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By Teodorita Al Seadi- PROBIOGAS coordinator
University of Southern Denmark, Esbjerg, Denmark

Ladies and gentlemen, dear colleagues and friemmd$ehalf of the organisers of the
European Biogas Workshop”The Future of Biogas iroge 11", | wish you all a warm
welcome.

As the title reveals, this is the third in a seésuropean workshops organised by the
University of Southern Denmark, in collaboratiorttwpartners from all over Europe.
The workshop is co-financed by the European Comamisghe Intelligent Energy
Europe Agency through the PROBIOGAS project. Fog tekason a part of the work-
shop sessions is dedicated to communicating thitsesf this project.

Large scale development of sustainable systemgrémtuction of renewable energy, to
replace the fossil fuels, is one of the greateatlehges of our time, in the battle of pre-
venting further environmental deterioration andnelte change, which we have no other
choice but to win. Renewable energy can be proddicad a variety of renewable
sources and by a multitude of concepts and techresolt is up to us today to inte-
grate, further optimise and adapt them to locabld@ains, resources and necessities.

The summit of the G8 countries, recently takingcplan Germany, ended with the con-
clusion that the C&emissions must be reduced by 50% by year 2050duatandatory
agreements were made in this direction. The newashéor it will occur in 2009, when
the climate summit in Copenhagen hopefully willnigrialong the long expected agree-
ments. The more aware the large public becomeghithesr their expectations are for
the politicians to take proper action. It is therefimportant that scientists make their
knowledge public and accessible to the large public

There is no doubt that biomass, in its many forisigne of the most important renew-
able resources of our planet. A resource that amtelean solar energy, captured
throughout the ingenious process of photosynth&kis.accomplishment of the goals of
the Kyoto protocol and the EU strategy for incregghe share of renewable energy in
the total energy consumption, give biogas from igestion of animal manure and di-

gestible bio-wastes an important role, as one efkidny technologies within the large

family of biomass based energy. Biogas is a soafaenewable energy and vehicle
fuel, providing benefits for the environment, tlaemers and the society as a whole. It
improves nutrient management and veterinary safedlyit is a cheap tool in controlling

greenhouse gas emissions.

The aim of the workshop is to provide an up-datéhefexisting knowledge, know how
and expertise in the area of biogas from anaerigiestion, to show successful exam-
ples of barriers breakdown and to look upon furtsteategies for the development of
biogas technologies in Europe.

I wish you all an inspiring and fruitful workshop@an enjoyable stay in Esbjerg.
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Anaerobic digestion of animal manure is a multitimmal concept, providing quantifi-
able environmental and economic benefits for agitics, food industries, energy sector
and the overall society and an effective tool idu@ng green house gas emissions. The
main objective of PROBIOGAS is to assess and giyathite environmental effects and
the economic and socio-economic potential of bidgam centralised co-digestion by
applying an assessment method and the knowledgergdtthroughout two decades of
research in Denmark. This is done in selected sashy regions of six European coun-
tries, where biogas technologies are not developbd. project is co-financed by EC
throughout the IEEA, the ALTENER Programme.

Over the last 30 years considerable progress wa mmaDenmark in developing cost

efficient biogas production systems. The process wvdiated by the oil crises in the

early 1970s, when a number of small-scale pilohtslavere built, processing animal

manure and other suitable biomass from a singla.f&ut it soon became clear that a
larger plant, collecting and processing manure fgaweral farms, had a significantly
improved performance and a range of advantagesaté.sThis way the centralised co-
digestion concept was born and its developmentimoed throughout the coming dec-
ades, with the support of governmental RD&D prograes.

In the beginning, the predominant interest in bgod@m anaerobic digestion was
driven by the production of renewable energy. Later as awareness about the envi-
ronmental impacts of livestock production and martandling increased and national
regulations in this field became significantly redive, animal farmers faced manda-
tory requirements of storage capacity for their oman restrictions concerning the
amounts, and the seasons for manure applicatideridser. They could get important
economic support from the government, to help tkemply with the new regulations,



but the support was conditioned of supplying thexmma to a co-digestion biogas plant.
This way, the Danish government created a favoarfdamework, where the farmers
became the driving force for the development ofjagfrom centralised co-digestion,
in the decade 1985-95.

Experience showed that centralised co-digestioridcptovide a wide range of eco-

nomic and environmental benefits, not only by pitiin of renewable electricity and

heat, but also by improved manure management, eedagtrient losses and emissions
of methane and nitrous oxide from storage and &pplication, reduced odours and in-
creased veterinary safety from animal manure agipdic. At the same time, it offers a

safe recycling of suitable organic by-products fragniculture and food industry.

Centralised co-digestion of animal manure in Dekmsartoday a mature technology,
economically sustainable and a cost efficient foolreducing the emissions of green
house gases (GHG) and environmental improvemeins. Was documented by the Re-
port no. 136Socio-economic analysis of centralised biogas glaptiblished by Danish
Research Institute of Food Economics in 2002. Rerfirst time, a range of external-
ities from biogas from anaerobic co-digestion wguantified and monetised, revealing
the environmental, economic and socio-economic fiterfer the society. This kind of
documentation is needed in many other EU countwbsre the biogas technologies are
not developed and it is essentially the backgrdonthe PROBIOGAS project work.

) T

Many biogas projects are abandoned at an earle saagthe potential investors and
promoters are often unaware of the business opptesi and the economic and envi-
ronmental benefits associated with biogas syst@ims.lack of awareness would not al-
low them to undertake the assessments requirededotiate appropriate agreements
and to obtain the necessary financing.

The experience from Denmark proves that biogas foemtralised co-digestion is a
multifunctional concept, providing quantifiable emnmental and economic benefits
for agriculture, industry, energy and the overaltisty, and could be an important tool
in controlling GHG emissions from agriculture aih@ twaste management. Quantifica-
tion of the potential environmental and socio-ecoiw effects of centralised co-

digestion in regions with environmental problemsssd by intensive agriculture and
no incentives for biogas production reveals theefitmthat could be achieved by im-
plementing this technology and highlights some irtgad non-technical barriers, which

must be removed in order to make biogas from ceslign a lucrative activity.

The work of the project is based on the resultthefresearch carried out in 2002 by a
team of Danish researchers, where environmentaleandomic costs and benefits of
the centralised biogas technology, derived advastagd drawbacks are quantified and
monetised using a welfare-economic methodology. mh&a objective of the project is
to assess these aspects for selected case stuokysragsix European countries, where
biogas technologies are not developed, and to iss¢e the obtained results to the
target groups and to the overall European level.
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The project activities and results are aimed teerawareness about biogas technolo-
gies, as a socio-economic and environmental beakfctivity that can contribute to
achieving national environmental targets.

The promoters of the project are:

University of Southern Denmark- Bioenergy Departtm&@enmark; Danish Research
Institute of Food Economics, Denmark; Risoe Natidreboratory, Denmark; Danish
Institute of Agricultural Sciences, Denmark; Dan&gricultural Advisory Centre, As-
sociation Solagro, France; University of Barcelo8pain; Centre for Renewable En-
ergy Sources, Greece; Methanogen Itd, Ireland;e8ldovem, the Netherlands and Ag-
ricultural Research Centre of Wallonia, Belgium.

The accomplishment of a biogas project is very darafed and involves a range of ac-
tors; physical persons, organisations, and autésrilt is important that all the involved
parts in a biogas project realise the potentiattieir specific interests and interact with
a variety of members of the target group: policykera, local authorities and munici-
palities, farmers and farmers’ associations, bicgeialists, energy and energy trade
companies, energy and environmental agencies,gomressing industries etc.

For the reasons mentioned before, a target grotysonle was formed for each case
study region, at the beginning of the project. Phaject team interacted with the spe-
cific target groups from the early stage of thejggband introductory workshops were
organised in each participant country. It was idezhthat the target group networks
should form the organisational structure, neceskarproject generation in the respec-
tive regions.

PROBIOGAS management diagram

SDU
/ Co-ordinator \

National Parthers Assessment
Core Group

|Sol|¢agr0|| CR_FS SNo;em U]; MOCECRJE—W«- /
e o e e e 2

Figure 1. Management diagram of PROBIOGAS

The role and the interests of the members of ttgetayroups are different from case to
case. In countries where removal of non-techniealiérs and legal changes are crucial
for the development of biogas, policy makers arengportant target group. Local and

regional authorities will be involved in the appabyrocess while energy trade compa-
nies will be interested in the new market oppotiasiof the renewable electricity and

heat. The energy agencies are those formulatingndtienal energy strategies, so it is
important that they understand the multifunctiomaiure of co-digestion and that it is a
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competitive tool in GHG reduction and environmentaprovement, while for food
processing industries co-digestion is an envirortaleand economical favourable way
of recycling of organic waste. Last but not ledlse farmers, suppliers of manure and
receivers of digested biomass, should be awareeofdsts and the benefits of the tech-
nology, for both their economy and the environment.

The selected case studies are represented by segithnintensive livestock production,
with a certain potential for biogas production amth no or very little developed bio-
gas technologies.

Some of the main criteria for selection of a regagra case study were:

Intensive animal breeding activity/ production afde amounts of animal ma-
nure and slurries

Environmental problems related to manure handling application (odours,

flies, eutrofication of rivers and of other wateweonments, uncontrolled emis-
sions, nutrients in the ground water etc.

Availability and accessibility of other types ofgéstible biomass (by-products
from food industries, farming, fishing etc.

Possibilities of CHP generation and of sealing gheduced energy (electricity
and heat)

Possibilities of using digested biomass as bidlifsest

Reasonable average transportation distance for maama slurry

Good road systems

Interested farmers

It was almost impossible to find areas that couldilfall the above, criteria. The most
important of them all was the existence and avditalof the biomass substrate (animal
manure, organic by-products of various origins) #mel need to find better ways for
their management and recycling

Based on the above criteria, following regions wsedected as case studies for the
PROBIOGAS project:

Ireland: North Kilkenny County

The Netherlands:Bladel, region De Kempen, North Brabant
Belgium: Province of Liege, Wallonia

France: West Aveyron, Midi-Pyrénées

Spain: Pla d’Urgell, Catalonia

Greece:Sparta, Tsikakis-Yiannopoulos pig farm

-

The region chosen for the Irish case study is ®tuaround Ballyragget, in North Kil-
kenny. This location is centrally situated withimetwhole of Southern Ireland, in a
sparsely populated area, crossed by two significetérways, Nore and Barrow. Most
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surface water has high, and some parts extremgly, hitrogen levels. There are now
some signs of increasing nitrogen levels in growater as well, originating from rural
communities sewage, much of which untreated, ama fagricultural runoff. Eutrophi-
cation caused by phosphate is also present in éweak.

Figure 2. Map of Ireland. Kilkenny County is marked by thd @rcle

The site is situated adjacent to a very large milkcessing plant (processing approx.
50% of Ireland’s milk production). The co-digestiplant could process all the sludge
and fatty waste produced by the factory. About 40ydand cattle farms in the area
could supply slurry, farmyard manure, silage effiiyeand other organic material. The
size of these farms varies from about 30 to 35€stiwck units. All are situated within 8
km of the proposed site.

The plant could process several types of non-farbstsates from the surrounding area.
However, due to current national rules concerninignal by-products, which prohibit
the use of fertilisers containing meat productbdaised on grassland, it was decided to
assume that the plant will only process matertzs$ ¢an be used on grassland.

60-70 farms could be involved with the co-digestyant, some of the crop farms util-
ising the digested biomass as bio-fertiliser. Thenuame required will be supplied by
about 5,700 LU of cattle. The time that these eatte housed varies from farm to farm,
age and type of stock, year and weather conditiSame animals may only be housed
for about 50 days, others 160 days. The systemently used to manage and store the
slurry will mean that manure can be supplied toglaat all year round.

It is expected that about 1.1 mill.>rof methane (1.7 million fhof biogas with 60%
methane content) will be produced each year. Ak6@t of the biogas produced could
be utilised in a CHP-unit on site, to supply pracesergy and the excess of electricity
will be sold to the national grid. Some of the l@egroduced will be used to replace
natural gas in the steam boilers of the factory.

The digested material will be used on both graskland arable land as a fertiliser

(about 80% as separated liquor and 20% as sepdiiated Some of the fibre fraction
will be sold as a base for horticultural compost.

13
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The case study is concentrated on a farm locatdilasana, which is a municipality of
Vilaplana, in the region of Pla d’'Urgell, withinghprovince of Lleida (see Figure 1).
This is a rather dry region with a low density oiabitants dedicated to agriculture and
farming.

This region, Pla d’Urgell, has around 320,000 migscentrated in 250 of farms, which
represent around 4% of the total livestock unit€atalonia. Vilasana, one of the mu-
nicipalities, with an area of 19,3 Krand 540 inhabitants, has 15 farms and 26,000 pig
livestock units. All the pig farms in the area puwod a total of 129,500 tonnes of slurry
per year, the cattle farms 30,000 tonnes per yiesgether with poultry manure and the
residues from food industry, the amount of digéstitiomass is 170,000 tonnes per
year.

It seems that a centralised co-digestion plantcchelp in reducing the cost treatment
for industrial wastes, potentially increase thdilieer value of manures and decrease
the GHG emissions due to manure storage. In addiiiegas would be produced which

could be transformed into electricity and heat.dtunately, heat could not be used for
district or industrial heating, because of theatises and the climate conditions. An-
other added benefit of centralised co-digestionldie the reduction of odours.

%+ % ! 1 %.

The chosen area in the Belgian case is locatederPtovince de Liege, one of the 5
provinces of the Walloon part of Belgium (Northeak¥Wallonia)

e caaly is marked by the

Figure 5. Walloon part of Belgium and its provinces.
red circle
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The chosen area is specialised in milk productiath wiore than 35,000 cows. Addi-
tionally, some large pigs and poultry farms are &sated in this area. 40 farms are in-
cluded in the case study: 20 in the Commune ofnggt and 20 in the commune of
Limbourg. The total agricultural area, where thenora is spread, is about 2,200 ha.
The main crops in this area are fodder crops saahase and grass. The following ta-
bles summarised the quantity of agricultural manwt@&ch can be collected among the
40 farms. The manure will not require processingteedigestion.

There are several potential users of the heat.r@tencial gains could be obtained by
the Green Certificates that the biogas unit codtd §he calculation of the number of
the Green Certificates is made by the Walloon Cossion for Energy.

Very few food processing industries are interested biogas project, as cost for pre-
sent waste treatment is not very high. A big patheir by-products are bought by the

farmers and used as animal feeds.

*1%1! %

The chosen region for the Greek case study istsduground Sparta, the capital city of
the prefecture oLaconia, in Peloponnesus regidnis situated in the north west of the
prefecture, to the east of the mount&migetosat an altitude of 210 m. The climate is
Mediterranean and the average yearly temperatud8Q while average yearly rainfall,
even present during summertime, is 817 mm. Becalue particularity of the climate
and the fertile territory, the economy is mostlif-seipported. The region's farming and
cattle rearing products are gathered and processad city's own industrial units.
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Figure 6. Map of Greece and of province of Peloponnese t&pahe case study area is

marked by the red circle

The risk of water pollution of both ground and s waters is quite high in the area,
because there are lots of agricultural activitied gelatives industries. The Prefecture of
Laconia has edited a document entitled “The waser for irrigation in Evrotas river”,

which defines the disposal limits of the treatedst@avater in the river of Evrotas that

surrounds the city of Sparta.
The digestible biomass in the region originatesnfithe agricultural sector as well as

from agro—food industries. The main categories are:
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Animal slurries and stomach contents
Animal fat and bones

Liquid wastes from dairy industry
Residues from citrus fruit processing

Residues from oil mills (primary and secondary pssing)

The possible site for the establishment of a cestign plant is the “Tsikakis —
Giannopoulos” enterprise, situated some 10 km fitoercity of Sparta and consisting of
a pig farm, a slaughterhouse and a meat factorg.pldn production of the farm is about
14,200 fattening pigs per year. The produced pigrgl(about 100 rhper day) is
treated in an aerobic treatment plant next to igefgrm. The slurry is collected in a
tank followed by mechanical screening for solidsasation. The wastewaters from the
slaughterhouse and the meat factory are also trdayethe same plant through a
Dissolved Air Floatation system (DAF). The sludgelwne collected by the DAF
system is about 1.5hper day.

Furthermore, the integrated farm structure with pigduction and slaughterhouse is
ideal for setting up biogas plants, because oklamounts of on-site available biomass
and high energy consumption in the particular @ant

The biogas plant could supply 100% of the eledtriand heat demand to the
farm/slaughter-house and export approx. 1,5 GWetraay/year to the grid. Addition-
ally, there are huge surpluses of heat that camabeformed to heating and cooling for
in-house use.

-2 %

The French case study is located in the “Pays dieRyie Occidental”, the west part of
the department of Aveyron, in région Midi-Pyrén€esuth-West of France).
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Figure 7. Map of France and of Aveyron region. The caseystuda is marked by the
red circle.

The manure production in West Aveyron is estimatedl mill. tonnes (160,000 tonnes
of dry solids), of which 2/3 arise from cow breeglemd 1/3 from swine.
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Many food industries are established near the mgies in a 20-30 km radius area.
Most of them are meat industries. The biogas ptajeald be a solution for 6,000 to
9,000 tonnes of wastes and by-products.

The centralised anaerobic co-digestion plant cdaddbuilt in the neighbourhood of
Montbazens and will process mainly swine and cétjled manure, some quantities of
solid cattle manure and several types of non-faastes from the surrounding area. The
plant will be supplied by 20-30 farmers, withinadius of about 10 km on the Mont-
bazens plateau. The area is delimited by Riveranot River Aveyron valleys, and the
hillsides are a difficulty for the transportatiohtbe manure out of the area.

The heat produced by the Combined Heat and PoweP)@®lant could be used by a
food-industry. The raw biogas will be carried bigiagas pipeline of about 13 km from
the plant to the food industry plant. The CHP w@liver electricity to the grid, and will
generate steam for the industry process. Distgatihg for 5,000 households in the city
of Capdenac Gare or Decazeville city are also demed, although the gas transmission
pipeline should be of 15 km.

In France, electricity from renewable sources iaght by the distribution companies,
such as EDF, at a tariff established by the governtrand for the West Aveyron is of
130-135 EUR/MWHh.

The digested material will be used on both grasskmd arable land as a fertiliser. To-
day, farmers use mineral nitrogen in addition t&@ raanure. Anaerobic digestion will
bring a positive nitrogen balance, so farmers cealkk on purchasing mineral nitrogen
and export the excess to arable crops. One key-othe acceptance of waste spread-
ing on farmlands. Farmers are very sensitive toqunaity of digestate: control of in-
coming wastes, analysis of digestate, fertilisintpe etc.

% . % 3/ %!

As Dutch case for the European PROBIOGAS projeett&@Novem chose an initiative
in the southern part of the Netherlands, regiorkKEmpen, in the community of Bladel
(South-West of Eindhoven). This region is charaseer as an intensive agricultural
area. The animal slurry production is of 2,6 nmidinnes per year, originating from pig,
cattle and from poultry farms.
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Figure 8. Map of the Netherlands and Noord Brabant. The sas#y area is marked by
the red circle

The chosen area has a surplus of approx. 255,00@&%$00f manure (cattle, pigs and
hens/broilers) annually (200,000 tonnes of cattié pig manure and 55,000 tonnes of
poultry manure) that needs to be exported to a#gions in the country. There are re-
strictions on applying organic waste on farm land.

The communities around Eindhoven started a pragedefine the possibilities of sus-
tainable energy supply in this region. The biomassed energy potential of the area is
estimated at 2.5 million GJ. This means that bé¢hauthorities (local and regional) and
the farmers can stimulate the initiative for lasgale digestion of manure.

41

The assessments of the six case study regions dralgsed the potential for biogas
from centralised co-digestion in the region anddgbenomic, environmental, and socio-
economic impact of building such a plant at thesemosite.

The project work was based on the interaction betvibe national partners, their target
group networks, and a core group of Danish experit® carried out the assessment
work. The activities carried out as well as theaoied results are and will be used to
raise awareness among farmers, decision and polakers, various biogas actors, and
the large public about the potential and benefitbiogas from co-digestion in the re-

spective regions.

The project is expected to have some long terncistielated to the impact on the spe-
cific target groups, who should act further for teenoval of the non technical barriers
and the establishment of a biogas plant.

Two categories are particularly targeted. The frs¢ represents the farmers and farm-
ers’ organisations, benefiting from improved coris for manure handling and utili-
sation, easier compliance with agricultural andiremmental requirements, and cost
savings in fertiliser purchase.
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The other category is represented by decision atdypmakers, who should develop
support schemes and operate changes in the legaédork in order to promote the
development of biogas from anaerobic digestion targe scale.

In conclusion, it is expected that the resultshaf project will be further disseminated,
analysed and discussed by the national partnerthendembers of the target groups, in
order to clarify the potential the incentives ahd barriers of each case and for each
target group.

It is also expected that the target groups wilhfdahe platform for the initiation of fu-
ture policy initiatives for the development of basgand that policy makers will subse-
quently initiate necessary legal changes to hefpreng the non-technical barriers. The
established target group networks will form theamrgational structure necessary for
initiating specific biogas projects in these region
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The PROBIOGAS project is an EIE/Altener projectfanded by the EU Commis-
sion. It is accomplished by 11 European partnen® dbjective of the project is to
stimulate heat and electricity production from l@egn EU countries. The aim is to
assess economic, agricultural, environmental amuiggnaspects of biogas produc-
tion by centralised co-digestion (CAD) in selectade study areas of six EU coun-
tries. The assessments clarify the incentivesrfgrslémentation of CAD systems in
those areas and help the identification and remafv@xisting non technical barriers.

/ n
co-digestion, biogas, combined heat and power génar(CHP).

During the 1980s and 1990s the centralised co-tiayeplant concept (CAD) was de-
veloped in Denmark. The concept was subject totanbal international interest, as the
technology turned out to be a multifunctional siolntto a number of problems in the
fields of energy, agriculture and environment. aty did CAD plants prove to be
technically viable, but in addition, at least un@anish conditions, also economically
profitable. In 2002 a group of Danish scientisteried out a study in which external
costs and benefits were quantified and monetisddrastuded by application of socio-
economic methods. For the first time all extermaditthat could be quantified were
taken into account. The study concluded that tblertelogy was both economically and
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socio-economically viable, and a favourable toolgimeen house gas reduction too.
Similar studies were much in demand in many othgpfean countries, but as calcula-
tions were carried out for Danish cost levels, tssoould not be transferred to the
situation of other countries with no further notiddis is why the idea of PROBIOGAS
developed; to model the performance of a CAD plagpothetically sited in livestock
intensive case study areas in six EU countries.

(!
The overall aim is to support the development adtled electricity production from
biogas in EU countries by increasing the awareabssit the CAD technology and its
potential in each case study, in order to encoudagesion makers and other biogas ac-
tors to remove existing barriers and to createdeafole frameworks for implementation
of CAD projects.

The project partnership consists of six nationatras, from EU countries where bio-
gas technologies need to be developed, and ofup groDanish biogas experts to carry
out the assessment work. In each partner courttey Nietherlands, Belgium, France,
Spain, Greece and Ireland, a livestock intensivse cdudy area was selected for as-
sessment and the necessary data collected by alapartners. For each case study, a
target group network (TGN) was established, inglgdiarmers, organisations, compa-
nies, authorities and other biogas players. The T&xhbers are the main target group
for dissemination of project results and may evalhyuorm a platform for the future
biogas project generation. They were actively imgdl in the project work from the
start, throughout the introductory workshops ansisésd national partners with data
collection.

The assessment work should calculate the econmomp-economic, and environ-
mental effects of building a CAD plant in the resjpee case study areas, highlighting
also the main incentives and barriers. The assegsnused the existing model tools,
developed in Denmark in 2002 [2], but are basetboal figures about the amount and
composition of manure and organic wastes, optionsrarketing heat and electricity,
prices, climate data, agricultural practice regagdnandling and utilisation of manure
and waste etc. Based on this, a model plant wasrdimmned, and the potential biogas
production estimated as well as costs and sabsspgortation, effects on nutrient utili-
sation and emissions of green house gases. The-scanomic part of the assessment,
showing the impact of CAD from the society’s ponfitview, was carried out as system
analysis in a difference analysis, in which a higetital situation with a CAD plant was
compared to a “business as usual’ situation, witlf@®AD. The assessments also ad-
dress non technical barriers for the implementabib6@AD and make recommendations
for their removal. Although, the main part of thes@ssments is based on the concrete
local premises and data, where possible and algjltd® calculation model was devel-
oped under Danish circumstances. For this reasenresults may not be regarded as
feasibility studies ready for decision, as this was the aim of this project. They must
be followed by detailed technical, economical, anghnisational planning before final
decisions are made.

The assessment work was concluded in six natissasament reports, to be primarily
disseminated to the TGN members as well as a Fissgéssment Report [1], concluding
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all of them.

3 Il

The centralised anaerobic digestion plant (CADa i&cility in which manure from a
number of farms and organic waste from food prangssdustries is co-digested under
anaerobic conditions to produce biogas (FigureThe digested substrate, frequently
denoted digestate, is returned to the farmers &hsked as fertiliser in crop production.
One possible option is to separate the digestébeairibre and a liquid fraction before
returning it to farmers. The produced biogas iduse electricity and heat production.
The electricity is sold to the grid, and the heatald to heat consumers in the area.

Animal manure Organic waste
* Farms *Industry
Q - Transportation
: system
Storage Bio@fg plant
facilities
treatment
‘ Combined
Separation of heat and
digestate power
production

Figure 1. The CAD concept

The project work involved six case studies:

The Netherlands Bladel, Region De Kempen, North Brabant
Belgium: Province of Liege, Wallonia

France: West Aveyron, Midi-Pyrénées

Ireland: North Kilkenny

Spain: Pla d’Urgell, Catalonia
Greece:Tsikakis-Yiannopoulos pig farm, Sparta

The assessments were carried out according tonfbemation collected and supplied
by the national partners. The size of the modeitplavas determined by the amount of
manure and organic wastes available. Table 1 shioevsinnual treatment capacity of
the plant that can be built in each case. The tslfabevs considerable differences in po-
tential plant size. The largest plant size coulceb®blished in the Dutch case, and the
smallest one in the Greek case. The daily treatrmegpeicity varies form 93 to 600 ton-
nes per day.
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Table 1.Treatment capacity and estimated energy production

NL B F IRL SP GR

Treatment cap. 1000 ton- 220 75 44 53 168 34
nes/year

Treatment capacity, tonnes/day 600 200 120 144 460 93

Biogas yield, mil M CHy/year 6,4 1,5 1,6 1,1 4.4 1
Biogas yield, M CHy/tonne 29 20 37 21 26 30
Electricity, 1000 MWh/year 23 7,9 5,9 4 16 3,7
Heat, 1000 MWh/year 34 79 7,5 4,6 23 52

The treatment capacity of the plant is determianthe potential of biogas production.
Thus the table also shows considerable differencésogas production. However, the
treatment capacity is by far not the only factdieeting the biogas production. The
quality of the supplied manure and waste, theicsigemethane potential, the dry mat-
ter content and the ratio of different substratéhiw the biomass mixture are influenc-
ing the biogas production. Highest methane yieldsewestimated in the French and
Greek cases, due to high ratio of organic wasteselst methane yields were calculated
for the Belgian and Irish cases, as waste appicaire highly restricted in these coun-
tries. The Netherlands has a particular situatrath highly restrictive legislation con-
cerning utilisation of organic wastes, but with wéiigh dry matter content in animal
manure which, combined with co-digestion of chickeanure, with a high methane po-
tential, gives a relatively high biogas potentihipugh no organic waste can be sup-
plied. The table also illustrates the estimatedipection of electricity and heat, which is
directly related with the level of biogas produatio

When manure is digested, a higher nutrient utibsatan be obtained from it, when

utilised as a fertiliser. The AD-mixture of orgam@stes brings additional nutrients in
accessible forms for the crops. Consequently, inyncases farmers would benefit from
increased fertiliser values, when joining a CAD. e other hand, in many cases farm-
ers already have a large surplus of manure thattiallowed to be utilised on the re-

spective farm area, and must be exported to odgeoms, according to national regula-
tions. In those cases, some of the benefits froereased fertiliser value will be ex-

ported together with the surplus of manure to ttog darmers, who receive the diges-
tate. These aspects are analysed in details fqglistgp of manure and receivers of di-
gestate in the national reports. Table 2 showse#tienated total economic savings in
mineral fertiliser purchase for involved farmers.
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Table 2. Total fertiliser savings, and cost savings in fiser purchase

NL B F IRL SP G

R

Saved tonne N 413 73 61 30 198*) 44%)
Saved tonne ®s 0 15 31 0 2%)  27%)
Saved tonne O 0 65 35 0 2%)  27%)

Total savings fertiliser, 1000 308 82 79 21 160*) 76%)
EUR/year

Average savings per hectare, 25 27 53 5 - -
EUR/year

*) Potential benefits as a result of the CAD, bot utilised

Table 2 shows that considerable cost savings magbkened by farmers if a CAD
plant is established. In most cases the largesfitemre found among receivers of sur-
plus manure. In the Spanish and Greek cases thrisus not redistributed and utilised.
For that reason large fertiliser values can nattilsed.

The economy of the farmers is affected by othen flegtiliser aspects. In all cases, ma-
nure has to be stored for some time in order toyope the application and utilisation.
When a CAD is involved, digested manure is aftedsastored as liquid manure (if not
separated), in most cases for six months or momuvke storage may increase the
costs, especially if the previous system was pédised on solid manure, which is nor-
mally cheaper to store. Also manure spreading astaffected, as often more manure
must be spread due to the waste supplied. Thet®may be balanced by increased fer-
tiliser values and higher nutrient utilisation. &y, in some cases the farmers face con-
siderable transportation costs, if they need tooexihe surplus of manure. In the as-
sessments these costs are supported by the CAtharidrmers benefit from cost sav-
ings for long distance transportation of their suspmanure. How participating farmers
are economically affected is showed in Table 3.

Table 3.Economic benefits for farmers (manure suppliers)ational 2005 prices,
1000 EUR/year
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1000 EUR/year NL B F IRL SP GR

Manure storage o -7 -7 -14 0 0
Manure spreading 16 -11 -1 -22 0 0
Fertiliser value *) 0 17 16 40 0 0
Long distance transportation 1054 22 0 0 0 0
Total cost savings 1070 21 8 4 0 0

*) Achieved by farmers in the local area. Poterfealiliser values for crop producing
farmers in other regions are not included in thlde

The assessments assumed that the behaviour redatitisation of digestate as fertil-
iser of the Spanish and Greek manure suppliersnwtlichange much, compared to the
situation without CAD. For that reason they are likely to benefit much from the
CAD with respect to fertiliser value and handlingneanure, and the potential benefits
mentioned in Table 2 will not be realised. In thteer cases the farmers will benefit
though to highly variable extent. In most casesas face increased costs in manure
storage and spreading because the systems switch dartly liquid/solid to entirely
liquid. In addition, a larger volume of manure hasbe spread, which increases the
spreading costs somewhat. However, this cost isereamore than balanced by im-
proved fertiliser value and cost savings in tramsposts when exporting surplus ma-
nure to other regions. This is especially truehie Dutch case, where it is assumed that
the CAD supports the long distance transport adctrgbution of surplus manure.

o ! 3

The dimensions of the CAD plant are determinedngyrteeded treatment capacity. In-
vestment costs, assessed on the basis of the pladés [2] are showed in Table 4.

Table 4.Investment costs mill EUR, 2005 national prices

Mill. EUR NL B F IRL SP GR
Capacity 600 200 120 144 460 93
tonne/day

Biogas plant 6,1 3,9 4,2 3,7 5,3 2,7
CHP facility 2,1 0,5 0,5 0,4 1,3 0,3
Total investment 8,2 4,4 4,7 4,1 6,6 3,0
costs

Total investment costs range from 3-8 mill. EUReTHrench case is relatively expen-
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sive due to the need, in this case, for a relatila@hg pipeline for transmission of bio-

gas.

The economic performance of the CAD depends not onlthe biogas yield, but also

of a number of key preconditions. Some of the mmogbrtant of these are presented in
Table 5.

Table 5.Important preconditions, national price level

NL B F IRL SP GR
Electricity price, 0,06 0,11 0,14 0,07 0,07 0,07
EUR/KWh
Heat Price, EUR/MWh 0 30 25 20 0 0
Treatment fees, 0 4.8 30 13 27 120
EUR/tonne

The importance of the mentioned parameters willuodo the following paragraphs.
The economic performance of the CAD system contamsss from manure transport to
and from the plant, storage of digested waste, andtsales of heat, electricity and
treatment fees resulting from the operation ofglamt. In the Irish case costs for post
separation are included. Costs and revenues frerhitgas production are presented as
a net result of the biogas plant in Table 6 bel®his table shows that four of the esti-
mates showed positive net results of the biogast piself. Where positive net results
could not be achieved (Netherlands and Irelan) due to very restrictive regulations
on waste application, low electricity prices, asgpecially in the Dutch case, no market
for the heat is found. This is also true for theaph and Greek cases. Only in two
situations transport and other costs could be ealer

Table 6. Economic performance of the CAD system, 1000 EU&/yaverage national
2005 prices

1000 EUR NL B F IRL SP GR
Capacity, tonnes/day 600 200 120 144 460 93
Transport -1540 -209 -133 -111 -595 -45
Waste storage 0 -19 -7 -22 -1 -0,1
Separation 0 0 0 -40 0 0
Net result biogas plant -24 88 486 -53 197 129
Profit -1564  -140 346  -226  -399 84

As mentioned, the Dutch case is disadvantaged diyigtve legislation regarding the
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organic waste supplied to the plant, low electyigtice, and no market for the heat. It
is an advantage of this case that the dry matteteat in manure is high, so in spite of
the mentioned disadvantages, the net result opldna is close to balance. The Dutch
case includes high transport costs, as it is asguhs the entire manure amount is af-
terwards transported a long distance, to areasienhés allowed to be used as a fertil-
iser.

The Belgian case is disadvantaged by a relativaly biogas production due to rela-
tively low waste supplies. On the other hand ifagoured by an attractive electricity
price, and a market for heat.

The French case seems to have almost optimal comglitrelatively ample waste sup-
plies, and a relatively high electricity price amdharket for the heat.

The lIrish case is disadvantaged by heavy restnistan waste supplies and a poor elec-
tricity price.

The Spanish case has a low electricity price, rai harket and needs higher amounts
of good quality organic waste. The Greek case h#soa low electricity price and no
heat market, but has ample organic waste supphés/ery high treatment fees, so the
CAD system turns out profitable in this case.

The mentioned disadvantages may be seen as nomdaicbarriers that must be re-

moved before an enlargement of plants is likeliat@ place. Several barriers are com-
mon to more than one of the case studies. Most rir@apbnon technical barriers were

found to be electricity prices at unattractive Isyeestrictions on waste supplies, lack
of heat markets, and legal, administrative barriangl lack of information. Non techni-

cal barriers are addressed in more detail in thiemeal reports.

% !

From table 6 and the explanations above it apgbatdive of the case studies have one
or several disadvantages that seriously affectgtbétability of the CAD system. In
fact, the potential of the analysed case studigsiited by the mentioned disadvantages
or barriers. Only the French case seems in marpects to have excellent precondi-
tions. Three important parameters should be acatsduthe French plant is favoured
by a relatively attractive electricity price, a ket for heat production, and the possibil-
ity to supply sufficient organic waste in ordergmduce enough energy to make the
CAD system profitable. Methane yields are high eeempared to existing Danish
plants. Sufficient waste gives significantly di#et business opportunities than if no
waste can be supplied, as methane production ik easre than doubled by waste
supplies of good quality. A heat market is alsoom@nt as approx. 50% of the energy
production is found in the form of heat. So givgrimal preconditions as in the French
case, the potential of a CAD system from both eooo@nd socio economic points of
view is:

The CAD system is profitable even when transpost<are included

It is very close to socio-economic break even

Farmers benefit economically

Reduced nitrate leakage of 15 tonnes N per year

GHG reduction of 186 kg C{eqv. per tonne input

Cost efficiency of GHG reduction of 26 EUR per terf@Q eqv.
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Only one parameter in disfavour of the French a¢adbe relatively small size of the
plant. By additional treatment capacity per ungatment costs are reduced and eco-
nomic performance further improved. On the otherdhahe system must be optimized
according to the possibilities to sell heat, precorganic waste and transport distances.
Table 7 attempts to explain the net result of tiegds plant by showing to what extent
each case has optimal conditions. In the evaluadanish preconditions are inserted

Optimal condition ++
Good conditions +
Poor conditions -

Table 7.Evaluation of key preconditions

DK NL B F IRL SP GR
Electricity price + - ++ ++ - - -
Heat market ++ - + + + - -
Waste allowed, use of di- ++ - + ++ - +/- ++
gestate
Administrative procedures, ++ - +- +- - - -
authorities helpful
Net result biogas plant -24 88 486 -53 197 129

The table indicates that the possibility to usdisigiht organic waste is the most impor-
tant parameter.

So what should be done?

Danish experience showed that establishment of @RIDts requires positive involve-

ment from a range of individuals, organisationsnpanies, local and national authori-
ties and the political system. It is crucial thag {olitical system provides a legislative
framework that allows CAD projects to be realisesdcept perhaps the missing heat
markets, all the above mentioned most importantidrarmay all be removed by na-
tional initiatives in each of the participating cdues. This could be done by changing
regulations, introducing green electricity bonusl amformation of farmers, companies
and authorities of the potential benefits from $leiety point of view that are provided

by the CAD technology, as illustrated in the assésgsults of the PROBIOGAS pro-

ject.

Electricity prices at unattractive level$he obtainable electricity prices in the Nether-
lands, Ireland, Spain and Greece are very low coadpbto Belgium and France, but
also to other European countries, where the nunidfeotogas plants are increasing. It
iIs recommended that a green electricity bonustisduced in the mentioned countries,
in order to encourage heat and electricity productiom biogas.
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Restrictions on waste applicatioimn The Netherlands and Ireland it is almost impossi
ble to supply organic waste to a CAD, due to reste legislation, which makes co-
digestion a rather impossible option. In Spain Bethium legislation on waste applica-
tion is also restrictive. It is necessary that $&gion on this issue becomes more per-
missive, similar to the Danish model, as organistegupply is crucial for the economy
of the plant, not least by boosting the methant yjroviding income from treatment
fees and increased fertiliser value. If handledoprly, co-digestion of suitable organic
wastes proved to be advantageous from many pofintgew, according to Danish ex-
perience.

Lack of heat marketdn the cases of The Netherlands, Spain and Greedeat mar-
kets are found, which is a serious problem, aggelpart on of the energy production
can not be utilised and the income related tonhoabe obtained. It is recommended to
encourage alternative ways of marketing the heainflustrial purposes for example. If
this is not an option, other than combined heate&adtricity production from the bio-
gas should be considered, for example in the Dua&de distribution throughout the
natural gas grid, and in other countries vehickt twuld be considered.

Legal, administrative barriers and informatiofhe realisation of a CAD plant is very
complex, and involves many individuals, companiad authorities, and will get in
touch with many fields of regulation. For this reasin countries where CAD plants are
not commonly known, it is recommended to give sjpeaiformation about the poten-
tials of the technology to relevant authoritiesstitutions, business branches and the
public.

In the Danish context the development was favobsethe fact that markets for the en-
ergy was provided. As mentioned, district heatisgvidespread in Denmark, and as
heat from biogas is not energy taxed heat may likagattractive prices for heat con-
sumers. Electricity market is provided by purchabkgations and a fixed subsidised
electricity price

Most possible organic waste recycling was for ldhg established Danish policy.

Landfilling of organic waste is not allowed, andsiais subject to heavy tax when in-
cinerated. Thereby the perfect incentive structigrereated to lead suitable waste
streams to be recycled via CAD plants. In fact thigery important from both a busi-

ness and a society point of view, and shows tharevleconomic and environmental
benefits go hand in hand renewable energy souregssucceed.

Farmers’ involvement in CAD projects is importaat the performance of the system.
Not only do they supply the raw manure, they alsceive the digested manure. It is
important that they understand and accept the itapoe of supplying manure of high
quality, which means fresh and with high dry matentent. Earlier, the motivation for
Danish farmers to join CAD projects was mainly #Hoxess to manure storage tanks
provided by the CAD-company, as they since 198t restorage capacity from 6-9
months. But in recent years the motivation haseasingly been directed to the distri-
bution of surplus manure, which is required if mantrom livestock production ex-
ceeds the land needed for spreading. So in factisbdarmers face a legislative push to
seek cost efficient solutions for their environnangroblems caused by manure from
livestock production. This is also the case formfars in some of the six case studies,
but apart from the Dutch farmers, it seems nostrae extent as Danish farmers.
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Most Danish CAD plants are organized as cooperstie cooperatives are widespread
in Danish agriculture, the type of organisationnsee a natural choice for organising
CAD plants in the Danish context. But it also metra farmers do not withdraw large
profits from the CAD companies. Their interests fanend in the externalities, the de-
rived cost savings in manure storage, transport sgondading, again coincident eco-
nomic and environmental benefits

It was a demonstration programme launched in 1B8Baccelerated the technology de-
velopment and enlargement of plants in Denmark. @keonstration programme
proved a good way to get started, which may alsthée&ase in the countries participat-
ing in the PROBIOGAS project. The Danish demongtraprogramme provided in-
vestment grants for new plants and funding for sppeesearch tasks. The demonstra-
tion programme was supported by a monitoring progna in which the gained experi-
ence was collected, analysed and communicatedrteefa, plant managers and owners,
companies, authorities and the political system.

) !

[1] Hjort-Gregersen K. et al. Promotion of Biogas Electricity and Heat Production in
EU countries. Economic and Environmental Benefit8imgas frem Centralised Co-
digestion (In progress) and 6 national reports

[2] Nielsen, L.H., Hjort-Gregersen, K., Thygesen, Ehristensen, J., 2002. Socio-
economic analysis of centralised Biogas Plantsth technical and corporate economic
analysis. In Danish: Samfundsgkonomiske analyséicafasfeellesanleeg - med tekni-
ske og selskabsgkonomiske baggrundsanalyser. Feg&oaomisk Institut, rapport nr.
136, 130 p.
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Environmental hazards related to animal manure gemant are greenhouse gas emis-
sion, ammonia emission, odor and nitrate leaching.

Green House Gases (GHG) can be efficiently redbggarocessing manure in a biogas
plant. There is a risk the anaerobic digestion ahuare will increase ammonia emission
during storage of fermented slurry but this risk ce mitigated by cheap and simple
covering the stored manure [1]. Ammonia emissi@mfrapplied slurry is not affected
by fermentation of the slurry [2]. Odour may be ueeld by biogas production espe-
cially if the biogas plant is properly build and iesion of gases from the plant reduced
with air filters etc. Leaching and erosion lossésitrogen and phosphorous can be re-
duced due to more efficient use of nitrogen in nmarand a better distribution and use
of manure plant nutrients.

In this project the objective is to assess thectlieéfects of the biogas treatment on en-
vironmental hazards related to livestock farminbe Tirect effect are primarily a re-
duction of the emission of the greenhouse gaseseribic digestion of animal manure
in a biogas plant has been shown to reduce metashenitrous oxide [3]. Further we
have developed algorithms that can be used glotmblgsess this effect.

A sensitivity analysis of the reduction in methamission as affected by treatment in
biogas digesters was carried out for pig productioBelgium and Spain. The analysis
shows the reduction in methane emission as affdoyadteraction of climate, manure
management and anaerobic digestion. The articte @issents the reduction in GHG
emission as affected by anaerobic digestion irsthe€ases from the countries involved
in this study i.e. Belgium, The Netherlands, IrelaGreece, Spain and France.

2

Methane emission from animal slurry systems iswtated using the dynamic models
of Sommer et al. (2004) [3]. In Europe, cattle pighk are either housed throughout the
year or housed during winter with summer grazingrily housing, excreta are mostly
stored for a period in house, a period before b&@ugsported to an outside storage tank
or heap, and then later applied to arable soiadcordance with this manure handling
system, the model contains housing, storage ameldadompartment. Calculations are
based on excretion of volatile solidd3d™), and manure management and storage time
is defined by information collected in the survay8elgium, the Netherlands, Ireland,
Greece, Spain and France.
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The model consider¥Sto be a main driving variable for greenhouse gasss&ons
from animal manure. Thus, GHmissions are related to the content of degrada8le
as modified by residence time and temperature énkid animal house and during out-
side storage.

F(T)=VS,” b~ exp(lnA- E* W/ RT))+VS, b, exp(InA- E" (L/RT)) (1)

In Eqg. (1),F is the emission rate (kg GH™), b; andb, are rate correcting factors (no
dimensions)A is the Arrhenius parameter (kg Gtdnné* VS hY), E the apparent acti-
vation energy (J md), R the gas constant (J'kmol™), andT the temperature (K). The
parameters used in the calculations are presentttiarticle of Sommer et al. (2004)

[3]

The model can not assess the methane emissionsidhmanure. Consequently, this
emission is calculated using the tier 2 model preeseby IPCC [4].

F =VSx Bpx MCF x 0.67 (2)

F is the annual emission kg y&aB, is the maximum methane production capacity
(0.24 n? kg VS for cattle) andVICF is the methane conversion factor typical for the
climate region. The involved countries are in tinedel considered to be in the agro
ecological region of Western Europe and MCF is 2%.

Air temperature is providing a very fine estimate $lurry temperature as shown in the
article of Hansen et al. (2006) [5]. Therefore, teeperature used to estimate £H

emission from slurry stored in house is relatethair temperature in the housing sys-
tems in the regions for which there is providedvégtdata about livestock and manure

management. Ambient air temperature is used tosaste temperature of outside
stored slurry. In the biogas plant the anaerobgestion will reduce the content of di-

gestible VS, and consequently the g#oduction during storage, which in most coun-
tries will be in outside storage tanks.

The NO model developed by Sgren O. Petersen [3] pretlibe NO production from
untreated slurry was an order of magnitude highan from anaerobic digested slurry.
The results of the model calculation is in accoogawith results from a laboratory
study where denitrification from untreated and dtgd slurry corresponded to, respec-
tively, 17% and 1.7% of TAN applied to soil [6]. iSheffect is due to reduction of di-
gestible VS in slurry when treated anaerobicallyhia biogas plant. In the field micro-
bial transformation of VS consumes oxygen, theeeohigh content of VS will reduce
oxygen content in the soil to which slurry is apgli The NO production takes place in
an environment with low content of oxygen; therefoeducing VS of slurry will reduce
N2O emission from the applied slurry. In this studi® reduction factor is used (Ta-
ble 1). This simple model is the best at preser@ndissessing the potential reduction of
N2O at regional scale. It is known that the emissudhbe affected by local conditions,
and studies are needed to achieve this information.
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Table 1 Factor for calculating the reduction i@l emission from animal slurry and
organic waste applied in the field, the biomassifpereated in biogas plants. Factors
are assessed using the information in the artile [

Biomas Reduction factor
kg NoO-N per kg Miomass
Cattle slurry 0.0039
Pig slurry 0.0048
Waste 0.0048

Sensitivity analysis Spain and Belgium

A Belgian and Spanish sensitivity analysis has legred. It is assumed that pigs ex-
crete 1 tonne VS per day on slats, slurry is stansedle for 14 days and the outside
stores is emptied in April. In Belgian the temparatin the pig houses is relatively con-
stant at 28C whereas in the Spanish pig production systemseimperature in the
houses varies and is high during summef@3and low at winter (&C). Outside the
slurry will be stored at temperatures from 1 f1¢n the Belgian sensitivity test and in
the Spanish sensitivity test at 2 t0°27 In consequence to the higher temperatures
methane emission from untreated pig slurry is higiéhe Spanish scenario than in the
Belgian scenario (Figure 1 A & B). The effect ofrfeentation reducing VS in the stored
slurry stored outside is higher in Spain than ingien (Fig. 1 A & B), because the
higher temperatures in Spain will give a higherhmae production potential of the di-
gested slurry VS compared to the situation in Betgi

The effect of daily flushing the slurry out of theg house was assessed in the Spanish
scenario. It is seen that removing the slurry frarwarmer environment in house to a
colder outside is reducing the methane emissiogu(gil C solid line). The model cal-
culation also show that combining frequent emptytimg slurry channels in house and
anaerobic digestion of the pig slurry in a biogénpwill give a large reduction in
methane emission.

Figure 1. Sensitivity analysis of the methane emission &ectdd by treating pig slurry
in an Anaerobic digester before storing the slurrgutside stores. Each day 1 tonne VS
is deposited in the slurry channels in the pig oA$ climatic conditions as in the Bel-
gian andB) climate in the Spanish case are chose, In balysis the slurry channels in
the house are emptied twice a month and outsideysstore in April. InC) climatic
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conditions are as in the Spanish case, slurry aarane emptied every day and outside
slurry store are emptied in April.

Case studies from the six countries involved irsthdy

Anaerobic digestions of solid manures have no effecthe emission of methane or
may even increase the emission. The solid manatarthhe traditional system is stored
aerobically with a low emission of methane willeaftreatment in the centralised biogas
plants (CAD) be stored anaerobically with a highetential for methane emission, be-
cause the digesters are feed with liquid feedstnéf the solid is mixed into the liquid.
In consequence, the emission of methane will irsraespite the reduction in digesti-
ble volatile solids in the manure. Thus, in thedsah and the Irish case the digestion of
solid manure from dairy and beef cattle and hois@screasing methane emission (Fig.
2).

In the case from The Netherlands a very high amotipig and cattle slurry was treated
in the CAD, a scenario giving a high reduction iH& emission (Fig. 2). In the Belgian
and Irish case the amount of slurry treated waively low; therefore the reduction in
methane emission is lower than in the Dutch caséhd Irish case the cattle is grassing
during the summer period and no manure is storedglthis period, thus, in the period
with high temperatures no slurry is stored in algsstores and methane emission from
stored liquid manure is low. In consequence anaemibestion will not reduce meth-
ane emission significantly.

There is no assessment of the effect of feedingtfa@robic digester with poultry ma-
nure. No reliable factor for calculating methand aitrous oxide emission from stored
chicken manure could be found in literature anclawation of the effect of digestion
would be very hypothetical.
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Figure 2. Reduction (positive) and increase (negative) simis of nitrous oxide and
methane as affected by introducing anaerobic dagesh livestock manure manage-
ment in Belgium, The Netherlands and Ireland. Tinenge in GHG emissions are pre-
sented as Cfequivalents per year and the total effect is g\ the top of each bar
(CHy4 corresponds to 21 and,® to 310 CQ equivalents [7]). Note different scales on
the Y-axes in A) and in B).

Anaerobic digestion of liquid animal manure willgsificantly reduce nitrous oxide
emission from liquid manure applied in the fieldheTeffect of the treatment is large in
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the six cases presented in this study. Nitrouseoddda GHG with a high climate warm-
ing effect therefore when expressed as €4¥. the reduction is contributing about half
of the GHG reduction potential of the anaerobicedtgpn (Fig. 2&3), Greece is an ex-
ception, because of the relatively low nitrogenteahof the organic waste.
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Figure 3. Reduction (positive) and increase (negative) simis of nitrous oxide and
methane as affected by introducing anaerobic daesh livestock manure manage-
ment in Greece, Spain and France. The change in &hiSsions are presented as,CO
equivalents per year, and the total effect is gjva the top of each bar (GHorre-
sponds to 21 and® to 310 CQ equivalents [7]).

In the Greek case manure from sow houses are sepdrg scraping the solids to a
solid manure store and the liquid is transferre@d tagoon. The slurry from the other

pig houses is separated in a liquid and solid ivacbutside the animal house, the solid
fraction is stored in the solid manure store ara lthuid in the lagoon. Treating the

solid manure and solid separation products in @e@bic digester will increase meth-
ane emission. Of the three Mediterranean counByesn with the highest production of

liquid manure show the largest reduction in GHG gasssion as affected by anaerobic
digestion. In France the cattle manure is managetkap litter or solid manure, and as
mentioned anaerobic digestion of this manure igediicing methane emission.

The Spanish and Dutch cases have the largest r@dluot GHG emission due to an-
aerobic digestion of large amounts of animal slumrthe Biogas Plant. In the Irish case
GHG gas emission from untreated animal manurevis & a consequence of a low
GHG emission from untreated manure. In the cases Belgium, Ireland and France
anaerobic digestion of solid manure or solid sapargoroducts cause an increase in
GHG emission from these products. Except for theetércase the anaerobic digestion
reduces nitrous oxide emission from field applirarg significantly. A scenario analy-
sis is indicating that the effect of combining amdéc digestion of liquid manure with
anaerobic digestion will reduce methane emissignifscantly

) !
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PROBIOGAS is an EIE/Altener project co-funded by the EU Cassion. The project
is carried out by 11 European partners in collatbmna and the project objective is to
stimulate the utilization of centralized biogasdigestion technology in EU countries
as basis for heat and power generation. The aito mssess economic, agricultural,
environmental and energy aspects of biogas pramudiiased on the concept of
centralized co-digestion (CAD). Case studies comprsix selected areas and EU
countries are carried out. The present paper surpesathe PROBIOGAS main socio-
economic results which include quantification andnetization of external aspects.
Main focus in this presentation is given to theiachble green house gas (GHG)
reductions and reduction costs by utilizing cemeal co-digestion.

/ll

Biogas co-digestion plants, socio-economy, extéres] greenhouse gas emission
reduction, biogas, combined heat and power geoer&@HP).

The socio-economic analysis looks at the CAD sydtem the point of view of the so-
ciety at large. Therefore all consequences of tA® Gystem in any sector of society
should in theory be taken into account, - includex¢ernalities.

Conventional economic analyses and corporate imerst analyses of projects do not
take the so-called externalities into account (uese, 1975). Externalities, or external
effects, imply neither expenses nor income fordbmporate or private investor. How-
ever, a project may inflict burdens or contribuéeng for the society relative to the ref-
erence activity, which must be taken into accouhenvevaluating a project from the
point of view of the society. A socio-economic ays& looks at the project or activity
in question including externalities.

Biogas projects have implications not only for dggicultural sector, but also for the
industrial and energy sectors. For the environmaittgation of greenhouse gas (GHG)
emissions and eutrophication of ground water eiraportant external effects. In this
study, a considerable effort was put into the assest of these biogas scheme exter-
nalities.

! PROBIOGAS: Promotion of Biogas for Electricity and Heat Production in EU Countries -
Economic and Environmental Benefits of Biogas from Centralized Co-digestion.
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The present paper summarizes the PROBIOGAS main-sconomic results which in-
clude quantification and monetization of exterrgpects. Case studies covering six se-
lected areas and EU countries have been carriedRmgults on the annual socio-
economic costs and benefits for each case studgrasented, and furthermore the cal-
culated green house gas (GHG) reductions and rieducbsts for the six case studies
are presented.

(! L

The objective of the analysis is to estimate th@daseconomic feasibility of best prac-
tice centralized CAD technology via the assessméiihe technology applied in cases
covering six selected areas and EU countries. Eurtbre, for each of these very differ-
ent cases, the objective has been to estimate qossees for GHG emissions and to es-
timate GHG emission reduction costs associated wgihg this CAD technology.

The analysis is carried out as a difference pra@eetysis, in which an alternative activ-
ity is compared with its reference activity. Theigeeconomic evaluation of the alterna-
tive, the CAD system, relative to its referenceébmsiness as usual’ involves quantifica-
tion and monetization of impacts of the alternafieea number of reference activities
affected by the CAD system.

An analytical approach has been applied where dbm-sconomic calculations are dif-
ferentiated into levels, where each new level takssaccount still more of the external
effects related to the CAD system. Four levelsiactuded in the analysis, termed Re-
sult 0,1,2,3, where the base level do not includeraalities and the analysis at a higher
level includes all effects of lower levels, assttated in Table 1.
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Table 1 Socio-economic aspects included in the differeméls of the analysis

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
Security of energy supplies and political stability issues (R3)

Resource savings (energy and nutrients)
Global balance of trades
Increased road/infrastructure costs

Environment

Value of GHG reduction (CO,, CH4 and N,0) R2 R2
Other emissions (SO,, NOy,..)

Savings related to organic waste treatment and recycling R1 R1 R1
Value of reduced N-eutrophication of ground water: R2* R2*
Value of reduced obnoxious smells R3
Agriculture

Storage, handling and distribution of liquid manure: R1 R1 R1
Flexibility gains at farms

Value of improved manurial value (NPK) R1 R1 R1

Veterinary aspects

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

Other aspects
Employment effects
Working environment aspects, helth and comfort

* Data for the Danish case is used.

Only the aspects marked with ‘R* in Table 1 areetaknto account in the present case
studies. All remaining issues have not been quadtiand monetised for the analysis
due to lack of data for the case. Furthermorelishef aspects shown in Table 1 does of
course not exhaust the spectrum of consequencesxggrthalities that in principle ought
to be taken into account. However, patterns of eguences ‘upstream and downstream
of an activity are often very difficult to access)d generally a number of ‘cut offs’ in
the level of detail of the analysis have been done.

Results presented below are based on ‘Result 8hgstsons, - thus taking all quantified
externalities into account.

* e

The socio-economic analyses are based on a nurhigeneral assumptions. Important
in particular are assumptions made concerning éufuel prices, covering the period
analyzed 2006-2025. The fuel prices assumed amdbas forecasts from the Interna-
tional Energy Agency's (IEA) published in World Ege Outlook (Oct. 2004), and
modifications made by the Danish Energy Agency @d0r these to comply with the
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actual (historical) prices seen since publicatidatails about energy price forecasts are
found in the national reports.

Identical reinvestments are included when the teelhitifetime of an investment reach
below year 2025. Termination values of investmentseinvestments with lifetimes go-
ing beyond the time horizon 2025 are determinedamiuity calculation.

All prices in the socio-economic analysis are egpeel as so-called factor-prices that do
not include taxes, subsidies etc. A socio-econaatee of calculation of 6% p.a. is used,
and the analyses cover the period 2006-2025. Varesgiven in year 2005 prices.

3 !

The CAD plant is combined with a CHP-plant (Combiifdeat and Power) that utilizes
all the biogas produced. Energy output from thelifgcis electricity and heat in
amounts as shown ifable 2

Table 2 Treatment capacity and estimated energy production

F IRL SP GR B NL
Treatment capacity:
1000 ton /year 44 53 168 34 75 220
Treatment capacity:
ton /day 120 144 460 93 200 600
Biogas yield:
mil m3 CH4/y 1,6 1,1 4,4 1 15 6,4
Biogas yield:
m3 CH4/t 37 21 26 30 20 29
Electricity:
1000 MWhly 5,9 4 16 3,7 79* 23
Heat:
1000 MWhly 7,5 4,6 23 5,2 7,9 34

* Green certificates included — see Belgian natiogport for further explanation

The assumed socio economic sales prices for aliygtas levellized average covering
the period 2006-2025 is 34 €/ MWHexcl. CQ cost content). This is based on the
forecast Nordpool price development (Danish Enegkgshority, June 2006) minus an
estimated C@price element. The price of heat has been asswuoestant (in fixed
2005-prices) at a socio-economic price of 25€/Myyh

In three cases the plants are unable to sell kigeit production. This is the case for SP,
B and NL.

*o* !

The green house gas emissions substituted as ecmrszx|of introducing the CAD al-
ternative in each of the cases are quantified eilglias shown in Table 3 below.
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Table 3 Estimated green house gas reduction in each afabe studies
F IR F R B NL

Per day treatent capadity, tans 120 144 460 B 20 60
TonQ2 o QR eyv.
Bledricity sales FHB5 186 183 B0 172 1536
Heet sdles 2637 1207 0 0 20 0
NPK sUistitution 62 20 1909 453 % 3R
Transport fuel ) - 454 4 20 51
Total fromenergy substitution 6735 3340 1278 270 23 18787
CH4, TonC R eqv
Animdl merure 3% 6 263 840 29 738
Quoanicveste 630 183 106 1848 12 0
CHP plarnt, unburmt 38 2B UA X2 26 155
Total fromreduoed CHA envissans 532 78 1124 24P 15 5726
N2O, Ton O2 egy.
Marure and veste 839 M6 635 465 507 6737
Taa redudioninton O egv 8155 3/® 19767 5630 3B45 31220
Q2 redudtion, ton QC2 eguiton biamess 0186 0071 018 0166 0051 0142

Considerable differences are seen in the estiniat€SHG reduction among the plants.
This is partly due to differences in energy productin the Belgium and Ireland cases
relatively low methane production is obtained doighte quality of the waste supplied.
Waste admixture is not only important for the direconomic performance of the
scheme, but also for the biogas production and @Hission reduction, and thus also
indirectly for the socio economic performance. Rariore, high GHG emission reduc-
tion is found when manure systems in the referemeemainly liquid systems. How-
ever, when solid manure and deep litter not liqeeefn the reference are liquefied in the
alternative biogas situation, the afterwards sterajdegassed manure is more or less
anaerobic, causing an Glemission increase in comparison with traditiortatage of
solid manures. For these reasons the estimated @HiGtions are relatively lower in
the Belgian and Irish cases.

CO.eq emission reductions achieved are monetizedrviesimated (constant) market
value of CQ emission allowances covering the period 2006-202% estimated value
is 20EUR/ton CQeq.

An overview of the annual costs and benefits emgetine socio-economic calculation is
given inTable 4. All quantified and monetized consequences aviailédr the present
analysis are included in the overall socio-econamstlts shown iTable 4. More de-
tailed results are found in the national reports.
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Table 4. Annual socio-economic costs and benefits for tA® @lternatives, levellized
annuities.

F IRL SP GR B NL
Per day treatment capacity, tons 120 144 460 93 200 600
Methane yields, m3 CH4/ton biomass 37 21 26 30 20 29
Costs: 1,000,000 Euro /Year
Investments:
-Biogas plant 0.389 0.388 0.493 0.249 0.359 0.574
-CHP plant 0.049 0.038 0.109 0.025 0.044 0.185
Operation and maintenance
-Biogas production 0.284 0.285 0.413 0.180 0.278 0.566
-Vehicle fuel 0.013 0.004 0.061 0.006 0.027 0.071
-Transport costs (excl. fuel) 0.104 0.137 0.456 0.036 0.132 1.374
Sum 0839 0852 1532 0496 0840 2.770
Benefits: 1,000,000 Euro /Year
Energy production
-Electricity sales 0.190 0.136 0.479 0.126 0.355 0.785
-Heat sales 0.188 0.093 0.000 0.000 0.088 0.000
Agriculture
-Storage and handling of manure -0.014 -0.036 0.000 0.000 -0.025 -0.037
-Improved fertilizer value (NPK) 0.016 0.021 0.160 0.076 0.087 0.308
-Transport savings at farms 0.000 -0.027 0.000 0.004 -0.006 1.066
-Veterinary aspects (not quantified)
Industry
-Savings in organic waste treatment 0.182 0.235 0.104 0.278 0.062 0.000
Environment
-Value of green house gas reduction 0.165 0.096 0.399 0.114 0.078 0.631
-Value of reduced Nitrogen losses 0.051 0.038 0.166 0.037 0.061 0.347
-Value of reduced obnoxious odours 0.017 0.017 0.083 0.008 0.026 0.108
Sum 0795 0573 1391 0643 0.726 3.208
Socioeconomic surplus: -0.044 -0.279 -0.140 0.147 -0.114 0.438

It is seen fronirable 4 that two of the cases are found to be socio-ecanpmofitable
based on the assumptions given. The profitabilyeshds on results for a number of pa-
rameters, which may point in different directiotigys indicating that preconditions may
be further optimized. The Dutch case is found tohighly socio-economic feasible.
Reasons for that are that it is a very large plaking advantage of economies of scale,
and furthermore, that the manures supplied toplist have very high dry matter con-
tents, which gives a relatively high energy protuceven with no waste supplied.
Second most profitable scheme is the Greek casehvid@nefits largely from plenty of
waste. The French case is close to the break-edahgnd has in general good precon-
ditions, - but it is a relatively small plant. Ti8panish and Belgian cases are socio—
economic non-profitable based on the assumptiomerend respectively of about 10%
and 15% increased income (or cost reductions)eqqeined for these schemes to reach
socio-economic break-even. The lowest profitabilgyfound in the Irish case, mainly
because energy production is low due to the réisine on waste supplies.

There are large potentials for increasing fertrlizalues, and cost savings for farmers,
and results would improve if all heat produced waiszed.
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Results from the socio-economic case studies mayeiumore be expressed via the
key-numberGHG-reduction costTheGHG-reduction cosis calculated as the GHG
reduction price necessary for the CAD project tcdmee socio-economic break-even.
For this analysis, of course, income elements fiteenGHG reduction achieved must
not enter the calculation. On this basis the keyloer can be calculated as shown in
Table 5.

Table 5Break-even Green House Gas (GHG) reduction costs
F IRL SP GR B NL
Per day treatment capacity, tons/day 120 144 460 93 200 600

Euro / ton CO2 eqv.
GHG reduction costs, €/ton CO ,eq 26 79 27 -6 50 6

As mentioned earlier the assumed market price of €@fission allowances throughout
the period 2006-2025 is 20 €/ton &4Q.

+0 01

Two out of six cases are found to be highly socor@mic attractive when externalities
are taken into account. Another three plants argecto break-even, and these could be-
come attractive for society at large if existingitechnical barriers were removed.

Lack of heat markets in some cases reduce the tatbenefits related heat sales, en-
ergy substitution and G&emission reduction. In general organic waste douties con-
siderable to the socio-economic benefits, and séwaises could improve results con-
siderable via additional input of waste. Furtherendrshould be emphasized, that a
number of externalities relevant for the socio-exunit analyses have not been quanti-
fied, as indicated in Table 1, and most of theseeapected to act in favour of CAD
schemes.
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By Gepa Porsche
Fachverband Biogas e.V.
Angerbrunnenstr. 12, 85356 Freising, Germany
E-mail: porsche@biogas.org

At present, the use of biogas makes very intensiggress in Germany on the basis of
the Renewable Energies Act (EEG). With an incredgbe installed electrical capacity
from 650 megawatt in 2005 to 1,100 megawatt, atirak-high was achieved in 2006.
Up to now, biogas is almost exclusively used fer gleneration of electricity and heat in
cogeneration units at the sites of the biogas plant

Latterly energy industry's interest in biogas tense, however, they want to turn biogas
into biomethane and feed it in available gas giialishis way, biogas is the only regen-
erative alternative to fossil natural gas to cdmité to the safe and sustainable supply of
gas. Unlike other bio energy sources of the sedalkecond generation, biogas provides
a highest level of efficiency in use and technredibbility already now. What role bio-
gas will play in the medium and long term, dependsthe political and economic
framework conditions.

) " !
The sustainable growth of the biogas sector in Gagmwas initiated by the Renewable
Energy Law first passed in 2000. The Renewable dgneaw was and still is a success
due to following four core elements:

1. priority connection of installations for the gen@va of electricity from renew-
able energies (wind-, biogas-, water- and soldrlded electricity) to the gen-
eral electricity supply grids,
the priority purchase and transmission of thisteil@ty,

a consistent fee for this electricity paid by thig gpperators, generally for a 20-

year period, for commissioned installations,

4. nationwide equalisation of the electricity purclthsed the corresponding fees
paid.

w N

The EEG ensures the increased use of environmefi@ihdly renewable energies, not
through subsidies but through apportioning the oshe grid operators and energy
supply companies can pass on the difference irs dostelectricity from renewable en-

ergies to the final consumer.

The biogas relevant minimum fees are paid for gttt produced in plants with a ca-

pacity of up to and including 20 megawatts usinglesively biomass. Paid per kWh

the fees depend on the size of the installation @ndhe date of commissioning; the
later an installation begins operation, the lower tariff (annual degression). The tariff
in the year of commissioning is paid for anothery2ars.
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The original law in 2000 calculated the minimum &debiogas-electricity at Euro 0.10
/KWh for installations up to and including 500 kWsialled electric capacity. This as-
sumed that feedstock was free (e.g. liquid manara dairy farm or biomass waste).

Figure 1. Fees paid for electricity in 2000 produced in pdawith a capacity of up to
and including 20 megawatts using exclusively bisnascording to the Act on Grant-
ing Priority to Renewable Energy Sources (Renewghkrgy Sources Act) 29.3.2000
But as recent studies assume, Germany has theidacpotential to generate 72.2 bn.
kilowatt-hours (kWh) or 260 Peta Joule (PJ) heatrgy from biogas (BGW Biomass-
estudie 2006; FNR Biogasstudie 2006). The assumptiumderlying these figures are
conservative throughout. One third of this potdnidased on energy crops (Figure 2).
This essential part of Germany’s potential for ai®groduction, could not be exceeded.
The costs originated by production, harvest, trartspnd storage of energy cops were
simply not covered by the fees.

Figure 2. Distribution of biogas potential by class of samste (FNR Biogasstudie
2006),

(Manure = light blue, energy crops = dark blue,ustdial residues = dark red,
communal residues = grey)

This in mind the Renewable Energy Law in Germanyg wadified in 2004 with essen-
tial improvements for the biogas industry.
First of all another capacity step was integragmsmaller installations up to 150 kWel
get a higher minimum fee. But the most importandification was the foreseeing of
the additional costs for growing energy crops. 8orinimum fees increase by 6 cents
resp. 4 cents per kWh if all electricity is prodd@xclusively
1. from plants or parts of plants which have origidatem agricultural, silvicul-
tural or horticultural operations or during landsicg activities and which have
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not been treated or modified in any way other tftrharvesting, conservation

or use in the biomass plant,
. from manure within the meaning of Regulation (E®) IW74/2002

2
3. from vinasse
4. or a mixture of the substances listed above.

An overview of the price structure also considemmgther two bonuses - one for using
combined heat and power generation, one for inimaéchnologies, each increasing
the minimum fee by 2 Cent per kWh — gives Figur@lBbonuses are cumulative.

Figure 3. Fees paid for electricity in 2004 produced in pdawith a capacity of up to
and including 20 megawatts using exclusively biosrescording to the Act revising the
legislation on renewable energy sources in thetretéy sector 21.7.2004

How important the implementation of the so calleérgy crop bonus for the advance-
ment of biogas production in Germany was, showsatireial increase of biogas plants
since 2004 in comparison to the years before (Eigir

Figure 4. Annual increase of biogas plants in Germany suliecelevant legislation
— Development 1992 - 2006
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The obstacles for the continued positive develograEhiogas use can be grouped in
four categories: 1. the political framework, 2. tegal framework, 3. the energy indus-
try's framework, and 4. social acceptance:

1. Political framework

By adopting the Renewable Energy Act (EEG), then@er parliament sent a very clear
signal in favor of the further expansion of renelggtrimary products in Germany. The
act and, in particular, the regulations concerriimgobligation to provide access to the
grid and the pegging of compensation rates for&drg/ are very clear political signals.
The adoption of the EEG amendment in August 2004articular, under which the
biogas bonus was introduced, is the decisive stimmfdr the further expansion of bio-
gas use in Germany. Repeated fears in that passubatantial amendments might be
made to the EEG have fueled uncertainty in thestrguThe EEG act provides a solid
basis for the production of electricity from biogasd that basis should be strengthened
continuously until electricity from biogas can coetg@in the market. The positive effect
of the EEG is seen, in particular, when lookinghat problem of feeding of biogas in
gas networks. There are no clear provisions forctrenection to the network, convey-
ance of the gas or compensation. Despite the iatarisrest in feeding biogas in gas
networks by several parties, the projects are imptged only very reluctantly. It can
also be seen that biogas feeding is unproblematic where network operators or en-
ergy suppliers are party to the projects. The taof@lanning and implementing pro-
jects primarily under aspects of site factors Haarty not been obtained in the area of
gas feeding.

Here, questions of the political course in relatiodand use should be considered. On
the background of the necessary optimization ofl lase, politics should set a sign of
what optimized land use could look like. The présgiscussion of the future use of
BTL (biomass to liquid) fuel of which nobody knowshen and at what price it will be
available and which is fueled by the German autoraahdustry time in the first line,
creates uncertainty among political decision makeigis an example of a non-optimal
course. At present, no decision as to what fudlpaiver our cars in ten or 15 years can
be made. If there is an option which with high ae#feciency and good ecobalance is
available today, the question should be asked wighould wait for a vague option to
take shape?

2. Legal framework

The legal framework will take a summary look at sfiens of the approval procedure.

As biogas use is connected with a number of legesdsa the potential plant operator
must take many legal hurdles. Examples to mentiolude the approval under building

and emission prevention laws, waste and fertillaers as well as requirements under
water legislation. As the number of biogas plastasing, safety considerations are be-
coming important. Anyone with a daily exposurehiede issues feels that new require-
ments and problems relating to approval law crgpslmost every week. This devel-

opment can be explained with reference to the asing complexity of biogas technol-

ogy even if it is difficult to understand for sonmsowanting to build a biogas plant. In

some German states, the problems in relation vpinavals are resolved on the basis of
so called ,biogas manuals“ which are helpful to pm¢ential biogas operator and also
the approval authority to find their way througle flangle of requirements and encour-
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age the adoption of a uniform approach. An origarad important task of Fachverband
Biogas e.V. is, by its work, to contribute to thefidition of the legal framework in a
way that biogas projects can be implemented uredesonable conditions.

3. Energy industry framework

In addition to the political framework, legislatonged to define the energy industry's
course and the activities of the approval authesithust be geared to the changing gen-
eral conditions. Under the present global econaroinditions, the generally accepted
triangle of energy supply - supply security, ecogand environmental compatibility -
can only work if the energy industry structures acévely developed towards the de-
centralization of the energy supply. Regenerativergy production from biogas is al-
ways local. As regards electricity production, G has set a framework which fits
this decentralized structure. There is no such éwaark for gas feeding. The provisions
in the Energy Industry Act (EnWG) regulating thedeng of biomethane are absolutely
insufficient as regards network connection, connegaand accounting. Projects for the
feeding of biogas are implemented only if the nekwaperator is willing to cooperate
with the party feeding the gas. Investors from ioigtshe energy industry cannot be sure
of their investment. This situation is absoluteigcdntenting and counterproductive be-
cause good projects can generally be preventedibgt@ industry interests.

4. Social acceptance

Generally, biogas is still perceived as a positfair. The fact that the situation is
changing can be seen by the growing number ofnos@where resistance to concrete
biogas projects is mounted. Most reservations cloome the unsubstantiated fear of gas
and apprehensions of intense traffic, bad smetiaise. Plus there is the apprehension
concerning the growing of energy crops which agarded as intensive crops predomi-
nantly by environmental protection societies andiendne scapegoat for environmental
damage. The intensive discussion in 2007 of thendment of the EEG act will essen-
tially focus on the extent to which restrictions the growing of energy crops can be
included in the amended EEG. Initial position papesive been published by ecology
societies (demands by DVL, NABU 2006) and callddimitation of the area planted to
corn to maximum 50%, proof of provision of ecol@icompensatory areas and the
abandonment of fungicides and insecticides. Nostathding the result of this discus-
sion in connection with the EED amendment, the tme®f social acceptance will not
only be critical to the implementation of biogasjpcts, it will also have a strong influ-
ence on political decision-makers.

); y

To ensure that the potentials for biogas use caexp#ited in the medium term, the
framework for bioenergy use should be defined. d@dre requirements for the political
and social framework derive from the obstaclesutised above:

1. Clear political statements concerning the furtisgansion of biogas as a key
technology for the secure, economic and ecologicampatible supply of energy. The
accepted advantages of biogas in relation with aeféeiency, availability of technol-
ogy, ecological compatibility and regional valuettiad should be the basis for political
decisions on the encouragement of biogas use. &hieat message should be: ,Until
the foreseeable time when renewable energy frorgasias viable in the market, the
framework conditions will be such that investmensafe.”
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2. The conditions for the integration and compeaorabf biogas in available
networks should be clear and transparent on thmgbeaof the EEG. The core points
are a clear definition of the conditions for coniat and feeding, the costs of convey-
ance and storage and of regulations for the paywfecdmpensation for supplied bio-
methane. The possibilities of the local feedingenérgy provided under the EEF act
must also be initiated by the clear definitionmtkrfaces.

3. The biogas industry on its part must improveftamework for the safety and
quality of the construction and operation of biogéants. The relevant provisions by
the professional organizations and quality asswaystems should be such that acci-
dents and technical shortcomings are avoided. Blagrtators should have the possibil-
ity of acquiring technical qualification to ensuhe safe and efficient operation of plant
and equipment.

Biogas technology is a way of obtaining a univeesargy source from biomass. The
conversion process is efficient and state-of-theAsgsuming that, in the medium term,
framework conditions can be established which altbes biogas industry the optimal
use of an area of 2.2bn ha, about 17% of the Geweteatricity demand could be sup-
plied by the year 2020. Calculated on the basith®fEEG compensation rates, an in-
stalled electrical capacity of the order of 9,508gawatt could earn 11bn Euro from
electricity production. Of these earnings, a sulisdashare would go to the farming
sector. Given an export share of 30%, plant sateddvaccount for totally 7.6bn. Euro.
Alternatively, in view of the expected liberalizati of access to the available gas net-
work, biogas could supply 20% of the German gasatehor 35% of the traffic vol-
ume. If all EU member states and the accessionidaies were included in a strategy
of sustainable gas supply, biogas could make amiitapt contribution to securing the
long-term gas supply in the EU.

In the opinion of Fachverband Biogas e.V., the Bsgector will account for an impor-
tant part of the energy supply in Germany andBbeby the year 2020. German com-
panies will be the technology leaders in the priovi©of energy from biogas. The suc-
cessful implementation of systems for the localv®ion and supply of energy will be a
key competence for which there is a need espedialieveloping and threshold coun-
tries.

So the success of making biogas a firm constitpant of the agricultural production
systems is of critical importance to the induslmyGermany, biogas projects of all sizes
(50 — 5000 kilowatt installed electrical output)hether based on renewable primary
products or waste-fired, must be implemented taienghe local supply of electricity
and gas feeding, and under most different operatostellations. Only if we succeed in
adapting the projects to the widely varying sitadibons and provide relevant opti-
mized solutions, can biogas technology unfoldutsgotential.

) 1

BGW 2006: ,Analyse und Bewertung der Nutzungsmddieten von Biomasse®,
Studie im Auftrag des BGW und DVGW, 2006; www.bgev.d

FNR Biogasstudie 2006: ,Studie — Einspeisung voogBs in das Erdgasnetz”, Facha-
gentur Nachwachsende Rohstoffe (FNR), Gulzow, rstem Institut fir Energetik
und Umwelt in Leipzig; www.fnr.de
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Fachverband Biogas 2006: ,Biogas — Das Multitaféntdie Energiewende. Fakten im
Kontext der Energiepolitik-Debatte”, Broschire, Faerband Biogas e.V., Auflage
Marz 2006; www.biogas.org/ Downloads/Faktenbrosehur

Forderungen DVL, NABU 2006: ,Anforderungen an eiBEG Novelle im Bereich
Biogas aus der Sicht des Umwelt- und NaturschutZzestderungspapier aus dem Pro-
jekt ,Nachwachsende Rohstoffe — Qualifizierung lekaAkteure des Umwelt- und
Naturschutzes®, des Deutschen Verbandes fir Lafldgep(DVL) und Naturschutz-
bundes Deutschland (NABU), geférdert mit MittelnsdBundesumweltministeriums,
(http://niedersachsen.nabu.de/imperia/md/conteadérsachsen/3,pdf) Stand 12/12/06.
Stoffstromanalyse 2004: ,Okologisch optimierter Bas der Nutzung erneuerbarer
Energien in Deutschland? Forschungsvorhaben imragifies Bundesumweltministeri-
ums” (FKZ 901 41 803), Deutsches Zentrum fur Lufinrd Raumfahrt (DLR), Institut
fur Energie- und Umweltforschung (IFEU), Wuppettastitut fur Klima, Umwelt und
Energie, Marz 2004.
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BOKU - University of Natural Resources and Applig@ Sciences, Vienna, Depart-
ment for Agrobiotechnology, IFA-Tulln, Institute tenvironmental Biotechnology;
Konrad Lorenz Str. 20, A- 3430 Tulln, Austria,

Email: rudolf.braun@boku.ac.at

This paper reports on an ongoing investigation,iregnat the definition and measure-
ment of energetic, business economic, ecologicadi socio-economic parameters,
characterising the overall production chain of l®gystems and their performance.
The production chains studied range from the cafiibn and supply of energy crops
(including on-site transport and storage), to bio@sion (pre-treatment, digestion), on
to final biogas utilisation and use of the digestdh total about 250 parameters were
identified, allowing for an accurate, multi-dimemsal description and evaluation of

biogas recovery from energy crops. Parametersdeduallow for a detailed functional

description, and comprise measurable performancners as well as derived (cal-
culated) efficiency parameters. Based on the pfieettlist of parameters, detailed data
have been collected over the last two years frasetaof 40 full-scale and operational
Austrian biogas plants. The collected data have hsed to examine the productivity
of the plants by means of data envelopment ana{id?). The performance of each

plant, measured by multiple inputs and outputgommpared with the most productive
plants in the sample (best practice benchmarkiriggt results from the benchmarking

analysis show considerable differences in prodacedficiency, depending on the

choice of substrate, plant size, and operationaditions.

/ll

Anaerobic digestion, biogas from energy cropscefficy criteria, best practice bench-
marking, data envelopment analysis, DEA

Driven by the need to achieve ambitious politicadlg, such as the one under the Kyoto
Protocol (-13% greenhouse gas emissions by 2008&1&jve to 1990 levels) or the
Green Electricity Act 2002 (renewable electricibase of 78.1% by 2008), an effective
promotion of renewable energy technologies has hmesued in Austria in recent
years. In particular, feed-in tariffs between 10685 EUR Ct / kWh for ‘biogas’ elec-
tricity fed into the grid have led to a remarkabt®m in the construction of agricultural
biogas plants (Markard et al., 2005). As a consecgiethe number of plants rose from
110 at the end of 2003 to more than 200 by theoéiygar 2004 and to 350 by 2006 (as
a comparison: in Germany over 3,500 biogas plaetew operation at the same time).
Both in Austria and Germany, the majority of thargks use mainly energy crops (si-
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lage) for digestion. However, up to now the promwotof energy crop digestion was
hardly linked to efficiency criteria. As a resuleny different technologies and specific
applications occurred on the market, some of wkehe not very energy-efficient and
reliable.

Due to the attractive feed-in tariffs granted insé&ia that are guaranteed for a duration
of 13 years (BGBI, 2002) and 10 years from 2006 analw, anaerobic digestion of en-
ergy crops currently mainly aims at the generatibelectricity. As a consequence, re-
grettably, the heat energy produced in co-genaratiots remains largely unused. Even
worse, many plants use electricity for cooling msgs, in order to prevent adverse ef-
fects from self-heating of crop digesters. By timisans, in many cases up to two thirds
of the available technical energy potential remaimgsed.

Generally speaking, the production chain of bioggstems is fairly complex. Every

process step is associated with a potential losnefgy. A reduction of these energy
losses can contribute to a better economic andegiall performance of energy crop
digestion, enhancing overall efficiency. Optimisatipotentials can be found at nearly
every stage of the production process — startiog fthe cultivation and the supply of

energy crops, via bioconversion (digestion), ofirtal gas utilisation and use of the di-
gestate.

In 2004, IFA-Tulln initiated a monitoring- and bdmoarking project that includes a de-
tailed investigation of over 41 Austrian energyutigestion plants. The project also
aims at creating and establishing an evaluatiotesy$or the objective and transparent
assessment and benchmarking of the productivitgi@jas plants by means of ener-
getic, business economic, ecological and socio-@oam criteria, characterising the
overall production chain of biogas. Since anaerdigestion has the potential of reduc-
ing greenhouse gas emissions (Braschkat et al3)2@d important objective of the
project is to evaluate the environmental impacteuph the overall “crops to energy”
process. Finally, positive and negative socio-eaunampacts have been accounted for
to a limited extent by means of a questionnaireesuundertaken among plant opera-
tors (subjective valuation, supplemented by meé&deidata).

2 2

Selection of biogas plants and data acquisition
Data acquisition was performed on site by mearngedasonal interviews of plant opera-
tors. Representative samples were taken from thstisue, digester, fermentation resi-
dues, and the biogas. Representative cooling,tsafeport and appropriate storage was
scrutinised as well. Samples were analysed acapritinGerman Standard Methods
(Anon., 2000). The biogas plants investigated vearefully selected and cover the en-
tire spectrum of existing plant types and operationAustria. The installations consid-
ered are geographically distributed over all nihéhe Austrian provinces, ranging from
small-scale installations in alpine agriculturadjimns in Western Austria to the larger
scale operations and farm areas in Eastern Austaigge plants up to 1,672 k\of
electrical capacity were investigated as well ay genall installations down to 18 k\V
It was also tried to achieve a representative specbf the substrates applied. Both
single substrate (energy crops) installations, el & co-digestion plants (agricultural
by-products, industrial bio-wastes) have been aealy

Identification and definition of specigvaluation parameters
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In order to describe a biogas plant comprehensivelg necessary to collect specific
data on the process technology as well as on teeathumass flow, and on business
economic, environmental and socio-economic asp@etsameters identified cover the
areas (1) substrate provision, storage, pretredtni2nbiogas production (digestion);
(3) gas utilisation; and (4) digestate handling drgpposal. For the individual thematic
areas interfaces were defined, which allow foreachllocation of the parameters to the
thematic areas.

Parameter selection was discussed in a speciabspgmainly based on German ex-
perience gained in the monitoring of biogas plgwigiland, 2004). More than 250 spe-
cific variables could be derived, describing them biogas recovery process in full
detail. The parameters identified can be divided Bigroups: (1) general functional de-
scription, (2) measurable process conditions, @guable variables (Table 1). The
headlines listed in Table 1 under the topics ‘sabst, ‘digester’, ‘digestate’, and ‘bio-
gas’, in each case include numerous subheadingsgether more than 250 parameters
were applied for a comprehensive description ofplhats investigated.

Efficiency measurement of biogas plants by meabsat# Envelopment Analysis
For the overall performance assessment of the bipgats, Data Envelopment Analy-
sis (DEA) was used (Farrell, 1957; Charnes etlQi78, 1994; Seiford and Thrall, 1990;
Cooper et al., 2000). DEA is a widely applied n@mgmetric linear programming
method for comparative efficiency measurementlidines the determination of an “ef-
ficiency frontier” of production processes. In a@st to alternative parametric econo-
metric approaches, such as stochastic frontierysisaDEA does not assume any spe-
cific functional form, thus avoiding problems of ded misspecification. Moreover, it
allows for the inclusion of non-economic (e.g. @ammental impact, socio-economic)
variables in the assessment, as well as the useltiple inputs and outputs.

Apart from the identification of inefficiencies roduction, DEA also enables to de-
termine the scope for improvement of inefficienangs and/or to formulate precise
goals for efficiency improvements. In this respie method is also useful as a plan-
ning tool in technology management. It further wbofor the consideration of both
technical and economic efficiency (the former deally with technological characteris-
tics of production, while the latter also takes remmic variables — such as cost and
prices — into account). Finally, the analysis carfurther extended to also take into ac-
count environmental and social impacts of technplage. Note that these may be posi-
tive or negative, and thus have to be appropriditen into account with respect to
their impact on the ranking of a specific plant @ecision making unit’). The current
analysis aimed at defining and establishing charestic and to a large extent objec-
tively measurable input and output parametersareatble to comprehensively describe
the biogas plants studied. By this means a comparavaluation of the production ef-
ficiency of the biogas plants can be achievdu: detailed
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Table 1 Grouping of parameters applied for evaluatiothefbiogas plants investigated

General functional description | Measurable process condition$ Calculable variables

SUBSTRATE
Quiality / quantity coD' t/year
Transport TKN? NH4-N Costsl/year
Storage TS, VvSS
Pretreatment
Costs
DIGESTER
Startup T, Self heating Residence time
Investment costs pH, VFA’, Hydraulic loading
Subsidies COD, TS, VSS VSS degradation
Annual costs TKN, NH4-N Biogas yield
Process steps Process energy demand
Substrate dosage Sludge recirculation
Digester type
Digester equipment
Digester mixing
DIGESTATE
Storage type / cover pH, COD, TS, VSS t/ year

Treatment / Dewatering

VFA, TKN, NH4-N

Use CH,-formation
Hygienic status
BIOGAS
Gas holder CH,, H,S Calorific value
Upgrading Electrical efficiency

Quantity /utilisation

PERSONNEL EXPENDITURE

SALES REVENUES / OVERALL ECONOMICS

ECOLOGICAL-/ SOCIO-ECONOMIC PERFORMANCE

1 Chemical Oxygen DemandTotal Kjeldahl Nitrogen® Total Solids:* Volatile Suspended Solid3\/olatile Fatty

Acids
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Table 2 Performance figures of the technical monitoring aenchmarking

Parameter Unit Median min. max.
Amount of processed substrate subltratd 12.5 0.8 54.8
Hydraulic retention time MY/ (tsubstratdd) 139 49 483
Organic load (dry substance) g (m3Ry-d) 3.39 1.19 8.83
COD load kgoo/(m3zy-d) 5.09 2.03 13.29
Amount of VSS Jsdd 2.33 0.32 13.88
Biogas generation Nmgadd 1,461 232 8,876
Biogas productivity NMiogad(M3ky-d) 0.89 0.24 2.30
Carbon degradation % 81.34 67.15 97.09
Average biogas yield NmdgadKvss 0.673 0.423 1.018
Methane content in biogas % 53.01 49.01 67.01
o)
Use of heat (process heat and end % (rel. to total 28 9 0.0 87 6
use) output)
Electrical efficiency % 31.8 18.3 38.3
0
Degree of heat utilisation (end use) % (rel. to total 14.7 0.0 43.3
output)
Degree of utilisation of the energy % 46.9 275 80.2

contained in biogas (bl

RV: Reactor volume; K Net calorific value; VSS: Organic dry substance
Y Instead of average values the median was calculate

Information on the overall production chain and pmactical experience with biogas

plants was fed into a database and used as an fimpthe DEA. For the exemplary

analysis reported here, the parameters (1) persexpenditure, (2) yearly amount of

processed substrate and (3-5) annual yield of Biggawer and heat, respectively, were
used

) 3!

Collection of performance data from bisgdants
The consolidated results from data acquisition andlysis are given in Table 2. Al-
though just representing a minimum number of setbgiarameters, the broad range of
results obtained can be clearly recognised. Theuaimof substrate processed varied
beetween less than 1 t/d in the smallest instailatiup to 55 t/d in large plants. The
biogas productivity ranged from 0.24 to 2.3 m* d”. Correspondingly, the biogas
yield varied between 0.42 and £ &g* VSS. A similarly broad range of corresponding
results was found in the evaluation of the busimeEssmomic parameters. The electrical
efficiency was as low as 18% in the worst case)embwver 38% was achieved in well
operating installations. The degree of heat utiisaof about 15% (median) was gener-
ally low. Best performing plants could use morentd®% of heat, while many of the
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installations did not make any use of the wasté fieen power generation. Forteen in-
stallations produce 100 kW, 11 produce 500 kW apdo8uce 250 kW elctrical power.
Five were very small installations (50 kl\and three were bigger than 1 MW.

About 71 % of 59,000 t dry organic substance, ws®tlally in the 41 plants consid-
ered, origine from energy crops, 12 % from manune@ &7 % from other biogenic by-
products and wastes. With a share of 53 %, maig@rddes the crops used in digesters.
Togehther with corn cob mixture (22 %) and maizenc? %) the overall share of
maize amounts 77 %, followed by grass (9.4 %),ng(&i5 %) and several other crops
(sun flower, wheat, clover). Concerning manurespigminate (45.6 %), followed by
cattle- (36.6 %), chicken- (7.9 %), horse- (6.3&n)l turkey manure (3.6 %). Food left-
overs (20 %) dominate the co-substrates usedwetloby flour mill by-products (14.4
%), oil processing- (11.3 %), sugar beet-(10.8 potato- (7.4 %) and various other
wastes of minor quantity.

The majority of 99 plants considered runs 2-stgestiers (85 %), 12 % use 3-step-, the
remaining more than 3 digester steps. About 29 d%hefplants run at 42, 27 % at
40°C and 22 % at 3€. Just 10 % operate at’@Band 12 % at 3&. The most common
residence time is 100 days (32%), followed by 1&0sd24 %), 200 days (15 %). Any-
how, 10 % of the installations use 250 days an@ol®&en more than 250 days. Just 5
% use less than 50 days residence time. The mgutiganic loading amounts 4 kg
VSS m® d* (32 %), 5 kg in 22 % and 3 kg in 20 % of the 44np$ considered. Seven-
teen plants use loadings between 6-8 kg, and 1@adigs below 2 kg VSS frd™.

Efficiency measurement of biogas plants

An important part of the research project was eeldb measuring the relative produc-
tion efficiency of the biogas plants studied. ‘Ried& in this context means that per-
formance is measured relative to the plants withlibst performance contained in the
data sample. DEA allows to find the (hypothetidadntier curve of production effi-
ciency, determined by the most efficient plant&ecision making units’ (DMUS) con-
tained in the sample.

In the following, an exemplary efficiency rankingtput produced with the DEA soft-
ware ‘DEA-Solver’ is shown (Cooper et al., 2000)gute 1 depicts the result of a data
envelopment analysis undertaken with a CCRratdel specification for two inputs
(ODS, time spent on plant operation) and two owtfnét electr. prod, total heat prod.)
as an illustration. As can be seen, for a moddl dsgaumes constant returns to scale
(CRS; i.e. when all inputs are increased by a gpercentage output increases by the
same percentage), plants

> Named after Barnes, Goper and Rodes (1978), utput-oriented model specification (i.e. a modeitth
aims at maximising output(s) for the observed armadimny input(s), in contrast to input-orienteddno
els that aim at minimising inputs for producindestst the given output levels).
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Figure 1. Data Envelopment Analysis with a CCR-@odel specification (sample of
37 plants; inputs used: amount of organic dry srxs, time effort; outputs used: net
electricity production and total heat production)

2, 6, 18, 21 and 30 determine the efficiency frem{efficiency value of unity), while
plants 42, 35, and 5 show the worst performanaal @3 plants considered.

Further work is currently under way in which a widblattery of DEA model specifica-
tions is used against a comprehensive data set pfahts. The efficiency benchmark-
ing also takes into account cost, value limitatjossd the impact of certain environ-
mental and social sustainability indicators ondffeiency score (ranking).

An improved energetic, business economic, envirgrialeand socio-economic per-

formance of biogas plants can lead to a higheresegf acceptance of the biogas tech-
nology as a meaningful and sustainable future redtere heat and power production

system.

Based on the above-mentioned investigations, aansikte database was generated,
which forms the foundations for the developmena dfansparent evaluation system for
biogas plants that uses DEA as a pillar for beattme assessments. The evaluation
system represents a management tool for companitidalancing of assessment crite-
ria, studying sensitivities to parameter variatiang defining efficiency criteria and tar-
gets for the future biogas market.

With the help of DEA, adapted to the specific neefldiogas system assessments
(Madlener, 2005), productivity information is fedto a user-friendly best-practice

evaluation system suitable for practical use. Basethis evaluation system, both exist-
ing and planned biogas plants can be assessedsystamatic way, and appropriate

measures for further improvements of individualduation stages as well as system
optimisations derived. Experiences from best pcactiogas plants can avoid poor
technological development and technology implentetaa common phenomenon

observed during the early market introduction phafseew technologies.
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Biogas can be used as fuel in vehicles specialgptatl to methane gas. Before using
biogas as vehicles fuel cleaning and upgradindhefdas is needed meaning separation
of primarily hydrogen sulphide, water and carbooxdde. Biogas has been used as ve-
hicle fuel in large scale systems for buses anérotkhicles since 1996 in Sweden. To-
day there are over 30 upgrading plants in operatamin construction phase in the
country and during 2006 54 % of the gas deliveredehicles was biogas. Biogas as
vehicle fuel is given more and more interest wavide and last year both Germany
and Austria set up national targets of 20 % biogathe gas sold to vehicles.

! +|I

Biogas is a renewable fuel that can be used inrdresport sector and thereby replace
fossil fuels like petrol and diesel. Sweden ishia forefront in this area and the first pi-
lot plants for biogas upgrading to vehicle fuel waslt already in the early 90°s. In
1996 biogas started to be used in large scalemsgsfer buses and other vehicles, in for
instance in the town of Trollh&ttan [1]. Today #ere over 30 upgrading plants in op-
eration or in construction phase in the countrythimend of 2006, 11 500 vehicles used
gas as fuel in the country, 10 400 light duty vedac760 buses and 340 lorries. Biogas
stood for as much as 54 % of the total sales ot@ashicles, the rest being natural gas,
Figure 1. The sales of biogas to vehicles are asing every year. The increase of sales
2006 compared to 2005 was as much as 48 %. Incrsases of biogas and natural gas
for vehicles represent an increase of vehiclesfdimp stations each year, Figure 2.
Number of public and private filling stations amteoh to 95 by the end of 2006 in
Sweden [2].
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Delivered volumes of methane gas for vehicles

Volumes (Source: Swedish Gas Association)
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Figure 1. Sales of methane gas to vehicles in Sweden [2]

Number of vehicles and filling stations in Sweden
(Source: Swedish Gas Association)

14000 100
+ 90
12000 +
+ 80
10000 + 1 70
—a—Vehicles
o . [72)
® 8000 1+ —e— Filling stations 4 60 .E
2 150 §
g T (@]
= 6000 1 40 é
=
4000 + 1 30
+ 20
2000 +
+ 10
0 T T T T T T T { - - | 0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 2. Vehicles and filling stations for methane gas inefen [2]

In order to use biogas as vehicle fuel the gas&ede cleaned and upgraded to vehi-
cle fuel quality. This process is needed to avaidasion and mechanical wear and to
meet quality requirements of gas applications. Qeaforemost imply separation of
particles, water and hydrogen sulphide. Upgradiregms removal of carbon dioxide to
raise the calorific value of the gas, which incemathe driving distance for a specific
volume of gas. Cleaning and upgrading is done toagstandardised gas quality. In
1999 a standard for biogas as vehicle fuel wadbksti@d in Sweden, the main require-
ments in this standard is listed in Table 1.
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Table 1.Extract from Swedish standard for biogas as veliieé SS 15 54 38 [3]

Parameter Demand

Lower Wobbe-index, MJ/gi [43,9 — 47,3

Methane content, vol-% 97 + 2

Amount of water, mg/mt <32

Dew point,°C 5 °C below water pressure dew point at maximum

storage pressure during lowest monthly mean|day
temperature for current location

CO, + O + Ny, vol-% <5

O3, vol-% <1

Total sulphide, mg/pt < 23 (equivalent to approx. 16 pphtS)
Nitrogen compounds, mgirh | < 20 (excl. N) accounted as NH
Particles <1lmm

Biogas consists of about 30-40% carbon dioxide ctvimeans this is the most equip-

ment demanding, and thereby also the most costhpoaent to separate from the gas.
How carbon dioxide is separated also effect hovgdmois cleaned from water and hy-
drogen sulphide. For instance hydrogen sulphidebeaseparated already in the diges-
tion chamber, before carbon dioxide removal, indhdbon dioxide removal process, or
separated in the upgraded gas. Since hydrogenidelgha highly corrosive component

together with water it is usually good to separbées early possible in the process.

There are several commercial methods availablasdparation of carbon dioxide from
biogas. The most common method used in Swedensiation of carbon dioxide in
water at elevated pressure. The method is callgdrvgarubbing and can be out-lined
with or without regeneration of the water. The sgtamost common method in Sweden
is an adsorption process called, PSA, PressuregSfdsorption. Carbon dioxide is ad-
sorbed on activated carbon at elevated pressureedmased when the pressure is re-
duced down to vacuum. Absorption processes carbalsmtlined with organic solvents
and at one plant in Sweden polyethylene glycolhwitie trade name SeleRobr
GenosorfS has been used. Another organic solvent that ig isSEOOAB, a proprietary
amine scrubbing process, which can absorb carlmaddi at low pressure and is regen-
erated with heat. Biogas plants in operation oistoiction phase in Sweden are shown
by Table 2.

Table 2 Upgrading plants in Sweden, operation or consttaghase, 2007

Upgrading method Number of plants
Absorption, water scrubber, regeneration 15
Absorption, water scrubber, no regeneration 6
Adsorption, PSA 7

Absorption, COOAB 2

Absorption, Selexdl 1

The total cost for upgrading biogas is approx. @A-SEK per kWh cleaned gas. Ac-
cording to a evaluation of some Swedish plantstietricity need for upgrading biogas
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in a water scrubber or a PSA corresponds to ab@®@of the energy content in the
upgraded gas. [4]

All upgrading methods imply some loss of methanéhi process. Since methane is a
strong green house gas (GHG) with about 20 timesigeér GHG affect than carbon di-
oxide it is important to keep the methane losses There are also other strong reasons
to why emissions from upgrading plants should bet kew like safety, economy and
smell. For water scrubber and PSA suppliers haswtically guaranteed 2 % maxi-
mum methane losses in upgrading plants in Swedanthe COOAB process the sup-
plier claim less than 0.1 % methane losses siniseigha more selective process. The
Swedish Waste Management has now started a vojuag@eement to get a more struc-
tured way of following up on emissions from upgragiplants. So far almost all of the
co-digestion plants in Sweden has joined the systbioh means a thorough investiga-
tion of the plant every third year.

In the early 1990s the use of biogas as vehicleifuBweden was initiated by munici-
palities or companies owned by municipalities. Bi®@t sewage treatment plants was
seen as a resource since it's a locally produceewable fuel. Municipalities still play
an important roll for biogas as vehicle fuel sitlke majority of gas in Sweden comes
from sewage treatment plants or municipal wastellivagy companies and they often
take the investment decision of an upgrading plBnizate companies have now also
stepped into the arena. This is foremost in tha afeselling vehicle fuel and building
filling stations. But energy companies like E.ONs@and Gothenburg Energy have also
invested in upgrading plants and are actively wagkor more renewable gas.

Use of biogas and other renewable fuels in thesprar sector have and have had strong
government support in Sweden. One reason for ¢hikat the transport sector is the
sector which utilizes most oil in Sweden, the miyasf the electricity production in the
country comes from nuclear power and hydro elegower. Example of government
support are investment programs with up to 30 %stment support, zero tax on biofu-
els (only valuation tax), reduced income tax fompany car users, no congestion fees
in Stockholm etc.

When it comes to using new fuels there is a “hehegy” situation. Meaning it is diffi-
cult to sell vehicles when there are few fillingtstns and difficult to get good economy
for filling stations when there are few vehicleserel gas companies have played an im-
portant roll in Sweden in building fillings stati®@nd promoting the fuel. They see ve-
hicles as an alternative market for their prodBadgas and natural gas cost about 20-30
% less than petrol in Sweden. This is an imporégagtment for private costumers. The
knowledge of biogas among consumers is still ratber and a lot of information is
needed through different channels. Some areassfietially can concern new cos-
tumers are availability of filling stations, vehacfunctionality and long term overall
economy.

In building new biogas markets municipalities aghave had a great roll in Sweden

since they can affect public transport and makalloegulations to promote low emis-
sion gas buses in sensitive town areas. When hgilain upgrading plant it is important

62



to get a good base load and buses or for instaantage trucks are excellent for this. If
biogas can be injected into the gas grid (originalliilt to transport natural gas) this
also means that all of the gas from the biogast @am be used. The gas grid also works
as a back-up and biogas can reach new costumessvdden there is only natural gas in
the western part of the country and so far fougagoplants inject biogas into the grid.

There is a great potential to increase the prodoand use of biogas in Europe. Biogas
can after cleaning and upgrading be used in alieans that use natural gas. Renew-
able gas can also be produced from gasificatiowardd a subject which has reached
great interest the latest years. In Sweden, GotirgnBnergy is planning a 100 MW
gasification and methanisation plant. The plama the plant will be in operation 2012
and inject the renewable methane gas into the ras|[§]

In January 2007 the Institute for Energy and Emument in Leipzig, Germany, pre-
sented a study, where the potential to producewalle methane from biogas produc-
tion and gasification of wood was evaluated. Thectgsion was that the potential to
produce renewable gas in the 28 members (or comigigbers) in EU, plus Ukraine,
Belarus and the European part of Russia amound tauch as 500 milliard normal cu-
bic meter of methane gas 2020. This can be compar use of natural gas in EU 28
in 2005 which amounted to about this much [6].

Belief in biogas as vehicle fuel was shown in theser of 2006 when both Germany
and Austria set up national targets for biogasedscle fuel. The German target set up
by the German Gas Association was 10 % biogas turalagas used in the transport
sector 2010 and 20 % 2020. The target is basedranterm tax exemption on biogas
and reduced tax on natural gas. In Austria thegetavas set on 20 % biogas in natural
gas in the transport sector, also based on taxtieduon natural gas [7].

Biogas can be used as vehicle fuel, this has beanrsin Sweden since the beginning
of the 90’s, already in 1996 biogas was startdzbtased in large scale systems for buss
fleets. Biogas upgrading is a commercial and mateilenology, but it still has potential
to be further developed. Incentives are neede@t@ glevelopment of biogas as vehicle
fuel, such as tax exemption. In Sweden municigalitias played an important roll in
the development supported by government grantseTisea great potential to increase
the production and use of biogas in Europe andh#teral gas grid can be used for effi-
cient distribution of the gas. Increased productama use of biogas will improve the
security of supply as well as create local job opputies.

) !
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In the United Kingdom anaerobic digestion (AD) tedong established role in the
wastewater treatment such that (with the explaitatf landfill gas) the UK is the lead-
ing biogas producer in the Europe. In contrastg tagged far behind Denmark, Swe-
den, Germany, Austria and Switzerland in the apgibm of AD in other agriculture,
the food processing industries and in the handihgnunicipal solid waste (MSW).
However, during the last three years there has hemmdden surge of interest in the po-
tential of AD manifested by the number of new psaabd a change in government pol-
icy. This paper therefore will attempt to elucidtte factors underlying the changes and
their implications for its future development.

At the outset, however, it is important to notetttiee biological degradation volatile
organic matter in the absence of air in the colgdotonditions of a digester producers
threenew products (bio-methane, carbon dioxide and a quaBsurable bio-fertiliser)
all of which are marketable. This combination isdamental to the case for AD. The
raw materials include animal manure, crop resicugsurpose grown energy crops, the
hitherto ‘wastes’ from the agri-processing indwestrand the residues from food manu-
facture, retailing and consumption. The systemeisilble in the range of raw materials
that can be processed and at the scale at whad@nibe operated. There is however a
caveat to be introduced at an early stage. Itghbiléy in the range of suitable feed-
stocks and product uses draws it into the admatise framework of at least three gov-
ernment departments — Trade and Industry (DTI),ifenment, Food and Rural Affairs
(DEFRA) and Transport (DfT) where the regulatioh®me can impede the activities of
a whole.

If the contention that AD is now on the move in thi€ is to be sustained, the first step
must be to consider the significance of a recestven by David Miliband MP, Secre-
tary of State for the Environment in response guestion made to Parliament:

“The Government is committed to making the mostasfaerobic digestion to contrib-
ute to a number of key objectives, notably reduciggeenhouse gas emissions from
waste management and agriculture and improving @uality and water quality as
well as a source of renewable energy.”

In fact the Minister has recognised publicly theltmpurpose functions that AD has to
offer. The question now arises as to why this amdla recent ministerial pronounce-
ments are so significant. The current situationdsele be set into the context of previ-
ous development and the challenges/ obstacleswhiith AD has had to contend.

Table 1 below shows in so far as it is possiblenftbe available evidence the course of
AD development since 1975. The total volumé)(of digester capacity constructed in
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each year provided a common denominator for agggpsogress while a cluster analy-
sis has been used to identify any break points.

Table 1 Indicative progress in the scale of AD adoptiotha UK

Construction Number Digester total Observations
year installed volume (nT)
1975 2 800
1978 — 82 15 1,297 Inc. 4 installations o7& a 2n?tank
1983 — 88 8 2,616 Inc. 3 installations Ofri7
1989 — 92 17 3,515 -
1993 — 98 11 1,805 Inc. 2 of unknown size
2002 2 8,003 Holsworthy Biogas Plant (2002)
2003 - 06 15 21,690 Inc. on farm slurry only famm co-digestion
with industrial waste & dedicated source sepg-
rated MSW plants
2007 4 (under plan- 19,688 Inc. energy crops, food waste & co-digestign
ning) manure and industrial waste& MSW

Sources: Baldwin, D. (1993) [1] and supplementedirdgrmation from the biogas
companies and owners

In the first 20 years development was farm baseltla@ biogas used in situ as hot wa-
ter for the farm buildings, domestic heating, cogkand to a lesser extent electricity.
During this period there were two phases with akpeint about 1988 and each distin-
guished by different drivers — the first by enempsts and the second by pollution
abatement. In the first stage up to 1982 the niamutus was the escalating price of oil
during the political instabilities of the Middle &aHowever, technical problems, main-
tenance costs and falling energy prices contribtbed number of plants falling into

disuse [1].

Between 1989 —98 escalating numbers of complaousr 9,000 a year in 1995/96,
about odours from slurry spreading [2] gave rise dhsecond phase of AD installation
when a 50% grant was available from the Farm Wilsteagement Scheme and could
be used towards the cost of installing a digegierthe time there was also growing
concern over emissions of methane, nitrous oxide ammonia from livestock. The
then Ministry of Agriculture, Fisheries and Food AMF) now DEFRA, noted role of
AD and commissioned a series of investigationsstaldish the scale of the emissions.
It was, in fact, at this time that protests abdwe ddours from spreading pig, chicken
and cattle manure in the popular tourist areasatiNCornwall were driving force for
the Holsworthy Biogas Plant then known as the Nddmar Environment Energy Pro-
ject although the opportunity for integrated rudlavelopment was ultimately the deci-
sive factor.

About 25% of farm plants installed between 1989&8far as it is known, are still op-
erating and in some cases being upgraded, expanrakdnodified to process a wider
range of feedstocks including energy crops. Unfaately, as elsewhere in Europe, a
substantial number of the plants installed durlmgse first phases suffered from operat-
ing problems and poor maintenance and have clogeu @vhile others were made re-
dundant by enterprise changes on the farms. Howewsat is more important is the
number that continue to operate satisfactorily 180-years since they were commis-
sioned. Nevertheless, the dependability and lotgeaifi these plants has been almost
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wholly obscured by the persistent attention thdbcussed on the failures. It is a hard
obstacle to overcome as it is so firmly engraimethe minds of investors, regulators at
all levels and reporters in some of the nationalspr The commissioning of the first
large scale centralised biogas plant at Holswontlayks the end of what may be termed
the foundation period and sets the context foistiiessequent developments.

Between 1998- 2003 there is a noticeable hiatubaemmarket penetration of AD with
the one exception of the Holsworthy Biogas Plardawiver, the situation has changed
dramatically since 2003 with the opening of 5 ndanfs each year and with others in
varying stages of development. The demand for andtocuction of what have become
‘typical’ farm scale digesters (< 450 Fnfor cattle slurry continue while for the UK an
entirely new generation of large biogas plants $tasted to develop. The plants are
characterised not only by their capacity (4000-®0®) but also by the shift to co-
digestion with industrial residues hitherto regar@es ‘waste’, the inclusion of energy
crops with manure and the sale of electricity untderRenewables Obligation that was
introduced in 2002. Developers include farm comegniocal authorities, waste man-
agement companies, food processors and combinakiereof.

The period has also been marked by the developofesingle purpose digesters for
source separated MSW and food waste driven byébd to find alternative to the dis-
posal of bio-waste in landfills. Demonstration pahave been funded from recycled
Landfill Credits or the Waste Recycling Action Plarhe facilities range in size from
600nT to 3000nT the latter to process the waste of large metraolitoroughs and still
larger facilities under planning.

Similar activities are also taking place under Bwvolved Administrations for Scot-
land, Northern Ireland and Wales. The Scottish Hitee funded 7 farm digesters built
on land draining onto the shore of the Solway Fiahest their effect on reducing the
effects of diffuse pollution on bathing water qtyalin Northern Ireland development is
also progressing with a number of applications sttbohfor part funding under the En-
vironment and Renewable Energy Fund 2006-2008 wh&be2 m has been set aside
for demonstration plants to identify and develogth@actice and to assimilate renew-
able energy including AD through the developmengfbéctive plants. One such farm
demonstration plant has just received its planpegnission to address in the first in-
stance the role of AD in dairy cow slurry and nerti management, the assessment of
life cycle benefits and mass balance (energy amdents), pre and post treatments and
methods for enhancing digester performance. In 2@§7, the Welsh Assembly an-
nounced 30% capital funding for demonstration ABnps but emphasised that tenders
must demonstrate the choice of well proven supphbéd technology.

The burst of building activity looks set to cont@Market intelligence indicates that at
least 30 new on farm schemes are under discusapbthare are plans for further large
scale plants to process vegetable, food and slaupgbtise waste, poultry litter etc. and
others for energy crops. Danish, Swiss and Gerrompanies are also actively engaged
in market research and plant development. The ipmestust now be addressed as to
what is stimulating the current growth phase.
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There would appear to be are two mutually suppertitivers — the Landfill Directive
and the Animal By-products regulations. Under tlaadfill Directive local authorities
must reduce the amount of bio-waste sent to tlikeis sr face the prospect of a £150/t
fine for non- compliance with prescribed targets finst due in 2009/10. If they have
not met their obligation then they can purchasedfiirAllowances from another au-
thority that has done so or use a buy out systemwkras the Landfill Allowance Trad-
ing Scheme (LATS). The growing number of MSW digestindicates how a growing
number of local authorities are now turning to AB ane of their best available tech-
nology options for meeting their targets. Furthemedhe Landfill Tax levied on all
waste sent to landfill from industry, services,. écrising steadily towards its target of
£35 per tonne such that clean food and industrestevis becoming an attractive feed-
stock for new farm biogas enterprises. The comlmnaif these two measures is acting
as a ‘push factor’ to find alternative best avdegtractices to dispose of waste in so far
as these products are relevant to AD. This in tarreinforced by the recognition of
biogas plants that are compliant with the condgiohthe animal by-product legislation
as an appropriate outlet for this material. Ovehnallvever, the main driving force that
underlies all this legislation and activity is tgevernment’'s determination to reduce
carbon emission by 60% by 2050. This will be ensdiin the Climate Change Bill
currently in preparation.

Table 2 below shows what it is suggested are tlyeggkgernment actions to encourage
the development of renewable energy in part fousgcreasons but more pressingly to
reduce the carbon emissions from the use of féesis. Until 2005-06 these relate ex-
clusively to electricity but thereafter consultasobegan for the displacement of up to a
target of 5% road transport fuel with renewablerses starting from April 2008. Bio-
gas upgraded to bio-methane to natural gas stamdmidcluded as an eligible renew-
able source.

It can be argued that the Enengthite Paper (2003)Our future energycreating a low
carbon economyfnarks a turning point in so far as AD is concerriedighlightedin-
ter alia the failure of the renewable technologies espgclzibmass to penetrate the
market and set up enquiries as to the reasonkddatlure. Just 1.5% of total electricity
production came from renewable sources and ofthi@diogas from landfills and sew-
age plants accounted for 70 % of the total outphis is despite the fact that govern-
ment had placed an obligation on the newly prieatislectricity suppliers in 1990 to
secure 2.3% from renewable sources in 1990 whe®©tiigation started and to con-
tinue thereafter at a level determined by the Sapreof State. This was known as the
Non Fossil Fuel Obligation (NFFO).
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Table 2. Summary of legislative measures with an impacAbn

Date Direct measures & actions Supporting measures |
1989 -1990 Electricity Act ( Non Fossil Fuel Levy | UK Animal By-Products Order limits types of foodl
replaced in 1990 by Non Fossil Fuel Ob-waste for biogas production following the BSE out-
ligation (NFFO) break

1996 -1999 Landfill Tax and Landfill Tax Creditl®ane;
Landfill Directive (1999/31/EC) to reduce big
waste sent to landfill to avoid GHG emissions

2001 Climate Change Levy on non do-
mestic users - tax relief/lkWh of RE
purchased
2002 Utilities Act replaces NFFO with | Animal by-products regulation recognises bio-

Renewables Obligation and tradablegas plants with pasteurisation (equivalent), etc
Renewable Obligation Certificates | as an approved process (1774/2002/EC)

(ROCs)

2003 Energy White Papedur energy fu- | 60% CQ reduction by 2050; highlighted low
ture: creating a low carbon econ- | market share of renewables
omy

2005 ‘BTF report to government’; Landfill Allowances Trading Scheme; Elec-

UK co-chairs with Argentina M2M | tricity from AD (an advanced technology) of
Agriculture Sub Committee; Renew-BDW eligible for ROCs
ables Obligation Review

2006 Government response to recommenkollow up investigations by DTI et al started
dations of BTF M2M business meeting and Conference held
in UK
2007 ‘AD in Agriculture: policies and First official published recognition and
(May 23% | markets for growth ‘Economic support for AD and formal co-operation at

analysis of biomass energyEnergy | the international level
Review 2007’; Biomass Strategy

On the face of it, the NFFO was an attractive mige as developers could bid at auc-
tion for a 15-year indexed linked power purchasetraet. Although a number of suc-

cessful bids were made for AD only the Holsworthgdas plant was built. The reason
for the wastage lay in the bidding process. Therecohprice for each technology was
set by the DTI and reduced year on year. In the cA#\D one bidder in 1996 pitched

at an unrealistically low level that then mademipbssible to develop economically vi-

able plants. Holsworthy alone proceeded as it hadbenefit of a 50% capital grant

awarded from EC Structural Funds. Furthermore, &Retbpers were restricted to 20%
of the total dry matter allowed from non- agricuttusources. The NFFO achieved the
government’s aim in reducing the price of renewadikxtricity to near convergence

with the pool price over the full term but it topkst one bid to block the opportunities
for AD. In 1997 the prospect for AD was bleak. Atigs to break into the electricity

market halted but the installation of farm scale édhtinued until all that had secured
Farm Waste Management Grants were completed.

The outcome of the White Paper in 2003 was twofaldhift to theRenewables Obli-
gation (RO) whereby the power suppliers were required to pwelRenewable Energy
Certificates(ROCs) or pay a fixed sum —'buy out price’ -currently £88Vh to cover
any shortfall in their obligation. Electronic awnis of power without limitation to its
source (wind, solar,etc) are held monthly and aigfiothe average price is about
£45/MWh it can be as much as £75/MWh accordingufgp/ and demand on the day.
In the main the new developments except the on fdamts in Scotland which use the
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gas for their own heat needs have opted for et#gtrenterprises under the RO with
some use of the heat where the opportunity arises.

The second outcome was the Biomass Task Forcepsaet 8004, to establish what
measures were needed to increase the market sidnermass energy. Its value for AD
in particular lay in the scope that it offered tigh the consultation process to make the
case for AD. For the first time, the biogas indysir its broadest sense to include de-
sign and construction companies, developers ansppobive biogas users had the op-
portunity to present both oral and written evidet@weemonstrate its value - a technol-
ogy that had been overlooked and under valued dolosg. The submissions were
based on practical experience gained from manysyafabiogas plant design, construc-
tion and operation not only in the UK but supporgda depth of working knowledge
of AD developments in Europe, was thoroughly sutitdged by the wealth of research
that has been carried out on productivity, feedstpetc and provided evidence of the
UK energy potential from biogas, the Carbon Dioxalel Pathogen Reducing Effects
and mineral fertiliser displacement potential tA& has to offer. Government accepted
the Task Force recommendations to look further th& potential for AD and set up
working groups to address the comparative econoofitee biomass exploitation in-
cluding AD [2]. The resulting Biomass Strategy J@h a separate section devoted to
AD and its supporting Working Papers were publisfidey 23%. A clear structure has
now been opened for the first time for Governmenwbrk with AD on how to advance
its adoption as a multi-purpose process for thelgpebon of new marketable products
energy, carbon dioxide and bio-fertiliser and asrdegrated system for resource and
environmental management.

Parallel with the work of the Task Force DEFRA lit¥&s been playing a leading inter-
national role in the newly formed global partnepshethane to Market (M2M) that, in
2006, it co-chaired with Argentina [4]. In this eajity it organised a conference in No-
vember 2006 to highlight the place of AD in margetwth and how to achieve it. This
partnership of governments consists at presen®afolintries and each with an urgent
need to reduce methane emissions from agricultoget@ harness them for the benefit
of local communities. Members have joined from gw@ntinent but most notably only
from the eastern parts of Europe (Russia, Ukrame Roland). M2M has focussed to
date on the place of AD in agriculture for the retthn of methane emissions and the
policies and market development needed for groiMile. action plan now identifies the
work that needs to be done [5].

The Biomass Strategy now provides a future for RAbas been identified it as the pre-
ferred technology for the recovery (NBopluction would have been a more appropriate
term) of energy and other materials from sourceuisgpd MSW. It is now recognised at
government level as a well proven technology andFR& has started to set up meet-
ings with stakeholders as for example the AD Coraaibf the Renewable Energy As-
sociation to drive faster growth for AD, stimulaterkets for its products and to work
with the Environment Agency for a protocol to asstire quality of the digestate as a
bio-fertiliser. Collaboration through M2M with tHaternational Energy Agency’s Bio-

energy Programme’ Energy from biogas and land&l’ gvill be used to facilitate the

chance to learn from the experience in other camtFurthermore, the operation of the
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Renewables Obligation will be reviewed and alsopgbtential for the upgrading of gas
to natural gas standard whether for grid injectioruse as transport fuel. In the UK is
AD is definitely on the move on the move with alwal overcome the hurdles along the
way!

) !

1. Chambers, D (1993) Anaerobic digestion in the UK: a review of curréhtactice’
ETSU/B/FW/00239

. ‘Economic analysis of biomass energy’ see wwwaitiudg/energy

. ‘The Biomass Strateggee www.defra.gov.uk/environment

. ‘AD in Agriculture: policies and markets for growthww.methanetomarket.org/ag
. Minutes (2005) op.cit
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Full-scale anaerobic digestion of pig manure ofesulted in liquid effluents with consid-
erably high organic matter, ammonia and phosphaiatent. If not enough agricultural
land is available, the disposal of this effluemuiees additional treatment. Different proc-
ess scheme for reduction of the organic mattemaients from thermofilically digested
pig manure were tested in full-scale and lab-scaialitions. The steps tested were mem-
brane microfiltration, anaerobic post-digestionpgihates removal as struvite (PRS), par-
tial oxidation and oxygen-limited autotrophic rfitration-denitrification (OLAND) proc-
ess. However, microfiltration was unsuitable featment of digested pig manure due to
membrane clogging Combination of thermophilic aober digestion with sequential
separation by decanter centrifuge and post digesti® ASB reactor reduced the organic
content by 80 %. PRS process employing MgO fowvgadormation was used for almost
complete removal (96 %) of phosphates from digegigananure. OLAND process suc-
ceeded to remove ammonium only from highly diluiggested manure with low organic
matter content (around 2.5 g COD/L). Based on éisalts obtained, a conceptual scheme
for treatment of pig manure is suggested.

/ n
anaerobic, digested pig manure, UASB, PRS, OLAND

Pig farming is a major EU agricultural industry. Wedays, farmers in the EU are con-
fronted with an increasing number of environmenggulations concerning the applica-
tion of the produced manure as a direct fertilmeagricultural land.

Anaerobic codigestion of pig manure with other migawastes in full-scale biogas
plants offer several advantages such as renewablg\e (methane) production, reduc-
ing pollution, odours and recycling of nutrientsckdo the soil [13]. Due to stringent
environmental regulation on animal waste in EuropBaion, digested pig manure is
regarded as potential environmental risk with respe its still high biodegradable or-
ganic matter, phosphate and ammonium content. Wip now, only process schemes
for anaerobic treatment of raw pig manure contgimmstewaters have been developed
[2, 7,11, 7]. Most advanced processes studiedrgainic matter (in means of chemical
oxygen demand, COD), phosphates and ammonium rémar@ upflow anaerobic
sludge blanket (UASB), phosphates removal as s&u{PRS, a process developed by
Colsen BV in cooperation with Geochem, prof. Olah&ling) (The removal of phos-
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phates from anaerobic treated wastewater or efflirem digesters, through the pro-
duction of usable fertilizer “struvite”) and OLAN®xygen-limited autotrophic nitrifi-
cation-denitrification) [8] respectively. UASB rdac technology has already been
demonstrated for removal of organic matter fromhhjgdiluted (to 8 g COD L) pig-
gery waste supernatant [11]. However this technolgs not tested for direct treat-
ment of digested undiluted manure with high CODtenh(more than 20 g COD™).
PRS was proved as a relatively simple and fast odetiompared to biological methods
for phosphorus removal. Main advantage is thatnihieients (phosphates and ammo-
nium) are also recovered as struvite (magnesium amum phosphate hexahydrate)
which is commonly used as fertilizer. OLAND is aveh promising, low-cost alterna-
tive to conventional denitrification systems whamemonium is converted to dinitrogen
gas with nitrite as electron acceptor. It has ndesn used directly for ammonium re-
moval from wastes with high organic content suchramal manures.

Up until now, a feasible process for treatmentigkedted pig manure is not developed
yet. Innovative technologies need to be implemeimeorder to find sustainable solu-
tion for removal of residual organic matter andriemts from digested pig manure.

The aim of the present investigation was to stuassibility for COD, phosphates and
ammonia removal from digested pig manure The pssseased were membrane micro-
filtration and UASB process (COD removal), PRS psx (phosphates removal), and
OLAND process (ammonium removal)

2
+

Anaerobically digested pig manure was obtained feothermophilic (5%C) full-scale
biogas plant (Hegndal, Hemmet, Denmark). Planttécegig manure together with
small amount of fish-processing industrial wast#luEnt was collected after decanter
centrifuge operated at 5000 g to separate fibers the liquid fraction. This substrate
was used separately in the experiments for remaofvarganic matter, phosphates and
ammonia. The average characteristics of the subsira presented in Tablel.

Table 1.Characteristics of the digested pig manure

Parameters Unit Average Value + SD
pH - 8.09+0.1

TS g/l 21.0x£0.9

SS g/l 52+1.0

COD (total) g/l 23.0+4.3

N-NH," all 35+04

N-total g/l 4.3 £ 0.08

P-total g/l 0.7 £ 0.05

P-PQ** g/l 0.3+0.02

Submerged capillary membrane microfiltration uhtRC SUR 2342, Mitsubishi, Ja-
pan) was installed in close proximity to biogasnplaA lab-scale UASB reactor oper-

ated in semi-continuous mode was used for COD ramdhe reactor operational pa-
rameters were: temperature®85 total volume 334 mL, operating volume 255 mL,
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HRT 6 days. Reactor was inoculated with 0.05 L emia@e granular sludge obtained
froma& .! 45 - % Average organic loading rate of the
reactor was 3.8 g CODLday’. For removal of phosphates, PRS process was em-
ployed as described elsewhere [2]. MgO was usesitifovite formation.

For removal of ammonium, OLAND process was employsithg lab-scale UASB re-
actor (250 ml). OLAND reactor was seeded with skuffigm an oxygen-limited auto-
trophic nitrification-denitrification (OLAND) procgs. The inoculum was supplied by
Laboratory of Microbial ecology (Ghent Universitgelgium). The reactor was oper-
ated at 3%C and HRT of 1 d. For start-up, the reactor wasaiht a synthetic wastewa-
ter [4] containing ammonia, nitrite and nitrate.ditbn of pig manure digested to arti-
ficial wastewater was done gradually in 5 % incrateeo avoid inhibition of autotro-
phic ammonia-oxidizing bacteria to high organicdsaln order to increase the part of
manure that could be treated by OLAND process régbaeration step was tested. This
part of the research is still on-going.

2

Determination of methane potential of the digestethure was done by DTU method,
where acumulated methane in the headspace of cloaldwas analysed by GC [1].
Theoretical methane potential of digested manuieagaording Buswells formula [3].

Analytical determination of total COD, total soli{lES), suspended solids (SS), volatile
solids (VS), volatile suspended solids (VSS), toaald ammonium nitrogen, total phos-
phorus, phosphates and pH was carried out accotdirgtandard Methods (APHA,
1998).

) !

Anaerobically digested pig manure had still high@mmonium and phosphates con-
tent (Table 1) with respect to EU environmentaldigions concerning integrated pol-
lution prevention and control [6]. In order to fiadsustainable solution for treatment of
this waste membrane, microfiltration method wagetddirst. This method is widely
used for removal of soluble nutrients from parsale wastewater treatment [5].
Microfiltration was tested as a possible way toasate the digested manure into filtrate
with low COD and suspended solids, containing nyamitrients (nitrogen and phos-
phorus) and concentrate with high organic matter slids content. The filtrate could
be further treated to remove nitrogen and phosghahile the concentrate could be re-
jected into anaerobic digester in order to maxintlze methane production. A lot of
technical difficulties on installation and start-op the membrane were resolved suc-
cessfully. Results obtained show that microfilmatiead to considerable reduction of
TS - 50 %, total TSS- 98 %, VS —40 %, VSS - 9arRd total COD - 30 %. Slight de-
creases of total phosphorus, ammonium and totaggh was also observed. No reduc-
tion of soluble phosphorus was noticed. Maximahot#d outflow rate was 12 L filtrate
per hour. However aeration of the membrane crefami@ohing after 12 h of operation.
Complete clogging of the membrane was observed afe days of operation. Back
flushing with water failed to completely remove acuwlated particles. Data obtained
showed that the membrane was unsuitable for pedcigplication. This resulted in a
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need to find another options for treatment of dig@$ig manure in order to remove re-
sidual COD, ammonium and phosphates.

UASB reactor technology was tested for removal rglaaic matter from digested ma-
nure. In order to evaluate performance (organidenaémoval efficiency) of the UASB
reactor, methane potential experiments were caoigdTheoretical methane potential
of the digested manure was 8 @H, m* waste. As the maximum methane potential
obtained in this study was 5.5 i@H4 m* waste, anaerobically degradable organic mat-
ter in the digested manure was around 70 %. THisewaas used to calculate degrad-
able COD removal efficiency (Figure 1) accordingdietected COD removal values.
Results obtained for steady state (Figure 1) shdvighl degradable COD removal effi-
ciency, around 70 %. This proved UASB technologw apod option for organic mat-
ter removal from digested manure. Combination @frtiophilic anaerobic digestion
with sequential separation by decanter centrifuge ost digestion in UASB reactor
resulted in 80 % organic matter removal from pignora. This value is comparable
with removal (90-95 %) of organic mater from wasiésvs using UASB process
(Metcalf and Eddy, 2003). However the UASB efflubatl a still high organic content-
around 10 g COD t and ammonium concentration around 1§ No reduction in
phosphate concentration was registered. Addititcreatment of digested manure was
needed to reduce phosphate and ammonia levels.
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Figure 1. Degradable COD removal efficiency of the UASBctea

PRS process was employed for phosphates remowaighrchemical precipitation. Re-
sults obtained showed a very high phosphate remabalut 96 %. This was in agree-
ment with other study showed a good PRS performésrceemoving phosphate in the
effluents from anaerobic digestion [14]. At the salime, partial ammonia and total ni-
trogen removal (around 6 %) was observed. Accortiingtoichiometrical equation of
struvite formation, ammonia consumption by struf@enation reaction was lower than
the reduction of ammonium probably due to ammotripng Ammonium (NH) can
be easily converted into ammonia (Ykvhen pH increased during chemical precipita-
tion. COD decreased slightly over the process aadtigally no change in total solids
and suspended solids was noticed.

For removal of ammonium OLAND process was usedunexperiments, ammonium
removal varied between 80 and 90 % when up to 1sbMtion of digested manure in
nitrite containing artificial wastewater was us€@lL.AND processed failed to remove
ammonium when 20 % solution of digested manureintasduced. This was due to the
increased C: N ratio resulted in inhibition of thetotrophic ammonia oxidizers. Pres-
ently we are testing a partial aeration step, pevito OLAND step. This process is de-
veloped by Ughent and Colsen and is patented aseN@®w activated sludge) proc-
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ess. During this step, excess organic matter valirdmoved and partial oxidation of
ammonia to nitrite will take place. More attempisl strategies are needed in order to
adapt anaerobic ammonia-oxidizing bacteria to meghure wastewaters.

On the results obtained for removal of COD, ammonand phosphates, a principal
flowchart for whole process of pig manure treatmsrguggested (Figure 2). After an-
aerobic digestion and decantation, liquid manuaetion could be processed in a UASB
reactor for reduction of residual COD combined wiibgas production. The effluent
from this step could further be processed for c@teptemoval of phosphates as stru-
vite. Finally, residual ammonium (after partial @@wn step for nitrite formation) could
be degraded to dinitrogen gas in OLAND processriaeeobic ammonia-oxidizing bac-
teria adapted to high organic loads. However, niorestigations are needed to clarify
the economical feasibility of such a process scheme

Biogas Residual ) Dinitrogen
T biogas Tr gas

Anaerobic Decantation UASB PRS Partial aeratio OLAND

digestion ]

Pig manure Fibers Struvite Effluent

Figure 2. Principal flowchart of a possible pig manure tne@nt process

Anaerobic digestion of pig manure resulted in digesffluents with high organic mat-
ter, phosphates and ammonium content. UASB teclggatan be applied as a method
for removal of residual COD combined with renewablergy (methane) production.
PRS treatment was found to be an excellent profogsalmost complete removal of
phosphates. However, more attempts are neededén tr find a way for adaptation of
anaerobic ammonia oxidizers to high organic conbédigested manure.
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The paper has the goat to

1. Summarize Bulgarian industrial-scale experigndge field of biogas and biogas
technologies and the current state concerningdtad humber of animals, quantity of
manure and potential amount of biogas productidBulgaria.

2. Represent the long-year scientific research miu#tidisciplinary team of the In-
stitute of Microbiology of the Bulgarian Academy $tiences over the process of an-
aerobic digestion (AD) of organic wastes (singlé amxtures) by studying the influ-
ence of some appropriate stimulating substancessarfdctants at different stages of
the AD, as well as developing new models and dligms in order to optimize and con-
trol it.

3. Present some new biogas initiatives.

4

2.1. Podgumer biogas plant

Due to the high pollution of the river Iskar argaliig cattle farms, an experimental in-
dustrial-scale biogas plant construction in théagé of Podgumer (near Sofia) started by
government decision in 1982 with the following paegers: treating dung from 5 000 heads
of cattle; two methane tanks of 1 508 two gas holders of 500%rtwo boilers heating 650
dm® water /hour; incoming organic waste per day - t¥1dry matter content - 9-13%; hy-
drolytic retention time - 22 days; mesophilic pes;edaily biogas production — 2 008;m
biogas utilization for thermal energy productioayfdrying in summer); producing manure
for 400 hectares. The period of operation of tiegids plant was 1986 - 1990 (in 1991 the
farm was closed down).

2.2. Biala Rada biogas plant

This biogas plant started operation in August 1888r a big swine farm. Biogas
from a 1 500 mmethane tank was used for hot water. The perioopefation of this
biogas plant was only 1 year (in 1991 the farm wlased down).

In our days there are no biogas plants in operatiddulgaria.

2.3. Biogas from sewage treatment plants

Nowadays 38 plants with possibility for anaerobgatment of the activated sludge (only
2 ones with operating methane tanks) are in operatiBulgaria and about 32 plants are un-
der construction.
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3.1. Laboratory equipment at the Institute of Mlmiaogy

Five anaerobic stirred tank bioreactors were usdbe run of the investigation: one
of 20 dn?, two of 3 dni and two of 2 drii All reactors are equipped with automatic
control systems to maintain mesophilic conditiolesnperature 34+0.5°C) and shielded
against light. To measure the volume of the obthiniegas, every bioreactor was pro-
vided with a water-displacement gasholder.

3.2. Materials

For the purpose of the study, the following maten@ere used as substrates (sepa-
rately and in mixtures): activated sludge from 8afia Municipal Wastewater Treat-
ment Plant; cattle dung; milk whey.
SurfactantsThe surfactants used in this study were the biastant produced byseu-
domonassp. S-17 and chemical surfactant Triton X-100n{@tation grade) purchased
from Kochlight Laboratories Ltd.
Chemicals All chemicals for the analyses were analyticaldgr and were obtained from
commercial sources.

3.3. Methods

pH was measured by Seibold pH-meter Type G 104 eqdippth Ingold 465 com-
bined pH-electrode.

Chemical oxygen demand (CO¥ps determined by means of the Open Reflux Method
according to the APHA Standard Methods of Examaratf Water and Wastewater.
Biological oxygen demand (BGQJpwas determined by standard method and specialized
device for oxygen concentration measurement.

Cell growth.The growth of two isolates was followed by chanigethe optical density

at 570 nm (Ol of the cultures and in the total dry solids.

Glucose The glucose content was determined by meansayings colorimetric COD-
PAP method using Glucosio FL single reagent frorer@a Diagnostica — Italy.

The volatile fatty acids (VFA) and the ratio VFAZhrbonate alkalinitywere deter-
mined according to the Ripley method.

3.4.Results and discussion
3.4.1. AD of a mixture of two substrates

AD of mixtures of different substrates is a newntten biogas production. It gives
the possibilities to stimulate the AD of some notesisy susceptible to this process ma-
terials by mixing them with others which are easiegradable. On Fig. 1 some results
of AD of a mixture of cattle dung and milk wheydifferent ratios are shown. The in-
crease in the content of whey up to 75% in the unéxteads to an increase of the biogas
yield, and content of 75% - 90% leads to a drangip in the daily biogas production
Q. The tendency to stimulation of the process wjihto 75% whey in the mixture and
the inhibition with up to 90% is observable in tfenges of COD as well. It is obvious
that there is a correlation between the higher jumiine whey content, the peak in the
VFA and the drop in the biogas yield between ddys®@d 160. After reverting to pre-
vious lower whey content (50%), a recover in thecpss is observable.

On Fig. 2 some results of the process of anaemigestion of a mixture of waste
from industrial alcohol production and cattle duarg shown. The addition of waste of
20 % causes unstable increase in the biogas YAehigher increase in Q is observable
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at waste content of 40% in the mixture. At thisueabf the ratio waste/cattle dung the
biogas yield is more stable as well. Above thistent of waste, the biogas yield de-
creases and the process becomes more unstable.

—_— %

R N N &' )+

QLX10), R\2420)

Days

Figure 2. AD of a mixture of waste from industrial alcohmbduction and cattle dung

A static map for the biogas production from mixticé two substrates is shown on
Figure. 3.

Cattle dung Milk whey
Q [dnT.day"]
Activated sludge Milk whey

Figure 3. Biogas production with two-component mixtures
(1 — mixture “activated sludge — milk whey", 2 —aoire “cattle dung — milk whey”)
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3.4.4. AD of a mixture of three substrates

A static map for the biogas production from mixtuad three substrates is shown
on Fig. 4. A clear maximum for the biogas productexists for an appropriate ratio of
the different substrates.

Figure 4. Daily biogas production Q [dfday’]for a mixture of three substrates (D =
0.0025 day)

3.4.5. The effect of some surfactants on the psoces

The effects of a biosurfactant frdPseudomonas spnd the chemical surfactant Triton
X-100 on the growth and cell surface permeabilitaerobic and anaerobic bacteria iso-
lated from a laboratory bioreactor (1 tworking volume, t=34C, pH=6.8, fed once daily)
digesting cattle dung with 16 g COD/L were studisticrobial growth (followed by
changes in OB} of the cultures) and the cell surface permealfgitcording to the amount
of the extracellular protein) were determined i #ivsence and presence of the two surfac-
tants: biosurfactant (0.06 %) and Triton X-100 $04).

The obtained results showed that the action of utfactants on the aerobic and on the
anaerobic isolates was different. They stimulgtedgrowth of the anaerobes (Fig.15) and the
extracellular metabolite transport of the aerolbbsse effects could be explained with the fact
that the surfactants promoted cell surface chdegdsg to intensifying the effect of two sur-
factants with different origin, biosurfactant-rhastipid from intracellular and extracellular
membrane transport of biologically active compounds

3.4.6. Mathematical modelling and optimizationta AD

Static input-output characteristics Q=f(D) presistear maximum for the biogas pro-
duction Q for appropriate value of the dilutioner& for all AD mathematical models, as
shown on Fig. 5 [2,9]. Different control and optaation algorithms based on mathematical
models of the AD have been developed [1, 3-8].
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Figure 5. Static input-output characteristics for all AD timiematical models

Some information concerning the total number ofraats, total quantity of manure
and potential amount of biogas production in Bubyare shown in Table 1 and Table

2.

Table 1. Total number of animals

Type of animals

Total number for the country
(in thousands

Note

Total livestock 633,2 Towards 01.05.2006
Total swine 956,2 Towards 01.05.2006
Total poultry 17204,5 Towards 31.12.2006
Total buffalo cows 8 Towards 01.05.2006

Table 2. Total quantity of manure production

Manure’s producer | Production (tonne / year) Potential biogas produc-
tion (million m®)

Cattle 10 063 671 161

Swine 1354 132 25,7

Poultry 1 314 684,5 30,2

Total 12 732 487 219,9

Analysing the above presented tables, one may edac¢hat the AD tech-
nologies are in a good position for resolving sauelogical and energy problems for

Bulgaria.

In 2006 Biogas Engineering Ltd has been created.fi@t important client will be
the new farm in Mramoren (a village near the towi@atza).
Technological parameters of the poultry farm in Maaen
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1. Hensquantity — 50 000; cleaning of manure — 2000 torrnyesr.

2. Broilers:quantity — 760 000; periodical cleaning — 20 -3@ntes dung/day.

3. Turkeys:quantity - about 250 000; 50 - 60 tonnes dung/g&yiddical cleaning each
2-3 days).

4. Cows: the area within 10 km from the poultrynfiazan provide dung from 300 — 400
cows, i.e. about 12 tonnes of dung per day. A cainfis expected to be built (in 1
year) in the Krivodol village, 15 km away from Mranen, with capacity of 1000 -1200
animals (cows, calves, bulls).

5. Slaughterhouse wastdstonne blood/day.

6. Additional information:

- Own gas conductor feeding with natural gas — @D &’ /year.

- Water supply: 2 water towers, 1100 each, autonomous water conductor, capacity
950 nt/day at technological needs 206/day.

Very promising perspectives exist for biogas prdiducin Bulgaria However, we need
some help from experienced industrial scale congsazand financial support.

This work was supported by contracts No TH-14124@d HTE-5-1/06 of the Bulgarian
National Science Fund.
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By Head of section Dorte Lau Baggesen, DVM, ph.d.
Department of Microbiology and Risk Assessment
National Food Institute, The Technical UniversifyDenmark
27 Bulowsvej, DK-1790 Copenhagen V
Phone. +45 72 34 62 07, Fax. +45 72 34 60 01
E-mail: dib@food.dtu.dk

Over the last 30 years, cost efficient biogas pectida systems have been developed in
Denmark, supported by governmental RD&D programriiée. results prove that bio-
gas production by centralised co-digestion is atifoaktional technology, providing
quantifiable environmental and economic benefitsceoning agriculture, industry and
energy as well as for the society in general. Iditazh it is a very competitive tool in
reduction of greenhouse gas emission.

However, the technology may pose a microbiologieedard to human or animal health
and to the environment by dispersal of pathogeasemt in the input material if these
are not reduced significantly during the procesee Tisk is connected to the processes
of collection of animal by-products (ABPSs) incl.isual wastes (manure, slurry etc.) of
different origins, treatment at a central biogamplnd disposal of the digest at agricul-
tural land. The potential hazards include zoonagents (bacteria, parasites, fungi and
possibly some viruses that are transferred frormahio man and may cause disease in
humans) and animal pathogens (specific virusegebacand parasites that may cause
animal disease). In addition the material may darttaxigenic micro organisms, which
can result in the production of microbial toxindasther potentially toxic metabolites,
and also plant specific pathogens.

Which microorganisms or toxins that actually maypbesent in the input material de-
pend on the kind and origin of the material used lsawve to be identified through actual
hazard analysis. In general, the microbiologicatdlincluding pathogens will reflect
the zoo-sanitary status and animal health of tmeesdtic and wild animal populations in
the area of origin. The risk of handling animal teaand ABPs of local origin will
therefore be lower than handling materials impoftedh other areas. In the first case
the potential hazards will be those already exgstinthe area whereas in the second
case, there will be a risk of introducing new pagts. In Denmark, for example, Sal-
monella occurs with a significant, albeit low, fteacy in the domestic animal produc-
tion and further spread of this pathogen througiedare handling of animal wastes and
ABPs will have a minor impact on the economy whergaread of e.g. Classical Swine
Fewer introduced and spread by insecure handlingnpbrted ABPs will have huge
economic impact on the society (Stockmarr & Bagge2607).

Different factors are important in relation to tsignificance of the hazards and the re-

duction of risk through the biogas proces. Thaahitoncentration of the microorgan-
isms and viruses causing the hazard can vary gré&alime agents, e.g. viruses, can oc-
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cur in very high concentrations in animal tissuesl #BPs during active infection.

Relatively high concentrations of viruses may alsour even in the absence of clinical
and pathological signs. However, viruses, whichdrtbe living cell, are unable to mul-
tiply in ABPs. On the other hand, bacteria and fuarg sometimes able to multiply in
raw materials leading to high concentrations antbin production.

During the processing in biogas plants, the idedtithazards from the raw material
should be inactivated so that the disposal of thigud material does not constitute a
risk for animal or public health. Non spore-formibgcteria assalmonellaand E. coli
can be inactivated at temperatures between 55 @0tClwhereas the inactivation of
spores of spore-forming bacteria (eQjostridiumandBacillus)is much more compli-
cated and needs a more severe processing. Sones $pos need a processing at tem-
peratures above 120°C to be inactivated. Most fiasaare fairly easy to inactivate, but
eggs of parasites are quite difficult to inactivatel need high temperatures or change
in pH or both. For viruses partial inactivation aactur as a result of storage; however
small viruses can survive for several decades énetfivironment. Besides of this, vi-
ruses can be inactivated as a result of heatingdeatures between 50 and 95°C, and
by low or high pH depending on the type of the sifdnnon., 2005). If all potential
hazards of raw material should be covered, a treatnof 133°C and 3 bar pressure for
at least 20 min. has to be applied in a stirredlbptocess (Annon., 2005).

Heat treatment during or combined with the biogaggss results in a reduction of the
different pathogens present in the biomass buimat sterilisation. The magnitude of
the reduction will depend on the temperature arsggure and the process time as well
as the kind of pathogen and the level of pathogetise raw material. The reduction of
a specific pathogen can be described by the dissgion-time (Rg), which is the
treatment time at a given temperature resultin@ i80% reduction of the pathogen
compared to the initial level. For ensample, the idr SalmonellaTyphimurium is 2.4
days at 35C and 0.7 hours at 5& whereas no reduction at either of the two tempera
tures could be measured f@ostridium (Olsen & Larsen, 1987). The¢pfor Au-
jeszky's disease virus is 5 hours af@5and 10 minutes at 3& (Batner, 1991).

In order to control the potential risk towards aairand public health due to treatment
of manure and AMPs in biogas plants, EU-legislatias been established. Regulation
(EC) No 1774/2002 of the European Parliament anth@fCouncil of 3 October 2002
thus lays down health rules for the collectionn$faort, storage, handling, processing
and uses or disposal of ABP’s not intended for hu@nsumption. In this regulation
specific rules for management of biogas plantsukticly specification of raw materials
and of time and temperature for treatment are giVére regulation has later been re-
vised and rules for evaluation of alternative mamagnts has been added.

In general, all biogas plants have to be approwethé competent authority. A risk as-
sessment on end product and control of the praggsiged should be carried out for all
processes to be used. A hazard analysis (HACCPY) beusade to identify the hazards
and any critical control points in a particulamsition. The intended process must then
be validated to confirm the risk reduction. Thetexafa complete control programme
should be designed including procedures for moinigothe process. Operation of the
plant requires continuous monitoring and supemisibthe relevant process parameters
(e.g.time and temperature) fixed in the control prograsmim the legislation, treatment
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of raw material with a maximum size of 12 mm at IO for 60 min. is prescribed.
However, the national authorities and EU can apprdternative procedures if they are
validated fege artis” and the validation shows that the process achiegdain mini-
mum criteria such as: (a) reduction of 5 log10 af spore forming pathogenic bacteria,
of parasites and of non-thermoresistant virusesr¢bluction of infectivity titer of
thermo resistant viruses by a minimum of 3 logl)0récluction of parasites by at least
99.9 % (3 log10) of viable stages (Regulation (KG)1774/2002).

The risk analysis of spread of disease in relatiiohandling of animal wastes and by-
products should cover the whole chain from coltectof waste at animal production,
import of other raw materials as ABPs, transpadatiment at biogas plants, storage,
transport and disposal of manure (Figure 1). Treduation of the overall risk of spread
of pathogens should be based on evaluation of ibleapility for survival or transfer at
each level of the chain. Unfortunately, these pbdliees are not always known, and
therefore risk analyses of different risk scenanwsy be conducted, where scientific
knowledge is combined with experts’ opinions toyile estimates for the risks in the
different scenarios. In addition it is in most cas®t possible to establish the exact
probability of disease transmission, whereas thaive difference risk (in terms of the
ratio between risks) at different scenarios aredusehe analysis. In this situation, the
risk analysis may be used for evaluation of diffiees in risks between different situa-
tions. In a Danish research project, the risk oéag of Salmonella after application of
different well established and new biogas strateieference) for treatment of manure
was analysed as a model for an overall evaluatidheorisk of disease transmission be-
tween animals through manure (Stockmarr & Bagge®@fy). In the project different
scenarios were analysed and especially focus wasnpwhether mechanically handling
of material (“drop off”) or disposal of material thite field constitute the most important
risk for reintroduction of pathogens to a non iméecanimal herd. In a scenario where
the highest risk of spread of infection was reldtedpread of contaminated material at
the field, application of biogas strategies — batll established and new strategies —
gave a reduced risk for spread of infection comgppdoehandling of manure without
biogas treatment. In contrast, in scenarios wheeaisk for spread of infection mainly
was related to mechanically handling, the applicabf biogas treatment increased the
infection risk due to the more intensive handlifgtlee materials. The risk analysis
therefore demonstrate that correct applicationiofds technologies taking the neces-
sary measures to ensure the sufficient hygiene tareimproved the animal and public
health but also that this benefit can be lostéf llygiene is not sufficient (Stockmarr &
Baggesen, 2007).

) !
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Figure 1. The chain from collection of waste at animal pretchn, import of other raw
materials as animal by-products, transport, treatratbiogas plants, storage, transport
and disposal of manure.
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By Adviser Torkild Birkmose
Danish Agricultural Advisory Service, National Cent
Udkaersvej 15, Skejby, 8200 Aarhus N, Denmark
Tel.: +45 8740 5432, Fax. + 45 8740 5090
E-mail: tsb@landscentret.dk

In Denmark digestion of slurry is recognized to tctnute to a better utilization of the
slurry as a plant fertilizer. From a large numbgfi@d trials this has been documented.
It is also evident that digestion reduces the sprelblems after spreading the slurry.

In Denmark biogas production is resting on thregs:lenergy production, agricultural
advantages and a purer environment. If you sawrdfleg, the whole construction will
tip over! A biogas plant is located in the intetsat between the three legs. If the plant
is correctly located and all three legs carry equaight, large synergy effects can be
achieved for the benefit of agriculture, the ennim@nt, the energy sector and thus the
surrounding community.

Over the last 12-15 years Denmark has made detedfiorts to promote biogas pro-
duction based on codigestion of animal manure agdnic waste. The normal proce-
dure in Denmark is to codigest about 75 per cemhalnmanure with about 25 per cent
organic industrial and domestic waste. By far nagfanic waste originates from the
industrial sector [1].

In the course of this period a wide range of advg®$ has been demonstrated which
does not necessarily concern energy productiore(thh Some experts might almost

claim that energy production is of secondary imgace! The following paragraphs de-

scribe the most important advantages from an dgwi@l and an environmental per-

spective.

89



Table 1. Advantages of biogas production for the energyoseagriculture and the en-
vironment. Inbold the issues especially discussed in this paper

Energy sector Agriculture The environment
energy production | - improved utilisation of |- reduced nitrogen leach-
CGO; neutral nitrogen from animal ing
manure - reduced odour pro-
balanced phosphorus/ blems
potassium ratio in slurry | - reduced greenhouse gas
homogeneous and light emissions
fluid slurry - controlled recycling o
reduced transportation pf waste
slurry
possible to get large |-
amounts of slurry with a
full declaration of con
tents
slurry free from weed
seeds and disease germs

Digested slurry must be transported, stored andasbin the same way as slurry that
has not been used for biogas production. HoweWeretare some important differ-
ences. The distinctive features of digested slarey

that several types of slurry and waste are mixed

that the organic matter of slurry is partly degichde

Table 2. Content of dry matter, nutrients etc. in slurredisn field trials at Danish Ag-
ricultural Advisory Service in 1999-2001. In () tiember of samples are indicated.
The digested slurry used is likely to be a digestéxture of about 50% pig slurry, 25%

cattle slurry and 25% organic industrial waste. [4]
Dry | N-total, | NHs-N, | P, kg | K, kg pH NH,4-N-
matter, | kg per | kg per per per | factor| share, %
% tonne tonne | tonne | tonne
Digested 4,8 4,4 3,5 1,0 2,3 7,6 81
slurry (20)
Pig slurry (28) 5,0 4,8 2,9 1,1 2,3 7,1 74
Cattle slurry 7,5 3,9 2,4 0,9 3,5 6,9 61
(15)

To consider the nutrient value of nitrogen it igpontant to notice that:
the dry matter is relatively low in digested sludye to the degradation in the
biogas reactor. This makes the slurry more liquid.
the ammonium (NEtN) content is higher than in untreated slurry tluelegra-
dation of organic bound nitrogen in the reactor.
the pH factor rises due to degradation of orgaeidsain the slurry. This in-
creases the risk of ammonia volatilization.
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Photo text: Biogas plants contribute to a bettéization of nutrients in the agriculture.
Photo: Torkild Birkmose, DAAS

3 ! ; !

The physical and chemical process taking plac@enbiogas plant changes the fertiliz-
ing effect of the slurry in the field. It is imparit to make allowance for this when the
fertilizing plans are prepared and also when hagdénd spreading the slurry. In the
planning process the high content of ammonium ddetconsidered. This high content
Is advantageous to the crops as they are primaaable of utilising ammonium nitro-
gen. In other words: It is often possible to replaitrogen from commercial fertiliser
by digested slurry and thus save money [6].

The thin, low-viscosity digested slurry seeps re&y quickly into the soil. This re-
duces the normally very high risk of ammonia vditzdtion. Trials have shown that the
ammonia evaporation from surface applied digeshedysactually is lower than from
surface applied pig slurry [2].

Field trials with digested slurry in winter wheave demonstrated nitrogen utilization
higher than pig slurry and much higher than catllery (figure 1). This means for ex-
ample that if a farmer fertilizes a field of winteheat with 170 kg of total nitrogen in
digested slurry in stead of 170 kg of nitrogenattle slurry, he can save about 54 kg of
nitrogen of mineral fertilizer and still get thensa yield!

By reducing the supply of nitrogen in mineral fiiz8r a reduction in nitrate leaching

can be expected. The specific reduction is depdratethe autumn and winter cover of

the fields, the soil type etc. In general a redurctn nitrate leaching of 0.33 kg nitrate-N

per kg reduction in nitrogen in mineral fertiliz&as used in the evaluation of the sec-
ond Danish environmental protection plan [3].
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Figure 1. Utilization of nitrogen in digested slurry compdreith pig and cattle slurry
in field trials at Danish Agricultural Advisory Sece. Average of 11 trails with di-
gested slurry, 15 trials with pig slurry and 1%algiwith cattle slurry. [4,5]

The utilization of phosphorus and potassium in ahimanure is normally a matter of
avoiding oversupplying the crops. The best soluisoanly to supply until the require-
ment of for instance phosphorus is covered. Ifrdgriirement of potassium is not cov-
ered at the same time extra potassium in minergliZer must be supplied.

The phosphorus/potassium ratio of digested slgroften about 1:3. This ratio is excel-
lent for crop rotation schemes including for ingmrain and rape - these crops often
require about 20 kg phosphorus and about 60 kgspota. Crop rotation schemes
dominated by roughage crops require extra potasiomm commercial fertiliser as the
demand for potassium is much higher in for instagress, beet and maize, than in ce-
real and rape. If a relatively large share of tluerg to the biogas plant originates from
cattle the phosphorus/potassium ratio of the degesturry will be considerably higher,
and the slurry will be more suitable for roughageps.

3 !

In a biogas reactor almost all easily degradabimmic compounds are degraded and
converted into biogas (methane). Amongst these oamts are a lot of volatile organic
compounds that smell very bad. For example a gneatber of fatty acids. When these
compounds are degraded, the smell will be reduocetpared to untreated slurry after
spreading on the fields. In figure 2 the contenfonfr fatty acids in untreated and di-
gested pig slurry is shown. A significant reductismemonstrated.
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Figure 2. Concentrations of four very bad smelling volafdéty acids in untreated and
digested slurry [2]

The agricultural and environmental advantages @ésting slurry and organic waste are
so manifold that digestion should have much higirearity. It is a paradox that only
about 6 percent of all animal manure in Denmarksisd to produce biogas.

Some of the reasons for this relatively low peragatare poor and unstable economy
and a large administrative workload in the peridcestablishing (the plants are typi-
cally planned and established by farmers and &nofakes 3 - 4 years from the first
plans are made to the biogas plant is operational).

Even though production of electricity is subsidiggdarantied price of 0.08 EUR per
kwWh) and heat can be sold without tax calculatishew that the plant cannot be run
economic profitable in the long run. Furthermoredgems very difficult to find suitable

areas to build biogas plants in order not to disheighbours with odour from the plant.
Even though it is evident that a plant can be bwilth no or only insignificant odour

emissions biogas plants have a bad reputatioreipublic.

Higher subsidise, implementation of efficient odoeduction means and hard work to
improve the reputation of biogas plants in the mubéems to be key words to a further
increase in the number of biogas plants in Denmark.

) !
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By Johannes Christensen
Institute of Food and Resource Economics
Rolighedsvej 25, DK-1958 Frederiksberg C

The paper is related to a recently finished reseproject “Future Biogas Plants — New
systems and their economic potential”. The mainltesare published in (Christensen,
J. et al 2007).

The project is implemented by a group of reseascfrem different disciplines. It is not
possible in this context to cover all aspects dwdpresentation will concentrate on sys-
tems description and the economic results.

The main objective of the project was the iderdificn and analysis of new technical
concepts for centralized biogas plants, which waukke them less dependant on or-
ganic waste supplies, and thus be economicallyssedfained mainly on manure sup-
plies.

+ !

The analyses have been carried out as system asalykere plant concepts have been
evaluated in connection with agricultural areasc8narios were analyzed, of which 2
were reference scenarios. One without a biogag,@anwith on-farm separation in or-
der to reach phosphorous balance in the area byrtaxy fiber fraction (Scenario 0) to
other regions, and one with a conventional cemziedlibiogas plant with a post separa-
tion facility, likewise to enable the export of plus phosphorous (Scenario 1).

The remaining 6 scenarios are:

la.Serial digestionin two digesters, and partipbst separationof digested manure so
phosphorous balance in the area is obtained.

1b. Conventional centralized biogas plgmst separationandrecycling most of the
fiber fraction . Export of fiber fraction till phosphorus balanoehe area is obtained.

2. On farm separation of major parts of pig manure. Fiber fraction suggblto the
biogas plant and mixed with remaining conventicsiafry until adry matter content

of 10% in the biogas planthas been reached. The thin fraction remains otfattmes
and is utilized as a fertilizeRPost separationof the digested manurere treatment
(wet oxidation) andecycling most of thdiber fraction to the digesters. The remaining
fiber fraction is exported until phosphorus balant¢he area is reached. Appendix A
shows an outline of this scenario.

2a. Same as 2, bptessure boilingof the fiber fraction in stead of wet oxidation.
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2b. Same as 2, bub on farm separation which means that the entire manure amount
in the area is supplied to the biogas plant.

2c. On farm separation until 10% dry matter content in input is reached, no pre-
treatment but post separation until phosphorusioal&n the area is obtained.

In the analyses dry matter contents are used gsatleefound in practical Danish agri-
culture.

Relatively large plant dimensions have been assunmedcenarios 0, 1, la and 1b,
where on farm separation is not included, the mamurantities in question amount to
700 tonnes per day, which equals the amount iragreultural area looked upon. In
scenarios 2-2c 1000 tonnes per day are found iadgheultural area, but this amount is
only supplied to the plant in scenario 2b. In 2,&ad 2c which include on farm separa-
tion, only 480 tonnes are supplied to the planaaaily basis, which makes the average
dry matter content amount to 10%.

As far as agricultural issues are concerned theasmes are equalized in the sense that
surplus phosphorus is always exported to othelonsgin order to obtain phosphorus
balance in the agricultural area looked upon. Bystihg fertilizer purchase, the need
for nutrients is ensured. In this way increasedtiliser values from the digestion proc-
ess are accounted for. Equal crop rotation andelsted yields are assumed in either
scenario. The well-known effect from the digestadmitrogen utilization is found, but
only little further effect may be expected fromther pretreatment and separation.

The main purpose by the outlined methods for matm@@ment is to increase biogas
yields. The vyield levels used in the analyses amlypfound from literature studies,
partly from lab- or pilot scale trials, accomplishas a part of the project. For different
scenarios following methane yield levels are esttia

Scenario Dry matter in input, %  Treatment % @H,/ tonne input

1 5,4 None 12,1

la 54 Serial digesters 13,3

1b 54 Recycling of fibers 13,2

2 10 Wet oxidation of recycled 25,1
fibers

2a 10 Pressure boiling of recy- 24,7
cled fibers

2b 54 Wet oxidation of recycled14,6
fibers

2c 10 On farm separation, no 20,8
treatment

Source: Input — output relations have been estnbjeHenrik B. Mgller, Faculty of
Agricultural Science, University of Aarhus and Hafr Uellendahl, Bio-Centrum,
Technical University of Denmark.

It appears that the largest effects are reachembgentrating dry matter content via on
farm separation. Between scenario 1 and scenarith€only difference is on farm

96



separation, which increases methane yields frorh tt220,8 m3 methane per tonne in-
put. Serial digesters (1a) and fiber recycling (ibicyease yields by 10% and wet oxida-
tion of fibers approx. 20%. Highest yields are oled when on farm separation is
combined with wet oxidation (2) or pressure boil{2g), which compared to the con-
ventional centralized biogas plant (1) more thanbd® methane yields. The economic
analyses will clarify if yield increases are abdenhatch the cost increase that must be
expected when dry matter contents are increasedliffiedent pre treatment technolo-

gies are introduced.

2 11

Results from the economic analyses are listed helow

Scenario On farm Post Pre Farmer's Biogas plant Total sys-
separation separa-  treatment part part tem
tion DKK/tonne DKK/tonne DKK/tonne
input input input
0 + - - 49 - 49
1 - + - 39 29 68
la - + Serial digesters 39 25 65
1b - + Recycling of fi- 40 28 68
bers
2 + + Wet oxidation of 49 18 58
recycled fibers
2a + + Pressure boiling 49 24 60
of
recycled fibers
2b - + Wet oxidation of 39 27 66
recycled fibers
2c + + On farm separa- 50 19 59

tion, no treatment

Farmer’s part includes manure storage and spreadistg, on farm separation and pur-
chase and spreading of chemical fertilizer. In acen0 export of surplus fibers is also
included. Biogas plant part include in and out $gort of slurry, in transport of fibers,
export of surplus fibers (phosphorus), fiber treatin post separation and cost and sales
in the biogas plant itself.

Key figures for farmer’s part and total system @lated to total manure amount in the
area, while figures for the biogas plant part alated to the amount supplied to the
plant, which is somewhat lower in scenarios wherdasm separation is included. For
that reason only in scenarios without on farm sapam the figures may be added with
no further notice. The biogas plant part only refer the economy of the biogas plant,
where agricultural effects are not taken into aotou

Main conclusion from the economic analyses is ithiagtpossible by on farm separation
and pre treatment at the biogas plant to improea@wmic performance of the system as
a whole and thereby decrease the need for admixtfuoeganic waste, or other high

yielding biomasses.
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On the other hand the increase in economic resloks not enable plants to be eco-
nomic compared to the situation with no biogas pf{@h If so net costs of the total sys-
tem should be lower than 49 DKK pr. tonne manuréhanarea, which is not the case,
according to the calculations.

In fact three scenarios produce equal results;asae2c with on farm separation, sce-
nario 2 with wet oxidation and scenario 2a withgstge boiling. Scenario 2b where on
farm separation is not included, but wet oxidai®mcluded, is found to produce equal
results as scenario 1, the traditional centralizedjas plant. The only favorable sce-
nario with no on farm separation is scenario 1#) werial digesters.

Farmers costs are lower in scenarios where noramdaparation takes place, as it is as-
sumed that the biogas plant carry the costs for g&garation and export of surplus fi-
bers.

In general, costs in the biogas part are lowesenadry matter contents have been con-
centrated to 10%, but as it appears, they areawotlbse to zero, which is the point of
economic feasibility.

So it has to be concluded that supplies of orgasmiste, which lead to increased income
by treatment fees and increased biogas productibisshecessary. But some technical
concepts, where a treatment of fibers takes pladadrease methane yields, seem to
decrease the dependence of organic waste.

Sensitivity analyses show that a treatment costatsah via technological development
will of course contribute, but it is unlikely thahis can ensure economic operation
based solely on manure. Further it is not likelgttpre treatment can increase methane
yields to an extent that it will ensure economigailable operation.

With the assumptions made, farmer’s advantagesbaillimited. They depend on the

assumption that it is possible to organize on fagparation in the area to a consider-
able extent without establishing a biogas pland, #at it is possible to export surplus

fibers to other regions. If these preconditionsndrbe met or if the need for nutrient

export is higher, in order to protect environmdgtallnerable areas or fresh water sys-
tems, this could be different.

It would hardly be easy to convince many farmerthanarea that on farm separation is
a good idea unless the fiber fraction is easilyoetqul. But the biogas plant may receive
the fibers, and by that increase dry matter supghbethe plant and achieve increased
energy production. From the biogas plant pointiefw the problem is that not all the
nutrients can be returned to farmers in the aneahave to be exported to crop produc-
ers in other regions. It may be easier to orgathizeexport via the biogas plant by joint
efforts. The possibility of disposal to incineratior further concentration of nutrients
may likewise be easier due to larger amounts od.han

Calculations do not show the mentioned issuexdhario 0 is unrealistic, costs may be

much higher, and a worst case calculation coultddsed on costs by livestock reduc-
tions due to increased environmental restrictions.
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Today the possibilities and costs by exporting Eisrpnanure or fibers form a barrier
for on farm separation. This may be seen as araserin the competitiveness of cen-
tralized biogas plants. But of course only to tReest that livestock producers are will-
ing to pay a treatment/export fee, or alternativayry the costs of on farm separation.

Initiatives to improve economic performance of lasglants must be of interest for
those who operate biogas plants, those who planesit@blishment of new plants,
equipment suppliers and advisors.

Some results of the project are still uncertaim, sypecific recommendations for their in-
troduction can not yet be given. Wet oxidation gnelssure boiling strongly need fur-
ther research, development and testing before tleebmologies can be recommended
for practical use. This is due to the fact thaytdemand considerable investments, and
the uncertainty about methane yields, operaticatesgies and costs. On the other hand,
results are so promising that they deserve todtedeunder conditions close to a practi-
cal situation. This may be accomplished in conwectivith the full scale test facility,
which is under construction by Faculty of AgriculilSciences in Foulum.

Other results seem closer to practical introducti@onsiderable effects are found by on
farm separation, supply of the fiber fraction te thiogas plant, and thereby increase the
dry matter content, and thereby the energy prodngibtential. This is especially true if
farmers are willing to carry the costs of separatioreturn for the benefits they gain in
cost savings from nutrient export and the possybtld breed more animals per area
unit.

Testing of systems that include source separaticanimal houses have been initiated,
and if they turn out advantageous, separation coaisbe lower than estimated in this
project. Further, supply of fiber fraction is akso option for existing biogas plants.

Post separation at the biogas plant may take plageatter if previously on farm sepa-
ration took place. Post separation should partlgden as a part of recycling of fibers,
and partly as an effort in the disposal of surplusients, especially phosphorus. Either
to crop producers outside the area covered byitgab plant, or for incineration or fur-
ther concentration of nutrients. The advantagbas & much larger amount is available,
and separation unit costs will be lower than byaom separation.

Serial digesters or prolonged retention time, ossgay in combination with on farm
separation, should also be relatively easy impleateif plants control more than one
digester or have surplus capacity. The latter cdsgldachieved by on farm separation,
where the thin fraction is left on the farms, byievhcapacity in the digesters is made
available.

As mentioned earlier it is not likely that sepawatand treatment of fibers enable cen-
tralized biogas plants to reach economically viaigeration solely on the basis of ma-
nure under Danish conditions. But results from fingject shows that it is possible to
approach such situation. Plants will prove moréstast to failing waste supplies. But if
waste supplies are maintained as usual, econorrficrpence will be further improved.
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?Bioenergy Department, University of Southern Derknar
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Biogas can be produced of nearly all kinds of orgamaterials. It is closely linked to
agricultural activities and human consumption. Véker there is a large population,
and thereby a comprehensive quality food produatiba broad mixture of vegetable
and animal foods, the right conditions exist fardais production. In the future the large
volume of biogas will be integrated into the Eurapdarming systems. There are quite
a few biogas process volumes at the current wagtewaatment plants, landfill gas in-
stallations, and industrial biowaste processingifees. However, the largest volume of
produced biogas will, by 2020, originate from fabingas and from large co-digestion
biogas plants, integrated into the farming- andifpoocessing structures.

The EU policy concerning renewable energy (RES)deagorward a fixed goal of sup-
plying 20% of the European energy demands from RES.without doubt, that a ma-
jor part of the renewable energy will originatenfr&curopean farming and forestry: as
biomass conversion to gaseous, liquid and solitlbls. The gaseous part — the biogas
production - has its own, more and more consoldigtiatform. The forecasts look
promising. At least 25% of all bioenergy in theulig can originate from biogas, pro-
duces from wet organic materials, like animal manwhole crop silages, wet organic
food/feed wastes etc. The forecasts for a veryildlexutilisation of biogas are prosper-
ous, but it implicates that the biogas is to beletodried, cleaned and upgraded to
natural gas quality, in order for the applicatiow autilisation routes to be plentiful.

! B
!

In the presented predicted energy crops potemggderal units of energy are used. It is
not indicated, whether the biomass will be conwkiteo fuel, electricity, or any other
form. For simplifying the calculations, it was as®d, that the heating value of 1 kg
dry matter biomass is equal to 18 MJ. For furtleealculations, 1 Mtoe (mill tonnes of
oiI3 equivalent) is equal to 44.8 PJ. Heating vabfienethane is equal to 40.3 MJ per
m-“CHa.

All the data concerning total area, agriculturadl @mable land are taken from the FAO
database (2003) (FaoStat). The eventual chandasdruse (decrease or increase of ar-
able land) are not taken into consideration. Adl dalculations are based on “today’s”
arable area.

Table 1 contents registered data of total arearad Lise for 27 European countries (EU-
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27). Data shown for the areas of specific interestbiomass production conditions are
the total agricultural area and arable land. limgportant to underline that forest and
permanent grassland might be partly interestingdture energy farming, specifically

the forestry areas. The fallow areas might alssmdmointegrated in arable land or non-
food areas. The calculation of biogas potential ta&en into consideration only on ar-
able land.

Table 1.Data of total area and areas of interest for bgsmoduction for each member
of EU-27; area data in millions of hectares (Holnelsken, et al, 2006)

Agricultural Arable land Hectares of

Toltgé ﬁrea area (10° ha) agrilculgural
(10" ha) (10° ha) (% of total area) and.
per capita
Austria 8.4 3.4 1.4 17 0.42
Belgium 3.1 1.4 0.8 27 0.13
Bulgaria 11.1 5.3 3.3 30 0.68
Cyprus 0.9 0.1 0.1 11 0.18
Czech Republic 7.9 4.3 3.1 39 0.42
Denmark 4.3 2.7 2.3 53 0.49
Estonia 4.5 0.8 0.5 12 0.63
Finland 33.8 2.2 2.2 7 0.43
France 55.2 29.7 18.5 33 0.49
Germany 35.7 17.0 11.8 33 0.21
Greece 13.2 8.4 2.7 20 0.77
Hungary 9.3 5.9 4.6 50 0.60
Ireland 7.0 4.4 1.2 17 1.09
Italy 30.1 15.1 8.0 26 0.26
Latvia 6.5 2.5 1.8 28 1.08
Lithuania 6.5 3.5 2.9 45 1.02
Luxemburg 0.3 0.1 0.06 24 0.28
Malta 0.03 0.01 0.01 31 0.03
Netherlands 4.2 1.9 0.9 22 0.12
Poland 31.3 16.2 12.6 40 0.42
Portugal 9.2 3.7 1.6 17 0.37
Romania 23.8 14.7 9.4 39 0.66
Slovakia 4.9 2.4 14 29 0.45
Slovenia 2.0 0.5 0.2 9 0.26
Spain 50.5 30.2 13.7 27 0.73
Sweden 45.0 3.2 2.7 6 0.36
U. K. 24.4 17.0 5.7 23 0.28
EU-27 433.1 196.6 113.5 26 0.41

Based on the data from the Table 1, the possil®eggrcrops potential was calculated.
The results in PJ and Mtoe are presented in Tablé@ countries with good potential
to produce biomass for energy are the ones with tago hectares of agricultural land
per capita. The new member states: Bulgaria andaR@anwith high hectares of agri-
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cultural land per capita (both almost 0.7), coulskethe development and implementa-
tion of EU bioenergy policies easier. The averaigh® EU-27 is 0.4 hectare/capita.

Table 2. Energy crop potential in EU-27, depending on petage of utilized arable
land and achieved crop yield

vield 10% arable land in 20% arable land in 30% arable land in
EU-27 EU-27 EU-27
10t TS/ha 2,042 PJ 46 Mtoe 4,084 PJ 91 Mtoe 6RIR7 137 Mtoe
20t TS/ha 4,084 PJ 91 Mtoe 8,169 PJ 182 Mtoe BXX 274 Mtoe
30t TS/ha 6,127 PJ 137 Mtoe 12,253 PJ 274 Mtoe 38087J 410 Mtoe

In the coming 10-20 years an increasing utilisatiércrops for energy and industrial
purposes is expected to be seen. Scenarios of b0-20% of the arable land shifting
from food and feed towards energy farming will grallly occur. Large European coun-
tries, with significant fertile agricultural ared oropland, might play a major role in
bioenergy production; examples can be Ukraine arhde. The average total crop
yield of around 20t TS/ha is considered feasibltheanear future. According to Perlack
et al., the average yields for switchgrass clotested in several places in the US, var-
ied from a low 10 total solids per hectare to ehi2$ total solids per hectare, with most
locations having average from 13 to 20 tTS/ha. @hesults indicated that future yields
could be estimated to 20 tTS/ha.

The above values were calculated for complete cstidouof the biomass. The biogas
conversion efficiency can be assumed for 80% duthedact that not all of the com-
pounds from biomass can be digested through ADessotike the lignin. Table 3 pre-
sents recalculated energy crop potential in amadirgroduced methane through an-
aerobic digestion process. Furthermore, it hasettaken into account that only around
25% of the energy crop will be dedicated for biogesduction. The rest will be applied
in other renewable energy production processesgl(antl liquid biofuels).

Table 3. Methane potential originated from energy cropsnfi5% of the arable land in
EU-27 with the cropping yield equal to 10, 20, &tTS/ha

Energy crop

. 10 tTS/ha 20 tTS/ha 30 tTS/ha
yield

Methane poten-  22-3 billion nMCH, 50.7 billion nfCH,  76.0 billion mfCH,

tial

22.8 Mtoe 455 Mtoe 68.5 Mtoe

2 !

Biogas from anaerobic digestion can be produceah frovariety of biomass types. The
primary source is manure from animal productioniniyafrom cattle and pig farms. It
also delivers the necessary micro-organisms fombss biodegradation and is one of
the largest single sources of biomass from food/fedustry. In the EU-27 more than
1500 mill tonnes of animal manure is produced eyer. When untreated or managed
poorly, manure becomes a major source of groundfrastt water pollution, pathogen
emission, nutrient leaching, and ammonia releddeardled properly, it turns out to be
renewable energy feedstock and an efficient soniro@itrients for crop cultivation.
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Table 4 depicts the amount of cattle and pig mapuoeuced every year in the Euro-
pean Union.

Table 4. Estimated amounts of animal manure in EU-27 (baseBaostat, 2003)

Cattle Pigma-  Total

Country Cattle Pigs Cattle Pigs
manure nure manure

[1000Heads] [1000Heads] 1000 LU 1000 LU [10° tonnes] [10° tonnes] [10° tonnes]
Austria 2051 3125 1310 261 29 6 35
Belgium 2695 6332 1721 529 38 12 49
Bulgaria 672 931 429 78 9 2 11
Cyprus 57 498 36 42 1 1 2
Czech R. 1397 2877 892 240 20 5 25
Denmark 1544 13466 986 1124 22 25 46
Estonia 250 340 160 28 4 1 4
Finland 950 1365 607 114 13 3 16
France 19383 15020 12379 1254 272 28 300
Germany 13035 26858 8324 2242 183 49 232
Greece 600 1000 383 83 8 2 10
Hungary 723 4059 462 339 10 7 18
Ireland 7000 1758 4470 147 98 3 102
Italy 6314 9272 4032 774 89 17 106
Latvia 371 436 237 36 5 1 6
Lithuania 792 1073 506 90 11 2 13
Luxembourg 184 85 118 7 3 0 3
Malta 18 73 11 6 0 0 0
Netherlands 3862 11153 2466 931 54 20 75
Poland 5483 18112 3502 1512 77 33 110
Portugal 1443 2348 922 196 20 4 25
Romania 2812 6589 1796 550 40 12 52
Slovakia 580 1300 370 109 8 2 11
Slovenia 451 534 288 45 6 1 7
Spain 6700 25250 4279 2107 94 46 140
Sweden 1619 1823 1034 152 23 3 26
U.K. 10378 4851 6628 405 146 9 155
EU-27 91364 160530 58348 13399 1284 295 1578

) LU: livestock units

The animal production sector is responsible for 1&%he green house gas emission,
measured in CPequivalent and for 37% of the anthropogenic meghavhich has 23
times the global warming potential of G.G~urthermore, 65% of anthropogenic nitrous
oxide and 64% of anthropogenic ammonia emissiogir@aies from the same animal
production sector (Steinfeld et al., 2006). Tabkhbws the biogas and energy potential
of pig and cattle manure in EU-27.

Table 5.Energy potential of pig and cattle manure in EU-27

Total manure Biogas Methane Potential Potential
[10° tonnes] [16m% [10°m? [PJ] [Mtoe]
1,578 31,568 20,519 827 18.5

Methane heat of combustion: 40.3 M¥/th Mtoe = 44.8 PJ
Assumed methane content in biogas: 65%

Table 5 reveals that huge amounts of animal maatgeproduced in Europe. Biogas
production through anaerobic fermentation of animahure is an effective way to re-
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duce greenhouse gas emission, especially ammodianathane from manure storage
facilities. The fermentation of manure alone doetrasult in high biogas yield, but its
high buffer capacity and content of diverse elemédras a positive impact on the an-
aerobic digestion process stability. Higher methgieéd can be achieved through co-
digestion of manure with other substrates suchnasgg crops. The digested substrate
resulted after the process can be further refimes@rves as organic fertilizer, rich in
nitrogen, phosphorous, potassium and other macero-naicro-nutrients necessary for
the growth of the plants. Utilisation of large amtaiof animal manure for bioenergy
purposes will reduce the nutrient runoffs and distirthe contamination of surface- and
ground- water resources by further biotechnologicatessing and upgrading the liquid
and solid biofertilizers for replacement of chenhitertilizers in the European crop
farming.

To sum up the biogas production potential, in thary2020, 45.5 Mtoe of methane
from energy crops can be achieved under crop yigldD tTS/ha additionally 18.5

Mtoe will be available from cattle and pig manufee added potential is equal to 64
Mtoe, which would correspond to 71,200 mil®,.

Biogas can be utilized in several ways. It canegite applied raw or upgraded, mini-
mum it has to be cooled, drained and dried rigtgrgfroduction, and most likely it has
to be cleaned for the content of3Has well, which in a short time interval will owitne
the energy conversion technologies if th&SHontent is above 500 ppm.

There are various ways of biogas utilisation:
Production of heat and/or steam
Electricity production / combined heat and powerduction (CHP)
Industrial energy source for heat, steam and/atrit&y and cooling
Vehicle fuel
Production of Chemicals
Fuel cells

It can be fuelled to generate heat and/or elettrar applications of combined heat and
power (CHP) plants and upgraded to vehicle fuelddads; these will be the most vo-
luminous application routes. One case example ajds for vehicle fuels is Sweden.

The market for biogas as vehicle fuels has beewigmprapidly the last 2-3 years. To-

day there are 12,000 vehicles driving on upgradedds/natural gas and the forecast
predicts 500 filling station and 70,000 vehicles2®10 (Persson, 2007).

The most efficient ways of integrating the biogatithe entire European energy sec-
tors are by upgrading the biogas to natural gaitgweand integrating it into the natural
gas grid. The bottleneck in this area is the ecgnofreach treated Trbiogas, but vari-
ous upgrading technologies exists (Persson e2@0D6). In the coming years the econ-
omy of scale of upgrading facilities will be met bgmpetition from economy of num-
bers of installations. It is obvious that the tneant price will be reduced due to the in-
creasing numbers of upgrading facilities installed also by the economically down-
scaling of the upgrading facilities fitting to tiheodular biogas plants existing in coun-
tries like Germany and Austria.
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Introducing biomethane into the natural gas griddew up the opportunity to utilize
biogas in several ways depending on society nddds.option will be increased due to
liberalisation of the energy markets in all Eurapeauntries, but it requires natural gas
quality by advanced treatment technologies. It iadllas widely utilisation as for natural
gas consumers, from house units for heating ordeks to decentralised CHP plants, to
industrial costumers and to larger energy consumensower plants. The coming dec-
ade will boost this development, when the instatlafacities are increasing rapidly in
numbers exemplified by the German biogas growté matthis decade. The utilisation
cannot be centred nearby the biogas productiors umithe farming areas, the biogas
has to be upgraded and transported to the largeemensumption areas where the
population concentration is situated.

Figure 1 presents world’s natural gas consumption.
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Figure 1: World’s natural gas consumption in billion cubnetres, 1965-2004 (Interna-
tional Energy Outlook 2007, Energy Information Adimstration)

Natural gas consumption has increased in the [agtears. It accounts for almost one
guarter of the world’s energy consumption. Muchhaf world’s natural gas is used for
industrial sector purposes. It is projected to aotdor 43% in 2030. The share of
Europe in total natural gas consumption was 19:1%000, equals to 459,300 mill*m
(International Energy Outlook 2007, Energy InforimatAdministration). The theoreti-
cal potential of methane achieved from animal maramd energy crops (only from 5%
of the arable land in EU-27) produced through amigierdigestion process could supply
15.5% of the natural gas consumption in Europe.

Due to the placement of the feedstock for anaerdigiestion process, centralized bio-
gas plants are located in the countryside, whetteasatural gas network is developed
in the areas with increased inhabitant density. &l@w, in recent years more interest
arises in consumption of GQneutral fuels like biogas. The future of combinimg-
graded biogas and natural gas will bring combin@dtzation of those two energy carri-
ers. Biogas produced from energy crops, animal megrand industrial organic waste
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can supply nearly half of the European natural@asumption in the coming decades
as stipulated by the calculations in this study.

Gaseous energy sources are more difficult to stacetransport than liquid fuels, but
this disadvantage is offset by much better combngtroperties. The emission of sev-
eral toxic compounds like nitrogen oxides and tigachydrocarbon can even be re-
duced up to 80% compared to petrol and diesel.

Whereas biogas production is the best to utilizeurs not all the energy crops should
be converted into biogas. Energy diversity bringdisity. Energy crops should be used
in different technologies, depending on needs engarticular country/region. “Such a
diverse and wide ranging approach to power wilhdprgreater economic security and
stability to our environmental and energy futurarttour current one-size-fits-all ap-
proach” (Logan, 2006). Gaseous — liquid and soiliduels will in diversified combina-
tions with wind, solar and hydro be integrated ittie European energy sectors. The
bioenergy will cover more than 50% of the renewabiergy supply of the fixed goals
of the year 2020. But when the renewable energyessancreasing towards 2050 and
the fossil fuels faces out there will be needsafdvanced hybrid systems, larger energy
saving, and energy efficiency programmes.
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By Bert van Asselt —SenterNovem.

SenterNovem a governmental organisation (part @fibtch Department of Economi-
cal Affairs) is involved in the EU-PROBIOGAS profedn this paper an overview of
the Dutch developments as a result of the PROBIO@ct is given.

At the start of the PROBIOGAS project co-digestiorthe Netherlands was difficult to

realise. In this paper a summary of events witpeesto the PROBIOGAS project con-
cerning the development of co-digestion in thequef005-2007 is presented.

Until 2005 digestion of manure in the Netherlan@gswarried out on small scale. A few
farmers and farming institutes were experimentirzgnune digestion.

In 2004 and 2005 the climate towards co-digestibmanure was changing in the
Netherlands. Until 2004, co-digestion in combinatwith reuse of digestate as fertilizer
was not allowed. In June of that year the “positig€’ was presented. Agricultural

products on this list could be used for co-digestmthout excluding the use of the di-
gestate as fertiliser. A financial stimulation afjektion was the subsidiary of green
electricity produced from biogas. Since January52fi® each kWh of produced elec-
tricity from digestion of manure a bonus of Eur@9¥. was given by the Dutch gov-
ernment. This bonus was really effective in stirtinfa co-digestion. During the last

two years the number of co-digestion plants wases&ing from less than ten in 2005
up to more than 50 at the start of 2007.

Due to this development the question can be malstiinulation of co-digestion with
respect to the PROBIOGAS project still necessary”.

Answering this question is not so easy becaus®theh agricultural sector varies from
the north to the south. The southern can be destils a livestock intensive area. Be-
cause of these activities and the shortage ofdidd reuse the manure this part has a
surplus of manure. Digestion or co-digestion of oranwill not solve this problem.
Combination of digestion with other techniqueséduce the amount of manure could
be one of the solutions for the surplus of manar¢his part of the Netherlands. The
Dutch involvement with the PROBIOGAS project wagigal with the problems of ma-
nure in the Dutch livestock intensive areas andtimulate co-digestion of manure
more national wide.

31!

SenterNovem has a good view on most projects comgedigestion of manure in the
Netherlands. SenterNovem was involved in the BRé&gut and presented this project
as the Dutch case. Near the city of Eindhovenyélgeon “de Kempen” is an area with
intensive agricultural activities (pig, cattle apdultry). It is not possible to reuse the
produced manure as organic fertilizer within theaarA surplus of at least 1 million
tonnes has to be transported to other regionstderdo reduce the costs of manure dis-
posal, a group of farmers has founded the “Bio-Rity de Kempen” (BRK). The
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BRK has plans to build and operate a plant forttbatment of manure. In the first stage
of the plant, slurry of both pig and cattle manwi# be mixed and separated in a thin
and thick fraction. The thin fraction will be tredtin an aerobic purification plant
(dephosphation and denitrification). In the nesgst the thick fraction will be digested
in combination with poultry manure. The capacitytioé plant will be about 225,000
tonnes of manure. Since June 2006 several farmvbisproduce a total of 200,000 ton-
nes of manure, have joined the BRK.

The case has been studied by the Danish expertshairdmain conclusions can be
summarized as followed:

Non-technical barriers
Three main reasons for the relatively poor econgmeidormance can be identified as
the most important barriers for an enlargementAb®@lants in The Netherlands:

No waste application is allowed

Relatively low electricity price

No market for the heat.

This is in spite of the fact that the Dutch cass &ecellent preconditions regarding the
quality of the biomass supplied to the plant, akas very high dry matter content,
which is an important parameter.

Socio-economic/cost-benefit analysis

The socio-economic analysis looks at the biogasreehfrom the point of view of the
society at large. Therefore all consequences ofstiieeme in any sector of society
should in theory be taken into account, - includex¢ernalities.

Biogas projects have implications not only for dggicultural sector, but also for the
industrial and energy sectors. For the environmaitigation of greenhouse gas (GHG)
emissions and e.g. eutrophication of ground waterage important external effects. In
this study, efforts have been put into the quasdtion and monetisation of some of the
biogas scheme externalities. Four levels are imduith the analysis where the base
level does not include any externalities, and tye level includes all quantified and
monetised externalities. However, it was not pdesib quantify all externalities rele-
vant for the study, such as veterinary aspects.

The socioeconomic analysis does not show the phility from a business point of
view, but it shows the profitability from the sotigoint of view, which means that its
results can be used as input and arguments inaj@agl agricultural, energy and envi-
ronmental strategies.

Socio-economic fuel prices are based on IEA (Irsteomal Energy Agency) and DEA
(Danish Energy Authority) forecasts of future fpekes.

Electricity purchase is assumed at the socio-ecangmice that includes costs for
transmission and distribution. Sale of electriciipwever, is assumed to get the spot
market price for electricity. (a result of the dagon of the Dutch Government to stop
subsiding electricity from sustainable sources).

Diesel and gasoline prices "an consumer™ have éssumed.

It is assumed that heat production from the plantmot be marketed.

A gquantification and monetization for reductionNAeakage to ground water have been
based on Danish general assumptions. N leakageti@aus 25 % of saved Chemical
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N fertiliser, monetised by the value of 3,36 EURMg It should be emphasised that
considerable uncertainty is associated with theseraptions and these may not apply
fully in the Dutch case. Specific data for the Dutase have not been available for the
present analysis.

Table 1.Overview results of the analyses of the Dutch case

Costs (levellised annuity) Result0 Resultl Result2 Result3
mio.EUR/year
Invesments:
Biogas-plant 0.574 0.574 0.574 0.574
Transport materiel 0.000 0.000 0.000 0.000
CHP-plant 0.184 0.184 0.184 0.184

Operation and maintenance:

Biogas production / biogas plant 0.566 0.566 0.566 0.566

Transport materiel 0.071 0.071 0.071 0.071
Sum: 1.395 1.395 1.395 1.395
Benefits (levellised annuity) Result0 Resultl Result2 Result3

mio.EUR/year
Energy production:

Biogas sale 0.000 0.000 0.000 0.000
Electricity sale 0.785 0.785 0.785 0.785
Heat sale 0.000 0.000 0.000 0.000
Agriculture:
Storage and handling of liquid manure -0.037 -0.037 -0.037
Value of improved manurial value (NPK) 0.308 0.308 0.308
Distribution of liquid manure -1.374 -1.374 -1.374
Transport savings at farms 1.066 1.066 1.066
Veterinary aspects n.a.
Industry:
Savings related to organic waste treatment 0.000 0.000 0.000
Environment:
Value of GHG reduction (CO ,, CH,, N,O-reduction) 0.631 0.631
Value of reduced N-eutrophication of ground water: 0.347 0.347
Value of reduced obnoxious smells 0.108
Sum: 0.785 0.747 1.725 1.833
Result0 Resultl Result2 Result3
mio.EUR/year
Difference as annuity: Benefits - costs -0.610 -0.648 0.330 0.438

The significant manure surplus situation in the Mioe Brabant region in The Nether-
lands form excellent preconditions for CAD plantghis region. Farmers would largely
benefit economically as they may achieve considerabst savings in transport, as the
CAD plant is assumed to take over transport castsdirplus manure export to other
Dutch regions. Receivers of surplus digested maberefit from cost savings in fertil-

izer purchase. Relative high dry matter contentthhexmanure forms a large potential
for biogas production However, the estimates feréebonomic performance of an hypo-
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thetical CAD plant in the region, based on the ag#ions made, shows that the system
is not economically feasible by the existing pratitans. Electricity price is relatively
low in a European context, lack of heat utilizatmgtions is a serious disadvantage and
organic waste admixture is not allowed. These laarost important non technical bar-
riers that should be removed if CAD plants arertlarge in The Netherlands.
Socio-economic assessments show that CAD plantsn dzpsed on the assumptions
made, are indeed attractive for society as multifional tools for solution of agricul-
tural, energy and environmental problems in livekstmtensive areas in The Nether-
lands like the Noord — Brabant region

Large Scale Digestion in the Netherlands — Afte OBROGAS

Despite of the results of the Danish analysesgatidin large scale co-digestion plants
in the Netherlands is still difficult and takingnte. The economical feasibility has be-
come worse because of the change in subsiding greetricity since August 2006.
This means that all initiatives for co-digestiontire Netherlands are put on hold and
waiting for a new system of stimulating sustainabgiergy (electricity-heat-green gas).
Other developments since 2005 are that due to dRsilulity of using waste products
from agricultural origin as co-products for co-dtjen the biogas production per diges-
tion-plant has increased during the last years. CEpacity of electricity production has
risen from 200 kW to 1 MW per plant. Also the capaof the digester is increasing
(10.000 tonnes in 2005 up to 36.000 tonnes in 2007)

As a result of the PROBIOGAS Project SenterNovemdtanulated co-digestion in the
Netherlands by means of organizing presentationskstiops, and preparing fact-sheets
of (digestion) projects. In order to shorten thegass of legislation SenterNovem intro-
duced a service to bring in knowledge of membertheflocal government which are
experienced in the legislation process of co-digastThis service has improved the
knowledge of co-digestion among the other membétsaal governments and speed
up the process of legislation.

It can be concluded that large scale co-digestiomanure in the Netherlands is still
difficult. The increase of the number of small-gcplants during the last two years has
shown that co-digestion is an excepted technolaghée Netherlands. In combination
with manure/digestate treatment techniques forfuh&e there will be a marked in the
Netherlands.
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The PROBIOGAS project supported by the Altenerlliggent Energy-Europe pro-
gramme of the European Commission aims to pront@éhéat and electricity produc-
tion from biogas in different European countrieeeproject tends to transfer and apply
the results of research and socio-economic mettledsloped in Denmark to six Euro-
pean regions where centralised co-digestion (CADjot well developed. The Walloon
Region in Belgium is one of the six participatinguotries in which selected case stud-
ies have been carried out [1]. Part of the pragbiased on the assessment and quantifi-
cation of environmental and socio-economic cost ladefits (externalities) linked to
the installation of a CAD plant within a specifiegional context. Identification of non
technical barriers is also an important step farassing recommendations to local ac-
tors and authorities in order to raise some of ésakat hamper biogas development in
this region.

/ n

biogas, centralised co-digestion, green certifgataitigation of green house gas emis-
sions.

! (!

Centralised co-digestion (CAD) for the productidretectricity and heat is not well de-
veloped in Belgium. As there is a real interestbforgas production from agricultural
and industrial sectors, there are several non-teghbarriers that hinder the develop-
ment of biogas production in the Walloon Regionekvf the Green Certificates
mechanism encourages the production of electrfoityn renewable sources, this sys-
tem may not be fully adequate for the productiod ase of biogas. Because of a lack of
knowledge and experience in Belgium it was inténgsthrough PROBIOGAS project
to transfer socio-economic methods elaborated innfi2ek were the CAD concept is
developed for more than 20 years. By adjustingnioelels to a selected case study the
project tends to integrate some externalities linkeCAD plant and to assess costs and
benefits for the society as a whole. By increasimgreness about the CAD technology
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and advantages for different sectors, the PROBIO@Agect may help to remove
some brakes and to implement this concept in Beigiu

Despite the livestock intensity (concentrated imsoareas) and the hardening of the
law concerning the fertilization with organic nigen, Wallonia has still a potential for

manure spreading as the soil binding rate is lowezqual to 1 for more than 80% of

the farms. [2]

The selected area is situated in the Province @je.in the Walloon part of Belgium. It

is characterized by the concentration of cattletiry (more than 35000 in production)

and especially dairy cattle. The localisation aj pnd poultry breeding is much more
variable.

Most of the land is dedicated to meadows and thie mativated crops in this area are

fodder maize and cereals.

The number of food industries is also importankdit to the density of the population

that is high around Liege. Food-industries progaamly dairy products, cheese, fruits

(syrup and cider), cereals and starch.

Furthermore, farmers of this area and some loctloaties are interested in biogas
production as 2 biogas projects started in 20@Gercommunes of Sprimont (20 farms)
and Limbourg (around 20 farms).

For the Belgian case studied in PROBIOGAS it wasseh to merge the data of both
projects in order to get sufficient amount of bi@mdeeding the digester. In total 40
farms have taken part in the study which represantarea of 2208 ha. 41 local food-
industries were contacted but response rate wasleer(11 out of 41). Because a big
part of their by-products is already used for anifeading and low treatment costs, few
industries are currently motivated by treating theastes by anaerobic digestion.

The CAD plant of the Belgian case study will haveestment capacity of 75000 tonnes
a year or approximately 205 tonnes per day. Thetpéaoperated at thermophilic tem-
peratures (around 52 — 55°C) with a 15 days regeriime. The plant is equipped with a
sanitation tank where effluents are heated to #0f@ne hour. After this step, the bio-
mass is pumped through a heat exchanging systdme totroduced into the digester
(3100 m?3 capacity). After 15 days the digested mamsl pumped into a storage tank
from where it can be loaded on trucks and driverklia storage at farms. The biogas
produced is cleaned by biological process and werthe CHP (combined heat and
power generation) facility.
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Table 1: Categories and amount of biomass, biogas yielu fitdferent biomass

sources
BIOMASS Type | Amount | DM DM VS CH4
yield
t/ year | gl/kg kgly kgly Nm3/y
Cow manure slurry 43236 71| 3069756 2455805| 491161
deep lit- 4651| 278| 1292978 1034382 155157
ter
Pig manure slurry 8056 102| 821712 657370[ 197211
Horse manure deep lit- 180| 300| 54000{ 43200 8640
ter
Poultry manure deep lit- 2268| 550| 1247400 997920 349272
ter
Total cattle manure 58391 6485846| 5188677 1201441
By-products from in- 16600 1391600| 1113280 328824
dustries
Total 74991 7877446/ 6301957 1530265

As shown in Table 1, methane (@Hbroduction is estimated to 1 530 265 Nm?3 a year
which is 20 Nm? per tonne of biomass treated. Téliatively low methane yield is due
to the low ratio of organic waste and to the lowtimaee potential of the effluents
treated. Adding energy crops and other substraitishigh dry matter content and high
specific methane potential could increase methaeld.yFigures 1 shows the contribu-
tion of each substrate to the biogas productiothénhypothetical Belgian case and re-

veals a significant increase in @droduction if energy crops would be included.

Nm? CH4/ year

Methane yield from different sources of biomass

1.800.000
1.600.000
1.400.000
1.200.000
1.000.000
800.000
600.000
400.000
200.000

0

\I Cow H Pig B Others (poultry & horse) B By-products (food-ind.) B Energy crops

Figure 1: Annual methane production from different types ioiniass.

The CHP engine of 800 kWtonverts energy into electricity an heat with skaof 37

% for electricity or 5 500 000 kWh that can be stddthe grid. Heat production

114



amounts to 52% but out of a total of 7 900 000 kWkitduced only 2 900 000 kWh can
be sold to external users.

+ ! !

Through anaerobic digestion (AD) digested slurrg &a increased fertilizer value com-
pared to untreated manure. This change is dueetontkture of different animal efflu-
ents (pig slurry, cow slurry and solid manure) dadthe addition of industrial by-
products of various composition. Furthermore, tlgfothe process of AD, part of the
organic nitrogen is broken down with in final arcri@ase of the mineral nitrogen (am-
monium) that is more easily available for the ptarithis change can have a significant
consequence on fertilization plans. Receiving degesnanure, farmers can save money
on the purchase of mineral fertilisers.

Calculations have been carried out in order tosastiee impact of the CAD system on
the fertilisers’ application. The demand in nitragghosphorus and potassium are
based on the fertilisation recommendations in fonclhe Walloon Region. The size of
the area required to receive manure is calculateith® amount of phosphorus that is al-
lowed applying.

As additional biomass is processed into the digektevolume of digested manure ex-
ceeds the volume of manure delivered to the plEm. surplus digestate has to be ex-
ported to an 812 ha area. It is assumed that tps@roduction farms are willing to use

digested manure instead of mineral fertilisers. tom other hand, farmers delivering

manure to the biogas plant would receive an equahtity of digested manure that they
have provided. Effects on fertiliser purchase asel are detailed in Table 2.

Table 2 Digestate application and savings on fertiliggrechase

Animal production farms

Total area (ha) 2208
Digestate to be spread (t/y) 52 791
Savings in mineral fertilisers (EUR/y) 16 890
Crops production farms

Total area (ha) 812
Digestate to be exported (t/y) 22 200
Savings in mineral fertilisers (EUR/y) 65 569
Total savings in mineral fertilisers (EUR/Y) 82 459
Savings per ha (EUR) 27

There is a great disparity between animal prodadi@ems and plant production farms
as that highest saving is for arable farms withERIR per ha while saving is only 9
EUR for animal farms. Animal breeders have to spaode buying phosphorus and po-
tassium as P and K contents in digested manurdewes than in untreated manure.

Treatment capacity and biogas production are th@e parameters determining the di-
mensions of the plant. The assessment of thesenptaes is based on Danish methods
and allows the projection of planning and calcolasi of the required investments. The
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economic performance of the plant also dependsrecopditions as energy prices and
treatment fees that the biogas plant would receora local industries (Table 3).

The profitability of the biogas plant is calculated costs and sales of electricity and
heat including the income from Green Certificat€se Green certificates (GC) is a
transferable certificate issued to producers oégneower for a number of kWh gener-
ated which is equal to a certain amount of eneigiled by the CQ saving rate. The
COz saving rate is calculated by dividing the quanttyCOe-saving achieved by the
use of electricity and heat from biogas by the2@anissions of a traditional reference
system. At present on the Walloon market the valuthe GC is around 90 EUR/GC.
However, as the green electricity market shows sonuertainty it was chosen for this
study to use the minimum value guaranteed by rediaathority of 65 EUR per GC. In
the present case study it was calculated that &@4s given for one MWhbased on
biogas. An extra income of 80 EUR/MWh is given éeery MWh supplied to the grid.

Table 3: Basic preconditions and investment costs in tHgiBe case

Treatment capacity (t/d) 200
Biogas yield (Nm3/t) 20
Electricity sale price (EUR/MWh) 25
Heat sale price (EUR/MWh) 30
Value of Green Certificate (EUR/MWh 80
Treatment fee for organic waste (EUR/t) 4.8
Investment for biogas plant (million EUR) 3,9
Investments for CHP facility (million EUR) 0,5
Total Investment costs (million EUR) 4.4

The CAD system covers transportation costs for marand digestate. In this case
trucks are hired from an external supplier. Theéeysalso meets the costs for storage of
digestate. Table 4 shows the average profit ofdA® in 2005 prices. Costs were cal-
culated in Danish 2005 prices and then convertéa Belgian 2005 prices by using
Comparative Price Levels from Eurostat. An intecds§,5% is used.

Table 4: Average yearly profit of the CAD of the Belgiarsea

Item EUR/y
Transportation costs -209000
Storage of digestate -19000
Profitability of the biogas unit 88000
Profit of the CAD system -140000
Profit if biogas production increased by 10% -90000
Profit if biogas production decreased by 10% -19000

Even if farmers’ savings are taken into accourd,dirstem is not quite economic being
disadvantaged by low biogas production and the lgart of the heat that can be sold. If
additional substrates with high methane potentedensupplied, the profitability of the
plant could be improved.
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The socio-economic analysis differs from the prasieconomic analysis by looking at
the CAD system from the society point of view arydtéking into account implications
for different sectors. In this part the objectivastbeen to quantify and monetize some
externalities that derive from an hypothetical lsglant given the context of the se-
lected case in Wallonia. Environmental benefitgeticed risks of eutrophication of
ground water, mitigations of green house gas (GH&)h the management of manure
and organic wastes and substitution of fossil flietsenergy production are important
effects that are worth assessing in order to eniphabe advantages of the biogas
scheme alternative compared to the “business ad’ustuation.

Four different levels were analysed where the &g (RO) does not include any ex-
ternalities and the highest level (R3) includeseallernalities that could be quantified
and monetized in the present case. Some exteesatitive to be assessed using Danish
data and others, such as veterinary aspects, cotlde quantified because of the lack
of specific data available.

The 4 levels that were analysed in the Belgian casébe described as follows:

Result 0: Energy production from biogas plant (rtemalities included).

Result 1: Benefits for agriculture and industrigeri manure and waste management).
Result 2: Environmental externalities linked to Glé@issions (CgQ CHs4, N,O) and
reduced nitrogen losses included.

Result 3: Value of obnoxious smells reduction amcbime via Green Certificates in-
cluded.

Including a socio-economic value for Green Cerdifes can be a delicate matter as the
GC system may cover different aspects such as GdiGction. In this analysis it has
been assumed that the GC value only relates tditseefa the society in terms of ‘se-
curity of energy supplies and political stabilisgues’. In order to prevent double count-
ing or inconstancy, integration of a GC value ketainto account in R3 and is assumed
not to include other aspects included in lower llelike the value of mitigation of GHG
emissions (R2).

The estimated effects on GHG emissions linked @0GAD alternative is showed in the
Table 5. CH and NO emissions are expressed in &&guivalent using their respective
Global Warming Power (GWP). For a time horizon 00 years, the GWP of GHs 21
times higher than that of G@nd GWP of NO is 310 times higher than that of €3]

In total 3845 tonnes of G&equivalent can be saved by the deployment of thB €ys-
tem. It can be seen that 46% of the totab@®ission reduction is due electricity sales
assuming biogas would substitute natural gas. bi@as contribution to CQOemission
reduction is 24%. The use of digested manure idstéamineral fertilizers contributes
to a CQ reduction of about 742 tonnes of €€yuivalent.

Other reductions derive from biomass managementaadrobic digestion, which lead
to lower CH, and NO emissions. A reduction of about 10 tonnes of, @Hachieved by
farms meanwhile 6 tonnes of GHre saved through the treatment of industrial by-
products. Un-burnt CiHfrom the CHP-motor system has been assumed té&def the
total of CH, produced. This represents an increase in &hissions of 11 tonnes. In to-
tal the reduction of ClHemissions is about 115 tonnes of &€uivalent and contrib-

117



utes to 3% of the total. The reduction ofNemissions achieved by manure and waste
treatment amounts to 1,635 tonnes gdMNr 507 tonnes C&equivalent.

Table 5: Consequences on GHG emissions of the biogas ipléme Belgian case study

Equivalent CO2
CO2 Alternative — Reference % - split
(tonne CQ)
Gas sales 0 0
Electricity sales -1762 46
Heat sales -920 24
NPK substitution -742 19
Transport fuel 201 -5
CO2- equivalent -3223 84
Equivalent CO2
CHa4 Alternative — Reference % - split
(tonne CH)
Animal manure -10 6
Industrial by-products -6 3
CHP-plant unburnt 11 -6
Total CHs -5.5
CO2- equivalent -115 3
Equivalent CO2
N20 Alternative — Reference % - split
(tonne NO)
Animal manure & other sub- -1.635
strates
CO2- equivalent -507 13
GHG in total
Mitigation in CO 2-equivalent ~ -3845 tonne CQ@equivalent 100

Specific CQ reduction 51 kg CQequivalent/ tonne biomass

Consequences of GHG emissions have been monetizkoht@grated into the calcula-
tion of the socio-economic performance of the pldrite socio-economic costs and
benefits for the CAD alternative were based ondasés of fuel and energy prices de-
veloped by IEA (International Energy Agency) andM@@anish Energy Authority) for
the period 2006-2025. Prices for electricity pusghand sales and prices for heat sales
are based on Belgian data. The contribution of ggneales to the socio-economic re-
sults is showed in Table 6.

118



Table 6: Annual Energy production and sales, preconditissed in the Belgian case
(national price level EUR / MWh)

CH,4 production (Nm3 /y) 1530265
Electricity | Heat Green Certificates

Price level (EUR/MWh) 34 30 80

Production (MWhly) 5500 7900

Net production sold 3097 2948 3097

(MWhly)

Incomes (million EUR/y) 0.105 0.088 0.250

Because specific data from Belgium were not avhl#iite monetization for reduced N-

losses to ground water has been calculated on bassumptions: N-leakage reduction
is 25% of saved N- fertiliser, monetized by theueabdf 3,36 EUR/kg N. In the Belgian

case, the value of reduced N-leakage is equivadedil 141 EUR per year. Table 7 pre-
sents annual costs and benefits for the CAD alteaccording to the 4 levels ana-
lysed.

Table 7: Annual socio-economic costs and benefits (4 leokbxternalities integra-
tion)

Costs as annuity (mill. EUR/y) RO R1 R2 R3
Invest. biogas plant 0.359 0.359| 0.359| 0.359
Invest. CHP plant 0.044 0.044| 0.044| 0.044
Transport 0.027 0.027 0.027| 0.027
Operation & maintenance 0.278 0.278| 0.278| 0.278
Total costs 0.708 0.708| 0.708| 0.708
Benefits as annuity (mill. EUR/y) RO R1 R2 R3
Electricity sales 0.105 0.105| 0.105| 0.105
Heat sales 0.088 0.088| 0.088| 0.088
Incomes from Green Certificates 0.250
Storage/handling/distribution manure -0.157| -0.157| -0.157
Improved fertiliser value 0.087| 0.087| 0.087
Transport saving at farms -0.006| -0.006| -0.006
Savings on by-products treatment 0.062| 0.062| 0.062
Value of GHG reduction 0.078| 0.078
Value of N-losses reduction 0.061| 0.061
Value of smells reduction 0.026
Total benefits 0.194] 0.180| 0.319| 0.594
Profit (benefits — costs) -0.514 -0.529| -0.390| -0.114

It is seen that even on the highest level includilighe estimated externalities (R3), the
studied biogas scheme is not economic from theosemdnomic point of view and the

annual deficit is estimated to 114 000 EUR/y. Ntéhwess, if all heat produced on site
could be sold substantial incomes could be expe&dditional waste supplies would

increase biogas production and thus the profitgbilt also should be mentioned that
considering the current price of Green Certificesound 90 EUR/GC) would imply

break-even point at the R3.
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The development of CAD in Denmark was favoured sgtof preconditions in terms

of legislative incentives as well as economic atpefuch expansion of biogas produc-
tion in other regions like in Wallonia is not fealsi until non technical barriers specific

to the national and regional context could be ifiexdtand partly removed.

Legal and administrative procedurese very complex, often progressing slowly. As
many steps of CAD projects come under various aiité® it is quite long obtaining
clear information and authorizations.

The constant supply of substrates of good qualiy in large quantityn a minimum
radius around the plant is often problematic. Batt#laboration between industrial and
agricultural sectors could allow the pooling offstiént amount of substrates ensuring a
profitable biogas production. Drawing-up a positlig of authorized substrates could
increase the supply of organic matter to raise arettyield. Furthermore, a clear regu-
lation about the authorised substrates with a matipation of controls may loosen the
currentstrong restrictions on the use of digesthyesimplifying application and control
procedures that are heavy and costly.

In many casethe lack of heat markes a brake for the profitability of a biogas unit.
Programmes or public subsidies to encourage thallaison of district heating may fa-
vour an efficient use of the heat. Income fromphaduction and sales of heat produced
from a renewable source should not be linked ta@tken electricity production.

Because of goor awareness of the benefits of biomethanalbaal people are often
afraid of nuisances and can reject some biogaggsojGiving credible information
about the impact of biogas plants could prevent seepticism.

Externalities are nocommonly assessed and monetiddéelanwhile, environmental and
socio-economic benefits resulting from biogas paiden should be better integrated by
means of financial plans supporting sustainablekbgwment.

As many advantages from centralised co-digestive fi@en demonstrated through re-
search and demonstration programmes in Denmark,BRRGAS project has shown
that the CAD concept could generate environmenidl socio-economic benefits and
should develop in other European regions underifgpeonditions. The present study
of an hypothetically CAD plant in the Walloon Regibas revealed some limitations as
the whole system would not be economic even ithal quantified and monetized ex-
ternalities that could be assessed within thisysmalwere integrated. The Belgian case
is disadvantaged by the low biogas potential ofsttestrates and difficulties to pool by-
products from external industries. However, thedpation and use of renewable energy
is favoured by the Green Certificates system wic@h raise substantial income to the
biogas plant if additional heat was marketed and.sbhe Belgian case study has
brought to light advantages for agricultural comruim terms of management of ef-
fluents and savings on purchase and use of mifetdisers. Significant impacts on the
mitigation of GHG emission and the security of neable energy supply via biogas
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production are important externalities that mayoemage decision makers as well as
other biogas actors to remove the existing nonrtieah barriers that hamper CAD de-
velopment in the Walloon Region.

) !

[1] Hjort-Gregersen K. et al. PROBIOGAS PromotidnBIOGAS for Electricity and
Heat production in European countries. Nationale&sment Report: Belgian case. As-
sessment of a hypothetical Centralized co-digestiant, 49 p.

[2] Scoreboard of the Walloon Environment 2005. isliry of the Walloon Region —
Directorate General of Natural Resources and ther&mment, 160 p.

[3]: CLIMATE CHANGE 1995, The science of climate chan@xmntribution of the
Working Group | to the Second Assessment Repoth@fintergovernmental Panel on
Climate Change; Houghton et al.; Cambridge UniwgrBress; ISBN 0 521 56436 O.
Published 1996.
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Will the new economic incentives overcome the remhhical barriers?

By Christian Couturier
Engineer — Manager of the Energy, Biomass & Wagpdtment
SOLAGRO
75 Avenue du TOEC
F — 31076 Toulouse cedex 3
T. +33(0)5 67 69 69 69 — F. +33(0)5 67 69 69 00
christian.couturier@solagro.asso.fr
www.solagro.org - www.lebiogaz.info
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In 2005, France used about 8.800 TJ of biogas (QP0%oe) [1]. Most of this biogas is
landfill gas (61%). Municipal wastewater treatmpfants (WWTP) contribute to 27%,
biogas from industry (food, paper, chemicals...) ©®] and municipal solid waste
(MSW) plants to 1%.

In addition, it's estimated that 15.000 TJ of lahdjas are flared, and 17.000 TJ of
non-collected landfill gas are emitted to the atphese [2].

Biogas production from agricultural sources is iggle. Only 3 farm-scale plants were
in operation, and no centralized plant.

The main use of biogas is power production: 460 GM#hproduced by gas turbines,
steam turbines, gas engines. Most of landfill gasonverted to electricity only. A few
numbers of landfills use the heat generated by p@lts. On the contrary, most of
the biogas generated by municipal and industrial YPW¥6 converted to heat only, and
a few numbers (Paris’ main WWTP for example) areigaed with CHP plants. Final
heat production is estimated to 2,400 TJ, amonghvBb% for self-use (digesters heat-
ing) and 71% for external use (sludge drying, bogcheating, steam for industry...).

Biogas production increased at a rate of +10% par gluring the last decade (+18% for
power production). This trend is going on, and eveneasing: more and more landfills
are being equipped (+23 MW in 2006, i.e. +33% dftafled capacity); new biogas
plants are buildt as industrial WWTP.

Three MSW plants are in operation, and twelve néamtp are under construction or
planned. New AD plants for municipal biowaste werg into service in 2006 and
2007 in Lille and Calais, north of France , andhe French Antilla island of Martin-
ique. The AD plant of Lille will treat 100,000 toes of biowaste, source separated. The
biogas will be used as a fuel for vehicle: the afylille leads the european program
“BiogazMax”, with the municipalities of Harlem, R@and Gdteborg.
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The take off of biogas technologies occurred imEeaat the end of the 90'. Like many
other European countries, numbers of landfill gagirees have been set up. Anaerobic
digestion for MSW is nowadays considered as astalbption, while other alternatives
as incineration are declining.

But until now, the energy prices were not suffitiem allow the realization of biogas
plants in the agricultural sector.

The situation is changing since the publicationnefv power purchase tariff in July
2006. According to this government decree, thedbpsce for electricity from biogas
will be 90 EUR/MWh for plants under 150 kWand 75 EUR/MWh for plants over
2 MWe, and linear between 150 kW and 2 MW.

The plants get a “digester bonus” of 20 EUR/MWHhhié gas is produced from a di-
gester and not from a landfill.

The plants get another bonus for “energy efficiéntyhey use the cogenerated heat.
This bonus depends of the efficiency rate: the gtyaof energy (electricity and heat)
really valorized divided by the quantity of heatueaof the biogas. Heat used for the
process (digester heating, pasteurization) is densd as valorized. This bonus is nil if
the efficiency rate is under 40 %, and reaches BBR/EIWh if the rate is over 75 %. It
is linear between 40 and 75 %.

That means that the purchase price for a plant56f KW, will be between 110 and
140 EUR/MWh, and between 95 and 125 EUR/MWh folaatpover 2 MW.

The “efficiency bonus” is destined to improve thel@l energy balance. It will strongly
encourage the biogas producers to search heatmensuBiogas dedicated canaliza-
tions and district-heating schemes seems to bedbiesolutions.

This new tariff is certainly a fact of great impmmte in the biogas policy in France.
Numerous projects will become cost-effective inta#t domains of biogas and anaero-
bic digestion. The sensitivity of the operators waseasing from some years ; this tar-
iff is a strong sign addressed by the governmemtrder to encourage the biogas tech-
nologies.

(! 3
Based on the “Danish way” of CAD, several studiesleeing carried in France.
A first project, LES (Lannilis Energy Service), lgabeen led in Brittany in order to
treat surplus of pig manure and biowaste. A ddiu#ation stage was following the an-

aerobic digestion plant in order to eliminate rg&a. The project eventually failed.

The GEOTEXIA project (Brittany) is the most advati¢@AD project in France. It con-
sists in transforming the nitrogen of manure irokdsfertiliser using the energy of bio-

123



gas for evaporation and concentration. The plahtoest 16 mill. EUR for 60,000 ton-
nes of biomass (50% pig manure and 50% food-indugtiste) [3].

In Picardie, the FERTI-NRJ project will treat 3800@nnes of industrial biowastes and
produce 10 GWh el. and 12 GWh heat, for an investrae5,5 mill. EUR. 89 farmers
will invest in the local company, in addition t@#dvate corporation and others partners
such the local power company [4].

In West Aveyron (region Midi-Pyrenees), in the fework of the PROBIOGAS pro-
gram, we studied, with our Danish partners, thsifslity to set up a Centralized biogas
plant. This plant could treat 35,000 tonnes of marand 9,000 tonnes of food indus-
tries waste. The plant would be built in the midafehe manure production area and a
12 km long pipe to provide the food industries @fp@enac-Gare should transport the
biogas. The power production is estimated to 5,6hGANd to investment to 5 mill.
EUR.

In the area of Jarny (Region Lorraine), the muraliip and a group of farmers are look-
ing for a centralized plant for liquid and solid muae and industrial biowaste. The plant
would treat 20,000 tonnes of manure, glycerin frarniofuel plant, but no food plant

waste. The power capacity will be 750 k\ahd part of the heat will be used in a mu-
nicipal district heating. The estimated cost isuai5 mill. EUR. A company owned by

farmers and local actors will develop the projégt |

In north Deux-Sevres (Region Poitou-Charentes), Nhicipalities Community of
Thouarsais and the Regional Council of Poitou Qftase support the TIPER project.
Solagro have just achieved the feasibility studye Pplant will treat 40,000 tonnes of
manure and 12,000 to 15,000 tonnes of food plamistey A CHP with a capacity of
1,5MW will provide energy to the food plants of theea. The estimated cost is around
8 mill. EUR.

Due to the new power purchase tariff, there isrbfe@ competition between individual
farm-scale and collective large-scale plants, fer farmers. A farm-scale biogas plant
may generate a direct income, like in Germany. boléective project, the role of the
farmers may be limited to exchange raw slurry figedted one.

The fact that anaerobic digestion improves the evalfithe manure is not necessarily
sufficient as a benefit for the farmers. At the tcary, a CAD project induces a change
in the manure management, especially with solidurgrwhich is to a great extend the
main form of manure in France.

The collective approach limits the profit or incolmgt also limits the economical risks,

compared to individual projects. It may also offidoetter valorisation of energy: poten-
tial users are not often close to the biogas @adtit's necessary to transport biogas or
heat by canalization . This is economically feasiuhly for large-scale project.
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The benefits of CAD for farmers should be demotesdravith the first CAD plants
which will be built in the coming years.

3 !

As for other renewable sources, the easier wagédheat from CHP is to provide a dis-
trict heating. In France only 3 % of inhabitaticare connected to a district heating and
most of them are located in the big cities. Distheating should be a priority of local
energy policies in order to promote local biomasources.

A future renewable heat Directive of the Europeamad, would be helpful for the de-
velopment of district heating in France.

Dedicated biogas canalizations are a feasible wptio

One of the interesting ways for energy from biogathe food—industries. They usually
need electricity and heat (steam). It's the caséédh the projects in Deux-Sevres and
Aveyron: the natural gas consumption varies betvweand 15 GWh, which is the mag-
nitude of heat production from the biogas CHP urigt, in Aveyron for example, a
12 km long biogas pipe is needed. It constitute® 2@ the total investment but seems
to be profitable with the heat purchase and thetigbity tariff.

The regulation concerning biogas canalizations stidae renewed and adapted to bio-
gas, and the French “Club Biogas” is actively invedl in this task.

(! : '

Then, injection of biogas into the natural gas @ggigerhaps the best way. This option is
allowed by the gas act of 2003 and the Europeaecbwe, but in practice we are still
waiting for the application decrees (in particulaere are no norms for trace contami-
nants in the gas).

A scientific team, on the cover of the AFSSET (Eweagency for security, health and
environment at work) is working on this topic sifi@bruary 2007.

=+

There is still no norm for the solid digestate,ikmlfor compost from aerobic plants,
and this is a barrier for the commercialization paodsible sale of solid digestate. Regu-
lation about hazard for biogas plants is not clEaw researches have been lead, for ex-
ample about the explosivity of biogas or the agmimoquality of the digestate.

The adaptation of the regulation for biogas andedigte is slowly going on, in parallel

to the development of biogas projects, and R&D khba strengthened in order to help
policy-makers.
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A CAD project affects its surrounding area in mavgys: management of organic mat-
ter, use of energy, treatment of waste, job creagmvironmental benefits... Farmers,
municipalities, private companies, may be involwedhe project; but no of them are
likely to invest some millions of euros in a prdj@tere the multiple benefits will be
spread between everyone. In France, 3 projecthedathe stage of permitting: LES,
GEOTEXIA and FERTI-NRJ. The duration between thistfstudies and the authoriza-
tion approval was 6 years in all cases, and theldpment costs reached hundred thou-
sands of euros. Only corporations able to invesh ssmounts for such long time may
support CAD projects. But they have to associatallactors. Multi-party discussions
involving private investors, farmers, bankers, lomathorities and municipalities, is a
great experience.

The potential operators for CAD projects — and rtheinkers - need a readability of
their investments for some years. This means thad industry sector, among other
partners of a CAD project, should give some assréor a sufficient long time.

The lack of private investors seems to be solved,td the good profitability of CAD
plants. But their new interest has to be confirnmethe time.

Three main keys to overcome the non-technical &arfor CAD in France may be em-
phasized.

The first one depends on policy-makers and reguiatEnergy policy may extend the
possibility of use for co-generated heat - maimansportation of raw biogas or injec-
tion into the natural gas grid. Specific regulati@ne required for different aspects, such
hazard regulation or organic fertilisers use.

The second key belongs to the farmers. The comditad their involvement in a CAD

project are not yet fully clear. These conditioms elosely linked to local conditions
and can not be transposed from a country to anatheven from a region to another:
management of the digestate, fertilising valuecggtion of benefits from CAD, in-

volvement in the capital share of the CAD plant.

The third key is the private sector: CAD operattwamkers, and food industry. Equilib-
rium must be reached between risk, profit, andidenice. Eventually, a CAD project is
a reasoned gamble for the future.

) !

[1] La production d'énergie d'origine renouvelable eartce en 2005 DGEMP - Observatoire
de I'énergie mai 2006.,

www.dgemp.minefi.gouv.fr/energie/renou/textes/skand.htm

[2] CITEPA, Inventaire des émissions de polluants atmosphésiguna-ranceFeb. 2006

[3] LE SOUDER Jean-Luc, ADELIS. Personal commurnarat

[4] DELACOUR Eric, Bio-nrj. Personal communication.

[5] VIART Nathalie, TRAME. Personal communication.
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By Vicky Heslop — Methanogen Ltd
Tooracurragh, Ballymacarbry, Co.Waterford, Ireland

There are no CAD or large scale co-digestion féediin Ireland, although some poten-
tial projects have completed in depth feasibilitydses. In 2002 a report, commissioned
by the Environmental Protection Agency (EPA) idiéati 10 potential sites in Ireland
for CAD facilities. The Irish case study, in N. k@nny, used for PROBIOGAS was one
of the top three identified sites, in that EPA stuthis site is in the north-west corner
of the South East Region of Ireland. It is therefarvery central location, within the
whole of Southern Ireland. The road that joinstihe major cities of Ireland, Dublin
and Cork, runs through the area. The area is dpgrspulated, and mainly agricultural,
with small (>250 people) villages.

The case study site is located near a large daogegsing facility that produces large
amounts of sludge (16,000 t/y) from its waste watssmtment facility. There are several
other food processing companies within a 60km <adhat would have suitable waste
for a CAD. Under the Regional Waste Management FHare is a need for a second
food waste processing facility for the Region oftapgb0,000 t/y. There is also a need
for a processing facility for the sludge producedtie small rural community sewage
works in the county, both needs this project cdidde met.

The latest Agricultural statistics show that ink€ihny county there are 1,352,000 t cat-
tle, 149,000 t pig and 700 t poultry manure cobdcin the year. In North Kilkenny
farming is mixed with dairy, tillage and pig prodien. Most of the cattle farms are
dairying, with most of the calves being kept throug be replacements or for beef pro-
duction. Nearly all farms are family owned farmseittter livestock or arable. Some of
the farms are in both arable and livestock produactbut there are also purely arable
production units.

Soils are variable, ranging from dry, free drainiagvaterlogged ground. Large areas of
the county have gravel topsoil and limestone sulibaind therefore are vulnerable to nu-
trient and pathogen contamination of groundwatdre River Nore, one of Ireland’s
largest rivers, and several other waterways ruoutin the area. Most the land (unless
waterlogged or the small area of upland in NE ad)Ns very fertile alluvial soils and
agriculture production is high. There is also gaiteigh level of Tuberculosis in the cat-
tle herds in the area, which local vets believeaidly caused by untreated slurry spread-

ing.

)

The Irish Nitrates Regulations 20@&me into force in August 2006, and require farms
to have at least 4 months storage capacity anaeleftceptable spreading times. The
Regulations control the amount of available Nitroghat can be applied and the
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amount of Phosphate for different crops and theuwarnof Nitrogen applied in the form
of manure (170kg/ha). The draft Regulations of 204 indicated that the 170kg/ha
limit would apply to N from_all organic source¥he change that occurred between
2005-06 meant that organic waste from food proogssan continue to be applied to
land, with the only limit being crop requirements available N and the P content and
soil P status. This change has removed the drimefoibd processing companies that
have traditionally landspread their waste to fitldeo systems of waste management for
the material.

Until December 2006 the Irish Regulations on AninBy+-Products prohibited the
spreading of digested products made from feedstioak contained meat, from being
spread on farmland. Even today the interpretatibthe latest National legislation is
still unclear, in relation to category 3 wastedjestthan catering waste. The digested
products, from a biogas plant licensed to procedsring waste, may be spread on
farmland, so long as grazing farm animals do ngeleccess, within 3 weeks of spread-
ing (60days for pigs).

CAP reform and the Single Farm Paymdrds resulted in uncertainty of the future of
farming in Ireland and has caused major chang&mufuse. It has also resulted in many
farmers (particularly on small farms) becoming game farmers or selling up.

Waste Strategy By 1997 all regions of Ireland had developed iB&g Waste Man-
agement Plans that outlined what infrastructure regaired for each Region to manage
its municipal waste arisings. The SE Region advibed biodegradeable waste should
be treated by biological means and that 2 of 50p@acilities should be built. The
National target is that 33% of biodegradeable mipalcwaste should be treated by
2010.

Renewable Energtargets in 2005 were that 13% of electricity canption should be
generated from renewable resources by 2010, nalrbf this was expected to come
from wind or existing hydro.

National Climate Change Strateglentifies agriculture as the sector with the kigth

emissions in Ireland and sets a reduction targdt 2imill. t/y from the National herd,
0.06 mill. t/y from changes in manure managemedt@@ mill. t/y from reduced fertil-

iser use. Large users of energy are required ticjpate in International Carbon Trad-
ing (ICT) and are issued with carbon credits byER&A.

Waste Licensing A facility that processes waste and that holdsenthan 1,000 tonnes
of waste on site at any time requires a waste ¢iedrom the EPA to operate. This li-
cence places defines the manner of operation, ulaéty] of end products, and places
exacting reporting requirements on the facility.

Grid Connections- Ireland has a linear National Grid system tfaat make it difficult

in many areas for the grid to accept embedded gaoer Due to large volumes of wind
power wishing to come on to the system, there 18 agate system operated whereby
any proposed generator >500 kW must apply for ccimme and wait till the next gate
before they receive an estimate. The period betwa#ss is an unknown. A prospective
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generator must also obtain a licence to build segeing station and a licence to oper-
ate.

In 2005 the Support measurdsit were potentially available were from SusthiedEn-
ergy Ireland (SEI) under their RD&D funding for REhis required the project to have
an element of novelty. In 2006 the Government Degsponsible for energy introduced
REFIT a feed-in support scheme for RE, wherebyEUUR-Ct/kW would be paid to the
electricity supplier for any electricity they pusded from a biomass generator. And
also in 2006 a competitive MOTRII scheme which aleara small number of excise
duty exemptions to biofuels projects, and biogdsale fuel would have been eligible.
Up to 70% capital grants were available to farntersstall additional storage capacity
for manure to meet the Nitrates Regulations.

! ! ! !
(!
The period 2005-08 offered a ‘golden opportunityt the development of a CAD in
Ireland, because the CAD would have helped farmezst the Nitrates Regulations
without having to decrease stock numbers or owtpdtmost farmers would have quali-
fied for 60% grants for the required farm alteraticand long term digestate storage.
However, as the grassland farmers, supplying slwaynted at least the same amount of

nutrients back this meant that the CAD would notabée to process any wastes that
contained meat, because of the National ABP rules.

The changes in the Nitrates Regulations betwee® 20@ 2006, resulted in the dairy
only being willing to pay a gate fee to the CAD taking the WWTP sludge, equiva-
lent to the cost of landspreading the raw mat¢E&IR12.50/tonne).

The price available for the electricity generateovded very low income to the CAD,
after allowing for the cost of generating, evenhaiite introduction of REFIT with a
price support of 7.2 EUR-Ct/kW. However, as theyarocessing factory is involved
in ICT, the carbon credit value of using biogagdplace natural gas to produce heat,
could provide additional revenue for the energyséd to replace natural gas in the fac-
tory boilers. SEI offered to provide up to 1 mBUR if this approach was taken as us-
ing biogas for heat was sufficiently novel in Ineta However, for the case study to fit
into the Danish model, it was necessary to presinadiogas would be used in a CHP,
so the SEI grant was not applicable.

The uncertainty about how the Irish ABP rules rdgeay spreading would be reformed,
made it impossible to design the case study toabpers most existing CAD facilities
do.

3 ! 3 !

Initially it was proposed that the case study stiantlude two separate digester lines,
one that would produce digested products for gaasiskknd one that would process
ABP material and plan to utilise the digested pasllas arable fertiliser. This was
agreed in principle by the Dept. of Agriculture.was proposed to process predomi-
nantly food waste and sewage sludge in the ABP, lteng with a small amount of
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slurry. However the Danish model could not accomat@dwo different digesters in
one project. Also there was no data available withe model relating to food waste or
sewage sludge. So it was decided to proceed witltdlse study with one digester that
would process 3,200 t/y of FYM, 31,132 t/y of sjuand 18,000 t/y of sludge from the
dairy WWTP. The sludge included fats collected fritva Diffused Air Flotation unit.

Table 1.Biomass resources and predicted gas yield

Biomass Amount | DM DM VS CH,yield Biogas 60%
t/year % kglyear | kglyear | Nm®*CHjyear| Nm°CH,
lyear
Cattle slurry 31,132 7 2,148,108 1,718,486 343,697 572,B28
FYM 3,240 20 648,00( 518,400 77,760 129,400
Dairy WWTP sludge | 18,000 14 2,440,000 1,952,000 691,200 1,152J000
Manure and waste 52,372| 10 5,236,108 4,188,886 1,112,657 1,854|428

The digester design was a standard Danish desigsjsting of a reception hall with a
mixed tank, which fed into a holding tank beforesgiag through heat exchangers and a
pasteuriser into the digester. The digester toferated at 55C. The digestate would
be separated (by centrifuge for the model) to reamitne coarse fibres (fibre) from the
liquid (liquor) fraction. The liquor would then pa$o a storage tank from where it is
collected to be taken to the receiving farms forglderm storage, until it is used. The
fibre would be stored on site in a shed where @imposted to fully stabilise it, before
it is transported out of the area to a compost pebchanufacturer.

The gas is collected from the digester and ligeioresand is scrubbed before entering a
buffer storage tank from where it is fed into a Citi#t to produce electricity and heat.

60-70 farms would be involved with the CAD, all it a 7km radius of the CAD site.
The manure required to be supplied by about 5, 10@f.cattle. The time that these cat-
tle are housed varies from farm to farm, age ape ©yf stock and from year to year,
depending on the weather conditions. Some animalg anly be housed for about 50
days, others 160 days. The manure management Systelade a) scrapper systems
where the slurry is removed from the houses to w@ride store regularly during each
day; b) slatted tanks where the slurry is storedeurthe animal houses and c) straw
bedded houses (FYM) During winter the slurry frdme scrapped systems will be col-
lected within a week of its production and somehef stored slurry in the slatted tanks
will also be required. The FYM and the slurry frehatted tanks will be collected in the
summer months. Therefore the amount of manure baipglied to the CAD can re-
main steady all year round.

About 2,300ha of grassland is used to maintainettuedgtle. Some of the farms have
stocking rates in excess of that permitted underNhrates regulations. The soil P in-
dex of the land ranges from 1-4. These livestockn&also have between them about
70ha of wheat, 185ha of barley, 80ha of sugar de@tl50ha of other arable crops. Due
to changes in CAD plant and World Trade arrangesye¢hée use of land in the area may
change. However, these farms should provide a langegh landbank to utilise all the
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liquid products produced by the CAD, even if largkchanges. The separated solids
will be sold out of the area as a base for hotiical compost production.

2 !

The case study assessments were made prior tesie of 2006 Nitrates Regulations.
The nutrient analysis of the feedstock and thelab#ity of Nitrogen (taken as early
Spring application) is that which was advised bpdasc, at the time, and actual analy-
sis of the dairy sludge. The calculations assuraerth more than 170kg/ha of Total-N
from organic material will be spread, and that alldhe grassland a maximum of 13kg
of P could be spread. In the situation where tieereo CAD and wastes are spread un-
treated, 13,952t/y of the 18,000t/y of sludge waubd be able to be used on the farms
but would be exported to other farms outside theecstudy area. With the CAD
3,570t/y of the fibre would need to be sold outhaf area.

The effect of processing all the sludge and manutee CAD increases the Nitrogen
availability, and reduces the amount of Nitrogessks into the environment by 89tpa
within the case study area and 36tpa saved outhelearea. Correspondingly there
would be a saving of 72t/ly of Nitrogen fertiliseurphases, overall. Within the case
study area there is a saving of over 40,000 EURh @atificial fertiliser purchases, or
just over 10 EUR/ha. (assuming N/t = 710 EUR and=P1,625 EUR) because some
additional P fertiliser will be required if onlyguor is used on grassland. The assess-
ment was based on the 2005 Nitrates Regulatioreruhe current Regulations nearly
all the digested products could be utilised indhse study area, which would bring fur-
ther fertiliser cost savings.

Table 2.Nutrient equation

quantity DM Total N NH NH, P K N lost
tlyr kalyr kalyr %of total N| kg/yr kalyr Kalyr
CAD output
whole 49,753 4.7% 178,655 120,349 67.4% 39,914 207,90
Liquor 45276 2.2%4 128,084 109,45¢ 85.5% 11,173 189,082 18,628
Fibre used local 904 32.09 10,253 2,204 21.5% 5,824 3,815 8,044
Total N unaccounted for with digested products 26,672
slurry 31,132 6.9% 112,075 28,01 25.0% 18,67 133,868 84,056
manure 3,240 20.09 14,58 1,94 13.3% 3,24 22,032 12,634
sludge spread 4,04814.09 22,66 3,96 17.59 4,04 18,702
Total N unaccounted for with untreated products | 115 394
Sludge ex-
ported 13,952 14.09 82,31 14,40 17.5% 41,85 67,911
Fibre exported 3,570 40,31 8,68 22,91 15,003 31,634
Total N saved from being lost from exported mate-
rial 36,277
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The farmers will have an additional spreading ¢osdeduct from this fertiliser saving
as an additional 13,300t/yr of liquor will be spte@ompared to manure. The farmers
would also require additional storage capacity amf it is assumed that the farmers
obtain a 60% grant and the balance of the codbohge is paid by the CAD.

* *

The case study assessment has calculated thatof 1R@, equivalent are saved per
tonne of biomass treated, even when the CAD igakimg wastes that would otherwise
be disposed of to landfill. The GQavings represent 90% of the GHG emissions
avoided, whereas with most CAD, other gases mak®&Q# of emissions avoided.
Therefore if the Irish CAD could process ABP waste GHG emissions avoided would
be much higher. The saving in emissions in the sasdy is calculated by considering
the following
a) methane emissions from stored manure and sludge
b) Nitrous oxide emissions reduction achieved by nahsation of the nitrogen
during the digestion process
c) The carbon dioxide emissions avoided by replacossif fuel (natural gas) to
generate the net output of electricity and heat
d) Allowing for emissions of unburnt methane (1% ofljun the CHP exhaust
e) NPK fertiliser substitution
f) Changes in transportation fuel

Table 3. GHG emissions

Gas type| Gas as produced tlyr Equivalent in,@p
Electricity sales Co -1,856 -1,856
Heat sales (6]9) -1,217 -1,217
NPK substitution CQ -299 -299
Transport fuel Co 32 32
Manure storage CH 0.3 6.3
Sludge storage CH -9 -189
CHP unburnt gas CH 13 273
Manure/sludge/fert pD 1.44 -446
-3,709

For the CQreduction due to NPK substitution the following trpam specific energy
and CQ contents have been assumed: (38MJ/kg pure N) §@BKkg pure N,
(17MJ/kg pure P) 2.67kgCGixg pure P, and (6MJ/kg pure K) 0.80kgsZig pure K

I 2

Capital cost of the case study CAD facility in totame to 4,171,000 EUR (Biogas
plant= 3,747,000 EUR, CHP=395,000 EUR, centrifuge=Q00 EUR). There is some
uncertainty in applying this capital cost as thekest Danish model was twice the size,
and there are significant economies of scale wildrger CAD size.
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The net result of operating a CAD of this size andnanure and sludge for which only
a low gate fee can be charged (12.50 EUR/t) resultse project having low gas yields
and operating at a loss of 225,000 EUR per year aft financing costs are allowed for.

Table 4.Operational costs and revenue

Revenue EUR Costs EUR
[1000] [1000]
Electricity saleg4,671 275 Electricity purchase for process -25
MWh)
Heat sale$4,003 MwWh) 92 Maintenance -127
Sludge treatment fees 230 Sand removal -
Fibre (utrient value EUR 0 Insurance -18
19,000pa)
Other costs -18
Staff costs -103
Premises -6
Administration -15
Capital financing of biogas plant -336
Costs of biogas facility - 650
Capital financing storage & separation -62
Transportation costs -111
Total Revenue 597 Total Outgoings - 823
+1 0

Not all the socio-economic benefits of CAD haverbeluded in the calculations, as
insufficient data is currently available. Those #ed include, security of supply, saved
resources, global balance of trade, effect on strfuature (e.g. roads, grid), OO,
animal and human health benefits, employment aral development benefits.

Table 5.Socio-economic values

EUR
Energy Electricity sale* 136,000
Heat sale 93,000
Agriculture | Improved manure value 40,0P0
Added spreading costs on farms - 27,000
Transportation 111,000
Industry Disposal cost avoided 230,000
Environment| GHG reduction 96,000
Reduced N eutrophication of groundwater 65,000
Reduced obnoxious smells 26,000
Total socio-economic benefit 548,000

* The value of electricity sales assumes that lBqgaduced (net) and used for electricity produrctio
substitute natural gas (by energy content). Theesponding C@substitution or reduction is assigned to
the electricity production part of the biogas plaatput.
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A CAD plant in Ireland will not be economically \ike, unless at least one or more of
the following can be achieved
- Areasonable gate fee can be charged for at least sf the waste processed
Digested products can be spread to grassland,iegentain meat in the feed-
stock
The value gained for energy generated increases
The socio-economic benefits are rewarded
The Nitrates Regulations are applied in a manrerréflects the nitrogen loss
avoided rather than the amount of total N applied

CAD facilities in Ireland are unlikely to be able avail of the economies of scale
achieved in other countries, because livestock ifegns mostly not intensive and food
processing and population is scattered. The roatksyin rural areas is poor and there
are few sites where the heat produced can beadtilidowever, even with a small CAD
facility the socio-economic benefits are significan230,000 EUR/yr (this value would
increase if the CAD processed material that wotlhetiovise go to landfill). The socio-
economic benefits of the case study are

GHG emission savings of 3,700 (71kg £€yuivalent/tonne biomass treated)

72 tlyr of nitrogen fertiliser saved (1.4kg/tonnerbass treated)

A saving in production costs for farmers of 10 Ebi&R/

18t/yr of nitrogen leaching to groundwater saveRR1EUR/tonne biomass

treated)

All obnoxious smells from spreading

Unpredictable changes in legislation and a laclonf) term vision and planning, make
it very difficult to develop a CAD facility whichakes 3-5 years to develop.

Unless Ireland adopts spreading rules, similarth@ioEU countries, it is unlikely any
CAD facilities will be built in Ireland.
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Table 6. Assumptions used for calculations

Carbon value

Required storage capacity solid manure in mon#ference
Required storage capacity liquid manure in montference
Required storage capacity fibre fraction in montase study

Required storage capacity liquid manure in monthsase
study

Price, electricity sold, EUR per kWh

Price, electricity, own production for process msgs, EUR
per kWh

Price, heat sold, EUR per MWh

Capacity of trucks in use, tones, solid/liquid mafliquor
Average speed, transport vehicles local roads, km/h
Average speed, transport vehicles long distancespart, km/h
Liquid manure transportation to and from the CADRE

Solid manure transportation to the CAD EUR

Long distance transportation EUR

Average distance from farm storage to spreadlmnal ,

Average distance from farm to CAD, km

Average distance, long distance transport, sludige/fkm
Interest rate

Avoided obnoxious smeltgst difference for soil injectignEUR/t
Reduced N leakage to groundwateas% saved N fertilisgr
EUR/kg
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By J. Mata-Alvarez, K. Hjort-Gregersen, H. B. Mg|I8.G. Sommer, T. Birkmose,
and L. Henrik Nielsen

Spain is the second largest pig meta producerndeBermany in the European Union,
with 3% of the world output and 16% of the EU protion (Lence, 2005). According to
the Catalonian government, 28% of the Spanish mduxtion takes place in Catalonia,
where more than 10,000,000 fyr of animal slurry are produced.

Pig producers in the areas with the heaviest cdrat@n of production facilities in
Catalonia are forming cooperatives to build wasspakal plants that eventually trans-
form slurry into electricity and fertilizer.

Main problem of pig manure is the high ammoniumasoriration of slurries, linked to
the intensive exploitation areas, which resulta wery important surplus of nitrogen in
certain regions. According to Mata-Alvarez (20aBg Netherlands with 200 kgN/haly
is heading the European mean surpluses of N. Sp@snan average value of 21, but
Catalonia has a large concentration of approx.gi¥/lka/yr. This makes an overall ex-
cess of 30,000 t N/year, but in some areas, as’Blagell, the surplus rises to 500 kg
N/haly, that is, more than double of the allowedugain accordance with the
91/676/CEE Nitrogen Directive.

These values can be used as a guideline to shkecight location of centralized treat-
ment, and in fact, Pla d’'Urgell has been chosease study of PROBIOGAS project.
Another area in Catalonia with a similar surplugNos “Les Garrigues”, where already
two centralised digestion plants for pig manuresesxi

AD centralised plants has a number of advantagesnsuised in Table 1.

Table 1.Some advantages of AD centralised plants for pigura&

* ADhas implications not only in the agricultural sector, but also for
the industrial and energy sectors:

¢ Stabihzation of the orgamic matter.
e Reduction of odour emissions
»  Mitigation of GHG emissions

= zlactrigity,
= manurs storags,
= reduced amissions of Nahin seils after manurz sprzading.
= 0y raduction chen ne Chemo N fertilizer. isused,
= itransport of manure intrzases and CH; canlaavs the CHP plant unburned)
= Mitigation of cutrophication of ground water
(saved Chemical N fertilizer)
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The study-case is an AD centralised plant to b&allesl in a farm located in Vilasana,
which is a municipality in the region of Pla d’Utgevithin the province of Lleida (see
Figure 1). This is a rather dry region with a Idensity of inhabitants dedicated to ag-
riculture and farming.

This region, Pla d’Urgell has
around 320,000 pigs which rep-
resent around 4% of the total
livestock units in Catalonia.
They are distributed in 250

Comarca del Pla farms. Vilasana, one of the
d'Urgell municipalities, with an area of
19,3 knf and 540 inhabitants,

livestock units, which repre-
sents a high concentration. The
largest farm is the one called
Porgaporgs, which has been se-
lected as the hypothetical centre
to build up a centralised biogas
plant. As a whole this farm has
around 7000 pigs, distributed as
shown in Table 2. In the nearby
two other relatively large farms are located, naiMeldil and Vehi2.

Data for these two additional plants are also piteskin Table 2. In addition other
smaller farms could join the project and as comexarielow, some agro-industrial
wastes are available to be co-digested in thigaksed AD plant.

Q has 15 farms and 26,000 pig

Table 2 Basic data of the main farms contributing todkatralised co-digestion
plant

Central Farm Farm Vehil Farm

(Porgaporcs) Vehi2
Fattening pigs (produced/year) 4000 1700 1000
Sows (stable places) 600 200 100
Young pigs (less 20kg) (pro- 2400 1000 500
duced/year)

Taking into account the number of livestock unitg total amount of manure produced
in these 3 farms can be estimated to be aroundd8#/2r. Considering all the pig

farms in the area, this amount is increased u24,300 t/yr, whereas cattle manure
amounts approximately 30,000 t/yr, poultry arouricD®, and other organic waste com-
ing from food industry, almost 4,000 t/yr. All #e wastes and manures gives a total
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yearly amount of nearly 170,000 t/y. Presentlyséhamounts of waste are either spread
in due time (normally once per month, except intainin the fields or sent to a com-
posting plant (solid fraction or industry waste)em they are processed and used later
in the fields. This composting process cost to gtdal producers can be estimated to be
around 25 EUR per tonne.

It seems that a centralised co-digestion plantccoelp in reducing the cost treatment
for industrial wastes, potentially increase theilieer value of manures and to decrease
the GHG emissions due to manure storage. In addiiogas would be produced which

could be transformed into electricity and heat. dstunately, heat could not be used for
district or industrial heating, because of the atises and the climate conditions. An-
other added benefit of centralised co-digestion ld/dae the reduction of odours as

pointed out in Table 1.

The Danish expert group took basic data shown énathove section and some other
concerning temperatures, seasonality, etc. andepdsd to design the centralised co-
digestion plant. As the amounts of biomasses waarky low, they consider comprising
other piggery wastes available in the region. Asuenmary Table 3, shows all the
sources of biomass considered for co-digestion.

Table 3. Total yearly amount of biomass resources consideréte project
Type of biomass resources Tonnes

Cattle manure 29,690

Pig manure 129,500

Poultry manure 4,700

Organic waste 3,850

Total 167,740 (460 t/d)

From this biomass approx 4.4 mif methane production is estimated in two digesters
of 3,500 nf. In the CHP plant this energy is converted inexelcity and heat. Electric-
ity which may amount to approx. 16,000 MWh is smdhe grid; heat can not be util-
ized, apart from some heat used for process heating

The plant is operated at thermophillic temperatudsch means 52-55 °C and 15 days
retention time. The plant is equipped with 70 °@-panitation step, heat exchanging,
biogas cleaning facilities, odour control systenorage facility for biogas and CHP
plant for heat and power production.

Investment costs have been estimated to be asvil(io thousand Euros):
o CAD Biogas plant 5,300
o CHP facility 1,250

In the following section an analysis of costs bésgbased on several factors (Mata-
Alvarez et al. 2006), is performed. A number ofeeralities relevant for the socio-
economic analysis have not been included due todhdata.
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An overview of the annual costs and benefits emdetihe socio-economic calculation is
given in Table 4. The analysis has been carriedrodiievels termed Result 0, Result 1,
Result 2, and Result 3, characterised by:

o Result 0: Energy production (e.g. biogas, heat alattricity) from biogas
plants. Externalities not included.

o Result 1: Benefits for agriculture and industry adeled to the analysis.

o Result 2: Environmental externalities concerning Gldmission (CQ CH,,
N2O) is added, if quantified.

0 Result 3: A monetised value of reduction in obnasiemells is furthermore
added.

Further income elements are added to the analys® \going from the Result O level to

Result 3, as shown explicitly in the table. All gtified and monetized consequences
available for the present analysis are includedhim overall socio-economic result

termed Result 3. The annual costs (levelised ayintotr investments, reinvestments,
and operation and maintenance of the CAD and Cldifitjahas been calculated using

a socio-economic interest rate of 6.0% p.a. Thisuah cost amounts to 1,076,000
EUR/year as seen in Table 4. The annual incomeegltsrfor society or the benefits

achieved are composed of benefits achieved inrdiftesectors of society. In Table 4
these are grouped into net environmental bendf@sefits in industry, and in agricul-

tural, and (net) energy production benefits.
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Table 4 Annual socio-economic costs and benefits for th&G@#ernative

SO0CIo-economic results Blogas plant:
Annual costs and benefits Pla d’'Urgell, Catalonia, Spain. Base Case
Costs (levellised annuity) Result0 Resultl Result2 Result3
mio.EUR/year
Invesments:
Biogas-plant 0.493 0.493 0.493 0.493
Transport materiel 0.000 0.000 0.000 0.000
CHP-plant 0.109 0.109 0.109 0.109
Operation and maintenance:
Biogas production / biogas plant 0.413 0.413 0.413 0.413
Transport materiel 0.061 0.061 0.061 0.061
Sum: 1.076 1.076 1.076 1.076
Benefits (levellised annuity) Result0 Resultl Result?2 Result3
mio.EUR/year
Energy production:
Biogas sale 0.000 0.000 0.000 0.000
Electricity sale 0.479 0.479 0.479 0.479
Heat sale 0.000 0.000 0.000 0.000
Agriculture:
Storage and handling of liquid manure 0.000 0.000 0.000
Value of improved manurial value (NPK) 0.160 0.160 0.160
Distribution of liquid manure -0.456 -0.456 -0.456
Transport savings at farms 0.000 0.000 0.000
Veterinary aspects n.a.
Industry:
Savings related to organic waste treatment 0.104 0.104 0.104
Environment:
Value of GHG reduction (CO,, CH,, N,O-reduction) 0.399 0.399
Value of reduced N-eutrophication of ground water: 0.166 0.166
Value of reduced obnoxious smells 0.083
Sum: 0.479 0.287 0.852 0.936
Result0 Resultl Result2 Result3
mio.EUR/year
Difference as annuity: Benefits - costs -0.596 -0.789 -0.223 -0.140

When the sum of the monetised annual benefits elscéke costs the proposed scheme
is of course attractive for society based on treumptions made. From Table 4 it is
seen from the negative net benefit Result 2 vahet, the CAD scheme in question is
not attractive for the society and that a socioreoonic annual deficit of about 223,000
EUR/yr could be expected. Including Result 3 asdionp and the monetised value of
the externality ‘reduced obnoxious smells’, theineated socio-economic deficit de-
creases to about 140,000 EUR/yr.

As a summary, with respect to the availability guehlity of manure and waste, precon-
ditions are relatively favourable for this caset B electricity prices and the lack of
heat marketing options form serious barriers fooneenic operation. Calculations
show, that the biogas plant itself would be ecomorut it is not able as it seems also
to cover transport costs. This situation could hered by supplying more organic
waste, or finding a market for heat to improve ggefficiency and economic perform-
ance.
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The main conclusions of the socio-economic analygsithe proposed CAD-plant pro-
ject for Pla d’Urgell, Catalonia, Spain (Base Caxe)

o Based on Result 0 assumptions the plant is noactite. Thus, the socio-
economic value of energy production alone can ustify the deployment of the
proposed biogas plant project.

o0 Based on Result 1 assumptions, where net agrialilivénefits and benefits for
industry concerning treatment of organic wasteiackided in the analysis, the
proposed project remains unattractive for societgrge.

0 Based on Result 2 assumptions where the calcutai@donmental implications
(net benefits) on Green House Gas emissions,,(@BL, and NO and N-
eutrophication of ground water furthermore are takéo account, the annual
socio-economic deficit is calculated as 223,000 BUR

o Including furthermore the estimated externalitielsted to reduction of obnox-
ious smells (Results 3), the annual socio-econaieftit is reduced to about
140,000 EUR/yr for the biogas plant in the confagion considered.

These results clearly show that the economy ispafse, a barrier. But what about the
incentives? Social benefits are, in a way, an itigenbut, right now, from the eco-
nomical point of view the only incentive for farnsdas the sale of electricity. With the
present situation and at the present price thi@is real incentive. As the only way of
being remunerated is the electricity sales, thatme of green certificates to increase
the electricity fee up to a 14-16 EUR/MWh. This Ih@en pointed out in a recent meet-
ing with TGN in Barcelona, in the framework of tRROBIOGAS project. Other incen-
tives such as the sale of heating power or fin@idditional environmental benefits, are
right in theory but too far from the practice farfers. Additionally, it should be taken
into account that the CAD is not going to solve pneblem of the manure excess. Thus
farmers should find a real profit to invest in tkiad of projects. However, the estima-
tion carried out here shows that the feasibilitpag so far, if a small help from the ad-
ministration, establishing better fees for the &leity sales.

) !

Mata-Alvarez, J., K. Hjort-Gregersen, H. B. Mg|I&.G. Sommer, T. Birkmose and
L. Henrik Nielsen (2007). National Assessment Repasessment of an hypothetical
Centralized co-digestion plant hypothetically sitedPla d’Urgell, Catalonia, Spain.
PROBIOGAS project. Co-funded by the EU Commision.
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By C. Zafiris
Center for Renewable Energy Sources (CRES),
19" km Marathonos Avenue, 19009 Pikermi, Greece,
Tel: +30 210 6603261, Fax: +30 210 6603301,
E-mail: czafir@cres.gr

Biogas is being promoted in the electricity martetreduce both dependence on
imports and exposure to international energy markat well as to reduce GHG emis-
sions in the atmosphere. The electricity markeGieece, from 1950 to 1994, was
dominated by the Public Power Corporation (PPC)clwhvas the only company pro-
ducing, transmitting and distributing electricaleegy in Greece. The PPC generation
system consists of the interconnected mainlandesygsome nearby islands are also
connected there), the systems of Crete, Rhodesthenddependent systems of the re-
maining islands. From 1994 it was allowed to autodpcers and independent produc-
ers to generate electrical energy from renewalbdeggnsources while from 2001 the de-
regulation of the electrical energy market wasldisthed.

Even though the government favours the use of akhtas in power generation,
low-quality lignite domestically extracted still @unts for 30.72% of Greece’s total
energy needs in 2005 and contributes 55.9% todlierral electricity production (Min-
istry of Development, 2005).

Greece successfully introduced natural gas intemsrgy mix in 1996. In 2005,
natural gas imported from Russia and Algeria inftren of LNG was estimated to ac-
count for 6.6% of gross energy consumption andcgasumption is growing fast. It has
already a good footing in power production and feggaced some oil use in the indus-
trial sector. In 2005, natural gas contributed 2.8 the electricity production in
Greece. In the future, most growth in gas demamxpgected to come in power genera-
tion and in the residential and services sectong durrent gas infrastructure is suffi-
cient to meet demand for several years.

Renewable energy sources —wind energy, small hydoopass and photovoltaics-
contributed 3.1% to the Greek electricity productio 2005. Biogas accounted for
3.2% of RES contribution, with an installed capaat about 24 MW, coming from the
exploitation biogas energy of landfill generatedSanitary Landfills (SL) and biogas
generated in Municipal Wastewater Treatment PIGVW&WTP) in the region of Attiki.

During the 1980’s a few efforts for biogas energyleitation were attempted in
Greece, the feedstock being mainly animal wastdsaastes from food processing in-
dustries. Some of the efforts were demonstratianepts, which were finally aban-
doned because of a number of reasons, the mosttempbeing the lack of proper leg-
islation, financial incentives and lack of publwareness. Nowadays, the situation has
changed and there are a number of legislative messund financial instruments avail-
able to support biogas investments in Greece asgfias of information campaigns to
initiate public awareness and stakeholders’ involget in biogas.
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The installed power capacity produced from bioga®0d05 was 24 MW, which cor-
responded to primary biogas production of 1,5072 For 2006 the respective figures
were 36.39 MW and 2,905.80 TJ. The biofuel is capfrom the exploitation of biogas
generated in Sanitary Landfills (SL) (2,268.84 n2006) and biogas generated in Mu-
nicipal Wastewater Treatment Plants (MWTP) (636I9) mainly in the region of At-
tiki (Table 1). As noted in Table 1, only the larggale anaerobic digestion (AD) plants
of Psyttalia and A. Liosia produce power and heatle the rest produce only power.
So far a number of additional requests for permége been submitted to the Regula-
tory Authority for Energy (RAE) and approved forcaib 11 MW of additional electric-
ity generation in the coming years. This figuredktively low compared to the poten-
tial energy generation from SL and MWTP.

Table 1: Anaerobic plants in Greece

Primary

Feed-  Amount Gas roduction Installed  Produced Produced Produced
Plant stock  (m¥day) production pof biogas capacity  electricity rc;]el;?e heat
3
(Nm>/day) (TIT) (MW) (MWh ) (MWh,,) (TJlyr)

MWTE of Sewage 17,000 1,085 9.12 0.21 130 2.2
Chania sludge
MWTR of Sewage 23,000 3.200 26.90 0.19 465 4.3
Heraklion sludge
MWTP of Sewage 27.000 1,500 12.61 035 240 412
Volos sludge
MWTP of — Sewage ;6,000 70,000 588.34 7,14 28,000 40,300 14522

Psyttalia  sludge
SL pf ' Landfill 164,000 1,107.41 138 264,000 0 0
A.Liosia gas
SL of Landfil 756.28 304.49
A.Liosia 112,000 9,7 190,000 84,500

. gas
(Expansion)
SL of Taga- Landfill 405.15 0
rades gas 60,000 50 95,600 0
TOTAL 411,785 2,905.80 36,39 578,435 124,800 460.32

Regarding the potential resources for biogas priogluin Greece, sheep, goats and
lamps breeding represents the highest percentafjeestock but this is mainly shep-
herded and thus the produced manure is spreadeogréizing land (Bookis, I. 1997).
Currently in Greece there are about 33,000 cakdirey farms with 723,000 breeding
animal heads, 36,500 pig-breeding farms with 14D ,66ws, 2,500 olive oil mills, 25
secondary olive residues treatment facilities ammbrasiderable number of food indus-

tries.

Table 2: Biomass potential (of the main organic wastes) iegée

Category Units * Capacity * Organic wastes | Installed capacity

(t/yr) (W)

Cattle 32.875 727,040 cattle 14,540,800 278

Sows 36.593 140,645 sows 2,268,220 37

Slaughterhouses 101 77,242 t/yr (CatR) 204,932 28

127,690 t/yr (Cat 3)

Milk factories 548 160,362.4 t/yr goat milk 425,647 7.21

(milk processing for 447,705.2 t/yr sheep milk

cheese production)

Total 17,439,599 350.21

* Source: Ministry of Agricultural Development aR@od
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The potential users for biogas production throudh would be focused on inten-
sive livestock, such as medium scale livestocksufiitible 2).

According to Table 2 and based on a conservatigeas®, about 17,400,000 tonnes
of main organic wastes are annually produced ireGelt is estimated that the AD of
manure and organic wastes from the slaughter hoaisesmilk factories could feed
CHP plants of total installed capacity of 350 MWn#ean annual electricity production
equal to 1.121.389 Whdyr (38,5% efficiency 5% maintenance) and 1.349.000
MWhg/yr or 4861 TJ/yr (44% efficiency) of thermal engrg

Following the previously mentioned data, eight calided anaerobic digestion
(CAD) plants, of 5-20 MW installed capacity, coldd constructed in Greece, in areas
of high organic waste potential that is associatéd high environmental risks created
from their uncontrolled disposition. An advantageted is their close proximity (all
proposed plants are in a radius of 20-25 km) taels the transportation costs of the
organic wastes to the centralised AD plants.

1 mn

The following legislative framework on RES, incladibiogas, is currently in place:
Law 2244/94 regarding revisions on the electricity productaode from RES,
and the implementing Ministerial Decision 8295/98ich broke new ground
for the promotion of RES in Greece. This law remediin force only until the
end of 2000, when it was replaced by the law 2738 which it still acts as
reference.

Law 2773/99regarding the liberalisation of the electricity nket in Greece.

Key features include:

a) priority to the electricity produced from RES toveo the demand of elec-
tricity

b) a ten year contract to the producers of electriciyn RES at a price which
will be 90% of the existing medium voltage tardf, maximum, for the en-
ergy produced.

Development law2601/98 replacing 1892/90, which was the main fundingd too

of RES applications.

Law 2941/2001regarding the simplification of procedures foraédishing com-

panies, licensing Renewable Energy Sources platts,

Law 3017/2002related to the ratification of the Kyoto Protod¢olthe Frame-

work-convention on climate change”,

The new developments in the legislative framewaekthe following:

Law 3299/20040n promotion of investment. Subsidies vary from 85% ac-

cording to region, and the type of the enterprisecse of SMEs and specific

regions they can reach up to 55%) (www.elke.ghes dfficial site of the Hel-

lenic Centre for Investment). Support on capitatdaip to 40%) for biodiesel

plants was included in thé“3Community Support Framework (Energy), which

ended last year. Thé"4ramework is under development and respectiveiprov

sions are expected to be put forth.
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The Biofuels directive 2003/30 has been adoptethbyGreek government late
2005, adaw 3423/2005According to this, biodiesel will be the main tuel for
the Greek transport sector with bioethanol playentess important role until
2008. The amount of biodiesel required to satisgyihdicative target of 2% (on
a lower calorific basis) for the year 2006 has bestimated to be circa 80.000
tonnes while the amount to satisfy the indicati®egét of 5.75% for the year
2010 has been estimated to be about 148.000 tonnes.
The Directive 2001/77 on electricity from RES haeib adopted by the Greek
government in June 2005, Baw 3468/06 According to this, a target of 20.1%
RES contribution incl. large-scale hydro on eletyi production in 2010 has
been set. The main scope of this new law is to liyhe permitting system for
the RES investments in Greece (i.e. licensing ghoes). A point of strong in-
terest is the new electricity feed-in-tariffs systeapplicable for the sales of
RES-produced electricity to the grid. Electricitypduced by biomass is set at 73
EUR/MWHh.
Join Ministerial Decrees 54409/2623(27/12/2004) ruling the Emissions Trad-
ing schemes
Specific Spatial Planning Framework and Sustain&l#eelopment for RES.
According to this plan, for biomass and biogas eitation, favourable areas are
considered these located in near proximity to adjtical lands where biomass is
produced, waste treatment plants, food industaesnal breading farms. Mini-
mum distances from the nearby land uses are setplEm is under public con-
sultation.

The financial measures set for RES applicatiorduding biogas are the following:
The Operational Programme of Energy (OPE) (199402@0 the 2° Commu-
nity Support Framework (CSF) is the most import@mincing instrument for
RES promotion in Greece. Currently, the funding na@isms of the Opera-
tional Programme of Competitiveness (OPC) of tHeCHBF, initiated in 2000-
2006 by the Ministry of Development, gave a furtimpulse to RES projects,
with a total budget of about 777.6 mill. EUR (pebfunding of about 268.4
mill. EUR). Biomass share was 60.7 mill. EUR, otituhich the 31.4 mill. EUR
were spent on biogas projects.
A provision has been applied to give the 3% ofdleetricity sales in favour of
the municipalities, in order to curtail any pubbtpposition in areas with high
RES potential. A significant budget has been eaathfor the upgrading of the
electricity network in areas of high wind or bioragmtential.

It is expected that with the forthcominl] €SF private investors will take advantage of

the funding mechanisms and the upgrading of theor&tand will invest.

There are a number of key risks and barriers thattbreaten investment in biogas
projects and thus prevent more rapid uptake ofralelei technologies. Barriers associ-
ated with investment opportunities, on a macro-eoan level, were categorised ac-
cording to distinct but interrelated topics andunie:

Cognitive barriers, which relate the low level efaaeness and understanding of
the financing schemes and risk management infretsites

Political barriers, associated with regulatory aaticy issues (lack of gate fees,
lack of regulatory price for heat)
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The small-scale of projects,

Resource availability and supply risk, either imis of assessing the resource or
contracting the supply (reduction of gas quantitg guality due to changes in
organic feedstock)

High investment costs

Planning opposition associated with odour problems

Biogas projects suffer significantly from resoustgply risk and small scale. One
issue that comes up repeatedly when seeking finfandeogas and cogeneration pro-
jects is security of supply and fuel price vol#yili

Large plants owners are not properly aware ofelariologies for manure treatment
and potential biogas-to-energy applications, whatethe other hand, small plants can-
not in general effectively combine forces with atheoducers to form clusters of enter-
prises and create viable biogas plants.

The few potential investors that are fully awaralbthe benefits of biogas exploita-
tion mentioned are discouraged to proceed to sinmigestment due to the high invest-
ment cost and the low public subsidy (grant). Tiharfcial return for an AD plant is in-
sufficient to repay the investment outlay, becdusancial analyses do not include the
socio-economic costs and environmental benefite(eal costs).

Although new laws and ministerial decrees have laglpted, which improve the
institutional and the legal framework for such istreents, these investments are re-
source-limited, i.e. the “polluter pays principis’not applied practically, which would
greatly improve operational costs by imposing deés to polluters and help remove
uncertainties for the power plant owners.

Liberalisation of the energy market, that wouldiate investments, is not fully im-
plemented in Greece and PPC still retains the hggpidsition in power generation and

supply.

! +1 1

A realistic scenario was produced (Ministry of Dieygnent, 2005) to assess the
demand for installed power capacity from RES tlsaheeded to reach the target of
20.1% contribution of RES in the internal electsianarket. According to this scenario,
the requirements in installed capacity by 2010 flwomass are 103 MW, which corre-
sponds to 0.81 TWh and accounts for 1.19% of th& Rlgare (Table 3). The scenario
was based on the assumption that the share ofugaR&S types will not vary signifi-
cantly in the next four years; thus the biomassipced electricity will derive mainly
from biogas. This assumption is considered asstgalgiven that rapid technological
evolution that would lead to significant changesha economic viability of the various
technologies is not expected.
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Table 3 RES installation requirements to meet the 20ideta

Require-

ments in Energy Percentage share

installed generated  of every renew-
capacity by in2010in able energy source

2010, in TWh in 2010
MW

Wind parks 3,372 7.09 10.42
Small-scale hydro 364 1.09 1.60
Large-scale hydro 3,325 4.58 6.74
Biomass 103 0.81 1.19
Geothermal 12 0.09 0.13
Photovoltaics 18 0.02 0.03
Total 7,193 13.67 20.10

Referring to the success conditions, some correetotions that may be undertaken
to improve and speed up the current licensing @®oé RES, including biogas, are out-
lined below:

Strict adherence to the deadlines set for the uarRES applications which are
rarely respected by the public electricity compadmy,the relevant departments
of the Ministry of Development and the Ministry Bhvironment, Civil Plan-
ning and Public Works, by the regional and prefiecauthorities, etc.
Substantial reduction in the number of public- seantities (departments,
committees, agencies, etc.) required to approvearmental licensing of RES
installations, so as to initiate investments.

Detailed examination of the possibility to incorate all RES —licensing proce-
dures into a ‘one-stop shop’ mechanism, under dpersision of the Ministry of
Development.

Creation of national clusters consisted of repriegemes from SMEs, technol-
ogy suppliers, specialised contractors, equipmesmufactures, financing pro-
viders, policy makers (Ministries, Local Authorgjeetc. that would assure con-
stant and efficient linking between different p@& — on energy, environment,
etc — and marketing activities on biogas deploym&he aim of such clusters
would be to determine synergies, dependenciesrdaachctions between the in-
volved key players for each stage of a biogas pintycle and find out which
productive systems can be derived.

Increase of the percentage of the public fundingheninvestment capital costs
from the 40% that is now to 50%, mainly for the aeed bioconversion tech-
nologies.

Improvement of the biogas market conditions (insesaof demand and thus in-
creases of the selling price of the energy produdikis could be achieved
through the increase of the amount of the de-tdxefiiels and the price of the
biogas-produced electricity to the grid (73 EUR/M\&t at present to the 150
EUR/MWHh).
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Biogas currently exploited is mainly in the form lahdfill gas and sewage sludge

generated gas. However, Greece has a high orgasitewotential that currently is not
exploited. Eight CAD plants could be constructedhva total installed capacity of 350
MW, in areas of high organic waste potential.

The legislative framework and financing mechanisane constantly being im-

proved, but the still high investment costs couplgith the lack of public awareness on
biogas production advantages, the lack of impleatent of a ‘gate-fee’, as well as the
lack of socio-economic costs and environmental fiesn@external costs) reflected in
economic analysis of a CAD plant hinder the biogggloyment in Greece.
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