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Partner University University of South Wales 
 

Faculty/School/Department/ 
Research Centres 

FCES/Applied Sciences/SERC 
 

Supervisory Team: please provide details of first, second, and where relevant, third 
supervisors for this project, and any external supervisors/advisors, where applicable 
First supervisor Professor Alan Guwy 

http://staff.southwales.ac.uk/users/216-ajguwy  
Second supervisor Professor Richard Dinsdale 

http://staff.southwales.ac.uk/users/215-rdinsdal  
Third supervisor 
 

Dr Jaime Massanet-Nicolau 
http://staff.southwales.ac.uk/users/2208-jmassane  

External/industrial supervisor Ben Burggraaf Energy Operations Manager Dwr Cymru 
Welsh Water 

Contact details for project (for 
informal applicant queries) 

Professor Alan Guwy 
alan.guwy@southwales.ac.uk 

DTA Programme(s): please tick which DTA programme(s) this project relates to: 
DTA Energy 

Project title OXYHYH2O-Integrated Renewable Hydrogen and Oxygen 
Production for Reduced Emissions in Wastewater 
Treatment Plant Operations. 
 

Project description: please provide a brief description, using the headings given below, of 
the project (max. 450 words) which will used as part of the advertising material and will be 
placed in the public domain. Please also indicate whether there are any 
confidentiality/sensitivity/IP issues of the research which should not be made publicly 
available.  

I. Scientific excellence. 
The global water industry is a major GHG emitter but delivers major societal, environmental 
and economic benefits by producing safe drinking water and treated sewage for discharge to 
the environment. The UK Water Industry consumers approximately 3% of generated electricity 
and Welsh water energy consumption is 245GWh p.a. with 25% of this from aeration and 15% 
from transport. This project seeks to reduce water sector GHG emissions whilst promoting the 
deployment of renewable energy and clean vehicle fuels in the form of hydrogen. The 
supervisors have world leading expertise In hydrogen and wastewater treatment process 
optimisation.   
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II. Clear aim and hypothesis. 
The aim of the project is to optimise the integration of renewable electricity powered water 
electrolysis for hydrogen production for vehicles with the use of the electrolytic oxygen to 
reduce GHG emissions from sewage treatment. The central hypothesis is: does the use of 
electrolytic oxygen improve the process efficiency of sewage treatment and leverage the 
deployment of the hydrogen fuel for reduced GHG emissions.   
 

III. Methodology and innovations. 
The PhD student will develop and implement a number of experimental programmes using the 
state of the wastewater treatment reactors at USW. The effect of a range of O2 concentrations 
(from 20-100%) on Biochemical Oxygen Demand (BOD) treatment efficiency, waste activated 
sludge production, nitrogen removal and gaseous emissions will be investigated. Oxygen can 
be input into the aeration tanks in a variety of ways but most Wastewater Treatment Plants 
(WWTPs) in the UK use the oxygen present in air which is only 20% by volume. Air based 
aeration systems cannot dissolve more than 25% of the available oxygen into the wastewater, 
and so the process is energy inefficient. The fully instrumented test rig will be operated with a 
synthetic feed Initially to simulate a defined range of sewage organic loads and retention times 
before being operated at a sewage treatment plant to test the original hypothesis under 
industrial conditions and feedstock composition. A techno-economic assessment along with an 
energy and microbial kinetic model of the proposed hydrogen and oxygen process 
Implementation will also be delivered.  
 

IV. Strategic relevance. 
This project will address two major global Issues the energy efficient protection of water 
resources and the provision of low carbon renewably produced energy vectors such as 
hydrogen.   
 

V. Interdisciplinarity and fit with relevant DTA programme. 
The project brings together the expertise at in hydrogen energy systems, mixed microbial   
biome optimisation and the development of process monitoring and control.  
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Lay summary (max 200 words) to be used for reference as part of the selection process 
where non-specialists are involved 
In advanced economies, such as in Europe, there are ambitious targets to reduce greenhouse gas emissions, 
increase the level of renewable energy and reduce air pollution in particular related to road traffic emissions. The 
water industry in UK is one of the biggest consumers energy using approximately 3% of generated electricity. 
The wastewater treatment is one of the most energy intensive activity with 25% of the overall energy 
consumption from aeration and 15% from transport. This project aims to research a concept of embedding the 
production of oxygen and hydrogen produced via water electrolysis from renewable electricity into the water 
industry. It is proposed, that the hydrogen produced will be used as a low emission, high efficiency transport 
fuel, whilst the oxygen will be used to displace air used in conventional sewage treatment processes for 
oxidising the organic matter pollution (biochemical oxygen demand) in sewage. As air is only 20% oxygen, this 
process is intrinsically inefficient and wastes substantial amounts of energy. The target of the project will be to 
leverage increase the efficiency of sewage treatment whilst producing a low emission fuel and increasing the 
deployment of renewable electricity.  

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 
The student will have an opportunity to work closely with the energy team at Dwr Cymru Welsh Water 
who has provided assurance of a financial contribution towards some project costs not covered by the 
COFUND grant. Additionally the student will work with Post Doc researchers working on Reduction in 
Industrial Carbon Emission (RICE) a large ERDF funded Energy related collaborative project which 
Professor Alan Guwy is leading for the USW. The student will also work with researchers on a UUKI 
Rutherford funded programme to develop an international platform to tackle the challenges of water 
treatment and resource recovery from municipal waste streams. This project is a partnership between 
the University of South Wales’ (USW) Sustainable Environment Research Centre (SERC) and the Centre 
for Environmental Sustainability and Remediation (EnSuRe) at the Royal Melbourne Institute of 
Technology (RMIT), Australia and the student will have excellent opportunities to work in RMIT’s labs 
as part of the project. In addition, SERC have close collaboration with Masdar Institute of Science and 
Technology, UAE. 
 
 

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 
Australia UUKI, Royal Melbourne Institute of Technology.  
Masdar Institute of Technology  
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Scientific, economic and societal impact of the project 
To deliver the proposed greenhouse gas reduction targets of at least 80% by 2050, there will need to 
be significant changes to the underpinning technologies used in advanced economies. This project 
addresses two of probably the most important sectors in society -  the Energy and Water sectors. The 
current predominant sewage treatment process within the UK and globally, the activated sludge 
process, is over 100 years old and the supporting underpinning research has been directed at the 
effectiveness of removing aqueous pollutants. Working with Dwr Cymu Welsh Water (DCWW) this 
programme of work will maintain the effectiveness in removing the aqueous pollutants in sewage 
whilst significantly reducing process energy requirements and thus the Green House Gas (GHG) 
emissions of the sewage treatment process. Whilst oxygen has been used previously in wastewater 
treatment, this has been usually to address a single plant issue such as odour control or organic 
overloads. In this project we will present a systematic sector wide use of electrolytic oxygen 
production and identify the overall system performance improvements. A model of the deployment of 
hydrogen vehicles from the oxygen requirement of sewage treatment and the renewable electricity 
requirement. Initial calculations for the replacement of the 35GWh of diesel (3.5 million L) used in 
transport alone by DCWW with electrolytical produce hydrogen would save 7.8million kg of CO2 p.a. 
The associated 4Mkg of oxygen also produced could displace 6.1GWh p.a. 10% of the wastewater 
treatment energy and save significantly on the GHG emissions. If all aeration was displaced by 
electrolytical produced oxygen in DCWW’s WWTP then, 107 tonnes d-1 or 39kt p.a. oxygen would be 
required assuming 2.9 million people in Wales are connected to sewerage treatment. The co-
production of renewable hydrogen from this amount of oxygen would produce a zero-carbon fuel for 
approximately 35,000 light vehicles p.a. creating a revenue stream of more than £37M p.a. This would 
be a major societal and economic impact for wales and globally if the proposed systems were taken 
up as a first stage in the deployment of low emission renewably powered hydrogen vehicles. 
 
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 
A candidate with a first degree/MSc in Bioprocess, chemical or environmental engineering or a 
laboratory focused degree in Chemistry or Biology.   

 


