶƢĻĶň  ĺŇĪĵŅĸńĵıńĥĬŅŏĻĶļģĔŇěŐĸŃŏĪėőĬőĸĵňĝŋĴĝĬŐľƞĚ
ŏŀŏĝňĵ ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚŒľĴƞ 
ŀŅěŅĶĵƢȮħĶ,ĦńģĺŋĥŇȮĕŅĺĽŃŀŅħ ėĦŃėĶŋĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢıŇĭŌĸ
ĽĚėĶŅĴ 

12:23 ů 14:30 Ĭ, ŀŇĪīŇıĸĕŀĚěņĬĺĬĮĸŅĔŋŏĸŅĨƞŀėŋĦĳŅıŐĸŃĔŅĶĽŇŘĬŏĮĸŊŀĚıĸńĚĚŅĬœĲĲƚŅĽņľĶńĭ
ĔŅĶĪņĮĸŅĔŋŏĸŅŏėŖĴħƟĺĵĨŌƟĸħėĺŅĴĝŊŘĬıĸńĚĚŅĬœĲĲƚŅ  
ĽŅĴŅĶĩȮĵŀħŏĽŅĶƢ, ıĶĶĦŏıŖĠȮĩŅĺĶĮĶŃĽŇĪīŇś, ĺňĶıĸȮĪŀĚėŋĮĨƢ, ĴŌŁńĴĴńħĶŀĞħňȮ
ĴŌħŀ,  ŐĸŃȮĬŇőŀŃȮĮŌĞŌ  
ĔŅĶėĺĭėŋĴĔĶŃĭĺĬĔŅĶįĸŇĨœĭőŀĝŅĶƢĽņľĶńĭĝŋĴĝĬħƟĺĵœĴőėĶėŀĬőĪĶĸŏĸŀĶƢ  
ĬĚĬŋĝȮĻĶňŏĸŖĔ, ŀĬŋıĚļƢȮĽĴıķĔļƢ, ĴŇŗĚĕĺńĠȮĽĴıķĔļƢ, ĺŇĸŅĽŇĬňȮĻĶňĽŋĺĶĶĦ,ȮīĬıĸȮ
ŐĽĚĽŋĺĶĶĦ,ȮĝńĝĝńĵȮĺĶıńĥĬƢ, ĺŇĳıȮŒěŐĕŖĚ, ěĶńĠȮėĬŐĶĚ,ȮĮĶĻńĔħŇśȮĚŅĴĽĴĳŅė,Ȯ
ĔĴĸĝĬĔȮĽĺƞŅĚĻŇĸĮƝ,ȮĔŇĨĨŇĳıȮŏıŖĝĶƢŏĴŖħ,ȮĽŇĪīŇĔķĨȮŏľĸŖĔıŌĸ, ĬŏĶĻȮŒľĠƞĺĚĻƢ, 
ŐĸŃȮĮĶŅĬĨƢȮŏĴęŀŅĔŅĻ 
ĔŅĶįĸŇĨœŁőħĶœĸŏĽĨěŅĔĝňĺĴĺĸŐľĸƞĚıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔĶŃĭĭŏľĬňŗĵĺĬņ
ĽĬŅĴŐĴƞŏľĸŖĔŒĬĔĶŃĭĺĬĔŅĶœŁőħĶŏĪŀĶƢĴŀĸėŅĶƢĭŀœĬŏĞĝńŗĬ 
ĺŇĪĵŅȮĝŌŏĬĨĶ, ŀĸŇĽŅȮīĶĶĴķĪīŇś, ěĶŇĵŅȮĳŅėıĶĴ, ıŇĽŇļģƢȮěńĬŐĮĚŏĚŇĬ, ĝŅĠĝńĵȮ
ĪŀĚőĽĳŅ, ĬŋĝĬŅĢȮĽńĬĪŅĸŋĬńĵ, ĽŜŅĶŅĠȮĽńĬĪŅĸŋĬńĵȮŐĸŃȮĽŜŅŏĶŇĚȮĽńĬĪŅĸŋĬńĵ 
ĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴŀŋĦľĳŌĴŇĳŅĵĬŀĔĕŀĚĔĸƞŀĚŏĸňŘĵĚįŉŘĚĝńĬőĶĚħƟĺĵĶŃĭĭ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢőħĵŒĝƟıĸńĚĚŅĬěŅĔŐįĚŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢ 
ĺĶīĬȮıĸŇıńĬīƢ,ȮĻŋĳĺŇĝĠƢȮŀħŇĻńĵĻńĔħŅ,ȮŏěĶŇĠĻńĔħŇśȮŏĕňĵĺŏĸƞĚ,ȮĻŋĳŏĝļģȮŏĮƚŅĺŇĺńĥĬƢ  
ĔŅĶĽĶƟŅĚŐĭĭěņĸŀĚıĸĺńĨŏıŊŗŀĮĶŃŏĴŇĬĔŅĶŒĝƟıĸńĚĚŅĬŐĸŃĽĴĶĶĩĬŃĕŀĚĵŅĬ
ĵĬĨƢœĲĲƚŅŏĞĸĸƢŏĝŊŘŀŏıĸŇĚĽņľĶńĭĺńĢěńĔĶĔŅĶĕńĭĕňŗĪňŗŐĨĔĨƞŅĚĔńĬ 
ŐĽĚŏıŖĝĶȮĚŀĬĝńĵĳŌĴŇ,ȮĭĶĶĦĠńĨŇȮĭĶŇĭŌĶĦƢ,ȮœıĭŌĸĵƢȮĭŋĮįŅ,ȮĬıĶńĨĬƢȮīĶĶĴĺĚļŅ, 
ĽĶŅĺŋĥŇȮŐĽĚĻŅĸŅ,ȮŐĸŃȮĦńģĔŇĨĨŇśȮŐĽĬĪŀĚ 

ĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴėĺŅĴĝŊŘĬŐĸŃŀŋĦľĳŌĴŇĽņľĶńĭőĶĚŏĶŊŀĬĮĸŌĔŏĴĸƞŀĬ 
ĝŅĶňĲȮěƞŅĺńĚ,ȮĵŌĺŅĶňȮŏĺŅŃŐĸŃ,ȮĸŋĨĲƖȮĽŊŀĬŇ,ȮŀňĸňľĵƠŃȮĽĬŇőĞ,ȮĺŅĶŇļŅȮĺŅŐĴ,ȮŐĸŃ 
ĴŌŁņĴńħėŀĵĶňȮľŃĵňĭŅĔŅ 

ĔŅĶĶŃĭŋĨņŐľĬƞĚŐĸŃĕĬŅħĽĩŅĬňŀńħĮĶŃěŋĵŅĬĵĬĨƢœĲĲƚŅĽŅīŅĶĦŃĕŀĚŏĪĻĭŅĸ
ĬėĶŀŋħĶīŅĬň őħĵŀƟŅĚŀŇĚěŅĔĔŅĶıĵŅĔĶĦƢėĺŅĴĨƟŀĚĔŅĶ 
ĽŋĬĪĶȮĽŋĪīŇĭŅĔ,ȮĝĠŅĬĬĪƢȮŐĽĚĴĦň,ȮŀīŇĔŅȮěńĬĪĬĮŋƙĴ,ȮĔĴĸĶńĨĬƢȮħňĽĳŅ,ȮĭĶĶĦ
ĠńĨŇȮĭĶŇĭŌĶĦƢ,ȮŐĸŃȮĽĶŅĺŋĥŇȮŐĽĚĻŅĸŅ 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B405ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ ĔŅĶĺŇěńĵŐĸŃıńĥĬŅıĸńĚĚŅĬĽŃŀŅħŏıŊŗŀŀĬŅėĨĪňŗĵńŗĚĵŊĬ  

Session Chair 

įĻ.ħĶ.ıĶľĴıńĔĨĶƢȮĭŋĠĶńĔļŅȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃĽĩŅĮƤĨĵĔĶĶĴĻŅĽĨĶƢȮ
ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĽŋĺĶĶĦĳŌĴŇ 
ŀŅěŅĶĵƢȮħĶ,ħŋĽŇĨȮŀŋĪŇĻĽŋĬĪĶȮȮėĦŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢ
ĭŋĶňĶńĴĵƢ 

12:23 ů 14:30 Ĭ, Clean Electricity Generation of Rice Husk and Wood Residues 
Power Plants in Thailand in LCOE Strategies and Pathways to Net 
Zero Emissions 
Prachuab Peerapong, Kedsara Palachai, Sonthaya Khamdech, 
Patchara Wongtong, Terapong Boonraksa andȮPromphak 
Boonraksa 
ĔŅĶŏĮĶňĵĭŏĪňĵĭĨƟĬĪŋĬėƞŅœĲĲƚŅĶŅĵŏħŊŀĬĔƞŀĬŐĸŃľĸńĚĔŅĶŒĝƟĚŅĬĶŃĭĭőĞĸƞŅ
ŏĞĸĸƢŐĭĭŀŀĬĔĶŇħĪňŗĨŇħĨńŘĚĭĬľĸńĚėŅŀŅėŅĶ ĺŇĪĵŅĸńĵŏĪėĬŇėĬĶŅīŇĺŅĽ 
īĺňĺńĥĬƢȮȮĴŇĽŅȮŐĸŃȮĻŋĳŏĝļģȮȮŏĮƚŅĺŇĺńĥĬƢ 

ŏėĶŊŗŀĚėńŗĺıĶŇĔŀńĨőĬĴńĨŇıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
ĝŅĨĶňĤƢȮŀŇĬĪĶƢőıīŇś, ıňĶĳńĪīƢȮĽŋĳŅőĪƟ, ěŅĶŋĔŇĨĨŇśȮıŇĭŌĸĬķħĴ, ĳŅėŇĦȮĴĦňőĝĨŇ, 
ŀĬńĬȮľĵĺĔĺńħ, ĮĶňĝŅĳĶĦȮĕńĬĭŋĶň  ŐĸŃȮŏĪıȮŏĔŊŘŀĪĺňĔŋĸ 
įĸĔĶŃĪĭĕŀĚĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚŐĸŃĪŅĚŀƟŀĴŒĬĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔ
ŐĔĸĭĔŅŐĲ 
ĬŇĔĶŅĬȮľŀĴħĺĚ,ȮĮĶŃĳńĽĽĶȮĶńĨĬŃœıĭŌĸĵƢ,ȮıĬīĔĶȮŏľĸňŗĵĴŏėĸŊŀĭ,ȮĽŋĳĔŇěȮĝńĵ
ŏĴŊŀĚŏĸĬ,ȮȮĩŇĶĺńĥĬƢȮĺĚļŅŏĪňĵĴ, ĕěĶŏĔňĵĶĨŇȮĔńĬĪŃľĸƟŅ,ȮĽŋĶŃıĸȮĶŇĵŃĬŅ,ȮŐĸŃ
ĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ 
ŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
ıŇĶŃıńėĽƢȮĔŅĶŃĳńĔħň, ıŇĝńĵȮľŀĴěńĬĪĶƢ, ȮŀńļġŅĚėƢȮĭŋĠĻĶň,ȮĺĶĺŋĥŇȮĭŋĨĶħň,ȮŐĸŃȮ
ŀŇĪīŇįĸȮŏľĸŅıĶĴ 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B404ȮȮȮ 
ľńĺĕƟŀĭĪėĺŅĴ ĬĺńĨĔĶĶĴıĸńĚĚŅĬŏıŊŗŀėĺŅĴĵńŗĚĵŊĬĕŀĚĪĶńıĵŅĔĶīĶĶĴĝŅĨŇ 

Session Chair 
įĻ,ħĶ,ėīŅȮĺŅĪĔŇěȮȮĽņĬńĔĺŇĝŅĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮȮȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 
ŀŅěŅĶĵƢȮħĶ,īĬĺĶĶīĬƢȮȮĺńĝĶħņĶĚėƢĻńĔħŇśȮȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮȮĴľŅĺŇĪĵŅĸńĵ
ŏĪėőĬőĸĵňĶŅĝĴĚėĸĸƟŅĬĬŅȮŏĝňĵĚŒľĴƞ 

12:23 ů 14:30 Ĭ, ĔŅĶıńĥĬŅĶŃĭĭĮĸŌĔįńĔœŁőħĶőĮĬŇĔĽƢŀńěĜĶŇĵŃĶƞĺĴĔńĭŏĪėőĬőĸĵňĽĴŅĶƢĨœĴőėĶĔĶŇħ 
ıŇıńĥĬƢȮĺĚėƢěńĔĶƢ,ȮěĶńĠȮėĬŐĶĚ, īĬıĸȮŐĽĚĽŋĺĶĶĦ, ĝŌĝŅĨŇȮĴƞĺĚőĔĽńĵ ŐĸŃȮĺŇĳıȮ
ŒěŐĕŖĚ 

ĔŅĶŒĝƟĮĶŃőĵĝĬƢŏĝŇĚĴŌĸėƞŅŀĵƞŅĚĵńŗĚĵŊĬěŅĔĔƟŀĬŏĝŊŘŀŏľŖħŒĝƟŐĸƟĺ8 ėĺŅĴŏĮƦĬœĮœħƟŒĬ
ĔŅĶįĸŇĨŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĳŅı 
ĮĢŇıńĪīŇśȮĩĬŀĴıĚļƢĝŅĨŇ,ȮĻŇĺńĨĴƢȮĔĴĸėŋĦŅĬĬĪƢ, ĸĸŇĨŅȮŏıĝĶŒěľŅĠ,ȮŐĸŃȮĳėĴĬȮ
ĮƕĬĨŅĬŅ 

ĔŅĶŀĭĔĶŃěŌħħƟĺĵĨŌƟŀĭŐľƟĚıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸ 
ĮĬŇıńĬīƢȮĽňĽŋĺĶĶĦƢ, ıĶĶĦŏıŖĠȮĩŅĺĶĮĶŃĽŇĪīŇś, ŐĸŃȮĬŇőŀŃȮĮŌĞŌ 
ĔŅĶĻŉĔļŅĽĳŅĺŃĪňŗŏľĴŅŃĽĴĕŀĚĔŅĶįĸŇĨĩƞŅĬĔńĴĴńĬĨƢħƟĺĵĔŅĶĔĶŃĨŋƟĬĪŅĚĔŅĵĳŅı
ŏıŊŗŀŏıŇŗĴįĸįĸŇĨŐĸŃėƞŅıŊŘĬĪňŗįŇĺěņŏıŅŃěŅĔĔŅĭľĴŅĔ 
ĸĸŇĨŅȮŏıĝĶŒěľŅĠ,ȮīŏĬĻȮœĝĵĝĬŃ,ȮĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ, ŐĸŃȮĳėĴĬȮĮƕĬĨŅĬŅ 

ĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚŐįĚŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢĳŅĵŒĨƟĶŃĭĭįĸŇĨœĲĲƚŅ
ŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢĶƞĺĴĔńĭĔŅĶŏĔļĨĶȮ8ȮĔĶĦňĻŉĔļŅĔŅĶĮĸŌĔĔĶŃŏěňřĵĭŐħĚ 
ĶŋƞĚŏıĝĶȮĔƞŀĚĬŀĔ, ĻĻŇĺŇĴĸȮĪĶĚœĨĶ, ıňĶŃĺŋĥŇȮĝŇĬĺĶĶńĚĽň, ĽŇĶŇĴĚėĸȮĽńĚęŃĺĚĻƢ, Ľŋ
ıěĬƢȮőĽħŅĶńĨĬƢ, ĬıħĸȮĬńĬĪĺĚĻƢ,Ȯ 
ŏĔĶňĵĚœĔĶȮőĴĽŅĸňĵŅĬĬĪƢ ŐĸŃȮĔŀĭĻńĔħŇśȮĻĶňĮĶŃĳŅ 
ĔŅĶıńĥĬŅĶŃĭĭĨĶĺěĽŀĭĔŅĶĪņĚŅĬĕŀĚĶŃĭĭĨŇħĨŅĴħĺĚŀŅĪŇĨĵƢőħĵŒĝƟȮIoT 
īĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ, ĔķĝĬĬĪƢȮĽĺĬěńĬĪĶƢ, ıŇĶĠŅĦƢȮĵŀħŐĔƟĺ, ěŇĨĨŇĴŅıĶȮŏįŊŀĔĵŇŘĴȮ
ŐĸŃȮĬŇĶĴĸȮĭŋĠŏĝŇħ 
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ĔņľĬħĔŅĶĬņŏĽĬŀĭĪėĺŅĴ 
ĺńĬıķľńĽĭħňĪňŗȮ11 ıķĻěŇĔŅĵĬȮ2568 

ĝƞĺĚĪňŗȮ1 ŏĺĸŅȮ13:00 ů 14:30 Ĭ, 

ĦȮŀŅėŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0 

ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮ 

ŀ,ȮŏĴŊŀĚȮě,ȮĬėĶĶŅĝĽňĴŅ 
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Ȯ 

 

ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B407ȮȮȮ 
ľńĺĕƟŀĭĪėĺŅĴ 

ĬĺńĨĔĶĶĴĔŅĶěńħĔŅĶŏĴŊŀĚŀńěĜĶŇĵŃ 
ĽŌƞėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬ 

Session Chair 

įĻ,ħĶ,ĴĦňĶńĨĬƢȮĺĚļƢĞŇŘĴȮįŌƟěńħĔŅĶĻŌĬĵƢīŋĶĔŇěĬĺńĨĔĶĶĴŐĸŃľƟŀĚĪħĸŀĚŐľƞĚŀĬŅėĨȮ
ĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 
įĻ,ħĶ,ĝŅĬĬĪƢȮĭŋĠĴňıŇıŇī  ĺŇĪĵŅĸńĵıĸńĚĚŅĬŐĸŃĽŇŗĚŐĺħĸƟŀĴŀĵƞŅĚĵńŗĚĵŊĬ
ĶńĨĬőĔĽŇĬĪĶƢȮĴĪĶ,ȮĶńĨĬőĔĽŇĬĪĶƢ 

13:00 ů 14:30 Ĭ, ĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňœŀőŀĪňėĺĭėŋĴĲŅĶƢĴŀńěĜĶŇĵŃŒĬőĶĚŏĶŊŀĬŏıŅŃŏľŖħľŀĴ 
ľĴŌƞĭƟŅĬĮŅĚĴŃőŀȮĨņĭĸĺńĚŏĚŇĬȮŀņŏĳŀŐĴƞĪŃȮěńĚľĺńħĸņĮŅĚ 
ŀħŇĻĶȮĩĴĵŅ, ĬŇĺńĨŇȮĔŇěœıĻŅĸĽĔŋ, ĽĴıĶȮĨŇřĭĕńħ, ħŀĬĽńĬȮĮĚįŅĭ, ĳŌĺĽŇļģƢȮĨŋƞĬ
ŐĔƟĺ, ĺĻŇĬƢĺŇőĶĨĴƢȮŏĬĨŇĻńĔħŇś ŐĸŃȮĽĔĸȮěŇőĬĽĺńĽħŇś 

ĶŃĭĭȮEdge-AI ĽņľĶńĭĨĶĺěěńĭľĴĺĔĬŇĶĳńĵŐĸŃŐěƟĚŏĨŊŀĬįŌƟĕńĭĕňŗĶĩěńĔĶĵŅĬĵĬĨƢ
ŐĭĭŏĶňĵĸœĪĴƢ 
ĻńĔħŇśĝńĵȮĻĶňĴŅĔĶĦƢ, ĺňĶĝńĵȮĽĺƞŅĚĪŋĔĕƢ, ĮĶŃĽĚėƢȮľĬƞŀŐĔƟĺ, ĻŋĳĺŋĥŇȮįŅĔŅ, īĬĺĶĔ
ķĨȮőŀĿŅĶīĬıĶ, œıěŇĨĶȮĽŋĕĽĴĭŌĶĦƢ, ŀĬŋĔŇěȮŏĽŅĶƢŐĔƟĺ ŐĸŃȮőŀĿŅĶȮŏĝňŗĵĺĝŅĠ 
ĔŅĶıńĥĬŅŐĭĭěņĸŀĚĔŅĶĪņĬŅĵĽĩŅĬŃĮĶŃěŋĕŀĚŐĭĨŏĨŀĶňŗĽņľĶńĭ
ĶĩěńĔĶĵŅĬĵĬĨƢœĲĲƚŅőħĵŒĝƟĺŇīňĔŅĶĩħĩŀĵŏĝŇĚŏĽƟĬŐĸŃĔŅĶĩħĩŀĵŐĭĭŏĺĔŏĨŀĶƢ
ĽĬńĭĽĬŋĬȮ 
ĺĶĶĦķĪīŇśȮĪĺňĝŅĨŇȮŐĸŃȮĭŋļĭĚȮőĽĴńĽĽŅ 
ĔŅĶĺŇŏėĶŅŃľƢħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĕŀĚĔŅĶįĸŇĨœĲĲƚŅħƟĺĵőĞĸŅĶƢŏĞĸĸƢȮŒĬ
ĔŅĶĻŉĔļŅĨƟĬŐĭĭĔŅĶįĸŇĨĶŃĭĭœĲĲƚŅħƟĺĵıĸńĚĚŅĬĪħŐĪĬįĽĴįĽŅĬĕĬŅħȮ/3.Ȯ
kW ĔĶĦňĻŉĔļŅŏĔŅŃŏĨƞŅȮě,ĽŋĶŅļġƢīŅĬň 
ĽńĬĨŇȮıĸŀĵıĶľĴ,ȮĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ, ĽŇĶŇĻńĔħŇśȮĮŅĚĺŋĥŇĺĦŇĝĵƢ, ĺĶŏĝļģƢȮŐĽĚĽňħŅ, 
œĺĺŇĪĵƢȮŀŋĪńĵŏĜĸŇĴ, īĬĵĻȮėŇħŏĴĨĨŅĔŋĸ, 
ŐĸŃȮĽŋŏĪıȮĽňĴŅĸŅ 

12:30-12.45 Ĭ. Coffee break 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B405ȮȮȮ 
ľńĺĕƟŀĭĪėĺŅĴ 

ĬőĵĭŅĵŐĸŃĔġľĴŅĵĽƞĚŏĽĶŇĴıĸńĚĚŅĬĽŃŀŅħŐĸŃėĺŅĴŏĮƦĬ
ĔĸŅĚĪŅĚėŅĶƢĭŀĬ 

Session Chair 
įĻ,ħĶ,ĬŇĔĶŅĬȮľŀĴħĺĚȮȮĺŇĪĵŅĸńĵıĸńĚĚŅĬĪħŐĪĬ, ĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ 
ŀŅěŅĶĵƢȮĵŋĪīĬŅȮŀŋœĶĝŊŗĬȮȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 

13:00 ů 14:30 Ĭ, ĔĶĦňĻŉĔļŅĔŅĶįĸŇĨıĸńĚĚŅĬœĲĲƚŅħƟĺĵĶŃĭĭőĞĸŅĶƢĭĬľĸńĚėŅ ŏĮĶňĵĭŏĪňĵĭįĸĔŅĶ
įĸŇĨıĸńĚĚŅĬœĲĲƚŅěĶŇĚĔńĭĔŅĶĪņĬŅĵįĸŏıŊŗŀĬņœĮĽŌƞėŅĶƢĭŀĬŏėĶħŇĨ 
ĭĚĔĝȮĮĶŃĽŇĪīŇś,ȮĺŇĔŅĬĨƢȮĺńĬĽŌĚŏĬŇĬȮŐĸŃȮĽŋĶĬŅĪȮŐĞƞĵƞŅĚ 
ĔŅĶĻŉĔļŅĽĳŅıĮƤĠľŅŐĸŃŐĬĺĪŅĚĔŅĶĮĶńĭĨńĺĕŀĚőĶĚıŇĴıƢĭĶĶěŋĳńĦĤƢıĸŅĽĨŇĔ
ŒĬĔĶŋĚŏĪıĴľŅĬėĶ ŏıŊŗŀŏĨĶňĵĴėĺŅĴıĶƟŀĴĨƞŀĔŅĶĮĶŃŏĴŇĬȮCarbon Footprint 
ŏŀĔĺŋĥŇȮŏĶŊŀĚĽĚ, īĬīĶȮĪŀĚĽńĴķĪīŇś, ŐĸŃȮĬŇĪńĻĬƢȮĪŇıĵƢőĽĨĬńĵĬŅ 
ŀŇĪīŇıĸĕŀĚŀŋĦľĳŌĴŇŐĸŃĶŃĵŃŏĺĸŅœıőĶœĸĞŇĽĨƞŀėŋĦĽĴĭńĨŇĩƞŅĬĝňĺĳŅıěŅĔœĴƟœįƞ 
ĮĶŃĳńĽĽĶȮĶńĨĬœıĭŌĸĵƢ, ĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ, ıńĝĶňȮŀŇĬīĬŌ, Ramehprabu 
RamarajȮȮŐĸŃȮĬŇĔĶŅĬȮľŀĴħĺĚ 

ĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽĽņľĶńĭĔŅĶŏĮĸňŗĵĬĕĵŃıĸŅĽĨŇĔŏĮƦĬĬŘņĴńĬŏĝŊŘŀŏıĸŇĚ 
ĜńĬĪĺńĝȮŏěĶŇĠĽŋĕ, ĽŋĶŃıĸȮĶŇĵŃĬŅ, ĬŇĔĶŅĬȮľŀĴħĺĚ,ȮŏĨĝńĽȮıĶĴĨŅ,ȮŐĸŃȮĔŇĨĨŇĔĶȮ
ĽŅĽŋěŇĨĨƢ 

ĔŅĶĮĶŃŏĴŇĬĴŅĨĶĔŅĶŏıŊŗŀĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔ ħƟĺĵĨƟĬĪŋĬľĬƞĺĵĽŋħĪƟŅĵ
ĕŀĚĔŅĶĸħĔƠŅĞŏĶŊŀĬĔĶŃěĔȮĔĶĦňĻŉĔļŅŏĪĻĭŅĸŏĴŊŀĚĸŅħĽĺŅĵ 
ĻŋĳĺŇĝĠƢȮĕņŏħĝȮŐĸŃ ĺňĶŇĬĪĶƢȮľĺńĚěŇĶĬŇĶńĬħĶƢ 

12:30-13.45 Ĭ. Coffee break 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B404ȮȮȮ 
ľńĺĕƟŀĭĪėĺŅĴ ĔŅĶĺŇěńĵŐĸŃıńĥĬŅıĸńĚĚŅĬĽŃŀŅħŏıŊŗŀŀĬŅėĨĪňŗĵńŗĚĵŊĬ 
Session Chair 

įĻ.ħĶ.īňĶŃıĚļƢȮĭŋĠĶńĔļŅȮȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝ
ĴĚėĸĶńĨĬőĔĽŇĬĪĶƢ ĻŅĸŅĵŅȮĬėĶĮģĴ 
ŀŅěŅĶĵƢȮħĶ,œıĤŌĶĵƢȮŏľĸƞŅħňȮĺŇĪĵŅĸńĵŏĪėĬŇėĽĵŅĴ 

13:00 ů 14:30 Ĭ, ĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıŐĸŃėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶŏĚŇĬŒĬĔŅĶıńĥĬŅŀŅėŅĶŒĝƟ
ıĸńĚĚŅĬŏĮƦĬĻŌĬĵƢħƟĺĵĶŃĭĭœĴőėĶĔĶŇħěŅĔŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢ 
ĝńĝıĸȮĨńĬĨƟŅĺ,ȮěĶńĠȮėĬŐĶĚ, īĬıĸȮŐĽĚĽŋĺĶĶĦ ŐĸŃȮĺŇĳıȮŒěŐĕŖĚ 

ŐĭĭěŜŅĸŀĚĺĚěĶĽĴĴŌĸŀńĬħńĭľĬŉŗĚĕŀĚŐĭĨŏĨŀĶňŗĸŇŏīňĵĴœŀŀŀĬŐĸŃĔŅĶĨĶĺěĽŀĭ
ŏĝŇĚŁŅĶƢħŐĺĶƢ 
ĪńħȮīĬŅĔŇě,ȮȮĦńģıĬīƢȮľŅħŀƟŅĬ,ȮŀĴĶŏĪıȮŐĴƞĬĽŋĕ,ȮȮĔĴĸĳńĽĽĶƢȮĴńŗĬĻŇĸĮƝ,ȮĺńĝĶŅĔĶȮ
ĮƕƧĬīŋĶńĨĬƢȮŐĸŃȮĭŋĠŏĶŊŀĚȮĴŃĶńĚĻĶň 
ŐĭĭěņĸŀĚŐĸŃěņĸŀĚĽĩŅĬĔŅĶĦƢĶŃĭĭŀŇŏĸŖĔőĪĶœĸĞŇĽŐĭĭŏĵŊŗŀŐĸĔŏĮĸňŗĵĬ
őĮĶĨŀĬĪňŗĕńĭŏėĸŊŗŀĬħƟĺĵœĲĲƚŅĔĶŃŐĽĨĶĚĽņľĶńĭŐľĸƞĚĬŘņĮĶŃŏĳĪĨƞŅĚ ŕ 
īĬĵĻȮėŇħŏĴĨĨŅĔŋĸ ŐĸŃȮĭŋĠĵńĚȮĮĸńŗĚĔĸŅĚ  
ĔŅĶįĸŇĨœĲĲƚŅěŅĔŏīŀĶƢőĴŀŇŏĸŖĔĪĶŇĔőħĵŒĝƟıĸńĚĚŅĬėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔ
œĬőĨĶŏěĬŏľĸĺ 
ĔŅĵĽŇĪīŇśȮŐľĸƞĚĝŀĭĔķļĦƢ,ȮŐĸŃȮŏěĶŇĠıĶȮŏĸŇĻĽĩŇĨīĬĔĶ 

ĔŅĶĪħĽŀĭŐĸŃĔŅĶěņĸŀĚŏĝŇĚıĸĻŅĽĨĶƢĕŀĚœľĸĕŀĚĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŐıŖĔ
ŐĭĨŏĨŀĶňŗĵŅĬĵĬĨƢœĲĲƚŅȮħƟĺĵĔŅĶœľĸĕŀĚŀŅĔŅĻŐĭĭĨĔĔĶŃĪĭ 
ĽńĠĝńĵ Ķņŏıĵıńħ,ȮŀĳŇŏħĝȮĭŋĠŏěŊŀ, ĳŅĦŋĻńĔħŇś ĴŌĸĻĶň,ȮĽŅīŇĨȮĪŌĸœīĽĚ, ĺĶŇĻĶŅĳĶĦƢȮ
ěĶőėĔĔĶĺħ, ĺŇĝĝŋıĚļƢȮĺŇĭŌĸŏěĶŇĠ,  
ĻĶńĬĵƢȮėńĴĳňĶƢĳńĪĶ, œĴĨĶň īĶĶĴĴŅȮŐĸŃȮīĦħĬ ĽĺĬœįƞ 
ĔŅĶıńĥĬŅľĸńĔĽŌĨĶİƗĔŀĭĶĴĶŃĵŃĽńŘĬȮŏĶŊŗŀĚĔŅĶįĸŇĨĩƞŅĬŀńħŐĪƞĚěŅĔĺńĽħŋŏľĸŊŀĪŇŘĚ
ĪŅĚĔŅĶŏĔļĨĶŒĬěńĚľĺńħıŇļĦŋőĸĔ 
ĺňĶŃĭŌĸĵƢĔŇĨĨŇȮĝŋĴıĶįƞŀĚ, ĝńĝĺŇĬĪĶƢȮĬĺĸĻĶň,ȮĦńģĺŋĥŇȮĕŅĺĽŃŀŅħ,ȮŐĸŃȮĽĴŇĪīńĨĩƢȮ
ŐĔƟĺĴŅėŌĦ 

12:30-13.45 Ĭ. Coffee break 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B408ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ 
Asia Renewable Energy for Community 
Conference 

Session Chair 
įĻ,ħĶ,ĽŋĶŃıĸ ĶŇĵŃĬŅ  ĺŇĪĵŅĸńĵıĸńĚĚŅĬĪħŐĪĬȮĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ  
įĻ,ħĶ,ěŇĶĺħňȮįĸĮĶŃŏĽĶŇģ  ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶ 

13:00 ů 14:30 Ĭ, Invited Speaker for International Session 
Mr.Jason Kim  Director of Renewable Energy 
Seoltech ltd. South Korea 
Optimization of Calcium Hydroxide Pretreatment Conditions and 
Bioethanol Production from Sugarcane Bagasse 
Techut Promta,ȮSurapon Riyana,ȮNigran Homdoung,Ȯand Kittikorn 
Sasujit 
Development of A Solar-Powered Mower for Row Crop Cultivations 
based on Differential Steering Systems and Radio Frequency 
Remote Controls in conjunction with ESP32-CAM 
Yuthapong Tarapin, Nigran Homdoung, Kittikorn Sasujit, Surapon 
Riyana 
Production of Biomass Pellets and Biochar from Rubber Seed Cake 
Piyapat Limprechachat, Kiatkamjon Intani,ȮRatiya 
Thuwapanichayanan,ȮDonludee Jaisut, Shinji KanehashiȮand 
Supakit Sayasoonthorn 
Development of Remote-Control Solar Weed Removal Machine 
Using the Internet of Things in Conjunction with ESP-NOW and 
YOLOv11 
Yuthapong Tarapin, Nigran Homdoung, Kittikorn Sasujit, Surapon 
Riyana 
Multi-Agent Soft Actor-Critic Based Peer to Peer Energy Trading 
Model Incorporating Battery Energy Storage with Active Voltage 
Control for a Microgrid 
Ashok Paudel, Thandar Aung, Khin Phyu Ye Myint, Watcharakorn 
Pinthurat, Terapong Boonraksa, Promphak Boonraksa andȮ
Boonruang Marungsri 

12:30-12.45 Ĭ. Coffee break 
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ĔņľĬħĔŅĶĬņŏĽĬŀĭĪėĺŅĴ 
ĺńĬıķľńĽĭħňĪňŗȮ11 ıķĻěŇĔŅĵĬȮ2568 

ĝƞĺĚĪňŗȮ2 ŏĺĸŅȮ14:45 ů 16:30 Ĭ, 

ĦȮŀŅėŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0 

ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶňȮ 

ŀ,ȮŏĴŊŀĚȮě,ȮĬėĶĶŅĝĽňĴŅ 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B407ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ 
ĬĺńĨĔĶĶĴĔŅĶěńħĔŅĶŏĴŊŀĚŀńěĜĶŇĵŃȮ 
ĽŌƞėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬ 

Session Chair 

įĻ,ħĶ,ĳŅėŇĦȮĴĦňőĝĨŇȮȮėĦŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢ
ĔņŐıĚŏıĝĶ 
ŀŅěŅĶĵƢȮħĶ,ĦńģŀŅĳŅȮĽńěěĺŅĪňȮėĦŃĔŅĶĭńĠĝňŐĸŃĔŅĶěńħĔŅĶȮĴľŅĺŇĪĵŅĸńĵ
ĴľŅĽŅĶėŅĴ 

12:23 ů 14:30 Ĭ, ĔŅĶĮĶńĭĮĶŋĚĽĴĭńĨŇĕŀĚőıĸňĵŌĶňŏĪĬħƟĺĵĝŅĬŀƟŀĵŏıŊŗŀĬņœĮŒĝƟĮĶŃőĵĝĬƢŐĪĬĵŇĮĞńŗĴ 
ıńĝĶňȮŀŇĬīĬŌ ŐĸŃȮĝĬńħħŅȮěńĬħŅľŅĠ 
ĔŅĶĻŉĔļŅėŋĦĽĴĭńĨŇĪŅĚŏĝŊŘŀŏıĸŇĚĕŀĚŏĝŊŘŀŏıĸŇĚŀńħŐĪƞĚěŅĔĴŌĸĺńĺ  
ĔķĝĬĬĪƢȮĽĺĬěńĬĪĶƢ, īĬŇĪȮŏĶŊŀĚĶŋƞĚĝńĵĔŋĸ,ȮĔķļġŅȮŐĽĬėņ,ȮĔŇĨĨŇıńĪīƢȮıŌĸĽĺńĽħŇś 
ŐĸŃȮĮŅķľńĽĭħŇĬȮŀńĔļĶĔĸŅĚ 
ĔŅĶĻŉĔļŅĨńĺĮĶŃĽŅĬŒĬŏĪėĬŇėŀńħŏĵŖĬĪňŗĴňįĸĨƞŀėŋĦĽĴĭńĨŇĕŀĚĩƞŅĬŀńħŐĪƞĚěŅĔŏĻļ
œĴƟěŅĴěŋĶňȮ 
ĶŋƞĚķħňȮĝĬŌħľŀĴ, īŏĬĻȮœĝĵĝĬŃ, ĔŇĨĨŇĔĶȮĽŅĽŋěŇĨĨƢ*ȮĸĸŇĨŅȮŏıĝĶŒěľŅĠȮŐĸŃȮĳė
ĴĬȮĮƕĬĨŅĬŅ 
ĔŅĶĻŉĔļŅŐĸŃŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĕŀĚĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵ 
ıńĝĶňȮŀŇĬīĬŌ,ȮĽŋĳńĝĝŅȮĮĶŃĴŅĻ,ȮŐĸŃ ĔŋĻĸėņĬĺĦȮĦģĭŋĠıŇĽŋĪīŇś  

ĔŅĶıńĥĬŅĩƞŅĬŀńħŐĪƞĚěŅĔŏĮĸŊŀĔőĔőĔƟěŅĔĺŇĽŅľĔŇěĝŋĴĝĬŐĮĶĶŌĮőĔőĔƟ ŐĸŃ
įĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶĔņŐıĚŏıĝĶ 
ĦĳńĪĶȮŀƟŅĵĴƠŀĔ,ȮĮƕĵŃıĶȮőĸƞĨĶŃĔĸŌ,ȮŏĪıȮŏĔŊŘŀĪĺňĔŋĸ,ȮŐĸŃ ěŅĶŋĔŇĨĨŇśȮıŇĭŌĸĬķħĴ 
 

14:30 ů /6:00 Ĭ. ĔŅĶĮĶŃĝŋĴĕŀĚĔĶĶĴĔŅĶĽĴŅėĴ 
18:30 ů 22:00 Ĭ. ĚŅĬŏĸňŘĵĚĶńĭĶŀĚįŌƟŏĕƟŅĶƞĺĴĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚ

ĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ18 
- ĴŀĭĶŅĚĺńĸĭĪėĺŅĴħňŏħƞĬ 
- ĴŀĭīĚŏěƟŅĳŅıėĶńŘĚĪňŗȮ19 
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ľƟŀĚĬņŏĽĬŀ ľƟŀĚĮĶŃĝŋĴ  B405ȮȮȮ 

ľńĺĕƟŀĭĪėĺŅĴ ĬĺńĨĔĶĶĴıĸńĚĚŅĬŏıŊŗŀėĺŅĴĵńŗĚĵŊĬĕŀĚĪĶńıĵŅĔĶīĶĶĴĝŅĨŇ 

Session Chair 
ĶĻ,ħĶ,ĔŅĦĤƢȮŏĔŇħĝŊŗĬȮȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃĽĩŅĮƤĨĵĔĶĶĴĻŅĽĨĶƢȮĴĪĶ,
ŀňĽŅĬȮĬėĶĶŅĝĽňĴŅ 
įĻ,ħĶ,ĽĶŅĺŋīȮıĸĺĚļƢĻĶňȮȮĺŇĪĵŅĸńĵıĸńĚĚŅĬĪħŐĪĬȮĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ 

12:23 ů 14:30 Ĭ, ĔŅĶĭņĭńħĬŘņŏĽňĵħƟĺĵŏĪėőĬőĸĵňœĴőėĶĬŅőĬĭńĭŏĭŇŘĸŐĭĭĨƞŀŏĬŊŗŀĚŒĬĶŃĭĭŏĮƕħĸņ
ėĸŀĚŐĴƞĕƞŅ 
ĽĴĳıȮĭŋĠĻĶň, ĬņıĶȮĮƤĠőĠŒľĠƞ, ĶĦĝŅĨŇȮĴńŗĬĻŇĸĮƝ, ŐĸŃȮīĬĺĶĶīĬƢȮĺńĝĶħņĶĚėƢ
ĻńĔħŇś 
ĔŅĶıĵŅĔĶĦƢĶŃĵŃĪŅĚĪňŗŏľĸŊŀĕŀĚĶĩěńĔĶĵŅĬĵĬĨƢœĲĲƚŅőħĵŒĝƟĕƟŀĴŌĸĽĩŅĬŃĕŀĚ
ŐĭĨŏĨŀĶňŗ (SOC) 
ĺĶĶĦķĪīŇśȮĪĺňĝŅĨŇ 

ŏėĶŊŗŀĚįĸŇĨĔĶŃŐĽœĲĲƚŅıĸńĚĚŅĬĸĴȮŐĭĭȮSavonlus Rotor 
ĽŅĴŅĶĩȮĵŀħŏĽŅĶƢ, ıĶĶĦŏıŖĠȮĩŅĺĶĮĶŃĽŇĪīŇś, ĺňĶıĸȮĪŀĚėŋĮĨƢ,ȮĴŌŁńĴĴńħĶŀĞħňȮ
ĬıĬńĬĪƢȮĶńĨĬŃ,ȮĽŅĴŅĶĩȮĵŀħŏĽŅĶƢ,Ȯ 

ĶńĨĬŅĳĶĦƢȮħƟĺĚľĺńĚ, ıŇĴıƢĮĶŃœıȮœİĽŋĕ,ȮĽĴıĸȮĴŃĽŇĔŃ, ŐĸŃȮĺňĶıĸȮĪŀĚėŋĮĨƢ 

ĔŅĶěņĸŀĚıĸĻŅĽĨĶƢĔŅĶœľĸĕŀĚŀŅĔŅĻŒĬĶŃĭĭħńĔěńĭĴĸıŇļħƟĺĵŏĪėőĬőĸĵňœĴ
őėĶ-ĬŅőĬĭńĭŏĭŇŘĸȮ 
œıĤŌĶĵƢȮŏľĸƞŅħň, ĬņıĶȮĮƤĠőĠŒľĠƞ, ĶĦĝŅĨŇȮĴńŗĬĻŇĸĮƝ, ŏŀĔĶńģȮěńĬĪĶƢĮĶŃŏĽĶŇģȮ
ŐĸŃȮīĬĺĶĶīĬƢȮĺńĝĶħņĶĚėƢĻńĔħŇś 
ĶŃĭĭěŀĚėŇĺĶńĭĭĶŇĔŅĶŀŀĬœĸĬƢŐĸŃŐěƟĚŏĨŊŀĬįƞŅĬŐŀııĸŇŏėĝńŗĬœĸĬƢ ėĦŃ
ŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶ 
ĶŋƞĚőĶěĬƢȮĽĚĺĬĺńĥĬŅȮŐĸŃȮĳŅėŇĦȮĴĦňőĝĨŇ 

14:30 ů /6:00 Ĭ. ĔŅĶĮĶŃĝŋĴĕŀĚĔĶĶĴĔŅĶĽĴŅėĴ 
18:30 ů 22:00 Ĭ. ĚŅĬŏĸňŘĵĚĶńĭĶŀĚįŌƟŏĕƟŅĶƞĺĴĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚ

ĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ18 
- ĴŀĭĶŅĚĺńĸĭĪėĺŅĴħňŏħƞĬ 
- ĴŀĭīĚŏěƟŅĳŅıėĶńŘĚĪňŗȮ19 
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ľńĺĕƟŀĭĪėĺŅĴ ĔŅĶĺŇěńĵŐĸŃıńĥĬŅıĸńĚĚŅĬĽŃŀŅħŏıŊŗŀŀĬŅėĨĪňŗĵńŗĚĵŊĬ 

Session Chair 
Ļ,ħĶ,ĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ  ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢ, ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
ĶĻ,ħĶ,ĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ  ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝ
ĴĚėĸīńĠĭŋĶň 

12:23 ů 14:30 Ĭ, ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺĸĴĔńĭŀńĨĶŅĔŅĶœľĸĕŀĚŀŅĔŅĻŀńħ 
ěŅĔĔńĚľńĬĸĴŀńħŀŅĔŅĻŏĝŇĚĔĸȮĕĬŅħȮ5 ĔŇőĸĺńĨĨƢ 
ĺĶŏĝļģƢȮŐĽĚĽňħŅ,ȮĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ,ȮĳŅĦŋȮĮĶŃĪŋĴĬıĶńĨĬƢ,ȮŐĸŃȮĕĺńĠĝńĵȮěƟŀĵ
ŏěĶŇĠ 
ĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚıĸńĚĚŅĬĕŀĚĝňĺĴĺĸŏľĸŊŀĪŇŘĚŒĬĴľŅĺŇĪĵŅĸńĵŏıŊŗŀŀĬŅėĨ
ıĸńĚĚŅĬėŅĶƢĭŀĬĨŗņ 
ĦńġģĦŇĝŅȮıĶĔĺŇĬĶńĨĬĝńĵȮŐĸŃȮĺŇĝĝŋħŅȮĳŅőĽĴ 
įĸĕŀĚŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢŐĸŃėƞŅħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚ ŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬ
ŀŋĦľĳŌĴŇĽŌĚ įƞŅĬĮƤƩĴėĺŅĴĶƟŀĬėŅĶƢĭŀĬœħŀŀĔœĞħƢĝĬŇħĪĶŅĬĽƢėĶŇĽĨŇėńĸ 
ŀĶĶĩĔĶȮŀŅĽĬėņ ȮīĶĦŇĻĺĶƢȮħňĪŅĵŅĪȮŐĸŃȮĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ 

ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĶŃĭĭŀńħŀŅĔŅĻȮȮȮ 
ĽŇĶŇĻńĔħŇśȮĮŅĚĺŋĥŇĺĦŇĝĵƢ,  ĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ, ĺĶŏĝļģƢȮŐĽĚĽňħŅ, œĺĺŇĪĵƢȮŀŋĪńĵŏĜĸŇĴ
, ĽńĬĨŇȮıĸŀĵıĶľĴ, īĬĵĻȮėŇħŏĴĨĨŅĔŋĸ,Ȯ 
ŐĸŃȮĽŋŏĪıȮĽňĴŅĸŅ 
ŀŇĪīŇıĸĕŀĚėĺŅĴľĬŅĕŀĚĺńĽħŋıĶŋĬĪňŗĴňĨƞŀĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĮƤƩĴĽŌĭ
ĬŘņĔņĸńĚœŀĬŘņ 
ĮĔĶĦƢȮıĶľĴŐĔƟĺ,ȮĮĢŇĺńĨŇȮĺĶŅĴŇĨĶ,ȮĽńĠĝńĵȮĶņŏıĵıńħ,ȮŐĸŃȮĳŅĦŋĻńĔħŇśȮĴŌĸĻĶň 

ĻńĔĵĳŅıŒĬĔŅĶįĸŇĨœĲĲƚŅěŅĔėĺŅĴĶƟŀĬĪŇŘĚœŀŏĽňĵįƞŅĬĺńġěńĔĶŐĶĚėŇĬ
ĽŅĶŀŇĬĪĶňĵƢ8 ĔĶĦňŒĝƟĕħĪƞŀľĴŋĬŏĺňĵĬȮ 
ŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬ 
īĶĦŇĻĺĶƢȮħňĪŅĵŅĪ, ŏľĬŊŀıĸȮħĺĚŏĭňŘĵ, ĺŅĽĬŅȮėņőŀĳŅĽ,ȮŀĶĶĩĔĶȮŀŅĽĬėņ, 
ŐĸŃ ĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ 

14:30 ů /6:00 Ĭ. ĔŅĶĮĶŃĝŋĴĕŀĚĔĶĶĴĔŅĶĽĴŅėĴ 
18:30 ů 22:00 Ĭ. ĚŅĬŏĸňŘĵĚĶńĭĶŀĚįŌƟŏĕƟŅĶƞĺĴĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ

ŐľƞĚĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ18 
- ĴŀĭĶŅĚĺńĸĭĪėĺŅĴħňŏħƞĬ 
- ĴŀĭīĚŏěƟŅĳŅıėĶńŘĚĪňŗȮ19 
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ľńĺĕƟŀĭĪėĺŅĴ 
Asia Renewable Energy for Community 
Conference  

Session Chair 
įĻ,ħĶ,ěŇĶĺħňȮįĸĮĶŃŏĽĶŇģ  ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶ 
įĻ,ħĶ,ĺńĝĶŅĔĶȮĮƕƧĬīŋĶńĨĬƢȮȮȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢĭŌĶĦŅĔŅĶŐĸŃŏĪėőĬőĸĵňȮ
ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸĨŃĺńĬŀŀĔȮěńĬĪĭŋĶň 

12:23 ů 14:30 Ĭ, Cost-Optimal Home Energy Management under Thai TOU Tariffs 
using Multi-Agent Deep Reinforcement Learning 
Khin Phyu Ye Myint, Thandar Aung, Ashok Paudel, Watcharakorn 
Pinthurat, Promphak Boonraksa,  
Terapong BoonraksaȮand Boonruang Marungsri 
A Prototype of Online Control and Monitoring Systems based on 
NodeMCU ESP8266 in conjunction with MQTT and Node-RED 
dashboard-UI 
Yuthapong Tarapin, Nigran Homdoung, Kittikorn Sasujit and 
Surapon Riyana 
Circular Economy and Value-Added Analysis of Cacao Pod Husk By-
products for Wood Vinegar Production 
Arisara Romyen, Nuttaporn Rochanahastin, and Juntima 
Chungsiriporn 
LSTM-Enhanced Multi-Agent Soft Actor-Critic for Coordinated 
Voltage Regulation and Energy Management in the Distribution 
System 
Thandar Aung, Khin Phyu Ye Myint, Ashok Paudel, Watcharakorn 
Pinthurat, Terapong Boonraksa,  
Promphak Boonraksa and Boonruang Marungsri 
Energy Recovery in Electronics Plant Considering Economics 
Constraint 
Prayad Boonkham, Chaimongkol Pengtem, Promsak Apiratikul and 
Nikorn Saengngam 

14:30 ů /6:00 Ĭ. ĔŅĶĮĶŃĝŋĴĕŀĚĔĶĶĴĔŅĶĽĴŅėĴ 
18:30 ů 22:00 Ĭ. ĚŅĬŏĸňŘĵĚĶńĭĶŀĚįŌƟŏĕƟŅĶƞĺĴĚŅĬĮĶŃĝŋĴĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚ

ĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ18 
- ĴŀĭĶŅĚĺńĸĭĪėĺŅĴħňŏħƞĬ 
- ĴŀĭīĚŏěƟŅĳŅıėĶńŘĚĪňŗȮ19 
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ĽŅĶĭńĠ 
 

 ľĬƟŅ 

ĽŅĶěŅĔĮĶŃīŅĬıŇīňŏĮƕħĔŅĶěńħĚŅĬĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞ
ĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵėĶńŘĚĪňŗȮ/6 

5 

ĽŅĶěŅĔįŌƟĺƞŅĔŅĶĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėȮ 6 
ĽŅĶěŅĔŀīŇĔŅĶĭħňĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĽŋĶĬŅĶň 7 
ĽŅĶěŅĔŀīŇĔŅĶĭħňȮĴľŅĺŇĪĵŅĸńĵĴľŅĽŅĶėŅĴ 8 
ĽŅĶěŅĔįŌƟŀņĬĺĵĔŅĶŀŋĪĵŅĬĺŇĪĵŅĻŅĽĨĶƢĳŌĴŇĳŅėȮĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮ0 9 
ĽŅĶěŅĔĮĶŃīŅĬĪňŗĮĶŉĔļŅĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ 10 
ĽŅĶěŅĔĬŅĵĔĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ 11 
ėĦŃĔĶĶĴĔŅĶĪňŗĮĶŉĔļŅĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ /2 
ėĦŃĔĶĶĴĔŅĶĽĴŅėĴıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬ /2 
ėĦŃĔĶĶĴĔŅĶıŇěŅĶĦŅĭĪėĺŅĴ /3 
ĔņľĬħĔŅĶĬņŏĽĬŀĭĪėĺŅĴ 17 
  
ľńĺĕƟŀĭĪėĺŅĴ:ȮĔŅĶĺŇěńĵŐĸŃıńĥĬŅıĸńĚĚŅĬŏıŊŗŀŀĬŅėĨĪňŗĵńŗĚĵŊĬ 45 

× ĔŅĶěņĸŀĚıĸĻŅĽĨĶƢĔŅĶœľĸĕŀĚŀŅĔŅĻŒĬĶŃĭĭħńĔěńĭĴĸıŇļȮħƟĺĵŏĪėőĬőĸĵňœĴ
őėĶ-ĬŅőĬĭńĭŏĭŇŘĸȮ&Simulations of Airflow Dynamics in Air Pollution 
Control System Using Micro/Nano Bubble Technology) 

46 

× ĔŅĶĪħĽŀĭŐĸŃĔŅĶěņĸŀĚŏĝŇĚıĸĻŅĽĨĶƢĕŀĚœľĸĕŀĚĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŐıŖĔ
ŐĭĨŏĨŀĶňŗĵŅĬĵĬĨƢœĲĲƚŅħƟĺĵĔŅĶœľĸĕŀĚŀŅĔŅĻŐĭĭĨĔĔĶŃĪĭȮ
(Experimental and Computational Fluid Dynamics Investigation of 
Impinging Air Cooling for Electric Vehicle Battery Packs) 

47 

× ĔŅĶĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅŏĝŇĚŏĻĶļģĻŅĽĨĶƢĨƞŀŐĬĺĪŅĚĔŅĶĬņŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔ
ĴŌĸŐıŃŒĝƟĚŅĬŏĮƦĬŏĝŊŘŀŏıĸŇĚĕŀĚľĴƟŀĨƟĴœŀĬŘņȮ(Economic Evaluation for 
Using Goat Dung Pellets as Boiler Fuel) 

60 

× ĔŅĶŏĮĶňĵĭŏĪňĵĭĨƟĬĪŋĬėƞŅœĲĲƚŅĶŅĵŏħŊŀĬĔƞŀĬŐĸŃľĸńĚĔŅĶŒĝƟĚŅĬĶŃĭĭőĞĸƞŅ
ŏĞĸĸƢŐĭĭŀŀĬĔĶŇħĪňŗĨŇħĨńŘĚĭĬľĸńĚėŅŀŅėŅĶȮ ĺŇĪĵŅĸńĵŏĪėĬŇėĬĶŅīŇĺŅĽȮ (A 
Comparative Study of Monthly Electricity Costs Before and After the 
Implementation of an On-Grid Rooftop Solar Cell System at 
Narathiwat Technical College) 

68 

× ĔŅĶįĸŇĨœĲĲƚŅěŅĔŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔőħĵŒĝƟıĸńĚĚŅĬėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔ
œĬőĨĶŏěĬŏľĸĺ(Thermoelectric Power Generation Utilizes Waste Cold 
Energy from Liquid Nitrogen) 

79 
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ĽŅĶĭńĠ 
 ľĬƟŅ 

× ĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶįĸŇĨœĲĲƚŅĶŃĵŃĽńŘĬĔńĭįĸĔŅĶěņĸŀĚħƟĺĵőĮĶŐĔĶĴȮ
PVsyst őėĶĚĔŅĶĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĕĬŅħȮ3..ȮĔŇőĸĺńĨĨƢȮ
ĴľŅĺŇĪĵŅĸńĵĬĶŅīŇĺŅĽĶŅĝĬėĶŇĬĪĶƢ (Short-Term Electricity 
Generation Comparison between Actual and PVsyst-Simulated 
Results of a 3.. kW Solar Power Generation Project at Princess 
of Naradhiwas University) 

86 

× ĔŅĶıńĥĬŅĩƞŅĬŀńħŐĪƞĚěŅĔŏĮĸŊŀĔőĔőĔƟěŅĔĺŇĽŅľĔŇěĝŋĴĝĬŐĮĶĶŌĮőĔőĔƟŐĸŃ
įĸįĸŇĨĪŅĚĔŅĶŏĔļĨĶĔņŐıĚŏıĝĶ (Development of Charcoal 
Briquettes from Cocoa Husk by the Cocoa Processing and 
Agricultural Products Community Enterprise Kamphaeng Phet) 

87 

× ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėĺŅĴŏĶŖĺĸĴĔńĭŀńĨĶŅĔŅĶœľĸĕŀĚŀŅĔŅĻ
ŀńħěŅĔĔńĚľńĬĸĴŀńħŀŅĔŅĻŏĝŇĚĔĸȮĕĬŅħȮ3ȮĔŇőĸĺńĨĨƢȮ(Analysis of the 
relationship between wind speed and compressed air flow rate 
From a 3+kilowatt mechanical air compressor wind turbine) 

89 

× ĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚıĸńĚĚŅĬĕŀĚĝňĺĴĺĸŏľĸŊŀĪŇŘĚŒĬĴľŅĺŇĪĵŅĸńĵŏıŊŗŀŀĬŅėĨ
ıĸńĚĚŅĬėŅĶƢĭŀĬĨŗņ(Energy Analysis of University Biomass Waste for 
a Low-Carbon Energy Future) 

91 

× ĔŅĶĺŇŏėĶŅŃľƢħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĕŀĚĔŅĶįĸŇĨœĲĲƚŅħƟĺĵőĞĸŅĶƢŏĞĸĸƢȮ
ŒĬĔŅĶĻŉĔļŅĨƟĬŐĭĭĔŅĶįĸŇĨĶŃĭĭœĲĲƚŅħƟĺĵıĸńĚĚŅĬĪħŐĪĬįĽĴįĽŅĬ
ĕĬŅħȮ/3. kW ĔĶĦňĻŉĔļŅŏĔŅŃŏĨƞŅȮě,ĽŋĶŅļġƢīŅĬňȮ(Computer Analysis 
of Photovoltaic in a Hybrid /3. kW System Plant: Case Study of 
Tao Island) 
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Abstract 
This research aims to study airflow behavior for the design of a pollution-capture system from the 

combustion process using Micro/Nanobubble technology. Micro/Nano Bubble technology uses sponge 
particles with diameters of 10-3.ȮµkȮ_lbȮless than 200 µm, creating a simulated tunnel for actual testing 
to analyze the results for design, simulating airflow with the Ansys-CFX 2024 program. The independent 
variable is the length of the exhaust-catching tunnel in two cases: 40 x 50 x 40 cm and 40 x 100 x 40 cm. 
The comparison is performed to determine the suitability trend at inlet air velocities of 5 m/s, 10 m/s, and 
15 m/s. The study results found that the exhaust emission capture tunnel should be approximately 0.5-1.0 
m long, and the inlet exhaust air velocity should be 5-15 m/s. However, the study did not consider other 
variables such as the number of nozzles, pressure, nozzle orifice size, injection rate, and injection frequency. 
The researchers will focus on field studies with real-world tests to further investigate the research 
hypothesis and serve as a guideline for the further development of air pollution capture techniques.Ȯ Ȯ  

 

Keywords8ȮEmission capture, Micro/Nano bubble, Exhaust gases, Emission 
 

ĭĪėńħĵƞŀ 
ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅıķĨŇĔĶĶĴĔŅĶœľĸĕŀĚŀŅĔŅĻĽņľĶńĭŀŀĔŐĭĭĶŃĭĭħńĔěńĭĴĸıŇļěŅĔ

ĔĶŃĭĺĬĔŅĶŏįŅœľĴƟħƟĺĵŏĪėőĬőĸĵňœĴőėĶ-ĬŅőĬĭńĭŏĭŇŘĸȮĞŉŗĚŏĮƦĬŏĪėőĬőĸĵňŀĬŋĳŅėĲŀĚĬŘņĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ 
/.Ȯ+3.Ȯµm ŐĸŃŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĬƟŀĵĔĺƞŅȮ0..ȮµmȮőħĵĔŅĶĽĶƟŅĚŀŋőĴĚėƢěņĸŀĚıĶƟŀĴĪħĽŀĭěĶŇĚŏıŊŗŀĬņįĸĴŅĺŇŏėĶŅŃľƢ
ŀŀĔŐĭĭħƟĺĵĔŅĶěņĸŀĚĔŅĶœľĸĕŀĚŀŅĔŅĻħƟĺĵőĮĶŐĔĶĴȮAnsys-CFX 0.02ȮőħĵĔņľĬħĨńĺŐĮĶĨƟĬėŊŀĕĬŅħėĺŅĴĵŅĺĕŀĚ
ŀŋőĴĚėƢħńĔěńĭœŀŏĽňĵȮ0ȮĔĶĦňȮėŊŀȮĔĶĦňŐĶĔĴňĕĬŅħȮ2.Ȯx 3.Ȯx 2.Ȯcm ŐĸŃĔĶĦňĪňŗĽŀĚĴňĕĬŅħȮ2.Ȯx /..Ȯx 2.Ȯcm ĪņĔŅĶ
ŏĮĶňĵĭŏĪňĵĭŏıŊŗŀľŅŐĬĺőĬƟĴėĺŅĴŏľĴŅŃĽĴĪňŗėĺŅĴŏĶŖĺŀŅĔŅĻĕŅŏĕƟŅĪňŗȮ3Ȯm/s /.Ȯm/s ŐĸŃȮ/3Ȯm/s  
įĸĔŅĶĻŉĔļŅıĭĺƞŅȮŀŋőĴĚėƢħńĔěńĭĴĸıŇļœŀŏĽňĵĴňėĺŅĴĵŅĺȮ.,3+/,.Ȯm ėĺŅĴŏĶŖĺŀŅĔŅĻœŀŏĽňĵĕŅŏĕƟŅĪňŗėĺŅĴŏĶŖĺȮ3+/3Ȯm/s 
ŀĵƞŅĚœĶĔŖĨŅĴįĸĔŅĶĻŉĔļŅħńĚĔĸƞŅĺĵńĚœĴƞœħƟıŇěŅĶĦŅĨńĺŐĮĶŀŊŗĬŕȮŏĝƞĬȮěņĬĺĬľńĺĜňħȮėĺŅĴħńĬȮĕĬŅħĕŀĚĶŌľńĺĜňħȮŀńĨĶŅĔŅĶĜňħȮ
ėĺŅĴĩňŗĕŀĚĔŅĶĜňħȮĪńŘĚĬňŘįŌƟĺŇěńĵěŃĴŋƞĚĻŉĔļŅŒĬĳŅėĽĬŅĴħƟĺĵĔŅĶĪħĽŀĭěĶŇĚŏıŊŗŀĽŊĭľŅĽĴĴĨŇģŅĬĚŅĬĺŇěńĵŒľƟĽĴĭŌĶĦƢĵŇŗĚĕŉŘĬ
ĽņľĶńĭŏĮƦĬŐĬĺĪŅĚĔŅĶıńĥĬŅŏĪėĬŇėĔŅĶħńĔěńĭĴĸıŇļŀŅĔŅĻĨƞŀœĮ 
 

ėņĽņėńĠ8ȮŏėĶŊŗŀĚħńĔěńĭĴĸıŇļ, ŏĪėőĬőĸĵňœĴőėĶ-ĬŅőĬĭńĭŏĭŇŘĸ, ĴĸıŇļ, œŀŏĽňĵ 



               
 
 

 
 

47 

ĔŅĶĪħĽŀĭŐĸŃĔŅĶěņĸŀĚŏĝŇĚıĸĻŅĽĨĶƢĕŀĚœľĸĕŀĚĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŐıŖĔŐĭĨŏĨŀĶňŗĵŅĬĵĬĨƢœĲĲƚŅ
ħƟĺĵĔŅĶœľĸĕŀĚŀŅĔŅĻŐĭĭĨĔĔĶŃĪĭ 

Experimental and Computational Fluid Dynamics Investigation of Impinging Air Cooling 
for Electric Vehicle Battery Packs 

 
ĽńĠĝńĵ ȮĶņŏıĵıńħ/,ȮŀĳŇŏħĝȮ ĭŋĠŏěŊŀ1, ĳŅĦŋĻńĔħŇśȮ ĴŌĸĻĶň/,ȮĽŅīŇĨȮ ĪŌĸœīĽĚ/, ĺĶŇĻĶŅĳĶĦƢȮ ěĶőėĔĔĶĺħ/,  

ĺŇĝĝŋıĚļƢȮ ĺŇĭŌĸŏěĶŇĠ0, ĻĶńĬĵƢ ȮėńĴĳňĶƢĳńĪĶ0, œĴĨĶň ȮīĶĶĴĴŅ0ȮŐĸŃȮīĦħĬ ȮĽĺĬœįƞ/( 
Sanchai  Ramphueiphad/, Apidach  Boonjue1, Phanusak  Munsri1, Sarthit  Toolthaisong1, Warisaraporn  

Jornkokkruad1, Witchupong  Wiboonjaroen0, Saran  Kampeephat0, Maitree  Thamma0 and  
Tanadon  Sounphai/* 

 
1ȮĽŅĕŅĺŇĝŅĺŇĻĺĔĶĶĴıĸńĚĚŅĬȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ 

ĬėĶĶŅĝĽňĴŅȮ1.... 
2 ĽŅĕŅĺŇĝŅĺŇĻĺĔĶĶĴŀŇŏĸŖĔĪĶŀĬŇĔĽƢȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬ 

ĬėĶĶŅĝĽňĴŅȮ1.... 
/ȮEnergy Engineering, Faculty of Engineering and Technology is the Engineering, Rajamangala University of 

Technology Isan, Nakhonratchasima 1.... 
2 Electronics Engineering, Faculty of Engineering and Technology is the Engineering  

Rajamangala University of Technology Isan, Nakhonratchasima 1.... 
(Corresponding author:ȮTel.: 095-4497244. E-mail address: tanadon_c012@hotmail.com 

 
Abstract 

 This study investigates the effect of inter-cell spacing on the thermal performance of lithium-ion 
battery packs using air impingement cooling, a promising method for electric vehicle (EV) thermal 
management. A prototype battery pack of 18650 Li-ion cells was tested at charging rates of 1C, 2C, and 3C 
slbcpȮamlrpmjjcbȮ_k`gclrȮrckncp_rspcqȮmdȮ0.*Ȯ03*Ȯ_lbȮ1.Ȯ°A*ȮugrfȮ_ȮdgvcbȮ_gpdjmuȮmdȮ3Ȯk-q,ȮRfcpkmamsnjcqȮ
measured surface and average cell temperatures, as well as the temperature distribution across the pack. 
Three-dimensional Computational Fluid Dynamics (CFD) simulations were also conducted using ANSYS 
Fluent with detailed geometry and kůʁ turbulence modeling. Results show that increasing inter-cell spacing 
from 2 mm to 4 mm significantly improves heat dissipation, lowering the maximum cell surface temperature 
by 5ů6Ȯ°AȮbcnclbgleȮmlȮrfcȮA-rate and enhancing thermal uniformity. CFD results agreed closely with 
experiments, with deviations below 5%, validating the numerical approach. These findings highlight the 
importance of geometric configuration in battery pack design and guide the optimization of air-cooling 
strategies in EV thermal management systems. 
 
Keywords: Lithium-ion battery, Air cooling, Electric vehicle, Computational Fluid Dynamics (CFD) 

 
ĭĪėńħĵƞŀ 

 ĚŅĬĺŇěńĵĬňŘĴŋƞĚĻŉĔļŅįĸĔĶŃĪĭĕŀĚĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢŐĭĨŏĨŀĶňŗĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶěńħĔŅĶėĺŅĴĶƟŀĬĕŀĚŐıŖĔ
ŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬȮőħĵŒĝƟĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻŐĭĭœľĸĨĔĔĶŃĪĭȮ&Air Impingement) ĞŉŗĚŏĮƦĬŏĪėĬŇėĪňŗĴň
ĻńĔĵĳŅıĽņľĶńĭĵŅĬĵĬĨƢœĲĲƚŅȮ&EV) œħƟĽĶƟŅĚĨƟĬŐĭĭŐıŖĔŐĭĨŏĨŀĶňŗěŅĔŏĞĸĸƢĸŇŏĪňĵĴœŀŀŀĬȮ/643.ȮŐĸŃĪħĽŀĭĳŅĵŒĨƟŀńĨĶŅ
ĔŅĶĝŅĶƢěȮ/C, 0C ŐĸŃȮ1C ĪňŗŀŋĦľĳŌĴŇŐĺħĸƟŀĴȮ0., 03ȮŐĸŃȮ1.Ȯ°AȮőħĵŒĝƟŀńĨĶŅĔŅĶœľĸĕŀĚŀŅĔŅĻėĚĪňŗȮ3Ȯm/s ĨŇħĨńŘĚŏĪŀĶƢ
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őĴėńĮŏĮƕĸŏıŊŗŀĺńħŀŋĦľĳŌĴŇįŇĺŏĞĸĸƢȮŀŋĦľĳŌĴŇŏĜĸňŗĵȮŐĸŃėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬŐıŖĔȮıĶƟŀĴěņĸŀĚŏĝŇĚĨńĺŏĸĕȮ&CFD) 
ħƟĺĵȮANSYS Fluent őħĵŒĝƟőĴŏħĸėĺŅĴĮƤƧĬĮƙĺĬȮkůʁ įĸĔŅĶĪħĸŀĚıĭĺƞŅȮĔŅĶŏıŇŗĴĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢěŅĔȮ0Ȯmm ŏĮƦĬȮ2Ȯ
mm ĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮĸħŀŋĦľĳŌĴŇįŇĺŏĞĸĸƢĽŌĚĽŋħȮ3ů6Ȯ°AȮ&ĕŉŘĬĔńĭŀńĨĶŅĔŅĶĝŅĶƢě'ȮŐĸŃĪņŒľƟĔŅĶ
ĔĶŃěŅĵėĺŅĴĶƟŀĬĳŅĵŒĬŐıŖĔĴňėĺŅĴĽĴŗņŏĽĴŀĴŅĔĕŉŘĬȮįĸĔŅĶěņĸŀĚȮCFD ĽŀħėĸƟŀĚĔńĭĔŅĶĪħĸŀĚěĶŇĚȮőħĵĴňėĺŅĴ
ėĸŅħŏėĸŊŗŀĬĨŗņĔĺƞŅȮ3#ȮŐĽħĚĩŉĚėĺŅĴĩŌĔĨƟŀĚŐĸŃėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚĔŅĶěņĸŀĚȮĚŅĬĺŇěńĵĬňŘĝňŘŐĬĺĪŅĚĽņėńĠŒĬĔŅĶŀŀĔŐĭĭ
ŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻĽņľĶńĭŐıŖĔŐĭĨŏĨŀĶňŗŒĬĵŅĬĵĬĨƢœĲĲƚŅ 
 
ėņĽņėńĠ8ȮŐĭĨŏĨŀĶňŗĸŇŏīňĵĴœŀŀŀĬ, ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻ, ĵŅĬĵĬĨƢœĲĲƚŅ, ĔŅĶěņĸŀĚıĸĻŅĽĨĶƢĕŀĚœľĸŏĝŇĚ
ėņĬĺĦȮ&CFD) 
 

ĭĪĬņ 
 ŐĭĨŏĨŀĶňŗĸŇŏīňĵĴœŀŀŀĬȮ&Lithium-ion battery) œħƟĶńĭĔŅĶĵŀĴĶńĭŀĵƞŅĚĔĺƟŅĚĕĺŅĚĺƞŅŏĮƦĬŐľĸƞĚĔńĔŏĔŖĭıĸńĚĚŅĬľĸńĔ
ĽņľĶńĭĪńŘĚŀŋĮĔĶĦƢŀŇŏĸŖĔĪĶŀĬŇĔĽƢŐĭĭıĔıŅŐĸŃĵŅĬĵĬĨƢœĲĲƚŅȮ&Electric Vehicles: EVs) ŏĬŊŗŀĚěŅĔĴňėĺŅĴľĬŅŐĬƞĬıĸńĚĚŅĬ
ĽŌĚȮĬŘņľĬńĔŏĭŅȮĮĶŃĽŇĪīŇĳŅıĔŅĶĝŅĶƢěůėŅĵĮĶŃěŋĪňŗħňȮŐĸŃŀŅĵŋĔŅĶŒĝƟĚŅĬĵŅĺĬŅĬȮY/ů1[ȮŀĵƞŅĚœĶĔŖĨŅĴȮĕƟŀěņĔńħĽņėńĠĕŀĚ
ŐĭĨŏĨŀĶňŗĝĬŇħĬňŘėŊŀȮėĺŅĴœĺĨƞŀŀŋĦľĳŌĴŇŒĬĔŅĶĪņĚŅĬȮľŅĔŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ4. °AȮěŃĽƞĚįĸŒľƟŏĔŇħĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŏĞĸĸƢȮ
ėĺŅĴěŋĸħĸĚȮŐĸŃŏıŇŗĴėĺŅĴŏĽňŗĵĚĨƞŀĔŅĶŏĔŇħȮthermal runaway ĞŉŗĚŀŅěĔƞŀŒľƟŏĔŇħĔŅĶĸŋĔœľĴƟľĶŊŀĔŅĶĶŃŏĭŇħȮY2ů4[ȮħńĚĬńŘĬȮ
ĶŃĭĭěńħĔŅĶėĺŅĴĶƟŀĬĕŀĚŐĭĨŏĨŀĶňŗȮ&Battery Thermal Management System: BTMS) ěŉĚĴňĭĪĭŅĪĽņėńĠŒĬĔŅĶĶńĔļŅ
ĮĶŃĽŇĪīŇĳŅıŐĸŃėĺŅĴĮĸŀħĳńĵĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗȮŐĬĺĪŅĚĔŅĶěńħĔŅĶėĺŅĴĶƟŀĬĪňŗıńĥĬŅĴŅŐĸƟĺĴňĪńŘĚĔŅĶŒĝƟŀŅĔŅĻŐĸŃ
ĕŀĚŏľĸĺŏĮƦĬĨńĺĔĸŅĚȮőħĵĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻȮ&air cooling) ĴňĕƟŀħňėŊŀőėĶĚĽĶƟŅĚŏĶňĵĭĚƞŅĵȮĬŘņľĬńĔŏĭŅȮŐĸŃ
ĨƟĬĪŋĬĨŗņŏĴŊŗŀŏĪňĵĭĔńĭĶŃĭĭĕŀĚŏľĸĺȮŐĨƞĕƟŀěņĔńħėŊŀĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬėƞŀĬĕƟŅĚĨŗņȮY5*6[ȮĚŅĬĺŇěńĵĔƞŀĬľĬƟŅ
œħƟĻŉĔļŅŀŇĪīŇıĸĕŀĚŀńĨĶŅĔŅĶœľĸȮĪŇĻĪŅĚĔŅĶœľĸȮĔŅĶěńħŏĶňĵĚŏĞĸĸƢȮŐĸŃĔŅĶŒĝƟėĶňĭľĶŊŀĝƞŀĚĪŅĚıŇŏĻļȮŏıŊŗŀŏıŇŗĴĔŅĶ
ŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮY7ů//[ȮĬŀĔěŅĔĬňŘȮĔŅĶěņĸŀĚıĸĻŅĽĨĶƢĕŀĚœľĸŏĝŇĚĨńĺŏĸĕȮ&Computational Fluid Dynamics: CFD) 
ĵńĚĩŌĔĬņĴŅŒĝƟŏıŊŗŀĪņėĺŅĴŏĕƟŅŒěĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇȮĔŅĶėŅħĔŅĶĦƢěŋħĶƟŀĬȮ&hot spot) ŐĸŃĔŅĶĮĶŃŏĴŇĬėĺŅĴħńĬĨĔėĶƞŀĴŒĬ
ĶŃĭĭĶŃĭŅĵėĺŅĴĶƟŀĬȮY/0*/1[ȮŒĬĔĶĦňĵŅĬĵĬĨƢœĲĲƚŅȮėĺŅĴĨƟŀĚĔŅĶȮBTMS ĪňŗĴňĮĶŃĽŇĪīŇĳŅıŐĸŃėŋƟĴėƞŅŏĮƦĬĽŇŗĚěņŏĮƦĬȮŏıŊŗŀŒľƟ
ĴńŗĬŒěĺƞŅĔŅĶĪņĚŅĬĕŀĚŐĭĨŏĨŀĶňŗěŃĴňĪńŘĚȮĮĶŃĽŇĪīŇĳŅıȮėĺŅĴĮĸŀħĳńĵȮŐĸŃŀŅĵŋĔŅĶŒĝƟĚŅĬĪňŗĵŅĺĬŅĬȮY/2*/3[ȮőħĵŏĜıŅŃŀĵƞŅĚ
ĵŇŗĚŒĬĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵȮĔŅĶįĸńĔħńĬĔŅĶŒĝƟĵŅĬĵĬĨƢœĲĲƚŅŏĮƦĬľĬŉŗĚŒĬĔĸĵŋĪīƢľĸńĔŏıŊŗŀĭĶĶĸŋŏĮƚŅľĴŅĵħƟŅĬıĸńĚĚŅĬĽŃŀŅħ
ŐĸŃĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔȮY/4[ȮŀĵƞŅĚœĶĔŖĨŅĴȮŀŋĨĽŅľĔĶĶĴĔŅĶįĸŇĨŐĭĨŏĨŀĶňŗŐĸŃĶŃĭĭěńħĔŅĶėĺŅĴĶƟŀĬĵńĚŀĵŌƞ
ŒĬĝƞĺĚŏĶŇŗĴĨƟĬȮěŉĚĴňėĺŅĴěņŏĮƦĬĨƟŀĚĴňĚŅĬĺŇěńĵŏĝŇĚĸŉĔĪňŗŏĬƟĬĔŅĶŀŀĔŐĭĭŐĸŃĮĶŃŏĴŇĬȮBTMS ŒľƟŏľĴŅŃĽĴĔńĭĽĳŅıŐĺħĸƟŀĴŐĸŃ
ĔŅĶŒĝƟĚŅĬěĶŇĚŒĬĮĶŃŏĪĻ 
 ħńĚĬńŘĬȮĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀȮĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗ
ĸŇŏĪňĵĴœŀŀŀĬȮħƟĺĵĺŇīňĔŅĶĪħĸŀĚěĶŇĚŐĸŃĔŅĶěņĸŀĚȮCFD őħĵĴŋƞĚŏĬƟĬĔŅĶĻŉĔļŅįĸĕŀĚȮĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢŐĸŃŏĚŊŗŀĬœĕ
ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻȮĪňŗŐĨĔĨƞŅĚĔńĬȮįĸĸńıīƢěŅĔĚŅĬĺŇěńĵĬňŘĽŅĴŅĶĩĬņœĮŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭěńħĔŅĶ
ėĺŅĴĶƟŀĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮĮĸŀħĳńĵȮŐĸŃŏľĴŅŃĽĴĨƞŀĔŅĶıńĥĬŅĵŅĬĵĬĨƢœĲĲƚŅŒĬŀĬŅėĨ 
 

ĺŇīňĔŅĶĺŇěńĵ 
 ĚŅĬĺŇěńĵĬňŘĪņĔŅĶĻŉĔļŅĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴœŀŀŀĬőħĵŒĝƟĔŅĶĪħĸŀĚěĶŇĚėĺĭėŌƞĔńĭĔŅĶ
ěņĸŀĚŏĝŇĚıĸĻŅĽĨĶƢĕŀĚœľĸŏĝŇĚėņĬĺĦȮ&CFD) ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢŐĸŃĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚĕŀĚŐĭĭěņĸŀĚȮCFD 
ĕńŘĬĨŀĬĔŅĶĺŇěńĵŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĽƞĺĬȮħńĚĬňŘ 
/,ȮĔŅĶĪħĸŀĚěĶŇĚ 
 œħƟĽĶƟŅĚĨƟĬŐĭĭŐıŖĔŐĭĨŏĨŀĶňŗěŅĔŏĞĸĸƢĸŇŏĪňĵĴœŀŀŀĬĝĬŇħȮ/643.ȮėĺŅĴěŋȮ/0.. mAh ŐĶĚħńĬœĲĲƚŅȮ1,5 V őħĵ
ěńħŏĶňĵĚŏĞĸĸƢŒĬőĴħŌĸŐĸŃĮĶńĭĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢŏĮƦĬȮ1ȮĶŃĵŃȮœħƟŐĔƞȮ0 mm, 2 mm ŐĸŃȮ4 mm ŏıŊŗŀĻŉĔļŅįĸĕŀĚĔŅĶ
ěńħŏĶňĵĚĨƞŀĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬȮŀŅĔŅĻĩŌĔĪņŒľƟœľĸĨĔĔĶŃĪĭȮ&impinging air flow) ħƟĺĵėĺŅĴŏĶŖĺȮ3Ȯm/s ĪňŗŀŋĦľĳŌĴŇ
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ŐĺħĸƟŀĴȮ0., 03ȮŐĸŃȮ1.Ȯ°AȮŏĪŀĶƢőĴėńĮŏĮƕĸĩŌĔĨŇħĨńŘĚĪňŗĔŉŗĚĔĸŅĚŐĸŃįŇĺĕŀĚŏĞĸĸƢŏıŊŗŀĨĶĺěĺńħŀŋĦľĳŌĴŇĽŌĚĽŋħȮŀŋĦľĳŌĴŇŏĜĸňŗĵȮ
ŐĸŃėĺŅĴĨƞŅĚŀŋĦľĳŌĴŇȮ&ɲT) ĕŀĚŐĨƞĸŃĽĳŅĺŃĔŅĶĪħĸŀĚ 

 
ĳŅıĪňŗȮ/ȮŐĽħĚĨƟĬŐĭĭŐıŖĔŐĭĨŏĨŀĶňŗ 

 

 ȮȮȮȮȮȮȮ  
 
  ȮȮȮȮĶŃĵŃľƞŅĚȮ0 mm ȮȮȮȮȮȮĶŃĵŃľƞŅĚȮ1 mm  ĶŃĵŃľƞŅĚȮ2 mm 

 
ĳŅıĪňŗȮ0ȮŐĽħĚĔŅĶěńħŏĶňĵĚŏĞĸĸƢĨŅĴĶŃĵŃľƞŅĚĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚ 

 
 

ĨŅĶŅĚĪňŗȮ/ȮŏĚŊŗŀĬœĕĔŅĶĪħĸŀĚĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĬňŘ 
ĶŃĵŃľƞŅĚȮ(mm) ėĺŅĴŏĶŖĺĸĴȮ&m/s) ŀŋĦľĳŌĴŇŀŅĔŅĻȮ&°A' ŀńĨĶŅĔĶŃŐĽĝŅĶƢěȮ 

&C-rate) 
2 3 20,25 ŐĸŃȮ1. /, 2 ŐĸŃȮ1 
4 3 20,25 ŐĸŃȮ1. /, 2 ŐĸŃȮ1 
6 3 20,25 ŐĸŃȮ1. /, 2 ŐĸŃȮ1 

 

0,ȮĔŅĶěņĸŀĚȮCFD 
 ĔŅĶěņĸŀĚȮCFD ĪņőħĵŒĝƟĞŀĲĨƢŐĺĶƢȮANSYS Fluent ĽĶƟŅĚŐĭĭěņĸŀĚȮ1ȮĴŇĨŇĕŀĚőĴħŌĸŐĭĨŏĨŀĶňŗŐĸŃőħŏĴĬŀŅĔŅĻ
ĶŀĭȮŕȮŒľƟĴňĕĬŅħŐĸŃĶŃĵŃľƞŅĚŏĪƞŅĔńĭĔŅĶĪħĸŀĚěĶŇĚȮŏıŊŗŀŒľƟĽĳŅĺŃĔŅĶěņĸŀĚĽŀħėĸƟŀĚĔńĭĔŅĶĪħĸŀĚȮMesh ĩŌĔĽĶƟŅĚŒĬ
ĸńĔļĦŃȮhybrid mesh ıĶƟŀĴŏıŇŗĴěņĬĺĬĝńŘĬȮboundary layer ĶŀĭįŇĺŏĞĸĸƢŏıŊŗŀŒľƟĽŅĴŅĶĩěńĭȮgradient ŀŋĦľĳŌĴŇŐĸŃ
ėĺŅĴŏĶŖĺœħƟŐĴƞĬĵņȮŏĚŊŗŀĬœĕĕŀĭŏĕĨĩŌĔĔņľĬħŏĮƦĬȮvelocity inlet (3 m/s) ŐĸŃȮpressure outlet ĪňŗĭĶĶĵŅĔŅĻȮŒĝƟőĴŏħĸ
ėĺŅĴĮƤƧĬĮƙĺĬȮk-ʁ  ĽņľĶńĭĔŅĶėņĬĺĦĔŅĶœľĸȮįĸĔŅĶěņĸŀĚœħƟĪņĔŅĶĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇĽŌĚĽŋħȮŀŋĦľĳŌĴŇŏĜĸňŗĵȮėĺŅĴĨƞŅĚ
ŀŋĦľĳŌĴŇȮ&ɲT) ŐĸŃėĺŅĴħńĬĨĔėĶƞŀĴĕŀĚŀŅĔŅĻȮįĸĸńıīƢěŃĩŌĔŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶĪħĸŀĚěĶŇĚŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴŐĴƞĬĵņ
ĕŀĚŐĭĭěņĸŀĚ 
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ĳŅıĪňŗȮ1ȮŐĭĭěņĸŀĚȮCFD ĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗŐĸŃĪŇĻĪŅĚĔŅĶœľĸĕŀĚŀŅĔŅĻ 
 

3. ĽĴĔŅĶĪňŗŒĝƟŒĬĔŅĶěņĸŀĚȮCFD (Simulation focus) 
 ŒĬĔŅĶěņĸŀĚȮCFD ĕŀĚĶŃĭĭĶŃĭŅĵėĺŅĴĶƟŀĬŐıŖĔŐĭĨŏĨŀĶňŗȮěŃĨƟŀĚĬŇĵŅĴĽĴĔŅĶıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶœľĸ
ĕŀĚŀŅĔŅĻŐĸŃĔŅĶıŅėĺŅĴĶƟŀĬȮħńĚĬňŘ 
 3,/ Convective Heat Transfer Coefficient 
 ėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶıŅėĺŅĴĶƟŀĬȮ&h'ȮĽŅĴŅĶĩėņĬĺĦœħƟěŅĔȮNusselt number (Nu) 

 f;
LsϽi

Ja
Ȯ &1' 

őħĵĪňŗ k ėŊŀ ĽĳŅıĬņėĺŅĴĶƟŀĬĕŀĚŀŅĔŅĻȮ&U-k·I'ȮŐĸŃ Lc ėŊŀėĺŅĴĵŅĺĸńĔļĦŃŏĜıŅŃȮ&Characteristic length) 
[17,18,19] 
 3.2 Nusselt Number ů Turbulent Flow Correlation 
 ĽņľĶńĭĔŅĶœľĸŐĭĭĮƤƧĬĮƙĺĬȮ&Turbulent flow) ŒĝƟȮempirical correlation ĕŀĚȮDittusůBoelter equation 
 Ls;.,.01Pc.,6Np.,1 &2' 
ĞŉŗĚŏĮƦĬĲƤĚĔƢĝńĬĕŀĚȮReynolds number (Re) ŐĸŃȮPrandtl number (Pr) [17,18] 
 3.3 Reynolds Number (Re) 
 Reynolds number ŒĝƟĭƞĚĭŀĔĸńĔļĦŃĔŅĶœľĸȮ&Laminar/Turbulent) 

 Pc;
ŚJa
˃

 &3' 

őħĵ ́  ėŊŀėĺŅĴľĬŅŐĬƞĬĕŀĚŀŅĔŅĻȮ&kg/m3), U ėŊŀ ėĺŅĴŏĶŖĺĸĴȮ&m/s), ˃ ėŊŀėĺŅĴľĬŊħıĸĻŅĽĨĶƢĕŀĚŀŅĔŅĻȮ&N_·q'Ȯ
[17,20] 
 3.4 Prandtl Number (Pr) 
 Prandtl number ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĔŅĶŐıĶƞőĴŏĴĬĨńĴŐĸŃĔŅĶŐıĶƞėĺŅĴĶƟŀĬ 

 Np;
An˃
i

 &4' 

őħĵĪňŗ Cp ėŊŀėĺŅĴěŋėĺŅĴĶƟŀĬěņŏıŅŃĕŀĚŀŅĔŅĻȮ&H-ie·I'ȮY/5*/6[ 
2. ŀńĨĶŅĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬ 

 Oamlt;kAn&Rmsr+Rgl' &3' 

őħĵĪňŗ Oamlt ėŊŀȮŀńĨĶŅĔŅĶıŅėĺŅĴĶƟŀĬĪňŗįŇĺŐĭĨŏĨŀĶňŗȮ&W), Rmsr ėŊŀȮŀŋĦľĳŌĴŇŀŅĔŅĻĪňŗĪŅĚŀŀĔȮ&K) , Rgl ėŊŀȮŀŋĦľĳŌĴŇ
ŀŅĔŅĻĪňŗĪŅĚŏĕƟŅȮ&K)  
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 ĔŅĶėņĬĺĦľŅŀńĨĶŅĔŅĶœľĸŏĝŇĚĴĺĸĕŀĚŀŅĔŅĻȮ&k) ěŃœħƟěŅĔĔŅĶĪňŗĪŅĚĪňĴįŌƟĪņĔŅĶĪħĸŀĚĔņľĬħėĺŅĴŏĶŖĺĸĴȮ
&V) ĪňŗĪŅĚŏĕƟŅȮ5 m/s ěŉĚėņĬĺĦœħƟħńĚĽĴĔŅĶȮ4 
 k;́?T &4' 

őħĵĪňŗ k ėŊŀȮĴĺĸĕŀĚŀŅĔŅĻĪňŗěŃĨƟŀĚĬņĴŅĶŃĭŅĭėĺŅĴĶƟŀĬŒľƟĔńĭŐĭĨŏĨŀĶňŗȮ&kg / s), A ėŊŀȮıŊŘĬĪňŗĪŅĚœľĸĕŀĚŀŅĔŅĻȮ
&m2), V ėŊŀȮėĺŅĴŏĶŖĺĕŀĚŀŅĔŅĻȮ&m/s) 
 
3,ȮĔŅĶėņĬĺĦľŅėĺŅĴĶƟŀĬĕŀĚŐĭĨŏĨŀĶňŗ 
 O;f?&Rq+Rƌ' &5' 

őħĵĪňŗȮOȮėŊŀȮĔŅĶıŅėĺŅĴĶƟŀĬĪňŗŐĭĨŏĨŀĶňŗȮ&W), h ėŊŀȮĽńĴĮĶŃĽńĪīŇśĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬȮ&W / m2ŹK ), ? ėŊŀȮıŊŘĬĪňŗŐĭĨŏĨŀĶňŗ
ĔĶŃěŅĵėĺŅĴĶƟŀĬŒľƟĔńĭŀŅĔŅĻȮ&m0', Rq ėŊŀȮŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗȮ&K), Rƌ ėŊŀȮŀŋĦľĳŌĴŇŀŅĔŅĻĶŀĭŕŐĭĨŏĨŀĶňŗȮ&K) 
 ěŅĔĔŅĶľŅĔŅĶĔĶŃěŅĵĨńĺėĺŅĴĶƟŀĬĕŀĚŐĭĨŏĨŀĶňŗŒľƟĔńĭŀŅĔŅĻȮěŃœħƟįĸĨƞŅĚĕŀĚŀŋĦľĳŌĴŇĪňŗįŇĺŐĸŃŀŋĦľĳŌĴŇŀŅĔŅĻ
ĶŀĭȮŕȮŏĞĸĸƢŐĭĨŏĨŀĶňŗȮħńŘĚĬńŘĬěŉĚĬņȮTf œĮŒĝƟľŅėŋĦĽĴĭńĨŇĕŀĚŀŅĔŅĻěŅĔĨŅĶŅĚėŋĦĽĴĭńĨŇŀŅĔŅĻ'ȮěŅĔĽĴĔŅĶĪňŗȮ8 

 Rd;
Rq+Rƌ
0

 &6' 

 
įĸĔŅĶĺŇěńĵ 

 ĔŅĶĻŉĔļŅĬňŘœħƟĪņĔŅĶĪħĸŀĚŐĸŃěņĸŀĚŏĝŇĚĨńĺŏĸĕȮ&CFD) ŏıŊŗŀĺŇŏėĶŅŃľƢĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗ
ĸŇŏĪňĵĴœŀŀŀĬĝĬŇħȮ/643.ȮĳŅĵŒĨƟŀńĨĶŅĔŅĶĝŅĶƢěȮ/C, 0C ŐĸŃȮ1C ŐĸŃĔŅĶœľĸĕŀĚŀŅĔŅĻŐĭĭœľĸĨĔĔĶŃĪĭȮ&Impinging 
Air Cooling) œħƟĪņĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĔŅĶĪħĸŀĚěĶŇĚĔńĭįĸĔŅĶěņĸŀĚŒĬĽŅĴĽĳŅĺŃŀŋĦľĳŌĴŇŀŅĔŅĻĶŃĭŅĵėĺŅĴĶƟŀĬȮ&0.Ȯ
°A*Ȯ03Ȯ°AȮŐĸŃȮ1.Ȯ°A'ȮŐĸŃĽŅĴĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢȮ&0Ȯmm, 1Ȯmm ŐĸŃȮ2Ȯmm) įĸĔŅĶĺŇěńĵĽĶŋĮœħƟħńĚĬňŘȮ 

 
/,ȮįĸĔŅĶĪħĸŀĚĺńħŀŋĦľĳŌĴŇįŇĺŐıŖĔŐĭĨŏĨŀĶňŗŐĸŃĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ1C ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶ
ěņĸŀĚȮCFD 
 ĔŅĶĪħĽŀĭŐĸŃĔŅĶěņĸŀĚȮCFD ĩŌĔĬņĴŅŒĝƟŏıŊŗŀĻŉĔļŅįĸĕŀĚ ĶŃĵŃľƞŅĚĶŃľĺƞŅĚįŇĺŏĞĸĸƢŐĭĨŏĨŀĶňŗȮ&2, 3 ŐĸŃȮ4 
ĴĴ,' ĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮĳŅĵŒĨƟĽĳŅĺŃŀŅĔŅĻĪňŗĴňŀŋĦľĳŌĴŇĕŅŏĕƟŅȮ20, 25 ŐĸŃȮ1.Ȯ°AȮĪňŗėĺŅĴŏĶŖĺĸĴėĚĪňŗȮ5 
m/s őħĵįĸĸńıīƢŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚėƞŅĔŅĶĪħĸŀĚěĶŇĚȮ&Experiment) ŐĸŃėƞŅĪňŗœħƟěŅĔĔŅĶěņĸŀĚȮ&Simulation) 
ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅȮ0. °AȮěŅĔĳŅıĪňŗȮ2ů3ȮıĭĺƞŅŐĭĨŏĨŀĶňŗĪňŗĴňĶŃĵŃľƞŅĚȮ2ȮmmȮĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħŀĵŌƞĪňŗȮ/,4ȮW 
ŒĬĕĦŃĪňŗĶŃĵŃȮ1ȮmmȮŐĸŃȮ0ȮmmȮĶŃĭŅĵėĺŅĴĶƟŀĬœħƟĽŌĚĽŋħŏıňĵĚȮ/,.ȮW ŐĸŃȮ.,5ȮW ĨŅĴĸņħńĭȮŀŋĦľĳŌĴŇįŇĺŐĭĨŏĨŀĶňŗĪňŗĺńħ
œħƟěĶŇĚŀĵŌƞĶŃľĺƞŅĚȮ0.ů03Ȯ°AȮĞŉŗĚĽŀħėĸƟŀĚĔńĭėƞŅĪňŗœħƟěŅĔĔŅĶěņĸŀĚȮCFD ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅȮ03Ȯ°AȮěŅĔĳŅıĪňŗȮ6ů7ȮįĸĔŅĶ
ĪħĸŀĚŐĽħĚĺƞŅȮĶŃĵŃľƞŅĚȮ4 mmȮĶŃĭŅĵėĺŅĴĶƟŀĬœħƟĽŌĚĽŋħĪňŗȮ1.3 W ĕĦŃĪňŗĶŃĵŃȮ3 mmȮŐĸŃȮ2 mmȮĴňėƞŅȮ0.9 W ŐĸŃȮ0.3 
W ĨŅĴĸņħńĭȮŀŋĦľĳŌĴŇįŇĺĪňŗĺńħœħƟŀĵŌƞŒĬĝƞĺĚȮ25ů1.Ȯ°AȮĔŅĶěņĸŀĚȮCFD ŐĽħĚŐĬĺőĬƟĴĽŀħėĸƟŀĚĔńĬȮőħĵĴňėĺŅĴėĸŅħŏėĸŊŗŀĬ
ŏĜĸňŗĵȮ&MAPE) œĴƞŏĔŇĬȮ8% ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅ 1.Ȯ°AȮěŅĔĳŅıĪňŗȮ8ů9 ĶŃĵŃľƞŅĚȮ4 mmȮĽŅĴŅĶĩĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħœħƟĪňŗ 
1.0 W ŒĬĕĦŃĪňŗĶŃĵŃȮ3 mmȮŐĸŃȮ2 mmȮœħƟėƞŅ 0.6 W ŐĸŃ 0.5 W ĨŅĴĸņħńĭȮŀŋĦľĳŌĴŇįŇĺŏĜĸňŗĵĕŀĚŐĭĨŏĨŀĶňŗŀĵŌƞŒĬĝƞĺĚ 30ů
13Ȯ°AȮĞŉŗĚĵńĚŀĵŌƞŒĬŏĔĦĤƢĔŅĶĪņĚŅĬĪňŗĮĸŀħĳńĵĕŀĚŐĭĨŏĨŀĶňŗĸŇŏīňĵĴœŀŀŀĬ 
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ĳŅıĪňŗȮ3ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 
  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ/C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ0. oC 
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ĳŅıĪňŗȮ6ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ/C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ05 oC 
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ĳŅıĪňŗȮ7ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 

  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ/C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ05 oC 
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ĳŅıĪňŗȮ8ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ/C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ30 oC 
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ĳŅıĪňŗȮ9ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬ 
ĪňŗŀńĨĶŅĝŅĶƢěȮ/C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ30 oC 

 
 őħĵĶĺĴȮįĸĔŅĶĺŇŏėĶŅŃľƢĵŊĬĵńĬĺƞŅ ĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢĪňŗĴŅĔĕŉŘĬȮ&4 mm'ȮĝƞĺĵŏıŇŗĴıŊŘĬĪňŗĔŅĶœľĸĕŀĚŀŅĔŅĻŐĸŃ
ĸħŀŋĦľĳŌĴŇĽŌĚĽŋħĕŀĚŏĞĸĸƢœħƟħňĔĺƞŅ ĕĦŃŏħňĵĺĔńĬįĸěŅĔȮCFD ŐĽħĚėƞŅĪňŗŒĔĸƟŏėňĵĚĔńĭĔŅĶĪħĸŀĚěĶŇĚȮĪņŒľƟĴńŗĬŒěœħƟĺƞŅ
ŐĭĭěņĸŀĚĽŅĴŅĶĩŒĝƟıĵŅĔĶĦƢĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬœħƟŀĵƞŅĚĬƞŅŏĝŊŗŀĩŊŀ ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĶŃľĺƞŅĚĔŅĶĪħĸŀĚ
ŐĸŃȮCFD œĴƞŏĔŇĬȮ8%ȮĞŉŗĚĩŊŀĺƞŅŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟĽņľĶńĭĔŅĶĵŊĬĵńĬŐĭĭěņĸŀĚȮĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅȮĔŅĶŒĝƟĶŃĵŃľƞŅĚȮ4 
mmȮŏĮƦĬėƞŅĪňŗŏľĴŅŃĽĴĪňŗĽŋħŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ1C ŐĸŃĔŅĶŒĝƟȮ
CFD ĶƞĺĴĔńĭĔŅĶĪħĸŀĚĽŅĴŅĶĩŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀŀŀĔŐĭĭĪňŗĴňėĺŅĴŐĴƞĬĵņĽņľĶńĭĔŅĶıńĥĬŅĶŃĭĭěńħĔŅĶėĺŅĴĶƟŀĬĕŀĚĵŅĬ
ĵĬĨƢœĲĲƚŅŒĬŀĬŅėĨ 
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2,ȮįĸĔŅĶĪħĸŀĚĺńħŀŋĦľĳŌĴŇįŇĺŐıŖĔŐĭĨŏĨŀĶňŗŐĸŃĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ2C ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶ
ěņĸŀĚȮCFD 
 įĸĔŅĶĪħĽŀĭŐĸŃĔŅĶěņĸŀĚȮCFD ĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ2C ĪņĳŅĵŒĨƟŏĚŊŗŀĬœĕŏħňĵĺĔńĬĔńĭĔŅĶĪħĸŀĚȮ1C őħĵŒĝƟŀŅĔŅĻ
ĕŅŏĕƟŅĪňŗŀŋĦľĳŌĴŇȮ20, 25 ŐĸŃȮ1.Ȯ°AȮėĺŅĴŏĶŖĺĸĴėĚĪňŗȮ5 m/s ıĭĺƞŅȮĶŃĵŃľƞŅĚĕŀĚŏĞĸĸƢŐĭĨŏĨŀĶňŗĽƞĚįĸĨƞŀŀńĨĶŅĔŅĶĩƞŅĵŏĪ
ėĺŅĴĶƟŀĬŀĵƞŅĚĝńħŏěĬȮŐĸŃĔŅĶěņĸŀĚȮCFD ĽŅĴŅĶĩŀīŇĭŅĵŐĬĺőĬƟĴœħƟŒĔĸƟŏėňĵĚĔńĭĔŅĶĪħĸŀĚȮĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅȮ0. °AȮ
ěŅĔĳŅıĪňŗȮ/.ů//ȮĔŅĶĪħĸŀĚıĭĺƞŅȮĶŃĵŃľƞŅĚȮ2ȮmmȮĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħȮ0,0 W ĕĦŃĪňŗĶŃĵŃȮ1ȮmmȮŐĸŃȮ0 mmȮ
ĴňėƞŅȮ0,. W ŐĸŃȮ/,7 W ĨŅĴĸņħńĭȮŀŋĦľĳŌĴŇįŇĺŐĭĨŏĨŀĶňŗŀĵŌƞŒĬĝƞĺĚȮ0.ů1. °AȮĽŀħėĸƟŀĚĔńĭėƞŅěņĸŀĚĪňŗĴňėĺŅĴėĸŅħŏėĸŊŗŀĬ
ŏĜĸňŗĵœĴƞŏĔŇĬȮ5# ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅȮ03 °AȮěŅĔĳŅıĪňŗȮ/0ů/1ȮĶŃĵŃľƞŅĚȮ2ȮmmȮĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħœħƟĩŉĚȮ/0,/ W ĞŉŗĚ
ĴŅĔĔĺƞŅĶŃĵŃȮ1ȮmmȮ&/.,. W) ŐĸŃȮ0ȮmmȮ&4,. W) ŀĵƞŅĚĝńħŏěĬȮŀŋĦľĳŌĴŇįŇĺĪňŗĺńħœħƟŀĵŌƞŒĬĝƞĺĚȮ03ů1. °AȮĔŅĶěņĸŀĚȮCFD 
ŒľƟįĸŒĔĸƟŏėňĵĚĔńĭĔŅĶĪħĸŀĚȮőħĵĴňėƞŅȮMAPE œĴƞŏĔŇĬȮ4# ĪňŗŀŋĦľĳŌĴŇŀŅĔŅĻŏĕƟŅȮ1. °AȮěŅĔĳŅıĪňŗȮ/2ů/3ȮįĸĔŅĶĪħĸŀĚŐĽħĚ
ĺƞŅȮĶŃĵŃľƞŅĚȮ2ȮmmȮĶŃĭŅĵėĺŅĴĶƟŀĬœħƟĽŌĚĽŋħȮ1,.ȮW ĴŅĔĔĺƞŅĶŃĵŃȮ1ȮmmȮ&1,.ȮW) ŐĸŃȮ0ȮmmȮ&/,.ȮW) ŏĸŖĔĬƟŀĵȮŀŋĦľĳŌĴŇ
įŇĺŏĜĸňŗĵĪňŗĺńħœħƟŀĵŌƞĶŃľĺƞŅĚȮ1.ů13Ȯ°AȮĞŉŗĚĵńĚėĚŀĵŌƞŒĬŏĔĦĤƢĔŅĶĪņĚŅĬĪňŗĮĸŀħĳńĵ 
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ĳŅıĪňŗȮ/.ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ0C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ00 oC 
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ĳŅıĪňŗȮ11ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 
  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ2C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ20 oC 
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ĳŅıĪňŗȮ/0ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ0C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ03 oC 
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ĳŅıĪňŗȮ11ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 
  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ2C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ23 oC 
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ĳŅıĪňŗȮ/2ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ0C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ1. oC 
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ŏĺĸŅȮ&Q'

0 200 400 600 800 1000 1200 1400 1600 1800

ŀŋĦ
ľĳ
ŌĴŇȮ
&ďA
'

0

10

20

30

40

2mm_Exp
3mm_Exp
4mm_Exp
2mm_Sim
3mm_Sim
4mm_Sim

 
 

ĳŅıĪňŗȮ13ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 
  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ2C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ1. oC 
 
 ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĶŃľĺƞŅĚįĸĔŅĶĪħĸŀĚŐĸŃĔŅĶěņĸŀĚȮCFD ŀĵŌƞŒĬĝƞĺĚȮ3ů7% ĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢĪňŗĵŀĴĶńĭœħƟŐĸŃ
ĵŊĬĵńĬėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚŐĭĭěņĸŀĚ ĽĶŋĮįĸĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ2CĔŅĶŏıŇŗĴĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĞĸĸƢŏĮƦĬȮ4 mmȮĝƞĺĵŏıŇŗĴ
ĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŀĵƞŅĚĝńħŏěĬȮőħĵŏĜıŅŃŒĬĽĳŅĺŃŀŅĔŅĻĪňŗĴňŀŋĦľĳŌĴŇȮ03Ȯ°AȮĞŉŗĚıĭĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬ
ĽŌĚĽŋħȮ&12.1 W) ŏĴŊŗŀŏĪňĵĭĔńĭĶŃĵŃľƞŅĚĪňŗŐėĭĔĺƞŅȮĔŅĶěņĸŀĚȮCFD ĽŅĴŅĶĩĽŃĪƟŀĬıķĨŇĔĶĶĴĬňŘœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮĪņŒľƟĽŅĴŅĶĩ
ŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭěńħĔŅĶėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗŒĬĵŅĬĵĬĨƢœĲĲƚŅœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 
3,ȮįĸĔŅĶĪħĸŀĚĺńħŀŋĦľĳŌĴŇįŇĺŐıŖĔŐĭĨŏĨŀĶňŗŐĸŃĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ3C ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶ
ěņĸŀĚȮCFD 
 ĔŅĶĪħĸŀĚĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ3C ĪņĕŉŘĬŏıŊŗŀĻŉĔļŅįĸĕŀĚĶŃĵŃľƞŅĚĶŃľĺƞŅĚįŇĺŏĞĸĸƢŐĭĨŏĨŀĶňŗȮ&2 mm, 3 mm ŐĸŃȮ4 
mm) ĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚŀŅĔŅĻŐĭĭĨĔĔĶŃĪĭȮŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶěņĸŀĚȮCFD ĳŅĵŒĨƟŏĚŊŗŀĬœĕ
ŀŋĦľĳŌĴŇŀŅĔŅĻĕŅŏĕƟŅȮ20, 25 ŐĸŃȮ1.Ȯ°AȮĪňŗėĺŅĴŏĶŖĺĸĴėĚĪňŗȮ5 m/s ĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚŐĸŃĔŅĶěņĸŀĚȮCFD Īňŗ
ŀŋĦľĳŌĴŇĕŅŏĕƟŅȮ0.Ȯ°AȮěŅĔĳŅıĪňŗȮ/4+/5ȮĶŃĵŃľƞŅĚȮ4 mm ĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħȮ&Ǝ4 W) ŐĸŃŀŋĦľĳŌĴŇįŇĺĨŗņĔĺƞŅȮ25 
°AȮįĸȮCFD ŒľƟŐĬĺőĬƟĴŏħňĵĺĔńĬȮŐĽħĚĺƞŅĔŅĶœľĸĕŀĚŀŅĔŅĻŒĬĝƞŀĚĺƞŅĚĪňŗĔĺƟŅĚĕŉŘĬĝƞĺĵĶŃĭŅĵėĺŅĴĶƟŀĬœħƟĴňĮĶŃĽŇĪīŇĳŅıȮĪňŗ
ŀŋĦľĳŌĴŇĕŅŏĕƟŅȮ03Ȯ°AȮěŅĔĳŅıĪňŗȮ/6+/7ȮĶŃĵŃľƞŅĚȮ4 mm ĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħȮ&Ǝ4.1 W) ĞŉŗĚĴŅĔĔĺƞŅȮ1ȮkkȮ&Ǝ0Ȯ
W) ŐĸŃȮ0ȮkkȮ&Ǝ/ȮU'ȮŀĵƞŅĚĝńħŏěĬȮŀŋĦľĳŌĴŇįŇĺĕŀĚŐĭĨŏĨŀĶňŗŀĵŌƞŒĬĝƞĺĚȮ25ů06Ȯ°AȮĽŀħėĸƟŀĚĔńĭįĸȮCFDȮĪňŗŀŋĦľĳŌĴŇĕŅŏĕƟŅȮ
1.Ȯ°AȮěŅĔĳŅıĪňŗȮ0.+0/ȮėĺŅĴĶƟŀĬĪňŗĩŌĔĶŃĭŅĵŀŀĔĽŌĚĽŋħĩŉĚȮ12 W ĪňŗĶŃĵŃľƞŅĚȮ4 mm ŒĬĕĦŃĪňŗȮ3 mm ŐĸŃȮ2 mm ŀĵŌƞĪňŗȮ
11 W ŐĸŃȮ8 W ĨŅĴĸņħńĭȮŀŋĦľĳŌĴŇįŇĺŏıŇŗĴĕŉŘĬŐĨƞĵńĚėĚĨŗņĔĺƞŅȮ2.Ȯ°AȮĞŉŗĚŀĵŌƞŒĬĝƞĺĚĔŅĶĪņĚŅĬĪňŗĵŀĴĶńĭœħƟ 
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ĳŅıĪňŗȮ/6ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ2. oC 
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ĳŅıĪňŗȮ17ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 

  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ2. oC 
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ĳŅıĪňŗȮ/8ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ25 oC 
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ĳŅıĪňŗȮ19ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬȮ 

  ȮȮȮȮȮĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ25 oC 
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ĳŅıĪňŗȮ20ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ30 oC 
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ĳŅıĪňŗȮ21ȮŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĔńĭȮCFD ŀŋĦľĳŌĴŇĪňŗįŇĺŐĭĨŏĨŀĶňŗĕĦŃĴňĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬ 

ĪňŗŀńĨĶŅĝŅĶƢěȮ3C ĪňŗŒĝƟŀŋĦľĳŌĴŇĶŃĭŅĵėĺŅĴĶƟŀĬȮ30 oC 
 

 ĽĶŋĮįĸĪňŗŀńĨĶŅĔŅĶĝŅĶƢěȮ3CȮĔŅĶĪħĸŀĚĵŊĬĵńĬĺƞŅ ĶŃĵŃľƞŅĚȮ4 mm ŒľƟįĸĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬħňĪňŗĽŋħŒĬĪŋĔŏĚŊŗŀĬœĕȮ
őħĵĽŅĴŅĶĩĸħŀŋĦľĳŌĴŇįŇĺŏĞĸĸƢŒľƟŀĵŌƞŒĬĝƞĺĚĪňŗĮĸŀħĳńĵȮ&20ů2.Ȯ°A'ȮŐĴƟĪňŗŀńĨĶŅĔŅĶĝŅĶƢěĽŌĚĩŉĚȮ3C įĸĔŅĶěņĸŀĚȮCFD ŒľƟ
ŐĬĺőĬƟĴĪňŗĽŀħėĸƟŀĚĔńĭĔŅĶĪħĸŀĚȮőħĵĴňėĺŅĴėĸŅħŏėĸŊŗŀĬŏĸŖĔĬƟŀĵŒĬĭŅĚěŋħȮŐĽħĚĩŉĚėĺŅĴĩŌĔĨƟŀĚĕŀĚŐĭĭěņĸŀĚĪňŗŒĝƟ
ĺŇŏėĶŅŃľƢȮŐĸŃĵŊĬĵńĬĺƞŅȮCFD ĽŅĴŅĶĩĬņĴŅŒĝƟŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭĶŃĭŅĵėĺŅĴĶƟŀĬĽņľĶńĭŐıŖĔŐĭĨŏĨŀĶňŗĵŅĬĵĬĨƢœĲĲƚŅœħƟ
ŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 
 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ĚŅĬĺŇěńĵĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮĶŃĵŃľƞŅĚĶŃľĺƞŅĚįŇĺŏĞĸĸƢŐĭĨŏĨŀĶňŗĴňįĸĽņėńĠĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŐĭĭ
ĨĔĔĶŃĪĭȮőħĵĶŃĵŃľƞŅĚȮ2Ȯmm ŒľƟįĸĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĽŋħȮĸħŀŋĦľĳŌĴŇįŇĺŏĞĸĸƢœħƟĴŅĔĔĺƞŅȮ0Ȯmm ŐĸŃȮ1Ȯmm ŒĬĪŋĔ
ŀńĨĶŅĔŅĶĝŅĶƢěȮ&/C, 0C ŐĸŃȮ1C) ŐĸŃĪŋĔŀŋĦľĳŌĴŇŀŅĔŅĻĕŅŏĕƟŅȮ&0., 03ȮŐĸŃȮ1.Ȯ°A'ȮįĸĔŅĶěņĸŀĚȮCFD ŐĽħĚŐĬĺőĬƟĴ
ĽŀħėĸƟŀĚĔńĭĔŅĶĪħĸŀĚěĶŇĚŀĵƞŅĚŒĔĸƟŏėňĵĚȮ&ėĺŅĴėĸŅħŏėĸŊŗŀĬœĴƞŏĔŇĬȮ6#'ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮCFD ŏĮƦĬŏėĶŊŗŀĚĴŊŀĪňŗŏĝŊŗŀĩŊŀœħƟ
ĽņľĶńĭĔŅĶŀŀĔŐĭĭĶŃĭĭěńħĔŅĶėĺŅĴĶƟŀĬĕŀĚŐıŖĔŐĭĨŏĨŀĶňŗŒĬĵŅĬĵĬĨƢœĲĲƚŅȮĞŉŗĚĽŅĴŅĶĩĬņœĮŒĝƟŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶ
ĶŃĭŅĵėĺŅĴĶƟŀĬȮĸħėĺŅĴĶƟŀĬĽŌĚĽŋħĕŀĚŏĞĸĸƢȮŐĸŃĵŊħŀŅĵŋĔŅĶŒĝƟĚŅĬȮıĶƟŀĴĸħėĺŅĴŏĽňŗĵĚħƟŅĬėĺŅĴĮĸŀħĳńĵœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅı 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ĕŀĕŀĭėŋĦĬńĔĺŇěńĵĪŋĔĪƞŅĬĪňŗįŌƟŏĕňĵĬŒĝƟįĸĚŅĬŀƟŅĚŀŇĚŒĬĔŅĶŏĕňĵĬĭĪėĺŅĴĜĭńĭĬňŘȮŐĸŃĕŀĕŀĭėŋĦĽŅĕŅĺŇĝŅĺŇĻĺĔĶĶĴ

ıĸńĚĚŅĬŐĸŃĔŅĶĮĶńĭŀŅĔŅĻȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮĬėĶĶŅĝĽňĴŅ 
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ĔŅĶĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅŏĝŇĚŏĻĶļģĻŅĽĨĶƢĨƞŀŐĬĺĪŅĚĔŅĶĬņŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔĴŌĸŐıŃ 

ŒĝƟĚŅĬŏĮƦĬŏĝŊŘŀŏıĸŇĚĕŀĚľĴƟŀĨƟĴœŀĬŘņ 
Economic Evaluation for Use Goat Dung Pellets as Boiler Fuel 
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Abstract 

 
The rising demand for energy in economic and industrial sectors has reinforced dependence on fossil 

fuels, despite their high calorific value. However, fossil energy sources are constrained by limited availability, high 
import costs, and adverse environmental impacts, particularly greenhouse gas emissions that drive global 
warming. Biomass energy has emerged as a sustainable alternative, with goat manure, a product of livestock 
farming,Ȯdemonstrating potential as a pelletized fuel. Experimental characterization revealed that goat-manure 
pellets have a calorific value of 9.29 MJ/kg, a moisture content of 12.14%, a fixed carbon content of 10.35%, an 
ash content of 41.38%, and a volatile matter content of 36.13%, which did not comply with the limits specified 
in the Thai Industrial Standard (TIS 2772-2560). However, when goat manure pellets replaced fuel oil in a 1-ton 
boiler, the economic assessment indicated a notable reduction in fuel costs, with a positive Net Present Value 
(NPV), a satisfactory Internal Rate of Return (IRR), and a payback period of approximately 3.29 years. Furthermore, 
the use of goat-manure pellets can mitigate COϜ emissions by approximately 1.841 tons per day. These findings 
underscore the dual benefits of goat-manure palletizations as a viable waste-to-energy pathway, offering both 
economic feasibility and environmental sustainability.  
 
Keywords:Ȯ Biomass Energy, Goat Manure,ȮPellet Fuel, Fixed Carbon,ȮEconomics 

 
ĭĪėńħĵƞŀ 

ėĺŅĴĨƟŀĚĔŅĶıĸńĚĚŅĬĪňŗŏıŇŗĴĕŉŘĬŒĬĳŅėŏĻĶļģĔŇěŐĸŃŀŋĨĽŅľĔĶĶĴœħƟĽƞĚįĸŒľƟŏĔŇħĔŅĶıŉŗĚıŅŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸĴŅĔĕŉŘĬȮ
ŐĴƟĺƞŅŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸěŃĴňėƞŅėĺŅĴĶƟŀĬĽŌĚȮŐĨƞĔŖĴňĕƟŀěņĔńħħƟŅĬĮĶŇĴŅĦĪňŗĴňŀĵŌƞěņĔńħȮĨƟĬĪŋĬĔŅĶĬņŏĕƟŅĽŌĚȮŐĸŃįĸĔĶŃĪĭĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴȮőħĵŏĜıŅŃĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔĞŉŗĚŏĮƦĬĮƤěěńĵĽņėńĠĪňŗĔƞŀŒľƟŏĔŇħĳŅĺŃőĸĔĶƟŀĬ,ȮıĸńĚĚŅĬĝňĺĴĺĸěŉĚœħƟĔĸŅĵŏĮƦĬ
ĪŅĚŏĸŊŀĔĪňŗĵńŗĚĵŊĬȮőħĵĴŌĸŐıŃĞŉŗĚŏĮƦĬįĸįĸŇĨěŅĔĔŅĶŏĸňŘĵĚĽńĨĺƢŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıŒĬĔŅĶĬņĴŅŀńħŏĴŖħŏĮƦĬŏĝŊŘŀŏıĸŇĚȮįĸĔŅĶ
ĺŇŏėĶŅŃľƢŏĝŇĚĪħĸŀĚıĭĺƞŅŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔĴŌĸŐıŃĴňėƞŅėĺŅĴĶƟŀĬŏĪƞŅĔńĭȮ9.29 ŏĴĔŃěŌĸĨƞŀĔŇőĸĔĶńĴȮĪňŗėĺŅĴĝŊŘĬȮ12.14% ŐĸŃĴň
ėŅĶƢĭŀĬėĚŏľĸŊŀȮ10.35% ĮĶŇĴŅĦŏĩƟŅȮ41.38% ŐĸŃĽŅĶĶŃŏľĵȮ&36.13%) œĴƞĽŀħėĸƟŀĚĕŀĭŏĕĨĪňŗĔņľĬħŒĬĴŅĨĶģŅĬ
įĸŇĨĳńĦĤƢŀŋĨĽŅľĔĶĶĴȮ&ĴŀĔ,Ȯ2772-2560) ŐĨƞŏĴŊŗŀĴňĔŅĶĬņŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔĴŌĸŐıŃĴŅŒĝƟĪħŐĪĬĬŘņĴńĬŏĨŅŒĬľĴƟŀĨƟĴœŀĬŘņ
ĕĬŅħȮ1 ĨńĬȮįĸĔŅĶĮĶŃŏĴŇĬħƟŅĬŏĻĶļģĻŅĽĨĶƢıĭĺƞŅĴňĔŅĶĸħĨƟĬĪŋĬŏĝŊŘŀŏıĸŇĚŀĵƞŅĚĴňĬńĵĽņėńĠȮőħĵĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ŏĮƦĬ
ĭĺĔȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ŀĵŌƞŒĬĶŃħńĭĪňŗĬƞŅıŉĚıŀŒěȮŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬĮĶŃĴŅĦȮ3.29 ĮƖ,ĬŀĔěŅĔĬňŘȮĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚ
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ŀńħŏĴŖħěŅĔĴŌĸŐıŃĵńĚĽŅĴŅĶĩĸħĔŅĶĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&COϜ) œħƟĮĶŃĴŅĦȮ1.841 ĨńĬĨƞŀĺńĬȮįĸĔŅĶĻŉĔļŅĬňŘěŉĚŏĬƟĬĵŘņ
ĩŉĚĮĶŃőĵĝĬƢĽŀĚħƟŅĬĕŀĚĔŅĶŀńħŏĴŖħĴŌĸŐıŃŒĬģŅĬŃĪŅĚŏĸŊŀĔĔŅĶěńħĔŅĶĕŀĚŏĽňĵĪňŗĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœħƟŀĵƞŅĚėŋƟĴėƞŅŐĸŃĵńŗĚĵŊĬĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴ, 

 

ėņĽņėńĠ8ȮıĸńĚĚŅĬĝňĺĴĺĸ, ĴŌĸŐıŃ, ŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħ, ėŅĶƢĭŀĬėĚĨńĺ, ŏĻĶļģĻŅĽĨĶƢ 
 
ĭĪĬņ 

 

ȮĮƤěěŋĭńĬėĺŅĴĨƟŀĚĔŅĶıĸńĚĚŅĬŏıŇŗĴĽŌĚĕŉŘĬŏıŊŗŀıńĥĬŅŏĻĶļģĔŇěŐĨƞıĸńĚĚŅĬĽƞĺĬŒľĠƞĪňŗĴŅěŅĔŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸȮŏĝƞĬȮ
ĬŘņĴńĬȮĔƠŅĞīĶĶĴĝŅĨŇȮŐĸŃĩƞŅĬľŇĬȮĴňěņĔńħŐĸŃœĴƞĽŅĴŅĶĩĪħŐĪĬœħƟĪńĬŏĺĸŅȮĪņŒľƟĨƟŀĚıńĥĬŅıĸńĚĚŅĬĪŅĚŏĸŊŀĔȮŏĝƞĬȮıĸńĚĚŅĬ
ĝňĺĴĺĸěŅĔŀŇĬĪĶňĵƢĽŅĶĕŀĚıŊĝŐĸŃĽńĨĺƢȮĶĺĴĩŉĚıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĬŘņȮĸĴȮŐĸŃĬŇĺŏėĸňĵĶƢȮıĸńĚĚŅĬĝňĺĴĺĸœħƟĶńĭėĺŅĴĬŇĵĴ
ŏıĶŅŃĴňĶŅėŅĩŌĔȮŏĮƦĬıĸńĚĚŅĬĽŃŀŅħŐĸŃĝƞĺĵĸħĔŅĶĮĸħĮĸƞŀĵȮĔƠŅĞŏĶŊŀĬĔĶŃěĔȮ&GHG'  ĞŉŗĚĽƞĺĬŒľĠƞĮƤěěŋĭńĬŀĵŌƞĳŅėıĸńĚĚŅĬ
ĽŌĚĩŉĚȮ73 % ĽƞĚįĸĨƞŀĳŅĺŃőĸĔĶƟŀĬŀĵƞŅĚĴŅĔĪňŗĽŋħȮŀňĔĪńŘĚĵńĚĽĬńĭĽĬŋĬĔŅĶŒĝƟĪĶńıĵŅĔĶěŅĔĔŅĶŏĔļĨĶŒĬĮĶŃŏĪĻœĪĵȮĽĶƟŅĚ
ŏĝŊŘŀŏıĸŇĚěŅĔĴŌĸĽńĨĺƢŐĸŃįĸŇĨĮŋƜĵěŅĔĕŀĚŏľĸŊŀěŅĔĔŅĶŏĔļĨĶŐĸŃĮĻŋĽńĨĺƢȮıĸńĚĚŅĬĝňĺĴĺĸĴňĭĪĭŅĪĽņėńĠĨƞŀĔŅĶĸħĔŅĶıŉŗĚıŅ
ŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸȮĽƞĚŏĽĶŇĴŏĻĶļģĔŇěȮĽŇŗĚŐĺħĸƟŀĴȮŐĸŃıńĥĬŅėŋĦĳŅıĝňĺŇĨĴĬŋļĵƢŐĸŃĽŇŗĚĴňĝňĺŇĨȮőħĵĽŅĴŅĶĩĬņœĮœħƟĪńŘĚŒĬ
ĭƟŅĬŏĶŊŀĬȮĔŅĶŏĔļĨĶȮŐĸŃŀŋĨĽŅľĔĶĶĴĕĬŅħŒľĠƞȮĩŊŀŏĮƦĬĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬŒĬľĸŅĵĴŇĨŇȮ 
  ıĸńĚĚŅĬĝňĺĴĺĸȮŏĮƦĬıĸńĚĚŅĬĪňŗĴŅěŅĔĽŅĶŀŇĬĪĶňĵƢĪňŗĽŅĴŅĶĩĔńĔŏĔŖĭıĸńĚĚŅĬěŅĔīĶĶĴĝŅĨŇŐĸŃįĸŇĨıĸńĚĚŅĬœħƟȮőħĵ
ĽŅĶŀŇĬĪĶňĵƢěŃœħƟĴŅěŅĔıŊĝŐĸŃĽńĨĺƢĨƞŅĚŕȮŏĝƞĬȮŏĻļœĴƟȮĕĵŃȮĺńĽħŋŏľĸŊŀĪŅĚĔŅĶŏĔļĨĶȮŐĸŃĴŌĸĽńĨĺƢȮ[1]ȮŏĮƦĬĨƟĬȮıĸńĚĚŅĬĝňĺĴĺĸ
ĽŅĴŅĶĩĬņĴŅŏįŅœľĴƟȮŏıŊŗŀŐĮĶĶŌĮŏĮƦĬıĸńĚĚŅĬėĺŅĴĶƟŀĬȮľĶŊŀįĸŇĨıĸńĚĚŅĬœĲĲƚŅȮĽŅĴŅĶĩĬņĴŅĪħŐĪĬıĸńĚĚŅĬĲŀĽĞŇĸĪňŗĮĶŃŏĪĻ
ĬņŏĕƟŅȮĞŉŗĚıĸńĚĚŅĬĝňĺĴĺĸŏĮƦĬıĸńĚĚŅĬĪħŐĪĬĪňŗĬƞŅĽĬŒěȮŏĬŊŗŀĚěŅĔŏĮƦĬıĸńĚĚŅĬĪňŗĝƞĺĵĶńĔļŅĽĳŅıŐĺħĸƟŀĴȮĶĺĴĩŉĚŏĮƦĬŐľĸƞĚ
ıĸńĚĚŅĬŏĝŊŘŀŏıĸŇĚĪňŗĴňĶŅėŅĩŌĔŐĸŃĽŅĴŅĶĩľŅœħƟĪŋĔĪňŗŒĬĮĶŃŏĪĻœĪĵȮĔŅĶįĸŇĨŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮěŅĔĔŅĶĺńĽħŋŏľĸŊŀěŅĔĔŅĶŏĔļĨĶȮ
ĺńĝıŊĝȮŐĸŃĴŌĸĽńĨĺƢ [2]ȮĞŉŗĚŐĨƞĸŃĮĶŃŏĳĪĕŀĚĝňĺĴĺĸĴňŐĬĺĪŅĚĔŅĶĻŉĔļŅĩŉĚėĺŅĴŏĮƦĬœĮœħƟŒĬŏĝŇĚŏĪėĬŇėŐĸŃĺŇīňĔŅĶįĸŇĨȮŐĸŃ
ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭėĺŅĴĝŊŘĬĕŀĚĺńĨĩŋħŇĭ [3] ĔƞŀĬŏĕƟŅĔĶŃĭĺĬĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮŐĸŃŀńĨĶŅĽƞĺĬĪňŗĻŉĔļŅĕŀĚŐĨƞĸŃ
ĚŅĬĺŇěńĵȮĮĶŃĔŀĭħƟĺĵȮĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŀńħŏĴŖħěŅĔŏĻļœĴƟœįƞĶƞĺĴĔńĭŒĭŀƟŀĵȮ[4]ȮĲŅĚĕƟŅĺȮĞńĚĕƟŅĺőıħȮŏĮĸŊŀĔĩńŗĺŏľĸŊŀĚȮŐĸŃ
ĕňŘŏĸŊŗŀĵȮĪňŗŏĮƦĬŏĻļıŊĝŏľĸŊŀěŅĔĚŅĬŏĔļĨĶĔĶĶĴȮŐĸŃŀŋĨĽŅľĔĶĶĴ [4]ȮĴŌĸĽŋĔĶȮĴŌĸœĔƞȮ[5 ]ȮĴŌĸĺńĺȮĴŌĸŏĮƦħȮŐĔĸĭȮĕňŘŏĸŊŗŀĵȮŐĸŃŒĭ
ĴŃĴƞĺĚȮĕŋĵĴŃıĶƟŅĺŐĸŃĝňĺĴĺĸŏľĸŊŀŒĬĝŋĴĝĬȮ[1]ȮıĭĺƞŅőħĵĪńŗĺœĮĕĬŅħĕŀĚŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŃĴňĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ6 mmȮ
[3]ȮŐĸŃėĺŅĴĵŅĺȮ15-20 mmȮľĶŊŀŐĸƟĺŐĨƞĔŅĶĬņœĮĚŅĬ  
  ħńĚĬńŘĬŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘȮįŌƟĺŇěńĵĴňėĺŅĴĽĬŒěĨƞŀĔŅĶĻŉĔļŅėĺŅĴŏľĴŅŃĽĴĨƞŀĔŅĶĬņĴŌĸŐıŃĴŅŐĮĶĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħ
ĮĶŃŏĳĪŒľƟėĺŅĴĶƟŀĬȮĪňŗĴňėŋĦĽĴĭńĨŇĪŅĚĔŅĵĳŅıŏĮƦĬŏĝŊŘŀŏıĸŇĚȮŐĸŃĮĶŃŏĴŇĬėĺŅĴŏľĴŅŃĽĴŏĝŇĚŏĻĶļģĻŅĽĨĶƢȮĮĶŃĔŀĭħƟĺĵȮĴŌĸėƞŅ 
ĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value: NPV) ŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮ&Internal Rate of Return: IRR) ŀńĨĶŅĽƞĺĬ įĸĨŀĭŐĪĬ
ĨƞŀŏĚŇĬĸĚĪŋĬȮ&Benefit-Cost Ratio, B/C) ŐĸŃĶŃĵŃŏĺĸŅĔŅĶėŊĬĪŋĬȮ&Payback Period) ŒĬĔŅĶŒĝƟĚŅĬŏıŊŗŀĪħŐĪĬĬŘņĴńĬŏĨŅĕŀĚľĴƟŀ
œŀĬŘņ Steam Boiler (KBS-WC)ȮĕĬŅħȮ1ȮTonȮŒĝƟĝňĺĴĺĸŀńħŏĴŖħĴŌĸŐıŃȮŏĮƦĬŏĝŊŘŀŏıĸŇĚŒľƟėĺŅĴĶƟŀĬȮ 
 

ĺŇīňĔŅĶĺŇěńĵ 
 

1. ĔĶŃĭĺĬĔŅĶŀńħŏĴŖħŏĝŊŘŀŏıĸŇĚěŅĔĴŌĸŐıŃ 
1.1 ĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĺńĨĩŋħŇĭȮŒĝƟŏėĶŊŗŀĚĺńħėĺŅĴĝŊŘĬŒĬħŇĬ&Capacitance)ȮĽņľĶńĭįĸŇĨŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħŒĝƟĴŌĸŐıŃĴň

ĸńĔļĦŃŏĮƦĬŏĴŖħȮėĸƟŅĵŏĴŖħĴŃĕŅĴȮőħĵĬņĴŌĸŐıŃŐĵĔŏĻļįĚŏěŊŀĮĬŀŀĔȮŐĽħĚħńĚĳŅıĪňŗȮ1(A,B) ŐĸŃĬņŏĕƟŅŏėĶŊŗŀĚĨňĮƙĬįĚ ĺńħ
ėĺŅĴĝŊŘĬȮŀƞŅĬœħƟȮ1ȮėƞŅėĺŅĴľĬŅŐĬƞĬȮ290 Kg/m3 ŐĽħĚħńĚĳŅıĪňŗȮ1(C)ȮĬņįĚĴŌĸŐıŃįĽĴĬŘņŒľƟĴňėĺŅĴĝŊŘĬŏıňĵĚıŀěŃŒľƟ
ĽŅĴŅĶĩěńĭĨńĺŏĮƦĬĔƟŀĬœħƟȮŏĬŊŗŀĚěŅĔĔĶĦňĻŉĔļŅĬňŘŒĝƟĝňĺĴĺĸŀĵƞŅĚŏħňĵĺėŊŀĴŌĸŐıŃȮŒĝƟĬŘņŏĮƦĬĽƞĺĬįĽĴ 1: 0.8 ėĸŋĔŏėĸƟŅŒľƟĴň
ėĺŅĴĝŊŘĬ 8 ėƞŅėĺŅĴľĬŅŐĬƞĬȮ410 Kg/m3ĨƞŀĶŀĭĔĶŃĭĺĬĔŅĶŀńħŏĴŖħ ħńĚŐĽħĚŒĬĶŌĮȮ2(A-B) ĔƞŀĬŀńħŏĴŖħȮĨƟŀĚŀŋƞĬŏėĶŊŗŀĚŀńħŏĴŖħȮ
őħĵĽĨŅĶƢŏėĶŊŗŀĚĵĬĨƢȮĮĶŃĴŅĦȮ10 -15 ĬŅĪň ŀŋĦľĳŌĴŇȮľńĺŀńħȮFlat Die ĮĶŃĴŅĦȮ60 ŀĚĻŅȮ 
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1.2 ĔĶŃĭĺĬĔŅĶŀńħŏĴŖħĴŌĸŐıŃŐĸŃĸħėĺŅĴĝŊŘĬħńĚŐĽħĚħńĚĳŅıĪňŗȮ2(A-F)ȮőħĵĔŅĶĬņĴŌĸŐıŃĪňŗĴňėĺŅĴĝŊŘĬŏľĴŅŃĽĴ
ĬńŘĬĸņŏĸňĵĚľĶŊŀőĶĵŏĕƟŅĽŌƞŏėĶŊŗŀĚŀńħŏĴŖħȮŀńĨĶŅĔŅĶĮƚŀĬȮ40 ĔĔ,-ĝńŗĺőĴĚȮŐĽħĚŒĬĶŌĮȮ2(C) ĴŌĸŐıŃěŃĩŌĔĸŌĔĔĸŇŘĚĭħŀńħĔĶŃĪńŗĚįƞŅĬĶŌ
ĕŀĚĩŅħŀńħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ6 mm. ŐĸŃœľĸŀŀĔĴŅěŅĔŏėĶŊŗŀĚŀńħȮŐĽħĚŒĬĶŌĮĪňŗȮ2(D) ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŐĸŃĴŌĸŐıŃ
ŀńħŏĴŖħĬńŘĬĩŉĚŐĴƟěŃĩŌĔŀńħħƟĺĵŐĶĚħńĬĽŌĚŐĸŃĴňŀŋĦľĳŌĴŇĪņĚŅĬĕŀĚŏėĶŊŗŀĚĴŅĔĔĺƞŅȮ4.°AȮœħƟŏĴŖħŏĝŊŘŀŏıĸŇĚȮĶŌĮȮ2 (E) ĴňėĺŅĴĝŊŘĬĽŌĚȮ
ĪņĔŅĶĸħėĺŅĴĝŊŘĬőħĵĔŅĶįŉŗĚŐħħȮ3 ĺńĬȮĶŌĮȮ2 (F)  

 
Ȯ 
 
 
 
 
 

 
 

ĳŅıĪňŗȮ1ȮĔŅĶŏĨĶňĵĴĺńĨĩŋħŇĭĽņľĶńĭĔŅĶŀńħŏĴŖħĴŌĸŐıŃ (A)ȮĴŌĸŐıŃĪňŗŏľĸŊŀĪŇŘĚěŅĔĔĶŃĭĺĬĔŅĶŏĸňŘĵĚĽńĨĺƢȮ 
(B)ȮĴŌĸŐıŃĪňŗėńħĽńŗĚĮĬŏĮƘƨŀĬŀŀĔȮŐĸŃȮ(C)ȮĴŌĸŐıŃĪňŗįƞŅĬĔĶŃĭĺĬĔŅĶĨňĮƙĬ 

 
 

 
 
 
 
 
 
 
 
 
 

 
ĳŅıĪňŗȮ2ȮĔĶŃĭĺĬĔŅĶįĸŇĨĴŌĸŐıŃŀńħŏĴŖħȮ(A) ĴŌĸŐıŃĪňŗĨňĮƙĬěĬĴňĕĬŅħŏĸŖĔȮ(B)ȮĔŅĶŏıŇŗĴėĺŅĴĝŊŘĬŒľƟĴŌĸŐıŃŏıŊŗŀŒľƟĽŅĴŅĶĩěńĭ

ĨńĺŏĮƦĬĔƟŀĬœħƟȮ(C)ȮŏėĶŊŗŀĚŀńħŏĴŖħȮ(D)ȮĸńĔļĦŃĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħȮ(E)ȮŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħĪňŗĴňėĺŅĴĝŊŘĬĽŌĚȮ 
ŐĸŃȮ(F) ŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħĪňŗĴňėĺŅĴĝŊŘĬĬƟŀĵĔĺƞŅĶƟŀĵĸŃȮ12.14 

 
1.3ȮĔŅĶĪħĽŀĭėŋĦĽĴĭńĨŇĕŀĚŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸĪňŗœħƟěŅĔĔŅĶŀńħĕŉŘĬĶŌĮŐĭĭŀńħŏĴŖħȮőħĵȮŒĝƟĝňĺĴĺĸĨńĺŀĵƞŅĚ 

ěŅĔĬńŘĬŀńħĕŉŘĬĶŌĮŏĮƦĬŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮŐĸŃŏĔŖĭĨńĺŀĵƞŅĚĪħĽŀĭ ĔŅĶĺŇŏėĶŅŃľƢĽĴĭńĨŇȮĮĶŃĔŀĭœĮħƟĺĵ ėĺŅĴľĬŅŐĬƞĬȮ
(Bulk Density ĴŅĨĶģŅĬȮASTM E873-62) ,ėĺŅĴĝŊŘĬȮ &Moisture ĴŅĨĶģŅĬ ASTM E 871' , ĮĶŇĴŅĦŏĩƟŅȮ&Ash ĴŅĨĶģŅĬ 
ASTM D1102'Ȯ,ĮĶŇĴŅĦĽŅĶĶŃŏľĵȮ&Volatile Mater ĴŅĨĶģŅĬ ASTM E 872'Ȯ,ĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ&Fixed Carbon 
ĴŅĨĶģŅĬ ASTM E 872' ,ėƞŅėĺŅĴĶƟŀĬȮ&Heating value) ħƟĺĵŏėĶŊŗŀĚȮBoom calorimeter ĵňŗľƟŀȮLECO ĶŋƞĬȮAC500 , ĔŅĶ
ĺŇŏėĶŅŃľƢŏĝŇĚĔŅĶŏįŅœľĴƟȮTG/DTA ŏėĶŊŗŀĚ ȮTHERMORAIMETIC ANALYZER ĵňŗľƟŀ NETZSCH ĶŋƞĬȮTG 209 F3 TarsusȮ.
ŏėĶŊŗŀĚĺŇŏėĶŅŃľƢŀĚĻƢĮĶŃĔŀĭīŅĨŋȮC,H,N,S ħƟĺĵŏėĶŊŗŀĚȮELEMENTAL ANALYZER ĵňŗľƟŀ Thermo Scientific ĶŋƞĬȮFlash 
Smart 

 
 

(A)                          Ȯ(B)                              (C)                                       ȮȮȮ 
C 

(A)                           ȮȮȮȮȮȮȮȮȮȮ(B)                             (C)                         Ȯ  

(D)                           ȮȮȮȮȮȮȮȮȮ(E)                             (F)                           Ȯ 
F 
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2. ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŏľĴŅŃĽĴŏĝŇĚŏĻĶļģĻŅĽĨĶƢ 
ĔŅĶĺŇŏėĶŅŃľƢŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&Internal Rate of Return, IRR) ŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶȮėŊŀȮŀńĨĶŅ

ħŀĔŏĭňŘĵŏĚŇĬĔŌƟĪňŗĪņŒľƟėƞŅȮNPV ĴňėƞŅŏĪƞŅĔńĭĻŌĬĵƢȮħńĚĬńŘĬȮŀńĨĶŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶěŉĚœħƟŐĔƞŀńĨĶŅħŀĔŏĭňŘĵľĶŊŀȮŀńĨĶŅėŇħĸħȮ
(Discount Rate ) ĪňŗĪņŒľƟ NPV=0 ĽņľĶńĭĔŅĶėņĬĺĦŀńĨĶŅįĸĨŀĭŐĪĬĪŅĚĔŅĶŏĚŇĬȮŏıŊŗŀľŅėĺŅĴėŋƟĴėƞŅĪŅĚħƟŅĬŏĻĶļģĻŅĽĨĶƢ
ĽŅĴŅĶĩ ľŅœħƟěŅĔĽĴĔŅĶħńĚĨƞŀœĮĬňŘ  

 

GPP;ȮВ
@clcƱr

&/)GPP'r+
Amqr

&/)GPP'r
l
r;.        (1) 

  

őħĵĪňŗȮ IRR ėŊŀŀńĨĶŅįĸĨŀĭŐĪĬĪŅĚĔŅĶŏĚŇĬĨĶņĽŋħĪňŗĵŀĴĶńĭœħƟ 
  nȮ ėŊŀŀŅĵŋőėĶĚĔŅĶ 
  t ėŊŀěņĬĺĬĮƖőėĶĚĔŅĶ 
  Cost ĴŌĸėƞŅĕŀĚėƟĬĪŋĬŒĬĮƖĪňŗȮt &ĭŅĪ' 
ȮȮȮȮȮȮȮȮȮȮȮȮȮ 

ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value, NPV) ȮĔŅĶĨńħĽŇĬŒěĸĚĪŋĬŀŅěħńĝĬňĭƞĚĝňŘŐĭĭŏħňĵĺ ľĶŊŀľĸŅĵŐĭĭıŇěŅĶĦŅ
ĶƞĺĴĔńĬœħƟȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value, NPV) ĴŌĸėƞŅĮƤěěŋĭńĬȮľĴŅĵĩŉĚȮĴŌĸėƞŅįĸĨŀĭŐĪĬĪňŗŏĮƦĬĴŌĸėƞŅĮƤěěŋĭńĬȮĞŉŗĚ
ŀŅěŐĮĸĚĴŅěŅĔĴŌĸėƞŅ įĸĨŀĭŐĪĬĶŅĵėŅĭľĶŊŀįĸĨŀĭŐĪĬŒĬŀĬŅėĨȮĽŅĴŅĶĩľŅœħƟěŅĔĽĴĔŅĶħńĚĬňŘ 
 

LNT;ȮВ
@r+Ar
&/)I'r

r;l
r;.       (2) 

 

 őħĵĪňŗȮ NPV ėŊŀĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚįĸĨŀĭŐĪĬĽŋĪīŇĨĸŀħŀŅĵŋőėĶĚĔŅĶȮ 
  nȮ ėŊŀŀŅĵŋőėĶĚĔŅĶȮ 
  t ėŊŀěņĬĺĬĮƖőėĶĚĔŅĶ 
  Bt ėŊŀĴŌĸėƞŅįĸĨŀĭŐĪĬŏĔŇħĕŉŘĬŒĬĮƖȮt&ĭŅĪ' 
  Ct ėŊŀĴŌĸėƞŅĨƟĬĪŋĬŒĬĮƖȮt&ĭŅĪ' 
  K ėŊŀŀńĨĶŅħŀĔŏĭňŘĵȮ&Discount rate) 7.75 % 
Ȯ 

ĶŃĵŃŏĺĸŅĔŅĶėŊĬĪŋĬȮ&Payback Period, PP) ľĴŅĵĩŉĚĶŃĵŃŏĺĸŅĪňŗĪņŒľƟįĸĨŀĭŐĪĬĴňėƞŅŏĪƞŅĔńĭĴŌĸėƞŅĪňŗȮĸĚĪŋĬĬńŘĬ
ėŊŀĔŅĶıŇěŅĶěņĬĺĬĮƖĪňȮƞœħƟĶńĭįĸĮĶŃőĵĝĬƢėŋƟĴĔńĭėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬħńĚĬńŘĬľŅĔħņŏĬŇĬĚŅĬŐĸƟĺįĸĨŀĭŐĪĬȮľĶŊŀ
įĸĮĶŃőĵĝĬƢȮėŋƟĴĔńĭěņĬĺĬŏĚŇĬĪňŗĸĚĪŋĬœħƟĶĺħŏĶŖĺĔŖěŃħňŏıĶŅŃėĺŅĴŏĽňŗĵĚĬƟŀĵŐĸŃįŌƟĸĚĪŋĬĽŅĴŅĶĩĬņŏĚŇĬĪňŗ ĩŀĬĪŋĬœħƟœĮĸĚĪŋĬ
ŏıŊŗŀľŅĮĶŃőĵĝĬƢŒĬĔŇěĔŅĶŀŊŗĬŕȮĨƞŀœĮ 

 

 ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ                                 Ȯ&3' 

ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀŏĚŇĬĸĚĪŋĬȮ&Benefit-Cost Ratio, B/C) ŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀŏĚŇĬĸĚĪŋĬȮėŊŀŀńĨĶŅ+ ĽƞĺĬ
ĶŃľĺƞŅĚĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĔĶŃŐĽįĸĨŀĭŐĪĬľĶŊŀĴŌĸėƞŅįĸĨŀĭŐĪĬĕŀĚőėĶĚĔŅĶĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĔĶŃŐĽĨƟĬĪŋĬľĶŊŀ
ĨƟĬĪŋĬĶĺĴĕŀĚőėĶĚĔŅĶȮėƞŅıŅĶŅĴŇŏĨŀĶƢĬňŘŒĝƟĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶȮĽŅĴŅĶĩľŅœħƟěŅĔĽĴĔŅĶħńĚĬňŘ 
 

   @-AȮP_rgmȮ;
В

@r
&/)g'r

l
r;/

В
Ar
&/)g'r

l
r;/

       (4) 

 
 ěŅĔĔŅĶįĸŇĨŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸĴŌĸŐıŃĪňŗŒĝƟĴŌĸŐıŃŏĮƦĬĽŇŗĚŏľĸŊŀĪŇŘĚěŅĔĔŅĶĪņŏĔļĨĶĔĶĶĴĔŅĶŏĸňŘĵĚŐıŃ

ĕŀĚŏĔļĨĶĔĶįŌƟŏĸňŘĵĚŐıŃŏĬŊŘŀȮěńĚľĺńħĮĶŃěĺĭėňĶňĕńĬīƢȮŒĝƟŏĮƦĬıĸńĚĚŅĬĝňĺĴĺĸĪħŐĪĬĬŘņĴńĬŏĨŅĽņľĶńĭŏĝŊŘŀŏıĸŇĚŒľƟėĺŅĴĶƟŀĬ
ĕŀĚľĴƟŀĨƟĴœŀĬŘņĮĶŃŏĳĪĽĨňĴĭŀĵŏĸŀĶƢĪƞŀœĲĝňĺĴĺĸȮFire Tube Steam Boiler (KBS-WC)ȮĕĬŅħȮ1ȮTon ŐĽħĚħńĚĳŅıĪňŗȮ4 
ŐĸŃėŋĦĽĴĭńĨŇħńĚĨŅĶŅĚĪňŗȮ1 
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ĳŅıĪňŗȮ3ȮľĴƟŀĨƟĴœŀĬŘņĮĶŃŏĳĪĪƞŀœĲĝňĺĴĺĸȮFire Tube Steam Boiler (KBS-WC)ȮĕĬŅħȮ1ȮTon 
 
ėŋĦĸńĔļĦŃŏĜıŅŃĕŀĚĽĨňĴĭŀĵŏĸŀĶƢĪƞŀœĲĝňĺĴĺĸȮFire Tube Steam Boiler (KBS-WC)ȮĕĬŅħȮ1ȮTon 
- ĶŋƞĬȮType    ĽĨňĴĭŀĵŏĸŀĶƢȮĪƞŀœĲĬŀĬȮŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮFire Tube Boiler 
- ŏĝŊŘŀŏıĸŇĚȮFuel   ĬŘņĴńĬŏĨŅĔĸŅĚȮėƞŅėĺŅĴĶƟŀĬȮ42 MJ/Kg 
- ĬŘņĴńĬŏĨŅėĺŅĴľĬŅŐĬƞĬȮ 0.95 Kg/LiterȮĶŅėŅȮȮȮ22 Bath/Liter 
- ĮĶŃĽŇĪīŇśĳŅıĔŅĶįĸŇĨœŀĬŘņȮ 75-80 % 
- ŐĶĚħńĬŒĝƟĚŅĬȮ   7.0-10 Bar / Temp.160-/6.ȮºA 
- ŐĶĚħńĬĽŌĚĽŋħȮ   12.0 ȮBar Max. 
- ĪħĽŀĭŐĶĚħńĬ   25.0 Bar 
- Operation    8 Hr/day 
- ĮĶŇĴŅĦĔŅĶŒĝƟĬŘņĴńĬŏĨŅĔĸŅĚȮ 575.36 Liter/Day   
- ėƞŅĬŘņĴńĬȮȮ   12,657.92 Bath/Day 

 
ĨŅĶŅĚĪňŗȮ1 ĕƟŀĴŌĸĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚȮSteam Boiler (KBS-WC)ȮĕĬŅħȮ1Ton 

ĸņħńĭ 
ĕĬŅħ
ľĴƟŀœŀ
ĬŘņȮTon 

ıĸńĚĚŅĬ 
ĔŇőĸ
ŐėĸŀĶňŗ 

ĔņĸńĚ 
ĔŇőĸĺńĨĨƢ 
 

BHP 
ŐĶĚĴƟŅ
ľĴƟŀĬŘņ 

ĮĶŇĴŅĦĔŅĶ 
ĬŘņŒĬŏĨŅĔĸŅĚ 
&ĸŇĨĶ-ĺńĬ' 

ĨƟĬĪŋĬŏĝŊŘŀŏıĸŇĚȮ&ĭŅĪ' ľĴŅĵŏľĨŋ 
ĮĶŃľĵńħ
ĺńĬĸŃ 

ŏħŇĴ 
22 ĭŅĪ-ĸŇĨĶ 

ĝňĺĴĺĸŏĴŖħ 
17.78 ĭŅĪ 

1 1.0 600 700 63.50 575.36 12,657.92 10,080.87 2,3,013.87 

 
įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 

1. ĔĶŃĭĺĬĔŅĶŀńħŏĴŖħŏĝŊŘŀŏıĸŇĚěŅĔĴŌĸŐıŃ œĴƞįŉŗĚŐħħĸħėĺŅĴĝŊŘĬĳŅıĪňŗȮ2(E)ȮėĺŅĴĝŊŘĬȮ47%ȮĴňįŇĺĪňŗŏĶňĵĭȮőėĶĚĽĶƟŅĚ
ĮĶŃĽŅĬĵŉħŏĔŅŃŐĸŃěńĭĨńĺĔńĬœħƟħňȮĽňĕŀĚĴŌĸŐıŃŀńħŏĴŖħĽňĬŘņĨŅĸȮėĺŅĴĵŅĺŏĜĸňŗĵŀĵŌƞĪňŗ 12.56 mm.ȮŏĽƟĬįƞŅĻŌĬĵƢ- ĔĸŅĚŏĜĸňŗĵȮ
6.0 mm. BulkȮDensity 790 kg/m3 ĴňėƞŅėĺŅĴĶƟŀĬȮ1430.68 Cal/g ľĶŊŀȮ5.98 MJ/KgȮŐĸŃľĸńĚĸħėĺŅĴĝŊŘĬįŉŗĚŐħħ 3 ĺńĬȮ
ŐĽħĚħńĚĳŅıĪňŗȮ2(F)ȮĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĴŌĸŐıŃŀńħŏĴŖħĴňįŇĺĪňŗŏĶňĵĭȮėĺŅĴĵŅĺŏĜĸňŗĵŀĵŌƞĪňŗ 9.33 mm.ȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚ
ŏĜĸňŗĵȮ4.37 mm. BulkȮDensity 869 kg/m3 

2.ĔŅĶĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĕŀĚĴŌĸŐıŃŀńħŏĴŖħȮėĺŅĴĝŊŘĬ 12.14 %ȮĪħĽŀĭĴŅĨĶģŅĬ ASTM E871-82:2013Ȯ,ĮĶŇĴŅĦ
ĽŅĶĶŃŏľĵ 26.13 % ĪħĽŀĭĴŅĨĶģŅĬ ASTM  E872-82:2013 , ĮĶŇĴŅĦŏĩƟŅ 41.38Ȯ%ȮȮĪħĽŀĭĴŅĨĶģŅĬ ASTM E 1534-
93:2013 , ĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺ 10.35 % ĪħĽŀĭĴŅĨĶģŅĬ ASTM D3172 ėĺŅĴĶƟŀĬĴňėƞŅȮ2,220.26 Cal/g ľĶŊŀȮ9.29 
MJ/Kg őħĵŒĝƟŏėĶŊŗŀĚ Boom calorimeterȮ, ĺŇŏėĶŅŃľƢȮCHNS/O Carbon (C)Ȯ25.23 , Hydrogen (H)Ȯ3.23 ,Nitrogen (N) 
2.75ȮSulfur (S) 0.47 ŒĝƟŏėĶŊŗŀĚȮElemental Analyzer , ĺŇŏėĶŅŃľƢėƞŅĔŅĶĽĸŅĵĨńĺ ŐĽħĚıķĨŇĔĶĶĴĔŅĶŏįŅœľĴƟȮőħĵŒĝƟŏėĶŊŗŀĚȮ
Thermogravimetric analysisȮĝŀĚĝňĺĴĺĸŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħĴŌĸŐıŃȮőħĵŐĭƞĚȮŏĮƦĬĝƞĺĚŀŋĦľĳŌĴŇŏĮƦĬȮ3+ ĶŃĵŃľĸńĔĺŇŏėĶŅŃľƢȮ
TG/DTG ĨŅĴĝƞĺĚŀŋĦľĳŌĴŇȮĝƞĺĚŀŋĦľĳŌĴŇĨŗņȮ&ĮĶŃĴŅĦȮ85ů276°A'ȮŏĮƦĬĕńŘĬĨŀĬŏĨĶňĵĴĔƞŀĬĔŅĶŏįŅœľĴƟěĶŇĚ , ĝƞĺĚŀŋĦľĳŌĴŇĮŅĬ
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ĔĸŅĚȮ&ĮĶŃĴŅĦȮ276ů332°A'ȮŏĮƦĬĝƞĺĚĪňŗĴňĔŅĶŏįŅœľĴƟľĸńĔĕŀĚĝňĺĴĺĸ ,ĝƞĺĚŀŋĦľĳŌĴŇĽŌĚȮ&ĮĶŃĴŅĦȮ660ů678°A'ȮŏĮƦĬĔŅĶ
ĽĸŅĵĨńĺĕŀĚ lignin ŐĸŃĽŅĶŀĬŇĬĪĶňĵƢȮĭŅĚĝĬŇħ              

 3. ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŏľĴŅŃĽĴŏĝŇĚŏĻĶļģĻŅĽĨĶƢ 
ĮƤěěńĵĨƞŀŀĔŅĶıŇěŅĶĦŅĔŅĶŏĮĶňĵĭŏĪňĵĭŏĴŊŗŀĬņŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔĴŌĸŐıŃŏĕƟŅœĮŒĝƟĚŅĬŏıŊŗŀĸħĔŅĶŒĝƟıĸńĚĚŅĬŏħŇĴĸĚȮ

ıĭĺƞŅŏĴŊŗŀ Pellets Fuse Goat manureȮmoisture 47% ĪņĔŅĶįŉŗĚŐħħȮ3 ĺńĬȮėĺŅĴĝŊŘĬĸħĸĚŏľĸŊŀ 12.14%  ĬŘņľĬńĔĸħĸĚȮ
16% őħĵėņĬĺĦěŅĔėƞŅėĺŅĴľĬŅŐĬƞĬȮěŅĔĔŅĶįĸŇĨĝňĺĴĺĸŀńħŏĴŖħĴŌĸŐıŃŀńĨĶŅĔŅĶįĸŇĨȮ400 kg/Day ĬņĴŅįŉŗĚŐħħȮ3 ĺńĬȮ
ėĚŏľĸŊŀȮ336 kg ĬņĴŅėņĬĺĦľŅĨƟĬĪŋĬŏĮƦĬȮkg/BathȮĨƟĬĪŋĬĔŅĶįĸŇĨĝňĺĴĺĸŀńħŏĴŖħĴŌĸŐıŃȮ&ĨƟĬĪŋĬĺńĨĩŋħŇĭ'ȮĔĶĦňĔŅĶįĸŇĨĕńŘĬ
ĨŗņȮ400 kg őħĵĴňĴŌĸėƞŅĔŇőĸĔĶńĴĸŃȮ1.5 ĭŅĪ ĶƞĺĴĨƟĬĪŋĬĺńĨĩŋħŇĭ 600 ĭŅĪȮŐĶĚĚŅĬĭŋėĸŅĔĶŒĬĔŅĶįĸŇĨȮ&2 ėĬ'ȮėĬĸŃȮ300 
ĭŅĪȮĶĺĴĪńŘĚĽŇĬȮ600ȮĭŅĪ ĨƟĬĪŋĬĬŘņĴńĬŏĝŊŘŀŏıĸŇĚȮ117.12 ĭŅĪȮĶĺĴĶŅĵěƞŅĵĨƟĬĪŋĬȮ1,317.12 ĭŅĪ-ĺńĬ ĝňĺĴĺĸŀńħŏĴŖħĪňŗįĸŇĨœħƟ
ĨƟŀĚĪņĔŅĶŒľƟŐľƟĚħƟĺĵĔŅĶįŉŗĚŐħħŀĵƞŅĚĬƟŀĵȮ3 ĺńĬȮįĸįĸŇĨĪňŗıĶƟŀĴŒĝƟĚŅĬŏĴŊŗŀĪņŒľƟŐľƟĚěŃĴňĬŘņľĬńĔŏľĸŊŀȮ336 kg ŏĴŊŗŀıŇěŅĶĦŅ
ĨƟĬĪŋĬĔŅĶįĸŇĨȮ3.92 Bath-kg 

ĮĶŇĴŅĦėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸŀńħŏĴŖħěŅĔĴŌĸŐıŃěŃĬņœĮıŇěŅĶĦŅŏıŊŗŀĪħŐĪĬĬŘņĴńĬŏĨŅĕŀĚľĴƟŀœŀĬŘņĕĬŅħȮ1 Ton 
ĞŉŗĚőħĵĮĔĨŇěŃŒĝƟĬŘņĴńĬŏĨŅȮ575.36 ĸŇĨĶ-ĺńĬȮĨƞŀĔŅĶŒĝƟĚŅĬŐĨƞĸŃĺńĬȮĬŘņĴńĬŏĨŅěŃĴňėƞŅėĺŅĴĶƟŀĬŏĪƞŅĔńĭȮ42 MJ/kg ěŉĚĪņŒľƟĔŅĶ
ŒĝƟĚŅĬĬŘņĴńĬŏĨŅŒĬŐĨƞĸŃĺńĬěŃĨƟŀĚĔŅĶėƞŅıĸńĚĚŅĬȮ24,165.12 MJ/Day ŏĴŊŗŀĬņĕƟŀĴŌĸħńĚĔĸƞŅĺıŇěŅĶĦŅŏıŊŗŀĬņĝňĺĴĺĸŀńħŏĴŖħĪňŗ
ĴňėĺŅĴĝŊŘĬȮ12.14% ĴňėƞŅėĺŅĴĶƟŀĬȮ9.26 MJ/kg ŏĪƞŅĔńĭ 2,609.63 kg/Day ĨƟĬĪŋĬŒĬĔŅĶŒĝƟĬŘņĴńĬŏĨŅĺńĬĸŃȮ12,657.92 
Bath/Day ĞŉŗĚĴňĶŅėŅĨƞŀĸŇĨĶȮ22.00 Bath/Liter ŐĸŃŏĴŊŗŀĬņĝňĺĴĺĸŀńħŏĴŖħȮ2,609.63 Kg/DayȮěŃĽŅĴŅĶĩĬņĴŅĪħŐĪĬ
ŏĝŊŘŀŏıĸŇĚĮĶŃŏĳĪĬŘņĴńĬŏĨŅȮőħĵĝňĺĴĺĸŀńħŏĴŖħĴňĶŅėŅȮ3.92 Bath/kg ĶĺĴŏĮƦĬĪńŘĚĽŇŘĬȮ10,229.75 Bath/DayȮĞŉŗĚĴňįĸĔŅĶ
ĮĶŃľĵńħȮ2,428.17 Bath/Day ěŃĴňėƞŅĔŅĶĮĶŃľĵńħŏĴŊŗŀĪħŐĪĬĬŘņĴńĬŏĨŅȮ4.22 Bath/Liter ŐĸŃĔņľĬħőėĶĚĔŅĶĨƟŀĚįĸŇĨĝňĺ
ĴĺĸŀńħŏĴŖħĺńĬĸŃȮ2.6 Ton/Day ŏıŊŗŀŏĮƦĬŏĝŊŘŀŏıĸŇĚŒľƟȮBoiler ĕĬŅħȮ1 TonȮĪħŐĪĬœħƟȮŐĸŃĔŅĶĸĚĪŋĬŏėĶŊŗŀĚěńĔĶőħĵŏıŇŗĴ
ěņĬĺĬŏėĶŊŗŀĚěńĔĶȮŏėĶŊŗŀĚĨňĮƙĬĶŅėŅȮ194,184.00 ĭŅĪȮŏėĶŊŗŀĚŀńħŏĴŖħȮFlat Die ĶŅėŅȮ485,460.00 ĭŅĪ ĶĺĴŏĪƞŅĔńĭȮ
679,644.00 ĭŅĪȮŀŅĵŋőėĶĚĔŅĶȮ5 ĮƖȮ 
 
ĨŅĶŅĚĪňŗȮ2 ĔŅĶĺŇŏėĶŅŃįĸĨŀĭŐĪĬĪŅĚħƟŅĬŏĻĶļģĻŅĽĨĶƢěŅĔĔŅĶŒĝƟĚŅĬŏĴŖħŏĝŊŘŀŏıĸŇĚ 

ıŅĶŅĴŇŏĨŀĶƢ ŏĴŖħŏĝŊŘŀŏıĸŇĚĴŌĸŐıŃ ľĬƞĺĵ 
ĔņĸńĚĔŅĶįĸŇĨ 2,639.63    ĔĔ,/ĺńĬ 
ĨƟĬĪŋĬĔŅĶĸĚĪŋĬ           679,644.00 ȮȮ ĭŅĪ 
ĺńĽħŋĨƟĬĪŋĬ 4,592.96    ĭŅĪ 
ĨƟĬĪŋĬĔŅĶħņŏĬŇĬĔŅĶ 6,387.91    ĭŅĪ 
ėƞŅėĺŅĴĶƟŀĬĶĺĴ 23,013.40   ŏĴĔŃěŌĸ/ĺńĬ 
ĨƟĬĪŋĬıĸńĚĚŅĬŏĜıŅŃ 10,980.87    ĭŅĪ 
ĔŅĶĮĶŃľĵńħıĸńĚĚŅĬ ĽĴħŋĸ   ĬŘņĴńĬŏĨŅ = ĝňĺĴĺĸ 
ĔŅĶĮĶŃľĵńħıĸńĚĚŅĬȮĨƟĬĪŋĬ-ľĬƞĺĵ      4.22   ĭŅĪ/ĸŇĨĶ 
ĨƟĬĪŋĬŒĬĔŅĶĔņěńħ-ľĬƞĺĵ     0.00   ĭŅĪ 
ĮĶŃľĵńħĶĺĴ ĭŅĪ-ĺńĬ 2,428.17   ĭŅĪ/ĺńĬ 
ĔŅĶĮĶŃľĵńħŏĮƦĬĶƟŀĵĸŃ    20.00    %  
ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮNPV           831,041.34   ĭŅĪ 
ŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮIRR 23.5    % 
ŀńĨĶŅįĸĨŀĭŐĪĬĨƞŀŏĚŇĬĪŋĬȮB/C 1.30    
ĶŃĵŃŏĺĸŅėŊĬĪŋĬȮPayback Period 3.29   ȮĮƖ 
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ĽĶŋĮĔŅĶĺŇěńĵ 
 ĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚŏĴŖħĝňĺĴĺĸĴŌĸŐıŃȮĽŅĴŅĶĩĕŉŘĬĶŌĮœħƟȮőħĵȮȮėĺŅĴľĬŅŐĬƞĬ*ŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ*ėĺŅĴĵŅĺȮŀĵŌƞŒĬ
ŏĔĦĤƢȮėĺŅĴĝŊŘĬȮŐĨƞȮėƞŅėĺŅĴĶƟŀĬȮŐĸŃȮŏĩƟŅȮœĴƞŀĵŌƞŒĬŏĔĦĤƢȮĴŀĔ,2772-2560ȮĞŉŗĚĽŅĴŅĶĩıńĥĬŅȮĔĶŃĭĺĬĔŅĶįĸŇĨœħƟȮľĸŅĵĺŇīňȮ
ŏĝƞĬ ĔŅĶĸħėĺŅĴĝŊŘĬőħĵĔŅĶįŉŗĚŐħħȮŏıŇŗĴěņĬĺĬĺńĬȮŐĸŃȮĬņĕŀĚŏĽňĵěŅĔĔĶŃĭĺĬĔŅĶĽĔńħĬŘņĴńĬĮŅĸƢĴȮĔŅĔĨŃĔŀĬħňŐėĬŏĨŀĶƢȮ
*ȮĔŅĔĨŃĔŀĬĬŘņŏĽňĵ[13]ŒĝƟįĽĴĔńĭĴŌĸŐıŃȮľĶŊŀĔŅĶŒĝƟȮĕĭĺĬĔŅĶĬņĴŌĸŐıŃĴŅŏįŅĩƞŅĬŐĭĭĝŅőėĸ[11]ȮěŅĔĚŅĬĺŇěńĵŀŊŗĬȮıĭĺƞŅȮ
ĴŌĸĔĺŅĚĽŅĴŅĶĩŒĝƟĪħŐĪĬŏĝŊŘŀŏıĸŇĚĪňŗŒĝƟŒĬĭƟŅĬŏĶŊŀĬœħƟȮŏĝƞĬȮĩƞŅĬȮŏĮƦĬĨƟĬ[9]ȮįŌƟĺŇěńĵŏĔŖĭĶĺĭĶĺĴĴŌĸŐıŃȮěŅĔȮĻıĔ,ĬŅĵĽŋĕĽńĬĨƢȮȮ
ŏėĶŊŀŐħĚȮĺŇĽŅľĔŇěĝŋĴĝĬįŌƟŏĸňŘĵĚŐıŃ+ŐĔŃȮĭŅĚĽŃıŅĬĬƟŀĵȮěńĚľĺńħĮĶŃěĺĭėňĶňĕńĬīƢȮŒĬıŊŘĬĪňŗȮĴňȮĽĴŅĝŇĔȮ10 ĔĸŋƞĴȮĴňŐıŃıƞŀıńĬīƢ
ĶĺĴȮ198 ĨńĺȮŐĴƞıńĬīƢĶĺĴȮ147ȮĨńĺȮŀŊŗĬŕȮ3,176 Ĩńĺ [25] ĮĶŃĴŅĦĔŅĶĴŌĸŐıŃȮ5,870 Kg-Day [25] ĽŅĴŅĶĩıńĥĬŅŏĮƦĬ
őėĶĚĕƞŅĵŒĬĔŅĶįĸŇĨŏĴŖħŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸĴŌĸŐıŃȮŏĮƦĬĔŅĶŏıŇŗĴĴŌĸėƞŅŐĸŃŒľƟőŀĔŅĽŐĔƞŏĔļĨĶĔĶȮȮŒĬŐĔƟœĕĮƤĠľŅĽŇŗĚŐĺħĸƟŀĴěŅĔ
ĕŀĚŏĽňĵĔŅĶĮĻŋĽńĨĺƢěņĬĺĬĴŅĔȮŏĮƦĬĪŅĚŏĸŊŀĔŏıŇŗĴěŅĔĔŅĶĬņĴŌĸŐıŃœĮŐĮĶĶŌĮĽņľĶńĭĭņĶŋĚħŇĬȮ ěŅĔĔŅĶĪħĸŀĚĕŉŘĬĶŌĮ
ŏĝŊŘŀŏıĸŇĚŀńħŏĴŖħěŅĔĴŌĸŐıŃĽŅĴŅĩĬņĴŅŒĝƟŏĮƦĬŏĝŊŘŀŏıĸŇĚĮĶŃŏĳĪŒľƟėĺŅĴĶƟŀĬȮėĺŅĴėŋƟĴėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢĨƞŀĔŅĶŏĮƦĬœĮœħƟ
ŒĬĔŅĶĬņĴŅŒĝƟŏĮƦĬŏĝŊŘŀŏıĸŇĚĪħŐĪĬĬŘņĴńĬŏĨŅĽņľĶńĭľĴƟŀœŀĬŘņĪňŗŒĝƟŏĝŊŘŀŏıĸŇĚěŅĔĝňĺĴĺĸĕĬŅħȮ1 Ton ĬńŘĬěŃĴňĶŃĵŃŏĺĸŅŒĬ
ĔŅĶėŊĬĪŋĬȮĳŅĵŒĬȮ3.29 ĮƖ 
 

ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
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Abstract 
 This research aimed to (1) compare the electrical power generated by an on-grid solar photovoltaic 
(PV) system with the electricity consumption recorded in the Provincial Electricity Authority (PEA) bills of a 
government institution, and (2) examine the correlation and analyze the potential for reducing energy costs 
in the public sector. The study focused on the installation of a 260.40 kWp on-grid solar PV system at an 
educational institution. The findings revealed that the system effectively reduced electricity expenses and 
promoted the use of clean energy. The total electricity cost decreased from 980,462.73 THB in 2023 to 
717,851.01 THB in 2024, representing a 26.8% reduction, while electricity consumption decreased by 22.3%. 
The system generated a total of 107,174.30 kWh per year, equivalent to a financial saving of 450,132.06 
THB annually. The economic analysis indicated a return on investment (ROI) of 8.62%, a net present value 
(NPV) of 618,000 THB, an internal rate of return (IRR) of 7.2%, and a payback period of approximately 11.6 
wc_pq*ȮamldgpkgleȮrfcȮnpmhcarŲqȮjmle-term financial feasibility. Additionally, the system reduced carbon 
dioxide (COϜ) emissions by approximately 61.09 tons per year, equivalent to planting 657 trees annually. 
In conclusion, the 260.40 kWp on-grid solar PV system proved economically and environmentally beneficial, 
serving as a sustainable model for renewable energy implementation in government institutions. 
 
Keywords: Solar photovoltaic system, On-grid solar, Energy cost reduction, Economic feasibility, Carbon 
dioxide reduction 

ĭĪėńħĵƞŀ 
 ĔŅĶĺŇěńĵėĶńŘĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢĽŀĚĮĶŃĔŅĶȮœħƟŐĔƞȮ&/'ȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭ
ŀŀĬĔĶŇħĔńĭĔņĸńĚœĲĲƚŅĪňŗĮĶŅĔĢŒĬĭŇĸėƞŅœĲĲƚŅĕŀĚĔŅĶœĲĲƚŅŒĬŀĚėƢĔĶĳŅėĶńģȮŐĸŃȮ&0'ȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĽŀħėĸƟŀĚŐĸŃ
ĺŇŏėĶŅŃľƢĻńĔĵĳŅıŒĬĔŅĶĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬĕŀĚľĬƞĺĵĚŅĬĶńģȮįĸĔŅĶĻŉĔļŅĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħȮ&On-Grid Solar PV System) ĕĬŅħȮ04.,2.ȮĔŇőĸĺńĨĨƢıňĔȮ&kWp) ŒĬĽĩŅĬĻŉĔļŅȮıĭĺƞŅĶŃĭĭ
ĽŅĴŅĶĩĝƞĺĵĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮőħĵėƞŅŒĝƟěƞŅĵĶĺĴĸħĸĚěŅĔȮ76.,240,51ȮĭŅĪŒĬĮƖȮı,Ļ,Ȯ
0344ȮŏľĸŊŀȮ5/5,63/,./ȮĭŅĪŒĬĮƖȮı,Ļ,Ȯ0345ȮľĶŊŀėŇħŏĮƦĬĔŅĶĸħĸĚĶƟŀĵĸŃȮ04,6ȮŐĸŃĮĶŇĴŅĦĔŅĶŒĝƟœĲĲƚŅĸħĸĚĶƟŀĵĸŃȮ00,1Ȯ
ĶŃĭĭĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟĶĺĴĪńŘĚĽŇŘĬȮ/.5,/52,1.ȮĔŇőĸĺńĨĨƢĝńŗĺőĴĚĨƞŀĮƖȮėŇħŏĮƦĬĴŌĸėƞŅĔŅĶĮĶŃľĵńħȮ23.,/10,.4ȮĭŅĪĨƞŀĮƖȮįĸ
ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĻĶļģĻŅĽĨĶƢıĭĺƞŅŀńĨĶŅįĸĨŀĭŐĪĬĨƞŀĔŅĶĸĚĪŋĬȮ&ROI) ŏĪƞŅĔńĭȮ6,40ȮŏĮŀĶƢŏĞŖĬĨƢȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) 
ŏĪƞŅĔńĭȮ4/6,...ȮĭŅĪȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ŏĪƞŅĔńĭȮ5,0ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬĮĶŃĴŅĦȮ//,4ȮĮƖȮŐĽħĚ
ŒľƟŏľŖĬĺƞŅőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅŒĬĶŃĵŃĵŅĺȮĬŀĔěŅĔĬňŘĶŃĭĭĵńĚĽŅĴŅĶĩĸħĔŅĶĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&COϜ'ȮœħƟȮ
4/,.7ȮĨńĬĨƞŀĮƖȮľĶŊŀŏĪňĵĭŏĪƞŅĔŅĶĮĸŌĔĨƟĬœĴƟȮ435ȮĨƟĬĨƞŀĮƖȮőħĵĽĶŋĮȮĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ04.,2.ȮkWp 
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ĴňėĺŅĴėŋƟĴėƞŅĪńŘĚŒĬħƟŅĬŏĻĶļģĻŅĽĨĶƢŐĸŃĽŇŗĚŐĺħĸƟŀĴȮŏĮƦĬŐĬĺĪŅĚĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬĪňŗĴňĻńĔĵĳŅıŐĸŃĽŅĴŅĶĩĕĵŅĵįĸĽŌƞ
ľĬƞĺĵĚŅĬĳŅėĶńģŀŊŗĬȮŕȮœħƟŀĵƞŅĚĵńŗĚĵŊĬ, 
ėņĽņėńĠ8ȮĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ, őĞĸƞŅŏĞĸĸƢŐĭĭŀŀĬĔĶŇħ, ĔŅĶĮĶŃľĵńħıĸńĚĚŅĬœĲĲƚŅ, ėĺŅĴėŋƟĴėƞŅĪŅĚ
ŏĻĶļģĻŅĽĨĶƢ, ĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢ 
 

ĭĪĬņ 
 ĮƤěěŋĭńĬėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨŅĴĔŅĶĕĵŅĵĨńĺĪŅĚŏĻĶļģĔŇěŐĸŃĽńĚėĴȮĕĦŃĪňŗĔŅĶ
įĸŇĨœĲĲƚŅĵńĚėĚıŉŗĚıŅıĸńĚĚŅĬĲŀĽĞŇĸŏĮƦĬľĸńĔȮĞŉŗĚœĴƞŏıňĵĚĴňĮĶŇĴŅĦěņĔńħȮŐĨƞĵńĚĔƞŀŒľƟŏĔŇħĮƤĠľŅħƟŅĬĽŇŗĚŐĺħĸƟŀĴȮőħĵŏĜıŅŃ
ĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔĪňŗŏĮƦĬĽŅŏľĨŋĽņėńĠĕŀĚĳŅĺŃőĸĔĶƟŀĬŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĽĳŅıĳŌĴŇŀŅĔŅĻȮ[2] [3] ħńĚĬńŘĬȮĔŅĶ
ıńĥĬŅĶŃĭĭįĸŇĨœĲĲƚŅĪňŗĽŃŀŅħŐĸŃĵńŗĚĵŊĬěŉĚĔĸŅĵŏĮƦĬŐĬĺĪŅĚĽņėńĠĪňŗœħƟĶńĭėĺŅĴĽĬŒěŒĬĶŃħńĭĬŅĬŅĝŅĨŇȮĔŅĶĭĶŇľŅĶěńħ
ĔŅĶıĸńĚĚŅĬŒĬľĬƞĺĵĚŅĬĳŅėĶńģĩŊŀŏĮƦĬĮĶŃŏħŖĬĽņėńĠĪňŗĽƞĚįĸĔĶŃĪĭĪńŘĚŒĬĴŇĨŇŏĻĶļģĔŇěŐĸŃĽŇŗĚŐĺħĸƟŀĴȮľĬƞĺĵĚŅĬĳŅėĶńģĴň
ĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅŒĬĮĶŇĴŅĦĽŌĚěŅĔŀŅėŅĶĽņĬńĔĚŅĬȮĽĩŅĬĪňŗĶŅĝĔŅĶȮőĶĚıĵŅĭŅĸȮŐĸŃĽĩŅĬĻŉĔļŅĨƞŅĚŕȮĞŉŗĚėƞŅŒĝƟěƞŅĵħƟŅĬ
ıĸńĚĚŅĬŏľĸƞŅĬňŘŏĮƦĬĽƞĺĬĽņėńĠĕŀĚĚĭĮĶŃĴŅĦĮĶŃěņĮƖĪňŗĽƞĚįĸőħĵĨĶĚĨƞŀĮĶŃĽŇĪīŇĳŅıĔŅĶħņŏĬŇĬĚŅĬŐĸŃėŋĦĳŅıĔŅĶ
ŒľƟĭĶŇĔŅĶĽŅīŅĶĦŃȮ[/] [1] 
 ľĬŉŗĚŒĬŏĪėőĬőĸĵňıĸńĚĚŅĬĪħŐĪĬĪňŗœħƟĶńĭėĺŅĴĬŇĵĴŀĵƞŅĚŐıĶƞľĸŅĵėŊŀȮĶŃĭĭőĞĸƞŅŏĞĸĸƢȮ&Solar Cell System) ĞŉŗĚ
ŀŅĻńĵŐįĚőĞĸƞŅŏĞĸĸƢŒĬĔŅĶŐĮĸĚıĸńĚĚŅĬŐĽĚŒľƟŏĮƦĬœĲĲƚŅĔĶŃŐĽĨĶĚȮ&DC) ĔƞŀĬĽƞĚįƞŅĬŀŇĬŏĺŀĶƢŏĨŀĶƢŏıŊŗŀŐĮĸĚŏĮƦĬœĲĲƚŅ
ĔĶŃŐĽĽĸńĭȮ&AC) ĽņľĶńĭŒĝƟĚŅĬěĶŇĚ [0] [4] ĮƤěěŋĭńĬȮĶŃĭĭĪňŗœħƟĶńĭĔŅĶĨŇħĨńŘĚŀĵƞŅĚŐıĶƞľĸŅĵėŊŀȮĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭȮȮȮȮȮŀŀ
ĬĔĶŇħȮ&On-Grid System) ĞŉŗĚŏĝŊŗŀĴĨƞŀĔńĭĽŅĵĽƞĚĕŀĚĔŅĶœĲĲƚŅőħĵĨĶĚȮőħĵĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟěŅĔĶŃĭĭěŃĩŌĔĬņĴŅŒĝƟĳŅĵŒĬ
ŀĚėƢĔĶȮŐĸŃľŅĔœĴƞŏıňĵĚıŀěŃħŉĚıĸńĚĚŅĬěŅĔĔŅĶœĲĲƚŅĴŅĝħŏĝĵ [/] [3] ĕƟŀœħƟŏĮĶňĵĭĽņėńĠĕŀĚĶŃĭĭŀŀĬĔĶŇħėŊŀȮĴňĨƟĬĪŋĬ
ĔŅĶĸĚĪŋĬĨŗņĔĺƞŅŏıĶŅŃœĴƞĨƟŀĚĨŇħĨńŘĚŐĭĨŏĨŀĶňŗĽņĶŀĚȮĴňĔŅĶĭņĶŋĚĶńĔļŅĚƞŅĵȮŐĸŃĽŅĴŅĶĩėŊĬĪŋĬœħƟŏĶŖĺěŅĔĔŅĶĸħėƞŅœĲĲƚŅŒĬŐĨƞ
ĸŃŏħŊŀĬȮ[1] [6]Ȯ[/.] ĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıĪŅĚŏĪėĬŇėĕŀĚĶŃĭĭȮSolar PV ĭĬľĸńĚėŅŀŅėŅĶœħƟĶńĭĔŅĶĻŉĔļŅŀĵƞŅĚĔĺƟŅĚĕĺŅĚ
ŒĬľĸŅĵĮĶŃŏĪĻȮőħĵȮNational Renewable Energy Laboratory (NREL) œħƟıńĥĬŅĺŇīňĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıĔŅĶįĸŇĨœĲĲƚŅ
ěŅĔľĸńĚėŅŀŅėŅĶŒĬĶŃħńĭĮĶŃŏĪĻȮ[0] ĞŉŗĚŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴĽņėńĠĕŀĚĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚıŊŘĬĪňŗŐĸŃĮƤěěńĵħƟŅĬĽĳŅı
ŀŅĔŅĻŒĬĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭ 
 ŀĵƞŅĚœĶĔŖĨŅĴȮŐĴƟĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭŀŀĬĔĶŇħěŃĴňĔŅĶŒĝƟĚŅĬŏıŇŗĴĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŐĨƞĵńĚĴňėĺŅĴěņŏĮƦĬĨƟŀĚĴň
ĔŅĶĻŉĔļŅĺŇŏėĶŅŃľƢŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟěĶŇĚěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢĔńĭĔņĸńĚœĲĲƚŅĪňŗĭńĬĪŉĔœĺƟŒĬĭŇĸėƞŅœĲĲƚŅĕŀĚ
ĔŅĶœĲĲƚŅȮŏıŊŗŀŒĝƟŏĮƦĬĕƟŀĴŌĸŒĬĔŅĶĮĶŃŏĴŇĬėĺŅĴĩŌĔĨƟŀĚȮėĺŅĴĽŀħėĸƟŀĚȮŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭŒĬŏĝŇĚĮĶŃěńĔļƢ [1] [5] 
ĔŅĶŏĮĶňĵĭŏĪňĵĭħńĚĔĸƞŅĺěŃĝƞĺĵŒľƟŏľŖĬĩŉĚėĺŅĴĽŀħėĸƟŀĚĕŀĚĕƟŀĴŌĸȮĔŅĶĽŌĠŏĽňĵıĸńĚĚŅĬĪňŗŏĔŇħĕŉŘĬĳŅĵŒĬĶŃĭĭȮŐĸŃįĸĔĶŃĪĭ
ĨƞŀėƞŅŒĝƟěƞŅĵĪňŗŏĔŇħĕŉŘĬěĶŇĚĕŀĚľĬƞĺĵĚŅĬȮĚŅĬĺŇěńĵŒĬľĸŅĵĮĶŃŏĪĻœħƟŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴĽņėńĠĕŀĚıŅĶŅĴŇŏĨŀĶƢĔŅĶĮĶŃŏĴŇĬ
ĮĶŃĽŇĪīŇĳŅıȮŏĝƞĬȮPerformance Ratio, Capacity Factor, Final Yield ŐĸŃȮSystem Efficiency ŒĬĔŅĶĺńħĮĶŃĽŇĪīŇĳŅı
ĕŀĚĶŃĭĭȮPVȮ[3] [4] őħĵŏĜıŅŃŒĬŀĚėƢĔĶĳŅėĶńģȮĞŉŗĚŏĮƦĬľĬƞĺĵĚŅĬĪňŗĴňĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĮĶŇĴŅĦĽŌĚȮľŅĔĽŅĴŅĶĩĸħ
ėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮěŃĝƞĺĵĸħĳŅĶŃĚĭĮĶŃĴŅĦŐĸŃŏıŇŗĴĻńĔĵĳŅıħƟŅĬĔŅĶěńħĔŅĶıĸńĚĚŅĬŒĬĶŃħńĭ
ŀĚėƢĔĶœħƟŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮ[/] [2] 
 ŒĬĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵȮĶńģĭŅĸœħƟŒľƟėĺŅĴĽņėńĠĔńĭĔŅĶĽƞĚŏĽĶŇĴıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŀĵƞŅĚěĶŇĚěńĚȮőħĵĴňŏĮƚŅľĴŅĵ
ŏıŇŗĴĽńħĽƞĺĬıĸńĚĚŅĬľĴŋĬŏĺňĵĬŒĬĽƞĺĬįĽĴĕŀĚĔŅĶįĸŇĨœĲĲƚŅŒľƟĽŌĚĕŉŘĬȮĨŅĴŐįĬıńĥĬŅĔņĸńĚįĸŇĨœĲĲƚŅĕŀĚĮĶŃŏĪĻœĪĵȮ&PDP) 
ŐĸŃŐįĬıńĥĬŅıĸńĚĚŅĬĪħŐĪĬŐĸŃıĸńĚĚŅĬĪŅĚŏĸŊŀĔȮ&AEDP) [7] ĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭŏĻĶļģĻŅĽĨĶƢĕŀĚĶŃĭĭȮSolar PV ŐĭĭȮ
Self-consumption ŒĬĮĶŃŏĪĻœĪĵıĭĺƞŅȮŐĴƟěŃœĴƞĴňĔŅĶĝħŏĝĵėƞŅœĲĲƚŅĽƞĺĬŏĔŇĬȮĔŅĶĸĚĪŋĬŒĬĶŃĭĭȮPV ĽņľĶńĭĔĸŋƞĴįŌƟŒĝƟ
œĲĲƚŅŒĬľĸŅĵĮĶŃŏĳĪĔŖĵńĚėĚĴňėĺŅĴėŋƟĴėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢȮőħĵĴňŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ŀĵŌƞĶŃľĺƞŅĚȮ/.+/5# [7] 
ĬŀĔěŅĔĬňŘȮĔŅĶĻŉĔļŅĸƞŅĽŋħĵńĚŐĽħĚŒľƟŏľŖĬĺƞŅȮĶŃĭĭěńħĔŅĶıĸńĚĚŅĬĕńŘĬĽŌĚȮ&Advanced Energy Management System) Īňŗ
ĭŌĶĦŅĔŅĶĔńĭĶŃĭĭȮSolar PV ĭĬľĸńĚėŅĽŅĴŅĶĩĸħĨƟĬĪŋĬėƞŅœĲĲƚŅœħƟȮ06,37+13,26#ȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĶŃĭĭěńħ
ĔŅĶıĸńĚĚŅĬŐĭĭĪńŗĺœĮȮ[2] 
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 ħńĚĬńŘĬȮĔŅĶĻŉĔļŅėĶńŘĚĬňŘĴňėĺŅĴĽņėńĠŒĬģŅĬŃĪňŗŏĮƦĬĔŅĶĬņĕƟŀĴŌĸŏĝŇĚĮĶŃěńĔļƢĴŅŒĝƟĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅŐĸŃ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭŀŀĬĔĶŇħŒĬŀĚėƢĔĶĳŅėĶńģȮĞŉŗĚœĴƞŏıňĵĚĝƞĺĵĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅȮŐĨƞĵńĚ
ĽƞĚŏĽĶŇĴĔŅĶěńħĔŅĶıĸńĚĚŅĬŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĽŀħėĸƟŀĚĔńĭŐĬĺĪŅĚĔŅĶıńĥĬŅĪňŗĵńŗĚĵŊĬ [/] [6] [/.]ĔŅĶĺŇěńĵĬňŘĝƞĺĵŒľƟ
ľĬƞĺĵĚŅĬĳŅėĶńģĽŅĴŅĶĩĨńħĽŇĬŒěĸĚĪŋĬħƟŅĬıĸńĚĚŅĬľĴŋĬŏĺňĵĬœħƟŀĵƞŅĚĴňĕƟŀĴŌĸŏĝŇĚĮĶŃěńĔļƢĶŀĚĶńĭȮĸħėĺŅĴŏĽňŗĵĚĪňŗŏĔŇħěŅĔĔŅĶ
ĮĶŃĴŅĦĔŅĶĪňŗœĴƞĩŌĔĨƟŀĚŐĴƞĬĵņȮĝƞĺĵŒĬĔŅĶĔņľĬħĕĬŅħĶŃĭĭĪňŗŏľĴŅŃĽĴĔńĭĶŌĮŐĭĭĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŐĨƞĸŃľĬƞĺĵĚŅĬȮŐĸŃ
ĽŅĴŅĶĩėŅħĔŅĶĦƢįĸĨŀĭŐĪĬĪŅĚĔŅĶŏĚŇĬœħƟŀĵƞŅĚŏĮƦĬĶŃĭĭŐĸŃĬƞŅŏĝŊŗŀĩŊŀȮ[/.] ŀňĔĪńŘĚĵńĚĽŅĴŅĶĩŏĮƦĬĨƟĬŐĭĭŒĬĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟĶŃĭĭőĞĸƞŅŏĞĸĸƢŏıŊŗŀĔŅĶĭĶŇľŅĶěńħĔŅĶıĸńĚĚŅĬŒĬŀĚėƢĔĶȮŐĸŃĬņįĸĔŅĶĻŉĔļŅœĮŒĝƟŒĬĔŅĶĔņľĬħĬőĵĭŅĵ
ĶŃħńĭĝŅĨŇȮĽƞĚŏĽĶŇĴĔŅĶĨŇħĨńŘĚĶŃĭĭȮPV ŒĬľĬƞĺĵĚŅĬĳŅėĶńģŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŒĬĭĶŇĭĪĕŀĚĮĶŃŏĪĻœĪĵĪňŗ
ĔņĸńĚĴŋƞĚĽŌƞŏĮƚŅľĴŅĵȮCarbon Neutrality ŐĸŃĴňŐįĬŏıŇŗĴĔņĸńĚĔŅĶįĸŇĨœĲĲƚŅěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĩŉĚȮȮȮȮ00,6ȮGW ŒĬŀňĔȮ03Ȯ
ĮƖĕƟŅĚľĬƟŅ [7] 

ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 
/,  ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭŀŀĬĔĶŇħĔńĭĔņĸńĚœĲĲƚŅĪňŗĮĶŅĔĢŒĬĭŇĸėƞŅœĲĲƚŅĕŀĚĔŅĶœĲĲƚŅ
ŒĬŀĚėƢĔĶĳŅėĶńģ 
2.  ŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĽŀħėĸƟŀĚŐĸŃĺŇŏėĶŅŃľƢĻńĔĵĳŅıŒĬĔŅĶĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬĕŀĚľĬƞĺĵĚŅĬĶńģ 
 

ĺŇīňĔŅĶĺŇěńĵ 

 
 

ĳŅıĪňŗȮ1 ĔĶŃĭĺĬĔŅĶĪņĚŅĬőħĵĶĺĴ 
 

ĕńŘĬĨŀĬĪňŗȮ/ȮĔŅĶŏĔŖĭĕƟŀĴŌĸěŅĔŒĭŐěƟĚĵŀħěŅĔĔŅĶœĲĲƚŅŐĸŃĔŅĶįĸŇĨœĲĲƚŅěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢ ŏıŊŗŀĺŇŏėĶŅŃľƢŐĸŃ
ŏĮĶňĵĭŏĪňĵĭėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅ ĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘĨŇħĨńŘĚĭĬľĸńĚėŅŀŅėŅĶ
ĕŀĚĺŇĪĵŅĸńĵŏĪėĬŇėĬĶŅīŇĺŅĽȮĴľŅĺŇĪĵŅĸńĵĬĶŅīŇĺŅĽĶŅĝĬėĶŇĬĪĶƢȮěńĚľĺńħĬĶŅīŇĺŅĽȮőħĵŏĮƦĬĶŃĭĭŐĭĭŀŀĬĔĶŇħȮ&On-Grid 
System) ĪňŗŏĝŊŗŀĴĨƞŀĔńĭȮȮȮȮĽŅĵĽƞĚĕŀĚĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėȮĴňĔņĸńĚĨŇħĨńŘĚĶĺĴȮ04.,2.ȮĔŇőĸĺńĨĨƢıňĔȮ&kWp) ŒĝƟŐįĚőĞĸƞŅŏĞĸĸƢ
ĝĬŇħőıĸňėĶŇĽĨńĸœĸĬƢȮ&Polycrystalline Silicon) ĕĬŅħȮ1/.ȮĺńĨĨƢĨƞŀŐįĚȮěņĬĺĬĮĶŃĴŅĦȮ62.ȮŐįĚȮĨŇħĨńŘĚŒĬĪŇĻŒĨƟȮĴŋĴŏŀňĵĚȮ
/.ȮŀĚĻŅȮĶŃĭĭėĺĭėŋĴĔŅĶĪņĚŅĬħƟĺĵŀŇĬŏĺŀĶƢŏĨŀĶƢĝĬŇħȮString Inverter ĶĺĴĔņĸńĚȮ04.ȮĔŇőĸĺńĨĨƢȮĕƟŀĴŌĸĔŅĶįĸŇĨœĲĲƚŅĩŌĔĺńħ
ěŅĔĴŇŏĨŀĶƢİƤƧĚĔĶŃŐĽĽĸńĭȮ&AC) ŐĸŃĭńĬĪŉĔįƞŅĬĶŃĭĭȮMonitoring Portal ĕŀĚŀŇĬŏĺŀĶƢŏĨŀĶƢȮŏıŊŗŀŏĔŖĭėƞŅıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨ
œħƟȮ&kWh) ĔņĸńĚœĲĲƚŅĽŌĚĽŋħȮ&kW) ŐĸŃŐĶĚħńĬœĲĲƚŅȮ&V) ĽņľĶńĭŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĔŅĶŒĝƟœĲĲƚŅĪňŗœħƟěŅĔŒĭŐěƟĚľĬňŘĕŀĚĔŅĶ
œĲĲƚŅĽƞĺĬĳŌĴŇĳŅėŒĬĝƞĺĚŏħŊŀĬĴĔĶŅėĴȮ0344ȮĩŉĚȮīńĬĺŅėĴȮ0345 
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ĳŅıĪňŗȮ0Ȯ őėĶĚĽĶƟŅĚĶŃĭĭŏėĶŊŀĕƞŅĵĔŅĶĨĶĺěĺńħŐĸŃĭńĬĪŉĔĕƟŀĴŌĸıĸńĚĚŅĬœĲĲƚŅĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢ 
 

 ěŅĔĳŅıĪňŗȮ/ȮŐĽħĚőėĶĚĽĶƟŅĚĶŃĭĭŏėĶŊŀĕƞŅĵĔŅĶĨĶĺěĺńħŐĸŃĭńĬĪŉĔĕƟŀĴŌĸıĸńĚĚŅĬœĲĲƚŅĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢȮőħĵ
ŏĝŊŗŀĴĨƞŀŀŋĮĔĶĦƢĨĶĺěĺńħįƞŅĬőĮĶőĨėŀĸȮModbus TCP/IP ŐĸŃȮRS263ȮœĮĵńĚŏėĶŊŀĕƞŅĵĳŅĵŒĬĕŀĚįŌƟŒĝƟĚŅĬȮıĶƟŀĴŏĝŊŗŀĴĨƞŀ
ŏĞĬŏĞŀĶƢŀŋĦľĳŌĴŇȮŐĽĚȮŐĸŃėĺŅĴĝŊŘĬȮŏıŊŗŀĽƞĚĕƟŀĴŌĸŏĕƟŅĽŌƞĶŃĭĭȮMonitoring įƞŅĬŀŇĬŏĪŀĶƢŏĬŖĨ 

ĕńŘĬĨŀĬĪňŗȮ0ȮȮĔŅĶŏĮĶňĵĭŏĪňĵĭȮ0344Ȯ&ĔƞŀĬ'ȮŐĸŃȮ0345Ȯ&ľĸńĚ'ȮĔŅĶĨŇħĨńŘĚőĞĸƞŅŏĞĸĸƢ őħĵĺŇŏėĶŅŃľƢėĺŅĴŐĨĔĨƞŅĚĕŀĚ
ėƞŅŒĝƟěƞŅĵœĲĲƚŅĶĺĴ ĺŇŏėĶŅŃľƢėĺŅĴŐĨĔĨƞŅĚĕŀĚĮĶŇĴŅĦĔŅĶŒĝƟœĲĲƚŅĶĺĴĶŅĵŏħŊŀĬŐĸŃĶŅĵĮƖ 

ĕńŘĬĨŀĬĪňŗȮ1ȮȮĔŅĶĺŇŏėĶŅŃľƢįĸĔŅĶįĸŇĨěŅĔőĞĸƞŅŏĞĸĸƢ ėņĬĺĦıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟĶĺĴĪńŘĚĮƖȮėņĬĺĦĴŌĸėƞŅĔŅĶ
ĮĶŃľĵńħȮ&ĭŅĪ' 

ĕńŘĬĨŀĬĪňŗȮ2ȮĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟĶŃĭĭőĞĸƞŅŏĞĸĸƢ ıŇěŅĶĦŅĮƤěěńĵĪňŗĪņŒľƟŏĔŇħėĺŅĴŐĨĔĨƞŅĚĶŅĵŏħŊŀĬȮŏĝƞĬȮ
ķħŌĔŅĸȮĮĶŇĴŅĦŐĽĚŀŅĪŇĨĵƢ 

 
įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 

ěŅĔĕƟŀĴŌĸŒĬĨŅĶŅĚĪňŗȮ /Ȯ ıĭĺƞŅȮ ėƞŅŒĝƟěƞŅĵŐĸŃĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĕŀĚĽĩŅĬĻŉĔļŅĴňėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚ
ĝńħŏěĬĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃĮƖȮı,Ļ,Ȯ0345ȮőħĵėƞŅŒĝƟěƞŅĵĶĺĴĪńŘĚĮƖĸħĸĚěŅĔȮ76.*240,51ȮĭŅĪȮŏľĸŊŀŏıňĵĚȮ5/5*63/,./Ȯ
ĭŅĪȮľĶŊŀėŇħŏĮƦĬĔŅĶĸħĸĚĶƟŀĵĸŃȮ04,6ȮĕĦŃĪňŗĮĶŇĴŅĦĔŅĶŒĝƟœĲĲƚŅĸħĸĚěŅĔȮ/30*5/0ȮľĬƞĺĵȮŏľĸŊŀȮ//6*446ȮľĬƞĺĵȮėŇħŏĮƦĬ
ĶƟŀĵĸŃȮ 00,1Ȯ ŐĽħĚŒľƟŏľŖĬĩŉĚŐĬĺőĬƟĴĔŅĶŒĝƟıĸńĚĚŅĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬľĸńĚěŅĔĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ04.,2. kWp ŒĬĮƖȮı,Ļ,Ȯ0345 
 ŏĴŊŗŀıŇěŅĶĦŅŒĬĶŅĵŏħŊŀĬȮıĭĺƞŅĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚĔĶĔġŅėĴĕŀĚĮƖȮ0345ȮėƞŅŒĝƟěƞŅĵŐĸŃĮĶŇĴŅĦĔŅĶŒĝƟœĲĲƚŅĸħĸĚ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮ őħĵŏĜıŅŃŒĬŏħŊŀĬĔŋĴĳŅıńĬīƢŐĸŃĴňĬŅėĴȮ ĞŉŗĚĴňĔŅĶĸħĸĚĕŀĚėƞŅŒĝƟěƞŅĵĴŅĔĔĺƞŅėĶŉŗĚľĬŉŗĚŏĴŊŗŀŏĪňĵĭĔńĭĮƖȮ 0344Ȯ
ĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢĪňŗĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟĽŌĚŒĬĝƞĺĚŏħŊŀĬĪňŗĴňĶńĚĽňŀŅĪŇĨĵƢŏĕƟĴĕƟĬȮĽƞĚįĸŒľƟĸħĔŅĶ
ıŉŗĚıŅœĲĲƚŅěŅĔĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėœħƟŀĵƞŅĚĝńħŏěĬ 
 ŀĵƞŅĚœĶĔŖĨŅĴȮıĭĺƞŅĭŅĚŏħŊŀĬȮŏĝƞĬȮĔńĬĵŅĵĬŐĸŃĨŋĸŅėĴȮėƞŅŒĝƟěƞŅĵœĴƞœħƟĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮĞŉŗĚŀŅěŏĔŇħěŅĔĽĳŅı
ŀŅĔŅĻĪňŗĴňŏĴęĴŅĔľĶŊŀĸħĸĚĕŀĚĝńŗĺőĴĚŐĽĚŀŅĪŇĨĵƢȮ ĪņŒľƟĔŅĶįĸŇĨœĲĲƚŅěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢĸħĸĚȮ ĶĺĴĩŉĚŀŅěĴňĔŅĶŒĝƟĚŅĬ
ŏėĶŊŗŀĚĮĶńĭŀŅĔŅĻľĶŊŀŀŋĮĔĶĦƢĪňŗŒĝƟıĸńĚĚŅĬĽŌĚŒĬĝƞĺĚŏĺĸŅĬńŘĬĴŅĔĕŉŘĬ 
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ĨŅĶŅĚĪňŗȮ0ȮĨŅĶŅĚŏĮĶňĵĭŏĪňĵĭėƞŅŒĝƟěƞŅĵŐĸŃĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĶŅĵŏħŊŀĬȮĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃȮı,Ļ,Ȯ0345 

 ĮƖȮ2566 ĮƖ 2567 
ŏħŊŀĬ ěņĬĺĬŏĚŇĬ ľĬƞĺĵėƞŅœĲĲƚŅȮ ěņĬĺĬŏĚŇĬ ľĬƞĺĵėƞŅœĲĲƚŅ 

ĴĔĶŅėĴ        108,912.90            15,372.00      78,578.70            13,056.00  
ĔŋĴĳŅıńĬīƢ        108,177.36            15,306.00      56,860.98              9,180.00  
ĴňĬŅėĴ          96,159.18            14,478.00      40,725.07              7,146.00  
ŏĴļŅĵĬ          68,622.02            10,116.00      37,805.39              6,636.00  
ıķļĳŅėĴ          71,920.55            11,604.00      58,393.24              9,828.00  
ĴŇĩŋĬŅĵĬ          90,978.07            13,968.00      82,675.55            13,884.00  
ĔĶĔġŅėĴ        115,324.30            18,090.00      82,118.73            13,884.00  
ĽŇĚľŅėĴ          73,261.40            10,584.00      67,983.01            10,914.00  
ĔńĬĵŅĵĬ          63,066.12            10,320.00      64,465.18            10,626.00  
ĨŋĸŅėĴ          42,622.49              7,650.00      42,622.49              6,144.00  
ıķĻěŇĔŅĵĬ          71,282.42            12,600.00      60,082.51              9,630.00  
īńĬĺŅėĴ          70,135.92            12,624.00      45,540.16              7,740.00  

ĶĺĴ 980,462.73 152,712.00 717,851.01 118,668.00 
 
  ŒĬĳŅıĶĺĴȮĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĽŀĚĮƖĝňŘŒľƟŏľŖĬĺƞŅĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĽŅĴŅĶĩĝƞĺĵĸħ
ėƞŅŒĝƟěƞŅĵœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮőħĵŒĬĮƖȮ0345ȮĶŃĭĭĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅĶĺĴȮ/.5*/52,1. kWh ĞŉŗĚėŇħŏĮƦĬĴŌĸėƞŅ
ŏĪňĵĭŏĪƞŅȮ23.*/10,.4ȮĭŅĪȮľŅĔėŇħĨŅĴŀńĨĶŅėƞŅœĲŏĜĸňŗĵȮ2,0ȮĭŅĪĨƞŀľĬƞĺĵȮŀĵƞŅĚœĶĔŖĨŅĴȮĴŌĸėƞŅĔŅĶĮĶŃľĵńħěĶŇĚěŅĔŒĭŐěƟĚ
ėƞŅœĲĲƚŅŀĵŌƞĪňŗȮ040*4//,50ȮĭŅĪȮŏĪƞŅĬńŘĬȮĞŉŗĚėŇħŏĮƦĬĮĶŃĴŅĦȮ36,1#ȮĕŀĚĴŌĸėƞŅıĸńĚĚŅĬĪňŗįĸŇĨœħƟĪńŘĚľĴħ 
 ėĺŅĴŐĨĔĨƞŅĚħńĚĔĸƞŅĺĽŅĴŅĶĩŀīŇĭŅĵœħƟěŅĔĸńĔļĦŃĕŀĚĶŃĭĭĪňŗŒĝƟȮĞŉŗĚŏĮƦĬĶŃĭĭȮŀŀĬĔĶŇħŐĭĭœĴƞĴňĔŅĶľńĔĸƟŅĚ
ıĸńĚĚŅĬĽƞĺĬŏĔŇĬȮ&No Export Balance / Net Metering) ĪņŒľƟıĸńĚĚŅĬĪňŗįĸŇĨŏĔŇĬėĺŅĴĨƟŀĚĔŅĶŒĝƟĚŅĬŒĬĭŅĚĝƞĺĚŏĺĸŅœĴƞ
ĽŅĴŅĶĩĽƞĚėŊĬŏĕƟŅĽŌƞĶŃĭĭěņľĬƞŅĵĕŀĚĔŅĶœĲĲƚŅœħƟȮĽƞĚįĸŒľƟıĸńĚĚŅĬĽƞĺĬŏĔŇĬħńĚĔĸƞŅĺœĴƞĩŌĔĬņĴŅėŇħŏĮƦĬĔŅĶĮĶŃľĵńħŒĬĭŇĸėƞŅ
œĲĲƚŅěĶŇĚȮĬŀĔěŅĔĬňŘȮėƞŅœĲĲƚŅĵńĚĮĶŃĔŀĭħƟĺĵėƞŅŒĝƟěƞŅĵėĚĪňŗȮŏĝƞĬȮėƞŅĭĶŇĔŅĶĶŅĵŏħŊŀĬȮŐĸŃėƞŅȮFt ĪňŗœĴƞĕŉŘĬŀĵŌƞĔńĭĮĶŇĴŅĦĔŅĶŒĝƟ
œĲĲƚŅőħĵĨĶĚ 
 ħńĚĬńŘĬȮįĸĔŅĶĻŉĔļŅĬňŘěŉĚĽĶŋĮœħƟĺƞŅȮĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĴňĽƞĺĬĝƞĺĵĸħėƞŅŒĝƟěƞŅĵœħƟŀĵƞŅĚĴňĬńĵĽņėńĠȮŐĨƞ
ĴňŏıňĵĚȮŴėĺŅĴĽŀħėĸƟŀĚĭŅĚĽƞĺĬȮ&N_prg_jȮAmppcj_rgml'ŵȮĶŃľĺƞŅĚıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟŐĸŃĔŅĶĸħĸĚĕŀĚėƞŅœĲĲƚŅĪňŗĝņĶŃ
ěĶŇĚȮĪńŘĚĬňŘȮěŅĔĔŅĶėņĬĺĦıĭĺƞŅȮıĸńĚĚŅĬĪňŗįĸŇĨœħƟĮĶŃĴŅĦȮ1/,6#ȮĩŌĔĬņĴŅŒĝƟĪħŐĪĬĔŅĶĞŊŘŀœĲĲƚŅěŅĔĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅė
őħĵĨĶĚȮĞŉŗĚĵńĚėĚŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚĶŃĭĭŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟıĸńĚĚŅĬŐĸŃĸħĳŅĶŃėƞŅŒĝƟěƞŅĵĕŀĚ
ľĬƞĺĵĚŅĬŒĬĶŃĵŃĵŅĺ 

 
ĳŅıĪňŗȮ1ȮŏĮĶňĵĭŏĪňĵĭĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃȮı,Ļ,Ȯ0345 
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 ěŅĔĳŅıĪňŗȮ0ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĶĺĴĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃȮı,Ļ,Ȯ0345ȮıĭĺƞŅȮ
ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅŒĬĮƖȮ0345ȮĴňėƞŅȮ//6*446ȮľĬƞĺĵȮĸħĸĚěŅĔĮƖȮ0344ȮĪňŗĴňėƞŅȮ/30*5/0ȮľĬƞĺĵȮėŇħŏĮƦĬĔŅĶĸħĸĚ
ĮĶŃĴŅĦȮ00,1#ȮįĸĔŅĶĸħĸĚħńĚĔĸƞŅĺĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĔŅĶĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıħƟŅĬıĸńĚĚŅĬĕŀĚĽĩŅĬĻŉĔļŅŀĵƞŅĚĝńħŏěĬ 
 ĔŅĶĸħĸĚĬňŘŀīŇĭŅĵœħƟĺƞŅŏĮƦĬįĸěŅĔĔŅĶĬņȮĶŃĭĭįĸŇĨœĲĲƚŅĶŃĭĭőĞĸƞŅŏĞĸĸƢĴŅŒĝƟĚŅĬŒĬĮƖȮ0345ȮĞŉŗĚĪņŒľƟĽĩŅĬĻŉĔļŅ
ĽŅĴŅĶĩįĸŇĨœĲĲƚŅŒĝƟŏŀĚĭŅĚĽƞĺĬȮĸħĔŅĶıŉŗĚıŅıĸńĚĚŅĬěŅĔĔŅĶœĲĲƚŅőħĵĨĶĚȮŐĸŃĝƞĺĵĸħĮĶŇĴŅĦľĬƞĺĵĔŅĶŒĝƟœĲĲƚŅĪňŗĨƟŀĚĞŊŘŀ
ěŅĔĳŅėĶńģŀĵƞŅĚĴňĬńĵĽņėńĠȮ 
 ĔĸƞŅĺőħĵĽĶŋĮıĭĺƞŅěŅĔĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮěŉĚŏĮƦĬľĸńĔģŅĬŏĝŇĚĮĶŃěńĔļƢĪňŗĝňŘŒľƟŏľŖĬĺƞŅĔŅĶ
ĸĚĪŋĬŒĬĶŃĭĭőĞĸƞŅŏĞĸĸƢĽƞĚįĸőħĵĨĶĚĨƞŀĔŅĶĸħĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅŒĬĮƖȮ0345ȮŏĴŊŗŀŏĪňĵĭĔńĭĮƖȮ0344ȮĞŉŗĚĵńĚŏĮƦĬĮƖĪňŗĵńĚ
ŒĝƟĶŃĭĭįĸŇĨœĲĲƚŅĶŃĭĭőĞĸƞŅŏĞĸĸƢĵńĚœĴƞŏĨŖĴĪňŗȮěŉĚŐĽħĚĩŉĚėĺŅĴėŋƟĴėƞŅŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬȮŒĬĭĶŇĭĪ
ĕŀĚĽĩŅĬĻŉĔļŅ 
 

ĨŅĶŅĚĪňŗȮ0  įĸĔŅĶįĸŇĨœĲĲƚŅŐĸŃĴŌĸėƞŅĔŅĶĮĶŃľĵńħěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢȮĮƖȮı,Ļ,Ȯ2567  
ĮƖȮ0345 

ŏħŊŀĬ ĔņĸńĚœĲĲƚŅĽŌĚĽŋħ&kWp) ıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟ&kWh) ĮĶŃľĵńħŏĚŇĬȮ&ľĬƞĺĵ: 4.2 ĭŅĪ' 
ĴĔĶŅėĴ                 260.40                       2,377.31           9,984.70  
ĔŋĴĳŅıńĬīƢ                 260.40                       2,274.26           9,551.89  
ĴňĬŅėĴ                 260.40                       2,442.65         10,259.13  
ŏĴļŅĵĬ                 260.40                     10,079.26         42,332.89  
ıķļĳŅėĴ                 260.40                     11,024.08         46,301.14  
ĴŇĩŋĬŅĵĬ                 260.40                       3,104.40         13,038.48  
ĔĶĔġŅėĴ                 260.40                         131.78             553.48  
ĽŇĚľŅėĴ                 260.40                       3,506.87         14,728.85  
ĔńĬĵŅĵĬ                 260.40                     15,954.03         67,006.93  
 
ĨŅĶŅĚĪňŗȮ0  įĸĔŅĶįĸŇĨœĲĲƚŅŐĸŃĴŌĸėƞŅĔŅĶĮĶŃľĵńħěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢȮĮƖȮı,Ļ,Ȯ2567 (Ĩƞŀ' 

ĮƖȮ0345 
ŏħŊŀĬ ĔņĸńĚœĲĲƚŅĽŌĚĽŋħ&kWp) ıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟ&kWh) ĮĶŃľĵńħŏĚŇĬȮ&ľĬƞĺĵ: 4.2 ĭŅĪ' 
ĨŋĸŅėĴ                 260.40                     24,697.35        103,728.87  
ıķĻěŇĔŅĵĬ                 260.40                     17,553.31         73,723.90  
īńĬĺŅėĴ                 260.40                     14,029.00         58,921.80  
ĶĺĴ                 260.40                    107,174.30        450,132.06  

  
ěŅĔĨŅĶŅĚĪňŗȮ0ȮįĸĔŅĶĨŇħĨŅĴĔŅĶįĸŇĨıĸńĚĚŅĬœĲĲƚŅĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħȮ&On-Grid Solar 
PV System) ĕĬŅħȮ260.40 kWp ĨĸŀħĮƖȮı,Ļ,Ȯ2567ȮıĭĺƞŅȮĶŃĭĭĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅœħƟĶĺĴĪńŘĚĽŇŘĬȮ107,174.30 
kWh ėŇħŏĮƦĬĴŌĸėƞŅĔŅĶĮĶŃľĵńħĪŅĚŏĻĶļģĔŇěĮĶŃĴŅĦȮ450,132.06ȮĭŅĪȮőħĵėņĬĺĦěŅĔŀńĨĶŅėƞŅœĲĲƚŅŏĜĸňŗĵȮ4.2ȮĭŅĪĨƞŀ
ľĬƞĺĵ 
 ŏĴŊŗŀıŇěŅĶĦŅŒĬĶŅĵŏħŊŀĬȮıĭĺƞŅĮĶŇĴŅĦıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟĴňėĺŅĴįńĬįĺĬĨŅĴķħŌĔŅĸȮőħĵĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬ
ŒĬĝƞĺĚŏħŊŀĬŏĴļŅĵĬĩŉĚıķĻěŇĔŅĵĬȮĞŉŗĚŏĮƦĬĝƞĺĚķħŌĶƟŀĬŐĸŃĨƟĬķħŌľĬŅĺĕŀĚĮĶŃŏĪĻœĪĵĪňŗĴňĶńĚĽňŀŅĪŇĨĵƢĽŌĚŐĸŃĪƟŀĚĲƚŅŐěƞĴŒĽȮ
ĽƞĚįĸŒľƟĶŃĭĭĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅœħƟŒĬĮĶŇĴŅĦĴŅĔȮőħĵŏĜıŅŃŒĬŏħŊŀĬĨŋĸŅėĴȮĞŉŗĚŏĮƦĬŏħŊŀĬĪňŗĴňėƞŅĔŅĶįĸŇĨĽŌĚĽŋħȮ
24,697.35 kWh ėŇħŏĮƦĬĴŌĸėƞŅĔŅĶĮĶŃľĵńħĽŌĚĽŋħȮ103,728.87ȮĭŅĪȮŒĬĪŅĚĨĶĚĔńĬĕƟŅĴȮĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚĴňĬŅėĴȮĶĺĴĩŉĚ
ŏħŊŀĬĔĶĔġŅėĴȮıĭĺƞŅĶŃĭĭįĸŇĨıĸńĚĚŅĬœĲĲƚŅœħƟĨŗņĔĺƞŅėƞŅŏĜĸňŗĵȮőħĵŏĜıŅŃŏħŊŀĬĔĶĔġŅėĴĞŉŗĚįĸŇĨœħƟŏıňĵĚȮ131.78 kWh 
ŏĬŊŗŀĚěŅĔŏĮƦĬĝƞĺĚķħŌİĬĪňŗĴňŏĴęĴŅĔȮŐĽĚŀŅĪŇĨĵƢœĴƞĽĴŗņŏĽĴŀȮŐĸŃĭŅĚĝƞĺĚĴňİĬĨĔĨŇħĨƞŀĔńĬľĸŅĵĺńĬȮĪņŒľƟĶŃħńĭĶńĚĽňħĺĚ
ŀŅĪŇĨĵƢȮ&Solar Irradiance) ĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮĞŉŗĚŏĮƦĬĮƤěěńĵĽņėńĠĪňŗĽƞĚįĸĨƞŀĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢȮ 
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 ŀĵƞŅĚœĶĔŖĨŅĴȮŐĴƟěŃĴňėĺŅĴįńĬįĺĬĕŀĚĮĶŇĴŅĦıĸńĚĚŅĬĪňŗįĸŇĨœħƟŒĬŐĨƞĸŃŏħŊŀĬȮŐĨƞőħĵŏĜĸňŗĵŐĸƟĺĶŃĭĭĽŅĴŅĶĩįĸŇĨ
œĲĲƚŅœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħĪńŘĚĮƖȮőħĵœĴƞĴňĔŅĶľĵŋħĝŃĚńĔĕŀĚĔŅĶĪņĚŅĬȮĞŉŗĚĽŃĪƟŀĬĩŉĚȮėĺŅĴŏĽĩňĵĶĕŀĚĶŃĭĭŀŀĬĔĶŇħȮĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņĚŅĬŐĴƟŒĬĽĳŅıĳŌĴŇŀŅĔŅĻĪňŗŏĮĸňŗĵĬŐĮĸĚȮĪńŘĚĬňŘįĸĔŅĶħņŏĬŇĬĚŅĬħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮ[13] 
ĪňŗĶŅĵĚŅĬĺƞŅȮĶŃĭĭŀŀĬĔĶŇħŒĬĽĩŅĭńĬĔŅĶĻŉĔļŅĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶįĸŇĨœĲĲƚŅœħƟŏĜĸňŗĵȮ1,200ů1,400 kWh ĨƞŀȮ1 kWp Ĩƞŀ
ĮƖȮĞŉŗĚŒĔĸƟŏėňĵĚĔńĭėƞŅĪňŗœħƟěŅĔĔŅĶĻŉĔļŅėĶńŘĚĬňŘ 
 őħĵĽĶŋĮȮĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ260.40 kWp ĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟĨĸŀħĪńŘĚĮƖȮőħĵĴňĮĶŇĴŅĦ
ĔŅĶįĸŇĨĽŌĚĽŋħŒĬĝƞĺĚŏħŊŀĬĨŋĸŅėĴȮŐĸŃĨŗņĽŋħŒĬŏħŊŀĬĔĶĔġŅėĴȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĬňŘĽŃĪƟŀĬĩŉĚŀŇĪīŇıĸĕŀĚķħŌĔŅĸĨƞŀ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭȮĪńŘĚĬňŘȮıĸńĚĚŅĬĪňŗįĸŇĨœħƟĪńŘĚľĴħĩŌĔĬņĴŅŒĝƟĳŅĵŒĬĽĩŅĬĻŉĔļŅőħĵĨĶĚȮĪņŒľƟĽŅĴŅĶĩĸħĔŅĶıŉŗĚıŅœĲĲƚŅ
ěŅĔĔŅĶœĲĲƚŅĳŅĵĬŀĔœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŐĸŃŏĮƦĬıŊŘĬģŅĬĽņėńĠŒĬĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅĪŅĚŏĻĶļģĻŅĽĨĶƢŐĸŃ
ĽŇŗĚŐĺħĸƟŀĴŒĬĸņħńĭĨƞŀœĮ 
 
 

 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ2ȮĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅŒĝƟěƞŅĵħƟŅĬœĲĲƚŅŐĸŃĴŌĸėƞŅĔŅĶĮĶŃľĵńħĪňŗœħƟěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢȮĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃȮ
ı,Ļ,Ȯ0345 

 
 ěŅĔĳŅıĪňŗȮ1ȮŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅĶĺĴĶŃľĺƞŅĚĮƖȮı,Ļ,Ȯ0344ȮŐĸŃĮƖȮı,Ļ,Ȯ0345ȮıĭĺƞŅȮ
ľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħĕĬŅħȮ04.,2. kWp ĽƞĚįĸŒľƟėƞŅœĲĲƚŅĶĺĴĕŀĚĽĩŅĬĻŉĔļŅ
ĸħĸĚŀĵƞŅĚĴňĬńĵĽņėńĠȮőħĵŒĬĮƖȮ0344ȮĴňėƞŅŒĝƟěƞŅĵœĲĲƚŅĶĺĴĪńŘĚĮƖȮ76.*240,51ȮĭŅĪȮŒĬĕĦŃĪňŗĮƖȮ0345ȮĴňėƞŅŒĝƟěƞŅĵœĲĲƚŅĸħĸĚ
ŏľĸŊŀŏıňĵĚȮ5/2*//6,6.ȮĭŅĪȮŐĸŃĵńĚĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅŏıŇŗĴŏĨŇĴěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢȮėŇħŏĮƦĬĴŌĸėƞŅĔŅĶĮĶŃľĵńħŏıŇŗĴ
ŀňĔȮ23.*/10,.4ȮĭŅĪȮŏĴŊŗŀĶĺĴĪńŘĚĽƞĺĬĪňŗĸħĸĚěŅĔĭŇĸėƞŅœĲĲƚŅŐĸŃĴŌĸėƞŅĔŅĶįĸŇĨœĲĲƚŅěŅĔĶŃĭĭȮěŃıĭĺƞŅĮƖȮ0345ȮĴňĔŅĶĸħ
ėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅœħƟĶĺĴĮĶŃĴŅĦȮ040*4//,50ȮĭŅĪȮľĶŊŀėŇħŏĮƦĬĔŅĶĸħĸĚĶƟŀĵĸŃȮ04,6ȮŏĴŊŗŀŏĪňĵĭĔńĭĮƖĔƞŀĬľĬƟŅȮ
ŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢŒĬĔŅĶĝƞĺĵĸħĳŅĶŃėƞŅŒĝƟěƞŅĵĕŀĚľĬƞĺĵĚŅĬĳŅėĶńģœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 
 ŀĵƞŅĚœĶĔŖĨŅĴȮįĸĮĶŃľĵńħĪňŗœħƟěŅĔĶŃĭĭĴňėƞŅĴŅĔĔĺƞŅĔŅĶĸħĸĚĕŀĚėƞŅœĲĲƚŅĪňŗĮĶŅĔĢŒĬĭŇĸȮŏĬŊŗŀĚěŅĔĶŃĭĭĪňŗĨŇħĨńŘĚ
ŏĮƦĬŐĭĭȮŀŀĬĔĶŇħőħĵœĴƞĴňĔŅĶľńĔĸƟŅĚıĸńĚĚŅĬĽƞĺĬŏĔŇĬȮ&No Export Balance System) ĞŉŗĚıĸńĚĚŅĬĽƞĺĬŏĔŇĬĪňŗįĸŇĨœħƟŒĬĭŅĚ
ĝƞĺĚŏĺĸŅěŃœĴƞĩŌĔĬņœĮėŇħľńĔĸƟŅĚĔńĭėƞŅœĲĲƚŅěĶŇĚȮěŉĚŏĔŇħėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚȮŴıĸńĚĚŅĬĪňŗįĸŇĨœħƟŵȮĔńĭȮŴĴŌĸėƞŅĔŅĶĸħ
ėƞŅŒĝƟěƞŅĵěĶŇĚŵȮįĸħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬĕŀĚȮChantharak et al. (0.01'ȮĪňŗĶŃĭŋĺƞŅĶŃĭĭŀŀĬĔĶŇħĞŉŗĚœĴƞĴňĔŅĶĽƞĚ
ıĸńĚĚŅĬĔĸńĭŏĕƟŅĽŅĵĽƞĚěŃŒľƟįĸĮĶŃľĵńħěĶŇĚŏĜĸňŗĵŏıňĵĚȮ4.ů5.#ȮĕŀĚĴŌĸėƞŅĔŅĶįĸŇĨĪńŘĚľĴħ 
 őħĵĽĶŋĮȮįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħĽŅĴŅĶĩ
ĸħėƞŅŒĝƟěƞŅĵœĲĲƚŅœħƟŀĵƞŅĚŏĮƦĬĶŌĮīĶĶĴȮŐĸŃŏĮƦĬŐĬĺĪŅĚĽņėńĠŒĬĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıħƟŅĬıĸńĚĚŅĬŐĸŃĔŅĶĭĶŇľŅĶ
ĚĭĮĶŃĴŅĦĕŀĚľĬƞĺĵĚŅĬĳŅėĶńģœħƟŀĵƞŅĚĵńŗĚĵŊĬ 
 

980,462.73 
714,118.80 

0
450,132.06 

 80,000.00

 280,000.00

 480,000.00

 680,000.00

 880,000.00

 1,080,000.00

 1,280,000.00

ĮƖȮ0344 ĮƖ0345

ėƞŅœĲĲƚŅĨŅĴŒĭŐěƟĚĵŀħȮ&ŏĚŇĬ' ĮĶŃľĵńħ
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ĨŅĶŅĚĪňŗȮ1Ȯ įĸĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĻĶļģĻŅĽĨĶƢĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ260.40 kWp 

ĶŅĵĔŅĶ ĽńĠĸńĔļĦƢ ĽŌĨĶėņĬĺĦȮ-ȮĺŇīňĔŅĶ 
įĸĔŅĶ
ėņĬĺĦ 

ĔŅĶĨňėĺŅĴ 

ŏĚŇĬĸĚĪŋĬĶĺĴĕŀĚőėĶĚĔŅĶ ) ĶĺĴĶŅėŅĨŇħĨńŘĚŀŋĮĔĶĦƢŐĸŃėƞŅŒĝƟěƞŅĵĪńŘĚľĴħ 5,222,000 ĭŅĪ 
ĨƟĬĪŋĬĶĺĴĕŀĚĶŃĭĭȮSolar PV 
rooftop 

įĸĮĶŃľĵńħėƞŅœĲĲƚŅĶĺĴĨƞŀĮƖ  CF  
ěŅĔıĸńĚĚŅĬįĸŇĨœħƟȮ/.5*/52,1.ȮiUfȮ×Ȯ2,0Ȯ
ĭŅĪ-ľĬƞĺĵ 

450,132.06 
ĭŅĪ-ĮƖ 

ĶŅĵœħƟĽŋĪīŇěŅĔĔŅĶĸħėƞŅœĲĲƚŅ 

įĸĨŀĭŐĪĬĨƞŀĔŅĶĸĚĪŋĬȮ&ROI) ů ὙὕὍ
ὅὊ

Ὅ
ρππ  8.62 % ŀńĨĶŅįĸĨŀĭŐĪĬĨƞŀĮƖěŅĔĔŅĶĸĚĪŋĬ 

ĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) ů 
ὖὥώὦὥὧὯ

Ὅ

ὅὊ
 

  
11.6 ĮƖ 

ŒĝƟŏĺĸŅĮĶŃĴŅĦȮ12 ĮƖěŉĚėŊĬĪŋĬŏĨŖĴ
ěņĬĺĬ 

ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ů 
ὔὖὠ

ὅὊ

ρ πȢπφ
Ὅ 

 
618,000 ĭŅĪ 

ĴňėƞŅĴŅĔĔĺƞŅȮ0 ŐĽħĚĺƞŅőėĶĚĔŅĶ
ėŋƟĴėƞŅ 

ŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ů ėņĬĺĦľŅŀńĨĶŅėŇħĸħĪňŗĪņŒľƟȮNPV = 0 7.2 % 
ŒľƟįĸĨŀĭŐĪĬĽŌĚĔĺƞŅŀńĨĶŅėŇħĸħȮ
6% 

ŀńĨĶŅėŇħĸħĪňŗŒĝƟȮ&Discount Rate)  r  ĽĴĴĨŇģŅĬěŅĔĨƟĬĪŋĬĪŅĚĔŅĶŏĚŇĬŏĜĸňŗĵĕŀĚĶńģ 6 % 
ŒĝƟĮĶŃĔŀĭĔŅĶėņĬĺĦȮNPV ŐĸŃȮ
IRR 

ŀŅĵŋĔŅĶŒĝƟĚŅĬĶŃĭĭȮ 
&Project Lifetime) 

 n  ŀŅĵŋĔŅĶŒĝƟĚŅĬŏĜĸňŗĵĕŀĚŐįĚőĞĸƞŅŏĞĸĸƢ 25 ĮƖ ŒĝƟŏĮƦĬĝƞĺĚŏĺĸŅėņĬĺĦĔĶŃŐĽŏĚŇĬĽħ 

  
ěŅĔĨŅĶŅĚĪňŗȮ1ȮįĸĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĻĶļģĻŅĽĨĶƢĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħȮȮȮȮȮ&On-

Grid System) ĕĬŅħȮ04.,2. kWp ŐĽħĚŒľƟŏľŖĬĺƞŅȮőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅŏĝŇĚŏĻĶļģĻŅĽĨĶƢŒĬĶŃħńĭĪňŗĬƞŅıŀŒěȮőħĵĴňŏĚŇĬ
ĸĚĪŋĬĶĺĴĪńŘĚĽŇŘĬȮ3*000*...ȮĭŅĪȮĞŉŗĚĮĶŃĔŀĭħƟĺĵĨƟĬĪŋĬĔŅĶěńħĞŊŘŀŐįĚőĞĸƞŅŏĞĸĸƢȮŀŇĬŏĺŀĶƢŏĨŀĶƢȮőėĶĚĽĶƟŅĚĶŀĚĶńĭȮŀŋĮĔĶĦƢ
œĲĲƚŅȮĶŃĭĭȮMonitoring ŐĸŃėƞŅħņŏĬŇĬĔŅĶĪŅĚœĲĲƚŅȮĪńŘĚľĴħĬňŘŏĮƦĬėƞŅŒĝƟěƞŅĵĪňŗŏĔŇħĕŉŘĬěĶŇĚěŅĔĔŅĶĨŇħĨńŘĚŒĬıŊŘĬĪňŗĽĩŅĬĻŉĔļŅ 
ĶŃĭĭĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅœħƟĶĺĴȮ/.5*/52,1. kWh ĨƞŀĮƖȮĞŉŗĚŏĴŊŗŀėņĬĺĦħƟĺĵŀńĨĶŅėƞŅœĲĲƚŅŏĜĸňŗĵȮ2,0ȮĭŅĪĨƞŀľĬƞĺĵȮĪņ
ŒľƟĽŅĴŅĶĩĮĶŃľĵńħėƞŅœĲĲƚŅœħƟĮĶŃĴŅĦȮ23.*/10,.4ȮĭŅĪĨƞŀĮƖȮŀńĨĶŅįĸĨŀĭŐĪĬěŅĔĔŅĶĸĚĪŋĬȮ&ROI) ŏĪƞŅĔńĭȮ6,40Ȯ
ŏĮŀĶƢŏĞŖĬĨƢĨƞŀĮƖȮĞŉŗĚŀĵŌƞŒĬĝƞĺĚĪňŗĵŀĴĶńĭœħƟĽņľĶńĭőėĶĚĔŅĶħƟŅĬıĸńĚĚŅĬĪħŐĪĬŒĬĳŅėĶńģĪňŗĴŋƞĚŏĬƟĬĔŅĶĸħĨƟĬĪŋĬĔŅĶħņŏĬŇĬĚŅĬ
ĶŃĵŃĵŅĺĴŅĔĔĺƞŅĔŅĶĽĶƟŅĚĔņœĶŏĝŇĚıŅĦŇĝĵƢȮįĸĸńıīƢĬňŘĽŀħėĸƟŀĚĔńĭĚŅĬĕŀĚȮ[12] ĪňŗĶŃĭŋĺƞŅĶŃĭĭȮSolar Rooftop ŒĬľĬƞĺĵĚŅĬ
ĶŅĝĔŅĶĴňȮROI ŀĵŌƞĶŃľĺƞŅĚȮ4ů/.ȮŏĮŀĶƢŏĞŖĬĨƢȮĨƞŀĮƖ 
 ŒĬĽƞĺĬĕŀĚȮĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) ıĭĺƞŅĶŃĭĭĽŅĴŅĶĩėŊĬĪŋĬœħƟĳŅĵŒĬȮ//,4ȮĮƖȮĞŉŗĚĩŊŀĺƞŅŀĵŌƞŒĬŏĔĦĤƢ
ĪňŗŏľĴŅŃĽĴĔńĭŀŅĵŋĔŅĶŒĝƟĚŅĬĕŀĚŐįĚőĞĸƞŅŏĞĸĸƢȮĮĶŃĴŅĦȮ03ȮĮƖȮŐĸŃĴňĻńĔĵĳŅıĪňŗěŃėŊĬĪŋĬœħƟŏĶŖĺĕŉŘĬŏľĸŊŀȮ7ů/.ȮĮƖȮľŅĔėƞŅ
œĲĲƚŅĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬŏĜĸňŗĵȮ1ů3ȮŏĮŀĶƢŏĞŖĬĨƢȮĨƞŀĮƖȮŒĬŀĬŅėĨȮįĸħńĚĔĸƞŅĺŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴĵńŗĚĵŊĬĕŀĚőėĶĚĔŅĶŒĬĶŃĵŃĵŅĺȮ
ŏĴŊŗŀıŇěŅĶĦŅėĺĭėŌƞĔńĭĨƟĬĪŋĬĔŅĶĭņĶŋĚĶńĔļŅĪňŗĨŗņĕŀĚĶŃĭĭŀŀĬĔĶŇħ ĔŅĶėņĬĺĦȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ĪňŗŀńĨĶŅėŇħĸħȮ4Ȯ
ŏĮŀĶƢŏĞŖĬĨƢȮıĭĺƞŅĴňėƞŅŏĪƞŅĔńĭȮ4/6*...ȮĭŅĪȮĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅȮ.ȮŐĽħĚĺƞŅőėĶĚĔŅĶĬňŘĽŅĴŅĶĩĽĶƟŅĚįĸĨŀĭŐĪĬŏĝŇĚĭĺĔŒĬĶŃĵŃ
ĵŅĺœħƟŀĵƞŅĚŐĪƟěĶŇĚȮĕĦŃĪňŗȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ĴňėƞŅŏĪƞŅĔńĭȮ5,0ȮŏĮŀĶƢŏĞŖĬĨƢȮĞŉŗĚĽŌĚĔĺƞŅŀńĨĶŅȮȮȮėŇħĸħȮ4ȮŏĮŀĶƢŏĞŖĬĨƢȮ
ŏĸŖĔĬƟŀĵȮĽŃĪƟŀĬĺƞŅőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅŒĬĶŃħńĭĪňŗĬƞŅıŀŒěŐĸŃĽŅĴŅĶĩŐĕƞĚĕńĬœħƟĔńĭĔŅĶĸĚĪŋĬŒĬőėĶĚĔŅĶıĸńĚĚŅĬľĴŋĬŏĺňĵĬ
ĪńŗĺœĮŒĬĮĶŃŏĪĻœĪĵȮĽŀħėĸƟŀĚĔńĭĶŅĵĚŅĬĕŀĚȮChantharak et al. (0.01'ȮĪňŗıĭĺƞŅőėĶĚĔŅĶȮSolar PV ĳŅėĶńģĴňȮIRR ŏĜĸňŗĵȮ
5ů7ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃĴňȮNPV ŏĮƦĬĭĺĔŏĴŊŗŀŀŅĵŋőėĶĚĔŅĶĴŅĔĔĺƞŅȮ0.ȮĮƖ 
 őħĵĽĶŋĮȮĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚŏĻĶļģĻŅĽĨĶƢĵŊĬĵńĬĺƞŅȮĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħȮ04.,2.ȮkWp 
ĴňėĺŅĴėŋƟĴėƞŅŐĸŃŏľĴŅŃĽĴĨƞŀĔŅĶĸĚĪŋĬŒĬľĬƞĺĵĚŅĬĳŅėĶńģȮĪńŘĚĬňŘȮĬŀĔěŅĔěŃĽŅĴŅĶĩĸħėƞŅœĲĲƚŅĶŅĵĮƖœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮĵńĚĴň
ĻńĔĵĳŅıŒĬĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢŒĬĶŃĵŃĵŅĺȮŀńĬŏĮƦĬĔŅĶĽĬńĭĽĬŋĬŏĮƚŅľĴŅĵĕŀĚĮĶŃŏĪĻŒĬĔŅĶĴŋƞĚĽŌƞĔŅĶ
ıńĥĬŅŀĵƞŅĚĵńŗĚĵŊĬȮŐĸŃĔŅĶŒĝƟıĸńĚĚŅĬĽŃŀŅħȮ&Net Zero Emission Goal) ĕŀĚĮĶŃŏĪĻœĪĵ 
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ĨŅĶŅĚĪňŗȮ2ȮĽĶŋĮįĸĔŅĶĮĶŃŏĴŇĬĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĸŃĔŅĶŏĪňĵĭŏĪƞŅĪŅĚĽŇŗĚŐĺħĸƟŀĴ 
ĶŅĵĔŅĶ ėƞŅőħĵĮĶŃĴŅĦ ľĬƞĺĵ 

ĔņĸńĚĔŅĶĨŇħĨńŘĚĶĺĴ 260.40 kWp 
ıĸńĚĚŅĬœĲĲƚŅĪňŗįĸŇĨœħƟ (ĨƞŀĮƖ' 107,174.30 kWh/ĮƖ 

ĔŅĶĸħĔŅĶĮĸƞŀĵ COϜ (ėņĬĺĦœħƟ' 61.09 ĨńĬ-ĮƖ 
ěŅĔĕƟŀĴŌĸĶŃĭĭ (ĶĺĴĽŃĽĴ' 102,852 ĨńĬ 

ĔŅĶħŌħĞńĭ COϜ ĕŀĚĨƟĬœĴƟȮ1 ĨƟĬ 0.093 ĨńĬ-ĮƖ 
ěņĬĺĬĨƟĬœĴƟŏĪňĵĭŏĪƞŅ 657 ĨƟĬ-ĮƖ 

  
ěŅĔĨŅĶŅĚĪňŗȮ2ȮįĸĔŅĶĮĶŃŏĴŇĬĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕĬŅħĔņĸńĚĨŇħĨńŘĚĶĺĴȮ04.,2. kWp ıĭĺƞŅȮĶŃĭĭ

ĽŅĴŅĶĩįĸŇĨıĸńĚĚŅĬœĲĲƚŅœħƟȮ/.5*/52,1. kWh ĨƞŀĮƖȮĞŉŗĚĽŀħėĸƟŀĚĔńĭėƞŅĻńĔĵĳŅıĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭȮȮȮȮȮȮȮŀŀĬĔĶŇħŒĬ
ıŊŘĬĪňŗĮĶŃŏĪĻœĪĵĪňŗĴňĶŃħńĭĶńĚĽňħĺĚŀŅĪŇĨĵƢŏĜĸňŗĵĽŌĚĨƞŀŏĬŊŗŀĚĨĸŀħĮƖȮĔŅĶįĸŇĨœĲĲƚŅěņĬĺĬħńĚĔĸƞŅĺĽƞĚįĸŒľƟŏĔŇħĔŅĶȮĸħĔŅĶ
ĮĸƞŀĵĔƠŅĞėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&COϜ'ȮœħƟĮĶŃĴŅĦȮ4/,.7ȮĨńĬĨƞŀĮƖȮľĶŊŀŏĪňĵĭŏĪƞŅĔńĭȮĔŅĶĮĸŌĔĨƟĬœĴƟĮĶŃĴŅĦȮ435ȮĨƟĬĨƞŀĮƖ 
įĸĸńıīƢĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅȮĶŃĭĭőĞĸƞŅŏĞĸĸƢĪňŗĨŇħĨńŘĚĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĝƞĺĵĸħįĸĔĶŃĪĭĪŅĚĽŇŗĚŐĺħĸƟŀĴœħƟŀĵƞŅĚĝńħŏěĬȮ 
 ĬŀĔěŅĔĬňŘȮĔŅĶĸħĔŅĶĮĸƞŀĵȮCOϜȮĽŃĽĴĕŀĚĶŃĭĭĪňŗĴňėƞŅĶĺĴĔĺƞŅȮ/.0*630ȮĨńĬȮĨĸŀħŀŅĵŋĔŅĶŒĝƟĚŅĬȮĵńĚĽŃĪƟŀĬŒľƟ
ŏľŖĬĩŉĚėĺŅĴėŋƟĴėƞŅĪŅĚĽŇŗĚŐĺħĸƟŀĴŒĬĶŃĵŃĵŅĺĕŀĚőėĶĚĔŅĶȮĞŉŗĚĴňĽƞĺĬĽĬńĭĽĬŋĬŏĮƚŅľĴŅĵȮCarbon Neutrality ŐĸŃȮNet Zero 
Emission ĕŀĚĮĶŃŏĪĻȮőħĵŏĜıŅŃŒĬĳŅėľĬƞĺĵĚŅĬĳŅėĶńģĪňŗĴňĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĽŌĚȮĔŅĶĨŇħĨńŘĚĶŃĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ
ĝƞĺĵĸħėƞŅŒĝƟěƞŅĵĮĶŃěņŐĸŃĽƞĚŏĽĶŇĴĔŅĶŒĝƟıĸńĚĚŅĬľĴŋĬŏĺňĵĬŀĵƞŅĚĵńŗĚĵŊĬ 
 įĸĔŅĶĻŉĔļŅĬňŘěŉĚĵŊĬĵńĬĺƞŅȮĔŅĶĸĚĪŋĬŒĬĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭŀŀĬĔĶŇħœĴƞŏıňĵĚŐĨƞĝƞĺĵĮĶŃľĵńħėƞŅœĲĲƚŅŏĪƞŅĬńŘĬȮŐĨƞĵńĚ
ŏĮƦĬŐĬĺĪŅĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔȮŐĸŃĽŅĴŅĶĩŏĮƦĬĨƟĬŐĭĭŒĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶěńħĔŅĶıĸńĚĚŅĬ
ŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŒĬŀĚėƢĔĶĳŅėĶńģŐĸŃĽĩŅĬĻŉĔļŅ 
 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ĔŅĶĺŇěńĵėĶńŘĚĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢĽŀĚĮĶŃĔŅĶȮœħƟŐĔƞȮ&/'ȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟěŅĔĶŃĭĭőĞĸƞŅŏĞĸĸƢŐĭĭ
ŀŀĬĔĶŇħĔńĭĔņĸńĚœĲĲƚŅĪňŗĮĶŅĔĢŒĬĭŇĸėƞŅœĲĲƚŅĕŀĚĔŅĶœĲĲƚŅŒĬŀĚėƢĔĶĳŅėĶńģȮŐĸŃȮ&0'ȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴĽŀħėĸƟŀĚŐĸŃ
ĺŇŏėĶŅŃľƢĻńĔĵĳŅıŒĬĔŅĶĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬĕŀĚľĬƞĺĵĚŅĬĶńģ 
 įĸĔŅĶĻŉĔļŅĔŅĶĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĬĔĶŇħȮ&On-Grid Solar PV System) ĕĬŅħȮ
04.,2.ȮĔŇőĸĺńĨĨƢıňĔȮ&kWp) ŒĬĽĩŅĬĻŉĔļŅȮŐĽħĚŒľƟŏľŖĬĺƞŅĶŃĭĭħńĚĔĸƞŅĺĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĝƞĺĵĸħėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬ
œĲĲƚŅŐĸŃĽƞĚŏĽĶŇĴĔŅĶŒĝƟıĸńĚĚŅĬĽŃŀŅħŀĵƞŅĚĴňĬńĵĽņėńĠȮĪńŘĚŒĬħƟŅĬŏĻĶļģĻŅĽĨĶƢȮıĸńĚĚŅĬȮŐĸŃĽŇŗĚŐĺħĸƟŀĴȮőħĵěŅĔĔŅĶ
ŏĮĶňĵĭŏĪňĵĭĕƟŀĴŌĸĔƞŀĬŐĸŃľĸńĚĔŅĶĨŇħĨńŘĚĶŃĭĭȮıĭĺƞŅėƞŅŒĝƟěƞŅĵħƟŅĬıĸńĚĚŅĬœĲĲƚŅĶĺĴĪńŘĚĮƖĸħĸĚěŅĔȮ76.*240,51ȮĭŅĪŒĬĮƖȮ
ı,Ļ,Ȯ0344ȮŏľĸŊŀȮ5/5*63/,./ȮĭŅĪŒĬĮƖȮı,Ļ,Ȯ0345ȮėŇħŏĮƦĬĔŅĶĸħĸĚĶƟŀĵĸŃȮ04,6ȮĕĦŃĪňŗĮĶŇĴŅĦĔŅĶŒĝƟœĲĲƚŅĸħĸĚěŅĔȮ
/30*5/0ȮľĬƞĺĵȮŏľĸŊŀȮ//6*446ȮľĬƞĺĵȮľĶŊŀėŇħŏĮƦĬĶƟŀĵĸŃȮ00,1ȮĽŃĪƟŀĬŒľƟŏľŖĬĺƞŅĶŃĭĭĽŅĴŅĶĩĝƞĺĵĸħĔŅĶıŉŗĚıŅœĲĲƚŅěŅĔ
ĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 
 ĶŃĭĭőĞĸƞŅŏĞĸĸƢĪňŗĨŇħĨńŘĚĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟĶĺĴĪńŘĚĽŇŘĬȮ/.5*/52,1.ȮĔŇőĸĺńĨĨƢĝńŗĺőĴĚĨƞŀĮƖȮėŇħŏĮƦĬĴŌĸėƞŅĔŅĶĮĶŃľĵńħȮ
23.*/10,.4ȮĭŅĪĨƞŀĮƖȮőħĵĴňėƞŅĔŅĶįĸŇĨœĲĲƚŅĽŌĚĽŋħŒĬŏħŊŀĬĨŋĸŅėĴȮĞŉŗĚŏĮƦĬĝƞĺĚĪňŗĴňĶńĚĽňŀŅĪŇĨĵƢŏĕƟĴĕƟĬȮŐĸŃĨŗņĽŋħŒĬŏħŊŀĬ
ĔĶĔġŅėĴȮĞŉŗĚŀĵŌƞŒĬĝƞĺĚķħŌİĬĪňŗĴňŏĴęĴŅĔŐĸŃĴňŐĽĚŀŅĪŇĨĵƢœĴƞĽĴŗņŏĽĴŀȮĮƤěěńĵħƟŅĬĳŌĴŇŀŅĔŅĻěŉĚĴňįĸőħĵĨĶĚĨƞŀĮĶŃĽŇĪīŇĳŅı
ĕŀĚĶŃĭĭȮĪńŘĚĬňŘȮŐĴƟěŃĴňėĺŅĴįńĬįĺĬŒĬŐĨƞĸŃŏħŊŀĬȮŐĨƞĶŃĭĭĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚĨĸŀħĪńŘĚĮƖőħĵœĴƞıĭĔŅĶ
ľĵŋħĝŃĚńĔȮĽŃĪƟŀĬĩŉĚėĺŅĴŏĽĩňĵĶŐĸŃėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
 ŒĬħƟŅĬŏĻĶļģĻŅĽĨĶƢıĸńĚĚŅĬȮĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶıĭĺƞŅȮĴňŏĚŇĬĸĚĪŋĬĶĺĴĪńŘĚĽŇŘĬȮ3*000*...ȮĭŅĪȮ
ŐĸŃĽŅĴŅĶĩĽĶƟŅĚįĸĨŀĭŐĪĬĪŅĚŏĻĶļģĻŅĽĨĶƢœħƟŀĵƞŅĚŏľĴŅŃĽĴȮőħĵĴňŀńĨĶŅįĸĨŀĭŐĪĬĨƞŀĔŅĶĸĚĪŋĬȮ&ROI) ŏĪƞŅĔńĭȮ6,40Ȯ
ŏĮŀĶƢŏĞŖĬĨƢĨƞŀĮƖȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ŏĪƞŅĔńĭȮ4/6*...ȮĭŅĪȮĞŉŗĚĴňėƞŅĴŅĔĔĺƞŅȮ.ȮŐĽħĚĺƞŅőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅŒĬĶŃĵŃ
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ĵŅĺȮŐĸŃĴňŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) ŏĪƞŅĔńĭȮ5,0ȮŏĮŀĶƢŏĞŖĬĨƢȮĞŉŗĚĽŌĚĔĺƞŅŀńĨĶŅėŇħĸħĪňŗŒĝƟŒĬĔŅĶėņĬĺĦȮ&4#'ȮĶŃĵŃŏĺĸŅėŊĬ
ĪŋĬȮ&Payback Period) ĮĶŃĴŅĦȮ//,4ȮĮƖȮĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢŏľĴŅŃĽĴĔńĭŀŅĵŋĔŅĶŒĝƟĚŅĬĕŀĚŐįĚőĞĸƞŅŏĞĸĸƢĪňŗŏĜĸňŗĵĮĶŃĴŅĦȮ03ȮĮƖȮ
įĸĔŅĶĺŇŏėĶŅŃľƢħńĚĔĸƞŅĺĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚȮSomchai et al. (0.0/'ȮŐĸŃȮChantharak et al. (0.01'ȮĪňŗĶŃĭŋĺƞŅĔŅĶ
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Abstract 

The cold energy of liquefied Nitrogen is generally wasted when it is extracted for use in the gaseous 
phase. This paper proposes cryogenic thermoelectric generators to recover this waste cold energy. 
Consisting of four commercial thermoelectric generator (TEG) modules, these are characterized by direct, 
low-efficiency (up to 5%) conversion of thermal energy into electrical energy. The effect of the heat 
supplied to the cold energy reservoir on the maximum output power and conversion efficiency is shown. 
The results indicated that, with 200 W of heat supplied, the system produces 5.25 W of power output and 
3.16% conversion efficiency. However, this shows that cold waste energy from liquid nitrogen has strong 
potential as an alternative cooling source for TE power generation, by utilizing waste cooling energy to 
increase energy recovery efficiency in the system. 

 

Keywords: Thermoelectric power generator, Waste cold energy, Liquid nitrogen 
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ĔŅĶĔĸŅĵŏĮƦĬœŀŐĸŃėĺŅĴĶƟŀĬĽńĴįńĽĪňŗĪņŒľƟĕŀĚŏľĸĺŏħŊŀĬĔĸŅĵŏĮƦĬœŀŏĶňĵĔĺƞŅȮ ıĸńĚĚŅĬŏĵŖĬ ȮY1-2[ȮĞŉŗĚıĸńĚĚŅĬėĺŅĴŏĵŖĬ
ŏľĸƞŅĬňŘŏĮƦĬıĸńĚĚŅĬŏľĸŊŀĪŇŘĚĪňŗœĴƞœħƟĴňĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢȮĬŀĔěŅĔĔŅĶĔŌƟėŊĬėĺŅĴĶƟŀĬŏĽňĵŐĸƟĺ ĔŅĶĔŌƟėŊĬėĺŅĴŏĵŖĬŏĽňĵĵńĚŏĮƦĬ
ĮĶŃŏħŖĬĪňŗėĺĶıŇěŅĶĦŅŀňĔħƟĺĵȮŀĵƞŅĚŏĝƞĬĽŅĴŅĶĩĬņœĮŒĝƟŒĬĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŒľƟĔńĭŀŋĮĔĶĦƢĭŅĚĝĬŇħœħƟȮŏĝƞĬȮŏīŀĶƢőĴŀŇŏĸŖĔ
ĨĶŇĔ  

ĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŒĝƟĚŅĬıĸńĚĚŅĬĬŀĔěŅĔĔŅĶŒĝƟĚŅĬĶŃĭĭėĺŅĴĶƟŀĬĶƞĺĴŐĸƟĺĔŅĶŒĝƟĚŅĬŏėĶŊŗŀĚįĸŇĨ
ıĸńĚĚŅĬœĲĲƚŅŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔȮ&TEG) ĞŉŗĚĪņĚŅĬĨŅĴľĸńĔĔŅĶĕŀĚĮĶŅĔġĔŅĶĦƢĞňŏĭŖĔȮ&Seebeck effect) ěŅĔĮĶŅĔĢĔŅĶĦƢĬňŘ
ĪņŒľƟĴňĬńĔĺŇěńĵœħƟıńĥĬŅŏıŊŗŀĬņĴŅįĸŇĨœĲĲƚŅľĸŅĵĶŌĮŐĭĭȮŏĝƞĬȮJeong E S. [2] œħƟĻŉĔļŅĔŅĶŏıŇŗĴĮĶŃĽŇĪīŇĳŅıőĴħŌĸŏĪŀĶƢőĴŀŇ
ŏĸŖĔĨĶŇĔĞŉŗĚŐĮĸĚıĸńĚĚŅĬėĺŅĴŏĵŖĬĕŀĚĔƠŅĞīĶĶĴĝŅĨŇŏľĸĺĪňŗŀŋĦľĳŌĴŇȮů 143.15 oC ŒľƟŏĮƦĬıĸńĚĚŅĬœĲĲƚŅ ıĭĺƞŅĔŅĶŒĝƟėĺŅĴ
ŏĵŖĬěŅĔĔŅĶĶŃŏľĵĕŀĚĔƠŅĞĴňįĸĨƞŀŀńĨĶŅĔŅĶŏıŇŗĴĕŉŘĬĕŀĚıĸńĚĚŅĬœĲĲƚŅĽŌĚĽŋħĕŀĚŀŋĮĔĶĦƢȮTEG C. Weng et al,.[3] œħƟĪņĔŅĶ
ĪħĸŀĚĔŅĶŒĝƟėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔĪƞŀěƞŅĵœĬőĨĶŏěĬŏľĸĺőħĵŒĝƟıńħĸĴĶŃĭŅĵėĺŅĴĶƟŀĬĭĬĪƞŀŀĸŌĴŇŏĬňĵĴıĭĺƞŅĽŅĴŅĶĩĪņŒľƟ
ŀŋĮĔĶĦƢȮTEG įĸŇĨœĲĲƚŅœħƟĽŌĚĽŋħĪňŗȮ0.93 ĺńĨĨƢ ŏĮƦĬĨƟĬȮőħĵŀŋĮĔĶĦƢȮTEG ĮĶŃĔŀĭħƟĺĵŏĪŀĶƢőĴėńĮŏĮƕĸŐĭĭĚƞŅĵȮŕȮĪňŗĽŅĴŅĶĩ
ŐĮĸĚıĸńĚĚŅĬėĺŅĴĶƟŀĬŏĮƦĬıĸńĚĚŅĬœĲĲƚŅĽņľĶńĭĔŅĶŒĝƟĚŅĬįĸŇĨœĲĲƚŅľĶŊŀıĸńĚĚŅĬœĲĲƚŅŏĮƦĬıĸńĚĚŅĬėĺŅĴĶƟŀĬĽņľĶńĭĔŅĶŒĝƟ
ĚŅĬĪņėĺŅĴĶƟŀĬľĶŊŀĪņėĺŅĴŏĵŖĬœħƟőħĵĨĶĚȮY4[ȮĪńŘĚĵńĚĴňėĺŅĴĬƞŅĽĬŒěŀĵƞŅĚĴŅĔŏĬŊŗŀĚěŅĔĴňĕĬŅħŏĸŖĔȮœĴƞĴňĝŇŘĬĽƞĺĬŏėĸŊŗŀĬœľĺȮ
œĴƞĴňŏĽňĵĚȮŐĸŃĵńĚĴňėĺŅĴĬƞŅŏĝŊŗŀĩŊŀĽŌĚȮőħĵĽŅĴŅĶĩĬņœĮŒĝƟĮĶŃőĵĝĬƢĔńĭŀŋĮĔĶĦƢœĲĲƚŅĕĬŅħŏĸŖĔœħƟȮŐĨƞĵńĚœĴƞĽŅĴŅĶĩĬņœĮŒĝƟĔńĭ
ŀŋĮĔĶĦƢœĲĲƚŅĕĬŅħŒľĠƞœħƟŏĬŊŗŀĚěŅĔĵńĚĴňĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚĶŌĮıĸńĚĚŅĬĨŗņȮ&Energy conversion) ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶŒĝƟĚŅĬ
ŀŋĮĔĶĦƢȮTEG ĽŅĴŅĶĩĮĶŃĵŋĔĨƢĔŅĶŒĝƟĚŅĬŒĬĔŅĶŏĮĸňŗĵĬĶŌĮıĸńĚĚŅĬĴŅĔľĶŊŀĬƟŀĵĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵĨƞŅĚŕȮŏĝƞĬȮėĺŅĴĨƞŅĚĕŀĚ
ŀŋĦľĳŌĴŇȮěņĬĺĬőĴħŌĸȮŏĮƦĬĨƟĬȮħńĚĬńŘĬĚŅĬĺŇěńĵĬňŘěŃĴŋƞĚŏĬƟĬœĮĵńĚĔŅĶĻŉĔļŅĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨıĸńĚĚŅĬœĲĲƚŅĕŀĚŏīŀĶƢőĴŀŇŏĸŖĔ
ĨĶŇĔěŅĔĔŅĶŒĝƟėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔĔŅĶŒĝƟĚŅĬĶŃĭĭœĬőĨŏěĬŏľĸĺĪňŗĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅĭĶĶĵŅĔŅĻőħĵĴňĔŅĶŒĝƟĽńĴįńĽŀŋĮĔĶĦƢ 
TEG ŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĔŅĶıŅėĺŅĴĶƟŀĬĕŀĚĶŃĭĭœĬőĨĶŏěĬŏľĸĺŏıŊŗŀŏĮƦĬŐĬĺĪŅĚŀŀĔŐĭĭŐĸŃŒĝƟĮĶŃőĵĝĬƢĶŃĭĭįĸŇĨ
œĲĲƚŅőħĵŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔőħĵŒĝƟıĸńĚĚŅĬěŅĔėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔœĬőĨĶŏěĬŏľĸĺĽņľĶńĭŏĮƦĬŀňĔĪŅĚŏĸŊŀĔľĬŉŗĚŒĬĔŅĶ
ŀŀĔŐĭĭĔŅĶŒĝƟĚŅĬŀŋĮĔĶĦƢ TEG ŒĬĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔĔŅĶĔŌƟėŊĬıĸńĚĚŅĬĪňŗĻŌĬĵƢŏĽňĵĔĸńĭœĮĴŅĮĶŃĵŋĔĨƢŒĝƟĚŅĬĨƞŀœĮ  

 
ĺŇīňĔŅĶĺŇěńĵ 

 ŒĬĔŅĶĺŇŏėĶŅŃľƢĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚĔņŏĬŇħœĲĲƚŅŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔőħĵŒĝƟėĺŅĴŏĵŖĬĪŇŘĚěŅĔœĬőĨĶŏěĬŒĬĚŅĬĺŇěńĵĬňŘœħƟ
ĪņĔŅĶĪħĸŀĚŒĬıŊŘĬĪňŗŒĬľƟŀĚŏĮƕħőĸƞĚĳŅĵĬŀĔȮőħĵŒĬĔŅĶĪħĸŀĚœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚĶŃĭĭįĸŇĨœĲĲƚŅŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔĪňŗĴňĔŅĶ
ŒľƟėĺŅĴĶƟŀĬŐĭĭœĲĲƚŅĔńĭȮTEG ŐĽħĚħńĚĳŅıĪňŗȮ1ȮĔ,ȮĝŋħįĸŇĨıĸńĚĚŅĬœĲĲƚŅħƟĺĵėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚĮĶŃĔŀĭħƟĺĵȮTEG ěņĬĺĬȮ
4 őĴħŌĸȮ&ĶŋƞĬȮTEHP/+/0413+/,0 'ȮĕĬŅħȮĔĺƟŅĚȮ35 mm ĵŅĺȮ35 mm ŐĸŃľĬŅ 2.5 mmȮĨƞŀŀĬŋĔĶĴĔńĬĪŅĚœĲĲƚŅȮőħĵħƟŅĬ
ŏĵŖĬĨŇħĨńŘĚĭĬŐįƞĬĬņėĺŅĴĶƟŀĬĭĬŐįƞĬŐĽĨĬŐĸĽȮĕĬŅħȮĔĺƟŅĚȮ40 mmȮĵŅĺȮ200 mm ŐĸŃľĬŅȮ0ȮmmȮŏĝŊŗŀĴĨŇħĔńĭĪƞŀĽŐĨĬ
ŐĸĽĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ12 mmȮĵŅĺȮ300 mmȮŒĬĕĦŃĪňŗħƟŅĬĶƟŀĬĕŀĚȮTEG őĴħŌĸĨŇħĨńŘĚŐįƞĬĪņėĺŅĴĶƟŀĬŏĞĶŅĴŇĔĮĶŃ
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ŏĳĪ (Positive Temperature Coefficient, PTC)ȮĕĬŅħȮ200 W ĔĺƟŅĚȮ40 mm ŐĸŃ ĵŅĺȮ250 mmȮĨŇħŀŋĮĔĶĦƢĽņľĶńĭĺńħ
ėƞŅıŅĶŅĴŇŏĨŀĶƢŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬȮħƟŅĬĸŃȮ4 ěŋħȮŐĽħĚħńĚĳŅıĪňŗȮ/Ȯĕ.ȮŐĸŃȮė.Ȯ 

őħĵĝŋħŀŋĮĔĶĦƢįĸŇĨœĲĲƚŅěŅĔėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚĴňľĸńĔĔŅĶĪņĚŅĬėŊŀŏĴŊŗŀěƞŅĵœĲĲƚŅŒľƟĝŋħȮPTC ěŃĪņŒľƟĴňĔŅĶĽĶƟŅĚ
ėĺŅĴĶƟŀĬĕŉŘĬĽƞĚįĸĪņŒľƟŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬĕŀĚȮTEGȮĴňėƞŅĽŌĚĕŉŘĬŐĸŃĕĦŃŏħňĵĺĔńĬŏĴŊŗŀŏĮƕħĺŅĺĸƢěŅĔĩńĚĭĶĶěŋœĬőĨĶŏěĬŏľĸĺȮěŃ
ĴňœĬőĨĶŏěĬŏľĸĺœľĸįƞŅĬĶŃĭĭĪƞŀĪňŗĨŇħĨńŘĚŀĵŌƞħƟŅĬŏĵŖĬĕŀĚőĴħŌĸĽƞĚįĸŒľƟĴňĔŅĶħŌħėĺŅĴĶƟŀĬįƞŅĬŐįƞĬĽŐĨĬŏĸĽĪņŒľƟŀŋĦľĳŌĴŇ
ħƟŅĬŏĵŖĬĕŀĚȮTEG ĴňėƞŅĨŗņĸĚȮĪņŒľƟŏĔŇħĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬěŅĔħƟŅĬĶƟŀĬĕŀĚȮTEG ĴŅĵńĚħƟŅĬŏĵŖĬĕŀĚȮTEG ŏĴŊŗŀŏĔŇħĔŅĶĩƞŅĵŏĪ
ėĺŅĴĶƟŀĬěŅĔįĸĨƞŅĚħƟŅĬŀŋĦĳŌĴŇŏĔŇħĕŉŘĬĽƞĚįĸŒľƟĝŋħŏėĶŊŗŀĚĔņŏĬŇħœĲĲƚŅȮTEG ĽŅĴŅĶĩįĸŇĨœĲĲƚŅŀŀĔĴŅœħƟŀĵƞŅĚĨƞŀŏĬŊŗŀĚ 

ĔȮ)    ĕ)  

  ė) 
ĳŅıĪňŗȮ1ȮŐĭĭŀŋĮĔĶĦƢĔŅĶĪħĸŀĚ Ĕ)ȮĽƞĺĬĮĶŃĔŀĭĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅěŅĔȮTEGȮĕ)ȮĨņŐľĬƞĚĺńħŀŋĦľĳŌĴŇħƟŅĬŏĵŖĬĕŀĚŏīŀĶƢ

őĴŀŇŏĸŖĔĨĶŇĔȮė) ĨņŐľĬƞĚĺńħŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬĕŀĚŏīŀĶƢőĴŀŇŏĸŖĔĨĶŇĔ 
 

ŏıŊŗŀĪħĽŀĭŐĸŃĺŇŏėĶŅŃľƢľŅėƞŅĽĴĶĶĩĬŃĕŀĚĶŃĭĭĪňŗŏľĴŅŃĽĴȮőħĵıŇěŅĶĦŅěŅĔŀńĨĶŅĔŅĶįĸŇĨıĸńĚĚŅĬœĲĲƚŅĪňŗȮ
TEG įĸŇĨŀŀĔĴŅȮĞŉŗĚŒĬĚŅĬĺŇěńĵĬňŘěŃĴňĔŅĶĔņľĬħĨńĺŐĮĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĺŇŏėĶŅŃľƢĽĴĶĶĩĬŃĕŀĚŏėĶŊŗŀĚĔņŏĬŇħœĲĲƚŅœĺƟȮœħƟŐĔƞ 
ıĸńĚĚŅĬėĺŅĴĶƟŀĬĕŀĚŐįƞĬŏĞĶŅĴŇĔȮPTC ĪňŗěƞŅĵŒľƟȮTEGȮŐĸŃĬņĴŅľŅėƞŅĔŅĶįĸŇĨıĸńĚĚŅĬœĲĲƚŅĕŀĚĶŃĭĭȮŏıŊŗŀĺŇŏėĶŅŃľƢ
ĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬȮőħĵĨŇħĨńŘĚŀŋĮĔĶĦƢŏėĶŊŗŀĚĴŊŀĺńħĨƞŅĚȮŕȮœħƟŐĔƞȮŏĪŀĶƢőĴėńĮŏĮƕĸȮĝĬŇħȮK ŒĝƟŒĬĔŅĶĺńħŀŋĦľĳŌĴŇőħĵĨƞŀŏĕƟŅ
ĔńĭŏėĶŊŗŀĚĭńĬĪŉĔĕƟŀĴŌĸȮŐĽħĚħńĚĳŅıĪňŗȮ2ȮŒĬĽĳŅĺŃŀŋĦĳŌĴŇĭĶĶĵŅĔŅĻĮĔĨŇ œħƟĴňĔŅĶĨŇħĨńŘĚŏĔěĺńħŐĶĚħńĬĪňŗĩńĚĭĶĶěŋ
œĬőĨĶŏěĬŏľĸĺŐĸŃȮŀŋĮĔĶĦƢĺńħėĺŅĴħńĬ (ĝƞĺĚĔŅĶĺńħȮ0 bar ĩŉĚ 10 bar)ȮŐĸŃœħƟĴňĔŅĶĨŇħĨńŘĚĝŋħĺńħŀńĨĶŅĔŅĶœľĸĕŀĚœĬőĨĶŏěĬȮ
ŐįƞĬĪņėĺŅĴĶƟŀĬȮPTCȮŏĝŊŗŀĴĨƞŀĔńĭĝŋħĮĶńĭĔņĸńĚœĲĲƚŅ ĽŅĴŅĶĩĮĶńĭėĺŅĴĶƟŀĬĪňŗŒľƟĔńĭȮTEG œħƟ 

ŒĬĔŅĶĪħĸŀĚœħƟĮĶńĭĨńŘĚŐĶĚħńĬĕŅŀŀĔĕŀĚœĬőĨĶŏěĬĽņľĶńĭĔŅĶĪħĸŀĚĪňŗȮ1 Barg.ȮŏĮƕħœĬőĨĶŏěĬŏľĸĺěŅĔĶŃĭĭőħĵ
ŒĬĪħĸŀĚŏıŊŗŀėĺŅĴĮĸŀħĳńĵŒĬĔŅĶŒĝƟĚŅĬĶŃĭĭěŃĨƟŀĚĪņŒľƟœĬőĨĶŏěĬŏľĸĺŏĮĸňŗĵĬĽĳŅıŏĮƦĬĔƠŅĞĔƞŀĬŀŀĔĽŌƞĭĶĶĵŅĔŅĻħńĚĬńŘĬ
ěŉĚœħƟŒĝƟŀńĨĶŅĔŅĶœľĸėĚĪňŗȮ60 SLPMȮĪňŗŏľĴŅŃĽĴĔńĭĕĬŅħĕŀĚŀŋĮĔĶĦƢĔŅĶĪħĸŀĚȮŐĸŃĪņĔŅĶŏĮƕħĶŃĭĭěƞŅĵœĲĲƚŅŒľƟŐįƞĬĪņ
ėĺŅĴĶƟŀĬŏĞĶŅĴŇĔĨŅĴĪňŗıŇĔńħĽŌĚĽŋħȮ200 W 150 WȮ100 W ŒĬĔŅĶĪħĸŀĚȮŐĸƟĺĪņĔŅĶŏĔŖĭĕƟŀĴŌĸěŅĔŏėĶŊŗŀĚĴŊŀĺńħĪňŗĨŇħĨńŘĚœĺƟ
ĽņľĶńĭŏĮĶňĵĭŏĪňĵĭįĸȮŐĸŃŏıŊŗŀœĴƞŒľƟŏĔŇħŀńĬĨĶŅĵĔŅĶĪħĸŀĚȮěŉĚœħƟŏĨĶňĵĴĪƞŀĵŅĺıŀŒľƟœĬőĨĶŏěĬœħƟĶńĭėĺŅĴĶƟŀĬŀĵƞŅĚĪńŗĺĩŉĚ
ĔƞŀĬĪňŗěŃĶŃĭŅĵŀŀĔĽŌƞĭĶĶĵŅĔŅĻȮŐĸŃŏıŊŗŀĸħĔŅĶĽŌĠŏĽňĵėĺŅĴŏĵŖĬĔƞŀĬĪňŗœĬőĨĶŏěĬěŃœĮĩŉĚĶŃĭĭĔŌƟėŊĬėĺŅĴŏĵŖĬĶŃľĺƞŅĚĶŃĭĭ
ĔŌƟėŊĬıĸńĚĚŅĬėĺŅĴŏĵŖĬȮTEG ŐĸŃĩńĚœĬőĨĶŏěĬŏľĸĺěŃĩŌĔľŋƟĴħƟĺĵĺńĽħŋĜĬĺĬĔńĬėĺŅĴĶƟŀĬȮ 
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ĳŅıĪňŗȮ2ȮĶŃĭĭįĸŇĨœĲĲƚŅěŅĔȮTEG ĶƞĺĴĔńĭıĸńĚĚŅĬŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔœĬőĨĶŏěĬŏľĸĺ 

 
ĔŅĶĺŇŏėĶŅŃľƢĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭ 

ĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟȮTEG ŏĔŇħĕŉŘĬŏĴŊŗŀŐĶĚħńĬœĲĲƚŅŏĪƞŅĔńĭėĶŉŗĚľĬŉŗĚĕŀĚŐĶĚħńĬœĲĲƚŅĺĚěĶŏĮƕħŐĸŃĔĶŃŐĽœĲĲƚŅěŃ
ŏĪƞŅĔńĭėĶŉŗĚľĬŉŗĚĕŀĚĔĶŃŐĽœĲĲƚŅĸńħĺĚěĶħńĚĬńŘĬıĸńĚĚŅĬœĲĲƚŅĽŌĚĽŋħĪňŗįĸŇĨœħƟĽŅĴŅĶĩėņĬĺĦœħƟěŅĔĽĴĔŅĶ  

 

ὖ  
ρ

ς
ὠ ὼ 

ρ

ς
Ὅ  &1' 

 
őħĵĪňŗȮP, I ŐĸŃȮV ėŊŀ ĔņĸńĚœĲĲƚŅȮĔĶŃŐĽœĲĲƚŅŐĸŃŐĶĚħńĬœĲĲƚŅĪňŗįĸŇĨœħƟěŅĔȮTEGȮĨŅĴĸņħńĭȮ 

ĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬȮ(Conversion efficiency) ĕŀĚȮTEGȮĽŅĴŅĶĩĮĶŃŏĴŇĬœħƟěŅĔȮ[5] 

–  – Ȯ &2' 

ŏĴŊŗŀȮM ĽŅĴŅĶĩľŅœħƟěŅĔȮὓ  ρ ὤὝȮȮőħĵĪňŗȮὝ  ėŊŀ ŀŋĦľĳŌĴŇŏĜĸňŗĵħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬĕŀĚȮTEG ĽŅĴŅĶĩľŅœħƟ
ěŅĔȮὝ  , Ὕ ŐĸŃȮὝ ėŊŀȮŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬĕŀĚȮTEG, ὤȮėŊŀ ėƞŅȮFigure of merit ĕŀĚȮĺńĽħŋȮTEGȮ
&X;/,4Ȯ×Ȯ/.-3 1/K)Ȯ[6],Ȯ– ėŊŀĮĶŃĽŇĪīŇĳŅıėŅĶƢőĬȮĽŅĴŅĶĩľŅœħƟěŅĔȮ(3) 

–  Ȯ &3' 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
1,/,ȮĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇĕŀĚĶŃĭĭįĸŇĨıĸńĚĚŅĬěŅĔėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚ 
ĳŅıĪňŗȮ3 ŐĽħĚĔŅĶĔĶŃěŅĵŀŋĦľĳŌĴŇŏĜĸňŗĵĪňŗĺńħœħƟěŅĔĔŅĶěƞŅĵėĺŅĴĶƟŀĬŏĕƟŅĽŌƞĶŃĭĭĪňŗŀńĨĶŅȮ100 ĺńĨĨƢ 150 ĺńĨĨƢȮŐĸŃ200 

ĺńĨĨƢ ŏĴŊŗŀěƞŅĵėĺŅĴĶƟŀĬŒľƟȮTEG ŏıŇŗĴĕŉŘĬȮŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬĴňėƞŅĽŌĚĕŉŘĬȮĽƞĚįĸŒľƟėĺŅĴĶƟŀĬĪňŗįƞŅĬȮTEG œĮĵńĚħƟŅĬŏĵŖĬĴňėƞŅŏıŇŗĴĕŉŘĬ
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ĪņŒľƟŀŋĦľĳŌĴŇħƟŅĬŏĵŖĬĕŀĚȮTEG ĽŌĚĕŉŘĬȮĪņŒľƟŏĔŇħėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇŏĜĸňŗĵĶŃľĺƞŅĚĪńŘĚĽŀĚħƟŅĬĕŀĚőĴħŌĸȮTEG őħĵěŃĴň
ėƞŅėƞŅŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬĽŌĚĽŋħȮŏĪƞŅĔńĭȮ30.68ºC, 131.34ºA*ȮŐĸŃȮ142.59oC ĨŅĴĸņħńĭȮŏĴŊŗŀĴňĔŅĶ
ĮĶńĭŏĮĸňŗĵĬėƞŅėĺŅĴĶƟŀĬĪňŗŒľƟěŅĔȮ/..ȮĩŉĚȮ0..ȮĺńĨĨƢȮĞŉŗĚěŃŏĔŇħĮĶŃőĵĝĬƢĨƞŀĔŅĶįĸŇĨœĲĲƚŅĕŀĚȮTEG ĪņŒľƟĽŅĴŅĶĩįĸŇĨœĲĲƚŅ
œħƟĴŅĔĕŉŘĬȮĞŉŗĚěŃŐĽħĚŒĬľńĺĕƟŀĨƞŀœĮ 

 
 
 
 
 
 
 
 
 
 
 

 
ĳŅıĪňŗȮ3ȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬĕŀĚȮTEG ĪňŗŀńĨĶŅĔŅĶŒľƟĨĺŅĴĶƟŀĬĪňŗȮ/..ȮĺńĨĨƢȮ/3.ȮĺńĨĨƢŐĸŃȮ

0..ȮĺńĨĨƢȮĨŅĴĸņħńĭȮŏĴŊŗŀŏĪňĵĭĔńĭŏĺĸŅ 
 
1,2,ȮĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬĕŀĚĶŃĭĭĔŌƟėŊĬıĸńĚĚŅĬėĺŅĴŏĵŖĬȮTEG 
ĨŅĶŅĚĪňŗȮ1 ŐĽħĚįĸĕŀĚĔŅĶĪņĚŅĬĕŀĚĶŃĭĭįĸŇĨıĸńĚĚŅĬœĲĲƚŅěŅĔȮTEG ĶƞĺĴĔńĭėĺŅĴŏĵŖĬŏľĸŊŀĪŇŘĚěŅĔœĬőĨĶŏěĬŏľĸĺȮ

ĞŉŗĚĔņĸńĚœĲĲƚŅĪňŗįĸŇĨœħƟĴňėƞŅĽŌĚĕŉŘĬŏĴŊŗŀŏıŇŗĴėĺŅĴĶƟŀĬĪňŗŒľƟĔńĭȮTEG ŏĮƦĬįĸěŅĔįĸĨƞŅĚĕŀĚŀŋĦľĳŌĴŇħƟŅĬĶƟŀĬŐĸŃħƟŅĬŏĵŖĬĕŀĚȮ
TEG ŏıŇŗĴĕŉŘĬȮěŅĔĔŅĶĪňŗœĬőĨĶŏěĬŏľĸĺĪňŗŀŋĦľĳŌĴŇĨŗņĽŅĴŅĶĩŒĝƟŏĮƦĬŐľĸƞĚŒĬĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚȮTEG œħƟŏĮƦĬŀĵƞŅĚħňȮěŅĔ
ĔŅĶĪħĸŀĚıĭĺƞŅĝŋħȮTEG ĽŅĴŅĶĩįĸŇĨœĲĲƚŅœħƟĴŅĔĕŉŘĬȮŏĴŊŗŀěƞŅĵėĺŅĴĶƟŀĬěŅĔȮ/..ȮĩŉĚȮ0..ȮĺńĨĨƢȮTEG įĸŇĨœĲĲƚŅŏıŇŗĴěŅĔ 
2.11 ŏĮƦĬȮ5.25 ĺńĨĨƢȮĨŅĴĸņħńĭȮĽƞĚįĸŒľƟĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬŏıŇŗĴĕŉŘĬŏĴŊŗŀėĺŅĴĶƟŀĬĪňŗŒľƟĔńĭȮTEG ŏıŇŗĴĕŉŘĬȮŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶĪħĸŀĚĕŀĚ C. Weng et al,.[3] ĪňŗŒĝƟȮTEG ĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵĔŅĶıŅėĺŅĴĶƟŀĬěŅĔıńħĸĴĭĬĪƞŀěƞŅĵ
œĬőĨĶŏěĬŏľĸĺĽŅĴŅĶĩěŃŒľƟıĸńĚĚŅĬœĲĲƚŅĽŌĚĽŋħĪňŗȮ0.93 ĺńĨĨƢȮěŃıĭĺƞŅĔŅĶŒĝƟėĺŅĴĶƟŀĬěƞŅĵőħĵĨĶĚĭĬȮTEG őħĵĔŅĶĬņėĺŅĴ
ĶƟŀĬĕŀĚŐįƞĬŀĸŌĴŇŏĬňĵĴŒĬĔŅĶĪħĸŀĚěŃĽŅĴŅĶĩĪņŒľƟįĸŇĨıĸńĚĚŅĬœĲĲƚŅěŅĔĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĽŌĚĔĺƞŅĪňŗȮ2.62 ĺńĨĨƢȮőħĵ
ĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬĕŀĚĶŃĭĭ TEG ŒĬĔŅĶĪħĸŀĚĽŅĴŅĶĩėņĬĺĦľŅœħƟěŅĔĽĴĔŅĶȮ(2) œħƟĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚ
ıĸńĚĚŅĬŏĪƞŅĔńĭȮ2.49%, 3.10%ȮŐĸŃ 3.16% ĨŅĴĸņħńĭȮŀĵƞŅĚœĶĔŖĨŅĴěŃŏľŖĬœħƟĺƞŅĪňŗėĺŅĴĶƟŀĬȮ/3.ȮŐĸŃȮ0..ȮĺńĨĨƢȮ
ĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬĨƞŅĚĔńĬœĴƞĴŅĔȮĪńŘĚĬňŘĬƞŅěŃŏĔŇħěŅĔĕŉħěņĔńħŒĬĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŏĴŊŗŀŒľƟėĺŅĴĶƟŀĬĽŌĚȮħńĚĬńŘĬ
ĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĽŌĚĴŅĔŏĔŇĬĔĺƞŅĕňħěņĔńħĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬĕŀĚĶŃĭĭȮŀŅěĪņŒľƟĮĶŃĽŇĪīŇĳŅıĸħĨŗņĸĚœħƟ 

 
ĨŅĶŅĚĪňŗȮ1ȮĔņĸńĚœĲĲƚŅŐĸŃĮĶŃĽŇĪīŇĳŅıĔŅĶŐĮĸĚıĸńĚĚŅĬĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅěŅĔȮTEG ĪňŗœħƟěŅĔĔŅĶĮĶńĭŏĮĸňŗĵĬ

ėƞŅėĺŅĴĶƟŀĬĪňŗŒľƟĔńĭȮTEG  
ıĸńĚĚŅĬ
ĪňŗĬņŏĕƟŅ 

ŀŋĦľĳŌĴŇŏĜĸňŗĵ
ħƟŅĬĶƟŀĬȮ(Th) 

ŀŋĦľĳŌĴŇŏĜĸňŗĵħƟŅĬ
ŏĵŖĬȮ(Tc) 

įĸĨƞŅĚ
ŀŋĦľĳŌĴŇ(Tm) 

ŐĶĚħńĬ 
œĲĲƚŅȮ(V) 

ĔĶŃŐĽœĲĲƚŅȮ
(I) 

ĔņĸńĚœĲĲƚŅ
ĽŌĚĽŋħȮ(Pmax) 

ĮĶŃĽŇĪīŇĳŅı
(–) 

100 W 85.49 oC 19.88 oC 52.68 oC 4.306 V 0.98 1.05 2.49% 
150 W 174.81 oC 87.89 oC 131.34oC 6.317 V 1.08 1.71 3.10% 
200 W 187.15 oC 98.03 oC 142.59oC 8.601 V 1.22 2.62 3.16% 
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1,3,ȮįĸĔĶŃĪĭĕŀĚėĺŅĴĶƟŀĬĪňŗěƞŅĵŒľƟĔńĭĶŃĭĭĨƞŀĔŅĶŏħŊŀħŏĮƦĬœŀĕŀĚœĬőĨĶŏěĬŏľĸĺ 
ĺńĨĩŋĮĶŃĽĚėƢľĬŉŗĚĕŀĚĔŅĶĻŉĔļŅĺŇěńĵĬňŘėŊŀȮĔŅĶĬņœĬőĨĶŏěĬŒĬĽĩŅĬŃĕŀĚĔƠŅĞĴŅŒĝƟĚŅĬŒĬŀŋĨĽŅľĔĶĶĴĨƞŅĚŕȮħńĚĬńŘĬŀńĨĶŅĔŅĶ
ŏħŊŀħĕŀĚœĬőĨĶŏěĬěŉĚĴňėĺŅĴĽņėńĠĨƞŀĔŅĶĬņĔƠŅĞœĬőĨĶŏěĬœĮŒĝƟĚŅĬěĶŇĚȮŏĬŊŗŀĚěŅĔœĬőĨĶŏěĬŏľĸĺĴňěŋħŏħŊŀħĪňŗ -196oC ěŉĚ
ěņŏĮƦĬĨƟŀĚŒľƟėĺŅĴĶƟŀĬĔńĭœĬőĨĶŏěĬŏıŊŗŀŒľƟŏĔŇħĔŅĶŏħŊŀħŏĮƦĬœŀȮĔŅĶŒľƟėĺŅĴĶƟŀĬįƞŅĬĝŋħįĸŇĨœĲĲƚŅěŅĔȮTEG ŐĸƟĺĩƞŅĵŏĪėĺŅĴ
ĶƟŀĬįƞŅĬħƟŅĬŏĵŖĬĕŀĚȮTEG ĴŅĵńĚœĬőĨĶŏěĬœľĸĪňŗœľĸŒĬĪƞŀȮĝƞĺĵŒľƟœĬőĨĶŏěĬŏľĸĺŏħŊŀħŏĮƦĬœŀœħƟȮĳŅıĪňŗȮ4 ŐĽħĚĩŉĚįĸĕŀĚ
ŀŋĦľĳŌĴŇĕŀĚœĬőĨĶŏěĬŏľĸĺĳŅĵŒĬĪƞŀĪňŗœħƟĶńĭėĺŅĴĶƟŀĬįƞŅĬ TEG ĞŉŗĚĽƞĚįĸŒľƟŀŋĦľĳŌĴŇĕŀĚœĬőĨĶŏěĬŏľĸĺĳŅĵŒĬĪƞŀĴňŀŋĦľĳŌĴŇ
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Short-Term Electricity Generation Comparison between Actual and PVsyst-Simulated 

Results of a 500 kW Solar Power Generation Project at  
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Abstract 
 This study analyzes and compares the short-term performance of a 500 kW ground-mounted solar 
photovoltaic system at Princess of Naradhiwas University. Actual electricity generation data from January to 
June 2025 were compared with simulation results obtained from PVsyst software. The analysis showed an 
average accuracy of 81.42% and an average deviation of 18.58%. The discrepancies were mainly due to 
variations in solar irradiance, unstable weather conditions, equipment degradation, and dust accumulation 
on the solar panels. These findings provide a practical basis for developing preventive maintenance 
strategies to sustain system efficiency and extend the operational lifetime of solar photovoltaic systems. 
 

Keywords: Solar Photovoltaic, Electricity Generation, PVsyst, 
 

ĭĪėńħĵƞŀ 
 ĚŅĬĺŇěńĵĬňŘĴŋƞĚĺŇŏėĶŅŃľƢŐĸŃŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔŅĶįĸŇĨœĲĲƚŅĶŃĵŃĽńŘĬĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ
ŐĭĭĨŇħĨńŘĚĭĬıŊŘĬħŇĬȮĕĬŅħȮ5.0 kWȮĦȮĴľŅĺŇĪĵŅĸńĵĬĶŅīŇĺŅĽĶŅĝĬėĶŇĬĪĶƢȮőħĵŒĝƟĕƟŀĴŌĸĔŅĶįĸŇĨěĶŇĚĶŃľĺƞŅĚŏħŊŀĬĴĔĶŅėĴ
ĩŉĚĴŇĩŋĬŅĵĬȮı,Ļ,Ȯ2568 ŏĮĶňĵĭŏĪňĵĭĔńĭįĸĔŅĶěņĸŀĚěŅĔőĮĶŐĔĶĴȮPVsyst įĸĔŅĶĻŉĔļŅıĭĺƞŅĶŃĭĭĴňėĺŅĴŐĴƞĬĵņŏĜĸňŗĵȮ
81.42% ŐĸŃėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵȮ18.58% ėĺŅĴŐĨĔĨƞŅĚŏĔŇħěŅĔėĺŅĴŐĮĶįńĬĕŀĚĶńĚĽňħĺĚŀŅĪŇĨĵƢȮĽĳŅıŀŅĔŅĻœĴƞ
ŐĬƞĬŀĬȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŀŋĮĔĶĦƢȮŐĸŃĔŅĶĽŃĽĴĕŀĚİŋƙĬĭĬŐįĚŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢȮįĸĔŅĶĺŇěńĵĬňŘĽŅĴŅĶĩŒĝƟŏĮƦĬŐĬĺĪŅĚěńħĪņ
ŐįĬĭņĶŋĚĶńĔļŅŏĝŇĚĮƚŀĚĔńĬȮŏıŊŗŀėĚĮĶŃĽŇĪīŇĳŅıŐĸŃĵŊħŀŅĵŋĔŅĶŒĝƟĚŅĬĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢœħƟŀĵƞŅĚĵńŗĚĵŊĬ 
 
ėņĽņėńĠ8ȮıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ, ĔŅĶįĸŇĨœĲĲƚŅ, őĮĶŐĔĶĴȮPVsyst 

 
 
 
 
 

mailto:suwinant.c@pnu.ac.th


               
 
 

 
 

87 
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Development of Charcoal Briquettes from Cocoa Husk by the Cocoa Processing and 
Agricultural Products Community EnterpriseȮKamphaeng Phet 
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Abstract 

 This research aimed to develop and evaluate the quality of charcoal briquettes produced from 
cocoa pod husks, an agricultural residue generated by the cocoa processing community enterprise in 
Kamphaeng Phet Province, Thailand,ȮTapioca starch was used as a natural binder at five mixing ratios8Ȯ1,000 
g of carbonized cocoa husk with 500 g of water and 50, 100, 150, 200, and 250 g of starch, respectively,Ȯ
The production process involved raw material preparation, carbonization at 400ů4..°A*Ȯnsjtcpgxgle*Ȯqgctgle* 
mixing, and briquetting,ȮThe physical and energy properties of the briquettes were analyzed, including 
moisture content, density, heating value, and burning duration, 
 The results showed that all briquette samples could be formed successfully with smooth surfaces, 
uniform black color, and no cracks,ȮMoisture content ranged between 4ů6#, meeting the Thai Community 
Product Standard &TCPS 238-2547',ȮThe average density ranged from 0,814 to 0,895 g-ak³*Ȯ_lbȮrfcȮfc_rgleȮ
value ranged from 5,116.08 to 5,708,66 cal-g,ȮThe first formulation &50 g starch'Ȯachieved the highest heating 
value and exhibited optimal burning performance with easy ignition, low smoke emission, and an average 
burning time of 150 minutes,ȮThese findings confirm that cocoa pod husks can be effectively used as a raw 
material for producing high-quality charcoal briquettes, serving as an alternative biomass fuel that supports 
sustainable energy use and community-based circular-economy development, 
 

Keywords8 Cocoa husk, Charcoal briquette, Biomass energy, Tapioca starch binder, Circular economy 
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Analysis of the relationship between wind speed and compressed air flow rate 
From a 5-kilowatt mechanical air compressor wind turbine 
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Abstract 

This paper aims to study the potential of a mechanical compressed air wind turbine system and 
evaluate its performance in low-wind-speed areas, which is a significant context in Thailand and Southeast 
Asia. The experiment was conducted by installing a wind turbine with 3-meter-long blades connected to a 
V-shaped twin-piston air compressor to convert wind energy directly into compressed air. The experimental 
results were recorded and presented graphically to illustrate the relationship between wind speed and the 
flow rate of compressed air. 

The results of hourly wind speed measurements over 24 hours show that the average wind speed 
is approximately 5.4 meters per second, with periods of maximum wind speeds exceeding 9 meters per 
second. The compressed air flow rate measurements demonstrate a close relationship with wind speed. 
Specifically, when the wind speed is below 3 meters per second, the system can still generate a flow rate 
of approximately 100ů200 liters per minute. When the wind speed exceeds 5 meters per second, the flow 
rate increases dramatically, reaching a maximum of 1600 liters per minute at approximately 9.5 meters per 
second, the cut-off wind speed at which the system stops functioning to prevent damage. The system 
performance graph confirms that the turbine's cut-in wind speed is 2.3 meters per second and that the 
system can operate efficiently within the 2.3ů9.5 meters per second wind speed range. This relationship 
aligns with the fundamental theory of wind energy, which states that wind power is proportional to the 
cube of wind speed, so even a slight increase in wind speed leads to a significant increase in the compressed 
air flow rate. 

The experimental results demonstrate the advantages of a mechanical compressed air wind turbine 
system that uses direct energy transfer from the turbine shaft to the air compressor, without converting it 
into electrical energy, thereby reducing losses and improving operational stability. Although the system has 
limitations in energy storage, it is suitable for practical application at the community level, especially for 
aeration in aquaculture ponds or agriculture that require high dissolved oxygen. This research shows that 
mechanical compressed-air wind turbines can operate even in low-wind areas, achieve maximum efficiency 
at moderate wind speeds, and have high potential for development as a clean energy technology for 
sustainable agriculture and community development. 
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Abstract 
This study aims to rigorously analyze the energy composition of eight distinct types of biomass 

waste for which no comprehensive database is currently available in the vicinity of Sakon Nakhon Rajabhat 
University. The findings will serve both as a foundational database and as a resource for promoting low-
carbon renewable energy alternatives. The research methodology encompasses proximate analysis, the 
application of fifteen established correlation equations, and the determination of higher heating value (HHV) 
via Bomb Calorimetry to assess the accuracy of the correlation models. Experimental results indicate that 
the biomass samples possess moisture contents ranging from 5.56% to 9.89%, all of which are below the 
15% standard threshold. Volatile matter content ranged from 66.50% to 76.46%. Ash content values ranged 
from 5.69% to 16.20%; notably, lawn grass, banyan leaves, and bodhi leaves exceeded the 10% ash content 
standard. The measured HHV values ranged from 15.50ů24.13 MJ/kg, exceeding the standard minimum of 
14.50 MJ/kg. Among all samples, rain tree leaves exhibited the highest HHV at 24.13 MJ/kg, while lawn grass 
demonstrated the lowest at 15.50 MJ/kg. The correlation equation proposed by R. Saidur (2011) (HHV = 
0.335C + 1.423H ů 0.1540) wgcjbcbȮrfcȮkglgkskȮcppmp*ȮugrfȮ_lȮP²ȮmdȮ0,743*Ȯ_lȮ_tcp_ecȮ_`qmjsrcȮcppmpȮ&??C'Ȯ
of 7.883, and an average bias error (ABE) of 2.842. Biomass waste with favorable energy characteristics, 
including Ficus leaves, teak leaves, and alatus leaves, demonstrates suitability for conversion into 
compressed fuel, consistent with the compressed fuel standard (TIS 2772-2017), and thus represents a 
viable alternative for low-carbon energy applications. 

 
Keywords: proximate analysis, compressed biomass, correlation equation 

 
ĭĪėńħĵƞŀ 

 ĚŅĬĺŇěńĵĬňŘĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚıĸńĚĚŅĬĕŀĚĝňĺĴĺĸŏľĸŊŀĪŇŘĚĪňŗĵńĚœĴƞŏėĵĴňģŅĬĕƟŀĴŌĸȮĳŅĵŒĬıŊŘĬĪňŗ
ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶȮěņĬĺĬȮ8 ĝĬŇħȮŏıŊŗŀŒĝƟŏĮƦĬģŅĬĕƟŀĴŌĸŐĸŃŏĮƦĬĪŅĚŏĸŊŀĔľĬŉŗĚĕŀĚıĸńĚĚŅĬĪħŐĪĬĪňŗėŅĶƢĭŀĬĨŗņȮ
ħƟĺĵĺŇīňĔŅĶĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢěņĬĺĬȮ/5ȮĽĴĔŅĶȮȮıĶƟŀĴĪńŘĚĺŇŏėĶŅŃľƢėƞŅėĺŅĴĶƟŀĬȮ
(HHV) őħĵŒĝƟŏėĶŊŗŀĚȮBomb Calorimeter ȮŏıŊŗŀėņĬĺĦėƞŅėĸŅħŏėĸŊŗŀĬĕŀĚĽĴĔŅĶĽľĽńĴıńĬīƢȮěŅĔįĸĔŅĶĪħĸŀĚŀĚėƢĮĶŃĔŀĭ
ĕŀĚĝňĺĴĺĸĪńŘĚľĴħȮıĭĺƞŅȮĴňėƞŅėĺŅĴĝŊŘĬ 5.56%-9.89% (œĴƞŏĔŇĬĴŅĨĶģŅĬȮ15%) ĴňĽŅĶŃŏľĵȮ66.50%- 54,242% ĴňŏĩƟŅȮ
5.69%-16.20% (ŏĔŇĬĴŅĨĶģŅĬȮ10%  ėŊŀȮľĠƟŅĽĬŅĴȮŒĭĨƟĬœĪĶŐĸŃŒĭĨƟĬőıīŇś'ȮȮĴňėƞŅȮHHV /3,3.+02,/1ȮMJ/KgȮ&ĽŌĚĔĺƞŅ
ĴŅĨĶģŅĬȮ/4.50ȮMJ/Kg' őħĵĪňŗŒĭěŅĴěŋĶňĴňėƞŅĴŅĔĪňŗĽŋħȮŏĪƞŅĔńĭȮ02,/1ȮMJ/KgȮȮȮŐĸŃȮľĠƟŅĽĬŅĴĴňėƞŅĬƟŀĵĪňŗĽŋħȮŏĪƞŅĔńĭȮ/5.50Ȯ



               
 
 

 
 

92 

MJ/KgȮȮŐĸŃıĭĺƞŅĽĴĔŅĶĽľĽńĴıńĬīƢĪňŗĴňėĺŅĴėĸŅħŏėĸŊŗŀĬĬƟŀĵĪňŗĽŋħėŊŀȮĽĴĔŅĶĕŀĚȮR. Saidur, 2011Ȯ
(HHV=0.335C+1.423(H)-0.1540) œħƟėƞŅȮR2 = 2.965ȮŐĸŃėƞŅȮAAE = 5,661ȮėƞŅȮABE = 0,620ȮĽņľĶńĭĝňĺĴĺĸŏľĸŊŀĪŇŘĚĪňŗĵńĚ
œĴƞĴňĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢŐĸŃĴňėŋĦĽĴĭńĨŇĪŅĚıĸńĚĚŅĬĪňŗħňȮŏľĴŅŃĽĴĪňŗěŃĬņĴŅįĸŇĨŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚœħƟȮĨŅĴĴŅĨĶģŅĬ
ŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚȮ&ĴŀĔ,Ȯ2772ů2560) ĬńŘĬœħƟŐĔƞȮŒĭĔĶƞŅĚȮŒĭĽńĔȮŐĸŃȮŒĭĵŅĚĬŅȮŐĸŃĽŅĴŅĶĩŀńħĕŉŘĬĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚĪňŗ
ĽŅĴŅĶĩŒĝƟŏĮƦĬĪŅĚŏĸŊŀĔľĬŉŗĚĕŀĚıĸńĚĚŅĬĪħŐĪĬĪňŗėŅĶƢĭŀĬĨŗņŒĬŀĬŅėĨœħƟ 
 
ėņĽņėńĠ8ȮĔŅĶĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦȮĝňĺĴĺĸŀńħŐĕŖĚȮȮĽĴĔŅĶĽľĽńĴıńĬīƢ 
 

ĭĪĬņ 
ħƟĺĵėĺŅĴĨƟŀĚĔŅĶıĸńĚĚŅĬĪňŗĴňŐĬĺőĬƟĴŏıŇŗĴĽŌĚĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŐĸŃĔŅĶŒĝƟıĸńĚĚŅĬěŅĔĲŀĽĞŇĸĵńĚĴňįĸĔĶŃĪĭĨƞŀ

ĽŇŗĚŐĺħĸƟŀĴĽƞĚįĸŒľƟŏĔŇħĳŅĺŃőĸĔȮĮƤěěŋĭńĬĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬěŅĔĝňĺĴĺĸĩŊŀŏĮƦĬıĸńĚĚŅĬĪňŗŏĮƦĬĪňŗĬŇĵĴŐĸŃŏĮƦĬĴŇĨĶĨƞŀ
ĽŇŗĚŐĺħĸƟŀĴȮĝƞĺĵĸħĔŅĶıŉŗĚıŅĔŅĶĬņŏĕƟŅıĸńĚĚŅĬȮŐĸŃĵńĚĽŀħėĸƟŀĚĔńĭŐįĬıĸńĚĚŅĬĝŅĨŇőħĵĴŋƞĚėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬŐĸŃ
ĔŅĶĮĸħĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔĽŋĪīŇŏĮƦĬĻŌĬĵƢ (Alternative energy development plan AEDP2018) (ĽņĬńĔĚŅĬĬőĵĭŅĵ
ŐĸŃŐįĬıĸńĚĚŅĬ) ĝňĺĴĺĸěŅĔŏĻļĺńĽħŋŏľĸŊŀŒĝƟĪŅĚĔŅĶŏĔļĨĶȮĪňŗĴňĔŅĶĬņĴŅįĸŇĨŏĮƦĬıĸńĚĚŅĬĴňėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚ
ĮĶŃĴŅĦȮ14.7-16.7 MJ/kg [1] ĬŀĔěŅĔĬńŘĬĝňĺĴĺĸěŅĔıŊĝĵńĚĩŊŀŏĮƦĬıĸńĚĚŅĬĪňŗŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬȮŏĬŊŗŀĚěŅĔĮĶŇĴŅĦ
ėŅĶƢĭŀĬœħŀŀĔœĞħƢĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĔŅĶŏįŅœľĴƟĝňĺĴĺĸĩŌĔħŉĚĔĸńĭĴŅŒĝƟŒĬĔŅĶĽńĚŏėĶŅŃľƢŐĽĚĕŀĚıŊĝĶŋƞĬĨƞŀœĮœħƟȮ 
 ĬŀĔěŅĔĬńŘĬĵńĚĴňĝňĺĴĺĸĪňŗĬƞŅĽĬŒěŀňĔĔĸŋƞĴėŊŀȮĺńĽħŋĝňĺĴĺĸŏľĸŊŀĪŇŘĚěŅĔıŊŘĬĪňŗĽŅīŅĶĦŃȮĽƞĺĬĶŅĝĔŅĶĨƞŅĚŕȮľĶŊŀȮıŊŘĬĪňŗ
ĴľŅĺŇĪĵŅĸńĵȮĪňŗœħƟěŅĔĔŅĶĨńħŐĨƞĚĔŇŗĚœĴƟĨƟĬœĴƟŏıŊŗŀėĺŅĴĽĺĵĚŅĴŏĮƦĬĶŃŏĭňĵĭŏĶňĵĭĶƟŀĵĕŀĚıŊŘĬĪňŗȮŐĨƞĽƞĺĬŒľĠƞěŃĩŌĔĬņœĮĔŀĚ
ĶĺĴĔńĬŏıŊŗŀŒľƟĵƞŀĵĽĸŅĵŏŀĚĨŅĴīĶĶĴĝŅĨŇȮĴňŏıňĵĚŒĭěŅĴěŋĶňȮĪňŗĬņœĮĪņĮŋƜĵľĴńĔȮĪņħŇĬĮĸŌĔȮȮĞŉŗĚĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶȮĴň
ŏĬŊŘŀĪňŗĪńŘĚĽŇŘĬȮ414ȮœĶƞȮ0ȮĚŅĬȮ2ȮĨŅĶŅĚĺŅȮĴňĺńĽħŋĝňĺĴĺĸŏľĸŊŀĪŇŘĚȮŏĝƞĬȮŏĻļŒĭœĴƟȮŏĻļĔŇŗĚœĴƟȮĸŌĔœĴƟ ŐĸŃľĠƟŅĽĬŅĴĨŅĴıŊŘĬĪňŗĨƞŅĚŕȮĴň
ěŋħĪŇŘĚĔĶŃěŅĵĪńŗĺıŊŘĬĪňŗȮĴňĪńŘĚľĴħȮ0/ȮěŋħȮŐĨƞĔŅĶěŃĬņĺńĽħŋĝňĺĴĺĸŏľĸŊŀĪŇŘĚĴŅįĸŇĨŏĮƦĬıĸńĚĚŅĬĬńŘĬȮěņŏĮƦĬĨƟŀĚŏĸŊŀĔıŊĝĪňŗĴň
ėŋĦĽĴĭńĨŇĪŅĚıĸńĚĚŅĬĪňŗħňȮėŊŀȮĴňėƞŅıĸńĚĚŅĬĶƟŀĬėĺŅĴĽŌĚȮĴňėƞŅėĺŅĴĝŊŘĬĨŗņȮĴňĕňŘŏĩƟŅĬƟŀĵȮĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺĽŌĚȮĴňĽŅĶĶŃŏľĵ
ĽŌĚȮȮŐĨƞĔŅĶĪňŗěŃĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĪŅĚıĸńĚĚŅĬĨƟŀĚŒĝƟŏėĶŊŗŀĚĴŊŀĪňŗĴňėƞŅŒĝƟěƞŅĵĽŌĚȮĞŉŗĚėĬĪńŗĺœĮŏĕƟŅĩŉĚœħƟĵŅĔȮ 
Ȯ ħńĚĬńŘĬįŌƟĺŇěńĵěŉĚĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚıĸńĚĚŅĬĕŀĚĝňĺĴĺĸŏľĸŊŀĪŇŘĚĪňŗĵńĚœĴƞŏėĵĴňģŅĬĕƟŀĴŌĸĪŅĚ
ıĸńĚĚŅĬȮěņĬĺĬȮ8 ĝĬŇħȮŏıŊŗŀŒĝƟŏĮƦĬģŅĬĕƟŀĴŌĸŐĸŃŏĮƦĬĪŅĚŏĸŊŀĔľĬŉŗĚĕŀĚıĸńĚĚŅĬĪħŐĪĬĪňŗėŅĶƢĭŀĬĨŗņȮħƟĺĵĺŇīňĔŅĶĺŇŏėĶŅŃľƢ
őħĵĮĶŃĴŅĦȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢěņĬĺĬȮ/5ȮĽĴĔŅĶȮȮıĶƟŀĴĪńŘĚĺŇŏėĶŅŃľƢėƞŅėĺŅĴĶƟŀĬȮ(HHV) őħĵŒĝƟŏėĶŊŗŀĚȮ
Bomb Calorimeter ȮŏıŊŗŀėņĬĺĦėƞŅėĸŅħŏėĸŊŗŀĬĕŀĚĽĴĔŅĶĽľĽńĴıńĬīƢŐĸŃėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚĽĴĔŅĶěŃĺŇŏėĶŅŃľƢħƟĺĵȮ
ĽĴĔŅĶėƞŅėĺŅĴįŇħıĸŅħĵĔĔņĸńĚĽŀĚ& R2' ĽĴĔŅĶėƞŅėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵĕŀĚėĺŅĴĽńĴıńĬīƢȮȮȮ&AAE) ŐĸŃĽĴĔŅĶėƞŅ
ėĺŅĴįŇħıĸŅħŀėĨŇŏĜĸňŗĵȮ&ABE) ěŃĪņŒľƟœħƟĽĴĔŅĶĽľĽńĴıńĬīƢĪňŗĴňėĺŅĴŐĴƞĬĵņŐĸŃėĸŅħŏėĸŊŗŀĬĬƟŀĵĪňŗĽŋħŏľĴŅŃĪňŗěŃĬņœĮŒĝƟŒĬ
ĔŅĶĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇĪŅĚıĸńĚĚŅĬȮĽņľĶńĭįŌƟĪňŗĽĬŒěŐĨƞŏĕƟŅĩŉĚŏėĶŊŗŀĚĴŊŀĺńħĨƞŅĚȮŕȮœħƟĵŅĔȮŒĬĔŅĶ ŒĝƟŏıŊŗŀıŇěŅĶĦŅŏĸŊŀĔĺńĽħŋĝňĺ
ĴĺĸŒĬĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĨƞŀœĮȮĬŀĔěŅĔĬńŘĬĵńĚŏĮƦĬĔŅĶĽĬńĭĽĬŋĬŐĸŃĽƞĚŏĽĶŇĴȮėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬȮ(Carbon 
Neutrality) ŒĬĮƖȮ2050 ŐĸŃĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&Net Zero) ĳŅĵŒĬĮƖȮ2065 ȮĕŀĚĮĶŃŏĪĻœĪĵŀňĔĪŅĚ
ľĬŉŗĚ 

 
ĺŇīňĔŅĶĺŇěńĵ 

įŌƟĺŇěńĵœħƟĔņľĬħŐįĬĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵŀŀĔŏĮƦĬ 2 ĕńŘĬĨŀĬȮħńĚĬňŘ  
ĕńŘĬĨŀĬĪňŗȮ/ȮŏĨĶňĵĴĺńĽħŋĝňĺĴĺĸŏľĸŊŀĪŇŘĚĪňŗĵńĚœĴƞĴňĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢȮŐĸŃĵńĚœĴƞĴňģŅĬĕƟŀĴŌĸħƟŅĬıĸńĚĚŅĬȮŒĬıŊŘĬĪňŗȮ

ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶȮŏĝƞĬ ŒĭœĴƟ ŐĸŃ ľĠƟŅĽĬŅĴȮěńħŏĔŖĭȮĨŅĔŒľƟŐľƟĚȮŐĸŃĭħŒľƟĸŃŏŀňĵħȮŒľƟœħƟĕĬŅħȮ1-3 ĴŇĸĸŇŏĴĨĶ 
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 ĕńŘĬĨŀĬĪňŗȮ0ȮĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĕŀĚĝňĺĴĺĸȮěŃŒĝƟȮ0ȮĶŌĮŐĭĭȮ/) ĔŅĶĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦȮ
(proximate analysis) œħƟŐĔƞȮėƞŅĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ(%FC)ȮĨŅĴĴŅĨĶģŅĬȮASTM D3172 ėƞŅĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ(%MC)Ȯ
ĨŅĴĴŅĨĶģŅĬȮASTM D3173ėƞŅĮĶŇĴŅĦĽŅĶĶŃŏľĵ (%VM)ȮĨŅĴĴŅĨĶģŅĬȮASTM D3175 ėƞŅĕňŘŏĩƟŅ (%ASH)ȮĨŅĴĴŅĨĶģŅĬȮ
ASTM D3174 Ȯ2) ĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭőħĵĽĴĔŅĶĽľĽńĴıńĬīƢ &Correlation analysis) œħƟŐĔƞȮC (ėŅĶƢĭŀĬœħŀŀĔœĞħƢ)Ȯ
H (œŁőħĶŏěĬ)ȮO (ŀŀĔĞŇŏěĬ) ŐĸŃėƞŅėĺŅĴĶƟŀĬĽŌĚȮ(HHV) ĨŅĴĴŅĨĶģŅĬȮASTM E771 
ĔŅĶĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
1) ěŃŒĝƟĨńĺŀĵƞŅĚĺńĽħŋŏľĸŊŀĪŇŘĚȮĕĬŅħȮ3 ĴŇĸĸŇŏĴĨĶȮĮĶŇĴŅĦȮ1 ĔĶńĴ ŒĽƞŒĬĩƟĺĵĪĬœĲŏıŊŗŀĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ&MC) ĨŅĴ
ĴŅĨĶģŅĬȮASTM D3173 őħĵĔŅĶĬņœĮ ŀĭŒĬĨŌƟŀĭȮ&Drying Oven) ĪňŗŀŋĦľĳŌĴŇȮ105 ŀĚĻŅŏĞĸŏĞňĵĽ ŏĮƦĬŏĺĸŅȮ6-12 
ĝńŗĺőĴĚȮľĸńĚěŅĔĬńŘĬĬņŀŀĔĴŅıńĔœĺƟŒľƟŏĵŖĬŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĶŃĴŅĦȮ15-20 ĬŅĪňȮȮŐĸŃĝńŗĚĬŘņľĬńĔĝňĺĴĺĸľĸńĚŀĭȮ105 
ŀĚĻŅŏĞĸŏĞňĵĽȮĬņĬŘņľĬńĔĕŀĚĝňĺĴĺĸĪňŗľŅĵœĮȮœĮėņĬĺĦĶƟŀĵĸŃĕŀĚėĺŅĴĝŊŘĬĕŀĚĝňĺĴĺĸȮĨŅĴĽĴĔŅĶȮ/ 

  %MC = [(Wi-Wf)-(Wi-Wc)] x 100      (1) 
őħĵĪňŗ Wc = ĬŘņľĬńĔĳŅĝĬŃ,ȮľĬƞĺĵĔĶńĴ 
 WiȮ=ȮĬŘņľĬńĔŏĶŇŗĴĨƟĬȮ(ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ),ȮľĬƞĺĵĔĶńĴ 
 Wf=ĬŘņľĬńĔĽŋħĪƟŅĵľĸńĚěŅĔĔŅĶŀĭ (ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ), ľĬƞĺĵĔĶńĴ 

2) ľĸńĚěŅĔĬńŘĬŒĝƟĨńĺŀĵƞŅĚŏħňĵĺĔńĬěŅĔĔŅĶľŅėĺŅĴĝŊŘĬȮĬņœĮĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦĽŅĶĶŃŏľĵȮ&VM) ĨŅĴĴŅĨĶģŅĬȮASTM 
D3175 őħĵĔŅĶĬņœĮŏįŅĪňŗŀŋĦľĳŌĴŇȮ73.±3ȮŀĚĻŅŏĞĸŏĞňĵĽȮŒĬŏĨŅŏįŅœĲĲƚŅȮ&Muffle Furnace) ŏĮƦĬŏĺĸŅȮ7 ĬŅĪňȮľĸńĚěŅĔ
ĬńŘĬĬņŀŀĔĴŅıńĔœĺƟŒľƟŏĵŖĬŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĶŃĴŅĦȮ15-20 ĬŅĪňȮȮŐĸŃĝńŗĚĬŘņľĬńĔĝňĺĴĺĸľĸńĚŏįŅȮ73.±3ȮŀĚĻŅŏĞĸŏĞňĵĽ 
ĬņĬŘņľĬńĔĕŀĚĝňĺĴĺĸĪňŗľŅĵœĮȮœĮėņĬĺĦĶƟŀĵĸŃĕŀĚĽŅĶĶŃŏľĵĕŀĚĝňĺĴĺĸȮĨŅĴĽĴĔŅĶĪňŗȮ0  

   A = [(Wi-Wf)-(Wi-Wc)] x 100               (2) 
őħĵĪňŗ Wc = ĬŘņľĬńĔĳŅĝĬŃ,ȮľĬƞĺĵĔĶńĴ 
 WiȮ= ĬŘņľĬńĔŏĶŇŗĴĨƟĬȮ(ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ),ȮľĬƞĺĵĔĶńĴ 
 WfȮ=ĬŘņľĬńĔĽŋħĪƟŅĵľĸńĚěŅĔĔŅĶŏįŅȮ(ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ), ľĬƞĺĵĔĶńĴ 
ėƞŅŏĮŀĶƢŏĞŖĬĨƢĮĶŇĴŅĦĽŅĶĶŃŏľĵ (%VM) Ȯ= A-B 
   A =ėƞŅŏĮŀĶƢŏĞŖĬĨƢĬŘņľĬńĔĪňŗĽŌĠŏĽňĵ 
   B =ȮėƞŅŏĮŀĶƢŏĞŖĬĨƢėĺŅĴĝŊŘĬ 

3) ĬņĝňĺĴĺĸĪňŗĺŇŏėĶŅŃľƢĽŅĶĶŃŏľĵŐĸƟĺœĮĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦŏĩƟŅȮ&Ash) ĨŅĴĴŅĨĶģŅĬȮASTM D314 őħĵĔŅĶĬņœĮŏįŅĪňŗ
ŀŋĦľĳŌĴŇȮ53.±3ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ2 ĝńŗĺőĴĚȮőħĵœĴƞĨƟŀĚĮƕħİŅĩƟĺĵĪĬœĲ ľĸńĚěŅĔĬńŘĬĬņŀŀĔĴŅıńĔœĺƟŒľƟŏĵŖĬŒĬ
őĩħŌħėĺŅĴĝŊŘĬȮĮĶŃĴŅĦȮ15-20 ĬŅĪňȮȮŐĸŃĝńŗĚĬŘņľĬńĔĝňĺĴĺĸľĸńĚŏįŅȮ53.±3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬņĬŘņľĬńĔĕŀĚĝňĺĴĺĸĪňŗľŅĵœĮȮ
œĮėņĬĺĦĶƟŀĵĸŃĕŀĚĮĶŇĴŅĦŏĩƟŅĕŀĚĝňĺĴĺĸȮĨŅĴĽĴĔŅĶĪňŗȮ3 

   %Ash = [(mash-mcont)/(mod-mcont)] x 100                (3) 
  őħĵĪňŗ  mash = ĬŘņľĬńĔĳŅĝĬŃ,ȮľĬƞĺĵĔĶńĴ 

  mcontȮ= ĬŘņľĬńĔŏĶŇŗĴĨƟĬȮ(ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ),ȮľĬƞĺĵĔĶńĴ 
  modȮ= ĬŘņľĬńĔĽŋħĪƟŅĵľĸńĚěŅĔĔŅĶŏįŅȮ(ĽŅĶĝňĺĴĺĸ)ĳŅĝĬŃ), ľĬƞĺĵĔĶńĴ 

4) ĽƞĺĬėŅĶƢĭŀĬėĚĨńĺȮ&FC) ĺŇŏėĶŅŃľƢĨŅĴĺŇīňĴŅĨĶģŅĬĕŀĚȮASTM D3172 ľŅœħƟěŅĔėƞŅįĸĨƞŅĚĕŀĚľĬŉŗĚĶƟŀĵĸĭħƟĺĵįĸĶĺĴĕŀĚ
ĶƟŀĵĸŃĕŀĚėĺŅĴĝŊŘĬȮĽŅĶĶŃŏľĵĚƞŅĵȮŐĸŃĮĶŇĴŅĦŏĩƟŅĕŀĚĝňĺĴĺĸȮĨŅĴĽĴĔŅĶĪňŗȮ2  

   %FC = 100 ů & %MC + %VM + %AshȮ)    (2) 
   őħĵĪňŗ  %FC = ĶƟŀĵĸŃĕŀĚĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺ 
     %MC = ĶƟŀĵĸŃĕŀĚĮĶŇĴŅĦėĺŅĴĝŊŘĬ 
     %VM = ĶƟŀĵĸŃĕŀĚĮĶŇĴŅĦĽŅĶĶŃŏľĵ 
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     %Ash = ĶƟŀĵĸŃĕŀĚĮĶŇĴŅĦŏĩƟŅ 
ĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭőħĵĽĴĔŅĶĽľĽńĴıńĬīƢȮ&Correlation analysis)  ŏıŊŗŀĮĶŃĴŅĦėƞŅŀĚėƢĮĶŃĔŀĭŐĭĭŐĵĔīŅĨŋȮŐĸŃ
ėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬ œħƟŐĔƞȮC (ėŅĶƢĭŀĬœħŀŀĔœĞħƢ)ȮH (œŁőħĶŏěĬ)ȮO (ŀŀĔĞŇŏěĬ) ŐĸŃėƞŅėĺŅĴĶƟŀĬĽŌĚȮ(HHV) 
őħĵŒĝƟėƞŅĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢėƞŅŀĚėƢĮĶŃĔŀĭőħĵĮĶŃĴŅĦ &FC, MC, VM, Ash) ŏĮƦĬėƞŅĬņŏĕƟŅŒĬĔŅĶĺŇŏėĶŅŃľƢőħĵŒĝƟĽĴĔŅĶ
ĽľĽńĴıńĬīƢȮ 
 ĕńŘĬĨŀĬĪňŗȮ 1ȮĔŅĶĺŇŏėĶŅŃľƢėĺŅĴĩŌĔĨƟŀĚŐĸŃėĺŅĴŐĴƞĬĵņĕŀĚĽĴĔŅĶĽľĽńĴıńĬīƢȮ Ȯ őħĵĔŅĶľŅėƞŅėĺŅĴ
ėĸŅħŏėĸŊŗŀĬĬƟŀĵĪňŗĽŋħĕŀĚėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚȮHHV ĪňŗœħƟěŅĔŐĨƞĸŃĽĴĔŅĶȮŏĪňĵĭĔńĭėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚȮHHV ĪňŗœħƟěŅ
ĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚȮBomb Calorimeter   

ŐĸŃľŅėƞŅįĸĶĺĴĕŀĚėƞŅįŇħıĸŅħĵĔĔņĸńĚĽŀĚěŅĔĔŅĶĪħĸŀĚěŅĔȮBomb CalorimeterȮŏıŊŗŀĪňŗěŃľŅĽĴĔŅĶĪňŗħňĪňŗĽŋħ
ŒĬĔŅĶĮĶŃĴŅĦėƞŅĶƟŀĬŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮĨŅĴĽĴĔŅĶĪňŗȮ5 
ėƞŅėĺŅĴįŇħıĸŅħĵĔĔņĸńĚĽŀĚȮ= 
  (ėƞŅėĺŅĴĶƟŀĬĪňŗœħƟěŅĔĭŀĴĭƢŐėĸŀĶňĴŇŏĨŀĶƢȮůȮėƞŅėĺŅĴĶƟŀĬĪňŗœħƟěŅĔĽĴĔŅĶ)2 (5) 
ŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴŐĴƞĬĵņĕŀĚĽĴĔŅĶĽńĴıńĬīƢȮěŅĔėƞŅėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵĕŀĚėĺŅĴĽńĴıńĬīƢȮȮȮ&AAE) ŐĸŃěŅĔėƞŅėĺŅĴ
įŇħıĸŅħŀėĨŇŏĜĸňŗĵȮ&ABE) ĽŅĴŅĶĩėņĬĺĦœħƟȮ[5] ĨŅĴĽĴĔŅĶĪňŗȮ4ȮŐĸŃȮĽĴĔŅĶĪňŗȮ5 

   AAE = В ȿ ȿ ρππϷ                          (6) 

    ABE = В ρππϷ                           (7) 

 ŏĴŊŗŀ AAE = ėƞŅėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵĕŀĚėĺŅĴĽńĴıńĬīƢ 
   ABE = ėƞŅėĺŅĴįŇħıĸŅħŀėĨŇŏĜĸňŗĵ 
   Valuep = ėƞŅėĺŅĴĶƟŀĬĪňŗœħƟěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢ 
   ValueM = ėƞŅėĺŅĴĶƟŀĬěŅĔŏėĶŊŗŀĚĭŀĴƢĭŐėĸŀĶňĴŇŏĨŀĶƢ 
  ĕńŘĬĨŀĬĪňŗȮ2ȮĔŅĶĪħĽŀĭĔŅĶįĸŇĨŐĸŃĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚěŅĔĝňĺĴĺĸŏľĸŊŀĪŇŘĚĪňŗĴňėŋĦĽĴĭńĨŇ
ĪŅĚıĸńĚĚŅĬħňĪňŗĽŋħȮŒĬıŊŘĬĪňŗȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶ 
 ĔŅĶĪħĽŀĭĔŅĶįĸŇĨŐĸŃĺŇŏėĶŅŃľƢėŋĦĽĴĭńĨŇŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚ 
 1. ĕńŘĬĨŀĬŒĬĔŅĶŀńħĕŉŘĬĶŌĮŏĝŊŘŀŏıĸŇĚ 
   1) ĔŅĶŏĨĶňĵĴĺńĽħŋĨńĺŀĵƞŅĚŒĬĔŅĶŀńħĕŉŘĬĶŌĮ  
 őħĵŒĝƟĺńĽħŋĪňŗĪņĔŅĶĨŅĔŐľƟĚȮŐĸŃĭħĵƞŀĵĺńĽħŋŒľƟœħƟĕĬŅħȮ/ȮůȮ1ȮĴŇĸĸŇŏĴĨĶȮěŅĔĬńŘĬĬņĴŅŏĕƟŅĽŌƞĕńŘĬĨŀĬĔŅĶ
ŏĨĶňĵĴĺńĽħŋħńĚĬňŘ 

  1.1 ĝńŗĚĺńĽħŋĨŅĴŀńĨĶŅĽƞĺĬĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚȮőħĵŒĝƟĺńĽħŋĮĶŃĴŅĦȮ3 ĔŇőĸĔĶńĴ 
  1.2 ĬņĺńĽħŋĪňŗĪņĔŅĶĝńŗĚŏĶňĵĭĶƟŀĵŐĸƟĺŏĪŒĽƞŏėĶŊŗŀĚĔĺĬįĽĴŐĸŃĪņĔŅĶĺńħėƞŅėĺŅĴĝŊŘĬ ĺńĽħŋŏĶŇŗĴĨƟĬħƟĺĵ
ŏėĶŊŗŀĚĺńħėĺŅĴĝŊŘĬȮ&Grain Moisture Meter)  
  1.3 ĪņĔŅĶŏıŇŗĴėĺŅĴĝŊŘĬĺńĽħŋőħĵĔŅĶĲƖħĬŘņŒľƟœħƟĮĶŃĴŅĦĶƟŀĵĸŃȮ30 ů 35 ŐĸŃĪņĔŅĶ ĔĺĬįĽĴĺńĽħŋŒĬ
ŏėĶŊŗŀĚįĽĴ  
  1.4 ĬņĺńĽħŋĪňŗĔĺĬįĽĴěńħŏĔŖĭœĺƟŒĬĳŅĝĬŃĮƕħĪŇŘĚœĺƟĮĶŃĴŅĦȮ30 ů 45 ĬŅĪňȮŐĸƟĺěŉĚĬņ ĺńĽħŋœĮŒĝƟŒĬ
ĔĶŃĭĺĬĔŅĶŀńħĕŉŘĬĶŌĮȮŐĭĭŏĮƦĬŏĴŖħȮ&Pellet) 

   2) ĔĶŃĭĺĬĔŅĶŀńħĕŉŘĬĶŌĮŏĝŊŘŀŏıĸŇĚ 
    ĔŅĶŀńħĕŉŘĬĶŌĮŏĝŊŘŀŏıĸŇĚőħĵĔŅĶĬņĺńĽħŋĪňŗĪņĔŅĶěńħŏĨĶňĵĴŒĬĕńŘĬĨŀĬ őħĵĪņĔŅĶŀńħĕŉŘĬ
ĶŌĮŐĭĭŏĴŖħȮ&Pellet) ĴňĶŅĵĸŃŏŀňĵħȮħńĚĬňŘȮ  
    2.1 ĬņĺńĽħŋĪňŗĪņĔŅĶįĽĴœĺƟȮőħĵŐĨƞĸŃĝŋħĔŅĶĪħĸŀĚŒĝƟĺńĽħŋĮĶŇĴŅĦȮ3 ĔŇőĸĔĶńĴ  
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    2.2 ŏĮƕħŏėĶŊŗŀĚŀńħ &Pelletizing press) ŐĸŃĺńħŀŋĦĳŌĴŇŐįƞĬœħĶƢŒľƟĴňŀŋĦľĳŌĴŇ ĮĶŃĴŅĦȮ
75 ů 100 ŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŒĝƟŏėĶŊŗŀĚĺńħŀŋĦĳŌĴŇŐĭĭŀŇĬĲŅŏĶħȮŏĴŊŗŀœħƟŀŋĦĳŌĴŇĨŅĴĪňŗ ĨƟŀĚĔŅĶěŅĔĬńŘĬĬņĺńĽħŋĪňŗĪņĔŅĶ
įĽĴœĺƟŏĪŒĽƞŏėĶŊŗŀĚŀńħŒĬŀńĨĶŅĪňŗĽĴŗņŏĽĴŀ  
    2.3 ŏĴŖħŏĝŊŘŀŏıĸŇĚĪňŗŀńħœħƟĪņĔŅĶĸħŀŋĦľĳŌĴŇŐĸŃėĺŅĴĝŊŘĬŏĭŊŘŀĚĨƟĬőħĵŒĝƟıńħĸĴŏĮƙŅ  
    2.4 ĬņŏĝŊŘŀŏıĸŇĚĪňŗœħƟĪņĔŅĶĸħėĺŅĴĝŊŘĬőħĵĔŅĶĬņœĮĨŅĔŐħħȮŏĮƦĬĶŃĵŃŏĺĸŅ 
ĮĶŃĴŅĦȮ24 ĝńŗĺőĴĚȮŐĸŃĪņĔŅĶŏĔŖĭĺńĽħŋœĺƟŒĬĳŅĝĬŃĮƕħŏıŊŗŀĮƚŀĚĔńĬėĺŅĴĝŊŘĬ  
    2.5 ėńħŐĵĔŏĝŊŘŀŏıĸŇĚĨŅĴėŋĦĳŅıĕŀĚĺńĽħŋȮ3 ĶŌĮŐĭĭȮœħƟŐĔƞȮŏĝŊŘŀŏıĸŇĚĪňŗĴňėŋĦĳŅıħňȮėŊŀ
ŏĝŊŘŀŏıĸŇĚĪňŗœĴƞĴňĶŀĵŐĨĔȮĴňėĺŅĴĴńĬĺŅĺȮŐĸŃĶŌĮĪĶĚĨĶĚȮŏĝŊŘŀŏıĸŇĚėŋĦĳŅıœĴƞħňȮėŊŀŏĝŊŘŀŏıĸŇĚĪňŗĴň ĶŀĵŐĨĔȮĶŌĮĪĶĚĭŇħ
ŏĭňŘĵĺȮŐĸŃĺńĽħŋĪňŗœĴƞĽŅĴŅĶĩŀńħĕŉŘĬĶŌĮœħƟȮľĶŊŀŏĔŇħĔŅĶĽŌĠŏĽňĵĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶ ŀńħȮŐĸŃĪņĔŅĶĝńŗĚĺńĽħŋŐĨƞĸŃĔĸŋƞĴ
ŏıŊŗŀėņĬĺĦľŅĶƟŀĵĸŃĕŀĚėŋĦĳŅıĔŅĶŀńħĕŉŘĬĶŌĮŏĝŊŘŀŏıĸŇĚ 
 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
 ěŅĔĔŅĶĪħĸŀĚĝňĺĴĺĸĪňŗĴňĔŅĶĶĺĭĶĺĴŒĬıŊŘĬĪňŗĴľŅĺŇĪĵŅĸńĵĶŅĝĳńġĽĔĸĬėĶȮĴňĪńŘĚľĴħȮ17  ĝĬŇħȮŐĸŃĪňŗœĴƞĴňĔŅĶ
ĬņœĮŒĝƟĮĶŃőĵĝĬƢŐĸŃœĴƞĴňģŅĬĕƟŀĴŌĸĪŅĚħƟŅĬıĸńĚĚŅĬěņĬĺĬȮ8 ĝĬŇħȮħńĚĨŅĶŅĚĪňŗȮ1 ĪňŗĬņĴŅĻŉĔļŅĺŇěńĵŒĬėĶńŘĚĬňŘȮőħĵįĸĔŅĶ
ĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦȮıĭĺƞŅȮĝňĺĴĺĸĪŋĔĝĬŇħĴňėƞŅėĺŅĴĝŊŘĬȮ3+7Ȯ%Ȯ&œĴƞŏĔŇĬėƞŅĴŅĨĶģŅĬȮ15%)ȮȮĽŅĶĶŃŏľĵĴňȮ42+54Ȯ% ȮĕňŘŏĩƟŅȮ
3+/4Ȯ%Ȯ(œĴƞŏĔŇĬĴŅĨĶģŅĬȮ10%Ȯ)ȮĝňĺĴĺĸĪňŗĴňĮĶŇĴŅĦŏĩƟŅĴŅĔŏĔŇĬėƞŅĴŅĨĶģŅĬėŊŀȮŒĭĨƟĬœĪĶȮŒĭĨƟĬőıīŇśŐĸŃľĠƟŅĽĬŅĴȮŐĸŃĝňĺ
ĴĺĸĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ5+/4Ȯ%ȮŐĸŃĴňėƞŅėĺŅĴĶƟŀĬĽŌĚȮ&HHV) ĴŅĔĔĺƞŅėƞŅĴŅĨĶģŅĬĕŀĚĔĶŃĪĶĺĚıĸńĚĚŅĬȮŀĵŌƞŒĬĝƞĺĚȮ
ĮĶŃĴŅĦȮ/4,35 ů 24.13 MJ/kg &ėƞŅĴŅĨĶģŅĬȮœĴƞĬƟŀĵĔĺƞŅ14.5 MJ/kgȮ) őħĵĪňŗȮŒĭěŅĴěŋĶňȮĴňėƞŅėĺŅĴĶƟŀĬĽŌĚĴŅĔĪňŗĽŋħ ĴňėƞŅȮ
02,/1ȮMJ/kg ŐĸŃŒĭĨƟĬőıīŇśĴňėƞŅėĺŅĴĶƟŀĬĽŌĚĬƟŀĵĪňŗĽŋħėŊŀȮ16.57 MJ/kg  ŐĸŃěŃıĭĺƞŅėƞŅėĺŅĴĶƟŀĬĽŌĚĕŀĚĝňĺĴĺĸȮĽŀħėĸƟŀĚ
ĔńĭĮĶŇĴŅĦŀĚėƢĮĶŃĔŀĭĕŀĚȮ%FC  ŐĸŃĮĶŇĴŅĦŀĚėƢĮĶŃĔŀĭĕŀĚȮ%VM  ĝňĺĴĺĸĴĺĸĪňŗĴňȮ%FC  ŐĸŃȮ%VM  ŒĬĽńħĽƞĺĬĪňŗĽŌĚȮ
ĴňŐĬĺőĬƟĴĪňŗěŃĪņŒľƟėƞŅȮHHV ĕŀĚĝňĺĴĺĸĽŌĚĨŅĴœĮħƟĺĵ [11], [12], [13] 
 
ĨŅĶŅĚĪňŗȮ1 ĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭőħĵĮĶŃĴŅĦȮŐĸŃėƞŅėĺŅĴĶƟŀĬĽŌĚĕŀĚĝňĺĴĺĸ 

 
ŐĸŃŏĴŊŗŀĬņėƞŅŀĚėƢĮĶŃĔŀĭĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦěŅĔĨŅĶŅĚĪňŗȮ1ȮĴŅŏĮƦĬėƞŅĬņŏĕƟŅȮ(Input) ŒĬĔŅĶėņĬĺĦľŅėƞŅ
ŀĚėƢĮĶŃĔŀĭŐĭĭŐĵĔīŅĨŋěŅĔĽĴĔŅĶŒĬĨŅĶŅĚĪňŗȮ2 ĞŉŗĚŏĮƦĬĽĴĔŅĶĽľĽńĴıńĬīƢĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭŐĭĭŐĵĔīŅĨŋ
ĕŀĚĝňĺĴĺĸĪňŗĴňĸńĔļĦŃĪňŗŒĔĸƟŏėňĵĚĔńĬȮĪňŗĴňĔŅĶĪņĺŇěńĵĪňŗįƞŅĬĴŅȮėŊŀŒĬĔĸŋƞĴĲŅĚȮŐĔĸĭȮŏĽƟĬŒĵȮĔĸŋƞĴŏĬŊŘŀœĴƟȮĝŇŘĬœĴƟȮŐĸŃĔĸŋƞĴŒĭœĴƟ 
ĸŌĔœĴƟȮ[5] ŏıŊŗŀŒľƟœħƟėƞŅȮȮC, H, O ėŊŀȮĮĶŇĴŅĦĶƟŀĵĸŃőħĵĴĺĸ-ĴĺĸĕŀĚėŅĶƢĭŀĬȮȮœŁőħĶŏěĬȮŐĸŃŀŀĔĞŇŏěĬȮĨŅĴĸņħńĭ įĸĔŅĶ
ĺŇŏėĶŅŃľƢĪňŗœħƟŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2 
 

ĝňĺĴĺĸ %MC %VM %ASH %FC HHV (MJ/kg) 
ŒĭħŀĔėŌĦ 5,554Ȯ±Ȯ.,21/ 54,242±Ȯ0,447 3,777±/,251 7,54.±Ȯ/,111 /6,12±.,1/ 
ŒĭĸňĸŅĺħň 7,67.±Ȯ.,/4.1 51,506±Ȯ.,522 7,130±Ȯ.,351 5,.06±Ȯ.,165 /7,61±.,/7 
ŒĭĨƟĬœĪĶ 5,573± 0.213 45,0/1Ȯ±Ȯ.,740 /0,364Ȯ±Ȯ.,/23 /0,2.2±Ȯ.,505 /5,65±.,5/ 
ŒĭĨƟĬőıīŇś 5,4/5±Ȯ.,103 44,367Ȯ±Ȯ/,/.1 /4,/44Ȯ±Ȯ.,220 7,404Ȯ±Ȯ.,574 /4,35±.,26 
ŒĭħŀĔŏĕŖĴ 6,5.0Ȯ±Ȯ.,03/ 46,707Ȯ±Ȯ/,22/ 3,474Ȯ±Ȯ/,/.6 /4,45/Ȯ±Ȯ0,1.2 0.,71±.,2. 
ľĠƟŅĽĬŅĴ 6,/05Ȯ±Ȯ.,/37 44,3.2Ȯ±Ȯ/,005 /4,0..Ȯ±Ȯ.,616 7,/45Ȯ±Ȯ.,2/2 /5,73±.,47 
ŒĭěŅĴěŋĶň 3,346Ȯ±Ȯ.,.6. 53,012Ȯ±Ȯ/,127 4,4..Ȯ±Ȯ.,616 /0,374Ȯ±Ȯ.,420 02,/1±.,0. 
ŒĭĔĶƞŅĚ 7,3./Ȯ±Ȯ.,/1. 5.,.3/Ȯ±Ȯ/,66/ 5,.40Ȯ±Ȯ.,0.3 /1,162Ȯ±Ȯ/,637 0.,63±.,/1 
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ĨŅĶŅĚĪňŗȮ2 ėƞŅŀĚėƢĮĶŃĔŀĭŐĭĭŐĵĔīŅĨŋěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢȮ(Correlation analysis)  [5] 
ĽĴĔŅĶĽľĽńĴıńĬīƢ % ėƞŅŀĚėƢĮĶŃĔŀĭīŅĨŋȮ 

ŒĭħŀĔ
ėŌĦ 

Œĭ 
ĸňĸŅĺħň 

ŒĭĨƟĬ
œĪĶ 

ŒĭĨƟĬ
őıīŇś 

ŒĭħŀĔ
ŏĕŖĴ 

ľĠƟŅ
ĽĬŅĴ 

Œĭ
ěŅĴěŋĶň 

Œĭ 
ĔĶƞŅĚ 

C = 0:635FC + 0:460VM - 0:095ASH(wt.%)  40.801 37.489 37.599 35.208 41.753 34.874 41.980 40.052 

H = 0:059FC + 0:060VM - 0:010ASH(wt.%)  5.104 4.745 4.639 4.402 5.062 4.369 5.191 4.992 

O = 0:340FC + 0:469VM - 0:023ASHȮ(wt%)  39.042 36.753 35.451 34.132 37.865 33.935 39.416 37.242 

 
 ěŅĔĨŅĶŅĚįĸĔŅĶĺŇŏėĶŅŃľƢěŃŏľŖĬœħƟĺƞŅȮŒĭěŅĴěŋĶňȮĴňĶƟŀĵĸŃĕŀĚŀĚėƢĮĶŃĔŀĭĕŀĚėŅĶƢĭŀĬȮĴŅĔĪňŗĽŋħȮėŊŀȮ
ĶƟŀĵĸŃȮ41.980  ĴňŐĬĺőĬƟĴĪňŗěŃŒľƟėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚĴŅĔĪňŗĽŋħȮĽŀħėĸƟŀĚĔńĭįĸĪňŗœħƟėƞŅĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚ Bomb 
Calorimeter  ȮėŊŀȮȮ24.13ȮMJ/kg ěŅĔĬńŘĬĬņėƞŅŀĚėƢĮĶŃĔŀĭŐĭĭŐĵĔīŅĨŋȮ(C, H, O) ĪňŗœħƟěŅĔĨŅĶŅĚĪňŗȮ2  ŒĝƟŏĮƦĬėƞŅĬņŏĕƟŅȮ
&Input) ĽņľĶńĭĔŅĶėņĬĺĦľŅėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚȮ&HHV) ĕŀĚĝňĺĴĺĸěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢȮŒĬĨŅĶŅĚĪňŗȮ3ȮĨƞŀœĮ 
 
ĨŅĶŅĚĪňŗȮ3 ėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵĽĴĔŅĶĽľĽńĴıńĬīƢȮ(Correlation analysis)   

ĸņħńĭ
Īňŗ 

ĽĴĔŅĶĽľĽńĴıńĬīƢ 
ėƞŅėĺŅĴĶƟŀĬĽŌĚȮHHV (MJ/Kg) 

ŒĭħŀĔ
ėŌĦ 

Œĭ 
ĸňĸŅĺħň 

Œĭ 
ĨƟĬœĪĶ 

Œĭ 
ĨƟĬőıīŇś 

ŒĭħŀĔ
ŏĕŖĴ 

ľĠƟŅ 
ĽĬŅĴ 

Œĭ 
ěŅĴěŋĶň 

Œĭ 
ĔĶƞŅĚ 

/ HHV = 0.312FC+0.1534VM [2,3] 14.774 13.502 14.180 13.218 15.775 13.061 15.471 14.921 

0 HHV = 0.196FC + 14.119 [3] 16.031 15.496 16.550 16.005 17.386 15.915 16.587 16.742 

1 
HHV =0.3536FC +0.1559VM -0.0078A [4] 15.325 13.906 14.766 13.659 16.596 13.483 16.131 15.598 

2 
HHV = -10.81408 + 0.3133(VM+FC) [6] 16.200 14.486 14.130 13.064 16.004 12.893 16.703 15.326 

3 
HHV (MJ/kg) = 19.914ů0.2324 (Ash) [7] 18.519 17.740 16.988 16.156 18.590 16.149 18.380 18.273 

4 HHV = 354.3FC + 170.8VM [8] 16.518 15.082 15.875 14.784 17.679 14.606 17.312 16.706 

7 
HHV = 35,430 ů 183.5VM ů 354.3ASH [8] 19.273 18.587 18.636 17.483 20.763 17.486 19.285 20.073 

8 
HHV=28.296-0.2887A -656.2/VM [9] 17.986 16.695 14.899 13.774 17.131 13.751 17.668 16.890 

7 
HHV=0.3543(FC)+0.1798(VM) [10] 17.206 15.746 16.479 15.383 18.300 15.205 17.990 17.337 

/. 
HHV (MJ/kg) = -1.3675 + 0.3137 C + 
0.7009 H + 0.0318 O [7] 

16.251 14.887 14.806 13.848 16.483 13.714 16.693 15.831 

// HHV=0.4373C-1.6701 [10] 16.172 14.724 14.772 13.726 16.588 13.580 16.688 15.845 

/0 HHV=0.335C+1.423(H)-0.1540 [10] 20.777 19.157 19.043 17.904 21.037 17.746 21.296 20.268 

 
ŏĴŊŗŀĬņėƞŅėĺŅĴĶƟŀĬĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢȮœĮĪħĽŀĭėĺŅĴŐĴƞĬĵņŏĪňĵĭĔńĭėƞŅıĸńĚĚŅĬėĺŅĴ

ĶƟŀĬěŅĔĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚ Bomb Calorimeter  ȮŐĸŃĬņœĮėņĬĺĦȮıĭĺƞŅȮȮĽĴĔŅĶĽĴĽńĴıńĬīƢĕŀĚȮR. Saidur , (2011)  
ȮHHV=0.335C+1.423(H)-0.1540 [10] ȮĴňėĺŅĴėĸŅħŏėĸŊŗŀĬĬƟŀĵĪňŗĽŋħ őħĵĴňėƞŅėĺŅĴįŇħıĸŅħĵĔĔņĸńĚĽŀĚȮ(R2) = 2.249 Ĵň
ėƞŅėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵ (AAE) = 5.943 ŐĸŃĴňėƞŅėĺŅĴįŇħıĸŅħŀėĨŇŏĜĸňŗĵ (ABE) = 1.167 ĞŉŗĚĴňėĺŅĴėĸŅħŏėĸŊŗŀĬ
ĬƟŀĵĪňŗĽŋħŒĬĔĸŋƞĴĕŀĚĽľĽńĴıńĬīƢȮĪńŘĚľĴħȮ/2ȮĽĴĔŅĶȮŒĬĨŅĶŅĚĪňŗȮ3 ėŊŀȮėƞŅėĺŅĴįŇħıĸŅħĵĔĔņĸńĚĽŀĚȮ(R2) = 2.249 ĽĴĔŅĶėƞŅ
ėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵ (AAE) = 5.943 ŐĸŃĽĴĔŅĶėƞŅėĺŅĴįŇħıĸŅħŀėĨŇŏĜĸňŗĵ (ABE) = 1.167 ěŅĔĬńŘĬĪŅĚįŌƟĺŇěńĵœħƟĬņ
ĝňĺĴĺĸŒĬĴľŅĺŇĪĵŅĸńĵĪňŗĴňģŅĬĕƟŀĴŌĸĪŅĚıĸńĚĚŅĬĴŅĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚĕŀĚĽĴĔŅĶȮėŊŀȮŒĭĽńĔ ŒĭĵŅĚĬŅȮŐĸŃŒĭľŌĔĺŅĚȮ
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ıĭĺƞŅįĸĺŇŏėĶŅŃľƢĪħĸŀĚŒľƟįĸĽŀħėĸƟŀĚĔńĭĝňĺĴĺĸĪńŘĚȮ6ȮĝĬŇħĪňŗįƞŅĬĴŅėŊŀȮĽĴĔŅĶĸņħńĭĪňŗȮ/0ȮĴňėĺŅĴėĸŅħŏėĸŊŗŀĬĬƟŀĵĪňŗĽŋħȮ
őħĵĴňėƞŅėĺŅĴįŇħıĸŅħĵĔĔņĸńĚĽŀĚȮ&R2) =Ȯ/,737ȮĽĴĔŅĶėƞŅėĺŅĴįŇħıĸŅħĽńĴĭŌĶĦƢŏĜĸňŗĵĕŀĚėĺŅĴĽńĴıńĬīƢȮ&AAE)Ȯ=Ȯ4,.70Ȯ
ĽĴĔŅĶėƞŅėĺŅĴįŇħıĸŅħŀėĨŇŏĜĸňŗĵ (ABE)Ȯ= 0,014ȮĴňėƞŅŒĔĸƟŏėňĵĚĔńĭėƞŅĪňŗœħƟěŅĔŏėĶŊŗŀĚ Bomb Calorimeter ĴŅĔĪňŗĽŋħȮěŅĔĬńŘĬ
ěŉĚĬņĝňĺĴĺĸŒĬıŊŘĬĪňŗĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶȮĪňŗĴňėŋĦĽĴĭńĨŇĪŅĚıĸńĚĚŅĬĪňŗħňĪňŗĽŋħŐĸŃĵńĚœĴƞĴňĔŅĶĬņĴŅŒĝƟőĵĝĬƢȮ3 ŀńĬħńĭ
ŐĶĔȮėŊŀȮŒĭĔĶƞŅĚȮŒĭĽńĔȮŐĸŃŒĭĵŅĚĬŅȮĴŅĪħĸŀĚĔŅĶŀńħĕŉŘĬĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚ   ěŅĔĔŅĶĪħĽŀĭŀńħĕŉŘĬĶŌĮĝňĺĴĺĸĪńŘĚȮ3 
ĝĬŇħȮĽŅĴŅĶĩĬņĴŅŀńħĕŉŘĬĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚœħƟȮħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ4 
 
ĨŅĶŅĚĪňŗȮ4 ĸńĔļĦŃĕŀĚŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŀńħŐĕŖĚ 

ĝňĺĴĺĸŀńħŐĕŖĚ ĸńĔļĦŃĪŅĚĔŅĵĳŅı 

 

-įŇĺŏĶňĵĭ œĴƞĴńĬĺŅĺȮĶŀĵŐĨĔĶƟŅĺĬƟŀĵĴŅĔ 
-ėĺŅĴĵŅĺĮĶŃĴŅĦȮ40-60 mmȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ11.5 mm 
-ĔŅĶħŌħĞŉĴĬŘņ 2.68% 
-ĔŅĶŐĨĔĶƞĺĬ 5.84% 
-%ėĺŅĴĝŊŘĬ,Ȯ0.131% 
-ėƞŅėĺŅĴĶƟŀĬĽŌĚȮ19.378 MJ/kg Ȯ 

 

-įŇĺŏĶňĵĭȮĴńĬĺŅĺȮ ĶŀĵŐĨĔĶƟŅĺĬƟŀĵĴŅĔ 
-ėĺŅĴĵŅĺĮĶŃĴŅĦȮ40-60 mmȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ11.5 mm 
-ĔŅĶħŌħĞŉĴĬŘņ 2.21 % 
-ĔŅĶŐĨĔĶƞĺĬ  1.91 % 
-%ėĺŅĴĝŊŘĬ,Ȯ0.095% 
-ėƞŅėĺŅĴĶƟŀĬĽŌĚȮ18.479 MJ/kg Ȯ 

 

-įŇĺŏĶňĵĭ œĴƞĴńĬĺŅĺȮĶŀĵŐĨĔĶƟŅĺĬƟŀĵĴŅĔ 
-ėĺŅĴĵŅĺĮĶŃĴŅĦȮ40-60 mmȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ11.5 mm 
-ĔŅĶħŌħĞŉĴĬŘņ  1.73% 
-ĔŅĶŐĨĔĶƞĺĬ 2.88%  
-ėĺŅĴĝŊŘĬ 0.111% 
-ėƞŅėĺŅĴĶƟŀĬĽŌĚȮ18.700 MJ/kg Ȯ 

 ěŃŏľŖĬœħƟĺƞŅĝňĺĴĺĸĪńŘĚȮ3 ĝĬŇħĴňĸńĔļĦŃĪŅĚĔŅĵĳŅıŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬȮŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŀńħŐĕŖĚȮŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚŀĵŌƞŒĬĝƞĺĚĨńŘĚŐĨƞȮ6mm-25mm ėĺŅĴĵŅĺŏĜĸňŗĵŀĵŌƞŒĬĝƞĺĚĨńŘĚŐĨƞȮ3.15mm-40mm ŐĸŃėĺŅĴĝŊŘĬœĴƞŏĔŇĬȮ15 % Ȯ) ĴňėƞŅ
ėĺŅĴĶƟŀĬĽŌĚĴŅĔĔĺƞŅėƞŅĴŅĨĶģŅĬȮėŊŀȮœĴƞĬƟŀĵĔĺƞŅ14.5 MJ/kgȮ(ĨŅĴĴŅĨĶģŅĬŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚȮĴŀĔ.2772-2560) 

 
ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ěŅĔĔŅĶĪħĸŀĚĝňĺĴĺĸĪňŗĴňĔŅĶĶĺĭĶĺĴŒĬıŊŘĬĪňŗĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶ ĴňĪńŘĚľĴħ 17 ĝĬŇħ ŐĸŃĪňŗœĴƞĴňĔŅĶ
ĬņœĮŒĝƟĮĶŃőĵĝĬƢŐĸŃœĴƞĴňģŅĬĕƟŀĴŌĸĪŅĚħƟŅĬıĸńĚĚŅĬěņĬĺĬȮ8 ĝĬŇħ ĬņĴŅĺŇŏėĶŅŃľƢőħĵĮĶŃĴŅĦ ıĭĺƞŅ ĝňĺĴĺĸĪŋĔĝĬŇħĴňėƞŅ
ėĺŅĴĝŊŘĬ 5-9 % (œĴƞŏĔŇĬėƞŅĴŅĨĶģŅĬ 15%)  ĽŅĶĶŃŏľĵĴň 64-76 %  ĕňŘŏĩƟŅ 5-16 % (œĴƞŏĔŇĬĴŅĨĶģŅĬ 10% ) ĝňĺĴĺĸĪňŗĴň
ĮĶŇĴŅĦŏĩƟŅĴŅĔŏĔŇĬėƞŅĴŅĨĶģŅĬėŊŀ ŒĭĨƟĬœĪĶ ŒĭĨƟĬőıīŇśŐĸŃľĠƟŅĽĬŅĴ ĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺ 7-16 % ėƞŅėĺŅĴĶƟŀĬĽŌĚ
(HHV) 15.50 ů 24.13 MJ/kgȮ(œĴƞĬƟŀĵĔĺƞŅėƞŅĴŅĨĶģŅĬ 14.5 MJ/kg ) őħĵĪňŗ ŒĭěŅĴěŋĶň ĴňėƞŅėĺŅĴĶƟŀĬĽŌĚĴŅĔĪňŗĽŋħ ĴňėƞŅ 
24.13 MJ/kg ŐĸŃľĠƟŅĽĬŅĴĬƟŀĵĪňŗĽŋħėŊŀ 15.50 MJ/kg  ěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĝňĺĴĺĸĪňŗœĴƞŏľĴŅŃĽĴĪňŗěŃĬņĴŅįĸŇĨŏĮƦĬ
ŏĝŊŘŀŏıĸŇĚ œħƟŐĔƞ ľĠƟŅĽĬŅĴ ŒĭĨƟĬœĪĶŐĸŃŒĭĨƟĬőıīŇś ŏĬŊŗŀĚěŅĔĴňĮĶŇĴŅĦŏĩƟŅĽŌĚŏĔŇĬĴŅĨĶģŅĬ ĽƞĺĬŒĭħŀĔŏĕŖĴĴňĮĶŇĴŅĦĔŅĶ
ĶĺĭĶĺĴĔŅĶĨńħŐĨƞĚŒĬıŊŘĬĪňŗőħĵĶĺĴėƞŀĬĕƟŅĚĬƟŀĵŀŅěěěŃœĴƞŏľĴŅŃŏĮƦĬĺńĽħŋľĸńĔŒĬĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚȮĽƞĺĬŒĭěŅĴěŋĶňĪňŗĴňėƞŅȮHHV 
ĽŌĚĪňŗĽŋħŐĨƞȮĩŊŀĺƞŅĴňĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢŒĬĔŅĶĴŅĪņħŇĬĮĸŌĔĨƟĬœĴƟŀĵŌƞŐĸƟĺ ěŅĔĔŅĶĺŇŏėĶŅŃľƢěŅĔĽĴĔŅĶĽľĽńĴıńĬīƢıĭĺƞŅ
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ĽĴĔŅĶĪňŗĴňėĺŅĴŐĴƞĬĵņĽŌĚĪňŗĽŋħėŊŀĽĴĽĴĔŅĶĕŀĚȮR.Saidur,2011 (HHV=0.335C+1.423(H)-0.1540)ȮėŊŀĴň  ėƞŅėĺŅĴįŇħıĸŅħ
ĵĔĔņĸńĚĽŀĚȮ&R2) = 2.831 ŐĸŃėƞŅ AAE = 7.325 ėƞŅ ABE = 3.40  ĽŅĴŅĶĩŒĝƟŒĬĔŅĶĪņĬŅĵėƞŅıĸńĚĚŅĬėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸ
œħƟŒĔĸƟŏėňĵĚėƞŅĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢőħĵŏėĶŊŗŀĚȮBomb Calorimeter ĴŅĔĪňŗĽŋħ ŐĸŃĝňĺĴĺĸĪňŗĴňėŋĦĽĴĭńĨŇĪňŗħňĪŅĚıĸńĚĚŅĬȮŐĸŃ
œĴƞĴňĔŅĶĬņĴŅŒĝƟĮĶŃőĵĝĬƢĳŅĵŒĬıŊŘĬĪňŗĴľŅĺŇĪĵŅĸńĵėŊŀȮŒĭĔĶƞŅĚȮŒĭĽńĔȮŐĸŃŒĭĵŅĚĬŅȮĽŅĴŅĶĩĬņĴŅŀńħĕŉŘĬĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚŀńħ
ŐĕŖĚœħƟȮŐĸŃĴňėŋĦĽĴĭńĨŇĪňŗħňŏĮƦĬœĮĨŅĴĴŅĨĶģŅĬĕŀĚŏĝŊŘŀŏıĸŇĚŀńħŐĕŖĚĴňėƞŅėĺŅĴĶƟŀĬĽŌĚ &HHV) ŀĵŌƞĶŃľĺƞŅĚȮȮ18.700 MJ/kg Ȯ-
19.378 MJ/kg Ȯ ŏĮƦĬĪŅĚŏĸŊŀĔĽņľĶńĭŒĝƟŏĮƦĬıĸńĚĚŅĬŏĝŊŘŀŏıĸŇĚĪħŐĪĬĪňŗĽƞĚŏĽĶŇĴėĺŅĴŏĮƦĬĔĸŅĚĪŅĚėŅĶƢĭŀĬŒĬŀĬŅėĨĨƞŀœĮ
œħƟȮ 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ĕŀĕŀĭėŋĦĪŅĚĽŅĕŅĺŇĝŅĲƕĽŇĔĽƢȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶ ĪňŗŀĬŋŏėĶŅŃľƢŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭȮ
ŐĸŃėƞŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸȮĕŀĕŀĭėŋĦȮĽĩŅĭńĬĺŇěńĵŐĸŃıńĥĬŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĔĸĬėĶȮĪňŗŒľƟĪŋĬĽĬńĭĽĬŋĬĔŅĶĺŇěńĵŒĬ
ėĶńŘĚĬňŘ 
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ĔŅĶĺŇŏėĶŅŃľƢħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢĕŀĚĔŅĶįĸŇĨœĲĲƚŅħƟĺĵőĞĸŅĶƢŏĞĸĸƢȮŒĬĔŅĶĻŉĔļŅĨƟĬŐĭĭĔŅĶįĸŇĨ
ĶŃĭĭœĲĲƚŅħƟĺĵıĸńĚĚŅĬĪħŐĪĬįĽĴįĽŅĬĕĬŅħȮ/3.ȮkW ĔĶĦňĻŉĔļŅŏĔŅŃŏĨƞŅȮě,ĽŋĶŅļġƢīŅĬň 

Computer Analysis of Photovotaic in Hybrid /3.ȮkW System Plant case Study of Tao Island 
 

ĽńĬĨŇȮıĸŀĵıĶľĴȮ ĺŇĶĝńĵȮőĶĵĬĶŇĬĪĶƢ1,2*ĽŇĶŇĻńĔħŇśȮĮŅĚĺŋĥŇĺĦŇĝĵƢ1ĺĶŏĝļģƢȮŐĽĚĽňħŅ1 œĺĺŇĪĵƢȮŀŋĪńĵŏĜĸŇĴ1 īĬĵĻȮėŇħŏĴĨĨŅĔŋĸ1Ȯ
ŐĸŃȮĽŋŏĪıȮȮĽňĴŅĸŅ1 

1 ĳŅėĺŇĝŅĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶňȮ12110 
2 ĻŌĬĵƢĺŇěńĵŐĸŃĭĶŇĔŅĶħƟŅĬıĸńĚĚŅĬȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸīńĠĭŋĶňȮ/0//. 

 

*Corresponding author: Tel.: 02-5493433. E-mail address: wirachai.r@.en.rmutt.ac.th 
 

Abstract 
This paper aims to develop and test a prototype Hybrid Renewable Energy System (HRES) 

comprising a 100 kW wind turbine, a 50 kW solar PV system, and a Li-NMC battery energy storage system 
with at least 140 kWh capacity to reduce diesel fuel consumption on Ko Tao Island, Surat Thani Province. 

The study includes site surveys for windůsolar potential, system architecture design, PowerWorld 
simulations, and the development of a real-time monitoring and control platform. Results show that the 
system can operate in both on-grid and islanded modes, with the Li-NMC battery effectively stabilizing 
voltage and frequency. 

CamlmkgaȮ_l_jwqgqȮ glbga_rcqȮrfcȮnpmhcarŲqȮdc_qg`gjgrw*ȮugrfȮ _Ȯ LcrȮNpcqclrȮT_jscȮ&LNT'Ȯ mdȮ
approximately 12 million THB, an Internal Rate of Return (IRR) of 14.5%, and a Payback Period of about 7 
years. The system can also reduce COϜ emissions by around 800 tons annually, contributing to national 
clean energy targets. 

 

Keywords: Renewable energy, Microgrid, Wind turbine, Solar PV, Battery storage  
 

ĭĪėńħĵƞŀ 
 ĭĪėĺŅĴĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀıńĥĬŅŐĸŃĪħĽŀĭĨƟĬŐĭĭőĶĚœĲĲƚŅıĸńĚĚŅĬĪħŐĪĬŐĭĭįĽĴįĽŅĬȮ&Hybrid 
Renewable Energy System; HRES) ĮĶŃĔŀĭħƟĺĵĔńĚľńĬĸĴĕĬŅħȮ/..ȮĔŇőĸĺńĨĨƢȮőĞĸŅĶƢŏĞĸĸƢĕĬŅħȮ3.ȮĔŇőĸĺńĨĨƢȮŐĸŃĶŃĭĭ
ĔńĔŏĔŖĭıĸńĚĚŅĬŐĭĨŏĨŀĶňŗĸŇŏĪňĵĴĝĬŇħȮLi-Phosphate ėĺŅĴěŋœĴƞĬƟŀĵĔĺƞŅȮ/2. kWh ŏıŊŗŀĸħĔŅĶıŉŗĚıŅĔŅĶįĸŇĨœĲĲƚŅħƟĺĵĬŘņĴńĬ
ħňŏĞĸĕŀĚĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėȮ&ĔĲĳ,'ȮĭĬŏĔŅŃŏĨƞŅȮěńĚľĺńħĽŋĶŅļġĶƢīŅĬň 

ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵĮĶŃĔŀĭħƟĺĵĔŅĶĽņĶĺěĻńĔĵĳŅııĸńĚĚŅĬĸĴůŐĽĚŀŅĪŇĨĵƢȮĔŅĶŀŀĔŐĭĭĽĩŅĮƤĨĵĔĶĶĴĶŃĭĭȮ
ĔŅĶěņĸŀĚħƟĺĵőĮĶŐĔĶĴȮPowerWorld ŐĸŃĔŅĶěńħĪņĶŃĭĭĨŇħĨŅĴůėĺĭėŋĴĕƟŀĴŌĸıĸńĚĚŅĬŐĭĭŏĶňĵĸœĪĴƢȮįĸĔŅĶĻŉĔļŅ
ĝňŘŒľƟŏľŖĬĺƞŅĶŃĭĭĽŅĴŅĶĩĪņĚŅĬœħƟĪńŘĚőľĴħŏĝŊŗŀĴĨƞŀĽŅĵĽƞĚȮȮ&On-grid)  ŐĸŃőľĴħŐĵĔĨńĺȮ&Islanded) őħĵĴňŐĭĨŏĨŀĶňŗȮȮLi- 
PhosphateȮĪņľĬƟŅĪňŗĶńĔļŅŏĽĩňĵĶĳŅıŐĶĚħńĬŐĸŃėĺŅĴĩňŗĕŀĚĶŃĭĭœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĻĶļģĻŅĽĨĶƢŐĽħĚŒľƟŏľŖĬĺƞŅȮőėĶĚĔŅĶĽŅĴŅĶĩĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴœħƟŒĬĶŃĵŃĵŅĺȮőħĵĴňĴŌĸėƞŅĮƤěěŋĭńĬ
ĽŋĪīŇȮ&NPV) ĮĶŃĴŅĦȮ/0ȮĸƟŅĬĭŅĪȮŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&IRR) /2,3Ȯ#ȮŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) 
ĮĶŃĴŅĦȮ5ȮĮƖȮıĶƟŀĴĪńŘĚĽŅĴŅĶĩĸħĔŅĶĮĸƞŀĵėŅĶƢĭŀĬœħŀŀĔœĞħƢœħƟĮĶŃĴŅĦȮ6..ȮĨńĬĨƞŀĮƖȮĞŉŗĚĽŀħėĸƟŀĚĔńĭŏĮƚŅľĴŅĵĔŅĶ
ıńĥĬŅıĸńĚĚŅĬĽŃŀŅħĕŀĚĮĶŃŏĪĻ 

 

ėņĽņėńĠ8ȮıĸńĚĚŅĬĪħŐĪĬ, œĴőėĶĔĶŇħ, ĔńĚľńĬĸĴ, őĞĸŅĶƢŏĞĸĸƢ, ŐĭĨŏĨŀĶňŗĔńĔŏĔŖĭıĸńĚĚŅĬ 
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Abstract 

This research aims to assess the financial feasibility of transforming the Yupharat Wittayamongkhon 
Building at Chiang Rai Rajabhat University into a Net Zero Energy Building (NZEB). Both solar photovoltaic 
(PV) system configurations were analyzed: an off-grid system with battery storage and an on-grid system 
allowing daytime energy sales to offset nighttime consumption. System design and performance were 
simulated using the PVsyst Program. Results show the off-grid system generates 488.65 MWh/year with a 
Solar Fraction (SF) of 98.08% and a Performance Ratio (PR) of 58.73%. The on-grid system produces 688.94 
MWh/year, with 340.19 MWh/year used onsite, SF of 68.28%, and PR of 86.12%, indicating better energy 
conversion efficiency. Based on a 20-year financial analysis with a 6.31% discount rate, 0.5% annual O&M 
inflation, and 0.5% module degradation, the off-epgbȮqwqrckȮf_qȮ_Ȯlce_rgtcȮLcrȮNpcqclrȮT_jscȮ&LNT'ȮmdȮƊ5,55Ȯ
million Thai Baht and a BenefitůCost Ratio (BCR) of 0.75. In contrast, the on-grid system yields a positive 
Net Present Value (NPV) of 12.82 million Thai Baht, a BCR of 1.64, and a payback period of 8 years and 7 
months. Therefore, the on-grid model is more economically viable and aligns with government energy-
efficiency initiatives, serving as a replicable model for future NZEB developments. 

 
Keywords: Net Zero building, Financial Feasibility, Rooftop Solar System 

 
ĭĪėńħĵƞŀ 

 ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶŏĚŇĬĕŀĚőėĶĚĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮ
ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŒľƟŏĮƦĬŀŅėŅĶıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&Net Zero Energy Building: NZEB) ħƟĺĵĔŅĶĨŇħĨńŘĚĶŃĭĭ
įĸŇĨœĲĲƚŅěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĶƞĺĴĔńĭĶŃĭĭœĴőėĶĔĶŇħȮőħĵĪņĔŅĶŀŀĔŐĭĭŐĸŃěņĸŀĚĔŅĶĪņĚŅĬĕŀĚĶŃĭĭŒĬĽŀĚĶŌĮŐĭĭȮ
œħƟŐĔƞȮĶŃĭĭŀŀĲĔĶŇħıĶƟŀĴŐĭĨŏĨŀĶňŗȮ&Off-grid with battery) ŐĸŃĶŃĭĭŀŀĬĔĶŇħȮ&On-grid)ȮĶƞĺĴĔńĭĔŅĶĕŅĵœĲŒĬĨŀĬ
ĔĸŅĚĺńĬŏıŊŗŀĪħŐĪĬėƞŅœĲĪňŗŒĝƟœĮŒĬĨŀĬĔĸŅĚėŊĬ ŐĸŃŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıħƟŅĬŏĪėĬŇėŐĸŃėĺŅĴėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬ 

ěŅĔįĸĔŅĶěņĸŀĚőħĵŒĝƟőĮĶŐĔĶĴȮPVsyst ıĭĺƞŅȮĶŃĭĭ Off-GridȮĴňĔņĸńĚįĸŇĨȮ266,43 MWh/ĮƖȮėŇħŏĮƦĬėƞŅȮSolar 
Fraction (SF) ĮĶŃĴŅĦȮ76,.6#ȮŐĸŃȮPerformance Ratio (PR) ŀĵŌƞĪňŗȮ36,51#ȮŒĬĕĦŃĪňŗĶŃĭĭ On-gridȮĽŅĴŅĶĩįĸŇĨ
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œĲĲƚŅœħƟȮ466,72 MWh/ĮƖȮŒĝƟĳŅĵŒĬŀŅėŅĶȮ12.,/7 MWh/ĮƖȮĴňėƞŅȮPR 64,/0#ȮŐĸŃȮSF 46,06#ȮŐĽħĚŒľƟŏľŖĬĩŉĚ
ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŐĮĸĚıĸńĚĚŅĬĪňŗĽŌĚĕŉŘĬ 

ħƟŅĬĔŅĶĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬŒĝƟĶŃĵŃŏĺĸŅĮĶŃŏĴŇĬȮ0.ȮĮƖȮŀńĨĶŅėŇħĸħȮ4,1/#ȮŀńĨĶŅŏĚŇĬŏĲƚŀėƞŅŒĝƟěƞŅĵ
ħņŏĬŇĬĔŅĶȮ.,3#ȮŐĸŃŀńĨĶŅŏĽŊŗŀĴőĴħŌĸȮ.,3#ȮĨƞŀĮƖȮıĭĺƞŅȮĶŃĭĭ Off-GridȮŒľƟĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ĮĶŃĴŅĦȮƊ5,55ȮĸƟŅĬ
ĭŅĪȮŐĸŃŀńĨĶŅĽƞĺĬįĸĨŀĭŐĪĬĨƞŀĪŋĬȮ&BCR) ŏĪƞŅĔńĭȮ.,53ȮĞŉŗĚĵńĚœĴƞįƞŅĬŏĔĦĤƢėĺŅĴėŋƟĴėƞŅȮĕĦŃĪňŗĶŃĭĭ On-gridȮĴňėƞŅȮNPV 
ĮĶŃĴŅĦȮ)/0,60ȮĸƟŅĬĭŅĪȮBCR ŏĪƞŅĔńĭȮ/,42ȮĞŉŗĚŀĵŌƞŒĬŏĔĦĤƢĪňŗħň 

ěŅĔĔŅĶĻŉĔļŅħńĚĔĸƞŅĺĽĶŋĮœħƟĺƞŅȮĶŃĭĭ On-gridȮŏĮƦĬĪŅĚŏĸŊŀĔĪňŗŏľĴŅŃĽĴŒĬŏĝŇĚŏĻĶļģĻŅĽĨĶƢĴŅĔĔĺƞŅȮŏıĶŅŃĴň
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĮĶŃĴŅĦȮ6ȮĮƖȮ5ȮŏħŊŀĬȮĞŉŗĚėŋƟĴėƞŅŒĬŏĝŇĚŏĻĶļģĻŅĽĨĶƢŐĸŃŒĬŏĝŇĚĻńĔĵĳŅıŒĬĔŅĶıńĥĬŅŀŅėŅĶŒĝƟıĸńĚĚŅĬŏĮƦĬ
ĻŌĬĵƢĽŅĴŅĶĩĬņĽƞĺĬĨƞŅĚĪňŗœħƟěŅĔĔŅĶĕŅĵœĲĴŅĪħŐĪĬıĸńĚĚŅĬĪňŗĞŊŘŀĴŅŒĝƟŒĬĨŀĬĔĸŅĚėŊĬěŉĚĪņŒľƟĽŅĴŅĶĩĭĶĶĸŋėĺŅĴĽņŏĶŖěĪńŘĚ
ŏĝŇĚıĸńĚĚŅĬŐĸŃŏĝŇĚŏĻĶļģĻŅĽĨĶƢŒĬĶŃĵŃĵŅĺœħƟȮȮĪńŘĚĵńĚĽŀħėĸƟŀĚĔńĭŐĬĺőĬƟĴĔŅĶıńĥĬŅŀŅėŅĶĮĶŃľĵńħıĸńĚĚŅĬĕŀĚĳŅėĶńģȮ
ŐĸŃĚŅĬĺŇěńĵĬňŘěŉĚĽŅĴŅĶĩŒĝƟŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶŀŀĔŐĭĭȮĨńħĽŇĬŒěĸĚĪŋĬȮŐĸŃıńĥĬŅŀŅėŅĶŀŊŗĬȮŕȮŒľƟŏĕƟŅĽŌƞŏĔĦĤƢȮNZEB ŀĵƞŅĚ
ŏĮƦĬĶŃĭĭ 
 
ėņĽņėńĠ:ȮŀŅėŅĶĪňŗŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢ, ėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶŏĚŇĬ, ĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĭĬľĸńĚėŅ 
 

ĭĪĬņ 
 ĮƤěěŋĭńĬĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĕŀĚĮĶŃŏĪĻœĪĵĴňŐĬĺőĬƟĴŏĨŇĭőĨŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮőħĵŏĜıŅŃŒĬĳŅėŀŅėŅĶĞŉŗĚĴň
ĽńħĽƞĺĬĔŅĶŒĝƟœĲĲƚŅĽŌĚĩŉĚĶƟŀĵĸŃȮ01ȮĕŀĚĔŅĶŒĝƟœĲĲƚŅĶĺĴĪńŘĚĮĶŃŏĪĻȮ&ĽņĬńĔĚŅĬĬőĵĭŅĵŐĸŃŐįĬıĸńĚĚŅĬ, 2566)ȮĮƤěěńĵ
ħńĚĔĸƞŅĺœĴƞŏıňĵĚĽĶƟŅĚŐĶĚĔħħńĬĨƞŀėĺŅĴĴńŗĬėĚĪŅĚıĸńĚĚŅĬȮŐĨƞĵńĚĽƞĚįĸĨƞŀĳŅĶŃĨƟĬĪŋĬĔŅĶħņŏĬŇĬĚŅĬĕŀĚľĬƞĺĵĚŅĬĳŅėĶńģŐĸŃ
ĽĩŅĭńĬĔŅĶĻŉĔļŅȮĬőĵĭŅĵıĸńĚĚŅĬĶŃħńĭĝŅĨŇȮŏĝƞĬȮŐįĬıĸńĚĚŅĬĝŅĨŇȮ&National Energy Plan: NEP 0.00'ȮŐĸŃŐįĬŀĬŋĶńĔļƢ
ıĸńĚĚŅĬȮı,Ļ,Ȯ034/ů036.ȮőħĵŏĜıŅŃŀŅėŅĶĽĩŅĬĻŉĔļŅĪňŗŒĝƟĶŃĭĭŐĽĚĽĺƞŅĚŐĸŃĮĶńĭŀŅĔŅĻŏĮƦĬľĸńĔĩŉĚĶƟŀĵĸŃȮ80ȮĕŀĚ
ıĸńĚĚŅĬĪńŘĚľĴħȮ&ĻŋĳőĝėȮĽĬīŇœĝĵȮŐĸŃĽŇĶŇĺŇĶĶĦȮőĶőľ, 2564)ȮěŉĚĴňĔŅĶĔņľĬħĪŇĻĪŅĚĝńħŏěĬŒĬĔŅĶĵĔĶŃħńĭĮĶŃĽŇĪīŇĳŅı
ıĸńĚĚŅĬŐĸŃĔŅĶŒĝƟıĸńĚĚŅĬĽŃŀŅħŒĬĳŅėŀŅėŅĶȮĞŉŗĚĽŀħėĸƟŀĚĔńĭŐĬĺőĬƟĴĔŅĶĸħĔŅĶĮĸƞŀĵĔƠŅĞŏĶŊŀĬĔĶŃěĔŒĬĶŃħńĭĮĶŃŏĪĻȮ
&ĔĶĴıńĥĬŅıĸńĚĚŅĬĪħŐĪĬŐĸŃŀĬŋĶńĔļƢıĸńĚĚŅĬ, 2563) ĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėœħƟĽƞĚŏĽĶŇĴŒľƟŀŅėŅĶĽņĬńĔĚŅĬıńĥĬŅŏĮƦĬȮ
ŀŅėŅĶıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢ (Net Zero Energy Building) őħĵŏĬƟĬĔŅĶĺŇŏėĶŅŃľƢĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬěŅĔŐľĸƞĚıĸńĚĚŅĬ
ĽŃŀŅħȮŏĝƞĬȮŒĝƟĶŃĭĭįĸŇĨœĲĲƚŅħƟĺĵıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ&ĔŅĶœĲĲƚŅĽƞĺĬĳŌĴŇĳŅėȮ2568)ȮŒĬĔŅĶĻŉĔļŅĬňŘȮœħƟĬņŐĬĺĪŅĚħńĚĔĸƞŅĺ
ĴŅĮĶŃĵŋĔĨƢőħĵĨŇħĨńŘĚĶŃĭĭŏĞĸĸƢŐĽĚŀŅĪŇĨĵƢŏıŊŗŀįĸŇĨœĲĲƚŅěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŒĬĝƞĺĚĔĸŅĚĺńĬȮĞŉŗĚľŅĔĴňıĸńĚĚŅĬĽƞĺĬŏĔŇĬ
ěŅĔĔŅĶŒĝƟĚŅĬĳŅĵŒĬŀŅėŅĶȮěŃĩŌĔĽƞĚĔĸńĭŏĕƟŅĽŌƞĶŃĭĭőėĶĚĕƞŅĵĕŀĚĔŅĶœĲĲƚŅȮ&On-Grid) ŏıŊŗŀěņľĬƞŅĵȮőħĵĶŅĵœħƟěŅĔĔŅĶĕŅĵ
œĲĲƚŅĽƞĺĬŏĔŇĬĬňŘěŃĩŌĔĬņĴŅŒĝƟĝħŏĝĵĔńĭėƞŅœĲĲƚŅĪňŗěņŏĮƦĬĨƟŀĚĞŊŘŀěŅĔőėĶĚĕƞŅĵŒĬĝƞĺĚĔĸŅĚėŊĬȮĽƞĚįĸŒľƟĽĴħŋĸıĸńĚĚŅĬĕŀĚ
ŀŅėŅĶĽŅĴŅĶĩŏĕƟŅŒĔĸƟľĶŊŀŏĪƞŅĔńĭĻŌĬĵƢȮĞŉŗĚŏĮƦĬŐĬĺėŇħľĸńĔĕŀĚȮNZEB ĪńŘĚŒĬŐĚƞĮĶŇĴŅĦıĸńĚĚŅĬŐĸŃėƞŅŒĝƟěƞŅĵȮĚŅĬĺŇěńĵĬňŘěŉĚĴŋƞĚ
ĻŉĔļŅėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮőħĵŒĝƟĔĶŀĭŐĬĺėŇħŀŅėŅĶıĸńĚĚŅĬ
ĽŋĪīŇŏĮƦĬĻŌĬĵƢȮįƞŅĬĔŅĶŀŀĔŐĭĭŐĸŃěņĸŀĚĶŃĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮěņĬĺĬȮ0ȮĪŅĚŏĸŊŀĔȮœħƟŐĔƞȮĶŃĭĭ Off-GridȮĪňŗŒĝƟ
ŐĭĨŏĨŀĶňŗĔńĔŏĔŖĭıĸńĚĚŅĬȮŐĸŃĶŃĭĭ On-gridȮĪňŗŏĝŊŗŀĴĨƞŀĔńĭőėĶĚĕƞŅĵœĲĲƚŅȮĔŅĶĻŉĔļŅėĶńŘĚĬňŘĴňĔŅĶŏĮĶňĵĭŏĪňĵĭĽĴĶĶĩĬŃħƟŅĬ
ŏĪėĬŇėĕŀĚĪńŘĚĽŀĚĶŃĭĭȮıĶƟŀĴĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬħƟĺĵħńĝĬňĪŅĚŏĻĶļģĻŅĽĨĶƢȮŏĝƞĬȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) 
ŀńĨĶŅĽƞĺĬįĸĮĶŃőĵĝĬƢĨƞŀėƞŅŒĝƟěƞŅĵȮ&BCR) ŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬėŇħĸħȮįĸĔŅĶĺŇěńĵěŃŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĔŅĶĔņľĬħĬőĵĭŅĵ
ħƟŅĬıĸńĚĚŅĬŒĬĶŃħńĭĽĩŅĭńĬŀŋħĴĻŉĔļŅȮĶĺĴĩŉĚĽŅĴŅĶĩŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶŀŀĔŐĭĭŐĸŃĨńħĽŇĬŒěĸĚĪŋĬőėĶĚĔŅĶŀŅėŅĶ
ıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢŒĬœĪĵȮ 
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ĺŇīňĔŅĶĺŇěńĵ 
 ĔŅĶĺŇěńĵĬňŘħņŏĬŇĬĔŅĶŏıŊŗŀĺŇŏėĶŅŃľƢĻńĔĵĳŅıĪŅĚŏĪėĬŇėŐĸŃėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶŏĚŇĬŒĬĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝ
ĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŒľƟŏĮƦĬŀŅėŅĶıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&Net Zero Energy Building: NZEB) őħĵĴň
ĕńŘĬĨŀĬħńĚĬňŘ 

/,ȮŐľĸƞĚĪňŗĴŅĕŀĚĕƟŀĴŌĸ ĮĶŃĔŀĭħƟĺĵ 
1.1 ŐľĸƞĚĕƟŀĴŌĸĮģĴĳŌĴŇȮ(Primary Data) ěņĬĺĬȮ0.ȮėĬ 
œħƟěŅĔĔŅĶĽńĴĳŅļĦƢŏěƟŅľĬƟŅĪňŗŐĸŃįŌƟĴňĽƞĺĬŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵ

ĶŅĝĳńĢŏĝňĵĚĶŅĵȮȮĪňŗŒľƟĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬŐĸŃĕƟŀĴŌĸĳŅĵŒĬŀĚėƢĔĶŏĔňŗĵĺĔńĭĶŌĮŐĭĭĔŅĶŒĝƟıĸńĚĚŅĬȮĽĳŅıŀŅėŅĶȮĶŃĭĭŐĽĚĽĺƞŅĚȮ
ŐĸŃĶŃĭĭĮĶńĭŀŅĔŅĻ 

1.2 ŐľĸƞĚĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇȮ(Secondary Data) œħƟěŅĔŏŀĔĽŅĶĶŅĵĚŅĬĺŇĝŅĔŅĶȮĶŅĵĚŅĬĔŅĶĺŇŏėĶŅŃľƢőėĶĚĔŅĶȮ
ĴŅĨĶģŅĬĪŅĚŏĪėĬŇėȮŐĸŃĕƟŀĴŌĸěŅĔľĬƞĺĵĚŅĬĶŅĝĔŅĶ 

2.ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇěńĵȮŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĽņľĶńĭĔŅĶĺŇěńĵŒĬėĶńŘĚĬňŘȮőħĵŒĝƟĕƟŀĴŌĸȮ0ȮŐĭĭȮœħƟŐĔƞȮŐĭĭĽńĴĳŅļĦƢ
ŏěƟŅľĬƟŅĪňŗŐĸŃįŌƟĴňĽƞĺĬŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŐĸŃĽŀĭĩŅĴĶŅėŅ
įŌƟįĸŇĨĽŇĬėƟŅĪňŗŒĝƟŒĬőėĶĚĔŅĶ 
 ĺŇīňĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

1. ĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĮĶŇĴŅĦȮ(Quantitative Method)ȮŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢĩŉĚĨƟĬĪŋĬŐĸŃįĸĮĶŃőĵĝĬƢȮ&Cost-Benefit 
Analysis: CBA) ĪŅĚĔŅĶŏĚŇĬĕŀĚĔŅĶıńĥĬŅŀŅėŅĶȮŏıŊŗŀĸħĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮőħĵŀŅĻńĵ
ŏėĶŊŗŀĚĴŊŀĪŅĚħƟŅĬĔŅĶŏĚŇĬȮĮĶŃĔŀĭħƟĺĵȮħńĚĬňŘȮȮ 

1.1 ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬŐĸŃįĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶĨńŘĚŐĨƞĮƖŐĶĔȮŒĬĮƖĪňŗȮ0 ěĬĩŉĚĨĸŀħŀŅĵŋĕŀĚőėĶĚĔŅĶȮ
őħĵĴňŀĚėƢĮĶŃĔŀĭȮħńĚĬňŘ  

1.1.1 ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬȮ&Investment Cost) ŏĮƦĬėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬŏĶŇŗĴŐĶĔĕŀĚőėĶĚĔŅĶȮőħĵ
ĮĶńĭŒľƟŀĵŌƞŒĬĶŌĮȮĭŅĪĨƞŀĺńĨĨƢıňĔȮ&THB/Wp) ŏıŊŗŀŒľƟŏĮĶňĵĭŏĪňĵĭĕƟŅĴĕĬŅħĶŃĭĭœħƟ ħńĚĬňŘ 

/,/,0ȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĭņĶŋĚĶńĔļŅŀŋĮĔĶĦƢȮ&Operation Cost) ľĸńĚěŅĔĨŇħĨńŘĚĶŃĭĭŐĸƟĺȮĵńĚėĚĴňėƞŅŒĝƟěƞŅĵ
ŒĬĔŅĶĭņĶŋĚĶńĔļŅŐĸŃħņŏĬŇĬĚŅĬȮĞŉŗĚĶĺĴĩŉĚ 

1.1.3 ĶŅĵœħƟŐĸŃįĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶ ĞŉŗĚŏĮƦĬįĸĨŀĭŐĪĬĶĺĴĕŀĚŐĨƞĸŃĮƖĨĸŀħŀŅĵŋĕŀĚőėĶĚĔŅĶȮ
ėŊŀȮįĸĔŅĶĮĶŃľĵńħěŅĔĔŅĶŒĝƟœĲĲƚŅ 

1.2 ĚĭĔņœĶĕŅħĪŋĬȮ&Income Statement) ŏĮƦĬĚĭĪňŗŐĽħĚįĸĔŅĶħņŏĬŇĬĚŅĬĕŀĚőėĶĚĔŅĶĸĚĪŋĬŒĬĝƞĺĚŏĺĸŅľĬŉŗĚȮ
őħĵįĸĸńıīƢĪňŗœħƟėŊŀĔņœĶĽŋĪīŇľĶŊŀĕŅħĪŋĬĽŋĪīŇ 

1.3 ĚĭĔĶŃŐĽŏĚŇĬĽħȮ&Statement of Cash Flows) ŏĮƦĬĚĭŐĽħĚĔŅĶœħƟĴŅŐĸŃŒĝƟœĮĕŀĚŏĚŇĬĽħĕŀĚőėĶĚĔŅĶŒĬ
ĝƞĺĚŏĺĸŅľĬŉŗĚ 

1.4 ŀńĨĶŅėŇħĸħȮ&Discount Rate) ŏĮƦĬŀńĨĶŅĽƞĺĬĪňŗŒĝƟĽņľĶńĭėŇħĸħĔĶŃŐĽŏĚŇĬĽħľĶŊŀħŀĔŏĭňŘĵŐĸŃįĸĨŀĭŐĪĬ
ĕŀĚőėĶĚĔŅĶŒĬŐĨƞĸŃĮƖŒľƟŏĮƦĬĴŌĸėƞŅĮƤěěŋĭńĬ 

1.5 ĨńĺĝňŘĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶȮ&Indicators of Project Worth) ĴňėĺŅĴĽņėńĠŀĵƞŅĚĴŅĔĨƞŀĔŅĶĨńħĽŇĬŒěĪňŗ
ěŃĶńĭľĶŊŀĮĢŇŏĽīőėĶĚĔŅĶĪňŗĔņĸńĚěŃŏĶŇŗĴŀĵŌƞȮľĶŊŀĔņĸńĚĬņŒĝƟĽņľĶńĭŏĮƦĬŏĔĦĤƢŒĬĔŅĶĨńħĽŇĬŒěĸĚĪŋĬȮ&Investment decision 
criteria) ŏıĶŅŃĨńĺĝňŘĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶĽŅĴŅĶĩĬņĴŅĮĶŃĔŀĭĔŅĶıŇěŅĶĦŅŐĨƞĸŃőėĶĚĔŅĶĪňŗěŃĨƟŀĚĴňĔŅĶĸĚĪŋĬľĶŊŀœĴƞȮ
őħĵľĸńĔŏĔĦĤƢŒĬĔŅĶĨńħĽŇĬŒěŏıŊŗŀĔŅĶĸĚĪŋĬȮŐĭƞĚŏĮƦĬȮ2 ĮĶŃŏĳĪȮ(ıŇĝńĵȮŀŅěĺŇĝńĵ,Ȯ2550) ħńĚĬňŘ 

1.5.1 ĔŅĶĺŇŏėĶŅŃľƢŐĭĭœĴƞĮĶńĭėƞŅĕŀĚŏĺĸŅȮ&non-discounted measures of project worth) ŏĮƦĬ
ŏĔĦĤƢĪňŗıŇěŅĶĦŅĶŃĵŃŏĺĸŅĪňŗįĸĨŀĭŐĪĬĽŋĪīŇěŅĔĔŅĶħņŏĬŇĬĚŅĬŏĪƞŅĔńĭėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬĕŀĚőėĶĚĔŅĶȮőħĵıŇěŅĶĦŅŐĭĭ
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ĺƞŅĮƖĪňŗěŃœħƟėĶĭĵŀħįĸŐĪĬŏĪƞŅĔńĭŏĚŇĬĸĚĪŋĬĪňŗŒĝƟœĮȮľĶŊŀȮĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) ľĸńĔŏĔĦĤƢŏĸŊŀĔőėĶĚĔŅĶėŊŀȮ
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĪňŗĽńŘĬĪňŗĽŋħȮŐĽħĚĺƞŅőėĶĚĔŅĶĴňĴŌĸėƞŅėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮėņĬĺĦœħƟěŅĔĽŌĨĶħńĚĬňŘ 

ĶŃĵŃŏĺĸŅėŊĬĪŋĬ = ěņĬĺĬĮƖĔƞŀĬėŊĬĪŋĬ ) 
ěņĬĺĬŏĚŇĬĽƞĺĬĪňŗĵńĚœĴƞėŊĬĪŋĬ 
ěņĬĺĬĔĶŃŐĽŏĚŇĬĽħŒĬĮƖĪňŗėŊĬĪŋĬ 

1.5.2 ĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶńĭėƞŅĕŀĚŏĺĸŅȮ&discounted measures of project worth) ŏĮƦĬĔŅĶĬņ
įĸĨƞŅĚĶŃľĺƞŅĚįĸĮĶŃőĵĝĬƢĔńĭėƞŅŒĝƟěƞŅĵĕŀĚőėĶĚĔŅĶŒĬĝƞĺĚĶŃĵŃŏĺĸŅĪňŗĨƞŅĚĔńĬĨĸŀħĝƞĺĚŀŅĵŋőėĶĚĔŅĶĴŅĮĶńĭėƞŅŒľƟŀĵŌƞŒĬŏĺĸŅ
ŏħňĵĺĔńĬŏĮƦĬĮƤěěŋĭńĬȮĞŉŗĚĺŇīňĪňŗėņĬŉĚĩŉĚĴŌĸėƞŅĕŀĚŏĚŇĬĨŅĴŏĺĸŅȮœħƟŐĔƞ 

1,3,0,/ȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value: NPV) ėŊŀȮįĸĶĺĴĕŀĚįĸĨƞŅĚĶŃľĺƞŅĚĴŌĸėƞŅ
ĮƤěěŋĭńĬĕŀĚįĸĨŀĭŐĪĬĪňŗœħƟĶńĭĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĪňŗěƞŅĵœĮŐĨƞĸŃĮƖĕŀĚőėĶĚĔŅĶĺƞŅėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬľĶŊŀœĴƞȮĞŉŗĚ
ŀŅěěŃĴňėƞŅŏĮƦĬĸĭȮŏĮƦĬĻŌĬĵƢȮľĶŊŀŏĮƦĬĭĺĔĔŖœħƟȮľĸńĔŏĔĦĤƢĔŅĶŏĸŊŀĔőėĶĚĔŅĶȮėŊŀȮNPV ĨƟŀĚŏĪƞŅĔńĭľĶŊŀĴŅĔĔĺƞŅĻŌĬĵƢȮėņĬĺĦ
œħƟěŅĔĽŌĨĶȮħńĚĬňŘ 

ὔὖὠ  
ὔὄ

ρ ὡὃὅὅ
 

Ὅὅ

ρ ὡὃὅὅ
 

 
őħĵĪňŗȮNPV = ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇ, NBt = įĸĨŀĭŐĪĬĽŋĪīŇěŅĔĔŅĶħņŏĬŇĬĚŅĬŒĬĮƖĪňŗ t, ICt = ĨƟĬĪŋĬĕŀĚőėĶĚĔŅĶŒĬ

ĮƖĪňŗ t, WACC = ŀńĨĶŅėŇħĸħĩƞĺĚĬŘņľĬńĔ,t = ĶŃĵŃŏĺĸŅĕŀĚőėĶĚĔŅĶȮ&0, 1, ..., n),n = ŀŅĵŋĕŀĚőėĶĚĔŅĶŏĮƦĬĮƖ 
1.5.2.2 ŀńĨĶŅĽƞĺĬįĸĮĶŃőĵĝĬƢĨƞŀĨƟĬĪŋĬȮ&BenefitůCost Ratio: BCR)  ŏĮƦĬŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚ

ĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĶŅĵœħƟĨĸŀħŀŅĵŋőėĶĚĔŅĶĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĨĸŀħŀŅĵŋőėĶĚĔŅĶȮĞŉŗĚĴňľĸńĔŏĔĦĤƢĔŅĶŏĸŊŀĔőėĶĚĔŅĶȮ
ėŊŀȮěŃŏĸŊŀĔőėĶĚĔŅĶĪňŗȮBCR ĴňėƞŅĴŅĔĔĺƞŅȮ/ȮėņĬĺĦœħƟěŅĔĽŌĨĶħńĚĬňŘ 

ὄὅὙ 
В

ὄ
ρ ὶ

В
ὅ
ρ ὶ

   

őħĵĪňŗȮBt = įĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶŒĬĮƖĪňŗ t, Ct = ĨƟĬĪŋĬĕŀĚőėĶĚĔŅĶŒĬĮƖĪňŗ t, t = ĶŃĵŃŏĺĸŅĕŀĚőėĶĚĔŅĶȮ&0, 1, 
2, ..., n), r = ŀńĨĶŅėŇħĸħľĶŊŀŀńĨĶŅħŀĔŏĭňŘĵĪňŗŏľĴŅŃĽĴ, n = ŀŅĵŋĕŀĚőėĶĚĔŅĶŏĮƦĬĮƖ 

ĽŌĨĶĬňŘŒĝƟŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶȮőħĵĩƟŅȮBCR > 1 ĩŊŀĺƞŅőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅĽņľĶńĭĔŅĶĸĚĪŋĬ 
1.6 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺȮ&Sensitivity Analysis) ŏĮƦĬĔŅĶıŇěŅĶĦŅįĸĔĶŃĪĭŏĴŊŗŀĽĩŅĬĔŅĶĦƢĔŅĶ

ħņŏĬŇĬőėĶĚĔŅĶœĴƞŏĮƦĬœĮĨŅĴĪňŗėŅħĔŅĶĦƢœĺƟȮŐĸŃėĺŅĴŏĽňŗĵĚĨƞŅĚȮŕȮĪňŗĴňőŀĔŅĽŏĔŇħĕŉŘĬŒĬŀĬŅėĨȮĪņŒľƟĽƞĚįĸĨƞŀĔŅĶĸĚĪŋĬŒĬ
őėĶĚĔŅĶȮőħĵĔŅĶĔņľĬħŒľƟĨńĺŐĮĶĽņėńĠŒĬĔŅĶħņŏĬŇĬőėĶĚĔŅĶĴňėƞŅĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮĳŅĵŒĨƟĔŅĶĔņľĬħŒľƟĨńĺŐĮĶŀŊŗĬŕȮĵńĚėĚ
ėƞŅėĚĪňŗȮŒĬĔŅĶĻŉĔļŅĬňŘœħƟĔņľĬħĨńĺŐĮĶŒĬĔĶĦňĨƞŅĚŕȮőħĵĔņľĬħŒľƟȮĨƟĬĪŋĬėƞŅŀŋĮĔĶĦƢŐĸŃėƞŅŒĝƟěƞŅĵĨĸŅħȮőħĵŒĝƟĮƤěěńĵŀŊŗĬėĚĪňŗ 

3. ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚıĶĶĦĬŅȮ&Descriptive Method) 
ĞŉŗĚĮĶŃĔŀĭħƟĺĵĔŅĶĔņľĬħĨńĺĝňŘĺńħŐĸŃĶŃħńĭėŃŐĬĬĕŀĚĨńĺĝňŘĺńħŒĬŐĨƞĸŃħƟŅĬȮŏıŊŗŀĴŅėņĬĺĦľŅėƞŅħńĝĬňĮĶŃĔŀĭ

ŀĵƞŅĚĚƞŅĵȮ&Composite Index) ĪňŗĽŃĪƟŀĬĻńĔĵĳŅıĕŀĚőėĶĚĔŅĶȮőħĵŒĬĔŅĶĻŉĔļŅĬňŘœħƟĬņĨńĺĝňŘĺńħěŅĔĚŅĬĺŇěńĵĕŀĚȮ&ĽŋĴŅĸňȮĽńĬĨŇ
ıĸĺŋĥŇȮŐĸŃėĦŃ, 2554) őħĵĴňŀĚėƢĮĶŃĔŀĭħƟŅĬȮ4 ħƟŅĬȮœħƟŐĔƞȮĮƤěěńĵĔŅĶįĸŇĨȮŀŋĮĽĚėƢľĶŊŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħȮ
ŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺŏĬŊŗŀĚŐĸŃĽĬńĭĽĬŋĬĔńĬȮĔĸĵŋĪīƢȮőėĶĚĽĶƟŅĚȮŐĸŃĔŅĶŐĕƞĚĕńĬȮŏıŊŗŀĮĶŃŏĴŇĬėŃŐĬĬŐĸƟĺĬņœĮėņĬĺĦħńĝĬň
ĮĶŃĔŀĭŀĵƞŅĚĚƞŅĵȮħńĚĬňŘ 

Ὀ 
В ὢ

В ὓὥὼὢ
   

 
őħĵĪňŗȮDi = ėŃŐĬĬĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıħƟŅĬĪňŗ I, Xij = ėŃŐĬĬĔŅĶĮĶŃŏĴŇĬĕŀĚĨńĺĝňŘĺńħħƟŅĬĪňŗ i ĨńĺĪňŗ j, MaxXij = 

ėŃŐĬĬĽŌĚĽŋħĕŀĚĨńĺĝňŘĺńħħƟŅĬĪňŗȮi ĨńĺĪňŗȮ j, I = ĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶȮŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮŒĬŐĨƞĸŃħƟŅĬ, j = 
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ĨńĺĝňŘĺńħŐĨƞĸŃħƟŅĬŒĬĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ ŒľƟŒĝƟıĸńĚĚŅĬ
ĽŋĪīŇŏĮƦĬĻŌĬĵƢ 
 ŏĴŊŗŀœħƟėŃŐĬĬĻńĔĵĳŅıŒĬŐĨƞĸŃħƟŅĬŐĸŃĳŅıĶĺĴŐĸƟĺȮěŉĚĬņœĮĮĶŃŏĴŇĬĶŃħńĭĻńĔĵĳŅıĨŅĴľĸńĔŀńĨĶĳŅėĝńŘĬȮĞŉŗĚėŇħ
ŏĮƦĬĶƟŀĵĸŃȮ 
 
ĨŅĶŅĚĪňŗȮ/ ĔŅĶěņŐĬĔĶŃħńĭĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇ
ŏĮƦĬĻŌĬĵƢ 

ėŃŐĬĬĶĺĴĪńŘĚľĴħȮ&ĶƟŀĵĸŃ' ĶŃħńĭĻńĔĵĳŅı 
ĴŅĔĔĺƞŅȮ6.+/.. ĽŌĚ 
ĴŅĔĔĺƞŅȮ4.+6. ėƞŀĬĕƟŅĚĽŌĚ 
ĴŅĔĔĺƞŅȮ2.+4. ĮŅĬĔĸŅĚ 
ĴŅĔĔĺƞŅȮ0.+2. ėƞŀĬĕƟŅĚĨŗņ 

0-20 Ĩŗņ 
 ľĸńĚěŅĔœħƟĶńĭįĸĔŅĶĺŇŏėĶŅŃľƢȮĶŃħńĭĻńĔĵĳŅıȮȮěŉĚĬņįĸħńĚĔĸƞŅĺĴŅěņŐĬĔŒľƟŏĮƦĬěŋħŐĕŖĚȮěŋħŀƞŀĬȮőŀĔŅĽȮŐĸŃ
ŀŋĮĽĶĶėĕŀĚőėĶĚĔŅĶȮ&SWOT Analysis) 
 

įĸĔŅĶĺŇěńĵȮ 
/,ȮĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸȮ 
 įŌƟĺŇěńĵœħƟŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŅėŅĶěŅĔĔŀĚĭĶŇĔŅĶĔŅĶĻŉĔļŅŐĸŃĚŅĬŀŅėŅĶĽĩŅĬĪňŗȮĴľŅĺŇĪĵŅĸńĵ
ĶŅĝĳńĢŏĝňĵĚĶŅĵȮĕƟŀĴŌĸĮĶŃĔŀĭħƟĺĵĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮĶŅĵěƞŅĵėƞŅœĲĲƚŅȮŐĸŃĶŌĮŐĭĭĔŅĶŒĝƟĚŅĬĕŀĚŀŅėŅĶĵŋıĶŅĝ
ĺŇĪĵĴĚėĸ 

1.1 ŐľĸƞĚĕƟŀĴŌĸĮģĴĳŌĴŇȮ(Primary Data) ěņĬĺĬȮ0.ȮėĬ 
įĸěŅĔĔŅĶĽńĴĳŅļĦƢŏěƟŅľĬƟŅĪňŗŐĸŃįŌƟĴňĽƞĺĬŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵ

ĶŅĝĳńĢŏĝňĵĚĶŅĵȮĪňŗŒľƟĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬŐĸŃĕƟŀĴŌĸĳŅĵŒĬŀĚėƢĔĶŏĔňŗĵĺĔńĭĶŌĮŐĭĭĔŅĶŒĝƟıĸńĚĚŅĬȮŐĸŃĽĳŅıŀŅėŅĶȮ 
 

 
ĳŅıĪňŗȮ/ ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮ(kWh)Ȯ 

 
1.2 ŐľĸƞĚĕƟŀĴŌĸĪŋĨŇĵĳŌĴŇȮ(Secondary Data) ĽĩŇĨŇĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅĶŅĵĮƖĕŀĚŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮ

ĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŐĽħĚěņĬĺĬľĬƞĺĵœĲĲƚŅŐĸŃėƞŅŒĝƟěƞŅĵŒĬĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮ0341ȮĩŉĚ
īńĬĺŅėĴȮ0345ȮőħĵıĭĺƞŅėƞŅœĲĲƚŅĽŌĚĽŋħŀĵŌƞŒĬĮƖȮ0345ȮĪňŗȮ0,173,451ȮĭŅĪ 

1500 1470 1320 1395 1335
1140 1170

0

500

1000

1500

2000

Mon Tue Wed Thu Fri Sat Sun

Į
Ķ
Ň
Ĵ
Ņ
Ħ
œ
Ĳ
Ĳ
ƚ
Ņ
Ī
ň
ŗ
Œ
ĝ
Ɵ
Ĩ
ƞ
ŀ
ĺ
ń
Ĭ

kW
h

/d
a

y

ĺńĬĕŀĚĶŅĵĽńĮħŅľƢ

ĭńĬĪŉĔĔŅĶŒĝƟœĲĲƚŅ&kWh-ĺńĬ'



               
 
 

 
 

105 

2.ȮŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĺŇěńĵȮŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸĽņľĶńĭĔŅĶĺŇěńĵŒĬėĶńŘĚĬňŘȮőħĵŒĝƟĕƟŀĴŌĸȮ0ȮŐĭĭȮœħƟŐĔƞȮŐĭĭ
ĽńĴĳŅļĦƢŏěƟŅľĬƟŅĪňŗŐĸŃįŌƟĴňĽƞĺĬŏĔňŗĵĺĕƟŀĚŒĬĔŅĶĭĶŇľŅĶěńħĔŅĶŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŐĸŃ
ĽŀĭĩŅĴĶŅėŅįŌƟįĸŇĨĽŇĬėƟŅĪňŗŒĝƟŒĬőėĶĚĔŅĶ 
 ĺŇīňĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

1. ĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĮĶŇĴŅĦȮ(Quantitative Method)ȮŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢĩŉĚĨƟĬĪŋĬŐĸŃįĸĮĶŃőĵĝĬƢȮ&Cost-Benefit 
Analysis: CBA) ĪŅĚĔŅĶŏĚŇĬĕŀĚĔŅĶıńĥĬŅŀŅėŅĶȮŏıŊŗŀĸħĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮőħĵŀŅĻńĵ
ŏėĶŊŗŀĚĴŊŀĪŅĚħƟŅĬĔŅĶŏĚŇĬȮĮĶŃĔŀĭħƟĺĵȮħńĚĬňŘȮȮ 

1.1 ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬŐĸŃįĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶĨńŘĚŐĨƞĮƖŐĶĔȮŒĬĮƖĪňŗȮ0 ěĬĩŉĚĨĸŀħŀŅĵŋĕŀĚőėĶĚĔŅĶȮ
őħĵĴňŀĚėƢĮĶŃĔŀĭȮħńĚĬňŘ  

1.1.1 ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬȮ&Investment Cost) ŏĮƦĬėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬŏĶŇŗĴŐĶĔĕŀĚőėĶĚĔŅĶȮ
ĮĶŃĔŀĭħƟĺĵȮĨƟĬĪŋĬĔŅĶĨŇħĨńŘĚȮĶŃĭĭőĞĸŅĶƢŏĞĸĸƢ  

+ȮŐįĚ = 0,323Ȯ=  4.07 ĭŅĪ-Wp 
+ȮėƞŅĨŇħĨńŘĚĶŃĭĭ = 19,725,001.95 = 33.3 ĭŅĪ-Wp 
+ȮėƞŅȮInverter = 2,470,000.00 = 4.68 ĭŅĪ-Wp 
/,/,0ȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĭņĶŋĚĶńĔļŅŀŋĮĔĶĦƢȮ&Operation Cost) ŏĮƦĬėƞŅŒĝƟěƞŅĵĪňŗŏĔŇħĕŉŘĬŏĴŊŗŀőėĶĚĔŅĶŏĶŇŗĴȮ

ĮĶŃĔŀĭħƟĺĵȮėƞŅĞƞŀĴŐĞĴŐĸŃĭņĶŋĚĶńĔļŅȮėƞŅĪņėĺŅĴĽŃŀŅħŐįĚőĞĸŅĶƢŏĞĸĸƢ 
ŐĸŃȮėƞŅŏįŊŗŀŏĮĸňŗĵĬŐĭĨŏĨŀĶňŗȮ 

+ȮėƞŅĞƞŀĴŐĞĴŐĸŃĭņĶŋĚĶńĔļŅ8Ȯ30,000ȮĭŅĪ-ĮƖ 
+ȮėƞŅĪņėĺŅĴĽŃŀŅħŐįĚőĞĸŅĶƢŏĞĸĸƢ8Ȯ20,000ȮĭŅĪ-ĮƖ 
+ȮŒĬĽƞĺĬĕŀĚĶŃĭĭȮOn-gridȮėƞŅĭņĶŋĚĶńĔļŅ ŀĵŌƞĪňŗ 140,000 ĭŅĪ-ĮƖ 
1.1.3 ĶŅĵœħƟŐĸŃįĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶ ĞŉŗĚŏĮƦĬįĸĨŀĭŐĪĬĶĺĴĕŀĚŐĨƞĸŃĮƖĨĸŀħŀŅĵŋĕŀĚőėĶĚĔŅĶȮ 

1.2 ĚĭĔņœĶĕŅħĪŋĬȮ&Income Statement) ĳŅĵŒĨƟĽĴĴĨŇģŅĬŏħňĵĺĔńĬȮ&ŀńĨĶŅėŇħĸħȮ4,1/#-ĮƖȮŏĚŇĬŏĲƚŀȮO&M 
.,3#-ĮƖȮŐĸŃĔŅĶŏĽŊŗŀĴőĴħŌĸȮ.,3#-ĮƖ'ȮĶŃĭĭ Off-GridȮŒľƟįĸĪŅĚĔŅĶŏĚŇĬŏĮƦĬĸĭȮőħĵĴňȮNPV = ů5,55ȮĸƟŅĬĭŅĪȮŒĬĪŅĚ
ĔĸńĭĔńĬȮĶŃĭĭ On-gridȮĴňėĺŅĴėŋƟĴėƞŅŀĵƞŅĚĝńħŏěĬȮőħĵȮNPV = +/0,6/6ȮĸƟŅĬĭŅĪ 

1.3 ĚĭĔĶŃŐĽŏĚŇĬĽħȮ&Statement of Cash Flows) ŏĮƦĬĚĭŐĽħĚĔŅĶœħƟĴŅŐĸŃŒĝƟœĮĕŀĚŏĚŇĬĽħĕŀĚőėĶĚĔŅĶŒĬ
ĝƞĺĚŏĺĸŅľĬŉŗĚ 

1.4 ŀńĨĶŅėŇħĸħȮ&Discount Rate) ĔņľĬħėƞŅŀńĨĶŅėŇħĸħȮ&Discount rate, r)Ȯ= 6.31% &Farungsang, 2025) 
1.5 ĨńĺĝňŘĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶȮ&Indicators of Project Worth) ĴňėĺŅĴĽņėńĠŀĵƞŅĚĴŅĔĨƞŀĔŅĶĨńħĽŇĬŒěĪňŗ

ěŃĶńĭľĶŊŀĮĢŇŏĽīőėĶĚĔŅĶĪňŗĔņĸńĚěŃŏĶŇŗĴŀĵŌƞȮľĶŊŀĔņĸńĚĬņŒĝƟĽņľĶńĭŏĮƦĬŏĔĦĤƢŒĬĔŅĶĨńħĽŇĬŒěĸĚĪŋĬȮ&Investment decision 
criteria) ŏıĶŅŃĨńĺĝňŘĺńħėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶĽŅĴŅĶĩĬņĴŅĮĶŃĔŀĭĔŅĶıŇěŅĶĦŅŐĨƞĸŃőėĶĚĔŅĶĪňŗěŃĨƟŀĚĴňĔŅĶĸĚĪŋĬľĶŊŀœĴƞȮ
őħĵľĸńĔŏĔĦĤƢŒĬĔŅĶĨńħĽŇĬŒěŏıŊŗŀĔŅĶĸĚĪŋĬȮŐĭƞĚŏĮƦĬȮ2 ĮĶŃŏĳĪȮ(ıŇĝńĵȮŀŅěĺŇĝńĵ,Ȯ2550) ħńĚĬňŘ 

1.5.1 ĔŅĶĺŇŏėĶŅŃľƢŐĭĭœĴƞĮĶńĭėƞŅĕŀĚŏĺĸŅȮ&non-discounted measures of project worth) ŏĮƦĬ
ŏĔĦĤƢĪňŗıŇěŅĶĦŅĶŃĵŃŏĺĸŅĪňŗįĸĨŀĭŐĪĬĽŋĪīŇěŅĔĔŅĶħņŏĬŇĬĚŅĬŏĪƞŅĔńĭėƞŅŒĝƟěƞŅĵŒĬĔŅĶĸĚĪŋĬĕŀĚőėĶĚĔŅĶȮőħĵıŇěŅĶĦŅŐĭĭ
ĺƞŅĮƖĪňŗěŃœħƟėĶĭĵŀħįĸŐĪĬŏĪƞŅĔńĭŏĚŇĬĸĚĪŋĬĪňŗŒĝƟœĮȮľĶŊŀȮĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ&Payback Period) ľĸńĔŏĔĦĤƢŏĸŊŀĔőėĶĚĔŅĶėŊŀȮ
ĶŃĵŃŏĺĸŅėŊĬĪŋĬĪňŗĽńŘĬĪňŗĽŋħȮŐĽħĚĺƞŅőėĶĚĔŅĶĴňĴŌĸėƞŅėŋƟĴėƞŅŒĬĔŅĶĸĚĪŋĬȮėņĬĺĦœħƟěŅĔĽŌĨĶȮħńĚĬňŘ 

 

ĶŃĵŃŏĺĸŅėŊĬĪŋĬ = ěņĬĺĬĮƖĔƞŀĬėŊĬĪŋĬ ) 
ěņĬĺĬŏĚŇĬĽƞĺĬĪňŗĵńĚœĴƞėŊĬĪŋĬ 
ěņĬĺĬĔĶŃŐĽŏĚŇĬĽħŒĬĮƖĪňŗėŊĬĪŋĬ 
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1.5.2 ĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶńĭėƞŅĕŀĚŏĺĸŅȮ&discounted measures of project worth) ŏĮƦĬĔŅĶĬņ
įĸĨƞŅĚĶŃľĺƞŅĚįĸĮĶŃőĵĝĬƢĔńĭėƞŅŒĝƟěƞŅĵĕŀĚőėĶĚĔŅĶŒĬĝƞĺĚĶŃĵŃŏĺĸŅĪňŗĨƞŅĚĔńĬĨĸŀħĝƞĺĚŀŅĵŋőėĶĚĔŅĶĴŅĮĶńĭėƞŅŒľƟŀĵŌƞŒĬŏĺĸŅ
ŏħňĵĺĔńĬŏĮƦĬĮƤěěŋĭńĬȮĞŉŗĚĺŇīňĪňŗėņĬŉĚĩŉĚĴŌĸėƞŅĕŀĚŏĚŇĬĨŅĴŏĺĸŅȮœħƟŐĔƞ 

1,3,0,/ȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value: NPV) ėŊŀȮįĸĶĺĴĕŀĚįĸĨƞŅĚĶŃľĺƞŅĚĴŌĸėƞŅ
ĮƤěěŋĭńĬĕŀĚįĸĨŀĭŐĪĬĪňŗœħƟĶńĭĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĪňŗěƞŅĵœĮŐĨƞĸŃĮƖĕŀĚőėĶĚĔŅĶĺƞŅėŋƟĴėƞŅĨƞŀĔŅĶĸĚĪŋĬľĶŊŀœĴƞȮĞŉŗĚ
ŀŅěěŃĴňėƞŅŏĮƦĬĸĭȮŏĮƦĬĻŌĬĵƢȮľĶŊŀŏĮƦĬĭĺĔĔŖœħƟȮľĸńĔŏĔĦĤƢĔŅĶŏĸŊŀĔőėĶĚĔŅĶȮėŊŀȮNPV ĨƟŀĚŏĪƞŅĔńĭľĶŊŀĴŅĔĔĺƞŅĻŌĬĵƢȮėņĬĺĦ
œħƟěŅĔĽŌĨĶȮħńĚĬňŘ 

ὔὖὠ  
ὔὄ

ρ ὡὃὅὅ
 

Ὅὅ

ρ ὡὃὅὅ
 

őħĵĪňŗȮNPV = ĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇ, NBt = įĸĨŀĭŐĪĬĽŋĪīŇěŅĔĔŅĶħņŏĬŇĬĚŅĬŒĬĮƖĪňŗ t, ICt = ĨƟĬĪŋĬĕŀĚőėĶĚĔŅĶŒĬ
ĮƖĪňŗ t, WACC = ŀńĨĶŅėŇħĸħĩƞĺĚĬŘņľĬńĔ,t = ĶŃĵŃŏĺĸŅĕŀĚőėĶĚĔŅĶȮ&0, 1, ..., n),n = ŀŅĵŋĕŀĚőėĶĚĔŅĶŏĮƦĬĮƖ 

1.5.2.2 ŀńĨĶŅĽƞĺĬįĸĮĶŃőĵĝĬƢĨƞŀĨƟĬĪŋĬȮ&BenefitůCost Ratio: BCR)  ŏĮƦĬŀńĨĶŅĽƞĺĬĶŃľĺƞŅĚ
ĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĶŅĵœħƟĨĸŀħŀŅĵŋőėĶĚĔŅĶĔńĭĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĨĸŀħŀŅĵŋőėĶĚĔŅĶȮĞŉŗĚĴňľĸńĔŏĔĦĤƢĔŅĶŏĸŊŀĔőėĶĚĔŅĶȮ
ėŊŀȮěŃŏĸŊŀĔőėĶĚĔŅĶĪňŗȮBCR ĴňėƞŅĴŅĔĔĺƞŅȮ/ȮėņĬĺĦœħƟěŅĔĽŌĨĶħńĚĬňŘ 

ὄὅὙ 
В

ὄ
ρ ὶ

В
ὅ
ρ ὶ

   

őħĵĪňŗȮBt = įĸĮĶŃőĵĝĬƢĕŀĚőėĶĚĔŅĶŒĬĮƖĪňŗ t, Ct = ĨƟĬĪŋĬĕŀĚőėĶĚĔŅĶŒĬĮƖĪňŗ ttt, t = ĶŃĵŃŏĺĸŅĕŀĚőėĶĚĔŅĶȮ&0, 
1, 2, ..., n), r = ŀńĨĶŅėŇħĸħľĶŊŀŀńĨĶŅħŀĔŏĭňŘĵĪňŗŏľĴŅŃĽĴ, n = ŀŅĵŋĕŀĚőėĶĚĔŅĶŏĮƦĬĮƖ 

ĽŌĨĶĬňŘŒĝƟŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴėŋƟĴėƞŅĕŀĚőėĶĚĔŅĶȮőħĵĩƟŅȮBCR > 1 ĩŊŀĺƞŅőėĶĚĔŅĶĴňėĺŅĴėŋƟĴėƞŅĽņľĶńĭĔŅĶĸĚĪŋĬ 
1.6 ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŀƞŀĬœľĺȮ&Sensitivity Analysis) ŏĮƦĬĔŅĶıŇěŅĶĦŅįĸĔĶŃĪĭŏĴŊŗŀĽĩŅĬĔŅĶĦƢĔŅĶ

ħņŏĬŇĬőėĶĚĔŅĶœĴƞŏĮƦĬœĮĨŅĴĪňŗėŅħĔŅĶĦƢœĺƟȮŐĸŃėĺŅĴŏĽňŗĵĚĨƞŅĚȮŕȮĪňŗĴňőŀĔŅĽŏĔŇħĕŉŘĬŒĬŀĬŅėĨȮĪņŒľƟĽƞĚįĸĨƞŀĔŅĶĸĚĪŋĬŒĬ
őėĶĚĔŅĶȮőħĵĔŅĶĔņľĬħŒľƟĨńĺŐĮĶĽņėńĠŒĬĔŅĶħņŏĬŇĬőėĶĚĔŅĶĴňėƞŅĪňŗŏĮĸňŗĵĬŐĮĸĚœĮȮĳŅĵŒĨƟĔŅĶĔņľĬħŒľƟĨńĺŐĮĶŀŊŗĬŕȮĵńĚėĚ
ėƞŅėĚĪňŗȮŒĬĔŅĶĻŉĔļŅĬňŘœħƟĔņľĬħĨńĺŐĮĶŒĬĔĶĦňĨƞŅĚŕȮőħĵĔņľĬħŒľƟȮĨƟĬĪŋĬėƞŅŀŋĮĔĶĦƢŐĸŃėƞŅŒĝƟěƞŅĵĨĸŅħȮőħĵŒĝƟĮƤěěńĵŀŊŗĬėĚĪňŗ 

3. ĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸŏĝŇĚıĶĶĦĬŅȮ&Descriptive Method) 
ĞŉŗĚĮĶŃĔŀĭħƟĺĵĔŅĶĔņľĬħĨńĺĝňŘĺńħŐĸŃĶŃħńĭėŃŐĬĬĕŀĚĨńĺĝňŘĺńħŒĬŐĨƞĸŃħƟŅĬȮŏıŊŗŀĴŅėņĬĺĦľŅėƞŅħńĝĬňĮĶŃĔŀĭ

ŀĵƞŅĚĚƞŅĵȮ&Composite Index) ĪňŗĽŃĪƟŀĬĻńĔĵĳŅıĕŀĚőėĶĚĔŅĶȮőħĵŒĬĔŅĶĻŉĔļŅĬňŘœħƟĬņĨńĺĝňŘĺńħěŅĔĚŅĬĺŇěńĵĕŀĚȮ&ĽŋĴŅĸňȮĽńĬĨŇ
ıĸĺŋĥŇȮŐĸŃėĦŃ, 2554) őħĵĴňŀĚėƢĮĶŃĔŀĭħƟŅĬȮ4 ħƟŅĬȮœħƟŐĔƞȮĮƤěěńĵĔŅĶįĸŇĨȮŀŋĮĽĚėƢľĶŊŀėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħȮ
ŀŋĨĽŅľĔĶĶĴĪňŗŏĔňŗĵĺŏĬŊŗŀĚŐĸŃĽĬńĭĽĬŋĬĔńĬȮĔĸĵŋĪīƢȮőėĶĚĽĶƟŅĚȮŐĸŃĔŅĶŐĕƞĚĕńĬȮŏıŊŗŀĮĶŃŏĴŇĬėŃŐĬĬŐĸƟĺĬņœĮėņĬĺĦħńĝĬň
ĮĶŃĔŀĭŀĵƞŅĚĚƞŅĵȮħńĚĬňŘ 

Ὀ 
В ὢ

В ὓὥὼὢ
   

őħĵĪňŗȮ 
Di = ėŃŐĬĬĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıħƟŅĬĪňŗ I,  
Xij = ėŃŐĬĬĔŅĶĮĶŃŏĴŇĬĕŀĚĨńĺĝňŘĺńħħƟŅĬĪňŗ i ĨńĺĪňŗ j,  
MaxXij = ėŃŐĬĬĽŌĚĽŋħĕŀĚĨńĺĝňŘĺńħħƟŅĬĪňŗȮi ĨńĺĪňŗȮ j,  
I = ĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶȮŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮŒĬŐĨƞĸŃħƟŅĬ,  
j = ĨńĺĝňŘĺńħŐĨƞĸŃħƟŅĬŒĬĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ 

ŒľƟŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢ 
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 ŏĴŊŗŀœħƟėŃŐĬĬĻńĔĵĳŅıŒĬŐĨƞĸŃħƟŅĬŐĸŃĳŅıĶĺĴŐĸƟĺȮěŉĚĬņœĮĮĶŃŏĴŇĬĶŃħńĭĻńĔĵĳŅıĨŅĴľĸńĔŀńĨĶĳŅėĝńŘĬȮĞŉŗĚėŇħ
ŏĮƦĬĶƟŀĵĸŃȮ 

 
įĸĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅěŅĔıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢŐĭĭĨŇħĨńŘĚĭĬľĸńĚėŅĺŇŏėĶŅŃľƢėĺŅĴėŋƟĴėƞŅĪŅĚ

ŏĻĶļģĻŅĽĨĶƢȮŒĬĔŅĶıńĥĬŅŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŒľƟŏĮƦĬŀŅėŅĶŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮħńĚĬňŘ 
/,ȮĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸ 
/,/ȮŏĔŖĭĕƟŀĴŌĸĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮŏıŊŗŀŒľƟŏĕƟŅŒěőėĶĚĽĶƟŅĚ

ĔŅĶŒĝƟıĸńĚĚŅĬĕŀĚŀŅėŅĶȮ 
 

 
ĳŅıĪňŗȮ2 ĮĶŇĴŅĦĔŅĶŒĝƟıĸńĚĚŅĬœĲĲƚŅȮ(kWh)ȮŐĔĬȮX ŐĽħĚĺńĬĕŀĚĶŅĵĽńĮħŅľƢȮ&Days of the Week) ĨńŘĚŐĨƞĺńĬěńĬĪĶƢĩŉĚĺńĬ

ŀŅĪŇĨĵƢȮĮƖȮ0346 ŐĸŃŐĔĬȮY ŐĽħĚĮĶŇĴŅĦœĲĲƚŅĪňŗŒĝƟĨƞŀĺńĬȮ&Energy Consumption; kWh/day). 
 

/,0ȮŏĔŖĭĕƟŀĴŌĸĻŉĔļŅĻńĔĵĳŅıĕŀĚĔŅĶıńĥĬŅŀŅėŅĶŒľƟŏĮƦĬŀŅėŅĶĪňŗŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&Net Zero Energy 
Building) őħĵĮĶŃŏĴŇĬěŅĔĶŃĭĭıĸńĚĚŅĬĪħŐĪĬȮŏĪėőĬőĸĵňĪňŗĬņĴŅŒĝƟȮěŅĔŏŀĔĽŅĶĶŅĵĚŅĬĺŇĝŅĔŅĶȮĶŅĵĚŅĬĔŅĶĺŇŏėĶŅŃľƢ
őėĶĚĔŅĶȮŏĝƞĬȮėƞŅŀńĨĶŅėŇħĸħȮ&Discount rate, r)Ȯ= 6.31% &Farungsang, 2025) 

/,1ȮŏĔŖĭĕƟŀĴŌĸŐľĸƞĚıĸńĚĚŅĬĪħŐĪĬĳŅĵŒĬĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵȮőħĵĕƟŀĴŌĸĶŃĭĭįĸŇĨœĲĲƚŅȮıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢĭĬľĸńĚėŅȮıĭĺƞŅȮŏıňĵĚıŀĔńĭĕĬŅħȮĕĬŅħȮ247ȮkWp ĽņľĶńĭȮĶŃĭĭȮOff-Grid ŐĸŃȮĕĬŅħȮ23.ȮkWp ĽņľĶńĭ
ĶŃĭĭȮOn-Grid őħĵŒĝƟıŊŘĬĪňŗĮĶŃĴŅĦȮ0,.65Ȯm² 
 0,ȮĺŇŏėĶŅŃľƢĻńĔĵĳŅıŐĸŃėĺŅĴŏĮƦĬœĮœħƟĪŅĚĔŅĶŏĚŇĬŒĬĔŅĶıńĥĬŅŀŅėŅĶŒľƟıĸńĚĚŅĬŏĮƦĬĻŌĬĵƢȮŐĭƞĚœħƟȮ1ȮħƟŅĬȮħńĚĬňŘ 

0,/ȮĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıŏĝŇĚĔŅĵĳŅı 
0,/,/ȮıŊŘĬĪňŗĔŅĶĻŉĔļŅȮĦȮĨŉĔŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ 6.ȮľĴŌƞȮ7 ĩ,ıľĸőĵīŇĬ 

ĨņĭĸȮĭƟŅĬħŌƞȮŀ,ŏĴŊŀĚȮě, ŏĝňĵĚĶŅĵĨņŐľĬƞĚĪňŗĨńŘĚȮĸŃĨŇěŌħ,ĸŀĚěŇěŌħȮĪňŗěņĸŀĚĨŇħĨńŘĚŐįĚŏĞĸĸƢ  
0,/,0ȮıŊŘĬĪňŗľĸńĚėŅĕŀĚŀŅėŅĶĪňŗĽŅĴŅĶĩĨŇħĨńŘĚȮĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĭĬľĸńĚėŅȮ&Solar 

RooftopȮœħƟȮėŊŀȮ0,.65Ȯm²ȮěņĬĺĬȮ6.6ȮŐįĚȮĕŀĚĕĬŅħȮ36.W' 
0,0ȮĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏĪėĬŇė 
ŏĚŊŗŀĬœĕĔŅĶěņĸŀĚȮ(Simulation Conditions) ĔŅĶěņĸŀĚĪņĳŅĵŒĨƟıŇĔńħĨņŐľĬƞĚŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮ(Lat. 

/7,7.°L*ȮJmle,Ȯ77,61°C'ȮľĸńĚėŅĴňĴŋĴŏŀňĵĚȮ/3°ȮľńĬœĮĪŅĚĪŇĻŒĨƟȮŒĝƟģŅĬĕƟŀĴŌĸŀŋĨŋĬŇĵĴĺŇĪĵŅĕŀĚőĮĶŐĔĶĴȮPVsyst, ĝĬŇħŐįĚȮ
Mono crystalline 580 Wp, ŀŇĬŏĺŀĶƢŏĨŀĶƢĕĬŅħȮ50 kW  ĮĶŃĽŇĪīŇĳŅıĶŃĭĭĽŅĵŐĸŃŀŋĮĔĶĦƢĶĺĴȮ96%; ŀńĨĶŅŏĽŊŗŀĴőĴħŌĸȮ
0.5%/ĮƖȮŐĸŃěņĸŀĚĪńŘĚŐĭĭȮOff-grid (ĴňŐĭĨŏĨŀĶňŗĔńĔŏĔŖĭ) ŐĸŃȮOn-grid (ŏĝŊŗŀĴĨƞŀőėĶĚĕƞŅĵ)  

2.2.1 ěņĸŀĚħƟĺĵőĮĶŐĔĶĴȮPVsystȮĪņĔŅĶěņĸŀĚĨŇħĨńŘĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĭĬľĸńĚėŅȮ
&Solar Rooftop) ŐĭĭȮOff-GridȮŐĸŃȮOn-Grid 
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ĳŅıĪňŗȮ1ȮĶŌĮĳŅıěņĸŀĚĔŅĶĨŇħĨńŘĚŐįĚőĞĸƞŅĶƢȮĭĬľĸńĚėŅȮ&Solar Rooftop)  

ŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ 
 
ĨŅĶŅĚĪňŗȮ0ȮĔŅĶŐĽħĚĮĶŃĽŇĪīŇĳŅıȮĪńŘĚȮ0ȮĶŃĭĭ 

ĸńĔļĦŃ ĶŃĭĭ Off-Grid ĶŃĭĭ On-grid 
ıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĪňŗĴňŀĵŌƞ (kWh/ĮƖ) 708,750 kWh (708.75 MWh) 466,72.ȮkWh (466,72ȮMWh) 
ıĸńĚĚŅĬĪňŗŒĝƟĮĶŃőĵĝĬƢœħƟȮ(kWh/ĮƖ) 488,650 kWh (488.65 MWh) 340,190 kWh (340.19 MWh) 
ıĸńĚĚŅĬĽƞĺĬŏĔŇĬȮ(kWh/ĮƖ) 204,580 kWh (204.58 MWh) 348,750 kWh (348.75 MWh' 
ıĸńĚĚŅĬĪňŗĕŅħľŅĵœĮȮ(kWh/ĮƖ) 9,570 kWh (9.57 MWh) 0 kWh 
ŀńĨĶŅĮĶŃĽŇĪīŇĳŅıȮ'NP&  58.73% 86.12% 
ĽńħĽƞĺĬıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ'QD& 98.08% 68.28% 

 
ěŅĔĨŅĶŅĚĪňŗȮ2ȮĔŅĶŐĽħĚĮĶŃĽŇĪīŇĳŅıȮĪńŘĚȮ0ȮĶŃĭĭȮőħĵŏĮĶňĵĭŏĪňĵĭȮĶŃĭĭȮOff-GridȮŐĸŃĶŃĭĭȮOn-gridȮ

ıĭĺƞŅȮĶŃĭĭȮOff-GridȮĴňȮSF 76,.6#ȮŒĔĸƟŏĮƚŅľĴŅĵȮNZEB ĴŅĔĔĺƞŅȮĕĦŃĪňŗȮĶŃĭĭȮOn-gridȮœĴƞĴňȮMissing Energy ŒľƟėƞŅȮPR 
64,/0#ȮŐĨƞȮSF 46,06#ȮıĭĺƞŅȮĶŃĭĭȮOff-GridȮıŉŗĚıŅőĞĸŅĶƢĳŅĵŒĬĽŌĚȮ&SF ĽŌĚĴŅĔ'ȮŐĨƞĨƟŀĚěńħĔŅĶıĸńĚĚŅĬĽƞĺĬŏĔŇĬŐĸŃĸħ
ĝƞĺĚĕŅħįƞŅĬĔŅĶĮĶńĭȮEMS/ĕĬŅħŐĭĨŏĨŀĶňŗ-ĔŅĶŏĸŊŗŀĬőľĸħĔĸŅĚĺńĬȮĽƞĺĬĶŃĭĭȮOn-gridȮĴňĮĶŃĽŇĪīŇĳŅıŏĝŇĚĶŃĭĭĽŌĚŐĸŃěƞŅĵ
ıĸńĚĚŅĬĨƞŀŏĬŊŗŀĚȮŐĨƞȮėĶŀĭėĸŋĴőľĸħĨŗņĔĺƞŅȮŐĨƞĵńĚĨƟŀĚıŉŗĚıŅĔĶŇħĴŅĔĔĺƞŅȮĞŉŗĚĽŅĴŅĶĩĪħŐĪĬœħƟěŅĔĔŅĶĕŅĵœĲŏıŊŗŀŒľƟŏĮƦĬĔŅĶ
ıńĥĬŅŀŅėŅĶŒľƟŏĮƦĬŀŅėŅĶĪňŗŒĝƟıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&Net Zero Energy Building) 

2.2.2ȮĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶįĸŇĨĔńĭĔŅĶŒĝƟœĲĲƚŅȮĬņĕƟŀĴŌĸĔŅĶįĸŇĨœĲĲƚŅěŅĔĶŃĭĭȮSolar Rooftop ĪňŗœħƟěŅĔ
ĔŅĶěņĸŀĚȮĴŅŏĮĶňĵĭŏĪňĵĭĔńĭĕƟŀĴŌĸĔŅĶŒĝƟœĲĲƚŅěĶŇĚĕŀĚŀŅėŅĶěŅĔĔŅĶĭńĬĪŉĔĔŅĶŒĝƟœĲĲƚŅĶŅĵĝńŗĺőĴĚ ŏıŊŗŀĺŇŏėĶŅŃľƢėĺŅĴ
ŏıňĵĚıŀĕŀĚıĸńĚĚŅĬĪňŗįĸŇĨœħƟ 

0,1ȮĔŅĶĺŇŏėĶŅŃľƢħƟŅĬŏĻĶļģĻŅĽĨĶƢ 
ıĭĺƞŅȮŀŅėŅĶĴňėĺŅĴĨƟŀĚĔŅĶŒĝƟıĸńĚĚŅĬŏĜĸňŗĵ 1,365 kWh/ĺńĬ ľĶŊŀėŇħŏĮƦĬ 498.22 MWh/ĮƖ őħĵĔŅĶěņĸŀĚ

ĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĭĬľĸńĚėŅĕĬŅħ 469 kWp ĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚįĸĮĶŃőĵĝĬƢĶĺĴȮ&PVB) ŏĪƞŅĔńĭȮ01,/50Ȯ
ĸƟŅĬĭŅĪȮĕĦŃĪňŗȮĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚĨƟĬĪŋĬĶĺĴȮ&PVC) ŏĪƞŅĔńĭȮ1.,72/ȮĸƟŅĬĭŅĪȮĽƞĚįĸŒľƟȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ŏĪƞŅĔńĭȮ
Ɗ5,55ȮĸƟŅĬĭŅĪȮŐĸŃȮŀńĨĶŅĽƞĺĬįĸĮĶŃőĵĝĬƢĨƞŀĨƟĬĪŋĬȮ&BCR) ŏĪƞŅĔńĭȮ.,53Ȯ&< /'ȮěŉĚĵńĚœĴƞįƞŅĬŏĔĦĤƢėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬĳŅĵŒĨƟ
ĔŅĶėŇħĸħȮŒĬĕĦŃĪňŗĶŃĭĭ On-gridȮĴňĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚįĸĮĶŃőĵĝĬƢĶĺĴȮ&PVB) ŏĪƞŅĔńĭȮ10,465ȮĸƟŅĬĭŅĪȮĴŌĸėƞŅĮƤěěŋĭńĬĕŀĚ
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ĨƟĬĪŋĬĶĺĴȮ&PVC) ŏĪƞŅĔńĭȮ/7,647ȮĸƟŅĬĭŅĪȮěŉĚœħƟȮĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&NPV) ŏĪƞŅĔńĭȮ)/0,6/6ȮĸƟŅĬĭŅĪȮŐĸŃȮŀńĨĶŅĽƞĺĬ
įĸĮĶŃőĵĝĬƢĨƞŀĨƟĬĪŋĬȮ&BCR) ĮĶŃĴŅĦȮ/,42Ȯ&> /'ȮŐĽħĚĩŉĚėĺŅĴėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬĕŀĚĶŃĭĭ On-grid 

 
ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 įĸĔŅĶěņĸŀĚħƟĺĵőĮĶŐĔĶĴȮPVsyst ŐĽħĚŒľƟŏľŖĬĺƞŅěŅĔĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĕŀĚĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢŐĭĭŀŀĲĔĶŇħȮ&Off-Grid) ŐĸŃŀŀĬĔĶŇħȮ&On-Grid) ıĭĺƞŅȮĶŃĭĭ Off-GridȮĴňĽńħĽƞĺĬĔŅĶıŉŗĚıŅıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮ
&Solar Fraction: SF) ĽŌĚĩŉĚȮ98.08% ĞŉŗĚŒĔĸƟŏėňĵĚŏĮƚŅľĴŅĵĕŀĚĔŅĶŏĮƦĬŀŅėŅĶıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮ&NZEB) ĴŅĔĔĺƞŅ On-
gridȮĪňŗĴňȮSF ŀĵŌƞĪňŗȮ68.28% ŀĵƞŅĚœĶĔŖĨŅĴȮĶŃĭĭ Off-GridȮĵńĚĴňĮƤĠľŅŒĬħƟŅĬıĸńĚĚŅĬĽƞĺĬŏĔŇĬŐĸŃıĸńĚĚŅĬĕŅħĝƞĺĚȮěŉĚĨƟŀĚ
ŀŅĻńĵĔŅĶěńħĔŅĶőľĸħŐĸŃĶŃĭĭĔńĔŏĔŖĭıĸńĚĚŅĬŏıŇŗĴŏĨŇĴȮĕĦŃĪňŗĶŃĭĭ On-gridȮŐĴƟěŃĴňȮSF ĨŗņĔĺƞŅȮŐĨƞĴňĮĶŃĽŇĪīŇĳŅıĶŃĭĭĽŌĚ
ĔĺƞŅȮ&PR = 86.12%) ŐĸŃœĴƞĴňıĸńĚĚŅĬĕŅħĝƞĺĚȮėĺŅĴŐĨĔĨƞŅĚĽņėńĠŀĵŌƞĪňŗȮŀĚėƢĮĶŃĔŀĭėĺŅĴĽŌĠŏĽňĵŒĬĔĶŃĭĺĬĔŅĶŐĮĸĚŐĸŃ
ĔńĔŏĔŖĭıĸńĚĚŅĬȮĶŃĭĭ Off-GridȮĴňȮUnused Energy ŏĴŊŗŀŐĭĨŏĨŀĶňŗŏĨŖĴȮƊ28.1%ȮıĶƟŀĴėĺŅĴĽŌĠŏĽňĵěŅĔėŀĬŏĺŀĶƢŏĨŀĶƢȮ
&Ɗ2.5%) ĔŅĶŏħŇĬĽŅĵȮ&Ɗ1.5%) ŐĸŃĶŀĭĝŅĶƢěůėŅĵȮ&Ɗ0.6%) įĸĶĺĴĕŀĚőėĶĚĽĶƟŅĚėĺŅĴĽŌĠŏĽňĵħńĚĔĸƞŅĺĪņŒľƟȮĮĶŃĽŇĪīŇĳŅı
ĶŃĭĭȮ&PR) ĕŀĚ On-GridȮĽŌĚĔĺƞŅŀĵƞŅĚĝńħŏěĬȮ&86.12%) ĽƞĺĬ Off-GridȮĨŗņĔĺƞŅȮ&58.73%)ȮŏĬŊŗŀĚěŅĔĶŃĭĭ On-gridȮœĴƞĴň
ŀĚėƢĮĶŃĔŀĭĔńĔŏĔŖĭȮěŉĚœĴƞŏĔŇħėĺŅĴĽŌĠŏĽňĵħńĚĔĸƞŅĺȮĶĺĴĩŉĚĴňėĺŅĴėŋƟĴėƞŅĪŅĚĔŅĶŏĚŇĬŀĵƞŅĚĝńħŏěĬȮőħĵĴňȮNPV ŏĮƦĬĭĺĔȮ&)
12.818 ĸƟŅĬĭŅĪ'ȮŐĸŃȮBCR ĴŅĔĔĺƞŅȮ1 (1.64) ŏĴŊŗŀŏĪňĵĭĔńĭ Off-GridȮĪňŗĴňȮNPV ĨŇħĸĭŐĸŃȮBCR ĨŗņĔĺƞŅȮ1 ěŉĚĽĶŋĮœħƟĺƞŅȮ
ĶŃĭĭ On-gridȮĴňėĺŅĴŏľĴŅŃĽĴŒĬŏĝŇĚĔŅĶĸĚĪŋĬŐĸŃĽŅĴŅĶĩĬņœĮĽŌƞȮĔŅĶıńĥĬŅŀŅėŅĶıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıĴŅĔĔĺƞŅŒĬĭĶŇĭĪĕŀĚĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢŏĝňĵĚĶŅĵ ŒĬőėĶĚĔŅĶĮĶńĭĮĶŋĚŀŅėŅĶĵŋıĶŅĝĺŇĪĵĴĚėĸĽŌƞĔŅĶŏĮƦĬŀŅėŅĶ
ıĸńĚĚŅĬĽŋĪīŇŏĮƦĬĻŌĬĵƢȮěŃĽŅĴŅĶĩŏĮƦĬĨƟĬŐĭĭĔŅĶıńĥĬŅȮNZEB 
 

ĕƟŀŏĽĬŀŐĬŃŒĬĔŅĶĪņĺŇěńĵėĶńŘĚĨƞŀœĮ 
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Abstract 
The objective of this research was to produce a briquette from rice straw and sugarcane bagasse 

via carbonization _rȮ3..°AȮin 60 minutes. The study investigated the effect of biomass type on the physical 
and thermal properties of briquettes. The study indicated that briquettes produced from sugarcane bagasse 
exhibited superior physical and thermal properties compared to those made from rice straw. Specifically, 
the water permeability rate was 1.77 times lower, and the heating value was 1.41 times higher &the heating 
value of the sugarcane bagasse briquettes was 24.75 MJ/kg'. A lower water permeability rate suggests a 
denser briquette structure, which enhances airflow and promotes more complete combustion, resulting in 
higher thermal energy output. Moreover, the carbonization process used to convert sugarcane bagasse into 
charcoal before compressing it into a briquette demonstrated higher efficiency than that of rice straw, as 
evidenced by a 12.08% higher energy yield. Therefore, the briquette produced in this study is considered 
suitable for household energy applications. 

 

Keywords: Briquettes, sugarcane bagasse, rice straw, carbonization   
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ıĸńĚĚŅĬŐĪĬĔŅĶŏįŅľĶŊŀĔŅĶœĩĔĸĭȮĬŀĔěŅĔěŃĝƞĺĵĸħĮƤĠľŅĽŇŗĚŐĺħĸƟŀĴŐĸƟĺĵńĚĝƞĺĵĸħĔŅĶıŉŗĚıŇĚŐľĸƞĚıĸńĚĚŅĬĲŀĽĞŇĸœħƟŀňĔ
ħƟĺĵȮĔŅĶŏįŅœľĴƟŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸĪņŒľƟŏĔŇħŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ&CO2'ȮĪňŗŒĝƟĶŃĵŃŏĺĸŅŒĬĔŅĶĽĸŅĵĨńĺĬŅĬĩŉĚ 1,000-
10,000ȮĮƖȮȮ[1] ĨĶĚĔńĬĕƟŅĴĔńĭȮCO2ȮĪňŗœħƟěŅĔĔŅĶŏįŅœľĴƟĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĪňŗıŊĝĽŅĴŅĶĩĬņœĮŒĝƟŏıŊŗŀĔŅĶŏĨŇĭőĨįƞŅĬ
ĔĶŃĭĺĬĔŅĶĽńĚŏėĶŅŃľƢŐĽĚěŉĚĽƞĚįĸŒľƟȮCO2ȮĴňĶŃĵŃŏĺĸŅĵńĚėĚŀĵŌƞŒĬĭĶĶĵŅĔŅĻĽńŘĬőħĵĮĶŅĻěŅĔĔŅĶŏĮƦĬĨƟĬŏľĨŋĕŀĚĔŅĶŏĔŇħ
ĮƤĠľŅĽŇŗĚŐĺħĸƟŀĴěŅĔĮĶŇĴŅĦŐĔƠĽŏĶŊŀĬĔĶŃěĔŒĬĝńŘĬĭĶĶĵŅĔŅĻĪňŗĴŅĔŏĔŇĬœĮȮ[2] ȮħńĚĬńŘĬŐľĸƞĚıĸńĚĚŅĬěŅĔĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚ
ĔŅĶŏĔļĨĶěŉĚĔĸŅĵŏĮƦĬŐľĸƞĚıĸńĚĚŅĬĝňĺĴĺĸĪňŗĴňĻńĔĵĳŅıŏıĶŅŃľŅœħƟĚƞŅĵȮĴňĮĶŇĴŅĦĴŅĔĶĺĴĩŉĚĽŅĴŅĶĩŐĮĶĶŌĮŏĮƦĬıĸńĚĚŅĬĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıŏĪňĵĭŏĪƞŅŐľĸƞĚıĸńĚĚŅĬĲŀĽĞŇĸœħƟȮ[3]Ȯ 

ĲŅĚĕƟŅĺĩŊŀŏĮƦĬĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĪňŗĴňĮĶŇĴŅĦĴŅĔĪňŗĽŋħĕŀĚĳŅėŏĔļĨĶŒĬĮĶŃŏĪĻœĪĵėŇħŏĮƦĬĶƟŀĵĸŃȮ25.00 
[4 ] ŐĸŃĲŅĚĕƟŅĺĵńĚĩŊŀŏĮƦĬĺńĽħŋĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶŏĮƦĬŐľĸƞĚıĸńĚĚŅĬĪňŗħňėŊŀŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒĝƟ
ĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĝĬŇħŀŊŗĬŏĮƦĬŐľĸƞĚıĸńĚĚŅĬȮ[4] ŏıĶŅŃĴňėŋĦĽĴĭńĨŇĪŅĚĲƕĽŇĔĽƢŐĸŃŏėĴňĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶŏĮƦĬ
ŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸȮ&BiomassȮfuel' őħĵŏĜıŅŃėƞŅėĺŅĴĶƟŀĬěņŏıŅŃȮ&Calorific value'ȮĞŉŗĚĽŌĚĔĺƞŅĺńĽħŋŏľĸŊŀŒĝƟĝĬŇħŀŊŗĬȮĬŀĔěŅĔĬňŘ
ĵńĚĴňĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ&Fixed carbon' ŒĬĶŃħńĭĽŌĚŐĸŃĴňőėĶĚĽĶƟŅĚıĶŋĬĪňŗŏŀŊŘŀĨƞŀĔŅĶěŋħĨŇħœĲŐĸŃŏįŅœľĴƟœħƟĚƞŅĵȮ[5] 
ĽņľĶńĭĔŅĔĝŅĬŀƟŀĵĞŉŗĚŏĮƦĬįĸıĸŀĵœħƟěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨĬŘņĨŅĸĪňŗĮĶŃŏĪĻœĪĵĴňĔņĸńĚĔŅĶįĸŇĨĴŅĔĔĺƞŅȮ13ȮĸƟŅĬĨńĬĨƞŀĮƖȮěŃ
ĪņŒľƟŏĔŇħĔŅĔĝŅĬŀƟŀĵ 30ȮĸƟŅĬĨńĬĨƞŀĮƖȮ[5]ȮŀĵƞŅĚœĶĔŖĨŅĴĔŅĔĝŅĬŀƟŀĵĪňŗŏĔŇħĕŉŘĬĶƟŀĵĸŃȮ30.00ȮĴńĔĩŌĔĬņœĮŏĮƦĬŐľĸƞĚıĸńĚĚŅĬ
ĽņľĶńĭŒĝƟŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĬŘņĨŅĸȮĽƞĺĬĔŅĔĝŅĬŀƟŀĵĪňŗŏľĸŊŀěŃĩŌĔĔŀĚĪŇŘĚœĺƟěĬĔĸŅĵŏĮƦĬŐľĸƞĚĕŀĚĔŅĶĮĸƞŀĵŐĔƠĽŏĶŊŀĬ
ĔĶŃěĔĝĬŇħŐĔƠĽĴňŏĪĬĬňŘĴňĻńĔĵĳŅıŒĬĔŅĶĪņŒľƟŏĔŇħĳŅĺŃőĸĔĶƟŀĬȮ30ȮŏĪƞŅĕŀĚȮCO2 ěŅĔĔŅĶľĴńĔľĴĴȮ[4]ȮħńĚĬńŘĬĔŅĶĬņĲŅĚĕƟŅĺ
ŐĸŃĝŅĬŀƟŀĵœĮŐĮĶĶŌĮŏĮƦĬŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸěŉĚěńħŏĮƦĬĔŅĶĸħĮƤĠľŅĔŅĶěńħĔŅĶĺńĽħŋŏľĸŊŀĪŇŘĚľĸńĚķħŌĔŅĸŏĔŖĭŏĔňŗĵĺĪňŗĵńŗĚĵŊĬħƟŅĬ
ĔŅĶĸħĔŅĶŏĔŇħĴĸıŇļĪŅĚŀŅĔŅĻœħƟŐĔƞȮĮƤĠľŅľĴŀĔėĺńĬȮ&Smog'ȮŐĸŃĮƤĠľŅĽĳŅıŀŅĔŅĻĪňŗŏĮĸňŗĵĬŐĮĸĚȮ&Climate change'Ȯ
ĔŅĶıńĥĬŅĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŏıŊŗŀĮĶńĭĮĶŋĚĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬıĶƟŀĴĔńĭĔŅĶĸħĴĸıŇļĪŅĚ
ŀŅĔŅĻěŉĚĴňėĺŅĴĽņėńĠĨƞŀĔŅĶĽƞĚŏĽĶŇĴĔŅĶŒĝƟıĸńĚĚŅĬĪħŐĪĬŀĵƞŅĚĵńŗĚĵŊĬȮĶĺĴĩŉĚĵńĚŏĮƦĬĔŅĶŏıŇŗĴĴŌĸėƞŅĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚ
ĔŅĶŏĔļĨĶĪňŗĴňŀĵŌƞŏĮƦĬěņĬĺĬĴŅĔȮĬŀĔěŅĔĬňŘĔŅĶŐĽĺĚľŅŐľĸƞĚıĸńĚĚŅĬěŅĔĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĵńĚĽŀħėĸƟŀĚĔńĭ
ĬőĵĭŅĵĳŅėĶńģĪňŗĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅıĸńĚĚŅĬĝňĺĳŅıŏıŊŗŀĸħĔŅĶıŉŗĚıŇĚıĸńĚĚŅĬĲŀĽĞŇĸȮĶĺĴĩŉĚĵńĚŏĮƦĬĔŅĶĽĬńĭĽĬŋĬĔŅĶŏĨŇĭőĨ
ŀĵƞŅĚĵńŗĚĵŊĬĕŀĚĳŅėŏĔļĨĶŐĸŃĳŅėŀŋĨĽŅľĔĶĶĴĞŉŗĚĽŀħėĸƟŀĚĔńĭĚŅĬ ŒĬĚŅĬĺŇěńĵĬňŘĪňŗĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĺĳŅıŒĬ
ĶŌĮĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵıĶƟŀĴĔńĭŏĮĶňĵĭŏĪňĵĭĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĪňŗĴňĽĴĭńĨŇĪŅĚėĺŅĴ
ĶƟŀĬŏĪňĵĭŏĪƞŅŏĝŊŘŀŏıĸŇĚĲŀĽĞŇĸĝĬŇħĩƞŅĬľŇĬĞŉŗĚĩŊŀŏĮƦĬŐĬĺĪŅĚŒĬĔŅĶĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĪňŗ
ĵńŗĚĵŊĬŏĮƦĬĴŇĨĶĨƞŀĽŇŗĚŐĺħĸƟŀĴ 
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ĺŇīňĔŅĶĪņĺŇěńĵ 
1. ĔŅĶŏĨĶňĵĴĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵ 
ĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĬňŘœħƟĴŅěŅĔĔĸŋƞĴŏĔļĨĶĔĶĬŅŐĮĸĚŒľĠƞĸņœĵĮƙŅĞŅĚȮĨņĭĸĮƙŅĞŅĚȮŀņŏĳŀĮƙŅĞŅĚȮ

ěńĚľĺńħĸņıŌĬŐĸŃĨņĭĸľĬŀĚĔĶŃĪƟŅĺȮŀņŏĳŀĬėĶœĪĵȮěńĚľĺńħıŇļĦŋőĸĔȮĨŅĴĸņħńĭȮĬņĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĨŅĔĳŅĵŒĨƟ
ŐĽĚŐħħŏıŊŗŀĔņěńħĬŘņŐĸŃėĺŅĴĝŊŘĬŏĮƦĬŏĺĸŅȮ7ȮĺńĬȮěŅĔĬńŘĬĬņĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĴŅĸħĕĬŅħħƟĺĵĔŅĶĮƤƧĬŏĝŇĚĔĸĪňŗėĺŅĴŏĶŖĺ
ĶŀĭȮ14,000ȮĶŀĭĨƞŀĬŅĪňȮĬŅĬȮ3ȮĬŅĪňȮěŅĔĬńŘĬĬņœĮėńħĕĬŅħħƟĺĵĨŃŐĔĶĚĕĬŅħȮ60 ŏĴĝȮěŃœħƟįĚĲŅĚĕƟŅĺŐĸŃįĚĝŅĬŀƟŀĵȮŏĔŖĭ
įĚĲŅĚĕƟŅĺŐĸŃįĚĝŅĬŀƟŀĵŒĬőĩħŌħėĺŅĴĝŊŘĬĔƞŀĬĬņœĮŒĝƟĚŅĬĪŋĔėĶńŘĚȮ&ĳŅıĪňŗȮ2' 
2. ĔŅĶŏĮĸňŗĵĬĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŏĮƦĬėŅĶƢĭŀĬ 
ĬņįĚĲŅĚĕƟŅĺŐĸŃįĚĝŅĬŀƟŀĵŏįŅĳŅĵŒĨƟĽĳŅĺŃŀńĭŀŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ500ȮŀĚĻŅŏĞĸŏĞňĵĽȮħƟĺĵŀńĨĶŅĔŅĶŒľƟėĺŅĴĶƟŀĬȮ5 

ŀĚĻŅŏĞĸŏĞňĵĽĨƞŀĬŅĪňȮĬŅĬȮ60ȮĬŅĪňȮŏĶňĵĔĔĶŃĭĺĬĔŅĶĬňŘĺƞŅȮėŅĶƢĭŀœĬĞƢŏĞĝńĬȮ&Carbonization'ȮŒĬŏĨŅŏįŅœĲĲƚŅěŃœħƟįĚ
ėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĪňŗĴňĸńĔļĦŃŏĮƦĬįĚĸŃŏŀňĵħĽňħņȮĬņįĚėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵœĮėńħĕĬŅħħƟĺĵ
ĨŃŐĔĶĚĕĬŅħȮ60 ŏĴĝȮŏĔŖĭŒĬőĩħŌħėĺŅĴĝŊŘĬĔƞŀĬĬņœĮŒĝƟĚŅĬĪŋĔėĶńŘĚȮ&ĳŅıĪňŗȮ2' 
3. ĔŅĶŏĨĶňĵĴĩƞŅĬŀńħŐĪƞĚ 
ĬņįĚėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵœĮįĽĴĔńĭŐĮƚĚĴńĬĽņĮŃľĸńĚȮ&ĨńĺŏĝŊŗŀĴĮĶŃĽŅĬ'ȮŒĬŀńĨĶŅĽƞĺĬĶƟŀĵĸŃȮ10.00Ȯőħĵ

ĬŘņľĬńĔȮŏĨŇĴĬŘņĸĚœĮĶƟŀĵĸŃȮ30.00 őħĵĬŘņľĬńĔȮœĮŀńħĕŉŘĬĶŌĮŏıŊŗŀŒľƟĴňĸńĔļĦŃŏĮƦĬŐĪƞĚħƟĺĵŏėĶŊŗŀĚŀńħȮőħĵŒĝƟŐĴƞıŇĴıƢĪňŗĴňĶŌĮ
ĪĶĚĔĶŃĭŀĔĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ2.00ȮŏĞĬĨŇŏĴĨĶȮŐĸŃėĺŅĴľĬŅȮ1.00ȮŏĞĬĨŇŏĴĨĶȮ&ĳŅıĪňŗȮ1' 
4. ĔŅĶĺŇŏėĶŅŃľƢįĸ 
ĔŅĶĺŇŏėĶŅŃľƢįĸěŃŐĭƞĚŀŀĔŏĮƦĬȮ2 ĸńĔļĦŃėŊŀȮ&1'ȮĺŇŏėĶŅŃľƢŒĬĸńĔļĦŃĕŀĚįĚėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŐĸŃȮ&2'Ȯ

ĺŇŏėĶŅŃľƢŒĬĸńĔļĦŃĕŀĚĩƞŅĬŀńħŐĪƞĚȮĽņľĶńĭįĚėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵěŃĬņœĮľŅĽńħĽƞĺĬľĶŊŀŀĚėƢĮĶŃĔŀĭĪňŗŒľƟ
ıĸńĚĚŅĬŐĸŃœĴƞŒľƟıĸńĚĚŅĬĞŉŗĚŀĵŌƞŒĬĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦȮ&Proximate analysis'ȮĮĶŃĔŀĭħƟĺĵĽŅĶĶŃŏľĵĚƞŅĵȮ&Volatile 
matter, VM'ȮėŅĶƢĭŀĬėĚĨńĺȮ&Fixed carbon, FC'ȮŏĩƟŅȮ&Ash'ȮŐĸŃėĺŅĴĝŊŘĬȮ&Moisture, MS'ȮĨŅĴĸņħńĭȮőħĵĴňĺŇīňĺŇŏėĶŅŃľƢħńĚ
ŐĽħĚŒĬĚŅĬĺŇěńĵĔƞŀĬľĬƟŅȮ[6] ĶĺĴĩŉĚĔŅĶľŅŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋėŅĶƢĭŀĬȮ&% C'ȮœŁőħĶŏěĬ (% H)ȮŀŀĔĞŇŏěĬ (% O)Ȯ
œĬőĨĶŏěĬȮ&% N'ȮŐĸŃĞńĸŏĲŀĶƢȮ&% S'ȮĞŉŗĚŀĵŌƞŒĬĔŅĶĺŇŏėĶŅŃľƢŐĭĭĸŃŏŀňĵħȮ&Ultimate analysis' ħƟĺĵŏėĶŊŗŀĚĴŊŀȮCHN628,628S 
&LECO Method' ěŅĔĬńŘĬĬņįĸĕŀĚĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦŐĸŃŐĭĭĸŃŏŀňĵħœĮėņĬĺĦľŅėƞŅėĺŅĴĶƟŀĬŒĬľĬƞĺĵŏĴĔŃěŌĸ
ĨƞŀĔŇőĸĔĶńĴȮ&MJ/kg'ȮĨŅĴĽĴĔŅĶȮDulong [12] ŐĸŃĚŅĬĺŇěńĵĔƞŀĬľĬƟŅȮ[7] ĽņľĶńĭĽĴĭńĨŇĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗĺŇŏėĶŅŃľƢěŃŏĮƦĬ
ĽĴĭńĨŇĪŅĚĔŅĵĳŅıŒĬĶŌĮĕŀĚėĺŅĴľĬŅŐĬƞĬȮ&Density' ėƞŅėĺŅĴŐĬƞĬȮ(Densification)ȮŐĸŃŀńĨĶŅĔŅĶĞŉĴįƞŅĬĬŘņȮŐĸŃĽĴĭńĨŇ
ĪŅĚėĺŅĴĶƟŀĬŒĬĶŌĮŀńĨĶŅĽƞĺĬįĸœħƟĕŀĚıĸńĚĚŅĬȮ&Energy yield ratio, hE'ȮėƞŅėĺŅĴľĬŅŐĬƞĬıĸńĚĚŅĬȮ&Energy density, De'Ȯ
ŐĸŃėĺŅĴĶƟŀĬŏĝŇĚĪķļġňȮ&High heating value, HHV' őħĵĴňĺŇīňĔŅĶĺŇŏėĶŅŃľƢĪňŗŐĽħĚŒĬĚŅĬĺŇěńĵĔƞŀĬľĬƟŅȮ[8]  
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ĳŅıĪňŗȮ2 ĕńŘĬĨŀĬĔŅĶĪħĸŀĚ 

 
įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 

1. ĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦȮ&Proximate analysis' ŐĸŃĔŅĶĺŇŏėĶŅŃľƢŐĭĭĸŃŏŀňĵħȮ&Ultimate analysis' 
ěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦĕŀĚĲŅĚĕƟŅĺȮĝŅĬŀƟŀĵȮįĚėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺȮŐĸŃįĚėŅĶƢĭŀĬĕŀĚĝŅĬŀƟŀĵȮıĭĺƞŅįĚ

ėŅĶƢĭŀĬĕŀĚĲŅĚĕƟŅĺŐĸŃįĚėŅĶƢĭŀĬĕŀĚĝŅĬŀƟŀĵĴňĽƞĺĬĪňŗŒľƟıĸńĚĚŅĬĴŅĔĔĺƞŅĽƞĺĬĪňŗœĴƞŒľƟıĸńĚĚŅĬėŇħŏĮƦĬĶƟŀĵĸŃȮ1.81 ŐĸŃȮ
3.00 ĨŅĴĸņħńĭȮ&ĽƞĺĬĪňŗŒľƟıĸńĚĚŅĬĕŀĚįĚėŅĶƢĭŀĬěŅĔĲŅĚŐĸŃĝŅĬŀƟŀĵėŊŀȮĶƟŀĵĸŃȮ89.20 ŐĸŃȮ90.27 őħĵĬŘņľĬńĔȮ
ĨŅĴĸņħńĭ'Ȯ&ĨŅĶŅĚĪňŗȮ1'ȮőħĵĽƞĺĬĪňŗŒľƟıĸńĚĚŅĬĮĶŃĔŀĭħƟĺĵĽŅĶĶŃŏľĵĚƞŅĵ &% VM'ȮŐĸŃėŅĶƢĭŀĬėĚĨńĺȮ&% FC'ȮŒĬĕĦŃĪňŗĽƞĺĬ

ĔŅĶŏĨĶňĵĴĽŅĶĝňĺĴĺĸ ĔŅĶŏĮĸňŗĵĬĽŅĶĝňĺĴĺĸ 

ŒľƟŏĮƦĬįĚėŅĶƢĭŀĬ 

ĔŅĶįĸŇĨŏĝŊŘŀŏıĸŇĚĝňĴĺĸ 

Ҍ 
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ĪňŗœĴƞŒľƟıĸńĚĚŅĬŐĽħĚŒĬĶŌĮĮĶŇĴŅĦŏĩƟŅȮ&% ASH'ȮŐĸŃĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ&% MS'ȮŏĴŊŗŀıŇěŅĶĦŅĽŅĶĝňĺĴĺĸĝĬŇħŏħňĵĺĔńĬěŃŏľŖĬĺƞŅ
ĽƞĺĬĪňŗŒľƟıĸńĚĚŅĬĕŀĚįĚėŅĶƢĭŀĬĴňĽńħĽƞĺĬĕŀĚėŅĶƢĭŀĬėĚĨńĺŏıŇŗĴĕŉŘĬŒĬĕĦŃĪňŗĽńħĽƞĺĬĕŀĚĽŅĶĶŃŏľĵĚƞŅĵĸħĸĚȮĮĶŇĴŅĦ
ėŅĶƢĭŀĬėĚĨńĺĽŌĚŀŅěĽƞĚįĸŒľƟĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨœħƟŒľƟıĸńĚĚŅĬľĸńĚĔŅĶŏįŅœľĴƟĴŅĔŏĬŊŗŀĚěŅĔŀĚėƢĮĶŃĔŀĭĕŀĚėŅĶƢĭŀĬėĚĨńĺ
ŏĮƦĬĕŀĚŐĕŖĚĪňŗœĴƞĶŃŏľĵŏĴŊŗŀĩŌĔŒľƟėĺŅĴĶƟŀĬŏıŊŗŀĔņěńħėĺŅĴĝŊŘĬŐĸŃĽŅĶĶŃŏľĵŐĸƟĺěŉĚĪņŒľƟŏľĸŊŀŏıňĵĚėŅĶƢĭŀĬėĚĨńĺĞŉŗĚŏĮƦĬĽƞĺĬ
ĪňŗĽŅĴŅĶĩŏįŅœľĴƟŐĸŃŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬœħƟĬńŘĬŏŀĚĽńĴıńĬīƢĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬȮ&De'ȮĪňŗĽŌĚĔĺƞŅŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸěŅĔ
ĽŅĶĝňĺĴĺĸħŇĭ 1.01 ŏĪƞŅȮŒĬĔĶĦňĲŅĚĕƟŅĺȮħńĚĬńŘĬĩƞŅĬŀńħŐĪƞĚěŉĚŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚȮėĚĪňŗȮŐĸŃĴňėĺŅĴĨƞŀŏĬŊŗŀĚ [4]ȮĶĺĴĩŉĚĴň
ĶŃĵŃŏĺĸŅŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬĪňŗĵŅĺĬŅĬŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĶĝňĺĴĺĸħŇĭĕŀĚĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵ [4] ŀŅěĴňėĺŅĴĽŀħėĸƟŀĚ
ĔńĭėƞŅėĺŅĴĶƟŀĬĪňŗĽŌĚĔĺƞŅĞŉŗĚěŃĔĸƞŅĺŒĬĨƞŀœĮ ĽƞĺĬĮĶŇĴŅĦĽŅĶĶŃŏľĵĚƞŅĵěŃŒľƟįĸĔŅĶĺŇŏėĶŅŃľƢĨĶĚĔńĬĕƟŅĴĔńĭĮĶŇĴŅĦėŅĶƢĭŀĬ
ėĚĨńĺĔĸƞŅĺėŊŀȮĮĶŇĴŅĦĽŅĶĶŃŏľĵĚƞŅĵĕŀĚĩƞŅĬŀńħŐĪƞĚĴńĔěŃĨŗņĔĺƞŅĽŅĶĝňĺĴĺĸħŇĭĞŉŗĚŏĮƦĬįĸĴŅěŅĔĔŅĶĽĸŅĵĨńĺĪŅĚėĺŅĴĶƟŀĬ
ĕŀĚĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢĝĬŇħŏĞĸĸŌőĸĽȮŏŁĴŇŏĞĸĸŌőĸĽȮŐĸŃĸŇĔĬŇĬŒĬĽŅĶĝňĺĴĺĸħŇĭŏĮƦĬŐĔƠĽŏĝŊŘŀŏıĸŇĚȮŏĝƞĬȮCO CH4 H2 ŏĮƦĬĨƟĬ 
[9] ŐĸŃĶŃŏľĵŀŀĔœĮȮĦȮĽĳŅĺŃŀńĭŀŅĔŅĻĪňŗŀŋĦľĳŌĴŇȮ500 ŀĚĻŅŏĞĸŏĞňĵĽȮěŉĚŏĮƦĬįĸĪņŒľƟĩƞŅĬŀńħŐĪƞĚĴňĮĶŇĴŅĦĽŅĶĶŃŏľĵĚƞŅĵ
ĨŗņĔĺƞŅĽŅĶĝňĺĴĺĸėŇħŏĮƦĬĶƟŀĵĸŃȮ11.91ȮŐĸŃŏĮƦĬĽŅŏľĨŋŒľƟĩƞŅĬŀńħŐĪƞĚěŋħĨŇħœĲĵŅĔŐĸŃŏįŅœľĴƟœħƟĝƟŅȮ[10] ŒĬĚŅĬĺŇěńĵĬňŘĩƞŅĬŀńħ
ŐĪƞĚěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŒľƟįĸĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦŏĝƞĬŏħňĵĺĔńĬėŊŀȮĩƞŅĬŀńħŐĪƞĚěŃŒľƟĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺĽŌĚŐĸŃ
ĮĶŇĴŅĦĽŅĶĶŃŏľĵĚƞŅĵĨŗņŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵħŇĭĽƞĚįĸŒľƟėƞŅėĺŅĴĶƟŀĬŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬ
ĕŀĚĩƞŅĬŀńħŐĪƞĚĽŌĚĔĺƞŅŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸ 
 
ĨŅĶŅĚĪňŗȮ1 ŀĚėƢĮĶŃĔŀĭŐĭĭĮĶŃĴŅĦȮ&Proximate analysis' ŐĸŃŀĚėƢĮĶŃĔŀĭŐĭĭĸŃŏŀňĵħȮ&Ultimate analysis'ȮĕŀĚĲŅĚ

ĕƟŅĺŐĸŃĝŅĬŀƟŀĵĪňŗįƞŅĬŐĸŃœĴƞįƞŅĬĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬĞƢŏĞĝńĬ 
ĽŅĶ ŀĚėƢŐĭĭĮĶŃĴŅĦȮ&ĶƟŀĵĸŃ' ŀĚėƢĮĶŃĔŀĭŐĭĭĸŃŏŀňĵħȮ&ĶƟŀĵĸŃ' 

MS VM ASH FC C H O N S 
ĲŅĚĕƟŅĺ 7.94 81.70 2.87 7.50 39.09 6.74 53.52 0.66 N.D. 
ĝŅĬŀƟŀĵ 6.93 86.20 2.80 4.07 40.48 6.35 52.04 1.13 N.D. 
ėŅĶƢĭŀĬěŅĔĲŅĚĕƟŅĺ 6.36 71.97 2.80 13.96 51.49 3.39 44.03 1.09 N.D. 
ėŅĶƢĭŀĬěŅĔĝŅĬŀƟŀĵ 4.23 79.10 2.72 18.87 62.03 5.00 31.1 1.88 N.D. 
ŏĴŊŗŀıŇěŅĶĦŅĩƞŅĬŀńħŐĪƞĚĪńŘĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵıĭĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵěŃŒľƟĽƞĺĬĪňŗĴňıĸńĚĚŅĬĴŅĔĔĺƞŅ

ėŊŀĴňŀĚėƢĮĶŃĔŀĭĕŀĚĽŅĶĶŃŏľĵĚƞŅĵĽŌĚĔĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺ 1.10 ŏĪƞŅȮ&ĨŅĶŅĚĪňŗȮ1'ȮŏĬŊŗŀĚěŅĔĝŅĬŀƟŀĵĴňőėĶĚĽĶƟŅĚĕŀĚ
ĽŅĶŀŇĬĪĶňĵƢĝĬŇħĸŇĔĬŇĬŒĬĮĶŇĴŅĦĴŅĔĶĺĴĶĺĴĩŉĚĝŅĬŀƟŀĵĵńĚĮĶŃĮĶŃĔŀĭħƟĺĵŏĽƟĬŒĵĪňŗŏľĬňĵĺŐĬƞĬħńĚĬńŘĬŏĴŊŗŀĬņĴŅŏįŅĳŅĵŒĨƟ
ĽĳŅĺŃŀńĭŀŅĔŅĻȮĦȮŀŋĦľĳŌĴŇȮ500 ŀĚĻŅŏĞĸŏĞňĵĽȮ&Carbonization) ěŃŏľĸŊŀėŅĶƢĭŀĬėĚĨńĺŒĬĮĶŇĴŅĦĪňŗĴŅĔĔĺƞŅĲŅĚĕƟŅĺȮ
&ĨŅĶŅĚĪňŗȮ2'ȮŀňĔĪńŘĚŏĴŊŗŀĬņĝŅĬŀƟŀĵĴŅŀńħŒľƟŏĮƦĬĩƞŅĬŐĸƟĺœħƟĩƞŅĬĪňŗŐĬƞĬŐĸŃĴňĬŘņľĬńĔĴŅĔĔĺƞŅĞŉŗĚŏľŖĬœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢŀńĨĶŅ
ĔŅĶĞŉĴįƞŅĬĬŘņŐĸŃıĭĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňŀńĨĶŅĔŅĶĞŉĴįƞŅĬĬŘņĨŗņĔĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺȮ1.77 ŏĪƞŅȮ&ŀńĨĶŅĔŅĶ
ĞŉĴįƞŅĬĬŘņĕŀĚĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵėŊŀȮ1.94ȮĴŇĸĸŇĸŇĨĶĨƞŀĬŅĪň'ȮŐĽħĚŒľƟŏľŖĬĺƞŅŀĬŋĳŅėėŅĶƢĭŀĬŒĬĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵ
ŀĵŌƞĝŇħĨŇħĔńĬőħĵĴňĕĬŅħĕŀĚĝƞŀĚĺƞŅĚĶŃľĺƞŅĚŀĬŋĳŅėėŅĶƢĭŀĬŒĔĸƟŏėňĵĚĔńĬĪņŒľƟĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňėĺŅĴľĬŅŐĬƞĬĴŅĔ
ŏĮƦĬįĸŒľƟĴňėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬĨƞŀľĬƞĺĵĮĶŇĴŅĨĶĽŌĚĔĺƞŅŀňĔħƟĺĵėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬĪňŗĴŅĔěŃĽƞĚįĸĨƞŀĔŅĶŏįŅ
œľĴƟĪňŗĵŅĺĬŅĬŐĸŃŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬŀĵƞŅĚĽĴŗņŏĽĴŀȮ[11] őħĵěŃŐĽħĚŒĬĶŌĮėƞŅėĺŅĴĶƟŀĬĪňŗĽŌĚĔĺƞŅ ĞŉŗĚěŃŀĳŇĮĶŅĵŒĬĨƞŀœĮȮ
ĴŅĔœĮĔĺƞŅĬńŘĬĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬȮ&% C'ȮěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĭĭĸŃŏŀňĵħĪňŗŐĽħĚĩŉĚĮĶŇĴŅĦėŅĶƢĭŀĬĪńŘĚľĴħŒĬŏĝŊŘŀŏıĸŇĚĪňŗŀĵŌƞ
ŒĬĶŌĮėŅĶƢĭŀĬėĚĨńĺŐĸŃŀĵŌƞŒĬĶŌĮĽŅĶĶŃŏľĵĚƞŅĵěŃĴňėĺŅĴŐĨĔĨƞŅĚěŅĔėŅĶƢĭŀĬėĚĨńĺĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦȮ
ŀĵƞŅĚœĶĔŖĨŅĴĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬĵńĚėĚĽƞĚįĸőħĵĨĶĚĨƞŀėƞŅėĺŅĴĶƟŀĬŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬŒĬĩƞŅĬŀńħŐĪƞĚŐĸŃ
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ŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸħŇĭŏĝƞĬŏħňĵĺĔńĭĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮőħĵĩƞŅĬŀńħŐĪƞĚĪňŗĴňĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬĽŌĚěŃŒľƟėƞŅėĺŅĴĶƟŀĬĽŌĚĬńŘĬŏŀĚȮ
ěŅĔĔŅĶĻŉĔļŅĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĝŅĬŀƟŀĵĴňĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬĽŌĚĔĺƞŅĝňŘŒľƟŏľŖĬĩŉĚŐľĸƞĚŒľƟıĸńĚĚŅĬĪňŗĴŅĔĔĺƞŅȮĽƞĺĬĮĶŇĴŅĦ
īŅĨŋœŁőħĶŏěĬĪňŗıĭŒĬĩƞŅĬŀńħŐĪƞĚĬńŘĬŐĽħĚĩŉĚėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏįŅœľĴƟĪňŗŏĶŖĺŐĸŃěŋħĨŇħœĲœħƟĚƞŅĵȮĞŉŗĚŒĬĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬ
ŀƟŀĵĴňĮĶŇĴŅĦīŅĨŋœŁőħĶŏěĬĴŅĔĔĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺěŉĚĪņŒľƟĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶěŋħĨŇħœĲ
œħƟħňĔĺƞŅĽŀħėĸƟŀĚĔńĭĮĶŇĴŅĦīŅĨŋŀŀĔĞŇŏěĬĪňŗěńħŏĮƦĬŀĚėƢĮĶŃĔŀĭĪňŗœĴƞŒľƟıĸńĚĚŅĬĨŗņĔĺƞŅȮ&ĨŅĶŅĚĪňŗ 1'ȮĽņľĶńĭĮĶŇĴŅĦīŅĨŋ
œĬőĨĶŏěĬŐĸŃĞńĸŏĲŀĶƢěŃŐĽħĚĩŉĚįĸĔĶŃĪĭĪŅĚĽŇŗĚŐĺħĸƟŀĴŏĴŊŗŀŒĝƟĚŅĬĩƞŅĬŀńħŐĪƞĚħƟĺĵĔŅĶŏįŅœľĴƟȮőħĵīŅĨŋœĬőĨĶŏěĬ
ŐĸŃĞńĸŏĲŀĶƢŏĴŊŗŀŏįŅœľĴƟŐĸƟĺěŃŏĔŇħŐĔƠĽœĬőĨĶŏěĬŀŀĔœĞħƢ (NOX) ŐĸŃŐĔƠĽĞńĸŏĲŀĶƢœħŀŀĔœĞħƢȮ(SO2) ĨŅĴĸņħńĭȮĞŉŗĚĔƞŀŒľƟŏĔŇħ
ĴĸıŇļĪŅĚŀŅĔŅĻŐĸŃĔƞŀŒľƟŏĔŇħŏĮƦĬĔĶħȮ&ľĶŊŀȮĔĶħİĬ'ȮŐĨĔĨƞŅĚěŅĔĩƞŅĬľŇĬĪňŗĴňĮĶŇĴŅĦīŅĨŋœĬőĨĶŏěĬĴŅĔĔĺƞŅĶƟŀĵĸŃȮ1.00 
őħĵĬŘņľĬńĔŐĸŃĞńĸŏĲŀĶƢȮĴŅĔĔĺƞŅĶƟŀĵĸŃȮ0.50 őħĵĬŘņľĬńĔȮ[11]  
 
ĨŅĶŅĚĪňŗȮ2ȮĽŅĶĮĶŃĔŀĭŀŇĬĪĶňĵƢĝĬŇħĨƞŅĚŕĪňŗıĭŒĬĲŅĚĕƟŅĺ [16 ] ŐĸŃĝŅĬŀƟŀĵ [17] 

ĽŅĶĝňĺĴĺĸ ĮĶŇĴŅĦȮ&ĶƟŀĵĸŃőħĵĬŘņľĬńĔŐľƟĚ' 
ŏĞĸĸŌőĸĽ ŏŁĴŇŏĞĸĸŌőĸĽ ĸŇĔĬŇĬ 

ĲŅĚĕƟŅĺ 32-47 19-27 5-24 
ĝŅĬŀƟŀĵ 40-50 25-30 20-25 

 
2. ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬȮ&Thermal properties' 
ĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŒĬĚŅĬĺŇěńĵĬňŘěŃĻŉĔļŅŒĬĶŌĮėƞŅėĺŅĴĶƟŀĬ ėĺŅĴ

ľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬȮŐĸŃŀńĨĶŅĽƞĺĬįĸœħƟĕŀĚıĸńĚĚŅĬȮőħĵėƞŅėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚĭƞĚĭŀĔĩŉĚĮĶŇĴŅĦıĸńĚĚŅĬėĺŅĴĶƟŀĬ
ĪńŘĚľĴħĪňŗœħƟěŅĔĔŅĶŏįŅœľĴƟŀĵƞŅĚĽĴĭŌĶĦƢĕŀĚŏĝŊŘŀŏıĸŇĚȮ1 ľĬƞĺĵĴĺĸȮĽƞĺĬėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬŐĽħĚĩŉĚĮĶŇĴŅĦıĸńĚĚŅĬ
ĪňŗĴňŀĵŌƞŒĬŏĝŊŘŀŏıĸŇĚĨƞŀľĬŉŗĚľĬƞĺĵĮĶŇĴŅĨĶȮĽņľĶńĭėƞŅėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚěŃĴňėĺŅĴĽńĴıńĬīƢőħĵĨĶĚĔńĭŀńĨĶŅĽƞĺĬĕŀĚ
ĮĶŇĴŅĦīŅĨŋȮC:H:O ŒĬŏĝŇĚŏėĴňĨŅĴĽĴĔŅĶ DulongȮ[12] ħńĚŐĽħĚŒĬĽĴĔŅĶĪňŗȮ1ȮőħĵĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĝŅĬŀƟŀĵĴňŀńĨĶŅĽƞĺĬ
ĕŀĚĮĶŇĴŅĦīŅĨŋȮC:H:O ĽŌĚĔĺƞŅĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺŏĮƦĬįĸĪņŒľƟĴňėƞŅėĺŅĴĶƟŀĬŏĝŇĚĪķļġň &High heating value; 
HHV'ȮĽŌĚĔĺƞŅ 1.41ȮŏĪƞŅȮ&ĨŅĶŅĚĪňŗȮ3'ȮŏĬŊŗŀĚěŅĔĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋĪňŗŏįŅœľĴƟŐĸŃŒľƟıĸńĚĚŅĬœħƟ
ĴŅĔĔĺƞŅėŊŀȮīŅĨŋėŅĶƢĭŀĬȮ&C' ŐĸŃīŅĨŋœŁőħĶŏěĬ &H'ȮŒĬĕĦŃĪňŗĴňŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋŀŀĔĞŇŏěĬȮ&O'ȮĨŗņĞŉŗĚĩŊŀŏĮƦĬīŅĨŋĪňŗœĴƞŒľƟ
ıĸńĚĚŅĬȮ[13] ĬŀĔěŅĔŀńĨĶŅĽƞĺĬĕŀĚĮĶŇĴŅĦīŅĨŋȮC:H:OȮĪňŗĽƞĚįĸĨƞŀėƞŅėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚŐĸƟĺĮĶŇĴŅĦėŅĶƢĭŀĬėĚĨńĺȮ
&FC'ȮŐĸŃĽŅĶĶŃŏľĵĚƞŅĵ &VM'ȮĵńĚĪņŒľƟėƞŅėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀňĔħƟĺĵȮĩƞŅĬŀńħŐĪƞĚĪňŗĴňėŅĶƢĭŀĬėĚĨńĺ
ĽŌĚŐĸŃĮĶŇĴŅĦĽŅĶĶŃŏľĵĚƞŅĵĨŗņěŃŒľƟėƞŅėĺŅĴĶƟŀĬĽŌĚĽŀħėĸƟŀĚĔńĭĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĝŅĬŀƟŀĵĪňŗĴňėƞŅėĺŅĴĶƟŀĬĽŌĚĔĺƞŅ
ĬńŗĬŏŀĚ ěŅĔĨŅĶŅĚĪňŗȮ3 ěŃŏľŖĬœħƟĺƞŅėƞŅėĺŅĴĶƟŀĬŏĝŇĚĪķļġňĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗœħƟěŅĔĔŅĶėņĬĺĦĕŀĚŀĚėƢĮĶŃĔŀĭŐĭĭĮĶŃĴŅĦ
ŐĸŃŀĚėƢĮĶŃĔŀĭŐĭĭĸŃŏŀňĵħĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŏĬŊŗŀĚěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĭĭĸŃŏŀňĵħŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢľŅŀĚėƢĮĶŃĔŀĭĕŀĚ
īŅĨŋĪňŗŒľƟıĸńĚĚŅĬėŊŀȮC ŐĸŃȮHȮĶĺĴĩŉĚīŅĨŋĪňŗœĴƞŒľƟıĸńĚĚŅĬėŊŀȮO ŀĵƞŅĚĸŃŏŀňĵħȮĽƞĺĬĔŅĶĺŇŏėĶŅŃľƢŐĭĭĮĶŃĴŅĦŏĮƦĬĔŅĶ
ĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭŐĭĭĳŅıĶĺĴĪňŗĴňėĺŅĴĸŃŏŀňĵħĨŗņĔĺƞŅȮĔĸƞŅĺėŊŀĔŅĶėņĬĺĦėƞŅėĺŅĴĶƟŀĬŏĝŇĚĪķļġňħƟĺĵŀĚėƢĮĶŃĔŀĭĕŀĚ
īŅĨŋěŃŀŅĻńĵĽŌĨĶĪŅĚĲƕĽŇĔĽƢŏėĴňĪňŗıŇěŅĶĦŅıĸńĚĚŅĬĕŀĚŐĨƞĸŃīŅĨŋȮĽƞĺĬĔŅĶėņĬĺĦėƞŅėĺŅĴĶƟŀĬŏĝŇĚĪķļġňħƟĺĵŀĚėƢĮĶŃĔŀĭĕŀĚ
ėŅĶƢĭŀĬėĚĨńĺȮĽŅĶĶŃŏľĵĚƞŅĵȮŐĸŃŏĩƟŅěŃŒĝƟĽĴĔŅĶľĶŊŀĔĶŅĲŐĽħĚėĺŅĴĽńĴıńĬīƢĪňŗŏĮƦĬĔŅĶĮĶŃĴŅĦėƞŅěŉĚĪņŒľƟėƞŅėĺŅĴĶƟŀĬ
ŏĝŇĚĪķļġňĪňŗœħƟĴňėƞŅĨŗņĔĺƞŅėĺŅĴŏĮƦĬěĶŇĚȮħńĚĬńŘĬĔŅĶėņĬĺĦľŅėƞŅėĺŅĴĶƟŀĬĕŀĚĩƞŅĬŀńħŐĪƞĚŒĬĚŅĬĺŇěńĵĬňŘěŃŀŅĻńĵėƞŅėĺŅĴĶƟŀĬ
ěŅĔĮĶŇĴŅĦĕŀĚīŅĨŋȮC H ŐĸŃȮOȮŏĮƦĬľĸńĔ 
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ĽņľĶńĭĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬŒĬĶŌĮėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬěŃĴňėĺŅĴĽńĴıńĬīƢőħĵĨĶĚĔńĭėĺŅĴľĬŅŐĬƞĬĕŀĚĩƞŅĬŀńħŐĪƞĚ
ėŊŀȮĩƞŅĬŀńħŐĪƞĚĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚľĶŊŀĴňėĺŅĴŐĬƞĬĽŌĚĽƞĚįĸŒľƟŀĬŋĳŅėėŅĶƢĭŀĬŀĵŌƞŒĔĸƟĝŇħĔńĬěĬĪņŒľƟĕĬŅħĝƞŀĚĺƞŅĚĶŃľĺƞŅĚ
ŀĬŋĳŅėŏĸŖĔŐĸŃĴňıŊŘĬĪňŗįŇĺĽńĴįńĽĔńĭŀŅĔŅĻĴŅĔȮŏĴŊŗŀĩƞŅĬŀńħŐĪƞĚĨŇħœĲěŃŏĔŇħĔŅĶŏįŅœľĴƟĪňŗĴňėĺŅĴĽĴŗņŏĽĴŀŐĸŃŒľƟıĸńĚĚŅĬėĺŅĴ
ĶƟŀĬĨƞŀĮĶŇĴŅĨĶĽŌĚħńĚŐĽħĚŒĬĽĴĔŅĶĪňŗȮ2ȮėĺŅĴľĬŅŐĬƞĬĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĕŀĚĚŅĬĺŇěńĵĬňŘĴňėƞŅŀĵŌƞ
ŒĬĝƞĺĚȮ200-400ȮĔŇőĸĔĶńĴĨƞŀĸŌĔĭŅĻĔƢŏĴĨĶȮ&ie-k³'ȮőħĵĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňėĺŅĴľĬŅŐĬƞĬȮ350Ȯie-k³ȮőħĵŏĜĸňŗĵȮĞŉŗĚ
ĴŅĔĔĺƞŅĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨœħƟěŅĔĲŅĚĕƟŅĺȮ1.25 ŏĪƞŅȮŀňĔĪńŘĚĵńĚĴňėƞŅĨŗņĔĺƞŅėĺŅĴľĬŅŐĬƞĬĕŀĚĩƞŅĬŀńħŐĪƞĚĪńŗĺœĮĪňŗĴňėĺŅĴ
ľĬŅŐĬƞĬŀĵŌƞŒĬĝƞĺĚĮĶŃĴŅĦ 500-6..Ȯie-k³ȮŀĵƞŅĚœĶĔŖĨŅĴĩƞŅĬĪňŗĴňėĺŅĴľĬŅŐĬƞĬĽŌĚŐĴƟĺƞŅěŃĴňėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬĽŌĚȮ
ŐĨƞĵńĚĴňĕƟŀěņĔńħŒĬŏĶŊŗŀĚėĺŅĴĽŅĴŅĶĩĔŅĶěŋħĨŇħœĲĪňŗĵŅĔŐĸŃĩƞŅĬěŃŏĔŇħĔŅĶŏįŅœľĴƟœħƟœĴƞĽĴĭŌĶĦƢıĶŅŃĴňėĺŅĴıĶŋĬĨŗņŏĮƦĬ
ĽŅŏľĨŋŒľƟŀŅĔŅĻœľĸįƞŅĬœħƟĵŅĔĞŉŗĚĽŅĴŅĶĩŐĔƟœĕħƟĺĵĔŅĶŀŀĔŐĭĭĩƞŅĬŀńħŐĪƞĚŒľƟĴňĝƞŀĚĶŃĭŅĵŀŅĔŅĻĳŅĵŒĬľĶŊŀŏĨŇĴĺńĽħŋœĺœĲȮ
&Starter) ŏĝƞĬȮĔŅĔĬŘņĨŅĸŐĸŃœĕĴńĬȮĸĚœĮŒĬĮĶŇĴŅĦĪňŗŏľĴŅŃĽĴȮěŅĔĔŅĶĻŉĔļŅĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅėŋĦĳŅı
ĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨœħƟŒĬĚŅĬĺŇěńĵĬňŘŏľĴŅŃĽņľĶńĭĔŅĶĬņœĮŒĝƟĚŅĬŒĬĶŃħńĭėĶńĺŏĶŊŀĬĪňŗŀŅěĝƞĺĵĸħėƞŅŒĝƟěƞŅĵěŅĔĔŅĶŒĝƟŐĔƠĽľŋĚ
ĨƟĴŒĬĔŅĶĮĶŃĔŀĭŀŅľŅĶœħƟ 
 

ὌὌὠ πȢσσψ Ϸὅ ρȢτςψ ϷὌ πȢρπψ Ϸὕ    (1) 

 
ὉὲὩὶὫώ ὨὩὲίὭὸώ ὨὩὲίὭὸώ ὌὌὠ    (2) 

 
ŏĴŊŗŀ HHV  ėŊŀȮėƞŅėĺŅĴĶƟŀĬĪŅĚĪķļġňȮ&MJ/kg' 
 %C  ėŊŀȮĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬȮ&ĶƟŀĵĸŃőħĵĬŘņľĬńĔ' 
 %H  ėŊŀȮĮĶŇĴŅĦīŅĨŋœŁőħĶŏěĬȮ&ĶƟŀĵĸŃőħĵĬŘņľĬńĔ' 

%O  ėŊŀȮĮĶŇĴŅĦīŅĨŋŀŀĔĞŇŏěĬȮ&ĶƟŀĵĸŃőħĵĬŘņľĬńĔ' 
Energy density ėŊŀȮėĺŅĴľĬŅŐĬƞĬıĸńĚĚŅĬĕŀĚĩƞŅĬŀńħŐĪƞĚȮ&MJ/m3' 
Density  ėŊŀȮėĺŅĴľĬŅŐĬƞĬĕŀĚĩƞŅĬŀńħŐĪƞĚȮ&kg/m3' 

 
ĨŅĶŅĚĪňŗ 3 ėƞŅėĺŅĴĶƟŀĬŐĸŃėĺŅĴľĬŅŐĬƞĬĕŀĚıĸńĚĚŅĬĕŀĚĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵħƟĺĵĔĶŃĭĺĬĔŅĶ 

ėŅĶƢĭŀœĬĞƢŏĞĝńĬ 
ĩƞŅĬŀńħŐĪƞĚ ėƞŅėĺŅĴĶƟŀĬ ėĺŅĴľĬŅŐĬƞĬ

ıĸńĚĚŅĬ 
&MJ/m3' 

ěŅĔŀĚėƢĮĶŃĔŀĭŐĭĭĮĶŃĴŅĦȮ
&kcal/kg'Ȯ[14] 

ěŅĔŀĚėƢĮĶŃĔŀĭŐĭĭĸŃŏŀňĵħȮ
&MJ/kg' [15] 

ĲŅĚĕƟŅĺ 18.89 17.49 5,025.78 
ĝŅĬŀƟŀĵ 19.21 24.75 7,582.82 

 

 ĽņľĶńĭįĸĕŀĚŀńĨĶŅĽƞĺĬįĸœħƟĕŀĚıĸńĚĚŅĬĪňŗŐĽħĚĩŉĚĽńħĽƞĺĬĕŀĚıĸńĚĚŅĬĪňŗėĚŀĵŌƞŒĬĩƞŅĬŀńħŐĪƞĚľĸńĚěŅĔĔĶŃĭĺĬĔŅĶ
ėŅĶƢĭŀœĬĞƢŏĞĝńĬŏĴŊŗŀŏĪňĵĭĔńĭıĸńĚĚŅĬŏĶŇŗĴĨƟĬŒĬĺńĨĩŋħŇĭĝňĺĴĺĸħŇĭŐĸƟĺȮ&ėŊŀĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵ'ȮěŅĔĔŅĶĻŉĔļŅĵńĚıĭŀňĔĺƞŅ
ŀńĨĶŅĽƞĺĬįĸœħƟıĸńĚĚŅĬĕŀĚĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĴňėƞŅŏĪƞŅĔńĭȮ36.26 ŐĸŃȮ41.25 ĨŅĴĸņħńĭȮĞŉŗĚěńħŀĵŌƞŒĬ
ĶŃħńĭĮŅĬĔĸŅĚėŊŀŀĵŌƞŒĬĝƞĺĚĶƟŀĵĸŃȮ30-50 ľĴŅĵĩŉĚȮĔŅĶŐĮĶĶŌĮĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵŒľƟŏĮƦĬĩƞŅĬįƞŅĬĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬĞƢ
ŏĞĝńĬȮĦȮŀŋĦľĳŌĴŇȮ500 ŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ60ȮĬŅĪňȮĽŅĴŅĶĩŏĔŖĭĶńĔļŅıĸńĚĚŅĬœĺƟœħƟĮĶŃĴŅĦĶƟŀĵĸŃȮ30-50 ĕŀĚıĸńĚĚŅĬŒĬ
ĺńĨĩŋħŇĭĝňĺĴĺĸħŇĭĔĸƞŅĺėŊŀ ĔĶŃĭĺĬĔŅĶĬňŘŏĮƦĬĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬĪňŗĴňėĺŅĴėŋƟĴėƞŅŐĸŃĽŌĠŏĽňĵıĸńĚĚŅĬĬƟŀĵěŉĚĪņŒľƟŏĮƦĬ
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ĔĶŃĭĺĬĔŅĶĪňŗĽŅĴŅĶĩŏĮĸňŗĵĬĺńĨĩŋħŇĭĽŅĶĝňĺĴĺĸħŇĭŏĮƦĬıĸńĚĚŅĬœħƟȮŏĴŊŗŀıŇěŅĶĦŅŀńĨĶŅĽƞĺĬįĸœħƟĕŀĚıĸńĚĚŅĬĩƞŅĬŀńħŐĪƞĚěŅĔ
ĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵěŃŏľŖĬĺƞŅĩƞŅĬŀńħŐĪƞĚěŅĔĝŅĬŀƟŀĵĴňŀńĨĶŅĽƞĺĬįĸœħƟĕŀĚıĸńĚĚŅĬĽŌĚĔĺƞŅĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĲŅĚĕƟŅĺėŇħ
ŏĮƦĬĶƟŀĵĸŃȮ12.08ȮŏĬŊŗŀĚěŅĔĝŅĬŀƟŀĵĴňĮĶŇĴŅĦīŅĨŋėŅĶƢĭŀĬŐĸŃĸŇĔĬŇĬȮ&Lignin) ĽŌĚĔĺƞŅĲŅĚĕƟŅĺȮĞŉŗĚĸŇĔĬŇĬĝƞĺĵŒľƟĔŅĶėŅĶƢĭŀ
œĬĞƢįĸŇĨĩƞŅĬĪňŗĴňėŋĦĳŅıħňŐĸŃŒľƟıĸńĚĚŅĬĽŌĚŏıĶŅŃĸŇĔĬŇĬŏĮƦĬĽƞĺĬĮĶŃĔŀĭĪňŗŒľƟıĸńĚĚŅĬĴŅĔĔĺƞŅŏĞĸĸŌőĸĽŏĴŊŗŀŏįŅœľĴƟȮŒĬĕĦŃ
ĪňŗĲŅĚĕƟŅĺěŃĴňĮĶŇĴŅĦŏĞĸĸŌőĸĽĽŌĚŐĨƞĴňĸŇĔĬŇĬŒĬĮĶŇĴŅĦĨŗņěŉĚĪņŒľƟĔŅĶŐĮĶĶŌĮĲŅĚĕƟŅĺŏĮƦĬĩƞŅĬĽŌĠŏĽňĵıĸńĚĚŅĬĴŅĔĔĺƞŅȮŀňĔĪńŘĚ
ĝŅĬŀƟŀĵĴňŏĬŊŘŀœĴƟĪňŗŐĬƞĬŐĸŃŐĕŖĚŐĶĚĔĺƞŅĪņŒľƟŏĴŊŗŀĬņĴŅįĸŇĨĩƞŅĬŀńħŐĪƞĚŐĸƟĺěŃĴňėĺŅĴľĬŅŐĬƞĬĽŌĚŐĸŃŒľƟėƞŅėĺŅĴĶƟŀĬĨƞŀ
ľĬƞĺĵĬŘņľĬńĔĽŌĚĔĺƞŅȮ1.41 ŏĪƞŅȮĽƞĺĬĲŅĚĕƟŅĺĴňőėĶĚĽĶƟŅĚőĮĶƞĚĲŌȮĬŘņľĬńĔŏĭŅȮŐĸŃėĺŅĴľĬŅŐĬƞĬĨŗņěŉĚŒľƟıĸńĚĚŅĬĬƟŀĵĔĺƞŅŏĴŊŗŀ
ıŇěŅĶĦŅĮĶŇĴŅĨĶŏħňĵĺĔńĬ 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ŒĬĔŅĶįĸŇĨĩƞŅĬŀńħŐĪƞĚěŅĔĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĽŅĴŅĶĩĽĶŋĮœħƟĺƞŅĔŅĶŐĮĶĶŌĮĝŅĬŀƟŀĵŒľƟŏĮƦĬĩƞŅĬěŃĴňėŋĦĳŅıħňĔĺƞŅ
ĔŅĶŐĮĶĶŌĮĲŅĚĕƟŅĺŏĮƦĬĩƞŅĬȮĞŉŗĚŐĽħĚŒĬĶŌĮĕŀĚĽĴĭńĨŇŏĝŇĚĔĸŐĸŃĽĴĭńĨŇĪŅĚėĺŅĴĶƟŀĬĪňŗĩŌĔĮĶńĭĮĶŋĚŒľƟħňĕŉŘĬėŊŀȮĩƞŅĬŀńħŐĪƞĚĴň
ėĺŅĴŐĬƞĬŐĸŃŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬĽŌĚėŇħŏĮƦĬĶƟŀĵĸŃȮ32.18 ŐĸŃȮ33.73 ĨŅĴĸņħńĭȮőħĵėĺŅĴŐĬƞĬěŃŐĽħĚĩŉĚĔŅĶŏįŅœľĴƟĪňŗ
ėĚĪňŗŐĸŃŒľƟıĸńĚĚŅĬėĺŅĴĶƟŀĬĪňŗĽĴŗņŏĽĴŀŏĬŊŗŀĚěŅĔŀŅĔŅĻĪňŗŏĮƦĬĨńĺĝƞĺĵŒľƟŏĔŇħĔŅĶŏįŅœľĴƟœľĸįƞŅĬœħƟħňȮĽƞĺĬĔŅĶŒľƟıĸńĚĚŅĬ
ėĺŅĴĶƟŀĬĽŌĚĕŀĚĩƞŅĬŀńħŐĪƞĚŐĽħĚĩŉĚĮĶŇĴŅĦıĸńĚĚŅĬėĺŅĴĶƟŀĬĪńŘĚľĴħĪňŗĮĸƞŀĵŀŀĔĴŅŏĴŊŗŀĩƞŅĬŀńħŐĪƞĚĩŌĔŏįŅœľĴƟŀĵƞŅĚĽĴĭŌĶĦƢ
ŒĬĽĳŅıĪňŗĴňŀŅĔŅĻŏıňĵĚıŀȮěŉĚŏĮƦĬįĸĪņŒľƟĩƞŅĬŀńħŐĪƞĚĪňŗįĸŇĨěŅĔĝŅĬŀƟŀĵŐĽħĚĽĴĭńĨŇĪŅĚĔŅĵĳŅıŐĸŃĪŅĚėĺŅĴĶƟŀĬĪňŗħňĕŉŘĬ
ėŊŀȮĴňėĺŅĴŐĬƞĬĴŅĔĽŀħėĸƟŀĚĔńĭŀńĨĶŅĔŅĶħŌħĞŉĴĬŘņĪňŗĨŗņĔĺƞŅėŇħŏĮƦĬĶƟŀĵĸŃȮ43.60ȮŐĸŃĴňėƞŅėĺŅĴĶƟŀĬĽŌĚȮĔĺƞŅėŇħŏĮƦĬĶƟŀĵĸŃȮ
29.33 ĴŅĔœĮĔĺƞŅĬńŘĬĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬĞƢĪňŗŀŋĦľĳŌĴŇȮ500ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ60ȮĬŅĪňȮŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗĴňĮĶŃĽŇĪīŇĳŅı
ŀĵŌƞŒĬĶŃħńĭĮŅĬĔĸŅĚĪňŗĽŅĴŅĶĩŏĮĸňŗĵĬĝŅĬŀƟŀĵŏĮƦĬıĸńĚĚŅĬœħƟĮŅĬĔĸŅĚěŉĚŏľĴŅŃĔńĭĔŅĶŒĝƟĚŅĬŒĬĶŃħńĭėĶńĺŏĶŊŀĬ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
įŌƟĺŇěńĵĕŀĕŀĭıĶŃėŋĦľĸńĔĽŌĨĶĺŇĪĵŅĻŅĽĨĶĭńĦĤŇĨĽŅĕŅĺŇĝŅĬĺńĨĔĶĶĴŏėĴňŀŋĨĽŅľĔĶĶĴȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮ

ĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟȮĪňŗŒľƟĔŅĶĽĬńĭĽĬŋĬŀŋĮĔĶĦƢŐĸŃŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĨĶĺěĺńħĶĺĴĪńŘĚĽĩŅĬĪňŗŒĬĔŅĶĪņĺŇěńĵȮŐĸŃĕŀĕŀĭėŋĦĔĸŋƞĴ
ŏĔļĨĶĔĶĬŅŐĮĸĚŒľĠƞĸņœĵĮƙŅĞŅĚȮĨņĭĸĮƙŅĞŅĚȮŀņŏĳŀĮƙŅĞŅĚȮěńĚľĺńħĸņıŌĬŐĸŃĨņĭĸľĬŀĚĔĶŃĪƟŅĺȮŀņŏĳŀĬėĶœĪĵȮěńĚľĺńħ
ıŇļĦŋőĸĔȮĽņľĶńĭėĺŅĴŀĬŋŏėĶŅŃľƢĲŅĚĕƟŅĺŐĸŃĝŅĬŀƟŀĵĨŅĴĸņħńĭ 
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Abstract 
The electrical energy demand in buildings continues to rise, making energy monitoring and tracking 

an essential factor for effective energy management. This study aims to design and develop an electrical 
energy measurement system capable of collecting accurate, reliable data and supporting real-time 
monitoring of energy usage. The developed system can seamlessly transfer measurement data from 
monitoring devices to a user-friendly display platform, enabling convenient access for users. System testing, 
compared with a standard energy measurement instrument (Fluke 1738 Power Logger), showed that the 
real power (P) and apparent power (S) deviate by only 3.485% and 0.832%, respectively. The measurement 
results had low error rates within acceptable limits. These findings demonstrate that the proposed system 
is accurate and practical for real-world applications, and holds substantial potential as a tool to support 
building energy management and future development toward smart building systems. 

 

Keywords: Energy measurement system, Energy management system, Power meter, Energy monitoring 
system 
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Abstract 

 This research presents the design and development of an automatic chili-roasting machine 
powered by solar energy to improve roasting efficiency for farmers in the Thung Mahasarn Community, 
Maha Chai Subdistrict, Sai Ngam District, Kamphaeng Phet Province,ȮThe prototype machine was designed 
with dimensions of 40 cm in width, 80 cm in length, and 180 cm in height, equipped with an automatic 
control system and powered by a 100-watt solar panel installed on top,ȮThe system was constructed and 
tested with four different chili quantities: 1,0, 1,5, 2,0, and 2,5 kilograms to determine the optimal roasting 
amount based on roasting quality and processing time,ȮExperimental results indicated that the optimal 
roasting quantity was 1,5 kilograms per batch, requiring 9,5 minutes &570 seconds',ȮThe roasted chilies 
exhibited a light brownish+black color, indicating an appropriate roasting level suitable for further processing 
in chili+based products,ȮThe developed solar+powered automatic chili roasting machine can be practically 
applied within the Thung Mahasarn community and among local fmkck_icpqŲȮgroups to enhance the 
production efficiency of roasted chili, chili powder, and chili paste for commercial purposes,ȮThe innovation 
effectively reduces labor, production time, and energy consumption, thereby promoting sustainable 
community income, 
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Abstract 

This article presents the design and construction of a solar-powered floating waste collector 
amlrpmjjcbȮtg_Ȯ_Ȯqk_prnfmlc,ȮRfcȮbctgacȮkc_qspcqȮ/4.Ȯ×Ȯ/53Ȯ×Ȯ/..Ȯak*ȮsqcqȮrfpccȮ/0-volt, 250-watt DC 
motors, is controlled by a NodeMCU board, and is powered by an off-grid solar power system with a 12-
volt, 24-ampere-hour battery. The testing was divided into three parts: 1) mechanical performance, 2) work-
operated mechanical performance, and 3) the solar power system performance. The results showed that 
the device can operate according to the specified mechanism and efficiently collect sewage, achieving a 
maximum harvest volume of 0.28 cubic meters over two cycles. The solar cell system can supply power 
to the device for 35 minutes. The prototype is accurate, stable, and responsive to commands. It is suitable 
for public use and supports the Zero-Waste policy. 
 
Keywords: Floating waste, Solar energy, Smartphone 
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ĔŅĶĻŉĔļŅĺŇěńĵŏĶŊŗŀĚĶŃĭĭĶŃĭĭėńħŐĵĔĔŅĶĪŇŘĚĕĵŃŀńĨőĬĴńĨŇŐĭĭœĶƟĽńĴįńĽŏıŊŗŀŒľƟĺŇěńĵėĶńŘĚĬňŘħņŏĬŇĬĔŅĶŀĵƞŅĚĴň

ĮĶŃĽŇĪīŇĳŅıȮėĦŃįŌƟĺŇěńĵěŉĚœħƟĔņľĬħĶŌĮŐĭĭĺŇěńĵȮĨŅĴĸņħńĭĕńŘĬĨŀĬħńĚĨƞŀœĮĬňŘ 
1. ĻŉĔļŅŏŀĔĽŅĶŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 
2. ŀŀĔŐĭĭŐĸŃĽĶƟŅĚĶŃĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
3. ĪħĽŀĭľŅĮĶŃĽŇĪīŇĳŅıĔŅĶŒĝƟĚŅĬĕŀĚŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
4. ŏĔŖĭĕƟŀĴŌĸȮĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮŐĸŃȮĽĶŋĮįĸĔŅĶĺŇěńĵ 
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ĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
ľĸńĚěŅĔĪňŗœħƟĻŉĔļŅŏŀĔĽŅĶŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚĪņŒľƟįŌƟĺŇěńĵœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸ

ĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĝŇŘĬĚŅĬĺŇěńĵĪňŗĴňėĺŅĴĽŌĚȮ100ȮŏĞĬĨŇŏĴĨĶȮĔĺƟŅĚȮ160ŏĞĬĨŇŏĴĨĶȮĵŅĺȮ
/75ȮŏĞĬĨŇŏĴĨĶȮĪňŗŏĔŖĭĕĵŃŒĬĨńĺŏėĶŊŗŀĚĪňŗĴňėĺŅĴĕĬŅħȮ40 x 70 x50ȮŏĞĬĨŇŏĴĨĶȮĮŅĔŏĔŖĭŏĔňŗĵĺĕĵŃĴňĕĬŅħȮ40 x 75 x 35 
ŏĞĬĨŇŏĴĨĶȮıĶƟŀĴĨŇħĨńŘĚȮMotorȮDC 12ȮőĺĸĨƢȮĕĬŅħĔņĸńĚȮ03.ȮĺńĨĨƢȮěņĬĺĬȮ1ȮĨńĺȮĨŇħĨńŘĚĶŃĭĭŀŀĲĔĶŇħ(3)ȮŐįĚőĞĸƞŅŏĞĸĸƢ
ěņĬĺĬȮ/3.ȮW ěņĬĺĬȮ/ȮŐįĚȮĨńĺėĺĭėŋĴĔŅĶĝŅĶƢěĮĶŃěŋȮ1.ȮŐŀĴĮƝȮěņĬĺĬȮ/ȮĨńĺȮŐĭĨŏĨŀĶƢĶňŗȮ/0ȮőĺĸĨƢȮ02ȮŐŀĴŐĮĶƢĝńŗĺőĴĚ
ěņĬĺĬȮ/ȮĔƟŀĬȮěŅĔĬńŘĬěŃŏĔŖĭıĸńĚĚŅĬœĺƟŏĮƦĬŐľĸƞĚěƞŅĵœĲľĸńĔŒľƟĔńĭĶŃĭĭĪńŘĚľĴħȮŏĴŊŗŀĴňŐľĸƞĚıĸńĚĚŅĬŐĸƟĺȮĭŀĶƢħ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮNodeMCU (4) ěŃěƞŅĵœĲĲƚŅįƞŅĬĕŅȮVin ŏıŊŗŀŒĝƟŏĮƦĬŐľĸƞĚěƞŅĵœĲŒľƟĔńĭĺĚěĶħňŏĸĵƢȮĕŅȮD.ȮŒĝƟėĺĭėŋĴ
ĴŀŏĨŀĶƢĨńĺľĴŋĬŐĕĬŏĔŖĭĕĵŃȮőħĵĽƞĚĽńĠĠŅĦįƞŅĬĺĚěĶħňŏĸĵƢȮ3V to /0V ŐĸŃȮ/0V to /0V ŏıŊŗŀěƞŅĵœĲŒľƟĴŀŏĨŀĶƢĨńĺĪňŗȮ/ȮĕŅȮ
D5 D7 ŒĝƟŏıŊŗŀŏħŇĬľĬƟŅŐĸŃŏĸňŘĵĺĕĺŅőħĵĽƞĚĽńĠĠŅĦįƞŅĬĺĚěĶħňŏĸĵƢȮ3V to /0V ŐĸŃȮ/0V to /0V ŏıŊŗŀěƞŅĵœĲŒľƟĴŀŏĨŀĶƢĨńĺĪňŗȮ
0ȮĕŅȮD6 D8 ,ŒĝƟŏıŊŗŀĩŀĵľĸńĚŐĸŃŏĸňŘĵĺĞƟŅĵőħĵĽƞĚĽńĠĠŅĦįƞŅĬĺĚěĶħňŏĸĵƢȮ3V to /0V ŐĸŃȮ/0V to /0V ŏıŊŗŀěƞŅĵœĲŒľƟ
ĴŀŏĨŀĶƢĨńĺĪňŗȮ1ȮŏĴŊŗŀįŌƟŒĝƟĽńŗĚĔŅĶįƞŅĬŐŀĮıĸŇŏėĝńĬȮBlynk (5) ĪňŗŏĝŊŗŀĴĨƞŀĔńĭĭŀĶƢħȮNodeMCU įƞŅĬĽńĠĠŅĦȮWi+Fi ĶŃĭĭěŃŏĶŇŗĴ
ĪņĚŅĬĨŅĴėņĽńŗĚőħĵĴŀŏĨŀĶƢȮM/Ȯ&ėĺĭėŋĴħƟĺĵĕŅȮD.'ȮěŃĪņľĬƟŅĪňŗľĴŋĬŐĕĬŏĔŖĭĕĵŃįƞŅĬĺĚěĶħňŏĸĵƢŏıŊŗŀľĴŋĬŏĔŖĭĽŇŗĚĮĢŇĔŌĸĪňŗĨńŘĚ
œĺƟȮĽƞĺĬĴŀŏĨŀĶƢȮM0ȮŐĸŃȮM1ȮĞŉŗĚĪņľĬƟŅĪňŗŏĮƦĬĸƟŀĕńĭŏėĸŊŗŀĬĞƟŅĵůĕĺŅȮĩŌĔėĺĭėŋĴįƞŅĬĕŅȮD3, D4, D5ȮŐĸŃȮD6ȮőħĵĕŅȮD3Ȯ
ŐĸŃȮD5ȮŏĮƦĬėŌƞėĺĭėŋĴİƤƧĚĞƟŅĵȮŐĸŃĕŅȮD4ȮŐĸŃȮD6ȮŏĮƦĬėŌƞėĺĭėŋĴİƤƧĚĕĺŅ 
 

 
 

ĳŅıĪňŗ /ȮĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
ĨƞŀĴŅįŌƟĺŇěńĵœħƟĬņĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮőħĵ

ŐĽħĚĨńĺŀĵƞŅĚœħƟħńĚĳŅıĪňŗȮ0 
 

ȮȮȮȮȮȮȮȮȮ      ȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'ȮĝŋħĺĚěĶėĺĭėŋĴ 

ĳŅıĪňŗȮ0ȮĔŅĶĽĶƟŅĚĶŃĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 
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įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
ŒĬĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬőħĵŒĝƟıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ

őħĵěŃĪņĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬĕŀĚĶŃĭĭěŃŐĭƞĚĔŅĶĪħĽŀĭŏĮƦĬȮ3ȮľńĺĕƟŀȮėŊŀȮ/'ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅı
ĔĸœĔĸĔŅĶĪņĚŅĬĭĬĭĔĕŀĚŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņȮ0'ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĸĔŅĶĪņĚŅĬŒĬĬŘņĕŀĚŏėĶŊŗŀĚŏĔŖĭĽŇŗĚ
ĮĢŇĔŌĸĸŀĵĬŘņȮŐĸŃȮ1'ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬĕŀĚĶŃĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶĪħĽŀĭœħƟħńĚĬňŘ 
 

/,ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĔŅĶĪņĚŅĬĭĬĭĔĕŀĚŏėĶŊŗŀĚŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸ 
ŒĬĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĔŅĶĪņĚŅĬŏėĶŊŗŀĚŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸěŃĪħĽŀĭĔĔŅĶĪņĚŅĬĪńŘĚľĴħœħƟȮ0ȮŐĭĭȮėŊŀȮ

/,/ĪħĽŀĭĔĸœĔĔŅĶŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸȮ/,0ȮĪħĽŀĭĔĸœĔĔŅĶĕńĭŏėĸŊŗŀĬȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶĪħĽŀĭœħƟħńĚĬňŘ 
/,/ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĪħĽŀĭĔĸœĔĔŅĶŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸĭĬĭĔ 
ěŅĔĳŅıĪňŗȮ1ȮŏĮƦĬįĸĪħĽŀĭĕŀĚĔŅĶĪņĚŅĬĕŀĚĔĸœĔĔŅĶŏĔŖĭŏĔňŗĵĺŐĭĭėĺĭėŋĴȮŏĴŊŗŀįŌƟŒĝƟĽńŗĚĔŅĶįƞŅĬŐŀĮıĸŇŏėĝńĬȮ

Blynk ŏĴŊŗŀĔħĽĺŇĨĝƢĪņėĺŅĴĽŃŀŅħĪňŗŏĝŊŗŀĴĨƞŀĔńĭĭŀĶƢħȮNodeMCU įƞŅĬĽńĠĠŅĦȮWi+Fi ĶŃĭĭěŃŏĶŇŗĴĪņĚŅĬĨŅĴėņĽńŗĚőħĵ
ĴŀŏĨŀĶƢħńĚĳŅıĪňŗȮ1&Ĕ'ȮŏŀŅĨƢıŋĨĕŅȮD.ȮěŃĪņľĬƟŅĪňŗľĴŋĬŐĔĬŏĔŖĭĕĵŃįƞŅĬĺĚěĶħňŏĸĵƢėĺĭėŋĴȮ3V to /0V ŐĸŃįƞŅĬĺĚěĶħňŏĸĵƢ
ĳŅėĔņĸńĚȮ/0V toȮ12V ŏĕƟŅĴŀŏĨŀĶƢĨńĺĪňŗȮ/Ȯ&M/'ȮħńĚĳŅıĪňŗȮ1&ĕ' 

   
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮĽƞĺĬėĺĭėŋĴĭĬĽĴŅĶƢĪőĲĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'ȮĔŅĶĪņĚŅĬĕŀĚĔĸœĔĔŅĶŏĔŖĭŏĔňŗĵĺ 

ĳŅıĪňŗȮ1ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĪħĽŀĭĔĸœĔĔŅĶŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸĭĬĭĔ 
 

/,0ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĔĸœĔĔŅĶĕńĭŏėĸŊŗŀĬĭĬĭĔ 
ĳŅıĪňŗȮ2ȮŏĮƦĬįĸĪħĽŀĭĕŀĚĔŅĶĪņĚŅĬĕŀĚĔĸœĔĔŅĶĔŅĶĕńĭŏėĸŊŗŀĬĭĬĭĔŏĴŊŗŀįŌƟŒĝƟĽńŗĚĔŅĶįƞŅĬŐŀĮıĸŇŏėĝńĬȮBlynk Īňŗ

ŏĝŊŗŀĴĨƞŀĔńĭĭŀĶƢħȮNodeMCU įƞŅĬĽńĠĠŅĦȮWi-Fi őħĵěŃėĺĭėŋĴĴŀŏĨŀĶƢȮM0ȮŐĸŃȮM1ȮŏıŊŗŀĪņľĬƟŅĪňŗȮŏħŇĬľĬƟŅȮĩŀĵľĸńĚȮ
ŏĸňŘĵĺĞƟŅĵȮŐĸŃȮŏĸňŘĵĺĕĺŅȮŏĴŊŗŀĔħĽĺŇĨĞƢŏħŇĬľĬƟŅȮĶŃĭĭěŃĽńŗĚŒľƟŏŀŅĨƢıŋĨȮD4ȮĔńĭȮD6ȮĪņĚŅĬŏıŊŗŀŒľƟĴŀŏĨŀĶƢȮM0ȮŐĸŃȮM1ȮľĴŋĬ
œĮħƟŅĬľĬƟŅȮĩńħĴŅŏĴŊŗŀĔħĽĺŇĨĞƢĩŀĵľĸńĚȮĶŃĭĭěŃĽńŗĚŒľƟŏŀŅĨƢıŋĨȮD3ȮĔńĭȮD5ȮĔĸńĭĪŅĚľĴŋĬŏıŊŗŀŒľƟĴŀŏĨŀĶƢȮM0ȮŐĸŃȮM1ȮľĴŋĬ
œĮħƟŅĬľĸńĚȮěŅĔĬńŘĬȮěŃĽńŗĚŏĸňŘĵĺĞƟŅĵįƞŅĬŏŀŅıŋĨĨƢȮD5ȮŐĸŃŏĸňŘĵĺĕĺŅįƞŅĬŏŀŅĨƢıŋĨȮD3ȮħńĚŐĽħĚĨńĺŀĵƞŅĚœħƟħńĚĳŅıĪňŗȮ2&Ĕ'Ȯ2&ĕ'Ȯ
ŐĸŃȮ2&ė'ȮĨŅĴĸņħńĭ 

ȮȮȮ ȮȮȮ  
ȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮĽƞĺĬėĺĭėŋĴĭĬĽĴŅĶƢĪőĲĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'ȮŏħŇĬľĬƟŅ+ĩŀĵľĸńĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ė'ŏĸňŘĵĺĞƟŅĵůĕĺŅ 

ĳŅıĪňŗȮ2ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĔĸœĔĔŅĶĕńĭŏėĸŊŗŀĬĭĬĭĔ 
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0,ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĔŅĶĪņĚŅĬĭĬĬŘņĕŀĚŏėĶŊŗŀĚŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņ 
ĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĔŅĶĪņĚŅĬĭĬĬŘņĕŀĚŏėĶŊŗŀĚŏĔŖĭŏĔňŗĵĺĽŇŗĚĮĢŇĔŌĸėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬȮěŃĪņĔŅĶ

ĪħĽŀĭĔĸœĔĔŅĶŏėĸŊŗŀĬĪňŗȮŐĸŃŏĔŖĭŏĔňŗĵĺĕĵŃĸŀĵĬŘņĽŅĴŅĶĩŐĽħĚįĸĔŅĶĪħĽŀĭœħƟħńĚĬňŘ 
 

   
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮŏĶŇŗĴĨƟĬĔĸœĔĸȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'ȮĪħĽŀĭĔĸœĔĕńĭŏėĸŊŗŀĬȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ė'ȮĪħĽŀĭĔĸœĔŏĔŖĭŏĔňŗĵĺ 

ĳŅıĪňŗȮ3ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔĸœĔĸĔŅĶĪņĚŅĬĭĬĬŘņĕŀĚŏėĶŊŗŀĚŏĔŖĭĽŇŗĚĮĢŇĔŌĸĸŀĵĬŘņ 
 

ĳŅıĪňŗȮ3ȮŏĮƦĬįĸĪħĽŀĭĕŀĚĔŅĶĪņĚŅĬĕŀĚĔĸœĔĔŅĶĔŅĶĕńĭŏėĸŊŗŀĬŒĬĬŘņŏĴŊŗŀįŌƟŒĝƟĽńŗĚĔŅĶįƞŅĬĶŃĭĭĪňŗĨŇħĨńŘĚœĺƟĭĬ
ŏėĶŊŗŀĚŏĶňĵĭĶƟŀĵŐĸƟĺȮıĭĺƞŅȮŏĴŊŗŀŏĶŇŗĴĨƟĬĔĸœĔŏėĶŊŗŀĚěŃĸŀĵĬŇŗĚŀĵŌƞĭĬĬŘņȮĨŅĴĳŅıĪňŗȮ3Ȯ&Ĕ'ȮěŅĔĬńŘĬȮĪņĔŅĶĪħĽŀĭĔĸœĔĔŅĶ
ĕńĭŏėĸŊŗŀĬȮĶŃĭĭĽŅĴŅĶĩĨŀĭĽĬŀĚĔŅĶŏħŇĬľĬƟŅȮĩŀĵľĸńĚȮŐĸŃŏĸňŘĵĺĞƟŅĵȮůȮŏĸňŘĵĺĕĺŅȮœħƟŀĵƞŅĚĩŌĔĨƟŀĚȮĨŅĴĳŅıĪňŗȮ3Ȯ&ĕ'ȮĨƞŀĴŅ
ŏĴŊŗŀıĭĽŇŗĚĮĢŇĔŌĸȮįŌƟĺŇěńĵœħƟĪħĽŀĭĔŅĶĔħĮŋƙĴŏĔŖĭŏĔňŗĵĺȮĨńĺŏėĶŊŗŀĚĽŅĴŅĶĩħŉĚĽŇŗĚĮĢŇĔŌĸœĺƟĭĬŐĔĬĽŅĵıŅĬĸņŏĸňĵĚĕŀĚĨńĺŏėĶŊŗŀĚœħƟ
ĨŅĴĳŅıĪňŗȮ3Ȯ&ė'ȮĨŅĴĸņħńĭȮĬŀĔěŅĔĬňŘȮĵńĚœħƟĪņĔŅĶĪħĽŀĭȮėĺŅĴŏĶŖĺŒĬĔŅĶŏėĸŊŗŀĬĪňŗıĭĺƞŅȮĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗœħƟħƟĺĵėĺŅĴŏĶŖĺ
ŏĜĸňŗĵȮ/ȮŏĴĨĶĨƞŀĺŇĬŅĪňȮŐĸŃȮĽŅĴŅĶĩėĺĭėŋĴĔŅĶĪņĚŅĬœħƟĪŋĔıŊŘĬĪňŗĪňŗĴňŏėĶŊŀĕƞŅĵŀŇĬŏĨŀĶƢŏĬŖĨěŅĔőĪĶĻńıĪƢĴŊŀĩŊŀȮįƞŅĬŐŀĮıĸŇŏė
ĝńĬȮBlynk 

 
3,ȮĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĪņĚŅĬĕŀĚĶŃĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ 

ŒĬĳŅıĪňŗȮ4ȮŏĮƦĬįĸĔŅĶĪħĽŀĭĶŃĭĭıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮőħĵĪņĔŅĶĪħĽŀĭěņĬĺĬȮ0ȮėĶńŘĚȮĨńĺĔĶŅĲŐĽħĚ
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ėĺĭėŋĴĔŅĶĝŅĶƢěĕĬŅħȮ1.ȮŐŀĴĮƝȮ/ȮĨńĺȮŐĸŃŐĭĨŏĨŀĶňŗȮ/0ȮőĺĸĨƢȮ02ȮŐŀĴŐĮĶƢĝńŗĺőĴĚȮ/ȮĔƟŀĬȮĶŃĭĭėĺĭėŋĴŒĝƟĭŀĶƢħ
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮNodeMCU ŏĝŊŗŀĴĨƞŀĔńĭŐŀĮıĸŇŏėĝńĬȮBlynk ŏıŊŗŀĽƞĚĽńĠĠŅĦėĺĭėŋĴĔŅĶĪņĚŅĬĕŀĚĴŀŏĨŀĶƢĪńŘĚĽŅĴĨńĺȮ
įĸĔŅĶĪħĽŀĭıĭĺƞŅȮĶŃĭĭĽŅĴŅĶĩĪņĔŅĶŏėĸŊŗŀĬĪňŗœĮĕƟŅĚľĬƟŅȮĩŀĵľĸńĚȮŐĸŃŏĸňŘĵĺĞƟŅĵůĕĺŅȮŐĸŃŏĔŖĭŏĔňŗĵĺœħƟĩŌĔĨƟŀĚĨŅĴėņĽńŗĚ
ĪňŗėĺĭėŋĴįƞŅĬĽĴŅĶƢĪőĲĬȮĨńĺŏėĶŊŗŀĚĽŅĴŅĶĩŏĔŖĭĽŇŗĚĮĢŇĔŌĸœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĽƞĚįĸŒľƟėĺŅĴĩŌĔĨƟŀĚĕŀĚĶŃĭĭĽŅĴŅĶĩ
ĪņĚŅĬœħƟĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħěŅĔĔŅĶŏĔŖĭŏĔňŗĵĺěņĬĺĬȮ0ȮĶŀĭȮŏĪƞŅĔńĭȮ.,06ȮĸŌĔĭŅĻĔƢŏĴĨĶȮĴňėĺŅĴŏĶŖĺŏĜĸňŗĵŒĬĔŅĶŏėĸŊŗŀĬĪňŗȮ/Ȯ
ŏĴĨĶĨƞŀĺŇĬŅĪňȮėĺĭėŋĴĔŅĶĪņĚŅĬœħƟĪŋĔıŊŘĬĪňŗĪňŗĴňŏėĶŊŀĕƞŅĵŀŇĬŏĨŀĶƢŏĬŖĨěŅĔőĪĶĻńıĪƢĴŊŀĩŊŀȮĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭőĞĸƞŅŏĞĸĸƢ
ĽŅĴŅĶĩŒľƟıĸńĚĚŅĬŒĬĔŅĶĪņĚŅĬŏĮƦĬĶŃĵŃŏĺĸŅȮ13ȮĬŅĪňȮĪňŗŐĶĚħńĬŐĭĨŏĨŀĶňŗĽŌĚĽŋħȮ/1,6ȮőĺĸĨƢȮŐĸŃȮĨńħĔŅĶĪņĚŅĬĪňŗŐĶĚħńĬȮ
/.,6ȮőĺĸĨƢȮįĸĸńıīƢĪňŗœħƟĔĸƞŅĺĴŅȮŐĽħĚŒľƟŏľŖĬĺƞŅŏėĶŊŗŀĚŏĔŖĭĕĵŃŏĔŖĭĽŇŗĚĮĢŇĔŌĸĪňŗįŌƟĺŇěńĵœħƟıńĥĬŅĴňėĺŅĴŐĴƞĬĵņȮŏĽĩňĵĶȮŐĸŃ
ĽŅĴŅĶĩĨŀĭĽĬŀĚĨƞŀėņĽńŗĚėĺĭėŋĴĕŀĚįŌƟŒĝƟĚŅĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŏľĴŅŃĽņľĶńĭĪňŗěŃĬņœĮŒĝƟŒĬĪňŗĽŅīŅĶĦŃȮĬŀĔěŅĔĬňŘĵńĚ
ĽŅĴŅĶĩĽƞĚŏĽĶŇĴĔŅĶĸħĳŅĺŃőĸĔĶƟŀĬȮĨŅĴŐĬĺĪŅĚĬőĵĭŅĵĕŀĚȮZero Waste 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ėĦŃįŌƟĺŇěńĵĕŀĕŀĭėŋĦȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅȮŐĸŃėĦŅěŅĶĵƢȮőĮĶŐĔĶĴĺŇĝŅŏĪėőĬőĸĵňıĸńĚĚŅĬȮėĦŃŏĪėőĬőĸĵň
ŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĔņŐıĚŏıĝĶȮĪňŗŒľƟėņĮĶŉĔļŅŐĸŃėņŐĬŃĬņŒĬĔŅĶĪņĺŇěńĵėĶńŘĚĬňŘĽņŏĶŖěĸŋĸƞĺĚħƟĺĵħň 
 

ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
Y/[ ĬŅĵıňĶĺŇĝĠƢȮŏľĶŅĭńĨĵƢȮŐĸŃȮėĦŃł,Ȯ&0340',ȮŏėĶŊŗŀĚŏĔŖĭĕĵŃŒĬĬŘņŐĭĭŏėĸŊŗŀĬĪňŗœħƟħƟĺĵıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢ,ȮőėĶĚĚŅĬ

ĺŇĪĵŅĻŅĽĨĶƢĽņľĶńĭĬńĔĻŉĔļŅȮĔĻĬ,ȮĶŃħńĭĮĶŃŏĪĻħƟŅĬĔŅĶŒĝƟŐĸŃĔŅĶŀĬŋĶńĔļƢıĸńĚĚŅĬœĲĲƚŅŏıŊŗŀĝňĺŇĨŐĸŃĽńĚėĴȮ
ĮĶŃěņĮƖȮı,Ļ,Ȯ0340ȮĔĶŋĚŏĪıłȮ8ȮĻŌĬĵƢĺŇĪĵŅĻŅĽĨĶƢŏıŊŗŀĔŅĶĻŉĔļŅŏŀĔĴńĵ, 

Y0[ ŏĴĸƢȮŏĴŊŀĚĝĬŃȮŐĸŃȮĪńĻĬƢȮŐĞƞŏľĸňŗĵĚ,Ȯ&0.40',ȮŏĶŊŀŏĔŖĭĕĵŃėĺĭėŋĴĶŃĵŃœĔĸ,ȮŒĬȮĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĽņľĶńĭĬńĔĻŉĔļŅ
ĶŃħńĭĝŅĨŇȮėĶńŘĚĪňŗȮš,ȮThe 0sd FIT SSRU Conference 0./7, ĺńĬĪňŗȮ5ȮĴŇĩŋĬŅĵĬȮ2540ȮĦȮŀŅėŅĶȮ25ȮėĦŃŏĪėőĬőĸĵň
ŀŋĨĽŅľĔĶĶĴȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĺĬĽŋĬńĬĪŅȮĔĶŋĚŏĪıłȮ8ȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĽĺĬĽŋĬńĬĪŅ 

Y1[ ŀńļġŅĚėƢȮĭŋĠĻĶňȮŐĸŃȮėĦŃł,Ȯ&2562',ȮĶŃĭĭėĺĭėŋĴĔŅĶŏĸňŘĵĚœĔƞœĕƞŒĬőĶĚŏĶŊŀĬŐĭĭĽĴŅĶƢĪĲŅĶƢĴħƟĺĵıĸńĚĚŅĬ
ŐĽĚŀŅĪŇĨĵƢ,ȮŒĬȮĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶȮĶŌĮŐĭĭıĸńĚĚŅĬĪħŐĪĬĽŌƞĝŋĴĝĬŐľƞĚĮĶŃŏĪĻœĪĵȮėĶńŘĚĪňŗȮ/2ȮĮĶŃěņĮƖȮ
2542, ĺńĬĪňŗȮ/.+/0ȮıķĻěŇĔŅĵĬȮ2542ȮĦȮĺŇĪĵŅĸńĵıĸńĚĚŅĬĪħŐĪĬȮĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟȮěńĚľĺńħŏĝňĵĚŒľĴƞȮ8Ȯ
ĴľŅĺŇĪĵŅĸńĵŐĴƞőěƟ 

Y4[ ıńĽĨĶŅĳĶĦƢȮŀŇĬĽŋĕȮŐĸŃȮėĦŃł,Ȯ&0345',ȮĶŃĭĭėńħŐĵĔĔŅĶĪŇŘĚĕĵŃŀńĨőĬĴńĨŇŐĭĭœĶƟĽńĴįńĽ,ȮĔŅĶĮĶŃĝŋĴĽńĴĴĬŅĺŇĝŅĔŅĶȮ
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Abstract 

 This research aimed to design and develop a solar-powered rice thresher system. It utilizes a 24-
volt, 500-watt brushless DC motor as the drive for the threshing unit. The system is powered by two 12-
volt, 190-amp-hour batteries connected in series to form 24 volts and is charged by a 550-watt solar panel 
through a 30-amp charge control system. The system is designed to operate both on battery power alone 
and with a combination of batteries and solar power. The system was found to be highly efficient, with the 
DC-motor-driven rice thresher operating continuously for over 12 hours per test cycle and fully recharging 
in an average of 10ů12 hours using direct solar power. This system is suitable for small-scale farmers and 
households, reducing energy costs by over 50% compared to grid-connected power. It also represents a 
key strategy for promoting clean energy use in Thailand's agricultural sector. 
 
Keywords :ȮSolar Energy, Rice Threshing Machine* DC Motor, Renewable Energy 
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Abstract 
The research DC motor speed control system with feedback IC TL494 for constant speed control 

aims to study the operation of the DC motor speed control circuit using IC TL494 for feedback control of 
DC motor speed. The experimental results show that the DC motor speed can be controlled by varying the 
reference signal, resulting in clockwise and counterclockwise rotation. The DC motor can move very well 
according to the reference signal. Moreover, the operation of the DC motor involves changing the load to 
achieve both clockwise and counterclockwise rotation. The control unit can satisfactorily control the motor 
speed to return to the reference signal. From the experimental results, the DC motor speed controlled by 
the IC TL494 is satisfactory. 
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ŐĸŃħŌįĸĕŀĚėƞŅįŇħıĸŅħĪňŗŏĔŇħĕŉŘĬħƟĺĵĔŅĶĮĶńĭėƞŅħƟĺĵĴŊŀ 
 

 (s)
p ii

c PI p

K s KK
G K

s s

+
= + = Ȯ &/' 
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ĳŅıĪňŗȮ0ȮŐĽħĚĺĚěĶėĺĭėŋĴĕŀĚĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272 
        ĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭŐĭĭėĚĪňŗ 
 

ĺĚěĶĝŋħĮĶńĭėƞŅėĺŅĴĩňŗĽĺŇĨĝƢȮĪņľĬƟŅĪňŗŒĬĔŅĶĽĶƟŅĚĽńĠĠŅĦėĺŅĴĩňŗŒĬĔŅĶĽĺŇĨĝƢĕŀĚĽńĠĠŅĦȮPWM ĪňŗěŃĩŌĔĽƞĚœĮĵńĚ
ĳŅėĔņĸńĚŏıŊŗŀĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚȮőħĵŒĬĔŅĶŀŀĔŐĭĭėƞŅėĺŅĴĩňŗŒĬĔŅĶĽĺŇĨĝƢ ĽŅĴŅĶĩŀŀĔŐĭĭœħƟőħĵĔŅĶ
ĔņľĬħėƞŅıŅĶŅĴŇŏĨŀĶƢĕŅȮ3ȮŐĸŃȮ4ȮĕŀĚœŀĞňȮTL494 ĞŉŗĚŏĮƦĬėƞŅĕŀĚĨńĺŏĔŖĭĮĶŃěŋŐĸŃĨńĺĨƟŅĬĪŅĬĨŅĴĸņħńĭȮőħĵĴňĽĴĔŅĶŒĬĔŅĶ
ŀŀĔŐĭĭħńĚĽĴĔŅĶĪňŗȮ0ȮħńĚĬňŘ [5]ȮőħĵŒĬĚŅĬĺŇěńĵĬňŘœħƟŀŀĔŐĭĭĺĚěĶŒľƟĽŅĴŅĶĩĮĶńĭėƞŅėĺŅĴĩňŗŒĬĔŅĶĽĺŇĨĝƢœħƟľĸŅĵĵƞŅĬœħƟ
ĽŅĴŅĶĩŐĽħĚĔŅĶŀŀĔŐĭĭœħƟħńĚĳŅıĪňŗȮ0ȮŏıŊŗŀŒľƟĔŅĶĪħĸŀĚĽŅĴŅĶĩĪņĔŅĶĪħĸŀĚœħƟľĸŅĵėĺŅĴĩňŗĴŅĔĕŉŘĬ 

 

 
1

SWf
Rt Ct
=
Ö
Ȯ &0' 

ĺĚěĶĝŋħĮĶńĭėƞŅŐĶĚħńĬŀƟŅĚŀŇĚȮĪņľĬƟŅĪňŗŒĬĔŅĶĽĶƟŅĚĽńĠĠŅĦŀƟŅĚŀŇĚŏıŊŗŀŒľƟĴŀŏĨŀĶƢľĴŋĬĨŅĴĽńĠĠŅĦŀƟŅĚŀŇĚľĶŊŀŀŅě
ŏĶňĵĔŀňĔŀĵƞŅĚĺƞŅĽńĠĠŅĦėņĽńŗĚȮŏıĶŅŃŏĮƦĬĽńĠĠŅĦĪňŗěŃĪņŒľƟĽńĠĠŅĦĮƚŀĬĔĸńĭėƞŀĵĶńĔļŅĽńĠĠŅĦŒľƟĨĶĚĔńĭĽńĠĠŅĦŀƟŅĚŀŇĚ
ŏĽĴŀ 

ĪńŘĚĬňŘĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272ȮĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺ
ĶŀĭŐĭĭėĚĪňŗĵńĚĮĶŃĔŀĭħƟĺĵĺĚěĶĳŅėĔņĸńĚȮŐĽħĚœħƟħńĚĳŅıĪňŗȮ1ȮħńĚĬňŘȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮ0ȮĺĚěĶȮėŊŀȮĺĚěĶĳŅėĔņĸńĚĽņľĶńĭ
ĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĸŃĺĚěĶĳŅėěƞŅĵœĲĔĶŃŐĽĨĶĚĽņľĶńĭĳŅėėĺĭėŋĴŐĸŃŏĔĨœħĶƢĳŅėĔņĸńĚ 

 

ĝŋħĮĶńĭėƞŅėĺŅĴĩňŗĽĺŇĨĝƢ 

ĝŋħĮĶńĭėƞŅŐĶĚħńĬŀƟŅĚŀŇĚ 

ĝŋħŏĞĬŏĞŀĶƢĽņľĶńĭŐĵĔĔĶŅĺħƢ 

ĝŋħĮĶńĭėƞŅĨńĺėĺĭėŋĴŐĭĭĮƚŀĬĔĸńĭ 

ĝŋħėĺĭėŋĴħƟĺĵȮœŀĞňȮTL494 

ĝŋħŏĸŊŀĔĔŅĶĪņĚŅĬŐĭĭĨŅĴ
ŐĸŃĪĺĬŏĕŖĴĬŅưŇĔŅ 
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ĳŅıĪňŗȮ1ȮŐĽħĚĺĚěĶĔņĸńĚŐĸŃĳŅėěƞŅĵœĲĲƚŅĔĶŃŐĽĨĶĚĕŀĚĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵ
œŀĞňȮTL272ȮĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭŐĭĭėĚĪňŗ ěŅĔĔŅĶŀŀĔŐĭĭĺĚěĶĽņľĶńĭĔŅĶĪħĸŀĚĕŀĚĺĚěĶĽŅĴŅĶĩŐĽħĚ
ėƞŅıŅĶŅĴŇŏĨŀĶƢĕŀĚĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272ȮĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺ
ĶŀĭŐĭĭėĚĪňŗŒĬĔŅĶĪħĸŀĚŏıŊŗŀŏĔŖĭįĸĔŅĶĪħĸŀĚěĶŇĚœħƟŒĝƟıŅĶŅĴŇŏĨŀĶƢĨƞŅĚȮŕȮĞŉŗĚŐĽħĚœħƟħńĚĨŅĶŅĚĪňŗȮ/ȮħńĚĬňŘ 
 

ĨŅĶŅĚĪňŗȮ/ȮĨŅĶŅĚĽĶŋĮėƞŅıŅĶŅĴŇŏĨŀĶƢĕŀĚĺĚěĶĽņľĶńĭĔŅĶĪħĸŀĚ 
ıŅĶŅĴŇŏĨŀĶƢ ľĬƞĺĵ-ŏĪėőĬőĸĵň 
ŐĶĚħńĬœĲĲƚŅŀŇĬıŋĨ 20ȮőĺĸĨƢ 
ėĺŅĴĩňŗĽĺŇĨĝƢ /.ȮĔŇőĸŏŁŇĶƢĨ 
ĝŋħĳŅėĔņĸńĚ ĺĚěĶĲĸŌĭĶŇħěƢ 

ĝŋħĺńħĽńĠĠŅĦĮƚŀĬĔĸńĭ ĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚ 
őľĸħĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚ ĨńĺĨƟŅĬĪŅĬĕĬŅħȮ/.ȮőŀľƢĴ 
ĝĬŇħĕŀĚĨńĺėĺĭėŋĴ ıňœŀ 

 
 
 őħĵĪńŘĚĬňŘĔŅĶĮĶńĭĨńŘĚėƞŅıňœŀĽŅĴŅĶĩĮĶńĭėƞŅĔŅĶĨńŘĚėƞŅœħƟőħĵĺŇīňĔŅĶħńĚĬňŘ 
 /'ȮĨƞŀĶŃĭĭėĺĭėŋĴŒľƟĴňĔŅĶĪņĚŅĬŐĭĭĮƚŀĬĔĸńĭħƟĺĵĨńĺėĺĭėŋĴŐĭĭıňĔƞŀĬ 

0'ȮěŅĔĬńŘĬĪņĔŅĶĮĶńĭėƞŅŀńĨĶŅĕĵŅĵĕŀĚėƞŅıňŒľƟĽŌĚĕŉŘĬŏĶŊŗŀĵȮŕȮŐĸŃĽńĚŏĔĨįĸĨŀĭĽĬŀĚĪňŗœħƟ 
1'ȮĩƟŅĮĶńĭėƞŅŀńĨĶŅĕĵŅĵĕŀĚėƞŅıňŒľƟĽŌĚĕŉŘĬŏĶŊŗŀĵȮŕȮŐĸƟĺįĸĨŀĭĽĬŀĚĪňŗœħƟœĴƞĴňĔŅĶıŋƞĚŏĔŇĬŒľƟĽńĚŏĔĨħŌĺƞŅĶŃĭĭĴňėƞŅėĺŅĴ

įŇħıĸŅħŒĬĽĳŅĺŃėĚĨńĺľĶŊŀœĴƞ 
Ȯ ȮȮȮ1,/'ȮĔĶĦňĪňŗœĴƞĴňėƞŅėĺŅĴįŇħıĸŅħŒĬĽĳŅĺŃėĚĨńĺĽŅĴŅĶĩŒĝƟĨńĺėĺĭėŋĴŐĭĭıňŀĵƞŅĚŏħňĵĺȮőħĵĮĶńĭėƞŅŀńĨĶŅĕĵŅĵ
ĕŀĚĨńĺėĺĭėŋĴŒľƟĽŌĚȮŕȮŏĕƟŅœĺƟ 
Ȯ ȮȮȮ1,0'ȮĔĶĦňĪňŗĵńĚėĚĴňėƟŅėĺŅĴįŇħıĸŅħŒĬĽĳŅĺŃėĚĨńĺŀĵŌƞȮŒľƟŒĝƞĨńĺėĺĭėŋĴŐĭĭıňœŀȮőħĵĔŅĶĮĶńĭĨńŘĚėƞŅŀńĨĶŅĕĵŅĵ
ĕŀĚĨńĺėĺĭėŋĴıňŒľƟĽŌĚıŀĮĶŃĴŅĦȮŐĸƟĺěŉĚĮĶńĭėƞŅŀńĨĶŅĕĵŅĵĕŀĚĨńĺėĺĭėŋĴœŀěĬĔĶŃĪńŗĚėƞŅėĺŅĴįŇħıĸŅħŒĬĽĳŅĺŃėĚĨńĺŏĮƦĬ
ĻŌĬĵƢ 

ĺĚěĶĳŅėĔņĸńĚĽņľĶńĭĕńĭŏėĸŊŗŀĬĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚ 

ĺĚěĶĳŅėěƞŅĵœĲĔĶŃŐĽĨĶĚĽņľĶńĭĳŅėėĺĭėŋĴŐĸŃŏĔĨœħĶƢĳŅėĔņĸńĚ 
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 ĪńŘĚĬňŘĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272ȮĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺ
ĶŀĭŐĭĭėĚĪňŗěĶŇĚĽņľĶńĭĔŅĶĪħĸŀĚěĶŇĚĽŅĴŅĶĩŐĽħĚœħƟħńĚĳŅıĪňŗȮ2ȮŐĸŃȮ3ȮħńĚĬňŘ 

 

 
 

ĳŅıĪňŗȮ2ȮĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272Ȯ 
ĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭŐĭĭėĚĪňŗ 

 

 
ĳŅıĪňŗȮ3ȮĔŅĶĨŇħĨńŘĚĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŐĭĭĮƚŀĬĔĸńĭħƟĺĵœŀĞňȮTL272 

ĽņľĶńĭĔŅĶėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭŐĭĭėĚĪňŗĕĦŃĪņĔŅĶĪħĸŀĚ 
 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
ĽņľĶńĭįĸĔŅĶĺŇěńĵŐĸŃĔŅĶŀĳŇĮĶŅĵįĸŒĬėĶńŘĚĬňŘĽŅĴŅĶĩŐĽħĚœħƟħńĚĳŅıĪňŗȮ4+7ȮħńĚĨƞŀœĮĬňŘȮ 
ěŅĔĳŅıĪňŗȮ4ȮŏĮƦĬĔŅĶŐĽħĚįĸĔŅĶĨŀĭĽĬŀĚĕŀĚĽńĠĠŅĦĮƚŀĬĔĸńĭĕŀĚĶŃĭĭĨƞŀĔŅĶĮĶńĭĽńĠĠŅĦŀƟŅĚĪňŗȮ/ȮŐĸŃȮ0Ȯ

őĺĸĨƢȮŏıŊŗŀħŌįĸĨŀĭĽĬŀĚĕŀĚĽńĠĠŅĦĮƚŀĬĔĸńĭĕĦŃœĴƞĴňĨńĺėĺĭėŋĴȮőħĵĽńĠĠŅĦĪňŗŒĝƟĪħĽŀĭĬńŘĬěŃĴňĔŅĶĪħĸŀĚĪňŗȮ0ȮėƞŅȮėŊŀȮĪňŗ
ĽńĠĠŅĦŀƟŅĚŀŇĚĪňŗȮ/ȮŐĸŃȮ0ȮőĺĸĨƢȮĨŅĴĸņħńĭȮőħĵįĸĔŅĶĪħĸŀĚěŅĔĳŅıĪňŗȮ4ȮıĭĺƞŅĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĕŀĚĴŀŏĨŀĶƢœĲĲƚŅ
ĔĶŃŐĽĨĶĚħƟĺĵœŀĞňȮTL494 œĴƞĽŅĴŅĶĩĶńĔļŅėĺŅĴŏĶŖĺĶŀĭĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚŒľƟŏĕƟŅĽŌƞĽńĠĠŅĦŀƟŅĚŀŇĚœħƟĪńŘĚȮ0ȮĔĶĦňȮ
ėŊŀȮĪňŗĽńĠĠŅĦŀƟŅĚŀŇĚȮ/ȮŐĸŃȮ0ȮőĺĸĨƢȮĞŉŗĚĽŅĴŅĶĩĽńĚŏĔĨœħƟěŅĔĽńĠĠŅĦĮƚŀĬĔĸńĭĪňŗœĴƞĽŅĴŅĶĩĸŌƞŏĕƟŅĽŌƞĽńĠĠŅĦŀƟŅĚŀŇĚœħƟȮ 

 

Power board 

 
TL494 controller board 

DC Motor 
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ĳŅıĪňŗȮ4ȮŐĽħĚĽńĠĠŅĦĔŅĶĮĶńĭĽńĠĠŅĦŀƟŅĚĪňŗȮ/ȮŐĸŃȮ0ȮőĺĸĨƢȮŏıŊŗŀħŌįĸĨŀĭĽĬŀĚĕŀĚĽńĠĠŅĦĮƚŀĬĔĸńĭĕĦŃœĴƞĴňĨńĺėĺĭėŋĴ 
 
ěŅĔĳŅıĪňŗȮ5ȮŏĮƦĬĔŅĶŐĽħĚįĸĔŅĶĨŀĭĽĬŀĚĕŀĚĽńĠĠŅĦĮƚŀĬĔĸńĭĕŀĚĶŃĭĭėĺĭėŋĴĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚĽńĠĠŅĦ

ŀƟŅĚŀŇĚȮőħĵĽńĠĠŅĦĪňŗŒĝƟĪħĽŀĭĬńŘĬěŃĴňĔŅĶĪħĸŀĚĪňŗȮ0ȮėƞŅȮėŊŀȮĪňŗĽńĠĠŅĦŀƟŅĚŀŇĚĪňŗȮ/ȮŐĸŃȮ0ȮőĺĸĨƢȮĨŅĴĸņħńĭȮőħĵįĸĔŅĶ
ĪħĸŀĚěŅĔĳŅıĪňŗȮ5ȮıĭĺƞŅĝŋħėĺĭėŋĴėĺŅĴŏĶŖĺĕŀĚĴŀŏĨŀĶƢœĲĲƚŅĔĶŃŐĽĨĶĚħƟĺĵœŀĞňȮTL494 ĽŅĴŅĶĩĶńĔļŅėĺŅĴŏĶŖĺĶŀĭĕŀĚ
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Modeling and Simulation of PEM Electrolysis System Powered by DC Power Supply 
Using Different Water Sources 
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Abstract 

 This paper investigates the performance of a Proton Exchange Membrane (PEM) electrolysis system 
under fixed operational parameters (15V, 26A) using four different water sources: tap water (130 ppm TDS), 
deionized (DI) water, reverse osmosis (RO) water, and distilled water. A comprehensive model was 
developed to simulate hydrogen production rates, system efficiency, and long-term electrode degradation. 
The results demonstrated that water conductivity significantly impacted electrolysis performance, with the 
higher purity water sources improved energy efficiency and reduced electrode degradation. This research 
provides valuable insights for optimizing PEM electrolysis systems in both industrial and research 
applications. 
 
Keywords: PEM Electrolysis, Hydrogen Production, Solar Power, Water Quality, Energy Efficiency 
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Abstract 
 This paper presents the simulation and hardware validation of a lithium-ion battery using a first-
order equivalent circuit model developed in MATLAB/Simulink environment. The model incorporates open-
circuit voltage, internal resistance, and a capacitor to represent both the battery's steady-state and transient 
behavior. A hardware testing setup, including a real lithium-ion battery, measuring devices, and electrical 
jm_bq*Ȯu_qȮgknjckclrcbȮrmȮct_js_rcȮrfcȮkmbcjŲqȮ_aasp_aw,ȮCvncpgkclr_jȮpcqsjrqȮclosely align with real 
measurements of voltage, load current, and state of charge (SOC), with minor deviations due to physical 
factors and operating conditions, such as temperature and sensor devices. These findings confirm that the 
developed model can reliably represent the key behaviors of lithium-ion batteries and is suitable for 
applications in energy storage systems and power management strategies. 
 

Keywords: Lithium-ion battery, mathematical modeling, equivalent circuit model, first-order circuit 
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Effects of direct and indirect heating on biochar production from coffee husks 
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Abstract 
The problem with biochar production arises when using stable, small-sized raw materials (such as 

rice husks and coffee husks) in a conventional biochar production kiln, which leads to low-quality biochar, 
high energy consumption, and long production times. However, to solve the problem of producing higher-
quality charcoal through the biochar production process. This research aims to develop, modify, and 
present a direct-heating technique for a 200 L circulating-gas charcoal production kiln, compared with 
indirect heating. Indirect heating was achieved using a conventional circulating gas charcoal kiln, while direct 
heating was carried out through 1 set of heat-transfer channels or flue-gas flow channels. The heat input 
into the system uses heat from longan wood waste, combined with the pyrolysis gas remaining from the 
charcoal production process. The material to produce biochar was used coffee husks from coffee 
production and processing plants in Chiang Mai province. The experiment was conducted to assess the 
comparative effects of direct and indirect heating in a gas-circulation charcoal kiln. The study found that a 
direct heating system achieved higher energy efficiency in charcoal and wood vinegar production than an 
indirect heating system. Overall, the temperature inside the charcoal production kiln was 400-3..¯C, the 
charcoal yield was 23.37%, and the maximum thermal efficiency of the charcoal production was 40.38%. 
The biochar production time was approximately seven hours. The produced biochar was black in color, 
suitable for use as a soil improver in agriculture.   
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ıĸńĚĚŅĬĽŌĚĔĺƞŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴŒĬħƟŅĬĕŀĚįĸįĸŇĨĩƞŅĬŐĸŃĬŘņĽƟĴėĺńĬœĴƟĪňŗœħƟ ŒĬĳŅıĶĺĴŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅįĸŇĨĩƞŅĬ
ěŃŀĵŌƞŒĬĝƞĺĚȮ400-3..¯C įĸįĸŇĨĩƞŅĬĪňŗœħƟȮ23.37% ŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĽŌĚĽŋħĕŀĚŏĨŅįĸŇĨĩƞŅĬȮ40.38%ȮĴň
ĶŃĵŃŏĺĸŅĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıĽŌĚĽŋħĮĶŃĴŅĦȮ7Ȯh ĩƞŅĬĝňĺĳŅıĪňŗœħƟĴňĸńĔļĦŃĽňħņĽĬŇĪȮŏľĴŅŃĽĴĽņľĶńĭĔŅĶĬņœĮŏĮƦĬĨńĺĝƞĺĵ
ĮĶńĭĮĶŋĚėŋĦĳŅıħŇĬŏıŊŗŀĔŅĶŏĔļĨĶœħƟ 
 

ėņĽņėńĠ8ȮĝňĺĴĺĸȮĩƞŅĬĝňĺĳŅıȮŏĨŅįĸŇĨĩƞŅĬȮĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽȮŐĔĸĭĔŅŐĲ 
 

ĭĪĬņ 
 ŏĨŅįĸŇĨĩƞŅĬĕĬŅħȮ0..ȮĸŇĨĶȮŒĬĮƤěěŋĭńĬĴňĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŒľƟĴňĽĴĶĶĩĬŃŏıŇŗĴĽŌĚĕŉŘĬĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭŏĨŅįĸŇĨ
ĩƞŅĬȮŐĭĭȮ0..ȮĸŇĨĶȮŐĭĭħńŘĚŏħŇĴȮĕŀĚĔĶĴıńĥĬŅıĸńĚĚŅĬĪħŐĪĬŐĸŃŀĬŋĶńĔļƢıĸńĚĚŅĬȮ&ıı,'ȮĔĶŃĪĶĺĚıĸńĚĚŅĬȮěŅĔĔŅĶ
ĺŇŏėĶŅŃľƢŏĨŅįĸŇĨĩƞŅĬĪňŗĴňŀĵŌƞĴňĔŅĶıńĥĬŅĽĴĶĶĩĬŃŏıŇŗĴĕŉŘĬĪńŘĚľĴħȮ3 ĽƞĺĬȮœħƟŐĔƞȮĶŃĭĭĔŅĶĮĸƞŀĵėĺńĬľĶŊŀŐĔƠĽĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚ
ĔŅĶįĸŇĨĩƞŅĬȮĔŅĶĬņŏŀŅŐĔƠĽľĸńĚěŅĔĔŅĶėĺĭŐĬƞĬĬŘņĽƟĴėĺńĬœĴƟĴŅħņŏĬŇĬĔŅĶŏįŅœľĴƟĞŘņȮŐĸŃĔŅĶŀŀĔŐĭĭľƟŀĚĮĢŇĔŇĶŇĵŅœı
őĶœĸĞŇĽŏıŊŗŀœĴƞŒľƟĶńĭėĺŅĴĶƟŀĬěŅĔŐľĸƞĚėĺŅĴĶƟŀĬőħĵĨĶĚȮY1[ȮĔŅĶıńĥĬŅĶŃĭĭĔŅĶĮĸƞŀĵėĺńĬľĶŊŀŐĔƠĽĪňŗŏĔŇħĕŉŘĬĶŃľĺƞŅĚĔŅĶ
įĸŇĨĩƞŅĬĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĸħĮĶŇĴŅĦėĺńĬľĶŊŀŐĔƠĽĪňŗĮĸƞŀĵŀŀĔŏĨŅįĸŇĨĩƞŅĬȮĔŅĶıńĥĬŅĬňŘĴŋƞĚľĺńĚŏĮĸňŗĵĬėĺńĬľĶŊŀŐĔƠĽĪňŗœħƟěŅĔ
ĔŅĶįĸŇĨĩƞŅĬŒľƟŏĮƦĬĕŀĚŏľĸĺŐĪĬȮĞŉŗĚĔŖėŊŀȮĬŘņĽƟĴėĺńĬœĴƟȮŒĬĽƞĺĬĕŀĚĔŅĶĬņŏŀŅŐĔƠĽľĸńĚěŅĔĔĶŃĭĺĬĔŅĶėĺĭŐĬƞĬĴŅŏįŅœľĴƟ
ĞŘņĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĨƟŀĚĔŅĶĔņěńħėĺńĬĪňŗŏĔŇħěŅĔĔŅĶįĸŇĨĩƞŅĬĪńŘĚľĴħȮĪńŘĚĬňŘŏıŊŗŀėĺŅĴĽŃħĺĔŒĬĔŅĶœĮŒĝƟŒĬĝŋĴĝĬĪňŗĴňĮĶŃĝŅĔĶ
ŀŅĻńĵŀĵŌƞŀĵƞŅĚľĬŅŐĬƞĬȮŐĔƠĽĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽŏĮƦĬŐĔƠĽŏĝŊŘŀŏıĸŇĚȮŏĴŊŗŀœħƟĶńĭėĺŅĴĶƟŀĬŐĸŃŀŀĔĞŇŏěĬěŃĪņŒľƟĸŋĔ
œľĴƟœħƟŐĸŃĩƟŅĬņėĺŅĴĶƟŀĬĬňŘĴŅŒĝƟĮĶŃőĵĝĬƢȮěŃŏĮƦĬĔŅĶĬņŏŀŅėĺŅĴĶƟŀĬĪŇŘĚĴŅŒĝƟĮĶŃőĵĝĬƢŀňĔėĶńŘĚȮŒĬħƟŅĬĕŀĚĔŅĶŀŀĔŐĭĭ
ľƟŀĚŏįŅœľĴƟĪňŗœĴƞĨƟŀĚĔŅĶŒľƟŏĮĸĺœĲľĶŊŀėĺŅĴĶƟŀĬĪňŗĮƚŀĬĽńĴįńĽĔńĭĝňĺĴĺĸįĸŇĨĩƞŅĬœħƟőħĵĨĶĚȮĔŅĶŀŀĔŐĭĭĸńĔļĦŃĬňŘĴŋƞĚŏĬƟĬ
ĨƟŀĚĔŅĶŒľƟĽŅĶĶŃŏľĵĕŀĚĝňĺĴĺĸĪňŗĮĸƞŀĵŀŀĔĴŅĴňėŋĦĽĴĭńĨŇŏĮƦĬŐĔƠĽŏĝŊŘŀŏıĸŇĚĪňŗĴňėƞŅėĺŅĴĶƟŀĬĽŌĚŐĸŃĽŅĴŅĶĩŏįŅœľĴƟœħƟȮY0[Ȯ
ŏĴŊŗŀŏĪňĵĭĔńĭőĮĶħŇĺŏĞŀĶƢŐĔƠĽĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶŐĔƠĽĞŇĲƕŏėĝńŗĬȮŀĵƞŅĚœĶĔŖĨŅĴŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔĺńĽħŋŏľĸŊŀ
ĪŇŘĚĪŅĚĔŅĶŏĔļĨĶȮŏĝƞĬȮĞńĚĕƟŅĺőıħȮŏĻļœĴƟȮľĶŊŀĔĸŋƞĴŏĮĸŊŀĔįĸœĴƟȮŏĮƦĬĨƟĬȮŏĨŅįĸŇĨĩƞŅĬĝĬŇħĬňŘĽŅĴŅĶĩħņŏĬŇĬĔĶŃĭĺĬĔŅĶœı
őĶœĸĞŇĽœħƟŀĵƞŅĚœĴƞĴňĮƤĠľŅŐĨƞŀĵƞŅĚŒħȮŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀĬņŏĨŅįĸŇĨĩƞŅĬĝĬŇħĬňŘœĮĪħĸŀĚŒĝƟĔńĭĝňĺĴĺĸĮĶŃŏĳĪȮŐĔĸĭȮĕňŘŏĸŊŗŀĵȮ
ŐĔĸĭĔŅŐĲľĶŊŀĺńĽħŋĪňŗĔŀĚŐĸƟĺœĴƞĴňĝƞŀĚŀŅĔŅĻœľĸįƞŅĬœħƟľĶŊŀœľĸįƞŅĬĵŅĔȮŏĨŅįĸŇĨĩƞŅĬĝĬŇħĬňŘěŃœĴƞĽŅĴŅĶĩĪņĚŅĬľĶŊŀįĸŇĨ
ĩƞŅĬŀŀĔĴŅœħƟȮĔĸƞŅĺėŊŀŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅěŃĕŉŘĬĝƟŅĴŅĔȮŐĸŃŀŋĦľĳŌĴŇœıőĶœĸĞŇĽŒĬĳŅıĶĺĴěŃĨŗņĔĺƞŅŀŋĦľĳŌĴŇĔŅĶįĸŇĨĩƞŅĬ
ĪńŗĺœĮĞŉŗĚėĺĶŀĵŌƞŒĬĝƞĺĚȮ400-500¯C ȮįĸĪňŗœħƟĝňĺĴĺĸěŃœĴƞĽŅĴŅĶĩįĸŇĨŏĮƦĬĩƞŅĬœħƟĪńŘĚľĴħȮĪňŗĽņėńĠėŋĦĳŅıĕŀĚĩƞŅĬĨŗņŐĸŃŒĝƟ
ŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬĽŌĚĴŅĔȮŏıŊŗŀŏĮƦĬĔŅĶĪņŒľƟŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬĽŅĴŅĶĩįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔĺńĽħŋ
ĔĸŋƞĴĬňŘœħƟȮěŉĚěņŏĮƦĬĨƟŀĚħńħŐĮĸĚĶŃĭĭĔŅĶŒľƟėĺŅĴĶƟŀĬŏĮƦĬŐĭĭĪŅĚĨĶĚŏıŇŗĴĶƞĺĴĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬŐĭĭĪŅĚŀƟŀĴĕŀĚŏĨŅĝĬŇħ
ŏħŇĴĪňŗĴňŀĵŌƞŐĸƟĺȮőħĵĴňĔŅĶħńħŐĮĸĚŏıŇŗĴŏĨŇĴŒĬĽƞĺĬĕŀĚľƟŀĚŏıŇŗĴėĺŅĴĶƟŀĬĪňŗŀĵŌƞħƟŅĬŒĨƟĕŀĚŏĨŅįĸŇĨĩƞŅĬȮŏıŊŗŀŏĮƦĬĔŅĶĵŊĬĵńĬįĸĔŅĶ
ħńħŐĮĸĚȮıńĥĬŅȮŏĨŅįĸŇĨĩƞŅĬŒľƟĴňĽĴĶĶĩĬŃŏıŇŗĴĽŌĚĕŉŘĬŐĸŃĪņĚŅĬœħƟȮĚŅĬĺŇěńĵĬňŘěŉĚĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶŐĽħĚįĸĔŅĶĮĶŃŏĴŇĬ
ĽĴĶĶĩĬŃŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıŐĭĭŐĔƠĽœľĸŏĺňĵĬĪňŗħńħŐĮĸĚĶŃĭĭĔŅĶŒľƟėĺŅĴĶƟŀĬŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬŏĮƦĬĔŅĶŒľƟėĺŅĴ
ĶƟŀĬĪŅĚĨĶĚȮŏĪňĵĭĔńĭŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıŐĭĭŐĔƠĽœľĸŏĺňĵĬħńŘĚŏħŇĴȮ&ŒĝƟĶŃĭĭĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴ'ȮįĸĪňŗœħƟěŅĔĔŅĶ
ŏĮĶňĵĭŏĪňĵĭěŃŏĮƦĬĮĶŃőĵĝĬƢŐĸŃŏĮƦĬĪŅĚŏĸŊŀĔĽņėńĠĽņľĶńĭŏĔļĨĶĔĶŐĸŃįŌƟĪňŗĽĬŒěĪńŗĺœĮȮŒĬĔŅĶĨńħĽŇĬŒěŏĸŊŀĔĬņŏŀŅŏĨŅįĸŇĨ
ĩƞŅĬĬňŘœĮŒĝƟŒľƟŏľĴŅŃĔńĭĺńĽħŋŏľĸŊŀĪŇŘĚĪŅĚĔŅĶŏĔļĨĶĪňŗĴňŀĵŌƞŒĬĪƟŀĚĩŇŗĬĨńĺŏŀĚŒĬŀĬŅėĨ 
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ĺŇīňĔŅĶĺŇěńĵ 
ŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĸŃĔŅĶħńħŐĮĸĚ 
ĚŅĬĺŇěńĵĬňŘĴŋƞĚŏĬƟĬĻŉĔļŅŏĮĶňĵĭŏĪňĵĭįĸĕŀĚĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĭĭŒľƟėĺŅĴĶƟŀĬ

ėĺŅĴĶƟŀĬĪŅĚŀƟŀĴȮ&Indirect heat) ŐĸŃĪŅĚĨĶĚȮ(Direct heat)ȮŏĨŅįĸŇĨĩƞŅĬĝĬŇħŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴėŊŀŏĨŅĪňŗŒľƟėĺŅĴĶƟŀĬ
ěŅĔĔŅĶŏįŅŏĝŊŘŀŏıĸŇĚŏĝŊŘŀĴĺĸįƞŅĬįĬńĚĪńŘĚľĴħȮ2 ħƟŅĬȮėŊŀěŅĔįĬńĚĮĸƞŀĚœĲľĶŊŀœŀŏĽňĵĔńĭįĬńĚħƟŅĬıŊŘĬĕŀĚŏĨŅįĸŇĨĩƞŅĬȮėĺŅĴ
ĶƟŀĬěŅĔŏĮĸĺœĮĝňĺĴĺĸěŃœĴƞĽŅĴŅĶĩĽńĴįńĽĔńĭĝňĺĴĺĸĪňŗįĸŇĨĩƞŅĬœħƟőħĵĨĶĚŐĨƞėĺŅĴĶƟŀĬěŃĩƞŅĵŏĪėĺŅĴĶƟŀĬįƞŅĬįĬńĚŐįƞĬőĸľŃ
ŐĸƟĺœĮľŅĝňĺĴĺĸŐĪĬ ħŌĳŅıĪňŗȮ1 ĮĶŃĔŀĭȮĽƞĺĬŏĨŅįĸŇĨĩƞŅĬĪňŗŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚěŃĴňĔŅĶŏěŅŃĶŌŒľƟŐĔƠĽĶƟŀĬěŅĔĔŅĶŏįŅœľĴƟ
œľĸįƞŅĬįĬńĚĶŌŏĨŅħƟŅĬĸƞŅĚŐĸŃŒľƟėĺŅĴĶƟŀĬěŅĔŐĔƠĽĶƟŀĬĩƞŅĵŏĪėĺŅĴĶƟŀĬŒľƟĔńĭĝňĺĴĺĸœħƟőħĵĨĶĚȮĕĦŃĪňŗŏĮĸĺœĲěŃœĴƞĽńĴįńĽ
ĔńĭĝňĺĴĺĸŏĬŊŗŀĚěŅĔĴňĔŅĶĪņľƟŀĚĔńĬœĲĸƟĺĚĮĶŃĴŅĦȮ2 ĝńŘĬȮŒĬĳŅıĶĺĴĽƞĺĬĮĶŃĔŀĭĕŀĚŏĨŅįĸŇĨĩƞŅĬĮĶŃĔŀĭħƟĺĵȮľƟŀĚ
ĮĢŇĔŇĶŇĵŅœıőĶœĸĞŇĽȮĝŋħėĺĭŐĬƞĬĬŘņĽƟĴėĺńĬœĴƟŐĸŃľƟŀĚŏįŅœľĴƟĝňĺĴĺĸŏıŊŗŀĮƚŀĬėĺŅĴĶƟŀĬŏĕƟŅĶŃĭĭȮĨĶĚĔĸŅĚľƟŀĚŏįŅœľĴƟěŃĴň
ĔŅĶĨŇħĨńŘĚĮĸƞŀĚœĲľĶŊŀŐĔƠĽĶƟŀĬŀĵŌƞĨĶĚĔĸŅĚŏıŊŗŀĶŃĭŅĵėĺńĬȮĪňŗĝŋħėĺĭŐĬƞĬĬŘņĽƟĴėĺńĬœĴƟěŃĪņĪƞŀŐĵĔŏĮƦĬȮ2 ĪŅĚȮħƟŅĬľĬŉŗĚŏĮƦĬ
ĪƞŀĮĸƞŀĵĬŘņĽƟĴėĺńĬœĴƟŀŀĔěŅĔŏĨŅįĸŇĨĩƞŅĬŐĸŃŀňĔħƟŅĬěŃĬņĴŅĨƞŀĶƞĺĴŏĕƟŅľƟŀĚŏįŅœľĴƟĝňĺĴĺĸŏıŊŗŀĬņŐĔƠĽĪňŗŏľĸŊŀěŅĔ
ĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬĴŅŏįŅœľĴƟĞŘņŀňĔėĶńŘĚȮ 

 
ĳŅıĪňŗȮ1 ŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıŐĭĭŐĔƠĽœľĸŏĺňĵĬĪňŗĬņĴŅĪħĽŀĭŐĸŃħńħŐĮĸĚ 

 
ĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽŐĸŃľĸńĔĔŅĶĔŅĶĪņĚŅĬĕŀĚŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬ 

 ľĸńĔĔŅĶĪņĚŅĬĕŀĚŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŒĝƟĔĶŃĭĺĬĔŅĶėŅĶƢĭŀœĬŏĞĞńŗĬľĶŊŀĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽ
ŐĭĭĝƟŅŒĬĔŅĶįĸŇĨĩƞŅĬȮőħĵĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽŐĭĭĝƟŅėŊŀĔĶŃĭĺĬĔŅĶŒľƟėĺŅĴĶƟŀĬĔńĭĝňĺĴĺĸŒĬĽĳŅĺŃĮĶŅĻěŅĔ
ŀŀĔĞŇŏěĬľĶŊŀĴňĮĶŇĴŅĦŀŀĔĞŇŏěĬŏıňĵĚŏĸŖĔĬƟŀĵľĶŊŀĭŅĚĽƞĺĬŏĪƞŅĬńŘĬȮĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĪňŗĝňĺĴĺĸĶńĭėĺŅĴ
ĶƟŀĬŏĕƟŅĽŌƞĨńĺŏŀĚȮėĺŅĴĶƟŀĬĬňŘěŃŏĕƟŅœĮĪņŒľƟėĺŅĴĝŊŘĬľĶŊŀĬŘņĪňŗŀĵŌƞŒĬĝňĺĴĺĸĶŃŏľĵŀŀĔȮőħĵĬŘņěŃĶŃŏľĵœħƟŐĸŃĩŌĔĕńĭŀŀĔěŅĔĝňĺ
ĴĺĸȮŀŋĦľĳŌĴŇŒĬŏĨŅįĸŇĨĩƞŅĬľĶŊŀľƟŀĚœıőĶœĸĞŇĽĨƟŀĚĴňŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ100¯C ŏĴŊŗŀŀŋĦľĳŌĴŇŏıŇŗĴĽŌĚŏĔŇĬȮ100¯C ĽŅĶĶŃŏľĵĪňŗĭŅĚ
ĨńĺĪňŗŀĵŌƞŒĬŏĬŊŘŀĝňĺĴĺĸěŃŏĶŇŗĴĨƟĬĽĸŅĵĨńĺŐĸŃĩŌĔĕńĭŀŀĔĴŅĳŅĵĬŀĔĝňĺĴĺĸȮĴĺĸĕŀĚĝňĺĴĺĸěŃŏĶŇŗĴĸħĸĚŐĸŃĽŌĠŏĽňĵĶŌĮĶƞŅĚȮY2[Ȯ
ĪňŗŀŋĦľĳŌĴŇ 150¯C ĽƞĺĬĮĶŃĔŀĭĕŀĚĝňĺĴĺĸĔĸŋƞĴĸŇĔőĬŏĞĸĸŌőĸĽěŃŏĶŇŗĴĨƟĬĽĸŅĵĨńĺȮőħĵĪňŗŀŋĦľĳŌĴŇ 200-300¯CȮěŃŏĮƦĬĔŅĶ
ĽĸŅĵĨńĺĕŀĚŏŁĴŇŏĞĸĸŌőĸĽȮŐĸŃĪňŗŀŋĦľĳŌĴŇ 250-380¯C ěŃŏĮƦĬĔŅĶĽĸŅĵĨńĺĕŀĚŏĞĸĸŌőĸĽȮĔĸŋƞĴĸŇĔĬŇĬŏĮƦĬĔĸŋƞĴĪňŗĴňőėĶĚĽĶƟŅĚĪňŗ
ĞńĭĞƟŀĬĴňĝƞĺĚĔŅĶĽĸŅĵĨńĺĪňŗĔĺƟŅĚĪňŗĽŋħȮőħĵĔŅĶĽĸŅĵĨńĺěŃŏĶŇŗĴĨƟĬŏĔŇħĕŉŘĬĪňŗȮ200-1000¯CȮY2[ȮĝƞĺĚĕŀĚĔŅĶĽĸŅĵĨńĺĕŀĚŏŁĴŇ
ŏĞĸĸŌőĸĽœĮěĬĩŉĚĸŇĔĬŇĬȮĝňĺĴĺĸěŃŏĮĸňŗĵĬĽňěŅĔĽňĬŘņĨŅĸŏĮƦĬĽňħņĽĬŇĪȮĔŅĶŒĝƟĚŅĬŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬěŃŏĶŇŗĴĨƟĬħƟĺĵ
ĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚœĴƟĸņœĵŏįŅŒľƟėĺŅĴĶƟŀĬĪŅĚħƟŅĬĸƞŅĚĕŀĚŏĨŅȮėĺŅĴĶƟŀĬěŅĔœĴƟĸņœĵěŃĩƞŅĵŏĪėĺŅĴĶƟŀĬŒľƟĔńĭĝňĺĴĺĸĪňŗŀĵŌƞ
ĳŅĵŒĬľƟŀĚœıőĶœĸĞŇĽȮėĺŅĴĝŊŘĬŐĸŃĽŅĶĶŃŏľĵĕŀĚĝňĺĴĺĸěŃœľĸŀŀĔěŅĔĝňĺĴĺĸŐĸŃĸņŏĸňĵĚŏĕƟŅĽŌƞŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴ
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ĶƟŀĬŒĬĶŌĮŐĭĭĕŀĚœŀľĶŊŀŐĔƠĽȮŏĴŊŗŀįƞŅĬŏėĶŊŗŀĚėĺĭŐĬƞĬœŀľĶŊŀŐĔƠĽěŃėĺĭŐĬƞĬŏĮƦĬĬŘņŐĸŃĬŘņĽƟĴėĺńĬœĴƟȮŒĬĕĦŃĪňŗŐĔƠĽœĴƞ
ėĺĭŐĬƞĬœħƟěŃĩŌĔĸņŏĸňĵĚŏĮƦĬœıőĶœĸĞŇĽŐĔƠĽŐĸŃĩŌĔĬņœĮŏĮƦĬŏĝŊŘŀŏıĸŇĚľĶŊŀŏįŅœľĴƟĞŘņĶƞĺĴĔńĭœĴƟĸņœĵĪňŗŏįŅ 
 

ĔŅĶŏĨĶňĵĴŐĔĸĭĔŅŐĲŐĸŃŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸĮƚŀĬŒľƟėĺŅĴĶƟŀĬ 
 ŐĔĸĭĔŅŐĲĪňŗĬņĴŅįĸŇĨŏĮƦĬĩƞŅĬĝňĺĳŅıȮŏĮƦĬŐĔĸĭĔŅŐĲĪňŗœħƟĴŅěŅĔőĶĚĚŅĬĭĶŇļńĪĔŅŐĲĝŅĺœĪĵĳŌŏĕŅȮěņĔńħȮĨńŘĚŀĵŌƞ
ŀņŏĳŀŐĴƞŐĨĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮĳŅĵŒĨƟĔŇěĔĶĶĴıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨŐĸŃĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŐĸŃ
ĩƞŅĬĝňĺĳŅıȮĳŅĵŒĨƟőėĶĚĔŅĶĵĔĶŃħńĭīŋĶĔŇěȮSME ħƟĺĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟőĴŏħĸŏĻĶļģĔŇěŒľĴƞȮBCGȮĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮ2568Ȯ
ĕŀĚĻŌĬĵƢĺŇěńĵŐĸŃıńĥĬŅĺńĽħŋŀŋĨĽŅľĔĶĶĴĽĶƟŅĚĽĶĶėƢȮěńĚľĺńħĸņĮŅĚȮĸńĔļĦŃĕŀĚĔŅŐĲěŃĴňĸńĔļĦŃŏĮƦĬȮİŀĵĭŅĚŕȮĽňĬŘņĨŅĸȮĴňȮ
ėĺŅĴľĬŅŐĬƞĬĮĶŅĔĢŏĜĸňŗĵȮ0/6Ȯkg/m3 ĴňėƞŅėĺŅĴĶƟŀĬŏĜĸňŗĵ 15.95 MJ/kg ŒĬĽƞĺĬĕŀĚŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸĪňŗŒĝƟĮƚŀĬŒľƟėĺŅĴĶƟŀĬ
ŏĮƦĬŏĻļœĴƟĸņœĵĪňŗœħƟěŅĔĔŅĶĨńħŐĨƞĚĔŇŗĚĕŀĚŏĔļĨĶĔĶȮĴňĔŅĶĨńħŐĸŃĨŅĔĪŇŘĚĪŇŘĚœĺƟĮĶŃĴŅĦ 1 ŏħŊŀĬȮĴňėĺŅĴľĬŅŐĬƞĬŏĜĸňŗĵȮ635Ȯ
kg/m3ȮĴňėĺŅĴėƞŅėĺŅĴĶƟŀĬŏĜĸňŗĵȮ15.80 MJ/kg ŒĬĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıŐĨƞĸŃėĶńŘĚěŃŒĝƟŐĔĸĭĔŅŐĲŏĜĸňŗĵȮ22.70Ȯkg/ėĶńŘĚȮŐĸŃ
ŏĻļœĴƟŏıŊŗŀŏįŅŒľƟėĺŅĴĶƟŀĬŏĜĸňŗĵȮ50ů80 kg 
 
 ŏėĶŊŗŀĚĴŊŀĺńħŐĸŃĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 

ŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚĮĶŃĔŀĭħƟĺĵȮŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔĕŀĚŏĻļœĴƟȮĬŘņľĬńĔĩƞŅĬȮŐĸŃŏėĶŊŗŀĚĺńħŀŋĦľĳŌĴŇĔŅĶįĸŇĨ
ĩƞŅĬȮĔŅĶĺńħĬŘņľĬńĔŏĻļœĴƟŐĸŃĩƞŅĬĝňĺĳŅıĪňŗœħƟŒĝƟŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĭĭħŇěŇĪńĸĕŀĚȮCST ĶŋƞĬȮCDR-30 ĝńŗĚĬŘņľĬńĔœħƟĽŌĚĽŋħ 30 kg 
ėƞŅėĺŅĴĸŃŏŀňĵħȮ1 gȮŒĬĽƞĺĬŏėĶŊŗŀĚĺńħŀŋĦľĳŌĴŇŒĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬœħƟŒĝƟŏėĶŊŗŀĚĺńħŀŋĦľĳŌĴŇĕŀĚȮLutron ĶŋƞĬȮBTM-
4208SD ĝƞĺĚĔŅĶĺńħŀŋĦľĳŌĴŇȮ+100 ĩŉĚȮ1300¯C ĴňėƞŅėĺŅĴĸŃŏŀňĵħȮ0.1¯CȮŒĝƟľńĺĺńħŀŋĦľĳŌĴŇȮType K ĴňĔŅĶěńħĺŅĚľńĺĺńħĨŅĴ
ĨņŐľĬƞĚŐĬĺĨńŘĚŏĨŅįĸŇĨĩƞŅĬȮĔŅĶĺŇŏėĶŅŃľƢėƞŅėĺŅĴĶƟŀĬĝňĺĴĺĸŐĸŃĩƞŅĬȮĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚĭŀĴĭƢŐėĸŀĶňŗĴŇŏĨŀĶƢȮĵňŗľƟŀȮLECO 
ĶŋƞĬȮAC500 ĽŋħĪƟŅĵħņŏĬŇĬĔŅĶĺŇŏėĶŅŃľƢįĸįĸŇĨĩƞŅĬĪňŗœħƟȮ&Charcoal yield: CY ) ėĺŅĴľĬŅŐĬƞĬĪŅĚŏĝŇĚıĸńĚĚŅĬȮ(Energy 
density: ED )ȮįĸįĸŇĨıĸńĚĚŅĬĪňŗœħƟȮ(Energy yield: EY )ȮŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬȮ(Thermal efficiency: thh ) ħńĚ
ĽĴĔŅĶĨƞŀœĮĬňŘ Y1[ 
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ĔņľĬħ Cm , Rm ėŊŀĴĺĸĕŀĚĩƞŅĬĪňŗįĸŇĨœħƟȮ(kg) ŐĸŃĴĺĸĕŀĚŏĻļœĴƟĪňŗĬņĴŅįĸŇĨĩƞŅĬȮ(kg)Ȯ

CCV , 
RCVėƞŅėĺŅĴĶƟŀĬĕŀĚ

ĩƞŅĬĪňŗįĸŇĨœħƟȮ&MJ/kg) ŐĸŃėƞŅėĺŅĴĶƟŀĬĕŀĚŏĻļœĴƟĪňŗĬņĴŅįĸŇĨĩƞŅĬȮ&MJ/kg) CE ėŊŀėƞŅıĸńĚĚŅĬĕŀĚĩƞŅĬĪňŗįĸŇĨœħƟȮ(MJ) ŐĸŃȮ

RE  ėƞŅıĸńĚĚŅĬĕŀĚŏĻļœĴƟĬņĴŅįĸŇĨĩƞŅĬȮ(MJ) Ȯ  
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įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
įĸĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴŐĸŃĪŅĚĨĶĚĨƞŀŀŋĦľĳŌĴŇŏĨŅ 
ĳŅıĪňŗȮ0 ŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴŐĸŃĪŅĚĨĶĚŒľƟĔńĭŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŏĴŊŗŀŒĝƟ

ŐĔĸĭĔŅŐĲįĸŇĨŏĮƦĬĩƞŅĬĝňĺĳŅıȮĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴőħĵĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬěŅĔįĬńĚĮĸƞŀĚŐĸŃıŊŘĬĪňŗĕŀĚŏĨŅŀĵƞŅĚŏħňĵĺ
ěŃĪņŒľƟŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅįĸŇĨĩƞŅĬŏıŇŗĴĽŌĚĕŉŘĬėƞŀĬĕƟŅĚĝƟŅȮőħĵŀŋĦľĳŌĴŇŏĜĸňŗĵŏĨŅĪňŗěŃĪņŒľƟĸŇĔőĬŏĞĸĸŌőĸĽěŃŏĶŇŗĴĨƟĬĽĸŅĵĨńĺĪňŗȮ
150¯C ŏĨŅįĸŇĨĩƞŅĬŒĝƟŏĺĸŅĽĶƟŅĚŀŋĦľĳŌĴŇĽŌĚĩŉĚȮ90 h ĽŅŏľĨŋĪňŗŀŋĦľĳŌĴŇĕŀĚŏĨŅįĸŇĨĩƞŅĬŏıŇŗĴĕŉŘĬœħƟĝƟŅŏĬŊŗŀĚěŅĔŐĔĸĭĔŅŐĲŏĴŊŗŀ
ĭĶĶěŋŀĵŌƞŒĬľƟŀĚĮĢŇĔŇĶŇĵŅœıőĶœĸĞŇĽĴňĝƞŀĚĺƞŅĚľĶŊŀĝƞŀĚŀŅĔŅĻĪňŗĨŗņŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶŒĝƟœĴƟĲƘĬľĶŊŀĺńĽħŋŀŊŗĬĪňŗĴňĶŌĮĶƞŅĚœĴƞŏĽĩňĵĶȮħƟĺĵ
ĶŌĮĶƞŅĚĕŀĚĺńĽħŋĪňŗĴňėĺŅĴŏĽĩňĵĶŐĸŃĴňĝƞŀĚĺƞŅĚĨŗņĪņŒľƟĺńĽħŋĔƟŀĬĬńŘĬĴňĸńĔļĦŃėĸƟŅĵŏĮƦĬĜĬĺĬėĺŅĴĶƟŀĬěŅĔěŋħĻŌĬĵƢĔĸŅĚŏĨŅľĶŊŀ
ĭĶŇŏĺĦĮĸƞŀĚœĴƞĽŅĴŅĶĩĩƞŅĵŏĪŐıĶƞĔĶŃěŅĵœĮĵńĚħƟŅĬĕƟŅĚœħƟľĶŊŀĩƟŅœħƟĔŖėƞŀĬĕƟŅĚĨŗņĴŅĔ Y3[ȮħńĚĬńŘĬěŉĚĪņŒľƟĶŃĵŃŏĺĸŅĔŅĶėŅĵ
ĬŘņľĶŊŀœĸƞėĺŅĴĝŊŘĬŒĬĳŅıĶĺĴĪņœħƟĝƟŅĴŅĔȮŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚėŊŀĔŅĶĬņŏŀŅėĺŅĴĶƟŀĬ
ěŅĔĔŅĶŏįŅœľĴƟľĶŊŀŐĔƠĽĶƟŀĬĮƚŀĬŏĕƟŅĽŌƞŏĨŅįĸŇĨĩƞŅĬőħĵĨĶĚĪŅĚħƟŅĬĸƞŅĚħƟĺĵŀŋĦľĳŌĴŇĕŀĚŐĔƠĽĶƟŀĬĪňŗĽŌĚĶƞĺĴĔńĭėĺŅĴĶƟŀĬĕŀĚ
įĬńĚĮĸƞŀĚěŃĪņŒľƟĮĶŃĽŇĪīŇĳŅıĔŅĶœĸƞėĺŅĴĝŊŘĬŒĬŐĔĸĭĔŅŐĲħňĔĺƞŅĔŅĶŒĝƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴȮŀŋĦľĳŌĴŇĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚ
ĨĶĚĪňŗĽŅĴŅĶĩĪņŒľƟĸŇĔőĬŏĞĸĸŌőĸĽŏĶŇŗĴĨƟĬĽĸŅĵĨńĺĪňŗȮ150 ¯C ŏĨŅįĸŇĨĩƞŅĬŒĝƟŏĺĸŅĽĶƟŅĚŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ1 h  

 

 
ĳŅıĪňŗȮ2 ĔŅĶĺŇŏėĶŅŃľƢŀŋĦľĳŌĴŇŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıŐĭĭŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚŐĸŃĪŅĚŀƟŀĴ 

 
ĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅŐĸŃįĸįĸŇĨĩƞŅĬĝňĺĳŅıĪňŗœħƟ 
ĔŅĶĮĶŃŏĴŇĬħƟŅĬĴŇĨŇĕŀĚŏĺĸŅŒĬĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıȮĝńħŏěĬŐĸƟĺĺƞŅĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĭĭ

īĶĶĴħŅĪňŗœĴƞįƞŅĬĔĶŃĭĺĬĔŅĶħńħŐĮĸĚŏıŇŗĴľĶŊŀĔŅĶŒľƟėĺŅĴĶƟŀĬŐĭĭĪŅĚŀƟŀĴěŃŒĝƟĶŃĵŃŏĺĸŅŒĬĔŅĶįĸŇĨĩƞŅĬĽŌĚĩŉĚȮ12 h ľĶŊŀ
ĴŅĔĔĺƞŅĬńŘĬȮŒĬĕĦŃĪňŗĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬĪňŗĪņĔŅĶħńħŐĮĸĚľƟŀĚĽƞĚĩŅĵėĺŅĴĶƟŀĬĪŅĚĨĶĚľĶŊŀĔŅĶŒľƟėĺŅĴ
ĶƟŀĬĪŅĚĨĶĚěŃŒĝƟŏĺĸŅŒĬĔŅĶįĸŇĨĩƞŅĬĶĺĴœĴƞŏĔŇĬȮ7 h ŏĪƞŅĬńŘĬȮĔŅĶĸħĶŃĵŃŏĺĸŅŒĬĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬĸĚěŃĝƞĺĵĸħĨƟĬĪŋĬ
ħƟŅĬĺńĽħŋĪňŗŒĝƟŏĮƦĬŐľĸƞĚĮƚŀĬėĺŅĴĶƟŀĬŐĸŃŐĶĚĚŅĬœħƟȮY4[ȮĞŉŗĚĨƟĬĪŋĬĪŅĚħƟŅĬŐĶĚĚŅĬŏĮƦĬĮƤěěńĵĽņėńĠĕŀĚĔŅĶėĺĭėŋĴĨƟĬĪŋĬĔŅĶ
įĸŇĨĩƞŅĬŐĸŃŒĬĽƞĺĬĕŀĚĸńĔļĦŃįĸįĸŇĨĩƞŅĬĝňĺĳŅıĪňŗœħƟȮĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬĪňŗŒľƟėĺŅĴĶƟŀĬŐĭĭĪŅĚŀƟŀĴěŃœħƟĩƞŅĬĝňĺĳŅıĪňŗ
ĭŅĚĽƞĺĬĵńĚœĴƞŐĮĶĽĳŅıŏĮƦĬĩƞŅĬĝňĺĳŅıœħƟĪńŘĚľĴħȮ&ĳŅıĞƟŅĵĴŊŀ'ȮŒĬĕĦŃĪňŗĳŅıĕĺŅĴŊŀȮĸńĔļĦŃĩƞŅĬĪňŗœħƟěŃĴňĽňħņĽĬŇĪŐĸŃĴň
ėĺŅĴŏĮƦĬėŅĶƢĭŀĬĽŌĚŏľĴŅŃĽĴĽņľĶńĭĔŅĶĬņœĮŒĝƟĮĶńĭĮĶŋĚħŇĬ 
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                     (Indirect heat)                                (Direct heat) 
ĳŅıĪňŗȮ3 ĸńĔļĦŃĕŀĚĩƞŅĬĝňĺĳŅıěŅĔŐĔĸĭĔŅŐĲĪňŗœħƟěŅĔĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴŐĸŃĪŅĚĨĶĚ 

 
ĔŅĶĺŇŏėĶŅŃľƢĽńħĽƞĺĬįĸįĸŇĨĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶœıőĶœĸĞŇĽ 
ĳŅıĪňŗȮ2 ŐĽħĚįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĽńħĽƞĺĬįĸįĸŇĨĪňŗœħƟěŅĔŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĭĭĔŅĶŒľƟėĺŅĴĶƟŀĬ

ĪŅĚŀƟŀĴŐĸŃŐĭĭħńħŐĮĸĚĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚȮőħĵıĭĺƞŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚěŃŒľƟįĸįĸŇĨĩƞŅĬĝňĺĳŅıėŇħŏĮƦĬȮ
03.37#ȮœħƟįĸįĸŇĨŒĬĽƞĺĬĕŀĚŏľĸĺȮ&ĬŘņĽƟĴėĺńĬœĴƟ'Ȯ9.80#ȮŐĔƠĽĪňŗŏľĸŊŀĪńŘĚľĴħěŃŏĮƦĬŐĔƠĽĪňŗĩŌĔĬņœĮŒĝƟŒĬĔŅĶŏįŅœľĴƟŒľƟėĺŅĴ
ĶƟŀĬĶƞĺĴĔńĭœĴƟĸņœĵȮŏĴŊŗŀıŇěŅĶĦŅŒĬĽƞĺĬĕŀĚĔŅĶŒĝƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴœħƟįĸįĸŇĨĩƞŅĬėŇħŏĮƦĬȮ3.11#ȮœħƟĕŀĚŏľĸĺľĶŊŀĬŘņĽƟĴ
ėĺńĬœĴƟĮĶŃĴŅĦȮ0.50% ŐĸŃŐĔƠĽĪňŗŏľĸŊŀĮĶŃĴŅĦȮ96.40% ĩŌĔĮƚŀĬŏĕƟŅľƟŀĚŏįŅœľĴƟŒľƟėĺŅĴĶƟŀĬĪńŘĚľĴħȮŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀ
ıŇěŅĶĦŅĩŉĚįĸįĸŇĨĪňŗěņŏĮƦĬĨƟŀĚœħƟėŊŀȮĩƞŅĬĝňĺĳŅıŐĸŃĬŘņĽƟĴėĺńĬœĴƟȮĔŖıĭĺƞŅŒĬĽƞĺĬĕŀĚŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬĪňŗŒľƟ
ėĺŅĴĶƟŀĬĪŅĚĨĶĚěņŏĮƦĬĨƟŀĚĴňĔŅĶĮĶńĭĮĶŋĚŏĨŅĪńŘĚľĴħȮ2 ĽƞĺĬȮėŊŀȮŒĬĽƞĺĬĕŀĚĨńĺŏĨŅįĸŇĨĩƞŅĬŐĸŃĶŃĭĭėĺĭŐĬƞĬĕŀĚŏľĸĺȮ
őħĵŒĬĽƞĺĬĕŀĚĨńĺŏĨŅįĸŇĨĩƞŅĬěņŏĮƦĬĨƟŀĚĽĶƟŅĚĔĸœĔĪňŗĪņŒľƟŐĔĸĭĔŅŐĲŏĔŇħĔŅĶŏėĸŊŗŀĬĪňŗĞŉŗĚěŃĪņŒľƟŏĔŇħĔŅĶĽŅĴŅĶĩĩƞŅĵŏĪ
ėĺŅĴĶƟŀĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮY5[ȮŐĸŃĶŃĵŃŏĺĸŅĔŅĶįĸŇĨěŃĽńŘĬĸĚȮŒĬĽƞĺĬĕŀĚĶŃĭĭėĺĭŐĬƞĬěņŏĮƦĬĨƟŀĚŏıŇŗĴĮĶŃĽŇĪīŇĳŅı
ĔŅĶėĺĭŐĬƞĬŒľƟĽŌĚĕŉŘĬĔĺƞŅŏħŇĴȮŏĝƞĬȮĔŅĶŒĝƟĶŃĭĭĬŘņœľĸĺĬŏıŊŗŀŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮĔŅĶŏıŇŗĴıŊŘĬĪňŗĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬȮY6[Ȯ
ŏĮƦĬĨƟĬ 

 
ȮĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĪŅĚıĸńĚĚŅĬŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔŐĔĸĭĔŅŐĲ 
ĨŅĶŅĚĪňŗȮ1 ŐĽħĚįĸĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĪŅĚıĸńĚĚŅĬĕŀĚĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔŐĔĸĭĔŅŐĲȮŏĬŊŗŀĚěŅĔ

ŐĔĸĭĔŅŐĲĴňėĺŅĴľĬŅŐĬƞĬĨŗņȮĴňĬŘņľĬńĔŏĭŅŏĴŊŗŀĭĶĶěŋĸĚĩńĚĕĬŅħĮĶŇĴŅĨĶȮ200 L ěŃĴňĴĺĸŐĔĸĭĔŅŐĲŀĵŌƞŒĬŏĨŅĮĶŃĴŅĦȮ
22.70 kg ŒĬĔŅĶĻŉĔļŅŏĮĶňĵĭŏĪňĵĭĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚœħƟįĸįĸŇĨĩƞŅĬĝňĺĳŅı (Charcoal yield)ȮŏĜĸňŗĵȮ5.31 kg ŒĬĕĦŃ
ĪňŗȮĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴœħƟįĸįĸŇĨĩƞŅĬĝňĺĳŅıŏĜĸňŗĵȮ0.71 kgȮėŇħŏĮƦĬįĸįĸŇĨĩƞŅĬĪňŗœħƟŏĜĸňŗĵȮ23.37% ŐĸŃȮ3.11% ŒĬĽƞĺĬ
ĕŀĚėĺŅĴľĬŅŐĬƞĬĪŅĚıĸńĚĚŅĬȮ(Energy density) ľĶŊŀŀńĨĶŅĽƞĺĬėƞŅėĺŅĴĶƟŀĬĩƞŅĬĪňŗįĸŇĨœħƟĨƞŀėƞŅėĺŅĴĶƟŀĬĕŀĚĝňĺĴĺĸĔƞŀĬ
ĔŅĶįĸŇĨĩƞŅĬȮĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚŒľƟėĺŅĴľĬŅŐĬƞĬĪŅĚıĸńĚĚŅĬŏĜĸňŗĵȮ1.73 ŒĬĕĦŃĪňŗȮĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴŒľƟėĺŅĴ
ľĬŅŐĬƞĬĪŅĚıĸńĚĚŅĬŏĜĸňŗĵȮ1.49 ŐĸŃŏĴŊŗŀėņĬĺĦľŅĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬȮ&Thermal efficiency'ȮĕŀĚĔŅĶŒľƟėĺŅĴĶƟŀĬ
ĪŅĚĨĶĚŐĸŃĪŅĚŀƟŀĴěŃŒľƟĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬȮ40.38% ŐĸŃȮ4.63% ĨŅĴĸņħńĭȮȮ 
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ĳŅıĪňŗȮ2 ĽńħĽƞĺĬįĸįĸŇĨĪňŗœħƟěŅĔĔĶŃĭĺĬĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅı 

ĨŅĶŅĚĪňŗȮ1 ĔŅĶĺŇŏėĶŅŃľƢĻńĔĵĳŅıĪŅĚıĸńĚĚŅĬĕŀĚĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔŐĔĸĭĔŅŐĲ 
Output Direct Indirect 

Mass of biomass (kg) 22.70 22.70 
Charcoal yield (kg) 5.31 0.71 
Charcoal yield (%) 23.37 3.11 
Energy density 1.73 1.49 
Energy yield (%) 40.38 4.63 
Energy input (MJ) 362 362 
Energy output (MJ) 146 17 
Thermal efficiency (%) 40.38 4.63 

 
ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ŒĬĳŅıĶĺĴĕŀĚĔŅĶįĸŇĨĩƞŅĬĝňĺĳŅıěŅĔŐĔĸĭĔŅŐĲěņŏĮƦĬŀĵƞŅĚĵŇŗĚĪňŗĨƟŀĚŒĝƟľĸńĔĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚĔńĭŏĨŅįĸŇĨ
ĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬȮĞŉŗĚįĸěŅĔĔŅĶħńħŐĮĸĚŏĨŅįĸŇĨĩƞŅĬŐĸŃĔŅĶĪħĽŀĭĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚĽŅĴŅĶĩĸħĶŃĵŃŏĺĸŅĔŅĶ
įĸŇĨĩƞŅĬĸĚœħƟĴŅĔĔĺƞŅȮ40% ĪňŗĽņėńĠĔŅĶŒľƟėĺŅĴĶƟŀĬőħĵĨĶĚĪņœħƟįĸįĸŇĨĩƞŅĬĝňĺĳŅıȮėĺŅĴľĬŅŐĬƞĬĪŅĚıĸńĚĚŅĬȮŐĸŃ
ĮĶŃĽŇĪīŇĳŅıĪŅĚėĺŅĴĶƟŀĬőħĵĶĺĴĽŌĚĔĺƞŅĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚŀƟŀĴľĶŊŀĔŅĶŒĝƟŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĭĭħńŘĚŏħŇĴ
ĴŅĔĔĺƞŅȮ7.7 ŏĪƞŅȮŒĬħƟŅĬėŋĦĳŅıĕŀĚĩƞŅĬŏĴŊŗŀĴŀĚěŅĔĸńĔļĦŃĕŀĚĽňĩƞŅĬĝňĺĳŅıħƟĺĵĔŅĶŒľƟėĺŅĴĶƟŀĬĪŅĚĨĶĚıĭĺƞŅĴňĽňħņĽĬŇĪȮ
œĴƞĴňŐĔĸĭĔŅŐĲŒĬĽƞĺĬĪňŗŏĮƦĬĝňĺĴĺĸľĸĚŏľĸŊŀŀĵŌƞŏĸĵȮŀĵƞŅĚœĶĔŖĨŅĴŏıŊŗŀŒľƟŏĨŅįĸŇĨĩƞŅĬŐĭĭŐĔƠĽœľĸŏĺňĵĬŐĭĭŒĝƟėĺŅĴĶƟŀĬ
ĪŅĚĨĶĚĴňĽĴĶĶĩĬŃĽŌĚŏıŇŗĴĕŉŘĬĔŖěņŏĮƦĬĨƟŀĚĪņŒľƟŐĔĸĭĔŅŐĲĴňĔŅĶĕĵńĭľĶŊŀŏėĸŊŗŀĬĨńĺŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶĩƞŅĵŏĪėĺŅĴ
ĶƟŀĬȮŒĬĽƞĺĬĕŀĚĔŅĶŏĔŖĭĬŘņĽƟĴėĺńĬœĴƟĔŖěņŏĮƦĬŀĵƞŅĚĵŇŗĚŒĬĔŅĶŏıŇŗĴıŊŘĬĪňŗĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬŐĸŃŒĝƟĬŘņŏĵŖĬľĶŊŀĬŘņŀŋĦľĳŌĴŇĨŗņ
œľĸĺĬŏıŇŗĴĕŉŘĬȮ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ĕŀĕŀĭėŋĦĻŌĬĵƢĺŇěńĵŐĸŃıńĥĬŅĺńĽħŋŀŋĨĽŅľĔĶĶĴĽĶƟŅĚĽĶĶėƢ ěńĚľĺńħĸņĮŅĚȮĪňŗĽĬńĭĽĬŋĬĚĭĮĶŃĴŅĦĔŅĶħņŏĬŇĬ
őėĶĚĔŅĶĔŇěĔĶĶĴıńĥĬŅĔĶŃĭĺĬĔŅĶįĸŇĨŐĸŃĽƞĚŏĽĶŇĴĔŅĶŒĝƟĮĶŃőĵĝĬƢěŅĔŏĝŊŘŀŏıĸŇĚĝňĺĴĺĸŐĸŃĩƞŅĬĝňĺĳŅıȮĳŅĵŒĨƟőėĶĚĔŅĶ
ĵĔĶŃħńĭīŋĶĔŇěȮSME ħƟĺĵĔŅĶĮĶŃĵŋĔĨƢŒĝƟőĴŏħĸŏĻĶļģĔŇěŒľĴƞȮBCGȮĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮ2568 ŐĸŃœħƟĴŅĞŉŗĚįĸĔŅĶĻŉĔļŅĺŇěńĵ
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ĶƟŀĬėŅĶƢĭŀĬœħŀŀĔœĞħƢĝĬŇħĪĶŅĬĽƢėĶŇĽĨŇėńĸȮ 

EFFECT OF EVAPORATOR TEMPERATURE AND ITS DEGREE OF SUPERHEAT ON HIGH TEMPERATURE 
HOT WATER PRODUCTION VIA A TRANSCRITICAL CO2 HEAT PUMP 

 

ŀĶĶĩĔĶȮŀŅĽĬėņ1 ȮīĶĦŇĻĺĶƢȮħňĪŅĵŅĪ1ȮŐĸŃȮĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ1* 

Attakorn Asanakham1 Thoranis Deethayat 1 and Tanongkiat kiatsiriroat1  
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1Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Chiang Mai 50200 

1Corresponding author:ȮTel.: 08-19508630. E-mail address: tanongkiat_k@yahoo.com 
 

Abstract 
This study investigates the effects of evaporator temperature and superheating on the hot-water 

outlet temperature of a transcritical carbon dioxide heat pump, focusing on operating conditions above 70 
°A,ȮRumȮqwqrckȮamldgesp_rgmlqȮucpcȮcv_kglcb8Ȯ_Ȯqr_lb_pbȮawajcȮ_lbȮ_ȮkmbgdgcbȮawajcȮglampnmp_rgleȮglrcpl_jȮ
heat exchange between the refrigerant exiting the gas cooler and that leaving the evaporator. For the 
qr_lb_pbȮawajc*ȮpcqsjrqȮqfmucbȮrf_rȮpcbsagleȮrfcȮct_nmp_rmpȮrckncp_rspcȮdpmkȮ03Ȯ°AȮrmȮ/3Ȯ°A, while keeping 
the gas cooler pressure at 140 bar, glapc_qcbȮrfcȮfmrȮu_rcpȮrckncp_rspcȮdpmkȮ5.Ȯ°AȮrmȮ6.Ȯ°C. However, the 
irreversibility of the gas cooler heat exchange rose from 0.16 to 0.21, reducing the coefficient of performance 
(COP) from 6.09 to 4.86. In the cycle with internal heat exchange, at a constant evaporator temperature of 
/3Ȯ°AȮ_lbȮ_Ȯe_qȮnpcqqspcȮmdȮ/1.Ȯ`_p*Ȯglapc_qgleȮrfcȮbcepccȮmdȮqsncpfc_rgleȮdpmkȮ3Ȯ°AȮrmȮ/.Ȯ°AȮp_gqcb the hot 
u_rcpȮrckncp_rspcȮdpmkȮ63Ȯ°AȮrmȮ7.Ȯ°A,ȮRfcȮgppctcpqg`gjgrwȮglȮrfcȮe_qȮammjcpȮfc_rȮcvaf_lecȮglapc_qcbȮmljwȮ
slightly, while the COP decreased marginally. 
Keyword: Transcritical carbon dioxide heat pump, High temperature hot water production, Evaporator 
temperature, Degree superheat 
 

ĭĪėńħĵƞŀ 
ŒĬĚŅĬĺŇěńĵĬňŘȮĻŉĔļŅįĸĕŀĚŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮŐĸŃėƞŅħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚĕŀĚĮƤƩĴėĺŅĴĶƟŀĬėŅĶƢĭŀĬœħŀŀĔœĞħƢ

ĝĬŇħĪĶŅĬĽƢėĶŇĨŇėńĸȮĪňŗĴňĨƞŀŀŋĦľĳŌĴŇĕŀĚĬŘņĶƟŀĬĪňŗįĸŇĨœħƟȮŒĬĝƞĺĚŀŋĦľĳŌĴŇĴŅĔĔĺƞŅȮ70ȮoC ĕŉŘĬœĮȮŒĬĔŅĶĻŉĔļŅěŃıŇěŅĶĦŅŒĬĔĶĦň
ĕŀĚĮƤƩĴėĺŅĴĶƟŀĬĪňŗŒĝƟĺńĢěńĔĶĴŅĨĶģŅĬȮŐĸŃŏĴŊŗŀĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĶŃľĺƞŅĚĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮ
ŐĸŃĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔŀňĺŅĮŀŏĶŏĨŀĶƢȮŒĬĔĶĦňĺńĢěńĔĶĴŅĨĶģŅĬȮıĭĺƞŅȮŏĴŊŗŀĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢěŅĔȮ03 oCȮŏĮƦĬȮ/3 oCȮ
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oCȮŏĮƦĬȮ6. oCȮŐĨƞŏĴŊŗŀıŇěŅĶĦŅĩŉĚėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬȮĞŉŗĚěŃĴňėƞŅĽŌĚĕŉŘĬ
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ĶƟŀĬĵĺħĵŇŗĚŏıŇŗĴĕŉŘĬěŅĔȮ3ȮŏĮƦĬȮ/.ȮoCȮıĭĺƞŅȮĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬĪňŗŀŋĦľĳŌĴŇĽŌĚĕŉŘĬěŅĔȮ85 oC ŏĮƦĬȮ90 oCȮőħĵėƞŅ
ĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮŏıŇŗĴĕŉŘĬŏıňĵĚŏĸŖĔĬƟŀĵȮŐĸŃȮCOPȮĕŀĚĺńĢěńĔĶĸħĸĚ
ŏĸŖĔĬƟŀĵ 
ėņĽņėńĠ: ĮƤƩĴėĺŅĴĶƟŀĬėŅĶƢĭŀĬœħŀŀĔœĞħƢĝĬŇħĪĶŅĬĽƢėĶŇĽĨŇėńĸ, ĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚ, ŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢ, ħňĔĶň
ėĺŅĴĶƟŀĬĵĺħĵŇŗĚ 
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/,ȮĭĪĬņ 
ŐĔƠĽėŅĶƢĭŀĬœħŀŀĔœĞħƢȮ(CO2 ľĶŊŀȮR744) ŏĮƦĬĽŅĶĪņĚŅĬĪňŗĴňŀŋĦľĳŌĴŇĺŇĔķĨŇȮĮĶŃĴŅĦȮ1/ȮoC ěŉĚœħƟĩŌĔĬņœĮŒĝƟŒĬ

ĔŅĶĪņėĺŅĴŏĵŖĬȮľĶŊŀŒĝƟŒĬĮƤƩĴėĺŅĴĶƟŀĬȮŒĬĸńĔļĦŃĪĶŅĬĽƢėĶŇĨŇėńĸȮ(Transcritical) [1] őħĵŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĪňŗĶńĭėĺŅĴ
ĶƟŀĬȮěŃĴňŀŋĦľĳŌĴŇĨŗņĔĺƞŅŀŋĦľĳŌĴŇĺŇĔķĨȮŐĸŃŒĬĝƞĺĚĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬěŃŀĵŌƞĽŌĚĔĺƞŅŀŋĦľĳŌĴŇĺŇĔķĨȮőħĵĪńŗĺœĮėĺŅĴħńĬħƟŅĬĽŌĚ
ěŃŀĵŌƞȮ/..+/3.Ȯbar ĞŉŗĚĽŌĚĔĺƞŅĽŅĶĪņĚŅĬĪńŗĺœĮľĸŅĵŏĪƞŅȮĪņŒľƟŀŋĮĔĶĦƢĴňĶŅėŅĽŌĚȮŐĨƞĴňĕƟŀħňȮėŊŀȮĽŅĶĪņĚŅĬŏĮƦĬĽŅĶīĶĶĴĝŅĨŇȮ
ĞŉŗĚĴňįĸŒĬĔŅĶĪņŒľƟŏĔŇħĳŅĺŃőĸĔĶƟŀĬȮ(Global warming potential, GWP) ŏıňĵĚȮ/ȮŏĪňĵĭĔńĭĽŅĶĪņėĺŅĴŏĵŖĬĽńĚŏėĶŅŃľƢ
ĪńŗĺœĮȮĬŀĔěŅĔĬňŘȮŒĬĔŅĶĶŃĭŅĵėĺŅĴĶƟŀĬŒĬĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮ(Gas cooler) ěŃĴňŀŋĦľĳŌĴŇœĴƞėĚĪňŗŐĸŃĸŌƞĨŅĴŀŋĦľĳŌĴŇĕŀĚ
œľĸĪňŗĴŅĶńĭėĺŅĴĶƟŀĬȮĪņŒľƟėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟȮ(Irreversibility) ĴňėƞŅĨŗņĔĺƞŅȮĽŅĶĪņĚŅĬĪńŗĺœĮĪňŗŀĵŌƞŒĬĽĳŅıȮ0ȮĽĩŅĬŃ [2, 
3] ĪņŒľƟĽŅĴŅĶĩįĸŇĨĬŘņĶƟŀĬěŅĔŀŋĦľĳŌĴŇĨŗņŒľƟĴňėƞŅĽŌĚĴŅĔœħƟĪńĬĪňȮőħĵœĴƞĨƟŀĚŏĽňĵŏĺĸŅĽŃĽĴıĸńĚĚŅĬȮ&Once-through) [3] 
ħńĚĬńŘĬŒĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟĚŅĬĪňŗŀŋĦľĳŌĴŇĽŌĚȮĴńĔěŃŏĔŇĬȮ5.ȮoC ŀŅěĕŉŘĬœĮĩŉĚȮ/3.ȮoCȮ[3]ȮWhite et al (2002) [4] ŐĽħĚŒľƟŏľŖĬĺƞŅȮ
ĮƤƩĴėĺŅĴĶƟŀĬȮCO2 ĽŅĴŅĶĩįĸŇĨĬŘņĶƟŀĬĪňŗŀŋĦľĳŌĴŇĽŌĚĔĺƞŅȮ43ȮoCȮœĮěĬĩŉĚȮ/0.ȮoCȮőħĵėƞŅĽńĴĮĶŃĽŇĪīŇĽĴĶĶĩĬŃȮ(Coefficient 
of performance,ȮCOP) ŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬĸħĸĚȮŏıňĵĚȮ0/%  

ŀĵƞŅĚĔŖĨŅĴȮŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚȮĩƟŅĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮCO2 ĝĬŇħĪĶŅĬĽƢėĶŇĨŇėńĸȮ
őħĵĪňŗėĺŅĴħńĬĽŌĚŒĬĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬĴňėƞŅėĚĪňŗėƞŅľĬŉŗĚȮıĭĺƞŅȮĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬœħƟȮ
ĕĦŃŏħňĵĺĔńĬĩƟŅĴňŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮ(Internal heat exchanger) ŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĽŅĶĪņĚŅĬĪňŗŀŀĔ
ěŅĔĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮŐĸŃĽŅĶĪņĚŅĬĔƞŀĬŏĕƟŅėŀĴŏıĶĽŏĞŀĶƢȮěŃĝƞĺĵŏıŇŗĴėƞŅħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚȮ(Degree of superheat) 
ĕŀĚĽŅĶĪņĚŅĬĔƞŀĬŏĕƟŅėŀĴŏıĶĽŏĞŀĶƢĔŖěŃĝƞĺĵŏıŇŗĴĻńĔĵĳŅıŒĬĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĬŘņĶƟŀĬĪňŗįĸŇĨœħƟŒľƟĴňėƞŅĽŌĚĕŉŘĬœħƟŀňĔȮőħĵĺŇīňľĸńĚ
ŏĮƦĬĺŇīňĪňŗĬƞŅĽĬŒěȮŏĬŊŗŀĚěŅĔėƞŅŀńĨĶŅĽƞĺĬėĺŅĴħńĬȮ(Pressure ratio) ĪňŗėŀĴŏıĶĽŏĞŀĶƢĴňėƞŅĨŗņĔĺƞŅĺŇīňŐĶĔȮĞŉŗĚěŃĝƞĺĵĸħĔņĸńĚĚŅĬ
ĪňŗŒľƟŐĔƞĮƤƩĴėĺŅĴĶƟŀĬȮĞŉŗĚįĸĕŀĚŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢŐĸŃėƞŅħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚĪňŗėĺŅĴħńĬŀňĺŅĮŀŏĶŏĨŀĶƢȮĪňŗĴňĨƞŀėƞŅŀŋĦľĳŌĴŇ
ŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚȮěŃŏĮƦĬĺńĨĩŋĮĶŃĽĚėƢŒĬĚŅĬĺŇěńĵĬňŘ 
 
0,ȮĽĴĶĶĩĬŃĮƤƩĴėĺŅĴĶƟŀĬŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚ 
0,/ȮĮƤƩĴėĺŅĴĶƟŀĬĴŅĨĶģŅĬ 
 ĮƤƩĴėĺŅĴĶƟŀĬ CO2 ŐĭĭĪĶŅĬĽƢėĶŇĨŇėńĸȮĽŅĴŅĶĩįĸŇĨĬŘņĶƟŀĬěŅĔĬŘņĪňŗŀŋĦľĳŌĴŇľƟŀĚŒľƟĴňŀŋĦľĳŌĴŇĴŅĔĔĺƞŅȮȮ5.ȮoC ŒĬ
ĸńĔļĦŃȮOnce-through ŏĬŊŗŀĚěŅĔįĸĕŀĚȮGliding temperature ŒĬĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬȮĞŉŗĚĽŅĶĪņĚŅĬŀĵŌƞŒĬĽĳŅıŏľĬŊŀ
ĺŇĔķĨȮĶŌĮĪňŗȮ/ȮŐĽħĚĺńĢěńĔĶĴŅĨĶģŅĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮCO2 ŐĭĭĪĶŅĬĽƢėĶŇĨŇėńĸȮŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬ 

 
ȮȮȮȮȮȮ&Ĕ'ȮĺńĢěńĔĶĔŅĶĪņĚŅĬ    ȮȮȮȮ&ĕ'ȮœħŀŃŐĔĶĴȮT-s 
ĶŌĮĪňŗȮ/ȮĺńĢěńĔĶĔŅĶĪņĚŅĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬĴŅĨģŅĬȮŐĸŃœħŀŃŐĔĶĴȮT-s ŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚ 

 
 ŒĬĔĶĦňĪňŗĔņľĬħŀńĨĶŅĔŅĶœľĸŐĸŃŀŋĦľĳŌĴŇĬŘņĶƟŀĬĪňŗĨƟŀĚĔŅĶěŅĔŀŋĦľĳŌĴŇĬŘņĪňŗŒľƟŐĔƞĶŃĭĭȮŀńĨĶŅĬŘņĶƟŀĬĪňŗĨƟŀĚĔŅĶĪňŗ
ĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬȮěŃėņĬĺĦěŅĔ 
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ŏĴŊŗŀȮ

w
mȮėŊŀȮŀńĨĶŅĔŅĶœľĸĕŀĚĬŘņ, 

,p w
c  ėŊŀȮėĺŅĴěŋėĺŅĴĶƟŀĬěņŏıŅŃĕŀĚĬŘņ, 

,w in
T ŐĸŃȮ

,w out
T  ėŊŀȮŀŋĦľĳŌĴŇĕŀĚĬŘņŏĕƟŅŐĸŃŀŀĔ

ĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮ 
 ŒĬĔŅĶŏĸŊŀĔĝƞĺĚĔŅĶĪņĚŅĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮěŃĨƟŀĚĔņľĬħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮĞŉŗĚĪňŗĽĳŅĺŃȮ/ȮěŃŏĮƦĬĽĳŅĺŃ
ŀŇŗĴĨńĺȮĞŉŗĚěŃĩŌĔėŀĴŏıĶĽŏĞŀĶƢŀńħĨńĺŐĭĭœŀŏĞĬĪĶŀĮƕĔœĮĪňŗĽĳŅĺŃĪňŗȮ2 ĨŅĴėĺŅĴħńĬĕŀĚĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬ, PGC ȮĞŉŗĚ
ŀŋĦľĳŌĴŇěŃĨƟŀĚĽŌĚĔĺƞŅŀŋĦľĳŌĴŇĬŘņĶƟŀĬĪňŗĨƟŀĚĔŅĶȮěŅĔĬńŘĬĽŅĶĪņĚŅĬěŃŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĔńĭĬŘņőħĵėĺŅĴħńĬėĚĪňŗĴŅĪňŗ
ĽĳŅĺŃĪňŗȮ3 ĞŉŗĚȮěŃĨƟŀĚĴňėƞŅĽŌĚĔĺƞŅŀŋĦľĳŌĴŇĬŘņĪňŗŏĕƟŅŀŋĮĔĶĦƢȮĞŉŗĚŒĬĔŅĶŏĸŊŀĔėƞŅėĺŅĴħńĬĕŀĚĽŅĶĪņĚŅĬěŃĨƟŀĚŒľƟĴňėƞŅŀŋĦľĳŌĴŇ
ıŇĬĝƢȮ&Pinch' ĶŃľĺƞŅĚŀŋĦľĳŌĴŇĕŀĚȮCO2 ŐĸŃŀŋĦľĳŌĴŇĬŘņĶƟŀĬȮĴňėƞŅıŀĽĴėĺĶȮĞŉŗĚŒĬĚŅĬĬňŘěŃŒĝƟĮĶŃĴŅĦȮ5 oCȮĽŅĶĪņĚŅĬěŅĔ
ĽĳŅĺŃĪňŗȮ3 ěŃĕĵŅĵĨńĺįƞŅĬĺŅĸƢĺĸħėĺŅĴħńĬȮĴŅĵńĚĽĳŅĺŃȮ4 ĪňŗėĺŅĴħńĬȮŀňĺŅĮŀŏĶŏĨŀĶƢȮĞŉŗĚěŃĶńĭėĺŅĴĶƟŀĬĴŅĪňŗĽĳŅĺŃȮ1 ŏıŊŗŀ
ŏĶŇŗĴĺńĢěńĔĶŒľĴƞȮ 
 ėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟȮ(Irreversibility) ŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮŏĮƦĬħńĝĬňĨńĺľĬŉŗĚȮĪňŗŐĽħĚĽĴĶĶĩĬŃĕŀĚ
ŀŋĮĔĶĦƢȮĽŅĴŅĶĩėņĬĺĦěŅĔ 
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I ėŊŀȮėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟĕŀĚĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬ,Ȯ

2
hŐĸŃȮ

3
hėŊŀȮėƞŅŏŀĬĪńĸĮƖĕŅŏĕƟŅŐĸŃŀŀĔĕŀĚĨńĺĶŃĭŅĵėĺŅĴ

ĶƟŀĬ,ȮȮ
o

TȮėŊŀȮŀŋĦľĳŌĴŇĪňŗȮDead state,Ȯ
2

sŐĸŃȮ
3

sȮėŊŀȮėƞŅŏŀĬőĪĶĮƖĕŅŏĕƟŅŐĸŃŀŀĔĕŀĚĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬ,Ȯ
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ĩƟŅėƞŅȮ

GC
I  ĴňėƞŅĽŌĚȮŐĽħĚĺƞŅėŋĦĳŅııĸńĚĚŅĬŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮěŃĩŌĔĪņĸŅĵĴŅĔȮĨŅĴėĺŅĴŐĨĔĨƞŅĚŀŋĦľĳŌĴŇĪňŗ

ŏıŇŗĴĕŉŘĬĕŀĚĽŅĶĪņĚŅĬĪňŗĪņĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬȮĪņŒľƟĴňĔŅĶŒĝƟĔņĸńĚĚŅĬŒĬĺńĢěńĔĶŏıŇŗĴĕŉŘĬ 
ĬŀĔěŅĔĬňŘȮCOP ěŃŏĮƦĬħńĝĬňĪňŗŒĝƟĺńħĽĴĶĶĩĬŃĔŅĶĪņĚŅĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮőħĵ 
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ŏĴŊŗŀ
1

hȮŐĸŃ 
2

hȮėŊŀȮėƞŅŏŀĬĪńĸĮƖĕŅŏĕƟŅŐĸŃŀŀĔĕŀĚėŀĴŏıĶĽŏĞŀĶƢ 
ĺńĢěńĔĶĪňŗŒĝƟȮCOP ĴňėƞŅĽŌĚȮŐĽħĚĩŉĚĽĴĶĶĩĬŃĔŅĶĪņĚŅĬĪňŗĴňĔŅĶŒĝƟĔņĸńĚĚŅĬĪňŗĨŗņȮŏĴŊŗŀĴňĔŅĶįĸŇĨŀńĨĶŅėĺŅĴĶƟŀĬŏĪƞŅĔńĬ 
 
2.2 ĮƤƩĴėĺŅĴĶƟŀĬĪňŗĴňŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬ 
 ŒĬĔŅĶŏıŇŗĴĽĴĶĶĩĬŃĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮőħĵĪńŗĺœĮĴńĔěŃĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬħńĚŐĽħĚŒĬĶŌĮĪňŗȮ2  
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&Ĕ'ȮĺńĢěńĔĶĔŅĶĪņĚŅĬȮ    &ĕ'ȮœħŀŃŐĔĶĴȮT-s 

ĶŌĮĪňŗȮ2 ĺńĢěńĔĶĔŅĶĪņĚŅĬĮƤƩĴėĺŅĴĶƟŀĬĴŅĨĶģŅĬĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬŐĸŃœħŀŃŐĔĶĴȮT-s ŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬ
ŀŋĦľĳŌĴŇĽŌĚ 

 ěŃĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĕŀĚĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔĝŋħĪņėĺŅĴĶƟŀĬȮŐĸŃĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔŀňĺŅĮŀŏĶŏĨŀĶƢȮ
ĪņŒľƟŏĔŇħħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚĔƞŀĬŏĕƟŅėŀĴŏıĶĽŏĞŀĶƢȮŀŋĦľĳŌĴŇĕŀĚĽŅĶĪņĚŅĬĪňŗĽĳŅĺŃȮ2 ĴňėƞŅĽŌĚĺƞŅĔĶĦňĽŅĶĪņĚŅĬĪňŗŏĕƟŅ
ėŀĴŏıĶĽŏĞŀĶƢŒĬĽĳŅıŀŇŗĴĨńĺŐĭĭĺńĢěńĔĶĴŅĨĶģŅĬĪńŗĺœĮȮĪņŒľƟĴňĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬ 
ŀńĨĶŅėĺŅĴĶƟŀĬĪňŗŐĸĔŏĮĸňŗĵĬŒĬŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮěŃėņĬĺĦőħĵ 
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ŏĴŊŗŀȮ

HX
Q ėŊŀȮŀńĨĶŅėĺŅĴĶƟŀĬĪňŗŐĸĔŏĮĸňŗĵĬŒĬŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬ,Ȯ

1'
h ȮŐĸŃ 

3'
h ȮėŊŀȮėƞŅŏŀĬĪńĸĮƖĕŅŀŀĔěŅĔ

ŀŋĮĔĶĦƢŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬĔƞŀĬŏĕƟŅĽŌƞėŀĴŏıĶĽŏĞŀĶƢŐĸŃĺŅĸƢĺĸħėĺŅĴħńĬȮĨŅĴĸņħńĭ 
ĽņľĶńĭŒĬĚŅĬĺŇěńĵĬňŘȮěŃıŇěŅĶĦŅįĸĕŀĚŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĪňŗĸħĸĚŒĬĺńĢěńĔĶĴŅĨĶģŅĬȮŐĸŃįĸĕŀĚėƞŅėĺŅĴĶƟŀĬ

ĵĺħĵŇŗĚȮĔƞŀĬŏĕƟŅėŀĴŏıĶĽŏĞŀĶƢŒĬĺńĢěńĔĶĴŅĨĶģŅĬĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮĪňŗĴňĨƞŀŀŋĦľĳŌĴŇĬŘņĶƟŀĬĪňŗĨƟŀĚĔŅĶ 
 

3. įĸĔŅĶĻŉĔļŅ 
3.1 ĔĶĦňĺńĢěńĔĶĴŅĨĶģŅĬ 
 ĶŌĮĪňŗȮ3 ŐĽħĚœħŀŃŐĔĶĴȮT-sȮĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮŏıŊŗŀįĸŇĨĬŘņĶƟŀĬŀńĨĶŅĔŅĶœľĸȮ0.05 kg/s ěŅĔŀŋĦľĳŌĴŇ 30 oC œĮ
ŏĮƦĬȮ 70 oC ŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮ25 oC  

 
ĶŌĮĪňŗȮ3 œħŀŃŐĔĶĴȮT-s ĕŀĚĮƤƩĴėĺŅĴĶƟŀĬȮŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀńĨĶŅĔŅĶœľĸȮ0.05 kg/s ěŅĔȮ30 oC œĮŏĮƦĬȮ70 oC 

 



               
 
 

 
 

154 

ěŅĔĶŌĮŒĬœħŀŃŐĔĶĴȮT-s ěŃıĭĺƞŅȮėĺŅĴħńĬĪňŗŏľĴŅŃĽĴŒĬĔŅĶŒľƟėĺŅĴĶƟŀĬŏıŊŗŀįĸŇĨĬŘņĶƟŀĬĪňŗȮ70 oC ěŃŀĵŌƞĪňŗȮ140 
bar ĞŉŗĚěŃŒľƟıŇĬĝƢ ŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗĝŋħĪņĬŘņĶƟŀĬĮĶŃĴŅĦȮ5ȮoCȮőħĵŀŋĦľĳŌĴŇĪňŗĽĳŅĺŃĪňŗȮ3 ěŃĴňėƞŅȮ35 oC ĳŅĵŒĨƟ
ŏĚŊŗŀĬœĕħńĚĔĸƞŅĺȮıĭĺƞŅȮėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĴňėƞŅȮ0.17 kW ŐĸŃȮCOP ĕŀĚĮƤƩĴėĺŅĴĶƟŀĬĴňėƞŅȮ
6.093 
 ŒĬĔĶĦňĪňŗĨƟŀĚĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮĽĴĴŋĨŇȮ75ȮoCȮőħĵĪňŗŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮ25 oC ėĚĪňŗȮıĭĺƞŅȮ
ěŃĨƟŀĚŒĝƟĮƤƩĴėĺŅĴĶƟŀĬŒĬĪňŗĽĳŅĺŃĪňŗȮ3 ŒľƟĴňėĺŅĴħńĬĽŌĚěŅĔȮ140 bar ĕŉŘĬœĮŀňĔȮĞŉŗĚœĴƞŏľĴŅŃĽĴŏıĶŅŃėĺŅĴħńĬěŃĽŌĚŏĔŇĬœĮȮ
ĺŇīňĔŅĶĪňŗĽŅĴŅĶĩĪņœħƟėŊŀĔŅĶĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢŏıŊŗŀŒľƟĽĳŅĺŃĪňŗȮ1 ĴňģŅĬĪňŗĔĺƟŅĚĕŉŘĬȮŏĮƦĬĽĳŅĺŃȮa ħńĚŐĽħĚŒĬĶŌĮĪňŗȮ4ȮĞŉŗĚ
ŀŋĦľĳŌĴŇȮTb ěŃĴňėƞŅĽŌĚĕŉŘĬěŅĔȮT2 

 
ĶŌĮĪňŗȮ4 įĸĔŅĶĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĨƞŀĻńĔĵĳŅıŒĬĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇĬŘņĶƟŀĬȮŀŋĦľĳŌĴŇĬŘņŏĕƟŅȮ30 oC ŀŋĦľĳŌĴŇıŇĬĝƢ ŒĬĔŅĶ

ŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗȮ5ȮoC 
 

 ěŅĔĶŌĮĪňŗȮ4 ŏĴŊŗŀĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĸĚěŅĔȮ03ȮoCȮœĮŏĮƦĬȮ0.Ȯ oCȮŐĸŃȮ/3ȮoCȮıĭĺƞŅȮěŃĪņŒľƟĮƤƩĴėĺŅĴĶƟŀĬĴň
ĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮőħĵĨńĺŀĵƞŅĚĔŅĶėņĬĺĦĪňŗŀńĨĶŅĔŅĶœľĸĕŀĚĬŘņȮ0.05 kg/s ŀŋĦľĳŌĴŇĬŘņĪňŗĮƚŀĬ
ŒľƟŐĔƞĮƤƩĴėĺŅĴĶƟŀĬŀĵŌƞĪňŗȮ30ȮoCȮĽŅĴŅĶĩŏıŇŗĴŀŋĦľĳŌĴŇěŅĔȮ70ȮoCȮœĮŏĮƦĬȮ75ȮoCȮŐĸŃȮ80 oC ŏĴŊŗŀŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢŀĵŌƞĪňŗȮ
25, 20 ŐĸŃȮ15 oC ĨŅĴĸņħńĭ 
 ŀĵƞŅĚœĶĔŖĨŅĴȮĩŉĚŐĴƟĺƞŅĔŅĶĸħŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĴňĻńĔĵĳŅıŒĬĔŅĶŏıŇŗĴŀŋĦľĳŌĴŇŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬȮŐĨƞěŃıĭĺƞŅȮ
ŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮ&Gas cooler' ěŃĪņŒľƟŏĔŇħėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟȮĞŉŗĚŏĮƦĬĽƞĺĬĽņėńĠŒĬĔŅĶ
ŒĝƟıĸńĚĚŅĬŒĬĺńĢěńĔĶĮƤƩĴėĺŅĴĶƟŀĬȮĞŉŗĚŒĬĶŌĮĪňŗȮ5 ŐĽħĚŒľƟŏľŖĬĺƞŅėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĴňėƞŅĽŌĚĕŉŘĬ
ĨŅĴŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĪňŗĸħĸĚŏĬŊŗŀĚěŅĔĴňėĺŅĴŐĨĔĨƞŅĚĕŀĚŀŋĦľĳŌĴŇŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĽŌĚĕŉŘĬŒĬĨńĺĶŃĭŅĵėĺŅĴ
ĶƟŀĬȮĞŉŗĚĴňįĸĨƞŀȮCOP ĕŀĚĺńĢěńĔĶȮĞŉŗĚěŃĴňėƞŅĸħĸĚ 
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ĶŌĮĪňŗȮ5 įĸĕŀĚėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĪňŗĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮŐĸŃȮCOP ĪňŗŏĔŇħěŅĔĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇ  ŀňĺŅĮŀŏĶŏĨŀĶƢȮĽņľĶńĭĺńĢěńĔĶĴŅĨĶģŅĬ 
 
1,0ȮĔĶĦňĺńĢěńĔĶĴŅĨģŅĬĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮ 

ĶŌĮĪňŗȮ4ȮŐĽħĚĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬĴŅĨĶģŅĬȮĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮĶŃľĺƞŅĚ
ĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔĨńĺĶŃĭŅĵėĺŅĴĶƟŀĬȮŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĔńĭĕŀĚœľĸĪňŗŀŀĔěŅĔŀňĺŅĮŀŏĶŏĨŀĶƢĔƞŀĬŏĕƟŅ
ėŀĴŏıĶĽŏĞŀĶƢȮőħĵŒĝƟĕƟŀĴŌĸȮŏĴŊŗŀĮƤƩĴėĺŅĴĶƟŀĬȮĪņĚŅĬĪňŗŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢŀĵŌƞĪňŗȮ/3ȮoCȮőħĵĴňŀŋĦľĳŌĴŇėĺŅĴĶƟŀĬĵĺħĵŇŗĚĪňŗ
ŀŀĔěŅĔŀňĺŅĮŀŏĶŏĨŀĶƢȮ., 3 ŐĸŃȮ/.ȮoCȮŏıŊŗŀįĸŇĨĬŘņĶƟŀĬȮ6.,Ȯ63 ŐĸŃȮ7.ȮoCȮěŅĔŀŋĦľĳŌĴŇĬŘņŏĕƟŅȮ30ȮoC ŐĸŃėĺŅĴħńĬĨńĺ
ĶŃĭŅĵėĺŅĴĶƟŀĬėĚĪňŗĪňŗȮ130 bar 
ěŅĔĶŌĮĪňŗȮ6 ıĭĺƞŅȮŒĬĔĶĦňŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮ15 oCȮŏĴŊŗŀħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚŏıŇŗĴĕŉŘĬěŅĔȮ0 oCȮœĮŏĮƦĬȮ5 oC ŐĸŃ Ȯ10 oC 
ĽŅĴŅĶĩįĸŇĨŀŋĦľĳŌĴŇĬŘņĶƟŀĬěŅĔȮ80 oC œĮŏĮƦĬȮ85 oC ŐĸŃȮ90 oC ĨŅĴĸņħńĭȮŐĸŃŏĴŊŗŀĨĶĺěĽŀĭėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟĪňŗĝŋħ
ĶŃĭŅĵėĺŅĴĶƟŀĬȮıĭĺƞŅȮĴňėƞŅŏıŇŗĴĕŉŘĬŏĸŖĔĬƟŀĵěŅĔȮ0.13 kW œĮŏĮƦĬȮ0.14 ŐĸŃ 0.15 ĨŅĴĸņħńĭȮĞŉŗĚŐĽħĚŒľƟŏľŖĬĺƞŅĺŇīňĔŅĶŏıŇŗĴ
ĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬȮőħĵĺŇīňĔŅĶŏıŇŗĴħňĔĶňėĺŅĴĶƟŀĬĵĺħĵŇŗĚȮěŃŏĮƦĬĺŇīňĪňŗŏľĴŅŃĽĴȮŏĬŊŗŀĚěŅĔėƞŅȮCOP 
œĴƞĸħĸĚĴŅĔĬńĔȮ 
 ŀĬŉŗĚĪńŘĚȮ2 ĶŌĮŐĭĭĕŀĚĮƤƩĴėĺŅĴĶƟŀĬĝĬŇħĬňŘȮŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢėƞŀĬĕƟŅĚĨŗņĩƟŅĬņĮƤƩĴėĺŅĴĶƟŀĬĴŅŒĝƟŒĬĔŅĶĪņ
ėĺŅĴŏĵŖĬĶƞĺĴħƟĺĵěŃĝƞĺĵŏıŇŗĴȮCOP ŒĬĳŅıĶĺĴĪņŒľƟĶŃĭĭĽŅĴŅĶĩĬņĴŅœĮŒĝƟŒĬĔŅĶĮĶŃľĵńħıĸńĚĚŅĬŏıŇŗĴĕŉŘĬȮ 
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ĶŌĮĪňŗȮ4ȮĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬĪňŗŀŋĦľĳŌĴŇĨƞŅĚŕȮŐĸŃėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŐĸŃȮCOP ŒĬĔĶĦňĪňŗĴňĔŅĶĮĶńĭŏĮĸňŗĵĬħňĔĶň

ėĺŅĴĶƟŀĬĵĺħĵŇŗĚĪňŗŀňĺŅĮŀŏĶŏĨŀĶƢȮĔņľĬħŀŋĦľĳŌĴŇȮTevap = /3 oC 
 Ȯ 
2,ȮĽĶŋĮįĸ 
 ŒĬĚŅĬĺŇěńĵĬňŘȮœħƟĻŉĔļŅĽĴĶĶĩĬŃĔŅĶĪņĚŅĬĕŀĚĮƤƩĴėĺŅĴĶƟŀĬėŅĶƢĭŀĬœħŀŀĔœĞħƢĝĬŇħĪĶŅĬĽƢėĶŇĨŇėńĸȮŒĬĶŌĮŐĭĭĺńĢ
ěńĔĶĴŅĨĶģŅĬȮŐĸŃŒĬĔĶĦňĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬĶŃľĺƞŅĚĽŅĶĪņĚŅĬĪňŗŀŀĔěŅĔĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬŐĸŃĽŅĶ
ĪņĚŅĬĪňŗŀŀĔěŅĔŀňĺŅĮŀŏĶŏĨŀĶƢȮŒĬĔŅĶĻŉĔļŅěŃıŇěŅĶĦŅįĸĕŀĚŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮŒĬĺńĢěńĔĶĴŅĨĶģŅĬȮŐĸŃįĸĕŀĚħňĔĶň
ėĺŅĴĶƟŀĬĵĺħĵŇŗĚŒĬĺńĢěńĔĶĪňŗĴňĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĳŅĵŒĬȮĪňŗĴňĨƞŀĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŀŋĦľĳŌĴŇĽŌĚȮįĸĔŅĶĻŉĔļŅ
ĽŅĴŅĶĩĽĶŋĮįĸœħƟħńĚĬňŘ 
¶ ŒĬĺńĢěńĔĶĴŅĨĶģŅĬȮĪňŗėĺŅĴħńĬĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬėĚĪňŗĪňŗȮ140 barȮŏĴŊŗŀŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĸħĸĚěŅĔȮ25 oC 
ŏĮƦĬ   15ȮoCȮĪņŒľƟĻńĔĵĳŅıŒĬĔŅĶįĸŇĨĬŘņĶƟŀĬŒľƟĴňŀŋĦľĳŌĴŇĽŌĚĕŉŘĬěŅĔȮ70 oC ŏĮƦĬȮ80 oCȮŀĵƞŅĚœĶĔŖĨŅĴ ěŃĨƟŀĚ
ıŇěŅĶĦŅėƞŅĽĳŅıĵƟŀĬĔĸńĭœĴƞœħƟŒĬĝŋħĶŃĭŅĵėĺŅĴĶƟŀĬȮĞŉŗĚĴňėƞŅĽŌĚĕŉŘĬěŅĔȮ0.16 ŏĮƦĬȮ0.21ȮĽƞĚįĸŒľƟȮCOP ĕŀĚĺńĢ
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Abstract 

This article presents a body mass index (BMI) measurement system via a smartphone application. 
The system, which measures 30 x 50 x 200 cm, consists of a NodeMCU, an HX711 load-cell data receiver, 
and an HC-SR04 Ultrasonic Module. This module displays weight, height, and BMI values on the LCD screen 
and the Blynk application. The results show that the system has an average height measurement error of 
0.85 centimeters, with an accuracy rate of 99.97 percent, and a weight measurement error of 0.75 kilograms, 
with an accuracy rate of 99.87 percent. This system is suitable for practical applications. Furthermore, the 
developed system will benefit public health by promoting good health in Thai society. 
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ŏĸŖĔŐĸŃĴňėĺŅĴľĸŅĔľĸŅĵŒĬľĬƞĺĵĚŅĬȮĔŅĶŀŀĔŐĭĭĮĶŃĔŀĭħƟĺĵȮ3ȮĽƞĺĬȮėŊŀȮĽƞĺĬĪňŗľĬňŗĚȮőľĸħŏĞĸĸƢŏıŊŗŀĶńĭĬƟƟŅľĬńĔĕŀĚĺńĨĩŋ
ŐĸŃŀŋĮĔĶĦƢĕĵŅĵĽńĠĠŅĦœĲĲƚŅȮHX711ȮŒľƟĴňėƞŅŏĮƦĬĽńĠĠŅĦȮDigital 24 Bit ĽƞĺĬĪňŗĽŀĚȮĽƞĺĬėĺĭėŋĴĶŃĭĭĞŉŗĚĴň
œĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮESP32ȮĪņĔŅĶĮĶŃĴĺĸįĸŐĸŃėĺĭėŋĴĔŅĶŐĽħĚįĸȮŐĸŃĮŋƙĴėňĵƢĮƚŀĬĬƟƟŅľĬńĔĴŅĨĶģŅĬĕŀĚŀŋĮĔĶĦƢȮŐĸŃ
ĽƞĺĬĪňŗĽŅĴȮĽƞĺĬĔŅĶŐĽħĚįĸěŅĔĔŅĶĝńŗĚŐĸŃĔŅĶĬńĭěƟŅĬĺĬŀŋĮĔĶĦƢȮįĸĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĝńŗĚĬŘņľĬńĔŐĸŃĬńĭěņĬĺĬ
ŀŋĮĔĶĦƢŐĽħĚįĸŀńĨőĬĴńĨŇĴňėĺŅĴįŇħıĸŅħĽŌĚĽŋħŏıňĵĚȮ0,2#ȮŐĸŃĽŅĴŅĶĩĪņĔŅĶŐěƟĚŏĨŊŀĬŀĵƞŅĚŐĴƞĬĵņĞŉŗĚŐĽħĚĺƞŅőėĶĚĔŅĶĺŇěńĵ
ĬňŘĽŅĴŅĶĩĪņĚŅĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

ěŅĔĮƤĠľŅħńĚĔĸƞŅĺȮěŉĚĴňŐĬĺėŇħŒĬĔŅĶıńĥĬŅȮŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĸŃĺńħĽƞĺĬĽŌĚħƟĺĵĶŃĭĭħŇěŇĨŀĸȮŏıŊŗŀŒľƟĽŅĴŅĶĩĺńħ
ŐĸŃŐĽħĚįĸœħƟŀĵƞŅĚȮĶĺħŏĶŖĺȮĩŌĔĨƟŀĚȮŐĸŃĴňėĺŅĴŐĴƞĬĵņĽŌĚȮőħĵŒĝƟŏĪėőĬőĸĵňœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮNodeMCUȮŏĬŊŗŀĚěŅĔĴň
ĶŅėŅĩŌĔȮŒĝƟĚŅĬĚƞŅĵȮŐĸŃĽŅĴŅĶĩŏĝŊŗŀĴĨƞŀĔńĭŀŋĮĔĶĦƢœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮŒĬĽƞĺĬĕŀĚĔŅĶĺńħĬŘņľĬńĔȮœħƟŒĝƟŏĞĬŏĞŀĶƢĺńħŐĶĚ
ĔħŐĭĭőľĸħŏĞĸĸƢȮ&Load Cell'ȮŒĬĕĦŃĪňŗĔŅĶĺńħĽƞĺĬĽŌĚŒĝƟȮŏĞĬŏĞŀĶƢŀńĸĨĶŅőĞĬŇĔȮ&Ultrasonic Sensor'ȮĽņľĶńĭĨĶĺěěńĭ
ĶŃĵŃĪŅĚĶŃľĺƞŅĚľńĺįŌƟŒĝƟĚŅĬĔńĭěŋħŀƟŅĚŀŇĚħƟŅĬĭĬȮőħĵėƞŅĪňŗœħƟěŅĔĪńŘĚĽŀĚŏĞĬŏĞŀĶƢěŃĩŌĔĽƞĚŏĕƟŅĽŌƞĶŃĭĭĮĶŃĴĺĸįĸŐĸŃŐĽħĚįĸ
ĭĬěŀȮLCD ŒĬĶŌĮŐĭĭħŇěŇĨŀĸȮŐĸŃŐĽħĚįĸĭĬĽĴŅĶƢĪőĲĬœħƟŐĭĭȮReal+time įƞŅĬŐıĸĨĲŀĶƢĴȮBlynkȮħńĚĬńŘĬȮőėĶĚĚŅĬĬňŘœĴƞ
ŏıňĵĚŐĨƞĝƞĺĵĵĔĶŃħńĭėĺŅĴĽŃħĺĔŐĸŃėĺŅĴŐĴƞĬĵņŒĬĔŅĶĺńħėƞŅĪŅĚĔŅĵĳŅıŏĪƞŅĬńŘĬȮŐĨƞĵńĚŏĮƦĬěŋħŏĶŇŗĴĨƟĬĕŀĚĔŅĶĬņŏĪėőĬőĸĵň
ħŇěŇĨŀĸĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĔŅĶıńĥĬŅėŋĦĳŅıĝňĺŇĨĕŀĚėĬœĪĵŒľƟħňĵŇŗĚĕŉŘĬȮĪńŘĚŒĬħƟŅĬĔŅĶħŌŐĸĽŋĕĳŅıȮĔŅĶĻŉĔļŅȮŐĸŃȮĔŅĶıńĥĬŅ
ŏĪėőĬőĸĵňŒĬĮĶŃŏĪĻŀĵƞŅĚĵńŗĚĵŊĬ 
 

ĺŇīňĔŅĶħņŏĬŇĬĔŅĶĺŇěńĵ 
ĔŅĶĻŉĔļŅĺŇěńĵŏĶŊŗŀĚŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĸŃĺńħĽƞĺĬĽŌĚħƟĺĵĶŃĭĭħŇěŇĨŀĸŏıŊŗŀŒľƟĺŇěńĵėĶńŘĚĬňŘħņŏĬŇĬĔŅĶŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮ
ėĦŃįŌƟĺŇěńĵěŉĚœħƟĔņľĬħĶŌĮŐĭĭĺŇěńĵȮĨŅĴĸņħńĭĕńŘĬĨŀĬħńĚĨƞŀœĮĬňŘ 

1,ȮĔŅĶĻŉĔļŅĕƟŀĴŌĸŐĸŃĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 
2,ȮĪņĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
3,ȮľŅĮĶŃĽŇĪīŇĳŅıĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
2,ȮĺŇŏėĶŅŃľƢŐĸŃŀĳŇĮĶŅĵįĸĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
5. ĽĶŋĮįĸĔŅĶĪħĸŀĚ 
 

ĔŅĶŀŀĔŐĭĭĶŃĭĭőėĶĚĽĶƟŅĚŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĸŃĺńħĽƞĺĬĽŌĚħƟĺĵĶŃĭĭħŇěŇĨŀĸ 
įŌƟĺŇěńĵœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬȮŏĶŇŗĴěŅĔĨńĺŏėĶŊŗŀĚĴňĕĬŅħėĺŅĴ

ĔĺƟŅĚȮėĺŅĴĵŅĺȮŐĸŃėĺŅĴĽŌĚȮ1.Ȯx 50 x 200 ŏĞĬĨŇŏĴĨĶȮĮĶŃĔŀĭħƟĺĵģŅĬŐįƞĬŀŃėĶŇĸŇėĪňŗĴňŏĞĬŏĞŀĶƢőľĸħŏĞĸĸƢĶŌĮĽňŗŏľĸňŗĵĴ
ěńĨŋĶńĽȮĕĬŅħȮ1.Ȯx 1.ȮŏĞĬĨŇŏĴĨĶȮȮĽƞĺĬĔĸŅĚĕŀĚőėĶĚĽĶƟŅĚĴňĝŋħĮĶŃĴĺĸįĸȮNodeMCU &3'ȮĝŋħĶńĭĕƟŀĴŌĸȮHX5//ȮěŅĔőľĸħ
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ŏĞĸĸƢĕĬŅħȮ0..ȮĔŇőĸĔĔĶńĴȮŐĸŃȮUltrasonic Module HC+SR04ȮĩńħĴŅŏĮƦĬȮĝŋħŐĽħĚįĸȮLCDȮŐĽħĚįĸĸńıīƢȮėƞŅĬŘņľĬńĔȮ
ĽƞĺĬĽŌĚȮėƞŅȮBMI ŐĸŃȮĽĩŅĬŃħńĝĬňĴĺĸĔŅĵŒľƟįŌƟŒĝƟĚŅĬĪĶŅĭȮőħĵěŃĨŇħĨńĺĺńħĽƞĺĬĽŌĚœĺƟħƟŅĬĭĬĕŀĚőėĶĚĽĶƟŅĚȮĬŀĔěŅĔĬňŘȮĵńĚ
ĽŅĴŅĶĩŐĽħĚįĸĸńıīƢĔŅĶĪņĚŅĬœħƟħƟĺĵŏĪėőĬőĸĵňŀŇĬŏĨŀĶƢŏĬŖĨĽĶĶıĽŇŗĚȮ&IOT'ȮĭĬŐŀııĸŇŏėĝńŗĬȮBlynk &4'ȮįƞŅĬĽĴŅĶƢĪőĲĬȮ
őħĵĽŅĴŅĶĩŐĽħĚĶŃĭĭĔŅĶĪņĚŅĬŐĸŃőėĶĚĽĶƟŅĚĪňŗĪņŏĽĶŖěĽĴĭŌĶĦƢœħƟĨŅĴĳŅıĪňŗȮ/ȮŐĸŃȮĳŅıĪňŗȮ0ȮĨŅĴĸņħńĭ 
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ĳŅıĪňŗȮ/ȮĔŅĶŀŀĔŐĭĭĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
 

   
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮĨńĺŏėĶŊŗŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'ȮĝŋħĺĚěĶėĺĭėŋĴ 

ĳŅıĪňŗȮ0ȮőėĶĚĽĶƟŅĚĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬ 
 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
ŒĬĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬȮěŃŒĝƟĽŌĨĶĔŅĶėņĬĺĦħńĝĬň

ĴĺĸĔŅĵȮ(5)ȮĞŉŗĚĽŅĴŅĶĩľŅėƞŅœħƟěŅĔĽĴĔŅĶĪňŗȮ&1'ȮěŅĔĬńŘĬȮěŃĬņœĮŏĪňĵĭĔńĭŏĔĦĤƢŏĭŊŗŀĭƞĚĽĩŅĬŃħńĝĬňĴĺĸĔŅĵœħƟĨŅĴĨŅĶŅĚĪňŗȮ/ 
 

2

W
BMI

h
= ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&1' 

 
őħĵĪňŗ W  ėŊŀ ĬŘņľĬńĔĴĺĸĔŅĵȮĴňľĬƞĺĵŏĮƦĬȮĔŇőĸĔĶńĴ 
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 h  ėŊŀ ĽƞĺĬĽŌĚȮĴňľĬƞĺĵŏĮƦĬȮŏĴĨĶ 
  BMI  ėŊŀ ėƞŅħńĝĬňĴĺĸĔŅĵ 
 

ĨŅĶŅĚĪňŗȮ1ȮŏĔĦĤƢŀƟŅĚŀŇĚħńĝĬňĴĺĸĔŅĵĪňŗŒĝƟĶŃĭĭ 
ėƞŅħńĝĬňĴĺĸĔŅĵȮ&BMI' ĽĩŅĬŃ 

BMI ĬƟŀĵĔĺƞŅȮ0. įŀĴ 
BMI ŀĵŌƞĶŃľĺƞŅĚȮ0.Ȯ+Ȯ02Ȯ ĮĔĨŇ 
ĴŅĔĔĺƞŅȮ02 ŀƟĺĬ 

 
 ľĸńĚěŅĔĪňŗœħƟŏĔĦĤƢėņĬĺĦėƞŅħńĝĬňĴĺĸĔŅĵȮįŌƟěńĵœħƟĪņĔŅĶĪħĽŀĭĨŅĴŏĔĦĤƢĪňŗĶŃĭŋœĺƟĕƟŅĚĨƟĬőħĵĴňįŌƟĪħĽŀĭěņĬĺĬȮ1Ȯ
ĮĶŃŏĳĪȮėŊŀȮ/,ȮĮĶŃŏĳĪįŀĴȮ0,ȮĮĶŃŏĳĪĮĔĨŇȮŐĸŃȮ1ȮĮĶŃŏĳĪŀƟĺĬȮĽŅĴŅĶĩŐĽħĚĔŅĶĪħĽŀĭœħƟħńĚĬňŘ 

 
įĸĔŅĶĪħĽŀĭĮĶŃŏĳĪįŀĴ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ

 
    (Ĕ'ȮįŌƟĪħĽŀĭĮĶŃŏĳĪįŀĴ Ȯ(ĕ'ȮĔŅĶŐĽħĚįĸĭĬĨńĺŏėĶŊŗŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ė'ȮĔŅĶŐĽħĚįĸĭĬŐŀııĸŇŏėĝńĬȮBlynk 

ĳŅıĪňŗȮ3ȮįĸĔŅĶĪħĽŀĭĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬĮĶŃŏĳĪįŀĴ 
 

įĸĔŅĶĪħĽŀĭĮĶŃŏĳĪĮĔĨŇ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
    (Ĕ'ȮįŌƟĪħĽŀĭĮĶŃŏĳĪĮĔĨŇ Ȯ (ĕ'ȮĔŅĶŐĽħĚįĸĭĬĨńĺŏėĶŊŗŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ(ė'ȮĔŅĶŐĽħĚįĸĭĬŐŀııĸŇŏėĝńĬȮBlynk 

ĳŅıĪňŗȮ4ȮįĸĔŅĶĪħĽŀĭĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬĮĶŃŏĳĪĮĔĨŇ 
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įĸĔŅĶĪħĽŀĭĮĶŃŏĳĪŀƟĺĬ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
    (Ĕ'ȮįŌƟĪħĽŀĭĮĶŃŏĳĪŀƟĺĬ Ȯ (ĕ'ȮĔŅĶŐĽħĚįĸĭĬĨńĺŏėĶŊŗŀĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ė'ȮĔŅĶŐĽħĚįĸĭĬŐŀııĸŇŏėĝńĬȮBlynk 

ĳŅıĪňŗȮ5ȮįĸĔŅĶĪħĽŀĭĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬĮĶŃŏĳĪŀƟĺĬ 
 
ĨŅĶŅĚĪňŗȮ0ȮįĸĔŅĶĪħĽŀĭħńĝĬňĴĺĸĔŅĵȮěņĬĺĬȮ0.ȮėĬ 

ĸņħńĭ 
ĽƞĺĬĽŌĚ ĬŘņľĬńĔ 

ŀŅĵŋ ŏıĻ ėƞŅħńĝĬňĴĺĸĔŅĵ ĽĩŅĬŃ 
ėƞŅěĶŇĚ ėƞŅĪňŗĺńħœħƟ ėƞŅěĶŇĚ ėƞŅĪňŗĺńħœħƟ 

1 168 167 60.5 60.3 21 ĝŅĵ 21.62 ĮĔĨŇ 
2 181 180 64.1 63.7 22 ĝŅĵ 19.66 įŀĴ 
3 162 160 50.1 49.6 49 ľĠŇĚ 19.34 įŀĴ 
4 166 165 53.5 54.3 35 ľĠŇĚ 19.93 įŀĴ 
5 172 171 64.1 65.7 27 ĝŅĵ 22.45 ĮĔĨŇ 
6 176 175 68,0 69,/ 39 ĝŅĵ 22.54 ĮĔĨŇ 
7 169 170 85,2 85,1 20 ľĠŇĚ 29.30 ŀƟĺĬ 
8 162 163 51,1 5/,3 50 ľĠŇĚ 17,16 įŀĴ 
9 167 168 71,0 70,/ 56 ĝŅĵ 24.82 ŀƟĺĬ 
10 168 169 56,6 55,6 51 ľĠŇĚ 19.32 įŀĴ 
11 175 175 72,3 72,5 27 ĝŅĵ 23.52 ĮĔĨŇ 
12 158 158 46,2 45,4 18 ľĠŇĚ 18.05 įŀĴ 
13 160 159 58,1 59,3 18 ľĠŇĚ 23.32 ĮĔĨŇ 
14 165 166 42,4 43,6 36 ľĠŇĚ 15,67 įŀĴ 
15 180 181 90,2 90,7 23 ĝŅĵ 27.47 ŀƟĺĬ 
16 182 183 76.1 75.7 24 ĝŅĵ 22.60 ĮĔĨŇ 
17 178 179 110.3 109.5 26 ĝŅĵ 34.16 ŀƟĺĬ 
18 189 188 88.2 87.6 37 ĝŅĵ 24.77 ŀƟĺĬ 
19 162 162 76.4 75.4 53 ľĠŇĚ 28.73 ŀƟĺĬ 
20 165 165 58.6 57.2 45 ľĠŇĚ 21.01 ĮĔĨŇ 

 
ěŅĔĳŅıĪňŗȮ3ȮĳŅıĪňŗȮ2ȮŐĸŃȮĳŅıĪňŗȮ3 ŏĮƦĬįĸĔŅĶĪħĽŀĭĕńŘĬĨŀĬĔŅĶŒĝƟĚŅĬŐĸŃĔŅĶŐĽħĚįĸĕŀĚĶŃĭĭĺńħėƞŅħńĝĬň

ĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬȮőħĵŏĶŇŗĴěŅĔŒľƟįŌƟŒĝƟĚŅĬĮĶŃŏĳĪįŀĴȮĵŊĬĭĬŏėĶŊŗŀĚĝńŗĚŏıŊŗŀĪņĔŅĶĺńħĬŘņľĬńĔŐĸŃĽƞĺĬĽŌĚȮ
ıĭĺƞŅįŌƟŒĝƟĚŅĬĴňĽƞĺĬĽŌĚȮ180 ŏĞĬĨŇŏĴĨĶȮĬŘņľĬńĔȮ63,7 ĔŇőĸĔĶńĴȮŐĸŃȮœħƟėƞŅȮBMI ŏĪƞŅĔńĭȮ19,7 ĽƞĚįĸŒľƟœħƟėƞŅħńĝĬňĴĺĸĔŅĵĶŃĭŋ
ŏĮƦĬȮLOW ľĶŊŀȮįŀĴȮĩńħĴŅŏĮƦĬįŌƟĪħĽŀĭĮĶŃŏĳĪĮĔĨŇȮıĭĺƞŅįŌƟŒĝƟĚŅĬĴňĽƞĺĬĽŌĚȮ/45 ŏĞĬĨŇŏĴĨĶȮĬŘņľĬńĔȮ6.,1 ĔŇőĸĔĶńĴȮŐĸŃȮ
œħƟėƞŅȮBMI ŏĪƞŅĔńĭȮ0/,40 ĽƞĚįĸŒľƟœħƟėƞŅħńĝĬňĴĺĸĔŅĵĶŃĭŋŏĮƦĬȮNormal ľĶŊŀȮĮĔĨŇȮėĬĽŋħĪƟŅĵĮĶŃŏĳĪŀƟĺĬȮıĭĺƞŅįŌƟŒĝƟĚŅĬĴň
ĽƞĺĬĽŌĚȮ157 ŏĞĬĨŇŏĴĨĶȮĬŘņľĬńĔȮ/.7,3 ĔŇőĸĔĶńĴȮŐĸŃȮœħƟėƞŅȮBMI ŏĪƞŅĔńĭȮ12,/5 ĽƞĚįĸŒľƟœħƟėƞŅħńĝĬňĴĺĸĔŅĵĶŃĭŋŏĮƦĬȮOVER 
ľĶŊŀȮŀƟĺĬȮĞŉŗĚěŅĔįĸĔŅĶĪħĽŀĭȮĶŃĭĭĪňŗįŌƟĺŇěńĵœħƟěńħĪņŐĽħĚŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıŒĬĔŅĶĪņĚŅĬĪňŗĶĺħŏĶŖĺȮŐĸŃŏľĴŅŃĽĴŀĵƞŅĚĵŇŗĚ
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ĽņľĶńĭĔŅĶĬņœĮŒĝƟŒĬĚŅĬěĶŇĚȮĔŅĶėņĬĺĦŐĸŃĔŅĶŐĽħĚįĸĶŃĭĭȮĽŅĴŅĶĩėņĬĺĦėƞŅħńĝĬňĴĺĸĔŅĵȮ&BMI'ȮŐĸŃěńħĔĸŋƞĴĳŅĺŃ
ĬŘņľĬńĔĨńĺœħƟŀĵƞŅĚĩŌĔĨƟŀĚĨŅĴĽŌĨĶĪňŗİƤĚŒĬőĮĶŐĔĶĴȮŐĸŃŐĽħĚįĸĭĬľĬƟŅěŀȮ&LCD'ȮěŅĔĬńŘĬįŌƟœħƟŏĔŖĭĕƟŀĴŌĸįŌƟŒĝƟŏėĶŊŗŀĚĺńħħńĝĬň
ĴĺĸĔŅĵŏıŇŗĴŀňĔěņĬĺĬȮ0.ȮėĬȮőħĵŏĔŖĭĕƟŀĴŌĸŀŅĵŋȮŐĸŃȮŏıĻȮŏıŇŗĴŏĨŇĴȮŏĮĶňĵĭŏĪňĵĭĔńĭėƞŅěĶŇĚĪňŗįŌƟĪħĽŀĭĺńħěŅĔŏėĶŊŗŀĚĝńŗĚĽƞĺĬĽŌĚ
ĪňŗœħƟĴŅĨĶģŅĬȮĽŅĴŅĶĩŐĽħĚįĸĔŅĶĪħĽŀĭĕƟŀĴŌĸœħƟħńĚĨŅĶŅĚĪňŗȮ0 
 

ĭĪĽĶŋĮįĸĔŅĶĺŇěńĵ 
įŌƟĺŇěńĵœħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚĶŃĭĭĺńħėƞŅħńĝĬňĴĺĸĔŅĵįƞŅĬŐŀııĸŇŏėĝńŗĬĽĴŅĶƢĪőĲĬȮŏĶŇŗĴěŅĔĨńĺŏėĶŊŗŀĚĴňĕĬŅħėĺŅĴ

ĔĺƟŅĚȮėĺŅĴĵŅĺȮŐĸŃėĺŅĴĽŌĚȮ1.Ȯx 50 x 200 ŏĞĬĨŇŏĴĨĶȮĮĶŃĔŀĭħƟĺĵģŅĬŐįƞĬŀŃėĶŇĸŇėĪňŗĴňŏĞĬŏĞŀĶƢőľĸħŏĞĸĸƢĶŌĮĽňŗŏľĸňŗĵĴ
ěńĨŋĶńĽȮĕĬŅħȮ1.Ȯx 1.ȮŏĞĬĨŇŏĴĨĶȮĽƞĺĬĔĸŅĚĕŀĚőėĶĚĽĶƟŅĚĴňĝŋħĮĶŃĴĺĸįĸȮNodeMCUȮĝŋħĶńĭĕƟŀĴŌĸȮHX5//ȮěŅĔőľĸħŏĞĸĸƢ
ĕĬŅħȮ0..ȮĔŇőĸĔĔĶńĴȮŐĸŃȮUltrasonic Module HC+SR04ȮĩńħĴŅŏĮƦĬȮĝŋħŐĽħĚįĸȮLCDȮŐĽħĚįĸĸńıīƢȮėƞŅĬŘņľĬńĔȮĽƞĺĬĽŌĚȮėƞŅ
ħńĝĬňĴĺĸĔŅĵȮőħĵĔƞŀĬĔŅĶĪħĽŀĭįŌƟĺŇěńĵœħƟĪņĔŅĶĺńħŏĪňĵĭĔńĭėƞŅĬŘņľĬńĔěĶŇĚȮ(calibration) įĸĔŅĶĪħĽŀĭıĭĺƞŅȮĶŃĭĭĴňėĺŅĴ
ėĸŅħŏėĸŊŗŀĬŏĜĸňŗĵȮŒĬĔŅĶĺńħĽƞĺĬĽŌĚŏĪƞŅĔńĭȮ0.85ȮŏĞĬĨŇŏĴĨĶȮėŇħŏĮƦĬŏĮŀĶƢŏĞŖĬėĺŅĴĩŌĔĨƟŀĚŏĪƞŅĔńĭȮ99.97 ŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃȮėƞŅ
ĬŘņľĬńĔŏĪƞŅĔńĭȮ.,75ȮĔŇőĸĔĶńĴȮėŇħŏĮƦĬŏĮŀĶƢŏĞŖĬĨƢėĺŅĴĩŌĔĨƟŀĚŏĪƞŅĔńĭȮ77,65ȮŏĮŀĶƢŏĞŖĬĨƢȮĞŉŗĚĴňėĺŅĴŐĴƞĬĵņĽŌĚĴŅĔȮĪņŒľƟėƞŅħńĝĬň
ĴĺĸĔŅĵĪňŗėņĬĺĦœħƟĴňėĺŅĴĽĴŏľĨŋĽĴįĸĨƞŀįŌƟŒĝƟĚŅĬȮĶŃĭĭĪňŗıńĥĬŅĴňėĺŅĴĽĴŅĶƢĪȮĔĶŃĪńħĶńħȮŐĸŃŒĝƟĚŅĬĚƞŅĵȮŏľĴŅŃĽĴĽņľĶńĭ
ĔŅĶĬņœĮŒĝƟŒĬĚŅĬěĶŇĚȮŒĬĽĩŅĬĪňŗĪňŗĴňįŌƟŒĝƟĚŅĬěņĬĺĬĴŅĔȮĪņŒľƟįŌƟŒĝƟĚŅĬœħƟĶńĭĕƟŀĴŌĸħƟŅĬĽŋĕĳŅıœħƟĪńĬĪňȮĬŀĔěŅĔĬňŘȮľŅĔĴňĔŅĶ
ŏĔŖĭĕƟŀĴŌĸĕŀĚįŌƟŒĝƟĚŅĬĪňŗŏĕƟŅĴŅŒĝƟĶŃĭĭŀŅěĬņĕƟŀĴŌĸĪňŗœħƟœĮŒĝƟĮĶŃőĵĝĬƢŒĬħƟŅĬĽŅīŅĶĦĽŋĕ (ŐĨƞėĺĶĶŃĴńħĶŃĺńĚŏĶŊŗŀĚȮPDPA)Ȯ
ŏıŊŗŀĽĶƟŅĚĽŋĕĳŅıĪňŗħňŒľƟĔńĭĽńĚėĴœĪĵĨƞŀœĮ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
ėĦŃįŌƟĺŇěńĵĕŀĕŀĭėŋĦőĮĶŐĔĶĴĺŇĝŅŏĪėőĬőĸĵňıĸńĚĚŅĬȮėĦŃŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴĪňŗĽĬńĭĽĬŋĬŐĸŃȮȮŒľƟėņĮĶŉĔļŅȮ

ŐĸŃŀŋĮĔĶĦƢŏėĶŊŗŀĚĴŊŀĽĩŅĬĪňŗĽĺĬıĸńĚĚŅĬŐĸŃŒĬĨŉĔĝńŘĬŏĶňĵĬĕŀĚĔŅĶŏĔŖĭĕƟŀĴŌĸĚŅĬĺŇěńĵȮĕŀĕŀĭėŋĦŀŅěŅĶĵƢĪňŗĮĶŉĔļŅȮŐĸŃȮ
ėĦŅěŅĶĵƢĕŀĚőĮĶŐĔĶĴĺŇĝŅĪŋĔĪƞŅĬȮĪňŗŒľƟėņĮĶŉĔļŅŐĸŃŒľƟėņŐĬŃĬņŒĬĔŅĶĽĶƟŅĚĝŇŘĬĚŅĬĺŇěńĵėĶńŘĚĬňŘŒľƟĽņŏĶŖěĸŋĸƞĺĚœħƟħƟĺĵħňȮ
ĕŀĕŀĭėŋĦėĶńĭ 
 

ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
Y1[ ĮĢŇĳŅĦȮĽŋĕħŇļģƢȮŐĸŃȮĽĺĬńĪȮŀŋħĴĶńĔļƢ,Ȯ&2553',ȮŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĽħĚėƞŅħńĝĬňĴĺĸĔŅĵȮ&The Body Mass Index 

Weighing Display Machine',ȮĺŇĪĵŅĬŇıĬīƢ ĺŇĻĺĔĶĶĴĻŅĽĨĶĭńĦĤŇĨ ıŇļĦŋőĸĔ :ȮĴľŅĺŇĪĵŅĸńĵĬŏĶĻĺĶ, 
Y2[ ĶĦĝńĵȮĴĶĔĨĻĶňĺĶĶĦȮ,ȮĺĝŇĶĮƤĠĠŅȮĮƤĠĠŅĺƞŀĚȮŐĸŃȮĽŅėĶȮŐĩĺőĬĬĚŇŘĺ,Ȯ&2564',ȮŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔŐĸŃĬńĭěņĬĺĬ
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15 ĮĶŃěņĮƖȮ2565, ĺńĬĪňŗȮ27-29 ĨŋĸŅėĴȮ2565 ĦȮőĶĚŐĶĴőĬőĺŏĪĸȮĝŋĴıĶȮĭňĝȮĶňĽŀĶƢĪȮŐŀĬĔŀĸƢĲȮěńĚľĺńħĝŋĴıĶ, 

[3] őĶĚıĵŅĭŅĸĕŀĬŐĔƞĬĶŅĴ,Ȯ&Ĵ,Į,Į,',ȮőĮĶŐĔĶĴėņĬĺĬėƞŅħńĝĬňĴĺĸĔŅĵȮ+ȮBMIȮĽŊĭėƟĬŏĴŊŗŀȮ21ȮĔńĬĵŅĵĬȮ2568, 
  ěŅĔȮhttps://www.khonkaenram.com/th/services/health-information/health-articles/checkup-and-

vaccine/program-bmi 
 
 



               
 
 

 
 

164 

ĻńĔĵĳŅıŒĬĔŅĶįĸŇĨœĲĲƚŅěŅĔėĺŅĴĶƟŀĬĪŇŘĚœŀŏĽňĵįƞŅĬĺńġěńĔĶŐĶĚėŇĬĽŅĶŀŇĬĪĶňĵƢ: ĔĶĦňŒĝƟĕħĪƞŀľĴŋĬŏĺňĵĬ 
ŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬ 

Potential for Electricity Generation from Exhaust Waste Heat via an Organic Rankine 
Cycle: A Case Study Using a Run-Around Coil Heat Exchanger 

 
īĶĦŇĻĺĶƢȮħňĪŅĵŅĪ1, ŏľĬŊŀıĸȮħĺĚŏĭňŘĵ1,2, ĺŅĽĬŅȮėņőŀĳŅĽ1,3,ȮŀĶĶĩĔĶȮŀŅĽĬėņ1ŐĸŃ ĪĬĚŏĔňĵĶĨŇȮŏĔňĵĶĨŇĻŇĶŇőĶěĬƢ1 
1 ľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵĶŃĭĭĪŅĚŀŋĦľĳŅıȮĳŅėĺŇĝŅĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮ 

ŏĝňĵĚŒľĴƞȮ3.0.. 
2ȮĽņĬńĔĚŅĬĭĶŇľŅĶĚŅĬĺŇěńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŏĝňĵĚŒľĴƞȮ3.0.. 
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ABSTRACT 
In this study, the potential for electricity generation from exhaust gases at various temperatures 

and flow rates was investigated using an Organic Rankine cycle (ORC) with R245fa as the working fluid. A 
run-around coil heat exchanger was employed to transfer heat from the exhaust gas to the working fluid in 
rfcȮMPA,ȮRfcȮkglgkskȮcvf_sqrȮe_qȮrckncp_rspcȮ_drcpȮfc_rȮcvaf_lecȮu_qȮk_glr_glcbȮ_rȮ/0.Ȯ°AȮrmȮnpctclrȮ
amlbclq_rgmlȮmdȮu_rcpȮt_nmpȮglȮrfcȮcvf_sqr,Ȯ?ȮnglafȮrckncp_rspcȮbgddcpclacȮmdȮ/.Ȯ°AȮu_qȮqncagdgcbȮ`crween 
the evaporator temperature and the hot-water temperature. The investigation considered exhaust gas 
rckncp_rspcqȮp_legleȮdpmkȮ/3.Ȯ°AȮrmȮ13.Ȯ°A*ȮugrfȮrfcȮp_rgmȮmdȮrfcȮrmr_jȮfc_rȮa_n_agrwȮp_rcqȮmdȮrfcȮfmrȮu_rcpȮ
to the exhaust gas varying between 2 and 5. The results indicated that as the exhaust gas temperature 
increased, both the hot-water temperature produced and the ORC evaporator temperature increased, 
leading to higher overall efficiency and greater power output from the cycle. However, when the water 
heat capacity rate or the heat capacity rate ratio decreased, the evaporator temperature could rise above 
the cycle's operational limits. Therefore, at higher exhaust gas temperatures, the heat capacity rate ratio 
needed to be maintained at a higher value to prevent excessive evaporator temperatures. For an ORC using 
R245fa as the working fluid, the evaporator temperature was not recommendcbȮrmȮcvaccbȮ/3.Ȯ°A*Ȯ_qȮt_jscqȮ
approaching the critical temperature could adversely affect cycle operation. 

 
Keywords: Organic Rankine cycle; exhaust gas; electricity generation; run-around coil heat exchanger 
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ŒĬĚŅĬĺŇěńĵĬňŘœħƟĻŉĔļŅľŅĻńĔĵĳŅıŒĬĔŅĶįĸŇĨœĲĲƚŅěŅĔœŀŏĽňĵȮĪňŗŀŋĦľĳŌĴŇŐĸŃŀńĨĶŅĔŅĶœľĸĨƞŅĚŕȮįƞŅĬĺńġěńĔĶŐĶĚėŇĬ
ĽŅĶŀŇĬĪĶňĵƢĪňŗŒĝƟȮR245faȮŏĮƦĬĽŅĶĪņĚŅĬȮőħĵěŃĴňȮŏėĶŊŗŀĚŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬŐĭĭĕħĪƞŀľĴŋĬŏĺňĵĬŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴ
ĶƟŀĬĶŃľĺƞŅĚœŀŏĽňĵȮŐĸŃĽŅĶĪņĚŅĬŒĬĺńĢěńĔĶŐĶĚėŇĬĽŅĶŀŇĬĪĶňĵƢȮĪńŘĚĬňŘŀŋĦľĳŌĴŇœŀŏĽňĵľĸńĚěŅĔŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĴňėƞŅĨŗņĽŋħĪňŗȮ
/0.°AȮŏıŊŗŀĮƚŀĚĔńĬœĴƞŒľƟŏĔŇħĔŅĶėĺĭŐĬƞĬĕŀĚœŀĬŘņŒĬœŀŏĽňĵ ŐĸŃĔņľĬħŀŋĦľĳŌĴŇıŇĬĝƢŒĬĔŅĶŐĸĔŏĮĸňŗĵĬėĺŅĴĶƟŀĬĶŃľĺƞŅĚ
ŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮŐĸŃŀŋĦľĳŌĴŇĬŘņĶƟŀĬŀĵŌƞĪňŗȮ/.°AȮĔŅĶĻŉĔļŅěŃıŇěŅĶĦŅŒĬĝƞĺĚŀŋĦľĳŌĴŇœŀŏĽňĵŀĵŌƞĶŃľĺƞŅĚȮ/3.+13.°AȮ
ŐĸŃŀńĨĶŅĽƞĺĬėĺŅĴěŋėĺŅĴĶƟŀĬĶĺĴĕŀĚĬŘņĶƟŀĬŐĸŃœŀŏĽňĵŀĵŌƞĶŃľĺƞŅĚȮ0+3ȮěŅĔįĸĔŅĶĻŉĔļŅŏĴŊŗŀŀŋĦľĳŌĴŇœŀŏĽňĵĴňėƞŅŏıŇŗĴĕŉŘĬȮ
ŀŋĦľĳŌĴŇĬŘņĶƟŀĬĪňŗįĸŇĨœħƟ ŐĸŃŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢĕŀĚĺńĢěńĔĶěŃŏıŇŗĴĕŉŘĬħƟĺĵȮĞŉŗĚěŃĽƞĚįĸĨƞŀėƞŅĮĶŃĽŇĪīŇĳŅıĶĺĴŐĸŃĔņĸńĚ
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ĚŅĬĪňŗœħƟěŅĔĺńĢěńĔĶȮĞŉŗĚěŃĴňėƞŅĽŌĚĨŅĴŀŋĦľĳŌĴŇœŀŏĽňĵĪňŗŏıŇŗĴĕŉŘĬȮŀĵƞŅĚœĶĔŖĨŅĴȮĩƟŅėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬĶĺĴĕŀĚĬŘņľĶŊŀŀńĨĶŅĽƞĺĬ
ėĺŅĴěŋėĺŅĴĶƟŀĬĶĺĴĕŀĚĬŘņĨƞŀėĺŅĴěŋėĺŅĴĶƟŀĬĶĺĴĕŀĚœŀŏĽňĵĸħĸĚȮŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢȮŀŅěĽŌĚŏĔŇĬĔĺƞŅĪňŗĺńĢěńĔĶěŃ
ĪņĚŅĬœħƟȮħńĚĬńŘĬȮĪňŗŀŋĦľĳŌĴŇœŀŏĽňĵĴňėƞŅĽŌĚȮėĺĶŒľƟŀńĨĶŅĽƞĺĬėĺŅĴěŋėĺŅĴĶƟŀĬĶĺĴĴňėƞŅĽŌĚȮŏıŊŗŀėĺĭėŋĴŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢ
œĴƞŒľƟĽŌĚŏĔŇĬœĮȮĽņľĶńĭĺńĢěńĔĶĪňŗŒĝƟĽŅĶĪņĚŅĬȮR245fa ŀŋĦľĳŌĴŇŀňĺŅĮŀŏĶŏĨŀĶƢœĴƞėĺĶŏĔŇĬȮ/3.°AȮĞŉŗĚŒĔĸƟĔńĭěŋħĺŇĔķĨŇĴŅĔŏĔŇĬœĮ 
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The Influence of Porous Material Thickness on the Thermal Performance of            

Steam-Powered Water Pump 
ȮȮȮ 
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Abstract 

This research aims to investigate the influence of porous material thickness on the thermal 
efficiency and specific energy consumption index of a steam-powered water pump using waste heat from 
the combustion of 60 kg of wood obtained from Rajamangala University of Technology Isan. The static 
suction head was set at 3 m and the static discharge head at 1 m. Experiments were conducted comparing 
cases with and without the installation of fibrous porous materials with a porosity of 0.954, packed in 
stainless steel 304 mesh, which was formed into rectangular shapes with dimensions of 148.08 mm width, 
895.10 mm height, and thicknesses of 25.4 mm, 38.1 mm, and 50.8 mm, respectively. Four sheets were 
installed inside the steam generation tank. The research results found that installing 50.8 mm thick, porous 
material had the lowest SEC value of 754.86 kJ/L, while the case without porous material installation had 
the highest SEC value of 1,064.05 kJ/L. Therefore, installing porous materials with thicknesses of 25.4 mm, 
38.1 mm, and 50.8 mm helped reduce energy consumption by 20.57%, 20.82%, and 29.06%, respectively. 
Installing 38.1 mm and 50.8 mm thick, porous materials showed similar thermal efficiencies of 56.9%, while 
the case without porous material installation had an efficiency of 48.87%. Therefore, installing 38.1 mm 
and 50.8 mm thick, porous materials significantly helped increase thermal efficiency by 8% and reduce the 
specific energy consumption index of steam-powered water pumps by 20.82% and 29.06%, respectively, 
compared to cases without porous material installation. 

 
Keywords: Porous material, Charcoal Kiln, Steam-Powered Water Pump 
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 ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĻŉĔļŅŀŇĪīŇıĸĕŀĚėĺŅĴľĬŅĕŀĚĺńĽħŋıĶŋĬĪňŗĴňĨƞŀĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŐĸŃėƞŅħńĝĬň
ĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃĕŀĚĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņěŅĔėĺŅĴĶƟŀĬŏľĸŊŀĪŇŘĚěŅĔĔŅĶŏįŅœĴƟĮĶŇĴŅĦȮ4.Ȯkg ĪňŗœħƟěŅĔĳŅĵŒĬ
ĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮĔņľĬħĶŃħńĭŏŁħĽĩŇĨħƟŅĬħŌħŏĪƞŅĔńĭȮ1Ȯm ŐĸŃŏŁħĽĩŇĨħƟŅĬĽƞĚŏĪƞŅĔńĭȮ/Ȯm ĪņĔŅĶ
ĪħĸŀĚŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĔŅĶĴňŐĸŃœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĝĬŇħŏĽƟĬŒĵȮ&Fibrous Porous Materials) ĴňėƞŅėĺŅĴıĶŋĬȮ
&Porosity) ŏĪƞŅĔńĭȮ.,732ȮĩŌĔĭĶĶěŋŒĬĨŅĕƞŅĵĽŐĨĬŏĸĽȮ1.2ȮĞŉŗĚĩŌĔĬņĴŅħńħŏĮƦĬĪĶĚĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħĔĺƟŅĚȮ/26,.6Ȯmm 
ĽŌĚȮ673,/.Ȯmm ľĬŅȮ03,2Ȯmm 16,/Ȯmm ŐĸŃȮ3.,6Ȯmm ĨŅĴĸņħńĭȮěņĬĺĬȮ2ȮŐįƞĬĩŌĔĨŇħĨńŘĚĳŅĵŒĬĩńĚįĸŇĨœŀĬŘņȮ
įĸĔŅĶĺŇěńĵıĭĺƞŅȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ3.,6Ȯmm ĴňėƞŅȮSEC ĨŗņĪňŗĽŋħŏĪƞŅĔńĭȮ532,64ȮkJ/L ŒĬĕĦŃĪňŗĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋ
ıĶŋĬĴňėƞŅȮSEC ĽŌĚĪňŗĽŋħŏĪƞŅĔńĭȮ/,.42,.3ȮkJ/L ħńĚĬńŘĬȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ03,2Ȯmm 16,/Ȯmm ŐĸŃȮ3.,6Ȯmm ěŉĚĝƞĺĵĸħ
ĔŅĶŒĝƟıĸńĚĚŅĬŏĪƞŅĔńĭȮ0.,35#Ȯ0.,60#ȮŐĸŃȮ07,.4#ȮĨŅĴĸņħńĭȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ16,/Ȯmm ŐĸŃȮ3.,6Ȯmm ĴňėƞŅ
ĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŒĔĸƟŏėňĵĚĔńĬŏĪƞŅĔńĭȮ34,7#ȮŒĬĕĦŃĪňŗĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĴňėƞŅŏĪƞŅĔńĭȮ26,65#ȮħńĚĬńŘĬȮĔŅĶ
ĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ16,/Ȯmm ŐĸŃȮ3.,6Ȯmm ěŉĚĴňĬńĵĽņėńĠŒĬĔŅĶĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬœħƟȮ6#ȮŐĸŃĝƞĺĵĸħėƞŅ
ħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃĕŀĚĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņœħƟȮ0.,60#ȮŐĸŃȮ07,.4#ȮĨŅĴĸņħńĭȮŏĴŊŗŀŏĪňĵĭĔńĭĔŅĶœĴƞĨŇħĨńŘĚĺńĽħŋıĶŋĬ 
ėņĽņėńĠ8ȮȮĺńĽħŋıĶŋĬ,ȮŏĨŅŏįŅĩƞŅĬ,ȮĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņ 
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 ŒĬıŊŘĬĪňŗĝĬĭĪĕŀĚĮĶŃŏĪĻœĪĵĔŅĶŒĝƟĩƞŅĬœĴƟěŅĔĔŅĶŏįŅĩƞŅĬĵńĚėĚĴňĭĪĭŅĪĽņėńĠŒĬėĶńĺŏĶŊŀĬŏĔļĨĶĔĶȮőħĵŏĜıŅŃ
ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀıĭĺƞŅȮĔŅĶŒĝƟĩƞŅĬœĴƟŏĮƦĬıĸńĚĚŅĬĽņľĶńĭĔŇěĔĶĶĴŒĬėĶńĺŏĶŊŀĬėŇħŏĮƦĬȮ0/% ĕŀĚıĸńĚĚŅĬĪńŘĚľĴħŒĬ
ėĶńĺŏĶŊŀĬȮĕĦŃŏħňĵĺĔńĬŒĬŏĕĨĝŅĬŏĴŊŀĚŐĸŃŒĬŏĴŊŀĚĴňĽńħĽƞĺĬėŇħŏĮƦĬȮ/4% ŐĸŃȮ4% ĨŅĴĸņħńĭȮ[1] ĔĶŃĭĺĬĔŅĶŏįŅĩƞŅĬ
ĮĸħĮĸƞŀĵėĺŅĴĶƟŀĬŒĬĮĶŇĴŅĦĴŅĔŐĸŃĴňĻńĔĵĳŅıŒĬĔŅĶĬņėĺŅĴĶƟŀĬŏľĸŊŀĪŇŘĚĴŅĮĶŃĵŋĔĨƢŒĝƟŏĝŇĚĽŅīŅĶĦĮĶŃőĵĝĬƢȮŏĝƞĬȮ
ĶŃĭĭĽŌĭĬŘņŏıŊŗŀĔŅĶŀŋĮőĳėŐĸŃŏĔļĨĶĔĶĶĴŒĬĪƟŀĚĩŇŗĬȮĞŉŗĚĽŅĴŅĶĩĸħĔŅĶıŉŗĚıŅĮƤƩĴĬŘņœĲĲƚŅŐĸŃĸħĨƟĬĪŋĬıĸńĚĚŅĬĕŀĚ
ėĶńĺŏĶŊŀĬœħƟȮ[2]  
 ĔŅĶŏĮĸňŗĵĬıĸńĚĚŅĬėĺŅĴĶƟŀĬŏıŊŗŀŒĝƟŒĬĔŅĶĕńĭħńĬĬŘņħƟĺĵŏėĶŊŗŀĚĽŌĭĬŘņĔņĸńĚœŀĬŘņĴňĔŅĶĻŉĔļŅĔńĬĴŅŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬŐĚƞ
įĸĕŀĚėĺŅĴħńĬŏĔěȮŀŋĦľĳŌĴŇĬŘņľĸƞŀŏĵŖĬŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĪňŗĴňįĸĨƞŀĮĶŇĴŅĦĬŘņĪňŗĽŌĭĬŘņȮėĺŅĴĽŌĚħƟŅĬħŌħĕŀĚĶŃĭĭĪňŗ
ĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŏėĶŊŗŀĚĽŌĭĬŘņȮ[3-5] ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮĔŅĶĽŌĠŏĽňĵėĺŅĴĶƟŀĬĶŃľĺƞŅĚĔĶŃĭĺĬĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬĵńĚŏĮƦĬ
ĮƤěěńĵĽņėńĠĪňŗĽƞĚįĸŒľƟĮĶŃĽŇĪīŇĳŅıŏėĶŊŗŀĚĽŌĭĬŘņĔņĸńĚœŀĬŘņĨŗņȮ[6] ŏĪėĬŇėĔŅĶŏıŇŗĴĽńĴĮĶŃĽŇĪīŇśĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬħƟĺĵĔŅĶŒĝƟ
ĺńĽħŋıĶŋĬŏĮƦĬĨńĺĔĸŅĚŒĬĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬȮŏĬŊŗŀĚěŅĔėŋĦĸńĔļĦŃıŇŏĻļĕŀĚĺńĽħŋıĶŋĬĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĮĸňŗĵĬĶŌĮ
ıĸńĚĚŅĬėĺŅĴĶƟŀĬœħƟŀĵƞŅĚħňȮ[7]Ȯ 
 ěŅĔĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅŐĽħĚŒľƟŏľŖĬĺƞŅĴňĔŅĶĮĶŃĵŋĔĨƢŒĝƟĺńĽħŋıĶŋĬŒĬĚŅĬĪňŗŏĔňŗĵĺĔńĭŀŋĦľĳŅıĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŏĝŇĚ
ėĺŅĴĶƟŀĬȮěŅĔėĺŅĴőħħŏħƞĬŒĬĔŅĶħŌħĞńĭėĺŅĴĶƟŀĬĕŀĚĺńĽħŋıĶŋĬěŉĚĬƞŅĽĬŒěŒĬĔŅĶĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņĪňŗ
ŒĝƟėĺŅĴĶƟŀĬŏľĸŊŀĪŇŘĚěŅĔŏĨŅŏįŅĩƞŅĬŏĮƦĬŐľĸƞĚėĺŅĴĶƟŀĬȮħńĚĬńŘĬŒĬĚŅĬĺŇěńĵĬňŘěŉĚœħƟıńĥĬŅŀŋĮĔĶĦƢŏĔŖĭĽŃĽĴėĺŅĴĶƟŀĬěŅĔĺńĽħŋ
ıĶŋĬĝĬŇħŏĽƟĬŒĵŏľĸŖĔĪňŗĴňėƞŅėĺŅĴıĶŋĬŏĪƞŅĔńĬŐĨƞĴňėĺŅĴľĬŅĕŀĚĺńĽħŋıĶŋĬŐĨĔĨƞŅĚĔńĬȮőħĵĨŇħĨńŘĚĭĶŇŏĺĦįĬńĚħƟŅĬŒĬĽƞĺĬįĸŇĨœŀ
ĬŘņ ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŐĸŃėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃŒľƟĔńĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņĔĶĦňĴňĔŅĶĨŇħĨńŘĚ
ĺńĽħŋıĶŋĬĪňŗėĺŅĴľĬŅĕŀĚĺńĽħŋıĶŋĬŐĨĔĨƞŅĚĔńĬŐĸŃĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬȮĚŅĬĺŇěńĵĬňŘĴŋƞĚľĺńĚŒĬĔŅĶŒĝƟıĸńĚĚŅĬŀĵƞŅĚėŋƟĴėƞŅ
ŐĸŃĽĶƟŅĚĽńĚėĴėŅĶƢĭŀĬĨŗņŒľƟĔńĭĮĶŃŏĪĻœĪĵ 

 
ĺŇīňĔŅĶĺŇěńĵ 

/'ȮőėĶĚĽĶƟŅĚĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņěŅĔėĺŅĴĶƟŀĬŏľĸŊŀĪŇŘĚěŅĔĔŅĶŏįŅĩƞŅĬ 
ĔŅĶĮĶŃĵŋĔĨƢŒĝƟĺńĽħŋıĶŋĬŏıŊŗŀŏıŇŗĴĽĴĶĶĩĬŃĔŅĶĩƞŅĵŏĪėĺŅĴĶƟŀĬŒĬĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņȮħńĚĳŅıĪňŗȮ/ȮěŅĔėĺŅĴ

ĶƟŀĬŏľĸŊŀĪŇŘĚěŅĔĔŅĶŏįŅĩƞŅĬ ĪņœħƟőħĵĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĝĬŇħŏĽƟĬŒĵȮ&Fibrous Porous Materials'ȮĪňŗœħƟĴŅěŅĔŏĻļĕňŘĔĸŉĚ
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ŏľĸŖĔȮĴňėƞŅėĺŅĴıĶŋĬȮ&Porosity'ȮŏĪƞŅĔńĭȮ.,732ȮĩŌĔĭĶĶěŋŒĬĨŅĕƞŅĵĽŐĨĬŏĸĽȮ1.2ȮĞŉŗĚĩŌĔĬņĴŅħńħŏĮƦĬĪĶĚĽňŗŏľĸňŗĵĴįŊĬįƟŅĕĬŅħ
ĔĺƟŅĚȮ/26,.6Ȯmm ĽŌĚȮ673,/.Ȯmm ĪňŗĴňėĺŅĴľĬŅȮ03,2Ȯmm 38.1 mm ŐĸŃȮ3.,6Ȯmm ĨŅĴĸņħńĭ ħńĚĳŅıĪňŗȮ0ȮŏĕƟŅœĮŒĬĩńĚ
įĸŇĨœŀĬŘņȮ&Heating Tank'ȮĸńĔļĦŃŏĮƦĬĩńĚŏľĸŖĔĪĶĚĔĶŃĭŀĔŐĬĺĨńŘĚȮĕĬŅħėĺŅĴěŋĩńĚȮ0.. L ěņĬĺĬȮ0ȮĩńĚȮĳŅĵŒĬĨŇħĨńŘĚĕħĪƞŀ
ĪŀĚŐħĚĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/7,.3Ȯmm ľĬŅȮ.,53Ȯmm ĵŅĺȮ3,433Ȯmm  

 
ĳŅıĪňŗȮ/ȮőėĶĚĽĶƟŅĚĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņ 

 

 
ĳŅıĪňŗȮ0ȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬŒĬĽƞĺĬįĸŇĨœŀĬŘņ 

 
0'ȮĔŅĶĺŇŏėĶŅŃľƢĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņ 
ĔŅĶĺŇŏėĶŅŃľƢĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņŒĬĚŅĬĺŇěńĵĬňŘȮŏĬƟĬĺŇŏėĶŅŃľƢėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃȮ&Specific Energy 

Consumption: SEC'ȮŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬ (Thermal Efficiency) ĨńĺŐĮĶĪňŗĨĶĺěĺńħŏıŊŗŀĬņĴŅĮĶŃĔŀĭĔŅĶ

ĺŅĸƢĺĮĶŃĨŌĬŘņȮ&Gate Valve' 
ĩńĚĬŘņľĸƞŀŏĵŖĬ 

ĺŅĸƢĺĸŌĔĮƕĚĮŀĚ 

ěŋħŏĮƕħĽŌƞĭĶĶĵŅĔŅĻ 

ĩńĚŏĔŖĭĬŘņĶƟŀĬ 

ŐľĸƞĚĬŘņěņĸŀĚ 

ŏĨŅŏįŅĩƞŅĬœĶƟėĺńĬ 

ĺŅĸƢĺĔńĬĔĸńĭȮ&Check Valve' 

ĩńĚĕńĭħńĬĬŘņ 
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ĺŇŏėĶŅŃľƢȮŏĝƞĬȮėƞŅŀŋĦľĳŌĴŇȮŏŁħĽĩŇĨħƟŅĬħŌħŐĸŃħƟŅĬěƞŅĵȮĮĶŇĴŅĨĶĬŘņĪňŗĽŌĭĬŘņœħƟȮŐĸŃıĸńĚĚŅĬĪňŗŒĝƟŒĬĔŅĶĽŌĭĬŘņȮŏĮƦĬĨƟĬȮőħĵėƞŅ
ħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĶŃĭĭĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņȮĽŅĴŅĶĩėņĬĺĦœħƟěŅĔĽĴĔŅĶĪňŗȮ/+2 

 in

total

Q
SEC

V
=  &1' 

ŏĴŊŗŀȮSECėŊŀȮėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃȮ&kJ/L'ȮinQ ėŊŀȮėƞŅėĺŅĴĶƟŀĬŏĝŊŘŀŏıĸŇĚĪňŗĮƚŀĬŒľƟĔńĭĶŃĭĭȮ&kW'ȮŐĸŃȮ

totalV ėŊŀȮĮĶŇĴŅĨĶĬŘņĪňŗĽŌĭœħƟĪńŘĚľĴħȮ&L/s' 
 

 
( ) ( )

Wood Charcoal
in

total

HHV m HHV m
Q

t

Ë - Ë
=  &0' 

ŏĴŊŗŀȮHHVėŊŀȮėƞŅėĺŅĴĶƟŀĬĕŀĚŏĝŊŘŀŏıĸŇĚȮ&kJ/kg'ȮmėŊŀȮĴĺĸĕŀĚŏĝŊŘŀŏıĸŇĚȮ(kg) totalt ėŊŀȮŏĺĸŅĪńŘĚľĴħĪňŗŒĝƟŒĬĔŅĶ
ĪħĸŀĚȮ&s' 

 

 100s
th

in

Q

Q
h = Ë  &1' 

ŏĴŊŗŀ thh ėŊŀȮĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬȮsQ ėŊŀȮĮĶŇĴŅĦėĺŅĴĶƟŀĬĪňŗĬŘņœħƟĶńĭȮ&kW'Ȯ 
 

 ( ), , ,s w p w w o w iQ m C T T= Ë Ë -&  &2' 

ŏĴŊŗŀȮwm& ėŊŀȮŀńĨĶŅĔŅĶœľĸŏĝŇĚĴĺĸĕŀĚĬŘņȮ&kg/s'Ȯ,p wC ėŊŀȮėƞŅėĺŅĴěŋėĺŅĴĶƟŀĬěņŏıŅŃĕŀĚĬŘņ (kJ/kg K)        ,w oT

ėŊŀ ŀŋĦľĳŌĴŇĬŘņŀŀĔěŅĔĩńĚįĸŇĨœŀĬŘņȮ&K'Ȯ,w iT ėŊŀ ŀŋĦľĳŌĴŇĬŘņŏĕƟŅĩńĚįĸŇĨœŀĬŘņȮ&K' 
 
1'ȮĺŇīňĔŅĶĪħĸŀĚ 
ŏĴŊŗŀĨĶĺěŏĝŖėėĺŅĴıĶƟŀĴĕŀĚĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņŐĸŃĨŇħĨńŘĚŏėĶŊŗŀĚĴŊŀĺńħŀŋĦľĳŌĴŇŏĶňĵĭĶƟŀĵŐĸƟĺȮœĴƟĪňŗœħƟěŅĔ

ĳŅĵŒĬĭĶŇŏĺĦĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮĮĶŇĴŅĦȮ4.ȮkgȮĩŌĔĭĶĶěŋŒĬŏĨŅŏįŅĩƞŅĬľĴŅĵŏĸĕȮ/ȮŐĸŃȮ0ȮĨŅĴĸņħńĭȮ
œĴƟĩŌĔŒĝƟŒĬĔŅĶŏįŅĩƞŅĬŐĸŃŏĮƦĬŐľĸƞĚıĸńĚĚŅĬėĺŅĴĶƟŀĬŒľƟĔńĭĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņȮėƞŅėĺŅĴĶƟŀĬŏĝŊŘŀŏıĸŇĚĕŀĚœĴƟĩŌĔ
ĺŇŏėĶŅŃľƢħƟĺĵŏėĶŊŗŀĚĭŀĴĭƢŐėĸŀĶŇĴŇŏĨŀĶƢȮ&Bomb Calorimeter)ȮĔņľĬħŏĚŊŗŀĬœĕŏĶŇŗĴĨƟĬȮĶŃħńĭŏŁħĽĩŇĨħƟŅĬħŌħȮŏĪƞŅĔńĭȮ1Ȯm 
ŐĸŃŏŁħĽĩŇĨħƟŅĬĽƞĚȮŏĪƞŅĔńĭȮ/Ȯm ľĸńĚěŅĔĬńŘĬȮĴňĕńŘĬĨŀĬĔŅĶĪħĸŀĚȮħńĚĬňŘ 

1) ĨŇħĨńŘĚĺńĽħŋıĶŋĬĝĬŇħŏĽƟĬŒĵĪňŗĴňėĺŅĴľĬŅȮ03,2Ȯmm ěņĬĺĬȮ2ȮĝŋħŒĬŐĬĺĨńŘĚĨŅĴŐĬĺĶńĻĴňĶŀĭŏĨŅŏįŅĩƞŅĬŐĨƞĸŃŏĨŅȮ
ħƟĺĵĶŃĵŃľƞŅĚĪňŗŏĪƞŅĔńĬ 

2) ĭĶĶěŋĬŘņŏĕƟŅœĮŒĬĕħĪƞŀĪŀĚŐħĚĳŅĵŒĬĩńĚįĸŇĨœŀĬŘņįƞŅĬĩńĚĕńĭħńĬĬŘņěĬĔĶŃĪńŗĚĬŘņŏĨŖĴĶŃĭĭ 
3) ěŋħŏĨŅŏįŅĩƞŅĬĪńŘĚȮ0ȮŏĨŅıĶƟŀĴĔńĬȮıĶƟŀĴĔńĭŏĶŇŗĴĭńĬĪŉĔėƞŅŀŋĦľĳŌĴŇĪŋĔŕȮ/ sec ŒĬĔĶŃĭĺĬĔŅĶŏįŅĩƞŅĬŒĝƟŏĺĸŅ

ĮĶŃĴŅĦȮ4ȮĝńŗĺőĴĚĨƞŀĶŀĭĔŅĶĪħĸŀĚȮŏĴŊŗŀĽŇŘĬĽŋħĔŅĶŏįŅĩƞŅĬŒĬŐĨƞĸŃĶŀĭȮĩƞŅĬĝňĺĳŅıȮ&Charcoal'ȮĪňŗœħƟěŃĩŌĔĬņœĮĝńŗĚĬŘņľĬńĔ
ŐĸŃĺŇŏėĶŅŃľƢėƞŅėĺŅĴĶƟŀĬŏĝŊŘŀŏıĸŇĚħƟĺĵŏėĶŊŗŀĚĭŀĴĭƢŐėĸŀĶŇĴŇŏĨŀĶƢ 

4) ŏĴŊŗŀėĺŅĴħńĬŒĬĩńĚĕńĭħńĬŏıŇŗĴĕŉŘĬĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņěŃĽŌĭĬŘņěŅĔŐľĸƞĚĬŘņŐĸŃěƞŅĵœĮĵńĚĩńĚŏĔŖĭĬŘņȮĩŊŀ
ŏĮƦĬȮ1ȮĶŀĭĔŅĶĪņĚŅĬȮĶŃĵŃŏĺĸŅĪňŗŒĝƟŏĔŖĭĕƟŀĴŌĸĔŅĶĽŌĭĬŘņĪńŘĚľĴħėŊŀȮ/0.Ȯmin ŐĸƟĺĭńĬĪŉĔĮĶŇĴŅĦĬŘņĪňŗĽŌĭĬŘņœħƟȮŐĸŃľĵŋħ
ĭńĬĪŉĔėƞŅŀŋĦľĳŌĴŇ ŏĔŖĭĕƟŀĴŌĸĞŘņȮ0ȮĶŀĭĔŅĶĪņĚŅĬ 

5) ĪņĞŘņĨŅĴĕƟŀȮ1ȮĩŉĚȮ2ȮőħĵŏĮĸňŗĵĬėĺŅĴľĬŅĕŀĚĺńĽħŋıĶŋĬŏĮƦĬȮ38.1 mm ŐĸŃȮ50.8 mm ĨŅĴĸņħńĭȮ 
6) ĬņĕƟŀĴŌĸĪňŗœħƟěŅĔŀŋĮĔĶĦƢĭńĬĪŉĔĕƟŀĴŌĸĴŅĺŇŏėĶŅŃľƢľŅėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃŐĸŃĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴ

ĶƟŀĬĕŀĚĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņ 
 
 



               
 
 

 
 

170 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
 /'ȮıķĨŇĔĶĶĴĔŅĶŏĮĸňŗĵĬŐĮĸĚŀŋĦľĳŌĴŇĕŀĚĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņ 
ĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņȮ&Bottom Temperature at Liquid Piston Tank'ȮĔńĭŀŋĦľĳŌĴŇ

ĳŅĵŒĬĩńĚįĸŇĨœŀĬŘņȮ&Heating Tank Temperature'ȮĞŉŗĚŏĮƦĬĨńĺŐĮĶĪňŗĽŃĪƟŀĬŒľƟŏľŖĬěņĬĺĬėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņĪňŗĴňĔŅĶĨŇħĨńŘĚ
ĺńĽħŋıĶŋĬĪňŗĴňėĺŅĴľĬŅȮ25.4 mm 38.1 mm ŐĸŃȮ50.8 mmȮĨŅĴĸņħńĭȮĔńĭĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬȮįĸĪňŗœħƟŐĽħĚŒľƟŏľŖĬ
ĺƞŅȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŀŋĦľĳŌĴŇĴňŐĬĺőĬƟĴœĮŒĬĪŇĻĪŅĚŏħňĵĺĔńĬȮħńĚĳŅıĪňŗȮ1ȮĪŋĔĔĶĦňŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņŐĸŃĩńĚįĸŇĨ
œŀĬŘņěŃėƞŀĵŕȮŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔėĺŅĴĶƟŀĬěŅĔĔŅĶŏįŅœľĴƟĕŀĚœĴƟĳŅĵŒĨƟĽĳŅĺŃěņĔńħŀŀĔĞŇŏěĬȮĪņŒľƟĽŅĶŀŇĬĪĶňĵƢŒĬŏĬŊŘŀœĴƟŏĮƦĬ
ĶŌĮŏĮƦĬĩƞŅĬȮŏĶňĵĔĺƞŅȮėŅĶƢĭŀĬœĬŏĞĝńŗĬȮ&Carbonization'ȮőħĵĪňŗŀŋĦľĳŌĴŇěŃĴňėƞŅĽŌĚĽŋħŒĬĕńŘĬĨŀĬĔŅĶėŅĵėĺŅĴĶƟŀĬŐĸŃľĸńĚ
ěŅĔĬńŘĬŀŋĦľĳŌĴŇěŃėƞŀĵŕȮĸħĸĚŏĬŊŗŀĚěŅĔĕńŘĬĨŀĬĔŅĶĪņŒľƟŏĵŖĬĨńĺ 

ěŅĔĳŅıĪňŗȮ1aȮĔĶĦňœĴƞĨŇħĨńŘĚĺńĽħŋıĶŋĬıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĩŉĚȮ0..Ȯ°AȮ&įƞŅĬœĮȮ23ȮĬŅĪň'ȮĶŃĭĭěŃ
ŏĶŇŗĴĽŌĭĬŘņħƟĺĵėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņėƞŅľĬŉŗĚȮĔĶŃĪńŗĚŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅȮ1..Ȯ°AȮ&įƞŅĬœĮȮ1ȮĝńŗĺőĴĚȮ'ȮĽńĚŏĔĨœħƟĺƞŅȮ
ėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĝƞĺĚĪňŗŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚįĸŇĨœŀĬŘņĽŌĚĽŋħŏĪƞŅĔńĭȮ
/.4,/Ȯ°AȮŐĸŃȮ164,6Ȯ°AȮĨŅĴĸņħńĭȮĽƞĚįĸŒľƟŒĬĝƞĺĚħńĚĔĸƞŅĺĴňĮĶŇĴŅĦėĺŅĴĶƟŀĬĽŃĽĴŒĬĶŃĭĭĽŌĚĪňŗĽŋħěŉĚĴňŀńĨĶŅŒĬĔŅĶįĸŇĨœŀ
ĬŘņŏıŊŗŀŒĝƟĕńĭħńĬĬŘņœħƟŏĶŖĺĪňŗĽŋħħƟĺĵȮľĸńĚěŅĔĬńŘĬȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ0..Ȯ°AȮėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņěŃĔĸńĭĴŅ
ŒĔĸƟŏėňĵĚĔńĭĝƞĺĚȮ23ȮĬŅĪňŐĶĔȮĽŋħĪƟŅĵŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ/..Ȯ°AȮĶŃĭĭěŃœĴƞĽŅĴŅĶĩĽŌĭĬŘņœħƟȮľŅĔ
ıŇěŅĶĦŅėĺŅĴĶƟŀĬĽŌĠŏĽňĵįƞŅĬįĬńĚĩńĚįĸŇĨœŀĬŘņıĭĺƞŅȮŀŋĦľĳŌĴŇįŇĺįĬńĚĳŅĵĬŀĔĩńĚįĸŇĨœŀĬŘņȮ&Surface Temperature at 
Heating Tank'ȮĴňėƞŅŏĜĸňŗĵŏĪƞŅĔńĭȮ/3.,0Ȯ°A 

ěŅĔĳŅıĪňŗȮ1bȮĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ03,2Ȯmm ıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĩŉĚȮ/4.Ȯ°AȮ&įƞŅĬœĮȮ13Ȯ
ĬŅĪň'ȮĶŃĭĭěŃŏĶŇŗĴĽŌĭĬŘņħƟĺĵėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņėƞŅľĬŉŗĚȮĔĶŃĪńŗĚŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅȮ1..Ȯ°AȮ&įƞŅĬœĮȮȮȮȮȮȮ0Ȯ
ĝńŗĺőĴĚȮ/3ȮĬŅĪň'ȮĽńĚŏĔĨœħƟĺƞŅȮėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĝƞĺĚĪňŗŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬ
ĩńĚįĸŇĨœŀĬŘņĽŌĚĽŋħŏĪƞŅĔńĭȮ/.7,/Ȯ°AȮŐĸŃȮ2.6,1Ȯ°AȮĨŅĴĸņħńĭȮĽƞĚįĸŒľƟŒĬĝƞĺĚħńĚĔĸƞŅĺĴňĮĶŇĴŅĦėĺŅĴĶƟŀĬĽŃĽĴŒĬĶŃĭĭĽŌĚ
ĪňŗĽŋħěŉĚĴňŀńĨĶŅŒĬĔŅĶįĸŇĨœŀĬŘņŏıŊŗŀŒĝƟĕńĭħńĬĬŘņœħƟŏĶŖĺĪňŗĽŋħħƟĺĵȮľĸńĚěŅĔĬńŘĬȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ0..Ȯ°AȮ
ėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņěŃĔĸńĭĴŅŒĔĸƟŏėňĵĚĔńĭĝƞĺĚȮ13ȮĬŅĪňŐĶĔ ĽŋħĪƟŅĵŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ/..Ȯ°AȮĶŃĭĭěŃœĴƞ
ĽŅĴŅĶĩĽŌĭĬŘņœħƟ ľŅĔıŇěŅĶĦŅėĺŅĴĶƟŀĬĽŌĠŏĽňĵįƞŅĬįĬńĚĩńĚįĸŇĨœŀĬŘņıĭĺƞŅȮŀŋĦľĳŌĴŇįŇĺįĬńĚĳŅĵĬŀĔĩńĚįĸŇĨœŀĬŘņĴňėƞŅŏĜĸňŗĵ
ŏĪƞŅĔńĭȮ/42,2Ȯ°A 

ěŅĔĳŅıĪňŗȮ1cȮĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ16,/Ȯmm ıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĩŉĚȮ/6.Ȯ°AȮ&įƞŅĬœĮȮ4.Ȯ
ĬŅĪň'ȮĶŃĭĭěŃŏĶŇŗĴĽŌĭĬŘņħƟĺĵėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņėƞŅľĬŉŗĚȮĔĶŃĪńŗĚŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅȮ1..Ȯ°AȮ&įƞŅĬœĮȮȮȮȮȮȮ/Ȯ
ĝńŗĺőĴĚȮ13ȮĬŅĪň'ȮĽńĚŏĔĨœħƟĺƞŅȮėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĝƞĺĚĪňŗŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬ
ĩńĚįĸŇĨœŀĬŘņĽŌĚĽŋħŏĪƞŅĔńĭȮ/.3,4Ȯ°AȮŐĸŃȮ2.1,0Ȯ°AȮĨŅĴĸņħńĭȮĽƞĚįĸŒľƟŒĬĝƞĺĚħńĚĔĸƞŅĺĴňĮĶŇĴŅĦėĺŅĴĶƟŀĬĽŃĽĴŒĬĶŃĭĭĽŌĚ
ĪňŗĽŋħěŉĚĴňŀńĨĶŅŒĬĔŅĶįĸŇĨœŀĬŘņŏıŊŗŀŒĝƟĕńĭħńĬĬŘņœħƟŏĶŖĺĪňŗĽŋħħƟĺĵȮľĸńĚěŅĔĬńŘĬȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ/6.Ȯ°AȮ
ėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņěŃĔĸńĭĴŅŒĔĸƟŏėňĵĚĔńĭĝƞĺĚȮ4.ȮĬŅĪňŐĶĔ ĽŋħĪƟŅĵŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ/..Ȯ°AȮĶŃĭĭěŃœĴƞ
ĽŅĴŅĶĩĽŌĭĬŘņœħƟ ľŅĔıŇěŅĶĦŅėĺŅĴĶƟŀĬĽŌĠŏĽňĵįƞŅĬįĬńĚĩńĚįĸŇĨœŀĬŘņıĭĺƞŅȮŀŋĦľĳŌĴŇįŇĺįĬńĚĳŅĵĬŀĔĩńĚįĸŇĨœŀĬŘņĴňėƞŅŏĜĸňŗĵ
ŏĪƞŅĔńĭȮ/14,7Ȯ°A 

ěŅĔĳŅıĪňŗȮ3dȮĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ3.,6Ȯmm ıĭĺƞŅȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĩŉĚȮ0/.Ȯ°AȮ&įƞŅĬœĮȮ23Ȯ
ĬŅĪň'ȮĶŃĭĭěŃŏĶŇŗĴĽŌĭĬŘņħƟĺĵėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņėƞŅľĬŉŗĚȮĔĶŃĪńŗĚŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņŏıŇŗĴĕŉŘĬĴŅĔĔĺƞŅȮ1..Ȯ°AȮ&įƞŅĬœĮȮȮȮȮȮȮ/Ȯ
ĝńŗĺőĴĚȮ2.ȮĬŅĪň'ȮĽńĚŏĔĨœħƟĺƞŅȮėĺŅĴĩňŗŒĬĔŅĶĽŌĭĬŘņŏıŇŗĴĕŉŘĬȮŏĬŊŗŀĚěŅĔŏĮƦĬĝƞĺĚĪňŗŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņŐĸŃŀŋĦľĳŌĴŇĳŅĵŒĬ
ĩńĚįĸŇĨœŀĬŘņĽŌĚĽŋħŏĪƞŅĔńĭȮ/.4Ȯ°AȮŐĸŃȮ2.7,3Ȯ°AȮĨŅĴĸņħńĭȮĽƞĚįĸŒľƟŒĬĝƞĺĚħńĚĔĸƞŅĺĴňĮĶŇĴŅĦėĺŅĴĶƟŀĬĽŃĽĴŒĬĶŃĭĭĽŌĚĪňŗĽŋħ
ěŉĚĴňŀńĨĶŅŒĬĔŅĶįĸŇĨœŀĬŘņŏıŊŗŀŒĝƟĕńĭħńĬĬŘņœħƟŏĶŖĺĪňŗĽŋħħƟĺĵȮľĸńĚěŅĔĬńŘĬȮŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ0/.Ȯ°AȮėĺŅĴĩňŗ
ŒĬĔŅĶĽŌĭĬŘņěŃĔĸńĭĴŅŒĔĸƟŏėňĵĚĔńĭĝƞĺĚȮ23ȮĬŅĪňŐĶĔ ĽŋħĪƟŅĵŏĴŊŗŀŀŋĦľĳŌĴŇĩńĚįĸŇĨœŀĬŘņĸħĸĚĨŗņĔĺƞŅȮ/..Ȯ°AȮĶŃĭĭěŃœĴƞ
ĽŅĴŅĶĩĽŌĭĬŘņœħƟ ľŅĔıŇěŅĶĦŅėĺŅĴĶƟŀĬĽŌĠŏĽňĵįƞŅĬįĬńĚĩńĚįĸŇĨœŀĬŘņıĭĺƞŅȮŀŋĦľĳŌĴŇįŇĺįĬńĚĳŅĵĬŀĔĩńĚįĸŇĨœŀĬŘņĴňėƞŅŏĜĸňŗĵ
ŏĪƞŅĔńĭȮ/26,7Ȯ°A 
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ĳŅıĪňŗȮ1ȮŀŋĦľĳŌĴŇĳŅĵŒĬĩńĚĕńĭħńĬĬŘņȮĩńĚįĸŇĨœŀĬŘņȮŐĸŃįĬńĚħƟŅĬĬŀĔĩńĚįĸŇĨœŀĬŘņ 

 
ľŅĔıŇěŅĶĦŅěŅĔįĸĔŅĶĪħĸŀĚŒĬĳŅıĪňŗȮ1ȮıĭĺƞŅȮĔŅĶĽŌĠŏĽňĵėĺŅĴĶƟŀĬįƞŅĬįĬńĚĩńĚįĸŇĨœŀĬŘņĵńĚėĚĴňėƞŅĪňŗĽŌĚȮĽńĚŏĔĨ

œħƟěŅĔŀŋĦľĳŌĴŇįŇĺįĬńĚĳŅĵĬŀĔĩńĚįĸŇĨœŀĬŘņĴňėƞŅŏĜĸňŗĵĴŅĔĔĺƞŅȮ/1.Ȯ°AȮĪńŘĚŒĬĔĶĦňĪňŗĴňŐĸŃœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬ ĬńŗĬŐĽħĚŒľƟ
ŏľŖĬĺƞŅȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĳŅĵŒĬįĬńĚĩńĚįĸŇĨœŀĬŘņĵńĚĝƞĺĵĸħĔŅĶĽŌĠŏĽňĵėĺŅĴĶƟŀĬœħƟĬƟŀĵĽņľĶńĭĩńĚįĸŇĨœŀĬŘņĪňŗĴňįĬńĚĝńŘĬŏħňĵĺȮ
ĪńŘĚĬňŘĴŅěŅĔėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽŃĽĴėĺŅĴĶƟŀĬĕŀĚĺńĽħŋıĶŋĬ 

 0'ȮėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃĕŀĚĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņ 
 ĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĝƞĺĵĸħėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃĕŀĚĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņȮ&SEC'ȮŏĬŊŗŀĚěŅĔĮĶŇĴŅĦėĺŅĴ
ĶƟŀĬĪňŗĮƚŀĬŒľƟĔńĭĶŃĭĭȮ&Qin'ȮĸħĸĚŏĴŊŗŀŏĪňĵĭĔńĭĮĶŇĴŅĨĶĬŘņĪňŗĽŌĭœħƟȮěŅĔĳŅıĪňŗȮ2ȮěŃŏľŖĬœħƟĺƞŅȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ3.,6Ȯ
mm ĴňėƞŅȮSEC ĨŗņĪňŗĽŋħŏĪƞŅĔńĭȮ532,64ȮkJ/L ŒĬĕĦŃĪňŗĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĴňėƞŅȮSEC ĽŌĚĪňŗĽŋħŏĪƞŅĔńĭȮ1,064.05 kJ/L 
ħńĚĬńŘĬȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ03,2Ȯmm 38.1 mm ŐĸŃȮ3.,6Ȯmm ěŉĚĝƞĺĵĸħĔŅĶŒĝƟıĸńĚĚŅĬŏĪƞŅĔńĭȮ0.,35% 20.82% ŐĸŃȮ
29.06% ĨŅĴĸņħńĭȮŏĬŊŗŀĚěŅĔĺńĽħŋıĶŋĬĪňŗľĬŅĔĺƞŅěŃĽŅĴŅĶĩĽŃĽĴėĺŅĴĶƟŀĬĶĺĴœħƟĴŅĔĔĺƞŅȮŏıĶŅŃĴňĴĺĸĶĺĴŐĸŃĮĶŇĴŅĨĶĕŀĚ
ĺńĽħŋĶĺĴĪňŗĴŅĔĔĺƞŅȮĩŉĚŐĴƟĺƞŅěŃĴňėƞŅėĺŅĴıĶŋĬŏĪƞŅĔńĬȮěŉĚĽĶŋĮœħƟĺƞŅȮėƞŅȮSEC ěŃŐĮĶįĔįńĬĔńĭėĺŅĴľĬŅĕŀĚĝńŘĬĺńĽħŋıĶŋĬȮŐĸŃ
ŏıŊŗŀŒľƟĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņĮĶŃľĵńħıĸńĚĚŅĬėĺĶĴňėƞŅȮSEC Ĩŗņ 
 

a) ĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬ b) ĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ03,2Ȯmm 

c) ĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ16,/Ȯmm d) ĔĶĦňĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ3.,6Ȯmm 
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ĳŅıĪňŗȮ2ȮėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬěņŏıŅŃĕŀĚĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņ 
 
 1'ȮĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņ 

 ĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņȮ&thh 'ȮŏĬŊŗŀĚěŅĔĮĶŇĴŅĦ
ėĺŅĴĶƟŀĬĪňŗĮƚŀĬŒľƟĔńĭĶŃĭĭȮ&Qin'ȮĸħĸĚŏĮƦĬįĸĴŅěŅĔĔŅĶħŌħĞńĭėĺŅĴĶƟŀĬĕŀĚĺńĽħŋıĶŋĬȮħńĚĳŅıĪňŗȮ3ȮěŃŏľŖĬœħƟĺƞŅȮĔŅĶĨŇħĨńŘĚ
ĺńĽħŋıĶŋĬľĬŅȮ16,/Ȯmm ŐĸŃȮ3.,6Ȯmm ĴňėƞŅȮthh  ĽŌĚŒĔĸƟŏėňĵĚĔńĬėŇħŏĮƦĬȮ34,7% ŒĬĕĦŃĪňŗĔĶĦňœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĴňėƞŅȮ

thh  ŏĪƞŅĔńĭȮ48.87% ħńĚĬńŘĬȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ38.1 mm ŐĸŃȮ3.,6Ȯmm ĴňěŉĚĴňĬńĵĽņėńĠŒĬĔŅĶĝƞĺĵĸħĔŅĶŒĝƟıĸńĚĚŅĬȮ
ěŉĚĽĶŋĮœħƟĺƞŅȮėƞŅȮthh  ěŃŐĮĶįńĬĨĶĚĔńĭėĺŅĴľĬŅĕŀĚĝńŘĬĺńĽħŋıĶŋĬȮŐĸŃŏıŊŗŀŒľƟĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņĮĶŃľĵńħıĸńĚĚŅĬėĺĶĴňėƞŅȮ

thh  ĽŌĚ 
 

 
 

ĳŅıĪňŗȮ3ȮĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬĕŀĚĶŃĭĭĮƤƩĴĬŘņĔņĸńĚœŀĬŘņ 
 

ĽĶŋĮįĸĔŅĶĺŇěńĵ 

 ĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņěŅĔėĺŅĴĶƟŀĬŏľĸŊŀĪŇŘĚěŅĔĔŅĶŏįŅĩƞŅĬœĴƟȮĮĶŇĴŅĦȮ60 kg ĪňŗĔņľĬħĶŃħńĭŏŁħĽĩŇĨħƟŅĬ
ħŌħȮŏĪƞŅĔńĭȮ3 m ŐĸŃŏŁħĽĩŇĨħƟŅĬĽƞĚȮŏĪƞŅĔńĭȮ/Ȯm őħĵŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŐĸŃėƞŅħńĝĬňĔŅĶŒĝƟıĸńĚĚŅĬ
ěņŏıŅŃĕŀĚĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņĶŃľĺƞŅĚĔŅĶĴňŐĸŃœĴƞĴňĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬĝĬŇħŏĽƟĬŒĵĳŅĵŒĬĩńĚįĸŇĨœŀĬŘņȮįĸĔŅĶĺŇěńĵĽĶŋĮœħƟĺƞŅȮ
ĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅȮ38.1 mm ŐĸŃȮ3.,6ȮmmȮĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬœħƟȮ6% ŐĸŃĝƞĺĵĸħėƞŅħńĝĬňĔŅĶŒĝƟ
ıĸńĚĚŅĬěņŏıŅŃĕŀĚĮƤƩĴĽŌĭĬŘņĔņĸńĚœŀĬŘņœħƟȮ20.82% ŐĸŃȮ29.06% 
 ŏıŊŗŀıńĥĬŅĨƞŀĵŀħĚŅĬĺŇěńĵĬňŘŒĬŀĬŅėĨȮĮĶŃŏħŖĬĪňŗĬƞŅĽĬŒěėŊŀȮĔŅĶĨŇħĨńŘĚĺńĽħŋıĶŋĬľĬŅŀĵƞŅĚĬƟŀĵȮ16,/Ȯmm ĕŉŘĬœĮ
ŏıŇŗĴŒľƟĶŀĭįĬńĚħƟŅĬŒĬĩńĚįĸŇĨœŀĬŘņĶƞĺĴĔńĭĔŅĶĪņįĬńĚĩńĚįĸŇĨœŀĬŘņŐĭĭĽŀĚĝńŘĬőħĵŒĝƟĝƞŀĚĺƞŅĚĨĶĚĔĸŅĚĪņľĬƟŅĪňŗŏĮƦĬĜĬĺĬėŅħ
ĺƞŅěŃĝƞĺĵŏıŇŗĴĔŅĶĽŃĽĴėĺŅĴĶƟŀĬŐĸŃĮĶńĭĮĶŋĚĮĶŃĽŇĪīŇĳŅıŏĝŇĚėĺŅĴĶƟŀĬŏıŇŗĴĕŉŘĬȮĽƞĺĬŒĬĮĶŃŏħŖĬĕŀĚĔŅĶĺŇŏėĶŅŃľƢėĺŅĴ
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ėŋƟĴėƞŅŒĬŏĝŇĚŏĻĶļģĻŅĽĨĶƢȮĳŅĵŒĨƟŏĚŊŗŀĬœĕĨƟĬĪŋĬŏĶŇŗĴĨƟĬŒĬĔŅĶĽĶƟŅĚĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņŏĪƞŅĔńĭȮ0.,000 ĭŅĪȮŀŅĵŋ
őėĶĚĔŅĶŏĪƞŅĔńĭȮ3ȮĮƖȮŐĸŃŀńĨĶŅėŇħĸħȮ&Discount Rate'ȮŏĪƞŅĔńĭȮ/.% ŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶŒĝƟŏėĶŊŗŀĚĽŌĭĬŘņŏėĶŊŗŀĚĵĬĨƢħňŏĞĸȮ
2ȮěńĚľĺŃȮĶŃĭŅĵėĺŅĴĶƟŀĬħƟĺĵŀŅĔŅĻĪňŗĴňŀńĨĶŅĔŅĶĽŌĭĬŘņȮ41.ȮL/min ŐĸŃŀńĨĶŅĔŅĶŒĝƟŏĝŊŘŀŏıĸŇĚȮ/,30ȮL/h ĪňŗĴňĶŅėŅŏĪƞŅĔńĭȮ
03,060 ĭŅĪȮįĸĔŅĶĺŇŏėĶŅŃľƢıĭĺƞŅȮĶŃĭĭĮƤƩĴĽŌĭĬŘņħƟĺĵĔņĸńĚœŀĬŘņĪňŗĽĶƟŅĚĕŉŘĬĬňŘĴňĴŌĸėƞŅĮƤěěŋĭńĬĽŋĪīŇȮ&Net Present Value; 
NPV'ȮŏĪƞŅĔńĭȮ52,997.12 ĭŅĪȮŐĸŃĴňėƞŅŀńĨĶŅįĸĨŀĭŐĪĬĳŅĵŒĬȮ&Internal Rate of Return; IRR'ȮŏĪƞŅĔńĭȮ/01,.1% ĬńŗĬ
ŐĽħĚŒľƟŏľŖĬĺƞŅȮĚŅĬĺŇěńĵĬňŘĴňėĺŅĴėŋƟĴėƞŅŀĵƞŅĚĴŅĔŒĬŏĝŇĚŏĻĶļģĻŅĽĨĶƢŐĸŃŏľĴŅŃĽņľĶńĭĔŅĶĸĚĪŋĬľĶŊŀĕĵŅĵįĸŒĬĶŃħńĭĝŋĴĝĬ
ľĶŊŀŏĔļĨĶĔĶĶĴ 
 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ĚŅĬĺŇěńĵĬňŘœħƟĶńĭĔŅĶĽĬńĭĽĬŋĬěŅĔĔŀĚĪŋĬĽƞĚŏĽĶŇĴĺŇĪĵŅĻŅĽĨĶƢȮĺŇěńĵŐĸŃĬĺńĨĔĶĶĴȮĚĭĮĶŃĴŅĦőėĶĚĔŅĶĺŇěńĵĪŋĬ
ĽĬńĭĽĬŋĬĚŅĬĴŌĸģŅĬȮ&Fundamental Fund) ĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮı,Ļ,Ȯ0346ȮĨŅĴĽńĠĠŅŏĸĕĪňŗȮFF68/NKR/148 ŐĸŃ
ĕŀĕŀĭėŋĦľƟŀĚĮĢŇĭńĨŇĔŅĶĺŇěńĵĔŅĶıńĥĬŅŒĬŏĪėőĬőĸĵňĕŀĚĺńĽħŋıĶŋĬȮ&DiTo-Lab'ȮĽŅĕŅĺŇĝŅĺŇĻĺĔĶĶĴŏėĶŊŗŀĚĔĸȮŐĸŃĽŅĕŅĺŇĝŅ
ĺŇĻĺĔĶĶĴıĸńĚĚŅĬŐĸŃĔŅĶĮĶńĭŀŅĔŅĻȮėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĪėőĬőĸĵňĶŅĝĴĚėĸŀňĽŅĬȮ
ĬėĶĶŅĝĽňĴŅȮĪňŗŏŀŊŘŀŏĲƘƨŀĽĩŅĬĪňŗŐĸŃŀŋĮĔĶĦƢŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸĺŇěńĵŒĬėĶńŘĚĬňŘ 
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Abstract 

 RfgqȮqrsbwȮ_gkqȮrmȮclqspcȮamlqgqrclrȮos_jgrwȮamlrpmjȮglȮ`gmaf_pȮnpmbsargmlȮ_lbȮrmȮcl_`jcȮ
pcnpmbsag`gjgrwȮ`wȮglrcep_rgleȮlml+amknjcvȮkc_qspckclrȮrcaflmjmegcq,ȮRfcqcȮrcaflmjmegcqȮ_pcȮnp_arga_jȮ
dmpȮamkkslgrwȮgknjckclr_rgmlȮ_lbȮsrgjgxcȮkgapmamlrpmjjcpqȮdmpȮrfcȮ_nnjga_rgml,ȮRfcȮpc_argmlȮrckncp_rspcȮ
u_qȮ1..Ȯ°AȮ_lbȮ13.Ȯ°A*Ȯ_lbȮrfcȮpc_argmlȮbsp_rgmlȮu_qȮ4.Ȯkglsrcq,ȮRfcȮ0..+jgrcpȮpc_armpȮu_qȮcosgnncbȮugrfȮ
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u_qrcbȮamddccȮ`c_lqȮ&UA@',ȮRfcȮa_jmpgƱaȮt_jscȮmdȮ`_k`mmȮ`gmaf_pȮ&@+@@'Ȯ_lbȮu_qrcbȮamddccȮ`c_lȮ`gmaf_pȮ
&@+UA@'ȮucpcȮ1.,02±0,52Ȯ_lbȮ11,45±/,05ȮKH-ie*Ȯpcqncargtcjw,ȮRfcȮk_qqȮwgcjbȮmdȮ@+@@Ȯu_qȮ10,45Ȯ#*ȮufgjcȮ
@+UA@ȮwgcjbcbȮ2.,..Ȯ#,ȮRfcȮclcpewȮwgcjbȮu_qȮ31,5.#Ȯ_lbȮ46,14#ȮdmpȮ`_k`mmȮ`gmaf_pȮ&@+@@'Ȯ_lbȮu_qrcbȮ
amddccȮ`c_lȮ`gmaf_pȮ&@+UA@'*Ȯpcqncargtcjw,ȮRfcȮclcpewȮbclqgƱa_rgmlȮp_rgmȮmdȮ@+UA@Ȯu_qȮ/,5.*ȮufgafȮu_qȮ
fgefcpȮrf_lȮrf_rȮmdȮ/,42ȮmdȮ@+@@, 
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 ĔŅĶĻŉĔļŅĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀėĺĭėŋĴėŋĦĳŅıŒĬĔŅĶįĸŇĨœĭőŀĝŅĶƢŒľƟĴňėŋĦĳŅıėĚĪňŗȮĽŅĴŅĶĩĪņĞŘņœħƟȮőħĵĭŌĶĦŅĔŅĶ
ŏĪėőĬőĸĵňħƟŅĬĔŅĶĨĶĺěĺńħĪňŗœĴƞĞńĭĞƟŀĬȮĝŋĴĝĬĽŅĴŅĶĩĬņœĮĮĢŇĭńĨŇœħƟěĶŇĚȮőħĵŒĝƟœĴőėĶėŀĬőĪĶĸŏĸŀĶƢĴŅĮĶŃĵŋĔĨƢŒĝƟȮŀŋĦľĳŌĴŇ
ĪňŗŏĔŇħĮĢŇĔŇĶŇĵŅŏĮƦĬȮ1..ȮoȮC ŐĸŃȮ13.ȮoȮCȮŐĸŃĶŃĵŃŏĺĸŅĪňŗŏĔŇħĮĢŇĔŇĶŇĵŅȮ4.ȮĬŅĪňȮĮĢŇĔĶĦƢĕĬŅħȮ0..ȮĸŇĨĶȮĨŇħĨńŘĚĶŃĭĭ
ĨĶĺěĺńħŀŋĦľĳŌĴŇȮĝňĺĴĺĸȮ0ȮĝĬŇħŒĝƟŒĬĔŅĶĪħĽŀĭœħƟŐĔƞȮœĴƟœįƞȮŐĸŃŏĴĸŖħĔŅŐĲėńħĪŇŘĚȮıĭĺƞŅȮėƞŅėĺŅĴĶƟŀĬĕŀĚœĭőŀĝŅĶƢěŅĔĝňĺ
ĴĺĸœĴƟœįƞŐĸŃŏĴĸŖħĔŅŐĲėńħĪŇŘĚŏĮƦĬȮ1.,02±0,52ȮMJ-kg ŐĸŃȮ11,45±1,27 MJ-kg ĽńħĽƞĺĬĴĺĸĕŀĚœĭőŀĝŅĶƢœĴƟœįƞŏĮƦĬȮ10,45Ȯ
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Abstract 

 
This research aims to apply Internet of Things (IoT) technology to connect environmental irrigation 

data for solar-powered water management by rubber farmers in the Ban Kruat Self-Help Settlement, Buriram 
Province. The rubber plantation area measures 14 meters in width and 42 meters in length. The 
experimental system was installed with a solar cell system designed to store electrical energy in a 24-volt 
battery, which was then used to power a 24-volt, 375-watt DC sprinkler water pump. In addition, an inverter 
was installed to convert DC to AC power for network equipment that distributes Internet connectivity for 
data transmission and collection through a data logger operating continuously for 24 hours. This system 
enabled online monitoring and control of irrigation devices. The experimental results showed that the 
battery was fully charged within 7 hours. The sprinkler pump operated automatically based on sensor 
rfpcqfmjbqȮqcrȮ_rȮ5.#Ȯpcj_rgtcȮfskgbgrw*Ȯ03#ȮqmgjȮkmgqrspc*Ȯ_lbȮ_Ȯrckncp_rspcȮmdȮ06°A,ȮRfcȮps``cpȮyield 
increased by approximately 20 kilograms per week. The automated irrigation system operated successfully 
under the conditions required for efficient water management in the rubber plantation. 

 
Keywords: Internet of Things, Solar energy, Water management 
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 ĭĪėĺŅĴĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĮĶŃĵŋĔĨƢŒĝƟŏĪėőĬőĸĵňŀŇĬŏĨŀĶƢŏĬŖĨĕŀĚĽĶĶıĽŇŗĚȮ&IoT) ŒĬĔŅĶŏĝŊŗŀĴĨƞŀĕƟŀĴŌĸĔŅĶ
ŒľƟĬŘņĨŅĴĽĳŅıŐĺħĸƟŀĴŏıŊŗŀĔŅĶĭĶŇľŅĶěńħĔŅĶĬŘņħƟĺĵıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢĕŀĚŏĔļĨĶĔĶįŌƟĮĸŌĔĵŅĚıŅĶŅıŊŘĬĪňŗĮĸŌĔĵŅĚıŅĶŅ
ĕĬŅħȮĔĺƟŅĚȮ/2ȮŏĴĨĶȮĵŅĺȮ20ȮŏĴĨĶȮŏĕĨĬŇėĴĽĶƟŅĚĨĬŏŀĚĭƟŅĬĔĶĺħȮěńĚľĺńħĭŋĶňĶńĴĵƢȮĶŃĭĭĪħĽŀĭĪņĔŅĶĨŇħĨńŘĚĶŃĭĭőĞĸƞŅ
ŏĞĸĸƢŏıŊŗŀŏĔŖĭĽŃĽĴıĸńĚĚŅĬœĲĲƚŅœĺƟŒĬŐĭĨŏĨŀĶňŗŐĸƟĺĬņĴŅŒĝƟĔńĭĮƤƩĴĬŘņĽĮĶŇĚŏĔŀĶƢĔĶŃŐĽĨĶĚĕĬŅħȮ02ȮőĺĸĨƢȮ153ȮĺńĨĨƢĪňŗȮŀňĔĪńŘĚ
ĨŇħĨńŘĚŀŇĬŏĺŀĶƢŏĨŀĶƢŐĮĸĚŏĮƦĬœĲĲƚŅĔĶŃŐĽĽĸńĭŒľƟĔńĭŀŋĮĔĶĦƢŏėĶŊŀĕƞŅĵĪňŗĪņľĬƟŅĪňŗĔĶŃěŅĵĽńĠĠŅĦŏĝŊŗŀĴĨƞŀŀŇĬŏĨŀĶƢŏĬŖĨŒĬĔŅĶ
ĽƞĚŐĸŃŏĔŖĭĶĺĭĶĺĴĭńĬĪŉĔėƞŅĕƟŀĴŌĸ(Data logger)ȮŒĬŏĺĸŅȮ02ȮĝńŘĺőĴĚȮŏıŊŗŀĮĶŃŏĴŇĬįĸėĺĭėŋĴŀŋĮĔĶĦƢŐĭĭŀŀĬœĸĬƢȮȮěŅĔĔŅĶ
ĪħĽŀĭıĭĺƞŅĶŃĭĭĪņĔŅĶŀńħĮĶŃěŋŐĭĨŏĨŀĶňŗĕĬŅħȮ02ȮőĺĸĨƢȮěĬŏĨŖĴŒĝƟĶŃĵŃŏĺĸŅȮ5 ĝńŗĺőĴĚȮĮƤƩĴĬŘņĽĮĶŇĚŏĔŀĶƢĽŅĴŅĶĩĪņĚŅĬ
ĨŅĴĕŀĭŏĕĨĮĶńĭĨńŘĚŏĞŖĬŏĞŀĶƢĪňŗėƞŅėĺŅĴĝŊŘĬĽńĴıńĪīƢĪňŗȮ5.Ȯ% ėĺŅĴĝŊŘĬŒĬħŇĬȮ25% ŐĸŃŀŋĦľĳŌĴŇ 28 ŀĚĻŅŏĞĸŏĞňĵĽȮĴňįĸįĸŇĨ
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ĵŅĚıŅĶŅŏıŇŗĴĕŉŘĬĮĶŇĴŅĦȮ0.ȮĔŇőĸĔĶńĴĨƞŀĽńĮħŅľƢ ĶŃĭĭĔŅĶŒľƟĬŘņŒĬĽĺĬĵŅĚŐľƞĚĬňŘĽŅĴŅĶĩĪņĚŅĬĨŅĴŏĚŊŗŀĬœĕŒĬĔŅĶĭĶŇľŅĶ
ěńħĔŅĶĬŘņŒĬĽĺĬĵŅĚıŅĶŅȮ 
 
ėņĽņėńĠ8ȮŀŇĬŏĨŀĶƢŏĬŖĨĕŀĚĽĶĶıĽŇŗĚȮıĸńĚĚŅĬŐĽĚŀŅĪŇĨĵƢȮĔŅĶĭĶŇľŅĶěńħĔŅĶĬŘņ 
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ĽņľĶńĭŏėĶŊŗŀĚĔņŏĬŇħœĲĲƚŅıĸńĚĚŅĬĬŘņĕĬŅħŏĸŖĔĴŅĔ 

Performance Testing of an Automatic Flow Control System Using a Motorized Valve for 
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Abstract 
This research presents the development of an automatic electric valve control system for very 

small-scale hydropower plants using an ESP32 microcontroller in conjunction with a Hall-effect flow sensor 
(YF-DN50). The system controls a motorized ball valve in real time to maintain the target flow rate. 
Experimental results within the range of 10-200 liters per minute showed that the system accurately 
maintained the flow rate close to the set target, with standard deviations between 0.3 and 1.2 liters per 
minute and relative errors below 2 percent, except at the lowest target of 10 Liters per minute, where the 
error exceeded 5 percent. In addition, the highest stability was observed at target flow rates above 150 
Liters per minute. These findings demonstrate the potential of using a low-cost automatic flow control 
system to improve efficiency and sustainability in very small-scale hydropower generation. 

 
Keywords: Micro Hydropower, Flow Control System, Motorized Valve 
 

ĭĪėńħĵƞŀ 
ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀıńĥĬŅĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅŀńĨőĬĴńĨŇĽņľĶńĭőĶĚœĲĲƚŅıĸńĚĬŘņĕĬŅħŏĸŖĔĴŅĔȮȮȮȮȮőħĵ

ŒĝƟœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮESP32 ĶƞĺĴĔńĭŀŋĮĔĶĦƢĨĶĺěĺńħŀńĨĶŅĔŅĶœľĸŐĭĭ Hall Effect (YF-DN50) ŏıŊŗŀėĺĭėŋĴĺŅĸƢĺœĲĲƚŅ
ėĺĭėŋĴĔŅĶœľĸŐĭĭĭŀĸĺŅĸƢĺŒľƟėĚŀńĨĶŅĔŅĶœľĸĨŅĴėƞŅŏĮƚŅľĴŅĵȮĦȮŏĺĸŅěĶŇĚȮįĸĔŅĶĪħĸŀĚŒĬĝƞĺĚȮ10-200 ĸŇĨĶĨƞŀĬŅĪňȮ
ıĭĺƞŅĶŃĭĭĽŅĴŅĶĩĶńĔļŅėƞŅŀńĨĶŅĔŅĶœľĸŒĔĸƟŏėňĵĚėƞŅŏĮƚŅľĴŅĵœħƟŀĵƞŅĚŐĴƞĬĵņȮőħĵĴňĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮȮȮȮŀĵŌƞĶŃľĺƞŅĚȮ
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0.3-1.2 ĸŇĨĶĨƞŀĬŅĪňȮŐĸŃėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĽńĴıńĪīƢĨŗņĔĺƞŅȮ2ȮŏĮŀĶƢŏĞŖĬĨƢ ĵĔŏĺƟĬĪňŗėƞŅŏĮƚŅľĴŅĵĨŗņĽŋħ        ĞŉŗĚĽŌĚĔĺƞŅȮ5 
ŏĮŀĶƢŏĞŖĬĨƢ őħĵŒĬĝƞĺĚėƞŅŏĮƚŅľĴŅĵĪňŗĽŌĚĔĺƞŅȮ150 ĸŇĨĶĨƞŀĬŅĪňĴňėĺŅĴŏĽĩňĵĶĴŅĔĪňŗĽŋħȮįĸĔŅĶĻŉĔļŅĬňŘĝňŘŒľƟŏľŖĬĩŉĚĻńĔĵĳŅıĕŀĚ
ĔŅĶŒĝƟȮĶŃĭĭėĺĭėŋĴŀńĨĶŅĔŅĶœľĸŀńĨőĬĴńĨŇĶŅėŅĮĶŃľĵńħȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŐĸŃėĺŅĴĵńŗĚĵŊĬŒĬĶŃĭĭįĸŇĨœĲĲƚŅıĸńĚĚŅĬĬŘņ
ĕĬŅħŏĸŖĔĴŅĔ 

 

ėņĽņėńĠȮ8ȮıĸńĚĬŘņĕĬŅħŏĸŖĔĴŅĔ, ĶŃĭĭėĺĭėŋĴŀńĨĶŅĔŅĶœľĸ, ĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸ 
 

ĭĪĬņ 
ĮƤěěŋĭńĬ ŒĬĮĶŃŏĪĻœĪĵȮŐĴƟőĶĚœĲĲƚŅıĸńĚĬŘņĕĬŅħŒľĠƞěŃŏĮƦĬĪňŗĶŌƟěńĔĴŅĬŅĬȮŐĨƞőĶĚœĲĲƚŅıĸńĚĬŘņĕĬŅħŏĸŖĔȮȮȮȮȮȮŐĸŃ

ĕĬŅħŏĸŖĔĴŅĔȮ&Micro Hydropower) ĔĸńĭĴňĭĪĭŅĪĽņėńĠŒĬĝĬĭĪȮŏıĶŅŃĝƞĺĵĨŀĭĽĬŀĚėĺŅĴĨƟŀĚĔŅĶœĲĲƚŅıŊŘĬģŅĬőħĵœĴƞ
ĨƟŀĚıŉŗĚĽŅĵĽƞĚĕĬŅħŒľĠƞȮŀňĔĪńŘĚĵńĚĽŀħėĸƟŀĚĔńĭĬőĵĭŅĵıĸńĚĚŅĬĪħŐĪĬĕŀĚœĪĵȮ&PDP, AEDP, EEP) ĪňŗĴŋƞĚŏıŇŗĴĽńħĽƞĺĬıĸńĚĚŅĬ
ľĴŋĬŏĺňĵĬȮőħĵŏĜıŅŃıĸńĚĚŅĬĬŘņĕĬŅħŏĸŖĔȮĞŉŗĚĩŌĔĵĔŒľƟŏĮƦĬĪŅĚŏĸŊŀĔĪňŗŏľĴŅŃĽĴĨƞŀĔŅĶıńĥĬŅıĸńĚĚŅĬȮȮȮȮȮŒĬĝĬĭĪȮY0] 

ŀĵƞŅĚœĶĔŖĨŅĴȮĮĶŃĽŇĪīŇĳŅıĕŀĚőĶĚœĲĲƚŅıĸńĚĬŘņĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵľĸŅĵħƟŅĬȮŏĝƞĬȮŀńĨĶŅĔŅĶœľĸȮĶŃħńĭėĺŅĴĽŌĚȮ
&Head) ŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚĔńĚľńĬȮľŅĔĔŅĶœľĸœĴƞėĚĪňŗěŃĪņŒľƟĮĶŃĽŇĪīŇĳŅıŐĸŃŏĽĩňĵĶĳŅıĸħĸĚȮĶĺĴĪńŘĚŏĽňŗĵĚĨƞŀėĺŅĴ
ŏĽňĵľŅĵĕŀĚŀŋĮĔĶĦƢȮĮƤĠľŅĪňŗıĭőħĵĪńŗĺœĮėŊŀĔŅĶėĺĭėŋĴĔŅĶœľĸĵńĚŀŅĻńĵĔŅĶŏĮƕħŐĸŃĮƕħĺŅĸƢĺŐĭĭŐĴĬĬĺĸȮĞŉŗĚĕŅħėĺŅĴ
ŐĴƞĬĵņŐĸŃĨŀĭĽĬŀĚœĴƞĪńĬĨƞŀĔŅĶŏĮĸňŗĵĬŐĮĸĚȮY2[ȮŏıŊŗŀĸħĕƟŀěņĔńħĬňŘȮĚŅĬĺŇěńĵľĸŅĵĝŇŘĬœħƟŏĽĬŀŐĬĺĪŅĚŒľĴƞȮŏĝƞĬȮȮȮȮȮȮȮĔŅĶ
ėĺĭėŋĴėĺŅĴŏĶŖĺĶŀĭĔńĚľńĬŐĭĭĮĶńĭėƞŅœħƟȮ&Variable Speed Control, VSC) ŏıŊŗŀŏıŇŗĴįĸįĸŇĨœĲĲƚŅŐĸŃĸħĔŅĶĽŌĠŏĽňĵȮY/[Ȯ
ĕĦŃŏħňĵĺĔńĬĔŅĶŒĝƟĔŅĶěņĸŀĚıĸĻŅĽĨĶƢĕŀĚœľĸŏĝŇĚėņĬĺĦȮ&CFD) ĶƞĺĴĔńĭĔŅĶĪħĸŀĚěĶŇĚȮĔŖĝƞĺĵŀīŇĭŅĵėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚ
ŀńĨĶŅĔŅĶœľĸȮėĺŅĴŏĶŖĺĶŀĭȮŐĸŃĮĶŃĽŇĪīŇĳŅıœħƟŀĵƞŅĚĸŃŏŀňĵħȮĞŉŗĚŏĮƦĬĕƟŀĴŌĸĽņėńĠĽņľĶńĭĔŅĶŀŀĔŐĭĭĶŃĭĭėĺĭėŋĴȮY3+4[ 

ħńĚĬńŘĬȮĔŅĶıńĥĬŅĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇŏıŊŗŀėĺĭėŋĴŀńĨĶŅĔŅĶœľĸĪňŗĪņĚŅĬŐĭĭȮȮȮȮȮȮȮĦȮ
ŏĺĸŅěĶŇĚěŉĚĴňėĺŅĴĽņėńĠȮĶŃĭĭħńĚĔĸƞŅĺĽŅĴŅĶĩĨĶĺěĺńħŐĸŃėĺĭėŋĴĺŅĸƢĺėĺĭėŋĴĔŅĶœľĸȮ(Motorized Ball Valve)           
ħƟĺĵŀŋĮĔĶĦƢĨĶĺěĺńħŀńĨĶŅĔŅĶœľĸŐĭĭȮHall Effect ŐĸŃœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮESP32ȮŏıŊŗŀĶńĔļŅėƞŅŀńĨĶŅĔŅĶœľĸȮȮȮȮȮȮȮȮȮŒľƟ
ėĚĪňŗŀĵŌƞĪňŗėƞŅŏĮƚŅľĴŅĵȮőħĵėƞŅŏĮƚŅľĴŅĵȮėŊŀȮėƞŅŀńĨĶŅĔŅĶœľĸĪňŗĨƟŀĚĔŅĶȮŐĸŃĽƞĚįĸŒľƟĔńĚľńĬĬŘņĪņĚŅĬœħƟŀĵƞŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮĸħėĺŅĴŏĽňŗĵĚěŅĔėĺŅĴįńĬįĺĬĕŀĚĮĶŇĴŅĦĬŘņȮŐĸŃŏıŇŗĴŏĽĩňĵĶĳŅıĕŀĚĶŃĭĭœĲĲƚŅőħĵĶĺĴȮŐĸŃĵŊħŀŅĵŋ
ĔŅĶŒĝƟĚŅĬĕŀĚŀŋĮĔĶĦƢȮ 

ĺŇīňĔŅĶĺŇěńĵ 
 ŒĬĔŅĶŀŀĔŐĭĭĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇȮěŃŒĝƟœĴőėĶėŀĬőĪĶĸŏĸŀĶƢȮESP32 ĶƞĺĴĔńĭ
ŀŋĮĔĶĦƢĨĶĺěĺńħŀńĨĶŅĔŅĶœľĸŐĭĭ Hall Effect (YF-DN50) ĞŉŗĚŒĝƟľĸńĔĔŅĶĕŀĚĔŅĶĬńĭėĺŅĴĩňŗĕŀĚĽńĠĠŅĦıńĸĽƢĪňŗŏĔŇħĕŉŘĬȮŐĸŃ
ŐĮĸĚŏĮƦĬėƞŅŀńĨĶŅĔŅĶœľĸȮ(ĸŇĨĶĨƞŀĬŅĪň)ȮĨŅĴėŋĦĽĴĭńĨŇĕŀĚŀŋĮĔĶĦƢĨĶĺěĺńħȮħńĚĽĴĔŅĶĪňŗȮ(1) ěŅĔĬńŘĬěŃĪņĔŅĶĔĶŀĚėƞŅĪňŗœħƟ
ħƟĺĵľĸńĔĔŅĶȮExponential Moving Average (EMA) ħńĚĽĴĔŅĶĪňŗȮ(2) ŏıŊŗŀĸħĽńĠĠŅĦĶĭĔĺĬȮ[7]ȮĩƟŅėƞŅŏĮƚŅľĴŅĵĴŅĔĔĺƞŅėƞŅ
ŀńĨĶŅĔŅĶœľĸȮěŃĽńŗĚŏĮƕħĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸȮĩƟŅėƞŅŏĮƚŅľĴŅĵĬƟŀĵĔĺƞŅėƞŅŀńĨĶŅĔŅĶœľĸȮěŃĽńŗĚĮƕħĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶ
œľĸőħĵŀŅĻńĵĽńĠĠŅĦıńĸĽƢŏĮƕħŐĸŃĮƕħŏĮƦĬĝƞĺĚȮŕȮŐĸƟĺľĵŋħĶŀŏıŊŗŀŒľƟŀńĨĶŅĔŅĶœľĸ ŐĸŃŐĶĚħńĬŏĕƟŅĽŌƞĽĳŅĺŃėĚĪňŗ ľĸńĔĔŅĶ
ħńĚĔĸƞŅĺŏĮƦĬĔŅĶĮĶŃĵŋĔĨƢŐĬĺėŇħěŅĔȮPulse Width Modulation (PWM) Y1[ȮȮħńĚĳŅıĪňŗȮ/Ȯ 

0.2F Q=  (1) 

őħĵ F  ėŊŀȮěņĬĺĬıńĸĽƢĨƞŀȮ/ȮĺŇĬŅĪň 
 Q ėŊŀȮŀńĨĶŅĔŅĶœľĸȮ(ĸŇĨĶĨƞŀĬŅĪň) 

(1 ) 1n nY M Ya a= + - - (2) 

őħĵ nY  ėŊŀȮįĸĸńıīƢĶŀĭĪňŗ n 
 M  ėŊŀȮėƞŅħŇĭĕŀĚĕƟŀĴŌĸ 
 a ėŊŀȮėƞŅėĚĪňŗĩƞĺĚĬŘņľĬńĔ ŀĵŌƞĶŃľĺƞŅĚ 0 ĩŉĚȮ1 
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ĳŅıĪňŗȮ/ȮĔĶŃĭĺĬĔŅĶĔŅĶĪņĚŅĬĕŀĚĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇ 

 
 ŒĬĔŅĶĪħĽŀĭĬňŘȮœħƟĔņľĬħĕŀĭŏĕĨėĺŅĴėĸŅħŏėĸŊŗŀĬĽńĴıńĪīƢĪňŗĵŀĴĶńĭœħƟŀĵŌƞĪňŗȮ/,..ȮŏĮŀĶƢŏĞŖĬĨƢĕŀĚėƞŅŏĮƚŅľĴŅĵȮ
ŐĸŃĽŌĚĽŋħȮ/ȮĸŇĨĶĨƞŀĬŅĪňȮŏıŊŗŀŒľƟŏĔŇħėĺŅĴŐĴƞĬĵņĽŌĚĽŋħŒĬŐĨƞĸŃĝƞĺĚȮŐĸŃėƞŅėĚĪňŗĩƞĺĚĬŘņľĬńĔĪňŗȮ.,0.ȮőħĵėƞŅŏĮƚŅľĴŅĵȮœħƟŐĔƞȮ
/., 0., 1., 2., 3., 4., 5., 6., 7., /.., //., /0., /1., /2., /3., /4., /5., /6., /7.ȮŐĸŃȮ0..ȮĸŇĨĶĨƞŀĬŅĪňȮĭńĬĪŉĔ
ĕƟŀĴŌĸĪŋĔĝƞĺĚŏĺĸŅȮ/ȮĺŇĬŅĪňŀĵƞŅĚĨƞŀŏĬŊŗŀĚŏĮƦĬĶŃĵŃŏĺĸŅȮ1.ȮĬŅĪňȮŐĸŃĪņĪħĽŀĭĔńĭĶŃĭĭĬŘņĺĬȮĕĬŅħĪƞŀȮPVC 2ȮĬŇŘĺȮőħĵ
ĶŃĭĭĽŅĴŅĶĩĽĶƟŅĚŀńĨĶŅĔŅĶœľĸĽŌĚĽŋħȮ/1,5..ȮĸŇĨĶĨƞŀĝńŗĺőĴĚȮľĶŊŀȮ025ȮĸŇĨĶĨƞŀĬŅĪňȮĶƞĺĴĔńĭĶŃĭĭĔŅĶľĴŋĬŏĺňĵĬȮ
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(Recirculation)ȮĴňĔŅĶĨŇħĨńŘĚŀŋĮĔĶĦƢĔĶŀĚĬŘņȮ&Strainer Filter) ŐĸŃŀŋĮĔĶĦƢĶŃĭŅĵŀŅĔŅĻȮ&Air Valve) ŏıŊŗŀĸħĽŇŗĚĶĭĔĺĬĪŅĚ
ĔŅĵĳŅıĨƞŀŀŋĮĔĶĦƢĨĶĺěĺńħŀńĨĶŅĔŅĶœľĸŒľƟœħƟĴŅĔĪňŗĽŋħȮħńĚĳŅıĪňŗȮ0Ȯ 

 
ĳŅıĪňŗȮ0ȮŐįĬĳŅıĔŅĶĨŇħĨńŘĚŀŋĮĔĶĦƢŒĬĔŅĶĪħĽŀĭŐĸŃĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇ 

 

įĸĔŅĶĺŇěńĵŐĸŃŀĳŇĮĶŅĵįĸĔŅĶĺŇěńĵ 
ěŅĔĔŅĶĪħĸŀĚėĺĭėŋĴŀńĨĶŅĔŅĶœľĸĕŀĚĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇŏıŊŗŀėĺĭėŋĴŀńĨĶŅĔŅĶœľĸȮ

ŒĬŐĨƞĸŃėƞŅŏĮƚŅľĴŅĵ ŀĵŌƞŒĬĝƞĺĚȮ10 ĩŉĚȮ200 ĸŇĨĶĨƞŀĬŅĪňȮőħĵĭńĬĪŉĔĕƟŀĴŌĸįĸĔŅĶĪħĸŀĚĪŋĔȮ1 ĺŇĬŅĪňȮĨƞŀŏĬŊŗŀĚȮ30 ĬŅĪňȮœħƟįĸ
ħńĚĨŅĶŅĚĪňŗȮ/ 

 

ĨŅĶŅĚĪňŗȮ/ȮįĸĔŅĶĪħĽŀĭĶŃĭĭėĺĭėŋĴĺŅĸƢĺœĲĲƚŅėĺĭėŋĴĔŅĶœľĸŀńĨőĬĴńĨŇŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪň 

ėƞŅŏĮƚŅľĴŅĵ 
ėƞŅŀńĨĶŅĔŅĶœľĸ 
ŏĜĸňŗĵ 

S.D. 
ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬ 
ĽńĴıńĪīƢŏĜĸňŗĵ 

S.D. 
ěņĬĺĬėĶńŘĚ 
ĔŅĶĽńŗĚŏĮƕħ 

ěņĬĺĬėĶńŘĚ 
ĔŅĶĽńŗĚĮƕħ 

10 9.94 0.67 5.34 4.05 453 468 
20 19.93 0.32 1.11 1.18 88 84 
30 30.18 0.44 1.26 0.94 65 77 
40 40.02 0.45 0.72 0.86 135 114 
50 49.89 0.56 0.85 0.76 161 156 
60 59.96 0.52 0.61 0.62 115 129 
70 69.97 0.56 0.55 0.58 126 129 
80 80.05 0.52 0.46 0.46 109 125 
90 90.06 0.43 0.35 0.33 107 82 
100 100.11 0.45 0.34 0.32 113 116 
110 110.00 0.87 0.61 0.50 377 382 
120 120.08 0.81 0.47 0.49 202 208 
130 130.00 0.74 0.43 0.37 209 191 
140 140.14 0.56 0.30 0.28 59 67 
150 150.10 0.59 0.27 0.29 36 31 
160 160.22 0.70 0.35 0.29 62 66 
170 169.91 0.86 0.42 0.29 90 84 
180 180.01 0.61 0.24 0.24 20 35 
190 190.25 1.20 0.37 0.53 65 65 
200 200.29 0.68 0.26 0.26 145 58 


