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Summary 

This report discusses  potential future systems for waste-to-energy production in the Baltic 

Sea Region, and especially for the project REMOWE partner regions, the County of 

Västmanland in Sweden, Northern Savo in Finland, Lower Silesia in Poland, western part of 

Lithuania and Estonia. 

The waste-to-energy systems planned for in the partner regions are combustion of municipal 

solid waste (MSW) and solid recovered fuels from household and industry as well as 

anaerobic digestion of sewage sludge and agriculture waste. 

The potential future waste-to-energy systems in the partner regions include increased 

utilization of available waste resources. Examples of resources possible to use are straw that 

could be used for ethanol production and biowaste from households and manure that could 

be used for biogas production. If the utilization in all partner regions would reach the same 

level as already exists in the County of Västmanland it would correspond to an increased 

energy supply of 3 TWh/year which corresponds to about 2.5 % of the total energy use in the 

partner regions year 2008.  

An important aspect of future anaerobic processes for biogas production is the possibility to 

use the residue. West Lithuanian biogas production residue is planned to be dewatered up to 

90 % of dry matter to make future utilization options possible.  

Pre-processing is necessary to be able to use the residue from digestion of solid waste as 

fertilizer. The pre-processing should include crushing, removal of metals, wood and plastics, 

and pulping. Without pre-processing it is possible to combust the residues with energy 

utilisation. Results from an investigation of the residues from biogas production tests using 

substrates from the project partner regions show a remaining energy potential of the 

digestate corresponding to 17 to 50% of the biogas energy. A combination of digestate 

combustion and fertilizer use could be a possibility.  

Hydrothermal carbonization, HTC, is a process that could be of interest to use for treating 

digestate in order both to utilize the energy left after biogas production but also for sanitation 

of the digestate. In this process heat is released and coal is produced.  This process could also 

be of interest for waste-to-energy conversion of waste which is usually not usable for other 

biological process like e.g. biogas production, for example sharp leaved rush, straw or leaves 

from gardening etc. Initial tests on pulp and paper waste show promising results. 

Among the possible processes for increasing the output of biogas from anaerobic digestion 

using ultrasound technology for thickening of surplus waste water sludge can be mentioned. 

It allows increasing the biogas production up to 30 % and reducing the amount of organic 

substances in the digested sewage sludge by up to 25 %. Another area of possible 

improvement is the mixing in the digester. The mixing is important for distribution of 

microorganisms and nutrition, inoculation of fresh feed, homogenizing of the material and 

for the removal of end products of the metabolism. Studies of the digester for biowaste in the 

County of Västmanland indicate that about 30 % of digester volume can have dead and 

stagnant zones. 



 

2 
 

Waste-to-energy utilisation could also be possible to realise by further development and 

introduction of new processes and concepts. An option for solving the problem of old sewage 

sludge could be to use it in a gasifier to convert it to energy rich gases. Microbiological 

conversion of waste can be further developed to produce several different products, such as 

heat, power, fuels and chemicals, the development of so-called biorefineries. Also the 

biorefinery‘s water management can be renewed in order to remove toxic substances, 

minimize environmental impacts and produce pure, clean water. Finnoflag Oy has developed 

a technology that converts waste materials into e.g. fuels, chemicals, plastic and rubber via 

low-energy routes. The Finnoflag technology is based on the PMEU (Portable Microbe 

Enrichment Unit) which is a new innovative instrument for use in the microbe detection 

process and that is designed to create an optimal growth environment for microbes.  

For fibrous and well-structured biowaste dry digestion could be a good option for biogas 

production. Several different configurations have been tested in Germany. The garage 

digestion method has the advantage that an extensive pre- treatment of substrate is not 

necessary and no pumps or stirrers, which can be destroyed by disturbing materials,  are 

involved. However, the efficiency of garage digesters is low compared to other digestion 

methods due to lack of effective substrate turbation. More research work is needed to 

improve the efficiency. Tests of five existing dry digestion processes show that the Tower-

digester is the most suitable dry digestion method for household waste. Among the reviewed 

plants the Dranco-tower digester showed the best efficiency in reference to biogas potential. 

The plant design is robust enough to handle substrates like household waste with fractions of 

disturbing materials. The mixing in the reactor is based on the force of gravity and the used 

pumps are powerful and very resistant.  

Pyrolysis is a process of interest for converting wood based waste into energy products such 

as gas, bio-oil and/or solid fuel/carbon. This has been identified as a process suitable for a 

new business model with a franchise based model, offering an earning opportunity for small 

size entrepreneurs. 

Possible improvement of existing and new waste-to-energy systems also includes increasing 

the overall efficiency of the utilization of waste resources by integration of several processes. 

A study on integrating pellets production from the residues from straw-based ethanol 

production with an existing combined heat and power plant shows that the total production 

cost can be reduced by the integration. 

Possible development of waste-to-energy systems for the partner regions could be the 

following: 

 Estonian - biogas production using the organic waste, use of the digestate as fertilizer 

on demand or combustion for power and heat production, recycling plants for paper, 

plastics and other recyclable wastes and combustion for power and heat production 

after recycling 

 North Savo, Finland- the same options as for Estonia is of interest. Added to this is 

the potential for power and heat production from large amount of wood waste. Also 

the possibility for pellet production from wood waste could be of interest. 

 Western Lithuania- the same system as mentioned for Finland is also of interest for 

western Lithuania. 
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 Lower Silesia, Poland- also for Lower Silesia high amounts of organic wastes is 

suitable to use for biogas production in anaerobic digestion. Recovered derived fuel 

(RDF) is already used as fuel for power and heat production. There are also some 

attempts to involve combustion of residual mixed waste in 1-2 of the most densely 

populated areas.  

 County of Västmanland, Sweden- Here a system for separate collection of the 

biowaste from households, digestion of the fraction together with ley crop silage from 

regional farmers to produce biogas and use of the digestate from the digestion process 

as fertilizer at farmland already exists and a new power and heat plant using 

recovered derived fuels is under construction. Further waste- to-energy plants for 

production of bioethanol from straw and biogas from agricultural waste could be 

possible. 

The potential future waste-to-energy systems are not only dependent on available 

technologies for waste-to-energy conversion but also on the development within the waste 

and energy areas including also economic and political aspects. There is a growing interest 

for waste prevention in waste management within the EU, and growing concern about food 

losses and food waste at global and national levels. During past decades the waste amounts 

have steadily increased with economic growth but due to waste prevention actions a 

decoupling of the waste amount and economic growth is foreseen. This has to be considered 

in development of future waste-to-energy systems. Further, policies and goals concerning 

fossil fuel free transportation systems and low carbon energy systems is of importance. 

Analysis of combined previous proposed scenarios for energy demand and use development 

and waste amount development for waste-to-energy in Sweden 2010 to 2050 shows that the 

contribution of waste-to-energy to the total energy supply in 2050 varies from 6 to 47 % 

depending on the scenarios combined. The lowest contribution occur for scenarios with low 

waste amounts  combined with energy scenarios with low changes in energy demand while 

the highest contribution occurs for scenarios with high amount of waste combined with 

energy scenarios with large decrease in energy demand. 
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1. Introduction 

This report discusses  potential future systems for waste-to-energy production in the Baltic 

Sea Region. 

The report is one of the outputs from the REMOWE (Regional Mobilizing of Sustainable 

Waste-to- Energy Production) project. REMOWE is one of the projects within the Baltic Sea 

Region Programme. The overall objective of the REMOWE project is, on regional levels, to 

contribute to a decreased negative effect on the environment by reduction of carbon dioxide 

emission by creating a balance between energy consumption and sustainable use of 

renewable energy sources. Reduction of carbon dioxide emissions and use of renewable 

energy sources are broad areas and the REMOWE project focus on energy resources from 

waste and actions to facilitate implementation of energy efficient technology in the Baltic Sea 

region within the waste-to-energy area. The focus is to utilize waste from cities, farming and 

industry for energy purposes in an efficient way. The problem addressed by the project 

concerns how to facilitate the implementation of sustainable systems for waste-to-energy in 

the Baltic Sea region and specifically, in a first step, in the project partner regions.  The 

project partnership consists of Mälardalen University, with the School of Sustainable 

Development of Society and Technology coordinating the project, and The County 

Administrative Board of Västmanland in Sweden, Savonia University of Applied Sciences, 

Centre for Economic Development, Transport and the Environment for North Savo, and 

University of Eastern Finland (UEF) in Finland, Marshal Office of Lower Silesia in Poland, 

Ostfalia University of Applied Sciences Braunschweig / Wolfenbüttel  in Germany, Klaipeda 

University in Lithuania, and Estonian Regional and Local Development Agency (ERKAS) in 

Estonia. 

The report is based on a state-of-the art study, studies on modeling and scenario analyses, on 

biogas process modeling, current status reports for the regions, experimental studies of 

biogas potential from different waste fractions and ideas generated in innovation sessions. 

2. Technologies for waste-to-energy systems 

2.1 Available technologies and systems 

In a previous report in the REMOWE project (Thorin et al, 2011) the state- of-the-art 

concerning systems and technologies for utilizing waste for energy purposes is described.  In 

Table 2.1 a summary of waste-to-energy conversion processes from the state-of-the art report 

is given. 
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Table 2.1: Waste-to-energy conversion processes (Thorin et al, 2011). 

 Conversion 
process 

Conversion 
characteristics 

Waste/feedstock Main 
products  

By-products 

Anaerobic 
digestion 

35-55 °C (for 
hygienisation    

70 °C), 
anaerobic, 

reactor size 10-
10 000 m3 

Sludge from waste water treatment 
Grease trap sludge 

Manure 
Biowaste 

Municipal solid waste(MSW) 
Food waste (from restaurants and 

industry) 
Refuse derived fuel (RDF) 

Industrial waste water (from 
distilleries, food processing) 

Gas (main 
components 

CH4 and CO2) 

Fertilizer 

Fermentation 20-400 °C 
(different for 

different process 
steps and 

configurations) 

Lignocellulosic wastes (for example 
straw, wood wastes, sugar cane 

bagasse, corn stover) 
Sugarcane molasses 

Industrial waste water (from 
breweries, sugar mills, food 

processing, tanneries, paper and 
pulp production) 

Ethanol Solids of lignin 
(use for pellets 

production or as 
fuel in 

combustion) 
Stillage (use for 
biogas or animal 
feed production) 

Combustion Steam data 40-
110bar/ 400-

540 °C, thermal 
capacity 5-120 
MW (smallest 
only for heat 
production) 

Sludge from waste water treatment 
Municipal solid waste(MSW) 

Refuse derived fuel (RDF) 
Lignocellulosic wastes 

Waste cooking oil 
Waste lubricating oil 

Packaging waste 
Product specific industrial waste 

(Plastic and paper industry) 
Bulky waste (furniture etc) 

Shredder light fraction (SLF, 
Combustible fraction from 

fragmentation of metal scar) 
Clinic waste 

Hazardous waste 

Heat, Electricity Ash 

Pyrolysis 250-700 °C, 
absence of 

oxygen 

Sludge from waste water treatment 
Municipal solid waste(MSW) 

Refuse derived fuel (RDF) 
Waste cooking oil 

Waste lubricating oil 
Shredder light fraction (SLF, 

Combustible fraction from 
fragmentation of metal scar) 

Synthetic waste 
Used tires 

Cable tails, metal and plastic 
compound material (for material 

recovery) 

Char, Oil or Tar, 
Gas (CO, CH4, 
hydrocarbons, 

H2, CO2 (content 
dependent on 
feedstock and 

process 
conditions)) 

Char (use as soil 
amendment, as 

activated coal, as 
sorbent) 

Gasification 350-1800 °C, 
air, oxygen or 

steam medium,  
1-30 bar 

Sludge from waste water treatment 
Municipal solid waste(MSW) 

Refuse derived fuel (RDF) 
Lignocellulosic wastes 

Packaging waste (plastic) 
Hazardous waste 

Gas (CO, CH4, 
H2, CO2, H2O, 

N2 (content 
dependent on 
feedstock and 

process 
conditions)) 

Ash 
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2.2 Technology development 

For combustion and anaerobic digestion of waste there are commercial and well-proven 

technologies. The focus has so far mainly been on waste treatment and improvements for 

increasing the energy efficient are needed. The technologies for fermentation of 

lignocellulosic waste, and pyrolysis and gasification of waste have not been fully tested and 

proved as commercial energy conversion processes. 

Pre-treatment of waste is an area of interest for most of the waste-to-energy conversion 

processes. Further gas cleaning and emission control as well as ash handling and by-product 

quality and use are important development areas for the thermal conversion processes. 

Gasification with plasma technology and supercritical water gasification are two more 

unconventional gasification processes under development. 

Another common development area for the conversion processes is the possibility to produce 

several different products such as electricity, heat, fuel and materials. 

2.3Technologies and systems used and planned in partner regions 

Already today some waste-to-energy systems exist in the partner regions. A summary is given 

in Table 2.2 based on previous current status reports in the project (den Boer et al, 2011; 

Thorin et al, 2011; Malo et al, 2011; Estonian Regional and Local Development Agency, 2010; 

Belous et al, 2011) 

In West Lithuania, where the wastewater treatment problem is being solved successfully, the 

issue of recycling and reuse of the sludge resulting from sewage treatment is as well being 

considered. In the local wastewater treatment plant, the dewatered sludge is transferred to a 

storage site. High concentrations of heavy metals make the sludge unsuitable for direct use as 

fertilizers but the storage is considered as a temporary solution. A plant for mechanical 

processing of waste is planned to be built in a landfill in the Klaipeda region. In the sorting 

plant, the waste will be loaded to a tank, conveyed, and after magnets have extracted iron 

objects, the waste will be centrifuged in order to separate plant screenings, soil, gravel and 

other bulk sediments. Manually or mechanically, glass, metals and plastic will be removed, 

and also the hazardous waste will be separated. The processed waste will finally be 

transported to recyclers. The rest of the waste mass will be dried in the waste sorting plant to 

maximize its calorific value and then used for combustion.  
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Table 2.2: Waste to energy systems used in the REMOWE project partner regions. ( den Boer et al, 2011; Thorin et 

al, 2011; Malo et al, 2011; Estonian Regional and Local Development Agency;2010; Belous et al, 2011) 

Region Conversion 
process 

Waste/feedstock Main 
products  

By-products 

County of 
Västmanland 

Anaerobic 
digestion 

Sludge from waste water treatment 
Biowaste, source separated from 

households 
Grease trap sludge 

Ley crop silage 

Upgraded biogas 
for 

transportation 

Fertilizer 

 Combustion 
(Existing + 
planned) 

Municipal solid waste (MSW), solid 
recovered fuel from households and 

industry 

Heat, Electricity - 

Northern Savo Anaerobic 
digestion 

Sludge from waste water treatment 

Animal manure and other 
substrates mainly from agriculture 

(for research purposes) 

Heat, Electricity Fertilizer 

 Combustion 
(Planned) 

Municipal solid waste (MSW)  
Waste wood 

Heat, Electricity - 

 Esterification Waste cooking oil Biodiesel Glycerol 

Lower Silesia Anaerobic 
digestion 

(Existing + 
planned) 

Sludge from waste water treatment, 
agricultural waste (food processing 

waste, pig manure) 

Heat, Electricity - 

West 
Lithuania 

Anaerobic 
digestion 

Sludge from waste water treatment Heat, Electricity To storage for 
future use 

 Combustion 
(Projected)  

Municipal solid waste(MSW) Heat, Electricity ash 

Estonia Combustion 
(Projected) 

Municipal solid waste(MSW) Heat, Electricity - 

 

2.4 Possible improvements 

2.4.1 Use of available resources in partner regions 

The potential future waste-to-energy systems in the partner regions include increased 

utilization of available waste resources. In table 2.3 available waste resources for energy 

utilization in the partner regions are shown. If the utilization in all partner regions would 

reach the same level as already exists in the County of Västmanland it would correspond to 

an increased energy supply of 3 TWh/year which corresponds to about 2.5 % of the total 

energy use in the partner regions year 2008. 
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Table 2.3: The table shows waste resources available for energy utilization in the partner regions. (den Boer et al, 

2011) 

Parameter Unit Estonia Lower 
Silesia 

North 
Savo 

Västman- 
land 

Western 
Lithuania 

Total 

Residual 
municipal waste 

GWh/yr 815 1461 191 216 557 3240 

Industry waste in 
anaerobic 
digestion 

GWh/yr 53 68 7 - 54 182 

Combustible 
industry waste 

GWh/yr 13 1.0 1.2 - 0.14 15 

Waste water 
sludge 

GWh/yr 45 86 18 19 33 201 

Animal waste in 
anaerobic 
digestion 

GWh/yr 55 859 198 86 349 1547 

Total Gwh/yr 981 2475 415 321 993 5185 

Utilised today GWh/yr 
% 

11 
1.1 

148 
6.0 

44 
10.5 

214 
66.8 

11 
1.1 

428 
8.3 

 

Straw is a waste resource that could be used for ethanol production. A study made for a 

region of the County of Västmanland (Daianova et al, 2011) shows that the available amount 

of straw can meet the current demand of ethanol for personal cars. This demand consists of 

petrol fuel with 5% additive of ethanol (E5) and high blend ethanol mixtures (E85, ED95). 

The amounts of straw in the studied region is estimated to be 98 924 tons in 2009 which 

makes it possible to produce 13 015 m3 or 81 210 MWh of ethanol. It has then been assumed 

that 57 % of the available straw amount can be used for ethanol production. The rest has to 

be ploughed back into the soil to maintain the soil fertility and avoid erosion. The demand for 

ethanol for ethanol based fuels was 12234 MWh in 2009. This means that there is a potential 

to cover also an increased demand for ethanol in the region. However, the potential ethanol 

production is not enough to cover the demand in a scenario where all passenger cars in the 

region would be fuelled with E85. For this 179977 MWh of ethanol is needed.  

To determine a regional potential for future biogas production from waste calculation factors 

for waste of different origins can be used. An example for the County of Wolfenbüttel in 

Germany is given here to get an impression on how the collection of data can look like and 

how the data can be used for determination of calculation factors. The first step to determine 

the potential includes the determination of available amounts of eligible substrates.  In the 

County of Wolfenbüttel the eligible substrates can be classified into 5 categories. These 

categories and available amounts of some of them are: 

 Biowaste, 12.000 tons/yr 

 Kitchen and canteen waste 

 Energy crops, 45 tons/yr fresh mass of corn, 14 tons/yr  fresh mass of winter rye 

 Animal excrements, cow manure, pig manure and poultry dung  

 Industrial- and business wastes 
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The biowaste in the County of Wolfenbüttel is mostly fibrous and well structured. These 

properties are optimal for composting, but the waste can also be used for biogas production 

in a dry digestion process. The category of kitchen and canteen wastes includes according to 

the EG-hygiene directive wastes from restaurants, catering institutions, and kitchens 

including large catering establishments and household kitchens. The household kitchen 

waste is not considered in the calculations for the County of Wolfenbüttel since most parts 

are disposed in the household residual waste. The business wastes are divided into waste 

from snack bars, pizzerias, restaurants, large catering establishments, cafes and hotels. 

The County of Wolfenbüttel contains about 5.000 ha not used agricultural areas, which could 

be used for cultivating energy crops like corn and rye. In this case, it has been assumed that 

about 50%, 2.500 ha, of the unused fields can be used for cultivation of crops that can be 

used for biogas production. On these fields it is possible to grow up to two different 

generations in a year. From January till April winter rye and from July till October corn could 

be cultivated on the fields. 

For animal excrements it is possible to calculate theoretical biogas potentials from 

characteristic numbers such as for example the livestock unit (LU). One livestock unit equals 

to 500 kg live weight. For designing a biogas plant it is important to determine the amounts 

of animal excrements and some data can be found in literature.  

Industrial and business wastes come from different facilities such as bakeries, 

slaughterhouses, sugar-, beer-, and chocolate industries. The waste components from 

bakeries are mainly old bread and cakes etc. A small fraction of the waste is recycled within 

the bakery and another fraction is donated to a food bank for needy people, but everything 

else what must be disposed can be used for biogas production. Slaughterhouses also produce 

organic wastes that can be used for biogas production. The sugar factory produces treacle and 

the beer industry brewer grains that can be utilized for anaerobic digestion in a biogas plant. 

Another facility in the County of Wolfenbüttel producing organic wastes is a chocolate 

factory. This shows that in many industries some amounts of organic waste can be collected 

and used for biogas production. 

For these different kinds of waste biogas yields can be determined in anaerobic laboratory 

digestion tests. The determined yield can then be applied for other similar substrates. For 

example an estimated yield for the biogas potential of chip fat from a snack bar can be used 

for calculation of the biogas yield of chip fat from other snack bars. If calculation factors are 

estimated for the most common sectors a rough calculation for a whole region can be 

established. Table 2.4 and 2.5 show specific calculated factors, where table 2.4 shows 

itemized calculations factors for substrates of different origins. Some available literature 

values are also included in this table. With the help of these determined and ascertained 

calculation factors an outline of the approximate biogas potential of a certain region can be 

created. In Table2.4 also waste quantities, biogas yields and CH4-content of different 

substrates are specified. 
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Table 2.4: Determined general calculation factors and biogas yields of different substrates in the County of 
Wolfenbüttel, Germany. hab=habitant 

Substrate Specific calculation 
factor in [ kg/hab,yr] 

Waste 
quantity 
[tons/yr] 

Biogas yield  

[m³/ton fresh 
mass] 

CH4-content  

[%] 

biowaste 96.2 12000 80-120 58-65 

chipfat/oil 0.22 73.5 80-120 58-65 

Industrial waste 353 47010 120-750 59-75 

farm fertilizer 379 47321 20-40 60-70 

renewable energy crops 902 147500 170-220 50-55 

 

Table 1.5: Determined and literature calculation factors of different substrates in the County of Wolfenbüttel, 
Germany. hab=habitant 

Origin Determined factor Literature factor 

snack bars 444 kg chip fat/Imbiss   

  0.07 kg chip fat/hab,yr   

restaurants 4.24 kg chip fat/seat,yr   

  14 kg food waste/seat,yr   

hotels 52 kg biowaste/bed,yr 0.38 kg/overnight stay 

  10 kg chip fat/bed,yr   

grocery 16.5 kg biowaste/m²retail space, yr   

bakeries 0.43 kg bak. waste/hab, yr 3 kg/hab, yr 

    0.7 tons/employee, yr 

slaughterhouses 120 kg slaugh. waste/business,yr 1.7 tons/employee, yr 

residual waste 52 kg residual /hab, yr   

sweets industry - 3.9 tons/employee,yr 

brewerys (brewer grains) 150 tons/employee, yr 114 tons/employee,yr 

sugar factory (treacle) 221 tons/employee, yr   

 

2.4.2 Biogas process improvements 

The existing biogas production processes in the partner regions can be improved to produce 

more biogas. 

The stimulation of the biogas production is one of the West Lithuanian Region priorities. 

Following this aim, the West Lithuanian  municipal wastewater treatment plant,  that is the 

main  generator of biogas in the region,  is installing  a technology  for ultrasound treatment 
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of the secondary sewage sludge. This process involves breaking down the thickened surplus 

activated sludge through the use of ultrasound oscillators (VTA Austria GmbH, 2012). This 

has the effect of:  

 reducing organic substances in the digested sewage sludge by up to 25 % 

 increasing the production of biogas by up to 30 % 

 increasing the production of electrical power by up to 30 % 

 reducing sewage sludge formation and associated disposal costs by up to 20 % 

 lowering the use of dewatering agents (polymers) by up to 30 % 

 stabilizing the process of biogas production 

 shortening the biogas production times 

 reducing digester tower foam  

 effective improvements in the operation of the sewage plant from the biological 

standpoint (scum/bulking sludge, settleability of activated sludge, etc.) by nullifying 

or digesting filamentous bacteria 

In general, ultrasound treatment is one of several technologies that promote hydrolysis – the 

rate-limiting stage during sludge treatment. The basic principal of ultrasound is based on the 

destruction of both bacterial cells and difficult-to-degrade organics. In sludge, various 

substances and agents collect in the form of aggregates and flakes, including bacteria, viruses, 

cellulose and starch. The ultrasound treatment causes these aggregates to be mechanically 

broken down, altering the constituent structure of the sludge and allowing the water to be 

separated more easily. Because ultrasound attacks the bacterial cell walls, the bacterial cells 

release ezo-enzymes that biocatalyse hydrolytic reactions. This results in acceleration in the 

breakdown of organic material into smaller readily biodegradable fractions. The subsequent 

increase in biodegradable material improves bacterial kinetics resulting in lower sludge 

quantities and, in the case of anaerobic digestion, increased biogas production. Therefore, its 

use is most suited to streams containing large quantities of refractory material and/or 

cellular matter such as waste activated sludge streams. The physical action caused by 

ultrasound treatment also reduces particle size distribution of the sludge, therefore 

increasing the number of sites available for microbial action. (Bartholomew, 2012).  

Another area of possible improvement is the mixing of the digester. The mixing is important 

for distribution of microorganisms and nutrition, inoculation of fresh feed, homogenizing of 

the material and for the removal of end products of the metabolism (Deublein and 

Steinhauser, 2008). Therefore how well the total volume of the digester is being used for the 

reactions is important for the biogas production. The biogas plant in the County of 

Västmanland use pneumatically forced circulation for mixing of the digester. There are 

studies showing that with the gas-lift mixing of a digester a large portion of the total volume 

can be poorly mixed (Karim et al, 2004;Karim et al, 2007). The poorly mixed zones can be as 

large as 34 % of the digester volume (Stroot et al, 2001). In the stagnant zones the mixing of 

new material and microorganisms is low to non-existent and to utilize the digesters total 

volume and to avoid sedimentation these stagnant zones should be minimized. The retention 

time and dispersion of the feed inside the digester at the Växtkraft plant in the County of 

Västmanland was studied using a Computational Fluid Dynamic (CFD) model (Lindmark et 

al, 2011). A scalar was injected in the simulation to see the effect that the mixing has on 

dispersion of nutrients in the digester. The conclusions from the study are that the digester 

has large dead and stagnant zones, without mixing, corresponding to about 30 % of the 

digester volume. The mixing configuration studied is limiting the dispersion of nutrient to 30 
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– 40 % of the digester because of the barrier that the column of bubble produces. One way to 

improve the dispersion could be to have two or more injection points. 

2.4.3 Utilization of biogas in vehicles 

A possibility to increase the use of biogas as a vehicle fuel can be to modify existing vehicles 

with gasoline and diesel engines to dual appliance vehicles that allows the use of biogas 

alongside the primary fossil fuel. 

In Tallinn, Estonia, a study was done on five buses installed with dual appliance gas 

equipment. The buses were operated in normal situations and represented three different 

operation conditions (regular highway and high-speed lines, commuter buses in urban 

environment and occasional alternate transportation).  All test buses had Euro 3 engines, 

diesel engines with the power 265-315 kW (11-12 liters). The fuel consumption and economic 

feasibility were evaluated based on a test period of 2 months (12.03.2012 till 25.05.2012) 

using CNG (compressed natural gas) as the gas fuel and a price of € 1.066/L for diesel, and of 

€ 0.649/ kg for gas (excluding VAT). 1kg of CNG was assumed to correspond to 1.22 L of 

diesel fuel. The conclusions from the study are: 

 The overall fuel consumption is decreased with dual appliance. 

 Dual appliance shows larger economic gain in urban environment, where the average 

speeds is low and stops are common, due to that CNG raises power and reduces fuel 

consumption during the acceleration process. 

 The economic feasibility of dual appliance strongly depends on the mileage of the 

vehicle as higher mileage increases the cost effectiveness and the combined use of 

diesel and CNG. 

  Further studies are needed to determine how the economic and  environmental 

benefits depend on the proportion of gas fuel and the studies should include a longer 

period of time and more mileage than in the present study. 

(Relvik and Narusing, 2012) 

2.4.4 Utilizations of residues from biogas processes 

An important part of waste-to-energy systems including biogas production is the use of the 

residue, the digestate, since it contains valuable nutrients and can be used as fertilizer. 

Currently, the only plant generating biogas in western Lithuania is the municipal wastewater 

treatment plant situated in the Klaipeda district and it was taken into operation in 2009.  10 

years before that (1998-2009) ~30000 m3 of sewage sludge, with a moisture content of 80 % 

was accumulated from wastewater treatment plants. Due to the EU commitments, 

technologies for   waste reduction in landfills and/or storage sites as well as thermal and 

electrical energy generation are being introduced. The introduction of sewage sludge 

dewatering facilities is planned for the Klaipeda and Siauliai wastewater treatment 

plants. After digestion, the sludge is drained and dried, resulting in 10%   moisture content 

of dried sludge pellets. Comparing the amounts of sludge flow to digest and the dried sludge, 

the sludge volume after drying is reduced up to 27 times. (UAB, 2012)  

A centralized wastewater sludge management project is also proposed for the 

sludge generated in smaller regional wastewater treatment plants. The sludge will be 

thickened and transported to larger wastewater treatment plants in Klaipeda and Siauliai. To 
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construct new bioreactors for the sewage sludge produced in small wastewater treatment 

plants is considered to be economically inappropriate due to the small amounts of sludge. 

Moreover, the high moisture content, ~ 90%, reduces the efficiency of biogas generation from 

the waste if it is transported to already built or to- be- built biogas generating plants.  It is 

therefore proposed to instead reduce the waste water sludge transportation costs by 

thickening of the sludge by aerobic treatment and use it in existing biogas production 

processes after that.     

In Klaipeda and Siauliai wastewater treatment plants, the ongoing projects will make it 

possible to accept the old  sewage sludge and to use it after treatment for energy 

utilisation(UAB, 2012; AB Klaipėdos vanduo, 2012). In Klaipeda the old sewage sludge is 

intended to be introduced in the production process after the biogas generation step. The old 

wastewater treatment sludge, if introduced this way, would then be drained to 10% moisture 

content. In the planned Siauliai biogas plant, the introduction of old sludge is intended to be 

prior to the biogas generation step. Old sewage sludge or thickened sludge transported from 

smaller regional waste water treatment plants will be mixed with water and directed along 

with other sewage sludge to a digester.  

Pre- and post-digestion separation strategies  

For sorting of solid wastes, like for example the separation of ferrous metals out of crushed 

used wood, several material properties are used. The key separating parameters for waste 

sorting are density, form, magnetic susceptibility, electric conductivity and sensory 

measurable properties like color. The quality of sorting is affected by influences of several 

material characteristics. Most times these influences are negative and heavily lower the 

quality of sorting. Usually, the waste is crushed before sorting to reach better sorting results. 

However, it is not possible to eliminate all influences of particle size and form with the 

consequence that a perfect separation cannot be reached without additional crushing and/or 

screening machines.  

For determination of the separation efficiency of sorting methods some representative 

samples of the waste has to be taken. The samples are then sorted by hand and divided into 

different categories and the weights of the categories are specified.  

A waste sorting plant for anaerobic digestion could include the following steps: 

 Crusher 

 Drum screen 

 Air classifier 

 Magnetic separator for removal of ferrous metals 

 Eddy current separator for removal of non-ferrous metals 

 NIR(near infrared)-separator for removal of wood, plastic etc. 

 Pulper for removal of insoluble substances 

A crusher is used to lower the particle size of the delivered waste (see for example (Untha, 

2012)). This procedure is important to make a better sorting possible. The next step includes 

screening of the waste with a drum screener (see for example Danz GmbH(2012)). Here a lot 

of plastics, papers and other area extensive materials are separated from the waste stream. 

The following air classifier removes other light materials. An air classifier allows a separation 

of dried solid materials according to their density, particle size and particle form (see for 
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example Haas (2012)).  Other non digestable materials are metals which have to be removed 

with a magnetic separator. An electromagnet is used to get rid of ferrous metals. For the non-

ferrous metals an eddy current separator has to be used since non-ferrous metals are not 

magnetic. In the eddy current separator magnetic alternating fields are induced in conductive 

materials with a voltage (see for example Thomas Net (2012)). Through this a current flow 

and an electromagnetic field are generated and thereby conductive materials can be 

separated out of the waste stream. Another process used to separate non-digestible materials 

is the near infrared separator. The NIR-separator has a special sensor which can identify 

materials like paper, board, wood, diapers and plastics. The identified materials are in most 

cases separated with air jets (see for example Comex group (2012)). The last step before the 

substrate can be guided into a biogas plant for anaerobic digestion is a pulper. Here the waste 

substrate is mixed with process water from the biogas plant to dilute the substrate. Parts that 

cannot be diluted like plastics, glass or stones are taken out of the process by floating or 

sinking separation. Besides the pre-treatment steps described above sanitation is also 

needed. 

The post treatment separation strategy is dependent on how the substrate was pre- treated. If 

it is pre-treated like described above and the content of toxic substances is below limiting 

values it is possible to use the digestion residue as liquid fertilizer or to make a solid fertilizer 

by aerobic composting. Sanitation before or after anaerobic digestion is mandatory to avoid 

hazardous substances on fields or even plagues caused by dangerous bacteria. If the fertilizer 

value of the residue is not high enough or there is no demand for fertilizers the residue can be 

combusted for heat and/or power production. 

To use waste for biogas production by anaerobic digestion without costly pre-treatments, a 

special reactor layout is necessary. Suitable layouts for such a process are shown in chapter 

2.4.6. It is important to point out that the digestion residue from anaerobic digestion of 

mixed waste is not usable as fertilizer because the hazardous content of the waste is diluted 

and metabolized. The only way to use this hazardous digestion residue is combustion for heat 

and/or power production. The residues from combustion (ashes, clinkers and dusts) might 

be used as building materials for dams or roads. Otherwise the combustion residues are 

deposited in closed mining plants or landfills.  

Strategies for utilization of digestate- implementation of different technologies 

In the REMOWE report O3.2.3.2 (Behrendt et al, 2011) detailed conclusions about possible 

digestion residue utilization for the project partner regions are presented. If a digestate is 

suitable to use as fertilizer depends mainly on the amounts of heavy metals. The heavy metal 

content has to be under international limits. In the laboratory tests done within the 

REMOWE project all substrates used gave digestion residues with heavy metal contents 

below the international limits, also the mixed waste substrate from North Savo, Finland. For 

all types of substrates a solid-liquid separation of the digestion residue should be done before 

using the digestate as fertilizer. The liquid part is the one which can be used directly as 

fertilizer while the solid part is composted or combusted as described above. Combustion is 

especially suitable for residues from municipal and residual waste. 

Another important parameter of the digestion residue is the residual gas potential. It gives 

information about the functionality of the digestion process and if the residual gas potential 

rises quickly, then something is malfunctioning in the process. The residual gas potential is 
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also a measure on possible emissions of harmful CH4 to the atmosphere and a loss of plant 

efficiency.  

Calorific tests have been performed on digestate from all the lab-scale tests to measure the 

energy potential of the leftover digestate and results can be found in Table 2.6. The values in 

Table  show that, depending on the substrate, the energy potential in the digestate is varying 

from 17 to 50% of the biogas energy. The heating values for digestate from the Estonian 

substrates have also been determined and can be found in chapter 3.1.6 of the REMOWE 

report 3.2.3.2 (Behrendt et al, 2011) but since no information about the annual substrate 

streams are available no results about the digestate total energy can be given. Another 

possibility would be the combination of digestate combustion and fertilizer use. Therefore, 

the heating value for the sole solid parts of the digestate has to be further analyzed.  

These results show that beside the obvious parameters every material needs special attention 

concerning residue utilization and related issues. 

 

Table 2.6: The table shows the energy content, from calorific tests, of digestate from lab- scale digestion of 
substrate from some of the partner regions. The energy content of the digestate is compared to the energy of the 
biogas produced in the digestion. (*) digestate = 85 % of substrate amount, oDM = organic dry mass (Behrendt et 
al, 2011) 

Parameter North Savo, 
Finland 

Western 
Lithuania 

County of 
Västmanland 
Sweden 

Ø methane production from lab-scale, (Nm3/tons oDM) 275.47 406.85 453.83 

annual substrate amount, (tons/yr) 20 000 606 894 14 000 

substrate’s oDM, (% fresh mass ) 31.78 18.43 26.02 

energy content CH4, (kWh/m3) 9.94 9.94 9.94 

annual energy from biogas, (MWh/yr) 17 403 163 242 16 432 

annual digestate amount (*),(tons/yr) 17 000 515 859 11 900 

digestate’s DM, (% fresh mass) 13.17 6.41 5.92 

heating value, (kWh/kg DM) 3.903 4.933 3.946 

annual energy from digestate, (MWh/yr) 8 738 452 331 2 780 

percentage digestate energy of biogas energy, (%) 50.2 36 17 
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Evaluation of an alternative residue utilization strategy including Hydrothermal 

Carbonization (HTC) 

 Hydrothermal carbonization is a thermochemical method that produces biological coal out 

of almost every biomass in only a few hours. Under the influence of a temperature of about 

200°C and a pressure of about 20 bars, in the course of an exothermal reaction, 

intermediates like humus, peat and brown coal are generated. This process is a copy of 

formation of natural coal but much faster. The nature needs millions of years for converting 

biomass to coal while the HTC method needs hours. 

The HTC is a renewable energy conversion process using biomass where the energy is usable 

in two ways. The first one is the generated process heat from the exothermal reaction and the 

second one is the coal produced. Depending on temperature, pressure and duration different 

types of coal can be produced (brown coal, coal or metallurgical coal). The HTC process can 

also be used for conditioning of biological residues. In particular biomass which is usually not 

usable for other biological process, like e.g. biogas production, can be used for this process. 

Some examples on currently not used biological materials are sharp leaved rush, straw or 

leaves from gardening. Another possible usage could be for biogas residue conditioning. HTC 

is also highly suitable to use for dry separated digestion residues, which enhances the 

productivity chain from agricultural substrates to biogas significantly. The carbon efficiency 

of digested biomass is only about 50% because a big part is released in the form of carbon 

dioxide. By a treatment of the digested sludges or digestion residues through HTC the carbon 

efficiency in view of climate protection can be increased significantly. 

Another important aspect besides the cascading of biomass streams is the fact, that the 

digestion residues can be sanitized in the HTC process. Also the content of harmful 

substances can be lowered in the HTC process.  

The Institute of Biotechnology and Environmental Engineering (IBU) of Ostfalia University 

of Applied Sciences is currently researching the HTC process. A particular attention lies on 

technical applications for the process. The IBU wants to understand the whole process in 

detail before constructing large scale HTC plants. Therefore small scale HTC applications are 

designed and manufactured to get the best possible understanding of the process. In the 

middle of 2015 conclusions for large scale HTC applications will be presented. Furthermore 

first long-term test runs of a HTC-Biogas system combination are operated. The targeted 

focus of these tests is proving the suitability of using HTC-wastewater in biogas processes 

regarding degradation, influence on kinetics and on substrate gas potentials. 

Several HTC tests have already been performed with paper and pulp waste from a Finnish 

paper plant. The pulp waste is wet which is a good condition for making bio coal. No extra 

water has to be added to the process.  Another aspect why e.g. paper and pulp waste is 

suitable for hydrothermal carbonization is the fact, that biogas production tests showed 

insufficient results. The waste has high contents of heavy digestible components like lignin 

which makes this waste unfeasible for anaerobic digestion. The residual amount of high 

energetic components of paper and pulp waste makes it to an excellent substrate for 

hydrothermal carbonization. First results from our tests are listed in Table . The determined 

heating values for the HTC bio coal are comparable with values for conventional coal. The 

suitability of HTC wastewater integration into biogas production applications will be 

assessed, too. 
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Table 2.7: The table shows the first results of tests using paper waste as substrate for hydrothermal carbonization. 

Parameter Paper Substrate Paper Coal (200°C) Paper Coal (220°C) 

Heating value, [MJ/kg] 20 24 27 

Energy content, [ %] 100 96 89 

Carbon content, [ %] 45 55 62 

 

2.4.5 Process integration 

Possible improvement of existing and new waste-to-energy systems also includes increasing 

the overall efficiency of the utilization of waste resources by integration of several processes. 

Wood and agriculture residues can be upgraded to solid biofuels by producing pellets from 

the raw biomass. The possibility to produce pellets from wood residues and residues from 

bioethanol production in a process integrated with an existing combined heat and power 

plant in the County of Västmanland has been studied (Song et al, 2011a; Song, 2012). The 

study shows that the total production cost can be reduced by the integration and more 

bioenergy products can be produced to replace fossil fuels elsewhere. 

2.4.6 New processes 

Sludge treatment 

With the aim to solve the problem of old sewage sludge basins, the wastewater treatment 

plant in Klaipeda is carrying out a feasibility study for measures to take to safely dispose the 

accumulated sludge or use it for energy utilisation. The different options that are considered 

include: 

 To securely cover the accumulated sludge and bury it using geo-synthetics. The 

surface solidification of the amassed sludge should be done by means of reinforcing 

fossil materials such as lime, cement dust and/or concrete, which would form a robust 

and secure storage surface. Soil would be poured over the reinforced sludge surface. 

 Anaerobic digestion and composting with other biological materials. 

 Composting and recycled fuels production. 

 Drying and gasification for energy and synthetic gases generation.    

 Drying and using the dried solids for generation of the thermal energy for the dryers. 

Biorefinery 

Processes with microbes as production organisms are often called biorefinery operations, 

especially if they are adding to or replacing petrochemical processes. As an equivalent to an 

oil refinery, a biorefinery can be used for manufacturing of environmentally friendly biofuels 

and combustible gases as well as industrial chemicals, plastic monomers, synthetic rubber 

etc. The scope of industrial biotechnology and microbiology is strongly broadening to new 

areas such as medicine and other products with relationally small volumes. By researching 

the processes of bacteria and microbes it is possible to discover new possibilities for 
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biotechnological production and gain production rates records. Biotechnology can utilize 

many sources of biomasses, such as different types of waste, in the production of heat, power, 

fuels and chemicals. Combined biotechnical use of biomasses enables local and even mobile 

energy utilization and furthermore produces logistical benefits, economical waste treatment, 

co-operatives, ecological city planning and other multiplied benefits. Also the biorefinery‘s 

water management can be renewed in order to remove toxic substances, minimize 

environmental impacts and produce pure, clean water. Examples of chemical products are 

butanediol and ethanol from butanediol fermentation and acetone, ethanol and butanol from 

acetone butanol fermentation by Clostridium acetobutylicum. Finnoflag Oy has developed a 

technology that converts waste materials into e.g. fuels, chemicals, plastic and rubber via low-

energy routes. The Finnoflag technology is based on the PMEU (Portable Microbe 

Enrichment Unit) which is a new innovative instrument for use in the microbe detection 

process and that is designed to create an optimal growth environment for microbes. This 

technology is described in (Hakalehto, 2012).  

Pyrolysis and a business model based on franchising principle 

Pyrolysis is refining raw materials with thermolysis in the absence of oxygen. When the raw 

material is heated in a non oxygen environment up to 500 °C, roughly 25 % water, 10 % 

carbon dioxide, 27 % energy rich fluids, 20 % coal and 18 % energy rich gases can be 

separated from the raw materials dry weight in slow pyrolysis. (Onnistamo Oy, 2011a) 

Energy rich gases can be utilized near the refining area for heat and power generation. About 

half of the energy in the gases is needed for maintaining the pyrolysis process a while the 

other half can be used for other purposes. Energy rich fluids, so called bio oils, are primarily 

used for replacing fossil oils. Coal from wood raw material can be used as soil amendment. 

Using wood coal as soil amendment is an old invention that has been launched for a new use.  

Pyrolysis methods using wood raw materials have mainly been divided into small cartridge 

retorts making grill coal and big gasification, bio-coal or biodiesel production plants. A new 

business model could be a franchise based model, offering an earning opportunity for small 

size entrepreneurs in refining wood based wastes with pyrolysis devises. A general business 

model has been designed by an entrepreneur, intending to apply it for pyrolysis. This 

business model could be valid also for other types of waste-to-energy processes. The Business 

plan’s customer segment consists of actors that handle wood based waste streams, such as: 

 Mechanical refiners of wood (by-product streams) 

 Biomass terminals (modifying energy wood) 

 New entrepreneurs 

Production rights’ buyer (the franchise businessman) gets the production facility and concept 

for her/his usage. The business idea is to refine combined heat, power, oil and coal from 

wood waste to the giver of production rights for payment according to the contract. The cost 

of joining includes the investment of equipment, training for usage and starting production. 

The entrepreneur doesn't have to worry about reselling the refined products, as the giver of 

the rights is committed to buy the products. The cost of joining can be fulfilled as onetime 

payment or with a leasing contract but the payback time is defined as solid 2-5 years 

according to the contract. 
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Benefits of this business model are: 

 Ready and functionality tested business concept 

 The entrepreneur does not have to worry about sales or marketing 

 Reselling of refined goods with a united brand 

 Profitability and reinvestment time can be accurately calculated 

 The entrepreneur does not have to worry about maintenance of the equipment and 

product development 

The business model may lead to various types of influences:  

 New business plan opportunities increase entrepreneurs and new businesses in 

industry, refining refined products, etc. 

 Refinement production is according to sustainable development. Products are just to 

replace fossil raw materials in energy utilization and for creation of dispersed CHP-

energy.  

 Wood wastes gain a considerably more effective and useful lifespan. 

 Increases the utilization of forest and hence increases the growth of biomass as a 

carbon sink. 

 Work and earning benefits in technology industry. 

 The production returns coal to the soil (carbon sink). Soil improvement coal increases 

production from farming and decreases the use of chemicals. 

 Emissions from transportation are reduced with more efficient transportation of raw 

materials. 

 The efficiency of energy utilization is increased because of refined raw materials. 

 Business chains produce income to its users. 

Actors are the franchise company, which takes responsibility of product development, resale 

and marketing of end products, as well as partners for creating a network. The business plan 

is suited for all international small businesses which refine wood or handle wood waste 

streams.  Refined products have international marketing potential. The franchising business 

model is internationally known. (Onnistamo Oy, 2011b) 

Dry digestion 

For fibrous and well-structured biowaste dry digestion could be a good option for biogas 

production. Several different configurations have been tested in Germany. Below some 

existing dry digestion applications in Germany are described. The tested plants are 

cooperating with the Ostfalia University of Applied Science Wolfenbüttel and data has been 

delivered by plant owners. Further, an evaluation of the dry digestion applications is 

presented and a suitable method for digestion of residual household waste is also suggested.  

Biogas plant I 

This biogas plant uses the plug flow principle. That means that a stirrer or mixer is used to 

carry the substrate along a longish, squared cement digester. The biogas plant is a dry 

digester under thermophilic conditions (~55°C). The substrate is a mixture of corn silage, 

whole crop silage and cracked rye flour. If available, potatoes and beets are used for biogas 

production as well. Figure  shows the structure of the biogas plant. 
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Figure 2.1: Plug-flow digester. Adapted from   (STRABAG, 2012). Used with permission.  

 

Biogas plant II 

Biogas plant II is fed with a substrate mixture consisting of corn silage, whole crop silage, and 

dry chicken dung. The digester is a tower shaped dry digester. The process temperature is 

under thermophilic conditions at 55°C. Some biogas plants of this type, shown in Figure 2.2, 

are operating with household waste.  

 

Figure 2.2: Flow chart of the DRANCO tower shaped digester (FNR, 2009).  Used with permission. 
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Biogas plant III (garage) 

This process, shown in Figure 2.3 and 2.4, operates between 38-42°C, under mesophilic 

conditions. Common substrates are biowaste and other organic wastes from the nearby 

region. The digesters are fed through gates on the front by a wheel loader. The effluent 

process water is collected and stored in a percolate storage tank. The percolate liquid is 

sprinkled over the substrate nn demand.  

 

 

Fgure 2.3: Flow chart of a garage digester (Cassebaum and Schumacher, 2012). Used with permission. 

 

 

Figure 2.4: Filling substrate into the garage digester with a wheel loader (Cassebaum and Schumacher, 2012). 
Used with permission. 
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Biogas plant IV (tower) 

This biogas plant is also a tower digester, see Figure 2.5. The process design is similar to the 

design presented in Figure 2.2, but the substrate is household waste from the nearby region. 

The process temperature is about 55°C. 

 

Figure 2.5: DRANCO-tower digester (Cassebaum and Schumacher, 2012). Used with permission. 

Biogas plant V 

This dry digesting biogas plant use biowaste from the nearby region as substrate. The plant is 

connected to a composting plant. The dry digester is operating at 54°C, under thermophilic 

conditions. The substrate is treated in a similar way as in plant I with spiral stirrers carrying 

the substrate through two tube- like steel digesters. The plant is illustrated in Figure 2.6. 

 

Figure 2.6: Flowchart of the KOMPOGAS plug flow digester (Cassebaum and Schumacher, 2012). Used with 
permission. 
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Evaluation of dry digestion applications 

Some initial tests and analysis of the above described dry digestion biogas plants indicates 

that the efficiency of the plants is influenced by the design and seasonal variations of the 

biowaste used as substrate. Also the operation has an influence. For example plant II and 

plant IV are both using the tower digestion method but they are fed in different ways where 

plant II is fed constantly every day while plant IV is only fed on weekdays and not on 

weekends. When a biogas plant is not fed, there is in most cases not necessary to extract 

digester material or digestion residues from the digester and the substrate can be better 

utilized.  

Garage digesters have shown comparatively low efficiencies which can be explained by an 

insufficient stirring or an insufficient circulation of percolation liquid. Also the necessity to 

open the garage digesters causes biogas losses and decreases the plant efficiency. A garage 

digester can be seen as an up scaled batch test reactor but leak tightness and easy mixing are 

almost impossible to realize. Nevertheless it is of interest to operate pilot test systems to 

perform further system application tests. Therefore the Institute of Biotechnology and 

Environmental Engineering (IBU) of Ostfalia University of Applied Sciences has developed 

two pilot scale dry digestion test systems in advanced laboratory scale (approx. 150 kg of 

digester load), one following the garage principle and the second following the plug-flow 

digester principle. Both systems are operating well and will be used for up-scaling tests for 

waste-to-energy implementation. 

Estimation of usability of household waste in anaerobic dry digesters 

Household waste or residual waste is in comparison to typical biogas substrates like 

renewable materials, cow manure or poultry dung much heavier to treat for anaerobic 

digestion. The components of household waste are varying a lot and different fractions 

(major components: glass, wood, metal and organic residues) can vary trough seasonal and 

regional variations. 

Some projects of the past have shown that in principle household waste is a possible 

substrate for wet digestion but an extensive pre-treatment is highly recommended. A lot of 

disturbing materials can disturb or damage the whole process. For example textiles, papers 

or cardboard can be wrapped around the stirring devices. Another important point is the 

hazard potential of components like cullet, metal parts, screws or nails. Heavy parts are 

sinking to the reactor bottom and form a sinking layer, while light parts are floating to the top 

of the reactor and form a floating layer. These layers are creating dead zones where no 

substrate is converted to biogas and the efficiency of the whole reactor volume is decreasing. 

Figure  shows disturbing materials like papers, plastics etc. wrapped around a stirring device 

hindering sufficient mixing. 



 

25 
 

 

Figure 2.7: Continuous stirring device after process abortion (Photo by Ostfalia University of Applied Science) 

Figure 2.8 shows several materials which were sieved out of the bottom layer of a lab-scale 

reactor. This type of material can destroy reactor devices or inhibit the process through dead 

zones. In up-scaled biogas plants these materials have an even higher importance because 

pumps and pipes can be damaged or destroyed.  

 

Figure 2.8: Cleaned disturbing materials after process abortion. (Photo by Ostfalia University of Applied Science) 
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The pre-sorting, before laboratory tests carried out within the REMOWE project, was done 

by hand, a sorting method that is not economical for full scale biogas plants. Every sorting 

procedure removes organic parts from the substrate and lowers the theoretical methane 

potential but still it has to be done to prevent damages. 

The dry digestion process could offer some options to digest household waste in biogas plants 

continuously, because the assembly of reactors can be designed to avoid substrate specific 

problems. Some existing reactors are designed to be operated without mechanical stirring 

devices and guarantee a good mixing of the substrate through the force of gravity. If a pump 

is necessary for transportation of feed or substrate it is crucial to use very robust units 

because household waste is a very inhomogeneous and ductile mass. Another important 

thing is that without sorting of the household waste some toxic and inhibiting ingredients can 

enter the reactor and disrupt the whole process of biogas production. Through carelessness 

toxics like colors/paint, battery acid, heavy metals or pesticides can disturb even in low 

concentrations. Regeneration of the microbiology inside the digester can take several weeks 

and endanger the cost effectiveness of the plant. 

The Institute of Biotechnology and Environmental Engineering (IBU) of Ostfalia University 

of Applied Sciences is currently developing prototypes for anaerobic dry digestion in 

laboratory scale (Figure 2.9 and 2.10). A digester of the garage type is chosen and a well 

working percolate circulation will be important. The digester will be operated in batch tests 

where the reactor will be loaded once and the percolate will be circulated constantly to 

guarantee a sufficient contact between microorganisms and substrate. Once the reactor is 

ready, it will be possible to analyze almost every substrate for biogas production, even 

residual household waste containing disturbing materials. This will make a comparison 

between large scale garage biogas plants and lab scale garage digesters possible. Today no 

laboratory scale reactors are available for comparison with large scale garage reactors.  

 

Figure 2.9: Lab scale garage digestion system. (Photo by Ostfalia University of Applied Science) 
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Figure 2.10: 3D drawing of garage digester (Ostfalia University of Applied Science, 2012). Used with permission. 

 

Feasibility of garage digester 

The garage digestion method has obviously the advantage that an extensive pre-treatment of 

substrate is not necessary. No pumps or stirrers are involved which can be destroyed by 

disturbing materials. However, the efficiency of garage digesters is low compared to other 

digestion methods. This is caused by the lack of effective substrate mixing. 

At this point it is assumed, that the potential of garage digesters is much higher than in the 

reviewed plant but the efficiency has to be improved. The feeding and digestion residue 

removal cause the low efficiency because a substantial amount of biogas is lost during 

opening and closing the plant. Also, low efficiency of CHP and the use of conventional fuels 

for wheel loaders are lowering the eco-balance and the total efficiency of the plant. More 

research work is needed for improvement of this digestion method. 

Choice of a suitable method for digesting household waste 

It is not possible to point out one specific suitable method for digesting. Only tendencies 

about methods which are right now the most adequate can be made. Five different biogas 

plants have been analyzed concerning their usability to digest household waste. The Tower-

digester has been chosen as the most suitable method for anaerobic digestion of household 

waste. Among the reviewed plants the Dranco-tower digester showed the best efficiency 

relating to the biogas potential with a gap of 5% to the next plant.  Based on the fact that the 

Dranco-tower digester is already operating with substrate similar to household waste it 

should be no problem to operate the plant with household waste. The plant design is robust 

enough to handle substrates like household waste with fractions of disturbing materials. 

Stirring devices cannot be damaged because the mixing in the reactor volume is done with 

the force of gravity. The applied pumps are powerful and very resistant to disturbances. 

3. Regional systems  

To evaluate possible future systems the whole regional energy system with different possible 

conversion processes and including different wastes as energy resources can be modeled. An 
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optimizing model has been suggested, based on the result of the state-of-the art report and 

current status reports. The conversion processes identified to be of interest are biogas 

production plant, waste water treatment plant with biogas production, landfill with biogas 

recovery, up –grading of biogas for transportation purposes, combined heat and power 

(CHP) plant with combustion of waste/biofuels and steam turbine, heating plants using 

biofuels/ forest residues, plant for production of solid biofuels/pellets, ethanol production 

plant, integrated CHP and ethanol plant, gasification plant, diesel production plant. The 

system is illustrated in Figure 3.1. Examples of parameters of interest to optimize are the 

economy for the system, the CO2 emissions and the possibility to reach a fossil fuel free 

energy system. 

An analysis of the County of Västmanland (Song et al, 2011b; Song et al, 2012a, Song 2012) 

shows that it is possible to achieve  a regional fossil fuel-free energy system by constructing 

new waste- to-energy  plants for production of bioethanol and biogas, planting more energy 

crops for biodiesel production and upgrading current  waste-to -energy power plants. 

Furthermore, the fossil-origin CO2 emissions are reduced with 30 to 90 % in the different 

scenarios investigated. However, these results depend on two assumptions: 1. the present 

rate of import of non-fossil based power continues until 2030; 2. the demand of fuel gas is 

after 2020 covered, besides by gas from the expansion of biogas production from livestock 

waste, household waste and waste water, by gas from other renewable sources (e.g. biomass 

gasification).  

As can be seen in Table 2.2, in the County of Västmanland, Sweden there exists today a 

system for separate collection of the biowaste from households, digestion of the fraction 

together with ley crop silage from regional farmers to produce biogas and use of the digestate 

from the digestion process as fertilizer at farmland. Comparing the conditions in the County 
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Figure 1. The figure illustrate a dynamic regional energy system model. Dashed lines mean possible plants in the 
future. 
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of Västmanland with the conditions in the other project partner regions the following 

conclusions can be drawn concerning the development of a waste- to-energy conversion 

process strategy including biogas production with utilization of the digestate. 

3.1.1 Estonia 

According to the REMOWE report O3.2.3.3 (Behrendt et al, 2012) the municipal waste in 

Estonia is composed of 9 different components. Some of them can be summarized in groups 

because the treatment and usability are similar. For most countries it is possible to classify 

the wastes into 4 to 5 different categories. For Estonia kitchen waste, garden waste, mixed 

organic waste, livestock breeding waste, waste from food industry, agricultural waste and 

sewage sludge can be summarized in one group: organic wastes. The second group can be 

declared as the recycling group. From paper and paperboard, wood, electric waste and 

plastics reusable materials can be recovered. After recycling, this waste can be used for power 

and/or heat production by combustion. Waste for combustion is the third group which 

contains some types of hazardous wastes, electrical waste, wood, paper and paperboard and 

possible digestion residues from future biogas production. Some types of wastes like low 

calorific wastes, metals or hazardous wastes are not usable for combustion and have to be 

disposed separately. The residual household waste is another interesting part. Depending on 

the method of using residual waste for energy utilization the pre- and post-treatment can be 

different as described in Chapter 2.4.4. 

Figure 1 shows a general waste to energy model for waste-to-energy conversion. Depending 

on the available waste streams the necessity of biogas plants, recycling plants or combustion 

plants may vary. For the Estonian waste streams it seems to be suitable to use the organic 

waste fraction for biogas production, to use recycling plants for paper, plastics and other 

recyclable wastes and to combust the third fraction for power and/or heat production. The 

digestion residue from biogas production can be used as fertilizer on demand or combusted 

for power and/or heat production. 

3.1.2 North Savo, Finland 

According to REMOWE report O3.2.3.3 (Behrendt et al, 2012) the municipal waste in North 

Savo, Finland is composed of 12 different components. These components can be classified to 

four different categories; organic waste, recyclable waste, combustible waste and other waste. 

A fifth class could be organic waste for composting, but by composting usual no energy is 

utilized, so the composting can be considered as a part of the treatment of residuals from 

organic waste utilization e.g. composting of digestion residues from biogas plants. 

The organic waste contains kitchen and canteen wastes, edible oil and fat, garden waste, 

wastewater sludge, hay silage, residues from food industry and pulp from paper industry. 

These wastes are suitable for biogas production through anaerobic digestion. To the class of 

recyclable waste belong wastes containing materials worth recovering. Recyclable wastes are: 

paper and board, packaging, metal and plastic waste. As much as possible of these wastes 

should be recycled and the residues can then be included to the third group: combustible 

waste. In North Savo, Finland a large amount of wood waste is available that can be 

combusted for power and/or heat production. A possibility is to produce wood pellets that 

can be used in high efficient wood-pellet heating systems. The other wastes like plastics, 
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packaging waste, garden waste, or hay silages can be combusted as well but this requires an 

appropriate exhaust gas treatment. Also the residues from recycling steps can be combusted.  

Relating to Figure 1 and the waste-to-energy conversion paths described there it seems 

suitable to use the North Savo waste streams in the following way: to use the organic fraction 

for biogas production, to use recycling plants for paper, plastics and other recyclable wastes. 

Combustion of waste could be very interesting in the North Savo region, because almost 50% 

of the incoming wastes are wood waste. There is also a big potential for wood-pellet heating. 

All those waste fractions from which it is impossible to utilize material or energy in other 

forms could be combusted. The digestion residue from biogas production can be used as 

fertilizer on demand or combusted for power and/or heat production. 

3.1.3 Western Lithuania 

According to the REMOWE report O3.2.3.3 (Behrendt et al, 2012) the municipal waste in 

western Lithuania is composed of 7 different components. These components can be 

classified into the four categories organic waste, recyclable waste, combustible waste and 

other waste. Just as for the North Savo region a fifth class of waste for composting could be 

possible. 

The organic waste class contains wastewater sludge, livestock farming residues (from cattle 

farming, pig farms, sheep and goat farming, horse farming and poultry), residues from 

bioethanol production, food residues from restaurants, and wood waste. These wastes, except 

wood waste, are suitable for biogas production through anaerobic digestion. Sorting and 

recycling of waste is still not well developed in western Lithuania. The household and 

industrial waste is collected and transported to landfills, where the waste is currently not 

further processed. For utilization of the waste for recycling and energy purposes a separation 

of waste types is required. The wooden waste can be used for wood-pellet heating. Also the 

unsorted household waste and industrial waste could be combusted for power and/or heat 

production. An even better option would be to sort and recycle the recyclable parts of 

household and industrial wastes before combustion.  

Relating to Figure 1 and the waste-to-energy conversion paths described there the western 

Lithuanian waste streams would fit well into a waste to energy concept including biogas 

production, since the large amounts of organic wastes are suitable for anaerobic digestion. 

For efficient recycling a separation system for residual household waste and industrial waste 

is necessary. If a good separation system is established the 4-5 waste fractions can be treated 

properly. Organic waste can be used for anaerobic digestion and the residues used for as 

fertilizer, materials can be extracted from recyclable wastes, and high caloric waste, 

remaining after recycling, can be combusted.  

3.1.4 Lower Silesia, Poland 

According to the REMOWE report O3.2.3.3 (Behrendt et al, 2012) the municipal waste in 

Lower Silesia, Poland is composed of 9 different components (paper, glass, plastics, metals, 

textiles, hazardous waste, bulky waste, biodegradable waste and electronics). These 

components can be classified into the four categories organic waste, recyclable waste, 

combustible waste and other waste and a possible fifth class including organic waste for 

composting. 
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The Polish municipal waste is classified into some other waste fractions including the 

following fractions of interest for waste-to-energy conversion: sewage sludge, industrial 

waste and non hazardous industrial waste. 

The organic waste fraction contains sewage sludge, industrial waste and non hazardous 

industrial waste like wood, vegetable waste, fat, animal waste and several sorts of sludge. 

These wastes, except wood waste, are suitable for biogas production by anaerobic digestion. A 

not negligible amount of waste is still land filled.  With a good sorting strategy for households 

and industries the landfilled amount could be reduced. For utilization of the waste for energy 

purposes a separation of the waste into the different categories is required. Energy utilization 

of waste by combustion is already used in Poland is. High caloric waste fractions are burned 

as refused derived fuel (RDF). The waste types like paper, plastics, textiles, wood, cardboard, 

rubber, paint waste, hazardous, and bulky waste can be used for energy utilization by 

combustion after recycling. Also the unsorted household waste and industrial waste could be 

combusted for energy utilization instead of being land filled. An even better option would be 

to sort and recycle the recyclable parts of the household and industrial wastes before burning 

them. 

Relating to Figure 1 and the waste-to-energy conversion paths described there the waste 

streams in Lower Silesia fit well into a waste to energy concept including biogas production, 

because the large amounts of organic wastes are suitable for anaerobic digestion. In Poland it 

is also favored to use dry digestion for biogas production. With new methods it would be 

possible to digest the household waste directly without a costly pre-sorting. For efficient 

recycling a separation system for residual household waste and industrial waste is necessary. 

If a good separation system is established the 4-5 waste fractions can be treated properly. 

Organic waste can be used for anaerobic digestion and the residues used as fertilizer, 

materials can be extracted from recyclable wastes, the residual municipal mixed waste as well 

as high caloric refused derived fuel waste and wood can be used for energy utilization by 

combustion. Only a small amount of wastes like low calorific and hazardous wastes are 

remaining which are not usable to combust and have to be disposed separately. Existing 

mechanical biological treatment installations for mixed municipal waste, based on biological 

aerobic stabilization of the biodegradable fraction before landfilling, should be considered 

only as a transitional step in waste management, necessary at present to reduce the 

landfilling of untreated waste to fulfill requirements of the landfill directive. 

The digestion residue from biogas production can be used as fertilizer on demand or 

combusted for energy utilization. If mixed household waste is used for biogas production the 

digestion residue will probably not be suitable to be used as fertilizer.  

4. Scenarios 

The potential future waste-to-energy systems are not only dependent on available 

technologies for waste-to-energy conversion but also on the development within the waste 

and energy areas including also economic and political aspects. A method for waste-to-energy 

scenario analysis is illustrated in Figure 4.1. 
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Figure 4.1. Waste-to-energy scenario analysis (Song et al, 2012a) 

In Guziana et al (2011) an investigation of international, national, regional and local level 

policies and goals, as well as existing scenarios and reports of future trend development 

related to the waste-to-energy area was made and in Guziana et al (2012) a comparison of a 

region in Sweden and a region in Poland was made. An overview of policies and goals at EU, 

national and regional level, with relevance for the waste-to-energy area, for the County of 

Västmanland, Sweden and Lower Silesia, Poland is presented in Table 4.1. The investigations 

show a growing interest for waste prevention in waste management within the EU, and 

concerns about food losses and amounts of food waste at global and national levels. During 

past decades the waste amounts have steadily increased with economic growth but due to 

waste prevention actions a decoupling of the waste amount and economic growth is foreseen, 

which is illustrated in Figure 4.2. In Guziana et al (2011) an absolute decoupling from 2050 is 

suggested. Even though Sweden belongs to the world leaders in waste management, still the 

quantity of waste that is recycled can increase significantly. For example there is no recycling 

for textile waste from households and there is also a big potential for increased recovery and 

biological treatment of food waste from households, restaurants and shops. (Ambell et al, 

2010). Based on policies, goals and previous studies Guziana et al (2011) suggest five 

different scenarios for development of regional waste-to-energy systems for the studied 

region in Sweden: A fossil fuel free transport system in Sweden, based on biofuels; A fossil 

fuel free transport system in Sweden, based on biofuels, and a low amount of waste; A fossil 

fuel free transport system in Sweden, with a high proportion of electrical vehicles; A low 

carbon energy system in Europe; A low carbon energy system in Europe and a low amount of 

waste. 

In Song et al (2012b) different previous proposed scenarios for the development of energy 

demand and use and for the development of waste amounts are combined in a scenario 

analysis of waste-to-energy in Sweden 2010 to 2050. The analysis shows a contribution of 

waste-to-energy to the total energy supply from 6 to 47 % in 2050. The lowest contribution 

occurs for scenarios with low amounts of waste (yearly decrease of 1.5 % of wood and forest 

waste and yearly increase of 0.2, 0.6, 1.5 and 2.0 % for animal and vegetal wastes, agriculture 

straw, household waste and sludge, respectively) combined with energy scenarios with small  
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Table 4.1:  Overview of waste-to-energy related policies and goals at EU, national and regional level (Guziana et al, 

2012) 

Energy  Waste  

EU (international level) EU (international level) 

COM (2011) 112 ‘low-carbon roadmap’ 

COM(2011) 144 ‘transport roadmap’ 

COM (2011) 13 on the Thematic Strategy on the 
Prevention and Recycling of Waste 

Framework Waste Directive (1975, 2008) 

Energy Policy (2007) 20-20-20 goal Landfill Directive 

Poland (national level)  Poland (national level) 

Polish energy policy (2009) 

Renewable energy development plan (2001) 

Directions for agricultural biogas plants 
development in Poland in 2010-2020 (2010) 

National Waste Management Plan 214 (2010) 

Ban on landfilling of combustible waste separately 
collected (2011) 

Ban on landfilling of separately collected 
biodegradable waste (from January 1, 2013) 

landfill tax  

Lower Silesia (regional level)           Lower Silesia (regional level) 

 Regional Waste Management Plan (2008) 

Sweden (national level)  Sweden(national level) 

The Swedish climate and energy policy (2009) 

Biofuels strategy (2010) 

Ban on landfill of combustible waste (2002) 

Ban on landfill of organic material (2005) 

The Swedish waste policy (2005)  
The Swedish waste plan 2012-2017 (in progress) 

Environmental objectives  

 15. A Good built environment/ Waste 

Landfill tax (2000) 

Västmanland (regional level) Västmanland (regional level) 

Climate and energy strategy for the Västmanland 
County (2008) 

Fossil free Västmanland 2015 

VafabMiljö AB Waste plan for 2009-2012 

 

changes of the energy demand and an assumption on that 50 % of the energy demand in 

transportation is fulfilled with electric power. The highest contribution occurs for scenarios 

with high amount of waste (yearly increase of 5.8, 3.4, 2.1, 1.9, 1.9 and 0,6 % for household 

waste, sludge, animal and vegetal wastes, wood wastes, forest waste and agriculture straw, 

respectively) combined with energy scenarios with large decrease in energy demand. The 

potential for reduction of CO2 emissions by replacing fossil fuels with fuels derived from 

waste is from 3 to 29 % for the analysed scenarios. 
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Figure 4.2:  OECD country municipal waste generation, 1980-2030 compared to population growth and GDP 

(Gross domestic product) development (OECD, 2008). 

5. Conclusions 

The waste-to- energy systems planned for in the partner regions are based on mature and 

well-proven technologies for waste treatment, combustion and anaerobic digestion. However, 

there are opportunities to improve the efficiency of these processes. 

The potential future waste-to-energy systems in the partner regions include increased 

utilization of available waste resources. If the utilization in all partner regions would reach 

the same level as already exists in the County of Västmanland it would correspond to an 

increased energy supply of 3 TWh/year which corresponds to about 2.5 % of the total energy 

use in the partner regions year 2008. 

Possible processes for increasing the output of biogas from anaerobic digestion are 

ultrasound technology for the thickening of surplus waste water sludge and optimal mixing in 

the digester. 

Further waste-to-energy utilisation could also be possible to realise by further development 

and introduction of new processes and concepts.  Waste water sludge could be further 

utilized by gasification. Microbiological conversion of waste can be further developed to 

produce several different products, such as heat, power, fuels and chemicals, the 

development of so called biorefinery. An example in this development is the technology 

developed by Finnoflag Oy for the microbe detection process that can be used to create an 

optimal growth environment for microbes. For fibrous and well-structured biowaste, and also 

for residual household waste containing disturbing materials, dry digestion could be a good 

option for biogas production. The conclusion drawn from tests of five existing dry digestion 

processes is that the Tower-digester is the most suitable dry digestion method for household 

waste. Among the reviewed plants the Dranco-tower digester showed the best efficiency 

related to biogas potential. The garage digestion method is also of interest. It has the 
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advantage that an extensive pre- treatment of substrate is not necessary and no pumps or 

stirrers, which can be destroyed by disturbing materials, are involved. However, the 

efficiency of garage digesters is low compared to other digestion methods due to lack of 

effective substrate mixing. More research work is needed to improve the efficiency. Pyrolysis 

is also a possible process of interest for converting wood based waste into energy products 

such as gas, bio-oil and/or solid fuel/carbon. This has been identified as a process suitable for 

a new business model with a franchise based model, offering an earning opportunity for 

small size entrepreneurs. 

An important aspect for future biogas production in anaerobic processes is the possibility to 

use the residue. For digestion of solid waste pre-processing is necessary to be able to use the 

residue as fertilizer. Without pre-processing the residue could be combusted for energy 

utilisation. Considering the remaining energy potential of the digestate a possibility might be 

a combination of digestate combustion and fertilizer use. Hydrothermal carbonization, HTC, 

could also be of interest for treating digestate in order both to utilize the energy left after 

biogas production, by using the heat released during the process and the coal produced, but 

also for sanitation. This process could also be of interest for waste-to-energy conversion for 

waste which is usually not usable for biogas production, for example pulp and paper waste, 

straw and leaves from gardening. 

Possible development of waste-to-energy systems for the partner regions could be the 

following: 

 Estonia - biogas production using the organic waste, use of the digestate as fertilizer 

on demand or in combustion for power and heat production, recycling plants for 

paper, plastics and other recyclable wastes and combustion for power and heat 

production after recycling 

 County of North Savo, Finland- the same options as for Estonia are of interest. Added 

to this is the potential for power and heat production from large amounts of wood 

waste. Also pellet production from wood waste could be of interest. 

 Western Lithuania- the same system as mentioned for Finland is also of interest for 

western Lithuania. 

 Lower Silesia, Poland- also for Lower Silesia large amounts of organic wastes are 

suitable to use for biogas production in anaerobic digestion. Recovered derived fuel 

(RDF) is already used as fuel for power and heat production. There are also some 

attempts to involve combustion of residual mixed waste in 1-2 of the most densely 

populated areas. 

 County of Västmanland, Sweden- Here a system for separate collection of the 

biowaste from households, digestion of the fraction together with ley crop silage from 

regional farmers to produce biogas and use of the digestate from the digestion process 

as fertilizer at farmland already exists and a new power and heat plant using 

recovered derived fuels is under construction. Further waste-to-energy plants for 

production of bioethanol from straw and biogas from agricultural waste could be 

possible. 

In development of future waste-to-energy systems the decoupling of waste amount and 

economic growth, due to waste prevention and increased recycling, need to be considered. 

Further, policies and goals concerning fossil fuel free transportation systems and low carbon 

energy systems is of importance. The possible contribution of waste to the energy supply is 
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dependent on the assumed scenarios and varies a lot, with low contributions for scenarios 

combining low amounts of waste and small changes in energy demand and high 

contributions for scenarios combining high amounts of waste and large decrease in energy 

demand. 
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