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The Future of Biogas in Europe Il
European Biogas Workshop

October 2 ™ to 4™, 2003
UNIVERSITY OF SOUTHERN DENMARK
Esbjerg / Denmark

The accomplishment of the goals of the
Kyoto protocol and the EU directives
concerning  nutrient  management,
human and animal health and food
safety as well as the overall pollution
prevention issues increasingly require a
sustainable animal production sector,
where pre- and  post-treatment
technologies combined with anaerobic
digestion of animal manure and various
types of bio-wastes play an important
role.

The aim of the workshop is to look
closer and discuss the above mentioned
topics, to disseminate  existing
knowledge, know how and expertise,
successful case stories and new ideas as
well as to analyse further strategies for
the development of biogas systems in
Europe.

The workshop addresses to biogas

experts, farmers, researchers and
technology developers, biogas plants
suppliers and users, legislative-,

administrative- and local authorities,
farmers’ organisations and associations
etc.

This European Biogas Workshop is part
of the activity of the European Biogas
Network of Excellence — BIOEXELL,
co —financed by EU DG TREN, the
Altener Il Programme.

The organiser of the workshop is the
University of Southern Denmark, the
Bioenergy Department, which is also
the main  co-ordinator of the
BIOEXELL network, in collaboration

with all the members of the network.
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Thursday 2 October 2003

8:30 Registration

9:00 Welcome and practical issues
By Jens Bo Holm-Nielsen, SDU,
Denmark

9:10 Energy technologies for the future

-a full supply of renewable

energy scenario from Ringkgbing
County.

By Benny Christensen, Ringkabing
County, Denmark

Biogas and the Kyoto Protocole

9:30 Biogas versus other
biofuels: a comparative Environ
mental assessment.
By G.A. Reinhardt, IFEU,
Heidelberg, Germany

10:00 The role and potential of biogas for
the reduction of emission of
greenhouse gases from animal
production.
By Sgren. O. Petersen, Danish
Inst. of Agricultural Sciences,
Foulum, Denmark

10:30 Coffee break - further

registration

Animal Health and Food Safety

11:00 The new EU regulation on animal
by-products not intended for
human consumption — purpose and
implementation in Denmark.

By Bruno Sander Nielsen, Danish
Agricultural Council

11:30 Treatment of animal waste in co-
digestion biogas plants in
Sweden.

By Ake Nordberg, JTI, Sweden

12:00 Lunch break

13:30 Implementation stages of the EU-

directive on animal by-products and
food waste in Austria and Germany.
By Rudi Braun, IFA Tulln, Austria

AD as a Key Technology for Nutrient
Management

14:00 Evaluation of the newest biogas
plants in Germany with

respect to renewable energy
production, greenhouse

gas reduction and nutrient
management.

By Peter Weiland, FAL, Germany
14:30 The potential of an integrated AD
system to offer

solutions for both the agriculture
and the industry

sector.

By Torben A. Bonde, GFE,
Denmark

15:00 Biogas from AD as a key
technology for nutrient
management in Great Britain and
N. Ireland.

By Clare Lukehurst /IDSTBC, N.
Ireland

15:30 Coffee break

16:00 Discussion forum, groups of max
10 persons.

17:30 End of session.

18:00 Workshop dinner

Friday 3 October 2003

Pre- and Post-Treatment Technologies

9:00 Separation of slurry — a potential
option for the animal production
sector.

By Teodorita Al Seadi, SDU,
Denmark

9:30 Separation of slurry - technical and
economical system analysis.
By Kurt Hjort-Gregersen, F@I,
Denmark

10:00 State-of-the-art and perspectives for
development of agriculture biogas
technologies in Poland.
By Magdalena Zowsik, RECEPOL,
Poland

10:30 Coffee break

Biogas and Organic Farming

11:00 Pre-treatment technologies and
optimisation of the AD process.
By Willy Verstraete, Ghent

University

Belgium

11:30 How to integrate biogas, organic
farming and energy crops.

By Michael Kéttner, BCC,

Germany

12:00 Lunch break

Socio-Economic Aspects of Biogas
Production

13:30 Socio-economic aspects of
agricultural biogas production.
By Arthur Wellinger, Nova Energie,
Switzerland
14:00 Important socio —economic
elements of centralised co-digestion
in Denmark.
By Lars Henrik Nielsen, Risg
Research Institute/Denmark

14:30 Discussion forum.

16:00 Coffee break

Conclusions and Closing

16:30 The present and future of biogas in
Europe.

By Jens Bo Holm-Nielsen, SDU,
Denmark

17: 00 Closing session and the first
announcement of the next
European Biogas Workshop in
2004.

By Major of DSTBC John
McGuigan

and Clare Lukehurst, DSTBC, N.
Ireland

17:15 End of the workshop

Saturday 4 October 2003
Site Visiting

One-day visit to selected anaerobic
digestion plants in Denmark.

Programme:

08:00 Departure from Esbjerg, University
of Southern Denmark, Niels Bohrs Vej 9.

10:00 Visit at Green Farm Energy ,
Over Lgjstrup, Lgjstrupvej 12,
DK — 8870 Langaa. Phone: +45 7025 2755.

Green Farm Energy data:
Manure treatment capacity
25.000 t/y + deep litter 10.000
tly + crops.

Energy production per year: 8.5
mill. Kwh.

Biogas production per year: 3.6-
mill. m®, converted in a

CHP plant at the location.
Nutrient separation plant
capacity: N 300 t/y, P 150 tly.

Dir. Torben Bonde, Green Farm
Energy, will conduct the visit.

12:00  Lunch at the Pavillon,
Jernbanegade 33, Thorsg.

13:00
and

Visit at Thorsg Environmental

Biogas Plant
Kongensbrovej 10, DK 8881
Thorsg, Phone: +45 8696 6400.

Thorsg Biogas plant data:
Manure treatment capacity:
95.000 t/y + Organic waste,
including intestinal content
18.000 t/y + Sewage sludge
5.000 tly.

Manure suppliers: 75 animal

farms.

Biogas production: 3.3 mio m?,

converted at Thorsg CHP

plant + CHP-unit at the biogas
plant.

Plant Supplier; Burmeister &

Wain Scandinavian Contractor

Ltd.

Ernst Klausen, plant manager
and

board member Viggo Bjgrn,

Thorsg Env. & Biogas Plant will

conduct the visit.

14:30 Driving back to Esbjerg.

17:00 Arrival to Esbjerg.
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REGIONAL FORESIGHT ON THE USE OFHYDROGEN TECHNOLOGY IN A
DANISH COUNTY

By Benny Christensen
Ringkgbing County, Department of Regional Developime
@stergade 41, Postbox 122
DK-6950 Ringkabing
Denmark

Ringkgbing County with 275,000 inhabitants is diéabin Western Jutland and covers a
total area of 4,900 sg.km. With a western coastin00 km exposed to the North Sea,
the region has a plenty of wind energy resourc&S. ®ind turbines with a total
capacity of 384 MW are situated in the county amate than 35 % of the electricity
consumption in the area is produced by wind power.

Wind energy is also an important background for ithdustrial development in the
region. Two of the words largest wind turbine proghs are situated in Ringkabing
County. Together they cover nearly 30 % of the dionlarket for wind turbines, and 5-
6,000 persons are involved in the wind turbine stduand its sub-contractors.

Apart from the wind energy the area has other \dé&ieesources of renewable energy.
Biomass is already used for heat production antbgeneration plants, and one of the
world's largest biogas-plants is under construditiotie region. There are also probable
future possibilities of using wave energy along #0® km North Sea coast. Right now
a prototype wave energy plant is tested at theeshbtimfjorden, just at the northern
county border.



Development and Innovation

The county administration is
playing an important role in the

industrial development of the areg.

Last year a centre of knowledge
and education in relation to the
wind turbine industry was
established.

It is situated in BIRC (Birk
Innovation and Research Centre)
in Herning in close connection to
Herning College of Business and
Engineering (HIH).

A project also aims to establish a
active and creative educational
environment arountlydrogen
technology and fuel cellsat HIH.
This may find expression in:
Educational modules and in-
service training courses
Acquisitions of equipment for
practical experiments
Implementation of study
projects in cooperation with local
companies and Ph.D. projects in
cooperation with Risg National

Laboratories and other institutiong.

A Vision for the Future

The vision is to establish and develop Ringkgbiogy's status
as a leading international player in the field erfiewable energy

technologies.

To strengthen the region’s research and developeféort
with focus on integration of renewable energy sesiio the

total energy system

To retain, develop and attract companies end erapby
working with new energy technologies end energyesys
To make the region attractive by providing space fo
demonstration projects in which renewable energycas
partly or completely replace fossil fuels.

The first step against some of these goals wasifei@nce at HIH
in May 2003, where a vision for a regional futurasantroduced.
Here hydrogen technology and fuel cells playedhgpoirtant role.

A further step after this conference was the sthatRegional
Foresighton the possibilities of using hydrogen technologg a
fuel cells in the continued development of the oa

The Regional Foresight

Four working groups concerned wit
specific part of the topic were
established in the spring 2003. The
groups consisting of members from
the regional development unit,
industry, utility companies and
institutions will generate an

overview on the options — if possiblé¢

in a form which can serve as the
basis for the implementation of
demonstration projects. Proposals f
several such projects have already
been outlined.

Risg National Laboratory’s
Department of System Analysis hag

been engaged in a consultancy role,.

An early working relationship was
also made with the Danish Board of
Technology, and a report on the
foresight project will be given at a
conference arranged by the Board i
autumn 2003.

The subject of this conference will
beEnergy Technology as a Growth
Area and the conference will take
place in the Danish parliament
building (Christiansborg) in
Copenhagen on Monday 27 Octobe
2003

D
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Some of the options
being considered:

Combined H/O,
production with
windpower at a
local fish farm.

Various kind of
use for small fuel
cell cogeneration
units.

Hydrogen as fuel
in a regional train.

Fuel cellsin
fishing vessels.

Fuel cell driven
light vehicles for
disabled persons.

For further information contact:
Flemming Wennike, Ringkegbing County, The Regionav&opment Unit, DK 6950
Ringkegbing, Denmark. e-mailfacfw@ringamt.dk Asker Geyti, gimag@ringamt.dkor

Benny Christensemimbc@ringamt.dk




BIOGAS VERSUS OTHER BIOFUELS: A COMPARATIVE ENVIRONMENTAL
ASSESSMENT

by J6rg Braschkat, Sven O. Gartner and Guido A. Reihardt
IFEU-Institut fur Energie- und Umweltforschung Hellderg GmbH, Germany
(Institute for Energy and Environmental Research)
WilckensstralRe 3,
D-69120 Heidelberg,
Germany
www.ifeu.de
Tel.: +49/(0) 6221-47670; Fax: +49/(0)6221-476719
E-mail: guido.reinhardt@ifeu.de

Abstract

Is biogas an environmentally friendly energy form@ answer this question biogas
generated by the means of corn, rapeseed mealcand mmanure was weighed against
a number of liquid and solid biofuels. By companidmogas has got a large potential
for reducing green house gas emissions dependitigednioenergy carrier used. Biogas
from corn for instance performs much better thauwid biofuels, reaching almost the
results of best solid bioenergy carriers. Howelrke, other biofuels as well, the use of
biogas affects the environment regarding acidifacgteutrophication, photo smog, and
ozone depletion.

Introduction

One possible strategy to reduce green house gassiems is the application of

renewable bioenergy sources - in the form of biptigsid and solid biofuels - instead

of non-renewable fossil fuels. The ecological perfance of bioenergy carriers

however varies considerably, and utilising bioegecgrriers affects the environment
with regard to impact categories other than glolatming. Therefore comparative

studies are necessary to assess their feasilpiitya number of liquid and solid biofuels

studies have already been published [1, 2, 3].olmtrast, until now information about

the ecological performance of biogas is scarcethéncurrent study biogas has been
evaluated against a large number of biofuels regarthe ecological advantages and
disadvantages.

Objective and procedure

The objective of this study was to contrast biogath liqud and solid biofuels
regarding their ecological advantages includingrthetential for reducing green house
gas emissions. The biofuels considered in thisystaik based on various energy
sources. The different options are listed in Tdble



Table 1: Biofuels analysed in this study groupedhgysource of materials used.

Fuel type

Energy carrier

Biogas
Liquid biofuel

Solid biofuel

Biogas
Solid biofuel

Biofuels based on energy crops:
Silage corn, rape seed meal

Rape seed oil, RMESME~
Bioethanol, ETBE , (potato, wheat,
sugar beet)

Short rotation coppice(poplar), whole
plant (wheat), miscanthus, cocksfoot,
silage corn

Biofuels based on residues/waste
materials:

Rape seed meal, ligiud manure
Wheat straw, rape seed meal, forestry

waste, yard waste

VEersus
VErsus
VErsus

VErsus

VErsus
Versus

Electricity, light oll
Diesel fuel
Gasoline

Light oil/coal

Electricity, light oll
Light oil/coal

"Rapeseed oil methyl ester
“ Sunflower oil methyl ester
Ethyl tertiary butyl ether

One basic life cycle was assumed for each biofegrresenting the most likely

utilisation for that specific fuel. For all of trenergy carriers the entire life cycle was
considered. Agricultural reference systems, co-pctsland additives were taken into
account. Crop residues as well as waste materiate wssumed to be available at no
costs. For further details on the scope of theysartl the underlying assumptions see
[1], [2] and [3]. The impact categories and theresponding indicators as well as the
underlying LCI parameters considered in this stadylisted there as well. Examples of

two different life cycles are presented schemdsiaalfigure 1.




Electricity Biogas from silage corn

Extraction ’Pesticides Fertiliser ‘
of fossil fuels ’ Fuel Seed ‘
and uranium
Y Corn production
Transport Credits
Liquid
manure
; A
Processing . -
Co-Fermentation Substrate [« Fertiliser
: L
Transport Biogas
! L
Power generation Power generation Heat [« Light oil

S, ;, S—

Figure 1: Schematic life cycle comparison of "Hieity" and "Biogas from silage corn".

3. Results

3.1 Generating biogas from energy crops

Biofuels based on crops grown specifically for giyevary in their potential to reduce
the emission of greenhouse gases including, Q®O, and CH especially. This
potential can be expressed as the amount of éiDivalents per hectare and year that
can be saved due to the substitution of non-renkewabergy sources. This value
comprises the performance of the bioenergy cropelsas of the biofuel production
and consumption. Ranking the biofuels accordinth&r performance is presented in
figure 2.

The main results regarding biogas may be summaaséallows:

The selected biogas options for biogas based orggr@ops both lie within the
range of liquid and solid biofuels.

The CQ reduction potential of the biogas options is Malea depending on the
energy crop used. However, for that reason bioghtbis a large potential to reduce
green house gas emissions.

Generally, biofuels utilising the entire plant ¢e.corn) perform better than those
making use of specific components (e. g. rapeseasad)ronly.
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[t CO2-eq./ha a]

Figure 2: CQ reduction potential of solid biofuels (black colsi), biogas (white columns) and liquid
biofuels (hatched columns) based on energy crdpsee to unit area.

3.2 Generating biogas from residues and waste miater

Residues or waste materials usually accumulate wputs of various processes.
Therefore, unlike biofuels based on crops growneioergy, biofuels based on residues
or waste materials are typically difficult to redab units of area. Instead, for this kind
of biofuels the amount of GQequivalents per gigajoule of primary energy sawed
calculated, in order to provide a basis of comparidn principle this value represents
measure of the efficiency of the combustion procBssking the biofuels according to
their performance with regard to G@fficiency is presented in figure 3 (left). Foeth
purpose of comparison G@fficiencies of a number of biofuels based on srgpwn
specifically for energy have been included (Figright).

O —
[kg CO2-eq./GJ -20
primary energy
saved] 40 A
-60 -
-80

Figure 3. CQ efficiency of biogas (white columns), solid biddugblack columns) and liquid biofuels
(hatched columns) related to the amount of primeargrgy saved.

11



The main results regarding biogas may be summaaséallows:

CO, efficiency of biogas based on liquid manure armuesged meal was 10% and
20% less than the average value of the solid biefue

The performance of biogas was similar to the peréorce of the top liquid biofuels.
With respect to C@ efficiency solid biofuels generally perform bettdwan both

liquid biofuels and biogas.

3.3 Biogas generation in comparison with other madaf use

Most bioenergy carriers can be used in differengsyvavhich have a different impact on
the environment. In order to evaluate the possiblesequences, two different options
for corn (biogas generation, direct combustion) #mde different options for rapeseed
meal (animal feed, biogas generation, direct cotnimjshave been analysed (Table 3).

Table 2: Impact of different modes of use of biogyearriers on the environment.

Silage corn Rapeseed meal

Impact Unit Biogas | Combus- [Animal |Biogas | Combus-
category tion Feed tion
Energy | Gysha 168,86 287,03 | -6,46| 2527  -31,73
demand
Global tCOreq/ha | -8,96 -17,55 093| -203 -2.27
warming
Acidification | kg SQ-eq./ha 74,35 235,41 -3,01 20,30 20,44
E;ttigonph" kg PO-eq/ha| 1428 2234 | -037| 398 1,64
Photo smog | kg Ethene/ha 0,29 0,44 -0,26 -0,03 0,02
dOZO”e. kg N;O/ha 7,78 13,08 1,59 | -1,17 0,29

epletion

The main results regarding biogas may be summaaisddllows:

Burning silage corn directly instead of generatinggas almost doubles energy yield
and CQ reduction potential. However, the negative impaictsthe categories
eutrophication, photo smog and ozone depletion bélltwice as high. In addition,
acidification will be almost three times higher.

Using rapeseed meal as animal feed results in gative environmental effect.
Burning rapeseed meal directly instead of genegdiingas increases energy yield as
well as CQ reduction potential and reduces eutrophicationweéler, ozone
depletion will be increased while other impact garges are affected just
marginally.

3.4 Biogas in relation to fossil fuel
Substituting fossil fuels with biogas results in spiwve as well as negative
environmental effects. In order to quantify thos$eas, equivalent values per capita

12



were calculated and used as a reference unit 4rigcthe amount of fossil energy that
can be substituted by the corresponding biofuehfothe basis for the comparison.

i i ] ‘Rape éeed méal
! ! M Silage corn
| | O Liquid manure

Non-renewable primary energy

Greenhouse effect

Acidification
Eutrophication
Photo smog

Ozone depletion

-100 0O 100 200 300 400 500 600 700 800
Inhabitants / 1 MWh el. power

Figure 4: Impact parameters of the life cycles 'as from rape seed meal”, "biogas from corn” and
"biogas from liquid manure" in relation to fossildls.

Example how to read the diagram: The quantity @egrhouse gases, by which the
emission can be reduced if biogas from rapeseedimaaed to substitute 1 TJ of non-
renewable primary energy, equals the average gneese gas emission of about 5
German citizens.

The main result regarding biogas may be summadsddllows:

By comparison, biogas made from liquid manure rlage#o have the highest GO
efficiency on a primary energy basis. This optianaddition resulted in very low
impacts regarding all other categories.

4. Conclusions and outlook

Like other forms of bioenergy, biogas has got tbhéeptial to save non-renewable
energy carriers and thus to reduce green houseng@sions.

Biogas on the other hand, again similar to otheemergies, affects the environment
with respect to other impact categories like aaidifon, eutrophication, photo smog,
and ozone depletion.

In most cases, from the environmental point of vigwve direct combustion of the
biomass may be preferred to biogas production. Wewea number of non-

ecological reasons like for instance logistics, ag@ability, or costs may argue for
the use of biogas.

Biogas can compete easily with the most excellefit iofuels and at the same
time provides a number of other possible applicetio

13



Due to the large number of possibilities to gereerand to utilise biogas the

environmental implications have to be quantified éach case separately. Life cycle
assessment as a balancing tool may help to maxithé&g@ositive and to minimize the

negative environmental effects via sensitivity gael as well as weak-point analysis for
the entire biogas life cycle from provision to istition.
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THE ROLE AND POTENTIAL OF BIOGAS PRODUCTION FOR REDU CING
GREENHOUSE GAS EMISSIONS FROM ANIMAL MANURE

by Sgren O. Petersen
Danish Institute of Agricultural Sciences,
Dept. of Agroecology,
P.O. Box 50,
DK-8830 Tjele,
Denmark.
E-mail: soren.o.petersen@agrsci.dk

Introduction

During more than a century there has been a graoheabase in global mean
temperature which has been associated with antbespo activities '[. Models
describing this so-called greenhouse effect intdyipredict a further increase in global
temperatures and rising sea levels during the cextury. Further, the patterns of net
precipitation may change dramatically in large paftEurope. In face of these changes,
a large number of countries in 1997 signed the &ywbtocol with specific greenhouse
gas (GHG) mitigation targets.

The European Union has commited itself to an aweraduction of GHG emissions of
8% by 2008-2012 relative to 1990. Agriculture igreutly projected to obtain a 17%
reduction in GHG emissions, partly due to decransise of fertilizers and increasing
productivity [']. The agricultural sector is responsible for >4@¥ anthropogenic
methane emissions and >50% of nitrous oxide enmiss[b]. The main sources of
methane are enteric fermentation and manure marademwhile nitrous oxide is
mainly derived from the turnover of nitrogen intfézers, manure and crop residues,
and indirectly from the turnover of nitrogen lost the environment via ammonia
volatilization or nitrate leaching. Both methanel anitrous oxide are potent greenhouse
gases with global warming potentials (for a 100ryeeane horizon) that are,
respectively, 21 and 310 times greater than th&®@f Significant reductions in GHG
emissions are therefore possible if methane amdusitoxide emissions can be reduced
via improved management practices.

Mitigation options

For Denmark, different mitigation options withinraglture were recently evaluated
based on available literature and modellirig]] These included changed feeding
practices, reductions in ammonia volatilizatiorpwth of energy crops and anaerobic
digestion of liquid manure (slurry). The currenbjections for biogas treatment of
Slurry in Denmark would not result in a major effem the national GHG budget.

However, anaerobic digestion of slurry appearset@ lzost-effective mitigation option,

since this treatment can have multiple effectshenGHG balance of animal production.
These effects include energy production that cdostsute fossil fuels. Also, methane
production during digestion may reduce the potérita methane production during
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subsequent storage. Finally, digestion affectgtiysical and chemical properties of the
slurry with possible impact on plant N availabiland nitrous oxide emissions.

Quantification of GHG emissions

Currently, national GHG inventories are preparadgia set of guidelines developed by
the Intergovernmental Panel on Climate Change (P@asically, the methane
inventory for animal production is based on numbafrsanimals, energy intake and
excretion per head, and emission factors, whilenitreus oxide inventory is based on
numbers of animals, nitrogen excretion per head emission factors"]. The emission
factors for manure management are specified forumber of different storage
conditions. Geographic and climatic variations aceounted for by subdividing the
world into a limited number of regions based onwaimmean temperature, i.e., €05
(Cool), 15-28C (Temperate) and >26 (Warm). Almost all of Europe, from Northern
Portugal to Finland, belongs to the Cool climagiae.

Energy substitution due to anaerobic digestioroisspecified in the GHG inventory for
agriculture, as defined by the IPCC methodologysoAlno effects of storage
temperature on methane emissions, or of anaerolgesttbn on nitrous oxide
emissions, can be estimated. Temperature relainsghe defined by climate zone, and
nitrous oxide emissions are exclusively linkedre hitrogen content of manure which
does not change as a result of digestion. Thergtdasecurrently not possible to account
for effects of biogas production on methane antbu# oxide emissions, even though
such effects have been indicated by experimersaltse

Experimental results

Methanogenesis is highly dependent on temperatma strategies to lower the storage
temperature before and after anaerobic digestion significantly reduce methane
emissions to the atmosphere. In animal housescénide achieved by frequent transfer
to a cooler outside storage, or by cooling of siwtiannels. The temperature of outdoor
slurry storages generally follow the air temperataf the surroundings, and therefore
methane production may continue at a consideraiéeif digested slurry is transferred
to an open storage tank at the process temperdtura. storage experiment with
untreated cattle slurry and digested slurry frorheRBiogas in Southern Denmark, the
emission of methane from untreated slurry was 6886 of the emission from digested
slurry due to the higher initial temperatuf§.[Hence, it is important to have a confined
storage with methane collection at least until thlarry is cooled to ambient
temperature.

Several studies have shown a reduction in methamesm®ns in the presence of a
surface crust during summer storage, and it wasothgsized that methane was
consumed within the surface crust. This was regethfirmed in our lab where it was
documented that methane oxidizing bacteria areepteand active in both natural
surface crusts and in an artificial surface crdstt@aw. Furthermore, it has been shown
that a solid cover may further reduce methane eomsgrom slurry storages with both
untreated and digested cattle slurry. Clearly,agferconditions must be an integrated
part of strategies for mitigating methane emissioos slurry.
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Upon field application of slurry, methane emissi@ams insignificant and can normally
be acoounted for by release of dissolved methaneontrast, there will be an extensive
nitrogen turnover in the soil that can lead toaqus oxide emissions. When digested
slurry is applied to soil, there appears to be duced potential for nitrous oxide
emission compared to untreated sluft{jfin a two-year field study the reduction was

20-40% []. The IPCC methodology uses of a fixed emissiandiafor animal manure
and will therefore not capture such an effect.

Modelling GHG emissions from untreated and digestedlurry

In an attempt to estimate the full effect of and@raligestion on GHG emissions from
manure handled as slurry, a simple model was dpedlavhich — besides the energy
substitution - accounts for effects of slurry temgpere on methane emissions during
storage, and for effects of volatile solids degtaaaon nitrous oxide emissions after
field application f]. Three different scenarios were considered, ageference system
with no anaerobic digestion, a system using predaytbiogas technology, and an
optimized system with an improved technology anddfiag of the slurry (see Table 1).
Cattle and pig slurry composition was defined adow to Danish norms, and volatile
solids were considered to consist of a 90% degtadahction (fats, protein, simple
carbohydrates) and a 1% degradable fraction (coogaebohydrates). The conditions
for field application of slurry have been summadizelsewhere’]. It was further
assumed that there was no interaction betweerysiad organic waste degradation.

Table 1. Assumptions used for calculating methanissons during storage of cattle and pig slurry fo
three scenarios, a reference, a typical system Wwitlgas production, and an optimized system with
biogas production.

Reference | Biogas | | Biogas ||

Organic waste

- <20% volatile solids, not kitchen waste or sewdgdge
composition

Methane _Iosses from 3% 15%
reactor via leakages
Collection of methane Until digested slurry reaches ambient @air
from storages temperature
Storage time in housg 30d | 1d
Temperature in housg 20°C (summer), 18C (winter)
Slurry storage Corresponding to monthly mean temperature
temperature
Slurry storage emptied April

At this point there is a lack of experimental ddta verifying the temperature
dependency of methane emissions from slurry. Thezefthe model was calibrated
against the IPCC methodology so that emissions fuotneated cattle and pig slurry
were identical. Methane emissions from the refezesied the two biogas systems are
shown in Fig. 1. Considerable reductions in methaméssion was suggested for the
two biogas technologies. Energy substitution per\Kg was similar for the two
technologies. In the field, a 30-40% reduction wesdicted for slurry, in line with the
experimental results on which the model was based.
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Fig. 1. Modelled methane emissions from housirgnfreactor leakages and from the storage facility.

The GHG budget for each scenario was up-scalethfee different situations, i.e., i) a
situation corresponding to the level of slurry amganic waste co-digestion in 2000; ii)
a situation corresponding to the official goal &#t2012; and iii) a situation where all
slurry and organic waste produced is co-digestathdlthe present-day technology and
manure management, the GHG mitigation due to biqgasluction corresponds to
0.15% of total antropogenic emissions, and thentiatieeffect would be a reduction of
1.6% (all slurry and organic waste digested). Wiitimized technology and manure

management the potential effect would approach 3%otl GHG emissions in
Denmark.
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Summary

In the autumn of 2002 the EU regulation 1774 waally adopted and published, thus
laying down health rules concerning animal by-padunot intended for human
consumption. The background for the regulation teggrevent the spreading of agents
causing transmissible spongiform encephalopatidedd and feed causing diseases in
humans and animals. The regulation categorises anby-products and defines
obligatory processing methods and acceptable tisalof the by-products. Category 1
material must always be disposed by burning, wisecategory 2 and 3 materials may
be utilised in biogas plants after pressure ssatilbn and pasteurisation, respectively.

The regulation hereby lays down the basis for lmgianore biogas plants or increasing
the available biomass. However, the regulation efgmses obligations and extra costs
for the plants. The biogas plants have in co-opmrawith the Danish agriculture, food

industry and the veterinary services and reseanstitutions worked hard to make the
implementation of the regulation as easy for thegas plants as possible. The
regulation has been in force since Mdy 2003, but the Danish authorities are still
working on the implementation. Furthermore there still numerous loose endings in
the regulation.

Introduction

In the early nineties it was acknowledged thatdnaissible spongiform encephalopaties
(TSE) may be spread by food and feed. Several tidwesg the years still more
thorough legislation was adopted in the Europeammi@onity to guarantee the
consumers about the safety of food. One of theomapt decisions is to abandon the
use of animal by-products as feed. For many yedrad been a widely acceptable and
economically sound way of recycling of by-produfism slaughterhouses and fallen
stock. The Regulation 1774 of 3 October 2002 laywrdvery detailed health rules
concerning the collection, processing and fingbdssl or use of animal by-products.

Categorisation
The basis in the regulation is to categorise anioyaproducts in regard to the risk of
spreading not only TSE but also other agents the oause diseases in humans or
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animals. Category 1 material must always be dispoae waste by incineration or co-
incineration or in special cases buried after pnessterilisation. Category 2 material
may be used in biogas plants after pressure stidn at 133 °C at 3 bars for 20
minutes. Category 3 material may be used in bipimsts after pasteurisation at 70 °C
for 60 minutes. Category 3 material may perhapsha future be allowed for feed

production, but still it is abandoned.

Category 1 material Category 2 material Category 3 material

All parts of animals the Fallen stock, bysroducts Parts of slaughtered animals

may contain prions whic not  fit  for humar and fish which are fit for

can transmit BSE consumption and all anim human consumption, or are
materials collected whe not  fit  for human
treating wastewater fro consumption but have no
slaughterhouses. Mant risk ~ for animals and
and digestive tract content humans; food and catering

waste
Must always be destruct May be digested in biogi May be digested in biogas
by incineration plants after pressu plants after pasteurisation at

sterilisaton at 133 °C for 2 70 °C for 60 minutes with
minutes at 3 bar. Howeve maximum particle size of 12
manure and diestive trac mm.

content may be destec

without pre-treatment.

Figure 1. Examples on conditions for use of anitmyaproducts in biogas plants

Approval of plants and own check programmes
Use of category 2 and 3 material is only allowedbimgas plants that are approved by
the authorities and have an own check programniasia@proved by the authorities.

To be approved the biogas plants must
have clear defined clean and unclean zones
establish and implement own check programme foritoong and checking critical
control points
ensure that digestion residues comply with speaqiicrobiological standards
be equipped with a pasteurisation unit if digestimgt pasteurised category 3
material
have adequate facilities for cleaning and disimfgctehicles on leaving the biogas
plant
have preventive measures against birds, rodesects or other vermin
have documented cleaning procedures for all pattsecpremises
keep installations and equipment in good stateepair and measuring equipment
regularly calibrated
have its own laboratory or make use of an extdatsiratory.

Figure 2: Obligations on biogas plants handling auail by-products
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The Danish Biogas Association has worked togeth#r tve owners of the joint biogas
plants, the Danish Veterinary and Food Administratand the Danish Veterinary
Institute to expound and implement the regulation.

In October 2002 a template for the own check pnogna was released through the
homepage of the Biogas Associatiemvw.biogasbranchen.dio facilitate the biogas
plants with the task of defining and implementingno check programmes. The
template cannot be used as the individual biogastplown check programme, but as
inspiration for assessing the plant critically demtify the critical control points which
are the key points in a HACCP programme (Hazardlyses of Critical Control
Points). It is the points where infectious agenéy ine spread. For all CCPs, acceptable
levels must be defined and procedures described iemulemented to handle
unacceptable incidents.

It is crucial that the personnel on the biogas tpisuparticipating actively in describing
and implementing of the own check programme asag ho effect if the personnel
doesn’t understand the importance, purpose andigigins.

Critical control points

Raw materials

Transportation of raw manure and digested biomass
Transportation of waste from catering, industry Andseholds
Pasteurisation

Storage facilities for digested biomass on thetplan
Facilities for serving out the digested biomass

Repair of facilities and calibration of measuramuipment
Pest control programmes

Cleaning and disinfecting

Education of personnel

Figure 3. Critical control points — list for insgtion

Many biogas plants have described their own checgrammes and some have sent it
to the authorities. However, none of the planttherown check programmes have been
approved yet. According to a Commission decisiamfrApril 2003 biogas plants that
only handle raw materials that were allowed befdey 1°' 2003 may continue until the
end of 2004 by way of derogation from the regulatio

Undecided issues and problems

Today one year after the adoption of the regulagiott almost 6 months after it entered
into force there still are uncertainties aboutithplementation and the exact rules. And
there are numerous problems in implementing thailagign. It is, however very
important that the biogas plants work hard to lipeto the obligations.

It is, however very difficult as long as severablpems remain unresolved. This regards
how to and where to take samples for microbioldgicality: on the biogas plant where
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the plant can react on the results or also in theage tanks for digested biomass at the
farms? It also regards the keeping of records eftyipe and origin of the biomass. As
long as a biogas plant is a continuous processllitbe very, very difficult for the
farmers exactly to keep records @ftegories and species of animal by-products from
which they derive”

The most severe problem is, however, how to hatididoand on applying other animal

by-products than manure to pastureland. If it is allowed to continue the long time

safe-proven application of digested biomass froog&s plants on pastureland grazed
by animals after a quarantine period then it wil the end of cattle farmers being

members of biogas plants in most parts of Europeef&l member states is, however,
working hard to get a solution.

Conclusion

The animal by-product regulation sets up very stwigligations to the biogas plants
when handling animal by-products. On the other hhedsociety is confident in letting
the biogas plants handle animal by-products. Thits @ big responsibility on the
shoulders of the biogas industry. By taking theigattions seriously the biogas plants
must prove they deserve the societies confidenteDdnmark experimental use of
pressure sterilised category 2 material has bedimese tests will show in which
amounts animal by-products can be used in biogasghs supplement to manure and
waste from industry and households etc.

23



TREATMENT OF ANIMAL WASTE IN CO-DIGESTION BIOGAS PLANTS IN
SWEDEN

by Ake Nordberg and Mats Edstrém
Swedish Institute of Agricultural and Environmerilgineering
PO Box 7033
SE-750 07 Uppsala, Sweden

Introduction

The outbreak of Bovine Spongiform EncephalopathEBin Europe has drastically
changed the situation for traditional use of anitmaproducts as animal feed. Thus, it
is of great importance to find alternative soluidior handling these waste fractions.
Utilisation of rumen, stomach and intestinal cohtdrood waste fractions and sludge
from slaughterhouse wastewater treatment in biptggs is rather common. However,
the use of animal by-products in biogas plantsst@ged only recently.

Due to high content of protein and lipids animal-gsgducts are an energy-rich
feedstock, which makes it interesting as a sulesfiat anaerobic digestion. However,
the high content of protein may cause inhibitiontlué digestion process due to high
ammonia concentrations. Therefore, co-digestiom wiher feedstock is an option to
achieve satisfying stability and efficiency in ttigestion process. In this paper we will
present some Swedish examples and experiencesainaerobic treatment of animal
by-products in co-digestion processes.

Implementation of biogas technology in Sweden

During the last decade different governmental prognes have given subsidies to
municipalities for building biogas plants. The wdebiogas as a vehicle fuel has been
promoted in particular, since biogas has been ifiledsas the most environmental
friendly fuel (except for hydrogen and electricitdiogas is free from tax (excluding
VAT) during the next eight to ten years.

In Sweden, 13 full-scale plants treating solid washave been constructed and are

currently in operation. Seven biogas plants araydédugust 2003) utilising animal by
products as a feedstock in co-digestion proce¢§able 1).

Table 1.Swedish plants treating animal by-prodirctso-digestion plants

Plant Main feedstock Gas utilisation
Helsingborg | Manure, slaughterhouse waste Heatireligg, vehicle fuel
Kalmar Manure, slaughterhouse waste Vehicle fuel
Kristianstad | Manure, slaughterhouse waste, MSW Hediicle fuel

Laholm Manure, slaughterhouse waste Upgraded gaisdo
Linkdping Manure, slaughterhouse waste Vehicle fuel

Uppsala Manure, slaughterhouse waste restaur. el

Vanersborg MSW, slaughterhouse waste Heat, vehiele
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AD of slaughterhouse waste in Sweden

Meat meal from carcasses has not been allowedimahfodder since 1988 in Sweden
(SFS 1988:537). In addition, the use of low-riskvaal by-products in ruminant fodder

was prohibited in 1991 (LSFS 1990:51). Due to tki® interest in using animal by-

products as a substrate for biogas production ase@. In order to obtain results and
experiences that could be used for developingsitdlle co-digestion processes with
animal by-products from slaughter houses a rangiffafrent trials were performed at

JTI.

Potential biogas substrates from slaughtered animal

The average quantity and composition of by-prodfrcis slaughter of cattle and pigs,
calculated after Edstroret al (2003), is shown in table 2 and 3, respectivéty.
general, the low-risk waste fraction excluding ldoepresent 60-80 % of the total
solids, nitrogen and phosphorous.

Table 2. Calculated average quantity and compasitibwaste and by-products from slaughter of cattle

Cattle slaughter (kg/cattle) Weight TS | Nitrogen Phosphorus
Rumen, stomach and intestinal content 92 10 0,2 70,0
Animal low risk excl. Blood 116 39 3,3 0,52
SRM 38 15 1,1 0,18
Blood 19 3 0,5 0,01
Animal high risk 5 1 0,2 0,02
TOTAL 270 68 5,3 0,80

Table 3. Calculated average quantity and compasitibwaste and by-products from slaughter of pig

Pig slaughter (kg/pig) Weight TS Nitrogen | Phosphors
Stomach and intestinal content 7 0,7 0,02 0,01%
Animal low risk excl. blood 17 5,2 0,47 0,079
Blood 3 0,6 0,08 0,001
Animal high risk 1 0,3 0,03 0,005
TOTAL 28 6,9 0,60 0,100

Laboratory and pilot scale studies

Batch digestion of pasteurised animal by-produets tesulted in a methane yield of
0.76 L/g VS or 225 thper ton of animal by-products (Edstréghal 2003). The total
biogas potential from waste generated during shaurgk ca 1300 MJ/cattle and ca 140
MJ/pig (Edstromet al 2003). Animal by-products represent 62% and 82%@biogas
potential for slaughtered cattle and pigs, respelti

Continuous digestion of representative mixturesudfstrates available in the planning
of a full-scale biogas plant was performed in lalbary and pilot scale. A description of
the average waste mixtures used in one laboratafyoae pilot study is shown in table
4. The animal by-products used came from a rengeplant where the by-products
were crushed, minced and heat-treated (133°C, 328amin). Blood were included
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with the animal by-products. The stomach context slndge includes rumen, stomach
and intestinal content from slaughtered animal ahddge from slaughterhouse

wastewater treatment. The results obtained arepted in table 5.

Table 4. Average waste mixture used in the expetsne

Process| Animal | Stomach| Food | Dilution | Liquid TS Nitrogen
by- content | waste manure
products &
sludge
% of % of % of % of % of %of | %of TS
mixture | mixture | mixture | mixture | mixture | mixture
Lab 13 21 14 51 - 11 59
Pilot 15 28 - 15 42 12 6,0
Table 5. Data from laboratory and pilot digestiaxperiments
Process| HRT | OLR pH | NH4N | NH4N/ m° m°
TKN biogas/ | methane/
kg VS ton waste
d g VS/L,d g/L %
Lab 40 2,5 8,0 50 75 0,86 62
Pilot 35 3,2 8,0 4,5 65 0,70 55

The results obtained showed that feedstock mixtuvigh 13-15% of animal by-
products, corresponding to 11-12% of the TS inrttigture, can be co-digested during
stable conditions at OLR:s exceeding 2,5 g VS/Ind HRT:s less then 40 d, reaching
gas yields of 0,70-0,86 L/g VS.

Linkoping biogas plant

There are seven biogas plants in Sweden that gm@\wsd for anaerobic digestion of
low-risk material of animal origin. One of the fifsill-scale plant taken into operation
based on animal by-products as a main feedstocktheaplant in Linképing, which
started in the end of 1996.

In table 6, the waste treated at the plant 1997L280presented. After the®lof
November 2000 it has not been allowed to use istedilhigh-risk waste for anaerobic
digestion if the digestate is spread on farmlandge &mount of low-risk animal by-
products has increased and the manure decreasedtle/eyears. The mixture is
hygienised at the plant (A, 1 h) and afterwards the material is continuodisty to
two mesophilic digesters, 3700°raach, with a retention time of approximately 30 d.
The digestate is stored at the plant only for adeys before it is transported to satellite
storage tanks close to the farmers.
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The plant has now seven years experience withirigeanimal by-products. The
obvious positive experience is the high gas yieddnfthis kind of feedstock. During the
time when the sterilised high-risk waste was diggsit was considered as a feedstock
not causing technical problems at the plant, mainécause it was delivered as
homogeneous slurry. The low-risk material is todagced at the slaughterhouse before
it is delivered to the plant.

The plant produces today more than 15 000°Nwogas/d. The gas is upgraded to
vehicle fuel quality and used for running all thigy dousses. Approximately 50000
ton/year of digestate is produced. The farmerdratieidually contracted for receiving

digestate.

Table 6.The amount of waste divided into diffecatiégories treated in Linkdping biogas plant inéhgl
the biogas produced since 1997.

1997 | 1998 | 1999 | 2000| 2001 2002

Slaughter-house
waste

High-risk waste t/year 2830 | 7094 | 1078% 8243 O 0

Low-risk waste \
-Animal by-

products
-Blood
-Sludge

Rumen, stomach >t/year 4129 | 9588 10881 19840 31827 37432
and intestinal

content

Manure from

stables

Process water Y

Liguid manure tlyear 7404 | 23953 9033| 8647] 2318 4677
Other t/year 0 7430 | 6784 | 10547 9583 8394
TOTAL t/year 14363 48065 | 37483| 47277 43728 50503
Biogas production | m°/year 2.6mil.| 3.7mil. | 3.3mil. | 4.4mil. | 5.3mil.
Biogas production | GWh/year 18 25 22 30 36

m® methane/n? 37 67 47 68 71
waste

Hygienisation control

The acceptance of the digestate as an organitisertis a crucial issue for the plants
treating animal-by products. Therefore, a voluntaitification system for compost and
digestate from organic waste has recently beenosd#dx, involving different actors
(producers of compost and digestate, agricultural Bood producing organisations,
authorities and researchers) in order to ensumadbacceptance and a commercially
attractive system. Linképing was the first biogénpreceiving the certificate in March
2003.
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A hygienisation control routine has been developégthin the framework of the
certification system. This is in large compatibléhwthe demands from the Swedish
Agricultural Board, which is the authority approgirthe plants treating animal by-
products. The hygienisation control consists bélgich two parts;

1. Microbial testof the product according to the regulation (EC) N&¥4/2002. The
sample should be taken during “normal” operatiomditions and there are clear
instructions of how the sample should be taken

2. Technical inspectiorof the plant to get a description and judgementths
performance from a sanitation point of view.

Technical inspection
The technical inspection results in a descriptiod pudgement. The decision support is
obtained through a questionnaire containing 25robijuestions. These questions can
be divided into mainly three categories:
Technical design and functiomcludes issues such as appropriate flow sheet
available; closed transport of material; “cleandddirty” zones; possibility to lead
content in the hygienisation tank back to pre-gferan case of malfunctioning
sanitation; risk of cross flow of “clean” and “djftslurries; size reduction.
Operation and maintenandacludes questions regarding; operation instrustio
available; educated personnel; monitoring, contaold documentation during
operation (temp, holding time; stirring; valvesyutines for handling disturbances
in sanitation; action plans if not-sanitised mateends up in digester; avoidance of
vector animals; established contact with local tsdion expert; plans for
maintenance and renewing equipment; cleaning resitifor incoming area,;
calibration of instruments.
Transportincludes avoidance of contamination of hygieniseterial by incoming
material; cleaning/disinfection of vehicles insied outside; instructions regarding
cleaning; handling of cleaning water from vehicesl surfaces.

Criteria for approval

In addition to the official control, a system faglfscontrol has to be implemented in
order for approval of the plant. The approval vii# based on the criteria that the
microbial test is fulfiled according to the demandf larger deviations, such as
technical solutions that will lead to insufficies@nitation, are detected, the plant will
not be approved. However, if only minor deviatiorssich as missing control or
maintenance routines are missing, then the plamtbeaapproved under the condition
that the deviations are corrected within 3 months.
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1. Introduction

Anaerobic digestion (AD), together with compostingpresents a sustainable, natural
route of treatment & recycling of wastes of biokmgjiorigin and a wide range of useful
industrial organic by-products.

Anaerobic digestion can provide a method accesfiagenergy and nutrient content
contained in organic material. Therefore, the sdifion of anaerobic digestion for
organic waste management permits a significant mewe up the waste hierarchy over
current management methods.

For decades anaerobic digestion has been useddostrial wastewater treatment,

stabilisation and volume reduction of sewage sludgemal manure and organic wastes
digestion. These years of experience have shownitltarrect processing methods are
followed, the spreading of digested material ordlah whatever type has not caused
any health problems.

Anaerobic Digestion also provides a method of iasieg the measurability and plant
availability of the nutrients contained in orgammaterial. With correct storage and
application methods of the digested material, bagticultural practice for the
application methods and restrictions on the seasbrnapplication, the risk of
volatilisation and runoff of nutrients can be ghgatduced compared to storage and
application of untreated organic waste and manure.

Therefore anaerobic digestion makes nutrient manage much more accurate and
reduces the risks of excess application of aréificiutrients on top of organic based
nutrients. This will greatly help to achieve thegets of the EC Water Framework
Directive 2000/60/EC. It is important to utilise negement methods that enable all
nutrients to be recycled beneficially if the Wakeamework Directive is to be achieved.
Anaerobic digestion helps to achieve this goal.

More recently AD has received increasing attenéiera mainstream energy conversion

process, based on renewable agricultural biomassrde crops), as well as on co-
digestion of various industrial by-products, inghglanimal by-products and wastes.
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2. Overview on Euopean Legislation Affecting Waste&ollection, -Treatment and
Recovery

Caused by a steadily increasing biowaste collectigreatment and —recovery,
numerous EC-regulations and guidelines have besmdsin this area, or are currently
under development. Most of theses regulations prafty influence the technological
developments and practical applications of AD. Agpaime most important EC-
regulations are:

Council Directive 75/442/EEC of 15 July 1975 on teas

The Sewage Sludge Directive 1986/278/EEC,

The Water Framework Directive 2000/60/EC,

Council Directive 1999/31/EC on the Landfill of Wes

Soil Protection Strategy COM(2002) 179 final,

Directive on the Promotion of Electricity Produdeoim Renewable Energy Sources
in the Internal Energy Market 2001/77 EC,

Working Document Biological Treatment of Biowas?¥draft (2001) and

Animal Byproducts Regulation (EC) No1774/2002.

2.1. Council Directive 75/442/EEC of 15 July 1975 waste

Directive 75/442/EEC contains definition of wastesgether with guidelines for waste
classification as well exclusion of specific wastés.g. radioactive materials, animal
carcases, waste waters).

Member States shall take the necessary measumsstoe that waste is disposed of
without endangering human health and without hagrtine environment.

In article 3 member states are requested to takeoppate steps to encourage the
prevention, recycling and processing of waste, ékraction of raw materials and
possibly of energy therefrom and any other proéasthe re-use of waste.

2.2. The Sewage Sludge Directive 1986/278/EEC

The directive 1986/278/EEC “Protection of Envirommhand Soil at the Utilization of
Sewage Sludge in Agriculture” defines limiting vedufor heavy metals, organic trace
compounds and defines hygienic requirements fodlivagn and application of sewage
sludge on agricultural soils.

In addition the Regulation on Organic Farming 20922WG defines heavy metal
limiting values for compost derived from source a@pe collection of municipal
biowaste.

2.3. The Water Framework Directive 2000/60/EC

The water framework directive affects water indystgriculture, development and
construction industry and all businesses that hdiseharge consents, trade effluent
licences or abstraction licences.
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The aim of the 72 page Directive is to establisfraanework for the protection of
waters. As its name suggests, the Directive sdts dramework for action rather than
imposing a set of rules.

2.4. Council Directive 1999/31/EC on the Landfilf ®Vaste
The EC directive on the landfill of waste definbe goals of organic waste reduction in
landfills (based on the year 1975) as follows:

Reduction to 75 % by the year 2006, reduction t&60y 2009 and to 35 % by the year
2016.

2.5. Towards a Thematic Strategy for Soil Protecti- COM(2002) 179 final

The Commission will present a thematic strategysoil protection in 2004. The
strategy is one of seven 'thematic strategiesséme under the EU'Y"&nvironment
Action Programmelt will consist of legislation on a Community infoation and
monitoring system on soil, as well as a set of itketarecommendations for future
measures and actions. The monitoring system willdban existing information
systems and databases and ensure a harmonised wstalaishing the prevailing soll
conditions across Europe.

By the end of 2004 a directive on compost and dti@vaste will be prepared with the
aim to control potential soil contamination and @éacourage the use of certified
compost.

2.6. Directive 2001/77/EC on the Promotion of Elgcity Produced from Renewable
Energy Sources in the Internal Electricity Market

The document states, that the exploitation of rex@evenergy sources is underused in
the Community at the moment. For this reason thective aims to promote an increase
in the contribution of renewable energy sourcesléatricity production in the internal
market for electricity and to create a basis féutare Community framework thereof.
To ensure increased penetration of electricity pced from renewable resources, the
member states are requested to set appropriatenahtindicative targets. The EC
“White Paper’s” indicative target of 12 % by theay&010 provides a useful guidance.

Biogas is one of the possible renewable alternstared and it's broader penetration as
an energy source should therefore well benefit ftoese efforts.

3. Working Document Biological Treatment of Biowas¢
Currently the second draft version of the forthamgniegulation “Biological Treatment
of Biowaste” is available.

The current version has to be harmonised with #eently published Animal By-

product Regulation (EC) No 1774/2002. Furthermadrkais to be adopted to the EC
“Thematic Strategy for Soil Protection” — COM (20AZ 9 final.

32



A revised third version of “Biological Treatment Bfowaste” has been announced for
the year 2004.

The forthcoming regulation will contain:

a list of allowable wastes for biotreatment,

directives for waste collection, handling and tnesit,

approval of treatment plants and allowable proocgssmissions,
quality classes for biotreatment residues and cainpo

control and analysis of endproducts and

application standards for the endproducts.

In the current version, hygienisation of the biosteahas to be guaranteed by a

minimum temperature of 55 °C for at least 24 hoatsan average hydraulic
dwell time in the reactor of at least 20 days.

If that is not guaranteed then a
pre-treatment at 70 °C for 1 hour or a
post-treatment of the solid digestate at 70 °Clfbpur or

composting of the solid digestate

is required.

Table 1: Allowable limiting values for heavy msetaflace organic compounds and impurities according
to the forthcoming EC regulation on biological ttereent of biowaste

Parameters Compost / solid end-products Stabilised
(mg/kg total solids) waste
Category 1 Category z
Cadmiun 0.7 1.t 5
Chromiun 10C 15C 60C
Coppe 10C 15C 60C
Mercury 0.t 1 5
Nickel 5C 75 15C
Leac 10C 15C 50C
Zinc 20C 40C 150(
0.4
3
Impurities >2mn <0.5% <0.5% <3%
Gravel/stones >5m <5% <5%
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Concerning quality standards, 3 categories of satid product (compost) respectively
stabilised waste have been defined (table 1). Afingrto category 1 and 2 compost
qualities land application quantities will be reafeld.

4. Animal By-products Regulation (EC) No 1774/2002

The Regulation (EC) No 1774/2002 of the EuropeatigPaent and the Council from 3
October 2002 laying down health rules concerninghahby-products not intended for
human consumption (ABP,mMmal By-Products Regulation) has to be applied in all
Member States since May?®' 2003. The Commission has already amended and will
amend the original Regulation with Regulations frdime commission (Regulations
(EC) No 808/2003 to 813/2003: OJ L 117, 13.05.2088) proposed transitional
measures in several Member States through Decisiohsthe Commission
(2003/320/EC to 2003/329/EC: OJ L 117, 13.05.2068 a003/334/EC: OJ L 118,
14.05.2003).

4.1. Goals

Animal by-products (ABP) are defined as all animalgparts of animals not intended
for human consumption. This includes dead on fammals, animal manure and
catering waste. Catering waste means all waste fooliding used cooking oils

originating in restaurants, catering facilities a&it¢hens, including central kitchens and
household kitchens.

It has been estimated that humans directly consume 68% of a chicken, 62% of a
pig, 54% of a bovine animal and 52% of a sheepoat.gevery year, more than 14.3
million tons (1998) of animal by-products derivedrh meat from healthy animals not
intended for human consumption are processed inBWe This material is then

transformed into a variety of products used in harfa@od, animal feeding, cosmetic,
pharmaceutical and other technical use. In 1998 dfilion tons of animal by-products

(therefrom 14.1 million tons derived from healthgiraals) were processed into 3
million tons of meat and bone meal and 1.5 milions of fat (COM(2000)574).

Since inappropriate processing standards and tefusendered products and catering
waste are believed to be the main reason for npgodemic outbreaks of BSE (Bovine
Spongiform Encephalopathy) and FMD (Foot and Molitisease), consequently

rigorous measures had to be taken. The new regulatill require major changes in

processing procedures by both waste producers astevmanagers. In this Regulation
3 “risk — categories” are classified and new rules the collection, treatment and

disposal of animal by-products, including animalnm@ and catering waste (kitchen
waste, restaurant waste etc.) are introduced.

4.2. Classification of animal by-products in 3 caferies

Based on their potential risk to the public, tonaais, or to the environment the
Regulation (EC) No 1774/2002 (ABP regulation) ciéess all animal by-products and
their processed products and wastes into threg@ats and defines the corespondend
treatment and utilisation possiblites.
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In the following, a short overview of the amendédpges (including 11 attachments)
regulation (EC) No 1774/2002 (OJ L 273; 10. 10.208ill be given.

Category 1 materials

Category 1 concentrates on animal by-products ptege the highest risk to the

environment, animals or humans. This category @ositavith others, the following

materials:

Animals or materials suspected or being infected B¥s (Transmissible Spongiform
Encephalopathies: BSE, MSE, FSE, scrapie etc.)

The SRM (specified risk materials) representing thaterial of (healthy) animals
having the highest potential of containing the TiStectant such as the scull of 12
months old sheep and cattle and the intestineattdéof all ages.

Animals or parts of them with exceeding residuegmfironmental contaminants (e.qg.
dioxins, PCBSs).

Catering waste originating from international meahgansport.

Animal Waste collected in the wastewater streammatégory 1 processing plants with a
particle size > 6mm. Category 1 processing faedithave to apply a wastewater
pretreatment system removing all animal materiahwai particle size of more than
6 mm.

Category 2 materials

This category includes the following materials:

Animals, or parts of them, representing a risk@hly contaminated or transmitting any
animal diseases (e.g. animals which die on fareareiilled in the context of disease
control measures).

Animal by-products with exceeding values of veterjndrugs.

Animal Waste collected in the wastewater streamlafightering facilities (category 2
processing plants), with a particle size > 6mm @ataper contents, sand trap
contents, oil- and sludge residues). Category 2qssing facilities have to apply a
wastewater pretreatment system removing all anmegtkrial with a particle size of
> 6 mm.

Animal manure, contents of gut, stomach and imest(separated from the intestines),
milk and colostrum from animals not suspected teap any diseases.

Category 3 materials

Category 3 contains all animal materials derivennfrhealthy animals slaughtered for
human consumption which are not intended for hurmansumption because of
beeing rejected as unfit for human consumptionimply because of commercial
reasons.

Catering waste (with the exception of wastes frarernational means of transport
which is classified as category 1) is also declagdategory 3 material.

4.3. Compulsory animal by-product treatment- & re@y processes

The ABP regulation (EC) No 1774/2002 assigns tdhe®BP a compulsory treatment
procedure and the corresponding utilisation possblaccording to the 3 categories
previously described.
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Detailed requirements for all steps of the coltattitransport, handling of animal by-
products are defined. Furthermore requirementsa@tgssing and control measures for
treatment plants processing animal by-productsiafieed.

In the following, a short overview on the principakatment requirements for the
corresponding categories will be given.

Category 1 materials

Category 1 materials have to be collected withautue delay and marked (if possible
with smell) or sterilised (50mm, 133°C, 3 bar, 2l)mand marked, followed by
incineration in approved incineration plants.

With the exception of TSE contaminated- or suspkataterials, category 1 materials
may also be sterilized (50mm, 133°C, 3 bar, 20 ymmgrked and buried in approved
landfills.

Catering wastes from international transportatioaynbe sterilized and buried in
approved landfills.

Category 1 material may also be processed withr gifaresses to be approved by the
scientific committee.

Category 2 materials

Category 2 materials may be incinerated directigrilssed and incinerated, or may be
processed for uses other than animal feedings afienlisation. For example
processing in a biogas, composting or oleo-chenptait and use as fertilizer, soil
conditioner, and for technical products (except iceddroducts).

In case of no risk of infectious diseases unprambssanure, rumen, gut and intestine
contents, milk and colostrum may be applied on Jarsgd in an approved pet food
plant or used as unprocessed raw material in apdrbiogas and composting plants.

Category 2 material may also be processed withr gifaresses to be approved by the
scientific committee.

Category 3 materials

Category 3 materials may directly be incineratedyynbe sterilised, marked and
incinerated or buried in an approved landfill.

Alternatively, category 3 material may be procesgeget food, pharmaceutical and
cosmetic products following appropriate treatmamtapproved processing plants.
Category 3 materials may be further processed prosed biogas and composting
plants or in alternative processes approved bgdrntific committee.

Catering wastes (with the exception of catergomafering wastes from international
means of transport) may be processed in an apprbigghs or composting plant
according to national legislation.

4.4 Animal by-products permitted for bio-treatment

The ABP regulation (EC) No 1774/2002 permits biogasovery or composting for a
variety of animal by-products (table 2). Whetheattgatment will be applied or not will
be determined by the demands of pretreatment, gsoequipment requirements and
allowable use of the endproduct digestate (comp@xihsequently the treatment costs
resulting will decide the appropriate allowableg®ss selection.
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In principle biotreatment is not possible for alitegory 1 materials. As described
earlier, only incineration or in some cases bunan approved landfill are allowed.

All category 2 materials are allowed for bio-treatrhprovided the animal by-products
have been sterilised, marked (smell) and the biqiast applied has been approved
according to article 15, (EC) No 1774/2002. Theegaty 2 materials manure, stomach-
and gut contents, milk and colostrum are exempted fthe above requirements,
provided absence of infectious diseases can becesgédi and the respective biogas
plant has been approved according to nationall&s.

Furthermore all category 3 materials are alloweadbiotreatment, provided the biogas
plant has been approved according to article 1%) (HBo 1774/2002. Category 3

catering wastes are exempted from this approvalnaayl be applied for bio-treatment

in biogas plants according to national legislati@sed on the requirements of the ABP
regulation.

Table 2: Allowable animal by-products to be proegss biogas plants, according The ABP regulation
EC 1774/2002

Category | Animal By-product Requirements
1 Not envisaged
2 Manure, stomach- and gut contents, | Absence of infectious diseases;
milk, colostrum, all without any Biogas plant approved according to
pretreatment National legislation

Sterilisation (133°C, 3 bars, 20 min)
and marking;

Biogas plant approved according to
(EC) No 1774/2002, article 15

All other category 2 materials

3 . Biogas plant approved according to
All category 3 materials (EC) No 1774/2002, article 15

Biogas plant approved according to
national legislation
(according to (EC) No 1774/2002)

Catering waste
except category 1 catering wastes

4.5. Practical approach with allowable category Bca3 materials

Manure, stomach and intestine contents, milk ahastmm are classified in category 2.
This materials or mixtures of them with other binigewastes or raw materials (energy
crops, silage) not covered by the ABP regulatioay rhe processed in biogas plants
without pretreatment. The fermentation end prodsicassified as “manure” and may
be used and applied on farm or pasture land liagessed manure without having to
meet any requirements from this regulation.

To prevent unwanted uptake by ruminants, with tkeeption of manure (or manure
derived digestate), all organic fertilizers arehpbited to be applied on pasture land
(Article 22 [1], (EC) No 1774/2002).
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A forthcoming new European Regulation, (SANCO/22803) will lay down the
pretreatment requirements for the application ohuna and organic fertilisers (derived
from ABP) on farm or pasture land.

As long as the manure (digestate) is not tradedoflplaced on the market [2], no
further restrictions can be drawn from the ABP tatjan.

If manure or manure derived end products are placethe market, the ABP regulation
defines additional hygienic requirements. A heaatiment of 60 minutes at 70°C or an
equivalent treatment according to article 33 (2C)YBENo 1774/2002 is obligatory.
Endproducts must be free from Salmonellae (absémc®s g of end product) and
Enterobacteriaceae (less than 1,000 colony formimitg per g end — product).

As indicated earlier, catering waste is classiféesd category 3 material in the ABP
regulation.

Catering wastes are defined as waste food (inajudged cooking oil) originating from
household kitchens, as well as catering servicesrastaurants. Catering wastes from
international means of transport are classifieca@sgory 1 material and have to be
disposed of.

Until the Commission decides to lay down other fatjons, catering waste (category 3)
or mixtures with manure may be processed in biagamposting plants approved in
accordance with national legislation. In this c#se national authority may derogate
from the requirements laid down in the RegulatiB®€) No 1774/2002 if the process
guarantees an equal reduction of pathogens.

The use of catering waste as swill for pig feedmgrohibited (Article 22, (EC) No
1774/2002). Only Germany and Austria may derogh&efrom until October 2006
under very strict treatment and control measures.

Anaerobic digestion of catering wastes may theeepmssibly increase considerably.

4.6. Approval requirements for biogas plants accimgl to article 15, Regulation (EC)
No 1774/2002

Biogas or composting plants processing and comgednimal by-products have to be
approved in accordance with article 15 of the ratjoih (EC) No 1774/2002.

Biogas and composting plants treating only manatemach and intestine contents
(separated from stomach and intestines), milk,stolon (category 2) or catering waste
and substrates not covered by the ABP-regulatiory pertly derogate from the

! trade means: trade between Member States in guitiis the meaning of Article 23(2) of the Treaty

2 placing on the market means: any operation theqser of which is to sell animal by-products, or
products derived therefrom covered by this Reguatto a third party in the Community or any other
form of supply against payment or free of chargsuch a third party or storage with a view to sygpl
such a third party
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requirements for the approval of the plant andrdguirements for the corresponding
fermentation end product.

Article15 demands 5 major conditions to be fulfille for bio-treatment plants:
[.) meet the requirements for the approval of bngacomposting plants
(Annex VI, Chapter Il, Part A);

[I.) handle and transform animal by-products in agtance with the hygiene
requirements and processing standards
(Annex VI, Chapter Il, Parts B and C);

[1l.) be checked by the competent authority (incadance with article 26);

IV.) establish and implement methods of monitoand checking the critical
control points and

V.)  ensure the digestion residues and compost, as pppte, comply with the
microbial standards (Annex VI, Chapter Il, Part D).

These 5 major conditions requested are laid dovlrbiparagraphs:

I.) Specific requirements for the approval of bioga and composting plants
(as defined in Regulation (EC) No 1774/2002 AnnéxGhapter I, Part A)

A.) Premises
1.) Biogas plants must be equipped with
a.) a pasteurisation / hygienisation unit, which canbetbypassed with:
i) installation for monitoring temperature against &m

ii.) recording devices to record the results of theseasuements
continuously and

iii.)  an adequate safety system to prevent insufficieating and

b.) adequate facilities for cleaning and disinfectinghicles and containers on
leaving the biogas plant.

However a pasteurisation / hygienisation unit i¢ n@andatory for biogas plants that
transform only animal by-products that have undemyprocessing method 1 (i.e. steam
sterilisation at 3 bars, 13& for 20 min).

2.) Composting plants must be equipped with
a.) a closed composting reactor which cannot be byghesth:
i) installation for monitoring temperature against ém

ii.) recording devices to record the results of theseasuements
continuously and

iii.)  an adequate safety system to prevent insufficieatitng and

b.) adequate facilities for cleaning and disinfectinghicles and containers
transporting untreated animal by-products.

3.) Each biogas and composting plant must havewst laboratory
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or make use of an external laboratory. The labonatoust be equipped to carry out the
necessary analysis and approved by the competé&mbty.

[I.) Handling and transformation of animal by-produ cts

B.) Hygiene requirements
(as defined in ABP regulation Annex VI, ChapterRart B and C)

4.) Only the following animal by-products may bensformed in a biogas or
composting plant:

a.) Category 2 material when using processing meth@telam sterilisation:
50mm, 133°C, 3bar, 20 min) in a category 2 processpiant;

b.) Manure and digestive tract content and
c.) Category 3 material.

5.) Animal by-products referred to in lit. 4 must transformed as soon as possible
after arrival. They must be stored properly anchtes.

6.) Containers, receptacles and vehicles usedréorsporting untreated material must
be cleaned in a designated area. This area musithated or designed to prevent risk
of contamination of treated products.

7.) Preventive measures against birds, rodentgdtssor other vermin must be taken
systematically. A documented pest control programmast be used for that purpose.

8.) Cleaning procedures must be documented andbledtad for all parts of the
premises. Suitable equipment and cleaning ageuass be provided for cleaning.

9.) Hygiene control must include regular inspecsiarf the environment and equipment.
Inspection schedules and results must be documented

10.) Installations and equipment must be kept indgstate of repair and measuring
equipment must be calibrated at regular intervals.

11.) Digestion residues must be handled and stetetthe plant in such a way as to
preclude recontamination.

C.) Processing standards

12.) Category 3 material used as raw material irbiagas plant equipped with a
pasteurisation/hygienisation unit must be submitted the following minimum
requirements:

a.) maximum particle size before entering the unitni@
b.) minimum temperature in all material in the unit:®@0and
€.) minimum time in the unit without interruption: 60nutes

13.) Category 3 material used as raw material incanposting plant must be submitted
to the following minimum requirements:

a.) maximum particle size before entering the compgseactor: 12 mm
b.) minimum temperature in all material in the react@f’C and
c.) minimum time in the reactor at %0 (all material): 60 minutes
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However, pending the adoption of rules in accordamdth Article 6(2)(g), the
competent authority may, when catering waste isathlg animal by-product used as
raw material in a biogas or composting plant, ausigothe use of specific requirements
other than those laid down in this Chapter provitlet they guarantee an equivalent
effect regarding the reduction of pathogens. Thepeeific requirements may also apply
to catering waste when it is mixed with manure gdttye tract content separated from
the digestive tract, milk and colostrum providedttthe resulting material is considered
as if it were from catering waste.

Where manure, digestive tract content separatech fiftee digestive tract, milk and
colostrum are the only material of animal originnggtreated in a biogas or composting
plant, the competent authority may authorise tleeaispecific requirements other than
those specified in this Chapter provided that it:

(a) does not consider that those material presenisi& of spreading any serious
transmissible disease;

(b) considers that the residues or compost areaatéd material.

[11.) Check by the competent authority
(in accordance with ABP regulation, article 26, iG#l control and lists of approved
plants)

Article 26 defines the frequency of inspections aogervisions of approved plants by
the competent authority. Furthermore a list of appd plants with unique
identification numbers assigned to each plant lbabe established by the national
administration.

IV.) Establishment and implementation of monitoring and checking methods
of the critical control points

The ABP regulation underlines the principle of sel$ponsibility of the plant owners
and requires the establishment of a self contretesy according to the principle of
Hazard Analysis and Critical Control Point (HACCRencept). The potential hygienic
risks must be minimised by applying strict critefta animal by-product acceptance /
refuse, pasteurisation, hygienic operation e.gndefin of clean and unclean divisions.
An example of critical control point concepts faodms plants has been established by
Baggesen (2002).

V.) Microbial standards for the digestion residue ad compost

D.) Digestion residues and compost
(as defined in the ABP regulation, Annex VI, ChaptePart D

15.) Samples of digestion residues or compost tdkeng or on withdrawal from
storage at the biogas or composting plant must dpmijih the following standards:

Salmonella:
No Salmonella may be present in 5 samples of each 2
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Enterobacteriaceae:

In 5 samples each 1 g: Samples with < 10 cfu/g ohtefiobacteriaceae
2 Samples with a value between 10 é&tl/and 300 cfu/g of
Enteriobacteriaceae

5. Conclusions

Recently issued and forthcoming EC waste- and wetsr regulations will greatly
influence the development and application of ,kBatment” processes (anaerobic
digestion, composting), as well as the reuse attéxa (endproducts, compost, digestate)
or untreated organic by-products on arable andupasind.

Existing and upcoming veterinary and waste regutatineed to be further harmonised
and their practicability has to be proved.

Since the upcoming EU landfill ban for organic vesswill further push source separate
collection of wastes, huge amounts of organic veastebe alternatively treated or
recovered will result in most EU countries.

If the safety and security requirements laid downthe respective regulations are
followed strictly, biotreatment and especially andéc digestion can therefore become
a mainstream treatment and recovery process, bothid-wastes and selected animal
by-products.

In many areas of application, anaerobic digestfonat concerned at all by the strict
requirements of the new ABP regulation (EC) No 12702.

Manure, stomach, gut and digestive tract contemitk and colostrum (animal by-
products, category 2 materials) may be used fagdsi@r compost production. As long
as manure (or the deriving digestate with energpsrother co-substrates or biowaste)
is not traded or placed on the market, no furtlestrictions or requirements are laid
down in the ABP-regulation. If waste is used assubstrate, waste management
regulations have to observed.

Category 3 catering wastes (excluding such froreridtional means of transport) can
be processed as single substrate or in mixturgs if@anure) in biogas or composting
plants, approved in accordance with national lagjish.

The treatment of animal by-products (category 3emat with pasteurization and

category 2 material with sterilization) requires approval of the biogas plant in

accordance with article 15 of the Regulation (ECQ) W774/2002. Those highly

demanding requirements laid down will lead to acréase of the technical state of the
art of bio-treatment plants. Therefore the pratiidg of biological waste treatment in

an agricultural context will become much more diiti.

% cfu means: colony forming units
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REDUCTION AND NUTRIENT MANAGEMENT

by Peter Weiland, Christa Rieger and Thomas Ehrmann
Federal Agricultural Research Centre (FAL),
Institute of Technology and Biosystems Engineering,
Bundesallee 50,
D-38116 Braunschweig,
Germany

Introduction

The number of agricultural biogas plants is growgantinuously in Germany as a
consequence of th®enewable Energy Sources A@rneuerbare Energien-Gesetz
EEG)which guarantees a fixed compensation for the predelectricity for a period of
20 years. The purpose of this act is to facilimteustainable development of energy
supply in the interest of managing global warmingd & achieve a substantial increase
of biogas production in order to double the shdreenewable energy in total energy
consumption by the year 2010. The enhanced compemnspaid for the produced
electricity and several national promoting progracnsate conditions which make it
possible to run biogas plants under economic reliabnditions. In the middle of the
year 2003 around 2000 biogas plants exist withtal tostalled electric capacity of
about 250 MW. In order to evaluate the actual status of theestwiogas plants a
measuring programme has been started 2002 for ndieieg the technology and
efficiency of a representative number of planthwiifferent concepts, technologies and
substrates. Preliminary results of this study aesgnted in this paper.

Substrates

Around 94 % of the agricultural biogas plants inr@any are operated with co-
substrates in order to achieve a more efficiengdsgoroduction. More than 30 different
organic by-products and wastes from food- and autastry are used for co-
fermention, but energy crops and crop residues fh@rvesting are the most often
applied substrate types (Fig. 1).
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Figure 1: Types and frequency of co-substrate usedodern biogas plants.

Normally, between one and three different co-salstrare used. Only in the north-east
(NE) region co-substrates are relatively seldomiegecause the large farm-scale in
this area allows an economic fermentation of mamutigout co-substrate addition.

Most of the conventional agricultural crops carapelied for co-fermentation, because
the methane yield per ton of organic dry matter KOs similar for the different crops
and in the range between 350 and 450 @DM (Fig. 2).
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Figure 2: Methane yield of different crops.

Maize and grass are the most often applied enegpscbecause maize results in a very
high methane yield per hectare and grass is cleaizet by low input costs.

Only few biogas plants are operated with mono-feramson of crops. Process control

of these plants is more difficult due to the lowffbu capacity and the biogas
productivity is sometimes inhibited due to the amalation of salts and ammonia
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nitrogen from process water recycling. In mostle# plants the basic substrate is cow
manure or pig manure which is used with a shanedxt 50 and 80 %.

Fermentation technologies

Today, continuously operated wet fermentation systedominate, whereas dry-
fermentation systems are applied only in few dertratien or pilot plants. Most often
used are upright fermenter systems with typicatta@avolumes between 800 and 1.500
m®. In centralized plants also large digesters witliza between 2.000 and 5.000 ane
standard. Horizontal plug flow systems are mairgpleed for low treatment capacities
or for substrates with a high solids content. Tymctl reactor volume is between 150
and 600 M Horizontal reactor systems are often used instheth-east region (SE),
which is characterized by small family farms or fioe first stage of two-stage systems,
because good mixing conditions can be achieved atarhigh total solids content (Fig.
3).

The top of upright fermenter with a volume up t®QD n? are often fitted with a
double-membrane in order to store the gas in tipeafothe fermenter. The inner
membrane is the gas-holding buffer which is flexilsi height, whereas the outer one is
the weather cover which is always ball shaped. dwkl maintains a slightly elevated
air pressure in the space between both membranesupport the structure.
Approximately 30 % of the plants use a membrané ateo for the storage tank, in
order to collect the gas from post-digestion, bseab-20 % of the formed gas is
generated in the storage tank. This concept is itappfor reducing the emission of
greenhouse gases.

Figure 3: Application of different fermenter types

For co-fermentation of energy crops in wet-fermentdirect charging systems find
increased application, because energy demand aodr @issions are much lower
compared to external mixing tanks (Fig. 4).
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Figure 4: Direct charging systems for solid subttsa

Screw feeder systems are arranged at the top o#utor short below the liquid level
and can be used for short fibrous and bulky sutestr&iston feeding systems are liquid
tight and can be arranged at the bottom of the datar which result in a better
substrate mixing in the reactor and makes the ainguaf the system easier. The solids
are transported by two contra-rotating screws tht cylinder space and a hydraulic
piston transport the substrate into the fermeriiishing systems are operated with a
mobile nozzle in order to flush the substrate fia flushing pocket into the fermenter.
This technology can be applied for solid, pasty stitky materials but odour emissions
can escape from the open pocket.

Dry-fermentation systems are of increasing intefestmono-fermentation of energy
crops but also for the treatment of yard manurenfoows, pigs and poultries. Several
batch-processes without mechanical mixing were ldgeel, but only few concepts are
operated in farm-scale. Two different process typese tested recently: container
processes with percolation and bag processes wigesaolation (Fig. 5).

47



Container process with percolation Bag process without percolation

Charge/Discharge Charge/Discharge

Foil bag

[Percolate

=N

Heated bottom plate

Anaerobic digestion Biogas Anaerobic digestion

| - Biogas

%
: ;j Percola'e W

= \

Ell

Figure 5: Typical processes for dry-fermentation.

For the percolation process a gas tight fermerdaemith a typical volume of about 150
m? is used which is coupled with a tank for storagd heating the percolation water.
The bag process uses a gas tight foil bag for fetaten which is normally used for
ensiling of forage crops. The bag is located oreatdéd bottom and is isolated during
the operation time. The bag is filled with a mixdusf fresh substrate and anaerobic
treated matter for inoculation. The ratio of frestd digested material has to be defined
carefully in order to avoid an uncontrolled acichfiion.

Biogas upgrading and utilisation

About 98 % of all biogas plants use combined heat power plants to produce
electricity and hot water. Up to an installed elieel power of 200 kWY mainly dual
fuel engines are applied which need 8-15 % diasel for gas ignition. The electric
efficiency is between 33 and 37% even for smallirag which is very important for
the economy of smaller farm-scale plants. Dual frjines have the advantage that
they can be utilised for biogas with a poor methaoetent which is typically for the
treatment of energy crops. For plants with an dt=dtpower above 200 kW pure gas
engines with spark ignition are standard. The gteeffficiency is between 34 and 35
%. The useful life period is longer but the investincosts are a bit larger than for dual
fuel engines.

An interesting alternative to gas engines are mgas turbines which are used up to
now only in few plants. The technology is basedaariliary turbines of air crafts. The
generator, the compressor and the turbine are rduwnt the same shaft resulting in a
high reliability due to few moving elements (Figué®. Another advantage of this
technology is that no lubricants or cooling water aecessary and very low pollutant
emissions are formed. The exhaust gas temperatura & high level of 250-281C
which enables manifold forms of heat utilisatioheTelectric efficiency is only between
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25 and 28 % and therefore much lower comparedsmgdual fuel engines. Therefore,
micro gas turbines which are available with anteleower between 30 and 100 kW
will be utilised only on biogas plants which care ke produced heat during the whole
year.

Figure 6: Micro gas turbine (Capstone).

In few years fuel cells will become an interestialgernative to conventional CHP,
because a higher electric efficiency (40-60 %)asgible and the heat can be formed at
different temperature levels dependent on the agdliel cell type. A first pilot-scale
application has been started in 2003 at the 60tbioyas plant of the Federal
Agricultural Research Centre (FAL) in Braunschwgigooperation with the company
farmatic biotech energy ag in Nortorf. An intensiwegrading of the gas is necessary
before it can be used in fuel cells because thé& to@mpounds for catalysts, e.g.
hydrogen sulphide and ammonia, have to be remouveatpletely, the carbon dioxide
content has to be reduced in order to increaseléwdric efficiency and methane has to
be converted into hydrogen. The typical procester@aushown in Figure 7.

49



Off-gas
Air
Ha

Converter
CO +H0 —> Hy+ CO,
H,S, NHg co, @
gz 8 Heat
S eal
H0 Ha, CO 23 ig consumer
< o8
w
. Reformer
By, pioges | B |
[s] Py g CHy + HyO —> 3H, + CO
Low ]
H,0

Electricity
consumer

Figure 7: Process route for fuel cell application.

For biogas upgrading a combination of biologicatl gnysico-chemical technologies
are applied. A new type of reformer is used for finst time which combines the
reforming of methane into hydrogen with the remowshlkarbon dioxide by pressure

cycle technology.
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Abstract

Anaerobic digestion (AD) of a variety of organicstes from agriculture, municipalities
and industry is a well-established technology. Heevethe technology remains to gain
impetus in order to reach a widespread stage whgriulture and societies may
benefit in full from its potential.

Among the general disadvantages of conventionalviiich limits its expansion, count
a poor economic performance, a limited productibsustainable energy and the fact
that the disposal of the digested waste remairisetdlifficult and most often costly.
Digested pig slurry for instance is still slurryspée being digested and the negative
public perception of the slurry remains by and éangnchanged. The agricultural
benefits are also limited because the slurry ghalktored and applied in the fields at
specified times with appropriate and expensive mgent. Some of the limitations of
conventional AD are due to poor process performamderms of limited digestion of
the organic load This may be due to inappropriategss parameters or presence of
elevated levels of inhibitory substances such asnamm, long chain fatty acids,
hydrogen sulphide etc. Conventional AD is also tédiwith a view to the various
biomasses that may serve as substrate for biofoeluption. Additional technologies
offering solutions to these difficulties are themef much needed.

Recently, the company Green Farm Energy A/S lauwhahglant concept for integrated
nutrient refinement and AD, including a number eatures such as thermo-chemical
pre-treatment of the biomass input, several comtover the ammonia-concentrations,
and complete refinement of the nutrients to feeils of commercial quality. The
concept attempts to deal with some of the more mapb constraints and to offer a
system more appealing to the plant owners, in @dar farmers but also partly
industries and municipalities. Slurry and a wideagrof all possible organic wastes
ranging from animal by-products to energy cropsraleep litter and sewage sludge
may be digested in the plant. Several commercigepts with plants having capacities
of the order of 50.000 tonnes slurry and 15.00ésnsolid biomasses are undertaken
in Denmark. The installed effect is typically 2MWeetricity and the output of pure
fertilizers is in the range of 350 tons N, 100 Tes® and 250 tonnes K.
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The versatility of these plants with respect tontéss input is one important feature,
which ensures a high biofuel output. Equally impottis the fact that the waste is done
away with. It is converted to fertilizers and biefand the remaining water phase may
irrigate onto a small area of land. The beneffatmers of rendering waste to value, i.e.
biofuel and fertilizers, is obvious. However, thetgntial to remedy emissions of the
agricultural sector is significant in a broadergperctive. Volatile losses of ammonia,
nitrate and phosphorous losses and greenhouse msians are all reduced
substantially.

If the annual production of animal manures in Derknalong with other available
biomasses from municipalities and industry werdizetil for biofuel production and
fertilizers the sum total of the reduction of dirend indirect emissions of greenhouse
gasses would equal 10-15 mills tonnes annually. Dia@ish reduction target for
greenhouse gas emissions is 21% relative to th@ &I corresponding to 20 mills.
Tonnes annually. Hence, a substantial contributmrreaching this target may be
achieved by integrated AD. As argued in the predenmt the cost is far lower as
compared to many other possible measures.
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BIOGAS FROM AD AS A KEY TECHNOLOGY FOR NUTRIENT MANAGEMENT
IN GREAT BRITAIN AND NORTHERN |RELAND

by Clare T.Lukehurst
Scientific adviser to the BIOEXELL Centre
Dungannon and South Tyrone Borough Council,
Circular Road,
Dungannon, BT71 6DT
United Kingdom

Bio-fertiliser as liquid or fibre (digestate) is rew commodity produced from the
fermentation of organic materials in the absencaioflt is produced in a biogas plant
as the centerpiece of an integrated and sustairabieod production from land to
consumption and back to land as an overall systemlgdnd and environmental
management. The raw materials are livestock manbseproducts from food
processing and from food consumption. Before aangit can be made to assess the
role of the AD process and the type of technologgilable, the first task is to
demonstrate the quantities of raw material thatlmmitilised. Suffice it to say that the
technology is highly flexible with the capacity bandle liquids and solids in various
combinations. In all cases it will be assumed ffesteurization or its equivalent forms
an integral part of the system.

Livestock manures

The amount and quality of the raw material can vamte significantly with diets,
farming practices and especially the care with White manure/ slurry has been stored.
It can be delivered for processing either as slurmrgnure from cattle, pigs and poultry
or deposited on straw bedding and known as farmyaadure (FYM). The estimates
below have been based on standard figures usedifoent planning and management
[1] and attention is focussed on England and Wadesn illustration.

Table 1 Estimated output of animal manure in Endland Wales in million tonnes / year

Source Slurry/manure FYM
Cattle 24.70 27.60
Poultry 03.85 -

Pigs 03.30 6.73
Total 31.85 34.33

The highest densities of cattle manure are cormattrin the south western and the
western counties of England and generally in Waldg concentrations of pig and
poultry manure though ubiquitous are concentratecCéntral and Eastern England
[2,3]. The estimate of total nutrient in this maér should it be realized to full
advantage, is quite substantial.
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Table 2: Estimated nutrient content of animal masun England and Wales (kt).

Source N NH-N P>Os K>0
Cattle slurry 67.70 33.80 29.60 79.10
Pig & Poultry 80.00 23.80 64.80 49.00
FYM: Cattle 165.60 41.40 96.60 220.80
Pig 47.10 12.10 47.10 33.70
Total 360.40 111.10 238.10 382.60

The manure is used as a top dressing for 80% dbthge maize and leafy forage, 74%
of the root crops for stock feed and 70% of allsgrased for the dairy herds in England
and Wales [4]. Barely 40% of other grazing receigasapplication. Unfortunately the
data available does not take into account its emtrcontent of vis - a - vis mineral
fertilizers that are applied to the same land. @hestion will need to be addressed as to
the place of these nutrients in fertilizer managenpanning. Some indication can be
derived from the variable take up rates for nitrogehen it is applied by different
methods and at different times of year from dalioyrg with a 6% TS content.

Table 3: Impact of timing and application methodtfee uptake of available nitrogen(kg/t)[5].

Method of | August/October | November/January| February/April | May/July
application

Splash plate 0.3 0.6 0.9 0.6
spreader
Injection 0.3 0.9 1.5 1.5

When grass growth is usually vigorous the crop tedee up and use the whole of the
available nitrogen when it is injected. This congsawith between 20% and 60%
when applied at the same time of year with a cotiweal spreader. This issue needs to
be addressed below in the context of a typicaksysif management for a biogas plant.

By-products from food processing and manufacture

The quantities of by-products that are currentlyead to land are more difficult to

establish. However, some insight can be gained fiteeninvestigation undertaken by
ADAS and the Water Research Council for the Envitent Agency in 1999 [6] This

research investigated the quantities of nutrient$ lseavy metals in the ‘wastes’, the
total quantities in fresh weight and their suitiypifor spreading to land — a disposal
route used for decades.
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Table 4: Indicative nutrient content of by- prodaispread to land (kt fresh weight)

Source m.tonnes N NN P,Os K,0
Blood " 00.145 01.70 00.14 00.12  00.10
Stomach and gut contént 13.24 41.08 04.00 19.88 08.00
Dairy, food and drink 02.49 02.85 00.25% 01.92 00/50
Paper sludge 01.75 00.53 - 00.18 00,18
Bio—sludge 02.90 04.93 00.58 02.61 00.58
Total 20.535 51.09 04.97 24.71 09.36

Source: Meldrum, K (2003) Meat and livestock Consitis

The bio-solids arise from the biological treatmermrks in the larger food and drink
manufacturing industries. The total nitrogen andgphate holds an especial interest as
a contrast to the very low NN in so far as nutrient planning on the farm ia@arned.

By —products of consumption

The final stage for completing the cycle of susdaie food production lies in the use of
the residues from the consumption of that food.sEh@therwise classed as ‘catering
waste’ have been in the full public gaze since dbéreak of the Foot and mouth
Disease epidemic. They are nevertheless, a hugaroes Estimates suggest that each
of the 20 million households in England and Walesdpces 3.5kg of catering waste
per week in which case this would amount to sorBen8llion tonnes per year [7]. This
could contain some 26 kt of total nitrogen and atri® kt of potash and phosphate all
of which could make its way back to land after costing or transformation in a
biogas plant into bio-fertiliser. In all there ishage quantity of material from which to
produce bio-fertiliser especially when that frombjc catering is also taken into
account.

Table 5 Indicative nutrient in by-products spreadand in England and Wales (kt)

Source N NH;-N P,Os K.0
Livestock manure 360.40 111.10 238.10 382.60
Food industry by-products 51.09 04.97 24.71 9.36
Catering ‘waste’ 25.90 00.52 9.70 9.70
Total 437.39 116.59 272.51 401.66

These are undoubtedly underestimates. Neverthéessyorth trying to calculate their
monetary value so as to set them in the contektrtifizer management and planning.
It has not proved possible to separate expendibaranineral fertilizers applied to
forage crops. These are subsumed within genefabeil (4) However, 2099 kt of
mineral fertilisers were applied to grassland i®2®f which 25% was ammonium
nitrate and 66% very high nitrogen compounds. At gpices as in June 2003 the total
value of these applications amounted to £294 mil{{®82 million ). The value of the
nutrients derived from the animal manure, food pssing by-products and ‘catering
waste’ would amount to £128 million (166 millior). The key factor hinges upon the
storage, spreading method and timing of applicatimn this value to be realized. The
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question must arise therefore, as to the placbebtogas plant in the management of
nutrients from sources that are already spreaain. |

The role of the biogas plant

The biogas plant is a complex assemblage of commeniacluding pasteuriser(s),
digester(s), pre-storage and mixing tanks for doeipt of the raw material, a reception
building, cleansing equipment, gas store and attaage tanks for the bio-fertiliser on
site, a dedicated transport system for manure#itditer handling, storage facilities on
farm for this new product and above all a managersgstem for such a commercial
enterprise to maintain productivity and quality. rildge District Council (for the
Holsworthy biogas plant) has set the precedenttlieir definition as agricultural
processing enterprises within the planning systdanagement to meet output targets
and bio-fertiliser quality is at the heart of aalopackage in the creation of a wholly
sustainable cycle of production. This envelopeswhele operation so as to ensure the
quality of the animal manure, food industry by- gwots and catering residues from
their point of origin to the final training in thmanagement and use of the end product —
the bio-fertiliser. Similarly, attention to detaihd moreover a requirement for delivery
contracts in managing the balance of raw matetfasfermentation process can also
achieve optimum production of saleable energy.

The process itself transforms the raw materiale mthomogenous product with a
nutrient declaration and a certified standard afibye. The effect of the process can be
illustrated by the predicted nutrient status of the-fertiliser from a plant under
development in Northern Ireland. The raw materialdude 51% dairy slurry, 17%
from pigs and poultry, a 31% by-product mix fromrggrocessing and meat plants and
the balance from catering waste to produce 100 kiosfertiliser per year.

Table 6: Predicted impact of AD processing of difiser nutrient content (kg/t).

Source N NH;-N P.Osg K.0
Raw cow manure 3.00 1.50 1.20 3.50
Raw food industry by-products 5.19 1.50 3.06 2.89
Bio-fertiliser 5.58 3.93 3.29 3.11

Even though such a raw by-product mix would beahiited under the EU animal by-
products legislation its inclusion above illustsatBe changes in nutrient status that can
arise from alteration of the raw material .The ltotdrogen and phosphate content is
increased by 73 % and 155 % respectively , pagadiuted but there is no change in
the amount of ammonium nitrate for take up andhysthe crop following application.

In contrast the AD process transforms the raw reténto a homogenous non —
glutinous liquid, concentrates the nutrients by agpproximate 6% reduction in the
overall mass, breaks down proteins and raises ltheTpis increases the ammonium
nitrate content still further so that, in all, ibne than doubles the amount of the original
raw slurry.
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Table 7: Predicted impact of fertiliser applicatifor a 70-cow dairy farm (t).

Application of available nutrient N P,Os K,0
Current: mineral 15.02 03.38 03.74
slurry 02.33 00.93 04.83
Crop nutrient need 16.45 01.25 02.61
With nutrient planning applies:
slurry 02.33 00.93 04.83
mineral 14.12 00.32 None
Wlth p_Iz_annlng and bio-fertiliser: 06.12 0256 04.35
biofertiliser
Balance from mineral fertiliser 10.33 None None

This table, albeit a prediction on limited datd strates two key issues. First, it has
assumed that the farm can derive full benefit ftbmslurry. With less than two months

storage this cannot be achieved. Additional stoiagdso required to benefit from the

available nitrogen even with a nutrient managenpdar [8]. Farm incomes are too low

for this to be implemented. The lack of storagevisrcome by joining a biogas plant as
a slurry supplier as the extra tank in the modehfopart of the package. Secondly, the
problem of excess potash and phosphate appeass égdzerbated in the bio-fertiliser

in an area where soils are already oversuppliedventer, this is not new phosphate or
new potash. It is already applied to the land.sTaialysis has just highlighted a

previously unacknowledged situation arising frone tpreading of food processing

residues to land already receiving dressings afyslievertheless, for present purposes
it highlights the need for separation of the fibrg concomitantly the need to develop
markets for that fibre.

An attempt can now be made to place a monetanevatuthe impact of changing to

bio-fertiliser for an individual farm, in this casea very remote area far from the centre
of distribution and therefore unable to purchasheaspot prices.

Table 8: Comparative monetary benefit of usingfeitiliser (E/ /pa).

Remote area price Spot price
Current expenditure on mineral fertiliser £ 91511896) £2166 ( 2856)
With nutrient planning £ 6425 B8353) £2019 ( 2625)
Nutrient planning with bio-fertiliser £ 4714 6128) £1446 ( 1880)

The wide difference between the local and spatepim a remote area emphasizes the
disadvantage of peripherality. Perhaps of great@ortance, however, it highlights the
vulnerability of farms in such areas to price flations. Moreover, it reinforces the
value of the bio-fertiliser made from local raw em@ls that could be delivered to the
biogas plant under a long -term contract at netgtigrices. The next step, if it is
acceptable, is to try to extrapolate from the cstsdy to the wider context of mineral
fertiliser use on grassland in England and Wales.aAcautious estimate the total
expenditure could amount to £ 271million (352 roitli ) of which 27% is for
ammonium nitrate and 65% straight nitrogen and mghogen compounds. If one
farmer can reduce his application of nitrogen liedr by 27% it might be contended
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that a similar percentage might be achieved elsewhbereby reducing annual
expenditure by a similar amount.

Conclusion

It is contended that bio-fertiliser is more thamaneral fertiliser replacement. It is a
value added commodity delivered as part of a tpaikage of land and business
management in a sustainable environmental systém .biogas plant is an agricultural
processing system for the production of a quakiyuaed bio-fertiliser both with respect
to nutrient content and the bio-security of freedémm slurry- born pathogens

responsible for the recycling of endemic diseasesray livestock where <100/g of

bacteria of Faecal Streptococci are measured bdédreery.
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Abstract

Sustainable practices for handling, treatment aexyaling of animal manure and
slurries are important premises for the Danishedgdn order to accept a large animal
production sector.

In this context, there is a growing interest inrgfuseparation technologies, which for
many years were seen as the way of solving thelgmmab caused by the excess of
nutrients in intensive animal production areas &amdcomply with an increasingly
restrictive agro-environmental legislation. A vayieof technical solutions and
combined concepts were developed, of which a nuratefull scale implemented and
tested. A recent amendment to the agriculturalslaon offers new incentives and
makes separation of slurry a potential option fangnfarmers. The paper gives a brief
survey of slurry separation technologies and catscepDenmark and outlines the new
legislative incentives.

Introduction

Storage, transport, handling and application ofrglare related with significant costs
for farmers compared with the fertiliser value, dese of its large volume and low dry
matter content. These costs increased significamtyenmark after the adoption of the
Water Environment Plan | in 1987. After this dalieny storage capacity for 9 months
was mandatory, restricting the season for slurliegtion and the input of nitrogen
from animal manure per hectare. In parallel, a ireguent of minimum share of own
land for livestock farms was enforced, causinggmificant increasing of land prices
and limiting the possibilities of many intensiverrfes for further expansion. Many
farmers from intensive areas have problems todagpnpbong with the legal
requirements in a situation where getting agreesfmtexport of slurry is often very
difficult.
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Although the existing legislation only regulateg tinput of nitrogen, there is a lot of
awareness about the excess of phosphorus thatsatfechigh manure density areas, as
the nitrogen to phosphorus ratio in slurry is alsv&y low, compared to crops demands.
If the input of phosphorus should be controlle@&nttmanure treatment in regions with
excess of nutrients should always include some kihghosphorus separation. A
regulation of the input of phosphorus is expected¢ included in the next Water
Environment Plan, to be adopted by the end of 2688.

The strict legislative framework requires transpamt redistribution of nutrients away

from intensive areas. There is a potential of r@dutransport and spreading costs by
separating the slurry into a nutrient-rich soliddiion and a liquid fraction, where only

the solid fraction is exported. Several companiesmfDenmark and abroad carried out
important research and development work and variegbnologies and combined

concepts of separating the nutrients containeduimyswere developed, some of them
including also anaerobic digestion. Of these some fall scale implemented and

documented, many are yet to be tested and demtatstra

What is slurry separation?

Separation of slurry is a technical process by wisiarry is split up into two or several
fractions, different from the original material iterms of dry matter content,

composition and concentration of nutrients. There several techniques (tablel) for
separating slurry into a nutrient and dry matteh riraction and a nutrient poor liquid
fraction: mechanical screen separators, sedimentaticentrifugation, chemical

precipitation, reverse osmosis, evaporation, amanstripping etc.

Table 1. Slurry separation techniques (Source: lbandets Radgivningscenter, 2002)

Slurry separation technique The technique separates:
Dry matter Phosphorus Nitrogen
(fibres)
Strainer Yes No No
Sedimentation Yes No No
Screw press Yes Partly No
Centrifuge Yes Partly No
Ammonia stripping No No Yes
Ultra centrifuge Partly Yes No
FIOC(_:L!Iatl_on/chemlcaI No Yes Yes
precipitation
Evaporation No Yes Partly
Membrane techrjology (e.0. No Yes Yes
reversed 0Smosis)

There is a limit of what it can be achieved wittclsuechnologies, especially with
respect to the fully soluble components. The chofcechnology depends of the nature
of the problem and the level of abatement sought $eparation efficiency of the
different techniques can be defined as the capatithe technique to separate slurry
into a nutrient-rich fraction and a liquid fractiavith low contents of nutrients. The
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total amount of nutrients transferred to the natrigch fraction and the ratio between
solid and liquid fraction should be considered whealuating the separation efficiency.
The running costs vary widely, often reflecting g@phistication and efficiency of the

technique. Mechanical screen separators and agydtibn are simple, low cost

techniques, while evaporation and ammonia stripgireg more expensive techniques,
used mainly for refining slurry that has been peatted by screen separators or
centrifuges. With some exceptions, technologieshsas membrane filtration and

electro-flocculation are mainly at the researchgetavith respect to applying the

technology to the effluents from the farmyard.

Solid-liquid separation

A variety of solid-liquid separation technologie® available on the market (e.g. bow
sieve, double circle bow sieve, sieve belt premsjesdrum press, press screw/auger
separator, decanter centrifuge etc). Some of thawe lyained widespread popularity
among framers (e.g. decanter centrifuge). Use amitals for enhancement of
separation is a relatively new approach for trgaéinimal manure, though it has been a
widely accepted method for treatment of municipatl andustrial wastewater. The
chemicals most commonly used for phosphorus remfyeal wastewaters are alum
(Al2 (SOn)3), ferric chloride (FeG), ferric sulphate (F£SOy)3)) and lime (Ca(OH).
For further agglomeration of coagulated particition of polymers may be needed
under certain circumstances (Westerman & Bicud®819Chemical precipitation of
animal manure involves addition of chemicals t@rathe physical state of dissolved
and suspended solids to facilitate removal (Zhan@/&sterman, 1997; Westerman &
Bicudo, 1998).

The separation efficiency of different equipmeritevged that separation efficiency for

nutrients and heavy metals is highly dependentaih manure type, pre-treatment by
anaerobic digestion and the separation equipmegti€¢iet al. 2002).

Figure 1. Nutrient and heavy metal

188: Y separation efficiency by centrifugation
S g0 | © © A o ® o Mg and chemical treatment of manure with
g 70| A © A Piotal anaerobic pre-treatment (+AD) and
3 e0d B o A O dm without anaerobic treatment (-AD).
E 50 - O + 0 X Niotal (Mgller et al. 2002, Mgller et al. 2003)
.% 40 - : + >.< X e Cu
g 301 X [ ] ® + 7n .

§ 209 % o X o o vol.red.s Figure 1 shows that both

18* o ¢ centrifugation and chemical

bg g cate cate  pg treatment is efficient in removing
o oy e ey nutrients, which are normally

associated with particles, like
phosphorus and magnesium, while the efficiencpugel for nutrients that are partly in
a dissolved form, like nitrogen. Chemical treatmisrore efficient than the centrifuge
in removing both phosphorus, and nitrogen. Heavyateeike Cu and Zn are also
efficiently removed by chemical treatment.

61



drymatter and ash content in solid fraction Total P contentin solid fraction

% 600 1 30 -
7‘8 600
c [ ] [ ]
c g 25 A
£ 500 ~
)
< 400 1 220
2 300 i o edm & .
[ ] o 15 ® total P
S ° ¢ash £ °
& 200 4 [} ® o 10
g :
T 100 ¢ = °
E L, ¢ ¢ o ) * .
= 0 . . . . . . .
k=]
pig pig pig  pig (+AD) pig(+AD) catle cattle 0 - -
centrifuge chemical centrifuge compost3 compost centrifuge centrifuge g g g Pig (+AD) - pig (*AD)  catlle catle
centrifuge chemical (- centrifuge compost3 compost 12 centrifuge centrifuge
(-AD) (-AD) (+AD)  months 12 months  (-AD) (+AD) (-AD) AD) (+AD) months  months (-AD) (+AD)
Total N and NH4-N
CuandZn
1400 4
7]
‘g 1200 4 L]
§ 20 * E 1000 |
=2} ° A
= 2 400 o ACu
z 151 etotalN £ ez
=
z o ONHAN S 600 |
10 =] ]
° L] * ° ° £
= S a0 . A
[ ] (8} A
Z 59 A o
g - * . . 200 .
A A
F oo 4 0
pig pig pig pig (+AD) pig (+AD)  cattle cattle pigcentifuge pigchenical pigcentrifuge  pig (+AD)  pig (+AD)  cattle cattle
centrifuge chemical (- centrifuge compost3 compost centrifuge centrifuge (-AD) (-AD) (+AD)  compost3  compost12  centrifuge (- centrifuge
(-AD) AD) (+AD) months 12 months  (-AD) (+AD) months months AD) (+AD)

Figure 2. Nutrient and heavy metal concentratioms the solid fractions after separation by
centrifugation and chemical treatment of manurehwéinaerobic pre-treatment (+AD) and without
anaerobic treatment (-AD) Composting by passiveati@n of solid fraction from pig manure done by
storing outside in 2-3 m high piles (Mgller et 2003).

The transportation costs of the solid fractionemts of nutrients are affected by the
concentration of nutrients. The concentrations @gltN and total P are variable
between solid fractions deriving from pig and @atdnd it seems that anaerobic
digestion results in higher nutrient concentrationthe solid fraction (fig. 2).

The total P content is lower in the solid fractiaiesiving from cattle and digested cattle
slurry than the solid fractions deriving from pigrsy. The solid fractions deriving from
chemical treatment have a slightly lower concemrabf total N and P than solid
fractions from centrifugation.

Composting of the solid fraction is a way to in@edhe concentration of nutrients in
the solid fraction, but also a risk of loosing agen. Outside composting for 3 months
doubles the concentrations of both total N and flenthe nutrient content during long
term storage (12 months) reduce the concentratiothé same level as the starting
point, due to dilution with rainwater, thus the amatter content is reduced from 52% to
35% during 3 to 12 months storage.
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Combined processes and slurry separation concepts
Several companies offer different systems for aemar less complete separation of
nutrients in concentrated fertilizer products byntning solid-liquid separation with
one or more refinement steps. Some of the systemsnsegrated with anaerobic
digestion (figure 3).
Figure 3. Combined slurry
separation concepts.

Centralised co-diges-
tion plants but also
farm scale plants
handling large volu-
mes of low dry matter
biomass would benefit
from a volume reduc-
tion by separation. A
synergic effect s
expected to occur
from the combination
of centralised co-digestion and separation andmabeu of advantages related to scale
and capacity utilisation, energy utilisation, vatary safety, export and redistribution of
nutrients etc. are foreseen. There are few biodmstgpin Denmark with separation
facilities, but more plants consider establishinghsfacilities and it is expected that the
new established biogas plants will be equipped saibaration facilities from the start.

New legislative incentives for separation of slurry

The legislative framework for slurry management

Slurry management become increasingly expensii@emmark during the last decade,
due to strict agro-environmental legislation. Taktion between the size of the farm,
in terms of livestock numbers, and the area aviglidy manure application is regulated
by the “harmonisation requirement”. The requiremggfines a livestock unit as a unit
of calculation corresponding to a maximum of 100okgpitrogen in manure, including
the quantity deposited by the animals on the fi€hk aim of the regulation is to control
the input of nitrogen from animal manure.

In parallel, efforts to control the structural deyement of agriculture translated into a
legal requirement of the minimum share of own lémdlivestock farms, called “area
requirement”. This means that an animal farm mustipase land in order to expend the
production. The consequence was a very significamreasing of the prices of land in
intensive areas, that become a barrier for thé@éurtievelopment of the animal farms.

Separation of slurry could unwind from area requingent and harmony rules
Separation of slurry means new investments, operaind maintenance costs. Direct or
indirect benefits, to compensate for these costs) as an alternative to land purchase,
are necessary in order to make slurry separattengsting for farmers.
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The area requirement stipulates that productiotswfi0-120 LU must own 25 percent
of the harmonisation area, units of 120 —250 LU thouwsn 60 percent of it and for more
than 250 LU the whole harmonisation area must beeolwRecent changes in the above
legislation bring important relaxation of the aresguirement for the farmers that
separate at least 75 % of the produced slurry apdrethe separated nutrients (table 2).
The level of dispensation depends on the kind pasaion technology that is applied,
being of 25 % if the slurry is separated in a leetinology installation and of 50 % for
a high technology installation. Table 2 shows that harmony rules must still be kept
but the amounts of separated and exported theentdrican be subtracted from the
fertilisation plan and the farmer will get a copeading dispensation from the area
requirement. The dispensation is valid only fomfarup to 750 LU. Above this size
separation of slurry brings no exemption from alitequirements.

Table 2. Harmony and area requirement without arith wlurry separation (Source: Jakobsen and
Hjort-Gregersen, 2002 and personal data)

Nr. LU Harmony Area Reduced area requirement by separation
requirement requirement
Low technology” High technology”
Ha Ha Ha (25 % reduction) Ha (50 % reduction)

100 71 18 14 9

250 179 77 58 39

500 357 256 192 128

749 535 434 325 217

750 536 536 536 536

1000 714 714 714 714

D The high technologgoncepts separate nutrient rich fractions, coirtgimore than 70% of the P and more than
70% of the N, with an average concentrationudfients at least 2,5 times higher than untreslaay.

) The low technologgoncepts must be able to separate rich fractiongining more than 20% of the N and more
than 60% of the P, with an average concentratfmutrients at least 1,5 times higher than wté@ slurry.

The possibility of reducing the area requiremenséparating the slurry is an important
element for a wide spreading of separation teclyieso The differentiation between
low and high technology is not explained in thet tefxthe law, but one of the reasons
could be the lower transport volume that is obtdibg high technology separation.
Although it originates in a structural legislatidhe dispensation is the expression of a
political will of promoting such technologies, bdsen environmental arguments
(Jakobsen, 2002). The separated fractions must xperted in order to get the
dispensation. There is still some uncertainty alibatsale prices and the market for
separated nutrients and the produced amounts neusigh and constant before the
fertiliser industry will be interested in purchagithe fractions (Jakobsen 2002).

Conclusions

The intensive animal farming came under increasagislative pressure during last
decades. The cost of slurry management increasedodiegal requirements of export
and redistribution of the excess of nutrients. Tigh volume and low dry matter

content of slurry made transport over long distaredremely expensive, thus a volume
reduction and a separation and concentration afiemi$ were considered for some
years. The nutrients contained in slurry can barsged by several techniques, of which
separation by decanter centrifuge gained populantpng farmers. Several combined
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technologies and separation concepts were developpdnmark and abroad, in many
cases advantageously combined with co-digestiomhath some are well documented
and full-scale implemented while others are stilthe developing stage.

The political will to promote separation technokgiwas concretised into important
dispensation from the legal requirements for thmfathat separate the slurry. The new
legislative incentives can open the way for a massmplementation of slurry
separation in agriculture if the market for sepedafractions will develop too. It is
expected that the technologies for slurry separatidl further develop in the future,
concurrently with the development of the animalduation sector, the biogas sector
and the market for separated fractions.
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Abstract

In recent years considerable interest has been tpaidanure separation in Danish
agriculture, as incessantly stricter environmetdglslation has increased the need of
redistribution of manure and the nutrients in ib. Some extent the requirements can be
met by transporting surplus manure to other farmdosvever the idea of separation or
refining nutrients in concentrated fractions is eglpg to many farmers. Thus several
companies in Denmark and abroad have carried mgiderable efforts in developing
viable separation technologies. A number of teobgies are being implemented and
tested. An economical analysis on separation systeas carried out by Jacobsen et. al,
2002, and Jacobsen and Hjort-Gregersen, 2003.

Introduction

Rigorous ties between livestock production andréjpg land have lead to significantly
increased land prices in Danish agriculture overl#st decade. In many areas prices
have increased to levels that can not be justiigéxpected future incomes from plant
production.

The aim of the strict legislation is basically tstablish or maintain a certain balance
between the amount of manure produced and thege@awhich it is finally spread.
Until now main focus has been on the distributidnNitrogen, but it is generally
anticipated that a Phosphorus legislation is famhicng, which may increase the need
for manure redistribution. Export of surplus mantweother farmers is one option to
comply with the requirements, but in most livestocitensive areas farmers face
increasing difficulties in doing so, and thus hatee transport it in considerable
distances. Another option is concentration of swgphutrients, which makes the
transport cheaper. So far it has been anticipdtadseparation was only economically
attractive when transportation distances were \‘eng. However recent change in
legislation may have opened for a break-throughnranure separation technology, as
livestock/land bindings are loosened if manureejgasated and some of it removed. The
interest in manure separation was thereby genewitiyorced in the agricultural sector.
This is indeed true for the biogas sector, as lsiggants are likely to contain a number
of advantages when combined with separation teolgres.
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Biogas and manure separation

The idea of combining biogas plants and separdagohniques is not new. Combined
systems are operating in many countries, howevestlynaising simple separation
techniques, but more advanced systems like membiitiregion systems are also
sporadically found. In Denmark several centralisedjas plants installed screw — press
separators hoping to find a market for a compdast-libre product, unfortunately with
limited success. In 1990 the new Linkogas planiuihed a reversed osmosis separation
unit. But due to technical problems the system neger operated on a regular basis
and was later dismantled.

In recent years a decanting centrifuge in combamativith evaporation, and first-

generations of Biorek and Green Farm Energy systesws been implemented on a
farm scale basis. Centralised biogas plants havdasdbeen more hesitating in

introducing separation technologies. But now they slowly incorporated in existing

centralised biogas systems. Especially new projectgdanning pay much attention to
manure separation.

A successful technology development of appropriagparation technologies in
combination with biogas facilities will indeed etalbiogas companies to occupy a new
and prominent position as a solver of environmeptablems in the agricultural sector.
In addition it is a premise for a larger applicatiof the centralised biogas concept in
many countries, as the refining and removal ofieots from manure is the main
interest.

Actual technologies

The separation technologies that have been tast@dnmark have been highly variable
in technical design and function. Consequently gvaaiation in amounts and contents
of separated fractions have occurred, which hasensay comparison very difficult,
and the preparation of fertiliser accounts more @em

A number of technologies may be combined with atm scale and centralised biogas
plants in different ways depending on the objestivkthe separation.

The separation technologies presented in tableelalirrepresented in the Danish
market, but not necessarily so far in a biogas exintThe table explains how the
separation technologies could be combined withogds production. In principle al the
mentioned technologies can be implemented in barim fscale and centralised biogas
plants.
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Table 1. Ways of combining biogas plant and sepamaechnologies.

Treatment options What is achieved Concept examples
Pre-separationt Fibre fraction supplied to Decanting centrifuges
the biogas plant Ansager Sep Tek
Post-separation Separation of digested | Decanting centrifuges
manure Funki Manura
Combined systems Separation of digested | Decanting
manure using surplus heatcentrifuge/evaporation
from biogas plant Dansk Biogas A/S
Fully integrated systems Pre- and post separatlonGreen Farm Energy
advantageous for energy | 5.
) : Biorek
production and vice versa

The on farmpre separatiorhas always been on the wish list for centralisedtp that
normally carry heavy costs in slurry transportatids approx. 95 % of slurry is water,
a higher dry matter concentration is generally vatiyactive to biogas plants. The
Ansager Sep Tec concept which uses flocculationaas@ve-belt separator has been
introduced for on farm pre separation of pig slufirige fibre fraction that contains most
of the energy potential is afterwards transportedhte biogas plant by the farmer. If
successful this may minimise transportation costd #he economic dependence on
organic waste, which has become increasingly prodtie for Danish plants.

Most technologies can be used farst separatiorof digested manure. Among these
could be found various brands of decanting cergefuFunki Manura (evaporation),
Echberg Manutech, which uses NBtripping, and membrane filtration systems could
also be introduced

Furthercombined system&here surplus heat from the biogas productiortiised for
evaporation is represented by Dansk Biogas

Finally fully integrated systemare represented by the Green Farm Energy andlBiore
concepts, in which the combination of pre and pegaration and biogas production
aim at optimising both energy production and sdj@ra

In general technical and economical documentatfaombined systems is scarce. Our
preliminary analyses show that a very high enengdpction and very high nutrient
sales prices in separated fractions are requiredpération cost should be covered by
these revenues.

Manure separation affects costs and revenues itotakmanure handling system and
crop production. Thus, a total system analysis khalso include the following

utilisation of separated nutrients and other derietects for farmers. Calculations have
been carried out with respect to treatment costdifferent separation systems and
derived economical benefits for farmers. But unfodtely a thorough system analysis
of separation technology in combination with biogaknts has not yet been
accomplished in Denmark. Consequently, a biogast pganot included in the below

system analysis on slurry separation systems. daoogt. al. analysed in 2002 two on
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farm systems (decanting centrifuge and Funki Mantirat might as well be combined
with biogas plants for post treatment of digestexthune. Calculations are based on the
situation for a pig producing farm with 1000 sowsl dreeding the piglets into porkers,
which equals to a total slurry production of apprdx.300 tonnes per year. In the
reference situation there is no upper limit to Rimasus application and all the manure
is consequently utilised on the fields of the faimtroduction of a Phosphorus limit
would create the need of transporting a certainuarhof manure to other farmers. In
table 2 it is preconditioned that this is possiblthin a distance of 25 km at the cost of
DKK 25 per tonne. So the options are to transgatdurplus in the form of slurry or to
introduce a separation technology and transportemtnated nutrient fractions with the
implication this operation has for transportatiasts, nutrient utilisation and so on.

Table 2. System analysis of slurry separation syste

Costs in DKK. Untreated | Untreated | Decanting| Funki
Slurry slurry | centrifuge| Manura
+ Export
of surplus
A B C D
Slurry per year, tonnes 17.30( 17.300 17.300 17.300
Phosphorus application limit, kg/ha Noneg 30 30 30
Share of slurry or fibre fraction for 0 24,2 32,2 30,3
export %
Amount for export, tonnes 0 4648 713 590
Separation costs 0 0 240811 1301199
Separation costs/tonne 13,9 75
Storage costs 327013 327013 343864 147495
Spreading costs 256241 256241 356122 199446
Transport costs surplds 0 116277 17838 14750
Fertiliser purchase 99920 187711 142527 108608
Nutrient sales 0 0 0 0
Yield effect 28571
Opportunity costs water application 15200
Total costs 683174 887242 1072589 1786698
Costs per tonne 39 51 62 103
Extra costs compared to reference 12 23 64
Extra costs at identical phosphorus 11 52
level
“Zero point” distance, knf? 72 247

1)
2)
lost
3)
tonne

Yield effect: Extra grain yield due to effect framjection
Water fraction from Manura plant must be applied 1 ha grassland from which a revenue is

Surplus slurry or fibre fraction is transportedar25 km distance at the cost of 25 DDK per

4) *“Zero point” distance is the distance at which expmnounts must be transported if separation is

equally attractive as traditional handling.

7C



In table 2 the A situation represents the referesizeation where no phosphorus limit
has been introduced and the actual requirementegdulations regarding nitrogen
application can be met. In B, C and D a phosphtirag of 30 kg/ha is introduced,
which may represent a future situation in Denmakk.this phosphorus level 4648
tonnes of slurry must be exported. Alternativelg glurry can be separated either in a
decanting centrifuge or at Funki Manura plant, antbncentrated phosphorus fraction
can be exported. As the table indicates these mptéfects storage and spreading costs,
fertiliser purchase, but particularly transportaticosts for exported fractions are
affected in favour of the separation options. Hosvethese costs reductions must be
related to operation costs of the separation plkanshow the full picture. Storage costs
are only significantly lower by the Manura plangchuse of the large volume reduction.
Actually storage costs are higher at the decamt@ngrifuge, as a double storage system
is needed after the separation. Fertiliser purclimseduced if slurry is separated, as
Nitrogen content in exported fibre fraction is sfgrantly lower then in exported slurry,
and can be utilised on the farm itself.

However highest total costs are found in D, whishthe most advanced separation
system. In C costs are lower than D, but still igantly higher than B where untreated

slurry is exported. If extra costs of B are compasgth the reference A, it is found that

a phosphorus limit of 30 kg/ha will lead to incredsosts of 12 DKK/tonne for Danish

pig producing farmers. A further cost increase wlookcur if farmers chose the

separation option, an additional cost of 11 DDKherby the decanting centrifuge

option, and 52 DKK at the Funki Manura option.rrisport distance was longer or the
phosphorus limit was lower, this would indeed béawour of the separation options. In
addition, increasing land prices, which are noetaknto account in the analysis, also
favour separation options.

Potential advantages by integrating biogas produatin and slurry separation.

As mentioned the decanting centrifuge, Funki Manamd other separation concepts
may be introduced as a post-treatment facility entralised biogas plants. But what if
separation technologies could be utilised more n@sgively, and integrated in ways
that lead to synergy between biogas productionsepdiration ? Well, separated fibre
fractions may be applied to biogas plants as aaitibiomass, which would lower the
actual economic dependence on organic waste appficadJtilisation of surplus heat
for evaporation could decrease separation costkeaploitation of economy of scale
reduces average treatment costs. Connected tosbjglgats small farmers may also
have their manure separated and thus make thedegynmore widely applied. In
addition new EU legislation on handling of animahstes proscribe sanitation of
separated manure fractions that are transferremthter farmers. This requirement is
prohibitive for manure separation if not set ug@mbination with biogas plants, which
are generally equipped with sanitation faciliti¢snally large scale marketing of
nutrient fractions could be decisive for a sucadssiarket break through
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Conclusions

From a farmers point of view manure separatiomiy mteresting in surplus situations
where certain amounts of slurry (or nutrients Jrmust be exported at a relatively long
distance.

Introduction of a Phosphorus application limit wilcrease manure and fertiliser costs
by traditional handling, and the interest and rafee in slurry separation will increase

Long transport distances is favour of slurry sefiamna

We believe that combinations between centralisengds plants and separation
technologies will prove advantageous for farmes lsingas companies.

Technical and economical documentation of combgystiems is much in demand

There are still questions to be answered with egathe market for separated nutrient
fractions.

Further research and technology development is etked order to find optimal
solutions.

The success of these efforts are crucial for tharéuof centralised biogas plants in
Europe
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Abstract

The current state of the art in utilisation of kasgin Poland and perspectives for
agriculture biogas utilisation is presented, ad aglpossibilities to utilise biogas from
industrial waste. The analysis of the agricultuieghs technical potential shows that it
is significant: circa 12,9 PJ. Together with biogas from organic indaktwaste it
makes 14,6 PJ. The comparison between Polish angtha@Bebiogas potentials shows
big differences, resulting mainly from differentwsiture of agriculture production and
utilisation of energy plants for biogas productiorGermany.

1. Introduction

Production of agriculture biogas is a very pronmgsiachnology. Poland has experience
in building of agriculture biogas plants, but firgstallations built in the 1980-s didn’t
bring expected results and in a way contributeblatod attitude towards this technology.
On the other hand Polish agriculture is going toefdig changes connected with
accession to EU. The structure of animal productias already started to change
towards higher intensity and big concerns startetitild huge intensive ferms. This
trend gives more opportunities to utilize animalnma, but also poses some threats on
the environment (such adverse effects are for el@mmpesult of American concern
Smithfield Food’s bad practices- a recently carrmd control proved breaking of
environmental, sanitary and veterinary regulatiorel! 16 controled ferms).

At the moment EC BREC is preparing the Strategiational Fund of Environmental
Protection for supporting the development of adnize biogas plants in Poland. As a
result of implementing this strategy first two pildants should be built, with finansial
support of the Fund. This will open new opportwestior the development of biogas
sector in Poland.

2. The current state of utilisation of agricultural biogas

In the 1980’s several small biogas installatior D, 100, 150 fhof digester volume)
were built by the Institute for Building, Mechanise and Electrification of
Agriculture (IBMER). These installations are notdperation any more due mainly to
economic problems of farms where they were inslalldowever, there is a strong
interest in building such installations at big isthal pig or cattle breeding farms and
several, centralised co-fermentation biogas plaregsunder design. An example of such
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is installation is a plant planned in Koczala famhich belongs to Poldanor Polish-
Danish meat production company. The total prodactibslurry is circa 38 000 tonnes
per year. The biogas installation was designedénmophilic co-digestion with other
organic waste like animal fat, fruit and vegetateste— 2 digesters 780°raach. The
biogas production is estimated at 258Hthe installed capacity at 836 K010 kW,

in co-generation.

3. Perspectives for utilisation of biogas technolags in Poland

3.1 Perspectives for utilisation of agricultural bgas Poland

The estimation of future perspectives for utilisatbf agricultural biogas was based on
the assumption that it is possible from a technpht of view to install the biogas
installations only on farms, which have above 1@VL(livestock units- animals which
weight more than 500 kg). The data is based onrrmddon from the national census
carried out in 1996 (the next census took pladiényear 2002 but the detailed data is
still not available). The number of LSU calculated different animal husbandry is
presented in Table 1.

Table 1. LSU for different animal husbandry in farabove 100 LSU [1].

Falrgndc, I:';lsbsve Cattle Pigs Poultry
Number of 667 080 3281 298 11 210 949
animals

LSU average as per the herd structure on Polrsirsfa
0,73 0,12 0,004
Number of LSU 486 968 393 756 44 844

The statistical data for biogas production fronmaadiwaste is presented in the Table 2.

Table 2. Empirical data on biogas production fromiraal waste [2].

Cattle Pigs Poultry
manure| slurry | manure | slurry slurry
Total solids
[t TS/t waste] 0,23 0,1 0,2 0,07 0,15
Organic matter content
total solids 0,80 0,8 0,9 0,82 0,76
[toTS/tTS]
Daily production of
organic total solids pe 3,0-5,4 2,5-4,0 5,5-10
LSU average:4,2 average: 3,3 average: 7,8
[kg oTS/LSU/d]
Biogas production 175-520 220-637 327-722
[m%t oTS] average: 347 average: 428 | average: 524
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The biogas production technical potential was dated as per the following fomula:
P [m® CH, /a]= LSU x oTS [kg oTS/LSU/d]x 365/ 1000 kg/t ja CH4/t 0TS]

Legend:

LSU- number of livestock units

[kg oTS/LSU/d]- organic substance per livestock uni

365/ 1000 kg/t- unit conversion factor

B [m® CHJ/t 0TS]- specific biogas production per amount mfamic total solids.

The results for different animal husbandry are gmésd in Table 3.

Table 3. Biogas production from animal waste.

Farms above 100 LSU Cattle Pigs Poultry
Number of LSU 486 968 393 756 44 844
Annual production of organic
total solids per LSU 1,533 1,204 2,847
[t oTS/LSU/a]
Methane production
[m%t oTS] 218 269 330
Technical potential
[million m® CHya] 162,7 127,6 42,1
Total methane production [million m® CH4/a] 332,4
Total methane production [PJ] 12,9

3.2 Perspectives for utilisation of biogas from strial waste

Industry can be a supplier of many waste prodwatsch could be used as substrates in
the fermentation process. Two documents were usdétkeabasis for evaluation of waste
which could be used for digestion: Statistical Yeak Environment [3], National
Waste Management Plan [4]. Since most of industwakte is already utilised-
calculation of the technical potential was basedttan amount of the rest- available
waste.

Among waste from food processing industry, the égggamounts and thus having the
biggest technical potential are: beet pulp, beetgssing wastewater as well as pomace
and slops. In the Table 4 the technical potentialnfiethane production from different
industrial substrates is presented.
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Table 4. Calculation of methane production potdrtiam digestion of industrial waste [3], [4], [5]6]-

Diary |Sediments Meet Waste
. Slops and : from
Kind of waste product | from beet omace production beverage
waste |wastewatef " waste g
production
Totalamountof | 518800 | 1306400 514700 269800 552000
waste|[t/a]
Usable amountof | 4q0q | 6ggeoo | 28000 | 42900 1160
Waste [t/a]
Total solids
[t TS/t waste] 0,05 0,16 0,18 0,13 0,20
Organic total solids
[t TS/t TS] 0,86 0,79 0,82 0,88 0,80
Methane production
[M°CHa /t 0TS] 400 450 345 401 327
Technical potential
[million m°CHya] 0.1 39.2 1.4 2,0 0.3
Total technical potentia 429
[mil. m3CH./a] ’
Total technical potentia 17
[PJ] ’

The biogas technical potential was calculated ashgebelow formula:

P [m® CH, /a]= Q [t/a] X %TS x % 0TS x B [FfCH.4/t 0TS]

Legend:

Q amount of waste [t/a]
%TS- share of total solids in the overall wastedpiaiion
%0TS- share of organic total solids in total solids

B [m® CH4/t 0TS]- specific biogas production per amount ifamic total solids.

Currently the biogas is converted to electricityvio sugar factories, still in another one

it is used in a boiler for heat production.

4. Summary

The analysis of the agriculture biogas technicaépiial has shown that it is significant:

circa 12,9 PJ. If we add all available organic industwaste we will gain additionally
1,7 PJ, which together makes 14,6 PJ.
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An interesting issue can be the comparison of lsogachnical potentials between
Poland and Germany [7]. As the technical potemtggdends very much on the national
structure of agriculture, industry and municipaktithe Figure 1 below shows strong
regional tendencies.
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Figure 1 The comparison of technical biogas potdatin Poland and in Germany.

There is a big difference in technical potential agricultural biogas estimation in
Poland and in Germany. The reason for such couldifferent structure of agricultural

production in Poland and in Germany, in Poland sfaatily farms still dominate. The

average farm size in 1997 in Germany was 32.Jaha/f[8], whereas in Poland it was
only 6,5 ha/farm [9]. Also the number of livestosks smaller in Poland (2,6 cow farm
heads, 16,2 pig farm heads) than in Germany (28y8 farm heads, 131 pig farm
heads).

Another difference between Poland and Germanyas@ermany sees a big potential in
production of energy crops as a substrate for oodatation with animal waste. The
total technical potential for Germany has beemestd at 205 PJ/a. For Poland it has
not been investigated as the priority should bst fijiven to fermentation of readily
available waste.

For the development of Polish agriculture biogasaeit's important to answer such
guestions as: should we support agricultural bighasts on big industrial ferms or on
smaller and more sustainable ones? Should we cHoasesh or German direction?
What is better from economical, ecological anddtigipoint of view? How to organise
utilisation of organic industrial waste for biogasduction? There is also a need to
collect more accurate data on industrial organisteraat present we dispose only rough
estimations.
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Summary

In the light of the goals set of the Kyoto protoeold the new EU-directives on organic
waste management, the anaerobic digestion (AD)egds a key player in the
recycling and reuse of agricultural and municipaste. Many efforts have been
devoted to apply and optimize the AD process omdantly produced organic wastes,
i.e. sewage sludge, manure and municipal solid evaBespite the demonstrated
efficiency of AD with regard to sanitation and sistble energy recovery, a pre-
and/or post treatment of the waste is needed td theerecent directives on nutrient
management and pollutant and pathogen preventiaredder, pretreatment of the
waste mostly results in enhanced energy recovemaonbus waste types and therefore
can render AD more efficient.

This paper highlights the opportunities and drawblaof existing pretreatment

technologies for enhanced energy recovery andatamt nutrient separation and the
applicability of the end product for reuse purpogeg. fertilizer). Besides, integrated
AD process designs are defined, which have highicgiplity for the total treatment of

hazardous organic wastes.

From the study, it appears that sequential AD witfdative low temperature thermal
treatment (<20TC) can be a promising approach for complete samitaif the waste

and enhanced energy recovery compared to the ctborahAD-aerobic maturation
approach.

Introduction

According to recent statistics of the European Emrment Agency, about 1.3 billion
tons of municipal waste are annually generatediwitfie European Union of which at
least 40 million tons are of hazardous nature. Temesents a daily municipal solid
waste (MSW) production of 400.000 tons in Europeai®AAlvarez et al., 2000). The
biodegradable fraction often referred to as theoigfraction of municipal solid waste
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(MSW), amounts to 107 million tons dry matter oraghg basis. Besides, 700 million
tons of agricultural wastes are produced yearhhiwithe EU. Another troublesome
waste stream is thickened municipal sewage slud&hich yearly 9.4 million tons
dry matter are to be disposed off by 2005 (SouEzgppean Environment Agency).
Finally, grey waste or residual refuse make ugatively new waste stream for AD and
encompass all waste fractions that remain aftercgoseparation, e.g. sludge and fibers.
These fractions are currently mostly land filled incinerated. All these abundantly
produced waste streams represent a challenge fetaisable and cost-effective
disposal. The sum of biodegradable waste streamergied within the EU then
constitutes a total sum of 820 million tons of dmgtter per year. Based on the calorific
value of petroleum (46 MJ/kg) and biogas (21 M)/and assuming an average biogas
yield of 200 ni biogas/ton waste, the theoretical energy equivaléthe total organic
waste production within the EU corresponds to ab&utmillion tons of petroleum
equivalent or 250 L petroleum per European citipen year. Estimating an average
petroleum consumption of 2300 Liters petroleump@ropean citizen per year (Source:
EIA), on average 10% of the total European petrol@onsumption could be covered
by recycling the organic waste by one-stage AD.

Anaerobic digestion (AD) of organic waste is a wedtablished technology and
currently applied at industrial scale worldwide (stlvarez et al., 2000). It is
generally recognized that AD is a much more colgdoand sustainable way of treating
organic waste compared to other disposal and tes#tmoutes, i.e. land filling and
composting. Despite the higher investment and rireat cost (total costs ca. 1.2-1.5
times the cost of composting), AD is expected tm g@ansiderable importance in the
near future due to its comparatively low (§@missions and valuable energy recovery
in the form of biogas. Moreover, EU legislation wrohibit the disposal of native
organic wastes on landfills in the near future (&alet al., 2003). Contrary to land
filling, incineration will probably remain a poss#hdisposal route for many solid wastes
for the coming years. However, due to the high tooés content (e.g. 5-35% dry
matter) of many organic wastes and their concortiyjtarelative low energy content,
incineration has a low efficiency and leads to kigamissions. Therefore, incineration
is no sustainable option and will be more and mmesdricted by stringent emission
directives.

AD as such cannot fulfill all requirements impodsdenvironmental legislation. Sofar,
industrial anaerobic digestion facilities have adliupon a short-term digestion phase
(typically 15-20 days), followed by a post digestistabilization of the remaining non-
digested solids (Verstraete et al., 1999; De B&0@0; Lissens et al., 2001; Van Lier et
al., 2001; Liu et al., 2002). Hence, mostly onenwre (aerobic) post treatments are
necessary to obtain a high-quality digestion prodlat can be reused for agricultural
purposes (Mata-Alvarez et al., 2000). This approhelrs the advantage that the
digested residue mostly has a very slow biologicethover, given adequate soil
conditions (Mata-Alvarez et al., 2000). This walye tsoil can function as a sink of
highly sequestered carbon. However, a main drawbanktitutes the fact that the post-
composting step counteracts the advantages of A® way that composting is a net
energy consumer that moreover impairs high emissibrivOC (volatile organic
compounds).
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Another approach to AD is sequential anaerobicglige, in which physico-chemical
pretreatment and intermittent treatment result fraationation of the waste. This route
allows higher process yields and better and effeateuse of waste biomass materials
and nutrients. Moreover, this approach bears thvargdge that post treatment can be
omitted and that a complete sanitation can be exhdim this regard, Liu et al. (2002)
recently showed that intermittent steam pressumeipiion of digested MSW could lead
to 40% higher methane yields, leaving a lignin-emeid digester residue with low
phytotoxicity to germinating plants without the defer a maturation step. The authors
claim that the integrated system provides eledtpoaver and co-generated steam with
excess energy available for green electricity @tial., 2002).

This review first discusses investigated pretreatntechnologies with emphasis on
recently reported low temperature thermal procegse20CC). In a second part,
sequential AD processes are proposed for selecstevgtreams, i.e. organic fraction of
MSW, grey waste and sewage sludge.

Overview of Described Pretreatment Technologies

Considerable efforts have been made to improveatierobic conversion of solid

wastes, mostly by means of a pretreatment. Therihajf the described pretreatment
technologies have focused on the enhancement gasigield in subsequent digestion
by acting on the first and rate-limiting step of Abeing hydrolysis of particulate

matter. Many organic waste streams contain ligolosle, of which the rate and extent
of utilization of the embedded polysaccharidesasesely limited due to the intense
cross-linking of cellulose with hemicellulose andnin. Moreover, the crystalline

structure of cellulose also largely prevents peietin by enzymes or microorganisms
and even by small molecules such as water (Lyradl ,2002).

Reported pretreatments encompass biological meth@elg. pre-composting),

mechanical methods (e.g. ball milling) and physibemical methods (e.g. thermal
hydrolysis) as reviewed by Mata-Alvarez et al. (@00Sofar, the use of biological

pretreatments has been restricted to pretreatméht digester percolate, enzyme
complexes and thermophilic bacteria (Mata-Alvareale 2000). These methods bear
the advantage that they are usually simple andtloequire major capital investments.
However, the reported increases in biogas yieldselatively low (up to 20%) sofar.

Mechanical disintegration and maceration has beggtieal to sewage sludge and to
fibers contained in manure (Angelidaki and Ahrii§99). As a rule of thumb, the

smaller the fibers (<0.35 mm), the higher the gaimethane potential (up to 20% gain)
of the macerated manure. However, the economigbiégsof the techniques was not

addressed and can be questioned, seen the relatoxel increase in biogas yield

relative to the extra investment costs made. Thmes&olds for purely chemical

pretreatment methods, generally requiring high slasfeacidic or alkaline chemicals
and need for costly and unsustainable neutralizatieps afterwards. Moreover, acidic
pretreatment methods mostly lead to a considemtidation of the organic matter to
CO,, which is undesirable in terms of energy recovarg CQ emissions.
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Many different physico-chemical methods have begroged to enhance the hydrolysis

of particulate matter (mostly lignocellulose) aprior step to the production of biogas,

and in particular to the production of bio-ethafroin biomass. These methods can be
roughly divided into purely thermal treatments @ien referred to as thermal hydrolysis

and thermo-chemical treatments, the latter invgtime use of dilute acid (e.g.$0y)

or alkaline (e.g. NaOH) addition in the presenceabsence of a (oxidative) catalyst

(e.g. HO,, O;). Mostly, temperatures equal or below 20Gand pressures varying from

3-40 bar are applied.

Thermal hydrolysis and steam explosion disruptio® #e most commonly studied
pretreatments prior to biogas and bio-ethanol pebdao (Schieder et al., 2000; Liu et
al., 2002). Compared to other thermal treatmeihisse processes bear the advantage
that they do not involve the use of chemicals dad heat recovery from steam is fairly
simple. Beside a solubilisation effect, steam psees rely predominantly on a physical
disruption of the fibers and higher temperaturé{220C typically) are applied than

in oxidative thermal treatments, the latter maidilye to the absence of a catalyst.
Therefore, these processes are reported to prosigogicantly higher amounts of
fermentation inhibitors such as furan derivativediich have been shown to be
inhibitory to methanogens and in particular to y¢Bgerre et al., 1996).

Wet oxidation involves the use of air or oxygen emcelevated pressure and
temperature (typically 0.5-22 bar, 150-200°C) asitalyst. The process is been applied
in the fractionation of lignocellulosic biomass aat$o for the treatment of (toxic)
wastewaters and sewage sludge (Kolackzkowski et1889; Lendormi et al., 2001).
Due to the catalytic action of oxygen, the appliedction conditions (e.g. temperature,
reaction time) are less severe compared to ste@hosan processes or hydrothermal
processing. Moreover, the presence of oxygen cadalg radical-mediated reaction that
enhances the formation of low molecular weight orgacids (e.g. acetic acid, formic
acid) and CQ from liberated sugars and lignin (Garrote et 4899). As a result,
nutrients are also converted to their highest diodastate (e.g. sulfur to sulfate,
halogens to halides, phosphorous to phosphateqr@npredominantly transferred to the
agueous phase forming inorganic salts and acid$.<sAR00°C, nitrogen compounds are
largely transferred into ammonia while at highanperatures, more oxidative species
can be formed (N NOs;, NO) (Kolackzkowski et al., 1999). Therefore, mihkt
oxidation is a promising treatment relative to anb& digestion because it gives the
opportunity to fractionate organic waste into saad cellulose rich solids and filtrate
rich in solubilized hemicellulose, fatty acids andrganic salts. Besides, the relatively
low temperature (<20C) does not demand for expensive corrosion-registdoys in
wet oxidation.

Definition of Integrated AD process designs
Figure 1 shows a sequential anaerobic digestioroaphp for the conversion of organic
waste into biogas by intermittent thermal treatment
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Fig. 1: Integrated anaerobic digestion of organiaste for enhanced biogas recovery and sanitation.

The feasibility of the presented AD process (Figwill evidently depend on the nature
and composition of the raw waste. In particulare timost optimal wet oxidation
conditions are determined by several parametens asche degree of lignification of
the fibers and the nutrient and salt content ofithsete (submitted work). In this respect,
it has recently been shown that oxidative lignimogal (to carboxylic acids mainly) is
stimulated at more alkaline pH (7-11 units). Besjdalkaline conditions also largely
prevent the production of fermentation inhibitotgridg wet oxidation. Therefore, the
use of wet oxidation as an intermittent treatmesarb the advantage that the first
digestate has a high buffer capacity with a pHypidally 8-9 units. This approach
allows the readily available organic matter to leawerted into biogas and only the
more recalcitrant organic material (mainly ligndekise) to be subjected to wet
oxidation or hydrothermolysis (no oxygen). The caygressure has been shown to be
a key parameter for the oxidation of lignin andingportant with regard to lignin
utilization during the second AD (submitted worR)he solids after wet oxidation,
which largely exist of cellulose, can be returnedthe main digester for biogas
conversion. The wet oxidation liquid will contaimet majority of the nutrients and salts,
solubilized hemicellulose (xylose), lignin degradatproducts (e.g. acids) and possible
pollutants (e.g. di (2-ethylhexyl) phthalate (DEHR)m MSW). A UASB reactor could
subsequently be employed to stabilize the liquid emconvert remaining carbon into
biogas or the solids could be recycled to the fiigester. The final effluent would be
free of pathogens and rich in nutrients and orgaalits, suitable for nutrient and salt
recovery. The remaining solid fraction would lasgeonsist of humus-like residual
recalcitrant matter such as lignin residues and ashtaining considerably fewer
carbohydrates compared to the solid fraction a@id@nposting.

Alternatively, the wet oxidation process could Ippléed as a pre-treatment to the raw
waste. This option might be particularly attractiee woody waste (e.g. yard waste), as
it is known that the anaerobic biodegradabilitttefse materials is severely restricted.

Economical Considerations and Conclusions

Wet oxidation as a pre-treatment or intermitteeatment for the enhanced methane
recovery from organic waste is a promising approd&écent results show that 70-

120% gain in specific biogas yield can be reaclveddw organic waste and up to 38%
gain for primarily digested waste relative to thigimal waste input.
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From an economical point of view, wet oxidationaapre-treatment is more beneficial
for enhanced methane recovery from organic wass@ fthtermittent treatment on
primarily digested waste. In all cases, the requa&pital and operational costs (mainly
compressed air/oxygen) for wet oxidation pre-treatimeed to be weighed off against
the extra gain in biogas production for existinggdais plants. The presented AD
approach combined with wet oxidation can be mada@umically sound since 1) up to
120% increase in green electricity production carobtained, 2) heat recovery can be
realized and 3) process water necessary for welatimn can be recycled within the
process.
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1. Biogas technology — the missing link in organiiarming

Three folded emission reduction

Biogas technology not only contributes to a;@@utral generation of energy in form of
electricity and heat. Through the closed anaerplucess a further reduction of harmful
greenhouse gases can be achieved: methane andsnixade emissions from open
manure storage are substantially reduced, minemdiliZer savings can contribute
directly to fossil fuel savings as 1 kg of minelkafertilizer needs the energy content of
2 kg crude oil for production.

Decentralized production of energy

When organic waste is stored under the absence afraicrobial degradation process
is started, where biogas is deriving. The procéssaerobic digestion is running at its
optimum at a temperature range of 25 to 38°C (mua#impconditions), but also up to
55°C in the thermophillic range - however more amdre unstable with rising
temperatures. The produced gas contains 55 to 76&tame, 30 to 45% carbon dioxide
and trace gases. One cubic meter of biogas hantimgy equivalent of 0.6 | of fuel oil
or 6.36 kW/h. Depending on the efficiency of theyeoeration plant up to 2 kW/h of
electricity and almost 4 kwWh of heat can be produd®hen the biogas has undergone
an upgrading process the methane can be fed iatoublic gas grid as “green gas”

Recycling of organic matter and nutrients

Organic residues from the farms own operation andhfagro- and food production
industry are supplementing the basic substrategllignd solid manure. Gas production
and nutrient recycling can be optimised when energps are utilized. The operation
of a biogas plant enables efficient nutrient manag@ and therefore enhances the
reduction of groundwater pollution. Ecological sation of household wastewater and
human waste (faeces, urine) can be achieved throbegtment and hygiensation in a
biogas plant. This means that the loop for nutreerd organic matter recycling can be
closed. Such an enterprise is based on the patteratural cycles in which all waste is
reusable. Through biogas technology organic resitheeome a valuable raw material.
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Strengthening of rural economy and social structwre

The dissemination of biogas technology will stinteléhe local economy, especially in
rural areas. Small and medium sized businesseagmlltural machinery dealers can
develop a new market with the manufacture, maimemaand sale of biogas units.
Farmers who use their biogas plants for co digestd organic residues from
households and communities acquire a new role umsihg policy planning, while
boosting their own economic position. The exchamigeodes of good practice amongst
operators of biogas plants can improve the soaidl @conomic conditions in rural
communities.

2. Statements for Development:

The size of biogas plants in Germany is increasirfgigger dimensions.

In the pioneering phase of biogas technology Hatlhe biogas plants were installed
on organic farms mainly for improving of the feédr, even the main organic
farming associations were against using degassednma

Nowadays investors in biogas technology are lesgs@ment orientated and more
profit orientated, therefore economical energy paidn is very much in the
foreground.

How to guaranty the requested amount of feedingnatfor the biogas plant is an
essential criterion already in planning phase.

There is not possibility for organic farmers tdimé organic waste from outside the
farms nutrient cycle for energy production in bisgdants. Even so there is already
a serious competition on organic waste, which makesavailability very difficult
with falling gate fees.

Research work has been done on different energyscad their gas yields since
1993 and increasingly used in practical biogastplamce 1998.

The technology developments are mainly taking placethe digester intake
technology of solid and liquid energy crops.

Liquid manure is a cheap substrate and stabilineing the fermentation process,
but looses importance for future biogas plants.

In order to increase energy output and fertilizevdpction on organic farms only
energy crops from the farms own cycle can be used.

Legal, political and economical frame conditiongdan increasing impact on the
commercial decision-making process, therefore tilg wable way is to stabilize
the investment conditions.
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3. Fermentation of agricultural energy crops

3.1. Digestion process

Storage of substrat:
in a silo (liquid or

Feeding the digester
by means of liquid or

Biogas

Fermentation in a
digester and after

7 solid dosage !
solid). installations. digestel
Digested
material
3.2. Parameters of agricultural energy crops
Item Maize Silage Grass Silage Grain
Dry solid content 30-35% 35-38% 88 %
oDS content 90 -97 % 85-89 % 90 — 98 %
Methane content 55 - 58 % 57 - 59 % 54 —55%
. 0,6 — 0,73 nkg 0,7 — 0,8 kg
Gas vield obS 0,5 - 0,6 nYkg oDS obS
Retention time 50 days 50 days 20 — 30 days
Degradability 60 % 55 % 70 — 80 %
Problems Floating crusts Floating crusts, diIrToW methane
content
Specific weight 650 kg/t 650 kg/mi 700 kg/mi
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4. Comparison of organic waste and energy crops

4.1. General requirements:

Organic waste

Energy crops

Technique:

Dry fermentation, one or multi stage
fermentation

Indoor reception of substrate

Land needed for feedstock cultivation
vebntracts for substrate delivery
Mostly one phase wet fermentation

Thermal treatment in order to me

hygiene standards

28imple plant technique (no thern

treatment required)

or

nal

Direct/indirect process control

Inter-storage ofnfented substrate
liquid manure tanks

Analysis of heavy metal contents

Application ond#eusing conventiong
manure spreading techniques

Preparation of the fermentation subst
regarding disrupting material in a pulpe

rdtee of set aside areas for
rproduction

ene

rgy

Aerobic post-treatment / composting

Membership in quality association

Only 200 tons dry matter substr:
spreading per hectare within 3 years

nte

4.2 Comparison of economical aspects:

Organic waste

Energy crops

Generates income through waste disp
fees and sale of energy

6-8 Cents per kWh

dsapensive cultivation of special plants

at

Higher technical input, higher investmg
costs

agt .
llo storage space required

Complicated approval process

Competition with fpooduction

No additional subsidies

premium payment from EU

Economical dependency freet aside

Restricted spreading conditions

Higher feed-inff@rneeded for smal
installations

le

No problems with application of digestat

[¢]

Concept of closed loop — nutrients recyg

led

Simple approval conditions

Plans for crop rotation for high yield

biogas production

8
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4.3. Economy of Biogas plant with 300 LU

1) 2) 3)
Substrates Liquid Liquid manure Liquid manure
manure  + maize silage + kitchen waste
Production
Gas yield (m3/year) 186 150 367 950 502 950

Electricity production (kWh/year) 429 904 924 741 264 027
Heat production = (net, kWh/year) 399 292 789 253 99 823
Costs

Invest: (digester, manure storage, 274 926 374 2157 920
Manure equipment, CHP, other (€)

Federal subsidy (€) 15000

Net investment (€) 259 926 374 210 557 920
Payback period 15 years (€/year) 17 328 24 947 37 195
Interest, 4,2% of ¥z net investment (€/year) 5 458 7 858 11716
Maintenance, operating costs, incl. CHP 16 319 31 252 43 414
and dual fuel costs, (€/year)

Manpower (€/year) 2500 4 400 13 800
Corn on set aside land (€/year) 18 000

Total costs per year (€) 41 605 86 457 106 125
Benefits

Electricity sale (€/year) 42 990 92 474 126 402
Heat substitute (6000 I oil, 40 c) 2 400 » 40 2 400
Gate fee for waste treatment 43 200
(30 €/t kitchen waste)

Set aside premium for maize (€/year) 6 660

Fertilizer value (€/year) 3300 4 000 @O0
Benefits total (€/year) 48 690 95 734 177 002
Profit (€/year) 7 085 9277 70 877

1) Digestion of farm liquid manure, digester volum809n3, generator capacity 56 kWel.

2) Digestion of farm liquid manure, 7 ha maize fromasde land
(202 m3 Biogas/t maize) digester volume: 1000 mdlitonal storage 450 m3, generator
capacity 110 kWel.

3) Digestion of farm liquid manure, 1440 t kitchen vea220 m3 Biogas/t per year)
digester volume: 1200 m3, additional storage 1480generator capacity 150 kWel.

The above calculation is based on the practicaégepces of several biogas plants in
the different regions in Germany. Through the iste@ exchange of experiences it was
possible to make these calculations. The experseshew that the viability of biogas
plants is only reached through cofermentation,tbatlimit of that market is probably
almost reached by over1600 existing plants. Inongahe amount of biogas plants the
gate fees of digestible organic waste would sigaifily drop and new laws (e.qg.
biowaste ordinance) make the financial return esraaller.

As a result a further dissemination of agricultusdgas plants can only take place,
when the farms own residues (manure) and biomaagzémnrape, fodder beets, grass,
intermediate crops) are utilised for digestion. sThs the basis for the following

calculations. Under the frame conditions of todayghs plants only have a sufficient
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return, when there is a high demand of thermaleedtricity as well as cofermentation
is being done. Without cofermentation the viabildy a biogas plant can only be
reached, when the remuneration according to thetifekaw is risen to higher level. The
following calculations are also showing, that thee@tor of a biogas plant without the
income of a gate fee for cofermentation can onéichea sufficient level of income, if a
lot of the building work is done by himself andlie farm operation is paying the fixed
costs for the production of biomass from the field.

5. Summary
Organic waste requires specially constructed apdoaed biogas installations.

Strong limitations on application of fermented demis on agricultural land, if
derived from organic waste.

In order to achieve an economical operation resuitelimination fee for organic
waste must be introduced/paid.

High production costs for cultivation of energy gso

“Closed loop economy” if nutrients are recycled applied again on agricultural
fields.

Demand for higher feed-in tariffs for agricultusibstrates.

If energy crops are used, state subsidies for ingildnd set aside area are generally
available.

6. Literature

Kottner, M. (2003): Resource Survey and Site Idmatiion and National Commercial
Structures, National RAG Project Report 2003, spoetsby EU ALTENER
Programme, unpublished.

Sedlmeier, J. (2003) Organic waste and agriculters@rgy crops - A comparison
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SOCIO-ECONOMIC ASPECTS OF AGRICULTURAL BIOGAS PRODUCTION

By Arthur Wellinger
Nova Energie,
Chéatelstrasse 21,
CH-8355 Aadorf
Switzerland

Introduction

Socio-economic considerations of renewable energdytction have become a trendy
new standard, particularly in the field of biomassisation. No other renewable energy
than biomass is so closely linked with mankinduratand therefore with the climate
and offers a wide playfield for socio-economic dissions. Energy crop has at the same
time a high potential to create new jobs and intoes high-tech applications into rural
areas thus offering options to keep trained pewpiaral villages.

The field of socio-economy is not new. It has ofte®n used for agronomic studies. As
long as 15 years back Wellinger et al. [1] haveligbhbd a detailed survey on the
financial and social constraints of anaerobic diges(AD). Today, the method is
standardized and hence accessible for modellingdifionally, socio-economic
implications of biomass production and utilisatimre measured in terms of economic
indices such as employment and monetary gainsinbeffect the analysis relates to a
far higher number of topics including lifestyle ltemal and environmental aspects. The
socio-economic group within IEA Biomass talks abtiethno-ecolo-socio-economy”
and includes social aspects, macro levels (secofitgupply, regional development,
etc.), supply side (productivity, regional growtahd demand side (employment,
income and wealth) [2]. And yet the factors tocbhesidered are still growing with the
continuing pollution of the world. Today, we haweinclude (ground-) water protection
and aspects like CGinks or CQ markets, etc.

The driver behind the growing European interestsotial integration of energy

technologies is the Kyoto protocol, the decision tbé Commission to promote

bioenergy and to introduce the g€@ade by 2005. According to the white paper,
biomass should roughly cover 74% of the renewaiéggy production.

A fair amount of work has been done over the last fears allowing to introduce
socio-economy as a descriptive element for a pra@ecisions. However, the approach
to use socio-economy as a tool to predict or evedega development of a technology
like agricultural biogas production is still a l&tbit like reading the cards or the coffee-
grounds. Economy has one clear goal for yearsdjlréeat is to make money. Society
on the other hand changes its goals or prioritieseasingly fast and consequently
induces changes of the political framework. Agriatdl biogas has a young history of
some sixty years. Within this short period of tithe social driver to produce biogas
has changed several times [1]. If we really warnihftuence the development, we have
to take those instable factors into consideration.
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Factors influencing the biogas dissemination

The major factors influencing the biogas developmerEurope may be subsumed in
the following fields:

Society.
Politics.
Energy.
Environment.
Climate.
Economy.

Influence by society

By far the most important factor stimulating or deming the promotion of renewable
energy is the society. Unfortunately its prioritiase changing quite frequently in
function of the economic situation, weather extrerg@een house effect), accidents of
oil tankers, etc. and before all in function of exttworldwide developments like war,
refugee movements, health cost, education (Pishy)stetc. Over the recent years the
topics of energy and environment have lost thgrramkings in the charts of important
preoccupations they had during the economic boeansyin the nineties. But there are
still enough events broadly covered by the présstinker accidents or storms (Lothar
or El Nifio) to maintain in the population a certaiterest in the climate and ultimately
in the renewables. There is a good chance that afszientific interpretation of the
2003 summer heat period peoples opinion will evemerrstrongly switch back to the
support of the renewable energies.

In Denmark or in Switzerland politicians have tried use the decreasing interest in
renewable energies to cut them out of their palitegenda and to claim the savings
achieved as an economic success. There is a gamtelthat they have misinterpreted
the situation. A survey in Switzerland of the setdmalf of August 2003 which was

done in the framework of wiping out the renewahtergy programme in Switzerland

has shown a distinctive difference between theiggdpinions and that of the parties’
voters [3] (Table 1).

At first, the Swiss government wanted to fully sthp energy and climate programme
called “Energy Swiss”. Finally they decided to mentit with one third of the money
which means that it die gradually.

The population’s opinion is obviously quite diffate They ranked savings in the
Energy Swiss budget at the ninth place only. In, fa8.6% opted for an increase of the
budget and only 8.6% for a decrease (Table 1). \WMais the fourth best ranking after
education, social security and day care centres.
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Table 1. Debate on economies in the state budggt:rdnkings (ranking 1= highest savings)

Budget position Parliament’s Population
Ranking Ranking % for a change”’

o - 34.6
Immigration 1 3 +104
-14.1

Support for homes 2 7 + 213
Day care centres far 3 11 - 81
children +41.3

. -17.0

Development aid 4 6 + 2473
Renewable energy 5 10 - 86
Climate programmes (64% reduction) + 39.6
o -57.4
Military 6 1 + 59
Support for alpine 9 9 - 93
areas +29.4

1) The percentage indicates how many % of the @joul is opting for an increase (+) or decreasef(-)
the respective budget position.

Influence of politics

During the seventies and later during the ninedfdast century the political opinion of
the different parties remained fairly stable. Bakyc all where convinced that the
renewable energies had to be supported becausm witiew generations there would
be no other energy sources available. The few ddillEuros were willingly spent
because the stock market was booming and the nwrahable for renewables was still
factors of ten lower than the money spent for raucgwer. “Let them do research then
they don’'t do any harm” was the generally accepggdion of the right wing parties.

But all the sudden the research yielded usableugtsdat reasonable cost and the
dominance of environmentally sound politicians tlgloout Europe led to the
introduction of dissemination programs. This w#&e kick off for a European
programme of the commission. In the White Papey g&t the target that renewable
energy should cover 12% of the total energy consiampoy the year 2010. Biomass
should cover 74% thereof.

Unfortunately, the world market undergoes someidiiff times. It is therefore no
surprise that in countries where the right wingtipargained power like in Denmark or
in Switzerland, the renewable energy and envirortaigmmogrammes have been cut or
will soon be. Politicians would claim that they sdwax money and would hope that the
climate will not strike back until the next elecis i.e. remain stable. Basically they do
not care about the environment because they Biilktthat climate change is a fairy
tale.

Thanks to the re-election of the socialist partyleast Germany continues strongly to
support the renewable energies despite the veligairfinancial situation. The German
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government is in the comfortable situation thatretree conservative farmers including
their union are strongly supporting the renewallergy programme. Their pressure
was so strong and the wave of building biogas plant wood stoves so high that even
the Christian Democratic party (CDU) promised dgrihe 2002 campaign to continue
with the supportive programme if ever the were teléc This is a very important
observation and has to be kept in mind for futueeetbpments.

There is one thing for sure: The disseminationeasfewable energy plants is strictly
proportional to the subsidies paid which is provgnall European countries. In that
sense the opinion of and the measures taken bgdlitecians is extremely important.
Jungmeier and Spitzer [4] have shown that the obsgreenhouse reduction with
Bioenergy is in the order of 13 €/t ¢® 330 €/t CQ. This is far higher than the actual
prices paid for C@trading in the order of 1.5 to 2.5 € per ton. Undery optimistic
assumptions trade prices might rise up to 8 € ger Without political support, even
with all optimistic premises the target of 12% neable energies is difficult to reach
[5]. We definitively need political support, i.@ws and regulations.

Influence of environment and climate

Until a few years back experts believed that enevdlybe the limiting factor in the
development of a higher social standard throughmtvorld. Nowadays it is generally
accepted that in the developing world water willthe most limiting good endangering
peoples lives and creating wars. Dryness and damiing water tables become more
severe every year. Not only quantity is a problerndven more though quality. Most of
the ground water is polluted due to anthropogeniustrial) activities. The dryness is
enhanced through the continuing rise of the tentpeza

Hence, climate does not fulfil the hopes of thatpins. The world’s surface is heated
up much faster than scientists have expected. TdrElwide average increase over the
last century was 0.6°C, in Switzerland even 1.6FGe ten year mean values give an
impressive reflection of the current situation [Efom 1991 to 2000 there were 22
months with elevated temperatures. Whether thisease is due to the green house
effect (that's what scientists tell) or for othenkmown reasons is not of relevance.
Mankind and before all, politicians can not waitreact until full proof is given, it's

definitively too late by then. The consequencesheftemperature shift are severe by
just looking at this year’'s weather data (the loamie season has not fully started yet):

Heat wave in Europe (42°C in Lisbon, 41°C in Swilaned)

Heat wave in India (48°C) followed by a heavy mamswith inundations
Extreme heat in China (42°C in Shanghai)

Heat wave in the Emirates (45°C) with sand storms

Wood fires in Europe (Portugal, Spain, France, &wiand and Italy), Canada,
USA

Thawing of perma frost

Massive fish dying due to high water temperatur8witzerland

Extremely heavy snow storms in New Zealand

Cold wave in South Africa (with minus 9°C; 12° belaverage wintertemp.)
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Effect of socio-economic parameters on biogas prodtion
Having discussed a number of parameter, the quelséie to be specified: How do these

factors influence the dissemination of biogas @arntable 2 lists a few of the major
factors and tries to give a measure of importamcthe biogas development.

Table 2. Factors influencing agricultural biogasgpluction in Europe

Influencing factor Rating
Greenhouse effect +++
CO,-Trade ++

Joint implementation projects (Kyoto) - -
Shift to right wing parties (new economy) ---
New EU-laws and regulations +++
Increasing food overproduction ++
Willingness to pay higher electricity price§ - -
Production cost of biogas - -

Conclusions

The promotional and hindering effects of the paransecompiled in Table 2 on biogas
dissemination are more or less in balance. In otveds, there is a risk that without
intensive lobbying the actual situation will notactyge much. Renewable energies will
continue to increase slowly but will not reach twal set by the Commission. There
will be an increasing competition between the dédfeé renewable energies, the
technology with the lowest production prices wiltedominate. There are clear
advantages for hydro- and windpower, PV will be kbaser. Biogas will have a fair

chance however, production cost should be reduced.

How can we improve the situation? The developmemt loe strongly influenced by
existing associations and international workingugps They can act conjointly on three
levels:

Politics: The energy production from biomass has to becostaralard technology like
nuclear power, i.e. a (even small) market has teestablished as soon as possible.
Nuclear power is an expensive way to produce etégtibeside all the environmental
problems. None the less, it is so well establisted even conservative politicians do
not ask for comparable cost anymore.

Germany can serve as a leading country. But “onmtry is no country”. The good
example has to be spread out to other countrieshndrie close to optimal solutions. For
example the U.K. could intensify its encouragenietibwed by Sweden and Hungary.
The latter is important because it's huge surfaicsed aside land has a tremendous
potential for energy crop. Biomass associationswaarking groups should coordinate
their lobbying and focus on the proposed countriesthers which are to be specified.
The break through has to come fast as long asahenission is still convinced about
its goals set.

96



It is important that there is no competition betwee different uses of biomass
(incineration, gasification, biogas) and even marebetween the different biogas

processes. There should be a different supporthiose plants which are accepting
waste materials and those digesting agricultuigb anly. The Austrian EIWOG might

serve as an example [7] where co-digestion of im@di®r communal waste reduces the
feed-in price by 25%. Independent of the input maktethe quality of the compost

should be equally high if we don’t want to face #ewvage sludge problem in the near
future.

Population:The public opinion is very important but at thengatime the most difficult

to influence. The opinions are changing constaatiger the impression of the daily
news. There is no network thinking. It is a onesoem one reaction behaviour for
example: BSE leads to an increase of chicken measwnption; dioxin in chicken

leads to an increased pig meat consumption; a ejpidemic in Holland drives to fish;
etc.

It is extremely important to stay out of the trap dvoiding ecological sins, which is
more difficult with the increasing number of biogsmers. Early biogas producers
where most often organic farmer. With increasinglegical viability there are all sorts
of farmers with “Euro signs in their eyes”. So fae were lucky. Only one case of
polluted industrial waste application in Germangdree public which is still tolerated.

Verbally the large public is supportive for reneveabnergy. However, when it comes
to money the message is simple: Renewable enegybyg not at a higher price than
fossil solutions.

In EU countries that use quotas of renewable ét#gtrsuch as Germany and Austria,
the high feed-in prices are sustainable over a lpeigod of time. In other countries
subsidies to support electricity from biogas migbtwhittled down to nothing at any
time. There is only one long term solution: A reedrket has to be created. Associations
together with power companies have to convince lgetopby labelled green electricity.

We therefore have to be open for unconventionaitgwis. In Switzerland for example,
the second largest retail store has pushed up gi®dtom organic farming from
somewhere below 2% up to over 8% of their food #a@ks to clever marketing. Since
summer 2003 they started selling green power aslithggshe same target group as for
the organic products.
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Introduction

The development of biogas technology in Denmarkbeen widely encouraged by the
government over the last 15 years. The overalloma$or government concern is the
increasing awareness that centralised biogas pleo$ribute to solve a range of
problems in the fields of energy, agriculture andi@nment. To achieve an evaluation
of new centralised biogas plants equipped with-keetvn technology, Risg National

Laboratory and the Danish Research Institute ofdFBoonomics, c/o University of

South Denmark, have carried out a thorough soamx@mic analysis for the Danish
Energy Authority.

Externalities

Conventional economic analyses and corporate imegst analyses of projects do not
take into account so-called externalities. Extetieal or external effects do neither
imply expense nor income elements for the corpooat@rivate investor. However,

externalities are important economic effects seem the point of view of the society.

The socio-economic analysis looks at the projedadativity in question from the point
of view of the society in its entirety. A projectasninflict burdens or contribute gains
for the society relative to the reference activithjiich must be taken into account when
evaluating a project from the point of view of tbeciety. Many actors and sectors in
the economy may be influenced from the project.

Biogas projects have implications not only in tig@eultural sector, but in the industrial
and energy sectors as well, and among the envinotaineonsequences, mitigation of
pollution, green house gas (GHG) emission reducsind reduced eutrophication of
ground water etc. are important external effects.

Approach

The present socio-economic analysis is carriedabdifferent levels, where the levels
in succession take into account still further af #xternal effects related to the biogas
scheme. Four levels have been chosen for the amaljsrmed Result 0,1,2,3 these
differ according to which socio-economic elememtd axternalities that are included in
the analysis. Analyses at higher levels include edflects from lower levels. This
hierarchy is shown in Table 1 below.
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Table 1 Socio-economic aspects included split vel$eof the analysis.

Socio-economic analysis of biogas plants

Level of analysis: Result 0 Result 1 Result 2 Result 3
Aspects included:
Energy and resources:
Value of energy production (biogas, electricity) RO RO RO RO
Capacity savings related to the natural gas grid RO RO RO RO
Environment
Value of GHG reduction (CO,, CH,4, N,O-reduction) R2 R2
Savings related to organic waste treatment R1 R1 R1
Value of reduced N-eutrophication of ground water: R2 R2
Agriculture
Storage, handling and distribution of liquid manure: R1 R1 R1
Value of improved manurial value (NPK) R1 R1 R1
Value of reduced obnoxious smells R3
Investments and O&M-costs:
Investments. Biogas Plant RO RO RO RO
O&M of Biogas Plant, incl. CHP unit for process heat RO RO RO RO
Investments and O&M for liquid manure transport RO RO RO RO

As seen from Table 1 “Result 0” do not include ex#dities in the socio-economic
analysis, and benefits concern the energy produdtmm the plant only. Analyses at
the higher levels, however, take externalities etoount, and further cost and benefit
elements enter the analysis. Thus, the socio-eciendevels of analysis are
characterised by:

Result O Energy production (biogas and electricity) fromiodas plants.
Externalities are not included.

Result 1 Benefits in agriculture and industry are addeth&sanalysis.

Result 2 Environmental externalities concerning GHG enoiss{CQ, CH,, N,O-
emission) and N-eutrophication of ground waterfarthermore included.

Result 3 A monetised value of reduced obnoxious smellmfrbgested biomass is
moreover included in the socio-economic analysis.

The aspects included in Table 1 are quantifiedHeranalysis. Considerable effort has
been put into the assessment of biogas schemeeliies (see ref.1). However, due to
lack of data important further external effects dnamot been quantified and monetised
for the analysis. Among such aspects can be meattiomcreased flexibility at farms
associated to biogas plants; effect for the sgcafienergy supplies; veterinary aspects;
employment effects and effects for the trades addstries.

Monetised externalities

Expressed in specific units (EUR/ton of biomassheised externalities included in
the analysis are shown in table 2. The results stapply for a biogas plant outlined for
a treatment capacity of 550 ton/day.

10C



Table 2 Monetised externalities.

Monetised externalities: Results based on biogas plant:
Socio-economic value per ton biomass Biogas plant size: 550ton/day (20% waste)
Agriculture Monetised
Storage, handling and distribution of liquid manure:
Storage savings for liquid manure 0.13 EUR/ton liquid manure
Transport savings in agriculture 0.07 EUR/ton liquid manure
Value of improved manurial value (NPK) 0.73 EUR/ton degassed
Value of reduced obnoxious smells 0.67 EUR/ton liquid manure
Industry
Savings related to organic waste treatment 16.82 EUR/ton org. waste

Environment

Value of GHG reduction (CO,, CH,, N,O-reduction) 3.01 EUR/ton degassed

Value of reduced N-eutrophication of ground water: 0.39 EUR/ton degassed
Liquid manure 0.37 EUR/ton liquid manure
Org. waste spread on farm land in reference case 1.64 EUR/ton org. waste
Org. waste not spread on farm land in reference ca -3.03 EUR/ton org. waste

A quantification for the 550 ton/day biogas plahtlee monetised externalities is shown
below in Table 3. The table shows the annual casstsbenefits taken into account at
the four levels of the socio-economic analysis.o8ig-economic rate of calculation of
6% p.a. has been used, and the analysis covepetioel 2001-2020. Values shown are
in year 2000 price level.

Table 3 Annual costs and benefits. Results basdiogras plant outlined for treatment of 550 tonpes
day.

Socio-economic results Results based on biogas plant:
Annual costs and benefits Biogas plant size: 550ton/day (20% waste)
Result0 Resultl Result2 Result3
Costs (levellised annuity) mio.EUR/year
Investments, operation and maintenance: 1.481 1.481 1.481 1.481
Benefits (levellised annuity) mio.EUR/year

Energy production:

Biogas sales 0.526 0.526 0.526 0.526
Electricity sales 0.061 0.061 0.061 0.061
Agriculture:
Storage, handling and distribution of liquid manure 0.032 0.032 0.032
Value of improved manurial value (NPK) 0.186 0.186 0.186
Value of reduced obnoxious smells 0.097
Industry:
Savings related to organic waste treatment 0.675 0.675 0.675
Environment:
Value of GHG reduction (CO2, CH4, N20-reduction) 0.605 0.605
Value of reduced N-eutrophication of ground water: 0.079 0.079
Sum: 0.588 1.481 2.165 2.262
Result0 Resultl Result2 Result3
mio.EUR/year
Surplus as annuity: Benefits - costs -0.893 0.000 0.684 0.781

It is seen from Table 3 that the biogas schemetistiractive under Result 0, where it
has been assumed that benefits only concern epesguction from the plant. Result 0
shows a socio-economic deficit of about 0.89mige&f. However, taking into account
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agricultural benefits, and industry cost savingsvaste disposal, Result 1 shows socio-
economic break-even.

If the described environmental benefits (GHG emissieduction and reduced N-
eutrophication of ground water) furthermore arduded, result 2 shows a surplus of
about 0.68mio. €/year. And including the value assd for reduced obnoxious smells
from degassed liquid manure on fields relative e teference the socio-economic
surplus adds up to about 0.78mio. €/year. Thus fonextended socio-economic point
of view, under Result 3 assumptions, the biogasrsehis highly attractive.

GHG emission reduction costs

The relevant Green House Gasses (GHGs) affectdiblgyas plants are carbon dioxide
(CO,), methane (Ck and nitrous oxide (PD). The GWRy (Global Warming
Potential) or the strength of Gls an GHG in the atmosphere is 21 times higher tha
the same amount (in weight) of g@nd for NO this relative strength is 310 times the
effect of CQ. The detailed analyses show that £OH, and NO contribute about
44%, 48% and 8% respectively to the total GHG réduocachieved for centralised
biogas plants.

In Table 3 above GHG emission reduction has besigrasd the external value of 33.6
€/ton CQ equivalent reduced (or 250 DKK/ ton g@quivalent). The Danish Energy
Authority has used such value in a recent studyowBehe analysis is reversed, and
break-even GHG reduction costs achievable are leadcl for centralised biogas
schemes of best-known technology.

GHG emission reduction costs Euro/ton CO

80 7

70 = D Biogas plant of capacity:
300ton/day

60 1

50 1
W Biogas plant of capacity:
40 1 550ton/day

30 1

20 | O Biogas plant of capacity:

800ton/day
10 1 «‘7
0 .

Result 0 ResuILLJ

Euro/eq.ton CO ,

-10 A

-20 -

Figure 1 Socio-economic GHG reduction cost achiévdipom biogas plants outlined for treatment
capacities of 300, 550 and 800 tonnes per day.

In Figure 1. the equivalent G@eduction costs are presented for three biogasnset.
Results of the socio-economic analysis expressethisykey-number allow decision-
makers to interpret results based on diverse @duction cost aims. To illustrate
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economies of scale regarding the size of plants,fiture presents equivalent €O
reduction costs achievable via biogas plants wihtment capacities of 300, 550 and
800 tonnes biomass per day.

From Figure 1 it is seen that GHG reduction coatseld on Result 0 assumptions are in
the order of magnitude of 50 €/ton €€quivalent. The economy of scale shows gains
for larger plants, indicating that the increasedns$port costs and transport fuel
consumption for the larger plants are counterb&drxy the overall benefits.

Result 1, 2 and 3 show socio-economic GHG reductiosts below zero. Thus
showing, that larger biogas projects may contriboiportant GHG reduction while
concurrently generate considerable socio-econosiitsg

Main conclusions
The main conclusions of the socio-economic analyscentralised biogas plant are:

Based on Result 0 assumptions, none of the plaetatractive. Thus, the socio-
economic value of the energy production, coverir@Dgear period, can not justify
the deployment of biogas plants.

However, based on Result 1 assumptions, whereudigiial benefits and benefits in
industry concerning treatment of organic waste incduded in the analysis, this
picture changes, and in particular larger plants favourable for the society at
large.

If furthermore the benefits from environmental ertdities are taken into account
(Results 2 and 3) the utilisation of biogas plantshe configurations considered
becomes very attractive from the socio-economiatpaii view.

A further result is, that admixture of organic veaBbm industry is very important both
for the corporate economy and for the socio-econamsult. For the socio-economic
result, admixture of organic waste contribute int@or combined benefits concerning
e.g. increased production of biogas and incomeofiesavings related to organic waste
treatment, improved manurial value (NPK) and inseeeCQ reduction.

As mentioned already, a number of aspects relefanthe socio-economic analysis
have not been included in the analysis, due to ¢tdalata. These aspects would mainly
contribute positive effects for the socio-economaitalysis, however some negative
veterinary effects may include socio-economic etsments.
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THE PRESENT AND FUTURE OF BIOGAS IN EUROPE

By Jens Bo Holm-Nielsen and Teodorita Al Seadi
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and
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The accomplishment of the goals of the Kyoto protoand the EU directives
concerning nutrient management, human and aninathhand food safety as well as
the overall pollution prevention issues increasingdquire a sustainable agricultural
sector. Pre- and post treatment technologies fomanmanure, combined with
anaerobic co-digestion of biowaste play an increpsnportant role.

Wet organic waste streams have a constant pollpidential and a negative impact on
water environment all over the world. To preverdacleing of nutrients and organic
matter directly or indirectly to natural water emviment it is necessary to close the
chains from production to utilisation and recyclinkhis is also the case of biomass
based renewable energy systems and the aim isniaigh the environmental pressures
to the lowest obtainable.

Integrated anaerobic digestion — biomass energyessing plants contains some of the
most promising technology solutions for all kinds omass recourse and waste
streams. There are still many challenges to beedplbut biogas production and

utilisation are on the move in a quite promisingediion, which contains sustainable

solutions for lowering air and water pollution paees from the societies on the natural
environment. Technology for balancing from by-proigu
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B.H. Jacobsen and K. Hjort-Gregersen Figure 1 Scitenrepresentation of the sustainable cycle of
anaerobic co-digestion of animal manure and orgaméstes.

Biogas production potentials, feedstocks and biomasesources:

Biogas can be produced from nearly all kind of dgfital feedstocks originating from
organic waste streams from the entire society. riteioto deal with these kind of
feedstock strict precautions and quality contrel meeded if the final sludge, fibres and
nutrients are going back to the food chain viadt@pping systems at farmland. In this
category are as well wastewater treatment plardgsluand other grey wastes, with
restrictions and banning of utilisation on farmlama the future there will be a split
between complete treatment with or without recyglf nutrients and other products.

Anaerobic co-digestion of manure and organic wésta industry is very important
both for the corporate economy of the biogas plants for the socio-economic result.
For the socio-economic result, admixture of orgaméste brings important combined
benefits concerning e.g. increased production @jds and energy sales, savings related
to organic waste treatment, improved fertiliser ueal(NPK) and increased GO
reduction (L.H. Nielsen 2002).
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Figure 1. Schematic representation of the closedecygf anaerobic digestion of biogenic waste aral th
three main steps (A, B and C) of the quality maneg# of digestate. (Source: Al Seadi, 2000)

The major source of feedstock originates from theng@ry agricultural sectors. Until
now the largest resource have been animal manarslarries from animal production
units, mainly cattle and pig farms and at somellgggous manure types from poultry,
fish, fur and other animal production. In Europerthare produced more than 1000
mill. tons per year of this kind of feedstock. Htteated or managed poorly at the farm
level, these feedstock are regarded as a majocealfrpollution and environmental
pressure.
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Table 1: Status of digestible biomass in the 15d6Untries.

Cattle Pig Total Population | Municipal waste generation | Sewage Industrial
manure | manure | manure | (humans) sludge org. waste
(1993) (1993) (1993) (1993) Total waste| Org. waste (1990) Digestible
(450kg/capita) (30% of total)| <35%DM
(100 kg/cap)*
mill. t mill. t mill. t mill. mill. T mill. t mill . t mill. t
Austria 25 8 32 7,7 3,5 1,0 **2,3 0,8
Belgium 35 14 49 9,9 4,5 1,3 0,7 1,0
Denmark 22 22 44 51 2,3 0,7 1,3 0,5
Finland 14 3 17 **+5,1 **3,1 0,7 0,1 0,5
France 211 26 238 56,5 25,5 7,6 0,6 5,7
Germany 167 51 218 62,7 28,2 8,5 1,8 6,3
Greece 6 3 9 10,0 4.7 1,4 - 1,0
Ireland 66 3 69 35 1,6 0,5 0,6 0,4
Italy 80 15 95 57,6 25,9 7,8 **3,4 5.8
Luxembourg 2 0,2 2 0,4 0,2 0,02 0,02 0,04
Netherlands 48 28 77 14,9 6,7 2,0 0,3 15
Portugal 14 6 20 10,3 ***3,4 1,0 - 1,0
Spain 53 37 89 38,9 17,5 53 10,0 3,9
Sweden 19 5 24 8,6 3,9 1,2 0,2 0,9
U. Kingdom | 125 16 141 57,3 25,8 7,7 1,0 5,7
Total EU 887 237 1124 348,5 156,8 46,9 22,32 35,04

*Estimated figures, based on fixed data from Demmn&mland and the Netherlands, ** 1994 data, *396 data.

Source: Holm-Nilsen, J.B. & Al Seadi, T. (1997):eTRuture of Biogas in Europe. Altener ProgrammeaFReport
Phase II.

Energy crops are considered an AD feedstock witht @f potential, coming on the
agenda in this decade. We are talking here abairt grops, grass crops, raps and other
crops. The land resource are in a slightly moven@wards energy production due to
EU CAP reform and the WTOs negotiations effect aneplevels for food production
worldwide. Recently, EU has supported energy crofith a slight higher hectare
support level that grain production, stimulating throduction of green electricity in
specific European countries and making biogas miaiu from energy crops a new
possibility. The leading countries in this area 8weeden, Germany and Austria. Crop
based biomasses are available in all countriesygedalucts from primary food- and

feed production and form environmental croppingteays for the management of the
natural conservation areas.

Biogas upgrading and utilisation

Biogas can be utilized by various ways, accordimglifferent national policies and

options. Due to different taxation, prizing- andpgart systems there exists different
development routes in European countries. Thedllsation of the energy market and
more fee trade of energy commaodities aside thernatmnal Kyoto mechanisms will be

likely to be harmonized goals in the future. A dsifcation and decentralisation of

such mechanisms will be in favour of biogas baserigy systems.

The further utilisation of biogas means that it irues upgraded. Biogas upgrading is an
integrated solution today. The produced biogasirs Dbf all dried and drained for
condense water and biological or chemical cleamedHS, NH; and trace elements.
Further upgrading steps to increase the, Gbhtent, membrane separation of £(0d
pressurising the biogas can be taken dependingeoutilisation purpose.



The utilisation of biogas can be set into five gatges. The ranking below begins from
technology of yesterday towards future converteahhologies.

Biogas converted by conventional boilers for heaparposes at the production
plant (house heating, district heating, indusfiaiposes).

Biogas for combined heat and power generation.

Biogas & natural gas combinations and integratiothe natural gas grid.
Biogas upgraded and used as vehicle fuel in tmspartation sector.

Biogas utilisation for hydrogen production and faells.

Biogas from anaerobic digestion is an important tolofor sustainable management
and treatment of wet organic waste streams and theprotection of water
environment in Europe.

Efficient biotechnological treatment technologiaesliding pre- and post treatment by
physical and chemical separation are today availahl order to recover and recycle.
By this waste can be regarded as waste only umilright treatment takes place. The
technologies are economically and technologicalgil veroven, documented and the
environment gets value for money. So in the medianong-term run, there are no
waste products but valuable resources.

For the main part of the integrated projects wheogas is one of the core technologies,
the goals are to establish facilities for the tresit of biowaste and manure, able to
convert organic residues into valuable product®s€ffinal products are on one side the
renewable energy as green electricity, heat farympaurposes, and vehicle fuel and on
the other side digested biomass, able to be cauerito concentrated nutrient
fertilizers, fibre products and water for reusgBEcess water or irrigation water.

Human and veterinary safety and sustainable recyatig of end products (digestate,
fibre and nutrients) in crop farming.

The recycling of the end products on agricultuaald is affected by cross-sectorial EU
legislation. The overall aim is to be able to pdeva safe recycling of Ad products from
the point of view of human and animal health (Raur 2002).

The European biogas actors appreciate veterinaasunes and regulations and wish to
use them to promote sustainable waste and by-pradacagement principles. The
regulations are to be used to support the recydifrmjowaste in all cases when possible
and suitable. Sanitation treatment and other prgost treatment steps have to be set
into operation upon documentation, in accordandh thie health rules for recycling of
animal by-products, for as many waste and by-prtsdsiceams as possible.

Biogas from anaerobic digestion - an integrated syasm and an important tool for
mitigation of global warming and air pollution.

Co-digestion of various biomass substrates hasgh kalue for improving and
stabilizing the biogas production and makes biogastrong and cheap tool for
mitigation of green house gas (GHG) emission.
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Biogas externalities including environmental, huraad animal health benefits must be
quantified and integrated in the socio-economiclyaig in order to highlight biogas
from co-digestion as a very attractive solutionira socio-economic point of view.

Sustainable solutions are needed to deal with tleee@sing environmental pressure
from methane emission and odours at and aroundfaimas and food processing
industries. Reduction and control of methane gaissams via establishment of closed
animal production chains is a great challengeHerftiture.

Conclusion

Biogas can contribute substantial to the sustainablergy recovery from agriculture
and the organic fraction of wastes. The amountgpicaltural and municipal organic
wastes currently produced but not utilised for gggaroduction is very large.

Apart from waste treatment biogas plants, therals® a huge potential for “clean”
energy recovery biogas plants, mainly based onggnermops, that are under constant
development in this decade. (Kottner, Graff & Rgkbse EU energy policy provides
the basis for a much broader future applicatiobiofjas from anaerobic digestion as a
renewable energy technology, based on energy crops.

According to the EU renewable electricity directremewable energy sources must be
increased from a current level of 13.9 pct to 22 pcthe year 2010. Biogas not only
can be used for electricity and heat production abeo for general substitution of fossil
fuels, especially in the transport sector. Biogas llefinite advantages over other
renewable alternatives, since it can be distribukedugh existing infrastructure and
used in the same applications as natural gas.

Biogas has an increasingly important role to pfajurope and worldwide, integrating
many sectors for a higher degree of sustainabiktyergy recovery and resource
preservation.
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