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I. Scientific excellence 
The project will further develop nonlinear differential equation modelling of power systems.  
Dynamical systems approaches to energy research have been highlighted by the US National 
Academies of Sciences 2016 report: “Analytic Research Foundations for the Next-Generation 
Electric Grid”. The project will build on recent work by the First Supervisor, which studied an 
aggregate Lotka-Volterra type model of the GB power system and showed, using real-world 
data, that price could be successfully used to control the GB power system for the year 
December 2016 – November 2017.  
 
II. Clear aim and hypothesis 
1. To investigate whether electricity price is an effective mechanism to control and stabilise 

an electricity system with a high penetration of renewables generation. 
2. To investigate the roles of electricity storage, interconnectors and demand-side 

management in the control of the electricity system. 
3. To investigate the challenges of electric vehicles for the transmission and distribution 

systems and as a resource for power-system stability. 
 
III. Methodology and innovation 
The dynamics of AC power flow has been much studied by power systems engineers and 
control theorists. The AC power flow equations are computationally intensive for realistic 
networks, so it is common to approximate AC flow by proxy models, such as DC power flow, in 
which the transmission lines are assumed to be purely reactive, and the voltage is fixed at each 
bus.  The model then reduces to the specification of real-power inputs at the buses together 
with a matrix giving the transmission line flows in terms of the powers at the buses. The so-
called swing bus is used to balance network power.  
 
The project will develop a differential-equation DC power flow transmission model of 
generation, storage, interconnectors, and demand-side management, modulated by price as an 
adaptive control mechanism, and will investigate its properties, both theoretical and in practice 
on real data, including the effects of system noise.  
 
Depending on student preferences, the project either will expand the model to include aspects 
of physical AC flow, in particular voltage and frequency maintenance, taking into account 
reactive power and non-Ohmic aspect of grid impedance and/or will build a fully networked 
model (incorporating transmission losses), allowing an analysis of the effect of variable pricing at 
buses (individual or grouped), including nodal and zonal pricing. 
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Finally, if time permits, the project will study the effect of high penetration of EV on transmission 
networks and distribution networks, using the models to understand how EV might be used as a 
resource for system stability and how such use might be effectively incentivised. 
 
IV. Strategic relevance 
The study of control of power systems under high penetration of renewables is of major 
importance if the UK is to achieve its low-carbon targets. 
 
V. Interdisciplinarity and fit with relevant DTA programme 
The project is fully interdisciplinary, incorporating mathematics, power-systems engineering, 
control theory and economic considerations. 
Lay summary (max 200 words) to be used for reference as part of the selection process 
where non- specialists are involved 
The increased use of varying and unpredictable renewable and low-carbon energy sources 
such as solar, wave and wind power will require an intelligent electricity network, the so-called 
smart grid, in which consumers regulate their own power consumption as well as providing 
power back into the network with small-scale generation.   
 
A major challenge of renewables is the storage of electrical energy and the use of demand-
side management to even out variations in supply and on suitable mechanisms to incentivise 
service providers. 
 
The aim of the project is to develop differential-equation models of electrical power systems 
with a particular emphasis on the role of storage, demand-side management and price in a 
smart grid and on grid resilience and security. 
 
Following a review of the smart grid and energy systems, and of electrical storage and 
demand-side management, you will develop and study numerically several mathematical 
models, taking into account demand-side management, storage, price and system 
requirements. 
 
The project will draw on both stochastic and deterministic modelling as well as simulation, as 
appropriate. 
 
Industrial/Employer placement opportunity please include details, where known, of any 
external placement opportunities or collaborations available to the student as part of the 
project 
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International placement opportunity please include details, where known, of any 
potential international placement opportunities or collaborations available to the 
student as part of the project 

The project will link up with the group of Professor Etorre Bompard, at the University of Turin (web 
page: http://orienta.polito.it/pls/portal30/sviluppo.scheda_pers_swas.show?m=2351), who kindly 
supported the DTA3 bid. It is intended that the student will spend some time working with 
Professor Bompard in Turin. 

Scientific, economic and societal impact of the project 
The research output of the PhD project will be of particular interest to energy industry 
practitioners, regulators, and government, not just in the UK but further afield. Industry 
practitioners include transmission network operators such as the UK's National Grid, 
distribution network operators and (to some extent) electricity retailers. Government and 
regulatory authorities include the Department of Business, Energy and Industrial Strategy and 
Ofgem. In addition, participants in the UK's electricity trading market will be interested in the 
models of electricity prices which provide a control signal for the electricity network. The link-
up with Professor Bompard at the University of Turin, will provide important European/EU 
exposure for the outputs of the project. It is hoped that the PhD student will help with the 
wide dissemination of the research outputs, through presentations at conferences at which 
industry practitioners will be present.   
Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, 
relevant skills, experience etc 

The project will be suitable for anyone with a Mathematics, Engineering, Physics, Geophysics or 
Computer Science background, provided they have good mathematical and programming skills. 

 

 


