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Biogas and Biomethane production in Germany DBFZ

. Others (other heat
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° 10 billion m*® biogas production incl. biomethane transportation fuel, export)

(> 100 TWhyy,) 7% 2%
* Feed-in of biomethane around 10 TWh,,

° Biogas and biomethane primarily used in the CHP
sector

* Biomethane as a transportation fuel is primarily
generated from waste and residues; Biomethane
as a fuel plays a minor role, but is increasing;
in total in 2020: ~884 GWh (compared to 389
GWh in 2018) (BMWi 2021)

References: DBFZ 2021, based on data from BMWI (2021) and dena (2021).
BMWi (2021): Zeitreihen zur Entwicklung der erneuerbaren Energien in Deutschland unter Verwendung von Daten der Arbeitsgruppe
Erneuerbare Energien-Statistik (AGEE-Stat) (Stand 02/2021).dena (2021): Biomethane Report.



Around 9,000 biogas plants (biogas production plants) in Germany are already in operation with
on-site electricity generation. Thereof, almost 230 biogas plants produce biomethane by upgrading

the biogas (biogas upgrading plants). In total, 10 billion m?3 biogas production incl. biomethane in
Germany (> 100 TWh,.).

Against the background of the changed legal framework conditions new plants were reduced
significantly.

In view of the fact that the fixed feed-in tariff (FiT) will expire for a large number of plants by 2030,

new requirements and challenges will arise for biogas plants operators. Occasionally, biogas plants
go out of operation.

Biomethane is also flexible in terms of location, time and type of utilization of the gas compared to
plants with on-site power generation concepts. This flexibility is paid for with additional costs for
upgrading and feed-in, as well as greater restrictions regarding the choice of location.



Biogas plants in Germany
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Biogas plants (2020) ~ 9,000 plants (including shutdowns)
» ~ 8,800 on-site electricity conversion of biogas
» ~230 upgrading to biomethane

Installed electrical capacity
=2 6,9 GW,

Gross electricity production

@ > 31,3 TWh,

Heat supply

: - 16,7 TWh
7
© GeoBasis-DE/ BKG (2018); © Deutsche Post Direkt GmbH th
© Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, 2020

References: Figure - DBFZ Database biogas, state 6/2020, Biogas plants: estimation DBFZ 2021 and dena 2021.

Data regarding electricity/heat/installed capacity according to BMWI 2021.



Feedstock - biogas plants DBFZ
In total manure and renewable resources account for more than 90 % of the biogas in Germany

mass-related energy-related

2% 3% . . 3% 4% 9
~ B manure (liquid and solid) ) 16%

M energy crops

B municipal biowaste
47%

residues (industry,

commerce, agriculture) n=413

© DBFz, 08/2019

References: Database biogas DBFZ; operator survey 2019 (reference year 2018)
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2020: ~ 232 upgrading plants (with 222 locations) providing
biomethane with a feed-in capacity of
~ 146.959 m3/h in operation (dena 2021)

Feed-in of biomethane in 2020 around 9.8 TWh,,, (dena 2021)

while sales in the CHP sector were primarily generated from
biomethane based on energy crops, biomethane as a
transportation fuel is primarily generated from waste and
residues

Option: gas trading or use as fuel - additional revenues from
biofuel quota in addition to the prices for natural gas (filling
station)

Dena (2021): Biomethane report 4/2021.

Daniel-Gromke, J., Denysenko, V., Liebetrau, J. (2019): Germany’s experience with biogas and biomethane.
In: Mathieu, C. and Eyl-Mazzega, M-A (eds.), “Biogas and biomethane in Europe: Lessons from Denmark,
Germany and ltaly”, Etudes de I'lfri, Ifri, April 2019;

Biogas upgrading plants
Feed-in capacity [m?s» biomethane)

O




Biomethane - Used upgrading technology

Chemical scrubber (amine)
28% _
Water scrubbing
m PSA
%« Qrganic physical scrubber
m Membrane
19% = LPSA

= not specified

329% n=203
© DBFZ01/2019

References: DBFZ biomethane plants’ database as of 01/2019.
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predominantly technologies used
water scrubber, pressure swing
adsorption and chemical scrubber

In comparison to preceding years
membrane separation technologies
have been utilized increasingly

Different manufacturers of biogas
upgrading plants operate at the
market using several upgrading
technologies.

All technologies available for smaller
upgrading capacities (~ 50 -350m3¢p
raw biogas /h)

Daniel-Gromke, J., Denysenko, V., Liebetrau, J. (2019): Germany’s experience with biogas and biomethane. In: Mathieu, C. and Eyl-Mazzega, M-A
(eds.), “Biogas and biomethane in Europe: Lessons from Denmark, Germany and Italy”, Etudes de I'lfri, Ifri, April 2019.



Biogas production on district level D@

Current electricity from biogas and
biomethane ~32 TWhel - utilization
biogas (CHP): ~ 100 TWh, per year
(Without losses, only CHP sector)

Assessments for potential refittings of
existing biogas plants (with onsite
electricity generation) based on:

° plant size

* (low) heat utilization

* Infrastructure, gas feed-in potential

Biogas production
Gross calorific value [kWhy.], 2015
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Biogas production in 2015 in kWhy,,, based on electricity production
of biogas plants in 2015 according to DBFZ allocations of BNetzA-database
and the assumption of an average electrical efficiency of 38%

© Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, 2017

References: Database DBFZ, eMikroBGAA puplished in Beil et al. 2019 (Joint project “eMikroBGAA” supported by the Federal Ministry of Food and
Agriculture through Fachagentur Nachwachsende Rohstoffe e.V. (FNR).



Biogas production vs. feed-in potentials
(gas distribution level)

Abgleich der Biogasproduktion
mit den Gasnetzkapazititen auf Verteilnetzebene

Biogasproduktion 2015 abzgl. Gasnetzkapazitat 2020
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Bereitstellung von Biogas in (MWh), basierend auf der Stromerzeugung
und einem durchschnittlichen elektrischen Wirkungsgrad von 38%

Beriicksichtigt wurden nur Biogasanlagen die eine Bemessungsleistung
2400 kW, und einen KWK-Anteil von weniger als 25% aufweisen.

© Deutsches Biomasseforschungszentrum gemeinniitzige GmbH, 2018
Datenbasis: BNetzA und DBI (Gasnetzpotenziale)

fur Biogas im Jahr 2015(Zuordnung DBFZ auf der Basis der BENetzA-Daten)

DBFZ

significant differences on district level
available biomass potentials higher than the gas
demand (MinFlow) particularly occur in the north
and south of Germany
Estimation: focus on existing biogas plants with
following parameters:
°  >400 kW, (rated power resp. ~250 m3/h),
° share of external heat utilization less than 25% - 50%,
° determined feed-in potentials at distribution level
(min-flow)
—> ~ 300 - 600 biogas plants with approx. 200
- 400 MW, suitable to provide biomethane
—> Without limitation of feed-in (~20% of
plants)
Increase of the potential by merging several
biogas plants to centralized upgrading plants
possible or capacity expansion measures

References: Database DBFZ and DBI 2018, eMikroBGAA puplished in Beil et al. 2019 (Joint project “eMikroBGAA” supported by the Federal Ministry

of Food and Agriculture through Fachagentur Nachwachsende Rohstoffe e.V. (FNR).
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Specific costs of upgrading biogas to biomethane DBFZ

8
7
§ 6 typical range of biogas plants
- 5 (on-site generation)
B, * The specific costs for upgrading
g 1 40 - 550 m3/h biogas to biomethane depend on
5 3 the upgrading size
(8]
= 5 : * For standard upgrading
& > —¥ y capacities (~ 700 m3/h) in
7 general between 1 - 2 ct per kWh
0 : .
o 500 1000 1500 2000 2500 s000 | ° Typical biogas plants smaller
Upgrading capacity [m?3 grp/ h raw biogas] than the standard upgrading
—¥—Amine scrubber —¥—Pressure water scrubber —%- Membrane 1 capacities
—x*—Membrane 2 —%—Membrane 3 Org.-phys. Scrubber ° Larger plants more profitable
——PSA

References: DBFZ 2018, in Beil et al. 2019 (Joint project “eMikroBGAA” supported by the Federal Ministry of Food and Agriculture through
Fachagentur Nachwachsende Rohstoffe e.V. (FNR).
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(1) upgrading biogas incl. raw biogas production (plant operator’s point of view) vs.
(2) upgrading biogas incl. raw biogas production + feed-in (compression)
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Upgrading biogas and feed-in of
biomethane more cost-intensive
for smaller upgrading capacities

upgrading can be profitable when
at least 250 m3 raw gas /h can
be used

Also type of substrate determines
the cost of biogas production

It is expected that the feed-in of
biomethane into gas distribution
grids with lower pressure levels
leads to (significantly) reduced
costs for investments and
operation
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GHG Balance - Biomethane as transportation fuel DBFZ
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Specific GHG emissions in gC02-eq per MJ
fuel

Energy crops 70%/ Biowaste fossil fuel (RED II
manure 30% comparative value)

[l Biomass cultivation F Biogas plant /fupgrading to biomethane
B Petrol station {compression) B Manure credit

@ Balance

References: Daniel-Gromke et al. 2020, UBA-Texte 24/2020.

—> Compared with fossil comparator of
RED Il at 94 g CO, .,/MJ, both
concepts have a high reduction
potential ( ~ 80 %)

* Biomethane based on residues =
options with the highest GHG
savings compared to fossil fuel

* Biomethane based on residues is
the most competitive option among
advanced biofuels (GHG quota)

* Gradual increase of the GHG quota
to 22% in 2030 (2020 6%)
— incentives for transportation
sector

13



Installed electrical capacity [MW,,]
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DBFZ

Expansion of biogas production in Germany mainly
driven by the Renewable Energy Sources Act (EEG)

Until 2016: fixed feed-in-tariff for 20 years
Since 2017: switch to the tender (pay-as-bid)

By 2030, end of FiT for a large number of existing
biogas plants, biogas plants go out of operation

Possibility for existing plants to get follow-up funding
for another 10 years in case of successful
participation in tender

EEG 2021: Expansion volume and bidding values of
the tenders have been increased, at the same time
higher requirements for the flexible operation of the
plants have been defined.

References: Daniel-Gromke et al. 2017, DBFZ-Report No.30, based on database from BNetzA 2016 with development until 2016 and without
additional constructions from 2017.



Survey of biogas plant operators (reference year 2019)

How to continue the operation after the expiry of the fixed FiT? ot e

other

Providing biomethane

Downsizing /reduction gas production

Local direct marketing

Own energy consumption

X

Tender

0 50 100 150 200 250 300 350
B Answer O Return in total n=334

multiple answers possible © DBFZz, 2021
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Scenario 2030 ,,Switch to operating model 1, 2 or 3“ DBFZ
Related to the rated power and type of remuneration

Rated power in MWel

Operating model: 1: Substrate reduction for energy crops; 2: Flexibilisation; BM 3: Biomethane

4.000

3.000

2.000

1.000

Status quo 2017

2017

2030: Phase-out
scenario
(without a switch to any|

operating model)

2030: Phase-out-
Scenario + "Switch to
model 1, 2 or 3" (min)

2030

References: Daniel-Gromke et al. 2020, UBA-Texte 24/2020.

599

2030: Phase-out-
Scenario + "Switch to
model 1, 2 or 3" (max)

* Existing biogas plants are
Phase-out (without switch — ghla tg switch to different

to any operating model) ]
operating models
B Operating model 3

(Biomethane)

, *  Model 1 or 2 (Flex), for
Operating model 2 .
(Flexibilisation) decentralised smaller
B Operating model 1 plantS ~ <250 m3/h
(Substrate reduction)
m Direct marketing with flex ©  Biomethane (BM 3) for
premium larger biogas plants (~ >
W Direct marketing 250 m3/h biogas)

M EEG fixed remuneration 9 MOdel 3 “Biomethane"
for 5-20% of existing
plants (~5-15 TWh,)



Larger plants (> ~ 250 m3/h biogas) = upgrading to biomethane and occupy niches where
other renewables are not an alternative, e.g.

Biomethane - CHP / smart concepts

Transportation fuel (e.g. agricultural vehicles, shipping)
Industrial process heat

Incentives for full cost-optimised production and feed-in of biomethane into the natural gas grid
by amending the legal framework

Transfer of legal responsibilities and costs ( esp. compression of biomethane)

Gas conditioning (e.g. calorific value adaptation): Implementation of calorific value
reconstruction systems

Another option for cost saving are using partial upgraded biogas or merged biogas plants

-=> Overall strategy for biomethane and stable policy required



Due to economic aspects focus on larger biogas plants or merged biogas plants to provide
biomethane (> 250 m3/h biogas) = up to 20 % of existing on-site conversion plants suitable

Higher production costs for biomethane allow a higher flexibility with regard to place, time and kind of
final use. Biogas and biomethane are particularly useful where other renewable energies are no
alternative.

Biomethane has high GHG savings compared to fossil and alternative transportation fuels
- incentives RED-II especially for biomethane based on waste and residues, move to fuel sector?

It is assumed, that the majority of operators will continue to operate the plant by participating in EEG
tenders

Expansion volume and bidding values of the tenders have been increased, at the same time higher
requirements for the flexible operation of the plants have been defined.

Special tender in EEG-2021: "highly flexible biomethane CHP" especially interesting for larger CHP
units (150 MW/a volume)
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