
passive and quiescent conditions [14]. Most recent work, like the study cited above, are into the 

field of waste water treatment, industrial sludge, or biodegradable wastes, since these sources are 

extremely low cost and have environmental remediation benefits in addition to the value of the 

products produced [47]. 

 Chapter Summary 2.6

This chapter began by analyzing work on the physical design of BER technology. This 

included a look into the materials utilized in the electrodes as well as differences in the design of 

one and two chamber designs. It also included a description of systems devoid of a membrane, 

and their strengths and weaknesses. This was included to provide a framework for the design of 

the reactor used in these experiments, and to provide a wider view for possible future reactor 

design. 

Next, the utilization of electron mediators in biological systems was covered. This 

included examples of their use in BER systems and their use in non-BER systems. These 

descriptions provide context for the future kinetic experiments described later in Chapters 4 and 

5. Additionally, they establish the role of these mediators in future biological experimentation, 

including possible future work with P11 or other bacteria. 

Finally, applications of BER technology were covered. This included a description of 

important products that could be formed by application of BER systems with oxidoreductases. 

Furthermore, its application into waste water treatment and microbial fuel and electrolysis cells 

was described. These provide important context as well as suggest areas to which the research 

that is described in this work could be applied. 
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terms of the measureable species A and B (CA, CB) and rate constants. Also, to simplify these 

equations, only three kinetic rate constants are used. ka, ksr, and kd in these equations are 

equivalent to kA,a, kA,sr,f, and kB,d in the equations above. Upon substitution and simplification, ra 

becomes: 

𝑟𝑎 =
𝐶𝑡𝑜𝑡[𝐶𝐴 − 𝐶𝐵/𝐾]

�� 1
𝐾𝑎 ∙ 𝑘𝑠𝑟

+ 1
𝑘𝑎

+ 1
𝐾 ∙ 𝑘𝑑

� + � 1
𝐾𝑎 ∙ 𝑘𝑠𝑟

+ 1 + 𝐾𝑠𝑟
𝐾𝑎 ∙ 𝑘𝑑

�𝐾𝑎 ∙ 𝐶𝐴 + � 1
𝐾𝑎 ∙ 𝑘𝑠𝑟

+ 1 + 𝐾𝑠𝑟
𝐾𝑠𝑟 ∙ 𝑘𝑎

�𝐾𝑟 ∙ 𝐶𝐵�

(4-13) 

Since ra = rd (Equation 4-11), -dCA/dt = dCB/dt = ra and these two equations can be used to 

predict CA and CB with time.  Seven parameters (ka, ksr, kd, Ka, Ksr, Kr, Ctot) have been previously 

defined although Ctot can be embedded in these parameters to reduce the number of parameters to 

six. The overall thermodynamic equilibrium constant K is a product of the other equilibrium 

constants and is defined as: 

𝐾 = 𝐾𝑎∙𝐾𝑠𝑟
𝐾𝑟

             (4-14) 

This overall combined rate equation has also been verified in literature [52]. It allows insight into 

the key parameters which dictate the rates at which the kinetic reduction in the anode chamber 

proceeds. More importantly, however, it allows insight into the rate-limiting step of the proposed 

three-step mechanism when comparing with experimental data. The rate law takes on a different 

form if the reaction is adsorption controlled, surface reaction controlled, or desorption controlled. 

Experimental verification of the rate-limiting step is possible. This knowledge is a key to future 

reactor design to optimize the reactor setup and promote conversion of reactants to their 

respective products as described in the introduction to this chapter. 
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