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ˢ̜̠̖̗̉-̨̛̞̖̠̎̑̎̓̉̚  
̨̗̓̔̔̎̌̑ 
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·ʂʨʫʧʥʝʡʰʘʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ,  
ʩʦʜʝʡʩʪʚʫʶʱʘʷ ʨʘʟʚʠʪʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ  
ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʳʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ  
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ 

·ʆʩʥʦʚʘʥʘ ʚ 1921 ʛ. ʚʦ ʌʨʘʥʮʠʠ, ʰʪʘʙ-ʢʚʘʨʪʠʨʘ ʚ ʇʘʨʠʞʝ 

·ʇʦʨʷʜʢʘ 11000 ʯʣʝʥʦʚ ï ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʫʯʝʥʳʝ, 
ʠʥʞʝʥʝʨʳ, ʩʧʝʮʠʘʣʠʩʪʳ ʠ ʤʝʥʝʜʞʝʨʳ  
ʩʦ ʚʩʝʛʦ ʤʠʨʘ (ʙʦʣʝʝ 90 ʩʪʨʘʥ) 

· 16 ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʤʠʪʝʪʦʚ (ɸ1-ɸ3, ɺ1-ɺ5, 
ʉ1-ʉ6, D1-D2), 230 ʨʘʙʦʯʠʭ ʛʨʫʧʧ (38 ï ʟʘʢʦʥʯʠʣʠ 
ʨʘʙʦʪʫ, 33 ï ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ) 
ʠ ʙʦʣʝʝ 3000 ʵʢʩʧʝʨʪʦʚ 

·ʅʘʮʠʦʥʘʣʴʥʳʝ ʢʦʤʠʪʝʪʳ ʚ 57 ʩʪʨʘʥʘʭ 

·ʈʅʂ ʉʀɻʈʕ ʦʪʤʝʪʠʣ 90-ʣʝʪʠʝ 

·ʈʝʛʫʣʷʨʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʩʝʤʠʥʘʨʳ ʠ ʚʳʩʪʘʚʢʠ  
(45-ʘʷ ʉʝʩʩʠʷ ï 3235 ʜʝʣʝʛʘʪʦʚ, 464 ʜʦʢʣʘʜʘ,  
ʚ ʪ.ʯ. 10 ʜʦʢʣʘʜʦʚ ʦʪ ʈʅʂ ʉʀɻʈʕ, ʪʝʭʥʠʯʝʩʢʘʷ ʚʳʩʪʘʚʢʘ)  

·ʇʦʨʪʘʣ www.e-cigre.org, ʞʫʨʥʘʣ Electra (ʜʚʫʷʟʳʯʥʳʡ) 

·ʄʦʣʦʜʝʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʉʦʚʝʪ ʧʦ ʙʦʣʴʰʠʤ  

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ - ʉʀɻʈʕ 

Conseil International  
des 'ÒÁÎÄÅÓ 2ïÓÅÁÕØ 

Electrique 
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˭̝̑ ̙ ˢ̖̉̐̋̉̑̎ ̛̗̥̗̗̑̔̎̍̋̉̎̔̓̌̚̚̚ ̛̛̗̓̑̎̉̕ 

A 

1 ˗̢̧̢̨̙̉̉̑̎̚ ̛̦̙̠̔̎̓̑̎̓̑̎̚ ̡̖̤̉̑̕ 

2 ˧̛̙̖̝̗̙̗̙̤̉̉̚̕ 

3 ˗̛̤̗̗̗̥̖̗̓̋̔̎̚ ̗̗̙̜̗̖̊̍̋̉̑̎ 

B 

1 ˝̗̙̗̖̖̤̐̔̑̋̉̎ ̓̉̊̎̔̑ 

2 ˗̡̗̜̖̤̐̍̎ ̖̔̑̑̑ 

3 ˤ̛̗̖̟̍̉̑̑̚ 

4 ˦̛̤̑̎̚̕ ̘ ̨̛̗̗̖̖̗̗̌̚ ̛̗̓̉ ̤̗̗̗̋̓̌̚ ̨̨̖̘̙̖̉̏̎̑ ̑ ̨̗̑̔̋̉̚  
̛̦̙̗̖̔̎̓̑̓̉ 

5 ˦̛̤̑̎̚̕ ̢̛̤̐̉̑ ̑ ̨̛̛̗̟̉̋̉̑̐̉̑̕ 

C 

1 ˥̛̉̐̋̑̑̎ ̛̦̖̙̗̤̎̌̑̎̚̚̕ ̑ ̦̗̖̗̓̑̓̉̕ 

2 ˨̘̙̖̉̋̔̎̑̎ ̛̦̖̙̗̗̎̌̑̎̒̚̚̕ 

3 ˗̨̖̔̑̑̎ ̖̉ ̧̢̧̗̙̜̜̓̏̉ ̙̜̎̍̚ 

4 ˧̞̖̠̎̑̎̓̑̎̚ ̛̛̞̙̙̉̉̓̎̑̑̓̑̚ ̛̦̖̙̗̎̌̑̎̚̚̕ 

5 ˥̤̖̓̑ ̛̦̙̗̦̖̙̔̎̓̎̌̑̑ ̑ ̙̜̙̗̖̎̌̔̑̋̉̑̎ 

6 ˥̛̘̙̥̖̤̉̎̍̎̔̑̎̔̎̚ ̛̤̑̎̚̚̕ ̑ ̨̙̘̙̖̖̉̎̍̎̔̎̉̚ ̨̖̙̟̌̎̎̉̑ 

D 
1 ˡ̛̙̤̉̎̑̉̔ ̑ ̧̢̨̙̉̐̋̑̋̉̑̎̚ ̛̞̖̗̗̎̔̌̑̑ ̛̘̤̖̑̉̑̒̚ 

2 ˝̖̝̗̙̟̗̖̖̤̉̑̎̕ ̛̤̑̎̚̚̕ ̑ ̨̛̗̜̖̟̎̔̎̓̑̓̉̑̕̕ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʢʦʤʠʪʝʪʳ 

ʉʀɻʈʕ 
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ʈʦʩʩʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʢʦʤʠʪʝʪ ʉʀɻʈʕ 

WWW.CIGRE.RU 
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WWW.CIGRE.RU 
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ɺʳʟʦʚʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ: 

Vʈʦʩʪ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ 

Vʈʦʩʪ ʛʦʨʦʜʦʚ (ʙʦʣʝʝ 80% ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ) 

Vʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ 

Vʉʪʘʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

Vʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

Vʇʨʠʨʦʜʥʳʝ ʢʘʪʘʢʣʠʟʤʳ 

Vʀʟʤʝʥʝʥʠʝ ʧʘʨʘʜʠʛʤʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤ  

     ï ʣʠʙʝʨʘʣʠʟʘʮʠʷ ʨʳʥʢʦʚ, ʥʘʨʘʩʪʘʶʱʝʝ  

     ʤʥʦʞʝʩʪʚʦ ʩʫʙʲʝʢʪʦʚ, ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ  

     ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

   

 

ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ: 

ʉʪʨʘʪʝʛʠʷ ɽʉ:  

3x20 ï 2020ʛ. 

900/600/300 ï 2030 ʛ. 

ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤ ï 

ʠʥʪʝʛʨʘʪʦʨ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
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ʆʙʱʠʝ ʫʩʣʦʚʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʈʘʟʚʠʪʠʝ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʡ 

ɼʘʚʣʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠ ʪʨʫʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʙʘʟʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ  

ɻʘʨʤʦʥʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ɹʦʣʴʰʦʡ ʠ ʄʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʆʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʉɺʅ ʠ ʉʚʝʨʭʪʦʢʦʚ ʥʘ ʥʠʟʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ 

ʈʦʩʪ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʙʘʟʝ ɺʀʕ 
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PJM: 21st Century Power Grids: 

Reliable, Controllable and Resilient  

Terry Boston - President & CEO 
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ʈʘʟʚʠʪʠʝ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ ʚ ʀʥʜʠʠ 



15 



16 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ ʚ ʖʞʥʦʡ ɸʬʨʠʢʝ 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʦʙʲʝʜʠʥʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ASEAN 
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I. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʩʚʦʝʥʠʷ: 
ʅʦʚʳʝ ʧʨʦʚʦʜʥʠʢʠ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜʘ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʢʘʙʝʣʠ ʩ ʩʫʭʦʡ 

ʠʟʦʣʷʮʠʝʡ, ʩʫʭʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʂɸ, ʋʐʈ, ʂʈʋʕ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʟʘʱʠʪʳ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ, ʜʘʪʯʠʢʠ, ʩʠʩʪʝʤʳ ʚʩʪʨʦʝʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, AMI, ʨʘʟʚʠʪʳʝ ʩʨʝʜʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.. 

ʆʙʱʠʝ ʫʩʣʦʚʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ (2) 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ:  

ʌʦʪʦʵʣʝʢʪʨʦʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ,  

Power Electronics / Converters / Inverters, BESS, FACTS, ɻʠʙʨʠʜʥʳʝ AC/DC 

II.ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʝʨʝʭʦʜ ʥʘ ʩʪʘʜʠʶ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʦʩʚʦʝʥʠʷ 

III. ʉʪʘʜʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ 

ʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʝ ʊʆʋ, HVDC Grids, ʎʠʬʨʦʚʳʝ ʇʉ/ʇʦʜʟʝʤʥʳʝ ʵʣʝʛʘʟʦʚʳʝ ʇʉ 

ʆʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ: ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʨʝʤʦʥʪ ʧʦ ʩʦʩʪʦʷʥʠʶ, ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʕʕʉ  ʚ ʮʝʣʦʤ.     
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¶ ʋʩʠʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ  (TSO ï DSO) ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʨʳʥʦʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʨʝʛʫʣʷʪʠʚʥʦʡ ʧʨʘʢʪʠʢʠ 

¶ ʅʘʙʣʶʜʘʝʤʦʩʪʴ ʕʕʉ  (WAMS), ʚ ʪ.ʯ. ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

ʧʦ ʚʨʝʤʝʥʠ (GPS/GLONASS) 

ʉʫʧʝʨʟʘʜʘʯʘ ï ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʈɻ 

ʉʚʝʨʭʟʘʜʘʯʘ ï ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʢ 

ʘʢʪʠʚʥʳʭ/ʩʚʝʨʭʘʢʪʠʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʨʳʥʦʯʥʳʭ ʧʨʦʮʝʜʫʨ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʙʳʩʪʨʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʪ.ʯ. ʣʘʚʠʥʘ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʩʢʘʜʥʦʝ 

ʨʘʟʚʠʪʠʝ ʘʚʘʨʠʠ 

¶ ʋʧʨʘʚʣʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʠʭʩʷ ʛʨʘʥʠʮ ʢʦʥʪʨʦʣʴʥʳʭ ʟʦʥ 

¶ ʄʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʆʙʱʠʝ ʫʩʣʦʚʠʷ ʠ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ (3) 

ɿʘʨʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ  

ʠ ʨʳʥʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ɿʘʨʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʨʳʥʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ:  

ʅʦʚʳʝ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ:  
VPP, VLB (MDB), Aggregator, Microgrid, Energy Hub, Multi-Energy Systems 
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ɺʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʧʨʦʮʝʩʩʦʚ 

ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭ  

ɺʨʝʤʷ [ʩ] 
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- ʀʥʪʝʛʨʘʮʠʷ ɺʀʕ / ʈɻ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʫ; 

- Microgrid; 

- ʅʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ (ʧʨʝʟʝʥʪʘʮʠʷ ʃʝʥʵʥʝʨʛʦ) 

Å ʋʥʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

Å ɼʣʠʪʝʣʴʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

Å ɹʳʩʪʨʦʝ ʚʨʝʤʷ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ 

Å ɹʝʟʦʧʘʩʥʦʩʪʴ 

Å ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ   

- ʀʥʪʝʛʨʘʮʠʷ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ï ʨʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ʟʘʨʷʜʢʦʡ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ; 

- ɸʢʪʠʚʥʳʡ (ʩʚʝʨʭʘʢʪʠʚʥʳʡ) ʧʦʪʨʝʙʠʪʝʣʴ / ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ 

(ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʣʘʡʜʳ); 

- ɸʢʪʠʚʥʘʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ; 

- ICT ï ʠʥʪʝʨʬʝʡʩ, ʧʨʦʪʦʢʦʣʳ / ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʣʘʢʦ, 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ  

  

ʀʥʪʝʛʨʘʮʠʷ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʡ 

ʄʝʛʘʧʨʦʝʢʪʳ ï Smart City 

Smart World (IEC, Tokyo 2014) 

ʕʚʦʣʶʮʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤ ï Smart Grid 
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ʌʦʪʦ-ɺʀʕ ʜʣʷ ɽʚʨʦʧʳ ï ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ,    

ʌʦʪʦ-ɺʀʕ ʜʣʷ ɸʬʨʠʢʠ ï ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 
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ɹʫʜʫʱʠʝ HVDC ʢʦʨʠʜʦʨʳ ʚ ʕʕʉ 

ɻʝʨʤʘʥʠʠ 
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ɼʝʷʪʝʣʴʥʦʩʪʴ ʉʀɻʈʕ ʚ ʦʙʣʘʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
30 

CIGRE TB 458 çElectric Energy Storage Systemsè  

WG C6.15 (2011) 

WG C6.20 Report: çIntegration of Electric Vehicles 

in Electric Power Systemsè (2013) 

CIGRE SESSION 2012:  

C2-112  - Development of output control technologies for a large-scale PV system with battery storage - 

Wakkanai mega-solar project 

C6-115 - Combination of energy storage and demand response in the residential sector 

C5-304 - The practical application of advanced energy storage technologies within existing and planned 

market structures 

C5-111 - Economic assessment of energy storage systems for renewable integration 

C6-307 - Economic assessment of providing primary reserve service with energy storage systems in 

isolated systems 

CIGRE SESSION 2010: 

C5-201 - Role of storage systems and market based ancillary services in 

active distribution networks management 

C5-210 - Integration of advanced storage technologies in the New York 

wholesale electricity market 

C1-209 - Optimal storage location and layout in power supply systems 

CIGRE TB 533 çHVDC Grid Feasibility Studyè  

WG B4.52 (2013) 



31 

ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʦʧʣʝʥʠʷ 

ʵʥʝʨʛʠʠ 

ʉʀɻʈʕ 

IEA 

ABB 
*CIGRE TB 458 çElectric Energy Storage Systemsè  *ɸɺɺ Application of BESS for frequency control and smoothing of renewable 

generation 

ʄʕʂ *IEC White Paper  çElectrical Energy Storageè  *IEA Technology Roadmap  çEnergy storageè  
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ʅʘʢʦʧʠʪʝʣʴ ʥʘ ʧʦʜʩʪʘʥʮʠʠ 

ʅʘʢʦʧʠʪʝʣʴ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ʅʘʢʦʧʠʪʝʣʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦ 

ʩ ɺʀʕ 

ʅʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ / 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʅʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʜʣʷ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

¶ ˨̘̙̖̉̋̔̎̑̎ ̥̖̗̉̓̑̉̔̒̕̚̕ ̖̙̜̗̉̌̐̓̒ 

¶ ˥̨̙̖̎̐̎̋̉ ̢̛̗̖̗̥̕̚ Ⱦ ̛̙̗̉̊̉ ˲˲˦ ̋ 

̗̙̗̖̖̗̑̐̔̑̋̉̕ ̙̎̏̑̎̕ 

¶ ˥̜̙̗̖̎̌̔̑̋̉̑̎ ̨̨̖̘̙̖̉̏̎̑ Ⱦ 

̙̜̙̗̖̎̌̔̑̋̉̑̎ ̛̙̖̗̎̉̓̑̋̒ ̢̛̗̖̗̑̕̚ 

¶ ˥̜̙̗̖̎̌̔̑̋̉̑̎ ̛̛̠̗̤̉̚ 

¶ ˥̤̖̗̓ ̢̛̗̖̗̑̕̚ 

¶ ˢ̗̘̖̉̓̔̎̑̎ ̦̖̙̎̌̑̑ 

¶ ˦̖̌̔̉̏̑̋̉̑̎ ̙̞̎̐̓̑ ̗̖̓̔̎̊̉̑̒ 

̢̛̗̖̗̑̕̚ / ˤ̗̙̍̍̎̏̓̉ ̖̖̗̗̔̑̎̒̌ 

̨̖̖̑̐̎̎̑̕ ̢̛̗̖̗̑̕̚ ˗˲˦ ̑ ˦˲˦ 

¶ ˝̨̛̖̙̟̎̌̉̑ ̛̛̛̦̙̗̙̖̘̗̙̔̎̓̉̉̚ 

¶ ˣ̘̠̖̊̎̎̎̑̎̚ ̨̛̜̠̉̑̚ ̨̛̛̘̗̙̎̊̑̎̔ ̋ 

Ⱥ˨̘̙̖̉̋̔̎̑̑ ˦̘̙̗̗̚̕Ȼ 

ʄʦʱʥʦʩʪʴ: 1-20 ʄɺʪ 

ɺʨʝʤʷ ʨʘʟʨʷʜʘ: 2-6 ʯʘʩʦʚ 

ʄʦʱʥʦʩʪʴ: 25-200 ʢɺʪ 

ɺʨʝʤʷ ʨʘʟʨʷʜʘ: 2-4 ʯʘʩʘ 

ʄʦʱʥʦʩʪʴ: 1-100 ʄɺʪ 

ɺʨʝʤʷ ʨʘʟʨʷʜʘ: ʦʪ ʩʝʢʫʥʜ ʜʦ 15 ʤʠʥʫʪ 

ʄʦʱʥʦʩʪʴ: ʦʪ 10 ʢɺʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʄɺʪ   

ʈʘʟʨʷʜ: 2-4 ʯʘʩʘ 

ʄʦʱʥʦʩʪʴ: 1-10 ʢɺʪ  

ʈʘʟʨʷʜ: 2-4 ʯʘʩʘ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʉʅʕ 
ʚ ʕʕʉ 
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ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʩ ʧʦʤʦʱʴʶ BESS 

*ɸɺɺ Application of BESS for frequency control and smoothing of renewable generation 

ʇʨʠʥʮʠʧ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʠ ʩ ʟʘʜʘʥʥʳʤ ʩʠʩʪʝʤʥʳʤ 

ʦʧʝʨʘʪʦʨʦʤ ʩʪʘʪʠʟʤʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

BESS ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʩʧʦʩʦʙʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʠ ʧʦʣʥʦʩʪʴʶ ʘʢʪʠʚʠʨʦʚʘʪʴ ʨʝʟʝʨʚ ʤʝʥʝʝ ʯʝʤ ʟʘ 20 ʤʠʣʣʠʩʝʢʫʥʜ  

ʕʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʥʝʨʛʦʩʠʩʪʝʤ ʩ ʥʠʟʢʦʡ ʠʥʝʨʮʠʝʡ 
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ʇʨʠʤʝʨʳ ʩʦʟʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʫʯʘʩʪʠʷ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚ ʨʳʥʢʘʭ ʕʕ ï ʦʧʳʪ ʉʐɸ 

ʈʝʛʫʣʷʪʦʨ ɿʘʢʦʥ/ʇʨʠʢʘʟ ʈʘʟʲʷʩʥʝʥʠʝ ɺʦʟʜʝʡʩʪʚʠʝ 

FERC  ʇʨʠʢʘʟʳ 
ˉ755 ʠ 

ˉ784 

ʋʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪ 

ʦʧʣʘʪʫ ʫʩʣʫʛ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʯʘʩʪʦʪʳ ʥʘ ʦʩʥʦʚʝ 

ʬʘʢʪʘ ʦʢʘʟʘʥʠʷ ʪʘʢʦʡ ʫʩʣʫʛʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʣʘʪʫ 

ʤʦʱʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʤʘʨʞʠʥʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ 

ʫʩʪʘʥʦʚʢʠ, ʠ ʦʧʣʘʪʫ ʩʦʙʩʪʚʝʥʥʦ ʫʩʣʫʛʠ ï ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ.  

ʉʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʣʘʯʠʚʘʶʪʩʷ 

ʙʦʣʴʰʝ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʙʳʩʪʨʫʶ 

ʠ ʙʦʣʝʝ ʪʦʯʥʫʶ ʦʪʨʘʙʦʪʢʫ 

ʟʘʜʘʥʠʷ ʩʠʩʪʝʤʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ. 

FERC 

 

ʇʨʠʢʘʟ 

ˉ719 

ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʦʙʷʟʘʥʥʦʩʪʴ ʩʠʩʪʝʤʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʠʥʠʤʘʪʴ 

ʟʘʷʚʢʠ ʦʪ ʦʙʲʝʢʪʦʚ çʋʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤè ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʫʛ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʠʩʪʝʤʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɼʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʯʘʱʝ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʧʨʦʛʨʘʤʤʝ çʋʧʨʘʚʣʝʥʠʝ 

ʩʧʨʦʩʦʤè, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʳ 

ʥʘʢʦʧʣʝʥʠʷ  

California Public Utilities Commission ʦʙʷʟʘʣʘ ʪʨʠ ʢʨʫʧʥʝʡʰʠʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʠ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʚʚʝʜʝʥʠʝ 1,3 ɻɺʪ ʤʦʱʥʦʩʪʠ 

ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢ 2020 ʛʦʜʫ.  

ʄʠʥʠʩʪʝʨʩʪʚʦ ʕʥʝʨʛʝʪʠʢʠ ʉʐɸ (DOE) ʩʦʟʜʘʣʦ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʚʩʝʤ ʧʨʦʝʢʪʘʤ 

ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: http://www.energystorageexchange.org/projects 

  

http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
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ʇʦʢʨʳʪʠʝ ʜʝʬʠʮʠʪʘ ʤʦʱʥʦʩʪʠ 20000 ʄɺʪ ʟʘ ʩʯʝʪ 

ʋʧʨʘʚʣʝʥʠʷ ʩʧʨʦʩʦʤ (ʧʦʪʨʝʙʣʝʥʠʝʤ) ʥʘ ʨʳʥʢʝ 

PJM (ʉʐɸ).  

ʀʩʪʦʯʥʠʢ: FERC 
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çʋʪʠʥʳʡ ʢʣʶʚè 

ʂʨʠʚʘʷ ʦʪʦʙʨʘʞʘʝʪ ʥʘʛʨʫʟʢʫ ʩʝʪʠ ʧʦʣʫʯʝʥʥʫʶ ʧʫʪʝʤ ʚʳʯʝʪʘ ʠʟ ʬʘʢʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʤʦʡ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʙʘʟʝ ɺʀʕ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  ɼʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʛʥʦʟʥʳʤʠ.  

ɻʨʘʬʠʢ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ  ʪʝʢʫʱʠʡ ʠ ʧʨʦʛʥʦʟʥʳʡ ʫʨʦʚʝʥʴ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʢʨʳʪ ʟʘ ʩʯʝʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ, ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʦʪʧʫʩʢʦʤ ʕʕ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʋʧʨʘʚʣʝʥʠʷ ʉʧʨʦʩʦʤ  
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ʇʝʨʚʘʷ ʚ ʤʠʨʝ ʧʦʜʟʝʤʥʘʷ GIS-ʧʦʜʩʪʘʥʮʠʷ 500 ʢɺ  
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