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ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʘ ʩʪʨʘʥʠʮʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ 
 

I ɸʫʪʦʨ 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ: ʄʠʣʘʥ ɺ. ʊʦʤʦʚʠ˂ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 02.09.1985. ʛʦʜʠʥʝ, ʂʦʩʦʚʩʢʘ ʄʠʪʨʦʚʠʮʘ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: 

 

ɸʩʠʩʪʝʥʪ ʥʘ ɸʢʘʜʝʤʠʿʠ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʢʦʩʦʚʩʢʦ 

ʤʝʪʦʭʠʿʩʢʘ, ʆʜʩʝʢ ɿʚʝʯʘʥ 

II ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: 

 

ʆʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʭʠʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʨʠʙˁʘʢʘ ʫʜʘˀʝʥʠʭ 

ʦʜ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʝ ʤʨʝʞʝ  

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 219 

ɹʨʦʿ ʪʘʙʝʣʘ: 33 

ɹʨʦʿ ʩʣʠʢʘ: 62 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ 

ʧʦʜʘʪʘʢʘ: 

168 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿʝ 

ʨʘʜ ʠʟʨʘʹʝʥ: 

ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ 

ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ (ʋɼʂ):  

ʄʝʥʪʦʨ: 

 

ʜʨ ɼʘʨʜʘʥ ʂʣʠʤʝʥʪʘ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ 

ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ ʫ 

ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ 

III ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ: 08.02.2024. ʛʦʜʠʥʝ 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ 

ʧʨʠʭʚʘʪʘˁʘ ʥʘʫʯʥʝ 

ʟʘʩʥʦʚʘʥʦʩʪʠ ʪʝʤʝ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

24-369/3-9 

15.05.2024. ʛʦʜʠʥʝ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ 

ʧʦʜʦʙʥʦʩʪʠ ʪʝʤʝ ʠ 

ʢʘʥʜʠʜʘʪʘ: 

 

1. ʜʨ ɼʨʘʛʘʥ ʊʘʩʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ɽʣʝʢʪʨʦʥʩʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʠʰʫ, ʧʨʝʜʩʝʜʥʠʢ 

2. ʜʨ ɼʘʨʜʘʥ ʂʣʠʤʝʥʪʘ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ 

ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ 

ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ, ʯʣʘʥ ï ʤʝʥʪʦʨ  

3. ʜʨ ɹʦʿʘʥ ʇʝʨʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ 

ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ 

ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ, ʯʣʘʥ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ 

ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ: 

1. ʜʨ ɼʨʘʛʘʥ ʊʘʩʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ɽʣʝʢʪʨʦʥʩʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʠʰʫ, ʧʨʝʜʩʝʜʥʠʢ 

2. ʜʨ ɼʘʨʜʘʥ ʂʣʠʤʝʥʪʘ, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ 

ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ 

ʩʝʜʠʰʪʝʤ ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ, ʯʣʘʥ ï ʤʝʥʪʦʨ  

3. ʜʨ ɹʦʿʘʥ ʇʝʨʦʚʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ 

ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ 

ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ, ʯʣʘʥ 

4. ʜʨ ʄʠʣʦʰ ʄʠʣʦʚʘʥʦʚʠ˂, ʜʦʮʝʥʪ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ 

ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʇʨʠʰʪʠʥʠ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʩʝʜʠʰʪʝʤ 

ʫ ʂʦʩʦʚʩʢʦʿ ʄʠʪʨʦʚʠʮʠ, ʯʣʘʥ 

5. ʜʨ ʄʣʘʜʝʥ ɹʘˁʘʥʠʥ, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ 

ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʀʩʪʦʯʥʦʤ ʉʘʨʘʿʝʚʫ, ʈʝʧʫʙʣʠʢʘ 

ʉʨʧʩʢʘ, ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ, ʯʣʘʥ 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ 

ʜʠʩʝʨʪʘʮʠʿʝ: 

 



 

 

 

 

 

 

 

 

 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʥʘʧʠʩʘʥʘ ʩ ʥʝʠʟʤʝʨʥʦʤ ˀʫʙʘʚˀʫ ʠ ʧʦʰʪʦʚʘˁʝʤ 

ʧʨʝʤʘ ʥʘʿʚʦˀʝʥʠʿʠʤ ʠ ʥʠʢʘʜ ʧʨʝʞʘˀʝʥʠʤ ʦʮʫ ɺʠʪʦʤʠʨʫ, ʤʘʿʮʠ ʈʘʜʫʥʢʠ ʠ 

ʙʨʘʪʫ ʄʠʣʦʰʫ. ɳʠʭʦʚ ʜʦʧʨʠʥʦʩ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʙʠʦ ʿʝ ʧʦʜʿʝʜʥʘʢʦ ʚʘʞʘʥ 

ʢʦʣʠʢʦ ʠ ʤʦʿ ʠ ʟʙʦʛ ʪʦʛʘ ʠʩʪʫ ʧʦʩʚʝ˂ʫʿʝʤ ˁʠʤʘ ʩ ʧʦʨʫʢʦʤ ʜʘ ˂ʝ ʚʝʯʥʦ ʞʠʚʝʪʠ ʫ 

ʤʦʤ ʩʨʮʫ ʠ ʤʦʿʠʤ ʤʠʩʣʠʤʘ. ɿʘʫʚʝʢ! 



ɸʧʩʪʨʘʢʪ 

 

ʋʩʣʝʜ ʩʪʘʣʥʦʛ ʧʦʨʘʩʪʘ ʧʦʪʨʦʰˁʝ ʝʥʝʨʛʠʿʝ ʠhʨʦʤ ʩʚʝʪʘ ʠ ʦʛʨʘʥʠʯʝʥʠʭ 

ʟʘʣʠʭʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ, ʢˀʫʯʥʦ ʿʝ ʨʘʟʚʠʪʠ ʠʥʦʚʘʪʠʚʥʝ ʩʠʩʪʝʤʝ ʦʙʥʦʚˀʠʚʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ (ʆʀɽ) ʢʦʿʠ ˂ʝ ʩʤʘˁʠʪʠ ʟʘʚʠʩʥʦʩʪ ʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ. ɺʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ ʆʀɽ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʩʤʘˁʝˁʝ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ ʟʘ ʧʦʙʦˀʰʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ 

ʩʠʩʪʝʤʘ. ʇʨʦʮʝʩ ʩʠʤʫʣʠʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘʩʪʘʚˀʝʥʠʭ ʦʜ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ˁʠʭʦʚʠʭ ʪʨʦʰʢʦʚʘ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʦ 

ʧʨʠʩʪʫʧʘʯʥʦ, ʧʦʫʟʜʘʥʦ ʠ ʝʬʠʢʘʩʥʦ ʘʣʪʝʨʥʘʪʠʚʥʦ ʩʥʘʙʜʝʚʘˁʝ ʝʥʝʨʛʠʿʦʤ ʧʦʟʥʘʪ ʿʝ 

ʢʘʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. ʍʠʙʨʠʜʥʘ ʝʥʝʨʛʝʪʩʢʘ ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʞʝ 

ʚʝʦʤʘ ʝʬʠʢʘʩʥʦ ʠ ʝʢʦʥʦʤʠʯʥʦ ʜʘ ʟʘʜʦʚʦˀʠ ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʝʙʝ ʥʝʢʝ ʟʘʿʝʜʥʠʮʝ 

ʪʝʞʝ˂ʠ ʧʦʙʦˀʰʘˁʫ ʢʦʥʪʨʦʣʝ, ʚʝʣʠʯʠʥʝ ʠ ʚʨʩʪʝ ʢʦʤʧʦʥʝʥʪʠ ʫ ʪʦʤ ʭʠʙʨʠʜʥʦʤ 

ʩʠʩʪʝʤʫ. 

ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʤʦʜʝʣʠʨʘˁʘ ʠ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʚʘʥʤʨʝʞʥʦʛ ʭʠʙʨʠʜʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʧʘʩʪʨʤʩʢʦʛ 

ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ, ʣʦʮʠʨʘʥʦʛ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʚʘʨʦʰʠ ɹʦˀʝʚʘʮ ʫ ʠʩʪʦʯʥʦʿ ʉʨʙʠʿʠ. 

ɿʘʪʠʤ, ʦʜʨʝʹʝʥʦ ʿʝ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʩ ʘʩʧʝʢʘʪʘ ʫʢʫʧʥʠʭ ʥʝʪʦ ʩʘʜʘʰˁʠʭ 

ʪʨʦʰʢʦʚʘ (NPCïʪʨʦʰʢʦʚʠ), ʥʠʚʝʣʠʩʘʥʠʭ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ (COEï

ʪʨʦʰʢʦʚʠ), ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ (GHG) ʠ ʫʢʫʧʥʝ ʛʦʜʠʰˁʝ ʧʨʦʠʟʚʦʜˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ɿʘ ʥʘʧʘʿʘˁʝ ʜʘʪʝ ʣʦʢʘʮʠʿʝ ʨʘʟʤʘʪʨʘʥʝ ʩʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʩʘʩʪʘʚˀʝʥʝ ʦʜ ʢʦʤʙʠʥʘʮʠʿʘ ʤʠʢʨʦ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ (ɛʍɽ) ʠ ʬʦʪʦʥʘʧʦʥʩʢʦʛ (PV) ʛʝʥʝʨʘʪʦʨʘ ʩʘ: ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʦʤ, 

ʧʨʝʪʚʘʨʘʯʝʤ ʠ ʙʘʪʝʨʠʿʦʤ, ʧʨʠ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 24.79 kWh/day ï 

ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ (ʉʮʝʥʘʨʠʦ I); ʢʦʛʝʥʝʨʘʪʠʚʥʠʤ (CHP) ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʦʤ, 

ʧʨʝʪʚʘʨʘʯʝʤ, ʙʘʪʝʨʠʿʦʤ, ʨʝʛʫʣʘʪʦʨʦʤ ʪʝʨʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (TLC), ʙʦʿʣʝʨʦʤ, 

ʝʣʝʢʪʨʦʣʠʟʝʨʦʤ ʠ ʨʝʟʝʨʚʦʘʨʦʤ ʚʦʜʦʥʠʢʘ, ʧʨʠ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʦʜ 203.78 kWh/day ʠ 118.21 kWh/day, ʨʝʜʦʤ ï ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ 

(ʉʮʝʥʘʨʠʦ II). ʂʦʜ ʧʨʚʦʛ ʩʮʝʥʘʨʠʿʘ ʨʘʟʤʘʪʨʘʥʘ ʩʫ ʩʣʝʜʝ˂ʘ ʪʨʠ ʩʣʫʯʘʿʘ ʧʦʛʦʥʘ 

ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ: ʬʠʢʩʥʠʤ ʚʦʜʝ˂ʠʤ 

ʣʦʧʘʪʠʮʘʤʘ, ʟʘ ʛʦʜʠʰˁʠ ʧʨʦʩʝʯʥʠ ʧʨʦʪʦʢ ï ʉʣʫʯʘʿ 1; ʧʦʜʝʩʠʚʠʤ ʚʦʜʝ˂ʠʤ 

ʣʦʧʘʪʠʮʘʤʘ, ʟʘ ʤʘˁʝ ʙʨʟʠʥʝ ʧʨʦʪʦʢʘ ï ʉʣʫʯʘʿ 2; ʧʦʜʝʩʠʚʠʤ ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ



ʟʘ ʚʝ˂ʝ ʙʨʟʠʥʝ ʧʨʦʪʦʢʘ ï ʉʣʫʯʘʿ 3. ʂʦʜ ʜʨʫʛʦʛ ʩʮʝʥʘʨʠʿʘ ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʟʘʤʝʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʜʠʟʝʣ ʛʦʨʠʚʘ ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ ʩʘ: (ʘ) ʙʠʦʛʘʩʦʤ 

ʧʨʦʠʟʚʝʜʝʥʠʤ ʠʟ ʦʪʧʘʜʥʦʛ ʜʨʚʝʪʘ; (ʙ) ʙʠʦʛʘʩʦʤ ʧʨʦʠʟʚʝʜʝʥʠʤ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʦʛ 

ʙʫʢʦʚʦʛ ʜʨʚʝʪʘ ʠ (ʚ) ʚʦʜʦʥʠʢʦʤ. ʉʚʝʦʙʫʭʚʘʪʥʘ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ 

ʨʘʟʤʘʪʨʘʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʨʘʯʫʥʘʨʩʢʦʤ ʩʦʬʪʚʝʨʫ HOMER Pro, 

ʯʠʿʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʧʨʦʤʝʥʦʤ ʧʘʨʘʤʝʪʨʘ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ 

ʫʛʨʘʹʝʥʝ ʫ ɛʍɽ ʢʘʦ ʠ ʟʘʤʝʥʦʤ ʜʠʟʝʣ ʛʦʨʠʚʘ ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ ʩʘ ʙʠʦʛʘʩʦʤ 

ʧʨʦʠʟʚʝʜʝʥʠʤ ʠʟ ʦʪʧʘʜʥʦʛ ʜʨʚʝʪʘ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ, 

ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʠ ʝʤʠʩʠʿʘ GHG, ʘ ʧʦʚʝ˂ʘʪʠ ʫʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʫ ʮʝʣʦʤ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ. ʊʘʢʦʹʝ, ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʢʚʘʥʪʠʬʠʢʦʚʘʣʝ 

ʟʘʚʠʩʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʦʜ ʠʟʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʤʝʥʝ ʧʨʦʩʝʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʪʦʧʣʦʪʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʤʘʪʥʝ 

ʩʪʦʧʝ, ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʮʝʥʝ ʠ ʢʦʣʠʯʠʥʝ ʜʨʚʥʝ ʙʠʦʤʘʩʝ, ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʥʩʝ ʠ 

ʧʨʦʪʦʢʘ ʚʦʜʝ ʫ ʨʝʮʠ, ʘʣʠ ʩʘ ʮʠʝˀʤ ʜʦʙʠʿʘˁʘ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ. 

 

ʂˀʫʯʥʝ ʨʝʯʠ: ʚʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʝʤʠʩʠʿʘ GHG, ʆʀɽ, ʦʧʪʠʤʠʟʘʮʠʿʘ, 
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Abstract 

 

Due to the constant increase in energy consumption around the world and 

limited quantity of fossil fuels, it is crucial to develop innovative systems based on 

Renewable Energy Sources (RES) that can reduce the reliance on conventional energy 

sources. A off-grid hybrid system with renewables can be utilized to reduce reliance on 

traditional energy sources and to enhance the system reliability. The process simulating 

different configurations composed of appropriate combination of components and their 

costs to obrtain an affordable, reliable and efficient alternative energy supply is known 

as optimization of a hybrid system. Hybrid energy technology can meet the energy 

needs of a community very effectively tending to improve control, size and types of 

components in that hybrid system. 

This doctoral dissertation presents the results of modeling and design of a off-

grid hybrid energy system for power supply of trout pond Jablanica which is located in 

the area of municipality Boljevac, in eastern Serbia. In addition, it provides an optimal 

solution in terms of total Net Present Cost (NPC), Levelized Cost of Energy (COE), 

Greenhouse Gas (GHG) emissions and total annual electricity and heat productions. To 

power the given this dissertation considers location, the following configurations of 

hybrid systems combining a Micro-Hydro Power Plant (MHPP) and a Photovoltaic 

(PV) generator with: (Scenario I) a diesel generator, a converter and battery, for 

electricity consumption of 24.79 kWh/day ï existing system; and (Scenario II) a 

Combined Heat and Power (CHP) diesel generator, a converter, a Thermal Load 

Controller (TLC), a boiler, a electrolyzer and a hydrogen tank, for consumptions of 

electricity and heat amounting to 203.78 kWh/day and 118.21 kWh/day, respectively ï 

proposed system. The first scenario includes the following three cases of the propeller 

S-turbine with fixed propeller blades and: fixed guide vanes, for the annual average 

flow rate ï Case 1; adjustable guide vanes, for smaller flow rates ï Case 2; adjustable 

guide vanes, for higher flow rates ï Case 3. The second scenario proposes to replace the 

conventional diesel fuel in the CHP diesel generator with: (a) biogas produced from 

waste wood; (b) biogas produced from commercial beech wood and (c) hydrogen. A 

comprehensive techno-economic analysis of the considered hybrid system is performed 

using software HOMER Pro. The results of this analysis shows that the change in 



performance of the propeller S-turbine installed in the MHPP, as well as the 

replacement of diesel fuel in the CHP diesel generator with biogas produced from waste 

wood, can significantly reduce the total NPC, levelized COE and GHG emissions, and 

increase the total electricity and heat productions in the entire hybrid system. Also, in 

this dissertation, a sensitivity analysis is carried out to quantify the dependencies of the 

input variables on the output performance parameters of the system, such as variations 

in the average electrical and thermal loads, interest rate, diesel fuel price, prices and 

quantities of wood biomass, solar irradiance and water flow in the river, but with the 

aim of achieving an optimal solution. 

 

Key words: fishpond, GHG emissions, off-grid hybrid system, optimization, RES, 

techno-economic analysis, total NPC.  
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1. ʋɺʆɼ 

 

ʅʘʫʯʥʠʮʠ ʚʝ˂ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ ʦʧʦʤʠˁʫ ʜʘ ʧʨʦʙʣʝʤ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ 

ʧʦʩʪʦʿʠ ʿʦʰ ʦʜ ʧʦʯʝʪʢʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʨʝʚʦʣʫʮʠʿʝ, ʢʘʜʘ ʩʫ ˀʫʜʠ ʧʦʯʝʣʠ ʜʘ 

ʩʘʛʦʨʝʚʘʿʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʠ ʜʘ ʩʫ ʜʘʥʘʰˁʝ ʝʤʠʩʠʿʝ ʫʛˀʝʥ-

ʜʠʦʢʩʠʜʘ (CO2) ʟʘ ʦʢʦ 50 ʧʨʦʮʝʥʘʪʘ ʚʝ˂ʝ ʦʜ ʧʨʚʦʙʠʪʥʠʭ. ʋʨʙʘʥʠʟʘʮʠʿʘ, 

ʧʦˀʦʧʨʠʚʨʝʜʘ, ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʨʦʠʟʚʦʜˁʘ ʠ ʝʬʝʢʪʠ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ ʩʫ ʚʦʜʝ˂ʠ 

ʫʟʨʦʮʠ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ ʰʠʨʦʤ ʩʚʝʪʘ [1]. ɱʝʜʘʥ ʦʜ ʟʥʘʯʘʿʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ 

ʜʦʧʨʠʥʦʩʝ ʛʣʦʙʘʣʥʦʤ ʟʘʛʨʝʚʘˁʫ ʿʝ ʠ ʥʘʯʠʥ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ, ʛʜʝ ʩʝ ʫ 

ʧʦʩʪʨʦʿʝˁʠʤʘ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʫʛʘˀ, ʛʘʩ ʠ ʥʘʬʪʘ [2]. ɻʣʦʙʘʣʥʘ ʧʦʪʨʦʰˁʘ 

ʝʥʝʨʛʠʿʝ, ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʪʘʢʣʝʥʝ ʙʘʰʪʝ (GHG ʦʜ ʝʥʛ. Green House Gases) ʠ 

ʟʘʛʘʹʝˁʝ ʚʘʟʜʫʭʘ ʢʦʿʠ ʥʝʧʨʝʩʪʘʥʦ ʨʘʩʪʫ, ʟʘʭʪʝʚʘʿʫ ʨʘʟʚʦʿ ʠ ʫʚʦʹʝˁʝ ʥʦʚʠʭ, 

ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʝʥʝʨʛʝʥʘʪʘ ʢʦʿʠ ˂ʝ ʟʘʤʝʥʠʪʠ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ ʠʣʠ ʫʪʠʮʘʪʠ ʥʘ 

ˁʠʭʦʚʦ ʤʘˁʝ ʢʦʨʠʰ˂ʝˁʝ. ʊʘʢʦʹʝ, ʛʝʦʧʦʣʠʪʠʯʢʠ ʦʜʥʦʩʠ ʤʝˁʘʿʫ ʤʝʹʫʥʘʨʦʜʥʝ 

ʦʜʥʦʩʝ ʫ ʦʙʣʘʩʪʠ ʝʥʝʨʛʝʪʠʢʝ, ʘ ʥʘʨʦʯʠʪʦ ʥʘ ʪʣʫ ɽʚʨʦʧʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʢʘʦ ʟʘʜʘʪʘʢ 

ʥʘʤʝ˂ʝ ʦʙʝʟʙʝʹʠʚʘˁʝ ʜʦʚʦˀʥʠʭ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʠ ʝʥʝʨʛʝʥʘʪʘ ʟʘ 

ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʧʨʠʚʨʝʜʝ ʠ ʜʨʫʰʪʚʘ. ʂʘʦ ʦʜʛʦʚʦʨ ʥʘ ʠʟʘʟʦʚʝ ʢʣʠʤʘʪʩʢʠʭ ʧʨʦʤʝʥʘ 

ʠ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ ʫ ʩʚʝʪʫ ʧʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿʘ ʜʝʰʘʚʘʿʫ ʩʝ ʢʨʫʧʥʝ ʧʨʦʤʝʥʝ ʫ 

ʝʥʝʨʛʝʪʩʢʦʤ ʩʝʢʪʦʨʫ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʧʠʩʫʿʫ ʢʘʦ Ăʝʥʝʨʛʝʪʩʢʘ ʪʨʘʥʟʠʮʠʿʘò. ʋ 

ʫʞʝʤ ʩʤʠʩʣʫ, ʦʚʘʿ ʧʦʿʘʤ ʩʝ ʦʜʥʦʩʠ ʥʘ ʥʘʧʫʰʪʘˁʝ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʢʘʦ ʦʩʥʦʚʥʦʛ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʠ ʧʨʝʣʘʟʘʢ ʥʘ ʦʙʥʦʚˀʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ (ʆʀɽ ʦʜ ʝʥʛ. Renewable 

Energy Sources) ʠ ʦʙʫʭʚʘʪʘ ʧʨʦʤʝʥʝ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʘʣʠ ʠ ʫ ˁʝʥʦʿ ʪʨʘʥʩʬʦʨʤʘʮʠʿʠ, ʜʠʩʪʨʠʙʫʮʠʿʠ ʠ ʧʦʪʨʦʰˁʠ. ɼʘ ʙʠ 

ʝʥʝʨʛʝʪʩʢʘ ʪʨʘʥʟʠʮʠʿʘ ʙʠʣʘ ʦʩʪʚʘʨʠʚʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʠʥʚʝʩʪʠʮʠʦʥʠ ʦʢʚʠʨ ʫ ʢʦʝʿʤ ˂ʝ ʩʝ ʧʨʦʤʦʚʠʩʘʪʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʿʘ ʩʝʢʪʦʨʘ. ʂʘʢʦ ʙʠ 

ʩʝ ʜʦʜʘʪʥʦ ʫʥʘʧʨʝʜʠʦ ʘʤʙʠʿʝʥʪ ʟʘ ʠʥʚʝʩʪʠʮʠʿʝ ʫʩʤʝʨʝʥʝ ʢʘ ʢʣʠʤʘʪʩʢʠ ʥʝʫʪʨʘʣʥʦʤ 

ʝʥʝʨʛʝʪʩʢʦʤ ʨʘʟʚʦʿʫ, ʉʪʨʘʪʝʛʠʿʦʤ [3], ʧʨʝʜʣʘʞʝ ʩʝ ʧʦʩʪʝʧʝʥʦ ʫʚʦʹʝˁʝ ʥʘʧʣʘʪʝ 

ʝʤʠʩʠʿʝ GHG, ʫ ʩʚʦʿʩʪʚʫ ʢˀʫʯʥʦʛ ʝʢʦʥʦʤʩʢʦʛ ʤʝʭʘʥʠʟʤʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʙʨʟʠʥʝ 

ʝʥʝʨʛʝʪʩʢʝ ʪʨʘʥʟʠʮʠʿʝ. ɺʠʟʠʿʘ ʢʦʿʫ ʧʨʝʜʣʘʞʝ ʠ ʧʨʦʤʦʚʠʰʝ ʉʪʨʘʪʝʛʠʿʘ [3] ʿʝʩʪʝ ʜʘ 

ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʜʦ 2050. ʛʦʜʠʥʝ ʦʩʪʘʥʝ ʝʥʝʨʛʝʪʩʢʠ ʙʝʟʙʝʜʥʘ ʠ ʜʘ ˁʝʥ 

ʝʥʝʨʛʝʪʩʢʠ ʩʝʢʪʦʨ ʫ ʥʘʿʚʝ˂ʦʿ ʤʦʛʫ˂ʦʿ ʤʝʨʠ ʙʫʜʝ ʫʛˀʝʥʠʯʥʦ ʥʝʫʪʨʘʣʘʥ. ʊʦ ʿʝ ʚʠʟʠʿʘ 

ʯʠʩʪʠʿʝ, ʝʬʠʢʘʩʥʠʿʝ, ʪʨʞʠʰʥʦ ʠ ʩʦʮʠʿʘʣʥʦ ʫʪʝʤʝˀʝʥʝ ʝʥʝʨʛʝʪʠʢʝ, ʢʦʿʘ ʩʝ 
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ʧʨʦʧʫʣʟʠʚʥʦ ʨʘʟʚʠʿʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʦʢʦʩʥʠʮʫ ʪʝʭʥʦʣʦʰʢʦʛ, ʝʢʦʥʦʤʩʢʦʛ ʠ ʫʢʫʧʥʦʛ 

ʜʨʫʰʪʚʝʥʦʛ ʨʘʟʚʦʿʘ. ɽʥʝʨʛʝʪʩʢʘ ʙʝʟʙʝʜʥʦʩʪ, ʜʝʢʘʨʙʦʥʠʟʘʮʠʿʘ ʠ ʝʢʦʥʦʤʩʢʘ 

ʢʦʥʢʫʨʝʥʪʥʦʩʪ ʝʥʝʨʛʝʪʩʢʦʛ ʩʝʢʪʦʨʘ ʿʝʩʫ ʦʧʰʪʠ ʧʨʠʦʨʠʪʝʪʠ ʝʥʝʨʛʝʪʩʢʦʛ ʨʘʟʚʦʿʘ ʠ 

ʧʨʠʥʮʠʧʠ ʥʘ ʢʦʿʠʤʘ ʩʝ ʟʘʩʥʠʚʘ ʝʥʝʨʛʝʪʩʢʘ ʧʦʣʠʪʠʢʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʀʥʪʝʥʟʠʚʥʘ ʧʨʠʤʝʥʘ ʤʝʨʘ ʝʥʝʨʛʝʪʩʢʝ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʩʚʠʤ ʦʙʣʘʩʪʠʤʘ ʧʦʪʨʦʰˁʝ 

ʝʥʝʨʛʠʿʝ ʠ ʝʥʝʨʛʝʪʩʢʠʤ ʩʝʢʪʦʨʠʤʘ, ʢʘʦ ʠ ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʠʥʦʚʘʮʠʿʝ ʫ ʝʥʝʨʛʝʪʠʮʠ 

ʿʝʩʫ ʧʨʠʦʨʠʪʝʪʠ ʟʘ ʦʜʨʞʠʚʦʩʪ ʝʥʝʨʛʝʪʩʢʝ ʧʦʣʠʪʠʢʝ. ʅʘʚʝʜʝʥʠ ʧʨʠʦʨʠʪʝʪʠ ʩʘʜʨʞʝ 

ʩʚʝ ʜʫʛʦʨʦʯʥʝ ʮʠˀʝʚʝ ʝʥʝʨʛʝʪʩʢʝ ʧʦʣʠʪʠʢʝ ʜʝʬʠʥʠʩʘʥʝ ɿʘʢʦʥʦʤ ʦ ʝʥʝʨʛʝʪʠʮʠ, 

ʢʦʿʠ ʟʘʿʝʜʥʠʯʢʠ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʝ ʦʩʪʚʘʨʝˁʝ ʦʧʰʪʝʛ ʮʠˀʘ ʉʪʨʘʪʝʛʠʿʝ [3], ʘ ʪʦ ʿʝ 

ʩʠʛʫʨʥʦ ʠ ʧʨʠʩʪʫʧʘʯʥʦ ʩʥʘʙʜʝʚʘˁʝ ʝʥʝʨʛʠʿʦʤ ʠ ʝʥʝʨʛʝʥʪʠʤʘ ʩʪʘʥʦʚʥʠʰʪʚʘ ʠ 

ʧʨʠʚʨʝʜʝ, ʫʟ ʧʨʦʛʨʝʩʠʚʥʦ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ GHG ʠ ʜʨʫʛʠʭ ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʧʦ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʠ ʟʜʨʘʚˀʝ ˀʫʜʠ. 

ʋʩʣʝʜ ʩʤʘˁʝˁʘ ʟʘʣʠʭʘ ʬʦʩʠʣʥʠʭ ʠ ʥʫʢʣʝʘʨʥʠʭ ʛʦʨʠʚʘ ʠ ʩʚʝ ʚʝ˂ʝ ʙʨʠʛʝ ʟʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʧʘʞˁʘ ʮʝʣʦʛ ʩʚʝʪʘ ʿʝ ʫʩʤʝʨʝʥʘ ʢʘ ʘʣʪʝʨʥʘʪʠʚʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [4]. ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʢʘʦ ʧʦʪʧʠʩʥʠʮʘ 

ʋʛʦʚʦʨʘ ʦ ɽʥʝʨʛʝʪʩʢʦʿ ʟʘʿʝʜʥʠʮʠ ʠ ʟʝʤˀʘ ʢʘʥʜʠʜʘʪ ʟʘ ʧʨʠʩʪʫʧʘˁʝ ʫ ɽʚʨʦʧʩʢʦʿ 

ʫʥʠʿʠ (ɽʋ ʦʜ ʝʥʛ. European Union), ʢʦʿʘ ʿʝ ʧʦʜʨʞʘʣʘ ʇʘʨʠʩʢʠ ʩʧʦʨʘʟʫʤ ʦ 

ʢʣʠʤʘʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʠ ʧʦʪʧʠʩʘʣʘ ʉʦʬʠʿʩʢʫ ʜʝʢʣʘʨʘʮʠʿʫ ʦ ɿʝʣʝʥʦʿ ʘʛʝʥʜʠ ʟʘ 

ɿʘʧʘʜʥʠ ɹʘʣʢʘʥ, ʠʤʘ ʤʝʹʫʥʘʨʦʜʥʫ ʦʙʘʚʝʟʫ ʜʘ ʢʨʝʥʝ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʦʛ ʫʢʠʜʘˁʘ 

ʝʥʝʨʛʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʫʛˀʫ, ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʮʠˀʝʚʠʤʘ ʠ ʧʨʝʢʨʝʪʥʠʮʘʤʘ. ʋ 

ʩʢʣʘʜʫ ʩʘ ʪʠʤ ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʩʝ ʦʙʘʚʝʟʘʣʘ ʜʘ ˂ʝ ʜʦ 2030. ʛʦʜʠʥʝ ʩʤʘˁʠʪʠ 

ʝʤʠʩʠʿʫ GHG ʟʘ 33.3% ʫ ʦʜʥʦʩʫ ʥʘ 1990. ʛʦʜʠʥʫ, ʧʦʚʝ˂ʘʪʠ ʫʯʝʰ˂ʝ ʠʟ ʆʀɽ ʥʘ 

ʥʘʿʤʘˁʝ 32%, ʫʥʘʧʨʝʜʠʪʠ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʟʘ ʥʘʿʤʘˁʝ 32.5%, ʢʘʦ ʠ 

ʦʛʨʘʥʠʯʠʪʠ ʧʦʨʘʩʪ ʩʨʝʜˁʝ ʛʣʦʙʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʩʧʦʜ 2% [5,6]. ʋ ʚʝʟʠ ʩ ʪʠʤ, 

ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʝʤʠʩʠʿʝ GHG ʦʜ 77.69% ʧʦʪʠʯʝ ʠʟ ʝʥʝʨʛʝʪʩʢʦʛ ʩʝʢʪʦʨʘ ʟʙʦʛ 

ʢʦʨʠʰʝ˂ˁʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ, ʟʘʪʠʤ ʩʣʝʜʝ ʩʝʢʪʦʨ ʧʦˀʦʧʨʠʚʨʝʜʝ ʢʦʿʠ ʜʦʧʨʠʥʦʩʠ 

ʫʢʫʧʥʠʤ ʝʤʠʩʠʿʘʤʘ ʩʘ 14.64%, ʩʝʢʪʦʨ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʩʘ 5.28% ʠ ʩʝʢʪʦʨ 

ʢʦʤʫʥʘʣʥʦʛ ʠ ʤʫˀʥʦʛ ʦʪʧʘʜʘ ʩʘ 2.39% [6]. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʩʤʘˁʠ ʝʤʠʩʠʿʘ 

GHG ʢʘʦ ʠ ʧʦʪʨʦʰˁʘ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʿʝ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʢʦʨʠʰ˂ʝˁʝ ʆʀɽ [3]. ʅʘ 

ʉʣʠʮʠ 1.1 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʿʝʢʮʠʿʘ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʝʥʝʨʛʝʥʘʪʘ ʫ ʧʨʦʠʟʚʦʜˁʠ 

ʝʥʝʨʛʠʿʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʟʘ ʧʝʨʠʦʜ ʦʜ 2021. ʜʦ 2040. ʛʦʜʠʥʝ. ʂˀʫʯʥʦ 

ʩʪʨʘʪʝʰʢʦ ʦʧʨʝʜʝˀʝˁʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʟʥʘʯʘʿʥʦ 
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ʧʦʚʝ˂ʘˁʝ ʠʥʩʪʘʣʠʩʘʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʆʀɽ, ʧʨʝ ʩʚʝʛʘ ʝʣʝʢʪʨʘʥʘ ʥʘ 

ʚʝʪʘʨ, ʩʦʣʘʨʥʠʭ ʝʣʝʢʪʨʘʥʘ ʠ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ, ʢʘʦ ʠ ʧʘʨʘʣʝʣʥʦ ʠ ʧʦʩʪʝʧʝʥʦ 

ʩʤʘˁʝˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘʤʘ ʢʦʿʝ ʢʦʨʠʩʪʝ 

ʣʠʛʥʠʪ (ʉʣʠʢʘ 1.1ʘ). ʇʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʜʦʤʠʥʘʥʪʥʦ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʧʨʠʨʦʜʥʦʤ ʛʘʩʫ, ʤʘʟʫʪʫ ʠ ʫʛˀʫ ʩʘ ʪʝʥʜʝʥʮʠʿʦʤ ʧʦʩʪʝʧʝʥʦʛ ʩʤʘˁʝˁʘ ʜʦ 2040. 

ʛʦʜʠʥʝ, ʠ ʧʦʩʪʝʧʝʥʦʛ ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʜʨʚʥʝ ʙʠʦʤʘʩʝ, ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ 

ʠ ʝʥʝʨʛʠʿʝ ʉʫʥʮʘ (ʉʣʠʢʘ 1.1ʙ). ʋʟ ʪʦ, ʦʜ ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʩʫ ʪʦʧʣʦʪʥʝ ʧʫʤʧʝ ʿʝʨ ʫ 

ʩʠʩʪʝʤʠʤʘ ʜʘˀʠʥʩʢʦʛ ʛʨʝʿʘˁʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʥʠ ʥʘ ʢʦʿʠ 

ʜʨʫʛʠ ʥʘʯʠʥ ʥʝ ʙʠ ʤʦʛʣʘ ʠʩʢʦʨʠʩʪʠʪʠ (ʣʦʢʘʣʥʦ ʨʘʩʧʦʣʦʞʠʚʫ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʫ 

ʦʪʧʘʜʥʫ ʪʦʧʣʦʪʫ ʠʟ ʠʥʜʫʩʪʨʠʿʝ, ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʜʝʣʘʪʥʦʩʪʠ, ʧʦʩʪʨʦʿʝˁʘ ʟʘ 

ʧʨʝʯʠʰ˂ʘʚʘˁʝ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, ʝʥʝʨʛʠʿʫ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ ʠ ʩʣ.), ʛʜʝ ʿʝ ʦʜ ʟʥʘʯʘʿʘ 

ʠ ʪʦʧʣʦʪʘ ʢʫʧˀʝʥʘ ʟʙʦʛ ʩʠʛʫʨʥʦʩʪʠ ʩʥʘʙʜʝʚʘˁʘ ʧʦʪʨʦʰʘʯʘ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

ʐʪʦ ʩʝ ʪʠʯʝ ʪʝʭʥʠʯʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʆʀɽ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʥ ʿʝ 

ʟʥʘʯʘʿʘʥ ʠ ʧʨʦʮʝˁʝʥ  ʥʘ 10.288 ʤʠʣʠʦʥʘ ʪʦʥʘ ʝʢʚʠʚʘʣʝʥʪʥʝ ʥʘʬʪʝ (toe) ʛʦʜʠʰˁʝ, 

ʦʜ ʯʝʛʘ ʩʝ 3.196 ʤʠʣʠʦʥʘ toe ʛʦʜʠʰˁʝ ʥʘʣʘʟʠ ʫ ʙʠʦʤʘʩʠ, 2.622 ʤʠʣʠʦʥʘ toe 

ʛʦʜʠʰˁʝ ʫ ʝʥʝʨʛʠʿʠ ʉʫʥʮʘ, 2.593 ʤʠʣʠʦʥʘ toe ʛʦʜʠʰˁʝ ʫ ʝʥʝʨʛʠʿʠ ʚʝʪʨʘ, 1.547 

ʤʠʣʠʦʥʘ toe ʛʦʜʠʰˁʝ ʫ ʭʠʜʨʦʧʦʪʝʥʮʠʿʘʣʫ ʠ 0.33 ʤʠʣʠʦʥʘ toe ʛʦʜʠʰˁʝ ʫ 

ʧʦʩʪʦʿʝ˂ʠʤ ʛʝʦʪʝʨʤʘʣʥʠʤ ʠʟʚʦʨʠʤʘ [3]. 

 

 

(ʘ) 
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(ʙ) 

ʉʣʠʢʘ 1.1 ʇʨʦʿʝʢʮʠʿʘ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʝʥʝʨʛʝʥʘʪʘ ʫ ʧʨʦʠʟʚʦʜˁʠ:  

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʘ) ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ (ʙ) [3] 

 

ʇʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʧʦʿʝʜʠʥʠʭ ʆʀɽ ʫ ʫʢʫʧʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʧʦʪʝʥʮʠʿʘʣʫ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 1.2. ʅʘʿʚʠʰʝ ʝʢʩʧʣʦʘʪʠʩʘʥʠ ʝʥʝʨʛʝʪʩʢʠ ʠʟʚʦʨʠ ʠʟ ʦʚʝ ʛʨʫʧʝ 

ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʪʦʢʦʤ ʧʨʦʰʣʝ ʜʝʮʝʥʠʿʝ ʙʠʣʠ ʩʫ ʚʦʜʘ ʠ ʩʫʥʮʝ, ʧʦʥʘʿʚʠʰʝ ʟʙʦʛ 

ʧʦʚʦˀʥʠʭ ʧʦʜʩʪʠʮʘʿʥʠʭ ʧʨʦʛʨʘʤʘ, ʠʟʨʘʟʠʪʦʛ ʪʝʭʥʦʣʦʰʢʦʛ ʥʘʧʨʝʪʢʘ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʆʀɽ [7]. 

 

 

ʉʣʠʢʘ 1.2 ʇʨʦʮʝˁʝʥʠ ʪʝʭʥʠʯʢʠ ʧʦʪʝʥʮʠʿʘʣ ʆʀɽ  

ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, ʟʘ 2024. ʛʦʜʠʥʫ  
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ʄʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʚʦʜʦʥʠʢʘ ʠ ˁʝʛʦʚ ʟʥʘʯʘʿ ʫ ʧʨʦʮʝʩʫ ʪʨʘʥʟʠʮʠʿʝ ʠ 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʿʝ ʝʥʝʨʛʝʪʩʢʦʛ ʩʝʢʪʦʨʘ ʿʝ ʚʝʣʠʢʘ [3]. ʂʘʜʘ ʠ ʢʦʣʠʢʦ ʙʨʟʦ ˂ʝ ʚʦʜʦʥʠʢ 

ʟʘʚʣʘʜʘʪʠ ʦʚʦʤ ʪʨʘʥʟʠʮʠʿʦʤ ʟʘʚʠʩʠ ʦʜ ʯʠʪʘʚʦʛ ʥʠʟʘ ʬʘʢʪʦʨʘ ï ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʠ ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ Ăʟʝʣʝʥʦʛò ʚʦʜʦʥʠʢʘ, 

ʪʨʦʰʢʦʚʘ ʨʘʟʚʦʿʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʪʨʘʥʩʧʦʨʪ, ʪʨʦʰʢʦʚʘ ʥʘʙʘʚʢʝ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʨʝʜʩʪʘʚʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʚʦʜʦʥʠʢ, ʙʝʟʙʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ ʠ ʜʨ. ʊʟʚ. Ăʟʝʣʝʥʠò 

ʚʦʜʦʥʠʢ, ʢʦʿʠ ʩʝ ʧʨʦʠʟʚʦʜʠ ʝʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʝ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʜʦʙʠʿʝʥʝ ʠʟ ʆʀɽ, ʩʤʘʪʨʘ ʩʝ ʝʢʦʣʦʰʢʠ ʯʠʩʪʠʤ ʛʦʨʠʚʦʤ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʝʤʠʩʠʿʝ 

CO2, ʩʪʝʧʝʥ ʢʦʨʠʩʥʦʩʪʠ ʜʦʙʠʿʘˁʘ ʚʦʜʦʥʠʢʘ ʝʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʝ ʿʝ ʦʢʦ 70% ʠ 

ʤʦʛʫ˂ʝ ʛʘ ʿʝ ʢʦʨʠʩʪʠʪʠ ʫ ʧʨʘʢʪʠʯʥʦ ʩʚʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ: ʫ 

ʪʝʨʤʦʝʥʝʨʛʝʪʩʢʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ, ʛʦʨʠʚʥʠʤ ˂ʝʣʠʿʘʤʘ, ʛʘʩʥʠʤ ʪʫʨʙʠʥʘʤʘ, 

ʤʦʪʦʨʠʤʘ ʩʘ ʫʥʫʪʨʘʰˁʠʤ ʩʘʛʦʨʝʚʘˁʝʤ, ʛʘʩʥʠʤ ʫʨʝʹʘʿʠʤʘ ʟʘ ʜʦʤʘ˂ʠʥʩʪʚʘ, 

ʠʥʜʫʩʪʨʠʿʠ ʠʪʜ. ʉʘʜʘʰˁʠ ʚʠʩʦʢʠ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʟʝʣʝʥʦʛ ʚʦʜʦʥʠʢʘ 

ʦʛʨʘʥʠʯʘʚʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ˁʝʛʦʚʝ ʢʦʤʝʨʮʠʿʘʣʠʟʘʮʠʿʝ ʠ ʥʝ ʦʧʨʘʚʜʘʚʘʿʫ ʫʚʦʹʝˁʝ 

ʚʝʣʠʢʠʭ ʧʦʜʩʪʠʮʘʿʘ ʟʘ ˁʝʛʦʚʫ ʧʨʦʠʟʚʦʜˁʫ, ʨʘʟʚʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʧʨʠʤʝʥʫ. 

ʊʘʢʦ ˂ʝ ʦʩʪʘʪʠ ʩʚʝ ʜʦʢ ʩʝ ʧʦʜʩʪʠʮʘʿʠ ʥʝ ʙʫʜʫ ʤʦʛʣʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʫ ʜʦʤʘ˂ʫ 

ʧʨʠʚʨʝʜʥʫ ʩʪʨʫʢʪʫʨʫ ʠ ʜʦʧʨʠʥʦʩʠʪʠ ˁʝʥʦʤ ʨʘʟʚʦʿʫ. ʇʨʝʤʘ ʅʘʮʨʪʫ ʚʦʜʦʥʠʯʥʝ 

ʩʪʨʘʪʝʛʠʿʝ [8], ʈʝʧʫʙʣʠʢʘ ʉʨʙʠʿʘ ʙʠ ʦʜ 2025. ʛʦʜʠʥʝ ʪʨʝʙʘʣʦ ʜʘ ʟʘʧʦʯʥʝ 

ʧʨʦʠʟʚʦʜˁʫ ʚʦʜʦʥʠʢʘ ʠʟ ʆʀɽ, ʘ ʟʘʪʠʤ ʜʘ ʜʦ 2035. ʛʦʜʠʰˁʝ ʧʨʦʠʟʚʦʜʠ ʦʢʦ 5100 

ʪʦʥʘ, ʘ ʜʦ 2050. ʫʢʫʧʥʦ 20600 ʪʦʥʘ. 

ʇʦʨʝʜ ʠʩʧʫˁʘʚʘˁʘ ʝʚʠʜʝʥʪʥʠʭ ʛʣʦʙʘʣʥʠʭ ʮʠˀʝʚʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ 

GHG [9] ʠ ʫʤʘˁʝˁʝ ʦʧʰʪʝ ʟʘʚʠʩʥʦʩʪʠ ʯʦʚʝʯʘʥʩʪʚʘ ʦʜ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʢʦʿʠʭ ʠʤʘ 

ʩʚʝ ʤʘˁʝ, ʫʧʦʪʨʝʙʘ ʆʀɽ ʧʦʢʘʟʘʣʘ ʩʝ ʧʨʠʢʣʘʜʥʦʤ ʠ ʟʘ ʥʘʧʘʿʘˁʝ ʠʟʦʣʦʚʘʥʠʭ ʠʣʠ 

ʫʜʘˀʝʥʠʭ ʣʦʢʘʮʠʿʘ ʯʠʿʝ ʧʦʚʝʟʠʚʘˁʝ ʩʘ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʤʨʝʞʦʤ ʥʠʿʝ 

ʝʢʦʥʦʤʩʢʠ ʠʩʧʣʘʪʠʚʦ, ʠʣʠ ʿʝ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʛʫ˂ʝ. ɿʙʦʛ ʥʝʧʨʠʩʪʫʧʘʯʥʦʩʪʠ 

ʧʦʿʝʜʠʥʠʭ ʠʟʦʣʦʚʘʥʠʭ ʠʣʠ ʫʜʘˀʝʥʠʭ ʣʦʢʘʮʠʿʘ, ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʘ ʠʩʪʠʭ ʿʝ ʫʚʝʣʠʢʦ 

ʦʪʝʞʘʥʘ ʠʣʠ ʿʝ ʧʨʝʩʢʫʧʘ. ɻʝʦʛʨʘʬʩʢʠ ʠ ʧʨʦʩʪʦʨʥʠ ʨʘʟʤʝʰʪʘʿ ʢʦʨʠʩʥʠʢʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʪʠʯʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʠʟʚʦʹʝˁʘ ʧʨʠʢˀʫʯʘʢʘ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʫ ʤʨʝʞʫ. ʏʘʢ ʠ ʫ ʩʣʫʯʘʿʫ ʧʨʠʢˀʫʯʢʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʫ 

ʤʨʝʞʫ, ʟʙʦʛ ʫʜʘˀʝʥʦʩʪʠ ʢʦʨʠʩʥʠʢʘ ʢʚʘʣʠʪʝʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʯʝʩʪʦ ʧʦʜ 

ʟʥʘʢʦʤ ʧʠʪʘˁʘ, ʘ ʩʥʘʙʜʝʚʘˁʝ ʥʠʿʝ ʟʘʛʘʨʘʥʪʦʚʘʥʦ. ʋ ʠʟʨʘʟʠʪʦ ʥʝʧʦʛʦʜʥʦʿ 

ʩʠʪʫʘʮʠʿʠ ʥʘʣʘʟʝ ʩʝ ʧʦʪʨʦʰʘʯʠ ʢʦʿʠ ʩʧʘʜʘʿʫ ʫ ʢʘʪʝʛʦʨʠʿʫ ʧʨʠʦʨʠʪʝʪʥʠʭ 
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ʧʦʪʨʦʰʘʯʘ, ʘ ʧʦʪʨʝʙʥʘ ʠʤ ʿʝ ʚʠʩʦʢʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

ʇʦʪʨʦʰʘʯʠ ʥʘ ʪʘʢʚʠʤ ʤʝʩʪʠʤʘ ʤʦʛʫ ʙʠʪʠ ʩʝʦʩʢʘ ʜʦʤʘ˂ʠʥʩʪʚʘ, ʰʢʦʣʝ, ʙʦʣʥʠʮʝ, 

ʜʨʫʤʩʢʘ ʨʘʩʚʝʪʘ ʠ ʢʦʤʫʥʘʣʥʠ ʮʝʥʪʨʠ [10]. ʊʘʢʦʹʝ, ʤʝʪʝʦʨʦʣʦʰʢʠ ʠ ʛʝʦʣʦʰʢʠ 

ʩʝʥʟʦʨʠ, ʢʘʦ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʘ ʦʧʨʝʤʘ ʫ ʫʜʘˀʝʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʧʨʠʧʘʜʘʿʫ 

ʛʨʫʧʠ ʧʦʪʨʦʰʘʯʘ ʩʘ ʧʦʪʨʝʙʦʤ ʟʘ ʥʝʧʨʝʢʠʜʥʠʤ ʥʘʧʘʿʘˁʝʤ [11]. ɼʘʢʣʝ, ʛʣʘʚʥʠ 

ʨʘʟʣʦʟʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʆʀɽ ʫ ʫʜʘˀʝʥʠʤ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʩʫ: ʚʠʩʦʢʠ 

ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ, ʧʨʝʥʦʩʘ ʠ ʜʠʩʪʨʠʙʫʮʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦʙʠʿʝʥʝ ʠʟ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ, ʩʣʘʙʘ ʧʦʪʨʘʞˁʘ ʟʘ ʝʥʝʨʛʠʿʦʤ, ʚʝʦʤʘ ʥʠʟʘʢ ʥʠʚʦ 

ʠʥʜʫʩʪʨʠʿʘʣʠʟʘʮʠʿʝ, ʚʠʩʦʢʠ ʪʨʦʰʢʦʚʠ ʧʦʛʦʥʘ ʠ ʦʜʨʞʘʚʘˁʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʝ 

ʤʨʝʞʝ, ʧʘʜʦʚʠ ʥʘʧʦʥʘ ʫʩʣʝʜ ʧʨʝʥʦʩʘ ʥʘ ʚʝʣʠʢʝ ʜʘˀʠʥʝ, ʢʘʦ ʠ ʚʝʣʠʢʘ ʝʤʠʩʠʿʘ GHG 

(CO2, NOx, SOx) [12]. 

ʋ ʧʨʦʰʣʦʩʪʠ ʩʫ ʩʝ ʧʨʦʙʣʝʤʠ ʩʥʘʙʜʝʚʘˁʘ ʠʟʦʣʦʚʘʥʠʭ ʠʣʠ ʫʜʘˀʝʥʠʭ 

ʧʨʠʦʨʠʪʝʪʥʠʭ ʧʦʪʨʦʰʘʯʘ ʨʝʰʘʚʘʣʠ ʧʦʤʦ˂ʫ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʘʣʠ ʧʦʪʨʝʙʘ ʟʘ 

ʯʝʩʪʠʤ ʦʜʨʞʘʚʘˁʝʤ ʠ ʦʙʥʘʚˀʘˁʝʤ ʟʘʣʠʭʘ, ʢʘʦ ʠ ʩʪʘʣʘʥ ʧʦʨʘʩʪ ʮʝʥʝ ʥʘʬʪʥʠʭ 

ʜʝʨʠʚʘʪʘ, ʫʯʠʥʠʣʠ ʩʫ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʝ ʥʝʧʨʠʢʣʘʜʥʠʤ, ʧʦʩʝʙʥʦ ʫ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʿʝ 

ʤʦʛʫ˂ʝ ʨʝʘʣʠʟʦʚʘʪʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʤʦʞʝ ʥʘʧʘʿʘʪʠ ʠʟ ʆʀɽ 

[13,14]. ʆʩʠʤ ʪʦʛʘ, ʫ ʥʘʬʪʥʠʤ ʜʝʨʠʚʘʪʠʤʘ ʩʝ ʥʘʣʘʟʠ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʩʫʤʧʦʨʘ ʠ 

ʫʛˀʝʥʠʢʘ ʧʘ ʩʝ ʧʨʠʣʠʢʦʤ ʩʘʛʦʨʝʚʘˁʘ ʦʩʣʦʙʘʹʘ ʠ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ 

ʫ ʘʪʤʦʩʬʝʨʫ ʰʪʦ ʟʘʛʘʹʫʿʝ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʇʨʠʤʝʥʘ ʚʠʰʝ ʚʨʩʪʘ ʆʀɽ ʦʤʦʛʫ˂ʘʚʘ 

ʥʝʧʨʝʢʠʜʥʦ ʩʥʘʙʜʝʚʘˁʝ ʝʥʝʨʛʠʿʦʤ ʯʠʿʠ ʩʝ ʚʠʰʘʢ ʩʢʣʘʜʠʰʪʠ ʫ ʙʘʪʝʨʠʿʘʤʘ. ʋ 

ʦʚʘʢʚʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ, ʙʘʪʝʨʠʿʝ ʧʨʝʫʟʠʤʘʿʫ ʫʣʦʛʫ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʘʧʩʦʨʙʫʿʫ 

ʩʚʘ ʢʦʣʝʙʘˁʘ ʫ ʧʨʦʠʟʚʦʜˁʠ ʆʀɽ ʠ ʦʜʨʞʘʚʘʿʫ ʥʘʧʦʥ ʢʦʜ ʧʦʪʨʦʰʘʯʘ ʫʥʫʪʘʨ 

ʜʦʟʚʦˀʝʥʠʭ ʛʨʘʥʠʮʘ. ɻʣʘʚʥʠ ʧʨʦʙʣʝʤ ʧʨʠ ʫʧʦʪʨʝʙʠ ʆʀɽ ʿʝ ˁʠʭʦʚʘ ʩʪʦʭʘʩʪʠʯʥʦʩʪ 

ʠ ʥʝʧʦʫʟʜʘʥʦʩʪ, ʦʜʥʦʩʥʦ ʥʝʤʦʛʫ˂ʥʦʩʪ ʛʘʨʘʥʮʠʿʝ ʟʘ ʠʥʩʪʘʣʠʩʘʥʝ ʩʥʘʛʝ, ʯʠʤʝ ʩʝ 

ʥʘʨʫʰʘʚʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʤʘ ʢʨʘʿˁʝʤ ʢʦʨʠʩʥʠʢʫ. 

ʂʦʨʠʰ˂ʝˁʝʤ ʩʘʤʦ ʿʝʜʥʝ ʚʨʩʪʝ ʆʀɽ ʧʦʪʨʦʰˁʘ ʩʝ ʧʨʝʚʠʰʝ ʠʟʣʘʞʝ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ 

ʚʨʝʤʝʥʩʢʠʭ ʫʩʣʦʚʘ, ʜʦʢ ʩʝ ʠʥʪʝʛʨʘʮʠʿʦʤ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʫ ʿʝʜʠʥʩʪʚʝʥ 

ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʪʥʦ ʚʝ˂ʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʧʦʢʨʠʚʝʥʦʩʪ ʧʦʪʨʦʰˁʝ. ʂʦʥʘʯʥʦ, ʫʧʦʪʨʝʙʦʤ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʠʟ ʥʝʢʦʛ ʫʧʨʘʚˀʠʚʦʛ ʠʟʚʦʨʘ ʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ 

ʤʘʢʩʠʤʘʣʥʫ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 
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ʂʦʥʮʝʧʪʦʤ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʠʰʫ ʩʝ ʨʘʟʥʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʫ 

ʿʝʜʠʥʩʪʚʝʥ ʩʠʩʪʝʤ ʩʘ ʮʠˀʝʤ ʧʦʚʝ˂ʘˁʘ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʝʥʝʨʛʠʿʝ. ʍʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʩʘʜʨʞʠ ʥʘʿʤʘˁʝ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʘʦ ʠ ʩʠʩʪʝʤ/ʿʝʜʠʥʠʮʫ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ. ʀʟʚʦʨʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʤʦʛʫ ʙʠʪʠ 

ʆʀɽ ʠ ʥʝʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ. ʆʀɽ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʭʠʙʨʠʜʥʠʤ 

ʩʠʩʪʝʤʠʤʘ ʩʫ ʬʦʪʦʥʘʧʦʥʩʢʠ (PV ʦʜ ʝʥʛ. Photovoltaic) ʛʝʥʝʨʘʪʦʨʠ ʠ ʤʠʢʨʦ 

ʭʠʜʨʦʝʣʝʢʪʨʘʥʝ (ɛʍɽ ʦʜ ʝʥʛ. Micro-Hydro Power Plant), ʘ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʿʝ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ. ʉʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠʭ ʙʘʪʝʨʠʿʘ, ʜʦʢ ʩʝ ʢʦʨʠʩʪʠ ʠ ʨʝʟʝʨʚʦʘʨ 

ʚʦʜʦʥʠʢʘ ʫ ʩʧʨʝʟʠ ʩʘ ʝʣʝʢʪʨʦʣʠʟʝʨʦʤ ʠ ʛʦʨʠʚʥʠʤ ˂ʝʣʠʿʘʤʘ. ɿʘʚʠʩʥʦ ʦʜ ʚʨʩʪʝ ʠ 

ʢʘʧʘʮʠʪʝʪʘ ʆʀɽ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʥʘ ʥʝʢʦʿ ʣʦʢʘʮʠʿʠ, ʢʘʦ ʠ ʦʜ ʧʨʦʬʠʣʘ ʧʦʪʨʦʰˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʿʝʢʪʫʿʝ ʩʝ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ. ʀʟʙʦʨʦʤ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ 

ʦʜʨʝʹʫʿʝ ʩʝ ʤʦʛʫ˂ʘ ʧʦʢʨʠʚʝʥʦʩʪ ʧʦʪʨʦʰˁʝ. ʋʢʦʣʠʢʦ ʧʦʪʨʦʰˁʫ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʧʦʢʨʠʪʠ ʠʟ ʪʨʝʥʫʪʥʝ ʧʨʦʠʟʚʦʜˁʝ ʢʦʨʠʩʪʝ ʩʝ ʨʝʟʝʨʚʦʘʨʠ ʝʥʝʨʛʠʿʝ, ʛʜʝ ʩʝ ʝʥʝʨʛʠʿʘ 

ʩʢʣʘʜʠʰʪʠ ʢʘʜʘ ʿʝ ʝʥʝʨʛʠʿʘ ʠʟ ʠʟʚʦʨʘ ʜʦʩʪʫʧʥʘ ʫ ʚʝ˂ʦʿ ʢʦʣʠʯʠʥʠ ʦʜ ʦʥʝ ʢʦʿʫ 

ʪʨʝʥʫʪʥʘ ʧʦʪʨʦʰˁʘ ʟʘʭʪʝʚʘ. ɽʥʝʨʛʠʿʘ ʠʟ ʨʝʟʝʨʚʦʘʨʘ ʩʝ ʪʨʦʰʠ ʫ ʪʨʝʥʫʮʠʤʘ ʢʘʜʘ 

ʥʝʤʘ ʧʨʦʠʟʚʦʜˁʝ, ʢʘʜʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʥʝʜʦʚʦˀʥʘ ʠʣʠ ʢʘʜʘ ʿʝ ʪʦ ʥʫʞʥʦ ʠʟ 

ʪʝʭʥʠʯʢʠʭ ʨʘʟʣʦʛʘ. ʅʘ ʢʨʘʿʫ, ʦʜʨʝʹʠʚʘˁʝʤ ʦʧʪʠʤʘʣʥʠʭ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʜʦʣʘʟʠ ʩʝ ʜʦ ʢʦʥʘʯʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʩʠʩʪʝʤʘ. 

 

1.1 ʇʨʝʜʤʝʪ ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʩʘ ʮʠˀʝʤ ʦʜʨʝʹʠʚʘˁʘ ʦʧʪʠʤʘʣʥʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ, 

ʣʦʢʘʮʠʿʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʚʘʨʦʰʠ ɹʦˀʝʚʘʮ ʫ ʠʩʪʦʯʥʦʿ ʉʨʙʠʿʠ [15]. ɼʘʪʘ ʣʦʢʘʮʠʿʘ 

ʥʝʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʢˀʫʯʝˁʘ ʥʘ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʫ ʤʨʝʞʫ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʠʥʦ ʠʟʚʦʜˀʠʚʦ ʨʝʰʝˁʝ ʟʘ ʥʘʧʘʿʘˁʝ ʠʩʪʝ 

ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʈʘʟʤʘʪʨʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ʩʣʝʜʝ˂ʠʭ 

ʛʝʥʝʨʘʪʦʨʩʢʠʭ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʠ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ: ʭʠʜʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ, 

PV ʩʠʩʪʝʤ, ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʠʣʠ ʢʦʛʝʥʝʨʘʪʠʚʥʠ (CHP ʦʜ ʝʥʛ. Combined Heat and 

Power) ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ ʜʠʟʝʣ ʛʦʨʠʚʦ, ʙʠʦʛʘʩ ʠ ʚʦʜʦʥʠʢ, ʨʝʛʫʣʘʪʦʨ ʪʝʨʤʠʯʢʦʛ 
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ʦʧʪʝʨʝ˂ʝˁʘ (TLC ʦʜ ʝʥʛ. Thermal Load Controller), ʝʣʝʢʪʨʦʣʠʟʝʨ, ʨʝʟʝʨʚʦʘʨ 

ʚʦʜʦʥʠʢʘ, ʜʚʦʩʤʝʨʥʠ ʧʨʝʪʚʘʨʘʯ (ʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ (AC ʦʜ ʝʥʛ. Alternating 

Current)/ʿʝʜʥʦʩʤʝʨʥʘ ʩʪʨʫʿʘ (DC ʦʜ ʝʥʛ. Direct Current) ʠ DC/AC) ʠ ʙʘʪʝʨʠʿʩʢʠ 

ʩʠʩʪʝʤ. 

ɻʣʘʚʥʠ ʠ ʦʩʥʦʚʥʠ ʮʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʘ ʩʝ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʠʤʝʨʫ, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʠʤʝʥʫ ʜʠʟʝʣʘ ʠ ʜʨʫʛʠʭ ʚʨʩʪʘ ʛʦʨʠʚʘ (ʢʘʦ ʰʪʦ ʩʫ ʙʝʥʟʠʥ, 

ʧʨʠʨʦʜʥʠ ʛʘʩ ʠ ʣʦʞ ʫˀʝ ʟʘ ʜʦʙʠʿʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ), ʜʝʤʦʥʩʪʨʠʨʘ ʟʥʘʯʘʿ 

ʢʦʨʠʰ˂ʝˁʘ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ, ʪʟʚ. Ăʟʝʣʝʥʝ ʝʥʝʨʛʠʿʝò, ʯʠʿʦʤ ʩʝ ʧʨʠʤʝʥʦʤ ʫ 

ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʪʠ ʫʢʫʧʥʠ ʥʝʪʦ ʩʘʜʘʰˁʠ ʪʨʦʰʢʦʚʠ 

(NPC ʦʜ ʝʥʛ. Net Present Cost), ʥʠʚʝʣʠʩʘʥʠ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ (COE 

ʦʜ ʝʥʛ. Cost of Energy) ʠ ʝʤʠʩʠʿʘ GHG [16]. ɼʘʢʣʝ, ʦʩʥʦʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

ʙʠ˂ʝ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʠʭ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʢʦʤʙʠʥʘʮʠʿʦʤ ʆʀɽ (ʭʠʜʨʦʝʥʝʨʛʠʿʝ, ʩʦʣʘʨʥʝ ʠ ʙʠʦʤʘʩʝ) ʩʘ ʜʨʫʛʠʤ 

ʢʦʤʧʦʥʝʥʪʘʤʘ ʩʠʩʪʝʤʘ. ʂʦʥʢʨʝʪʥʦ, ʙʠ˂ʝ ʪʦ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ 

ʭʠʜʨʦʪʫʨʙʠʥʝ, ʫʛʣʘ ʥʘʛʠʙʘ ʠ ʘʟʠʤʫʪʘ PV ʧʘʥʝʣʘ ʠ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ, ʢʦʠʿʤ ˂ʝ 

ʩʝ ʧʦʢʘʟʘʪʠ ʢʘʢʦ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʤʝʥʝ 

ʨʝʬʝʨʝʥʪʥʝ ʢʘʤʘʪʥʝ ʩʪʦʧʝ, ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʥʩʝ ʠ ʧʨʦʪʦʢʘ ʚʦʜʝ 

ʫ ʨʝʮʠ, ʫʪʠʯʫ ʥʘ ʠʟʣʘʟʥʝ ʧʘʨʘʤʝʪʨʝ/ʧʝʨʬʦʨʤʘʥʩʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ [17-22]. 

ʉʧʨʦʚʦʹʝˁʝʤ ʩʚʝʦʙʫʭʚʘʪʥʝ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʝ ʘʥʘʣʠʟʝ ʠʟʘʙʨʘ˂ʝ ʩʝ ʥʘʿʙʦˀʝ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʫ ʧʦʛʣʝʜʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʫʢʫʧʥʠʭ NPCï

ʪʨʦʰʢʦʚʘ ʟʘ ʮʝʦ ʞʠʚʦʪʥʠ ʚʝʢ ʩʠʩʪʝʤʘ, ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚʘ ʠ ʝʤʠʩʠʿʝ 

GHG. ʀʩʪʦʚʨʝʤʝʥʦ ˂ʝ ʩʝ ʠʟʚʨʰʠʪʠ ʤʘʢʩʠʤʠʟʘʮʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʧʨʦʮʝʥʪʫʘʣʥʦʛ ʫʜʝʣʘ ʆʀɽ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ. 

ʇʨʝʜʣʦʞʝʥʝ ʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʦʜ ʜʨʫʛʠʭ 

ʪʠʧʦʚʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʪʦʤʝ ʰʪʦ ʟʘ ʥʘʧʘʿʘˁʝ ʠʟʦʣʦʚʘʥʦʛ 

ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ʢʦʨʠʩʪʝ ɛʍɽ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫʟ ʪʘʣʦʞʥʠʢ ʟʘ ʚʦʜʫ ʠʟ ʨʠʙˁʘʢʘ ʠ 

ʢʦʿʘ ʪʫ ʚʦʜʫ ʢʦʨʠʩʪʠ ʟʘ ʩʚʦʿ ʨʘʜ. ʂʘʦ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʧʦʩʪʦʿʝ˂ʠ 

ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ, ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʥʘʧʘʿʘ ʧʦʤʦ˂ʫ ʩʚʘʢʦʛ ʦʜ 

ʧʨʝʜʣʦʞʝʥʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʧʦʥʘʦʩʦʙ. ɼʘʪʘ ʩʪʫʜʠʿʘ ʩʣʫʯʘʿʘ ʠʟʘʙʨʘʥʘ ʿʝ ʟʙʦʛ 

ʟʥʘʯʘʿʘ ʧʘʩʪʨʤʩʢʠʭ ʬʘʨʤʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʟʜʨʘʚʝ ʭʨʘʥʝ, ʢʘʦ ʠ ʨʘʩʪʫ˂ʝ ʧʦʪʨʘʞˁʝ ʟʘ 

ʧʘʩʪʨʤʢʦʤ, ʰʘʨʘʥʦʤ ʠ ʜʨʫʛʠʤ ʚʨʩʪʘʤʘ ʩʣʘʪʢʦʚʦʜʥʝ ʨʠʙʝ.  
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1.2 ʇʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ 

 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʮʝʚʥʝ 

ʪʫʨʙʠʥʝ ʫʛʨʘʹʝʥʝ ʫ ɛʍɽ ʤʦʛʫ˂ʝ ʧʦʚʝ˂ʘʪʠ ʩʥʘʛʫ ʠ ʝʥʝʨʛʝʪʩʢʫ ʝʬʠʢʘʩʥʦʩʪ ʪʫʨʙʠʥʝ, 

ʢʘʦ ʠ ʧʦʙʦˀʰʘʪʠ ʧʝʨʬʦʨʤʘʥʩʝ ʩʚʘʢʦʛ ʦʜ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ˂ʝ ʩʝ 

ʨʘʟʤʘʪʨʘʪʠ [23,24]. ʇʨʝʤʘ ʣʠʪʝʨʘʪʫʨʠ, ʧʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʭʠʜʨʦʪʫʨʙʠʥʝ ʠ ˁʠʭʦʚʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʚʠʪʘʮʠʦʥʘ ʚʨʪʣʦʞʥʘ ʚʦʜʝʥʘ ʪʫʨʙʠʥʘ [25], 

ʌʨʘʥʮʠʩʦʚʘ ʪʫʨʙʠʥʘ [26,27], ʉʘʚʦʥʠʿʫʩʦʚʘ ʭʠʜʨʦʢʠʥʝʪʠʯʢʘ ʪʫʨʙʠʥʘ [28,29], ʮʝʚʥʘ 

ʪʫʨʙʠʥʘ [23], ʧʨʦʧʝʣʝʨʥʘ S-ʪʫʨʙʠʥʘ [23], ʠʪʜ. ʄʝʹʫʪʠʤ, ʫʪʠʮʘʿ ʧʨʦʤʝʥʝ 

ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʪʫʨʙʠʥʝ ʥʘ ʥʝʢʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʠ ʢʦʥʢʨʝʪʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʿʝʜʥʦʛ ʪʘʢʚʦʛ ʩʠʩʪʝʤʘ ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʩʘʤʦ ʫ [23,24]. ɼʘ ʙʠ ʥʝʢʠ 

PV ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʠʦ ʤʘʢʩʠʤʘʣʥʫ ʢʦʣʠʯʠʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʦʥʜʘ ʠʩʪʠ ʤʦʨʘ 

ʜʘ ʧʨʠʤʘ ʤʘʢʩʠʤʘʣʥʦ ʤʦʛʫ˂ʫ ʢʦʣʠʯʠʥʫ ʦʧʪʠʯʢʦʛ ʟʨʘʯʝˁʘ ʉʫʥʮʘ. ʇʨʘʚʠʣʥʦʤ 

ʦʨʠʿʝʥʪʘʮʠʿʦʤ PV ʤʦʜʫʣʘ, ʢʦʿʘ ʩʝ ʠʟʚʦʜʠ ʢʦʨʠʩʪʝ˂ʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ (ʥʘʛʠʙ ʠ 

ʘʟʠʤʫʪ), ʤʦʞʝ ʩʝ ʘʧʩʦʨʙʦʚʘʪʠ ʤʘʢʩʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ ʟʨʘʯʝˁʘ ʦʜ ʦʥʝ ʢʦʿʘ ʜʦʩʧʝʚʘ 

ʥʘ ʧʦʚʨʰʠʥʫ PV ʤʦʜʫʣʘ ʠ ʦʩʪʚʘʨʠʪʠ ʤʘʢʩʠʤʘʣʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʰʪʦ ʜʘˀʝ ʚʦʜʠ ʧʦʚʝ˂ʘˁʫ ʫʢʫʧʥʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʫ [30]. ʇʦʨʝʜ ʪʦʛʘ, ʫʛʨʘʜˁʦʤ 

TLCïʨʝʛʫʣʘʪʦʨʘ ʫ ʥʝʢʠ ʚʘʥʤʨʝʞʥʠ ʩʠʩʪʝʤ, ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (ɽɽ ʦʜ ʝʥʛ. Excess Electricity) ʫ ʥʝʢʦʤ ʆʀɽ ʤʦʞʝ ʩʝ ʧʨʝʪʚʦʨʠʪʠ ʫ 

ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ, ʘ ʩʘʤʠʤ ʪʠʤ ʩʝ ʤʦʛʫ ʩʤʘʠˁʪʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʧʨʦʠʟʚʦʜˁʝ 

ʝʥʝʨʛʠʿʝ ʫ ʨʘʟʤʘʪʨʘʥʦʤ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ. ʊʘʢʦʹʝ, ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʠʟ 

ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠʭ ʙʘʪʝʨʠʿʘ ʩʝ ʧʦʤʦ˂ʫ ʝʣʝʢʪʨʦʣʠʟʝ ʤʦʞʝ ʪʨʘʥʩʬʦʨʤʠʩʘʪʠ ʫ 

ʝʥʝʨʛʠʿʫ ʚʦʜʦʥʠʢʘ ʠ ʫʩʢʣʘʜʠʰʪʠʪʠ ʫ ʨʝʟʝʨʚʦʘʨ, ʢʦʿʠ ʩʝ ʟʘʪʠʤ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʛʦʨʠʚʦ ʟʘ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ. ɼʘˀʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʝ ʫ 5 ʟʘʪʚʦʨʝʥʠʭ ʙʘʟʝʥʘ 

ʦʜ ʫʢʫʧʥʦ 15 ʭʨʘʥʠʣʠʰʪʘ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʤʦʞʝ ʫʟʛʘʿʘʪʠ ʠ ʰʘʨʘʥ. 

ɿʘ ˁʝʛʦʚ ʧʨʘʚʠʣʘʥ ʨʘʟʚʦʿ ʥʘʿʟʥʘʯʘʿʥʠʿʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʟʘʛʨʝʚʘʪʠ 

ʧʦʤʦ˂ʫ TLCïʨʝʛʫʣʘʪʦʨʘ, CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ ʙʦʿʣʝʨʘ [31]. 

ʂʦʥʘʯʥʦ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ ʟʘʤʝʥʦʤ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʜʠʟʝʣ ʛʦʨʠʚʘ, 

ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʠ ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʙʠʦʤʘʩʝ), ʤʦʛʫ 

ʩʤʘˁʠʪʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʙʠʣʦ ʢʦʿʝʛ ʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ 

ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ GHG [32]. ɺʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘˁʘ ʙʘʚʠʦ ʩʝ ʘʥʘʣʠʟʦʤ 
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ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʙʠʦʛʘʩ ʠʟ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʙʠʦʤʘʩʝ [33-51], ʘʣʠ 

ʥʝʤʘ ʧʦʜʘʪʘʢʘ ʦ ʢʦʨʠʰ˂ʝˁʫ ʙʠʦʛʘʩʘ ʜʦʙʠʿʝʥʦʛ ʧʠʨʦʣʠʟʦʤ ʙʫʢʦʚʦʛ ʠʣʠ ʦʪʧʘʜʥʦʛ 

ʜʨʚʝʪʘ (ʛʨʘʥʘ, ʢʦʨʝ, ʥʝʦʙʨʘʹʝʥʠʭ ʜʨʚʥʠʭ ʦʩʪʘʪʘʢʘ ʠ ʩʣ.) ʢʦʿʠ ˂ʝ ʩʝ ʦʚʜʝ 

ʨʘʟʤʘʪʨʘʪʠ.  

 

1.3 ʄʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʂʨʠʪʝʨʠʿʫʤ ʟʘ ʠʟʙʦʨ ʥʘʿʙʦˀʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ 

ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʜʣʦʞʝʥʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ (ʪʿ. ʣʦʢʘʮʠʿʫ) ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʢʦʤʧʨʦʤʠʩʫ 

ʠʟʤʝʹʫ ʝʢʦʥʦʤʠʯʥʦʩʪʠ, ʧʦʫʟʜʘʥʦʩʪʠ, ʦʜʨʞʠʚʦʩʪʠ ʠ ʪʝʭʥʠʯʢʦʛ ʘʩʧʝʢʪʘ. ɼʘ ʙʠ ʩʝ 

ʦʩʪʚʘʨʠʣʠ ʮʠˀʝʚʠ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʩʪʨʘʞʠʚʘʯʢʠ ʨʘʜ ʿʝ ʦʙʫʭʚʘʪʠʦ 

ʩʣʝʜʝ˂ʝ: 

¶ ʇʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʫ ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ ʆʀɽ, ʛʜʝ ʿʝ ʧʦʩʝʙʥʘ 

ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʥʘʫʯʥʠʤ ʨʘʜʦʚʠʤʘ ʦʙʿʘʚˀʝʥʠʤ ʫ ʧʨʝʩʪʠʞʥʠʤ 

ʤʝʹʫʥʘʨʦʜʥʠʤ ʯʘʩʦʧʠʩʠʤʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʚʘʥʤʨʝʞʥʠʭ 

ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ. 

¶ ʇʨʠʤʝʥʫ ʘʥʘʣʠʪʠʯʢʦʛ ʩʦʬʪʚʝʨʘ ʟʘ ʭʠʙʨʠʜʥʫ ʦʧʪʠʤʠʟʘʮʠʿʫ ʚʠʰʝ 

ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (HOMER ʦʜ ʝʥʛ. 

Hybrid Optimization of Multiple Electric Renewables) ʢʦʿʠ ʢʦʨʠʩʪʠ ʘʣʛʦʨʠʪʤʝ 

ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʠ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʢʦʿʠ ʿʝ ʥʘʰʘʦ ʩʚʦʿʫ ʧʨʠʤʝʥʫ ʫ 

ʨʘʟʚʦʿʫ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ [52,53]. 

¶ ʂʨʝʠʨʘˁʝ ʙʣʦʢ ʜʠʿʘʛʨʘʤʘ ʟʘ ʠʟʚʦʹʝˁʝ ʩʠʤʫʣʘʮʠʿʘ ʠ ʧʨʦʫʯʘʚʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ. 

¶ ʇʨʠʤʝʥʫ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʭʠʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤʘ. 

¶ ʇʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʦʜ ʚʣʘʩʥʠʢʘ ʨʠʙˁʘʢʘ ʦ ʧʦʪʨʦʰˁʠ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʧʦʪʨʝʙʝ ʧʦʩʣʦʚʥʝ ʟʛʨʘʜʝ, ʢʘʦ ʠ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ 

ʟʘ ʟʘʛʨʝʚʘˁʝ ʚʦʜʝ ʫ ʙʘʟʝʥʠʤʘ ʨʠʙˁʘʢʘ ʠ ʩʣ. 

¶ ʀʟʨʘʯʫʥʘʚʘˁʝ ʩʨʝʜˁʠʭ ʤʝʩʝʯʥʠʭ ʧʨʦʪʦʢʘ ʚʦʜʝ ʟʘ ʈʘʜʦʚʘʥʩʢʫ ʨʝʢʫ ʥʘ 

ʦʩʥʦʚʫ ʚʠʰʝʛʦʜʠʰˁʠʭ ʤʝʨʝˁʘ [54], ʢʘʦ ʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʨʝʜˁʝ ʤʝʩʝʯʥʝ 

ʢʦʣʠʯʠʥʝ ʜʨʚʥʝ ʙʠʦʤʘʩʝ ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ ʦʜ ʚʣʘʩʥʠʢʘ 

ʨʠʙˁʘʢʘ. 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

22 

 

¶ ʋʯʠʪʘʚʘˁʝ ʧʦʜʘʪʘʢʘ ʠʟ ʙʘʟʝ NASA Surface Meteorology and Solar Energy 

[55] ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʟʜʫʭʘ ʠ ʠʥʪʝʥʟʠʪʝʪʫ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʩʘ ʧʨʦʩʝʯʥʠʤ 

ʤʝʩʝʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠ ʠʥʜʝʢʩʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʘ ʚʘʨʦʰ ɹʦˀʝʚʘʮ, 

ʦʧʰʪʠʥʫ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ. 

¶ ʇʨʝʪʨʘʞʠʚʘˁʝ ʢʘʪʘʣʦʛʘ ʠ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʿʘ [56-62] ʩʘ ʮʠˀʝʤ ʦʜʘʙʠʨʘ 

ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʩʪʚʘʨʥʠʤ ʪʨʞʠʰʥʠʤ ʮʝʥʘʤʘ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʠʥʚʝʩʪʠʮʠʦʥʝ 

ʪʨʦʰʢʦʚʝ, ʪʨʦʰʢʦʚʝ ʟʘʤʝʥʝ, ʪʨʦʰʢʦʚʝ ʧʦʛʦʥʘ ʠ ʦʜʨʞʘʚʘˁʘ (ʇ&ʆ ʦʜ ʝʥʛ. 

Operation and Maintenance), ʢʘʦ ʠ ˁʠʭʦʚʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. 

¶ ʇʨʠʤʝʥʫ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʧʨʦʛʨʘʤʘ MS Excel ʟʘ ʪʘʙʝʣʠʨʘˁʝ ʠ ʛʨʘʬʠʯʢʦ 

ʧʨʠʢʘʟʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ. 

¶ ʇʨʘʢʪʠʯʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʠʭ ʠʥʦʚʘʪʠʚʥʠʭ ʨʝʰʝˁʘ. 

 

1.4 ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʜʦʧʨʠʥʦʩ 

 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʘʢʪʫʝʣʥʦʩʪ ʨʘʟʚʦʿʘ ʠ ʘʥʘʣʠʟʝ ʭʠʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ 

ʩʠʩʪʝʤʘ ʩʘ ʆʀɽ, ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʠ ʨʝʟʫʣʪʘʪʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ: 

¶ ʀʥʦʚʘʪʠʚʥʦ ʨʝʰʝˁʝ ʠ ʧʨʝʜʣʦʛ ʥʦʚʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʢʦʥʢʨʝʪʥʦʛ 

ʫʜʘˀʝʥʦʛ ʨʠʙˁʘʢʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

¶ ʀʥʦʚʘʪʠʚʥʦ ʨʝʰʝˁʝ ʠ ʧʨʝʜʣʦʛ ʥʦʚʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ-TLCïʨʝʛʫʣʘʪʦʨ-ʙʦʿʣʝʨ 

ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʢʦʥʢʨʝʪʥʦʛ ʫʜʘˀʝʥʦʛ ʨʠʙˁʘʢʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ 

ʝʥʝʨʛʠʿʦʤ. 

¶ ʀʥʦʚʘʪʠʚʥʦ ʨʝʰʝˁʝ ʠ ʧʨʝʜʣʦʛ ʥʦʚʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ ʠʣʠ ʚʦʜʦʥʠʢ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ-

TLCïʨʝʛʫʣʘʪʦʨ-ʙʦʿʣʝʨ-ʝʣʝʢʪʨʦʣʠʟʝʨ-ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ 

ʢʦʥʢʨʝʪʥʦʛ ʫʜʘˀʝʥʦʛ ʨʠʙˁʘʢʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

¶ ʋʥʘʧʨʝʹʠʚʘˁʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʟʠ ʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʆʀɽ ʫ ʚʘʥʤʨʝʞʥʝ 

ʭʠʙʨʠʜʥʝ ʩʠʩʪʝʤʝ ʟʘ ʠʟʦʣʦʚʘʥʝ ʠ ʫʜʘˀʝʥʝ ʣʦʢʘʮʠʿʝ. 

¶ ʆʧʪʠʤʠʟʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ ʠʟʚʦʜˀʠʚʦʩʪʠ ʚʘʥʤʨʝʞʥʠʭ ʭʠʙʨʠʜʥʠʭ 

ʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʮʝʥʘʨʠʿʝ ʠ ʧʦʛʦʥʩʢʝ ʫʩʣʦʚʝ ʧʘʩʪʨʤʩʢʦʛ 

ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ. 
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¶ ʋʪʚʨʹʠʚʘˁʝ ʜʠʨʝʢʪʥʝ ʧʦʚʝʟʘʥʦʩʪʠ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʭʠʜʨʦʪʫʨʙʠʥʝ, ʫʛʣʘ ʥʘʛʠʙʘ ʠ ʘʟʠʤʫʪʘ PV ʤʦʜʫʣʘ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʮʝʣʦʛ 

ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. 

¶ ʋʪʚʨʹʠʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʝʤʠʩʠʿʝ GHG ʦʜ ʚʨʩʪʝ ʛʦʨʠʚʘ ʢʦʨʠʰ˂ʝʥʦʛ ʫ CHP 

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ. 

¶ ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʚʠʰʝ ʤʦʛʫ˂ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

ʩʘʩʪʘʚˀʝʥʠʭ ʦʜ ʭʠʜʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʬʦʪʦʥʘʧʦʥʩʢʦʛ ʩʠʩʪʝʤʘ, CHP 

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʜʠʟʝʣ ʛʦʨʠʚʦ, ʙʠʦʛʘʩ ʠ ʚʦʜʦʥʠʢ, ʨʝʛʫʣʘʪʦʨʘ ʪʝʨʤʠʯʢʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʝʣʝʢʪʨʦʣʠʟʝʨʘ, ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ, ʧʨʝʪʚʘʨʘʯʘ ʠ ʙʘʪʝʨʠʿʘ. 

¶ ʀʟʚʦʹʝˁʝ ʟʘʢˀʫʯʘʢʘ, ʧʨʝʜʣʦʛ ʥʘʿʙʦˀʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

ʩ ʘʩʧʝʢʪʘ ʤʘʢʩʠʤʘʣʥʝ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ (ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ) ʠ 

ʧʦʚʝ˂ʘʥʦʛ ʫʜʝʣʘ ʆʀɽ (RF ʦʜ ʝʥʛ. Renewable Fraction), ʫʟ ʤʠʥʠʤʠʟʘʮʠʿʫ 

ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ, ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚʘ ʠ ʝʤʠʩʠʿʫ GHG.  

 

1.5 ʆʢʚʠʨʥʠ ʦʧʠʩ ʩʘʜʨʞʘʿʘ ʜʠʩʝʨʪʘʮʠʿʝ 

 

ʇʦʩʣʝ ʥʘʩʣʦʚʘ, ʘʧʩʪʨʘʢʪʘ ʠ ʢˀʫʯʥʠʭ ʨʝʯʠ ʜʘʪʠʭ ʥʘ ʩʨʧʩʢʦʤ ʠ ʝʥʛʣʝʩʢʦʤ 

ʿʝʟʠʢʫ ʧʨʝʟʝʥʪʦʚʘʥ ʿʝ ʩʘʜʨʞʘʿ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ɼʠʩʝʨʪʘʮʠʿʘ ʩʘʜʨʞʠ ʫʢʫʧʥʦ 

ʦʩʘʤ ʪʝʤʘʪʩʢʠʭ ʮʝʣʠʥʘ. 

ʋ ʋʚʦʜʫ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʧʨʝʜʤʝʪ ʠ ʮʠˀʝʚʠ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʇʦʨʝʜ ʪʦʛʘ, ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʩʘʤʝ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʢʘʦ ʠ ʧʨʠʤʝʥˀʠʚʦʩʪ ʉʪʨʘʪʝʛʠʿʝ ʠ ʋʨʝʜʙʠ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʢʦʨʠʰ˂ʝˁʝ ʆʀɽ ʠ ʝʤʠʩʠʿʫ GHG ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʜʦ 2040. ʛʦʜʠʥʝ ʩʘ 

ʧʨʦʿʝʢʮʠʿʘʤʘ ʜʦ 2050. ʛʦʜʠʥʝ. 

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʜʠʩʝʨʪʘʮʠʿʝ ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʩʝ ʙʘʚʠ 

ʜʦʩʘʜʘʰˁʦʤ ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʘ HOMER Pro ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʚʘʥʤʨʝʞʥʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ 

ʨʝʟʫʣʪʘʪʘ ʦʧʪʠʤʘʣʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʧʦʩʝʙʥʠʤ ʥʘʛʣʘʩʢʦʤ 

ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʢʦʿʝ ʫ ʩʝʙʠ ʩʘʜʨʞʝ ʙʘʨʝʤ ʿʝʜʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʢʘʦ ʰʪʦ ʩʫ: 

ɛʍɽ, TLCïʨʝʛʫʣʘʪʦʨ, ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ ʠʣʠ ʚʦʜʦʥʠʢ. 

ʋ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀʫ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʢʦʥʮʝʧʪ ʚʝʟʝ ʠʟʤʝʹʫ ʩʠʤʫʣʘʮʠʿʝ, 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʫ ʩʦʬʪʚʝʨʫ HOMER Pro, ʢʘʦ ʠ ʬʠʟʠʯʢʦ ʠ 
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ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ, ʤʦʜʝʣʠʨʘˁʝ ʫʢʫʧʥʠʭ 

NPCïʪʨʦʰʢʦʚʘ, ʪʨʦʰʢʦʚʘ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ. ʋʟ ʪʦ, ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʠ ʤʦʜʝʣʠ 

ʧʦʤʦ˂ʫ ʢʦʿʠʭ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫʜʝʦ ʆʀɽ ʫ ʫʢʫʧʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ. 

ʋ ʯʝʪʚʨʪʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʦʧʠʩ ʨʘʟʤʘʪʨʘʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ 

ʜʝʪʘˀʠ ʦ ʧʦʪʝʥʮʠʿʘʣʫ ʆʀɽ ʥʘ ʜʘʪʦʿ ʣʦʢʘʮʠʿʠ. ʊʘʢʦʹʝ, ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʧʦʜʘʮʠ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʭʠʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤʘ ʧʨʝʫʟʝʪʠʭ ʩʘ ʠʥʪʝʨʥʝʪ ʩʪʨʘʥʠʮʘ, ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʠʟʚʨʰʘʚʘˁʝ 

ʤʝʪʦʜʦʣʦʰʢʦʛ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʠ ʩʪʨʘʪʝʛʠʿʝ ʫʧʨʘʚˀʘˁʘ ʝʥʝʨʛʠʿʦʤ ʫ ʨʘʟʤʘʪʨʘʥʦʤ 

ʚʘʥʤʨʝʞʥʦʤ ʭʠʙʨʠʜʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ. 

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʠʟʚʨʰʝʥʘ ʿʝ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ ʫʟ ʧʦʩʝʙʘʥ ʦʩʚʨʪ ʥʘ ʦʧʪʠʤʠʟʘʮʠʿʫ 

ʭʠʜʨʦʪʫʨʙʠʥʝ ʠ ʧʨʦʤʝʥʫ ˁʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʘ ʮʠˀʝʤ ʝʬʠʢʘʩʥʠʿʝʛ ʧʦʛʦʥʘ. 

ʈʘʟʤʘʪʨʘʥʘ ʩʫ ʩʣʝʜʝ˂ʘ ʜʚʘ ʪʠʧʘ ʧʨʦʧʝʣʝʨʥʠʭ S-ʪʫʨʙʠʥʘ (I ʠ II) ʠ ʪʨʠ ʨʘʟʣʠʯʠʪʘ 

ʩʣʫʯʘʿʘ ʧʦʛʦʥʘ (1, 2 ʠ 3): (I) ʭʠʜʨʦʪʫʨʙʠʥʘ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ 

ʬʠʢʩʥʠʤ ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ ʟʘ (1) ʧʦʛʦʥ ʩʘ ʧʨʦʩʝʯʥʠʤ ʩʨʝʜˁʠʤ ʧʨʦʪʦʢʦʤ ʚʦʜʝ 

ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ, ʢʘʦ ʠ (II) ʭʠʜʨʦʪʫʨʙʠʥʘ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ 

ʧʦʜʝʩʠʚʠʤ ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ ʟʘ: (2) ʧʦʛʦʥ ʩʘ ʤʘˁʠʤ ʧʨʦʪʦʢʦʤ ʚʦʜʝ ʢʨʦʟ 

ʪʘʣʦʞʥʠ ʙʘʟʝʥ (ʪʿ. ʥʠʞʠʤ ʩʪʝʧʝʥʦʤ ʝʬʠʢʘʩʥʦʩʪʠ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫ ʣʝʪˁʠʤ 

ʤʝʩʝʮʠʤʘ ʠ ʩʫʰʥʠʤ ʛʦʜʠʥʘʤʘ), ʦʜʥʦʩʥʦ ʟʘ ʙʨʟʠʥʫ ʧʨʦʪʦʢʘ ʢʦʿʠ ʿʝ 20% ʤʘˁʠ ʦʜ 

ʛʦʜʠʰˁʝʛ ʧʨʦʩʝʯʥʦʛ ʧʨʦʪʦʢʘ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ; (3) ʧʦʛʦʥ ʩʘ ʚʝ˂ʠʤ ʧʨʦʪʦʢʦʤ 

ʚʦʜʝ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ (ʪʿ. ʝʬʠʢʘʩʥʠʿʠ ʨʘʜ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫ ʟʠʤʩʢʠʤ ʤʝʩʝʮʠʤʘ). 

ʉʘ ʧʨʦʤʝʥʦʤ ʬʫʥʢʮʠʿʝ ʨʠʙˁʘʢʘ (ʪʿ. ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʦʥʫʜʝ ʚʨʩʪʘ 

ʩʣʘʪʢʦʚʦʜʥʝ ʨʠʙʝ) ʤʝˁʘ ʩʝ ʦʧʪʝʨʝ˂ʝˁʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʜʦʣʘʟʠ ʠ ʜʦ ʧʨʦʤʝʥʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʫ ʩʠʩʪʝʤʫ. ɼʘˀʝ, ʫ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʠʟʚʨʰʝʥʘ ʿʝ 

ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-

ʙʘʪʝʨʠʿʘ-TLCïʨʝʛʫʣʘʪʦʨ-ʙʦʿʣʝʨ. ʇʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʠʩʢʦʨʠʰ˂ʝˁʫ 

ʨʝʛʝʥʝʨʠʩʘʥʝ ʦʪʧʘʜʥʝ ʪʦʧʣʦʪʝ ʠʟ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʯʠʿʘ ʿʝ ʬʫʥʢʮʠʿʘ ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʝʙʘ ʟʘ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʦʚʦ ʤʦʞʝ ʜʦʜʘʪʥʦ ʜʦʧʨʠʥʝʪʠ ʩʤʘˁʝˁʫ ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ ʠ 

ʝʤʠʩʠʿʝ GHG ʫ ʦʢʦʣʠʥʫ, ʯʠʤʝ ʿʝ ʫʢʘʟʘʥʦ ʥʘ ʥʝʦʧʭʦʜʥʦʩʪ ʧʨʠʤʝʥʝ TLCïʨʝʛʫʣʘʪʦʨʘ 

ʫ ʚʘʥʤʨʝʞʥʠʤ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʠʤʘ. 
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ʋ ʩʝʜʤʦʤ ʧʦʛʣʘʚˀʫ ʨʘʟʤʘʪʨʘʥʘ ʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʩʘʤʦ ʦʜ 

ʆʀɽ, ʜʘʢʣʝ ʙʝʟ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʜʠʟʝʣ ʛʦʨʠʚʦ. ɸʥʘʣʠʟʠʨʘʥ ʿʝ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ ʠʣʠ ʚʦʜʦʥʠʢ-ʧʨʝʪʚʘʨʘʯ-

ʙʘʪʝʨʠʿʘ-TLCïʨʝʛʫʣʘʪʦʨ-ʙʦʿʣʝʨ-ʝʣʝʢʪʨʦʣʠʟʝʨ-ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ, ʛʜʝ ʩʝ ʟʘ 

ʧʦʢʨʝʪʘˁʝ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʩʪʝ ʩʣʝʜʝ˂ʝ ʪʨʠ ʚʨʩʪʝ ʛʦʨʠʚʘ: (ʘ) ʙʠʦʛʘʩ 

ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʦʪʧʘʜʥʦʛ ʜʨʚʝʪʘ; (ʙ) ʙʠʦʛʘʩ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʙʫʢʦʚʦʛ 

ʜʨʚʝʪʘ ʠ (ʚ) ʚʦʜʦʥʠʢ. ʊʘʢʦʹʝ, ʫ ʦʚʦʤ ʜʝʣʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʠ ʘʥʘʣʠʟʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʢʚʘʥʪʠʬʠʢʦʚʘʦ ʫʪʠʮʘʿ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘ ʠʟʣʘʟʥʝ 

ʧʘʨʘʤʝʪʨʝ/ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʤʝʥʝ ʢʘʤʘʪʥʝ ʩʪʦʧʝ, ʮʝʥʝ ʛʦʨʠʚʘ, 

ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʥʩʝ ʠ ʧʨʦʪʦʢʘ ʚʦʜʝ ʫ ʨʝʮʠ, ʘ ʩʚʝ ʫ ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʪʨʦʰʢʦʚʘ 

ʩʠʩʪʝʤʘ ʠ ʝʤʠʩʠʿʝ GHG. 

ʋ ʦʩʤʦʤ ʧʦʛʣʘʚˀʫ ʜʘʪ ʿʝ ʟʘʢˀʫʯʘʢ ʛʜʝ ʩʫ ʠʟʜʚʦʿʝʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʝ ʩʫ ʥʘʿʙʦˀʝ ʟʘ ʥʘʧʘʿʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʢʦʤʙʠʥʘʮʠʿʘ 

ʧʦʪʨʦʰʘʯʘ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ. ʀʟʜʚʦʿʝʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʫ ʥʘʿʙʦˀʝ ʩ 

ʘʩʧʝʢʘʪʘ ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ, ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚʘ, ʫʢʫʧʥʝ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʠ ʝʤʠʩʠʿʝ GHG. ʊʘʢʦʹʝ, ʧʨʝʜʣʦʞʝʥʝ 

ʩʫ ʤʝʪʦʜʝ ʠ ʠʜʝʿʝ ʟʘ ʜʘˀʝ ʫʥʘʧʨʝʹʠʚʘˁʝ ʚʘʥʤʨʝʞʥʠʭ ʭʠʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ 

ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʠʟʦʣʦʚʘʥʠʭ ʠ ʫʜʘˀʝʥʠʭ ʣʦʢʘʮʠʿʘ. 

ʇʦʩʣʝ ʟʘʢˀʫʯʢʘ ʠ ʣʠʩʪʝ ʨʝʬʝʨʝʥʮʠ ʜʘʪʠ ʩʫ ʜʦʜʘʮʠ ʢʦʿʠ ʩʘʜʨʞʝ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʠ ʣʠʩʪʫ ʩʢʨʘ˂ʝʥʠʮʘ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʜʠʩʝʨʪʘʮʠʿʠ, ʢʘʦ ʠ ʧʦʧʠʩʝ 

ʪʘʙʝʣʘ, ʠʣʫʩʪʨʘʮʠʿʘ ʠ ʿʝʜʥʘʯʠʥʘ.  
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2. ʇʈɽɻʃɽɼ ʈɽɿʋʃʊɸʊɸ ʇʈɽʊʍʆɼʅʀʍ ʀʉʊʈɸɾʀɺɸɳɸ 

 

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʠʜʝʿʥʘ ʨʝʰʝˁʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʝ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʫ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʥʝ ʧʦʩʪʦʿʝ 

ʫ ʣʠʪʝʨʘʪʫʨʠ. ʈʘʜ [24] ʧʨʝʜʩʪʘʚˀʘ ʘʥʘʣʠʟʫ ʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ 

ʩʠʩʪʝʤʘ ʠ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʧʫʙʣʠʢʘʮʠʿʘ [16-22,30,31]. 

Kʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ [24] ʨʘʟʣʠʢʫʿʝ ʩʝ ʦʜ ʜʨʫʛʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

ʠʟ ʣʠʪʝʨʘʪʫʨʝ ʿʝʨ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥʘ ʟʘ ʥʘʧʘʿʘˁʝ ʠʟʦʣʦʚʘʥʦʛ ʨʠʙˁʘʢʘ ʟʘ ʧʘʩʪʨʤʢʝ. 

ʆʥʘ ʩʘʜʨʞʠ ɛʍɽ ʩʤʝʰʪʝʥʫ ʫʟ ʪʘʣʦʞʥʠʢ ʟʘ ʚʦʜʫ ʠʟ ʨʠʙˁʘʢʘ ʠ ʢʦʨʠʩʪʠ ʚʦʜʫ ʠʟ 

ʧʨʝʣʠʚʘ ʪʘʣʦʞʥʠʢʘ ʟʘ ʧʦʛʦʥ ʤʦʜʠʬʠʢʦʚʘʥʝ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ. ʋ [32] ʩʝ 

ʧʨʝʜʣʘʞʝ ʟʘʤʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ ʙʠʦʛʘʩʦʤ ʜʦʙʠʿʝʥʠʤ 

ʧʠʨʦʣʠʟʦʤ ʠʟ ʦʪʧʘʜʥʦʛ ʜʨʚʝʪʘ, ʙʠʦʛʘʩʦʤ ʜʦʙʠʿʝʥʠʤ ʧʠʨʦʣʠʟʦʤ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʦʛ 

ʙʫʢʦʚʦʛ ʜʨʚʝʪʘ ʠ ʚʦʜʦʥʠʢʦʤ. 

ʋ ʚʝ˂ʠʥʠ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʘʜʦʚʘ ʬʫʥʢʮʠʿʘ ʮʠˀʘ ʙʠʣʘ ʿʝ ʤʠʥʠʤʠʟʘʮʠʿʘ 

ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ, ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚʘ ʠ ʝʤʠʩʠʿʝ GHG. 

 

2.1 ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ɛʍɽ 

 

ʋ ʜʦʩʪʫʧʥʠʤ ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʨʘʜʦʚʠʤʘ ʘʥʘʣʠʟʠʨʘʥʠ ʩʫ ʭʠʙʨʠʜʥʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʩʘ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʠʤʘ, 

ʧʨʦʿʝʢʪʦʚʘʥʠ ʟʘ ʥʘʧʘʿʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʫʜʘˀʝʥʠʭ ʧʦʪʨʦʰʘʯʘ. ʉʠʤʫʣʘʮʠʿʘ ʠ 

ʜʠʤʝʥʟʠʦʥʠʩʘˁʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʟʘ 

ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ ʨʫʨʘʣʥʠʭ ʧʦʜʨʫʯʿʘ ʫ ʝʢʚʘʪʦʨʠʿʘʣʥʦʿ ɸʬʨʠʮʠ ʠʟʚʝʜʝʥʠ ʩʫ ʫ [63]. 

ɿʘ ʨʘʟʤʘʪʨʘʥʝ ʫʩʣʦʚʝ ʧʨʝʜʣʦʞʝʥ ʿʝ ʦʧʪʠʤʘʣʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʦʜ 8.12 kW ʟʘ 

ʥʘʧʘʿʘˁʝ ʫʜʘˀʝʥʦʛ ʩʝʣʘ. ʋʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʟʘ 

ʦʚʘʿ ʩʠʩʪʝʤ ʠʟʥʦʩʠʣʠ ʩʫ 70042 USD ʠ 0.278 USD/kWh, ʨʝʜʦʤ. ʇʨʦʮʝʥʘ 

ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʤʘʣʠ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ ʫ 

ʫʜʘˀʝʥʦʿ ʦʙʣʘʩʪʠ ʅʠʛʝʨʠʿʝ ʠʟʚʨʰʝʥʘ ʿʝ ʫ [64]. ʋ ʦʚʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, 

ʨʘʩʧʦʣʦʞʠʚʘ ʭʠʜʨʦʝʥʝʨʛʠʿʘ ʤʦʞʝ ʜʘ ʟʘʜʦʚʦˀʠ ʤʝʩʝʯʥʝ ʧʦʪʨʝʙʝ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʫ ʠʟʥʦʩʫ ʦʜ 59-100%, ʟʘʚʠʩʥʦ ʦʜ ʤʝʩʝʮʘ ʫ ʛʦʜʠʥʠ [64]. ʉʪʫʜʠʿʘ 

ʠʟʚʦʜˀʠʚʦʩʪʠ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ ʢʦʿʠ ʨʘʜʠ 

ʥʘ ʧʦʩʪʦʿʝ˂ʦʿ ʙʨʘʥʠ ʟʘ ʚʦʜʦʩʥʘʙʜʝʚʘˁʝ ʫ ʿʫʞʥʦʤ ɹʨʘʟʠʣʫ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [65]. ʋ 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

27 

 

ʦʚʦ ʿʩʪʫʜʠʿʠ ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʧʦʩʪʦʿʝ˂ʠʭ ʧʫʤʧʠ, ʢʦʿʝ ʩʫ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ 

ʧʣʫʪʘʿʫ˂ʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ, ʥʘʠʤʝ ʪʫʨʙʠʥʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ PV ʛʝʥʝʨʘʪʦʨʦʤ 

[65]. ʍʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ PV ʛʝʥʝʨʘʪʦʨ-ɛʍɽ ʟʘʿʝʜʥʦ ʩʘ ʿʦʰ 

ʥʝʢʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ, ʦʧʝʨʘʪʠʚʥʠʤ ʩʪʨʘʪʝʛʠʿʘʤʘ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʰ˂ʫ ʠʟʤʝʹʫ 

ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʫ ʚʨʝʤʝʥʫ ʠ ʧʨʝʣʠʤʠʥʘʨʥʠʤ ʧʨʦʮʝʥʘʤʘ ʪʨʦʰʢʦʚʘ ʟʘ ʿʫʞʥʠ ɹʨʘʟʠʣ 

ʨʘʟʤʘʪʨʘʥʠ ʩʫ ʫ [66]. 

ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʠ ʝʢʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʠʪʠʭ ʭʠʙʨʠʜʥʠʭ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʪʠʧʠʯʥʦʛ ʨʫʨʘʣʥʦʛ ʩʝʣʘ ʫ ʀʨʘʢʫ 

ʠʟʚʝʜʝʥʘ ʿʝ ʫ [67]. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʦʚʘʿ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 14.7 kW 

ɛʍɽ, 13 kW PV ʛʝʥʝʨʘʪʦʨʘ, 5 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 8 ʙʘʪʝʨʠʿʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʥʝʨʛʠʿʝ ʠ ʧʨʝʪʚʘʨʘʯʘ ʦʜ 9 kW, ʠʤʘ ʫʢʫʧʝ NPCïʪʨʦʰʢʦʚe ʦʜ 113201 USD ʠ ʥʠʩʢʫ 

ʝʤʠʩʠʿʫ GHG [67]. ʇʦʪʝʥʮʠʿʘʣʥʘ ʧʨʠʤʝʥʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʟʘ ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ ʚʘʥʤʨʝʞʥʦʛ ʪʠʧʠʯʥʦʛ ʨʫʨʘʣʥʦʛ ʩʝʣʘ ʫ 

ʅʠʛʝʨʠʿʠ ʠʩʧʠʪʘʥʘ ʿʝ ʫ [68]. ʇʨʝʤʘ ʦʚʦʿ ʩʪʫʜʠʿʠ, ʧʦʩʪʦʿʠ ʦʧʪʠʤʘʣʘʥ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʩʘ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʦʜ 963431 USD ʠ ʥʠʚʝʣʠʩʘʥʠʤ COEï

ʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.112 USD/kWh. ʋ [69], ʟʘ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʧʦʚʝ˂ʘˁʝ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʩʘ 

0.55 USD/l ʥʘ 1.2 USD/l ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʧʨʠʜʨʫʞʝʥʝ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʩʘ 

0.131 USD/kWh ʥʘ 0.206 USD/kWh. ʆʜʨʞʠʚʦʩʪ ʩʠʩʪʝʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʩʘ ʮʠˀʝʤ ʧʨʦʥʘʣʘʞʝˁʘ ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʥʘʿʙʦˀʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʝʣʘ ʫ ʟʘʧʘʜʥʦʿ ɽʪʠʦʧʠʿʠ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʫ 

[70]. ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʫʢʫʧʥʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʤʦʞʝ 

ʧʦʢʨʠʪʠ ʩʘ 79% ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʦʙʠʿʝʥʝ ʠʟ ɛʍɽ, 20% ʠʟ PV ʛʝʥʝʨʘʪʦʨʘ, ʘ 

ʩʘʤʦ 1% ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ. ʍʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʧʨʝʜʣʦʞʝʥ ʫ 

[70] ʿʝ ʪʘʢʦʹʝ ʙʠʦ ʢʦʥʢʫʨʝʥʪʘʥ ʩʘ ʮʝʥʦʤ ʦʜ 0.133 USD/kWh. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ 

ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘˀʝʥʦʛ ʩʝʣʘ ɸʣ-

ʍʘʚʠʿʘ ʫ ʀʨʘʢʫ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʫ [71]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʠ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʩʘʩʪʦʿʠ ʦʜ ʢʦʤʙʠʥʘʮʠʿʝ 3 kW PV ʛʝʥʝʨʘʪʦʨʘ, 8.83 kW ɛʍɽ, 10 kW ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ, 3 kW ʧʨʝʪʚʘʨʘʯʘ ʠ 12 ʙʘʪʝʨʠʿʘ, ʩʘ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʠ 

ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 316827 USD ʠ 0.566 USD/kWh, ʨʝʜʦʤ. ʋ [72] ʿʝ 

ʠʩʪʨʘʞʝʥʘ ʤʦʛʫ˂ʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʆʀɽ ʟʘ ʩʤʘˁʝˁʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʬʦʩʠʣʥʠʭ 

ʛʦʨʠʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʝ ʝʥʝʨʛʝʪʩʢʝ 
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ʧʦʪʨʝʙʝ ʤʦʙʠʣʥʝ ʙʘʟʥʝ ʩʪʘʥʠʮʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʀʢʚʝʨʫ (ʜʨʞʘʚʘ ʈʠʚʝʨʩ) ï 

ʅʠʛʝʨʠʿʘ. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʘ ʧʦʢʘʟʫʿʫ ʜʘ ʢʦʨʠʰ˂ʝˁʝ ʆʀɽ ʢʘʦ ʭʠʙʨʠʜʥʠ (PV 

ʛʝʥʝʨʘʪʦʨ ʠ/ʠʣʠ ɛʍɽ ʠ/ʠʣʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ) ʩʠʩʪʝʤ ʤʦʛʫ ʩʤʘˁʠʪʠ ʧʦʛʦʥʩʢʝ 

ʪʨʦʰʢʦʚʝ ʠ ʝʤʠʩʠʿʫ GHG (CO2 ʠ NOx). ʇʣʘʥʠʨʘˁʝ ʤʠʢʨʦʤʨʝʞʝ ʟʘ ʥʘʧʘʿʘˁʝ 100 

ʢʫ˂ʘ ʫ ʅʠʛʝʨʠʿʠ ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ [73], ʛʜʝ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʘʤʦ 50 kW ɛʍɽ ʩʠʩʪʝʤ 

ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʿʝʨ ʠʤʘ ʥʘʿʥʠʞʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʫ ʠʟʥʦʩʫ 

ʦʜ 34594 USD ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʫ ʠʟʥʦʩʫ ʦʜ 0.01 USD/kWh. 

 

2.2 ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʨʝʛʫʣʘʪʦʨʦʤ ʪʝʨʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

 

ʅʝʢʦʣʠʢʦ ʩʪʫʜʠʿʘ ʨʘʟʤʘʪʨʘ ʩʥʘʙʜʝʚʘˁʝ ʧʦʪʨʦʰʘʯʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ 

ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʘ ʧʦʪʨʦʰˁʦʤ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ɽɽ) ʫ TLCï

ʨʝʛʫʣʘʪʦʨʫ. ʍʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ, ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ, ʛʦʨʠʚʥʠʭ ˂ʝʣʠʿʘ, ʙʦʿʣʝʨʘ ʥʘ ʧʨʠʨʦʜʥʠ ʛʘʩ, TLCïʨʝʛʫʣʘʪʦʨʘ 

ʠ ʧʨʝʪʚʘʨʘʯʘ, ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʩʪʘʤʙʝʥʦʛ ʜʦʤʘ˂ʠʥʩʪʚʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʠ PV ʩʪʘʥʠʮʝ ʟʘ ʧʫˁʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʚʦʟʠʣʘ ʫ ʊʝʭʝʨʘʥʫ, ʦʧʪʠʤʠʟʠʨʘʥ 

ʝʿ ʫ [74]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʿʝ ʪʘʿ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʝʢʦʥʦʤʩʢʠ ʠ ʪʝʭʥʠʯʢʠ ʠʟʚʦʜˀʠʚ ʩʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʠ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 230223 USD ʠ 

0.0409 USD/kWh, ʨʝʜʦʤ, ʘ ʜʘ TLCïʨʝʛʫʣʘʪʦʨ ʠʛʨʘ ʢˀʫʯʥʫ ʫʣʦʛʫ ʟʘ ʧʦʛʦʥ PV 

ʩʠʩʪʝʤʘ ʠ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ GHG. ʋ [62] ʿʝ ʢʨʝʠʨʘʥ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ 

ʩʘʩʪʦʿʠ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʙʘʪʝʨʠʿʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ, 

ʧʨʝʪʚʘʨʘʯʘ, ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʠ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʥʝʨʛʠʿʦʤ ʨʫʨʘʣʥʠʭ 

ʟʘʿʝʜʥʠʮʘ ʫ ʩʝʣʫ ɼʦʜʠʧʘʣʠ, ɸʥʜʨʘ ʇʨʘʜʝʰ ʫ ʀʥʜʠʿʠ. ɼʘʪʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʤʘˁʝ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʫʟ ʚʠʩʦʢ ʫʜʝʦ ʆʀɽ ʦʜ 84.1%. 

ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʧʦʪʨʦʰʘʯʘ ʝʣʝʢʪʨʠʯʥʦʤ, 

ʪʦʧʣʦʪʥʦʤ ʠ ʚʦʜʦʥʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʧʝʪ ʚʝ˂ʠʭ ʛʨʘʜʦʚʘ (ɹʘʥʜʘʨ ɸʙʘʩ, ʐʠʨʘʟ, 

ʊʘʙʨʠʟ, ʊʝʭʝʨʘʥ ʠ ɱʘʟʜ) ʫ ʀʥʜʠʿʠ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʫ [75]. ʅʘʛʣʘʰʝʥʘ ʿʝ ʥʝʦʧʭʦʜʥʦʩʪ 

ʧʨʠʤʝʥʝ TLCïʨʝʛʫʣʘʪʦʨʘ ʫ ʩʠʩʪʝʤʠʤʘ ʚʘʥ ʤʨʝʞʝ ʿʝʨ ʩʝ ʪʘʢʦ ʤʦʛʫ ʩʤʘˁʠʪʠ 

ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʟʘ 7.1%, ʘ ʧʦʚʝ˂ʘʪʠ ʫʜʝʦ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʜʦ 35%. ʋ [76] ʿʝ ʠʩʪʨʘʞʠʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪ ʧʦʢʨʠʚʘˁʘ 

ʠʩʪʦʚʨʝʤʝʥʠʭ ʧʦʪʨʝʙʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʟʘʿʝʜʥʠʮʘʤʘ ʚʘʥ 

ʤʨʝʞʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ. ʇʨʦʫʯʘʚʘʥʝ 
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ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʘʩʪʦʿʝ ʩʝ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʤʠʢʨʦ ʛʘʩʥʝ ʪʫʨʙʠʥʝ 

ʠ ʣʠʪʠʿʫʤïʿ ʦʥʩʢʝ ʙʘʪʝʨʠʿʝ, ʫʟ ʧʨʠʤʝʥʫ ʜʚʝ ʩʪʨʘʪʝʛʠʿʝ ʦʪʧʨʝʤʝ (DS ʦʜ ʝʥʛ. Dispatch 

Strategy) ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʜʠʤʝʥʟʠʦʥʠʩʘˁʝ ʭʘʨʜʚʝʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ: ʮʠʢʣʠʯʥʦ ʧʫˁʝˁʝ (CC ʦʜ ʝʥʛ. Cycle Charging) ʠ ʧʨʘ˂ʝˁʝ 

ʦʧʪʝʨʝ˂ʝˁʘ (LF ʦʜ ʝʥʛ. Load Following). ɸʥʘʣʠʟʘ ʠʟʚʦʜˀʠʚʦʩʪʠ ʢʦʛʝʥʝʨʘʮʠʦʥʦʛ 

ʩʠʩʪʝʤʘ ʟʘ ʜʝʩʘʣʠʥʠʟʘʮʠʿʫ ʨʝʚʝʨʟʠʙʠʣʥʝ ʦʩʤʦʟʝ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʝ ʝʥʝʨʛʠʿʘ ʠ 

ʚʦʜʘ ʟʘ ʤʝʹʫʥʘʨʦʜʥʠ ʘʝʨʦʜʨʦʤ ʅʦʚʠ ʂʘʧʠʪʘʣ ʫ ɽʛʠʧʪʫ ʠʟʚʝʜʝʥʘ ʿʝ ʫ [77]. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘʩʪʦʿʠ ʦʜ 66.33 kW PV 

ʛʝʥʝʨʘʪʦʨʘ, 14Ĭ10 kW ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 50 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 150 kW 

ʢʦʤʙʠʥʦʚʘʥʦʛ ʤʠʢʨʦʪʫʨʙʠʥʩʢʦʛ ʛʝʥʝʨʘʪʦʨʘ ʪʦʧʣʦʪʝ ʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 50 

ʙʘʪʝʨʠʿʘ, 150 kW TLCïʨʝʛʫʣʘʪʦʨʘ, 64 kW ʜʚʦʩʤʝʨʥʦʛ ʧʨʝʪʚʘʨʘʯʘ ʠ ʙʦʿʣʝʨʘ, ʩʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʠ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 1542643 USD ʠ 

0.089 USD/kWh, ʨʝʜʦʤ. ʋʢˀʫʯʠʚʘˁʝ TLCïʨʝʛʫʣʘʪʦʨʘ ʫ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʤʦʞʝ 

ʩʤʘˁʠʪʠ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ, ʝʤʠʩʠʿʫ GHG ʠ 

ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʟʘ 52%, 56.4%, 36.5%, ʠ 90%, ʨʝʜʦʤ, ʘ ʧʦʚʝ˂ʘʪʠ ʫʜʝʦ ʆʀɽ ʟʘ 11.2%. 

ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʦ ʧʨʦʿʝʢʪʦʚʘˁʝ ʤʠʢʨʦʤʨʝʞʝ ʟʘ ʥʘʧʘʿʘˁʝ ʫʜʘˀʝʥʝ ʟʘʿʝʜʥʠʮʝ 

ɳʫʬʘʫʥʣʝʥʜ ʫ ʂʘʥʘʜʠ ʩʧʨʦʚʝʜʝʥʦ ʿʝ ʫ [78]. ʂʦʤʙʠʥʘʮʠʿʘ ʠʟʤʝˁʠʚʘʯʘ ʪʦʧʣʦʪʝ 

ʟʝʤˀʘ-ʚʘʟʜʫʭ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʙʦʿʣʝʨʦʤ, ʨʝʟʝʨʚʦʘʨʦʤ ʚʦʜʦʥʠʢʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ 

ʠ PV ʛʝʥʝʨʘʪʦʨʦʤ ʘʥʘʣʠʟʠʨʘʥ je ʫ [79]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫʢˀʫʯʠʚʘˁʝ ʛʝʦʪʝʨʤʘʣʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʙʦˀʰʘˁʘ ʫʜʝʣʘ ʆʀɽ ʟʘ ʦʢʦ 5.5%, 

ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ GHG ʠ ʧʦʪʨʦʰˁʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʟʘ ʩʢʦʨʦ 48%. 

 

2.3 ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʙʠʦʤʘʩʠ 

 

ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʧʨʦʮʝʥʘ ʠʟʚʦʜˀʠʚʦʩʪʠ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʧʨʦʮʝʩʦʤ 

ʛʘʩʠʬʠʢʘʮʠʿʝ ʠ ʧʨʝʪʚʘʨʘˁʘ ʦʪʧʘʜʘ (ʧʘʧʠʨʘ, ʜʨʚʝʪʘ, ʧʣʘʩʪʠʢʝ, ʟʝʣʝʥʠʭ ʦʩʪʘʪʘʢʘ, 

ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ, ʠʪʜ.) ʠʟ ʢʘʤʧʫʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ɺʠʢʪʦʨʠʿʝ ʫ ʯʠʩʪʫ ʝʣʝʢʪʨʠʯʥʫ ʠ 

ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ ʘʥʘʣʠʟʠʨʘʥʘ ʿʝ ʫ [80]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʚʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʩʘ ʧʨʦʮʝʩʦʤ ʛʘʩʠʬʠʢʘʮʠʿʝ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ 400 kW ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ 

500 kW ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʜʥʝʚʥʦ ʩʘ ʫʰʪʝʜʦʤ CO2 ʝʤʠʩʠʿʝ ʦʜ 1130 t/yr ʫ ʧʦʨʝʹʝˁʫ 

ʩʘ ʩʣʫʯʘʿʝʤ ʛʜʝ ʩʝ ʦʪʧʘʜ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʫ. ʂʦʥʘʯʥʘ ʚʝʨʟʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʟʘ ʤʦʜʝʣ ʟʛʨʘʜʝ ʩʘʜʨʞʠ PV ʛʝʥʝʨʘʪʦʨ ʦʜ 245 kW, 
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ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʦʜ 175 kW, ʛʘʩʠʬʠʢʘʪʦʨ ʥʘ ʙʠʦʤʘʩʫ ʦʜ 250 kW ʠ 46 ʙʘʪʝʨʠʿʘ, ʩʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʠ ʦʧʝʨʘʪʠʚʥʠʤ ʪʨʦʰʢʦʚʠʤʘ ʦʜ 2.3 ʤʠʣʠʦʥʘ CAD ʠ 

44731 CAD/yr, ʨʝʜʦʤ. ʋ [81] ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʪʝʭʥʦ ʝʢʦʥʦʤʩʢʘ ʠʟʚʦʜˀʠʚʦʩʪ 

ʘʫʪʦʥʦʤʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʆʀɽ ʟʘ ʘʢʘʜʝʤʩʢʠ ʛʨʘʜ ʫ ʠʩʪʦʯʥʦʤ 

ʦʢʨʫʛʫ ʉʠʢʠʤ ʫ ʀʥʜʠʿʠ. ʆʜ ʫʢʫʧʥʦ 31 ʤʦʛʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʢʦʿʝ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ, 

ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʙʠʦʛʘʩ-ʩʠʥʪʝʪʠʯʢʠ 

ʛʘʩ-ʭʠʜʨʦʢʠʥʝʪʠʯʢʘ ʪʫʨʙʠʥʘ-ʙʘʪʝʨʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʫ ʢʦʤʙʠʥʘʮʠʿʫ ʩʘ 

ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.095 USD/kWh. ʋ [82] ʿʝ ʜʠʟʘʿʥʠʨʘʥ 

ʚʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʙʠʦʤʘʩʘ ʟʘ ʥʘʧʘʿʘˁʝ 

ʩʪʘʤʙʝʥʠʭ ʧʦʜʨʫʯʿʘ ʫ ɿʫʤʠʿʝʚʦʤ ʢʨʫʛʫ, ʩʘ ʧʦʪʨʦʰˁʦʤ ʝʥʝʨʛʠʿʝ ʦʜ 15545.13 

kWh/day. ʆʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʩʦʣʘʨʥʫ 

ʝʥʝʨʛʠʿʫ, ʚʝʪʨʦʝʥʝʨʛʠʿʫ, ʝʥʝʨʛʠʿʫ ʙʠʦʤʘʩʝ, ʙʘʪʝʨʠʿʝ ʠ ʧʨʝʪʚʘʨʘʯ, ʧʦʢʘʟʘʣʘ ʩʝ 

ʥʘʿʠʩʧʣʘʪʠʚʠʿʦʤ ʩʘ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.125 USD/kWh ʠ ʫʢʫʧʥʠʤ 

NPCïʪʨʦʰʢʦʚʠʤʘ ʦʜ 8.29 ʤʠʣʠʦʥʘ USD. ɼʘʪʠ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʠ 11.14 GWh/yr 

ʝʥʝʨʛʠʿʝ ʩʘ ʫʜʝʣʦʤ ʆʀɽ ʦʜ 100% ʠ ʩʤʘˁʫʿʝ ʝʤʠʩʠʿʫ CO2 ʟʘ ʦʢʦ 5900 t/yr ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʠʤʘ. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʠʟʚʦʜˀʠʚʦʩʪʠ ʠ 

ʩʪʫʜʠʿʘ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʥʝʨʛʠʿʦʤ ʫʜʘˀʝʥʝ ʟʘʿʝʜʥʠʮʝ ʊʠʙʘ ʫ ʛʨʘʜʫ 

ʃʫʢʩʦʨʫ ʫ ɽʛʠʧʪʫ, ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [83]. ʇʨʦʿʝʢʪʦʚʘʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ ʆʀɽ 

ʩʘʩʪʘʚˀʝʥ ʦʜ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʘʥʘʝʨʦʙʥʫ 

ʜʠʛʝʩʪʠʿʫ, ʧʦʢʘʟʘʦ ʩʝ ʪʝʭʥʠʯʢʠ ʠʟʚʦʜˀʠʚʠʤ ʠ ʝʢʦʥʦʤʩʢʠ ʦʜʨʞʠʚʠʤ ʩʘ 

ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.1158 USD/kWh ʠ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ 

ʦʜ 6894772 USD. PV ʛʝʥʝʨʘʪʦʨ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʠ ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʘʥʘʝʨʦʙʥʫ 

ʜʠʛʝʩʪʠʿʫ ʜʦʧʨʠʥʦʩʝ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʥʝʨʛʠʿʝ ʩʘ 48.4%, 45.6% ʠ 6%, ʨʝʜʦʤ. 

ʋ [84] ʿʝ ʠʟʚʨʰʝʥʘ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʫ ʢʦʿʝʤ ʩʝ 

ʝʣʝʢʪʨʠʯʥʘ ʠ ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʿʘʿʫ ʠʟ ʘʛʨʦʦʪʧʘʜʘ (ʩʠʥʪʝʪʠʯʢʦʛ ʛʘʩʘ) ʠ ʢʦʿʠ 

ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʭʣʘʜʠ. ʆʚʘʿ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʧʨʠʤʝˁʝʥ ʿʝ ʫ ʰʢʦʣʘʤʘ ʫ ʨʫʨʘʣʥʠʤ 

ʜʝʣʦʚʠʤʘ ɻʘʥʝ. ʇʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʧʨʦʠʟʚʦʜʠ 221621 kWh/yr ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʧʦ ʿʝʜʠʥʠʯʥʦʿ ʮʝʥʠ ʦʜ 0.295 EUR/kWh ʠ 110896 kWh/yr ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ. ʉʠʩʪʝʤ ʿʝ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚ ʠ ʠʤʘ ʝʤʠʩʠʿʫ CO2 ʦʜ 0.526 kg/yr. ʋ 

[85] ʩʫ ʨʘʟʚʠʿʝʥʘ ʜʚʘ ʭʠʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʆʀɽ, ʪʿ. ʥʘ ʙʠʦʤʘʩʠ 

(ʘʥʘʝʨʦʙʥʦ ʿʜʠʛʝʩʪʠʿʠ ʠ ʛʘʩʠʬʠʢʘʮʠʠʿ), ʠ ʪʦ ʟʘ ʧʦʪʨʝʙʝ ʩʥʘʙʜʝʚʘˁʘ ʝʣʝʢʪʨʠʯʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʫʜʘˀʝʥʝ ʟʘʿʝʜʥʠʮʝ ɹʘʙʘʜʝʤʘ ʫ ʩʝʚʝʨʥʦʤ ʂʘʤʝʨʫʥʫ. ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ 
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ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʪʘʢʚʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʩʘ 

ʛʘʩʠʬʠʢʘʪʦʨʦʤ ʩʘʩʪʦʿʠ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ ʦʜ 81.8 kW, ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʪʝʪʠʯʢʦʛ ʛʘʩʘ 

ʦʜ 15 kW ʠ 200 ʙʘʪʝʨʠʿʘ, ʠ ʜʘ ʠʤʘ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 0.319 USD/kWh. 

ʋ [86] ʿʝ ʧʨʦʿʝʢʪʦʚʘʥ ʚʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-

ʙʠʦʛʘʩ ʛʝʥʝʨʘʪʦʨ-ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ-ʝʣʝʢʪʨʦʣʠʟʝʨ-ʨʝʟʝʨʚʦʘʨ 

ʚʦʜʦʥʠʢʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʤʘʣʦʛ ʛʨʘʜʘ ʇʠʤʧʨʠ, ʣʦʢʘʮʠʿʝ ʫ 

ʦʢʨʫʛʫ ʄʘʭʘʨʘʰʪʨʝ ʫ ʀʥʜʠʿʠ. ʀʟʚʦʨ ʙʠʦʤʘʩʝ ʯʠʥʠ ʞʠʚʦʪʠˁʩʢʠ ʦʪʧʘʜ ʦʜ ʦʚʘʮʘ, 

ʢʦʟʘ ʠ ʛʦʚʝʜʘ. ʋʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʫʜʝʦ ʆʀɽ ʠʟʥʦʩʝ 1.58 ʤʠʣʠʦʥʘ USD ʠ 

94.5%, ʨʝʜʦʤ. ʊʝʭʥʠʯʢʘ ʠ ʝʢʦʥʦʤʩʢʘ ʧʨʦʮʝʥʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-

ʙʠʦʛʘʩ ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʩʝʣʫ ʉʿʫ˅ʦʫ, ʫ ʠʩʪʦʯʥʦʿ ʂʠʥʠ, ʠʟʚʨʰʝʥʘ ʿʝ ʫ [87]. ʋ ʜʘʪʦʤ ʩʣʫʯʘʿʫ, 

ʥʘʿʝʢʦʥʦʤʠʯʥʠʿʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 400 kW PV ʛʝʥʝʨʘʪʦʨʘ, 100 kW 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ, 400 ʙʘʪʝʨʠʿʘ ʠ 200 kW ʧʨʝʪʚʘʨʘʯʘ. ʆʚʘʿ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʥʠʞʝ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 1808992 USD ʠ 0.24 

USD/kWh, ʨʝʜʦʤ, ʠ ʦʙʝʟʙʝʹʫʿʝ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ CO2 ʟʘ ʦʢʦ 1297174 kg/yr ʫ 

ʦʜʥʦʩʫ ʥʘ ʩʘʤʦʩʪʘʣʥʠ ʩʠʩʪʝʤ ʩʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʦʤ. ʋ [88] ʿʝ ʠʟʚʨʰʝʥʘ ʪʝʭʥʦ-

ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʙʠʦʛʘʩ 

ʛʝʥʝʨʘʪʦʨ-ʙʠʦʤʘʩʘ-ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ-ʙʘʪʝʨʠʿʘ ʟʘ ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ ʫʜʘˀʝʥʦʛ ʩʝʣʘ ʫ 

ʀʥʜʠʿʠ. ʆʚʘʿ ʩʠʩʪʝʤ ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʥʘʿʿʝʬʪʠʥʠʿʠ ʠ ʥʘʿʧʦʫʟʜʘʥʠʿʠ ʩʘ ʥʠʚʝʣʠʩʘʥʠʤ 

COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.214 USD/kWh. ʐʝʩʪ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʭʠʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʥʝʨʛʠʿʦʤ ʦʩʪʨʚʘ ʂʫʢʨʠ ʄʫʢʨʠ ʫ 

ɹʘʥʛʣʘʜʝʰʫ, ʘʥʘʣʠʟʠʨʘʥʦ ʿʝ ʠ ʫʧʦʨʝʹʝʥʦ ʫ [89]. ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʦʧʪʠʤʘʣʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʢʦʿʘ ʩʘʜʨʞʠ PV ʛʝʥʝʨʘʪʦʨ ʢʘʧʘʮʠʪʝʪʘ 400 W, ʙʘʪʝʨʠʿʫ ʦʜ 1300 kW, 

ʚʝʪʨʦʪʨʦʛʝʥʝʨʘʪʦʨ ʦʜ 10 kW, ʛʘʩʠʬʠʢʘʪʦʨ ʙʠʦʤʘʩʝ ʦʜ 5 kW, ʜʚʦʩʤʝʨʥʠ ʧʨʝʪʚʘʨʘʯ 

ʦʜ 1 kW ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʢʘʧʘʮʠʪʝʪʘ ʦʜ 45 kW. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʙʠʦʤʘʩʘ ʿʝ 

ʦʨʛʘʥʩʢʦʛ ʪʠʧʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ  ʜʨʚʝʪʘ, ʦʪʧʘʜʘ ʠʟ ʜʦʤʘ˂ʠʥʩʪʚʘ, ʞʠʚʦʪʠˁʩʢʦʛ 

ʦʪʧʘʜʘ, ʭʨʘʥʝ ʟʘ ʞʠʚʦʪʠˁʝ, ʠʪʜ. ʇʨʝʜʣʦʞʝʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʥʠʞʝ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 239494.50 USD ʠ 0.142 

USD/kWh, ʨʝʜʦʤ. ɸʥʘʣʠʟʘ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʥʝʨʛʝʪʩʢʠ ʩʠʨʦʤʘʰʥʠʭ 

ʫʜʘˀʝʥʠʭ ʨʫʨʘʣʥʠʭ ʟʘʿʝʜʥʠʮʘ ʫ ʠʩʪʦʯʥʦʿ ʀʥʜʠʿʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [90]. ʆʚʘ ʘʥʘʣʠʟʘ 

ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʙʠ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʪʨʝʙʘʣʦ ʜʘ ʩʝ 

ʩʘʩʪʦʿʠ ʦʜ 600 kW PV ʛʝʥʝʨʘʪʦʨʘ, 10 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʤʘʩʫ (ʙʠʦʤʘʩʫ ʯʠʥʠ 
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ʧʦˀʦʧʨʠʚʨʝʜʥʠ ʠ ʩʪʦʯʘʨʩʢʠ ʦʪʧʘʜ), ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʩʥʘʛʝ 50 kW, ʙʘʪʝʨʠʿʝ 

ʢʘʧʘʮʠʪʝʪʘ 1000 kWh, ʜʚʦʩʤʝʨʥʦʛ ʧʨʝʪʚʘʨʘʯʘ ʩʥʘʛʝ 200 kW, ʩʘ ʫʢʫʧʥʠʤ NPCï

ʪʨʦʰʢʦʚʠʤʘ ʠ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.922 ʤʠʣʠʦʥʘ USD ʠ 0.222 

USD/kWh, ʨʝʜʦʤ. ʋ [91] ʩʫ ʩʧʨʦʚʝʜʝʥʝ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʝ ʠ ʝʢʦʣʦʰʢʝ ʘʥʘʣʠʟʝ 

ʠʟʚʦʜˀʠʚʦʩʪʠ ʩʝʜʘʤ ʨʘʟʣʠʯʠʪʠʭ ʚʘʥʤʨʝʞʥʠʭ ʭʠʙʨʠʜʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘ ʠ ʙʝʟ 

ʿʝʜʠʥʠʮʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ ʟʘ ʫʜʘˀʝʥʦ ʧʦʜʨʫʯʿʝ ʥʘ ʟʘʧʘʜʥʦʿ ʍʠʤʘʣʘʿʩʢʦʿ 

ʪʝʨʠʪʦʨʠʿʠ ʀʥʜʠʿʝ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʙʠʦʤʘʩʘ 

(ʙʦʨʦʚʝ ʠʛʣʠʮʝ)-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʩʘ 

ʥʘʿʥʠʞʠʤ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ 0.185 USD/kWh ʠ ʫʢʫʧʥʠʤ NPCï

ʪʨʦʰʢʦʚʠʤʘ ʦʜ 76080 USD. ʆʚʘ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʝʤʠʩʠʿʫ 

CO2 ʟʘ 27.8 ʤʠʣʠʦʥʘ t/yr ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʠʩʪʝʤʦʤ ʢʦʿʠ ʠʤʘ ʩʘʤʦ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ. 

ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʠʟʚʦʜˀʠʚʦʩʪ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʟʘ 

ʩʥʘʙʜʝʚʘˁʝ ʿʝʜʥʝ ʫʜʘˀʝʥʝ ʟʘʿʝʜʥʠʮʝ ʫ ɹʘʥʛʣʘʜʝʰʫ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [92]. ʋʪʚʨʹʝʥʦ 

ʿʝ ʜʘ ʦʚʘʿ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 9 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ, 10 kW 

PV ʛʝʥʝʨʘʪʦʨʘ, ʜʚʘ 10 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 72 ʙʘʪʝʨʠʿʝ ʠ 15 kW ʠʥʚʝʨʪʦʨʘ, ʠʤʘ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʦʜ 612280 USD ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 0.28 

USD/kWh ʩʘ ʫʜʝʣʦʤ ʆʀɽ ʦʜ 60% [92]. ɺʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʘ 

ʆʀɽ ʢʦʿʠ ʢʦʨʠʩʪʠ PV ʛʝʥʝʨʘʪʦʨ ʠ ʘʥʘʝʨʦʙʥʫ ʜʠʛʝʩʪʠʿʫ ʧʨʝʜʣʦʞʝʥ ʿʝ ʟʘ 

ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ ʨʫʨʘʣʥʠʭ ʦʙʣʘʩʪʠ ʫ ʀʥʜʠʿʠ [93]. ʍʠʙʨʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʿʝʜʥʝ ʬʘʨʤʝ ʫ ʧʦʣʫʩʫʰʥʦʤ ʧʦʜʨʫʯʿʫ 

ɸʣʞʠʨʘ ʦʧʪʠʤʠʟʠʨʘʥ ʿʝ ʫ [94]. ɺʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ, PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ  ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ ʛʘʩ ʟʘ ʥʘʧʘʿʘˁʝ ʩʪʘʤʙʝʥʦʛ 

ʢʦʤʧʣʝʢʩʘ ʫ ʀʨʘʥʫ ʿʝ ʤʦʜʝʣʠʨʘʥ ʠ aʥʘʣʠʟʠʨʘʥ ʫ [95]. ʂʦʥʮʝʧʪ ʘʣʪʝʨʥʘʪʠʚʥʦʛ 

ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ PV ʛʝʥʝʨʘʪʦʨʝ ʠ ʜʠʛʝʩʪʦʨʝ 

ʟʘ ʪʨʝʪʠʨʘˁʝ ʢʦʟʿʝʛ ʹʫʙʨʠʚʘ ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʞʠʚʦʛ ʨʘʟʚʦʿʘ ʨʫʨʘʣʥʠʭ ʧʦʜʨʫʯʿʘ ʫ 

ɹʨʘʟʠʣʫ ʧʨʝʜʣʦʞʝʥ ʿʝ ʫ [12]. ʀʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʜʝʥʦ ʫ [96] ʙʘʚʠ ʩʝ ʤʦʛʫ˂ʦʤ 

ʧʨʠʤʝʥʦʤ ʠʥʪʝʛʨʠʩʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʢʦʤʙʠʥʘʮʠʿʠ ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ-

ʭʠʜʨʦʝʥʝʨʛʠʿʘ-ʝʥʝʨʛʠʿʘ ʙʠʦʤʘʩʝ-ʙʘʪʝʨʠʿʝ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ 

ʫʜʘˀʝʥʦʛ ʛʨʘʜʘ ɱʫʧʠʘ ʫ ʠʥʜʠʿʩʢʦʿ ʜʨʞʘʚʠ ɸʨʫʥʘʯʘʣ ʇʨʘʜʝʰ. ʋ [96] ʩʫ ʨʘʟʤʘʪʨʘʥʝ 

ʯʝʪʠʨʠ ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʘʩʪʘʚˀʝʥʝ ʦʜ ʆʀɽ ʠ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʨʝʜʣʦʞʝʥʠ 

ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʤʘˁʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 

644183.7 USD ʠ 0.1282 USD/kWh, ʨʝʜʦʤ. 
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ʋ ʥʘʩʪʘʚʢʫ ʦʚʝ ʪʘʯʢʝ ʜʘʪʝ ʩʫ ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʚʘʥʤʨʝʞʥʠʭ 

ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘ ʙʠʦʛʘʩ ʜʦʙʠʿʝʥ ʠʟ ʦʜʨʝʹʝʥʠʭ ʚʨʩʪʘ ʙʠʦʤʘʩʝ, 

ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ:  

1. 104 kW PV ʛʝʥʝʨʘʪʦʨʘ, 3 ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʦʜ 10 kW, 50 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ 

ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʢʫʢʫʨʫʟʥʝ ʙʠʦʤʘʩʝ), ʙʘʪʝʨʠʿʘ ʢʘʧʘʮʠʪʝʪʘ ʦʜ 331 kWh ʠ 

99 kW ʧʨʝʪʚʘʨʘʯʘ [97]; 

2. 297 kW PV ʛʝʥʝʨʘʪʦʨʘ, 150 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ 

ʞʠʚʦʪʠˁʩʢʦʛ ʦʪʧʘʜʘ), ʙʘʪʝʨʠʿʘ ʢʘʧʘʮʠʪʝʪʘ ʦʜ 354.6 kAh ʠ 114 kW 

ʧʨʝʪʚʘʨʘʯʘ [98];  

3. 10 kW PV ʛʝʥʝʨʘʪʦʨʘ, 8 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʞʠʚʦʪʠˁʩʢʦʛ 

ʩʪʘʿˁʘʢʘ ʙʠʚʦʣʠʮʘ ʠ ʢʨʘʚʘ), 32 ʙʘʪʝʨʠʿʝ ʠ 12 kW ʧʨʝʪʚʘʨʘʯʘ [36];  

4. 909 kW PV ʛʝʥʝʨʘʪʦʨʘ, 133 kW CHP ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ 

ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʦʩʪʘʪʘʢʘ ʧʘʤʫʢʘ, ʧʰʝʥʠʮʝ, ʢʫʢʫʨʫʟʘ ʠ ʞʠʚʦʪʠˁʩʢʦʛ 

ʩʪʘʿˁʘʢʘ ʢʨʘʚʘ, ʩʚʠˁʘ ʠ ʦʚʘʮʘ), 705 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 706 kW ʙʦʿʣʝʨʘ 

ʥʘ ʛʘʩ, 430 kW ʙʘʪʝʨʠʿʝ ʠ 1649 kW ʩʢʣʘʜʠʰʪʘ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ [99];  

5. 150 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʦʪʧʘʜʘ ʧʰʝʥʠʮʝ, 

ʿʝʯʤʘ, ʛʨʫʙʦʛ ʧʠʨʠʥʯʘ ʠ ʢʫʢʫʨʫʟʘ), 80.7 kW PV ʛʝʥʝʨʘʪʦʨʘ, 27 ʙʘʪʝʨʠʿʘ ʠ 

75.9 kW ʧʨʝʪʚʘʨʘʯʘ [100];  

6. 22 kW PV ʛʝʥʝʨʘʪʦʨʘ, 1.5 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ 

ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʦʪʧʘʜʘ), 12 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 58 ʙʘʪʝʨʠʿʩʢʠʭ ʿʝʜʠʥʠʮʘ 

ʫʢʫʧʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʦʜ 111 Ah [101];  

7. 6 kW PV ʛʝʥʝʨʘʪʦʨʘ ʠ 6 kW ʩʠʩʪʝʤʘ ʩʘ ʛʘʩʠʬʠʢʘʮʠʿʦʤ ʙʠʦʤʘʩʝ ʦʜ 

ʞʠʚʦʪʠˁʩʢʦʛ ʦʪʧʘʜʘ [102];  

8. 91.4 kW PV ʛʝʥʝʨʘʪʦʨʘ, 19.6 kW ɛʍɽ, 50 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ 

ʠʟ ʞʠʚʦʪʠˁʩʢʦʛ ʦʪʧʘʜʘ ʢʨʘʚʘ ʠ ʙʠʚʦʣʠʮʘ), 36 ʙʘʪʝʨʠʿʘ ʠ 60.6 kW 

ʧʨʝʪʚʘʨʘʯʘ [103];  

9. PV ʛʝʥʝʨʘʪʦʨʘ ʦʜ 76 kW, 1 ʚʝʪʨʦʪʫʨʙʠʥʝ ʦʜ 73 kW, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʦʜ 10 

kW, 110 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʜʠʟʝʣ (ʜʦʙʠʿʝʥ ʠʟ ˀʫʩʢʝ ʧʠʨʠʥʯʘ), 155 

ʦʣʦʚʥʦ ʢʠʩʝʣʠʥʩʢʠʭ ʙʘʪʝʨʠʿʘ ʦʜ 1 kWh, ɛʍɽ ʦʜ 11 kW ʠ 57.2 kW 

ʧʨʝʪʚʘʨʘʯʘ [104];  
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10. 50 kW PV ʛʝʥʝʨʘʪʦʨʘ, 20 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʩʪʦʯʥʦʛ 

ʩʪʘʿˁʘʢʘ ʛʦʚʝʜʘ, ʢʦʟʘ, ʦʚʘʮʘ, ʩʚʠˁʘ ʠ ʧʠʣʠ˂ʘ), 237 ʙʘʪʝʨʠʿʝ ʠ 42.1 kW 

ʧʨʝʪʚʘʨʘʯʘ [105];  

11. 9.11 kW PV ʛʝʥʝʨʘʪʦʨʘ, 1 kW ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 3 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ 

(ʜʦʙʠʿʝʥ ʠʟ ʩʪʦʯʥʦʛ ʩʪʘʿˁʘʢʘ 27 ʢʨʘʚʘ), 53 ʙʘʪʝʨʠʿʝ ʠ 4.7 kW ʧʨʝʪʚʘʨʘʯʘ 

[106];  

12. 3 kW ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ (ʜʦʙʠʿʝʥ ʠʟ ʩʪʦʯʥʦʛ ʩʪʘʿˁʘʢʘ 36 ʢʨʘʚʘ), 4.74 kW 

PV ʛʝʥʝʨʘʪʦʨʘ, ʙʘʪʝʨʠʿʝ ʢʘʧʘʮʠʪʝʪʘ ʦʜ 10 kWh ʠ 2.07 kW ʧʨʝʪʚʘʨʘʯʘ [107];  

13. PV ʛʝʥʝʨʘʪʦʨʘ ʥʦʤʠʥʘʣʥʝ ʩʥʘʛʝ ʦʜ 83.3 kW, ʜʚʘ ʛʘʩʠʬʠʢʘʪʦʨʘ ʦʜ 50kW 

(ʙʠʦʤʘʩʝ ʦʜ ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʦʪʧʘʜʘ ˀʫʩʢʝ ʧʠʨʠʥʯʘ), ʙʘʪʝʨʠʿʝ ʢʘʧʘʮʠʪʝʪʘ 

ʦʜ 470 kWh ʠ 32.10kW ʧʨʝʪʚʘʨʘʯʘ [108]. 

 

2.4 ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʦʜʦʥʠʢʫ 

 

ʍʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ, 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʘʢʫʤʫʣʘʪʦʨʩʢʝ ʙʘʪʝʨʠʿʝ, ʧʨʝʪʚʘʨʘʯʘ, 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʠ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʨʘʟʤʘʪʨʘʥ ʿʝ ʫ [62]. ʆʚʘʿ ʩʠʩʪʝʤ ʿʝ ʢʨʝʠʨʘʥ 

ʜʘ ʦʙʝʟʙʝʜʠ ʥʝʧʨʝʢʠʜʥʦ ʥʘʧʘʿʘˁʝ ʠ ʟʘʜʦʚʦˀʠ ʨʘʟʣʠʯʠʪʝ ʟʘʭʪʝʚʝ ʦʧʪʝʨʝ˂ʝˁʘ ʥʝʢʠʭ 

ʩʝʦʩʢʠʭ ʟʘʿʝʜʥʠʮʘ ʫ ʀʥʜʠʿʠ [62]. ʋ [79] ʿʝ ʦʩʤʠʰˀʝʥʘ ʤʠʢʨʦʤʨʝʞʘ PV ʛʝʥʝʨʘʪʦʨ-

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ɛʍɽ-ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ-ʚʦʜʦʥʠʢ ʢʦʿʘ ʿʝ ʩʤʘˁʠʣʘ ʧʦʪʨʦʰˁʫ ʜʠʟʝʣ 

ʛʦʨʠʚʘ ʟʘ 71% ʠ ʝʤʠʩʠʿʫ CO2 ʟʘ 9000 ʪʦʥʘ ʩʘ ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ ʦʜ -

0.0245 USD/kWh. ʆʀɽ ʧʦʢʨʠʚʘʿʫ 100% ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ 63.5% 

ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʨʠ ʯʝʤʫ ʿʝ PVïʊ ʪʝʨʤʘʣʥʠ ʩʠʩʪʝʤ ʩʤʘˁʠʦ ʪʦʧʣʦʪʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ ʟʘ 36.5%. ɸʫʪʦʨʠ ʩʪʫʜʠʿʝ [109] ʜʝʤʦʥʩʪʨʠʨʘʣʠ ʩʫ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʫ 

ʠʟʚʦʜˀʠʚʦʩʪ ʚʘʥʤʨʝʞʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ ʥʘ ʩʣʫʯʘʿʫ 

ʫʜʘˀʝʥʦʛ ʩʝʣʘ ɼʦʜʠʧʘʣʠ, ʏʠʪʫʨ ʠ ɸʥʜʨʘ ʇʨʘʜʝʰ, ʫ ʀʥʜʠʿʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘʩʪʦʿʠ ʦʜ 1476 kW PV 

ʛʝʥʝʨʘʪʦʨʘ, 417 ʙʘʪʝʨʠʿʘ, 200 kW ʝʣʝʢʪʨʦʣʠʟʝʨʘ, ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʦʜ 20 kg ʠ 

59.6 kW ʧʨʝʪʚʘʨʘʯʘ. ʂʦʛʝʥʝʨʘʮʠʿʩʢʠ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ ʥʘ ʝʬʠʢʘʩʥʦʤ ʢʦʨʠʰ˂ʝˁʫ 

ʆʀɽ ʠ ʦʪʧʘʜʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʝ ʧʦʪʨʝʙʝ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʩʝʣʘ ɱʠʛʠʪ ʍʘʨʤʘʥ, ʢʦʿʝ ʩʝ ʥʘʣʘʟʠ ʫ ʧʨʦʚʠʥʮʠʿʠ ɹʠʥʛʦʣ, ʨʘʟʤʘʪʨʘʥ ʿʝ ʫ 

[110]. ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʤʠʢʨʦʤʨʝʞʝ ʩʘʜʨʞʠ 90.2 kW PV ʛʝʥʝʨʘʪʦʨ, 10 kW 
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ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ, 30 kW ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ, 5 kW ʛʦʨʠʚʥʫ ˂ʝʣʠʿʫ, 249 ʙʘʪʝʨʠʿʘ, 

10 kW ʝʣʝʢʪʨʦʣʠʟʝʨ, ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ ʦʜ 30 kg, 51.4 kW ʧʨʝʪʚʘʨʘʯ ʠ 1 ʙʦʿʣʝʨ, 

ʿʝʨ ʠʤʘ ʥʘʿʥʠʞʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚe, ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʠ ʝʤʠʩʠʿʫ 

CO2 ʢʦʿʠ ʠʟʥʦʩʝ 739772 USD, 0.271 USD/kWh ʠ 37958 kg/yr, ʨʝʜʦʤ. ʋ [111] ʿʝ 

ʨʘʟʤʘʪʨʘʥʦ ʜʝʚʝʪ ʨʘʟʣʠʯʠʪʠʭ ʩʠʩʪʝʤʘ ʆʀɽ, ʠ ʪʦ: ʩʘ PV ʛʝʥʝʨʘʪʦʨʠʤʘ, 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠʤʘ ʠ ˁʠʭʦʚʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʙʘʪʝʨʠʿʝ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʦʜʦʥʠʢʫ, ʟʘ ʧʝʪ 

ʨʘʟʣʠʯʠʪʠʭ ʣʦʢʘʮʠʿʘ ï ʉʢʚʘʤʠʰ ʫ ʂʘʥʘʜʠ; ʃʦʩ ɸʥʹʝʣʝʩ ʠ ɻʦʣʜʝʥ ʫ ʉʿʝʜʠˁʝʥʠʤ 

ɸʤʝʨʠʯʢʠʤ ɼʨʞʘʚʘʤʘ; ɹʨʠʟʙʝʿʥ ʠ ɸʜʝʣʘʠʜʘ ʫ ɸʫʩʪʨʘʣʠʿʠ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ 

ʜʘ ʩʝ ʥʘʿʥʠʞʠ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʦʜ 0.5 USD/kWh ʠʤʘʿʫ ʟʘ ʣʦʢʘʮʠʿʫ 

ɻʦʣʜʝʥ ʟʘ ʩʣʫʯʘʿ ʠʥʪʝʛʨʘʮʠʿʝ PV ʛʝʥʝʨʘʪʦʨʘ ʩʥʘʛʝ 422 kW, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʥʘʛʝ 

1500 kW, 771 ʙʘʪʝʨʠʿʩʢʝ ʿʝʜʠʥʠʮʝ, ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʩʥʘʛʝ 350 kW ʠ ʨʝʟʝʨʚʦʘʨʘ 

ʚʦʜʦʥʠʢʘ ʢʘʧʘʮʠʪʝʪʘ 400 kg. ʉʠʩʪʝʤ ʤʠʢʨʦʤʨʝʞʝ ʟʘ ʥʘʧʘʿʘˁʝ ʩʪʘʤʙʝʥʦʛ ʦʙʿʝʢʪʘ ʫ 

ʂʘʿʩʝʨʠʿʫ, ʫ ʊʫʨʩʢʦʿ, ʧʨʦʫʯʘʚʘʥ ʿʝ ʫ [112]. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʢʦʿʠ ʩʘʜʨʞʠ PV ʛʝʥʝʨʘʪʦʨ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ, ʙʘʪʝʨʠʿʫ ʠ 

ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ ʥʘʿʝʢʦʥʦʤʠʯʥʠʿʠ ʠ ʜʘ ʩʫ ʪʘʜʘ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʦʜ 

0.376 USD/kWh. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʠʟʚʦʜˀʠʚʦʩʪ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ ʠ ʚʦʜʦʥʠʢʘ ʟʘ ʛʨʘʜ ʄʘʨʫʘ ʥʘ ʜʘʣʝʢʦʤ ʩʝʚʝʨʫ ʂʘʤʝʨʫʥʘ, 

ʠʩʪʨʘʞʠʚʘʥʘ ʿʝ ʫ [113]. ʆʚʜʝ ʩʫ ʨʘʟʤʘʪʨʘʥʝ ʜʚe ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤʘ, ʢʦʥʢʨʝʪʥʦ: PV ʛʝʥʝʨʘʪʦʨ-ʛʦʨʠʚʥʘ ˂ʝʣʠʿʘ-ʝʣʝʢʪʨʦʣʠʟʝʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ 

ʙʠʦʛʘʩ (ʢʦʥʬʠʛʫʨʘʮʠʿʘ I) ʠ PV ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʛʦʨʠʚʥʘ ˂ʝʣʠʿʘ-ʝʣʝʢʪʨʦʣʠʟʝʨ-

ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ (ʢʦʥʬʠʛʫʨʘʮʠʿʘ II) ʠ ʪʨʠ ʚʨʩʪʝ ʟʘʿʝʜʥʠʮʝ ʜʦʤʘ˂ʠʥʩʪʚʘ ʩʘ 

ʧʦʪʨʦʰˁʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ: ʤʘʣʦʤ, ʩʨʝʜˁʦʤ ʠ ʚʝʣʠʢʦʤ. ɿʘ ʩʚʘʢʫ ʚʨʩʪʫ 

ʧʦʪʨʦʰˁʝ ʠʟʘʙʨʘʥʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʧʨʝʤʘ 

ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ. ʄʠʢʨʦʤʨʝʞʘ ʩʘ 100% ʆʀɽ ʠ ʩʢʣʘʜʠʰʪʝʤ 

ʝʥʝʨʛʠʿʝ ʩʘ ʚʦʜʦʥʠʢʦʤ ʟʘ ʥʘʧʘʿʘˁʝ ʫʜʘˀʝʥʦʛ ʥʘʩʝˀʘ ʥʘ ʩʝʚʝʨʦʟʘʧʘʜʫ ɸʫʩʪʨʘʣʠʿʝ, 

ʢʦʿʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 100 ʩʪʘʤʙʝʥʠʭ ʦʙʿʝʢʘʪʘ ʠ ʥʝʢʦʣʠʢʦ ʤʘˁʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʟʛʨʘʜʘ 

ʠ ʬʘʙʨʠʢʘ, ʠʩʪʨʘʞʠʚʘʥʘ ʿʝ ʫ [114]. ʅʘ ʦʩʥʦʚʫ ʪʨʠ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘʜʨʞʠ PV ʛʝʥʝʨʘʪʦʨ ʩʥʘʛʝ 953 

kW, ʣʠʪʠʿʫʤ-ʿʦʥʩʢʫ ʙʘʪʝʨʠʿʫ ʢʘʧʘʮʠʪʝʪʘ 300 kWh, ʛʦʨʠʚʥʫ ˂ʝʣʠʿʫ ʩʥʘʛʝ 100 kW, 

ʝʣʝʢʪʨʦʣʠʟʝʨ ʩʥʘʛʝ 250 kW, ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ ʢʘʧʘʮʠʪʝʪʘ 200 kg ʠ ʧʨʝʪʚʘʨʘʯ 

ʩʥʘʛʝ 200 kW. ɼʘʪʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʤʘˁʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʦʜ 3.23 
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ʤʠʣʠʦʥʘ USD ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 0.342 USD/kWh ʟʘ ʞʠʚʦʪʥʠ ʚʝʢ 

ʧʨʦʿʝʢʪʘ ʦʜ 25 ʛʦʜʠʥʘ. ɸʫʪʦʨʠ ʩʪʫʜʠʿʝ [115] ʧʨʝʜʩʪʘʚʠʣʠ ʩʫ ʠʥʦʚʘʪʠʚʥʠ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʟʘ ʥʘʧʘʿʘˁʝ ʩʝʣʘ ɼʦʛʘʥʝʚʣʝʨ, ʢʦʿʝ ʩʝ ʥʘʣʘʟʠ ʫ ʨʫʨʘʣʥʦʤ ʧʦʜʨʫʯʿʫ ɻʝʥʯ ʫ 

ʧʨʦʚʠʥʮʠʿʠ ɹʠʥʛʦʣ. ʆʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʟʘ ʪʘʿ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 

ɸʨʭʠʤʝʜʦʚʝ ʪʫʨʙʠʥʝ, PV ʛʝʥʝʨʘʪʦʨʘ, ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ, ʛʦʨʠʚʥʠʭ ˂ʝʣʠʿʘ, 

ʙʘʪʝʨʠʿʝ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ, ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʠ ʙʦʿʣʝʨʘ, ʯʠʿʠ 

ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ, ʢʘʧʠʪʘʣʥʠ ʪʨʦʰʢʦʚʠ, ʪʨʦʰʢʦʚʠ ʧʦʛʦʥʘ ʠ ʦʜʨʞʘʚʘˁʘ, 

ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʠ ʝʤʠʩʠʿʘ CO2 ʠʟʥʦʩʝ 160753 USD, 99026 USD, 7433 

USD/yr, 0.2 USD/kWh ʠ 23549 kg/yr, ʨʝʜʦʤ. ʀʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʜʝʥʦ ʟʘ ʧʦʪʨʝʙʝ 

ʨʘʜʘ [116] ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘʩʪʘʚˀʝʥʘ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ ʦʜ 20 kW, 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʦʜ 150 kW, ʛʦʨʠʚʥʠʭ ˂ʝʣʠʿʘ ʦʜ 20 kW, ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʦʜ 200 

kg, ʧʨʝʪʚʘʨʘʯʘ ʦʜ 18.6 kW ʠ 159 ʙʘʪʝʨʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʙʦˀʫ ʢʦʤʙʠʥʘʮʠʿʫ ʟʘ 

ʥʘʧʘʿʘˁʝ ʩʪʘʤʙʝʥʦʛ ʦʙʿʝʢʪʘ ʫ ʊʦʨʦʥʪʫ, ʫ ʂʘʥʘʜʠ. ʆʩʠʤ ʪʦʛʘ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ 

ʜʦʜʘʚʘˁʝʤ ʙʘʪʝʨʠʿʘ ʩʠʩʪʝʤʫ ʤʦʛʫ ʩʤʘˁʠʪʠ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʧʦʥʫʜʠʪʠ 

ʢʨʘʪʢʦʨʦʯʥʦ ʠ ʜʫʛʦʨʦʯʥʦ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʈʘʟʣʠʯʠʪʝ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁ ʝ ʝʥʝʨʛʠʿʦʤ ʫʜʘˀʝʥʦʛ ʦʩʪʨʚʘ ʇʘʣʤ ʫ 

ɸʫʩʪʨʘʣʠʿʠ, ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʫ [117]. ʋ ʚʝʟʠ ʩ ʪʠʤ, ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʘʜʨʞʠ 

2266 kW PV ʛʝʥʝʨʘʪʦʨ, 600 kW ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ, 500 kW ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʜʠʟʝʣ, 4 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʩʚʘʢʠ ʧʦ 330 kW) ʠ 4 ʙʘʪʝʨʠʿʝ (ʩʚʘʢʘ ʧʦ 100 kW) ʧʨʝʜʩʪʘʚˀʘ 

ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ. ʆʚʦ ʨʝʰʝˁʝ ʠʤʘ ʥʘʿʤʘˁʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʦʜ 9.46 

ʤʠʣʠʦʥʘ USD ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 0.183 AUD/kWh, ʠ ʥʫʣʪʫ ʝʤʠʩʠʿʫ 

ʛʘʩʦʚʘ CO2 ʠ SO2. 

ʆʩʠʤ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ, ʧʦʩʪʦʿʝ ʭʠʙʨʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʝ 

ʩʘʩʪʦʿʝ ʩʘʤʦ ʦʜ ʆʀɽ ʠ ʫʢˀʫʯʫʿʫ ʪʝʭʥʦʣʦʛʠʿʝ ʟʘ ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ PV 

ʛʝʥʝʨʘʪʦʨʘ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʭʠʙʨʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ PV 

ʛʝʥʝʨʘʪʦʨʘ, ʿʝʜʠʥʠʮʝ ʟʘ ʥʘʧʘʿʘˁʝ ʚʦʜʦʥʠʢʦʤ, ʩʢʣʘʜʠʰʪʘ ʚʦʜʦʥʠʢʘ ʠ ʛʦʨʠʚʥʝ 

˂ʝʣʠʿʝ ʧʨʝʜʣʦʞʝʥ ʿʝ ʫ [118]. ʆʚʘʿ ʩʠʩʪʝʤ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʧʦʢʨʠʿʝ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝʜʥʝ 

ʩʪʘʤʙʝʥʝ ʟʛʨʘʜʝ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʩʫ ʧʨʦʮʝˁʝʥʠ ʧʘʨʘʤʝʪʨʠ ʧʝʨʬʦʨʤʘʥʩʠ ˂ʝʣʠʿʘ ʟʘ 

ʘʣʢʘʣʥʫ ʝʣʝʢʪʨʦʣʠʟʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʢˀʫʯʠʚʘˁʘ ʜʚʦʧʨʝʢʠʜʘʯʢʦʛ ʧʨʝʪʚʘʨʘʯʘ 

[118]. ʋʟ ʪʦ, ʿ ʝʜʘʥ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠ ʧʨʠʩʪʫʧ ʟʘ ʫʜʘˀʝʥʫ ʠ ʠʟʦʣʦʚʘʥʫ ʠʥʜʫʩʪʨʠʿʩʢʫ 

ʤʠʢʨʦʤʨʝʞʫ ʩʘ PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʙʘʪʝʨʠʿʩʢʦʤ ʿʝʜʠʥʠʮʦʤ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ˁʝʛʦʚʝ 
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ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥ ʿʝ ʫ [119]. ʇʨʠʩʪʫʧ ʠʟ [119] ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʧʦʨʝʤʝ˂ʘʿʝ ʫ 

ʤʨʝʞʠ ʠ ʤʦʛʫ˂ʝ ʩʮʝʥʘʨʠʿʝ ʦʧʦʨʘʚʢʘ. 

 

2.5 ʈʘʟʣʠʯʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

 

ʆʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʩʘʩʪʘʚˀʝʥʦʛ ʦʜ  

PV ʛʝʥʝʨʘʪʦʨʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʞʠʚʦʛ ʨʘʟʚʦʿʘ 

ʧʨʠʦʙʘʣʥʠʭ ʧʦʜʨʫʯʿʘ ʫ ɹʘʥʛʣʘʜʝʰʫ, ʢʦʿʠ ʫʚʘʞʘʚʘ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ, 

ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʠ ʝʤʠʩʠʿʝ GHG, ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʫ [120]. ʇʘʨʘʤʝʪʨʠ 

ʧʝʨʬʦʨʤʘʥʩʠ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʟʘ ʥʘʧʘʿʘˁʝ ʿʝʜʥʝ ʤʘʣʝ ʟʘʿʝʜʥʠʮʝ ʫ ʀʥʜʦʥʝʟʠʿʠ 

ʩʠʤʫʣʠʨʘʥʠ ʩʫ ʠ ʦʧʪʠʤʠʟʠʨʘʥʠ ʫ [121]. ʆʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ, 

ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 1 kW PV ʛʝʥʝʨʘʪʦʨʘ ʩʘ 8 ʙʘʪʝʨʠʿʘ ʦʜ 200 Ah ʠ ʠʥʚʝʨʪʝʨʘ ʦʜ 0.2 

kW, ʧʨʦʿʝʢʪʦʚʘʥ ʿʝ ʟʘ ʘʝʨʘʮʠʿʫ ʨʠʙˁʘʢʘ ʉʣʝʤʘʥ ʫ ɷʘʢʘʨʪʠ [122]. ʇʨʦʮʝʥʘ 

ʧʝʨʬʦʨʤʘʥʩʠ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʘ 

ʙʘʪʝʨʠʿʦʤ ʟʘ ʿʝʜʥʦ ʚʝʣʠʢʦ ʦʜʤʘʨʘʣʠʰʪʝ ʫ ɱʫʞʥʦʤ ʂʠʥʝʩʢʦʤ ʤʦʨʫ ʫ ʄʘʣʝʟʠʿʠ 

ʠʩʧʠʪʘʥʘ ʿʝ ʫ [123]. ʇʨʝʤʘ ʦʚʦʿ ʩʪʫʜʠʿʠ, ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ, ʥʠʚʝʣʠʩʘʥʠ 

COEïʪʨʦʰʢʦʚʠ ʠ ʫʜʝʦ ʆʀɽ ʦʧʪʠʤʠʟʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʩʫ ʠʟʥʦʩʠʣʠ 17.15 ʤʠʣʠʦʥʘ 

USD, 0.279 USD/kWh ʠ 41.6%, ʨʝʜʦʤ. ʋ [124] ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ 

ʩʥʘʙʜʝʚʘˁʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʫ ʚʠʰʝ 

ʛʨʘʜʦʚʘ ʫ ʇʝʥ˅ʘʙʫ, ʫ ʀʥʜʠʿʠ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʦ ʿʝ 

ʜʘ ʩʝ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʢʨʝ˂ʫ ʦʜ 0.162 USD/kWh ʜʦ 0.210 USD/kWh. ʋ 

[125] ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʠ ʩʠʤʫʣʠʨʘʥ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ 100% ʆʀɽ ʟʘ ʧʦʪʨʝʙʝ 

ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʝ ʿʝʜʥʝ ʨʫʨʘʣʥʝ ʟʘʿʝʜʥʠʮʝ ʫ ʈʫʘʥʜʠ. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ 

ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʦʩʪʨʚʘ ʇʨʘʪʘʩ ʥʘ ʊʘʿʚʘʥʫ 

ʠʟʚʨʰʝʥʘ ʿʝ ʫ [126]. ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʥʘ ʯʝʪʠʨʠ ʩʪʫʜʠʿʝ ʩʣʫʯʘʿʘ ʠ 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʰʝʤʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʩʘ ʫʢʫʧʥʠʤ ʢʘʧʘʮʠʪʝʪʦʤ PV ʛʝʥʝʨʘʪʦʨʘ ʦʜ 20 kWp ʠʤʘ ʥʘʿʥʠʞʝ 

ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʦʜ 0.3569 USD/kWh, ʫʜʝʦ ʆʀɽ ʦʜ 15.3% ʠ ʫʜʝʦ ʚʠʰʢʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 2.6%. ʆʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥ ʿʝʜʥʝ ʭʠʙʨʠʜʥʝ ʤʠʢʨʦʤʨʝʞʝ 

ʩʘʩʪʘʚˀʝʥʝ ʦʜ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʙʘʪʝʨʠʿʘ, ʢʦʿʠ 

ʿʝ ʧʨʝʜʚʠʹʝʥ ʟʘ ʥʘʧʘʿʘˁʝ ʜʚʝ ʣʦʢʘʮʠʿʝ ʫ ɹʘʥʛʣʘʜʝʰʫ, ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʫ [127]. ʅʘ 
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ʦʩʥʦʚʫ ʧʝʪ ʩʠʤʫʣʘʮʠʿʘ ʩʪʨʘʪʝʛʠʿʘ ʦʪʧʨʝʤʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ LFïʩʪʨʘʪʝʛʠʿʘ 

ʥʘʿʙʦˀʘ ʟʘ ʨʘʟʤʘʪʨʘʥʫ ʤʠʢʨʦʤʨʝʞʫ ʿʝʨ ʠʤʘ ʥʘʿʥʠʞʝ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ, 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʝʤʠʩʠʿʫ CO2 ʫ ʠʟʥʦʩʫ ʦʜ 0.219 USD/kWh, 160360 USD ʠ 

3297 kg/yr, ʨʝʜʦʤ. ɺʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʘ 2 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 80 kW PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ 72 ʙʘʪʝʨʠʿʝ ʟʘ ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʝʙʘ ʿʝʜʥʝ 

ʧʝʪʦʩʧʨʘʪʥʝ ʩʪʘʤʙʝʥʝ ʟʛʨʘʜʝ ʫ ʊʝʭʝʨʘʥʫ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʠ ʧʨʦʿʝʢʪʦʚʘʥ ʫ [128]. ʋ 

[129] ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʘʥʘʣʠʟʠʨʘʥʦ ʦʩʘʤ ʠʟʚʦʜˀʠʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ 

ʩʠʩʪʝʤʘ ʟʘ ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʝʙʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʿʝʜʥʦʿ ʨʘʜʠʦʥʠʮʠ 

ʩʨʝʜˁʝ ʚʝʣʠʯʠʥʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʿ ʟʦʥʠ ɸʨʙʘʜʠʣ ʫ ʀʨʘʥʫ. ʋ [129] ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ 

ʿʝʜʘʥ ʠʥʜʫʩʪʨʠʿʩʢʠ ʛʨʘʜ ʠʤʘ ʜʦʚʦˀʥʦ ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʚʝʪʨʘ ʠ ʩʫʥʮʘ, ʠ ʜʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠ ʧʨʦʠʟʚʦʜʝ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʦʜ PV 

ʛʝʥʝʨʘʪʦʨʘ ʟʙʦʛ ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʫ ʪʦʿ ʦʙʣʘʩʪʠ. ʋ [130] ʿʝ ʠʟʚʨʰʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʩʘʩʪʘʚˀʝʥʦʛ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 

ʙʘʪʝʨʠʿʝ ʠ ʧʨʝʪʚʘʨʘʯʘ ʧʨʠʤʝʥʦʤ ʘʣʛʦʨʠʪʤʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʝʚʦʣʫʮʠʿʝ, ʘ ʜʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʩʫ ʫʧʦʨʝʹʝʥʠ ʩʘ ʦʥʠʤ ʜʦʙʠʿʝʥʠʤ ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʘ HOMER Pro. 

ʇʦʤʝʥʫʪʠ ʘʣʛʦʨʠʪʘʤ ʙʠʦ ʿʝ ʤʥʦʛʦ ʙʨʞʠ ʦʜ ʩʦʬʪʚʝʨʘ HOMER Pro ʧʨʠ ʯʝʤʫ ʩʫ 

ʜʦʙʠʿʝʥʠ ʠʩʪʠ ʨʝʟʫʣʪʘʪʠ. ʉʪʫʜʠʿʘ ʠʟʚʦʜˀʠʚʦʩʪʠ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʛʦʨʠʚʥʘ ˂ʝʣʠʿʘ ʟʘ ʥʘʧʘʿʘˁʝ ʫʜʘˀʝʥʝ ʟʘʿʝʜʥʠʮʝ 

ʉʘʨʘʚʘʢ ʫ ʠʩʪʦʯʥʦʿ ʄʘʣʝʟʠʿʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [131]. ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʫ 

ʧʦʢʘʟʘʣʠ ʜʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ ʿʝʩʪʝ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʿʝʨ 

ʩʫ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʥʘʿʥʠʞʠ ʠ ʠʟʥʦʩʝ 335297 

USD ʠ 0.323 USD/kWh, ʨʝʜʦʤ; ʜʦʢ ʿʝ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʜʝʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ 37.5%. ʊʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʝʣʝʢʪʨʠʬʠʢʘʮʠʿʫ 

ʙʦʣʥʠʮʝ ʐʠʥʰʠʯʦ ʫ ʟʦʥʠ ʂʝʤʙʘʪʘ ʊʝʤʙʘʨʦ ʫ ɽʪʠʦʧʠʿʠ ʩʧʨʦʚʝʜʝʥʘ ʿʝ ʫ [132]. 

ʆʚʦʤ ʘʥʘʣʠʟʦʤ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ ʩʘ ʫʢʫʧʥʠʤ ʢʘʧʘʮʠʪʝʪʦʤ PV ʛʝʥʝʨʘʪʦʨʘ ʦʜ 100 kW ʠʤʘ 

ʥʘʿʥʠʞʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʫ ʠʟʥʦʩʫ ʦʜ 216155 

USD ʠ 0.187 USD/kWh, ʨʝʜʦʤ. ʋ [133] ʜʝʪʘˀʥʦ ʿʝ ʧʨʦʫʯʘʚʘʥʦ 10 ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʭ 

ʤʦʜʝʣʘ ʟʘ ʭʠʙʨʠʜʥʝ ʝʥʝʨʛʝʪʩʢʝ ʩʠʩʪʝʤʝ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʆʀɽ ʧʨʝʜʚʠʹʝʥʠʭ ʟʘ 

ʠʥʪʝʛʨʘʮʠʿʫ ʫ ʨʫʨʘʣʥʘ ʧʦʜʨʫʯʿʘ ʟʝʤʘˀʘ ʫ ʨʘʟʚʦʿʫ. ʉʦʬʪʚʝʨ HOMER Pro ʿʝ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥ ʢʘʦ ʿʝʜʘʥ ʦʜ ʥʘʿʧʦʛʦʜʥʠʿʠʭ ʘʣʘʪʘ ʟʘ ʘʥʘʣʠʟʫ ʪʘʢʚʠʭ ʭʠʙʨʠʜʥʠʭ 

ʩʠʩʪʝʤʘ ʩʘ ʘʩʧʝʢʘʪʘ ʜʦʩʪʫʧʥʦʩʪʠ ʘʣʘʪʘ ʠ ʧʦʜʘʪʘʢʘ, ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʘʥʘʣʠʟʝ 
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ʧʦʪʨʘʞˁʝ ʠ ʧʨʝʜʠʢʮʠʿʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʦ ʠ ʩʘ ʘʩʧʝʢʪʘ ʤʦʜʝʣʠʨʘˁʘ ʨʝʩʫʨʩʘ. 

ʊʝʭʥʠʯʢʘ ʧʨʦʮʝʥʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ 

ʠʥʩʪʘʣʠʨʘʥʦʛ ʫ ʨʝʟʝʨʚʘʪʫ ʊʘʧʘʞʦʩ-ɸʨʘʧʠʿʫʥʩ ʫ ʙʨʘʟʠʣʩʢʦʤ ʨʝʛʠʦʥʫ ɸʤʘʟʦʥ 

ʧʨʦʫʯʘʚʘʥ ʿʝ ʫ [134]. 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʝ 

ʘʥʘʣʠʟʝ ʿʦʰ ʥʝʢʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ, ʠ ʪʦ: PV ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʛʦʨʠʚʥʘ 

˂ʝʣʠʿʘ-ʙʦʿʣʝʨ-TLCïʨʝʛʫʣʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ [135]; PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-

ʙʘʪʝʨʠʿʘ-ʝʣʝʢʪʨʦʣʠʟʝʨ-ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ-TLCïʨʝʛʫʣʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ [136], PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ [137], ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-PV 

ʛʝʥʝʨʘʪʦʨ-ʛʦʨʠʚʥʘ ˂ʝʣʠʿʘ-ʤʘʣʘ ʭʠʜʨʦʝʣʝʢʪʨʘʥʘ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ-ʧʨʝʪʚʘʨʘʯ-

ʙʘʪʝʨʠʿʘ-ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʛʝʥʝʨʘʪʦʨ [138], PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-

ʙʠʦʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [139,140], ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ 

[141], PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [142-

145], PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [146], 

PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʍɽ ʩʘ ʭʠʜʨʦʢʠʥʝʪʠʯʢʦʤ ʪʫʨʙʠʥʦʤ-ʙʠʦʛʝʥʝʨʘʪʦʨ-

ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [147], PV ʛʝʥʝʨʘʪʦʨ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ-ʚʦʜʦʥʠʢ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [148], PV ʛʝʥʝʨʘʪʦʨ-ʧʫʤʧʥʘ ʍɽ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ-ʧʨʝʪʚʘʨʘʯ [149].  
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3. ʄʆɼɽʃʀʈɸɳɽ ʄʀʂʈʆɽʅɽʈɻɽʊʉʂʀʍ ʉʀʉʊɽʄɸ 

ʇʆʄʆɴʋ ʉʆʌʊɺɽʈɸ HOMER Pro  

 

ʉʦʬʪʚʝʨ HOMER Pro ʿʝ ʨʘʯʫʥʘʨʩʢʠ ʘʣʘʪ ʟʘ ʚʠʰʝʩʪʨʫʢʫ ʭʠʙʨʠʜʥʫ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʿʝ ʨʘʟʚʠʣʘ ʘʤʝʨʠʯʢʘ ʥʘʮʠʦʥʘʣʥʘ 

ʣʘʙʦʨʘʪʦʨʠʿʘ ʟʘ ʦʙʥʦʚˀʠʚʫ ʝʥʝʨʛʠʿʫ (NREL ʦʜ ʝʥʛ. National Renewable Energy 

Laboratory), ʟʘ ʧʦʪʨʝʙʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

ʝʥʝʨʛʠʿʝ [25]. ʆʚʘʿ ʩʦʬʪʚʝʨ ʿʝ ʧʦʿʝʜʥʦʩʪʘʚʠʦ ʟʘʜʘʪʘʢ ʧʨʦʮʝʥʝ ʠʩʧʣʘʪʠʚʦʩʪʠ 

ʩʘʤʦʩʪʘʣʥʠʭ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʠ ʙʝʟ ʆʀɽ. 

ɸʥʘʣʠʟʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʣʦ 

ʟʘʭʪʝʚʘʥ ʧʨʦʮʝʩ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʦʿʝʢʪʘʥʪʩʢʠʭ ʨʝʰʝˁʘ ʠ ʥʝʩʠʛʫʨʥʦʩʪʠ ʫ ʚʝʟʠ 

ʩʘ ʢˀʫʯʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʚʝʣʠʯʠʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʜʦʩʪʫʧʥʦʩʪ ʠʟʚʦʨʘ 

ʝʥʝʨʛʠʿʝ ʠ ʙʫʜʫ˂ʝ ʮʝʥʝ ʛʦʨʠʚʘ. ʆʀɽ ʿʦʰ ʚʠʰʝ ʜʦʧʨʠʥʦʩʝ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʙʣʝʤʘ 

ʿʝʨ ʧʨʦʠʟʚʦʜˁʘ ʝʥʝʨʛʠʿʝ ʫ ˁʠʤʘ ʤʦʞʝ ʙʠʪʠ ʩ ʚʨʝʤʝʥʘ ʥʘ ʚʨʝʤʝ ʫ ʧʨʝʢʠʜʫ ʠʣʠ ʯʘʢ 

ʧʦʪʧʫʥʦ ʦʙʫʩʪʘʚˀʝʥʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʦʙʘ ʜʘʥʘ, ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʨʠʣʠʢʘ, 

ʛʦʜʠʰˁʝʛ ʜʦʙʘ ʠ ʩʣ. ʆʚʘʿ ʩʦʬʪʚʝʨ ʫʩʧʝʰʥʦ ʩʘʚʣʘʜʘʚʘ ʩʚʝ ʪʝ ʠʟʘʟʦʚʝ, ʤʦʜʝʣʠʨʘ 

ʧʦʥʘʰʘˁʝ ʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʪʨʦʢhʦʚʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ˁʝʛʦʚʦʤ ʞʠʚʦʪʥʦʤ 

ʚʝʢʫ, ʢʦʿʠ ʩʫ ʟʘʧʨʘʚʦ, ʟʙʠʨ ʪʨʦʰʢʦʚʘ ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ ʢʨʦʟ ʮʝʦ ˁʝʛʦʚ ʞʠʚʦʪʥʠ ʚʝʢ. HOMER Pro ʦʤʦʛʫ˂ʫʿʝ ʧʨʦʿʝʢʪʘʥʪʫ 

ʫʧʦʨʝʹʠʚʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʿʝʢʪʘʥʪʩʢʠʭ ʨʝʰʝˁʘ ʧʦ ʦʩʥʦʚʫ 

ˁʠʭʦʚʠʭ ʪʝʭʥʠʯʢʠʭ ʠ ʝʢʦʥʦʤʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʊʘʢʦʹʝ, ʧʦʤʘʞʝ ʫ ʨʘʟʫʤʝʚʘˁʫ 

ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʦʤ ʦʜʨʝʹʠʚʘˁʫ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʥʝʩʠʛʫʨʥʦʩʪʠ ʠ 

ʧʨʦʤʝʥʘ ʫ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ, ʟʘʧʨʘʚʦ ʧʦʤʘʞʝ ʜʘ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʦʜʛʦʚʦʨʠ ʥʘ 

ʧʠʪʘˁʝ ʜʘ ʣʠ ʿʝ ʩʠʩʪʝʤ (ʩʘ ʠ ʙʝʟ ʆʀɽ) ʠʩʧʣʘʪʠʚ ʠ ʜʘ ʣʠ ʤʦʞʝ ʜʘ ʧʦʢʨʠʿʝ ʦʜʨʝʹʝʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʤʨʝʞʦʤ ʠʣʠ ʥʝ. 

 

3.1 ʂʦʥʮʝʧʪʫʘʣʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʩʠʤʫʣʘʮʠʿʝ, ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ 

ʦʩʝʪˀʠʚʦʩʪʠ  

 

ʋ ʦʩʥʦʚʠ ʤʦʜʝʣʠʨʘˁʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʩʣʝʜʝ˂ʘ ʪʨʠ 

ʧʨʦʮʝʩʘ: ʩʠʤʫʣʘʮʠʿʝ, ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʩʠʩʪʝʤʘ. ʋ 

ʩʠʤʫʣʘʮʠʦʥʦʤ ʜʝʣʫ ʩʝ ʤʦʜʝʣʠʨʘʿʫ ʧʝʨʬʦʨʤʘʥʩʝ (ʠʟʚʦʜˀʠʚʦʩʪ) ʦʜʨʝʹʝʥʦʛ ʩʠʩʪʝʤʘ 
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ʟʘ ʩʚʘʢʠ (ʧʦʿʝʜʠʥʠ) ʯʘʩ ʫ ʛʦʜʠʥʠ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʪʝʭʥʠʯʢʘ ʠʟʚʦʜˀʠʚʦʩʪ 

ʩʠʩʪʝʤʘ, ˁʝʛʦʚʘ ʦʧʨʘʚʜʘʥʦʩʪ ʠ ʫʢʫʧʥʠ ʪʨʦʰʘʢ ʩʠʩʪʝʤʘ ʟʘ ʯʠʪʘʚ ʞʠʚʦʪʥʠ ʚʝʢ. ʋ 

ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʜʝʣʫ ʩʠʤʫʣʠʨʘʿʫ ʩʝ ʤʥʦʛʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ ʜʘ ʙʠ ʩʝ ʧʨʦʥʘʰʣʘ ʦʥʘ ʢʦʘʿ ʟʘʜʦʚʦˀʘʚʘ ʪʝʭʥʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʠ 

ʥʘʿʥʠʞʝʤ ʪʨʦʰʢʫ ʢʦʤʧʣʝʪʥʦʛ ʚʝʢʘ ʮʠʢʣʫʩʘ. ʆʧʪʠʤʠʟʘʮʠʿʦʤ ʩʝ ʜʦʙʠʿʘʿʫ 

ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥˀʠʚʠʭ ʥʘʜ ʢʦʿʠʤʘ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʠʤʘ ʢʦʥʪʨʦʣʫ ʠ 

ʫʟ ʢʦʤʙʠʥʘʮʠʿʫ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ï ʥʧʨ. ʨʘʟʣʠʯʠʪʠʭ ʮʝʥʘ ʛʦʨʠʚʘ ʟʘ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ PV ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʿʠ ʿʝ ʠʟʣʦʞʝʥ ʨʘʟʣʠʯʠʪʦʿ ʩʦʣʘʨʥʦʿ 

ʠʨʘʜʠʿʘʥʩʠ. ʋ ʘʥʘʣʠʟʠ ʦʩʝʪˀʠʚʦʩʪʠ ʩʠʩʪʝʤʘ ʩʝ ʩʧʨʦʚʦʜʠ ʠʪʝʨʘʪʠʚʥʠ ʧʦʩʪʫʧʘʢ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʠʩʪʝʤʘ ʛʜʝ ʩʝ ʟʘʜʘʿʫ ʨʘʟʣʠʯʠʪʠ ʦʧʩʝʟʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʤʝʨʝ 

ˁʠʭʦʚʠ ʝʬʝʢʪʠ ʠ ʪʨʘʞʝ ʥʘʿʙʦˀʝ ʠʟʣʘʟʥʝ ʮʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝʢ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʉʘʤʘ 

ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʤʘʞʝ ʫ ʨʘʟʫʤʝʚʘˁʫ ʝʬʝʢʘʪʘ ʥʝʩʠʛʫʨʥʦʩʪʠ ʧʨʦʤʝʥʘ 

ʧʘʨʘʤʝʪʘʨʘ ʥʘʜ ʢʦʿʠʤ ʧʨʦʿʝʢʪʘʥʪ ʥʝʤʘ ʢʦʥʪʨʦʣʫ, ʢʘʦ ʰʪʦ ʩʫ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ 

ʠʣʠ ʙʫʜʫ˂ʘ ʮʝʥʘ ʛʦʨʠʚʘ. ɺʝʟʘ ʠʟʤʝʹʫ ʩʠʤʫʣʘʮʠʿʝ, ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ 

ʦʩʝʪˀʠʚʦʩʪʠ ʜʘʪʘ ʿʝ ʥʘ ʉʣʠʮʠ 3.1. 

 

 

ʉʣʠʢʘ 3.1 ɺʝʟʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʘ ʩʠʤʫʣʘʮʠʿʝ, ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ 

 

ʉʘ ʉʣʠʢʝ 3.1 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʝʣʠʧʩʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʙʫʭʚʘʪʘ ʝʣʠʧʩʫ 

ʩʠʤʫʣʘʮʠʿʝ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʿʝʜʥʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʘʩʪʦʿʠ ʦʜ 

ʚʠʰʝʩʪʨʫʢʠʭ ʩʠʤʫʣʘʮʠʿʘ. ʉʣʠʯʥʦ, ʝʣʠʧʩʘ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʦʙʫʭʚʘʪʘ ʝʣʠʧʩʫ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝʨ ʩʝ ʿʝʜʥʘ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʩʘʩʪʦʿʠ ʦʜ ʚʠʰʝʩʪʨʫʢʠʭ 

ʦʧʪʠʤʠʟʘʮʠʿʘ. 
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3.1.1 ʉʠʤʫʣʘʮʠʿʘ 

 

ʉʠʤʫʣʘʮʠʿʝ ʦʤʦʛʫʘ˂ʚʘʿʫ ʨʝʧʨʦʜʫʢʮʠʿʫ ʜʫʛʦʪʨʘʿʥʦʛ ʧʦʛʦʥʘ ʥʝʢʦʛ 

ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ, ʜʝʬʠʥʠʰʫ ʧʝʨʬʦʨʤʘʥʩʝ ʪʦʛ ʩʠʩʪʝʤʘ, ʚʠʟʫʝʣʠʟʫʿʫ 

ˁʝʛʦʚʝ ʢʦʤʧʦʥʝʥʪʝ ʩʘ ʪʘʯʥʦ ʦʜʨʝʹʝʥʠʤ ʪʝʭʥʠʯʢʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʜʘʿʫ ʩʪʨʘʪʝʛʠʿʫ 

ʢʦʿʘ ʜʝʬʠʥʠʰʝ ʢʘʢʦ ˂ʝ ʪʝ ʢʦʤʧʦʥʝʥʪʝ ʬʫʥʢʮʠʦʥʠʩʘʪʠ ʫ ʦʢʚʠʨʫ ʩʠʩʪʝʤʘ ʠ ʢʘʢʦ ˂ʝ 

ʩʝ ʧʦʥʘʰʘʪʠ ʫ ˁʝʤʫ ʪʦʢʦʤ ʯʠʪʘʚʦʛ ʚʝʢʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɿʘ ʿʝʜʥʦʩʪʘʚʥʦ ʢʨʝʠʨʘˁʝ 

ʰʝʤʘʪʩʢʠʭ ʙʣʦʢ ʜʠʿʘʛʨʘʤʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʆʀɽ ʧʦʩʪʦʿʝ ʧʦʩʝʙʥʦ 

ʧʨʠʧʨʝʤˀʝʥʠ ʘʣʘʪʠ. ʂʦʥʢʨʝʪʥʦ, ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʘʜʨʞʝ ʩʝʪ ʙʘʪʝʨʠʿʘ ʤʦʨʘʿʫ ʠʤʘʪʠ ʠ 

ʩʪʨʘʪʝʛʠʿʫ ʦʪʧʨʝʤʝ (DS) ʝʥʝʨʛʠʿʝ, ʘ ʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝʪ ʧʨʘʚʠʣʘ ʧʦ ʢʦʤʝ ʩʝ 

ʙʘʪʝʨʠʿʝ ʧʨʘʟʥʝ ʠ ʧʫʥʝ. ʇʦʩʪʦʿʝ ʜʚʝ ʚʨʩʪʝ ʦʚʘʢʚʠʭ ʩʪʨʘʪʝʛʠʿʘ: ʿʝʜʥʘ ʿʝ ʩʪʨʘʪʝʛʠʿʘ 

ʧʨʘ˂ʝˁʘ ʦʧʪʝʨʝ˂ʝˁʘ (LFïʩʪʨʘʪʝʛʠʿʘ) ʘ ʜʨʫʛʘ ʿʝ ʩʪʨʘʪʝʛʠʿʘ ʮʠʢʣʠʯʥʦʛ ʧʫˁʝˁʘ 

(CCïʩʪʨʘʪʝʛʠʿʘ). ʂʦʜ LF ʩʪʨʘʪʝʛʠʿʝ ʆʀɽ ʫʚʝʢ ʧʫʥʝ ʙʘʪʝʨʠʿʫ, ʘ ʛʝʥʝʨʘʪʦʨʠ ʪʦ ʥʝ 

ʯʠʥʝ. ʂʦʜ CC ʩʪʨʘʪʝʛʠʿʝ, ʢʘʜ ʛʦʜ ʩʫ ʛʝʥʝʨʘʪʦʨʠ ʫ ʧʦʛʦʥʫ ʦʥʠ ʨʘʜʝ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ 

ʩʥʘʛʦʤ ʠ ʧʨʦʠʟʚʦʜʝ ʚʠʰʝ ʝʥʝʨʛʠʿʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʩʘʤʦʤ ʦʧʪʝʨʝ˂ʝˁʫ, ʧʘ ʩʝ 

ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠ ʟʘ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ. 

ɿʘʜʘʮʠ ʩʘʤʦʛ ʩʠʤʫʣʘʮʠʦʥʦʛ ʧʨʦʮʝʩʘ ʩʫ ʩʣʝʜʝ˂ʠ: ʧʨʚʠ ʟʘʜʘʪʘʢ ʿʝ 

ʦʜʨʝʹʠʚʘˁʝ ʠʟʚʦʜˀʠʚʦʩʪʠ ʩʠʩʪʝʤʘ, ʪʿ. ʫʪʚʨʹʠʚʘˁʝ ʜʘ ʣʠ ʩʠʩʪʝʤ ʤʦʞʝ ʘʜʝʢʚʘʪʥʦ 

ʜʘ ʩʥʘʙʜʝʚʘ ʝʣʝʢʪʨʠʯʥʘ ʠ ʪʦʧʣʦʪʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʜʘ ʟʘʜʦʚʦˀʠ ʩʚʘ ʜʨʫʛʘ 

ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʘ ʧʨʦʿʝʢʪʘʥʪ ʜʝʬʠʥʠʰʝ; ʜʦʢ ʿʝ ʜʨʫʛʠ ʟʘʜʘʪʘʢ ʧʨʦʮʝʥʘ ʫʢʫʧʥʠʭ 

ʪʨʦʰʢʦʚʘ ʠʥʩʪʘʣʘʮʠʿʝ, ʟʘʤʝʥʝ ʜʝʣʦʚʘ ʠ ʧʦʛʦʥʘ ʟʘ ʮʝʦ ʞʠʚʦʪʥʠ ʚʝʢ ʩʠʩʪʝʤʘ. ʋ ʦʚʦʿ 

ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ˂ʝ ʩʝ ʧʦʩʚʝʪʠʪʠ ʝʢʦʥʦʤʩʢʦʿ ʦʧʨʘʚʜʘʥʦʩʪʠ 

ʨʘʟʤʘʪʨʘʥʦʛ ʧʨʦʿʝʢʪʘ ï ʩʠʩʪʝʤʘ ʩʘ ʆʀɽ. 

ʄʦʜʝʣʠʨʘˁʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʥʝʢʦʛ ʩʠʩʪʝʤʘ ʠʟʚʦʜʠ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ 

ʩʠʤʫʣʘʮʠʿʝ ʚʨʰʝ ʟʘ ʩʚʘʢʠ ʯʘʩ ʫ ʪʦʢʫ ʿʝʜʥʦʛʦʜʠʰˁʝʛ ʧʦʛʦʥʘ ʠʩʪʦʛ. ʂʦʨʘʢ ʩʝ 

ʧʦʜʝʰʘʚʘ ʠʟ ʯʘʩʘ ʫ ʯʘʩ ʧʦʛʦʥʘ, ʠʟʨʘʯʫʥʘʚʘʿʫ˂ʠ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʆʀɽ, ʫʧʦʨʝʹʫʿʫ˂ʠ 

ʿʝ ʩʘ ʦʧʪʝʨʝ˂ʝˁʝʤ ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʦʜʣʫʯʫʿʝ ʰʪʘ ʜʘ ʩʝ ʨʘʜʠ ʩ ʚʠʰʢʦʤ ʝʥʝʨʛʠʿʝ 

ʠʟ ʆʀɽ ʘʢʦ ʩʝ ʧʦʿʘʚʠ ʠʣʠ ʢʘʢʦ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʠʣʠ ʢʫʧʠ ʜʦʜʘʪʥʘ ʢʦʣʠʯʠʥʘ 

ʝʥʝʨʛʠʿʘ ʘʢʦ ʩʝ ʜʦʙʠʿʘ ʤʘʝˁ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ. ʂʘʜʘ ʩʝ ʥʘʯʠʥʠ ʦʚʘʢʚʘ ʧʨʦʮʝʥʘ ʟʘ 

ʿʝʜʥʫ ʛʦʜʠʥʫ, ʦʥʜʘ ʩʝ ʫʪʚʨʹʫʿʝ ʜʘ ʣʠ ʩʠʩʪʝʤ ʟʘʜʦʚʦˀʘʚʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʘʿ ʿʝ 

ʢʦʨʠʩʥʠʢ ʟʘʜʘʦ ʧʦ ʦʩʥʦʚʫ ʢʘʧʘʮʠʪʝʪʘ ʆʀɽ, ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʨʘʟʣʠʯʠʪʠ 

ʆʀɽ ʜʘʿʫ, ʠʣʠ ʝʤʠʩʠʿʘ ʦʜʨʝʹʝʥʠʭ ʟʘʛʘʹʠʚʘʯʘ. ʊʘʢʦʹʝ, ʚʨʰʠ ʩʝ ʧʨʦʨʘʯʫʥ 
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ʧʘʨʘʤʝʪʘʨʘ ʢʦʠʿ ʩʫ ʧʦʪʨʝʙʥʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʩʠʩʪʝʤʘ ʪʦʢʦʤ 

ʞʠʚʦʪʥʦʛ ʚʝʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʥʧʨ. ʛʦʜʠʰˁʫ ʧʦʪʨʦʰˁʫ ʛʦʨʠʚʘ, ʯʘʩʦʚʝ ʧʦʛʦʥʘ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʯʝʢʠʚʘʥʠ ʞʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ. 

ʋʢʫʧʥʠ ʥʝʪʦ ʩʘʜʘʰˁʠ ʪʨʦʰʘʢ ʿʝʩʪʝ ʚʝʣʠʯʠʥʘ ʢʦʿʦʤ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ˁʝʛʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. ʆʚʘ ʚʝʣʠʯʠʥʘ ʦʙʫʭʚʘʪʘ 

ʩʚʝ ʪʨʦʰʢʦʚʝ ʠ ʧʨʠʭʦʜʝ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʧʨʦʿʝʢʪʘ, ʩʘ 

ʙʫʜʫ˂ʠʤ ʥʦʚʯʘʥʠʤ ʪʦʢʦʚʠʤʘ ʜʠʩʢʦʥʪʦʚʘʥʠʤ ʥʘ ʩʘʜʘʰˁʦʩʪ. ʋʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ ʫʢˀʫʯʫʿʫ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʪʨʦʰʢʦʚʝ ʟʘʤʝʥʝ ʜʝʣʦʚʘ ʢʦʤʧʦʥʝʥʪʠ 

ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʧʨʦʿʝʢʪʘ, ʪʨʦʰʢʦʚʝ ʇ&ʆ ʠ ʪʨʦʰʢʦʚʝ 

ʛʦʨʠʚʘ. 

ɿʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ, ʧʦʩʝʙʥʦ ʦʥʝ ʢʦʿʠ ʫʢˀʫʯʫʿʫ 

ʚʠʰʝ ʚʨʩʪʘ ʆʀɽ, ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʩʘ ʧʨʠʭʚʘʪˀʠʚʦʤ ʪʘʯʥʦʰ˂ʫ 

ʥʝʦʧʭʦʜʘʥ ʿʝ ʿʝʜʥʦʯʘʩʦʚʥʠ ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ. ʅʧʨ. ʟʘ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʨʘʟʤʘʪʨʘʥʫ ʫ 

ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ (ʂʦʥʬʠʛʫʨʘʮʠʿʘ I), ʪʿ. ʟʘ ʩʠʩʪʝʤ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ ʥʠʿʝ ʜʦʚʦˀʥʦ ʩʘʤʦ ʟʥʘʪʠ ʧʨʦʩʝʯʥʫ ʤʝʩʝʯʥʫ 

(ʠʣʠ ʧʘʢ ʜʥʝʚʥʫ) ʧʨʦʠʟʚʦʜˁʫ ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨʘ, ʿʝʨ ʩʫ ʚʨʝʤʝ ʠ ʧʨʦʤʝʥˀʠʚʦʩʪ 

ʪʝ ʧʨʦʠʟʚʦʜˁʝ ʧʦʜʿʝʜʥʘʢʦ ʚʘʞʥʠ ʢʘʦ ʠ ˁʝʥʘ ʧʨʦʩʝʯʥʘ ʢʦʣʠʯʠʥʘ. ɼʘ ʙʠ ʩʝ 

ʧʨʝʮʠʟʥʦ ʧʨʝʜʚʠʜʝʣʘ ʧʦʪʨʦʰˁʘ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʯʘʩʦʚʠ ʧʦʛʦʥʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʨʦʪʦʢ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʙʘʪʝʨʠʿʫ ʠ ʚʠʘhʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʟʥʘʪʠ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨʘ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʠ ʜʘ ʣʠ ʧʨʦʪʦʢ ʚʦʜʝ ʠʣʠ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ ʠʤʘʿʫ 

ʪʝʥʜʝʥʮʠʿʫ ʦʧʘʜʘˁʘ ʠʣʠ ʨʘʩʪʘ. ʆʚʘʢʘʚ ʿʝʜʥʦʯʘʩʦʚʥʠ ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ ʿʝ ʜʦʚʦˀʥʦ 

ʤʘʣʠ ʜʘ ʦʙʫʭʚʘʪʠ ʥʘʿʚʘʞʥʠʿʝ ʩʪʘʪʠʩʪʠʯʢʝ ʘʩʧʝʢʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʚʨʝʤʝʥʠʭ ʆʀɽ, 

ʘʣʠ ʥʝ ʪʦʣʠʢʦ ʤʘʣʠ ʜʘ ʫʩʧʦʨʠ ʨʘʯʫʥʘˁʝ ʜʦ ʪʝ ʤʝʨʝ ʜʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʘʥʘʣʠʟʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʩʪʘʥʫ ʥʝʧʨʠʤʝˁʠʚʝ. ʆʚʜʝ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʥʝ ʤʦʛʫ 

ʤʦʜʝʣʠʨʘʪʠ ʪʨʘʥʟʠʿʝʥʪʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʿʘʚʝ ʠ ʥʝʢʠ ʿʦʰ ʜʠʥʘʤʠʯʢʠ ʝʬʝʢʪʠ ʢʦʿʠ 

ʟʘʭʪʝʚʘʿʫ ʟʥʘʯʘʿʥʦ ʤʘˁʝ ʚʨʝʤʝʥʩʢʝ ʢʦʨʘʢʝ ʦʜ ʿʝʜʥʦʛ ʯʘʩʘ. 

ʇʦʩʣʝ ʢʨʝʠʨʘˁʘ ʙʣʦʢ ʰʝʤʝ ʠ ʜʝʬʠʥʠʮʠʿʝ ʢʦʤʧʦʥʝʥʘʪʘ ʩʠʩʪʝʤʘ ʠ 

ʧʦʪʝʥʮʠʿʘʣʘ ʠʟʚʦʨʘ (PV ʝʬʝʢʪʘ ʟʘ ʦʜʨʝʹʝʥʫ ʧʦʟʠʮʠʿʫ ʠʣʠ ʭʠʜʨʦʧʦʪʝʥʮʠʿʘʣ ʟʘ 

ʧʨʦʪʦʯʥʫ ʪʫʨʙʠʥʫ), ʤʦʛʫ˂ʝ ʿʝ ʧʨʦʤʝʥʠʪʠ ʥʠʟ ʧʘʨʘʤʝʪʘʨʘ ʩʚʘʢʦʛ ʠʟʚʦʨʘ ʧʦʥʘʦʩʦʙ 

ʠʣʠ ˁʠʭʦʚʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʘ ʠʣʠ ʙʝʟ ʙʘʪʝʨʠʿʝ. ʅʘ ʉʣʠʮʠ 3.2 ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʦ 

ʨʝʟʫʣʪʘʪʘ ʯʘʩʦʚʥʝ ʩʠʤʫʣʘʮʠʿʝ ʠʟʚʝʜʝʥʝ ʩʘ ʤʦʜʝʣʦʤ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ 
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ʦʜʛʦʚʘʨʘ ʂʦʥʬʠʛʫʨʘʮʠʿʠ I. ʋ ʪʘʢʚʦʤ ʩʠʩʪʝʤʫ, ʙʘʪʝʨʠʿʘ ʘʧʩʦʨʙʫʿʝ ʝʥʝʨʛʠʿʫ ʢʘʜʘ 

ʝʥʝʨʛʠʿʘ ɛʍɽ ʠʣʠ PV ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʤʘʰʠ ʝʥʝʨʛʠʿʫ ʧʦʪʨʝʙʥʫ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʘ ʦʩʣʦʙʘʹʘ ʢʘʜʘ ʝʥʝʨʛʠʿʘ ʧʦʪʨʝʙʥʘ ʟʘ ʧʦʢʨʠʚʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʧʦʩʪʘʥʝ 

ʚʝʘ˂ ʦʜ ʝʥʝʨʛʠʿʝ ɛʍɽ ʠʣʠ PV ʛʝʥʝʨʘʪʦʨʘ. ɼʠʿʘʛʨʘʤ ʩʘ ʉʣʠʢʝ 3.2 ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ 

ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʫʩʢʣʘʜʠʰʪʠ ʫ ʙʘʪʝʨʠʿʠ ʦʧʘʜʘ ʪʦʢʦʤ ʪʨʠ ʫʟʘʩʪʦʧʥʘ ʜʘʥʘ 

ʢʘʜʘ ʿʝ ʜʥʝʚʥʘ ʩʚʝʪʣʦʩʪ ʩʣʘʙʘ ʠʣʠ ʢʘʜʘ ʿʝ ʧʨʦʪʦʢ ʚʦʜʝ ʤʘˁʠ, ʠ ʪʦ ʦʜ 30. ʩʝʧʪʝʤʙʨʘ 

ʜʦ 3. ʦʢʪʦʙʨʘ. ʂʘʜʘ ʿʝ ʙʘʪʝʨʠʿʘ ʧʨʘʟʥʘ ʪʦ ʟʥʘʯʠ ʜʘ ʩʠʩʪʝʤ ʥʠʿʝ ʤʦʛʘʦ ʜʘ ʥʘʧʘʿʘ 

ʦʧʪʝʨʝ˂ʝˁʝ 4. ʠ 5. ʦʢʪʦʙʨʘ. ʊʦʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʦʚʘʢʚʠ ʧʘʜʦʚʠ ʝʥʝʨʛʠʿʝ ʩʝ 

ʨʝʛʠʩʪʨʫʿʫ ʠ ʥʘ ʢʨʘʿʫ ʩʝ ʫʪʚʨʹʫʿʝ ʜʘ ʣʠ ʿʝ ʩʠʩʪʝʤ ʤʦʛʘʦ ʜʘ ʦʙʝʟʙʝʜʠ ʜʦʚʦˀʥʦ 

ʝʥʝʨʛʠʿʝ ʢʘʢʦ ʙʠ ʙʠʦ ʠʟʚʦʜˀʠʚ ʫ ʩʢʣʘʜʫ ʩʘ ʦʛʨʘʥʠʯʝˁʠʤʘ ʢʦʿʝ ʿʝ ʧʦʩʪʘʚʠʦ 

ʢʦʨʠʩʥʠʢ. ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʨʝʟʫʣʪʘʪʝ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʧʨʦʧʫʩʥʦʩʪʠ ʙʘʪʝʨʠʿʝ (ʪʿ. ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʿʝ ʮʠʨʢʫʣʠʩʘʣʘ ʢʨʦʟ ʙʘʪʝʨʠʿʫ 

ʪʦʢʦʤ ʛʦʜʠʥʝ), ʢʦʿʘ ʩʝ ʜʘˀʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʙʘʪʝʨʠʿʝ ʠ ʫʪʠʯʝ 

ʥʘ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʩʠʩʪʝʤʝ.  

ʇʦʛʦʥ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʿʝʜʥʝ ʛʦʜʠʥʝ ʩʠʤʫʣʠʨʘ ʩʝ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʫ 

ʢˀʫʯʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʟʘ ʪʫ ʛʦʜʠʥʫ (ʢʘʦ ʰʪʦ ʩʫ ʥʧʨ. ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ, 

ʧʨʦʪʦʢ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʙʘʪʝʨʠʿʫ ʠ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʥʝʨʛʠʿʝ) ʠʩʪʠ ʠ ʟʘ ʩʚʘʢʫ 

ʩʣʝʜʝ˂ʫ ʛʦʜʠʥʫ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʧʨʦʿʝʢʪʘ. ʄʝʹʫʪʠʤ, ʦʚʘ ʩʠʤʫʣʘʮʠʿʘ ʥʝ 

ʛʝʥʝʨʠʰʝ ʧʨʦʤʝʥʝ ʧʘʨʘʤʝʪʘʨʘ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ, ʢʘʦ ʰʪʦ ʩʫ ʤʦʛʫ˂ʠ ʨʘʩʪ ʦʧʪʝʨʝ˂ʝˁʘ 

ʠ ʧʦʛʦʨʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʙʘʪʝʨʠʿʝ ʫʩʣʝʜ ʩʪʘʨʝˁʘ. 

 

 

ʉʣʠʢʘ 3.2 ʇʨʠʤʝʨ ʨʝʟʫʣʪʘʪʘ ʯʘʩʦʚʥʝ ʩʠʤʫʣʘʮʠʿʝ 
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ʋ ʩʚʘʢʦʿ ʦʜ ʦʚʠʭ ʩʠʤʫʣʘʮʠʿʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʝ ʧʦʩʚʝ˂ʫʿʝ ʠʥʞʝˁʝʨʩʢʦʿ 

ʝʢʦʥʦʤʠʿʠ, ʪʘʢʦ ʜʘ ʤʥʦʛʝ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʝʬʝʢʘʪʘ ʧʨʦʿʝʢʪʘʥʪ ʤʦʞʝ ʘʥʘʣʠʟʠʨʘʪʠ 

ʧʨʠʤʝʥʦʤ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ. 

 

3.1.2 ʆʧʪʠʤʠʟʘʮʠʿʘ 

 

ʋ ʥʝʢʦʿ ʩʠʤʫʣʘʮʠʿʠ ʩʝ ʩʘʩʪʘʚˀʘ ʦʜʨʝʹʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ, ʘ ʫ 

ʧʨʦʮʝʩʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘʿʙʦˀʘ ʤʦʛʫ˂ʘ ʚʘʨʠʿʘʥʪʘ ʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ. 

ʅʘʿʙʦˀʘ ʤʦʛʫ˂ʘ, ʦʜʥʦʩʥʦ ʦʧʪʠʤʘʣʥʘ, ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʿʝ ʫʚʝʢ ʦʥʘ ʢʦʿʘ 

ʟʘʜʦʚʦˀʘʚʘ ʟʘʜʘʪʘ ʦʛʨʘʥʠʯʝˁʘ ʫʟ ʥʘʿʥʠʞʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ. ʅʘʣʘʞʝˁʝ 

ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʠ ʦʜʣʫʢʫ ʦ ʢʦʤʙʠʥʘʮʠʿʠ ʢʦʤʧʦʥʝʥʘʪʘ ʢʦʿʝ 

ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʠ, ˁʠʭʦʚʝ ʙʨʦʿʝʚʝ ʠ ʢʘʧʘʮʠʪʝʪʝ, ʢʘʦ ʠ ʩʪʨʘʪʝʛʠʿʫ ʦʪʧʨʝʤʝ 

ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʢʦʨʠʩʪʠ. ʋ ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʧʨʦʮʝʩʫ ʩʠʤʫʣʠʨʘʿʫ ʩʝ 

ʨʘʟʣʠʯʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ, ʦʜʙʘʮʫʿʫ ʥʝʠʟʚʦʜˀʠʚʝ (ʪʿ. ʦʥʝ ʢʦʿʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ 

ʦʛʨʘʥʠʯʝˁʘ ʢʦʿʝ ʿʝ ʢʦʨʠʩʥʠʢ ʟʘʜʘʦ), ʨʘʥʛʠʨʘʿʫ ʩʝ ʦʥʝ ʢʦʿʝ ʩʫ ʠʟʚʦʜˀʠʚʝ ʧʨʝʤʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʥʝ ʢʦʿʝ ʩʫ ʥʘʝʿʢʦʥʦʤʠʯʥʠʿʝ, ʪʿ. ʩʘ 

ʥʘʿʥʠʞʠʤ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ. 

ʎʠ ˀʦʧʪʠʤʠʟʘʮʠʿʝ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʦʧʪʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʩʚʘʢʝ ʧʨʦʤʝʥˀʠʚʝ 

ʦʜʣʫʯʠʚʘˁʘ (DV ʦʜ ʝʥʛ. Decision Variable) ʢʦʿʘ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʘ ʧʨʦʿʝʢʪʘʥʪʫ. 

ʇʨʦʤʝʥˀʠʚʘ ʦʜʣʫʯʠʚʘˁʘ ʿʝ ʦʥʘ ʧʨʦʤʝʥˀʠʚʘ ʢʦʫʿ ʧʨʦʿʝʢʪʘʥʪ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʠ ʟʘ ʢʦʿʫ ʤʦʞʝ ʨʘʟʤʘʪʨʘʪʠ ʚʠʰʝ ʤʦʛʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʪʦʢʦʤ 

ʦʧʪʠʤʠʟʘʮʠʿʝ. ʄʦʛʫ˂ʝ ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʫʯʠʚʘˁʘ ʫʢˀʫʯʫʿʫ: 

¶ ɺʝʣʠʯʠʥʫ PV ʤʦʜʫʣʘ. 

¶ ʇʨʠʩʫʩʪʚʦ ʭʠʜʨʦʩʠʩʪʝʤʘ (ʨʘʟʤʘʪʨʘ ʩʝ ʩʘʤʦ ʿʝʜʥʘ ʚʝʣʠʯʠʥʘ ʭʠʜʨʦʩʠʩʪʝʤʘ; 

ʩʭʦʜʥʦ ʪʦʤʝ ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʣʫʯʠʪʠ ʜʘ ʣʠ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ 

ʩʘʜʨʞʠ ʭʠʜʨʦʩʠʩʪʝʤ ʠʣʠ ʥʝ). 

¶ ɺʝʣʠʯʠʥʫ ʩʚʘʢʦʛ ʛʝʥʝʨʘʪʦʨʘ. 

¶ ɺʝʣʠʯʠʥʫ ACïDC ʧʨʝʪʚʘʨʘʯʘ (ACïʥʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ ʠ DCïʿ ʝʜʥʦʩʤʝʨʥa 

ʩʪʨʫʿa). 

¶ ɹʨʦʿ ʙʘʪʝʨʠʿʘ. 

¶ ɺʝʣʠʯʠʥʫ ʝʣʝʢʪʨʦʣʠʟʝʨʘ. 

¶ ɿʘʧʨʝʤʠʥʫ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ. 
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¶ DS (ʩʢʫʧ ʧʨʘʚʠʣʘ ʢʦʿʘ ʦʜʨʝʹʫʿʫ ʢʘʢʦ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʰʝ ʢʘʜʘ ʩʘʜʨʞʠ 

ʙʘʪʝʨʠʿʝ). 

 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʧʦʤʘʞʝ ʠʥʞʝˁʝʨʫ ʧʨʦʿʝʢʪʘʥʪʫ ʜʘ ʧʨʦʥʘʹʝ ʦʧʪʠʤʘʣʥʫ 

ʚʝʨʟʠʿʫ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. ʋ ʚʝʟʠ ʩʘ ʪʠʤ, ʨʘʟʤʘʪʨʘ˂ʝ ʩʝ ʟʘʜʘʪʘʢ 

ʥʘʜʦʛʨʘʜˁʝ ʩʠʩʪʝʤʘ ʩʘʩʪʘʚˀʝʥʦʛ ʦʜ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ ɛʍɽ ʩʘ PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ 

ʙʘʪʝʨʠʿʘʤʘ. ʈʘʟʤʘʪʨʘˁʝʤ ʤʦʛʫ˂ʠʭ ʦʧʮʠʿʘ ʟʘ ʨʝʜʠʟʘʿʥ ʦʩʥʦʚʥʦʛ ʩʠʩʪʝʤʘ, 

ʧʨʦʿʝʢʪʘʥʪ ʙʠ ʤʦʛʘʦ, ʥʘ ʧʨʠʤʝʨ ʜʘ ʩʝ ʦʜʣʫʯʠ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʩʘ ʉʣʠʢʝ 3.3, ʘʣʠ 

ʫʥʘʧʨʝʜ ʥʝ ʤʦʞʝ ʜʘ ʟʥʘ ʙʨʦʿ PV ʤʦʜʫʣʘ, ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʠ ʢʘʧʘʮʠʪʝʪ ʧʨʝʪʚʘʨʘʯʘ ʢʦʿʠ 

˂ʝ ʤʠʥʠʤʠʟʠʨʘʪʠ ʪʨʦʰʢʦʚʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʦʚʝ ʪʨʠ 

ʧʨʦʤʝʥˀʠʚʝ ʤʦʛʫ ʙʠʪʠ ʧʨʦʤʝʥˀʠʚʝ ʦʜʣʫʯʠʚʘˁʘ. 

 

 

ʉʣʠʢʘ 3.3 ʍʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʦʤ 

 

ʆʚʜʝ ʿʦʰ ʿʝʜʥʦʤ ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʿʝ ʚʠʟʫʘʣʠʟʘʮʠʿʘ ʙʣʦʢ ʰʝʤʘ ʢʘʦ ʰʪʦ ʿʝ ʦʥʘ 

ʩʘ ʉʣʠʢʝ 3.3, ʚʨʣʦ ʿʝʜʥʦʩʪʘʚʥʘ. ɿʘʪʠʤ, ʫʥʦʩ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʧʨʦʤʝʥˀʠʚʠʭ 

ʦʜʣʫʯʠʚʘˁʘ ʠʟʚʦʜʠ ʩʝ ʢʣʠʢʦʤ ʥʘ ʠʢʦʥʫ ʩʚʘʢʝ ʦʜ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ (ɛʍɽ, ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ, ʙʘʪʝʨʠʿʝ ʠʪʜ.). ʆʚʦ ʧʦʛʣʘʚˀʝ ʩʝ ʥʝ˂ʝ ʙʘʚʠʪʠ ʫʥʦʩʦʤ ʫʣʘʟʥʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʅʘʢʦʥ ʫʥʦʩʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʨʠʩʪʝ ʩʝ ʦʧʮʠʿʝ optimisation 

(ʦʧʪʠʤʠʟʘʮʠʿʘ) ʠ simulation (ʩʠʤʫʣʘʮʠʿʘ) ʢʦʝʿ ʜʘʫʿ ʥʘʿʧʦʚʦˀʥʠʿʘ ʨʝʰʝˁʘ ʟʘ 

ʨʘʟʤʘʪʨʘʥʠ ʩʠʩʪʝʤ ï ʦʙʠʯʥʦ ʿʝ ʪʦ ʪʘʙʝʣʘ ʩʘ ʤʦʛʫ˂ʠʤ ʙʨʦʿʝʤ ʢʦʤʧʦʥʝʥʪʠ ʫ ʩʠʩʪʝʤʫ 

ʢʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʊʘʙʝʣʠ 3.1, ʘ ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ 

ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ. ʂʦʥʘʯʥʦ, ʧʦʩʝʙʥʫ ʧʘʞʫˁ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʫʥʦʩʫ 

ʪʨʦʰʢʦʚʘ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʠ ʦʜʨʝʹʠʚʘˁʫ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ, ʫʢʫʧʥʠʭ 

NPCïʪʨʦʰʢʦʚʘ ʟʘ ʩʚʘʢʠ ʩʠʩʪʝʤ ʧʦʩʝʙʥʦ ʠ ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚʘ. 
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3.1.3 ʉʪʨʘʪʝʛʠʿʘ ʨʘʩʧʦʜʝʣʝ 

 

ʆʚʘ ʦʧʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʟʘʜʘʚʘˁʝ ʚʠʰʝʩʪʨʫʢʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʟʘ ʩʚʘʢʫ 

ʧʨʦʤʝʥˀʠʚʫ ʦʜʣʫʯʠʚʘˁʘ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʫ ʊʘʙʝʣʠ 3.1. ʉʘʤʝ ʚʨʝʜʥʦʩʪʠ 

ʦʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʥʝ ʤʦʨʘʿʫ ʨʘʩʪʠ ʠʣʠ ʦʧʘʜʘʪʠ ʣʠʥʝʘʨʥʦ. 

ʅʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʫ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʙʠʣʘ ʿʝ ʥʘʤʝʨʘ ʜʘ 

ʩʝ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʠʩʢʦʤʙʠʥʫʿʫ ʧʦʩʪʦʿʝ˂ʝ ʩʥʘʛʝ ɛʍɽ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʩʥʘʛʦʤ 

PV ʛʝʥʝʨʘʪʦʨʘ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 15 kW, ʙʨʦʿʝʤ ʙʘʪʝʨʠʿʘ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 40, ʠ 

ʰʝʩʪ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʪʚʘʨʘʯʘ ʩʥʘʛʝ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 6 kW. ʋ ʊʘʙʝʣʠ 3.1 ʧʨʠʢʘʟʘʥ 

ʿʝ ʧʨʦʩʪʦʨ ʧʨʝʪʨʘʛʝ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʩʚʝ ʤʦʛʫ˂ʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʧʨʝʢʦ ʢʦʿʠʭ ʩʝ ʠʰʣʦ 

ʢʘ ʥʘʿʙʦˀʝʤ ʨʝʰʝˁʫ. ʆʚʘʢʦ ʜʝʬʠʥʠʩʘʥ ʧʨʦʩʪʦʨ ʧʨʝʪʨʘʛʝ ʦʙʫʭʚʘʪʠʦ ʿʝ 17507 

ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʟʝʥʪʦʚʘʥʦ ʫ ʊʘʙʝʣʠ 3.1. 

 

ʊʘʙʝʣʘ 3.1 ʇʨʦʩʪʦʨ ʧʨʝʪʨʘʛʝ ʢʦʿʘ ʦʙʫʭʚʘʪʘ 17507 ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ 

(1×61×1×7×41 = 17507) 

 
ɛʍɽ  

(kW) 

PV ʛʝʥʝʨʘʪʦʨ 

(kW) 

ɼʠʟʝʣ ʛʝʥʝʨʘʪʦʨ 

(kW) 

ʇʨʝʪʚʘʨʘʯ 

(kW) 

ɹʘʪʝʨʠʿʘ  

(ʢʦʣʠʯʠʥʘ) 

1. 8.5 0 12 0 0 

2. / 0.25 / 1 1 

3. / 0.5 / 2 2 

4. / 0.75 / 3 3 

5. / 1 / 4 4 

6. / 1.25 / 5 5 

7. / 4 / 6 4 

8. / 15 / / 40 

 

ʋ ʦʧʪʠʤʠʟʘʮʠʦʥʦʤ ʧʨʦʮʝʩʫ ʩʠʤʫʣʠʨʘʥʝ ʩʫ ʩʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʫ 

ʧʨʦʩʪʦʨʫ ʧʨʝʪʨʘʛʝ ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʢʦʝʿ ʩʫ ʠʟʚʦʜˀʠʚʝ ʧʨʝʤʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ. 

ʂʘʦ ʨʝʟʫʣʪʘʪ ʜʦʙʠʿʘ ʩʝ ʊʘʙʝʣʘ 3.2, ʢʦʿʘ ʩʘʜʨʞʠ ʨʝʟʫʣʪʘʪʝ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʩʚʝ 

ʠʟʚʦʜˀʠʚʝ ʢʦʤʙʠʥʘʮʠʿʝ. 
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ʇʨʚʠ ʨʝʜ ʫ ʊʘʙʝʣʠ 3.2 oʜʥʦʩʠ ʩʝ ʥʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʿʝʨ ʠʤʘ 

ʥʘʿʥʠʞʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘʜʨʞʠ 

8.5 kW ɛʍɽ , 8.25 kW PV ʛʝʥʝʨʘʪʦʨ , 12 kW ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ , 4 kW 

ʧʨʝʪʚʘʨʘʯ  ʠ 18 ʙʘʪʝʨʠʿʘ . ɼʨʫʛʦ ʨʘʥʛʠʨʘʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝ ʛʦʪʦʚʦ ʠʩʪʘ, 

ʩʘʜʨʞʠ 9 ʙʘʪʝʨʠʿʘ ʤʘˁʝ ʠ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ ʫ ˁʦʿ ʿʝ ʤʘˁʘ ʟʘ 0.75 kW. ʊʨʝ˂ʘ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝ ʣʦʛʠʯʥʦ ʩʣʠʯʥʘ ʧʨʚʦ ʿ ʩʘʤʦ ʰʪʦ ʩʘʜʨʞʠ 2 ʙʘʪʝʨʠʿʝ ʤʘˁʝ, 1 

ʧʨʝʪʚʘʨʘʯ ʤʘˁʝ ʠ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʤʘˁʘ ʟʘ 4.5 kW. ʉʚʘʢʘ ʦʜ ʦʚʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝ ʩʘʩʪʘʚˀʝʥʘ ʦʜ ʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʨʝʹʝʥʠ ʪʠʧ 

ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʟʘ ʩʚʘʢʠ ʦʜ ʦʚʠʭ ʪʠʧʦʚʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʧʦ ʿʝʜʥʦ ʦʧʪʠʤʘʣʥʦ 

ʨʝʰʝˁʝ. 

 

ʊʘʙʝʣʘ 3.2 ʈʝʟʫʣʪʘʪʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʘ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʟʘ ʩʚʘʢʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʧʦʥʘʦʩʦʙ 
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     8.5 8.25 12 4 18 21018 33683 0.288 282 226 

     8.5 7.5 12 4 9 18495 33684 0.288 392 315 

     8.5 3.75 12 3 16 17865 33684 0.288 476 382 

     8.5 6.5 12 3 16 19361 33686 0.288 376 302 

     8.5 6 12 3 19 19794 33686 0.288 371 298 

     8.5 8 12 4 11 19237 33687 0.288 354 284 

     8.5 5.25 12 5 14 18681 33688 0.288 405 325 

     8.5 5.5 12 3 18 19287 33688 0.288 396 318 

     8.5 5.25 12 6 10 17976 33689 0.288 426 342 

     8.5 4.25 12 4 15 18137 33689 0.288 449 360 

     8.5 4.5 12 5 8 16863 33690 0.288 488 392 

     8.5 6 12 3 18 19559 33692 0.288 379 304 

 

ʋ HOMERïʫ ʧʦʩʪʦʿʠ ʦʧʮʠʿʘ Categorised optimisation (ʢʘʪʝʛʦʨʠʟʦʚʘʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʘ) ʢʘʦ ʫ ʊʘʙʝʣʠ 3.3, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʜʚʘʿʘˁʝ ʥʘʿʿʝʬʪʠʥʠʿʝ 

ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʨʝʪʨʘʛʦʤ ʚʝʣʠʢʝ ʪʘʙʝʣʝ (ʦʜ 

ʥʧʨ. 17507 ʨʝʜʦʚʘ, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ). ʆʚʘʿ ʨʝʟʫʣʪʘʪ ʥʘʤ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ 
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ʜʦʜʘʚʘˁʝʤ PV ʛʝʥʝʨʘʪʦʨʘ ʟʘʠʩʪʘ ʩʤʘˁʫʿʫ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ (ʫʧʦʨʝʹʠʚʘˁʝ 

ʧʨʚʦ ʠ ʜʨʫʛʦ ʨʘʥʛʠʨʘʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ). ʋ ʦʜʥʦʩʫ ʥʘ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠʟ ʦʩʤʦʛ ʨʝʜʘ ʊʘʙʝʣʝ 3.3, ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ ʦʜ 21018 USD ʟʘ 

ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʩʠʩʪʝʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʫʛʦʨʦʯʥʫ ʫʰʪʝʜʫ ʫ NPCï

ʪʨʦʰʢʦʚʠʤʘ ʦʜ 224295 USD. ʆʧʪʠʤʠʟʘʮʠʦʥʠ ʧʦʩʪʫʧʘʢ ʫʚʝʢ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʜʘ 

ʧʨʠʢʘʞʝ ʩʚʝ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ ʩʫ ʧʦ ʫʢʫʧʥʠʤ ʪʨʦʰʢʦʚʠʤʘ ʙʣʠʩʢʠ ʦʧʪʠʤʘʣʥʠʤ. ʉʘʤ 

ʜʠʟʘʿʥʝʨ ʤʦʞʝ ʦʜʘʙʨʘʪʠ ʠ ʥʝʢʫ ʦʜ ʦʚʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠʘʢʦ ʿʝ ʦʥʘ ʤʘʣʦ ʩʢʫʧˀʘ ʦʜ 

ʦʧʪʠʤʘʣʥʝ. ʅʧʨ. ʥʝʢʘ ʜʨʫʛʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʩʢʫʧˀʘ, ʘʣʠ ˂ʝ ʠʤʘʪʠ 

ʟʥʘʯʘʿʥʦ ʢʨʘ˂ʝ ʧʝʨʠʦʜʝ ʧʨʘʞˁʝˁʘ ʙʘʪʝʨʠʿʝ ʰʪʦ ʧʨʦʜʫʞʘʚʘ ʞʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ. 

ʇʨʝʧʦʟʥʘʚʘˁʝ ʪʝʭʥʠʯʢʠʭ ʧʨʦʙʣʝʤʘ ʦʚʝ ʚʨʩʪʝ ʿʝʩʪʝ ʧʦʩʘʦ ʠʥʞʝˁʝʨʘ ʢʦʿʠ ʜʦʥʦʩʠ 

ʢʦʥʘʯʥʫ ʦʜʣʫʢʫ ʦ ʦʜʘʙʠʨʫ ʢʦʥʬʠʛʫʨʘʮʠʿʝ. 

 

ʊʘʙʝʣʘ 3.3 ʈʝʟʫʣʪʘʪʠ ʢʘʪʝʛʦʨʠʟʦʚʘʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ 
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1.      8.5 8.25 12 4 18 21018 33683 0.288 282 226 

2.      8.5  12 3 10 14415 35033 0.299 705 566 

3.       12 12 5 33 19168 38141 0.326 240 193 

4.      8.5  12   11360 62527 0.535 2121 1701 

5.      8.5 0.25 12 1  11731 63044 0.539 2118 1699 

6.        12 3 11 7000 101882 0.871 3538 2875 

7.       15 12 3  12575 229318 1.96 9129 7327 

8.        12   3710 257978 2.21 10920 8759 

 

3.1.4 ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ 

 

ʆʚʘ ʘʥʘʣʠʟʘ ʿʝ ʦʩʥʦʚʘ ʚʠʰʝʩʪʨʫʢʠʭ ʦʧʪʠʤʠʟʘʮʠʿʘ ʛʜʝ ʩʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʢʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ. ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʩʝ 

ʪʘʢʦ ʥʘʟʠʚʘ ʿʝʨ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʩʫ ʦʩʝʪˀʠʚʠ ʨʝʟʫʣʪʘʪʠ ʩʠʩʪʝʤʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʧʨʦʤʝʥʝ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʆʚʜʝ ʜʠʟʘʿʥʝʨ ʫʥʦʩʠ ʨʘʟʣʠʯʠʪʝ ʦʧʩʝʛʝ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʩʚʘʢʫ ʦʜ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʝʿ ʩʝ ʥʘʟʠʚʘʿʫ ʧʨʦʤʝʥˀʠʚʝ ʦʩʝʪˀʠʚʦʩʪʠ (SV ʦʜ 
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ʝʥʛ. Sensitivity Variable). ʉʢʦʨʦ ʩʚʠ ʥʫʤʝʨʠʯʢʠ ʫʣʘʟʠ ʢʦʿʠ ʥʠʩʫ ʧʨʦʤʝʥˀʠʚʝ 

ʦʜʣʫʯʠʚʘˁʘ ʤʦʛʫ ʙʠʪʠ ʧʨʦʤʝʥˀʠʚʝ ʦʩʝʪˀʠʚʦʩʪʠ, ʥʧʨ. ʮʝʥʘ ʛʦʨʠʚʘ, ʢʘʤʘʪʥʘ ʩʪʦʧʘ, 

ʚʝʢ ʪʨʘʿʘˁʘ PV ʛʝʥʝʨʘʪʦʨʘ. ʊʘʢʦʹʝ, ʿʝʜʥʘ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʘ ʤʦʞʝ 

ʙʠʪʠ ʧʨʦʤʝʥˀʠʚʘ ʦʩʝʪˀʠʚʦʩʪʠ ʿʝʩʪʝ ʧʦʜʘʪʘʢ ʦ ʦʧʪʝʨʝ˂ʝˁʫ ʠʣʠ ʆʀɽ. 

ʂʦʨʠʩʥʠʢ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʩʘ ʙʠʣʦ ʢʦʿʠʤ ʙʨʦʿʝʤ 

ʧʨʦʤʝʥˀʠʚʠʭ ʦʩʝʪˀʠʚʦʩʪʠ ʠ ʩʚʘʢʘ ʢʦʤʙʠʥʘʮʠʿʘ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʜʝʬʠʥʠʰʝ 

ʨʘʟʣʠʯʠʪ ʩʣʫʯʘʿ ʦʩʝʪˀʠʚʦʩʪʠ. ɸʢʦ ʜʠʟʘʿʥʝʨ ʥʧʨ. ʟʘʜʘ 6 ʚʨʝʜʥʦʩʪʠ ʮʝʥʝ ʛʦʨʠʚʘ ʠ 4 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʢʘʤʘʪʥʫ ʩʪʦʧʫ, ʪʦ ʜʝʬʠʥʠʰʝ 24 ʨʘʟʣʠʯʠʪʘ ʩʣʫʯʘʿʘ ʦʩʝʪˀʠʚʦʩʪʠ. ɿʘ 

ʩʚʘʢʠ ʩʣʫʯʘʿ ʦʩʝʪˀʠʚʦʩʪʠ ʩʧʨʦʚʦʜʠ ʩʝ ʟʘʩʝʙʘʥ ʧʦʩʪʫʧʘʢ, ʘ ʨʝʟʫʣʪʘʪʠ ʩʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʘʙʝʣʘʨʥʠʤ ʠʣʠ ʛʨʘʬʠʯʢʠʤ ʬʦʨʤʘʪʠʤʘ. 

ɱʝʜʥʘ ʦʜ ʧʨʠʤʘʨʥʠʭ ʢʦʨʠʩʪʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʿʝʩʪʝ ˁʝʥʘ ʧʨʠʤʝʥʘ ʟʘ 

ʧʨʦʮʝʥʫ ʥʝʩʠʛʫʨʥʦʩʪʠ. ɼʠʟʘʿʥʝʨ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʜʘ 

ʧʨʦʮʝʥʠ ʧʦʚʨʘʪ ʠʥʚʝʩʪʠʮʠʿʝ ʠ ʦʜʛʦʚʦʨʠ ʥʘ ʧʠʪʘˁʝ ʢʘʦ ʰʪʦ ʿʝ: Ăʂʦʣʠʢʦ ʿʝ 

ʧʦʪʨʝʙʥʦ ʜʦʜʘʪʥʦʛ ʢʘʧʠʪʘʣʥʦʛ ʫʣʘʛʘˁʘ ʜʘ ʙʠ ʩʝ ʜʦʩʪʠʛʣʦ 50% ʠʣʠ 100% 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ?ò. ɼʠʟʘʿʥʝʨ ʤʦʞʝ 

ʦʜʨʝʜʠʪʠ ʢʦʿʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʝ ʠʩʪʠʭ ʩʫ ʦʧʪʠʤʘʣʥʝ ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ 

ʫʩʣʦʚʠʤʘ. 

 

3.1.5 ʅʝʩʠʛʫʨʥʦʩʪ ʩʠʩʪʝʤʘ 

 

ʀʟʘʟʦʚ ʟʘ ʩʚʘʢʦʛ ʜʠʟʘʿʥʝʨʘ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʿʝ ʧʨʦʮʝʥʘ 

ʥʝʩʠʛʫʨʥʦʩʪʠ ʢˀʫʯʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʧʦʤʘʞʝ ʜʠʟʘʿʥʝʨʫ ʜʘ 

ʨʘʟʫʤʝ ʝʬʝʢʪʝ ʥʝʩʠʛʫʨʥʦʩʪʠ ʠ ʜʘ ʜʦʥʝʩʝ ʜʦʙʨʝ ʜʠʟʘʿʥʝʨʩʢʝ ʦʜʣʫʢʝ. ɿʘ ʩʠʩʪʝʤ ʢʦʿʠ 

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʢʦʤʙʠʥʘʮʠʿʝ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʝʪʧʦʩʪʘʚˀʘ 

ʩʝ ʜʘ ʿʝ ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ 1.705 USD/l ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʧʨʦʿʝʢʪʘ ʦʜ 25 

ʛʦʜʠʥʘ. ʆʚʜʝ ʿʝ oʯʠʛʣʝʜʥʘ ʥʝʧʨʝʜʚʠʜˀʠʚʦʩʪ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʘʣʠ ʠ ʤʥʦʛʠ ʜʨʫʛʠ 

ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʤʦʛʫ ʜʘ ʙʫʜʫ ʥʝʠʟʚʝʩʥʠ, ʢʘʦ ʰʪʦ ʩʫ ʚʝʢ ʪʨʘʿʘˁʘ PV ʛʝʥʝʨʘʪʦʨʘ, 

ʪʨʦʰʢʦʚʠ ʇ&ʆ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʜʫʛʦʨʦʯʥʘ ʧʨʦʩʝʯʥʘ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ ʥʘ 

ʣʦʢʘʮʠʿʠ ʠʣʠ ʯʘʢ ʧʨʦʩʝʯʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʞʝ 

ʧʦʤʦ˂ʠ ʜʘ ʩʝ ʢʚʘʥʪʠʬʠʢʫʿʫ ʫʪʠʮʘʿʠ ʚʘʨʠʿʘʮʠʿʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʧʦʥʘʰʘˁʝ, 

ʠʟʚʦʜˀʠʚʦʩʪ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪ ʦʜʨʝʹʝʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ, ʪʿ. ʜʘ ʩʝ ʫʪʚʨʜʠ ʣʠ ʿʝ 
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ʩʠʩʪʝʤ ʙʣʠʟʫ ʦʧʪʠʤʫʤʘ ʟʘ ʩʚʝ ʩʮʝʥʘʨʠʿʝ ʠʣʠ ʜʘ ʣʠ ʿʝ ʩʠʩʪʝʤ ʜʘʣʝʢʦ ʦʜ ʦʧʪʠʤʫʤʘ 

ʟʘ ʦʜʨʝʹʝʥʝ ʩʮʝʥʘʨʠʿʝ. 

ɻʨʘʬʠʢʦʥ ʩʘ ʉʣʠʢʝ 3.4 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʪʨʠ 

ʧʨʦʤʝʥˀʠʚʝ. ʆʚʜʝ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʠʟ ʧʨʚʦʛ ʨʝʜʘ ʊʘʙʝʣʝ 

3.2, ʠ ʪʦ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʣʝʜʝ˂ʝ ʪʨʠ ʫʣʘʟʥʝ ʧʨʦʤʝʥˀʠʚʝ: ʮʝʥʘ ʜʠʟʝʣ 

ʛʦʨʠʚʘ, ʞʠʚʦʪʥʠ ʚʝʢ PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʨʦʰʢʦʚʠ ʇ&ʆ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʩʚʘʢʫ 

ʧʨʦʤʝʥˀʠʚʫ, ʫʥʝʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʠʟ ʦʧʩʝʛʘ ʦʜ 30% ʠʩʧʦʜ ʜʦ 30% ʠʟʥʘʜ ʥʘʿʙʦˀʝ 

ʧʨʦʮʝʥʝ. ʉʘ ʉʣʠʢʝ 3.4 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʢʘʢʦ ʩʫ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʦʩʝʪˀʠʚʠ 

ʥʘ ʩʚʘʢʫ ʦʜ ʦʚʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. ʈʝʣʘʪʠʚʥʠ ʥʘʛʠʙʠ ʦʚʝ ʪʨʠ ʢʨʠʚʝ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ 

ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʚʠʰʝ ʦʩʝʪˀʠʚʠ ʥʘ ʮʝʥʫ ʜʠʟʝʣ ʛʦʨʠʚʘ ʥʝʛʦ ʥʘ ʜʨʫʛʝ ʜʚʝ 

ʧʨʦʤʝʥˀʠʚʝ. 

ʆʚʝ ʠʥʬʦʨʤʘʮʠʿʝ ʜʠʟʘʿʥʝʨʠ ʢʦʨʠʩʪʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʛʨʘʥʠʮʘ ʜʦ ʢʦʿʠʭ ʩʝ 

ʧʦʤʝʥʫʪʘ ʥʝʩʠʛʫʨʥʦʩʪ ʤʦʞʝ ʩʤʘˁʠʪʠ. 

 

 

ʉʣʠʢʘ 3.4 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʪʨʠ ʧʨʦʤʝʥˀʠʚʝ 

 

ʋ ʦʢʚʠʨʫ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʞʝ ʩʝ ʩʧʨʦʚʦʜʠʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʿʘ. ʊʘʙʝʣʘ 

3.4 ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʠʩʪʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʩʘ ʮʠˀʝʤ ʜʘ 

ʩʝ ʧʨʦʚʝʨʠ ʜʘ ʣʠ ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʢʦʿʘ ʿʝ ʥʘ ʉʣʠʮʠ 3.4 ʧʨʠʢʘʟʘʥʘ ʢʘʦ ʥʘʿʚʘʞʥʠʿʘ 

ʧʨʦʤʝʥˀʠʚʘ ʦʩʝʪˀʠʚʦʩʪʠ, ʫʪʠʯʝ ʥʘ ʨʘʟʤʘʪʨʘʥʫ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʩʠʩʪʝʤʘ. 
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ʊʘʙʝʣʘ 3.4 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʟʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʩʠʩʪʝʤʘ ʧʨʠ ʧʨʦʤʝʥʠ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ 

ɼʠʟʝʣ  

(USD/l)      
ɛʍɽ  

(kW) 

PV ʛʝʥʝʨʘʪʦʨ 

(kW) 

ɼʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ 

(kW) 

ʇʨʝʪʚʘʨʘʯ 

(kW) 
ɹʘʪʝʨʠʿʘ  

ʋʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ  

(USD) 

1.19      8.5 7 12 4 14 31821 

1.28      8.5 7 12 4 14 32131 

1.36      8.5 7 12 4 14 32441 

1.45      8.5 7 12 4 14 32752 

1.53      8.5 7 12 4 14 33062 

1.62      8.5 7 12 4 14 33372 

Ý  1.705      8.5 8.25 12 4 18 33683 

1.79      8.5 8.25 12 4 18 33993 

1.88      8.5 8.25 12 4 18 34303 

1.96      8.5 8.25 12 4 18 34614 

2.05      8.5 8.25 12 4 18 34924 

2.13      8.5 8.25 12 4 18 35234 

2.22      8.5 8.25 12 4 18 35545 

 

ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝʥ ʿʝ ʧʨʦʩʪʦʨ ʧʨʝʪʨʘʛe ʠʟ ʊʘʙʝʣʝ 3.1 ʠ ʟʘʜʘʪʝ 

ʚʨʝʜʥʦʩʪʠ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʠʟʥʘʜ ʠ ʠʩʧʦʜ ʥʘʿʙʦˀʝ ʧʨʦʮʝʥʝ. ʇʨʝʤʘ ʊʘʙʝʣʠ 3.4, 

ʢʘʢʦ ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ ʨʘʩʪʝ ʧʦʚʝ˂ʘʚʘʿʫ ʩʝ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʙʨʦʿ ʙʘʪʝʨʠʿʘ, ʘ 

ʢʘʜʘ ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʧʘʜʘ ʩʤʘˁʫʿʫ ʩʝ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ (ʟʘ 1.25 kW) ʠ ʙʨʦʿ 

ʙʘʪʝʨʠʿʘ (ʟʘ 4). 

ɼʘˀʝ, ʩʪʨʝʣʠʮʘ ʫ ʊʘʙʝʣʠ 3.4 ʠʟʜʚʘʿʘ ʩʮʝʥʘʨʠʦ ʥʘʿʙʦˀʝ ʧʨʦʮʝʥʝ ʩʘ ʮʝʥʦʤ 

ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʜ 1.705 USD/l. ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʟʘ ʦʚʘʿ ʩʮʝʥʘʨʠʦ (ʿʝʜʥʘ ɛʍɽ 

ʩʥʘʛʝ 8.5 kW, ʪʨʠʜʝʩʝʪ ʪʨʠ PV ʤʦʜʫʣʘ ʩʥʘʛʝ 0.25 kW, ʿʝʜʘʥ 12 kW ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ, 18 ʙʘʪʝʨʠʿʘ ʠ 4 kW ʧʨʝʪʚʘʨʘʯ) ʿʝʩʪʝ ʦʧʪʠʤʘʣʥʘ ʟʘ ʩʝʜʘʤ ʦʜ ʪʨʠʥʘʝʩʪ 

ʩʣʫʯʘʿʝʚʘ ʦʩʝʪˀʠʚʦʩʪʠ. ɸʢʦ ʩʝ ʧʦʛʣʝʜʘʿʫ ʩʚʝʫʢʫʧʥʠ ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘ 

ʜʨʫʛʝ ʩʣʫʯʘʿʝʚʝ ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʞʝ ʩʝ ʟʘʧʘʟʠʪʠ ʜʘ ʿʝ ʦʚʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʙʣʠʩʢʘ 

ʦʧʪʠʤʘʣʥʦʤ ʨʝʰʝˁʫ ʠ ʟʘ ʪʝ ʩʣʫʯʘʿʝʚʝ ʦʩʝʪˀʠʚʦʩʪʠ. ʋ ʊʘʙʝʣʠ 3.5 ʩʫ ʧʨʠʢʘʟʘʥʠ 

ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘ ʩʮʝʥʘʨʠʦ ʥʘʿʥʠʞʝ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʜ 1.19 USD/l. 

ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʦʧʪʠʤʘʣʥʘ ʟʘ ʮʝʥʫ ʜʠʟʝʣʘ ʦʜ 1.705 USD/l ʿʝ ʯʝʪʚʨʪʘ ʟʘ 

ʩʣʫʯʘʿ ʩʮʝʥʘʨʠʿʘ ʩʘ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʦʜ 32497 USD, ʰʪʦ ʿʝ ʩʘʤʦ 2.1% 

ʚʠʰʝ ʦʜ ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʦʧʪʠʤʘʣʥʦ ʿʢʦʥʬʠʛʫʨʘʮʠʿʠ. ɿʘ 
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ʩʣʫʯʘʿ ʥʘʿʚʠʰʝ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʚʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʟʘʫʟʠʤʘ ʧʝʪʦ ʤʝʩʪʦ ʩʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʢʦʿʠ ʩʫ ʟʘ 3.2% ʚʠʰʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʦʧʪʠʤʘʣʥʦʿ ʢʦʥʬʠʛʫʨʘʮʠʿʠ. 

ʉʪʦʛʘ ʿʝ ʦʚʦ ʨʝʰʝˁʝ ʨʦʙʫʩʥʦ ʿʝʨ ʠʤʘ ʜʦʙʨʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʜʘʪʦʤ ʦʧʩʝʛʫ 

ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ. ʅʘʩʫʧʨʦʪ ʪʦʤʝ, ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-

ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ, ʢʦʿʠ ʿʝ ʦʧʪʠʤʘʣʘʥ ʟʘ ʩʣʫʯʘʿ ʩʮʝʥʘʨʠʿʘ ʩʘ ʥʘʿʥʠʞʦʤ ʮʝʥʦʤ 

ʜʠʟʝʣ ʛʦʨʠʚʘ (ʩʝʜʤʠ ʨʝʜ ʊʘʙʝʣʝ 3.5) ʟʘʫʟʠʤʘ 32 ʤʝʩʪʦ ʫ ʩʣʫʯʘʿʫ ʩʮʝʥʘʨʠʿʘ ʩʘ 

ʥʘʿʚʠʰʦʤ ʮʝʥʦʤ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʩʘ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ ʢʦʿʠ ʩʫ ʟʘ 12.5% 

ʚʠʰʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʦʧʪʠʤʘʣʥʦ ʿʢʦʥʬʠʛʫʨʘʮʠʿʠ. ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ 

ʿʘʩʥʦ ʧʦʢʘʟʫʿʝ ʜʘ ʙʠ ʩʘʤʦ ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-

ʙʘʪʝʨʠʿʘ ʙʠʦ ʤʥʦʛʦ ʨʠʟʠʯʥʠʿʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʠʩʪʝʤ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ, ʿʝʨ ʫ ʥʝʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʮʝʥʝ ʜʠʟʝʣ ʛʦʨʠʚʘ ʥʠʿʝ 

ʙʣʠʟʫ ʦʧʪʠʤʘʣʥʠʭ ʨʝʰʝˁʘ. 

 

ʊʘʙʝʣʘ 3.5 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʟʘ 

ʩʠʩʪʝʤ PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʮʝʥʘ 

ʜʠʟʝʣ ʛʦʨʠʚʘ 1.19 USD/l 

 
     

ɛʍɽ  

(kW) 

PV ʛʝʥʝʨʘʪʦʨ 

(kW) 

ɼʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ 

(kW) 

ʇʨʝʪʚʘʨʘʯ 

(kW) 
ɹʘʪʝʨʠʿʘ  

ʋʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ  

(USD) 

1.      8.5 7 12 4 14 31821 

2.      8.5 7.25 12 4 14 31950 

3.      8.5 7.25 12 4 16 32370 

4.      8.5 8.25 12 4 18 32497 

5.      8.5 8.5 12 4 18 32589 

6.      8.5 9.5 12 5 19 32746 

7.       11 12 5 31 36286 

 

ʉʘ ʦʚʘʢʚʦʤ ʚʨʩʪʦʤ ʠʥʬʦʨʤʘʮʠʿʘ ʜʠʟʘʿʥʝʨ ʤʦʞʝ ʜʦʥʦʩʠʪʠ ʦʜʣʫʢʝ ʫʧʨʢʦʩ 

ʧʦʩʪʦʿʘˁʫ ʥʝʩʠʛʫʨʥʦʩʪʠ ʫ ʚʝʟʠ ʩʘ ʥʝʢʠʤ ʚʘʞʥʠʤ ʧʨʦʤʝʥˀʠʚʠʤʘ. ɼʘʢʣʝ, ʘʥʘʣʠʟʘ 

ʦʩʝʪˀʠʚʦʩʪʠ ʤʦʞʝ ʧʦʢʘʟʘʪʠ ʢʘʢʦ ʨʘʟʣʠʯʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʰʫ 

ʫ ʰʠʨʦʢʦʤ ʜʠʿʘʧʘʟʦʥʫ ʤʦʛʫ˂ʠʭ ʩʮʝʥʘʨʠʿʘ ʠ ʪʘʢʦ ʧʦʤʦ˂ʠ ʜʠʟʘʿʥʝʨʫ ʜʘ ʧʨʦʮʝʥʠ 

ʨʠʟʠʢʝ ʧʦʚʝʟʘʥʝ ʩʘ ʩʚʘʢʠʤ ʦʜ ʪʠʭ ʩʮʝʥʘʨʠʿʘ. 
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3.1.6 ɸʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʩʘ ʯʘʩʦʚʥʠʤ ʧʦʜʘʮʠʤʘ 

 

ɱʝʜʥʘ ʦʜ ʥʘʿʤʦ˂ʥʠʿʠʭ ʬʫʥʢʮʠʿʘ ʩʦʬʪʚʝʨʘ HOMER Pro ʿʝ ʤʦʛʫ˂ʥʦʩʪ 

ʩʧʨʦʚʦʹʝˁʘ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ ʩʘ ʯʘʩʦʚʥʠʤ ʧʦʜʘʮʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʠʤʘʨʥʦ 

ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠʣʠ ʨʝʩʫʨʩʠ ʩʫʥʮʘ, ʚʦʜʝ ʠ ʙʠʦʤʘʩʝ. ʋʧʦʪʨʝʙʘ 

ʧʨʦʤʝʥˀʠʚʠʭ ʩʢʘʣʠʨʘˁʘ ʦʤʦʛʫ˂ʘʚʘ ʪʘʢʚʫ ʘʥʘʣʠʟʫ ʦʩʝʪˀʠʚʦʩʪʠ ʛʜʝ ʩʚʘʢʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ ʧʦ ʯʘʩʫ ʩʘʜʨʞʠ 8760 ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʠʤʘʿʫ ʪʘʯʥʦ ʦʜʨʝʹʝʥʫ ʧʨʦʩʝʯʥʫ 

ʚʨʝʜʥʦʩʪ. ʊʘʢʦ ʩʝ ʥʧʨ., ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʯʘʩʦʚʥʠ ʧʦʜʘʮʠ ʟʘ ʧʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʘ 

ʛʦʜʠʰˁʠʤ ʧʨʦʩʝʢʦʤ ʦʜ 24.79 kWh/day, ʘ ʟʘʪʠʤ 10, 20 ʠ 40 kWh/day ʢʘʦ ʧʨʠʤʘʨʥʘ 

ʧʨʦʤʝʥˀʠʚʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʊʦʢʦʤ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ, ʚʨʰʠ ʩʝ ʩʢʘʣʠʨʘˁʝ 

ʧʦʜʘʪʘʢʘ ʦ ʦʧʪʝʨʝ˂ʝˁʫ ʪʘʢʦ ʜʘ ʧʨʚʠ ʧʨʦʩʝʢ ʙʫʜʝ 10 kWh/day, ʟʘʪʠʤ 20 kWh/day ʠ 

ʢʦʥʘʯʥʦ 40 kWh/day. ʆʚʘʿ ʧʨʦʮʝʩ ʩʢʘʣʠʨʘˁʘ ʤʝˁʘ ʤʘʛʥʠʪʫʜʫ ʧʦʜʘʪʘʢʘ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʘʣʠ ʥʝ ʫʪʠʯʝ ʥʘ ʦʙʣʠʢ ʜʥʝʚʥʦʛ ʜʠʿʘʛʨʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʩʝʟʦʥʩʢʠ 

ʫʩʪʘˀʝʥʝ ʰʘʙʣʦʥʝ ʠʣʠ ʜʨʫʛʝ ʩʪʘʪʠʩʪʠʯʢʝ ʧʦʜʘʪʢʝ. ʉʢʘʣʠʨʘˁʝ ʧʦʜʘʪʢʘ ʦ ʆʀɽ 

ʚʨʰʠ ʩʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ. ʅʘ ʉʣʠʮʠ 3.5 ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ 

ʢʦʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʟʘ ʿʝʜʘʥʘʝʩʪ ʚʨʝʜʥʦʩʪʠ ʧʨʦʩʝʯʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ 

ʿʝʜʘʥʘʝʩʪ ʚʨʝʜʥʦʩʪʠ ʩʨʝʜˁʝ ʛʦʜʠʰˁʝ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ. 

ɿʘ ʩʚʘʢʠ ʦʜ 121 ʩʣʫʯʘʿʘ ʘʥʘʣʠʟʝ ʦʩʝʪˀʠʚʦʩʪʠ, ʫʨʘʹʝʥʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ 

ʧʨʦʩʪʦʨʘ ʧʨʝʪʨʘʛʝ ʢʦʿʘ ʩʘʜʨʞʠ 2118347 ʤʦʛʫ˂ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ. Diamond-ʠ (ʝʥʛ. 

Diamond ï ʜʠʿʘʤʘʥʪ) ʥʘ ʉʣʠʮʠ 3.5 ʧʨʠʢʘʟʫʿʫ ʩʣʫʯʘʿʝʚʝ ʦʩʝʪˀʠʚʦʩʪʠ, ʘ ʙʦʿʘ ʩʚʘʢʦʛ 

ʦʜ diamond-a ʠʤʧʣʠʮʠʨʘ ʦʧʪʠʤʘʣʥʠ ʪʠʧ ʩʠʩʪʝʤʘ ʟʘ ʜʘʪʠ ʩʣʫʯʘʿ ʦʩʝʪˀʠʚʦʩʪʠ. ʉʘ 

ʉʣʠʢʝ 3.5 ʤʦʞʝ ʩʝ ʿʦʰ ʚʠʜʝʪʠ ʜʘ ʧʨʠ ʧʨʦʩʝʯʥʦʤ ʝʣʝʢʪʨʠʯʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʦʜ 24.79 

kWh/day ʠ ʩʨʝʜˁʦ ʿ ʛʦʜʠʰˁʦʿ ʩʦʣʘʨʥʦʿ ʠʨʘʜʠʿʘʮʠʿʠ ʦʜ 3.61 kWh/m
2
/day, 

ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝ ʩʠʩʪʝʤ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ. 

ɿʘ ʧʨʦʩʝʯʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʦʜ 15 kWh/day ʠ ʟʘ ʠʩʪʫ ʩʦʣʘʨʥʫ ʠʨʘʜʠʿʘʮʠʿʫ 

ʦʧʪʠʤʘʣʥʠ ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʩʘʤʦ ʦʜ PV ʛʝʥʝʨʘʪʦʨʘ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ-ʙʘʪʝʨʠʿʘ. 

ʆʚʜʝ ʩʦʬʪʚʝʨ ʢʦʨʠʩʪʠ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʣʠʥʝʘʨʥʫ ʠʥʪʝʨʧʦʣʘʮʠʿʫ ʜʘ ʙʠ ʦʜʨʝʜʠʦ 

ʦʧʪʠʤʘʣʥʠ ʪʠʧ ʩʠʩʪʝʤʘ ʫ ʩʚʠʤ ʪʘʯʢʘʤʘ ʠʟʤʝʹʫ diamond-a. 
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ʉʣʠʢʘ 3.5 ʉʦʣʘʨʥʘ ʠʨʘʜʠʿʘʮʠʿʘ ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʧʨʦʩʝʯʥʦʛ ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʟʘ ʩʣʫʯʘʿ ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ 

 

ʉʣʠʢʘ 3.5 ʜʘˀʝ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘʩʪʘʚˀʝʥʘ ʩʘʤʦ ʦʜ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ ʦʧʪʠʤʘʣʥʘ ʟʘ ʚʨʣʦ ʤʘʣʝ ʩʠʩʪʝʤʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʠʥʪʝʥʟʠʪʝʪ ʩʦʣʘʨʥʝ 

ʠʨʘʜʠʿʘʮʠʿʝ. ʇʨʠ ʥʠʩʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ, ʢʘʢʦ ʦʧʪʝʨʝ˂ʝˁʝ 

ʨʘʩʪʝ, ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠʜʝ ʢʘ ʩʠʩʪʝʤʫ ɛʍɽ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ, 

ʜʦʢ ʩʘ ʧʦʨʘʩʪʦʤ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠʜʝ ʢʘ ʩʠʩʪʝʤʫ PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ ʠ ʢʦʥʘʯʥʦ ʢʘ ʩʠʩʪʝʤʫ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ-ʙʘʪʝʨʠʿʘ ʢʦʿʠ ʿʝ ʦʧʪʠʤʘʣʘʥ ʟʘ ʧʨʦʩʝʯʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠʟ 

ʦʧʩʝʛʘ ʦʜ 20 kWh/day ʜʦ 50 kWh/day ʠ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ ʠʟ ʦʧʩʝʛʘ ʦʜ 2.5 

kWh/m
2
/day ʜʦ 6 kWh/m

2
/day. ɿʘ ʜʠʟʘʿʥʝʨʘ ʢʦʿʠ ʧʣʘʥʠʨʘ ʜʘ ʦʙʝʟʙʝʜʠ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ ʟʘ ʥʝʝʣʝʢʪʨʠʬʠʢʦʚʘʥʘ ʧʦʜʨʫʯʿʘ ʫ ʦʢʚʠʨʫ ʦʜʨʝʹʝʥʦʛ ʧʨʦʿʝʢʪʘ, ʦʚʘʢʚʘ 

ʘʥʘʣʠʟʘ ʤʦʞʝ ʧʦʤʦ˂ʠ ʦʢʦ ʠʟʙʦʨʘ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ 

ʥʘ ʥʝʢʦʿ ʣʦʢʘʮʠʿʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ. 

 

3.2 ʄʦʜʝʣʠʨʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

 

ʋ ʦʚʦj ʪʘʯʢʠ ʿʝ ʦʧʠʩʘʥʦ ʢʘʢʦ ʩʝ ʚʨʰʠ ʤʦʜʝʣʠʨʘˁʝ ʧʦʛʦʥʘ ʩʠʩʪʝʤʘ ʠ ʢʘʢʦ 

ʧʦʿʝʜʠʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʠʰʫ ʟʘʿʝʜʥʦ ʜʘ ʙʠ ʩʝ ʩʥʘʙʜʝʚʘʣʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. ʄʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʤʦʨʘ ʩʘʜʨʞʘʪʠ ʙʘʨ ʿʝʜʘʥ ʠʟʚʦʨ ʝʣʝʢʪʨʠʯʥʝ 

ʠʣʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ (ʢʘʦ ʰʪʦ ʿʝ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʙʦʿʣʝʨ) 

ʠ ʥʘʿʤʘˁʝ ʿʝʜʥʦ ʦʜʨʝʜʠʰʪʝ ʢʘ ʢʦʿʝʤ ʩʝ ʪʘ ʝʥʝʨʛʠʿʘ ʰʘˀʝ (ʝʣʝʢʪʨʠʯʥʦ ʠ/ʠʣʠ 
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ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ). ʊʘʢʦʹʝ, ʪʫ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʫʨʝʹʘʠʿ ʟʘ ʢʦʥʚʝʨʟʠʿʫ ʝʥʝʨʛʠʿʝ 

ʢʘʦ ʰʪʦ ʩʫ AC-DC ʧʨʝʪʚʘʨʘʯ ʠʣʠ ʝʣʝʢʪʨʦʣʠʟʝʨ, ʢʘʦ ʠ ʫʨʝʹʘʿʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʥʝʨʛʠʿʝ ʢʘʦ ʰʪʦ ʩʫ ʙʘʪʝʨʠʿʘ ʠʣʠ ʨʝʟʝʨʚʦʘʨ ʟʘ ʚʦʜʦʥʠʢ. 

 

3.2.1 ʆʧʪʝʨʝ˂ʝˁʝ 

 

ʊʝʨʤʠʥ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʪʨʘʞˁʫ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʠʣʠ ʪʦʧʣʦʪʥʦʤ 

ʝʥʝʨʛʠʿʦʤ ʠ ʩʚʘʢʦ ʤʦʜʝʣʠʨʘˁʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʜʝʬʠʥʠʮʠʿʫ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʩʠʩʪʝʤ ʤʦʨʘ ʥʘʧʘʿʘʪʠ. ʆʧʪʝʨʝ˂ʝˁʘ 

ʤʦʛʫ ʙʠʪʠ: ʧʨʠʤʘʨʥʦ ï ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʿʝ ʩʝ ʤʦʨʘ ʥʘʧʘʿʘʪʠ ʧʨʝʤʘ ʦʜʨʝʹʝʥʦʤ 

ʨʘʩʧʦʨʝʜʫ; ʦʜʛʦʜʠʚʦ ï ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʝʿ ʩʝ ʤʦʞʝ ʥʘʧʘʿʘʪʠ ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ 

ʪʦʢʦʤ ʦʜʨʝʹʝʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʧʝʨʠʦʜʘ;  ʠ ʪʦʧʣʦʪʥʦ ï ʦʧʪʝʨʝ˂ʝˁʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʦʪʨʘʞˁʫ ʟʘ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

ʇʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʧʦʪʨʘʞˁʫ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ 

ʢʦʿʫ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʤʦʨʘ ʜʘ ʧʦʢʨʠʿʝ ʫ ʪʘʯʥʦ ʦʜʨʝʹʝʥʦʤ ʪʨʝʥʫʪʢʫ. 

ʇʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʫʨʝʹʘʿʘ ʢʘʦ ʰʪʦ ʩʫ ʩʠʿʘʣʠʮʝ, 

ʨʘʜʠʦ, ʊɺ, ʢʫ˂ʥʠ ʘʧʘʨʘʪʠ, ʨʘʯʫʥʘʨʠ ʠ ʠʥʜʫʩʪʨʠʿʩʢʠ ʧʨʦʮʝʩʠ ʩʫ ʪʠʧʠʯʥʠ ʧʨʠʤʝʨʠ 

ʧʨʠʤʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʜʘ ʢʦʨʠʩʥʠʢ ʫʢˀʫʯʠ ʩʠʿʘʣʠʮʫ, ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

ʤʦʨʘ ʠʩʪʦʛ ʪʨʝʥʫʪʢʘ ʜʘ ʦʙʝʟʙʝʜʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠ ʪʘʢʚʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʥʝ 

ʤʦʞʝ ʦʜʣʦʞʠʪʠ ʟʘ ʢʘʩʥʠʿʝ. ɸʢʦ ʩʝ ʜʝʩʠ ʜʘ ʧʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ 

ʧʨʝʤʘʰʠ ʧʦʥʫʜʫ, ʦʥʜʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʤʘˁʘʢ ʢʦʿʠ ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʢʘʦ ʥʝʧʦʢʨʠʚʝʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ. 

ʇʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʠʟʨʘʞʘʚʘ ʫ ʢʠʣʦʚʘʪʠʤʘ ʟʘ ʩʚʘʢʠ ʯʘʩ ʫ ʪʦʢʫ 

ʛʦʜʠʥʝ, ʙʠʣʦ ʫʚʦʟʦʤ ʜʘʪʦʪʝʢʝ ʢʦʿʘ ʩʘʜʨʞʠ ʯʘʩʦʚʥʝ ʧʦʜʘʪʢʝ ʠʣʠ ʩʠʥʪʝʪʠʩʘˁʝʤ ʪʠʭ 

ʧʦʜʘʪʘʢʘ ʠʟ ʧʨʦʩʝʯʥʠʭ ʜʥʝʚʥʠʭ ʜʠʿʘʛʨʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʘʜʘ ʩʝ ʩʠʥʪʝʪʠʰʫ ʧʦʜʘʮʠ 

ʦ ʦʧʪʝʨʝ˂ʝˁʫ, ʦʥʜʘ ʩʝ ʢʨʝʠʨʘʿʫ ʯʘʩʦʚʥʝ ʚʨʝʜʥʦʩʪʠ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʜʥʝʚʥʠʤ ʜʠʿʘʛʨʘʤʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʝ ʟʘʜʘʿʝ ʩʘʤ ʢʦʨʠʩʥʠʢ. ʀʩʪʦ ʪʘʢʦ ʜʠʟʘʿʥʝʨ 

ʤʦʞʝ ʜʘ ʦʜʨʝʜʠ 24-ʯʘʩʦʚʥʠ ʧʨʦʬʠʣ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʪʦʢʫ ʮʝʣʝ ʛʦʜʠʥʝ ʠʣʠ 

ʥʝʢʦʣʠʢʦ ʧʨʦʬʠʣʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʤʝʩʝʮʝ ʠ ʨʘʟʣʠʯʠʪʝ ʧʨʦʬʠʣʝ ʟʘ ʨʘʜʥʝ ʜʘʥʝ ʠ 

ʚʠʢʝʥʜ. ʉʠʥʪʝʪʠʟʦʚʘʥʠʤ ʧʦʜʘʮʠʤʘ ʦ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʿʝ ʟʘʜʘʿʝ ʢʦʨʠʩʥʠʢ ʜʦʜʘʿʝ ʩʝ 

ʦʜʨʝʹʝʥʠ ʥʠʚʦ ʩʣʫʯʘʿʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʿʝ ʩʚʘʢʦʜʥʝʚʥʠ ʰʘʙʣʦʥ ʦʧʪʝʨʝ˂ʝˁʘ ʩʚʘʢʦʛ 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

57 

 

ʜʘʥʘ ʿʝʜʠʥʩʪʚʝʥ. ʊʘʢʦʝ́, ʤʦʛʫ ʜʘ ʩʝ ʜʝʬʠʥʠʰʫ ʜʚʘ ʦʜʚʦʿʝʥʘ ʧʨʠʤʘʨʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʦʜ ʢʦʿʠʭ ʩʚʘʢʦ ʤʦʞʝ ʙʠʪʠ AC ʠʣʠ DC. 

ʆʜ ʤʦʛʫ˂ʘ ʪʨʠ ʪʠʧʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʦʜ ʧʦʩʝʙʥʦʛ 

ʟʥʘʯʘʿʘ ʿʝʨ ʟʘʭʪʝʚʘ ʦʧʝʨʘʪʠʚʥʫ ʨʝʟʝʨʚʫ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʦʠʟʚʦʜʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʢʦʿʠ ʤʦʛʫ ʦʜʤʘʭ ʦʜʛʦʚʦʨʠʪʠ ʥʘ ʥʘʛʣʠ ʧʦʨʘʩʪ ʝʣʝʢʪʨʠʯʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠʣʠ ʥʘ ʥʘʛʣʠ ʧʘʜ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ʠʟ ʆʀɽ. ʀʘʢʦ ʠʤʘ ʠʩʪʦ ʟʥʘʯʝˁʝ ʢʘʦ 

ʨʦʪʠʨʘʿʫ˂ʘ ʨʝʟʝʨʚʘ, ʦʚʘ ʨʝʟʝʨʚʘ ʩʝ ʥʘʟʠʚʘ ʦʧʝʨʘʪʠʚʥʦʤ ʿʝʨ ʩʝ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ 

ʧʦʤʦ˂ʫ ʙʘʪʝʨʠʿʝ ʠ ʛʦʨʠʚʥʝ ˂ʝʣʠʿʝ ʢʦʿʝ ʩʝ ʥʝ ʤʦʛʫ ʨʦʪʠʨʘʪʠ. ʇʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʝ 

ʧʦʛʦʥʘ ʩʠʩʪʝʤʘ, ʪʝʞʠ ʩʝ ʪʦʤʝ ʜʘ ʦʧʝʨʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ʩʠʩʪʝʤʘ ʙʫʜʝ ʫʚʝʢ ʜʦʚʦˀʘʥ 

ʟʘ ʥʘʧʘʿʘˁʝ ʧʨʠʤʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʧʦʪʨʝʙʥʝ ʦʧʝʨʘʪʠʚʥʝ ʨʝʟʝʨʚʝ. 

ʆʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʧʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʢʦʿʘ ʩʝ ʤʦʞʝ 

ʧʦʢʨʠʪʠ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʪʦʢʦʤ ʦʜʨʝʹʝʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ. ɺʦʜʝʥʝ ʧʫʤʧʝ, 

ʘʧʘʨʘʪʠ ʟʘ ʧʨʘʚˀʝˁʝ ʣʝʜʘ ʠ ʩʪʘʥʠʮʝ ʟʘ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʘ ʩʫ ʧʨʠʤʝʨʠ ʦʜʛʦʜʠʚʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʿʝʨ ʩʢʣʘʜʠʰʪʝˁʝ ʢʦʿʝ ʟʘʭʪʝʚʘ ʩʚʘʢʦ ʦʜ ʦʚʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʜʦʟʚʦˀʘʚʘ 

ʦʜʨʝʹʝʥʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ ʚʝʟʠ ʩ ʪʠʤ ʢʘʜʘ ʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʦʧʩʣʫʞʠʪʠ. ʄʦʛʫ˂ʥʦʩʪ 

ʦʜʣʘʛʘˁʘ ʩʥʘʙʜʝʚʘˁʘ ʥʝʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ ʢʦʨʠʩʥʦ ʟʘ ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʘʜʨʞʝ 

ʧʝʨʠʦʜʠʯʥʝ ʆʀɽ, ʿʝʨ ʩʝ ʪʘʢʦ ʩʤʘˁʫʿʝ ʧʦʪʨʝʙʘ ʟʘ ʧʨʝʮʠʟʥʦʤ ʢʦʥʪʨʦʣʦʤ ʚʨʝʤʝʥʘ 

ʧʨʠ ʧʨʦʠʟʚʦʜˁʠ ʝʥʝʨʛʠʿʝ. ɸʢʦ ʥʘʧʘʿʘˁʝ ʠʟ ʆʀɽ ʧʨʝʤʘʰʠ ʧʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, 

ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʧʦʢʨʠʚʘˁʝ ʦʜʛʦʜʠʚʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʫʤʝʩʪʦ 

ʜʘ ʩʝ ʠʟʛʫʙʠ. 

ʅʘ ʉʣʠʮʠ 3.6 ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʢʦʥʮʝʧʪ ʨʝʟʝʨʚʦʘʨʘ ʦʜʛʦʜʠʚʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʄʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʤʝʰʪʘ ʝʥʝʨʛʠʿʫ ʫ Ăʨʝʟʝʨʚʦʘʨò ʦʛʨʘʥʠʯʝʥʦʛ ʢʘʧʘʮʠʪʝʪʘ, 

ʘ ʦʥʜʘ ʩʝ ʪʘ ʝʥʝʨʛʠʿʘ ʦʜʚʦʜʠ ʠʟ ʨʝʟʝʨʚʦʘʨʘ ʜʘ ʙʠ ʩʝ ʥʘʧʘʿʘʣʦ ʦʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ. 

ɿʘ ʩʚʘʢʠ ʤʝʩʝʮ ʢʦʨʠʩʥʠʢ ʜʝʬʠʥʠʰʝ ʧʨʦʩʝʯʥʦ ʦʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʟʠʥʫ ʢʦʿʦʤ ʩʝ ʝʥʝʨʛʠʿʘ ʦʜʚʦʜʠ ʠʟ ʨʝʟʝʨʚʦʘʨʘ. ʊʘʢʦʹʝ, ʢʦʨʠʩʥʠʢ 

ʜʝʬʠʥʠʰʝ ʢʘʧʘʮʠʪʝʪ ʩʢʣʘʜʠʰʪʝˁʘ ʫ ʢʠʣʦʚʘʪʯʘʩʦʚʠʤʘ (ʚʝʣʠʯʠʥʫ ʨʝʟʝʨʚʦʘʨʘ), ʢʘʦ 

ʠ ʤʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ ʙʨʟʠʥʫ ʢʦʿʦʤ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʤʦʞʝ ʩʢʣʘʜʠʰʪʠʪʠ 

ʝʥʝʨʛʠʿʫ ʫ ʨʝʟʝʨʚʦʘʨ. ʆʚʜʝ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʤʦʜʝʣ ʨʝʟʝʨʚʦʘʨʘ ʧʨʝʜʩʪʘʚˀʘ 

ʩʘʤʦ ʘʥʘʣʦʛʠʿʫ, ʿʝʨ ʩʪʚʘʨʥʦ ʦʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ ʤʦʞʝ, ʘ ʠ ʥʝ ʤʦʨʘ, ʜʘ ʢʦʨʠʩʪʠ 

ʨʝʟʝʨʚʦʘʨ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ.  
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ʉʣʠʢʘ 3.6 ʂʦʥʮʝʧʪ ʨʝʟʝʨʚʦʘʨʘ ʦʜʛʦʜʠʚʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

 

ʇʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʥʘʧʘʿʘ ʦʜʛʦʜʠʚʦ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʘʪʠʪʠ ʥʠʚʦ ʫ ʨʝʟʝʨʚʦʘʨʫ ʦʜʛʦʜʠʚʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʉʠʩʪʝʤ ˂ʝ ʩʚʘʢʠ ʚʠʰʘʢ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʆʀɽ ʫʩʢʣʘʜʠʰʪʠʪʠ ʫ ʨʝʟʝʨʚʦʘʨʫ, 

ʘʣʠ ʩʚʝ ʜʦʢ ʿʝ ʥʠʚʦ ʫ ʨʝʟʝʨʚʦʘʨʫ ʠʟʥʘʜ ʥʫʣʝ, ʩʠʩʪʝʤ ʥʝ˂ʝ ʢʦʨʠʩʪʠʪʠ ʨʘʩʧʦʣʦʞʠʚʠ 

ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ (ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʙʘʪʝʨʠʿʩʢʠ ʩʢʣʦʧ) ʟʘ ʠʥʿʝʢʪʠʨʘˁʝ ʝʥʝʨʛʠʿʝ ʫ 

ʨʝʟʝʨʚʦʘʨ. ɸʢʦ ʥʠʚʦ ʫ ʨʝʟʝʨʚʦʘʨʫ ʧʘʜʥʝ ʥʘ ʥʫʣʫ, ʩʠʩʪʝʤ ʧʨʠʚʨʝʤʝʥʦ ʪʨʝʪʠʨʘ 

ʦʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ ʢʘʦ ʧʨʠʤʘʨʥʦ, ʰʪʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʦʜʤʘʭ ʢʦʨʠʩʪʠʪʠ ʙʠʣʦ ʢʦʿʠ 

ʨʘʩʧʦʣʦʞʠʚʠ ʠʟʚʦʨ ʥʘʧʘʿʘˁʘ ʟʘ ʠʥʿʝʢʪʠʨʘˁʝ ʝʥʝʨʛʠʿʝ ʫ ʨʝʟʝʨʚʦʘʨ ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʙʝʛʣʦ ʜʘ ʦʜʛʦʜʠʚʦ ʦʧʪʝʨʝ˂ʝˁʝ ʦʩʪʘʥʝ ʥʝʧʦʢʨʠʚʝʥʦ. ʊʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ 

ʤʦʜʝʣʠʨʘ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʧʨʠʤʘʨʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ ʝˁʝ, ʩʘʤʦ ʰʪʦ ʩʝ ʥʝ 

ʧʨʠʤʝˁʫʿʝ ʢʦʥʮʝʧʪ ʦʧʝʨʘʪʠʚʥʝ ʨʝʟʝʨʚʝ. ɺʝʣʠʯʠʥʘ ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʩʝ 

ʦʜʨʝʹʫʿʝ ʟʘ ʩʚʘʢʠ ʯʘʩ ʫ ʛʦʜʠʥʠ, ʙʠʣʦ ʫʚʦʟʦʤ ʜʘʪʦʪʝʢʝ ʢʦʿʘ ʩʘʜʨʞʠ ʯʘʩʦʚʥʝ ʧʦʜʘʪʢʝ 

ʠʣʠ ʩʠʥʪʝʟʦʤ ʯʘʩʦʚʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟ 24-ʯʘʩʦʚʥʦʛ ʧʨʦʬʠʣʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʉʠʩʪʝʤ 

ʤʦʞʝ ʩʥʘʙʜʝʚʘʪʠ ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠʣʠ ʙʦʿʣʝʨʦʤ, ʦʪʧʘʜʥʦʤ ʪʦʧʣʦʪʦʤ 

(ʨʝʢʫʧʝʨʦʚʘʥʦʤ) ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʠʣʠ ʨʝʟʠʩʪʠʚʥʠʤ ʛʨʝʿʘˁʝʤ ʢʦʨʠʩʪʝ˂ʠ ʚʠʰʘʢ 

ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 

 

3.2.2 ʈʝʩʫʨʩʠ 

 

ʊʝʨʤʠʥ ʨʝʩʫʨʩ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʚʝ ʰʪʦ ʜʦʣʘʟʠ ʠʟʚʘʥ ʩʠʩʪʝʤʘ, ʘ ʰʪʦ ʩʠʩʪʝʤ 

ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʠʣʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ʊʦ ʫʢˀʫʯʫʿʝ 

ʦʙʥʦʚˀʠʚʝ ʨʝʩʫʨʩʝ (ʭʠʜʨʦʝʥʝʨʛʠʿʫ, ʩʦʣʘʨʥʫ ʝʥʝʨʛʠʿʫ ʠ ʙʠʦʤʘʩʫ), ʢʘʦ ʠ ʙʠʣʦ ʢʦʿʝ 

ʛʦʨʠʚʦ ʢʦʿʝ ʢʦʨʠʩʪʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ. ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʨʝʩʫʨʩʘ ʠʤʘ ʩʧʝʮʠʬʠʯʘʥ 
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ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʦʰʢʦʚʝ ʝʥʝʨʛʠʿʝ ʠ ʧʦʪʨʦʰˁʫ/ʦʧʪʝʨʝ˂ʝˁʝ. 

ɻʣʘʚʥʘ ʩʚʦʿʩʪʚʘ ʦʙʥʦʚˀʠʚʠʭ ʨʝʩʫʨʩʘ ʩʫ ʥʝʧʨʝʜʚʠʜˀʠʚʦʩʪ ʠ ʟʘʚʠʩʥʦʩʪ ʦʜ ʩʝʟʦʥʝ, 

ʧʦʟʠʮʠʿʝ, ʢʣʠʤʘʪʩʢʠʭ ʫʩʣʦʚʘ ʠ ʩʣʠʯʥʦ, ʠ ʩʪʦʛʘ ʿʝ ʧʘʞˀʠʚʦ ʤʦʜʝʣʠʨʘˁʝ 

ʦʙʥʦʚˀʠʚʠʭ ʨʝʩʫʨʩʘ ʚʘʞʘʥ ʩʝʛʤʝʥʪ ʫ ʤʦʜʝʣʠʨʘˁʫ ʢʦʤʧʣʝʪʥʦʛ ʩʠʩʪʝʤʘ. 

 

ʍʠʜʨʦ ʨʝʩʫʨʩ 

ɼʘ ʙʠ ʩʝ ʤʦʜʝʣʠʨʘʦ ʩʠʩʪʝʤ ʩʘ ʧʨʦʪʦʯʥʦʤ ʭʠʜʨʦʪʫʨʙʠʥʦʤ (ʉʣʠʢʘ 3.7) 

ʤʦʨʘʿʫ ʩʝ ʦʙʝʟʙʝʜʠʪʠ ʧʦʜʘʮʠ ʦ ʧʨʦʪʦʢʫ, ʪʿ. ʢʦʣʠʯʠʥʠ ʚʦʜʝ ʢʦʿʘ ʿʝ ʨʘʩʧʦʣʦʞʠʚʘ 

ʪʫʨʙʠʥʠ ʫ ʪʦʢʫ ʛʦʜʠʥʝ. ʄʦʛʫ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʠʟʤʝʨʝʥʠ ʯʘʩʦʚʥʠ ʧʨʦʪʦʮʠ ʠʣʠ ʩʨʝʜˁʝ 

ʤʝʩʝʯʥʠ ʧʨʦʪʦʮʠ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʘ ʪʦʢʦʤ 

ʩʚʘʢʦʛ ʤʝʩʝʮʘ. ʂʦʨʠʩʥʠʢ ʪʘʢʦʹʝ ʦʜʨʝʹʫʿʝ ʠ ʨʝʟʠʜʫʘʣʥʠ ʧʨʦʪʦʢ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʤʠʥʠʤʘʣʥʠ ʧʨʦʪʦʢ ʫ ʢʦʨʠʪʫ ʤʠʤʦ ʪʫʨʙʠʥʝ, ʢʦʿʠ ʿʝ ʫʩʣʦʚˀʝʥ ʝʢʦʣʦʰʢʠʤ 

ʧʦʪʨʝʙʘʤʘ. ʆʚʘʿ ʨʝʟʠʜʫʘʣʥʠ ʧʨʦʪʦʢ ʩʝ ʦʜʫʟʠʤʘ ʦʜ ʫʢʫʧʥʦʛ ʧʨʦʪʦʢʘ ʜʘ ʙʠ ʩʝ 

ʦʜʨʝʜʠʣʘ ʦʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ ʢʦʿʘ ʿʝ ʨʘʩʧʦʣʦʞʠʚʘ. 

 

 

ʉʣʠʢʘ 3.7 ʇʨʦʪʦʯʥʘ ɛʍɽ ʠ ˁʝʥʠ ʦʩʥʦʚʥʠ ʜʝʣʦʚʠ 

 

ɼʘʥʘʰˁʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ʤʠʢʨʦ-ʭʠʜʨʦ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʝ ʤʘʣʝ ʪʫʨʙʠʥʝ ʢʦʿʝ 

ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʝʣʝʢʪʨʠʯʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠʣʠ ʘʣʪʝʨʥʘʪʦʨʦʤ. ɺʦʜʘ ʩʝ ʩʢʫʧˀʘ ʫ 

ʩʘʙʠʨʥʦʿ ʮʝʚʠ ʫʟʚʦʜʥʦ ʠ ʧʫʪʫʿʝ ʢʨʦʟ ʮʝʚʦʚʦʜ ʜʦ ʪʫʨʙʠʥʝ ʛʜʝ ʩʝ ʧʦʜ ʫʪʠʮʘʿʝʤ 
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ɿʝʤˀʠʥʝ ʪʝʞʝ ʧʨʦʚʣʘʯʠ ʢʨʦʟ ʿʝʜʥʫ ʠʣʠ ʚʠʰʝ ʤʣʘʟʥʠʮʘ. ʆʚʜʝ ʥʝʤʘ ʧʦʪʨʝʙʝ ʟʘ 

ʙʨʘʥʦʤ ʠ ʪʘʢʚʠ ʩʠʩʪʝʤʠ ʩʝ ʟʦʚʫ run-of-river ʩʠʩʪʝʤʠ. ʉʚʠ ʜʘʥʘʰˁʠ ʧʨʦʠʟʚʦʹʘʯʠ 

ʦʚʘʢʚʠʭ ʪʫʨʙʠʥʘ ʪʨʘʞʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʜʘʪʢʝ ʦ ʧʦʟʠʮʠʿʠ, ʚʝʨʪʠʢʘʣʥʦʤ ʧʘʜʫ, 

ʧʨʦʪʦʢʫ ʫ ʣʠʪʨʠʤʘ ʫ ʩʝʢʫʥʜʠ ʠ ʜʫʞʠʥʫ ʮʝʚʠ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ 

ʚʠʩʠʥʘ ʚʝʨʪʠʢʘʣʥʦʛ ʧʘʜʘ. 

ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʥʦ ʟʘ ʚʦʜʝʥʫ ʧʨʦʪʦʯʥʫ ʪʫʨʙʠʥʫ ʥʘʿʤʘˁʠ ʧʦʪʨʝʙʥʠ ʧʘʜ ʠ 

ʥʘʿʤʘˁʠ ʧʦʪʨʝʙʥʠ ʧʨʦʪʦʢ ʠʟʥʦʩʝ 3 m ʠ 20 l/s, ʨʝʜʦʤ, ʜʦʢ ʿʝ ʟʘ ʚʝ˂ʝ ʚʠʩʠʥʝ 

ʧʦʪʨʝʙʥʘ ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʚʦʜʝ. ɿʘʪʠʤ, ʮʝʚ ʤʦʨʘ ʜʘ ʙʫʜʝ ʜʦʚʦˀʥʦ ʚʝʣʠʢʦʛ ʧʨʝʯʥʠʢʘ 

ʢʘʢʦ ʙʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʣʠ ʛʫʙʠʮʠ ʫʩʣʝʜ ʪʨʝˁʘ. ʉʚʘʢʠ ʧʨʦʠʟʚʦʹʘʯ ʪʫʨʙʠʥʝ ʜʘʿʝ 

ʧʦʩʝʙʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʫ ʚʝʟʠ ʩʘ ʦʚʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ. ɺʝʣʠʯʠʥʘ ʤʣʘʟʥʠʮʝ ʠ ʪʠʧ 

ʪʫʨʙʠʥʝ ʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʚʠʩʠʥʦʤ ʠ ʧʨʦʪʦʢʦʤ, ʪʘʢʦ ʜʘ ʩʝ ʯʝʩʪʦ ʤʦʛʫ ʤʝˁʘʪʠ 

ʚʝʣʠʯʠʥʝ ʤʣʘʟʥʠʮʝ ʢʘʢʦ ʩʝ ʤʝˁʘ ʧʨʦʪʦʢ ʚʦʜʝ. ɼʚʝ ʦʩʥʦʚʥʝ ʚʨʩʪʝ ʪʫʨʙʠʥʘ ʩʫ: 

ʠʤʧʫʣʩʥʝ ʠ ʨʝʘʢʮʠʦʥʝ. ʂʦʜ ʠʤʧʫʣʩʥʠʭ ʪʫʨʙʠʥʘ ʫ ʤʣʘʟʥʠʮʠ ʩʝ ʩʪʚʘʨʘ ʤʣʘʟ ʚʦʜʝ 

ʢʦʿʘ ʩʝ ʫʙʨʠʟʛʘʚʘ ʫ ʢʦʣʦ ʪʫʨʙʠʥʝ. ʆʩʥʦʚʥʝ ʠʤʧʫʣʩʥʝ ʪʫʨʙʠʥʝ ʩʫ ʇʝʣʪʦʥʦʚʘ, ʊʫʨʛʦ 

ʠ ʪʫʨʙʠʥʘ ʩʘ ʧʦʧʨʝʯʥʠʤ ʧʨʦʪʦʢʦʤ. ʇʝʣʪʦʥʦʚʘ ʪʫʨʙʠʥʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ ʤʘʣʠʭ 

ʧʨʦʪʦʢʘ ʠ ʚʝʣʠʢʠʭ ʧʘʜʦʚʘ, ʜʦʢ ʩʝ ʪʫʨʙʠʥʘ ʩʘ ʧʦʧʨʝʯʥʠʤ ʧʨʦʪʦʢʦʤ ʢʦʨʠʩʪʠ ʟʘ 

ʚʝʣʠʢʝ ʧʨʦʪʦʢʝ ʠ ʤʘʣʝ ʧʘʜʦʚʝ. ʇʨʝʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʨʦʪʦʢʘ ʠ ʧʘʜʘ, ʊʫʨʛʦ 

ʪʫʨʙʠʥʘ ʩʝ ʥʘʣʘʟʠ ʥʝʛʜʝ ʠʟʤʝʹʫ ʧʨʝʪʭʦʜʥʝ ʜʚʝ. ʈʝʘʢʮʠʦʥʝ ʪʫʨʙʠʥʝ ʩʝ ʧʦʩʪʘʚˀʘʿʫ 

ʜʠʨʝʢʪʥʦ ʫ ʚʦʜʝʥʠ ʪʦʢ ʠ ʩʣʠʯʥʝ ʩʫ ʧʨʦʧʝʣʝʨʫ ʢʦʿʠ ʩʝ ʦʢʨʝ˂ʝ ʫʥʫʪʘʨ ʮʝʚʠ, 

ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʚʦʜʠ ʜʘ ʪʝʯʝ ʧʨʝʢʦ ʣʦʧʘʪʠʮʘ ʫʤʝʩʪʦ ʜʘ ʫʜʘʨʘ ʫ ʩʚʘʢʫ ʧʦʿʝʜʠʥʘʯʥʦ. 

ʌʨʘʥʮʠʩʦʚʘ, ʇʨʦʧʝʣʝʨʥʘ, ʂʘʧʣʘʥʦʚʘ ʠ ʮʝʚʥʘ ʪʫʨʙʠʥʘ ʩʫ ʥʘʿʯʝʰ˂ʠ ʪʠʧʦʚʠ 

ʨʝʘʢʮʠʦʥʠʭ ʪʫʨʙʠʥʘ ʠ ʚʨʣʦ ʩʫ ʩʣʠʯʥʝ ʮʝʥʪʨʠʬʫʛʘʣʥʠʤ ʧʫʤʧʘʤʘ. ʇʦʩʪʦʿʝ 

ʨʝʘʢʮʠʦʥʝ ʪʫʨʙʠʥʝ ʢʦʿʝ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʩʪʝ ʢʘʦ ʠ ʮʝʥʪʨʠʬʫʛʘʣʥʝ ʧʫʤʧʝ ʩʘʤʦ 

ʰʪʦ ʨʘʜʝ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ. 

 

ʉʦʣʘʨʥʠ ʨʝʩʫʨʩ 

ʇʨʝ ʠʥʩʪʘʣʘʮʠʿʝ ʥʝʢʦʛ PV ʛʝʥʝʨʘʪʦʨa (ʉʣʠʢʘ 3.8), ʜʠʟʘʿʥʝʨ ʤʦʨʘ ʠʤʘʪʠ 

ʧʦʜʘʪʢʝ ʦ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ ʥʘ ʣʦʢʘʮʠʿʠ ʛʜʝ ˂ʝ PV ʤʦʜʫʣʠ ʙʠʪʠ ʧʦʩʪʘʚˀʝʥʠ. 

ʇʦʜʘʮʠ ʦ ʠʟʚʦʨʠʤʘ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʧʦʢʘʟʫʿʫ ʢʦʣʠʯʠʥʫ ʛʣʦʙʘʣʥʦʛ ʩʦʣʘʨʥʦʛ 

ʟʨʘʯʝˁʘ (ʟʨʘʮʠ ʢʦʿʠ ʜʦʣʘʟʝ ʜʠʨʝʢʪʥʦ ʦʜ ʉʫʥʮʘ ʠ ʜʠʬʫʟʠʦʥʦ ʦʜ ʩʪʨʘʥʝ ʨʘʟʣʠʯʠʪʠʭ 

ʜʝʣʦʚʘ ʥʝʙʘ) ʢʦʿʝ ʧʘʜʘ ʥʘ ʧʦʚʨʰʠʥʫ ɿʝʤʝˀ ʫ ʪʦʢʫ ʛʦʜʠʥʝ. ʅʘʛʥʫʪʘ ʧʣʦʯʘ PV 

ʤʦʜʫʣʘ ʦʩʠʤ ʜʠʨʝʢʪʥʦʛ ʠ ʜʠʬʫʟʥʦʛ ʟʨʘʯʝˁʘ ʧʨʠʭʚʘʪʘ ʠ ʦʜʙʠʿʝʥʦ (ʨʝʬʣʝʢʪʦʚʘʥʦ)  
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ʟʨʘʯʝˁʝ  ʦʜ ʦʢʦʣʥʠʭ ʧʦʚʨʰʠʥʘ. ʇʦʜʘʮʠ ʦ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ ʜʘʿʫ ʩʝ ʫ ʿʝʜʥʦ ʿʦʜ 

ʩʣʝʜʝ˂ʝ ʪʨʠ ʬʦʨʤʝ: ʯʘʩʦʚʥʦ ʛʣʦʙʘʣʥʦ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʫ ʧʦʚʨʰʠʥʫ 

ɿʝʤˀʝ (kW/m
2
), ʤʝʩʝʯʥʦ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ (kWh/m

2
), ʠʣʠ ʤʝʩʝʯʥʠ ʠʥʜʝʢʩ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʠʟʤʝʹʫ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʝ ʧʘʜʘ ʥʘ 

ʧʦʚʨʰʠʥʫ ɿʝʤˀʝ ʠ ʦʥʦʛ ʢʦʿʝ ʧʦʛʘʹʘ ʂʘʨʤʘʥʦʚʫ ʣʠʥʠʿʫ (ʢʨʝ˂ʝ ʩʝ ʦʜ 0 ʜʦ 1). 

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 3.8 ɻʝʥʝʨʘʪʦʨ ʩʘʩʪʘʚˀʝʥ ʦʜ ʚʠʰʝ PV ʤʦʜʫʣʘ (ʘ) ʠ ʦʩʥʦʚʥʠ ʜʝʣʦʚʠ (ʙ) 

 

ɸʢʦ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʤʝʩʝʯʥʠ ʧʦʜʘʮʠ ʦ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ, ʦʥʜʘ ʩʝ ʧʦʜʘʮʠ ʦ 

ʛʣʦʙʘʣʥʦʤ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ ʛʝʥʝʨʠʰʫ ʧʨʠʤʝʥʦʤ ʧʦʩʝʙʥʦʛ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʩʫ 

ʨʘʟʚʠʣʠ ɻʨʝʿeʤ ʠ ʍʦʣʘʥʜ. ʋʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʿʝʩʫ ʧʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʠ ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ. ɸʣʛʦʨʠʪʘʤ ʥʘ ʠʟʣʘʟʫ ʜʘʿʝ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ ʟʘ 8760 ʯʘʩʦʚʘ ʩʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʢʦʿʝ ʩʫ ʥʘʿʩʣʠʯʥʠʿʝ 

ʩʪʚʘʨʥʦ ʠʟʤʝʨʝʥʠʤ ʧʦʜʘʮʠʤʘ. ɱʝʜʥʘ ʦʜ ʩʪʘʪʠʩʪʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʘʢʚʦʛ 

ʠʟʣʘʟʘ ʿʝʩʪʝ ʘʫʪʦʢʦʨʝʣʘʮʠʿʘ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʥʜʝʥʮʠʿ ʫ ʜʘ ʩʚʘʢʠ ʜʘʥ ʙʫʜʝ ʩʣʠʯʘʥ 

ʧʨʝʪʭʦʜʥʦʤ ʜʘʥʫ, ʢʘʦ ʠ ʜʘ ʩʚʘʢʠ ʯʘʩ ʙʫʜʝ ʩʣʠʯʘʥ ʧʨʝʪʭʦʜʥʦʤ ʯʘʩʫ. 

 

ʈʝʩʫʨʩ ʙʠʦʤʘʩʝ 

ʆʚʘʿ ʨʝʩʫʨʩ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʣʠʯʠʪʝ ʦʙʣʠʢʝ ʰʫʤʩʢʝ 

ʙʠʦʤʘʩʝ (ʥʧʨ. ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʨʚʦ ʠʣʠ ʦʪʧʘʜʥʦ ʙʫʢʦʚʦ ʜʨʚʦ) ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ʄʦʜʝʣʠʨʘˁʝ 

ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʙʠʦʤʘʩʫ ʚʨʰʠ ʩʝ ʢʦʥʚʝʨʟʠʿʦʤ ʝʥʝʨʛʝʪʩʢʝ 

ʤʦ˂ʠ ʠʩʪʝ ʪʝ ʙʠʦʤʘʩʝ ʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ʋ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʨʝʩʫʨʩʝ, ʙʠʦʤʘʩʫ 

ʿʝʜʠʥʩʪʚʝʥʦʤ ʯʠʥʝ ʩʣʝʜʝ˂ʘ ʜʚʘ ʘʩʧʝʢʪʘ: ʧʨʚʦ, ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʙʠʦʤʘʩʝ ʜʝʣʦʤ 
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ʟʘʚʠʩʠ ʦʜ ˀʫʜʩʢʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʨʠʢʫʧˀʘˁʝʤ, ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʩʢʣʘʜʠʰʪʝˁʝʤ 

(ʟʘʪʦ ʦʚʘʿ ʠʟʚʦʨ ʠ ʥʠʿʝ ʧʝʨʠʦʜʠʯʘʥ, ʘʣʠ ʤʦʞʝ ʙʠʪʠ ʩʝʟʦʥʩʢʠ ʠʣʠ ʧʦʚʨʝʤʝʥʦ 

ʥʝʨʘʩʧʦʣʦʞʠʚ); ʜʨʫʛʦ, ʙʠʦʤʘʩʘ ʢʘʦ ʩʠʨʦʚʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʪʚʦʨʠ ʫ ʛʘʩʥʦ ʠʣʠ 

ʪʝʯʥʦ ʛʦʨʠʚʦ ʠ ʢʘʦ ʪʘʢʚʘ ʤʦʞʝ ʜʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ 

ʛʝʥʝʨʘʪʦʨʫ (ʉʣʠʢʘ 3.9). ʉʪʦʛʘ ʿʝ ʤʦʜʝʣʠʨʘˁʝ ʙʠʦʤʘʩʝ ʫ ʤʥʦʛʦ ʯʝʤʫ ʩʣʠʯʥʦ 

ʤʦʜʝʣʠʨʘˁʫ ʙʠʣʦ ʢʦʛ ʜʨʫʛʦʛ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʛ ʛʦʨʠʚʘ. 

 

 

ʉʣʠʢʘ 3.9 ɹʠʦʛʘʩʥʦ ʧʦʩʪʨʦʿʝˁʝ ʩʘ ʦʩʥʦʚʥʠʤ ʜʝʣʦʚʠʤʘ 

 

ʄʦʜʝʣʠʨʘˁʝ ʨʝʩʫʨʩʘ ʙʠʦʤʘʩʝ ʚʨʰʠ ʩʝ ʥʘ ʿʝʜʘʥ ʦʜ ʩʣʝʜʝ˂ʘ ʜʚʘ ʥʘʯʠʥʘ: 

ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʿʝ ʧʨʝʢʦ ʜʝʬʠʥʠʮʠʿʝ ʛʦʨʠʚʘ ʠʟʙʦʨʦʤ ʩʚʦʿʩʪʘʚʘ ʢʦʿʘ 

ʦʜʛʦʚʘʨʘʿʫ ʙʠʦʤʘʩʠ, ʘ ʟʘʪʠʤ ʦʜʨʝʹʠʚʘˁʝ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʫ 

ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ ʫʪʨʦʰʝʥʝ ʙʠʦʤʘʩʝ (ʦʚʘʿ ʧʨʠʩʪʫʧ 

ʠʤʧʣʠʮʠʪʥʦ ʤʦʜʝʣʠʨʘ ʧʨʦʮʝʩ ʧʨʝʪʚʘʨʘˁʘ ʩʠʨʦʚʠʥʝ ʫ ʛʦʨʠʚʦ ʢʦʥʚʝʨʪʫʿʫ˂ʠ 

ʫʩʢʣʘʜʠʰʪʝʥʫ ʙʠʦʤʘʩʫ); ʜʨʫʛʘ ʘʣʪʝʨʥʘʪʠʚʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʩʦʬʪʚʝʨʩʢʦʛ ʫʣʘʟʘ ʟʘ 

ʠʟʚʦʨ ʙʠʦʤʘʩʝ, ʢʦʿʠ ʦʧʝʪ ʜʦʟʚʦˀʘʚʘ ʟʘʜʘʚʘˁʝ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ ʩʢʣʘʜʠʰʪʘ ʙʠʦʤʘʩʝ 

ʦʜʨʝʹʝʥʠʭ ʩʚʦʿʩʪʘʚʘ ʪʦʢʦʤ ʛʦʜʠʥʝ ʠ ʤʦʜʝʣʠʨʘˁʝ ʧʨʦʮʝʩʘ ʢʦʥʚʝʨʟʠʿʝ 

ʫʩʢʣʘʜʠʰʪʝʥʝ ʙʠʦʤʘʩʝ ʫ ʝʥʝʨʛʠʿʫ ʧʨʦʮʝʩʦʤ ʛʘʩʠʬʠʢʘʮʠʿʝ. 

ʂʘʦ ʠ ʢʦʜ ʦʩʪʘʣʠʭ ʆʀɽ, ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʙʠʦʤʘʩʝ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʫʚʦʟʦʤ ʜʘʪʦʪʝʢʝ ʩʘ ʯʘʩʦʚʥʠʤ ʧʦʜʘʮʠʤʘ ʠʣʠ ʤʝʩʝʯʥʠʤ ʧʨʦʩʝʮʠʤʘ. ɸʢʦ ʩʝ ʢʦʨʠʩʪʝ 

ʤʝʩʝʯʥʠ ʧʨʦʩʝʮʠ, ʦʥʜʘ ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʿʝ ʨʘʩʧʦʣʦʞʠʚʦʩʪ ʙʠʦʤʘʩʝ ʢʦʥʩʪʘʥʪʥʘ 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

63 

 

ʪʦʢʦʤ ʩʚʘʢʦʛ ʤʝʩʝʮʘ. ɼʘ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʦ ʨʝʩʫʨʩ ʙʠʦʤʘʩʝ, ʢʦʨʠʩʥʠʢ ʤʦʨʘ ʥʘʚʝʩʪʠ 

ʩʣʝʜʝ˂ʘ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʨʘ: ʮʝʥʫ, ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʛʘʩʠʬʠʢʘʮʠʿʝ ʠ 

ʝʥʝʨʛʝʪʩʢʫ ʤʦ˂ ʛʦʨʠʚʘ ʜʦʙʠʿʝʥʦʛ ʠʟ ʙʠʦʤʘʩʝ. ɿʘ ʘʥʘʣʠʟʫ ʝʤʠʩʠʿʝ GHG, ʚʨʝʜʥʦʩʪ 

ʩʘʜʨʞʘʿʘ ʫʛˀʝʥʠʢʘ ʪʨʝʙʘ ʜʘ ʦʜʨʘʞʘʚʘ ʥʝʪʦ ʢʦʣʠʯʠʥʫ ʦʩʣʦʙʦʹʝʥʦʛ ʫʛˀʝʥʠʢʘ ʫ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠʢʫʧˀʘˁʝʤ, ʧʨʝʨʘʜʦʤ ʠ ʧʦʪʨʦʰˁʦʤ ʙʠʦʤʘʩʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʫʛˀʝʥʠʢ ʩʘʜʨʞʘʥ ʫ ʩʠʨʦʚʠʥʠ ʧʨʚʦʙʠʪʥʦ ʙʠʦ ʫ ʘʪʤʦʩʬʝʨʠ. 

ʂʦʝʬʠʮʠʿʝʥʪ ʛʘʩʠʬʠʢʘʮʠʿʝ, ʢʦʿʠ ʩʝ ʧʦʜʿʝʜʥʘʢʦ ʢʦʨʠʩʪʠ ʟʘ ʪʝʯʥʘ ʠ ʛʘʩʦʚʠʪʘ 

ʛʦʨʠʚʘ, ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʠʟʤʝʹʫ ʤʘʩʝ ʛʦʨʠʚʘ ʧʨʠʧʨʝʤˀʝʥʦʛ ʟʘ ʛʝʥʝʨʘʪʦʨ ʥʘ ʢʨʘʿʫ 

ʧʨʦʮʝʩʘ ʢʦʥʚʝʨʟʠʿʝ ʠ ʤʘʩʝ ʙʠʦʤʘʩʝ ʥʘ ʧʦʯʝʪʢʫ ʧʨʦʮʝʩʘ ʢʦʥʚʝʨʟʠʿʝ. ɽʥʝʨʛʝʪʩʢʘ 

ʤʦ˂ ʙʠʦʤʘʩʝ ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʘ ʫ ʢʦʝʿʤ ʩʝ ʪʨʦʰʠ ʛʦʨʠʚʦ. 

 

ɻʦʨʠʚʦ 

ʉʦʬʪʚʝʨ HOMER Pro ʩʘʜʨʞʠ ʙʠʙʣʠʦʪʝʢʫ ʩʘ ʥʝʢʦʣʠʢʦ ʚʝ˂ ʜʝʬʠʥʠʩʘʥʠʭ 

ʛʦʨʠʚʘ, ʘ ʢʦʨʠʩʥʠʢ ʤʦʞʝ ʜʦʜʘʪʠ ʿʦʰ ʥʝʢʦ ʛʦʨʠʚʦ ʫ ʪʫ ʙʠʙʣʠʦʪʝʢʫ ʘʢʦ ʩʝ ʿʘʚʠ 

ʧʦʪʨʝʙʘ. ʌʠʟʠʯʢʘ ʩʚʦʿʩʪʚʘ ʛʦʨʠʚʘ ʫʢˀʫʯʫʿʫ ˁʝʛʦʚʫ ʛʫʩʪʠʥʫ, ʜʦˁʫ ʪʦʧʣʦʪʥʫ ʤʦ˂ 

(LHV), ʩʘʜʨʞʘʿ ʫʛˀʝʥʠʢʘ ʠ ʩʘʜʨʞʘʿ ʩʫʤʧʦʨʘ. ʊʘʢʦʹʝ, ʢʦʨʠʩʥʠʢ ʤʦʞʝ ʦʜʘʙʨʘʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʥʝ ʿʝʜʠʥʠʮʝ, ʢʘʦ ʰʪʦ ʩʫ: ʣʠʪʘʨ ʠʣʠ ʢʠʣʦʛʨʘʤ. ʇʨʝʦʩʪʘʣʘ ʜʚʘ 

ʩʚʦʿʩʪʚʘ ʛʦʨʠʚʘ ʩʫ ˁʝʛʦʚʘ ʮʝʥʘ ʠ ʦʛʨʘʥʠʯʝˁʝ ʛʦʜʠʰˁʝ ʧʦʪʨʦʰˁʝ ʘʢʦ ʧʦʩʪʦʿʠ. 

 

3.2.3 ʂʦʤʧʦʥʝʥʪʝ 

 

ʂʦʤʧʦʥʝʥʪʘ ʥʝʢʦʛ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʿʝ ʩʚʘʢʠ ˁʝʛʦʚ ʜʝʦ ʢʦʿʠ 

ʧʨʦʠʟʚʦʜʠ, ʜʠʩʪʨʠʙʫʠʨʘ, ʧʨʝʪʚʘʨʘ ʠʣʠ ʩʢʣʘʜʠʰʪʠ ʝʥʝʨʛʠʿʫ. ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʿʘʚˀʫʿʝ ʩʝ 8 ʪʠʧʦʚʘ ʢʦʤʧʦʥʝʥʪʠ. ɼʚʝ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ 

ʛʝʥʝʨʠʰʫ ʝʥʝʨʛʠʿʫ ʠʟ ʆʀɽ ʩʫ: ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨ. PV ʛʝʥʝʨʘʪʦʨ ʧʨʝʪʚʘʨʘ 

ʩʫʥʯʝʚʫ ʩʚʝʪʣʦʩʪ ʫ DC, ʜʦʢ ɛʍɽ ʧʨʝʪʚʘʨʘ ʝʥʝʨʛʠʿʫ ʚʦʜʝ ʫ AC ʩ ʪʠʤ ʜʘ ʩʝ ʤʦʞʝ 

ʤʦʜʝʣʠʨʘʪʠ ʩʘʤʦ ʧʨʦʪʦʯʥʘ ɛʍɽ, ʪʿ. ʦʥʘ ʢʦʿa ʥʝʤʘ ʘʢʫʤʫʣʘʮʠʿʫ. 

ɼʨʫʛʘ ʜʚʘ ʪʠʧʘ ʢʦʤʧʦʥʝʥʪʠ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʠ ʙʦʿʣʝʨ, ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʝʥʦʩʠʚʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʠʭ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʧʦ ʧʦʪʨʝʙʠ 

ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʠʣʠ ʥʝ. ɼʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠ AC ʠʣʠ DC ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ ʧʦʪʨʦʰˁʦʤ ʛʦʨʠʚʘ, ʘ ʠʩʪʦ ʪʘʢʦ ʤʦʞʝ ʜʦʜʘʪʥʦ ʧʨʦʠʟʚʦʜʠʪʠ ʪʦʧʣʦʪʫ ʠʟ 
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ʚʠʰʢʘ ʦʩʣʦʙʦʹʝʥʝ ʪʦʧʣʦʪʝ. ʋ ʙʦʿʣʝʨʫ ʩʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʪʘʢʦʹʝ 

ʪʨʦʰʠ ʛʦʨʠʚʦ. 

ɼʘˀʝ, ʧʨʝʪʚʘʨʘʯ ʠ ʝʣʝʢʪʨʦʣʠʟʝʨ ʧʨʝʪʚʘʨʘʿʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʫ ʥʝʢʠ 

ʜʨʫʛʠ ʦʙʣʠʢ ʝʥʝʨʛʠʿʝ. ʇʨʝʪʚʘʨʘʯ ʧʨʝʪʚʘʨʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠʟ AC ʫ DC ʠ/ʠʣʠ 

ʦʙʨʥʫʪʦ. ɽʣʝʢʪʨʦʣʠʟʝʨʠ ʧʨʝʪʚʘʨʘʿʫ ʚʠʰʘʢ AC ʠʣʠ DC ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ʚʦʜʦʥʠʢ ʝʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʝ. ʂʦʥʘʯʥʦ, ʢʦʤʧʦʥʝʥʪʝ ʫ ʢʦʿʠʤʘ ʩʝ ʩʢʣʘʜʠʰʪʠ ʝʥʝʨʛʠʿʘ 

ʩʫ: ʙʘʪʝʨʠʿʘ ʠ ʨʝʟʝʨʚʦʘʨ ʟʘ ʚʦʜʦʥʠʢ. ɹʘʪʝʨʠʿʘ ʩʢʣʘʜʠʰʪʠ DCïʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, 

ʜʦʢ ʩʝ ʫ ʨʝʟʝʨʚʦʘʨʫ ʟʘ ʚʦʜʦʥʠʢ ʩʢʣʘʜʠʰʪʠ ʚʦʜʦʥʠʢ ʠʟ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʦʧʝʪ ʢʦʨʠʩʪʠ ʢʘʦ ʛʦʨʠʚʦ ʟʘ ʛʝʥʝʨʘʪʦʨ. 

 

3.3 ʄʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ ʢʦʤʧʦʥʝʥʘʪʘ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ 

 

ɼʘ ʙʠ ʩʝ ʧʨʘʚʠʣʥʦ ʦʜʘʙʨʘʣʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʧʦʜʩʠʩʪʝʤʠ ʟʘ ʧʦʪʨʝʙʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʮʝʣʦʛ ʩʠʩʪʝʤʘ, ʧʨʚʠ ʢʦʨʘʢ ʿʝ ʤʘʪʝʤʘʪʠʯʢʦ ʤʦʜʝʣʠʨʘˁʝ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʇʨʦʮʝʩ ʤʦʜʝʣʠʨʘˁʘ ʦʤʦʛʫ˂ʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ 

ʜʦʧʨʠʥʦʩʠ ʧʦʟʥʘʚʘˁʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʦʪʧʦʤʘʞʝ ʜʦʥʦʰʝˁʝ 

ʦʜʣʫʢʘ. ɼʝʪʘˀʠ ʤʦʜʝʣʠʨʘˁʘ ʩʝ ʦʛʣʝʜʘʿʫ ʫ ˁʝʛʦʚʦʤ ʪʘʯʥʦʤ ʧʨʝʜʩʪʘʚˀʘˁʫ 

ʧʝʨʬʦʨʤʘʥʩʠ. ʄʝʹʫʪʠʤ, ʧʨʝʮʠʟʥʦʩʪ ʟʘʭʪʝʚʘ ʩʣʦʞʝʥʦʩʪ ʠ ʟʥʘʯʘʿʥʦ ʜʫʛʝ ʚʨʝʤʝʥʩʢʝ 

ʧʝʨʠʦʜʝ ʟʘ ʢʨʝʠʨʘˁʝ ʩʘʚʨʰʝʥʦʛ ʤʦʜʝʣʘ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʤʦʜʝʣ ʪʨʝʙʘ ʜʘ ʙʫʜʝ 

ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʩʣʦʞʝʥʦʩʪʠ ʠ ʪʘʯʥʦʩʪʠ. ʇʝʨʬʦʨʤʘʥʩʝ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʠʨʘʿʫ ʩʝ ʠʣʠ ʜʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʠʣʠ ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠ. ʆʧʰʪʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʜʝʣʠʨʘˁʘ ʤʠʢʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʦʧʠʩʘʥʘ ʿʝ ʫ ʥʘʩʪʘʚʢʫ. 

 

3.3.1 ʍʠʜʨʦʪʫʨʙʠʥʘ ʠ ɛʍɽ 

 

ʍʠʜʨʦʪʫʨʙʠʥʘ ʩʝ ʤʦʜʝʣʠʨʘ ʢʘʦ ʫʨʝʹʘʿ ʢʦʿʠ ʧʨʝʪʚʘʨʘ ʝʥʝʨʛʠʿʫ ʧʘʜʘʿʫ˂ʝ ʚʦʜʝ 

ʫ AC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʧʨʠ ʢʦʥʩʪʘʥʪʥʦʤ ʩʪʝʧʝʥʫ ʠʩʢʦʨʠʰ˂ʝˁʘ ʙʝʟ ʤʦʛʫ˂ʥʦʩʪʠ 

ʘʢʫʤʫʣʠʨʘˁʘ ʚʦʜʝ (ʧʨʦʪʦʯʥʘ ɛʍɽ). ɽʥʝʨʛʠʿʘ ʧʘʜʘʿʫ˂ʝ ʚʦʜʝ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʚʝʨʪʠʢʘʣʥʦʿ ʚʠʩʠʥʠ ʠ ʧʨʦʪʦʢʫ, ʜʦʢ ʥʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ɛʍɽ ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ 

ʭʠʜʨʦʪʫʨʙʠʥʝ ʢʦʿʘ ʩʝ ʜʦʙʠʿʘ ʥʘ ʦʩʥʦʚʫ ʫʢʫʧʥʦʛ ʧʘʜʘ ʠ ʧʨʦʪʦʢʘ ʚʦʜʝ ʢʨʦʟ 

ʭʠʜʨʦʪʫʨʙʠʥʫ. ʀʟʨʘʯʫʥʘʚʘˁʝ ʥʦʤʠʥʘʣʥʝ ʩʥʘʛʝ ɛʍɽ ʫʢˀʫʯʫʿʝ ʝʬʠʢʘʩʥʦʩʪ 
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ʭʠʜʨʦʪʫʨʙʠʥʝ, ʘʣʠ ʥʝ ʠ ʛʫʙʠʪʢʝ ʫ ʮʝʚʦʚʦʜʫ. ʅʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ɛʍɽ ʩʝ ʠʟʨʘʯʫʥʘʚʘ 

ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʫʣʠ [52,53,64,67,68]: 

1000
,

designwaterhyd

nomʍɽ

Qhg
P

#ÖÖÖÖ
=

rh
m  (3.1) 

 

ʛʜʝ ʩʫ: 

nomʍɽP ,m  ï ʥʦʤʠʥʘʣʥʘ ʩʥʘʛʘ ɛʍɽ [kW],  

hydh  ï ʝʬʠʢʘʩʥʦʩʪ ʭʠʜʨʦʪʫʨʙʠʥʝ [%],  

waterr  ï ʛʫʩʪʠʥʘ ʚʦʜʝ [1000 kg/m
3
],  

g  ï ʫʙʨʟʘˁʝ ʟʝʤˀʠʥʝ ʪʝʞʝ [9.81 m/s
2
],  

h  ï ʫʢʫʧʘʥ ʧʘʜ [m] ʠ  

designQ#  ï ʧʨʦʿʝʢʪʦʚʘʥʠ ʧʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [m
3
/s]. 

 

ʅʝʪʦ ʧʘʜ ʩʝ ʜʦʙʠʿʘ ʢʘʜʘ ʩʝ ʦʜ ʫʢʫʧʥʦʛ ʧʘʜʘ ʦʜʫʟʤʫ ʛʫʙʠʮʠ ʫʩʣʝʜ ʪʨʝˁʘ ʧʨʠ 

ʧʨʦʪʠʮʘˁʫ ʚʦʜʝ ʢʨʦʟ ʮʝʚʦʚʦʜ [52,53,67,68]: 

( )hnet fhh -Ö= 1  (3.2) 

 

ʛʜʝ ʩʫ: 

neth  ï ʥʝʪʦ ʧʘʜ [m] ʠ  

hf  ï ʛʫʙʠʮʠ ʫʩʣʝʜ ʪʨʝˁʘ [%]. 

 

ɻʫʙʠʪʘʢ ʫ ʮʝʚʦʚʦʜʫ ʫʩʣʝʜ ʪʨʝˁʘ ʠʟʨʘʞʘʚʘ ʩʝ ʢʘʦ ʧʨʦʮʝʥʘʪ ʫʢʫʧʥʦʛ ʧʘʜʘ ʧʘ 

ʚʦʜʘ (ʢʘʦ ʩʚʘʢʘ ʚʠʩʢʦʟʥʘ ʪʝʯʥʦʩʪ) ʢʦʿʘ ʧʨʦʪʠʯʝ ʢʨʦʟ ʮʝʚ ʠʤʘ ʤʘˁʠ ʧʨʠʪʠʩʘʢ ʥʘ 

ʠʟʣʘʟʫ ʠʟ ʮʝʚʦʚʦʜʘ ʟʙʦʛ ʪʨʝˁʘ. ʍʠʜʨʦʩʠʩʪʝʤʠ ʩʘ ʚʝʣʠʢʠʤ ʧʘʜʦʤ ʠ ʤʘʣʠʤ 

ʧʨʦʪʦʢʦʤ ʦʙʠʯʥʦ ʠʤʘʿʫ ʛʫʙʠʪʘʢ ʧʨʠʪʠʩʢʘ ʠʟʤʝʹʫ 10% ʠ 20%, ʜʦʢ ʢʦʜ 

ʭʠʜʨʦʩʠʩʪʝʤʘ ʩʘ ʤʘʣʠʤ ʧʘʜʦʤ ʪʘʿ ʛʫʙʠʪʘʢ ʠʟʥʦʩʠ ʩʚʝʛʘ ʥʝʢʦʣʠʢʦ ʧʨʦʮʝʥʘʪʘ. 

ʇʨʦʮʝʥʘʪ ʛʫʙʠʪʢʘ ʧʨʠʪʠʩʢʘ ʫ ʮʝʚʦʚʦʜʫ ʜʝʬʠʥʠʩʘʥ ʿʝ ʢʘʦ ʦʜʥʦʩ ʘʧʩʦʣʫʪʥʦʛ 

ʛʫʙʠʪʢʘ ʧʘʜʘ ʠ ʫʢʫʧʥʦʛ ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʘʜʘ [52]: 

h

h
f l
h Ö=100  (3.3) 
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ʛʜʝ ʿʝ: 

lh  ï ʘʧʩʦʣʫʪʥʠ ʛʫʙʠʪʘʢ ʧʘʜʘ ʫʩʣʝʜ ʪʨʝˁʘ [m]. 

 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʛʫʙʠʪʘʢʘ ʫʩʣʝʜ ʪʨʝˁʘ ʫ ʮʝʚʠ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ɼʘʨʩʠ-ɺʘʠʩʙʘʭʦʚʘ ʿʝʜʥʘʯʠʥʘ [52,53,67,68]: 

ö
ö

÷

õ

æ
æ

ç

å

Ö
ö
÷

õ
æ
ç

å
Ö=

g

V

D

L
fh Dl

2

2

 (3.4) 

 

ʧʨʠ ʯʝʤʫ ʩʫ: 

Df  ï ɼʘʨʩʠʿʝʚ ʬʘʢʪʦʨ ʪʨʝˁʘ, 

L  ï ʜʫʞʠʥʘ ʮʝʚʠ [m], 

D  ï ʧʨʝʯʥʠʢ ʮʝʚʠ [m], 

V  ï ʙʨʟʠʥʘ ʧʨʦʪʦʢʘ ʚʦʜʝ [m
3
/s (ʠʣʠ m/s)] (

A

Q
V = ,

4

2D
A

Ö
=
p

),  

Q  ï ʟʘʧʨʝʤʠʥʩʢʠ ʧʨʦʪʦʢ [m
3
/s]. 

 

ɼʘʨʩʠjeʚ ʬʘʢʪʦʨ ʪʨʝˁʘ (Df ) ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʥʘ ʥʝʢʦʣʠʢʦ ʥʘʯʠʥʘ, 

ʫʢˀʫʯʫʿʫʠ˂ ʠ ʦʥʘʿ ʧʦʤʦ˂ʫ ʄʫʜʠʿʝʚʦʛ ʜʠʿʘʛʨʘʤʘ (ʉʣʠʢʘ 3.10), ʠʣʠ ʧʨʝʢʦ 

ʈʝʿʥʦʣʜʩʦʚʦʛ ʙʨʦʿʘ ʟʘ ʣʘʤʠʥʘʨʥʦ ʩʪʨʫʿʘˁʝ, ʪʿ. [52]: 

eD Rf /64=  (3.5) 

 

ʛʜʝ ʿʝ: 

eR  ï ʈʝʿʥʦʣʜʩʦʚ ʙʨʦʿ ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ mr LVwater ÖÖ , ʠ ʤʘˁʠ ʿʝ ʦʜ 

2300 (m ï ʜʠʥʘʤʠʯʢʘ ʚʠʩʢʦʟʥʦʩʪ [kg/(m·s)]) 

 

ʇʦʤʦ˂ʫ ʄʫʜʠʿʝʚʦʛ ʜʠʿʘʛʨʘʤʘ ʤʦʞʝ ʩʝ ʜʦʙʨʦ ʧʨʦʮʝʥʠʪʠ ʬʘʢʪʦʨ ʪʨʝˁʘ ʟʘ 

ʩʣʫʯʘʿ ʧʨʝʣʘʟʥʠʭ ʧʨʦʪʦʢʘ (2300< eR <4000), ʜʦʢ ʩʝ ʟʘ ʪʫʨʙʫʣʝʥʪʥʝ ʧʨʦʪʦʢʝ ʢʦʨʠʩʪʠ 

ʂʦʣʙʨʫʢ-ɺʘʿʪʦʚʘ ʬʦʨʤʫʣʘ [52]: 
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 (3.6) 
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ʛʜʝ ʩʫ: 

e ï ʢʦʝʬʠʮʠʿʝʥʪ ʭʨʘʧʘʚʦʩʪʠ ʟʠʜʘ ʮʝʚʠ ʠ 

hD  ï ʭʠʜʨʘʫʣʠʯʥʠ ʧʨʝʯʥʠʢ (ʫʥʫʪʨʘʰˁʠ ʧʨʝʯʥʠʢ ʢʨʫʞʥʝ ʮʝʚʠ) [mm]. 

 

 

ʉʣʠʢʘ 3.10 ɼʠʿʘʛʨʘʤ ʛʫʙʠʪʘʢʘ ʫʩʣʝʜ ʪʨʝˁʘ ʫ ʮʝʚʠ ʢʨʫʞʥʦʛ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ 

[52,67,68] 

 

ʋ ʩʚʘʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ, ʠʟʣʘʟʥʘ ʩʥʘʛʘ ɛʍɽ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʧʨʝʤʘ 

ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʫʣʠ [52,53,64,67,68]: 
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ʛʜʝ ʩʫ: 

ʍɽPm  ï ʠʟʣʘʟʥʘ ʩʥʘʛʘ ɛʍɽ [kW] ʠ 

turbineQ#  ï ʧʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [m
3
/s]. 

 

ʇʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʢʦʿʘ ʧʨʦʪʠʯʝ 

ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ. ʋ ʩʚʘʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ, ʦʚʘʿ ʧʨʦʪʦʢ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ 

ʢʦʨʠʩʪʝ˂ʠ ʩʣʝʜʝ˂ʫ ʿʝʜʥʘʯʠʥʫ [52,53,67,68]: 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

68 

 

î
í

î
ì

ë

>

¢¢

<

=

maxavailablemax

maxavailableminavailable

minavailable

turbine

QQʿʝʘʢʦQ

QQQʿʝʘʢʦQ

QQʿʝʘʢʦ

Q

##

###

##

#
0

 (3.8) 

î
í

î
ì

ë

Ö>-

Ö¢-¢Ö

Ö<-

=

designmaxresidualstreammax

designmaxresidualstreamdesignminavailable

designminresidualstream

turbine

QwQQʿʝʘʢʦQ

QwQQQwʿʝʘʢʦQ

QwQQʿʝʘʢʦ

Q

###

####

###

#
0

 

 

ʛʜʝ ʩʫ: 

availableQ#  ï ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʦʪʦʢ ʚʦʜʝ [m
3
/s], 

minQ#  ï ʤʠʥʠʤʘʣʥʠ ʧʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [m
3
/s], 

maxQ#  ï ʤʘʢʩʠʤʘʣʥʠ ʧʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [m
3
/s], 

streamQ#  ï ʫʢʫʧʥʠ ʧʨʦʪʦʢ ʚʦʜʝ [m
3
/s], 

residualQ#  ï ʨʝʟʠʜʫʘʣʥʠ ʧʨʦʪʦʢ ʚʦʜʝ [m
3
/s], 

minw  ï ʤʠʥʠʤʘʣʥʠ ʦʜʥʦʩ ʧʨʦʪʦʢʘ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [%] ʠ 

maxw  ï ʤʘʢʩʠʤʘʣʥʠ ʦʜʥʦʩ ʧʨʦʪʦʢʘ ʚʦʜʝ ʢʨʦʟ ʭʠʜʨʦʪʫʨʙʠʥʫ [%]. 

  

3.3.2 PV ʛʝʥʝʨʘʪʦʨ ʠ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ 

 

PV ʛʝʥʝʨʘʪʦʨ ʩʝ ʤʦʜʝʣʠʨʘ ʢʘʦ ʫʨʝʹʘʿ ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ DCïʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʣʦʙʘʣʥʝ ʩʦʣʘʨʥʝ ʠʨʘʜʠʿʘʮʠʿʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʟʘʚʠʩʥʦ 

ʦʜ ʥʘʧʦʥʘ ʢʦʿʝʤ ʿʝ ʠʟʣʦʞʝʥ. ʀʟʣʘʟʥʘ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʚʘʢʠ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52,53,67,68]: 

( )[ ]STC,ccp
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ʛʜʝ ʿʝ: 

PVP  ï ʠʟʣʘʟʥʘ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ [kW], 

PVY  ï ʥʦʤʠʥʘʣʥʠ ʢʘʧʘʮʠʪʝʪ PV ʤʦʜʫʣʘ ʜʦʙʠʿʝʥ ʧʨʠ ʩʪʘʥʜʘʨʜʥʠʤ ʫʩʣʦʚʠʤʘ 

ʪʝʩʪʠʨʘˁʘ (STC ʦʜ ʝʥʛ. Standard Test Conditions) [kW], 
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PVf  ï ʢʦʝʬʠʮʠʿʝʥʪ ʦʧʘʜʘˁʘ ʥʘʟʠʚʥʝ ʩʥʘʛʝ PV ʤʦʜʫʣʘ [%], 

TG  ï ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ [kW/m
2
], 

STC,TG  ï ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʥʩʘ ʧʨʠ STC [1 kW/m
2
], 

pa  ï ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʥʘʛʝ [%/ÁC], 

cT  ï ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ [°C], 

STC,cT  ï ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ ʧʨʠ STC [25°C]. 

 

ʇʦʜ STCïʫʩʣʦʚʠʤʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʠʩʧʠʪʠʚʘˁʝ PV ʤʦʜʫʣʘ ʢʦʿʝ ʩʝ ʚʨʰʠ 

ʧʨʠ ʩʦʣʘʨʥʦʿ ʠʨʘʜʠʿʘʥʩʠ ʦʜ 1kW/m
2
, ʪʝʤʧʝʨʘʪʫʨʠ ˂ʝʣʠʿʝ ʦʜ 25°C ʠ ʙʝʟ ʫʪʠʮʘʿʘ 

ʚʝʪʨʘ. ɸʢʦ ʩʝ ʤʦʜʝʣʠʨʘˁʝ PV ʤʦʜʫʣʘ ʚʨʰʠ ʙʝʟ ʫʚʘʞʘʚʘˁʘ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʿʝʜʥʘʢ ʥʫʣʠ, ʧʘ ʩʝ ʧʨʝʪʭʦʜʥʘ 

ʿʝʜʥʘʯʠʥʘ (3.9) ʩʚʦʜʠ ʥʘ ʩʣʝʜʝ˂ʠ ʠʟʨʘʟ [52,53,64,67,68]: 
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ɻʣʦʙʘʣʥʘ ʩʦʣʘʨʥʘ ʠʨʘʜʠʿʘʮʠʿʘ (GHI ʦʜ ʝʥʛ. Global Horizontal Irradiance) 

ʦʜʨʝʹʫʿʝ ʫʢʫʧʥʫ ʢʦʣʠʯʠʥʫ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʝ ʜʦʣʘʟʠ ʜʦ ʭʦʨʠʟʦʥʪʘʣʥʝ 

ʧʦʚʨʰʠʥʝ ʥʘ ɿʝʤˀʠ, ʧʨʠ ʯʝʤʫ ʠʟʣʘʟʥʘ ʩʥʘʛʘ PV ʤʦʜʫʣʘ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʠʥʝ 

ʟʨʘʯʝˁʘ ʢʦʿʘ ʧʘʜʘ ʥʘ ʧʦʚʨʰʠʥʫ PV ʤʦʜʫʣʘ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʨʘʟʣʠʯʠʪʦ ʦʨʠʿʝʥʪʠʩʘʥ. 

ʆʨʠʿʝʥʪʘʮʠʿʘ PV ʤʦʜʫʣʘ ʩʝ ʦʜʨʝʹʫʿʝ ʢʦʨʠʩʪʝ˂ʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʥʘʛʠʙ ʠ ʘʟʠʤʫʪ. 

ʅʘʛʠʙ ʧʨʝʜʩʪʘʚˀʘ ʫʛʘʦ ʠʟʤʝʹʫ ʧʦʚʨʰʠʥʝ PV ʤʦʜʫʣʘ ʠ ʭʦʨʠʟʦʥʪʘʣʝ, ʪʘʢʦ ʜʘ ʫʛʘʦ 

ʦʜ 0Á ʦʜʛʦʚʘʨʘ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʦʨʠʿʝʥʪʘʮʠʿʠ, ʜʦʢ ʫʛʘʦ ʦʜ 90Á ʦʜʛʦʚʘʨʘ ʚʝʨʪʠʢʘʣʥʦ ʿ

ʦʨʠʿʝʥʪʘʮʠʿʠ PV ʤʦʜʫʣʘ. ɸʟʠʤʫʪ ʧʨʝʜʩʪʘʚˀʘ ʧʨʘʚʘʮ ʧʨʝʤʘ ʢʦʿʝʤ ʿʝ ʧʦʚʨʰʠʥʘ PV 

ʤʦʜʫʣʘ ʦʨʠʿ ʝʥʪʠʩʘʥʘ. ɺʨʝʜʥʦʩʪ ʘʟʠʤʫʪʘ ʦʜ 0Á ʦʜʛʦʚʘʨʘ ʿʫʞʥʦʿ ʦʨʠʿʝʥʪʘʮʠʿʠ, ʜʦʢ 

ʩʝ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʝ ʥʘ ʦʨʠʿʝʥʪʘʮʠʿʫ ʧʨʝʤʘ ʟʘʧʘʜʫ. ɼʘʢʣʝ, ʘʟʠʤʫʪ ʦʜ -

45° ʦʜʛʦʚʘʨʘ ʦʨʠʿʝʥʪʘʮʠʿʠ ʧʨʝʤʘ ʿʫʛʦʠʩʪʦʯʥʦʿ ʩʪʨʘʥʠ, ʘ ʘʟʠʤʫʪ ʦʜ 90Á ʦʜʛʦʚʘʨʘ 

ʦʨʠʿʝʥʪʘʮʠʿʠ ʧʨʝʤʘ ʟʘʧʘʜʥʦʿ ʩʪʨʘʥʠ. 

ʆʩʪʘʣʠ ʫʪʠʮʘʿʥʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ, ʜʦʙʘ ʛʦʜʠʥʝ ʠ ʜʦʙʘ 

ʜʘʥʘ. ɼʝʢʣʠʥʘʮʠʿʘ ʉʫʥʮʘ ʟʘʚʠʩʠ ʦʜ ʜʦʙʘ ʛʦʜʠʥʝ, ʘ ʟʘʿʝʜʥʦ ʩʘ ʛʝʦʛʨʘʬʩʢʦʤ 

ʰʠʨʠʥʦʤ ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʦ ʚʠʩʦʢʦ ˂ʝ ʩʝ ʉʫʥʮʝ ʧʦʧʝʪʠ ʫ ʧʦʜʥʝ. ʉʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ ʜʝʢʣʠʥʘʮʠʿʝ ʉʫʥʮʘ [52]: 
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ʛʜʝ ʿʝ: 

n  ï ʙʨʦʿ ʜʘʥʘ ʫ ʛʦʜʠʥʠ [ʦʜ 1 ʜʦ 365] ʧʦʯʝʚ ʦʜ 1. ʿʘʥʫʘʨʘ. 

 

ɼʦʙʘ ʜʘʥʘ ʫʪʠʯʝ ʥʘ ʪʨʝʥʫʪʥʫ ʚʠʩʠʥʫ ʉʫʥʮʘ ʠʟʥʘʜ ʭʦʨʠʟʦʥʪʘ, ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʦʧʠʩʘʪʠ ʯʘʩʦʚʥʠʤ ʫʛʣʦʤ. ʇʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʩʝ ʉʫʥʮʝ ʢʨʝʝ˂ ʙʨʟʠʥʦʤ ʦʜ 15Á/h, 

ʯʘʩʦʚʥʠ ʫʛʘʦ w ʤʦʞʝ ʙʠʪʠ ʬʫʥʢʮʠʿʘ ʉʫʥʯʝʚʦʛ ʚʨʝʤʝʥʘ St  ʠ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ 

ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52]: 

( ) ¯Ö-= 1512stw  (3.12) 

 

ʇʦʜʘʮʠ ʦ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ, ʢʘʦ ʠ ʧʦʜʘʮʠ ʦ ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ 

ʦʧʪʝʨʝ˂ʝˁʫ, ʟʘʚʠʩʝ ʦʜ ʣʦʢʘʣʥʝ ʚʨʝʤʝʥʩʢʝ ʟʦʥʝ. ʉʦʣʘʨʥʦ ʚʨʝʤʝ ʠʟ ʣʦʢʘʣʥʦʛ 

ʚʨʝʤʝʥʘ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ [52]: 

EZccs +-+=
A15

l
tt  (3.13) 

 

ʛʜʝ ʿʝ: 

ct ï ʣʦʢʘʣʥʦ ʩʪʘʥʜʘʨʜʥʦ ʚʨʝʤʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘ ʩʨʝʜˁʦʿ ʚʨʝʜʥʦʩʪʠ ʚʨʝʤʝʥʩʢʦʛ 

ʢʦʨʘʢʘ [h], 

l ï ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ [Á], 

cZ  ï ʚʨʝʤʝʥʩʢʘ ʟʦʥʘ ʠʩʪʦʯʥʦ ʦʜ ʩʨʝʜˁʝʛ ʚʨʝʤʝʥʘ ʧʦ ɻʨʠʥʠʯʫ (GMT ʦʜ ʝʥʛ. 

Greenwich Mean Time) [h] ʠ 

E  ï ʧʘʨʘʤʝʪʘʨ ʚʨʝʤʝʥʘ [h]: 

(
)Bsin.Bcos.

Bsin.Bcos...E
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 (3.14) 

 

ʛʜʝ ʩʝ B  ʤʦʞʝ ʜʦʙʠʪʠ ʠʟ ʠʟʨʘʟʘ: 
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ɿʘ ʧʦʚʨʰʠʥʫ ʦʨʠʿʝʥʪʠʩʘʥʫ ʫ ʙʠʣʦ ʢʦʤ ʩʤʝʨʫ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʫʧʘʜʥʠ 

ʫʛʘʦ, ʪʿ. ʫʛʘʦ ʠʟʤʝʹʫ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʠ ʥʦʨʤʘʣʝ ʥʘ ʧʦʚʨʰʠʥʫ, ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ 

ʿʝʜʥʘʯʠʥʝ [52]: 

wgbdwgbld

wbldgbldbldq

sinsinsincoscoscossinsincos

coscoscoscoscossincossincossinsincos

++

++-=
(3.16) 

 

ʛʜʝ ʿʝ: 

q ï ʫʧʘʜʥʠ ʫʛʘʦ [ ], 

b ï ʫʛʘʦ ʥʘʛʠʙʘ ʧʦʚʨʰʠʥʝ PV ʤʦʜʫʣʘ [ ] ʠ 

g ï ʘʟʠʤʫʪ [ ]. 

 

ʋʛʘʦ ʠʟʤʝʹʫ ʉʫʥʯʝʚʠʭ ʟʨʘʢʘ ʠ ʚʝʨʪʠʢʘʣʝ ʥʘ ɿʝʤˀʠʥʫ ʧʦʚʨʰʠʥʫ 

ʧʨʝʜʩʪʘʚˀʘ ʟʝʥʠʪʥʠ ʫʛʘʦ ʉʫʥʮʘ Zq  (ʟʝʥʠʪʥʠ ʫʛʘʦ ʿʝ ʥʫʣʘ ʢʘʜʘ ʿʝ ʉʫʥʮʝ ʪʘʯʥʦ 

ʠʟʥʘʜ ʛʣʘʚʝ, ʘ 90Á ʢʘʜʘ ʿʝ ʉʫʥʮʝ ʥʘ ʭʦʨʠʟʦʥʪʫ). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʥʘʛʠʙ 

ʭʦʨʠʟʦʥʪʘʣʥʝ ʧʦʚʨʰʠʥʝ ʥʫʣʘ, ʿʝʜʥʘʯʠʥʘ ʟʘ ʟʝʥʠʪʥʠ ʫʛʘʦ ʩʝ ʜʦʙʠʿʘ ʠʟ ʛʦʨˁʝ 

ʿʝʜʥʘʯʠʥʝ ʧʦʩʪʘʚˀʘˁʝʤ A0=b , ʪʿ. [52]: 

dlwdlq sinsincoscoscoscos +=Z  (3.17) 

 

ʋʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʿʝ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʢʦʥʩʪʘʥʪʥʦ ʫ ʚʨʝʤʝʥʫ, ʢʦʣʠʯʠʥʘ 

ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʘ ʜʦʩʧʝʚʘ ʥʘ ʧʦʚʨʰʠʥʫ ɿʝʤˀʝ ʚʘʨʠʨʘ ʪʦʢʦʤ ʛʦʜʠʥʝ ʿʝʨ 

ʫʜʘˀʝʥʦʩʪ ʠʟʤʝʹʫ ʉʫʥʮʘ ʠ ɿʝʤˀʝ ʥʠʿʝ ʠʩʪʘ ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʟʙʦʛ ʝʢʩʮʝʥʪʨʠʯʥʦʩʪʠ 

ɿʝʤˀʠʥʝ ʦʨʙʠʪʝ. ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʢʦʩʤʠʯʢʝ ʠʨʘʜʠʿʘʮʠʿʝ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʫ 

ʧʦʚʨʰʠʥʫ, ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʢʦʣʠʯʠʥʘ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʧʨʠʩʧʝʣʘ ʥʘ 

ʥʦʨʤʘʣʥʫ ʧʦʚʨʰʠʥʫ ʧʨʝʤʘ ʢʦʣʠʯʠʥʠ ʟʨʘʯʝˁʘ ʧʨʠʩʧʝʣʦʿ ʥʘ ʂʘʨʤʘʥʦʚʫ ʣʠʥʠʿʫ 

(ʧʨʝʜʩʪʘʚˀʘ ʛʨʘʥʠʮʫ ʨʘʟʛʨʘʥʠʯʝˁʘ ʠʟʤʝʹʫ ɿʝʤˀʠʥʝ ʘʪʤʦʩʬʝʨʝ ʠ ʢʦʩʤʦʩʘ), 

ʢʦʨʠʩʪʠ ʩʝ ʩʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ [52]: 

Zono GG qcosÖ=  (3.18) 

 

ʧʨʠ ʯʝʤʫ ʿʝ: 

ö
÷

õ
æ
ç

å
Ö+Ö=

365

360
cos033.01scon GG  (3.19) 
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ʛʜʝ ʿʝ: 

oG  ï ʢʦʩʤʠʯʢʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʟʨʘʯʝˁʝ [kW/m
2
], 

onG  ï ʢʦʩʤʠʯʢʦ ʥʦʨʤʘʣʥʦ ʟʨʘʯʝˁʝ [kW/m
2
] ʠ 

scG  ï ʢʦʥʩʪʘʥʪʘ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ [1.367 kW/m
2
]. 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʩʠʤʫʣʘʮʠʿʘ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ Ăʢʦʨʘʢ 

ʧʦ ʢʦʨʘʢò, ʧʦʪʨʝʙʥʦ ʿʝ ʛʦʨʝ ʥʘʚʝʜʝʥʝ ʿʝʜʥʘʯʠʥʝ ʧʨʠʣʘʛʦʜʠʪʠ ʿʝʜʥʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʢʦʨʘʢʫ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʥʘʰʣʦ ʧʨʦʩʝʯʥʦ ʢʦʩʤʠʯʢʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʟʨʘʯʝˁʝ ʪʦʢʦʤ 

ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [52]: 
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ʛʜʝ ʿʝ: 

1w ï ʯʘʩʦʚʥʠ ʫʛʘʦ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [Á] ʠ 

2w  ï ʯʘʩʦʚʥʠ ʫʛʘʦ ʥʘ ʢʨʘʿʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [°]. 

 

ɻʦʨˁʘ ʿʝʜʥʘʯʠʥʘ ʜʘʿʝ ʧʨʦʩʝʯʥʫ ʢʦʣʠʯʠʥʫ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʘ ʧʘʜʘ ʥʘ 

ʭʦʨʠʟʦʥʪʘʣʥʫ ʧʦʚʨʰʠʥʫ ʥʘ ʚʨʭʫ Kʘʨʤʘʥʦʚe ʣʠʥʠʿe ʫ ʙʠʣʦ ʢʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʢʦʨʘʢʫ. ʄʝʹʫʪʠʤ, ʧʦʜʘʮʠ ʦ ʩʦʣʘʨʥoʤ ʨʝʩʫʨʩʫ ʜʘʿʫ ʧʨʦʩʝʯʥʫ ʢʦʣʠʯʠʥʫ ʩʦʣʘʨʥʦʛ 

ʟʨʘʯʝˁʘ ʢʦʿʘ ʧʘʜʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʫ ʧʦʚʨʰʠʥʫ ɿʝʤˀʝ ʫ ʩʚʘʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ. 

ʆʜʥʦʩ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʟʨʘʯʝˁʘ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ʠ ʢʦʩʤʠʯʢʦʛ ʭʦʨʠʟʦʥʪʘʣʥʦʛ 

ʟʨʘʯʝˁʘ ʥʘʟʠʚʘ ʩʝ ʠʥʜʝʢʩ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʢʦʿʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ 

ʠʟʨʘʟʘ [52]: 

o
T

G

G
k =  (3.21) 

 

ʛʜʝ ʩʫ: 

Tk  ï ʠʥʜʝʢʩ ʧʨʦʟʨʘʯʥʦʩʪʠ, 

G  ï ʛʣʦʙʘʣʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʟʨʘʯʝˁʝ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤˀʝ ʫ ʪʦʢʫ ʚʨʝʤʝʥʩʢʦʛ 

ʢʦʨʘʢʘ [kW/m
2
] ʠ 

oG  ï ʢʦʩʤʠʯʢʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʟʨʘʯʝˁʝ ʫ ʪʦʢʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [kW/m
2
]. 
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ʆʜ ʫʢʫʧʥʦʛ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʝ ʜʦʩʧʝʚʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʫ ʧʦʚʨʰʠʥʫ, 

ʿʝʜʘʥ ʜʝʦ ʯʠʥʠ ʜʠʨʝʢʪʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʧʫʪʫʿʝ ʦʜ ʉʫʥʮʘ ʜʦ ʧʦʚʨʰʠʥʝ ɿʝʤˀʝ ʙʝʟ 

ʠʢʘʢʚʦʛ ʨʘʩʝʿʘʚʘˁʘ ʢʨʦʟ ʘʪʤʦʩʬʝʨʫ ʠ ʢʦʿʝ ʙʘʮʘ ʩʝʥʢʫ. ʆʩʪʘʪʘʢ ʯʠʥʠ ʜʠʬʫʟʥʦ 

ʟʨʘʯʝˁʝ ʯʠʿʠ ʿʝ ʧʨʘʚʘʮ ʧʨʦʤʝˁʝʥ ɿʝʤˀʠʥʦʤ ʘʪʤʦʩʬʝʨʦʤ, ʜʦʣʘʟʠ ʩʘ ʩʚʠʭ ʩʪʨʘʥʘ 

ʥʝʙʘ ʠ ʥʝ ʙʘʮʘ ʩʝʥʢʫ. ɿʙʠʨ ʜʠʨʝʢʪʥʦʛ ʠ ʜʠʬʫʟʥʦʛ ʟʨʘʯʝˁʘ ʥʘʟʠʚʘ ʩʝ ʛʣʦʙʘʣʥʦ 

ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ [52]: 

db GGG +=  (3.22) 

 

ʛʜʝ ʩʫ: 

bG  ï ʜʠʨʝʢʪʥʦ ʟʨʘʯʝˁʝ [kW/m
2
] ʠ 

dG  ï ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ [kW/m
2
]. 

 

ʇʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ ʢʦʣʠʯʠʥʝ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʘ ʧʘʜʘ ʥʘ ʥʘʛʥʫʪʫ 

ʧʦʚʨʰʠʥʫ ʚʘʞʥʦ ʿʝ ʟʥʘʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʜʠʨʝʢʪʥʦʛ ʠ ʜʠʬʫʟʥʦʛ ʟʨʘʯʝˁʘ. 

ʆʨʠʿʝʥʪʘʮʠʿʘ ʧʦʚʨʰʠʥʝ ʠʤʘ ʿʘʯʠ ʫʪʠʮʘʿ ʥʘ ʜʠʨʝʢʪʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʜʦʣʘʟʠ ʩʘʤʦ ʩʘ 

ʿʝʜʥʝ ʩʪʨʘʥʝ ʥʝʙʘ, ʥʝʛʦ ʥʘ ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʜʦʣʘʟʠ ʩʘ ʩʚʠʭ ʩʪʨʘʥʘ ʥʝʙʘ. 

ʋ ʩʚʘʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ, ʫʢʫʧʥʦ ʛʣʦʙʘʣʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ 

ʧʘʜʘ ʥʘ PV ʤʦʜʫʣ ʤʦʞʝ ʩʝ ʨʘʟʣʦʞʠʪʠ ʥʘ ʜʠʨʝʢʪʥʦ ʠ ʜʠʬʫʟʥʦ ʟʨʘʯʝˁʝ ʫʚʦʹʝˁʝʤ 

ʜʠʬʫʟʥʦʛ ʫʜʝʣʘ ʫ ʬʫʥʢʮʠʿʠ ʠʥʜʝʢʩʘ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʧʨʝʢʦ ʢʦʨʝʣʘʮʠʿʩʢʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ Tk  ʢʘʦ ʰʪʦ ʩʣʝʜʠ [52]: 
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ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʛʣʦʙʘʣʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʝ ʧʘʜʘ ʥʘ ʥʘʛʥʫʪʫ ʧʦʚʨʰʠʥʫ PV 

ʤʦʜʫʣʘ, ʢʦʨʠʩʪʠ ʩʝ ʍe-ʿɼʝʿʚʠʩ-ʂʣʘʢʘ-ʈʝʿʜʣ (ʍɼʂʈ) ʤʦʜʝʣ, ʢʦʿʠ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ 

ʧʦʩʪʦʿʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ ʜʠʬʫʟʥʦʛ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ: ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʦʙʫʭʚʘʪʘ 

ʟʨʘʯʝˁʝ ʩʘ ʩʚʠʭ ʩʪʨʘʥʘ ʥʝʙʘ, ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʟʨʘʯʝˁʝ ʠʟ ʩʤʝʨʘ 

ʉʫʥʮʘ ʠ ʢʦʤʧʦʥʝʥʪʘ ʫʪʠʮʘʿʘ ʦʩʚʝʪˀʘʿʘ ʩʘ ʭʦʨʠʟʦʥʪʘ. ʇʨʝʤʘ ʍɼʂʈ ʤʦʜʝʣʫ 

ʛʣʦʙʘʣʥʦ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʢʦʿʝ ʧʘʜʘ ʥʘ ʧʦʚʨʰʠʥʫ PV ʤʦʜʫʣʘ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʨʝʤʘ 

ʩʣʝʜʝ˂ʦʿ ʿʝʜʥʘʯʠʥʠ [52]: 
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ʛʜʝ ʿʝ: 

gr  ï ʨʝʬʣʝʢʩʠʿʘ ʟʝʤˀʠʥʝ ʧʦʚʨʰʠʥʝ [%].  

 

ɺʝʣʠʯʠʥʝ bR , iA , f  ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʜʥʦʩ ʫʛʣʘ ʜʠʨʝʢʪʥʦʛ ʟʨʘʯʝˁʘ ʥʘ 

ʥʘʛʥʫʪʫ ʧʦʚʨʰʠʥʫ ʠ ʫʛʣʘ ʜʠʨʝʢʪʥʦʛ ʟʨʘʯʝˁʘ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʫ ʧʦʚʨʰʠʥʫ, ʠʥʜʝʢʩ 

ʘʥʠʟʦʪʨʦʧʠʿʝ, ʢʦʝʬʠʮʠʿʝʥʪ ʦʩʚʝʪˀʘʿʘ ʭʦʨʠʟʦʥʪʘ ʠ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʧʨʝʤʘ ʠʟʨʘʟʠʤʘ 

(3.25), (3.26) ʠ (3.27), ʨʝʜʦʤ [52]: 
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=  (3.27) 

 

ʆʜʨʝʹʠʚʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ PV ˂ʝʣʠʿʝ ʧʦʣʘʟʠ ʦʜ ʜʝʬʠʥʠʮʠʿʝ ʝʥʝʨʛʝʪʩʢʦʛ 

ʙʘʣʘʥʩʘ PV ʤʦʜʫʣʘ, ʪʿ. ʨʘʚʥʦʪʝʞʝ ʠʟʤʝʹʫ ʘʧʩʦʨʙʦʚʘʥʝ ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʫ PV 

ʤʦʜʫʣʫ ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ ʠ ʠʟʣʘʟʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʨʘʟʤʝʥʝ ʪʦʧʣʦʪʝ ʩʘ 

ʦʢʦʣʠʥʦʤ ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ [52]: 

( )ʘcLTcT TTUGG -Ö+Ö=ÖÖ hat  (3.28) 

 

ʛʜʝ ʿʝ: 

t ï ʩʦʣʘʨʥʘ ʧʨʦʧʫʩʥʦʩʪ PV ʧʦʢʣʦʧʮʘ [%], 

a ï ʩʦʣʘʨʥʘ ʘʧʩʦʨʧʮʠʿʘ PV ʤʦʜʫʣʘ [%], 

ch  ï ʝʣʝʢʪʨʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ PV ʤʦʜʫʣʘ [%], 

TG  ï ʢʦʣʠʯʠʥʘ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʢʦʿʘ ʜʦʩʧʝʚʘ ʥʘ ʧʦʚʨʰʠʥʫ PV ʤʦʜʫʣʘ [kW/m
2
], 

LU  ï ʢʦʝʬʠʮʠʿʝʥʪ ʨʘʟʤʝʥʝ ʪʦʧʣʦʪʝ ʩʘ ʦʢʦʣʠʥʦʤ [kW/m
2
°C] ʠ 
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aT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʠʥʝ [ÁC]. 

 

ʈʝʰʘʚʘˁʝʤ ʿʝʜʥʘʯʠʥʝ (3.28) ʧʦ cT , ʜʦʙʠʿʘ ʩʝ : 
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ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʿʝ ʪʝʰʢʦ ʜʠʨʝʢʪʥʦ ʠʟʤʝʨʠʪʠ ʚʨʝʜʥʦʩʪ ( LU/atÖ ), 

ʧʨʦʠʟʚʦʹʘʯʠ ʥʘʚʦʜʝ ʥʦʤʠʥʘʣʥʫ ʧʦʛʦʥʩʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ˂ʝʣʠʿʝ (NOCT ʦʜ ʝʥʛ. 

Nominal Operating Cell Temperature), ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ 

ʧʨʠ ʢʦʣʠʯʠʥʠ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʦʜ 0.8 kW/m
2
, ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʦʣʠʥʝ ʦʜ 20°C ʠ ʙʝʟ 

ʦʧʪʝʨʝ˂ʝˁʘ ( 0=ch ). ɿʘʤʝʥʦʤ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʛʦʨˁʦʿ ʿʝʜʥʘʯʠʥʠ ʠ ʨʝʰʘʚʘˁʝʤ 

ʧʦ LU/atÖ , ʜʦʙʠʿʘ ʩʝ [52]: 

NOCTT

NOCTaNOCTc

L G

TT

U ,

,, -
=

Öat
 (3.30) 

 

ʛʜʝ ʿʝ: 

NOCTcT ,  ï ʥʦʤʠʥʘʣʥʘ ʧʦʛʦʥʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ [ÁC], 

NOCT,aT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʠʥʝ ʟʘ ʢʦʫʿ ʿʝ ʜʝʬʠʥʠʩʘʥʘ NOCT [20°C] ʠ 

NOCT,TG  ï ʢʦʣʠʯʠʥʘ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʧʨʠ ʢʦʿʦʿ ʿʝ ʜʝʬʠʥʠʩʘʥʘ NOCT [0.8 kW/m
2
]. 

 

ʇʦʰʪʦ ʿʝ ʯʣʘʥ ( ath Ö/c ) ʟʘʥʝʤʘʨˀʠʚʦ ʤʘʣʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʮʝʣʠʤ ʠʟʨʘʟʦʤ (

ath Ö- /1 c ), ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʚʨʝʜʥʦʩʪ ʟʘ atÖ  ʠʟʥʦʩʠ 0.9. ʋʟ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʝ 

ʨʘʜʥʘ ʪʘʯʢʘ PV ʤʦʜʫʣʘ ʫʚʝʢ ʤʝʨʠ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʿ ʩʥʘʟʠ, ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʿʝ 

ʝʬʠʢʘʩʥʦʩʪ PV ˂ʝʣʠʿʝ ʿʝʜʥʘʢʘ ʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʤʘʢʩʠʤʘʣʥʦʿ ʩʥʘʟʠ, ʢʘʦ 

ʰʪʦ ʩʣʝʜʠ [52]:  

mpc hh =  (3.31) 

 

ʛʜʝ ʿʝ: 

mph   ï ʝʬʠʢʘʩʥʦʩʪ PV ʤʦʜʫʣʘ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʿ ʩʥʘʟʠ [%]. 
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ɸʢʦ ʩʝ ʫʟʤʝ ʜʘ ʿʝ LU/atÖ  ʢʦʥʩʪʘʥʪʥʦ ʠ ʘʢʦ ʩʝ ch  ʟʘʤʝʥʠ ʩʘ mph  ʫ 

ʿʝʜʥʘʯʠʥʫ (3.29), ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ ʧʦʩʪʘʿʝ [52.58]:  
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ʂʘʢʦ mph  ʟʘʚʠʩʠ ʦʜ cT , ʫʟʠʤʘ ʩʝ ʜʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ 

ʪʝʤʧʝʨʘʪʫʨʝ PV ʤʦʜʫʣʘ ʣʠʥʝʘʨʥʘ [52,58]: 

( )[ ]STCccpSTCmpmp TT ,, 1 -Ö+Ö= ahh  (3.33) 

 

ʛʜʝ ʿʝ: 

STC,mph  ï ʝʬʠʢʘʩʥʦʩʪ ʫ ʪʘʯʢʠ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʧʨʠ STCïʫʩʣʦʚʠʤʘ [%], 

pa  ï ʪʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʥʘʛʝ [%/ÁC] ʠ 

STCcT ,  ï ʪʝʤʧʝʨʘʪʫʨʘ PV ˂ʝʣʠʿʝ ʧʨʠ STCïʫʩʣʦʚʠʤʘ [25°C]. 

 

ʊʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʥʘʛʝ ( pa ) ʿʝ ʥʝʛʘʪʠʚʘʥ ʙʨʦʿ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʢʘʢʦ 

ʝʬʠʢʘʩʥʦʩʪ PV ʤʦʜʫʣʘ ʦʧʘʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʝ PV ʝ˂ʣʠʿʝ. ɿʘʤʝʥʦʤ ʠʟʨʘʟʘ 

ʟʘ ʝʬʠʢʘʩʥʦʩʪ PV ʤʦʜʫʣʘ ʫ ʧʨʝʪʭʦʜʥʫ ʿʝʜʥʘʯʠʥʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ PV ˂ʝʣʠʿʝ, ʜʦʙʠʿʘ 

ʩʝ ʢʦʥʘʯʥʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ PV ˂ʝʣʠʿʝ ʫ ʥʝʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ 

[52,57.58]: 
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 (3.34) 

 

ʋ ʊʘʙʝʣʠ 3.6 ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʥʘʛʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ PV ʤʦʜʫʣʘ, ʜʦʢ ʊʘʙʝʣʘ 3.7 ʧʨʠʢʘʟʫʿʝ 

ʧʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ PV ʤʦʜʫʣʘ ʧʨʠ STC. ʅʘ 

ʉʣʠʢʘʤʘ 3.11 ʠ 3.12 ʧʨʠʢʘʟʘʥʝ ʩʫ ʟʘʚʠʩʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ PV ˂ʝʣʠʿʝ ʦʜ ʩʥʘʛʝ, 

ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ. 
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ʊʘʙʝʣʘ 3.6 ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʥʘʛʝ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʪʠʧʦʚʝ PV ʤʦʜʫʣʘ [52] 

ʊʠʧ PV ʤʦʜʫʣʘ 
ɹʨʦʿ PV ʤʦʜʫʣʘ ʫ  

ʠʩʪʨʘʞʠʚʘˁʫ 

ʀʟʚʝʰʪʘʿ ʦ PV 

ʤʦʜʫʣʠʤʘ 

ʇʨʦʩʝʯʥʘ 

ʚʨʝʜʥʦʩʪ pa  

[%/°C] 

ʇʦʣʠʢʨʠʩʪʘʣʥʠ ʩʠʣʠʮʠʿ ʫʤ 10 7 -0.48 

ʄʦʥʦʢʨʠʩʪʘʣʥʠ ʩʠʣʠʮʠʿ ʫʤ 8 4 -0.46 

ʄʦʥʦʢʨʠʩʪʘʣʥʠ/ʘʤʦʨʬʥʠ 

ʩʠʣʠʮʠʿ ʫʤ 
1 1 -0.30 

ɸʤʦʨʬʥʠ ʩʠʣʠʮʠʿ ʫʤ ʩʘ 

ʪʘʥʢʠʤ ʬʠʣʤʦʤ 
4 4 -0.20 

ʊʘʥʢʠ ʬʠʣʤ CIS 1 1 -0.60 

 

ʊʘʙʝʣʘ 3.7 ʇʨʦʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʝʬʠʢʘʩʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ PV ʤʦʜʫʣʘ 

ʧʨʠ STC [52] 

ʊʠʧ PV ʤʦʜʫʣʘ 
ɹʨʦʿ PV ʤʦʜʫʣʘ ʫ  

ʠʩʪʨʘʞʠʚʘˁʫ 

ɽʬʠʢʘʩʥʦʩʪ ʧʨʠ 

STCïʫʩʣʦʚʠʤʘ 

[%] 

ʇʦʣʠʢʨʠʩʪʘʣʥʠ ʩʠʣʠʮʠʿ ʫʤ 10 13 

ʄʦʥʦʢʨʠʩʪʘʣʥʠ ʩʠʣʠʮʠʿ ʫʤ 8 13.5 

ʄʦʥʦʢʨʠʩʪʘʣʥʠ/ʘʤʦʨʬʥʠ 

ʩʠʣʠʮʠʿ ʫʤ 
1 16.4 

ɸʤʦʨʬʥʠ ʩʠʣʠʮʠʿ ʫʤ ʩʘ 

ʪʘʥʢʠʤ ʬʠʣʤʦʤ 
4 5.5 

ʊʘʥʢʠ ʬʠʣʤ CIS 1 8.2 
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ʉʣʠʢʘ 3.11 ɿʘʚʠʩʥʦʩʪ ʪʝʤʧʝʨʘʪʫʨʝ PV ʝ˂ʣʠʿʝ ʦʜ ʩʥʘʛʝ, ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ [52] 

 

 

ʉʣʠʢʘ 3.12 ɿʘʚʠʩʥʦʩʪʠ ʥʘʧʦʥʘ ʠ ʩʪʨʫʿʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ PV 

˂ʝʣʠʿʝ [52] 

 

3.3.3 ʍʠʙʨʠʜʥʠ ʛʝʥʝʨʘʪʦʨ 

 

ʋ ʭʠʙʨʠʜʥʦʤ ʛʝʥʝʨʘʪʦʨʫ ʩʝ ʭʝʤʠʿʩʢʘ ʝʥʝʨʛʠʿʘ ʛʦʨʠʚʘ ʜʠʨʝʢʪʥʦ ʧʨʝʪʚʘʨʘ ʫ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʚʨʰʠ ʨʝʢʫʧʝʨʘʮʠʿʘ ʪʦʧʣʦʪʝ ʢʦʿʘ ʩʝ ʧʫʪʝʤ 
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ʢʦʛʝʥʝʨʘʮʠʿʝ ʢʦʨʠʩʪʠ ʟʘ ʛʨʝʿʘˁʝ. ʇʦʛʦʥʩʢʦ ʛʦʨʠʚʦ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʿʝ 

ʤʝʰʘʚʠʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ, ʙʠʦʛʘʩʘ ʜʦʙʠʿʝʥʦʛ ʛʘʩʠʬʠʢʘʮʠʿʦʤ ʜʨʚʥʝ ʙʠʦʤʘʩʝ ʠ 

ʚʦʜʦʥʠʢʘ ʜʦʙʠʿʝʥʦʛ ʝʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʝ. ʉʚʘʢʠ ʭʠʙʨʠʜʥʠ ʛʝʥʝʨʘʪʦʨ ʠʤʘ ʩʚʦʿʫ 

ʢʨʠʚʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʠʟʚʝʜʝʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʚʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ 0F  ʠ 1F. ʇʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʫ 

ʬʫʥʢʮʠʿʠ ʦʜ ʩʥʘʛʝ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ ʣʠʥʝʘʨʥʦʤ ʟʘʚʠʩʥʦʰ˂ʫ 

ʠ ʫ ʦʜʨʝʹʝʥʦʤ ʯʘʩʫ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52,53,93]: 

gengen PFYFF Ö+Ö= 10  (3.35) 

 

ʛʜʝ ʿʝ: 

F  ï ʯʘʩʦʚʥʘ ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʫ ʭʠʙʨʠʜʥʦʤ ʛʝʥʝʨʘʪʦʨʫ [l/h ʠʣʠ kg/h], 

0F  ï ʢʦʝʬʠʮʠʿʝʥʪ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʿ ʩʥʘʟʠ [(l/h)/kW ʠʣʠ 

(kg/h)/kW], 

1F  ï ʢʦʝʬʠʮʠʿʝʥʪ ʥʘʛʠʙʘ ʢʨʠʚʝ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʧʨʠ ʩʪʚʘʨʥʦʿ ʩʥʘʟʠ [(l/h)/kW ʠʣʠ 

(kg/h)/kW], 

genY  ï ʤʘʢʩʠʤʘʣʥʘ (ʥʘʟʠʚʥʘ) ʩʥʘʛʘ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ [kW] ʠ 

genP  ï ʝʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ [kW]. 

 

ɽʬʠʢʘʩʥʦʩʪ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʧʨʦʤʝʥˀʠʚʘ ʠ ʫ ʩʚʘʢʦʤ ʯʘʩʫ ʩʝ 

ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ ʦʜʥʦʩ ʠʟʣʘʟʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʛʝʥʝʨʘʪʦʨʘ ʠ ʫʣʘʟʥʝ ʭʝʤʠʿʩʢʝ 

ʝʥʝʨʛʠʿʝ ʛʦʨʠʚʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʤʘ ʩʣʝʜʝ˂ʝʤ ʠʟʨʘʟʫ [52]: 

fuelfuel

gen
gen

LHVm

P.

Ö

Ö
=

63
h  (3.36) 

 

ʛʜʝ ʿʝ: 

fuelm  ï ʢʦʣʠʯʠʥʘ ʛʦʨʠʚʘ ʫ ʭʠʙʨʠʜʥʦʤ ʛʝʥʝʨʘʪʦʨʫ [l ʠʣʠ kg], 

fuelLHV  ï ʜʦˁʘ ʪʦʧʣʦʪʥʘ ʤʦ˂ ʛʦʨʠʚʘ [MJ/kg], 

ʬʘʢʪʦʨ 3.6 ʧʦʪʠʯʝ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ 1 kWh = 3.6 MJ. 
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ʂʦʣʠʯʠʥʘ ʛʦʨʠʚʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʧʦʪʨʦʰˁʦʤ ʛʦʨʠʚʘ ʫ ʭʠʙʨʠʜʥʦʤ 

ʛʝʥʝʨʘʪʦʨʫ, ʘʣʠ ʪʘʯʘʥ ʦʜʥʦʩ ʟʘʚʠʩʠ ʦʜ ʿʝʜʠʥʠʮʘ ʟʘ ʛʦʨʠʚʦ. ɸʢʦ ʿʝ ʿʝʜʠʥʠʮʘ ʟʘ 

ʛʦʨʠʚʦ kg, ʦʥʜʘ ʩʫ fuelm  ʠ F  ʿʝʜʥʘʢʠ, ʧʘ ʿʝ ʿʝʜʥʘʯʠʥʘ ʟʘ ʢʦʣʠʯʠʥʫ ʛʦʨʠʚʘ ʩʣʝʜʝ˂ʘ 

[52]: 

gengenfuel PFYFFm Ö+Ö== 10  (3.37) 

 

ɸʢʦ ʿʝ ʿʝʜʠʥʠʮʘ ʟʘ ʛʦʨʠʚʦ ʣʠʪʘʨ, ʦʜʥʦʩ ʠʟʤʝʹʫ fuelm  ʠ F  ʫʚʦʜʠ ʫ ʿʝʜʥʘʯʠʥʫ 

ʟʘ ʢʦʣʠʯʠʥʫ ʛʦʨʠʚʘ ʛʫʩʪʠʥʫ ʛʦʨʠʚʘ, ʧʘ ʦʥʘ ʧʦʩʪʘʿʝ [52]: 
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ʛʜʝ ʿʝ: 

fuelr  ï ʛʫʩʪʠʥʘ ʛʦʨʠʚʘ [kg/m
3
]. 

 

ɿʘ ʝʬʠʢʘʩʥʦʩʪ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʜʘˀʝ ʜʦʙʠʿʘ [52]: 
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ɸʢʦ ʩʝ ʙʨʦʿʠʣʘʮ ʠ ʠʤʝʥʠʣʘʮ ʠʟ ʧʨʝʪʭʦʜʥʝ ʿʝʜʥʘʯʠʥʝ ʧʦʜʝʣʝ ʩʘ ʥʘʟʠʚʥʦʤ 

ʩʥʘʛʦʤ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʠ ʘʢʦ ʩʝ ʜʝʬʠʥʠʰʝ ʥʦʚʠ ʩʠʤʙʦʣ ʟʘ ʨʝʣʘʪʠʚʥʠ ʦʜʥʦʩ 

gengengen Y/Pp = , ʦʥʜʘ ʠʟʨʘʟ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʧʦʩʪʘʿʝ [52]: 
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ɸʢʦ ʿʝ ʿʝʜʠʥʠʮʘ ʟʘ ʛʦʨʠʚʦ kg, ʠʟʨʘʟ ʟʘ ʝʬʠʢʘʩʥʦʩʪ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʿʝ 

[52]: 
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ɿʘ ʧʨʦʨʘʯʫʥ ʪʨʦʰʢʦʚʘ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʢʦʨʠʩʪʠ ʩʝ ʩʣʝʜʝ˂ʘ ʬʦʨʤʫʣʘ 

[52,53]: 

eff,fuelgen
gen

gen,rep
gen,omfixed,gen cYF

R

c
cc ÖÖ++= 0  (3.42) 

ʛʜʝ ʩʫ: 

gen,omc  ï ʪʨʦʰʢʦʚʠ ʇ&ʆ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ [USD/h], 

gen,repc  ï ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ [USD], 

genR  ï ʞʠʚʦʪʥʠ ʚʝʢ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ [h] ʠ 

eff,fuelc  ï ʮʝʥʘ ʛʦʨʠʚʘ ʩʘ ʪʨʦʰʢʦʚʠʤʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʯʝʩʪʠʮʘ [USD/l ʠʣʠ USD/kg]. 

 

ɺʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʭʠʙʨʠʜʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʿʝ ˁʠʭʦʚ ʞʠʚʦʪʥʠ ʚʝʢ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʙʨʦʿ ʨʘʜʥʠʭ ʩʘʪʠ ʪʦʢʦʤ ʢʦʿʠʭ ʛʝʥʝʨʘʪʦʨ ʤʦʞʝ ʧʦʫʟʜʘʥʦ ʜʘ ʧʨʦʠʟʚʦʜʠ 

ʩʪʨʫʿʫ ʫʟ ʧʨʘʚʠʣʥʦ ʦʜʨʞʘʚʘˁʝ. ɾʠʚʦʪʥʠ ʚʝʢ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʧʨʦʮʝˁʫʿʝ 

ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ [52]: 

gen

h,gen

gen
N

R
R =  (3.43) 

 

ʛʜʝ ʩʫ: 

h,genR  ï ʞʠʚʦʪʥʠ ʚʝʢ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ [h] ʠ 

genN  ï ʚʨʝʤʝ ʧʦʛʦʥʘ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ [h/yr]. 

 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʟʘ ʚʝ˂ʠʥʫ ʢʦʤʧʦʥʝʥʘʪʘ, ʞʠʚʦʪʥʠ ʚʝʢ 

ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʥʝ ʠʟʨʘʞʘʚʘ ʫ ʛʦʜʠʥʘʤʘ ʧʦʛʦʥʘ ʚʝ˂ ʫ ʯʘʩʦʚʠʤʘ. ʅʠʿʝ 

ʫʚʝʢ ʣʘʢʦ ʜʦʙʠʪʠ ʧʦʜʘʪʢʝ ʦ ʞʠʚʦʪʥʦʤ ʚʝʢʫ ʥʝʢʦʛ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, ʿʝʨ ʦʥ 

ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʧʦʛʦʥʘ, ʬʨʝʢʚʝʥʮʠʿʝ, ʦʜʨʞʘʚʘˁʘ, ʢʚʘʣʠʪʝʪʘ ʛʦʨʠʚʘ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ʤʦʛʫʝ˂ je ʧʨʦʮʝʥʠʪʠ ʞʠʚʦʪʥʠ ʚʝʢ ʥʘ ʦʩʥʦʚʫ ʪʠʧʘ ʭʠʙʨʠʜʥʦʛ 

ʛʝʥʝʨʘʪʦʨʘ. ʊʘʙʝʣʘ 3.8 ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʟʘ ʧʨʦʮʝʥʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʥʝʢʠʭ ʪʠʧʦʚʘ 

ʭʠʙʨʠʜʥʠʭ ʛʝʥʝʨʘʪʦʨʘ. 
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ʊʘʙʝʣʘ 3.8 ɾʠʚʦʪʥʠ ʚʝʢ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʭʠʙʨʠʜʥʠʭ ʛʝʥʝʨʘʪʦʨʘ 

ʊʠʧ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʆʧʩʝʛ ʩʥʘʛʝ  

[kW] 

ʇʨʝʜʚʠʹʝʥʠ ʞʠʚʦʪʥʠ ʚʝʢ  

[h] 

ɻʝʥʝʨʘʪʦʨ ʥʘ ʙʝʥʟʠʥ, ʧʨʠʨʦʜʥʠ ʛʘʩ ʠʣʠ 

ʧʨʦʧʘʥ, ʩʘ ʚʘʟʜʫʰʥʠʤ ʭʣʘʹʝˁʝʤ, ʙʨʟʠʥʝ 3600 

ob/min 

1-10 250-1000 

ɼʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʘ ʚʘʟʜʫʰʥʠʤ ʭʣʘʹʝˁʝʤ, 

ʙʨʟʠʥʝ 3600 ob/min 

4-20 6000-10000 

ɻʝʥʝʨʘʪʦʨ ʥʘ ʧʨʠʨʦʜʥʠ ʛʘʩ ʠʣʠ ʧʨʦʧʘʥ, ʩʘ 

ʪʝʯʥʠʤ ʭʣʘʹʝˁʝʤ, ʙʨʟʠʥʝ 1800 ob/min 

15-50 6000-10000 

ɼʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʘ ʪʝʯʥʠʤ ʭʣʘʹʝˁʝʤ 7-10000 20000-80000 

ɻʝʥʝʨʘʪʦʨ ʩʘ ʤʠʢʨʦʪʫʨʙʠʥʦʤ ʥʘ ʧʨʠʨʦʜʥʠ ʛʘʩ 25-500 50000-80000 

 

3.3.4 ʇʨʝʪʚʘʨʘʯ 

 

ɼʘ ʙʠ ʥʝʢʠ ʭʠʙʨʠʜʥʠ ʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʪʨʘʥʩʬʦʨʤʠʩʘʦ ʠ ʧʨʝʥʦʩʠʦ 

ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʠʟʤʝʹʫ AC ʠ DC ʩʪʨʘʥʝ, ʢʦʨʠʩʪʠ ʩʝ ʧʨʝʪʚʘʨʘʯ ʩʘʩʪʘʚˀʝʥ ʦʜ 

ʠʥʚʝʨʪʦʨʘ ʠ ʠʩʧʨʘʚˀʘʯʘ. ʀʟʣʘʟʥʘ ʩʥʘʛʘ ʧʨʝʪʚʘʨʘʯʘ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [81]: 

DCinvout,inv PP Ö=h  (3.44) 

ACrecout,rec PP Ö=h  (3.45) 

 

ʛʜʝ ʿʝ: 

out,invP  ï ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʠʥʚʝʨʪʦʨʘ [kW], 

out,recP  ï ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʠʩʧʨʘʚˀʘʯʘ [kW], 

invh  ï ʝʬʠʢʘʩʥʦʩʪ ʠʥʚʝʨʪʦʨʘ [%], 

rech  ï ʝʬʠʢʘʩʥʦʩʪ ʠʩʧʨʘʚˀʘʯʘ [%], 

DCP  ï ʥʘʠʟʤʝʥʠʯʥʘ ʫʣʘʟʥʘ ʩʥʘʛʘ [kW] ʠ 

ACP  ï ʿʝʜʥʦʩʤʝʨʥʘ ʫʣʘʟʥʘ ʩʥʘʛʘ [kW]. 
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3.3.5 ɹʘʪʝʨʠʿʘ 

 

ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝʢʝ ʙʘʪʝʨʠʿʝ ʩʫ: ʥʦʤʠʥʘʣʥʠ ʥʘʧʦʥ, ʢʨʠʚʘ 

ʢʘʧʘʮʠʪʝʪʘ ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʢʘʧʘʮʠʪʝʪ ʧʨʘʞˁʝˁʘ ʙʘʪʝʨʠʿʝ ʫ Ah ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʠʟʣʘʟʥʝ ʩʪʨʫʿʝ ʫ ɸ, ʢʨʠʚʘ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʠʟʨʘʞʝʥʘ ʙʨʦʿʝʤ ʮʠʢʣʫʩʘ ʧʫˁʝˁʘ ʠ 

ʧʨʘʞˁʝˁʘ ʢʦʿʝ ʙʘʪʝʨʠʿʘ ʤʦʞʝ ʜʘ ʠʟʜʨʞʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ, 

ʤʠʥʠʤʘʣʥʠ ʥʠʚʦ ʝʥʝʨʛʠʿʝ ʠʩʧʦʜ ʢʦʿʝʛ ʥʝ ʩʤʝ ʠ˂ʠ ʧʨʘʞˁʝˁʝ ʙʘʪʝʨʠʿʝ ʜʘ ʩʝ ʦʥʘ ʥʝ 

ʙʠ ʪʨʘʿʥʦ ʦʰʪʝʪʠʣʘ ʠ ʧʦʚʨʘʪʥʘ ʝʬʠʢʘʩʥʦʩʪ (ʝʬʠʢʘʩʥʦʩʪ ʧʫˁʝˁʘ) ʙʘʪʝʨʠʿʝ ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʙʘʪʝʨʠʿʘ ʩʢʣʘʜʠʰʪʠ (ʠʟʣʘʟʥʘ ʝʥʝʨʛʠʿʘ) ʧʨʝʤʘ 

ʫʢʫʧʥʦʿ ʝʥʝʨʛʠʿʠ ʢʦʿʘ ʩʝ ʠʥʿʝʢʪʠʨʘ ʫ ʙʘʪʝʨʠʿʫ (ʫʣʘʟʥʘ ʝʥʝʨʛʠʿʘ). 

ɾʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52,53]: 

î
î
î

í

î
î
î

ì

ë

ö
ö

÷

õ

æ
æ

ç

å Ö

Ö

=

ʚʨʝʤʝʥʦʤʠʫʧʨʦʧʫʩʥʦʰ˂ʦʛʨʘʥʠʯʝʥʿʝʘʢʦR,
Q

QN
MIN

ʚʨʝʤʝʥʦʤʦʛʨʘʥʠʯʝʥʿʝʘʢʦR

ʫʧʨʦʧʫʩʥʦʰ˂ʦʛʨʘʥʠʯʝʥʿʝʘʢʦ
Q

QN

R

f,batt
thrpt

lifetimebatt

f,batt

thrpt

lifetimebatt

batt  (3.46) 

 

ʛʜʝ ʿʝ: 

battR  ï ʞʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ [yr], 

battN  ï ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʫ ʩʠʩʪʝʤʫ (ʠʣʠ ʿʝʜʠʥʠʮʠ), 

lifetimeQ  ï ʧʨʦʧʫʩʥʘ ʤʦ˂ ʿʝʜʥʝ ʙʘʪʝʨʠʿʝ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ [kWh], 

thrptQ  ï ʛʦʜʠʰˁʠ ʧʨʦʪʦʢ ʝʥʝʨʛʠʿʝ ʙʘʪʝʨʠʿʝ (ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʢʦʫʿ ʙʘʪʝʨʠʿʩʢʠ ʩʠʩʪʝʤ ʠʩʧʦʨʫʯʠ ʫ ʪʦʢʫ ʿʝʜʥʝ ʛʦʜʠʥʝ) [kWh/ yr] ʠ 

f,battR  ï ʤʘʢʩʠʤʘʣʥʠ ʞʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʝʥʫ ʧʨʦʧʫʩʥʦʩʪ [yr]. 

 

ɼʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʤʦʞʝ 

ʫʩʢʣʘʜʠʰʪʠʪʠ ʫ ʙʘʪʝʨʠʿʠ ʠʣʠ ʧʨʝʫʟʝʪʠ ʠʟ ʙʘʪʝʨʠʿʝ ʫ ʙʠʣʦ ʢʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ, ʢʦʨʠʩʪʠ ʩʝ ʢʠʥʝʪʠʯʢʠ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʤʦʜʝʣ ʙʘʪʝʨʠʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʥʠʤ ʟʘʢʦʥʠʤʘ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʝ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʧʨʝʥʦʩʘ ʤʘʩʝ. 

ʇʨʝʤʘ ʦʚʦʤ ʤʦʜʝʣʫ, ʙʘʪʝʨʠʿʘ ʩʝ ʪʨʝʪʠʨʘ ʢʘʦ ʩʠʩʪʝʤ ʩʘʩʪʘʚˀʝʥ ʦʜ ʜʚʘ ʨʝʟʝʨʚʦʘʨʘ 

ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʉʣʠʮʠ 3.13. ʇʨʚʠ ʨʝʟʝʨʚʦʘʨ ʩʘʜʨʞʠ Ăʨʘʩʧʦʣʦʞʠʚʫ 
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ʝʥʝʨʛʠʿʫò ʠʣʠ DC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʿʝ ʣʘʢʦ ʜʦʩʪʫʧʥʘ. ɼʨʫʛʠ ʨʝʟʝʨʚʦʘʨ 

ʩʘʜʨʞʠ Ăʦʛʨʘʥʠʯʝʥʫ ʝʥʝʨʛʠʿʫò, ʠʣʠ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ʿʝ ʭʝʤʠʿʩʢʠ ʚʝʟʘʥʘ ʠ ʥʠʿʝ 

ʤʦʤʝʥʪʘʣʥʦ ʜʦʩʪʫʧʥʘ. 

ʇʦʛʦʥ ʦʚʘʢʚʦʛ ʙʘʪʝʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʩʘ ʜʚʘ ʨʝʟʝʨʚʦʘʨʘ ʦʧʠʩʫʿʝ ʩʝ ʩʘ ʩʣʝʜʝ˂ʘ 

ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʤʘʢʩʠʤʘʣʥʠ (ʠʣʠ ʪʝʦʨʠʿʩʢʠ) ʢʘʧʘʮʠʪʝʪ ʩʢʣʘʜʠʰʪʝˁʘ (maxQ ) ï 

ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʜʚʘ ʨʝʟʝʨʚʦʘʨʘ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ ʠ ʧʨʝʜʩʪʘʚˀʘ 

ʢʦʤʙʠʥʘʮʠʿʫ ʜʦʩʪʫʧʥʝ ʠ ʦʛʨʘʥʠʯʝʥʝ ʝʥʝʨʛʠʿʝ; ʢʦʝʬʠʮʠʿʝʥʪ ʢʘʧʘʮʠʪʝʪʘ (c ) ï 

ʦʜʥʦʩ ʚʝʣʠʯʠʥʝ ʨʘʩʧʦʣʦʞʠʚʦʛ ʨʝʟʝʨʚʦʘʨʘ ʝʥʝʨʛʠʿʝ ʠ ʫʢʫʧʥʝ ʚʝʣʠʯʠʥʝ ʦʙʘ 

ʨʝʟʝʨʚʦʘʨʘ; ʢʦʥʩʪʘʥʪʘ ʩʢʣʘʜʠʰʪʝˁʘ (k ) ï ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʧʨʦʪʦʢ 

ʠʟʤʝʹʫ ʜʚʘ ʨʝʟʝʨʚʦʘʨʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʠʣʦ ʙʨʟʠʥʝ ʢʦʿʦʤ ʙʘʪʝʨʠʿʘ ʤʦʞʝ 

ʧʨʝʪʚʦʨʠʪʠ ʦʛʨʘʥʠʯʝʥʫ ʝʥʝʨʛʠʿʫ ʫ ʨʘʩʧʦʣʦʞʠʚʫ ʠʣʠ ʦʙʨʥʫʪʦ. 

 

 

ʉʣʠʢʘ 3.13 ʂʠʥʝʪʠʯʢʠ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʤʦʜʝʣ ʙʘʪʝʨʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [53] 

 

ʋʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʙʘʪʝʨʠʿʠ ʫ ʙʠʣʦ ʢʦʿʝʤ ʪʨʝʥʫʪʢʫ 

ʿʝʜʥʘʢʘ ʿʝ ʟʙʠʨʫ ʨʘʩʧʦʣʦʞʠʚʝ ʠ ʦʛʨʘʥʠʯʝʥʝ ʝʥʝʨʛʠʿʝ [52]: 

21 QQQ +=  (3.47) 

 

ʛʜʝ ʩʫ: 

1Q  ï ʨʘʩʧʦʣʦʞʠʚʘ ʝʥʝʨʛʠʿʘ ʠ 

2Q  ï ʦʛʨʘʥʠʯʝʥʘ ʝʥʝʨʛʠʿʘ. 
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ʂʦʨʠʩʪʝ˂ʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ, ʤʦʞʝ ʩʝ ʧʦʢʘʟʘʪʠ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ 

ʩʥʘʛʘ ʧʨʘʞˁʝˁʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʧʨʘʞˁʝˁʝʤ ʢʠʥʝʪʠʯʢʦʛ ʤʦʜʝʣʘ ʙʘʪʝʨʠʿʝ ʫ 

ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ tD ʜʘʪʘ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ [52]: 

( )
( )tktk

tktk
max

kbmmax,d,batt
etkce

eckQeQkQck
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DÖ-DÖ-

DÖ-DÖ-

+-DÖÖ+-

-ÖÖÖ+ÖÖ+ÖÖ-
=

11

11  (3.48) 

 

ʉʣʠʯʥʦ ʪʦʤʝ, ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʧʫˁʝˁʘ ʢʦʿʦʤ ʩʝ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ 

ʙʘʪʝʨʠʿʘ ʤʦʞʝ ʥʘʧʫʥʠʪʠ ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ tD ʜʘʪʘ ʿʝ ʩʣʝʜʝ˂ʦʤ 

ʿʝʜʥʘʯʠʥʦʤ [52]: 

( )
( )tktk

tktk

kbmmax,c,batt
etkce

eckQeQk
P

DÖ-DÖ-

DÖ-DÖ-

+-DÖÖ+-

-ÖÖÖ+ÖÖ
=

11

11  (3.49) 

 

 ʂʘʜʘ ʩʝ ʦʜʨʝʜʝ ʤʘʢʩʠʤʘʣʥʝ ʩʥʘʛʝ ʧʨʘʞˁʝˁʘ ʠ ʧʫˁʝˁʘ, ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ 

ʨʝʟʫʣʪʘʥʪʥʝ ʢʦʣʠʯʠʥʝ ʨʘʩʧʦʣʦʞʠʚʝ ʠ ʦʛʨʘʥʠʯʝʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʢʨʘʿʫ ʚʨʝʤʝʥʩʢʦʛ 

ʢʦʨʘʢʘ ʧʦʤʦ˂ʫ [52]: 

( )( ) ( )
k
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ʛʜʝ ʿʝ: 

1Q  ï ʨʘʩʧʦʣʦʞʠʚʘ ʝʥʝʨʛʠʿʘ ʫ ʙʘʪʝʨʠʿʠ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [kWh], 

2Q  ï ʦʛʨʘʥʠʯʝʥʘ ʝʥʝʨʛʠʿʘ ʫ ʙʘʪʝʨʠʿʠ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [kWh], 

end,Q1  ï ʨʘʩʧʦʣʦʞʠʚʘ ʝʥʝʨʛʠʿʘ ʫ ʙʘʪʝʨʠʿʠ ʥʘ ʢʨʘʿʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [kWh], 

end,Q2  ï ʦʛʨʘʥʠʯʝʥʘ ʝʥʝʨʛʠʿʘ ʫ ʙʘʪʝʨʠʿʠ ʥʘ ʢʨʘʿʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ [kWh], 

P  ï ʩʥʘʛʘ ʧʫˁʝˁʘ/ʧʨʘʞˁʝˁʘ ʨʝʟʝʨʚʦʘʨʘ ʙʘʪʝʨʠʿʝ [kW], 

c  ï ʢʦʝʬʠʮʠʿʝʥʪ ʦʜʥʦʩʘ ʢʘʧʘʮʠʪʝʪʘ, 

kï  ʢʦʥʩʪʘʥʪʘ ʩʢʣʘʜʠʰʪʝˁʘ [h
-1
] ʠ 

tD ï ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ [h]. 
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ʄʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʧʫˁʝˁʘ kbmmax,c,battP  ʢʦʨʠʩʪʠ ʩʝ ʧʨʠ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʝ ʦ 

ʪʦʤʝ ʜʘ ʣʠ ʙʘʪʝʨʠʿʘ ʤʦʞʝ ʜʘ ʧʨʠʭʚʘʪʠ ʩʘʚ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʠʣʠ 

ʦ ʪʦʤʝ ʢʦʣʠʢʦ ʚʠʰʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʭʠʙʨʠʜʥʠ ʛʝʥʝʨʘʪʦʨ ʪʨʝʙʘ ʜʘ ʧʨʦʠʟʚʝʜʝ. 

ʄʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʧʫˁʝˁʘ ʚʘʨʠʨʘ ʦʜ ʿʝʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʜʦ ʜʨʫʛʦʛ ʫ ʩʢʣʘʜʫ 

ʩʘ ʥʠʚʦʦʤ ʥʘʧʫˁʝʥʦʩʪʠ ʠ ʥʦʚʠʿʦʤ ʠʩʪʦʨʠʿʦʤ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ, ʧʨʝʤʘ 

ʿʝʜʥʘʯʠʥʠ [52]: 

( )

c,batt
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maxc,batt

P,P,PMIN
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ʧʨʠ ʯʝʤʫ ʩʫ: 
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1000
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nombatt
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VIN
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ÖÖ
=  (3.55) 

 

ʛʜʝ ʩʫ: 

Q  ï ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʫʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʧʦʯʝʪʢʫ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ 

[kWh], 

ca  ï ʢʦʝʬʠʮʠʿʝʥʪ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʧʫˁʝˁʘ ʙʘʪʝʨʠʿʝ [A/Ah],  

maxQ  ï ʤʘʢʩʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ ʫʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ [kWh], 

battN  ï ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʫ ʩʠʩʪʝʤʫ, 

maxI  ï ʤʘʢʩʠʤʘʣʥʘ ʿʘʯʠʥʘ ʩʪʨʫʿʝ ʧʫˁʝˁʘ ʙʘʪʝʨʠʿʝ [ɸ], 

nomV  ï ʥʦʤʠʥʘʣʥʠ ʥʘʧʦʥ ʙʘʪʝʨʠʿʝ [V].  

 

ɽʬʠʢʘʩʥʦʩʪ ʙʘʪʝʨʠʿʝ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʫʜʝʦ ʫʩʢʣʘʜʠʰʪʝʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ 

ʤʦʞʝ ʠʟ ˁʝ ʠʟʚʫ˂ʠ ʠ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ 

ʙʘʪʝʨʠʿʝ ʿʝʜʥʘʢʝ, ʰʪʦ ʿʝ ʿʝʜʥʘʢʦ ʢʚʘʜʨʘʪʥʦʤ ʢʦʨʝʥʫ ʠʟ ʝʬʠʢʘʩʥʦʩʪʠ ʧʫˁʝˁʘ ʠ 

ʧʨʘʞˁʝˁʘ, ʪʿ. [52]: 
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rt,battd,battc,batt hhh ==  (3.56) 

 

ɿʘ rt,batth  ʫʟʠʤʘ ʩʝ ʜʘ ʠʟʥʦʩʠ ʦʢʦ 80%. 

 

ʂʠʥʝʪʠʯʢʦʤ ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʦʤ ʤʦʜʝʣʫ ʙʘʪʝʨʠʿʝ ʩʘ ʜʫʙʦʢʠʤ ʧʨʘʞˁʝˁʝʤ 

ʩʚʦʿʩʪʚʝʥʘ ʿʝ ʟʘʚʠʩʥʦʩʪ ʢʘʧʘʮʠʪʝʪʘ ʦʜ ʩʪʨʫʿʝ ʧʨʘʞˁʝˁʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʉʣʠʮʠ 3.14. ʇʨʠ ʚʝʣʠʢʠʤ ʙʨʟʠʥʘʤʘ ʧʨʘʞˁʝˁʘ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʙʨʟʠʥʫ ʢʦʿʦʤ ʩʝ 

ʙʘʪʝʨʠʿʘ ʧʨʘʟʥʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʦʿ ʤʘʢʩʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪ, ʨʘʩʧʦʣʦʞʠʚʘ ʝʥʝʨʛʠʿʘ ʩʝ 

ʚʝʦʤʘ ʙʨʟʦ ʧʨʘʟʥʠ ʘ ʤʘʣʘ ʢʦʣʠʯʠʥʘ ʦʛʨʘʥʠʯʝʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʧʨʝʪʚʘʨʘ ʫ 

ʨʘʩʧʦʣʦʞʠʚʫ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʙʘʪʝʨʠʿʘ ʧʦʪʧʫʥʦ ʥʝ ʠʩʧʨʘʟʥʠ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ 

ʙʘʪʝʨʠʿʘ ʪʝʰʢʦ ʧʦʜʥʦʩʠ ʚʠʩʦʢʫ ʙʨʟʠʥʫ ʧʨʘʞˁʝˁʘ ʠ ʙʠʚʘ ʧʦʪʧʫʥʦ ʠʩʧʨʘʞˁʝʥʘ. 

ʂʨʠʚʘ ʩʘ ʉʣʠʢʝ 3.14 ʧʨʝʜʩʪʘʚˀʘ ʢʨʠʚʫ ʧʨʘʞˁʝˁʘ ʙʘʪʝʨʠʿʝ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ 

ʧʨʦʮʝʥʫ ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʢʠʥʝʪʠʯʢʦʛ ʤʦʜʝʣʘ ʙʘʪʝʨʠʿʝ. 

 

 

ʉʣʠʢʘ 3.14 ɿʘʚʠʩʥʦʩʪ ʢʘʧʘʮʠʪʝʪʘ ʦʜ ʩʪʨʫʿʝ ʧʨʘʞˁʝˁʘ ʟʘ ʙʘʪʝʨʠʿʫ ʩʘ ʜʫʙʦʢʠʤ 

ʧʨʘʞˁʝˁʝʤ [52,53] 

 

ʄʦʜʝʣʠʨʘˁʝ ʙʘʪʝʨʠʿʝ ʢʘʦ ʩʠʩʪʝʤʘ ʩʘ ʜʚʘ ʨʝʟʝʨʚʦʘʨʘ ʠʤʘ ʜʚʘ ʝʬʝʢʪʘ. ʇʨʚʦ, 

ʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʙʘʪʝʨʠʿʘ ʪʨʝʥʫʪʥʦ ʠ ʧʦʪʧʫʥʦ ʥʝ ʤʦʞʝ ʥʘʧʫʥʠʪʠ ʠʣʠ ʠʩʧʨʘʟʥʠʪʠ; 

ʧʦʪʧʫʥʦ ʧʫˁʝˁʝ ʟʘʭʪʝʚʘ ʙʝʩʢʦʥʘʯʥʦ ʚʨʝʤʝ ʧʨʠ ʩʪʨʫʿʠ ʧʫˁʝˁʘ ʢʦʿʘ ʘʩʠʤʧʪʦʪʩʢʠ 

ʪʝʞʠ ʥʫʣʠ. ɼʨʫʛʦ, ʪʦ ʟʥʘʯʠ ʜʘ ʧʨʘʞˁʝˁʝ ʠʣʠ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ ʥʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʜ 

ʪʨʝʥʫʪʥʦʛ ʥʠʚʦʘ ʥʘʧʫˁʝʥʦʩʪʠ, ʚʝ˂ ʠ ʦʜ ʧʨʝʪʭʦʜʥʝ ʠʩʪʦʨʠʿʝ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ. 

ɹʘʪʝʨʠʿʘ ʢʦʿʘ ʩʝ ʙʨʟʦ ʧʫʥʠ ʜʦ 80% ʥʠʚʦʘ ʥʘʧʫˁʝʥʦʩʪʠ ʿʝ ʩʧʦʩʦʙʥʘ ʟʘ ʚʝ˂ʫ ʙʨʟʠʥʫ 
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ʧʨʘʞˁʝˁʘ ʥʝʛʦ ʙʘʪʝʨʠʿʘ ʩʣʠʯʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʿʘ ʩʝ ʙʨʟʦ ʧʨʘʟʥʠ ʜʦ 80%, ʿʝʨ ʫ 

ʪʦʤ ʩʣʫʯʘʿʫ ʠʤʘ ʚʠʝh ʝʥʝʨʛʠʿʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ. 

ɸʢʦ ʞʠʚʦʪʥʠ ʚʝʢ ʙʘʪʝʨʠʿʝ ʟʘʚʠʩʠ ʦʜ ˁʝʥʝ ʧʨʦʧʫʩʥʝ ʤʦ˂ʠ, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ 

ʜʘ ʩʝ ʙʘʪʝʨʠʿʘ ʤʦʨʘ ʟʘʤʝʥʠʪʠ ʧʦʩʣʝ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʮʠʢʣʫʩʘ ʧʫˁʝˁʝ-ʧʨʘʞˁʝˁʝ, 

ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʜʫʙʠʥʫ ʧʨʘʞˁʝˁʘ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʮʠʢʣʫʩʠʤʘ. ʆʚʦ ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ 

ʧʨʦʮʝʥʝ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʠ ʪʨʦʰʢʦʚʘ ʙʘʪʝʨʠʿʝ. ʅʘ ʉʣʠʮʠ 3.15 ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʟʘʚʠʩʥʦʩʪ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʦʜ ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ ʟʘ ʦʣʦʚʥʦ-ʢʠʩʝʣʠʥʩʢʫ ʙʘʪʝʨʠʿʫ 

ʜʫʙʦʢʦʛ ʮʠʢʣʫʩʘ. 

ɹʨʦʿ ʮʠʢʣʫʩʘ, ʧʨʠʢʘʟʘʥ ʞʫʪʠʤ diamond-ʠʤʘ ʥʘ ʉʣʠʮʠ 3.15, ʦʧʘʜʘ ʩʘ 

ʧʦʚʝ˂ʘˁʝʤ ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ. ɿʘ ʩʚʘʢʫ ʪʘʯʢʫ ʦʚʝ ʢʨʠʚʝ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ 

ʧʨʦʧʫʩʥʦʩʪ ʙʘʪʝʨʠʿʝ (ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʥʘʧʫʥʠʪʠ ʠ 

ʠʩʧʨʘʟʥʠʪʠ ʪʦʢʦʤ ʮʝʣʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʙʘʪʝʨʠʿʝ) ʢʘʦ ʧʨʦʠʟʚʦʜ ʙʨʦʿʘ ʮʠʢʣʫʩʘ, 

ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ, ʥʦʤʠʥʘʣʥʦʛ ʥʘʧʦʥʘ ʙʘʪʝʨʠʿʝ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʢʘʧʘʮʠʪʝʪʘ 

ʙʘʪʝʨʠʿʝ. ʂʨʠʚʘ ʢʦʿʘ ʥʘ ʉʣʠʮʠ 3.15 ʧʦʚʝʟʫʿʝ ʮʨʥʝ diamond-e, ʧʨʠʢʘʟʫʿʝ ʜʦʩʪʘ 

ʩʣʘʙʠʿʫ ʟʘʚʠʩʥʦʩʪ ʙʨʦʿʘ ʮʠʢʣʫʩʘ ʦʜ ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ. 

 

 

ʉʣʠʢʘ 3.15 ʂʨʠʚʘ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʪʨʘʿʘˁʘ ʙʘʪʝʨʠʿʝ [52,53] 

 

ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʧʨʦʧʫʩʥʦʩʪ ʙʘʪʝʨʠʿʝ (ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ) ʥʝ 

ʟʘʚʠʩʠ ʦʜ ʜʫʙʠʥʝ ʧʨʘʞˁʝˁʘ, ʦʥʜʘ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ ʞʠʚʦʪʥʠ ʚʝʢ 

ʙʘʪʝʨʠʿʝ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ ʧʨʘ˂ʝˁʝʤ ʢʦʣʠʯʠʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʮʠʨʢʫʣʠʰʝ ʢʨʦʟ ˁʫ, ʙʝʟ 

ʧʦʪʨʝʙʝ ʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʜʫʙʠʥʘ ʧʫˁʝˁʘ ʠ ʧʨʘʞˁʝˁʘ ʢʨʦʟ ʮʠʢʣʫʩʝ. ʇʨʦʧʫʩʥʘ ʤʦ˂ 

ʙʘʪʝʨʠʿʝ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʤʦʞʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʧʦʤʦ˂ʫ [52,53]: 
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ʛʜʝ ʩʫ: 

if  ï ʙʨʦʿ ʮʠʢʣʫʩʘ ʠ 

id  ï ʜʫʙʠʥʘ ʧʨʘʞˁʝˁʘ (%). 

ʅʘ ʢʨʘʿʫ, ʪʨʦʰʢʦʚʠ ʢʦʨʠʰ˂ʝˁʘ ʙʘʪʝʨʠʿʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʝʥʝʨʛʠʿʝ ʢʦʿʘ 

ʮʠʨʢʫʣʠʰʝ ʢʨʦʟ ˁʫ ʩʫ [52,53]: 

rtlifetimebatt

battrep

bv
QN

C
c

hÖÖ
=

,  (3.58) 

 

ʛʜʝ ʩʫ: 

batt,repC  ï ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʙʘʪʝʨʠʿʝ [USD]. 

 

3.3.6 ʈʝʛʫʣʘʪʦʨ ʪʝʨʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (TLCïʨʝʛʫʣʘʪʦʨ) 

 

TLCïʨʝʛʫʣʘʪʦʨ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʠʩʢʦʨʠʩʪʠ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʪʦʧʣʦʚʦʜʥʦʿ ʤʘʛʠʩʪʨʘʣʠ. TLCïʨʝʛʫʣʘʪʦʨ 

ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʟʘ ʩʠʩʪʝʤʝ ʩʘ ʪʝʨʤʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ, ʘʣʠ ʙʝʟ ˁʝʛʘ ʩʝ ʥʝ ʤʦʞʝ 

ʫʪʨʦʰʠʪʠ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʊʦ ʿʝ ʧʨʠʤʘʨʥʠ ʛʝʥʝʨʘʪʦʨ 

ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʩʝ ʧʨʝʦʩʪʘʣʠ ʜʝʦ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʜʦʙʠʿʘ ʠʟ ʙʦʿʣʝʨʘ ʥʘ 

ʜʠʟʝʣ ʛʦʨʠʚʦ ʠ ʨʝʢʫʧʝʨʘʮʠʿʦʤ ʠʟ ʭʠʙʨʠʜʥʦʛ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ. ʋʚʘʞʘʚʘʿʫ˂ʠ 

ʝʬʠʢʘʩʥʦʩʪ ʢʦʥʚʝʨʟʠʿʝ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʩʪʚʘʨʥʠ ʠʟʣʘʟ ʠʟ TLCï

ʨʝʛʫʣʘʪʦʨʘ ʿʝ [76]: 

excessexcesst EETLC Ö=h  (3.59) 

 

ʛʜʝ ʿʝ: 

excessEE  ï ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʠʟ ʆʀɽ ʠʣʠ ʭʠʙʨʠʜʥʦʛ 

ʛʝʥʝʨʘʪʦʨʘ [kWh]. 
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3.3.7 ɹʦʿʣʝʨ 

 

ɹʦʿʣʝʨ ʩʝ ʤʦʜʝʣʠʨʘ ʢʘʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ ʥʝʦʛʨʘʥʠʯʝʥo 

ʚʝʣʠʢʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ ʟʘ ʙʠʣʦ ʢʦʿʫ ʧʦʪʨʝʙʫ. ɹʦʿʣʝʨ ʩʝ ʤʦʞʝ ʫʢˀʫʯʠʪʠ ʫ ʙʠʣʦ 

ʢʦʿʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʩʘ ʪʦʧʣʦʪʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ 

ʧʦʪʨʦʰˁʘ ʛʦʨʠʚʘ ʫ ʙʦʿʣʝʨʫ ʥʝ ʤʦʞʝ ʦʛʨʘʥʠʯʠʪʠ ʠ ʜʘ ʥʝ ʤʦʞʝ ʪʨʦʰʠʪʠ ʙʠʦʛʘʩ ʠʟ 

ʙʠʦʤʘʩʝ ʠ ʫʩʢʣʘʜʠʰʪʝʥʠ ʚʦʜʦʥʠʢ. ʄʦʜʝʣ ʙʦʿʣʝʨʘ ʟʘʭʪʝʚʘ ʟʘʜʘʚʘˁʝ ʩʣʝʜʝ˂ʠʭ 

ʧʦʜʘʪʘʢʘ: ʚʨʩʪʘ ʛʦʨʠʚʘ ʩʘ ʩʪʝʧʝʥʦʤ ʠʩʢʦʨʠʰ˂ʝˁʘ ʢʦʥʚʝʨʟʠʿʝ ʛʦʨʠʚʘ ʫ ʪʦʧʣʦʪʫ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʝʤʠʩʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʯʝʩʪʠʮʘ ʫ ʛʨʘʤʠʤʘ ʧʦ ʢʦʣʠʯʠʥʠ ʧʦʪʨʦʰʝʥʦʛ 

ʛʦʨʠʚʘ ʫ ʣʠʪʨʠʤʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʬʠʢʩʥʠ ʪʨʦʰʢʦʚʠ ʟʘʥʝʤʘʨʫʿʫ, 

ʤʘʨʛʠʥʘʣʥʠ ʪʨʦʰʢʦʚʠ ʙʦʿʣʝʨʘ ʩʝ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʧʦʤʦ˂ʫ [52,53]: 

( )
fuelboiler

emissions,boilerfuel
mar,boiler

LHV

cc.
c

Ö

+Ö
=

h

63
 (3.60) 

 

ʛʜʝ ʿʝ: 

fuelc  ï ʮʝʥʘ ʛʦʨʠʚʘ [USD/l ʠʣʠ USD/kg], 

emissions,boilerc  ï ʪʨʦʰʢʦʚʠ ʟʘʛʘʹʫʿʫ˂ʠʭ ʯʝʩʪʠʮʘ ʠʟ ʙʦʿʣʝʨʘ [USD/l ʠʣʠ USD/kg] ʠ 

boilerh  ï ʝʬʠʢʘʩʥʦʩʪ ʙʦʿʣʝʨʘ (%). 

 

ʊʨʦʰʢʦʚʠ ʝʤʠʩʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʯʝʩʪʠʮʘ ʠʟ ʙʦʿʣʝʨa ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʧʦʤʦ˂ʫ 

ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52]: 

1000

xx2222 NONOSOSOPMPMUHCUHCCOCOCOCO

,
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=
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c emissionsboiler

(3.61) 

 

ʛʜʝ ʩʫ: 

2COc , COc , UHCc , PMc , 
2SOc  ʠ 

xNOc  ʬʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣʠ ʟʘ ʝʤʠʩʠʿʝ 2CO , CO, 

ʥʝʩʘʛʦʨʝʣʝ ʫʛˀʦʚʦʜʦʥʠʢʝ (UHC), ʘʪʤʦʩʬʝʨʩʢʝ ʤʠʢʨʦʯʝʩʪʠʮʝ (PM ʯʝʩʪʠʮʝ), 2SO  

ʠ xNO  ʫ [USD/t], ʨʝʜʦʤ, 
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2COg , COg , UHCg , PMg , 
2SOg  ʠ 

xNOg  ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ 2CO , CO, UHC, PM-

ʯʝʩʪʠʮʘ, 2SO  ʠ xNO  ʫ [kg/yr], ʨʝʜʦʤ. 

 

ʋ ʚʝʟʠ ʩ ʪʠʤ, ʢʦʣʠʯʠʥʝ ʝʤʠʩʠʿʝ 2CO  ʠ 2SO  ʜʦʙʠʿʘʿʫ ʩʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʨʝʣʘʮʠʿʘ [52]: 

( ) ù
ú

ø
é
ê

è
Öö
÷

õ
æ
ç

å
--Ö= COUHC,CO

28

12
1

12

44
2

ggg fuelcf  (3.62) 

( )PMUHC,SO 12
2

xf fuels --Ö= gg  (3.63) 

 

ʛʜʝ ʩʫ: 

fuel,cf  ʠ fuel,sf  ʩʘʜʨʞʘʿʠ ʫʛˀʝʥʠʢʘ ʠ ʩʫʤʧʦʨʘ ʫ ʛʦʨʠʚʫ, ʨʝʜʦʤ, ʠ  

PMx  ʫʜʝʦ ʩʫʤʧʦʨʘ ʫ ʛʦʨʠʚʫ ʧʨʝʪʚʦʨʝʥʦʤ ʫ ʯʝʩʪʠʮʝ. 

 

ʋ ʿʝʜʥʘʯʠʥʠ (3.62), ʙʨʦʿʠʦʮʠ ʠ ʠʤʝʥʠʦʮʠ ʠʟ ʨʘʟʣʦʤʘʢʘ 44/12 ʠ 12/28 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʦʣʝʢʫʣʩʢʝ ʪʝʞʠʥʝ C , CO ʠ 2CO  ʢʦʿʝ ʨʝʜʦʤ ʠʟʥʦʩʝ 12, 28 ʠ 44. ʇʦ 

ʠʩʪʦʤ ʧʨʠʥʮʠʧʫ, ʙʨʦʿ 2 ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ ʿʝʜʥʘʯʠʥʠ (3.63) ʜʦʣʘʟʠ ʦʜ ʨʘʟʣʦʤʢʘ 

64/32 ʛʜʝ ʿʝ ʙʨʦʿʠʣʘʮ 64 ʤʦʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ 2SO , ʘ ʠʤʝʥʠʣʘʮ 32 ʤʦʣʝʢʫʣʩʢʘ 

ʪʝʞʠʥʘ ʯʠʩʪʦʛ S . 

 

3.3.8 ɽʣʝʢʪʨʦʣʠʟʝʨ 

 

ɽʣʝʢʪʨʦʣʠʟʝʨ ʿʝ ʢʦʤʧʦʥʝʥʪʘ ʢʦʘʿ ʪʨʦʰʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʚʦʜʦʥʠʢʘ ʠʟ ʚʦʜʝ ʧʫʪʝʤ ʝʣʝʢʪʨʦʣʠʟʝ. ɽʣʝʢʪʨʦʣʠʟʘ ʚʦʜʝ ʿʝ 

ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʧʨʦʮʝʩ ʨʘʟʣʘʛʘˁʘ ʚʦʜʝ ( OH2 ) ʥʘ ʚʦʜʦʥʠʢ (2H  ʥʘ ʢʘʪʦʜʠ) ʠ 

ʢʠʩʝʦʥʠʢ (2O  ʥʘ ʘʥʦʜʠ) ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʩʣʝʜʝ˂ʦʤ ʭʝʤʠʿʩʢʦʤ 

ʿʝʜʥʘʯʠʥʦʤ [110]: 

222 O
2

1
HOH +­  (3.64) 
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ʇʨʦʮʝʩ ʝʣʝʢʪʨʦʣʠʟʝ ʩʝ ʦʜʚʠʿʘ ʫ ʝʣʝʢʪʨʦʣʠʪʠʯʢʦʿ ˂ʝʣʠʿʠ ʢʦʿʘ ʠʤʘ ʜʚʝ 

ʧʦʣʫ˂ʝʣʠʿʝ ʠʣʠ ʝʣʝʢʪʨʦʜʝ (ʧʦʟʠʪʠʚʥʫ ʘʥʦʜʫ ʠ ʥʝʛʘʪʠʚʥʫ ʢʘʪʦʜʫ) ʫʨʦˁʝʥʝ ʫ 

ʚʦʜʝʥʠ ʨʘʩʪʚʦʨ ʢʦʿʠ ʩʘʜʨʞʠ ʝʣʝʢʪʨʦʣʠʪ (ʥʧʨ. ʥʘʪʨʠʿʫʤ-ʭʣʦʨʠʜ ʠʣʠ ʩʫʤʧʦʨʥʫ 

ʢʠʩʝʣʠʥʫ). ʈʝʘʢʮʠʿʝ ʫ ʧʦʣʫ˂ʝʣʠʿʘʤʘ ʟʘʚʠʩʝ ʦʜ pH  ʚʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʦʣʠʪʘ. ʋ 

ʢʠʩʝʣʦʿ ʩʨʝʜʠʥʠ ( 0=pH ) ʜʦʣʘʟʠ ʜʦ ʨʝʘʢʮʠʿʝ ʨʘʟʣʘʛʘˁʘ ʚʦʜʝ [110]: 

-+++­ 2e2HO
2

1
OH 22  (3.65) 

2H2e2H ­+ -+  (3.66) 

 

ʋ ʪʦʤ ʩʣʫʯʘʿʫ, ʨʝʘʢʮʠʿʘ ʦʩʣʦʙʘʹʘˁʘ ʢʠʩʝʦʥʠʢʘ ʩʝ ʦʜʚʠʿʘ ʥʘ ʘʥʦʜʠ ï 

ʿʝʜʥʘʯʠʥʘ (3.65), ʘ ʨʝʘʢʮʠʿʘ ʦʩʣʦʙʘʹʘˁʘ ʚʦʜʦʥʠʢʘ ʩʝ ʦʜʚʠʿʘ ʥʘ ʢʘʪʦʜʠ ï ʿʝʜʥʘʯʠʥʘ 

(3.66). ʋ ʘʣʢʘʣʥʦ ʿ ʩʨʝʜʠʥʠ ( 14=pH ), ʨʝʘʢʮʠʿʘ ʨʘʟʣʘʛʘˁʘ ʚʦʜʝ ʦʜʚʠʿʘ ʩʝ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [110]: 

-- ++­ 2eOHO
2

1
2OH 22  (3.67) 

-- +­+ 2OHH2eO2H 22  (3.68) 

 

ɼʘ ʙʠ ʩʝ ʩʧʨʝʯʠʣʘ ʨʝʢʦʤʙʠʥʘʮʠʿʘ ʛʘʩʦʚʘ ʢʦʿʠ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʥʘ ʝʣʝʢʪʨʦʜʘʤʘ, 

ʫ ˂ʝʣʠʿʫ ʩʝ ʫʛʨʘʹʫʿʝ ʩʝʧʘʨʘʪʦʨ ʫ ʦʙʣʠʢʫ ʤʝʤʙʨʘʥʝ ʥʘʧʨʘʚˀʝʥʝ ʦʜ ʯʚʨʩʪʦʛ 

ʧʦʣʠʤʝʨʥʦʛ ʝʣʝʢʪʨʦʣʠʪʘ, ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʿʦʥʩʢʫ ʧʨʦʚʦʜˀʠʚʦʩʪ ʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʦʜʚʘʿʘ ʛʘʩʦʚʝ. ɽʬʠʢʘʩʥʦʩʪ ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʦʜʥʦʩ ʝʥʝʨʛʠʿʝ 

ʩʘʜʨʞʘʥʝ ʫ ʧʨʦʠʟʚʝʜʝʥʦʤ ʚʦʜʦʥʠʢʫ, ʪʿ. ˁʝʛʦʚʝ ʜʦˁʝ ʪʦʧʣʦʪʥʝ ʤʦ˂ʠ (LHVH2 ) ʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʪʨʦʰʝʥʝ ʟʘ ʝʣʝʢʪʨʦʣʠʟʫ. ʇʨʦʠʟʚʦʜˁʘ ʚʦʜʦʥʠʢʘ ʫ 

ʝʣʝʢʪʨʦʣʠʟʝʨʫ ELYZm  (ʫ kg) ʟʘʩʥʠʚʘ ʩʝ ʥʘ LHV ʦʜ 120 MJ/kg, ʪʿ. [110]: 

ELYZELYZELYZ

.
Pm hÖÖ=

120

63
 (3.69) 

 

ʛʜʝ ʿʝ: 

ELYZP  ï ʝʣʝʢʪʨʠʯʥʘ ʩʥʘʛʘ ʝʣʝʢʪʨʦʣʠʟʝʨʘ [kW] ʠ 

ELYZh  ï ʝʣʝʢʪʨʠʯʥʘ ʝʬʠʢʘʩʥʦʩʪ ʝʣʝʢʪʨʦʣʠʟʝʨʘ [%]. 
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ʂʦʥʘʯʥʦ, ʟʘ ʩʚʘʢʠ ʝʣʝʢʪʨʦʣʠʟʝʨ ʩʝ ʜʝʬʠʥʠʰʝ ʤʠʥʠʤʘʣʥʠ ʦʜʥʦʩ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʥʠʞʠ ʥʠʚʦ ʩʥʘʛʝ ʥʘ ʢʦʿʝʤ ʝʣʝʢʪʨʦʣʠʟʝʨ ʤʦʞʝ 

ʙʝʟʙʝʜʥʦ ʠ ʝʬʠʢʘʩʥʦ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ˁʝʛʦʚʫ ʥʘʟʠʚʥʫ (ʤʘʢʩʠʤʘʣʥʫ) 

ʩʥʘʛʫ. 

 

3.3.9 ʈʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ 

 

ʋ ʨʝʟʝʨʚʦʘʨʫ ʚʦʜʦʥʠʢʘ ʩʝ ʩʢʣʘʜʠʰʪʠ ʚʦʜʦʥʠʢ ʜʦʙʠʿʝʥ ʫ ʝʣʝʢʪʨʦʣʠʟʝʨʫ ʠ 

ʦʜʘʪʣʝ ʩʝ ʟʘʪʠʤ ʦʜʚʦʜʠ ʜʦ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʛʜʝ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʛʦʨʠʚʦ. ɿʙʦʛ 

ʚʨʝʤʝʥʩʢʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʨʦʠʟʚʦʜˁʝ ʚʦʜʦʥʠʢʘ ʠ ʧʦʪʨʘʞˁʝ ʟʘ ʚʦʜʦʥʠʢʦʤ, 

ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ ʿʝ ʥʝʠʟʙʝʞʥʦ. ʇʦʯʝʪʥʘ ʢʦʣʠʯʠʥʘ ʚʦʜʦʥʠʢʘ ʫ ʥʝʢʦʤ 

ʨʝʟʝʨʚʦʘʨʫ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʧʨʦʮʝʥʪʫʘʣʥʠ ʜʝʦ ʟʘʧʨʝʤʠʥʝ ʨʝʟʝʨʚʦʘʨʘ ʠʣʠ 

ʘʧʩʦʣʫʪʥʘ ʢʦʣʠʯʠʥʘ ʫ ʢʠʣʦʛʨʘʤʠʤʘ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʟʘʭʪʝʚʘʪʠ ʜʘ ʥʠʚʦ ʚʦʜʦʥʠʢʘ 

ʫ ʨʝʟʝʨʚʦʘʨʫ ʥʘ ʢʨʘʿʫ ʛʦʜʠʥʝ ʙʫʜʝ ʿʝʜʥʘʢ ʠʣʠ ʚʝ˂ʠ ʦʜ ʧʦʯʝʪʥʦʛ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ 

ʩʠʩʪʝʤʫ ʜʘ ʙʫʜʝ ʩʘʤʦʝʬʠʢʘʩʘʥ (ʘʫʪʦʥʦʤʘʥ) ʧʦ ʧʠʪʘˁʫ ʢʦʣʠʯʠʥʝ ʚʦʜʦʥʠʢʘ. ɿʘ 

ʨʘʟʤʘʪʨʘʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ ʫ 

ʨʝʟʝʨʚʦʘʨʫ ʛʜʝ ʥʝ˂ʝ ʙʠʪʠ ʚʠʰʢʘ ʥʘ ʢʨʘʿʫ ʛʦʜʠʥʝ. ʊʦ ʩʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʞʝ 

ʠʩʢʘʟʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [52,53]: 

0
8760

0

8760

0
=-ää fuelELYZ mm  (3.70) 

 

ʋ ʚʝʟʠ ʩ ʪʠʤ, ʘʫʪʦʥʦʤʠʿʘ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ 

ʝʥʝʨʛʝʪʩʢʦʛ ʢʘʧʘʮʠʪʝʪʘ ʪʦʛ ʨʝʟʝʨʚʦʘʨʘ ʠ ʝʣʝʢʪʨʠʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, ʘ ʤʦʞʝ ʩʝ 

ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ [52,53]: 

6.3
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ʛʜʝ ʿʝ: 

ktanhA  ï ʘʫʪʦʥʦʤʠʿʘ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ [h], 

ktanhY  ï ʢʘʧʘʮʠʪʝʪ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ [kg] ʠ 

ave.primL  ï ʧʨʦʩʝʯʥʦ ʧʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ [kWh/day]. 
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3.4 ɽʢʦʥʦʤʩʢʦ ʤʦʜʝʣʠʨʘˁʝ 

 

ɽʢʦʥʦʤʠʯʥʦʩʪ ʠʛʨʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʩʠʤʫʣʘʮʠjʘʤʘ ʧʨʦʮʝʩʘ ʫʧʨʘʚˀʘˁʘ 

ʩʠʩʪʝʤʦʤ ʛʜʝ ʩʝ ʦʙʠʯʥʦ ʪʝʞʠ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ, ʢʘʦ ʠ ʦʧʪʠʤʠʟʘʮʠʿʠ 

ʩʠʩʪʝʤʘ ʛʜʝ ʩʝ ʪʨʘʞʠ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘ ʥʘʿʥʠʞʠʤ ʫʢʫʧʥʠʤ NPCï

ʪʨʦʰʢʦʚʠʤʘ. 

ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʠ ʆʀɽ ʦʙʠʯʥʦ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʪʨʦʰʢʦʚʝ. ʆʀɽ ʦʙʠʯʥʦ ʠʤʘʿʫ ʚʠʩʦʢʝ ʧʦʯʝʪʥʝ ʢʘʧʠʪʘʣʥʝ 

ʪʨʦʰʢʦʚʝ ʠ ʥʠʩʢʝ ʧʦʛʦʥʩʢʝ ʪʨʦʰʢʦʚʝ, ʜʦʢ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʥʝʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ 

ʝʥʝʨʛʠʿʝ ʠʤʘʿʫ ʥʠʩʢʝ ʢʘʧʠʪʘʣʥʝ ʠ ʚʠʩʦʢʝ ʧʦʛʦʥʩʢʝ ʪʨʦʰʢʦʚʝ. ʋʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʪʨʦʰʢʦʚʘ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ. 

ʆʥʠ ʫʢˀʫʯʫʿʫ ʩʚʝ ʪʨʦʰʢʦʚʝ ʠ ʧʨʠʭʦʜʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

ʩʠʩʪʝʤʘ ʫ ʿʝʜʘʥ ʠʟʥʦʩ, ʟʘʿʝʜʥʦ ʩʘ ʙʫʜʫ˂ʠʤ ʥʦʚʯʘʥʠʤ ʪʦʢʦʚʠʤʘ ʫʟ ʦʜʨʝʹʝʥʫ 

ʦʙʨʘʯʫʥʩʢʫ ʢʘʤʘʪʥʫ ʩʪʦʧʫ. ʂʦʥʢʨʝʪʥʦ, ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʫʢˀʫʯʫʿʫ 

ʪʨʦʰʢʦʚʝ ʧʦʯʝʪʥʝ ʠʟʛʨʘʜˁʝ, ʟʘʤʝʥʝ ʢʦʤʧʦʥʝʥʘʪʘ, ʦʜʨʞʘʚʘˁʝ, ʛʦʨʠʚʦ, ʪʨʦʰʢʦʚʝ 

ʢʫʧʦʚʠʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʤʨʝʞʝ ʠ ʨʘʟʥʝ ʪʨʦʰʢʦʚʝ ʢʘʦ ʰʪʦ ʩʫ ʬʠʥʘʥʩʠʿʩʢʠ 

ʧʝʥʘʣʠ ʟʘ ʝʤʠʩʠʿʝ GHG. ʅʘ ʜʨʫʛʦʿ ʩʪʨʘʥʠ, ʧʨʠʭʦʜʠ ʦʙʫʭʚʘʪʘʿʫ ʧʨʠʭʦʜʝ ʦʜ ʧʨʦʜʘʿʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʣʦʢʘʣʥʦʤ ʝʣʝʢʪʨʦʧʨʠʚʨʝʜʥʦʤ ʧʨʝʜʫʟʝ˂ʫ, ʢʘʦ ʠ ʩʚʘʢʫ ʜʦʜʘʪʥʫ 

ʚʨʝʜʥʦʩʪ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ. ʂʦʜ NPCïʪʨʦʰʢʦʚʘ, ʪʨʦʰʢʦʚʠ ʩʫ 

ʧʦʟʠʪʠʚʥʠ, ʘ ʧʨʠʭʦʜʠ ʥʝʛʘʪʠʚʥʠ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʚʝ ʮʝʥʝ ʨʘʩʪʫ ʠʩʪʦʤ 

ʙʨʟʠʥʦʤ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ. ʋʟ ʪʫ ʧʨʝʪʧʦʩʪʘʚʢʫ, ʠʥʬʣʘʮʠʿʘ ʩʝ ʤʦʞʝ 

ʫʢʣʦʥʠʪʠ ʠʟ ʘʥʘʣʠʟʝ ʙʫʜʫ˂ʠʭ ʥʦʚʯʘʥʠʭ ʪʦʢʦʚʘ ʧʨʠʤʝʥʦʤ ʢʘʤʘʪʥʝ ʩʪʦʧʝ 

(ʧʨʠʣʘʛʦʹʝʥʝ ʠʥʬʣʘʮʠʿʠ) ʫʤʝʩʪʦ ʥʦʤʠʥʘʣʥʝ ʢʘʤʘʪʥʝ ʩʪʦʧʝ. ʀʥʘʯʝ, ʨʝʘʣʥʘ ʢʘʤʘʪʥʘ 

ʩʪʦʧʘ ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʥʦʤʠʥʘʣʥʦʿ ʢʘʤʘʪʥʦʿ ʩʪʦʧʠ ʫʤʘˁʝʥʦʿ ʟʘ ʩʪʦʧʫ 

ʠʥʬʣʘʮʠʿʝ. ʋʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʬʦʨʤʫʣʝ 

[52,53,76,81,91,104]: 

( )proj

tot,ann
tot,NPC

R,iCRF

C
C

Ö
=  (3.72) 

 

ʛʜʝ ʩʫ: 

( )
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f
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i

'

+

-
=

1
 (3.74) 

 

tot,annC  ï ʫʢʫʧʥʠ ʛʦʜʠʰˁʠ ʪʨʦʰʢʦʚʠ ʩʠʩʪʝʤʘ [USD/yr], 

i  ï ʨʝʘʣʥʘ ʜʠʩʢʦʥʪʥʘ ʩʪʦʧʘ [%], 

projR  ï ʞʠʚʦʪʥʠ ʚʝʢ ʩʠʩʪʝʤʘ [yr], 

()CRF  ï ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʜʝʬʠʥʠʰʝ ʬʘʢʪʦʨ ʧʦʚʨʘʪʘ ʢʘʧʠʪʘʣʘ, 

'i  ï ʥʦʤʠʥʘʣʥʘ ʜʠʩʢʦʥʪʥʘ ʩʪʦʧʘ [%], 

f  ï ʦʯʝʢʠʚʘʥʘ ʩʪʦʧʘ ʠʥʬʣʘʮʠʿʝ [%] ʠ 

N  ï ʙʨʦʿ ʛʦʜʠʥʘ. 

 

ʅʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʧʨʦʩʝʯʥʘ ʮʝʥʘ ʧʦ kWh 

ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʠ ʩʠʩʪʝʤ ʠ ʦʜʨʝʹʫʫʿ ʩʝ ʢʘʦ ʢʦʣʠʯʥʠʢ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʫʢʫʧʥʠʭ ʛʦʜʠʰˁʠʭ ʪʨʦʰʢʦʚʘ ʩʠʩʪʝʤʘ ʠ ʪʨʦʰʢʦʚʘ ʩʥʘʙʜʝʚʘˁʘ ʪʦʧʣʦʪʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʩʘ ʫʢʫʧʥʦ ʧʦʢʨʠʚʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ, ʢʘʦ ʰʪʦ ʿʝ ʜʘʪʦ ʫ 

ʩʣʝʜʝ˂ʦ ʿʿʝʜʥʘʯʠʥʠ [52,53,76,81,91]: 

defDC,primAC,prim

servedboilertot,ann

EEE

HcC
COE

++

Ö-
=  (3.75) 

 

ʛʜʝ ʩʫ: 

boilerc  ï ʤʘʨʛʠʥʘʣʥʠ ʪʨʦʰʢʦʚʠ ʙʦʿʣʝʨʘ [USD/kWh], 

servedH  ï ʫʢʫʧʥʦ ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ [kWh/yr], 

AC,primE  ï ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ AC ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʪʨʦʰʝʥʘ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʧʨʠʤʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [kWh/yr], 

DC,primE  ï ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ DC ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʪʨʦʰʝʥʘ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʧʨʠʤʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [kWh/yr] ʠ 

defE  ï ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʪʨʦʰʝʥʘ ʟʘ ʧʦʢʨʠʚʘˁʝ ʦʜʣʦʞʝʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ [kWh/yr]. 
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ɿʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ ʩʠʩʪʝʤʘ, ʦʜʨʝʹʫʿʫ ʩʝ ʧʦʯʝʪʥʠ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ 

ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʥʫʣʪʦʿ ʛʦʜʠʥʠ, ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʩʚʘʢʠ ʧʫʪ ʢʘʜʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʟʘʤʝʥʠʪʠ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʢʨʘʿʫ ˁʝʥʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʠ ʪʨʦʰʢʦʚʠ ʇ&ʆ 

ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʩʚʘʢʝ ʛʦʜʠʥʝ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ. ʂʦʨʠʩʥʠʢ ʦʜʨʝʹʫʿʝ 

ʞʠʚʦʪʥʠ ʚʝʢ ʚʝ˂ʠʥʝ ʢʦʤʧʦʥʝʥʘʪʘ, ʘʣʠ ʩʦʬʪʚʝʨ HOMER Pro ʠʟʨʘʯʫʥʘʚʘ ʞʠʚʦʪʥʠ 

ʚʝʢ ʙʘʪʝʨʠʿʝ ʠ ʛʝʥʝʨʘʪʦʨʘ ʢʘʢʦ ʿʝ ʪʦ ʚʝ˂ ʨʘʥʠʿʝ ʦʧʠʩʘʥʦ. ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʥʝʢʝ 

ʢʦʤʧʦʥʝʥʪʝ ʤʦʛʫ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ ʦʜ ˁʝʥʠʭ ʧʦʯʝʪʥʠʭ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ, 

ʢʘʦ ʥʧʨ., ʜʦʥʘʪʦʨʩʢʝ ʘʛʝʥʮʠʿʝ ʠʣʠ ʧʨʦʛʨʘʤʠ ʦʪʢʫʧʘ ʤʦʛʫ ʧʦʢʨʠʪʠ ʥʝʢʝ ʠʣʠ ʩʚʝ 

ʧʦʯʝʪʥʝ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ PV ʤʦʜʫʣʘ, ʘʣʠ ʥʝ ʠ ʪʨʦʰʢʦʚʝ ʟʘʤʝʥʝ. ʋ ʪʦʤ 

ʩʣʫʯʘʿʫ, ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʤʦʛʫ ʙʠʪʠ ʚʝ˂ʠ ʦʜ ʧʦʯʝʪʥʠʭ ʠʥʚʝʩʪʠʮʠʦʥʠʭ ʪʨʦʰʢʦʚʘ. 

ʇʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʧʦʩʪʦʿʝ˂ʝʛ ʩʠʩʪʝʤʘ ʩʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʦʤ, 

ʧʦʯʝʪʥʠ ʠʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʙʠʣʠ ʙʠ ʥʫʣʘ ʿʝʨ ʿʝ ʚʝ˂ ʧʣʘ˂ʝʥ 

ʠ ʠʥʩʪʘʣʠʨʘʥ ʠ ʧʨʝʜʩʪʘʚˀʘ ʥʝʧʦʚʨʘʪʥʠ ʪʨʦʰʘʢ, ʘʣʠ ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʙʠʣʠ ʙʠ 

ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʿʝʨ ˂ʝ ʥʘ ʢʨʘʿʫ ˁʝʛʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʙʠʪʠ ʧʦʪʨʝʙʘʥ ʚʝʣʠʢʠ 

ʨʝʤʦʥʪ. 

 

ʉʘʯʫʚʘʥʘ ʚʨʝʜʥʦʩʪ ʩʚʘʢʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ ʩʝ 

ʦʜʨʝʹʫʿʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ [52,53]: 

comp

rem
rep

R

R
CS Ö=  (3.76) 

 

ʇʨʝʦʩʪʘʣʦ ʚʨʝʤʝ ʧʦʛʦʥʘ ʥʝʢʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ 

 ( remR ) ʿʝ [52,53]: 

( )repprojcomprem RRRR --=  (3.77) 

 

ʊʨʘʿʘˁʝ ʪʨʦʰʢʦʚʘ ʟʘʤʝʥʝ (repR ) ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝ ʫ ʪʦʢʫ ʢʦʿʝʛ ʩʝ ʟʘʤʝˁʫʿʝ 

ʢʦʤʧʦʥʝʥʪʘ ʫ ʪʦʢʫ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝʛ ʠʟʨʘʟʘ 

[52,53]: 

ö
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ʧʨʠ ʯʝʤʫ ʩʫ ʟʥʘʯʝˁʘ ʧʨʝʦʩʪʘʣʠʭ ʧʘʨʘʤʝʪʘʨʘ:  

repC  ï ʪʨʦʰʢʦʚʠ ʟʘʤʝʥʝ ʢʦʤʧʦʥʝʥʪʝ [USD], 

compR  ï ʞʠʚʦʪʥʠ ʚʝʢ ʢʦʤʧʦʥʝʥʪʝ [yr] ʠ 

()INT  ï ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʠʟʜʚʘʿʘ ʮʝʣʦʙʨʦʿʥʠ ʜʝʦ ʥʝʢʦʛ ʨʝʘʣʥʦʛ ʙʨʦʿʘ. ʅʘ ʧʨʠʤʝʨ 

( )6843.6 =INT . 

 

ʊʘʢʦ ʥʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʞʠʚʦʪʥʠ ʚʝʢ ʩʠʩʪʝʤʘ 20 ʛʦʜʠʥʘ, ʘ ʚʝʢ ʪʨʘʿʘˁʘ PV 

ʛʝʥʝʨʘʪʦʨʘ ʠʩʪʦ 20 ʛʦʜʠʥʘ, ʩʘʯʫʚʘʥʘ ʚʨʝʜʥʦʩʪ PV ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʢʨʘʿʫ ʞʠʚʦʪʥʦʛ 

ʚʝʢʘ ʩʠʩʪʝʤʘ ʙʠ˂ʝ ʥʫʣʘ ʿʝʨ ʥʝʤʘ ʧʨʝʦʩʪʘʣʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʿʝ 

ʚʝʢ ʪʨʘʿʘˁʘ PV ʛʝʥʝʨʘʪʦʨʘ 30 ʛʦʜʠʥʘ, ʥʘ ʢʨʘʿʫ 20-ʦʛʦʜʠʰˁʝʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

ʩʠʩʪʝʤʘ ˁʝʛʦʚʘ ʩʘʯʫʚʘʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠ˂ʝ ʪʨʝ˂ʠʥʫ ʪʨʦʰʢʦʚʘ ʟʘʤʝʥʝ. 

 

3.5 ʋʜʝʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 

ʋʜʝʦ ʚʠ ʢhʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ɽɽ) ʧʨʝʜʩʪʘʚˀʘ ʦʥʫ ʢʦʣʠʯʠʥʫ ʝʥʝʨʛʠʿʝ 

ʢʦʿʘ ʩʝ ʤʦʨʘ ʦʜʣʦʞʠʪʠ (ʠʣʠ ʦʛʨʘʥʠʯʠʪʠ) ʿʝʨ ʩʝ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠʣʠ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ. ʋʜʝʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝ ʚʠʰʘʢ ʢʦʿʠ 

ʩʝ ʧʦʿʘʚˀʫʿʝ ʥʘ ʠʟʣʘʟʫ ʠʟ ʆʀɽ ʠʣʠ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʢʘʜʘ ʤʠʥʠʤʘʣʥʘ ʠʟʣʘʟʥʘ 

ʩʥʘʛʘ ʪʦʛ ʠʟʚʦʨʘ ʧʨʝʤʘʰʠ ʦʧʪʝʨʝ˂ʝˁʝ, ʘ ʙʘʪʝʨʠʿʝ ʥʠʩʫ ʫ ʩʪʘˁʫ ʜʘ ʫʩʢʣʘʜʠʰʪʝ ʩʚʫ 

ʧʨʦʠʟʚʝʜʝʥʫ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ. ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʩʤʘˁʝˁʝ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʿʝ ʢʦʨʠʰ˂ʝˁʝ TLCïʨʝʛʫʣʘʪʦʨʘ, ʢʦʿʠ ʤʦʞʝ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʘ 

ʧʨʝʪʚʦʨʠ ʫ ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ ʥʝʦʧʭʦʜʥʫ ʟʘ ʪʝʨʤʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ. ɸʢʦ ʩʝ ʚʠʰʘʢ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ, ʦʥʜʘ ʩʝ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʤʦʨʘ ʧʦʪʨʦʰʠʪʠ ʥʘ ʦʜʣʦʞʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʢʦʿʝ ʩʝ ʦʙʠʯʥʦ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʥʦʛ 

ʦʪʧʦʨʥʦʛ ʛʨʝʿʘʯʘ ʠʣʠ ʛʨʫʧʝ ʩʠʿʘʣʠʮʘ. ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʣʠʯʠʥʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʤʦʞʝ ʨʝʜʫʢʦʚʘʪʠ 

ʫʤʝʩʪʦ ʜʘ ʩʝ ʧʦʪʨʦʰʠ ʥʘ ʦʜʣʦʞʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. 

ʋʜʝʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʫʢʫʧʥʦʛ ʚʠʰʢʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʯʠʿʘ ʩʝ ʚʨʝʜʥʦʩʪ 

ʥʘ ʢʨʘʿʫ ʩʚʘʢʝ ʩʠʤʫʣʘʮʠʿʝ ʠʟʨʘʯʫʥʘʚʘ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ [52,53,76,91]: 
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prod

excess
excess

E

E
f =  (3.79) 

 

ʛʜʝ ʿʝ: 

excessE  ï ʫʢʫʧʘʥ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ [kWh] ʠ 

prodE  ï ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ [kWh]. 

 

3.6 ʋʜʝʦ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ 

 

ʋʜʝʦ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ (RF) ʿʝ ʜʝʦ ʝʥʝʨʛʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʩʥʘʙʜʝʚʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʘ ʢʦʿʘ ʧʦʪʠʯʝ ʠʟ ʆʀɽ. ʋʜʝʦ ʆʀɽ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [52,76,91]: 

( )( )
serveddefDC,primAC,prim

renprodrenprod

ren
HEEE

HHEE
f

+++

-+-
-=1  (3.80) 

 

ʛʜʝ ʿʝ: 

renE  ï ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ [kWh], 

prodH  ï ʫʢʫʧʥʘ ʧʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ [kWh] ʠ 

renH  ï ʧʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ (ʫʢʫʧʥʘ ʢʦʣʠʯʠʥʘ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʧʨʦʠʟʚʦʜʠ ʭʠʙʨʠʜʥʠ ʛʝʥʝʨʘʪʦʨ ʢʦʨʠʰ˂ʝˁʝʤ ʛʦʨʠʚʘ ʠʟ ʆʀɽ) [kWh]. 

 

3.7 ʆʩʪʘʣʠ ʪʨʦʰʢʦʚʠ ʧʦʛʦʥʘ ʠ ʦʜʨʞʘʚʘˁʘ 

 

ʆʩʪʘʣʠ ʪʨʦʰʢʦʚʠ ʧʦʛʦʥʘ ʠ ʦʜʨʞʘʚʘˁʘ ʫʢˀʫʯʫʿʫ ʬʠʢʩʥʝ ʪʨʦʰʢʦʚʝ ʇ&ʆ 

ʩʠʩʪʝʤʘ, ʬʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣ ʟʘ ʥʝʜʦʩʪʘʪʘʢ ʢʘʧʘʮʠʪʝʪʘ ʠ ʬʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣ ʟʘ 

ʝʤʠʩʠʿʫ GHG. ʆʩʪʘʣʠ ʪʨʦʰʢʦʚʠ ʇ&ʆ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʢʘʦ [24,52]: 

emissionscscsfixed,omother,om CEcCC +Ö+=  (3.81) 

 

ʛʜʝ ʩʫ: 

fixed,omC  ï ʬʠʢʩʥʠ ʪʨʦʰʢʦʚʠ ʇ&ʆ ʩʠʩʪʝʤʘ (USD/yr), 
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csc  ï ʬʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣ ʟʘ ʥʝʜʦʩʪʘʪʘʢ ʢʘʧʘʮʠʪʝʪʘ ʧʨʠʤʝˁʫʿʝ ʩʝ ʧʨʝʤʘ ʚʣʘʩʥʠʢʫ 

ʩʠʩʪʝʤʘ ʟʘ ʩʚʘʢʠ ʥʝʜʦʩʪʘʪʘʢ ʢʘʧʘʮʠʪʝʪʘ ʢʦʿʠ ʩʝ ʜʦʛʦʜʠ ʪʦʢʦʤ ʛʦʜʠʥʝ (USD/yr), 

csE  ï ʫʢʫʧʥʠ ʥʝʜʦʩʪʘʪʘʢ ʢʘʧʘʮʠʪʝʪʘ (kWh/yr), 

emissionsC  ï ʬʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣ ʟʘ ʝʤʠʩʠʿʫ GHG ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ (USD/yr). 

 

ʋʜʝʦ ʥʝʜʦʩʪʘʪʢʘ ʢʘʧʘʮʠʪʝʪʘ ʿʝʜʥʘʢ ʿʝ ʦʜʥʦʩʫ ʫʢʫʧʥʦʛ ʥʝʜʦʩʪʘʪʢʘ 

ʢʘʧʘʮʠʪʝʪʘ ʠ ʫʢʫʧʥʝ ʧʦʪʨʘʞˁʝ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ. ʉʠʩʪʝʤ ʩʝ ʩʤʘʪʨʘ 

ʠʟʚʦʜˀʠʚʠʤ (ʠʣʠ ʧʨʠʭʚʘʪˀʠʚʠʤ) ʩʘʤʦ ʘʢʦ ʿʝ ʫʜʝʦ ʥʝʜʦʩʪʘʪʢʘ ʢʘʧʘʮʠʪʝʪʘ ʤʘˁʠ 

ʠʣʠ ʿʝʜʥʘʢ ʤʘʢʩʠʤʘʣʥʦʤ ʛʦʜʠʰˁʝʤ ʥʝʜʦʩʪʘʪʢʫ ʢʘʧʘʮʠʪʝʪʘ. ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʫʜʝʣʘ ʥʝʜʦʩʪʘʪʢʘ ʢʘʧʘʮʠʪʝʪʘ ʢʦʨʠʩʪʠ ʩʝ ʩʣʝʜʝ˂ʘ ʿʝʜʥʘʯʠʥʘ [52]: 

demand

cs
cs

E

E
f =  (3.82) 

 

ʛʜʝ ʿʝ: 

demandE  ï  ʫʢʫʧʥʘ ʧʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʥʝʦʧʭʦʜʥʦʤ ʟʘ ʧʦʢʨʠʚʘˁʝ 

ʧʨʠʤʘʨʥʦʛ ʠ ʦʜʣʦʞʝʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ [kWh/yr]. 

 

ʋ ʙʠʣʦ ʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ, ʪʨʦʰʢʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʢʘʦ ʧʨʦʩʝʯʥʘ ʮʝʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʫ ʿʝ ʩʠʩʪʝʤ 

ʠʥʿʝʢʪʠʨʘʦ ʫ ʙʘʪʝʨʠʿʫ ʜʦ ʪʦʛ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʪʨʦʰʢʦʚʠ 

ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ n,bec  ʫ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ n  ʩʫ [24,52]: 
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1

1

1

n
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E
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c  (3.83) 

 

ʛʜʝ ʩʫ: 

n,bec  ï ʪʨʦʰʢʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ n  

[USD/kWh], 

i,ccC  ï ʪʨʦʰʢʦʚʠ ʮʠʢʣʠʯʥʦʛ ʧʫˁʝˁʘ ʙʘʪʝʨʠʿʝ ʫ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ i  [USD] ʠ 

i,ccE  ï ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʩʢʣʘʜʠʰʪʝʥʝ ʫ ʙʘʪʝʨʠʿʠ ʫ ʚʨʝʤʝʥʩʢʦʤ 

ʢʦʨʘʢʫ i  [kWh]. 
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ʊʨʦʰʢʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʦʩʝʯʘʥ 

ʪʨʦʰʘʢ ʢʦʿʠ ʿʝ ʩʠʩʪʝʤ ʥʘʧʨʘʚʠʦ ʩʘ ʮʠˀʝʤ ʜʘ ʥʘʧʫʥʠ ʙʘʪʝʨʠʿʫ. ʊʨʦʰʘʢ ʟʘ ʿʝʜʘʥ 

ʮʠʢʣʫʩ ʧʫˁʝˁʘ, ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ ʙʨʦʿʠʦʮʫ ʿʝʜʥʘʯʠʥʝ (3.83), ʿʝʩʪʝ ʜʦʜʘʪʥʠ 

ʪʨʦʰʘʢ ʢʦʿʠ ʿʝ ʩʠʩʪʝʤ ʟʘʩʝʙʥʦ ʥʘʧʨʘʚʠʦ ʧʫʥʝ˂ʠ ʝʣʝʤʝʥʪʝ ʙʘʪʝʨʠʿʝ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ. ɺʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʧʫʥʠ ʙʘʪʝʨʠʿʫ ʫ ʥʝʢʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʢʦʨʘʢʫ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ ʪʨʦʰʘʢ [27]. ʄʝʹʫʪʠʤ, ʘʢʦ ʭʠʙʨʠʜʥʠ ʛʝʥʝʨʘʪʦʨ ʜʘʿʝ 

ʚʠʰʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʟʘ ʥʘʧʘʿʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʘ ʪʦ ʩʝ 

ʯʠʥʠ ʩʘ ʮʠˀʝʤ ʧʫˁʝˁʘ ʙʘʪʝʨʠʿʝ, ʦʥʜʘ ʩʘʤʘ ʦʧʝʨʘʮʠʿʘ ʧʫˁʝˁʘ ʙʘʪʝʨʠʿʝ ʫʟʨʦʢʫʿʝ 

ʜʦʜʘʪʥʝ ʪʨʦʰʢʦʚʝ ʩʠʩʪʝʤʘ. ʊʘʢʚʝ ʩʠʪʫʘʮʠʿʝ ʩʝ ʜʝʰʘʚʘʿʫ ʨʫʪʠʥʩʢʠ ʢʘʜʘ ʩʝ 

ʠʟʚʨʰʘʚʘ CCïʩʪʨʘʪʝʛʠʿʘ. ʋ ʩʚʘʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ ʫ ʢʦʿʝʤ ʭʠʙʨʠʜʥʠ 

ʛʝʥʝʨʘʪʦʨ ʧʫʥʠ ʙʘʪʝʨʠʿʫ, ʪʨʦʰʢʦʚʠ ʮʠʢʣʠʯʥʦʛ ʧʫˁʝˁʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʢʘʦ 

ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʩʪʚʘʨʥʠʭ ʪʨʦʰʢʦʚʘ ʧʦʛʦʥʘ ʩʠʩʪʝʤʘ ʫ ʜʘʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ ʠ 

ʪʨʦʰʢʦʚʘ ʢʦʿʠ ʙʠ ʩʝ ʠʤʘʣʠ ʫ ʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʢʦʨʘʢʫ ʜʘ ʩʠʩʪʝʤ ʥʠʿʝ ʥʘʧʫʥʠʦ 

ʙʘʪʝʨʠʿʫ. ʊʨʦʰʢʦʚʠ ʩʢʣʘʜʠʰʪʝˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʙʠ˂ʝ ʫʚʝʢ ʿʝʜʥʘʢʠ ʥʫʣʠ ʘʢʦ 

ʩʝ ʠʟʚʨʰʘʚʘ LFïʩʪʨʘʪʝʛʠʿʘ, ʿʝʨ ʪʘʜʘ ʚʣʘʩʥʠʢ ʩʠʩʪʝʤʘ ʥʝ ʧʣʘ˂ʘ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ 

ʚʝ˂ ʟʘ ʪʦ ʢʦʨʠʩʪʠ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʿʠ ʩʝ ʧʦʿʘʚʠʦ. 

ʌʠʥʘʥʩʠʿʩʢʠ ʧʝʥʘʣ ʟʘ ʝʤʠʩʠʿʫ GHG emissionsC  ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʧʦʤʦ˂ʫ ʠʟʨʘʟʘ 

(3.61), ʛʜʝ ʧʦʨʝʜ ʧʝʥʘʣʘ ʟʘ ʟʘʛʘʹʫʿʫ˂ʝ ʯʝʩʪʠʮʝ ʠʟ ʙʦʿʣʝʨʘ ʪʨʝʙʘ ʫʢˀʫʯʠʪʠ ʠ ʧʝʥʘʣ 

ʟʘ ʟʘʛʘʹʫʿʫ˂ʝ ʯʝʩʪʠʮʝ ʠʟ ʭʠʙʨʠʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ (ʟʙʦʛ ʩʘʛʦʨʝʚʘˁʘ ʛʦʨʠʚʘ). 
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4. ʆʇʀʉ ʇʆʉʊʆɱɽɴɽɻ ʍʀɹʈʀɼʅʆɻ ʉʀʉʊɽʄɸ 

ʇɸʉʊʈʄʉʂʆɻ ʈʀɹɳɸʂɸ ɱɸɹʃɸʅʀʎɸ ʉɸ 

ʂɸʈɸʂʊɽʈʀʉʊʀʂɸʄɸ ʂʆʄʇʆʅɽʅʊʀ ʀ 

ʈɸʉʇʆʃʆɾʀɺʀʄ ʆɹʅʆɺɲʀɺʀʄ ʈɽʉʋʈʉʀʄɸ 

 

ʆʜʘʙʨʘʥʘ ʣʦʢʘʮʠʿʘ ʿʝ ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ 

ʠʩʪʦʯʥʦʿ ʉʨʙʠʿʠ, ʥʘ ʫʜʘˀʝʥʦʩʪʠ 13 km ʦʜ ʩʝʣʘ ɱʘʙʣʘʥʠʮʘ ʫ ʦʧʰʪʠʥʠ ɹʦˀʝʚʘʮ. 

ɻʝʦʛʨʘʬʩʢʝ ʢʦʦʨʜʠʥʘʪʝ ʣʦʢʘʮʠʿʝ ʩʫ 43Á53'47.47'' ʩʝʚʝʨʥʝ ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ ʠ 

21Á47'11.55'' ʠʩʪʦʯʥʝ ʛʝʦʛʨʘʬʩʢʝ ʜʫʞʠʥʝ ʩʘ ʥʘʜʤʦʨʩʢʦʤ ʚʠʩʠʥʦʤ ʦʜ 820 m. ʅʘ 

ʉʣʠʮʠ 4.1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʣʦʢʘʮʠʿʘ ʬʠʨʤʝ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 4.1 ʃʦʢʘʮʠʿʘ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ:  

ʧʨʝʢʦ Google Maps (ʘ) ʠ ʠʟ ʧʪʠʯʿʝ ʧʝʨʩʧʝʢʪʠʚʝ (ʙ) 

 

ʈʠʙˁʘʢ ʜʦʙʠʿʘ ʚʦʜʫ ʠʟ ʈʘʜʦʚʘʥʩʢʝ ʨʝʢʝ ʠ ʠʤʘ ʩʚʝ ʥʝʦʧʭʦʜʥʝ ʫʨʝʹʘʿʝ ʠ 

ʙʘʟʝʥʝ ʟʘ ʫʟʛʦʿ ʠ ʧʨʘʚʠʣʘʥ ʨʘʩʪ ʧʘʩʪʨʤʢʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ ʫ ʨʠʙˁʘʢʫ ʢʨʝ˂ʝ ʩʝ ʦʜ 

10ÁC ʜʦ 17ÁC ʠ ʟʠʤʠ ʥʝ ʤʨʟʥʝ ʟʙʦʛ ʣʦʢʘʣʥʝ ʤʠʢʨʦʢʣʠʤʝ ʫ ʢʦʿʦʿ ʥʝʤʘ ʿʘʢʠʭ ʚʝʪʨʦʚʘ 

ʠ ʤʨʘʟʝʚʘ, ʚʦʜʘ ʿʝ 100% ʟʘʩʠ˂ʝʥʘ ʢʠʩʝʦʥʠʢʦʤ ʯʠʿʘ ʦʧʪʠʤʘʣʥʘ ʢʦʣʠʯʠʥʘ ʠʟʥʦʩʠ 11 

mg ʧʦ ʣʠʪʨʫ ʜʦʢ ʩʝ ˁʝʥ pH  ʬʘʢʪʦʨ ʢʨʝ˂ʝ ʦʜ 6.5 ʜʦ 8.5. ɿʘʭʚʘ˂ʝʥʘ ʚʦʜʘ ʩʝ ʧʨʝʢʦ 

ʚʦʜʦʟʘʭʚʘʪʘ, ʢʦʿʠ ʿʝ ʪʠʨʦʣʩʢʦʛ ʪʠʧʘ ʢʘʧʘʮʠʪʝʪʘ 600 l/s, ʜʦʚʦʜʠ ʜʦ ʧʦˀʘ ʟʘ ʫʟʛʦʿ 

ʨʠʙʝ. ʊʠʨʦʣʩʢʠ ʚʦʜʦʟʘʭʚʘʪ ʿʝ ʠʟʛʨʘʹʝʥ ʜʠʨʝʢʪʥʦ ʫ ʜʥʫ ʢʦʨʠʪʘ ʨʝʢʝ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 
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ʥʠʩʢʝ ʧʨʝʛʨʘʜʝ ʧʨʝʢʦ ʢʦʿʝ ʧʨʝʣʘʟʠ ʚʦʜʘ, ʘ ʠʩʧʨʝʜ ˁʝ ʩʝ ʫ ʜʥʫ ʥʘʣʘʟʠ ʨʝʰʝʪʢʘ. 

ʇʦʰʪʦ ʪʘ ʚʦʜʘ ʥʦʩʠ ʚʫʯʝʥʠ ʠ ʩʫʩʧʝʥʜʦʚʘʥʠ ʥʘʥʦʩ ʠʟʘ ʫʣʘʟʥʦʛ ʢʘʥʘʣʘ ʩʫ 

ʧʦʩʪʘʚˀʝʥʘ ʜʚʘ ʙʘʟʝʥʘ ʟʘ ʪʘʣʦʞʝˁʝ ʥʘʥʦʩʘ, ʘ ʟʘ ˁʠʤʘ ʿʦʰ 15 ʙʘʟʝʥʘ ʛʜʝ ʩʝ ʨʠʙʘ 

ʭʨʘʥʠ ʠ ʪʦʚʠ. ɼʠʤʝʥʟʠʿʝ ʦʚʠʭ ʙʘʟʝʥʘ ʩʫ 29.5 m × 5 m × 2 m ʩʘ ʫʢʫʧʥʦʤ 

ʟʘʧʨʝʤʠʥʦʤ ʧʨʠʙʣʠʞʥʦ 4500 m
3
. ʇʦʩʣʝ ʢʘʩʢʘʜʥʦ ʧʦʩʪʘʚˀʝʥʠʭ ʙʘʟʝʥʘ ʟʘ ʫʟʛʦʿ 

ʨʠʙʝ, ʢʦʿʠ ʠʜʫ ʫ ʧʝʪ ʥʠʚʦʘ, ʚʦʜʘ ʩʝ ʩʘʢʫʧˀʘ ʫ ʿʝʜʘʥ ʚʝ˂ʠ ʩʘʙʠʨʥʠ ʙʘʟʝʥ, ʦʜʘʢʣʝ ʩʝ 

ʧʦʤʦ˂ʫ ʤʝʪʘʣʥʝ ʮʝʚʠ ʜʦʚʦʜʠ ʜʦ ʪʫʨʙʠʥʝ ɛʍɽ ʠ ʠʩʧʫʰʪʘ ʧʨʝʢʦ ʤʝʨʥʦʛ ʧʨʦʬʠʣʘ ʫ 

ʨʝʢʫ. ʊʘʢʦʹʝ, ʪʫ ʩʝ ʥʘʣʘʟʠ ʠ 6 ʤʨʝʩʪʠʣʠʰʪʘ ʫ ʢʦʿʠʤʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʤʣʘʹ ʨʠʙʝ ʠʟ 

ʠʢʨʝ ʜʦʤʘ˂ʠʭ ʤʘʪʠʮʘ ʠʣʠ ʠʢʨʝ ʫʚʝʟʝʥʝ ʠʟ ɽʥʛʣʝʩʢʝ ʠ ɸʤʝʨʠʢʝ (ʠʟ ʂʘʣʠʬʦʨʥʠʿʝ). 

ʋ ʤʨʝʩʪʠʣʠʰʪʠʤʘ ʩʝ ʤʣʘʹ ʛʘʿʠ ʜʦ ʚʝʣʠʯʠʥʝ ʦʜ 5 g, ʧʦʩʣʝ ʯʝʛʘ ʩʝ ʠʟʙʘʮʫʿʝ ʫ 

ʩʧʦˀʥʝ ʙʘʟʝʥʝ. ʆʚʠ ʙʘʟʝʥʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 4.2. 

 

  

(ʘ) 

  

(ʙ) 

ʉʣʠʢʘ 4.2 ɹʘʟʝʥʠ ʟʘ ʫʟʛʦʿ ʠ ʪʦʚ ʨʠʙʝ (ʘ) ʠ ʤʨʝʩʪʠʣʠʰʪʘ (ʙ) 

 

ʇʦʨʝʜ ʧʘʩʪʨʤʢʝ, ʧʣʘʥʠʨʘ ʩʝ ʜʘ ʩʝ ʫ 5 ʟʘʪʚʦʨʝʥʠʭ ʙʘʟʝʥʘ ʫʟʛʘʿʘ ʠ ʰʘʨʘʥ. 

ʐʘʨʘʥ ʿʝ ʿʝʜʥʘ ʦʜ ʥʘʿʪʨʘʞʝʥʠʿʠʭ ʨʠʙʘ ʥʘ ʩʚʝʪʫ. ʋʟʛʘʿʘ ʩʝ ʫ ʪʦʧʣʦʚʦʜʥʠʤ 
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ʨʠʙˁʘʮʠʤʘ, ʚʝʦʤʘ ʿʝ ʧʨʠʣʘʛʦʜˀʠʚ ʠ ʦʪʧʦʨʘʥ ʥʘ ʧʨʦʤʝʥʝ ʘʤʙʠʿʝʥʪʥʠʭ ʫʩʣʦʚʘ ʫ 

ʢʦʠʿʤʘ ʩʝ ʥʘʣʘʟʠ. ɼʫʙʠʥʘ ʚʦʜʝ ʫ ʰʘʨʘʥʩʢʠʤ ʨʠʙˁʘʮʠʤʘ ʿʝ 1.5 m. ɿʙʦʛ ʤʘʣʝ ʜʫʙʠʥʝ 

ʙʘʟʝʥʘ, ʭʝʤʠʿʩʢʠ ʠ ʙʠʦʣʦʰʢʠ ʧʨʦʮʝʩʠ ʟʥʘʯʘʿʥʦ ʟʘʚʠʩʝ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʝ, ʯʠʿʘ 

ʩʝ ʦʧʪʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʢʨʝ˂ʝ ʦʜ 20ÁC ʜʦ 27ÁC. ʅʘʛʣʘ ʠ ʚʠʩʦʢʘ ʧʦʚʠʰʝˁʘ ʠ 

ʩʥʠʞʝˁʘ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʝ ʰʪʝʪʥʦ ʜʝʣʫʿʫ ʥʘ ʨʘʟʚʦʿ ʧʨʠʨʦʜʥʝ ʨʠʙˀʝ ʭʨʘʥʝ, ʰʪʦ ʟʘ 

ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʧʦʨʝʤʝ˂ʘʿ ʨʘʩʪʘ ʨʠʙʝ. ɺʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ, ʥʘʨʦʯʠʪʦ ʫ 

ʧʨʠʩʫʩʪʚʫ ʚʝ˂ʝ ʢʦʣʠʯʠʥʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʠ ʘʤʦʥʠʿʘʢʘ ʫʩʣʦʚˀʘʚʘ ʧʦʿʘʚʫ 

ʨʘʟʣʠʯʠʪʠʭ ʙʦʣʝʩʪʠ ʨʠʙʝ. ɿʘʪʦ ʿʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʧʩʝʛ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʝ ʫ ʙʘʟʝʥʠʤʘ 

ʦʜʨʞʘʚʘ ʟʘʛʨʝʚʘˁʝʤ ʚʦʜʝ ʧʦʤʦ˂ʫ ʨʝʢʫʧʝʨʠʩʘʥʝ ʦʪʧʘʜʥʝ ʪʦʧʣʦʪʝ ʠʟ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ, TLCïʨʝʛʫʣʘʪʦʨʘ ʠ ʙʦʿʣʝʨʘ. ʋ ʦʢʚʠʨʫ ʨʠʙˁʘʢʘ ʥʘʣʘʟʝ ʩʝ ʧʦʩʣʦʚʥʘ 

ʟʛʨʘʜʘ ʫ ʢʦʿʦʿ ʙʦʨʘʚʠ ʟʘʧʦʩʣʝʥʦ ʦʩʦʙˀʝ, ʜʚʝ ʦʩʪʘʚʝ ʠ ʿʝʜʘʥ ʧʦʤʦ˂ʥʠ ʦʙʿʝʢʘʪ. 

 

4.1 ɼʥʝʚʥʠ ʧʨʦʬʠʣ ʦʧʪʝʨʝ˂ʝˁʘ 

 

ʋ ʧʨʚʦʤ ʩʣʫʯʘʿʫ (ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ), ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʫ ʧʨʦʠʟʚʦʜʠ 

ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʪʨʦʰʠ ʩʝ ʟʘ ʥʘʧʘʿʘˁʝ ʢʫ˂ʥʠʭ ʘʧʘʨʘʪʘ ʫ ʧʦʩʣʦʚʥʦʿ ʟʛʨʘʜʠ, ʟʘʪʠʤ 

ʟʘ ʦʩʚʝʪˀʘʚʘˁʝ ʨʠʙˁʘʢʘ, ʦʢʩʠʛʝʥʘʪʦʨ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʢʠʩʝʦʥʠʢʘ ʠ ʣʝʜʦʤʘʪ ʟʘ 

ʧʨʘʚˀʝˁʝ ʣʝʜʘ ʟʘ ʧʦʪʨʝʙʝ ʠʩʧʦʨʫʢʝ ʨʠʙʝ. ʇʦʜʘʮʠ ʦ ʥʘʚʝʜʝʥʠʤ ʧʦʪʨʦʰʘʯʠʤʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 4.1, ʜʦʢ ʩʫ ʪʠʧʠʯʥʠ ʜʥʝʚʥʠ ʧʨʦʬʠʣʠ 

ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʨʘʜʥʝ ʜʘʥʝ ʠ ʚʠʢʝʥʜʝ ʫ ʤʝʩʝʮʫ ʿʘʥʫʘʨʫ 2023. ʛʦʜʠʥʝ ʧʨʠʢʘʟʘʥʠ ʥʘ 

ʉʣʠʮʠ 4.3.  

 

ʊʘʙʝʣʘ 4.1 ʇʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʧʦʩʪʦʿʝ˂ʝʤ ʩʠʩʪʝʤʫ 

ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ 

 
ʉʥʘʛʘ 

(W) 

ʂʦʤʘʜʘ 

(ʙʨʦʿ) 

ʇʦʛʦʥ 

(h/day) 

ɽʥʝʨʛʠʿʘ 

(Wh/day) 

ʈʘʜʥʠ ʜʘʥʠ ɺʠʢʝʥʜ ʈʘʜʥʠ ʜʘʥʠ ɺʠʢʝʥʜ 

ʂʫ˂ʥʠ ʘʧʘʨʘʪʠ 300 1 18 18 5400 5400 

ʆʩʚʝʪˀʝˁʝ 100 10 6 6 6000 6000 

ʆʢʩʠʛʝʥʘʪʦʨ 400 1 24 24 9600 9600 

ʃʝʜʦʤʘʪ 2000 1 6 0 12000 0 

ʋʢʫʧʥʦ     33000 21000 
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ʉʣʠʢe 4.3 ʠ 4.4 ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʚʨʰʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʘʚˀʘ ʨʘʜʥʠʤ 

ʜʘʥʠʤʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 10 h ʜʦ 16 h, ʘ ʤʠʥʠʤʘʣʥʦ ʦʜ 0 h ʜʦ 10 h ʠ ʦʜ 16 h ʜʦ 18 h. 

ʊʦʢʦʤ ʚʠʢʝʥʜʘ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʦʜ 18 h ʜʦ 0 h, ʘ ʤʠʥʠʤʘʣʥʦ ʦʜ 0 h ʜʦ 18 

h. ʉʨʝʜˁʝ ʛʦʜʠʰˁʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʥʦʩʠ 24.79 kWh, ʚʨʰʥʘ 

ʩʥʘʛʘ ʿʝ 4.73 kW, ʘ ʬʘʢʪʦʨ ʦʧʪʝʨʝ˂ʝˁʘ 0.22. 

 

 

(ʘ) 

 

(ʙ) 

ʉʣʠʢʘ 4.3 ʊʠʧʠʯʥʠ ʜʥʝʚʥʠ ʧʨʦʬʠʣʠ ʦʧʪʝʨʝ˂ʝˁʘ ʟʘ ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ ʧʘʩʪʨʤʩʢʦʛ 

ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ: ʨʘʜʥʠʭ ʜʘʥʘ (ʘ) ʠ ʚʠʢʝʥʜʘ (ʙ) ʫ ʤʝʩʝʮʫ ʘʿʥʫʘʨʫ 

 

ʇʨʦʬʠʣ ʦʧʪʝʨʝ˂ʝˁʘ ʩʝ ʤʝˁʘ ʠʟ ʜʘʥʘ ʫ ʜʘʥ. ʂʦʤʙʠʥʘʮʠʿʦʤ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ 

ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʢʘʦ ʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠʟ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʫ ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ, 

ʛʝʥʝʨʠʰʫ ʩʝ ʧʦʜʘʮʠ ʦ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʿʠ ʠʟʛʣʝʜʘʿʫ ʨʝʘʣʠʩʪʠʯʥʠʿʝ. ʅʘ ʉʣʠʮʠ 4.4 

ʧʨʠʢʘʟʘʥʦ ʿʝ ʧʨʦʩʝʯʥʦ ʜʥʝʚʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʦ ʤʝʩʝʮʠʤʘ, ʛʝʥʝʨʠʩʘʥʦ ʟʘ 15% 

ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʠ 20% ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʠʟ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʫ 

ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ. 
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ʉʣʠʢʘ 4.4 ʄʝʩʝʯʥʠ ʜʠʿʘʛʨʘʤʠ ʩʘ ʧʨʦʩʝʯʥʠʤ ʜʥʝʚʥʠʤ ʦʧʪʝʨʝ˂ʝˁʠʤʘ ʟʘ ʧʦʩʪʦʿʝ˂ʠ 

ʩʠʩʪʝʤ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ ʨʘʜʥʠʭ ʜʘʥʘ 

 

ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ (ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ), ʩʘ ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʬʫʥʢʮʠʿʝ 

ʨʠʙˁʘʢʘ ʠ ʧʦʚʝ˂ʘˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ, ʫʟ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ, ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ˂ʝ 

ʧʨʦʠʟʚʦʜʠʪʠ ʠ ʪʦʧʣʦʪʫ ʟʘ ʟʘʛʨʝʚʘˁʝ ʚʦʜʝ ʫ 5 ʟʘʪʚʦʨʝʥʠʭ ʙʘʟʝʥʘ ʛʜʝ ˂ʝ ʩʝ ʫʟʛʘʿʘʪʠ 

ʰʘʨʘʥ. ɽʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʢʦʿʘ ʩʝ ʧʨʦʠʟʚʦʜʠ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ ʥʘʧʘʿʘ ʩʝ 

ʧʦʩʣʦʚʥʘ ʟʛʨʘʜʘ ʩʘ ʩʣʝʜʝ˂ʠʤ ʜʦʧʫˁʝʥʠʤ ʘʧʘʨʘʪʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʊʘʙʝʣʫ 4.1, 

ʥʝʦʧʭʦʜʥʠʤ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʠ ʞʠʚʦʪ: ʟʘʤʨʟʠʚʘʯ, ʬʨʠʞʠʜʝʨ, ʝʣʝʢʪʨʠʯʥʠ ʰʧʦʨʝʪ, 

ʙʦʿʣʝʨ, ʪʝʣʝʚʠʟʦʨ, ʢʦʤʧʿʫʪʝʨ, ʚʝʰ ʤʘʰʠʥʘ, ʧʝʛʣʘ, ʬʝʥ ʟʘ ʢʦʩʫ, ʫʩʠʩʠʚʘʯ, ʢʣʠʤʘ 

ʫʨʝʹʘʿ, ʢʦʪʘʦ ʟʘ ʛʨʝʿʘˁʝ ʟʛʨʘʜʝ, ʫʥʫʪʨʘʰˁʝ ʦʩʚʝʪˀʝˁʝ ʩʘ 18 ʩʠʿʘʣʠʮʘ ʠ ʩʧʦˀʘʰˁʝ 

ʦʩʚʝʪˀʝˁʝ ʩʘ 15 ʩʠʿʘʣʠʮʘ. ʇʦʨʝʜ ʪʦʛʘ, ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʩʝ ʩʥʘʙʜʝʚʘʿʫ ʠ 

ʩʣʝʜʝ˂ʠ ʫʨʝʹʘʿʠ ʢʦʿʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʧʦʛʦʥ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ: ʨʘʩʭʣʘʜʥʘ 

ʢʦʤʦʨʘ ʟʘ ʧʦʪʭʣʘʹʠʚʘˁʝ ʨʠʙʝ ʜʦʢ ʯʝʢʘ ʠʩʧʦʨʫʢʫ (ʨʠʙʘ ʩʝ ʪʫ ʩʘʤʦ ʦʭʣʘʜʠ ʘʣʠ ʥʝ 

ʟʘʤʨʟʘʚʘ, ʥʧʨ. ʩʘ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ 12ÁC ʢʦʣʠʢʦ ʿʝ ʫ ʙʘʟʝʥʫ ʥʘ 6ÁC ʫ ʢʦʤʦʨʠ), 

ʫʨʝʹʘʿʠ ʟʘ ʨʘʩʧʨʰʠʚʘˁʝ ʚʦʜʝ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʢʠʩʝʦʥʠʢ, ʣʝʜʦʤʘʪ ʢʦʿʠ ʧʨʘʚʠ ʣʝʜ ʥʘ 

ʢʦʿʝʤ ʩʝ ʨʠʙʘ ʪʨʘʥʩʧʦʨʪʫʿʝ (ʥʧʨ. ʟʘ ʢʦʣʠʯʠʥʫ ʨʠʙʝ ʦʜ 1 t ʣʝʜʦʤʘʪ ʩʝ ʫʢˀʫʯʠ 5 h 

ʨʘʥʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʧʨʠʧʨʝʤʠʦ ʣʝʜ), ʧʫʤʧʘ ʟʘ ʣʝʜʦʤʘʪ, ʩʚʝʪʣʦ ʠ ʚʠʜʝʦ ʥʘʜʟʦʨ ʫ 

ʤʨʝʩʪʠʣʠʰʪʫ ʨʠʙʝ. ʇʦʪʨʝʙʥʠ ʧʦʜʘʮʠ ʦ ʥʘʚʝʜʝʥʠʤ ʘʧʘʨʘʪʠʤʘ ʠ ʫʨʝʹʘʿʠʤʘ ʜʘʪʠ ʩʫ 

ʫ ʊʘʙʝʣʠ 4.2, ʜʦʢ ʩʫ ʥʘ ʉʣʠʮʠ 4.5 ʧʨʠʢʘʟʘʥʠ ʜʥʝʚʥʠ ʜʠʿʘʛʨʘʤʠ ʧʦʪʨʦʰˁʝ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ ʣʝʪˁʝʛ ʧʝʨʠʦʜʘ ʢʦʿʠ ʪʨʘʿʝ 7 

ʤʝʩʝʮʠ (ʘʧʨʠʣ - ʦʢʪʦʙʘʨ) ʠ ʟʠʤʩʢʦʛ ʧʝʨʠʦʜʘ ʢʦʿʠ ʪʨʘʿʝ 5 ʤʝʩʝʮʠ (ʥʦʚʝʤʙʘʨ - ʤʘʨʪ). 

 

ʊʘʙʝʣʘ 4.2 ʇʦʪʨʘʞˁʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʨʝʰʝˁʫ ʟʘ 

ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ 

ɸʧʘʨʘʪ 

ʠʣʠ ʫʨʝʹʘʿ 

ʉʥʘʛʘ 

(W) 

ʂʦʤʘʜʘ 

(ʙʨʦʿ) 

ʇʦʛʦʥ (h/day) ɽʥʝʨʛʠʿʘ (Wh/day) 

ʃʝʪʦ  

(ʘʧʨʠʣ-

ʦʢʪʦʙʘʨ) 

ɿʠʤʘ 

(ʥʦʚʝʤʙʘʨ-

ʤʘʨʪ) 

ʃʝʪʦ 

(ʘʧʨʠʣ-

ʦʢʪʦʙʘʨ) 

ɿʠʤʘ 

(ʥʦʚʝʤʙʘʨ-

ʤʘʨʪ) 

ɿʘʤʨʟʠʚʘʯ 300 1 14 14 4200 4200 

ʌʨʠʞʠʜʝʨ 200 1 14 14 2800 2800 

ɽʣʝʢʪʨʠʯʥʠ ʰʧʦʨʝʪ 1000 1 2 2 2000 2000 

ɹʦʿʣʝʨ 2000 1 3 3 6000 6000 

ʊɺ ʠ ʢʦʤʧʿʫʪʝʨ 300 1 5 5 1500 1500 

ʄʘʰʠʥʘ ʟʘ ʧʨʘˁʝ 

ʚʝʰʘ 
2000 1 2 2 4000 4000 

ʇʝʛʣʘ 400 1 2 2 800 800 

ʌʝʥ ʟʘ ʢʦʩʫ 1500 1 1 1 1500 1500 

ʋʩʠʩʠʚʘʯ 300 1 1 1 300 300 

ʂʣʠʤʘ ʫʨʝʹʘʿ 2500 1 5 - 12500 - 

ʂʦʪʘʦ ʟʘ ʛʨʝʿʘˁʝ 16000 1 - 3 - 48000 

ʋʥʫʪʨʘʰˁʝ 

ʦʩʚʝʪˀʝˁʝ 
100 18 10 15 18000 27000 

ʉʧʦʘˀʰˁʝ LED 

ʦʩʚʝʪˀʝˁʝ 
40 15 10 15 6000 9000 

ʈʘʩʭʣʘʜʥʘ ʢʦʤʦʨʘ 10000 1 2 2 20000 20000 

ʆʢʩʠʛʝʥʘʪʦʨ 

(ʢʠʩʝʦʥʠʢ) 
500 6 24 24 72000 72000 

ʃʝʜʦʤʘʪ 2000 1 5 5 10000 10000 

ʇʫʤʧʘ ʟʘ ʣʝʜʦʤʘʪ 500 1 5 5 2500 2500 

ʆʩʚʝʪˀʝˁʝ ʠ ʚʠʜʝʦ 

ʥʘʜʟʦʨ 
500 1 24 24 12000 12000 

ʋʢʫʧʥʦ     176100 223600 
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ʇʨʝʤʘ ʉʣʠʢʘʤʘ 4.5 ʠ 4.6ʘ, ʚʨʰʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʿʘʚˀʘ ʩʝ ʫ 

ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ ʦʜ 16 h ʜʦ 19 h, ʘ ʤʠʥʠʤʘʣʥʦ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ ʦʜ 0 h ʜʦ 8 h ʠ 

ʦʜ 13 h ʜʦ 16 h. ɿʘʪʠʤ, ʧʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ʧʦʪʨʦʰˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʪʦʢʦʤ 

ʛʦʜʠʥʝ ʠʟʥʦʩʠ 203.78 kWh, ʚʨʰʥʘ ʩʥʘʛʘ 26.5 kW, ʘ ʬʘʢʪʦʨ ʦʧʪʝʨʝ˂ʝˁʘ 0.32. 

 

 

(ʘ) 

 

(ʙ) 

ʉʣʠʢʘ 4.5 ʊʠʧʠʯʘʥ ʜʥʝʚʥʠ ʜʠʿʘʛʨʘʤ ʧʦʪʨʦʰˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ  

ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʨʝʰʝˁʫ ʟʘ ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ:  

ʣʝʪˁʝʛ ʧʝʨʠʦʜʘ (ʘ) ʠ ʟʠʤʩʢʦʛ ʧʝʨʠʦʜʘ (ʙ) 

 

ʊʦʧʣʦʪʘ ʢʦʿʘ ʙʠ ʩʝ ʧʨʦʠʟʚʦʜʠʣʘ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ ʪʨʦʰʠʣʘ ʙʠ ʩʝ ʥʘ 

ʟʘʛʨʝʚʘˁʝ ʚʦʜʝ ʫ 5 ʙʝʪʦʥʩʢʠʭ ʙʘʟʝʥʘ ʛʜʝ ˂ʝ ʩʝ ʫʟʛʘʿʘʪʠ ʨʠʙʘ ʰʘʨʘʥ. ʋʢʫʧʥʘ 

ʟʘʧʨʝʤʠʥʘ ʚʦʜʝ ʫ ʦʚʠʤ ʙʘʟʝʥʠʤʘ ʿʝ 843.75 m
3
 ʠ ʦʥʘ ʙʠ ʩʝ ʟʘʛʨʝʚʘʣʘ ʧʦʤʦ˂ʫ 

ʙʦʿʣʝʨʘ, TLCïʨʝʛʫʣʘʪʦʨʘ ʠ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʠ ʩʝ ʦʜʨʞʘʚʘʣʘ 

ʥʘ 27ÁC. ʅʘ ʉʣʠʮʠ 4.6ʙ ʿʝ ʧʨʠʢʘʟʘʥ ʛʦʜʠʰˁʠ ʜʠʿʘʛʨʘʤ ʧʦʪʨʦʰˁʝ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʨʠʙˁʘʢʫ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ ʣʝʪˁʝʛ ʠ ʟʠʤʩʢʦʛ ʧʝʨʠʦʜʘ. 

ʋ ʩʪʚʘʨʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʠ ʦʙʣʠʢ ʦʧʪʝʨʝ˂ʝˁʘ ʚʘʨʠʨʘʿʫ ʠʟ ʜʘʥʘ ʫ ʜʘʥ. 

ɼʦʜʘʚʘˁʝʤ ʜʥʝʚʥʦʛ ʠ ʯʘʩʦʚʥʦʛ ʰʫʤʘ, ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʜʥʝʚʥʦʛ ʧʨʦʬʠʣʘ 

ʦʧʪʝʨʝ˂ʝˁʘ ʧʦ ʚʝʣʠʯʠʥʠ ʠ ʦʙʣʠʢʫ, ʯʠʤʝ ʧʨʦʬʠʣ ʧʦʩʪʘʿʝ ʨʝʘʣʠʩʪʠʯʥʠʿʠ. ʅʘ ʉʣʠʮʠ 

4.6 ʧʨʠʢʘʟʘʥ ʿʝ ʛʦʜʠʰˁʠ ʜʠʿʘʛʨʘʤ ʦʧʪʝʨʝ˂ʝˁʘ ʩʘ ʜʥʝʚʥʠʤ ʠ ʯʘʩʦʚʥʠʤ ʰʫʤʦʤ ʟʘ 
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15% ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠʟ ʜʘʥʘ ʫ ʜʘʥ ʠ 20% ʚʘʨʠʿʘʙʠʣʥʦʩʪ ʠʟ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʫ 

ʚʨʝʤʝʥʩʢʠ ʢʦʨʘʢ. 

 

 

(ʘ) 

 

(ʙ) 

ʉʣʠʢʘ 4.6 ʇʨʠʢʘʟ ʛʦʜʠʰˁʝʛ ʜʠʿʘʛʨʘʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʨʝʰʝˁʫ ʟʘ 

ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ ʩʘ ʜʥʝʚʥʠʤ ʠ ʯʘʩʦʚʥʠʤ ʫhʤʦʤ ʟʘ: ʝʣʝʢʪʨʠʯʥʦ (ʘ) ʠ 

ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ (ʙ) 

 

ʇʨʝʤʘ ʉʣʠʢʘʤʘ 4.7 ʠ 4.6ʙ ʚʨʰʥʦ ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʩʝ ʿʘʚˀʘ ʫ ʟʠʤʩʢʦʤ 

ʧʝʨʠʦʜʫ ʠ ʪʨʘʿʝ ʦʜ 17 h ʜʦ 7 h, ʘ ʤʠʥʠʤʘʣʥʦ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ ʦʜ 10 h ʜʦ 16 h. 

ɿʘʪʠʤ, ʧʨʦʩʝʯʥʘ ʜʥʝʚʥʘ ʧʦʪʨʦʰˁʘ ʪʦʧʣʦʪʝ ʪʦʢʦʤ ʛʦʜʠʥʝ ʠʟʥʦʩʠ 118.21 kWh, 

ʚʨʰʥʘ ʩʥʘʛʘ ʿʝ 15.6 kW, ʘ ʬʘʢʪʦʨ ʦʧʪʝʨʝ˂ʝˁʘ 0.32. 

 

 

(ʘ) 
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(ʙ) 

ʉʣʠʢʘ 4.7 ʊʠʧʠʯʘʥ ʜʥʝʚʥʠ ʜʠʿʘʛʨʘʤ ʧʦʪʨʦʰˁʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ  ʫ ʧʨʝʜʣʦʞʝʥʦʤ 

ʨʝʰʝˁʫ ʟʘ ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ ʪʦʢʦʤ:  ʣʝʪˁʝʛ ʧʝʨʠʦʜʘ (ʘ) ʠ ʟʠʤʩʢʦʛ 

ʧʝʨʠʦʜʘ (ʙ) 

 

4.2 ʇʦʪʝʥʮʠʿʘʣ ʆʀɽ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

 

ʅʘ ʦʩʥʦʚʫ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ [59-61] ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʨʘʟʤʘʪʨʘʥʘ 

ʣʦʢʘʮʠʿʘ ʧʦʩʝʜʫʿʝ ʟʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ ʭʠʜʨʦʝʥʝʨʛʠʿʝ, ʩʦʣʘʨʥʝ ʝʥʝʨʛʠʿʝ ʠ ʙʠʦʤʘʩʝ 

ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ. 

 

4.2.1 ʍʠʜʨʦʝʥʝʨʛʠʿʘ ʠ ɛʍɽ 

 

ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɛʍɽ ʢʦʨʠʩʪʠ ʩʝ ʚʦʜʘ ʥʘ ʠʟʣʘʟʫ ʠʟ 

ʨʠʙˁʘʢʘ. ʇʦʩʣʝ ʧʨʦʣʘʟʘ ʢʨʦʟ ʙʘʟʝʥʝ ʫ ʢʦʿʠʤʘ ʩʝ ʫʟʛʘʿʘ ʧʘʩʪʨʤʢʘ, ʚʦʜʘ ʩʝ ʩʘʢʫʧˀʘ 

ʫ ʩʘʙʠʨʥʠ ʙʘʟʝʥ (ʪʘʣʦʞʥʠʢ) ʦʜʘʢʣʝ ʩʝ ʮʝʚʦʚʦʜʦʤ ʜʦʚʦʜʠ ʜʦ ʪʫʨʙʠʥʝ. ʅʘ ʉʣʠʮʠ 4.8 

ʧʨʠʢʘʟʘʥ ʿʝ ʩʘʙʠʨʥʠ ʙʘʟʝʥ ʩʘ ʠʩʧʫʩʪʦʤ, ʜʦʢ ʩʫ ʥʘ ʉʣʠʮʠ 4.9 ʧʨʠʢʘʟʘʥʠ ʮʝʚʦʚʦʜ ʠ 

ʤʘʰʠʥʩʢʘ ʢʫ˂ʠʮʘ. ʍʠʩʪʦʛʨʘʤ ʩʨʝʜˁʝ ʤʝʩʝʯʥʠʭ ʧʨʦʪʠʮʘʿʘ ʚʦʜʝ ʟʘ ʈʘʜʦʚʘʥʩʢʫ ʨʝʢʫ 

ʜʦʙʠʿʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʚʠʰʝʛʦʜʠʰˁʠʭ ʤʝʨʝˁʘ [150] ʠ ʜʘʪ ʿʝ ʥʘ ʉʣʠʮʠ 4.10. ʂʘʦ ʰʪʦ 

ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʉʣʠʢʝ 4.10, ʧʨʦʪʦʢ ʚʦʜʝ ʟʘ ʈʘʜʦʚʘʥʩʢʫ ʨʝʢʫ ʦʧʘʜʘ ʪʦʢʦʤ ʣʝʪʘ ʠ 

ʿʝʩʝʥʠ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʫʰʥʠʭ ʜʘʥʘ, ʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʪʦʢʦʤ ʟʠʤʝ ʠ ʧʨʦʣʝ˂ʘ ʫʩʣʝʜ 

ʟʥʘʯʘʿʥʠʭ ʢʠʰʥʠʭ ʠ ʩʥʝʞʥʠʭ ʧʘʜʘʚʠʥʘ. ʇʨʠ ʪʦʤʝ, ʩʫʰʥʠ ʜʘʥʠ ʩʝ ʜʦʛʘʹʘʿʫ ʦʜ 

ʤʝʩʝʮʘ ʤʘʿʘ ʜʦ ʤʝʩʝʮʘ ʥʦʚʝʤʙʨʘ, ʜʦʢ ʩʝ ʢʠʰʥʠ ʜʘʥʠ ʠʤʘʿʫ ʦʜ ʤʝʩʝʮʘ ʜʝʮʝʤʙʨʘ ʜʦ 

ʤʝʩʝʮʘ ʘʧʨʠʣʘ. ʅʘʿʤʘˁʠ ʤʝʩʝʯʥʠ ʧʨʦʪʦʢ ʨʝʢʝ ʿʝ ʫ ʦʢʪʦʙʨʫ ʠ ʠʟʥʦʩʠ 90 l/s, ʜʦʢ ʿʝ 

ʥʘʿʚʝ˂ʠ ʤʝʩʝʯʥʠ ʧʨʦʪʦʢ ʫ ʘʧʨʠʣʫ ʠ ʠʟʥʦʩʠ 845 l/s. ʇʨʦʩʝʯʘʥ ʛʦʜʠʰˁʠ ʧʨʦʪʦʢ 

ʠʟʥʦʩʠ 328.04 l/s, ʘ ʧʨʦʩʝʯʘʥ ʟʘʦʩʪʘʣʠ ʧʨʦʪʦʢ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʤʠʥʠʤʘʣʥʫ 
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ʢʦʣʠʯʠʥʫ ʚʦʜʝ ʢʦʿʘ ʩʝ ʤʦʨʘ ʦʩʪʘʚʠʪʠ ʜʘ ʪʝʯʝ ʨʝʢʦʤ ʨʘʜʠ ʦʯʫʚʘˁʘ ʚʦʜʝʥʠʭ 

ʝʢʦʩʠʩʪʝʤʘ, ʬʣʦʨʝ ʠ ʬʘʫʥʝ, ʿʝ 32.08 l/s. ʋ ʊʘʙʝʣʠ 4.3 ʜʘʪʠ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʧʦʜʘʮʠ ʦ ɛʍɽ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ. 

 

 

ʉʣʠʢʘ 4.8 ʉʘʙʠʨʥʠ ʙʘʟʝʥ ʩʘ ʠʩʧʫʩʪʦʤ 

 

 

ʉʣʠʢʘ 4.9 ʎʝʚʦʚʦʜ ʠ ʤʘʰʠʥʩʢʘ ʢʫ˂ʠʮʘ 

 

 

ʉʣʠʢʘ 4.10 ʍʠʩʪʦʛʨʘʤ ʩʨʝʜˁʝ ʤʝʩʝʯʥʠʭ ʧʨʦʪʠʮʘʿʘ ʚʦʜʝ ʟʘ ʈʘʜʦʚʘʥʩʢʫ ʨʝʢʫ 
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ʊʘʙʝʣʘ 4.3 ʊʝʭʥʠʯʢʝ ʠ ʝʢʦʥʦʤʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ɛʍɽ [18,24,31,151] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ɛʍɽ 

ʊʠʧ ʪʫʨʙʠʥʝ ʇʨʦʧʝʣʝʨʥʘ S 

ʆʧʩʝʛ ʧʨʦʪʦʢʘ (l/s) 

220 ʜʦ 265 (ʧʨʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʪʫʨʙʠʥʝ) 

90 ʜʦ 360 (ʧʦʩʣʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʪʫʨʙʠʥʝ) 

ʅʝʪʦ ʧʘʜ (m) 2.9 

ɽʬʠʢʘʩʥʦʩʪ (%) 

84.9 (ʧʨʝ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʪʫʨʙʠʥʝ) 

85.4 (ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʪʫʨʙʠʥʝ) 

ʅʦʤʠʥʘʣʥʘ ʩʥʘʛʘ (kW) 

6.4 (ʧʨʝ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʪʫʨʙʠʥʝ) 

8.5 (ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʿʝ 

ʪʫʨʙʠʥʝ) 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ 

(USD/kW) 
1000 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 1000 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 192 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 25 

 

4.2.2 ʉʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʠ PV ʛʝʥʝʨʘʪʦʨ 

 

ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʠ ʠʥʜʝʢʩʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʣʠʮʠ 4.11. ʇʦʜʘʮʠ ʦ ʩʦʣʘʨʥʦʤ ʟʨʘʯʝˁʫ ʜʦʙʠʿʝʥʠ ʩʫ ʦʜ NASA 

Surface Meteorology and Solar Energy [55] ʥʘ ʦʩʥʦʚʫ ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ ʠ ʜʫʞʠʥʝ 

ʟʘ ʛʨʘʜ ɹʦˀʝʚʘʮ, ʦʧʰʪʠʥʫ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʠ ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ. ʉʣʠʢʘ 

4.11 ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʥʠʚʦ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʫ ʤʝʩʝʮʫ ʿʫʣʫ ʚʠʩʦʢ, ʘ ʫ ʤʝʩʝʮʫ 

ʜʝʮʝʤʙʨʫ ʥʠʟʘʢ. ɿʘʪʠʤ, ʧʨʦʩʝʯʥʦ ʛʦʜʠʰˁʝ ʟʨʘʯʝˁʝ ʠʟʥʦʩʠ 3.62 kWh/m
2
/day ʘ 

ʠʥʜʝʢʩ ʧʨʦʟʨʘʯʥʦʩʪʠ 0.486. 
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ʉʣʠʢʘ 4.11 ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ ʠ ʠʥʜʝʢʩʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʟʘ ʛʨʘʜ ɹʦˀʝʚʘʮ 

 

ʂʣʠʤʘ ʦʧʰʪʠʥʝ ɹʦˀʝʚʘʮ ʠʤʘ ʦʜʣʠʢʝ ʫʤʝʨʝʥʦ ʢʦʥʪʠʥʝʥʪʘʣʥʝ ʢʣʠʤʝ, ʩʘ 

ʪʦʧʣʠʤ ʣʝʪʠʤʘ ʠ ʫʤʝʨʝʥʦ ʭʣʘʜʥʠʤ ʟʠʤʘʤʘ. ʇʦʜʘʮʠ ʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʘʟʜʫʭʘ ʫ 

ɹʦˀʝʚʮʫ ʜʦʙʠʿʝʥʠ ʩʫ ʦʜ NASA Surface Meteorology and Solar Energy [55] ʥʘ ʦʩʥʦʚʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʛʝʦʛʨʘʬʩʢʝ ʰʠʨʠʥʝ ʠ ʛʝʦʛʨʘʬʩʢʝ ʜʫʞʠʥʝ ʠ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 

4.12. ʍʣʘʜʥʠ ʜʘʥʠ ʩʘ ʧʨʦʩʝʯʥʠʤ ʤʝʩʝʯʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʚʘʟʜʫʭʘ ʠʟ ʦʧʩʝʛʘ -

2.19ÁC ʜʦ 9.51ÁC ʠʤʘʿʫ ʩʝ ʪʦʢʦʤ ʿʝʩʝʥʠ ʠ ʟʠʤʝ, ʩʘ ʥʘʿʥʠʞʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʫ 

ʤʝʩʝʮʫ ʘʿʥʫʘʨʫ. ʊʦʧʣʠ ʜʘʥʠ ʩʘ ʧʨʦʩʝʯʥʠʤ ʤʝʩʝʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʘʟʜʫʭʘ ʠʟʤʝʹʫ 10.55°C ʠ 21.97ÁC ʠʤʘʿʫ ʩʝ ʪʦʢʦʤ ʧʨʦʣʝ˂ʘ ʠ ʣʝʪʘ, ʩʘ ʥʘʿʚʠʰʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʫ ʤʝʩʝʮʫ ʘʚʛʫʩʪʫ. ʉʨʝʜˁʘ ʛʦʜʠʰˁʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ ɹʦˀʝʚʮʫ 

ʿʝ 9.88ÁC. 

 

 

ʉʣʠʢʘ 4.12 ʇʨʦʩʝʯʥʝ ʤʝʩʝʯʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʘʟʜʫʭʘ ʟʘ ʛʨʘʜ ɹʦˀʝʚʘʮ 
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ɿʘ ʧʦʪʨʝʙʝ ʩʠʤʫʣʘʮʠʿʘ ʠʟʘʙʨʘʥʠ ʩʫ ʧʦʣʠʢʨʠʩʪʘʣʥʠ PV ʤʦʜʫʣʠ [24,31,152] 

ʩʣʝʜʝ˂ʠʭ ʥʘʟʠʚʥʠʭ ʩʥʘʛʘ: 0, 0.25, 0.5, 0.75, 1,..., 15 kW (ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ) ʠ ʠʟ 

ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 620 kW (ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ). ʅʘ ʉʣʠʮʠ 4.13ʘ ʧʨʠʢʘʟʘʥ ʿʝ 

ʨʘʟʤʘʪʨʘʥʠ PV ʤʦʜʫʣ, ʜʦʢ ʿʝ ʥʘ ʉʣʠʮʠ 4.13ʙ ʧʨʠʢʘʟʘʥ PV ʛʝʥʝʨʘʪʦʨ ʩʘ ʠʩʪʠʤ 

ʪʘʢʚʠʤ PV ʤʦʜʫʣʠʤʘ. ʋ ʊʘʙʝʣʠ 4.4 ʜʘʪʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ 

ʧʦʜʘʮʠ ʦ PV ʛʝʥʝʨʘʪʦʨʫ ʩʘ ʉʣʠʢʝ 4.13ʙ. 

 

  

(ʘ) (ʙ) 

ʉʣʠʢʘ 4.13 ʀʟʛʣʝʜ ʧʦʣʠʢʨʠʩʪʘʣʥʦʛ PV ʤʦʜʫʣʘ (a) ʠ PV ʛʝʥʝʨʘʪʦʨ ʩʘ ʤʦʜʫʣʠʤʘ 

ʠʥʩʪʘʣʠʨʘʥʠʤ ʥʘ ʧʦʚʨʰʠʥʠ ɿʝʤʝˀ ʥʘ ʨʘʟʤʘʪʨʘʥʦʿ ʣʦʢʘʮʠʿʠ (ʙ) [152] 

 

ʊʘʙʝʣʘ 4.4 ʊʝʭʥʠʯʢʝ ʠ ʝʢʦʥʦʤʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ PV ʛʝʥʝʨʘʪʦʨʘ [24,31,152] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

PV ʛʝʥʝʨʘʪʦʨ 

ʅʘʟʠʚʥʘ ʩʥʘʛʘ (W) 250 

Tʦʣʝʨʘʥʮʠʿʘ ʩʥʘʛʝ (W) 0~+4.99 

ʅʘʧʦʥ ʦʪʚʦʨʝʥʦʛ ʢʦʣʘ (V) 37.8 

ʄʘʢʩʠʤʘʣʥʠ ʥʘʧʦʥ (V) 30.6 

ʉʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ (ɸ) 8.8 

ʄʘʢʩʠʤʘʣʥʘ ʩʪʨʫʿʘ (A) 8.17 

ʌʘʢʪʦʨ ʛʫʙʠʪʘʢʘ (%) 88 

ɽʬʠʢʘʩʥʦʩʪ ʧʨʠ STCïʫʩʣʦʚʠʤʘ (%) 13 

NOCTïʪʝʤʧʝʨʘʪʫʨʘ (°C) 47.5 

ʊʝʤʧʝʨʘʪʫʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʥʘʛʝ (ÁC) -0.485 

ʋʛʘʦ ʥʘʛʠʙʘ (Á) 40 

ɸʟʠʤʫʪ (Á) 0 
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ʊʘʙʝʣʘ 4.4 ʊʝʭʥʠʯʢʝ ʠ ʝʢʦʥʦʤʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ PV ʛʝʥʝʨʘʪʦʨʘ (ʥʘʩʪʘʚʘʢ) 

[24,31,152] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

PV ʛʝʥʝʨʘʪʦʨ 

ɼʠʤʝʥʟʠʿʝ (mm) 1650×990×38 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 544 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 544 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 5 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 25 

 

4.2.3 ɹʠʦʤʘʩʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ 

 

ʐʪʦ ʩʝ ʪʠʯʝ ʰʫʤʩʢʝ ʙʠʦʤʘʩʝ, ʥʘʿʚʝ˂ʝ ʧʦʚʨʰʠʥʝ ʧʦʜ ʰʫʤʦʤ ʫ ɿʘʿʝʯʘʨʩʢʦʤ 

ʦʢʨʫʛʫ ʥʘʣʘʟʝ ʩʝ ʫ ʦʧʰʪʠʥʘʤʘ ɹʦˀʝʚʘʮ ʠ ʂˁʘʞʝʚʘʮ ʩʘ ʧʨʝʢʦ 40000 ha [153]. 

ɺʣʘʩʥʠʢ ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʧʦʩʝʜʫʿʝ ʟʥʘʪʥʝ ʧʦʚʨʰʠʥʝ ʧʦʜ ʰʫʤʦʤ (ʦʢʦ 50 ha). 

ʆʚʘ ʰʫʤʘ ʩʝ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʩʘʩʪʦʿʠ ʦʜ ʙʫʢʦʚʦʛ ʜʨʚʝʪʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ 

ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʜʨʚʥʦʛ ʯʠʧʩʘ ʠ ʜʘˀʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʜʨʚʥʦʛ ʙʠʦʛʘʩʘ. ʅʘ ʉʣʠʮʠ 4.14 

ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʜʨʚʥʝ ʙʠʦʤʘʩʝ ʢʦʿʘ ʿʝ ʨʘʩʧʦʣʦʞʠʚʘ, a 

ˁʝʥʘ ʧʨʦʮʝʥʘ ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʝʤʘ [57,58]. ʉʘ ʜʘʪʝ ʩʣʠʢʝ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ 

ʩʨʝʜˁʝ ʛʦʜʠʰʠˁ ʧʨʦʩʝʢ ʜʨʚʥʝ ʙʠʦʤʘʩʝ 0.04 t/day. 

 

 

ʉʣʠʢʘ 4.14 ʇʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʢʦʣʠʯʠʥʘ ʜʨʚʥʝ ʙʠʦʤʘʩʝ 

 

ʋ ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʝ ʢʦʨʠʩʪʠ ʪʨʦʬʘʟʥʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʥʘʛʝ 12 kW (ʉʣʠʢʘ 

4.15) [24,31,154]. ʋ ʧʨʚʦʤ ʩʣʫʯʘʿʫ (ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ) ʠʤʘ ʩʝ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʢʦʿʠ 
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ʟʘ ʧʦʛʦʥ ʢʦʨʠʩʪʠ ʜʠʟʝʣ ʛʦʨʠʚʦ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʟʘ ʧʦʯʝʪʥʫ ʮʝʥʫ ʜʠʟʝʣ ʛʦʨʠʚʘ 

ʫʟʝʪʘ ʿʝ ʪʨʞʠʰʥʘ ʮʝʥʘ ʢʦʿʘ ʿʝ 16.08.2023. ʠʟʥʦʩʠʣʘ 1.705 USD/l [155,156]. 

ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ (ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ) ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʟʘ ʧʦʛʦʥ ʢʦʨʠʩʪʠ 

ʩʣʝʜʝ˂ʝ ʯʝʪʠʨʠ ʚʨʩʪʝ ʛʦʨʠʚʘ: ʜʠʟʝʣ ʛʦʨʠʚʦ, ʙʠʦʛʘʩ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʦʪʧʘʜʥʦʛ ʜʨʚʝʪʘ 

(ʜʨʚʥʠ ʠʩʝʯʮʠ, ʛʨʘˁʝ, ʣʠʰ˂ʝ, ʢʦʨʘ, ʧʘˁʝʚʠ ʠ ʧʠˀʝʚʠʥʘ), ʙʠʦʛʘʩ ʧʨʦʠʟʚʝʜʝʥ ʠʟ 

ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʙʫʢʦʚʦʛ ʜʨʚʝʪʘ ʠ ʚʦʜʦʥʠʢ, ʛʜʝ ʩʫ ʟʘ ʧʦʯʝʪʥʝ ʮʝʥʝ ʙʠʦʤʘʩʝ ʫʟʝʪʝ 

ʜʦʤʘ˂ʝ ʪʨʞʠʰʥʝ ʮʝʥʝ ʦʜ 16.08.2023. ʛʦʜʠʥʝ: 34 USD/t ʠ 96.20 USD/t, ʨʝʜʦʤ 

[157,158]. ʂʨʠʚʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʠ ʢʨʠʚʝ ʝʬʠʢʘʩʥʦʩʪʠ ʟʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ 

ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʛʦʨʠʚʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʣʠʮʠ 4.16. ʋ ʊʘʙʝʣʠ 4.5 ʜʘʪʝ ʩʫ 

ʧʝʨʬʦʨʤʘʥʩʝ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʜʦʢ ʩʫ ʩʚʦʿʩʪʚʘ ʛʦʨʠʚʘ ʜʘʪʘ ʫ ʊʘʙʝʣʠ 4.6 [159,160]. 

ʋʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʠʦʛʘʩ (ʫ ʊʘʙʝʣʠ 4.5) ʜʦʜʘʪʠ ʩʫ ʿʦʰ ʜʦʜʘʪʥʠ ʪʨʦʰʢʦʚʠ  

ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʛʘʩʘ [161], ʯʠʿʠ ʿʝ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

ʦʙʿʘʰˁʝʥ ʥʘ ʉʣʠʮʠ 3.9. 

 

 

ʉʣʠʢʘ 4.15 ʀʟʛʣʝʜ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ [161] 
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ʊʘʙʝʣʘ 4.5 ʇʝʨʬʦʨʤʘʥʩʝ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ [24,31,154,161] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ɼʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʥʘ 

ʜʠʟʝʣ ʛʦʨʠʚʦ 

ʠʣʠ ʚʦʜʦʥʠʢ 

ʅʘʟʠʚʥʘ ʩʥʘʛʘ (kW) 12 

ʅʘʟʠʚʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ (kVA) 13.7 

ʄʘʢʩʠʤʘʣʥʘ ʧʨʠʚʠʜʥʘ ʩʥʘʛʘ (kVA) 15 

ʅʘʧʦʥ (V) 220/380 

ʉʪʨʫʿʘ (ɸ) 22.7 

ʂʘʧʘʮʠʪʝʪ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʛʦʨʠʚʦ (l) 25 

ʂʘʧʘʮʠʪʝʪ ʨʝʟʝʨʚʦʘʨʘ ʟʘ ʫˀʝ (l) 4 

ʄʠʥʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʦ ʦʧʪʝʨʝ˂ʝˁe (%) 30 

ʂʦʝʬʠʮʠʿʝʥʪ ʨʝʢʫʧʝʨʘʮʠʿʝ ʪʦʧʣʦʪʝ (%) 50 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 3710 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 1500 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 0.025 

ɾʠʚʦʪʥʠ ʚʝʢ (h) 15000 

ɼʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʥʘ 

ʙʠʦʛʘʩ 

ʅʘʟʠʚʥʘ ʩʥʘʛʘ (kW) 12 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 5110 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 2900 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 0.05 

ɾʠʚʦʪʥʠ ʚʝʢ (h) 15000 
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ʉʣʠʢʘ 4.16 ʂʨʠʚʘ ʧʦʪʨʦʰˁʝ ʛʦʨʠʚʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ (ʘ) ʠ ʢʨʠʚʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ: ʜʠʟʝʣ ʛʦʨʠʚʦ (ʙ); ʙʠʦʛʘʩ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʦʪʧʘʜʥʦʛ 

ʜʨʚʝʪʘ (ʚ); ʙʠʦʛʘʩ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʙʫʢʦʚʦʛ ʜʨʚʝʪʘ (ʛ); ʠ ʚʦʜʦʥʠʢ (ʜ) 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

118 

 

ʊʘʙʝʣʘ 4.6 ʉʚʦʿʩʪʚʘ ʛʦʨʠʚʘ 

ɺʨʩʪʘ ʛʦʨʠʚʘ 
ɼʦˁʘ ʪʦʧʣʦʪʥʘ 

ʤʦ˂ (MJ/kg) 

ɻʫʩʪʠʥʘ 

(kg/m
3
) 

ʉʘʜʨʞʘʿ 

ʫʛˀʝʥʠʢʘ (%) 

ʉʘʜʨʞʘʿ 

ʩʫʤʧʦʨʘ (%) 

ɼʠʟʝʣ 43.2 820 88 0.33 

ɹʠʦʛʘʩ (ʦʪʧʘʜʥʦ ʜʨʚʦ) 17.8 550 49.3 0.08 

ɹʠʦʛʘʩ (ʙʫʢʦʚʦ ʜʨʚʦ) 18.8 720 48.5 0.02 

ɺʦʜʦʥʠʢ 120 0.09 0 0 

 

ʂʦʜ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʙʠʦʛʘʩ ʢʦʨʠʩʪʠ ʩʝ ʢʦʝʬʠʮʠʿʝʥʪ ʛʘʩʠʬʠʢʘʮʠʿʝ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʠʟʤʝʹʫ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʝʜʝʥʦʛ ʙʠʦʛʘʩʘ ʠ ʢʦʣʠʯʠʥʝ ʙʠʦʤʘʩʝ 

ʫʪʨʦʰʝʥʝ ʫ ʛʘʩʠʬʠʢʘʪʦʨʫ, ʪʿ. ʢʦʝʬʠʮʠʿʝʥʪ ʛʘʩʠʬʠʢʘʮʠʿʝ ʧʦʢʘʟʫʿʝ ʢʦʣʠʢʦ ʿʝ 

ʙʠʦʤʘʩʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 1 kg ʙʠʦʛʘʩʘ. ʆʚʘʿ ʢʦʝʬʠʮʠʿʝʥʪ ʿʝ ʢʦʥʩʪʘʥʪʘʥ ʠ 

ʠʟʥʦʩʠ 0.7. 

 

4.2.4 ʇʨʝʪʚʘʨʘʯ 

 

ʋ ʭʠʙʨʠʜʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʜʚʦʩʤʝʨʥʠ ʧʨʝʪʚʘʨʘʯ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʦʚʝʟʠʚʘˁʝ AC ʠ DC ʩʘʙʠʨʥʠʮʘ. ɻʝʥʝʨʘʣʥʦ, ʧʨʝʪʚʘʨʘʯ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʪʚʘʨʘˁʝ 

DC ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ AC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ; ʰʪʘʚʠʰʝ, ʧʨʝʪʚʘʨʘʯ ʩʝ 

ʢʦʨʠʩʪʠ ʠ ʢʘʦ ʠʩʧʨʘʚˀʘʯ ʟʘ ʧʨʝʪʚʘʨʘˁʝ AC ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ɛʍɽ ʫ DC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʧʨʠ ʧʫˁʝˁʫ ʙʘʪʝʨʠʿʝ. ʀʟʘʙʨʘʥʠ 

ʧʨʝʪʚʘʨʘʯ (ʉʣʠʢʘ 4.17) ʠʤʘ ʥʘʟʠʚʥʫ ʩʥʘʛʫ ʦʜ 1 kW [24,31,162]. ʆʚʘʿ ʧʨʝʪʚʘʨʘʯ 

ʧʨʝʪʚʘʨʘ DC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʦʜ 24 V ʠʣʠ AC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʦʜ 

220V°36% ʠ 50Hz°10Hz ʫ AC ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʦʜ 220V°6% ʠ 50Hz°0.5Hz 

[162]. ʉʥʘʛʝ ʧʨʝʪʚʘʨʘʯʘ ʢʦʨʠʰ˂ʝʥʝ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʫ ʩʣʝʜʝ˂ʝ: 0, 1, 2,é, 6 kW 

(ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤ) ʠ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 125 kW (ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ). ʂʦʨʠʰ˂ʝʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʦʚʦʛ ʧʨʝʪʚʘʨʘʯʘ ʜʘʪʝ ʩʫ ʫ ʊʘʙʝʣʠ 4.7. 
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ʉʣʠʢʘ 4.17 ʀʟʛʣʝʜ ʧʨʝʪʚʘʨʘʯʘ [162] 

 

ʊʘʙʝʣʘ 4.7 ʇʝʨʬʦʨʤʘʥʩʝ ʧʨʝʪʚʘʨʘʯʘ [24,31,162] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ʇʨʝʪʚʘʨʘʯ 

ɽʬʠʢʘʩʥʦʩʪ (%) 95 

ʈʝʣʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ (%) 100 

ɼʠʤʝʥʟʠʿʝ (mm) 390×145×210 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 235 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 235 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 5 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 15 

 

4.2.5 ɹʘʪʝʨʠʿʘ 

 

ɿʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʘʙʨʘʥ ʿʝ ʢʠʥʝʪʠʯʢʠ ʤʦʜʝʣ ʙʘʪʝʨʠʿʝ 

[24,31,163]. ʆʚa ʙʘʪʝʨʠʿa ʿʝ ʜʠʟʘʿʥʠʨʘʥa ʟʘ ʮʠʢʣʠʯʘʥ ʧʦʛʦʥ ʠ ʫ ʧʨʦʮʝʩʫ 

ʩʠʤʫʣʘʮʠʿʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʣʝʜʝ˂ʠ ʙʨʦʿʝʚʠ ʙʘʪʝʨʠʿʘ: 0, 1, 2, 3,..., 40 (ʧʦʩʪʦʿʝ˂ʠ 

ʩʠʩʪʝʤ), ʠ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 1650 (ʧʨʝʜʣʦʞʝʥʠ ʩʠʩʪʝʤ). ʅʘ ʉʣʠʮʠ 4.18 ʧʨʠʢʘʟʘʥ ʿʝ 

ʠʟʛʣʝʜ ʙʘʪʝʨʠʿʝ, ʜʦʢ ʩʫ ʫ ʊʘʙʝʣʠ 4.8 ʜʘʪʝ ʧʝʨʬʦʨʤʘʥʩʝ ʙʘʪʝʨʠʿʝ. 
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ʉʣʠʢʘ 4.18 ʀʟʛʣʝʜ ʙʘʪʝʨʠʿʝ [163] 

 

ʊʘʙʝʣʘ 4.8 ʇʝʨʬʦʨʤʘʥʩʝ ʙʘʪʝʨʠʿʝ [24,31,163] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ɹʘʪʝʨʠʿʘ 

ʅʘʟʠʚʥʠ ʥʘʧʦʥ (V) 12 

ʄʘʢʩʠʤʘʣʥʠ ʢʘʧʘʮʠʪʝʪ (Ah) 115 

ʇʨʦʧʫʩʥʦʩʪ ʝʥʝʨʛʠʿʝ (kWh) 1212 

ʄʘʢʩʠʤʘʣʥʦ ʩʪʘˁʝ ʥʘʧʫˁʝʥʦʩʪʠ (%) 100 

ʄʠʥʠʤʘʣʥʦ ʩʪʘˁʝ ʥʘʧʫˁʝʥʦʩʪʠ (%) 20 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 235 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 235 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 5 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 10 

 

4.2.6 ʈʝʛʫʣʘʪʦʨ ʪʝʨʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ (TLCïʨʝʛʫʣʘʪʦʨ) 

 

TLCïʨʝʛʫʣʘʪʦʨ ʿʝ ʝʣʝʢʪʨʠʯʥʠ ʙʦʿʣʝʨ ʢʦʿʠ ʧʨʝʪʚʘʨʘ ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʫ ʪʦʧʣʦʪʫ ʟʘ ʧʦʪʨʝʙʝ ʩʥʘʙʜʝʚʘˁʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʪʦʧʣʦʪʥʦʿ 

ʤʘʛʠʩʪʨʘʣʠ. ʊʦ ʿʝ ʧʨʠʤʘʨʥʠ ʠʟʚʦʨ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʩʝ ʦʩʪʘʪʘʢ ʧʦʪʨʝʙʥʝ 

ʪʦʧʣʦʪʝ ʜʦʙʠʿʘ ʠʟ ʙʦʿʣʝʨʘ ʥʘ ʜʠʟʝʣ ʛʦʨʠʚʦ. ɿʘ ʦʚʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ ʠʟʘʙʨʘʥ ʿʝ TLCï

ʨʝʛʫʣʘʪʦʨ ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʥʘ AC ʠ DC ʩʘʙʠʨʥʠʮʝ. ʋ ʊʘʙʝʣʠ 4.9 ʜʘʪʝ ʩʫ 

ʧʝʨʬʦʨʤʘʥʩʝ TLCïʨʝʛʫʣʘʪʦʨʘ, a ʩʥʘʛʝ ʦʚʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ 

ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʫ: 0, 1, 2, 3,...,220 kW. 
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ʊʘʙʝʣʘ 4.9 ʇʝʨʬʦʨʤʘʥʩʝ TLCïʨʝʛʫʣʘʪʦʨʘ [31,76] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

TLCïʨʝʛʫʣʘʪʦʨ 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 54 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 54 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 20 

 

4.2.7 ɹʦʿʣʝʨ 

 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʤʘʣʠ ʙʦʿʣʝʨ ʟʘ ʟʘʛʨʝʚʘˁʝ ʚʦʜʝ ʠʥʪʝʛʨʘʣʥʠ ʜʝʦ 

ʧʦʩʣʦʚʥʝ ʟʛʨʘʜʝ ʠ ʜʘ ʥʝ ʟʘʭʪʝʚʘ ʪʨʦʰʢʦʚʝ. ʉʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ ʙʦʿʣʝʨʘ ʠʟʥʦʩʠ 

85% [31]. 

 

4.2.8 ɽʣʝʢʪʨʦʣʠʟʝʨ 

 

ɿʘ ʧʨʦʠʟʚʦʜˁʫ ʚʦʜʦʥʠʢʘ ʝʣʝʢʪʨʦʣʠʟʦʤ ʚʦʜʝ ʠʟʘʙʨʘʥ ʿʝ ʝʣʝʢʪʨʦʣʠʟʝʨ ʩʘ 

ʤʝʤʙʨʘʥʦʤ ʟʘ ʨʘʟʤʝʥʫ ʧʨʦʪʦʥʘ (PEM ʦʜ ʝʥʛ. Proton Exchange Membrane). ʆʚʘʿ 

ʫʨʝʹʘʿ ʢʦʨʠʩʪʠ ʝʣʝʢʪʨʠʯʥʫ ʩʪʨʫʿʫ ʟʘ ʨʘʟʣʘʛʘˁʝ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʥʘ ʤʦʣʝʢʫʣʝ 

ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ. ʌʫʥʢʮʠʿʘ PEM ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʿʝ ʜʘ ʧʨʝʪʚʦʨʠ ʝʣʝʢʪʨʠʯʥʫ ʫ 

ʭʝʤʠʿʩʢʫ ʝʥʝʨʛʠʿʫ ʢʦʿʘ ˂ʝ ʩʝ ʫʩʢʣʘʜʠʰʪʠʪʠ ʫ ʨʝʟʝʨʚʦʘʨʫ ʫ ʬʦʨʤʠ ʛʘʩʘ. PEM 

ʝʣʝʢʪʨʦʣʠʟʝʨ ʩʘʜʨʞʠ ʝʣʝʢʪʨʦʣʠʪʩʢʫ ʤʝʤʙʨʘʥʫ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʣʘʟ ʧʦʟʠʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʿʦʥʘ ʚʦʜʦʥʠʢʘ, ʘ ʙʣʦʢʠʨʘ ʧʨʦʣʘʟ ʝʣʝʢʪʨʦʥʘ. ʂʘʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʘ 

ʩʪʨʫʿʘ ʜʦʚʝʜʝ ʥʘ ʢʨʘʿʝʚʝ PEM ʝʣʝʢʪʨʦʣʠʟʝʨʘ, ʜʦʣʘʟʠ ʜʦ ʨʘʟʣʘʛʘˁʘ ʤʦʣʝʢʫʣʘ ʚʦʜʝ 

ʥʘ ʿʦʥʝ ʚʦʜʦʥʠʢʘ ʠ ʤʦʣʝʢʫʣʝ ʢʠʩʝʦʥʠʢʘ ʥʘ ʘʥʦʜʠ ʠ ʢʘʪʦʜʠ. ɱʦʥʠ ʚʦʜʦʥʠʢʘ ʟʘʪʠʤ 

ʧʨʦʣʘʟʝ ʢʨʦʟ ʝʣʝʢʪʨʦʣʠʪʩʢʫ ʤʝʤʙʨʘʥʫ ʜʦ ʢʘʪʦʜʝ, ʛʜʝ ʩʝ ʩʧʘʿʘʿʫ ʩʘ ʝʣʝʢʪʨʦʥʠʤʘ ʠ 

ʬʦʨʤʠʨʘʿʫ ʛʘʩʦʚʠʪʠ ʚʦʜʦʥʠʢ. ʅʘ ʉʣʠʮʠ 4.19 ʿʝ ʧʨʠʢʘʟʘʥ ʠʟʛʣʝʜ PEM 

ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʩʘ ˁʝʛʦʚʠʤ ʦʩʥʦʚʥʠʤ ʜʝʣʦʚʠʤʘ, ʜʦʢ ʩʫ ʫ ʊʘʙʝʣʠ 4.10 ʜʘʪʝ ˁʝʛʦʚʝ 

ʦʩʥʦʚʥʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʉʥʘʛʝ PEM ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʟʘʜʘʚʘʥʝ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʫ: 0, 

0.4, 0.8, 1.2,...,15.2 kW. 
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(a) 

 

(ʙ) 

ʉʣʠʢʘ 4.19 PEM ʝʣʝʢʪʨoʣʠʟʝʨ (ʘ) ʠ ˁʝʛʦʚʠ ʦʩʥʦʚʥʠ ʜʝʣʦʚʠ (ʙ) [164] 

 

ʊʘʙʝʣʘ 4.10 ʇʝʨʬʦʨʤʘʥʩʝ PEM ʝʣʝʢʪʨʦʣʠʟʝʨʘ [31,164] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ɽʣʝʢʪʨʦʣʠʟʝʨ 

ʇʨʦʠʟʚʦʜˁʘ ʚʦʜʦʥʠʢʘ (ml/min) 600 

ʇʨʦʠʟʚʦʜˁʘ ʢʠʩʝʦʥʠʢʘ (ml/min) 300 

ʇʦʪʨʦʰˁʘ ʚʦʜʝ (ml/h) Ó36 

ʎʠʢʣʠʯʥʠ ʨʝʞʠʤ 
ɻʨʘʚʠʪʘʮʠʦʥʘ 

ʮʠʨʢʫʣʘʮʠʿʘ 

ɽʣʝʢʪʨʦʣʠʪʠʯʢʠ ʨʝʞʠʤ ɽʣʝʢʪʨʦʣʠʟʘ ʯʠʩʪʝ ʚʦʜʝ 

ʄʘʢʩʠʤʘʣʥʠ ʧʨʠʪʠʩʘʢ (MPa) 0.1~1.3 
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ʊʘʙʝʣʘ 4.10 ʇʝʨʬʦʨʤʘʥʩʝ PEM ʝʣʝʢʪʨʦʣʠʟʝʨʘ (ʥʘʩʪʘʚʘʢ) [31,164]  

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ɽʣʝʢʪʨʦʣʠʟʝʨ 

ɿʘʭʪʝʚ ʟʘ ʚʦʜʫ (ppm) Ò5 

ɿʘʭʪʝʚ ʟʘ ʥʘʟʠʚʥʫ ʩʪʨʫʿʫ (ɸ) 20 

ɿʘʭʪʝʚ ʟʘ ʠʟʣʘʟʥʠ ʥʘʧʦʥ (V) 13-16 

ɼʠʤʝʥʟʠʿʝ (mm) Ó86Ĭ96Ĭ41.8 

ʊʝʞʠʥʘ (kg) 0.7-0.8 

ʄʠʥʠʤʘʣʥʠ ʦʜʥʦʩ ʦʧʪʝʨʝ˂ʝˁʘ (%) 20 

ɽʬʠʢʘʩʥʦʩʪ (%) 85 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kW) 575 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kW) 380 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 3.25 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 15 

 

4.2.9 ʈʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ 

 

ʅʘ ʉʣʠʮʠ 4.20 ʧʨʠʢʘʟʘʥ je ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ 

ʧʦʜ ʥʠʩʢʠʤ ʧʨʠʪʠʩʢʦʤ ʢʦʠʿ ʿʝ ʥʘʧʨʘʚˀʝʥ ʦʜ ʤʝʪʘʣ-ʭʠʜʨʠʜʘ ʠ ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ 

ʩʢʣʘʜʠʰʪʝˁʘ ʦʜ >2.38 kg. ʅʝʢʝ ʦʜ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʝʜʥʦʩʪʠ ʦʚʦʛ ʨʝʟʝʨʚʦʘʨʘ ʩʫ: 

ʤʦʛʫ˂ʥʦʩʪ ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ ʚʠʩʦʢʝ ʟʘʧʨʝʤʠʥʩʢʝ ʛʫʩʪʠʥʝ (ʧʨʫʞʘ ʚʝ˂ʫ 

ʟʘʧʨʝʤʠʥʩʢʫ ʛʫʩʪʠʥʫ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʩʢʣʘʜʠʰʪʝˁʘ 

ʛʘʩʘ ʧʦʜ ʚʠʩʦʢʠʤ ʧʨʠʪʠʩʢʦʤ), ʙʝʟʙʝʜʥʦʩʪ ʠ ʧʦʫʟʜʘʥʦʩʪ (ʧʦʛʦʥ ʧʨʠ ʥʠʩʢʦʤ ʥʘʧʦʥʫ 

ʢʦʿʠ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘ ʙʝʟʙʝʜʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ), ʚʠʩʦʢʘ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ 

(ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ ʪʦʧʣʦʪʦʤ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʧʫˁʝˁʘ ʠ ʠʩʧʫʰʪʘˁʘ ʚʦʜʦʥʠʢʘ 

ʧʦʙʦˀʰʘʚʘ ʫʢʫʧʥʫ ʝʬʠʢʘʩʥʦʩʪ), ʝʢʦʣʦʰʢʘ ʧʨʠʭʚʘʪˀʠʚʦʩʪ (ʤʦʛʫ˂ʥʦʩʪ ʨʝʮʠʢʣʘʞʝ, 

ʙʝʟ ʰʪʝʪʥʦʛ ʦʪʧʘʜʘ). ʋ ʊʘʙʝʣʠ 4.11 ʜʘʪʝ ʩʫ ʧʨʝʦʩʪʘʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʦʚʦʛ 

ʨʝʟʝʨʚʦʘʨʘ, ʘ ʫ ʩʠʤʫʣʘʮʠʿʘʤʘ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʚʝʣʠʯʠʥʝ ʦʚʦʛ ʨʝʟʝʨʚʦʘʨʘ: 

2.38, 4.76, 7.14,é,30.94 kg.  
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ʉʣʠʢʘ 4.20 ʈʝʟʝʨʚʦʘʨ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʚʦʜʦʥʠʢʘ [165] 

 

ʊʘʙʝʣʘ 4.11 ʇʝʨʬʦʨʤʘʥʩʝ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ [31,165] 

ʂʦʤʧʦʥʝʥʪʘ ʇʘʨʘʤʝʪʘʨ ʅʘʟʠʚ/ɺʨʝʜʥʦʩʪ 

ʈʝʟʝʨʚʦʘʨ 

ʚʦʜʦʥʠʢʘ 

ʇʨʝʯʥʠʢ ʨʝʟʝʨʚʦʘʨʘ (mm) 232 

ɺʠʩʠʥʘ ʨʝʟʝʨʚʦʘʨʘ (mm) 1400 

ʊʝʞʠʥʘ (kg) 170 

ɿʘʧʨʝʤʠʥʘ (l) 40 

ʂʘʧʘʮʠʪʝʪ ʩʢʣʘʜʠʰʪʝˁʘ ʚʦʜʦʥʠʢʘ (kg) >2.38 

ʇʨʠʪʠʩʘʢ ʧʨʠ ʧʫˁʝˁʫ ʚʦʜʦʥʠʢʦʤ (MPa) 3.5 

ʇʨʠʪʠʩʘʢ ʧʨʠ ʠʩʧʫʰʪʘˁʫ ʚʦʜʦʥʠʢʘ (MPa) 0.6 

ɹʨʟʠʥʘ ʠʩʧʫʰʪʘˁʘ ʚʦʜʦʥʠʢʘ (l/min) >30 

ʋʩʣʦʚʠ ʢʦʨʠʰ˂ʝˁʘ (ÁC) -20~70 

ʈʝʣʘʪʠʚʥʠ ʥʠʚʦ ʫ ʨʝʟʝʨʚʦʘʨʫ (%) 20 

ʀʥʚʝʩʪʠʮʠʦʥʠ ʪʨʦʰʢʦʚʠ (USD/kg) 165 

ʊʨʦʰʢʦʚʠ ʟʘʤʝʥʝ (USD/kg) 100 

ʊʨʦʰʢʦʚʠ ʇ&ʆ (USD/yr) 0.75 

ɾʠʚʦʪʥʠ ʚʝʢ (yr) 15 
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4.3 ʄʝʪʦʜʦʣʦʰʢʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʠ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʝʥʝʨʛʠʿʦʤ ʫ 

ʚʘʥʤʨʝʞʥʦʤ ʭʠʙʨʠʜʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ 

 

ʅʝʢʦʣʠʢʦ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʩʠʩʪʝʤʘ, 

ʫʢˀʫʯʫʿʫ˂ʠ eʢʦʥʦʤʠʿʫ ʩʠʩʪʝʤʘ ʠ ʪʠʧ ʩʪʨʘʪʝʛʠʿʝ ʦʪʧʨʝʤʝ ʝʥʝʨʛʠʿʝ, ʝʣʝʢʪʨʠʯʥʦ ʠ 

ʪʦʧʣʦʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ, ʆʀɽ (ʥʧʨ. ʭʠʜʨʦ, ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ ʠ ʙʠʦʤʘʩʫ) ʥʘ ʦʜʘʙʨʘʥʦʿ 

ʣʦʢʘʮʠʿʠ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʤʧʦʥʝʥʘʪʘ ʩʠʩʪʝʤʘ. ʇʘʨʘʤʝʪʨʠ ʧʝʨʬʦʨʤʘʥʩʠ 

ʢʦʤʧʦʥʝʥʘʪʘ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʝʪʚʘʨʘʯʘ, ʙʘʪʝʨʠʿʘ, TLCï

ʨʝʛʫʣʘʪʦʨʘ, ʙʦʿʣʝʨʘ, ʝʣʝʢʪʨʦʣʠʟʝʨʘ ʠ ʨʝʟʝʨʚʦʘʨʘ ʚʦʜʦʥʠʢʘ ʦʙʝʟʙʝʹʫʿʫ ʦʩʥʦʚʫ ʟʘ 

ʧʨʦʮʝʥʫ ʨʘʟʣʠʯʠʪʠʭ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʩʮʝʥʘʨʠʿʘ ʩ ʘʩʧʝʢʘʪʘ ʝʢʦʥʦʤʠʿʝ, ʪʝʭʥʠʢʝ ʠ 

ʬʠʟʠʢʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. ʊʝʭʥʠʯʢʘ ʠʟʚʦʜˀʠʚʦʩʪ ʩʠʩʪʝʤʘ ʩʝ ʧʦʪʚʨʹʫʿʝ 

ʩʠʤʫʣʘʮʠʿʘʤʘ, ʜʦʢ ʩʝ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʨʦʚʝʨʘʚʘ ʩʠʩʪʝʤʩʢʘ ʠʟʚʦʜˀʠʚʦʩʪ ʤʥʦʛʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʥʘʰʣʘ ʦʥʘ ʢʦʘʿ ʟʘʜʦʚʦˀʘʚʘ 

ʪʝʭʥʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʠ ʥʘʿʥʠʞʝʤ ʪʨʦʰʢʫ ʮʝʣʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ. ʉʘ ʦʧʪʠʤʘʣʥʠʤ 

ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʩʦʬʪʚʝʨʫ HOMER Pro, ʩʧʨʦʚʦʜʝ ʩʝ ʜʘˀʝ ʘʥʘʣʠʟʝ. 

ʐʪʘʚʠʰʝ, ʚʨʰʠ ʩʝ ʘʥʘʣʠʟʘ ʦʩʝʪˀʠʚʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʢʚʘʥʪʠʬʠʢʦʚʘʣʠ ʫʪʠʮʘʿʠ 

ʧʨʦʤʝʥʘ ʜʠʿʘʧʘʟʦʥʘ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. ʅʘ ʉʣʠʮʠ 4.21 ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʤʝʪʦʜʦʣʦʰʢʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʟʘ 

ʦʚʫ ʩʪʫʜʠʿʫ ʩʣʫʯʘʿʘ, ʜʦʢ ʩʫ ʥʝʢʠ ʝʢʦʥʦʤʩʢʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʫ ʘʥʘʣʠʟʠ ʜʘʪʠ ʫ 

ʊʘʙʝʣʠ 4.12. 

 

ʊʘʙʝʣʘ 4.12 ɽʢʦʥʦʤʩʢʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ 

ʆʧʠʩ ɺʨʝʜʥʦʩʪ ɱʝʜʠʥʠʮʘ ʈʝʬʝʨʝʥʮʘ 

ɺʘʣʫʪʘ 1 USD 107.92 RSD [24,31] 

ʅʦʤʠʥʘʣʥʘ ʜʠʩʢʦʥʪʥʘ ʩʪʦʧʘ 8 % [24,31] 

ʆʯʝʢʠʚʘʥʘ ʩʪʦʧʘ ʠʥʬʣʘʮʠʿʝ 2 % [24,31] 

ʈʝʘʣʥʘ ʜʠʩʢʦʥʪʥʘ ʩʪʦʧʘ 5.88 % [24,31] 

ɾʠʚʦʪʥʠ ʚʝʢ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ 25 Yr [24,31] 

 

ɺʨʝʜʥʦʩʪ ʨʝʘʣʥʝ ʜʠʩʢʦʥʪʥʝ ʩʪʦʧʝ ʦʜ 5.88% ʠʟ ʊʘʙʝʣʝ 4.12, ʜʦʙʠʿʘ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.74) ʢʘʜʘ ʩʝ ʫʚʨʩʪʝ ʨʝʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʦʤʠʥʘʣʥʝ ʜʠʩʢʦʥʪʥʝ ʩʪʦʧʝ 

ʠ ʦʯʝʢʠʚʘʥʝ ʩʪʦʧʝ ʠʥʬʣʘʮʠʿʝ. 
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ʉʣʠʢʘ 4.21 ʄʝʪʦʜʦʣʦʰʢʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ 
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ɿʙʦʛ ʚʠʩʦʢʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ ʝʥʝʨʛʝʪʩʢʠʭ ʫʣʘʟʘ ʠ ʠʟʣʘʟʘ ʫ ʚʘʥʤʨʝʞʥʦʤ 

ʭʠʙʨʠʜʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ, ʫʧʨʘʚˀʘˁʝ ʪʦʢʦʚʠʤʘ ʝʥʝʨʛʠʿʝ ʿʝ ʩʣʦʞʝʥ ʟʘʜʘʪʘʢ. 

ʊʘʙʝʣʘ 4.13 ʩʘʜʨʞʠ ʤʦʛʫ˂ʝ ʠʩʭʦʜʝ ʫ ʚʝʟʠ ʩʘ ʨʘʩʧʦʣʦʞʠʚʦʰ˂ʫ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʫ ʚʘʥʤʨʝʞʥʦʤ ʭʠʙʨʠʜʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ ʜʦʙʠʿʝʥʝ 

ʩʠʤʫʣʘʮʠʿʦʤ ˁʝʛʦʚʦʛ ʧʦʛʦʥʘ ʟʘ ʧʦʪʨʝʙʝ ʜʠʤʝʥʟʠʦʥʠʩʘˁʘ ʢʦʤʧʦʥʝʥʪʠ. 

 

ʊʘʙʝʣʘ 4.13 ʄʦʛʫ˂ʠ ʠʩʭʦʜʠ ʫ ʚʝʟʠ ʩʘ ʨʘʩʧʦʣʦʞʠʚʦʰ˂ʫ ʝʣʝʢʪʨʠʯʥʝ ʠ 

ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʫ ʚʘʥʤʨʝʞʥʦʤ ʭʠʙʨʠʜʥʦʤ ʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ 

ʄʦʛʫ˂ʠ ʠʩʭʦʜʠ ʟʘ ʩʮʝʥʘʨʠʦ ʤʘˁʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʫ ʆʀɽ 

 1 ʩʠʩʪʝʤ ʥʠʿʝ ʩʘʤʦʜʦʚʦˀʘʥ, ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʚʝ˂ʘʪʠ ʢʘʧʘʮʠʪʝʪ ʆʀɽ 

 2 ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʚʨʰʠ ʩʝ ʠʟ ʆʀɽ ʠ ʜʦʧʫˁʘʚʘ ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ 

 3 ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʚʨʰʠ ʩʝ ʠʟ ʆʀɽ ʠ ʜʦʧʫˁʘʚʘ ʠʟ ʙʘʪʝʨʠʿʝ 

ʄʦʛʫ˂ʠ ʠʩʭʦʜʠ ʟʘ ʩʮʝʥʘʨʠʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʦʠʟʚʝʜʝʥʝ ʫ ʆʀɽ 

 4 ʙʘʪʝʨʠʿʘ ʩʝ ʧʫʥʠ ʚʠʰʢʦʤ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

 5 ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʫ ʝʣʝʢʪʨʦʣʠʟʝʨʫ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 

H2 

 6 ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʫʩʤʝʨʘʚʘ ʟʘ ʧʦʪʨʝʙʝ ʛʨʝʿʘˁʘ ʚʦʜʝ ʫ 

ʙʘʟʝʥʠʤʘ ʧʦʤʦ˂ʫ TLCïʨʝʛʫʣʘʪʦʨʘ 

ʄʦʛʫ˂ʠ ʠʩʭʦʜʠ ʫ ʚʝʟʠ ʩʘ ʨʘʩʧʦʣʦʞʠʚʦʰ˂ʫ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ 

 7 ʪʨʝʙʘ ʧʦʚʝ˂ʘʪʠ ʧʦʯʝʪʥʫ ʢʦʣʠʯʠʥʫ ʪʦʧʣʦʪʝ TLCïʨʝʛʫʣʘʪʦʨʘ ʟʙʦʛ ʚʝ˂ʝ ʧʦʪʨʘʞˁʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʦʠʟʚʦʜˁʫ 

 8 TLCïʨʝʛʫʣʘʪʦʨ ʩʝ ʧʨʘʟʥʠ ʟʙʦʛ ʧʦʪʨʝʙʝ ʨʠʙˁʘʢʘ ʟʘ ʪʦʧʣʦʤ ʚʦʜʦʤ 

 9 TLCïʨʝʛʫʣʘʪʦʨ ʩʝ ʧʫʥʠ ʝʥʝʨʛʠʿʦʤ ʧʨʦʠʟʚʝʜʝʥʦʤ ʫ ʆʀɽ 

 10 ʙʦʿʣʝʨ ʧʨʦʠʟʚʦʜʠ ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʜʠʟʝʣ ʛʦʨʠʚʘ 

 11 CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠ ʨʝʢʫʧʝʨʠʩʘʥʫ ʪʦʧʣʦʪʥʫ ʝʥʝʨʛʠʿʫ 

ʄʦʛʫ˂ʠ ʠʩʭʦʜʠ ʫ ʚʝʟʠ ʩʘ ʨʘʩʧʦʣʦʞʠʚʦʰ˂ʫ ʝʥʝʨʛʠʿʝ ʚʦʜʦʥʠʢʘ 

 12 ʧʦʩʪʦʿʠ ʤʘˁʘʢ H2 ʢʦʿʠ ʩʝ ʤʦʨʘ ʥʘʜʦʢʥʘʜʠʪʠ ʧʦʚʝ˂ʘˁʝʤ ʧʦʯʝʪʥʝ ʢʦʣʠʯʠʥʝ H2 

 13 ʨʝʟʝʨʚʦʘʨ H2 ʠʩʧʦʨʫʯʫʿʝ ʚʦʜʦʥʠʢ, ʿʝʨ ʿʝ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʥʘ ʚʦʜʦʥʠʢ ʫ ʧʦʛʦʥʫ 

 14 ʨʝʟʝʨʚʦʘʨ H2 ʩʝ ʧʫʥʠ ʚʦʜʦʥʠʢʦʤ, ʿʝʨ ʿʝ ʝʣʝʢʪʨʦʣʠʟʝʨ ʫ ʧʦʛʦʥʫ 

 15 ʪʨʝʙʘ ʧʦʚʝ˂ʘʪʠ ʢʘʧʘʮʠʪʝʪ ʨʝʟʝʨʚʦʘʨʘ H2, ʿʝʨ ʩʝ ʧʦʚʝ˂ʘʚʘ ʨʘʟʣʠʢʘ ʫ 

ʧʨʦʠʟʚʦʜˁʠ/ʧʦʪʨʦʰˁʠ H2 
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ʆʚʜʝ ʩʫ ʟʘ ʧʦʪʨʝʙʝ ʠʩʧʠʪʠʚʘˁʘ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʧʨʝʜʣʦʞʝʥʦʛ ʚʘʥʤʨʝʞʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʧʨʠʤʝˁʝʥʝ ʜʚʝ ʜʠʩʧʝʯʝʨʩʢʝ 

ʩʪʨʘʪʝʛʠʿʝ, ʠ ʪʦ: LFïʩʪʨʘʪʝʛʠʿʘ ʠ CCïʩʪʨʘʪʝʛʠʿʘ. ʇʨʚʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 4.22. 

ʇʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ (Pʆʀɽ (t)) ʿʝ ʫʧʦʨʝʹʝʥʘ ʩʘ ʟʘʭʪʝʚʦʤ ʟʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ (Pel (t)), ʠ ʪʘʜʘ ʩʫ ʤʦʛʫ˂ʘ ʜʚʘ ʩʮʝʥʘʨʠʿʘ: ʤʘˁʘʢ ʠ ʚʠʰʘʢ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ. ʋʢʦʣʠʢʦ ʝʥʝʨʛʠʿʘ ʧʨʦʠʟʚʝʜʝʥʘ ʫ ʆʀɽ ʥʠʿʝ ʜʦʚʦˀʥʘ 

ʟʘ ʧʦʢʨʠʚʘˁʝ ʦʧʪʝʨʝ˂ʝˁʘ, ʜʦʧʫʥʘ ʩʝ ʚʨʰʠ ʠʟ ʩʠʩʪʝʤʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ 

(ʙʘʪʝʨʠʿʘ ʠʣʠ ʨʝʟʝʨʚʦʘʨ ʚʦʜʦʥʠʢʘ) ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘˁʘ ʥʘʧʫˁʝʥʦʩʪʠ ʙʘʪʝʨʠʿʝ 

(BSOC). ɼʦʧʫʥʘ ʝʥʝʨʛʠʿʦʤ ʠʟ ʙʘʪʝʨʠʿʝ ʚʨʰʠ ʩʝ ʜʦʢ ʩʝ ʥʝ ʜʦʩʪʠʛʥʝ ˁʝʥʦ ʤʠʥʠʤʘʣʥʦ 

ʩʪʘˁʝ ʥʘʧʫˁʝʥʦʩʪʠ (BSOC,min). ʋʢʦʣʠʢʦ ʠ ʜʘˀʝ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʝʣʝʢʪʨʠʯʥʦʤ 

ʝʥʝʨʛʠʿʦʤ, ʫʢˀʫʯʫʿʝ ʩʝ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʜʦʜʘʪʥʫ ʢʦʣʠʯʠʥʫ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘʛʣʘʩʥʦ ʟʘʭʪʝʚʫ ʧʦʪʨʘʞˁʝ. ʇʦ ʦʚʦʿ ʩʪʨʘʪʝʛʠʿʠ, CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ ʢʦʿʠ ʧʦʢʨʠʚʘ ʧʨʠʤʘʨʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʦʪʨʝʙʥʦʤ 

(ʜʦʚʦˀʥʦʤ) ʢʦʣʠʯʠʥʦʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʪʨʘʞˁʘ ʠʩʧʦʜ 

ʤʠʥʠʤʘʣʥʦʛ ʦʜʥʦʩʘ ʦʧʪʝʨʝ˂ʝˁʘ ʦʩʪʘʿʝ ʢʘʦ ʥʝʧʦʢʨʠʚʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. 

ʈʝʢʫʧʝʨʠʩʘʥʘ ʦʪʧʘʜʥʘ ʪʦʧʣʦʪʘ ʩʝ ʟʘʪʠʤ ʟʘʿʝʜʥʦ ʩʘ ʪʦʧʣʦʪʦʤ ʠʟ ʙʦʿʣʝʨʘ ʢʦʨʠʩʪʠ ʟʘ 

ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʘʞˁʝ ʟʘ ʪʦʧʣʦʪʦʤ. ʂʘʜʘ ʩʝ ʧʦʿʘʚʠ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (ʪʿ. PEE (t) > 0), ʘʣʛʦʨʠʪʘʤ ʧʨʚʦ ʧʨʦʚʝʨʘʚʘ ʥʠʚʦ ʥʘʧʫˁʝʥʦʩʪʠ ʙʘʪʝʨʠʿʝ 

(BSOC). ʂʘʜʘ ʿʝ ʥʠʚʦ ʥʘʧʫˁʝʥʦʩʪʠ ʥʠʞʠ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʥʠʚʦʘ ʥʘʧʫˁʝʥʦʩʪʠ 

ʙʘʪʝʨʠʿʝ (BSOC,max), ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ ʜʦ 

ʜʦʩʪʠʟʘˁʘ BSOC,max, ʘ ʦʩʪʘʪʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʚʠʰʘʢ. ʋ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʿʝ ʙʘʪʝʨʠʿʘ ʤʘʢʩʠʤʘʣʥʦ ʥʘʧʫˁʝʥʘ, ʘ ʧʦʩʪʦʿʠ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʫʢˀʫʯʫʿʫ ʩʝ TLCïʨʝʛʫʣʘʪʦʨ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʝʙʝ ʟʘ 

ʪʦʧʣʦʪʦʤ (Pth (t)) ʠ ʝʣʝʢʪʨʦʣʠʟʝʨ ʢʦʿʠ ʧʨʦʠʟʚʦʜʠ ʚʦʜʦʥʠʢ ʠʟ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ. ʅʘʠʤʝ, ʧʦʢʨʠʚʘˁʝ ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʚʨʰʠ ʩʝ ʠʟ ʪʨʠ ʠʟʚʦʨʘ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ˁʠʭʦʚʝ ʨʘʩʧʦʣʦʞʠʚʦʩʪʠ. ʇʨʚʠ ʠʟʚʦʨ ʿʝ ʩʧʦʤʝʥʫʪʠ TLCïʨʝʛʫʣʘʪʦʨ, 

ʢʦʿʠ ʥʘ ʛʦʜʠʰˁʝʤ ʯʘʩʦʚʥʦʤ ʥʠʚʦʫ ʩʘ AC ʠ DC ʩʘʙʠʨʥʠʮʝ ʫʟʠʤʘ ʿʝʜʥʘʢʫ ʢʦʣʠʯʠʥʫ 

ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʝʦʩʪʘʣʘ ʜʚʘ ʠʟʚʦʨʘ ʩʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ 

ʩʘ ʨʝʢʫʧʝʨʘʮʠʿʦʤ ʦʪʧʘʜʥʝ ʪʦʧʣʦʪʝ ʠ ʙʦʿʣʝʨ ʥʘ ʜʠʟʝʣ ʛʦʨʠʚʦ. 
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ʉʣʠʢʘ 4.22 LFïʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʦʢʨʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʠ ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

 

ʂʦʨʘʮʠ CCïʩʪʨʘʪʝʛʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 4.23. ɸʣʛʦʨʠʪʘʤ ʩʝ ʩʘʩʪʦʿʠ 

ʦʜ ʧʦʪʧʫʥʦ ʠʩʪʠʭ ʢʦʨʘʢʘ ʢʘʦ LFïʩʪʨʘʪʝʛʠʿʘ, ʘ ʨʘʟʣʠʢʫʿʝ ʩʝ ʩʘʤʦ ʢʘʜʘ ʩʝ 

ʦʧʪʝʨʝ˂ʝˁʝ ʩʥʘʙʜʝʚʘ ʧʦʤʦ˂ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ. ʋ ʩʣʫʯʘʿʫ CCïʩʪʨʘʪʝʛʠʿʝ, 

CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ ʩʘ ʩʚʦʿʦʤ ʤʘʢʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʢʘʢʦ ʙʠ ʧʦʢʨʠʦ 

ʧʨʠʤʘʨʥʦ ʝʣʝʢʪʨʠʯʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. ʅʘʢʦʥ ʧʦʢʨʠʚʘˁʘ ʧʨʠʤʘʨʥʝ ʧʦʪʨʘʞˁʝ, ʦʩʪʘʪʘʢ 

ʝʥʝʨʛʠʿʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʫˁʝˁʝ ʙʘʪʝʨʠʿʝ. ʄʝʹʫʪʠʤ, ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʙʠ ʩʝ 

ʙʘʪʝʨʠʿʘ ʧʦʪʧʫʥʦ ʥʘʧʫʥʠʣʘ, CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʙʠ ʤʦʛʘʦ ʜʘ ʧʦʢʨʠʚʘ ʧʦʪʨʘʞˁʫ. 
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ʉʣʠʢʘ 4.23 CCïʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʦʢʨʠʚʘˁʝ ʝʣʝʢʪʨʠʯʥʦʛ ʠ ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 
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5. ʍʀɹʈʀɼʅʀ ʉʀʉʊɽM µʍɽ-PV ɻɽʅɽʈɸʊʆʈ-ɼʀɿɽʃ 

ɻɽʅɽʈɸʊʆʈ-ʇʈɽʊɺɸʈɸʏ-ɹɸʊɽʈʀɱɸïʉʎɽʅɸʈʀʆ I : 

ʆʇʊʀʄʀɿɸʎʀɱɸ ʇɽʈʌʆʈʄɸʅʉʀ ʍʀɼʈʆʊʋʈɹʀʅɽ 

 

5.1 ʉʪʫʜʠʿʘ ʩʣʫʯʘʿʘ 

 

ʆʚʘ ʩʪʫʜʠʿʘ ʧʨʝʜʣʘʞʝ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ ʢʦʿʠ ʙʠ ʢʦʨʠʩʪʠʦ ʨʘʩʧʦʣʦʞʠʚʝ ʆʀɽ (ʚʦʜʫ ʠ ʩʦʣʘʨʥʦ ʟʨʘʯʝˁʝ), ʢʘʦ ʠ 

ʧʦʩʪʦʿʝ˂ʝ ʦʙʿʝʢʪʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʨʠʙˁʘʢʘ. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʜʦʣʘʟʠ ʜʦ 

ʚʝʣʠʢʠʭ ʚʘʨʠʿʘʮʠʿʘ ʢʦʣʠʯʠʥʝ ʚʦʜʝ ʫ ʚʦʜʦʪʦʢʦʚʠʤʘ ʥʘ ɹʘʣʢʘʥʫ, ʪʘʢʦ ʜʘ ʩʫ ʜʘʥʘʩ 

ʨʝʯʥʠ ʪʦʢʦʚʠ ʟʠʤʠ ʠ ʫ ʧʨʦʣʝ˂ʝ ʠʟʫʟʝʪʥʦ ʚʝʣʠʢʠ, ʘ ʣʝʪʠ ʠʟʫʟʝʪʥʦ ʤʘʣʠ. ʉʭʦʜʥʦ 

ʪʦʤʝ, ʚʘʥʤʨʝʞʥʠ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʧʘʩʪʨʤʩʢʦʛ 

ʨʠʙˁʘʢʘ ɱʘʙʣʘʥʠʮʘ ʤʦʨʘ ʝʬʠʢʘʩʥʦ ʠʩʢʦʨʠʰ˂ʘʚʘʪʠ ʧʦʩʪʦʿʝ˂ʠ ʚʦʜʥʠ ʨʝʩʫʨʩ. ʂʘʦ 

ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, ʧʨʝʜʣʦʞʝʥʠ ʭʠʙʨʠʜʥʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʙʠ ʩʝ 

ʩʘʩʪʦʿʘʦ ʦʜ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʝʪʚʘʨʘʯʘ ʠ ʙʘʪʝʨʠʿʝ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʭʠʜʨʦʪʫʨʙʠʥʘ ʫ ɛʍɽ 

ʧʨʦʧʝʨʝʣʥʘ S-ʪʫʨʙʠʥʘ ʢʦʿʘ ˂ʝ ʢʦʨʠʩʪʠʪʠ ʚʦʜʫ ʠʟ ʧʨʝʣʠʚʘ ʪʘʣʦʞʥʠʢʘ ʩʘ ʥʝʪʦ ʧʘʜʦʤ 

ʦʜ 2.9 m. ʅʘ ʉʣʠʮʠ 5.1 ʧʨʠʢʘʟʘʥʠ ʩʫ ʚʝʨʪʠʢʘʣʥʠ ʠ ʭʦʨʠʟʦʥʪʘʣʥʠ ʧʦʧʨʝʯʥʠ 

ʧʨʝʩʝʮʠ ɛʍɽ ʥʘ ʠʟʣʘʟʫ ʚʦʜʝ ʠʟ ʪʘʣʦʞʥʠʢʘ, ʛʜʝ ʙʨʦʿʝʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʜʥʦʩʪʠ 

ʥʘʜʤʦʨʩʢʝ ʚʠʩʠʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʣʘʪʠʚʥʫ ʢʦʪʫ ʚʦʜʥʦʛ ʦʛʣʝʜʘʣʘ, ʢʦʿʫ ʧʨʝʜʩʪʘʚˀʘ 

ʤʠʨʥʘ ʚʦʜʝʥʘ ʧʦʚʨʰʠʥʘ ʪʘʣʦʞʥʦʛ ʙʘʟʝʥʘ ʜʠʟʘʿʥʠʨʘʥʘ ʪʘʢʦ ʜʘ ʩʚʦʿʦʤ ʧʦʚʨʰʠʥʦʤ 

ʨʝʬʣʝʢʪʫʿʝ ʦʢʦʣʠʥʫ ʩʪʚʘʨʘʿʫ˂ʠ ʝʬʝʢʘʪ ʦʛʣʝʜʘʣʘ. ɺʦʜʘ ʠʟ ʪʘʣʦʞʥʠʢʘ ʩʝ ʧʦʤʦ˂ʫ 

ʮʝʚʠ ʧʨʝʯʥʠʢʘ 500 mm ʠ ʜʫʞʠʥʝ 8 m ʫʩʤʝʨʘʚʘ ʥʘ ʧʨʦʧʝʣʝʨʥʫ S-ʪʫʨʙʠʥʫ. 

ʆʚʜʝ ˂ʝ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʩʣʝʜʝ˂a ʜʚʘ ʪʠʧʘ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ: 

ʭʠʜʨʦʪʫʨʙʠʥʘ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ ʬʠʢʩʥʠʤ ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ 

ï ʉʣʫʯʘʿ 1, ʠ ʭʠʜʨʦʪʫʨʙʠʥʘ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ ʧʦʜʝʩʠʚʠʤ 

ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ ï ʉʣʫʯʘʿʝʚʠ 2 ʠ 3. ʋ ʉʣʫʯʘʿʫ 1 ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝ ʧʨʦʩʝʯʥʠ 

ʛʦʜʠʰˁʠ ʧʨʦʪʦʢ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ, ʜʦʢ ʩʫ ʫ ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3 ʨʝʜʦʤ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʤʘˁʠ ʠ ʚʝ˂ʠ ʧʨʦʪʦʢ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ. 
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(ʘ) 

 

(ʙ) 

ʉʣʠʢʘ 5.1 ɺʝʨʪʠʢʘʣʥʠ (ʘ) ʠ ʭʦʨʠʟʦʥʪʘʣʥʠ (ʙ) ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʮʠ ɛʍɽ ʥʘ ʠʟʣʘʟʫ 

ʚʦʜʝ ʠʟ ʪʘʣʦʞʥʦʛ ʙʘʟʝʥʘ (ʪʘʣʦʞʥʠʢʘ) 

 

ɿʘ ʉʣʫʯʘʿ 1, ʫʟʝʪʦ ʿʝ ʜʘ ʩʫ ʬʠʢʩʥʝ ʣʦʧʘʪʠʮʝ ʧʨʦʧʝʣʝʨʘ ʠ ʬʠʢʩʥʝ ʚʦʜʝ˂ʝ 

ʣʦʧʘʪʠʮʝ ʦʧʪʠʤʠʟʠʨʘʥʝ ʠ ʧʨʠʣʘʛʦʹʝʥʝ ʛʦʜʠʰˁʝʤ ʧʨʦʩʝʯʥʦʤ ʧʨʦʪʦʢʫ ʢʨʦʟ 

ʪʘʣʦʞʥʠ ʙʘʟʝʥ ʧʨʠʤʝʥʦʤ ʧʦʩʪʫʧʢʘ ʩʢʘʣʠʨʘˁʘ. ɿʘ ʉʣʫʯʘʿʝʚʝ 2 ʠ 3, ʫʟʝʪʦ ʿʝ ʜʘ ʩʫ 

ʬʠʢʩʥʝ ʣʦʧʘʪʠʮʝ ʧʨʦʧʝʣʝʨʘ ʧʨʦʿʝʢʪʦʚʘʥʝ ʟʘ ʧʨʦʪʦʢʝ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ 

ʨʘʟʣʠʯʠʪʝ ʦʜ ʛʦʜʠʰˁʝʛ ʧʨʦʩʝʯʥʦʛ ʧʨʦʪʦʢʘ. ʋ ʉʣʫʯʘʿʫ 2, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʫ 

ʧʦʜʝʩʠʚʝ ʚʦʜʝ˂ʝ ʣʦʧʘʪʠʮʝ ʦʧʪʠʤʠʟʠʨʘʥʝ ʠ ʧʨʠʣʘʛʦʹʝʥʝ ʟʘ ʤʘˁʝ ʧʨʦʪʦʢʝ ʢʨʦʟ 

ʪʘʣʦʞʥʠ ʙʘʟʝʥ (ʪʿ. ʥʠʞʫ ʝʬʠʢʘʩʥʦʩʪ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ ʠ ʩʫʥhʠʤ 

ʛʦʜʠʥʘʤʘ), ʦʜʥʦʩʥʦ ʟʘ ʧʨʦʪʦʢ ʢʦʿʠ ʿʝ 20% ʤʘˁʠ ʦʜ ʛʦʜʠʰˁʝʛ ʧʨʦʩʝʯʥʦʛ ʧʨʦʪʦʢʘ 

ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ. ʋ ʉʣʫʯʘʿʫ 3, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʫ ʧʦʜʝʩʠʚʝ ʚʦʜʝ˂ʝ ʣʦʧʘʪʠʮʝ 

ʦʧʪʠʤʠʟʠʨʘʥʝ ʠ ʧʨʠʣʘʛʦʹʝʥʝ ʟʘ ʚʝ˂ʝ ʧʨʦʪʦʢʝ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ (ʪʿ. ʝʬʠʢʘʩʥʠʿʠ 

ʧʦʛʦʥ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫ ʟʠʤʩʢʠʤ ʤʝʩʝʮʠʤʘ). 
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ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʢʨʠʚʝ ʧʝʨʬʦʨʤʘʥʩʠ ʟʘ ʜʚʘ ʨʘʟʤʘʪʨʘʥʘ ʪʠʧʘ ʧʨʦʧʝʣʝʨʥʝ S-

ʪʫʨʙʠʥʝ ʧʨʝʫʟʝʪʝ ʩʫ ʠʟ [23] ʠ ʧʨʠʢʘʟʘʥʝ ʥʘ ʉʣʠʮʠ 5.2. 

 

 

 (ʘ)  (ʙ) 

ʉʣʠʢʘ 5.2 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʢʨʠʚʝ ʧʝʨʬʦʨʤʘʥʩʠ ʛʝʥʝʨʠʩʘʥʝ ʟʘ: ʦʧʪʠʤʠʟʠʨʘʥʠ 

ʤʦʜʝʣ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ ʬʠʢʩʥʠʤ 

ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ ï ʧʨʚʠ ʪʠʧ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʉʣʫʯʘʿʫ 1 (ʘ) ʠ ʦʧʪʠʤʠʟʠʨʘʥʠ 

ʤʦʜʝʣ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ ʩʘ ʬʠʢʩʥʠʤ ʣʦʧʘʪʠʮʘʤʘ ʧʨʦʧʝʣʝʨʘ ʠ ʧʦʜʝʩʠʚʠʤ 

ʚʦʜʝ˂ʠʤ ʣʦʧʘʪʠʮʘʤʘ ï ʜʨʫʛʠ ʪʠʧ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3 (ʙ) 

 

ʋʧʦʨʝʹʠʚʘˁʝʤ ʢʨʠʚʠʭ ʩʘ ʉʣʠʢʘ 5.2ʘ ʠ 5.2ʙ, ʟʘʧʘʞʘ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʦʧʪʠʤʠʟʠʨʘʥʦʛ ʜʠʟʘʿʥʘ ʭʠʜʨʦʪʫʨʙʠʥʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘ 

ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3. ʂʦʥʢʨʝʪʥʦ, ʦʧʪʠʤʘʣʥʘ ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʪʫʨʙʠʥʝ ʧʦʚʝ˂ʘʥʘ ʿʝ ʩʘ 6.4 

kW ʥʘ 8.5 kW, ʘ ʦʧʪʠʤʘʣʥʠ ʧʨʦʪʦʢ ʢʨʦʟ ʪʫʨʙʠʥʫ ʩʝ ʧʦʚʝ˂ʘʦ ʩʘ 265 l/s ʥʘ 350 l/s. 

ʇʦʨʝʜ ʪʦʛʘ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʦʧʪʠʤʘʣʥʠ ʜʠʟʘʿʥ ʭʠʜʨʦʪʫʨʙʠʥʝ ʤʦʞʝ ʜʘ ʨʘʜʠ ʩʘ 

ʧʨʦʪʦʢʦʤ ʦʜ Q = 350 l/s ʠ ʥʝʪʦ ʧʘʜʦʤ ʦʜ H = 2.9 m, ʧʦʩʪʠʞʫ˂ʠ ʦʧʪʠʤʘʣʥʫ 

ʝʬʠʢʘʩʥʦʩʪ ʦʜ ɖ å 0.86. ʉʤʘˁʝˁʝʤ ʧʨʦʪʦʢʘ ʠʩʧʦʜ ʦʥʦʛ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʦʧʪʠʤʘʣʥʦʤ 

ʧʦʛʦʥʫ, ʝʬʠʢʘʩʥʦʩʪ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ ʥʘʛʣʦ ʦʧʘʜʘ ʿʝʨ ʩʫ ʣʦʧʘʪʠʮʝ ʧʨʦʧʝʣʝʨʘ 

ʠ ʚʦʜʝ˂ʝ ʣʦʧʘʪʠʮʝ ʬʠʢʩʠʨʘʥʝ. ɼʘˀʝ, ʫ ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3 ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʝ 

ʚʦʜʝ˂ʝ ʣʦʧʘʪʠʮʝ ʤʦʛʫ ʧʦʜʝʩʠʪʠ ʪʘʢʦ ʜʘ ʭʠʜʨʦʪʫʨʙʠʥʘ ʤʦʞʝ ʜʘ ʨʘʜʠ (ʩʘ ʤʘˁʦʤ 

ʝʬʠʢʘʩʥʦʰ˂ʫ) ʫ ʣʝʪˁʠʤ ʤʝʩʝʮʠʤʘ ʠ ʫ ʩʫʰʥʠʤ ʛʦʜʠʥʘʤʘ ʢʘʜʘ ʩʫ ʧʨʦʪʦʮʠ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʝʥʠ (ʜʦ 30% ʦʧʪʠʤʘʣʥʦʛ ʧʨʦʪʦʢʘ). ʋ ʦʚʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, ʩʦʬʪʚʝʨ 

Hʆʄɽʈ Pro ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʫ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʭʠʜʨʦʪʫʨʙʠʥʝ. 
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ʆʚʜʝ ʿʝ ʦʩʥʦʚʥʠ ʮʠ ˀ ʤʘʢʩʠʤʠʟʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʩʤʘʝˁˁʝ ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ ʠ ʤʠʥʠʤʠʟʠʨʘˁʝ ʝʤʠʩʠʿʝ GHG, ʥʘ ʦʩʥʦʚʫ 

ʧʨʦʤʝʥˀʠʚʦʛ ʧʨʦʪʦʢʘ ʢʨʦʟ ʨʘʟʤʘʪʨʘʥʫ ʭʠʜʨʦʪʫʨʙʠʥʫ. ʂʦʥʢʨʝʪʥʦ, ʦʚʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʠʤʘ ʟʘ ʮʠˀ (1) ʠʟʙʦʨ ʚʘʥʤʨʝʞʥʦʛ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ-ʧʨʝʪʚʘʨʘʯ-ʙʘʪʝʨʠʿʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʧʘʩʪʨʤʩʢʦʛ ʨʠʙˁʘʢʘ 

ɱʘʙʣʘʥʠʮʘ ʫʜʘˀʝʥʦʛ ʦʜ ʝʣʝʢʪʨʦʜʠʩʪʨʠʙʫʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʉʨʙʠʿʝ; (2) ʩʧʨʦʚʦʹʝˁʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʠ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʝ ʘʥʘʣʠʟʝ ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ 

ʪʠʧʘ ʭʠʜʨʦʪʫʨʙʠʥʝ ʠ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʩʣʫʯʘʿʘ ʧʦʛʦʥʘ; ʠ (3) ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʥʘʙʿʦˀʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʥʘ ʦʩʥʦʚʫ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʧʨʝʜʣʦʞʝʥʦʛ ʚʘʥʤʨʝʞʥʦʛ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ ʜʘʪ ʿʝ ʥʘ ʉʣʠʮʠ 3.3, ʜʦʢ ʩʫ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʤʦʜʝʣʠ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʫ ʪʦʤ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʇʦʛʣʘʚˀʠʤʘ 3 ʠ 4. 

 

5.2 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʉʠʤʫʣʘʮʠʿʝ ʩʫ ʠʟʚʨʰʝʥʝ ʟʘ ʦʙʝ ʨʘʟʤʘʪʨʘʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʘʩʪʘʚˀʝʥʝ ʦʜ 

ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʝʪʚʘʨʘʯʘ ʠ ʙʘʪʝʨʠʿʘ, ʩʘ ʤʦʛʫ˂ʥʦʰ˂ʫ 

ʠʩʢˀʫʯʝˁʘ ʩʘʤʦ PV ʛʝʥʝʨʘʪʦʨʘ ʠʣʠ ɛʍɽ, ʢʘʦ ʠ ʟʘ ʩʚʘʢʠ ʨʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʧʦʛʦʥʘ 

ʦʜʚʦʿʝʥʦ (ʉʣʫʯʘʿʝʚʠ 1, 2 ʠ 3). ʅʘʢʦʥ 70028 ʩʠʤʫʣʘʮʠʿʘ ʠ 13 ʤʠʥʫʪʘ ʠ 55 ʩʝʢʫʥʜʠ 

ʨʘʜʘ ʩʦʬʪʚʝʨʘ HOMER Pro, ʧʦʿʝʜʠʥʘʯʥʦ ʟʘ ʩʚʘʢʠ ʦʜ ʪʨʠ ʩʣʫʯʘʿʘ, ʜʦʙʠʿʘʿʫ ʩʝ 

ʢʘʪʝʛʦʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʩʢʘ ʨʝʰʝˁʘ, ʦʜʥʦʩʥʦ ʩʠʩʪʝʤʩʢʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʢʘʪʝʛʦʨʠʟʦʚʘʥʝ ʧʦ ʧʨʦʬʠʪʘʙʠʣʥʦʩʪʠ ʦʜ ʥʘʿʧʨʦʬʠʪʘʙʠʣʥʠʿʠʭ ʜʦ ʥʘʿʤʘˁʝ 

ʧʨʦʬʠʪʘʙʠʣʥʠʭ. ɿʘ ʩʚʘ ʪʨʠ ʨʘʟʤʘʪʨʘʥʘ ʩʣʫʯʘʿʘ ʠʟʘʙʨʘʥʘ ʿʝ ʩʪʨʘʪʝʛʠʿʘ LFï

ʩʪʨʘʪʝʛʠʿʘ. 

ʈʝʟʫʣʪʘʪʠ ʫ ʚʝʟʠ ʩʘ ʨʘʟʤʘʪʨʘʥʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʩʠʩʪʝʤʘ ʧʨʝʪʭʦʜʥʦ ʩʫ 

ʧʫʙʣʠʢʦʚʘʥʠ ʫ [24] ʠ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 5.1, ʢʘʦ ʠ ʥʘ ʉʣʠʢʘʤʘ 5.3 ʠ 5.4. ʊʘʙʝʣʘ 5.1 

ʧʨʠʢʘʟʫʿʝ ʩʥʘʛʫ, ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ 

ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʨʘʟʤʘʪʨʘʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʫ ʉʣʫʯʘʿʝʚʠʤʘ 1, 2 ʠ 

3. ʆʚʘ ʪʘʙʝʣʘ ʩʘʜʨʞʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʜʘʪʢʝ ʦ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʮʝʣʦʛ ʩʠʩʪʝʤʘ. 

ʉʣʠʢʘ 5.3 ʜʘʿʝ ʧʨʝʛʣʝʜ ʪʨʦʰʢʦʚʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʨʘʟʤʘʪʨʘʥʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ ʫ ʉʣʫʯʘʿʝʚʠʤʘ 1, 2 ʠ 3, ʜʦʢ 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

135 

 

ʉʣʠʢʘ 5.4 ʧʨʠʢʘʟʫʿʝ ʧʨʦʩʝʯʥʫ ʤʝʩʝʯʥʫ ʧʨʦʠʟʚʦʜˁʫ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ, 

PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʉʣʫʯʘʿʝʚʝ 1, 2 ʠ 3. 

 

ʊʘʙʝʣʘ 5.1 ʉʥʘʛʘ, ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʨʘʟʤʘʪʨʘʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʩʠʩʪʝʤʘ ʫ ʉʣʫʯʘʿʝʚʠʤʘ 1, 2 ʠ 3 

ʂʦʤʧʦʥʝʥʪʘ 

ʠʣʠ ʮʝʦ 

ʩʠʩʪʝʤ 

ʉʥʘʛʘ 

(kW) 

ʋʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ 

(USD) 

ʋʢʫʧʥʘ ʛʦʜʠʰˁʘ 

ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (kWh/yr) 

ʉʣʫʯʘʿ 

1 

ʉʣʫʯʘʿ 

2 

ʉʣʫʯʘʿ 

3 

ʉʣʫʯʘʿ 

1 

ʉʣʫʯʘʿ 

2 

ʉʣʫʯʘʿ 

3 

ʉʣʫʯʘʿ 

1 

ʉʣʫʯʘʿ 

2 

ʉʣʫʯʘʿ 

3 

ɛʍɽ 6.4 8.5 8.5 8468 10132 10132 
23444 

(62.4%) 

32979 

(73.7%) 

38399 

(76.7%) 

PV 

ʛʝʥʝʨʘʪʦʨ 
10 8.25 8.25 8026 6621 6621 

13184 

(35.1%) 

10877 

(24.3%) 

10877 

(21.7%) 

ɼʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ 
12 12 12 10731 10617 9766 

936 

(2.5%) 

922 

(2%) 

814 

(1.6%) 

ɹʘʪʝʨʠʿʝ 25 24 18 11255 7750 5641 / / / 

ʇʨʝʪʚʘʨʘʯ 5 4 4 1903 1522 1522 / / / 

ʎʝʦ ʩʠʩʪʝʤ 28.4 28.75 28.75 40383 36643 33683 
37564 

(100%) 

44777 

(100%) 

50090 

(100%) 

 

ʀʟ ʊʘʙʝʣʝ 5.1 ʿʝ ʦʯʠʛʣʝʜʥʦ ʜʘ ʧʘʨʘʤʝʪʨʠ ʧʝʨʬʦʨʤʘʥʩʠ ʭʠʜʨʦʪʫʨʙʠʥʝ ʫʪʠʯʫ 

ʥʘ ʜʠʟʘʿʥ ʨʘʟʤʘʪʨʘʥʦʛ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

ʉʣʫʯʘʿʝʤ 1, ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʠ ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ 

ɛʍɽ ʩʫ ʚʝ˂ʠ ʫ ʉʣʫʯʘʿʫ 2 ʠʣʠ ʉʣʫʯʘʿʫ 3, ʜʦʢ ʩʫ ʫ ʩʣʫʯʘʿʫ PV ʛʝʥʝʨʘʪʦʨʘ, ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʉʣʫʯʘʿʝʤ 1, ʠʩʪʠ ʧʘʨʘʤʝʪʨʠ ʥʠʞʠ ʟʘ ʉʣʫʯʘʿʝʚʝ 2 ʠ 3. ʇʦʨʝʜ ʪʦʛʘ, 

ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʟʘ ʮʝʦ ʩʠʩʪʝʤ ʫ ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3 ʩʫ ʟʘ 9.3% ʠ 16.6% 

ʥʠʞʠ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 1. ʊʘʢʦʹʝ, ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʠ ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʮʝʣʦʛ ʩʠʩʪʝʤʘ ʫ ʉʣʫʯʘʿʫ 3 ʩʫ ʟʘ 1.2% ʠ 33.3% ʚʠʰʠ ʥʝʛʦ ʫ 

ʉʣʫʯʘʿʫ 1, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʟʘ 0%  ʠ 11.9% ʚʠʰʠ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 2, ʨʝʜʦʤ. ʇʦʚʝ˂ʘˁʝ 

ʠʟʣʘʟʥʝ ʩʥʘʛʝ ʮʝʣʦʛ ʩʠʩʪʝʤʘ ʩʘ 28.4 kW ʥʘ 28.75 kW ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: ʆʧʪʠʤʠʟʘʮʠʿʦʤ ʧʨʦʧʝʣeʨʥʝ S-ʪʫʨʙʠʥʝ, ʠʟʣʘʟʥʘ ʩʥʘʛʘ ɛʍɽ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ 
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6.4 kW (ʉʣʫʯʘʿ 1) ʥʘ 8.5 kW (ʉʣʫʯʘʿ 2 ʠʣʠ 3). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʜʦʙʠʿʘ ʚʠʰʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ, ʘ ʤʘˁʝ ʠʟ PV ʛʝʥʝʨʘʪʦʨʘ, ʘ ʪʦ ʿʝ ʟʙʦʛ ʟʥʘʪʥʦ ʚʝ˂ʠʭ 

ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ ʫ ʩʣʫʯʘʿʫ ɛʍɽ. ʉʭʦʜʥʦ ʪʦʤʝ, ʠʟʣʘʟʥʘ ʩʥʘʛʘ PV ʛʝʥʝʨʘʪʦʨʘ 

ʩʝ ʩʤʘˁʫʿʝ ʟʘ 1.75 kW, ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʝ 

ʩʤʘˁʫʿʝ ʩʘ 25 ʫ ʉʣʫʯʘʿʫ 1 ʥʘ 24 ʫ ʉʣʫʯʘʿʫ 2 ʠʣʠ 18 ʫ ʉʣʫʯʘʿʫ 3, ʘ ʩʥʘʛʘ ʧʨʝʪʚʘʨʘʯʘ 

ʦʧʘʜʘ ʩʘ 5 kW ʫ ʉʣʫʯʘʿ 1 ʜʦ 4 kW ʫ ʉʣʫʯʘʿʝʚʠʤʘ 2 ʠ 3. ʀʩʪʦʚʨʝʤʝʥʦ, ʠʟʣʘʟʥʘ 

ʩʥʘʛʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʦʩʪʘʿʝ ʥʝʧʨʦʤʝˁʝʥʘ, ʘʣʠ ʩʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʢʦʣʠʯʠʥʝ 

ʛʦʨʠʚʘ, ʠ ʪʦ: 324 l ʫ ʉʣʫʯʘʿʫ 1, 319 l ʫ ʉʣʫʯʘʿʫ 2 ʠ 282 l ʫ ʉʣʫʯʘʿʫ 3. 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (3.75) ʠ ʨʝʟʫʣʪʘʪʘ ʠʟ ʊʘʙʝʣʝ 5.1, ʚʨʝʜʥʦʩʪʠ ʥʠʚʝʣʠʩʘʥʠʭ 

COEïʪʨʦʰʢʦʚa ʩʫ 0.346 USD/kWh ʟʘ ʉʣʫʯʘʿ 1, 0.313 USD/kWh ʟʘ ʉʣʫʯʘʿ 2 ʠ 0.288 

USD/kWh ʟʘ ʉʣʫʯʘʿ 3. ʊʘʢʦʹʝ, ʊʘʙʝʣʘ 5.1 ʧʦʢʘʟʫʿʝ ʜʘ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʟʘ 

ʮʝʦ ʩʠʩʪʝʤ ʠʟʥʦʩʝ 40383 USD ʫ ʉʣʫʯʘʿʫ 1, 36643 USD ʫ ʉʣʫʯʘʿʫ 2 ʠ 33683 USD ʫ 

ʉʣʫʯʘʿʫ 3. ɼʘʢʣʝ, ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʮʝʣʦʛ ʩʠʩʪʝʤʘ ʫ ʉʣʫʯʘʿʫ 3 ʩʫ ʤʘˁʠ ʥʝʛʦ 

ʫ ʉʣʫʯʘʿʫ 1 ʠʣʠ ʉʣʫʯʘʿʫ 2. ʄʝʹʫʪʠʤ, ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫ ʮʝʣʦʤ ʩʠʩʪʝʤʫ ʫ ʉʣʫʯʘʿʫ 3 (50090 kWh/yr) ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ ʥʝʛʦ ʫ 

ʉʣʫʯʘʿʫ 1 (37564 kWh/yr) ʠʣʠ ʫ ʉʣʫʯʘʿʫ 2 (44777 kWh/yr). ʆʚʜʝ ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ 

ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚa ʝʿ ʙʣʠʩʢʘ ʚʨʝʜʥʦʩʪʠʤʘ ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚa 

ʜʦʙʠʿʝʥʠʭ ʟʘ ʭʠʙʨʠʜʥʝ ɛʍɽ- PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʠʩʪʝʤʝ ʨʘʟʤʘʪʨʘʥʝ ʫ 

[4,10]. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʫ [63,69] ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʚʠʰʝ ʬʘʢʪʦʨʘ ʫʪʠʯʫ ʥʘ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚeʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ. ʋ ʚʝʟʠ ʩʘ ʪʠʤ, ʮʝʥʘ ʜʠʟʝʣ 

ʛʦʨʠʚʘ ʿʝ ʿʝʜʘʥ ʦʜ ʪʠʭ ʬʘʢʪʦʨʘ. ʋʩʚʦʿʝʥʘ ʮʝʥʘ ʜʠʟʝʣ ʛʦʨʠʚʘ ʿʝ ʚʠʩʦʢʘ (1.705 

USD/l), ʰʪʦ ʿʝ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ʜʨʫʛʠʭ 

ʩʪʫʜʠʿʘ, ʜʦʚʝʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ʚʨʝʜʥʦʩʪʠ ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚa. 

ɻʨʘʬʠʢʦʥʠ ʩʘ ʉʣʠʢʝ 5.3 ʧʦʢʘʟʫʿʫ ʜʘ ʆʀɽ (ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨ) ʠʤʘʿʫ 

ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʝ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ ʠ ʪʨʦʰʢʦʚʝ ʇ&ʆ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ, ʘʣʠ ʜʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʠʤʘ ʚʠʩʦʢʝ ʪʨʦʰʢʦʚʝ ʛʦʨʠʚʘ. ɿʘ ʉʣʫʯʘʿ 1 ʩʘ 

ʉʣʠʢʝ 5.3ʘ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʙʘʪʝʨʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʫ 

ʥʘʿʚʝ˂ʠ ʠ ʠʟʥʦʩʝ 11256 USD (5875+1616+4795-1030). ɿʘ ʉʣʫʯʘʿ 2 ʩʘ ʉʣʠʢʝ 5.3ʙ, 

ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʩʫ ʥʘʿʚʝ˂ʠ ʠ ʠʟʥʦʩʝ 10617.72 USD, ʜʦʢ ʟʘ 

ʉʣʫʯʘʿ 3 ʩʘ ʉʣʠʢʝ 5.3ʚ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ɛʍɽ ʩʫ ʥʘʿʚʝ˂ʠ ʠ ʠʟʥʦʩʝ 10132 USD. ʋ 

ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ ʪʨʦʰʢʦʚʠ ʇ&ʆ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʩʫ ʚʝʦʤʘ ʥʠʩʢʠ ʠ ʠʟʥʦʩʝ 84.03 

USD ʟʘ ʉʣʫʯʘʿ 1, 82.74 USD ʟʘ ʉʣʫʯʘʿ 2 ʠ 73.04 USD ʟʘ ʉʣʫʯʘʿ 3. 
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ʉʣʠʢʘ 5.3 ʇʨʝʛʣʝʜ ʪʨʦʰʢʦʚʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʨʘʟʤʘʪʨʘʥʠʤ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ ʩʠʩʪʝʤʘ ʪʦʢʦʤ ˁʠʭʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʟʘ:  

ʉʣʫʯʘʿ 1 (a), ʉʣʫʯʘʿ 2 (ʙ) ʠ ʉʣʫʯʘʿ 3 (ʚ) 
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ʅʘ ʉʣʠʮʠ 5.4 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʚʘ ʪʨʠ ʨʘʟʤʘʪʨʘʥʘ ʩʣʫʯʘʿʘ. 

ʆʧʪʠʤʠʟʠʨʘʥʘ ʧʨʦʧʝʣʝʨʥʘ S-ʪʫʨʙʠʥʘ ʠʟ ʉʣʫʯʘʿʘ 2 ʠʣʠ ʉʣʫʯʘʿʘ 3 ʦʤʦʛʫ˂ʘʚʘ ʧʦʛʦʥ 

ɛʍɽ ʧʨʠ ʥʠʞʠʤ ʧʨʦʪʦʮʠʤʘ ʨʝʢʝ ʫ ʤʝʩʝʮʠʤʘ ʫʿʣʫ, ʘʚʛʫʩʪʫ, ʩʝʧʪʝʤʙʨʫ ʠ ʜʝʮʝʤʙʨʫ. 

ɼʘʢʣʝ, ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ ʫ ʉʣʫʯʘʿʫ 3 ʿʝ ʟʘ 

14955 kWh/yr ʚʝʘ˂ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 1 ʠ 5420 kWh/yr ʚʝ˂ʘ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 2. ʋʢʫʧʥʘ 

ʛʦʜʠʰˁʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ PV ʛʝʥʝʨʘʪʦʨʘ ʫ ʉʣʫʯʘʿʫ 2 ʠʣʠ 

ʉʣʫʯʘʿʫ 3 ʿʝ ʟʘ 2307 kWh/yr ʥʠʞʘ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 1, ʜʦʢ ʿʝ ʫʢʫʧʥʘ ʛʦʜʠʰˁʘ 

ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʫ ʉʣʫʯʘʿʫ 3 ʟʘ 122 kWh/yr ʠ 

108 kWh/yr ʥʠʞʘ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 1 ʠ ʉʣʫʯʘʿʫ 2, ʨʝʜʦʤ. ɼʦ ʦʚʠʭ ʟʘʧʘʞʘˁʘ ʜʦʰʣʦ ʩʝ 

ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʊʘʙʝʣʝ 5.1. 

 

 

ʉʣʠʢʘ 5.4 ʇʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ, PV 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʟʘ: ʉʣʫʯʘʿ 1 (ʘ), ʉʣʫʯʘʿ 2 (ʙ) ʠ ʉʣʫʯʘʿ 3 (ʚ) 



ʄʠʣʘʥ ʊʦʤʦʚʠ˂     ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

139 

 

ʅʘ ʉʣʠʮʠ 5.5 ʧʨʠʢʘʟʘʥʠ ʩʫ ʯʘʩʦʚʥʠ ʛʨʘʬʠʢʦʥʠ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ɛʍɽ, PV 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ ʯʘʩʦʚʥʠ ʛʨʘʬʠʢʦʥʠ ʫʣʘʟʥʝ ʩʥʘʛʝ ʙʘʪʝʨʠʿʝ ʟʘ 

ʉʣʫʯʘʿʝʚʝ 1, 2 ʠ 3. ʉʘ ʉʣʠʢʝ 5.5 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʛʣʘʚʥʠ ʠʟʚʦʨʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨ, ʘ ʜʘ ʩʫ ʧʦʤʦ˂ʥʠ ʠʟʚʦʨʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʠ ʙʘʪʝʨʠʿʩʢʘ ʿʝʜʠʥʠʮʘ. ʉʣʠʢʘ 5.5.ʘ ʧʦʢʘʟʫʿʝ ʜʘ ɛʍɽ ʫʯʝʩʪʚʫʿʝ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 1. ʘʿʥʫʘʨʘ ʜʦ 30. ʫʿʥʘ ʩʘ ʫʢʫʧʥʦ 4344 ʯʘʩʦʚʘ 

ʧʦʛʦʥʘ ʛʦʜʠʰˁʝ ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 5.44 kW, ʜʦʢ ʦʜ 1. ʿʫʣʘ ʜʦ 31 

ʜʝʮʝʤʙʨʘ ɛʍɽ ʥʝ ʫʯʝʩʪʚʫʿʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʿʝʨ ʿʝ ʨʘʩʧʦʣʦʞʠʚʠ 

ʧʨʦʪʦʢ ʚʦʜʝ ʢʨʦʟ ʪʘʣʦʞʥʠ ʙʘʟʝʥ ʤʘˁʠ ʦʜ ʤʠʥʠʤʘʣʥʦʛ ʧʨʦʪʦʢʘ ʚʦʜʝ ʢʨʦʟ ʪʫʨʙʠʥʫ 

ʢʦʿʠ ʠʟʥʦʩʠ 220 l/s. PV ʛʝʥʝʨʘʪʦʨ ʦʙʝʟʙʝʹʫʿʝ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʠʿʫ ʪʦʢʦʤ ʮʝʣʝ 

ʛʦʜʠʥʝ ʩʘ ʫʢʫʧʥʦ 4383 ʯʘʩʦʚʘ ʧʦʛʦʥʘ ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 10.2 kW. 

ʆʜ 1. ʫʿʣʘ ʜʦ 31. ʜʝʮʝʤʙʨʘ, ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʫʯʝʩʪʚʫʿʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʩʘ ʫʢʫʧʥʦ 260 ʯʘʩʦʚʘ ʧʦʛʦʥʘ ʛʦʜʠʰˁʝ ʠ ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ 

ʦʜ 3.6 kW. ʀʩʪʦʚʨʝʤʝʥʦ, ʙʘʪʝʨʠʿʩʢʘ ʿʝʜʠʥʠʮʘ ʨʘʜʠ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʫʣʘʟʥʦʤ 

ʩʥʘʛʦʤ ʦʜ 6.83 kW. 

ʋʟ ʪʦ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʉʣʫʯʘʿʝʤ 1 ʩʘ ʉʣʠʢʝ 5.5ʘ, ʩʘ ʉʣʠʢʝ 5.5ʙ ʩʝ ʚʠʜʠ ʜʘ ʩʝ 

ʫ ʉʣʫʯʘʿʫ 2 ʫʯʝʰ˂ʝ ɛʍɽ ʫ ʫʢʫʧʥʦʿ ʛʦʜʠʰˁʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʧʦʚʝ˂ʘʚʘ ʦʜ 1. ʫʿʣʘ ʜʦ 30. ʩʝʧʪʝʤʙʨʘ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ɛʍɽ ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʫʯʝʩʪʚʫʿʝ ʩʘ ʫʢʫʧʥʦ 6552 ʯʘʩʦʚʘ ʧʦʛʦʥʘ ʛʦʜʠʰˁʝ ʠ ʤʘʢʩʠʤʘʣʥʦʤ 

ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 7.23 kW. ʅʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ ʉʣʫʯʘʿʫ 2, PV ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ 

ʫʢʫʧʥʦ 4383 ʯʘʩʦʚʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 8.41 kW, ʜʦʢ ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ ʫʢʫʧʥʦ 256 ʯʘʩʦʚʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʩʥʘʛʦʤ ʦʜ 6.56 kW. ʋ 

ʧʦʨʝʹʝˁʫ ʩʘ ʉʣʫʯʘʿʝʤ 1, ʚʨʝʤʝ ʧʦʛʦʥʘ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʫ ʉʣʫʯʘʿʫ 2 ʿʝ ʩʢʨʘ˂ʝʥʦ, ʘ 

ʪʠʤʝ ʠ ʝʤʠʩʠʿʘ GHG. 

ʋ ʉʣʫʯʘʿʫ 3 ʩʘ ʉʣʠʢʝ 5.5ʚ, ʫ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ɛʍɽ 

ʫʯʝʩʪʚʫʿʝ ʠ ʫ ʤʝʩʝʮʫ ʜʝʮʝʤʙʨʫ, ʧʘ ʿʝ ʚʨʝʤʝ ˁʝʥʦʛ ʧʦʛʦʥʘ ʜʦʜʘʪʥʦ ʧʦʚʝ˂ʘʥʦ ʠ 

ʠʟʥʦʩʠ ʫʢʫʧʥʦ 7296 ʯʘʩʦʚʘ ʛʦʜʠʰˁʝ. ʋ ʉʣʫʯʘʿʫ 3, ʤʘʢʩʠʤʘʣʥʝ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ɛʍɽ 

ʠ PV ʛʝʥʝʨʘʪʦʨʘ ʦʩʪʘʿʫ ʠʩʪʝ ʢʘʦ ʫ ʉʣʫʯʘʿʫ 2, ʜʦʢ ʤʘʢʩʠʤʘʣʥʘ ʫʣʘʟʥʘ ʩʥʘʛʘ 

ʙʘʪʝʨʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘʜʘ ʠʟʥʦʩʠ 4.92 kW. 
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ʉʣʠʢʘ 5.5 ʏʘʩʦʚʥʝ ʠʟʣʘʟʥʝ ʩʥʘʛʝ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʠ 

ʯʘʩʦʚʥʘ ʫʣʘʟʥʘ ʩʥʘʛʘ ʙʘʪʝʨʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʟʘ:  ʉʣʫʯʘʿ 1 

(ʘ), ʉʣʫʯʘʿ 2 (ʙ) ʠ ʉʣʫʯʘʿ 3 (ʚ) 
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ɿʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ ʩʣʫʯʘʿʝʚʝ ʩʠʤʫʣʠʨʘʥʠ ʩʫ ʠ ʧʦʛʦʥʩʢʠ ʨʝʞʠʤʠ ʫ ʢʦʿʠʤʘ 

ʿʝʜʘʥ ʦʜ ʆʀɽ (PV ʛʝʥʝʨʘʪʦʨ ʠʣʠ ɛʍɽ) ʦʪʢʘʟʫʿʝ. ʇʦʥʦʚʦ, ʮʠˀ ʿʝ ʦʧʪʠʤʠʟʠʨʘʪʠ, 

ʦʜʥʦʩʥʦ ʤʘʢʩʠʤʠʟʠʨʘʪʠ ʧʝʨʬʦʨʤʘʥʩʝ ʢʦʤʧʦʥʝʥʪʠ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ. ʈʝʟʫʣʪʘʪʠ 

ʦʚʠʭ ʩʠʤʫʣʘʮʠʿʘ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 5.2. 

 

ʊʘʙʝʣʘ 5.2 ʄʘʢʩʠʤʘʣʥʘ ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʘ ʟʘ 

ʉʣʫʯʘʿʝʚʝ 1, 2 ʠ 3 ʢʘʜʘ ʿʝ ʠʩʢˀʫʯʝʥ PV ʛʝʥʝʨʘʪʦʨ ʠʣʠ ɛʍɽ 

ʉʣʫʯʘʿ 

ʀʟʣʘʟʥʘ 

ʩʥʘʛʘ ɛʍɽ 

(kW) 

ʀʟʣʘʟʥʘ  

ʩʥʘʛʘ PV 

ʛʝʥʝʨʘʪʦʨʘ 

(kW) 

ʀʟʣʘʟʥʘ ʩʥʘʛʘ 

ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ  

(kW) 

ʋʣʘʟʥʘ 

ʩʥʘʛʘ 

ʙʘʪʝʨʠʿʝ 

(kW) 

ʀʟʣʘʟʥʘ ʩʥʘʛʘ 

ʧʨʝʪʚʘʨʘʯʘ (kW) 

ʀʥʚʝʨʪoʨ ʀʩʧʨʘʚˀʘʯ 

1* 5.44 / 3.6 3 2.71 3 

1**  / 12.2 3.6 9.02 4.42 3.2 

2* 7.23 / 3.6 2.73 2.7 2.73 

2**  / 12.2 3.6 9.02 4.42 3.2 

3* 7.23 / 3.6 2.73 2.66 2.73 

3**  / 12.2 3.6 9.02 4.42 3.2 

* PV ʛʝʥʝʨʘʪʦʨ ʠʩʢˀʫʯʝʥ. 

** ɛʍɽ ʠʩʢˀʫʯʝʥʘ. 

 

ʇʦʰʪʦ ʩʝ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʧʦʿʘʚˀʫʿʝ ʫ ʩʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʪʦ 

ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʝ ʠ ʝʤʠʩʠʿʝ GHG. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʟʘʛʘʹʠʚʘʯʘ ʢʘʦ ʰʪʦ 

ʩʫ CO2, CO, SO2, ʠʪʜ. ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʊʘʙʝʣʠ 5.3. ʀʟ ʜʘʪʝ ʪʘʙʝʣʝ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ 

ʿʝ ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ GHG ʫ ʉʣʫʯʘʿʫ 3 ʟʘ 112.6 kg/yr ʤʘˁa ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 1, ʟʘ 99.41 

kg/yr ʤʘˁʘ ʥʝʛʦ ʫ ʉʣʫʯʘʿʫ 2. ʊʦ ʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʫ ʫʢʫʧʥʦʿ 

ʛʦʜʠʰˁʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʯʝʩʪʚʫʿʝ ʩʘ ʩʘʤʦ 1.6% ʫ ʉʣʫʯʘʿʫ 3, ʩʘ 

2% ʫ ʉʣʫʯʘʿʫ 2 ʠ ʩʘ 2.5% ʫ ʉʣʫʯʘʿʫ 1. 

ʋ ʊʘʙʝʣʠ 5.4 ʫʧʦʨʝʜʥʦ ʩʫ ʧʨʠʢʘʟʘʥʠ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠ ʨʝʟʫʣʪʘʪʠ 

ʜʨʫʛʠʭ ʩʪʫʜʠʿʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʩʣʠʯʥʠʤ ʭʠʙʨʠʜʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ɛʍɽ-PV 

ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ. ʀʟ ʊʘʙʝʣʝ 5.4 ʩʣʝʜʠ ʜʘ ʿʝ ʥʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ ʫʢʫʧʥʠʭ 

NPCïʪʨʦʰʢʦʚʘ ʜʦʙʠʿʝʥʘ ʫʧʨʘʚʦ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ɺʨʝʜʥʦʩʪʠ ʥʠʚʝʣʠʩʘʥʠʭ 

COEïʪʨʦʰʢʦʚa ʠ ʫʢʫʧʥʝ ʛʦʜʠʰˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʘʨʠʨʘʿʫ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʦʰʢʦʚʘ ʧʦʿʝʜʠʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ, ʚʝʣʠʯʠʥʝ ʩʠʩʪʝʤʘ ʠ 
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ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ ʠʟʜʚʦʿʝʥʠʭ ʫ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ. ʋ ʩʚʘʢʦʿ ʦʜ ʩʪʫʜʠʿʘ ʠʟ ʊʘʙʝʣʝ 5.4, 

ʧʨʠʜʨʫʞʝʥʘ ɛʍɽ ʠʤʘ ʥʘʿʚʝ˂ʠ ʜʦʧʨʠʥʦʩ ʫʢʫʧʥʦʿ ʛʦʜʠʰˁʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ, ʰʪʦ ʿʝ ʙʠʦ ʿʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʨʘʟʤʘʪʨʘʥʦʛ ʚʘʥʤʨʝʞʥʦʛ 

ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʧʘʨʘʤʝʪʘʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʦʧʝʣʝʨʥʝ S-ʪʫʨʙʠʥʝ. 

 

ʊʘʙʝʣʘ 5.3 ɽʤʠʩʠʿʘ GHG 

ɿʘʛʘʹʠʚʘʯ 
ɽʤʠʩʠʿʝ (kg/yr) 

ʉʣʫʯʘʿ 1 ʉʣʫʯʘʿ 2 ʉʣʫʯʘʿ 3 

ʋʛˀʝʥ-ʜʠʦʢʩʠʜ 848 835 737 

ʋʛˀʝʥ-ʤʦʥʦʢʩʠʜ 5.29 5.21 4.6 

ʅʝʩʘʛʦʨʝʣʠ ʫʛˀʦʚʦʜʦʥʠʮʠ 0.233 0.23 0.203 

ɸʪʤʦʩʬʝʨʩʢʝ ʯʝʩʪʠʮʝ 0.0317 0.0313 0.0276 

ʉʫʤʧʦʨ-ʜʠʦʢʩʠʜ 1.71 1.69 1.49 

ɸʟʦʪʥʠ ʦʢʩʠʜʠ 4.98 4.9 4.33 

ʋʢʫʧʥʦ 860.25 847.06 747.65 

 

ʊʘʙʝʣʘ 5.4 ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠ ʨʝʟʫʣʪʘʪʘ ʜʨʫʛʠʭ 

ʩʪʫʜʠʿʘ ʩʘ ʩʣʠʯʥʠʤ ʭʠʙʨʠʜʥʠʤ ʝʥʝʨʛʝʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ɛʍɽ-PV ʛʝʥʝʨʘʪʦʨ-ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ 

ʉʪʫʜʠʿʘ ʠʣʠ 

ʨʝʬʝʨʝʥʮʘ 

ʋʢʫʧʥʠ 

NPCï

ʪʨʦʰʢʦʚʠ 

(USD) 

ʅʠʚʝʣʠʩʘʥʠ 

COEï

ʪʨʦʰʢʦʚʠ 

(USD/kWh) 

ʋʢʫʧʥʘ ʛʦʜʠʰˁʘ 

ʧʨʦʠʟʚʦʜˁʘ 

ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (kWh/yr) 

ɻʣʘʚʥʠ ʠʟʚʦʨ ʠ 

ʧʨʦʠʟʚʝʜʝʥʘ 

ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ (kWh/yr) 

ʆʚʘ ʩʪʫʜʠʿʘ, 

ʉʣʫʯʘʿ 3 
33683 0.288 50090 ɛʍɽ 38399 

[24] 70042 0.278 25515 ɛʍɽ 15493 

[67] 113201 0.054 227504 ɛʍɽ 189262 

[68] 963431 0.112 1518895 ɛʍɽ 1178600 

[69] / 0.131-0.206 / / 

[70] 997334 0.133 / ɛʍɽ 497075 

[71] 316827 0.566 55344 ɛʍɽ 45144 

[72] 6804257 / 101572 ɛʍɽ 55885 

[73] 2650126 0.5611 620002 ɛʍɽ 508874 
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6. ʍʀɹʈʀɼʅʀ ʉʀʉʊɽʄ µʍɽ-PV ɻɽʅɽʈɸʊʆʈ-CHP ɼʀɿɽʃ 

ɻɽʅɽʈɸʊʆʈ-ʇʈɽʊɺɸʈɸʏ-ɹɸʊɽʈʀɱɸ-TLCïʈɽɻʋʃɸʊʆʈ-

ɹʆɱʃɽʈïʉʎɽʅɸʈʀʆ I I : ʆʇʊʀʄʀɿɸʎʀɱɸ ʅɸʇɸɱɸɳɸ 

ɽʃɽʂʊʈʀʏʅʆʄ ʀ ʊʆʇʃʆʊʅʆʄ ɽʅɽʈɻʀɱʆʄ 

 

6.1 ʉʪʫʜʠʿʘ ʩʣʫʯʘʿʘ 

 

ʉʘ ʧʨʦʤʝʥʦʤ ʬʫʥʢʮʠʿʝ ʨʠʙˁʘʢʘ (ʪʿ. ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʧʦʥʫʜʝ ʚʨʩʪʘ ʨʠʙʝ) 

ʜʦʰʣʦ ʿʝ ʜʦ ʧʨʦʤʝʥʝ ʫ ʧʦʛʣʝʜʫ ʟʘʭʪʝʚʘ ʟʘ ʦʧʪʝʨʝ˂ʝˁʝʤ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʜʦ ʧʨʦʤʝʥʝ 

ʚʨʩʪʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʤʧʦʥʝʥʘʪʘ ʫ ʩʠʩʪʝʤʫ. ʅʘ ʉʣʠʮʠ 6.1 ʜʘʪ ʿʝ ʧʨʝʜʣʦʛ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʟʘ ʧʘʩʪʨʤʩʢʠ 

ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ, ʜʦʢ ʩʫ ʪʝʭʥʠʯʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʧʘʨʘʤʝʪʨʠ ʢʘʦ ʠ ʤʦʜʝʣʠ ʟʘ 

ʧʦʿʝʜʠʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʇʦʛʣʘʚˀʠʤʘ 3 ʠ 4. ʇʦʩʝʙʥʘ ʧʘʞˁʘ 

ʧʦʩʚʝʪʠ˂ʝ ʩʝ ʠʩʢʦʨʠʰ˂ʝˁʫ ʨʝʢʫʧʝʨʠʩʘʥʝ ʦʪʧʘʜʥʝ ʪʦʧʣʦʪʝ ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ (ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨʘ) ʯʠʿʘ ʿʝ ʬʫʥʢʮʠʿʘ 

ʧʦʢʨʠʚʘˁʝ ʧʦʪʨʝʙʘ ʟʘ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. ɹʠ˂ʝ ʧʦʢʘʟʘʥʦ ʜʘ ʦʚʦ ʜʦʜʘʪʥʦ 

ʜʦʧʨʠʥʦʩʠ ʩʤʘˁʝˁʫ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʩʠʩʪʝʤʘ ʠ ʝʤʠʩʠʿʝ ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ ʫ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʯʠʤʝ ʩʝ ʠʩʪʠʯʝ ʥʝʦʧʭʦʜʥʦʩʪ ʧʨʠʤʝʥʝ TLCïʨʝʛʫʣʘʪʦʨʘ ʫ 

ʚʘʥʤʨʝʞʥʠʤ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʂʦʥʢʨʝʪʥʦ, ʛʣʘʚʥʠ ʮʠˀʝʚʠ ʦʚʝ ʘʥʘʣʠʟʝ ʩʫ: (1) ʧʨʦʤʝʥʘ ʬʫʥʢʮʠʿʝ ʨʠʙˁʘʢʘ, 

ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʫʟ ʧʘʩʪʨʤʢʫ ʫʟʛʘʿʘ ʠ ʰʘʨʘʥ ʟʘ ʯʠʿʠ ʿʝ ʧʨʘʚʠʣʘʥ ʨʘʩʪ 

ʧʦʪʨʝʙʥʘ ʪʦʧʣʠʿʘ ʚʦʜʘ; (2) ʨʝʢʫʧʝʨʠʩʘʥʫ ʦʪʧʘʜʥʫ ʪʦʧʣʦʪʫ ʠʟ ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʚʠʰʘʢ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʪʚʘʨʘˁʝ ʫ 

ʪʦʧʣʦʪʫ ʢʦʿʦʤ ˂ʝ ʩʝ ʟʘʛʨʝʚʘʪʠ ʚʦʜʘ ʫ ʙʘʟʝʥʠʤʘ ʛʜʝ ˂ʝ ʩʝ ʫʟʛʘʿʘʪʠ ʰʘʨʘʥ; (3) 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʠ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʣʝʜʝ˂ʠʭ ʢʦʤʧʦʥʝʥʘʪʘ: ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨ, CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ, 

ʙʘʪʝʨʠʿʘ, ʧʨʝʪʚʘʨʘʯ, TLCïʨʝʛʫʣʘʪʦʨ ʠ ʙʦʿʣʝʨ; (4) ʠʟʙʦʨ ʥʘʿʙʦˀʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ 

ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʬʠʥʘʥʩʠʿʘ, ʧʦʫʟʜʘʥʦʩʪʠ, ʦʜʨʞʠʚʦʩʪʠ ʠ ʪʝʭʥʠʯʢʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ. ʆʩʥʦʚʥʠ ʮʠˀʝʚʠ ʩʫ ʤʘʢʩʠʤʠʟʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʝʥʝʨʛʠʿʝ 

(ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ) ʠ ʧʦʚʝ˂ʘˁʝ ʫʜʝʣʘ ʆʀɽ, ʢʘʦ ʠ ʤʠʥʠʤʠʟʠʨʘˁʝ ʝʤʠʩʠʿʝ 

GHG ʠ ʩʤʘˁʝˁʝ ʫʢʫʧʥʠʭ NPCïʪʨʦʰʢʦʚʘ ʠ ʥʠʚʝʣʠʩʘʥʠʭ COEïʪʨʦʰʢʦʚa. 
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ʉʣʠʢʘ 6.1 ʇʨʝʜʣʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʧʘʩʪʨʤʩʢʠ ʨʠʙˁʘʢ ɱʘʙʣʘʥʠʮʘ 

 

ʉʚʝʦʙʫʭʚʘʪʥʘ ʪʝʭʥʦ-ʝʢʦʥʦʤʩʢʘ ʘʥʘʣʠʟʘ ʠʟʚʨʰʝʥʘ ʿʝ ʫ ʩʦʬʪʚʝʨʫ HOMER 

Pro, ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʿʝ ʧʨʦʮʝˁʝʥʦ ʠ ʫʧʦʨʝʹʝʥʦ 12 ʤʦʛʫ˂ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ. 

 

6.2 ʈʝʟʫʣʪʘʪʠ ʘʥʘʣʠʟʝ ʠ ʜʠʩʢʫʩʠʿʘ 

 

ʋ ʊʘʙʝʣʠ 6.1 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʦʧʪʠʤʘʣʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ 

ʩʠʩʪʝʤʘ ʧʨʝʪʭʦʜʥʦ ʧʫʙʣʠʢʦʚʘʥʠʭ ʫ [31] (ʢʦʿʠ ʩʘʜʨʞʠ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨ, CHP 

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ, ʙʘʪʝʨʠʿʫ, ʧʨʝʪʚʘʨʘʯ, TLCïʨʝʛʫʣʘʪʦʨ ʠ ʙʦʿʣʝʨ) ʩʘ ʫʢʫʧʥʠʤ NPCï

ʪʨʦʰʢʦʚʠʤʘ, ʥʠʚʝʣʠʩʘʥʠʤ COEïʪʨʦʰʢʦʚʠʤʘ, ʧʨʦʮʝʥʪʫʘʣʥʠʤ ʫʜʝʣʦʤ ʆʀɽ ʫ 

ʧʨʦʠʟʚʦʜˁʠ ʝʥʝʨʛʠʿʝ, ʧʨʦʮʝʥʪʫʘʣʥʠʤ ʫʜʝʣʦʤ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ɽɽ) ʠʟ 

ʆʀɽ ʠ ʫʢʫʧʥʦʤ ʧʨʦʠʟʚʦʜˁʦʤ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ɿʘ ʩʚʝ ʨʘʟʤʘʪʨʘʥʝ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ ʫʩʚʦʿʝʥʘ ʿʝ CCïʩʪʨʘʪʝʛʠʿʘ. ʅʘ ʉʣʠʮʠ 6.2 ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ 

ʪʨʦʰʢʦʚʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʦʧʪʠʤʘʣʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʫ ʪʦʢʫ 

ˁʝʛʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ, ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʠʥʚʝʩʪʠʮʠʦʥʝ ʪʨʦʰʢʦʚʝ, ʪʨʦʰʢʦʚʝ ʇ&ʆ, 

ʪʨʦʰʢʦʚʝ ʟʘʤʝʥʝ, ʪʨʦʰʢʦʚʝ ʛʦʨʠʚʘ, ʢʘʦ ʠ ʩʘʯʫʚʘʥʫ ʚʨʝʜʥʦʩʪ. 
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ʊʘʙʝʣʘ 6.1 ʂʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʧʨʝʤʘ 

ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ 
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ʀʟ ʊʘʙʝʣʝ 6.1 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ 

ʩʠʩʪʝʤʘ ʩʘʩʪʦʿʠ ʦʜ 8.5 kW ɛʍɽ, 40.4 kW PV ʛʝʥʝʨʘʪʦʨʘ, 12 kW CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ, 109 ʙʘʪʝʨʠʿʘ (132108 kWh), 12.8 kW ʧʨʝʪʚʘʨʘʯʘ ʠ 39 kW TLCï

ʨʝʛʫʣʘʪʦʨʘ. ʆʧʪʠʤʘʣʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʤʘˁʝ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ ʠ ʥʠʚʝʣʠʩʘʥʝ 

COEïʪʨʦʰʢʦʚʝ ʢʦʿʠ ʠʟʥʦʩʝ 284421 USD ʠ 0.178 USD/kWh, ʨʝʜʦʤ, ʢʘʦ ʠ ʚʠʩʦʢ 

ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʆʀɽ ʦʜ 51.2% ʠ ʧʨʦʮʝʥʪʫʘʣʥʠ ʫʜʝʦ ʚʠʰʢʘ ʝʣʝʢʪʨʠʯʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ʆʀɽ ʦʜ 29% ʫ ʫʢʫʧʥʦ ʿʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ʉʘ ʚʠʩʦʢʠʤ 

ʧʨʦʮʝʥʪʫʘʣʥʠʤ ʫʜʝʣʦʤ ʆʀɽ ʠʤʘ ʩʝ ʚʝ˂ʠ ʙʨʦʿ ʯʘʩʦʚʘ ʧʦʛʦʥʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ, ʘ ʪʠʤʝ 

ʠ ʚʝ˂ʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ, ʢʦʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʠʟʥʦʩʝ 

109899 kWh/yr ʠ 70849 kWh/yr, ʨʝʜʦʤ. ɼʨʫʛʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʿʝ ʠʜʝʥʪʠʯʘʥ ʩʘ 

ʧʨʚʠʤ ʩʘʤʦ ʥʝ ʩʘʜʨʞʠ TLCïʨʝʛʫʣʘʪʦʨ, ʦʜʘʢʣʝ ʩʣʝʜʠ ʜʘ ʩʝ ʩʥʘʛʝ PV ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʧʨʝʪʚʘʨʘʯʘ ʩʤʘˁʫʿʫ, ʢʘʦ ʠ ʙʨʦʿ ʙʘʪʝʨʠʿʘ. ɼʘˀʝ, ʠʤʘʿʫ ʩʝ ʤʘˁʠ ʧʨʦʮʝʥʪʫʘʣʥʠ 

ʫʜʝʣʠ ʆʀɽ ʠ EE ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ, ʧʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ 
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ʝʥʝʨʛʠʿʝ ʤʘˁʘ, ʘ ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʩʫ ʚʠʰʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʚʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ.  

ʊʘʢʦʹʝ, ʩʝʜʤʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʚʠʰʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʫʜʝʣʝ ʆʀɽ ʠ 

ɽɽ ʫ ʫʢʫʧʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʦʜ 73.6% ʠ 69.1%, ʨʝʜʦʤ, ʢʘʦ ʠ 

ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʢʦʿʠ ʩʫ ʟʘ 0.184 USD/kWh ʚʠʰʠ ʦʜ ʦʥʠʭ ʜʦʙʠʿʝʥʠʭ ʟʘ 

ʧʨʚʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ. ʄʝʹʫʪʠʤ, ʚʝʣʠʯʠʥʘ PV ʛʝʥʝʨʘʪʦʨʘ ʫ ʦʚʦʤ ʨʘʥʛʫ ʿʝ 167 kW 

ʰʪʦ ʿʝ ʩʢʦʨʦ ʯʝʪʠʨʠ ʧʫʪʘ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʚʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ, ʘ ʠʩʪʦ ʪʘʢʦ ʪʫ 

ʩʫ ʚʝ˂ʠ ʙʨʦʿ ʙʘʪʝʨʠʿʘ ʠ ʚʝ˂ʘ ʩʥʘʛʘ ʧʨʝʪʚʘʨʘʯʘ, ʧʘ ʩʫ ʠ ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ ʩʠʩʪʝʤʘ 

ʚʠʰʠ ʟʘ 176752 USD ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʝ ʢʦʜ ʧʨʚʦʨʘʥʛʠʨʘʥʦʛ ʩʠʩʪʝʤʘ. ɱʝʜʘʥʘʝʩʪʦ ʠ 

ʜʚʘʥʘʝʩʪʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤʠ ʩʘʩʪʦʿʝ ʩʝ ʦʜ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʙʘʪʝʨʠʿʝ, 

ʧʨʝʪʚʘʨʘʯʘ ʠ ʙʦʿʣʝʨʘ ʩʘ ʠ ʙʝʟ TLCïʨʝʛʫʣʘʪʦʨʘ ʠ ʠʤʘʿʫ ʤʥʦʛʦ ʚʠʰʫ ʚʨʝʜʥʦʩʪ 

ʝʤʠʩʠʿʝ GHG ʦʜ ʥʘʿʙʦˀʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʥʘʚʝʜʝʥʦ ʫ ʊʘʙʝʣʠ 6.1. ʋʟ ʪʦ, ʫʢʫʧʥʠ NPCïʪʨʦʰʢʦʚʠ ʠ ʥʠʚʝʣʠʩʘʥʠ COEï

ʪʨʦʰʢʦʚʠ ʩʫ ʤʥʦʛʦ ʚʝ˂ʠ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ˁʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʪʨʦʰʢʦʚʠʤʘ ʢʦʜ 

ʥʘʿʙʦˀʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ. ʉʪʦʛʘ ʩʝ ʧʨʚʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʩʤʘʪʨʘ ʥʘʿʙʦˀʦʤ 

ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ ʚʘʥʤʨʝʞʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʨʘʟʤʘʪʨʘʥʝ ʣʦʢʘʮʠʿʝ 

ʝʣʝʢʪʨʠʯʥʦʤ ʠ ʪʦʧʣʦʪʥʦʤ ʝʥʝʨʛʠʿʦʤ. 

ʇʨʝʛʣʝʜ ʥʦʚʯʘʥʦʛ ʪʦʢʘ ʩʘ ʉʣʠʢʝ 6.2, ʧʦʢʘʟʫʿʝ ʜʘ ʢʘʧʠʪʘʣʥʠ ʪʨʦʰʢʦʚʠ ʠ 

ʪʨʦʰʢʦʚʠ ʛʦʨʠʚʘ ʠʤʘʿʫ ʥʘʿʚʝ˂ʝ ʧʨʦʮʝʥʪʫʘʣʥʝ ʫʜʝʣʝ ʫ ʫʢʫʧʥʠʤ ʪʨʦʰʢʦʚʠʤʘ 

ʩʠʩʪʝʤʘ. ɺʠʩʦʢʠ ʢʘʧʠʪʘʣʥʠ ʪʨʦʰʢʦʚʠ ʩʝ ʿʘʚˀʘʿʫ ʟʙʦʛ ʠʥʩʪʘʣʘʮʠʿʝ PV ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʙʘʪʝʨʠʿʘ, ʜʦʢ ʩʝ ʜʦʙʠʿʝʥʘ ʮʝʥʘ ʛʦʨʠʚʘ ʧʨʠʧʠʩʫʿʝ ʚʨʝʤʝʥʫ ʧʦʛʦʥʘ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʙʦʿʣʝʨʘ. ʆʜʨʞʘʚʘˁʝ PV ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʠ ʚʠʩʦʢʠʤ ʪʨʦʰʢʦʚʠʤʘ ʇ&ʆ 

ʫ ʠʟʥʦʩʫ ʦʜ 10433 USD, ʪʨʦʰʢʦʚʠʤʘ ʟʘʤʝʥʝ ʙʘʪʝʨʠʿʘ ʦʜ 21755 USD ʠ ʥʫʣʪʠʤ 

ʪʨʦʰʢʦʚʠʤʘ ʟʘʤʝʥʝ ʆʀɽ (ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨʘ) ʿʝʨ je ˁʠʭʦʚ ʞʠʚʦʪʥʠ ʚʝʢ ʠʩʪʠ 

ʢʘʦ ʠ ʞʠʚʦʪʥʠ ʚʝʢ ʩʠʩʪʝʤʘ. ʇʨʠ ʪʦʤʝ, ʫʢʫʧʥʠ ʪʨʦʰʢʦʚʠ TLCïʨʝʛʫʣʘʪʦʨʘ ʩʫ 

ʥʘʿʥʠʞʠ ʠ ʠʟʥʦʩʝ 2399 USD (ʰʪʦ ʯʠʥʠ 0.85% ʦʜ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʩʠʩʪʝʤʘ), ʜʦʢ 

ʩʫ ʪʨʦʰʢʦʚʠ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʥʘʿʚʝ˂ʠ ʠ ʠʟʥʦʩʝ 129724 USD (ʰʪʦ ʯʠʥʠ 

45.6% ʦʜ ʫʢʫʧʥʠʭ ʪʨʦʰʢʦʚʘ ʩʠʩʪʝʤʘ). 
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ʉʣʠʢʘ 6.2 ʇʨʝʛʣʝʜ ʥʦʚʯʘʥʦʛ ʪʦʢʘ ʟʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ 

ʪʦʢʦʤ ˁʝʛʦʚʦʛ ʞʠʚʦʪʥʦʛ ʚʝʢʘ 

 

ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʧʨʝʮʠʟʥʦ ʧʨʝʜʚʠʹʘˁʝ ʧʦʪʨʦʰˁʝ (ʦʧʪʝʨʝ˂ʝˁa) ʠ 

ʙʘʣʘʥʩʠʨʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ʋ 

ʚʝʟʠ ʩ ʪʠʤ, ʥʘ ʉʣʠʮʠ 6.3 ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʝʩʝʯʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʠʟ ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨa, CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, TLCïʨʝʛʫʣʘʪʦʨʘ ʠ ʙʦʿʣʝʨʘ, 

ʜʦʢ ʩʫ ʪʦʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ ʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʨʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʫ 

ʧʝʨʠʦʜʫ ʦʜ 365 ʜʘʥʘ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 6.4. ʉʣʠʢʘ 6.4 ʧʨʠʢʘʟʫʿʝ ʠʟʣʘʟʥʝ ʩʥʘʛʝ 

ʢʦʝʿ ʩʫ ʜʦʙʠʿʝʥʝ ʟʘ ʯʘʩʦʚʥʠ ʧʦʛʦʥ ʩʣʝʜʝ˂ʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ: ɛʍɽ, PV ʛʝʥʝʨʘʪʦʨʘ, 

CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, TLCïʨʝʛʫʣʘʪʦʨʘ ʠ ʙʦʿʣʝʨʘ, ʢʘʦ ʠ ʫʣʘʟʥʝ ʩʥʘʛʝ ʩʠʩʪʝʤʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʝʥʝʨʛʠʿʝ (ʙʘʪʝʨʠʿʝ). ʉʘ ʉʣʠʢʘ 6.3ʘ ʠ 6.4ʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʫ 

ʢˀʫʯʥʠ ʠʟʚʦʨʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ɛʍɽ ʠ PV ʛʝʥʝʨʘʪʦʨ, ʘ ʧʦʤʦ˂ʥʠ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʠ ʙʘʪʝʨʠʿʝ. ʅʘʿʚʠʰʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ 

ʧʨʦʠʟʚʦʜʠ PV ʛʝʥʝʨʘʪʦʨ ʩʘ 53197 kWh/yr, ʟʘʪʠʤ ʩʣʝʜʝ ɛʍɽ ʩʘ 38399 kWh/yr ʠ CHP 

ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʩʘ 18304 kWh/yr, ʰʪʦ ʯʠʥʠ 48.4%, 34.9% ʠ 16.7%, ʦʜ ʫʢʫʧʥʝ 

ʧʨʦʠʟʚʦʜˁʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʨʝʜʦʤ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ ʠ ʙʘʪʝʨʠʿʝ ʫʢˀʫʯʫʿʫ ʫ ʩʠʩʪʝʤ ʢʘʜʘ ʩʝ ʥʝ ʤʦʞʝ ʧʦʢʨʠʪʠ ʧʦʪʨʘʞˁʘ ʠʟ PV 

ʛʝʥʝʨʘʪʦʨʘ ʠ ɛʍɽ, ʢʦʥʢʨʝʪʥʦ ʪʦʢʦʤ ʟʠʤʩʢʠʭ ʤʝʩʝʮʠ ʢʘʜʘ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʩʦʣʘʨʥʦʛ 

ʟʨʘʯʝˁʘ ʥʠʞʠ ʠ ʪʦʢʦʤ ʣʝʪˁʠʭ ʤʝʩʝʮʠ ʢʘʜʘ ʿʝ ʧʨʦʪʦʢ ʚʦʜʝ ʫ ʨʝʮʠ ʥʠʞʠ.  

ɻʨʘʬʠʢʦʥ ʩʘ ʉʣʠʢʝ 6.4ʘ ʧʦʢʘʟʫʿʝ ʜʘ PV ʛʝʥʝʨʘʪʦʨ ʫ ʧʨʦʠʟʚʦʜˁʠ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫʯʝʩʪʚʫʿʝ ʩʘ ʫʢʫʧʥʠʤ ʨʘʜʦʤ ʪʦʢʦʤ ʛʦʜʠʥʝ ʦʜ 4383 ʯʘʩʦʚʘ ʠ 

ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 41.1 kW, ʜʘ ɛʍɽ ʨʘʜʠ 7296 ʯʘʩʦʚʘ ʩʘ 
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ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 7.23 kW, ʜʘ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ ʨʘʜʠ 2131 

ʯʘʩʦʚʘ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʠʟʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 12 kW ʠ ʜʘ ʙʘʪʝʨʠʿʝ ʨʘʜʝ ʩʘ 

ʤʘʢʩʠʤʘʣʥʦʤ ʫʣʘʟʥʦʤ ʩʥʘʛʦʤ ʦʜ 28.72 kW. 

 

 

(a) 

 

(ʙ) 

ʉʣʠʢʘ 6.3 ʇʨʦʩʝʯʥʘ ʤʝʩʝʯʥʘ ʧʨʦʠʟʚʦʜˁʘ ʝʥʝʨʛʠʿʝ ʟʘ ʧʦʿʝʜʠʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʦʧʪʠʤʘʣʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ: ʧʨʦʠʟʚʦʜˁʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʘ) ʠ 

ʧʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ (ʙ) 

 

ʉʘ ʉʣʠʢʘ 6.3ʙ ʠ 6.4ʙ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʚʨʰʥʘ ʧʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʠʤʘ ʪʦʢʦʤ ʟʠʤʩʢʠʭ ʤʝʩʝʮʠ, ʜʦʢ ʩʝ ʥʘʿʤʘˁa ʧʨʦʠʟʚʦʜˁʘ ʪʦʧʣʦʪʥʝ 

ʝʥʝʨʛʠʿʝ ʠʤʘ ʪʦʢʦʤ ʣʝʪˁʠʭ ʤʝʩʝʮʠ. ʇʨʠ ʪʦʤʝ, ʥʘʿʚʠʰʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʪʨʝʙʘʣʦ 

ʙʠ ʜʘ ʧʨʦʠʟʚʝʜʝ TLCïʨʝʛʫʣʘʪʦʨ (31851 kWh/yr), ʟʘʪʠʤ ʙʦʿʣʝʨ (20613 kWh/yr) ʠ 

CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨ (18385 kWh/yr), ʰʪʦ ʨʝʜʦʤ ʯʠʥʠ 45.0%, 29.1% ʠ 25.9% ʦʜ 

ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ʂʦʥʢʨʝʪʥʦ, ʉʣʠʢʘ 6.4ʙ ʧʨʠʢʘʟʫʿʝ 

ʜʦʧʨʠʥʦʩʝ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ, ʙʦʿʣʝʨʘ ʠ TLCïʨʝʛʫʣʘʪʦʨʘ ʫ ʧʦʢʨʠʚʘˁʫ 

ʪʦʧʣʦʪʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʨʘʟʤʘʪʨʘʥʦʛ ʨʠʙˁʘʢʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 365 ʜʘʥʘ. ʇʦʩʪʦʿʝ˂ʠ 

TLCïʨʝʛʫʣʘʪʦʨ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʚʠʰʘʢ ʧʨʦʠʟʚʝʜʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʪʚʦʨʠ 

ʫ ʪʦʧʣʦʪʫ, ʪʘʢʦ ʜʘ ʧʨʝʦʩʪʘʿʝ ʚʨʣʦ ʤʘʣʦ ʠʣʠ ʥʠʤʘʣʦ ʥʝʠʩʢʦʨʠʰ˂ʝʥʝ ʝʣʝʢʪʨʠʯʥʝ 
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ʝʥʝʨʛʠʿʝ. ɺʨʝʤʝʥʘ ʨʘʜʘ TLCïʨʝʛʫʣʘʪʦʨʘ, ʙʦʿʣʝʨʘ ʠ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʘ ʫ ʪʦʢʫ 

ʛʦʜʠʥʝ ʠʟʥʦʩʝ 2982, 5189 ʠ 2131 ʯʘʩ, ʨʝʜʦʤ, ʜʦʢ ʩʫ ˁʠʭʦʚʝ ʤʘʢʩʠʤʘʣʥʝ ʠʟʣʘʟʥʝ 

ʩʥʘʛʝ ʨʝʜʦʤ 38.6 kW, 14.2 kW ʠ 11.6 kW. 

 

 

(ʘ) 

 

(ʙ) 

ʉʣʠʢʘ 6.4 ʈʘʩʧʦʜʝʣʘ ʩʥʘʛʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 365 ʜʘʥʘ: ʪʦʢʦʚʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʘ) 

ʠ ʪʦʢʦʚʠ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ (ʙ) 

 

ʊʘʙʝʣʘ 6.2 ʧʨʠʢʘʟʫʿʝ ʝʤʠʩʠʿʝ GHG ʫʢˀʫʯʫʿʫ˂ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ (CO2), 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜ (CO), ʥʝʩʘʛʦʨʝʣʝ ʫʛˀʦʚʦʜʦʥʠʢʝ (UHC), ʘʪʤʦʩʬʝʨʩʢʝ ʯʝʩʪʠʮʝ 

(PM), ʩʫʤʧʦʨ-ʜʠʦʢʩʠʜ (SO2) ʠ ʘʟʦʪʥʝ ʦʢʩʠʜʝ (NO) ʦʩʣʦʙʦʹʝʥʝ ʠʟ ʩʚʘʢʝ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʠʩʪʝʤʘ. ʆʩʣʦʙʘʹʘˁʝ ʝʤʠʩʠʿʘ GHG ʠ ʜʨʫʛʠʭ ʟʘʛʘʹʠʚʘʯʘ ʦʜ ʩʪʨʘʥʝ 

ʜʘʪʦʛ ʭʠʙʨʠʜʥʦʛ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʧʨʠʧʠʩʫʿʝ ʩʝ ʧʦʪʨʦʰˁʠ ʜʠʟʝʣ 

ʛʦʨʠʚʘ ʫ CHP ʜʠʟʝʣ ʛʝʥʝʨʘʪʦʨʫ ʠ ʙʦʿʣʝʨʫ. ʀʟ ʊʘʙʝʣʝ 6.2 ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ 

ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʠʩʪʝʤʘ ʝʢʦʣʦʰʢʠ ʧʨʠʭʚʘʪˀʠʚʘ ʿʝʨ ʝʤʠʪʫʿʝ ʟʘʛʘʹʫʿʫ˂ʝ 

ʤʘʪʝʨʠʿʝ ʫ ʢʦʣʠʯʠʥʠ ʦʜ 21398 kg/yr ʠ ʠʤʘ ʧʦʪʨʦʰˁʫ ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʜ 8061 l/yr. 
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ʉʝʜʤʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʤʘˁʫ ʝʤʠʩʠʿʫ GHG ʦʜ 9814 kg/yr ʠ ʧʦʪʨʦʰˁʫ 

ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʜ 3702 l/yr, ʜʦʢ ʜʚʘʥʘʝʩʪʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʚʝ˂ʫ ʝʤʠʩʠʿʫ 

GHG ʦʜ 61801 kg/yr ʠ ʧʦʪʨʦʰˁʫ ʜʠʟʝʣ ʛʦʨʠʚʘ ʦʜ 23272 l/yr. 

ʊʘʢʦʹʝ, ʊʘʙʝʣʘ 6.2 ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʛʣʘʚʥʠ ʟʘʛʘʹʠʚʘʯ ʘʪʤʦʩʬʝʨʝ ʥʘ ʦʚʦʿ 

ʣʦʢʘʮʠʿʠ CO2, ʟʘʪʠʤ CO ʠ NO, ʜʦʢ ʘʪʤʦʩʬʝʨʩʢʝ ʯʝʩʪʠʮʝ ʥʘʿʤʘˁʝ ʜʦʧʨʠʥʦʩʝ 

ʫʢʫʧʥʦʿ ʝʤʠʩʠʿʠ GHG. ʀ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ 

GHG ʿʝ ʧʦʚʝ˂ʘʥʦ ʢʦʨʠʰ˂ʝˁʝ ʆʀɽ. ʆʚʘ ʟʘʚʠʩʥʦʩʪ ʫʜʝʣʘ ʆʀɽ ʦʜ ʝʤʠʩʠʿʝ GHG ʿʝ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʉʣʠʮʠ 6.5, ʦʜʘʢʣʝ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʫʜʝʣʘ ʆʀɽ 

ʩʤʘˁʫʿʝ ʝʤʠʩʠʿʘ GHG ʠ ʦʙʨʥʫʪʦ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʉʣʠʢʝ 6.5, 

ʩʝʜʤʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʠʤʘ ʥʘʿʚʝ˂ʠ ʫʜʝʦ ʆʀɽ ʠ ʥʘʿʤʘˁʫ ʝʤʠʩʠʿʫ GHG, ʜʦʢ 

ʜʚʘʥʘʝʩʪʦʨʘʥʛʠʨʘʥʠ ʩʠʩʪʝʤ ʥʝʤʘ ʆʀɽ ʠ ʟʘʪʦ ʿʝ ʝʤʠʩʠʿʘ GHG ʥʘʿʚʝ˂ʘ. 

 

ʊʘʙʝʣʘ 6.2 ɽʤʠʩʠʿʘ GHG ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ 

ʈʘʥʛ ɽʤʠʩʠʿʘ (kg/yr) 

CO2 CO UHC PM ʯʝʩʪʠʮʝ SO2 NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

21173 

24348 

36830 

37468 

37705 

18335 

9794 

13649 

11077 

13649 

60924 

60926 

91.5 

94.4 

201 

199 

227 

39.0 

0 

0 

0 

0 

378 

378 

4.03 

4.16 

8.84 

8.79 

10.0 

1.72 

0 

0 

0 

0 

16.6 

16.6 

0.548 

0.566 

1.20 

1.20 

1.36 

0.234 

0 

0 

0 

0 

2.27 

2.27 

42.9 

49.4 

74.5 

75.8 

76.2 

37.3 

20.0 

27.9 

22.7 

27.9 

123 

123 

86.0 

88.7 

188 

187 

214 

36.7 

0 

0 

0 

0 

355 

355 
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ʉʣʠʢʘ 6.5 ɽʢʦʣʦʰʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʟʣʠʯʠʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ 

 

ɼʘ ʙʠ ʩʝ ʠʩʪʨʘʞʠʣʠ ʝʬʝʢʪʠ ʆʀɽ ʠ TLCïʨʝʛʫʣʘʪʦʨʘ ʥʘ ʦʧʪʠʤʘʣʥʦ 

ʧʦʥʘʰʘˁʝ ʭʠʙʨʠʜʥʦʛ ʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʤʝʹʫʩʦʙʥʦ ʩʫ ʫʧʦʨʝʹʠʚʘʥʠ ʨʘʟʣʠʯʠʪʠ 

ʠʥʜʠʢʘʪʦʨʠ. ʂʦʥʢʨʝʪʥʦ, ʦʧʪʠʤʘʣʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʫʧʦʨʝʹʝʥ ʿʝ ʩʘ ʩʣʝʜʝ˂ʘ ʪʨʠ 

ʭʠʙʨʠʜʥʘ ʩʠʩʪʝʤʘ ʩʣʠʯʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ: 

1. ɼʚʘʥʘʝʩʪʦʨʘʥʛʠʨʘʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ (ʦʩʥʦʚʥʠ ʩʣʫʯʘʿ), ʢʦʿʠ ʥʝ 

ʫʢˀʫʯʫʿʝ ʆʀɽ ʠ TLCïʨʝʛʫʣʘʪʦʨ; 

2. ʉʝʜʤʦʨʘʥʛʠʨʘʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʥʝ ʫʢˀʫʯʫʿʝ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨ; 

3. ɼʨʫʛʦʨʘʥʛʠʨʘʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʥʝ ʫʢˀʫʯʫʿʝ TLCïʨʝʛʫʣʘʪʦʨ.  

 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʩʘ ʉʣʠʢʝ 6.6 ʠ ʠʟ ʊʘʙʝʣʝ 5.4, ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʜʨʫʛʦʨʘʥʛʠʨʘʥʠʤ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʦʤ, ʫʧʦʪʨʝʙʘ TLCïʨʝʛʫʣʘʪʦʨʘ ʤʦʞʝ ʩʤʘˁʠʪʠ 

ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ, ʥʠʚʝʣʠʩʘʥe COEïʪʨʦʰʢʦʚʝ ʠ ʝʤʠʩʠʿʫ GHG ʟʘ 20755 USD, 

0.021 USD/kWh ʠ 31872.5 kg/yr, ʨʝʜʦʤ. ʄʝʹʫʪʠʤ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʝʜʤʦʨʘʥʛʠʨʘʥʠʤ 

ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʦʤ, ʛʜʝ ʿʝ ʠʟʨʘʞʝʥ ʝʬʝʢʘʪ PV ʛʝʥʝʨʘʪʦʨʘ, ʦʧʪʠʤʘʣʥʠ ʭʠʙʨʠʜʥʠ 

ʩʠʩʪʝʤ ʟʘʭʪʝʚʘ ʯʝʪʠʨʠ ʧʫʪʘ ʤʘˁʝ ʩʥʘʛʝ PV ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʠʙʣʠʞʥʦ ʩʝʜʘʤ ʧʫʪʘ 

ʤʘˁʠ ʙʨʦʿ ʙʘʪʝʨʠʿʘ. ʋ ʚʝʟʠ ʩʘ ʪʠʤ, ʩʣʝʜʠ ʜʘ ʩʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʢʫʧʥʠ NPCï

ʪʨʦʰʢʦʚʠ ʠ ʥʠʚʝʣʠʩʘʥʠ COEïʪʨʦʰʢʦʚʠ ʥʠʞʠ ʟʘ 38.3% ʠ 53.4%, ʨʝʜʦʤ; ʘ ʜʘ ʩʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʝʤʠʩʠʿʝ GHG ʚʝ˂ʝ ʟʘ 36.1%. ɼʘˀʝ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʜʚʘʥʘʝʩʪʦʨʘʥʛʠʨʘʥʠʤ ʭʠʙʨʠʜʥʠʤ ʩʠʩʪʝʤʦʤ, ʠʥʪʝʛʨʘʮʠʿʘ ʆʀɽ ʩʘ CHP ʜʠʟʝʣ 

ʛʝʥʝʨʘʪʦʨʦʤ, TLCïʨʝʛʫʣʘʪʦʨʦʤ ʠ ʙʦʿʣʝʨʦʤ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʫʰʪʝʜʫ 

ʫʣʦʞʝʥʦʛ ʥʦʚʮʘ ʠ ʦʯʫʚʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʇʨʝʤʘ ʦʚʦʤ ʧʦʩʣʝʜˁʝʤ ʧʦʨʝʹʝˁʫ, 
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ʦʧʪʠʤʠʟʘʮʠʿʘ ʤʦʞʝ ʩʥʠʟʠʪʠ ʫʢʫʧʥʝ NPCïʪʨʦʰʢʦʚʝ, ʥʠʚʝʣʠʩʘʥʝ COEïʪʨʦʰʢʦʚʝ ʠ 

ʝʤʠʩʠʿʝ GHG ʟʘ 278538.0 USD, 0.29 USD/kWh ʠ 40402.9 kg/yr, ʨʝʜʦʤ. 

 

 

ʉʣʠʢʘ 6.6 ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʫʪʠʮʘʿʘ ʆʀɽ ʠ TLCïʨʝʛʫʣʘʪʦʨʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ 

ʩʠʩʪʝʤʘ 

 

ʂʫʤʫʣʘʪʠʚʥʠ ʜʠʩʢʦʥʪʦʚʘʥʠ ʥʦʚʯʘʥʠ ʪʦʢ ʟʘ ʦʧʪʠʤʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ 

ʧʨʝʜʣʦʞʝʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʠ ʦʩʥʦʚʥʠ ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ (ʦʩʥʦʚʥʠ ʩʣʫʯʘʿ) 

ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 6.7. ʇʦʜ ʦʩʥʦʚʥʠʤ ʭʠʙʨʠʜʥʠʤ 

ʩʠʩʪʝʤʦʤ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʙʝʟ ʆʀɽ ʠ ʩʘ 

ʥʘʿʚʝ˂ʠʤ ʫʢʫʧʥʠʤ NPCïʪʨʦʰʢʦʚʠʤʘ. ʆʚʘ ʩʣʠʢʘ ʧʦʢʘʟʫʿʝ ʜʘ  ʧʨʝʜʣʦʞʝʥʠ 

ʭʠʙʨʠʜʥʠ ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʚʨʘʪʠ ʫʣʦʞʝʥʠ ʥʦʚʘʮ ʟʘ ʩʘʤʦ 1.8 ʛʦʜʠʥʘ, ʘ ʜʘ ʧʦʩʣʝ ʪʦʛʘ 

ʤʦʞʝ ʜʘ ʦʩʪʚʘʨʫʿʝ ʧʨʦʬʠʪ. ɼʘʢʝ, ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʧʨʝʜʣʦʞʝʥʦʛ ʭʠʙʨʠʜʥʦʛ ʩʠʩʪʝʤʘ ʠʟʚʦʜˀʠʚʘ. 

 

 

ʉʣʠʢʘ 6.7 ʂʫʤʫʣʘʪʠʚʥʠ ʜʠʩʢʦʥʪʦʚʘʥʠ ʥʦʚʯʘʥʠ ʪʦʢ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʩʠʩʪʝʤʘ 


