
Carlsson, Lagerkvist and Ecke 

ORBIT2008 - 13 - 15th of Oct. 2008, Wageningen, The Netherlands. 1 
 

ELECTROPORATION FOR ENHANCED METHANE YIELD 
FROM MUNICIPAL SOLID WASTE  
M.  Carlsson, AnoxKaldnes AB, Sweden 
A. Lagerkvist and Holger Ecke, Luleå University of Technology, Sweden 
  
Contact: Professor Anders R. Lagerkvist, LTU, SE-971 87 Luleå, +46920491908, al at ltu.se  

EXECUTIVE SUMMARY 

Operational costs of anaerobic digestion (AD) strongly depend on the performance of the biological 
process. The goal is to attain a high methane yield, preferably at a low HRT. Mechanical, chemical 
and thermal pretreatment methods of the feedstock can be applied to speed up the process and 
enhance the methane yield. Such methods, however, have not gained wide acceptance due to high 
operation costs and/or low efficiency. 
To overcome problems of suboptimal process performance, Electroporation (EP) is a promising 
technique that can be performed in one unit operation. EP supplies short and intense electric pulses 
at high voltage. The treatment causes the formation of pores in cell membranes of organisms. 
Depending on the intensity of the pulses, transient or permanent pores are formed.  
The disintegration of cell material is likely to promote the performance of AD, i.e. it enhances the 
degradation kinetics and increases the mass specific methane yield. 
The effect of EP on the organic fraction of municipal solid waste was tested using BMP tests 
followed by continuous experiments. BMP tests indicated a 40 % increase of the total biogas 
potential and in the continuous tests electroporation resulted in a yield increase of 20-40 %. The 
continuous reactors and the experimental results are displayed in figures 1-2. 
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The conclusion is that electroporation has a clear potential of enhancing the methane yield from 
organic waste and should be useful when there is a need to increase methane yield or decrease the 
treatment time. A typical range for the ratio of input energy to increased yield is 2-8 %, some results 
are even better. The usefulness of this depends on digester design and operation. 
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1 INTRODUCTION 

Anaerobic degradation of biogenic waste is widely regarded as a promising contributor to a 
sustainable energy system. Most of the biogenic residuals are plant cells, and, as large deposits of 
coal and oil indicate, are not prone to degrade completely or fast under anaerobic conditions. 
 

1.1 Background 
Operational costs of anaerobic digestion (AD) strongly depend on the performance of the biological 
process. The goal is to attain a high methane yield, preferably at a low HRT. Mechanical, chemical 
and thermal pretreatment methods of the feedstock can be applied to speed up the process and 
enhance the methane yield. Such methods, however, have not gained wide acceptance due to high 
operation costs and/or low efficiency. Among the problems are: 
 

- High retention times 
- Poor use of the methane formation potential 
- Expensive hygienisation of treated material 
 

To overcome problems of suboptimal process performance, Electroporation (EP) is a promising 
technique that can be performed in one unit operation. EP supplies short and intense electric pulses 
at high voltage. The treatment causes the formation of pores in cell membranes of organisms. 
Depending on the intensity of the pulses, transient or permanent pores are formed.  
 

 
A             B 

 
C             D 
Figure 1 The impact of electroporation on (A) apples, (B) sugar beets, (C) Carrots, and (D) sewage 

microorganisms. Images shown curtesy of  KEA-TEC GmbH, Germany. Elektroporated 
samples to the right or above (C). 
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The electric field strength needed depends on the structure of the treated material.  For plants it has 
been reported that an optimal strength lies in the range between 0.2 – 2 kV cm-1 (Bazhal et al. 2003, 
Lebovka et al. 2002, Schultheiss et al. 2003, Fincan et al. 2004). Besides the field intensity, the 
frequenzy and the geometry of the pulses are also presumed to impact on the treatment result.  
 

 

1.2 Research objectives 
 
The effect of EP on the organic fraction of municipal solid waste was tested. The frequenzy, the 
number of pulses, the field strength was varied. Biochemical Methane Potential (BMP) tests 
followed by continuous bench scale experiments was used to evaluate the impact of the 
pretreatment. Based on the biogas generation, the ratio of energy gain to energy consumption was 
calculated. 
 

2 METHODS AND MATERIALS 

Substrate 
 
The waste used in the tests was source separated food waste delivered to the Gryta waste 
management facility at Västerås, Sweden. The initial total solids concentration (TS) was about 27 
%, it was adjusted to about half of that by mixing with water. The C/N-ratio of the waste was 
16,0±0,7. 

The material was ground in a food blender before treatment. The methane potential of the material 
as calculated by the stoichiometric  equation of Symons and Buswell (1933) was 553±12 l (kg TS)-1 
at a methane content of about 57 Vol.-%. BMP-assays (Barlaz et al. 1990, Chen et al. 1995, 
Ecke et al. 1998) of the untreated material (during 14 weeks) shown a methane formation potential 
of the substrate of about  340 l of CH4/kg of TS. 
  
Equipment for electroporation 
 
The equipment used is shown in figure 2. It can treat batches of about 1 litre with up to 40 kV cm-1 
at 12.5 Hz. The achievable field strength with the standard reactor used is up to 24 kV cm-1. The 
equipment was built by KEA-TEC GmbH, Germany, in 2006, and is the only one of its kind.  The 
energy released at each pulse is calculated as: 
 
 E = 0,5 × C × U2         (Eq. 1) 
 
Where C and U are the capacitance and the loading charge respectively.  For this electoporation 
equipment  (Figure 2), C=84 nF and the electrical potential difference is up to 40 kV. E g at a field 
strength of 24 kV cm-1 the energy released equals about 67 J per pulse. 
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Figure 2 The electroporation reactor at LTU, Sweden.   

Equipment for BMP assays 

BMP assays were performed on waste treated with various intensities. The treated waste was added 
to gas tight bottles and inoculated with fresh sludge from a reactor treating industrial and household 
waste. The test bottles were incubated at 37 ˚C during 14 weeks. During the test period gas samples 
were regularly taken from the bottles and the methane production was monitored. 

 
 

Figure 3 BMP Bottles with butyl rubber stoppers.   
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Equipment for continuous digestion experiments 

Continuous digestion experiments have been performed in the laboratory of AnoxKaldnes company 
in Lund, Sweden. Parallel reactors with a volume 5 l each have been run with relatively low organic 
loading with treated and untreated samples respectively. The reactors (figure 4) are totally mixed 
one step digesters, placed in a 37 ˚C water bath, with manual loading and discharge and online gas 
production measurement.  

 
 
Figure 4 Continuous biogas reactors at the laboratory of AnoxKaldnes.  

 

Analytical methods 

Generic standard methods were used for most analyses. COD was determined by a simplified 
fotometric test using Spectroquant NOVA 60 from Merck. Before analysis, particles were separated 
by centrifugation using an Eppendorf Centriguge 5804 running at 5000 rpm during 10 minutes and 
subsequently the samples were filtered using a 0,45-μm-syringe filter. Statistic evaluations were 
done using multivariate data analysis software from Umetrics Ltd (MODDE). 
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3 RESULTS AND DISCUSSION  

 
A summary of results from the initial batch experiments is given in table 1. The field strength had 
the most apparent impact whereas the impact of the number of pulses and the frequency used had a 
less pronounced impact. Looking at the field strength and the frequency in combination, a quite 
strong impact of both factors can be observed (figure 5).  

Table 1 Qualitative factor impact on response variables på responsvariablerna: (0) ingen 
signifikant inverkan, (+) positiv signifikant inverkan. 

Response variable  Factor  

 Frequency No of pulses Field strength 

Conductivity 0 0 + 

COD 0 0 + 

Methane formation rate + + 0 

Methane formation + 0 + 
 
 
 

      

Figure 5 Methane formation as a function of the field strength and the frequency of the electrical 
pulses. 

BMP tests indicated up to a 50 % increase of the total biogas potential at a field strength of 24 
kV*cm-1 and a frequency of 12.5 Hz. The largest amount of energy used was 500 J (kg TS)-1
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pulse, i e 250 kJ (kg TS)-1 at 500 pulses. This corresponds to the heating value of <7 l of CH4 per kg 
of TS. In comparison, the methane formation increased from 222 to 338 l per kg of TS (during the 
14 weeks). So the energy demand for the treatment corresponded to <6% of the energy gain, 
although in a less noble energy form. 

 
In the continuous tests electroporation resulted in a yield increase of 20-40 %. The results from the 
continuous tests are displayed in figure 6. 
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Figure 6 Results from continuous experiments with municipal solid waste. Untreated substrate 
and substrate treated with 400 pulses. 

 
A typical range for the ratio of input energy and increased yield is 2-8 %, some results are even 
better. However the design and operating conditions of the individual reactors will determine if 
this potential improvement may be realized. 
 
 

 

4 CONCLUSIONS 

Electroporation has a clear potential of enhancing the methane yield from organic waste and should 
be useful when there is a need to increase methane yield or decrease the treatment time. 
 
Especially influential is the field strength, but also the frequency of pulses is important.  
  
The observed range for the ratio of input energy and increased yield is 2-8 %, some results are even 
better. The usability of this depends on digester design and operation. 
 
The available data is very limited, repeated experiments with different substrates and retention 
times in continuous digestion tests are needed to optimize the pre-treatment. 
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