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1. Introduction

The growing awareness of the pollution problemsopeisited with inadequate management of
animal manure and organic waste, emphasises tltefoeappropriate solutions to deal with
the problem. A strengthening of the overall pol@my environmental protection, as regards
waste as well as manure handling, with well defiartbrcement measures, will stimulate the
dissemination of the appropriate biogas technotogie

The application of animal manure, organic waste atiter types of biomass as energy
sources will depend to a large extent on availgbilAvailability and implementation is
strictly dependent on governments and EU agricaltenvironmental and energy policies.

1.1 Why biogas in agricultural applications?

Co-digestion of animal manure and other types aéble organic waste in biogas plants is an
integrated process. On the background of renewaxtdegy production, the process includes
intertwined environmental and agricultural benefisch as:

savings for the farmers,

improved fertilisation efficiency,

less greenhouse gas emission,

cheap and environmentally sound waste recycling,
reduced nuisance from odours and disease vectors,
possibilities of pathogen reduction through saiutgt
income generation through renewable energy proofucti

Thusinial organdc warte Axirnal M e
- Badastries - Cattle
- MEWI (crganic ) -Bg
- Semmgze treatm et p kit - Foakry
Ceniralired Biogas Plant
- Homogerimt i
S - Digestion,
- Bedutionof odox rozisaue
- Smitation
- Haritiaalky dfived prodoct
Ferlilizer on the fichl Hicgas for heaton £ power statioms
- Impromed itilisdi o of & - Beremmhle sremay sore
plat rutrim arts - CO2 —rensml
- Bedactionuof the corsmphioe - Beduction of at polhtion
o 'm rern] fertitier - Fifuctire aergyutilmbio
- Bedactioruod weter poliotion
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1.2 Present and past developments in Europe

1.2.1 European Union

The production of Biogas in the European Unionfieced by a multitude of regulations
from the agricultural but also the environmentaitse In general the following policies apply
on the supranational level in the European Union.

White Paper on Renewable Energy Sources, EU Commisa (1997)
This policy and strategy document from the Europ€&ommission calls for an
increased usage of Renewable Energy Sources fropré8ént in 2001 to 12% by the
year 2010 in the EU 15 nations. The sector biognémm biomass and waste is
supposed to take on 2/3 of this gross consumptidrisamainly targeting heat.

Kyoto Protocol, Obligations to the EU nations, 1997
The Kyoto Protocol tailored at fighting climate dge obliges the nations of the
European commission to a reduction in green hous® @missions. Hence the
increased usage of renewable energies is implicitlied for.

EU Commission paper on Security of Energy Supply C® (2000) 769
This policy and strategy paper of the European Cwmsion calls for Europe to
develop a stable and secure energy supply systém.UBage of renewable energy
from agricultural wastes is explicitly mentionedasof many options.

EU Directive 2001/77/EC on RES-e
This directive calls for an increase in the shareeaewably based electricity in the
European Union. The following targets are namedterEuropean Union. The share
of renewable electricity is supposed to rise frotolto 21% until the year 2010.

EU Directive 2003/30/EC — promotion of biofuels fotransport
This directive calls for 2% of overall transporefwsage in the European Union to be
from renewable energy sources by 2005. By 2010 ithisupposed to be 5,75%.
Biogas for transport is explicitly included in thsfuels definition for this directive.

Directive 2004/8/EC — cogeneration for heat and pcav
This EU directive calls for a cogeneration quotal8fo by 2010 in the European
Union power generation system. Biogas to elecyriglystems on agricultural
applications can contribute to this quota.

Directive on renewable heat — under preparation ir2006
The directive on renewable heat is under preparati

Directive 96/61/EC on Integrated Pollution Preventin and Control
The directive on integrated pollution preventior aontrol acknowledges the special
role of agricultural biogas systems in emissionduction by possessing a special
provision for renewable energy sources.
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Directive 2003/87/EC on establishing a trading scihee for greenhouse gas
The directive contains the framework for the essaiphent of a trading scheme for
greenhouse gas emission rights in the EuropeannUSimce agricultural Biogas is a
major factor in the reduction of green house gas&ons the directive also applies in
essence for agricultural biogas plants.

Directive 91/676/EEC on nitrates
This directive is covering strategies for the redhrcof disposal of animal slurries on
agricultural lands. Nitrates are a large problerantreated animal manures which can
leach into ground- and river water contaminatiooviérly exposed to the water cycle
by uninhibited land treatment.

EC Animal by-products regulation (1774/2002)
This regulation is covering health rules concerritmgproper treatment and discarding
of animal by-products not intended for human corstion. The regulation is
important with the joint treatment of animal wastesch as meat in biogas
installations.

General EU Policies and Targets for Biogas
In general the DG TREN admits that there is noi@aer policy on Biogas. A mixture
of measures, policies and action plans have beawpted by the European
Commission to cater the needs of the sector inpgnoariate manner. It summarises
the actual Biomass Action Plan of which Biogas m# of the content.

Apart from agricultural Biogas landfill gas is alsonsidered a similar asset which is
not resulting from agricultural production effortait for waste management. The
policies of waste management in the European Uarengoverning this method of
biogenic gas generation.

Best Available Techniques (BREF 96/61/EC)
The best Available technique (BREF) catalogue ipiat effort of the trades to
generate a good engineering practice catalogumtiegrated pollution prevention and
control. Within this catalogue Biogas is mentioraada potential treatment method of
agricultural residue.

The following BREFs are currently in action in th&uropean Union and are
mentioning anaerobic digestion:

1.) Intensive Rearing of Pigs and Poultry (2003)

This BREF addresses all aspects of intensive fayrofrpigs and poultry. It describes
procedures for manure and slurry processing on @86 until 287. Anaerobic
treatment as a best practice is described on ifeand 253. Anaerobic digestion is
recommended by this BREF document in markets whegen energy is possible to
sell to the electricity grid. Also co-digestion ofher sources is mentioned to be of
importance.

2.) Slaughterhouse and Animal Byproduct Industrieg2005)

This BREF addresses al aspects of slaughterhowsatagms and proper treatment of
all animal based by-products not intended for huroansumption. It describes the
anaerobic digestion process briefly on page 88-80 an pages 355 until 358.
However it does not specify best available techesgua this document.
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Biomass Action Plan COM 2005/ 728 flnall from th®G TREN

The DG TREN of the European Commission has receanlyounced a substantial
Biomass Action plan whose content is summarisetarfollowing lines:

Energy is key in helping Europe achieve its objegi for growth, jobs and
sustainability. High oil prices put the spotlight Burope’s increasing dependency on
imported energy. The Union needs to respond styotagthis challenge. The central
importance of energy policy in helping Europe toetihe challenges of globalisation
was confirmed by the Union’s heads of state anc&egowent at the informal Hampton
Court summit in October 2005.

With this in mind, the Commission is carrying outuadamental review of its energy
policy. This will be the subject of a Green Paperspring 2006, with three main
objectives — competitiveness, sustainability anmigty of supply. Essential elements
of this policy are, within the context of stronggonomic growth, the need to reduce
energy demandl; increase reliance on renewabl@yseurces, given the potential to
produce them domestically and their sustainabildiersify energy sources; and
enhance international cooperation. These elemeats lelp Europe to reduce
dependence on energy imports, increase sustaiyadmd stimulate growth and jobs.
Success requires a coherent management of thesetiob$, within appropriate
timetables. The process will include mechanisms irteolve Member States,
representatives of the European Parliament anétstédiers. It is in this wider context
of an integrated and coherent energy policy andyarticular, of the promotion of
renewable energy sources that the Commission septieg this action plan. It is just
one component of the measures needed to achiewabjbetives set out above — but
an important one, since biomass presently accdontabout half of the renewable
energy used in the EU.

In its 2004 communication on the share of renewahkergy in the European Union,
the European Commission committed itself to prodacebiomass action plan,
highlighting the need for a coordinated approachitmass policy that increased use
of renewable energy is essential for “environmeralatl competitiveness reasons,
while the European Parliament recently noted “thatnass has many advantages over
conventional energy sources, as well as over sother aenewable energies, in
particular, relatively low costs, less dependence sbort-term weather changes,
promotion of regional economic structures and pmiowvi of alternative sources of
income for farmers”.

This action plan sets out measures to increasal¢hielopment of biomass energy
from wood, wastes and agricultural crops by creatmarket-based incentives to its
use and removing barriers to the development ofriheket. In this way Europe can
cut its dependence on fossil fuels, cut greenhages® emissions and stimulate
economic activity in rural areas. This action piaa first, coordinating step. It sets out
measures to promote biomass in heating, electraty transport, followed by cross-
cutting measures affecting biomass supply, finapeind research.

! http://ec.europa.eu/energy/res/biomass_action/qnaf2005_12_07_comm_biomass_action_plan_en.pdf
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1.3 Inventory of European Biogas potential in 1993996

Table 1 presents the status of animal manure, argaction of municipal waste and sewage
sludge in the 15 EU countries.

Table 1. The status of digestible biomass in th&WUXxountries.
e e
Population . [Sewag: waste
Total Total | o1 | (humans) | Total waste, 927 | sludge
remre | oye AU (1993)' | (40 | R |@990) - cgesi
(1993) | (1993) (1999 kg/eapita) | “iotal) o
mill. t | mill.t |mill. t| mill. t mill. t mill. t  'mill. t mill. t
Austria 25 8 32 7,7 3,5 1 2,3 0,8
Belgium 35 14 49 9,9 4,5 1,3 0,7 1
Denmark 22 22 44 51 2,3 0,7 13 0,5
Finland 14 3 17 | 5,1%* | 3,1%** 0,7 0,1 0,5
France 211 26 23¢ 56,5 25,5 7,6 C,6 5,7
Germany 167 51 21¢ 62,7 28,2 8,5 1,8 6,3
Greece 6 3 9 10 4,7 1,4 - 1
Ireland 66 3 69 3,5 1,6 0,5 0,6 0,4
| taly 80 15 95 57,6 25,9 7,8 3,4 58
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
Spain 53 37 89 38,9 17,5 5,3 10 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 5,7
Total EU : 887 237 |1.124| 3485 156,8 46,9 (22,32 35,04

These figures are estimated on background of fded from Denmark, Finland and 1
Netherlands

** 1994 data
**x 1996 data
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1.4 Estimated potential of energy production from bogas - year 2020 in Europe

Table 2 presents the estimated potential of enprggluced on biogas, considering biomass
data in the previous table and a minimum gas yYiéR5 Nn? biogas per ton biomass.

Table 2. Estimated potential of energy productiamf biogas - year 2020

Total biomass  Total energy fromTotal energy biogas

Mtonnes biogas TWhl/year PJ

' Austria | 36,1 | 6,1 | 22,0
' Belgium | 52,0 | 8,8 | 31,7
' Denmark | 52,5 | 8,9 | 32,0
' Finland | 18,5 | 3,1 | 11,3
'France | 251,9 | 42,7 | 153,7
' Germany | 234,6 | 39,8 | 143,2
' Greece | 11,4 | 1,9 | 7,0
' Ireland | 70,5 | 11,9 | 43,0
ltaly | 112,0 | 19,0 | 68,3
'Luxemburg | 2,08 | 0,4 | 1,3
'Netherlands | 80,8 | 13,7 | 49,3
' Portugal | 22,0 | 3,7 | 13,4
' Spain | 108,2 | 18,3 | 66,0
' Sweden | 26,3 | 4,4 | 16,0
'U. Kingdom | 155,4 | 26,3 | 94,8
Total EU : 1.234,3 209 753,0
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1.5 Number of biogas plants based on animal manur@ EU countries and biogas
production

The figures in the following table originate in Alett database, and shows the number of
plants and the biogas production. The table shdwvas Germany has the largest amount of
plants, dominated by small scale farm plants, whilenmark has the largest biogas

production of 1,05 PJ, originating manly from cgesting slurry with an average of 25

percent agro-industrial wastes, in large scaletp)ahe so called joint biogas plants. Sweden
has also a large biogas production, of about 0,4 PJ

Table 3 Number of biogas plants based on animal manurEUncountries and biog
production

Numb;;zl;sblogas Biogas production
' Austria | 23 | 1.410 | 32.900
' Denmark | 39 | 45.150 | 1.052.090
\ Germany | 500 \ - | -
' Greece | 2 | 0,001 | 33
'Netherlands | 3 | 1.960 | 45.630
ltaly | 70 | 6.880 | 160.250
' Norway | 4 | 0,620 | 14.450
' Portugal | 16 | 1.520 | 35.300
' Spain | 6 | 0,026 | 625
' Sweden | 12 | 19.430 | 452.700
Switzerland | 59 | 1.790 | 41.700
'U. Kingdom | 31 | = | =
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2. National Biogas Facts

2.1 Austria

State of the biogas sector in Austria in 1995/96 :

In the federal states Upper Austria and Lower Aadtiere are regions with excess of cattle
manure. The animal production sets free about PEOt@CH, every year. Regions with more
than 7 tons C14 per Knwill benefit from centralised biogas plants. Thatemtial of biogas
from agriculture is about 23 PJ, 78% based onecattinure and 18% on pig manure. Only
0,1 % of it is used in the year 1996.

There is no national programme for biogas in Aastn 1996, but the federal states, the
Ministry of Agriculture and the Ministry of Enviranent support the new plants, under
specific circumstances. The support differs betwiegleral states. Financial support of the
installation costs of biogas plants is given byefadl agricultural organisations and by the
"Osterreichsche Kommunalkredit Bank". The main Aast companies offering anaerobic
digestion plants for manure are: ENTEC Environméehg¢chnology GmbH, ESU
Energiesparunternehmen GmbH and VSP Anlagenbau.

The planning and building of biogas plants is stated by standardisation of the plants. This
is carried out with national and EU- support (ALTER- project: "Typenplane fir
Biogasanlagen™). Education and training coursestheroperators of the biogas plants are
starting to take place.

46 biogas plants, mainly farm scale, are operatingustria in 1997, most of them having
CHP-production (40-80% C4414-50 days retention time; 14-29 MJ/m3). Nongh&m are
connected to the gas grid. Co-digestion of manuth wther waste is not taking place in
Austria. One plant in Salzburg digests separatieceld biowaste, MSW and sewage sludge
in 1997. Centralised plants with a wider range wfable substrates are proven to be more
economic than farm scale plants, but subsidiehennvestment costs are necessary for both
of them. Anaerobic digestion and composting aren se® complementary technologies.
However, most of separate collected biowaste frow@ nunicipal collection system is
composted.

The driving force to integrate biogas in the energgctor will come from solving
environmental and energetic aspects. The targettavacrease the number of biogas plants
to 150 until year 2000.

The lack of public information about the environrtarbenefits of using biogas, together
with the economical reasons, were the main barnefsustria. Odour, emission problems as
well as legal problems are also limiting the depetent of biogas. The public acceptance of
biogas plants is very good in Austria, in oppositio waste incineration plants.
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State of the biogas sector in Austria in 1997/98

The biogas sector in Austria was expanding, as9®7110 farm scale biogas plants ( about
100 t/a) and 5 large scale biogas plants ( 3.0008bt/a) have been built. 15 more biogas
plants are expected to be taken into operation9®81 However, most of the separately
collected bio-waste, from the municipal collecticngomposted.

The main possibilities to increase the number afgas plants in Austria, are seen in
expanding the biogas technology in farm scale plaaventually connected to with co-
digestion of organic industrial waste and MSW.

The building of 11 landfill gas utilisation plantsll be finished in 1998 and 10 more plants
are in planning stage. In 17 landfill sites, thes g& just collected but not used to energy
production, for the time being.

The aim of the federal authorities is to instalfliéidnal landfill gas collection systems at the
existing landfill sites. The problem is to utililee collected gas, as the majority of the sites
are rather small and located in sparsely populateds.

Concerning financial incentives, there is no nalaupport for biogas plants in Austria, but
the federal States and the Ministry of Environmeapport the new plants under specific
circumstances. The target is to increase the nuofid@ogas plants from 67 to 150, until year
2000.

Research & development activity focuses on imprgwnti odour measures at biogas plants,
by using bio-filters, improving the purification @mtilisation of biogas and making available
the long distance gas supply systems for the pdrifiogas.

Development of energy crop digestion in Austria

Austrian Eco Electricity Act (2002)
Okostromgesetz BGBI. | Nr. 2002/149

450 - Inst. capacity Feed-in tariff

§ 300 (kW) (Ect./KWh)*

£

z 250 <100 16.5

o 100-500 145

g 100 500-1000 125

5 50 1 > 1,000 103

" 2003 ' 2004 ' 2005 ' *) 25 % reduction in case of co-digestion of
YEAR defined co-substrates; consent must be
m Number of plants @ Installed capacity achieved by end of 2004

Source R. Braun IEA task 37

The following figure shows the current inventoryBibgas plants in Austria.
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Source R. Braun IEA task 37

Further results of the country study is that Aastpossesses an extensive energy

digestion rate:

Investigation of “Energy Crop” - Digestion Status in
Austria by means of monitoring of a representative
sample of 41 biogas plants

23 % of existing biogas plants (2004)
43 % of biogas electricity supplied (2004)
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Source R. Braun IEA task 37

crop

Broken down to the different substrates utilisedthe biogas present in that country the

following picture can be generated:
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Source R. Braun IEA task 37

The hydraulic retention time and organic load ie ttational Austrian biogas plants can be
characterised the following way:

Source R. Braun IEA task 37

Page 14 of 33



The plant sizes and reactor volume distributiothefAustrian Biogas plants can be displayed
in the following manner:

Source R. Braun IEA task 37

In Austria the utilisation of the fuel energy isachcterised in the following way:

Source R. Braun IEA task 37
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The following methane yields are standards in AastBiogas plants:

Source R. Braun IEA task 37

An analysis for the currently displayed investmeosts of the Biogas plants in Austria was
graphically displayed in the following manner. liosved an extensive degradation of the
costs over the increase of the plant sizes.

Source R. Braun IEA task 37
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2.2 Denmark
State of the biogas sector in Denmark:

The concept of centralised biogas plants has beeelabed in Denmark since 1987. At
present 19 plants are operating, with capacitiegjing from 50 to 500 tonnes biomass /
feedstock per day. Approximately 80% manure, maasyslurry, is co-digested with 20%
organic wastes from abattoirs, other food industaied municipalities. A few plants co-digest
sewage sludge or the organic fraction of sourcense@d household waste, as well. The
resulting biogas is mainly used for combined heat power generation, and the digested
biomass is redistributed to a wide range of cragarans, as nutritionally defined fertiliser.

Since 2000, no new centralised biogas plants haee lestablished. 1 plant is however now
under construction.

All the plants received investments grants, randmogn 30-40% in the late 1980s to 20%
today. The aim is to continuously reduce the inwestt grants, as the technological and
economical improvements are achieved.

About 70 farm-scale biogas plants were built frod8Q up to now, most of them co-digesting
animal manure and small amounts of organic wast¢h&€e 58 is in operation today. New
actions concerning farm scale biogas plant devedspnirom 1995 up to 2000 resulted in
many plants being established; after 2002 howen@mnew plants has been established (due
to unfavourable economical conditions), except foplant now under construction at The
Danish Institute for Agricultural Sciences. Speciatgets are large scale pig farms in
Denmark with a high consumption of heat and power.

Besides the plants based on animal manure listexkeahere are 26 plants based on land fill
gas with an annual production of app. 24 miflgas. Furthermore 64 anaerobic digestion
plants are in operation at municipal waste watsatment plants.

Operational experience shows considerable impromenme the working economy of the
centralised biogas plants. Gas production has aseek primarily due to co-digestion of
manure and suitable organic wastes.

The focus is now on further economic improvemehtt will enable new plants to be built
without public investment grants. Operational aagi@l costs as low as DKK 50 per tonne
of feedstock are attainable. In addition, renewadlergy equivalent to 20-25 litres oil per
tonne is produced. This shows that centralised dsioglants can provide the link to a
recycling option, which is often cheaper than tiadal waste treatment and other
biotechnological treatment.

Biogas, as a renewable energy source, is exemmedDanish state taxes, whereas taxes are
paid for the energy produced on fossil fuels.

As mentioned above, very few biogas plants ard buDenmark at the moment. The
framework conditions have not been favourabletierlast couple of years. Prices for the
electricity produced are moderate, and there amgossibilities for grants for the establishing
of new plants. The potential for biogas productioenmark is estimated at 39 PJ (where
80% is represented by animal manure), of which ablyut 10% (3.7 PJ) presently is
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exploited. At the moment, there are however natigaligoals for the expansion of the
Danish biogas sector

There is no biogas grid in Denmark (except for lggals or single pipes made for a specific
biogas plant). The present feed in of electriaibnd biogas cogeneration to the grid amounts
to app. 150,000 MWh/year. The "electricity grid quanies" have to accept any feed in of
electricity from biogas

2.3 Finland
State of the biogas sector in the past in Finland:

There are 6.631 pig farms in Finland, totalling @pgmate 1,3 million pigs. The total amount
of manure is 14 million tonnes per year. The faaresreasonably small and located relatively
far from each other. There are no problems witheegxamanure and the costs of transport
would be very high in a centralised biogas platiagion. Biogas production is almost non-
existent because of the current legislation, tHatva cheaper ways to handle animal manure.
The common method of manure treatment is compasfisy) Stormossen biogas plant in
Vaasa, produces about 1,7 mill. Rifiogas per year (10.200 MWh) by processing MSW.
Some experimental farm scale biogas plants praugssiimal manure are operating as well.

There is no actual national program on biogas, thet association "Biogas Centre" is
promoting the use of biogas. The University of 3nenis doing some research about
anaerobic digestion. Feasibility studies concermsigblishment of new centralised to plants
are going on, but no decision has been made s&tgport on R&D and demonstrations
programmes can be obtained.

Organic waste is land filled and four of the sié@e now equipped for landfill gas collection.
The practice of landfill gas collection is expectedincrease in the near future, while the
development of co-digestion will be slower. In arde promote biogas development,
environmental aspects are to be taken into coretider

The main barriers for implementation of biogas tetbgies are: the current Finnish
legislation that allows cheaper ways of treatingnure, relatively low price level for
electricity and fuels compared with other Europeanntries and the high costs of biogas
caused by the relatively dispersed location offgrens. The public opinion is favourable to
landfill gas collection, while centralised wastediment in large plants is considered less
attractive, because of traffic and odour probleR@m scale biogas in systems will probably
develop.

Environmental legislation will be stricter in thetdire, and landfill will be avoided. Energy
production is allowed as a possible solution oftedsndling.

State of the biogas sector in the past in Finlaritié present (2004):

26 biogas plants in operation (5 of this are farast® based)
27,4 Million Nm? of biogas produced

23,3 Million Nm3 of biogas used

Average methane content 64,3%

30,6 GWh of electrical power produced

94,8 GWh of heat produced
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2,4 GWh of mechanical energy generated

The Finnish Biogas plants in graphical display vathrent data:

Source IEA task 37 Finish Country Report
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New developments in the Finish legal systems affgdBiogas as summarised by the IEA
task 37 country report:

Source IEA task 37 Finish Country Report

Page 20 of 33



2.4 Germany

Power generation from gaseous biomass has beettygegpanded in Germany in the last
few years, and has developed into its own indep&ndector within the fast growing
bioenergy industry. By the end of 2005, 2.700 bsoggstems were installed in Germany,
with an overall electrical capacity of 650 megawalthe German Biogas Association (FvB)
estimates that by the year 2020, this capacitydcgrdw to up to 9.500 megawatts.

Medium to large-scale biogas plant | Photo: Schniacgas AG

German industry is the world leader in the biogahihology sector. German businesses offer
a range spanning the entire value chain, from desygand building biogas systems to
operating and maintaining them. Many years of eepee in operation, in process biology
and in corresponding laboratory services guaraatecessful system operation. Technically
mature products are also available for storagetamikisystems, for specialised combined heat
and power plants and for biogas analysis technolwgfuture, biogas will also be used in the
fuel sector to substitute or supplement natural gas

The German Electricity Feed Act for renewable epexgurces is the most important market
opener and driving growth factor for this industBy the end of 2005, the German biogas
industry had invested around 650 million eurosystam building, and had created around
8.000 jobs. The German Biogas Association estimidugisby the year 2020, 85.000 people
could be working in this sector alone. Not onlyedity in the biogas industry has there been a
positive effect on job availability, but in the &etvalue chain, from agriculture and forestry
to system building and maintenance. Especiallyuiralrareas, crucial inspiration is being
given for the creation of sustainable structures.

Based on the fast developing domestic market, #w@n@n biogas industry’s export share is
also growing. German industry exports in this setdtalled around 27 million euros in 2004,
which corresponds to an export share of approximai@ percent. An increase of this share
to over 30 percent is forecast over the long term.

In Germany after careful estimates over 220.00énfand central biogas plants could be

realised purely with the input of farm waste. Thenauld be a capital investment of 50 to 80

billion DM (US$ 21,7-34,7 billion). Farmers couldra a subsidy free income and rural areas
cold be economically strengthened. It is estimdted small and medium sized businesses
and suppliers could create 130.000 new jobs irstioet and medium term.

Based on the existing figures of animal husband@ermany there are 16 mil. cattle, 26 mil.

pigs, 114 mil. poultry and about 4 mil. horses ahdep. Their excrements of 57.500 t organic
dry substance per day could be digested. Techyifraln an organisational and economical
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point of view over half of the excrements from faamimals could be used energetically in
farm or centralised biogas plants.

Unrecorded biogas potential In communities, in &age maintenance, in food processing
and canteens organic waste is produced to a resitent, which can't be easily disposed off
via the traditional ways of composting, dumping,nzal feeding or further processing.
Reasons are high environmental standards, fulfilaedes as well as the spreading of animal
diseases.

Biogas from waste of food processing and prepatimganic waste from the food processing
industry as well as left over food from canteensenseen as waste which had to be disposed
and rarely came into further processing. The enpaggntial of organic waste from industry
is difficult to estimate, because the digestibildf some substrates is not yet examined
enough. On the other hand the recycling paths &ulthe availability of the substrates can
change very quickly. Experts reckon, that the add amount for anaerobic digestion will
reach 25% in the long run on those kind of subessrat

Biogas from grass and green cuttings More and rtew@s and communities have to deal
with landscape- and road edge- maintenance. Tlss gad other organic cuttings have to be
composted with considerable effort. If the costs domposting raise over 100,- EUR/A,
anaerobic digestion in many cases can be the pedf@ption. For the reduction of food
surplus especially in Germany agricultural land besn taken out of production through EC-
regulations. On this area of land biomass suchrassgmaize, fodder beets and other energy
crops are already grown and used for energy pramuthrough anaerobic digestion; in the
year 2000 almost 200 operators in Germany havisedilthese crops for energy production.
The recycled slurry and the constant soil coverehavpositive influence on soil structure,
humus build up and plant growth. The biomass caprbduced in an organic nutrient cycle
without additional fertiliser. All together from ¢hknown potential 8,7 bil.fa of biogas
could be obtained. The energy could cover 3% oftiesent end use of stationary consumers
or the equivalent of 11% of the gas consumptioa@rmany. 86% of the technical biogas
potential can be obtained through agricultural nigavaste such as liquid and solid manure.
Out of the available possibilities of using grag®en cuttings and biomass as well as organic
waste from food processing and left over food adidl 3% of the present energy
consumption in Germany could be covered.

At present in Germany over 1.500 decentraliseddsqgants are contributing 2,3 % to the
total electricity production from renewable eneggitn the recent years the most farm scale
biogas plants were realised with the farmer adthieling owner and a biogas engineer as the
planner in co-operation with local craftsmen andricagfural traders. Industrially
manufactured components like slurry pumps and neamechnology are used as well as
normal steel or concrete storage tanks, which arebmed to a biogas plant with slight
modifications. The experiences of the last 15 yéange shown, that up until today the best
way to realise economically viable biogas plantstds support and co-ordinate the local
building activities together with the farmer or thiée owner through a biogas planner or a
specialised firm.

Each of these plants must be individually fittedhe farms operation and be compiled from
standardised components. To cut further costspugntaverage of 30% of the work can be
done by the building owner himself. Recently a Hart standardisation for on farm biogas
plants has been taken place, where farmers wilé téchnical skills can also produce biogas
through low cost turn key plants.
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Turn key plants are applied mostly in industriatl mommunal as well as in big agricultural
enterprises. These plants are digesting a big anafusnimal excretions and residues from
the food processing industry. In areas of a higlgés plant concentration, residues of high
energy value like animal fat from slaughterhoused #ood waste are becoming a rare
commodity and have to be transported from far ld fie

Now the German Biogas industry is in the staget®fbiggest upswing with over 150
companies offering systems and services arountettamology. The first companies offering
large scale biogas systems are already registerbe inew market at the stock exchange. The
reason for that is the recently passed Renewalseglriaw, where a fixed minimum price
of 0,102 EUR for electricity from farm biogas planip to 500 kW is available. Electricity
from biogas plants over 500 kW to 5 MW is fetchin92 EUR and from 5 MW to 20 MW
capacity 0,087 EUR. Landfill gas and sewer gaséhgsiaranteed minimum price of 0,076
EUR up to 500 kW and 0,066 EUR over that limit. Sinemuneration is guaranteed for a
duration of 20 years.

In Germany until the year 2003 30 Mio. DM are gesheach year, which would mean 600
average size agricultural biogas plants could bk éach year and by that time the number of
biogas installations would be almost 4 times ab ligin 1999. Also regional governments in
Germany and European neighbouring countries hawdti@hl subsidy programmes for
biogas plants.
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The current German market statistics in the ye@8620

Source P. Weiland IEA Tasks 37
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2.5 ltaly
State of the biogas sector in the past in Italy:

There are three regions in Italy (Emilia Romananbardia and Umbria), where the density
of manure is higher than the capacity for landsattion.

Five centralised biogas plants are built or unaerstruction in Italy, and more than 150 farm
scale plants. Approximately 50 of the farm scalenfd are still, operating. The number of
biogas plants has increased in the last two y&aes.and post treatment systems are under
development. The post treatment systems aim atnprovement of the AD by reducing the
dilution of waste.

There is no longer a program on biogas in Italy,the Electric Company of Italy is obliged
to buy the electricity produced from biogas, at@tB0% more than the electricity price for
end users.

The legal problems connected with the reutilisabbthe treated water is considered to be the
main barrier concerning biogas development. A megément of a recycling post treatment

program of the digested manure is needed. Cleaudmologies to post treatment of the

digestate, resulting in exp. clean water, organttiaorganic fractions, are to be integrated.

2.6 The Netherlands
State of the biogas sector in the past in the Niathes:

At present all centralised biogas plants for mardigestion are closed for financial reasons,
as a consequence of expensive processing and dréatsgn of biomass and low value of the
product. Among them was PROMEST B.V., in Helmor hational demonstrations plant
for pig manure digestion, with a designed capaait§00.000 tonnes. It started operating in
1990 with a to steps process, anaerobic digestiom i4.000 m digester, followed by
processing the digested manure to dry granules.

Around the year 1980 more than 30 farm-scale biggasts were installed. The high
operation costs and low fertiliser value of theediggd manure led to today's situation when
most of the plants are no longer in operation. a plants were built since then. Some
innovations in farm scale pig manure treatmentbeen made concerning volume reduction
(drying/de-watering) in which pig manure is dirgcdumped away, Nkis converted and
produces distilled water in a two steps processavavolume is reduced by 90% and NPK
fertiliser with high dry ash content is producecha&robic digestion is at present mainly used
for sludge treatment and for waste water cleanitarge scale plant for organic industrial
waste is operating in Breda and a number of pilabts are operating in Balk. Two large
scale AD-plants are planned to be installed at Bideand Grononge, as national demo-sites
for the digestion of the mechanically separatedaoiq fraction of MSW (municipal solid
wastes). Both initiatives are still very uncertafn implemented technology is the one
promoted by BIOCEL, consisting in a three steps@ss for treatment of solid wastes: pre-
processing, digesting (15 days , at 35°C) and prodaluation, implemented in Lelystad at
Heidemij, the first anaerobic digester for VGF (gtables/garden/fruit). National anaerobic
digestion - VGF measuring programmes were impleetkrat two locations Tilburg and
Lelystad aiming to examine the advantages of ADr seenposting, the current practice in the
Netherlands. Conclusions are expected to be drawanuary 1998.
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For many years, a discussion concerning a large staoduction of anaerobic technologies
for the treatment of the organic fraction of MSWsHaken place in the Netherlands. The
discussion is closed for the time being, and DAABe largest Dutch organisation of
companies offering AD systems has recently endealcélvities. The current choice made in
the Netherlands are in general not in favour of Adtutions. For the future of AD as a
treatment method for the organic fraction of MSWyill be relevant to find out whether AD
can offer an alternative for composting, by prodgddiogas and a better quality compost. AD
combined with mechanical separation of the orgdraction of MSW can have a major
impact on the Dutch waste infrastructure.

The main parameters affecting feasibility of biog&mnts are:

- The legislation concerning introducing mineralgtoi the soil is very strict in the
Netherlands. Value of digested manure is very low.

- The same legislation strictly prescribes the heglality of compost, and implies import
restrictions on bringing digested manure to theketar

- The main focus concerning manure policy is on @amia reduction (Ammonia Reduction
Plan-ARP. December 1995).

- Co-digestion of manure with other organic wastasot allowed.

- Values of biogas and heat are low in the Netinelda

The main barriers for introducing biogas based gynsystems in the Netherlands, that makes
the large scale transition to anaerobic digestechnologies unlikely within 5 years, are

assessed to be the already established infrasteuaiti aerobic composting of VGF
(vegetables/garden/fruit), completed in 1995-'9é @@ low price of natural gas.

The IEA task 37 sums the political situation fologas in the Netherlands in the following
manner

Source IEA Tasks 37 Country Report - The Nethedand
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2.7 Portugal
State of the biogas sector in the past in Portugal:

In Portugal there are regions with high concerdratof pig farms in Santarem, Leiria,

Montijo and Rio Maior. In these regions are opetd centralised biogas plants at
Lourinh.q, Rio Major and Leiria. About 60 farm seagllants are operating in the central and
the southern part of the country.

The centralised biogas plants operate with not veayisfactory results, due to an
inappropriate choice of treatment method. The mostmon used technologies are anaerobic
digestion with biogas production (plug-flow, upsianaerobic sludge blanket, conventional
digestion and anaerobic filter), activated sludgemposting treatment lines. Co-digestion of
manure and other substrates do not takes placeringal. The actual distribution of biogas
systems in each economical activity are shown énftilowing table. Actual distribution of
biogas systems, in each economical activity:

Table 4. Actual distribution of biogas systems a@cle econonaal activity in
Portugal.

Economical activity Installed systems
Pig-breeding 71

Poultry 8

Bovines 5
Milk-food 3
Distilleries 1

ETAR (Integrated systems in domestic

sludge treatment stations) 12

The national programme "Energia" supports the og@duction activities as part of the
renewable energy production. Further support ptejece promoted by public or private

entities. Workshops are a usual method to promaoté stimulate biogas production.

Environmental benefits as well as the possibilifythee initial investments amortisation, in

reduced periods of time (3 to 7 years), with theneeercialisation and/or use of the produced
energy, are underlined as the driving force togrdaee biogas in the energy sector.

The main problems are the insufficient incentivegh investment costs and low income. The
lack of monetary incentives affects the possileitof improving the technical knowledge and
results in a low quality of constructions and equémt, a low level of maintenance of the
existing plants and a deficient control and exploraof the systems.

There is optimism in Portugal about the future adghs, even though there is very little
public awareness about it. The public is awarehef problems concerning water effluent
pollution and everybody wish solutions to be foufidhat brings biogas in a favourable
position, as a possibility of non-pollution and egetic valorisation of drains built by
combined agricultural and food-industries and studgom domestic effluents' treatment
stations.
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2.8 Spain
State of the biogas sector in the past in Spain:

The importance of waste treatment is increasingirBnmental aims are the main driving
force. Currently, there is no activity in this arneaSpain. However, sizeable subsidies were
given ten years ago for constructing anaerobicdtiige plants.

There is also very little public awareness aboogas from anaerobic digestion. The efforts
in information dissemination will increase, as mogavironmental measures will be

implemented.
I
I

2.9 Sweden
State of the biogas sector in the past in Sweden:

Sweden has problems with inefficient utilisationnednure nutrients, resulting in leaching to
lakes and sea along the western coast. Part ohtitieents originates from pig manure. The
number and the production of the Swedish biogastplare shown in table 3.The potential
energy production is estimated to 3 TWh/year fa year 2005, and 5-6 TWh/year for the
year 2020.

Several actors are showing interest in anaerolgestion. Increased at-source separation of
MSW and industrial waste demands sustainable solsitior treatment of organic waste.
Stricter regulations for landfilling and the expatttintroduction of a landfill tax are also
anticipated to lead to the development of altemeatireatment methods for waste. The
agricultural sector have an interest of using #sdues from anaerobic digestion of crops and
clean organic waste, in order to return nutrieatéhe soil and to decrease the dependence on
mineral fertiliser.

Table 5. Biogas plants and production in SwedelP®6.

Type of biogas plant Amount of plants Ifl).r\?vc::;;:gr Prod;JcUon
Wastewater treatment plants 134 0,18 2,92
Landfill plants 59 0,43 1,55
Industrial waste treatment plants 8 0,09 0,32
Centralised biogas plants, co-digestion 4 0,0z 70,0
Farm scale plants 6 <0,01 < 0,04

Total : 211 1,36 4.9

A number of technologies, mainly regarding MSW andanic waste from industries, A
restaurants and households are put into practie@uké is a minor fraction of the substrate in
all cases. The technologies are mainly traditishadige in continuous reactors, combinations
of composting with limited biogas production anddéll gas collection. In 1997 NUTEK
intends to start a R&D programme regarding Enengymf waste, including anaerobic
digestion. Since 1993, NUTEK/Swedish Farmers Fotioddor Agricultural Research, are
jointly operating a development programme for bgo@@m crops. Research, development
and demonstrations efforts also concern landfik. gauring recent years, the interest in
building biogas plants has increased, aiming enexggply as much as environmental
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benefits. There is also a growing interest in usiegjdue from anaerobic digestion for soil
improvement. This implicates the digested matemast fulfil strict environmental demands,
such as sanitation, free of hazardous residuesUrtder this circumstances, the public
acceptance of biogas is generally good. The mauindrforce in Sweden are a combination
of several factors such as the restriction on usanglfill and the taxes on CO Additional

taxes on other emissions 2' NO,, ) would increasentarket value of biogas as motor fuel.
The main barriers for biogas development in Sweatenthe low value of electric power and
the abundance of woody fuels at low costs used district heating. The Swedish

Environmental Protection Agency have developed atioA Plan for Waste (Aug. 1996),

where more specific goals for waste managemensaggested, such as to ban landfill of
organic waste by the year 2005. This will most ljkencrease the interest for anaerobic
digestion and composting.

State of the art 1997-98 :

A new research programme, with funding of 10 MSE pear, will start in 1998, managed
by the Swedish National Energy Administration ( evhiis, from now one, replacing
NUTEK). The programme is motivated by the changesvaste management and waste
streams, and will focus on system analysis, chamgedlitions for waste incineration, and
production and utilisation of biogas from anaerobigestion and landfill gas. 10 pilot
projects are selected for the first phase of tleg@mme, 1998-99. 3 or 4 new installations
for anaerobic digestion are expected to be takem aperation in 1998. Biogas is used in
Sweden as vehicle fuel. Seven units for upgradimd féling of biogas are in operation at
present. the cost of upgrading biogas to vehict $tandards is between 0,15-0,2 SEK per
kwh.

More developed systems for at-source separatiohfadllitate material recovery but also
create cleaner fractions of waste for anaerobiegdign. A landfill tax will come into force,
which will create increased economic incentivesditrer forms of waste management.

2.10 United Kingdom
The main concentration of pig manure is in Yorkshifumberside and Suffolk areas.

At the present no centralised anaerobic digestiantg (CAD) are operational in UK, but 18
applications are included in the Non Fossil Fueligaition (NFFO) programme.

40 farm scale plants were built, but only 20 areerapional. Governments grants for
construction of manure storage capacities are aail

Considering the implemented technologies, the atu#=FO round (IV) allows up to 20%
(dry weight) food processing waste to supplemenicatural waste. Co-digestion of MSW
and agricultural waste is not tacking place, duewaste licence implications and to
implications for marketing the fibre and the digesimaterial.

Stimulation of AD has been principally through three mechanisms:
1. Extensive support of biogas projects for redeasnd development as well as
demonstrations. The renewable energy programmedwsed all sectors of the biogas

industry, including farm scale plants, landfill gagraction, AD of MSW and digestion
of industrial effluents.
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2. The NFFO has provided a premium electricity gtw schemes ranging from landfall
gas and digestion of source separated organicidraatf MSW to digestion of
agricultural and food processing wastes.

3. Increasing the costs of management disposalughrathe increased licensing
requirements on waste producers, landfill tax awdeased standards of landfill.

The value of energy from AD is low in comparisontb@ value of environmental benefits.
However, the energy contribution to the economidgsmance of the plant is necessary for
the system to be viable. Both aspects are considerbe needed environmental benefits and
energy sales. UK Government energy policy is taoarage renewable energy production to
1.500 MW, through NFFO and the renewable energgnarame.

The public reaction to AD is variable and depenfdprevious experience and the amount of
exposure to the technology.
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