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COMPETITION: Mobuoy Road Waste Remediation SBRI 
Reference: SBRI_DA_313_009   
 
SBRI End of Phase 1 Report Form  

NOTE: The Authority reserves the right to amend this form and/or issue additional guidance 
notes on how it should be completed during the duration of the project. 

This Report is the contractor’s opportunity:- 

• to describe the work undertaken during the project, what outputs were obtained and 
why these are relevant to the objectives of the Competition 

• to explain and prove expenditure; and 

• to develop a comprehensive report for contractor’s to share with their stakeholders and 
those that may help further commercialisation pursuant to the terms of the contract. 

The Authority may use the Report as part of the assessment for any Phase 2; it is therefore 
important that contractors complete the form as completely as possible.  

The Report will be considered to be confidential and commercially sensitive by the Authority 
and its contents (other than the response to Section 5) will not be disclosed to third parties 
other than in accordance with the terms of the contract.  

The Report must be submitted via MobuoyRoadSBRI@sibni.org within 14 days of the 
completion, or termination, date. The contractor is reminded that completion of this report is a 
contractual obligation and forms part of the payment terms.  The report should be completed 
by the lead contractor, with input from any sub-contractors or project partners as appropriate. 
Please answer, wherever possible, on behalf of the business units, divisions, or companies 
which were involved in the work.  If this is not possible (as a result of merger or acquisition, for 
example), please specify the organisation to which your answers refer.  
 
Please answer the questions fully, but keep your answers succinct and no longer than 
necessary to provide a clear explanation. When describing technical solutions, please regard 
your audience as being someone familiar with the technology, but not an expert. The report 
may be done in narrative alone, however diagrams or pictures may be annexed to the Report 
where these aid clarity Please limit your response to a total of ten sides of A4 plus an 
additional limit of ten sides for any supporting diagrams or pictures. (Please keep to a 
maximum limit of 5MB per email when submitting supporting information).    
Because the true impact of an R&D project often takes several years to emerge, InnovateUK 
and the Authority may approach you for up to six years after project completion to follow up on 
the questions in this report. Your co-operation with any such follow up work is greatly valued. 
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3 Setup of laboratory scale BES.  
 
Application of an in situ technology for wastewater clean-up requires knowledge of chemical 
and physical parameters of the  at the treatment site. To simplify the 
design of the remediation process for an in situ clean-up process a short bench-scale 
treatability study was performed using water from the site. For the 
purposes of this project, identical graphite and Teflon chambers or cells were constructed. We 
ran a series of six lab scale experiments with each series (or run) containing 5 cells to monitor 
and enhance the biodegradation processes  (Figure. 2). 
Cells 1 (Biochar BES) and 3 (BES) intended to compare power output when the anodic 
surface area is enhanced by a conductive activated carbon, produced by the reactivation of 
mineral coal based, used activated carbon at temperatures above 850 ºC. A comparison of 
Cells 1 (Biochar BES) and 2 (Biochar control) is taken to isolate effects of decay 
due to activated carbon sorption (Biochar control) vs sorption and enhanced degradation 
(Biochar BES). A comparison of cells 2 (Biochar control) and 4 (Glass control) identifies the 
sorption capacity of the graphite chambers when glass beads are used as substrate in cell 4. 
Cell 5 was a Teflon blank chamber with no graphite or biochar present. Each active cell was 
connected with a high precision data-logging voltmeter and a variable resistor box. The 
leachate inlet and outlet were held in non-reactive Tedlar bags connected with specialist 
tubing that helped control the flow rates from our peristaltic pumps. The experiments were 
carried out under the same conditions (duration, resistor configuration) to check the 
repeatability of the results. 
 
4 Monitoring electrical properties / output of BES.  
 
Measuring the electrical properties / output of BES is a novel method used to monitor the 
biodegradation processes. The rate of the current production can be used as a proxy for 
monitoring rates of microbial activity. Many studies have proven that the exponential phase of 
biofilm growth matches the exponential rates of current production measured in the BES. This 
enables a real-time view of the process. The thickness of the microbial community in the 
anode controlled by the amount of energy available for cell growth, which, in turn, depends on 
the voltage between the anode and cathode, the concentration and type of electron donor, mass 
transport limitations, and incubation time. The current yield is proportional to the biofilm 
thickness, which in turn depends on the concentration and type of electron donor. Thus, 
changes in the concentration or type of electron donor will affect the current production very 
rapidly, and these changes can be detected almost instantly. 
 
In the appendix, some representative results are presented (Figures 3 & 4). During the 
remediation process within the BES cells, the change of the electrical responses over time was 
recorded to test the viability of the approach. The cell voltage was measured across a multi 
resistor setup and datalogged with a series of voltmeters. The output current can then be 
calculated with Ohms law as I = V∕R, where current (I) is in amps, voltage (V) is in volts, and 
resistance (R) is in ohms. In Fig. 2, the calculated power and current outputs during the 
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measurements across a wide range of resistance options are presented. The electrical 
responses showed drop and offset in the measured current production after 5 days treatment, 
followed by approximately stable measurements over the next days; this indicates that the 
maximum growth and electro-activity of the microbial community occurred in the first week. 
The readings of voltage as a function of total time are shown in Figure 3. It can be seen that 
the voltage increases in the beginning of the wastewater injection, and after a certain number 
of days the voltage is decreasing again. This decrease is an indication of ion exchange 
between anode and cathode and reduction of the organic load of the wastewater until the 
stabilization of the system and the maximum removal of the organic load that can be achieved. 
This suggests that the BES systems are rapidly colonised with both degrading and 
electroactive microbes. This is in agreement with microbial findings in section 6 which 
suggests that Biochar BES has a less diverse population which is more focused towards 
degradation and electroactive activity.  
 
5 Assessment of the degradation efficiency of the Biochar BES  
 
The experimental setup was designed in order to determine whether the Biochar BES was 
more efficient than a standard BES and more efficient than Biochar as a sorption agent. The 
Biochar BES out performed both the BES and the Biochar in reduction of contaminants across 
the board.  
The Biochar BES was quickly populated by a microbial community as both the electrical 
output (Figures 3 & 4) and PCA of microbial populations suggest (Figure 13). Within the PCA 
plots principle component 1 of the unweighted unifrac is dominated by the presence of the 
Biochar (Both the Biochar BES and Biochar control plot to the left of the x axis). Principle 
component 2 (y axis) was dominated by Electrogenic microbial activity with the Biochar BES 
and the Glass BES occupying the upper  part of the plot with the non electrogenic controls at 
the lower end. This suggests that the Biochar BES is dominated by microbial communities 
that work well with the biochar and have electrogenic properties.  

 was highlighted as constituent from the first sampling round that was reduced by 
between 99 and 93%. The system is designed to promote an anaerobic environment and as 
such was easily removed. (Figure 7)  

 was consistently more efficiently removed by the Biochar BES than the 
other systems with removal rates of up to 75% (Figure 6) 
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 Further statistical analyses are ongoing, and a comparative bacterial study between 

different chamber environments is being carried out for the six runs performed in this study. 
We show in this report alpha and beta diversity results (Fig. 12 and 13) from the worst case 
BES experiment  Rarefaction plots show that the 
sequencing depth being used in the BES studies are adequate as observed taxonomic units 
curves reach a plateau in all samples (Fig. 12). It is also worth noting that those cells with 
biochar are much less diverse than cells with glass beads or even the control sample (Fig. 12). 
Furthermore, it also showed that cells with biochar were distinctly different from others in 
qualitative bacterial composition (Fig. 13). Quantitively, biochar cell 1, which had an 
activated BES, showed more similarities to cells with glass beads exposing an occurring 
selection of bacterial fitness and abundance (selection for electrogenic properties) (Fig. 13).  
 
7 Determination of design criteria for Phase Two demonstration project 
 
From the data collated to date we can design a larger insitu Biochar BES within a Permeable 
reactive Barrier (PRB) system such as the SEREBAR / Portadown PRBs (Novel biological 
full scale groundwater systems which  helped to design & emplace) based on the 
following design parameters   

1) Type of Bio-Electrical system to use in a demonstration project. The BES biochar 
system is more efficient that either a sorption only approach or a BES chamber 
approach. A larger scale system would be based on a 2 chamber (anode – cathode) 
approach to allow for enhanced aerobic oxidation in the cathode for compounds  

 that weren’t degraded in the anode chamber   
2) Type of Biochar to use (We found that the source of the biochar is of critical 

importance with respect to quality of system output)  
3) Confidence in the rapid development of microbial communities that select for both 

Biochar and BES – We are confident that indigenous microbial communities present 
in leachate and contaminated groundwaters would rapidly select for the environments 
designed for the Biochar BES System  

 
8 Development of commercialisation / business plan for phase 2 (including 
identification, prioritisation and selection of project partners) 
 
Our plan of a phase 2 application is well under way. To this end we have already submitted an 
application to Innovate UK that proposes to use the BES technology BES technology for an 
Ex-Situ Technology in conjunction with CDEnviro. We envision using the same partners 
along with Ashfield Solutions using the February Innovate application (COMET) as a 
blueprint for an insitu demonstrator approach. We are also working with other Mobuoy Road 
research teams  to combine our approaches into an effective landfill 
leachate treatment system. 
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outputs from the BES. We found that the BES was able to degrade  
 We found that a 

BES-Biochar set up was more effective than the single Biochar setup and a standard BES 
configuration. The data from this stage of the project has confirmed that a BES-Biochar 
system can work at a lab-scale and that, using the lessons learnt within this project, a 
larger scale on-site demonstration project is necessary 
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Figure 3 (a) Power curve during the treatment process in BES 1 filled with activated 
carbon, (b) current curve during the treatment process in BES 1 filled with activated 
carbon, (c) power curve between BES 1 filled with Biochar (AC) and BES 3 filled with 
glass beads (GB) during 5th run. 
 

 
Figure 4 Voltage measurements across the resistor box that used as a real time sensor of 
how the system operates. 
 

(a) 

(b) 

(c) 
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Figure 10 Bacterial taxonomic diversity of first water run on BES systems (T0). Phylum 
and lower lever resolution obtained represented (genus/family).  
 

 
 

Figure 11 Bacterial taxonomic diversity of a worst case BES run with BTEX and PAH-
contaminated groundwater. Lower level resolution represented (genus/family).  
 






