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Introduction DBFZ department Biogas Technology

basic aspects
examplary plants and plant operation
some innovative applications

conclusions
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Biogas Technology
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development and improvement of Process Engineering
Technological, economical and ecological optimization = = %}
microbiological research (cooperation with UFZ) | —=h
Control and regulation of the biochemical process
Experience in simulation and modeling of the biogas @ssc
Laboratory with a large number of continuously and

discontinuously operating biogas reactors of differatimes
with extensive laboratory analytics
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Germany plays a leading
role in biogas production

High share of Substrates
from agriculture in Germany

Definition of biogas is
varying between countries

Primary energy production of biogas of the european union

(in ktoe)
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Flachenbedarf NawaRo fiir Biogaserzeugung [1000 ha]
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farm-scale, single step

inst. CHP capacity 360 k\W
approx. 30.000 fmSubstratesy
approx. 3.200 mDigester volume
Gasstorage approx. 30 m

Substrates: liguid manure, corn
silage

Participant on scientific evaluation
programme

Deutsch-Schwedische

Handelskammer

Tysk-Svenska Hande

Stockholm - Malmd

SEQmmanen



Deutsch-Schwedische
Handelskammer

Tysk-Svenska Handelskammaren
Stockholm - Malmd

% & $3 (+



Deutsch-5Schwedische
Handelskammer

Tysk-Swvenska Handelskammaren
Stockholm - Malmd

approx. 70.000 t substrate$ y
Approx 17.000rm digester volume
3 engines, total inst. capacity 4.2 MWel

7 T @ v excess heat used for industrial process
7J @ | ( = o.riginally two-step process, now parallel
3 , . single-step digestion in 4 fermenters and

i B 2 smaller stores,

— S s [%, -1 . substrates: silages and grist from
_____________ o different crops, CCM, grass and other
= Z S acreage ~ 1.500 ha / 60 suppliers

0 separation of effluent
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Electricity to
energy supplier

Heat to heat user

Fuel (CNG)

Energy production _ Service Provider
company < Operating Company Transport and

Electricity, Heat, Biogas Production Fertilization

T 3

Service Provider
Farmer

Transport Crop Production, Storage

All processes can be in one hand, transparent operatiofiew contracts, Investment
by the farmer or combined
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Electricity to Energy Production /

energy supplier Upgrading | Service Provider

Heat to heat user Company Operating Company Transport and
eationeat us Electricity, Heat, Biogas Production Fertilization

Fuel (CNG) Biomethane

Farmer
Farmer
Farmer

Service Provider
Transport,

Central Farmer
storage Substrate
Farmer

S Farmer
Substrate provision is shared, central storage

For better quality, standardized contracts, effectivewvaste heat usage
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Energy Production /

Upgrading
Company
Electricity, Heat,

Fuel

Electricity
(up to 20 MW)

Heat to heat user

Fuel (CNG)

Biogas plant
Biogas plant

Biogas plant
Biogas plant
Biogas plant
Biogas plant

Service Provider
Transport and
Fertilization

Farmer
Service Provider Farmer
Transport, Farmer
Central Farmer
storage Substrate
Source: NAWARO-AG Farmer
Farmer

Substrate supply is shared,
central storage is possible at few sites with defined quayi, risks are shared by more
plants, more contracts, central administration and bidogical control by experts



biowaste 24.000 t¥

Aerobic pretreatment
Plug-Flow-Reactor

Composting of effluent

Complete housing / low odour emissions
CHP-device
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legal framework

GasNZV guarantees access to
grid and sets important
complementary regulations

EEG for Cogeneration Bonus
for innovative Technologies
2€ct/kwWh, up to 350Nm¥h and
1€ct/kWh, up to 700Nm¥h

at least 35 plants (05/2010) in service
beginning withPlieningand
Straelerworking with PSA in
Dec 2006; inst. (eq.) 2ZMW

further plants under construction

municipal utilities and energy
supplier highly engaged
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in operation

under construction
under planning
pilot plant

no specified



Deutsch-5Schwedische
Handelskammer

Tysk-Swvenska Handelskammaren
Stockholm - Malmd

1st petrol station in Germany with upgraded Biogas in
service (Jameln/Northern Germany, June 2006)

Biogas plant using energy crops and manure
Upgrading by drying, desulphurization, drying and
chemical absorption of CO

Input  Raw 140 rfh 52% CH

Output Upgraded 70 #h 96% CH

Biomethane can be used in CNG powered cars
without modification
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Fuel Cells

el. efficiency is up to 48% (55%); pilot plants, causes
less noise, useful for urban applications

Micro-Gasturbines
less sensitive, low maintenance costs, high durability

compared to gas engines low el. efficiency (38%
28%)

ORC-Modules
10% raise in el. efficiency; at least 3 plants in sexvic
advantageous in combination with microrturbines

Significant decrease in prices might promote ORC-
Processes
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agricultural biogas is a flexible technology to prawid
electricity, heat, fuel and fertilizer

EEG is the main driver for electricity generation
through biogas

available from small to large scale applications
(several kW until MW-scale)

Technology for production, conversion and provision is
state-of the-art

Even in Germany biogas has still high potentials

Increasing importance all over Europe!
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