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1. Motivation: why spatial pricing 

matters

6. Proposed methodology and 

scenarios

European electricity markets are changing due to 

decarbonization, renewable growth, electrification 

and increasingly complex cross-border power flows.

Current design

• Most European day-ahead markets use zonal 

pricing.

• Each bidding zone is cleared at one uniform 

electricity price.

• The model supports market integration and 

liquidity.

Key challenge
Market prices follow bidding-zone borders, while 

power flows follow the physical transmission 

network.

2. Problem: market simplification 

vs grid reality

In zonal pricing, internal network constraints are 

often not reflected directly in day-ahead price 

formation. Physically infeasible schedules are 

corrected afterwards by redispatch or 

countertrading.
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Potential impacts

Inefficient dispatch and higher operational costs.

Growing redispatch and countertrading needs.

Reduced cross-border capacity due to internal 

bottlenecks.

Weak locational signals for RES, storage and 

flexibility.

3. Research gap: known 

limitations to missing evidence

Known
Zonal pricing can hide internal congestion, while 

nodal pricing can internalize network constraints and 
produce more granular locational signals.

Still unknown

How nodal or hybrid pricing would perform in Europe 

under realistic future system conditions and feasible 
transition pathways.

Limited European nodal simulations

Welfare, redispatch, congestion and cross-

border impacts are not comprehensively 
quantified

Weak transition-pathway analysis

few studies examine hybrid, LMP-lite or more 

granular zonal alternatives

Future system states underexplored

2030–2050 RES, electrification, storage and 

offshore grids need testing

Distributional effects unclear

regional winners and losers remain insufficiently 

assessed

Need integrated market-network modelling

market dispatch and physical constraints must 

be linked consistently

4. Research aim and questions

Aim
Assess the possibilities and impact of nodal pricing in 

the European electricity market by comparing zonal, 

hybrid and nodal pricing designs under future system 

scenarios.

Main research question

Can nodal or hybrid pricing improve congestion 

management, market efficiency and locational 

investment signals compared with the current 

European zonal design?

Supporting questions

Where do zonal prices fail to represent grid 
constraints most strongly?

Which European region is suitable for detailed zonal-
to-nodal modelling?

How do results change under RES, demand, grid 
and interconnector scenarios?

Who gains or loses from more granular spatial 
pricing?

Input data
generation, demand, grid, RES, interconnectors

Market designs
zonal|hybrid|nodal

Network model
OPF/network-constrained situation

Sensitivity scenarios
RES, demand, grid, interconnectors, climate 

years

Impact assesment
congestion, redispatch, welfare, prices

Market design cases

S1 Current zonal
baseline

S2 Granular zonal
zone refinement

S3 Hybrid/virtual
transition path

S4 Nodal
Locational benchmark

7. Impact indicators

Operational
congestion, redispatch, infeasible 

flows

Economic
production cost, social welfare, 

congestion rents

Market signals
locational prices, volatility, price 

divergence

Cross-border
interconnector use, loop flows, 

capacity allocation

Long-term
RES location, storage and flexibility 

value

Distributional
regional winners / losers, consumer 

and generator impacts

8. Expected contribution
Literature-based gap analysis of zonal and nodal 

pricing in Europe.

A modelling framework for comparing zonal, hybrid 

and nodal designs.

Scenario-based evidence on congestion, redispatch, 

welfare and prices.

Assessment of long-term implications for RES 

integration, storage and flexibility.

Insights into feasible and fair European market-design 

reform pathways.

Contribution type: modelling-based evidence for 

policy-relevant market reform

5. PhD research roadmap: thesis/article phases 

Literature analysis

Theory, EU market 

design, international 

evidence

Article 1
Review + gaps

Case-study area

Select region with 

congestion and data 

availability

Article 2
Case+data

Methodology 

development

Define zonal, hybrid and 

nodal modelling 

framework

Article 2/3
Method

Scenario modelling

Simulate pricing designs 

under sensitivities

Article 3
Results

Impact assesment

Evaluate welfare, prices, 

redispatch and 

distributional effects

Article 4 Policy 
impacts

Market design 

reccomendations

Assess feasible transition 

patways for Europe

Thesis 
contribution
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9. Take-home message

The key question is not only whether nodal pricing is more efficient than zonal pricing, but how Europe can evaluate and implement more granular 

price signals in a way that is technically feasible, economically beneficial and socially acceptable.

Zonal borders
simple, liquid, but may hide internal 

congestion

Hybrid pathway
possible transitional designs with 

partial locational signals

Nodal signals
prices reflect network constraints 

and local marginal costs
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