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With support from D B F Z

Duration: November 2017 — July 2021 ol Eo
Funding: Federal Ministry of Food and Agriculture
Funding code: 22025816 German Bundesiag

We are fostering the utilization of agricultural residues & emission reduction in the
biogas sector in China & Germany via

Identification of best-case plant concepts (barn, manure management
and biogas plant)

Identification of barriers for the energetic use of agri-residues

Development of technical concepts for a better design and
a coordinated operation of barn and biogas plant

© DBFzZ

Comparison of results of China - Germany

Networking activities amongst Chinese and German  Have a look at:
stakeholders https://www.dbfz.de/projektseiten/chinares/projekt
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Agricultural biomass potential in Germany
Top 6
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Mobilisable technical biomass potential in DBEZ
Germany (mass-related)

MOBILISABLE TECHNICAL BIOMASS POTENTIAL D@
Agricultural by-products [mill. t,]

Germany - Reference year 2015
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Source: DBFZ Ressourcendatenbank 03/2020 in mill. tyn,

DBFZ, Krause & Brosowski 2020
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Mobilisable technical biomass potential in DBEZ
Germany (energy-related)

MOBILISABLE TECHNICAL BIOMASS POTENTIAL D@
Agricultural by-products - Biomethane [PJ]

Germany - Reference year 2015
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Pig solid manure
. . 21 = MAX
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Source: DBFZ Ressourcendatenbank 03/2020 in PJ Biomethane

DBFZ, Krause & Brosowski 2020
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DBFZ biogas database & DBFZ biogas plant
operator surveys 2020

Basic data (reference year 2019)
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Biogas plants in Germany (2019) DBFZ

Biogas plants (2019): ~9,100 plants
» ~ 8,900 on-site electricity conversion of biogas

» ~200 upgrading to biomethane
* focus on northwest and southern Germany

Installed electrical capacity
-2 5.9 GW,,

e Gross electricity production

[number]
o i "’ > 31.9 TWh,,

. =13
Heat supply

biog
database: DBFZ database, state 2020

0 30 60 120

—— kil meters
© GeoBasis DE/ BKG (2018): © Deutsche Post Direkt GmbH @ 9 19 3
©Deutsches B it g itzige GmbH, 2020 TWh
. th
© DBFZ, biogas database, state 6/2020
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Development of biogas plants

Installed capacity and number of plants
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Database: BNetzA, AGEE-Stat, database DBFZ, small scale manure based biogas plants uo to 75 kWel from 2012 shwon in category ,,
generation according to AGEE-Stat (BMW!I 2020), *estimation DBFZ, DBFZ 5/2020.
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no significant increase since 2012

Predominant: capacity expansion of
existing plants (motivated by
flexibility supplement/premium)

New construction limited to manure-
based small-scale biogas plants

(< 75 kW) and few other plants for
biowaste digestion

70/75kW*; installed electric capacity and electricity



Biogas production according to substrate

input and type

DBFZ

Type of biogas production plant (on-site electricity | Number of Number of
generation) plants 2019 plants 2020*
Agricultural biogas plants approx. 8,550 8,600

925

thereof smale scale manure based 880
biogas plants (< 75 kW)

AD plants based on organic waste/manure/ approx. 200

energy crops (share of organic waste < 90 %, mass
based)

Biowaste plants (share of organic waste > 90 %, 137
mass based)

Biogas production plants in total approx. 8,900

DBFZ biogas database 10/2020, * estimation

Britt Schumacher, Progress in Manure & Digestate 2021 — International Online Conference by IBBK, Germany, 25.-27.01.2021

approx. 200

138

approx. 8,950
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Agricultural biogas plants and feedstock DBFZ

“ Very different proportions of animal
excrement in the substrate input for
biogas production

= About 5,800 plants with a share of
> 30% animal excrements

“ Biogas plants with share of 51-70%

| | |
1,100-1,300 100% energy crops

ADplants B 100% manure/ dung
1,400-1,700
AD plants

> 80% manure/ dung
<20% energy crops

50-79% manure/ dung
50-21% energy crops

30-49% manure/ dung 3,200-3,700

substrate input referring mass content

energy crops at substrate input 70-51% energy crops ADplants
dominate agricultural biogas plants I
< 30% manure/ dung 2,200-2,600

“ In recent years, the construction of >70% energy crops IADpIants

new bl.ogas plants has almo§t peen 0 10 20 20 20 o

exclusively based on small liquid _

share of agricultural AD plants [%]

manure plants © DBFZ, 05/2020

DBFZ biogas database 5/2020, DBFZ plant operator surveys
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Substrate input of biogas production
(On-site power generation)

mass-related energy-related

32% _1,5% 35% 2,4%

Oanimal excrements 17,5%

46,5% B energy crops

B municipal biowaste

48,9% . ) _
° mindustrial and agricultural ~ 76,6%

waste/ residues n=549

© DBFZ, 2020

“ Animal excrements and renewable raw materials account for around 95% of
the substrate input for biogas production (based on the quantities used)

DBFZ plant operator survey 2020, reference year 2019
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DBFZ
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Substrate input agricultural biogas plants

(On-site power generation)
mass-related energy-related
0,5%
48,6% 18,57
,O70
Oanimal excrements
B energy crops
51.1% UCindustrial and agricultural — 81% sa7
’ . n=
waste/ residues © DBFZ, 2020
DBFZ plant operator survey 2020, reference year 2019
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DBFZ

13



Utilisation of manure in agricultural biogas plants DBFZ

Mass-related distribution

“ liquid cattle manure
accounts for around
66% of the quantities of
animal excrements
used in biogas plants

16%

DBFZ plant operator survey 2020, reference year 2019
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Eliquid cattle manure
Oliquid pig manure

Bsolid cattle manure

B poultry manure

Osolid pig manure

Bdung of horse, sheep, goat
B manure, not specified

n=537
© DBFZ, 2020
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Small-scale biogas plants - AD of manure

Manure small-scale plants
[Quantity]

e 1
O 2
®--

kilometers
0 45 9@ 180

vergltet gem. EEG (§27b EEG 2012, §46 EEG 2014,
§44 EEG 2017)

Stand 12/2018
@ GeoBasis-DE/BKG (2018); © Deutsche Post Direkt GmbH
© Deutsches Biomasseforschungszentrum gemeinnitzige GmbH

DBFZ biogas database 2019

DBFZ

as of end of 2019: approx.
900 manure-based small-
scale plants in operation
(remunerated according to
EEG™)

regional focus of the plants in
southern and northwestern
Germany

*§27b EEG 2012/ § 46 EEG 2014/ § 44 EEG 2017
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Development of manure utilisation for

DBFZ
electricity production from biogas in Germany

70 6,0

“ Electricity production from

@© 60 .

2 S manure in total about

§ 50 é

= = 4.7 TWh,/a

£ 40 _5

E g = approx. 0.4 TWh_/a from
é 20 § manure-based small-scale
3 10 g biogas plants

S )

© 0 o)

2010 2011 2012 2013 2014 2015 2016 2017 2018

mm Mio. t FM/a substrate input manure (solid/ liquid) (projections DBFZ)

=@ ¢lectricity production (biogas) from manure [Twhel/al
© DBFZ 05/2020

Source: Scholwin et al. (2018): Aktuelle Entwicklung und Perspektiven der Biogasproduktion aus Bioabfall und Gille. FKZ 37EV 17 104 0
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Agricultural biogas plants and feedstock DBFZ

1600
1400
1200
1000

800

> mNE H

“ inthe power range < 150kW,
biogas plants with a high
proportion of liquid and solid
manure in the substrate input
predominate (including manure

\

number of agricultural AD plants

based small-scale biogas plants) - B
- L s . . < 150 kW 151 - 500 kW 500 - 1000 kW > 1000 kW
with increasing plant capacity the installed electric capacity
share of energy crops in the B <30% manure, dung / >70% energy crops ©30-49% manure, dung / 70-51% energy crops
su bStrate in put increases B50-79% manure, dung / 50-21% energy crops B2 80% manure, dung/ < 20% energéctr):isl -
DBFZ biogas database 6/2020, DBFZ plant operator surveys 17
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DBFZ biogas plant operator surveys 2020

Manure management and biogas plants
(reference year 2019)

18
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DBFZ biogas plant operator survey 2020

Written survey

Carried out in spring 2020
Reference year 2019

Recording of parameters on
biogas plant technology,
operation of the plant, substrate
input, agricultural business and
manure management

DBFZ

Betreiberbefragung Biogas - Bezugsjahr 2019 Fax an: 0341 - 2434 133, E-Mail: biogas@dblz.de

Betreiberbefragung Biogas - Bezugsiahr 2019 Dsra ] Nutzung eigener ehemaliger Gisebehaiter [ Nutzung fremder ehem. Gillebengiter [] Kombination/ beides.

Alle Angaben beziehen sich auf g 2019. R i i de Einbringung Feststofte in G | [ O vorgruney . Gamest [ talles.

Gibt es einen night gasdicht (offenen) Anmaisch Oie [ nein m

o und Volumen (Volumen Grrestiager je nach Abdeckung eintragen!)
m? offen m? gasdicht (techn.) abgedeckt m? abgedeckt, nicht gasdicht
04347 Leipag Garrestaufbereitung vorhanden? Oia [Inein  wenn ja, welche?:
o 1o Dokt 2438153 Betrien/ und Biogas

miii O Schieter/ thgliches Abschieben [] =i Seall i Entmistung

-
Tel: 443 (01301 2434459

Enmistung |5 S5

Zeit 2w, Gilllsantall und Einbringung in BGA | [Jbis2an  [Jbis7Tage [ tanger

Bewerten Sie I jsvorbildlich? |[]ja  [lnein [ wenieit
0 <4.000 0 4.000 - 8000 0> 80000 /1 install
gl sichauf:  [] o
Status [)inBerieb  []271 auRer Betrieb [ stillgelegt, wann?
‘gesamt instaliente Leistung [ Bemessungsleistung o sie Eigenproduktion/Anbau Zukauf/von extem
e Menge [VJahr] | Kosten [6/m] | Menge (ahr] | Press 16/tm] Anzahi
BHKW /Stromerzeugung | BHAW 1 BHKW2Z  [BHKW3 [BhKW4 [BHKWS  BHKW Turbine Kessel Fiischmesse frei BGA Filschmanse froiBGA | Zulleferbetriebe
nstallierte el Loistung [kWel Glle DOFRind [0 Schwein:
EEGvergitete Stommenge in Festmist  [JRind [ Schwein:
2019 [kWhey/Jahr] ru e
L 1 | . O Gefilgeimist [ Hihnertrockankot

BHEW zur Flaaibilisierung Qi Oi O O» O Oi

Mais: I
SateltenBHKW Ok Ok Oe [Ow Ok Ok

e
Dnen [10% Oscr 0 e Osore Ak

Grunkand:
Direktvermarktung/ Flexdbilisierung e
[0 Direkvermaridung iMaridprémie) [ Flespramie [ Lautzeit EEG/ ponaty at —— o
‘Speicher: Warmesgeicher ms Gasspeicher m?

Menge und Anteil an Gesamtstromerzeugung ‘

Reststoffe, welche?

o [0 Fremdbezug Kiha [weitere:
esugen Sirons i< e Py — e

‘Warmeverbrauch /-nutzung Menge und Anteil an Gessmiwirmeerzeugung, | Was planensie |l Wellerbetied der Aiage [ Stlleging ] kel keine Planung ez _ ] interese/ecart on Geratung
EiS0niemEnecar (Femmentemeizung) KW, Gesamtwiir | nach Austaufen | [] Teiinahme an Ausschreibungen (] Eigenbedart (] Iokale Direkivermarkung

Wotinhats/ Warmmwasser (eigenes Haus, <3 Nachbarm) W, x;:;‘jm ] Aufbersitung zu Biomethan (] KWk [ Kioftstofl [ ausse

ey Werka i P | O Ao der Sustratmengeny Gasproduition [ sorstges:

Stall/ landw. Betrieb . Ist die Hofnachfolge for den Weiterbetrieb der Anlage gesichert? [Jja  [Jnein  [J noch ungewiss, Grund
Extgma | Warmenetz o
‘warmenutzung | 0 Wonnnauser [0 Gewerba/ottent. Gevduce [ naustrie | "

 Gewerbe/ Handel/ Industrie W, Die Nachnahigheitszertifizierung wird Miie 2021 auf Strom und Warme aus Biogas Or  Oren

rm—— o ausgeweitel. Haben Sie von dieser Anderung Kenntnis? [ nicht relevant fiir mich

o) prozesse - -
- Clren O wemje

sonatigs Wi Haben Sie bereits Erfanrungen o L v 1
Fermenter | Nachgirer | Garrestiager Besteht Interesse an einer freiwiligen Zertifizierung der Biogasanlage? =1 Cinein [ vielkicht
Fermentersystem  [] Rihrkessal [] Pfropfenstrom [ Batch/ Garage [ weitere: Weiche O sdrokate 0 [ fehlendes Fachwissen [ THG- Berechnung.

. winer/ Irer [ sonstiges

w0 e

Vielen Dank fiir Ihre Unterstitzung!
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DBFZ biogas operator survey 2020 DBFZ

_ Questionnaires [number]

Dispatch ca. 6,400
630
9%

Biogas plants
return mailed surveys
[count] [count]

o 1-2 e =22
@ -2 @ 3-5
@ >5

0 30 60 120
kilometers

@ GeoBasis-DE/ BKG (2018); @ Deutsche Post Direkt GmbH
© Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, 2021
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Manure removal systems in barn

littered stable, daily/weekly I 3 0
manure removal 1

littered stable, seasonal manure
26%
removal

Slatted floor 72 %

slider/ mechanical daily push off 39 %

0 50 100 150 200 250 300 350
number of mentions N=439
multiple answers possible © DBFZ, 2020
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With support from
* Federal Ministry
of Food D B F z
and Agriculture

by decision of the
German Bundestag

Slatted floor systems
are predominant.
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Storage period of manure before
utilization for biogas production (I)

180 339 34%

160
140
120
100
80
60
40
20

28%

5%

<24h <7 days > 7 days various

number of mentions

n=492
© DBFZ, 2020
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With support from
* Federal Ministry
of Food D B F z
and Agriculture

by decision of the
German Bundestag

Equal distribution of
responses on storage
period of manure
before use
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Storage period of manure before
utilization for biogas production (ll)

Type of substrate and storage period

cattle and pig manure (liquid/ solid)
cattle and pig manure (liquid)

cattle manure, poultry dung

cattle manure (liquid/ solid) &\
cattle manure (liquid) %
0% 20% 40% 60% 80% 100%
@< 24h W < 7 days B> 7 days B various n=353
© DBFZ, 2020
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With support from
* Federal Ministry
of Food D B F z
and Agriculture

by decision of the
German Bundestag

The feeding of cattle
slurry and solid manure
into the biogas plant is
often faster than other
animal excrements.
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With support from

and Agriculture

Storage period of manure before |5  DBFZ

utilization for biogas production (lll)

Origin of excrements

own production
and purchasing

exclusively
purchased

s !

exclusively own

.

production R
0% 20% 40% 60% 80% 100%
Ob<24h MW<7days M>7days Bvarious n=475
© DBFZ, 2020
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by decision of the
German Bundestag

The storage periods of own
manure tends to be shorter
than for purchased
manure.

Logistic challenge?
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Solid substrate supply of
biogas plants

manure slate shaft in stable I 6 %

pit / mixing with digestate - 17 %

0 100 200 300 400 500 600

number of mentions
n=581

multiple answers possible © DBFZ, 2020
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With support from
* Federal Ministry
of Food D B F z
and Agriculture

by decision of the
German Bundestag

Solids supply feeders
are predominantin
biogas plants fed with
solid substrates.

25



Self-assessment about manure
management

O exemplary

6%
W not exemplary

indecisive
72%

n=461
© DBFZ, 2020
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With support from
* Federal Ministry
of Food D B F Z
and Agriculture

by decision of the
German Bundestag

Most of the biogas plant
operators rate their
manure management as
very good.
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DBFZ biogas plant operator surveys 2020

Construction costs for German biogas plants
(reference year 2019)

27
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With support from

Relation construction costs and #|%"  DBEZ
excrement ratio of feedstock

by decision of the
German Bundestag

> 80% excrements/
< 20 % energy crops

Construction costs (€/kWel) tend
to be higher for biogas plants
with a high share of excrements.
The low energy density of liquid

50-79 % excrements/
50-21% energy crops

30-49 % excrements/
70-51 % energy crops

< 30 % excrements/
> 70 % energy crops

excrements (low biogas

o%  20% 40%  eo%  sow 100%  productivity per reactor volume)

m<4000€/ kwWel B4000-8000€/kWel M >8000€/kWel n=181 might be a reason

© DBFZ, 2020
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With support from

Relation size and construction costs ®|3™  DBFZ

for biogas plant

<75kW

76-150 kW

151-300 kW

301-500 kW

501-1,000 kW

> 1,000 kW

0% 20% 40% 60% 80% 100%

< 4,000€/ kWel  B4,000-8,000€/kWel  H> 8,000€/kWel n=189
© DBFZ, 2020
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and Agriculture

by decision of the
German Bundestag

Construction costs (€/kWel)
tend to be higher for small
biogas plants. The low
energy density of
excrements might be a
reason.

Addition of crop residues
feasible?
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With support from

% Federal Ministry e =3
42 of Food ] F ﬂF) Z
and Agriculture o &‘% I

by decision of the
German Bundestag

The storage period of manure in/beside barns before use in biogas plants
is up to 7 days in 60 % cases (33 % up to 24 h).

The storage periods of own manure before use tend to be shorter than for
purchased manure.

Most of the biogas plant operators rate their manure management as
very good.

Construction costs (€/kWel) tend to be higher for biogas plants with a
high share of excrements. Addition of crop residues feasible?

Britt Schumacher, Progress in Manure & Digestate 2021 — International Online Conference by IBBK, Germany, 25.-27.01.2021



Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

Smart Bioenergy - Innovations for a sustainable future

Contact person DBFZ Deutsches
Dr. Britt Schumacher Biomasseforschungszentrum
britt.schumacher@dbfz.de gemeinnutzige GmbH

Torgauer Strafle 116

D-04347 Leipzig

Phone: +49 (0)341 2434-112
Dr. Walter Stinner E-Mail; info@dbfz.de
walter.stinner@dbfz.de www.dbfz.de

Nadja Rensberg
nadja.rensberg@dbfz.de

Fotos: DBFZ, Jan Gutzeit, DREWAG/Peter Schubert (Titelfolie, rechts), Pixabay / CCO Public Domain



