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Abbrevations
AD

Anaerobic digestion

BLE
Eq./Equi.

Bundesanstalt für Landwirtschaft und Ernährung (Agency of the Federal
Ministry of Food and Agriculture)
Equivalent

EU
EU RED

European Union
Renewable Energy Directive 2009/28/EC

FQD

Fuel Quality Directive

GHG

Green House Gases

ILUC

Indirect Land Use Change

LHV
MJ

Lower heating value

SWD

Staff working document

DM

Dry matter

FM

Fresh matter
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1 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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2 Introduction
The production of Biomethane from biomass can be a sustainable option to provide renewable
energy using a wide range of feedstocks from agricultural biomass to wastes and residues.
Biomethane can contribute not only to energy security or job creation in rural areas, if done right, but
it can support the transition from fossil energy carriers and carbon and support GHG-mitigation
measures in multiple ways and sectors.
However, just as for liquid biofuels, the sustainability of a bioenergy (and biomethane) production on
a large-scale has been the subject of an intense debate over the recent years. A number of authors
(e.g. (Searchinger et al., 2008), (Fargione et al., 2008), (Fritsche et al., 2010), etc.) 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 European
Renewable Energy Directive (EU RED). The fulfilment of these criteria is usually verified with a
certification process executed under the standard of a certification scheme recognised by the
European Commission.
The sustainability criteria to be fulfilled include, amongst others, requirements regarding the GHGmitigation potential of biofuels. Since the proof of fulfilment for these criteria has become a
precondition for any promotion mechanism related to national biofuel quota systems, the individual
calculation of GHG-emissions has gained significant importance for biofuel producers as well as for
certification schemes and auditors. It is important to note that the scope of the EU RED focuses on
renewable energy carriers for the transportation sector. However, since the general discussion about
the sustainability of bioenergy is not limited only to biofuels for transportation purposes, a future
expansion of the requirements defined in the EU RED as well as of the character and basic
methodology of the GHG calculation approach to other sectors of bioenergy production and use
seems to be possible. Furthermore, since the ambitions for improving the GHG mitigation potential
on an individual basis for plant operators has increased over the recent years, a broad knowledge
on possible optimisation potentials is of great importance.
The Annex of the EU RED describes the basic methodology on how biofuel producers should
calculate the individual GHG-mitigation potential of their biofuel. Furthermore, several
communications have been published by the European Commission to specify the calculation
approach for a number of specialties along the overall value chain (e.g. for the calculation of
Emissions from direct land use change). According to Annex V of the EU RED, three possibilities
exist for biofuel producers to proof that the GHG-mitigation potential of their biofuel meets the defined
requirements and thresholds:
1. The use of the default values for the biofuels included in Annex V of the EU RED
2. An individual calculation based on actual values
3. A combination of actual values and disaggregated default values from EU RED Annex V.
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While the sustainability certification as well as the individual calculation or the combination of
disaggregated and actual values for the investigation of a biofuels GHG-mitigation potential is by
now a common practice for liquid biofuels such as biodiesel and bioethanol, calculations for
biomethane are often associated with methodological and data-related uncertainties and fuzziness.
The project BIOUSRF (within WP5) aims to reduce the uncertainties related to the calculation of
GHG emissions for biomethane value chains in order to provide assistance to economic operators
in their day-to-day work. For this purpose, BIOSURF will review the general GHG-calculation
approach and its applicability to biomethane and compile the 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.
BIOSURF D5.1 describes a methodology for the calculation of GHG emissions for Biomethane
pathways in compliance with the EU RED methodology. The deliverable includes options to
incorporate the co-product digestate (by allocation1) and other effects, such as the avoidance of
emissions in agricultural systems in case slurry or manure are used for biomethane production.

2.1 Goal and scope of this deliverable
This is the third deliverable of BIOSURF WP5. While D5.1 (Recommendation for the adaptation of
the RED GHG calculation methodology) was focussing on the methodological background and the
proposition of a GHG calculation approach for biomethane, 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) summarized emission factors and data
to support GHG emission calculations. D5.3 will use both elements to compile GHG emission
calculations for a set of exemplary biomethane value chains. The purpose of this task is to
demonstrate the applicability of the methodology developed in D5.1 and the data and emission
factors from D5.2. Furthermore, the results presented in this deliverable will be an important basis
for the discussion of drivers and the identification of GHG emission reduction strategies in the
following BIOSURF WP5 deliverables.

2.1.1 Methodology for the calculation of GHG emissions from Biomethane
production and use
Various methodological approaches exist for the investigation of lifecycle GHG-emissions from
products or services. In research-based projects, an assessment of lifecycle GHG-emissions is often
part of a life cycle assessment (LCA) which is standardized and generally defined within ISO 14040
& 14044 standards. However, the general LCA approach described within these standards contains
various levels of freedom regarding aspects such as system boundaries, life cycle impact categories,
characterization factors, etc. As a result, LCA studies are typically consistent within its framework
but the results are often not comparable across different case studies.

1

Often, processes result in more than one product. In this case, the emissions from the production of these products can
be divided between the main product (in this case the biofuel or its intermediate product) and the by-product or co-product
(e.g. the digestate of the biogas process).
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While this flexibility can be described as one of the strengths of the methodology when applied within
scientific projects, it is rather inappropriate for the purpose of a regulatory framework that demands
a simpler, robust and uniform approach. For this reason, Annex V of the EU RED includes the
description of a simplified approach (compared to the more complex and comprehensive ISO or DIN
standards for LCA and carbon foot printing) for the calculation of a biofuel producers individual GHGmitigation potential.
To limit the above mentioned various degrees of freedom regarding the methodological setting, the
EU RED methodology defines the basic framework of the investigation by a clear definition of:
-

the system boundaries (well-to-wheel),
the allocation of by-products (based on the lower heating value of products and by-products),
the functional unit for the expression of the result calculated (per MJ biofuel),
the life cycle impact assessment approach (GHG-emissions),
the characterization factors for the conversion of greenhouse gases into CO2-Equivalents,
the reference value for the comparison and interpretation of the result.

The clear definition of this methodological framework allows for a consistent comparison of different
value chains from individual operators on a common basis as well as a constant benchmark and
monitoring of the development of the biofuels GHG-mitigation potential over time.
According to the EU RED, GHG-emissions from the production and use of transport fuels (biofuels
including biomethane) and bioliquids shall be calculated as:

E = eec + el + ep + etd + eu

– esca – eccs – eccr – eee

E = total emissions from the use of the fuel;
GHG-Emissions from:

GHG-Emission savings2 from:

eec =

the extraction or cultivation of raw
materials;

esca=

el =

the carbon stock changes caused
by land-use change;

eccs = carbon capture and geological storage;

soil carbon accumulation via improved
agricultural management;

2

It should be noted here, that according to this methodology the value of by-products is not considered by a substitution
(credit) approach. By-products can be included by allocation based on their energy content (lower heating value).

www.biosurf.eu

Page 7 of 47

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme.

D5.3 | Calculation of GHG
emission caused by biomethane

ep=

processing;

eccr =

carbon capture and replacement;

etd=

transport and distribution;

eee =

excess electricity from cogeneration;

eu=

the fuel in use;

According to this equation, the overall GHG-emissions of a biofuel will be calculated considering
both, the emissions from the various process steps (left side of the equation) involved in its
production and utilisation and the potential GHG-emission savings from different processes (right
side of the equation). The calculation of emissions from the extraction or cultivation of raw materials
(eec) should include the extraction or cultivation of the biomass (in case energy crops are used)
and/or the collection of wastes or residues (EU RED). According to (SWD 2014), avoided methane
emissions from conventional manure and slurry storage could be included in the calculations in case
these substrates are used as feedstock for biomethane production.
As an alternative to the use of actual values, the calculation of emissions from the biomass cultivation
process can be based on the default values as well as on average values for smaller geographical
areas than those used in the calculation of the default values. Unfortunately, the default values do
not include most of the currently used energy crops, agricultural by-products or organic waste
materials used for the production of biomethane neither typical combinations of both. Different types
of waste and agricultural crop residues, including manure or straw as well as residues from
processing, are considered to have zero upstream emissions up to the process of collection of those
materials.
As part of the biomass production and supply, emissions from carbon stock changes (el) need to be
considered in case land not yet used for agricultural production has been converted for biomass
production after January 2008. The Commission has published an appropriate guideline. Contrarily,
a bonus of 29 g CO2equi MJ-1 biofuel (as part of the term el) can be attributed in case the biomass is
produced on degraded or contaminated land (with this status in, or after January 2008) and the
biomass cultivation initialised by the biofuel production helps to valorise land which would not be
used otherwise. This bonus is added in the overall calculation (and subtracted from emissions from
cultivation, which also need to be considered for scenarios of biomass production on degraded or
contaminated land) (EU RED).
The emissions from the conversion of biomass into bioenergy (processing, ep) shall be calculated
considering emissions from the processing itself, from waste and leakages and from the production
of chemicals, products or energy carriers used in processing (EU RED). With regard to biomethane
production, the emissions from process energy supply as well as direct methane emissions, are
typically the biggest contributors of emissions.
Furthermore, individual calculations need to include emissions from transport and distribution (e td).
This includes the transport and storage of raw and semi-finished materials and the storage and
distribution of the final product (EU RED).
Apart from the emission savings already discussed in ep, potential emission savings from carbon
capture and geological storage (eccs) as well as from carbon capture and replacement (eccr) can be
considered in the calculations. Especially eccr can be an interesting option for biomethane producers
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to utilise carbon dioxide as a by-product of the fermentation and upgrading process. Once the GHGemissions of a biofuel have been calculated based on the described methodology, the GHGmitigation potential can be estimated in relation to a fossil fuel comparator. According to Annex V of
the EU RED, the comparator used for biomethane as transport fuel shall be 83.8 g CO2equi MJ-1. (EU
RED) It is a mixture of the common fossil fuel mix, diesel and petrol.
When applying the RED calculation methodology for individual calculations of biomethane
production and use, a number of challenges can occur (see D5.1). The main aspects are:



The consideration of emission savings from the fermentation of agricultural by-products,
manure and organic waste, etc.
The allocation of the digestate, following the approach (lower heating value) of the EU RED.

For the sake of convenience, the following paragraphs will summarize our approach to include both
aspects in chapter 3 of this deliverable. The methodological background is described in detail in
D5.1.
Allocation of the digestate as by-product of the fermentation process
Depending on the type(s) of substrates used for biogas production, the digestate contains nearly all
nutrients from the substrate and is therefore typically used as a fertiliser. According to the GHGcalculation approach of the EU RED, the only option3 for the consideration of co-products such as
the digestate is allocation according to the lower heating value. Obviously, this approach is not
appropriate for co-products whose value is defined by other parameters than their energy content.
Unfortunately, due to the usually high water content, the lower heating value of the biogas digestate
is often rather low and the corresponding allocation factors does not necessarily reflect the actual
value of the by-product digestate which can help to avoid emissions from the production from
synthetic fertilisers in agricultural processes. In some biogas production facilities, digestate is
separated into a solid and a liquid fraction to reduce the water content and thus costs for
transportation and handling. In this case, the lower heating value of the digestate (per m3) is
significantly higher and an allocation of this digestate could lead to a better result for the biomethane
GHG calculation. However, it could be argued that the separated solid phase of the digestate is not
directly the by-product of the fermentation process (or in other words, the upgrading process is not
directly part of the biogas/biomethane production process) and the allocation has to be conducted
between biogas and the untreated digestate. Within the EU RED context and for the specific problem
of (separated) digestate allocation, two aspects need to be considered. The first issue is the definition
of the term by-product and its demarcation from wastes or production residues which cannot be
3

In case the digestate is used in a closed loop and is brought back to the land used for the production of the biogas
substrate, the substitution of mineral fertilisers would be indirectly included in the calculation of the cultivation emissions of
these substrates. Since, in this case, a large amount of nutrients for cultivation would be provided by organic fertiliser, the
overall emissions from the cultivation process would be significantly lower compared to a scenario without organic fertiliser
(digestate). This effect is also included in a recent working document of the JRC. See
http://publications.jrc.ec.europa.eu/repository/handle/JRC95618
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allocated. The other aspect is the actual procedure for by-product allocation. This procedure is
explicitly defined within EU RED Annex V. According to this methodology, the emissions resulting
from the production of a product and by-product can be divided between both, based on their lower
heating value. The demarcation of the terms by-products, waste and production residues can be a
more difficult exercise. In case the digestate from the fermentation process is upgraded4 in a
downstream process, it is the question whether or not this digestate can be considered a by-product
of the biogas/biomethane production.
The EU RED does not include a clear definition of the term by-product. Additional insight to this
discussion is provided by the „Communication from the Commission on the practical implementation
of the EU biofuels and bioliquids sustainability scheme and on counting rules for biofuels” (COM
2010).
According to this communication, the “allocation should be applied directly after a co-product (a
substance that would normally be storable or tradable) and biofuel/bioliquid/intermediate product are
produced at a process step. This can be a process step within a plant after which further
‘downstream’ processing takes place for either product. However, if downstream processing of the
(co-) products concerned is interlinked (by material or energy feedback loops) with any upstream
part of the processing, the system is considered a ‘refinery’ and allocation is applied at the points
where each product has no further downstream processing that is interlinked by material or energy
feedback-loops with any upstream part of the processing.” (COM 2010).
This basically means that for those cases where individual process steps are connected and where
feedback loops do exist or in case mass and energy flows cannot be allocated explicitly to a single
process step, the overall system can be considered a black box (or refinery). In this case, the overall
emissions resulting from sub-processes within the black box unit are allocated between the different
(by-)products from the process. This is illustrated in the following figure.

4

For this example, we define digestate upgrading as a separation of the dry and liquid phase by means of a mechanical
process. The dry phase can be considered the by-product of the system while the liquid phase is recirculated.
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Feedstock
production

Boundaries for allocation
Process 1
Conversion

Transport

Co-product
(mco-product;
LHVco-product)

Energy

Auxiliaries

Process 2
Conversion

Biomethane
(mmain product;
LHVmain product)

Figure 2-1: Allocation between main- and by-products, (taken from D5.1)

For biomethane, it can be concluded that the integrated, close connection of the individual process
steps (due to the recirculation of the liquid phase from the digestate separation) allows for an
application of the above described term biorefinery as defined in the COM 2010 communication.
According to this approach, allocation of by-products should be applied after no further downstream
processing (that is connected by material or energy feedback loops with an upstream part of the
processing) takes place. For the issue of biomethane production and digestate
separation/upgrading, this means that the allocation could be applied after the treatment (upgrading)
of the digestate (since the recirculation of the liquid phase from the upgrading process does
represent a feedback loop).
GHG-emission savings from the fermentation of manure
The conventional storage of manure from livestock production inevitably leads to GHG-emissions
and can be a remarkable contributor to the overall GHG-emission inventory of the agricultural sector.
The magnitude of these emission effects is described comprehensively in BIOSURF deliverable 5.2.
Independently from the actual magnitude of the emission savings it is the question how these effects
can be considered and incorporated under the methodology of the EU RED.
The use of manure for biogas production can help to avoid emissions from other agricultural
production systems. Additionally, the fermentation process lowers (Hahn et al., 2016) significantly
the amount of viable weeds, plant propagules, plant diseases etc. However, the GHG mitigation
associated with these effects are difficult to assess. Options for including these savings under the
EU RED calculation framework are not clearly described or defined. Furthermore, corresponding
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credits for emission savings from manure fermentation are not (yet5) included in the EU RED default
values for biogas/biomethane from manure. In principle, the EU RED methodology allows for the
accounting of different options to save GHG-emissions along the value chain of biofuel production
and utilisation. Most of these aspects address specific measures to save GHG-emissions, for
example due to carbon sequestration and soil carbon accumulation from improved agricultural
management or GHG-savings from carbon capture and replacement. Emissions saved due to these
measures can be accounted for with a credit under the EU RED equation. Since the overall
methodology has been designed mostly for liquid biofuels, process specific options for such GHGsavings along the biogas/biomethane value chain (e.g. emission savings from manure fermentation,
carbon capture and replacement, etc.) are not specifically mentioned. Emission savings from an
avoided conventional storage due to manure fermentation (or other agricultural by-products or
organic wastes and residues) are directly connected to the substrate provision for biomethane
production (for those pathways that are based or partly based on manure). In those cases, where
the manure (or other agricultural by-products or organic wastes and residues) is promptly fed into a
biogas fermenter, the avoided emissions should be accounted under the term eec in the EU RED
equation.
According to the definition given in Annex V of the EU RED, the term eec includes emissions from
the feedstocks of the liquid and gaseous biofuels under investigation. For residues and wastes, the
EU RED defines that the life-cycle-emissions of those materials (including straw, husks, cobs,
nutshells, etc.) do not have to be calculated, up to the point of their collection. However, this does
not necessarily mean that those residues will come into the calculations with a footprint of zero
emissions. Climate related effects associated with the use of such waste or residue materials should
be included into the calculations. In addition, if such residues are collected on a large-scale they may
not be residues any more but goods and thus should be attributed cultivating emissions as well.
As an example, the default value for ethanol from straw material included a disaggregated value for
eec of 3 g CO2-Eq./MJ which results from straw handling and processes such as baling and pressing.
Contrarily, emissions from the grain and straw production are, according to the definition in Annex
V, not included under eec. This example is illustrated in the following Figure 2-2.

Figure 2-2 System boundaries for the calculation of GHG-emissions from the production and distribution of ethanol according
to the RED methodology (taken from D5.1)

In case manure is used for biogas/biomethane production, the basic system boundaries would be
comparable to the example for straw ethanol. The calculation of emissions starts with the collection
of the manure from livestock production systems but the emissions associated with livestock
5

The JRC staff working document (See http://publications.jrc.ec.europa.eu/repository/handle/JRC95618) highlights the emission
savings from manure fermentation and uses credits under the EU RED calculation approach.
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production itself or produced up to this point are not accounted for. Since the fermentation of manure
for biogas production leads to climate relevant and related effects at the stage of feedstock supply,
the corresponding GHG-emission savings should be considered under the term eec, using an
emission credit.

Figure 2-3 System boundaries for the calculation of GHG-emissions from the production and distribution of biomethane from
manure according to SWD methodology (taken from D5.1)

A similar approach is taken for the calculation of the GHG-emissions in the EU Commission
publication „Commission Staff Working Document – State of play on the sustainability of solid and
gaseous biomass used for electricity, heating and cooling in the EU” (SWD, 2014), (EC, 2014)
published in August 2014. As already mentioned, the EU RED 2009/28/EC addresses liquid and
gaseous biofuels used for transportation purposes. In 2010, the EU Commission published a set of
recommendations for the sustainable use of solid and gaseous biomass sources for electricity and
heat production in order to extend the overall debate of a sustainable production and utilisation of
biomass also to other sectors of bioenergy. (EC, 2010) The methodology for the calculation of GHGemissions described in this publication is similar to the EU RED methodology as discussed in this
report. The respective methodology has been developed further in the staff working document (SWD,
2014). The document explicitly mentions some of the specialities of biomethane regarding the GHGemission calculations under the RED/SWD framework. The calculations included in the document
do address the issue of emission savings from manure fermentation. Simultaneously, at different
points within the documents, the authors highlight the methodological compatibility between the EU
RED and the SWD approach. Reversely, this means that including emission savings from manure
fermentation (and other agricultural by-products or organic wastes and residues) during biomethane
production should also be possible under the framework of the EU RED methodology.
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3 Calculation of GHG emissions and emission savings from
Biomethane production
Following the described methodological approach, six exemplary pathways for biomethane
production have been assessed regarding their GHG emissions and GHG mitigation potential. The
main purpose of this task is to demonstrate the applicability of the GHG calculation methodology for
biomethane and to discuss the main drivers of emissions during the production of biomethane.
The six biomethane value chains investigated in this deliverable are:
-

Biomethane produced from slurry,
Biomethane produced from straw,
Biomethane produced from a mixture of slurry and straw,
Biomethane produced from municipal organic waste,
Biomethane produced from a mixture of silage corn stover and catch crops,
Biomethane produced from a mixture of maize silage and catch crops.

3.1 Summary of assumptions and input data
The following abstracts will summarize the main assumptions and data input used for the calculation
of the GHG emissions of the six biomethane value chains. Besides the specific assumptions
regarding energy use, efficiencies, mass flows, a set of general assumptions has been made for the
calculation of all six pathways. These assumptions are:
-

-

-

All six pathways produce biomethane, it was assumed that the amine wash technology was
used for the upgrading step.
The energy demand of the biomethane facility is supplied internally. This means that a part
of the biogas produced is converted in a biogas boiler.
The electricity for the biomethane facility is taken from the public electricity grid. We used the
emission factor for the EU electricity mix from Biograce to calculate the consequential GHG
emissions. (Biograce, 2014)
Following the EU RED approach, calculation results have typically been related to the
production of 1 MJ biomethane (functional unit).
Methane emissions from biogas production and upgrading have been included assuming a
methane loss of 1% during biogas production and 0,2% during the upgrading process.
Upstream emissions from biomass production are zero for all pathways using waste and
residue feedstocks. The calculation of GHG emissions starts with the collection of these
feedstocks.
The upstream emissions for the production of agricultural biomass (maize silage, catch
crops) have been calculated using the inventory data of the respective pathways in the
Biograce 2 tool as well as the DBFZ project database.
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The following tables show the specific assumptions regarding biogas yields, energy consumption
mass balances, etc. for each of the six biomethane value chains considered in this deliverable. The
mass and energy balances for the process steps have been calculated based on (KTBL 2016).
Biomethane produced from slurry
Table 3-1 Input parameter and assumptions for the production of biomethane from slurry

Input parameter
Substrate input
Cattle slurry

Value

Unit

0.0062
0.00062
30.4
166.69

tFM/kWh biomethane output
tDM/kWh biomethane output
Nm3/tFM substrate input
kWh/tFM substrate input

5

km transport distance

30.4
29.5
161.70
1616.87
0.1
0.111
0.099
0.0098

Nm3/tFM substrate input
Nm3 raw gas/tFM substrate input
kWh raw gas/tFM substrate input
kWh raw gas/tDM substrate input
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced
Nm3 raw gas/Nm3 raw gas produced

Electricity demand
Heat demand
Methane losses

14.73
161.49
1614.87
0.0164
0.1220
0.0003

Digestate output

0.077

Nm3 biomethane/tFM substrate input
kWh biomethane/tFM substrate input
kWh biomethane/tDM substrate input
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/kWh
biomethane
output
tDM/ tFM substrate input

0.0210
0.0132
0.0420

kg N/kWh biomethane output
kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Biogas yield

Transport of substrate
Lorry
Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
Electricity demand
Methane losses

Biogas upgrading
Biomethane output

Nutrient content of digestate
N
P2O5
K2O
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Biomethane produced from straw
Table 3-2 Input parameter and assumptions for the production of biomethane from straw

Input parameter
Substrate input
Straw
Water6
Biogas yield
Biogas yield straw
Raw biogas produced

Value

Unit

0.00070
0.00078

tFM/kWh biomethane output
tFM/kWh biomethane output

309.6
1605.01
4105.10

Nm3/tFM
kWh/tFM substrate input7
kWh/tDM substrate input7

120

km transport distance

309.6
245.42
1272.34
3734.26
0.4
0.421
0.093
0.0092

Nm3/tFM substrate input7
Nm3 raw gas/tFM substrate input7
kWh raw gas/tFM substrate input7
kWh raw gas/tDM substrate input7
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced
Nm3 raw gas/ Nm3 raw gas produced

Electricity demand
Heat demand
Methane losses
Digestate output

139.61
1530.1
3913.3
0.020
0.1227
0.00032
0.59

Nm3 biomethane/ tFM substrate input7
kWh biomethane/tFM substrate input7
kWh biomethane/tDM substrate input7
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/ kWh biomethane output
tDM/ tFM substrate input7

Nutrient content of digestate
N

0.0034

kg N/kWh biomethane output

Supply of substrates
Transport of straw
Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
Electricity demand
Methane losses
Biogas upgrading
Biomethane output

6

Water is used to reduce the overall DM content of the substrates for fermentation. The digestate produced
in this concept is separated and the liquid phase is recirculated in order to reduce the necessary fresh water
input. The energy demand for the separation process is included in the electricity demand of the upgrading
step.
7 excluding water
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P2O5
K2O

0.0012
0.0096

kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Biomethane produced from a mixture of slurry and straw
Table 3-3 Input parameter and assumptions for the production of biomethane from slurry and straw

Input parameter
Substrate input
Straw
Cattle slurry
Biogas yield
Biogas yield slurry
Biogas yield straw
Raw biogas produced

Supply of substrates
Transport of slurry
Transport of straw
Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
Electricity demand
Methane losses
Biogas upgrading
Biomethane output

Electricity demand
Heat demand
Methane losses
Digestate output

www.biosurf.eu

Value

Unit

0.0006
0.0012

tFM/kWh biomethane output
tFM/kWh biomethane output

30.4
309.6
122.21
639.73
1828.14

Nm3/tFM
Nm3/tFM
Nm3/tFM substrate input
kWh/tFM substrate input
kWh/tDM substrate input

5
120

km transport distance
km transport distance

122.21
110.78
579.89
1657.1
0.4
0.4417
0.1518
0.0092

Nm3/tFM substrate input
Nm3 raw gas/tFM substrate input
kWh raw gas/tFM substrate input
kWh raw gas/tDM substrate input
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced
Nm3 raw gas/ Nm3 raw gas produced

51.11
559.16
1597.9
0.0180
0.1198
0.00018
0.0922

Nm3 biomethane/ tFM substrate input
kWh biomethane/tFM substrate input
kWh biomethane/tDM substrate input
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/ kWh biomethane output
tDM/ tFM substrate input
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Nutrient content of digestate
N
P2O5
K2O

0.0103
0.0070
0.0125

kg N/kWh biomethane output
kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Biomethane produced from municipal organic waste
Table 3-4 Input parameter and assumptions for the production of biomethane from municipal organic waste

Substrate input
Municipal organic waste
Biogas yield

0.00173
94.7
566.23
3539.0

tFM/kWh biomethane output
Nm3/tFM substrate input
kWh/tFM substrate input
kWh/tDM substrate input

20

km transport distance

94.7
84.91
507.93
3174.60
0.24
0.56

Nm3/tFM substrate input
Nm3 raw gas/tFM substrate input
kWh raw gas/tFM substrate input
kWh raw gas/tDM substrate input
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced

0.0091
0.17

Nm3 raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced

Electricity demand
Heat demand
Methane losses

45.59
498.71
3117.0
0.0136
0.1029
0.00018

Nm3 biomethane/ tFM substrate input
kWh biomethane/ tFM substrate input
kWh biomethane/ tDM substrate input
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/ kWh biomethane output

Digestate output

0.1600

tDM/ tFM substrate input

0.0104

kg N/kWh biomethane output

Transport of substrate
Lorry
Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
(incl. upgrading)
Methane losses
Electricity demand
Biogas upgrading
Biomethane output

Nutrient content of digestate
N
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P2O5
K2O

0.0036
0.0380

kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Biomethane produced from a mixture of silage corn stover and catch crops
Table 3-5 Input parameter and assumptions for the production of biomethane from maize silage and catch crops

Substrate input
Corn stover silage
Catch crops
Biogas yield
Corn stover silage
Biogas yield catch crops
Raw biogas produced

17000
26000

tFM/kWh biomethane output
tFM/kWh biomethane output

387.7
37.9
176.2
787.64
2833.23

Nm3/tFM
Nm3/tFM
Nm3/tFM substrate input
kWh/tFM substrate input
kWh/tDM substrate input

Cultivation of catch crops
Synthetic N-fertilizer
CaO-fertilizer
K2O-fertilizer
P2O5-fertilizer
Pesticides
Field CO2 emissions

3.10
0.28
5.23
1.85
0.09
1.59

kg N /t biomass
kg CaO /t biomass
kg K2O / t biomass
kg P2O5 / t biomass
kg / t biomass
kg / t biomass

Supply of substrates
Transport of silage corn stover
Transport of catch crops

120
20

km transport distance
km transport distance

176.2
162.16
724.84
2607.40
0.28
0.32
0.0093
0.11

Nm3/tFM substrate input
Nm3 raw gas/tFM substrate input
kWh raw gas/tFM substrate input
kWh raw gas/tDM substrate input
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced
Nm3 raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced

72.97

Nm3 biomethane/ tFM substrate input

Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
Methane losses
Electricity demand
Biogas upgrading
Biomethane output
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Electricity demand
Heat demand
Methane losses

798.3
2871.42
0.0183
0.122
0.00018

kWh biomethane/ tFM substrate input
kWh biomethane/ tDM substrate input
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/ kWh biomethane output

Digestate output

0.252

tDM/ tFM substrate input

0.0029
0.0065
0.0078

kg N/kWh biomethane output
kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Nutrient content of digestate
N
P2O5
K2O

Biomethane produced from a mixture of maize silage and catch crops
Table 3-6 Input parameter and assumptions for the production of biomethane from maize silage and catch crops

Substrate input
Maize silage
Catch crops
Biogas yield
Biogas maize silage
Biogas yield catch crops
Raw biogas produced

0.00093
0.00036

tFM/kWh biomethane output
tFM/kWh biomethane output

216
37.9
165.86
868.42
3123.82

Nm3/tFM
Nm3/tFM
Nm3/tFM substrate input
kWh/tFM substrate input
kWh/tDM substrate input

Cultivation of maize silage
Synthetic N-fertilizer
CaO-fertilizer
K2O-fertilizer
P2O5-fertilizer
Pesticides
Field CO2 emissions

4.59
6.86
0.59
0.95
0.16
1.52

kg N /t biomass
kg CaO /t biomass
kg K2O / t biomass
kg P2O5 / t biomass
kg / t biomass
kg / t biomass

Cultivation of catch crops
Synthetic N-fertilizer
CaO-fertilizer
K2O-fertilizer
P2O5-fertilizer
Pesticides

3.10
0.28
5.23
1.85
0.09

kg N /t biomass
kg CaO /t biomass
kg K2O / t biomass
kg P2O5 / t biomass
kg / t biomass
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Field CO2 emissions

1.59

kg / t biomass

20
20

km transport distance
km transport distance

165.86
152.64
799.18
2874.78
0.33
0.37
0.0092
0.126

Nm3/tFM substrate input
Nm3 raw gas/tFM substrate input
kWh raw gas/tFM substrate input
kWh raw gas/tDM substrate input
kWhth/ Nm3 raw gas produced
kWh raw gas/ Nm3 raw gas produced
Nm3 raw gas/ Nm3 raw gas produced
kWhel/ Nm3 raw gas produced

Electricity demand
Heat demand
Methane losses

70.45
770.66
2772.16
0.0178
0.1188
0.00018

Nm3 biomethane/ tFM substrate input
kWh biomethane/ tFM substrate input
kWh biomethane/ tDM substrate input
kWhel/ kWh biomethane output
kWhth/ kWh biomethane output
Nm3 Biomethane/ kWh biomethane output

Digestate output

0.2775

tDM/ tFM substrate input

0.0036
0.0070
0.0089

kg N/kWh biomethane output
kg P as P2O5/kWh biomethane output
kg K as K2O/kWh biomethane output

Supply of substrates
Transport of maize silage
Transport of catch crops
Biogas production
Raw biogas produced
Raw gas output to upgrading

Heat demand
Raw biogas for heat supply
Methane losses
Electricity demand
Biogas upgrading
Biomethane output

Nutrient content of digestate
N
P2O5
K2O

3.2 Results
This section shows the results of the GHG calculations for the six presented pathways using the
methodology described in section 2.1.1 and D5.1. For each of the six pathways, a set of “scenarios”
with different assumptions regarding the methodology have been calculated.
The “scenarios” cover the following aspects:


No consideration of digestate & slurry credit in the calculations:
Both aspects have been completely ignored. All GHG emissions from the production of
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biomethane have been allocated exclusively to biomethane. No allocation has been made to
a co-product. No credit was given.


Internal use of digestate for fertiliser supply:
In those cases where the digestate could be brought back to the agricultural land used for
the production of the biomethane feedstock, the nutrient content of the digestate reduces the
amount of external mineral fertiliser for the crop production.



Digestate allocation:
It was assumed that the digestate was separated using a mechanical separation process.
Due to this treatment, the dry phase of the digestate becomes a co-product with a positive
lower heating value. This allows an allocation between the main product (biomethane) and
the co-product (digestate) based on the lower heating value. (see D5.1)



Digestate credit:
Even though this approach is not in compliance with the EU RED methodology, we have
included a system expansion approach to calculate an emission credit for the substitution of
mineral fertiliser by digestate.



Slurry credit min/max:
The scientific literature features a broad range of values for the avoided GHG emissions from
using slurry/manure for biomethane production. We have used the minimum and maximum
values from BIOSURF deliverable 5.2 to show the effect of these ranges in the corresponding
GHG emission calculations.

Table 3-7shows the set of scenarios calculated for each pathway.
Table 3-7: Scenarios and pathways included in this deliverable

Covered scenarios

Slurry

Straw

Slurry/
straw

Municipal
organic
waste

Corn stover
silage/catch
crops

Energy
crops/catch
crops

X

X

X

X

X

X

Internal use of
digestate
for
fertiliser supply

-

-

-

-

X

X

Digestate
allocation

X

X

X

X

X

X

Digestate credit

X

X

X

X

X

X

No consideration
of digestate &
slurry credit in the
calculations
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Slurry
min/max

credit

X

-

X

-

-

-

3.2.1 Results for biomethane production from slurry
The results of the GHG emission calculations for the biomethane production from slurry are shown
in Table 3-8. The GHG mitigation effects range from ~83% (without consideration of digestate and
slurry credits) to 202% (digestate allocation & slurry credit max.) compared to the fossil comparator
defined in the EU RED.
Main drivers of emissions are in all cases the demand for electricity (sourced from the public grid)
and the loss of methane during biogas production and upgrading. The mitigation effects from the
avoidance of the conventional handling of slurry yield in quite significant overall GHG mitigation
values.
In those scenarios where an allocation was made between the biomethane and upgraded digestate,
we have included an additional demand for electricity (consumed by a mechanical separation
process) yielding in higher overall emissions from the supply of electricity. The electricity demand
was calculated based on (Brauckmann 2011).
The calculations show a significant difference between the scenario of digestate allocation vs. the
scenario of the digestate credit. This can be explained by the rather low biogas yield per m3 of slurry
resulting in a comparably low allocation factor (based on mass and energy content of the digestate
compared to the biomethane production) for the digestate.
Table 3-8 GHG emissions from biomethane production based on slurry in gCO2-eq.*MJ-1 biomethane

Without
consideration
of digestate
&
slurry cred.
7.31

Digestate
allocation
8.98

Digestate
credit
7.31

Digestate
allocation
&
slurry cred.
min
8.98

Heat demand

0.06

0.04

0.06

0.04

0.04

-

Methane losses

6.50

4.74

6.50

4.74

4.74

-

Transport of
substrates

0.71

0.51

0.71

0.51

0.51

-

Electricity demand
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Avoided emissions
from untreated
slurry storage

-

-

-

-37.84

-99.77

-

Credit digestate

-

-

-35.23

-

-

-

Total emissions

14.57

14.28

-20.66

-23.56

-85.49

83.80

The results of the scenario with digestate allocation and slurry credit max. are shown in Figure 3-1.
All results are expressed in gCO2-eq.*MJ-1 biomethane. Whilst the left side of the figure (negative
values) represent emission savings or credits, the right side (positive values) shows emission effects
(mainly from methane losses and electricity consumption.

Figure 3-1: Drivers for emissions from biomethane production based on manure for the scenario of digestate allocation + slurry credit max. in
gCO2-eq.*MJ-1 biomethane

The following Figure 3-2 summarises the results for all scenarios related to the GHG emission
calculations for the production of biomethane from slurry.
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Figure 3-2 Results for all calculated scenarios for biomethane from slurry in gCO2-eq.*MJ-1 biomethane
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3.2.2 Results for biomethane production from straw
Table 3-8 presents results of the GHG emission calculations for the biomethane production from
straw. GHG mitigation effects compared to the fossil comparator are between ~79% (without
consideration of digestate and slurry credits) to 86% (digestate credit).
As for the previous pathway, main drivers of emissions are in all cases the demand for electricity
(sourced from the public grid) and the loss of methane during biogas production and upgrading. In
those scenarios where an allocation was made between the biomethane and upgraded digestate,
we have included an additional demand for electricity (consumed by a mechanical separation
process) yielding in higher overall emissions from the supply of electricity. The electricity demand
was calculated based on (Brauckmann 2011).
Table 3-9 GHG emissions from biomethane production based on straw in gCO2-eq.*MJ-1 biomethane

Without
consideration
of digestate
&
slurry cred.
8.13

Digestate
allocation
5.66

Digestate
credit
8.13

Comparator
(fossil fuel)
-

Heat demand

0.08

0.06

0.08

-

Methane losses

6.54

4.55

6.54

-

Transport of
substrates

2.95

2.06

2.95

-

-5.85

-

11.86

83.80

Electricity demand

Credit digestate

-

Total emissions

17.71

12.33

Figure 3-3 summarises the results for the scenario “Digestate allocation” related to the GHG
emission calculations for the production of biomethane from straw.
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Figure 3-3 Drivers for emissions from biomethane production based on straw for the scenario of digestate allocation in gCO2-eq.*MJ-1
biomethane

The following Figure 3-4 summarises the results for all scenarios related to the GHG emission
calculations for the production of biomethane from straw.
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Figure 3-4 Results for all calculated scenarios for biomethane from straw in gCO2-eq.*MJ-1 biomethane
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3.2.3 Results for biomethane production from a mixture of slurry and straw
Following the structure of the result presentation in the previous section, Table 3-10 GHG emissions
from biomethane production based on slurry and straw in gCO 2-eq.*MJ-1 biomethaneTable 3-10
presents the results for the biomethane from slurry/straw pathway. The scenarios covered in this
section are similar to the scenarios in the previous section.
The GHG mitigation effects for this pathways range from ~ 74% (without consideration of digestate
and slurry credits) to 99 % (digestate allocation & slurry credit max.) compared to the EU RED
comparator.
Table 3-10 GHG emissions from biomethane production based on slurry and straw in gCO2-eq.*MJ-1 biomethane

Without
consideration of
digestate
&
slurry cred.
Electricity demand
10.65

Digestate
allocation
10.70

Digestate
credit
10.65

Digestate
allocation
&
slurry cred.
min
10.70

Digestate
allocation
&
slurry cred.
max
10.70

Comparator
(fossil fuel)
-

Heat demand

0.09

0.08

0.09

0.08

0.08

-

Methane losses

6.42

5.69

6.42

5.69

5.69

-

Transport of
substrates

4.26

3.78

4.26

3.78

3.78

-

Avoided emissions
from untreated
slurry storage

-

-

-

-7.33

-19.34

-

Credit digestate

-

-

16.30

-

-

-

Total emissions

21.42

20.24

5.14

12.91

0.91

83.8

Compared to the pathway based on 100% manure, the difference between the scenario of digestate
allocation vs. the scenario of the digestate credit has become smaller. Due to the input of straw, the
dry matter content of the digestate has increased resulting in a higher allocation factor for the
digestate and thus, lower overall emissions allocated to the main product biomethane.
The results of the scenario with digestate allocation and slurry credit max. are shown in Figure 3-5.
All results are expressed in gCO2-eq.*MJ-1 biomethane. Whilst the left side of the figure (negative
values) represent emission savings or credits, the right side (positive values) shows emission effects
(mainly from methane losses and electricity consumption).
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Figure 3-5 Drivers for emissions from biomethane production based on slurry and straw for the scenario of digestate allocation + slurry credit
max. in gCO2-eq.*MJ-1 biomethane

Figure 3-6 below summarises the results for all scenarios related to the GHG emission calculations
for the production of biomethane from slurry and straw.
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Figure 3-6 Results for all calculated scenarios for biomethane from slurry and straw in gCO2-eq.*MJ-1 biomethane
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3.2.4 Results for biomethane production from municipal organic waste
Following the discussions in D5.2, effects from using municipal organic waste in anaerobic digestion
compared to other disposal scenarios (e.g. landfill) have been included in the calculations. Figure
3-7 shows the GHG mitigation effects from using one tonne of municipal organic waste for
biomethane production compared to the disposal in a landfill system. The calculation includes
avoided emissions from landfill storage, the substitution of fossil energy (by electricity and heat
produced from biomethane) and the substitution of mineral fertiliser by the digestate.

Figure 3-7 Drivers for emissions from biomethane production based on municipal organic waste per t FM in kgCO2-eq.*TFM-1

Regarding, the GHG assessment according to the EU RED methodology, the following Table 3-11
presents the results for the biomethane production from municipal organic waste. The GHG
mitigation potential of the considered scenarios ranges from 80% (without consideration of digestate)
to 96% (digestate credit).
Similar to the previously presented results for biomethane based on slurry (and straw) emissions
from the consumption of electricity and methane losses are the dominant drivers for the overall
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emissions. An additional demand for electricity for the digestate separation was assumed in the
digestate allocation scenario.
Table 3-11 GHG emissions from biomethane production based on municipal organic waste in gCO2-eq.*MJ-1 biomethane

Without
consideration of
digestate
Electricity demand
9.72

Digestate
allocation
9.23

Digestate
credit
9,72

Comparator
(fossil fuel)
-

Heat demand

0.09

0.07

0.09

-

Methane losses

6.08

4.86

6.08

-

Transport of
substrates

0.89

0.71

0.89

-

-13.71

-

3.06

83.80

Credit digestate

-

Total emissions

16.77

14.87

The following Figure 3-8 summarises the results for all scenarios related to the GHG emission
calculations for the production of biomethane from municipal organic waste.
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Figure 3-8 Results for all calculated scenarios for biomethane from municipal organic waste in gCO2-eq.*MJ-1 biomethane
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3.2.5 Results for biomethane production from a mixture of silage corn stover and
catch crops
As described in D 5.2 the use of winter and summer catch crops for the production of biomethane
has increased recently in Austria and Germany. This brings multilateral benefits to agriculture
compared to bare fallow although these effects are hard to quantify under the EU RED GHG
calculation framework either due to methodological restrictions or missing data. The mayor effects
are:
 Carbon sequestration via roots, remaining growth and digestate into soil,
 avoided nutrient leakage,
 avoided erosion from wind and water,
 increasing soil fertility
In some mountainous regions of Germany and Austria catch crops are already introduced to avoid
mainly water erosions. The yield is usually left on the field. Compared to this established practise
the anaerobic digestion can bring the following additional benefits:
 Reduced CO2 and N2O emissions via degassing during rotting process,
 reduced nutrient leakage into ground water during rotting process,
 increased renewable energy production.
Even though, not all of these effects can be accounted for within the scope of this deliverable, their
future investigation seems worthwhile.
The results of the GHG emissions for the pahway biomethane from silage corn stover and catch
crops are presented in Table 3-12. The results show GHG mitigation effects between ~66% (without
consideration of digestate) and 72% (digestate credit).
Similar to the previously presented results, emissions from the consumption of electricity and
methane losses are the dominant drivers for the overall emissions. An additional demand for
electricity for the digestate separation was assumed in the digestate allocation scenario.
Furthermore, the calculations for this pathway include considerations to account for emissions from
the production of biomass (catch crops). Table 3-12 includes the inputs and assumptions regarding
yields, the use of fertiliser, diesel, etc. for this process step. Emissions from biomass production are
dominated by upstream emission from fertiliser production and field emissions from the application
of nitrogen fertiliser. In the scenario “digestate used internally” we have assumed that the nutrients
from the digestate are brought back to the agricultural area used for feedstock production. This way,
the input of external synthetic fertiliser and the corresponding upstream emission can be reduced.
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Table 3-12 GHG emissions from biomethane production based on a mixture of silage corn stover and catch crops in gCO2-eq.*MJ-1
biomethane

Without
consideration of
digestate

Digestate
used
internally

Digestate
allocation

Digestate
credit

Comparator
(fossil fuel)

Electricity demand

8.76

8.76

8.24

8.76

-

Heat demand

0.03

0.03

0.02

0.03

-

Methane losses

6.56

6.56

5.27

6.56

-

Transport of
substrates

2.87

2.87

2.30

2.87

-

Substrate
production

10.34

8.39

8.31

10.34

-

Credit digestate

-

-

-

-4.70

-

Total emissions

28.56

26.61

24.14

23.86

83.8

The following Figure 3-9 summarises the results for all scenarios related to the GHG emission
calculations for the production of biomethane from silage corn stover and catch crops.
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Figure 3-9 Results for all calculated scenarios for biomethane from silage corn stover and catch crops in gCO2-eq.*MJ-1 biomethane
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3.2.6 Results for biomethane production from a mixture of maize and catch crops
The GHG emissions for the pathway of biomethane from maize silage and catch crops are shown in
the following table. Contrary to the results of the pathways based on wastes and residues, the
emissions from biomethane production based on maize silage and catch crops are influenced
significantly by the process of biomass production. The emissions of these process steps are mainly
driven by the production and application of nitrogen fertilisers. The calculations for this pathway
include scenarios for digestate allocation and for digestate credit. Futhermore, the scenario
“Digestate used internally” assumes that the digestate is brought back to the agricultural land used
for the production of the substrates. In this case, the input of additional (external) fertiliser is reduced.
This explains the difference compared to the scenario without consideration of the digestate.
The GHG mitigation effects of the different scenarios compared to the EU RED comparator range
between 51% (without consideration of digestate) and 60% (digestate allocation).
Table 3-13 GHG emissions from biomethane production based on a mixture of maize silage and catch crops in gCO2-eq.*MJ-1 biomethane

Without cons.
digestate

Digestate
used
internally

Digestate
allocation

Digestate
credit

Comparator
(fossil fuel)

Electricity demand

9.37

9.37

8.63

9.37

-

Heat demand

0.03

0.03

0.03

0.03

-

Methane losses

6.42

6.42

5.01

6.42

-

Transport of
substrates

1.08

1.08

0.84

1.08

-

Substrate
production

24.10

19.95

18.82

24,10

-

Credit digestate

-

-

-

-5.37

-

Total emissions

41.00

36.85

33.34

35.63

83.8

The following Figure 3-10 summarises the results for all scenarios related to the GHG emission
calculations for the production of biomethane from maize silage and catch crops.
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Figure 3-10 Results for all calculated scenarios for biomethane from maize silage and catch crops in gCO2-eq.*MJ-1 biomethane
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3.2.7 Summary of the results
The calculations indicate a wide range of GHG mitigation potentials for all six pathways. All pathways
have the potential to reduce GHG emissions compared to the fossil comparator for biomethane used
as transportation fuel as set in the EU RED. Comparing all pathways considered in this report, the
results range from 51% GHG mitigation (pathway based on maize silage and catch crops; ignoring
the co-product digestate) to 202% GHG mitigation (pathway based on 100% slurry; digestate
allocation & slurry credit max.).
Not surprisingly, pathways based on waste and residues show higher GHG mitigation potentials
compared to pathways (partly) based on agricultural feedstock.
For the process of biogas and biomethane production two major factors or drivers influencing the
result have been identified. Firstly, depending on the overall configuration or concept of the
biomethane plant, the energy supply can be an important source of emissions. In case heat is
supplied internally (e.g. via a biogas boiler) and electricity is sourced from the public grid, the
upstream emissions depend directly on the local electricity mixture and the corresponding emission
factor. Secondly, methane emissions might occur during the process of biogas production and
upgrading. The magnitude of these emissions depends on a number of factors (e.g. technology used,
digestate storage, management/operation of the plant, etc.) and is hard to generalise. We have
shown, that even the assumption of rather low methane losses can have a significant impact on the
overall result (see also section 3.2.8).
Finally, we could show that the methodology proposed in D5.1 is applicable to all pathways
considered in this report covering different sources of feedstock. As discussed in section 2.1 and
deliverable 5.1, avoided emissions from the fermentation of untreated slurry as well as a
consideration of the (separated dry phase of) the co-product digestate via allocation should be
allowed for under the EU RED framework.
Table 3-14 summarises the results for al pathways indicating the scenarios with the highest
emissions as well as “EU RED best case”.
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Table 3-14 Summary of the GHG emission calculations including scenarios with the highest and lowest emissions for each pathway in gCO2-eq.*MJ-1 biomethane

Slurry

Electricity demand
Heat demand
Methane losses
Transport of substrates

Straw

Best
case
Highest
Highest
emissions EU RED emissions
7.31
8.98
8.13
0.06
0.04
0.08
6.50
4.74
6.54
0.71
0.51
2.95

Slurry/Straw

Best
case
EU RED
5.66
0.06
4.55
2.06

Best
case
Highest
emissions EU RED
1.,65
10.70
0.09
0.08
6.42
5.69
4.26
3.78

Maize
Silage corn
silage/Catch
Organic waste
stover/catch crops
crops
Best
Best
Best
case
case
case
Highest
Highest
Highest
EU
emissions EU RED emissions EU RED emissions RED
9.72
9.23
8.76
8.24
9.37
8.63
0.09
0.07
0.03
0.02
0.03
0.03
6.08
4.86
6.56
5.27
6.42
5.01
0.89
0.71
2.87
2.30
1.08
0.84

Substrate production

-

-

-

-

-

-

-

-

10.34

8.31

24.10

18.82

Avoided emissions from
untreated slurry

-

-99.77

-

-

-

-19.34

-

-

-

-

-

-

14.57

-85.49

17,71

12,33

21.42

0.91

16.77

14.87

28.56

24.14

41.00

33.34

Credit digestate
Total emissions
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Figure 3-11 Summary of the GHG emission calculations including scenarios with the highest and lowest emissions for each pathway
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3.2.8 Sensitivity analysis
The calculations presented in this deliverable are based on a number of assumptions which might
not necessarily reflect all possible configurations or setups of biomethane production for the
feedstocks presented here. For this reason and to support the discussion of the main drivers for
emissions, a sensitivity analysis has been conducted to show the impact of a parameter variation on
the overall GHG performance of a biomethane pathway. We have used the 100% slurry pathway
(scenario allocation of digestate & slurry credit min) as a base case and have conducted 4 parameter
variations. These parameters are:
-

Open digestate storage:
We changed the assumption from a closed storage system for the digestate to an open
storage system. This results in significantly higher CH4 and N2O emissions. (Emission factor
from (Biograce, 2014))

-

Electricity sourced from renewable sources:
We changed the emission factor for the electricity consumption of biogas production and
upgrading from the average European electricity mix to a mix based on 100% renewables
(emission factor EU mix: 751.79 gCO2-eq.*kWh-1 (own assumptions); 100% renewables: 52.8
gCO2-eq.*kWh-1 (own assumptions)

-

Reduction of methane losses: Assumptions regarding methane leakage are associated with
high uncertainties. In this deliverable, we have followed current scientific literature. However,
state of the art biomethane plants might be able to reduce methane leakage. In order to show
the impact of potential efforts to reduce these effects, we changed the factor for methane
losses from 1.2% (base case) to 0.1%.

-

Variation of substrate transport distance from 5km to 50km
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The results of the parameter variation are shown in Table 3-15.
Table 3-15 Results of the sensitivity analysis for the pathway biomethane from slurry. Base case = scenario “Digestate allocation & slurry
cred. min” in gCO2-eq.*MJ-1 biomethane

Base case

Open digestate
Storage

Renewable
electricity
consumption

Reduced
methane
losses

Transport
distance
variation

Electricity demand

9.04

9.04

0.51

9.04

9.04

Heat demand

0.04

0.04

0.04

0.04

0.04

Methane losses

4.74

76.55

4.74

0.65

4.74

Transport of substrates

0.52

0.52

0.52

0.52

5.20

Avoided emissions
from untreated slurry storage

-38.15

-38.15

-38.15

-38.15

-38.15

Total emissions

-20.95

51.44

-29.48

-27.89

-19.12

The parameter variation shows the big impact and the importance of avoiding methane emissions
during biomethane production. In the scenario with an open storage of the digestate, the pathways
will not meet the mandatory GHG mitigation thresholds set by the EU RED.
Furthermore, the results show that, compared to other parameters, the impact of transport is rather
low.
Upstream emissions from the provision of process energy can be an important factor. These
emissions can be reduced by the choice of the energy carriers used for the production of process
energy (e.g. raw biogas, renewable sources, etc.). However, it is important to note that the activation
of this reduction potential might be linked to higher overall costs for biomethane production.
The results of the sensitivity analysis are summarised in Figure 3-12.

www.biosurf.eu

Page 44 of 47

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme.

D5.3 | Calculation of GHG
emission caused by biomethane

Figure 3-12 Results of the sensitivity analysis for the pathway biomethane from slurry. Base case = scenario “Digestate allocation & slurry cred. min” in gCO2-eq.*MJ-1 biomethane
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4 Conclusions
Individual GHG emission calculations are a topic of increasing importance for biomethane producers.
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. In this regard, the methodology for the calculation of the GHG-mitigation
potential is of critical importance. The EU RED has defined a calculation approach that is mandatory
for any biofuel producers acting under national biofuel quota regimes within the EU. Furthermore,
existing reports and recommendations for other bioenergy sectors published by the EU commission
are using similar methodological approaches. BIOSURF D5.1 and D5.2 proposed an approach for
the application of a GHG calculation for biomethane in harmonisation with the EU RED. The
calculations in this deliverable have shown that the framework and the emission factors provided by
D5.1 and D5.2 are applicable to a wide range of configurations for biomethane production including
the use of agricultural and urban waste and residue streams as well as energy crops.
However, not all aspects and potential benefits of the biomethane production from waste and residue
biomass can be incorporated in the calculation under the EU RED framework. While we have shown
that GHG mitigation effects from avoided storage of untreated manure and slurry could be included,
positive effects from implementation of catch crops into the crop rotation or using organic waste in
AD plants instead of a landfill disposal are difficult to include under the EU RED GHG calculation
framework.
To summarise, the main conclusions from this deliverable are:






The allocation of the digestate should be possible (after separation). We have shown that the
biorefinery definition is applicable to biomethane facilities (including the separation process).
Comparing the allocation approach with the credit approach (substitution method), we have
shown that there is an “advantage” of using the credit approach whenever substrate with high
water content or low biomethane yields (per tFM) are used. This advantage disappears for
concepts using substrates with high biomethane yields (e.g. the maize/catch crops pathway).
Avoided emissions from storage of untreated manure can be included in the calculations
under the term eec. D5.2 provides a solid data basis for the magnitude of these emissions
and the emission factor to be used in the assessment. Furthermore, the magnitude of these
effects can provide significant GHG mitigation potentials for biomethane based on
slurry/manure.
A direct emission credit for the substitution of mineral fertiliser by digestate from AD is not
possible under the current methodological framework of the EU RED. The same is true for
potential benefits of introducing catch crops in crop rotation systems.
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