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Abstract 
Developing and implementing renewable energy systems such as biogas from anaerobic digestion process (AD), based on national and 
regional biomass resources, will increase the security of the national energy supply and diminish dependency on imported fuels. For 
Estonia, the EU Directive for renewable energy targets has been set to 25% by 2020. Data about the municipal biodegradable waste 
produced in Estonia during 2002–2012 were collected. The subject of the analysis was different types of biodegradable waste from 
landfills, biodegradable waste from food production companies, sludge from waste treatment plants as well as waste from livestock farms, 
trade companies, gardens and parks in Estonia. The wastes volumes, qualities, and their energy potential were estimated. The GIS 
(geographic information systems) model was applied for the spatial planning of biogas stations in Estonia. 
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Nomenclature 
GIS Geographic Information System 
MSW  Municipal Solid Waste 

1. Introduction 

Anaerobic digestion is widely used as a renewable energy source because the process produces methane and carbon dioxide 
rich in biogas that is suitable for energy production, helping to replace fossil fuels. Suitable sources for the anaerobic 
degradation process are e.g. beet, potatoes, maize, straw, wood, animal waste (slurry, stomach/intestine content, fats), whey, 
flotation sludge, slops from fermentation, straw, garden wastes, grass, silage, fish and soya oils, evaporation condensation, 
alcohol, food remains and sewage sludge [1–12]. These materials can be received from the food industry, trade companies, 
pharmaceutical industry, slaughterhouses, harvest remains, farmyards, gardens, parks, wastewater treatment plants. 
Substrate composition is a major factor in determining the methane yield and methane production rates from the digestion of 
biomass.  

Today, most European countries are strongly dependent on fossil energy imports from regions rich in fossil fuel sources 
such as Russia and the Middle East. Developing and implementing renewable energy systems such as biogas from anaerobic 
digestion process (AD), based on national and regional biomass resources, will increase the security of the national energy 
supply and diminish dependency on imported fuels. The EU Directive for Renewable Energy has set targets for the rates of 
renewables in energy consumption as high as 25, 40 and 23% by 2020, for Estonia, Latvia and Lithuania-, respectively [13]. 
Biogas production from waste during the anaerobic digestion process is one way to decrease the biodegradable fraction in 
municipal waste and increase the share of renewables in total energy consumption. 

As far as sources of biogas are scattered, locating their anaerobic digestion facilities serves as a spatial planning 
challenge. For instance, to minimise transportation costs, biogas stations should be placed in the vicinity of sources. To 
provide a concrete solution for this strategy, we developed a GIS model, which proposes locations for biogas stations 
according to the locations of their sources. The model also concludes quantities of available sources as well as biogas 
production potential. 
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1.1. Study area 

To build up and test the model, we chose the whole of Estonia, populated by 1.3 million inhabitants, covering 45,000 km2, 
as the study area. While performing the analysis [14], Estonia had five small rural manure gas stations (Fig. 1). Three 
stations generated gas from industrial wastewater while four stations used urban wastewater. Finally, three stations 
produced gas from landfills. At the same time, several new small stations were in the planning or construction phase. The 
total annual production of biogas in 2013 was 16.6 mln m3 (prognosis). Of that amount 7.2 mln m3 was produced from 
manure and 6.5 mln m3 from landfills. In total, 82% of the produced gas was used for the co-generation of electricity and 
heat. None of the existing biogas stations supplied natural gas pipelines.  

 

Fig. 1. Study area, indicating locations of the existing biogas stations 

2. Material and methods 

We collected data about the municipal biodegradable waste produced in Estonia during 2002–2012. Data sources were 
taken from the Estonian Environment Information Centre, Estonian Statistical Office and the databases of Tallinn 
University of Technology. Among the acquired data, the most significant were: municipal, food production, trading, terrace 
and gardening wastes (including cemetery waste) from 4,694 sources (towns, villages and other sources); manure from 292 
farms; and 145 sources of wastewater sludge. During the anaerobic digestion process the organic waste from these sources 
may be converted to biogas. The method of statistical analysis using Mathcad 2001 Professional software was applied for 
the data analysis. 

Using ESRI® ArcMapTM 10.1, the input data were rasterised to pixels with the size of 1 km2 each. This generated GIS 
layers, indicating annual generated biogas potential in each Estonian km2 from each type of source. The model also 
considered the existing manure gas stations and their collection zones, which were assumed to be round circles, the station 
in the centre point,- and with the a radius of 5 km2. The existing collection zones were cut out from the map of biogas 
potential. Similarly, the model considered the existing other biogas stations and their sources as already occupied.  

To propose locations for future biogas stations, areas under water bodies, wetlands as well as protected areas were 
disregarded. Hence, proposed a work zone for the planning of new stations, outside of these unsuitable areas. For each of 
these work zone cells, the model calculated the amount of available biogas within the collection radius of 30 km. By 
combining this result with the map of Estonia`s 15 counties, the model drafted 15 stations to the locations that had the 
biggest amount of potential biogas within the collection radius. These draft stations, which failed to meet the annual 
threshold of 10mln m3 of gas, were left out from further analysis. Then, in order to avoid overlapping collection zones, only 
the draft stations with the greatest potential within the radius of 50 km were left in the analysis. 

By using the map of roads, the model calculated the friction distance from each gas source to the nearest station, whereby 
the friction value for road pixels was 1 while for the other pixels 3. In other words, transportation of 1km outside a road was 
assumed to be equal to transportation along the road of 3 km. The total transportation need for each gas-providing cell was 
calculated by multiplying the friction distance with the amount of potential gas. The efficiency of each station was 
calculated by dividing the total available potential gas within the collection radius with the transport volume.  
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The same GIS analysis was also repeated separately for manure, excluding other biogas sources. For manure gas stations, 
the annual threshold of available resource within the collection zone was set to 9 mln m3 of gas.  

3.  Results and discussion 

The average annual quantity of different types of biodegradable waste, their theoretical biogas potential and economically 
usable biogas quantity were estimated and presented in Table 1. The researchers [15] consider that only a certain percentage 
of waste is economically profitable to use for biogas production in Estonia. For the theoretical amount of biogas calculation, 
the average values of gas formation during the anaerobic digestion process were taken from existing research [6, 16]. As 
shown in Table 1, the theoretical biogas production was estimated as 521 mln m3 tons per year, but only 25% 
(130.4 mln m3) may be estimated as economical resource. 
Table 1. Theoretical potential of biogas production  
Type of waste Average quantity 

of waste 
(mln.tons/year) 

Theoretical biogas potential 
(mln.m3/year) 

Biogas, usable (%) Economically usable 
biogas quantity 
(mln.m3/year) 

Biomass from unused 
lands [17] 

2,069 280,411 20 56 

Manure(dry matter) 2,415 161,772 30 49 
Sludge( dry matter) 0,029 14,629 50 7 
Another biodegradable 
MSW/landfill gas 

0,090 9,017 80 7 

Agricultural waste are 
waste from horticulture, 
forest, hunting, and 
fishing 

0,225 21,972 30 7 

Biodegradable waste of 
food industry 

0,148 26,540 10 3 

Agricultural energy crops- 
maize 

0,027 5,050 20 1 

Terrace- and gardening 
waste 

0,007 1,237 20 0.3 

Biodegradable waste of 
trade 

0,009 0,699 10 0.1 

 Total 521,327  130,4 
 
The major potential sources for biogas production are biomass from unused lands, manure, sludge, agricultural waste and 

waste from food production. Gardening waste, sheep and trade companies can provide little biogas. Today, the main 
resource for biogas production in Estonia can be manure and sludge.  

A huge amount of biomass from unused lands can theoretically produce a huge amount of biogas [17]. All unused lands 
in Estonia were analysed, but in the GIS model they were not taken into account, as in spatial planning the main aspect is 
point sources of pollution.  

Of various kinds of domestic animals, cattle and pigs prevailed in the study area, while the number of cattle and pig 
farms; providing more than 0.5 mln m3 of potential manure gas was almost equal. One of the pig farms, however, hosted as 
many as 60,000 animals. Compared to pigs, cattle were more scattered to smaller herds. Livestock was more concentrated to 
central and south parts of the study area.  

Of other sources, food production, municipal waste and wastewater sludge appeared most significant, providing at least a 
couple of locations with biogas potential more than 0.5 mln m3. However, all the three largest suppliers of wastewater 
sludge were already in use for sludge gas production.  

The remaining analysed biogas sources did not provide any supplier with over 0.5 mln m3 of biogas potential. The largest 
supplier of gardening waste held 0.3 mln m3 of annual biogas potential while the largest amount from trade companies 
possessed 0.4 mln m3. However, scattered over the study area, all the considered suppliers provided a significant 
contribution to potential stations. Although the number of large potential suppliers, that annually provide over 0.5 mln m3 of 
biogas- was limited to ca 30, the total number of potential suppliers, was several thousands, spreading relatively evenly over 
the study area. The chosen preconditions for suitable land cover for biogas stations allowed such instalments in most of the 
study area (Fig. 2). The largest constraints were national parks.  
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Fig. 2. Landcover preconditions for biogas stations 

Within the defined collection radius, 30 km, five separate large zones peaked, each promising more than 16 mln m3 of 
biogas production (Fig. 3). These zones located (1) outside Tallinn to the south, (2) around Tamsalu in Lääne-Viru county, 
(3) east from Paide town in Järva county, (4) the northern part of Viljandi county between Võhma and lake Võrtsjärv, and 
(5) the Puurmani area in the southern border of Jõgeva county. However, as the potential collection areas of these five zones 
partly overlapped, the model proposed only three biogas stations: the first one near Kohila town, on the border between 
Harju and Rapla counties, the second in Tamsalu parish in Lääne-Viru County, and the third in Kolga-Jaani parish, Viljandi 
County. Each of these stations would have approximately 20 mln m3 of biogas sources annually around the collection zone. 
Outside these three collection zones, the model did not find any pixel having at least the threshold amount of potential 
biogas within 30 km. 

If solely considering manure as biogas source, the model proposed four stations. However, the annual biogas availability 
of each of these stations was between 10mln and 18 mln m3. While two of these stations (Tamsalu and Kolga-Jaani) were 
located in the same places when considering all sources, the other two places were new: near Käru on the border between 
Rapla and Järva counties, as well as Kullamaa parish, on the border between Lääne and Rapla counties.  

 

 
Fig. 3. Availability of potential biogas in collection radius 

All three stations would collect their organic material from various sources, predominantly from cattle and pig manure, 
food production and municipal waste (Fig. 4). Large sources, providing more than 0.5 mln m3 each, cannot feed more than 
half of the total provision. Hence, most of the sources were small and scattered in the collection zones. Most sources were 
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located between 20 and 35 km from the station. The collection efficiency of the proposed stations would be between 1.1 and 
1.4 m3 of biogas per t x km of raw material collection. The best efficiency was found for the Kolga-Jaani station in South 
Estonia.  

This article demonstrates a model to spatially plan biogas stations in the vicinity of available raw material. Also, the 
model aids to estimate the amount of available raw material. Yet, the presented approach, however, ignored other spatial 
planning factors such as natural gas pipelines for additional supply, the vicinity of consumers, workforce, other supporting 
infrastructure, etc. Moreover, the presented model version ignored several significant potential biogas sources such as wood, 
grass and landfills. The proposed parameters, such as collection radius and the required threshold of available raw material 
require further analysis. However, all these shortcomings could be overcome with just some extension and specification of 
the presented concept.  

As biogas sources in Estonia are scattered, the collection is challenging. To collect annually 20 mln m3, more than 50 
single sources should be involved in the collection system within a radius of 30 km of a well-located station. This requires 
smart logistical solutions as well as a complicated set of agreements with providers. An alternative approach, however, 
would be the continuation of the business-as-usual with small stations, based on a single or just few suppliers. 

The largest potential source is manure, and a particular prominent potential supplier is Viiratsi pig farm in Viljandi 
County. Correspondingly, the model predicts that the biggest potential biogas production rate as well as the best efficiency 
would be close to that pig farm, in Kolga-Jaani parish.  

 

 
Fig. 4. Biogas collection distance for proposed stations and single sources exceeding 0.5mln m3 of potential annual biogas production 

4.  Conclusion  

Estonia has enough organic waste for energy production. The major potential sources are biomass from unused lands, 
manure, wastes of food production, agricultural waste and sludge. Gardening waste, sheep and trade companies can produce 
small amount of biogas. Today, the main resource for biogas production in Estonia is manure and sludge. 

The GIS model was applied for the spatial planning of biogas stations in Estonia. This model suggests the locations of 
biogas stations according to the locations of their sources.  

The biogas sources in Estonia are scattered and the waste collection system requires logistical solutions as well as 
complicated set of agreements with providers. An alternative approach may be as a small biogas plant, based on a single or 
just a suppliers. 
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