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team with significant academic and industrial experience
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Project Issues...

Optimisation of power from relevant substrates

Optimisation of cathodic systems for CO, reduction to

formate Microbial rates and specificity
Optimisation of modular reactor configuration, with

attention to materials and adsorption Materials

Optimisation of SimCell system for alkanes from

formate Reactor limitations
Integration of SimCell and Microbial Electrochem

Cells, from simulation to pilot Scale-up

Process integration with LCA and Policy Assessment
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Comparison of Microbial fuel cells and Microbial Electrolysis Cells

Microbial Electrolysis Cell

Microbial Fuel Cell (Spontaneous) (Non-spontaneous)
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Anode

« Materials Cathode

*Design o * Materials
* Electrode kinetics Design

* Biological/biochemical processes « Electrode Kkinetics

Electron Transport

Mechanisms
* Which are the mechanisms?
* Which are dominant?

* How are they regulated?

Modelling
Bottlenecks identification
* Testing of hypotheses
* Sensitivity analysis

Bacteria™

— i

Integration Control

& Operation + Optimisation

 Feeding strategy *Scale-up
exchange *Flow rate

« Start-up procedures

lon Exchange

embrane

Materials

* Anion, cation selectivity

« Effect on coulombic efficiency
* Needed at all?

Microbial Activity
» Which microbial activities (species)?
« Kinetic or energetic regulation?

* What are the regulatory rules?

* Role of microbial ecology

« Effects of the biofilm structure
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Optimisation and Actuation
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Complex interaction of co-dependent factors will drive performance

Substrate characteristics, dilution rate,
organic loading rate, nutrients

Flow characteristics

Inoculums and inoculation regimes

pH buffering and dosing

Conductivity of all phases/internal
impedance

Stack connectivity

Temperature/Side reaction suppression

Current sourcing from biocatalyst

MFC/BES

g

S

Biocatalyst concentration, ecology and
activity

Biocatalyst retention, electron transfer
and mass transfer

Functional expression

Inhibition and reaction kinetics

Cell potentials and internal losses

Current flow-paths, voltage reversal
and power quality

Conversion and COD removal efficiency

Metabolism, function selection and
competition
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Activation
overpotenti
oneentration
overpotentials

» Efficiently getting complex substrate '
to and removing products from
microbial populations

Limitation on geometry and
relationship to ohmic losses

* Modularization of some type

* Hydraulic and gas diffusion sealing

* Cost effectiveness: substrates,
products/ functions, CAPEX and

O P EX Continuous Operation of MFCs using Sucrose
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 Twice doubling its scale to 1 Lt

* Power recovery and COD
removal comparable

* Power recovery and organic

removal could

e maximized

by extending length
* Could simultaneously control

effluent qualit
facilitating sca

Yand power,
e-u

Power (mW)
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Volume of single tube (empty bed) = 1.5 L;
Power density = 30W/m?3 have been seen;
Length=1m;

Number of Anodes per meter =5
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Volume of single tube (empty bed) =0.88 L;
Power density = 6.1 W/m3;
Length=1m;

Number of Anodes per meter =
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* Biocatalyst to substrate contact involves economics as much as performance.
* HRT affects inhibitory products, flow velocities, mixing /mass transfer
* Turbulence and the flow direction affect performance.

* Materials are set, but biofilm, sloghing, even internal impedance conceivably affected.
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Kim, J.R., H. Boghani, N. Amini, I. K. Aguey-Zinsou, Michie, R. M. Dinsdale, A. J. Guwy, X. Guo, G. C. Premier. 2012. Porous anodes with helical flow pathways in

bioelectrochemical systems: The effects of fluid dynamics and operating regimes. Journal of Power Sources.
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oFluid flow in free and porous medium (Stokes-Brinkmann equations)
Model Set-up

L P, B R, I L Ty _ 28 o, _
- u ‘FEP =V { pI+£P(‘Fu+(‘-.T"u} ) Esp(‘ﬁ' u}II P

150

pV-u=0 Inlet
(surface)

Outlet
*Mass transport of diluted chemical species (Fick’s law for diffusive term)
V-(-D;V¢) +u-Vc; = R;
N; = —D;V¢; + ug;

eAcetate degradation according to monod kinetics

Inlet ,
RE — REcmax " Cac Symmetry Fluid channel
ac =

K2 +c,. (surfaces) \/
D!

B

eMixing ratio

P Xl - €, p)” at outlet

outlet X, (6 — c,y)? at inlet

Outlet

Carbon channel
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Glucose
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Premier GC, Kim JR, Michie |, Dinsdale R, Guwy A. 2011. Automatic control of load increases power and efficiency in a microbial fuel cell.
Journal of Power Sources 196:2013-2019.
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. MPPT 1 MPPT 2
. The issues

— Power quality is low Coad 1 '
(voltage). Reversals have o4 Load 2
been noted when stacking
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— Large stacks with variable

OLR, pH etc will be difficult MFC1 MFC2
to equilibrate.

*  Connectivity and control were
considered (Fig 1) to improve the and Controlled
cell stability compared to Fig 2.

*  Causing an imbalance in the stack
by supplying 2mM Ac to MFC1&3
and 0.5 mM to MFC2 — could
investigate stability/reversal.

Fig 1 — Series/parallel
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Boghani, H. C., Papaharalabos, G., Fradler, K.,

Michie, I., Dinsdale, R. M., Guwy, A. J.,

leropoulos, I., Greenman, J., and Premier, G. C. MFC1 MFC2
(2014 ) Controlling for peak power extraction
from microbial fuel cells can increase stack
potential and avoid cell reversal, Journal of
Power Sources.
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Finite element analysis to help understand BES
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Acetate concentration profile due to flow Oxygen concentration profile .
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* Control and design strategies to enhance system performance

* Mechanistic models allow for the interpretation of interactions
and behaviors in BES.

* BES models can be used for preliminary scale-up design and
feasibility studies.

* Use in the design and validation of scaled integrated BES for the
production of chemicals from CO2
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