
  
 

1 

 

     WIRC Annual Report 2018-19 

[Grab your reader’s attention with a great quote from the document or use this space to emphasize a key point. To place this text box anywhere on the page, 

just drag it.] 

  

 

 

 

Water Innovation & Research Centre 

(WIRC) 

Annual Report 2018-2019 

  



  
 

2 

 

     WIRC Annual Report 2018-19 

Contents 
Introduction.................................................................................................................................. 5 

Overview of activities .................................................................................................................... 6 

Water Colloquia ......................................................................................................................... 8 

Some key performance indicators ............................................................................................... 9 

Our focus areas and research themes .......................................................................................... 10 

Focus areas ............................................................................................................................. 10 

Research themes ..................................................................................................................... 11 

Coastal and Ocean Engineering .................................................................................................... 12 

Introduction ............................................................................................................................ 12 

Projects................................................................................................................................... 13 

Dynamic Coastal Protection: Resilience of Dynamic Revetments Under SLR (DynaRev) ............. 15 

Low cost coastal data collection using citizen science.............................................................. 17 

Coastal protection and near-shore evolution under sea level rise ............................................. 19 

Continuous real-time long term monitoring of beach erosion and recovery using LiDAR ............ 20 

Use of advanced numerical simulation for future flood resilience ............................................. 21 

The influence of breathing sediment on oxygen dynamics and the marine benthos .................. 23 

Active control for multi-degree-of-freedom wave energy converters ........................................ 25 

Complex effects in nonlinear free surface waves: ice, shear and electric fields ......................... 26 

Sound source verification in offshore prospection ................................................................... 28 

Deep-learning and detection of acoustic trends and transients in marine observatories ............. 30 

Phase preserving 3D micro-navigation for interferometric synthetic aperture sonar .................. 31 

Passive acoustic monitoring from a wave-propelled unmanned surface vehicle ......................... 34 

The role of phytoplankton morphology on dominance under different turbulent regimes 

(PhytoMix) ........................................................................................................................... 35 

Publications ............................................................................................................................. 39 

Sensors and Data ........................................................................................................................ 43 

Introduction ............................................................................................................................ 43 

Projects................................................................................................................................... 43 

Desalination based on ionic diode mechanisms....................................................................... 44 

Water monitoring in Colombian vulnerable communities in a post-conflict scenario ................... 45 

AMEN: Addressing Mercury Pollution in Colombia with Natural Fibers ...................................... 47 

Rapid on-site determination of drinking water safety .............................................................. 49 

Integrated biosensing platform for waterborne pathogen detection: improving public health..... 50 

Self-powered biosensors for water quality monitoring ............................................................. 51 

Publications ............................................................................................................................. 54 

Urban Water Management ........................................................................................................... 56 

Introduction ............................................................................................................................ 56 

Projects................................................................................................................................... 56 



  
 

3 

 

     WIRC Annual Report 2018-19 

ENTRUST: Wastewater fingerprinting for public health assessment ......................................... 57 

ReNEW: Developing Resilient Nations – towards a public health Early Warning System via urban 

water profiling ...................................................................................................................... 59 

Advanced hydraulic modelling for flood risk analysis ............................................................... 61 

Process based flood frequency analysis using storm tracking .................................................. 63 

Drinking water reservoir resiliency in a changing climate ........................................................ 64 

Support for the National Flood Studies Programme through the development of research capacity 

and training (RAEng funded Industry Academia Partnership Programme) ................................ 65 

Assessment of sustainable urban water management and governance: City Blueprint Approach 67 

Publications ............................................................................................................................. 68 

Wastewater Collection and Treatment .......................................................................................... 71 

Introduction ............................................................................................................................ 71 

Projects................................................................................................................................... 72 

Stormflow Management in Wastewater Treatment Plants – Sensor and Process Model 

Identification for Hindered-Compression Settling Velocity ........................................................ 73 

Sewer Systems of the Future – Development of a stochastic sewer model to support sewer 

design under water conservation measures ............................................................................ 75 

Manipulation and modelling of microalgae for enhanced wastewater phosphorus removal ........ 77 

Quantification of biomass resources from livestock waste in England and techno-economic 

assessment of anaerobic digestion from agricultural residues. What is needed to seize the 

opportunity? ........................................................................................................................ 79 

Assessment and mitigation of stormwater runoff in an informal settlement .............................. 81 

Flow visualisation of computational fluid dynamics modelling of aeration bioreactors in activated 

sludge wastewater treatment ................................................................................................ 83 

Anaerobic mixed culture processes for bio-waste valorization .................................................. 85 

New approaches to microbial ecology in biological phosphorus removal systems ...................... 87 

Mapping microbial community structure and function in enhanced biological phosphorus removal

 ........................................................................................................................................... 89 

Publications ............................................................................................................................. 91 

Water Awareness and Human Behaviour ...................................................................................... 92 

Introduction ............................................................................................................................ 92 

Projects................................................................................................................................... 92 

Reducing Energy Dependency in Atlantic area Water Networks (REDAWN) .............................. 93 

Water Efficiency in homes: the socio-technical efficiency of showerheads ................................ 94 

Publications ............................................................................................................................. 96 

Water in the Circular Economy ..................................................................................................... 97 

Introduction ............................................................................................................................ 97 

Projects................................................................................................................................... 97 

Circular economy and its implications for environment and health ........................................... 98 

Towards a next generation of water systems and services for the circular economy (NextGen) . 99 



  
 

4 

 

     WIRC Annual Report 2018-19 

Waste Food-Energy-Water Urban Living Labs (WASTE FEW ULL) - mapping and reducing waste 

in the Food-Energy-Water Nexus ......................................................................................... 102 

Publications ........................................................................................................................... 105 

Water Supply from Source to tap ............................................................................................... 107 

Introduction .......................................................................................................................... 107 

Projects................................................................................................................................. 107 

Advances in water and wastewater ozonation: Fate of transformation products and ozone gas 

transfer through membranes............................................................................................... 109 

Foamed anodic metal membranes for photocatalytic water treatment .................................... 110 

Metal oxides for tandem photocatalysis water treatment ....................................................... 112 

Microbial ecology and fate of pathogens in constructed polishing wetlands ............................ 113 

New microbubble method for Dissolved Air Flotation ............................................................ 115 

Safe drinking water using capacitive deionization for East Africa............................................ 116 

Biogeochemical controls on Manganese cycling in drinking water supply reservoirs ................ 118 

Assessing risk to water security in complex coupled catchment reservoir systems .................. 119 

Mapping groundwater vulnerability and hydrocarbon contamination in a semi-arid of Northern 

Nigeria ............................................................................................................................... 121 

Aeration of manganese in drinking water supply reservoirs ................................................... 124 

Multi-criteria decision analysis for sustainability assessment of decentralized water treatment 

systems (DWTS) in developing countries ............................................................................. 126 

Publications ........................................................................................................................... 128 

Catchment Area Management .................................................................................................... 130 

Introduction .......................................................................................................................... 130 

Post-graduate ........................................................................................................................... 131 

Contact us ................................................................................................................................ 132 

 

  



  
 

5 

 

     WIRC Annual Report 2018-19 

Introduction 
The Water Innovation and Research Centre (WIRC) is going into its fifth year. We started as a joint 

venture with Wessex Water in 2014, with a focus on applied research and innovation for water. Now 

in 2019, we have grown into a broad multi-disciplinary centre, with links and collaborations 

throughout the United Kingdom and many other places in the world. We are a partner in three 

Centres for Doctoral Training and one of the co-founders of the GW4 Water Security Alliance, the 

UK’s largest academic water research community. 

 

Our research is organised in eight multidisciplinary research themes. These are the areas where we 

have specific expertise available and where potential clients can expect answers to questions and 

solutions to challenges. However, the research themes are very broad, and our on-going research 

cannot cover all these topics in the same depth. Our current outstanding research areas that 

distinguish us from other water research institutions are: 

 

1. A socio-technical approach to water and public health  

Keywords: water and public health, early warning systems, water fingerprinting.  

2. Environmental Resilience of Coastal Areas  

3. Resource and Value Recovery from Water  

4. Water Security and Urbanisation  

5. Water Informatics and Sensing  

6. Novel Materials  

 

Although these six areas are currently the main focus, many other research and PhD projects are 

conducted in the WIRC. 

 

The Centre in its current form comprises of 50 associated academics, 50 PhD students and 15 Post-

doctoral research assistants. Of course, the community is dynamic and the numbers can vary a bit 

from time to time. Our members are located across the whole Bath campus and covering virtually all 

faculties, departments and the School of Management. Also strong links exist with Bath’s Institute for 

Policy Research and the Institute of Mathematical Innovation. 

 

In terms of impact and innovation, WIRC contributes nationally and internationally through 

memberships and partnerships with organisations such as the UK Water Partnership, Water Europe 

(former WssTP), the Water Industry Forum, the International Water Association, the UNESCO 

International Hydrology Programme, the Institute of Water, CIWEM, and the Sensors for Water 

Interest Group. 

 

In this annual report, we are proud to present a comprehensive update on our activities and 

deliverables of the past academic year (1 October 2018 - 30 September 2019). 

 

        
Prof Jan Hofman  

  
Director  

Dr Tom Arnot  
  

Co-director  

Prof Barbara Kasprzyk-
Hordern  

Co-director  

Prof Julie Barnett  
  

Co-director  
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Overview of activities 
Our research has been visible in numerous occasions and events. In May 2019, the Antimicrobial 

Resistance Partnership Hub was launched in China. The programme will provide evidence for 

successful AMR reduction strategies in China, measuring the human exposure to antibiotics, design 

tailored interventions and perform an economic assessment of the interventions. From WIRC, Prof 

Barbara Kasprzyk-Hordern will contribute to the project on assessment of human exposure to AMR.  

After meeting in June 2018 for the first time in Stellenbosch, the activities of the ReNEW project, a 

GCRF and EPSRC funded project on public health and water in cities, took off. A training workshop on 

participatory and stakeholder engagement was organised on 29 January 2019. 

  
Figure 1 The ReNEW team  

Related to the ReNEW project is the ENTRUST project where Prof Barbara Kasprzyk-Hordern and her 

team are collaborating with Wessex Water to study environmental and public health at a community 

level by screening wastewater and reduce the pharmaceuticals load to wastewater by social 

interventions.  

Another big project that kicked off in 2019 was the Horizon 2020 project ‘NextGen: towards a next 

generation of water systems and services for the circular economy’. The project, is focused around 

ten high profile demonstration cases in across Europe and involves 30 partners in Europe. Project 

coordinator is KWR Water Research Institute. For WIRC the project is led by Prof Jan Hofman. The 

project will evaluate solutions and systems for circular economy in the water sector. New technologies 

will be demonstrated on full scale. Insights and experiences will be shared with citizens and 

stakeholders to accelerate adoption and uptake of circular economy principles. WIRC will contribute 

by collaborating with YTL Developments around the Filton Airfield development and the YTL Arena in 

Bristol. We will also lead on assessing energy aspects of the demo cases. The Institute of Policy 

Research will evaluate limitation in current regulations and seek opportunities for improving 

regulations to boost the circular economy in the water sector. 
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Figure 2. Filton Airfield.  

In 2019, the water research centres at the GW4 Universities received a large Strategic Community 

Development Grant to further develop and sustain the UK’s largest academic water research 

community with over 200 academics involved: the Water Security Alliance. The WSA collaborates 

closely with local stakeholders. On 14 June 2019, the community met in the M-Shed in Bristol for a 

full day conference. The conference addressed the relation between climate change and water 

security. The interactive sessions were aiming at community building and creating opportunities for 

collaborative research, both essential elements for delivering water security.  

In 2018 and 2019, WIRC hosted a special guest, Prof Kees van Leeuwen (KWR Water Research 

Institute and Utrecht University) as David Parkin Visiting Professor and Global Chair. Kees van 

Leeuwen has developed a methodology to assess the sustainability of urban water management and 

governance. The methodology, known as the City Blueprint Approach, comprises three assessment 

frameworks for Trends and Pressures, Water Management and Water Governance Capacity. The 

three frameworks use a range of performance indicators, which are fed by public data. The City 

Blueprint Approach helps cities to perform a baseline assessment of their water management and 

create action perspective for improvement. The methology has been tested for over 70 cities. During 

his appointment in Bath, a city blueprint of the city of Bath was made. Kees delivered his David Parkin 

lecture on 5 February 2019. In addition, the collaboration delivered a Special Issue of the MDPI Water 

journal on “The challenges of water management and governance in cities” 

(https://doi.org/10.3390/books978-3-03921-151-7) 

  

https://doi.org/10.3390/books978-3-03921-151-7
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Figure 3. City Blueprint Bath  

 

In July 2019, the Faculty of Science appointed Dr Ruth Barden, Director of Environment at Wessex 

Water, as Visting Senior Industrial Fellow in WIRC and CSCT. 

Water Colloquia 
In 2018-19 we held eight water colloquia. We are very proud that we could invite Prof Mark van 

Loosdrecht of the TU Delft to give a talk. Mark is a laureate of the Stockholm Water Prize 2018. The 

other presenter with global recognition was Prof Martin Jekel from the Technical University of Berlin. 

Beside these tow world famous water researchers, there was also room for other, less known, but 

equally important speaker. 

  
Figure 4. Water Colloquium by Prof Mark van Loosdrecht, TU Delft.  

 

Date Speaker Title 

23 October 2018  Dr Patricia Gorgojo 
University of Manchester 

Graphene-derivatives as nanofillers in 
polymer membranes for improved 

molecular separations 

6 November 2018 Prof Mark van Loosdrecht  
Delft University of Technology 

Taking Waste out of Wastewater 

13 December 2018 Prof Jan Peter van der Hoek  

Delft University of Technology 
and Waternet (Water utility 

Amsterdam) 

Science meets Practice: Academic 

Research for Water Utilities 
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14 February 2019 Professor Martin Jekel Technical 
University of Berlin 

Trace organic compounds in urban water 
bodies - occurrence and removal in 

advanced wastewater treatment 

14 March 2019 Dr Ruth Barden  
Wessex Water 

The Wessex Water Cycle: Challenges and 
Research 

8 May 2019 Prof Vinod Kumar Gupta  

University of Johannesburg   

Role of nanomaterials in waste water 

purification 

29 May 2019 Prof Dengsong Zhang  

University of Shanghai 

Improved capacitive deionization by using 

novel carbon materials 

17 July 2019 Olivia Bailey and Vicky De Groof  
University of Bath   

WIRC/CSCT joint PhD student seminar  

 

Some key performance indicators 
 

Number of PDRAs      13 

Number of PhD students     50 

Number of research proposals submitted    81 

Number of new grants received     28 

Number of research papers     over 100 

Number of conference papers     20   
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Our focus areas and research themes 
 

Focus areas 
The research within WIRC has currently six specific focus areas. These are basically areas where we 

are good at and distinguish us from similar groups in the world. The focus areas are: 

Socio-technical approach to water and public health 

In this area the effect of chemicals in the environment on public and environmental health are 

investigated. Methods are developed to screen wastewater for presence of chemicals and 

antimicrobial resistance. This wastewater fingerprinting can be used to assess public health at a 

community level. Via social interventions, it is tried to reduce the use of medication and in that way 

reduce the environmental burden caused by them. The fingerprinting method can be used to study 

the effectiveness of the social interventions. 

In addition, research is taking place around emissions and fate of chemicals in the environment. 

Modelling tools will be developed to describe the dynamics of environmental concentrations and 

prioritise abatement options. New treatment options will be considered, such as effluent polishing in 

constructed wetlands. 

Environmental resilience along coastal areas 

Coastal zones will be strongly affected by climate change. The research in this area is focusing on 

understanding beach erosion processes and creating resilience of beaches to the effects of sea level 

rise. Also tidal energy recovery is an important challenge covered. 

Resource and value recovery from water 

Wastewater contains various valuable resources such as nutients, energy and of course water. Some 

resources are becoming scarce, such as phosphorous. Climate change is also resulting in water 

shortages. A solution to these challenges is transferring into a circular economy where water and 

valuable resources can be recovered and re-used. Valorisation water treatment residuals into biogas, 

phosphorous for fertiliser production, water and thermal energy is studied in WIRC, for instance in 

the large Horizon 2020 project NextGen, where circular economy principles in the water cycle are 

demonstrated on full scale at ten demonstration cases throughout Europe. 

Water Security and Urbanisation 

Global population growth and climate change are the cause of increasing pressure on water 

availability, but also risks from water related disasters. As the global population growth is mainly 

urban growth, it is extremely important to develop sustainable integrated water resources 

management. This requires new sustainable solutions and large investments in water infrastructure, 

but water governance capacity. Especially in Asia and sub-Saharan Africa the challenges are huge and 

potentially intractable, but also more close to home in the UK water security challenges are predicted. 

In collaboration with KWR Water Research Institute, Utrecht University and UNESCO-IHP, we are 

developing programmes for assessing sustainability of urban water management and governance, 

and creating action perspectives for cities. 

Water Informatics and Sensing 

The use of computer technology and ICT in the water sector is growing. Predicting behaviour of 

water systems, the availability of water resources, the Smart metering will give insight in water 

demand patterns and can be used for leakage detection and optimisation of distribution networks. 

Models will support decision making in water utilities. The development of water quality sensors is 

also of increasing importance safeguard water quality, give real-time water quality information, but 

also reduce monitoring costs. We are developing sensors for water quality parameters based on 

chemical and biochemical processes, as well as many mathematical modelling tools for the water 
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cycle. The model development is supported and validated with experimental work in the field and at 

lab scale. 

Novel materials and treatment processes 

Research is ongoing to develop new water treatment materials with improved treatment 

performance. New porous metal membranes, graphene materials, absorbent, microbubbles 

treatment, and new capacive de-ionisation are a few new developments coming from WIRC. 

 

Research themes 
Our research is divided into eight themes that tackle the issues surrounding water such as treatment 

and management, as well as exploring the potential in new water technologies. The multidisciplinary 

projects we work on are relevant in areas of environmental sustainability, economic efficiency, food 

and energy security, user engagement, and human health and wellbeing. 

 Coastal and Ocean Engineering 
 Sensors and Data 
 Urban Water Management 
 Wastewater Collection and Treatment 
 Water Awareness and Human Behaviour 
 Water in the Circular Economy 
 Water Supply from Source to Tap 
 Catchment Area Management 
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Coastal and Ocean Engineering 

We are investigating all aspects 

of coastal water management to 

benefit coastal communities and 

areas impacted by climate 

change. 

 

Introduction 
Water Innovation will increasingly take 

place in coastal regions. The first reason 

is population density: more than half of 

the world’s population live within 100 

km of the sea, and 13 of the 15 largest 

cities are now on or near the coast. The second reason is the expansion of human activities using 

oceans and water bodies as vital resources for trade, transport, tourism and ecological habitats (from 

fishing grounds to mangrove habitats to nutrient filtering through algal beds). Climate change is 

affecting many coastal areas, with increased erosion, storm activity and water quality implications. 

Decarbonising the economy and moving toward sustainable energy sources also relies largely on 

marine renewable energy (wind, wave, tidal). Coastal and ocean engineering are key areas of 

research and investment, and this WIRC Research Theme aims at federating the research undertaken 

at Bath, to leverage existing synergies and develop new collaborations, within the University, and 

with industrial and international partners. 

Over the last 12 months, theme members have had considerable success in terms of winning new 

research funding, development of new collaborative projects and publication of journal papers. 

Examples include: 

 Award of 2 major grants in the field of marine acoustics funded by the US Office of Naval 

Research and an Innovate UK KTP project which will further strengthening the themes 

industry links. 

 Extension of an EU-funded investigation into the performance of novel low-cost coastal 

protection for developed and developing 

countries. Led by Bath in collaboration with 

national, European and international partners. 

 32 journal papers published in leading peer-

reviewed journals. 

 Hosting of the PRIMaRE Summer School on 

designing Marine Renewables devices. 

 Presentations at the leading international 

Coastal Engineering, Ocean Engineering and 

Marine Acoustics conference 

THEME LEADS 

Chris Blenkinsopp 

Philippe Blondel 

THEME MEMBERS 

Academics - Lee Bryant, Jun Zang, Alan 

Hunter, Andrew Hillis, Paul Milewski, Thomas 

Kjeldsen 

PDRAs - Qiang Chen, Nathan Sell, Tao Gao 

PhD students - Paul Bayle, Rebecca Ellis, John 

Hart, Gwyn Hennessey, Haoyu Ding, Ben 

Thomas, Alfie Treloar, Ciaran Sanford, George 

Rossides,  Dhruv Chandel, James Bridgewater 

Court, Francisco de melo Virissimo, Jodi 

Walsh, Guillermo Jimenez Arrans, Amelie 

Klein, Ollie Foss, Vivien Maertens 

KTP associates - Stephen Cook, Wenning Chu 
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Projects 
Nr Title Lead Funder 

Programme 
Type 

1 DynaRev - Dynamic Coastal 

Protection: Resilience of Dynamic 
Revetments Under SLR 

Chris Blenkinsopp H2020/ GCRF Research 

2 ResIn: Resilient Integrated-Coupled 

FOW platform design methodology 

Jun Zang EPSRC/ NERC Research 

3 Co-Simulation of Hydrodynamics 

and Power Take-off Dynamics for 
Wave Energy Converters 

James Bridgwater 

Court 

Innovate UK PhD 

4 Low Cost Coastal Data Collection 

Using Citizen Science 

John Hart URSA PhD 

5 Coastal protection and near-shore 
evolution under Sea Level Rise 

Paul Bayle WISE CDT PhD 

6 Continuous real-time long term 

monitoring of beach erosion and 
recovery using LiDAR 

Gwyn Hennessey WISE CDT PhD 

7 Use of advanced numerical 
simulation for future flood 

resilience 

Haoyu Ding Self-funded PhD 

8 The influence of breathing 
sediment on oxygen dynamics and 

the marine benthos 

Rebecca Ellis NERC GW4 DPT PhD 

9 Active control for multi-degree-of-
freedom wave energy converters 

Dr Andrew Hillis   

10 Multispectral sonar transducers for 

the Kraken-Thuderfish underwater 
drone 

Alan Hunter EPSRC-IAA Impact 

11 Complex effects in nonlinear free 

surface waves: ice, shear and 
electric fields 

Tao Gao Department of 

Mathematical 
Sciences 

Research 

12 Acoustic Emissions from Wave-
Energy Converters 

Jodi Walsh NERC GW4 DTP PhD 

13 Sound Source Verification in 

Offshore Prospection 

Guillermo Jimenez 

Arrans 

Industry PhD 

14 Deep-learning and detection of 
acoustic trends and transients in 

marine observatories 

Amelie Klein SAMBa CDT PhD 

15 To improve marine mammal 

mitigation and to provide 3D/4D 

visualisation of cetacean 
movements in response to seismic 

survey activity 

Dr Stephen Cook InnovateUK KTP KTP 

16 Low-cost Smart Meter to measure 
flow rates and properties of 

constituent materials flowing in 
sewage or grey water discharge 

pipes of > 250mm diameter 

Wenning Chu InnovateUK KTP KTP 

17 Phase preserving 3D micro-
navigation for interferometric 

synthetic aperture sonar 

Ben Thomas Dyson 
Foundation, 

NATO Centre for 
Maritime 

Research and 

Experimentation 

PhD 
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18 Synthetic aperture sonar imaging 
from small, agile platforms 

Ciaran Sanford Gareth Hamilton-
Fletcher 

charitable 

donation, 
Metropolitan 

Police, PicoTech 
Ltd 

PhD 

19 Passive acoustic monitoring from a 

wave-propelled unmanned surface 
vehicle 

Alfie Treloar EPSRC, Autonaut, 

Seiche 
Measurements 

Ltd. 

PhD 

20 Cooperative autonomous marine 
vehicles for adaptive passive 

acoustic monitoring 

George Rossides NEXUSS CDT PhD 

21 Composite beaches and dynamic 

revetments – coastal protection 

inspired by nature 

Ollie Foss WISE CDT PhD 

22 Optimisation of deep-water 

offshore wind systems 

Vivien Maertens WISE CDT PhD 

23 Space Debris Demonstrator Philippe Blondel EPSRC Industrial 
Strategy 

Accelerator Fund 

Internal / 
EPSRC 

24 Artificial Intelligence for Classifying 
the Underwater Environment 

Mike Tipping / 
Philippe Blondel 

SEA Ltd. Industry 

25 Marine Sensor Design (KTP 

Associate: Dr. Nikolaos Tziavos) 

Peter Wilson / 

Philippe Blondel 

InnovateUK KTP KTP 

26 Digital Thin-Line Arrays for 

unmanned marine vehicles (KTP 
Associate: recruitment under way) 

Alan Hunter / 

Philippe Blondel 

InnovateUK KTP KTP 

27 Co-chairing “Arctic Acoustic 

Environments” working group of 
the International Quiet Ocean 

Experiment 

Philippe Blondel Scientific 

Committee on 
Ocean Research 

(SCOR) 

Research 

/ policy 

28 British Standards Committee 
EH/1/7 - Underwater acoustics 

Philippe Blondel University of Bath Standards 

29 The role of phytoplankton 

morphology on dominance under 
different turbulent regimes 

(PhytoMix) 

Russell Arnott   
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Dynamic Coastal Protection: Resilience of Dynamic Revetments 

Under SLR (DynaRev) 
 

A dynamic revetment is a ridge of cobbles constructed around the 

wave runup limit which is designed to mimic composite beaches 

which consist of a lower foreshore of sand and a backshore ridge 

constructed of gravel or cobbles which stabilises the upper beach 

and provides overtopping protection to the hinterland.  The overall 

aim of this project construct a prototype-scale beach and 

investigate the response of the beach to a rising sea level and 

storms with and without a dynamic revetment structure through 3 

main work packages: 

WP1 Determine the performance of dynamic revetments to a rising 

sea-level and their resilience in response to a range of high and 

low-energy wave conditions. Analyse the response of the sandy 

foreshore to SLR with and without the presence of a revetment.   

WP2 Gain fundamental information about wave transformation in 

the surf and swash zones, beachface morphology change and the 

dynamics of nearshore bars due to changing waves and water 

levels. This fundamental knowledge will enable an understanding of 

the revetment performance and beach response to SLR, potentially 

indicating approaches to improve revetment design and beach 

resilience.   

WP3 Test and improve the capabilities of parametric and process-

based models in predicting wave transformation and morphology 

changes of the sandy beach alone and in presence of the dynamic 

revetment using the laboratory results. Generalize the results to 

prototype conditions to optimise the dynamic coastal protection 

design in the presence of SLR. 

The project is led by Bath with colleagues from national, European and international partner 

institutions and has now been extended thanks to GCRF funding to undertake a follow-up experiment 

at the GWK flume which will investigate the performance of a very low-cost revetment structure 

designed for developing countries constructed using dumping of low-grade irregular stones from 

quarry run-off. 

 

Figure 1 – Waves impacting the revetment tested in the large scale flume 

 

 

Project lead: 

Dr Chris Blenkinsopp 

Department of Architecture 

and Civil Engineering 

4 East South 3.08 

c.blenkinsopp@bath.ac.uk 

People involved: 

 Alan Hunter 

 Paul Bayle 

 + national, 

European and 

international 

partners. 
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Science 

A novel, near-prototype-scale experiment was completed in the GWK large wave flume in Hannover in 

Summer 2017 and a further experiment will be undertaken in November 2019.  Comprehensive 

measurements of hydrodynamics and sediment transport were collected using a large suite of 

instruments installed by the project partners.  The measurements are being used to not only 

investigate the stability and performance of a cobble revetment in energetic seas with a rising water 

level, but also undertake detailed studies of nearshore coastal processes including bar formation, 

energy dissipation in the surf zone, repeatability of wave-by-wave sediment transport and validation 

of multiple computational models. 

The work has so far led to the publication of 1 journal paper and 3 conference papers, with 3 journal 

papers currently ready for submission. 

Impact 

Coastal regions are becoming ever more at risk from damaging storms due to increasing storm 

magnitudes and rising water levels caused by our changing climate.  In many areas, new coastal 

protection will be required to maintain the current coastal land area and in areas that are already 

defended, existing defences will become obsolete. 

The high cost and aesthetic impact of many traditional coastal defence approaches makes them 

unaffordable or unattractive for many regions were development is minimal and the highest 

standards of flood protection are not required, e.g. existing undeveloped beaches where retreat is 

undesirable.  In such locations “soft engineering” solutions which provide protection but minimise 

impact on natural processes and landscape are desirable. 

This project is investigating a novel “soft engineering” approach known as a dynamic revetment 

which mimics a class of natural beaches (composite beaches).  The stability and overtopping 

performance of this approach will be examined as well as the detailed behaviour in an energetic wave 

climate and rising sea.  The knowledge gained will establish the potential of these structures to be 

used in future coastal defences schemes in both the developed and developing world and make 

progress in the development of design guidance. 
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Low cost coastal data collection using citizen science 
 

This project aims to use imagery collected by the public for beach 

monitoring purposes. Beaches are under a variety of pressures 

from issues such as climate change and rising sea levels and it is 

hoped that by using this simple approach a large amount of data 

can be collected, while also engaging local communities with 

beach management issues. 

Project outline 

This project aims to understand how useful public imagery can be 

for beach monitoring purposes. A number of sites are being 

investigated including Bournemouth, Studland, Newgale and 

Abereiddy. Each site has a phone/camera frame which allows 

members of the public to share imagery via email or Facebook. 

The sites at Bournemouth and Studland have been set up by the 

University of Bath and have been branded CoastSnap (in 

collaboration with partners in the University of New South Wales), 

while sites in Newgale and Abereiddy were set up through 

Pembrokeshire Coast National Park.  

Images are aligned and rectified using a number of Ground 

Control Points (GCPs). These GCPs act as reference points in the 

image which allows conversion into an x y local coordinate 

system. This can allow the area to be shown in a bird’s eye view. 

Features within the image can then be detected and tracked 

allowing changes over time to be 

mapped. Figures 1 and 2 show the 

camera stations at Newgale and 

Bournemouth respectively, while Figures 

3 and 4 show an image taken by a 

member of the public and an example of 

a rectified image (both Newgale).  

 

 

 

 

 

 

 

 

 

Figure 1: Camera station at Newgale                                         Figure 2: Camera station at Bournemouth 
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Figure 3: An example of imagery collected from Newgale 

Science 

This project aims to allow monitoring of beach features 

including pebble ridge movement (Newgale), shoreline 

detection and curvature (Bournemouth), sand levels 

(Bournemouth) and river level change (Newgale). Features can 

be detected using changes in pixel intensities meaning the 

processes have a potential to be automated.  

Figure 4: A rectified image from Newgale.  

Impact 

The project has a great deal of potential in engaging local communities in beach monitoring. Uptake 

at the majority of the sites has been good and positive feedback has been received. Surveys which 

try to understand the motivations and behaviours of participants will also be undertaken. By sharing 

images with one another, it is hoped people can be inspired to learn more about their local beach 

environment. Data processed using the above workflows will be presented, this should allow 

knowledge to be transferred to all levels of the local community.    
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Coastal protection and near-shore evolution under sea level rise 
 

The objective of this project is: 1) To get a better understanding 

of coastal and near-shore processes ruled by erosive waves and 

sea level rise. 2) To design, test and analyse the performance of a 

dynamic revetment – new kind of protection falling into the ‘work 

with nature’ category. 3) To monitor an existing dynamic 

revetment type and compare its behaviour with laboratory results. 

Project outline 

Global mean sea level is rising at increasing rate, and this 

represents one of the main long term coastal hazard. Existing 

hard engineering coastal defences are neither designed nor 

efficient against Sea Level Rise (SLR), and therefore are likely to 

be overtopped and breached during this century. 

A recent soft engineering technique named “dynamic revetment” 

or “cobble berm” has been implemented in some coastal places to 

protect the hinterland against storm waves and erosion. This type 

of revetment is not static and moves under waves’ action while 

dissipating the waves’ energy. By optimising the design of the 

dynamic revetment as well as the deployment area, this structure 

is supposed to self-maintain its relative position to sea level under 

SLR. The cobbles composing such a protection are expected to 

move landward under SLR, thus keep protecting the hinterland 

against future extreme wave climate.  

The performance of the revetment was tested in the GWK large 

scale flume, Hannover, Germany, through the ‘DynaRev’ 

experiment in 2017. The experiment was designed to assess the 

behaviour and the capacity of the revetment to adapt and protect 

sandy beach against waves attack and SLR. The experiment was 

also designed to provide a large range of morphodynamic data required for a better understanding of 

general coastal processes under SLR. In January 2019, the dynamic revetment of North Cove (figure 

1), Washington State, the USA, was monitored for 10 days high energetic condition happening 

around the spring tide. 

Surface measurements 

of the revetment were 

recorded using a LiDAR 

in order to assess the 

behaviour of the 

structure in real 

environment. 

 

Figure 1: Photo of the 

revetment monitored in 

North Cove 
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Science 

The laboratory experiment undertaken during this project provided a large and unique dataset on 

beach profile evolution and dynamic revetment behaviour under sea level rise, erosive and accretive 

conditions. The field data measured in North Cove are one the rare dataset on active dynamic 

revetment. This project will help validating or modifying the commonly accepted statements on sandy 

and composite beach profile evolution. It will also be a strong scientific base regarding to the 

performance of a dynamic revetment, in order to create a design guideline and eventually lead to 

more field application of such coastal protection. Some of the outputs from this project can be found 

in the following papers: 

Bryan et al. (2019). Breaking Wave Imaging using Lidar and Sonar. IEEE Journal of Oceanic 

Engineering, PP(99):1-11. 

Bayle et al. (2019). Performance Of A Dynamic Cobble Berm Revetment for Coastal Protection. Coastal 

Engineering. (in submission) 

Blenkinsopp et al. (2019). Data in Brief. Coastal Engineering. (in submission) 

 

Impact 

This project will have an impact on fundamental coastal science as it will refine the knowledge on 

coastal dynamic and shore evolution prediction. On the other hand, it will offer a designed and tested 

structure to protect small asset and habitat from storms and sea level rise. Therefore, through local 

decision taker, it could help the society to adopt sustainable and resilient coastal defences. 

 

 

 

Continuous real-time long term monitoring of beach erosion and 

recovery using LiDAR 
 

An investigation into a variety of issues related to 

morphological change during storm erosion and recovery 

and use the knowledge gained to underpin development in 

predictive modelling tools. This project will investigate 

beach morphodynamics at timescales ranging from 

seconds to week by obtaining beach morphology data 

using a building-mounted Lidar system at two differing 

sites.  

Project outline 

A fundamental challenge for Coastal Engineers & Scientists 

is to determine whether existing sand volumes are 

adequate to protect coastal areas. A major focus of 

current research is to develop and improve numerical 

modelling tools that can be used to undertake this 

assessment.   Development of such models has been 

hampered by a lack of field data which quantifies morphology change before storm events, during 

storm events and during the slower and much less studied post-storm recovery phase. This project 

will investigate beach morphodynamics at timescales ranging from seconds to week for the following: 
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 Gain new insight into the understudied topic of beach recovery including the rate and 

patterns of morphological changes following storms. 

 Investigate coherent patterns of change across the beach face and the relationship with 

forcing conditions. 

 Investigate the relationship between surf-zone bars and swash-zone morphology. 

 Comparison of morphology change at two site under similar conditions. 

 

 

 

Impact 

Natural beaches are one of nature’s method of protecting coastal areas, providing a buffer zone 

which protects the coastal areas from extreme waves and water levels. The reduction in width and 

volume of beach systems caused by storm erosion dramatically increases the risk to coastal 

environments. The outcomes from this project will aid in the assessing the vulnerability of coastal 

environments with the eventual aim of creating a behavioural model of early warning system. 

 

 

Use of advanced numerical simulation for future flood resilience 
 

 

Wave energy converters (WECs) are built to extract wave energy. 

However, these devices remain expensive for commercial utilisation. One 

possible solution to this is to cut down the cost of WECs by sharing the 

construction-cost by combining a WEC with a breakwater. Here, an 

integrated WEC-type of breakwater (WEC-B) system is proposed, however 

this system is still in an immature phase and under development. This 

project aims to develop the WEC-B system to be more efficient and 

resilient. 

Project outline 

To analyse and evaluate the performance of WEC-B systems, stable and 

accurate numerical method is necessary. This project uses the software, 

OpenFOAM®, to analyse wave-structure interaction issues in the WEC-B 

system. OpenFOAM® is a C++ toolkit of classes for 

writing computational continuum mechanics codes. Navier-

stokes equations are used as governing equations for CFD 

simulations in this project. This figure below shows the 
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(Right). 
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case of wave and floating breakwater interaction calculated by OpenFOAM®. 

 

Figure 1. Numerical wave tank in OpenFOAM. 

Based on the appropriate CFD method, this project will continue to implement following investigations 

to develop WEC-B systems: 

1. Optimise existing concept of the WEC-B system. 

The dimension of breakwater structures and layout of the WEC-B system can be regarded as the key 

parameters which may influence the hydrodynamic performance of the WEC-B system. Parametric 

investigations will be conducted based on these parameters. 

2. Investigate the survivability of the WEC-B system. 

Several phenomena, including gap resonance and Bragg resonance, as well as storm conditions 

should be considered according to the future investigation. These phenomena will be highlighted in 

the chapter of literature survey. Extreme conditions and how they influence the survivability of the 

WEC-B system structures will be discussed. 

3. Propose new concept of the WEC-B system and evaluate the performance. 

New forms of integrated WEC-B system combining different type of WECs with breakwaters will be 

proposed based on the experience of the optimisation of existing WEC-B breakwater concept and the 

literature review. The performance of the new concept will be predicted and compared with the 

optimised system that have been studied in the studies earlier. 

Science 

This research will develop OpenFOAM® with more new modules so as to better simulate the WEC 

and breakwater devices. By investigating the performance of WEC-B systems, multiple new 

hydrodynamic phenomena of waves interacting with multiply structures, such as gap resonance of 

floating structures and Bragg resonance of floating structures, will be analysed and studied deeply. 

Based on current research, part of the results has been published in following papers: 

Ding, H., Zang, J., Blenkinsopp, C., Ning, D., Zhao, X., Chen, Q. and Gao, J., 2019a. Numerical 

investigation of the performance of a pile-restrained WEC-type dual-floating breakwater system. The 

34th International Workshop on Water Waves and Floating Bodies, 7- 10 April 2019, Newcastle, 

Australia. 

Ding, H., Zang, J., Ning, D., Zhao, X., Chen, Q., Blenkinsopp, C. and Gao, J., 2019b. Evaluation of the 

performance of an integrated WEC type of breakwater system. the 38th International Conference on 

Ocean, Offshore & Arctic Engineering, 9-14 June 2019, Glasgow, Scotland, UK. 

Impact 

The development of WEC-B systems is a possible way to share the construction-cost between WEC 

devices and breakwater devices. With reduction of cost of the WEC technology, the huge storage of 

wave energy can be utilised commercially in the future. This utilisation of renewable energy 

technology will contribute to reduce the pressure of energy depletion and climate change. In addition, 

the concept of multi-functional system can also save the space for the installation of offshore 

structures, which is important for small island countries and cities with restricted construction-space. 
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The influence of breathing sediment on oxygen dynamics and the 

marine benthos 
 

This study aims to examine benthic flux drivers within two coastal 

shelf sea environments, off the coast of Plymouth, UK (L4 and 

Cawsands). In particular, focusing on seasonal variations of 

organic matter (OM), hydrodynamics, and the corresponding 

oxygen distributions within marine benthic regions. This thesis also 

aims to assess and quantify the drivers of benthic oxygen fluxes in 

shallow-water permeable seagrass sediments using the EC 

measurements and microprofiler technique under field conditions 

that include naturally varying light and current flow. With regard to 

water-column oxygen dynamics and oxygen budgets, this study is 

focused on; 1) the influence of drivers such as plankton 

blooms/dumping of dredged spoils on a seasonal benthic oxygen 

flux, linked to historical water column data at a shelf sea location; 

2) assessment of hydrodynamical drivers on benthic oxygen fluxes; 

and 3) quantification of oxygen dynamics within seagrass beds 

using EC and microprofiler techniques. To achieve these aims, 

three primary objectives were defined:    

Objective 1: Assess benthic oxygen flux drivers within seagrass 

meadows using eddy correlation and microprofiler method. 

Establish a robust understanding of the processes within 

seagrass environments. The EC captures the total flux over 

a footprint, while the microprofiler measures point diffusive 

flux. The use of both methods builds a detailed picture of the environmental drivers and 

validates measurements. The use of both techniques will also assess whether the studied 

seagrass bed, which is within an anthropogenically sensitive area, is a carbon store. 

Furthermore, demonstrate the use of EC as a robust in situ monitoring and assessment tool 

for drivers of ecosystem dynamics within the shelf sea environment.  

Objective 2: Investigate the influence of tidal dynamics on benthic oxygen flux at a shelf sea site 

Assess the influence of hydrodynamics in a shelf sea environment on benthic oxygen fluxes 

by quantifying component constituents of the tides which drive flux. The use of an acoustic 

Doppler current velocimeter in combination with EC oxygen flux data will aid the 

understanding of how topographical features dictates benthic flows and in turn benthic 

oxygen flux.  

Objective 3:  Assess how a variety of drivers influences benthic oxygen dynamics at a long-term 

coastal marine monitoring station.  

This will be achieved by: establishing a cohesive picture of oxygen dynamics, via assessment 

of turbulent oxygen fluxes within the benthic region by incorporating environmental time 

series data with EC flux data, to develop a link to historical water column data at a 

designated coastal study site within the WCO (L4) off the coast of Plymouth. Assessment of 

how anthropogenic influences such as dumping of dredging spoils has on benthic oxygen 

fluxes over a season.   

By assessing in situ oxygen dynamics, this thesis aims to improve understanding of seasonality in 

benthic-pelagic processes in a coastal environment. Results from this thesis will fill a gap in the 
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existing historical (50+ year) dataset to provide the first insight of marine oxygen cycling and benthic 

oxygen drivers at this site. 

Project outline 

Oxygen levels are largely controlled by processes such as convection, advection, mixing, ventilation 

and many more. Along with these physical processes, biological processes such as photosynthesis 

and consumption also influence sediment-water oxygen dynamics (Kemp et al., 1980).  Yet, the 

influence of these processes on oxygen dynamics within coastal shelf sea environments is frequently 

overlooked in assessments of oxygen budgets. The main objective of this research was to establish a 

comprehensive picture of in situ oxygen dynamics within two coastal shelf sea environments off the 

coast of Plymouth, UK (Cawsands and L4).  

The eddy correlation (EC) technique, which measures total turbulent oxygen flux 12 cm above the 

seabed, along with accompanying instruments was used to document drivers of benthic oxygen 

uptake over a season at L4. Benthic oxygen uptake significantly increased over the five-month period. 

However, once the drivers of EC oxygen fluxes were assessed, dumping of dredged material showed 

to be a minor impact on fluxes, and instead the sediment oxygen demand showed variations in 

keeping with seasonal trends (nutrients, temperature and inputs of organic matter) and 

hydrodynamics. 

Furthermore, an in-depth analysis of hydrodynamic drivers within the L4 site was conducted. In 

combination with 12 hours of benthic EC data, acoustic Doppler current profiler (ADCP) data, which 

measures velocities throughout the water column, was obtained. The separation of tidal components, 

which distinguished contribution from baroclinic (internal) tides were minimal compared to the 

barotropic (surface) tide. EC oxygen fluxes were seen to have directional differences, which were 

attributed to the varying sediment types in the north/south directions, as well as varying dissipating 

levels from each direction due to topographical effects. 

Quantification and assessment of the drivers of benthic oxygen flux within a seagrass bed at the 

Cawsands site was made. By combining the relatively new EC technique with a traditional technique 

(microprofiler), which measures diffusive point flux, allows for estimates of the benthic oxygen flux 

drivers. Respiration rates were quantified during periods of no photosynthesis. The size and footprint 

of the EC was correlated with microprofiler flux data. During night-time, oxygen uptake was 

measured using EC ranged from 18 to 29 mmol m−2 d−1, while 14 to 25 mmol m−2 d−1 was 

derived from microprofiler oxygen profiles. These measurements indicated approximately 15% of the 

total flux was attributed to respiration rates. 

This thesis investigated benthic-pelagic coupling via in situ profiling and the EC technique which does 

not currently exist at this long-term coastal monitoring station. Ultimately, results contributed to a 

more comprehensive analysis of benthic oxygen flux, with particular focus on the influence of drivers 

within these historically significant coastal environments. 

Impact 

The Eddy Covariance (EC) technique measures aquatic oxygen flux non-invasively by capturing the 

vertical turbulent fluxes within aquatic boundary layers. Even though the EC technique has been used 

in aquatic systems for over a decade, it is still under development for this purpose. Measurement of 

oxygen flux within coastal shelf seas is difficult to achieve using more traditional methods such as 

chambers and microprofiling.  Despite this, only a small number of authors have undertaken EC 

measurements in shelf seas due to the significant deployment challenges.  Nonetheless, by solving 

these challenges, this thesis has demonstrated that this method can advance our knowledge of 

oxygen dynamics in shallow shelf seas.  

This project describes the first field campaign to investigate benthic-pelagic coupling by using an in 

situ traditional technique, microprofiling, along with the non-invasive EC technique, at the Western 
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Channel Observatory (WCO), Plymouth, UK (study site). Ultimately, results have contributed to a 

more comprehensive analysis of water column oxygen budgets, with a particular focus on the 

influence of benthic oxygen flux drivers in shelf sea environments. An in-depth analysis of the 

hydrodynamics at a historically significant coastal environment (L4) was also conducted. In addition, 

EC and microprofiler techniques were used to estimate biological oxygen dynamics during 

photosynthetic and non-photosynthetic conditions in a shallow coastal seagrass bed. The studies 

carried out within this thesis have also provided further validation of the EC technique within 

challenging environments.  As the EC is a relatively new technique, careful processing decisions were 

made to ensure benthic oxygen flux was not underestimated. Particular focus was given to the 

timeshift and detrending options as these steps in the processing of the data are heavily dependent 

on the environmental conditions (tidal, wave, steady flows and varying frequency contributions). 

Within the analysis conducted in this thesis a linear detrend option and optimal timeshift were 

chosen. Upon assessment of the varying options, especially within the timeshift and detrending 

options, confidence exists within the processing tool selection, as well as the EC flux datasets, as 

different processing tools produced flux values of the same order of magnitude. 

 

 

Active control for multi-degree-of-freedom wave energy converters 
 

The aim is to develop active control systems for a wide range of 

wave energy converters (WECs) in order to balance energy capture 

against component loading in order to minimise the cost of energy. 

Wave energy still faces many technological challenges on the path to 

commercialisation. At the heart of much of the mistrust associated 

with the various concepts is the cost of energy relative to other 

renewable sources. Nevertheless the potential resource is recognised 

as highly significant and great efforts are being input to pursue the 

goal of affordable energy production. 

Regardless of the WEC architecture, it must be controlled to 

maximise efficiency across the wide range of operating conditions it 

will experience. The control system can also be used to limit load 

transmission to aid survivability. Many control strategy studies have 

been limited to idealised single degree-of-freedom WECs which are 

not realistic. Additionally, many control strategies are very complex, 

difficult to implement in real time and rely on the future prediction of 

wave forces which is difficult to achieve. This project is developing a 

control strategy which is intuitive to implement and tune, and is 

robust to modelling errors and other uncertainty. It is also applicable to a wide range of WECs with 

multiple degrees-of-freedom. The WaveSub WEC under development by Marine Power Systems Ltd 

has been used as a target device and has been the subject of experimental studies conducted to 

validate numerical models previously (Figure 1). 

 

Figure 1: Full scale WaveSub 

concept (left) and 1:25 scale 

experimental device (right). 
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Science 

A nonlinear time-domain simulation model of the WaveSub WEC has been produced and an optimally 

tuned passively damped configuration has been used as a performance benchmark. The passive and 

actively controlled systems were tested with a range of realistic sea states and good performance is 

observed for the actively controlled system. Mean power increases of between 13% and 86% are 

seen compared to the optimal passive system. Experimental testing will follow in due course to verify 

the findings. Some outputs from this project can be found in the following papers: 

Hillis, A.J., Whitlam, C., Brask, A., Chapman, J. and Plummer, A.R. Power capture gains for the 

WaveSub submerged WEC using active control, in Proceedings of the 13th European Wave and Tidal 

Energy Conference, 1st – 6th of September 2019, Napoli, Italy. 

Hillis, A.J., Plummer, A.R., Zeng, X., Chapman, J. Simulation of a power electronic conversion system 

with short-term energy storage for actively controlled wave energy converters,  in Proceedings of the 

6th Offshore Energy and Storage Summit, 10th  – 12th July 2019, Brest, France. 

Impact 

The developed control strategy shows promise to provide a substantial increase in power capture for 

a wide range of WEC concepts for a minimal additional device cost. The control system is key to 

unlocking the generation potential of any WEC and is the bridge between all the subsystems in the 

device. As such it is an enabling tool to drive the holistic design of a complete WEC system to reduce 

the cost of energy and accelerate the commercialisation of wave energy. 

 

 

 

Complex effects in nonlinear free surface waves: ice, shear and 

electric fields 
 

The objective is to study nonlinear interfacial waves between air 

and water in the presence of an ice cover (or a flexible cover) and 

shear current and waves between a fluid and gas (either 

conducting or dielectric) in the presence of electric fields, by using 

analytic or numerical approaches.  

Project outline 

For the problem of “ice waves”, a main difficulty in studying these 

waves theoretically lies in the modelling of the deformation of the 

ice sheet, and a number of models have been proposed. The 

earliest models use linear water wave theory combined with the 

Euler–Bernoulli beam theory which is a good approximation for 

small-amplitude wave motions but not suitable for large amplitude. 

A novel model is recently introduced based on the Cosserat theory 

of hyperelastic shells which can be used for fully nonlinear 

computations including the fluid by employing a time-dependent 

conformal mapping. In the presence of a shear current, the 

irrotational formulation remains valid subject to an appropriate 

modification. Travelling wave solutions, wave stabilities and 

dynamics can be all investigated under such framework.  
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The electrohydrodynamics (EHD) problem is mainly 

concerned with studying the interaction between fluid motion and electric field. The major difficulty of 

this problem is to deal with the coupling via the Maxwell stress tensor. Multi-scale methods are being 

used to study the weakly nonlinear regime under the assumption of long wave or short-wave limit. 

The fully nonlinear problem can be solved numerically by using again the time-dependent conformal 

mapping technique combined with a novel interpolation matching method imposed on the interface. 

Science 

A number of outputs have been delivered in the form of journal articles. The work in hydroelastic 

waves has been generalised to the case of arbitrary depth in [1]. The investigation of such waves 

interacting with a linear shear current is achieved in [2] & [3]. In the most recent work [4], EHD 

capillary-gravity waves under normal electric field have been revisited and extended to the case of 

finite depth under fully nonlinear regime. 

[1] Gao, T., Vanden-Broeck, J.-M., Wang, Z. 2018 Numerical computations of flexural-gravity 

waves on water of arbitrary depth, IMA J. Appl. Math., 83(3), 436-450. 

[2] Gao, T., Milewski, P., Vanden-Broeck, J.-M., 2018 Hydroelastic solitary waves with 

constant vorticity. Wave Motion, submitted. 

[3] Gao, T., Wang. Z., Milewski, P., 2018 Nonlinear hydroelastic waves on a linear shear 

current at finite depth. J. Fluid. Mech., in preparation. 

[4] Gao, T., Doak, A., Vanden-Broeck, J.-M., Capillary-gravity waves on a dielectric fluid of 

finite depth under normal electric field. Eur. J. Fluid. Mech. B, in preparation. 

Impact 

Hydroelastic waves have recently received significant research interest due to their wide applications 

in modelling floating ice. An in-depth understanding of this subject can enhance the engineering 

design of roads and aircraft runways in polar regions, as well as the construction of ‘very large 

floating structures’ in offshore and coastal areas. EHD waves are widely present in engineering 

applications such as for coating process and cooling systems. Due to its significant importance in 

industry, a theoretical understanding in EHD problems is necessary to improve efficiency. 

Hydroelastic wave. Deike et al. Phys. Rev. Fluid (2017). 
EHD schematic 
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Sound source verification in offshore prospection 
 

The aim of this project is to provide the solutions to obtain 

accurate estimates of exclusion zones for marine mammals, in the 

context of seismic exploration, in a simple and quick way. Short 

timeframes available for noise mitigation studies during seismic 

surveys tend to result in incomplete or inaccurate results, which 

have a direct impact on the health of marine mammals at 

individual and population levels. The project aims at addressing 

this through a better understanding of a simple propagation model 

and through the development of an application for efficient 

calculation of the sound field and marine mammal exclusion 

zones. 

Project outline 

Marine seismic surveys are carried out to explore areas with 

potential for fossil fuels. They use high-power acoustic sources 

that produce impulsive, low-frequency sounds that can propagate 

long distances in the water. For a seismic contractor to acquire the 

permit to operate in a certain area, they must guarantee that the 

environmental impact is kept to a minimum and appropriate 

mitigation measures are adopted. One form of mitigation used to 

prevent noise impact on marine mammals consists in defining an 

exclusion zone, an area within which sound levels can cause 

temporary or permanent auditory damage. That zone is defined 

based on the sound field and the auditory response of vulnerable 

marine species, and is monitored in real time to ensure no marine 

mammals enter it during operations. A shutdown protocol is set in 

place for those situations. 

During my work as a KTP fellow at Seiche Ltd, I had the 

opportunity to travel to Alaska to collect some good quality audio 

and navigation data during a pre-planned operation of a seismic 

airgun array. For that purpose, we used six drift buoys that were deployed upstream in a tidal bay 

(Cook Inlet), and allowed to drift downstream to map the sound field around the source. The data, 

processed at the time for sound source verification (SSV) and exclusion zone estimation, will be 

reused in the PhD to better understand the propagation of seismic pulses in complex, dynamic 

underwater environments. 

  

Figure 1 Sound field mapping crew in Cook Inlet (I am the third from the left) and drift buoy used 
for data acquisition (right). 
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The project aims at providing a simple, quick and reliable way of estimating marine mammal 

exclusion zones. There are three main identified challenges in this regard, which this project is trying 

to address: 

1. Obtaining accurate sound field simulations. A thorough understanding of the source and the 

environment and the use of an appropriate propagation model are important factors when calculating 

sound levels. However, it is also important that the model provides quick results when sound field 

and exclusion zone simulations are requested, as it is often the case that Environmental Impact 

Assessments (EIA) are requested close to the beginning the seismic survey. Additional simulations 

may also be requested for different locations, operational conditions or marine mammal, sometimes 

giving the modeller little time to perform these actions. In these situations, quick modelling 

capabilities are a must. Accordingly, an integrated modelling solution that comprises a source model, 

a propagation model and automatic environment definition will be hugely advantageous. Developing 

such platform is one of the goals of this project. 

2. Obtaining an effective measurement sample that can be used for model validation or direct 

estimation of exclusion zones. Operational restrictions exist for vessels or marine systems that are 

external to a seismic survey, which limit where and where measurements can be taken. That is why it 

is of key importance to know the best sampling strategy, that will results in the least conflict with the 

seismic operations, while providing a reliable sample for model validation or exclusion zone 

calculation. In the project, work is being done on a simple sound propagation model that will help to 

better understand underwater sound propagation and how different acoustic phenomena and 

patterns relate to operational and environmental parameters, such as frequency, speed of sound, 

source and receiver depth, water depth and geology. 

3. Sound propagation models require a certain degree of expertise, time and resources that not all 

companies or individuals have. This often results in rough extrapolations of sound field measurements 

being reported. Extrapolation of measurements to 1 m (useful for propagation modelling purposes) or 

to ranges beyond the spatial limits of a dataset are common. Unfortunately, simple linear regression 

from a few measurements is used in place of more sophisticated sound propagation modelling. A 

simple sound propagation model would help bridge the gap and help companies or individuals that 

have limited expertise, time or resources to obtain reliable estimates of sound levels based on few 

measurements. The goal is that in the future published source levels and other extrapolated sound 

level values are comparable and usable. 

Science 

The specific tasks that have been planned to tackle the challenges presented above are: 

- Code implementation of airgun array signature model, to be calibrated using parameter optimisation 

(simulated annealing) based on the most detailed database of controlled measurements of air gun 

signatures (Svein Vaage dataset). 

- Verification of propagation model by calculating best-fit environmental parameters using an 

appropriate optimisation algorithm. 

- Automated sound field simulation through simple specification of air gun array layout (i.e. automatic 

environment definition). 

- Improved sampling strategy evaluated through the analysis of propagation loss patterns at various 

distance regions. 

- Adaptation of image source model (i.e. simple propagation model) to aid in source level estimation 

from few measurements. 

- Study of applicability limits of simple propagation model. 
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Although some of these points have already investigated by other authors, it is the combination of 

these tasks to achieve a simple, quick and reliable method for exclusion zone estimation what adds 

novelty to the project. 

So far, only one conference paper has been published. The paper was a conference proceeding 

presented at the "Acoustic and Environmental Variability, Fluctuations and Coherence", Cambridge 

(UK), on the 12-13th 2016. The conference was organised by the Institute of Acoustics, and focused 

around various topics on underwater sound and its dependence on the environment and multiple 

dynamic phenomena that occur in the oceans. I coauthored the article, submitted to the Proceedings 

of the IOA, which was presented by Philippe Blondel, main author (Ph. Blondel, G. Jimenez, R. Wyatt; 

“Seismic surveys in complex environments: effects of environmental variability on sound propagation 

and mitigation practice”, Proc. IOA, 38(3):16:23, 2016). 

Impact 

The impact of this project will be achieved through the implementation of the modelling software and 

findings in my day to day work in the industry. I have contributed to various literature reviews, along 

with many reports on sound source verification and exclusion zone estimation, and conferences of 

industrial and academic focus. All these are effective platforms to present my work and encourage a 

change towards simpler and more accurate solutions for the study of impact of noise on marine life. 

 

 

Deep-learning and detection of acoustic trends and transients in 

marine observatories 
 

The project aims to detect and analyses automatically underwater 

acoustic events, which can be long-term events (shipping) or 

short-term events (vocalisations by animals, seismic prospection or 

small-scale weather observations) in a ten-years recording taken 

from a set of hydrophones. 

Project outline 

The detection of acoustics events at different time-scale in a very 

large dataset raises key research questions:  

• At which scale should we look at the data to capture all the 

features of different sounds?  

Indeed, a short modulation like clicks is better to be studied in a 

very short time-window whereas "longer" sounds like vessels 

signature, whale calls and songs have some periodical features 

that can only be studied in larger time-windows. 

• What are the more relevant information that we can extract from 

the data? 

The metrics used to analyse the signal are based on the software 

PAMGuide developped at the University of Bath that provides 

habitat characterization techniques. Detection algorithms have 

been created to extract “true” acoustic events from the background noise. 

 

 

Project lead: 

Amelie Klein 

Department of Mathematical 

Sciences - SAMBa 

4 West 1.17 

Ammk22@bath.ac.uk 

Supervisors: 

 Philippe Blondel 

 Kari Heine 
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• How can we speed up the analysis of the data? 

The duration of the recording gives rise to problems with the computer memory constraints and to 

solve this problem with greater speed and more memory space, the high-performance computing 

environment at the University of Bath (Balena) is required to use parallel programming and parallel 

computers.   

 

 
 

Science 

The final purpose is to offer new perspectives on optimising acoustic processing of very large 

datasets and machine learning techniques to detect and classify different sound sources. Processing 

techniques have been presented at the international conference of the Acoustical Society of America 

that took place in Victoria (British Columbia) in November 2018. 

Impact 

The detection of sound sources in a long duration recording is important to assess the impact of 

increased ambient noise due to increased commerce and international shipping on animal population. 

Do the animals adapt to noisier environments? Do they migrate? Long-duration recording are 

necessary to answer these questions and ensure the protection of animals since they enhance a trend 

in animal populations or shipping activities. 

 

Phase preserving 3D micro-navigation for interferometric synthetic 

aperture sonar 
 

Interferometric synthetic aperture sonar (InSAS) is an acoustic 

imaging technique that produces centimetre scale resolution 3D 

maps of the sea-floor. These sea-floor surveys are typically 

conducted from autonomous underwater vehicles (AUVs) which 

travel along a path, projecting acoustic pings and receiving their 

echoes from the sea-floor. Coherent processing of these echo data 

allows an image of the sea-floor to be formed. This processing 

requires sub-millimetre knowledge of the vehicle’s path, which must 

be derived using the sonar data because radio-navigation services 

such as GPS are unavailable underwater. Micro-navigation is the 

name given to this though-the-sensor navigation estimation. This 

project aims to develop new 

micro-navigation algorithms for 

interferometric synthetic aperture 

sonar. 

 

 

Project lead: 

Benjamin Thomas 

Department of Mechanical 

Engineering 

4 East 2.16a 

b.w.thomas@bath.ac.uk 

Supervisor: 

Dr Alan Hunter 

Animal vocalisation in spectrogram HPC environment at the university of Bath  
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Project outline 

Micro-navigation algorithms typically exploit time delays measured 

between the echoes received by adjacent pings. These time delays 

are affected by the so-called triad of confounding factors; 

navigation, bathymetry and sound speed. Navigation encompasses 

the vehicle motion and sonar geometry. Bathymetry is the shape 

and depth of the sea-floor, the underwater analogue of topography.  

The new algorithms developed in this project aim to 

account for the triad of confounding factors by 

simultaneously estimating the navigation, bathymetry 

and sound speed using the sonar data. This has 

potential to improve the accuracy of both the 

navigation and bathymetry estimates. 

Figure 1 shows the MUSCLE AUV, data from which has 

been used to demonstrate the new algorithms 

developed in this project. 

 

 

 

 

Figure 1 - The MUSCLE autonomous underwater vehicle (AUV), equipped with interferometric synthetic aperture 

sonar (InSAS) 

 

Funded by: 

 

Collaborators: 

NATO Centre for Maritime Research and 

Experimentation (CMRE) 

 

Defence Science and Technology Laboratory 

(DSTL) 
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Figure 2 - A synthetic aperture sonar image where sea-floor depth is encoded in colour. This bathymetry 
estimate was generated using the simultaneous micro-navigation and bathymetry estimation algorithm 

developed in this project. 

 

Science 

The work performed during this project has been presented at numerous international conferences. 

Figure 2 shows a sample result presented at the recent Underwater Acoustics Conference and 

Exhibition 2019 in Crete, which is a synthetic aperture sonar image where colour encodes the de-

trended sea-floor depth estimate. This estimate was made using a simultaneous navigation and 

bathymetry estimation algorithm developed for this project. A paper describing one component of this 

algorithm is currently in review with the Journal of Oceanic Engineering, and further paper is in 

preparation. 

Impact 

Interferometric synthetic aperture sonar already has multiple applications including military, such as 

mine hunting, and civilian, such as underwater archaeology, monitoring of underwater structures and 

environmental monitoring and surveying. However, the accuracy of the bathymetry estimates is 

currently limited by the size of the platform, but there is potential to improve bathymetry resolution 

by fusing data from repeated acquisitions of the scene. Advanced, phase preserving micro-navigation 

algorithms are required to realise this exciting potential. 
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Passive acoustic monitoring from a wave-propelled unmanned 

surface vehicle 
 

This project aims to investigate and overcome the challenges 

associated with enabling passive acoustic monitoring 

techniques from the AutoNaut wave-propelled unmanned 

surface vehicle. 

Project outline 

The use of towed hydrophone arrays deployed from wave-

propelled autonomous surface vehicles presents a unique 

opportunity for long-duration, wide-area passive acoustic 

underwater surveillance. Example applications include marine 

mammal monitoring for environmental surveys and mitigation 

zone enforcement, as well as anti-submarine warfare. These 

vessels present certain challenges for robust direction-of-arrival 

estimation using beamforming. The limited propulsion power 

compared to traditional tow-vessels imposes the constraint of a 

short array and a shallow tow depth. Moreover, the 

intermittent nature of propulsion inherent to these platforms 

exacerbates the 

problem of 

uncertainty in the 

array profile. Uncompensated array curvature causes 

beamforming errors, which can lead to inaccurate bearing 

estimates, misdetections, and false alarms. Using 

modelling and recursive Bayesian inference techniques, the 

array motion is being investigated and benchmarked with 

the intention of developing in-situ compensation 

techniques. 

Science 

This project will provide an assessment of the 

capabilities and challenges associated with 

utilising this cutting edge novel vessel as a 

platform from which to perform PAM 

techniques. The preliminary work and results 

have been presented at multiple international 

conferences, producing one conference paper 

and journal papers on the follow-up work 

currently in progress. 

Impact 

This project has the potential to develop techniques to allow these novel, low-cost vessels to be used 

for a multitude of passive acoustic applications ranging from environmental sciences through to 

military surveillance.   

 

Project lead: 

Alfie Anthony Treloar 

Department of Mechanical 

Engineering 

4 East 2.16A 

A.O.Anthony.Treloar@bath.ac.uk 

Supervisor: 

Dr Alan Hunter Collaborators: 
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The role of phytoplankton morphology on dominance under 

different turbulent regimes (PhytoMix) 
 

The PhytoMix project involves a multi-disciplinary approach to achieve 

the aim of determining how morphology influences the response of a 

natural phytoplankton community to turbulent mixing. This will be 

accomplished via a series of mesocosm experiments which used 

convection-induced turbulence to create various turbulent regimes 

ranging from quiescent, stratified systems through to well-mixed 

systems. Over the course of the experiment, nutrient levels, growth 

rates, primary production were monitored and samples were taken for 

species identification and enumeration. The objective is to determine 

whether there has been a species response to the different turbulent 

regimes and if so, to what degree the species’ morphology played a 

role in this. 

Project outline 

For ease, current ecosystem models parameterise the typical 

phytoplankton as simple shapes such as spheres, ellipsoids and 

cylindrical rods. However, it is known that phytoplanktonic cells display 

remarkable variation in size and shape (aka morphology) across the 

30,000 to one million species thought to inhabit the world’s waterways. 

Furthermore, subtle phytoplankton-turbulence feedback mechanisms 

can have significant impacts on determining which species becomes 

dominant given a specific turbulent environment. While there has been 

some research into the influence of morphology on sinking rates, little 

work has been undertaken to ascertain how cell morphology affects a 

species’ ability to prosper in a given turbulent environment. 

 
With support from the EU AQUACOSM program and the UK Royal Society, 

a 10-day experiment was performed on the large mesocosm facilities at 
Umeå Marine Science Centre (UMSC), Sweden from April to May 2018. 

The experiment used a natural phytoplankton community from the Gulf 

of Bothnia, placing them in 5m-deep mesocosms that permitted the 
manipulation of temperature, light conditions and turbulence regime. 

The 12 tanks were divided into four treatments (strongly stratified, 
weakly stratified, weakly mixed, and strongly mixed), and the evolution 

of the phytoplankton community in the tanks was observed. In addition, 
the turbulence environment was characterised in each tank while 

measurements of primary productivity and other water quality 

parameters were taken concurrently. The advantage of using mesocosms over natural sites is that the 
turbulence can be controlled and precisely quantified. Response of the phytoplankton to different 

turbulence regimes is being assessed with subsequent morphometric analyses of key species using flow 
cytometry and FlowCAM imaging. 

 

 
 

 
 

 

 

Project lead: 

Russell Arnott 

Department of 

Architecture and Civil 

Engineering – WEIR 

6E 3.06 

r.n.arnott@bath.ac.uk 

 

Project supervisor: 

Dr Lee Bryant 

Department of 

Architecture and Civil 

Engineering – WEIR 

4ES 3.05 

l.bryant@bath.ac.uk 
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Figure 3 - UMSC mesocosm facilities; lower level 

 

  
Figure 4 - Dr Danielle Wain retrieving the Self-Contained Autonomous Micro-structure Profiler (SCAMP) from a 
mesocosm 
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Science 

The innovative aspect of this project is the combination of experimental and mathematical 

approaches at the physical, ecological and environmental expertise in one team. We will generate 

models of turbulent phytoplankton growth as deliverables that can be used in more complex 

biogeochemical or ecological models of marine environments. The data is still being processed, but 

preliminary analysis indicates different phytoplankton responses to different turbulence regimes. In 

addition, this is the first time that convection-induced turbulence has been used in the study of 

phytoplankton interactions. To this end, the turbulent regimes have been quantified and compared to 

those that exist in nature. It is postulated that convection-induced turbulence of this nature offers a 

number of benefits when compared to other methods of turbulence generation namely working on 

more realistic length scales while also avoid moving apparatus in the fluid medium that can prohibit 

sensors and damage phytoplankton cells. 

 

Impact 
 
As well as being responsible for 99% of all marine food chains, phytoplankton also produces up to 80% 

of our atmospheric oxygen. Being able to model phytoplankton primary production is crucial for fisheries 
management as well as climatic forcing. Furthermore, as climate change continues to alter the nature 

of our ocean, the abundance of various phytoplankton groups is shifting both temporally and spatially. 

In order to more accurately predict phytoplankton dynamics, physical parameters need to be considered 
yet too often, the role of turbulence in ecosystem modelling is omitted or at best vastly simplified. It is 

hoped that this research will add to the growing body of biological-physical interactions in allowing us 
to more accurately predict which species will become prosper / retreat given a set of physical forcings. 

It also hopes to introduce a new method of turbulence generation into the phytoplankton-turbulence 
community. 

 

 

Figure 3 - Russell Arnott taking physical measurements in a mesocosm using water quality sondes 
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Contact details 

While the project is led via the University of Bath, an international team of researchers is facilitating 

its progress. Dr Danielle Wain (Director of the 7 Lakes Alliance, Maine, USA and lecturer at Colby 

College, USA) is consulting on the physical analyses with a focus on the turbulent dynamics. Dr Mehdi 

Cherif (Ecologist at the Department of Ecology and Environmental Science, Umeå University, Sweden) 

is assisting with the statistical analyses as well as the biological considerations. Finally, Anastasia 

Tsotkou from the Hellenic Centre for Marine Research assisted with the laboratory-based biological 

analyses during the main experiment. 

Project URL: https://www.bath.ac.uk/case-studies/ive-always-been-interested-in-how-the-

physics-of-the-ocean-impacts-what-lives-there/ 

 

 

  

https://www.bath.ac.uk/case-studies/ive-always-been-interested-in-how-the-physics-of-the-ocean-impacts-what-lives-there/
https://www.bath.ac.uk/case-studies/ive-always-been-interested-in-how-the-physics-of-the-ocean-impacts-what-lives-there/
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Sensors and Data 

We are developing new sensors 

and innovative data processing 

and interpretation for reliable 

monitoring of water quality, 

sustainability and system 

monitoring. 

 

Introduction 
We are developing new sensors for 

water quality and system monitoring to meet the growing need for robust and reliable sensors in this 

sector. Data acquisition and water monitoring in small and large systems produces “Big Data” and we 

are at the forefront of developing innovative approaches to detect and monitor environmentally and 

technically relevant metrics. 

Projects 
Nr Title Lead Funder 

Programme 

Type 

(EU/Research/PhD) 

1 Desalination based on ionic diode 

mechanisms 

Frank Marken  PhD 

2 Water Monitoring in Colombian 

Vulnerable Communities in a Post-

Conflict Scenario 

Mirella Di Lorenzo, 

Pedro Estrela, 

Jannis Wenk 

 Research 

3 AMEN: Addressing MErcury 

Pollution in Colombia with Natural 

Fibers 

Mirella Di Lorenzo  GCRF  

4 Rapid on-site determination of 

drinking water safety 

Carlos M. Lopez-

Alled 

British 

Spanish 

Society, 

The Royal 

Society, EU 

FIRE 

PhD 

5 Integrated Biosensing Platform for 

Waterborne Pathogen Detection: 

Improving Public Health 

Josh Rainbow FRESH 

CDT 

PhD 

6 Machine learning and processing 

of large datasets from seafloor 

observatories 

Philippe Blondel, 

Kari Heine 

EPSRC 

SAMBa 

CDT 

PhD 

7 Self-powered biosensors for water 

quality monitoring 

Dolores Gonzalez WISE CDT PhD 

THEME LEADS 

Pedro Estrela 

Philippe Blondel 

THEME MEMBERS 

Academics - Lee Bryant, Richard Bowman, 

Mirella Di Lorenzo, Alan Hunter, Barbara 

Kasprzyk-Hordern, Frank Marken, Julian 

Padget, Jannis Wenk 

PDRAs - Nataliya Mogles, Elena Madrid, 

Alfonso Ramallo-Gonzalez, Barak Aaronson, 

Nikhil Banda, Stephen Cook, Elena Bernalte 

PhD students - Budi Riza Putra, Carlos M. 

Lopez-Alled, Josh Rainbow, Guillermo Jímenez 

Arranz, Amélie Klein, Jodi Walsh, Dolores 

Gonzalez, Chenning Wu 
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Desalination based on ionic diode mechanisms 
 

In this PhD project Budi Riza Putra and Frank Marken pursue the idea of 

employing ionic diode mechanisms for the selective removal of certain 

ions from solution. This is based on (A) a semi-permeable ionomer 

material to provide ion selectivity and (B) a microhole diode which causes 

current rectification and thereby an ion pump function. The main aim is to 

explore ionomer materials and rectifier mechanisms to then develop 

prototype devices for desalination and selective ion removal.   

Project outline 

Materials with microporosity allow ion flow through pores. When charges 

within the material are unequally mobile or immobilised (in ionomer 

materials) processes can be described as membrane processes. Many 

porous materials exhibit semi-permeability in ion transport and in this 

project we are interested in particular in modern polymers of intrinsic 

microporosity and in lamellar nano-materials with transport through nano-

lamella gaps (e.g. for graphene oxide or for titanate nanosheets). 

Ionic diode experiments are 

performed with the membrane 

positioned between two (or more) 

electrodes and by recording 

currents as a function of applied 

potential. Switching of diodes 

between open and closed state is 

observed (see Figure 1) and 

molecular mechanisms for this 

behaviour are investigated. The 

higher the difference between 

open current and closed current, 

the better the diode performance. Also time factors are 

important and short switching times are desirable. 

The knowledge about these ionic diode systems and 

materials is constantly increasing, although this work is 

currently uniquely pioneered at Bath. We study a range of 

materials and work with collaborators in Southampton and 

Edinburgh (UK), in Johannesburg (South Africa), and in 

Wuhan (China). Applications have been suggested in 

desalination [2] but also in sensing [3] and in selective ion 

removal. 

Science 

Electrolytic ionic diodes have been predicted and then discovered in 1959 [4], but only more recently 

these types of devices have been investigated for applications. Most of this work is based on novel 

nano-engineered channel structures, but we have recently introduced a materials approach [5] with 

much higher current flow based on devices that are typically tens of micrometers. Current rectification 

in these ionic diodes results in a “pump” mechanism related to biological ion pumps in cell 

membranes. Our main focus is to first understand the molecular aspects of the diode mechanism and 

second finding new applications for example in desalination [2] and in sensing [3]. 

 

Project lead: 

Frank Marken 

Department of 

Chemistry 

1 South 0.05 

F.Marken@bath.ac.uk 

 

Project lead: 

Budi Riza Putra 

Department of 

Chemistry 

1 South 0.38 

B.Putra@bath.ac.uk 

Figure 1. (A) Electron micrograph of 

the microhole diode. (B) Ionic diode 

characteristics for a Nafion membrane 

[1]. (C) Time dependent ion currents 

showing switching between open and 

closed states. 
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[1] Putra, B.R.; Aaronson, B.D.B.; Madrid, E.; Mathwig, K.; Carta, M.; Malpass-Evans, R.; McKeown, 

N.B.; Marken, F. 2017. Ionic diode characteristics at a polymer of intrinsic microporosity (PIM) | Nafion 

"heterojunction" deposit on a microhole poly(ethylene-terephthalate) substrate. Electroanalysis 

29:2217-2223. 

[2] Tshwenya, L.; Arotiba, O.; Putra, B.R.; Madrid, E.; Mathwig, K.; Marken, F. 2018. Cationic diodes by 

hot-pressing of Fumasep FKS-30 ionomer film onto a microhole in polyethylene terephthalate (PET). J. 

Electroanal. Chem. 815:114-122. 

[3] Putra, B.R.; Carta, M.; Malpass-Evans, R.; McKeown, N.B.; Marken, F. 2017. Potassium cation 

induced ionic diode blocking for a polymer of intrinsic microporosity | Nafion "heterojunction" on a 

microhole substrate. Electrochim. Acta 258:807-813. 

[4] Lovrececk, B.; Despic, A.; Bockris, J.O.M. 1959. Electrolytic junctions with rectifying properties. J. 

Phys. Chem. 63:750-751. 

[5] Aaronson, B.D.B.; Wigmore, D.; Johns, M.A.; Scott, J.L.; Polikarpov, I.; Marken, F. 2017. Cellulose 

ionics: switching ionic diode responses by surface charge in reconstituted cellulose films. Analyst 

142:3707-3714. 

Impact 

This work on ionic diodes has attracted initial attention from water companies and we are attempting 

further development of this work into higher technology readiness levels. The ability to employ AC-

electricity in desalination offers potentially less side reactions, less waste, and better energy 

efficiency. There could be also a related mechanism for energy generation (“blue energy”) when 

feeding salt water and fresh water into the diode circuit. 

 

Water monitoring in Colombian vulnerable 

communities in a post-conflict scenario 
 

This project seeks to develop and test an affordable, portable and user-

friendly integrated multisensor system for comprehensive water quality 

monitoring in Colombia. The real-time multisensing platform incorporates 

the monitoring of some key physicochemical parameters with a 

miniaturised electrochemical sensor for on-site heavy metals detection.  

The main objectives of this project were: 

 Explore the utilisation of screen-printed electrochemical sensors 

for the reliable multidetection of heavy metals typically found in 

polluted Colombian rivers, such as cadmium, lead, copper and 

mercury 

 Test the sensitivity, reproducibility and stability of the 

electrochemical sensors under laboratory conditions 

 Integrate the electrochemical sensor within an acquisition-

monitoring multisensing system, which also monitors standard 

parameters of the water (pH, conductivity, dissolved oxygen and 

temperature) 

 Apply the developed technology for on-site monitoring of water 

in Amazon river to obtain a real-time information 

 Engage with the indigenous communities in Amazon rainforest to 

disseminate the potential impact of the sensing platform, train 

local personnel on its use for field tests, and collect their opinion 

and feedback 

 

Project lead: 

Dr Mirella Di Lorenzo 
Department of Chemical 

Engineering 

9 West 
M.di.Lorenzo@bath.ac.uk 

Project lead: 
Dr Pedro Estrela 

Department of Electronic 
& Electrical Engineering 

2 East 2.21 
P.Estrela@bath.ac.uk 

 

Project lead: 
Dr Jannis Wenk 

Department of Chemical 
Engineering 

9 West 2.04D 
J.H.Wenk@bath.ac.uk 

mailto:P.Estrela@bath.ac.uk
mailto:J.H.Wenk@bath.ac.uk
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Project outline 

Access to safe drinking water is a fundamental human right. 

Nevertheless, this right is not guaranteed to everyone in the world. In 

Colombia, illegal mining activities severely affects waters used for 

direct consumption, agriculture and fishing across rural municipalities 

and indigenous territories. Here, the incidence of mercury-derived 

diseases is warningly high. Therefore, the implementation of sensing 

systems for the effective monitoring of pollutants is vital to the 

assurance of water quality. Such systems can help to survey pollution 

and implement prevention and management strategies aimed at 

minimising environmental impacts and safeguarding public health. By 

combining the engineering of a low-cost, portable and easy-to-use 

water sensing tool with empowering communities in the use of 

technology and data collection, we propose to face the challenge of 

making the analysis and monitoring of drinking water simple, affordable, and accessible to all.  

Science 

One of the main outcome of this project has been the successful development of an electrochemical 

sensor for the simultaneous detection of heavy metals of high concern in Colombia (lead, copper and 

mercury) and the validation of this technology against standard analytical methods. Also, the 

integration of the sensor in a multisensing platform together with the implementation of the 

technology in the field to perform on-site analysis of water in remote areas of Colombian Amazon 

have been a fruitful outcomes of this project. 

To disseminate our activity in the community of Santa Sofia 

(Amazon), a brief documentary “Water Sweet Water” has 

been produced in this regard: https://vimeo.com/272734334. 

This project was This project was nominated and highly 

commended for the 2018 IChemE Global  Award for Water.   

Impact 

In order to guarantee the fundamental rights of vulnerable communities in Colombia and to protect 

the environment, it is necessary to have a control of the level of pollution of drinking water. In 

remote places, which are also prone to become scenarios of uncontrolled high pollution, it is crucial 

the implementation of effective monitoring tools that are cheap, easy-to-use and that can operate on-

site and in real-time. Those requirements cannot be met by traditional analytical tools, which are 

expensive, lab-based and therefore time consuming, not suitable for real-time measurements and 

require expert personnel. Therefore, we have developed in this project a multisensing platform that is 

simple to use and provides in real time a rapid overview of water quality, while informing on the 

presence of harmful concentrations of toxic heavy metals. This tool makes possible the collection of 

real data that can provide an overview of the environmental and health issues to which the over 8 

million citizens, living in mining areas, are exposed to. 

 

 

 

 

 

Collaborators: 

 

 Prof Alba Ávila 

 Dr. Jaime Pérez  

 Sebastián Arévalo 

https://vimeo.com/272734334
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AMEN: Addressing Mercury Pollution in Colombia with Natural 

Fibers 
 

AMEN seeks to address mercury contamination in water by looking at 

two different aspects: remediation process and environmental 

analysis. Therefore, the main goal of this project is to investigate the 

feasibility of native natural fibers (Fulcraea andina, commonly known 

by the locals as ‘fique’) as a particular platform to fabricate affordable 

and easy-to-use tools for mercury pollution detection and its 

remediation from polluted water bodies in Colombia.  

The objectives of the project are summarised as follows: 

 Explore chemical functionalisation of fibres to promote 

mercury removal from water 

 Apply the modified fibre composite in the remediation of 

mercury from contaminated waters collected in Colombia 

 Investigate the suitability of raw fibres as substrate 

for the development of biodegradable carbon-based 

electrochemical sensors 

 Apply the developed sensors for mercury detection 

in water samples collected in Colombia and integrate 

them within the decontamination system using fibre 

composite to evaluate the effectiveness of the 

material 

Project outline 

Colombia is the third most affected country in the world for 

mercury contamination due to intense illegal gold mining. 

The toxic metal seriously pollutes rivers and sediments, 

firstly affecting the food chain primarily via bioaccumulation 

in fishes, and secondly by contaminating vegetables and 

fruits irrigated with this water. Moreover, during the dry 

season, the lack of infrastructures for drinking water 

provision forces the communities to drink the water from the 

river. The majority of these communities live in remote 

areas following ancient lifestyle traditions, which, in addition 

to scarce economic resources and poor government support, 

makes difficult any adequate monitoring and water 

treatments. 

By engaging with local communities and empowering them in the use of technology and data 

collection, scientific community can actually face the challenge of reaching vulnerable groups and 

make simple, possible and affordable both treatment and analysis of contaminated water. Therefore, 

the integration of familiar native fibres, which are used by indigenous women to produce typical 

handicrafts following traditional techniques inherited by their ancestors, to develop novel materials 

and devices is a very trustful way for communities to collaborate in our studies towards health and 

environmental pollution problems. It is also a way to innovate in the fabrication of ecological 

materials that are directly beneficial to the environment and make technology more accessible to all. 

 

 

 

Project lead: 

Dr Mirella Di Lorenzo 

Department of Chemical 
Engineering 

9 West 
M.di.Lorenzo@bath.ac.uk 

People involved: 

 Dr Elena Bernalte, 

Chemical Engineering 

 Dr Bernardo Castro, 

Chemical Engineering 

 Dr Mathew Lennox, 

Chemical Engineering 

 Professor Janet Scott, 

Chemistry 

 Dr Emile Engel, Chemistry 

 Dr Pedro Estrela, Electronic 

and Eletrical Engineering 

 Dr Hugo Zea, Universidad 

Nacional de Colombia 

 Dr Cesar Sierra, 

Universidad Nacional de 

Colombia 

 Ms. Karen Bastidas, 

Universidad Nacional de 

Colombia 
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Science 

The main scientific output of this project has been the successful development of a novel 

functionalised-fique fibre material that has demonstrated to remove effectively an 85% of mercury in 

water in less than 30 min. Moreover, the integration of electrochemical sensors as analytical tool to 

detect mercury remaining after decontamination with fibre has made possible the direct, reliable and 

fast quantification of this pollutant. 

This project has brought other fruitful academic outcomes, such as participation in an event 

organised by the Science Museum in London, collaboration in a MBA project case at University of 

Bath, one Chemical Engineering undergraduate final project and a 6 months visiting PhD student from 

Universidad Nacional de Colombia (Karen Bastidas) to the University of Bath. Several collaborative 

scientific papers between Colombia and UK are also in preparation. 

Impact 

In order to guarantee the fundamental rights of vulnerable communities in Colombia and to protect 

the environment, it is necessary to have a control of the level of pollution of drinking water. By 

combining the utilisation of natural fibres, which are very well-known by communities, with the 

sophistication of engineering and science for their functionalisation, we have developed in this project 

a very useful tool to monitor mercury pollution in water as well as we have obtained a practical 

material to decontaminate water from this pollutant in a real easy way. The utilisation of fique fibres 

as support of both technologies increases communities confidence towards application of technology, 

adds value to a waste product, minimises environmental impacts and reduces significantly the overall 

cost of the technology. 
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Rapid on-site determination of drinking water safety 
 

The main aim of this project is to develop low-cost and easy-to-use 

colorimetric sensors that are able to indicate inorganic drinking water 

contaminants. Currently, our work focusses on fluoride, mercury and 

arsenic detection.  

Project outline 

As of 2015, WHO data show that around 1 in 10 people globally lack 

access to safe drinking water (>600 million people). A key issue for 

people in the developing world is knowing whether or not water from 

a particular source (e.g. village well) is safe; the situation is 

complicated by the fact that water from a previously safe source may 

become unsafe because of contamination, either due to human 

activity such as mercury, lead and cadmium or of natural origin such 

as fluoride and arsenic. 

Accurate methods for quantitation of these drinking water 

contaminants exists, including fluorescence measurements or 

electrochemical detection, but all of these require specialized 

equipment and an expert user in a laboratory setting. It would be 

highly desirable to develop a detection system that could be used 

in the field by a non-expert user (a village resident) and which 

requires no electrical supply or specialist equipment. 

We are tackling this problem by 

developing molecules that change 

colour in the presence of a 

specific contaminant. The key 

concept is that a strip of paper 

impregnated with this sensor 

molecule will be dipped into a 

sample of well water, and in the 

presence of unsafe levels of the 

contaminant, a colour change will 

occur that provides a rapid, 

unambiguous visual readout that is discernible to the naked eye. If 

a contamination problem is identified, the appropriate remediation 

technologies can be implemented.  

Science 

These sensors are based organic molecules that allow on-site 

detection of contaminants without use of harmful chemicals, 

including heavy metals, as sometimes necessary for other 

colorimetric methods. The chromophore backbone used in this 

project are azulene and guaiazulene derivatives that can be obtained from renewable sources. 

We have developed the first colorimetric sensor that uses a boronic ester as fluoride reporter 

element. (DOI: 10.1039/C7CC07416F Chem. Commun., 2017, 53, 12580-12583). We have also 

synthesised a series of mercury colorimetric sensors that detect mercury in water via supramolecular 

interactions. 

 

 

Project lead: 
Carlos M. Lopez Alled 

Department of Chemistry 
1S 0.29 
C.M.Lopez@bath.ac.uk 

Supervisors: 

 Dr Simon Lewis 

 Professor Tony James 

 Dr Jannis Wenk 

Funded by: 

 

 

Collaborator: 
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Impact 

Low-cost and reliable contaminant detection methods will be beneficial to rural communities that are 

affected by contamination of their water resources. We are working with the Nasio Trust, a charity 

that has been active in Eastern Africa for several decades to integrate our detection methods into an 

overarching concept to improve water safety in remote communities in Tanzania. Many regions in 

East Africa are particularly affected by fluoride contamination. 

 

 

Integrated biosensing platform for waterborne pathogen 

detection: improving public health 
 

Waterborne diseases are caused by pathogenic 

microorganisms e.g. bacteria, viruses, fungi or protists that 

are most commonly transmitted in contaminated fresh 

water. This is a prevalent problem in many developing 

countries due to poor sanitation and water/wastewater 

infrastructure as well as lack of suitable monitoring systems. 

The development of systems that provide a health warning 

to environmental agencies, NGOs or local communities 

requires the development of simple to use, fully integrated 

and relatively inexpensive biosensing platforms. 

Science 

We envisage a portable integrated sensing platform for 

rapid, on site, simultaneous detection of several 

contaminant species of bacteria associated with waterborne 

diseases. One possible route is the development of lab-on-a-

chip device that measures the presence of DNA associated 

with key pathogens of concern (e.g. E. Coli, Salmonella and 

Pseudomonas Aeruginosas). Within this project we will focus 

on the design of arrays of DNA probes that capture different 

sections of the DNA characteristic of the pathogens of 

concern and measuring the hybridization events via 

amperometry, electrochemical impedance and quartz crystal 

microbalance technology. Redox-active sensitisers that bind 

with the hybrid duplex resulting from capture of target DNA 

will provide on-chip impedance signal amplification and 

enable more sensitive detection capability. 

Impact 

This approach will provide valuable information towards the 

design of a full lab-on-a-chip device with microfluidics, 

filtration, lysis and PCR. This novel approach offers a very 

timely and transformative solution to a complex problem 

requiring technology integration across a number of 

disciplines. The involvement of Public Health England as a 

stakeholder ensures a co-design approach for the development of fit-for-purpose devices. 

 

Project lead: 

Josh Rainbow 

Department of Electronic and 

Electrical Engineering – FRESH CDT 

J.R.I.Rainbow@bath.ac.uk 

Supervisors: 

 Dr Pedro Estrela 

 Dr Niklaas Buurma, Cardiff 

University 

 Professor Nigel Silman, 

Public Health England 

 Dr Mirella Di Lorenzo 

Stakeholder: 
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As an example, seasonal high levels of pathogens are present in the Billings reservoir in Brazil, which 

provides water to half of the population of Sao Paulo city, putting at risk roughly 6.5 million people. 

The devices to be developed will enable early warning of high pathogen levels so that local authorities 

can take preventive actions. The platform can be adapted for on-site monitoring of different 

pathogens in most fresh water reservoirs. 

The project will establish the underlying sensing technology for the first portable integrated sensing 

platform for rapid and on-site detection of several contaminants associated to waterborne diseases. 

 

 

Self-powered biosensors for water quality monitoring 
 

The excessive use of pesticides compromises the environment and 

human health worldwide. Effective use of pesticides in industry and 

agriculture requires in situ and online monitoring of water quality. 

The aim of this project is to improve the knowledge in signal 

processing of MFC biosensors to promote practical applications. 

Project outline 

The project aims to develop a biosensor to detect pesticides in 

water with the following characteristics: 

 Based on a photosynthetic sediment microbial fuel cell (p-

SMFC). 

 Autonomous. 

 Self-powered. 

 Cost-effective. 

 Robust, suitable for long-term deployment.  

 Capable of in situ and online monitoring of water quality. 

Project objectives: 

 To design a continuous and real-time MFC biosensor. 

 To prove the ability of the sensor to detect components of 

interest. 

 To develop a model to interpret and predict the sensor’s 

output. 

 To validate the sensor in the field. 

Science 

The increasing amount of chemicals used in industry and agriculture are polluting the water bodies by 

runoff, diffusion and leaching processes. These pollutants are a threat both to human health and the 

environment. Consequently, the Water Framework Directive has identified 33 priority substances that 

have to be controlled and limited. Among these, there are several compounds used in agriculture as 

pesticides and herbicides. These substances are currently monitored using analytical methods, such 

as chromatography or mass spectroscopy. These methods are expensive, require sample collection 

 

Project lead: 
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M.di.Lorenzo@bath.ac.uk 
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and cannot provide a continuous, online measurement. Therefore, there is a need to develop an 

online, continuous and real time sensors for water quality monitoring. Biosensors based on biofuel 

cells are rising as a promising deployable and self-powered technology for online and in-situ 

monitoring. The project scope is to develop a biofuel cell-based sensor capable of detecting the 

components of interest, to assess its suitability for field monitoring and to improve the signal 

processing. 

 

The photosynthetic Sediment Microbial Fuel Cell (p-SMFC) biosensor   

 

 

 

 

 

 

Energy generator 
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Impact 

A self-powered p-SMFC has been developed and tested for detection of atrazine in water. The 

presence of algae enhances the durability of the biosensor. Key findings: 

 The biosensor detects the legal EU limit concentration of 0.1 µg L-1 on Atrazine. 

 The detection is instantaneous. 

 Is resilient to multiple toxic events, yet the sensor loses sensitivity over time. 

 The power output is enhanced by the presence of the toxicant. 

During her PhD, Dolores has set the proof of principle on the use of biofuel cell biosensors for 

detection of atrazine. This work was submitted to Frontiers: “Effect of electrode properties on the 

performance of a photosynthetic microbial fuel cell for atrazine detection”. 

Dolores was also recipient of a scholarship for a Summer School in biofilm characterisation at SCELSE, 

Singapore. 

She is now working on the prototype for in-field applications of the self-powered biosensors for water 

quality monitoring. The preliminary results of this work was presented as a proceedings article in an 

international conference on Fuel Cells as: “Investigating the use of Photosynthetic Sediment Microbial 

Fuel Cells for pesticide detection in water”. 
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Urban Water Management 
 

 

We are developing new approaches 

to urban water management and 

water governance to deal with 

growing urbanisation in society. 

 

Introduction 
Research within the Urban Water Management theme of the Water Innovation and Research Centre 

(WIRC) @ Bath covers: 

 domestic and commercial water use 

 water allocation for different purposes 

 water quality in relation to its intended use (water fit for purpose) 

 water as a component of urban systems design 

 smart buildings and cities 

 the role of water in climate adaption and resilience 

The number of people living in urban environments worldwide is increasing. Over 50% of the world's 

population lives in urban areas, and often in big or mega cities. In Europe, more than 70% of the 

population lives in urban areas. Economic activity in large urban deltas is predicted to quadruple in 

the coming decades. This growth will be hampered by fresh water availability unless we develop and 

implement new sustainable ways of urban water management and water governance. City 

management and urban water management, therefore, go hand in hand. 

Our research in this area investigates how water is managed in urban environments in its broadest 

sense. 

Projects 
 

Nr Title Lead Funder 

Programme 

Type 

1 ENTRUST: Wastewater fingerprinting 

for public health assessment 

Barbara 

Kasprzyk-Hordern  

EPSRC GCRF Global 

development 

2 ReNEW: Developing Resilient Nations – 

Towards a Public Heath Early Warning 

System via Urban Water Profiling 

Barbara 

Kasprzyk-Hordern 

EPSRC GCRF Global 

development 

3 Advanced Hydraulic Modelling for Flood 

Risk Analysis 

Ioanna Stamataki WISE CDT PhD 

4 Process-Based Flood Frequency 

Analysis using Storm-Tracking 

Andy Barnes WISE CDT PhD 

THEME LEADS 

Barbara Kasprzyk-Hordern 

Thomas Kjeldsen 

THEME MEMBERS 

Academics - Kemi Adeyeye, Tom Arnot, 

John Chew, Jan Hofman, Marion Harney, 

Nick McCullen, Marcelle McManus, Ilaria 

Prosdocimi, Ian Walker 

PDRAs - Kishore Jagadeesan, Scott Watkins 

PhD students - Elizabeth Holton, Emma 

Burroughs, Ioanna Stamataki, Andy Barnes, 

David Birt, Andy Kannan, Rawiwan 

Wattanayon, Zaharatu Mohammed Babika 
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5 Drinking Water Reservoir Resiliency in a 

Changing Climate 

David Birt WISE CDT PhD 

6 Mobilising Britain’s historical flood 

information in support of contemporary 

flood risk assessments: the City of Bath 

Thomas Kjeldsen Leverhulme 

Trust 

Research 

7 Support for the National Flood Studies 

Programme through the Development 

of Research Capacity and Training 

Thomas Kjeldsen RAEng 

Industry 

Academia 

Partnership 

Programme 

Research 

8 Assessment of sustainable urban water 

management and governance: City 

Blueprint Approach 

Kees van 

Leeuwen (Global 

Chair/David 

Parkin Visiting 

Professor) and 

Jan Hofman 

 Research 

 

 

 

ENTRUST: Wastewater fingerprinting for public health assessment 
 

 

We are aiming to reduce pharmaceutical levels in the 

aquatic environment using technological advances 

alongside interventions targeting ‘control at source’ i.e. 

reducing the level of pharmaceuticals reaching wastewater 

treatment works’. We are seeking to understand the extent 

to which a population’s use and disposal of prescribed 

pharmaceuticals could be reduced by the use of ‘social 

prescribing’ (referral to sources of support within the 

community for non-medical conditions); changes in 

lifestyle; and provision of educational material and advice 

to create awareness regarding correct disposal of 

pharmaceuticals. The potential benefits are three-fold: (i) 

improved water quality & environmental health; (ii) 

increased health and wellbeing of the communities served; 

and (iii) compliance with environmental regulations in a 

cost-beneficial and sustainable way. 

Project outline 

Studies of urban wastewater can provide information on 

pharmaceutical levels as well as verifying public health 

status. This is because urban wastewater contains a 

complex mixture of chemical substances including a wide 

range of human related products (called biomarkers), e.g. 

genes, proteins and metabolites. The analysis of 

biomarkers in wastewater from different communities 

allows for spatial and temporal estimation and prediction 

 

Project lead: 

Professor Barbara Kasprzyk-Hordern 

Department of Chemistry 

1 South 1.54B 

b.kasprzyk-hordern@bath.ac.uk 

People involved: 

 Professor Julie Barnett 

 Professor Martyn Standage  

 Dr Tom Arnot 

 Dr Kishore Jagadeesan 

 Dr Scott Watkins 

 Natalie Sims 

 Andrew Kannan 
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of community-wide health under different environmental and socio-economic scenarios. Thus far, this 

approach has been successfully used to determine pharmaceutical, illicit drug, alcohol and tobacco 

use (see: http://www.sewprofitn.eu and http://www.score-cost.eu).  

Further developments are now proposed, with the ultimate 

goal of a comprehensive public health assessment at the 

community level, since wastewater can be considered as a 

‘diagnostic medium for the health status of a city’. This is 

the focus of our new EPSRC GCRF ReNEW project 

(‘Developing Resilient Nations – Towards a Public Health 

Early Warning System via Urban Water Profiling’) that will 

be linked with the proposed research. There is the clear 

potential to develop a wider range of innovative solutions 

to quantitatively assess patterns of factors related to 

health and illness within populations, while also providing a means of collecting complementary data 

for epidemiological and socio-economic studies in order to undertake comprehensive evaluation of 

public health. 

 

Impact 

ENTRUST aims to improve environmental and public health in the Wessex Water region via two 

interrelated WPs: 

1. Adaptation and implementation of wastewater-based epidemiology as a quantitative measure of 

public health status in the Wessex Water region and tool for evaluating the effectiveness of social 

interventions 

2. Development and evaluation of intervention strategies encompassing social prescribing and 

messaging aimed at improving public and environmental health 

An overarching benefit of the work will be to create a strong, multi-sector stakeholder network in the 

Wessex Water region to facilitate wider implementation of the approaches being investigated. 

 

 

 

 

 

 

 

 

Partners: 

 

 

http://www.sewprofitn.eu/
http://www.score-cost.eu/
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ReNEW: Developing Resilient Nations – towards a public health 

Early Warning System via urban water profiling 
 

We are proposing an innovative solution to current 

problems with rapidly identifying and responding to 

deteriorating public health and environmental conditions in 

fast developing urban environments in LMIC countries, 

aiming to manage risks to public and environmental health 

relating to urbanisation, population growth, lack of 

infrastructure and the overarching challenge of climate 

change. 

Project outline 

We will establish a cutting-edge, interdisciplinary research 

capability, based on engineering and digital technology 

approaches, for real-time community-wide diagnostics and 

tuneable multi-hazard public health early warning system 

(EWS) with the ultimate goal of strengthening 

communities’ resilience. We will do this through a focus on 

water from urban dwellings, which reflects the health 

status of a population and surrounding environment as it 

pools the endo- & exogenous products of that population. 

Science 

Real-time measurement of the specific hazard biomarkers 

in urban water from different communities allows for rapid 

evaluation of public health status, prediction of future 

crises, and thus enables mitigation strategies to be 

developed for either rapid or slow onset hazards, even 

before they manifest themselves with characteristic 

endpoints (e.g. mortality in the event of pandemics). Thus 

morbidity and mortality can be reduced and resilience and 

sustainability within the surveyed urban system significantly 

increased. In this cutting-edge project we will develop 

innovative tools for public health diagnostics and undertake 

a scoping study in the city of Stellenbosch to understand 

the requirements for the development and implementation 

of a multi-hazard EWS in South Africa and beyond. 

Impact 

ReNEW tackles all four strategic objectives set by the 

Department for International Development (UK Aid, 2015) 

and it focuses on “strengthening resilience and response to 

crises: (…) science and technology spend on global public 

health risks such as antimicrobial resistance, and support 

for efforts to mitigate and adapt to climate change”. The 

UK is committed to “tackling the great global challenges – 

from the root causes of mass migration and disease, to the 

threat of terrorism and global climate change – all of which 

also directly threaten British interests”. ReNEW will address 

 

Project lead: 

Professor Barbara Kasprzyk-Hordern 

Department of Chemistry 

1 South 1.54B 

b.kasprzyk-hordern@bath.ac.uk 

People involved: 

 Professor Ed Feil 

 Professor Chris Frost 

 Elizabeth Holton 

 Dr Leonardos Mageiros 

 Dr Tom Watkinson 

 Dr Pedro Estrela 

 Dr Shu Jiang 

 Dr Thomas Kjeldsen 

 Professor Julie Barnett 

 Emma Burroughs 

 Dr Monique Huysamen 

 Professor Danae Stanton-

Fraser 

Funded by: 

 

Partner: 

 



  
 

60 

 

     WIRC Annual Report 2018-19 

this through engineering novel integrated sensors for on-site monitoring and use of big data for 

modelling markers within the urban water system as part of an EWS. We will focus on infectious 

disease. 21st century has already seen the epidemic of SARS (2003), H1N1 (2009), Ebola (2014) and 

recently Zika virus (2015). The recent O’Neill report (2016) commissioned by the UK government 

urges that “by 2050, 10 million lives a year and a cumulative 100 trillion USD of economic output are 

at risk due to the rise of drug resistant infections. Most of the direct impact will fall on LMIC 

countries”. This highlights global vulnerability to infectious diseases and shared global responsibility 

for surveillance and disease control. Easy to operate and cost effective EWSs are urgently needed to 

provide timely response and to tackle key public health issues in communities that need it most, and 

to reduce disease spread globally. Urban water profiling can provide such a response in real-time and, 

if linked with a timely response system, it could reduce burden on public health in LMIC and 

ultimately worldwide. 
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Advanced hydraulic modelling for flood risk analysis 
 

The aim of this project is to accurately model extreme events 

such as flash floods. The objectives are first to describe 

accurately the different phases of a dam break and compare it 

to a flash flood through a parametric analysis. Then, provide 

high quality flash flood data set to the research community 

from large scale experimental testing whilst examining 

velocities and impact forces associated with flash floods on the 

build environment and finally validate selected numerical 

models for extreme events with the experimental data. 

Project outline 

One expected consequence of climate change is an increase in 

the frequency and magnitude of flooding. 21 million people 

globally are being threatened by it each year and this number is 

expected to rise to 54 million by 2030 (World Resources 

Institute, 2015; An and Yu, 2012). Flash floods are floods 

mostly caused by a short period intense rainfall (Archer and 

Fowler, 2015) and are a destructive natural hazard with one of 

the highest mortalities. Small catchments often have a naturally 

flashy response to intense rainfall resulting in important 

damage from small localised events (Werner and Cranston, 

2009). Such examples in the UK are the Boscastle flash flood in 

2004, the 2005 event in Helmsley and the 1952 flash flood in 

Lynmouth (Defra; Environment Agency, 2009). Flash floods 

remain a global problem and due to their dynamic nature 

combined with their limited spatial and temporal scales, 

observation and accurate modelling of these events continues 

to be a challenge. As very limited field data exist from flash 

floods, a practical approach to initially generate flash floods, 

both numerically and experimentally, is by representing them 

by a dam break failure. This guarantees the main characteristic 

features (Archer and Fowler, 2015): rapidity of onset and the 

rate of rise in level. 

Thus, through experimental work flash floods were generated 

in a controlled laboratory environment (University College 

London) on a sloping channel in order to provide further 

physical understanding of flash floods and their impact. The 

experimental data were described qualitatively and then 

compared with numerical results obtained from a 2D-3D 

coupled model using OpenFOAM’s RAS turbulent model. This 

was accomplished to validate the numerical simulations of 

selected numerical hydrodynamic modelling systems. 

 

 

 

 

 

Project lead: 

Miss Ioanna Stamataki 

Department of Architecture and 

Civil Engineering - WISE CDT - 

WEIR 

6E 3.03 

i.stamataki@bath.ac.uk 

 

Lead supervisor: 

Dr Jun Zang 

Department of Architecture and 

Civil Engineering – WEIR 

4ES 3.11 

j.zang@bath.ac.uk 

People involved: 

 Dr Thomas Kjeldsen 

 Dr Eugeny Buldakov 

(University College 

London) 

 Dr Dimitris Stagonas 

(University College 

London) 
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Pictures (from left to right): Ioanna working in UCL University 

College London’s flume in the Mechanical Engineering Department, View 

of Ioanna setting up the experiments through one of the instrumented 

buildings, Side view of flood wave impact on instrumented building. 

 

 

 

Science 

The following findings have been developed. First, a new dataset has been created through a new 

experiment. Secondly, from the experimental and numerical work the full physical characteristics of 

the processes of a dam break can be described. Lastly, from the numerical work it can be shown that 

the approach to model dam breaks and thus flash floods needs different parametrisation for different 

stages of the process and cannot be described with one set of parameters for everything. Lastly from 

the load data acquired from the experimental work of flood wave interaction with structures, initial 

construction outputs can be taken out in order to design houses that can withstand such an event. 

Impact 

Possible impacts of this project are firstly a new approach of modelling flash floods by parametrising 

individually the different stages of the event, and secondly, an impact in policy in order to re-assess 

building guidelines in construction of buildings in flash flood prone areas. 

Published conference paper: 

 "Study of dam break flow interaction with urban settlements over a sloping channel" was 

accepted for River Flow 2018, the 9th International Conference on Fluvial Hydraulics.  

The output of this paper will discuss the possibility of switching the approach industries 

currently use to predict/model flash flooding. 

Journal paper (writing in progress): 

 “The effect of roughness in flash flood modelling”. The output of this paper will discuss the 

effect of roughness on a dam break experiment in terms of water depths, velocities and 

impact forces on urban settlements. 
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Process based flood frequency analysis using storm tracking 
 

This project looks to combine computer science, statistics and 

meteorology to produce a new set of storm typologies which 

can be used to enhance our understanding of extreme storms 

throughout the UK.  

Project outline 

The impacts of extreme weather across the UK continue to have 

devastating economic and social consequences. One key 

mechanism which can lead to a disaster is flooding which is 

some cases can be caused by extreme rainfall. A prime example 

of the costs associated with flooding can be seen in December, 

2015 where record breaking levels of precipitation caused 

extensive flooding in Cumbria leading to at least 16,000 homes 

being flooded. Traditionally, design events are calculated by 

fitting a statistical distribution to a sample of annual maximum 

events, assuming this distribution to be constant and that all 

observed events originate from the same underlying population.  

 

 

 

Figure 1. This figure shows the trajectories of 

several parcels of air above a flow gauge on the 

river Eden starting from 6 hours before an 

identified flood. The parcels have been traced 

back 48 hours to generate the tracks and upon 

comparing these tracks with the specific 

humidity presented in the background they 

show a clear correlation to an atmospheric river. 

This indicates the flood was probably caused by 

this atmospheric river. 

 

However, recent research has highlighted 

the importance of better understanding the 

underlying processes associated with 

individual events in order to: 1) build more robust models representing the existence of mixed 

populations, and 2) better understand how global climate change is likely to affect the type, 

magnitude and frequency of more localised distributions of extreme rainfall and floods. In this context 

it is important to develop new methods that will allow an objective classification of event types. This 

project looks to combine computer science, statistics and meteorology to produce a new set of storm 

typologies which can be used to enhance our understanding of extreme storms throughout the UK. 

 

Science 

Combining advanced classification schemes with big data sets from meteorology, hydrology and the 

atmosphere this project twill produce a new set of storm typologies. 

 

Project lead: 

Mr Andrew Barnes 

Department of Architecture and 
Civil Engineering – WISE CDT 

6E 3.7 
a.p.barnes@bath.ac.uk 

Supervisors: 

 Dr. Thomas Kjeldsen 

 Dr. Ilaria Prosdocimi 



  
 

64 

 

     WIRC Annual Report 2018-19 

Impact 

A classification scheme for storms in the UK will enhance our abilities to assess the expected impacts 

and change of these extreme events given the changes in global climate. 

 

 

Drinking water reservoir resiliency in a changing climate 
 

During the summer reservoirs can be susceptible to 

stratification. Water quality issues, such as discolouration, taste 

and odour problems, can arise from a number of process from 

summer stratification. Due to this it can be important to 

monitor and study these aspects of the reservoir. Furthermore 

installation of mechanical mixer or bubble plumes to destratify 

reservoirs can be used to reduce these issues. However there is 

a fear that climate change could further exacerbate such issues 

and that modern practice might not be able to ensure water 

quality moving forward. This project will look to create a 3D 

physical model of the reservoir, using existing reservoir model 

to characterise hydrodynamics, to support this endeavour with 

the following aims:  

(1) The project will seek to understand the flow 

dynamics of a mechanical mixer within a reservoir. This 

includes understand the extent of where the mixer has 

an effect on the reservoir. This will also include 

studying whether the mechanical mixer maintain 

homogeneity of the water column throughout a 

summer and there for maintain a level of water quality.  

(2) The project will simulate a mechanical mixer and its 

effects within a 3D hydrodynamic model, using AEM3D. 

The established model run should be able to capture the density arrangement and other 

factors within the study sites. This is important as with a functioning model the project can 

then explore further aims. 

(3) The project will investigate the long-term viability of these mixers in a changing climate to 

keep water column homogeneity. This aim will explore multiple climate scenarios to explore 

this problem in different futures. This will allow for future planning of reservoir management. 

Science 

AEM3D is a coupled 3D model of hydrodynamics and ecology within a number of hydro- 

environments. This model has been employed in a number of reservoir studies. This model works by 

coupling ELCOM and CAEDYM routines in order to achieve its aims. The solver for the hydrodynamics, 

ELCOM, uses unsteady, viscous Naiver-Stokes equations and can calculate a huge number of 

processes. While the biogeochemical element, CAEDYM, includes an array of algorithms to 

incorporate various processes like production and cycling. AEM3D has a module that can simulate 

surface mixers meaning it is capable of dealing with the ResMix placed in Llandegfedd.  

Within the department and monitoring by water companies there is a large supply of data that can be 

used for verification and calibration of the model. This data should cover both before and after the 

ResMix was operational, this means that data will be available for both states the model will be run 

 

Project lead: 

Mr David Birt 
Department of Architecture and 

Civil Engineering – WISE CDT 
d.j.birt@bath.ac.uk 

Supervisors: 

• Dr. Jun Zang 

• Dr. Lee Bryant 
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with. The reservoir like Llandegfedd is visited by both Welsh Water and other academics for collection 

of data, which I will also contribute towards. This means up-to-date data will be captured. This data 

collection will include in-situ measurements, dissolved oxygen and temperature profiles. This will offer 

numerous variables from which the model can be calibrated against. The project will base the climate 

change scenarios will be based on the ones presented by the IPCC based on greenhouse gas 

emission and economic growth among other factors. 

 

Impact 

Once reservoir data will be used to 

calibrate the model until it reflects reality 

to an acceptable degree. The model can 

then be forced with different climate 

scenarios which would affect rainfall, 

summer temperature among other 

factors. The results from this model can 

then be used to diagnose how this 

changed forcing will affect the physics of 

the reservoir.  

 

 

 

Support for the National Flood Studies Programme through the 

development of research capacity and training (RAEng funded 

Industry Academia Partnership Programme) 
 

The aim of this project is to strengthen capacity and develop 

capabilities within South Africa to undertake research into flood 

hydrology through the National Flood Studies Programme (NFSP) 

and collaboration with expertise within the University of Bath.  This 

is achieved through support and joint supervision of post-graduate 

students in South Africa (University of Pretoria and University of 

KwaZulu-Natal), organisation of workshops in South Africa 

focussing on flood hydrology (January 2018 and 2019), and 

financially supporting Professor Jeff Smithers (University of 

KwaZulu-Natal) during his 8 months visit to University of Bath 

(2017).  

Project outline 

(i) Supported the initiation of the NFSP with two annual national 

planning and research review workshops attended by 63 delegates 

from industry and academia, and with input from international 

expertise (Dr Thomas Kjeldsen from the University of Bath). This 

resulted in annual reviews of progress with the implementation of 

the NFSP, and modifications to prioritised activities included in the 

NFSP. Students presented their research to industry and academics 

not involved in their supervision, and received valuable feedback. 

 
 
Project lead: 

Professor Thomas Kjeldsen 

Department of Architecture 

& Civil Engineering - WEIR 

4 East South 3.10 

T.R.Kjeldsen@bath.ac.uk 

Project lead: 

Professor Jeff Smithers 

University of KwaZulu-Natal 
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(ii) Contributed to the development of research capacity in South Africa through collaborative 

research projects, a knowledge-sharing sabbatical leave visit in the UK, recruitment and supervision 

of 15 postgraduate students including eight with supervision from different institutions and four 

receiving financial support for their studies. 

Impact 

The impacts and outcomes of the project include the following: 

(i) Support for the initiation of the NFSP in order to improve the assessment of flood risk:  

• Annual reviews on the status of the implementation of the NFSP with new and re-prioritised 

activities agreed to by delegates from industry, government and academia. 

• Annual presentations by students of their research activities to delegates from industry, 

government and academia with feedback and recommendations to the students on their 

research. 

(ii) Development of research capacity in order to implement the NFSP: 

• Academic engagement, exchange, workshop and conference attendance.   

• Recruitment and supervision of 15 postgraduate students. 

• Joint supervision of students by academics from different institutions. 

• Financial support for students during their studies.  

• Student attendance at international and local workshops and conferences. 

• Graduation of PhD and MSc students working on projects related to the NFSP during the 

period of the project. 

• Publication of five papers in ISI-rated journals during the period of the project.  

• Collaboration between academics at different institutions in South Africa was broadened and 

strengthened, which supported the development of the critical mass required to implement 

the NFSP. 

• Strong and ongoing collaboration between the NFSP and Dr Kjeldsen from the University of 

Bath. 

• Award of travel grant by the British Council to a PhD student for a six week study visit to 

work with Dr Kjeldsen at the University of Bath (June 2019). 

(iii) Capacity development in design flood estimation in South Africa in order to improve flood risk 

assessment in practice: 

• Knowledge and skill development of academics and students through exchanges, conference 

and workshop attendance. 

• Supervision and training of postgraduate students with skills require by industry. 

• Development of both practitioner and student knowledge and skills in design flood estimation 

by attendance at a three-day short course on flood estimation. 

• Improved practice by initiating discussion on guidelines for design flood estimation in South 

Africa. 

The project has facilitated research collaboration between local institutions in South Africa and the 

University of Bath, and between the academics and industry represented in the NFSP  (DWS, WRC, 

SANCOLD and SANRAL) in South Africa. This has focussed and ensured that the research undertaken 

is meeting industry needs. Practitioners in South Africa involved in design flood estimation have 

benefited from training and discussion of guidelines for flood estimation in practice.  A follow-on 

project 2019-2021 has been funded by the RAEng under the same programme, extending the 

number of partners in South Africa, including Stellenbosch University. 
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Assessment of sustainable urban water management and 

governance: City Blueprint Approach 
 

More than 50% of the global population is already living in urban 

areas. In the coming decades, the urban population will grow 

rapidly, especially in Asia and Africa, making sustainable water 

management in urban areas a key factor for economic growth and 

prosperity. If water management and water governance is not 

significantly improved, cities are facing severe water security 

challenges, public health effects, urban floods, heat stress and 

potentially social instability. Water infrastructure is one of the most 

expensive infrastructures in cities. Often infrastructure is aging or 

sometimes even absent and therefore critical to deliver on the 

Sustainable Development Goals (SDG6: Clean water and 

sanitation, SDG11: Sustainable cities and communities and SDG13: 

climate action)  

The City Blueprint Approach is a methodology to assess the 

sustainability of Integrated Water Resources Management (IWRM) 

in urban areas. It comprises three assessment frameworks: (1) the 

Trends and Pressures Framework, focusing on the assessment of social, environmental and financial 

pressures, (2) the City Blueprint Framework, assessing the performance of water management, and 

(3) the Governance Capacity Framework, identifying barriers and opportunities for water governance 

in cities. 

Project outline 

We applied the Trends and Pressures Framework and the City Blueprint Framework to assess the 

sustainability of water management of the city of Bath, with input from Wessex Water, the 

Environment Agency and BANES. 

In addition, contact was established with the UNESCO International Hydrology Programme in Paris. 

This contact is developing further into a programme for sustainable urban water management and 

governance in sub-Saharan Africa.  

 
 
Project lead: 

Professor Kees van Leeuwen 

KWR Water Research 

Institute and Utrecht  

 

University 

Kees.van.leeuwen@kwrwate

r.nl 
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Wastewater Collection and Treatment 
 

 

We are developing novel 

waste water collection, 

treatment and processing 

options to optimise the use 

of waste water as a resource 

and improve urban drainage. 

 

Introduction 
 

Research within the Wastewater collection and treatment research theme of the Water Innovation 

and Research Centre (WIRC) @ Bath includes: 

 rethinking sewer systems as components of waste water treatment systems 

 developing new treatment technologies for added value recovery 

 developing flexible and modular treatment systems 

 developing new treatment technologies to remove pharmaceuticals, personal care products and 

other micro pollutants 

Used water is discharged and brought back into the environment. During its use, water takes up 

faecal wastes and other contaminations. Until the 1960s, this water was drained from urban areas 

directly into surface waters. However, due to surface water deterioration, waste water treatment 

systems had to be installed to protect surface waters from being polluted. 

Waste water is now recognised as a resource for many valuable materials such as water itself, 

nutrients, feedstocks for bioplastics, and chemical energy and heat. More and more utilities are 

seeking efficient and effective ways to recover these materials, leading to an important role in the 

circular economy. 

An important international development is the multiple use of water for multiple purposes. This 

means that water will cascade through several applications, each time degrading its water quality 

until it reaches a quality which makes it unusable and requires treatment. 

A second aspect of waste water collection is urban drainage. This is important to keep 'dry feet', 

reduce nuisance and damage by extreme precipitation events. When rainwater is collected in a 

controlled way, nuisance and damage can be reduced and the water can be used as an alternative 

water source. 

Our research proactively seeks out ways to improve the systems and processes we use to collect and 

treat waste water. 
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Projects 
 

Nr Title Lead Funder 

Programme 

Type  

1 Stormflow management in wastewater 

treatment plants – Sensor and process model 

identification for hindered-compression 

settling velocity 

Benedek 

Plosz 

 Research 

2 Sewer Systems of the Future – Development 

of a stochastic sewer model to support sewer 

design under water conservation measures 

Olivia Bailey WISE CDT PhD 

3 Manipulation and Modelling of Microalgae for 

Enhanced Wastewater Phosphorus Removal 

Aidan Barry WISE CDT PhD 

4 Small Scale Anaerobic Digestion Modelling: 

Investigating the Sustainability and Economic 

Viability of Urban Anaerobic Digestion 

Systems 

Ioannis 

Markidis 

WISE CDT PhD 

5 Quantification of biomass resources from 

livestock waste in England and techno-

economic assessment of anaerobic digestion 

from agricultural residues 

Mariano 

Marinari 

WISE CDT PhD 

6 Assessment and Mitigation of Storm Runoff 

Loads from an Informal Settlement (Slum) 

Olivia Cooke WISE CDT PhD 

7 Flow Visualisation of Computational Fluid 

Dynamics Modelling Of Aeration Bioreactors 

In Activated Sludge Wastewater Treatment 

Tom Matko CDE CDT EngD 

8 The impact of temperature on the 

transformation of illicit drug biomarkers in 

wastewater 

Benedek 

Plosz 

 Research 

9 Anaerobic mixed culture processes for bio-

waste valorization 

Vicky De 

Groof 

EU/MSCA PhD 

10 From wastewater to bioplastics: producing 

polyhydroxyalkanoates (PHA) in UK 

wastewater treatment plants as a substrate 

for innovative composite materials 

Viviane Runa  PhD 

11 Mapping Microbial Community Structure and 

Function in Enhanced Biological Phosphorus 

Removal 

Minh Nguyen 

Quang 

 PhD 

12 Systems modelling for a circular economy 

approach to waste water treatment 

Various Various Research 
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Stormflow Management in Wastewater Treatment Plants – Sensor 

and Process Model Identification for Hindered-Compression 

Settling Velocity 
 

The aims set in this study are (1) identifying a process model for 

hindered-compression settling velocity for which all parameters can 

be estimated using the sensor data with both good settling and 

filamentous bulking; (2) evaluating the feasibility of the sensor 

setup as a means to infer experimental data on compressive solid 

stress; (3) assessing uncertainty sources associated with the model 

identification method and the settling column design; and (4) 

evaluating and validating the new settling velocity process model 

using the triangulation approach.  

Project outline 

Two of the key questions regarding secondary settling in activated 

sludge wastewater treatment are (a) Does a process model exist for 

which all hindered and compression settling velocity parameters can 

be estimated using experimental data?; (b) What is the minimum 

data that need be inferred, from a settling sensor setup to identify 

process models?” This international research effort aimed to address 

these questions by carrying out a comprehensive practical 

identifiability assessment of constitutive functions for hindered and 

compression settling velocity using sensor data and one-dimensional 

(1-D) simulation models. For model validation, the triangulation 

technique was used, including independent laboratory- and full-scale 

measurements as well as 1-D and computational fluid dynamics 

(CFD) simulation models.  

Science 

The increasing frequency of hydraulic shock events – as a result of 

climate change – necessitates more effective operation and control 

of secondary settling tanks (SSTs) in wastewater treatment plants 

(WWTPs) in the future. Theoretically, the maximum permissible SST 

loading capacity determines the maximum permissible hydraulic 

WWTP load. However, the SST capacity varies with sludge settleability, and thus process operation 

and control necessitates effective sensor technology and identifiable simulation models – two focal 

areas chosen for this project. Settling sensors should ideally provide experimental data for estimating 

settling velocity parameters; yet, up to date, no simple and robust methods exist to calibrate hindered 

and compression settling parameters. Additionally, parameter identifiability of activated sludge 

settling velocity models was shown to be a significant challenge in the past. 

As significant outcomes of this project, a pseudo 2P and a 3P exponential term were identified to 

describe hindered settling velocity and the compressive solids stress gradient, respectively. Three 

parameters are required to estimate using LHSS – all practically identifiable using the data obtained 

using the innovative multi-probe sensor setup. Only one of the compression settling parameters 

shows significant dependence on initial solids concentration. The process model developed was 

validated using the triangulation approach, including independent laboratory- and full-scale 

measurement data and using 1-D and CFD simulation models. Negligible uncertainties – assessed by 

means of CFD simulations – introduced by the 1-D parameter estimation approach were obtained, 

thus suggesting the reliability of the practical identifiability assessment approach. The multi-probe 
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settling sensor setup developed can be used to quantify the solid stress (τ)-gradient, and future 

research should assess the benefits of using τ-gradient sensor data for settling model calibration. 

Scientific outputs: manuscript in preparation, a conference paper published. 

Impact 

Advanced sensor-based control of wastewater treatment plants (WWTPs) – facilitated by the use of 

settling sensors and reliable simulation models - can be helpful to significantly decrease the untreated 

sewage discharge into recipient water bodies during stormflow conditions, and thereby decreasing 

their pollutant load (e.g., nutrients, micropollutants, antibiotic resistance genes). Increased frequency 

of extreme weather patterns is expected to happen as a result of climate change that can potentially 

increase the frequency of peak-flow conditions in WWTPs. Therefore, there is an urgency in 

developing and implementing effective climate-change-adaptation means in WWTPs – an area directly 

addressed by the present research. 

a  b  

 

Figure 1. The multi-probe sensor prototype developed equipped with two SOLITAX TSS sensors installed in the 

bottom and the sidewall of the settling column as well as an image analysis-based sensor with an immersed 

internal visible light source to monitor sludge blanket height (SBH) and TSS concentration values at the bottom 

(XTSS,Bottom) and in the side of the column (XTSS,side); (b) XTSS,Bottom values plotted versus experimental time and 

regression lines used to estimate XTSS,Infi values for the four settling experiments with Fredericia WWTP sludge; 

 

Figure 2. Measured and simulated 

data for solids collected in Avedøre 

WWTP, posterior parameter 

probability distributions (obtained 

using 250 LHSS simulations), 

covariance matrix. The effective 

solids stress gradient is formulated 

with vC (m2 s-2) and rC (-) 

parameters. The maximum solids 

concentration (XTSS,Infi, kg m-3) is 

used to normalise local biomass 

concentration values XTSS,I. For 

hindered settling velocity (vH, m s-1), 

the model includes a pseudo 2-parameter exponential constitutive function with v0 (m s-1) and rH (m3 kg-1), 

denoting the hindered settling velocity parameters. 
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a  b  

Figure 3. Measured and simulated (a) SBH and (b) TSSRAS data for the full-scale SST monitored. 

 

 

Sewer Systems of the Future – Development of a stochastic sewer 

model to support sewer design under water conservation 

measures 
 

The overall aim of this project is to investigate the impact of 

water conservation on the operation of sewer systems and 

identify options to improve the design of low-flow sewer 

systems. 

Objectives to achieve this aim include: 

 The development of a stochastic sewer input model to 

accurately represent household discharge quantity and 

quality into the sewer. 

 Model the changes to hydraulic flow and water quality within 

an existing sewer network as a result of certain water 

conservation scenarios. 

 Analyse if any flow or concentration changes might offer 

opportunities for resource recovery throughout the sewer 

network. 

 Finally, draw this all together to suggest the consequences of 

water conservation for future design. 

Project outline 

Rising water scarcity, pressure for sustainability and the need for water efficiency will drive reduction 

in water consumption and hence flow to sewer. UKWIR (2016) wishes to halve abstraction by 2050. 

What will be the effect on sewer systems and the way we dispose of wastewater? 

A new sewer design capable of transporting more concentrated wastewater could increase efficiency 

and sustainability of our wastewater networks. More effective sewage treatment and resource 

recovery could result from higher wastewater concentrations (Verstraete & Vlaeminck, 2011). 

However, sewer transport efficiency may be affected (Parkinson et al, 2005; Penn et al, 2013). This 
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work has used and developed SIMDEUM_WW® to produce 

stochastic wastewater discharge patterns which form a dynamic 

input to a stochastic sewer model for accurate prediction of 

dynamic flow, pollutant and sedimentation changes resulting from 

widespread water conservation. InfoWorks ICM (Sewer Edition)® 

has been used to model the network effects. The model has been 

tested and validated in both the UK and the Netherlands and has 

been used to test the effects of future what use scenarios 

developed by Artesia Consulting.  

 

Figure 1 Map of modelled sewer catchment and the flow meter (FM14) 

 

Figure 2 Variation in weekday wastewater flow patterns at the catchment outfall resulting from future water use 

scenarios 

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

00:00 06:00 12:00 18:00 00:00

Fl
o

w
 (

m
3

s-1
)

Time (HH:MM)

Baseline
S1
S2
S3
S4
S5

People involved: 

 Prof Jan Hofman 

 Dr Tom Arnot 

 Dr Ljiljana Zlatanovic, 

Prof Jan Peter Van der 

Hoek and Prof Zoran 

Kapelan, Delft University 

of Technology 

 Dr Mirjam Blokker, KWR 

Water Cycle Research 

Institute (NL) 

 Dr Jan Vreeburg, Evides 

Water Company (NL) 



  
 

77 

 

     WIRC Annual Report 2018-19 

Science 

Sewer models are typically deterministic and there are very limited number of stochastic models that 

have been developed. SIMDEUM® is a software that was developed for stochastic demand pattern 

generation and has not yet been validated for use in wastewater flow prediction. This work will 

develop and validate SIMDEUM® for wastewater applications and link it with InfoWorks ICM® to 

produce a full stochastic network model. This stochastic model will be used to gain new knowledge 

about the flow and water quality impacts of future water conservation measures that can be used to 

assess the feasibility of resource recovery throughout the sewer network and propose how sewers 

could be designed in future to support a more sustainable wastewater system.  

The first paper resulting from this work has been published in the Journal of Hydrology (Bailey, O., 

Arnot, T. C., Blokker, E. J. M., Kapelan, Z., Vreeburg, J., Hofman, J. A. M. H.., 2019. Developing a 

stochastic sewer model to support sewer design under water conservation measures. Journal of 

Hydrology, 573: 908-917. DOI:https://doi.org/10.1016/j.jhydrol.2019.04.013). The work has also 

been presented at two national conferences, IWA Young Water Professionals Conferences (10-12th 

April 2017 and 16th-18th April 2018), and two international conferences, 11th International 

Conference on Urban Drainage Modelling 2018 (Italy, 23rd-26th September 2018) and IWA Efficient 

2019 (Philippines, 13th-16th January. Olivia will also deliver a podium presentation at 9th 

International Conference on Sewer Processes and Networks (SPN9) (Denmark, 27th-30th August 

2019). 

Impact 

Reducing water demand is a top priority within the water industry, both in the UK and globally. It is 

currently unknown what effects dramatic water conservation could have on our existing sewerage 

infrastructure.  Findings emerging from this project will provide evidence to inform future sewer 

design, ensuring suitability and sustainability. In 2019, Olivia undertook a research visit at TU Delft 

where she collaborated with Dr. Ljiljana Zlatanovic and Prof Jan Peter Van der Hoek to create an 

integrated supply and wastewater model to explore option for a new urban water transport system. 

This project is exploring relevant opportunities for resource recovery and water use reduction to 

ensure a sustainable water system in the future. 

 

Manipulation and modelling of microalgae 

for enhanced wastewater phosphorus 

removal 
 

High rate algal ponds are a promising alternative for the removal of 

excess nutrients from secondary effluent, providing both the 

potential for recovery of phosphorus and a renewable process; 

neither of which are provided by the current standard of iron dosing. 

However, HRAPs come with their own set of challenges. Low growth 

rates compared to other wastewater technologies and the 

requirement for light penetration require a higher retention time and 

low pond depth, in turn leading to very large surface area 

requirements. Additionally, the process requires separation of 

biomass for the effluent, which incurs further running costs. To 

improve the viability of HRAPs, it is necessary to develop 

methodologies and tools for improving HRAP function. Through 

literature review, polyphosphates and “luxury uptake” were 

identified as good targets for the manipulation of phosphorus 
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uptake. The project initially focused on learning and developing tools for detection of polyphosphate 

and investigation into the link between Psr1 and polyphosphates. Through the dual-pronged approach 

of bioinformatics and molecular investigation the project will improve and inform the way in which 

ponds are operated while simultaneously improving pond operation and resilience.  

High Level Research Objectives 

1. Improve viability of Raceway ponds for wastewater 

treatment 

2. Improve reliability of microalgal species for 

wastewater treatment 

3. Develop modelling tools for bioreactor operation. 

Science 

To explore algal storage and uptake mechanism, we 

are working on understanding the Psr1 gene. Psr1 is 

a gene which affects many aspects of starvation 

responses in C. reinhardtii. A literature review has 

identified a putative link between Psr1 mutants and 

polyphosphate metabolism – Figure 1.  

We are confirming this link, and have identified a 

shortlist of candidate genes via analysis of RNAseq data. 

These genes will be assayed for polyphosphate-

associated activity followed by further characterisation 

and potential overexpression/knockout studies in Chlamydomonas. We then aim to further develop 

these constructs with the aim manipulating microalgae to to improve P content of biomass and aim to 

transfer these findings in model organism to candidate species AV-12. 

Given time constraints we will also investigate Polyphosphate metabolism through cell sorting. We are 

currently developing methods for qualitatively and quantitatively assessing polyphosphate content as 

a selection criterion via FACS, which will enable cell cycle and expression analysis. – Fig 2. 

Figure 1 Proposed mechanistic model for 

phosphate uptake and storage in algae. 

Figure 2 Stationary-phase av-12 (l) and so-15 (r) stained with 20 µg ml-1 dapi. DNA (blue) and polyphosphate 

(green) may be observed. Polyphosphate may be observed both as cytoplasmic granules as well as associated 

with the cell exterior. 
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Impact 

The project aims to understand and then enhance the update of phosphorus / phosphate by micro-

algae, in order to develop a means to recover / recycle phosphate from waste water in a sustainable 

manner. We aim to exploit algal genetics to enhance phosphorus uptake, both amount and rate, and 

to find an acceptable end use for the algal biomass, such as fertiliser substitute or animal feed. 

Bioinformatics studies will shine further light on the understudied subject of phosphorus metabolism 

in Chlorophytes. 

 

Quantification of biomass resources from livestock waste in 

England and techno-economic assessment of anaerobic digestion 

from agricultural residues. What is needed to seize the 

opportunity? 
 

The research aims to shed light on the biomass resources 

derived from livestock waste that are still available to use on 

farm via anaerobic digestion and costs associated with it. This 

will be achieved by quantification of the biomass potential 

arising from livestock waste, i.e. slurries and manures, and 

creation of a biogas calculator to assess the economics of 

anaerobic digestion of agricultural residues.  

Project outline 

Agriculture is responsible for most of ammonia emissions due 

to livestock rearing and eutrophication due to nutrients losses 

following fertilizer spreading. Anaerobic digestion is a measure 

that can reduce greenhouse gas emissions, mitigate nutrient 

losses into surface waters, produce an enhanced bio-fertilizer, 

abate odours and reduce pathogens. Nonetheless, the uptake 

of on farm anaerobic digestion in the UK has been slow due to 

high installation costs and uncertainty over government 

support. This research wants to highlight the opportunities, 

costs and challenges of anaerobic digestion of livestock waste 

and other agricultural residues in the UK. 

This can help answer the question whether we are missing an 

opportunity to make farming more sustainable, self-sufficient 

and resilient in a future circular economy. How would the 

landscape change if in the financial analysis we factor in direct 

and indirect financial benefits that result from anaerobic 

digestion, such as reduction of greenhouse gases emissions, fertilizer savings, crop yield 

enhancement and water quality improvement? 

Science 

A GIS based tool is created to quantify the biomass resources that are available. Data are gathered 

from technology providers on capital and operational expenditure to create the biogas calculator via a 

calibrated model of the AD process, based on kinetics, stoichiometry, and mass and energy balances. 

These tools are then evaluated by using primary data collected from site visits at biogas installations 

and interviews with biogas plant operators. 
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The project will deliver a report outlining the 

current limitations of the technology based on a 

survey on costs associated with installation and 

operations. The project aims to produce two 

papers on biomass resources quantification and 

techno-economic assessment of various scenarios 

of mono and co-digestion of livestock waste and 

residues, such as straw, potentially available for 

AD in England. 

Impact 

The project will help to identify unused waste 

biomass from agriculture, which can be processed 

to make renewable energy (via biogas) and 

upgraded fertiliser, which can replace artificial 

fertilisers. There is evidence to suggest that the 

use of digestate fertiliser generates crop yield 

improvements for farmers, and that due to the 

increased update of nutrients by the plants, there 

is a reduced potential for nutrient run-off to 

surface waters. The GIS tool can be used to 

identify source biomass material, in the form of 

crops or manures, which might be sustainably 

used in anaerobic digestion processes. The scale 

of such installations can be evaluated on the basis 

of economics, under various scenarios of subsidy 

or otherwise, and this can potentially drive government 

policy, or strategies amongst farmers and farming co-

operatives, or provide incentives for investment from water utility companies to partner with farmers. 

The potential to reduce run-off provides a mechanism for improving surface water quality and 

alternative and more sustainable methods of doing so. 

Figure 1 Distribution of land use for maize production 
as AD feedstock crop by county in England in 2016. 
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Assessment and mitigation of stormwater runoff in an informal 

settlement 
 

Aims: 

 To investigate how stormwater runoff quality (chemical 

and microbiological) in an informal settlement is 

influenced by anthropogenic and environmental 

factors.  

 Understand the links between the hydrology and 

microbiology in a peri-urban informal settlement 

Objectives: 

 Establish a monitoring programme and undertake in-

situ field measurements of water quality and quantity 

 To characterise the temporal variations in pollutants in 

runoff between rain events 

 To characterise the spatial variations with regard to 

varying locations around a catchment 

 Determine the highest areas of risk from stormwater 

runoff in Enkanini through the development of a risk 

map 

Project outline 

One of the biggest global health problems today is that posed 

by urban conditions, most significantly in developing countries, 

where informal settlements are prevalent. Within informal 

settlements, the lack of infrastructure including sanitation and 

sewage facilities, can generate serious problems for health and 

the environment. Contaminated water is one such problem 

which can lead to major health issues, most significantly 

diarrhoea and diarrhoeal diseases, with 1.7bn cases of 

diarrhoeal disease every year where 88% of these cases are the result of water contamination. 

Stormwater runoff is a major influence in water pollution as it impacts the mobilisation and transport 

of pathogens and chemicals and it is necessary to understand the processes and characteristics of 

runoff to mitigate the risks from it. The study investigates how stormwater runoff quality and 

quantity, in an informal settlement, are influenced by various anthropogenic and environmental 

factors and from this, understand the inter-relationships between hydrology, geochemistry and 

microbiology in a peri-urban area. 

This research is based in Enkanini, an informal settlement near Stellenbosch, South Africa, where 

water samples were collected and analysed during the wet winter seasons of 2016 and 2017. Sample 

site selection was based upon catchment analysis using DEM data to determine the most suitable and 

key locations. Data collection within Enkanini comprised of two methodology sections for water 

quality (geochemical and microbiological components) and water quantity (hydrological component). 

 

Project lead: 

Olivia C Cooke 
Department of Architecture and 

Civil Engineering – WISE CDT 
6E 3.1 
o.c.cooke@bath.ac.uk 

Supervisors: 

 Dr Lee Bryant 

 Dr Thomas Kjeldsen 

 Prof Wesaal Khan 

(Stellenbosch 

University, South Africa) 



  
 

82 

 

     WIRC Annual Report 2018-19 

 

 

 

Science 

This project aims to fill the knowledge gap that exists regarding both general background on water 

quality of stormwater runoff in informal settlements, as well as an understanding of the runoff within 

settlements. Whilst varied research has been undertaken on runoff in urban and rural areas, there is 

a lack of research undertaken on runoff within informal settlements and slums. This project will 

deliver on developing an understanding of the influences and various factors which impact 

stormwater runoff in an informal settlement, and this provides the new science in a relatively 

unresearched topic. In order to mitigate the detrimental impacts that runoff has within these areas 

and the surrounding environments, it is important to have a full understanding of the processes and 

characteristics which influence it. The output from this project will be the start of a framework of the 

factors which influence runoff in an informal settlement, to be then used when developing 

management and mitigation techniques, which can then be applied to other settlements globally.  

The scientific outputs achieved so far include being second author on a paper published in the journal 

Critical Reviews in Environmental Science and Technology, attendance at various conferences 

throughout the three years and being awarded the best presentation prize at the British Hydrological 

Society Conference in 2018. The aim is to publish the outcomes of this research, with currently two 

journal papers planned. 

Impact 

This project is important for society because of the significant and detrimental influence that the 

pollutants within stormwater runoff can have upon health and the environment. On an immediate 

local scale, it is hoped that this project can be used for the implementation of mitigation and 

management strategies reduce the pollutant levels in runoff within Enkanini informal settlement in 

Stellenbosch. On a broader scale, the data collected in Enkanini and the subsequent analysis from this 

can be used to identify the potential impactors upon runoff and the factors can then be used to 

develop a framework for informal settlements globally.  This framework aims to identify the factors 

which generate the most risk with pollution and subsequently detect the areas where mitigation 

should be focussed to reduce the damaging impacts from runoff.  
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Flow visualisation of computational fluid dynamics modelling of 

aeration bioreactors in activated sludge wastewater treatment 
 

Aims of the project are to reduce the considerable energy 

consumption of aeration in activated sludge treatment, and 

identify the preferred flow visualisation graphical methods for 

demonstrating aeration design improvements.  

Objectives of the project are firstly to develop accurate 

multiphase gas-liquid fluid simulation to reveal core factors 

relating to hydrodynamic behaviour and energy consumption 

in aeration bioreactors. Furthermore, to determine the effects 

of bubble size and bubble size distribution on hydrodynamic 

behaviour and energy consumption. Moreover, to determine 

levels of accuracy by validating with experimental 

measurements. Using fluid simulation to determine the effects 

of design modifications on hydrodynamic behaviour. Develop 

graphical flow visualisation methods and virtual technology for 

engineering demonstration. Identify engineers’ preferences 

towards these flow visualisation virtual environments. 

Project outline 

This multi-disciplinary project in engineering and computer 

vision is based in the Centre for Digital Entertainment (CDE), 

which is an EngD programme; and a collaboration between 

the University of Bath and Bournemouth University. The 

project is co-supervised by an industrial company, Wessex 

Water (WW), the Water Innovation and Research Centre 

(WIRC) at the University of Bath, and the National Centre of 

Computer Animation (NCCA) at Bournemouth University.  

WW invest in new state-of the art aeration systems that 

enable better understanding of the aeration treatment 

process. WW recognises that existing designs of oxidation ditches can potentially have a detrimental 

effect on hydrodynamics and oxygen uptake efficiency. New aeration systems in oxidation ditches are 

of interest to WW.  

This project uses Computational Fluid Dynamics (CFD) and flow visualisation modelling to increase 

the understanding of optimal operating and flow conditions in aeration bioreactors. CFD models are 

an important mathematical and numerical tool for predicting multiphase flows and aeration conditions 

in activated sludge bioreactors, in order to enable process design improvements and retrofit of 

existing technology. This project focuses on predicting dissolved oxygen and bubble plume 

distributions, which are key indicators of aerobic conditions in bioreactors. Fluid graphical visualisation 

enables a better understanding of the hydrodynamics and the retrofitting of existing aeration 

technology design. 
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Science 

Bubble size can be reduced in aeration tanks by design modifications to the submerged aeration 

device. A smaller bubble size can result in an overall increase in oxygen mass transfer and a reduction 

in energy consumption. Bubble size distribution modelling can potentially improve the accuracy and 

limitations of constant bubble size models. This enables the prediction of hydrodynamic behaviour of 

natural populations of bubbles in real full-scale operational bioreactors. The priorities of engineering 

CFD model development are accuracy, robustness and computational efficiency, but there is less 

emphasis on 3D graphical flow visualisation. There is a need for better communication of results to 

engineers by the use of advanced computer graphical and animation methods in flow visualisation. 

Publication in AniNex (www.aninex.org) computer animation workshop, part of the Edutainment 

conference in Bournemouth, UK in June 2017. 3rd Workshop for EU IRSES project on Next 

Generation Computer Animation Techniques.  

Matko T., Chang J., Xiao Z. (2017) Recent Progress of Computational Fluid Dynamics Modeling of 

Animal and Human Swimming for Computer Animation. In: Chang J., Zhang J., Magnenat Thalmann 

N., Hu SM., Tong R., Wang W. (eds) Next Generation Computer Animation Techniques. AniNex 2017. 

Lecture Notes in Computer Science, vol 10582. Springer, Cham   

URL: https://link.springer.com/chapter/10.1007/978-3-319-69487-0_1 

Publications will also be written in this project on (1) literature review, (2) multi-phase fluid simulation 

of oxidation ditch, (3) flow visualisation usability study. 

Impact 

The project can help reduce the considerable energy consumption of aeration in activated sludge 

treatment. The project can use virtual environments with high visual fidelity animated flow 

visualisations for better communication of results to engineers; and for more effective demonstration 

of aeration system improvements for investment; and for more effective training of process plant 

operators. 

 

Anaerobic mixed culture processes for bio-

waste valorization 
 

The aim of the project is to provide a deeper insight into mixed 

microbial culture (MMC) fermentation of bio-waste as a viable waste 

valorisation technology to produce platform chemicals, namely 

medium chain carboxylic acids (MCCAs). Objectives are; (i) to evaluate 

the feasibility of using real mixed food waste with minimal chemical 

addition as feedstock; (ii) to study the influences of operating 

conditions, the microbial culture composition and process robustness; 

and (iii) evaluate the potential of integrating MCCA fermentation with 

anaerobic digestion for maximal resource recovery. 

Project outline 

The current environmental pressures caused by population growth 

and increased production lead to a demand in sustainable 

technologies for resource recovery from waste. Among these, the 

production of chemicals and fuels from organic waste has become 

promising. In 2014, more than half of the EU’s organic fraction of 
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municipal solid waste was treated by landfilling or 

incineration, resulting in a negative impact on public 

health, greenhouse gas emissions and soil and 

groundwater pollution. Moreover, valuable resources are 

irrevocably withdrawn from economic and natural cycles, 

thus hindering the implementation of a circular economy. 

This PhD project will focus on understanding the potential 

of mixed microbial culture (MMC) fermentation as a way to 

produce precursors for fuel, chemicals and 

biotechnological processes such as medium chain 

carboxylic acids (MCCAs), e.g. caproic and caprylic acid, 

from mixed food waste (Figure 1). 

 

Figure 1 MCCAs are 

currently sourced 

unsustainably and 

have various 
applications. 

 

The project will explore the influence of operating conditions on the resultant MMC composition and 

on directing product outcomes. Continuous lab-sale bioreactors will be operated at different 

conditions, targeting biogas production or generation of MCCAs, and samples will be collected for 

genetic sequencing and biochemical analysis. This will obtain a profile of the metabolic potential that 

can be linked to operation and yields. The bioprocess will be tested for robustness by working with 

real, naturally-variable bio-waste. 

 

Science 

During MMC fermentation complex organic matter is degraded by the consorted action of different 

microbial groups. For example, in anaerobic digestion a variety of biomass feedstocks are 

transformed into biogas and nutrient-rich effluent (digestate). Initial research has shown it is possible 

to direct product outcomes in MMC fermentation. Adjusting operating conditions impacts the microbial 

communities and can inhibit methanogenesis, thereby enabling alternative metabolic pathways which 

produce MCCAs (Figure 2). 

 

 

Figure 2 Simplified model of the 

metabolic flexibility in an anaerobic 

mixed microbial culture. 
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So far, research has focused on identifying specific species from mixed communities and elucidating 

metabolic pathways with synthetic substrates under controlled conditions. The feasibility of using real 

and complex mixed organic streams has not yet been explored in detail. Additionally, MMC 

fermentation processes are often treated as black-box systems, hence microbial analysis of the MMC 

will provide a deeper, mechanistic understanding of the process. 

Impact 

The partnership with Wessex Water/GENeco allows a direct 

application of some of the research outputs, hence 

creating immediate impact. The industrial infrastructure for 

anaerobic digestion is already established, thus anaerobic 

bioreactors could serve for chemical production without 

much additional capital cost required. This PhD opens the 

potential for additional research in the university by 

establishing analysis methods for complex food waste 

matrices and for follow-up research, e.g. in chemical 

engineering on downstream processing for product 

recovery, or in biology for a deeper study on microbiomes 

in MMC based technologies.  

Vicky is going on placement soon with funding from the CSCT and the Santander Mobility Fund 

(Doctoral College Scholarship fund). The placement will allow a collaboration with one of the top 

research teams in the field of microbial ecology and environmental engineering, led by Prof Stefan 

Wuertz. The team is based in the Singapore Centre for Environmental Life Sciences Engineering 

(SCELSE), which is also affiliated to Nanyang Technological University (NTU), one of the University of 

Bath’s strategic partners. 

 

New approaches to microbial ecology in biological phosphorus 

removal systems 
 

The project aims to develop new strategies and methodologies to 

study the mixed microbial communities from biological phosphorus 

removal systems. Studying these communities is challenging as the 

variety of organisms and complexity of the system cannot always 

be studied with conventional microbiology techniques. Thus, 

innovative approaches to study these populations within their 

native communities rather than in artificial enrichments can enable 

a better understanding of biological phosphorus removal and lead 

to improved performance and efficiency of wastewater treatment.  

Using biological wastewater treatment processes can deliver 

effective treatment. They often promote higher efficiencies and act 

as a source of added-value compounds, such as phosphorous and 

polyhydroxyalkanoates. In particular phosphorus can be both a 

pollutant, contributing towards eutrophication, and a valuable 

resource with a shortage of extractable phosphorus resources 

predicted within the next 100 years. Recovery of this nutrient from 

wastewater is estimated to be able to meet 22% of global 

phosphorus demand. 

Partners: 
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Enhanced Biological Phosphorus Removal (EBPR) is often 

considered one of the most attractive processes for phosphorus 

removal from wastewater, one that does not require the addition 

of chemical precipitants, and with clear synergies with 

phosphorus recovery technologies. The uptake of phosphorus is 

performed mainly by a group of bacteria named polyphosphate-

accumulating organisms (PAOs). However, effective phosphorus 

removal is often compromised by the population dynamics of the 

existing mixed microbial communities following variability in 

operational and environmental conditions, and the competition 

with different organisms. Also, due to the low concentration of 

carbon source in the wastewater, the process often requires the addition of carbon feedstocks such 

as acetate, which contribute to the overall process cost and carbon footprint. Hence, to ensure the 

resilience and effectiveness of this technology, further research is needed on the impact of process 

operation and different microbial stresses on the microbial ecology and phenotype of PAOs, especially 

“in the wild”, i.e. in real full-scale mixed liquors.  

This project aims to explore some unanswered questions about the dynamics and function of the 

different populations composing the complex microbial communities. Although some groups of 

microorganisms have been identified as playing a key role in phosphorus removal, it is still not clear 

what the required abundance of these organisms is to ensure an efficient process. Other organisms 

have been identified as competitors to PAOs and detrimental to phosphorus removal, but still they are 

often found in well performing full-scale systems in the same abundance as PAOs. Bacteriophages 

constitute another group of organisms suggested to interfere with the population dynamics of the 

system by predating bacteria, but the extent of their impact is still unknown. With the use of 

strategies such as bio-augmentation of real activated sludge samples and quantification of 

bacteriophages, it is possible to get a better insight into these questions and mitigate biases 

associated with lab-scale systems. Some studies in full-scale EBPR systems will also be performed to 

monitor the microbial communities and correlate their composition with changes in operational 

conditions, response to different carbon sources in the wastewater and ultimately with the results 

obtained from lab-scale experiments. 

 

 

 

 

 

 

 

 

Science 

The focus on developing and using innovative approaches to study the mixed communities present in 

EBPR will enable a more holistic understanding of the interactions and function of the microbial 

system. Lab-scale bioreactors will be used to promote the enrichment of the mixed microbial culture 

in specific groups or organisms which can then be supplemented to samples of full-scale activated 

sludge in bio-augmentation studies. The presence of other organisms, such as competing bacteria or 

Partners: 
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bacteriophages, and the availability of different carbon sources will be considered and correlated with 

the populations’ dynamics in the culture. 

Impact 

Understanding the microbiology of EBPR with more detail can support a better control of these 

systems and ultimately improve phosphorus removal and process efficiency. Moreover, it can promote 

a wider implementation of EBPR in the UK as an efficient technology to treat wastewater, with no 

addition of chemical precipitation. The methodologies developed to study the different organisms in 

mixed microbial communities can be applied to other biological systems and environments. 

 

 

 

Mapping microbial community structure and function in enhanced 

biological phosphorus removal 
 

The aim of this project is to use metabolic models, integrating 

empirical observations from various sources within a common 

mathematical framework, reflecting the current state of 

knowledge, to evaluate the steady-state coexistence ratio between 

phosphorus accumulating organisms (PAO) and glycogen 

accumulating organisms (GAO) with respect to a range of initial 

conditions characteristic of full-scale Enhanced Biological 

Phosphorus Removal (EBPR) installations. 

This project aims to develop and deploy mathematical models to 

evaluate and unite elements of the composition of the microbial 

community, their respective ecological function, inter-phyla 

interactions and process design and operation. The component 

objectives of this project include but are not limited to: (1) 

assembling available data into a coherent working database; (2) 

investigating and assessing statistical tools to make use of the 

available evidence to infer the nature of relationships among 

different groups within EBPR microbial consortia, their relation to 

the process configuration and operational parameters and 

environmental conditions, and (3) mapping the coexistence 

regions in which satisfactory EBPR removal can be expected.  

Project outline 

Wastewater treatment plants employing EBPR are known to 

exhibit poor performance attributed to population imbalances of the functional microorganisms. An 

understanding of the root causes behind deteriorated performance, and more importantly of reliable 

corrective measures have thus far proven elusive. Among the perennial uncertainties is the 

composition of PAO relative to GAO required for ensure satisfactory EBPR performance. Although the 

consensus has been that process instability is caused by the proliferation of GAO, this observation 

does not always hold for studies at the laboratory-scale nor for those at full-scale facilities employing 

EBPR.  

The fundamental question which this project seeks to answer is: in what ratio can PAO and GAO 

coexist in full-scale EBPR systems that result in satisfactory phosphorus removal? This will be 
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addressed by formulating an integrated metabolic model taking into account anaerobic, aerobic and 

anoxic behaviour of the currently recognised sub-groups of PAO and GAO. Global sensitivity analysis 

will be used to quantify the uncertainty of model outputs based on the uncertainty of available 

experimental data. The steady-state coexistence ratio between PAO and GAO given different initial 

conditions will be mapped and regions of satisfactory EBPR performance will be identified. 

The expected variance of the output will be incorporated into the map to examine any overlapping 

areas. This can be further explored by varying the threshold value for desired level of phosphorus 

removal, as the location and size of the resultant intersections would indicate the level of confidence 

in the interpretation of the map’s features in a way that is consistent with the current state of 

knowledge of the EBPR system. Similarly, extending the model with alternative metabolic pathways 

will shed light on the importance of knowing the precise biochemical mechanisms underpinning EBPR 

from the standpoint of process control and monitoring. 

Science 

The principal outcome of this project is a reference tool with which to diagnose operational problems 

in relation to the ‘health’ of resident microbial communities in wastewater treatment plants. The 

results of this project will be disseminated through publications in scientific journals. The novelty of 

this project lies in (1) the use of network theory and statistical inference to re-evaluate the quality of 

published datasets and (2) the use of global as opposed to local sensitivity analysis to both quantify 

the uncertainties inherent in the input data and model structure, as well as to side-step the need for 

model calibration prior to long-term simulation studies. 

Impact 

The ambition of this project is to improve the holistic understanding of the microbial consortia 

relevant to EBPR. In particular, this project will (1) enable the formulation of concrete strategies to 

cultivate the right communities to ensure consistently satisfactory performance, and thus compliance, 

of wastewater treatment facilities employing this technology, (2) provide the framework for design 

optimisation of future EBPR processes and (3) provide the tools to enable systematic identification of 

knowledge deficiencies, thereby laying-out a roadmap of key areas of future research.  

More broadly, the proposed tools developed in this project could find application in the exploitation of 

any engineered non-mono-culture biological system, answering questions such as: which are the key 

parameters to monitor in full-scale treatment and/or production facilities and what is the (smallest) 

required sample size necessary to make this judgment with confidence. 
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Publications 
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presented at 10th IWA Symposium on Modelling and Integrated Assessment, Copenhagen, Denmark, 

1/09/19 - 4/09/19. [conference paper] 
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compression settling velocity'. [conference paper] 

Plosz, B & Ramin, P 2019, Wastewater-based epidemiological engineering: Modelling illicit drug 
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Water Awareness and Human Behaviour 
 

 

We are investigating new ways that we can influence domestic and commercial 

users of water with the aim to reduce costs and improve sustainability. 

 

Introduction 
 

Water consumption and waste water production are a direct result of people's behaviour so it is 

important for water utilities to understand how people use their water. Utilities need to know how 

they can influence water use behaviour to improve the operation of the water supply chain and 

drainage or sewerage systems, as well as reduce costs and risks to the environment. 

Raising people's awareness of the role of water in their lives and how they use it is a key step 

towards changing behaviour for the better. It is important that we all understand the effect that our 

water use and habits have on the water environment and water resource management. 

The use of tariffs is not effective in influencing human behaviour so alternative approaches are 

needed to make customers aware of how they can help to improve the water cycle as partners in the 

process. 

Research within the water awareness and human behaviour research them of the Water Innovation 

and Research Centre (WIRC) @ Bath explores how we can work with citizens in partnership to help 

better manage and sustain local water systems. 

 

Projects 

 
Nr Title Lead Funder 

Programme 

Type 

1 Reducing Energy Dependency in 

Atlantic area Water Networks 

(REDAWN) 

Kemi Adeyeye European 

Regional 

Development 

Fund, Interreg 

Atlantic Area 

programme 

EU 

2 Water Efficiency in homes: the socio-

technical efficiency of showerheads 

Kemi Adeyeye  Research 

 

  

THEME LEADS 

Kemi Adeyeye 

Ian Walker 

THEME MEMBERS 

Academics – Julie Barnett, Bas Verplanken, 

Michael Finus 

PDRAs – Monique Huysamen, Scott Watkins 
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Reducing Energy Dependency in Atlantic area Water Networks 

(REDAWN) 
 

REDAWN aims to improve the energy efficiency of water networks 

through the installation of innovative micro-hydropower technology. 

This technology will recover wasted energy in existing pipe networks 

across irrigation, public water supply, process industry, and 

wastewater network settings. 

The REDAWN project brings together 15 partners from five 

countries around the Atlantic coast working towards greater 

efficiency in water networks.  

Project outline 

The water industry is the fourth most energy intensive sector in the 

AA, responsible for significant contributions to climate change, and 

reductions in the competitiveness of the region due to the 

associated costs. REDAWN aims to improve the energy efficiency of 

water networks in the region through the installation of innovative 

micro-hydropower (MHP) technology. This technology will recover 

wasted energy in existing pipe networks across irrigation, water supply, process industry, and 

wastewater networks. 

 

Science 

At present significant potential exists to save energy, costs and environmental impacts in AA water 

networks, but technological, institutional and social barriers prevent the exploitation of this resource. 

REDAWN will develop technology and policy, and raise awareness to overcome these barriers, 

improving the energy efficiency of water suppliers and users in the region. 

REDAWN will develop low-cost turbine technology specifically for application in water networks. 

Traditional turbines are designed for much larger settings and cannot be miniaturised to the required 

scale in an economically viable fashion. We will also be the first project to explore the potential of all  

 

Bath project lead: 

Dr Kemi Adeyeye 
Department of Architecture 

& Civil Engineering 
4 East South 3.06 
K.Adeyeye@bath.ac.uk 
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forms of water network for hydropower energy recovery. Previous projects have examined the 

potential of drinking water networks (15% of water use) but not irrigation, water-intensive industry, 

or waste/storm water. The project will demonstrate the quantity of energy saving possible in the AA 

in sectors such as brewing, mining, paper production, dairies and agriculture. 

Impact 

Overall, the impact of REDAWN will be to enable a reduction in the energy consumption of water 

distribution systems resulting in reduced energy costs for water utilities, for large industrial users, and 

agricultural producers. This can be achieved through microgeneration of hydroelectricity in water 

networks. Secondly this reduction in the cost of water distribution for water utilities will result in a 

reduction in the cost of water for end-users i.e. households, SMEs, etc.  

The societal impact of REDAWN will include: a reduction in the contribution of the water sector to 

climate change; improved competitiveness of SMEs and industry through reduced water related 

operating costs; improved environment for food production through cheaper and less energy 

intensive irrigation capabilities; and the social impact of the reduction in cost of water supply to the 

socially disadvantaged. 

The above impacts will translate into contributions to the programmes output and result indicators. 

REDAWN will produce new case studies and scale pilots of energy recovery potential in water 

networks in the region, along with a number of corresponding technical and scientific publications. 

We will produce policy and strategy instruments to foster greater resource efficiency in the sector. 

The project message and its results will be widely disseminated in the region. Additional hydropower 

production capacity in water networks in Ireland, France, Spain, Portugal and the UK will be identified 

by the project. 

 

Water Efficiency in homes: the socio-

technical efficiency of showerheads 
 

This work continues the Demystifying the Shower Experience 

project, which is a wide-ranging body of work, which aims to 

understand the socio-technical efficiency of showerheads. It uses 

complementary research methods and approaches such as 

mathematical/statistical modelling, laboratory experiments and in-

home trials to quantitatively/qualitatively investigate how the user, 

perceptual and experiential factors affect the extent to which eco-

showers are efficient-in-use. 

 

Partners: 

 

 

Bath project lead: 

Dr Kemi Adeyeye 

Department of Architecture & 
Civil Engineering 

4 East South 3.06 
K.Adeyeye@bath.ac.uk 



  
 

95 

 

     WIRC Annual Report 2018-19 

This project is undertaken in collaboration with colleagues 

at the University of Brighton, University of Aveiro and IST-

University of Lisbon.  
 

Project outline 

This unsustainable water use relative to population growth 

is an increasing cause for concern and attention. Water 

use habits have also evolved in line with sociological and economic factors, and less in line with 

environmental/resource constraints. Although water challenges are less apparent in developed 

countries, particularly due to advancements in municipal water supply systems, the need for water 

use efficiency remains important. Technological solutions, behavioural interventions and financial 

incentives targeted at users were shown, to varying degrees of success, to help deliver water use 

efficiency in homes. In addition to water efficient behaviours, promoting use of water efficient fixtures 

have been successful in some communities resulting in up to 35% of indoor water savings. 

Water technologies and products are useful for achieving targeted water savings in domestic and 

personal water use. Taps, showers, baths and toilets are necessary for sanitation and health but can 

also promote water waste due to poor design, installation and use. Research has found that the 

satisfaction levels of the participants in water efficiency trials including retrofitted high efficiency 

fixtures closely correlated with the achieved water savings. 

Therefore, this study focuses on the socio-technical efficiency of showerheads as a determinant for its 

efficiency in-use. It presents laboratory findings of temperature and flow distribution of showerhead 

as an indicator of the potential to propagate due to water loss, and the perceived satisfactions that 

could be derived by the user because of using these products. 

Science 

Functionality mismatch i.e. the desired functionalities and delivered functionalities, can occur and 

affect context in which the product is used, and can result in what can be referred to as unwanted or 

anticipated side effects. Studies such as this contribute to the better understanding of sustainability 

mismatch in water efficient products against user preferences and use behaviours. The laboratory 

and user experiments on showerheads makes it possible to further determine factors that promote 

the efficiency of design and use of the showerhead; in turn promoting sustainable development. 

Impact 

The study continues to find that the range of the environmental performance of resource using 

products such as showerheads, are affected by product design and use. Use factors are influenced by 

the extent to which the product satisfies user performance expectations in addition to meeting 

environmental benchmarks and standards. Therefore, it is important to understand water efficient 

product design and performance standards individually and in conjunction with user preferences in 

order to determine the extent to which it is wholly water efficient.  

Partners: 

  

 



  
 

96 

 

     WIRC Annual Report 2018-19 

Publications 
 

Adeyeye, K, She, K & Meireles, I 2018, 'Thermal and flow distribution of showerheads as a method 

for understanding water user preferences' Paper presented at Water Efficiency Conference 2018: , 

Aveiro, Portugal, 5/09/18 - 7/09/18 [conference paper] 

Adeyeye, K, Gibberd, J & Chakwizira, J 2019, 'Water Infrastructure for Human Settlements: Urban – 

Non-Urban Linkages and Water Access'. [conference abstract] 

Ashby, A, Marian Callegaro , A, Adeyeye, K & Granados, M 2019, 'The Spiral Economy – a conceptual 

framework for integrating the social dimension in Circular Models' Paper presented at 6th 

International EurOMA Sustainable Operations and Supply Chains Forum, Gothenburg, Sweden, 

18/03/19 - 19/03/19. [conference paper] 

Ashby, A, Marian Callegaro , A, Adeyeye, K & Granados, M 2019, The Spiral Economy: a Socially 

Progressive Circular Economy Model? in N Yakovlev, R Frei & S Rama Murthy (eds), Sustainable 

Development Goals and Sustainable Supply Chains in the Post-global Economy. Greening of Industry 

Network book series, Springer, pp. 67-94. https://doi.org/10.1007/978-3-030-15066-2_5 [chapter in 

book] 

Carravetta , A, Fecarotta, O, Ramos, H, Mello, M, Rodriguez-Diaz, JA, Morillo , JG, Adeyeye, K, 

Coughlan , P, Gallagher, J & McNabola, A 2018, 'Reducing the Energy Dependency of Water Networks 

in Irrigation, Public Drinking Water, and Process Industry: REDAWN Project', Proceedings — Open 

Access Journal, vol. 2, no. 11, 681. https://doi.org/10.3390/proceedings2110681 [journal article] 

Darby, A, Natarajan, S, Coley, D, Maskell, D, Walker, I & Brownjohn, J 2019, Impact of sustainable 

building design on occupant experience: a human-centred approach. in Proceedings of the Fifth 

International Conference on Sustainable Construction Materials and Technologies . Sustainable 

Construction Materials and Technologies, The International Committee of the SCMT Conferences, 

Fifth International Conference on Sustainable Construction Materials and Technologies, Kingston, UK 

United Kingdom, 14/07/19. [conference contribution] 

Gamble, T, Turner-Cobb, J, Walker, I & Holt, N 2018, 'Putting proverbs to the test: An engaging 

approach to developing students’ hypothesis testing skills', Teaching of Psychology. [journal article] 

Orr, J, Drewniok, M, Walker, I, Ibell, T, Copping, A & Emmitt, S 2018, 'Minimising Energy in 

Construction: Practitioners' Views on Material Efficiency', Resources, Conservation and Recycling, vol. 
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Robinson, D & Walker, I 2019, 'Bicycle helmet wearing is associated with closer overtaking by drivers: 

A response to Olivier and Walter, 2013', Accident Analysis and Prevention, vol. 123, pp. 107-113. 

https://doi.org/10.1016/j.aap.2018.11.015 [journal article] 

Sousa, V, Meireles, I, Adeyeye, K & She, K 2018, 'Showerheads experience: Statistical analysis of the 

individual behaviour of the users' Paper presented at Water Efficiency Conference 2018: , Aveiro, 

Portugal, 5/09/18 - 7/09/18. [conference paper] 
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Water in the Circular Economy 
 

Our theme of research as 

part of the Water Innovation 

and Research Centre (WIRC) 

@ Bath investigates the role 

of water in the circular 

economy. 

 

Introduction 
We explore ways to get the most out of water by reducing waste production as much as possible and 

recovering waste materials and residuals as a valuable resource. This includes technological 

innovation as well as ways to establish viable supply chains. We also examine the financial and 

economic cases for individual investments in circular economy, and the importance of consumer 

perceptions in determining the acceptability of such investments. 

Almost all future visions of sustainability endorse or incorporate the concept of the circular economy. 

As well as reducing the consumption of natural resources, it potentially creates new economic 

opportunities and job opportunities. Water is a key factor in the circular economy as it is used in 

many production processes. Furthermore, the water cycle can provide important resources, 

comprising water, nutrients, metals, grits and sands and feedstocks for biofuels or bioplastics. 

In the last year, we have consolidated the direction and activities of our group to focus on bilateral 

discussions with group members, engagement with stakeholders outside academia, and applications 

for research funding. 

 

Projects 
Nr Title Lead Funder 

Programme 

Type 

1 Circular Economy and its Implications for 

Environment and Health 

Alistair 

Hunt 

WHO Research 

2 Towards a Next Generation of Water 

Systems and Services for the Circular 

Economy (NextGen) 

Jan Hofman Horizon 2020 EU 

3 Waste Food-Energy-Water Urban Living 

Labs - Mapping and Reducing 

Waste in the Food-Energy-Water Nexus 

Alistair 

Hunt 

JPI Europe/ 

Belmont Forum 

EU 

 

  

THEME LEADS 

Ana Lanham 

Alistair Hunt 

THEME MEMBERS 

Academics - Tom Arnot, Michael Bird, Chris 

Chuck, Philip Cooper, Emma Emanuelsson, 

David Leak, Roy Maconachie, Marcelle 

McManus, Ian Walker, Sheila Samsatli, Marta 

Coma, Sophie Parsons 

PhD students - Falk Schneider 
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Circular economy and its implications for environment and health 
This is part of a World Health Organisation (WHO) initiative entitled 

“Circular Economy” with the aim of providing insights into the health 

consequences of circular economy initiatives. The aim of this study, 

therefore, is to start to frame the transition from a “Take, Make, 

Dispose” linear economy to a “Renew, Remake, Share” circular 

economy in a health context in order to set the scene for further 

policy development, assessment of research needs and stakeholder 

engagement on key health implications. 

Project outline 

This study explores the policy objective of a circular economy and its 

implications for human health. It has a focus on the WHO European 

Region whilst also discussing global consequences where applicable. 

The rationale for the study is that, while the circular economy concept 

has gained increasing prominence in recent years in the context of 

policy development, at national, EU and global level, and in business 

practices for the promotion of sustainable production and 

consumption, so far there has been relatively limited 

coverage of its health implications. This study aims to start 

to address this gap by framing the circular economy 

concept and its implementation in the context of health, 

outlining current evidence of health implications and setting 

the scene for further policy development, assessment of 

research needs and stakeholder engagement. 

The framework in the diagram below has been used in the 

consideration and characterisation of possible health 

implications from circular economy processes In particular, it has aided the identification of where 

and how circular economy processes link to other elements in the DPSEEA DPSEEA (Driver, Pressure, 

State, Exposure, Effect, and Action) framework and where there are real or potential health 

exposures and impacts as a direct or indirect consequence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Circular Economy 

Actions 

(e.g. Recycling,  eco 

design, car sharing) 

Driving Force 

(Transition to Circular 

Economy) 

Pressure 

(e.g. Resource Depletion, 

waste release) 

State 

(e.g. effect on air 

/water/soil quality) 

Exposure 

(e.g. effect on food 

quality, accident risks) 

Effects 

(e.g. mortality and 

morbidity effects) 

 

Project lead: 

Dr Alistair Hunt 

Department of Economics 

Wessex House 8.56 

A.S.P.Hunt@bath.ac.uk 

Collaborators: 

 Nick Dale 

 Frank George 
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Science 

The study finds that a transition to a circular economy provides a major opportunity to yield 

potentially substantial health benefits whilst also contributing to the attainment of sustainable 

development goals 3 and 12. There are also risks of adverse unintended health effects in this 

transition, in particular related to managing risks of hazardous materials. Where risks of adverse 

health effects have been identified these frequently fall disproportionately on vulnerable groups, such 

as informal workers including children and low income groups. There are significant knowledge gaps 

in our understanding of health impacts of a transition to a circular economy, particularly relating to 

chemicals of concern, water reuse, e-waste and distributional effects. Further research and evidence 

is essential for a more complete assessment of policy priorities for addressing negative impacts and 

enhancing positive impacts. Policy priorities that have been identified for addressing areas of 

immediate concern include, appropriate regulation, monitoring and evaluation of circular economy 

initiatives,  support for research, improved management of informal waste sites, as well as measures 

to raise public awareness. These are important and urgent in order that progress on implementing 

the circular economy, including the potential for health benefits, is not undermined by any reductions 

in public and policy community support. 

Impact 

The outputs of the project are published as a widely available WHO report. As such it is expected that 

the report will have a wide readership in both academic and policy circles. It highlights that there are 

health impacts that can be reduced by a transition to a circular economy formation, as well as some 

impacts that may be brought about.  A follow-on project will develop guidance as to incorporate 

health considerations in circular economy initiatives at the city- and regional scale. 

 

Towards a next generation of water systems and services for the 

circular economy (NextGen) 
 

NextGen will demonstrate innovative technological, 

business and governance solutions for water in the circular 

economy in ten high-profile, large-scale, demonstration 

cases across Europe, and we will develop the necessary 

approaches, tools and partnerships, to transfer and 

upscale.  

Project outline 

This is a Horizon 2020 Framework Programme coordinated 

by KWR (Netherlands) that includes 30 partners, 3 

associate partners and 10 demonstration cases. The 

project will look at demonstrating different technologies 

with a potential to contribute to reuse and recovery of 

important resources within a perspective of circular 

economy. These resources include:  

 Water: reuse at multiple scales supported by 

nature-based storage, optimal management 

strategies, advanced treatment technologies, 

engineered ecosystems and compact / mobile / 

scalable systems 

 

Bath project lead: 

Professor Jan Hofman 

Department of Chemical Engineering 
Wessex House, 7.12 

J.A.H.Hofman@bath.ac.uk 
 

People involved: 

 Dr Ana Lanham 

 Dr Alistair Hunt 

 Dr Hannah Durrant 

http://www.euro.who.int/__data/assets/pdf_file/0004/374917/Circular-Economy_EN_WHO_web_august-2018.pdf?ua=1
mailto:J.A.H.Hofman@bath.ac.uk
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 Energy: combined water-energy management, treatment plants as energy factories, water-

enabled heat transfer, storage and recovery for allied industries and commercial sectors  

 Materials: nutrient mining and reuse, manufacturing new products from waste streams, 

regenerating and repurposing membranes to reduce water reuse costs, and producing 

activated carbon from sludge to minimise costs of micro-pollutant removal. 

Together with the Institute for Policy Research, we will examine the regulatory and policy frameworks 

that impact on circular water systems and services, at all steps in the value chain. The main purpose 

is to identify enablers for, and barriers to, creating synergies within the value chain, up-scaling 

solutions and transferring them to other geographic areas. 
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Science 

WIRC will be researching new approaches and best practices for closing the energy cycle in the water 

sector as well as reporting on challenges and opportunities across policy and regulatory frameworks 

around the uptake of circular solutions. WIRC is also involved with the Filton Airfield development 

site, where different approaches will be demonstrated such as integrated local recovery and reuse of 

water, energy and nutrients; drainage integration in green spaces, increasing biodiversity; recovery of 

thermal energy from domestic wastewater; anaerobic digestion; nutrient recovery and local reuse. 

This is an excellent opportunity to develop unique perspectives on aspects of Water in the Circular 

Economy at a multidisciplinary level and to translate them directly into practice across the 10 different 

demonstration sites. 

Impact 

In addition to project reports and scientific publications, the key impact of this project are the 

demonstration sites and the visibility that the new deployed technologies will have both in EU 

countries and in emerging economies. There is also the expectation that by deploying these new 

technologies a significant reduction in energy, cost, freshwater, raw materials can be achieved. When 

needed, adaptations to regulations will be proposed, to enable new mechanisms that can work within 

the existing regulatory frameworks and to provide input to future European legislation. Finally, 

through the deployment of citizen involvement strategies (serious games etc.) and the analysis of 

economic and political bottlenecks that the technological advances can be supported by evidence-

based social, economic and political mechanisms (e.g., news articles and policy briefs). 
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Waste Food-Energy-Water Urban Living Labs (WASTE FEW ULL) - 

mapping and reducing waste in the Food-Energy-Water Nexus 
 

The aim of the WASTE FEW ULL project is to map, model and reduce 

waste generated by dysfunctional linear pathways in the urban food-

energy-water nexus. We will do this by coordinating an international 

network of four Urban Living Labs (ULL) - in the UK, Netherlands, 

South Africa and Brazil – with partners in Norway and the USA 

providing economic valuation and international dissemination, 

respectively. The five main objectives of the project are:  

1. To co-create in each ULL an understanding of the FEW system‟s 

complexity, resilience, sustainability, leverage points for change and 

thresholds by mapping all current waste streams.  

2. To quantify in monetary terms the micro and macro-economic 

impact of these resource inefficiencies using both market and non-

market costs to inform risk management.  

3. To enable each ULL to close (or start to close) the loops in two 

critical resource flows and infrastructures in the city FEW nexus within 

the 3 years of the project.  

4. To develop and disseminate a system model and knowledge 

“tool-box” for each ULL and to share with other ULLs within 

the project and with other urban regions around the world.  

5. To contribute to tools and networks in each ULL so that the 

ULLs can continue working after the end of the project 

(project legacy). 

Project outline 

We use the ULL concept to develop a participatory research approach that systematically includes 

stakeholders (e.g. users and service providers) as co-creators from the beginning through the 

different cycles of learning produced by the project (including planning, designing, implementation 

and dissemination phases). Comprehensive stakeholder analysis will allow us to ensure members 

from underrepresented groups are fully involved. As a first co-creative step, the stakeholders 

comprehensively map waste in the often critically-dysfunctional, linear pathways of food, energy and 

water in each ULL by identifying, for example, nutrient and energy waste from sewage and the food-

water challenge (Berdahl et al., 2016, Wibbleman et al., 2013). Together with ULL stakeholders, we 

identify key barriers and opportunities to enable transformative shifts in existing soft and hard 

„infrastructures‟: e.g. evidence gaps, key actors, power centres, technology application. Each ULL 

considers inter-relationships common to each city and across multiple levels of governance: e.g. local-

national control, public-private partnership, land ownership. This is of particular interest in the Cape 

Town ULL where informal settlements figure strongly, and where the lack of land tenure is a 

complicating factor. A key challenge for ULL stakeholders is identifying which variables are outside of 

their control (exogenous) and which are endogenous, and determining the best approach to 

rebalancing the resource flows within each targeted sub-system. Two specific topics are developed in 

each ULL. Rather than determining single solutions for food, energy or water, we seek to identify 

innovations that impact across the nexus. The final decision on specific topics is left to the ULL 

stakeholders in each urban region in consultation with all partners. 

 

 

Project lead: 

Dr Alistair Hunt 

Department of Economics 

Wessex House 8.56 

A.S.P.Hunt@bath.ac.uk 

Collaborators include: 

 Julia Stew, Coventry 

University 

 Daniel Black, db+a 

 Adina Paytan, University 

of California Santa Cruz 
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Project Schematic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Science 

The main focus of the proposal is to integrate a transdisciplinary study of the FEW nexus by 
establishing ULLs to map and model multi-level governance and management processes within their 
unique spatial context to understand what strategic and social innovations and practical solutions (e.g. 
augmented management strategies and institutional processes) can close dysfunctional linear 
resource flows loops (e.g. recapturing nutrients from sewage and energy from waste). Each ULL will 
use two specific case studies to examine the complex network of interdependent agencies and 
processes, endogenous and exogenous variables. 
 
A secondary focus is around stakeholder dialogue, and co-creation of knowledge. This will include end 
user interviews in combination with more traditional impact assessment techniques to identify, assess 
and manage risks and uncertainties in particular related to proposed solutions. A key aspect of this is 
the linking of knowledge to decision-making and implementation. The international consortium will 
work closely together over the project period and beyond to develop a knowledge platform, 
connecting researchers and stakeholders. This will serve as a hub for research results. 
 
Finally, to achieve project goals, stakeholders will have a clear understanding of the challenges around 
ULL case studies, including societal, regulatory and market pressures to integrate food, energy and 
water management and governance, as well as barriers / pinch-points and opportunities to close 
resource loops and maximise resilience. The value of the social, environmental, economic and political 
costs and benefits over time will enable strategies to be developed for effective change (including 
political transitions) across different contexts and cultures. Thus the opportunities ULLs can bring will 
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be emphasised, encouraging uptake of the ULL structure and networks after the life of the project 
using the knowledge brokerage information and tools. Publications will be used to inform decision-
making to make the FEW nexus into a „system innovation for urban governance globally‟.  
 

Impact 

This project is focused on real world solutions that will be co-developed and co-designed in the ULLs 

by bringing together urban entrepreneurs to connect the flows and identify opportunities and 

leverage points for the FEW nexus in every city, hence the intrinsic role of stakeholder dialogue and 

the significant role of economic valuation and risk management as well as outreach and 

communication relevant to key stakeholders. We will link value impact and risk to real world 

practitioners and investigate the application of the project outcomes to other cities worldwide. The 

case studies in our project will generate high-level models reflective of commonalities found in the 

FWE nexuses across these different locations. It should also be possible to apply some of the strategies 

targeted to close identified loops across ULLs.  
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Water Supply from Source to tap 
 

We are developing an 

integrated approach to 

deliver drinking water in a 

robust and sustainable 

manner that complies with 

modern standards. 

 

Introduction 

Water supply is one of the most important elements for health and well-being. Also, economic 

prosperity is dependent on the availability of high-quality drinking water, as it is used in many 

manufacturing processes. High quality water supply is only possible with good quality and protected 

resources, reliable and robust treatment systems and well-maintained distribution networks with 

minimal influence on water quality. 

Research within the water supply from source to tap research theme of the Water Innovation and 

Research Centre (WIRC) @ Bath explores: 

• demand forecasting 

• water supply network design 

• leakage reduction and prevention 

 

We are also developing tools for evaluating the resilience and sustainability of the water supply 

network in the face of climate change. 

 

Projects 

 

Nr Title Lead Funder 

Programme 

Type 

1 Drinking water and wastewater 

ozonation: Fate of ozonation products 

and gas transfer through membranes 

Garyfalia 

Zoumpouli 

UoB PhD 

Scholarhship and 

EPSRC DTC 

Sustainable Chemical 

Technologies 

PhD 

THEME LEADS 

Jannis Wenk 

Lee Bryant 

 

THEME MEMBERS 

Academics - Philippe Blondel, John Chew, Jan 

Hofman, Davide Mattia, Thomas Kjeldsen 

PDRAs - Dr Thais Guaraldo, Dr Junjie Shen 

PhD students - Caitlin Taylor, Bert Swart, 

Mahan Amani, Jack Waterhouse, Zaharatu 

Babika, Garyfalia Zompouli, Dominic Macias, 

Franciszek Bydałek, James Rand, Juliana 

Marcal, Sally Pearl, Ranran Zhao, Rosha 

Pashang, Zachary Warren 



  
 

108 

 

     WIRC Annual Report 2018-19 

2 Foamed Anodic Metal Membranes for 

Photocatalytic Water Treatment 

Thais Tasso 

Guaraldo, 

Davide Mattia, 

Jannis Wenk 

EPSRC Established 

Career Fellowship 

Research 

3 Metal Oxides for Tandem 

Photocatalysis Water Treatment 

Caitlin Taylor EPSRC DTC 

Sustainable Chemical 

Technologies 

PhD 

4 Microbial ecology and fate of 

pathogens in constructed polishing 

wetlands 

Franciszek 

Bydałek, 

Jannis Wenk 

FRESH CDT PhD 

5 New Microbubble Method for Dissolved 

Air Flotation 

Bert Swart, 

Jannis Wenk, 

John Chew 

WISE CDT PhD 

6 Safe Drinking Water using Capacitive 

Deionization for East Africa 

Junjie Shen RAEng Research 

7 Biogeochemical controls on Manganese 

cycling in drinking water supply 

reservoirs 

Mahan Amani, 

Lee Bryant 

 PhD 

8 Assessing Risk to Water Security in 

Complex Coupled Catchment-Reservoir 

Systems 

Jack 

Waterhouse, 

Lee Bryant, 

Thomas 

Kjeldsen 

WISE CDT PhD 

9 Mapping Groundwater Vulnerability and 

Hydrocarbon Contamination in a Semi-

Arid of Northern Nigeria 

Zaharatu 

Babika, Lee 

Bryant, 

Thomas 

Kjeldsen 

Petroleum 

Technology 

Development Fund 

Nigeria (PTDF) 

PhD 

10 Speciation of Emerging Contaminants 

in Wetland Systems 

Dominic 

Macias 

FRESH CDT PhD 

11 Aeration of manganese in drinking 

water supply reservoirs 

Lee Bryant  Research 

12 Underwater micro gliders for 

autonomous lake inspection 

James Rand WISE CDT PhD 

13 Multi-criteria decision analysis for 

sustainability assessment of 

decentralized water treatment systems 

(DWTS) in developing countries 

Juliana Marcal WISE CDT PhD 

14 Investigating the influence of geologic 

bombs and reservoir management on 

biogeochemical cycling of trace metals 
and resultant water quality 

Sally Pearl WISE CDT PhD 

15 Treatment of industrial process waters 
from vaccine production 

Rosha 

Pashang 

UoB Scholarship PhD 

16 Cleaning and water treatment by 

microbubbles 
Ranran Zhao Mandar Donde and 

Mickey Ko 

Scholarship 

PhD 

17 Foam type photocatalysts for water 
treatment 

Zachary 

Warren 

EPSRC Established 

Career Fellowship 

(Davide Mattia) 

PhD 
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Advances in water and wastewater ozonation: Fate of 

transformation products and ozone gas transfer through 

membranes 
 

The project goal is (1) to obtain a deeper understanding on the 

removal of trace organic contaminants during ozonation, including the 

fate of ozonation products at subsequent treatment steps and (2) to 

investigate the efficiency of ozone delivery through membranes. Ozone 

is among the most promising technologies to remove a wide range of 

water contaminants that occur at traces in both wastewater effluent 

and in drinking water resources. Traditionally ozone is injected into 

water by bubble-based methods, while using membranes for water 

ozonation is a relatively recent approach. 

Therefore, the research has two directions:  

a) Ozonation with (bio)filtration post-treatment, with a focus on the 

fate of ozonation products. 

b) To investigate membrane ozonation for water treatment. 

Project outline 

For part a) A lab-based system was developed that combines 

continuous ozonation with post-treatment options such as sand 

filtration or activated carbon filtration. The setup for this system has 

been previously unavailable and has been newly designed and tested. 

The developed setup significantly simplifies advanced studies on 

biodegradability and adsorption of ozonation products. In the initial 

study pharmaceuticals in wastewater and drinking water matrices served as example, while ongoing 

experiments look at relevant pesticides in the water cycle. 

For part b) Membrane ozonation rigs were developed to investigate bubble-less ozone transfer into 

water with different membrane materials for both single hollow fibres and whole modules. The results 

are combined with computational simulations to obtain reliable ozone mass transfer predictions. 

 

 

Figure 1- Lab-scale system for continuous and long term (over 

several months) ozonation – biofiltration studies. 

 

 

 

Project lead: 

Garyfalia Zoumpouli 

Department of Chemical 

Engineering 

9 West 2.05  

G.Zoumpouli@bath.ac.uk 

Project lead: 

Dr Jannis Wenk 

Department of Chemical 

Engineering 

9 West 2.09 

J.H.Wenk@bath.ac.uk 
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Figure 2- Scheme showing the experimental setup. 

 

 

 

 

 

 

Science 

For part a) The development of the ozonation-biofiltration system, which was in collaboration with the 

DVGW-Technologiezentrum Wasser (TZW) in Karlsruhe, Germany, has led to a joint manuscript in 

Environmental Science: Water Research & Technology, https://doi.org/10.1039/C8EW00855H. This 

research has also been presented at several international conferences, including the ACS annual 

meeting in New Orleans.  

For part b) Modelling and experimental results for the initial single tube membrane contactor have 

been published in Water, https://doi.org/10.3390/w10101416. The research has recently been 

presented in the 9th International Water Association (IWA) Membrane Technology Conference & 

Exhibition for Water and Wastewater Treatment and Reuse in Toulouse, France. 

Impact 

The awareness of the impact of trace contaminants in the water cycle has been increasing and is now 

being taken into account in water quality regulations. There is need for advanced water treatment 

technologies to be widely adopted. Ozonation is one of the most promising technologies, and needs 

to be optimised to ensure that its large-scale application is sustainable. 

 

Foamed anodic metal membranes for photocatalytic water 

treatment 
 

The aim of this project is the development of porous metal oxide 

foams to be used as novel catalysts in the photocatalytic removal 

of water pollutants. For this reason, the specific objectives in 

order to achieve are the following: 

 Develop a suitable method to produce porous and robust 

metal oxide foams (ZnO). 

 Determine the influence of the materials properties as 

structure, surface morphology and stability on the 

photocatalytic efficiency. 

 Study the feasibility and performance of the foams in a 

flow through photocatalytic reactor. 

 Determine key experimental parameters influencing 

photocatalytic activity, such as pH, flow rate, atmospheric 

and irradiation conditions on the removal of 

micropollutants. 

 Optimise the synthesis conditions for different catalysts.  

 

Project lead: 

Dr Thais Tasso Guaraldo 
Department of Chemical 

Engineering 

9W4.08 
T.Tasso.Guaraldo@bath.ac.uk 
 

https://doi.org/10.1039/C8EW00855H
https://doi.org/10.3390/w10101416
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Project outline 

The project aims to propose a suitable synthesis method 

combining the use of foaming solutions and sintering process to 

produce solid metal oxide foams to act as photocatalysts in water 

treatment. The influence of the foaming solution composition on 

the final solid foam properties will be studied. Initially, ZnO foams 

will be obtained and other metal oxide materials will be produced 

eventually. These materials would combine the high surface area 

of slurry catalysts with the stability of immobilised 

semiconductors. Photocatalytic oxidation of micropollutants is 

based on the irradiation of semiconductor materials with UV 

and/or visible light to generate hydroxyl radicals (HO.). These 

highly reactive and non-selective radicals are produced at the 

material/water interface and can readily degrade refractory 

pollutants into more biodegradable products or lead to 

mineralisation. The obtained materials will be characterised and 

their performance will be evaluated for photocatalytic activity 

using model pollutants, including persistent and photo-resistant 

pharmaceutical compounds. The influence of experimental 

conditions will also be studied in a flow through photocatalytic 

reactor.  

Science 

This research aims to contribute to the establishment of 

photocatalysis as water treatment technology. The use of 

this technique has been to date limited by the poor 

efficiency of immobilised semiconductors as well as the 

leaching of nanoparticle slurries to the environment. The 

use of solid foams could contribute to the development of 

a new generation photocatalysts presenting both high 

surface area and stability. Moreover, the performance of 

such catalysts towards visible light active materials could promote significant advances in this field.  

 

  

Sintering system setup (left) and ZnO foam preliminary results (right).  

 

Project lead: 
Professor Davide Mattia 

Department of Chemical 
Engineering 

9 West 3.03 
d.mattia@bath.ac.uk 

Project lead: 

Dr Jannis Wenk 
Department of Chemical 

Engineering 

9W2.04d 
J.H.Wenk@bath.ac.uk 

Funded by: 
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Impact 

The development of more efficient photocatalysts for water treatment technologies is of paramount 

relevance to assure higher water quality. The aim of this research is to improve the feasibility of 

photocatalysis as a real water and wastewater treatment technology. This goal will be achieved by 

developing new methods to obtain solid foams of greater stability, porosity and surface area 

compared to existing catalysts. These features will positively impact the performance of photocatalytic 

treatment on the removal of micropollutants. 

 

 

Metal oxides for tandem photocatalysis water treatment 
 

The aim of this research is to develop a nanostructured wire catalyst 

to degrade pollutants via a flow through reactor. In order to achieve 

this aim, the following objectives are: 

• Design and commission an anodization rig, suitable for 

producing oxide nanostructures on a metal wire (zinc or 

titanium)  

• Optimise the anodization process for Zn and Ti wire 

• Identify the effect of anodization time and surface morphology, 

and whether this translates to different photocatalytic behaviour  

• Determine key experimental parameters, such as flow rate, 

addition of electricity, atmospheric conditions, pH  

Project outline 

The project aims to produce semi-conductors via the electrochemical 

process, anodization to act as a photocatalyst for use in water 

treatment. Upon absorption of UV light, a semiconductor will 

produce reactive hydroxyl radicals which can react with persistent 

contaminants to degrade them into products that are more readily 

biodegradable. The process of anodization was optimised for 

producing zinc oxide and titanium dioxide, and key experimental 

parameters were highlighted such as flow rate and atmospheric 

conditions. The addition of electricity to the photocatalysis was also 

investigated to determine if this could improve pollutant degradation. 

The photocatalytic efficiency of the system was monitored using the 

model pollutant, phenol. Other pollutants monitored included 

carbamazepine, which is a very persistent, photo-resistant 

pharmaceutical. 

Science 

This research has produced a novel tubular photocatalytic reactor, 

which allows for increased efficiency as well as optimised ZnO 

anodization conditions and a novel sustainable TiO2 anodization 

process, which removes the use of hazardous fluoride based 

electrolytes. This research has been presented at the 15th IWA 

Leading Edge Conference on Water and Wastewater Technologies in 

Nanjing, China. Two manuscripts are currently under preparation. 

 

Project lead: 
Caitlin Taylor 

Department of Chemistry 
9W 2.04c 
C.Taylor2@bath.ac.uk 

 

Project lead: 

Professor Davide Mattia 

Department of Chemical 
Engineering 

9 West 3.03 
d.mattia@bath.ac.uk 

Project lead: 
Dr Jannis Wenk 

Department of Chemical 
Engineering 

9W2.04d 
J.H.Wenk@bath.ac.uk 
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Figure 1: Test reactor setup.  

 

Impact 

The aim of this research is to increase the sustainability of 

photocatalysis, this was done by optimising anodization 

conditions, such as finding alternatives to hazardous 

fluoride electrolytes, but also the project produces 

immobilized photocatalysts with a simple synthesis, which 

does not require an expensive, multiple step process. It 

also highlights the efficiency of using a tubular 

photocatalytic reactor. 

 

 

 

 

 

Microbial ecology and fate of pathogens in constructed polishing 

wetlands 
 

The project aims to quantify waterborne pathogens and pathogen 

indicators within a newly built polishing wetland and to investigate 

changes in the microbial community during operation of the wetland.  

Project outline 

With increasing public concerns and tightening regulations water 

utilities worldwide have been implementing advanced tertiary 

treatment steps to minimise biological and chemical contaminant 

release from wastewater effluent and to help restoring and protecting 

downstream ecosystems. Among various tertiary treatment options 

constructed polishing wetland (figure 1) are particularly suitable for 

smaller facilities and non-urban settings. Through state-of the art 

microbial detection methods, the proposed project will investigate the 

fate of water borne pathogens and pathogen indicator organisms 

during wetland passage. As a working hypothesis it is expected that 

sedimentation, decay and predation processes greatly reduce 

pathogens. In addition the project will use genetic analysis and 

molecular techniques to understand the development of the microbial 

community within the wetland. Data on the microbial fauna will allow 

better understanding of the metabolic potential within the wetland to 

degrade contaminants and to assess whether wastewater polishing 

wetlands may serve as a vector for the spread of antimicrobial 

resistance genes. 

People involved: 

 Professor Barbara 

Kasprzyk-Hordern 

 

Project lead: 
Franciszek Bydałek 

Department of Chemical 

Engineering – FRESH CDT 
f.a.bydalek@bath.ac.uk 

Project lead: 

Dr Jannis Wenk 
Department of Chemical 

Engineering 
9W2.04d 
J.H.Wenk@bath.ac.uk 



  
 

114 

 

     WIRC Annual Report 2018-19 

 
Figure 1 Polishing constructed wetland, Devizes, Wiltshire. Photo Franciszek Bydałek. 

Science 

The data produced will inform future wetland design, permitting and highlight issues surrounding 

wetland management and disposal of green wastes produced. 

Impact 

The project findings will inform water industry design and Environment Agency permitting policy on 

the use of wetlands within the sewage treatment system.  As an additional benefit, the removal of 

pathogens from wastewater by polishing wetlands can lead to a significant decrease of risks for 

waterborne illness outbreaks downstream without the need of installing any chemical effluent 

disinfection capacities. While information on pathogen removal by polishing wetlands is critical for 

decision makers on investments in upgraded wastewater treatment technologies, little quantitative 

data is currently available for the UK.  Microbial community analysis will provide information on 

metabolic pathways important for nutrient removal (e.g. nitrification/ denitrification) and the effect of 

trace contaminants present in the wastewater (e.g. resistance genes). 
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New microbubble method for Dissolved Air Flotation 
 

The main aim of this PhD project is to investigate the effectiveness 

of a new method of microbubble production using a dissolution 

type microbubble generator for Dissolved Air Flotation (DAF) in 

water treatment. The hope is that the new method will enhance 

the energy efficiency of the separation process.  The project 

consists of both experimental and modelling work. With the 

modelling work focussed on the hydrodynamics of the existing and 

improved DAF processes as well as the reaction and mass transfer 

characteristics. The project could also include an assessment of 

the scale up and implementation of the new method in existing 

treatment facilities.  

Project outline 

Computational modelling 

 Use computational fluid dynamics (CFD) modelling to elucidate 

the hydrodynamics of existing and improved DAF systems 

 Couple CFD and MATLAB  to solve the reaction and mass 

transfer characteristics 

 Use CFD modelling to assess and select the most appropriate operating conditions (e.g. gas and 

liquid flow rates) for solid separations 

 USE CFD results to inter- and extrapolate the separation performance  

Experimental Work 

 Characterisation of bubbles, visualisation of flow paths, gas 

transfers etc. 

 Lab scale DAF experiments to verify the computational work. 

 Investigate the removal of different types of 

contaminants/pathogens. 

 Investigate the removal of different types of 

contaminants/pathogens. 

 

Science 

Three phase modelling of DAF is an area which hasn’t been 

explored extensively by researchers. Therefore the modelling of 

the interaction at the gas/liquid/solid interface is an area that will 

be further explored as part of this research. This presents an 

opportunity to provide new insights into DAF via the proposed 

project. The project could also include an investigation into the 

effects of different pollutants on the effectiveness if the old and 

new DAF process.  

Impact 

If the project demonstrates an improved DAF effectiveness with 

the new microbubble method then it could serve as impetus for 

existing water treatment facilities to be upgraded and aid in the 

implementation of the new microbubble method. Through the 
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modelling and experimental work the project should also provide new insights into the existing DAF 

process. 

 

Figure 1. High resolution photographs of rising microbubbles (upper left hand side) and size distribution and 

tracking using MATLAB based approaches. 

 

 

Safe drinking water using capacitive 

deionization for East Africa 
 

The overall goal of the Fellowship is to provide fluoride-free 

water to East African communities by utilizing the state-of-the-

art capacitive deionization (CDI) technology. First of all, a 

unique type of fluoride-selective electrodes will be prepared for 

the first time; secondly, decentralized solar-powered CDI 

systems will be implemented and tested in rural areas of 

Tanzania; finally, a sustainability assessment of the CDI 

technology will be conducted in the context of developing 

countries. 
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Project outline 

WP 1: The fluoride-selective electrodes will be fabricated and 

the intrinsic adsorption capacity of the electrodes for fluoride 

will be evaluated without applying electricity. The adsorption 

kinetics, isotherms, thermodynamics and adsorption 

mechanisms will be studied. 

WP 2: Lab-scale capacitive defluoridation experiments will be 

performed. The schematic is shown in Figure 1. Both the 

constant voltage and the constant current operation modes will 

be conducted. System performance, including effluent 

concentration, energy consumption, water recovery, and electrode regeneration, will be evaluated. 

 

Figure 1: Schematic of the fluoride-selective CDI unit 

 

WP 3: Photovoltaic solar panels with proper output voltage and current will be directly connected to 

the CDI unit as external DC power. A series of pilot experiments will be conducted in several field 

sites in Tanzania. System performance under different water compositions and operating conditions 

will be evaluated over a prolonged period.  

WP 4: The factors affecting the sustainability of water supplies in developing countries, including (1) 

community demand, (2) local financing and cost recovery, and (3) operation and maintenance, will be 

assessed comprehensively. Village authorities will be involved in the implementation of the CDI 

systems and a training base that can handle such technology will be established with the ultimate aim 

to manufacture such systems locally. 

Science 

CDI is an emerging technology which gets increasing popularity. However, selective remove of certain 

ions remains one of the largest challenges for CDI. This becomes even more difficult when it comes 

to fluoride, because fluoride has a very high hydration energy. I will make a breakthrough in this 

issue by developing the fluoride-selective electrodes. In addition, there are currently no research on 

the integration of CDI and renewable energy technologies in the context of developing countries, not 

to mention any sustainability assessment. My fellowship will fill these knowledge gaps as well. 

Impact 

The project will directly benefit a large population of people living in remote areas in Africa. Safe 

drinking water supplied by the CDI technology will protect children from dental and skeletal fluorosis. 

Women and girls no longer need to walk long distance to collect water for their families. 

Demonstration of health benefits and improvement on quality of life will stimulate a willingness to 

adopt innovative technologies at community scale. 

 

 

People involved: 

 Professor Jan Hofman 

 Professor Dengsong 

Zhang 

 Professor Frank Marken 

 Professor Felix Mtalo 

 Mr Godfrey Mkongo 



  
 

118 

 

     WIRC Annual Report 2018-19 

Biogeochemical controls on Manganese cycling in drinking water 

supply reservoirs 
 

This project has the following aims: 

1) To investigate how drinking water quality is influenced by 

biogeochemical cycling of dissolved oxygen (O2) and manganese 

(Mn)  

2) To investigate how engineered in-situ methods can be used 

for Mn reduction in drinking water supply reservoirs and improve 

source water quality 

The objectives of this project are: 

 Design and carry out field campaigns in aerated drinking 

water reservoirs  

 Characterize the influence of natural and engineered 

mixing 

 Assess the spatial and temporal distributions of 

Manganese on a reservoir-wide scale 

Project outline 

Within the UK, millions of £ are spent annually by drinking water 

utilities to address customer complaints with taste and odor 

problems stemming from Mn. Aesthetic problems associated with 

excess Mn often occur in water-supply infrastructure, e.g., 

brownish-coloured, metallic-tasting drinking water, staining of 

laundry and plumbing fixtures. Excessive Mn concentrations in 

water entering the distribution system can also lead to reduced 

flow in pipes as a result of Mn precipitate accumulation in the distribution system, reducing the pipe 

diameter and finally clogging the pipe. The primary research questions are: 1) how do aeration 

systems influence the distribution of Mn, O2 and mixing, the primary geochemical and physical 

controls on Mn cycling, within UK reservoirs, and 2) can aeration be optimised to reduce problematic 

levels of Mn in the source water prior to the treatment work? These questions are being answered 

based on comprehensive physical and geochemical in situ measurements in two aerated drinking-

water-supply reservoirs with two different aeration methods, Surface mixing and bubble plums 

aerations. 

 

 

 

 

 

 

 

 

 

 

Project lead: 

Mahan Amani 

Department of Architecture 

and Civil Engineering - WEIR 

6 East 3.3 

mag63@bath.ac.uk 

Supervisors: 

 Dr Lee Bryant  

 Dr Thomas Kjeldsen  

 Dr Danielle Wain 



  
 

119 

 

     WIRC Annual Report 2018-19 

 

 

 

 

 

 

 

 

 

 

 

Science 

This project uses an interdisciplinary, field-based approach to characterize how Mn and O2 levels vary 

in the sediment and water column on seasonal and reservoir-wide scales as a function of different 

aeration strategies as little is known on the influence of aeration strategies (e.g., the type of aeration 

system used, duration of aeration periods, and placement in the reservoir) on Mn transport and 

resulting water quality. The scientific outputs achieved so far include poster and oral presentations at 

Physical Processes of Natural Waters workshops 2016-2017 and the best poser prize at the Royal 

Society for Public Health conference on “What is the Future of Water and Public Health?” in December 

2018. 

Impact 

Mn removal through conventional water treatment processes is frequently costly and difficult due to 

the complexity of Mn biogeochemical reactions, therefore, in-situ, source-based solutions are 

becoming extremely common as a way to improve drinking-water quality within reservoirs prior to it 

reaching the plant, thereby decreasing input Mn. In-situ aeration systems are being used more and 

more frequently by water utilities globally to improve water quality and ecosystem health via 

increased water-column O2 and mixing and suppression of sediment-water fluxes of reduced 

chemical species (e.g., Mn). 

 

Assessing risk to water security in complex coupled catchment 

reservoir systems 
 

Surface-water reservoirs are a critical component in many water supply systems. Climate change is 

expected to increase the variability of both precipitation and temperature regimes over the rest of the 

21st Century. Interactions between climate and land-use changes in complex catchment-reservoir 

systems are broadly unknown. The biogeochemical status of drinking-water supply reservoirs is 

closely linked with the quantity and quality of runoff from contributing catchments, as well as the 

internal processes of the reservoir itself. 

This project aims to achieve a new dynamic coupling of a catchment runoff model and a lake 

biogeochemical model, in order to quantify the risk to water security, under a range of possible future 

scenarios. It will focus particularly on several drinking-water supply reservoirs in the west of England 
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and Wales, and link with ongoing efforts at University of Bath to 

understand lake biogeochemical systems using hydrological 

modelling, emphasising land-use change under uncertain global 

warming scenarios. 

Aims: 

 Develop a dynamic coupling of two models to represent 

catchment runoff and reservoir biogeochemistry to 

quantify risk to water security 

 Assess coupled wholesystem model output using 

developed future scenarios of land-use and climate 

change 

Objectives: 

 Acquire long term datasets on upstream hydrological data 

and reservoir biogeochemistry 

 Successfully couple well-proven catchment rainfall-runoff 

model (SWAT) and reservoir biogeochemical models (CE-

QUAL-W2) 

 Conduct a full-scale fieldwork sampling campaign 

Summer-Winter 2019 at Blagdon Lake in collaboration 

with Bristol Water 

 Apply the coupled model to Blagdon using developed 

future scenarios of changing land-use and climate, using field data and existing datasets for 

forcing, calibration, and validation 

 

Impact 

In recent years, security of both the quantity and quality of 

drinking water supply has become a global concern. The risks of 

future challenges to the UK water sector are serious. This is further 

complicated by climate change, population growth, and land-use 

change pressure, which are difficult to both predict and quantify. 

Increasingly vital to understanding hydrological responses to 

changing external pressures is knowledge of the relationships and 

extent of interaction that exists within more complex systems. 

Water supply reservoirs are a significant source of abstraction for UK water companies, and are 

therefore on of the key components of the water supply network at risk under changing future 

conditions. Therefore, there is significant benefit in quantifying and understanding that risk, and how 

it changes under a range of possible conditions Within complex environmental systems such as these, 

there may be several alternate stable operating structures. Movement between these stable regimes 

is often seen after extreme events. However, in some systems, continuous parameter change, or 

variation around average parameter values can lead to sudden regime shifts due to the complexity of 

parameter interaction [1]. 

Human-derived environmental changes and pressure on such systems, such as agricultural land-use 

change and urbanisation, can significantly alter the resilience of the system to regime shifts by 

lowering critical thresholds [2]. Drinking water supply reservoirs can be severely affected by 

undesirable regime shifts, often affecting water quality and quantity [3]. 
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 [1] Andersen, T., Carstensen, J., Hernández-García, E. & Duarte, C. M. (2009) ‘Ecological 

thresholds and regime shifts: approaches to identification’. Trends in Ecology & Evolution 24, 

49–57). 

[2] Scheffer, M. & Carpenter, S. R. (2003) ‘Catastrophic regime shifts in ecosystems: linking 

theory to observation’. Trends in Ecology & Evolution 18, 648–656 

[3] Fukushima, T. & Arai, H. (2015) ‘Regime shifts observed in Lake Kasumigaura, a large 

shallow lake in Japan: Analysis of a 40-year limnological record’. Lakes Reserv Res Manage 

20, 54–68 

 

 

Mapping groundwater vulnerability and hydrocarbon contamination 

in a semi-arid of Northern Nigeria 
 

Groundwater Sustainable Management will be described by use of 

significant parameters from conceptual groundwater vulnerability 

models, components of DRASTIC Index model and GOD Index 

Model will be used to develop a new model for semi-arid. A new 

data for Hydrogeological properties and sources of contamination 

within the kano region will be complied. The Research Aim & 

objectives are: 

I. map the intrinsic vulnerability of groundwater within 

Northern Nigeria. 

II. an inventory of potential groundwater contaminants 

(hazards)sources in the areas, and assess their risk of  

groundwater contamination. 

III. assess the risk of groundwater contamination from 

selected hydrocarbon sources (petrol stations, pipeline 

and automobile [mechanic] garages) in the areas. 

 

Project outline 

Hydrocarbon contamination in groundwater is great concern in the African such as Nigeria cities, little 

has been achieved in terms of scientific study in most parts of this semi-arid region sub-Saharan 

countries. This research project on mapping groundwater contamination in semi-arid regions will 

address the gaps within the literature and existing research base. Building on results and 

recommendations from the literature and known environmental problems (Ministry of the 

Environment Nigeria; personal communication), the following research questions will be addressed by 

this research: What are the spatial variations of intrinsic (natural) groundwater vulnerability in most 

urban parts of Nigeria? 

i. What are the sources and nature of groundwater contamination within the study area? 

ii. What are the physical and chemical environmental parameters that are significant as 

variables for a vulnerability assessment within the semi-arid region of Kano, Nigeria? 

iii. What is the likelihood of groundwater contamination from selected hydrocarbons sources 

(petrol stations, automobile shops and depot storage tanks) in Kano? 
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Below is an example of Drastic and God Model developed. 

 

  

 

 

In view of this, fig 1: Describe DRASTIC Index Model with low vulnerability (purple colour) while the 

highly vulnerable areas are identified with (red colours). High hazards may be exposed to higher risk 

of groundwater contamination. While fig 2 describe GOD Index Model which indicate (red colour) to 

be extremely vulnerable while low vulnerable areas is indicated with (light green). But with adequate 

control measures to safeguard the groundwater system. The vulnerability map will serve as screening 

tool and guide the administrators where to direct resources (more vulnerable areas) when there is 

limited resources. It may be used for preventive purposes through prioritization of areas where 

groundwater protection is critical. This will help in reducing the cost of groundwater monitoring in the 

area. 

Science 

Groundwater vulnerability assessment tools have been developed for use in Europe and North 

America under generally humid conditions, whereas the vulnerability of groundwater in arid and semi-

arid remains is much less developed. With this research, the ability of existing commonly used 

frameworks such as DRASTIC and GOD are assessed, to model groundwater vulnerability within the 

semi-arid region of Kano Nigeria. Combined analysis of large-scale existing data sources on hydro-

meteorological, environmental and anthropogenic factors will be used to evaluate the vulnerability of 

groundwater resources in the city. In particular, the capability of  Groundwater  vulnerability models 

of  DRASTIC and GOD Index models to evaluate the contributions of various environmental 

parameters (depth of water table, net recharge, aquifer media, soil media, Topography, impact of 

vadose zone, hydraulic conductivity, and ground water conferment, overlying lithology, depth of 

water) to the protection of groundwater against contamination. The mapping was conducted within 

the framework of Geographical information systems. (Arc GIS 10.2). 

Impact 

Following a sequential exploratory mixed method approach, the research has two elements of 

collection, quantitative and qualitative data identifying groundwater models from the literature. The 

ultimate aim of the two phases of the research is to develop a conceptual framework of groundwater 

vulnerability models with for semi-arid region. There is a close relationship between that areas with 

Fig 1:Classified DRASTIC Vulnerability Map 

of Kano, Metropolis. Source: Data Analysis 

(2019).  

 

Fig 2:Classified GOD Vulnerability Map of 

Kano Metropolis. Source: Data Analysis 

(2019).  
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vulnerability and water quality. In order to check the reliability of the models creates water quality will 

be carried out to validate the results obtained. 

Phase 1 

This phase considered reviewing current groundwater models and similar studies that focused on 

identifying groundwater pollution. The ultimate aim of this phase is to develop a conceptual 

framework of groundwater vulnerability assessment for semi-arid region of northern Nigeria. By the 

end of this phase the Researcher will work towards publishing a journal paper ‘’journal of Geoscience 

and Environment protection with Scientific Research publishers. The paper will aim to develop a 

conceptual modified Groundwater models for the semi-arid region with significant parameters. 

Furthermore, being a member with Hydrocarbon pollution Remediation Project Government 

organization Nigeria (HYPREP) gives the researcher the opportunity to publish hydrocarbon sources 

affecting the quality of water. The large case study will allow the researcher to access many 

stakeholders, professionals including environmental expert, scientists, and fieldwork techniques. 

Phase 2 

This paper aims to develop and refined the framework from paper 1, through conducting selected 

case studies within Nigerian Water resources agencies and other responsible agencies in charge of 

groundwater. This phase ultimately aims to validate the framework of the new Model created from 

phase 1 following the (Lodwick, Monson and Svoboda, 1990) techniques approach. Similar to 

previous studies of (Babiker et al., 2005), once data is obtained and analysed, the researcher will 

work towards publishing the second paper in ‘’Hydrocarbon contamination in Boreholes around Kano 

metropolises. Which will aim to create a developed framework that is more focused for hydrocarbon 

contamination sources. Currently there is no clear evidence that any framework has been developed 

for the assessment of hydrocarbon sources which affect the quality of the water. The researcher will 

work towards publishing the final results of the PhD thesis in a refereed academic journal. 

(Groundwater Vulnerability assessment). There is a need therefore, to document the hazards, assess 

their risk to groundwater contamination in the area, through mapping the spatial variations of 

groundwater vulnerability to contamination in the area. The assessments and documentations will 

alert the concerned authorities on the threats to the groundwater resources in the area. That will 

prompt them to initiate appropriate programmes aiming at reducing the impact of the hazards, and 

take informed decisions on land use allocation and modification. When all these are incorporated into 

GIS environment, it will facilitate quick update on the database shall any undocumented information 

become available. 
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Aeration of manganese in drinking water supply reservoirs 
 

This project will provide new insight into how aeration-induced 

shifts in (oxygen) O2 and mixing influence manganese (Mn) 

oxidation and transport. Field campaigns are currently ongoing to 

characterise spatial and temporal variations in Mn on reservoir-

wide and seasonal scales, respectively. Specific objectives include: 

investigating in-situ changes in the distributions of O2 and Mn 

(both dissolved (reduced) Mn2+ and solid (oxidised) Mn4+) in the 

sediment and water-column as a function of aeration operation in 

two reservoirs, Blagdon Lake (Bristol Water) and Durleigh 

Reservoir (Wessex Water); determining the potential drivers of Mn 

cycling within aerated reservoirs; and developing a 3D numerical 

model for hydrodynamics and water quality that characterises how 

destratifying aeration systems influence reservoir-wide mixing and 

Mn concentrations.  

Project outline 

This research investigates how engineered aeration of drinking-

water supply reservoirs influences the transport and removal of 

Mn, which is a significant problem for UK water utilities due to 

aesthetic issues, customer complaints, and resultant fines. The 

primary research questions are: 1) how do aeration systems 

influence the distribution of Mn, O2 and mixing, the primary 

geochemical and physical controls on Mn cycling, within UK 

reservoirs, and 2) can aeration be optimised to reduce problematic 

levels of Mn in the water entering the treatment plants? These 

questions are being answered based on comprehensive physical 

and geochemical in situ measurements in two aerated drinking-

water-supply reservoirs coupled with the development of a Mn-

focused numerical model characterising the influence of aeration in 

reservoirs.  

This project is using two drinking-water supply reservoirs as 

‘natural laboratories’ in which the influence of aeration system type, 

operation scheme, reservoir bathymetry, and sediment composition 

on Mn distributions is being assessed. Geochemical, hydrodynamic, 

and engineered aeration operation data obtained via this study, in 

pairing with historical data, will be ultimately be used to 1) assess 

the controls on Mn cycling, and 2) develop a numerical model that 

describes aeration-induced changes in mixing and Mn geochemistry 

within these reservoirs. 

Fig. 1. (a) Map 

of field sites,  

(b,c) locations 

of aerators 

(white circles) 

and sample 

sites (yellow 

crosses).  
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Field sites: Blagdon Lake and Durleigh Reservoir (Fig. 1), managed by the project partners Bristol and 

Wessex Waters, respectively, were selected as field sites for this project to 1) assess effects of high 

sedimentary levels of Mn present in the southwestern UK, 2) facilitate comparison between different 

bathymetry, land use, regional geology, and aeration strategies (surface aerator vs. sediment-based 

bubble plume systems) and 3) allow for systematic field sampling in light of logistic constraints. These 

reservoirs are representative per geology and depth of many of the UK water-supply reservoirs 

aerated for Mn issues.  

Measurements have been performed ongoing since summer 2015 in both reservoirs to capture the 

influence of aeration during summer stratification. Mn is largely a seasonal issue due to temperature-

driven stratification and resultant hypolimnetic anoxia during summer. Water column geochemistry is 

characterised by vertical water-column measurements via 1) water samples obtained using a Niskin 

bottle and analysed for Mn via inductively coupled plasma spectrometer (ICP) analysis and 2) 

continuous profiling using a YSI EXO1 water-quality sonde equipped with O2, pressure, temperature, 

conductivity, algae and pH/redox sensors. Bulk sediment samples are obtained at each sample site 

using a Uwitec sediment corer and analysed for Mn and total organic carbon (TOC; indicative of 

precipitated algal biomass) via acid-digestion and ICP analysis. 

 

 

 

 

 

 

Fig. 2. Sediment core sample using Uwitec corer at Blagdon Lake. 

Science 

Currently, little is known on the influence of aeration strategies 

(e.g., the type of aeration system used, duration of aeration 

periods, and placement in the reservoir) on Mn transport and 

resulting water quality. To address this research gap, this project 

uses an interdisciplinary, field-based approach to characterize 

how Mn and O2 levels vary in the sediment and water column on 

seasonal and reservoir-wide scales as a function of aeration. PGR student Mahan Amani worked on 

this project and is in the final stages of writing up her thesis; she has presented results at several 

conferences, including Physical Processes of Natural Waters workshops 2015-2017. PGR student Jack 

Waterhouse is in the second year of his doctoral studies within the WISE CDT program. 

Impact 

Particularly in lakes and reservoirs, which are recognized as being highly sensitive environmental 

systems, the incorporation of Mn biogeochemical cycling effects into mitigation and treatment 

strategies is crucial to preserving water quality and ecosystem health. Furthermore, dissatisfaction 

with aesthetic (odour, taste, and colour) problems associated with high Mn levels result in up to 50% 

of UK customer complaints regarding drinking water supplies. Removal of metals during water 

treatment is feasible; however, treatment of source water with elevated Mn levels can be difficult and 

costly due to the complexity of Mn biogeochemical reactions. In addition to water quality issues, it is 

now emerging that pipeline blockages by Mn-based cohesive material are a cause of drinking-water 

supply and food security problems on an international scale. 
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Multi-criteria decision analysis for sustainability assessment of 

decentralized water treatment systems (DWTS) in developing 

countries 
 

The aim of this project is to develop a decision-support framework to 

assess sustainability of small-scale water treatment systems in the 

context of developing countries. Although many technologies are 

technically viable and performing, numerous community-scale 

systems turn out to be unsustainable after installation and fail to 

provide safe water over time.  The study will carefully investigate the 

multidisciplinary factors that affect the sustainability in the context of 

developing countries.  This information will be used to develop a 

multi-criteria decision analysis (MCDA) framework that will allow the 

sustainability assessment of real systems, thus providing a support to 

stakeholders in deciding the best way forward, and hopefully helping 

to bring us closer to universal access to safe drinking water. 

Project outline 

Small-scale systems for water treatment can contribute to the 

provision of safe water in areas not served by conventional systems, 

such as rural or peri-urban areas. However, this context can prove 

itself challenging due to availability of resources, organizational 

support, among other critical factors. The observed moderate success 

of these systems derives from some important criteria not 

being met.  The constraints that threaten the long-term 

functionality of the local schemes are not necessarily 

related to performance of the technologies, but to a series 

of influential factors of environmental, technical, 

governmental, economic or social nature.  

Hence, the evaluation of the success of these systems in 

providing safe water in the long term is a complex 

problem.  Some well-established assessment 

methodologies such as Life Cycle Analysis or Cost-Benefit 

Analysis do not consider socioeconomic factors and would 

not provide a good sustainability evaluation in this context.  

Integrating different sustainability factors such as economic, environmental and especially social 

aspects is crucial for providing a more comprehensive evaluation.  This project will use Multi-criteria 

Decision Analysis (MCDA) in order to simultaneously evaluate different criteria and their quantitative 

and qualitative attributes.  

This will allow the development of a decision support framework, built considering different factors 

and with the participation of stakeholders.  This theoretical framework development will be combined 

to ongoing case studies in developing countries.  

 

Project lead: 

Juliana Marcal 

Department of Chemical 

Engineering – WISE CDT 

Wessex House 7.31 

J.marcal@bath.ac.uk 

Supervisors: 

 Dr Junjie Shen, Department 

of Chemical Engineering  

 Professor Jan Hofman, 

Department of Chemical 

Engineering  

 Professor Julie Barnett, 

Department of Psychology 

 Dr Haibao Wen, Department 

of Economics 



  
 

127 

 

     WIRC Annual Report 2018-19 

 

Science 

This project combines water engineering with decision sciences in the context of developing 

countries. The evaluation of water treatment technologies in developing countries will need to 

consider different aspects that can be crucial to the success of a water scheme.  The use of MDCA is 

also a growing methodology that can provide a useful alternative to integrate qualitative and 

quantitative criteria in complex problems.  This project will integrate different aspects in one universal 

and holistic decision support framework, focusing on ensuring high acceptance of the decision-making 

process by stakeholders. The applicability of the framework will be evaluated by case studies in 

developing countries. 

Impact 

Even though access to safe drinking water and sanitation has been recognized by the United Nations 

as a human right, providing universal access to basic needs is still an important challenge of today, 

and as such was set as one of the Sustainable Development Goals (SDG) in the 2030 Agenda for 

Sustainable Development.  

844 million people still lack basic drinking water services, with the majority living in developing 

countries, where investing in small-scale water systems can be the only option to provide safe water 

to a community. The sustainability of such systems is crucial since their failure represents waste of 

resources and more importantly a step back in terms of quality of life and public health.   

This project will help to provide information regarding the sustainability of small-scale systems in 

developing countries and deliver a tool with the potential to help decision-makers choose the best 

alternative for communities in developing countries. 
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Catchment Area Management 
 

 

We are researching how we 

can protect and enhance the 

natural environment and 

prevent pollution through the 

ways we manage the use of 

the land and water. 

 

Introduction 
 

Catchment areas are geographic regions where water is drained to a common water body. They 

cover a variety of landscapes and land use including natural areas, agriculture, industrial 

estates, villages, towns and cities. Within the Water Innovation and Research Centre (WIRC) @ 

Bath we are developing novel catchment management principles that address the cause of 

pollutants damaging our waters. In the past, the focus has been on how to remove pollutants at 

the end of processes such as drinking water production or waste water treatment. But these 

end-of-pipe solutions are expensive and centre on treating the problem and not the cause. 

We are designing new frameworks based on upstream catchment management for water 

utilities and other commercial land users. Our research looks at preventing or reducing waste at 

the source. This is cheaper than controlling or removing pollution after it has entered the 

catchment area and, in the long term, a more sustainable solution to protecting the 

environment. 

For example, our research could help farmers manage their waste better to prevent pollution as 

well as explore how they can get value out of their waste through reuse. Another aspect of our 

theme investigates the impact of contaminants such as pharmaceuticals on the water 

environment. We are developing whole system approaches, building on life cycle assessment 

and costing, industrial ecology and GIS to generate novel ways to do this. 

To prevent pollution, we need to bridge the communication gap between the source of waste 

and the end of its journey. With this in mind, we are working to bring together those at the 

source, such as pharmaceutical companies or farmers, with the water utilities responsible for 

treating the water. The new practices we develop will ultimately inform and benefit water 

utilities and others interested in the whole water cycle, such as citizens and water regulators. 

  

THEME MEMBERS 

Academics – Linda Newnes, Marcelle 

McManus, Barbara Kasprzyk-Hordern, Tom 

Arnot, Lee Bryant, Thomas Kjeldsen, Alistair 

Hunt, Ana Lanham, Philippe Blondel, Julian 

Padget 
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Post-graduate 
 

In our highly successful Centres for Doctoral Training (CDTs), scientists and students from 

the GW4 universities – Bath, Bristol, Cardiff and Exeter – as well as the world-class research 

organisations the Centre for Ecology and Hydrology (CEH) and British Geological Survey 

(BGS), collaborate with partners from the water sector to develop new innovative solutions 

for today’s water challenges, and create impact for society. 

 

There are a wide range of options for studying and carrying on research with us. Our Centres for 

Doctoral Training include: 

 

Centre for Sustainable Chemical Technologies (CSCT) 

CSCT’s Centre for Doctoral Training in Sustainable 

Chemical Technologies offers four-year integrated PhD 

studentships, funded by EPSRC, including a theme on 

water quality and water treatment. 

This year’s CSCT Summer Showcase included a water 

theme, with Professor Kees van Leeuwen KWR Water 

Research Institute and Utrecht and Dr Dan Green from 

Wessex Water as speakers. 

This year’s CSCTTjh Summer Shocase 

Freshwater Biosciences and Sustainability (FRESH) 

 

Our NERC-funded Centre for Doctoral Training in Freshwater 

Biosciences and Sustainability (FRESH CDT) provides a 

world-class doctoral research and training environment with 

focus on freshwater biology and ecology. 

The first cohort of FRESH CDT spent two weeks in Bath in 

November 2018 on their Core skills course with the theme 

of ‘Emerging multiple risks to freshwater’. The course 

involved a mixture of lectures, group work and a field trip to 

Wessex Water’s Saltford sewage treatment works. 

 

Water Informatics: Science and Engineering 

(WISE) 

The WISE CDT is an EPSRC-funded partnership 

between the GW4 universities of Exeter, Bath, 

Bristol and Cardiff, and gives students a chance to 

develop and carry out PhD-level research with focus 

on modelling, data and sensors for water. 

The final cohort of WISE students have started their PhD projects in Bath in summer/autumn 2019. 

The annual WISE Summer School was held in Torquay 17-21 June, and a WISE Industry Day is 

planned for early 2020, in conjunction with a WET Networks event. 
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Website http://go.bath.ac.uk/wirc  Email  wirc@bath.ac.uk 

 

Blog  http://blogs.bath.ac.uk/water/ Twitter @WIRCBath 

 

Sign up to our newsletter:   www.bath.ac.uk/services/water-innovation-and-research-

centre-wirc-newsletter-sign-up-form/ 

 

 

Contact us 

for more information 
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