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1. Introduction 



1.1. Literature review 

1.2. Motivation and purpose 

 

2. Generation pattern of PVU 



𝑉𝑃𝑉𝑈 = 𝑉𝑚𝑎𝑥
𝑃𝑉𝑈 + 𝑂𝐶𝑉(𝑇𝑜 − 𝑇𝑜

𝑟𝑒𝑓
)

𝑉𝑃𝑉𝑈 𝑉𝑚𝑎𝑥
𝑃𝑉𝑈

𝑇𝑜 𝑇𝑜
𝑟𝑒𝑓

𝐼𝑃𝑉𝑈 = 𝐼𝑆𝐶 {
𝐼𝑇𝑆

𝐼𝑟𝑒𝑓
− 𝛹1 [𝑒𝑥𝑝 (

𝑉𝑚𝑎𝑥
𝑃𝑉𝑈

𝛹2𝑉𝑂𝐶
𝑃𝑉𝑈) − 1]} +

𝑆𝐶𝐶(𝑇𝑜 − 𝑇𝑜
𝑟𝑒𝑓

)

𝛹1 = (1 −
𝐼𝑚𝑎𝑥

𝑃𝑉𝑈

𝐼𝑆𝐶
) 𝑒𝑥𝑝(

𝑉𝑚𝑎𝑥
𝑃𝑉𝑈

𝜆2𝑉𝑂𝐶
)

𝛹2 = (
𝑉𝑚𝑎𝑥

𝑃𝑉𝑈

𝑉𝑂𝐶
− 1) [𝑙𝑛(1 −

𝐼𝑚𝑎𝑥
𝑃𝑉𝑈

𝐼𝑆𝐶
)]−1   
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3. Model of DSTATCOM 

𝑉𝐷 = |𝑉𝐷|(𝑐𝑜𝑠 𝜌𝐷 + 𝑗𝑠𝑖𝑛 𝜌𝐷)

𝑃𝑀
𝑖𝑛𝑗

= | 𝑉𝑀 |2 𝐺𝑀𝐷 + | 𝑉𝑀 | | 𝑉𝐷 | [𝐺𝑀𝐷 𝑐𝑜𝑠( 𝜌𝑀 −

𝜌𝐷) + 𝐵𝑀𝐷 𝑠𝑖𝑛( 𝜌𝑀 − 𝜌𝐷)]

𝑄𝑀
𝑖𝑛𝑗

= −| 𝑉𝑀 |2 𝐵𝑀𝐷 + | 𝑉𝑀 | | 𝑉𝐷 | [𝐺𝑀𝐷 𝑠𝑖𝑛( 𝜌𝑀 −

𝜌𝐷) − 𝐵𝑀𝐷 𝑐𝑜𝑠( 𝜌𝑀 − 𝜌𝐷)]

4. Mathematical formulation of 

problem 

𝑀𝑖𝑛𝐹(𝐶𝑣
𝑃𝑀, 𝐶𝑝

𝑃𝑀 , 𝑓𝑝
𝑃𝑀) = 𝑀𝑖𝑛( 𝐹𝑉𝑆

𝑃𝑀 , 𝐹𝐶𝐿
𝑃𝑀 , 𝐹𝐿𝑃

𝑃𝑀 , 𝐹𝑇𝐶
𝑃𝑀 ,)

𝛹(𝐶𝑣
𝑃𝑀 , 𝐶𝑝

𝑃𝑀 , 𝑓𝑝
𝑃𝑀) = 0

𝛤(𝐶𝑣
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𝑃𝑀, 𝑓𝑝
𝑃𝑀) > 0
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4.1. Voltage stability criterion 
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𝐹𝑉𝑆 = ∑ (2 𝑉𝛺+1 − 𝑉𝛺)
𝑛𝑏−1
𝛺=1

4.2. Loadability index 

𝐹𝐶𝐿 = ∑ ∑
𝑆𝑗

𝑑

𝑆𝑖
𝑚𝑎𝑥

𝑛𝑙
𝑗=1

365
𝑑=1

𝑆𝑖
𝑑

4.3. Power loss index 

𝑆𝑖𝑗

𝑆𝑗𝑖

𝑆𝑖𝑗 = 𝑉𝑖𝐼𝑖𝑗
∗

𝑆𝑗𝑖 = 𝑉𝑗𝐼𝑗𝑖
∗

𝑉𝑖 𝑉𝑗

𝐼𝑖𝑗

𝑆𝐿(𝑘) = 𝑆𝐿𝑖𝑗(𝑘) + 𝑆𝐿𝑗𝑖(𝑘)

𝐹𝐿𝑃 = ∑ ∑ 𝑆𝐿(𝑘)
𝑛𝑙
𝑘=1

365
𝑑=1

4.4. Total cost of DG and 

DSTATCOM 

𝐹𝑇𝐶 = 𝐶𝐷𝐺 + 𝐶𝐷

𝐶𝐷𝐺

4.4.1. Total costs of DG 

𝐶𝐼𝐶,𝐷𝐺
𝐴𝑛𝑛𝑢𝑎𝑙 = ∑ 𝐶𝐼𝐶,𝐷𝐺𝑖

× 𝑆𝐷𝐺𝑖
× 𝐶𝑅𝐹𝑁

𝑖=1

𝐶𝐼𝐶,𝐷𝐺
𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝐼𝐶,𝐷𝐺𝑖

𝑆𝐷𝐺𝑖

𝐶𝑅𝐹 =
𝑖𝑟(1+𝑖𝑟)𝑧

(1+𝑖𝑟)𝑧−1

𝑖𝑟

𝐶𝐹𝑢𝑒𝑙,𝐷𝐺 = ∑ 𝐶𝐹𝑢𝑒𝑙,𝐷𝐺𝑖
× 𝑆𝐷𝐺𝑖

𝑁
𝑖=1

𝐶𝐹𝑢𝑒𝑙,𝐷𝐺𝑖

𝐶𝑂&𝑀, 𝐷𝐺 = ∑ 𝐶𝑂&𝑀, 𝐷𝐺𝑖
× 𝑆𝐷𝐺𝑖

𝑁
𝑖=1

𝐶𝑂&𝑀, 𝐷𝐺𝑖

𝐶𝑛
𝑖 = 𝐶𝐼𝐶,𝐷𝐺

𝐴𝑛𝑛𝑢𝑎𝑙 + (8760 × (𝐶𝐹𝑢𝑒𝑙,𝐷𝐺 + 𝐶𝑂&𝑀,𝐷𝐺))

4.4.2. Total cost of DSTATCOM 

 

 

 

 



𝐶𝐷 =
𝑖𝑟(𝑖𝑟+1)𝑧

(𝑖𝑟+1)𝑧−1
× ∑ 𝐼𝐶𝑖𝑖∈𝛬

𝐼𝐶𝑖 = 𝐶𝑂𝑖
𝐹𝐷 × 𝑆𝑖

𝐹𝐷 × 1000(𝑈𝑆$)

𝐶𝑂𝑖
𝐹𝐷

𝑆𝑖
𝐹𝐷

𝛬

𝐶𝑂𝑖
𝐹𝐷 = 0.000375(𝑆𝑖

𝐹𝐷)2 − 0.3041(𝑆𝑖
𝐹𝐷) +

162.4 (𝑈$/𝑘𝑉𝐴𝑅)

5. Uncertainty in the placement 

problem 

 

 

𝑀𝑖𝑛 𝐹 = {𝛽1 (∑
−𝐹𝑉𝑆

𝑠

𝐹𝑆𝐶,𝑚𝑎𝑥

𝑁𝑠
𝑠=1 𝑝𝑠) +
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𝑠
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𝑠=1 𝑝𝑠) + 𝛽3 (∑

𝐹𝐿𝑃
𝑠

𝐹𝐿𝑃,𝑚𝑎𝑥

𝑁𝑠
𝑠=1 𝑝𝑠) +

𝛽4 (∑
𝐹𝑇𝐶

𝑠
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𝑠=1 𝑝𝑠)}
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6. Numerical studies 

6.1. Computational process 

   

 

6.2. Implementation of the 

proposed method on test 

system 

 

Start 

Input grid information 

Input meteorology data 

information 

Initialize optimization 

parameter 

Produce the first swarm 

Defining problem 

objectives as FVS, FCL, 

FLP and FTC 

Record the local best of 

all particles 

Find global best particle 

Stop criterion is 

satisfied? 

Report the optimal value 

of parameters 

End 

Yes 

No 



  

  

  

  

  

  

  



6.2.1. Case study 1: 33-bus test 

system 



6.2.2. Case study 2: 69-bus test 

system 



6.3. Considering uncertainty 

in the proposed placement 

problem 



7. Conclusion 
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