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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Anaerobic Digestion (AD) can convert waste biomass into 
valuable renewable energy and agricultural products. However, 
there are numerous choices regarding technology types, 
feedstock mixtures, operating conditions and downstream 
applications. There are also significant differences in the use of 
AD in developing and developed countries, with small-scale 
systems being used for street lighting and domestic cooking, and 
large-scale commercial systems providing electricity and gas to 
national grids. Each country has its own multifarious challenges 
that have prevented greater exploitation and sustainable 
development of AD and, as systems are still generally designed 
by rule of thumb, optimisation tools are needed to achieve 
greater environmental and financial gains [1].  
 
Research on anaerobic digestion systems has had a tendency to 
focus on maximising biogas yields; however, this does not 
necessarily result in the most cost-effective design. Design 
objectives of AD systems can range from minimising the cost of 
producing electricity to maximising substrate mass reduction. 
Several mathematical models have emerged for simulating AD 
process dynamics, which offer new opportunities for designing 
AD systems using multi-objective optimisation algorithms [2,3].  
Multi-objective optimisation methods have become popular 
tools for renewable energy planning, but research on their use 
for anaerobic digestion is limited [4]. In the UK, the use of AD is 
expected to double by 2030 and similar statistics are reported in 
other countries [5]. Thus, in order to foster sustainable growth, 
there is now a pressing need to support users and other decision 
makers involved in implementing and operating AD systems. 
 

[1] L. Appels, J. Lauwers, J. Degrève, L. Helsen, B. Lievens, K. Willems, J. Van 
Impe, and R. Dewil. Anaerobic digestion in global bio-energy production: 
Potential and research challenges, Renewable and Sustainable Energy 
Reviews, 2011, 15(9). 

[2] J. Lauwers , L. Appels, I.P. Thompson, J. Degrève, J.F. Van Impe, and R. 
Dewil. Mathematical modelling of anaerobic digestion of biomass and waste: 
Power and limitations. Progress in Energy and Combustion Science, 2013; 39. 
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[3] A. Donoso-Bravo, J. Mailier, C. Martin, J. Rodríguez, C. Aceves-Lara, and A. 
Wouwer. Model selection, identification and validation in anaerobic digestion: 
A review, Water Research, 2011, 45(17). 

[4] R. Baños, F. Manzano-Agugliaro, F.G. Montoya, C. Gil, A. Alcayde, and J. 
Gómez. Optimization methods applied to renewable and sustainable energy: 
A review, Renewable and Sustainable Energy Reviews, 2011, 15(4). 

[5] ADBA, Anaerobic Digestion Roadmap, Anaerobic Digestion and Biogas 
Association, 2012. 

Aim (400 words) 
 

Aim 
The aim of this project is to make AD system design and 
operational practices more sustainable by implementing multi-
objective optimisation strategies. To achieve this aim, the 
following research questions will be addressed:  
 

1. What are the user requirements for an AD system, how 
do they vary depending on application and location, and 
where are there conflicting objectives? 

 
2. How can alternative dynamic AD simulation models be 

efficiently integrated with multi-objective mathematical 
optimisation methods? 

 
3. How do optimised AD system parameters change for 

different objectives, localities and downstream 
applications? 

 
4. What changes from current observable AD design and 

operational practices can be recommended as a result of 
implementing a user-driven multi-objective optimisation 
strategy? 

 
Methodology 
A case study approach will be used to examine alternative 
locations and system applications. This will include leveraging 
the teams’ industrial and rural community contacts and partners 
to investigate user requirements for small-scale (e.g. street 
lighting in India and domestic cooking in Pakistan) and large-
scale commercial systems (methane injection into natural gas 
grids and electricity generation from household food waste). This 
will require conducting site visits, surveys and interviews with AD 
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system designers and operators, to establish decision variables, 
constraints and objectives for an AD design and optimisation 
model. Due to the complexity of microbial dynamics, different 
approaches for integrating multi-objective optimisation methods 
with AD models (e.g. anaerobic digestion model No. 1, ADM1, 
and other advanced kinetic models) will need to be researched. 
 
This research will lead to the development of a new analytical 
decision tool that incorporates a modified anaerobic digestion 
model integrated with a multi-objective optimisation method. 
Specifically, for a set of specified objectives, the model will 
obtain optimal results by iteratively analysing all possible design 
solutions, taking into account different AD technologies, 
feedstock mixtures and operating conditions. AD performance 
and site-specific data will be gathered to form a database, which 
will feed into the model. A sensitivity analysis will be carried out 
to investigate the influence of different model inputs on optimal 
results. For example, by specifying different constraints and 
objectives, ‘what if?’ scenarios will be used to test the model. This 
approach will also enable alternative financial incentives and 
energy policies to be evaluated. Engagement with AD system 
users will be maintained throughout the project, as this will 
provide means for the feedback and feedforward of information. 
This will ensure that the project is providing them with the 
capabilities to make design and operational decisions, which will 
improve the performance of AD systems (e.g. increasing waste 
reduction, renewable energy and profits).  
 

Strategic Relevance 
(300 words) 

The project will focus on improving the utilisation of a renewable 
energy technology, which is widely used in a range of 
applications all around the world, and thus aligns with the EU and 
UK priority challenge area of clean energy. The UK Bioenergy 
Strategy outlines the need for innovations and developments 
that will enable more cost-effective carbon reduction solutions to 
be developed. With bioenergy set to make the largest renewable 
contribution to the UK’s   energy demand (heat, transport and 
electricity), anaerobic digestion will play a critical role as it one of 
only a few technologies that can provide clean energy for both 
electricity and heating.  
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The work carried out in this project will help to inform a rapidly 
growing industry, foster sustainable bioenergy markets, support 
innovative technologies and promote a low carbon and energy 
efficient economy.  

Interdisciplinarity and 
fit with DTA3 

To initiate change, this project integrates engineering, computer 
science and business. As this is a highly interdisciplinary project 
that will involve the applicant working closely with industrial and 
international partners, the applicant will be well prepared for 
making significant and lasting contributions to their profession 
and the renewable energy sector. 
 

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

There are many new emerging processes, which are being 
incorporated into small-scale industrial AD systems. AD is a 
priority area for water companies such as Severn Trent, who 
recently invested £15m to develop three AD biomethane to 
grid plants, where sewage waste, food waste and energy crops 
are used to make a gas that can be injected into the grid, and 
£60m in thermal hydrolysis to increase the amount of clean 
energy from AD that can be obtained from waste water. The 
combination of AD simulation models with mathematical 
optimisation methods has the potential to inform improvements 
in system design and operation, which will reduce costs and 
increase the generation of renewable energy, which would have 
far-reaching societal benefits. However, these benefits can also 
be realised for smaller systems, such as community operated 
systems in developing countries where bio-gas is used for 
cooking. The project will have a placement opportunity with 
Severn Trent in the UK, as well as collaborations with 
international institutes conducting research on smaller scale AD 
systems; specifically Mehran University of Engineering & 
Technology, Pakistan and Jadavpur University, India. 
 

Economic and 
Societal Impact (300 
words) 

Biomass will play an increasingly important role over the next 
10-50 years in the UK and global economy – as outlined in the 
UK Renewable Energy Roadmap and Bioenergy Strategy. It is 
envisaged that this project will contribute to the UK's economic 
success and address many societal challenges: energy security, 
waste management and energy sustainability will improve; 
emerging bioenergy businesses will prosper and support the 
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economy, and businesses will be encouraged to adopt more 
sustainable management schemes to improve their 
environmental and economic performance. Collaborations with 
international and industrial partners will enable the outcomes 
from the project to be disseminated widely to a broad range of 
AD system stakeholders around the world. 
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Page 3 – Admission Requirements 

 

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

Successful applicants will have: 

• Entry criteria for applicants to PHD 
A minimum of a 2:1 first degree in a relevant 
discipline/subject area with a minimum 60% mark in the 
Project element or equivalent with a minimum 60% 
overall module average. 
 

In the event of a first degree classification of less than 2:1, a 
Masters Degree in a relevant engineering, business or 
computer science subject area will be considered as an 
equivalent. 
 

The Masters must have been attained with overall marks 
at minimum merit level (60%). In addition, the 
dissertation or equivalent element in the Masters must 
also have been attained with a mark at minimum merit 
level (60%). 
 
Or 
 

• a taught Masters degree in a relevant discipline, 
involving a dissertation of standard length written in 
English in the relevant subject area with a minimum of a 
merit profile: 60% overall module average and a 
minimum of a 60% dissertation mark 
PLUS 
 

• the potential to engage in innovative research and to 
complete the PhD within a three-year period of study 

 
• a minimum of English language proficiency (IELTS 

overall minimum score of 7.0 with a minimum of 6.5 in 
each component) 
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Additionally: 

• Knowledge and/or experience of anaerobic digestion 
and AD simulation models is desirable, but not essential 

• A good knowledge of renewable energy and 
sustainability is expected 

• Experience in one or more of the following areas is 
highly desirable: energy systems modelling, 
mathematical optimisation, MATLAB, computer 
programming, multi-criteria/objective decision making 

 
 

Minimum IELTS score a minimum of English language proficiency (IELTS overall 
minimum score of 7.0 with a minimum of 6.5 in each 
component) 

 
 

 

 


