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FlexPlan

Å Objectives

Å Development of optimal regional grid architectures for years 2030, 2040 and 2050 for 

deployment of flexibility sources at transmission and distribution levels and using FlexPlan

planning tool.

Å Demonstrate the tool through six different regional cases

WP5 description and involved 
partners



FlexPlanPower system modeling
Transmission network model

WP5 ςM16-M33 ς(WP Leader: R&D NESTER)

Task 5.1
Common modelling and procedures M16 ςM19 

(Task leader: RSE)

Task 5.2
Regional cases development M18 ςM33 

(1 Leader per Case)
Northern Countries - SINTEF
Iberian Peninsula - TECNALIA

Germany, Switzerland and Austria - TUDO
Italy - RSE

Balkan Region ςEKC
France and Benelux ςVITO? / KUL?

WP6 ςRegulatory Analysis
Results of Six Regional Cases for three 

target horizons (2030, 2040, 2050)

WP2 ςStorage and Flexibility Solutions
Storage and flexibility solutions (each 
target year) and location constrains

WP4 ςPan European Scenarios
Scenarios / models for each regional 
use case (and three target horizons)

WP3 ςPlanning Tool
Planning Tool implemented will 
be applied to each regional case

WP1 ςPlanning Tool Specification



FlexPlanPower system modeling
Transmission network model

o T5.1 ïCommon modelling and procedures
o Identification of required parameters for the creation of synthetic distribution 

grid networks

o Collection of environmental and costs related data corresponding to the six 

regional cases, including plant specific data for pollutant emissions

o Adaptation of WP4 scenarios data to correspond to grid nodal level, required 

to perform regional cases simulations

o Validation and adaptation of ENTSO-E European Transmission System 

model, used as main dataset for transmission networks of five regional cases

o T5.2 ïRegional Cases development
o Conversion and adaptation of Transmission systems for in-house simulation 

by each one of the Regional Cases. As one example, this adaptation include the 

addition of geographic location of all existing grid nodes

o Creation of missing transmission and sub-transmission grid models. Sub-

transmission systems were missing in 5 out of 6 regional cases. The Northern 

Countries Regional Case had to built most of the transmission grid model as well 

from different data sources (e.g. TSOs, regulators, open source data)

o Development and testing of methodologies to create JSON files (chosen 

format to communicate with planning tool)



FlexPlanWorkflow JSON-Creation

ENTSO-E grid data (models 

for 2025 in CGMES format)

Scenario data (MILES) ïWP4
JSON Files



FlexPlanPower system modeling
Transmission network model

ENTSO-E grid data (models 

for 2025 in CGMES format)

Balkan transmission network model:

Å 1961 AC buses

Å 3077 AC branches

Å 1 DC branch



FlexPlanPower system modeling
Distribution network model

Balkan distribution network model:

Å 1012 AC buses

Å 1012 AC branches

Data provided from DiNeMo

(Distribution Network Models) 

platform

Synthetic distribution networks 

are generated

Level of congestion is estimated 

for each distribution network

Grid reduction performed in 

order to consider congested 

areas only

Distribution network is 

integrated into the transmission 

model

https://ses.jrc.ec.europa.eu/dinemo

https://ses.jrc.ec.europa.eu/dinemo


FlexPlan

MILES(Model of International Energy System) is used in order to
process ENTSO-E scenario data and to geographically allocate energy
resources over the Balkan territory.

It uses:
Å ENTSO-e scenario data for 2030, 2040, 2050:

- Distributed Energy scenario
- Global Ambition scenario
- National Trend scenario

ω /ƻƳƳƻŘƛǘȅ ǇǊƛŎŜǎ
ω .ŀƭŀƴŎƛƴƎ wŜǎŜǊǾŜǎ όнлолύ
ω bŜǘ ¢ǊŀƴǎŦŜǊ /ŀǇŀŎƛǘƛŜǎ όнлолύ 

Details of the scenario
Model of International Energy Systems



FlexPlanDetails of the scenario
Scenario reduction

35variants * 8760hours

Time profiles of 35 climate
variants for each decade

(2030-40-50) and scenario
(DE,GA,NT) 

5 variants * 12weeks * 168hours

Å 5 representative climate variants
(with different probabilities)

Å 12 representative weeks
(one for each month of the year)

Å Time resolution: 1 hour
(168 timesteps per week)



FlexPlanDetails of the scenario
Environmental impact



FlexPlanDetails of the scenario
Carbon footprint



FlexPlanPlanning tool testing and model 
simplifications
Grid Expansion Planning (GEP) process

ÅRole of the non-expanded Optimal Power Flow
- Simulation of the scenario and indication of the level of congestion for grid 

elements

ÅRole of Preprocessor
- Identification of potential asset investments aimed at solving congestion (with

priorities depending on congestion severity ςLagrange Multipliers)
- Identification of nodes in which storage/demand flexibility can be beneficial for

congestion management (using Locational Marginal Prices)
- Proposal of storage technology on the basis ofcharacteristics of congestions and

territory

Å Role of Planning tool
- Returns the list of the candidates which minimizes the total costs (CAPEX+OPEX), 

and details on their behavior



FlexPlanPlanning tool testing and model 
simplifications
Grid Expansion Planning (GEP) process



FlexPlanPlanning tool testing and model 
simplifications
Grid Expansion Planning (GEP) process



FlexPlanPlanning tool testing and model 
simplifications
Dealing with real-size power systems

The development of the planning procedure has been carried out in order to be 
able to manage:
Å Real/size power systems with more voltage levels simultaneously (transmission, 

and distribution)
Å Multiple scenarios to consider both variability of electricity demand and 

renewable power production (climatic variants)
Å Multiple target years, to optimally select investments by considering planning 

impact over their entire lifetime



FlexPlanPlanning tool testing and model 
simplifications
Dealing with the limited time/hardware resources of FlexPlan

Even though the tools have been optimized to manage real-size systems, operating 
in many scenarios and climate variants, FlexPlanregional cases have been studied 
by applying some simplifications.

Total processing time 
per reference year

3 õ5 days

4 representative
weeks

(instead of 12)

Reduced time
resolution

(2-hour time blocks)

Limited portion of
Distribution Network

(10%)

Relaxed optimality
tolerance

(0.01% MIP-gap)

100 planning
candidates

1-decade time
horizon

(instead of 3)

1 climate variant
(instead of 35)

Reduced number of 
seasonal storages 

to 6 
(instead of 12) 



FlexPlanResults of the planning process
Non-expanded OPF 2030

Non-expanded OPF consists of a simulation of
the energy dispatch model, including:
Å Electricity generation:
- Dispatchable generator (fuel costs, environmental impact)
- wŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ όŎǳǊǘŀƛƭƳŜƴǘ Ŏƻǎǘǎ л ϵκa²Ƙύ
Å Electricity transport and distribution
- Transmission network model (DC OPF)
- Distribution network model  (linearized AC OPF)

Å Electricity demand
- [ƻŀŘǎ όǾŀƭǳŜ ƻŦ ƭƻǎǘ ƭƻŀŘ мл ллл ϵκa²Ƙύ
Å Electricity storage 
- Pumped-hydro storage and water reservoirs

(with injection/absorption efficiencies and water
inflows)



FlexPlan

Å со ōǊŀƴŎƘŜǎ ǿƛǘƘ [a ώϵκp.u.] different than 0, annual average
Å 23 of which are transmission branches (Melina-Senjand BajinaBasta ςRH Bajina

Basta 220 kV and the rest are 110 kV)

Results of the planning process
Non-expanded OPF 2030

TRANSIMISISON ELEMENTS DISTRUBUTION NETWORKS



FlexPlanResults of the planning process
Non-expanded OPF 2030


