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Appendix 

1 Nomenclature 

1.1 Sets 

𝐴(𝑛) Mapping of plants to nodes 

𝑙 Transmission lines 

𝑛, 𝑛′ Nodes, Slack bus  

𝑝 Power plants 

𝑡 Time period 

 

1.2 Parameters 

𝑏𝑛,𝑛𝑛 Nodal susceptance matrix 

𝑐𝑟𝑡  Congestion rent 

𝑑𝑛,𝑡 Load 

𝑑𝑠𝑛
𝑁𝑃, 𝑑𝑠𝑛

𝑈𝑃 Economic surplus of load in nodal pricing (NP) or uniform pricing (UP) 

𝑔𝑝,𝑡 Generation of market clearing model in uniform pricing regime 

𝑔𝑝
𝑚𝑎𝑥  Generation capacity 

𝑔𝑛,𝑡
𝑅𝐸𝑆 Renewable generation 

𝑔𝑠𝑝
𝑁𝑃, 𝑔𝑠𝑝

𝑈𝑃 Economic surplus of generation in nodal pricing (NP) or uniform pricing 

(UP) 

ℎ𝑙,𝑛 Branch susceptance matrix 

𝑝𝑙
𝑚𝑎𝑥   Transmission capacity 

𝑝𝑟𝑖𝑐𝑒𝑛,𝑡 Nodal price 

𝑚𝑐𝑝  Marginal generation cost 

 

1.3 Variables 

𝐹𝑇𝑅𝑛
𝐷 FTR allocated to load 

𝐹𝑇𝑅𝑝
𝐺 FTR allocated to generation 

𝐹𝑇𝑅𝑛
𝑅𝐸𝑆 FTR allocated to renewable generation  

Δ𝑛,𝑡 Voltage angle 

𝐺𝑝,𝑡 Generation 

𝐺𝑝,𝑡
𝑈𝑃 Positive redispatch of generation 

𝐺𝑝,𝑡
𝐷𝑂𝑊𝑁 Negative redispatch of generation 

 

  



2 Model for Optimized FTR Allocation 

min
𝐹𝑇𝑅,Δ

∑(𝑔𝑠𝑝
𝑈𝑃 − 𝑔𝑠𝑝

𝑁𝑃

𝑝

− ∑(𝑝𝑟𝑖𝑐𝑒𝑠𝑙𝑎𝑐𝑘,𝑡 − 𝑝𝑟𝑖𝑐𝑒𝐴(𝑛),𝑡)𝐹𝑇𝑅𝑝
𝐺

𝑡

)2

+ ∑(𝑑𝑠𝑛
𝑈𝑃 − 𝑑𝑠𝑛

𝑁𝑃

𝑛

− ∑(𝑝𝑟𝑖𝑐𝑒𝑛,𝑡 − 𝑝𝑟𝑖𝑐𝑒𝑠𝑙𝑎𝑐𝑘,𝑡)𝐹𝑇𝑅𝑛
𝐷

𝑡

)2
 (15) 

∑ 𝐹𝑇𝑅𝑛
𝐷

𝑛

− ∑ 𝐹𝑇𝑅𝑝
𝐺

𝑝

= 0 (16) 

𝐹𝑇𝑅𝑛
𝐷 − ∑ 𝐹𝑇𝑅𝑝

𝐺

𝑝∈𝐴(𝑛)

− ∑ 𝑏𝑛,𝑛𝑛Δ𝑛

𝑛𝑛

= 0 (17) 

𝑐𝑟𝑡
𝑇𝑆𝑂 − ∑(𝑝𝑟𝑖𝑐𝑒𝑠𝑙𝑎𝑐𝑘,𝑡 − 𝑝𝑟𝑖𝑐𝑒𝐴(𝑛),𝑡)𝐹𝑇𝑅𝑝

𝐺

𝑝

− ∑(𝑝𝑟𝑖𝑐𝑒𝑛,𝑡 − 𝑝𝑟𝑖𝑐𝑒𝑠𝑙𝑎𝑐𝑘,𝑡)𝐹𝑇𝑅𝑛
𝐷

𝑛

= 0 (18) 

|∑ ℎ𝑙,𝑛Δ𝑛,𝑡

𝑙

| ≤ 𝑝𝑙
𝑚𝑎𝑥 (19) 

Δ𝑛′,𝑡 = 0 (20) 

𝐹𝑇𝑅𝑝,𝑡
𝐺 , 𝐹𝑇𝑅𝑛,𝑡

𝐷 ≥ 0 (21) 

 

 


