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To conserve finite fossil fuels and to simultaneously reduce greenhouse gas emissions and mitigation of global warming
a gradual switch within renewablenergy sources is a necessary task in the next decades. Here bioenergy plays a central
role - also for agriculture branch. Bioenergy is a largely>®@@utral energy source and it is permanently renewable, as it

is produced out of biomass, which is actyed living storage of solar energy through photosynthesis.

The production and utilisation of biogas has a special role within the renewable energies, because it is suitable for the
simultaneous production of electricity and heat, useable as fuel forgpant and as a substitute for natural gas. In
addition, it can be used flexibly and relatively simply stored. And the biogas production is not subject to seasonal, diurnal
or weatherrelated fluctuations and can also be generated from agricultural residmesleftovers. The production and
utilization of biogas provides environmental and socioeconomic benefits for the society as a whole as well as for the
involved farmers. Utilization of the internal value chain of biogas production enhances local econapdbilities,
safeguards jobs in rural areas and increases regional purchasing power. It improves living standards and contributes to
economic and social developmer®gADI ET AR00S,.

Also the worship of environmental soundness and sustainability inattpeculture, especially in livestock farming, is
becoming more and more important. The carbon footprint of meat, milk and related products is high compared to
vegetable food. One of the main reasons is the emission of methane by cold digestion of thearaoduced by the
animals. A good solution to reduce the emission of methane is to produce biogas out of the manure in biogas
installations.Therefore more and moréarmersare interested in connecting manure utilisation and climate protection
intelligently by using biogas technology.

In most European countries the biogas sector started by digesting manure in combination with coproducts like maize,
wheat, grass, etc. which can also be used as feed for animals. The food vs. feed discussion is an irepoetast the
implementation of cedigestion is decreasing sharply e.g. in Germany, Belgium and the Netherlands.

The EWO OT EAAO O" EI-wAROQAHh &8ABA PDPPOOAET AAT A EOAT &£ O OEA [EA
farmers to produce biogagn farm based scale in small biogas plants and at the same time contributing to farm income
and delivering environmental friendly energy. The handbook was created to support farmers interested in implementing

a small scale biogas plant on their farm.

The motivation behindthe E® OT EAAO O" EF-9ATAGIANR &N QHOOAET AAT A A£OAT £
farm production of renewable energy from smaitale anaerobic digestion, which mainly uses manure and aguiedl
residues of the farm.

The project will help to improve the public opinion about agricultural biogas production and will contribute to make
livestock farming more sustainable by producing-tarm energy for selsufficiency or feeen, reducing emissns,
improving manure as farnfiertilizer (closing nutrient cycle) and generating agricultural added value. The project is based
on the observation that, despite its multiple benefits, small scale biogas plants are not yet widely implemented in
European lestock farming, or its implementation varies extremely between the European member states.

The aspects the BioEnergy Farm |l project treats are manifold; it will inform farmers, policy makers and other interested
parties about existing concepts for micsrale biogas plants with a market overview incl. an estimation of market
potential of micro scale biogas plants in Europe. In addition to the creation of this manual for the development and
execution of a biogas project, the project will furthermore asé@mers by checking the feasibility of a miesgale
digester for their own farm. Within these feasibility studies, different ways of biogas utilization can be analysed, like

6]
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producing electricity and heat with a CHP installation, gas upgrading to benfedyas grids, producing heat in a biogas
boiler or for biogas upgrading to generate natural gas substitute e.g. to be used for transport fuel. To improve the
profitability of micro-scale installations, the treatment of the digestate to improved ferglig quality will be taken into
account as well. Manure processing will further increase the sustainability of livestock farming, besides the
environmental benefits of the production of biogas and the reduction of greenhouse gas emissions from manure
storage. The project will also outline implementation barriers regarding legal and financial framework and identifies
improvement options for the development of manure based biogas production byfaom microscale digester to
farmers and policy makers, too.

The major outcomes and deliveries produced and published as part of the project, in order to support implantation of
smaltscale anaerobic digestion are:

A O- AOEAO 1T OADBHRAA TA£TICROOIBI AT 0O ET %001 PAAT Al O1 OOE/
The report presents a European nkat overview on smalscale anaerobic digestion, presents best practice
examples and an estimation of market potential in Europe.

A O OEAATETA A O PilEAU I-QEARICHD ABEI GAG 8O HOAOGEIOAS | EAC
The guidance document for policy makers intrgzks the biogas technology by smaltale plants, describes
the environmental and socieconomic benefits and gives an overview on legal framework conditions for
micro-scale digesters in Europe as support for legislative improvement measures.

This guideline presents the basics of biogas production and utilization and describes the essential steps for
developing a biogas project (from the idea to plant operation).

A Online calculatiortool
A decision support tool for farmers and other interested parties which is available online (free of charge). It
allows the user to run a general examination on the general conditions and the (economic) feasibility of a
biogas plant for its farm.

A Expet-Workshops
Organised Workshops to train agricultural consultants (projpatticipating and norparticipating European
countries) on smalscale biogas plants and the use of the expert calculation tool in order to support farmer
who are interested to imgment a smaliscale biogas plants.

A Expert calculation tool
A detailed feasibility tool (offline version) which will be used by the trained experts to perform feasibility scans
with the farmer on his particular project/farm conditions. The data of the méflscans will be used as input for
the business plan of the smadtale digestion project.

A Project web side
4 EA DPiwvovbiddnergfarmed DHOT OEAAO As8c8s ET &£ O AGETT 11 Of Al

project related information and publi¢dens and calculation tools. It also provides a calendar with the

schedule of the workshops and other relevant events on this topic.

The consortium of BioEnergy Farm Il includes representatives from agricultural organisations (Institute for Agri
Technologyand Food Innovation (DK), Association for Technology and Structures in Agriculture (DE), Cornelissen
Consulting Services (NL), Farmers Association Projects (BE), University of Turin (IT), National Energy Conservation

|7
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Agency (PL), TRAME (FR)), which wilhitibute knowledge and information in their respective areas and farmers
experts & consultants (Coldiretti Piemonte (IT), DCA Multimedia (NL), IBBK Fachgruppe Biogas GmbH (DE), Foundation
Science and Education for Agiood Sector (PL), Organic Denmarki{) Regional Chamber of Agriculture of Brittany

(FR)) who will mainly show farmers the feasibility of misgale digestion and the first steps of how to implement it.

The consortium does not include any biogas technology supplier or sellers of biogasptaponents.

The BioEnergy Farm Il project recognizes the efforts in several European countries irssat@lbiogas plants, using
only on farm biomass resources for energy production. In that way the project contributes to an enlargement of this
particular biogas technology throughout European countries, by transferring essential knowledge among European
member countries and decision makers at all levels to increase awareness of the potential e$satabiogas plants.

This should consequently encowa the political environment to provide sufficient incentives that ensure an
enlargement of this more sustainable renewable energy technology.

Essential for a successful biogas project realization is among oth¢psactical) longerm view, a good organization
and fulfilled technical conditions. To make sure that the anaerobic digestion plant is profitable in long term, the project
has to be well planned.

This handbook was written within the EQ OT EAA O yGark it wAROQGAR OEA OOOOAET AAT A A
sets its main focus on smadkale (also called micrscale) anaerobic digestion plants, running on farm based agricultural

side products and residues with an power production capacity from uptutl00kWe (depending on the countries
AOAT A AT TAEOET 1008 4EA DPOAICBAMAGETAET @AOOERRNOATTOMA CEIE A%O 41 4
information on county specific definition of smadtale biogas plants for projegtarticipating andnon-participating

European countries (visit www.bioenergyfarm.eu).

This handbook was created to support farmers and interested parties who are interested in using farm related biomass
resources for producing a more sustainable renewable energy and anegwil invest in a small scale biogas plant on
their farm.

The guideline describes the essential steps for developing a biogas project, beginning with the project idea, over creating
a business plan until the final step of plant operation. The handbooksstaith a short introduction into the biological
biogas production, types of gas utilisation and digestate treatment and gives some general information about realizing
a project Figure3gives an overview on the main steps that the farmer has to fulfihiake the project becoming real,
profitable and lasting). This is followed by the five main steps of project implementation which are outlined in separate
chapters. It makes no claim to be complete. Additionally, certain frame conditions may demand oatidifis from the
proceedings presented in this guide.

The attachments of thehandbook also contain general information and countryspecific information which are
important for theprojectrealization

The annex 1 shows and describes different types otremts, e.g. for plants construction or external heat supply to
purchasers, which might be necessary for realising a bioenergy project and operating a biogas plant.

4EA EITTTxETC ATTAG w POI OEAAO A AE A Ahé tompléional docurdeAtO AT T B
for permit application.

And the annex 3 contains country specific information (for the countries represented in the consortium only) on types of

legal forms of agricultural businesses, proceeding of permits and emission réguddr smalscale biogas plants and
actual subsidy regulations. This chapter also provides a list with publications and further information an agricultural

8]



T8RS

Piokregy )/
Fav

the sustainable fuel from the farm

biogas production and utilisation in available in each country as well as contact details wantlastitutions for
information and consulting on this matter.

The information inthis generalversionof the handbook represent the state éfebruary2015.The countryspecific
versions of the farmer's guideline focus on the national framework condlitiand are regularly updated to reflect the
current state.
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1.Biogasz an introduction

1.1 Basics of biogas formation

When organic matter (biomass) is degraded in the absence of oxygen (anaerobic) by microbiological processes, various
gases are formed. This gasixture produced by anaerobic digestion is also referred to as biogas. Digestate is a by
product of the fermentation process. The digestate which results from the anaerobic digestion process is a decomposed
substrate, rich in macro and micro nutrients atineérefore suitable to be used as plant fertilizer.

Anaerobic digestion is perfectly eligible for agricultural activities since energy crops (e.g. maize, whole grain crops.),
organic residues (e.g. manure), side products (e.g. fruit pomace, oil seed deftamd organic wastes are efficient
substrates available or produced on farms.

Biogas consists essentially afethane (CH)) and carbon dioxid¢éCQ) and additionally of hydrogentHg), hydrogen
sulphide(Hz2S), ammonia(NHs) and other tracegases.The bioga composition ismainly influenced bythe substrates
used for digestion and the fermentation processes itselfThe type of substrateor substrate mixture primarily
determined thebiogascondition.

The process of biogas formation basically runs in fouratimlogical steps which are temporally parallel ($égurel).
For a smooth process the individual degradation phases have to be optimally balanced to the requirements of the
bacteria involved (e.g. pialue, temperature).

1. Phase 2. Phase 3. Phase 4. Phase
Hydrolysis Acidification Acetic acid Methane
formation formation

Figurel: Schematic representamn of anaerobic degradation phases [KTBL 2013, modified]

In the first steghe "hydrolysis", he substrate, whiclis composed of complesompounds (like carbohydrategroteins
and fatg, will becleaved byexo-enzymesin more simpleorganiccompounds (eg. anino acidssugars, fatty acids
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The intermediatesformed arefurther broken down in thesecond step, theso-called ‘acidification" (acidogenese),
through acidforming bacteriato short-chain fatty acids(acetic, propionic andbutyric acig andcarbon dioxide and
hydrogenand small amounts dactic acidand alcohols.

In the third phase, the soalled "acetic acid formation (acetogenesis), the products of acidification will be implemented
mainly to acetic acid, hydrogen and carbon dioxide. The a@atid is formed from organic acids. When this process step
is disturbed, an enrichment of acids will occur, because only the methanogens can degrade the acetic acids.

In the last step of biogas generation, the-salled "methanogenesis”, bacteria produceas over two pathways; from
acetic acid and hydrogen and carbon dioxide [KTBL 2013].

Depending on the design and operation of the biogas plant as well as the used biomasses, different environmental
conditions are required for optimal activity of the midres. Therefore following parameters, among others, should be
kept in mind [FNR 2013]:

A the oxygen input into the fermenter should not be too high

A the temperature in the digester should be matched to the involved microorganisms
(e.g. at mesophilic operatiar3742 C)

A the pHvalue of the substrate in the fermenter should range between pH 6.5 and 8
(at singlephase processes) and

A the digester should be balanced in terms of macro and micro nutrients.

In general, the operating conditions of a biogas plant dddee kept as constant as possible. Especially important is the
feed-in of substrate. Some typical mistakes concerning the plant feeding are:

A feeding substrate continuously over a long period of time

A substrate is to irregularly supplied

A fast switching of sbstrates with different composition/quality or
A

feeding to much substrate after a "feeding pause" (e.g. due to technical problems).

The rate of gas production and the process itself is very sensible and can easily be inhibited. Inhibitors may decrease
already in small amounts the degradation rate and gas production or lead to a complete standstill at toxic levels. For
example, antibiotics can enter the digester via the manure. Even in small amounts antibiotics, disinfectants or solvents,
herbicides or saltef heavy metals can inhibit the degradation process in the digester [KTBL 2013].

In agricultural livestock farms cost free substrates like manure, fodder residues and wastes incur. Manure only has a low
energy density, because of thegdti water content and the rather low specific gas yield. This makes it less transport
worthy and economically unattractive at long transportation distances. In order to exploit the potential, inexpensive and
easy to operate plants in low (power) capacitpga are now available.

Slurry is hydraulically easy to handle. With a high proportion of manure in the digester, also hydraulically challenging
substrates, such as grass or solid manure, can be used relatively easy in a small biogas plant [FNR 2@Btrhbata

of technology, used substrates and kind of operation thereby decides about the quality of plant operation and the
achievable biogas yields. The substrates used ultimately determine the needed appropriate technology and their
interpretation, suchas cutting units, sizing of pipes, pumps, gas treatment, gas storage and CHR.EHR2Q07.

|11
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Among the general technical requirements for a pure manure digestion, the heat balance can be a critica point
particularly during winter time. Especially atrig periods of cold weather, the heat supply for the plant and external
heat consumers, such as stables and residential buildings, might be difficult.

The market shows a considerable breadth of different technical solutions for small scale biogas piahtsyet
fermentation and solidstate fermentation systems. Theffered plant conceptsange from custommade systems
whichinclude existindacilities on farm (e.gnanure storagend pumps buildingsfor the CHP installation dntegration
of newstableconcept into plant constructiojto variousspecial conceptswhere essentigbartshave beerprefabricated
by the manufacturerPartialexistingconceptshave been specificallgptimized for thistype of plant with efforts also to
simplify the cost FNR2013.

In summary it can be said, that depending on the type of substrate (e.g. fodder leftovers, litter or grasssishstrate)
and local conditions (e.g. necessary construction for slurry storage), the technical suitability and benefits of eaclti concep
should be examined carefully and if possible with support of a neutral consultant.

The biogas produced is versatile. Mostly it is used in combined heat and powerysiaat(CHP) on site. The electricity
generated is fed into the pulz grid or used on site for setbnsumption. The internal consumption of the biogas plant
can be covered either by the power grid or from the CHP.

In addition to the electricity produced, a CHP also provides heat energy from exhaust and engine obgorgon of
the generated CHP heat is used to heat up the digester. However, some heat generated is for any other use available
[LfU 2007].

Biogas can also be used in boiler for generating low temperature heat for heating and drying equipment or for steam
generation. The condition is that the biogas quality meets the requirements of the boiler.

1.3.1 Combined heat and power plant

As engines for combined heat and power units, spigrhition or pilot injection gas engines are normally used.
Sparkignition engineggas engine) are specially designed for gas operation and can be operated with methane content
in the biogas from about 45 %. They have a gas mixer and a spark ignition ignites the gas mixture.

Pilot injection gas engine work on the diesel engine prirgipthich are accordinglyeriesengines modifiedor biogas
operation. They are often used for biogas plants wittower powercapacity, becausehie compressed gas mixture is
mixed over injectors with small amounts of ignition oil (biodiesel, vegetale And the engines can be operated with
pure ignition oll, if the biogas has low methane content in the biogas or by failure of the biogas produclib?0D7.

1.3.2 Biogas upgrading

Alternatively to electricity generation in a CHP directly on site, biogar e#so be treated and upgraded into
biomethane. Biomethane is a natural gas substitute produced from biogas, which can be injected into the natural gas
grid and then be used like normal natural gas.

Physically, biomethane is the same as natural gas aedetfor it can easily be used e.g. to generate electricity and heat
in CHP or in turbines, boilers or as vehicle fuel.

With the upgrading of (raw) biogas and injecting biomethane into the natural gas grid, a spatial and temporal decoupling
between biogas pduction and use can be realised. This allows a more efficient and demidveh use of biogas.
However, the connection to the natural gas grid is not always possible or economically feasible, as processing and grid
connection costs require larger biogpkants [KTBL 2012].

12
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The most common methods for upgrading biogas are pressure washing, pressure swing adsorption, the amine scrubbing
and the treatment by membrane technology [KTBL 2012].

A decentralized electricity generation from biogas in plants witmtined heat and power units is more attractive when
a large part of the generated heat can be used in close proximity of production. In thglareing phase of a biogas
plant all possibilities of biogas utilization should therefore be included.

The materiakerms ofthe digestate by spreading onfarmlandin the immediatesurroundingsof the biogas planis still
the most (cost) effectiverariant to deal with the fermentation residue3he project development shouldlarify the
guestion whetherthere is sufficientarable land for spreadingvailable or if gguaranteed purchasefor the incurred
digestate existsOnly when thes@ptionsare not givenjt makes senséealwith the processing of the digestat&{cHs
& DROSG2014.

With processing and treatment of digestate, the pressure on the local rental market for arable land can be rateced
transportability of thenutrients from thedigestatecan beincreased, a potentiagxcess of nutrienté theregioncan be
defusedand storage andapplication costsnight besaved.

In addition, the marketability of liquid and spreadable fertilizers is increased and, not least, reduced environmental
impact by avoiding volatile air and atmospheric pollutants.

Thedigestatetreatment methodsaredivided into the following methodsKTBL2013:

A partial treatment: separation of solids and production of a nutrient reduced liquid phase or process water
A full treatment: removal of solids and production of an nutrieiith concentrate; purification of théquid

phase up to a quality that permits a direct discharge into receiving waters.

Thedimensioningandthe strategy ofa digestate treatmentplant are primarily based on théollowing points [FUCHS&
Dros&2014:

A Which digestate amounts inure duringplé@n | PAOAOGETT AT A xEAOG8O OEA AOOI AE
A Which share of digestate can be applied to seifned or contractual (external)

A Are there other potential purchasers for the digestate in the region?

A What opportunities exist to promote the end prodis ofdigestate treatmentsuch as for example compost or

liquid nutrient?
A Is unused surpluseatfrom the operationof aCHP planbr similaravailable whickcan be usedor the
digestatetreatment, like drying or evaporatiorf?
1.4.1 Separation

Thedigestate praessingoeginswith the separation ofiquid and solidractionin preparationfor the subsequentmaostly
mechanical othermal processes

The separationis performed mechanically using centrifuges or screw presBes simple applications such ahe
separationfor the production ofthin liquid recirculated,no furtherprocessingstepsof the digestateare required

113
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1.4.2 Treatmentof the solid phase

With processing / treatment of the solid phase, a higielity fertilizer can be produced. The removal of thater allows
economically transport of the fraction over longer distances.

Drying process (like belt dryer, thrust reversing dryer, fluid bed dryer) remove the water in the digestate by overflowing
it with a hot air stream. As heat source in this case,shrplus heat from CHP can be used. In addition to the removal of
water, the digestate will be sanitized and pasteurized by using the CHP heat [KTBL 2013].

1.4.3 Treatment of the liquid phase

Beside the directuse of theliquid phase adiquid fertilizer itis possible, to continue the treatment procegfull
treatment) to achieve aguality of the liquid phase which allows the diretischarge into receiving water3he effort,
requirements and costs for this futeatment process araisually high

A method toreach this treatment levels themembrane technology. Here, thiquid phasefrom the separatiorflows
overa membrane whichetainssolid particles bacteria, andin the case ofeverse osmosigjissolved saltin water.The
reverse osmosikasdue tothe largesensitivityof the membranesigh demands orhe input material thismust usually
be first separated andiltered coarseandthen pre-treated by ultrafiltration.
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2. General information forealizinga biogas
project

Biogas projects for energy pduction require a certain amount of investmead structuralctionsat the farm That is

why it is so important to plan such kind of project very well and specially to proof the economic sustainability of it before
checking the technical feasibilitfWWhen realising a biogas project, project initiators (e.g. farmers) have the option of
carrying out certain phasing of the project themselves, depending on their personal commitment and available financial
and personnel resources.

Especially in the earlyhase of a projecthe projectinitiator or else the futureplant operatorsplay an importantrole. In
designinga project outlinefor the first projectassessmenand for the subsequerdevelopment of deasibility studythe
future plant operatorscan or mugcontribute owninformation, ideas desires, expectationand decisionsThis ensures
that the framework islocally alignedand optimizedthusto along-term sustainable plan.

It is necessary to make project changes at the beginning of the project (as a®@ossible) to have bigger positive
influences in comparison to make them later in an advanced stage of the projecE{ger2). Another advantage of

doing this early is that costs and time are less than in advanced staged projects. For a suecesskgected course of
project this means, the sooner you act in an early project stage against wrong decisions, the more influence it has on the
general costs of the project and it will cost less to do these changes. For this reasons it is extremelgrittpato an

initial project evaluation evebhefore a sustainability study.

Project Feasibility Project concept Project _ Plant
idea assessment &businessplan @ realisation :  operation

Level of detail & specification

Opportunities for changes

Demanded costs if changes needed

Figure2: Level of detail, opportunities for changes and demanded cost for changes within the prddeisgyas project
implementation

The preparation of project idea and feadityi study thus provides a discrete but evolutionary process of project
development and realisation. Therefore the whole chain starting from biomass supply, to power generation and energy
loss to digestate management has to be taken into account. And qoestthat arise along this chain have to be clarified
[ELTROP ET A2014. The individual phases of concept formulation, feasibility study, capital expenditure planning,
permitting procedure, plant construction and commissioning are presented in this haokib
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The followingFigure3shows the different essential steps or phases ofphgject development and some aspects which
should beconsideredby implementing a biogas plant.

EI would like to build a biogas plant at my farm

EWhat are the first questions?

EWhich biomasses are available on farm?
e e EWhat kind of plant and size will be appropriate?

Fls it wothwhile to go on planing?

EI want to make my project more precise
EWhats is the availablility and quality of the biomasses?
Feasibility EHow can | ask for information / support?
e | BWill the project be feasible from technical, economical and environmental point of view?
study

EWhat will be the most feasible concept for my situation?
EHow does my business plan look like?
Project FWhat does the expert say?

concept & EWhich legal company form, substrate provision, technical dimension and economic analyses |pffers
Sl the most promising concept?

plan

FWhat actions are demanded to achieve acceptance from my neighbourhood?
EWhat proceedings and documents are demanded to get the relevant permits (and fundings)?
Project FWhich plant technology and builing company will I choose?
(=[FZNe S| ZHow can | make sure, that the project will be finished on time within the expected budget?

FEThe plant starts its operation
EWhat do | have to know to operate a biogas plant?
EWhich regulary measures, maintenance, expert reports etc. are necessary for a good runningj plant?

Plant
operation

Figure3: Essential project development phases and central questions fpteémenting a biogas plantJASTILLO ET AL
2012, modified]
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the sustainable fuel from the farm

3.Project idea

Theprojectideabeginswith the questions e.g., if a biogas plawill fit into the agricultural business, will the project be
helpful to enhance the farm in its development and wha E1 &£l Qie Ae@dedtd ads@erthese questions and to
develop a precise project idea.

This first step of the project embraces all the basic questions the farmer should have during his first reflection to decide,
if he wants to go on planning a biogpeoject. As it is the first step of action, mainly general data collection, qualitative
assessments and rough quantitative calculations can be done by the farmer itself.

When considering a biogas project, it is important to see the whole picture, in@uitie availability of substrate, the
actual biogas plant and the supply of energy to purchasers. The three aspects preseRigdrie2 must be considered
from the outset in the same degree of detail, the objective being to carry out afanatided initid evaluation of the
project concept.

The farmer has to care about subjects like the availability of substrates for biogas use and the options for transport and
storage, first settings on plant type and on categories of production capacity on the optamserfergy use so as
information on plant location and implementation into the existing farm ($8gure4).

FQuantity
Substrates FAvailability and logistics

EQualitly

EType of AD concept
Biogas plant FSize of plant
FLocation

Energy output & FEnergy production & use
residues FUse of residues

Investment & FCosts of the plant
benefits EBenefits of the biogas project
Type of company FLegal form for biogas project
I R EVlSltmg comparable plants
EExperiences of farmers

Figuredd 3 OAEAAOO O1I AA Al 1 OEAAOLAL0RTEEDEEnodif@e A OOAD OB

An initial evaluation of the project does notquire definite decisions on the aboweentioned aspects (this will take

place in the subsequent planning phase). Rather, the aim is to ensure that there are at least one or, if possible, several
options for successful realisation of the project [FNR 2013

10 OEA AT A 1T £ OEA EEOOO OOADP ODPOI EAAO EAAA6h OEAndEAOI A«
rough quantitative calculations regarding the substrate provision, the plant capacity and the produced energy. The
farmer wil decide to stop the project or to go on and specify his project idea in more detail.
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The following aspects for the first project overview will be désed in more detail. The Annexf2ovides a checklist on
the main aspects introduced below. The onlicaculation tool on www.bioenergyfarm.eu will be helpfut 8eveloping
the project idea.

The farmer has to specify and pestimate the substrates available on his farm for running a biogas plant. This starts
from the different kinds of feedstock / substrate available on the farm and also when the substrates will be available
during the year (continuous, seasonal, once a year) in long term. But this only counts for fermentable substrates.
Biomasses with high cellulose content or "kyll substrates like horse dung with straw may need atpeatment before

use. Woody biomasses are not suitable for anaerobic digestion. Additionally, the substrate provision from nearby
farmers or industries should be considered.

The following questionsra of relevance:

A Which kind of selproduced substrates (e.g. livestock manure or dung, clay@ss, energy crops and/or

residues from agricultural production like potato peelings) are available in the long term?

A Do | have mediurterm/long-term plans to bange my farm?

A Will the farmproduced substrate be enough in long term for running a biogas plant?

A Will there be some suppliers nearby who can provide substrates regularly, in long term and to which costs?

A s the use of these substrates worthwhile in viefahe statutory requirements (question of proportionality,
e.g. by using hygienic risky wastes)?

A Are the substrates suitable for the anaerobic digestion?

A Do | might need a préreatment for some biomasses?

A How much tonnes will be available ever year aviten?

A Which preestimated qualities will the biomasses have (biogas yield per tonne)?

A How is the surrounding infrastructurewill the farmer and/or supplier will be able to transport the substrates
easily and cheap to the plant?

A Etc.

The substrate potential of the farm and the resulting biogas potential are decisive for the dimensioning and design of
the biogas plant and producing energy quantity. Based on the-getmated substrate data the plants type, the
category of the plansize and the plant capacity can firstly be estimated.

Plant technology for biogas recovery covers a very wide spectrum. There are virtually no limits in terms of component
and equipment combinations. It must be noted, however, that expert analysis aft@ad system suitability and
capacity adaptation on a casge-case basis are invariably required. There are several variant processes for generating
biogas and many different concepts for smatfale anaerobic digestion on the mark&TBL2013.

One quesion is what method or concept might be the right one for the substrate that will be gained from the farm.
The classification of the processes for generating biogas according to different crikir2012 KTBL 2013] like
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>

dry matter content of thesubstrate (wet digestion or solidtate fermentation)

type of feed (plant runs continuously, quasintinuously or intermittent (batch))

> >

type of concept (plant with stirred vessel, compact plant, tower systems / high fermenter)

>

process temperature (mesojilic or thermophilic operation).

The plant sizeresultssignificantlyfrom the farm-produced substrate miand its specifiggasand methane yield, from
which the producible biogaguantity canroughly be determined.Based onstandard biogagield valuesfor each type

of biomassused the possible annuabiogasandmethaneyield can beestimated. Thiscan beused forthe dimensioning

of thebiogas plantandto estimate the producible energgmount. The capacity of the plant can be indicated in produced
eledricity (kWhe), produced heat (kW) or produced (raw)biogas or biomethane (m3/h).

With the online calculation toabn www.bioenergyfarm.eu, the first assessment on biogas production and size of the
biogas plant can be checked.

The information on the fant size will also contribute to think about the adequate and acceptable location for the biogas
plant and to about the question how will operate the plant.

Based on the gas formation potential of the annual substrate for thenf the expected amount of energy can be
roughly estimated. The farmer should think about how he will use the produced energy. Depending on the conversion
process (CHP, boiler or biomethane production) different types of energy or products will be pehduc

For biogas typically electricity and heat will be produced in a combined heat and power plant (CHP) on the farm. The
electricity can be fedhto the electricity grid or used to reduce the electrical purchase of the business. The produced heat
is firsty needed to hold the process temperature of the plants. Depending on the plantteeesubstrate mixture (high
manure content has a high heating demaraf)d weather conditions, a varying amount of surplus can be used on the
farm for heating and warm wat production. It also might be possible to deliver external heat customers (e.g.
greenhouses, pig farms, neighbouring houses and enterprises).

Biogas can also be used in a boiler for heat production only or, as an alternative option to CHP, be upgraded t
biomethane (natural gas quality level) and fed into the national gas grid to be deliverthé customers directly.

In addition, the fermentation produces digestate as afryduct that can be used as fertilizer and therefore partially
replace mineraldrtilizer.

The properties of the digestate or their ingredients are essentially determined by the materials going into the
fermentation process and the anaerobic digestion itself. The positive effects on the properties of the digastate

A reduction of alour by degradation of volatile organic compounds

A extensive degradation of shofthain organic acids and thus minimizing the risk for leaf burn,

A improving the (flow) properties and consequently reduction of leaf contamination of fodder crops
and less effarduring homogenization,

A improvement in shoriterm nitrogen effect by increasing the content of faatting nitrogen and

A destruction or inactivation of weed seeds and pathogens (humanological and phytopathogenic).
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Since the carboifraction ischangedby the fermentationof substrates in essencéhe nutrientsremainunchangedThe
nutrients in the digestate areore solubleand therefore moreavailable to plantafter the anaerobic digestioprocess
[KTBL1999].

In addition, thedigestatealso carries certainvalue, whichcan be calculatedn the basis ofurrentfertilizer prices.The
value ofl m3 manuredigestateis (country specificabout 10Qperton. Relatedto the valueis alsothe transportability.
At a distance of more than approx. 18 km tinensport costs for digestate exceed the price for mineral fertilis&rseR
2017 and transport is no longer feasible in economic terms.

The following main questions are of relevance:

p>N

Which form(s) of energy do | want to produce (electricity/ heat, fagas)?
Is the energy production only for farbased (own) consumption?

Who will buy the energy?

> > >

Are there potential heat purchasers close to my farm?
Do | have to invest in a local destitution network?

How much heat needs to be supplied every month?

> > >

Will there be enough surplus heat from a srstdhle biogas plant, to ensure constant delivery to
external heat customers?
How much digestate will | produce?

What opportunities of posfermentation waste management are available?

> > >

Will the postfermentation waste management be an additional cost or income position?

Based on the rough estimation of ttemnualbiogas yieldrom the available biomass and the resulting plant sizes, a first
assessment of the necessary investmentttoe biogas plant can be done. In addition, first predications on the potential
benefits and revenues can be made.

The online biogas calculatiortsol (visit www.bioenergyfarm.eu) gives the farmereltopportunity toget a general
overview on the expectedlant size resulting on the on farm situation and a first idea of possible costs and benefits of
the biogas project.

The question of the legal form for the construction and operation of a biogas plant must be cladfigdin advance of
the project. The choice of the legal form is asta question of tax burden, but there is a significant interaction between
national corporation and fiscal law, cause the taxation law has normally different consequences depenthe legal
form.

In many countries, individual enterprises are very commoagriculture.With the inclusion o&in agricultural activity

either throughthe establishmentof a companyor from the transferof a businessthe owner becomes an individual
enterprise who scoremcomefor tax purposes The advantages of a legal form for the establishment or acquisition of a
biogas plant often depends on the size of the biogas plant and the way in raising capital. For small scale biog#és plants
may be preferake in some countriesto operate themas a sidéusiness tahe farm. Thus, the legaform of the farm
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business islsocritical forthe companion businesd helegalform canbe individual enterprise orlausiness partnership,
like apartnership organisedinder the civil codg-NR 2013, FNR 20&B

Biogas plants which will be run as a separate business, beside the initially farm business, might have a limited partnership

or possibly a private limited company as legal forms. Differences between the dindiviegal forms are, for example,

the liability, allocation of profits, publication requirements, capital raising and administration of a business [FNR 2013,
FNR 20138].

4EA EAOI AO OET OI A OEETE ET DAOAI I AdentdrpiteOd ovoridely ofithe @GO A T O ¢
relevant legal foms of canpany for biogas projects with characterization and dgption can be found in Annexad the

handbook (chapteB.1).

In addition to thetechnical aspects dhe biogasproject, the fiscahspect hato be kept h mind.This appliegor example
income tax,business ta)or sales tax.Tax lawrelated issues arenot covered in thishandbook but they should be
discussedn eachcase with a tax consultant dne taxation authorities

For the development of a biogas project it abvays beneficial tovisit some existing plants as a way of acquiring
experience and information. Therefore it is very helpful to get in contact with other farmers, biogas plardtop or
plant builders to get information e.g. about

A experience of existing plant operators with various components and substrate combinations
A structural options available on the market

A practical information about realising a biogas project as welltasua the bottlenecks

A structural/processrelated problems and maybe how to solve them

A what kind of technical solutions where found

A experiencen the planningandapprovalof the plant

A assessment of theeeded projectrun-time from planningtill energyproduction.
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4. Feasibility assessment

Obijective of thefeasibility studyis toanalyseamong other thingshe technicalsolutions ancalternative conceptsand
to assesghe level of riskFor this purposeit is advisablgo consulta specialist. The assessmerieads toan overall
impressionand allowsa specific recommendatioifior a specific conceptwvhich can be furthesubstantiated

The implementation of a new operating branch in the existing agricultural business by a new biogas plant can
substantially beattributed on the following arguments:

A to broaden the production base

A risk protection of the income by the use of the biogas power (new earnings)

A provision of liquid funds throughout the financial year

A energetic utilization ofvaste materials and byroduds

A Reduction of emissions and odours from manure storage and application of fertilizers

A Improvement of plant availability of nutrients and enhancement of fertilizer application from manure
A autonomous energy supply and

A improved image.

Before the decision imade for biogas, the different possibilities of biogas production and utilizasieould be checked
for the conditions set by the farm and possible riskeuldbe assessed

If the farmer wants to go further in his biogas project, he must define hieptap a more precise way, analysing the
different technical options and details for substrate provision, bioenergy production and utilisation. Additionally, he will
study them to know if they are profitable in loArgrm and environmetally and socially azeptable.

EQuantity and logistics
Substrates EQualitly (e.g. biogas yield)

EAD technology
Biogas plant FParameters
FLocation

FAnnual energy production
Energy output FAnnual energy utilisation

Econom EDetailed costs on annual basis
y EDetailed benefits on annual basis
ELegal form for biogas project
P @ GRmEEY ERoglle of farmer s Pl

Eldentify bottlenecks

Obstacles : .
EDescribe solutions

Figureb: Subjects to be elaborated in detail within the feasibility assessment stGdgTiLLO ET AR012, modified]
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Chapter 0 shows that with growing level of project detail and establishment, the opportunities for technical and
structural dlanges decrease. At the same time, the costs are increasing if changes are necessary. Thestracivetd
and thorough planning is essential for (economically) successfully realizing a biogas plant.

For this purpose the farmer may ask a suitable asd@mi or a professional biogas consultant to give him support. They
will ask the farmer for detailed information on the purpose of his project, his farm (agricultural production, livestock),
the surrounding area, etc. They will provide the farmer with teiclal and practical information and will give him good
advices to optimize his biogas project. They will make detailed calculations on the substrate potentials, plant size,
energy output and utilization as well as of the demanded yearly costs and yeadgnin

Together with an expert or consultant, the farmer can use the expert calculation tool (offline version available on
www.bioenergyfarm.eu) to get furthein his biogas project by creating a feasibility assessment.

Different project options have to bstudied deeply during this step. Those options are all \ekcribed and feasible
(profitable and respectful of social/ecological aspects in the {grgn). At this time the farmer should be very aware
about everything which deals with realizing and rumg a anaerobic digestion plagtsuch as the fermentation biology,

the substrates, the different types of companies he can create for the plant, how to make a detailed overview on costs
and incomes, the required building conditions regarding environmetadl social aspects, demands for the plant
operation, etc.

Starting points for the establishment of an agricultural biogas plant should be among others the available manure and
residues on farm, the worthwhile local heat sink and expkion potential for the digestate.

Specifically, it is this necessary to determine the available amount of manure and its prop@iikeedry matter and
organic dry matter content), which are depending on the kind of livestock and the type of animadindigb(a reference

value is 0.15 till 0.2 kW/livestock unit (500 kg live weight)). To determine the amount of manure e.g. agricultural advisory
services otechnical literaturecan be used. It should be noted, a single slurry sample often provides onlycantain

value - this applies to the determination of the process flow as well as for the biogas yield determination in the
laboratory.

In addition, the amount of agricultural residues (such as fodder leftover, Silo topcoats, etc.) and, if availgiredbgts
have to be detected as possible cewtutral substrates ifi temporal and quantitative amount in observanceof
availabilityandtransport distances).

The dimension of the project (plant) is mainly determined from the biegesduction rate of the shistrate mix. The
standard biogas yield values for each type of biomass usedl{@lelel) allows to predict the annual biogand methane
yield and therefore the energetic capacity of the plant (which is baseline for the economic feasibility of the project

The achievable biogas yield is influenced by the composition and storage of the substrate and by the process technology
itself. The storage time of liquid manure before the digestion process for example affects noticeably the biogas
potential. Thus, tke biogas yield can be reduced after one week of storage by up to about 50%.

The estimation of the expected yield of gas, which is necessary for the construction of biogas plants as part of the
planning will be based on individual experience. This leadss¢oy different dimensions of the equipment under
otherwise identical initial conditions. Since biogas plants are characterized by high capital requirements and longevity,
errors appearing in the system design are often serious, because later correctiesigh defects is usually not possible.

For these reasons, (uniform) standard values for estimating the gas yield of agricultural biogas plants are used on the
basis of existing knowledge [KTEI015].
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Tablel: Standardbiogasyield values forsomesubstatesof agriculturalbiogas plantgbiogas yield irstandard volumé
Zan abridgment [KTBL 2015]

Dry matter Organic dry Biogas Methane
content matter content yield share
Substrate Characteristics () (@15
0,
76 of fresh % of dry matter In/kg oDM %
matter
Poultry dung depending on the 40 75 500 55
straw-fecesratio,
Cattle dung little stored 25 85 450 55
Cattle manure incl. fodder 8,5 80 380 55
residues
Pig manure - 6 80 420 60
Maize silage - 35 95 650 52
Grain silage medium grain 35 95 620 53
fraction
Fodder beet silage DM acidily 16 90 700 52
corrected
Clover grass silage - 30 90 580 55
Grain litter - 88 85 650 56

The farmer, e. g. together with an expert or consultamisto quantify andspecify the substrates available for the biogas
production on the farm. Additionally, substrates available on neighbouring farms will be considered in the quantification

if willingness on patrticipation has been announced by other parties. Information is necessary on which substrates are
available reguldy and which substrates are available seasonally, on transport distances and means as well as on storage
facilities.

The online calculation tool omwww.bioenergyfarm.euwill be helpful by the determination of the annual biogas and
energy production of thdiogas plant.

The technical details of the biogas plant need to be specified (e.g. plant concept, size/capacity, compounds, material of
the digester, type of gas utilisation (CHPnit, boiler, biomethane production etc.) and eventuabiptions for heat
utilization.

In this context, different technical options/solutions for substrate provision and bioenergy production and utilization
have to be elaborated. Additionally, an appropriate location for the biogas plant (including storagigiomdd rooms or
installations, etc.) has to be identified (see chapieB).

Moreover, in additionto choose the righplant conceptsomeconditionsshould benoted, such as:

A existingstorage capacityfor silage digestate)
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A heat requirement of theoperation orthe surroundingcustomers(volumes annuaload profile

A entry pointsfor electricity

A integration into theheatsupply net

A if necessarya redundantsource of heaftin case of failuref the CHP during winter)

A usablebuildingssubstance €.g. forCHP or gas storage)r storage vesses a newdigestate storage
A workload of the plants suitable for labour available-famm

A arable land for applicatioof digestate

With increasing plant size and technology, the importance of the righinplocation increases. The possibilities for
distribution and use of the produced energy are particular important here.

It has to be kept in mind that the transport of heat is only economically sensible over a short distance and the
transmission of eleicity in the low voltage range might also result in a reduction of the economic yield because of
significant line losses.

For the site search it is relevant, how the distribution of the substrate and the digestate will be realized. Furthermore, it
must be determined whether the necessary substrate quantities and qualities on site are available in the longer term.

These are some influences the choice othe sitelocation fora biogasplant [FNR 2013, modified]

A legal requirements (distance regulationsngissions, noise, hygiene), water protection)

A infrastructure (roads, logistics)

A minimal pumping distances, minimal driving distances for front loader, use of gravitation instead of pumping
A distribution of energy products (entry points of electricity (trdosner), heat sink location, micro gas line,

entry point to gas grid (biomethane) or location filling station)

A distribution areas of the fermentation products (digestate)

A geological settings (water protection area, construction ground)
A expansion capabiliéis of the plant

A funding (funding opportunities related to the location).

A etc.

The farmer together with the expert or consultant will calculate the yearly amount of electricity, heat or gas resulting
from the different solutions iderified above.

The energy demand of the anaerobic digestion plant as well as the one from the farm incl. associated building and other
(external) customers will be identified.
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Starting points forthe establishment ofan agricultural biogas plarghouldbe the availablemanureandresidues, the
useful utilization of the produced heat anthe exploitation potentialfor the digestate The decisive aspect in the
decision to build a biogas plant is the question of whether the inserted factors capithlabour can be adequately
remunerated. In other words, can the proposed biogas plant be operated economically?

For the so far identified farabased (plant) concepts, the total investment costs have to be identified as well as the
probable cost of operabn including all variable and overhead costs for the whole biogas plant and additional relevant
buildings and installations. With the BioEnergy Farm Il calculation programme (offline tool available at
www.bioenergyfarm.eu}he farmercan with support othe expert, determine the economic situations of the concepts.
The tool comprises information on demanded total investment costs, the upcoming annual costs (also for operation,
maintenance capital allowance, replacement investment, personnel, insuranckatd yearly income from selling the
produced energy. So the farmer wikt an overview of the costs and income of the biogas plant on a yearly basis.
Additionally, he can match the data with his personal and operative financial situation which is ies$enthe decision
making processWith the help of a balance sheet, an overview on life time basis of the plant and information on the
payback period of the project will be given.

The combination of biogas production and animal husbandry are clear gye®in terms of economy and often also in
terms of workbased economy. It is important that the size of the biogas plant and thus the labour requirement is
adapted to the operating conditions of the farm.

In this phase, the farmer must ask himself the gtiens, e.g.:

A how can | manage the investment (commitmemeériodsup toe.g.20 years}

A how much time will be required every day for routine inspection/maintenance work?

A is this workload compatible with the situation on my farm (do | need extra staff)?

A what working time model is possible for my family (e.g. who will take over the farm after me)?
A etc.

Although theeconomic analysisf the feasibility study on areconomicallypromisingresult comes, itis necessary to
continueto question theeconomics of theproject critical. If alack ofprofitability emerges nevertheless the possibility
of terminating the projectshould be takennto consideration
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The expert will help the farmer (and possible partners) to evaluatepttos and cons of the different types of companies
and to decide for the best options. Additionally, the farmer ahd expert will evaluate the impadif the different biogas
011 OOETTO i1 OEA Z£AOI A0SO AOOOAT O AAOCEOEOEAOS

It is important that the size ahe biogas plant and thus the labour requirement is adapted to the operating conditions
of the farm. The required work load for the biogas plant operation can mainly assign to following process steps:

A biomass management

A plant operation incl. substrate pparation and feeding
A process monitoring, maintenance and troubleshooting
A administrative tasks and

A digestate application.

All parts of the process are necessary for operation, but they can be linked to very different labour requirements
depending on the rade of operation and substrate. The work schedule must be included in the considerations to avoid
surprises at the stage of pglanning in any casé-NR2013.

Before starting to operate an anaerobic digestion plaritis advisable that operators and $tawill have a certain
qualification to run a plant, so that they have basic knowledge about the biological process (helpful for trouble shooting).
The qualifying measure raises also the awareness of the operator for potential hazards on site and safely toperate

the plant (professional cooperatives and some insurance companies require this for the system operation).

For successfully realizing a biogas project bottlenecks have to be identified in an early projects stage andssbaue
to be discussed.

In this context, it is helpful to meet the local authorities in an early project stage to check if it is realistic to ol
plant in the chosen area etc.

Moreover, it is necessary to evaluate the risks of each posisibigas concept, i.e. the effects tfwer plant availability,
higher yearly costs, lower income, spare parts availability, emission and noise soaccestingproblemswith the
neighbourhood, logistics, grid connection etc.
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5.Project concept and businessan

Based on the conceptual work which was done in the previous steps, different solutions for the on farm biogas project
could be identified and the feasibility assessment has also examine the economic, environmental and social aspects.
With this prelimirary work and the feedback of the supporting expert, the farmer has to choose the most feasible
concept for his situation in the long term and write a business plan.

The farmer has to decide which biogas solution is the most promising-@ma which concpt will be realizedThis
project developing step is the most important and difficult to do, as it contains the final decision on the biogas plant
project concept detailing each aspect of the sekstproject.

The business plan will allow the farmer toepent his orfarm biogas projecefficiently, especially to authorities and
banks.

Comparison FCompare possible plant concepts

Project concept EDecision for most feasible solution

Business plan FFor selected project concept

>
>
(@]
O

Figure6 3 OAEAAOO xEOEET OEA OOADCAODOETEDNEROnodified AADO A
5.1 SWOTAnalysis

The farmer and the expert will make comparisons betnehe different concepts and plant solutions by evaluating the
pros and cons of each of therhey are related taechnical aspects, environmental, economic and social conditions,
the role of the farmer and expected bottlenecks.

The comparison can be a#d out with the help of a SWOT analysisislian important parof the business plariThe
strengths and weaknesses analysis is used for systematic observation of products, processes, enterprises and other
objects to be analysed. The analysis can eamilg relatively quickly identify existing problems and show opportunities

of the project.

The farmer willanswer the following questions which can be summed up in a short table for each biogas
solution/concept:

GOOAT COEOO6d 7EAO OO GoAthepOjgct? AOA AEAOAAOAOEOOEA
GVAAET AOGOAOGGd ! OA OEAOA AT U xAAET AOGOAO xEEAE EAOA O A
@pbi 0001 EOEAO6d 7TEEAE OPAAEAI 1 bbbl 0001 EOEAO AOA 1 £EFAO

GTEOAAOOS 1T £ A POT EAAOY ! OA OE A Okegdi tathniCat oiAtAfdid? AODAAEA
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An exemplary overview of a SW@Anhalysis for a biogas plant project can be seeifable2. In the first stepof the
SWOTanalysis, thdour areasare to be filledwith content.

The internal influences are factors, which caa influenced by the farmer or person / institution that belongs to the
project. Opportunities and threats, however, describe the business environment. Thus could be, for example, new
markets or increasing heating costs. Threats may be, for example, mldievelopments or declining demand.

The external influences are factors, that can't be influenced by the farmer or person / institution that belongs to the
project. The strengths cam.g. be market positionsor successful / useful product§he weaknessescan be, e.g.
inefficient processes anpcoming dependenciesThe gathering andanalysis of owrstrengths andweaknesseseturn

the internalpoint of view.

The analysistart ideally with theaspectsstrengthandweakness this involvesaanobjective con&lerationof the project
Subsequentlytrends of the respectivestrengths and weaknessesre createdwhich determine whetherthe particular
trend can beused as an opportunitgr pose a riskor the project. With the strengths/ weaknessegprofile andthe
resulting opportunitiesand risks, an essentialement ofthe businesglanis developed.

Table2: Exemplary overview of a SWEAnalysis for a biogas plant project

SWOT

A new source of income A inefficient process
() i o
= A new markets (for digestate) A upcoming dependencies (substrate supply)
() P . . .
> A increasing heating costs by customers' A lack of labour
[—
E A substitute mineral fertilizer A biomass purchase
@® < . o
= A low payback time A 8
() .
g A self supply
A 8

- A inefficient operation A increasing biomass costs
% A lack of knowledge A political developments

= A finding new markets A declining demand

c ] o

'(_; A 8 A high inflation

c A 8

)

8

L
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The farmer, supported by the expert, has to make a decisiotherbiogas project concept he wants to realize on his
farm. The decision will be based on the SWOT analysis results but also on e.g. financial or personal preferences.

The elaboration of the business plan will be the following step of the concept developride business plan is
prepared and formulated to summarise the project idea and the new agricultural branch operation. The business plan
describes in detail how this would work for the project, to whom it is directed, where the opportunities andeiaksl |

Manure,

whether the project is worth it.

It servesnot onlythe future plant operatorsbut isan importantdecisiondocument forbanks, authoritiesand possibly
for business partners. The business plan will sum up all the details of the selected prajeeptdt refers to all the
AAOAEI O Al AAT OAOAA xEOEET OOEA EAAOEAEI EOU AOOAOOI AT O

The business plan comprises abdi#18pages and should contain:

A
A

A
A

Purpose of the investmer{general reason to invest, reasons to invest for farjner

description of nai-technical aspects (e.g. form and legal status of company, location, market analysis,
subsidiessocial and ecological aspects)

overview on technical aspects and dimensioning of the biogas plant (technical description of the plant,
demand on amount, trarport and storage of substrates, demand on manpower for operation etc.)
economicviability incl. tables with economic data (investment plan; annually cost plan, plan on yearly
revenues and plan on profitability, etc.)

SWOT analysis

additional explanationdy the bioenergy farm expert.

In awell-written business plarthe critical pointsof the projectare discussednd checkedAs a resultthe projectstands
before therealization on solidground whichpreventsrisks by planning deficiencies. Furtherthe business plarhas
several importanfunctions, such as:

A

30|

during preparation of the business plan, the farmer shall be critical to the project in order to check its
feasibility (can the plant be implemented?) and its ceffiectiveness (will it be profitab®

it is alsoan informativedocumentfor banksor lenders potentialfunding bodiesand /or investors Funding
bodieswill demand for such business planbut also fobusiness partnerg isan important document and

guidelineduring the implementatian of the projectandfor operating thenew branch of the farm.

(
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6. Project realization

This project development step comprises all activities from getting permits for building and operation, organising the
financing and funding for the bioenergy project title fundamental planning of the plant construction and bringing it
into service. The farmer has to get into contact with different authorities and institutions, as e.g. consultancy firms for
detailed planning, banks, local communities or companies which & needed for building the biogas plant.
Additionally, the farmer has to provide all the data and plans relevant for successful project realization.

The complexity and time frame of this step among others is depending on type and size of the biogeepl@specially
in which country the plant will be erected. Also the proceedings and effort for e.g. getting permits may also differ for
each country and also within the various provinces.

Apart from the technical parts, aspects of acceptance are alsp weportant for realizing a bioenergy project. It must
be considered to involve the public in an early stage to avoid unpleasant delays later in the project realization.

] EProviding needed documents, plans and
Fundin EProviding documents and reports for banks
9 FProviding documents for funding programme
ENeighbourhood should accept/approve biogas
Contracts EConclude contracs with e.g. external heat costumer
FERequest for offerts
ASKortender FPlacement of orders
FESchedule the project

Building the plant EControlling
EStart plant operation

Figure7d, 4 AOEO xEOEET OEA coiborTre®dD)indgtlikdd O OAATI EUAOEI 16
6.1 Permits

Agricultural biogas plants are often built close to agricultural sites (farms) and are often, depending on national legal

law.

Some plants need approval according Emnission Control Regulations, alsiepending on national legal framewaork
These approval processes are normally more complex as well as more demanding and requires higher efforts in terms
of time, organization and fiances than the permission by construction law.
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In principle (in many countries), there is a right to a plant authorization, if public regulations and concerns of oc@lpation
health and safety are not indicating otherwise. The regulations relatinght ¢onstruction and operation include, for
example EDER2017:

A constructionplanning act
occupational health and safety law

water protection legislation

> > >

nature conservation law
waste legislation

fertilizer act

> > >

hygiene legislation.

The farmer has to gethte required permits for building and operating the biogas plant from the local authorities and
maybe other relevant institutions. It may be necessary to realize a detailed technical plan of the plant location and
construction to receive those permits.

Some requirementdo be consideredy the manufacturer and/or farmer faonstructionof a biogagplant:

A noise and odour report for operation near residential argbsecessary

A sufficient storage capacity for digestate (no lasgreading during winter time)

A landscape conservation plans

A fire protection design

A structural engineering (statics) for tank construction

A observe the requirements for concrete quality

A technical and operational safety acceptance of the facilities for starting operation
A etc.

The applicahshould contact the responsible approval authorities early in the processfifgeiscussion, in which the
designer of the plant should be present, is to introduce the project to the authority. It is not only to make personal
contact with the authorisd person, but it will illustrate the framework of the project clarifies what conditions are
imposed and what documents are required.

For producing and injecting of biomethane (biogas upgraded to natural gas quality) into the gas grid, special regulations
have to be observed.

The approval of planning should be done in close contact with the plant manufacturer or delegated plant planner
themselves and the agricultural advisor. Depending on the type of the required permit and the approval authority the
amournt of documents that have to be handed in may vary strongly [FNR 2013]. A Checklist for the compilation of the
approval documents can be found in Annex 2

Chapter3.2of Annex 3gives an overview on the proceedings for permit for biogas plants. The ch8®ér Annex 3
gives also an overview on the emission regulations for biogas plants.
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Bioenergy projects are generally financed through own funds and / or borrowings or loans. Under certain circumstances,
the project can bdinancially supported through funding from promotion programs (public funds).

An essential prerequisite for a project financing is basically the appraisal in a feasibility study (see @haptercontent
and results of the feasibility study can, amoather things,convincepotential lendersand investordrom the technical
feasibility, economic viabilityand creditworthinessof the project.

Basically aredit institution and br a qualifiedfinancial advisoshould be involveaarly in the preparationf afinancial
planto get the feedback onaffordability in an earlystage of the projec{e.g.at the endof the feasibility study. The
requirements of the bank concernimgyojectinformation, documentation andollateralshouldalsobe clarifiedin time,
whichthen formthe basis for thecomprehensiveappraisal. The unding canbe tightly coupledto the operator model
andthe legal formof the company ¢hapterl.]).

The provision of equity capital is usually essential for lending by banks. Normailinisum ratio of equity capital in
form of a selffinancing or a quaséquity loan has to be provided to receive state financial assistance or standard bank
loans. The equity capital includes also cash assets and contributions in kind (e.g. operatiecakbgary goods)he
capital requirementdepends on theownership structure(existing or newly established companies)the specific
investment costs and theconomics of the projedELTROP ET AR014.

In the case of partial financing through a credhe early contact with a credit institution is important for a successful
financing. The bank is the first and crucial point in this way. It offers free consultations to be informed about various
financing and funding opportunities, ranging requests for fia&l assistance the relevant institutions For borrowing

the provision of adequate guarantees is absolutely necessary. The presence of sufficient collateral is thus a crucial part
of project financing. The protection of the loans by the bank might bargnteed e.g. by:

A mortgages (charge on the land)
collateral assignments (e.g. the entire plant or individual machinery)

A
A guarantees or
A

purchase guarantees for produced power and heat.

Form and scope of standard collatesilould beagreed as part of théban negotiations between the borrower and the
bank[ELTROP ET AR014.

The framework of project funding differs from country to country and is also regional in its nature, scope and objectives.
Basically, the promotion can be distinguished in subsidegvestment anddevelopment loanginterestsubsidized
loang. A comprehensive overvieandinformation on county specific curremqrograms andgrantscan be foundn the
Annexa3.

The biogas technology has so many positive aspdtis.ae.g. a renewable energy source, has versatile utilisation forms
(electricity, heat and fuel}gan be usedlexible (bioenergy which is storable and allows energy production on demand)
and generates additional income for agriculture and rural ar&espite all this, in some countries the biogas technology
is treated negatively in the media and biogas investors have to deal increasingly with citizens' groupsigimioburs
who are against the biogas plant (NIMEEffect- not in my backyard).
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Social larriers or poor acceptance are often related to the increasing traffic for transporting and harvesting energy crops
(too many vehicles, too noisy and too many exhaust emissions). In addition, there is often the opinion in public that
biogas plants are smigiand also dangerous (danger of explosions) so that the plants are not tolerated near residential

Manure,

areas. Also, in some regions the cultivation of energy crop is seen pralileasily. Opponents claim that intensive

energy crop cultivation has negative effis on the beauty of the landscape, decreases biodiversity and causes over

fertilisation of soils plus excessive use of pesticides and herbicides.

Therefore the farmer should get into contact with his neighbours to present them the biogas project angditc

together (visiting existing biogas plants would be an idea). Experience proves that it is always better to involve the public

ET AT AAOI U OOACA O i AEA OEAI O1 AAOOOAT A OEA AAT AEEOO

the end.

Apart from the technical planning a number of aspects of acceptance are relevant, which must be considered in advance

of the plant building, if necessary. This is in the first place the early information of the public or neighbours. Essential

criteriaof a good acceptance are e.gcHRENSTEIN ET A2017:

A
A

> > > >

> >

A

creating an open communication atmosphere and the responsiveness for insecure neighbours,

name potential impact of the biogas plant, such e.g. odour development, increasing transport traffic, in a
reaistc wayzAT 1 80 xEEOAxAOE OEA EOOOAO j Ascs EO O1 AGAO
involve (local) proponents of the project in the public relations

clarify the question of plant location early and if possible amicably

appoint benefits of the project for the community

offer opportunities for participation

where appropriate involve mediators for conflict prevention and resolution

OAOGEAAT 6O OEI O A AA CEOAT OEA bPi OOEAEI EOU O CcAO
AAUb6 DOAOAT OAOQGEIT I

a good and responsibe plant management is indispensable and requires expertise.

Events for interested citizenfer presenting information and allow discussions about the project are an essentiabpart
the planningprocedure Externalexpertsmay be invited taiscuss certe issuege.g. legalframework, health, etc) and
thusto increasethe level of informationandunderstanding to the local peopl&fIRENSTEIN ET A2017.

For realising and operating a biogas plant it may be necessary to clarify certain etdiems in bilateral treaties. The

number

and legal nature vary depending on the business model.

(@)
O

Essential for every project is usually a plant construction contract. Also the substrate supply and digestate delivery must

often be contractually regulatedin addition, a plant management contract can also be completed, if necessary. By

selling surplus heat of the own CHP or (raw)biogas to external customers, delivery contracts may be required. Also
concession agreements with private landowners and easemagiteements with the municipality might be of
importance for the plant operator.

All contracts should be tailored to the individual needs of the contractors to offset their own best interests. The contracts

with energy customers (e.g. for heat delivery) leato be updated regularly.
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In chapterAnnex 1(General information on contracjsdifferent types of contract are presented and essential aspects
are described in detail.

The farmer should do a tendering process to choose the best piamufacturers for building the biogas plant.
Therefore the future plant operators must inquire the manufacturer, which will be considered to build the plant, to create
and submit offers which are comparable and allow a thorough evaluation. For a goodacisimp some offers should be
sought.

When comparing the offers it is important to look beyond the mere price. Equally important is the quality and
expected/guaranteed output offered, the experience of the manufacturer and the services they propose whered

to support, repair or maintenance of the biogas plant. It is also from importance to decide, whether it should be a turnkey
construction by plant manufacturer (low work load and project planning time required) or if it should be plant and
realized byan engineering company (larger share of own work on construction possible).

As mentioned before (seg6q E 086 O Al xAUO AAT AEZEAEAI O OEOEO AQGEOOEI C
and get in contact with the plant operatois order to kenefit from their experiences

A good project management needsgoodorganization.Therefore 1 is important that the farmer has a good overview
on the plant building phase. Unexpected events and costs must ba&las to ensure that the project will be finished
successfully.

The farmer has to make a detailed schedule with the plant builder / manufactarkave an overview on the whole
process of plant building and installatioft enables the various parties tteal with bottlenecks and avoid interruptions

at an early stageEach step must be presented in terms of resource requirements, budget and duration and they must
follow a logical order. Regular reports on construction process help to keep this schedatedpd

During the construction, farmer and expert have to check scrupulously three points:

A Quality: Is the job under control and professionally executed? Does the farmer really receive what he
expected/ordered? Dplant parts havdailures?The security of biogas plant is a very important aspect.

A &ET AT AEA1T AOPAAOOYg AOA OEAOA AT U O1l AgpAAOAA AobAl AE

A Deadline: is the building operation on time regarding the ti®ehedule (sometimes, start of operation has an

effect on amount of feedingn tariffs)?

After building and installation of the biogas plant has been finished, the facility starts operation. For that, it wititbd te
and approved (failures will be reported) by the plant manufacturer and/or authorised ex@dies successful testing
and commissioning the biogas plantrisady to produce biogas.
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The project realization ends when the anaerobic digestion plant has been built. The next and essential step of the project
starts when all structuradnd technical components of the plant are installed and the operating license has been granted:
the start of operation.

For the staringup various tests and inspections must be organized and carried out. Initial operation of a blagasp
made up of the technical (duration a few days) and the biological part (duration some weeks).

Before starting up the biogas plant, the plant owner must check if all the obligations included in the building permission
are fulfilled. The entire gasystem should been tested for tightness. The documentation for the technical units as well
as for the entire biogas plant must be present, which also includes instructions for initial operation, a risk assessment
and an explosion protection documerper2012].

Starting up a biogas plant should always be done by the company who designed and built the plant. During th start
phase, the farmer and the staff who will operate the plant, will be advised in running and maintaining the biogas plant.

From a tetinical perspective the startip of the biogas plant is only acceptable, if the safety devices are functioning and
in compliance with the regulations information about safety listed in the operating instructions of the manufacturer
[EDER2012].

Biological nitial operation is often referred to as "staup"”, depending on the used biomass the process needs minimum
Oli A mEAx xAREOS OEI A AT A AAT 1 AOGO Op O a 1171 OEO8 4EA
and organized in advance ardready possible before the technical starp [FZ 2013].

Table3shows and describes the different steps for starting the biological operation.

Table3: Organization the starup of a biogas plant{TBL2013]

Start-up phase Specifications and sources oérror
Starting the process of the anaerobic digester is from the
Creating a statup schedule in biological, economic and safety point of view a critical phase. Th
cooperation with an expert frame conditions (substrate input, biological activity antD

content of the inoculum) of each stattp are different

Level should be high enough so that all inflow and outflow
openings are sealed and no air can enter thigester / gas storage
(explosion protection). Alternatively, all inflow and outflow
openings need to be closed (also applies to gas pipes)

Fill 5660% of the digester with
2 manure or fermentation product,
possibly diluted with water

Slow heating up of the digester to
3 operating temperature
(max. 1°C/d)

The microorganisms must be able to addptthe rising
temperatures

Fermentation starts with increasing gas production andsCH
content. The gas is discharged via the guassure protection.
Aspects of explosion protection must be observed. The biogas ¢
be used in the CHP, as soon as the gas has reached lav@Hof
>45%

Inoculation of the fermenter with
fresh digestate; amount
approximately 20% of the reactor
contents mentioned under step 2

36|
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Start-up phase Specifications and sources oérror
For CH contents > 50%: initial
charge with fresh substrate and Rapid increase in load increases the risk of instability in the biog
5 gradually increasing the load process. Too slow increase leads to economic losses through
(weekly about 0.3p8 1 EC 1 ¢ delayed achievement of full load operation.
d))
6 E;Z(ézsds analysis at least once weekly Allows a customized increase of the load by occurring instabilities.
Comparison of targeted and actual
7 analysis results (substrate input, acid Adjustment of the substrate feedéh to meet the intended power output,
level, gas or electricity production) with | so that an economical operation is possible.
the start-up schedule

7.2 Duringoperation

When the biogas plant has started its operation, which daily, monthly or yearly measures are necessary for control,
maintenance and for securing substrate aneff provision? From now on the farmer has to do regular controls and
maintenance to assure security, safety (especially concerning emission standards) and efficiency.

For a farm scale biogas plant, with an electrical power capacity (equivalent) of T ki, the labour time (net) for
operating and maintenance is usually approx. 1.8 hours per day [KTBL 2013].

EQuality
Control ESafety
EZEmissions

Maintenance ERepa_urs
EService

ESelf-control, troubles diagnostics

Documentation - ) ,
EOfficially reporting requirements

Figure8: Aspects for plant operatiorCASTILLO ET AR012, modified]

7.2.1 Process Control

The required measures/tests (either on a day to day hbasis case of problems) should have been listed and detailed in
the plant instructions of the manufacturer who built and installed the facility.

An analysis of practice data from operations diaries of 31 German biogas plants showed that within a y&lararber

of 1,168 operational disturbances were documented by the operat&EBL 2009. It was found that the plant
component CHPUNit, solid substrate feederpumps and agitators were the most susceptible parts. The qualitative
evaluation of this disttbances showed, that thbiologicalprocess has been the fifth most frequent reason (egure

9) of malfunctions.

For this example4,282 working hours were necessdrysolve althe malfunctions. This corresponds to an average of
138 working hours pdriogas plant and yeaOn averagefor every 10 kW of installed electrical power 1.2 malfunctions
occurred per biogas plant and year.
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Figure9: Most frequently incidents documented on 31 German biogas plants over one year @€fiBd 2009

These resultspoint out the importance of consequent process control. Most significant indication for a process
disturbance is a noticeable decrease of biogas yield respectively methane concentration. In contrast to technical
problemsz which can regularly be solved t¢gifastz process disturbance are more difficult to correct and require a basic
understanding of the farmer for the biological processes and inhibition of the anaerobic fermentation.

7.2.2 Maintenance

Most of the controls may be done continuously by control amzhitoring systems (like temperature of the reaction, the
amount of substrates, the quantity of gas/electricity/heat produced, etc.) but otha@ght require expersupportor can
be done by the farmer himself (e.g. resolve liquid leakage at pumps, ailgthg at CHP, small repaietc.).

The farmer has to ensure maintenance and observe the maintenance intervals (important for warranty of plant parts) of
the biogas plant and the downstream equipment. Some maintenance can be done by the famers himsstilfedyled
replacement of wear parts as filters, seals and replacing or replenishing supplies or consumables like engine oil or water)
or by certain service providers (e.g. general overhaul of CHP unit).

Measuring is the precondition for process controbasptimisation. But the necessary measurement equipment creates
costs, which oftery especially on small scale installatiop$ried to be avoided during implementation.
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7.2.3 Documentation

Consequent documentation is the only way to get reliable informatiorstatus and efficiency of the biogas production

process. The collection of data over a longer period is not only necessary faosélbl, but also relevant in case of

troubles diagnostics and consultancy by external experts.

As a very simple, effecth AT A 1 AOGO 1 AAT OET 60 1 AGET A EO OEA O1 AAlIITlAA
countries (for example Germany) data on input of the plant must be available due to legal requirements.

Advantages of an input diary ar&pmez200§:

A traceabilty of quantity and quality of input substrates (also supplier where needed)
control and optimisation of volume load
economic efficiency calculations (supplier, gas demand, electricity demand, operation hours)

process control

> > > >

gas leakage detection

The inputdiary should include the following information:

>

amount of every substrate or substance given into the process
process temperature

gas quality (CH CQ, H:S)

gas yield

amount of gas utilized

power production (net)

operating hours

fuel demand (in case ofilpt injection gas engine)

electricity injected to the grid

services, disturbances

> > > > > > > > P> D>

etc.
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Construction and operation of a biogas plant is related to a number of important safety issues, potential risks and
hazards for humans, animalnd the environment. Taking proper precautions and safety aim at avoiding any risks and
hazardous situations, and contribute to ensuring a safe operation of the plant.

Fulfilment of important safety issues and stipulating clear preventive and damage&aaneasures is a condition for
obtaining the building permitthis may differdepending on country)

>

fire & explosion prevention

mechanical dangers

sound statically construction

electrical safety

lightning protection

thermal safety

noise emissions proteion

asphyxiation, poisoning prevention

hygienic and veterinary safety

avoidance of air polluting emissions

prevention of ground and surface water leakages
avoidance of pollutants release during waste disposal

flooding safety

> > > > > > > > > D> D> D> D

collision and teaoff protection.

Apart from poisoning and asphyxiation, there are other potential dangers related to the activity on a biogas production
site. In order to avoid these types of accidents, clear warnings must be placed on the respective parts of the plant and
the operaing personnel must be traine®EADI ET AR00S:
A Other potential sources of accidents include danger of falling from ladders or uncovered areas (e-g. feed
funnels, maintenance shafts) or to be injured by movable parts of the plant (e.g. agitators).
A Equipnent like agitators, pumps, feeding equipment is operated with high electrical voltage. Improper
operation or defects of the CHP unit can result in fatal electric shocks.
A Risks of skin burning through unprotected contact with the heating or cooling systrtise biogas plant
(e.g. motor coolers, digester heating, and heat pumps) must be considered. This also applies to parts of the

CHP unit and to the gas flare.

For these reasons, it is advisable that operators and staff of a biogas plant are trainednbrsafiety. This qualifying
measure raises the awareness of the operator for potential hazards on site, it helps to safely operate the plant and to
establish safe procedures if external companies need to work on the biogas plant.
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The plant building contract regulates the structural condition and is the centrepiece for the construction of the biogas
plant. The main regulation points are significantly depending on the concept and the size oflahe grom the
perspective of the plant operator, in particular the following points are in need of regulation [FNR 2013]:

A

whether the project is realised by an engineering company or as turnkey construction, the contract should
possibly including all traek/crafts, agreement of specific performance and should contain detailed service
specifications

coordinatedtechnical requirement®f the plant areobserved (e.gminimum hydraulicretention time)

bank guarantee®r other valuable collateratan reducehe cost riskin constructionas well m the warranty
period

a specific completion date should be agreed, also rules in terms of delays to compensate for revenue losses
(penalty)

clear rules for the test operation (scope, duration, power values, retries), &tel acceptance should be

made

agreements to "whether and how" of subsequent changes of the scope of work (reduction and / or
extension) increase the flexibility, even if a request of change was not clear included in the contract

a reduction of the stattory warranty circumference should be avoided. The aim of the plant operator is
instead the longest possible warranty period

a forwardlooking planning covers a contractual right to supply spare parts to fixed or at least determinable
prices (price adjustmnt clauses) for as long as possible

usually, the payment will be agreed on progress of construction work. The amount of progress payments
based on the economic value of the trades/craft or partial performance, the maturity date results from the
project stiedule / construction schedule. The payment of the last rate should not take place before the end

of the express warranty, but in any case not before lodgement appropriate securities (warranty bond).

The biogas plant mude regularly serviced and maintained. Plant operators normally negotiate maintenance contracts
for their biogas plant, occasionally supplemented by management contracts. If the plant manufacturer or constructors
AT1T60 1T E£EAO |1 AET OA htdrisHodld domaddDvirifieA dhhinte@aBck reduiBefénts. Intervals and
amount of maintenance should be defined as detailed as possible in written form [FNR 2013].

The following points should be taken:

A

in addition to the plant construction contract a maintenancontract with the plants manufacturer or

builder is recommend (negotiated at the same time)
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A the term of the maintenance contract should not be less than the warranty period from the plant
construction contract
A to obtain warranty claims, a maintenance doact is useful for the plant operators who has not the

technical skills for maintenance.

In addition to the initial investment, the operating costs of the plant (e.g. for substrates and their deldetgimine in
particular on the cost efficiency of the plant. Costs and arrangements for substrate supply are at an early stage to be
considered in the calculation of profitability with an appropriate risk surcharge.

In substrate supply contracts, delivevplumes of renewable resources (energy crops) are usually defined on area basis,
because the harvest is not fixed from the outset. In good harvest years, it may therefore come to asuppér of
substrates in poor to a shortage.

The exploitation of thadigestate can also be negotiated in a contract after completion of the fermentation process and
the corresponding storage of the digestate volume. In practice, it has been proven many times that the substrate
supplier takes back the digestate to use itfadilizer on his agricultural land [FNR 2013].

In substrate supply and digestate collection contracts can be foundn addition tothe usualrules onliability etc. -
regulationson the following pointd FNR2013:
A term of the contract, including rulesrotermination and contract renewal
A delivery quantities or information on cultivated area stating the expected yields and any minimum
guantities delivered, including where appropriate options
A price adjustment mechanisms, usually based on an index or seweliabs (e.g. consumer price index, diesel
fuel index or substrate price index), depending on the term of the contract
A harvesting business service and delivery logistics, i.e. agreements on whether the operator or the substrate
supplier harvest, the choppg, the removal, silage plus compression of the substrates takes over where
they are stored and how long they have to be stored / may as well
A digestate collection (volume, responsibilities, dates, periods, deadlines, prices) including logistics (in
particular transport, storage, distribution) under consideration of the requirements for the application of

digestate as fertilizer.

Upon conclusion of a heat supply contract similar points have to be considered as for a biogas suppbt,ceunthaas
arrangements to the quantities delivered, run time or remuneratitm.addition, further regulation is neededor the
following points.

Depending on thaype of heatutilization (cooling buildingsfeeding into aheat network, process heatetc.) different
requirements argo be observed and the fulfilment of which has to be ensurdtiérheatsupply contractlt is important
from the perspectiveof the CHPplant operator,to agree on dotal purchase obligatioror minimumpurchase obligation
of the heatcustomer[FNR2013.
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The produced biogas is normally converted into electricity in one or more of-@HP on site or its surroundings
(satellite CHP) owned by the plant operator. However, this is hot mandatory. Tin¢ @lener may also sell all or part of

the raw biogas produced. The buyer then provides the utilization, such as electricity and heat production in his own CHP,
heat production in a boiler or the upgrading into natural gas quality (biomethane) in a seg@oafas upgrading plant.

A supply contract for ravbiogas is not subject of particularly energy law requirements. Mostly the raw biogas is
transported in own piping systems or networks.

The contract for delivery should consider the technical, economical kegal interests of both parties reasonably.
Usually, a biogas supply contract contains the following regulations [FNR 2013]:

A asectional regulation of the supply volume by minimum or maximum quantities (number of kilowatt hours
of biogas per hour / dagtc.). Such delivery quantities corridor takes the natural fluctuations in biogas
production into account, without neglecting the interests of both parties on reasonable predictability

A the contractual (minimum) term and clearly defined mechanisms for teation and renewal of the
contract are of importance for both parties. The longer the contract term is, the more important the price
adjustment clauses are

A price adjustment clauses can be tied onto neutral indexes like e.g. electricity prices or prisebstrate on
the stock market or consumer price index, etc.. Price adjustment clauses should reflect the respective cost
risks in the first place, specifically in relation to the fixed duration of the contract agreed. The agreement
should explicitly reglate, whether and how changes affect the purchase price for the raw biogas

A depending on the intended use of the raw biogas by the buyer, the definition of certain desired properties of
the raw biogas is recommended. According to the functionality and técaimrequirements of the power
generation unit, the buyer will set certain quality needs for the raw biogas (minimum methane content,
etc.). The gas quality is also important for those buyers who upgrade the raw biogas into biomethane. In this
case, the dteria shall also be in accordance with the technical requirements of the biogas upgrading plant

A At which point the ownership of the raw biogas shall pass on to the buyer, is also needed for reasons of risk
assumption. For this purpose, the local conditioand ownership are noted for example at the piping
system or the gas storage(s)

A The contractual obligation to supply includes the transfer of ownership of a certain amount of raw biogas in
a certain quality. It is therefore necessary to make arrangemétshe measurement of the quantity and

the quality of the raw biogas and to regulate the corresponding bearing of the costs.

|43






































































































































































































































































































