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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

The anaerobic digestion process is extensively used to 
treat solid putrescible organic wastes to produce energy 
and recycle nutrients to the soil.  This project seeks to 
increase the amount of energy produced from anaerobic 
digesters and reduce the overall water sector GHG 
emissions not only by producing renewable energy but 
by reducing the methane emissions from partially 
digested wastes. This will be achieved by the 
deployment of a novel volatile fatty acid (VFA) sensor 
developed at the University of South Wales and 
implementing a control strategy based on that 
instrument to improve gas yield and stability of the 
resulting digestates.   The supervisors have world 
leading expertise in instrumentation development and 
the implementation of bioprocesss control and 
optimisation for anaerobic processes.  The instrument 
has generated 3 papers to date but now needs to be 
employed in a process control scheme to demonstrate 
the industrial applicability of the instrument. The process 
optimisation scheme will be based on the two stage 
biohydrogen and biomethane process configuration 
also developed by the applicants. This process which 
was monitored intensively with manual analysis including 
VFA analysis has shown a 20-30% increase in methane 
yield. 
 
The proposed work scientific excellence is supported by 
the following papers: 
 
Feito, R.F., Dinsdale, R.M.,  Guwy, A.J., Premier, G.C., 2018. 
Applicability of a PEDOT coated electrode for amperometric 
quantification of short chain carboxylic acids. Sensors and Actuators 
B-Chemical 255, 712–719. https://doi.org/10.1016/j.snb.2017.08.033 
 
Fernandez, R., Dinsdale, R.M.,  Guwy, A.J., Premier, G.C., 2016. 
Critical analysis of methods for the measurement of volatile fatty 
acids. Critical Reviews in Environmental Science and Technology 46, 
209–234. https://doi.org/10.1080/10643389.2015.1073493 

 

https://doi.org/10.1016/j.snb.2017.08.033
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Jimenez, J., Latrille, E., Harmand, J., Robles, A., Ferrer, J., Gaida, D., 
Wolf, C., Mairet, F., Bernard, O., Alcaraz-Gonzalez, V., Mendez-
Acosta, H., Zitomer, D., Totzke, D., Spanjers, H., Jacobi, F., Guwy, A., 
Dinsdale, R.,  Premier, G., Mazhegrane, S., Ruiz-Filippi, G., Seco, A., 
Ribeiro, T., Pauss, A., Steyer, J.-P., 2015. Instrumentation and control 
of anaerobic digestion processes: a review and some research 
challenges. Reviews in Environmental Science and Bio-Technology 
14, 615–648. https://doi.org/10.1007/s11157-015-9382-6 
 
Massanet-Nicolau, J., Dinsdale, R.,  Guwy, A., Shipley, G., 2015. 
Utilising biohydrogen to increase methane production, energy yields 
and process efficiency via two stage anaerobic digestion of grass. 
Bioresource Technology 189, 379–383. 
https://doi.org/10.1016/j.biortech.2015.03.116 

 
 

 
 
VFA Instrument Prototype 

 
 

Aim (400 words) 
 

Hypothesis. 
The aim of the project is to implement a novel instrument 
to measure VFA in pilot scale and full-scale anaerobic 
digesters with a computer-based control system to 
optimise energy production from sewage sludge 
digesters. The central hypothesis is: can the deployment 
of on-line VFA monitoring be used   to increase the 
productivity of anaerobic digesters by optimising the 
microbial population for energy production. 
 

https://doi.org/10.1007/s11157-015-9382-6
https://doi.org/10.1016/j.biortech.2015.03.116


 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

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

 

Methodology 
A new and fully automated instrument for VFA analysis 
using sequential injection analysis (SIA) manifold coupled 
to a capillary electrophoresis apparatus with 
amperometric detection using PEDOT electrodes will be 
integrated into pilot scale and industrial scale anaerobic 
digesters. The instrument was developed as part of the 
ERDF funded FLEXIS project and offers substantial 
advantages over conventional VFA instruments. The 
instrument will be implemented in a control strategy to 
monitor and control the VFA levels in anaerobic 
digesters. The VFA levels are a critical control parameter 
in anaerobic digestion, VFA levels that are to high ie. 
above 500 mg/l indicate that the digester is being 
overloaded and feedstock is not being converted to 
methane gas. Whilst VFA levels that are too low ie below 
50 mg/l indicate that the anaerobic digester is 
underloaded which leads to a reduced capacity of the 
methanogenic population to convert feedstock to 
methane gas ie. a “lazy “ methanogenic population. It is 
intended to employ the VFA instrument to control a two 
stage biohydrogen and biomethane pilot plant that was 
developed under the Horizon 202O RESURBIS project to 
treat sewage sludge. The reactor will be operated under 
a range of feeding regimes to develop the optimum 
feeding strategy with VFA control, so that the 
methanogenic populations is marginally stressed and 
overloaded but not to the degree that overall efficiency 
declines. 
 
Innovations 
The two main innovations are: 
 
1. The development and testing of the novel VFA 

instrument in an anaerobic digestion VFA level 
control loop. The instrument offers two main 
advantages over current commercial instruments. 
These are that no compressed cylinder gases are 
required for operation and sample size required for 
analysis is small and requires limited pre-treatment. 
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2. Energy gas production will be increased by 20-30% by 
using VFA control. 

Strategic Relevance 
(300 words) 

The project is strategically relevant for a number of reasons: 
1. The project builds upon previously published work by the 

applicants to work towards the commercial development 
of the instrumentation for the optimisation of a global 
bioenergy technology, anaerobic digestion.  

2. The project will use be supported by the provision of 
expertise and equipment from externally funded projects 
FLEXIS and the H2020 project Resurbis.  

3. The project will have commercial exploitations synergies 
with the ERDF funded RICE Project (Reduction in 
Industrial Carbon Emissions).  

 

Interdisciplinarity and 
fit with DTA3 

The project brings together the expertise at USW in 
instrumentation, bioenergy production, microbial   biome 
optimisation and the development of process monitoring and 
control systems. 

Industrial Relevance 
(300 words) 
 

The project will be conducted in collaboration with Dwr Cymru 
Welsh Water and it is expected that the successful candidate will 
undertake an industrial placement with them.  

Economic and 
Societal Impact (300 
words) 

Our global society has a critical need for materials and energy 
with minimal environmental impact particularly on food and 
water resources.  Anaerobic digestion of organic material yields 
biogas, which is a largely CO2 neutral technology, as organic 
material will eventually degrade to yield similar amounts of CO2.  
Conversion of waste to biogas offers an extremely valuable fuel 
to both rural and urban communities, using for example farm 
residues and municipal refuse as feedstocks. Optimal utilisation 
of biomass to produce biogas will have significant impact on 
society as we change how waste is handled, most probably 
through increased community engagement. The recycling of 
nutrients for plant growth will be become increasingly important 
as part of the circular economy to promote the development of 
a low carbon agricultural systems.   Therefore, the potential 
impact of this technology to help stabilise our energy needs is 
high and further possible impact on society in less developed 
economies, especially in rural areas, is substantial in addressing 
the concerns of the water-food-energy nexus. 
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Specific Admission 
Requirements 
 

A candidate with a first degree/MSc in Bioprocess, chemical or 
environmental engineering or a laboratory focused degree in 
Chemistry or Biochemistry.   

Minimum IELTS score 7  

 


