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Introduction

Anaerobic Digestion has been widely Technical requirements for plant
implemented over the past 20 years eqmpm_ent increase Wl_th the
alongside composting. Substrates proportion of ,,contraries” such as
range from sewage sludge to OFMSW. glass, stones, sand and plastics:
1920 | Sewage Sludge Target:
1975 | Manure Removfal of Contr_arles for
Protection of Equipment
1985 @ Organic
Industrial Waste Situation:
Co-Fermentate Frequent Plant Downtime in
1990 @ Biowaste Anaerobic Digestion of OFMSW
1995 OFMSW

limmm)> ANALYSIS OF STATUS QUO

»Problems can never be solved by thinking the same way
they were raised.”

- Albert Einstein -
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New Requirements for Biomass Treatment

Energy Efficiency
* Optimizing of Total Energy Efficiency Instead of Maximum Biogas Yield
* Only the Wet, Particle Free, Anaerobic Digestible Fraction to Fermentation
* Dry Organic Fractions into Waste-to-Energy or Recycling
nmmm)> no Incineration of Manure — no Fermentation of Wood

Waste Management
* Priority of Recycling over Energy Recovery
nmmm) Biogas Production is no Maxim

» Pollutants are Incorporated Into Organic Matter by Biological Treatment, Result is low
Product Quality: Compost, Biomass-to-Energy, RDF, Fiber-Recycling, Plastics, Wood

* Reduction of Salt by Washing and Maximum Mechanical Dewatering Instead of Drying
nmms) no Biological Treatment of Utilizable Organics

Emissions
* Avoidance of Odor Emissions for Public Acceptance
« Avoidance of CO,-Emissions: Minimizing Energy Consumption and Unused Energy from
Composting
nmm) Composting is not Technology of Choice
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Development of Anaerobic Digestion

1776
1821

1922

1950

1973

1984/

1988

1988

1990

Discovery of Swamp Gas
Chem. Formula methane

Anaerobic Digestion of
sewage sludge

Several agricultural
demonstration plants

Oil Crisis, Substrates
Besides Sewage Sludge

Demonstration Plants for
Dry and Wet Anaerobic
Digestion, mainly for
Biowaste

Demonstration Plants for
OFMSW with low
Contraries Content

+Act of Power Input from
Renewable Energy*

1994 Demonstration Plant for Municipal Biowaste
without Co-Fermentation (Bottrop)

untii  Only 5 AD Plants for Biowaste in Germany

1995

1996 Demonstration Plants for Dry and Wet AD of
OFMSW (Quarzbichl, Ravensburg, Mtnster)

2000 ,Renewable Energy Sources Act* (EEG)

until  35.000 t/a installed Digestion Capacity for

2004 OFMSW (Bassum, Kaiserslautern)

2004 Amendment Renewable Energy Sources Act

2005/ Already 13 Plants with AD of OFMSW

2006 total Capacity of about 1 Million t/a

2006/ Extensions of Commissioning,

2007 Alterations, Modifications, Down Times

Shut-down of Plants, Break Downs,
Discrepancies in Quality and Throughput,
Company Sellings, Insolvencies
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Mechanical Treatment = AD-Technologys

Pre-Treatment
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Sieve-Drum

OO000000000
000000000000

>80 mm
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Recycling

Dry
Contraries
Removal

g I - a 20% — 50%
v
*< 80 mm (< 40-120 mm) Fe/NE-Metal
Dry C n[t):yr. Dry C VtVet . Composting/
el o Fermentation RIS Drying
Removal Removal
Wet Wet : :
Contraries Wet Mechanical Composting,
Removal Fermentation Dewatering Drying
Wash Con[t)gries Percolation, Mechanical Composting,
Hydrolysis Dewatering Drying
Removal 1 |
UASB, Wet
Fixed Bed Contraries
Removal

Dry
Contraries
Removal
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Contraries Removal for Dry Anaerobic Digestion

1997 Braunschweig, D 1999 Kyoto, JPN 2001 Roppen, A 2005 Martinique, Karibik
1996 Kempten, D 1997 Simmem, D 1999 Alzey-Worms, D 2003 Weissenfels, D~ 2005 Rioja, E
1996 Otelfingen, CH 1997 Lustenau, A 1999 Frankfurt, D 2004 Kyoto, JPN 2005 Dietikon, CH

1997 Miinchen, D 2000 Volketswil, CH 2004, Passau, D 2006 Pratteln, CH

2006 Aarberg, CH

1998 Niederuzwil, CH
2006 Ottenbach, CH

1995 Samstagern, CH

1994 Bachenbiilach, CH 1 T : 2008
Kompogas (Biihler) Kompogas (Schmid) >; - . -
2007 Lille, F
- 2008 Jinshan, CHN
1991 Riimlang, CH Kompogas / BRV  BRV (BRV) BRYV (Linde)
! | | T 2008 Mondercange
1994 Baar, CH ‘ 1999 Heppenheim, D 2002 Hoppstadten, D HOX
o 1996 Ravensburg, D 2001 Valladolid, E 2006 Western Isles, GB
1993 Wimmis, CH 1996 Quarzbichl, D 2000 Lemgo, D
. 2005 Hille, D
1984 Gent, B 1989 Flonida, USA 1999 Kaiserslautern, D 2005 Miinster, D
Test Plant emo.Flan 1992 Brecht. B 1999 Villeneuve, CH 2005 Terrassa, |
1990 Graz, A Igg; 2erbsel:m,CDH 2003 Rom, | 2006 Niistedt, D
1986 Bogor, INA Demo. Plant 1993 Salzburg, A | 9, 2000 Brecht II, B ‘ 2004 Leonberd, 5406 Vitoria, E
' D 006 Alicante, E
Dranco (OWS)
1994 Tilburg, NL
| 2007 Peking,
Valorga (Steinmiiller Valorga (Urbaser CHN
Valorga 9 ( ' ' I ) g ( ) >2007 Shanghai
‘ | 2000 Mons. B 2006 Calais, F
1988 Amiens, F 1998 Engelskirchen, D| 2000 Genf, CH
1984 La Buisse, F 2001 La Coruha, E 2004 Barcelona, E

2002 Varennes, F  Ecoparque Il
2003 Bassano, | 2005 Leicester, GB
1999 Freiburg, D 2003 Cadiz, E 2005 Hannover, D

1984 1986 1988 1990 1992 1994 1996 1998 = 2000 2002 2004 2006 2008
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Concept Valorga-Steinmiuller — Contraries Removal — Dry AD of OFMSW

100.000 t/a OFMSW Adapted from: Company brochure BBP Steinmller Valorga, 2001 g
< 62 mm 3 Digestors 4 4.200 m®* Compressor - Flare
Ballistic ] y < v
Separator 1 m | g
¥ . 7 CHP-Unit
j ‘ | Process
’ - / 7 | water
/ R tank A
r I o i T
Centrifu € Belt ! Excess-

3-stepé_e

rati:);i-U7 nit

Rotting Hall and
Final Treatment

Dry Contraries Dry Composting/ Dry Contraries

Removal Fermentation Drying Removal
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Buhler Kompogas® - Dry AD of Biowaste - Sand Removal

_
i Digester
Biofilter ] lHeat
_ i Exchanger,
L] . N -
b ' Recirculation
- A } aDlgestate

Waste

id Water

C tina | ;Screwl |
omposting Press . \/I Refitted
.‘ # zm O <« efitte
| A Sand Removal
Q’m Centrifuge

Adapted from: Company brochure Bihler Kompogas
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Contraries Removal 1999 Radeberg, b 2002 Barcelona, E 2005 Hita, JPN

1999 Firstenwalde, D Ecoparque | 2005 Lissabon, P
For Wet AD | 20p3 Madrid, E 2005 Burgos, E
1996 Wels, A \ h inde KCA 2005 Camposampiero, |
1996 Riigen, D \(CP‘ Lohse (Linde ) 2005 Salto des Negro, E

(/]
,Qb 1995 Dietrichsdorf, D 2000 Newmarket, KAN
» 1996 Karlsruhe, D 2001 Mertingen, D 2003 leper, B
1996 Schwabach, D 2002 Sidney, Aus 2003 Ko-Sung, Korea
1997 Erkheim, D 2002 Toronto, KAN 2003 Alghoba, Libya

1986 Garching, D [
arching (1991 Helsingar, DK)

Test Plant (1997 Miinchen, D) 2002 Veronal,1 2003 Miilheim (Ruhr), D
1998 Wadern-L, D 2002 Villacidro, | 2003 Pamplona, E
BTA BTA (MAT) BTA > 2007 Ecoparque |, E

| 2005 Gescher, D
(1993 * '\ 1997 Munster 2003 Palma, E 2005 Vasteras,S 2006 Ecoparque lll, E
1999 Boden, D 2003 Avila, E 2005 DeiRlingen, D 2006 Krosno, PI
Baden-Baden, D) 2004 Lanzarote,E 2005 Volkenschw.,D2006 Tuleda,E 2008 Wien, A
1992 Kaufbeuren, D

Pulper Technology 22X

Biostab (ROS Roca)> 2008 Voghera, |

2008 Gran Canaria, E
2001 Pulawy, PI 2005 Schaumburg,D 2% Alcante. E

Horstmann) Horstmann »>-00° VViefels. D

2006 Liibeck, D
2006 Leon, E
1999 Nordhausen, D 2006 Schw. Elster, D
Haase > 553 3 « Manchester, GB
| 2008 Malta
1999 Groningen, NL Vagron Lohse (AMB) 2006 Deiderode, D

Low ravelling 2002 DeWierde, NL SBI Friesland
out of fibres ~ (Omrin) >

(&)
199|4 Vaasal ll, FIN f 20Q3 Jonkoping, S
1989 Vaasa |, FIN_—L{Avecon/Citec—»Thyssen) WAASA (Citec)| 2003
% | Modification

w, 1998 Kil, S 2003 Pinerolo, | Vaasa und Kil

(Outokumpu EcoEnergy) WABIO Skanska Infra>

NQQ?/W Miinster, D Test Plant 2004 Wa'kenried, D Demonstration Plant
A- WABIO (Babcock—)l NMT (EcoEnergy>

1994 Bottrop, D
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Wet Contrary Removal for Wet-Fermentation

11

Low-Density

Waste Material Scum Layer?
Sreening/ Sand —p Anaerobic
Grinding Removal Digestion

Sand Fine Sand?

Stones

45-20%DM | 20-14%DM| 14-7%DM |

7-3 %DM

—~= W viscosity and Density
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BTA-Process

Biowaste
<80 mm Plastics, Wood,

Light material

/rlTn Biogas

Dlgester

Centrif ge

Stones, “Sand,
Gravel Gravel

Adapted from: BTA Technologies

Pulper Technology

Lohse Pulper PAMA Pulper,
. w— Freiberg

Vicentini Pulper T.C.I
(Ceramic Industry) '

_continues'
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Concept DBA-WABIO — Wet AD and Wet Contraries Removal

Biowaste  Low Ravelling Digester WABIO
l< 80mm  Qut of Fibers! Biogas
Preparation
Tank
\ 1 n
| Light 1P
5 | material |
1 i Plastics, . |
| ' Stones Wood o) I;!_l I Y;L;T'_'I
|Gravel _ Priority 1992
¥ B J Waste Water From: Patent Application
| O Adapted from: DBA-WABIO _ :
- WAASA-Process
Priority
1993

Mixseparator

el s I:I

Patent Application

Adapted from: CITEC

Priority
1996




Percolation — Washing / Pressing

1989 Vaasa |, FIN

2002 DeWierde, NL SBI Friesland

2003 Jonkoping, S

1999 Groningen, NL

sk (Avecon/Citec—Thyssen)

WAASA (Citec) 2003,

2003 Pinerolo,y
I 20q4 Laihia, FIN

T
1998 Kil, S

(Outokumpu EcoEnergy)

WABIO Skanska Infra >

) ) Bottrop, D
Percolation / Hydrolysis

o\ //

8 ~WABIO (Babcock)

I
1996/97 Miinster, D¢

NMT (EcoEnergyD
|

2004 Walkenried, D

/A—

) ] Test Plant V4 Demonstration Plant
Washing / Pressing Z 2000 Kahlonbera. b
AN 1995 /7 ahlenberg, 2006 Kahlenberg, D
Demonstration Plant |
Aquatherm V4
BTA 1991 Ganderkes., D ZAK (Wehrle Werk) >
Helsinger, DK -
______g____==l
BTA 1986 BTA 1993
Garching, D Baden-Baden 1996 Test Plant ISKA (ISKA) >
Test Plant |
IMK, 1995 2000 Buchen, D
Herten, D Demonstration Plant 2005 Buchen, D
TestPlant ~BTA1997 2005 Heilbronn, D
Paques, 1992 Munchen, D
Breda, NL 2004 Sydney, AUS
Paques, 1995 IMK, 1998
Leiden, NL Herten, D
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Examples of Washing Processes

Aquatherm, AN Biotec

< 80 mm

|

Waste‘Water

Biogas

[UASB

—> Sludge
I

Retention Time: 6h I—»Composting

BTA Retention Time: 3d - 4d

Waste Water

Plastics,

“ Wood

Sand
Separation

Stones
%@—nl Hydrolysis

\ 4

»

Biogas
Fixed
Bed
Reac-
tor
> Sludge

A

—
: % Composting

Sand

15

IMK Retention Time: 3d Percolation Retention Time: 2d — 3d
<80 mm Waste Water <120 mm

l Biogas ‘ : > Wath_e Water

Ballistic — 40°C logas

Separator [~ TI ; IT :
[UASB I E=2AAF UASB
1-stage Sand > Sjudae L 2-stage Sand |

Fibers | Separation N S g Separation T" Sludge
l > Composting Composting Dry-Contrary , Recyclables,
Sand Drying Removal RDF, Landfill
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NMT Process - EcoEnergy

<80mm Retention Time: 10 min

Waste Water

>70°C L
Plastics Biogas
?, qud UASB
1> Sludge
2 Stage [— , 1
Separation }—» Screening 55°C
| Ny |
l \ &4
Sand _ BIOFLUFF®Pellets
Drying L gor urFe Fuel
Gravel v Pelletizing

i
I

1

Y

:‘:‘.‘

=] S\

BIOFLUFF®Fertilizer

Waste Plast
astics,
< 8? mm Wood
Stones :
<——1. Stage || Screening
w 2 Stage — Drjing/
L * Pelletizing
Sand Y o
4—_’ 3. Stage — BIOFLUFF
I
—1 UASB — Water
> Sludge
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