
Development of an Integrated Methodology for Power Expansion Planning 
Using an OPF Tool Chain

Francesca Curinga,  Lorenzo Carmine Vitulano 
francesca.curinga@rse-web.it, lorenzo.vitulano@rse-web.it

Energy System Development Department, Ricerca sul Sistema Energetico – RSE, Milan, Italy

This work has been financed by the Research Fund for the Italian Electrical System under the Three-Year Research Plan 2025-2027 (MASE, Decree n.388 of November 6th, 2024), in compliance with the Decree of April 12th, 2024

Context & Motivation

Methodology

The Italian power system is 
undergoing major transformation 
driven by decarbonization, renewable 
integration, HVDC deployment and 
hybrid AC/DC grid architectures.

Systematic approach: 
grid evolution under future scenarios

1) Scenario Definition
Dataset* : Public-source Italian power system model for zonal and nodal 
DC Optimal Power Flow (DC-OPF) analyses: EHV/HV network, loads, 
interconnections, generators and storage.

2.1) Reinforcement 
Candidate Selection 
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3) Automatic Expansion

NewREMARK+ (REliability and MARKet): optimization 
chain that links market clearing, network operation 
and adequacy assessment.

NewREMARK+

ESPAUT (ESPansione AUTomatica) is a Mixed-Integer
Linear Programming (MILP)-based DC-OPF expansion
module that selects the most effective network 
reinforcements among candidate AC/HVDC lines, 
cables, transformers, and controllable devices.

Main Results & Future Developments
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* : The 2030 dataset combines Terna, European Resource Adequacy Agency 
(ERAA) and Econnexion decarbonization scenarios for topology, demand, 
generation, Renewable Energy Sources – RES, storage and exchanges).
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Zone DG Res. Total 

CALA 1.5 5.5 7.0

CNOR 6.4 24.0 30.4

CSUD 8.2 50.4 58.6

NORD 32.4 163.2 195.5

SARD 2.2 7.8 10.0

SICI 4.5 17.1 21.6

SUD 4.9 20.0 24.9

ITA 60.1 288.0 348.0

ESPAUT

1. Still-relevant thermal contribution  
2. Storage-driven flexibility, with 

limited curtailment.
3. Strong RES penetration 

Results & Evidences

Generation profiles 
(including Hydro and 
Storage schedules)

k-medoids 
Clustering 

4) Cost - Benefit Analysis (CBA)

2.2) Representative
Hours Reduction

Expected Output
Each medoid becomes a weighted

representative hourly scenario.

Expected Output
Identification of candidate branches for 

network reinforcement.

NewREMARK+ candidate 
zonal and nodal outputs

To reduce 
problem

complexity

Load 
profiles

Input Data: Loading severity, persistence, 
contingency recurrence, marginal capacity 

value, EENP/EENS indicators.
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2) Adequacy Analysis
NewREMARK+ evaluates the 2030 scenario via 
zonal dispatch and nodal DC-OPF, assessing 
economic performance and grid adequacy.

Expected Output

ESPAUT selects the AC, HVDC 
and transformer reinforcements 
that reduce the total system 
cost. 

A first 2030 run identified N 
optimal reinforcement 
candidates.

Candidate 
Reinforcement Set 
(2.1) 

Simulation of the 2030 
Italian system through 

ESPAUT 

Reduced Hourly 
Scenarios (2.2)

Other Data Input 
investment costs, 
operating costs,
RES curtailment and 
load shedding penalties

The CBA 
compares 
reference and 
reinforced 
configurations. 

Changes in socio-economic welfare, 
RES curtailment, CO₂ emissions, 
losses and adequacy indicators. 

Expected Output
This final loop provides the 
technical-economic validation 
of the reinforcement plan.

Re-simulation with 
NewREMARK+ to assess 

their system impact

PINT/TOOT logic 
to quantify the ESPAUT 

optimal 
candidates 

Benefits of 
the system

Investment and 
operating costsVS

Adequacy Analysis 
2030 Scenario

incremental benefit of each project.

ZO
N

A
L 

M
O

D
U

LE

N
O

D
A

L 
M

O
D

U
LE

Outer loop over climatic years

Day - Ahead Market 
(DAM)

Intraday Market 
(IM)

Ancillary Service 
Market (ASM)

Balancing Market 
(BM)

Tool Chain

Inner loop over 
Monte Carlo years

Static Inputs

grid topology, technical 
limits, generators, hydro 

reservoirs and market zones

hourly demand, 
RES availability, 

imports and inflows

OBJECTIVE OF THE STUDY
Integrated planning tool chain combining OPF 

simulation, grid expansion optimization, and 
cost-benefit analysis of national transmission 

power system.

Weighted representative hours, 
candidate costs, grid limits, 
contingencies and planning rules

Loop on 
contingency 
list

Final
Expansion Plan

Dynamic 
Inputs

End list

Minimization of total system costs
investment, operation, losses, RES 
curtailment and load shedding

MILP - based 
DC OPF

Identification of the 
least-cost 
reinforcement subset

Inputs & 
Candidate Assets

Base Case

Add candidates to ensure
feasibility and security 
under critical outages

Update & 
re-optimize

Technical and 
economic parameters

Selected target-year assets

Selection of 
effective 

reinforcement options

Assessment of technical 
and economic impacts

Grid 
criticalities 

Results Future Developments

Achieved chain

2030 dataset and adequacy
simulations complete; 

network criticalities screened
and candidate reinforcements

identified

NewREMARK+ highlights 
congested sections, redispatch
needs and adequacy indicators; 

representative hours preserve key 
operating states

Evidence recalled

Next milestone

ESPAUT expansion
simulations by year-end to 

select the least-cost 
reinforcement portfolio

AC- OPF

Tool chain upgraded from 
DC-OPF to AC-OPF to 

capture voltage, reactive
power and reactive support 

constraints

Dynamic studies

Stability and dynamic
analyses integrated to 

cover market, adequacy, 
grid, CBA and operational-

security dimensions.

Each candidate reinforcement
assessed via NewREMARK+ 
through PINT/TOOT comparisons, 
including operational / non-
operational costs and benefits)

Complete CBA
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