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The performance of electricity production from beer brewery wastewater in a single chamber

membrane-free microbial fuel cell (MFC) was investigated. Experimental results showed that the

MFCs could generate electricity from full-strength wastewater (2,239mg-COD/L, 50mM PBS

added) with the maximum power density of 483mW/m2 (12W/m3) at 308C and 435mW/m2

(11W/m3) at 208C, respectively. Temperature was found to have bigger impact on cathode

potential than anode potential. Results suggested that it is feasible to generate electricity with

the treatment of beer brewery wastewater.
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INTRODUCTION

A large amount of beer brewery wastewater is produced

from cooling (eg. saccharification cooling, fermentation)

and washing units in brewery industry and often causes

several environmental problems. This kind of wastewater

was non-toxic, but with high BODs compared with other

industrial wastewater. Generally, biological methods are

adopted for beer brewery wastewater treatment, reported to

perform well in chemical oxygen demand (COD) removal

(Ince et al. 2000; Parawira et al. 2005). However, the large

amount of energy input in wastewater treatment, especially

energy consumed by aeration procedures in aerobic treat-

ment, has been considered as a big problem for many years

in wastewater treatment. Due to the increased enforcement

of discharge regulation and escalating surcharges by

public owned treatment works, many wastewater treat-

ments are being taken steps to reduce, recycle and energy

recovery.

Recently, microbial fuel cells (MFCs) have drawn

increasing world-wide attention in directly generating

electricity from organic matters (Kim et al. 1999; Chaudhuri

& Lovley 2003; Rabaey et al. 2003; Liu et al. 2004; Min &

Logan 2004). MFC is the device that directly converts

chemical energy involved in organic matter into electrical

energy. Typical MFC is designed including an anaerobic

anodic zone and an aerobic cathodic zone, and they are

separated by a proton exchange membrane (PEM). Bacteria

attached on the surface of the anode can be used as bio-

catalysts to pull electrons out from substrates (Bond &

Lovley 2003; Rabaey et al. 2004). Electrons are conducted

through external circuits to the cathode, and then combine

with oxygen and protons to form water. Domestic waste-

water is reported to be available for electricity generation in

several MFC configurations (Liu et al. 2004; Liu & Logan

2004; Min & Logan 2004). Previous studies showed that

sustainable power outputs can be generated from several

types of complex organics. When two electrodes were

connected and embedded with marine sediments, a

power of 16 mW/m2 was harvested (Bond et al. 2002).

Operated in batch mode, power densities over a range of

216.4 , 971mW/m2 had been achieved using swine

wastewater, landfill leachate and even corn stover hydro-

lysates in single chambered air-cathode MFCs (Min et al.

2005; You et al. 2006; Zuo et al. 2006). Beer brewery

wastewater might be good source for electricity generation
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in MFCs due to its nature of high carbohydrate and low

ammonium-nitrogen concentration.

In this study, we demonstrated that beer brewery

wastewater could be used as fuel to directly generate

electricity in a single-chamber MFC. The whole experiments

taken in this paper were carried out on the basis of a

comparison at temperature of 208C and 308C. The scope of

this study comprises two aspects: (i) to examine the

possibility of direct power generation from beer brewery

wastewater; (ii) to investigate effects of temperature on

power output and coulombic efficiency (CE) at different

initial COD loadings.

MATERIAL AND METHODS

MFC construction and electrodes

Single chamber membrane-free MFCs were constructed as

previously described (Liu & Logan 2004). The external

resistance was set to 1,000V. The anode electrode (projected

surface area ¼ 7 cm2) was made of carbon cloth (without

wet proofing, E-Tek, USA), and air cathode containing

a 0.35mg/cm2 Pt catalyst (30% wet proofed, E-Tek)

was prepared at the same size according to Cheng et al.

(Cheng et al. 2006).

MFC tests

Two identicalMFCswere set up at 308C (^0.18C).MFCswere

inoculated with domestic wastewater (COD ¼ 500 , 600

mg/L, pH ¼ 7.0) collected from municipal pipe network

(Harbin, China) and glucose of 1 g/L, together with a

phosphate buffer solution (PBS), a mixed mineral solution

(12.5mL) and vitamin (5mL) as reported by Lovley and

Phillips (Lovley & Phillips 1988). The characteristics of the

wastewater are listed in Table 1. The inoculated domestic

wastewater was controlled as 20% (volume) of the whole

solution. The chamber was refilled each time when the

voltage was decreased bellow 50mV. After three cycles, feed

solution was switched to beer brewery wastewater and one

reactor (MFC2) was transferred into a 208C (^0.18C) low-

temperature room and the other reactor (MFC1) still kept

at 308C. Measurements of cell voltage were performed using

a data acquisition system (PISO-813, ICP DAS Co., Ltd).

Voltage signals were collected every 30 minutes. In the tests

of different COD-concentrations, beer brewery wastewater

was diluted by PBS (50mM).

Calculations

Polarization curves were obtained by verifying external

resistances from 50,000 to 50V at an interval of one hour to

gain stable voltages when the performance of MFC was

stable. Current density was calculated as i ¼ V/R·A, where

V(mV) is cell voltage recorded, R(V) is the external

resistance applied and A(cm2) is the projected surface area

of the electrode. Power density in MFC tests was calculated

according to P (mW/m2) ¼ 10iV, where the figure 10 is

based on the unit changes. The coulombic efficiency (CE)

was obtained by CE ¼ QR/Qth £ 100%, where QR (C) is the

total coulombs through the external circuit in a complete

circle, and Qth (C) is the theoretical amount of coulombs

that can be calculated based on COD removal.

RESULTS AND DISCUSSION

Electricity generated from beer brewery wastewater

Stable voltage output was achieved just after three cycles

(150 hours) inoculated by domestic wastewater in single

chamber MFC at 308C. A cell voltage of 513 ^ 4mV

(376mW/m2) was obtained after domestic wastewater was

removed at 308C (Figure 1A).

After substrates were switched to beer brewery waste-

water, in the initial three hours, the voltage increased from

65mV (1,000V resistor) to 348mV for MFC1 and 302mV

Table 1 | Characteristics of raw beer brewery wastewater

Parameter Value

pH 6.5 ^ 0.2

COD, mg/L 2250 ^ 418

BOD, mg/L 1340 ^ 335

TOC, mg/L 970 ^ 156

NH3ZN, mg/L 54 ^ 14

Phosphate, mg/L 50 ^ 35

Total suspended solids, mg/L 480 ^ 70

1118 X. Wang et al. | Electricity production from brewery wastewater Water Science & Technology—WST | 57.7 | 2008



for MFC2 (Figure 1B). A slight decrease of voltage was

found, but voltage quickly increased to a stable value of

355mV for MFC1 and 308mV for MFC2. The initial rapid

increase of voltage here can be attributed to the presence of

components that are easily utilized by anodic bacteria.

When these easily degraded substances were used up, the

power outputs began to decrease. Meanwhile, degradation

of complex components was taken place. These degraded

products can be oxidized directly by electro-active bacteria

and result in a power output. During the first experimental

period (within 60h), the maximum voltage of 355mV was

obtained in MFC1, with a value of 15% higher than that

obtained in MFC2 (308mV). Following two complete cycles

(Figure 1B), the maximum voltages of MFC1 (377mV) and

MFC2 (327mV) were increased by 9% and 6% respectively,

indicating that the power outputs of MFCs using beer

brewery wastewater can be increased during long-time

acclimation under both 20 and 308C.

Effect of wastewater concentration on MFC

performance

The microbial fuel cells were operated using beer brewery

wastewater diluted by 50mM PBS at a COD range of

400–1400mg/L. The voltage outputs were shown in

Figure 2. It was obvious that the voltage output are

stable with the COD decreasing (467 ^ 13mV, 308C;

443 ^ 10mV, 208C), but the voltage value was 48 ^ 5%

more than that obtained using full-strength beer brewery

wastewater (Figure 1B) without PBS addition. So, it implied

that ion strength might be more important for electricity

production than wastewater strength.

COD removal efficiency

A COD removal of 70–79% was got when wastewater

concentration increased from 444 to 1,333mg-COD/L

under both 20 and 308C (Figure 3). However, for the high

strength wastewater (2,239mg/L), a notable increase of

10% in COD removal efficiency was achieved at 208C and

308C (87% for 308C and 85% for 208C). A comparable result

was 80% COD removal obtained by Liu et al. using

domestic wastewater (Liu et al. 2004).

Figure 3 clearly shows that a higher COD removal

efficiency was obtained in MFC using full-strength waste-

water than those using diluted wastewater, and the removal

efficiency has not been affected by the decrease of

temperature from 30 to 208C. So, in the context of

wastewater treatment, it was more practical to use MFCs

in electricity generation using beer brewery wastewater, and

the high COD removal at lower temperature might have

great sense in wastewater treatment, especially in cold areas.

Figure 1 | Electricity generation by single chamber MFCs, (A) system during starting-up using domestic wastewater and glucose; (B) system with beer brewery wastewater.

Figure 2 | Voltage generation from MFCs operated at different initial COD of,

a: 1,333mg/L, b: 889mg/L, c: 667mg/L, d: 533mg/L and e: 444mg/L

(diluted by 50mM PBS).
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Effect of temperature on power output and CE

To evaluate the power changes with temperature, power

densities as a function of current density were examined by

varying external resistance from 50,000 to 50V in the

condition of 50mM PBS added (Figure 4). MFC1 operated

at 308C (483mW/m2; 12W/m3) could generate 11.5% more

power than that operated at 208C (435mW/m2; 11W/m3).

Both anode and cathode potentials were observed a

decrease when temperature was decreased to 208C (using

SCE as reference electrode; 241mV versus standard

hydrogen electrode, SHE) (Figure 5). But anode potentials

came to be equal after the current density reached 2.5A/m2.

The influences of temperature on cathode potential were

greater than those of anode potential. A similar phenom-

enon was observed by other researchers (Liu et al. 2005). As

cathode potential was greatly decreased with temperature

decreasing, it was interesting that lower anodic open circuit

potential (OCP) was gained under lower temperature,

which might be the strategy of anodic community to

acclimatize itself to environmental change and to gain

more energy for vital activity. With the current increased,

anode potential was highly affected by activation over-

potential (Larminie & Dicks 2000). The lower temperature,

the higher overpotential. Therefore, the anodic potential of

MFC at 208C increased faster than that of 308C.

Feeding on wastewater with 444mg-COD/L, the MFC

operated at the temperature of 308C reached a 38% CE, an

increase of 31% over that obtained at 208C (29%). However,

when COD-concentration was increased to 1,333mg/L, a

very similar CE was gained in two MFCs operated at 30 and

208C (Figure 6).

CONCLUSION

Electricity can be generated by beer brewery wastewater

using single chamber MFCs. Temperature affected the

power output, and the maximum power densities of 435

(11W/m3) and 483mW/m2 (12W/m3) were achieved

at 208C and 308C respectively. Similar voltage outputs

(467 ^ 13mV, 308C; 443 ^ 10mV, 208C) were got over a

COD-concentration ranging from 400 to 1,400mg/L, but

Figure 3 | COD removal at different COD concentration (diluted by 50mM PBS).

Figure 4 | Effect of temperature on power density, 50mM PBS added.

Figure 5 | Anode and cathode potentials at 208C and 308C, 50mM PBS.

Figure 6 | Coulombic efficiency (CE) at 208C and 308C (diluted by 50mM PBS).
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the CE decreased from 38 to 15%. Ionic strength is more

important than wastewater strength in so far as this affected

power outputs.

ACKNOWLEDGEMENTS

This research was supported by the National Nature Science

Foundation of China (Project 50278022 and 50638020) and

the Chinese 973 Key Project (2004CB41850). The research

was also supported by Program for Changjiang Scholars and

Innovative Research Team in University of China (IRT0424).

REFERENCES

Bond, D. R. & Lovley, D. R. 2003 Electricity production by

Geobacter sulfurreducens attached to electrodes. Appl.

Environ. Microbiol. 69, 1548–1555.

Bond, D. R., Holmes, D. E., Tender, L. M. & Lovley, D. R. 2002

Electrode-reducing microorganisms that harvest energy from

marine sediments. Science 295, 483–485.

Chaudhuri, S. K. & Lovley, D. R. 2003 Electricity generation by

direct oxidation of glucose in mediatorless microbial fuel cells.

Nat. Biotechnol. 21, 1229–1232.

Cheng, S., Liu, H. & Logan, B. E. 2006 Increased performance of

single chamber microbial fuel cells using an improved cathode

structure. Electrochem. Commun. 8, 489–494.

Ince, B. K., Ince, O., Sallis, P. J. & Anderson, G. K. 2000 Inert

COD production in a membrane anaerobic reactor treating

brewery wastewater. Water Res. 34, 3943–3948.

Kim, B. H., Kim, H. J., Hyun, M. S. & Park, D. H. 1999 Direct

electrode reaction of Fe (III)-reducing bacterium, Shewanella

putrefaciens. J. Microbiol. Biotechnol. 9, 127–131.

Larminie, J. & Dicks, A. 2000 Fuel Cell Systems Explained. John

Wiley & Sons, Chichester, p 308.

Lovley, D. R. & Phillips, E. J. P. 1988 Novel mode of microbial

energy metabolism: organic carbon oxidation coupled to

dissimilatory reduction of iron and manganese. Appl. Environ.

Microbiol. 54, 1472–1480.

Liu, H., Ramnarayanan, R. & Logan, B. E. 2004 Production of

electricity during wastewater treatment using a single

chamber microbial fuel cell. Environ. Sci. Technol. 38,

2281–2285.

Liu, H. & Logan, B. E. 2004 Electricity generation using an air-

cathode single chamber microbial fuel cell in the presence and

absence of a proton exchange membrane. Environ. Sci.

Technol. 38, 4040–4046.

Liu, H., Cheng, S. A. & Logan, B. E. 2005 Power generation in fed-

batch microbial fuel cells as a function of ionic strength,

temperature, and reactor configuration. Environ. Sci. Technol.

39, 5488–5493.

Min, B. & Logan, B. E. 2004 Continuous electricity generation from

domestic wastewater and organic substrates in a flat plate

microbial fuel cell. Environ. Sci. Technol. 38, 5809–5814.

Min, B., Kim, J. R., Oh, S. E., Regan, J. M. & Logan, B. E. 2005

Electricity generation from swine wastewater using microbial

fuel cells. Water Res. 39, 4961–4968.

Parawira, W., Kudita, I., Nyandoroh, M. G. & Zvauya, R. 2005

A study of industrial anaerobic treatment of opaque beer

brewery wastewater in a tropical climate using a full-scale

UASB reactor seeded with activated sludge. Process. Biochem.

40, 593–599.

Rabaey, K., Lissens, G., Siciliano, S. D. & Verstraete, W. 2003

A microbial fuel cell capable of converting glucose to

electricity at high rate and efficiency. Biotechnol. Lett. 25,

1531–1535.

Rabaey, K., Boon, N., Siciliano, S. D., Verhaege, M. & Verstraete,

W. 2004 Biofuel cells select for microbial consortia that self-

mediate electron transfer. Appl. Environ. Microbiol. 70,

5373–5382.

You, S. J., Zhao, Q. L., Jiang, J. Q., Zhang, J. N. & Zhao, S. Q. 2006

Sustainable approach for leachate treatment: electricity

generation in microbial fuel cell. J. Environ. Sci. Health A. 41,

2721–2734.

Zuo, Y., Maness, P. C. & Logan, B. E. 2006 Electricity production

from steam-exploded corn stover biomass. Energ. Fuel 20,

1716–1721.

1121 X. Wang et al. | Electricity production from brewery wastewater Water Science & Technology—WST | 57.7 | 2008

http://dx.doi.org/10.1128/AEM.69.3.1548-1555.2003
http://dx.doi.org/10.1128/AEM.69.3.1548-1555.2003
http://dx.doi.org/10.1126/science.1066771
http://dx.doi.org/10.1126/science.1066771
http://dx.doi.org/10.1038/nbt867
http://dx.doi.org/10.1038/nbt867
http://dx.doi.org/10.1016/j.elecom.2006.01.010
http://dx.doi.org/10.1016/j.elecom.2006.01.010
http://dx.doi.org/10.1016/j.elecom.2006.01.010
http://dx.doi.org/10.1016/S0043-1354(00)00170-6
http://dx.doi.org/10.1016/S0043-1354(00)00170-6
http://dx.doi.org/10.1016/S0043-1354(00)00170-6
http://dx.doi.org/10.1021/es034923g
http://dx.doi.org/10.1021/es034923g
http://dx.doi.org/10.1021/es034923g
http://dx.doi.org/10.1021/es0499344
http://dx.doi.org/10.1021/es0499344
http://dx.doi.org/10.1021/es0499344
http://dx.doi.org/10.1021/es050316c
http://dx.doi.org/10.1021/es050316c
http://dx.doi.org/10.1021/es050316c
http://dx.doi.org/10.1021/es0491026
http://dx.doi.org/10.1021/es0491026
http://dx.doi.org/10.1021/es0491026
http://dx.doi.org/10.1016/j.watres.2005.09.039
http://dx.doi.org/10.1016/j.watres.2005.09.039
http://dx.doi.org/10.1016/j.procbio.2004.01.036
http://dx.doi.org/10.1016/j.procbio.2004.01.036
http://dx.doi.org/10.1016/j.procbio.2004.01.036
http://dx.doi.org/10.1023/A:1025484009367
http://dx.doi.org/10.1023/A:1025484009367
http://dx.doi.org/10.1128/AEM.70.9.5373-5382.2004
http://dx.doi.org/10.1128/AEM.70.9.5373-5382.2004
http://dx.doi.org/10.1080/10934520600966284
http://dx.doi.org/10.1080/10934520600966284
http://dx.doi.org/10.1021/ef060033l
http://dx.doi.org/10.1021/ef060033l

	Electricity production from beer brewery wastewater using single chamber microbial fuel cell
	&?tpacr=1;Introduction
	Material and methods
	MFC construction and electrodes
	MFC tests
	Calculations

	Results and discussion
	Electricity generated from beer brewery wastewater
	Effect of wastewater concentration on MFC performance
	COD removal efficiency
	Effect of temperature on power output and CE

	Acknowledgements
	Conclusion
	References
	Acknowledgements
	References


