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Introduction

This assessment of possible improvement and expansion of the biogas plantat Vecauce,
Latviais made underthe EU BalticCompass program by PlanAction Aps, Denmark. The
studyis based on a site visitandinterview made onthe site in November 2011 and all data
usedto describe the presentsituation have been given from Vecauce.

Summery

Vecauce constructedin 2008 a biogas plantforthe digestion of manure from theirdairy
farm and energy crops as grass and maize. The plant was designed to provide heatforthe
farm and electricity to be sold to the grid in accordance to the quota givento Vecauce. The
plantwas constructed as a simple one-step mesophilic plant.

The plant has operated forthree yearsinfull operation but has not been profitable mainly
because the production of gas that does not enable full utilisation of their electricity
production quota.

On this background the plant set-up and operation have be assessed to provide solutions
for a development towards a profitable operation.

The presentsituation forthe operation of the biogas plantis:
e Theengine operatesoftenin partload meaningthatthereisa potential fora
higherelectricity production and income if more gas can be produced
e Thedigesterseems overloaded and the productionistherefore limited anditis not
possible to enlarge production by adding more biomass
o The part load operation of the engine cause relative high operation costs
e Thedigestateisveryhighindry mattercausinghandling problems

Besides the biogas plant Vecauce also operates a district heating systemin Auce only
approx. 5-600 m from the biogas plant. This system supplies the university and dwellingsin
the town. The operationis costly mainly because of high costfor LPG used as a middle/peak
load fuel.

The operation of the biogas plantand the district heating plant can be optimised by an
enlargement of the biogas plant and utilisation of biogas as the main fuel on the district
heating plant.

This enlargement will enable utilisation of manure produced on the farm (solid manure)
and froma neighbouring pigfarm —as resource not utilised today. The enlargement will be
a feasible investment.

Besidesthe enlargement to enable economicfeasible operation of the plantitisregarded
necessary to optimise the handling of the digestate and the operation of the engine.

An enlargementand rebuilding of the plant will provideagreenhouse gas impact of approx.
4,700 t CO, equivalents
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3.1

The present situation

The biogas plant at Vecauce was constructed in 2008 and commissioned forthe operation
on manure. In 2009 maize silage was added to the plant. Since then the plant has been
operating usinga mix of mainly manure and silage (maizeand grass). Besides this other
products as whole crop silage and flour have been used forthe production of biogas.

The biogasis utilisedina 260 kW electric CHP plantinstalled inacontaineronsite. The
electricity is sold tothe grid in accordance with an agreed quota. The quota meansthe
following conditions:

e 7,000 full load hours equal to up to 1,820 MWh electricity/year: 149 LVL/MWh
e Electricity salesabove 1,820 MWh/year: 30 LVL/MWh

To maintainthe quotathe sales must be at least 80% of the agreed quotaequal to 1,456
MWh electricity peryear (5,600 full load hours).

The production of electricity has been keptinside the slot between minimum delivery and
max delivery, i.e.inside the quota.

The heat is utilized partly on the farm and partly for process heating of the biogas plant.

Biomass

The biomass digestedis:

e Approx. 15,000 t of dairy manure in average approx. 7% TS
e Approx. 2,700 t of maize silage atapprox. 33% TS

e Approx.2,200 t grass silage atapprox. 25% TS

e Approx. 150 t flourat approx. 90% TS

e Intotalapprox. 20,050 t biomass peryear

The manure is added to the plantrelative constant overthe year where the maize silageis
usedinwinter (togetherwith some flour) and the grass silage is used inthe summerand
raised in winterto correspond the variationsinthe heatdemand.

The maize silage is cut during harvesttoa maxlength of approx.2 cm. The grassis during
harvest cut to approx. 5 cm. The silage will be further choppedinafeed mixerbefore
enteringthe digester. The silage is partly stored in aconcrete plate and partly in stacks
made on the adjacentfield.

Besides this smalleramounts of grain as well as othertypes of silage (fullcrop silage) have
beenadded. It has been tested to use solid manure from the dairy herd (young cows and
dry cows). This biomass has been difficult to handle inthe plantas well as it gave some
problemsinrelationtocreation of foaminthe digesteranditis therefore notused atthe
moment.
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3.2

3.2.1

The digesteris fed with the best biomassesin winterto optimize the production. The
general input winterand summeris:

Winter t/day % TS tTS VS/TS tVvs
Manure 36,0 8% 2,9 80% 2,3
Maize 15,0 33% 5,0 95% 4,7
Grass silage - 25% " - 95% -
Flour 0,8 90% 0,7 95% 0,7
In total 51,8 17% 86 90% 7,7
Summer t/day % TS tTS VS/TS tVvs
Manure 40,0 6% 2,4 80% 1,9
Maize - 33% - 95% -
Grass silage 12,0 25% 3,0 95% 2,9
Flour - 90% - 95%

In total 52,0 10% 54 88% 48

Afterdigestion the digestateis storedina4,000 m? storage open tank next to the digester
and from hereitis spread on the farm land using traditional slurry spreaders (own
equipmentorcontractors).

Gas production

The plant is not provided with agas meterand the amount of gas produced can therefore
only be estimated from the production of electricity from the engine. Thisisregarded as a
relative safe way of estimating the gas production and can therefore be usedin this
assessment. During service time, power break on the grid, and otherstops on the engine
the biogasisburnedinthe boilerbutthisisa limited amount that only hasa minorimpact
on the calculations.

The gas productionisvaried overthe year. By adjustingthe amount and quality of silage for
the plantthe productioninthe winteris higherthaninthe summer.

The production of gas estimated in winterand summer operationis:

Load kw Efficiency Input kW gas| m3 CH4/day
Winter 100% 260 35,9% 724 1.749
Summer 60% 156 33,0% 473 1.141
Full load 260

Gas production calculated from the input biomass

Using Danish standard figures fora one-step digestion as the one inthe Vecauce plant - the
following production should be possible to make winter/summer (theoretical gas
production):
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3.3

Winter tVS/day GVS m3 CH4/d
Manure 2,3 210 484
Maize 4,7 350 1.646
Grass silage - 320 -

Flour 0,7 370 253
In total 7,7 2.383
Summer tVS/day GVS m3 CH4/d
Manure 1,9 210 403
Maize - 350 -

Grass silage 2,9 320 912
Flour - 370 -

In total 4,8 1.315

In relation to the estimated production from the operation of the enginethisislower:

Gas production

Estimated Theoretical

Lower gas prod

Lower gas prod

m3CH4/d  m3CH4/d m3 CH4/d %
Winter 1.749 2.383 634 36%
Summer 1.141 1.315 174 15%

It can be seenthatthe estimated gas productionis 15-36% lower than the theoretical
calculated production. It must be marked that the estimated productionis uncertain.

Anywaythe trendisregarded as safe soit can be concluded thatthe production of biogas is
lowerthanit oughtto be, in particularin winter.

The process has beenassessedinrelation tothe pH inthe digester. Datagiven from the
plantsshowsa pH level inaverage on 7.5 in the situation where maizeand manureisfed to

the digester. The pHis alittle higherwhen only manure is fed tothe digester. Thisis

relative low inrelation to the conditions in well-functioning Danish digesters and normally

indicates an overloading of the digester caused by arelative high organicload of the

digester which will cause alower gas production than what can be expected.

Plantsetup

The plant is supplied by the German company VeltecBioPower as a standard plant as

commonin Germany.

The plant is a one-step mesophilicoperated biogas plant.

Main parametersare:
e 144 m®reception tank/mixing tank/preheating tank for manure

e Approx.12 m? feed in device forsolid biomass/silage, direct feed into the digester

e 2,000m’ digester, full mixed stainless steel tank provided with double membrane.
The tank is heated and provided with 80 mm insulation onthe walls

e Gas storage approx. 540 m® underthe double membrane coveronthe digester

e 4,000 m’ non covered steel storage tank for digestate

e Pumpingsystem utilizingone pump forall pumpingroutines (Seepex snail pump)

BALTIC
CEMPASS
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3.4
3.4.1

3.4.2

3.5
3.5.1

e Gas handlingsystemincluding biological purificationin digester, FeCladdition,
active coal filterand cooling system (coolingin ground as well as active cooling)

e Gasengine 260 kW electric(Liebherr mounted in a container)

e 100 kW dual fuel boiler (heating oil and biogas)

e Flare

The manure is pumped from the stablesintothe receptiontank where itis heated to
approx. 25°C to avoid frozen manure to be pumped into the digester.

The maize silage is supplied by afront loaderinto the feeding device and from here with no
furthertreatment fedintothe digester.

Operational parameters

Digester

The main parameters for the assessment of the plantset upinrelationto the operation of
the digesterare:

e Process: Onestep

e Retentiontimeindigester:  Approx. 35 days

e Organicload of the digester: Approx. 2.7-4.3kg VS/m®digester perday
e Temperatureinthedigester: Approx.38°C (mesophilic)

The one step process usedis quituncommon because the storage tank for digestate
normallyis used as a secondary digester. The storage tank at this plantis not covered andis
therefore not used. Besides this the very low wintertemperaturesin the area means that
the tank beside the covershould have been equipped with insulation.

The retention time is normal for mesophilicdigestion but the organicload is rather high.
The process has beentested inrelation tothe German FOS/TAC method. This shows low
load whenthe organicacid content of the digesterisrelated to the alkaline buffer capacity.
Thisshow a process thatis under-loaded. The reason forthis can be an inhibited creation of
acid whichalsoisindicated by the relative low pHin the digester.

Biogasengine
The plant is equipped with a 260 kW Liebherrbiogas engine mounted in a container.

In the winterthe engineis operated 24h all days. In summerthe engines operatesonlow
load often close to minimum load equal to 60% of max load. The efficiency atlow load is
relative low.

The engine cannotrun on loads below 60% of max load equal to 156 kW electric.

Economicconditions

Investment

The plant wasinstalled in 2008 for a total price of 780,000 LVL Thisinvestmentisamortised
inside10years with a yearly cost of approx. 100,000 LVL.
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3.5.2

3.5.3

3.54

3.6

Operational costs

Operational costs are mainly purchase of silage and other biomasses. Thisis estimated for
2011 based on the first9 month production. The estimated costis approx. 87,000 LVLL per
year. Other costs corresponds approx. 65,000 LVL peryear. In total operational costsis
152,000 LVLfor9 monthequal to 200,000 LVL per year.

Income

The income s limited by the quotafor production and sales of electricity to the grid. The
income corresponds to the production of electricity that corresponds to the production of
gas. The productionis expectedto be justenough forfulfilling the quota. Total income
2011 will then be approx. 220,000 LVL.

Balance

If the electricity production of thislevel is reached the plant will show a deficit of approx.
10,000 LVLin 2011. This is not regarded as satisfactory.

Handling of the digestate

The digestate is utilised as fertiliser on the approx. 2,000 ha arable land operated by
Vecauce.

Storage of the digestate is partly in the 4,000 m’storage tank adjacent to the biogas plant
and partlyinolderlagoons. The storage tank at the biogas plantisa simple not covered
steel storage tankandit is not provided with any mixing system. Before spreading the tank
is mixed using tractor mounted mixers.

The digestate is spread using partly own small tankers, alargertanker provided with hoses
that isborrowed from a neighbouring farm and partly by using contractors.

The digested biomassis because of the very high dry matterinput and insufficient digestion
very difficult to mix, to pump to the tankers as well as to spread.

Assessment of the plant
Technical setup of the plant

The plant is made as a simple “German-type” maize/manure plant. The simplicity of the
plantisadvantageous because itlimits the moving partsand therefore investmentand
operational costs.

In general the individual parts of the plant are functioningand can all be usedin the future.

Because of the simplicity of the plant some parts that are not well functioningand can
cause operational disadvantages.

These are:
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4.2
4.2.1
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o Insufficientinsulation of the primary digester (walls only 80 mm insulation and no
insulationinthe double membraneon the top of the digester where digesters for
the climate as in Latviais recommended to be provided with 200 mm insulation
and a fixed and insulated roof)

¢ Non-covered storage tank without possibility of collection of gas
No choppingof the biomass, in particulargrass silage before feedinginto the
digester

e Pumpingsystemfromthe intake tank and the digesterthat can cause a risk of
sedimentation of sand and smallerstonesin these tanks

e Relative low conversion of organicmaterial to gasin particular in winter because of
limited size reduction of the biomass, relative small digester/limited retention time
and a one-step process

e Insufficient gas purificationinthe biological purification probably because of
limited surface inthe digesterand non-optimal conditions for the sulphureating
bacteriainthe digester (the fullmixed digester do not create best possible
conditions forthese bacteria)

o No heataccumulationtank meaningthatthere mustbe a correspondence between
production and utilisation of heat

e Relative low heat efficiency on the enginebecause itis not provided with alow
temperature heat exchanger for cooling the exhaust gas to approx. 70°C (the
present coolingisto approx. 170°C)

Plant operation

Production of gas

As can be seenabove the production of gasis 13-34% lowerthan the theoretical
production of a one-step plant. Even though there are uncertaintiesin the way of - in
particular - calculating the actual production the tendencyisclear.

The main reasonforthisis consider beingthe relative high organicload of the digester. The
organicload is highestin winter where the lowest relative production of biogas is observed.

The retentiontime and the organicload are estimated from the giveninput
winter/summer:

Retention| Orgload
Days| kg VS/m3
Winter 34,7 4,3

Summer 34,6 2,7

As can be seenthe retentiontime is relative equal overthe yearwhereasthe organicload is
much higherinwinterthaninsummerdue tothe higheramount of organicdry matter(VS)
inmaize and particularinflourthanin grass silage.

The retentiontime isshortina mesophilicone-step plantbutis notregarded as critical
short. The main difference between summerand winteroperation is thereforethe organic
load of the digester. Asit was seenabove, the theoretical gasyieldinrelation tothe
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51.2

513
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calculated production shows that the conversion of organic material inthe winter situation
islowerinwinterthaninsummer. We will explained the lowerwinter production to be
caused by the higherorganicload evenifthe loadis not above critical limitof 4.5 kg VS/m3
digesterthat have been given fromthe German supplier.

Inhibition can be in the acid creation process and/orin the methane creation process. From
the plantitisinformedthat the organicacid contentinthe digesterisrelatively low which
indicated that the acid creation processis inhibited.

Specificproblems
Located operational problems

Duringthe plantvisitand the meetings with the operational staff, the following was
observed:

e Difficultyin handlingothersolid biomassesthansilage inthe intake system

e Foam problemswhen solid manure isadded

e Highheatdemandinwinter

e Huge problemsinhandlingthe digested biomass

e Difficultiesinreachinggas production to operate the engine at full load/limitation
inrelationtoretentiontimein digester

e Problemsinkeepingacceptable sulphurlevel inthe gaswhen glycerine was used to
raise gas production

Solid biomass handling

The solid biomass —the silage —thatis used today can be handled in the system. The gas
yieldistoolow which can be related to the short retention time/high organicloadin
relation to the mesophilic process and to the missing chopping of the biomass.

The process cannot handle more solid biomass in winter (e.g. solid manure) mainly because
of overloading.

Foam problems when solid manureis added

It has beentriedtoadd solid manure to the digester. This caused foam properly because of
the high organicloadinthe digester and mechanical probleminrelationtothe mixing of
the digesterbecause the straw was not cut. Because of this the gas yield from the solid
manure was limited. The solid manure is therefore not used today evenif thisis a “free of
cost” biomass.

High heat demand in winter

The digesterhas a limited insulation causing a high demand for heatin particular in winter
and hereby less heat available for the farm.
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Handling of digested biomass

The digestate is very difficult to handle mainly because of high fibre content butalso
because the storage tank for digestate is not mixed. The digestate createstherefore ahuge
layer of fibre that have to be grabbed out of the tank and that is difficultto spread.

The main reason forthe high amount of fibre isthe high load of dry mattermainlyin
winter. Here isthe input TS approx. 17%. Because of the relative bad digestion rate in
winteronly parts of the organicdry matter(VS) is broken downinto biogas and therefore is
the remaining dry matterinthe digestate too high.

Besides the problems of handling high organicload there are problems related to the
evaporation of nitrogen andinlet of rain waterina non-covered tank.

Produceenough gas for fullload operation of the engine

The gas productionis not high enough to operate the engine at maximum of the quotafor
sales of electricity. The mainreasonisthatthe digestergets overloaded if biomass for full
gas productionisadded. In relation to operating the digester mesophilicas planned the
digestervolumeistoosmall. Besides thisthere is nosecondary digestion that could add
biogas.

Sulphur purification

The gas is purifiedinthe digesterin a biological process whereairis added to enable
aerobicbacteriato take up H,S. Besides this the gasis purified by addingiron chloride
(FeCl) tothe process. The iron binds the sulphur. Asa last “polishing” of the gas an active
carbon filterare used. The gas containsin normal operation using the input biomasses
mentioned above approx. 500 —600 ppm H,S after purification whichis relative highand
can cause operational problems forthe engineas well asdemand forchange of oil inthe
engine quit often causing operation costs. The reason for the high sulphur content must be
an insufficient biological purification because of arelative small surface for the bacteriato
operate on, and insufficientamount of FeCl added and that the active carbon filter have
reachedits capability to purify because itis saturated with sulphur.

It has beentriedtoadd glycerine tothe processto bust the gas production. Glycerine
contains a relative high amount of sulphurand the present purification system has not
beensufficienttotreatthe higher sulphurlevelinthe gas.

Utilisation of FeCl forthe purificationis efficient butis regarded as a relative expensive
method where the biological purification is low/no cost. The active carbon filterisfine for
the end “polishing” of the gas but must not be used for purification of gas with relative high
sulphurlevel.

The gas purificationis therefore regarded as insufficientin relation to minimising the cost
and to enable utilisation of sulphur-containing biomasses such as glycerine.

Possible problems notlocated visually but anticipated

The biomass contains non organic parts as sand and stonesthe can be fed into the digester.
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Stonesare locatedinthe silage. Some of these are sorted outin the feeding systems but
smallerstones can pass though. The main reason forstonesinthe silage is that a part of the
silage isstoredinfield stacks in the bare ground.

The dairy manure normally contains sand and soil from the feedstuff eaten by the cows.
The cows at the farm are normally indoors which means that the normal problem of cows
takensoil intothe stable when theyare inloose housing systemsis not present here.

The sand and stonesis not taken out of the digesterin the normal pumpingroutines from
the digestertothe storage tank because the out take pipe do not go to the bottom as well
as it goesvertical up overthe top of the tank and then down on the outerside of the tank.
The present pumps do not have the capability to soak stones and sand this way.

Thereisa possibility to soak out from approx. 30-50 cm from the bottom usinga vacuum
tanker. Thisis done regularly butitis anticipated that there still will be some
sedimentation. Thisis notaproblem intrinsicallybut will reduce activevolumeand thereby
shortenthe retention time.

Located financial problems

The plant is at the present operating conditions not feasible forthe owner.

The main reasonisthe located operational problems as seen above. Besides this the silage
isa relative expensive biomassin relation to the ratherlow degree of utilisation.

The income from electricity isalso too low because of limited amount of gas.

The operational costs of the engine are too high because itis operatedin part-load mainly
inthe summer period. The operational costs are normally per operation hourindependent
on the production.

Optimisation of the plant
Possible improvementsin relation to overcome the identified problems

In accordance with the list of located and anticipated problems on the plant the following
action can be taken:

Optimising the production onthe existing biogas plant:

o Coverage forgas extraction with integrated gas storage and insulation of the
storage tank

e ImprovedH,S purification

Optimising the handling of the digestate:
e Posttreatment(separation)of digestate to ease handling
e Enlargement of storage capacity forthe digestate

BALTIC Part-financed by the European Union (European Regional Development 257" H
C@MPASS Fundand European Neighbourhood and Partnership Instrument) Prograrmes 907-3013



6.1.1

14

Enlargement of production of gas and supply of gas to the district heating:

e Biogassupplytothedistrictheating plant

e Utilisation of alternative biomasses (pig manure, solid manure and possible waste
products from the food industry)

e Installation of equipment for cutting straw etc. before entering

e Sanitation equipmentthat enablestreatment of Cat. 3 waste to enable intake of
thisbiomass

e Enlargementofthe digestervolume toimprove digestion and enable additional
biomass feedstock.

e Optimisingof the intake system to ensure capacity and chopping of the biomass

Optimising of heat production
o |fmore heatdemandedonthe farmthe heat production from the engine can be
optimised by adding alow temperature heatexchanger (required H,S contentin
the gas below 70 ppm).
e Installation of aheataccumulation tank to equalise the production and utilisation
of the heat

Optimising of operation on the existing plant

Coverageand insulation of the storage tank

The biomassinthe storage tankis at the moment has a high dry matter content. Thisis
partly because of a low gas production as seen above due to shortretentiontime in the
digesterinrelationtotype of biomass. Itistherefore recommended toimprove digestion
by adding a secondary step of digestion in the storage tank. This can be made by providing
the existing storage tank with acoverand insulation.

The cover can be made as a standard double membrane fixed to the edge of the tank. This
will besides enabling collection of gas also enable enlarged storage and used of the tank for
H,S purification of the biogas. To use it for storage and purification all biogas produced
must pass overthe storage tank.

To keeptemperature inthe tankitisrecommendedtoinsulate itaswell. This can be made
as a traditional outside insulation covered with steel plates orasinsulation with foam that
are sprayed on the inside of the tank. The insulation will secure atemperature in the tank

where the biogas processisstill active as well as the H,S purifying bacteria can function.

Besides the improved gas production and purification there will be no rain water coming
into the tank and no evaporation of nitrogen go out of the tank.

Improved H,S purification

It can be advantageoustoimprove the gas purification sothatthe engines can be operated
with a low temperature heat exchanger. To do this the sulphur content must be below 70-
80 ppm H,S. The present purificationis efficient butis partly based on adding FeCl whichiis
rather costly. Itistherefore recommended to add a biological purification in the existing
storage tank whenthisisrebuilttobe a secondary digesteras mentioned above. The
purification will take place as today inthe digester where atmosphericairisinjected to
enable aerobicbacteriatofunction onthe surface of the digestate.
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If this cannot provide sufficient purification of the gas an external biological biogas
purificationfilter can be added.

Optimising of handling of the digestate

Posttreatment (separation) to ease handling of digestate

The digestate will be easierto handle by installing aseparator that can divide fibre from the
liquid before storage. The separation can be made eitherafterthe storage orbefore the
storage. Thiswill depend onthe degree of digestion and the herby following handling of
the digestate inthe storage tank. It can be tested if the fibre contains residual gas which
then can be recycledinto the biogas plant.

When lagoons are used for storage it can be advantageousto separate the digestate to
avoid mixing problemsinthe lagoons.

Enlarged storage capacity for digestate

To utilise the digestate as fertiliserin the optimal way itisrecommendedtoenlarge the
storage capacity for digestate by installing covered lagoons that can contain approx. 6-9
month production of digestate.

Enlargement of the biogas production and supply of gas to district heating

Enlarging the biogas production on the plant enablesto continue the production of
electricityand heaton the farm inaccordance to the electricity production quotaas well as
transmission of biogas to a new engine installed on the district heating plant.

To enlarge the production more biomass as well as capacity is needed.

Alternative biomasses for the biogas production

The biogas production can be raised at the same time as costs forfeedstock can be lowered
by adding alternative biomasses to the plant. It has beenthe objective to locate biomasses
which can be supplied forfree tothe plant.

Solid manure from the dairy farm

The Vecauce farm has a production of solid dairy manure from the heifers and the dry
cows. Thisis not utilised in the biogas plant because the utilisation causes creation of foam
and a very limited gas production.

It has from the farm beeninformed that the production of solid manure is 5-10per day in
summerand 10-12 t in winter. Here an average production of 9t per day has been used for
the estimate below.

The resource can be utilisedinan enlarged plant where the necessary retention time as
well as organicload can be achieved.

The production of solid manure and potential gas productionin atwo-step thermophilic
plantis estimatedto be:
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t/year TS %VS/TS GVS m3 CH4/y
Solid dairy manure 3.285 26% 80% 231 157.838

The gas production equals an average of 175 kW biogas that can produce approx. 63 kW
electricity.

The digestion of the biomass will inathermophilicdigester with aretention time of 20days
require approx. 600 m’ digestervolume.

The handling of the solid manure requires feeding and chopping equipment. The existing
feedercan be usedfor solid manure but have to be followed by a chopper.

Pig manure

Pigmanure can be supplied from “PF Vecauce SIA Pig” stable located in approx. 2km from
the biogas plant. They produce approx. 10,000 — 12,000 t of pig manure per yearwith a dry
matteron 3-7% TS.

The pig farm operates noland and the manure is taken forfree by a local farmer.

The main challenge inrelation to take this manure into the biogas plantis the transport. To
minimise these costs and to make the transport as smooth and environmental friendly as
possibleitisrecommendedto pump the manure from the farminto the biogas plant.
Because the pig farm does not operate any land this transport will be aone-way transport
and can be made in one-string string simple pumping system that pumps the manure from
a pumpingwell atthe farm andinto the receptiontank atthe biogas plant.

The pig manure has the following gas potential in atwo-step biogas process:

t/year % TS %VS/TS GVS m3 CH4/y
Pig manure 11.000 6% 80% 330 174.240

The production equal to an average of approx. 200 kW biogas that can produce approx. 71
kW electricity.

The digestion of the biomass will inathermophilicdigester with aretention time of 20 days
require approx. 600 m’ digestervolumes.

Industrialresiduals
The plant does nottake in industrial residual at the momentbut there are potential

suppliersinside an acceptable distance from the biogas plant.

Potential suppliers can be:

Slaughterhouses: Stomach content, intestines and other soft parts, blood, fat
trap waste, flotation sludge etc.

Fish processing: Heads, intestines, cuttings, flotation sludge etc.

Vegetable processing: Residual vegetables, peels etc.

Biodiesel: Glycerine

BALTIC Part-financed by the European Union (European Regional Development H
COMPASS Fund and European Neighbourhood and Partnership Instrument) Programma 1607-2013



17

General food processing: Flotation sludge, fat trap waste, residual raw material, failure
and overdated products

The animal based products except of stomach content must be sanitised at 70°C/1h in
accordance to EU regulations.

Fishand vegetableresiduals can be treated with no sanitation. Sanitation can be made in
standard batch tanks. The heat required forthe sanitationisfully reused when hot
sanitised waste is mixed with cold incoming manure or other cold biomassesinthe input
system forthe digesters.

There are at the moment no agreements withindustrial suppliers of residuals butitis
recommended to make such agreement as well as torebuild the intake system at the
biogas plantso thatitis possible to handle these products.

The existing 144 m’ reception tank for manure will be suitable for handling liquid residuals
e.g.fat sludge. Thistank can be heated and the products can therefore be keptliquid even
if they have high dry matter/fat content. It can be necessary to add a feedin module for
feedingin possiblesolid waste productsinto the tank.

Waste watertreatment sludge

Waste water treatment sludge from municipal sewage can be treated in biogas plants.
Normally mostsludge is secondary sludge with alimited gas yield. This productis only of
interestforthe plantifitcan be followed by a gate fee. If primary sludge and flotation/fat
trap fat can be supplied thisis of interest but requires sanitation.

Waste water treatment sludge including flotation sludge/fat trap fatis not includedin the
proposal below.

Enlargement of the digestervolume

The digestervolume isalimiting factorbecause it meansahigh organicloadin particularin
winterand herby following a relative low gas production. The possible organicload can be
raised by raising the temperature in the digester.

The presentdigesterinsulationisinsufficient (8 cm) and therefore itis notrecommended
to raise the process temperature to thermophiliclevel (50-54°C) because it will cause an
increased heatloss.

The digestervolume can be raised by transforming the storage tankinto a digester that
could be operated serial afterthe presentdigester. The rebuild of the tank into a digester
requiresinsulation, mixingand cover. If the tankis not provided with heatalimited
productionin particularin winter can be anticipated because of alow temperature inthe
tank. The relative high dry matter that comes from the existing primary tank canalso
jeopardise the process becauseit requires substantial mixing capacity.

It can be seenthatthe primary digesteristhe limiting factorandit istherefore
recommendedtosetupa new primary digester. This can be made as a thermophilicfull
mixed digester. The biomasses are suitable forthermophilicdigestion and the fasterand
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more efficient process meansthatthe digester can be smallerthan a mesophilicdigester
and hereby cheaper.

By installinga new thermophilicprimary digesterthe existing digester can serve as a
secondary digesterthat will operate on approx. 40-45°C.

The more efficient digestion and thusincreased gas production mean alowerdry matter
contentinthe digestate which will easethe handling.

Intake system
The growth of the amount of input manure (pig manure and solid dairy manure) will
require an enlarged intake tank formanure.

For the intake of solid biomassitisrecommendedtoadda systemforchoppingthe
biomass, which will provide an increased gas production as well as easier handling.

Optimising of heat production

The heat production can be extended by adding alow temperature heat exchanger that
utilise the cooling of the exhaust gas from approx. 180°C to approx. 70°C. There will be no
riskin relationto corrosionin operating this heat exchanger becausethe biogas hasavery
low content of sulphur.

The heat exchanger canadd approx. 16-18% more heat.

The operation can possible be optimised by installing aheat accumulation tank that enables
the engine to operate 100% load and start/stop without any impact on the supply of heat
for the farm and the biogas plant.

A heat accumulation tank on approx. 50 m* will be sufficient. This can be made ina second
hand tank that must be vertical mounted and insulated. Such atank can store approx.
2.300 MWh equal to approx. 7 hours full load production onthe engine.

Utilisation of heat or gas at the district heating plant in Auce

Vecauce operatesadistrictheating scheme in the town supplying the castle owned by the
university as well as the dwellings former belonging to the university now privatized.

The district heatingis heatingapprox. 25,000 m” and has a max winter peak supply of 2,3 —
2,5 MW and a summerload of 0 MW because itis chosento cut supplyinthe foursummer
month due to difficulties in getting payment.

The boilerhouse isequipped with:

e Wood (woodstove Orion 1.3 MW)
e LPGgas (gas stove Buderus 1.6 MW)
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The wood stove normally supply upto 1 MW. At higherdemand the LPG gas burnertops
up.

The yearly contribution of the heat productionis showninthe figure below:

Load District Heating

2500
oo "o
2000 s /
\ ’
\ [
1500 \ (4
S \ Y J --e- LPG
~ 1000 \ !
‘\ /’ Wood
500 \ /

jan feb mar apr may jun jul aug sep oct now dec

This contribution of the heat production means that approx. 60% of the heatis produced
on wood and the rest— approx. 40% - is produced on LPG gas.

The fuel is purchasedfor:

Wood: 17 LVL/m® equal to approx. 0.008 LVLL/kWh at 2.08 MWh perm®
wood
LPG (propane): 0.337 LVL/l equal to approx. 0.053 LVLL/kWh at 6.4 kWh per|

The yearly cost forfuel can be estimated to be approx.

Fuel Produced Efficiency| Inputenergy Price| Fuel cost

kWh in% kWh LVL/kWh| LVL/year
Wood 5.664.000 85% 6.663.529 0,008 53.308
LPG 3.302.400 95% 3.476.211 0,053 184.239
In total 8.966.400 10.139.740 237.547

The enlarged biogas plant

In accordance with the proposed changes above afull developed plantfortreatment of all
manure fromthe university farm (including the solid manure), the pig manure fromthe
neighbouring farm as well as possible Cat 3 waste and the same amountfor energy crops as
today and supply heatforthe farm and the district heating system an updated plantset up
can be:

The proposal for the enlarged plantisshownisthe drawing below where new parts are
marked with light grey. Please mark thatitis a principle drawing and that the existing plant
isnot drawn precisely as build aswell asthe drawing do not show all parts, valves etc.
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The separatorcan beinstalled before the construction of the enlarged plant and be placed
up front of the storage tank to solve the problems of mixing the storage tank.

District heating plant

ﬂ DH grid

Heatacc

Biogas plant

Flar

air

i
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| N ~——
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The new primary digesteris recommended to be constructed asa thermophilicdigester.
This enlarge the capability to handle an enlarged amount of organicdry matterso that the
production can be enlarge and that the foam problems |located when solid biomass was
addedto the present digester will notbe present.

A new inputsystem added on the existing system must contain achopping devise
(Vogelsang Rotocut, Muncherorsimilar). Inthe setup recommended all biomass will pass
though this chopping devise.
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The presentdigesterwill function as a secondary digester. Itis not expected thatit will be
neededtoadd heat here but the possibility will be present.

The existing storage tank will afteritis covered and possibleinsulated have more functions.
There will still be asmall gas production that can be extracted. Underthe double
membrane there will be asignificant gas storage that will supplement the existing storage
on top of the digester. Besides thisaddingasmall quantity of airto the tank enables gas
purificationforH,S.

Operation of the biogas plant afterthe enlargement

The manure will be supplied into the new reception tank from the farmas liquid and solid
manure and by piping fromthe adjacent pigfarm.

Possible waste products will be supplied from tankersinto the existing reception tank.
Silage will as today be fed into the dry feeing equipment.

The manure will be pumped through achopperintothe new thermophilicdigester where it
isheatedto process temperature.

Waste will be pumped from the reception tankinto the sanitising unit. Here is estimated an
approx.5 m® tank that can heat the material in 1%-2 hours and then the material is
retained for 1 hour at 70°C before itis pumped hotinto the digester.

The maizeis dosed though a new feeding equipment where itis mixed with hot digestate
and thenthrough a chopperintothe thermophilicdigester.

The primary digesteris operated thermophilic (50-52°C). The biomassiis suitable for this
digestion as well as the retentiontimeand the organicloadis not stressed so that a stable
process can be expected (the retention timewill be 25 —35 daysand the organicload 2.6 —
5.5 kg VS per m® digester)

From the thermophilicdigesterthe biomassis pumped by the existing pumpsto the
existing digesterthatis used as a secondary digester. Itis not expected to heat this digester
because the inputbiomassis warm.

From the secondary digesterthe biomassis pumped into the storage now covered and
mixed soitwill function as a third step digestionaswell asit can be used forgas
purification and gas storage.

The gas is lead from the top of the primary and secondary digestersinto the storage tank
where there will be buffer storage of approx. 2,000 m* of biogas. Air will be added to
provide purification.

From here the gas passes the active carbonfilterand goes eitherfor utilisation on site oris
pumpedintothe district heating plantfor utilisation.
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The digestate can be pumped from the storage tank into the covered storage lagoons. Itis
anticipated thatthese are located between the biogas plantand the pigfarm.

Biogas production afterenlargement

The biogas production will after the enlargement of the plant, be based on manure, waste
products and energy crops. The following average monthly input of biomassis assumed:

t/month Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Year
Manure (8% TS) 1.116 1.008 1.116 - - - - - - 1.116 1.080 1.116 6.552
Manure (6% TS) - - - 1.200 1.240 1.200 1.240 1.240 1.200 - - - 7.320
Solid manure 341 308 341 225 233 225 233 233 225 341 330 341 3.375
Pig manure 934 844 934 904 934 904 934 934 904 934 904  934| 11.000
Maize silage 620 560 310 - - - - - - - 600 620 2.710
Grass silage 186 168 434 120 - - - - 390 558 180 186 2.222
Organic waste 465 420 465 450 465 450 465 465 450 465 450 465 5.475
Flour - - - - - - - - - - - - -

Total t/month 3.662 3.308 3.600 2.899 2.872 2.779 2.872 2.872 3.169 3.414 3.544 3.662| 38.654

This will provide the following production:

Input biomass t/year %TS  VS/TS tVs GVS m3 CH4/y
Manure (8% TS) 6.552 8% 80% 419 210 88.059
Manure (6% TS) 7.320 6% 80% 351 210 73.786
Solid manure 3.375 25% 80% 675 210 141.729
Pig manure 11.000 6% 80% 528 300 158.400
Maize silage 2.710 33% 95% 850 350 297.355
Grass silage 2.222 25% 90% 500 320 159.984
Organic waste 5.475 22% 90% 1.084 380 411.939
Flour - 95% 100% 0 400 -

In total primary digester 38.654 4.407 1.331.251
Added in secondary digester 10% 133.125
Total production 1.464.376

This production will be slightly overthe production needed to supply the CHP onthe farm
as well asa new CHP at the district heating.

It must be marked thatthere is no specificagreements on the supply of organicwaste
products. Here it isassumed that thisis mixed slaughterhouse waste but other Cat 3 wastes
or waste outside category (vegetable waste) can be utilised.

It isrecommended to continue the process started by the University in locating the waste
products and closing agreements on these possible waste supplies. If more waste can be
supplied the input of maize and otherenergy crops can be reduced.

Production of digestate

From the input biomasses mentioned above there will be produced approx. 35,000 t of
digestate. Itis estimated that the digestate willhave TS content on approx. 5.1%.

If the digestate is separated in asimple mechanical separatoritcan be separated into:
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Digestate t/y TS tTS

Input 35.364 5,1% 1.812
Fibre fraction 3.374 30,0% 1.012
Liquid fertiliser 31.990 2,5% 800

The liquid fraction can be stored in lagoons while the fibre fraction can mature as compost
inbuilding.

To utilise the digestate optimallyitis necessarytostoreitso itcan be utilised whenthe
crops can take up the nutrients. Thisis mainlyinthe springandinthe beginning of the
growth period but some crops also need fertiliserin the autumn. Itis therefore
recommendedtoinstall lagoons forstorage forat a minimum 6 month (to enable storage
of digestate from Septemberto March. This requires approx. 16,000 m? storage facilities
e.g. made as covered lagoon. Besides this there will be some storage capacityinthe storage
tank onsite.

The composition of the digestate will depend on the actual composition of the input
biomass. Based on Danish standard figures forthe input biomasses following content of the
digestate can be estimated:

Nutrient content digestate (kg/t)
kg N/t kg P/t kg K/t
59 1,0 4,1
NH4-n
5,0
Total amount of nutrients (t/y)
N P K
209 36 146

Compared withthe presentfigures these differ mainlyinrelation to:

e Total nitrogen: Measuredto be 2.7 kg/t biomass
e NH4-n: Measured to be 1.0 kg/t biomass

The reasonfor the lowercontentin the existing digestate can be a low content of nitrogen
inthe input maize. The low ratio of ammonia can be because of relative poordigestion asit
has been discussed above.

The total amount of digestate afterenlargement will contain approx. 209 t N. This can full
fertiliseapprox. 1.250 ha equal to approx. 70% of the entire farmland operated by
Vecauce.

Development of the district heating plant

It isassumed that part of the biogas productionis pipedinto the district heating plant
where an additional CHP unitapprox. 500 kW electric/665kW heatis installed. Itis
assumed thatthis engine as well as the engine onthe biogas plant operates full speedin
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the winter, springand autumn periods but on lowerspeedinthe summer. To enable this
operation strategyitis necessary that the maize silage is mainly used inthe summer period.
This operation strategy still enables the engine on the biogas plantto fulfilthe electricity
production quota.

The new engine on the district heating plant will supply the base load for the heat supply.
Because heatisavailable all yearitis assumed that the district heating supply is maintained
insummer. If heat exchangers forthe production of hot waterinthe housesisinstalled all
heat demand can then be covered by district heating.

The existingwood boileris assumed utilised for middle load.

For the peakloadit isassumedthat biogasis usedinthe existing boiler/new burnerinstead
of LPG so that all LPG can be subsidised by biogas based heating.

Economic impacts
Investment

The investmentinthe improvements and enlargement mentioned above has been
budgeted. Forthe mainitems offers have been takenin from potential suppliers. For
mounting, piping etc. estimated have been used. The expendituresforconsultancyare an
estimated cost. Itisassumedthat the parts is purchased individual and combinesin
accordance to specifications fromthe consultant and that the plant managementat
Vecauce themselves takes care of supervision during the construction period. For
unforeseeable expenditures 7.5% of the estimated cost has beenadded. Please mark that
possible expenditures forapprovals etc. are notincluded.

Allfiguresarein LVL.
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Optimisation and extension of the Vecauce Biogas plant
Optimising the production on the existing biogas plant: LVL
Cover/gas storage on storage tank 96.000
Insulation of storage tank 64.000
Mixers for storage tank 15.000
Consultancy 4.000
In total 179.000
Optimising the handling of the digestate: LVL
Lagoon 202.000
Manure pumping pipe incl pump 32.000
Separator 25.000
Consultancy 4.000
In total 263.000
Enlargement of production/supply of gas to the district heating: LVL
Basc desing extended plant 20.000
Reception tank (manure) 49.000
Manure piping from pig farm 32.000
Sanitation tank (Cat 3 waste) 44.000
Intake system solid biomass/chopper 17.000
New thermophilic 3000 m3 digester 306.000
Expansion of control system /metering equipment 20.000
Mounting 15.000
Piping 15.000
Manure piping from pig farm 32.000
Gas piping biogas to district heating 27.000
Gas blower 5.000
Biogas burner existing boiler district heating 5.000
Gas engine for district heating plant 264.000
Piping, control systeme etc on district heating 25.000
Consulting detailed design, purchase, supervision 50.000
Unforseenable 79.000
In total 1.005.000
Optimising of heat production LVL
Low temeprature heat exchanger on biogas plant 30.000
Heat accumulation tank on farm 15.000
Consultancy 4,000
In total 49.000
|Tota| investment rebuilding/expansion 1.496.000

Itisrecommendedtosplitthe investmentin two phases:

Phase 1: The optimisation of the production on the existing plant and the
optimisation of the handling of the digestate. These are relative simple
investments that will raise gas production, provide a cleaner gas as well as
solve the probleminthe handling of the digestate and improve the
utilisation of the digestate as fertiliserand the environmentalimpact of the
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project. Itis recommendedtoincludebasicdesignforthe extended plantin
thisfirst phase.

Phase 2: Enlargement of the plantand installation of the biogas CHP and boileron the
district heating plant

Budgetforthe two phases:

Phase LVL

Phase 1 462.000
Phase 2 1.034.000
In total 1.496.000

It has been the aim of this feasibility study to assess and optimise the biogas installation.
Anyway there is potential for saving and environmentally improve the district heating by
optimisingthe system and the heatsupply forthe university castle in Auce. Itis
recommended to make afeasibility study forthe district heating system forlocating the
potential savings, necessary investments and the impact on the heatsupply.

Financing

The investments can be financed by amix of grant and loan.

Theloanscan e.g. be made by:
e Traditional loansinlocal banks based onthe feasibility of the project
e NordiclnvestmentBank
e NordicProject Export Fund (Nopef)
e Local banks based on Danish exportguarantees

Possible grants can be from EU such as next phase BalticCompass (2013) or national grants.
Please mark that the feasibility calculation below is based on 100% loan finance.

To reduce directinvestmentand hereby the demandforbankloanitis recommendedto
investigatethe possibilities of leasing of the CHP unit for the district heating.

Economicimpact

The economicimpact of the investment above has been estimated.

The main additional incomewill be provided based on the e nlargement of the biogas plant
and the use of biogas on the district heating plant. The first phase is necessary because it
solvesthe present digestate handling problems as well as creates the basis forthe
enlargement.

It has been assumed that the district heating system has the same sales prices as today as
well asthe “summerheat” is not charged.
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The total income from the expanded plant and expenditures has been estimated based on
the given figuresforelectricity sales, heatsales etc. and for operation expenditures. Please
mark that thisis a marginal approach and that the existingincome from production of
electricityand heatis notincluded and will still continue as usual.

There is no cost for manure included inthe budget besides the costs for pumping the pig
manure because itisassumedthat the pigmanure issupplied forfree as well asthe
handling of the solid manure do not add significant costsinrelationtothe present
handling.

The scheme onlyincludes operation costs and income and no financial costs and
depreciation.

Income after extension of the plant/CHP on district heating LVL/year
Electricty production District Heaing Plant 407.000
Expanded electricy production on the farm 31.000
Saved LPG on District Heaing 184.000
Saved wood on District Heating 18.000
Value of the fertiliser minus spreading costs 57.000
Total income 696.000
Expanded operation costs:

Electricity on the biogas plant 12.000
O&M cost on extended biogas plant 12.000
O&M CHP on district heating plant 29.000
Other costs 10.000
Total estimated costs 63.000
Net result 634.000
Total investment 1.496.000
Simple payback period 24

As itcan be seenthe estimated surplus afterthe extension of the plant isapprox. LVL
636,000 peryear. Thisequalsasimple payback of the entire investment exclusive possible
grants on approx. 2.4 years.

The investmentin the optimised digestate handlingis notadirectinvestmentinimproved
energy production butis regarded necessary forthe furtherimprovement as well as this
will provide savingsin the handling of the digestate (mixing the digestertank aswell as
taking solid material out of the tank), lower spreading costs and possible a higher utilisation
of the nitrogeninthe digestate.

If the investmentis financed by a10 yearserial loan, 7% pa ininterestrate.

A simple 10 year business plan for the extension underthese conditionsis:
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Business plan Marginal impact for extension of 2% inflation
In 1000 LVL 8% interestrate and costof loan
10 vyear serial loan

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Income 696 710 724 739 753 768 784 799 815 832
Expenditures 63 64 66 67 68 70 71 72 74 75
Primary result 633 646 659 672 685 699 713 727 742 756
Finance costs
Pay back 150 150 150 150 150 150 150 150 150 150
Interest rate 120 108 96 84 72 60 48 36 24 12
Total finance cost 269 257 245 233 221 209 197 186 174 162
Yearly marginal result 364 388 413 438 464 489 515 542 568 595

As can be seenthere will be ayearly surplus on 360 — 600,000 LVL per year. Even if part of
thissurplus will be used forareduction of the heat price buteven thenthere will be a
substantial benefitin the extension of the plant.

When the investmentis paid back a higherincome will be created as well as there will be a
possibility for lowering the heat costs forthe university as well as for the other consumers
connectedtothe grid.

Besidesthisthere is potential income/savings from:
e Reduced consumption of FeCl for purification of gas
e Possible heatsalesinthe summerperiod
e Gate fee from waste treated on the plant

The investmentistherefore veryfeasibleanditis recommendedtorealise the extension.

Priorities

The main problemonthe plantisthat the biogas productionistoolow and that the
digestate istoo difficultto handle.

o [tistherefore recommendedasfirstpriority to provide the storage tank with a
double gasdense membrane, insulation and mixersoitcan be made into a
secondary digester. The tanks can still be used partly as storage but it will be
advantageoustoinstall new lagoons for storage and a separatorforeasingthe
handling of the digestate. Itis recommended to coordinate the installation of the
lagoon withthe demand forstorage in relation tothe field operation onthe farm.
Thisis all known technology that can be purchased as standard products and can be
made relative cheap as well as construction time will be relative short.

e Second priority must be to install the enlarged plant by installing anew digester
includingintake system for more manure as described above. Until the rebuilding
of the district heating plantis made the extended digester volume can be used to
enlarge the amount of manure and adjustthe use of silage to a level thatensures
100% utilisation of the electricity production quota. This will extend the income
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from electricity as well asreduce costs for maize. The digestate will contain less dry
matterand easy handling.

e Hereafterthe improvementinthe heating systemonthe biogas plantcan be made
as third priority

The prioritiesinvestment plan willthen be:

Priority | ltem LVL
1 Optimised production on existing plant 179.000
2 Optimised handling of digestate 263.000
3 Enlargement/rebuilding district heaing 1.005.000
4 Optimised heat production 49.000
1.496.000

Environmental impacts
Nutrients

The digestionand the separation enableahigher utilisation of the N in the manure as well
as nutrientsin the waste as high quality fertiliser.

The enlarged biogas plant will treat solid manure and pig manure not treated today.
Assumingan utilisation of the N in this manure on 30% in the solid biomass and 50%
utilisation of the Ninthe digestate the utilisation now and after extension of the plant will
be:

Utilisation of N i manure

Utilised Lost
Now tN/year  Utilisation tN/y tN/y
Solid manure 21,6 30% 6,5 15,1
Pig manure 74,8 50% 37,4 37,4
In total now 96,4 " 46% 43,9 52,5

Utilised Lost
After digestion tN/year  Utilisation tN/y tN/y
Solid manure 21,6 80% 17,3 43
Pig manure 74,8 80% 59,8 15,0
In total after digestion 96,4 " 80% 77,1 19,3
Saved leakage to enviroment 33,2

The digestion of the manure will save the environmentforaleakage of nitrogen fromthe
manure on approx. 33.2 t peryear.

If possible waste products today are spread on farmland the digestion will provide asimilar
betterutilisation of the nutrientsinthe waste.

Greenhouse gasses

The enlarged biogas plant will reduce the greenhouse gas emission from:
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30

e Reduced CO, from substituting electricity produced from fossil fuel (natural gas)

o Reducing methane outlet fromthe solid manure and pig manure storage

e Reduced production of chemical fertiliser

These have been estimated to provide ayearly reduction of nearto 4,800 CO, equivalents

as calculated below:

CO2 reduction

Electricity production 3.615 MWh/y 0,159 t CO2/MWh 575 tCO2/y
Supsidising LPG 3.476 MWh/y 0,24 t CO2/MWh 834 tCO2/y
Reduced CH4 emission 154 tCH4 20 times CO2 3.085 tCO2/y
Reduced CO2 from fertiliser 109.000 kg nutrients 2,6 kg CO2/kg nutrients 283 tCO2/y
Total reduced CO2 emission 4.777 tCO2/y

Reduced CH4 emission is estimated to be 30% of the methane production from biomass not digested today

This equals approx. 1,440 citizensin Latvia becomes CO, neutral assuming a CO, outleton
3.32 kg CO, peryear per citizen of Latvia.

Please mark that the calculation of the CO, impact on the fertiliser saving canvaryin
accordance with the baselineemission on the production of the nutrients. Here figures
from Kongshaug (1998)" assuming thatthe CO, emission from production of NPand K is 2.6
kg CO,/kgnutrientisused.

Beside thisthere willbe asaving of nitrogenous gasses from spreading of raw manure and
possible industrialwaste onthe farmland.

Recommendations and action plan
Itisrecommended to implementthe changes as mentioned above.

The enlargement of the plantisveryfeasible. Itistherefore recommended to start this by
installing the new digester and intake system and then hereafterinstall the CHP on the
district heating plant (2012)

The improvement of the digestate handling can be made in 2013.

Because the projectinvolve more parties, thatthere is a substantial knowhow on biogas
build up by the operational staff on site as well as the extension has to be builtintoan
existing plantitisrecommended that Vecauce cooperates with aconsultantandthen
purchase the parts themselves fromindividual contractors that sets up the parts.

To design and organise the purchase, implementation and commissioning of the parts/the
extended plantitisrecommended that Vecauce hire aconsultantto provide this job.

! Kongshaug, G. 1998. Energy Consumption and Greenhouse Gas Emissions in Fertilizer Production. IFA
Technical Conference, Marrakech, Morocco, 28,September-1 October, 1998, 18pp.
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Start 2012:

Mid 2012:

End 2012:

Start 2013:

Mid 2013:

End 2013:
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Decisiontostart the development processin accordance to this study
Agreement with consultant to provide project, purchase etc. forthe
implementation of optimisation, the new digester and intake as well as
rebuilding onthe district heating plant

Explorations of finance forthe first phase (loan, loan guarantees)
Applicationforpermission for the new digesterand intake

Application for permission fornew CHP on the district heating plant

Close finance optimisation, enlargement of digesterand intake as well as
rebuilding onthe district heating plant

Implementation of the membrane and the insulation on the storage tank
Implementation of the separatorand lagoon

Tenderonthe digester, intake system etc. for the enlargement of the biogas
plant

Tenderonthe rebuilding/engine on the district heating plant
Implementation of the new digesterand intake

Operation onthe enlarged biogas plant

Start operation onthe CHP on the district heating plant
Financing of the lagoons

Installation of the improved digestate handling

Improvementonthe CHP at the biogas plant

The extended plantcan be incommercial operation from end 2012/start 2013 if the
permissions, finance etc. makesit possibleto start construction at the latest May 2012.
The improved digestate handlingwillbe in place end 2013.
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