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§ Thesis proposal  
 

More and more frequent and intense crises, such as natural disasters or pandemics have raised a growing 
awareness and a strong willingness among citizens on the vital necessity to render our societies more resilient and 
sustainable. As they constitute the backbone of our societies, the transformation of current power systems into 
resilient smart grids represents a key stage towards this goal. Such a transition will necessarily involve a paradigm 
shift in the manner these systems are operated, changing from a centralized approach to a highly decentralized, 
smart and dynamic energy management avoiding centralizing elements. In this context, a large number of different 
actors (e.g. grid operators, aggregators, prosumers, etc.) having potentially contradictory individual objectives (e.g. 
EV charging cost minimization, grid congestion avoidance, etc.) will be involved in the operation of the smart grids. In 
addition, strong couplings exist at different levels (local/global) between these actors which belong to an increasingly 
uncertain environment (due to the massive integration of variable renewables such as solar photovoltaics and wind). 
This leads to a highly-coupled, multi-scale grid management problem presenting multiple sources of uncertainty. In 
parallel, in order to operate power systems closer and closer to the real-time, operational windows are increasingly 
shortening [CRE2017]. In this context, the techno-economic optimization of energy management strategies aiming at 
minimizing both rescheduling and balancing costs, while considering realistic conditions (i.e. real-time and network 
constraints, large fleets of flexible entities (including storage units)) represents a complex optimization challenge 
that conventional methods are not able to address. However, in the absence of suitable methods, widespread time-
consuming and expensive grid reinforcements would be necessary, thus leading to a prohibitive cost for the large-
scale grid integration of renewables and electric vehicles. The scientific challenge tackled by this PhD thesis relates 
to the development of efficient, real-time and decentralized energy management strategies. Game theoretical 
methods, and in particular mean-field game theoretical approaches, have shown such capabilities. However, it 
seems that such methods have only been applied to simplified problems compared to the more realistic problem 
considered here [Chen2018; Tajeddini2019]. For instance, such simplified problems are restricted to day-ahead 
hourly planning, do not include electrical network constraints, or consider that information is known entirely by at 
least one actor. Hence, this thesis topic will focus on the adaption of relevant mean-field game theoretical methods 
to the considered problem modelled as a dynamic, stochastic game with incomplete information. The adaption of 
these methods to more complex and constrained problems will necessitate the investigation of state-of-the-art 
methods as well as the development of new methods based on the game theory framework. The considered case 
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studies on which the game theory-based methods will be applied will present an increasing level of complexity in 
terms of size, dynamicity, uncertainty, and information availability among the different actors. They will be based on 
a realistically large fleet of electric vehicles in the order of few thousands to few tens of thousands, providing 
vehicle-to-grid services to several actors (distribution grid operator, balancing responsible parties, …).  
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