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Preface

This final project report contains a summary of the findings and documentation which
have been carried out as a part of the EUDP-supported project "Documentation and En-
ergy Yield Optimisation of AIKAN® - a dry anaerobic digestion biogas technology”. The
aim was to improve documentation of the AIKAN® technology, improve performance of
the AIKAN® technology and thus remove important barriers for market entry on principal
export markets caused by the lack of performance documentation. The final report also
contains a description of the subsequent process and technology improvements which
have been carried out in order to improve and optimize the production process at the full
scale AIKAN® biogas plant, Biovaekst, in Audebo, Denmark. The relevant analyses carried
out as part of the different work packages are attached as appendixes to the report. It is
the intention that the final report and the attached appendices should function as a work
of reference for the employees involved in the day to day running and optimization of the
AIKAN® technology.

The final project report — which follows the outlay of the original application to the EUDP
- also constitutes the final evaluation report to the EUDP.

Bjarne Jgrnsgard, Solum

Hinrich Uellendahl, AAU

Morten Brggger Kristensen, Solum
Martin Wittrup Hansen, Solum

Vadsby, Thursday, 11 July 2013
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Project report

WP1: progress, results and management

The relevant tasks and deliverables in connection to each work package are described in
the Gant diagram shown below. The relevant analyses and tests carried out as part of the
different work packages are attached as appendixes to the report.

AIKAN - dry AD biogas pro- 2010 2011-
duction m a mj j as ondlj f ma m]j

WP1

t1l1l project management
d11 annual report X
d12 expert committee meeting X

WP2

t21 state of the art
t22 benchmark preproject

d21 state of the art report X

d22 process instrumentation re-

port X
d23 operation and maintenance

report X

t23 energy yield model

t24 releasing the full energy po-
tential

t25 benchmark postproject

d24 energy and mass balance X

WP3

t31 optimal plant design and
layout

d31 optimal design and layout X
t32 flexibility study wrt energy
output

d32 windows of operation X

t - task
d - deliverables

Process

In order to speed up the process and secure the development of the project according to
the best interest of the targets and goals setup by EUDP an expert committee including
all relevant stakeholders active in the business model was established.

The expert committee consisted of Lene Lange (AAU), Martin Wittrup Hansen (Solum),
Hinrich W. Uellendahl (AAU), Bjarne Jgrnsgard (Solum) and Morten Brggger Kristensen
(Solum).

It has primarily been Hinrich W. Uellendahl (AAU), Bo Pilgaard (AAU), Bjarne Jgrnsgard
(Solum), Carsten Mikkelsen (Solum) and Morten Brggger Kristensen (Solum), who have
been carrying out the research and experimental work.

There have been five physical meetings ( 26/-10, 13/9-10, 28/10 -10, 7/1 - 11, 10/1 -
11, 3/2- 11) during the project period.
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Since there where only two partners in the project, the day to day contact and agree-
ments has been through e-mail and phone. Decisions on sample taking, operation re-
gimes and measurement points, analysis etc. have been taken according to the project
plan on a day to day basis. Due to the closeness of the cooperation decisions have been
recorded by means of email correspondence rather than minutes from meetings (An ex-
ample on the e-mail cooperation is included in app. 1.2)

Novozymes has been delivering enzymes based on information/knowledge from the pro-
ject partners on the composition of waste and intermediate fraction. From Novozymes it
has primarily been Preben Nielsen and Hans Sejr Olsen, who have been involved. There
have been two physical meetings and frequent contact by e-mail.

The cooperation has been working seamlessly and effective with well defined roles for the
partners and a good understanding of the exploitation of results. The project was con-
cluded by the 1. of august.
Deliverables/appendixes according to the application

e WP 1.1. All required and requested and needed status reports for EUDP - see ap-

pendix 1.1
e WP 1.2. Summaries from meetings in the expert committee - see appendix 1.2
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WP2: AIKAN©® due diligence

WP2 consisted of a status for AIKAN®© - performance yields based on operation. AIKAN
was benchmarked towards other commercial organic waste energy plants (e.g. incinera-
tion, gasification) and a plan for realising the full AIKAN© energy potential was conduct-
ed. This chapter is organized according to the deliverables mentioned in the EUDP appli-
cation:

e Task 2.1: Performance of BioVaekst and Hera Vekst from 2005 to 2009.

e Task 2.2: Benchmarking of other technologies for handling organic waste and bi-
omass.

e Task 2.3: Optimal technical and economical capacity.

e Task 2.4: Releasing the full energy potential

e Task 2.5: Engineering and planning of future plants.

Task 2.1: Performance of BioVakst and Hera Vekst from 2005 to 2009
Subchapter 2.1 covers AIKAN© state of the art based on operation since 2003 and 2005
of the two AIKAN®© plants in Audebo and Elverum has been described as regards perfor-
mance.

BioVaekst has been operating since 2003 whereas Hera Vekst has been operating since
medio 2005. The plants have been producing compost and an increasing amount of bio-
gas. At Hera Vekst in Norway the only use of biogas has been for internal heat the re-
maining biogas has been flared.

At BioVaekst the biogas has been used for electricity production, but in the first years a
very unreliable landfill biogas motor setup was used thus for longer periods a year the
motor failed. Since 2010 a stable new motor and flaring equipment has given the right
conditions for evaluating the system.

In table 1 and table 2 the overall performance data of the two plants are shown. As it
shows compost has been produced continuously fairly stabile whereas there has been a
slow rise in energy production. The energy production has been low even the potential of
the waste as seen in the next section are quiet high. The main reason in Norway has
been that focus has been only on compost production. Thus biogas phases has been
skipped or only running for one week. In Denmark the reasons has been the unreliable
biogas motor but also the fact that the plant has been exploited to over its full capacity,
since sewage sludge has been composted too. That means that biogas phases in some
periods have been cut to one week only here too.

6/96



X, Solqﬂm'

BioVaekst - Essence of Performance 2006-2009
2006 2007 2008 2009
Massbalance (fresh weighed)

Input
BMSW 7400 8700 6700 12000 Ton
Structure 1233 1450 1117 2000 Ton
Output
Residual waste 1400 2900 2200 3800 Ton
Compost 1500 2600 1650 3500 Ton

Process (including biogas and evaporation) 4500 3200 2850 6700 Ton

Energybalance

Consumption

Heat 300 300 300 300 MWwh
Electricity 155 140 134 125 MWh
Diesel (for frontloaders, screens, shredders) 153 134 134 213  MWh
Production
Energy content Biogas 900 1000 1200 2900 MWh
Table 1

Hera Vekst - Essence of Performance 2006-2009
2006 2007 2008 2009
Massbalance (fresh weighed)

Input
BMSW 25000 23000 23000 23000 Ton
Structure 6250 5750 5750 5750 Ton

Output
Residual waste 8750 8050 8050 8050 Ton
Compost 6250 5750 5750 5750 Ton

Process (including biogas and evaporation) 16250 14950 14950 14950

Energybalance

Consumption
Heat 500 500 500 500 MWh

Electricity 150 150 150 150 MWh

Diesel (for frontloaders, screens, shredders) 1200 1200 1200 1200 MWh
Production

Energy content Biogas 1950 2691 3140 3588 MWh

Data from Hera Vekst is very scarce and the focus has been on compost production - biogas has
used internal for heating and otherwise been flared

Table 2
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In table 1 and 2 it must be emphasized that the energy content in the residual waste has
not been shown. This would be relevant in a LCA context, where the amount of Energy
would be subscribed to the system. In the tables it is only energy used and produced
physically at the plant, which has been accounted for.

Task 2.2: Benchmarking of other technologies for handling organic waste and
biomass.

Subchapter 2.2 deals with the correlation between other competing technologies able to
handle organic waste and biomass and the state of the art description in subchapter 2.1

As part of the project an extensive collection of process data and test results has been
carried out in order to establish a mass and energy balance for AIKAN®. The mass and
energy balance constitutes — a part from being an important tool in its own right and an
indispensable part of a LCA for the complete AIKAN® plant - the parameters for a
benchmark analysis between the AIKAN® technology and similar technologies.

It has, though, proven more difficult than anticipated to get access to the relevant pro-
cess data from partners and competitors in order to establish the necessary precondi-
tions for the correlation and benchmarking of AIKAN® and other competing technologies
able to handle organic waste and biomass. This means that the elaboration of a bench-
mark system that permits a comparison between the AIKAN® technology and similar
technologies is carried on as part of the ongoing surveillance of competitors, competing
technologies and applications for patents that Solum Gruppen performs on a regular ba-
sis.

The elaboration of a mass and energy balance has proven a valuable contribution in or-
der to document how the AIKAN® technology separates municipal household waste in dif-
ferent fractions and the relation/ratios between the different fractions - compost, water,
gas energy etc. — which are produced. See appendix 2.1 for the analysis on mass and
energy for the AIKAN® technology.

Task 2.3: Optimal technical and economical capacity.

In order to establish relevant parameter variations and optimize performance as regards
energy yield and essential technology components involved in the process flow various
computer models have been developed.

The Aikan plant in Holbaek, BioVaekst, has been thoroughly analyzed for its operation, ef-
ficiency and emissions. This has resulted in a series of tests, calculations and simulations
concerning performance and efficiency of the ventilation systems in the process modules,
compost maturation boxes and biofilters, concerning the leachate pumping and valve
system, sprinkler and nozzle system and regarding gas production. The gas engine has
been evaluated for greenhouse gas emissions and energy balances have been parame-
terized during composting and sanitation in the process modules.

This has led to improvements in nozzle size and position in the process modules, choice
of valves for the leachate system. Changing the air tubes in the bio-filters, has signifi-
cantly reduced the air flow resistance and change of pipe dimensions in the maturation
boxes has also led to considerably more energy efficient ventilation. The analysis have
also lead to new monitoring of pressures in liquids and gasses on key positions providing
online information of process status.

Mass balances leachate flow and analysis of leachate biogas potential (COD), pH, etc. in
several full-scale and pilot plant test have been used to identify bottlenecks for gas pro-
duction and capacity. This has led to new experiments with percolate flooding and gas
measurements in the process modules and a significant increase in gas yield. Clarification
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of these matters has opened important new improvements and development opportuni-
ties already being acted upon.

Furthermore measurements of the atmosphere (oxygen, carbon dioxide, methane and
temperature) in the process modules during composting have enabled optimization of the
composting and sanitation processes. Documentation of the conducted tests and anal-
yses and the developed computer models - see appendix 2.3.1 - 2.3.5.

On the basis of the results emanating from the simulations conducted with the computer
models as documented in app. 2.3.1 - 2.3.5 a key instrument has been developed as re-
gards the launching and market penetration of the AIKAN-technology: A standard model
which allows for technical and economical scalability of the AIKAN® technology. The
model makes it possible to adapt the AIKAN® technology to local conditions and customer
needs whether a small, medium sized or large AIKAN® plant is required.

See appendix 2.3.6 for an extract of the standard model for scalability of the AIKAN®
technology. (Due to the confidential nature of the data in the standard model as regards
competition app. 2.3.6 contains an abstract of the model.)

Task 2.4: Releasing the full energy potential

In order to release the full energy potential of the AIKAN® technology a detailed plan for
optimizing the operational plant, Biovaekst in Audebo, as regards energy yield has been
produced. Individual action plans has been developed in order to get more energy output
and reduce energy consumption and various gas usages have been described.

A detailed plan for optimizing the operational plan a series of tests were conducted at the
AIKAN® plant in Audebo, Denmark. The efficiency of the AIKAN® two-stage biogas pro-
cess for the source-sorted organic fraction of municipal solid waste (OFMSW) was inves-
tigated by methane potential analysis of the waste input and monitoring the hydrolytic
and the methanogenic activity in the two stages of the process. To determine the poten-
tial of the AIKAN® plant performance the methane yield of the different waste materials
used in the process was analysed in batch experiments. To evaluate the capability of the
different stages of the AIKAN® process, VFA released from the processing module were
measured and inoculum from the biogas reactor tank was compared to standard inocu-
lum from a manure-based biogas process.

The analyses revealed that the bottleneck of the whole degradation process can be rather
found in the hydrolytic first stage while the methanogenic second stage revealed high ef-
ficiency. Consequently, in order to increase the energy yield of the whole process
measures have been taken to improve the hydrolysis process in the first stage. See ap-
pendix 2.4.1 and 2.4.2 for a complete overview of the test results and methane yields
from different process setups as published in an article by Kristensen, Jgrnsgard and Uel-
lendahl.

As regards the individual actions plans covering the performance of specific technology
components from the overall flow these were carried out as part of the elaboration of the
computer models mentioned under task 2.3. (See appendix 2.3.1 - 2.3.5).

Task 2.5: Engineering and planning of future plants.

The tasks included in task 2.1 - 2.4 has been incorporated in the engineering and plan-
ning of future plants. In this respect attention is drawn to appendix 2.3.6 and work pack-
age 3, notably appendix 3.1. as regards planning and design of future plants. The above
mentioned tasks carried out in order to improve and optimize the procesflow of the Al-
KAN® technology and the task mentioned in work package 3 has been the foundation for
the elaboration of a full AIKAN Standard Operational Manual - see appendix 2.3.
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Deliverables according to the application

WP 2.1. Report on AIKAN® technology state of the art - Operation parameters, composi-
tions, and other relevant data. This final report with appendixes constitutes the
state of art on the process flow and technology of the AIKAN® technology.

WP 2.2. A full Process Instrumentation Design (FID). The full content of the FID will obvi-
ously not be enclosed due to confidentiality and competition but examples of standard-
layout and design have been enclosed under section 3.1 - see appendix ask 2+3

WP 2.3. A full O&M report. See appendix 2.3

WP 2.4. A comprehensive energy and mass balance. See appendix 2.3

WP3: Realising the AIKAN®© potential

The main aim of WP3 has been to conduct design, layout and engineering of AIKAN®
technology which includes implementing design and operation changes to release the full
energy potential. This chapter is organized according to the deliverables mentioned in the
EUDP application:

e Task 3.1: design and layout under optimal conditions
e Task 3.2: Determine windows of operation wrt. energy output — potentials and
cost

Task 3.1: AIKAN© optimal plant design and layout

The optimal AIKAN® plant has been designed, engineered and standard lay-out has been
developed. In collaboration with Alectia A/S the BioVaekst plant ind Audebo has been
modified and improvements has been implemented in the design. Operation parameters
have been changed in order to test, demonstrate and verify the identified potential for
improvements. In order to optimize and standardize - and thus develop a prototype
physical layout of the AIKAN © technology - various operations have been carried out,
notably: Development of criteria for optimal localisation of plants, combining architectur-
al and engineering drawings, standardization of layout of buildings, standardisation of
tender material and tender contract etc.

The full content of the various tasks in order to develop a prototype AIKAN©® layout will
obviously not be enclosed due to confidentiality and competition but examples of the
tasks performed have been enclosed as appendix 3.1.

Task 3.2: Determine windows of operation as regards energy output - poten-
tials and cost

Based on the testing and demonstration future estimates for AIKAN© applications have
been performed. It has been the aim to collect and systematize relevant and sufficient
data allowing Solum Gruppen to be able to provide commercial guaranties — performance
and specifications - for all relevant biogas uses, thus opening new markets for the Al-
KAN®© technology. An example of the wide range of technical specifications which have
been elaborated is enclosed as appendix 3.2. The full content of the various drawings and
standard specifications will obviously not be enclosed due to confidentiality and competi-
tion.

Deliverables according to the application

D.2.1. Plant design and layout under optimal conditions - see appendix 3.1

D.2.2. Determine windows of operation as regards energy output - potentials and cost -
see appendix 3.2

Project cost
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[Her skal veere et skema som modsvarer budget men med regnskabstal, hvortil der kan
genfindes alle bilag]
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App.- 1.1 All required and requested and needed status reports for EUDP

EUDP-sekretariatet
EFP
Amaliegade 44

1256 Kgbenhavn K
CVR-nr.: 59-77-87-14

Arsrapportskema for &r __2010____.

Projektidentifikation
EFP-10 (angiv ar) Journalnr.: 64010-

0006

Vedr.: Demonstration and documentation of AIKAN

Titel: EFP-10  (angiv ar) 2010

Tilsagnshaver (projektansvarlig)

Firma: Solum A/S Telefon: 43 99 50
20

Adresse: Vadsby Straede 6 E-mail:
mwh@solum.com

Projektleder: Martin Wittrup Hansen Telefon: 27 22 29
42

Totale udgifter (forbrug) (1000 kr.)

Budget (tilsagn)| Afholdte udg.
Ar1 1.200.000 500.000
Ar2 800.000 0
Ar3
| alt 2000000 500000

Tidsplan (Se regler for modtagelse af tilskud)

Godkendt projektperiode (8888/mm): 2010/01-2011/06
O Projektet fglger den godkendte tidsplan.
O Projektet fglger ikke den godkendte tidsplan (beskrives i vedlagte ars-
rapport).

Tilsagnshaver (projektansvarlig)

...... 26.08.2010........cccevvvivvvieennennenns.. Martin Wittrup Hansen
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skrift

Dato

Navn og under-

Forbeholdt Energistyrelsen

Sagsbehandling:
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1. Projektets faglige fremdrift (hvilke faser eller hovedaktiviteter, der er afsluttet,
opfyldelsen af de faglige delmél, hvilke resultater, der er opnéet)

Der er i projektet gennemfgrt en omfattende ombygning af anlaegget i Holbaek. Der er
etableret maleudstyr og procedurer, sdledes at energiproduktionen kan logges. Der er
gennemfgrt test af vores sprinklersystem, som er essentielt ved udvaskning af naerings-
stofferne. Ligeledes er anlaegget gennemtestet for tryktab, med henblik pa@ at optimere
blaeserydelsen. Den nye motor er i drift og der produceres tilfredsstillende el og varme.
Gassens kvalitet er overraskende god - hgjt (70%+) methanindhold og lave indhold af
svovl og sporstoffer.

Samarbejdet med AAU er godt i gang - de laver en grundig analyse og evaluering af po-
tentialet i vores perkolat og i vores vaeskestrgmme. Ligeledes evalueres potentialet i vo-
res modtagne affaldsstrgm.

Optimeringsmaessigt har vi valgt at ombygge to af de ti driftsmoduler til forsggsmoduler.
Her er det muligt teet at fglge hydrolysen og komposteringen af affaldet, med henblik pa
at identificere optimeringspotentialer og besparelsesmuligheder. Disse er i drift i Igbet af
september.

Endeligt er etableret to forsggsanlaeg - mindre enheder (3m3 moduler) og tilhgrende re-
aktorer, hvori vi kan gennemfgre forsggsraekker, med forskellige parametervariationer og
forskellige affaldstyper.

2. Tidsplan: fglges tidsplanen? Hvis ikke, oplyses 8rsag og konsekvenser for realisering af
projektm8lene og resultatudnyttelsen. Det angives endvidere hvilke foranstaltninger, der
teenkes foretaget for at indhente forsinkelsen. S8fremt projektet indg8r i sammenhaeng med
andre projekter angives, om forsinkelsen vil have konsekvenser herfor. S8fremt projektet er
bagud i forhold til tidsplanen, skal der indsendes en revideret tidsplan EUDP-sekretariatet til
godkendelse.

Projektet er forud for tidsplanen.

3. Eventuelle kommentarer til videre forlgb

Projektet bliver udvidet en del, da vi sammen med Kara/Noveren og Vestforbraending har
valgt at investere i at "opgradere" Aikan anlaegget i Holbaek til et demonstrationsanlaeg.
Hertil er igangsat et projekt til belysning af ydelsen, hvor DTU er involveret i en LCA af
Aikan.
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4. Eventuelle publikationer mv. (offentliggjorte publikationer, artikler mv. og afholdte
workshops mv.

eventuelle supplerende oplysninger (fx kommentarer til samarbejdet med eventuelle pro-
jektpartnere, eendringer i projektets aktualitet)

Der har ikke vaeret publiceret. Der er afholdt en intern workshop mellem projekts partne-
re.

5. Eventuelle supplerende oplysninger

Vi ville gerne foretage en budgetaendring, hvor de 75.000 kr til rejser flyttes over til ti-
mer.

Der er vedlagt revisorerkleering for folgende projektdeltagere (deltagere, der f8et tilsagn
om tilskud p& 10 mio. kr. eller derover):
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App- 1.2 Summaries from meetings in the expert committee

Hej Morten,

Det er fint med at recirkulere vaesken over procestanken lidt laengere for at opretholde den lave pH - bare husk
at det skal alligevel ikke veere alt for leenge. Og isaer er VFA’erne en vigtig parameter for at se om hydrolysen
er godt i gang. Mht. temperatur s& vil jeg haeve det i bade PM og RT.

Bo (vores tekniker) har ingen planer om at holde ferie i oktobermaned, derfor kan i sagtens sende prgverne i
uge 42. Jeg kan lige meddele at jeg er pa en konference i uge 44.

Jeg kan godt se pa udviklingsplanen for Aikan.

Mange hilsner,

Hinrich
(Header removed)
Keaere Hinrich
Tak for dette - lige hvad jeg habede.
Ja vi laver selv COD Igbende.
Pt. er vi gdet igang med at teste ideen med at holde pH lav i Procestanken sa laenge som muligt, ved at recirku-
lerer vaeske over modulet i laengere tid. Dels for som du forslog at forleenge hydrolysen i PM og dels undga gas-
dannelse ti PT. Vi har ikke resultater endnu men haber jo at vi vil kunne se direkte effekt p& metandannelsen,
subsidizert i COD concentrationen.
Ville du haeve tempraturen i RT eller i PM?
Mht hvornar I skal regne med at udfgrer praktisk arbejde:
1.  affaldssammensatningen er relevant medio oktober ( er der noget med efterarsferien uge 42 er darlig?).
2. VFAerjo egentligt relevant netop det neeste stykke tid af hensyn til forsuringsforsggene - det skal jeg lige diskuterer med
Bjarne i morgen.

Jeg vender tilbage med tidsplan for Jer.
TOC kan vi undveere eller finde nogen andre til.

Jeg har et hdb, at du maske pa et tidspunkt kan have tid at leese og kommenterer en udviklingsplan for Aikan
pa lidt laengere sigt. Det er noget jeg sider og ngrkler med og egentligt et internt dokument, men jeg tror dit
input ville vaere vaerdifuldt - og det kunne maske ogsd afstedkomme nogle projektideer sammen?

Med venlig hilsen / Best regards

¢y Solum

Morten Brggger Kristensen
Teknologichef /Chief Technology Officer
Direkte/Direct: +45 4331 3003
Mobil/Cell: +45 4014 6420

Fax: +45 4399 5231

E-mail: mb@solum.com

(Header removed)

Hej Morten,
Tak for det tilsendte forsggsplan. Jeg vil gerne pracisere den lidt. Som jeg husker fra vores samtale vil vi lave
fglgende analyser:

- Biogaspotentiale pa det tilfgrte husholdningsaffald (med og/eller uden strukturmateriale)

- Sammensatningsanalyse (cellulose/hemicellulose/lignin, COD) af det tilfgrte husholdningsaffald (med og/eller uden

strukturmateriale)
- Lgbende analyser af VFA under forsgget (pregvetagningssted og hyppighed skal aftales)
- TOC kan vi ikke lave hos os

Jeg gdr ud fra at i selv laver Isbende COD mélinger under forsgget, bade oplgst og partikuleer som vi talte om
til mgdet. Jeg vil gerne vaere behjaelpelig med at evaluere malingerne Igbende for at bedgmme effektiviteten af
processen

Jeg mener stadig at pumperegimet mellem procesmodul og reaktortank er den umiddelbart mest interessante
parameter for at optimere processen uden de store aendringer pd anlaagget. Den samlede opholdstid i hele sy-
stemet vil ogsd komme med hvid der males den samlede producerede biogasmaengde over tiden. En anden pa-
rameter er selvfglgelig temperatur, hvor jeg vil klart anbefale 52 grader, men det gik jeg ud fra er ikke lige s&
nemt at aendre p&. Men hvis det kunne lade sig gore pa det lille forsggsanlaeg, vil jeg mene i skulle prgve det.

Med venlig hilsen,

17/96


mailto:mb@solum.com

gy Solum

GRUPPEMN

Hinrich
COPEMNHAGCGEMN IHESTITUTE OF TECHNOLOGY
ALLEBEORSG UNIVERSITET K2 BENMHAY M

Hinrich Uellendahl
Associate Professor
Tel.: +45 9940 2585

Copenhagen Institute of Technology/Aalborg University

Section for Sustainable Biotechnology

Department of Biotechnology, Chemistry and Environmental Engineering
Lautrupvang 15

Room M 1.14

2750 Ballerup

Denmark

Tel.: +45 9940 2595

Fax: +45 9940 2594

www.bio.aau.dk

(Header removed)

Kaere Hinrich

Vores overbliksplan er her.

Vi har ikke som fgrst taenkt skrevet ....der tages xxx antal prover da dette afhaenger af formalet.

Status nu er at vi (naesten) har et fuldt kgrende forsggsanlaeg. Der er nogle fa tekniske udfordringer som lgses
inden for det naeste par uger, men anlaegget producere gas nu.

Lad mig i fgrste omgang vide om du har andre optimeringsforslag....samt om det er de rigtige parametre der er
sat op til jer om biogaspotentialet.

Jeg har talt med Novozymes i dag de kommer forbi i naeste uge sa vi kan aftale lidt om forsggsplanen her ogsa.

Med venlig hilsen / Best regards

Morten Brggger Kristensen
Teknologichef /Chief Technology Officer
Direkte/Direct: +45 4331 3003
Mobil/Cell: +45 4014 6420

Fax: +45 4399 5231

E-mail: mb@solum.com
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Analysis on mass and energy balance.

App. 2.1.

Massebalance for Adkan

Bt hovedtay oy data bde gube lduer <l opdateres masetalsen ik, i

Hcr et aret or it er i uepres e 5000 by osoniere KO0
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App. 2.3.1 Perkolat- og gasanalyser, titreringer og gassimulering - BioVaekst

Modul 11 er fyidt 1 og 2. februar 2011
| modulet er der indlagt: 147 ton forbehandlet knust KOD, 47 ton HPO, 25,5 ton genbrugsstrukiur
Sigterest-frazorteret affald, der sendes til forbreending har ud af 1327 ton udgjort 307 tons, svarende til 23,13%.
Det er det der sorteres fra fer affaldet blandes med strukturmateriale | foderblanderen og indlagges | modulerne.
Gas Volumen korrigeret ={GasVol *(0,83221-(0,0086" (Meth%-60))) V0 83221
basis er 60% methan med en K vardi pa 0,83221 lagt ind i PLC ved gasmaler

Analyse [Analyse |Analyse [Aflest Aflzst Aflast Aflzst Aflast Aflzst
pH pH pH Gas Gas Gas Perk m3 |Perk m3 |[Ferk m3
Procesda
Dato qe pH-PM pH-PT pH-RT CH4 % COZ % H2S ppm |PT-RT RT-PT PT-PM

0202 1 5,44 6,17 7,75 69 27 642 0,0 0,0 0,0
03.02 2| 4,58 6.62 7,82 B0 35 TEQ 22,5 17.5 277
04.02 3 4 87 6,17 7,74 50 36 707 28,4 22,0 81,0
05.02 4
6.02 5
07.02 B 4,63 7,73 60 35 680 45,9 31,3 228,89
08.02 7| 5,93 6,91 7,71 61 34 621 65,6 42,5 267.0
5.02 Bl 553 6,93 774 %] 32 567 85,9 53,9 3054
10.02 g & 7,07 54 32 TEO 1149 54,9 338,56
11.02 10 6,18 7.1 775 65 31 644 145,0 78,0 360,0
12.02 1
13.02 12]
14.02 13 6,38 7,52 775 70 27 621 227.0 101,0 4210
15.02 14 6,72 7.53 7 BE| 71 26 612 280.0 1220 4640
16.02 15
17.02 15| 6,72 743 iz 71 25 624 3690 168,0 535,0
18.02 17 B.78 755 7,88 T2 25 614 409,0 2150 572.0
18.02 18|
20.02 159
21.02 20 6,23 5,26 7,85
2202 2
23.02 22 7.04 7.55 3,12
2402 23|
25.02 24 7 7.52 7,97]
26.02 25
27.02 26|
2B.02 27| 7,13 7,51 7 86|
01.03 2B
02.03 25 7,11 7,92 7,86 73 23 506 B01.0 683,0 8520
03.03 30|
04.03 3 7,25 7.73 8,01 73 23 500 B8E,0 783,0 1071,0
25.03 32
06.03 33
07.03 34
0B8.03 35
15.03 35 7,65 7 64 7.5 72 25 414 1114,0 1058,0 13140
10.03 37| 7.2 7.6 7,63 T2 25 401 1148.0 1101.0 1354.0
11.03 3B 1215,0 1186,0 14230
12.03 35
13.03 40
14.03 41 723 7.9 7,85 73 23 352 1772.0 1708.0 1437.0
15.03 42
16.03 43
17.03 44
18.03 45
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Aflzst LogData |LogData |LogData |LogData [LogData |LogData |LogData |LogData JAfl=est Aflst
Perk Perk Perk Perk Gas korr
Perk accumulerjPerk accumulerjPerk accumuler]Perk accumuler for GH4
Perk m3 Jm3/degn |et m3 ma3/degn Jet m3 md'degn Jet m3 md'degn |et m3 GAS indhold
Perk Perk Proc.Pum |Froc.Pum
PM-PT Pump Pump Ventil 2 WVentil 2 o p Ventil 1 Ventil 1 m3 m3
0,0 48 40 0,0 0,0 0,0 0,0 42 42 17031] 154470
228 0,0 40 0,0 0,0 0.0 0.0 0.7 4.9 17323] 173230
71,6 0,0 4.0 0,0 0.0 0.0 0.0 0.0 4.9 17648 178304
0,3 52 0,0 0,0 0.0 0.0 9.2 14,1 0.0
4.8 10,1 0,0 0.0 36 3.6 3.1 17,3 0.0
1931 1.3 11,4 0,4 0.4 0,0 36 1.1 18,4 18388 183880
2220 1,3 12,7 0,0 0.4 0,0 3.6 0.5 18,9 18777| 185830
250,5 2,1 14,8 11,9 12,4 48,5 52,1 34,1 53,0 19181] 1BSBE.4
2764 25 17,3 5,2 18,6 57,1 109,1 50,9 103,9 19579 187697
2840 3.1 20,4 4 B 234 543 1634 50,8 1547 20004 189704
3,1 235 4B 282 543 2177 50,8 2054 0,0
8,2 31,7 3,7 31,9 14,4 232,1 34,6 2400 0.0
343.0 10,3 420 14,5 45 4 56,4 2885 52,0 292.0 21253] 19056,7
373,0 16,6 58,7 16,9 63,3 495 3380 43,7 3417 2877 2550,0
26,8 BS.5 25,1 88,3 66,0 4040 66,7 408,3 0,0
4250 230 1094 21,7 110,0 52,5 4585 54,6 452 9 22137| 19620,6
4510 26,0 135,4 24 8 1349 58,1 514 5 59,2 5221 0.0
250 161,3 26,1 161,0 54,4 5689 54,3 576,5 0.0
30,3 1917 26,3 1873 59,6 628.,5 62,7 639.1 0.0
38,8 230,5 33,7 2210 45,6 675,1 51,5 690,7 0,0
38,4 268,9 33,2 254 2 432 718,3 48,2 7389 0.0
43,2 317,1 45,6 300.8 39,4 7577 40,9 779.8 0.0
431 365,2 43,7 349 5 40,6 7984 39,8 B19.,6 0.0
453 4104 45,8 396,2 38,9 B3r.3 37,5 BS7,1 0.0
459 4573 43 4 444 B 416 B78.9 40,2 BO7 2 0,0
45 4 5027 44 1 4887 38,1 8170 38,8 938.0 0.0
44 B 547.5 452 533,89 36,1 8531 36,3 8723 0.0
453 5027 4T 4 5814 37,9 89909 35,6 10079 0.0
761,0 61,0 B853,8 B4,1 B45 5 44 1 1035,1 41,9 1048 8 24132 208901
76,3 730,1 76,6 7220 56,6 1091,7 55,3 1105,2 0,0
B28.0 76,2 B06,3 77.0 799.0 56,4 1148,1 55,7 1160,9 24315] 21048,5
74,5 BB0.B 74,1 B73,1 54,1 1202,2 53,6 1214 B 0.0
77,1 957.8 76,0 D490 56,3 1258,5 55,9 1270,5 0.0
726 1030,4 B6,9 10159 52,3 13108 50,0 1320,5 0,0
76,8 1107,2 59,7 10756 55,6 1366,4 546 1375,1 0,0
1006,0 76,3 1183,6 B6,4 11420 55,7 14222 54,7 1429, 8 24817) 21739,5
35,0 76,3 12599 B5,2 12072 54,3 1476,5 54.0 1483,8 24900] 218122
079,0 76,3 1336,2 B5,2 1272.5 54,3 1530,8 54.0 15378 24997] 404980
1100,0

0,0
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LogData |LogData |LogData [LogData |LogData |[LogData |[Methan prdKomrigeret JLogData |Aflaest
Dags prod Acc Temp
gas uden Dagsprod |gasproduk |gas corr + acc, korr JTemperat |Temperat |procesmo

Gas tab Mistet gas |Jgas tion gas  |Jtabt corr for CH4 ur-RT ur-FT d midt

m3 ma3 ma3 m3 mJ m3J m3/dagn

0,0 0,0 0,0 0,0 0,0 37,5 9
0,0 0,0 0,0 0,0 0.0 0.0 0.0 3r.7
0,0 0,0 0,0 0.0 0.0 0.0 0.0 35 22
0,0 0,0 0,0 0.0 0.0 0.0
0,0 0,0 0,0 0.0 0.0 0.0
0,0 0,0 0,0 0,0 0.0 0,0 37,5 22
165,0 165,0 165,0 165,0 163,3 09,6 163,3 37,2 26
351,1 186,1 186,1 351,1 180,3 113,6 3438 36,2 28
5626 211,5 211,5 5626 2028 129.8 5464 35,5 30
6904 127,86 127,86 BI04 121,2 78,8 BET .6 36,9 3
818,2 127,68 127,68 B18,2 2070 0,0 B74 6
9452 127,0 127,0 D45 2 2057 0,0 1080,4
1295,5 350,3 350,3 1295.5 3141 2199 1394.5 38,3 32
1836,1 400,86 400,86 1696, 1 355.0 2521 17495 37,6 32
2096.,6 400.6 400.6 2096 6 6489 0.0 2398 4 371 32
2504 6 408,0 408,0 2504 6 3616 256,58 2760,0 37,2 32
28836 3790 3790 288316 3320 2390 30820 3r.2 32
3240,3 356,7 356,7 3240.3 5779 0.0 36699
35354 2951 2951 35354 4781 0.0 41480
38495 3141 3141 3849 5 5089 0,0 46568
41211 2716 2716 41211 4400 0,0 5096,8
4409.5 288.4 288.4 44095 4572 0.0 5564.0
48873 277,86 277,86 46873 450,0 0,0 6014,1
43228 235.5 235.5 4022 8 381.5 0.0 63956
51329 210,1 210,1 51329 3404 0,0 6736,0
53411 208,2 208,2 53411 33r.3 0.0 70732
5536,1 185,0 185,0 5536,1 3159 0.0 73892
57232 187,1 187,1 57232 303,1 0.0 TE32,3
58324 209,2 209,2 5032 4 181,1 132,2 TB73 4 36 35
61848 2524 2524 6184 8 4088 0,0 82823
54234 2386 2386 54234 2065 1508 8488.8 34,3 27
B6610,1 186,7 186,7 B6610,1 3025 0.0 8791.3
B672,0 E1,9 110,0 171,9 6782.0 2785 0.0 90697
67230 51,0 105,0 156,0 6938,0 2527 0.0 93225
GBER 4 1454 1454 70834 2356 0,0 9558,0
70034 135,0 135,0 72184 118,3 85,1 9676,3 32,7 28
7109,3 105,9 105,9 73243 928 6&,8 9769.1 32,6 28
7215,2 105,9 105,9 7430,2 171,6 0,0 9040.8 31,2 29
32 31
72015 76,3 76,3 7506,5 1236 00] 100642

24/96



¢35 Sol

um’

GRUPPEM

12000

1000,0

800,0

600,0

4000

200,0

0,0

s, = o m3/degn

10 15 20 25 30 35 40 45 50

25/96



LogData |[LogData JAnalyse JAnalyse Analyse Janalyse Anzlyse JAnalyse Analyse |BereqBeregning
ICOD fil Effe
RT netto  |ktivit | Potentiel
Tryk Vent JCOD PM |Predikiion |Prediktion COD FT COD RT {kg/degn) |et gas prod
COD PM  |Prediktion |Prediktion COD PT |Prediktion |CODRT |Predikiion m3
i/l average |polynomia gl average g/l average A &l AM methan

63,2 63,2 64,5 63,0 63,0 312,0] 1,00 109,2
63,2 69,7 69,0 0,0] 1,00 0,0

70,5 73,3 69,0 0,0] 1,00 0,0

779 75,5 75,0 75,0 22.4] 1,00 7.8

77,9 76,1 76,4 75,0 364,1] 1,00 127.,5
75,0 76,4 76,5 2.7 03,0] 1,00 326

74,4 75,0 754 77,9 2.7 09,3] 1,00 348
72,8 73,6 736 77,9 77,9 12,7 2.7 9,7] 1,00 3.4
74,1 71,3 69,3 2.7 08,1] 1,00 343

726 68,5 58,1 28 143,4] 1,00 50,2

75,0 65,9 65,3 60,8 50,4 2,6 2.5 121,2] 1,00 42 4
70,0 B1,4 61,8 35.5 48,8 32 28| 402,6] 1,00 140,29
52,8 58,3 58,3 55,0 47,4 2,6 2 5| 362,9] 1,00 1270
47 8 54,2 54,6 43,8 44,0 3.0 2 5| 604,3] 1,00 211,5
45,3 439 51,0 416 46,8 1.5 12 4] 973,6] 1,00 3408
42 6 47 4 37,3 11,8 700,0] 1,00 2450

ETiR: ] 440 30,7 11.4] B06,6] 1.00| 2123

34,0 35,8 40,8 26,6 23,7 1,0 11,5 470,2] 1,00 164.6
335 36,1 379 23,8 22,4 1,9 11 6| 582,8] 1.00| 2040
39,8 359 352 20,7 21,7 1,7 11,7 724,5] 1,00 2536
37,2 36,4 320 18,5 20,5 1,9 11,8 700,2] 1,00 2451
35,1 37,3 30,8 18,9 19,4 1,8 11,8 B817,6] 1,00 286,2
33,7 29,1 21,2 11,8 745,3] 1,00 260,8

30,8 27,7 22,4 11,7 658,1] 1,00 230,3

29,0 287 26,6 26,2 23,4 11,7 11,5 B62,4| 1,00 2318
28,5 289 257 220 22,7 11,5 11,8 648,5] 1.00| 2270
28,7 286 252 22,1 21,8 11,6 12,0 S87,7] 1,00 205,7
29,7 28,5 24 8 20,3 20,8 12,6 12,1 541,9] 1,00 189, 7
27,1 28,5 245 18,8 20,4 12,6 123 705,0] 1,00 2468
26,4 243 19,1 12 | 7r2,0] 1,00 2702

246 24,2 18,6 127 B68,4] 1,00 2339

226 237 240 18,2 17,9 12,6 12 7| 604,3] 1,00 2115
24,1 237 236 18,8 17,9 12,8 127 533,4] 1,00 2217
245 237 229 16,6 17,9 12,8 127 B656,1] 1,00 2296
243 219 17,7 12 8| 847, 7| 1,00 206,7

24.5 20,3 16,6 12 8| 718,4] 1,00 2514

19,4 18,2 16,0 13,0/ 505,0] 1,00 176,8

19,4 15,2 16,0 13,0 505,0] 1,00 176,8

19,4 19,4 =40 6 16,0 16,0 13,0 13,0 0,0] 1,00 0,0
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Beregning |Beregning |Beregning |Beregning |
gas prod |Obser CObs acc
acc ma methan methan
meth prod. m3 Noter
gas gas
beregnet |m3/ dag |observere
109,2 0,0 Afdraning
::gg'g g'g 50,0 = -0,0003%* + 0,0261%% - 0, 79187 +
T ”:1 EI:D 50 80,0 E,:-.E-?Tx + §D,1¢S
2445 0,0 0.0 70,0 Ri=03238
2771 0,0 0,0 60.0
3118 89,6 00 6jBiog = s0.0 + CODFPMEg/
3152 113,6 213, ZJBiog g 'F
3406 1298 343.0 g 0o —— Paly. [COD PM g/l)
L] 78,8 421 B 30,0 ) )
4473 0.0 4218 0.0 | . : .
5831 0.0 471 B 10.0 —_12 F-Er.rIF\EW. gnen. (COD
710,1 219.9 641,6Biog ' PM e/l
921,86 2521 883 7|Biog a
1262 4 0,0 8937 8] 10 20 3o 40 50
1507 4 256,8 1150 4
T718.7] __ Z39.0] 13895 Procesdage
1884.3 0,0 1389 5
2088,3 0,0 13689 5]Biog=s 75,6596, 10,10-50,75,90
23418 0,0 1389, 5
25B86,9 0,0 1389 S)Biogas 75,65,120,10,10-50,75,20
28731 0.0 1389, 5
31339 0,0 1389, 5
33642 0.0 1389, 5
3508 1 0.0l 13805 CH4 produktion malt og simuleret ud fra COD tilfort
38230 0.0] 13895 Reaktortank (100 % effektivitet)
4028, 7 0,0 1389 5 "
12184 00| 13605 7000
44851 1322 1521,7] o
47354 0,0] 15217 5000 i
4969,3 1508 1672 5
5180.,8 0.0] 16725 5000 =
54025 00| 1e725 |
56321 0o 16725 4000 e o CH4-m3 gat beregnet ud
58288 0.0] 18725 o fra COD tilfart reaktor
6160,2 B5,1]  1757,6|Riogs  3p00
63570 66.8 1824 4 . ! CH4-m3 gas abtarverat
B533,7 0,0 1824 4 2000 __
a
1000 -
e
0 ==
0 10 20 ip a0 50
B533,7 0,0 1824 4
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Lars Gjadde
Hej Bjame, DIREKTER
CK. Emvironment A/S
Do har helt ret § din udredning og det gleder mig at du er kommet godt i gang Walgerhoim 3
DK-3500 Varlose
Main: +45 4458 9308
Fra: Biame Jomsgérd [mailto:bjo@solum.com] Dir. +45 4437 7787
Sendt: 16. november 2010 08:06 WMobile: +45 4068 4007
Til: Lars Gjedde Telefax +45 4438 9950
Ce: Karsten Graversen; Morten Brogger Kristensen loZicke.dk
Emne: 5V: Floaméling v che.dk

Hej Lars,

Vi hir nu en velfungerende flowmler, der fordbentig miler rigtigt.

Jeg har et par spargsmél nedenfor som jeg gerne vil diskuters - jeg provet at rings seners | dag.

Viores Methan indhald ligger for tiden p§ 70-75%, den K vaerdi du oplyser 0,83221 nedenfor er den til 60% methan?

Er det rigtigt at nér methanindholdet er hajere bliver K vaerdien mindre og dermed skal det malte flow korrigeres ned?

NAr vi har [agt K vzrdien 0,83221 ind i flowmleren skal vi &8 for at annd det karekte flow ved et methanindhold pd f.eks 75% dividere
et méte flow med 0,83221 og gange det med 0,70708 for 2t lave karrekfionen - der s4 batyoar at vi komrigerer flowet ned ved et hajere methan indhola?
Med venlig hilsen | Best regards

Fras Lars Gedde [mailto:L GRCKE.dk]

Sendt: 20, oktober 2010 11:30

Til: Bjame Jornsgérd

Emne: Flowméling

Hej Bjamne

Den oprindelige opsatning

B0/40 biogas K 0,723 & 110mm

lout 1 0-10ONMCH

lout2 0-100dgC

Bingas sammenszeining 60/40 = K = 0,723 den skulle have vaeret 0,83221. Altsé kal maleren vise 7.8 % mere end den gar nu

Jeg er ikke klar over om det er en fejl | denne stamelsesorden vi leder efter, men det er et faktum, at vi har sat en forkert vaerdi ind. Beklager &
Det tager kun et ejebik at rette fejlen med konfiguratoren. Ring evt. ndr i er klar tl lave endringeme, 4 skal jeg bista....

Jeg defleverer FCA8 konfigurataren il dig i dag.

Jeg frsegte at finde kurset hos Force, men forgzves indiil nu. Jeg har spurgt omkring og vender tilbage nér jeg herer naget.

Komekfioneme for CH4/CO2 fremgér &f nedenstéende liste. Kombinationen af ST50 eller $T51, SSM000 Pronova gasmileren ag listen sat ind som
tabelopslag i en PLC eler lignende, giver den samme funkfionalitet som systemet fra Geopal, men fl en meget lavere pris, som vi talte om.

% CH4 K-factor

50 092746 K-factor
55 0,87855 .
80 o2t | .|

625 0808e5 | .
& P LR T §

04 =g

675 0TEr | e
10 0,7466 | Fata]
15 0,70708 T
80 0,66958 ! B 1

0
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Titrering af perkolat fra reaktortank med perkolat fra procesmodul og omvendt

pa forskellige tidspunkter i biogasfasen

zy Sol

Perkolat er taget fra procesmodul 11 og den lille reakior i| perioden okt il december 2010

PrI11 RT11 forhold  dato dato dato dato dato dato dato

mil mil

perkolat perkolat RT/FEM 20.10.2070 081142010  DSe19a2010 126112010 19112010  2811a2010 08122010
5 0 0 4.6 513 6,19 6,89 7,54 7,71 T.72
5 1 17 494 5,62 6,71 7,18 7,72 7,89 7,82
5 2 29 5,44 6,05 7.38 7.51 7,84 8,01 7,88
5 3 38 5,82 6,34 7,66 7.E6 7,85 8,11 7,95
5 4 44 6,11 6.6 7,79 7,76 7,91 8,16 7.96
5 5 50 6,27 6,67 7,89 T.B4 8,05 821 7,99
5 5 50 6,31 6,81 7,83 7.B9 B,06 8,19 7,99
4 5 56 6,45 6,85 7.94 752 8,09 8,24 8,02
3 5 B3 6,63 6,99 B,06 8,01 B,13 8,28 B,03
2 5 71 6,83 T7.15 B.2 8,01 B,18 8,35 8,08
1 5 B3 7.1 743 B,35 8,17 B,23 B4 B,13
0 5 100 7.8 822 B,51 8,27 B3z 847 B,1B

Titreringskurver
9
i 29102010

4 T T T T T T
o 10 20 El] 40 =50 BO 70

B0

100

==05-11-2010
==dr=09-11-2010
i 12112010
i 192112010
= 25:11-2010

spe 052122010

% perkolat fra reaktortank i blanding af perkalat fra procesmodul og reaktortank
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Dataloggere placere ca midt | affaldsmassen i modul 11 i Februar og marts 2011

Logger Logger

Type TK-0014 Type Tinytalk -40/85°C
Property Temperai. Properiy Temperature “C
Reading capacit’ 1800 Reading capacity 1800

Serial number 342484 Serial number 305137

Logging rumn Logging run

Title logger 15 Title logger 16

Run 1D 99ze rfje fgRun ID 9ps| psik efi2

Interval 30 Mins  Interval 30 Mins

Reading type  Mormal Reading type MNormal

Start mode Delayed (3 Start mode Delayed (3 Days 10 Hrs 15 Mins)
Logging started 23. Januar Logging started 24 January 2011 00:00
Siop mode Siop when Stop mode Stop when full

Offload Offload

Date 18. March : Date 18. March 2011 14:08
Logger state Stopped  Logger state Stopped

Total readings 1800 Total readings 1800

User name User name

Statistics for full range of da Statistics for full range of data

First reading tim 23. Januar First reading ime 24 January 2011 00:00:21
Last reading tirmi 2. March 2iLast reading time 2. March 2011 11:30:21
Readings 1800 Readings 1600

Minimum readin5,6 *C Minimum reading 5,8 °C

Maximum readir27,5°C  Maximum reading 31,1°C

Average reading 20.9268 “C Average reading 21452 °C

Area sbove zero 18834.2 *C Area above zero  19306.8°C x Hrs

Area below zero 0 °C x Hrs Area below zera  0°C x Hrs

average
23-01-11 23:58 26 24-01-11 00:00 26,3 26,15
24-01-11 00:28 26 24-01-11 00:30 26,6 26,3
24-01-11 00:58 264 24-01=11 01:00 266 26,5
24-01-1101:28 26,4 24-01-11 01:30 26,6 26,5
24-01-11 01:58 264 24-01-11 02:00 27 28,7
24-01-11 02:28 26,8 24-01-11 02:30 27 26,9
24-01-11 02:58 26,8 24-01-11 03:00 27 26,9
24-01-11 03:28 26,8 24-01-11 03:30 274 271
24-01-11 03:58 26,8 24-01=11 04:00 va 271
24-01-11 04:28 271 24-01-11 04:30 274 27,25
24-01-11 04:58 271 24-01-11 05:00 274 27,25
24-01-11 05:28 271 24-01-11 05:30 274 2725
24-01-11 05:58 271 24-01-11 06:00 274 27,25
24-01-11 06:28 275 24-01-11 06:30 27T 276
24-01-11 06:58 275 24-01-11 07:00 27,7 276
24-01-11 07:28 271 24-01-11 07:30 va 2725
24-01-11 07:58 26,8 24-01-11 08:00 27 26,9
24-01-11 08:28 264 24-01-11 08:30 266 26,5
24-01-11 08:58 25,7 24-01-11 08:00 26,3 26
24-01-11 05:28 257 24-01-11 08:30 258 258
24-01-11 09:538 25,7 24-01-11 10:00 26,3 26
24-01-11 10:28 26 24-01-11 10:30 26,3 26,13
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App. 2.3.2 Model til beregning af potentielt methantab ved tilfgrsel af atmosfae-
risk luft — BioVaekst

Potentielt methantab ved tilfgrsel af atmosfaerisk luft til procesmodulerne under bioforgasning
Nedenstdende beregninger og vurderinger skal verificeres
Konklusion:
1 m3 atmosfaerisk luft giver et potentielt tab pa 0,15 m3 methan ved kompostering,
hvis alt ilten omsaettes ved kompostering i stedet for at anvendes til methan produktion
Potentielt methan tab ved kompostering pga. ilt i procesmodul ved opstart
og ved volumen zndring ved perkolering er under 1 m3 methan per ton KOD
Andre utzetheder for luft i systemet vil nok kunne give et betydeligt st@rre tab, hvis luften siver konstant

Forudsaetninger

Massefylde atmosfeerisk luft 1,29 kg/m3 (1 atm. 20 grader celcius, 20,9% 02) 1,29 kg/m3
iltindhold i atmosfaerisk luft 0,21
Massefylde methan 0,774 kg/m3, (1 atm 20 grader celsius) 0,77 kg/m3
Massefylde ilt 1,43 kg/m3
Massefylde CO2 1,98 kg/m3
Molvaegt ili 02 16,00 g/mol
C 12,00 g/mol
CH4 16,00 g/mol
Cco2 44,00 g/mol

Det antages at ilten i tilfgrt atmosfaerisk luft omsaettes fuldsteendigt ved kompostering
lltmangde i 1 m3 atmosfaerisk luft 0,270 kg 02

Kulstof forbrug ved kompostering (02 + C - CO2) med 1 m3 atmosfaerisk luft 0,101 kg C

Alternativ biogasproduktion (70% CH4 og 25% C02) med kulstoffet

Methan indhold i biogas 0,700

CO2 indhold i biogas 0,250
Kulstofmaengde i methan 0,089 kg Ci methan
Methan mangde 0,119 kg methan
Methan volumen 0,154 m3 methan

1 m3 tilfgrt anmosfeerisk luft, hvor ilten omsattes ved kompostering vil give

et potentielt methan tab pa 0,15 m3 methan
Luftmaengde i procesmodul 300,00 m3

Tabt methan produktion pga. ilt i procesmodul ved opstart 46,24 m3 methan
Perkolering

Gange per dggn 120,00

Volumen per gang 0,50 m3
Udskiftning af luftmaengde per dggn 60,00 m3
Potentielt methan tab per degn 9,25 m3 methan
Antal dggn med perkolering 14,00 dage
Samlet methantab ved perkolering 129,48 m3 methan
Affaldsmaengde i procesmodul 200,00 ton KOD
Methan tab per ton KOD 0,88 m3 CH4 / ton KOD
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App. 2.3.3 Analyse og optimering af ventilationsanlaeg pa BioVakst

Noter fra tryk og flow malinger pa ventilation pa BioVaekst
2010/2011
Ventilationssystemet 1 procesmoduler, biofiltre og modningsbokse pé Biovakst’s Aikan anlzeg i Audebo er malt igennem. Der er malt tryk

og lufthastighed pa udvalgte positioner. Der er malt med variabelt antal blesere i drift samtidig, saledes, at der opnas varierende belastning
af biofiltrene.

Procesmodul 1-5 og 11-15

Tryk i ventilationsluft, generelle vardier

10
5 7 *
-
g S
£ e < a - = o
R T e e
2 E 2
£, 8 ¥ 3 i % %
z g T
© -15
14
-20
-25
A —+— Slam, lufthastighed 19 m/sek
malested = KOD, lufthastighed 9 misek
kompakt materiale (slam), lufthastighed 0 m/sek

Sammenfatning

Procesmoduler

1. KOD yder sterre modstand mod gennemluftning end slam og giver derfor et sterre tryktab over materialet. Tryktabet over KOD er
ca. 12-16 mbar mod 6-7 mbar over slammodulerne.

2. Tryktabet pa indsugningen til procesmodulerne er lille, max malt til 0,44 bar over materialet i procesmodulerne med slam, hvor der
var sterst luftgennemstremning.

3. Samlet giver det en mindre luftgennemstremning i KOD og derved et relativt mindre tryktab over biofiltret efter KOD end efter
slam.

4. Tryktabet fra bunden af procesmodulerne i laget af strukturmaterialet til udsugningsreret for bleser er malet til ca. 2 mbar og udger
kun ca. 15-20 % af hele tryktabet fra over materialet i proces modulet frem til blzeser. (usikkert da det kun er mélt i et procesmodul
med KOD) 1 slam modulerne vil tryktabet 1 udsugningen nok udgere en sterre del af det samlede tryktab malt fra over materiale 1
PM til bleser, da slam giver mindre luftmodstand end KOD.

5. Deter vigtigt, at der 1 kortest muligt tid kerer flere blesere ad gange, da det eger modtrykket fer biofilteret og dermed mindsker
luftgennemstremningen i det enkelte modul.

6. Programmeringen kunne laves med en prioritering sdledes at anden blzser kun starter, hvis der er 2 blzsere, der venter pa at starte.
Er der kun en blaser 1 venteposition starter anden blaser forst nar farste blaser slukker. Tredje bleser starter forst hvis 2 yderligere
blasere venter pa at starte osv.

7. Placering af tryksensorer for kontinuerlig méling af ventilations systemets funktion vil i prioriteret reekkefolge vaere 1) maling af
undertryk for hver blaser, 2) hovedkanal fer biofilter, 3) i leca under biofilter, 4) i dreen-ventilationsrer.

Biofilire

1. Det storste tryktab sker over materialet 1 procesmodulerne, men jo flere blaesere der er i drift samtidig, des sterre del af tryktabet
forekommer i biofiltrets rersystem og bio-materiale. Er to blesere i slammoduler i 11-15 1 drift samtidig er 50% af det samlede
tryktab i Biofiltret.

2. Tryktabet i hovedrer fra de enkelte udsugninger i proces modulerne over blzserne til hovedkanal fer Biofilter er smé (ubetydelige)
sammenlignet med tryktab i biofiltre og procesmoduler.

3. [ biofiluret ved procesmodul 1-5 sker der nasten en halvering af tryk fra hoved kanal til drznslanger, og vderligere mere end en
halvering fra draenslanger til leca. Der er er intet malbart tryktab gennem lecaen. Samlet udger tryktabet i bio-materialet 1 bio filtret
fra hovedkanal til fri luft kun ca 25% af det samlede tryktab.

4. Da tryktabet op gennem biomaterialet i biofiltret ved procesmodul 1-5 er relativr lille kan hajden af biofiltret eventuelt ages.

5. Luften skal fordeles under biofiltret saledes, at et omrade i biomaterialet med lille luftmodstand ikke lader uforholdsmessigt meget
luft passere. Det sikres p.t. ved at luften fordeles under hele biofiltrets areal med perforerede plastic slanger.

GRUPPEM
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6. Biotiltret ved slammodulerne virker kompakt og védt, giver relatv hajt tryktab (luftmodstand) og det virker som om luften trenger
igennem i spalter / koncentrerede omrader. Biomaterialet giver her godt halvdelen af det samlede tryktab fra hovedkanal til udeluft.

7. Mindre lufthastighed 1 biofiltret kunne taenkes at age dets effektivitet og mindske lugtgener.

8. Tversnitsareal i hovedkanal under biofilter er 0.28m2 (@60cm), tveersnitsareal pa drenslangerne er 0.010 m2 (@113mm
indvendig- dette skal verificeres!). Med |8 overgange giver det et samlet tveersnitsareal pa 0.18 m2. Tryktabet fra hovedkanal til
drenslanger er optil 50% af trykket i hovedkanalen og dette tryktab ber kunne reduceres til nasten 0 ved at oge dimensionerne af’
dreenslangerne til @160 eller @200, eller ved at montere flere slanger. Flere dreenslanger er dog ikke hensigtsmessigt, da lecaen
giver den nedvendige luftfordeling. Anvendes @160 slanger med indvendig diameter pd 145 mm eller 200 slanger med en
indvendig diameter pa 185 mm, bliver det samlede tvaersnitsareal pa slangerne henholdsvis 0,297m?2 eller 0.48m2.

9. Almindelig dreenslange har en hulsterrelse pa 1,5 x 5 mm og et samlet hulareal p4 22,5 em2 per lebende meter, er slangerne 5,5 m
lange giver det et samlet hulareal pa 0.0124m?2 per slange og 0,22m?2 samlet for alle slangerne. Ved inspektion sad der fugt og snavs
1 kanten at de sma huller i dreenslangerne 1 biofiltret ved PM 1-5, der kan begrense hularealet yderligere. Tryktabet fra inde 1
drenslangerne og til lecaen omkring er over 50% for biofiltret for modul 1-5, dette tab ber kunne reduceres betydeligt ved sterre
samlet hulareal.

10. Der eksisterer plastslanger til planterrerier, der ligner dreenslanger, men de er specielt fremstillet med med henblik pa optimeret
luftgennemstremning ved flere og storre huller. www.nyrupplast.dk leverer disse slanger i dimentionerne @128, @160/145 og
©200/185mm udvendig/invendig mal. Hulsterrelsen 1 slangerne er 2,4 x 7 mm og det samlede hulareal er 95cm2 per lebende meter,
4.4 gange mere en i drenslanger.

. Afdreening af vaske i biofilter skal sikres i bunden af lecaen til hovedkanal, evt. med drenslange i bunden af lecaen specielt til
formalet. Det geres for at sikre at der ikke star vaske i luftslangerne, der forhindrer fri luftpassage.

12. Der er stor usikkerhed pa lufthastighedsmalingerne i fugtig varm luft fra procesmodulerne, da der dannes kondens pa maleudstyret,

det blokerer de smé lufthuller og dermed har tendens til at underestimere lufthastigheden.

Modningsbokse
1. Gennemluftningen | modningsboksene karakteriseres som effektiv for modning og terring af kompost.
2. I'modningsboksene udger tryktabet fra blaeser til fordelingsror 74% af det samlede tryktab i systemet, det er en ineffektiv ud nyttelse
af bleserkapaciteten.
3. Trykket ved bleserafgang er 5,1 mbar, trykket ved fordelingsrer er 1,3 mbar. Det opnas ved et tryk pa kun 1.3 mbar ved
fordelingsrer. En blaeser med en anden ydelseskurve kunne eventuelt opna dette ved en mere hensigtsmessig rerfering og et mindre

stremforbrug.
Proces Fyldt Motor / bleser type Noter
modul
1 5 maj ?
2 3 maj ?
3 21 april ?
4 16 april ?
5 9 april ?
11 27 april ?
12 18 marts ? Materialet faldet sammen, ingen gennemlufining
13 29 marts ?
14 9 april ?
15 15 april ?

G—

025, mélepunkter | nar kun en lufthastighed er
Lufthastighed angivet males i position 3

Malinger 5. maj. Lufthastighed er malt i @25 ror 1 5 positioner diagonalt i reret, position] er ved yderkant lzengst fra proces modul, pos.3
Er i centrum af rer og pos 5 er ved yderkant taettest ved procesmodul. (Imbar=10 mm vandsajle

Lufthastighed
Pos. 5

Modul Tryk i PM Undertryk fer | Lufthastighed | Lufthastighed | Lufthastighed | Lufthastighed
over blaeser Pos. | Pos. 2 Pos. 3 Pos. 4
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materiale Langst vaek Teettest ved
blaeser teendt fra procesmoduk
Procesmodul

mbar Mbar) m/sek m/sek m/sek m/sek m/sek

1

2

3 0,03 145 75 83 75 9

4 -0,05 -16,8 10 10 9 8 7

4 (2eller3 5 5 4 4 3

blasere tzndt)

B 0,11 146 10,5 12 9,5 73 73

Den 11. maj blev der foretaget en ekstra maling af tryk i bunden af PM 3, sandsynligvis i strukturmaterialet i bunden (-10,80 mbar, malt

med spyd gennem bagvag i modul) samt i udsugningsrer lige for bleeser (-12,75 mbar)

Malinger 6. maj. Lufthastighed malt 1 @25 rer i 5 positioner diagonalt i reret, position! er ved yderkant lzengst fra proces modul, pos.3
Er i centrum af rer og pos 5 er ved yderkant tettest ved procesmodul.

Modul Undertryk for | Undertryk for | Undertryk fer | Differenstryk | Ditferenstryk | Differenstryk Lufthastighed
blaeser. En blazser. To blaser. Tre over bleeser. | over blaser. | over blaeser. Tre | for biofilter
blaesere tzndt | blasere t2ndt | blasere teendt | En blasere To blzsere blasere tendt

teendt teendt
Mbar m/sek

1

2 -149 -12,0 15,1 15,8

3 -12.9 -12,0 158 9

4 -17.8 17,2 16,7 7

5 7.3

Overtryk og lufthastighed i stort samlerer @60 for biofilter, relativt til atmosfeere tryk.

Malt 5 og 1 maj. Der er god overensstemmelse mellem tryk i leca malt med spyd og slange.

Tryki Tryk i drenrer Tryk i leca Lufthastighed 1
samlerer samleror

for

biofilter

Process modul 1-5 mbar mbar Mbar m/sek

Ingen blasere, 5 maj 0 0 0 4]

En blaeser tandt, 11 maj 1,0 0,65 0,27 (slange)

En blzser tzendt, 5 maj 2,27 2

To blasere teendt, 11 maj 1,55 0,78 0,35 (slange)

To blesere teendt, |1 maj | 2,34 1,14 0,47 (slange)

To blzsere tndt, S maj 3,25 5

3 blaesere tendt, 11 maj 3,80 2,05 0,72 (slange)

3 blasere tzendt, 5 maj 6,15

4 blaesere t&ndt, 5 maj 8.4

Proces Modul 11-15

| bleeser taendt 2,6 1,5 (spyd)

2 blasere tendt, (ikke 5,6 3,5 (spyd)

mod 12, der er blokeret)

Trykmalinger 1 ventilationen i modul 11-15

Mo | TrvkiPM Lufthastighed | Undertryk fer | Undertryk Overtryk efter | Overtryk Lufthastighed | Lufthastighed

dul | over 1 indsugnings | blaeser. En fer blaser. blaeser. En efter blaeser. | efter bleeser. 1 | efter bleser. 2

materiale rer over PM bleser teendt | To bleesere | blaeser teendt To blaesere | blzser tendt | blaesere taendt
blzeser tzndt tendt tendt
mbar m/sek Mbar mbar mbar mbar m/sek m/sek

11 -0.44 8.8 -7.4 9.4 17.9

12 |0 0 -19.5 <-23 3.5 7.2 0 0

13 - -
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Malinger i ventilationen i modul 11-15
Mo | Ditferens Differenstryk
dul | tryk over over blzser. 2

blaser. En blasere tzndt

blaeser tndt

mbar mbar
11 16.8
12 224
13
14 10.4 11,5
15 |8 12
Overtryk 1 samlerer for biofilter modul 11-15.
En blaser teendt 2,5 mbar
To blaesere taendt 7,5 mbar
Trykmalinger pa ventilation i modningsbokse

Milingerne foretages med teendt bleeser
Modningsboks Metode Tryk position 1. Tryk position 2. Tryk position 3. Lufthastighed
mbar mbar mbar position 2. m/sek

1 - % fyldt — defekt | Ombejet slange - - - -
2 —2/3 fyldt Ombajet slange 5,0 3.9 1.4 214
3 — fyldt Ombajet slange 5,2 3.5 1,2 24,4
4 — fyldt Ombejet slange 5,2 3.8 1.4 24,0
5 — fyldt Ombejet slange 5,2 3.9 1.6 23.8
6 — fyldt Ombajet slange 5.1 3.5 1.0 23.1
6 - fyldt Hangende slange 4.9 1,2 0,2 -
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App. 2.3.4 Analyse og optimering af sprinkler og pumpesystem i AIKAN® pro-
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Test og forbedringer af sprinklere og pumpe system i pro-

cesmodulerne

Formdlet er at:

¢ Vurdere aktuel vaeskefordeling med det eksisterende setup.

e Foresld a&ndringer vedr. valg af dyser, dyse placeringer og evt. filter og pumper for at opna
en fordeling, der sikrer en effektiv udvaskning af naeringsstoffer af materialet i procesmodu-

lerne.

Resume:

Med den nuveerende dyse placering og starrelse (2 x 4 dyser af @12-13mm) er ydelsen ca 200 liter
per minut perkolat og trykket ved dyserne ca 0,07 til 0.1 bar. Ved blokerede dyser (nul ydelse) er
trykket 1,6 bar ved dyserne, ved 50 liter/minut ca 1.3 bar, ved 100 liter/min ca 1,05 bar og ved 150

liter/min ca 0.55 bar.

Ved 0.1 bar falder vaesken i en koncentreret kejle fra dysen med en diameter pa ca 1 meter 1 meter
under dysen og nedbgrsintensiteten er op til 100 mm per time. Med @get tryk @ges spredediamete-
ren og nedslags intensiteten bliver mere ensartet i forskellige afstande fra dysen og maksimum fal-

der flere gange.

Dyse antal, sterrelse og placering kan andres for at opnd et hgjere tryk og en bedre fordeling af

perkolat.

Baggrund:

Né&r procesmodulerne fyldes er afstanden under sprinklerne ca 50 cm, denne afstand stiger i lobet af
udvaskningen til ca 100-125 cm. Det er vigtigt at perkolaten fordeles over materialet sledes, at der
ikke er lommer, der ikke vaskes ud. Hellere "for meget” i nogle omréder end for lidt i andre.

Sprinkleranlaegget skal have kapacitet til at overrisle med den ngdvendige maengde perkolat, vurde-
ret udfra transport af COD samt veere tilstreekkelig til at udfere gnskede forsag.

Volumen perkolat, der skal vaskes gennem procesmodulerne for at producere 100m3 methan pa
hver af 300 ton KOD i et batch i et procesmodul ndr ét gram COD giver 3.5 liter methan og COD
indholdet i perkolat fra procesmodulet er 30 g/liter og COD indhold i perkolat, der sprinkles over

KOD er 15 g/liter er beregnet i tabel 1.

Tabel 1. Beregning af perkolatmaengde til udvaskning af et batch KOD i proces-

modul

Perkolatmaengde =

[ ( 100 m3 methan/ton KOD x 300 ton KOD x 1.000 liter/m3) / ( 3.5 li-

ter methan/g COD )] /

(30 g COD per liter— 15 g COD / liter)

Forudsatninger
KOD Tons 300,00
Methan udbytte / KOD m3 / ton 100,00
Methan / COD liter / gram 3,50
COD perkolat ind glliter 30,00
Page 2 of 15
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COD perkolat ud g/ liter 15,00
Beregnet perkolat-

mangde

Perkolat til udvaskning liter 571.428,57
Perkolat til udvaskning m3 571,43
Beregnet pumpe drift tid

Pumpeydelse m3/ time 12,00
Effektiv pumpe drifttid % af tid 50,00
Drifttimer Timer 95,23
Driftdggn Dggn 4,00

Konklusion: Dyser samt gvrigt anleeg ma ikke dimensioneres sdledes at pumpeydelsen falder mar-
kant under 12 m3 per time. Da en andring pd 1.0 cm i perkolat niveau i proces tanken svarer til
41,56 liter, kan pumpekapaciteten kontrolleres ved at dividere saenkning i vaeskestand malt i cm
gange 41,56 liter per cm med tiden i sekunder det tager, at lave den pagealdende veeskesaenkning.
Med den eksisterende dysemontering er ydelsen 200 liter per minut svarende til

Proces Tidforat-m;g 3PHTZ | +gd 2o 8_<§ED° 13 + 4
Modul |senke | &3 | 23 LBxX | L% 3= =B34 gi 2%
vaske- 8 e 8g3 | Aa3% 2120 +3 |a5 gl
n < IS< B & 9 |22 | & o] o @
tanden 22 | 3o 57 |33 T8 =28 Ko |3 3
S ~Z2 @ @ =] ) @ (=3 = (=% a
10 cm -5 a @ =8 = - @ ° 2 5 3
aa® © 57 @ S = @ @
a —_ o~
1 3,522 1,67 | 0,94 0,78 |0,82 | 0,3 |01 |0,10
6
2
3
4 122sek |34 | 12,4 0,08
5
11
12
13
14
15

Trykmdlinger i sprinklersystem i Procesmodul 1
e Pumpen giver et max tryk malt 135 cm over vaaskestanden i pumpebrgnden pa 1,67 bar, til-
lagt vaeskesgjlen giver det et max tryk pad 1,81 bar. Ifalge ydelseskurven for pumpen skulle
max tryk veere 21 mm vandsgjle svarende til 2,07 bar, 8,7% under forventet.
¢ Ved normal pumpefunktion med 4 mm filter og 8 dyser boret op til ca 12 mm er ydelsen 3,5
liter per sekund og trykket for filteret 0.94 bar, efter filteret 0,78 bar og ved dyserne ca 0,1
bar. Ved montering af 10 mm hulfilter, var trykket efter filteret 0,82 bar.

Page 3 of 15
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o Tryktabet over filteret er lille set i forhold til det samlede tryktab i systemet. Det kan
dog nok veere en fordel at have en hulstgrrelse i filteret, der kun er et par millimeter
mindre end dysestgrelsen.

o Trykket ved dyserne er uforklarligt lavt — tryktab i rer — malefejl ------

o Max opnéeligt tryk ved dyserne med blokerede dyser ber veere 1,23 bar ved 0 ydelse

o Mindre dyser vil giver markant mindre ydelse. En reduktion i ydelse pd 50% skulle gi-
ve et eget pumpetryk pd op til 0,5 bar. Det kan ikke bregnes og ber verificeres ved
mélinger.

o Nzeste skridt er at eendre antallet af dyser og sterrelse af dyser og se hvordan det aendrer
tryk ved dyser og nedslagsfordeling.

o Alternativt laves en tryk/ydelses kurve ved sprinkler reret i loftet. Alle dyse udtag proppes til
og der monteres en kugle hane for enden af et af rgrene. Trykket i roret males ved forskellig
ydelse (3bning af kugleventilen ). Ydelsen bestemmes ved tiden det tager at saenke vaeske-
standen 10 cm (415 liter).

Gentagne registreringer i Procesmodul 4 gav en middeltid pa ca 120 sek for at seenke veeskestanden
10 cm. Det svarer til en pumpeydelse pa 3,4 liter per sekund. Ifelge ydelseskurven for pumpen
DL50-15, ( http://www flygt.di/1282306.pdf ) modsvarer en ydelse pd 3.4 liter per sekund en leftehgjde
pd 16 m eller 1,58 bar. Vaesken lgftes ca 5,6 m fra procestanken til sprinkler, det giver et tryktab pa
0,7 bar. Trykket ved dyserne er malt til 0.1 bar. Forskellen fra det forventede pumpetryk (1,58 —
0,7 - 0,1 bar ) pa 0,8 bar ma forklares ved tryktab i ror og filter og nedsat pumpeydelse. @nskes hg-
jere tryk ved dyserne for at opnd en bedre veeske spredning, kan det opnds ved mindre ydelse
(mindre dyser) og eller begreensning af tryktab i rgr og filter.

Perkolat i rorsystemet til dyserne lgber tilbage i procestanken ndr pumpen slukkes, derved renses fil-

teret. Fra den 1 dyse sprinkler til den 4 dyse sprinkler gar der ca 7 sek. I forhold til en pumpetid pé
120 sek, sprinkler dyse et i 6% laengere tid end dyse 4.

Metode:
o Nedslagsprofiler (ydelseskurver) for forskellige dyser bestemmes i en testopstilling afhaengig
af dysehgjde og tryk.
« Forskellige modeller for dyseplacering, type og tryk overvejes udfra det nedbgrskort det vil
give i procesmodulerne i forskellig hgjde under dyserne.

¢ Ydelseskurverne fra testopstillingen kontrolleres i praksis i procesmodulerne malt 50cm og
100 cm under dyserne.

Procesmoduler:
Trykket ved sprinklerne er 0.10-0.11 bar. Der er praktiske taget ikke tryktab fra fra 1 dyse ved bag-

vaeggen til sidste dyse ved portdbningen. Dyse 1-3 malt fra bagvaeggen er boret op til @12-13 mm,
dyse 4 er boret op til @11mm og dyse 5 er lukket.

Page 4 of 15
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Dyse placering mélt fra bagvaeg og side

Dyse nr Afstand fra bag- | Afstand fra Afstand mellem dyser,
veeg sidevaeg f.eks dyse 1 til dyse 1

1 2 1,5 4

2 6,3 4

3 10,6 1,5 4

4 14,9 1,5 4

5 19,2 1,5 4

GRUPPEMN

Der er lavet en opstilling, der kan méle nedslagsfordelingen 50 cm og 100 cm under dyserne i pro-
cesmodulerne. Mélingerne kunne ikke gennemferes da pumpen gik i stykker. Malingerne foretages i

uge 23.

Pumper Flygt DL50.15. ( http://www flygt dk/1282306 pdf )
e Pumpe type Flygt dykpumpe DL50-15 har en maksimal loftehajde pd 21im, her gar ydelsen
ned til 0.

¢ Finde ydelsen i liter per sekund eller m3 per time udfra veeskemaengde og pumpetid, ga ind

pa ydelseskurven og se hvilket modtryk det svarer til for pumpen DL50-15.

o M2l tryk for filter og evt. efter filter

22

20

18

16

14

12

10

H[m]
N [T 111
3 Her ligger vi med op-
rindelig dysemontering
N N (2 x 4 dyser af ca @12-
N
\\\\
NG N NG
SN N
~N N
\,\ - N
\\\ N \\
\\\\\ \\ 50.11/50-15
45-:\ 66 \45-11
2 4 970 11 712 gy
O & 10 15 20 25 30 35 4o Qmh
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Forsogsopstilling til méling af dysekarakteristik

Forsagsopstillling til maling af nedslagsprofil for de enkelte dyser afheengig af tryk og dysehejde er
udfert ved dysehgjde 50, 100 og 150 cm og tryk 0.25 0.50 og 1.0 bar. Der er lavet nedslagsprofiler
for dyserne Lechler525.109.30, Lechler525.229.30 og Lechler525.269.30, der har en hul diameter p&
henholdsvis 9.2 mm, 12.2 og 12.3 mm og en ydelsen ved 0.5 bar pa 28 liter/min, 56 liter/min og 70
liter / min. Den sidstnaevnte dyse med hgjeste ydelse har konisk udboring, hvorimed de to andre har
skarp overgang fra ca. 15 mm og ned til den pdgzeldende starrelse.

Page 6 of 15
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Nedslagsprofil dyse Lechler 525.109.30, ved 0,1, 0,2, 0,25 0g 0,50
bar i forsegsopstilling og 50 og 100 cm dysehgjde samt pa
biovakst ved ca 0,08 bar

120,00
100,00

80,00 A

60,00 l \/ -

40,00 .\Y\
20,00 j JA

ydelse (mm/ time)

0,00 A e S
0 1 2 3 4 5
afstand fra dyse (m)
. s0cm, 0.tbar  —=—100cm, O,1bar  50cm02bar |
I 100 cm, 0,2 bar —}— BV 50cm0,08bar == =B\ 100cm 0,08bar I

—+—100 cm 0,25 bar 100 ¢cm 0,50 bar 100 ¢m 1,0 bar

———————————— — — — — ]

Figur 1. Eksempel pa nedslagsprofil for en dyse ved et tryk og variabel dysehojde.
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ydelse (mm/ time)

Nedslagsprofil dyse Lechler 525.229.30, ved 0,1, 0,2, 0,25 og 0,50
bar i forsggsopstilling og 50 og 100 cm dysehgjde samt pa
biovakst ved ca 0,08 bar

120,00
100,00
80,00
60,00
40,00
20,00

0,00

2 3 4
afstand fra dyse (m)

——50cm, 0,1bar
——100cm, 0,2 bar
—+— 100 cm 0,25 bar

—#— 100cm, 0,1bar 50 cm 0,2 bar

== BV 50cm(0,08bar =—® =BV 100cm 0,08bar

100 cm 0,50 bar 100 cm 1,0 bar

Page 8 of 15

um’

GRUPPEM

44/96



gy Solum

GRUPPEMN

Nedslagsprofil dyse Lechler 525.269.30, ved 0,1, 0,2, 0,25 0g 0,50
bar i forsggsopstilling og 50 og 100 cm dysehgjde samt pa
biovakst ved ca 0,08 bar

120,00
= 100,00
E
Z 80,00
E
E 6000
?
@ 40,00
=]
>
20,00 =
0,00 ¥ — e
4 5
afstand fra dyse (m)
——50cm, 0,1bar —=&— 100cm, 0,1bar 50 cm 0,2 bar
100 cm, 0,2 bar — %= BY 50cm 0,08bar =—® =BV 100cm 0,08bar

—+— 100 cm 0,25 bar 100 ¢cm 0,50 bar 100 cm 1,0 bar

Pladens udformning / overflade kan sandsynligvis lzse problemet med manglende veeske under og i
lille afstand fra dyssen. Pladens udformning vil ikke kunne gge spredediameteren.
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Figur 2. Tryk - ydelseskurve malt under loft i procesmodul 3 pa
Biovakst med pumpe DL50-15 den 15 juni 2010

Indlagt kurve er linezer regression med 4 ordens polynomium

2
Onskes 1,0 o

J bar er max @nskes 0,5 / QOprindeligt 8
_ 15T ydelsen 100 b:r i dvstélr b°rlezt
8 liter per yaelsen optlca
z ; mm.
> j Vdoloo AnA T
5
=
: \ y = 1E-09x¢ - 4ﬁ0/7x3 +7E-06x2 - 0,0028x + 2,5857
= 0.5 RZ =0,9889
k]
2 u
® 9 : : ; N

0j0 50,0 100,0 150,0 \290,0 250,0 300,0
y = 3E-09x* - 1E-06x? + 0,0001x2 - 0,0083x + 2,5874
05 R2=0,9907

Perkolat ydelse (liter/min)

¢ Slange nedforing = Rer nedforing == Poly. (Slange nedfering) == Poly. (Rer nedfaring)

Figur 2. Tryk - ydelseskurve mélt under loft i procesmodul 3 med pumpe DL50-15 den 15 juni 2010

ydelse per dyse
Samlet ydelse I/min
tryk I/min 4 dyser 14 dyser

1,25 75 18,8 54

1 100 25,0 7.1

0,75 125 31,3 89

0,5 150 375 10,7

0,25 175 43,8 12,5

Afsluttende opgaver:
1. Ydelseskurver for standarddyser og udborede dyser méales ved 0.1 og 0.2 bar i hgjderne

50cm 100cm og evt 150cm.

Male tryk far og evt. efter filter, og max tryk ved blokering af afgangsrer.

Male fordelingsprofil 50 og 100 cm under sprinklere i procesmodul for standarddyser og egne

udborede dyser.

4. Er der mulighed for at @ge trykket ved dyserne ved at sendre dyseantal, hulstgrrelse i dyser,
filter eller pumpe?

5. Vurder nuveerende ydelse p& pumpen ydelse/tryk kurve, lav forsagopstilling i Proces Modul
med kuglehane, trykmaler og beholder til maling af ydelse.

6. Udfra ovenstdende foresla evt. sendringer i dysevalg, antal og placeringer.

2.
3.

Page 10 of 15
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Placering af sprinkiereprocesmoduler
Modylsfedde 7,5 m

MaX. Sprinklerdiameter 3 m

Malestok 1:50

@
C
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Placering af sprinklere i procesmoduler
Modulbredde 7,5 m

Max. Sprinklerdiameter 4 m

Malestok 1:50

Page 13 of 15
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App- 2.3.5 Model: Gas engine emissions of CH4 & CO2

Beregning af metan-tab som funktion af methan og 02 indhold udstedning.

Felter med gul skal udfyldes.

metan i udstadning {ppm) 500,00 ppm

biogasflow (m3/h) 68,00 m3,/hour

CH4 i biogas (%) 70,00 %

C02 i biogas (%) 26,00 %

*brgkdel H20 som gas | udstgdning v 0,00

brokdel 02 i udstedning d 0,05

CH4 flow (m3/h) a 47,60 m3/hour

C02 flow (m3/h) b 25,26 m3,/hour

N2/D2 i luft c 3,78

stgchiometrisk faktor x 1,30

udstadningsflow (m3/h) 569,37 m3/hour

metanforbrug (kg/h) 34,00 kg/howr

tab af metan (g/h) 203,35 gfhour

Tab af metan (3%} 0,60 %

*Hvis der males i varm luft er vsl, i kold luft er V=0
I 0=2av ]

Mazsebalance for forbreendingsprocessen: ""b'“f*d'-' 1o
Chit+202=C0242H20 CoZ-a1 e g o
W LEning,
N2=2aun
O2=2ax 28
b de Fluw, =2 alvtlix taslredale-1)
NZ=Zacx

C=MI%,/02%=1,78

Indsugmning _— Gianrncal o » Udstedning

=02 HIOHC OB+ 02 = 2a
x-2a)Fhow, .. Heral beregmes

CH4=a e 2asadsdbe Dalu-13d}i 2301
wkal)
COZ=h
Biogas

Aug ber Mow | m3h

oo o af@chipmebrick Liklor, som AT, Teiar gl o2
veershuel der e i innbsuzmirgen (K- 1 betydes, gt der ooy e nuk
it Ll at cendere mitanen fuldstondagt.
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Beregning af CO2 udslip gennem motor (forbranding og biogas €02 indhaold)

biogasforbrug (m3)

metan i udstedning (ppm)
biogasforbrug (m3)

CH4 i biogas (%)

C02 i biogas (%)

*brgkdel H20 som gas | udstgov
brgkdel 02 i udst@adning d

CH4 flow (m3/h)
£02 flow (m3/h)
NZ/02 i luft
stgchiometrisk faktor

E R ST ]

udstadningsflow {m3/h)

44114 m3
500,00 ppm
47,00 m3

70,00 %
25,00 %
0,00
0,05

3280 m3/hour
16,79 m3/hour
3,78
1,30

392,65 m3,/hour

metanforbrug (kg/h) 23,50 kg/hour
tab af metan (g/h) 140,23 g/hour
Tab af metan (%) 0,60 %

*Hvis der males i varm luft er v=1, i kold luft er V=0

Methan forbrug 3087980 m3
methan tab 184,27 m3
Forbrandt methan 30695,53 m3
Forbrandt methan 2192538 kg

C02 mengde ved forbranding 60120,61 kg

CO2 mengde i biogas 11028,50 m3
CO2 meEngde i biogas TETIT.50 kg
Udledning af CO2 gennem motor 567958,11 kg
IUdIE dning af CO2 gennem motor 58,00 ton I

2010 CO02 motor CH4 udslip motor
ton %

kvt T

2.kt 105

3. kvt 62,88

4. kvt a7 0.6

ATD 283

um
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biogasflow a7
CH4 i bioga 75
CO2 i biogz 26
CH4 flow [ra 35,25
CO2 flow [rb 16,29333
M2/02 i lufc 3 784689
*brgkdel H v o
brakdel 02 d 0,05

*Hyis der males i varm luft er vsl,

flowud

-~

_..--""""f
f
..—'—'-'-'—'-—--—_

— flowyud

o 0,02 0,04 0,06 0,038 0,1 0,12
brakdel 02 | udstadning
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metan i udstpdning (pg

i kold luft er V=0

d

0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08

0,09
0,1
0,11
0,12
0,13
0,14
0,15
0,16
0,17
0,18
0,19
0,2
0,2089
0,22
0,23
0,24
0,25
0,26
0,27
0,28
0,29
0,3
0,31
0,32
0,33
0,34
0,35
0,36

OO O O oD OO D00 00 000 000000000000 00000000000

3

1,256753

251

1
1,047427
1,099873
1,158179
1,223385
1,235753
1,380055
1,475258
1,585304
1,7138
1,855874
2,048563
2,272542
2,553082
2,914961
3,399487
4,081803
5,11401
£,858083
10,43802
21,97338
1572,603
-17.878
-3,33588
-5,30536
-4,75439
-3,81154
-3,17743
-2,72204
-2,37904
-2,11144
-1,89532
-1,72087
-1,57401
-1,44358
-1,34277
-1,25012

flowud

318,3635
3343621
352,0532

371,721
393,7163
418 4783
446,5641
478,6911
515,79E83
555,1433
10,4409
672,1016
747 6186
B42,2538
9564,3197
1127764

1357,92
1706,104
2284 416
3502,003
7353,117
EE5380,5
-5048,91
-3168,43
-3145,39
16232,88
130457
-1090,79
-537,156
-821,457
-731,187
-658,7583
-559 442
-549,5901
-507,924
-471,501
-440 645

udstpdning

metanforb

tab af metz

Tab af met:

4184783

25, 17857

B5,98371

0,345487
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App- 2.3.6 Abstract: Standard model financial and technical scalability of AI-
KAN®

. & m (LAY 1
(VAikan g s

CLBLMTRCH WY L 4 R

Turning Earth Triple Play™
powered by Aikan Technology™

Project Madison

Teehtical aAd Fiaansial EXtimans
vErsion 8.4

Praject to be davelapad in Ma, USA

August 16, 2011

¢ 3 Solum
% TURNING”
W' EARTH
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Table of Contents

Massz Balance 3

Technical Overview 4

This finencial model is based an @ series of assumpiions, batk financial and market-related. in adaltion, the
historical operational experiencas of the ANAN plants have bean used as a bullding block for this forecast. AKAN
A5 assurres no fability for the abidance of the key data In the project.

Frint date: August 23, 2011
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Technical Overview

Dresign
Tokal Waste Capachty Incl. structure
ndustrial, Commercial and Instikuticnal [1C1)

Grganic Fraction

Slogas Yield (T0% methane]
Slogas ¥ield (T0% methare]
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[ 22500 e v e e
[ 7800 e e e e
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App. 2.4.1 Documentation and energy optimization of AIKAN®

Documentation and energy yield optimisation of AIKAN® -
a two-stage biogas technology for the organic fraction of
municipal solid waste — biogas potential and efficiency

M.B. Kristensen*, B. Jornsgard* and H. Uellendahl**

*Solum Gruppen A/S, Vadsby Streede 6, DK 2640 Hedehusene, Denmark
**Section for Sustainable Biotechnology, Aalborg University Copenhagen,
Lautrupvang 15, DK 2750 Ballerup, Denmark

(E-mail: hu@bio.aau.dk)

Abstract

The efficiency of the AIKAN® two-stage biogas process for the source-sorted organic frac-
tion of municipal solid waste (OFMSW) was investigated by methane potential analysis of
the waste input and monitoring the hydrolytic and the methanogenic activity in the two
stages of the process. The analyses revealed that the bottleneck of the whole degradation
process can be rather found in the hydrolytic first stage while the methanogenic second
stage revealed high efficiency. Consequently, in order to increase the energy yield of the
whole process measures should be taken to improve the hydrolysis process in the first
stage.

Keywords
Anaerobic digestion; biogas; compost; two-stage, flexible process; source-sorted, organic
fraction of municipal solid waste; processing module; percolate

INTRODUCTION

The Danish company Solum A/S has developed a two-stage dry anaerobe digestion process
labeled AIKAN®, which is able to convert organic household waste, garden waste, sewage
sludge, leftovers from food production, and other organic waste into biogas and compost ma-
terial. The treatment of solid waste at AIKAN® involves pre-sorting of the waste and mixing
with woody structure material before loading the waste into the airtight process modules
where anaerobic digestion followed by composting transforms these into biogas and sanitized
compost. The process lasts for 7 weeks; 2-3 weeks of anaerobic digestion and 4-5 weeks of
composting. After this fully enclosed process the compost is matured and screened and sold
as fertilizer to farmers. The reject from the last screening is reused as structure material after
removing metals and plastic.

The AIKAN® process is a feed-flexible process and organic waste of different purity and
structure can be processed due to a robust screening process prior to the loading of the process
modules. The two-stage design of the AIKAN® process enables pump-free filling of the
screened waste into the 1% stage (processing module), eliminates the risk for blocking of
pumps and pipes by pumping only the percolate from the 1* stage into the o stage (biogas
reactor tank) and finally makes the change to composting conditions possible without addi-
tional moving of the waste. Furthermore, the innovative two-stage technology combines dif-
ferent microbiological processes in a sequence of different process phases and solves the tra-
ditional conflict between the wish for high loading and inhibition of the process steps (figure
1). This makes the AIKAN® technology superior to other waste treatment processes for or-
ganic waste (Hartmann and Ahring 2006).
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So far, Solum A/S has built two versions of the AIKAN® plant that are able to treat the or-
ganic fraction of municipal solid waste (OFMSW) with the recovery of energy and nutrients
that is more beneficial than by incineration as the widespread solution applied for municipal
solid waste in Denmark (Hartmann and Ahring 2006). The operation has proven robust and
viable; however, the technology is only partially documented and still holds significant poten-
tial for improving the overall energy yield. The objective of the current project was to docu-
ment a fully functional and operational plant and to identify measures for optimising the ener-
gy production. This was done by a series of tests performed at the AIKAN® plant close to
Holbak, Denmark. This plant converts 18,000 tons source-separated household waste, 5,500
tons garden waste collected in 8-10 municipalities and 4,000 tons sewage sludge into more
than 1 million cubic meters of methane, and more than 6,000 tons of compost per year (Aikan
Solum 2011). To determine the potential of the AIKAN® plant performance the methane
yield of the different waste materials used in the process was analysed in batch experiments.
To evaluate the capability of the different stages of the AIKAN® process, VFA released from
the processing module were measured and inoculum from the biogas reactor tank was com-
pared to standard inoculum from a manure-based biogas process.

THE AIKAN 3-STEP PROCESS

1. HYDROLYSIS n

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ <

A WASTE PROC ING MODULE € > R CTOR I—I
78k G
L A 4

2. GASIFICATION

WASTE PROCESSING MODULE BIOFILTER

Figure 1. The 3 steps of the two-stage AIKAN® process

MATERIAL AND METHODS

Input characterization

The input to the AIKAN® process consists of the organic fraction of municipal solid waste
(OFMSW) mixed with woody structure material. The AIKAN® process is dependent on the
structure materials to secure the percolation during the AD phase and the airflow during the
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following composting phase. The received OFMSW is screened in a drum sieve with a hole
size of 80 mm to remove plastic bags prior to the mixing with the structure material. 23% of
the received OFMSW is typically found in the rejected oversize fraction from the screening
process. The remaining screened waste is referred to as OFMSW. The structure material is a
mixture of newly shredded woody green waste structure (WG structure) and recycled woody
structure (RW structure) of the same origin. Coarse structure material of crushed wood (CW
structure) from stems and roots is distributed on the floor of the processing module before
loading to secure the function of drain and later ventilation during the composting step. The
mixing ratio for one batch of the AIKAN® plant is typically 1000 kg OFMSW: 300 kg RW
structure : 200 kg WG structure : 50 kg CW structure. The composition of the received OF-
MSW was characterized by manual separation of impurity fractions (plastic, paper, wood, in-
ert material). The screened OFMSW and the different structure materials were characterized
by their TS and VS value.

Sampling. Samples of the different waste fractions where taken according to the guidelines
given by the Swedish Waste Management Association, RVF /Avfall Sverige, (Vukicevic et
al., 2005).

Waste composition. Characterization of the waste fractions was performed by analysis of TS,
VS and pH according to standard methods (APHA et al., 1992). The composition of the OF-
MSW was characterized by manual separation of impurity fractions (plastic, paper, wood, in-
ert material).

Batch experiments. The methane yield of the different waste fractions was determined in an-
aerobic batch tests at mesophilic conditions (38+0.5 °C). Batch experiments were performed
in triplicates in 117 mL vials for all samples, filled with 0.8 — 1.4 g-V'S of biomass and 30 mL
inoculum. To account for the lower homogeneity of the OFMSW samples their methane yield
was also determined in 1000 mL vials, filled with 7.7 g-VS of biomass and 250 mL inoculum.
Two different inocula were tested for degradation of OFMSW, one originating from lab-scale
reactors at Aalborg University Copenhagen (Inoc AAU) treating manure fibers (Biswas et al.
2010) and the other from the reactor tank of the AIKAN® plant (Inoc AIKAN). Both inocula
were preincubated at 38+0.5°C for 3 days prior to the batch set-up. After adding the respective
biomass and inoculum the vials were flushed with a gas mixture of 80% N, and 20% CO; be-
fore closing the vials. Each set-up was performed in triplicates and for each inoculum a tripli-
cate of vials was filled with inoculum and water only to determine the residual methane pro-
duction of the inoculum. Methane production was monitored every 3—4 days by analysis of
CH,4 concentration in the headspace using gas chromatography with flame ionization detec-
tion (SRI-GC-310). The methane production was standardized by sampling the same volume
(0.2 mL) from the batch vials under pressure as from a 30% methane standard under standard
conditions (1 bar, 20°C). At a pressure higher than 2 bar in the vials, the pressure was released
and the amount of methane released was determined by the difference of the amount of me-
thane in the vials before and after release. The methane production in the controls filled with
inoculum only was subtracted to calculate the methane yield (mL/g-VS). The methane poten-
tial was determined after 42 days of incubation, when no significant increase in methane pro-
duction was observed.

Process monitoring. The hydrolytic and the methanogenic activity of the first and the second

stage, respectively, of the AIKAN® process was determined by measuring the volatile fatty
acids (VFAs) concentration in the effluent from the processing module and from the reactor
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tank, respectively. The VFAs acetate, propionate, iso-butyrate, butyrate, iso-valerate and val-
erate were analyzed by gas chromatography as described by Serensen et al. (1991).

RESULTS AND DISCUSSION

Composition of the waste input to the AIKAN® process

Manual separation of different fractions of the OFMSW after screening revealed 11.5% plas-
tic impurities while inert material (mainly glass and stones) accounted for only 0.3% of the
waste mass (table 1). The paper fraction, which presumably can also be degraded throughout
the AIKAN® process was contributing to almost 11% while only 0.3% of wood with a pre-
sumably low degradation was found. The TS and VS analyses of the different waste fractions
entering the AIKAN® process revealed a TS value of about 32% for OFMSW while the
structure material showed values of about 50% TS (table 2). The OFMSW showed further-
more a relatively high ash content of almost 21% and the low VS/TS ratio of the coarse
wooden structure revealed a high content of inert material (glass and stones) in this structure
material.

Table 1. Composition of OFMSW due to manual separation

Fraction (% m/m)
Food waste fraction 77.2%
Plastic 11.5%
Paper 10.7%
Wood 0.3%
Inert material 0.3%

Table 2. TS, VS analyses of the input fractions to the AIKAN® process
Sample %TS %VS %VS/TS

OFMSW 32.3% 25.6% 79.2%
WG structure 51.0% 48.7% 95.6%
CW structure 49.0% 27.4% 56.0%
RW structure 51.0% 43.8% 86.0%

Biogas potential of input fractions

The methane production in the batch experiments reveals both the conversion kinetics and the
final methane yield for the different waste fractions. The course of the methane yield (figure
2) showed a lag phase of about 8 days when using the AAU inoculum from a process running
on manure fibers while no lag phase was detected when using inoculum from the reactor tank
of the AIKAN® process. This reveals that the anaerobic microorganisms in the reactor tank of
the AIKAN® process are well adapted to the OFMSW leading to a rapid and robust degrada-
tion of the waste. The final methane yield of the OFMSW of 425 — 482 mL-CH4/g-VS shows
a high degradability of the waste assuming that most of the organic matter of the waste are
carbohydrates with a theoretical value of 420 mL-CH4/g-VS. The batch test also shows that
the set-up in 117 mL vials leads to lower deviation and low variation compared to the 1 L set-
up. The methane yield of the structure materials was significantly lower, for the woody green
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waste structure and coarse wooden structure 50 — 60 mL-CH4/g-VS and for the recycled
woody structure below 10 mL-CH4/g-VS. Together with the respective VS concentration of
the different waste fractions (table 2) this results in methane potentials per ton of material of
113.7 m3-CH4/t in average for OFMSW and between 2.5 and 29 m’ -CHy/t for the other frac-
tions (table 3).

The results indicate that most of the methane potential stems from OFMSW while the contri-
bution of methane production from the structure material is only small. The percentage of me-
thane from OFMSW will be even higher in daily operation due to the fact that easily degrada-
ble organic matter is only found in the OFMSW and process time is the limiting factor. The
structure material will mainly be degraded during the following composting phase. In order to
identify the key points of the process for boosting the energy yield of the AIKAN® plant the
efficiency of the different process stages was monitored.
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Figure 2. Cumulative methane yield of OFMSW (with AAU and AIKAN inoculum in both 117 mL and 1L set-
up) and the different structure materials with AAU inoculum in 117 mL set-up; error bars indicate standard devi-
ation

Table 3. Fraction distribution and methane yield for the input to the AIKAN® process
Mass in

Sample input Methane potential
kg mL-CHy/g-VS ~ m’-CHy/t
OFMSW 1000 444.5 113.7
WG structure 200 59.5 29.0
CW structure 50 53.9 14.8
RW structure 300 5.7 2.5

Hydrolytic activity of the AIKAN® process
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The hydrolytic activity during the start-up of the process was monitored by VFA analysis in
the outlet of the processing module. The results in table 4 show that acid production started
during 24 hours after percolation of the processing module, producing acetate, propionate and
butyrate in significant amounts. The peak production of these acids was found on days 12 and
15 and declining to low acid production 39 days after start-up. The peak production for iso-
butyrate was found on day 22. During the first days of process start the effluent from the per-
colating module was mainly drained and only small amounts of the effluent from the reactor
tank were percolated over the waste in the processing module (figure 3). Accordingly the pH
of the effluent from the first stage is low in the beginning and increases significantly after day
15 when higher amounts of the effluent from the reactor tank are percolated.

Methanogenic activity of the AIKAN® process

The conversion of the acids into methane by methanogenesis in the reactor tank was moni-
tored by VFA analysis in the effluent from reactor tank. The results in table 5 show generally
low levels of all VFAs, indicating rapid conversion of all VFAs from the processing module
in the reactor tank. The acetate concentration showed a peak of 23 mM 8 days after process
start-up, and was lower than 16 mM on day 15, when the acid production from the processing
module was still high. This indicates high activity of VFA degrading and methanogenic mi-
croorganisms in the reactor tank.

Table 4. Concentration of acetate, propionate, butyrate and valerate and pH in the effluent of the processing
module

Day after pro-  Acetate  Propionate bulti/(;tte Butyrate V;lS:r-ate Valerate  pH
cess start mM mM mM mM mM mM
1 114.74 32.12 0.31 20.73 0.39 3.68 4.6
8 152.01 37.23 0.93 33.78 1.12 6.55 5.3
12 196.36 40.09 5.21 71.34 6.45 24.37 6.4
15 176.68 41.68 6.08 56.88 6.32 18.92 7.6
22 152.79 31.64 15.56 26.71 491 9.91 8.1
29 128.20 29.46 7.02 10.45 3.41 4.14 8.4
39 86.38 27.52 3.26 2.94 2.73 1.86 8.6
Table 5. Concentration of acetate, propionate, butyrate and valerate and pH in the reactor tank
Day after pro-  Acetate  Propionate buItSy(;;lte Butyrate V:lse?r_ate Valerate  pH
cess start mM mM mM mM mM mM
8 20.73 1.90 0.15 0.52 0.15 0.30 8.4
12 21.63 1.82 0.78 1.84 0.32 1.16 8.6
15 23.27 1.06 0.09 0.30 0.08 0.17 8.4
22 15.76 0.39 0.02 0.13 0.03 0.05 8.4
29 14.06 0.45 0.04 0.12 0.06 0.05 8.4
39 0.18 0.00 0.00 0.00 0.00 0.00 8.3
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The total flow of VFAs released from the processing module and from the reactor tank after
start-up (figure 3) is calculated as sum of the measured VFAs, converted as g-acetate/L, and
multiplied with the flow of the effluent from the respective stage. This also reveals that the
hydrolytic activity was highest between day 8 and day 15 and declined after this period (fig-
ure 3). The persisting low VFA flow from the reactor module also when the feed from the
processing module is high reveals that the AIKAN® process is very robust in terms of con-
version of the acids from the hydrolytic stage in the methanogenic stage in the reactor tank.
Together with the results of the batch experiments with the inoculum from the reactor tank it
can be concluded that the methanogenic step of the AIKAN® process is highly efficient.
Therefore, the bottleneck of the whole process leading to lower practical yields than the po-
tential is rather in the hydrolytic step in the processing module.
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Figure 3. Percolate flow and flow of total VFA released from the processing module and in the effluent from the
reactor tank after start-up of the process

CONCLUSION

The batch experiments reveal that the OFMSW delivered to the AIKAN® plant has a high
methane potential and is relatively easily degradable. The added structure material only con-
tributes to a minor percentage of the final methane yield. Comparing the methane potential of
the OFMSW with the average methane yield achieved at the AIKAN® plant reveals that the
energy potential of the waste is not fully exploited in the current process operation. The rapid
conversion of the waste by using inoculum from the AIKAN® reactor tank together with low
VFA concentrations in the reactor tank indicate that the methanogenic process is highly effi-
cient. Further optimization of the AIKAN® process should therefore target on a higher con-
version of the organic matter of the waste into VFAs and other easily degradable compounds
in the hydrolytic stage in the process module. One measure could be to improve the contact of
hydrolytic microorganisms in the percolate with the waste in the first stage processing mod-
ule.
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App. 2.4.2 Documentation and energy yield optimization of AIKAN® - a dry an-
aerobic digestion technology
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Resultater TS, VS, pH, VFA, biogaspotentiale

Torstof (TS) og glgdetab (VS)
Tabel 1 viser analyser af TS og VS i de forskellige rmaterialer modtaget af Solum.

Tabel 1: TS, VS analyser i affaldsfraktioner

Preve %TS %VS %VS/TS
KOD 32.30% 25.59% 79.24%
Bundflis 97.86% 54.80% 56.00%
HPO 97.21% 92.91% 95.58%
Genbrug 97.14% 83.49% 85.95%

Flygtige fedtsyrer (VFA) og pH
Tabel 2 viser analyser af flygtige fedtsyrer i de forskellige prever modtaget af Solum.

Tabel 2: Koncentration af acetat, propionat, butyrat og valerat og pH i prgver fra AIKAN®
processen

Prgve Acetat Propionat | Iso-butyrat Butyrat Iso-Valerat Valerat pH
# mM mM mM mM mM mM
1 114.742 32,124 0.307 20.734 0.389 3.684| 4.6
2 152.008 37.234 0.931 33.784 1.120 6.553 5.3
3 196.360 40.089 5.213 71.343 6.451 24.367 6.4
4 176.677 41.684 6.076 56.884 6.320 18.918 7.6
5 152.789 31.636 15.559 26.706 4.907 9.914| 8.1
6 128.200 29.464 7.019 10.454 3.412 4,142 8.4
7 86.376 27.516 3.258 2.942 2.734 1.864 8.6
8 20.733 1.900 0.152 0.522 0.151 0.302| 8.4
9 21.628 1.825 0.778 1.843 0.319 1.160| 8.6
10 23.268 1.057 0.094 0.304 0.084 0.169| 8.4
11 15.764 0.387 0.022 0.131 0.030 0.052| 84
12 14.063 0.445 0.037 0.119 0.065 0.049 8.4
13 0.176 0.000 0.000 0.000 0.000 0.000 8.3
14 135.220 29.954 3.269 52.090 4.780 23.727| 5.2
15 133.603 24.499 2.513 37.812 3.718 16.543 | 4.8
16 221.772 5.482 0.885 15.183 2.457 3.720| 5.1
17 245.258 2.718 0.895 16.940 2.744 2.464 5.5
18 237.915 6.409 1.302 34.375 3.356 3.313 59
19 233.927 11.134 5.554 44.461 6.839 4.513 5.8
20 158.160 38.327 3.579 109.608 3.804 28.098 5.7
21 144.431 9.264 1.049 25.197 1.365 6.431 4.7
22 139.967 7.986 3.572 32.047 4.853 4.249 5.8
23 102.830 10.963 2.520 24.004 3.688 4.670| 5.4
24 96.303 13.637 2.928 23.359 3.889 5.219 5.3
25 112.051 27.225 4.059 40.048 5.401 8.559 5.2
2
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Biogaspotentiale
Figur 1 og 2 viser forlgbet af metanudbyttet i batch forsgg i hhv. 1000 ml flaske og 117 ml
flasker. Tabel 3 viser det endelige metanudbytte i de forskellige forsgg.
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Figur 1: Forlgb af metanudbyttet af KOD med forskellige inokulum i batch forsgg i 1000 ml
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Figur 2: Forlgb af metanudbyttet af KOD (med forskellige inokulum), HPO, bundflis og
genbrugsstrukturmateriale (med AAU inokulum) i batch forsgg i 117 ml flasker
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Tabel 2: Endelig metanudbyttet af de forskellige rématerialer i de forskellige forsgg

Prove Inokulum Set-up Endelig metanudbytte
mL-CH,/g-VS
KOD AAU 1000 mL 424.57
KOD AAU 117 mL 432.73
KOD AIKAN 1000 mL 438.47
KOD AIKAN 117 mL 482.03
Bundflis AAU 118 mL 53.93
HPO AAU 119 mL 59.46
Genbrug AAU 120 mL 5.66

FEREM
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App- 2.5.1 A full AIKAN Standard Operation Manual
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Aikan Standard Operational Manual
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1 Preamble
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The present operational manual addresses four main issues;

&5 Health and Safety

&4 Service and maintenance

&5 Waste treatment
t3 Eco-efficiency

The content of this manual will be taught to new owners of an Aikan facility and the staff
chosen to operate the plant.

Since staff members might change over time. It is strongly recommended that new staff

members are educated in a similar manner in the manual and reads the instructions

thorough.

The Aikan team will be available and ready to answer guestions that might arise from the
reading of this manual as well s to answer questions arising from the day to day operation

of the Aikan plant.

The manual is a dooument that relates to the Aikan plant:

The manual has been created on June 2010 by Aikan LID

Revision protocol

Date of revision

Responsible for the changes

Version number 3

Sept 2010

Aikan LtD.
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2 The Aikan plant

The Aikan plant is designed to produce biogas and compost out of municipal solid waste,
gresn waste, sswage sludge, agriculture residues and a varisty of other resources,

The output and quality of energy and compost from the Aikan plant is depending on waste
types and amounts. Thus a firm waste characterisation has to be carmied out involving
fractions and amounts, The characterisation has to be done before detailed planning of the
facility but it is also recommended that it is carried out once a year to register major
changes.

Waste tregtment is based on a good understanding among the operators for the technology
they use. It is the scope of this manual to authorize operators to use the mobile eguipment
and the Alkan technology as complete as possible

The organic waste is a source of food for 8 multitude of different spedes of microorganism.
The organic wastes oonsist of cells, forming tissue that act together via biochemical
maolecules. During biological waste treatment the tissue and cells are broken down and the
binchemical molecules are transformed while “being eaten” by microonganisms.

The Aikan technology is based on two-phases and twa processes, The solid waste is kept
solid and fluids are treated as fluids. The fluid phase is being degraded by anaerobic
microorganisms (without ooygen), whereas the solid fraction is mainly being degraded by
aerobic microorganisms (with coygen).

Biogas

Processtank

Exhaust air

e

‘4@(3
i
Soniboer +—Heat Electricty——»

The solid Biowaste = placed in process modules. In the process modules the waste is
washed out by percolation. The pencolate is used to produce bioges in the reactor tank,
where anaerobe microonganisms use valatile fatty acids and others organic chemical
compounds. The anaerobe microorganisms’ grow faster in temperatures around 38°C- 457C.
Lower temperatures slow down the growth rate and thus the biogas formation. Higher
temperature will increase growth rates and biogas formation wp to 55 2C, but then
completely stop. The risk at higher temperatures is though that the high growth rate is
sensitive to changes.

5
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The non-soluble heavier degradable solid fraction is degraded by sucking oxygen containing
air through the materials and keeping the waste moist. A great variety of aerobe
microorganisms are involved in this degradation which is most effective at temperature from
457 C to 55° C. However in the end of the compasting process the temperature is raised to
707 C. This is done to kill harmful microorganism.
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3 Health and Safety

Health and safety is the backbone of operation at the Aikan facility.

Mo one should be ill, sick or injured by going to work! Working with waste implies risks of
diseases stemming from degraded organic matter. Moving mechanical equipment can injure
you if not handled proper and gasses can cause explosions or health risks if inhaled.
Thersfore we start this manual with issues that will keep everyone safe.

3.1 Basic rules of health and safety
Ten basic rules of health and safety apply for any facility.

1. Everybody warking at waste facilities must be vaccinated against known nationally
ocourring diseases (see vaccination program)

2. Wear personal protective eguipment as reguired for the specific task (desoribed in
each practical procedure in chapter 2 and 3)

3. No smoking except in designated areas

4, Mo open fire, welding or other spark creating activity near any gas installation or
explosive liguids (gasoline, diesel etc). The plant is zone levelled according to

explosion risks _
5. Always read instructions before starting a new machinery or technical installation.
6. Do not bring dirty cloth, shoes or tools etc to the dinning hall
7. Always wash hands before eating

8. When working in wells always be 2 — one working, one to call for assistance if
needed

9. For new unknown operations ahways consider, what could go wrong and how do I
avoid or minimize a risk

10. Tell the management of any health and safety risk or acddent, that occurs during
operation — thess experience help to prevent future accidents

The best way to avoid accidents and health injury is to be precautious and plan activities
thoroughly based on knowledge. Thus if @ new task is difficult and complex always ask for
advice and discuss it with your colleagues.

|
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3.2 HACCP

3.3 Reporting deviations

The basic of safety is to leam from experience and rearrange operations every time a
potential new risk is acknowledged. New preventive procedures are implemented, wihen
such risk is acknowledged.

To acknowledge risks it is crucial that the staff report on all deviations from normal
operation these deviations are:

1. Occurred acddents
2. Situations, where a risk for health and safety has arisen
3. Occurred environmental spills, emissions or other pollution of the environment
4, Situations, that has oreated risk of pollution of the environment
The reports are given immediately to the management team, who must evaluate the report,

acknowledge the risk and create new preventive procedures.

3.4 Preventive procedures

Mew preventive procedures have to be implemented and understanding amang staff has to
be reached.
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4 Service and maintenance

To keep the plant well functioning and prolong the life of all eguipment it is important to
comply with service and maintenance intervals given for each component, mobile machinery
or other equipment. It is also important due to the fact that guaranties for a lot of technical
eguipment no longer apply in case of missing service and maintenance.

This chapter describes service and maintenance in the day-to-day operation. Service and
maintenance has to be taken care of by the staff.

In Appendix 1 all supplier documents are attached. When new eguipment, machinery or
equipment is purchased it is impaortant that this manual is kept updated with these new
materials.

4.1 Test of functionality

Every time a process module has been emptied and deaned it has to be tested for
functionality prior to refilling and closing of the gate. The plant is not in any way
complicated and tests are run quit easily

Four elements have to be tested:
1. The irrigation system
2. The draining system
3. The ventilation system
4, Generzl inspections (Any other damage registered)

The testing can be done quit simply using the tablet computer to start and stop equipment
one by one by following these instructions:

To test the immgaticn and draining system

1. Sprinklers are inspected visually

2. Drainfventilation holes in dhannels are inspected visually

3. Stand in front of the open process module and log on to operating system
4, Fill the process tank to level 100 cm by opening FT[XX]-MV02

5. Control that temperature off liguid are similar to temperature in RT

6. FT[¥X]- MVOZ is dosed

7. Open FT[XX]-MvD2
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8. While operator stands outside the open process module start PTX(]-PUO1L
9. The spreading is visually inspected

10. Stop PT[XX]-PUOL

11, Control that level recaver to 100 mm

12, Set all in automatic mode

To test the ventilation system.

1. Goto the process area and log on to the system at the computer
2. Close FT[XX]-MvO1

3. Open PM[XX]-DAOD1

4. Start van

5. Inspect that the van is running and at the Pressure Transmitter _

WEEiSggEd) shovws less than KXipRessiie

6. Close PM[XX]-DAD] test that pressure readings rise
7. Test that PM[XX]-TT01 shows expected outdoor temperature
8. 5et all equipment back to automatic mode.

General in ions

Every time that 8 module is emptied and filled it is visually inspected for function or
construction important failures or damages.

The need for repairing is evaluated
If urgent the repairing is executed immediately.

If not urgent the item is registered in a damage and failure log that is used for repairing and
maintenance planning. The repairing and maintenance planning should typically be
discussed on monthly meetings. Where actions are decided.

4.2 Maintenance

The eguipment is chosen by Aikan to work in the aggressive environment that active
binlogical process produce. However the life of instruments and equipment is prolonged by
proper regular maintenance and thus securing that functionality is maintained.

When any equipment fails to function properly it has to be repaired or changed immediately
therefore it is recommendable that & store of spare parts kept.

10
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The main procedure is removal of scale from pumps, transmitters and tubes etc. This is
done by use of citric acid. The plant is designed so that Citric acid can be cycled through all
tubes and tanks. Tanks have to be emptied however for process liguid.

The citric acid concentration is 100 kg ditric acid pr m®. Gitric acid is heated to S0°C to speed
up de-scaling.

To keep track of maintenance the maintenance and service records has to be kept; ses
Appendix 2.

How to remove scale from process tanks and heating modulkes

For remaval of scale inside the process tank a special spraying head is used, to distribute
the acid even inside the tank volume.

1. The tank is emptied for process liguid, by closing the FT[XX]-MVOL and FT[XX]-
MWO2, opening PT[[XX]-5HV0Z and starting pump PT[XX]-PUDZ pumping liguid to
reactor tank.

2. All valves and pumps are closed.
3. The spraying head is mounted on either PTXX]-CIVO1 PT] or PT[XX]-CIVDZ.

4, The process tank is filled with 2 m’ of citric acid concentration and while heating by
setting minimum temperature to 50°C. The process pump (FTXX]-PUOL or PT][XX]-
PUD2) mounted on the spraying head is started.

5. The pump runs until heating ooils and tank are cleaned.

The pump and tubes which is not used for the spraying head is deaned by connecting
PT[XX]-CIVO1 PT] and PT[XX]-CIV02 and starting one of the pumps PT[XX]-PUD1 or PT[XX]-
PUD2. Thus dtric add is recycled through the 2 pumps in the tank.

This procedure normally has to be carried out 2 imes a year.
The maintenance record is kept to keep track of deaning.

How to remove slurry and scale from tubes and BT

Every second year the reactor tank has to be deaned. The RT has to be emptied to remove
sludge from the bottom. At the same time the tubes inside the tank should be deaned for
scale,

To do so the following procedure has to be run:

1. The feeding of the RT is stopped one week in adwvance to slow down methane
production.

2. All batches attached to the RT are restarted in maintenance compost batch
program.

11
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3. One of the PT is emptied for process liquid, by dosing the FTXO)-MVD1 and FT[XX]-
MVO2, opening PT[[¥X]-SHV02 and starting pump PT[XX]-PL0Z pumping liguid to
reactor tank.

4, The RT is emptied for biogas and liquid is pumped to the temporary storage in the
gas storage tank.

5. The metal plate lid on the RT is removed and fresh air ventilation is started running
for at least 5 times volume remaoving time.

6. The slurry in the tank is removed by a vacuum tanker with a sufficiently long hose,
Staff working in the tank has to wear fresh air equipment

7. Theinput and output tubes are connected with the de-scale hose.
B. The PT (see bullet paint 3) is filled with 4 m® of citric acid that are heated to 50° C.

0. PT[[XX]-SHVOZ is opened and pump PT[XX]-PU02 is started by which mean dtric
add is droulated through the tubes inside the RT

10. The RT is remounted and refilled with process liquid
The maintenance record is kept to keep track of deaning.
How to remove scale from tubes befween PT and RT

Every 6 month it is recommended that scales are removed from tubes between RT and PT.
The following procedure is followed:

The process tank in the end of the line (further away from the RT) is emptied for percolate.

1. The tank is emptied for process liguid, by closing the FT[XX]-MVO01 and FT[MX]-
MVOZ, opening FT[[XX]-SHV0Z and starting pump PT[XX]-PU02 pumping liguid to
reactor tank.

2. All valves and pumps are cClosed.

3. The PT is filled with 4 m® of citric acid

The maintenance record is kept to keep track of deaning.

4.3 Lists of equipment

The complete plant invalves mobile machinery, pumps, vans etc.

The complete list of components with tag numbers is found in Appendix 3.
The schematic techinical process is shown in the PAI diagrams Appendix 4.

The maobile equipment of the following types and producers are chosen:

12

84/96



gy Solum’

GRUPPEMN

5 Waste treatment

The Aikan plant is designed to produce biogas and compost out of municipal solid waste,
green waste, sewage sludge, agriculture residues and & variety of other resources. Different
wastes have to be tregted differently due to structure and content. Therefore 5 different
programs for the most common standard wastes are preinstalled. However waste is differing
greatly from area to area, thus the option exist to re-program for spedal demands. It is
recommended to consult the Alkan team prior to reprogramming to avoid wastes to be
treated wrong.

Waste treatment is based on a good understanding among the operators for the technology
they use. It is the scope of this manual to authorize operators to use the mobile eguipment
and the Aikan technology as complete as possible.

5.1 Reception and registration

All wastes, residues and structure materials entering the plant, and all compost, recydable
materials and residual wastes has to be registered at the weight. Remember to have the
weight calibrated once a year for aoouracy.

It is important prior to the acceptance of waste fractions to have proper waste
characteristics, to decide which program is most suitable. This has to be given by the waste
supplier. The aim is to dedde the biogas potential, the degradability and the needed pre-
treatment.

Trucks leaving and entering the plant has to drive through the wheel disinfection area. This
is @ request from veterinarian authaority and has to be respected. Thus reception area is
considered dirty zone on inner site of the disinfection area. The trucks only move in the dirty
zane while being on the plant.

Once registered the trucks unload the waste in the waste pit designed for the specific type
of waste. The pit has to be kept suffidently empty to allow new waste to be offloaded. And
all waste pits should be empty at the end of each working day.

5.2 Pre-sorting

The waste pits are emptied for waste by the front loader, which is moving in the unclean
zone only. Waste that has to be pre-sorted (BMSW/MSW) is filled into the bag-opener
- which is mowing in the dirty zone only too.

The feed mixer parks in the whesl disinfection ditch, when loaded with waste by the front
loader (for waste). The structure material is loaded by the front loader in the dirty zone toa.

14
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5.3 Blending of waste

The feed mixer is running while loaded with waste every shovel of waste and structure is
noted sa that the total weight of structure and the total weight of waste are known.

The present scheme gives the typical blends for BMSW and Sewage Sludge.

Waate bype Waste MNew shructure Recycle strscture
PMaag (k) Maas [kg) Mags (k)

Biadeqradahle Murasipal Soiid Vasts 10co 200 300

Sewsge Sudge (Tor eopadting) 1000 300 700

It is recommended that local experience with other waste types are written in the scheme to
make it easy for any new operator to blend.

The feed mixer drives to the process module while mixing. Mo waste must be spilled on the
way since the process area after the disinfection ditch i= clean zone. Only the inner side of
the feed mixer jar is dirty zone.

5.4 Loading of process modules

It is necessary to register the total amount of waste, recycled structure and new structure
Ioaded to the process module. Thus this is registered for each filling of the feed miner
(mentioned above) and the amount is summed up for the whaole module.

The process modules are clean zone since they have been sanitized during the composting
of the last module and cleaned thoroughly. The modules are filled with waste from the inner
of the module by the conveyer belt on the feed mixer. Thus only the inner part of the
module is being re-contaminated with waste, while filling up.

The module is filled up with waste 50 cm from the roof. When the module is filled
approximately 3 meters from the gate the flooding barrier is lifted and the remaining part is
filled.

86/96



gy Solum’

GRUPPEMN

5.5 Starting the process

The gate is closed and bolted tight. On the computer control system it is confirmed that the
gate is closed, the amount of waste and structure is registered (the program will not start if
not registered) the correct program is chosen and the plant is started.

5.6 Process surveillance

The program runs through the complete biogas and compost program without operator
interference.

If process hardware failures oocur an alarm is shown on the computer screen far the
conorete component. The cause of failure must be identified and the brokeny/not functioning
component must be replaced or repaired.

0On a daily basis, it is recommended that the batch report for every process module is
checked to see that ventilation and percolation has been functioning property.

0n a daily basis the biogas reactor data: pH, temperature, inlet and outlet percolate and
bingas production and methane content is checked to see if the reactor performance is
within range.

Standard ranges for the process is given in Appendix 5.

5.7 Emptying the process modules

The process maodules are emptied by the front loader for sanitized compost. It is important
not to lift the shovel up to high into the imigation tubes. The compost is transported in the
shovel to the maturation boxes. The compost is stabled in 4 meters height.

The trenches between the aeration channels are empbed with the bobcat mounted special
deaning shovel.
5.8 Preparing the process module and maturation boxes

After emptying the process module and maturation boxes they have to be hosed and
ventilation holes must be deaned.

All sprinklers in the process modules are checked (2= described in 4.1)

Twice a year the metal plates on the drain channels are removed to remove dirt from the
ventilation/drain channels.

59 Maturation

Sanitized compost is placed in the maturation boxes, where the ventilation is started for the
concorete box.

14
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Maturation can be run as long as wanted to fit in the compost screening routines, but it is
recommended that maturation is at least 3 weeks to make compost mature.

5.10 Screening of compost
Compost is screened on a 10 mm drum screen.

The coarse fraction is screened on the wind sifter with magnetic separation and stone
separation.

Mature 10 mm compost has to be declared according to the quality assurance system.

17
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6 Eco-efficiency

The plant must perform in respect of environment and dimate within an economically sound
frame. The way the operation is carried out, is crucial to achieve these targets.

Everybody should be proud working at a fadility that: recyde organic materials and produce
environmental friendly energy without causing harm or nuisance to the environment.

To make sure that this is the case guality and performance has to be in top. This state can
be reach by simple quality measures described below.
6.1 Compost guality assurance

The compost quality assurance scheme in generally involves control of input matrials,
process and compaost sampling an analysis. On the basis of these data a compost declaration
sheet has to be worked out.

&ll compost customers have to be given the declaration to secure proper use of the product.

An example of compost declaration is given in Appendix 6.

6.2 Biogas output control

The yield (Nm®) bicgas and the quality (% of: CHs, Tz, H25) is measured continuously.
Everyday these readings should be checked to see, that they are within the expected range

(Appendix 3).
6.3 Environmental performance
Environmental performance is traditionally linked to 5 main themes:
1. Emissions to air
2. Emissions to water
3. Emissions to soil
4, Use of energy (electricity, diesel, heat etc)
5. Use of materials

The plant is designed to give as little emissions &s possible — the description of
environmental evaluation is done in the envircnmental application and environmental
permission found in Appendix 7.

The environmental performance should be followed by one central data registration system,
The Aikan team can assist in setting this system up if requested.

18
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6.4 Economic key account

The plant economy depends on how well the operators understand the plant technology and
the economy of the business. The figure below illustrates how input waste and output
compaost, energy and other recyclables influence the economy.

Concrete illustration on how input and output affects the overall economic performance -
this figure is narmally very helpful to give workers a gaod understanding of priorities.
The more waste and the higher yield of valuable products the better the economy at the
facility.
To produce a good result:

1. Always treat waste

2. Always hawve the plant running to produce quality compost and biogas

3. Avoid pollution and emissions of runoff water

4, Maintain the facility so that major break downs does not close the production

5. Minimize the use of fuel, electricity and spill in generally

A good result gives a backbone for any improvement you will need on the plant.
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App. 3.1. Plant design and layout under optimal conditions

Sews Gropzen: DIRED © aEg &1 Rikan sraig ALECTIA

i DREIEBOG
1.1 Loksisering af egnet grund

.11 Cpsege kalunrdcet ag vurdens cgnade owationer

»  Opsgge kslomridet

*  Hegistrere malige sies

= Undersage lokal o ewerorgnet planiagning

»  Unilersage infrastrukbur-mukghader

»  Opsage tigmnaeige staristiske dats | samiundet

= Affadsmamngder

= Tala med kakake myndigheder (Seste kan geres | ALECTIVS nawn, uden
it det aftipres, epm don egentlige codragsatesr orlh

117 Undersage of virdens nfnrsreoklio
o Udarbejce en rapport ovar igitagelser og antefalnger vadr. lokalisering
pé basts af indsamlede aphesrenger
= Udregne prognissr for frembidig vaskst
»  Beregning af lokalsamfundets hahoy for ot anleg.

LE3 vfacbaio ircstifing og evi cdarbajide bosinesrcase Wiar endely e
I brug for besiutning am gl

+  Med de indsamiede informationer udarbejdes en busingss case, sorm kan
AMVRNGES | 58 g earbe)de,

+  Business cazen kan senere bauges Som dakumentation B den fre mEidige
ef=rs bnug | ansagningar o bevillnger fra clontlige kasser o statte-
ordningar far At etablere ani=gget.

+  Her kunne man samtidig seraens muligheden for at apnd finarsiel stotte
fra pigmicendn lards regering eler inbernationale fande g crgsnisatia-
nar.

14 Forbanile oo evi. kabe grund

Madr Beclitning ertagat:
+  GE | markedet fer at kabe nadvendige erealer
+  Undersage loicsle priser pd jord
+ Parhandie og widarbajide kertrakler

10303 -S0LAEIKEN - S22 158 | dat B LE

91/96



Sgdare Sruppen; Dredehag 10 plabliiig & AR ARNE

Etablena kontaki £ det lokz'e jusidiske system (advokat)

1.2  Information em grund/ projektarundlag

21

Bt eise, daprkseite goo tekalk

Registrere grunden ed fakia og nivellement

Undarsege hvad der er blgmnosion | form af forsyringer og alleb
Opsoge lokale myndigheder for st [ deres avt. kv udskrevetinatal.
Er dir lawspanding/hejspaancng?

Har ledningere kapacket bl dette?

Geoteknik, boringer kabes og smtbes i gang. Prever vurderss lokalt
Geoteknisks prover sences igeledes bl Danmark for kvalitetssikring og
endalig bashitring

Endaly placering af snieg

Endelig placaring af anlzg

Analyse af grurdens geometri

Fastiarggelse af den endéics placering | h.t geckekniskn resulbaters
Der bages hansyn il fremtidig udhicketse

Byge placering b

Lidarbefela @yaist o forspnimpan st

Ldarbesdeise f layout Tor necventige forsyainger il Daggrurd of oohs-
ningar fra pkt. 121

Dverednal projekiering fra kantorat i Virum

Forhandling og godkandelse af endeligl layeut sker s

Tislatning &7 elfendlige systemer

Tigkitning tl offertlige syl attales med lckale myndghe-
derfforsyninger

Kontrakt pd etablering usarbe]des

Wejadgang til ste etableres

Samarteide med lokal rdgieer attaies

Omridet sereanss far mulige samariejdspantnene

Interviess og udvakgelss al samarbeidspartnesie) og algraensning of
camarbeidats indhotd og udstrakning

Kantrakt fechandles og indgds

L0 I03-SOLUR AT AK SR B E- 1 po B L

AN Sol

ALECTIA

um’

GRUPPEMN

92/96



Sokum Groppen: Deepebog bl ctazierng af Akan snimg

1.3 Bygningslayout/ projekt

.21

153

ALECTEA incestriels daskgnan wdarider lapawt - arkitekiteg minger
o feskrivelzar

ALECTLA aptimerer cet foreliggende layout fra Alkan

Udarbejdeloe af arkitekrbegninger g beskrivelser fram til detailorojeki-
[alii="2i]

Fokus pdl optimering og forenkling af konstruktianer

Udartsjdelos af forelalig besrvelse, s kan justeres altar layoul o9
lanci=ts materaletradibion

Arkiert og npemnor Bpout tegres sarumen
Layout fra ALECTIA tegnes sammen med procss layout
Udraretze af kvalitetssikring

Indarbejdelos af justermger
Feedles optimesring og forensding

Hovecorarekt fra arkdeit o inperiar sani hovsdprpiekl vadr, proces

Hovecprojekt - cet detaljerede prajekt udarbedes.

Hovedprajekiet udarbaides i an starre detaliagrad end rarmalt, da alle specgs-
mal | princippet soal vaere lost | prajekteringen, Ber kombineres melem de 3 fag
- arkitekt, konstruktionstag og proces.

vimd Falles incleats fra rdgivergruppen skal gransaflacdes dofirsves med fElgen-
de entrepriseskel:

lnrdarhajdar, stk kioak, belaeaning og sketra fundesing
Betonarbesjder

f== 1] o4 lukning

Indvancky firish feonrensresd ke makes

20 | bwgning

Ell produktian

Procasudetyr

Landskab

Arbepdsmiahersym
Sikre at andéaeg og arbejdsgange kewver ap Gl redevante fowe am arbejds-
milja

102103-SOLUFATKAR -572 158 1 das E- LB

zy Sol

- -—

ALECTIA

um’

GRUPPEMN

93/96



zy Sol
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1.3.5  (Sfadematerisis

Udarbejdeise af udbudsmatesiale med tibudsister, tdsplanar, beskrvelser, si-
merhved of sundhed | byggefasen, Fallesbetingalser, Arbejds- og BEygningsdats-
Deskrivelser,

1.5.6 Uderhojde budgel
Pl basis af hovedprajekiet wdarbejdes budget, som tager wigangspunkt | dan-
sk priser, der 58 justeres tl lokale prisar for det plgssidence land.

1.4 Forhamdling /tender og kontraki

Lar  Udvasigiios af fakale enbreprenaror

Inwitation af grrBdets kotesle entreprenanss (Rgentresrenerer) med henblil pd
ingledende udvaigelse af 5-8 firmaer inden for hvert g, 3-5 firmaer gr, fag
ucheEies enceigh Tl afgivelis af eoder,

Udvislgelsen of entreprenarerng amfaiter bla,
& Besag has mukos enfrepreraner
= Irdarvigw af mubge entreprenarsr
+  Besigtige referencebygpge rier
+  Tale med ticdigere byohermr
= Analyse al @ntreprenorers regrskaber
+  Projektgennemgang med fokus 04 entrearenorermes fanudsatninger for
at byde
= Genremgang af FIDIC kontraktbetingetser

Huig Salum Gruppen har aksisterends kantakber, vi disse bive scresnet pd
smmin mfide,

T2 Udseng dendar
»  WUdarbejde dokumeniter il brug for gender
«  Fremisends Gl tendes materiale bl enfreprenarame
= Inckambe spargsmdl og svare pd dsee
+  Everfuelt forebage surdering, om dele skal udtages sam bygherneiess-
rancer
»  Genremgd tender materale med entreprencrer
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App. 3.2.




