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Abstract 

This report estimates the 
potential for biogas methanation 
plants based on a spatial 
analysis of the exist ing biogas 
producers. The analysis 
evaluates distances to electr icity 
and gas infrastructure, as well as 
local wind potentials. 
Furthermore, each location is 
evaluated in terms of existing 
gas injection, distance to district  
heating and to CNG stations. 

The results show that the total 
theoretical production potential 
of e-methane from biogas is 
around 6,666 GWh/year. From 
this potential around half  of the 
locations are suitable for biogas 
methanation. The report also 
shows that this conclusion, is 
highly sensit ive to the criteria 
used, if  longer distances to gas 
and electricity networks is 
allowed, then the share 
increases.  

 
This report is prepared as a part  
of Task 6.3 in EUDP Biocat Roslev 
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1 INTRODUCTION 
In recent long-term national energy plans [1–3], power-to-gas technology is seen 
as a key technology for reaching the 100% renewable energy system. W ith 
increasing amounts of  f luctuating renewable electr ic ity production, l ike wind and 
solar power, it  becomes necessary to use the technologies that can exploit  the 
excess electr ic ity product ion. Some technologies use electr icity direct ly (electr ic 
vehicles) whi le others convert the electr ic ity to other types of  energy (heat pumps). 
In general,  these examples are more energy eff icient technologies than power-to-
gas technology, however by using power-to-gas technologies it  is possible to 
generate green gases that can be used for decarbonising gas network and to 
generate fuels for heavy industry and transport ,  where conversion to direct use of 
electr ic ity is not possible.  

Several types of  power-to-gas technologies exists, both f rom numerous carbon 
sources to several dif ferent electrolyser technologies. This report takes a point of 
the departure in the recent report  [4],  and quantif ies the total potential of  biogas 
methanat ion and geo-spatially evaluates the exist ing biogas plants in terms of 
dif ferent cr iter ia. The aim of  this report,  is to make a broad analysis of  the biogas 
methanat ion potent ial based on current  inf rastructure and physical constraints, 
without going into regulat ive barr iers or economic considerat ions.  

Addit ional ly, as to enhance the outreach and accessibi l i ty of this research, an 
ArcGIS Web Appl icat ion has been bui lt  up under Open Access agreement making 
use of  the current spatial data available at the moment of the study. The tool 
facil i tates the user to perform personal ized model l ing for the dif ferent biogas 
methanat ion potential facil i t ies responding to a set of  parameters required as 
inputs. These parameter inputs are the ones used as select ion criter ia in sect ion 
2.4 and can be modif ied in the appl icat ion by the user in order to obtain dif ferent 
analysis. A brief  descript ion of  the tool ’s accessibi l i ty and capabi l i t ies is presented 
in this report,  specif ical ly in sect ion 3.3.   

In 2019, the Danish TSO Energinet.dk publ ished an analysis of  dif ferent 
organizat ional models for power-to-gas plants ( including biogas methanat ion); 
offsite model, onsite model and the upstream model [5] .  Each model dif fers in the 
way the plants are connected to the electr ic ity grid, and thus have dif ferent 
possibil i t ies.  

In the of fsite model al l e lectr ic ity is bought f rom the national electr ic ity grid, which 
gives the benef it  that the renewable energy production does not need to be placed 
near the biogas methanation plant. However, the of fsite model has a high sensit ivity 
to the tarif f  and tax structures, and it  can be hard to document how much of  the 
electr ic ity, consumed in the electrolyser comes f rom renewable energy sources 
(RES). Moreover, i t  is dif f icult  to guarantee the renewable product due to the 
electr ic ity mix in the grid, however, this can be solved by power purchasing 
agreements (PPA) with producers, that then guarantee the renewable electr ic ity.  
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The second model is the onsite model, where the electrolysis is placed behind the 
meter, and can use electr ic ity f rom local RES when available, and the nat ional 
electr ic ity grid in the rest of  the hours. The main benef it  of this model,  is that it  is 
possible to save the grid tarif fs for part  of  the production, reducing the need for 
bui lding large electr icity inf rastructures. Furthermore, with the onsite model, i t  is 
easier for the owner to documents the RES share of  the production. The weakness 
of  this model is that it  is more restr icted in terms of potential locations, as the 
methanat ion plants must be close to RES production.  

The third model is the off-grid model, which is a var iat ion of  the onsite model, where 
the biogas methanat ion unit  is not connected to nat ional electr ic ity grid. In this 
model, the benef it  is that it  is easy to document the RES share of  the product ion, 
but compared to the onsite model, the ut i l izat ion of  the electrolysis wi l l  be lower.  

I t  should be noted, that the calculat ions in the report are rather general and based 
on specif ic capacit ies of biogas methanation and renewable energy plants.  
However, the knowledge f rom the report is useful for designing a methodology that 
evaluates both the best locations and feasible biogas methanation plant s izes.  
Thus, in this report,  the following categories wi l l  be used:  

a) Far f rom electr ic ity and gas infrastructure 
b) Near electr ic ity and gas infrastructure 
c) Near electr ic ity and gas infrastructure and exist ing wind turbines 
d) Near electr icity and gas infrastructure and good locat ions for new wind 

turbines 

It  should be noted that the categories are exclusive of  each other, so a biogas 
source can only be in a single category. Using these categories is the next logical 
step in f inding suitable locations for biogas methanation plants in Denmark. Thus, 
the aim of  this report is to both quantify the potential plant sizes and gas output ,  
but also to evaluate how large a share of these plants is within each category .  This 
can be used as an indicator on where it  could be a good place to start the 
deployment of  biogas methanat ion plants.  

1.1 DELIMITATIONS 

Quantifying biogas methanat ion sizes and evaluat ing suitable locations can be done 
by various methods and detai l levels. Chapter 2 explains in detai l how the task has 
been solved in this report,  however it  is important to be aware of  the focus and 
del imitat ions, before proceeding with the analysis.  

This report only assesses exist ing biogas plants and not any potential new or 
planned biogas plants. Thus, it  should be noted that future potent ials for biogas 
methanat ion could be relevant in the long term, in addit ion to what is assessed in 
this report.  Another key part of  the report ,  is that it  focuses on a broad planning 
level,  examining spatial and technical l imitat ions, without going into any economic 
assessments. The analysis in this report  should be seen as an important f irst step 
towards making an economic feasibi l i ty study of  the potent ials.  Likewise,  the report 
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does not consider the operat ion of  the biogas methanat ion plans or examine e.g. 
the capacity avai labi l i ty in the var ious energy infrastructure. The focus is on annual 
product ion and capacity of  plants, evaluating distances to relevant inf rastructure 
and local renewable energy product ion. In the same way, the web appl icat ion 
responds to the inputs used for this report and therefore possess al ike l imitat ions.   
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2 METHODOLOGY AND DATA SOURCES 
This chapter introduces the setup of  the methodology and the data sources used in 
the report.  Furthermore, it  also explains the select ion cr i ter ia, as wel l as the 
sensit ivity analysis.  

2.1 METHODOLOGY 

This research methodology employs essential ly geospat ial  analysis performed 
using ArcGIS Desktop 10.6.1 f rom ESRI [Environmental Systems Research 
Inst itute],  which includes a r ich analyt ical toolbox and model l ing f ramework [6].  This 
tool wi l l  a l low the geographic identif icat ion of  potential locat ions meet ing certain 
parameters for the specif ic goals set by the study. Further, scripts were used in 
ArcGIS toolboxes using Python language for the automation of  processes and 
management of  geographic data.  

 

Figure 1 Methodology set-up f low chart 

 
Figure 1 schematizes the methodology employed for the development of  this report.  
As i l lustrated, several inputs were used, both f rom Danish exist ing infrastructure 
and extra useful avai lable databases to help determine primary processes 
throughout the f low.  
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In summary, the procedure starts with the Danish biogas plants ident if icat ion and 
capacity and production est imation based on each biogas plant annual biogas 
product ion. Later, a geospatial near  analysis tool al lows the est imation of  distance 
f rom biogas plants to exist ing infrastructure such as electr ic, gas and distr ict 
heating [DH] networks and compressed natural gas stat ions [CNG], l ikewise.  

Once the distances are measured and as the process cont inues, buffer  analysis 
tools contr ibute with the assessment of  exist ing and potential wind power on the 
specif ic region. The potent ial,  available in the zone for wind power deployments, is 
taken as an output af ter wind resources and land restr ict ions assessments and the 
calculat ions are made for an array of  rat ios ranging f rom 1 to 10 km. Sensit ivity 
analysis is then performed in order to assess the most relevant parameters to be 
included in the subsequent process which elaborates af ter this select ion criter ia.  

Biogas methanation prospect ive plants undergo an evaluation meet ing specif ic 
condit ions. This step assesses feasibil i ty based on the distance and avai labi l i ty of 
resources of  each specif ic potent ial biogas methanat ion plant. The feasibil i ty is 
then categorized under a four-category structure [a, b, c & d],  each category bui lds 
up af ter the previous one and this can be explained as follows: 

Categories: 

a) Far from electricity and gas infrastructure 
Biogas sources that  are far f rom electr ic ity and gas infrastructure. This 
represents a potential that at present would not be interest ing, unless the 
electr ic ity and gas infrastructure is expanded.  

b) Near electricity and gas infrastructure 
Distance to transmission networks is used as select ion criter ia. Both 
electr ic ity and gas.  

c) Near electricity and gas infrastructure and existing wind turbines 
Distance to transmission networks and exist ing wind turbines are used as 
select ion criter ia.  

d) Near electricity and gas infrastructure and good locations for new wind 
turbines  
Distance to transmission networks and areas with good wind condit ions are 
used as select ion cr i ter ia.  

2.2 DATA DESCRIPTION 

The following sections, describe the input data used to est imate the potent ial.  Al l 
data is obtained and geocoded at source.   

2.2.1 BIOGAS PRODUCERS  
Figure 2 shows a map of  the biogas producers in Denmark. The dataset is made by 
the Danish Energy Agency and was updated in September 2018 [7].  Amongst the 
most relevant attr ibutes of  the geospatial  database, for this study, are the type of 
biogas plant and its year ly biogas product ion respectively. Data includes 7 
industr ial plants, 89 agricultural,  28 waste disposal s ites and 51 waste water 
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treatment facil i t ies, in total 175 plants. Visually on a Danish national scale, the map 
shows both the type of  plants through a set of  colours; and annual biogas production 
plant s ize through the usage of  proport ional symbols. As seen on the map, 
agricultural biogas type of  sources not only represent the majority when it  comes 
to quantity; but stat ist ical ly, agricultural producers are accountable for circa 87% 
of  the total potential in Denmark (Table 1). Current ly, 36 of  the current biogas 
producers are connected to the exist ing natural gas network [8],  this wil l  be included 
as a secondary evaluation criter ia.  

 

 

Figure 2: Biogas producers by type and size 

 
In Table 1 the same data is shown in tabular form, where the number of  plants and 
the total annual biogas product ion is shown for the same type and size categories.  
As explained above, the agricultural plants have a major ity of  the product ion with 
14,816 TJ/year out of  the total 16,985 TJ/year, and also have the majority of 
producers with more than 50 TJ/year, besides 4 waste water treatment facil i t ies and 
1 industr ial plant.  Even though there are 28 of  waste disposal sites, this is the type 
with lowest product ion potential.  
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Table 1: Count and biogas production by type and size 

Size category All plants Industrial Agricultural Waste disposal Waste water treatment 

TJ/year Count TJ/year Count TJ/year Count TJ/year Count TJ/year Count TJ/year 

0-1 9 9 - - 2 2 4 4 3 3 

1-5 28 90 - - 3 10 16 47 9 33 

5-10 18 139 - - 4 30 5 37 9 72 

10-50 51 1,343 6 202 16 458 3 71 26 612 

50-100 20 1,515 - - 17 1,277 - - 3 238 

100-800 49 13,889 1 650 47 13,039 - - 1 200 

TOTAL 175 16,985 7 852 89 14,816 28 159 51 1,158 

 

2.2.2 DANISH INFRASTRUCTURE 
Geographic available documentat ion on the national f ramework is also needed. This 
sect ion includes the exist ing Danish infrastructure relevant for the analysis,  
including the following:  

• Electr ic ity transmission l ines above 50kV from FOT Denmark [9] 
• Natural gas (NG) transmission l ines est imated based on [10]  
• Natural gas (NG) and distr ict heating (DH) distr ibut ion networks f rom 

Plansystem.dk [11] 
• Exist ing wind turbines f rom the Danish Register of  Wind Turbines [12]  
• Compressed natural gas (CNG) stat ions f rom the map from CNG Europe [13]  

For a visual representat ion of  al l the infrastructure databases joined, an example 
for the Aarhus and neighbouring municipal it ies, is shown in Figure 3.  
 
Concerning infrastructure data attr ibutes, databases vary in terms of  content. 
Transmission l ine feature layer can be spotted in the map as doted purpl ish 
coloured l ines. These l ines are sect ioned and categorized by type of  transmission, 
status, power tension and t ime of  construct ion/start of  operat ions. Natural gas and 
distr ict heat ing distr ibut ion networks are polygon feature layers visualized as ocean 
blue and dark green coloured areas. Each of  these areas pose same attr ibutes since 
they were acquired from the same root database and f i l tered by type of  distr ibut ion 
network. Their attr ibutes include operat ions date, grid status, data source, date of 
distr ibut ion init iat ion. Similar ly, ownership and operat ing company ident if icat ion 
data are included.  
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Figure 3. Exist ing Danish infrastructure around Aarhus 

Exist ing wind turbines are extracted f rom the Danish Energy Agency master data 
register for wind power plants. Plants shown are above 6 kW and point attr ibutes 
include location, size and annual production. This dataset is updated every month 
in l ine with the network company’s reports.  CNG stat ions database denote a fair ly 
l imited content when compared to the previous detailed databases. I ts attr ibutes 
solely descr ibe stat ions locat ion and name, no technical detai l ing such as sizing is 
included.  

Overal l and as seen on the map, databases construct a strong national coverage, 
features f rom which biogas methanation potent ial plants can make use of  their 
specif ic geographic posit ioning. 

2.2.3 WIND MAP AND LAND RESTRICTION FOR NEW WIND TURBINES 

In relat ion to est imating the potential  for new wind turbines for the onsite renewable 
energy capacity, the f irst step is to use a wind resource map - see Figure 4. The 
wind resource map shows an est imate of  theoret ical wind energy potential  in 
kWh/year in 100 m height, for a m2 land area. From the map, it  is evident that the 
best potential areas for wind power is in the western coasts of  Denmark. The map 
wi l l  be used together with a cut-off  cr iter ion for minimum average kWh/year. The 
criter ion is presented in Sect ion 2.4.3, and further in the sensit ivity analysis of 
select ion criter ia in Section 2.5.  



13 

 

Figure 4. Danish wind resource map made by EMD International [14]   

Besides knowing the wind resource avai labi l i ty,  i t  is also required to know the land 
area avai lable for wind turbines. The Danish Wind Associat ion, est imates based on 
exper ience that the average land area needed for a single wind turbine is around 
5000 m2 [15]. This average wi l l  be used as the criter ia, in this report,  being wel l 
aware that it  is a simplif icat ion, as the land area depends on the specif icat ions of 
the wind park, such as size of  turbines and layout of  the wind park.  

Another important aspect when looking at possible new wind locations, is 
restr ict ions in land use both due to distance to towns, building l ines, conservation 
and nature protect ion. In terms of determining the distance to towns, an assessment  
made by The Danish Business Authority [16],  where only areas in a distance of  600 
m to bui ldings and 150 m to large infrastructure, is considered. In relat ion to nature 
protect ion and conservations areas, 12 dif ferent categories are used. The data is 
f rom The Danish Environment Portal [17],  which of fers national data on natural and 
environmental condit ions. The data includes, bui lding l ines to forest,  churches, 
lakes, streams, coasts, protected streams and nature types, conservat ion areas, 
game reserves and wet lands. Furthermore, the updated Natura 2000 bird and 
habitat areas f rom 2016 were used [18].  

Restr ict ing the wind resource areas in terms of  distance to bui ldings and nature 
protect ion, makes a considerable reduction in the available land area for wind. 
Without any restr ict ions the avai lable area is around 42,798 km2, and when only 
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select ing areas far from bui ldings this is reduced to around 1,601 km2. But when 
also introducing restr ict ions in terms of nature protect ion and conservation, the 
available area is reduced to 135 km2. Please, note that this represents the area 
before consider ing only good wind resources and distance to biogas methanat ion 
locations. Figure 5 is used as aiding visual tool for the presentat ion of  the wind 
potent ial restr ict ion described previously. In the map, the restr icted areas are 
summarized into two main ones, nature protect ion area and bui lt  up-areas. When 
al l restr ict ion inputs are analysed conjoint ly, the output wind potential polygon blue 
hash area shows the f inal delimited area.  

 

 

Figure 5. Wind potential restr ict ions around Aalborg 

2.3 ESTIMATION OF POWER TO GAS CAPACITY AND PRODUCTION 

The est imation of  biogas methanation capacity and product ion potent ial,  is made 
based the biogas avai lable (presented in Section 2.2.1), and assumes a 40% CO2 
and 60% CH4 share of  biogas. The data is based on an annual biogas production in 
TJ/year, which is converted to MWh by dividing with 0.0036. From this, the required 
hydrogen is est imated by mult ip lying the biogas product ion with a factor of  0.724 
which is based on the hydrogen divided by the biogas input in [4],  and the 
associated electr ic ity consumption for the electrolysis by dividing the hydrogen use 
with a 0.643 factor, which is based on the eff iciency of  the alkaline electrolysis in 
2020 [19].  The capacity of  the plants is est imated based on the biogas production 
in MWh divided with 7720 ful l- load hours, giving the capacity in MW. Final ly, the e-
methane product ion is est imated mult iplying the biogas production with a 1.413 
factor, which is based on the e-methane output divided by the biogas input in [4].   
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2.4 SELECTION CRITERIA 

As presented in the methodology f lowchart in Figure 1, an important part of the 
analysis is the cr iter ia used to dist inguish between the dif ferent categories. First , 
each cr iter ion is presented separately followed by a l ist  of  how these wi l l  be 
changed in the sensit ivity analysis. I t  should also be noted, that in the web 
applicat ion (Section 3.3) most of  the criter ia can be changed by the user.  

2.4.1 DISTANCE TO ELECTRICITY AND GAS TRANSMISSION LINES 
The distance to the electr icity and natural gas grids are two of  the main parameters 
in terms of  f inding suitable locat ions for biogas methanat ion. I t  is quite crucial that 
the biogas sources are not s ituated remote f rom the electr ic ity and gas 
infrastructure. Thus, a 2 km distance l imit  is applied to the electr ic ity transmission 
and the natural gas grids.  

2.4.2 EXISTING WIND CAPACITY 
The next select ion criter ion is to assess the avai lable exist ing wind capacity around 
each biogas producer. Here a buffer of 3 km radius around biogas plants is appl ied. 
In the PtX report [5], the example uses a f ict ional case of  20 MW electrolysis with 
75 MW local wind turbines and photovoltaics. This gives a rat io of  3.75 between 
electrolyser size and local RES. In this report,  a 3 rat io wi l l  be used as evaluation 
criter ia in the base scenar io. Furthermore, this report only considers wind turbines. 

2.4.3 POTENTIAL NEW WIND AREAS 
For the new wind potential,  a buf fer radius of  3 km around biogas plants is used, 
similar to the distance of  exist ing wind capacity. To assess the potential  for new 
wind turbines, a short evaluation is made of  the exist ing wind turbines in relat ion 
to the wind map. In the evaluation (Figure 6), the wind turbines above 1 MW 
selected and the mean kWh/year potential within a 1 km buffer around each turbine 
is evaluated. In Figure 7, the summary of the evaluat ion is presented as a graph 
f rom poorest to best  wind locations. Based on the graph, wind condit ions where 
new turbines are feasible wi l l  be determined as mean values above 4000 kWh/year 
or 4 MWh/year. 
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Figure 6: Wind resource map with exist ing wind turbines larger than 1 MW with 

buffer of 1 km 

 

 
Figure 7: Mean wind resource values for each 1 km buffer surrounding exist ing 

wind turbines above 1 MW. The f igure shows how many turbines are located in a 
certain wind speed. E.g. 300 turbines in 3800 kWh/year or less. 

2.4.4 SUMMARY OF BASE SCENARIO CRITERIA 

From the above, the criter ia values that wi l l  be used in the base scenar io are the 
following:  

- 2 km distance to electr icity and gas networks 
- 3 km distance to exist ing wind turbines 
- 3 rat io between biogas methanation capacity and required exist ing wind 

capacity 
- 3 km distance for new wind potent ial  
-  4 MWh/year for new wind potential  

I t  should be noted, that these are al l assumptions used for a general model, and in 
pract ise wi l l  vary f rom case to case. Hence, a sensit ivity analysis of  each criter ia 
is also carr ied out in Section 3.2.  
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2.4.5 DISTANCE TO DISTRICT HEATING AND CNG STATIONS 
As secondary cr iter ia, the distance to distr ict heat ing areas and to exist ing CNG 
stat ions are calculated. Furthermore, it  is evaluated if  the biogas producers already 
have an inject ion point to natural gas network. The distance to distr ict heat ing is 
carr ied out due to the synergies in ut i l izing the excess heat production f rom the 
biogas methanat ion process, while the distances to exist ing CNG stat ions are 
calculated because these are possible user of  the e-methane. These secondary 
criter ia are not deemed crucial in f inding the suitable locations for biogas 
methanat ion stat ions, but are posit ive features for a location, as they can contr ibute 
to the economic feasibil i ty of  the biogas methanat ion plant.  

2.5 SENSITIVITY ANALYSIS SELECTION CRITERIA CHANGES  

As most of  the criter ia presented in the base scenario are assumed, and not based 
on e.g. specif ic planning experience with biogas methanat ion plants. I t  is relevant 
to examine how the results change if  any of  these criter ia were more or less str ict,  
this is done in the sensit ivity analysis. Table 2 present the changes that wil l  be 
applied to each criter ion.  

Table 2: Select ion criter ia changes for the primary criter ia. Values for the base 
scenar io are shown in bold.  

Criteria Unit  Values 
Distance to elec. and gas networks km 1 2 3 4 5 
Distance to exist ing wind turbines km 1 2 3 5 10 

Requirement for wind capacity rat io 1 2 3 4  
Distance for new wind potent ial  km 1 3 3 5 10 

Requirement for new wind potential  MWh/year 3 4 5   

The distance to electr icity and gas infrastructure is set to 2 in the base scenar io, 
in the sensit ivity this is analysed f rom 1-5 km. For the distance to exist ing and new 
wind turbines the base scenar io used 3 km radius as a standard, however this is 
changed f rom 1-10 km in the sensit ivity analysis. The requirement of  a 3 rat io 
between biogas methanat ion and wind capacity is also changed from 1-4.  Finally, 
the last parameter is the wind speed for new wind potential,  as presented in Figure 
7, this could be both more or less str ict,  thus a change f rom 3-5 is analysed.  
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3 RESULTS OF THE MODELLING 
This chapter presents the results of  the modell ing, the chapter begins with the base 
scenar io and continues to the sensit ivity analysis.  Overview of  the categories is 
i l lustrated in Figure 8 for easier understanding of  the model l ing results. The 
discussion of  the results wi l l  be presented in Chapter 4. 

  
Figure 8. Overview of dif ferent categories model led 

3.1 BASE SCENARIO 

The results of  the base scenar io are i l lustrated in the map in Figure 9, and shows 
the dif ferent biogas sources in relat ion to the four categories. When summarizing, 
the output mapping yields that 104 biogas sources are in category [a],  and are thus 
too far f rom gas and electr ic ity inf rastructure. Further, 53 sources are in category 
[b],  only fulf i l l ing the distance to gas and electr ic ity inf rastructure requirement, 
while 16 are in category [c] (exist ing wind turbines avai lable) and only 2 in category 
[d] (potential new wind locations available). 
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Figure 9: Map of base scenar io result   
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Figure 10: Number of plants and share of  capacity in MW 

Figure 10 shows two pie charts of  the same base scenar io result ,  i l lustrat ing the 
dif ference between the number of  plants and the capacity. A focus on number of 
plants shows that 90% is in category [a] or [b],  whi le 10% is in category [c] or [d]. 
However, when consider ing the size of  the plants, the share for group [c] and [d] 
drops to around 1%. Furthermore, the share of  group [a] is also reduced to 51% 
and the share of  [b] is increased to 48%. This indicates that the plants in category 
[b] in general have a larger capacity than the other categories. 

Table 3 shows a more detailed overview of  the result ,  indicat ing both the categories, 
but also the type of  biogas source, as wel l as various production and consumpt ion 
data.  

Start ing f rom the bottom, category [d] shows that it  is only a single waste disposal 
and a single waste water treatment faci l i ty,  with a total production of  around 5.1 
GWh/year. Category [c] shows a product ion potent ial of  around 67.9 GWh/year and 
includes al l four plant types, with waste water treatment and agricultural being the 
largest. Category [b] is much larger with a product ion potent ial of  3,215.4 
GWh/year, with agriculture being the main plant type. Final ly,  category [a] shows a 
product ion potential of  3,378.3 GWh/year, also with agriculture being the main plant 
type. Furthermore, category [a] and [b] dif fer in terms of  the second largest plant 
types. In category [b] the second largest plant type are industr ial plants and in 
category [a] waste water treatment plants.  

Table 3: Summary of mapping results into category and type  

Criteria 
Number  

of 
plants 

Biogas 
[MWh/year] 

Electrolysis  
Capacity 

[MW] 

E-methane 
production 

[MWh/year] 

Hydrogen 
production 

[MWh/year] 

Electricity 
consumption 
[MWh/year] 

Category [a] 104 2,390,838 309.7 3,378,258 1,730,973 2,692,029 
Industrial 3 30,555 4.0 43,174 22,122 34,404 
Agricultural 55 2,093,337 271.2 2,957,884 1,515,579 2,357,043 
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Waste disposal 12 14,168 1.8 20,022 10,259 15,958 
Waste water treatment 34 252,778 32.7 357,178 183,013 284,624 
Category [b] 53 2,275,553 294.8 3,215,357 1,647,498 2,562,209 
Industrial 3 202,778 26.3 286,526 146,812 228,324 
Agricultural 30 2,007,497 260.0 2,836,593 1,453,427 2,260,386 
Waste disposal 9 22,223 2.9 31,401 16,089 25,022 
Waste water treatment 11 43,055 5.6 60,837 31,170 48,477 
Category [c] 16 48,056 6.2 67,906 34,793 54,112 
Industrial 1 3,333 0.4 4,710 2,413 3,753 
Agricultural 4 14,722 1.9 20,803 10,659 16,578 
Waste disposal 6 6,946 0.9 9,816 5,030 7,823 
Waste water treatment 5 23,055 3.0 32,577 16,691 25,958 
Category [d] 2 3,611 0.5 5,102 2,614 4,066 
Waste disposal 1 833 0.1 1,177 603 938 
Waste water treatment 1 2,778 0.4 3,925 2,011 3,128 

TOTAL  4,718,058 611.1 6,666,623 3,415,878 5,312,416 
 
Table 4 shows the number of  plants and e-methane production for the same result ,  
divided into three dif ferent size categories of  electrolyser capacity. The size 
categories are relevant because the size determines the economic feasibi l i ty of 
plants, and under the current frameworks, mainly larger plants are attract ive. In 
general,  the table shows that a majority of  the plants have a capacity less than 4 
MW with around 20% of  the total e-methane production potential.  Furthermore, the 
plants larger than 4 MW are only present in category [a] and [b],  whi le none are in 
category [c] and [d],  indicat ing that most of  the larger plants have a l imited local 
wind potential.  

Table 4: Summary of  mapping results into category, type and electrolyser capacity.  
 

< 4 MW 4-10 MW >10 MW  
Number 
of 
plants 

E-methane 
production 
[MWh/year] 

Number 
of 
plants 

E-methane 
production 
[MWh/year] 

Number 
of 
plants 

E-methane 
production 
[MWh/year] 

Category [a] 78 848,592 22 1,528,790 4 1,000,876 
Industrial 3 43,174 - - - - 
Agricultural 30 506,719 21 1,450,289 4 1,000,876 
Waste disposal 12 20,022 - - - - 
Waste water treat-
ment 

33 278,677 1 78,501 - - 

Category [b] 32 379,938 7 452,943 14 2,382,476 
Industrial 2 31,400 - - 1 255,126 
Agricultural 10 256,300 7 452,943 13 2,127,350 
Waste disposal 9 31,401 - - - - 
Waste water treat-
ment 

11 60,837 - - - - 

Category [c] 16 67,906 - - - - 
Industrial 1 4,710 - - - - 
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Agricultural 4 20,803 - - - - 
Waste disposal 6 9,816 - - - - 
Waste water treat-
ment 

5 32,577 - - - - 

Category [d] 2 5,102 - - - - 
Waste disposal 1 1,177 - - - - 
Waste water treat-
ment 

1 3,925 - - - - 

TOTAL 128 1,301,538 29 1,981,733 18 3,383,352 

As descr ibed in Section 2.4.5, the results are also compared to the secondary 
criter ia, distance to distr ict heating, distance to CNG stat ions and whether the plant  
already has gas inject ion point to the natural gas network. The latter is presented 
in Table 5, showing the plants with and without gas inject ion and by category. In 
total around 36 plants have gas inject ion,  and they are either in category [a] or [b]. 
But when examining the size of  the plants, in terms of  electrolysis capacity, the 
plants with gas inject ion have most capacity with 351.4 MW as opposed to 259.8 
MW without gas inject ion. I t  can also be observed that none of  the inject ion plants 
are in category [c] and [d],  and thus they are not close to neither exist ing nor 
potent ial wind turbines.   
Table 5: Number of plants based on where exist ing gas inject ion is instal led 

Injection Number of 
plants 

Electrolysis 
Capacity 

[MW] 

E-methane 
production 

[MWh/year] 
Yes 36 351.4 3,832,766 

a 20 186.6 2,035,117 
b 16 164.8 1,797,649 

No 139 259.8 2,833,857 
a 84 123.1 1,343,141 
b 37 130.0 1,417,708 
c 16 6.2 67,906 
d 2 0.5 5,102 

TOTAL 175 611.1 6,666,623 

The subsequent secondary evaluat ion cr iter ion is the distance to exist ing distr ict  
heating grids, which is shown in Table 6. The reason for this cr iter ion is the 
synergies of  excess heat product ion, f rom the biogas methanation plants that could 
be used in distr ict heating systems. The result  in this table shows that around 114 
plants are within 2 km distance to distr ict heating, out of  which 76 plants are less 
than 1 km to distr ict heating. This indicates, that there is a potential for connecting 
some of the biogas methanat ion plants to distr ict heating areas. Another point is 
that around 10 plants in category [c] and two plants in category [d],  are also close 
to distr ict heat ing areas, which is interest ing because these could be economical ly 
more attract ive locat ions, as opposed to locations without access to local wind and 
distr ict heat ing.  
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Table 6: Number of plants based on distance to distr ict heat ing (DH) 

Criteria Number of  
plants 

Electrolysis 
Capacity 

[MW] 

E-methane production 
[MWh/year] 

< 1 km to DH 76 196.0 2,137,553 
a 45 72.1 786,178 
b 25 120.4 1,313,696 
c 6 3.5 37,679 

< 2 km to DH 38 169.7 1,850,643 
a 21 93.6 1,020,505 
b 11 74.1 808,157 
c 4 1.5 16,879 
d 2 0.5 5,102 

< 5 km to DH 46 181.6 1,980,951 
a 27 85.0 927,481 
b 16 95.9 1,046,404 
c 3 0.6 7,066 

> 5 km to DH 15 63.9 697,476 
a 11 59.0 644,094 
b 1 4.3 47,100 
c 3 0.6 6,282 

TOTAL 175 611.1 6,666,623 

The f inal secondary criter ion is shown in Table 7, which is the distance to exist ing 
CNG fuel l ing stat ions. This cr iter ion, is interest ing due to the possibi l i ty of  using 
produced e-methane for transport,  rather than sel l ing it  to the natural  gas grid. 
However, as there are currently only 17 CNG fuell ing stat ions, this potent ial is at  
the present stage l imited. Only a single plant is within 2 km distance to CNG fuell ing 
stat ions, 10 plants are within 5 km distance and the rest are more than 5 km from 
CNG fuell ing stat ions.  

Table 7: Number of plants based on distance to CNG stat ions 

Criteria Number of 
plants 

Electrolysis 
[MW] 

E-methane production 
[MWh/year] 

< 2 km to DH 1 1.3 14,130 
b 1 1.3 14,130 

< 5 km to DH 10 35.7 389,360 
a 5 12.8 139,730 
b 3 20.7 226,079 
c 2 2.2 23,551 

> 5 km to DH 164 574.2 6,263,133 
a 99 296.9 3,238,528 
b 49 272.7 2,975,148 
c 14 4.1 44,355 
d 2 0.5 5,102 

TOTAL 175 611.1 6,666,623 
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3.1.1 LOCAL MAP OF THE BASE SCENARIO 

To i l lustrate the level of  detail of  the model, Figure 11 shows a map with an example 
f rom a local area, where all four categories are represented. 

 

Figure 11: Local example of the base scenario result  

In the lower r ight side of  the map, an example of  category [d] is present. This shows 
that the biogas source is both close to electr ic ity and gas network as wel l as local 
wind potent ial.  On the opposite side of  the map, in the top lef t corner, an example 
of  category [c] is present, with exist ing wind turbines,  electr icity and gas 
infrastructure close by. Category [b] is also present, which is only close to 
electr ic ity and gas infrastructure, while we see several category [a] plants, which 
are not close to electr icity and gas networks. 

3.2 SENSITIVITY ANALYSIS 

The base scenario is based on set of  select ion criter ia, where the cut-off  values 
can change under various circumstances, as the values are assumed based on 
est imates by the authors. Therefore, it  is important to show how sensit ive the 
results are if  the select ion cr iter ia had dif ferent cut-off  values, e.g. what if  the 
distance to electr ic ity and gas networks could be 3 km instead of  2 km. Thus, the 
sensit ivity analysis examines al l 5 main select ion cr iter ia:  distance to electr ic ity 
and gas grids, distance to exist ing wind turbines, rat io between electrolysis and 
wind capacity, and distance to potent ial wind resources and requirement for wind 
resources. 
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The f irst sensit ivity is the distance to electr ic ity and gas grids, this is shown in 
Figure 12. In the sensit ivity, the distance is changed f rom 1 km to 5 km, where in 
the base scenario the distance was 2 km. Reducing the distance to 1 km, 
signif icantly reduces the amount of  plants in category [b],  [c] and [d],  to less than 
25 f rom around 70 plants in the base scenar io. Increasing the distance shows a 
l inear tendency to 3 and 4 km, where it  seems to f latten out at 5 km. With a 3 km 
distance, around 100 plants are in category [b],  [c] and [d],  and at 4 km 129 plants 
are in the same categories. This indicates, that many of  the plants that in the base 
scenar io are considered far away f rom electr ic ity and gas network, are actual ly 
within 4-5 km of  networks and could in certain cases be considered. Thus, for larger 
plants the distance might not be an issue, and they could be in a more attract ive 
posit ion for biogas methanat ion than init ial ly expected.  

 
Figure 12: Number of plants in relat ion to the distance to electr icity and gas 

network (2 km is the base scenar io).  

The second sensit ivi ty analysis (Figure 13), shows the distance to exist ing wind 
turbines, where the base buffer distance was a 3 km radius around each biogas 
producer. As this sensit ivity does not inf luence the number of  plants in category 
[a],  this is not shown in the f igure, which wi l l  be the same in the rest of the 
sensit ivity analyses. The sensit ivity shows the buffer distance changed f rom 1-10 
km. Reducing the buffer distance, natural ly reduces the number of  plants in 
category [c],  where most ends up in category [b].  However, an interest ing point is 
that,  reducing the distance to 1 km adds a plant to category [d] from [c],  which is 
due to the requirement that if  exist ing wind is large enough, new wind wil l  not be 
examined. So, in this sensit ivity, when exist ing wind is reduced, the model f inds a 
potent ial for new wind in one of  the plants. Increasing the buf fer distance also has 
an inf luence on the potent ial,  where going to 5 km doubles the number of  plants 
and 10 km almost tr iples the number of  plants in category [c].  This result  is 
interest ing, as category [c] is a more attract ive scenar io, so if  i t  is possible to use 
local wind f rom these distances, the biogas methanation potential is signif icant ly 
larger. 



27 

 
Figure 13: Number of plants in relat ion to distance to exist ing wind turbines (3 km 

is the base scenar io) .  

When examining the exist ing wind potent ial,  i t  is  not only the radius where wind is 
applicable, but also the rat io used between electrolysis and wind capacity. A base 
value of  3 is used, as this is what is close to the assumptions in the power-to-x 
report [5].  However,  having a lower requirement could st i l l  be a possible opt ion. 
The sensit ivity of  this rat io is shown in Figure 14, and indicates that the inf luence 
is there, but it  is not as signif icant as the search radius. Reducing the rat io 
requirement to 2, increases the plants in category [c] to 21 and reducing the rat io 
to 1 increases the plants in [c] to 25. Increasing the requirement to a 4 rat io, 
reduces the number of  plants in category [c] to 14. As the base scenario has 16 
plants in category [c],  these changed cannot be deemed signif icant.  

 
Figure 14: Number of plants in relat ion to the rat io requirement between 

electrolysis capacity and exist ing wind capacity (a rat io of 3 is the base scenar io) .  

The last two sensit ivi t ies relate to the requirements for new wind potent ial,  and l ike 
the sensit ivity of  the exist ing wind turbines, the search radius for new wind turbines 
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is changed f rom 1 to 10 km. The output of  this sensit ivity is shown in Figure 15 and 
indicates that reducing the distance to 1 and 2 km, has no inf luence on the result ,  
while increasing the distance to 5 and 10 km, respectively adds 2 and 11 plants to 
category [d].  Thus, the potential could be larger for category [d],  than init ia l ly 
indicated in the base scenar io.  

 
Figure 15: Number of plants in relat ion to distance for new wind potential (3 km is 

the distance in the base scenario).  

Another aspect of  the potential for new wind turbines, is the wind resource 
requirement, which in the base scenario was set to be 4 MWh/year. In Figure 16 
this requirement is reduced to 3 MWh/year and increased to 5 MWh/year, s imi lar ly. 
Decreasing the requirement adds 4 plants to category [d],  which is signif icant in 
relat ion to the 2 plants in the base scenario;  however, increasing the requirement 
to 5 MWh/year removes al l plants f rom category [d].  This indicates that the plants 
in category [d] are very sensit ivity towards the realisat ion of  new wind turbines in 
the vic inity.  

 
Figure 16: Wind resource requirement for the new wind site (4 MWh/year is used 

in the base scenar io).  
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3.3 ARCGIS WEB APPLICATION TOOL 

The data used for the methodology described in 2.1 responding to geospatial 
character ist ics has been used as basis for the creation of  an onl ine mapping 
applicat ion – see Figure 17. Taking open access as the publ icat ion mechanism, the 
applicat ion is f reely available on the following website: http: / /energymaps.eu. As 
deemed, the user interface is tai lored in order to faci l i tate a self -scenar io 
development as to analyse the Biogas Methanat ion Sources included in this 
research. I t  is worth mentioning however, that the results of  the model l ing included 
in 3.1 correspond to a single outcome of  the model l ing for the given parameters 
descr ibed in the select ion criter ia, sect ion 2.4. The following l ines include a br ief 
descr ipt ion of  the appl icat ion’s functions and layers so to guide the user through 
its enabl ing, usage and disabl ing.   
 

1. The Biogas Methanation Sources  appl icat ion comprises the l isted functions:  
 

• Filter: Filter ing performs geospatial data ref ining for the plants according to 
data attr ibute select ion with the possibi l i ty of  varying parameters to perform 
specif ic scenar ios. The f i l ters bui ld on each other, meaning that they follow 
an automat ion as the user process the dif ferent f i l ters. The parameters go in 
the order as fol lows: 

 
-  Electrolyser capacity: Minimum capacity of  the plants in megawatts 

[MW] 
- Electr ic ity network distance: Maximum distance f rom plants to 

electr ic ity network in meters [m] 
- Natural gas network distance: Maximum distance f rom plants to natural 

gas network in meters [m] 
- Distr ict heating distance: Maximum distance f rom plants to distr ict  

heating network in meters [m] 
- Gas inject ion: Display plants al lowing plan inject ion 
- Plant type: Faci l i ty plan type 
- Region: Limits the display to facil i t ies within geo-polit ical regional 

boundaries 
- Municipal ity: Limits the display to faci l i t ies within geo-pol it ical 

municipal ity boundar ies 
 
 
 
 
 

• Summary: This tool performs accumulat ive records mechanical ly,  according 
to the map extend the user chooses. The summary includes the total yearly 
E-Methane product ion potential and their  respective electr ic ity demand for 
the number of  facil i t ies shown in the display. This tool requires no user 
interact ion but the desired zoom level.   

 

Function 
[ locat ion on display]  Enabl ing Usage Disabl ing 

Fi l ter  [Lef t  panel ]  

 
 

Parameters  
input   

http://energymaps.eu/
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• Wind capacity analysis:  By means of a buffer, the tool summarizes 
attr ibutes given a specif ic geographic boundary set by the user. The tool 
identif ies potential wind capacit ies laying within a specif ic distance range. 
This tool requires a facil i ty select ion by means of  either point,  l ine or area,  
and a buffer distance. The output f rom this tool is presented in the self -
opening tab which shows the summary of  the wind turbines counts and the 
total wind capacity set by the buf fer range. 

 
 
 
 
 
 

2. The Biogas Methanation Sources  appl icat ion has bui lt  in geospatial 
information layers. The applicat ion enables/disables the layers automatical ly 
according the zoom level operated by the user, however layers can be 
manually modif ied using the menu located next to the lef t panel - see image 
below. The set of  icons incorporates 3 functions, a measur ing tool,  symbology 
legend, and layers menu; the user c l icks on the specif ic icon in order to 
enable them.   

 
 

The layers included in the map are l isted as follows, according to the format 
in brackets [ layer name, layer type, vis ibi l i ty range]. 

 
-  Biogas Methanat ion Source, vector point layer, vis ible at al l scales 
- Electr ic ity Transmission, vector l ine layer, visible f rom neighbourhood 

vis ibil i ty scale 
- Natural Gas Grids, vector polygon layer, vis ible f rom neighbourhood 

vis ibil i ty scale 
- Distr ict Heating Areas, vector polygon layer, vis ible f rom 

neighbourhood vis ibi l i ty scale 
- Wind capacity, vector point layer, vis ible f rom neighbourhood vis ibil i ty 

scale 

Function 
[ locat ion on display]  Enabl ing Usage Disabl ing 

Summary [Right  top header]  

 

Cl ick  on 
icon 

Automat ic  
d isp lay 

Cl ick  on 
icon 

Function 
[ locat ion on display]  Enabl ing Usage Disabl ing 

Wind capac i ty [Right  top  header]  

 

Cl ick  on 
icon 

Fac i l i ty  
se lec t ion 

and buf fer  
input   

Cl ick  on 
icon 
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Figure 17: Screenshot of the ArcGIS web appl icat ion                                         
(ava i lab le  a t  h t tp : / /energymaps.eu)  

http://energymaps.eu/
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4 DISCUSSION 
This chapter discusses var ious aspects of  the report,  and is split  into three main 
topics, the model, the data and potential further investigat ions.  

4.1 THE MODEL 

The model in this report both quantif ies product ion potential,  and evaluates 175 
dif ferent biogas producers in relat ion to four categories of  biogas methanat ion 
plants on a national level.  Biogas plants of  all sizes have been evaluated. Thus, 
the model is s impl if ied in many aspects compared to the detai ls that a local case 
study approach would have appl ied. Please, note that the discussion is not to 
undermine the result  of  the report,  but merely to inform about the simpl if icat ions in 
the model.  

One of  the simpl if icat ions is how the distance to exist ing energy infrastructure is 
est imated, where the geospatial model uses Eucl idean distances – simpl if ied 
ordinary straight l ine between two points. The reality for each plant would be more 
intr icate as local restr ict ions and obstacles would inf luence the routing. Thus, in a 
planning situat ion with more knowledge of  these restr ict ions and obstacles, the 
result  could be fair ly dif ferent. In general,  the model can be though as the most 
optimist ic situat ion as it  considers the shortest route between biogas methanation 
plant and other inf rastructure. Another aspect that is neglected in the model,  is the 
capacit ies of  the exist ing energy infrastructure, as only the distance is used for the 
evaluat ion.  

In relat ion to the exist ing wind turbines, the model only considers the capacity and 
not the electr ic ity product ion of  the wind turbines. Here an under lying assumpt ion 
is that exist ing wind turbines are assumed to be placed in areas with good wind 
condit ions. Also, the model assumes that  the wind turbines can be used as a local 
product ion,  however the ownership of  the turbines is not considered, which can be 
a deciding factor in relat ion to the economic feasibil i ty of  the biogas methanation 
plants. Another factor that is not included in the assessment of  exist ing wind 
turbines, is how actual ly to connect the turbines to the biogas methanation plant, 
as the turbines can be spread al l over the approximately 28 km2 of  land that is 
assessed in the base scenar io.  

The assessment of  new wind turbine potential is also simpl if ied, as it  only considers 
wind resources and a f ixed land area use of 5000 m2 per wind turbine. In real ity, 
this is much more complex as these factors depend on the sizes of  wind turbines 
used and the layout of  the wind park. Furthermore, the restr ict ions in relat ion to the 
distance to inhabited bui ldings and nature protect ion area are conservative, as both 
exemptions and expropriat ion are not evaluated in any way. Therefore, the potential  
for the new wind turbines is most l ikely larger than this report indicates. In addit ion, 
the wind resource potent ial could be combined with areas with exist ing wind 
potent ial that was too small for [c], where in the analysis these two categories are 
evaluated separately.  I t  is however, deemed reasonable to keep this conservat ive 
est imate as both public opposit ion and nature protect ion are essential parts of  wind 
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planning that should not be ignored. Another aspect lef t  out of the model is that 
photovoltaics is an alternat ive opt ion for local renewable energy that could be used 
to supplement biogas methanat ion plants. 

4.2 THE DATA 

Various data sources have been used to make the analysis in this report.  In general,  
data qual ity can be evaluated based on completeness, consistency, accuracy and 
t imel iness. In this report,  the aim has been to use data of the highest quality 
available, however some important shortcomings have st i l l  been ident if ied.  

In terms of  quality, most of  the data is up to date, with data f rom 2018 or even 2019. 
However, i t  was not possible to retr ieve updated datasets for electr icity 
transmission and natural gas transmission networks, as these were f rom 2017-
2018. This could have a signif icant inf luence on the results in this report.  In relat ion 
to the electr ic ity networks the 50kV grid was used in the study, however, in many 
cases the 10kV grid could be enough for a biogas methanation plant. I f  the 10kV 
grid had been avai lable to the study, the results would most l ikely have shown more 
feasible locat ions.  The natural gas networks were crosschecked with a PDF version 
of  the networks, where a manual update of  the dataset was carr ied out.  However, 
this approach lacks accuracy when compared to using a map produced by the gas 
system operators.  

Another lacking data in terms of  completeness is related to the distr ict heat ing 
networks, where only the distr ibut ion areas are used. In many larger cit ies, distr ict  
heating transmission l ines are placed between the dispersed distr ibut ion areas in 
small town around the larger cites. Potent ially, the biogas producers could be closer 
to some of  these transmission l ines than to the distr ict heat ing distr ibut ion areas.     

4.3 FURTHER INVESTIGATIONS 

Deliberately, and described in Section 1.1, some important aspects of  planning for 
biogas methanation plants has not been included in this report.  These aspects are 
very important and should be analysed in further investigat ions. Two of the aspects 
are related, which is the operat ion of  the plants as well as the economic assessment 
of  the plants. The expected operat ion of  the biogas methanation plants has a 
signif icant inf luence on the technical design, which further inf luences both 
capacit ies and eff iciencies of  the plants. In relat ion to this, an economic 
assessment could contr ibute with information in relat ion to the feasibil i ty of  the 
plants, where in this report only an indicat ion of  where theoret ical ly good locat ions 
would be. The economic assessment could both be in terms of plant operat ion, but  
also related to investment in both the plant but also the infrastructure needed.  

Another aspect, is that this report only assesses the potential f rom exist ing biogas 
producers, this could be expanded both to potent ial new biogas producers as well  
as other carbon sources for biogas methanation plants, such as energy producers 
and large industr ies.  Final ly, how the plants f it  into the rest of  the energy system, 
and a future 100% renewable energy system, has not been assessed in this report.  
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Conf idently, this report can contr ibute with the needed information for such 
analyses.  
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5 CONCLUSION 
This aim of  this report is to quant ify and assess the overal l  potent ial for biogas 
methanat ion plants in Denmark. The general methodology of  the report is a spat ial 
analysis of  the exist ing biogas producers in the country, assessing var ious 
geographical ly dependent parameters for each biogas plant. The report,  uses four 
categories to evaluate each type of  plant: [a] Far f rom electr ic ity and gas 
infrastructure, [b] Near electr ic ity and gas infrastructure, [c] Near electr ic ity and 
gas infrastructure and exist ing wind turbines and [d] Near electr ic ity and gas 
infrastructure and good locat ions for new wind turbines. The reason for choosing 
these four categories as the main evaluation parameters, is that these are deemed 
important in terms of  evaluat ing good locations for biogas methanat ion. In short, 
locations with both good connect ions to infrastructure and local wind production are 
best, while locat ions close to infrastructure also could be suitable. 

To make the evaluation, a spatial model is developed, which uses data inputs on 
biogas producers, electr ic ity, gas and heat inf rastructures, CNG stat ions, exist ing 
wind turbines, wind resources for potent ial,  bui lding distance and nature protected 
and other restr icted areas. Init ia l ly,  a base scenar io is established for the select ion 
criter ia associated with the four categories of  biogas methanat ion. The base 
scenar io uses a distance of  2 km to electr icity and gas networks, for evaluating 
exist ing wind a 3 km distance with a rat io of 3 between electrolyser capacity and 
required new wind capacity, and f inally for new wind potent ial a distance of  3 km 
and a theoret ical wind potent ial more than 4 MWh/m2.  

The results of  the base scenario show a total maximum theoret ical product ion 
potent ial of  6,666 GWh/year of  e-methane f rom all biogas sources. These can be 
spl it  into 104 biogas sources in category [a] and are thus too far f rom gas and 
electr ic ity inf rastructure. 53 sources are in category [b],  only fulf i l l ing the distance 
to gas and electr ic i ty inf rastructure requirement, whi le 16 are in category [c] 
(exist ing wind turbines available) and only 2 in category [d] (potential new wind 
locations available).  Furthermore, the results show that  99% of  the capacity is in 
category [a] and [b],  out of  which 48% is in category [b].  This indicates that,  in the 
base scenario, around half  of  the biogas sources are relevant for biogas 
methanat ion. Furthermore, most of  the potent ial comes f rom agricultural biogas 
plants. Also, more than half  of  the total capacity for biogas methanation plants 
already has gas inject ion to the natural gas grid, even though it  is only 36 of  the 
175 biogas producers. Around 114 plants are located within 2 km of  distr ict heating, 
while only one plant is within 2 km distance of  an exist ing CNG stat ion.  

The sensit ivity analyses show that these conclusions are highly sensit ive to 
changes in the cr iter ia. I f  the distance to exist ing gas and electr icity inf rastructure 
is increased to 4 instead of  2 km, around 129 (f rom 41% to 74%) of  the plants are 
in category [b],  [c] and [d].  Increasing the distance to exist ing wind to 5 instead of 
3 km, increases number of  plants in category [c] to 35 (f rom 9% to 20%). A similar 
tendency can be seen in relat ion to the potential for new wind turbines,  however 
not to the same extent.  
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