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WEEG NEWSLETTER March / April 2019 
The newsletter is published monthly by the University of Southampton’s Water and Environmental 
Engineering Group WEEG, and reports things of interest in this field worldwide, as well as ongoing 
undergraduate student and research work in WEEG itself. 

We believe that water and energy are the most important topics worldwide for the next decades. Our 
work covers river and coastal engineering, water and wastewater and energy related to water.   

 
Editorial: The main topics of our group are 
water and energy, which are closely interlinked 
and interdependent: energy generation and 
distribution requires water, and about 4% of 
global energy generation is used for water 
supply and wastewater treatment. The 
development of one domain can strongly affect 
the other, and synergy between them should 
therefore be promoted. In previous 
newsletters, we have discussed how in 
principle energy can be recovered from 
wastewater (Nov 2017) and especially how 
surplus grid energy from renewables can be 
used to produce biomethane, a renewable 
biofuel (June 2018). Today, we will look at 
another bio-based technology which is under 
development for wastewater treatment and 
energy production. 

Hydraulic Engineering International: 
Microbial electrochemical systems 
Microbial electrochemical systems (MES) are 
one type of electrochemical system. They share 
the common characteristic of exploiting 
microbial metabolic pathways and reactions on 
electrode surfaces: examples are shown in Fig. 
1. MES therefore offer a range of possible 
applications, including power production, 
wastewater treatment, bioremediation, sensors 
for monitoring and control, desalination and 
biofuel and commodity chemicals production. 
Our Bioenergy and Organic Resources Research 
Group (BORRG) is working on these systems 
mainly for wastewater treatment with 
concurrent energy or biofuel production. 

MES can produce electricity if the potential of 
cathode is higher than that of anode, and in 
this case they are specifically referred to as 
microbial fuel cells. In the context of 
wastewater treatment, this process is usually 
arranged as highlighted in orange in Fig. 1: 
organic materials in wastewater are oxidised to 
CO2, and the electrons produced in this half-
reaction are transferred to the cathode to 
reduce oxygen gas to water.  

Apart from oxygen, other chemicals can also 
be used at the cathode. For instance, 
highlighted in red in Fig. 1 is our research on 
chromium removal and concurrent electricity 
generation. Chromate is a highly toxic and 
soluble substance present in a wide range of 
industrial effluents. Our research has 

demonstrated that the microbial fuel cell is an 
effective approach to converting chromate to 
the less toxic trivalent chromium (Cr3+).  

 
Fig. 1: Microbial metabolic pathways 

Renewable electricity can also be invested in 
MES to carry out carbon capture in order to 
produce biofuel or bioplastics. The mechanism 
of this process is similar to that of electrolysis 
for hydrogen production (highlighted in green 
in Fig. 1); the only difference is that 
microorganisms work as a catalyst in the MES.  

This single difference, however, can bring a 
range of benefits. Firstly, more hydrogen can 
be produced for each unit of energy invested, 
as the anode reaction can be changed from 
water splitting to wastewater treatment.  

Secondly, using microorganisms gives a wider 
range of choices and thus H2 is not the only 
possible product. The bottom right part of Fig. 
1 shows some potential products from carbon 
capture and utilisation, including methane. In 
the June 2018 newsletter, we discussed 
biomethanisation using surplus grid energy: an 
electrolyser produces H2 as the first step, 
which is then introduced into anaerobic 
digestion to produce methane. This two-step 
process can conceptually be translated into 
one step, as shown in Fig. 2: the anode is still 
used for wastewater treatment, and the 
electrons transferred to the cathode are used 
for direct methane production (highlighted in 
blue in Fig. 1).  
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Fig. 2: Concept for methane production in MES 
powered by renewable electricity' 

In summary, MES have a very wide range of 
possible applications due to the metabolic 
diversity of microorganisms and the growing 
demand for sustainable production. There are 
still major challenges for their real world 
application, e.g. cost and scale-up. Multi-
disciplinary collaboration for innovation is 
therefore essential for their further 
development.  

New column: Research Highlights 
This is a new item which we will publish more 
or less regularly. The idea is that we briefly 
present new and exciting developments taking 
place in WEEG. Of course, scientific 
developments do not occur on a prescribed 
basis or to order; but we will try to report such 
things as they develop to give our readers an 
idea of our most recent activities. This month’s 
topic deals with highly aerated and very fast 
flows as occur e.g. in spillways, see Fig. 3.  

Recent Research Highlights: 
Thermodynamic analysis of highly 
aerated flows 
So now, our first research highlight: Usually, 
thermodynamics do not play much of a role in 
civil engineering hydraulics. Water is assumed 
to be incompressible, flow velocities are very 
low compared with the speed of sound (in 
water: 1450 m/s), and thermodynamic effects 
are negligible. In some topics of civil 
engineering flows however this may be 
different, and we have started to consider this.  

Recently, our WEEG team at Southampton has 
looked at the thermodynamics of compressed 
air bubbles in the analysis of highly aerated 
flows, with some surprising results. The 
compression of the air in a plunge pool, for 
example, can account for a significant part of 
the energy dissipation. In fact, although we 
usually assume water to be incompressible,, 
when air gets involved we suddenly have a 
compressible fluid – with sometimes very 
different properties from either water or air. 
This has further surprising effects – the speed 
of sound in a water-air flow with an air content 
of 40% for example is only 20.9 m/s. On 
spillways, we can have flow velocities of 40 

m/s, so that we may actually have supersonic 
flow in Fig. 3! At present, nobody knows quite 
what that might mean: but we are looking 
further into this new and exciting topic. 
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Fig. 3: Twitchell Reservoir Spillway, Cal.  

Student Project: Energy inputs to AD  
No space for a picture on this, but Year 3 
student Yin Hoong Mok is working to identify 
the energy inputs involved in pre-treatment of 
organic materials, such as municipal and 
agricultural waste, as feedstocks for anaerobic 
digestion. Any extra data on milling, shredding 
and grinding, as well as more exotic processes 
such as microwave and alkaline thermal 
hydrolysis, will be very welcome!   

Contact: Dr S Heaven S.Heaven@soton.ac.uk  

Jobs in water engineering: 
This section gives you examples of the type of 
work you can do when working in industry. 

Advert: Some very interesting jobs in 
hydromorphology and coastal engineering 

Senior Coastal Modeller - Dublin 
https://www.icerecruit.com/job/186931/senior-coastal-modeller/ 

Civil and Environmental Engineering 
at Southampton:  
WEEG: the Civil and Environmental Engineering 
pathway offers the chance to deepen your 
knowledge in water-related areas, and gives 
you a better preparation for environmental 
engineering projects. 

Contact: Dr Sonia Heaven, 
s.heaven@soton.ac.uk, Bldg. 7, Room 5004 

Further information:  
We have two Facebook pages, which provide a 
logbook of our laboratory activities: 

www.facebook.com/Hydraulicslaboratory/  

www.facebook.com/environmental.lab.universi
ty.of.southampton/  
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