


  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 

 

 





 

 

 



 

 



 

 

 



 

 

 

 

 



 

 

 

 

 

 

 

 

  

 𝑅∗,

𝑅∗ =  𝜆 × 𝐸(𝑅) + (1 − 𝜆) × 𝐶𝑉𝑎𝑅90%(𝑅)

𝐸(𝑅)

𝐶𝑉𝑎𝑅90%(𝑅)

𝐶𝑉𝑎𝑅

𝜆
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D(pf) pf

SN(p) = 

D(pf) – D(p). 


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ANEXO 

𝑃𝑔 𝑢𝑔(𝑡)

𝑃 𝑔 𝑃𝑔
𝐷𝐴(𝑡)

𝑅𝑢𝑝
𝑔 𝑃𝑔

𝑅𝑇(𝑡)

𝑅𝑑𝑛𝑔 𝑅𝑢𝑝𝑔(𝑡)

𝜋𝑔
𝐸 𝑅𝑑𝑛𝑔(𝑡)

𝜋𝑔
𝑅𝑢𝑝

𝜆𝐸
𝐷𝐴

𝜋𝑔
𝑅𝑑𝑛 𝜆𝐸

𝑅𝑇(𝑡)

𝐷(𝑡) 𝜆𝑅𝑢𝑝
𝐷𝐴 (𝑡)

𝑅𝑒𝑞𝑅𝑢𝑝 𝜆𝑅𝑑𝑛
𝐷𝐴 (𝑡)

𝑅𝑒𝑞𝑅𝑑𝑛

 



min {∑ ∑ 𝑃𝑔
𝐷𝐴(𝑡) ∗ 𝜋𝑔

𝑃 + 𝑅𝑢𝑝𝑔(𝑡) ∗ 𝜋𝑔
𝑅𝑢𝑝

+ 𝑅𝑑𝑛𝑔(𝑡) ∗ 𝜋𝑔
𝑅𝑑𝑛

𝐺

𝑔=1

24

𝑡=1

}

∑ 𝑃𝑔
𝐷𝐴(𝑡)

𝐺

𝑔=1

− 𝐷(𝑡) =  0  , ∀ t ∶ {1, . . . ,24}, [𝜆𝐸
𝐷𝐴(t)]

≥

𝑅𝑒𝑞𝑅𝑢𝑝(t) ≤  ∑ 𝑅𝑢𝑝𝑔(𝑡)

𝐺

𝑔=1

 , ∀ t ∶ {1, . . . ,24}, [𝜆𝑅𝑢𝑝
𝐷𝐴 (𝑡)]

≥

𝑅𝑒𝑞𝑅𝑑𝑛(t) ≤  ∑ 𝑅𝑑𝑛𝑔(𝑡)

𝐺

𝑔=1

 , ∀ t ∶ {1, . . . ,24}, [𝜆𝑅𝑑𝑛
𝐷𝐴 (𝑡)]

𝑢𝑔(𝑡) ∗ 𝑃 𝑔  ≤  𝑃𝑔
𝐷𝐴(𝑡) −  𝑅𝑑𝑛𝑔(𝑡) , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

𝑃𝑔
𝐷𝐴(𝑡) + 𝑅𝑢𝑝𝑔(𝑡) ≤  𝑃𝑔 ∗ 𝑢𝑔(𝑡) , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

𝑅𝑢𝑝𝑔(𝑡) ≤  𝑅𝑢𝑝
𝑔

  , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

𝑅𝑑𝑛𝑔(𝑡) ≤  𝑅𝑑𝑛𝑔  , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

𝝉

𝜏



min {∑ 𝑃𝑔
𝑅𝑇(𝜏) ∗ 𝜋𝑔

𝑃

𝐺

𝑔=1

+  𝑅𝑢𝑝𝑔(𝑡) ∗ 𝜋𝑔
𝑅𝑢𝑝

+ 𝑅𝑑𝑛𝑔(𝑡) ∗ 𝜋𝑔
𝑅𝑑𝑛}

𝜏

∑ 𝑃𝑔
𝑅𝑇(𝜏)

𝐺

𝑔=1

− 𝐷(𝜏) =  0  , [𝜆𝐸
𝑅𝑇(τ)]

τ

𝑃𝑔
𝐷𝐴(τ) − 𝑅𝑑𝑛𝑔(τ)  ≤  𝑃𝑔

𝑅𝑇(𝜏)  ≤  𝑃𝑔
𝐷𝐴(τ) + 𝑅𝑢𝑝𝑔(τ), ∀ g ∶ {1, . . . , 𝐺}

𝑅𝑢𝑝𝑔(𝑡) ≤  𝑅𝑢𝑝
𝑔

  , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

𝑅𝑑𝑛𝑔(𝑡) ≤  𝑅𝑑𝑛𝑔  , ∀ t ∶ {1, . . . ,24}, ∀ g ∶ {1, . . . , 𝐺}

 



λE,g
 DA(t) λRup,g

DA (t) λRdn,g
DA (t)

λE,g
 RT(t) λRup,g

 RT (t) λRdn,g
 RT (t), 

𝑡

• 𝑡

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔(𝑡) =  𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔
𝐸𝑛𝑒𝑟𝑔𝑦(𝑡) +  𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔

𝑅𝑢𝑝(𝑡) + 𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔
𝑅𝑑𝑛(𝑡)

• 𝑡

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔
𝐸𝑛𝑒𝑟𝑔𝑦

(𝑡) =  𝑃𝑔
𝐷𝐴(𝑡) ∗ 𝜆𝐸,𝑔

 
𝐷𝐴 (𝑡) + (𝑃𝑔

𝑅𝑇(𝑡) − 𝑃𝑔
𝐷𝐴(𝑡)) ∗ 𝜆𝐸

𝑅𝑇(𝑡)

• 𝑡

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔
𝑅𝑢𝑝

(𝑡) =  𝑅𝑢𝑝𝑔
𝐷𝐴(𝑡) ∗ 𝜆𝑅𝑢𝑝,𝑔

 𝐷𝐴 (𝑡) + (𝑅𝑢𝑝𝑔
𝑅𝑇(𝑡) − 𝑅𝑢𝑝𝑔

𝐷𝐴(𝑡)) ∗ 𝜆𝐸
𝑅𝑇(𝑡)

• 𝑡

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑔
𝑅𝑑𝑛(𝑡) =  𝑅𝑑𝑛𝑔

𝐷𝐴(𝑡) ∗ 𝜆𝑅𝑑𝑛,𝑔
 𝐷𝐴 (𝑡) + (𝑅𝑑𝑛𝑔

𝑅𝑇(𝑡) − 𝑅𝑑𝑛𝑔
𝐷𝐴(𝑡)) ∗ 𝜆𝐸

𝑅𝑇(𝑡)

Pg
LT(t) Rupg

LT(t) Rdng
LT(t)

λE,g
 LT(t) λRup,g

 LT (t) λRdn,g
 LT (t)

𝜆𝐸
𝑅𝑇(κ) =  𝜆𝐸

𝐷𝐴(κ)




