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𝑚𝑖𝑛
𝑥,𝑔,𝑞,𝑣



𝑡 𝜖 𝕋



𝑖 𝜖 𝐼

𝐼𝑖𝑥𝑖,𝑡 + 

ℎ 𝜖 𝐻



𝑗 ∈ 𝐺

𝑐𝑗𝑔𝑗,ℎ



𝑣𝑖,𝒕
𝒔 ≤ ҧ𝑣𝑖

𝜏=1

𝑡

𝑥𝑖,𝜏

𝑞𝑖,ℎ
𝒔 ≤ ത𝑞𝑖

𝜏=1

𝑡

𝑥𝑖,𝜏

𝑣𝑖,𝑡+1
𝒔 = 𝑣𝑖,𝑡

𝒔 + 𝑎𝑖,𝑡
𝒔 − 𝑞𝑖,𝑡

𝒔 −𝑤𝑖,𝑡
𝒔 + 

𝑗 𝜖 𝑀 𝑖

𝑞𝑗,𝑡
𝒔 +𝑤𝑗,𝑡

𝒔

Hydro maximum storage

Hydro maximum turbining

Water balance constraint



𝑔𝑗𝑦𝑗,ℎ
𝑠 ≤ 𝑔𝑗,ℎ

𝒔 ≤ ҧ𝑔𝑗𝑦𝑗,ℎ
𝑠

𝑦𝑗,ℎ
𝒔 ≤

𝑗=1

𝑡

𝑥𝑗,𝜏

𝑔𝑙,ℎ
𝒔 ≤ 𝐺𝑙

𝑠

𝜏=1

𝑡

𝑥𝑙,𝜏

Thermal min/max generation

Wind and Solar max 

generation

Commitment constrained by 

investment decision



𝑓𝑘,ℎ
+𝑠 ≤ ത𝐹𝑘

𝑓𝑘,ℎ
−𝑠 ≤ ത𝐹𝑘

𝑓𝑘,ℎ
+𝑠 − 𝑓𝑘,ℎ

−𝑠 =
1

𝐴𝑘
ΔΘ𝑘,ℎ

Max capacity

Second Kirchhoff Law





𝑗 𝜖 𝐽

𝑔𝑗,ℎ + 

𝑖 𝜖 𝐻

𝜌𝑖𝑞𝑖,ℎ + 

𝑖 𝜖 𝑅

𝑔𝑙,ℎ + 

𝑏 𝜖 𝐵

𝐷𝑏,ℎ − 𝐶𝑏,ℎ 

𝑘 𝜖 𝐵𝑡𝑜

𝑓𝑘,ℎ
+𝑠 − 𝑓𝑘,ℎ

−𝑠 − 

𝑘 𝜖 𝐵𝑓𝑟𝑜𝑚

𝑓𝑘,ℎ
+𝑠 − 𝑓𝑘,ℎ

−𝑠 + 𝜖ℎ= 𝑑ℎ

Thermal

Generation

Hydro

Generation

Renewable

Generation
First Kirchhoff Law

Deficit 

and

Load

Battery Net 

Generation



𝑔𝑗,ℎ
𝑠 − 𝑔𝑗,ℎ−1

𝑠 ≤ 𝑅𝑈𝑃

𝑔𝑗,ℎ−1
𝑠 − 𝑔𝑗,ℎ

𝑠 ≤ 𝑅𝐷𝑁

𝑠𝑡𝑗,ℎ
𝑠 ≥ 𝑦𝑗,ℎ

𝑠 − 𝑦𝑗,ℎ−1
𝑠

Ramp

Start-up





𝑡 𝜖 𝕋

𝑥𝑖,𝑡 ≤ 1



𝑡 𝜖 𝕋

𝑥𝑗,𝑡 ≤ 1



𝑡 𝜖 𝕋

𝑥𝑙,𝑡 ≤ 1

Investment Decision Constraint





𝑗∈𝑎

𝑟𝑗,ℎ
𝑠 + 

𝑖∈𝑎

𝑟𝑖,ℎ
𝑠 +

𝑏∈𝑎

𝑟𝑏,ℎ
𝑠 ≥ 𝑅𝑎,ℎ

𝑈𝑃

𝑔𝑗,ℎ
𝑠 + 𝑟𝑗,ℎ

𝑠 ≤ ഥ𝐺𝑗𝑦𝑗,ℎ
𝑠

𝑔𝑖,ℎ
𝑠 + 𝑟𝑖,ℎ

𝑠 ≤ 𝐻𝑖𝑥𝑖,𝑡

Reserve Balance

Thermal reserve

Hydro reserve

𝑔𝑏,ℎ
𝑠 + 𝑟𝑏,ℎ

𝑠 ≤ 𝐵𝑏𝑥𝑏,𝑡 Battery reserve



Ƹ𝜈𝑙,ℎ = 𝐸[𝑔𝑙,𝑚,ℎ
𝑠 ]

𝛿𝑎,ℎ
𝑠 = 

𝑙∈𝐴𝑙
𝑎

𝑔𝑙,ℎ
𝑠 − Ƹ𝜈𝑙,ℎ 𝑥𝑙,𝑡

𝛥𝑎,ℎ
𝑠 ≥ 𝛿𝑎,ℎ

𝑠 −𝛿𝑎,ℎ−1
𝑠

𝑅𝑎,ℎ
𝑈𝑃 ≥ (1 − 𝜆)𝐸[𝛥𝑎,ℎ

𝑠 ] + 𝜆𝐶𝑉𝑎𝑅𝛼 𝛥𝑎,ℎ
𝑠

Forecast Generation

Forecast error

Hourly Variation in 

Forecast error

Dynamic Probabilistic

Reserve Criteria









http://generadoras.cl/prensa/mayor-aporte-solar-y-eolico-reducira-al-25-la-generacion-termica-al-2030-en-chile
http://generadoras.cl/prensa/mayor-aporte-solar-y-eolico-reducira-al-25-la-generacion-termica-al-2030-en-chile


https://www.giz.de/en/worldwide/12565.html
http://www.epe.gov.br/en/press-room/news/-cem-days-integration-of-renewables-in-the-electric-sector-paths-and-challenges-to-energy-planning
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