
Europe aims to decarbonise its energy system by 2050 by pooling each country’s strengths as much as 

possible: low-carbon generation, renewable energy, consumption patterns, storage, etc. Cross-border networks 

and interconnections facilitate this pooling by enabling commercial electricity exchanges between countries. A 

daily optimisation algorithm (Euphemia) uses, amongst other things, these cross-border electricity trading 

capacities to calculate electricity prices in each country. Transmission System Operators calculate hourly 

exchange capacities based on consumption, wind and solar generation, etc. These capacities have a 

significant influence on daily prices, hence the importance for EDF of having accurate forecasts. EDF’s R&D 

department has developed forecasting tools, including EXPECT, which is used daily by EDF Trading. EXPECT 

uses a machine learning approach to predict exchange capacities. It employs various types of models: linear 

regressions, random forests, deep learning, etc., and aggregates the predictions from each model to obtain 

robust forecasts of exchange capacities. Job description Three areas of development may be explored during 

the placement, depending on the duration of the placement

The EU has set itself the goal of fully decarbonising its energy system by 2050 [1]. The European electricity 

grid takes advantage of the fact that generation and demand do not correlate perfectly in terms of location and 

time. Cross-border electricity trading allows benefits to be derived from country-specific generation potentials 

and varying load profiles [2]. Power lines can only transmit a limited amount of energy before risks arise (e.g. 

excessive sag due to thermal expansion of the conductors) [3]. Due to the ongoing expansion of renewable 

energies, not only the load side but also generation poses a challenge for forecasting, and thus also for the 

resulting load flows on the power lines. In part of the European electricity market, Flow-Based Market Coupling 

(FBMC) is used. Transmission system operators (TSOs) calculate the remaining capacities that can be used 

for trading (RAM, Remaining Available Margin). Since 2025, a fixed proportion of capacities must remain 

available for trading [4]. The daily exchange electricity prices in the respective national price zones are also 

calculated on the basis of this data, which is freely available [5]. At some borders, the capacity data is too 

complex for existing forecasting models, as loop flows occur, for example – that is, power flows within a country 

that are routed via neighbouring countries. For example, wind power from northern Germany is sometimes 

routed to southern Germany via Polish and Czech transmission lines. 

The prediction of remaining capacities is therefore constrained by variable physical and regulatory conditions. 

The aim of this Master’s thesis is to predict remaining capacities using machine learning. The study will 

investigate how physical and regulatory constraints can be incorporated into embeddings via representation 

learning. To this end, the study will, among other things, investigate whether topological dependencies are 

sufficient to model the constraints on load flows, for example using Graph Neural Networks (GNN).Translated 

with DeepL.com (free version)

KIT - Institute for Applied Informatics (IAI)

EDF - EDF Lab Paris-Saclay

Forecasting Cross-Border Trade Capacities in Europe
Research Proposal

Mirko Sowa, Victor Thiébot, Benoît Valentin, Prof. Dr. Veit Hagenmeyer

Contact, Logo, etc. 

Between 60 – 80 mm

(for editing, delete place holder!)

Mirko Sowa  |  mirko.sowa@student.kit.edu

Supervisors: Victor Thiébot (EDF), Benoît Valentin (EDF), Prof. Dr. Veit Hagenmeyer (KIT)

L
in

k
e

d
In

Flow-Based Market Coupling in the CORE 

Region

The European electricity grid takes advantage of the fact 

that generation and demand do not correlate perfectly in 

terms of location and time. Cross-border electricity 

trading allows benefits to be derived from country-

specific generation potentials and varying load profiles 

[2]. cf

Power lines can only transmit a limited amount of energy 

before risks arise (e.g., excessive sag due to thermal 

expansion of the conductors) [3]. Due to the ongoing 

expansion of renewable generation, not only the load 

side but also generation poses a challenge for 

forecasting, and thus also for the resulting load flows on 

the power lines. In the Core Capacity Calculation Region 

(CORE CCR), Flow-Based Market Coupling (FBMC) is 

used. 

Power lines can only transmit a limited amount of energy 

before risks arise (e.g. excessive sag due to thermal 

expansion of the conductors) [3]. Due to the ongoing 

expansion of renewable energies, not only the load side 

but also generation poses a challenge for forecasting, 

and thus also for the resulting load flows on the power 

lines. In part of the European electricity market, Flow-

Based Market Coupling (FBMC) is used. Transmission 

system operators (TSOs) calculate the remaining 

capacities that can be used for trading (RAM, Remaining 

Available Margin). Since 2025, a fixed proportion of 

capacities must remain available for trading [4].

Minimum Remaining Available Margins for 

Trading

Transmission system operators calculate the remaining 

capacities that can be used for trading, called Remaining 

Available Margin (RAM). Since 2025, a minimum 

proportion of must remain available for trading [4], 

referred to as minRAM.

Flow-Based Market Coupling in the CORE Region

Different renewable potentials and demands are coupled within CORE

(Core Capacity Calculation Region): 

Average Remaining Available Margin (RAM) on critical 

power lines (Presolved CNECs) in the CORE region 

operated by the French TSO, RTE, during January 2026.

RAM is expressed in % of the respective thermal limit 𝐹𝑚𝑎𝑥. 

RAM = Fmax  − FRM − F0all  − Fuaf + AMR − IVA

Decomposition of average RAM of presolved constraints operated by 

RTE, January 2026. 

Visualisation adapted from Frank Boerman [3].

𝐹𝑚𝑎𝑥Thermal limit

𝐹𝑅𝑀 Flow Reliability Margin (error margin)

𝐹0𝑎𝑙𝑙 Existing flows

𝐹𝑢𝑎𝑓 Flows from outside CORE region,

𝐴𝑀𝑅 Adjustment for Minimum RAM 

𝐼𝑉𝐴 Individual Validation Adjustments 

Forecasting Remaining Available Margins

Can structural inductive biases improve forecasting of Remaining 

Available Margins? 

How does forecasting accuracy translate into improved efficiency 

of cross-border electricity trading in the CORE region?

Minimum Remaining Available Margins for Trading

Transmission system operators calculate the remaining capacities that can 

be used for trading, called Remaining Available Margin (RAM). 

A minimum proportion of capacity must remain available for trading, 

referred to as minRAM [1].

RAM is dependent on multiple factors: the thermal limit (Fmax), error 

margins (FRM), existing flows (F0all), flows from outside CORE (Fuaf).

To allow for the implementation of minRAM, two additional adjustments are 

made (AMR, IVA) [2].
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Springer Nature Switzerland, 2025, pp. 219–258.

[3] F. Boerman, ‘Flowbased Tutorial: CNECs and Active Constraints and how to analyse them’, Blog Frank Boerman. Accessed: May 04, 2026. [Online].
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Proposed Methods

Add inductive bias into neural networks to learn RAMs:
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