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1 List of abbreviations
DM

Dry matter

EC
Eq.

European Commission
Equivalent

EU
EU ETS
EU RED

European Union
EU Emission Trading System
Renewable Energy Directive 2009/28/EC

FQD

Fuel Quality Directive

GHG

Green House Gases

ILUC

Indirect Land Use Change

LCA
SWD

Life Cycle Assessment

TJ

Terrajoule

WP

Work package
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2 BIOSURF IN A NUTSHELL
BIOSURF is an EU-funded project under the Horizon 2020 programme for research, technological
development and demonstration.
The objective of BIOSURF (BIOmethane as SUstainable and Renewable Fuel) is to increase the
production and use of biomethane (from animal waste, other waste materials and sustainable
biomass), for grid injection and as transport fuel, by removing non-technical barriers and by paving
the way towards a European biomethane market.
The BIOSURF consortium consists of 11
partners from 7 countries (Austria,
Belgium, France, Germany, Hungary,
Italy and United Kingdom), covering a
large geographical area, as indicated in
the figure on the left.
The intention of the project is:






To analyse the value chain from
production to use, based on territorial,
physical
and
economic
features
(specified for different areas, i.e., biofuel
for transport, electricity generation,
heating & cooling);

To analyse, compare and
promote
biomethane
registering,
labelling,
certification
and
trade
practices in Europe, in order to favour
cooperation among the different countries and cross border markets on the basis of the
partner countries involved;
To address traceability, environmental criteria and quality standards to reduce GHG
emissions and indirect land-use change (ILUC), as well as to preserve biodiversity and to
assess the energy and CO2 balance;
To identify the most prominent drivers for CO2-emissions along the value chain as an input
for future optimization approaches and to exchange information and best practices all across
Europe with regard to biomethane policy, regulations, support schemes and technical
standards.
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3 Summary
Biomethane is an interesting option to reduce GHG emissions in a number of applications. In the EU
ETS as well as in the EU RED framework, biomethane is competing with various other GHG
mitigation measures and renewable energy carriers. In this deliverable, we discuss, to which extent
the price for CO2 certificates in the EU ETS system can contribute to close the gap between the
costs of biomethane production and fossil reference products such as natural gas.
To address three of the most important political instruments for the promotion of renewable energy
carriers on EU level, we have calculated the GHG mitigation costs for biomethane compared to
natural gas for three perspectives.






The first perspective focusses on the EU ETS system. We have calculated the price for CO 2
certificates which would be necessary to reach a break-even point between the costs of using
natural gas and the costs of using biomethane. For this purpose, we have calculated two
scenarios. The first scenario aimed to calculate GHG mitigation costs for biomethane under the
EU ETS rules. The most important factor here is that GHG emissions from bioenergy are rated
zero within the EU ETS. Therefore, the differences between the GHG mitigation costs for the
various biomethane value chains are due to the different production costs.
As highlighted in BIOSURF D5.2 and 5.3, emissions avoided to the use of slurry/manure for
biomethane production can be of significant magnitude. In our second scenario, we assumed
that emission savings in the agricultural sector, due to biomethane production, can be
monetarised within the EU ETS. Consequently, the corresponding GHG emission savings
associated with the production of biomethane from slurry/manure will be incorporated in the GHG
emission values relevant for the calculation of the GHG mitigation costs.
Thirdly, we have calculated the GHG mitigation costs for biomethane in the context of the EU
RED/FQD framework. In this case, the GHG emission values for the biomethane value chains
include the complete life-cycle emissions calculated in BIOSURF D5.3.

The GHG mitigation costs for biomethane compared to natural gas calculated for three scenarios
and six biomethane value chains are shown in Table 1.
Table 1 GHG mitigation costs for biomethane compared to natural gas in EUR*tCO2-Eq.-1

Municipal
organic waste

Mixture of
silage from
corn stover
(86% of DM)
+
catch crops
(14% of DM)

Mixture of
silo maize
(90% of DM)
and catch
crops (10%
of DM)

Biomethane from

Slurry

Straw

Slurry
(20% of
DM) +
straw
(80% of
DM)

Scenario 1 ETS
Scenario 2 ETS +
agriculture
Scenario 3 EU
RED/FQD

164.4

226.0

205.5

123.3

164.4

246.6

105.4

226.4

185.4

123.3

164.4

246.6

121.9

276.5

254.0

158.1

255.7

486.6
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Depending on the scenario and the type of biomethane value chain investigated, we have calculated
GHG mitigation costs or break-even CO2-certificate prices ranging from 105 EUR * t CO2-Eq.-1 to 487
EUR * t CO2-Eq.-1
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4 Purpose of the deliverable
This Deliverable is part of the BIOSURF work package 5. This work package aims to reduce the
identified uncertainties by proposing a calculation approach for biomethane, which is in compliance
with the general EU RED framework. For this purpose, BIOSURF WP5 has reviewed the general
EU RED GHG calculation approach and its applicability to biomethane in order to compile existing
data and emission factors to describe the impact from processing agricultural and organic residues
and waste materials on the overall GHG-mitigation potential of biomethane.
So far, four Deliverables have been produced in BIOSURF WP5:






D5.1: Recommendations for the adaptation of the GHG calculation methodology for
biomethane systems included in Annex V of the EU RED (published in June 2016);
D5.2: Assessment of GHG reduction potentials due to the use of animal excrements and
organic waste streams as biogas substrates and the replacement of industrial chemical
fertilisers by digestate (published in August 2016);
D5.3: Methodology for the calculation and certification of GHG emission caused by the
production of biomethane (in the whole Life Cycle) (published in October 2016);
D5.4: Description of the most prominent drivers of emissions in LCA for biomethane
production (published in December 2016).

This is the final deliverable of work package 5. While the first four deliverables have been focussing
on specific questions related to the GHG calculation methodology for biomethane in the context of
the EU RED sustainability requirements, this final deliverable aims to estimate GHG mitigation costs
for biomethane in the EU ETS and EU RED/FQD context.
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5 Introduction
Bioenergy is often considered a sustainable option to decrease greenhouse gas (GHG) emissions
from the European energy and transportation sector. Hence, anticipated GHG-mitigation effects from
the use of these energy carriers are, besides others like energy security or job creation in rural areas,
the strongest rationale for their promotion on a European level.
However, the sustainability of a bioenergy production on a large-scale has been the subject of an
intense debate over the recent years. A number of authors argue that an intensified agricultural
production, monocultures, inefficient biomass conversion processes and direct as well as indirect
land use change are results of an increasing biomass production which can negate the positive
environmental performance of bioenergy carriers. As a direct consequence, the EU Commission has
introduced a number of sustainability criteria as part of the EU RED 2009/28/EC Directive (RED).
The sustainability criteria to be fulfilled include, amongst others, requirements regarding the GHGmitigation potential of biofuels.
As a consequence, the GHG-mitigation potential of biofuels and bioenergy carriers has gained
significant importance over the recent years. It is not only important to proof fulfilment regarding the
existing GHG-mitigation thresholds existing in the EU RED context, the GHG-mitigation potential has
also become an important criterion for the market success of a biofuel.
The political instruments for the promotion of renewable energy carriers are currently fragmented
and differ significantly throughout the European member states. On EU level, there are currently
three major instruments which are (or can be) relevant for biomethane.
Firstly, the share of renewables in the EU transport sector is (and will be) mainly driven by the targets
defined in the EU RED. In that regard, the EU RED defines the market size for renewables (such as
biomethane) in the EU transport sector.
Secondly, the FQD directive has set up targets to reduce the carbon footprint of the fuels used in the
EU transportation sector. To a large extent, these targets are fulfilled by blending conventional fuels
with biofuels (with lower GHG emissions). In some areas (for example in the German biofuel quota)
this has induced strong incentives to optimise the GHG performance of biofuels. Furthermore, the
GHG performance of a biofuel has become a factor in its price formation mechanism.
Thirdly, the EU Emission Trading System (EU ETS) was meant to increase the costs of using carbon
intense energy carriers. In theory, the rise in costs of using carbon intense energy carriers would
decrease the gap to the production costs of renewable energy carriers (with typically higher costs
and lower GHG emissions). However, for a number of reasons, current prices for CO2 certificates
are too low to support such a development.
In this deliverable, we will estimate GHG mitigation costs for a number of biomethane pathways
compared to natural gas. The GHG mitigation costs will be calculated for different perspectives.
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6 GHG mitigation costs of biomethane
Biomethane is an interesting option to reduce GHG emissions in a number of applications. In the EU
ETS, biomethane is competing with various other GHG mitigation measures and renewable energy
carriers. The purpose of this chapter is to discuss to which extent the price for CO2 certificates in the
EU ETS system can contribute to close the gap between the costs of biomethane production and
fossil reference products such as natural gas.
GHG mitigation costs express the price for the mitigation of a specific amount of GHG emissions by
using an energy carrier with relatively higher costs and lower emissions compared to a reference
fuel. In this deliverable, we have calculated the GHG mitigation costs for different biomethane value
chains compared to natural gas. The GHG mitigation for the reduction of 1 ton CO 2-Eq. by a
substitution of natural gas with biomethane have been calculated according to the following equation:

𝐶𝐺𝐻𝐺 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑜𝑛 =

𝐶𝐵𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒 − 𝐶𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠
∆𝐶
=
𝐺𝐻𝐺𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑔𝑎𝑠 − 𝐺𝐻𝐺𝐵𝑖𝑜𝑚𝑒𝑡ℎ𝑎𝑛𝑒
∆𝐺𝐻𝐺

Equation 1 Calculation of GHG mitigation costs (CGHG mitigation in EUR per t CO2-eq.) (Source adopted from WBGU 2009, Müller-Langer 2008)

Where:
CBiomethane –
CNatural gas –
C –
GHGBiomethane –
GHGNatural gas –
GHG –

specific production costs of biomethane
specific production costs of natural gas
additional costs of biomethane (all specific costs in EUR Cents per kWh)
GHG emissions of biomethane
GHG emissions of natural gas
net GHG emissions avoided by substituting natural gas with biomethane (all
GHG emissions in tCO2 per TJ)

According to this methodology, the mitigation costs are obviously sensitive to two factors: the cost
difference between biomethane and natural gas and the difference in the specific GHG emissions of
both fuels.
While BIOSURF WP5 has emphasised on the calculation of GHG emissions for various biomethane
pathways (BIOSURF Deliverables D5.1, D5.2, D5.3 and D5.4 have been dedicated to this subject),
the calculation of biomethane production costs has not been a focus of the work in this project. For
this reason, we will use literature values for biomethane production costs and a price for natural gas
as starting point for the calculation. Since costs for biomethane and natural gas are both volatile, we
will present our results in the following chapters as the function of GHG mitigation costs in relation
to the cost/price difference between biomethane and natural gas. This allows to estimate costs
depending on the specific price difference relevant to potential readers or stakeholders of the
BIOSURF project.
GHG emissions of natural gas have been taken from the BioGrace project, whereas GHG emissions
for biomethane have been taken from BIOSURF Deliverable 5.3.
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The specific GHG emissions for biomethane and natural gas are included in Table 2. The table also
includes the cost estimates for biomethane and a price value for natural gas.
For the discussion in chapter 3.2 another aspect of the GHG emission calculation for biomethane
from slurry/manure is of specific importance. In case animal excrement’s such as slurry or manure
are used for biomethane production, the conventional storage of these materials, and thus methane
emissions associated with this storage, can be avoided. In a potential scenario, where measure for
emission reduction in non-ETS sectors (in this case agriculture) can be monetarised, the emissions
saved by using slurry/manure for biomethane production can contribute to reduce the overall GHG
mitigation costs of biomethane.
The magnitude of emissions savings from using manure/slurry for biomethane production is only
scarcely described in literature. BIOSURF D5.2 has compiled the available information to describe
a range for emission savings. For the calculations in this deliverable, this factor is relevant for two
biomethane pathways. In order to avoid a potential over estimation of the influence of GHG emission
savings from avoided manure storage, in both cases, we have used the lower end of the range
described in D5.2. The values used for the calculations in this Deliverable are shown in table 2.
Table 2 Basic assumptions for GHG mitigation cost calculations

Biomethane from

1

GHG emissions in gCO2-

-1
Eq.*MJ
2

Specific slurry credit in
gCO2-Eq.*MJ-1
3
Nat. gas price in EUR
Cent*kWh-1
4
Nat. gas emissions in g*MJ-

Municipal
organic
waste

Mixture of
silage from
corn
stover
(86% of
DM) +
catch
crops (14%
of DM)

Mixture of
silo maize
(90% of
DM) and
catch
crops (10%
of DM)

Slurry

Straw

Slurry
(20% of
DM) +
straw (80%
of DM)

-23.6

12.3

12.9

14.9

24.1

33.3

-37.8

-

-7.3

-

-

-

3
67.6

1
5

Biomethane costs in
Cent*kWh-1
Cost/price difference in
EURCent*kWh-1

7

8.5

8

6

7

9

4

5.5

5

3

4

6

1

specific GHG emissions from biomethane have been taken from BIOSURF D5.3 (D5.3)

2

Emission savings from avoided slurry storage taken from (D5.3), (D5.2)

3

for this Deliverable we used an average natural gas price (not costs) from (EC 2014 – 2016)

4

specific GHG emissions have been taken from BioGrace; value “Natural gas 4000km EU Mix quality” (BioGrace)

5

Biomethane costs have been estimated based on the meta-analysis in (EBA 2016)
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In the context of this Deliverable, GHG mitigation costs have been calculated for three scenarios:





GHG mitigation costs for biomethane as an option to save emission certificates within the EU
ETS framework,
GHG mitigation costs for biomethane as an option to save emission certificates within the EU
ETS framework including the option to monetarise emission saving measures in the
agricultural sector,
GHG mitigation costs for biomethane in the context of the EU RED/FQD quota system.

The results for these scenarios will be described in the following subchapters 6.1; 6.2 and 6.3.

6.1 Scenario 1: GHG mitigation costs of biomethane in the EU ETS
The GHG mitigation costs for six biomethane pathways compared to natural gas in the context of
the EU ETS have been calculated. It is important to note, that in the EU ETS system, emissions from
bioenergy are not calculated based on a life cycle assessment approach including comprehensive
mass and energy balances of all process steps included. Contrarily, emissions from bioenergy are
rated zero in the context of the EU ETS, meaning, users of biomethane will not need emission
certificates for the amount of biomethane used.
If bioenergy is rated zero in this context, differences in the specific GHG performance of biomethane
value chains are neglected. As a consequence, differences in the GHG mitigation costs for the six
biomethane value chains investigated in this chapter solely result from differences in their production
cost.
Table 3 includes a general function for the GHG mitigation costs of biomethane (with GHG emissions
rated as zero) in comparison to the price and emission values for natural gas shown in Table 2 and
in relation to a cost/price difference between biomethane and natural gas (second column).
Furthermore, the table shows the GHG mitigation costs for the six biomethane value chains based
on the cost assumptions (and resulting cost/price differences) included in Table 2.

www.biosurf.eu
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Table 3 CO2-mitigation costs in relation to cost/price differences for various Biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from Biomethane are rated zero within the EU ETS.

-1

GHG
mitigatio
n costs in
EUR *
tCO2-Eq.-1

Specific
GHG mitigation
costs:
Slurry

Specific
GHG mitigation
costs:
Straw

Specific
GHG mitigation
costs:
Slurry
(20%) +
Straw
(80%)

3.0

123.3

-

-

-

123.3

Specific
GHG
mitigation
costs:
Mixture
of silage
corn
stover
(86%) and
catch
crops
(14%)
-

3.5

143.8

-

-

-

-

164.4

-

4.0

164.4

164.4

-

-

-

-

-

4.5

184.9

-

-

-

-

-

-

5.0

205.5

-

-

205.5

-

-

-

5.5

226,0

-

226.0

-

-

-

-

6.0

246.6

-

-

-

-

-

246.6

Cost/pric
e
differenc
e in EUR
Cent*kWh

1

Specific
GHG mitigation
costs:
Municipal
organic
waste

Specific
GHG
mitigation
costs:
Mixture
of silo
maize
(90%) and
catch
crops
(10%)
-

GHG mitigation costs have been calculated for the cost/price difference in the left column and GHG = 67.6 g CO2-1
Eq.*MJ assuming that Biomethane GHG emissions are rated zero in the EU ETS for all pathways considered here.
1

Using the basic assumptions from Table 2 as a starting point, the results show clear differences
between the six biomethane value chains investigated. As a result of the relatively lower production
costs for biomethane from wastes (municipal organic waste, slurry), the mitigation costs of these
value chains are comparably lower than for biomethane value chains from energy crops.
In general, GHG mitigation costs for the six value chains range from 123 EUR * t CO2-Eq.-1 to 247
EUR * t CO2-Eq.-1. These values represent the CO2 certificate price at which the costs for natural gas
(in fact, an increasing price for CO2 certificates would increase the costs for the utilisation of carbon
intense energy carriers in the EU ETS) and the respective biomethane value chain reach a breakeven point.
The relation between GHG mitigation costs and the cost/price difference between the biomethane
value chains and natural gas are shown in Figure 1. Assuming a consistent GHG between natural
gas and biomethane, the mitigation costs increase with rising cost/price differences between both
energy carriers.
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Relation between price difference and CO2-mitigation costs
400

GHG mitigation costs in € * t CO2 eq. -1

350
300
250

Silo maize (90%) +
catch crops (10%)

Straw

Slurry (20%) +
straw (80%)

200
Slurry

150

Silage corn stover (86%)
+ catch crops (14%)

Municipal organic waste

100
50
0
0

1

2

3

4

5

6

Price difference between natural gas and biomethane in €cent *

7

8

9

kWh -1

Figure 1 CO2-mitigation costs in relation to cost/price differences for various Biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from Biomethane are rated zero within the EU ETS.

6.2 Scenario 2: GHG mitigation costs of biomethane in the EU ETS
including non-ETS sectors
While in the first scenario GHG emissions of biomethane have in general been rated as zero, the
second scenario aims to investigate the potential impact of including the GHG mitigation effects in
the agricultural sector on the GHG mitigation costs of biomethane. For this purpose, we included a
“slurry/manure credit” in the GHG balance of the two biomethane value chains which valorise slurry
as a substrate for biomethane production. This credit represents the amount of emission savings
resulting from an avoided storage of slurry/manure from livestock production systems by using
slurry/manure as biomethane substrate.
Table 4 shows the results from the GHG emission calculations for the pathways based on slurry.
These results are part of the GHG emission calculations for biomethane in BIOSURF Deliverable
5.3. Since, in this scenario, we will follow the general logic of scenario 1 where GHG emissions of
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biomethane are rated as zero, we will only consider the row “Avoided emissions from untreated slurry
storage”. As a consequence, the GHG emissions from both biomethane value chains will be negative
(zero emissions + net emission savings). Thus, the GHG between natural gas and the two
biomethane pathways based on slurry are increasing compared to scenario 1. As a consequence,
the GHG mitigation costs decrease for both pathways.
Table 4 GHG emissions from biomethane production based on slurry and slurry/straw in gCO2-eq. * MJ-1 (based on D5.3)

Biomethane from
slurry

Biomethane from
slurry + straw

Electricity
demand

8.98

10.70

Heat demand

0.04

0.08

Methane
losses

4.74

5.69

Transport of
substrates

0.51

3.78

-37.84

-7.33

-23.56

12.91

-37.84

-7.33

Avoided
emissions
from untreated
slurry storage
Total
emissions
Total
emissions in
this scenario

Table 5 includes the general function for the GHG mitigation costs of biomethane (with GHG
emissions rated as zero) from scenario 1. Furthermore, the table shows the GHG mitigation costs
for the six biomethane value chains based on the cost assumptions (and resulting cost/price
differences) included in Table 2. For biomethane from slurry and slurry + straw, we have included
the emission savings from Table 3 leading to GHG between natural gas and biomethane of 105
gCO2-Eq./MJ for biomethane from slurry and 75 gCO2-Eq./MJ for biomethane from slurry + straw.
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Table 5 CO2-mitigation costs in relation to cost/price differences for various biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from biomethane are rated zero within the EU ETS. For biomethane from slurry and slurry + straw, the GHG benefit from
the avoidance of methane emissions from manure storage (slurry credit) has been included here.

GHG mitigation
costs in
EUR *
tCO2-Eq.-1

Specific
GHG
mitigation
costs:
Slurry

Specific
GHG
mitigation
costs:
Straw

Specific
GHG
mitigation
costs:
Slurry
(20%) +
Straw
(80%)

2.5

102.7

-

-

-

-

Specific
GHG
mitigation
costs:
Mixture of
silage corn
stover (86%)
and
catch crops
(14%)
-

3.0

123.3

-

-

-

123.3

-

-

3.5

143.8

-

-

-

-

164.4

-

4.0

164.4

105.4

-

-

-

-

-

4.5

184.9

-

-

-

-

-

-

5.0

205.5

-

-

185.4

-

-

-

5.5

226.0

-

226.0

-

-

-

-

6.0

246.6

-

-

-

-

-

246.6

6.5

267.1

-

-

-

-

-

-

Cost/ price
difference
in EUR
Cent *
kWh-1

1

Specific
GHG mitigation
costs:
Municipal
organic
waste

Specific
GHG
mitigation
costs:
Mixture of
silo maize
(90%) and
catch crops
(10%)
-

GHG mitigation costs have been calculated for the cost/price difference in the left column and GHG 67.6 g CO2-Eq.*MJ-1
assuming that biomethane GHG emissions are rated zero in the EU ETS for all pathways considered here excluding slurry
and slurry + straw. For biomethane from slurry and slurry + straw, the GHG benefit from the avoidance of methane
emissions from manure storage (slurry credit) has been included here.
1

As a consequence of the inclusion of GHG mitigation effects from avoided slurry storage, the results
included in Table 5 show a significant decrease of GHG mitigation costs for the two biomethane
value chains using slurry/manure as substrates. The mitigation costs for biomethane from slurry
decrease from 164 EUR * tCO2-Eq.-1 to 105 EUR * tCO2-Eq.-1. The mitigation costs of biomethane from
slurry + straw compared to natural gas decrease from 206 EUR * tCO2-Eq.-1 to 185 EUR * tCO2-Eq.-1
Again, the values included in Table 5 represent the CO2 certificate price at which the costs for natural
gas (in fact, an increasing price for CO2 certificates would increase the costs for the utilisation of
carbon intense energy carriers in the EU ETS) and the respective biomethane value chain reach a
break-even point.
The relation between GHG mitigation costs and the cost/price difference between the biomethane
value chains and natural gas are shown in Figure 2.
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Relation between price difference and CO 2-mitigation costs
300

GHG mitigation costs in € * t CO2-eq.-1

250
Straw

Slurry (20%)
+ straw (80%)

Silo maize (90%)
+ catch crops (10%)

200

Slurry

Slurry + straw
(incl. emission savings
from agriculture)

Silage corn stover (86%)
+ catch crops (14%)

150

Municipal organic waste
100

Slurry
(incl. emission savings
from agriculture)

50

0
1

2

3

4

5

Price difference between natural gas and biomethane in €cent *

6

7

kWh -1

Figure 2 CO2-mitigation costs in relation to cost/price differences for various biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from biomethane are rated zero within the EU ETS. For biomethane from slurry and slurry + straw, the GHG benefit from
the avoidance of methane emissions from manure storage (slurry credit) has been included here.

The figure also shows the decrease in GHG mitigation costs between the calculations for slurry and
slurry + straw in scenario 1 compared to scenario 2. For both pathways, the consideration of
emission avoidance in the agricultural sector leads to higher GHG between natural gas and
biomethane and thus, lower GHG mitigation costs.

6.3 Scenario 3: GHG mitigation costs of biomethane in the EU
RED/FQD Framework
The third scenario considered in this Deliverable aims to estimate GHG mitigation costs for
biomethane value chains in the context of the EU RED/FQD framework. Whilst, the first two
scenarios can help to estimate the CO2 certificate price necessary to establish a break-even point
regarding the costs of using biomethane and natural gas within the EU ETS, this scenario will focus
on the “market” for bioenergy created by the goals defined in the EU RED and the FQD. The EU
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RED has set targets for the future share of renewables in the EU transport sector. The FQD demands
a decrease of emissions from fuels used in the EU transport sector until 2020.
As a result, a) a defined market (determined by energy content related target from the EU RED) for
bioenergy has been developed and b) the GHG mitigation costs of bioenergy carriers have become
a feature to distinguish between the various bioenergy options.
Contrarily to the GHG mitigation cost calculations in scenarios 1 & 2, the calculations in this scenario
will include the full life cycle emissions of the biomethane. In general, the calculation will follow the
methodology described in equation 1. The GHG emissions from biomethane will be taken from
BIOSURF D5.3.
Table 6 GHG emissions from various biomethane value chains in gCO2-Eq. * MJ-1 (from D5.3)

Biomethane
from
mixture of
silo maize
(10% of DM)
and catch
crops (90%
of DM)

Biomethane
from mixture
of silage corn
stover (86%)
and
catch crops
(14%)

Biomethane
from slurry

Biomethane
from straw

Biomethane
from
municipal
organic waste

Biomethane
from slurry
(20% of DM)
+ straw
(80% of DM)

Electricity
demand

8.98

5.66

9.23

10.70

8.63

8.24

Heat demand

0.04

0.06

0.07

0.08

0.03

0.02

Methane
losses

4.74

4.55

4.86

5.69

5.01

5.27

Transport of
substrates

0.51

2.06

0.71

3.78

0.84

2.30

Emissions
from substrate
production

-

-

-

-

18.82

8.31

Avoided
emissions
from untreated
slurry storage

-37.84

-

-

-7.33

-

-

Total
emissions

-23.56

12.33

14.87

12.91

33.34

24.14

Based on the emissions shown in Table 6 and the methodology defined with equation 1, a set of
GHG mitigation cost functions has been calculated in relation to cost/price differences between
biomethane and natural gas. The results are shown in Table 7. The GHG mitigation costs for the
starting point assumptions on biomethane costs from Table 2 are highlighted in bold character in the
table below.
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Table 7 CO2-mitigation costs in relation to cost/price differences for various biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from biomethane are calculated according to the EU RED methodology (see table 2 for emission values)

Cost/price
difference
in EUR
Cent*kWh-1

Specific
GHG
mitigation
costs:
Slurry

Specific
GHG mitigation
costs:
Straw

Specific
GHG mitigation
costs:
Slurry (20%)
+
Straw (80%)

Specific
GHG mitigation
costs:
Municipal
organic
waste

2.0

60.9

100.5

101.6

105.4

Specific
GHG
mitigation
costs:
Mixture of
silage corn
stover
(86%) and
catch crops
(14%)
127.9

2.5

76.2

125.7

127.0

131.7

159.8

202.8

3.0

91.4

150.8

152.4

158.1

191.8

243.3

3.5

106.7

175.9

177.8

184.4

223.8

283.9

4.0

121.9

201.1

203.2

210.8

255.7

324.4

4.5

137.1

226.2

228.6

237.1

287.7

365.0

5.0

152.4

251.3

254.0

263.4

319.7

405.5

5.5

167.6

276.5

279.4

289.8

351.6

446.1

6.0

182.8

301.6

304.8

316.1

383.6

486.6

6.5

198.1

326.7

330.2

342.5

415.5

527.2

7.0

213.3

351.9

355.6

368.8

447.5

567.7

7.5

228.6

377.0

381.0

395.2

479.5

608.3

8.0

243.8

402.1

406.4

421.5

511.4

648.8

8.5

259.0

427.3

431.8

447.9

543.4

689.4

Specific
GHG
mitigation
costs:
Mixture of
silo maize
(90%) and
catch crops
(10%)
162.2

In general, under the assumptions we have made, biomethane value chains based on wastes and
residues show significantly lower GHG mitigation costs (and consequently more flat curve
characteristics) compared to biomethane value chains based on energy crops.
In general, the GHG mitigation costs calculated based on the cost assumptions from Table 2 and
the emissions from Table 5 range from 122 EUR * tCO2-Eq.-1 (biomethane from slurry) to 487 EUR *
tCO2-Eq.-1 (biomethane from maize + catch crops).
One might argue, that natural gas might not be an appropriate reference for the comparison in this
scenario. Natural gas is typically associated with both, lower GHG emissions and costs compared
to other fossil energy carriers in the transport sector. As a consequence, the selection of another
reference fuel might result in lower GHG mitigation costs for the biomethane value chains discussed
in this deliverable.
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GHG mitigation costs in € * tCO2-eq. -1

The specific GHG mitigation cost functions for each biomethane pathway in relation to the cost/price
difference between biomethane and natural gas are shown in Figure 3.
600
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0
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Cost/price difference between natural gas and biomethane in €cent * kWh -1

8
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Straw

Slurry (20%) + straw (80%)

municipal organic waste

mixture of silage corn stover (86%) +
catch crops (14%)

mixture of maize (90%) and catch crops (10%)

9

Figure 3 CO2-mitigation costs in relation to cost/price differences for various biomethane pathways in comparison to natural gas; assuming,
that GHG emissions from biomethane are calculated according to the EU RED methodology (see table 2 for emission values)
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7 Conclusions
Biomethane can be considered an interesting and potentially powerful option to reduce GHG
emissions in the EU energy system. The magnitude of the GHG mitigation effects from biomethane
however particularly depends on the type of substrate used for biomethane production as well as
the GHG emissions from the fossil energy carrier substituted by biomethane.
While we have shown that biomethane pathways can provide significant GHG mitigation effects in
comparison to fossil energy carriers, for a number of reasons the costs of biomethane do often
exceed those of fossil energy carriers. Hence, GHG mitigation costs can be an interesting parameter
to assess the competitiveness of bioenergy compared to other energy carriers suitable for GHG
mitigation. The calculation of GHG mitigation costs is typically based on a specific perspective (e.g.
political decision makers). Within this deliverable, we followed two overarching questions for the
calculation of GHG mitigation costs for biomethane. The first question was addressing the EU ETS
mechanism. Within scenarios 1 & 2 we calculated the price for emission certificates which would
increase the costs of using natural gas (as fossil reference fuel) up to the point of a cost equilibrium
between natural gas and biomethane. In scenario 3 we changed the perspective of the calculations
from the EU ETS to policy instruments for the promotion of renewable energy carriers under the EU
RED framework.
Based on our calculations we can conclude the following points:






Considering the current price for CO2 certificates, the EU ETS is not an effective instrument
to increase the costs of carbon intense energy carriers to reach a break even between the
costs of natural gas and biomethane. Depending on the actual GHG performance and costs
of the specific biomethane pathway, we have calculated necessary CO2 emission certificate
prices between: ~120 EUR * tCO2-Eq.-1 and ~ 250 EUR * tCO2-Eq.-1.
In general, we could observe significant differences in the GHG mitigation costs of the various
biomethane pathways investigated in this deliverable. As a consequence of lower GHG
emissions per MJ, biomethane pathways based on wastes and residues tend to show lower
GHG mitigation costs compared to pathways based on energy crops.
Due to the flexibility regarding the type of substrates used for biomethane production, this
technology can, in theory, tap great potentials for GHG mitigation in sectors outside the EU
ETS (e.g. agriculture, waste treatment & disposal). Internalising and thus capitalizing these
effects will significantly decrease the GHG mitigation costs of the respective biomethane
pathways in the EU ETS.
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