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h i g h l i g h t s

� A novel microbial electrochemical system (MES) was designed for electricity generation and sulfate conversion.
� Both electrical energy boosting and in situ utilization were achieved by using novel boost circuit.
� Elemental sulfur can be recovered from an electrochemical deposition cell (ECD) without any net energy input.
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a b s t r a c t

A novel system containing a microbial electrochemical system (MES) for electricity generation and
sulfate conversion, a novel boost circuit (NBC) for in situ utilization of the electrical energy and an
electrochemical deposition cell (ECD) to recover sulfur in water is designed and established. This com-
bined system has a higher energy utilization efficiency of 63.6% than that of conventional sulfate
reduction reactors with an elemental sulfur recovery efficiency up to 46.5 � 1.5% without net energy
input. This system offers a promising, and cost-effective approach for sulfate wastewater treatment.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Sulfate contamination is present in a wide range of both in-
dustrial wastewaters and sewage such as mining, tannery, food
processing, paper mill wastewaters etc [1,2]. In wastewater treat-
ment plant (WWTP), sulfate compounds were usually converted to
sulfide or hydrogen sulfide by sulfate-reducing bacteria (SRB) un-
der anaerobic conditions of wastewater treatment process and
released to air, causing secondary pollution [3]. These compounds
emission are associated with several important deterioration
problems for aquatic ecosystems, including release of unpleasant
odors, pose a potential risk to human health and induce corrosion
to architectures, metals etc [4,5]. So, the removal of sulfate from
wastewaters and recovery of elemental sulfur are two key chal-
lenges that researchers should be faced with.

Sulfate can be removed by physico-chemical methods, but high
operation cost and post-treatment of large quantities of sludge
restrained the utilization of physico-chemical technologies to
collect sulfur [3]. During biological removal process, sulfate is
usually converted to sulfide coupling with COD removal by strains
of sulfate-reducing bacteria (SRB). Elemental sulfur might be
further collected by strains of sulfur-oxidizing bacteria (SOB) [6].
However, it is difficult to separate the elemental sulfur from acti-
vated sludge although the activities of both SRB and SOB are high in
practical WWTP [7]. Moreover, both high running cost (V 1.9 to
7.2 kg�1 S removal), low energy utilization efficiency (10%e25%)
and low sulfate removal rate (26.4%e52.9%) are a major bottleneck
for the existing sulfate removal technologies [3,8e10].

The electrochemical deposition of sulfide can be used to
recover pure elemental sulfur on the surface of electrode [11]. It
offers very beneficial alternative and promising approach to
improve recovery efficiencies of elemental sulfur and enable the
development of new processes to minimize by-products and
large scale production [1,12]. But the major limitation of the
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Fig. 1. The schematic (A) andcircuitry diagramsof in-situ energy-harvesting andutilizationbasedalternate charging anddischargingof both sulfate reductionMESs andelectrochemical
deposition system: (B) charging of C1eC3 by MES1eMES3, (C) discharging of C1eC3 capacitors in series and charging of C4eC6 by MES1eMES3, (D) discharging of C4eC6 capacitors in
series and charging of C1eC3 (MES1, MES2, MES3, sulfate reduction MESs; ECD system, electrochemical deposition system; C1eC6, external capacitors; S1eS8, relay switches).
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