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DBFZ Process target

= Anaerobic degradation of organic material (except lignin)
= Waste treatment to meet regulations for disposal
= Energy production

What are the characteristics of your primary substrate and co-substrates if any?

= Municipal solid waste

= Kitchen waste

» Industrial residues (e.qg. stillage)

= Separately collected biowaste

= Agricultural residues (e.g. manure)
= Energy crops



Energy potential of organic materials

DBFZ -
In Germany
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DBFZ Substrate characteristics

Municipal solid waste
Separately collected biowaste
Kitchen waste, industrial residues
Agricultural residues, food processing
Energy crops

—

Content of impurities (Sand, plastics)
Quality of end products (e.g. Heavy metals)
Necessity of pretreatment
Water content
Homogeneity
Gas potential
Structure, porosity



DBFZ Waste composition in Germany

Composition of german MSW
totally: 46.4 Mt (2006)

recycling rates organic
> 60% sep. collected

bio&aste greenwalste
8% 9%

glass
4%

recycling rates

household waste paper / MSW
31% cardboard 50%

18% » o Sep.

»collected

househ:ldrc-iﬂ:e packaging waste
waste bulky waste ! 10%
others  otals, textiles
3% 3% —
WEEE
1%

Approx. 21 Mt residual MSW

Ref. Ketelsen 2009



DBFZ Gas potential
Substrate TS, VS biogas potential biogas potential
%, %TS M3 (pstrate m3/t VS
COwW manure 8-11, 75-82 20-30 200-500
pig manure 7, 75-86 20-35 300-700
Chicken manure 32, 63-80 70-90 250-450
Corn silage 20-35, 85-95 170-200 450-700
Rye silage 30-35, 92-98 170-220 550-680
molasses 80-90, 85-90 290-340 360-490
Separately collected biowaste 40-75,50-70 80-120 150-600
Lipids from grease separator 2-70, 75-93 11-450 700
Glycerin (SEEG) 47,70 425 1295




DBFZ Considerations regarding the technology
of the anaerobic digestion process

= Material properties — type of pretreatment

= Technical realization of anaerobic degradation process
« Type of reactor system
e Temperature
» Organic loading rate, retention time

= Gas production rate

* Material properties — postreatment and quality of the end
product

= Economics



DBFZ Process characteristics

Temperature:
«thermophilic 50 - 55°C
*mesophilic 30 - 40°C

Stability,
gas production rate,
ammonia inhibition, hygienisation

Content total solids
wry fermentation > 12 % TS <40% TS
wet fermentation < 12 % TS

Substrate characteristics (separation, mixing)
gas potential,
material handling technology

Separation of acidogenesis
and methanogenesis
one or two phase systems

Reactor size,
substrate characteristics
process control

Batch vs. continuous

Substrate characteristics, material flow
and gas flow, guaranteed retention
time, efficiency
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DBFZ ) Example batch process
Dry fermentation

—=> Exhaust air
——< Biogas
R TN 7

7i
1A

Advantages

l

[ »Simple system
Gate =technical requirements are low (lower
¥ investment costs)
il:] =guaranteed retention time
C) \ o =No problem with disturbing materials
Q P T Z:
Loader ’
Fermenter Percolation
tank

Disadvantages

=Not continuous flow of input material and biogas
»Reduced contact, Lack of mixing

= imited opportunities to control the process
=Area required higher because height of digester
is limited due to risk of material compaction
»Substrate porosity is necessary

*"|[noculum necessary
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DBEZ Example continuous system

Dry fermentation

BIOGAS

> BIOGAS UTILIZATION

STEAM

*  TO POST-TREATMENT

WASTE < 40 mm

= No moving parts in the digester

= Piston pump moves the digestate and mixes fresh
subtrate in
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DBEZ Example continuous system

\ Dry fermentation

biogas

substrate fermenter [:D

(/,\; digestate

O =z T

mixer N == _’_ solids
W

Solid-liquid separation -quuid
' = B

=5

Advantages
*Constant substrate and product flow
«Constant degradation rate
Disadvantages
sLarger technical effort
+Difficulties with material handling
+Difficulties with mixing in the digester




Example continuous system

DBFZ Wet fermentation

Bunker SCI’QW mill

Blo-waste
——a———)

BTA Grit-Removal- System
BTA Pulper

, M e

» Mainly for substrates with high water content - Imgm
and easy suspensable materials

* Efficient separation (heavy and light fraction)

Heavy fraction

« High amount of process water ik
Buffer tan
« Difficult material handling “Uﬁu'd
Heat Pgeat 1P
G | CHP | s | DE= | ey to com posting
. . 1 G NI vatering| o
- Favorably for liquids and ,soft* substrates  etectriciy Diggastar phase

* In case no pretreatment is required — very
simple system
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DBFZ

Valorga

Kompogas

Dranco

Wet

Bekon

Comparsion digestion systems

TS

28-33 %
Substrate

42 %
substrate
27 %
digestate

32% digestate

<12% TS
digestate

<50%

Loading rate Temp.

Continuous processes

11.2-11.8 kgVS*m-3 37°C
d—l
7.2 55°C
kgVS*m-3 d-1
10-13 kgVS*m-3 d-! 55 °C

4 kgvVS*m-3 d1 35 or 55°C

Discontinuous processes

35°C

HRT

15-20d

40d

18-21d

20-180d

28-35d

Yield, Gas production rate

145-160 m3*Mg-?
500-560 Nm3*MgVS-?
4.2-4.8 m3*ms3*d-!

2.7 m¥3*m3*d-1,
370 Nm3*MgVsS-1t

5-8 m3*m3*d-1
164 Nm3CH4*MgTS'l

<3 m3*m3~kd-l

240-530 Nm3*Mg VS
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DBFZ

Waste materials

main characteristics for technology selection

Disturbing materials Material structure

(porosity, viscosity, water
content)

Increasing content on disturbing materials
—

Increasing content of TS and porosity
—

Dry continuous Dry batch

Wet fermentation
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Effect of necessary pretreatment on

DBFZ gas yield (municipal solid waste)

/I Mass balance in MBT with different type of AD and aerobic post- \
, decomposition in 3 different communities in germany

dry dry wet
DM in reactor 40% 30% 5%
100 =
ae H metals
80 =
— Oimpurities
60 =
B RDF

50

40 4

Ofine fraction to
aerobic
decomposition

30 +

20 +

10 - dfine fraction to

outputstreams and whereabouts in % of MSW

AD
Q-
biogas rate in Nm? p.t,p 120-140 130-150 80-100
g CH, in biogas 55% 55% 62%
* CHy-rate in m? per t MSW <32 <42 <25 /

Ref. Ketelsen 2009
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DBFZ Gas Production

Nm?/ Mg Input
160 o Mg np

140

120

100 j=w
80

60

40
20

Dry batch  Dry continuous Wet fermentation

Ref. Raussen et al
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DBFZ

Biowaste treatment in Germany

Biowaste treatment (RAL Gutesicherung)

5%

12%

83%

O Composting facilities
B Combined composting and anaerobic treatment
O Anaerobic treatment

Ref. BGK

Substrates utilized in biowaste treatment plants
88 Plants with a capacity of 2,3 Mill. t/a

Spoiled groceries
8%

Other biowaste

0,
Kitchen waste 20%

14%

Sep.collected

Manure biowaste
23% Energy crops Grease 17%
7% 11%
O Manure B Kitchen waste O Spoiled groceries
O Other biowaste Bl Sep.collected biowaste O Grease

W Energy crops
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DBFZ Posttreatment of digestate

= What kind of product is saleable or utilizable?
= Solid liquid separation necessary?
= What degree of stabilisation is required (product quality)?

* What kind of hygienisation/sanitation is required?

= In Germany:
« liquid digestate is used like manure and spread on fields
« Dry fermentation residues most often treated in composting facilities
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General scenarios of material flow

DBFZ within treatment of organic wastes

Mechanical Mechanical Mechanical
pretreatment pretreatment pretreatment

_ 20-30 % /[ 15%
70-80 @\ /E 85 % j\

3 y
—» Fermentation N Wet
i fermentation
Fermentation
[
A
— Dewatering v
Post-treatment Dewatering

A

Post- v
: Treatment
Posttreatment

Compost
L
! , ' ,

Wastewater Compost Wastewater
Treatment P Treatment

Compost

Option: direct utilization of
liquid digestate
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DBFZ Water requirement

% material input

60
50
40
; i =

20

. EE

Dry Batch Dry continuous Wet fermentation

Ref. Raussen

Water treatment to discharge quality is far from trivial,

Circuiting includes the risk of high concentration of
unwanted substances (e.g. ammonia)
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DBFZ

Application of compost

Soil production
13%

Landscaping
12%

B Landscaping @ Private gardening B Miscellaneous

Municipalities Private
. 0 1
Special 3% gardening
. . 0
cultivation 11%
0 .
5% Miscellaneous
204
3.3  Produkte
|
Agriculture Marke Wesentliche nutzbringende Eigenschaften von Komposten sind die Humus- und
g ard eni Nahrstoffwirkung. Weiterhin kénnen Komposte der Wasserspeicherung sowie der
51% Stabilisierung und Pufferung von Béden dienen sowie phytosanitar wirken. Bei Gar-
3% produkten ist in erster Linie die Nahrstoffwirkung sowie, in geringeram Male als bei
Komposten, die Humuswirkung der nutzbringende Effekt. Dabei werden die folgen-
den Preduktgruppen unterschieden (BGK 2009).
- - — . - + Frischkompost ist hygienisierter, aber noch nicht vollstandig ausgereifter Kom-
3 Agriculture B Special cultivation O Municipalities 0 Soil produc post. Er wird in mittlerer bis grober Kérmung angeboten. Frischkompost enthalt

noch Anteile an leicht abbaubarer organischer Substanz sowie wichtige Pflan-

O Market gar )
zennahrstoffe.

Products:

Fresh compost
Mature compost
Substrate compost
Solid digestate
Liquid digestate

+ Fertigkompost ist hygienisierter und ausgereifter Kompost. Er wird in feiner bis
mittlerer Kérmung angeboten und enth3lt hohe Anteile an stabilen Huminstoffen
sowie wichtige Pflanzennahrstoffe.

& Substratkompost ist Fertigkompost mit niedrigen Gehalten an Pflanzennahr-
stoffen. Er wird mit feiner Kérnung angeboten.

+ Festes Garprodukt ist ein hygienisiertes, stichfestes und streufahiges Erzeug-
nis mit humus- und dingewirksamen Stoffen und mit bestimmten Anforderungen
hinsichtlich des Gehaltes an organischen Sauren und Gertchen.

* Fliissiges Garprodukt ist ein hygienisiertes, flissiges und pumpfihiges Er-
zeugnis mit humus- und dingewirksamen Stoffen und mit bestimmten Anforde-
rungen hinsichtlich des Gehaltes an organischen Sauren und Gerlichen.
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DBFZ ) Investment costs of digestion facilities =

500 ‘
450 \
3 \
w400 .
g S
2 350 P~
B r [~ ~——
3 A *
w <
£ 250 N‘\‘"ﬁ.& [
<
$ 200
< “
150
100
5.000 15.000 25.000 35.000 45.000
Durchsatz in Mg/a
+ Realisierte Anlagen ® Trockenvergérung max. A Trockenvergdrung min,
- Trend realisierte Anlagen e Trend Trockenvergérung max. = Trend Trockenvergdrung min.

Specific overall invest for the implementation of a dry fermentation
step into an existing composting facility

Ref. U.E.C. Berlin
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DBFZ Investment and operational costs

Specific operational costs €/t Specific investment costs €/t
50 Euro / Mg Input 600 Euro / Mg Input . = l
40 500 \
30 o0 '
‘300
20
200 -E ‘
. B
'°° = .y
0 0
dry dry wet fermentation dry dry wet fermentation
Batch continuous fermentation of separated Batch continuous fermentation of separated
liquids liquids
For comparsion costs within the
agricultural sector:
g}\@f/t gtvest = Without treatment of digestate
2000 120 = Prices are difficult to calculate, tendency
4000 240
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DBFZ Treatment costs

Costs and Prices

mep. collected Biowaste Treatment costs a0 - 45 €4
Houshold waste Incineration 45 - B0 €4

otudy
Composting open a5 1
Composting capsulated b5
Composting partly capsulated 451
Digestion incl. posttreatment 7 2EM
Incineration of municipal solid waste 10054

Customer YWaste bin size | Costs €3

Karlsruhe all 246 54
YWarendorf all 174 72
YWelmar all 139 559
Freiburg bl 155
Slessen waste (=10 114 b
Giessen biowaste 120 2B 4
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DBFZ Conclusions

= AD is proven technology for almost every organic substrate
= Substrate characteristics dictate the technology

= Combination of aerobic and anaerobic treatment
« Reduced greenhouse gas emissions
« German Renewable Energy Act (EEG)
« Mostly dry fermentation systems are applied

« Expansion of existing composting plants, plants with odor problems,
plants, which are due to be modernized
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DBFZ

Thank you for your attention!

Deutsches BiomasseForschungsZentrum Jan.Liebetrau@dbfz.de
German Biomass Research Centre Tel. + 49-341-2434-716

Torgauer Stral3e 116
D-04347 Leipzig

www.dbfz.de
Tel./Fax. +49(0)341 — 2434 — 112 / — 133
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