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Feedstock for biomethane production in Europe
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» A clear trend towards agricultural residues and -to a lesser extend- organic municipal solid waste, sewage sludge and
industrial waste.

» Monocrops (maize mostly in Germany) are gradually withdrawn from 2017 onwards
l l Source: EBA Statistical Report 2024 .




GREENMEUDP

Feedstock types for biogas production in selected European
countries
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* High country variation
* In several countries, there is one dominant feedstock type

Source: EBA Statistical Report 2024
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GREENMEUDP
Feedstock types for biomethane production in EU

POTENTIAL BIOMETHANE | BIOMETHANE ENERGY
FOR GAS NETWORK CONTENT
bcm/year TWh/y
European Union - 27 39.71 382.89
7587 7588
5.77 55.59
Sheeps | 13 1258
Goats | 025 24
1.97 18.99
17.16 165.44
Wheatstraw 10.07 97.07
Oatstaw 1.15 11.12
45 434
Rye 0.85 8.19
16.57 159.78
158 15.22
44 12.05
5.98 57.67
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Anaerobic digestion potential in 2030 per feedstock and country

Biomethane potential (bcm/fyear)
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R&I in growing crops GREENMEUP

< Sequential cropping (a) (double, triple etc; i.e BIOGASDONERIGHT concept, projects BECOOL, BIKE, Icarus,
intercropping (b) (raw, patch, strip, etc)

(a) Year 1 Year 2 Year 3 Year 4 (b) Monoculture Intercropping
D— ~'(\ 1' : } 3 3 } ’ Monoculture with catch crop with catch crop Mixed cropping
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< Minimal/low tillage

< Growing perennial crops

< Growing crops (annual, perennial) on marginal lands (i.e projects MAGIC, MIDAS) for land phytoremediation (i.e —
projects GOLD, PHY2CLIMATE, CERESIS, FORTE, GRACE)




Conventional Agriculture

* Dairy farm, crop production to feed/food
* Arable crops, one-two crops per year (mainly maize)
* Fertilisation based on livestock manure + mineral

The BiogasDoneRight concept

slurry Mineral fertilizer Silage Grain  slurry
Ex. Maize spplication SOWing zpplication Irrigation harvest harvestepeication
‘ 4 Y .' ee— —— l
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

v’ Soil covered 6 months per year

v’ Total above ground biomass around 23 DM t/hafyear (grain 13)
v’ Irrigation: necessary

v Herbicides: necessary

v Soil tillage: heavy (ploughing)

v Organic matter level in soil: steady or slightly down

GREENMEUP

BiogasDoneRight® concept

* Dairy farm, crop production to feed/food/energy
* Arable/no till crops, two crops per year (several)
* Fertilisation based on digestate

Ex. Maize + winter cereal Sowing
. Digestate Silage  ggowing Maize  winter
application harvest l"‘a'zel Irrigation harvest] cereal

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

v Soil covered 12 months per year

v Total above ground biomass around 30 DM t/hafyear (maize 18 + triticale 12)
v Irrigation: necessary

v' Herbicides: reduced (especially if agricultural work happens quickly)

v Soil tillage: reduced

v Organic matter level in soil: increasing




BECOOL

Hrazll-EW Cooperation for LDevelopmeank
of Advanced Lignocallukosic Blofuss

The BECOOL project

green: food crop

The integrated cropping systems including food and lignocellulosic crops are: . : energy legume
ue: energy crop

2017 2018 2019 2020 2021
AMIJ JASOND|J FMAMIJ J ASONTD|IJ FMAMIJ JASOND|J FMAMIJ J ASONTD|IJ FMAMIJ J AS
C Maize Wheat Maize
R1 Maize Sunn Hemp Wheat Sunn Hemp Maize Sunn Hemp
R2 Maize Fiber sorghum Wheat Sunn Hemp Maize Fiber sorghum
R3 Maize Kenaf Wheat Sunn Hemp Maize Kenaf
R4 Maize Hemp Wheat Sunn Hemp Maize Hemp
R5 Sunn Hemp Wheat Sunn Hen Wheat Sunn HenWheat Sunn HenWheat Sunn Hen
Wheat grain yields Maize grain yields Biomass yields
35 30 120
30 25 100
25 20 I I . 80
% % ® 5 - 2 60
o - 10 § 40
10
5 . 5 - 20
0 0 - 0
c R1 R2 R3 Ra RS & R1 R2 R3 R4 L BL 2 B ke K3
HItaly ®Greece W Spain Hltaly ®Greece W Spain M Italy HGreece W Spain

* Wheat and maize grain yields were not affected by the rotations in all environments

* Rotations with fiber sorghum, kenaf and hemp resulted in highest biomass yields in all environments



Developed potential crop rotations for each European environmental zone

BIP Europe

Biomethane Industrial Partnership

Atlantic
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Winter cereal Spring crop Winter cereal Winter cereal Winter cereal

EXAMPLE A) [spain and southem France]

Maize grain Clover Soya

EXAMPLE A2 [France, Denmark, Belgium, Germany |

EXAMPLE A3 [ux|

EXAMPLE A4 [ireland]

EXAMPLE A5 [scotlond, Norway|
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Developed potential crop rotations for each European environmental zone

Atlantic

L C—

Country

Belgium
Denmark
France
Germany

Ireland

Metherlands

Spain

MNon-EL

UK

Total arable land

(ha)

870,420

2,357,950

18,044,450

1,657,900

434,940

1,003,450

11,732,660

804,310

5,857,460

Proportion of land
within the Atlantic

biogeographical
region (%)
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Average annual

biomass grown for

AD

(tonnes)
1,175,067
1,909,840
26,876,453
6,295,266
1,043,856
2,709,315

6,570,290

193,034

12,886,412

BIP Europe

Biomethane Industrial Partnership

Biomethane rmaox

potential per year

(bem)

0.3
0.6

8.7

0.0

3.4



Developed potential crop rotations for each European environmental zone

BIP Europe

Biomethane Industrial Partnership

Crapping systems - Boreal
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Comparison with other estimates
BIP Europe

Biomethane Industrial Partnership

Deliverable Teaming up to achieve 35 bem of sustainable

biomethane by 2030

. agronomy 2y Max 44-4 6 bc m Slomathane industria Partnorship
o ——— 46 bcm BIP (2023)

Systems in Europe
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Apstract
Cumrent praciices tend plcte soi, diminish biodiversity and
degrade water supplics. For agriculture to become environmentally sustainable and
simultancously increase food output for @ growing world population. fundamental changes in
agricultural production systems are required.

20

Renewable energy can redfuce greenhouse gases (GHGs). But we also need simple, low-cost
approuches to remove aimespheris carbon and sequesier it in siable forms. Recycling of
digestate from anacrobic digestion of agricultural and waste matcrials to soil can_scquestcr
atmospheric i social

Biogasdaneright™ (BDR) is a sct of practices that link biogas production with sustainable

agriculure. The BDR approach to susiainable agriculture is being implemented at large scale

in laly. In this paper.

countrics. The potential in tively, varies from

ahout 10-30% of their currcet annual natural gas consumption. Biomethane from scquential

(double) crops provides by far the greatest fraction of the biomethane potential Double-
of and cconomis. ystems

10

. Depending on where and how widely it is implemented, producing biogas in BDR systems.
Mln could have very significant national-icvel impacts. For cxample, sufficicnt biomcthane could
be produced in Argentina to compltely climinate imports of natural gas, squivalent o sbout
26% of Argentina's 2017 trade defici.In the United States, rencwable biogas could gencrate

40 bem T T e e e
Dale et al. (2020)

46 bcm
Gas for Climate (2022)
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=Jcarus
Mixed cropping

Pige

» to maximize biomass production (both in jeroy
qguantitative and qualitative terms) for

conversion into SAF with: S 1+ Sunn

ntercrop

v" intercropping systems of sorghum and
legumes (sunn hemp and pigeon pea)

v" biostimulants on crop growth and
production.

» Crop systems
v Sorghum monocrop
v Sunn hemp monocrop
v Pigeon pea monocrop
v Sorghum + sunn hemp intercrop
v Sorghum + pigeon pea intercrop




Advantages Disadvantages
([

Required higher levels of farm
organization and farmer skills.
e Improved soil structure and maintenance e Increased need of diversified

e Enhanced soil fertility and higher yields.

of long-term productivity and organic agricultural equipment and
matter agricultural supplies.

e Longer period of land cover with e Reduced land availability for the most
subsequent lower erosion. profitable crop.

e Unfamiliarity of farmers with several
crop rotations’, cultural and
management requirements.

e Reduced use of agricultural inputs such
as agrochemicals and synthetic fertilizers.

e Diversified production with greater e The fact of having to keep scheduled
market opportunities and lower crop sequences leaves no choice to
economic and climatic risks. farmers to select crops contingently. Source: Zegada-

Lizarazu and Monti .

; . . E i
e Increased biodiversity and less monotony e

of the landscape. Biomass and
. . . oL bioenergy 35 (2011),
e Time-diluted farming activities. 12-25.
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Other feedstock choices: Digestate

Table 1: Total digestate production volumes [Mt dry matter (DM)] and nutrient
A digestate content (Mt) in 2022, 2030 and 2050

*‘ Parameter 2022 2030 2050
PHASE SEPARATION *\ Total digestate production (Mt DM/year)
)

N _

Nitrogen (TKN)
Solid di
Stm:?r:r:::; rich in stg:g:)t;, Phosphorous (P) 03 07 17

nourishes the soil Pand K
Potassium (K) 0.2 04 0.8

Fertiliser

Liquid digestate Directly

rich in mineral N nourishes plants
in the short term

Total nutrient demand in Europe: 11.1 Mt nitrogen, 2.8 Mt phosphorous and 3.1 Mt potassium per year.




(///)HYFUELUP

Other feedstock choices: Digestate

- n
(existing module, Electricity H,0 o
not part of the demonstrator) A
2039vol. | Electricity | g ™
Lignocellulosic wastes syngas production | :f’e'c'?rz’l‘;gies E

Raw digestate

Dried sludge digestate
Flexible H, addition 0, (to SEG/Oxy-SEG)

A e
PHASE SEPARATION % Procushime Produ | e ee——————
: ‘#ﬁ*& .&A e == - clear‘a:itnggas H, In syngas ‘ Flui(:‘ised bed |
| _— i i methanation |
) | SERIORPERG | _— Pt | g}
: { cleaning
. y 5 s
bl 0> . swoeeons (RENITET coyin s
in the short term newshesthe'sol gau & Steam Alr or O, (from SOE) Biomethane off-take
In HYFUELUP project, an alternative biomethane
» When digestate spreading has to be limited (for zones in N production pathway will be demonstrated that
surplus) includes the flexible conversion of low-grade

» if the biogas plant is located in an urban area away from fields
» if derived from waste water treatment plants and needs further
processing

feedstocks via sorption-enhanced gasification
coupled with syngas or flue gas clean-up, followed

technology options are considered to use it as feedstock for by fluidised-bed methanation of either syngas or
additional biomethane. flue gas with the dynamic addition of hydrogen.



Conclusions GREENMEUP

v'A clear trend towards:
» agricultural residues, manure and plant residues for biomethane production
» AD-based biomethane at present, gasification expected to progress fast from 2030 to 2050

v Expansion and improvement of separate waste collection systems can result in increased availability of food waste.

v'"Mobilization of currently underutilized industrial wastewater streams, agricultural residues and manure can contribute to
a sufficient and sustainable supply of feedstock
v'R+| needs also vary across technologies and countries
» On feedstock: focus on
= sequential cropping, minimum tillage,
= use of marginal lands, perennial crops
= QOther alternative options (i.e digestate)
v" Introduction and scaling-up of sequential cropping as a sustainable agricultural practice, can assure additional feedstock.
v Technological progress in gasification processes, enabling the use of a wider range of feedstocks




Thank you very much!

GREENMEUP

Stay tuned!

@ greenmeup-project.eu
in| GreenMeUp Project
@@ GreenMeUp Project

< info@greenmeup-project.eu

< Myrsini Christou mchrist@cres.gr
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Research and Innovation Programme under Grant Agreement N 76
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