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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, Biovækst, 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 Jørnsgård, Solum 

Hinrich Uellendahl, AAU 

Morten Brøgger 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-

duction 

2010 

m a m j j a s o n d 

2011-

j f m a m j 

WP1                                 

t11 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 Jørnsgård (Solum) and Morten Brøgger Kristensen 

(Solum).  

 

It has primarily been Hinrich W. Uellendahl (AAU), Bo Pilgaard (AAU), Bjarne Jørnsgård 

(Solum), Carsten Mikkelsen (Solum) and Morten Brøgger 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  

 

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

pendix 1.1 

 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: 

 

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

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

omass.  

 Task 2.3: Optimal technical and economical capacity. 

 Task 2.4: Releasing the full energy potential  

 Task 2.5: Engineering and planning of future plants. 

 

Task 2.1: Performance of BioVækst 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. 

 

BioVækst 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 BioVækst 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. 
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Table 1 

 

 

 Table 2 

 

 

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 MWh

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

BioVækst - 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

Hera Vekst - Essence of Performance 2006-2009

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



 

 8/96 

 

 

 

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 Holbæk, BioVækst, 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, Biovækst 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, Jørnsgård 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 AI-

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: 

 

 Task 3.1: design and layout under optimal conditions  

 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 BioVækst 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 AI-

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 være 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  København K 
CVR-nr.: 59-77-87-14  

   Årsrapportskema for år __2010___. 
               

 

Projektidentifikation 

EFP-10 (angiv år)  Journalnr.: 64010-

0006 

Vedr.: Demonstration and documentation of AIKAN 

 

Titel:  EFP-10  (angiv år) 2010 

 

 

Tilsagnshaver (projektansvarlig) 

Firma: Solum A/S Telefon: 43 99 50 

20 

Adresse: Vadsby Stræde 6 E-mail: 

mwh@solum.com 

Projektleder: Martin Wittrup Hansen Telefon: 27 22 29 

42 

 

Totale udgifter (forbrug) (1000 kr.) 

 

 

Budget (tilsagn) Afholdte udg.

År 1 1.200.000 500.000

År 2 800.000 0

År 3

I alt 2000000 500000  
  

 

Tidsplan (Se regler for modtagelse af tilskud) 

  

 Godkendt projektperiode (åååå/mm): 2010/01-2011/06 

           Projektet følger den godkendte tidsplan. 

          Projektet følger ikke den godkendte tidsplan (beskrives i vedlagte års-

rapport). 

       

 

Tilsagnshaver (projektansvarlig) 

  

    ......26.08.2010................................. Martin Wittrup Hansen 

.................................................... 
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                          Dato                         Navn og under-

skrift 

 

Forbeholdt Energistyrelsen 

 

Sagsbehandling: 
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1. Projektets faglige fremdrift (hvilke faser eller hovedaktiviteter, der er afsluttet, 

opfyldelsen af de faglige delmål, hvilke resultater, der er opnået) 

 

Der er i projektet gennemført en omfattende ombygning af anlægget i Holbæk. Der er 

etableret måleudstyr og procedurer, således at energiproduktionen kan logges. Der er 

gennemført test af vores sprinklersystem, som er essentielt ved udvaskning af nærings-

stofferne. Ligeledes er anlægget gennemtestet for tryktab, med henblik på at optimere 

blæserydelsen. Den nye motor er i drift og der produceres tilfredsstillende el og varme. 

Gassens kvalitet er overraskende god - højt (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 væskestrømme. Ligeledes evalueres potentialet i vo-

res modtagne affaldsstrøm. 

Optimeringsmæssigt har vi valgt at ombygge to af de ti driftsmoduler til forsøgsmoduler. 

Her er det muligt tæt at følge hydrolysen og komposteringen af affaldet, med henblik på 

at identificere optimeringspotentialer og besparelsesmuligheder. Disse er i drift i løbet af 

september. 

Endeligt er etableret to forsøgsanlæg - mindre enheder (3m3 moduler) og tilhørende re-

aktorer, hvori vi kan gennemføre forsøgsrækker, med forskellige parametervariationer og 

forskellige affaldstyper. 

 

2. Tidsplan: følges tidsplanen? Hvis ikke, oplyses årsag og konsekvenser for realisering af 

projektmålene og resultatudnyttelsen. Det angives endvidere hvilke foranstaltninger, der 

tænkes foretaget for at indhente forsinkelsen. Såfremt projektet indgår i sammenhæng med 

andre projekter angives, om forsinkelsen vil have konsekvenser herfor. Såfremt 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 forløb 

 

Projektet bliver udvidet en del, da vi sammen med Kara/Noveren og Vestforbrænding har 

valgt at investere i at "opgradere" Aikan anlægget i Holbæk til et demonstrationsanlæg. 

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, ændringer i projektets aktualitet) 

 

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

re. 

5. Eventuelle supplerende oplysninger 

 

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

mer. 

  

 

Der er vedlagt revisorerklæring for følgende projektdeltagere (deltagere, der fået tilsagn 

om tilskud på 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 væsken over procestanken lidt længere for at opretholde den lave pH – bare husk 
at det skal alligevel ikke være alt for længe. Og især er VFA’erne en vigtig parameter for at se om hydrolysen 
er godt i gang. Mht. temperatur så vil jeg hæve det i både PM og RT. 
Bo (vores tekniker) har ingen planer om at holde ferie i oktobermåned, derfor kan i sagtens sende prøverne i 
uge 42. Jeg kan lige meddele at jeg er på en konference i uge 44. 

Jeg kan godt se på udviklingsplanen for Aikan. 
 
Mange hilsner, 
 
Hinrich 
(Header removed) 
Kære Hinrich 
Tak for dette – lige hvad jeg håbede. 
Ja vi laver selv COD løbende. 
Pt. er vi gået igang med at teste ideen med at holde pH lav i Procestanken så længe som muligt, ved at recirku-
lerer væske over modulet i længere tid. Dels for som du forslog at forlænge hydrolysen i PM og dels undgå gas-
dannelse ti PT. Vi har ikke resultater endnu men håber jo at vi vil kunne se direkte effekt på metandannelsen, 
subsidiært i COD concentrationen. 
Ville du hæve tempraturen i RT eller i PM? 
Mht hvornår I skal regne med at udfører praktisk arbejde:  

1.       affaldssammensætningen er relevant medio oktober ( er der noget med efterårsferien uge 42 er dårlig?). 

2.       VFA er jo egentligt relevant netop det næste stykke tid af hensyn til forsuringsforsøgene – det skal jeg lige diskuterer med 

Bjarne i morgen.  

 
Jeg vender tilbage med tidsplan for Jer. 
TOC kan vi  undvære eller finde nogen andre til. 
 
Jeg har et håb, at du måske på et tidspunkt kan have tid at læse og kommenterer en udviklingsplan for Aikan 
på lidt længere sigt. Det er noget jeg sider og nørkler med og egentligt et internt dokument, men jeg tror dit 
input ville være værdifuldt – og det kunne måske også afstedkomme nogle projektideer sammen? 
 
Med venlig hilsen / Best regards 
 

 
 
Morten Brøgger 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 forsøgsplan. Jeg vil gerne præcisere den lidt. Som jeg husker fra vores samtale vil vi lave 
følgende analyser: 

-          Biogaspotentiale på det tilførte husholdningsaffald (med og/eller uden strukturmateriale) 

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

strukturmateriale) 

-          Løbende analyser af VFA under forsøget (prøvetagningssted og hyppighed skal aftales) 

-          TOC kan vi ikke lave hos os 

Jeg går ud fra at i selv laver løbende COD målinger under forsøget, både opløst og partikulær som vi talte om 
til mødet. Jeg vil gerne være behjælpelig med at evaluere målingerne løbende for at bedømme 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 ændringer på anlægget. Den samlede opholdstid i hele sy-
stemet vil også komme med hvid der måles den samlede producerede biogasmængde over tiden. En anden pa-
rameter er selvfølgelig temperatur, hvor jeg vil klart anbefale 52 grader, men det gik jeg ud fra er ikke lige så 
nemt at ændre på. Men hvis det kunne lade sig gøre på det lille forsøgsanlæg, vil jeg mene i skulle prøve det. 
 
Med venlig hilsen, 
 

mailto:mb@solum.com
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Hinrich 

 
 
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) 
 
Kære Hinrich 
Vores overbliksplan er her. 
Vi har ikke som først tænkt skrevet ….der tages xxx antal prøver da dette afhænger af formålet. 
Status nu er at vi (næsten) har et fuldt kørende forsøgsanlæg. Der er nogle få tekniske udfordringer som løses 
inden for det næste par uger, men anlægget producere gas nu. 
Lad mig i første 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 næste uge så vi kan aftale lidt om forsøgsplanen her også. 
 
 
Med venlig hilsen / Best regards 
 

 
 

Morten Brøgger Kristensen 

Teknologichef /Chief Technology Officer 
Direkte/Direct: +45 4331 3003 
Mobil/Cell: +45 4014 6420 
Fax: +45 4399 5231 
E-mail: mb@solum.com 

 

 

http://www.bio.aau.dk/
mailto:mb@solum.com
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App. 2.1. Analysis on mass and energy balance.  
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App. 2.3.1 Perkolat- og gasanalyser, titreringer og gassimulering - BioVækst 
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App. 2.3.2 Model til beregning af potentielt methantab ved tilførsel af atmosfæ-

risk luft – BioVækst 
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App. 2.3.3 Analyse og optimering af ventilationsanlæg på BioVækst 
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App. 2.3.4 Analyse og optimering af sprinkler og pumpesystem i AIKAN© pro-

cesmoduler 
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App. 2.3.5 Model: Gas engine emissions of CH4 & CO2 
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App. 2.3.6 Abstract: Standard model financial and technical scalability of AI-

KAN© 
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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. Jørnsgård* and H. Uellendahl** 

 

*Solum Gruppen A/S, Vadsby Stræde 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
st
 stage (processing module), eliminates the risk for blocking of 

pumps and pipes by pumping only the percolate from the 1
st
 stage into the 2

nd
 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 

Holbæk, 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. 

 

 
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 ºC). Batch experiments were performed 

in triplicates in 117 mL vials for all samples, filled with 0.8 – 1.4 g-VS 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±0.5ºC 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% N2 and 20% CO2 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 

CH4 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, 20ºC). 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 Sørensen 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 



 

 64/96 

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 m
3
-CH4/t in average for OFMSW and between 2.5 and 29 m

3
-CH4/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. 

 

 
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 

Sample 
Mass in 

input 
Methane potential  

 kg mL-CH4/g-VS m
3
-CH4/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-

cess start 
Acetate Propionate 

Iso-

butyrate Butyrate 

Iso-

Valerate Valerate pH 

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 4.91 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-

cess start 
Acetate Propionate 

Iso-

butyrate Butyrate 

Iso-

Valerate Valerate pH 

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. 

 
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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App. 2.5.1 A full AIKAN Standard Operation Manual 
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 App. 3.1.  Plant design and layout under optimal conditions 

 

 
 

 

 

 

 

 

 

 

 

 



 

 92/96 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 93/96 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 94/96 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 95/96 

 
 

 
 

 

 

 

 

 



 

 96/96 

App. 3.2.  Determine windows of operation as regards energy output – poten-

tials and cost 

 
 

 

 


