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Page 2 – Project Description 

 

Scientific Excellence 
(500 words) 

A nuclear power plant is basically a thermal power plant 
using nuclear reactions as the heat source, rather than 
fossil fuels in coal or natural gas fired power plants. Nuclear 
power is the largest source of low-carbon electricity in the 
developed world and the second largest, after hydro, in 
the world as a whole. Nuclear power will be essential for 
meeting the UK’s greenhouse gas emissions reduction 
target, unless we can adapt to depend largely on variable 
wind and solar, or there is a breakthrough in the 
commercialization of carbon capture and storage. UK 
government polity supports a new programme of nuclear 
power and the recent agreement to guarantee the price of 
electricity form Hinkley Point C is a major first step. The 
total installed nuclear electricity generating capacity of the 
world in 2010 was about 370 GWe and it is projected to 
increase to about 500 GWe by 2030 on a low estimation 
scale and to about 700 GWe on a high estimation scale. 
Nuclear power generation is often considered as base load 
power, i.e., 100% production at all times. However, with 
low demand for electricity at night or during weekends (off-
peak times), it is generally preferred to act as load-
following in order to reduce electricity generation during 
these periods. In the case of nuclear power plant, fuel costs 
represent a small fraction of the operational costs, 
especially compared to fossil fuel power plants. Operating 
at higher load-factors is profitable for nuclear power plants 
as they cannot make savings on fuel costs while not 
producing electricity. This provides enormous opportunity 
for storing the off-peak or excess electricity by using 
energy storage technologies. 
 
Energy storage is the capture of energy produced at one 
time for use at a later time. Storing electrical energy for 
example, involves transforming it to other organized 
energy forms such that it can be retrieved back as 
electricity during periods of demand.  



 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

There is however very little research available linking the 
most advanced and suitable energy storage technologies 
to adapt to nuclear power plants so that they can be 
operated in a much more flexible way. Thus the proposed 
project will carry out a comprehensive study on the flexible 
operation of nuclear power plants by investigating the 
candidate energy storage solutions especially in the 
context of large scale applications, and also by evaluating 
the dynamic responses when the nuclear power plant 
system is coupled with such energy storage technologies. 
 
 
 
 

Aim (400 words) 
You may wish to 
include headings – 
Hypothesis, 
Methodology and 
Innovations 

The proposed research project is aiming at overview, 
synthesis and evaluation of various energy storage options 
that could be integrated with nuclear power plant systems 
so that they can be operated in a more flexible way to 
serve as a more economical and secure power generation. 
A whole nuclear power plant dynamic model will be 
developed to study optimal process operation strategies 
for higher efficiencies and better operational flexibilities. 
The dynamic model will be validated by using laboratory, 
pilot and practical scale experimental data and real nuclear 
power plant operational data. Then the model will be used 
as simulation platform to optimization for efficient and 
flexible operation. 
 
To achieve the proposed research aim and objectives and 
address the fundamental challenges, the following work 
packages/sub-tasks have been designed: 
 
WP1 – Development of thermodynamic and heat transfer 
sub-models and implementation of the models to the 
simulation software. Investigations need to be carried out 
on efficiency enhancement by using the improved and 
advanced nuclear power reactors such as Generation III 
and IV reactors; 
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WP2 – Techno-economical analysis of the currently 
available energy storage technologies to screen out most 
promising candidates in the integration of nuclear power 
plants. Special investigation will be carried out on 
mechanical energy storage and thermal energy storage 
such as compressed air energy storage (CASE), cryogenic 
energy storage and phase change materials; 
 

WP3 – Whole nuclear power plant system heat, energy and 
mass balance calculations and analysis. The results of this 
task will be used to tune system parameters and establish 
approximate static operation status, both of which are 
essential to set up the initial conditions for running the 
whole plant simulation program; 
 

WP4 – Whole system dynamic simulation study. The 
dynamic response and performance of the nuclear power 
plant system integrated with energy storage will be 
simulated using commercialized software such as Aspen 
Plus or goProm. The operational data from industrial 
nuclear power plant will be used for model validation. 
Process optimization for efficient and flexible operation will 
be carried out by strategic assessment on energy storage 
solutions and also on selection of appropriate materials 
and devices. 

Strategic Relevance 
(300 words) 

The proposed project can contribute to the Government’s 
UK Low Carbon Transition Plan, which was approved 
before Parliament in July 2009 and committed to the UK to 
achieve a 34% cut in carbon dioxide emissions on 1990 
levels by 2020 and 80% reductions by 2050. According to 
the 2oC scenario proposed by the International Energy 
Agency (IEA, 2016), and also the more ambitious objectives 
of limiting the temperature increase to 1.5oC set by the 
Paris Agreement, low carbon energy technologies, as well 
as decarbonization solutions, have to take place in the 
power generation sector.  Development of nuclear power 
plants not only as base load, but also as load-following, will 
greatly increase the supply security of UK grid electricity. It 
will help in reducing the greenhouse gases emissions to 
aid in reaching the objectives.  
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Interdisciplinarity and 
fit with DTA3 

Research and development of the proposed project will 
require the close working of diverse disciplines and 
specialized expertise to fully develop and integrate the 
advantages of the nuclear power plant system coupled 
with various energy storage options. Depending on the 
screening results of the optimal candidates for large scale 
energy storage technologies, this project, however will 
focus on energy applications in nuclear power system, may 
also need to fuse the specialized knowledge in different 
subjects, such as nuclear engineering, thermodynamics 
and heat transfer, computer based simulation, smart 
electricity grids etc. The integration of their respective 
specialties and technologies is required for the synergy 
necessary to create new knowledge, capitalize on the 
system advantages, and bring this revolutionary idea from 
concept to larger scales. 

Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

UK manufacturing industries including system installers, 
contractors and developers will benefit from the 
conceptual design of the proposed system and 
breakthrough solutions provided for optimization of 
operating nuclear power plants. Industrial partners will be 
sought as part of the project consortium. The partners can 
benefit directly from the project both in terms of 
developing and exploiting new products externally but also 
in exchanging knowledge and other wider opportunities 
within the consortium. The industrial partners can provide 
essential aid in providing practical, operational and 
economical data for the academic researchers to use in the 
process simulations and techno-economic analysis. Most 
importantly, at least one of the 10 nuclear power plants in 
the UK will be contacted to establish collaborations. In this 
way, the academic researchers can benefit in terms of 
improved research profiles and exposure to the 
commercialization atmosphere. The consortium as a whole 
may generate new income by licensing the technology, 
both in the UK and potentially other countries, such as in 
the EU, Asia, Middle East, the Americas and Africa. The 
consortium will also seek to overcome the inherent 
challenges associated with bringing new products, 
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concepts to a highly regulated and institutionalized market 
and will in turn exploit the project outcomes through their 
respective established routes to market. 

Economic and 
Societal Impact (300 
words) 

It is anticipated that as a result of this project, the electricity 
end users and the government policymakers in energy 
sector will benefit from the advanced knowledge of flexible 
operation of nuclear power plants. The concepts and 
proposed solutions will seek IP protection for commercial 
exploitation by the company through sales of 
manufactured units. The knowledge obtained from the 
research project will leave a high impact on new business 
leads and relationships. High impact journal papers are 
expected to be published so that other academics can 
benefit from the research outcomes. Wider societal 
benefits will be realized by use of UK based supplies, 
creating many new skilled jobs in manufacturing, 
installation and support functions in the country. The 
adoption and promotion of low carbon nuclear power 
plants coupled with energy storage provide much flexible 
operation possibilities and at the same time can lowers 
global warming level, lower CO2 emissions, reduce strain 
on costly energy infrastructure, reduce reliance on energy 
imports, and reduce costs to consumers. A range of 
academic and public research seminar or workshops will be 
held to exchange views on the proposed system in order 
to demonstrate operational characteristics and parameters. 
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Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

Applicant should have solid research background or 
knowledge in at least one of the following areas: nuclear 
engineering, energy storage, process simulation, dynamic 
response of power plants. 

Minimum IELTS score 6.5 

 

 

 


