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… that would allow to evaluate the impact of external events.
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Goal : minimize investment & operational costs

Constraints :

• Budget balance

• Radial network

• Reliable network (voltage and current limits)

• Satisfied grid users’ electricity demand

P R O B L E M STATEMENT

DSO

Grid user 1

…

Grid user n
Goal : minimize investment & energy usage costs

Constraints :

• Grid connection capacity

• PV capacity 

• (Storage capacity)
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Upper-Level (or Leader)

!𝒙
Subset of 

upper-level 
variables

min      F(x, y)
x ∈ X

s.t. :     Gi(x, y) ≤ 0,    i = 1, …, k

Lower-Level (or Follower)

min f(x, y)
y ∈ Y

s.t. :    gj(x, y) ≤ 0,  j = 1, …, m

!𝒚
Subset of 
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variables
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Upper-Level (or Leader)

min      DSO’s objective

s.t. :     DSO’s constraints

Lower-Level (or Follower)

min. ∑!∈#$%&$
y ∈ Y

Grid useri ’s objective

s.t. : Grid useri ’s constraints,  ∀ 𝑖 ∈ users



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

R E S U L T S

11 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

R E S U L T S

11 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

R E S U L T S

11 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

R E S U L T S

11 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

R E S U L T S

11 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

C O N C L U S I O N

12 / 12 



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

C O N C L U S I O N

12 / 12 

Future work
• Storage
• GHG emissions
• Energy communities
• …



2023 IEEE PES Innovative Smart Grid Technologies Conference
Europe (ISGT-Europe), October 23rd-26th, 2023, Grenoble, France

C O N C L U S I O N

12 / 12 

Proof of concept

• Bilevel program…

• for a one-leader multi-follower approach…

• to distribution network development planning…

• considering impacts from exogenous factors…

• showing expected results.

Future work
• Storage
• GHG emissions
• Energy communities
• …


