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Abstract 

All over the world there is a strong interest and also potential for biogas production from 

organic residues as well as from different crops. However, to be commercially competitive with 

other types of fuels, efficiency improvements of the biogas production process are needed. In 

this paper, results of improvements studies done on a full scale co-digestion plant are presented 

 

In the plant organic wastes from households and restaurants are mixed and digested with crops 

from graze land. The areas for improvements of the plant addressed are treatment of the feed 

material to enhance the digestion rate, limitation of the ballast of organics in the water stream 

recirculated in the process, and use of the biogas plant residues at farms. Results from previous 

studies on pre-treatment and membrane filtration of recirculated process water are combined 

for estimation of the total improvement potential. Further, the possibility to use neural networks 

to predict biogas production using historical data from the full-scale biogas plant was 

investigated. Results from investigation of using the process residues as fertilizer are also 

presented.  

 

The results indicates a potential to increase the biogas yield from the process with up to over  

30 % with pre-treatment of the feed and including membrane filtration in the process. Neural 

networks have the potential to be used for prediction of biogas production. Further, it is shown 

that the residues from biogas production can be used as fertilizers but that the emission of N2O 

from the fertilised soil is dependent on the soil type and spreading technology. 
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Introduction 

Most research on the biogas production process has concerned sludge from municipal waste 

water treatment plants or residues from livestock farms as the substrate. However, the interest 

to produce biogas from any kind of organic residue as well as from different crops, farm land 

residues or ley crop has increased. Today the technology for biogas production is not optimized 

and to be fully commercially competitive with other types of fuels improvements have to be 

done. 

 

The studies presented in this paper relate to the full-scale biogas plant Växtkraft in Västerås, 

Sweden. This plant was taken into operation in 2005; its main parts can be seen in Figure 1. 

The materials used for biogas production are organic wastes from households and restaurants 

(also called biowaste) and ley crops silage. The incoming biowaste is mixed with recirculated 

process water to produce slurry that can be pumped throughout the plant. The solid and liquid 

wastes are co-digested in a 4000 m
3 

digestion tank. The biogas produced is subsequently 

cleaned and purified and used by buses, refuse collection vehicles or cars. The residues from 

the plant are sent to local farmers as fertilizer [1, 2]. 

 

In this paper possible performance improvements of the full-scale biogas plant and surrounding 

system are studied. The studies are included in the project BioGasOpt, Performance 

optimization of the Växtkraft biogas production plant and surrounding system and is performed 

in cooperation between Mälardalen University, the biogas plant Svensk Växtkraft AB, the 

membrane filtration company Mercatus Engineering AB, and the farm Nibble Lantbruk AB. 

The areas for optimizing the performance of a biogas plant addressed are: treating the feed 

material in different ways to enhance the digestion rate, limiting the ballast of dry matter in the 

centrifuge decantate that is recirculated to the reactor, and using the biogas plant residue in the 

best possible way on farms. Results from previous studies on pre-treatment and membrane 

filtration of recirculated process water are combined for estimation of the total improvement  

 

 
Figure 1: The biogas plant Växtkraft. Used with permission. [1] 
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potential of these measures. Concerning how the residues can best be used on farmland, 

laboratory and field studies on the emission of N2O have been done. Further, the possibility to 

use neural networks to predict biogas production using historical data from the full-scale biogas 

plant has been investigated. 

 

The biogas production can be increased by enhancing the digestion rate with a pre-treatment 

step. The idea is to make the material more accessible to the micro organisms involved in the 

process. The main feedstock at the Växtkraft biogas plant is biowaste (about 60 %) and ley 

crop silage (about 20 %). Studies on the biogas potential of these two substrates show that both 

the total methane potential and the production rate during the first days of the digestion is much 

lower for the ley crop silage than for the biowaste (about 20-40 % lower total methane 

production per mass of substrate for the ley crop silage in total methane production and about 

50-70 % lower methane production after 10 days digestion) [3, 4]. Therefore pre-treatment of 

the ley crop silage to increase the digestion rate is of interest to improve the performance of the 

plant. Mechanical pre-treatment and pre-treatment by electroporation of ley crop silage has 

previously been studied by the authors [5, 6]. In the mechanical pre-treatment tests two 

commercial available grinding machines for recovering of fibres from recycled paper were 

used, GLD 360 HW and KD 450 from Cellwood Machinery AB. The test was done at 

Cellwoods industrial scale pilot plant in Nässjö, Sweden. In the electroporation pre-treatment 

test a lab-scale instrument (from KEA-TEC GmbH) at Luleå Technical University for batch-

wise experiments of volumes up to 1dm
3
 and with field strength of up to 40 kV/cm and 10 Hz 

was used. The pre-treatment tests on ley crop silage were made in a 0.1 dm
3
 container with 

sample sizes of 0.065 and 0.1 dm
3
. The performance of the pre-treatment methods has been 

evaluated with biochemical methane potential (BMP) tests, based on the method described by 

Hansen et al [7], in both studies. Also the energy efficiency, measured as the energy input 

needed for the pre-treatment in relation to the increase in energy output in the form of increased 

biogas yield of the treatments, has been calculated in both studies. Some of the results of the 

studies are summarised in Table 1. The possible increase in biogas yield by pre-treatment is 

dependent on both the material to be treated and the pre-treatment method used. Several studies 

can be found that show that reduction in particle size by physical or mechanical pre-treatment 

give an increased methane yield, for example [8-11]. However, Hartmann et al [12] state that 

the fibre size cannot be directly correlated to an increased biogas yield and that there can also 

be a shearing effect from the treatment that cannot be measured from fibre size alone. Pre-

treatment with electroporation has not yet been extensively studied but there are some reports 

on its positive effect on the biogas production from sewage sludge and source-sorted municipal 

organic solid waste [13-15]. 

 

Another possibility to increase the biogas production is to increase the capacity of the plant by 

allowing an increased input of new material. In the Växtkraft biogas plant, the decantate from 

centrifugation of already digested material is partly recirculated in the process, and the problem 

 

Table 1: Results from previous studies on pre-treatment of ley crop silage [5, 6] 
Pre-treatment 

method 

Sample VS 

[ton/ton ley 

crop silage] 

Total 

accumulated 

biogas 

production 

(Nm
3
/ton VS) 

Methane 

content 

 

Wh 

produced/Wh 

electric energy 

used 

Wh 

produced/Wh 

to produce 

the electric 

energy used 

(η=40% ) 

Mechanical 
1
 0.29 

235-255 

(untreated 151) 
50 % 2.2-21 0.9-8.4 

Electroporation
1
 0.46 

91-469 

(untreated 290) 
50 % 0.9-3.4

2 
0.3-1.3

2 

1
 Based on methane potential values obtained after 36 days of incubation. 

 

2 
Only calculated for the cases showing higher

 
gas production than the control 
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is that the content of dry matter in the recirculated process water is increasing and is today 

around 4 %. By removing the content of dry matter in the water, the ballast will be reduced and 

the capacity of the digester can be increased significantly. A possibility to decrease the dry 

matter of the recirculated process water could be to include a membrane filtration unit, and 

thereby optimize the plant performance. This has been investigated in a previous study by the 

authors [16]. Experiments were carried out in a pilot plant built by Mercatus Engineering AB 

with a ceramic ultra-filtration (UF) membrane unit (Atech Innovations Gmbh, 37 channels 

(diameter=3.8 mm, length=1200 mm), area=0.53 m
2
, pore size = 50 nm, molecular weight cut 

off = 300 kD, cross flow filtration). The pilot plant was placed at the Växtkraft biogas plant and 

process water from the process was used in the experiments. Three different operation 

temperatures (70, 90, 110 °C) were tested. The results from the pilot plant experiments were 

then used to evaluate the possible increase in biogas production due to increased input of new 

material to the plant and it was also compared to the energy use of the membrane filtration step. 

Different plant configurations with different flow rates of process water (10, 20, 26 and 32 

m
3
h

−1
) passing the membrane filtration step were included in the evaluation. The highest flow 

rate corresponds to filtration of all the process water recirculated in the plant today while the 

other cases represent treatment of part of the recirculated flow. Some of the results of the study 

are shown in Table 2. In other studies on membrane filtration in connection with anaerobic 

digestion processes (for example [17-21]), the process performance is measured as the ability 

to clean waste water, while the focus in [16] instead is the ability to increase biogas production. 

The influence of temperature on the permeate flux is studied as well. Higher temperature 

decreases the viscosity of the fluid, which leads to a higher permeate flow and provides the 

possibility to treat large quantities in smaller installations than with normal operation 

temperatures. An important aspect included in [16] is the energy use in the membrane filtration 

process compared to the improved output of biogas gained by including the membrane unit. 

 

By modelling the biogas production process the biogas yield could be improved by better 

possibilities for control of the operation of the plant. A modelling approach based on using 

empirical data from the process is neural network modelling that has been used for prediction 

of biogas production [22, 23]. Here some results from using neural network for modelling the 

biogas production using data from several years of operation of the full-scale Växtkraft biogas 

plant are presented. 

 

An important part of the performance of the biogas plant is the possibility for a sustainable use 

of the residues. To use biogas residues on farm land has a number of beneficial effects, such as 

supplying the soil with nutrients and organic carbon. In a study done by Odlare et al [24] it is 

shown that the biogas residue can provide the necessary plant nutrients and has the ability to 

produce nearly 88 % of the crop yield compared to mineral fertilizer. However, to be able to 

recommend biogas residues as an ecological sound fertilizer it is also important to investigate 

its impact on the emission of N2O, since this gas has considerable effects on the stratospheric 

ozone layer and the global warming [25]. In the soil N2O is mainly produced by microbial 

processes as a by-product of nitrification and an intermediate product of denitrification and soil 

is also known to be a major source of N2O emissions [26, 27]. The risk for N2O emissions is 

 

Table 2: Results from investigation of membrane filtration of process water [16]. 

DM= dry matter 
DM content before 

filtration [%] 

DM content after 

filtration [%] 

 Increase in plant  

capacity, feed of 

biowaste [%] 

 

Increase in plant 

methane 

production 

[kW] 

Power demand
1
 for 

membrane 

filtration [kW] 

 

3.9-4-4 1.5-1.7 14-29  
212 (worst case) 

429 (best case) 

389 (worst case) 

1824 (best case) 
1
The power demand calculations assume recovery of heat from the membrane filtration unit with heat exchangers. 
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high after fertilization and in particular after application of fertilizers containing nitrogen 

and/or easy available carbon such as mineral fertilizer, pig slurry or biogas residue, which has 

been shown in several studies [28-30]. In this study both laboratory and field experiments have 

been performed with the aim to estimate the emission of N2O from the soil when using residues 

from the Växtkraft biogas plant as fertilizer.  

Method and materials 

In this paper the overall possibilities for improvements of the performance of a full-scale 

biogas plant is calculated and discussed based on combination of the results from previous 

studies by the authors concerning pre-treatment of the feed and membrane filtration of the 

recirculated process water. The use of the biogas plant residues as fertilizer is also investigated 

in laboratory and field studies as well as the possibility to predict the biogas production with 

neural network models. The full-scale plant studied is the Växtkraft biogas plant.  

POTENTIAL FOR BIOGAS PLANT PERFORMANCE IMPROVEMENTS BY PRE-

TREATMENT AND MEMBRANE FILTRATION 

The results from the previous studies by the authors on pre-treatment and membrane filtration 

of the process water [5, 6, 16] presented in Table 1 and 2 were used to estimate what it would 

mean for the full-scale biogas plant if these measures are taken. The results of the studies were 

also converted to the same form to be able to compare them. The parameters compared were 

the increase in plant methane production and the energy efficiency expressed as the relation of 

the energy of the extra gas produced to the energy input needed to produce this extra amount of 

gas. When the energy input is electrical energy also the relation to the corresponding energy to 

produce the needed electrical energy is calculated.  

 

As a base case the capacity of the Växtkraft biogas plant to digest 70 tons of biowaste and 15 

tons of ley crops per day with a theoretical methane yield of 82 Nm
3
 methane/ton biowaste and 

63 Nm
3
 methane/ton ley crop silage [4] have been used.  

 

The calculation of the increase in plant methane production (Im,pre) due to pre-treatment of the 

ley crop silage can be made by Equation 1. 

    Equation 1 

BPtreat [Nm
3
/ton VS] is measured biogas potential for the treated ley crop silage (from Table 1), 

BPuntreat [Nm
3
/ton VS] is the measured biogas potential for the untreated ley crop silage used in 

the experiments (from Table 1), VSley crop [ton/ton ley crop silage] is the fraction of volatile 

solids in the ley crop silage used in the experiments (from Table 1), Mley crop is the plant 

capacity for ley crop silage per day, MYley crop base is the base case methane yield for ley crop 

silage, MYbiowaste base is the base case methane yield for biowaste and Mbiowaste is the plant 

capacity for biowaste. 

 

The increase of plant methane production (Im,mem) due to increased feed of biowaste when 

membrane filtration is used can be calculated with Equation 2. 

     Equation 2 

Cincrease [%] is the capacity increase in feed of biowaste (from Table 2). The energy efficiency 

values are found in Table 1 for the pre-treatment cases and calculated by division of the values 

for increase in plant methane production and power demand in Table 2 for the membrane 

filtration case. 
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PREDICITON OF BIOGAS PRODUCTION WITH NEURAL NETWORK 

The data from the Växtkraft biogas plant used for the neural network modeling were results 

from weekly measurements (with some minor exceptions) made of volatile fatty acids (VFA), 

total solids (TS), ash content of TS, pH, alkalinity and amount of ammonium in the digester 

and results from daily measurements of amount biogas produced, methane fraction of the 

biogas and amount of substrate feed to the digester as well as digester temperature. 110 data 

points from almost three years of operation were used for this study. 60 data points were used 

for training the network and they were randomly chosen from the complete set. The remaining 

50 data points were used for validation of the neural network. To give the parameters similar 

initial influence in the network, each parameter was weighted to a value between 0 and 1. The 

output of the neural networks was how much biogas that will be produced in the coming week. 

 

Three different neural networks were made all with one output node. The first two tested neural 

networks were simple Adaptive Linear Neuron (ADALINE) networks, one with 8 input nodes 

and the other with 4 input nodes. The third network was a multi-layer feed-forward neural 

network with 8 input nodes and a hidden layer with 8 nodes. The input parameters for the 4 

node ADALINE network were chosen by selecting the input parameters that had the highest 

weight on the output node in the 8 node ADALINE network (pH, amount of ammonia, amount 

of substrate feed to the digester and digester temperature). Feed-forward neural networks are 

networks in which information only goes in one direction (from input nodes to output nodes), 

no loops or memory functions are included. ADALINE network is a single-layer feed-forward 

neural network. Multilayer neural networks are neural networks that contain layers in addition 

to input and output layers, these layers are called hidden layers. The program used for the 

neural network modeling was Encog v.2.3.1 which is a neural network and bot programming 

library. All three networks were trained using resilient propagation training [31] for about      

50 000 iterations after which the error improvement was negligible (zero or less than 110
-6

).  

USING BIOGAS RESIDUES AS FERTILIZER 

The emissions of N2O from using biogas plant residues as fertilizers was evaluated both in lab-

scale and field experiments. In the lab-scale experiment biogas residues from the Växtkraft 

plant and residues from the membrane filtration tests were amended to two types of soil: one 

clay soil (CS) and one organic soil (OS). The experiment was designed as a laboratory 

incubation experiment in 1 dm
3
 flasks where the gas emissions were measured after 24 hours 

and 7 days. The field experiment was performed on an organic soil and biogas residues from 

the Växtkraft plant was spread by two different spreading techniques in growing crop. The first 

spreading technique (spreader) is conventional spreading with tractor and a tank with the 

residues while the other technique (distributor) is a new technique where the tractor is driving 

in the same wheel tracks and spreading two thirds of the fertilizer going in one direction and 

one third going in the opposite direction. N2O emissions were measured at 1, 2, 4 and 7 days 

after residue amendment using field equipment with frames and chambers. 

Results and discussion 

POTENTIAL FOR BIOGAS PLANT PERFORMANCE IMPROVEMENTS BY PRE-

TREATMENT AND MEMBRANE FILTRATION 

Table 3 shows the results of the calculations using Equation 1 and 2, and Table 1 and 2. Some 

values have also been transferred from Table 1 for the comparison of the different measures. 
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Table 3: Potential for biogas plant performance improvements including pre-treatment 

and membrane filtration of recirculated process water. 
Measure Increase in plant 

methane production, Im 

[%] 

Energy efficiency 

Mechanical pre-treatment of ley crop
 

2.7- 3.4 

gas energy/electric energy used = 

2.2-21 

gas energy/energy to produce 

the electric energy used (η=40%)= 

0.9-8.4 

Electroporation pre-treatment of ley crop
 

0-9.2
1 

gas energy/electric energy used = 

0.9-3.4
2
 

gas energy/energy to produce 

the electric energy used (η=40%)= 

0.3-1.3
2
 

Membrane filtration of process water
3 

12-25 

gas energy/energy used =  

1.8-4.3 

gas energy/energy to produce 

the electric energy used (η=40%)
1 
= 

0.7-1.7 
1
Negative results have not been included. 

2 
Only calculated for the cases showing higher

 
gas production than the control 

3
Here it has been assumed that all used energy is electricity but since the energy demand is partly a heat demand 

also other energy sources is possible. 

 

The results of the studies indicates that a combination of ley crop pre-treatment and increased 

capacity for biowaste due to membrane filtration has the potential to increase the methane 

production of the biogas plant with up to over 30%. It is important to point out that the 

evaluations of the effects of the pre-treatments have been performed in batch tests and can 

therefore not fully be used to predict the increased yields in a full scale plant where also the 

retention time and mixing is of importance. The electroporation instrument tested is also in lab 

scale and the performance in full scale equipment remains to be investigated. Due to small 

reaction chambers the material was shredded before the pre- treatment with electroporation. 

Shredding of the ley crop is also a kind of mechanical pre-treatment even though not to that 

small particle sizes as with the equipment tested in the mechanical pre-treatment study. Maybe 

a combination of mechanical pre- treatment and electroporation could be of interest to increase 

the gas yield even more than one single pre-treatment method. The substrates used in the 

Växtkraft biogas plant are heterogeneous materials and their properties can also vary over time 

and with this the methane potential and the possible gas yields. This was also a problem in the 

studies of the pre-treatment of ley crop since the control samples showed large standard 

deviations. 

 

Concerning the energy efficiency of the measures investigated the pre-treatments and 

membrane filtration of the process water show the possibility to give positive energy balances, 

and the mechanical pre- treatment is the most energy efficient measure.  

PREDICITON OF BIOGAS PRODUCTION WITH NEURAL NETWORK 

Figure 2 shows the results of the neural network modelling of the biogas production at the 

Växtkraft biogas plant. The average error of the predictions with the models is 16-19%, with a 

minimum error of 0.1 -0.2 % and a maximum error of 180-286 %. The standard deviation 

divided by the average real biogas production is 17-20 %. 
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Figure 2: The graph shows the results of the neural network modelling of the biogas 

production at the Växtkraft biogas plant.  

 

Given the simplicity of the neural networks chosen and the available data the results are 

reasonably good for at least the two ADALINE networks that follow the general trend of the 

biogas production with some accuracy. It can be noted that the difference between using only 4 

nodes instead of 8 nodes for the ADALINE network is small and therefore the four chosen 

input parameters are probably of more importance to the biogas outcome than the input 

parameters that were not selected.  

 

The multilayer feed-forward network with one hidden layer does not show higher accuracy. 

The network rather shows greater deviation from the amount biogas actually produced. Maybe 

the network becomes sub-optimized because the data set is not large enough. It might be 

possible that a neural network trained with a larger training set and where input parameters are 

measured continuously could predict the biogas production better. It is also possible that other 

types of more advanced neural networks would be more suitable for the task. 

USING BIOGAS RESIDUES AS FERTILIZER 

The results of the experiments on N2O emissions from biogas residues in the lab-scale 

experiments showed that 24 hours after application of biogas residue the organic soil produced 

significantly higher emission rates than the clay soil (see Figure 3). This was expected since the 

organic soils contain high amounts of organic material and high microbial activity. The filtered 

biogas residue shows slightly higher emission rates of N2O, however, this difference was not 

statistically significant due to large variations between the replicates.  

 

The results from the field experiment showed that using the distributor instead of the spreader 

decreased the emissions of N2O (Figure 4), although this difference was only statistically 

significant at day 4 and day 7. Furthermore, after using the distributor, the emission continued 

to stay low later in the experiment, which can be compared with areas where the spreader was 

used where the emissions increased for each sampling day with the highest emissions at day 7. 

N2O emission from the soil is often caused by “hot spots” where anaerobic conditions occur. 

The distributor probably spread the residue more evenly at the soil particles, causing fewer 

anaerobic hot spots in the field, and hence led to lower emissions of N2O.  
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Figure 3: Emissions of N2O measured from a clay soil (CS) and an organic soil (OS) after 

application of biogas residue (BR), filtered biogas residue (BRMF) and control with no 

application. Grey bars show emissions after 24 h and black bars after 7 days. Statistically 

significant difference (p=0.05) between treatments is indicated by different letters. 
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Figure 4: Emissions of N2O measured from an agricultural field after application of 

biogas residue at 1, 2, 4 and 7 days. Black, dark and light grey bars represent the 

spreader, the distributor and the control, respectively. Statistically significant difference 

(p=0.05) between treatments is indicated by different letters. 

Conclusions 

The conclusions concerning performance optimization of the full scale Växtkraft biogas 

production plant can be summarized as: 

 Pre-treatment of the ley crop substrate mechanically or with electroporation and using 

membrane filtration to treat the process water for recirculation of process water all has 

the potential to increase the biogas plant performance. 

 Of the studied measures the mechanical pre- treatment of the ley crop shows the highest 

energy efficiency. 
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 Neural networks have the potential to be used for prediction of biogas production even 

though the simple networks used in our study could not predict the extreme points but 

followed the general trend in the production. 

 The residues from biogas production can be used as fertilizers in the agriculture but soil 

type as well as spreading technology should be considered regarding emissions of N2O. 

 

References 

[1] Svensk Växtkraft, 2006, ”Växtkraft – Process description of the Biogas plant in Västerås, 

http://www.vafabmiljo.se  

[2] VafabMiljö, 2009, “AGROPTI – gas, Final Summary Report. Project No NNE5/2000/484”, 

http://www.vafabmiljo.se/agroptigas_s187.html 

[3] Behrendt A., Vasilic D., Ahrens T., 2011, “Report on substarte pretreatment. Quality and 

biogas potential of different waste substartes and suitable substarte mixtures for each individual 

regions”, Report No O3.2.3.1, REMOWE project, http://www.remowe.eu 

[4] Weiland P., Ahrens T., 2006, “Demonstration of an optimized production system for biogas 

from biological waste and agricultural feedstock”, EU-project NNE5/2000/484, AGROPTI-

Gas, Final Report, Deliverable 18, Report from the biological evaluation. 

[5] Lindmark
 
J., Leksell

 
N., Schnürer

 
A., Thorin E., 2012, “Effects of mechanical pre-treatment 

on the biogas yield from ley crop silage”, Applied Energy, Article in press, 

doi:10.1016/j.apenergy.2011.12.066 

[6] Lindmark
 
J., Lagerkvist

 
A., Carlsson

 
M., Thorin

 
E., Dahlquist

 
E., 2012, “Evaluating the 

effects of electroporation pre-treatment on the biogas yield from ley crop silage”, Manuscript 

submitted to Applied Energy 

[7] Hansen L.T., Schmidt J.E., Angelidaki I., Marca E., la Cour Hansen J., Mosbæk H., 

Christensen T.H., 2004, “Method for determination of methane potentials of solid organic 

waste”, Waste Management,  Vol. 24, No 4, pp. 393-400. 

[8] Kouichi I., Okishio Y.K., Nagao N., Niwa C., Yamamoto S., Toda T., 2010, “Effects of 

particle size on anaerobic digestion of food waste”, International Biodeterioration & 

Biodegradation, Vol. 64, pp. 601-608. 

[9] Mshandete A., Björnsson L., Kivaisi A.K., Rubindamayugi M.S.T., Mattiasson B., 2006, 

“Effect of particle size on biogas yield from sisal fibre waste”, Renewable Energy, Vol. 31, No. 

14, pp. 2385-2392. 

[10] Jedrczak A., Królik D., 2007, “Influence of paper particle size on the efficiency of 

digestion process”, Environment Protection Engineering, Vol. 33, No. 2, pp. 145-15. 

[11] Hills D.J., Nakano K., 1984, “Effects of particle size on anaerobic digestion of tomato 

solid wastes”, Agricultural Wastes, Vol. 10, No. 4, pp. 285-295. 

[12] Hartmann H., Angelidaki I., Ahring B.K., 2000, “Increase of anaerobic degradation of 

particulate organic matter in full-scale biogas plants by mechanical maceration”, Water Science 

and Technology, Vol. 41, No. 3, pp. 145–153.   

[13] Choi H., Jeong S.W., Chung Y.J., 2006, “Enhanced anaerobic gas production of waste 

activated sludge pretreated by pulse power technique”, Bioresource Technology, Vol. 97, No.2, 

pp. 198-203. 

[14] Carlsson M., Lagerkvist A., 2008, ”Elektroporation för forcerad metanutvinning från 

förnyelsebara resurser”, Report SGC 190. (In Swedish) 

[15] Uldal M., Andreas L., Lagerkvist A., 2009, ”Optimerad gasproduktion med 

elektroporation”, Report SGC 205. (In Swedish) 

[16] Lindmark J., Thorin E., Kastensson J., Pettersson, C. M., 2011, “Membrane filtration of 

process water at elevated temperatures: a way to increase the capacity of a biogas plant”, 

Desalination, Vol. 267, pp. 160–169  

http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChoi%2C+Hanna%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bJeong%2C+Seung-Woo%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChung%2C+Youn-Jin%7d&section1=AU&database=1&yearselect=yearrange&sort=yr


 

 11 

[17] Pillay V. L., Townsend B., Buckley C. A., 1994, “Improving the performance of anaerobic 

digesters at wastewater treatment works: The coupled cross-flow microfiltration /digester 

process”, Water Science Technology, Vol.  30, No. 12, pp. 329-337. 

[18] Ince B. K., Ince O. , Anderson G. K., Arayici S., 2001, “Assessment of biogas use as an 

energy source from anaerobic digestion of brewery wastewater”, Water, Air, and Soil Pollution 

Vol. 126, pp. 239–251. 

[19] Saddoud A., Hassari I., Sayadi S., 2007,“Anaerobic membrane reactor with phase 

separation for the treatment of cheese whey”, Bioresource Technology, Vol. 98, pp. 2102–

2108. 

[20] Zhang  Y., Yan L., Qiao X., Chi L., Niu X., Mei Z., Zhang Z., 2008, “Integration of 

biological method and membrane technology in treating palm oil mill effluent”, Journal of 

Environmental Sciences, Vol. 20, pp. 558–564. 

[21] Stamatelatou K.,  Kopsahelis A., Blika P.S., Paraskevaa C.A., Lyberatos G., 2009,  

“Anaerobic digestion of olive mill wastewater in a periodic anaerobic baffled reactor (PABR) 

followed by further effluent purification via membrane separation technologies”, Journal of 

Chemical Technology and Biotechnology, Vol. 84, pp. 909–917. 

[22] Abu Qdais H., Bani Hani K., Shatnawi N., 2010, “Modeling and optimization of biogas 

production from a waste digester using artificial neural network and genetic algorithm”, 

Resources, Conservation and Recycling, Vol. 54, No. 6, pp. 359-363. 

[23] Kanat G., Saral, A., 2009, “Estimation of Biogas Production Rate in a Thermophilic 

UASB Reactor Using Artificial Neural Networks”, Environmental Modeling & Assessment, 

Vol. 14, No. 5, pp. 607-614. 

[24] Odlare M., Arthurson V., Pell M., Svensson K., Nehrenheim E., Abubaker J., 2010,“Can 

Organic Wastes Replace Mineral Fertilizers?”, Proceedings of International Conference on 

Applied Energy (ICAE10), 21-23 April, 2010, Singapore.  

[25] Crutzen PJ., In: Bolin B, Cook RB, editors, 1983, “The major biochemical cycles and their 

interactions”, Wiley, pp. 67-114. 

[26] Carter M.S., 2007, “Contribution of nitrification and denitrification to N2O emissions from 

urine patches”, Soil Biology and Biochemistry, Vol. 39, pp.2091-2102. 

[27] Inamori R., Wang Y.H., Yamamoto T., Zhang J.X., Kong H.N., Xu K.Q., Inamori Y, 

2008, “Seasonal effects on N2O formation in nitrification in constructed wetlands”, 

Chemosphere, Vol. 73, pp. 1071-1077. 

[28] Rodhe L., Pell M., Yamulki S., 2006, “Nitrous oxides, methane and ammonia emissions 

following slurry spreading on grassland”, Soil use and management, Vol. 22, pp.229-237. 

[29] Möller K., Stinner W., 2009, “Effects of different manuring systems with and without 

biogas digestion on soil mineral nitrogen content and on gaseous nitrogen losses (ammonia, 

nitrous oxides)”. Europ. J. Agronomy, Vol. 30, pp.  1-16. 

[30] Senbayram M., Chen R., Mühling K.H., Dittert K., 2009, ”Contribution of nitrification and 

denitrification to nitrous oxide emissions from soils after application of biogas waste and other 

fertilizers”, Rapid Communications in Mass Spectrometry, Vol. 23, pp. 2489-2498. 

[31] Riedmiller, M., Braun, H., 1993, “A direct adaptive method for faster back propagation 

learning – The RPROP algorithm.” IEEE International Conference on Neural Networks, San 

Francisco, USA 

 

Acknowledgements 

The Knowledge Foundation is acknowledged for funding the BioGasOpt project.  


