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h i g h l i g h t s

" Microaerophilic microenvironment
was evaluated as terminal electron
acceptor in BES.

" Microbial accumulation of
polyhydroxyalkanoates (PHA) at
biocathode was observed.

" Electron losses reduced due to
synergistic association between
anode and biocathode.

" Gradual substrate degradation was
observed due to controlled microbial
metabolism.

" Redox catalytic currents and bio-
electro kinetics supported the bio-
electrogenesis.

g r a p h i c a l a b s t r a c t

Considering the microaerophilic microenvironment at biocathode in bioelectrochemical system (BES) will
enhance the electrogenesis and reduce the losses due to the controlled microbial metabolism and simulta-
neously provides a chance to harness polyhydroxyalkanoates (PHA). The electrogenic activity (512 mV;
15.2 mW/m2) was extended for longer periods (144 h) which might be attributed to the lowering of losses
due to the controlled microbial metabolism. Growth limiting stress at cathode due to lower oxygen levels
and its effective utilization by the protons and electrons coming from anode, might have diverted the micro-
bial metabolism towards PHA synthesis instead of oxidation. PHA accumulation (19% of dry cell weight
(DCW)) was observed with higher hydroxy butyrate (HB) (89%) concentration at 48th h in the cathodic bio-
catalyst and was re-utilized by the end of experiment. Bio-electro kinetics studied through voltammetry
and Tafel analysis further supported the observed electrogenesis in microaerophilic reduction microenvi-
ronment, in terms of redox catalytic currents, Tafel slopes, exchange current densities and polarization
resistance.
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a b s t r a c t

Microaerophilic microenvironment at biocathode was evaluated for electrogenesis along with the poly-
hydroxyalkanoates (PHA) accumulation in bio-electrochemical system (BES). The electrogenic activity
(512 mV; 15.2 mW/m2) was extended for longer periods (144 h) which might be attributed to the low-
ering of losses due to the controlled microbial metabolism. Growth limiting stress at cathode due to
lower oxygen levels and its effective utilization by the protons and electrons coming from anode, might

0960-8524/$ - see front matter � 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.biortech.2012.08.060

Abbreviations: AO, activation overpotentials; BES, bio-electrochemical systems; C, charge (Coulumbs); COD, chemical oxygen demand; Co-polymer, poly (b-OH) butyrate-
co-poly (b-OH) valerate, P3 (HB-co-HV); CP, concentration polarization; CV, cyclic voltammetry; DCW, dry cell weight; DO, dissolved oxygen; DSW, designed synthetic
wastewater; E, applied voltage (V); e�, electrons; ED, electron discharge; Emf, electron motive force; H+, protons; I, current (mA/A); i0, exchange current density (mA/m2); ln
i0, logarithm of the exchange current density; MFC, microbial fuel cell; OCV, open circuit voltage (V); OL, ohmic losses; OLR, organic loading rate (Kg COD/m3-day); PD, power
density (mW/m2); PHA, polyhydroxyalkanoates; PHB, polyhydroxy butyrate (poly(b-OH) butyrate); PHV, polyhydroxy valerate (poly(b-OH) valerate); Rct, charge transfer
resistance (O); Rp, polarization resistance (O); SDR, substrate degradation rate (Kg CODR/m3-day); TDS, total dissolved solids (mg/l); TEA, terminal electron acceptor; TEAP,
terminal electron accepting process; V, voltage (V); VFA, volatile fatty acids (mg/l); aa, electron transfer coefficient during oxidation (baRT/nF); ac, electron transfer coefficient
during reduction (bcRT/nF); ba, oxidative Tafel slope (V/dec); bc, reductive Tafel slopes (V/dec).
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