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Anaerobic Digestion of Source Segregated Biowasigase Study

CASE STUDY — SOURCE SEGREGATED BIOWASTES

Vasteras (Vaxtkraft) Biogas Plant

INTRODUCTION

The Vaxtkraft biogas plans situated adjacent to the other installationthatwaste
treatment plant at Gryta, in the northern outsloft¥asteras (Figure &nd Figure 4).
Vasteras(in Vastmanland county), is Sweden’s sixth biggeisy and has around
140,000 inhabitants in the extended areBhe Vaxtkraft biogas plant has a total
throughput of 23,000 tpa, comprising of 14,000 ¢basource separated municipal
kitchen waste, 4,000 tpa of grease trap removalgsluand 5,000 tpa of specially
grown energy crops. The plant was planned and, kanld is operated by Svensk
Vaxtkraft, which was a company set up specificatlyoversee the project. Svensk
Vaxtkraft is owned by a consortium made up of Vaféiho (the Solid-Waste
Company owned by the municipalities in VastmanlandRF (the National
Federation of Swedish Farmers), Malarenergi (thealloenergy company) and
seventeen individual farmers close to the city aéMras. The arrangement is shown
in Figure 1.
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Figure 1  Chart showing ownership of theVaxtkraft Biogas Plant (Persson,
2006)

The concept of the system (as presented by PerfEgikson, Chief Executive of
Svenskvaxtkraft AB, at the Agropti Gas workshop, May 2006siown in Figure 2.
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The Vaxtkraft
company sells

vehicle fuel,
and biogas for
production of

electricity and
heat

Vafab delivers
source-

separated,

clean organic
waste

Biogas is bought ‘
from the sewage

treatment plant

Individual farmers grow ley crop and use digestion residuals
in plant cultivation

Figure 2  Overall simplification of system (Persson, 2006)

In the Vaxtkraft-plant,
the waste and ley crop is
treated and the biogas is
up-graded to vehicle
fuel

Figure 3 shows the location of Véaxtkraft plant @ation to the city of Vasteras and
the fields belonging to the participating farmeys, which the ley crop on which the
digester is co-fed is grown.

Figure 3 Location of Véaxtkraft Biogas Plant in relation to the city of
Vasteras and the participating farmers (Agropti GasPromotional Information)
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It can be seen that the plant is approximately 8ftam the city centre. As can be
seen, all of the participating farmers contractedjiow ley have their fields located
within 15 km of the site, with most being closérhe average distance from farm to
plant is around 8 km. Figure 4 shows the locatbrthe plant in relation to the
sewage treatment works (from which biogas is atdtected and upgraded), and the
bus depot. The biogas from the centrally locatlage treatment works is piped up
to Gryta, where it is added to the biogas produitech the Vaxtkraft plant and
upgraded. The upgraded biogas is the piped (uadérbar pressure) back to the
centrally located bus depot, where it is storedasell to re-fuel the city’s bus fleet.
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Figure 4 Location of the production sites for biogs and filling stations for

vehicles in Vasteras (Agropti Gas Promotional Infomation)

As with many other sewage sludge digesters in Swdtles possible to harvest all of
the biogas produced, as most processes are hgathstiict heating schemes. In the
UK, the biogas produced in most sewage sludge ®igess converted to electricity
and heat, which is then used (almost completely¥iem The land requirement for
the whole plant (including the biogas plant, the gpgrading plant, the silage storage
area and internal roads) is 22,411 (fersson, Personal Communication, 2006). The
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land requirement for the biogas plant is 12,000 which breaks down to include
2320 nf for the main building, and 5,915nfor internal roads and driving areas
(Persson, Personal Communication, 2006).

AGROPTI-GAS RESEARCH SCHEME

In 2003, the Vaxtkraft project became a centrakt pdrthe Agropti-Gas Research
Scheme Www.agroptigas.comwhich is an EU demonstration project within thé 5
framework program (FP5). Aside from receiving exturopean Funding, becoming
part of the Agropti-Gas Research Scheme involvedbrporating national and
international partners into the project. The pemdnco-operate in demonstration,
evaluation and dissemination of the project. Agr@as is divided into the following
parts:

Demonstration part including purchasing, buildingd astart up the systems
described in this publication.

Analyses of the socio-economic effects.

Analyses of the handling systems for ley crop aigdstion residuals.
Evaluation of the technical and biological processe

Dissemination of results.

Partners in the Agropti-Gas project and their resgulities are:

Svensk Vaxtkraft is responsible for the practical demonstration pérthe

project.

JTI (Swedish institute of Agricultural Engineering) lissponsible for the
socio-economic analyses and the analyses of thdlihgnof ley crop and
digestion residuals.

SDU (University of Southern Denmark) responsible fog tlissemination of
the results.

FAL (Federal Agricultural Research Centre, Germanygsponsible for the
technical and biological evaluation of the processe

BAI (Bulgarian Association of Investors) is responsifde the information
about the project in the eastern European countries

LRF (The National Federation of Swedish Farmers).

Municipality of Vaxjo is responsible for project coordination.

VLAB (The Public Bus Company), contracted to buy bicayas provide and
maintain vehicles that use it.

As noted above, the owners of Svensk Vaxtkraftkane players in the project, and
their responsibilities are shown in Table 1.
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Table 1 Owners of Svensk Vaxtkraft and their resposibilities

Company

Responsibility

Vafab Miljo AB
(The Public Waste Company)

Environmentally sound handling
biowaste Sustainable utilisation of t

Df
he

biowaste (plant nutrients, humus and

energy).

Malarenergi AB
(The Public Energy Company)

Efficient energy utilization of bioga
from the sewage treatment pla
Establishment of energy efficie
systems.

S
nt
Nt

Local Farmers

Cultivation of ley crops.
Organic farming.
Additional incomes — contracting.

LRF

(The Swedish Farmers Association)

Support of important developme

projects.

The results from the different parts of the projdt be published in full, to enable
interested parties across Europe to benefit froenrésults. The main aims of the

Agropti-Gas project are:

1. To demonstrate a process technique with new conmen® enable co-
digestion of easy degradable solid biomasses (yvastth agricultural

feedstock.

. To prove that biogas is competitive as a vehictd, fand AD is competitive as
a waste management system.

. To prove that re-circulation of bio-waste as a highality fertiliser in
conventional and organic farming is possible, awnd demonstrate the
advantages for the farmer to be part of the system.

Pre-conditions to the Agropti-Gas Project included:

All necessary permits for the erection and openadibthe plants needed to be
obtained.
The disposal of digestates needed to be guaraimneedns of;

Agreements with farmers, and

Written approvals from the food industry.
The use of biogas as vehicle fuel needed to beagteed.
The technical and economical risks must needee tovbted to a ‘reasonable’
level.
The company owners (of Svensk Véaxtkraft) needeapfwove of all the
Agropti Gas Project aims and objectives.

What makes this project unique is that grass am@dmec municipal waste is co-
digested and that the farmers and the municiphatye joined and formed a company
to undertake the project. The Agropti-Gas Schedus &0 this by further formalising
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the information dissemination, to the benefit of ailterested parties. More
information is available on the Agropti-Gas webgitevw.agroptigas.com

OBJECTIVES OF THE VAXTKRAFT PROJECT
The objectives of the Vaxtkraft project are asdafé;

The Waste Perspective
To handle high quality biowaste and crops in anrenmentally sound way.
To establish a sustainable circulation of plantieats and energy between the
city and the agricultural sector.

The Agricultural Perspective

- To demonstrate a cost effective system for prodacof an eco-labelled
fertilizer from organic household waste and agtioall feedstock and spread
the knowledge to other regions in Europe.
To contribute to an environmentally sound and soatde form of farming
and to promote employment within the region.
To extract biogas and plant nutrients from ley stop
To reduce the use of biocides and chemical fegtiizand promote organic
farming.

The Energy and Transportation Perspective
To extract and utilize high-grade bioenergy frorovimste and energy crops
with no net-contribution of carbon dioxide to thenasphere.
To demonstrate a cost effective system for prodaadi biogas vehicle fuel.
To establish a sustainable market for biogas aEhectuel within the region.

The Research and Development (R & D) Perspective
- To constitute a basis for R & D activities.
To provide opportunities for studies on cultivateystems based on ley crops
and organic fertilizers.
To demonstrate the overall system.

WASTES COLLECTION AND DELIVERY
Kitchen waste has been source separated in therdastegion since 1999. In the
Vasteras area households have two main optiortedéarwastes collection.

Source separation.
Mixed waste collection.

Another option for kitchen and garden waste is hatbeposting. The source
separation option is ‘optional’ in name, but inlityahe pricing of each option leaves
little choice, with the mixed waste collection bgisignificantly more expensive.
Importantly, it remains a ‘choice’ rather than arstruction’, which results in a much
higher level of public participation. Because stvioluntary, the risk for mistakes
made by unmotivated households is minimized.
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The choice of alternative made by a single houskl®lconfirmed by a written
agreement between the municipality and the houdelalcording to the agreement
the households within the source separation scheonamit themselves to source
separate the organic household waste in accordamcenstructions from the
municipality. The agreement also gives the munigypahe right to control the
quality of the source separated organic waste ftmrsingle household. Among the
144,000 households in the region, approximately 908fticipate in the source
separation scheme, 7% home-compost the biowaste sproximately 3% produce
a mixed household waste that is treated by incimara

In addition to the cleverly worked collection ‘optis’ there is a very high level of
public education in Sweden. This public educatisrongoing. Two full time
campaigners tour the regions schools, and annumlityand educate 10,000 school
children aged 9 — 11. These school children aea ss key players in ‘taking the
message home’. Prior to the implementation of @®separation Véxtkraft aimed for
an 85% personal contact rate. The actual percentdgthe population directly
visited, and informed face to face of the planstfair kitchen waste was 90%. To
ensure that the public do participate, and keeparoimants to a minimum, there are a
team of two full-time ‘rubbish inspectors’. Theisspectors actually check citizens
source separation bins. Rather than fining (oremtise punishing) offenders,
offenders are ‘re-educated’, and the reasons bethiadsource separation are re-
explained to them. Another offence will then résualthe offending household being
‘banned’ from the source separation scheme, regulti the necessary payment of the
higher charges for mixed wastes collection. Ther@® separation quality is also
controlled by waste hauler, who is able to poirg timspectors’ in the direction of
offenders. There are also basic quality monitoprecedures when the waste arrives
at the biowastes treatment site. This combinatfameasures serves to keep the level
of contaminants exceptionally low, at less thar?®.5This level of contamination is
much lower than in other organic waste source sd¢iparschemes in other countries,
and is one of the major reasons why the Vaxtknaffgat has been successful to date.
Such was the success of the source separatioreiarda that, initially, more of a
contamination problem was caused by spillages letviee various sections of the
collection trucks. This technical problem was lyasolved at an early stage.

The importance of this public education expenditwas continuously re-iterated.

Public participation is key to a quality producthieh is fundamental to the survival

of the whole project. It was judged that all morspent on public education was
worth it in the long run. The extra effort and erditure at the start were money very
well spent. ‘If they don't get it right from théast you will need to go back and talk
to them again anyway, once your process has alregggrienced problems due to
contamination’. The council provided the houseboldith all of the necessary

collection gear for free (or included in their aahtee). This included the ventilated

wheelie bin, paper bags and the wire containerold paper bags. Other points on
the collection and public education schemes are;

It is essential to provide clear and simple ruliesource separation.

To keep the public informed as to ‘why’ they arei®e separating, based on
the (correct) belief that they are much more likéby participate if they
understand reasons behind it.
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Source separation results are reported back teitlzens quarterly, so they
can take pride in the results. Citizens who ale they are doing well are
more likely to keep doing well.

The collection system for the organic householdtgyas an open, ventilated system
based on collecting kitchen waste in the kitchepaper bags placed in a wire rack
(Figure 5). The paper used to make the paper isagater resistant, and so does not
go soggy when filled with wet wastes. The papegsbare almost impermeable to
odours (Pettersson, Personal Communication, 2008he use of paper bags
permanently remind the households that nothing hotlegradable organic waste
should be placed into the bag. To guide househaldise source separation, sorting
instructions are printed on the bags. The instonstistate that: only food leftovers,
garden waste, wilted flowers, pot plants and hoaolsepaper should be placed in the
paper bags. Full paper bags are deposited inlatsatiplastic bins (Figure 6) until
collection.

Figure 5  Paper kitchen wastes collection bag (Véxtkft Promotional
Information)

Waste from institutional kitchens is handled in 8s@me way as household wastes.
Sludge from grease separators in institutionalhleis and restaurants is collected
with slurry tankers and is delivered directly tcetplant (Véxtkraft Promotional
Information).

Farmers who are partners in the company Svenskkx&ikare also contracted for the
cultivation of ley crops to be used for biogas pretecbn. Cultivation of ley crop in
rotation with food crops helps improve the balantehe soil. Clover ley crop in
particular helps to fix nitrogen in the soil andkesa soils more fertile. According to
the contract the leys shall lie for two or threangeand have a high percentage of
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clover (25% of the seed) due to the intended imgmoent of the soil structure and the
intended value of ley as a preceding crop. The &hall be part of the normal crop
rotation of the farms. According to the presemé¢sudor EU subsidies the ley may be
cultivated on land that is set aside. The leyndau-sown, either in a cereal crop, or
in spring oil-plants.  Under-sowing, fertilizing énmanagement are done in
accordance with the guidelines given by Svensk kfakt Harvesting is done at the
same time of the year as for “normal”, large-s@isiling of ley crop for cattle. At
harvest, the crop is wilted and finely chopped vétprecision chopper. In order to
achieve high efficiency, minimize costs and to obtasubstrate that has the intended
properties for digestion, the harvesting is orgadiby Svensk Vaxtkraft. However,
the practical work of harvesting and ensiling isfpened by hired contractors. The
crop is preserved as silage in plastic bags. Tlhgesis taken out from the bags by a
wheel loader and is transported to the biogas mantinuously throughout the year
(Vaxtkraft Promotional Information). Some photqggna of the harvesting and
storage of the ley crop are shown below. Thesdoghnaphs were sourced from
Véaxtkraft Promotional Information.

Figure 6 Ventilated kitchen wastes collection bifVaxtkraft Promotional
Information)
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Figure 7 Harvesting ley-crop (Véaxtkraft Promotional Information)

Figure 8 Harvesting ley-crop (Véaxtkraft Promotional Information)
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Figure 9 Storing ley-crop on-site (Vaxkraft Promotonal Information)

Figure 10 Storing ley-crop on-site (Vaxkraft Promotonal Information)

PLANT DESCRIPTION

The Vasteras project, which was started up in 28G56full scale biowastes treatment
plant. Biogas is upgraded and used as a vehide ttu fuel the city’s bus and
municipal refuse fleets. The plant treats appratety 23,000 tpa of the following
wastes. The quantity and total solids contenhefihcoming waste is shown in Table
2.
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Table 2 Wastes treated at Vasteras

Waste/crop Throughput in 2005 Total Solids Content
(tpa) (%)

Source separated kitchen 14,000 30

waste

Grease trap removal 4,000 4

sludge

Ley crop 5,000 35

The source separated kitchen is from household$randinstitutional kitchens. It is

‘clean’, with an average contaminant percentage than 0.5%.
removalsludge is from grease separators in institutiortahkens and restaurants. The
ley crop is ensilaged and is harvested from a eoted ley acreage of 300 hectares
cultivated by farmers who are also part-ownerdelant. The anaerobic digestion
and pre-treatment system was provided by Ros Rdware details about Ros Roca

are available on the Ros Roca websiten.rosroca.de A process flow diagram of
the Vésteras plant is shown in Figure 11.

Figure 11 Process flow diagram (Ros Roca website, accessedyJ2006)
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PRE-TREATMENT
Waste is delivered to a covered wastes receptiem, arhere source separated kitchen
waste and ley crop are unloaded directly on tdlter (Figure 12 and Figure 13).

Liquid wastes, such as the grease trap sludgelosded directly into a liquid wastes
reception bunker (Figure 14). The bunker is disgbd automatically with screws
and a pump and can be cleaned afterwards.

The first step in the process is a wet pre-treatnflhof the organic waste is mixed

with process water in a turbomixer (Figure 15) amdsuspension with a solid

concentration of up to 15% is produced. It is pawesto separate out of the

turbomixer impurities like glass, stones, bonesnbgans of a grit system. The
turbomixer is then discharged by hydraulic flowat@creening unit which separates
floating material like plastic, wood and other nmadegradable structural material.

Figure 12 Waste being unloaded in wastes recepti@mea (Pettersson 2006)
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Figure 13  Wastes reception area

Pasteurisation —
Tanks Liquid wastes
reception bunker
(undergrounc

Figure 14 Liquid wastes reception area
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Figure 15 Turbomixers

The suspension having passed the screen flowsgihran aerated sand trap where
small inert particles like sand, glass, stones smparated. The result of a very
efficient wet pre-treatment is a suspension stipregiriched with biodegradable
material and almost free of impurities. The suspEmthen passes a crushing unit to
ensure that only particles with a size of less tharmm are charged via a suspension
buffer tank to the sanitation process. The saaitaprocess (70° C for one hour)
takes place immediately before the anaerobic dmgestFigure 16 shows the three
pasteurisation tanks.
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Pasteurisation
tanks

Figure 16 Pasteurisation tanks

The design of the sanitation process makes postiblead back suspension which
was not correctly sanitized to the suspension buéiek and the suspension can pass
the sanitation process again. The sanitation peowerks under batch conditions in
mixed tanks, in such a way as to ensure no shaditing. The retention time as well
as the sanitation temperature are controlled armitored continuously. The exhaust
heat from the co-generation unit is usually usedtifi@ sanitation process. After
successful sanitation the suspension is chargetinconsly to the pre-digestion
mixing/buffer tank, which is the tall tank narrow Figure 17, where it is held prior to
anaerobic digestion. The concrete structure enftimieground of Figure 17 is the
biofilter, while the building on the left is the c@ption and mechanical treatment
building. The shorter, wider tank to the rightsfjwisible over the biofilter) is the
digestate storage tank, where digestate is stdted @igestion prior to being de-
watered and transported to the farms. The anaedbhiester is the large tank at the
back.
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Anaerobic
digester

Buffer Tant

Digestate
storage tank

Biofilter

Figure 17 Digestate storage tank, buffer tank, andnaerobic digester at
Vaxtkraft plant

ANAEROBIC DIGESTION

The anaerobic digester, shown in Figure 18, hasiame of 4,000 mh The retention
time of the digester is 20 days (Persson, PergBaoaimunication, 2006). Digestion
is mesophilic, and carried out around@7 There are no moving parts in the digester,
and mixing is provided by compressed biogas inpecti

The digester is fed 6 days per week. Technicd#tlg, plant could be fed for seven
days per week, but the plant is deliberately ndtda the seventh day so that it ‘can
clear the backlog’ of process intermediates suclokile fatty acids (Ahrens, 2006).
There is some debate about whether this feedinghee better than a continuously
stable pattern, or a system that periodically ‘&sbor pushes the bacterial culture in
order to strengthen it and encourage its developmiérs assumed that lab scale tests
have proven that this system is the optimum fos trarticular feedstock mixture in
this particular digester. Ros Roca state thattfgestion process is characterized by a
low electricity consumption and a high surplus lefceicity which is very important
for the economy of the plant. No details of thenitmring regime or the operating pH
range were given.

17
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Figure 18  Anaerobic digester at Vaxtkraft plant

DIGESTATE

Because there is no post-AD treatment other thamatering the throughput time of
the plant is approximately 21 days (excluding teg ¢rop storage). The digested
suspension is de-watered with centrifug®& polymers are used to enhance the de-
watering of the digestate. This is a requirementhe Swedish Organic Farming
Quality regulations. As the solid digestate isrhye&ee of impurities, it needs no
further treatment. It can be used directly in agtioe or can easily be upgraded to
other products (for example, potting soil). Theigalligestion residue from the
process is of high quality directly after the dig®ms and certified from the
Bundesgutegemeinschaft Kompost e.V. (BGK). The mamy transports the
digestion residuals to the storage facilities om fiklds of the participating farmers.
The fertilizing potential of the digestion residsiais utilized by using modern
spreading techniques. It is up to the farmer hbe digestion residuals are used,
although he receives guidelines from Véaxtkraft.

From the biogas plant one liquid and one solid phat digestion residuals is
obtained. The solid phase is handled as “normathfananure and is spread with
conventional manure spreaders. the residuals must be dry enough to allow
stacking. The liquid phase is pumpable and pasdiblspread with conventional
slurry-spreaders. By the separation of the ressdato two phases the plant nutrients
are divided too, so that the solid phase can bsidered as a phosphorus fertilizer
and the liquid phase as a nitrogen fertilizer. ddegm the spreading, digestion

18
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residuals are mainly stored adjacent to the cudivaacreage. Liquid residuals are
stored in covered tanks in order to minimize theremia losses during storage. The
basic principle for the design and placing of th&ress is to minimize the transport
distances in connection with spreading. Solid &qdid residuals are distributed
between the farmers in proportion to their condcacreage of ley. The digestion
residuals can replace mineral fertilizer on 1,200600 hectares of cerealshe plant
produces 4000 tpa of solid digestate (with a drytenacontent of 25%) and 13,000
tpa of liquid fertiliser (dry matter content 2%)iquid digestate (Figure 19) is re-
circulated and excess tankered direct to on-faorage tanks (Figure 21and Figure
22). Each farm has enough storage capacity foryeaes worth of liquid fertiliser
storage. This is so that the liquid fertiliser daen stored and used at peak growing
times (spring and early summer), when its additidhhave the most positive impact
on plant nutrient uptake and growth rates. Theralso less rain in spring and early
summer so there will be less nutrient leaching.

Figure 19 Liquid digestate

19



Anaerobic Digestion of Source Segregated Biowasigase Study

Figure 20 Liquid digestate transport from site (Pé&ersson, 2006)

Figure 21 Liquid digestate transport to storage tanks(Pettersson, 2006)

20




Anaerobic Digestion of Source Segregated Biowasigase Study

Figure 22  On-farm liquid digestate storage tank (Pettersson2006)

Figure 23 Spreading the liquid digestate (Petterssp 2006)

The solid digestate (Figure 24) is transportedrbghk direct to the fields on which it
will be applied (Figure 25 and Figure 26). Thelagapion of the solid digestate to the
land provides NPK and other nutrients, as well egamic matter. Guidelines are
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provided by the company to each of the particigatiarmers on the amount of
digestate that they can spread on each hectateewfland. The digestate is much
better defined, much more regulated and bettetHferland than manure, which is
used throughout Europe anyway (Wahlberg, 2006)! e&periences with the soil

improver and liquid fertiliser from the full scajgocess and from the lab and pilot
scale projects have been overwhelmingly positiveas¢\Wahlberg, 2006).

Figure 24  Solid digestate
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Figure 25 Truck removing solid digestate containefrom plant (Pettersson,
2006)

Figure 26  Truck unloading solid digestate containeon farmland (Pettersson,
2006)

QUALITY CONTROL OF THE DIGESTATE
Liquid and solid digestates from the biogas plaetaccepted as fertilizers in organic
farming according to EC regulations. One of thecpnelitions for the decision to
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build the plant was that the digestates should dee@ed for use in conventional
cereal production, according to the rules of Sve®ill and Cerealia and in organic
farming according to the rules of the KRAV orgatima The quality control of the
digestates is performed according to the rules dertification of compost and
digestates, developed by the Swedish Environmeptatection Agency and the
Swedish Association of Waste Management. The tyuabintrol is carried out in
several steps, partly by inspections in conneatitth the collection and the reception
at the plant and partly by analyses of the sulestrgthin the biogas process and the
digestates on delivery to the farm. Spot checkscarried out in connection to the
collection of the waste in order to ensure that gineen sorting instructions are
followed. If impurities are found in the biowastee household/business is informed.
If subsequent spot checks show that the givenucistns are still not followed, the
household/business in question will be suspendad the source-separation system.
At delivery at the biogas plant, impurities (likeomgly sorted bags) are sorted out
mechanically in the receiving hall. Furthermorenagning impurities are separated in
the wet pre-treatment step of the biogas planthickvlight residuals are separated in
a wet screen and heavy residuals in a sand gpit ffhe grease trap removal sludge is
controlled by checking that the sludge is collecé¢daccepted grease traps and by
chemical analyses. Sludge accepted to be chargedhie biogas plant undergoes the
wet pre-treatment process, mentioned above.

BIOGAS PRODUCTION AND UTILISATION

In lab tests the ley crop silage was shown to precaround 80 fhof biogas/tonne.
In lab tests the grease waste was shown to proawmend 45 m of biogas/tonne.
The kitchen waste produces approximately 100ombiogas/tonne (Ahrens, 2006).
This corresponds to an expected biogas productiob56 ni/hour at full loading
capacity, or an average biogas production of 88omne of waste input under the
current feeding regime. Average methane contemixpected to be 60% (Ahrens,
2006). Figure 27 shows a process flow diagrantiferbiogas produced.

Figure 27 Overall biogas flow diagram (Véaxtkraft Fomotional Information)
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As mentioned above, the biogas is upgraded to alagas quality (97 - 98% methane)
and used as vehicle fuel for city buses and retudlection vehicles. The biogas
upgrading procedure will be described below. Pioupgrading, the biogas must be
compressed, and is added to the biogas pumpednptire sewage treatment works
and compressed to 10 bar in the compressors shofigure 28.

Figure 28 Compressor units (Ahrens, 2006)

After compression, biogas is passed to the gasadpyy building (Figure 29), where
a biogas scrubber uses 1,560 ohwater per day to upgrade 6,308/day of biogas
from 65% methane to 97 - 98% methane. The scrubjperates at a pressure of 10
bar. Figure 29 shows the gas upgrading buildingi{e background), with the pre-
digestion mixing/buffer tank on the right. The l@oncrete structure in front of the
biogas upgrading building is the biofilter. Figu38 shows the inside of the biogas
upgrading building. The three columns are the dsogcrubbers, in which the biogas
is mixed with water under pressure. The hydrogaphsde concentration in the
biogas before upgrading is around 1,000 ppm, afdpism after. A small amount of
hydrogen sulphide is later added to give the upgptagas an odour. The carbon
dioxide percentage in the biogas was 30 — 35% befpgrading, and 2% after.
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Biogas
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Figure 29

Biogas upgrading building

Figure 30

Inside of biogas upgrading building
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After the carbon dioxide and hydrogen sulphide Hasen removed by scrubbing, the
upgraded gas is dried in adsorption driers to reaneater vapour, and re-odorised as
a safety precaution. A flow diagram of the biogggrading system is available in

Figure 31.

Figure 31 Flow diagram of biogas upgrading (Ahrens, 2006)

As can be seen from Figure 31 the core technolddlyeogas scrubbing system is the
bubbling of biogas through a contra-flow of watéraahigh pressure (10 bar). The
carbon dioxide and hydrogen sulphide, being muchensoluble than the methane,
dissolve into the water stream and are removed tf@rgas. Approximately 2% of
the methane is also lost in the upgrading systd@mace gases such as Toluene, 1H-
pyrazol, tromethamine and butanedinitril are alsmaved. A full list of the trace
gases removed is available in Ahrens (2006). Ugmtaiogas is then piped 8.5 km
to the bus station in the centre of town (FigureaBd8 Figure 34). At the bus station
the biogas is further compressed to 330 bar (Fi@2efor storage efficiency and
stored on-site (Figure 33). Buses are filled oigtt) and one fill-up exceeds their
maximum daily range they will not need to be fillagain until the end of their
working day.
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Figure 32 Compressors at Vasteras Bus Depot

Figure 33 Biogas storage at Vasteras Bus Depot
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The biogas pumps from which the buses re-fill fu@ng in Figure 34.

Figure 34 Biogas fuel pumps

There is also a public biogas filling station serbg the same system, located just the
other side of the bus station perimeter fenéé.the bus depot, a reserve store with
liquid natural gas is installed as a back-up ireaafsa decline in the gas supply. This
reserve capacity is necessary, since buses thathiesn adapted for biogas fuel, can
run only on gas, and are therefore totally dependerdaily deliveries of gasThe
gas from the two production sites is sufficienstgply all of the city buses (at least
40 buses), 10 refuse collection vehicles and sod@ecars and other light transport
vehicles. Only biogas that is needed is upgradetpaped to the bus station. The
excess is sold back to the energy company (Maleggng/ho utilise it in an existing
CHP plant for electricity and heat productiorthe heat produced is led into the
district heating system in Vasterds. It is anttgol that about 75% of the gas
production will be used for vehicle fuel while threst will be used for CHP
production. There is also a biogas flare for emergency maariee situations, but
obviously the flare will be used as seldom as bssi

ENERGY BALANCE

Around 2.9 MWh is input into the plant every daywdich 1.2 MWh is used by the
compressors. The plant produces an average 00 i2%f upgraded methane per
day. If the biogas was used directly in the CH&plrather than upgraded and used
as a transport fuel, approximately 24 MWh/day efeicity would be produced, and
44 MWh/day of heat. This means that on balanceldwet would produce and excess
of electricity of approximately 21 MWh/day (basedthe authors calculations). This
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would correspond to 7,665 MWh/a. The plant hastal €lectrical efficiency rate of
93.4% (Ahrens, 2006).

WATER AND WASTEWATER TREATMENT

The process minimises its water requirements bgircedating process water for the
dilution of the solid waste and the ley crop. Nastewater treatment is required
(from the digestion process) as all liquid digestaot re-circulated is used on the
farms. The biogas upgrading plant uses 65ahfresh water/hour to upgrade biogas
from 65% methane to 97 — 98% (Ahrens, 2006). Taser is treated before being
released. No information was available on how bem this wastewater was treated.

EXHAUST AIR TREATMENT

The process is ‘closed’, with collection and treattn of all exhaust gases in a
scrubber and a biofilter, to avoid any odour proidearound the plant. The air is pre-
heated before it enters the bio filter in orderetesure the intended function of the
biofilter in the cold winter conditions.

VISUAL AND LOCAL IMPACT

The biogas-plant is situated adjacent to the otinsallations at the waste treatment
plant at Gryta, in the northern outskirts of Va&ser The whole plant is surrounded by
woodland, and can not be seen from outside the lesmpVith regards to odours, the
plant smelt of silage rather than wastes, and thergortrayed an agricultural image
(rather than a wastes treatment image) to visitdreere was no odour nuisance to
neighbours due to the siting of the plant on astexg wastes treatment complex. All
exhaust air was collected and treated in a scrudbeiofilterin order to avoid any
odour problems in the surroundings of the plant.

COSTS AND ECONOMICS

The total capital cost for the biogas plant waghe region of €8.4 million. The
contract was a ‘turn-key’ contract, which meanst thaerything from the initial
ground work to the plant running at the levelsextah the contract (Persson, Personal
Communication, 2006). The total capital cost fog gas upgrading plant was €1.7
million. The contract was similar to that for thiegas plant, meaning that everything
was included, and the contract was not completéd th@ plant had been running
successfully to pre-stipulated performance levetsafstated period of time. The total
capital cost for the facilities at the bus depoiglthpressure compressors, high
pressure gas storage, LNG storage, tank stationsbdses and cars, including
buildings and internal gas pipiregc) cost a total of €1.4 million (Persson, Personal
Communication, 2006). The plant was co-funded hlyFP5 program for research
and demonstration, by the Swedish government artidogonglomerate of investors
described above. The funding was as follows:

30% by EU.
30% by Swedish Government.
40% by the Conglomerate of investors who own tlaatpl

The 40% share provided by the owning partnershig Wwased on finance from
financial institutions, whose reactions to the agtion varied greatly. The risk
perceived by the banks was reduced greatly byitieeo$ the participating companies
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for example, the energy company (Méalarenergi), @saahd water companies (Vafab-
Miljo).

As part of the Agropti Gas project a socio-econoamalysis report was carried out
(JTI, 2006). To summarise the findings of tikecio-economi@nalysis, the system as
it stands is a win-win situation. The results fioe annual benefits are summarised
below:

Benefit to the environment was estimate€@%it,930.
Benefit to society was estimatedé25,781.
Benefit to agriculture was estimateded®,000.
Total Benefit =€439,970

Other benefits not factored into these figuresudet

Increased opportunities for rural employment.

Positive impact on working environments.

Increased levels of health (as emissions of ammamilavVOCs are reduced, as
well as particulates, Gand NQ reductions from the substituting of diesel as
a transport fuel).

A negative impact is the compaction of the soil wispreading the solid digestate or
liquid fertiliser. Another area that needs morerkvavas the storage facilities for

digestate (solid and liquid), which currently ldacammonia loss. Conclusions of the
socio economic analysis were;

Project was beneficial on all levels considered.

Income from biowaste is the largest income.

Replacement of mineral fertiliser is positive fbetagricultural system.
Substituting diesel with biogas for city busesnsieonmentally positive.

The full presentation, including how these estioraiwere calculated is available in
JTI (2006).

DISCUSSION AND CONCLUSIONS

The conclusions observed so far have been overvinglynpositive. There have
been benefits observed on all levels considergpliewdturally, energetically, in terms
of wastes treatment, in terms of transport and nmogortantly financially. The
positive financial results are a direct consequeoteéhe Swedish Government’'s
taxation and development policies, aimed at promgotenewable energy provision.
Government support was key in Sweden. Withoutléopt Government support,
Sweden would not have any biogas plants. Comyetiéss depends on the taxation
system in your particular country (Nilsson, 2008).is unknown if similar positive
economics would be possible in a similar UK basgstesn. This would require
further study based on more detailed economic in&bion than was made available.

The information contained in the Agropti-Gas Workghpresentation by Carl
Magnus Pettersson (Production Manager of the Vaktkeroject), titled ‘Lessons
Learned’ should be studied and taken on board by datision maker who is
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considering embarking on a similar project. Keyinp® were extracted and are
discussed below.

‘Identify the important key organisations and involve them in the project
in an early planning phase’.

This is a fundamental key to success. All of thgget partners are key to its success
in different ways, because of what they can bronthe project.

‘A company should be formed to make key decisions dmmanage/realize
the project’.

The key stakeholders should be part owners ofdhgpany, so they have active roles.
That said, it is important that responsibilitiesuhdaries and aims are clearly defined.

‘Make the partners (key organisations) owners of theompany, and
‘Give the owners active roles in the operation witliocus on their specific
fields of competence’ Within this
‘it is key that the company does not compete with ry of the
owning companies!

Potential conflicts could arise if these pre-coiodis are not met.

It has been said that the farmers are the mostriantopartners in the conglomerate.
Indeed the farmers, and their wish to improve tkeit was one of the main drivers
for the project. The farmers in the region aremyacrop producers, with very little
intensive agriculture. As such the soil qualitydhHaeen observed to be gradually
decreasing over a number of years. The farmerdgedao increase the organic and
nutrients content in the soil, but with not enouganure to go around they began to
search for other alternatives to increase the mibdty of the region’s stiff clay soil.
They looked at the cultivation, cropping, anaerathigestion (and re-application of
the digestate) of ley as a serious soil improvenoption. Early studies showed that
this would not be economic, therefore they inveded the possibility of taking in
municipal biowaste. If the farmers were not onrdpghe project would simply not
be viable. There would be no disposal route ferdblid digestate, and therefore the
plant would need to pay to have it disposed ofsoAthe liquid digestate would need
to be treated as wastewater, significantly addintpé capital and running costs of the
plant. It was stated that farmers do not beneéaty financially (at least directly),
but their benefit is that they improve their saildjty.

Despite the importance of the farmers, withoutwhastes and energy companies on-
board the project would not have been viable eiti#side from the gate fee from the

municipal biowastes being a critical financial ihptihe sheer size of the energy and
waste companies (and their financial clout) me&at the banks took the project

seriously and provided the initial finance. Thesents serve to underline the key

concept that a solid partnership between many Btd#ters is required.

‘Get one main contractor for each plant, co-ordinatng sub-contractors.
This makes life easier for the purchaser’

32



Anaerobic Digestion of Source Segregated Biowasigase Study

This is an important point that has been re-iteraepersonal communications with
numerous sources throughout Europe. Co-ordinatorgractors for such a diverse
plant can be extremely problematic and time conagmi

‘Reduce the amount of tenderers to a few reliable ppliers, capable of
successfully finalising the project. They must ha sufficient experience,
competence, size and financial strength

Only get tenders from four or five ‘major playerddo not ask for applications from
anyone and everyone. Tenders for full plants @tspof plants) represent huge
amounts of work (for those who will submit themddior those who must evaluate
them). The use of suppliers with existing refeeeptants and a proven track record
in the field is highly recommended. It was stafasl it has been referred throughout
in this project) that ‘corners should never be dat’short term financial gains. Also
extreme care should be taken if considering awgraiontracts to an un-proven
supplier. The financial strength of the supplighsuld always be analysed, as there
have been problems in the past of projects runmtogmajor difficulties because the
suppliers (or some sub-contractors) have gone bust.

A high quality biowaste is essential for the reatian of digestate quality standards,
which are key to project goals and finances.

‘A source separated high quality biowaste is achietée but calls for
massive efforts, for example information and educ#&in activities towards
the households

The source separation of biowastes should be estaetdlwell before the AD plant is
scheduled to come online. This provides two mainetfits:

1) The population gets used to source separation, ta@dpercentage of
contaminants decreases.

2) The exact characterisation in terms of quantityyteot and contaminants
of the waste stream can be established.

In this case, the source separated biowaste wasedreby IVC, purely as an
intermediate measure, while the AD process wasgbpianned. In this way there
was a viable ‘product’ to show the public from thiart. This also meant that the
public did not lose interest in source separatany let their standards slip, as may
have happened had they realised that their sowparaed biowaste was being
incinerated with the residual waste anyway.

‘Focus on the quality of biowaste, rather than quarnty. Restrict the
biowaste to food waste

The achievement of a high quality source separadioth therefore a high quality

biowaste is fundamental for the success of the @lpobject. In fact, the Swedish
lack of contaminants in the waste source sepatatede Swedish population provide
the primary reason why the project has been suittess compared to similar

schemes in other countries where the quality ofcgeparation was not so good
(Denmark, Finland and Germany).
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Doubt has been expressed over the possibilitythieatigestate could possibly meet
Swedish Organic Farming Quality Standards, aswastes-based. The plant owners
(including the farmers) insist it does. If the jagreed and contracted quality
standards are not met, the farmers are within thghits to refuse to accept the
digestate or fertiliser. It may well be that theg@nic Farming Regulations differ

greatly between Sweden and other European counffieis has not been verified by

the authors. The farmers would lose the markat$hi® crops they produce if they

were to apply contaminated digestate. As sucthafquality standards are not met,
the digestate will need to be landfilled, as threnkers will not be obliged to accept it.

In summary, the key data is shown in Figure 35.

Figure 35  Key data from Vaxtkraft Project (Vaxtkraft Promotional
Information)

A key concept is the integrated thinking betweemfxs, the agriculture sector, the
waste sector and the energy sector. The polifreahework must be in place to
encourage development. Pettersson (2006) sugghstethey woulddo it again, in
almost the same way Although the Vaxtkraft/Vasteras project has heeccessful
to date, it was only started up in 2005. Theref@® yet, there is a lack of an
operational track record. The track record ovaetis the only real way to judge the
success of such a project.
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