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Executive summary

The aim of this project is to study problems of optimal control and optimal stopping of diffusions
and  jump-diffusions.  Mathematical  research  problems  will  be  motivated  and  applicable  to
balancing of electricity network. There will be an opportunity to give more theoretical or more
applied  spin  to  the  research  depending  on  strengths  and interests  of  the  candidate.  Supervisor
welcomes informal enquiries by email.

Overview 

Extensive use of renewable electricity generation is one of the main methods to reduce the carbon
footprint of our society and to lower an ecological impact of the growing economy. Incorporation of
low-carbon generation into national networks brings in new challenges which have to be addressed
to  avoid  jeopardising  ecological  potential  of  these  new technologies.  Unlike  coal/gas-fired  and
nuclear  power  plants  which  are  dispatchable  sources  of  electricity,  wind  and  solar  generation
fluctuates depending on meteorological conditions. This new source of uncertainty in the system is
less predictable and more variable over longer horizons than the demand. Development of strategies
and policies to mitigate the effect of these fluctuations on the electricity network is at the heart of
this project.

In  electricity  networks  the  supply  has  to  match  the  demand  at  any  time.  Imbalances  must  be
corrected;  in  the  UK,  carbon  intensive  peaking  plants  and,  to  a  smaller  extent  due  to  limited
capacity, hydro-pump plants are currently employed. With the growing penetration of renewable
generation, existing measures for balancing electricity networks will not be sufficient. This project
joins efforts by the supervisors to derive measures to avoid installation of further carbon intensive
peaking plants harming the environment and to lower economic consequences of over or under-
generation of electricity.

Methodology (mathematics)

Research in  energy management  has  been mostly divided into two strands:  (a)  engineering led
studies  taking  into  account  large  number  of  technical  details  resulting  in  models  which  are
complicated to  analyse,  (b)  studies  motivated  by investment  banks’ involvement  in  commodity
markets in order to profit from energy price fluctuations. Superposition of multiple technical issues
is  approximated in (b) by an appropriate  random process resulting in a successful  and flexible
modelling tool. The increase of random fluctuations in the generation of electricity when more wind
and solar installations are connected to the national network, plays into the hands of methodologies
rooted in stochastic processes.

This project will apply the successful approach of stochastic optimal control to the area currently
dominated by engineers: the regulation of the supply and demand of electricity in order to mitigate
imbalances  locally  and  in  the  national  network  and  improve  the  employment  of  renewable
generation. Mathematically, the project will be rooted in the theory of optimal stopping and impulse
control  of  Markov  processes  (diffusions  and  jump-diffusions)  with  plans  for  theoretical  and
numerical developments as well as applications.

http://www.findaphd.com/search/ProjectDetails.aspx?PJID=59414


The research will build on the expertise of Jan Palczewski in the area of stochastic optimal control.
There is an opportunity for co-supervision by Prof. Timothy Cockerill (Engineering) and/or Prof.
Peter Taylor (Earth and Environment) who can advise on the policy and engineering aspects of
energy production, transportation and storage.

Prerequisites 

A prospective student is expected to have a good command of probability theory, stochastic analysis
and  some  experience  with  programming.  Desirable  (but  not  necessary)  is  the  knowledge  of
numerical methods for partial differential equations.

Objectives

• to build a stochastic model of the electricity system based on environmental data (wind
speeds, solar radiation) and energy production, usage and pricing data,

• to explore the usage of energy storage coupled with wind and solar power to improve the
balance in electricity network; research will cover the optimal size of storage, strategies for
its optimal use (loading/unloading) as well as carbon and economic impact, 

• to  find  optimal  construction  of  contracts  with  renewable  energy  generators  to  preserve
incentives for new installations as well  as keeping the national power network safe and
economically sustainable, 
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