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Introduction01
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Main causes:

• Increased electrification 

• Increased distributed generation

• Lagging grid investments (in some countries)

Potetial solutions:

• Grid expansion

• Congestion management 

Increasing grid congestion No transport capacity
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Congestion management has distributive effects
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• Solar farm is asked to 

reduce production 

• Solar farm owner asks: 

”Why me?”
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Congestion 

Management 

Requests

Congestion 

Assessment 

Simplified congestion management process

Algorithmic and AI systems!
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Minimal Risk (e.g. spamfilters, videogames)
No obligations

Limited Risk (e.g. chatbots)
Adhere to transparency requirements

High Risk (e.g. critical infrastructure)
Undergo conformity assessments

Unacceptable Risk (e.g. social scoring by governments)
Prohibited
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EU AI Act: Risk Levels
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The Field of Responsible AI

Robustness

Explainability

AccountabilityPrivacy

Fairness

Human 
oversight
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Research Aim02



Aim of my PhD research

My PhD research aims to study how distribution system 
operators can safeguard fairness for affected parties in their 

transition to active distribution grids, specifically with the 
increasing use of algorithmic and AI systems.
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Ongoing Work03



Project 1: Actors’ Perceptions

What injustices do actors experience 
or anticipate with congestion 
management in the Netherlands?

• Under review



Energy Justice

• Triumvirate of tenets (McCauley, 2013):

• Distributive justice

• Procedural justice

• Recognition justice

• Applied principles (Sovacool, 2015):

• Availability

• Affordability

• Due process

• Transparency
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+ Restorative justice

+ Cosmopolitan justice

• Accountability

• Sustainability

• Intra & Intergenerational equity

• Responsibility
Source: The Energy Justice Workbook



Methodology

Semi-structured interviews:

• System operators

• Clients on waiting list

• Clients providing congestion management 

• Grid operator associations

• Trade associations

• Research institutes

• Non-profit organizations

• National government 
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Main Findings
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Discussion
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Conclusion

Grid congestion is a            
socio-technical problem:

Technology

Actors

Institutions

Policy recommendations:

Revising legacy law and policies

Reconsidering fundamental trade-offs

Improving information provision

Integrating justice in IT systems



Project 2: Literature Review 

What normative assumptions 
underly the variation of fairness 
concepts used in congestion 
management literature?

• Conference paper presented at ISGT



The literature uses different fairness definitions
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And many more!

2 MW

0.5 MW

0.09 MW 

20 MW

0.5 MW

0.91 MW

Installed capacity:

1. Equal curtailment:

2. Proportional to installed capacity:

Required curtailment: 1 MW



Findings – Normative Assumptions 
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Five main categories of fairness principles

“Fairness 
problem”

Uniform 
Fairness

Min-max 
Fairness

Fixed limits
Social welfare or 

global 
optimization

Proportional 
Fairness

Distribution 

based on 

parties’ 

properties

Equal 

distribution 

Minimize the 

maximum burden or 

benefit among parties

Constraints on 

the distribution

A global objective 
without consideration   
of differences across 

groups 
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Six main categories of evaluation metrics

“Fairness 
problem”

Proportional 
Jain’s index

Gini 
coefficient

Mean-based

Ratio-based

Variation-
based

Jain’s index
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Three main categories of scale

“Fairness 
problem”

Medium 
voltage 

area

Secondary 
substation

Primary 
substation
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Six main categories of burdens and benefits

“Fairness 
problem”

Power 
reduction 

time
Power 

provision 
amount

Power 
reduction 
rewards

Power 
reduction 

costs

Power 
provision 

delay

Power 
reduction 
amount                        

                 

                        
                 

                   
                 



Research agenda

System 
level?

Reporting?

Performance 
indicators?

Verification?

Empirical 
studies?
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Questions and 
Discussion04



Thank you!
Eva de Winkel (e.dewinkel@tudelft.nl) 
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